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Abstract:  Countless  bioactive  compounds  are  having  the  oxadiazole  nucleus  showing  clinical  and
biological  applications.  Oxadiazole  is  a  heterocyclic  compound  of  the  azole  family  that  has  gained
increasing  attention  due  to  its  wide  therapeutic  potential.  Many  significant  synthetic  medicinal
compounds have the oxadiazole  scaffold,  which provided a good treatment idea and binds with high
affinity to a variety of  receptors to aid in the development of  novel beneficial  derivatives.  Numerous
researchers have worked to create novel oxadiazole compounds and evaluate them for how they affect
inflammation, tumor, epilepsy, microbial infections, and analgesic properties. The present review article
summarizes some of the oxadiazole derivatives synthesized and their biological activities and can be a
useful guide for researchers working on this scaffold.
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1. INTRODUCTION

Heterocyclic  compounds  are  a  class  of  organic
substance  that  has  a  closed  ring  structure  and
contains  heteroatom.  These  substances  have
numerous  medical,  veterinary,  and  agrochemical
applications.  Modern  drug  design  now  places  a
greater  emphasis  on  these  compounds'
physiological  and  pharmacological  activity(1).
Oxadiazole has a chemical formula of C2H2ON2, an
aromatic  heterocyclic  molecule,  unsaturated,
unstable,  nonbenzenoid,  heteroaromatic  with
oxygen  and  a  couple  of  nitrogens  in  a  closed
cyclopentane ring and has 12 electrons (eight from

lone pairs and four electrons from double bonds)
(2). Because of the electronegativities of nitrogen
and  oxygen,  Oxadiazoles  show  hydrogen  bond
acceptor properties, in this, nitrogen is a stronger
hydrogen bond acceptor than oxygen(3). Additional
names  for  the  ring  system  include  azoximes,
oxybiazole,  biazole,  diazoxole,  furadiazole,  and
furoxans. In 1965, Ainsworth created oxadiazole for
the  first  time  by  thermolyzing  hydrazine(2).
Oxadiazole has the characteristics of a conjugated
diene  since  it  contains  two  nitrogens  of  the
pyridine  type.  Depending  on  where  the  two
nitrogens are situated, oxadiazole can take one of
four possible isomers (Figure 1)(2).

Figure 1: Four possible isomers of Oxadiazoles.
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The isomer 1,3,4-oxadiazole exhibits an extensive
range  of  therapeutic  effects.  The  antiviral  drug
Raltegravir,  the  anti-arrhythmic  medication
Nesapidil,  the  antihypertensive  medication
Tiodazosin,  and  others  are  some  of  the  1,3,4-
oxadiazole-ringed medications (Figure 2) that are
commercially  accessible(3).  1,3,4-oxadiazole  ring
changes  the  kinetic  properties  of  the

compounds(4).  It  is  additionally  utilized as a key
component of pharmacophore that can bind to the
ligand.  It  can  also  act  as  a  linker  in  other
circumstances  to  ensure  optimal  structural
orientation.  Here,  we  have  made  an  effort  to
condense  the  significant  pharmacological  actions
of oxadiazole derivatives.

Figure 2: Chemical structure of commercial drugs.

2. BIOLOGICAL ACTIVITIES OF OXADIAZOLES

1,3,4-oxadiazole  is  recognized  as  a  valuable
pharmacophore  for  anti-infective  including

“antifungal, anti-bacterial, anti-trypanosomal, anti-
malarial,  anti-tubercular  and  anti-viral
activities”(6,7,8).

Figure 3: Structures of 1,3,4-oxadiazole with other scaffolds.
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2.1. Antimicrobial Activity
Newer  variants  of  nalidixic  acid  (Figure  4)  were
developed  by Ramalingam Peraman,  Reghu Veer
Varma,  and  Y.  Padmanabha  Reddy.  Designing
novel  compounds  with  anti-bacterial  and  anti-
tubercular  activity  has  made  use  of  the  COOH
group  of  nalidixic  acid.  Agar  plate  disk  diffusion
and microdilution method were performed against
various  species  for  anti-bacterial  screening.  The
compound  1-ethyl-7-methyl-3-(4-(3-oxo-3,4-
dihydro  quinoxaline-2-yl)-5-thioxo-4,5-dihydro-
1,3,4-oxadiazol-2-yl)-1,8-naphthyridin-4(1H)-one(6)
was  found  to  potent (<6.25  µg/mL) than  the
reference  drug  ciprofloxacin  against  S.  aureus.
Student t-test showed 5% critical difference proves
the activity significantly(6).

4-Bromo  [(N-5-substituted  [1,3,4-oxadiazole-2yl)
methyl]  aniline  derivatives  (Figure  5)(7) were
synthesized and reported as anti-inflammatory and
anti-microbial  agent by KI Bhat  et al. In all  these
screened  compound  4-methoxy  substituted  one
showed  better  antibacterial  activity  (zone  of
inhibition: 18mmin S.aureus and B.subtilis,19mm in
E.coli, 15mm in  P.aeruginosa) using amoxicillin as
standard.  Additionally,  they  were  tested  against
various  organism  like  Candida  albicans and
Aspergillus  niger for  anti-fungal  activity  (using
ketoconazole standard)(7).

Figure 4: Oxadiazole with Nalidixic acid .

Figure 5: 1,3,4- oxadiazol with aniline derivatives. 

By  reacting  5-(3-fluoro-4-methoxyphenyl)
isoxazole-3-carbohydrazide  with  pyridinyl

/indoyl/benzoic  acid  derivatives  using  POCl3,
Ramesh Shingare,  Yogesh Patil,  and others  were
able to synthesize and assess a variety of  1,3,4-
oxadiazole  derivatives  (Figure 6).   Ampicillin  was
used  as  the  reference  medicine  to  test  the
antibacterial  activity  of  this  oxadiazole  series(8).
The results of the investigation indicated that the
halogenated  phenyl  ring  is  essential  for
antibacterial  action.  Comparatively  to  the
standard,  the  compounds  having  4-chlorophenyl,
3,4-dichlorophenyl,  4-pyridinyl  and  2-fluorophenyl
groups  were  found  to  be  good  antibacterial
activity.  These  compounds  were  also  try  out  for
anti-TB activity using isoniazid as the reference(8).
It  was  discovered  that  compounds  2-
methoxyphenyl  and 4-fluorophenyl  were effective
against M. tuberculosis. The inhibition of the MurD
ligase enzyme was also studied and was supported
by  molecular  docking  studies(8).Alghamdi,  et  al.
synthesized fifteen 2- hydroxyl benzthiazole-linked
1,3,4-  oxadoazoles  and  confirmed  their  anti-
bacterial properties using an in-vitro susceptibility
test (disc diffusion method) (Figure 7). Compounds
with  2-chlorophenyl,  p-methylphenyl,  m-
chlorophenyl,  2-methylphenyl,  p-nitrophenyl  and
2,4-dichlorophenyl  are the best active derivatives
against the bacterial strains(9). Compounds having
–SH group(10) showed equivalent  MIC 6.25 ±0.2
µg/disc to the amoxicillin (standard drug) against
the Gram-positive bacteria and these have potent
antiviral properties. The IC50 ranges from 0.4 to 2.1
μg/mL.(9).  Insilico  pharmacokinetic  and  drug-
likeness  properties  of  these  derivatives  were
studied and were found to be excellent.

Figure 6: Isoxazole with 1,3,4-oxadiazole.

Figure 7: Benzothiazole-linked oxadiazole.

2.2.  Anti-Alzheimer  Activity  As  a  potential
multi-target  directed  ligand,  George  et  al.
developed  and  synthesized  two  series  of  ligands
containing Coumarin with oxadiazole (Figure 8) and
in-vitro  anti-cholinesterase  activity,  anti-oxidant,
and  anti-inflammatory  effects  are  evaluated.  To
ascertain the AChE and BuChE binding mechanism,
molecular docking studies, as well as colorimetric
assay (modified Ellman’s method) were conducted,
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and  galantamine  was  used  as  standard.
Cheminformatics  software  was  also  used  to
analyze the pharmacokinetic profile of all produced
compounds.  Based  on  the  results  they  conclude
that  the  methoxy  linker  between  these  two
scaffolds  has  a  very  important  role  in  AChE
inhibition. The synthesized compounds'  IC50 value
ranges from 28.7 to 159.7 µM. Among these, three
hydroxyl groups containing phenyl substitution at
the  3,4,5  position  of  1,3,4-oxadiazole  were
reported  as  the  best  AChE inhibitor(11).  Docking
results  show that derivatives  with three hydroxyl
groups  have  dock  scores  of  9.7  Kcal/mol.
Decreasing the -OH groups from 3,4,5 trihydroxy to
3,4 dihydroxy showed a better binding score (10.1
Kcal/Mol) but showed a slight decrease in in-vitro
activity. DPPH free radical assay was performed to
determine  in-vitro  antioxidant  potential,  and  the
compounds with phenolic hydroxyl group exhibited
better  performance.  Based  on  these  invitro  and
insilico  studies  it  was  concluded  that  Coumarin-
1,3,4-oxadiazole  scaffolds  act  as a multi-targeted
hybrid for anti-Alzheimer’s drugs(11).

Choubey  et  al.  Synthesized  and  evaluated  N-
benzylpyrrolidine  and  1,3,4-oxadiazole  hybrid
(Figure 9) for Alzheimer's treatment. All the hybrids
were tested with different in-vitro parameters such
as  Cholinesterase  and  BACE-1  inhibition  assay,
enzyme kinetics study, PI displacement assay, BBB
penetration  assay,  Thioflavin  T  assay,  and
neuroprotective  assay(12).  Invivo  behavioral
studies were also performed on the Scopolamine-
induced  amnesia  model.  In  these,  compounds
having  fluoro  substitution  on  the  phenyl  ring
showed potential inhibition against hAChE, BuChE,
and  BACE-1.  Among  these  trifluoromethyl
substituted  derivatives  showed  significant
permeability  and  prominently  disaggregate  Aβ
fibrils.  The  compound was  also  found to  reverse
scopolamine-induced  connective  dysfunction  and
ameliorate cognitive dysfunction. An Ex-vivo study
was  also  conducted  to  ascertain  AChE  inhibitory
and antioxidant potential. The binding affinity was
predicted by docking studies. The study concluded
that the compounds with CF3  on phenyl and amino
or  methyl  amino  spacer  can  be  potential
candidates  [IC50=0.091  ± 0.008  (AChE),  0.106  ±
0.013(hBChE)  for  amino  spacer  and  0.064  ±
0.006(AChE),   0.074  ±  0.016(hBChE)  for
methylamino  spacer]  for  the  treatment  of
Alzheimer's disease(13). 

Figure 8: Coumarin-linked oxadiazole.

Figure 9: Oxadiazole with pyrrolidine.

A  variety  of  C2-Glycosyl  oxadiazole  compounds
were  produced  by  base-catalyzed  reactions  by
Wang  et al.  (Figure 10).  For acetylcholinesterase
inhibition  assay  Ellman’s  method  (reference:
galantamine  and  tacrine)  were  used(14).  Among
the synthesized compound methoxy group in the
fifth position possess the best one (IC502.03 ± 0.26)
(13).

 
Figure 10: Glycosyloxadiazole. 

Pyridine  containing  oxadiazole  derivatives  as
(Figure 11) potential acetylcholinesterase inhibitory
agents  narrated  by Puja  Mishra  et  al.  4-hydroxyl
substituted compound showed maximum inhibition
with  the  IC50  value  1.098  µM  and  value  of  Ki =
0.960  µM.  This  derivative  also  inhibited
acetylcholinesterase-induced  Aβ  aggregation
(38.2–65.9%) determined by thioflavin T assay(15).
4-hydroxyl  substituted  compound  and  donepezil
(standard) produced similar interaction (glide score
reported  as  -10.6  kcal/mol)  at  the  same binding
site of acetylcholine esterase.
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Figure 11: Oxadiazole with Pyridine.

2.3. Anti-inflammatory Activity
By reacting benzoyl chloride with different chloro-
nitro-benzoyl chlorides and semi-carbazides, Singh
et  al.  were  able  to  create  a  variety  of  five-
membered heterocyclic rings (Figure 12). The NMR,
IR,  and  mass  spectra  were  used  to  characterize
and  identify  each  of  the  synthesized  oxadiazole
derivatives.  The anti-inflammatory  activities  were
determined  by  the  edema  model  (Carrageenan-
induced  rat-  paw)  using  standard
indomethacin(16). It was concluded that the entire
compound  has  good  anti-inflammatory  activity.
The  compounds  with  4-chloro-benzoic  acid
substitution  on  2,  5-position  showed  improved
activity  than  that  of  3-chloro  and  2-chloro
substitution(16).

Figure 12: Oxadiazole derivatives(16).

Novel  1,3,4-oxadiazole  with  pyridothiazine-1,1-
dioxide  derived  compounds  (Figure  13)  as
inhibitors of COX-1 and 2 reported by Glomb et al.
The final  product  was designed as an N-Mannich
base,  to  obtain  a  synergistic  effect  on  anti-
inflammatory activity.  These abilities  were tested
by a colorimetric inhibitor screening technique(17).
On typical  NHDF  fibroblasts,  the  antioxidant  and
cytotoxic  effects  were also investigated.  Multiple-
criteria  decision  analysis  discloses  that  4-nitro
phenyl,  2-pyridyl,  and  2-pyramidal  substituted
compounds  showed  better  activity  (reference-
Meloxicam)(17).

Figure 13: Oxadiazole with pyridothiazine-1,1-
dioxide(17). 

A  new  set  of  2,5-biaryl-1,3,4-oxadiazoles  (Figure
14)  were  synthesized  and  analyzed  as  possible
cyclooxygenase-2  inhibitors  by  J.  Grover  et  al.
Chloro and nitro group on one of the aryl ring as
well  as  the  acetyl  substitution  at  one  of  the
nitrogen of oxadiazole found to be best inhibitors
of  COX-2  (IC50 =  0.48-0.89  µM)(18).  Such
derivatives showed superior inhibitory activity than
the  standard-celecoxib  (carrageenan-induced
model).  Compounds  having  methylsulfonyl
moieties  show  more  selective  cyclooxygenase-2
inhibition,  confirmed  through  computational
study(18).

Figure 14: 1,3,4-Oxadiazole with different phenyl
scaffolds.

“2,5-disubstitution  at  1,3,4-oxadiazoles  becomes
an  important  strategy  to  generate  novel
heterocyclic  compounds  with  a  wide  range  of
pharmacological activities”(19). Sudhir Bhardwaj et
al.  reported  a  new  structural  sequence  of  2,5-
disubstituted  oxadiazoles  (Figure  15)  which  has
anti-inflammatory  activity.  The  derivatives  with
hydroxyl,  methoxy  and  tri-methyl  amino  group
exhibited  good  anti-inflammatory  (carrageenan-
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induced paw edema, standard- diclofenac sodium;
44.45– 83.34 %) and analgesic activity (52 to 82
%)(19).

Figure 15: 1,3,4-Oxadiazole with pyridine.

Various Schiff bases of 1,3,4-oxadiazole (Figure 16)
were introduced by Sahoo et al. microwave heating
technology was applied for the synthesis. The anti-
inflammatory  activity  is  mainly  influenced  by
substituents  on  the  aromatic  ring.  In  these,  the
compound  with  para  substitution  showed  more
activity  than  ortho  and  meta-substituted
compounds. The para-hydroxy substitution showed
maximum  activity  than  halogens,  -OCH3,  -NO2
group(20).

Figure 16: 1,3,4-Oxadiazole with Schiff base.

2.4. Anti-convulsant activity
For their anti-convulsant and neurotoxicity activity,
Bhat  et  al.  produced  and  assessed  some
phthalimide derivatives of 1,3,4-oxadiazole (Figure
17). The maximal electric shock method was used
to  test  all  of  the  compounds.  The  compound's
neurotoxicity  was  also  tested  using  the  rotarod
method,  and it  was discovered  to  be lower  than
phenytoin. Actophotometer was used to conduct a
behavioral test, and all  of the compounds except
13d displayed increased motor activity. The basic
structure  of  the  compounds  had  all  the
pharmacophoric  structural  requirements.  The
presence  of  constituents  like  -OCH3 at  the  para
position of the phenyl ring and the alkyl group at
the  distant  aryl  ring  has  potent  activity(21).  To
increase  the  lipophilicity  of  the  molecule,
thioureido  moiety  was  introduced  into  the
structure.  The study concluded  by revealing that
the phthalimide derivatives exhibit anticonvulsant
activity comparable to phenytoin(7).

Figure 17: Phthalimide-1,3,4-Oxadiazole
derivative(7).

The  anticonvulsant  activity  of  oxadiazole  with
nipecotic acid (Figure 18) was elaborated by Singh
et  al.  Oxadiazole  was  attached  to  the secondary
amine  of  nipecotic  acid  through  a  methylene
bridge. The hybridized molecule was tested for its
ability  to treat  epilepsy (PTZ-induced model)  and
depression  (standard:  Tiagabine  (dose:  100
mg/kg),  imipramine  (dose:  50  mg/kg)).  The
homology model of the GAT1 GABA transporter was
developed  and  docking  studies  are  also
conducted(22). The 2,4-Dihydroxyphenyl derivative
showed  hydrogen  bond  interactions  with
Glycine65,  Tyrosine140,  and  Aspartic  acid451
residues (glide score -6.2) which is similar to the
standard Tiagabin(22).  It  was concluded  that  the
compounds 14d, 14e, 14g, 14m, and 14o showed
an anti-epileptic effect comparable to Tiagabine. All
the potential compounds were found to be devoid
of  toxicity  and  have  a  good  safety  profile.  They
concluded  that  derivatives  with  3-Cyanophenyl,
2,4-Dihydroxyphenyl,  3-Methoxyphenyl,  3,5-
Dinitrophenyl,  and  2-Amino-4,5-dimethoxy  phenyl
substitution can be used as a lead for safer anti-
epileptic agents (22).

Figure 18: Nipecotic acid with oxadiazole.

Oxadiazole  derivatives  with  dihydroquinolin  and
1,2,4-triazole  (Figure  19)  were  designed  and
synthesized  by  Shiben  Wang  et  al.  The
anticonvulsant  activity  of  these  was  tested  by
subcutaneous  pentylenetetrazole  and  maximal
electroshock  models.  In  that,  4-dihydroquinolin-2-
one derivative showed the best activity (maximal
electroshock  seizure  model-  ED50 =  8.9  mg/kg;
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subcutaneous  Pentylenetetrazole  model-  ED50 =
10.2 mg/kg), which showed greater activities than
the  ethosuximide  and  carbamazepine(23).
Elevated plus maze experiments results conclude
that  these  derivatives  showed  similar  activity  to
that of diazepam. The radioreceptor binding assay
of 4- dihydroquinolin-2-one divulges that it  has a
high binding affinity toward GABAA receptors (IC50
of 0.11 μM)(23).

Harish Rajak et al. designed and synthesized a set
of  semicarbazones  containing  2,  5-  disubstituted
1,3,4-oxadiazoles  (Figure  20).  All  of  them  were
screened  for  anticonvulsant  activity  through
maximal  electroshock  seizure  and  subcutaneous
Pentylenetetrazole  models.  Compounds  having
nitro or hydroxy on the phenyl ring possess high
potency,  but they can be replaced with methoxy
and  chloro  substitution  showed  a  decrease  in
activity(24). This study reveals that the hydroxyl-
substituted compounds are more active than nitro,
chloro and methoxy substituted ones.

Figure 19: Dihydroquinolin with oxadiazole.

Figure 20: Oxadiazole with semicarbazone.

2.5.  Commonly  used  synthetic  strategies
of 1,3,4-oxadizoles.
The 1,3,4-oxadiazole scaffolds were synthesized by
various strategies  (Figure 21)  including the use of
different  hydrazides  with  carbon  disulfide  in
DMF(Route  A)(25),  aromatic  acids  with
POCl3(Route  B)(26),  and  cyanogens  bromide  in
ethanol  (Route  C)(27).  The  current  review  paper
also focuses on synthetic methods that use all  of
these approaches A through C.

Figure 21: General strategy for the synthesis of 1,3,4-oxadiazoles.

Peraman et al. reported carbon disulfide-mediated
synthesis of oxadiazole was achieved by cyclization
in  DMF.  This  was  achieved  by  equimolar
carbohydrazide  treated  with  Quinoxalin-

2,3(1H,4H)–dione (reflux) to give the corresponding
carbohydrazide  (Route  A)(28).  Then  it  was
subjected to cyclization by using carbon disulfide in
dimethyl formamide(Scheme 1)(6).
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Scheme 1: Synthesis of 1,3,4-oxadiazole derivatives (i) Quinoxaline-2,3(1H, 4H)-dione, (ii) CS2/DM.

M.A.Bhat  et al.   Reported  the  synthesis  of  1,3,4-
oxadiazole containing phthalimide by phosphorous
oxychloridemediated  reaction  of
hydrazinecarboxamide derivatives  (Route B).  This
can be done by adding an ethanolic solution of an
equimolar amount of hydrazine carboxamide (0.01
mol) to cyanogen bromide (0.01 mol) and warming

at 55-60°C for one and half hours (7)(29). Then the
solution was neutralized using NaHCO3 (Scheme 2)
(30).  The  same  type  of  reaction  is  followed  by
Shingare  et al. synthesized 1,3,4-oxadiazoles with
the help of  Phosphorus oxychloride and aromatic
carboxylic acid by refluxing at 70ºC for 6-8 hours
(Route C; Scheme 3)(8).

Scheme 2: Synthesis of 1,3,4-oxadiazole derivatives. (i): ethanolic solution of cyanogen bromide, (ii)
NaHCO3. 

Scheme 3: Synthesis of 1,3,4-oxadiazole derivatives. (i): POCl3, (ii): RCOOH, reflux, 6-8 h.

Sudhir Bhardwaj  et al. applied a green chemistry
approach for the synthesis (microwave-assisted) of
Oxadiazoles  (Scheme  4).  This  synthesis  can  be
done  by  adding  Silica  gel  to  the  different
isonicotinohydrazide  (0.01  mol)  and  acetic
anhydride (10 mL) at room temperature(31). This

mixture was mixed thoroughly and dried in air and
irradiated  in  the  microwave  at  400W  at  30s
intervals.  Methanol  was  used  for  extraction,  and
diluting the methanol solution with ice water gave
the crude product(19).
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Scheme 4 :
Synthesis of 1,3,4-oxadiazoles 
derivatives  (i) Acetic anhydride 
(ii) silica gel, M.W R
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Scheme 4: Synthesis of 1,3,4-oxadiazole derivatives. (i): Acetic anhydride, (ii): silica gel, M.W.

4. CONCLUSION

Derivatives  with  a  1,3,4-oxadiazole  core  exhibit
different  biological  activities.  Various  synthetic
leads  contain  an  oxadiazole  core  as  part  of  the
pharmacophore  structure,  facilitating  the  binding
of  these  leads  to  binding  site  residues  of  the
desired  target.  These  initiatives  have  made
oxadiazole a focus of research for the identification
of new chemical entities.

As a summary of the literature findings mentioned
above, we can state that 1,3,4-oxadiazole exhibits
a  wide  range  of  biological  activities.  These  are
generally  synthesized  from  different  hydrazides
with  carbon  disulfide,  aromatic  acids  with  POCl3,
cyanogens  bromide  in  ethanol,  or  by  green
chemistry approach like microwave irradiation. The
chemistry  of  the  1,3,4-oxadiazole derivatives
discussed  in  this  study  will  aid  researchers  all
around the world in  the design and synthesis  of
innovative pharmaceuticals  that will  be helpful in
the mitigation of a variety of illnesses.
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Abstract:  The  present  work  describes  the  successful  preparation  of  iron  oxide  nanoparticles  (NSB1)
stabilized  with  4-((2-hydroxybenzylidene)amino)benzoic  acid.  The  characterization  has  been  achieved
through ultraviolet visible (UV-Vis),  fourier transform infra-red (FTIR) spectroscopy and scanning electron
microscopy (SEM) with electron dispersive X-ray elemental analysis (EDX). These magnetic nanoparticles
have exhibited significant chemosensing properties in the aqueous media to screen Cr3+, Cd2+, Li+, Co2+, Al3+,
Pb2+, Ni2+ and Sr2+ ions. However, lead (Pb2+) ions have shown the highest selectivity as compared to other
metal ions without any interference in the competitive ion study. The detection limit of Pb 2+ ions was found
to be 1.7 µM by this nanosensor. The binding ratio and stoichiometry was found to be 1:1 as measured by
Job’s plot. The binding strength was also computed through Benesei-Hildebrand equation. 
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1. INTRODUCTION

Lead  ions  (Pb2+)  are  responsible  for  the
contamination of water, food and soil  due to their
nonbiodegradable  nature  and  accumulation  in  the
environment (1-3). However, trace amount of lead is
potent  as  toxicant  (4)  and pigment  (5).  It  acts  as
enzyme inhibitor when it coheres with SH group in
proteineous enzyme. Tetramethyl lead , an organic
compound  of  lead,  is  also  exceptionally  toxic
because it is prone to absorb by the body through
mucus  membrane  and  skin  (4).  Prolong
accumulation  of  Pb2+  is  lethal  for  peripheral  and
central  nervous system as it  causes numerous life
threatening  diseases  including  memory  loss,
nervous  muscles  paralysis,  hypertension,  kidney
failure,  abnormality  in  reproductive  system,  lungs
and liver damages (1-4, 6, 7). Lead pollution is also
inevitable due to excessive use of  lead containing
products in our daily life such as coal combustion,
gasoline, usage of paint in water supply system and

lead  acid  batteries.  Thereby,  development  of
sensitive and reliable methods for lead detection is
of great interest across the world.

Normally,  lead  analysis  has  been  done  through
various spectrophotometric methods such as liquid
phase  micro-extraction  with  atomic  absorption
spectroscopy (8), inductively coupled plasma mass
spectrometry  (ICP-MS)  (9,  10),  dynamic  light
scattering  technique  (11,  12),  functional  nucleic
acids (e.g.  DNA enzymes, aptamers)-based sensors
(13),  electrochemical  (14-16),  and optical  methods
including  fluorimetric  (17-22),  UV-Vis
spectrophotometry  (23),  chemiluminescence  (24),
visual detection (25), and photonic crystal  optrode
(26). In  present  studies,  we  report  the a  rapid
synthesis  of  magnetic  nanoparticles  under  mild
reaction conditions. These particles are utilized for
selective  detection  of  lead  ion  in  the presence  of
other metal ions resulted in the development of a
new chemosensor. 
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2. EXPERIMENTAL SECTION

2.1. Material
Para  aminobenzoic  acid  (PABA),  lead  acetate,
ferrous  sulfate,  ferric  chloride,  and  ammonium
hydroxide were purchased from Sigma Aldrich. 

2.2. Instrumentation
UV-Visible spectra were recorded on Shimadzu UV-
240 spectrophotometer in the range of 200-800 nm
with 1 cm path length in quartz cell whereas pH was
measured  by  PHS-3B  microprocessor  pH  meter.
Infrared spectra have been monitored through FTIR
spectrophotometer (Shimadzu IR-Prestige-21) using
KBr pellet. EIMS (Mass spectrometry, JEOL JMS600H-
1) was performed to confirm the molecular mass of
NSB  (iminobase).   SEM  (Scanning  electron
microscopy,  JEOL  from  Japan,  JSM-6380A;  Sample

coater  model#JFC-1500) was used to examine the
size  and  morphological  characterization  of
nanoparticle.  Moreover,  the elemental  composition
was obtained by the help of EDX (Energy-dispersive
X-ray spectroscopy,  Model  No:  EX-54175IMU,  JEOL
Japan,  the sample was  coated  up to  300  µA with
gold).

2.3. Synthesis of Schiff base
The  formation  of  4-((2-hydroxybenzyli-
dene)amino)benzoic  acid  (NSB)  was  done  by  the
addition  of  salicylaldehyde  (10.0  mmol,  1.06  mL)
into a methanolic solution of PABA (10.0 mmol, 1.37
g) in  a 100mL round bottom flask for  30 minutes
stirring  using  a  magnetic  stirrer  (Scheme  1).  The
obtained  yellow  precipitates  of  NSB  were  filtered
and washed with methanol (27). 

NH2

COOH CHO

N

+

OH

CH3OH

30 min, stir, rt
HOOC

HO

Scheme 1: Synthesis of 4-((2-hydroxybenzylidene)amino)benzoic acid (NSB).

4-((2-hydroxybenzylidene)amino)benzoic  acid:
Color yellow, Yield: 1.68 g (70%); m.p: 268 °C; FT-IR
(ῡmax,  cm-1):  (Stretch,  OH) 3426,  (sp2 C–H stretch)
2985,  (COO,  asymmetric)  1651,  (C=C,  aromatic)
1593, 1435, (HC=N) 1583, (COO, symmetric) 1377,
(C–N) 1288; UV (λmax, nm)  387 π-π* and 321 n-π*
transition (azomethine linkage), 245 π-π* transition
(aromatic ring); 1H NMR (DMSO-d6) δ : 11.14 (s, 1H,
COOH), 8.26 (d, 2H, J = 8.2 Hz, Ar), 8.18 (d, 2H, J =
8.2 Hz, Ar), 8.16 (s, 1H, HC=N), 7.68 (d, 2H, J = 8.1
Hz, Ar), 7.10 (t, 1H, J = 8.0 Hz, Ar), 6.84 (t, 1H, J =
8.0 Hz, Ar); EIMS (70 eV): m/z 241.

2.4.  Preparation  of  iron  oxide  nanoparticles
(NSB1)
NSB (0.62 g, 4.5 mmol) was dissolved in deionized
water (75 mL) at 80 ℃ in a conical flask. An aqueous
solution of FeCl3.6H2O (1.17 g in 5 mL, 4.3 mmol)
was dropwise added into the flask with stirring time
of 30 minutes. The aqueous solution of FeSO4·7H2O
(0.94 g in 2 mL, 3.3 mmol) was also added followed
by continuous stirring for 30 minutes. Then, NH4OH
(10  mL)  was  poured  and  continued  to  stir  for  60
minutes  until  the  brown suspension  of  NSB1  was
obtained (Scheme 2). Washing of nanoparticles was
done with deionized water and methanol.
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NSB1

FeSO4.7H2OFeCl3.6H20

NSB
Stabilizing agent

NH4OH
Reducing agent

 
Scheme 2: Synthesis of Iron nanoparticles (NSB1).

3. RESULTS AND DISCUSSION 

3.1. NSB and NSB1 comparative FTIR and UV
spectra
The  FTIR  spectrum  of  NSB  and  NSB1  were
comparatively studied. The absorption band at 3426
cm-1 attributes to -OH group whereas the stretching
frequencies  at  1593  and  1435  cm-1 confirms  the
presence  of  aromatic  C=C  functionality.  The
absorption  frequency  peak  at  about  1583  cm-1

accredites  to  HC=N  (imine)  functional  group.  The
shifting,  broadening,  and disappearance  of  certain
functional  groups  show  their  interaction  with
nanoparticles  for  stabilization.  The  absence  of
carboxylate  stretching  frequencies,  broadening  of
aromatic hydrogen peaks (1651 and 1377 cm-1) and

weakening  of  imine  group  intensity  shows  the
participation  of  these  functionalities  (Figure  1).
Hence  it  is  anticipated  that  imine  and  carbonyl
groups work for stabilization of iron nanoparticles.

Ultraviolet  visible  spectra  showed  maximum
absorbance at 387 and 321 nm  due to π-π* and n-π*
electronic  transition  (28)  for  imine  group.  On  the
other hand the absorption maxima at 244 nm was
assigned to aromatic acid (Figure 2).  The absorption
maxima  at  260  nm  is  also  in  accordance  to  the
reported value of   O2-/Fe3+ ligand to metal  charge
transfer transitions to confirm the formation of iron
oxide nanoparticles (29). The shifting of absorption
maxima also confirmed the involvement of certain
functional groups as capping and stabilizing agents. 
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Figure 1:  FTIR Spectra of NSB and NSB1.
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Figure 2: UV-visible spectra of NSB and NSB1.

3.2. SEM and EDX analysis of NSB1
The  morphology  of  iron  oxide  nanoparticles  was
analyzed  by  SEM  technique.  The  obtained  results

clearly showed the spherically shaped nanoparticles
(NSB1) with average size of 87-97 nm (Figure 3).
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Figure 3: SEM images of NSB1.

EDX  analysis  also  indicates  the  presence  of
elements  with  their  mass  percentage.  However
there is slight difference in calculated values due to
the presence of other elements. In addition to iron
and oxygen, carbon was also appeared due to the

interactions  of  nanoparticles  with  organic
compounds whereas minor quantity of chloride was
also  observed  from  other  source  (Figure  4).
Elemental  analysis  %  calculated  (observed):  Fe
69.94 (74.72), O 30.06 (21.26)
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Figure 4: EDX spectrum of chemical elements on iron oxide nanparticles.

3.3. Screening of metal ions
Various metals Cr3+, Cd2+, Li+, Co2+, Al3+, Pb2+, Ni2+

and  Sr2+ were  investigated  through  UV-Vis
spectrophotometric  method  as  shown in  Figure 5.
NSB1  showed  highest  absorbance  at  260  nm.

Presently  synthesized  magnetic  nanoparticles  are
found highly selective for lead because a prominent
enhancement  was  observed  with  Pb2+   whereas
other ions were remaıned unaffected.
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Figure 4: Screening of metals by using mixture of NSB1 and metalsalts solution (1:1).
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Figure 5a: Limit of detection was measured by the gradual decreasing in concentration of Pb2+ salt
solution.
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Figure 5b: Regression curve was plotted to determine uniform absorbance reduction with gradual
decreasing of concentration of metal ion.
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Figure 6: Competitive study of NSB1 to determine its selectivity in prevalence of other metal ions.

The binding detection limit for Pb2+ ions with NSB1 is
shown in Figure 6a. The absorbance was recorded
by  successive  decrease  in  concentration  of  lead
while keeping the concentration of NSB1 constant.
The  highest  selectivity  for  lead  and  NSB1  is
observed in the presence of multiple metal ions (100
µM) in the recognition study as shown in Figure 7.
The iron nanoparticles showed great affinity towards
lead ions and this association remained undisturbed
in the presence of other metal ions.

Behaviour  of  NSB1  towards  lead  ions  has  been
evaluated at various pH (2, 4, 6, 8, 10, and 12) as
presented  in  Figure  8.  The  Aqueous  solutions  of
NaOH and HCl were used to adjust the pH values.
The absorbance was decreased by addition of acid
due  to  protonation  of  imine  group  which  may
destabilize  nanoparticle.  However  the  absorbance
was found nearly unchanged , on increasing the pH.
It may be due to the presence of free imine group
which eventually stabilizes the NSB1.
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Figure 7: Binding of NSB1 with Pb2+ ion at different pH.

The binding ratio of complexation was measured by
Job’s plot in which absorbance was plotted against
mole  fraction  of  lead  ions  at  gradual  variation  of
mole fractions as shown in Figure 9. The favorable
binding stoichiometry between NSB1 and lead ions
was observed to be 1:1.

The  binding  constant  (Ka)  for  NSB1  and  metal
complex  was  determined  by  using  absorbance
titration data (Figure 10). This value was computed

through  Benesie-Hildebrand  equation  (Eq.  1)  and
found to be  16.66x103 M-1 (30).

1
A−A0

= 1
A1−A0

+ 1

A1−A0Ka [Pb
2+ ]

 (Eq.1)

Where  A0 is  the  absorbance  of  NSB1,  A  is  the
absorbance  in  the  presence  of  Pb2+,  A1  is  the
absorbance upon saturation with lead ion and Ka is
the binding constant of the complex. 

Figure 8: Job’s plot of the complexation of NSB1 along with lead.
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Figure 9: Stability constant of complexation measure by applying Benesi Hildebrand equation.

4. CONCLUSION 

A selective magnetic nanosensor stabilized by Schiff
base was prepared for rapid detection of lead ions
through  UV-Visible  spectrophotometer.  The
detection  of  lead  ions  has  been  carried  out  by
considering  its  toxic  effects  on  environment  and
human.  This  nanosensor  is  cost  effective  very
compitable to human body due to the presence of
iron. The obtained nanoparticle revealed the limit of
detection  upto  1.7  µM  for  lead  ions  and  its
selectivity in the presence of other metal ions. The
binding ratio and stoichiometry was found to be 1:1
as measured by Job’s plot. The binding strength was
also  computed  through  Benesei-Hildebrand
equation. 
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Synthesis of Graphene Nanoplatelet-Alginate Composite Beads and
Removal of Methylene Blue from Aqueous Solutions
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Abstract: The discharge of various types of wastewater into natural streams leads to significant problems
by increasing the toxicity of the wastewater. For this reason, methods and materials are being developed by
researchers in line with effective, economic, and environmental principles. In this study, the removal of
methylene blue, a toxic dyestuff, from aqueous solutions was investigated by synthesizing sodium alginate
(SA) and graphene nanoplatelet-sodium alginate composite (SA-GNP) beads. The structural characteristics
of the materials were analyzed using FTIR, TGA, optical microscope, and SEM methods. All parameters
determining the efficiency of the methylene blue adsorption system were optimized in a batch system. The
effects  of  various  factors,  such  as  adsorbent  amount,  contact  time,  adsorption  temperature,  dye
concentration, solution pH, pHzpc values of SA and SA-GNP beads, presence of different ions, and beads
swelling, on the adsorption process, were investigated. To investigate the mechanism of the adsorption
system, the adsorption data were fitted to a non-linear form of the Langmuir, Freundlich, and Temkin
equilibrium isotherm models,  as well  as the Pseudo-first-order  (PFO),  Pseudo-second-order  (PSO),  and
Bangham kinetic models. High regression coefficients were achieved in the studied kinetic and isotherm
models  (0.86  ≤ R2 ≤ 0.99),  and the experimental  data were  found to be compatible  with  the  model
parameters. Maximum adsorption capacities (qm) of 167.52 mg/g and 290.36 mg/g were obtained for the
SA and SA-GNP adsorbents, respectively, at 308 K. The optimum temperature for both adsorption systems
was found to be 308 K. The efficiency of methylene blue dyestuff removal was improved with graphene
nanoplatelet-based adsorbents.
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1. INTRODUCTION

Ground  and  surface  waters  are  polluted  by
wastewater  from industrial,  urban and agricultural
sources.  Due  to  rapid  population  growth  and
industrialization,  the  demand  for  clean  water  is
increasing  day  by  day  (1).  Synthetic  dyes  are
pigments  used  in  industries  to  color  various
products. It is widely used in many industries such
as  textile,  plastic,  paint,  food,  paper,  cosmetics,
medicine, and leather, and the wastewater of these
sectors contains significant amounts of dyestuffs (2–
4).  The  textile  industry  is  the  primary  source  of
dyes,  and  today  more  than  10,000  dyes  and

pigments  are  used  for  this  purpose  (5,6).  The
discharge of colored wastewater, which has a toxic
effect and is resistant to degradation in the aquatic
environment,  into  natural  streams  causes  many
serious problems by increasing the toxicity of  the
wastewater and the chemical oxygen demand (COD)
(4,6).

Methylene blue (MB),  which is  in the cationic dye
class, has many industrial applications  (6–8). It is
considered an important harmful organic pollutant in
the  aquatic  environment  due  to  its  toxicity,
carcinogenicity,  mutagenicity,  and  non-
biodegradability (7). Exposure can cause respiratory
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complications, increased heart rate, nausea, profuse
sweating,  jaundice,  and  tissue  necrosis  (1,6,8).
Various  biological  and  physicochemical  methods
such  as  ultrafiltration,  nanofiltration,  coagulation,
precipitation,  membrane  processes,  ion  exchange,
electrolysis,  biological  processes,  chemical
oxidation, and adsorption are used in the removal of
dyestuffs from wastewater (2,5,9).

The  adsorption  process  is  considered  a  versatile
method for the removal of environmental pollutants
from aqueous solutions with its low cost, simple and
easy separation method, fast  and environmentally
friendly  features  (7,8).  It  also  does  not  require
sludge  formation;  adsorbents  can  be  regenerated
and  reused  (2).  In  recent  years,  various  studies
have been carried out to develop materials that can
be  used  as  low-cost  and  environmentally  friendly
adsorbents  in  wastewater  treatment  applications.
Natural  resource-based  adsorbents  such  as
activated  carbon,  zeolite,  clay,  and  synthetic
polymers are the materials used for this purpose.
Among the biopolymers of interest, alginate and its
cross-linked  derivatives  are  well-known
polysaccharide-based  materials  (9,10).  It  is  an
environmentally  friendly  natural  carbohydrate
polymer  composed  of  sodium  alginate  (SA),
mannuronic acid, and guluronic acid (7). Adsorbents
derived from natural  polymers are widely  used in
the removal of dyes from wastewater due to their
abundance, low cost, non-toxicity, biocompatibility,
biodegradability,  abundant  carboxyl  and  hydroxyl
groups, hydrophilicity and recyclability (1,7,9). Due
to its negative charge, alginate is seen as a suitable
polymer that can be used in the removal of heavy
metals and cationic dyestuffs. Studies have shown
that using alginate in the form of nanocomposites
with  materials  such  as  graphene,  Fe3O4, and
montmorillonite contributes to the improvement of
both the mechanical properties of alginate and its
adsorption  properties  (4).  Compositing  graphene
with polymeric materials increases the possibility of
adding new functional groups to the surface, as well
as  increasing  the number  of  active  sites  to  fix  a
large number of organic and inorganic contaminants
(11).

Recently, many studies have used graphene-based
materials  for  the  adsorption  of  different  pollutant
components from water (12,13). Graphene, which is
a  two-dimensional  allotrope  of  carbon,  is  used  in
many fields due to its large specific surface area and
biocompatibility,  electronic,  chemical,  and  thermal
properties, removal of drugs and organic pollutants,
and  its  suitability  for  use  in  composite  material
production.  Having a good strength structure  and
being  environmentally  compatible,  graphene-
derived  composite  materials  (graphene  oxide,
graphene nanoplatelets-GNPs, etc.) are preferred in
environmental  technologies  of  the  removal  of
pollutants from water (13–15).

In  recent  studies,  many  graphene-polymer
composites have been synthesized and used in the
removal  of  various  pollutants  by  the  adsorption
method (7,10,11,16–21). In this study, SA and SA-
GNP  beads  were  synthesized  and  used  as  an
adsorbent for the removal of methylene blue from
aqueous  solutions  by  the  adsorption  method.  In
order to improve the adsorption properties, an SA-
GNP composite was prepared by adding GNP to the
bead  formulation.  The  characterizations  of  the
synthesized  adsorbents  were  conducted  by  FTIR,
TGA,  optical  microscope  and  SEM  methods.  The
effects  of  different  parameters  such as  adsorbent
amount, dyestuff concentration, solution pH, pHzpc
values,  presence  of  different  ions  (NaCl),  contact
time, and adsorption temperature on the adsorption
system were investigated, and optimum conditions
were determined. In addition, the effect of swelling
of  the  beads  on  the  adsorption  capacity  was
investigated by looking at the swelling behavior of
the  adsorbent  beads.  Langmuir,  Freundlich,  and
Temkin isotherm equilibrium models and PFO, PSO,
and  Bangham  kinetic  models  were  fitted  with
experimental  data,  and  the  mechanism  of  the
adsorption system was examined and interpreted.

2. MATERIALS AND METHODS

2.1. Materials
GNP (thickness 1–20 nm, width: 1–50 µm) from XG
Science  (xGnP®-C-750),  sodium  alginate  from
Sigma-Aldrich,  CaCl2,  methylene  blue  (MB)
(C₁₆H₁₈CIN3SxH₂O  (x=2-3)),  HCl  (36.5%),  NaOH
(≥99) and NaCl  were obtained from Merck. High-
purity water obtained from the Millipore Direct-Q3
water  treatment  system  was  used  in  all
experimental stages.

2.2. Synthesis of Materials
To synthesize materials, 2% (w/v) sodium alginate
solution was mixed thoroughly in a magnetic stirrer
and  prepared  separately  for  SA  and  SA-GNP
composite  beads.  In  synthesizing  GNP-based
composite  material  (SA-GNP),  50  mg  GNP  was
added to the prepared 2% sodium alginate solution
and  mixed  again  in  the  magnetic  stirrer  until  a
homogeneous  mixture  was  obtained.  This
suspension  mixture  was  slowly  added  to  the  2%
CaCl2 solution prepared in a volume of 100 mL with
the help of a dropper to form beads in a spherical
shape. After being kept in solution for gelatinization
for 24 hours, the obtained materials were filtered off
and  washed  several  times  with  distilled  water  to
separate  them  from  CaCl2.  Then,  the  prepared
beads were kept in a vacuum oven at 30oC for 3
hours to allow them to dry. It has been seen in the
literature  that  partial  drying  of  the  prepared
materials reduces the porosity of the beads, while
complete  dehydration  can  cause  surface  cracking,
which  can  facilitate  the  surface  erosion  of  the
material  upon  rehydration.  Temperature  is
important as it can affect the swelling behavior of
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the beads  (22). Synthesis of SA adsorbent without
GNP additive was carried out similarly. Prepared SA
and SA-GNP materials were stored in a desiccator

for use in studies. The preparation of SA and SA-
GNP beads is schematically presented in Figure 1.

Figure 1: Preparation of SA and SA-GNP beads.

2.3. Characterization of Materials
Surface  characterizations  of  SA  and  SA-GNP
adsorbents were performed using Fourier transform
infrared  spectroscopy  (FTIR),  thermogravimetric
analysis  (TGA),  optical  microscope,  and  Scanning
electron microscopy (SEM) methods. FTIR analysis
(Bruker  Alpha)  was  performed  to  determine  the
structural properties; the KBr method was used by
recording  the IR spectra  between 400-4000 cm-1.
TGA (Hitachi STA-7200) measurements were carried
out by taking samples in the range of 5-10 mg and
heating  them  at  a  rate  of  10°C/min  under  a
nitrogen  atmosphere  (200  mL/min)  in  the
temperature range of 25oC-1000°C. The morphology
of the beads was observed with a scanning electron
microscope (TESCAN VEGA 3) at 10 kV and 100x
magnification.  Before  analysis,  the  surface  of  the
samples was sputter coated with a gold-palladium
layer for SEM visualization.

Additionally,  The  morphology  of  the  beads  was
visually  examined  using  an  OLYMPUS  microscope
(CKX53, Japan), and digital images were obtained.
Information about the color, shape, and texture of
the  surface  of  the  beads  was  obtained,  and  the
diameter  of  the  beads  was  measured.  Besides,  a
swelling test was applied to the prepared adsorbent
beads, and its effect on the adsorption process was
investigated.

2.4. Adsorption Studies
Adsorption studies were carried out batch-wise in an
incubator  shaker.  To  determine  the  optimum
adsorption  conditions,  the  effects  of  different
process  variables  such  as  adsorbent  amount,
contact  time, dyestuff  concentration,  temperature,
pH and foreign ion effect (NaCl) on adsorption were
investigated. Different parameter ranges (adsorbent
amount 0.1-1 g/L, contact time 0-180 min, dyestuff
concentration 1-25 mg/L, temperature 298-318 K,
pH value 3-11, NaCl molar concentration 0.005-0.1
M)  based  experiments  were  carried  out.  The  MB
dyestuff  solution volume was kept constant  at  10
mL in all experiments. In experimental studies, all
concentrations  of  adsorbate  solutions  were

measured  at  665  nm  with  a  UV–Vis
spectrophotometer  (Jasco  V-730,  Japan).
Adsorption  capacities  (qe,  mg/g)  and  removal
efficiencies  (%)  are  respectively  calculated  using
Equation 1 and Equation 2. In equations, Co (mg/L)
dyestuff initial concentration, Ce (mg/L) equilibrium
concentration, m (g) adsorbent amount, and V (L)
solution volume.

qe=
(Co−Ce ) .V

m
 (Eq. 1)

%Percentage of removal= (Co−Ce )
Co

x 100

(Eq. 2)

The  point  of  zero  charge  (pHPZC)  values  of  the
adsorbent materials were determined by the pH drift
method.  The  pH  of  0.01  M  NaCl  solution  was
adjusted to different pH values  (4, 6, 8, 10, and
12)  with  0.1  M  NaOH  and  0.1  M  HCl  solutions.
Mixtures of approximately 1.5 mg of SA and SA-GNP
beads and 20 mL of NaCl solution were kept in a
shaking incubator at 25oC for 24 hours. After this
process,  the  final  pH  values  of  samples  were
measured  by  pH meter,  and  a  graph  was  drawn
between  the  initial  and  final  pH  values,  and  the
diagonal intersection point was accepted as pHzpc
(23,24).

3. RESULTS AND DISCUSSIONS

3.1. Characterization Results
FTIR,  TGA,  and  SEM  methods  were  applied  to
characterize the prepared alginate-based adsorbent
beads,  and  their  morphology  was  examined  by
obtaining digital images with an optical microscope.
The  FTIR  spectra  of  SA  and  SA-GNP  adsorbents
measured in the 400-4000 cm-1 range before and
after adsorption are shown in Figure 2. FTIR spectra
of  alginate-based  adsorbents  show  similar  peaks
before  and  after  adsorption  for  both  adsorbents.
Specified  wavelengths  indicate  the  presence  of
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groups at 1028 and 1037 cm-1 (C–O–C stretching
frequency),  1410,  1430  cm-1, and  1637  cm-1

(symmetric and asymmetric stretching COO−), 2922
and 2926 cm-1 (C-H stretching vibration), 3445 and
3450  cm-1 (–OH  stretching  vibration)  (25–28).  It

was observed that the intensity of these peaks after
adsorption  decreased  compared  to  before
adsorption.  It  is  thought  that  the  MB  dyestuff
attaches to the functional groups herein.

 

4000 3500 3000 2500 2000 1500 1000 500

T
ra

n
sm

it
ta

n
ce

 (
%

)

Wavenumber (cm-1)

 SA
 SA (After adsorption)

1637

2161

3450

2926

1430
1028

a)

   

 

4000 3500 3000 2500 2000 1500 1000 500

T
ra

n
sm

it
ta

n
ce

 (
%

)
Wavenumber (cm-1)

 SA-GNP 

1637

2922

3445

1410 1037

2851

b)

 SA-GNP (After adsorption)

Figure 2: FTIR plots of SA (a) and SA-GNP (b) before and after adsorption.

TGA plots of SA and SA-GNP are shown in Figure 3.
The thermal behavior of adsorbents is similar, and
their  thermal  decomposition  takes  place  in  the
temperature region of 200°C to 500°C. The weight
loss in the first stage is attributed to the removal of

volatile products such as physically adsorbed water
(29,30).  The  decomposition  temperature  at  10%
weight loss was calculated as 189°C and 197°C for
SA and SA-GNP adsorbents, respectively. 

Figure 3: TGA curves of SA and SA-GNP.

Weight loss in the second stage is attributed to the
decrosslinking  of  the  polymer  networks  (29).  The
region responsible for the large weight loss shows
the  degradation  of  the  carboxylic  groups  in  the
sodium alginate structure (in the temperature range
of  178-190  °C).  The  thermal  stability  of  the

materials is determined by the large loss of mass at
which thermal decomposition begins, large changes
are observed after exceeding 200 °C (31). From the
data  obtained  at  800  °C,  it  is  seen  that  the
remaining material contents for SA and SA-GNP are
31%  and  35%  by  weight  (total  weight),
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respectively. According to the final thermal oxidative
decomposition temperatures, it can be said that SA-
GNP composite material has slightly higher thermal
stability than SA. In this  direction,  it  can be said
that the GNP additive slightly increases the thermal
stability of the material.

The  morphological  characterization  of  beads  was
observed  using  SEM.  The  obtained  topographic

images of SA and SA-GNP are shown in Figure 4.
The  surfaces  and  sections  of  SA  and  SA-GNP
showed  a  smooth  and  homogeneous  morphology.
GNP  did  not  appear  to  cause  any  roughness  or
heterogeneity in the beads. It shows that the GNP is
successfully  dispersed  by sonication and does not
form agglomeration.

 

 

Figure 4: SEM images of SA (a,b) and SA-GNP (c,d) beads.

Figure 5: Digital images of SA and SA-GNP beads.

Additionally,  the  morphology  of  the  beads  was
visually examined using an optical microscope, and

their  digital  images were obtained as in Figure 5.
Information about the color, shape, and texture of
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the  surface  of  the  beads  was  obtained,  and  the
diameter  of  the  beads  was  measured.  The  beads
have a spherical shape and measure approximately
150 µm in diameter on average. SA beads are light
yellow in color, while SA-GNP beads are black due
to the color of the GNP.

The  swelling  behavior  of  adsorbent  beads  was
determined gravimetrically in MB solution (pH=5.5)
at 25oC. The percent swelling was calculated using
Equation 3:

% Swelling=
(Ws−Wd )

Wd
x100 (Eq. 3)

Ws is the weight of the swollen beads, and Wd is
the  weight  of  the  dried  beads.  Swelling
measurement  continued  until  the  swollen  beads
were adequately weighed. Although the beads had
swelling  properties,  there  was  no  change  in  the

percentage  of  dye  removal  of  the  swollen  beads
compared to the dry ones (32,33). 

3.2. Adsorption Studies
3.2.1. Adsorption process variables
To  investigate  the  effect  of  the  amount  of
adsorbent, mixtures of adsorbents in 0.1, 0.25, 0.5,
0.75, and 1 g/L amounts and stock MB solution with
an initial dye concentration of 10 mg/L were left to
shake  for  120  minutes,  based  on  previous
preliminary experiments. The calculated adsorption
capacities of the experiments with different amounts
of SA and SA-GNP adsorbents are shown in Figure
6. According to the experimental results, the highest
removal  efficiencies  (%) of  SA and SA-GNP  were
obtained as 71.55% and 74.59%, respectively. As
the  amount  of  adsorbent  increased,  the  removal
efficiency of the dyestuff increased. This is due to
the grown surface area resulting from the rise in
adsorbent mass and the increased number of active
sites (34,35). 
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Figure 6: Effect of adsorbent dose on adsorption capacity and removal efficiency (inset).

As  seen  in  Figure  6,  the  adsorption  capacity
decreased  as  the  amount  of  adsorbent  increased.
The adsorption capacity values vary between 6.25–
15.06 mg/g for SA, and 6.79–26.19 mg/g for SA-
GNP. As the adsorbent dose decreased, the amount
of  MB  solution  per  gram of  adsorbent  increased.
This  may  be  because  all  active  sites  in  the
adsorbent are fully exposed to MB and utilized at a
lower adsorbent dose, and only some of the active
sites are exposed and occupied by MB at a higher
adsorbent  dose  (35).  The  highest  adsorption
capacity  was  obtained  at  0.1  g/L  adsorbent
concentration as 15.06 mg/g for SA and 26.19 mg/g

for  SA-GNP.  Based  on  these  data,  the  optimum
amount of adsorbent was chosen as 0.1 g/L.

To  determine  the  equilibrium  time  of  the
adsorbents, experiments were carried out with MB
solution for 1, 5, 10, 15, 30, 45, 60, 90, 120, and
180  minutes.  Equilibrium times  were  determined,
and the  obtained data were  also  used  for  kinetic
modeling  calculations.  The  calculated  adsorption
capacities  of  the  experiments  performed  with  SA
and  SA-GNP  adsorbents  at  different  times  are
shown in Figure 7.
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Figure 7: Effect of contact time on adsorption capacity.

Equilibrium times  of  the  adsorption  systems were
determined  at  room  temperature.  The  fast
adsorption in the first stage can be explained by the
high driving force that provides rapid mass transfer
of MB ions to the adsorbent surface, as well as the
high number and availability of active sites in the
adsorbent  (36).  Both  adsorption  systems  reached
equilibrium after approximately 120 minutes, and it
was observed that there were no major changes in
adsorption capacity after this point. Based on these
data,  120  minutes  was  chosen  as  the  optimum
contact time, and the qe values for SA and SA-GNP
adsorbents were obtained as 17.97 mg/g and 17.00
mg/g, respectively.

The effect of MB solution at different pH values on
adsorption  was  investigated  by  adjusting  the  pH
values to 3, 5, 7, 9, and 11 with 0.1 M HCl and 0.1
M NaOH solutions.  Calculated adsorption capacities
of the experiments with SA and SA-GNP adsorbents
at different pH values are shown in Figure 8 (a). The
qe values ranged from 48.16 – 67.52 mg/g for SA
and  50.95–97.29  mg/g  for  SA-GNP;  that  is,  the
amount  of  MB  solution  per  gram  adsorbent
decreased as pH increased. These results show that
an  acidic  solution  is  more  suitable  for  the  MB
adsorption  system.  Since  the  surface  of  sodium
alginate  is  negatively  charged  up  to  pH  7,  the

presence of H+  ions at low pH values increased the
adsorption  capacity  value  (37).  According  to  the
literature, this shows that the cationic dyestuff can
be better ionized at low pH values and is based on
the  interaction  of  more  dye  molecules  with  the
adsorbent  (38).  The  highest  adsorption  capacities
were  obtained  at  pH  3,  67.52  mg/g  for  SA  and
97.29 mg/g for SA-GNP. 

The  surface  charge  properties  of  adsorbents  at
different  pH  values  significantly  affect  their
adsorption  capacity.  Additionally,  the  pHpzc  was
determined to evaluate the surface electrification of
adsorbents in the solution. As seen in Figure 8 (b),
experimental pHzpc values of SA and SA-GNP were
obtained as 5.26 and 5.11, respectively. In the pH
range of 3-10, an increase in the negative charge of
the adsorbent surface due to deprotonation of the
carboxyl group increased the electrostatic attraction
between  the  cationic  MB,  thereby  increasing  the
adsorption capacity of SA and SA-GNP beads  (24).
In the study, SA and SA-GNP beads showed efficient
adsorption on MB from an aqueous solution in the
initial  pH range of 4-7. The normal pH of the MB
solution is  also  about 6.06  (T=27.5oC),  so  no pH
adjustment was required for the other experiments,
and the MB initial pH value is in optimum conditions
for the study.
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Figure 8: Effect of pH (a) on adsorption capacity, pHZPC plots of SA and SA-GNP (b), and foreign ion-NaCl
(c) on adsorption capacity.

It is known that different polluting ions present with
MB  dyestuff  in  adsorption  processes  also  affect
adsorption.  In  this  study,  NaCl  was  chosen  as  a
different  foreign  ion,  and  its  effect  on  adsorption
capacity  with  MB  was  investigated.  While  MB
concentration  was  10  mg/L,  NaCl  concentrations
were prepared as 0.005, 0.01, 0.05, and 0.1 M. The
graph of Figure 8 (c) shows the adsorption capacity
values obtained at different NaCl concentrations of
SA  and  SA-GNP  adsorbents.  As  the  molar
concentration  of  NaCl  increased,  the  adsorption
capacity values decreased. The adsorption capacity
of SA decreased from 15.83 mg/g (0.005 M) to 6.76
mg/g (0.1 M). The adsorption capacity of SA-GNP
decreased from 18.43 mg/g (0.005 M) to 8.05 mg/g
(0.1 M). This result is thought to be related to the
competition  of  cation  ions  and  Na+ of  MB  for
adsorption sites (34). 

3.2.2. Adsorption kinetic models
Adsorption  kinetics  were  investigated  by  using
experimental data obtained at different times in the
adsorption of  SA and SA-GNP adsorbents and MB

dyestuff. The adsorption data were fitted to a non-
linear form of PFO (Equation 4), PSO (Equation 5),
and Bangham (Equation 6) (23) kinetic models. The
graphs  of  all  adsorption  systems  are  shown  in
Figure 9, and the calculated model parameters are
presented in Table 1.

In equations, qt (mg/g) adsorption capacity at time
t,  k1 (min-1)  PFO  kinetic  model  rate  constant,  k2

(g/mg.min)  PSO  kinetic  model  rate  constant,  k
Bangham  constant,  υ  Bangham  parameter  and  t
(min) is the contact time.

q t=qe .(1−e−k1 .t) (Eq. 4)

q t=
qe
2 . k2. t

1+k 2 . qe .t
(Eq. 5)

 

q t=k . t υ (Eq .6)

According to the parameters and R2  values of the
models,  the  kinetic  models  for  both  adsorption
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systems  fit  well  with  the  experimental  data  (SA;
R2≥0.87,  SA-GNP; R2≥0.92),  which are  consistent
with previous studies (36,39). The R2 values of the
PFO  and  PSO  kinetic  models  show  that  both
adsorption systems fit the PSO kinetic model better.
The  reaction  mechanisms  between  adsorbent  and
adsorbate depend on chemical adsorption, including
the sharing or exchanging of electrons as covalent
forces  and  valence  forces  via  ion  exchange  (40).
The kinetic  model  rate (k1,  k2)  obtained from the
models  showed  that  the  adsorption  process
performed  with  SA-GNP/MB  was  faster  than  the

SA/MB  adsorption  system  (SA:  k1=0.0168  min-1

k2=0.0007  g/mg.min;  SA-GNP:  k1=0.0417 min-1,
k2=0.0028 g/mg.min). Experimental data and model
parameters of adsorption capacity were found to be
compatible with each other. 

Bangham model is a generalization of the Weber-
Morris  model  and  can  be  used  to  explain  pore
diffusion mechanisms. R2 values  (≥0.92) are high
for both adsorption systems. The Bangham model
shows that rate-controlled step adsorption of MB on
SA and SA-GNP is pore diffusion (23). 

 

Figure 9: PFO, PSO, and Bangham kinetic models of SA (a) and SA-GNP (b).

Table 1: Kinetic model parameters of SA and SA-GNP.

MB Adsorption
SA SA-GNP

PFO
qe (mg/g) 18.58 17.302
k1 (min-1) 0.0168 0.0417

R2 0.87 0.93
PSO

qe (mg/g) 23.60 19.815
k2 (g/mg.min) 0.0007 0.0028

R2 0.88 0.95
Bangham

k 1.617 3.569
υ 0.4705  0.3311
R2 0.92 0.93

MB concentration: mg/L

3.2.3. Adsorption equilibrium models
The effects of MB concentration and temperature on
the  adsorption  process  were  investigated.
Adsorption mechanisms and equilibrium conditions
were examined using experimental data obtained at
different temperatures for the adsorption of SA and
SA-GNP  adsorbents  and  MB  dyestuff.  Optimum
adsorption  temperatures  were  determined,  and
maximum  adsorption  capacities  were  calculated
using  the  data  obtained  for  isotherm  model
calculations.  The adsorption data were  fitted  to a
non-linear  form  of  Langmuir  (Equation  7),

Freundlich (Equation 8) (23), and Temkin (Equation
9) (41) equilibrium isotherm models. The graphs of
all adsorption systems are shown in Figures 10 and
11,  and  the  calculated  model  parameters  are
presented in Table 2.

In  equations,  qm (mg/g)  maximum  adsorption
capacity, KL (L/mg) Langmuir isotherm constant, KF

(mg/g).(L/mg)1/n Freundlich  isotherm  constant,
heterogeneity  factor  showing  1/n  adsorption
density,  AT Temkin  isotherm  equilibrium  binding
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constant,  bT isotherm  constant,  R  (J/mol.K)  gas
constant, T (K) absolute temperature.

qe=
K LqmC e

1+K LC e

 (Eq. 7)

qe=KFC e
1 /n (Eq. 8)

qe=
R×T
bT

× ln (AT×Ce ) (Eq. 9)

According  to  the  parameters  and  R2 values  of
Langmuir  and  Freundlich  models,  the  isotherm
models for both adsorbent-MB adsorption systems
fitted  very  well  with  the  experimental  data
(R2≥0.98). Maximum adsorption capacities (qm) for
SA  and  SA-GNP  were  obtained  in  the  range  of
39.05-167.52  mg/g  and  63.67-290.36  mg/g,
respectively.  While  the  qm value  for  the  SA-MB
adsorption system was 167.52 mg/g at 308 K, the
qm for  the  SA-GNP-MB  adsorption  system  was
calculated as 290.36 mg/g at 308 K. 

The  maximum  adsorption  capacities  obtained  in
similar  studies  in  the  literature  are  presented  in
Table 3. Compared to the literature, very efficient
results  were  obtained  in  MB  removal.  Freundlich
isotherm  generally  represents  heterogeneous
adsorption  systems,  and  it  is  known  that  the
adsorption process is suitable when the n parameter
is between 1 and 10. MB removal is successful in
applied adsorption processes since n values for both
adsorption  systems  vary  between  1.11-1.86.  In
other  words,  1/n<1  indicates  that  the  adsorption
mechanism depends on chemisorption. It is known
that the heterogeneity of the systems increases as
the 1/n value approaches zero (40), and the highest
heterogeneity  in  the  investigated  adsorption
systems was obtained at 308 K for both adsorbents.
The  optimum  temperature  of  the  adsorption
systems  is  308  K,  and  the  maximum adsorption
capacities were obtained at this temperature value.
The Temkin isotherm model indirectly describes the
effects of adsorbent/adsorbate interactions. In this
model, it is assumed that the heat of adsorption of
all  molecules  decreases  linearly  with  increasing
coverage of the adsorbent (42). The Temkin model
shows that the adsorption of MB dyestuff with SA
and SA-GNP adsorbents is based on a chemisorption
process.
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Figure 10: Langmuir, Freundlich, and Temkin isotherm models of SA, 298 K (a), 308 K (b), 318 K (c).
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Figure 11: Langmuir, Freundlich, and Temkin isotherm models of SA-GNP, 298 K (a), 308 K (b), 318 K (c).
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Tablo 2: Langmuir, Freundlich, and Temkin isotherm parameters.

 MB
Adsorption

SA SA-GNP

298 K 308 K 318 K 298 K 308 K 318 K
Langmuir
qm (mg/g) 51.52 167.52 39.05 151.79 290.36 63.67

KL 0.080 0.015 0.058 0.023 0.008 0.047
R2 0.99 0.99 0.99 0.99 0.99 0.99

Freundlich
KF  6.36 3.34 3.33 4.71 2.70 4.62
n 1.86 1.22 1.64 1.29 1.11 1.59
R2 0.98 0.99 0.99 0.99 0.99 0.99

Temkin
AT 0.837 0.833 1.12 0.518 0.851 0.641
bT 223.7 200.4 418.2 126.6 199.9 225.2
R2 0.98 0.86 0.94 0.94 0.79 0.97

Table 3: Summary of similar studies in the literature on methylene blue removal with composite alginate
materials.

Adsorbents/Composite materials
Maximum adsorption

capacities, qm
References

Activated carbon-alginate beads 230 mg/g (2)
Activated carbon, copper ferrite and alginate

composites
400 mg/g (9)

Activated carbon-alginate beads 769.23 mg/g (43)
Bentonite-encapsulated alginate beads 2041 mg/g (44)

Graphene oxide-magnetite nanocomposite 172.6 mg/g (3)
Graphene oxide-montmorillonite/sodium alginate

aerogel beads
150.66 mg/g (7)

Graphene oxide/alginate quasi-cryogel beads 122.26 mg/g (10)
Magnetic sodium alginate-modified zeolite adsorbent 181.85 mg/g (24)

Magnetic alginate beads 38.9 mmol/g (45)
Magnetic microspheres with sodium alginate and

activated carbon
222.3 mg/g (46)

Metal-organic framework (MOF)-based alginate
composite beads

490.72 mg/g (47)

Sodium alginate beads, SA
Graphene nanoplatelet composite beads, SA-GNP

167.52 mg/g
290.36 mg/g

This work

4. CONCLUSIONS

SA and SA-GNP composite beads were synthesized
as adsorbent material, and studies were carried out
on the removal of MB from aqueous solutions by the
adsorption  method.  Structural  characterizations  of
the synthesized adsorbents are compatible with the
literature.  Optimum  conditions  for  the  adsorption
system were determined by investigating the effects
of different parameters such as adsorbent dose, MB
dyestuff  concentration,  solution  pH,  presence  of
different ions (NaCl), beads swelling, contact time,
and  adsorption  temperature.  According  to  the
results: 

 An  adsorbent  dose  of  0.1  g/L  was
determined as the optimum amount of adsorbent.
At the end of the adsorption period of 120 minutes,
the system reached equilibrium, and the optimum
contact time for the experiments was determined as
120 minutes.
 In different pH experiments, high adsorption
capacities were obtained at low pH (≤7) values, so
the pH value of the MB solution (pH=6.06; T=27oC)
is  suitable  for  adsorption  studies,  and  no  pH
adjustment has been made. In addition, in order to
see the effect of pH, the pHZPC values of SA and SA-
GNP  beads  were  obtained  as  5.26  and  5.11,
respectively, by using the drift method. The effect of
the  presence  of  a  different  ion,  NaCl,  on  the
adsorption  process  was  investigated,  and  the
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adsorption capacity  values  decreased as  the  NaCl
concentration increased.
 The  mechanism  of  the  adsorption  system
was  investigated  and  interpreted.  The  adsorption
data were fitted to a non-linear form of Langmuir,
Freundlich, and Temkin equilibrium isotherm models
and PFO, PSO, and Bangham kinetic models. High
regression  coefficients  (0.86≤R2≤0.99)  were
obtained  with  the  studied  kinetic  and  isotherm
models, and the experimental data were found to be
compatible with the model parameters.
 The maximum adsorption capacities (qm) of
SA  and  SA-GNP  adsorbents  were  obtained  as
167.52 and 290.36 mg/g at 308 K, respectively, and
the  optimum  temperature  was  308  K  for  both
adsorption systems.
 Despite the very low amount of GNP in SA-
GNP  adsorbent,  it  significantly  increased  the
adsorption  capacity  and  improved  the  adsorption
process. Also, the addition of GNP slightly increased
the thermal stability of SA-GNP.
 The spherical  shape of  the adsorbents did
not require extra filtration and allowed them to be
easily  separated  from  the  adsorbates.  In  this
direction, simple operating convenience is provided
to the adsorption process.

In  conclusion,  SA  and  SA-GNP  were  found  to  be
economical,  effective, and environmentally friendly
adsorbents that can be used for the removal of MB
from aqueous solutions.
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Investigation on the Quality of Prolonged Storage of Packaged Water
Commonly Produced in North Central, Nigeria
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Abstract: This study investigated the effects of prolonged storage conditions on the physicochemical
parameter,  toxic  metals,  microbial  loads,  and  health  risks  assessment  of  randomly  selected  three
brands of sachet and bottled water in North Central, Nigeria. One hundred eighty samples of water
brands (sachet and bottled) were collected from 10 different factories and were grouped into three.
They were analyzed immediately (initial), being exposed to mild sunlight (stored with a container) and
exposed to intense sunlight (stored without a container) conditions for six weeks. The results of the
physicochemical  parameters  (sachet  and  bottle)  were  within  the  limits  set  by  the  World  Health
Organization (WHO) and the Standard Organization of Nigeria (SON). While the results of heavy metals
analysis for both sachet and bottled water recorded 0.15 - 0.51 mg/L (0.10 mg/L , 0.05 mg/L), 0.13 -
0.38 mg/L (0.015 mg/L, 0.01 mg/L) and 0.55 - 1.11 mg/L  (0.03 mg/L, 0.3 mg/L) for  Chromium (Cr),
Lead (Pb) and Iron (Fe) respectively, as compared to the permissible limits  (values in the bracket for
each heavy metals) set by WHO and SON. The microbial analysis results ranged between 6.58 - 124.51
Cfu/100 mL, 0.52 - 37.56 Cfu/100 mL, 0.07 - 5.00 Cfu/100 mL, 0 - 2.07 Cfu/100 mL for Total Bacteria
Count (TBC), Total Coliform Count (TCC), Faecal Coliform Count (FCC) and Total Fungal Count (TFC)
respectively, which showed no effective quality control system. Incremental lifetime cancer risk (ILCR)
assessment  revealed  a  carcinogenic  health  risk  to  the  populace  drinking  this  water.   The  study
concludes that water stored under sunlight for a long period is not good for human consumption and
therefore adequate monitoring by the appropriate agencies is emphasized.
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1. INTRODUCTION

Water is an essential liquid for human day-to-day
activities.  It is a basic need for human existence
required to maintain personal hygiene, prevention
of diseases, and food production (1-3). Waterfalls
such as rain can be found in lakes and rivers which
are  the  primary  sources  of  fresh  water  for
agriculture,  human  consumption,  and  industrial
uses (4,  5).  Portable water is a source of water
that  is  properly  treated  and  showed  a  minute
amount  of  contaminants  such  as  toxic  metals,
microorganisms,  nitrates,  sulfates  among  others

(5, 6, 7). Various natural processes (such as wind
deposition, weathering of rocks, soil leaching, and
biological  processes) and anthropogenic  activities
(such as  agricultural  run-off,  mining,  recreational
activities,  industrial  and  domestic  sewage)  all
contribute  to  the  release  of  contaminants  into
water bodies, which poses serious health risks like
malnutrition,  gastrointestinal  diseases,  slowing
nutrient absorption, and disrupting the endocrine
system, among others (5, 8, 9).

According to WHO/UNICEF (10), over 844 million
people in most developing countries lack adequate
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good water  supply  as  a  result  of  an increase in
population and urbanization,  and this  paves way
for packaged water as a fast-growing business in
most developing countries. The water business is
very lucrative due to the rate at which consumers
buy  this  packaged  water  (sachet  and  bottled).
Sachet and bottled water can come from a variety
of sources, including well, water from a protected
spring,  or  water  from  a  public  water  supply.
However,  there  is  a  great  risk  associated  with
water  produced  in  an  unsafe  and  unhygienic
environment  (11,  12).  Many  scholars  have
reported  that  sachet  and  bottled  water  are  the
major  drivers  for  the  transmission  of  pathogens
and toxic metals into the body (13, 14, 15, 16),
and  these  often  resulted  in  several  health
challenges  among  children  and  infants,  with
noticeable  effects  including  water-borne  diseases
like  diarrhea,  typhoid,  cholera,  hepatitis,  and
dysentery among others (17, 18, 19, 20). 

Similarly,  several  researchers  reported  that  the
main problems associated with the production of
sachet and bottled water in Nigeria include the way
they were handled during the production process,
ways in which distributors and vendors transported
the packaged water, and how the packaged water
was stored for several weeks before they were sold
(21,  22).  In  most  of  the  cities  and  towns  in
Nigeria, sachet and bottled water are often stored
and exposed to direct  sunlight  without adequate
knowledge  of  the  effect  of  the  quality  of  this
packaged water on the populace buying them. To

the  best  of  our  knowledge,  the  rate  at  which
packaged  water  (sachet  and  bottled)  production
increases in the Ilorin metropolis  (North Central,
Nigeria) is becoming so alarming.  However, there
is a need for a routine investigation on the quality
of  prolonged storage of  both  sachet  and  bottled
water exposed to sunlight under different storage
conditions. 

This  research  aimed  to  determine  the
physicochemical,  heavy  metal  concentrations,
microbial  analysis,  and  human  health  risk
assessment of some sachet and bottled water sold
within  North  Central,  Nigeria,  and compared  the
results obtained with the permissible limits of the
Standard Organization of Nigeria (SON) and World
Health Organization (WHO).

2. MATERIAL AND METHODS

2.1. Description of the Study Area
The  Kwara  State  of  Nigeria  belongs  to  North
Central  Nigeria.  There  are  sixteen  Local
Government Areas in Kwara State, with the capital
city at Ilorin.  The Local Government Area in Kwara
State includes Ilorin East, Ilorin South, Ilorin West,
Moro,  Kaima,  Asa,  Offa,  Ekiti,  and  Edu  among
others.   The  Ilorin  West  Local  Government  lies
between latitude 4° 28 E, 8° 34 N and longitude 4°
35 E,  8° 24 as shown in Figure 1.  According to
National Population Census 2006, the population of
Ilorin  West  People  is  364,666  with  a  total
landscape of 105 square kilometers.

Figure 1: Showing Map of Ilorin West Local Government Area, Kwara State, Nigeria.
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2.2. Sample Collection and Preparation
Three  brands  of  sachet  and  bottled  water  were
collected from three factories. Thirty samples each
of  sachet  and  bottled  were  procured  from each
factory amounting to a total of 180 samples (90
sachets and 90 bottled water). For each brand, the
samples  were  divided  into  groups  A,  B,  and  C.
Group A represents 20 water samples (10 sachet
and 10 bottles) analyzed immediately (initial) after
being  purchased  from  the  factories.  Group  B
represents 20 water samples stored in a container
and  exposed  to  sunlight  for  six  weeks  (mild
condition) before analysis. And Group C represents
20 water samples stored and exposed directly to
the  sunlight  without  a  container  for  six  weeks
(intense condition) before analysis.

2.3. Reagents and Pretreatment
Milli-Q  water,  HNO3 (65%),  and  HCl  (37%)
analytical  grades  were  purchased  from  Merck
Darmstadt, Germany. All  glassware used for this
study was soaked in 1M HNO3 for 24 hours and
rinsed severally with distilled water. 

2.4. Physico-chemical Parameters 
The pH was measured using a pH meter Ino Lab
Tech 7310 digital multimeter, which gives a direct
value  of  pH,  and  it  was  calibrated  with  buffer
solutions (pH 4 and 7). A thermometer was used
to measure the temperature of the water samples
in  situ.  Electrical  conductivity  (EC)  and  total
dissolved  solids  (TDS)  were  determined  by  the
HANNA  Digital  multimeter  and  it  was  calibrated
with  potassium  chloride  solution.  Alkalinity,
hardness,  chloride,  and  calcium  contents  were
determined  titrimetrically.  The  concentration  of
magnesium  contents  was  determined  by
subtracting  the  concentrations  of  calcium  from
total  hardness. sulfate contents were determined
turbidimetrically  and  Nitrate  contents  were
determined  by  the  Brucine  method  (23).  Water
samples were taken from each brand in triplicates
for the analysis.

2.5. Determination of Toxic Metals 
A 50 mL of each water sample (sachet and bottled)
was digested by aqua regia method of  digestion
using HNO3/HCl in 1:3 ratio and was later analyzed
for the presence of toxic metals, namely chromium
(Cr), lead (Pb), and iron (Fe) in triplicates using
Atomic  Absorption  Spectrophotometer  (AAS-Buck
Scientific Model 210 VGP, USA). 

2.6. Quality Control Determination
Calibration  curves  were  plotted  for  all  analyzed
elements  (Cr,  Pb,  and  Fe)  which  were  used  to
measure the absorbance value for the blank and
working  standard  solution  (which  was  prepared
from a stock standard of each metal using Milli- Q
water)  to  determine  the  concentrations  of  toxic
metals  in  the  digested  samples.  The  detection
limits of the instrument range from 0.005 – 0.040
mg/L  as  shown in  Table  1.  Blank  determination
was done by weighing 2 mL of HNO3 in a beaker
with  6  mL  of  HCl  added,  and  the  mixture  was

heated  in  the  water  bath  for  40  minutes  and
cooled. The mixture was transferred to a 50 mL
standard  flask  and  make-up  to  the  mark  with
distilled water. The experiment was repeated three
times and then analyzed using Atomic Absorption
Spectrophotometer. A recovery study was done by
spiking 10 mL of heavy metal standards (Cr, Pb,
and Fe) to already analyzed water samples and re-
analyzed (A). A known amount of water samples
(sachet  and  bottled)  was  left  un-spiked  (Z)  and
analyzed  using  AAS.  The  percentage  recovery
study (R.S%) was evaluated using the equation 1
(24)

R .S%= A−Z
10

 (1) 

Table 1: Detection limits of the instrument.

Elements Instrument
detection limits

(mg/L)
Cr 0.005
Pb 0.040
Fe 0.007

2.7. Microbiological Parameters 
Total  bacterial  count  (TBC),  total  coliform  count
(TCC), and total fungal count were also determined
in each of the water samples using multiple tube
fermentation  and  membrane  filtration  methods
described by (25). 

2.8. Human Health Risk Assessment
The association between the concentration of the
toxic  metals  and  their  apparent  risk  to  human
health is generally appraised by the human health
risk assessment models established by the USEPA
(26,  27,  28)  and  UNC  (29).  This  technique  is
accessible  using the  risk  assessment  information
system (RAIS)  USEPA (26)  and  the toxicological
profiles  presented  by  the  United  State
Environmental Protection Agency’s Integrated Risk
Information  System  (IRIS)  (30,  31,  32),  in
collaboration  with  the  United  State  Agency  for
Toxic  Substances  and  Disease  Registry  –
Toxicological profiles (33). In this current research,
the risk evaluation of the toxic elements (Cr, Pb
and Fe) was initiated by primarily evaluating the
chronic  daily  intake (CDI) of  each of  the metals
through the possible  exposure  pathways  (in  this
case, ingestion pathway).

For the ingestion pathway of exposure, the chronic
daily  intake  (CDI)  (mg/L/day)  was  evaluated  by
the following equation 2 USEPA (34).

ADI ing-water=
Cw×I n g Rw×EF×ED

BW×A T
 

(2)

Where Cw is the concentration of the given heavy
metal  in  the  sampled  drinking  water,  BW  is
bodyweight of the exposed person (70 kg), ED is
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the  lifetime  exposure  period  (average  life
expectancy  of  Nigerians  is  55  years),  EF  is  the
exposure  frequency  (365  days/year),  AT  is  the
period through which the dose is averaged (ED x
365 days) and IngRw is the ingestion rate of the
drinking waters (2 L/day).

2.9.  The Carcinogenic  and Non-Carcinogenic
Risk Assessment
The  calculated  chronic  daily  intake  (CDI)  in
proportion to oral  reference dose (RfDoral)  of  the
selected  toxic  metals  branded  as  target  Hazard
Quotient (HQ), is generally utilized to highlight the
severity of the non-carcinogenic risks. The hazard
quotient is called by the formula in equation 3 as
described by USEPA (26);

HQ= AD I
R f D

(3)

where CDI is the chronic daily intake of a given
toxic  constituent  and  RfD  is  the  persistent
reference dose for the element i.e. for the Cr, Fe,
and Pb, we have 3.0E-03, 9.0E-02, 3.5E-03 mg/L-
day  (34).  If  the  HQ  ˃ 1,  however,  there  is  an
increased probability of unfavorable health effects
to the exposed populace.  Conversely,  if  HQ < 1
subsequently  there  is  no  possibility  of  negative
health effects (35).

The  hazard  index  (HI)  is  the  sum  of  the  HQ
calculated using Equation 4 

HI=∑ HQ (4)

According  to  the  risk  classification  system
assembled  by  the  International  Agency  for
Research on Cancer (IARC) and WHO, among the
toxic metals analyzed in this study, Pb and Cr were
human carcinogens,  and  their  carcinogenic  slope
factors  are  8.5E-03  and  0.5  (mg/L/day)-1

respectively (30). The carcinogenic risk estimation
gives an index of  risk or  possibility of an aimed
people  developing  cancer  of  several  types  as  a
result  of  the ingestion of  the carcinogens in  the
drinking  water  over  a  projected  lifetime.
Incremental Lifetime Cancer Risk (ILCR)  presents
the carcinogenic risk calculated using equation 5
(30, 36). 

ILCR = ADI x SF (5)

Where CDI  (mg/L/day)  and  SF  (mg/L/day)-1 are
the mean daily  consumption of  the  toxic  metals
and the carcinogenic gradient factor. Cancer risk
higher than 1E-04 is considered high as they pose
a higher cancer threat while values below 1E-06
are assumed not to cause any cancer risk to the
populace; the suitable range is flanked by 1E-04
and 1E-06. 

3. RESULTS AND DISCUSSION

The recovery study (R.S%) was done to ascertain
the  analytical  method  employed  in  the
determination of toxic metals in the water samples
(sachet  and bottled water).  The R.S% estimated
ranges  between  85.2  -  102.8% as  illustrated  in
Table 2. 

Table 2: Recovery study of toxic metals in the water samples.

Water
Samples

Toxic  metals
Analyzed

Amount
Spiked

Amount
Un-spiked R.S%

Sachet Cr 62.55 54.03 85.2

 Pb 34.39 25.06 93.3

 Fe 58.50 48.22 102.8

Bottled Cr 48.73 39.02 97.1

 Pb 74.95 65.31 96.4

 Fe 29.54 20.65 88.9

The physicochemical parameters, toxic metals, and
microbiological  analysis  examined  show
considerable variations in the sachet  and bottled
water samples analyzed as shown in Figures 2 - 6.
The pH value of all the brands of water analyzed
ranged  from 6.56  -  8.22.  The  pH  of  the  water
sample was recorded between 6.65 - 7.28   and
7.78  -  8.22  for  bottled  and  sachet  water
respectively (Figure 2a & b). This is similar to the
report by previous researchers (37, 38, 39). Water
samples stored at mild sunlight exposure (Group
2) ranged from 6.79 - 8.01 and 6.62 - 8.00 for
intense  sunlight  exposure  (Group  3).  Water
samples in Brand 3 recorded the highest pH value
of 8.22 and 7.28 (Group 1) for sachet and bottled
water respectively. An increase in the pH values of

water  can  lead  to  an  increase  in  the  bacteria
population (10). An increase in the pH values could
be due to the different modes of storage as shown
in Figure 2.  The pH values of all the water brands
were  within  the  recommended  pH  range  WHO
(40), SON (41), and WHO (42) as shown in Table
3. The mean temperature value ranged from 28.61
- 30.64  0C for all brand samples analyzed (Figure
2). Samples of water analyzed immediately (initial)
after  being  purchased  from the  factories  ranged
between  28.70  -  29.03  0C  (Group  1).  While
samples of water stored and exposed to mild and
intense sunlight exposure ranged between 29.82 -
30.64  0C (Group 2 and 3) as shown in Figure 2.
This  is  similar  to  the  previous  report  elsewhere
(43).  An  increase  in  the  warmness  of  an
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environment favours the growth of microorganisms
and  this  can  affect  the  taste  and  odour  of  the
water  samples  (44).  Turbidity  values  in  all  the
brands  of  water  samples  analyzed  (bottled  and
sachet) were found to be less than 5 NTU for all
the  water  samples  exposed  to  different  storage
conditions. The turbidity values recorded were all
within  acceptable  limits  of  5  NTU  (41,  42)  as
shown in  Table  3.  Conductivity  values  in  all  the
brands  of  water  samples  (sachet  and  bottled)
ranged from 45.33 - 160.12 μS/cm. Water samples
analyzed immediately (Group 1) ranged from 89.9
- 146.90 µS/cm, while water samples exposed to
mild  (Group  2)  and  intense  sunlight  (Group  3)
ranged from 49.55 -  131.30  μS/cm and 53.94 -
147.20  μS/cm respectively. This is similar to the
previous study reported in the literature (45, 46).
Brands  1  and  3  (Group  1)  recorded  the  lowest
results in both sachet and bottled water. The TDS
concentrations  of  the  water  samples  in  all  the
brands ranged from 22.03 - 81.00 mg/L as shown
in Figure 2. Water samples analyzed immediately
(Group 1) recorded 30.00 - 81.00 mg/L for both
sachet and bottled water brands. A similar result
was reported elsewhere (46). While water samples
(sachet and bottled) stored under mild (Group 2)
and intense sunlight  exposure  (Group 3)  ranged
from 22.03 - 65.76 mg/L and 23.51 - 73.60 mg/L
respectively (Figure 2). TDS was found to be within
the  permissible  limit  of  500  mg/L  as  shown  in
Table 3. 

The total hardness concentration (TH) ranged from
20.05  -  80.40  mg/L  for  all  brands  of  water
analyzed. The hardness values recorded were all
within  WHO-acceptable  limits  (100 mg/L).  TH of
the  water  samples  (sachet  and  bottled)  stored
under  mild  sunlight  exposure  (Group  2)  ranged
from 20.05 - 76.11 mg/L (Figure 3). While those
stored under intense sunlight conditions (Group 3)
ranged from 24.13 - 80.40 mg/L.  A similar result
was obtained elsewhere (44). The results obtained
in this study showed an increase in the value of
hardness when subjected to both mild and intense
sunlight conditions. Chloride concentration ranged
from 0.43 -  41.83  mg/L for  all  brands of  water

stored  under  different  conditions.  The  highest
chloride  concentration  value  of  41.83  mg/L  was
recorded  in  Brand  3  for  sachet  water  analyzed
(Figure  3a),  and  the  least  was  recorded  in  the
bottled water in Brand 1 (1.03 mg/L), (Figure 3b).
The Calcium (Ca) concentration ranged from 11.33
- 54.08 mg/L for all the brands of water samples
(initial,  mild,  and  intense)  for  both  sachet  and
bottled water. This result followed a similar trend
to the previous study (46). The highest value of
calcium was recorded in Brand 3 (54.08 mg/L) and
the lowest was recorded in Brand 2 (11.33 mg/L)
for mild and initial sunlight exposure respectively.
The concentration of calcium was found to be lower
than the permissible limit set by WHO as indicated
in Table 3. The concentration of magnesium in all
the  water  samples  analyzed ranged from 6.02  -
30.22  mg/L in  all  brands of  water  used for  this
study.  The  results  obtained  were  found  to  be
higher  than  the  previous  reports  elsewhere  (47,
48).  A  higher  concentration  of  magnesium  is
known to cause water hardness, and cathartic and
diuretic  effects  in  the  human  body  (49).  The
concentration of sulfate was found to be lower in
bottled water (0.01 - 0.03 mg/L) than the values
obtained in sachet water (0.01 - 0.15 mg/L). The
concentration of  sulfate reported in this  study is
lower  than  the  values  obtained  in  previous
literature  (50,  51).  The  concentration  of  sulfate
was found to be lower than the permissible limit
(100  mg).  Alkalinity  values  ranged  from  2.16  -
8.32  mg/L  for  all  the  water  brand  samples
investigated.  It  was  observed  that  there  is  a
variation in the concentration of the water samples
exposed  to  various  storage  conditions  (mild  and
intense  sunlight  exposure).  High  values  of
Alkalinity were reported in similar work (50, 51).
The values  of  Nitrate  obtained in  water  samples
ranged from 2.11 - 8.47 mg/L. The Nitrate value
recorded ranged from 3.9 - 7.0 mg/L and 2.11 -
8.47  mg/L  in  sachet  (Figure  3a)  and  bottled
(Figure  3b) water  respectively.  This  is  similar  to
the  previous  literature  (50,  51).  The  Nitrate
contents  in  all  the  brands  of  water  investigated
were below the permissible limits  by WHO (40),
SON (41) and WHO (42) as shown in Table 3.
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Figure 2: Showing Variation of Physical Parameters in (a) sachet water and (b) bottled water groups.

Table 3: Permissible limits set by WHO and SON.

Maximum Permissible limits
Parameter WHOa SONb

pH 6.5-8.5 6.5-8.5
Temperature 35-40 °C Ambient

Electrical Conductivity 1.0 ms/cm 1000 µs/cm
Total Dissolved Solids 500 mg/L 500 mg/L

Turbidity 5 NTU 5 NTU
Total Hardness 100 mg/L 150 mg/L

Calcium 200 mg/L
Magnesium

Chloride
150 mg/L
100 mg/L

-
250 mg/L

Sulfate 250 mg/L 100 mg/L
Nitrate 10 mg/L 50 mg/L

Alkalinity 200 mg/L NA
Chromium 0.10 mg/L 0.05 mg/L

Lead 0.015 mg/L 0.01 mg/L
Iron 0.03 mg/L 0.3 mg/L

Total bacterial count 100 cfu/mL NA
Total Coliform Count NA NA
Faecal Coliform Count Negative NA

Total Fungal Count 1-130 cfu/L NA

* WHOa (2006, 2011)    *SONb (2007) *NA= Not available *NA=Not Available
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Figure 3: Showing Variation of Chemical Parameters in (a) sachet water and (b) bottled water groups.

Chromium  (Cr)  value  ranged  from  0.15  -  0.51
mg/L  for  all  the  water  samples  analyzed  under
different conditions of storage which was found to
be higher than the permissible limit set  by both
SON and WHO (Table 3). Cr contents ranged from
0.14 - 0.22 mg/L and 0.16 - 0.51 mg/L) in both
sachet  (Figure  4a)  and  bottled  water  samples
(Figure  4b)  respectively.  This  result  is  well
corroborated by the previous researcher (52). Cr
at a very high concentration is known to be toxic
to humans and can cause cancer. Lead (Pb) value
ranged from 0.13 - 0.38 mg/L for all the brands of
water  samples.  The  presence  of  Lead  in  high
concentrations  can  damage  nervous  connections
(especially  in  young  children),  cause  blood,  and
brain disorders. Pb is also known to be a possible
human carcinogen (53). The concentration of Pb in
all samples from the different brands was found to
be higher than the acceptable limits of 0.015 mg/L
and 0.01 mg/L set by WHO (40) and SON (41) as

shown in Table 2. The mean concentrations of Iron
(Fe) obtained in all the water samples ranged from
0.55  -  1.11  mg/L.  The  results  obtained  in  this
study are similar to the results earlier reported in
the literature (44, 54). The highest concentration
of  Fe was recorded in Brand 2 (sachet) and the
least concentration in Brand 1 (bottled) for intense
and  mild  sunlight  exposure  respectively.  The  Fe
concentrations ranged from 0.55 - 1.06 mg/L and
0.69 - 1.11 mg/L for water samples stored under
mild  and  intense  sunlight  conditions  respectively
(Figure 4). There is a variation in the values of all
the parameters checked on all the brands of water
samples  stored  under  different  conditions  (mild
and intense  sunlight  exposure).  This  could  be  a
result  of  the  geochemistry  of  the  soil  in  which
water  is  drilled,  water  treatment  methods
employed, ways of handling and transportation of
the packaged water (sachet and bottled) from the
vendors to final consumers.
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Figure 4: Showing variation of metals analyzed in (a) sachet water and (b) bottled water groups.

The  value  of  Total  bacteria  count  (TBC)  ranged
from 6.58 - 124.51 Cfu/100 mL for all the water
samples (Figure 5). TBC values recorded for water
samples  stored  under  mild  and  intense  sunlight
condition ranged from 14.51 - 124.51 Cfu/100 mL
and 21.55 - 84.05 Cfu/100 mL, respectively. This
follows  a  similar  trend  to  the  previous  reports
elsewhere  (46,  55).  This  is  because  a  warm
environment  favors  the  growth  of  bacteria.  The
TBC found in all the water samples was found to
be  higher  than  permissible  limits  by  WHO (40),
SON (41), and WHO (42) as shown in Table 3. The
value of  Total  coliform count (TCC) ranged from
0.52 - 37.56 Cfu/100 mL for all the water samples
(Figure 5). The TCC values ranged from 0.52 - 5.0
Cfu/100 mL and 1.05 - 37.5 Cfu/100 mL in both
bottled and sachet water, respectively. The result
obtained in this study is higher than the previous
report in the assessment of the quality of water
before  and  after  storage  in  the  Nyankpala
Community of the Tolon-Kumbungu District, Ghana
(46)  and  lower  than  the  previously  reported
research  from  different  scholars  (56,  57,  58).
Brand A  water  sample  showed no  TCC value  in

bottled  water  as  compared  to  other  brands  of
water samples which were above the limits set by
WHO  (33)  and  (34).   Water  samples  analyzed
immediately recorded Faecal coliform count (FCC)
that ranged between 0.09 - 0.27 Cfu/100 mL.  The
FCC values ranged from 0.53 - 5.10 Cfu/100 mL
and 0.51 - 1.08 Cfu/100 mL in both sachet (Figure
5a) and bottled water (Figure 5b) respectively for
mild  and  intense  storage  conditions.  Total  fungi
count (TFC) found in all the sachet water samples
ranged from 0 - 2.07 Cfu/100 mL which are lower
than the permissible limit by WHO and SON. TFC
analysis showed that water analyzed at zero-day
(initial) has 0 Cfu/100 mL for all the brands. While
those exposed to mild sunlight exposure recorded
0.64 - 2.07 Cfu/100 mL and samples stored under
intense  sunlight  exposure  recorded  0.52  -  1.11
Cfu/100 mL which are below the limits set by WHO
(40) and SON (41).  The results  obtained in this
study showed that as the temperature increases,
microbial  loads  (TBC,  TCC,  FCC  and  TFC)  also
increase for  water  samples  exposed to  mild  and
intense storage conditions. 
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Figure 5: Showing the variation of (a) microbial analysis in sachet water and (b) bottled water groups.

The  Hazard  Quotient  (HQ)  estimated  for  all  the
toxic metals in all the three (3) water groups (i.e.
initial, mild and intense conditions) are within the
recommended safe limit (<1) ) set by USEPA (34).
The total  Hazard Index (HI) for  the initial,  mild,
and intense condition groups are 0.8373, 0.6620,
and  0.6664  respectively  for  bottled  water  and
0.1874, 0.2446, and 0.2512 respectively for sachet
water (Figure 6). The results obtained in this study
imply that  the general  populaces are not  in any
danger of non-carcinogenic health effects of these
toxic  metals.  While  the  mean  HI  value  for  the
initial conditioning appears to be greater than the
mild  and  intense  conditioning  category  for  the
bottled water, the reverse is the case with sachet
water  where  the  mean HI  value  for  the  intense
conditioning is greatest. 

The Incremental Lifetime Cancer Risk (ILCR) was
estimated and the mean values for the initial, mild
and intense condition groups are 8.86E-4, 1.16E-3,
and  1.47E-3  respectively  for  the  sachet  water

(Figure  6a),  6.94E-03,  2.75E-03,  and  4.14E-03
respectively for the bottled water (Figure 6b), and
with Cr contributing most to the cancer risk in both
cases. Because cancer risks greater than 1.00E-4
are  considered  high  since  they  pose  a  higher
cancer  risk,  and  values  below  1.00E-6  are
considered not to pose any cancer risk to humans,
it  follows  that  the  cancer  risks  are  high  for  the
three  (3)  water  groups  (i.e.  initial,  mild  and
intense  condition)  for  both  sachet  and  bottled
water. Since the result reveals values of ILCR that
are 100% higher than the recommended limit, the
general  populace  is  in  danger  of  carcinogenic
health effects. However, it is noteworthy that the
reported  carcinogenic  and  non-carcinogenic  risk
values in this study may be undervalued because
the appraisals did not capture intakes from other
metals like arsenic, cadmium, and nickel,  among
others, and the exposure parameters (i.e. EF, AT,
BW and ED) used were adopted from USEPA (28),
so might not ineludibly represent a typical Nigerian
case. 
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Figure 6: Showing (a) Hazard Index and (b) Incremental Lifetime Cancer Risk for all the water groups

4. CONCLUSION 

Water is  a liquid needed at all  times for several
human  activities.  This  study  revealed  that  the
samples  taken  to  the  laboratory  were  operating
within  the  WHO  limits  for  physicochemical
guidelines  for  drinking  water  regardless  of  the
mode of storage. Heavy metal concentrations were
found to be above the limits set by WHO/SON in all
the  water  samples  analyzed.  While  the
corresponding  carcinogenic  risks  revealed  values
that  are  higher  than  the  recommended  safety
range,  the  non-carcinogenic  risk  assessment
reveals values within the acceptable limits. Thus,
the study reveals that  the general populace is in
danger  of  carcinogenic  health  effects.  The
appearance of microbial loads (TBC, TCC, FCC, and
TFC) in all the water analyzed revealed prolonged
storage of water has led to an increase in microbial
growth. Therefore, this study concluded that water
samples exposed to prolong sunlight are not safe
for  human  consumption.  However,  proper
monitoring  and  compliance  with  drinking  water
standards  are  adequately  required  by  various
agencies. 
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Synthesis and Characterization of New Anderson-Type
Polyoxometalates: [M((1,10-phen)(OH)x]3[Cr(OH)6Mo6O18]·16H2O (M=Cr,

Mn, Co, Ni, Cu; x=1,2)
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Muradiye-Manisa, Turkey.

Abstract:  Five  new  Anderson-type  polyoxometalate  compounds  [M((1,10-phen)
(OH)x]3[Cr(OH)6Mo6O18]∙16H2O  (M=Cr(1),  Mn(2),  Co(3),  Ni(4),  Cu(5);  x=1,2)  were  obtained  from
Na2MoO4∙2H2O and CrCl3∙6H2O within acidic aqueous medium (pH=2-3). The compounds are characterized
by means of  FT-IR,  TGA,  ICP-MS,  and elemental  analysis  techniques.  The structural  analysis  show that
compounds (1-5) consist of a Anderson-type polyanion [Cr(OH)6Mo6O18]3-.
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1. INTRODUCTION

Polyoxometalates (POMs) as a family of  metal-oxo
clusters have attracted extensive attention due to
their  various  structural  characteristics,  highly
negative  charges,  excellent  redox  ability,  and
potential  applications  in  catalysis,  medicine,
materials  science,  protein  crystallography,
nanotechnology  and  photochemistry  (1-12).  POMs
are classified different categories such as Anderson,
Lindqvist,  Keggin,  Waugh,  Dawson,  and  Silverton.
The  Anderson-type  heteropolyanions  with  the
general formula [Hy(XO6)M6O18]n- (X: Co, Ni, Cr or Mn
and M=Mo(VI) or W(VI)) are an essential subfamily
of POMs and have been of great importance due to
their attractive magnetic and electronic properties.
These POMs are ideal inorganic building blocks for
creating hybrid  materials  since their  easily  get  at
covalent  modification  (13).  In  addition,  chromium-
containing POMs have interesting physicochemical
properties  (14).  In  recent  years,  interest  in
chromium derivatives of Anderson-type POMs have
been  increasing  (15-17).  [(Gly)2Cu]
[Na(H2O)4Cr(OH)6Mo6O18] ∙9.5H2O (Gly=glycine), has
been synthesized and structurally characterized by
An and co-workers (18). The luminescent properties
of  (NH4)3[Cr(OH)6Mo6O18]∙nH2O  have  been
investigated  for  the  first  time  (19).
[Cr(OH)6Mo6O18{Cu(phen)(H2O)2}2]

[Cr(OH)6Mo6O18{Cu(phen)(H2O)Cl}2](H2O)∙5H2O  has
been reported by Shivaiah and Das (20). Shi and co-
workers  have  been  successfully  synthesized
compounds  based  on  the  [Cr(OH)6Mo6O18]3- and
lanthanide  ions  (21-22).  [Cu(phen)]2[CrMo6H5O24]
has been hydrothermally synthesized (23). (H3O)[(3-
C5H7N2)2(Cr(OH)6Mo6O18)]∙3H2O  was  also
hydrothermally  synthesized  and  showed  high
catalytic  activity  for  oxidation  of  acetone  (24).
Na4[Ni(OH)6Mo6O18]∙16H2O  has  been  reported  by
Gumerova and co-workers (25). Liu and co-workers
have  reported  chromium-centered  Anderson-Evans
type  polytungstate  Na6[H3CrIIIW6O24]∙22H2O  (14).
Tewari and co-workers have synthesized a series of
Anderson-type clusters coordinated with lanthanides
[Ln(H2O)7{Cr(OH)6Mo6O18}]∙4H2O  (Ln  =  La,  Ce,  Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, and Y)
(26).  (NH4)3[CrMo6O18(OH)6]  have  been  efficient  in
the direct oxidation of a variety of alcohols (27).

In the current work,  the new chromium-containing
Anderson-type  POM  compounds  [M((1,10-phen)
(OH)x]3[Cr(OH)6Mo6O18]∙16H2O  (M=Cr(1),  Mn(2),
Co(3),  Ni(4),  Cu(5); x=1,2) have been synthesized
and  characterized  by  FT-IR,  TGA,  ICP-MS,  and
elemental analysis.
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Na2MoO4∙2H2O
Acetic acid / H2O

CrCl3∙6H2O [Cr(OH)6Mo6O18]-3

Metal Chloride
Salts 1,10-Phen

Anderson Type POMS
[M((1,10-phen)(OH)x]3[Cr(OH)6Mo6O18]∙16H2O
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2. MATERIAL AND METHOD

2.1. General Methods
All  reagents  were  purchased  from  commercial
sources and used as received. FT-IR spectrum was
recorded in            400–4000 cm-1 with a Perkin
Elmer LR 64912 C spectrometer using KBr pellets.
Elemental  analyses  (i.e.,  for  C,  H,  and  N)  were
performed  on  a  LECO-932  CHNS  model  analyzer.
ICP-MS analyses were performed on ICP-MS Agilent
Technologie 7700. TGA analysis was carried out on
Hitachi Exstar TG/DTA 7300.

2.2. Synthesis of Compounds
A mixture  of  Na2MoO4∙2H2O (157  mg,  0.65 mmol)
and CrCl3∙6H2O (69 mg, 025 mmol) was dissolved in
distilled water (5 mL). Glacial acetic acid (1 mL) was
then added to the mixture with by stirring at room
temperature  for  about  30  min.  Afterward,  1,10-
phenanthroline monohydrate (155 mg, 0.78 mmol)
and  metal  chloride  salts  (0.78  mmol)  (CrCl3∙6H2O,
MnCl2∙4H2O,  CoCl2∙6H2O,  NiCl2∙6H2O,  CuCl2∙2H2O)
dissolved in a mixture of water (2 mL) were added
to the resulting reaction mixture, stirred for 2 hours.
The product was filtered off, washed with water, and
dried under a vacuum at 50 °C.

[Cr(1,10-phen)(OH)2]3[Cr(OH)6Mo6O18]16H2O
(1):
Yield: 122 mg, 22%. FT-IR (KBr pellets): ʋ= 3067 (w),
1623 (s),  1597 (s),  1544 (s),  1519 (m),  1469 (m),
1451 (m), 1427 (s), 1338 (m), 1316 (m), 1225 (s),
1146 (s), 1107 (m), 1036 (m), 936 (m), 911 (m), 846
(m), 774 (m), 717 (m), 649 (m), 496 (m), 463 (m),
426  (m),  410  (m)  cm-1.  Elem.  Anal.  Calcd.
Cr4Mo6C36H68N6O46 (2104.56  g/mol):  C,  20.55,  H,
3.26, N, 3.99, Mo, 27.35, Cr, 9,88. found: C, 20.59,
H, 3.11, N, 4.09, Mo, 29.35 (ICP-MS), Cr, 9.77 (ICP-
MS).  TGA  (loss  of  16H2O):  calcd.  13.69%,  found
13.16%;  (loss  of  [Cr(1,10-phen)(OH)2]3):  calcd.
37.95%, found 38.07%.

[Mn(1,10-phen)(OH)]3[Cr(OH)6Mo6O18]∙16H2O
(2):
Yield: 118 mg, 22%. FT-IR (KBr pellets): ʋ= 3369 (w),
1623 (s),  1585 (s),  1579 (m),  1517 (s),  1425 (s),
1342 (s), 1224 (s), 1144 (s), 1103 (s), 941 (m), 913
(m), 888 (m), 849 (m), 781 (m), 724 (m), 648 (m),
496  (m),  421  (m)  cm-1.  Elem.  Anal.  Calcd.
CrMn3Mo6C36H65N6O43∙(2062.36  g/mol):  C,  20.97,  H,
3.18, N, 4.07, Mo, 27.91, Cr, 2,52, Mn, 7,99. found:
C, 20.87, H, 2.80, N, 5.42, Mo, 23.41 (ICP-MS), Cr,
2.13  (ICP-MS),  Mn,  7.15  (ICP-MS).  TGA  (loss  of
16H2O):  calcd.  13.97%,  found  12.35%;  (loss  of
[Mn(1,10-phen)(OH)2]3):  calcd.  36.68%,  found
35.80%.

[Co(1,10-phen)(OH)]3[Cr(OH)6Mo6O18]∙16H2O
(3):
Yield: 131 mg, 24%. FT-IR (KBr pellets): ʋ= 3205 (w),
1622  (s),  1579  (m),  1514  (s),  1424  (s),1344  (m),
1223 (m), 1144 (s), 1104 (s), 944 (s), 913 (m), 849
(m), 776 (m), 727 (m), 642 (m), 565 (m), 413 (m)
cm-1.  Elem.  Anal.  Calcd.  CoMn3Mo6C36H65N6O43
(2074.35  g/mol):  C,  20.84,  H,  3.16,  N,  4.05,  Mo,
27.75, Cr, 2,51, Co, 8,52. found: C, 21.94, H, 3.15,
N, 4.71, Mo, 24.69 (ICP-MS), Cr, 2.48 (ICP-MS), Co,
8.33 (ICP-MS). TGA (loss of 16H2O): calcd. 13.89%,
found  12.77%;  (loss  of  [Co(1,10-phen)(OH)2]3):
calcd. 37.04%, found 36.03%.

[Ni(1,10-phen)(OH)]3[Cr(OH)6Mo6O18]∙16H2O
(4):
Yield: 108 mg, 20%. FT-IR (KBr pellets): ʋ= 3065 (w),
1625  (s),  1585  (s),  1517  (s),  1425  (s),  1341  (s),
1225 (s), 1146 (s), 1105 (s), 941 (m), 914 (m), 847
(m), 725 (m), 643 (m), 567 (m), 531 (m), 425 (m)
cm-1.  Elem.  Anal.  Calcd.  NiMn3Mo6C36H65N6O43
(2073.63  g/mol):  C,  20.85,  H,  3.16,  N,  4.05,  Mo,
27.76, Cr, 2.51, Ni, 8.49. found: C, 20.35, H, 2.74, N,
4.83, Mo, 26.36 (ICP-MS), Cr, 1.89 (ICP-MS), Ni, 8.34
(ICP-MS). TGA (loss of 16H2O): calcd. 13.90%, found
12.35%;  (loss  of  [Ni(1,10-phen)(OH)2]3):  calcd.
37.02%, found 36.00%.

[Cu(1,10-phen)(OH)]3[Cr(OH)6Mo6O18]∙16H2O
(5):
Yield: 95 mg, 18%. FT-IR (KBr pellets): ʋ= 3054 (w),
1622 (s),  1518 (s),  1427 (s),  1342 (m),  1309 (m),
1225 (m), 1146 (s), 1107 (s), 915 (s), 890 (m), 842
(m), 772 (m), 722 (m), 643 (m), 496 (m), 427 (m)
cm-1.  Elem.  Anal.  Calcd.  CuMn3Mo6C36H65N6O43
(2088.19  g/mol):  C,  20.71,  H,  3.14,  N,  4.02,  Mo,
27.57, Cr, 2,49, Cu, 9,13. found: C, 21.42, H, 2.85,
N, 5.32, Mo, 26.89 (ICP-MS), Cr, 2,07 (ICP-MS), Cu,
8,99 (ICP-MS). TGA (loss of 16H2O): calcd. 13.80%,
found  13.94%;  (loss  of  [Cu(1,10-phen)(OH)2]3):
calcd. 37.46%, found 30.69%.

3. RESULT AND DISCUSSION

A  series  of  new  Anderson-type  POM  compounds
[M((1,10-phen)(OH)x]3[Cr(OH)6Mo6O18]∙16H2O
(M=Cr(1),  Mn(2),  Co(3),  Ni(4),  Cu(5);  x=1,2)  were
obtained  from  of  Na2MoO4∙2H2O  and  CrCl3∙6H2O
acidic aqueous medium (Figure 1). It is well known
that  the  stability  of  polyoxoanions  in  an  aqueous
solution  depends  on  the  pH.  Stability  range  of
[Cr(OH)6Mo6O18]3- is  2<pH<3  (20).  To  obtain  this
anion  it  is  important  to  maintain  the  pH  of  the
solution between 2 and 3 during the addition of the
counterion.
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Figure 1. Synthesis of new compounds (1-5).

The color  of  the compounds are white (1),  yellow
(2),  orange  (3),  beige  (4),  and  green  (5).  The
observed elemental analyses (C, H, N) and ICP-MS
(Mo, Cr, Mn, Co, Ni, Cu) data of the new compounds
(1-5)  are  in  good  agreement  with  the  calculated
values.  Furthermore,  experimentally  obtained
elemental analyses results and other spectroscopic
data  (FT-IR,  ICP-MS,  and  TGA)  support  the
compounds  (1-5)  formulated  as  [M((1,10-phen)
(OH)x]3[Cr(OH)6Mo6O18]∙16H2O  (M=Cr(1),  Mn(2),
Co(3), Ni(4), Cu(5); x=1,2). Thus, it was determined
that  the  structures  of  these  newly  synthesized
compounds were similar to the previously reported
compounds. (21,22,25,26).

The  FT-IR  spectra  of  compounds  1-5
(Supplementary Information Figure S1-S5.) confirms
their  isostructural  nature.  The  broad  bands,
respectively 3067 (1), 3369 (2), 3205 (3), 3065 (4),
and  3054  (5)  cm-1 in  the  FT-IR  spectra  of  the
compounds could be ascribed to O–H bonds, and the
bands  at  1623,1622  cm-1 are  attributed  to  the
characteristic of the deformation vibrations of H–O–
H of  coordinated and lattice-water  molecules.  The
vibrations of compounds 1-5, ranging from 1107 to
1597 cm-1, are assigned to the 1,10-phenanthroline

molecules (20). The vibrations in the range 960-400
cm-1 well  confirm  the  Anderson-type  cluster
[Cr(OH)6Mo6O18]3-.  The  bands  at  410-940  cm-1 are
attributed to the vibration modes (Mo-Ot), (Mo-Ob),
and  (Mo-Oc)  of  the  Anderson  anion
[Cr(OH)6Mo6O18]3-.  The absorption band at  410-422
cm-1 is  attributed to the Cr–O. FT-IR results  are in
agreement  with  those  from  previous  studies  (20-
22,25-26).

Thermogravimetric measurements were carried out
under a flowing nitrogen atmosphere with a heating
rate of 10 °C  min-1 in 40-800 °C. TGA thermograms
of  1 in Figure 2,  2-5 in Supplementary Information
Figure S6-S9. As expected, the thermal behavior of
compounds  1-5 hasn’t  been  different.  The  TGA
curve of 1 shows (Figure 3), the total weight loss of
16  H2O  (13.16%)  in  the  range  of  25–178  °C is
attributed  to  the  loss  of  adsorbed,  lattice,
coordinated  water  molecules,  and  hydroxyls.  The
second weight loss of 38.07% in the range of 178–
704 °C possibly corresponds to the loss of [Cr(1,10-
phen)(OH)2]3 group. Table 1 shows the results of the
TGA  analysis.  TGA  results  are  in  agreement  with
those from previous studies (20-22,25-26).

Table 1. Results of the TGA analysis.
Compound Losses

Part
Calc.
 (%) 

Exp.
(%)

Losses
Part

Calc.
 (%) 

Exp. 
(%)

1 16H2O 13.69 13.16 [Cr(1,10-phen)(OH)2]3 37.95 38.07
2 16H2O 13.97 12.35 [Mn(1,10-phen)(OH)]3 36.68 35.80
3 16H2O 13.89 12.77 [Co(1,10-phen)(OH)]3 37.04 36.03
4 16H2O 13.90 12.35 [Ni(1,10-phen)(OH)]3 37.02 36.00
5 16H2O 13.80 13.94 [Cu(1,10-phen)(OH)]3 37.46 30.69
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Figure 2. TGA spectrum of 1.

4. CONCLUSION

In  this  paper,  the  structural  characterization  of
newly  synthesized  Anderson-type  POMs:  [M((1,10-
phen)(OH)x]3[Cr(OH)6Mo6O18]·16H2O  (M=Cr(1),
Mn(2), Co(3), Ni(4), Cu(5); x=1,2) were carried out
using  FT-IR,  elemental  analysis,  ICP-MS,  and  TGA
methods. Since the low solubility of the compounds
in  organic  solvents  and  insoluble  in  water,  other
spectroscopic methods (NMR, ESI) could not be used
in structural characterization and crystal suitable for
X-Ray analysis could not be obtained.
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Synthesis and Characterization of New Anderson-Type
Polyoxometalates: [M((1,10-phen)(OH)x]3[Cr(OH)6Mo6O18]·16H2O (M=Cr,
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FT-IR Spectrum

Figure S 1. FT-IR Spectrum of 1

Figure S 2. FT-IR Spectrum of 2
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Figure S 3. FT-IR Spectrum of 3

Figure S 4. FT-IR Spectrum of 4
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Figure S 5. FT-IR Spectrum of 5

Figure S 6. TGA spectrum of 2

322



Avcı Özbek H. JOTCSA. 2023; 10(2): 315-324. RESEARCH ARTICLE

Figure S 7. TGA spectrum of 3

Figure S 8. TGA spectrum of 4
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Figure S 9. TGA spectrum of 5
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Potentiometric Studies on Binary and Ternary Complexes of Ni(II) and
Cu(II) Ions with L-Valine and Paracetamol
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Abstract: The protonation constants of the free ligands and the stability constants of binary and ternary
complexes of bivalent metal ions of Ni(II) and Cu(II) with a biologically important amino acid of L-valine, Val,
and paracetamol, Para, were studied potentiometrically in aqueous solutions at 313.15 ± 0.1 K and a fixed
ionic strength of I = 0.10 M NaCl. The complexation model for each system was established using the Irving-
Rossotti equation. The formation of the 1:2 or 1:1 binary complexes and 1:1:1 ternary complexes in which
the amino acid Val was used as the primary ligand and Para as the secondary ligand, as inferred from the
corresponding  potentiometric  pH-metric  titration  curves,  and  their  relative  stabilities  compared  to  the
corresponding ML and ML2 binary complexes are expressed in terms of statistical parameters ∆logK, logK1
and logK2. The complex stability was found to follow the order of Cu(II) > Ni(II). Through these diagnostic
studies,  it  was  possible  to  give  the  general  formula  of  compounds  prepared  from  amino  acids  and
paracetamol. Amino acid binds to the central ion through oxygen in the hydroxyl group and nitrogen atom
in the amine group (-NH2), whereas paracetamol forms a unipolar bond by binding to the concentrated ion
through the oxygen atom in the hydroxyl group. Most of the nickel complexes had octahedral symmetry
with valine and paracetamol ligands, while the copper complexes had square or hierarchical to square base
symmetry.
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1. INTRODUCTION

Mixed-ligand  metal  complexes  are  a  branch  of
biological  inorganic chemistry and have important
implications for many other sciences, ranging from
medicine to environmental science. Studies on the
roles  of  metal  ions  in  biological  systems  often
involve the development of relevant chemistry (1-
3).  Metal-ligand  complexes  consist  of  a  central
metal,  known  as  Lewis  acid,  that  is  bound  to
ligands, commonly known as Lewis bases, which can
either  be  ions,  atoms,  or  neutral  molecules  (1-3).
When a ligand contains two or more donor atoms
close to each other,  the formed metal complex is
said to be a chelate, and the process is referred to
as  chelating.  Cu(II),  among  essential  transition
metals, is important for many enzymes, particularly
those catalyzing physiologically important reactions.
Copper has a strong ability to form complexes with
proteins, peptides, and enzymes in living organisms
(4,  5).  Examples  of  copper-containing  compounds
are  tyrosinase,  ferroxidase  and  haemocyanin  (4).

Ni(II)  is important because of  its ability to replace
other metal ions in enzymes and proteins, as well as
to bind to cellular compounds containing O, S  and N
atoms, such as enzymes and nucleic acids. Nickel is
essential for the healthy life of humans and animals,
and  its  deprivation  profoundly  impairs  intestinal
absorption of iron and thus causes anaemia. It has
been  reported  that  90%  of  both  glucose  and
glycogen concentrations in the liver and serum were
reduced by nickel depletion (6).

Among various bioactive ligands, amino acids have
special  importance  compared  to  other  chemical
compounds  because  they  are  regarded  as  the
foundation stones of living organisms. Therefore, it
is  necessary to study their  chemical  properties to
explain  their  behavior  and  potential  applications.
Among these properties are the stability constants
and  the  thermodynamics  of  complexes  they  form
with various metals (7, 8). Amino acids can act as
coordinating agents through their amino (NH2) and
carboxyl  (COO-)  groups.  These  groups  provide  a
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more  diverse  coordination  activity  towards  heavy
metal ions and thus can be used to isolate heavy
metal  ions  and  obtain  safer  drugs  or  antidotes
against metal poisoning.

L-Val  (Fig.  1)  is  an  α-amino  acid used  in  the
biosynthesis  of  proteins  (9).  Because  L-Val is  an
essential amino acid that is not synthesized by the
body,  it  must  be  obtained  from  food  or
supplements.  L-Val plays  an  important  role  in
synthesis  and  maintenance  of  muscles,  stress
management, growth in children, and support of the
immune system as  well  as  the functioning of  the
nervous system. Earlier studies have shown that L-
Val may help to manage nervousness and insomnia
because it has a role in forming the myelin sheaths
that cover nerve cells. Valine, like other branched-
chain  amino  acids,  is  associated  with  insulin
resistance;  higher levels of  valine are observed in
the blood of diabetic humans (9-11).

Figure 1: Structure of L-Val (2-amino-3-
methylbutanoic acid).

Paracetamol (Para) (Fig.  2) is most widely used in
the  world  today  and  leads  the  list  of  the  World
Health Organization (WHO) as the most important,
safe,  and  effective  medicine  for  the  health  care
system (1, 2, 12-20). It is used as a treatment for
headache,  toothache,  migraine  attacks,  moderate
strength  cases  of  arthritis,  as  well  as  to  reduce
postvaccination  fever  in  children  (1,  2,  12-21).  In
addition, it is used instead of aspirin, especially in
patients  with  infectious  diseases  such  as  gastric
ulcers  (13,  14).  Although  Para is  used  to  treat
inflammatory pain, it is not generally classified as a
nonsteroidal  anti-inflammatory  drug  (NSAID)
because it  exhibits  only  weak  anti-inflammatory
activity (1, 2, 12-22).

Figure 2: Structure of para(N-(4-
hydroxyphenyl)acetamide)

Singh  and  coworkers  studied  the  interaction  of
transition metal ions with N-benzoyl-Val, N–benzoyl,
glycol-Val, and  isovaleric  acid  (23).  They  adopted
the  pH  titration  technique  to  evaluate  stability
constants at 25, 35 and 45 °C and an ionic strength
of  0.15  M  (KNO3)  in  50  %  (v/v)  water-dioxane

medium. Their  study reported that only 1:1 metal
complexes were formed with stability.

Enamullah  and  coworkers  determined  the  proton-
ligand  and  metal-ligand  formation  constants  of
phthalamic acid with transition metal ions such as
Zn(II), Ni(II), and Cd(II) (1, 2, 24). It has been found
that  the  metal  ions  Zn(II)  and  Cd(II)  formed
complexes at low ionic strength, I = 0.1 M. At higher
ionic strengths, such as I = 0.15 M, these ions seem
to be inactive towards the ligand. Some chelates of
penicillamine  with  different  metal  ions  have  been
studied  (25-27).  Chakravarti  et  al.  studied  the
formation  of  biological  chelates  of  divalent  metal
ions with a cephalosporin by the pH-metric method
(1,  2,  28).  In  their  study,  it  was  found  that  the
stability constants follow the order Cu(II) > Zn(II) >
Co(II) > Ni(II) > Cd(II) > Mg(II) > Mn(II). In addition,
the  logK  values  are  less  negative  than  -0.6,
suggesting favored formation of ternary complexes.

As part of our interest in studying the coordination
chemistry  of  transition  metal  (29-35),  this  paper
addresses  the  determination  of  the  stability
constants of new ternary complexes formed by Ni(II)
and Cu(II) with  Val and  Para (first report),  using a
potentiometric pH method in the presence of 0.1 M
(NaCl)  ionic strength at the bodily  temperature of
313.15 ± 0.1 K. The method of Calvin-Bjerrum (36,
37) as adopted by Irving and Rossotti  (38, 39) was
used to determine logK values.

2. MATERIALS AND METHODS

2.1 Materials
All  chemicals  utilized in this  investigation were of
analytical  reagent  grade  (AR)  quality  and  highest
purity. Val (>99%) and Para (99.5%) were purchased
from Fluka and  CCM (Malaysia), respectively. Metal
salts,  including  CuCl2.2H2O  (≥  99.99%),  were
obtained from T-Baker lab chemicals, and NiCl2.6H2O
(98%)  was  obtained  from  Surechem  Products.
Sodium  hydroxide  (98.8%)  was  purchased  from
Shandong,  hydrochloric acid  (36%) from Scharlau-
chemise  and  sodium  chloride  (99.7%)  from  BDH
Chemicals. The  most  of  metal  cation-EDTA
complexes  have  a  relatively  high  formation
constant,  which  is  the  main  factor  driving  the
widespread  use of  EDTA in the standardization  of
metal cation solutions. A complexometric indicator
is needed to identify the endpoint of metal cation
titrations carried out with EDTA. The most common
indication  for  this  use  is  a  blue  dye  called
Eriochrome Black T (Erio-T). When complexed with
metal ions, Erio-T is utilized in EDTA titration, which
results in a color change from blue to pink at the
endpoint. In  the  complexometric  titration,  an
ammoniacal  buffer  solution  of  pH  10  (mixture  of
ammonium chloride  and  ammonium hydroxide)  is
used  because  all  metal–EDTA  reactions  are  pH-
dependent.

2.2 Solutions
A hydrochloric acid stock solution was prepared and
titrated against standardized sodium hydroxide. The
stock solution of 0.004 M  Val was freshly prepared
before use by accurately dissolving 0.04686 g of Val
powder  with  a  minimum  quantity  of  deionized
distilled water. A fresh stock solution of 0.02 M Para
was prepared daily by dissolving 0.30234 g of  Para
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in deionized distilled water. Carbonate-free sodium
hydroxide solution was prepared and standardized
against standard oxalic acid solution before starting
an experiment. The stock solution of each metal salt
was prepared by dissolving the required quantities
(0.47542  g  of  Ni(II)  and  0.34096  g  of  Cu(II))  in
deionized distilled water. The stock solution of metal
salt  was  standardized  by
ethylenediaminetetraacetic acid (EDTA) titrations.

2.3 Apparatus
Potentiometric  titration  was  performed  using  a
Thermo  Electron  Corporation  Orion  3-Star  pH
Benchtop (accuracy  ±  0.002)  instrument  with  a
glass  and  calomel  electrode  assembly. The  pH-
meter was standardized before each titration with a
buffer  solution  of  pH  4.01,  7  and  10. The
temperature was constantly maintained (± 0.1 K) by
Gant  Instruments  (Cambridge)  Ltd.  Thermostated
Water Bath: Model SUB28.

2.4 Procedure
The  experimental  procedure  involved  the
potentiometric  titration  of  the  following  sets  of
solutions:
1) Acid titration: HCl (0.1 M, 10 mL)
2) Ligand titration: HCl (0.1 M, 10 mL) + Val (0.004

M, 10 mL).
3) Metal(II) + ligand titration: HCl (0.1 M, 10 mL) +

Val (0.004 M, 10 mL) + metal(II)  (0.004 M, 10
mL).

4) Metal(II) + ligand titration: HCl (0.1 M, 10 mL) +
Para (0.004 M, 10 mL) + metal(II) (0.004 M, 10
mL).

5) Metal(II) + mixed ligand titration: HCl (0.1 M, 10
mL) + Val (0.004 M, 10 mL) + metal(II) (0.004 M,
10 mL) + Para (0.004 M, 10 mL).

The total volume used in each cell was 50 mL in the
absence and presence of 0.1 M NaCl for the ionic
strength study and at  a temperature of  313.15 ±
0.1 K. Titration curves were obtained from the plots
of pH versus volume of alkali required, and the four
curves  are  referred  to  as  (i)  acid,  (ii)  ligand,  (iii)
complex, and (iv) mixed ligand complex (Fig. 3).

3. RESULTS AND DISCUSSION

3.1 Collection of Literature Data
The protonation constants and stability constant of
the binary complexes of the drugs paracetamol and
the  amino  acid  L-Valine  had  previously  been
determined  and  are  reported  in  various  literature
reports. According to the temperature and the type
of solvent, it was observed that the values of these
constants varied (see Tables 1 and 2).
Moreover, there was also a variety of salts (KNO3,
NaNO3,  NaCl  and NaClO4)  that  were added to the
aqueous medium as an ionic force. Furthermore, the

values of these constants were affected by the ionic
strengths of several salts (KNO3, NaNO3, NaCl, and
NaClO4).  Since  these  values  will  be  utilized  to
determine  the  stability  constants  of  the  ternary
complexes, it was necessary to re-determine these
constants.

3.2 Protonation Constants of Paracetamol and 
L-Valine Ligands
A critical study of the literature data was conducted
because there are various studies dealing with the
protonation constant of the L-Valine amino acids and
paracetamol ligands. The most relevant references
are those shown in Table 1, the values are in good
agreement  (40).  L-Valine  exists  as  zwitterions  in
aqueous  solution,  the  carboxyl  group  is
deprotonated in acidic media at pH 2 to 3, whereas
the amino group is protonated in basic solutions at
pH 9 to 10.  The two dissociation mechanisms are
thus entirely distinct from one another. In the case
of  paracetamol,  its  pKa is  9.38,  at  this  pH,  the
paracetamol molecules are in the protonated form,
while the deprotonated form will be mostly present
when pH > 9.24 (41).

Stability  constants  for  the  nickel  and  copper
complexes  of  L-Valine  amino  acid  can  readily  be
obtained  with  pH-metry.  Tentative  values  of  the
stability constants for the nickel and copper binary
system are listed in Table 2. The values obtained are
in agreement, and they are given as recommended
values.

Many authors have reported the study of  stability
constant of L-Valine with Cu and Ni metal complexes
as  seen  in  Table  2.  However,  few  data  on  the
stability  constant  of  binary  paracetamol–Cu(II)  or
binary  paracetamol-Ni(II)  complexes  have  been
reported  in  literature  and  for  the  mixed  ligands
complexes  have  not  been  reported  elsewhere  in
literature,  to the best of our knowledge. Therefore,
the  present  study  is  aimed  at  determining  the
stability constant of ternary para-L-Val-Cu(II) para-L-
Val-Ni(II)and complexes using pH-metry method.

3.3 Potentiometric Measurements of Binary 
and Ternary Complexes
3.3.1 Binary Complexes
The  proton  dissociation  constants  of  Para and  L-
Valine and their complexes with Ni(II) and Cu(I) were
determined in aqueous medium at 313.15 K in the
absence  of  I  =  0.1  mol/L  NaCl.  The  formation
constants of binary complexes were obtained using
Irving - Rossotti equations by calculating the values
of the average number of ligand molecules attached
per  metal  ion  (ñ)  and  free  ligand  exponent  (pL)
(Irving  and  Rossotti,  1953,  1954).  The  titration
curves (Fig.  3) indicate that the ligand curves are
slightly  shifted  to  the  high  pH  value  of  the  acid
titration curve.
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(a) (b)
Figure 3: Potentiometric titration curves of (a) Val - Para - Ni(II) complexes and (b) Val-Para - Cu(II)

complexes at 313.15 K.

Table 1: Protonation constants (logKH) of free ligands (Literature Values)

ligand log K1
H log K2

H Condition Ref.

L-Valine

9.41 2.95 25 oC, NaNO3 (0.1 M), 40% ethanol-water (42)
9.62 2.32 25 oC, aq, KNO3(0.1M) (43)
9.50 2.36 25 oC, aq, NaClO4(0.1M) (44)
9.405 2.292 37 oC, aq, (45)
9.805 2.298 37 oC, aq, (NaCl 0.1 M) (46)
9.47 2.25 25 oC, aq, (KNO3 0.11M) (47)
9.49 2.26 30 oC, aq, (NaClO4 0.1M) (48)
9.60 2.31 30 oC, aq, (NaClO4 0.2M) (49)

Paracetamol
9.24 - 37 oC, aq, (NaNO3 0.1M) (50)
9.50 - 25 oC, aq (51)
9.47 - 37 oC, aq, (46)
9.67 - 37 oC,(KNO3 0.1 M), 40% Ethanol-water (52)

Table 2: Stability constants of Cu and Ni binary metal complexes of L-Valine amino acids and paracetamol
ligands (Literature Values)

Complexes log K1
❑K2 Condition Ref.

Ni(II)-Para 5.59 25 oC, aq, NaClO4(0.1 M) (53)
3.30 KNO3 (0.1),40%ethanol-water (52)

Cu(II)-Para 1.54 37 oC, aq, NaNO3 (0.1 M) (50)
Ni(II)-L-Val 9.71 30 oC, aq, NaClO4 (0.1 M) (48)

8.98 30 oC, aq, NaClO4 (0.2 M) (49)
9.72 25 oC, aq, (54)
9.53 25 oC, aq, KNO3 (0.15 M) (55)
9.02 40 oC, aq, KNO3 (0.15 M) (55)

Cu(II)-L-Val 11.54 25 oC, aq, NaNO3 (0.1 M), 40%ethanol-water (42)
14. 76 25 oC, aq, KNO3 (0.15 M) (55)
14.28 35 oC, aq, KNO3 (0.15 M) (55)

The shift is due to the interaction of protons with the
ligand  and  subsequently  with  the  metal  ion.  The
values of nA (the degree of formation of the proton
complex)  were  calculated  using  the  following
equation:

nA=Y +
[(V ’ –V ’’)×(N+E0)]

[(V 0+V ’)×T L
0 ]

(Eq. 1)

where Y = number of replaceable hydrogen ions, V°
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=  total  volume  (50  mL),  V'  =  volume  of  alkali
required by the acid, V" = volume of alkali used by
acid and ligand, N = concentration of  alkali,  E° =
total strength of acid and TL° = total concentration of
ligand (37, 39).

The proton ligand formation curve was obtained by

plotting the degree of formation (nA) of the proton
complex against pH values. The values of logK1

H and
logK2

H were  determined  from  the  curves
corresponding to nA values of 0.5 and 1.5 (Fig. 4).
The protonation constants at 313.15 ± 0.1 K were
calculated (39, 56) and are summarized in Table 3.

(a) (b)
Figure 4: Protonation constant curves of (a) Val and (b) Para at 313.15 K.

Table 3: Protonation constants of Val and Para and stability constants of their complexes in the absence of
0.1 M NaCl (ionic strength) at 313.15 K.

Metal
ions

M(Val) M(Val) M(Para)
log KM (L−Val)(Para)

M (L−Val) ∆ logK
log K1

H log K2
H log K1

H

H+ 10.123 2.314 9.8773 ------ ------
Ni(II) 8.856 2.866 3.8250 5.9594 + 2.1345
Cu(II) 9.342 2.995 4.0767 6.3943 + 2.3176

The  values  of  ñ (average  number  of  ligand
molecules attached per metal ion) were calculated
using Equation 2:

~n=
[(V ' ' '−V ' ' )×(N+E0) ]

[(V 0+V ' ' )×n A×T M0 ]
(Eq. 2)

where V"' = volume of alkali used for acid + ligand
+ metal ion, TM° = total concentration of the metal
ion, while the other terms are defined as in Equation
1.  The  free  ligand  exponent,  pL,  was  calculated
using Equations 3a and 3b as given below:

pL=log10 {∑j=0
j=J

0β j
H [H ] j

(T L –nTM )} (3a)

pL=log [ 1+ pK 1
H (1/anti log B)+ pK1

H×pK2
H(1 /anti logB)2

T L−~n TM
×V +V ’’ ’

V ] (3b)

where βj
H = proton ligand stability constant and the

rest  of  the  terms  are  similarly  defined  as  in
Equations 1 and 2 (38, 39). Values of logK1 and logK2
were  obtained  using  the  Bjerrum  half-integral
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method (37, 39) and interpolation at half n values
calculation method using the following equations:

logK1 = pL (4a)
logK2 = pL (4b)

By plotting a graph of ñ against pL and determining
the corresponding values of pL at ñ equal to 0.5 and
1.5, the respective values of logK1 and logK2 were
obtained.  The values of  n obtained for the metal-
ligand system indicate the formation of either 1:1 or
1:2 complexes (Fig. 5). The overall order of stability
(logβ) is Cu(II)>Ni(II) and is in good agreement with

the Irving-Williams order of stability (38). The values
listed  in  Table  3  are  related  to  the  following
equilibrium:

HL ↔ H++ L-          K1=[H+ ][ L-]/[HL] (5a)
H2L ↔  H++HL-       K2= [H+ ][ HL-]/[H2L] (5b)

The attachment of a proton to the NH2-group (A is
the  primary  ligand)  is  associated  with  the  logK1
value  in  Val,  and  the  protonation  of  an  α-
carboxylate  group  (L  is  the  second  ligand)
corresponds to the logK2 value in Val and the logK1
value in Para.

(a) (b)
Figure 5: Formation curves of binary metal ion complexes with (a) M(II) + Val and (b) M(II) + Para at

313.15 K

The obtained  results  show the same logarithm to
the formation constants for all types of complexes,
which  have  been  identified  using  potentiometric
titration as given by the following equilibria:

M+L  ↔  ML      K1= [ML]/[M ][L] (6a)
or M+2 L↔ ML2 K2= [ML2]/[M ][ L]2 (6b)

3.3.2 Ternary Complexes
The  potentiometric  titration  curves  for  ternary
complexes  (metal–Val-Para),  representing  typical
titration  curves  for  the  metal–Val–Para system,
studied in a 1:1:1 molar ratio at 313.15 K and in the
absence  of  0.1  M  NaCl  are  shown  in  Fig.  3.  The
primary complex curve (free acid + M(II) + Val) and
mixed ligand curve (free acid + M(II) + Val + Para)
overlap  with  each  other  up  to  pH  3.  This  result
indicates that within this pH range, the combination
of secondary ligands does not take place when the
primary ligand combines with the metal. Above pH
3, the two curves start to diverge from each other,
signifying the  starting  point  of  occurrence  for  the
combination  of  the  secondary  ligand  with  the

primary complex (1, 2, 57-61).

In the calculation, ternary complexes were assumed
to form in two steps. Initially, the primary ligand (A),
with  a  higher  formation  constant  in  the  binary
complex, reacts with the metal ion to form a binary
complex with  formula  MA.  The binary  ligand then
coordinates to the second ligand (L) to form a mixed
ligand  complex  in  the  form  of  MAL.  The  primary
ligand  can  also  be  determined  by  comparing  the
titration curves of binary systems.

The  complex  that  reached  the  highest  pH  before
precipitation of the metal hydroxide was considered
to  be  the  first  complex  formed  in  mixed  ligand
systems,  and  the  corresponding  ligand  was  the
primary ligand in a ternary complex. The formation
of  a  ternary  complex  can  be  represented  by  the
stepwise equilibrium below:

M+A⇔MA KMA
M =

[MA]
[M ][A ]

(7a)

 MA+L⇔MAL  KMAL
MA =

[MAL]
[MA ][L]

(7b)
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The  values  of  ň  (average  number  of  secondary
ligand molecules attached to the primary complex
(M-Val))  were  calculated  from  the  following
equation:

~n=(V ’’’ – V ’’)×(N+E)
(V – V ’’)×TM×~nA

(Eq. 8)

where TM° = initial total metal ion concentration, V'''
=  the  differences  in  the  volume  of  alkali  added
between the (free acid + metal+ Val + Para) curve
and (free acid + metal +  Val) curve, and V'' = the
differences in the volume of alkali  added between
the (free acid) curve and (free acid + Para) curve (1,
2, 57-61).  The free secondary ligand exponent, pL,

was calculated using Equation 3b and is shown in
Fig.  6.  The  horizontal  distance  between  the  (free
acid)  curve  and  (free  acid  +  Para)  curve,  V'',
indicates  the protons  released as a  result  of  self-
dissociation  of  the secondary  ligand,  whereas  the
difference  between  the  (free  acid  +  M(II)  +  Val)
curve and (free acid + M(II) + Val + Para) curve, V''',
indicates  the sum of  protons  released due to  the
self-dissociation  of  secondary  ligand  and  protons
released  due  to  the  formation  of  mixed  ligand
complex.  Thus,  (V''-V'')  accounts  for  the  total
protons released due to the formation of the mixed
ligand  complex.  The  formation  of  the  ternary
complex M-(Val)-(Para) shifts the buffer region of the
ligands to lower pH values, which indicates that the
ternary  complex  is  more  stable  than  the  binary
complex.

(a) (b)
Figure 6: Formation curves of (a) Cu(II)-Val-Para and (b) Ni(II)-Val-Para complexes at 313.15 K.

To compare the stabilities  of  the ternary  complex
species with those of the parent binary complexes,
the difference between the stabilities of the binary
and  ternary  complexes  values,  ∆logK,  were
determined using Equation 9 and are summarized in
Table 3.

Δ logK=log KM (L−Val)(Para)
M (L−Val) – log KM (Para)

M (9)

It  was  determined  that  the  ∆log  K values  were
positive  in  terms  of  stability,  and  a  statistical
increase is shown in the value of stability constants
of the mixed ligand complex. Based on the results in
Table 3, the values of the ternary stability constants
are found to decrease in the order of Cu(II) > Ni(II).

The  complex  formation  equilibrium of the  ternary
metal  ion  complexes  and  the  overall  stability
constants  were  calculated  using  the  equations
below:

M + (Val) +Para ↔ M(Val)(Para) (10a)

K M (Val)(Para)
M =[M (Val)(Para)]

[M ] [Val ] [Para]
=       K M (Val)(Para)

M (Val) ×KM (Val)
M (10b)

3.4 Effect of Ionic Strength on Binary and 
Ternary Complex Formation
The  interfering  effects  of  ionic  strength  on  the
strength of metal ions, Val, and Para were studied in
the presence and absence of ionic strength (0.1 M
NaCl) at 313.15 K and 0.004 M of metal ions.

The titration  curves  of  metal  complexes  in  the
presence of 0.1 M NaCl (Fig. 7) indicated that there
was  no  precipitate  formed  in  the  solutions.  This
implies that there was no tendency to form hydroxo
complexes either because the number of moles of
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NaOH consumed was equivalent to the number of
moles of  HCl or because the interfering effects of
hydroxo complexes are negligible. Based on Fig. 8, it

can be concluded that metal ions with  Val or  Para
form a 1:1 or 1:2 ratio of metal-ligand complexes.

(a) (b)
Figure 7: Potentiometric titration curves of (a) Val-Para-Ni(II) complexes and (b) Val-Para-Cu(II) complexes

at 313.15 K and 0.1 M NaCl ionic strength.

(a) (b)
Figure 8: Protonation constant curves of (a) Val and (b) Para at 313.15 K.

It was also noted that the presence of NaCl during
the complexation reaction causes an increase in pH
(Fig. 9) as a result of the decrease in the protonation
constant of  Val for configuring the binary complex

(M-Val)  and  the  decrease  in  the  protonation
constant of Para for configuring the ternary complex
(M-Val-Para), as shown in Fig. 8 and Table 4.
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(a) (b)
Figure 9: Formation curves of ternary M(II)–Val-Para complexes at 313.15 K in the presence of 0.1 M NaCl

and 0.004 M of (a) Cu(II) and (b) Ni(II).

Table 4: Protonation constants of Val and stability constants of its complexes at 313.15 K in the presence of
0.1 M NaCl (ionic strength).

Metal
ions

M(Val) M(Val) M(Para)
log KM (Val)(Para)

M (Val) ∆ log K
log K1

H log K2
H log K1

H

H+ 9.914 2.151 9.4058 ----- ------
Ni(II) 8.683 2.811 3.0561 5.1567 + 2.1006
Cu(II) 9.166 2.900 3.6011 5.7567 + 2.1556

Moreover,  it  is  noted  that  the  values  of  stability
constants of the formed complexes in the presence
of NaCl are lower than the corresponding values in
the absence of NaCl. The order of stability constants
of the metal-para complexes formed (Table 4) shows
a good agreement with the Irving–Williams order of
Cu(II) > Ni(II) (62).

3.5 Effect of Ni(II) & Cu(II) Metal Ions on the
Structure of Used Ligands
3.5.1 L-Valine
In  order  to  comprehend  how metals  and  proteins
interact  in  biological  systems,  it  is  important  to
study  metal  complexes  of  physiologically  active
ligands such as amino acids. The stability constants
of these complexes will  also aid in identifying the
atoms or groups that are in charge of forming the
bonds  with  the  metal  ions. Metal  ions  have  a
number of distinguishing characteristics that make
them  able  to  perform  out  a  wide  variety  of
biofunctions as their small size, positive charge, and
electron  spin  configuration  (63,  64). Due  to  their
acidic-basic  nature,  amino  acids  function  as
bidentate  ligands  to  bind  through  (N,  O)  donor
atoms. Amino acids are regarded as zwitterions, in
which  they  include  the  positively  charged  NH3

+

group or the negatively charged COO- group (64).

The main goals of this investigation are to report the
stability constants of the Cu(II) and Ni(II) complexes
of  L-Val along  with  to  investigate  the  method  in

which  L-Val interacts  with  the  respective  metal
cations  in  aqueous  environment.  A  copper(II)
complex that exhibits  a broad affinity  for  L-amino
acids  was  described  by  Leach  and  Angelici  (65).
With  L-leucine,  L-phenylalanine,  alanine,  L-serine,
and  valine,  copper(II)  forms  stronger  complexes
than with the corresponding antipodes, according to
a  set  of  stability  constants  determined  using
potentiometry.  Noori  et  al.  (66)  had  synthesized
complexes of Mn(II),  Fe(II), Co(II),  Ni(II),  Cu(II),  and
Cd(II)  ions  with  L-Valine  as  a  primary  ligand  and
1,10-phenanthroline  as  a  secondary  ligand.  The
work  indicated  that  nickel  has  an  octahedral
geometry. Fayad et al. (67) reported the synthesis of
six  novel  mixed  ligand  complexes  of  metals  (II),
using  saccharin  and  L-Valine  as  primary  and
secondary ligands, respectively (67). The complexes
with  the  formulas  [M(Val)2(Sac)2],  M(II)  =  Mn(II),
Fe(II),  Co(II),  Ni(II),  Cu(II),  Zn(II),  and  Cd(II)  were
obtained.  Based  on  the  results,  it  could  be
concluded that L-Valine coordinated to metal ions as
a  bidentate  ligand  through  the  nitrogen  of  the
amine  group  and  the  oxygen  of  the  carboxylate
group (See Fig. 10).
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Figure 10: Suggested geometric structures of L-
Valine complex.

3.5.2 Paracetamol Complexes
Metal  complexes  are playing  a  bigger  role  in  the
development  of  pharmaceuticals.  This  has
prompted  extensive  research  on  metal  drug
complexes,  in  which  pharmaceutical  substances
function through chelation to understand how metal
binding affects the behaviors of biological processes
in the human body (1,  2).  Since paracetamol  has
two functional groups (NH amide and OH phenol), it
is bound to metal ions once it enters the body. Refat
et al. (68, 69) synthesized paracetamol complexes
with  Mn(II),  Co(II),  Fe(III),  Zn(II),  and  Cu(II).
Paracetamol  behaves  as  a  monobasic  bidentate
ligand  in  these  complexes,  and  the  structures  of
those complexes have been validated by elemental
analysis, FT-IR spectroscopy, and thermal analysis.
Obaleye et al. prepared and investigated complexes
of Co(II), Ni(II), and Fe(III) with paracetamol (70, 71).
According to research, paracetamol ligand acts as a
bidentate  chelating agent  in  which  the oxygen  of
the hydroxyl and amide groups are coordinated (Fig.
11).  Babamale  et  al.  synthesized  mixed  metal
complexes of aspirin and ascorbic acid involving the
ions  Fe(II),  Co(II),  Ni(II),  Cu(II),  and  Zn(II)  (72).
According to the physical and spectroscopic studies,
paracetamol's amide nitrogen and carbonyl oxygen
were responsible for the metal's coordination. Based
on  the  results,  it  could  be  concluded  that
paracetamol coordinated as a monodentate through
the nitrogen atom (See Fig. 11).

Figure 11: Suggested geometric structures of
paracetamol complexes.

4. CONCLUSION

The  stability  constants  for  the  ternary  metal
complexes  of  Val and  Para with  Ni(II)  and  Cu(II),
formed with  Val as the primary ligand and  Para as
the  secondary  ligand  with  metal  ions,  were
computed  from  potentiometric titrations.  The

concentration  of  metal  ions  was  kept  constant  at
0.004 M, and the ratio of metal ions:  Val:  Para was
kept at 1:1:1. The stability constants in the absence
of 0.1 M NaCl ionic strength were found to be higher
than the stability constants in the presence of 0.1 M
NaCl  ionic  strength.  The  order  of  stability  is  in
accordance  with  the  Irving-Williams  order  of
stability: Cu(II) > Ni(II). The calculated values of the
ΔlogK parameters showed the effect of the bound
primary  ligand  on  an  incoming  secondary  ligand.
The  positive  values  of  ΔlogK  parameters  indicate
the higher stability  of ternary complexes than the
corresponding binary ones.
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Adsorptive Elimination of Methyl Orange Dye over the Activated
Carbon Derived from Bitter Almond Shells: An Isothermal,

Thermodynamic, and Kinetic Study

Rana H. Al-Hyali1 , Wael A. Alqazzaz1 , Duaa H. Altamer2,* 

1Department of Chemistry, College of Science, Mosul University, Mosul, Iraq
 2Department of New and Renewable Energies, College of Science, Mosul University, Mosul, Iraq

Abstract: Bitter almond shells (BAS) were inspected as a cheap source for the creation of activated
carbon (AC) through the optimized ZnCl2-activation approach. The raw BAS were impregnated with ZnCl2
at multiple ratios (1:1 - 3:1 ZnCl2:BAS), followed by carbonization at various temperatures (400 – 800
°C) for different durations (30 – 120 minutes) in a tubular reactor. The typical AC sample was produced
with a yield of 23.46% using a 1:1 ZnCl2:BAS impregnation ratio at 500 °C for 60 minutes. The ideal AC
sample was identified by BET surface area (SABET), Boehm titration method, point of zero charges (pHPZC),
FESEM, XRD, FTIR, and EDX. The identification consequences revealed that this sample is mesoporous
with  SABET,  iodine  number,  total  pore  volume,  and  average  pore  width  of  1221.60  m2/g,  1444.23
mg/g,1.50 cm3/g, and 4.98 nm, respectively. The adsorptive removal (AR) of methyl orange (MO) dye
from its aqueous phase by this AC was accomplished at various solution pH (2–10), diverse mass of the
AC (0.05-0.4 g), multiple initial concentrations (50–400 mg/L), variable temperature (30-50 °C) and
diverse contact periods (0–420 min) in a batch- mode operation. The maximum monolayer adsorption
capacity of 224.71 mg/g was obtained at 323 K, pH= 2.0, 400 mg/L initial concentration of MO, 0.25 g
AC dose, and 420 minutes contact period. The kinetic outcomes best fitted to the pseudo-2nd -order
kinetics model, while the MO equilibrium capacity obeyed the Langmuir model rather than other models.
Thermodynamic studies of the MO adsorption by the BAS-derived AC disclosed that the adsorption was
spontaneous and endothermic. The adsorption mechanism of MO by the declared AC primarily involved
electrostatic  attractions  and  hydrogen  bonding  interaction.  This  work  demonstrates  that  BAS  is  an
excellent  raw material  for  producing  low-cost  and  effectual  mesoporous  AC carbon with  substantive
surface area.
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Dye. 
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1. INTRODUCTION

The production of colored and fashioned clothes is
based on utilizing organic dyes (ODs) (1). Multiple
industries,  including  dyeing,  textile,  food
processing,  printing,  papermaking,  and
electroplating, are based on the utilization of ODs
(2). Nonetheless, ejecting the leftover dyes as per
textile discharges as a wastewater causes a huge

environmental  hazard  to  both  the  surface  and
underground water sources (3). Also, because of
their slow biodegradability, the occurrence of ODs
in wastewater will affect human health (4). Several
effective  and  profitable  procedures  have  been
followed to treat wastewater ejected by the textile
industry (5). Membrane separation (6), oxidation
(3),  precipitation  (7),  ion-exchange  (8),
coagulation (9), flocculation (10), and adsorption
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(11-13) are the most traditional routes utilized to
solve  problems  associated  with  ODs  effluents.
Nevertheless,  adsorption  is  the  most  efficient
approach  for  ODs  removal  because  it  is  cheap,
eco-friendly, and possesses high elimination ability
(14).

Numerous  effective  adsorbents,  including
biowastes (15), modified biowastes (16), zeolites
(17),  fly  ash  (18),  biochar  (19),  polymeric
materials  (20),  modified  biochar  (21),  AC  (22),
and  AC  composites  (23)  were  utilized  in  the
adsorptive  elimination  of  diverse  ODs  from their
aqueous  medium.  Amongst  the  most  effective
adsorbents that have employed in the adsorptive
removal (AR) of ODs from polluted wasters is AC.
This adsorbent owns an elevated surface area, in
the range of 500 m2/g and 2000 m2/g, besides its
low-density,  high  adsorptive  capacity,  high
chemical stability, and high porosity. Also, one of
the  most  attractive  features  of  the  AC  is  its
surface,  which  contains  numerous  functional
groups, particularly oxygen groups (24, 25). The
primary feedstocks employed in AC production at
the commercial scale are wood, coal, and lignite.
These  raw  materials  are  relatively  expensive,
which  raises  the  production  cost  of  AC,  besides
making  the  utilization  of  AC in  controlling water
pollution unwelcomed (25). The selection of low-
cost  feedstocks  for  creating  AC  has  become  an
important issue. In this regard, agricultural wastes
have been proposed as a significant feedstock for
AC production  due to  their  renewability  and low
cost.  Consequently,  recent  investigations  focused
on AC production from such cheap organic-wastes
(26).

Methyl  orange  (MO)  is  a  carcinogenic  dye  that
belongs to the azo class of dyes. It is an anionic
dye and a chemically water-stable dye. Thus, its
removal from wastewater via conventional routes
of purification is hard. Its presence in water affects
the aquatic plants' response to photosynthesis, as
it  lessens  the  ability  of  light  to  penetrate  water
(27).  Adsorption  was  widely  implemented  in  the
adsorptive  elimination  of  MO  from  wastewater.
Multiple  bio-wastes  were  employed  in  AC
preparation to eliminate MO dye from its aqueous
medium. As reported by Abdullah et al., the corn
con-derived  AC  was  utilized  in  the  adsorptive
elimination of  MO dye (27).  Pomelo  peel  wastes
derived biochar was activated with H3PO4 and then
applied to eliminate MO from wastewater (28). The
AR  of  MO  dye  from  wastewater  was  conducted
using the Mahagoni Bark-derived AC established by
Chakraborty  et  al.  (29).  Sea  mango-derived  AC
was prepared via the H3PO4 activation method and
activated  using  microwave  radiation  to  be
implemented  in  MO  removal  from  its  aqueous
solution (30). However, to the authors' knowledge,
the creation of AC using bitter almond shells (BAS)
as  a  precursor  by  the  ZnCl2-activation  method,
with  exploring  the  impact  of  the  preparation
conditions on the yield and iodine number (IN) of

the  created  AC  has  not  been  established  yet.
Moreover, employing the typical AC sample in the
AR of MO dye from its aqueous phase has not been
reported yet, which encouraged us to conduct this
work. 

This study focuses on using BAS as a raw material
to create AC using the ZnCl2 activation approach
through optimizing the impact of the impregnation
ratio  (IR)  of  ZnCl2 besides  the  activation
temperature and duration, on the AC yield and IN.
The typical sample of the AC was further identified
by  numerous  techniques  to  assess  its  structure
and  adsorptive  capacity.  Factors  affecting  the
adsorption  of  MO  by  the  as-prepared  AC  were
optimized  as  well.  The  AC's  adsorption  kinetics,
isotherms, and thermodynamics of MO elimination
were also inspected.

2. EXPERIMENTAL

2.1 Chemicals and Feedstock 
Fresh  bitter  almond  fruit  was  purchased  from
markets situated in Dohuk Governorate, north of
Iraq. Preparation and analysis of the prepared AC
needed multiple chemicals, such as iodine solution
(0.05 mol/L (0.1 N)), ZnCl2 (98.0 – 100.5 %), HCl
(36.5 – 38.0 %), Na2S2O3.5H2O (99.0 – 100.5 %),
and NaOH, pellets (98.50 %) were acquired from
Scharlab (Scharlab, Barcelona, Spain). They were
employed  as  received.  The  MO  dye,  which
possesses an MW of 327.33 g/mol and a chemical
formula of C14H14N3NaO3S, was provided by Merck.
Figure 1 shows  the  chemical  structure  of
Eriochrome Black T (Erio-T) dye.

Figure 1: Chemical structure of Erio-T dye.

2.2 Analysis of BAS
Shells were stripped from the bitter almond fruit
and used as a feed in AC synthesis. The BAS was
rinsed with tap water, followed by DW to remove
dust  and  foreign  impurities.  After  heating  to
dryness in an oven at 110 °C for a day so as to
guarantee the entire removal of washing water. To
pulverize  the  dry  BAS,  an  industrial  electrical
grinder was employed. The obtained powder was
sieved  to  produce  60  mesh-sized  particles.  The
ultimate  analysis  of  the  dried  BAS  was
accomplished to recognize its C, H, N, S, and O
content.  The  ASTM  3174  and  ASTM  3175  were
followed to specify the proximate analysis of the
BAS, namely fixed carbon humidity, volatiles, and
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ash.  Finally,  the  BAS  component  analysis  was
accomplished  per  the  method  established  by
Mansor et al.  (31) to recognize their contents of
cellulose, hemicellulose, and lignin. 

2.3 Preparation of AC from BAS
The  ZnCl2 activation  method  was  employed  in
creating the AC from the dried BAS. The dried BAS
was  immersed  in  solutions  containing  multiple
mass ratios of  ZnCl2: BAS (1:1,1-2, and 3:1) and
magnetically  stirred  for  12  h.  The  attained
mixtures were then dried at 80 °C until dryness.
Later, the dried mixtures were heated at numerous
temperatures  (400  °C  to  700  °C)  for  different
durations (0.5 h- 2.0 h) in a tubular furnace at a
10  °C/min  heating  rate.  After  activation,  the
activated samples were treated with a solution of
0.50 N HCl with stirring to eliminate the excess of
ZnCl2.  The  samples  were  then  carefully  washed
with  DW  until  a  neutral  pH  was  reached.  After
being oven-dried at 105 °C for 10 h, the activated
samples were then maintained in a tight container
(32).  Calculating the yield of the AC was done as
follows:

ACYield (% )= Weight of AC
Weight of BASused

×100 

(Eq. 1)

2.4 Identification of the AC 
The  typical  AC  sample  was  characterized  by
multiple  techniques,  including  Field  Emission-
Scanning  Electron  Microscope  (FESEM)  on  an
instrument  (A  TESCAN  MIRA  FESEM,  Czech
Republic)  attached  to  an  energy-dispersive
analysis X-ray (EDX) to determine the AC surface
morphology and elemental  analysis,  respectively.
The BET surface area (SABET) of the AC, besides its
pore volume, was measured on a BELSORP MINI
II, Japan, surface area and porosimetry analyzer.
A  Malvern  Panalytical  X-ray  diffractometer,  UK,
was  used  to  inspect  the  amorphous  and  crystal
structure  of  the  created  AC.  Surface  functional
groups containing oxygen on the AC surface were
determined through the titration method  (33).  A
Fourier  transform infrared  (FTIR)  (JASCO V-630,
USA)  was  utilized  in  identifying  the  surface
functional groups and chemical bonds. The ASTM
D4607-14 was followed in determining the iodine
number (IN) of the so-created AC samples. 

2.5 Adsorption Equilibrium Studies
The  MO  adsorption  experiments  by  the  so-
synthesized  AC  were  accomplished  via  a  batch
process. Firstly, a 500 mg/L stock solution of MO
was  prepared.  Next,  solutions  of  various
concentrations of MO were prepared from the stock
solution  through  dilution  to  prepare  the
standardization curve. A known weight of the AC
was mixed with a given volume of MO solution at
the  optimized  pH  value,  and  the  mixtures  were
shaken  at  room  temperature  (30  °C)  for  a
specified  period.  After  attaining  the  equilibrium,

the  mixture  was  separated  by  centrifugation  at
6000 rpm for 5 minutes. The concentration of the
residual  dye  in  the  solution  was
spectrophotometrically determined using a UV–Vis
spectrophotometer  at  the  maximum  wavelength
(λmax=464 nm). The amount of adsorbed dye,  qe

(mg/g),  was  calculated  as  per  the  following
equations:

MO (% )=
(C0−C e)

C0
×100 (Eq. 2)

qe=
(Co−Ce )V

W
 (Eq.

3)
where, C0 and Ce are the MO initial and equilibrium
concentrations  (mg/L),  respectively,  while  V  (L)
and W (g) are the volume of MO solution employed
and the AC mass utilized in the AR process. 

2.6 Equilibrium Models of Adsorption 
Isotherms
The adsorption isotherm describes the equilibrium
between the adsorbent and the adsorbate in the
solution.  It  can  be  employed  to  express  the
adsorbent capacity at equilibrium by describing the
distribution  of  the  adsorbate  molecules  between
the solution phase and the solid phase equilibrium.
It  is  also  imperative  to  explain  the  solute's
interactions with adsorbents and optimize its usage
(33).  Three  famous  isotherms  of  adsorption,
namely  the  Langmuir,  Freundlich,  and  Temkin,
were  compared  to  clarify  the  adsorption
mechanism that will describe the adsorption data
at  equilibrium.  The  Langmuir  model  adopts
monolayer adsorption onto the adsorbent surface,
and  its  linearized  form  can  be  expressed  as
follows:

Ce

qe
= 1
qmK L

+
C e

qm
(Eq. 4)

where,  qm (mg/g)  and  KL (L/mg)  express  the
maximum quantity  of  the  contaminant  adsorbed
per  unit  mass  of  adsorbent  and  the  Langmuir
constant, respectively. KL relates to the affinity of
the binding sites, and its higher value means that
the adsorption of  the solute by the adsorbent is
easier.  The  Freundlich  isotherm,  which  refers  to
the  multilayer  adsorption  of  solute  onto  the
adsorbent  surface,  is  an empirical  equation.  The
linearized form is  this  isotherm can be given as
follows:

ln qe=ln K F+
1
n
lnC e (Eq. 5)

where, KF (mg/g) and  n express respectively the
Freundlich  adsorption  capacity  and  intensity.
According  to  the  Temkin  isotherm,  whose  linear
equation is shown in equation (6), a decrease in
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adsorption  heat  occurs  as  a  function  of
temperature (33). 

qe=
RT
B
ln KT+ RT

B
lnC e (Eq. 6)

where,  R is  the  universal  gas  constant  (8.314
J/(mol),  KT is  the  equilibrium  binding  constant
(L/g)  and  B  (J/mol)  represents  the  heat  of
adsorption heat.

2.7 Adsorption models of kinetics
The pseudo-1st-order and pseudo-2nd-order kinetic
models, whose equations are respectively provided
in  Eqs.  (7)  and  (8),  were  used  to  examine  the
adsorption kinetics.

ln (qe−q t )=ln (qe )−k . t  (Eq. 7)

t
qt

= 1

k2qe
2
+ t
qe

 (Eq. 8)

where, qt (mg/g) and qe (mg/g) are the quantity of
the  solute  adsorbed  at  time  t  (minute)  at
equilibrium, while k (min−1) and k2 (g/(mg min) are
respectively  the  pseudo-first-order  and  pseudo-
second-order rate constants.

2.8 Intraparticle Diffusion Model
This model of diffusion is usually used to recognize
the mechanism of the contaminant adsorption for
design purposes. This model suggests that in most
adsorption  processes,  the  adsorption  changes
almost proportionally with t½ more than with the
contact  time  (34).  This  model  of  diffusion  is
represented in the following equation:

q t=K id t
0.5+C (Eq. 9)

where, qt is the quantity of contaminant adsorbed
at time t, while t0.5 is the square root of the time, C
is  the  intercept,  and  Kid (mg  g−1 min−0.5)  is  the
intraparticle diffusion rate constant.

2.9 Reusability Studies
The reusability tests of the MO by the prepared AC
were investigated similarly to the batch adsorption
studies. The typical mass of the AC was mixed with
100 mL of MO solution. The mixture was shaken
for  a  specified  period.  After  filtration,  the  MO
concentration  remained  after  the  adsorption
process  was  measured  employing  a  UV-Vis
spectrophotometer, while the AC was treated with
a solution of 0.1 M HCl for 5h. After washing until
neutral  water was obtained, the AC was dried at
110  °C  to  ensure  the  complete  dryness  of  the
sample and then implemented in the AR of MO for
5 cycles (34). 

3. RESULTS AND DISCUSSION

3.1 Analysis of the Raw BAS

The  ultimate  analysis  results  of  the  raw  BAS
exhibited that its content of C, H, S, N, and O is
49.97%,  4.88%,  0.61%,  0.10%,  and  44.44  %,
respectively. The high C % for the BAS suggests
its suitability as an AC precursor. The proximate
analysis  outcomes  of  the  authentic  BAS  were
moisture  = 2.23%, volatile  matters  = 74.02 %,
ash = 1.21 %, and fixed carbon = 22.54 %. The
high  fixed  carbon  %  of  BAS  recommends  its
utilization in the synthesis of AC. Also, a minimum
ash % precursor could create low-ash content AC
(35). The component analysis of the BAS showed
that it contains 4.0 % extractives, lignin = 22.12
%, hemicellulose =25.55 %, and Cellulose = 48.22
%.  The  lignin,  cellulose,  and  hemicellulose
contents,  of  AC have  an  impact  on  its  porosity.
Lignin  may withstand  the damaging  reactions  of
the activation process due to its high stability and
low reactivity. Since lignin is primarily responsible
for developing the AC carbon skeletons and giving
it its porous structure, the fixed carbon percentage
in the implemented precursor is related to its lignin
content  (36).  The  contents  of  hemicellulose  and
cellulose  in  the  source  material  are  vital  for
releasing  volatile  matters  besides  their
responsibility to create a meso and macro porous
AC  (37).  The  obtained  ultimate,  proximate,  and
component analysis outcomes of the BAS utilized
in this work were comparable to those established
by Li et al. (38).

3.2 Optimization of AC Synthesis
The impact of the IR of ZnCl2 besides the activation
temperature and duration, on the AC yield and IN
were investigated. Selecting the proper IR of the
activating agent has a practical impact on the AC
features,  as  it  affects  its  porous  structure  and
enlarges  the  forming  pores  (39). The  AC  yield
dropped with rising the activator IR from 1:1 to
3:1,  as  presented  in Table  1.  This  outcome
suggests that the activator makes the impregnated
samples in evolving more volatile materials  from
its lingo-cellulosic structure as aldehydes, H2O, tar,
CH4,  CO,  and  CO2.  This  removal  of  volatiles
accounts  for  the  carbon  content  of  the  pristine
feedstock.  Increasing  the  activator  IR:  feedstock
will  promote the evolution of more volatiles from
the feed skeleton, thereby decreasing the AC yield
(40).  Preparation  of  AC  samples  from  soybean
straw (41), Fox nutshell  (42), wild mustard stems
(43)  via  ZnCl2 activation  displayed  the  same
conclusions. The IN of the AC samples declined as
the amount of  ZnCl2  increased.  The best IN was
obtained at 1:1 ZnCl2: feed IR indicating that this
ratio created an AC with a microporous structure.
Above  the  best  ratio  of  impregnation,  the  IN
dropped  because  of  the  widening  of  micropores
into  mesopores  besides  further  burn-off  of  the
carbon  (40).  Hussein  and Fadhil  (40) and Fadhil
and  Kareem  (44)  declared  similar  findings  upon
creating AC from mixed biowastes and mixed date
pits and olive stones, respectively.
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The activation temperature dramatically influences
the textural structures as well as the physical and
chemical properties of AC. The AC yield diminished
progressively  as  the  temperature  of  activation
raised  from  400  °C  to  800  °C,  as  displayed  in
Table 1, because of the extra devolatilization and
dehydration  of  the  impregnated  samples  (43).
Demiral  et  al.  (45)  also  announced  comparable
consequences  upon  transforming  pumpkin  seed
shells  into  AC  via  the  ZnCl2 activation.  Table  1
shows  a rise  in  the  IN  from  1244.5  mg/g  to
1442.33  mg/g  as  the  temperature  of  activation

increased from 400 °C to 500 °C. This finding is
originated  because  of  further  elimination  of  the
volatiles  besides  extra  dehydration  of  the
impregnated samples, leading to create an AC with
a more micro-porous structure  (43).  Beyond 500
°C, the IN due to the possibility of the degradation
of the walls of micro-pores walls in addition to the
creation of meso and macro-pores at the expanse
of micro-pores. ZnCl2  activation of mixed date pits
and olive stones (44) and pumpkin seed shell (45)
for AC preparation have been observed previously.

Table 1: Effect of preparation conditions on the AC yield and IN.

IN (mg/g)Yield (wt.%)ZnCl2: feedstock
1350.55 ±2.029.57 ± 1.501.0
1235.28±1.5025.31 ± 1.02.0
1127.50 ±1.5023.11 ± 1.03.0

Temperature = 600 °C; Time of activation= 90 minutes;  Size of
particle = 0.40 mm

IN (mg/g)Yield (wt.%)Temperature (°C)
1244.55 ±1.5028.88 ± 1.50400
1443.23 ±1.2523.46 ± 1.50500
1350.12 ±1.5021.01± 2.0600
1155.34 ±1.5020.55 ± 1.0700

ZnCl2:feedstock =1:1;  Time of activation = 90 minutes;  Size of
particle = 0.40 mm

IN (mg/g)Yield (wt.%)Time (minutes)
1122.35 ± 1.5030.55 ± 1.2530
1443.23 ± 1.2523.46 ± 1.5060
1375.77 ± 1.2521.23± 1.5090
1188.65 ± 2.0020.55 ± 2.0120

ZnCl2:feedstock=1:1; Temperature= 500 °C;  Size of particle = 0.40
mm

It  can  be  seen  in  Table  1,  which  offers  the
activation period influence on the yield and IN of
the created samples. The AC yield was diminished
when  the  activation  period  expanded  from  30
minutes  to  120  minutes  due  to  the  further
dehydration of the impregnated samples, leading
to a decline in the AC yield. At the same time, an
enhancement in the IN was seen with extending
the  period  of  activation  from  30  minutes  to  60
minutes.  This  consequence  could  be  ascribed  to
the  creation  of  more  micropores  of  new
microporous structure. Duration above 60 minutes
diminished  the  IN  due  to  the  distortion  or
expansion of the micro-pores into mesopores (43).
Mohammed-Taib  and  Fadhil  (43)  and  Fadhil  and
Kareem  (44)  declared  the  same  consequences
upon the ZnCl2 activation of  wild mustard stems
and  mixed  date  pits  and  olive  stones  for  AC
synthesis, respectively.

3.3 Characterization of the AC from BAS
The FESEM image of the AC synthesized from BAS
via ZnCl2 activation, depicted in Figure 2, exhibited
that  its  surface contains a porous structure.  The
FE-SEM image demonstarted that the AC surface is
rough  with  the  occurrence  of  multiple  pores  of
various sizes on it.  These pores are expected to
play a vital role in trapping the MO molecules as
well  as  help  in  diffusing  them  into  the  porous
structure  of  the  AC.  The occurrence  of  pores  of
various sizes on the AC surface will also help in the
deep diffusion of the MO molecules. Besides, the
FE-SEM  image  affirmed  that  BAS  activation  by
ZnCl2 at  500  °C  creates  many  micropores,
significantly  enhancing  the  AC surface  area.  The
formation  of  micropores  attributes  the  activating
agent's  activity  to  the  evolution of  most  organic
volatiles from the original  BAS structure,  leaving
behind a well-developed micro-porous surface.
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Figure 2: FE-SEM images of the typical AC sample.

The outcomes deduced from the EDS  (Figure  3)
disclosed  an  increase  in  the  C  content  and  a
decrease  in  the  O  content  after  the  activation
process. This consequence ascribes to the pyrolytic
action of the activator  (ZnCl2),  which causes the
devolatilization  of  the  organic  ingredients  in  the

form of gaseous products and liquid tar, leaving a
material with a high content of C and a low content
of O (46). Additionally, Zn was observed after the
activation carbonization, which is expected due to
using ZnCl2 in the activation process (47).

Figure 3: The EDS analysis results of the typical AC sample.

The N2 adsorption/desorption isotherm (Figure 4)
of the so-prepared AC indicates that the AC from
BAS  disclosed  the  characterization  of  type  I
adsorption  isotherms.  At  the  same  time,  its

hysteresis  belongs to IV types as per the IUPAC
classification.  This  isotherm  mainly  indicated
considerable development of mesoporous AC.
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Figure 4: The N2 adsorption/desorption isotherm and pore volume of the AC at 77 K.

At  P/P0 0.1,  the  adsorption  showed  a  fast
developing  trend,  then  slowed  but  continued  to
grow  clearly,  confirming  the  possibility  of  the
molecular  monolayer  adsorption  phenomenon  or
microporous adsorption of multilayer. After P/P0 >
0.4,  a  hysteresis  loop was discovered,  indicating
that  capillary  condensation  and  inhomogeneous
adsorption  had  occurred,  demonstrating  the
presence  of  mesoporous  particles  (47).  The  so-
synthesized AC possessed a SABET of  1221.60 m2

/g.  A  the  same  time,  this  sample  showed  its
mesoporosity due to its average pore size, which
was 2.10 nm.

The AC prepared via the ZnCl2 activation of BAS
exhibited a SABET  greater than that established for
the AC prepared through ZnCl2 activation of date
pits, which was 1061.3457 m2/g(48). Table 2 lists
the texture,  amounts of the total  acid and basic
sites, and pHPZC of this AC.

Table 2: Surface area, pore volume, surface functional groups amounts, and pHPZC of the AC derived from
BAS.

ACProperty
1221.60BET surface area (m2/g)
942.82Langmuir surface area (m2/g)
1246.70t-Plot micropore area (m2/g)
1.5091Vtotal (cm3 g-1)
4.98Mean Pore Diameter width (nm)

1443.23 ±1.0Iodine adsorption number (mg/g)
0.5225 ±0.001Total acid sites (mmol/g)
0.2422 ±0.001Total basic sites (mmol/g)

4.40pHPZC

Diverse functional  groups could  occur on the AC
surface depending on the precursor  implanted in
its  preparation and the preparation route.  These

groups are significant to the AC as they specify its
quality as well as surface features (46). 
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Figure 5: The FTIR spectrum of the BAS-derived AC.

The  FTIR  spectrum  of  the  AC,  which  is
demonstrated in Figure 5, disclosed the occurrence
of multiple functional groups. The Boehm titrations
results showed that the chemical activation of the
BAS by ZnCl2 provided the surface of the attained
AC with oxygenated acidic groups rather than basic
groups. The value of pHPZC, which was 4.40, also
confirmed  this  conclusion.  These  findings  were
consistent  with  those  found  in  the  literature
(40,46). The strong, broad peak around 3435 cm-1

belongs  to  the  O˗H  stretching  group  of  phenol,
alcohol, or carboxylic acid. The bands around 2926
cm-1 and  2858  cm-1 are  respectively  related  to
asymmetric  and  symmetric  C˗H  stretching
vibrations (49). The absorption band observed at
1655  cm-1 represents  the  stretching  carboxylate

bonds.  The  bands  from  1565  to  1471  cm-1 are
attributed  to  the  aromatic  ring  modes.  The  O˗H
bending bonds are represented by the band seen
at 1384 cm-1  (50). Bands between 877 cm-1 and
750 cm-1 relate to the C-H aromatic out-of-plane
(50). Lastly, the Zn˗O stretch for the AC could be
identified at 625 cm-1 (51).

The XRD pattern of the prepared AC is shown in
Figure 6. This pattern revealed two broad phases
at  2θ  ranging  from  20°  to  30°.  This  pattern
belongs  to  (002)  phase,  while  the  (100)  is
repserented by the broad peak in the range 40°
and 50°. The occurance of these two phases in the
XRD pattern assured that previously mentioned AC
owns an amorphous structure (43).

Figure 6: The XRD pattern of the BAS- derived AC.
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3.4 Optimization of MO Adsorption
The influence of many variables on the adsorptive
elimination (AE) of MO using BAS derived AC was
investigated, as follows:

3.4.1 Influence of the initial pH
The  initial  pH  of  the  working  solution  greatly
influences the adsorption process of any pollutant.
This  factor  affects  both  the  functional  groups
existing  on  the  AC  surface  besides  molecular
ionization  of  the  dye,  which  in  turn  affects  the
interactions between both phases (24). Therefore,
several adsorption experiments were accomplished
between the AC and MO solutions at various values
of pH (2, 3, 4, 6, 7, 8 and 10) by adding NaOH or
HCl.  The  MO  adsorption  dependence  on  pH  is
presented in  Figure 7, which disclosed that a pH
value  of  2.0  exhibited  the  maximum  MO%
removal.  In contrast,  the MO% removal declined

with raising the solution pH over 2.0. The obtained
findings assure that the acidic pH is the best for
MO elimination by the as-prepared AC, which is in
line with conclusions established in the literature
(48,49). This outcome can be explained as follows:
In an aqueous solution, MO will dissociate to give
the dye ions (R-SO3˗) and (Na+). In the acidic pH,
the  AC  surface  will  be  protonated,  making  its
surface  to  be  a  positive  charge,  which  in  turn
increases MO’s  adsorption by the  AC due to  the
increment of the electrostatic interactions, namely
dipole-dipole or hydrogen bonding between the AC
surface  (+ve)  and  the  MO  anions  (˗ve).  In
contrast,  in  the  basic  pH,  the  surface  of  the
created AC will become negatively charged due to
high  numbers  of  OH− ions  on its  surface,  which
causes  the  repulsion  between  the  negatively
charged  surface  of  the  AC  and  the  dye  anions,
leading to lower adsorption.

Figure 7: pH influence on MO elimination by the AC.

The pHPZC of BAS-derived AC was 4.30, suggesting
that the AC surface is positively charged due to the
pH of the solution, which exhibited the maximum
removal of MO was 2.0, which is lower than pHPZC

(52,53). Determining the quantity of the acidic and
basic functional groups present on the AC surface
was  accomplished  as  per  the  Boehm  titration

method. The results revealed that the amount of
acidic  effective  groups  on  the  AC  surface  was
nearly  twice  that  of  basic  groups  (Table  2),
suggesting the acidic nature of the surface of the
AC originated  from BAS.  Figure  8  illustrates  the
pHPZC of the as-created AC.
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Figure 7: pHPZC  of the AC originated from BAS.

3.4.2 Influence of the MO initial concentration
The influence of the MO initial concentration on its
adsorption  capacity  (qe,  mg/g)  and  removal
efficiency (%) is given in Figure 9, which implies
that by increasing the MO initial concentration from
50 mg/L to  400 mg/L,  the qe value  raised from

23.0 mg/g to 194.0 mg/g due to raising the MO
initial  concentration  increases the  number of  MO
species  per  mass  unit  of  AC,  resulting  in  an
improved  interaction  between  the  MO  molecules
and the AC particles. 

Figure 9: The initial concentration influence on the adsorptive capacity and efficiency by the AC.

In  addition,  increasing  the  sorbate  initial
concentration  will  supply  the  necessary  driving
force required to alleviate the resistance between
the MO liquid phase and the AC solid phase (52). It
is  evident  from  Figure  9 that  MO  %  removal
declined  with  increasing  the  MO  initial
concentration.  This  phenomenon  is  explained  by
the fact that the number of active sites available
for MO adsorption is fixed, but the number of MO
molecules increases with rising MO concentration.

As  a  result,  the  active  sites  will  be  rapidly
depleted,  resulting  in  a  decrease in  the  MO R%
(53).

3.4.3 Influence of the AC dosage
Because of the positive impact of AC dosage on MO
R%, the effect of this parameter was investigated
by attempting multiple doses of AC ranging from
0.05 g to 0.40 g.
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Figure 10: Influence of the AC dose on the adsorptive removal of MO.

The  experiments  were  carried  out  under  the
conditions  specified  in  Figure  10’s legend,  which
implies  that  the  MO  % removal  enhanced  from
57.97 % to 95.11% when the AC dose increased
from 0.05 g to 0.25 g. The high uptake of MO with
increasing AC dose could be attributed to the fact
that  increasing  the  AC  dose  provides  a  greater
number  of  AC particles,  which  means higher  SA
and more active sites available to adsorb the MO
molecule  in  the  solution (28).  Further  increasing
the  AC  dosage  had  no  effect  on  the  MO  R%,
indicating  that  the  equilibrium  between  MO-free
molecules and the AC particles in the solution was
attained. Other researchers have announed similar
consequences(55).

3.4.4 Influence of temperature and contact time

The effect of temperature on the MO uptake of the
prepared  AC  was  investigated  by  conducting
experiments at three different temperatures, 303,
313, and 323 K. The trials were completed using
the conditions fixed in the legend for Figure 11.
The MO uptake increases with rising  temperature
due  to  increasing  the  adsorption  temperature  is
accompanied  by  a  rise  in  the  system  entropy,
which  enhances  the  collisions  among  the  AC
particles  and  MO species.  This  will  enhance  the
activity at the interface between the adsorbent and
adsorbate (52). Additionally, the solution viscosity
declines  as  the  system  temperature  increases,
leading  to  a  better  collisions  among  the  two
phases. Consequently, the MO % becomes better
(53).  In  addition,  the  improvement  of  MO
elimination  with  rising  temperature  reflects  the
endothermic nature of MO adsorption.

Figure 11: The impact of temperature and time on MO adsorption by the BAS-derived AC.
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The contact time impact the MO elimination by the
AC was inspected at various time intervals in the
range of 60 –540 minutes, which is also presented
in  Figure  11. The  adsorption  experiments  were
done utilizing the ideal conditions obtained earlier.
The  consequences  illustrated  in  Figure  11 imply
that the AR of  MO by BAS-derived AC enhanced
when the contact period between the two phases
increased. It can be seen that after 60 minutes of
the process, high uptake of the MO was noticed,
indicating  the  spontaneity  of  the  process.  This
outcome attributes to the rapid adsorption in the
initial steps due to the larger surface area of the
adsorbent accessible to adsorb the MO molecules.
The equilibrium was attained  after  420 minutes.
When the balance is  reached,  the MO molecules
will  occupy the most active sites, and the active
positions will be unreachable. This may generate a
repulsive  force  between  the  adsorbate  on  the
adsorbent surface and in the bulk phase (49).

3.5. Adsorption Isotherms and Kinetics of MO 
on BAS-Derived AC
The  adsorption  mechanism  can  better  be
recognized by analyzing the adsorption isotherms
of MO on the so-synthesized AC. As such, namely
the  Langmuir  (Figure  12a),  Freundlich  (Figure
12b),  and  Temkin  (Figure  12c) isotherms,  were
applied to inspect the MO adsorption data by the
BAS-derived  AC  at  multiple  adsorption
temperatures (303 K, 313 K, and 323 K).

From the theoretical point of view, the Langmuir
model  suggests  monolayer  adsorption  onto  the
solid surface. It also indicates the effectiveness of
the  active  sites  toward  the  adsorption  of  the
pollutant  species  because  of  the  diminish  of
interactions among the pollutant species (24). The
Langmuir  constants  qm  and  KL  can  be  calculated
from  the  plot  slope  and  intercept,  respectively,

while the dimensionless separation factor (RL) was
calculated using the following equation :

RL=
1

1+C 0K L

 (Eq. 10)

This  factor  can  express  the  favorability  of
adsorbate adsorption onto the adsorbent surface.
Also,  this  factor  suggests  many  cases  of  the
adsorption process, e.g. the reaction is irreversible
if the value of RL  = 0, while the reaction is linear if
the value of  RL   = 1 (40). Relating to adsorption,
the latter will be favorable if 0 < RL < 1, while the
adsorption will be unfavorable when  RL   > 1. The
Freundlich  model  suggests  multilayer  adsorption
on the solid surface. It also proposes that the solid
surface  is  heterogeneous  with  the  occurrence  of
different-affinity  active  sites  onto  the  material
surface (43). The the slope and the intercept of the
Freundlich  linear  plot  will  provide  its  constants,
namely n and KF. The favorability of the adsorption
onto the solid surface can be determined by the
value  of  n,  which  suggests  the  adsorption
favorability  when  its  value  is  greater  than  1.0.
Because n > 1.0, the MO adsorption by the BAS-
derived  AC  is  preferable  (40).  The  Temkin
constants  B and KT can be respectively obtained
from  the  plot’s  slope  and  intercept.  As  per  the
outcomes offered in Table 3, the Langmuir model
exhibited  higher  R2 values  than those  related  to
the Freundlich and Temkin models. Moreover, the
qm values for the Langmuir model were above than
those observed for  KF  and B, suggesting that the
MO adsorption by BAS-derived AC can better  be
expressed  by  the  Langmuir  model  than  the
Freundlich and Temkin models, indicating that the
MO adsorption onto the surface of the obtained AC
happens  in  monolayer  so  that  the  interactions
among the MO molecules is  inhibited due to the
adsorption happens onto active sites with the same
energy (40,44).
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Figure 12: The adsorption isotherms of (a) Langmuir, (b) Freundlich, (c) Temkin for MO adsorption by
the BAS derived AC at multiple temperatures.
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Table 3: The constants of the Langmuir, Freundlich, and Temkin for the MO adsorption by the BAS derived AC.

T = 303 K
Temkin constantsFreundlich constantsLangmuir constants

KT

(kJ/mol)
B

(mg/g)
R2KFn

(mg/g)
R2RLKLqm

(mg/g)
R2

0.725632.880.85292.820.450.88250.05830.0411163.930.9852
T = 313 K

Temkin constantsFreundlich constantsLangmuir constants
KT

(kJ/mol)
B

(mg/g)
R2KFn

(mg/g)
R2RLKLqm

(mg/g)
R2

0.694436.260.99193.410.43500.95070.04170.0421185.520.9920
T = 323 K

Temkin constantsFreundlich constantsLangmuir constants
KT

(kJ/mol)
B

(mg/g)
R2KFn

(mg/g)
R2RLKLqm

(mg/g)
R2

0.665544.700.98893.220.43580.89590.05280.0448224.710.9940
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Besides  the  equilibrium  time,  the  adsorption
process's  efficiency  can  be  controlled  by
recognizing the adsorption kinetics. The latter can
also describe the adsorbate uptake rate onto the
AC  (33).  So,  three  famous  models,  namely  the
pseudo-1st-order  model  (Figure 13a),  pseudo-2nd-
order  model  (Figure  13b),  and  Intra-particle
diffusion  model  (Figure  13c)  were  fit  to  the

adsorption data of MO on the BAS-derived AC so
as to recognize steps controlling the MO adsorption
by  the  said  AC.  The  MO  adsorption  on  the
aforesaid  AC  was  accomplished  at  multiple
temperatures (303, 313, and 323 K). The obtained
data were analyzed by applying the linear forms of
those models.

Figure 13. (a) The Pseudo-1st-oeder, (b) Pseudo-2nd-oeder, and (c) Intra-particle diffusion
models MO adsorption by the BAS derived AC at multiple temperatures.

The values related to the pseudo-1st-order and the pseudo-2nd- order models, namely correlation 
coefficient (R2), qe (mg/g), k1(min-1), and k2, were determined from the plot slope and intercept, 
respectively. Following the outcomes given in Table 4, the R2 value for the pseudo-2nd-order model was 
greater than that for the pseudo-1st-order model, indicating that the latter model can accurately describe 
the MO adsorption by the so-prepared AC. Furthermore, the value of qe for the pseudo-2nd-order model 
was closer to the adsorption isotherm.

Table 4: The pseudo-1st-order model, pseudo-2nd-order model, and Intra-particle diffusion constants for
MO adsorption by the AC originated from BAS.

T = 303 K
Intra-particle diffusionPseudo-2nd-orderPseudo-1st-order

KidCR2k2qe

(mg/g)
R2k1qe

(mg/g)
R2

0.597644.00.79300.0005
1

185.940.93560.00111.690.9282

T = 313 K

Intra-particle diffusionPseudo-2nd-orderPseudo-1st-order

KidCR2k2qe

(mg/g)
R2k1qe

(mg/g)
R2

0.681754.160.76730.00049212.76.994380.00201.710.9602
T = 323 K

Intra-particle diffusionPseudo-2nd  -orderPseudo-1st -order

KidCR2k2qe

(mg/g)
R2k1qe

(mg/g)
R2

0.717858.200.76180.00048222.200.99540.00151.670.9717

The  intra-particle  diffusion  model  of  Weber  was
also  used  to  examine  the  MO  experimental

adsorption  data. This  model  can  suggest
mechanisms and rate-controlling steps that affect
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the kinetics of MO adsorption (57). It is clear from
Figure  15,  which  depicts  Weber's  intra-particle
diffusion model,  that  this  model  cannot be  used
solely  to  describe  the  rate-limiting  step  of  MO
adsorption by the BAS-derived AC because none of
the  regression  plots  pass  through  the  origin,
suggesting  that  another  mechanism  could  have
occurred (58).

3.6 Adsorption Thermodynamics
As  per  the  adsorption  outcomes,  thermodynamic
parameters  viz.  ΔHo,  ΔSo,  and  ΔGo,  were
calculated.  These  functions,  in  addition  to
spontaneity,  can  provide  information  about  the
adsorption  process,  such  as  exothermicity  or
endothermicity,  potential  rise  or  decline  in
randomness at the solid/liquid interface (59). The
explanation of  the adsorption mechanism can be
deduced  from these  functions  as  well  (59).  The
calculation of these functions for MO adsorption by
the AC originated from the BAS was accomplished
at multiple  temperatures,  namely 303,  313,  and
323 K. The following equations were utilized in the
calculation of ΔHo, ΔSo, and ΔGo (51-53,59):

ln (K c)=
ΔSo
R

−
ΔH o

RT
 (Eq. 11)

( qeC e
)=K c (Eq. 12)

ΔGo=−RT ln K  (Eq. 13)

where,  Kc represents  the  equilibrium  constant.
Plotting ln Kc vs 1/T yields a straight line with a

slope of ΔH° and an intercept of ΔS°, according to
the van't  Hoff  equation. Table 5 shows the ΔH°,
ΔS°, and ΔG° values, and the result reveals that
the MO adsorption by the so-synthesized AC was
endothermic. This conclusion was drawn from the
ΔH° value, which was 9.51 kJ/mole, indicating that
the  MO  adsorption  by  this  AC  is  temperature-
dependent  and  endothermic.  This  was  expected
because the adsorption of MO by the AC from BAS
increased as the temperature rose from 303 K to
323  K.  Furthermore,  because  of  the  negative
values of ΔG° at different temperatures,  the MO
adsorption  by  the  BAS-derived  AC  was
spontaneous.

It was reported that when the values of ΔG° are in
the range of (–20 to 0.0 kJ/mol); the adsorption is
physical, while the values in the range of (– 400 to
– 80 kJ/mol) suggest  chemisorption (60). 

The (+ve) value of ΔS° indicates an increase in the
adsorption’s  entropy  due  to  the  adsorption  and
desorption  phenomenon  that  could  be  involved
during the solid-liquid adsorption process. This will
reduce the randomness of the MO adsorption and
raises it during the desorption of water molecules
from the adsorbent’s superficial layer (59). Similar
observations were also announced by Hussain et
al.  (59)  during the  MO adsorption over  chitosan
composite  films.  The  values  of  ΔG°  for  MO
adsorption by the so-prepared AC were between –
2.56 to – 3.46 kJ/mol, offering that the adsorptive
removal of MO by the AC surface is physical. It is
accomplished through electrostatic  attraction and
H-bonding, as demonstrated by FTIR analysis and
batch adsorption studies (60).

Table 5: Thermodynamic parameters for eliminating MO by the AC from BAS.
ΔS°

(kJ/mol.K)
ΔH° 

(kJ/mol)
ΔG°

(kJ/mol)
Temperature

(K)
31.429.51–2.56303

--–2.86313
--–3.46323

3.7 Comparison of the Adsorptive Capacity
The  adsorptive  capacity  of  MO  by  AC  prepared
from  BAS  was  compared  to  those  of  other  AC
samples reported in the literature, as well as other
adsorbents, as tabulated in Table 6. The aforesaid
created AC possessed an adsorptive  capacity  for
MO  comparable  to  those  established  for  other
adsorbents  in  the  literature  and,  in  most  cases,
better. The variances in the adsorptive capacity of
BAS-derived AC to MO compared to the adsorbents
may  be  ascribed  to  many  factors,  including  the
SABET of  the  adsorbent  implemented  besides  its
pore width, total pore volume, and the amount of
the acidic or basic groups onto its surface. Also,
the volume of the MO solution implemented, the
typical  pH  value,  and  the  type  of  mechanism
involved in the adsorption process, can also affect
the MO removal by any given adsorbent.

3.8 Reusability Experiments 
Besides the amount of solid waste remaining, the
adsorbent  cost  specifies  the  efficiency  of  the
adsorption method used in wastewater treatment.
Here, the regeneration trials of the so-prepared AC
were  done  in  an  acidic  medium  promoting  MO
desorption.  Outcomes  from the  reusability  trails,
which are  demonstrated  in  Figure  14,  showed a
successive  decline  in  the  AR  of  MO  by  the
regenerated AC. This decline is due to the loss of
some  active  sites  due  to  the  adsorption  of  MO
species deeply in the AC pores (67). Besides, the
number  of  functional  groups  available  for  the
adsorption procrss will be reduced as an outcome
of their leaching because of the successive washing
by the acid. However, the AC performance remains
good even after the 5th cycle.
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Table 6: The adsorptive capacity of  the AC from BAS to MO compared to other adsorbents.

Referenceqmax

(mg/g)
Temperature

(°C)
pHAdsorbent

(61)196.1025.03.0AC from aloe vera
(62)161.8025.05.0AC from sugarcane mills boiler residue

(63)181.80--Biochar from hazelnut shell
(63)147.10--Biochar from glucose
(28)163.1025.03.0Activated biochar from pomelo peel

waste
(64)294.10202.50Mesoporous carbon material
(65)217.0--AC from phragmites australis

(66)46.0--Nano-adsorbent
This study224.2150.02.0AC from BAS

Figure 14: Reusability trails of the AC.

4. CONCLUSIONS

The  BAS  proved  its  suitability  as  an  influential
precursor in the synthesis of  AC. The optimized
ZnCl2-activation  of  the  BAS  at  an  impregnation
ratio  of  1:1  ZnCl2:  BAS  and  500  °C  activation
temperature for 60 minutes produced an AC with
high SABET (1221.60 m2/g). This AC was effective
toward the adsorptive elimination of MO dye from
its aqueous phase. The highest adsorptive capacity
of MO by the said AC amounted to 224.71 mg/g
using 0.25 g of the AC at 323 K for 420 minutes
and  a  pH  of  2.0.  The  Langmuir  model  with  a
maximum monolayer  adsorption capacity  as  well
as the pseudo-2nd-order kinetics best described the
adsorption outcome of MO by the AC compared to
other models. The thermodynamic functions of the
MO adsorption  by  the  BAS-derived  AC  disclosed
the  spontaneity  and  endothermic  nature  of  MO
adsorption by the said AC. Also, the adsorption of
MO on the AC described above was spontaneous
due  to  the  (-ve)  values  of  ΔG°  at  multiple
temperatures.  The  mechanism  of  adsorption

included  mainly  electrostatic  attractions  and
hydrogen bonding interaction.
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Molecularly Imprinted Polymers Based on Konjac for Selective Caffeine
Adsorption in Aqueous Solution
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Abstract:  A  number  of  caffeine  extraction  methods  have  been  developed,  such  as  microwave
assisted extraction  and  ultrasonic-assisted  extraction.  The  disadvantages  of  these  methods  are  low
selectivity,  inconvenience,  and  inefficiency.  Among the  existing  technologies,  molecularly  imprinted
polymers (MIPs)  are one of  the most efficient  and economical  methods for  the removal  of  caffeine
contaminants. In this study, the objective was to prepare MIPs for the removal of complicated samples.
The obtained materials were used as a sorbent for the extraction of caffeine from coffee brewed in an
espresso.  The  MIPs  were  prepared  using  konjac/acrylic  acid  as  a  functional  monomer,  N,  N′-
methylenebisacrylamide as a cross-linker, and caffeine as a template. The chemical structures of MIPs
were  characterized  by  Fourier  transform  infrared  spectroscopy.  MIPs  exhibited  a  higher  maximum
adsorption capacity (87.72 mg/g). The equilibrium adsorption data fit well with the Langmuir adsorption
isotherm  models,  which  confirm the  monolayer  adsorption  behaviour  of  caffeine  molecules  on  the
surfaces  of  the  MIPs  samples.  According  to  the  experimental  results  of  the  adsorption  capacity  of
caffeine from aqueous solution, the MIPs showed a higher percentage removal of caffeine (75.66%). Our
findings suggest that MIPs are useful adsorbents for the decaffeination of coffee brewed in an espresso.
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1. INTRODUCTION

Caffeine  (1,3,7-trimethylxanthine)  is  a  widely
known compound found  in  numerous  plants  and
beverages  such  as  cocoa,  coffee,  tea,  and  cola.
Caffeine alleviates fatigue by activating the central
nervous  system  and  stimulating  metabolism.
However, consumption for an extended period or in
large  quantities  results  in  unpleasant  effects,
including  addiction,  neuroticism,  muscular
twitching,  and  anxiety  (1,  2).  Limiting  caffeine
intake from coffee is recommended, depending on
the time zone and other conditions. Decaffeinated
coffee was first advocated in the early 1900s; by
the  early  2000s,  decaffeinated  coffee  accounted
for  approximately  10%  of  the  entire  coffee

consumption  (3).  Coffee  beans  were  heavily
decaffeinated  before  roasting.  Organic  solvents
such  as  chloroform,  dichloromethane  (4),
supercritical carbon dioxide (5, 6), and water were
utilized  in  the  initial  part  of  the  decaffeination
process  (7).  Following  the  extraction  procedure,
further decaffeination was performed. This method
of adsorbing caffeine from coffee extracts utilizes
adsorbents  such  as  activated  carbon  (AC)  (8),
which  can  reduce  the  levels  of  other  desirable
substances in coffee, such as polyphenols (9, 10).

Molecularly Imprinted Polymers (MIPs) demonstrate
a  considerably  higher  affinity  towards  molecules
employed  as  templates  than  similar  molecules,
including  closely  related  isomers.  MIPs  have
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received  significant  attention  in  recent  years
because  of  their  unique  benefits,  such  as
predetermined recognition ability, stability, relative
ease,  low  cost  of  synthesis,  and  possible
application  to  a  wide  range  of  target  molecules
(11-17).  MIPs  are  distinctly  more  advantageous
than  typical  solid-phase  extraction  packing
materials  in  terms  of  specificity  (18).  As  an
adsorbent,  caffeine  MIP  was  used  to  extract
caffeine from green tea after four hours of solvent
extraction  (19).  A  large  quantity  of  chlorinated
solvent  is  used  in  the  conventional  method  to
obtain  caffeine  from  a  sample,  which  is  time-
consuming (20). In contrast to traditional sorbents,
MIPs  are  better  at  concentrating  and  separating
target analytes from mixtures. MIPs are based on
synthetic and natural polymers, depending on their
primary  components.  To  synthesize  MIPs,  cross-
linking  agents,  such  as  N,  N′-
methylenebisacrylamide  and  ethylene  glycol
dimethacrylate, copolymerize functional monomers
of acrylic acid (AA) and acrylamide. The resulting
copolymers  are  expensive.  Additionally,  they
exhibit poor biocompatibility and biodegrade slowly
in the environment (21, 22). However, MIPs derived
from natural polysaccharides, such as cyclodextrin
(23,24)  and  chitosan  (25-27),  offer  the  following
advantages:  they  are  biocompatible  and
biodegradable, and particularly well suited for use
in  biology  and  medicine.  MIPs  are  cost-effective
due  to  their  abundance  and  biodegradability.
Therefore, polysaccharide-based MIPs have gained
considerable attention recently. According to Lin et
al., MIPs used for protein recognition are based on
agarose (28). According to Zhao et al., alginate is
used  to  make  MIPs  for  protein  separation  (29).
Konjac (K), which is a water-soluble polysaccharide
with a large molecular mass, is composed of -1, 4
connected  D-glucose  and  D-mannose  units  in  a
1:1.6 molar ratio. It is prepared from the tubers of
the  Amorphophallus  konjac  plant,  which  is  an
important  crop in  mountainous  areas.  Due  to  its
high  water  solubility  as  well  as  its  film  and  gel
properties,  konjac  has  several  applications  in
medicine, biology, chemical engineering, and other
fields (30-34). However, research on MIPs based on
konjac is limited (35).

MIPs based on konjac were prepared for caffeine
extraction  using a graft copolymer  of  konjac and
acrylic acid (K-g-PAA) as the functional monomer,
N,  N′-methylenebisacrylamide  as  the  cross-linker,
and  caffeine  as  the  template.  The  adsorption
capabilities  of  the  MIPs  were  tested  for  caffeine
adsorption properties in aqueous solutions.  In this
study,  MIPs  were  used  as  sorbents  for
decaffeinated coffee solutions to find out how well
they could remove caffeine from coffee brewed in
an espresso. 

2. EXPERIMENTAL SECTION

2.1. Chemicals and Materials
Standard caffeine (99%), ammonium ceric nitrate

(CAN),  and  acrylic  acid  (AA)  were  sourced  from
Loba Chemie Pvt. Ltd. (India). AA was distilled via
CuCl  at  low  pressure  prior  to  use.  Theophylline,
anhydrous  (99%),  and  N,  N′-
methylenebisacrylamide  (NMBA,  99%)  were
purchased from Sigma–Aldrich  (USA).  Konjac was
obtained  from Bkkchemi  (Thailand)  and  used  as
received. Fresh coffee samples were obtained from
local  markets.  All  the  other  reagents  were  of
analytical  grade  and  were  used  untreated.
Deionized  water  was  used  throughout  the
experiments.

2.2.  Preparation  of  Molecularly  Imprinted
Polymers (MIPs) and Nonimprinted Polymers
(NIPs)
Konjac (1.5 g) in 70 mL of deionized water, 1.0 g of
caffeine, and 0.14 g of CAN were added and stirred
in a three-necked flask. A solution of 935.9 mL of
AA and 15.4 g of NMBA was prepared by dissolving
them in  deionized  water;  it  was  poured  into  the
three-necked  flask  through a  pressure  equalizing
dropping  funnel.  The  filtrate  was  washed  with
deionized  water,  methanol,  and  acetic
acid/methanol, respectively, until no UV absorption
was detected at 275 nm. After removing the acetic
acid with methanol, it was dried under vacuum for
24  h  to  obtain  MIPs.  NIPs  were  prepared  and
processed in a similar manner as MIPs, except that
caffeine was not used as a template.

2.3. Fourier Transform Infrared Spectroscopy
Analysis (FTIR) 
FTIR spectra of the samples were obtained using a
Shimadzu (FTIR 8900) at wavenumber range from
4000 to 400 cm–1 using the KBr pellet technique.

2.4.  Determination  of  Caffeine  in  Coffee
Samples by UV–vis Spectrophotometry
The absorbance of caffeine was measured at  275
nm using a UV-vis spectrophotometer with  double-
beam optical system (Agilent Cary 60). A calibration
curve was constructed each day before the analysis
of  the  samples.  Deionized  water  was  used  as  a
blank. Calibration standards from the caffeine stock
solution  (2  mg/mL)  were  prepared  by  dissolving
200.00 mg of pure caffeine in 100 mL of distilled
water.  Working  solutions  of  0.014,  0.020,  0.026,
0.032, and 0.038 mg/mL (14, 20, 26, 32, 38 mg/L)
caffeine were prepared by serial dilution of the stock
in 25 mL volumetric flasks with deionized water.

2.5. Adsorption Experiment
MIPs  or  NIPs  weighing  0.1  g  were  added  to  the
solution of caffeine (2 mg /mL, pH 7) in a volume of
5 mL. The concentration of  caffeine in the filtrate
solution  was  measured  using  UV-vis
spectrophotometer at a wavelength of 275 nm; the
adsorption  capacity  was  calculated,  and  a  plot
between  the  adsorption  capacity  and  time  was
created.  The  adsorption  capacity  (Q,  mg/g)  was
primarily  determined  by  the  variance  in  caffeine
concentration,  which  was  computed  using  the
following formula:
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Q=
(C0−C t)
m×V

(Eq. 1)

where C0 (mg/mL) is caffeine’s initial concentration,
Ct (mg/mL) is the caffeine concentration in filtrate at
t  min,  V (mg/mL)  is  the starting solution volume,
and m (mg) is the mass of the MIPs or NIPs.

2.6. Modelling of Experimental Isotherms
The  modeling  of  the  experimental  data  of  the
isotherms  is  used  to  determine  the  adsorption
capacity of MIPs and NIPs adsorbent materials and
to  evaluate  the  mechanisms  applied  in  the
adsorption  process.  The  Langmuir  and  Freundlich
isotherm  models  were  applied  to  fit  the
experimental  data. The Langmuir  isotherm model
justifies a monolayer and homogeneous adsorption.

Qe=
Qm×K L×C e
1+K L×Ce

 (Eq. 2)

where Qm  (mg/g) and KL are the Langmuir maximum
adsorption capacity of the adsorbent material  and
Langmuir’s  constant;  Qe  (mg/g)  represents  the
amount of caffeine adsorbed, and Ce represents the
equilibrium concentration (mg/mL). According to the
Freundlich  isotherm  model,  the  adsorption  is
multilayer and heterogeneous in nature.

l ogQe=
1
n
l o gC e+l o gK F

 (Eq, 3)

where  KF  and n are the Freundlich adsorption and
exponential coefficients, respectively.

2.7. Selectivity Test of MIPs and NIPs
Theophylline  was  used  as  a  control  molecule  to
determine the selectivity of the MIPs and NIPs. The
adsorption  test  was  performed,  as  previously
described, using 0.1 g of MIPs or NIPs in 5 mL of
caffeine  or  theophylline  (0.1  mg/mL,  pH  7).  The
selectivity  of  the  MIPs  was  demonstrated  using
static distribution coefficient (KD), separation factor
(α),  and relative separation factor  (β).  The values
are determined by the following formulas (25, 36):

KD=
Qe
C0

 (Eq. 4)

where  C0  (mg/mL)  represents  the initial  precursor
concentration  and  Qe  (mg/g)  is  the  equilibrium
adsorption  capacity;  KD  represents  the  binding
capacity between the MIPs and the precursor (the
higher the KD , the stronger the rebinding capacity).

α=
K Di

K D j

 (Eq. 5)

where  KD i  and  KD j  are  the  static  distribution
coefficients  of  MIPs  and  control  polymers,
respectively; α demonstrates the selectivity of MIPs
(the  higher  of  the  value  of  α,  the  better  the
selectivity). 

β=
αM
αN

 (Eq. 6)

where αM  is the separation factor of MIPs, and αN  is
the  separation  factor  for  control  polymers.  
demonstrates  the  difference  between  molecular
selectivity of MIPs and control polymers.

2.8. Caffeine Adsorption Capability of MIPs in
Coffee Brewed in an Espresso
A  liquid–liquid  decantation  using  dichloromethane
was performed for decaffeinating  coffee brewed in
espresso solutions  (37,  38).  The  coffee  solution
(Espresso  2  oz,  60  mL)  was  mixed  with  MIPs
according to the best conditions obtained from the
above  study.  Next,  2  g  of  sodium  carbonate
(Na2CO3)  and  4  mL  of  dichloromethane  (CH2Cl2)
were added to the mixed samples in a separating
funnel and shaken for 20 min. The residual water
was  separated  from dichloromethane  by  draining
dichloromethane through a separating funnel.  The
extraction  was  repeated  by  adding  4  mL  of
dichloromethane.  The  extracted  solution  was
evaporated  by  heating,  and  the  sample  was
adjusted  to  the  required  volume  with  deionized
water before UV–vis analysis, where the absorbance
was measured at a wavelength of 275 nm.

3. RESULTS AND DISCUSSION

3.1. Preparation of MIPs (K-g-PAA) and NIPs
Figure 1 illustrates the method of producing MIPs
using  caffeine  as  a  template.  Acrylic  acid  and
konjac  are  initially  bound  together  by  hydrogen
bonds  surrounding  caffeine  molecules.  Graft
copolymers are  prepared  by graft  polymerization
using  NMBA  as  the  cross-linker  and  ammonium
ceric nitrate as an initiator. Noncovalent linkages
were used to imprint  the caffeine molecules into
the  cross-linked  graft  polymer.  When  caffeine
molecules  are removed by  the eluent,  molecular
recognition  units  are  formed,  which  have
equivalent  structures  and  sizes  to  caffeine
molecules  (35,  39).  Subsequently,  the  MIPs
obtained  can  selectively  recognize  caffeine
molecules. Typical photographs of MIPs are shown
in Figure 2. The sample of  dry MIPs resembles a
flaky white powder. 

3.2. FTIR Analysis of the Samples
The spectra of the samples are illustrated in Figure
3.  Caffeine,  konjac,  MIPs  before  extraction,  MIPs
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after extraction, and NIPs are represented by Figure
3(a) – 3(e), respectively. The band at 1657 cm–1 is
attributed  to  the  stretching  modes  of  the  C=O
group of caffeine, as illustrated in Figure 3(a). The

band at 3109 cm–1 is the C–H stretching vibration
of  caffeine’s  aromatic  rings.  Additionally,  at  748
cm–1, deformation vibrations are observed.

Figure 1: Preparation process of MIPs (K-g-PAA).
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Figure 2: MIPs (K-g-PAA) wet (a) and dry composite (b).

The infrared spectrum of konjac is shown in Figure
3(b). The O–H groups’ stretching mode produces a
broad band at 3398 cm–1. Sharp bands at 1741 and
1638 cm–1 indicated minor C=O groups in konjac
and  intramolecular  hydrogen  interactions,
respectively.  The C–O–C stretching  vibrations  are
attributed to the sharp band at 1020 cm–1. Figure
3(c) illustrates the MIPs’ infrared spectrum prior to
extraction.  In  addition  to  the  bands  mentioned
above for caffeine, there remain the characteristic
bands of K-g-PAA. The overlap of O–H groups gives
the broad band at 3398 cm–1 in both konjac and
PAA. The C–O–C stretching and C–H vibrations of
konjac are attributed to a sharp band at 1020 cm–1

and the band at 2924 cm–1, respectively. For PAA,
symmetric  and  asymmetric  stretching  of  COO–

appear  at  1532  and  1407  cm–1,  respectively.
The carbonyl  stretch  C=O of  a carboxylic acid
indicates  the  presence  of  a  new  sharp  band  at
1659  cm–1 .  According  to  the  results,  caffeine
molecules are the template molecules for the graft
copolymers (35).  The distinctive bands of caffeine
disappear  in  Figure  3(d)  (MIPs  after  extraction),
indicating  that  caffeine  had  been  removed  from
the MIPs. These differences can be considered as
providing  evidence  that  MIPs  retained  caffeine
within  their  structures,  possibly  through  weak
noncovalent  interactions  like  hydrogen  bonding.
For NIPs, the wave number of 1657 cm−1 does not
appear in Figure 3(e).

3.3.  Adsorption  Rate  and  Adsorption
Isotherm of MIPs and NIPs
The adsorption kinetic curves for MIPs and NIPs are
shown  in  Figure  4  (a).  Both  NIPs  and  MIPs  are
capable  of  adsorbing  caffeine.  At  80  min,  the
adsorption  capacity  increases  significantly  and
gradually decreases until adsorption equilibrium is
reached  at  120  min.  This  phenomenon  can  be
explained as follows: In the first stage, adsorption
of gels occurs on the surface,  resulting in a high
adsorption  rate.  However,  as  adsorption  occurs
within  the  gel  network,  adsorption  equilibrium is
subsequently  reached  on the  gels'  surfaces.  The
rate  of  adsorption  is  controlled  by  the  rate  of
caffeine diffusion through the gel network.

Caffeine  diffusion  into  the  gels  must  overcome
resistance from the gels' surface and hole wall. As
a result, caffeine's diffusion rate is slow, resulting
in  a  slow  adsorption  rate  (40).  In  addition,  the
caffeine  concentration  in  the  outside  solution
gradually drops during the adsorption process, but
the concentration of caffeine inside the gels rises.
Particularly,  the  concentration  gradient  between
the  interior  and  exterior  of  the  gels  reduces,
resulting  in  a  low  adsorption  rate  (41).  MIPs
demonstrate a higher adsorption rate and capacity
than  NIPs,  according  to  their  adsorption  curves.
This is because template molecules build a large
number of recognition units in gel networks during
the  process,  and  the  adsorption  "channels"
established by template extraction result in a high
adsorption rate.
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Figure 3: FTIR spectra of MIPs and NIPs ((a), caffeine; (b), Konjac; (c), MIPs before extraction; (d), MIPs
after extraction (e) NIPs.)

The adsorption  isotherm models  for  the MIP  and
NIPs  at  various  caffeine  concentrations  are
depicted in Figure 4 (b). The equilibrium adsorption
capacities  of  both  MIPs  and  NIPs  increase  with
increasing caffeine concentration and then stabilize
at a certain level of caffeine concentration. When
the  interaction  between  recognition  units  and
caffeine  approaches  saturation,  the  gel  networks
keep a constant number of recognition units, and
the  adsorption  capacity  does  not  increase  with
increasing  caffeine  concentration  (42).  The
adsorption  isotherms are  fitted  by  Langmuir  and
Freundlich equations to understand the behaviour
of  adsorption  (26,  43).  Figure 5  shows the fitted
straight lines for the Langmuir (a) and Freundlich
(b) equations, where Qm of the Langmuir equation
and  n  of  the  Freundlich  equation  are  calculated
from the corresponding slopes; KL of the Langmuir

equation  and  KF of  the  Freundlich  equation  are
calculated  from  the  corresponding  intercepts,
respectively  (Table  1).  With  the Langmuir  model,
the linear correlation coefficients for MIPs and NIPs
are  0.9978  and  0.9950,  respectively.  They  are
greater  than  the  correlation  coefficients  for  MIPs
and  NIPs  with  the  Freundlich  model,  which  are
0.9757  and  0.9646,  respectively.  Therefore,  the
adsorption  behaviour  of  both  MIPs  and  NIPs  for
caffeine can be expressed in terms of the Langmuir
equation;  the  adsorption  behaviour  indicates
monolayer adsorption (1). Based on the intercept,
the Qm values of MIPs and NIPs are 87.72 and 70.92
mg/g,  respectively;  the  KL values  are  5.18  and
4.02, respectively. Higher Qm values result in higher
adsorption  capacities.  Similarly,  higher  KF values
result in higher adsorption rates.
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Figure 4: Adsorption kinetics (a) and adsorption isotherms (b) of caffeine on MIPs and NIPs.
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Figure 5: Langmuir isotherms (a) and Freundlich isotherms (b) for caffeine adsorption on MIPs and NIPs.

3.4.  The  Effect  of  pH  on  MIPs  and  NIPs
Adsorption
The effect of pH on the adsorption capacity of MIPs
and NIPs with various pH values is shown in Figure
6. Qe initially  increases  and  subsequently
decreases with increasing pH in the pH range of 4–
7. The highest value of Qe is obtained at pH 6, but
compared  to  pH  7,  there  is  a  slight  difference,
which  gave  the  experimental  results  some
similarity to those of Da-Ting et al. (35), and also
made pH control easy. Therefore, pH 7 was chosen
for  further  study.  The  following  explanations  are
possible for this occurrence: The structures of the

polymer  shrink  at  low  pH  because  the  polymer
chains  of  MIPs  and  NIPs  contain  COOH  groups,
resulting  in  a  low  Qe.   However,  the  structures
expand  as  the  pH  increases  due  to  reciprocal
exclusion of COO– groups, resulting in an increase
in  Qe.  Furthermore,  Qe is  maximized  when  a
suitable hole is produced in the network. However,
as the pH rises, the holes in the structure become
wider,  destroying  the  gels’  selective  adsorption
capability,  and  as  a  result  decreasing  Qe.
Additionally,  MIPs  exhibit  greater  Qe values  than
NIPs  at  all  pH  values,  indicating  that  unique
recognition units for caffeine are formed.
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Figure 6: Effect of pH on the adsorption capacity of MIPs and NIPs.

Table 1: Parameters of the equations for the adsorption model of caffeine on MIP and NIP.

Sample Experimental Langmuir Freundlich
Qe

(mg/g)
KL

(g/mL)
Qm

(mg/g)
R2 n KF

(mg/g)
R2

MIP 74.40 5.18 87.72 0.9978 1.95 84.43 0.9757
NIP 57.95 4.02 70.92 0.9950 1.53 71.07 0.9646

Table 2: The selectivity of MIPs on caffeine.

Amount of template
(mg/L)

KD (L/g) α β
Caffeine Theophylline

0.0 57.95 54.55 1.06 -
0.5 67.84 44.54 1.52 1.43
1.0 74.40 40.21 1.85 1.74

3.5. Selectivity of MIPs
MIPs  develop  specialized  recognition  units  with
certain shapes and sizes when caffeine molecules
are cross-linked to the functional monomers of K-g-
PAA.  These  recognition  units  can  be  used  to
selectively adsorb caffeine once the template has
been  eliminated.  Considering  the  chemical
structure  of  theophylline  is  similar  to  that  of
caffeine,  theophylline  is  used  as  a  competitive
molecule to investigate the selectivity of MIPs for
caffeine molecules. Table 2 shows the selectivity of
MIPs  and  NIPs  in  the  presence  of  different
templates. KD, or the static allocation coefficient, is
an indicator of the MIPs or NIPs’ ability to bind to
their  target  molecules;  a  high KD value indicates
that  MIPs  have  a  high  affinity  for  the  target
molecules.  However,  the  separation  factor  and
imprinting  efficiency  measure  the  selectivity  of
MIPs  or  NIPs  for  target  molecules;  high  values
indicate that the MIPs have great selectivity. MIPs
have a greater KD for caffeine than for theophylline.
Additionally, as the amount of template increases,
the KD for  caffeine increases,  whereas the KD for

theophylline  slightly  decreases,  indicating  that
MIPs  have  a  stronger  binding  ability  for  caffeine
than  theophylline.  The  variation  in  adsorption
capacity  can  be  attributed  to  the  formation  of
specific  recognition  units  during  the  imprinting
process.  Additionally,  as  shown  in  Table  2,  both
 and  exhibit an increasing trend as the amount
of template increases, indicating that the amount
of template affects the recognition performance of
MIPs. Of course, with the increase in the amount of
template, the number of specific recognition units
in  MIPs  is  increased,  and  the  affinity  of  MIPs  to
caffeine becomes stronger.

The adsorption capacities of other adsorbents for
caffeine  MIPs  reported  in  previous  studies  were
compared  in  the  present  study  (Table  3).  It  is
evident  that  the  caffein  MIPs  based  on  konjac,
which were prepared by using a graft copolymer of
konjac  and  acrylic  acid  as  the  functional
monomers,  and  N,  N′-methylenebisacrylamide  as
the  cross-linker,  showed  the  highest adsorption
capacity.

366



Wattananon S, Narakaew S, Chaisena A. JOTCSA. 2023; 10(2): 359-370. RESEARCH ARTICLE

Table 3: Adsorption capacities of different MIPs for caffeine.

Preparation of caffeine MIPs Qm Reference
Functional monomer: methacrylic acid
Cross-linker: ethylene glycol dimethacrylate

28.10 44

Functional monomer: methacrylic acid
Cross-linker: ethylene glycol dimethacrylate

39.65 45

Functional monomer: konjac glucomannan/acrylic acid
Cross-linker: N, N′-methylenebisacrylamide

62.97 35

Functional monomer: konjac/acrylic acid
Cross-linker: N, N′-methylenebisacrylamide

87.72 This study

3.6. Caffeine Adsorption Capability of MIPs in 
Coffee Brewed in an Espresso
In terms of the adsorption capacity of caffeine from
coffee brewed in an espresso, MIPs demonstrate a
higher  percentage  removal  of  caffeine  (75.66%).
Therefore, MIPs have the potential to be applied in
future work.

4. CONCLUSION

In this  study, MIPs demonstrated a high capacity
for caffeine adsorption. The Langmuir equation is
suited  to  describing  the  adsorption  behaviour  of
molecularly  imprinted  polymers  for  caffeine;  the
maximum adsorption of caffeine was 87.72 mg/g,
which  occurred  near  pH  7  within  120  min.  The
Langmuir adsorption isotherm model displayed the
monolayer adsorption of caffeine molecules on the
MIPs.  Caffeine  extraction  from  aqueous  solution
was more efficient using MIPs because they exhibit
significantly higher affinity and selectivity for the
caffeine  used  as  the  template  than  for  similar
molecules. Therefore, it can be potentially used for
the  extraction  and  separation  of  caffeine  from
coffee brewed in an espresso.
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Trimethylolpropane-based Biolubricant Synthesis from Sweet Almond
(Prunus amygdalus dulcis) Seed Oil for Use in Automotive Applications
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Abstract:  This  paper  presents  the  synthesis  of  a  sweet  almond  oil-based  trimethylolpropane
biolubricant and the evaluation of its temperature-dependent viscosity properties. The oil was converted
into  biodiesel  by  the  transesterification  process  after  extraction,  refining,  and  acid-alkaline
transesterification.  After,  biolubricant  was  produced  by  further  transesterifying  biodiesel  with
trimethylolpropane  at  105  oC at  a  ratio  of  3.9:1  for  a  60-minute  reaction  time  with  a  potassium
hydroxide catalyst concentration of 1 wt.%. According to the American Standard Test Methods (ASTM),
the  biolubricant's  pour  point  and  index  of  viscosity  were  determined  to  be  -4  oC  and  267.50,
respectively. The measured viscosities were 42.80, 30.18, 21.39, 12.25, and 8.90 cSt. at 30, 40, 60,
80, and 100 °C, demonstrating an inverse relationship between temperature and lubricant viscosity. The
difference between the FTIR spectra of the biodiesel and the biolubricant at 1755.74 versus 1743.96
cm-1 verifies the ester group. Sweet almond oil has a higher iodine content than unsaturated glycerides
(9.52 g of iodine per 100 g of oil sample) and contains 53.478% more unsaturated fatty acids than
saturated fatty acids and 71.725% unsaturated fatty acids for biolubricant. Linoleic acid made up the
majority of the fatty acids in the oil and synthetic biolubricant, with percentages of 31.44 and 45.93%,
respectively. The biolubricant and oil from sweet almonds contained palmitic, linoleic, and oleic acids.
The  biolubricant  has  the  potential  to  function  as  light  gear  oil  for  automobiles  because  its
characterization results correlate favorably with the ISO VG-32 criteria.
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1. INTRODUCTION

Energy  consumption  has  increased  as  the  world
population  has  grown,  as  well  as  the  level  of
industrialization  and  modernization.  Society  has
changed  significantly  over  the  past  century  and
has become increasingly dependent on fossil fuels,
causing a gradual exhaustion of fuel supplies to the
point  where  this  nonrenewable  energy  source  is
expected  to  be  depleted  in  the  medium  term,
resulting  in  increased  research  and  development

efforts for alternatives to standard fossil fuels for
energy. Biolubricant is the sole renewable energy
option  capable  of  replacing  petroleum  in  the
transportation  sector  (1).  To  enhance  the
management  of  natural  resources  and  the
environment in order to improve people's quality of
life  and  the  preservation  and  utilization  of
biodiversity,  the  automobile  and  machine
industries  have  begun  to  focus  on  improving
environmentally  friendly  and  energy-efficient
technology.  Technology  geared  toward  low-
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pollution fuel combustion and exhaust, as well as
vehicle  economy,  is  projected  to  decrease
environmental issues. Lubrication is required in the
engine  parts  to  decrease  friction  between  them
(2).

Vegetable oil  has become a substitute for future
fuels  and  oleochemical  needs  as  a  result  of
growing  worldwide  concern  over  climate  change.
Inevitably and gradually, renewable raw materials
will  need to replace fossil  fuels (petrol,  gas, and
carbon) in the production of fuel and goods for the
chemical  industry.  Currently,  green  lubricants
manufactured  from renewable  raw resources  are
gradually  replacing  petroleum-based  lubricants.
Vegetable  oils  are  typically  used  to  create
biolubricants because they have great application-
related  qualities  like  very  low  toxicity  and  high
biodegradability, as well as good lubricity, a high
viscosity  index,  and  good  stability.  Factors  that
have  fueled  global  research  and  development  of
lubricants  derived  from  renewable  resources  in
order to promote their widespread use in a variety
of applications  (3,4). Vegetable oils do, however,
have some technical shortcomings that need to be
addressed, particularly those pertaining to stability
and the constrained range of viscosity values that
are now available. Their polar properties and long-
chain fatty acids produce a highly durable lubricant
layer that reduces wear and friction by having a
strong interaction with metallic surfaces (5).

In  recent  years,  a  wide  range  of  vegetable  oils
have been researched to  learn more about their
features  and  potential  for  use  as  lubricants.  A
valuable raw resource for the production of  eco-
friendly lubricants is almond oil, which is derived
from sweet almond seeds because of its favorable
low-temperature  performance  and  high
concentration of olefinic double bonds. Almond oil
has  been  found  to  be  more  fluid  at  lower
temperatures than many vegetable oils (5–7). This
study's  aim  was  to  produce  and  assess  sweet
almond  oil's  lubricating  potential  and  test  the
effects  of  the  lubricant’s  viscosity  at  various
temperatures.

2. MATERIALS AND METHODS

Sweet almond fruit seeds were bought at a market
in  Ilorin,  while  chemicals  and  reagents  like  iso-
propyl  alcohol  (IPA),  phenolphthalein,  hexane,
methanol,  sodium  hydroxide,  sulfuric  acid,
hydrochloric  acid,  sodium  chloride,  charcoal,
trimethylolpropane  (TMP),  potassium  hydroxide,

glacial  acetic  acid,  thiosulfate,  chloroform,  and
Wiji’s reagent were obtained from Sigma-Aldrich.

2.1. Extraction and Refinement of Crude 
Sweet Almond Oil
The dried sweet  almond seeds  were  sized  down
using  a  local  grinder.  After  that,  they  spent  48
hours submerged in n-hexane at a 2:1 n-hexane to
seed ratio. The solution was sieved and distilled to
remove  the  hexane  and  collect  the  oil  at  the
bottom of the flask. Each soak bottle  underwent
two  of  these  steps.  The  crucial  step  in  the
manufacturing of biodiesel is crude oil refinement
since the crude oil contains contaminants, such as
phosphorus compounds, which can be eliminated
by using refining methods described by Mustapha
et al. (8).

2.2. Trans-esterification 
A 20% weight-to-weight methanol and 5% weight-
to-weight  tetraoxosulfate  (iv)  were  heated  and
stirred for an hour at 60 to 65 oC and the stirrer's
speed  was  set  to  700  rpm,  and  refined  sweet
almond  oil  (RSAO)  samples  were  taken  using  a
pipette to determine the oil's% FFA.

Afterward,  a  refluxing  condenser,  a  magnetic
stirrer,  a  thermometer  and  a  two-nec,  round-
bottomed flask was filled with 100 g of the refined
sample, which was weighed and placed on a hot
plate. A 1.0 g of potassium hydroxide (KOH) was
put in 89.54 mL of methanol and then added to the
flask as the catalyst.  The reaction products were
then allowed to settle for several hours to produce
two  distinct  liquid  phases  before  the  flask  was
eventually  removed  from the  hot-plate.  The  top
portion  of  sweet  almond  biodiesel  (SABD)  was
separated  from the bottom portion  (glycerol)  by
decantation,  and  the  excess  catalyst  was  then
washed away three times with warm water heated
to  80  °C  until  the  wash  water  became  clear.
Finally, the ester section was dried at 100 °C for
30 minutes.

2.3. Synthesis of Biolubricant 
In the biolubricant synthesis,  the reaction vessel
containing  20  mL of  sweet  almond methyl  ester
(SAME) was filled,  stirred,  and heated to 70 °C.
KOH, the catalyst, was measured out and dissolved
in  5  mL  of  methanol.  The  catalyst  mixture  was
heated for 10 minutes before being added drop by
drop  to  the  reaction  vessel.  A  1.0  g  of
trimethylolpropane (TMP) was put into the mixture
and  the  reaction  lasts  for  four  hours  at  a
temperature of 100 °C (6).
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Figure 1: Synthesis of trimethylolpropane-based biolubricant.

2.4. Characterization of Biodiesel and 
Biolubricant
The  American Oil  Chemists'  Society  (9) standard
was used to evaluate the oil's qualities, while the
ASTM Standard would be used to characterize the
biolubricant that was produced (10).

2.5.  Determination  of  temperature  on
viscosity
The synthetic  biolubricant  sample's  viscosity  was
determined at 30, 40, 60, 80, and 100  oC. First,
the sample was transferred into a 100-mL beaker.
The  oil  sample  was  heated  to  the  required
temperature  while  being  stirred  constantly  on  a
heating  mantle.  The  Brookfield®  (Synchrolectric
Viscometer: RVT) was turned on to measure the
viscosity  of  the  sample,  and  it  was  left  running
until a stable reading was recorded.

2.6. Gas Chromatography-Mass Spectrometry
(GCMS) Analyses
Utilizing  an  Agilent  19091J-413:  3516.15684;
GCMS analyses  were  performed to  evaluate  the
fatty acid composition of oil. The carrier gas used
was  helium in  a  capillary  column  (HP-5:  5  5%
Phenyl Methyl Siloxane) linked to a GCMS Agilent
5975 inert XL mass selector detector (MSD: 3000
eV)  (1  mL/min).  The  analyte  separation  was
achieved  by  configuring  at  45  oC  (hold  time:
1.1052 min), increase to 325 oC at 1.5487 mL/min
for 0 min, and then finish at 0.57353 mL/min for 2
min. for mass spectrometry (MS Source: maximum

temperature  of  250  oC,  MS  Quad:  maximum
temperature  of  150  oC).  The  quantity  was
calculated using the total  ion corresponding area
(TIC)  in  scan  mode  (scan  range  50-600)
throughout the course of 35.5 minutes.

2.7.  Fourier  Transform  Infrared  (FTIR)
Determinations
The University  of  Ilorin's  FTIR 8400 S Shimadzu
spectrometer  established  the  functional  unit  and
the vacuum hydraulically pressed a 0.01 g sample
with 0.01 g of KBr creates translucent pellets after
homogenization of pellets with pestle and mortar.
A detector connected to a computer continued to
collect  waves  while  it  scanned  a  sample  in  the
infrared,  providing  descriptions  of  the  material's
spectra. Samples were typically scanned between
600 and 4000 cm-1 of absorption. The fundamental
spectrum  type  of  the  tested  sample  was
determined  by  the  study's  findings  to  be  its
chemical  composition,  molecular  structure,  and
particular functional groups. 

3. RESULTS AND DISCUSSION

3.1. Sweet Almond’s Properties
The values of the refined oil's characteristics are
displayed in Table 1. The FFA was 2.82% and the
acid  value  was  5.611  (mg/KOH),  respectively,
while refined oil has an FFA of 0.738% and an acid
value of 1.475 (mg/KOH).

Table 1: Physicochemical properties of refined sweet almond oil.

Test Refined Oil
Color Gold
Density (g/cm3, 40 oC) 0.87± 0.01
Specific gravity (g/mL, 30 ºC) 0.89± 0.04
Viscosity (cp, 40 ºC) 4.0± 0.03
Kinematic viscosity (cSt) 4.59
Acid value (mg/KOH) 5.6 ± 0.019
Free fatty acid (FFA) (%) 2.82%
Iodine value (I2/100g) 9.52 ± 0.01

To prevent excessive saponification of the oil, the
FFA  level  of  the  oil  must  be  decreased  via
esterification  to  1%  or  less.  Refined  oil  has  a
viscosity of 4.0 cSt and the success of the oil to

biodiesel  conversion  was  demonstrated  by  the
viscosity reduction to 3.8 cSt. 
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3.2. Biodiesel and biolubricant properties
Viscosity is an important aspect of lubricating oil,
as  seen in  Table  2.  It  measures  the  fluid's  flow
resistance at  the proper temperature.  At 40 and
100 °C, the biolubricant's viscosity was 42.1 and
8.9 cSt, respectively.

This  result  is  significantly  higher  than  the  ISO-
specified  requirements  for  the  light  gear  oil
viscosity grade, 28.8 and 4.1 cSt. The biolubricant
that  was  developed  appears  to  have  a  higher
viscosity index (VI), which suggests that it can be
used successfully over a wide temperature range.
It  may  be  feasible  to  connect  the  temperature-
dependent reduction in viscosity with the force of
attraction  between  liquid  molecules  (18).  A
dimensionless quantity called the viscosity index is
used  to  indicate  the  correlation  between  a
product's  kinematic  viscosity  and  temperature.
Viscosity index of 130 is suitable for use in a wide
range of  engines  because viscosity  decreases  as
the index rises and vice versa.

The discovered value complies with light gear oil
ISO VG220 and ISO VG46. Additionally, as shown
in Table 2,  it  has a greater  viscosity  index than
biolubricants  derived  from  other  vegetable  oils
including sesame and jathropa. The usability of a
lubricant at low temperatures is determined by its
pour  point.  The  biolubricant  made  from  sweet
almonds  has  a  -6  oC  pour  point.  This  figure
complied with the ISO VG 32 standard standards' -
6  oC gear  oil  temperature  limit.  Table  2  further
reveals  that  this  study's  pour  point  of  1.3  oC
reported  for  neem  oil-based  lubricant  by
Mohammed et al (11) was comparable. This result
illustrates  that  at  lower  temperatures,  sweet
almond biolubricant can perform without clogging
the filter.

To evaluate a lubricant's flammability, one looks at
its  flash  point  to  be  210  oC  which  is  the
biolubricant  made  from sweet  almond  oil's  flash
point.  Compared to the corresponding biodiesel's
138 oC value, this flash point value is a significant
improvement (19). This elevated flash point is the
outcome of basic oil's chemical modification. The
result meets the 204–250 oC temperature range of
the ISO VG 68 and ISO VG 32 standard well. As
can be seen in Table 2, the outcomes are nearly in
line  with  the  stated  262  °C  for  the  biolubricant
made from neem oil.

Sweet  almond  oil-based  lubricants  were
particularly  safe  to  use  and  store  because  they
were created without methanol.

3.3.  Temperature  Effects  on  Sweet  Almond
Oil's Viscosity 
Table  2  provides  a  list  of  the  various  viscosity
grades  that  ISO  demands.  The  main  grading

standards are the pour point and viscosity index.
At temperatures between 30, 40, 60, 80, and 100
°C,  respectively,  the  measured  viscosities  were
42.80, 30.18, 21.39, 12.25, and 8.90 cSt. 

The  data  in  Figure  1  demonstrate  the  negative
relationship  between  lubricant  viscosity  and
temperature.   The calculated viscosity index was
based on the obtained viscosities at 40 and 100 oC,
was then used to calculate the viscosity grade. 

The  lubricant's  molecules  are  attracted  to  one
another  by  a  cohesive  force  that  lessens  with
increasing temperature, decreasing the lubricant's
viscosity (18,19).

The lubricant's extremely high viscosity index may
possibly  be  responsible  for  this  slight  drop  in
viscosity  with  rising  temperature.  This  variance
also  shows  that  the  synthetic  biolubricant  is
acceptable for use as motor oil due to its amazing
stability  across  such  a  wide  temperature  range
(16, 17).

3.4.  Fourier  Transform  Infrared  (FTIR)
Analyses
The transmittance versus wave number plot of the
infrared radiation spectrum results in a horizontal
variation  in  the  bond  vibration  energy.  Figure  3
peak  plots  show  low  transmittance  and
considerable absorption. The wave number on the
horizontal as we move, axis gets bigger to the left.
Peak  less  regions  show  that  photons  are  not
absorbing  at  that  frequency,  demonstrating  that
the molecule does not contain that specific bond at
that frequency. Figure 3 presents the results of the
FTIR analysis of the chemical composites of RCO
(a),  CAME (b),  and  CABL (c).  The  key  IR  peak
regions for RCO and CAME were revealed by the
FTIR  spectroscopy  data,  indicating  that  chemical
alterations  were  observing  the fingerprints  (500-
4000 cm-1). In the spectral  spectrum of 1487.17
cm-1,  mono,  di,  and  triglycerides  of  the  glycerol
group  O-CH2 were  found  (a).  O-H  stretching
vibration (alcohol) was 2855.76 - 2695.76 cm-1. In
a comparable FTIR observation,  Silva  et al.  (21)
also  observed  that  the  C-H  was  an  aliphatic
stretching  vibration.  The  IR  spectrum  between
1701.46  and  1750.45  cm-1 in  RCO  and  CAME
coincides with the presence of an ester carbonyl
group. The FTIR spectra of CABL and CAME exhibit
absorption  bands  at  1755.74  and 1743.96  cm-1,
respectively. These absorption bands, which were
used  to  demonstrate  the  presence  of  oxygen  in
CABL  and  CAME,  were  created  by  the  C-O  and
C=O stretching vibrations in ester (18). The figure
shows  that  the  hydroxide  group  peak  in  RCO,
which  was  quite  prominent  (3a)  and  may  be
ignored in  CAME (3b),  was recorded at  3701.19
cm-1.  This  shows  that  the  bio-lubricant
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esterification  reaction  was  very  close  to  being finished (3c).

Figure 2: Effect of temperature on SABL viscosity.
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Figure 3: FTIR spectra of (A): RSAO (B): SAME (C): SABL.

Table 2: Properties of Sweet Almond biodiesel and biolubricant.

Properties Biodiesel Sweet Almond 
Lube

aJathropa
Lube 

bNeem
Lube 

c Sesame
Lube 

d ISO Viscosity Grade 

46 32 68

Flash point (ºC) 138 210 - 262 - 220 204 250
Pour point(ºC) -8 -6 -7 1.3 -12 -10 -6 < - 10
Viscosity 40 ºC, (cSt) 37.2 42.1 55.17 190 35.43 ≥41.4 ≤28.8 >61.4
Viscosity 100 ºC, (cSt) 8.0 8.9 10.96 70 7.93 ≥4.1 ≥4.1 > 4.10
e ASTM D2270 Viscosity index 195.72 198.79 195.22 397 206 ≥90 ≥90 > 198

[a] (10); [b] (11); [c] (12); [d] (13); [e] (16)
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3.5. Assessment of Free Fatty Acid
To quantify free fatty acids, GC-MS analyses were
used. Castor oil was chosen for GC-MS analysis for
fatty  acid  profile  evaluation  based  on  the  high

lubricating  qualities  discovered  in  synthetic
biolubricant evaluation. Table 3 shows the castor
oil's fatty acid makeup before it was esterified into
a biolubricant using GC-MS analysis.

Table 3: Sweet almond oil and biolubricant FFA content (wt.%).

Refined sweet almond oil (RSAO) Sweet almond biolubricant (SABL)

Fatty acid
Satn Area 

(wt.%) Fatty esters
Satn Area 

(wt.%)

Palmitic acid C16H32O2 15.087 Pentadecanoic acid, 14-
methyl-, methyl ester

C19H36O2 7.683

Linoleic acid C18H32O2 31.439 Palmitic acid methyl 
ester

C16H32O2 28.275

Oleic acid C18H34O2 16.710 Linoleic acid ethyl ester C18H32O2 45.926
1,15-Pentadecanedioic 
acid

C15H28O 5.326 Oleic acid ester C18H34O2 18.116

Others 31.438
Total FAME 68.562 Total Triester 100
Total unsaturated FFA 53.475 Total unsaturated FFA 71.725

Note: Results were extracted from the GC-MS spectra. Satn: Saturation.

According to the GC-MS results, the RSAO contains
53.48%  more  unsaturated  fatty  acids  than  the
saturated ones (15.087%), including palmitic acid,
linoleic acid, oleic acid, and 1,15-pentadecanedioic
acid and biolubricant has 71.73%. As a result, the
oil has a higher iodine content (9.52 of iodine per
100  g  of  sample),  since  unsaturated  glycerides
have a limited ability for iodine absorption. Given

that most vegetable oils do not coagulate at room
temperature  and have a high unsaturation level,
this oil  is good for the synthesis of biolubricants
(20,  22).  Figures  4 and 5 display the  fatty  acid
profiles  of  the  RSAO and SABL having 71.725%
percentage  contents.  Comparable  variations
between the RSAO and SABL showed hardly any
compositional alterations.

Figure 4: Fatty acids profile in refined SAO .
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Figure 5: Fatty acids profile in SABL .

4. CONCLUSION

The trans-esterification process created the sweet
almond  biodiesel,  which  was  then  used  to
synthesize a biolubricant and evaluate its primary
lubricating  properties.  When  compared  to  ISO
standards,  these  characteristics  match  those  of
viscosity grade VG-32 exactly. Therefore, synthetic
biolubricants  can  successfully  replace  petroleum-
based  lubricants  in  industrial  and  agricultural
machinery. The number of carbonyl groups in the
produced  bio-lubricant,  which  showed  the
evolution of the lubricant, occurred from 1743.96
cm-1 in SAME to 1755.74 cm-1 in the biolubricant
when  it  was  evaluated  by  FTIR.  This  study  has
shown that castor plant oils have the potential to
be  used  to  make  ecologically  friendly  lubricants
that are notably consistent with the specifications
for automobile light gear oil.
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Abstract: A study was undertaken to evaluate the amino acid composition of the seeds of Trigonella 

cylindracea Desv., Trigonella mesopotamica Hub.-Mor. and Trigonella smyrnea Boiss. which are growing 
wild in Turkey. The seeds of three species contain both essential (histidine, isoleucine, leucine, lysine, 

methionine, phenylalanine, threonine, valine, arginine, and tryptophan) and non-essential (alanine, 
aspartic acid, glycine, glutamic acid, proline, serine, and tyrosine) amino acids. The major amino acid was 
glutamic acid with a value of 4819 mg/100 g (T. cylindracea), 5888 mg/100 g (T. mesopotamica) and 4146 
mg/100 g (T. smyrnea). Among the essential amino acids, lysine is found at the highest rate in all three 
species. The highest amount of lysine was found in the seeds of T. mesopotamica, followed by the seeds 
of T. cylindracea and T. smyrnea (3352±0.02 mg/100 g, 3059±0.03 mg/100 g and 2947±0.04 mg/100 g, 
respectively). The literature review showed that the amino acid composition of the studied seeds were 

evaluated for the first time in this study, therefore; our study provides important preliminary data to the 

literature in terms of evaluating the chemical compositions of three Trigonella species. 
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1. INTRODUCTION 

 
Traditional medicines based on medicinal plants 
which have been used to treat illness or to prevent 
progression of chronic disease have a long history 
dates back to approximately 2500 years (1). In re-
cent years, plant foods play an important role in 

traditional medicine in health care. Some plant 
foods have rich bioactive and nutritive contents, 
and these have been used in traditional medicine to 
prevent or inhibit various human diseases (2).  
 
Amino acids are found in plants and are the basic 
building blocks of proteins. Amino acids are essen-

tial for protein synthesis and have various functions 
in the body. It is necessary to take them into the 
diet, since their deficiency will cause severe de-
creases in protein biosynthesis, therefore, the 
amount of total protein in the organism may also 
decrease. For these reasons, it is concluded that 
amino acids play important roles in the human body 

(3). 

The genus Trigonella L. which is widely distributed 

throughout the Mediterranean region, Europe, 
South and North Africa, West Asia, and South Aus-
tralia is a genus of traditional medicinal plants be-
longing to the Fabaceae family and includes approx-
imately 135 species (4). The most well-known 
Trigonella species is Trigonella foenum-graecum, 

known as fenugreek. Fenugreek possesses an im-
portant position throughout the world to add flavor 
and taste in various foodstuffs which has been long 
known as a potent herb in traditional medicine. Its 

seeds contain proteins with a nutritive amino acid 
profile, as well as lipids, saponin, flavonoid, poly-
phenol, alkaloid, mucilage and other functional ele-

ments (5, 6) and have many medicinal properties 
such as antidiabetic, antioxidant, anticancer, gas-
troprotective and hepatoprotective effects (7). 
 
The genus Trigonella comprises about 34 taxa 
which are represented by 10 sections in Turkey (4). 
T. cylindracea Desv., T. mesopotamica Hub.-Mor. 
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and T. smyrnea Boiss. species belongs to the sec-

tion Cylindricae Boiss. and are known as Borubo-
yotu, Dicleboyotu and Efeboyotu, respectively, in 

Turkey. The species T. foenum-graecum is widely 
studied worldwide however there is few studies on 
other species of this genus.  
 

We have previously conducted studies on the chem-
ical compositions of some Trigonella species (T. ko-
tschyi, T. filipes, T. cilicica, T. strangulata and T. 
rhytidocarpa) and their amino acid compositions 
have also been investigated (8-10). In this study, it 
was aimed to investigate, for the first time, the 
amino acid profile of three different Trigonella spe-

cies (T. cylindracea Desv., T. mesopotamica Hub.-
Mor. and T. smyrnea Boiss.) collected from their 
natural habitats. 
 

2. MATERIALS AND METHODS 

 
2.1. Chemicals 

In this study, most of the analytes were obtained 
from Sigma-Aldrich (St. Louis, MO, USA) except for 
acetonitrile, ammonium acetate, sodium hydroxide, 
ethanol, acetic acid, and hydrochloric acid were 

purchased from Merck (Darmstadt, Germany). All 
aqueous solutions were prepared with doubly dis-
tilled water obtained from Milli-Q System (Millipore, 
Bedford, MA, USA). During hydrolysis and sample 
preparation extra-pure nitrogen was used. 
 
2.2. Plant Materials  

T. cylindracea, T. mesopotamica and T. smyrnea 
were collected from different regions of Turkey (Ta-
ble 1). Voucher specimens were identified by Prof. 
Dr. Ahmet İLÇİM (Department of Biology, Faculty of 
Sciences and Arts, Mustafa Kemal University, An-
takya, Hatay, TURKEY) and Assist. Prof. Dr. Ş. 

Selma URAS GÜNGÖR (Department of Pharmacog-

nosy, Faculty of Pharmacy, Mersin University, Mer-
sin, TURKEY) and stored in the Herbarium of the 
Faculty of Sciences and Arts, Mustafa Kemal Uni-
versity.

 
Table 1: Localities and voucher numbers of the studied Trigonella species. 

Species Localities 
Voucher  
number 

T. cylindracea Desv. C4 Içel:Tömük, 0-20 m, Ş.S.Uras Güngör MKU1755 

T. mesopotamica Hub.-Mor. 
 

C6 Kahramanmaraş:Çağlayancerit, 1300-1500 
m, Ş.S.Uras Güngör, A. İlçim 

MKU1754 

T. smyrnea Boiss. C2 Antalya:Gömbe, 1150 m, Ş.S.Uras Güngör MKU1782 

 
2.3. Amino Acid Analysis 
Acid hydrolysis and derivatization of proteins for 
the determination of 16 amino acids, including 

aspartic acid, serine, glutamic acid, glycine, 
histidine, arginine, alanine, threonine, lysine, 

leucine, proline, tyrosine, isoleucine, valine, 
phenylalanine, and methionine from seeds of 
Trigonella species were performed with a minor 
modification to the method reported by Eroglu et 
al., (2016) (11). The powdered seeds (0.1-1 g) 
were dissolved in HCl (6 M, 20 mL) in hydrolysis 
tubes and hydrolyzed for 24 hours at 110 °C in 

an oven under nitrogen atmosphere. The mixture 
was then allowed to cool to room temperature. 
Immediately after protein hydrolysis, precolumn 
derivatization with phenylisothiocyanate was 
used. Dry samples were dissolved in 20 µL of 
ethanol:water:triethylamine (2:2:1) and then 
dried under vacuum. Finally, derivatization was 

performed using 20 µL of derivatization reagent 
[ethanol: water: triethylamine: 
phenylisothiocyanate (7:1:1:1)] for 20 minutes 
at room temperature, then the reagent was 
separated under vacuum at 45 °C. Derivatized 
samples were dissolved in 0.1 mL of 0.14 M 

sodium acetate and adjusted to pH 6.4 with dilute 
acetic acid.  
 
Alkaline hydrolysis to determine tryptophan was 
performed according to the method reported by 
Cevikkalp et al., (2016) (12). A standard stock 

solution of tryptophan (100 μg/mL) was prepared 
with water (pH 6.3) and stored in the dark at 4 
°C for up to one month. The powdered seeds 

(0.1-1 g) were dissolved with 20 mL of 5 N NaOH 
under nitrogen atmosphere. After the mixture 

was hydrolyzed in an oven at 120 °C for 12 hours, 
the hydrolysates were cooled to room tempe-
rature and adjusted to pH 6.3 using diluted HCl. 
The Prominence ultra-fast liquid chromatography 
system (Shimadzu, Tokyo, Japan) equipped with 
a binary pump and UV/Vis detectors were used 
for analysis. A reversed phase analytical column 

[Shim-pact XR-ODS (75 mm x 3.0 mm i.d.)] with 
a fluorescence detector was used for separation 
and detection. The analysis conditions were as 
follows; mobile phase A: 10 mmol/L (potassium 
phosphate buffer (pH: 7.0), mobile phase B: 
acetonitrile [5% (0 to 0.3 minutes), 5% to 40% 
(0.3 to 3.4 minutes) min)], 40 °C column 

temperature, 1.2 mL/min flow rate, 1 µL injection 

volume. The amount of amino acids was 
presented as mg of amino acid/100 g of dry 
sample. 
 
3. RESULTS AND DISCUSSION  

 
The amino acid compositions of the studied spe-
cies (T. cylindracea, T. mesopotamica, T. smyr-
nea) are presented in Table 2. The presence of 
various essential amino acids (histidine, isoleu-
cine, leucine, lysine, methionine, phenylalanine, 
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threonine, valine, arginine, and tryptophan) and 

non-essential amino acids (alanine, aspartic acid, 
glycine, glutamic acid, proline, serine and tyro-

sine) has been demonstrated in the studied 
seeds. 
 
It was determined that the amounts of lysine, iso-

leucine, arginine, aspartic acid, and glutamic acid 
in the seeds of all three species were higher than 
the other amino acids. Among the essential amino 
acids, lysine was found at the highest rate in all 
three species. The highest amount of lysine was 
found in the seeds of Trigonella mesopotamica, 
followed by the seeds of Trigonella cylindracea 

and Trigonella smyrnea (3352±0.02 mg/100 g, 
3059±0.03 mg/100 g and 2947±0.04 mg/100 g, 

respectively). Arginine and isoleucine content of 

Trigonella cylindracea, Trigonella mesopotamica, 
and Trigonella smyrnea seeds were 2599±0.02 

mg/100 g, 3264±0.03 mg/100 g, 2203±0.05 
mg/100 g, and 2283±0.02 mg/100 g, 2679±0.05 
mg/100 g, and 2401±0.03 mg/100 g, respec-
tively. Among the non-essential amino acids, glu-

tamic acid was determined at the highest rate in 
all three species. The highest amount of glutamic 
acid was found in the seeds of Trigonella meso-
potamica, followed by the seeds of Trigonella 
cylindracea and Trigonella smyrnea (5888±0.15 
mg/100 g, 4819±0.12 mg/100 g, and 4146±0.11 
mg/100 g, respectively). This was followed by the 

aspartic acid and proline (Table 2).

 

 

Table 2: Amino acid composition of T. cylindracea, T. mesopotamica and T. smyrnea seeds. 

Amino acid Symbol 
T. cylindracea 

mg/100 g 

T. mesopotamica 

mg/100 g 

T. smyrnea 

mg/100 g 

Essential amino acids     

Histidine  HIS 981±0.04 1384±0.02 1192±0.05 

Isoleucine  ILE 2283±0.02 2679±0.05 2401±0.03 

Leucine  LEU 966±0.03 1145±0.04 1093±0.02 

Lysine  LYS 3059±0.03 3352±0.02 2947±0.04 

Methionine  MET 195±0.02 328±0.02 372±0.01 

Phenylalanine  PHE 1431±0.04 1640±0.03 1451±0.02 

Threonine  THR 789±0.02 960±0.01 968±0.01 

Valine  VAL 1136±0.03 1350±0.04 1339±0.03 

Arginine  ARG 2599±0.02 3264±0.03 2203±0.05 

Tryptophan  TRP  314±0.02 334±0.03 312±0.01 
Non-essential amino 

acids 
    

Alanine  ALA 1181±0.01 1409±0.02 1316±0.04 

Aspartic acid  ASP 2305±0.09 2802±0.08 1343±0.05 

Glycine  GLY 1588±0.02 1905±0.06 1679±0.02 

Glutamic acid  GLU 4819±0.12 5888±0.15 4146±0.11 

Proline  PRO 1778±0.02 2279±0.06 1958±0.05 

Serine  SER 1197±0.03 1383±0.04 1271±0.03 

Tyrosine  TYR 846±0.01 980±0.01 1018±0.04 

Data presented as mean±SD (n=3). 
 
Feyzi et al. (2015) studied fenugreek protein iso-
late. They found that high quantities of glutamic 
acid (199.80 g/kg), aspartic acid (116.80 g/kg), 

leucine (93.70 g/kg), threonine (80.01 g/kg), and 
arginine (75.70 g/kg) were observed in fenugreek 

protein isolate (13). Aljuhaimi et al. (2018) inves-
tigated amino acid compositions of T. foenum-
graecum seeds from India, Saudi Arabia, Yemen, 
and Turkey. Those results showed that major 
amino acids were determined as glutamic acid 

(3.79-4.82 % w/w), aspartic acid (2.65-3.31 % 
w/w), arginine (2.45-3.26 % w/w), leucine (1.67-
2.09 % w/w), and lysine (1.63-1.95 % w/w) (14). 
In another study conducted by our group, the 
amino acid compositions of T. kotschyi, T. filipes 

and T. cilicica seeds were studied, and it was de-
termined that the amounts of leucine, lysine, as-
partic acid and glutamic acid in the seeds of all 

three species were higher than the other amino 
acids (8). As a result of amino acid analysis of T. 

strangulata seeds, it was found that the amounts 
of lysine (2482 mg/100 g), arginine (2244 
mg/100 g), and leucine (2053 mg/100 g) were 
higher than other amino acids (9). In the amino 
acid composition study conducted on T. rhyti-

docarpa seeds, we found that the amounts of glu-
tamic acid, lysine and arginine were 5116 mg/100 
g, 4278 mg/100 g, and 4001 mg/100 g, respec-
tively (10). Yasothai (2021) studied amino acid 
composition of fenugreek seeds from Indian sam-
ples and found that the major amino acids were 
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determined as histidine (2.08 g/100 g), leucine 

(1.53 g/100 g), glycine (1.21 g/100 g) and lysine 
(1.13 g/100 g) (15). Our results for the studied 

seeds were quite similar to the report by Gungor 
et al. (10) with some quantitative differences. 
 
4. CONCLUSION  

 
Glutamic acid was the major amino acid in the 
seeds of T. cylindracea, T. mesopotamica and T. 
smyrnea. It is an acidic type of an amino acid that 
helps in the synthesis of glutathione. Glutamic 
acid, a multifunctional amino acid, is involved in 
excitatory neurotransmission and taste percep-

tion. It also plays an important role in the gastric 
phase of digestion by increasing gastric exocrine 
secretion when consumed with food (3, 16). As a 
result, the amino acid compositions of the studied 
species were determined for the first time in this 
study. It is thought that further research should 

be done for these species to be considered as nu-

tritional food and for their possible biological ac-
tivities. 
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Abstract: Alzheimer's disease (AD) and diabetes mellitus (DM) are related to abnormal changes in enzyme 
activity. While acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) are the primary targets in the 
treatment of Alzheimer's disease (AD), α-glucosidase (α-Gly) and α-amylase (α-Amy) enzymes are known 
for diabetes mellitus (DM). Here, benzenesulfonamide-based thiourea and thiazolidinone derivatives such as 
AChE, BChE, α-Gly, and α-Amy inhibitors were reported. The results revealed that compounds 1d and 2c 
showed promising AChE and BChE inhibition effects. Compound 2a was the most potent inhibitor against α-

glycosidase and α-amylase, respectively. Molecular docking studies indicated that the lead compounds' 
binding energy values and molecular interactions were better than that of tacrine and acarbose. The most 
bioactive compounds may be considered potent leads for further studies. 
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1. INTRODUCTION 
 
Alzheimer's disease (AD) is a neurodegenerative 
disease in the elderly worldwide characterized by 
degeneration of cholinergic neurons in the brain. 

Decreased cholinergic signal transmission leads to 
some cognitive dysfunctions during the progression 

of the disease (1). Based on the cholinergic 
approach, acetylcholinesterase (AChE) and 
butyrylcholinesterase (BChE) enzymes are 
considered therapeutic targets of AD (2). Presently, 
the most used anti-AD drugs in the clinic are AChE 
inhibitors such as donepezil, rivastigmine, and 

galantamine (3, 4) (Figure 1). AChE inhibitors 
interact mainly on the active catalytic site (CAS) 
below AChE (3). This situation may relieve the 

symptoms of patients with mild to moderate. 
However, recent studies have demonstrated that the 
peripheral active site (PAS) is closely related to the 
neurotoxic cascade of AD. Therefore, dual 
interactions with CAS and PAS sites lead to favorable 

AChE inhibitory activity (3). 
 

Diabetes has become a severe health problem 
globally since 425 million people have diabetes, and 
it is expected to reach approximately 700 million by 
2045 (5). Type 2 diabetes (T2D, not insulin-
dependent) affects 85-90% of the entire diabetic 
population (6). The most effective way to prevent 

T2D is to inhibit starch hydrolysis from slowing 
glucose absorption in starchy foods. Alpha (α)-
amylase and alpha (α)-glucosidase is two main 
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hydrolytic enzymes that have a role in this process 
(7, 8). Acarbose is the oral glucose-lowering drug 
used in the treatment that delays glucose absorption. 

Despite acarbose being a popular glucose-lowering 
drug, it causes severe side effects such as liver 
disorders, diarrhea, flatulence, and abdominal 
cramps (9, 10). In addition, glibenclamide, 

gliquidone, rosiglitazone, and pioglitazone are widely 
used for the initial treatment of T2D (Figure 1) (11-
14). Using these hypoglycemic agents may lead to 

gastrointestinal reactions, skin allergies, and 
hypoglycemia (11, 12). Therefore, discovering novel 
and effective drug candidates for treating diabetes 
without causing side effects is needed. 
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Figure 1: Commonly used drugs in Alzheimer's disease (up) and diabetes mellitus (down) 

 

Clinical studies have shown that diabetes increases 
the risk of AD. Diabetes patients have 1.5-2 times 
more risk of having AD than healthy people (15-17). 

Clinical studies point out that both diseases have 
common pathological mechanisms to exacerbate 
neurodegeneration in the brain. Relationships 
between diabetes and AD have been studied in detail, 
and studies have reported that hyperglycemia, 
vascular damage, hypoglycemia, and insulin 

resistance are among the most likely 
pathophysiological causes (18-20). In addition, in 
both diseases, oxidative stress, vascular 
dysfunctions, amyloidogenesis, and disorders in 
glucose and fatty acid metabolism occur, and 
oxidatively modified proteins accumulate (21, 22). In 
addition, neuropathological markers of AD such as 

APP, Aβ, and phosphatase increased in using both 
T1D and T2D model transgenic rats; on the other 
hand, intracellular components in the insulin receptor 
pathway such as phospho AKT (protein kinase B), 

phospho glycogen synthase kinase-3β (GSK3β) have 
been shown to decrease (20). Hypothetical models 
are suggested that diabetes mellitus induces AD 

pathology and cognitive dysfunction (23). 
 
Thiazolidinone derivatives show a wide range of 
biological activities such as anti-Alzheimer, 
antidiabetic, antibacterial, anticancer, and 
antitubercular (24-26). Recently, the effect of 

thiazolidinone analogs as a muscarinic receptor 1 
(M1) agonist in Alzheimer's dementia models were 
reported. Based on the results obtained, derivative 1 
(Figure 2), which has the diphenylamine moiety 
attached to the nitrogen of the thiazolidinone, 
showed a significant affinity for M1 receptor binding 
(1). In another study, thiazole-based compounds 

were reported as AChE inhibitors at the nanomolar 
level. According to the study, compounds 2 (Figure 
2) and 3 (Figure 2) could be considered potent AChE 
inhibitors with IC50 values of 103.24 nM and 108.94 
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nM. The thiazole core was also reported as an 
important moiety having promising interactions with 
the active site of AChE (27). 

 
Primary and secondary sulfonamide derivatives are 
valuable compounds with different biological 
activities in drug discovery. Markowicz-Piaseckaa et 

al. (28) reported the effects of sulfonamide 
derivatives of metformin on both AChE, BuChE 
activity, and β-amyloid aggregation. Compound 4 
(Figure 2) inhibited AChE in a mixed-type manner at 
micromolar concentrations (IC50=212.5 ± 48.3 
µmol/L). Compound 4 also inhibited Aβ aggregation 

at 200 µmol/L (28). Our studies also indicated that 
sulfonamide-based compounds could be considered 
potent and selective cholinesterase inhibitors. In our 

previous study, 4-(3-(difluorophenyl)-5-
(dimethoxyphenyl)-4,5-dihydropyrazol-1-yl) 
benzenesulfonamides (5-12) (Figure 2) inhibited 
AChE enzyme in the range of 3.28 ± 1.47 – 9.77 ± 

1.86 nM (29). AChE inhibition and molecular docking 
studies showed that pyrazole-based 
benzenesulfonamide derivative 13 (Figure 2) also 
showed a good inhibitory effect with a Ki value of 
22.713 ± 10.33 nM (30). 

 

 

Figure 2: Structures of the compounds 1-13 

 

Based on the reports, we synthesized thiazolidinone 

derivatives (Figure 3) to evaluate their in vitro 
biological effects on AChE, BChE, α-Amy, and α-Gly 
enzymes. Moreover, docking studies were carried out 

on the most potent compounds to predict the binding 

poses to the enzymes studied. 
 
 

  

 
Figure 3: Chemical structures of the thiazolidinone derivatives 1a-d, 2a, 2c, 2d 
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2. EXPERIMENTAL SECTION 
 
2.1. Chemistry 
1H NMR (400 MHz) and 13C NMR (100 MHz) spectra 
in DMSO-d6 (Merck) were taken using a Varian 
Mercury Plus spectrometer, Varian Inc., Palo Alto, 
California, US A liquid chromatography ion trap-time 

of flight tandem mass spectrometer (Shimadzu, 
Kyoto, Japan) was used to get Mass spectra (HRMS) 
for the compounds. Data analysis was done by 
'Shimadzu's LCMS Solution software. 9100/IA9100 
instrument (Bibby Scientific Limited, Staffordshire, 

UK) was used to determine melting points. Reactions 
were monitored by Thin Layer Chromatography 
(TLC) using silica gel HF254 (Merck Art 5715). 

 
2.2. General synthesis procedure of 1a-d, 
Figure 4 
The thiourea substituted derivatives 1a-d used as a 

starting compound were synthesized previously, and 
all chemistry details were given in the literature (31). 

 

1a, 2a R1:      -H

1b, R1:

N

N
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Compounds 1a-d
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O

Compounds 2a, 2c, 2d

iii

 
Reaction conditions: (i) KSCN, acetone, reflux, 1.5 hours; (ii) acetone, reflux, 4-8 hours; (iii) ethyl 

bromoacetate, EtOH, reflux, 15-24 hours 
 

Figure 4: Synthesis of the compounds 1a-d, 2a, 2c, 2d. 

 
N-[(4-Sulfamoylphenyl)carbamothioyl]benzamide 

(1a) 
White-colored solid, mp: 234-236°C, yield 86 %. 1H 
NMR (DMSO-d6, ppm, 400 MHz), δ 12.72 (s, 1H, NH), 
11.70 (s, 1H, NH), 8.00-7.98 (m, 2H, Ar-H), 7.93-
7.85 (m, 4H, Ar-H), 7.70-7.66 (m, 1H, Ar-H), 7.57-

7.53 (m, 2H, Ar-H), 7.41 (s, 2H, NH2); 13C NMR 
(DMSO-d6, ppm, 100 MHz) δ 179.9 (C=S), 168.7 
(C=O), 141.8, 141.4, 133.7, 132.5, 129.2, 128.9, 
126.7, 124.8; HRMS (ESI-MS) C14H13N3O3S2, 
Calculated [M-H]-: 334.0326; Found [M-H]-: 
334.0330. 
 

N-{[4-(Nʹ-(Pyrimidin-2-
yl)sulfamoyl)phenyl]carbamothioyl}benzamide (1b) 
Light cream-colored solid, mp: 250-252°C, yield 88 
%. 1H NMR (DMSO-d6, ppm, 400 MHz), δ 12.75 (s, 
1H, NH), 11.70 (s, 1H, NH), 8.54-8.52 (m, 2H, Ar-

H), 8.03-7.97 (m, 7H, Ar-H, NH), 7.69-7.65 (m, 1H, 
Ar-H), 7.56-7.52 (m, 2H, Ar-H), 7.08-7.05 (m, 1H, 
Ar-H); 13C NMR (DMSO-d6, ppm, 100 MHz) δ 179.7 
(C=S), 168.6 (C=O), 158.9, 157.3, 142.3, 137.8, 
133.7, 132.5, 129.2, 128.9, 128.7, 124.3, 116.3; 
HRMS (ESI-MS) C18H15N5O3S2, Calculated [M+Na]+: 
436.0509; Found [M+Na]+: 436.0502. 

 
N-{[4-(Nʹ-(4-Methylpyrimidin-2-
yl)sulfamoyl)phenyl]carbamothioyl}benzamide (1c) 
Light white-colored solid, mp: 231-232°C, yield 80 
%. 1H NMR (DMSO-d6, ppm, 400 MHz), δ 12.75 (s, 

1H, NH), 11.69 (s, 1H, NH), 8.35-8.33 (m, 1H, Ar-

H), 8.03-7.94 (m, 7H, Ar-H, NH), 7.68-7.65 (m, 1H, 
Ar-H), 7.56-7.53 (m, 2H, Ar-H), 6.92-6.91 (m, 1H, 
Ar-H), 2.33 (s, 3H, CH3); 13C NMR (DMSO-d6, ppm, 
100 MHz) δ 179.7 (C=S), 168.6 (C=O), 158.7, 
157.2, 156.9, 142.1, 138.0, 133.7, 132.5, 129.2, 

128.9, 124.1, 23.7; HRMS (ESI-MS) C19H17N5O3S2, 
Calculated [M+H]+: 428.0846; Found [M+H]+: 
428.0834. 
 
N-{[4-(Nʹ-(4,6-Dimethylpyrimidin-2-
yl)sulfamoyl)phenyl]carbamothioyl}benzamide (1d) 

White-colored solid, mp: 216-218°C, yield 84 %. 1H 
NMR (DMSO-d6, ppm, 400 MHz), δ 12.74 (s, 1H, NH), 
11.69 (s, 1H, NH), 8.03-7.92 (m, 7H, Ar-H), 7.68-
7.64 (m, 1H, Ar-H), 7.56-7.52 (m, 2H, Ar-H), 6.76 
(s, 1H, NH), 2.26 (s, 6H, CH3); 13C NMR (DMSO-d6, 
ppm, 100 MHz) δ 179.2 (C=S), 168.1 (C=O), 158.9, 

157.2, 156.0, 142.3, 141.4, 133.2, 132.0, 128.69, 
128.66, 128.4, 123.4, 22.7; HRMS (ESI-MS) 
C20H19N5O3S2, Calculated [M+H]+: 442.1002; Found 
[M+H]+: 442.1006. 
 
2.3. General procedure for the synthesis of 
iminothiazolidinone-sulfonamide hybrids 2a, 

2c, 2d, Figure 4 
To a stirred solution of thiourea substituted 
derivatives (1a-d) (0.5 mmol) in ethanol (10 mL) 
were added the ethyl bromoacetate (0.05 mL, 0.5 
mmol) and sodium acetate (0.09 g, 1 mmol). The 
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reaction mixture was refluxed for 15–24 h, and the 
progress of the reaction was monitored by TLC. On 
completion, the precipitates formed were filtered and 

recrystallized from ethanol to afford the products 
(2a, 2c, 2d). 
 
N-(4-oxo-3-(4-sulfamoylphenyl)thiazolidin-2-

ylidene)benzamide (2a) 

 
 

Light white-colored solid, mp: 269-271°C, yield 70 
%. 1H NMR (DMSO-d6, ppm, 400 MHz), δ 8.09 (d, 
2H, Ar-H, J= 8.5 Hz), 7.84 (d, 2H, Ar-H, J= 8.3 Hz), 

7.70–7.20 (m, 5H, Ar-H), 6.65 (s, 2H, SO2NH2), 4.20 
(s, 2H, thiazolidinone); 13C NMR (DMSO-d6, ppm, 
100 MHz) δ175.3 (C=O), 174.0 (C=O), 173.3 
(C=N),144.2, 143.3, 138.0, 134.2, 132.3, 129.3, 
128.0, 126.2, 33.8; HRMS (ESI-MS) C16H13N3O4S2, 
Calculated [M+H]+: 376.0347; Found [M+H]+: 
376.04215. 

 
N-{3-[4-(N-(4-methylpyrimidin-2-
yl)sulfamoyl)phenyl]-4-oxothiazolidin-2-
ylidene}benzamide (2c) 

 
 

Cream-colored solid, mp: 261-262°C, yield 60 %. 1H 
NMR (DMSO-d6, ppm, 400 MHz), δ 8.34 (d, 1H, Ar-
H, J= 5.1 Hz), 8.15 (d, 2H, Ar-H, J= 8.4 Hz), 7.82-
7.77 (m, 2H, Ar-H), 7.64 (d, 2H, Ar-H, J= 8.4 Hz), 

7.57-7.53 (m, 2H, Ar-H), 7.37-7.34 (m, 2H, Ar-H), 
6.91 (s, 1H, SO2NH), 4.14 (s, 2H, thiazolidinone), 
2.28 (s, 3H, CH3); 13C NMR (DMSO-d6, ppm, 100 
MHz) δ 176.7 (C=O), 174.6 (C=O), 173.4 (C=N), 
157.9, 157.2, 141.9, 139.1, 135.5, 134.0, 129.9, 
129.3, 129.2, 129.1, 114.9, 34.3, 23.8; HRMS (ESI-
MS) C21H18N5O4S2, Calculated [M+H]+: 468.0722; 

Found [M+H]+: 468.0777. 
 
N-{3-[4-(N-(4,6-dimethylpyrimidin-2-

yl)sulfamoyl)phenyl]-4-oxothiazolidin-2-
ylidene}benzamide (2d) 

 

Cream-colored solid, mp: 259-260°C, yield 65 %. 1H 
NMR (DMSO-d6, ppm, 400 MHz), δ 8.14 (d, 2H, Ar-
H, J= 8.4 Hz), 7.79 (d, 2H, Ar-H, J= 8.1 Hz), 7.64-

7.53 (m, 4H, Ar-H), 7.37-7.34 (m, 2H, Ar-H), 6.75 
(s, 1H, SO2NH), 4.14 (s, 2H, thiazolidinone), 2.23 (s, 
6H, CH3); 13C NMR (DMSO-d6, ppm, 100 MHz) δ 
176.8 (C=O), 174.6 (C=O),173.4 (C=N),156.6, 

142.3, 138.8, 135.5, 133.9, 129.8, 129.3, 129.2, 
129.1, 34.3, 23.3; HRMS (ESI-MS) C22H19N5O4S2, 
Calculated [M+H]+: 482.0878; Found [M+H]+: 
482.09463.  
 
2.4. Pharmacological/biological assays 

2.4.1. Acetylcholinesterase and 
Butyrylcholinesterase inhibition studies 
The inhibition effects of the compounds on AChE and 
BChE enzymes, which were obtained from 
Electrophorus electricus and equine serum, were 
performed according to literature (32, 33). Also, 
acetylthiocholineiodide (AChI) / butyrylthiocholine 

iodide (BChI) and 5,5’-dithiobis(2-nitrobenzoicacid) 
(DTNB )were used as substrates for cholinergic 
reactions (34). Briefly, 0.1 mL of Tris/HCl buffer (pH 
8.0, 1.0 M) and different volumes of the compounds 
solutions. Then, 50 μL of AChE/BChE (5.32×103EU) 
was transferred to the solutions and incubated for 15 
min at room temperature. After this short incubation 

period, 50 μL of DTNB (0.5 mM) was added, and the 
reaction started with the addition of 50 μL of 
AChI/BChI (10 mM). The formation of yellow-colored 
5-thio-2-nitrobenzoate anion spectrophotometrically 
measured the enzymatic hydrolysis as the result of 
the reaction of DTNB with thiocholine at a wavelength 

of 412 nm. Also, one AChE unit is the quantity of 
AChE, which hydrolyses 1.0 mol of AChI to 
choline(Ch) and acetate per minute at pH 8.0 at 
37°C. Similarly, one BChE unit is the quantity of 

BChE, which hydrolyze s1.0 mol of BChI to Ch and 
butyrate per min at pH 8.0 at 37°C (35). 
 

2.4.2. α-Glycosidase inhibition studies 
α-Glycosidase inhibition effect of the compounds was 
made according to the method of Tao et al. (36). p-
Nitrophenyl-D-glucopyranoside (p-NPG) was used as 
substrate. First, 75 μL of phosphate buffer solution 
(5 mM, pH 7.4) was added to 20 μL of α-glycosidase 
solution (0.15EU/mL), which was prepared in 

phosphate buffer (pH 7.4, 5 mM) and 5 μLof different 
concentrations of the compounds. Then, it was 
preincubated at 35°C for 10 min before adding p-NPG 
to initiate the reaction. Also, 20 μL of p-NPG was 
transferred in phosphate buffer (pH 7.4, 5 mM) after 
a short incubation period at 35°C. The absorbances 

were measured at 405 nm. One α-glycosidase unit is 
the quantity of enzyme that catalyzes the hydrolysis 

of 1.0 mol p-NPG per minute at pH 7.4 (37). 
 
2.4.3. α-Amylase inhibition studies 
α-Amylase inhibitory effects of the compounds were 
realized according to the procedure of Xiao (38) 

using starch as substrate. For starch preparation, 0.4 
M starch mixture was prepared in 80 mL NaOH 
solution at 80°C for 30 min. Then, 35 μL of starch 
solution, 35 μL of phosphate buffer (pH 6.9), and 10 
μL of different concentrations of the compounds were 
mixed and incubated at 35°C for 25 min. Lastly, 20 
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μL of the α-amylase solution was added to the final 
mixture and reincubated for 25 min. The reactions 
were finished by adding 50 μL of HCl (0.1 M) to each 

tube. The absorbance was measured at 580 nm. One 
α-amylase unit is defined as the quantity of α-
amylase required to release 1 μmol of reducing sugar 
estimated as glucose per min (pH 6.9, 40°C) (37). 

 
2.4.4. Molecular docking study 
The compounds (1a-1d and 2a, 2c, 2d) as ligands 
were sketched and done geometry and frequency 
optimization at DFT/B3LYP/6-31G* level of Gaussian 
09 (39) Figure 5. The X-ray crystal structures of the 

first three chosen enzymes were uploaded from the 
Protein Data Bank (PDB as follows: 4EY6 for 
acetylcholinesterase (AChE), 1P0I for 
butyrylcholinesterase (BChE) and 1DHK for alpha 
Amylase (α-Amy) (40). In addition, the potential 
patterns of the first three enzymes were examined, 
and the findings in Figures S1-S3 are summarized in 

the supplementary file. In our study, in vitro studies 
were conducted against the alpha-glucosidase 
enzyme from Saccharomyces cerevisiae. Since the 
3D structure of the glucosidase enzyme 
(Saccharomyces cerevisiae a-glucosidase, maltase, 
EC 3.2.1.20) is not available, within the scope of 
molecular docking study, Sequence alignment and 

homology modeling for the relevant species target 
were performed using Discovery Studio (DS) 3.5 
software (41). The homology model for S. cerevisiae 
α-glucosidase was constructed using the crystal 
structure of α-D-glucose-linked isomaltase from S. 
cerevisiae (PDB ID: 3AJ7 and 3A4A), which shares 

71.9% identical and 87.2% identical sequence with 
α-glucosidase. Figure 6 shows the Ramachandran 
plot with 96.36% of the residue in the most preferred 
region, 0.17% in the outside area, and 0.58% in the 

rotamer disallowed regions. Analysis of the 
Ramachandran plot further strengthens the quality of 
the S. cerevisiae alpha glucosidase homology model. 

Therefore, a validated and analyzed homology model 
was used for the docking study, as given in Figure 
S4. Furthermore, the molecular docking interactions 
of the model structure and control compound 
acarbose created in the study were compared with 
the existing data in the literature and verified, Figure 
S5 (42) in supplementary data. 

 
The missing atoms in the respective structures were 
added, and partial charges were assigned by 
Discovery Studio (DS) 3.5 (43). Finally, all targets 
were minimized with CHARMM "55" forcefield. The 
binding spaces were defined and edited by the 

binding site tools in DS 3.5 for all the targets in this 
work. The docking processes were performed by 

AutoDock Vina (44). The number of modes (poses) 
was set to 200, and those that displayed the lowest 
binding energy were chosen for further analysis. All 
schematic binding interactions were demonstrated 
with the aid of DS 3.5 (43). Besides these, positive 

compounds, Tacrine (TAC) for AChE and BChE 
enzymes, and Acarbose (ACR) for alpha-amylase and 
alpha-glucosidase were compared and discussed 
with new compounds. 
 
 

3. RESULTS AND DISCUSSION  
 
3.1. Chemistry 

The compounds 2a, 2c, and 2d reported were 
synthesized according to the method outlined in 
Figure 4. The thiourea-substituted intermediates 
used were synthesized according to the procedure 

previously reported by our group (Figure 4) (31). All 
compounds were characterized and confirmed by 1H 
NMR, 13C NMR, and HRMS spectral methods (31). 
Sulfanilamide-based thiourea compounds (1a-d, 1 
mmol) were dissolved in ethanol to obtain target 
compounds. Then, ethyl bromoacetate (1 mmol) and 

sodium acetate (2 mmol) were added, respectively, 
and the reaction mixture was refluxed. The reactions 
were completed in 15-24 h with yields ranging from 
60 to 70%. Compounds 2c and 2d, which are among 
the final compounds, were initially reported in the 
present study (Figure 4). In 1H NMR spectra for the 
representative compound 2c, the characteristic 

methylene protons of the thiazolidinone ring were 
seen as a singlet at δ 4.14 ppm, and the signals for 
the -NH- proton were seen at δ 6.91 ppm. In 13C NMR 
spectra, aromatic and aliphatic peaks of the 
compounds were at the expected areas. Further 
HRMS data confirmed the compound 2c with the 
values of calculated [M+H]+: 468.0722 and found 

[M+H]+: 468.0777. 
 
3.2. Bioactivity results 
AChE enzyme inactivates the acetylcholine in 
synaptic spaces by breaking it down into acetate and 
choline. If acetylcholine in synaptic spaces is 

inactivated too much, nerve conduction is 
interrupted, and AD is seen. Anti-cholinesterase 
drugs, which are utilized in AD therapy, are 
reversible protein inhibitor compounds (45). They 

are utilized to postpone the onset of symptoms 
associated with patient lifestyles like rationale 
judgment, memory, ability to speak and think, and 

other thought processes. Selective BChE inhibition is 
also potentially advantageous for the therapy of AD. 
It circumvents the classical cholinergic toxicity, a 
widespread side impact of these inhibitors (46). 
 
ChE inhibition assays of the compounds were 
investigated according to 'Ellman's method (32). 

Compounds showed promising inhibitory activities 
with KI values ranging between 41.56±6.34 to 
88.21±8.32 nM for AChE and 92.18±10.25 to 
419.46±58.12 nM for BChE (Table 1). Tacrine, which 
was the first drug for palliative treatment of AD, had 
IC50 - KI values of 244.94 nM - 201.85±22.54 nM  

(AChE) and 216.40 nM - 187.32±34.77 nM (BChE), 
respectively. Compounds 1d and 2c were the most 

effective ChE inhibitors, with KI values of 41.56±6.34 
and 92.18±10.25 nM against AChE and BChE, 
respectively. The order of KI inhibitory activities of 
the compounds against AChE was 1d < 2c < 2d < 
1a < 2a < 1c < 1b. Moreover, this order was 2c < 

1c <  1b < 1a < 1d < 2a < 2d against BChE. Based 
on the IC50 values, compounds had IC50 in the 33.27-
93.85 nM range and 105.91-412.52 nM towards 
AChE and BChE, respectively. The compounds were 
more favorable AChE inhibitors with lower KI values 
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than BChE, so compounds could be considered 
selective AChE inhibitors. 
 

The American Diabetes Association and the European 
Diabetes Research Association recommend using α-
amylase and α-glycosidase inhibitors as potential 
first-line agents or in combination with other 

antihyperglycemic drugs. α-Amylases are the main 
target in the treatment of diabetes because inhibition 
of these enzymes delays glucose absorption. 
Delaying carbohydrate digestion by inhibitors of 
digestive enzymes in the gut is seen as a novel 
approach to diabetes treatment as it provides a way 

to reduce hyperglycemia (47, 48). 
 
In this study, the α-glycosidase inhibitory activity of 
the derivatives was determined against the yeast 
form of this enzyme (Table 1). Enzyme inhibitory 
results indicated that compounds tested (KI values = 
9.69±1.33 - 111.51±10.66 nM) against α-

glycosidase showed better potency than reference 

acarbose (KI value = 12600±780 nM. The most 
active α-glycosidase inhibitors were 2a and 2d, with 
KI values of 9.69±1.33 and 24.65±5.74 nM. All of the 

compounds were more potent inhibitors than 
reference acarbose towards α‐amylase. Among 

them, compound 2a showed remarkable inhibition 
with an IC50 value of 98.13 nM. Based on the IC50 

values, α-glycosidase enzyme inhibition studies of 
the compounds released that 'compounds' IC50 
values varied in the 8.37-99.35 nM range. Compared 
to the standard used, the most effective antidiabetic 
activity and their IC50 values were 2a (8.37 nM), 2d 
(27.58 nM), 1d (46.85 nM), 1c (57.21 nM) and 2c 
(60.48 nM). The results also demonstrated that all 

these compounds (IC50 values = 98.13 – 507.32 nM) 
showed better inhibitory potency than acarbose (IC50 
value = 10000 nM) against α-amylase. Therefore, 2a 
could be considered both α-glycosidase and α‐
amylase enzyme inhibitors in this study. 

 
Table 1: α‐glycosidase (α-Gly) and α‐amylase (α-Amy), acetylcholinesterase (AChE), and 

butyrylcholinesterase (BChE) enzymes inhibition effects of the compounds. 
 

*Tacrine (TAC) was used as a control for ChEs. 
**Acarbose (ACR) was used as a control for α‐glycosidase and α‐amylase enzymes. 

 
3.3. Basic structure-activity relationships 
(SARs) 
Basic SARs discussion based on compounds' KI 

values against AChE and BChE enzymes was given 
as follows. Initially, when inhibitory activities of 
thiourea substituted derivatives 1a–d towards AChE 
were considered, compounds 1d, bearing 4,6-
dimethylpyrimidin-2-yl were found to be more 
effective inhibitors than other pyrimidine analogs 1b 

and 1c. Moreover, compound 1d was also 

approximately five times more potent inhibitor than 
reference tacrine. Among pyrimidine derivatives, it 
could be expressed that substituting the additional 
methyl groups on the ring led to an increasing AChE 
inhibitory effect. However, it could be seen from KI 
values non-substituted primary 4-sulfamoylphenyl 
bearing compound 1a (51.57 nM) has similar 

inhibitory potency on AChE when compared with 1d 
(41.56 nM). These interesting results showed that 
the replacement of hydrogen atoms on the sulfamoyl 

group with a bigger size 4,6-dimethylpyrimidin-2-yl 
moiety did not increase inhibitory potency 
magnificently, while pyrimidin-2-yl and 4-

methylpyrimidin-2-yl bearing compounds decreased 
inhibitory potency compared to 1a. 
 
For inhibitory effects of 1a–d against BChE, the most 
potent compound was 1c having 4-methylpyrimidin-
2-yl, among others, and it was found two times more 

potent than tacrine. In contrast to AChE results, 

compound 1c having a mono methyl group, 
increased inhibitory potency compared to non-
substituted 1a and 1d. Furthermore, compounds 
1a–d showed selective AChE inhibition properties 
compared to BChE. 
 
When AChE inhibition effects of iminothiazolidinone-

sulfonamide derivatives 2a, 2c, and 2d were 
examined, compound 2c having 4-methylpyrimidin-
2-yl was the most effective second compound among 

Compounds 

IC50 (nM)                                                           KI (nM) 

AChE r2 BChE r2 α-Gly r2 α-Amy r2 AChE BChE α-Gly 

1a 41.04 0.9416 234.57 0.9534 61.27 0.9885 395.47 0.9302 51.57±13.85 193.26±14.26 75.42±16.52 

1b 71.26 0.9369 129.41 0.9378 99.35 0.9656 507.32 0.9376 88.21±8.32 114.31±8.01 111.51±10.66 

1c 93.85 0.9631 105.91 0.9147 57.21 0.9221 283.24 0.9728 78.98±17.46 95.88±8.28 55.31±8.54 

1d 53.27 0.9725 213.85 0.988 46.85 0.9485 244.51 0.9057 41.56±6.34 222.04±35.43 51.26±8.75 

2a 70.4 0.9621 288.21 0.9233 8.37 0.9324 98.13 0.9629 64.47±9.01 266.74±46.91 9.69±1.33 

2c 33.27 0.9354 106.52 0.9764 60.48 0.9054 398.3 0.9714 45.98±10.45 92.18±10.25 62.45±9.83 

2d 46.21 0.9606 412.52 0.9361 27.58 0.9344 112.54 0.9248 50.25±7.71 419.46±58.12 24.65±5.74 

TAC* 244.94 0.9723 216.40 0.9888 - - - - 201.85±22.54 187.32±34.77 - 

ACR** - -   22800 0.9505 10000 0.9724 -  12600±780 
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all compounds. Converting the compounds from 1a 
to 2a and from 1d to 2d decreased AChE inhibitory 
effects, except for the 1c-2c compound pair. It can 

be also said that converting flexible thiourea moiety 
into rigid iminothiazolidinone increased the inhibitory 
ability of compound 2c. For the effects on BChE, 
similar to AChE results, converting the compounds 

from flexible to rigid structure decreased the BChE 
inhibitory effects of the compounds, except the 1c-
2c compound pair since 1c and 2c had very similar 
Ki values. These discrepancies showed that unique 
amino acid residues of active sides of both ChEs 
might lead to different molecular interactions. As a 

result, converting thiourea into iminothiazolidinone is 
a preferable modification to obtain more potent ChE 
inhibitors. 
 
Different chemical structures of the compounds also 
tested remarkably affected α-glycosidase and α-
amylase inhibition properties. So, converting flexible 

compound 1a, having 4-sulfamoylphenyl, into rigid 
compound 2a led to obtaining an eight times more 
potent α-glycosidase inhibitor. Similarly, compound 
2a was found to be more potent than its flexible 
analog 1a towards α-amylase. It may be said that 
the non-substituted 4-sulfamoylphenyl group was 
more favorable than pyrimidine analogs towards α-

glycosidase in contrast to ChEs inhibitory results. In 
addition, iminothiazolidinone derivatives were 
generally more potent towards α-glycosidase and α-
amylase enzymes. 
 
According to all bioassay results, some important 

outputs may be concluded that compound 2a could 
be considered the potential antidiabetic agent since 

it was a dual inhibitor of enzymes targeting diabetes. 
Compound 2a was also a promising inhibitor of AChE 
at 64.47 nM. Also, compound 2a may be considered 

for further pharmacological models to investigate if 
there is any connection or common point between 
cholinesterase and diabetes pathways. Among the 
series, while compound 1d was five times more 

selective inhibitor of AChE, compound 2c was a dual 
inhibitor of AChE and BChE. 
 
3.4. Molecular docking study 
A molecular modeling study was conducted to 
investigate and evaluate the structural how and why 

relations of these biological activities of the related 
compounds because the two compounds with the 
best activity that were synthesized in this study gave 
good results against the four enzymes. The following 
studies have been handled within the scope of this 
primary purpose. Optimizing the compounds 
primarily in terms of geometry and energy is 

essential. Because the three-dimensional orientation 
or placement of each compound evaluated directly 
affects its biological activity. Energy minimization 
aims to find a set of coordinates representing the 
minimum energy conformation for the given 
structure. In this context, the optimal 3D poses of 
the optimized compounds (1a-1d and 2a, 2c, 2d) in 

the study are represented in Figure 5. Figure 5 gives 
us information about the distance, angle, or torsional 
angle of each atom in the compound with the 
surrounding atoms and briefly in the geometric 
structure. Detailed information on the optimized 
compounds was also given in Table S1 in the 

Supplementary file. 

 

 

Figure 5: The optimized compounds (1a-1d and 2a,2c,2d) at DFT/B3LYP/6-31G* level using Gaussian09. 
 

In the study, the molecular docking method explains 
the relationship between the chemical structure of 

the biological effect of two active compounds 
showing activity as a result of in vitro analysis for 
each enzyme.  
 
The two most effective compounds for AChE are 
compounds 1d and 2c (Figure S1). In fact, the 
binding energy of compound 1d is -12.43 kcal/mol, 

while compound 2c and TAC are -12.32 and -7.37 
kcal/mol, respectively. In the meantime, the display 

of the control compound Tacrine and the orientation 
in which the two potential compounds interact with 
the same enzyme is summarized in the overlaid 
image. The aim is to explain which structural or 
chemical difference arises from the difference in 
biological activities of compounds 1c and 2d with the 
target enzyme. 
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Figure 6: Docking interactions and superimposed form of compound 1d (brown color, stick form), 2c (dark 
pink color, stick form), and TAC (orange, ball, and stick form) with AChE enzyme, respectively. 

 

In this study, the search space of AChE was defined 
to encompass two distinct binding sites, CAS and 
PAS. The CAS consisted of amino acids SER203, 
HIS447, and GLU334, whereas the PAS consisted of 
amino acids TYR72, ASP74, TYR124, TRP286, and 
TYR341. Based on Table S2 (Supplementary file), 

compound 2c was able to bind to both CAS and PAS 

simultaneously. The absence of CAS binding was 
noted in compound 1d. It exhibited that compound 
1d is bound to TRP286 and TYR341 in the PAS, while 
compound 2c is bound to SER203 in the CAS and 
TYR341 in the PAS. 
 
For BChE, compounds 1c and 2c show a more 

remarkable tendency to bind with the target protein. 
In particular, compound 2c has five hydrogen bonds 
with Gly116, Gly117, Ala199, Ser198, and Ser79 

residues in the active site of the related target; two 
electrostatic interactions with His438 and Asp70; one 
π-lone pair bond with Trp82, and eight hydrophobic 
interactions with His438, Trp231, Phe329, Ala328, 
and Leu286 amino acids. The second-best compound 
with the target mentioned above model, 1c, formed 

eight H-bonds, two electrostatic interactions, and 

seven hydrophobic interactions. These two 
compounds interact better than tacrine as a positive 
compound of BChE. This case is also demonstrated 
by the binding energy values obtained from the 
docking calculation (as given in Table 2). As seen in 
Figure 7, besides the type and number of bonding of 
the compounds with BChE, the surface areas of the 

compounds and their volumes in the interaction area 
have an important place in their effectiveness. 
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Figure 7: Docking interactions and superimposed form of compound 1c (turquoise blue color, stick form), 
2c (dark pink color, stick form), and TAC (orange, ball, and stick form) with BChE, respectively. 

 
 
Table 2: Docking summary of the two potent compounds [1d and 1c for AChE; 1c and 2c for BChE; 2a and 
2d for α-Amy; 2a and 2d for α-Gly], TAC and ACR with the target enzymes, respectively. 

AChE Free Energy of Binding (kcal/mol) RMSD (Å) 

1d -12.43 0.5946 

2c -12.32 0.8157 

TAC -7.37 0.9237 

BChE Free Energy of Binding (kcal/mol) RMSD (Å) 

1c -11.02 0.3992 

2c -11.45 1.4512 

TAC -6.81 1.5893 

α-Amy Free Energy of Binding (kcal/mol) RMSD (Å) 

2a -9.84 0.0923 

2d -8.40 0.4206 

ACR -5.37 0.5871 

α-Gly Free Energy of Binding (kcal/mol) RMSD (Å) 

2a -11.86 0.1119 

2d -9.57 0.7522 

ACR -7.53 1.8320 
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The acarbose structure, which was chosen as the 
standard during the molecular docking study, 
primarily interacted with the model enzyme (Figure 

S3). Based on the orientation and interactions of the 
reference compound with the target enzyme, 
molecular docking studies of two active compounds 
(2a and 2d) in the in vitro analysis were carried out. 

The compound 2a with the Porcine Pancreatic Alpha-
Amylase model displayed a binding energy value of -
9.84 kcal/mol, and it formed four H-bonds with 
Arg195, Asp197, Glu233, and His101 residues; three 
π-sulfur interactions with Trp58, Tyr62, and His299; 
and three hydrophobic interactions with Trp59, 

Tyr62, and Trp58. The compound 2d with α-Amy 
demonstrated a binding energy value of -8.40 
kcal/mol and occurred three H-bonds with His101, 

His201, and Asp197 amino acids; electrostatic 
interaction with Asp300; seven hydrophobic 
interactions with Tyr62, Trp58, His299, Leu162, 
Ala198, and Ile235 residues (Figure 8). Further, 

compound 2a exhibits a better binding affinity than 
compound 2d and acarbose (ACR) for α-Amy (BE: -
5.37 kcal/mol in Table 2). The findings from the 
docking are tabulated in detail in Table S2 in the 
Supplementary file. 

Figure 8: Docking interactions and superimposed form of compound 2a (light green color, stick form), 2d 

(red color, stick form), and ACR (orange, ball, and stick form) with α-Amy, respectively. 
 
Similarly, compounds 2a and 2d showing activity for 
α-Amy also displayed the best activity values with 
the α-Gly target protein. It was observed that the 
behaviors of the compounds at α-Gly have a high 
number of H-bonds and a low number of hydrophobic 

bonds compared to their behavior in α-Amy, (Figure 
9). This is a consequence of the fact that there is 

more hydrophilic surface than hydrophobic surfaces 
in the active site of the respective target protein, α-
Gly. As a result, the interactions between the 
compounds mentioned above with α-Gly presented a 
better binding affinity than their interactions with the 

α-Amy target, as shown in Table 2. 
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Figure 9: Docking interactions and superimposed form of compound 2a (light green color, stick form), 2d 
(red color, stick form), and ACR (orange, ball, and stick form) with α-Gly, respectively. 

 

4. CONCLUSION 
 

In conclusion, thiourea‐substituted 

benzenesulfonamides (1a–d) and 
iminothiazolidinone derivatives (2a, 2c, 2d) were 
evaluated as potent AChE, BChE, α-Gly, and α-Amy 
inhibitors. Compounds showed inhibitory enzyme 
effects at the nanomolar level. According to all 
bioassay results, some important outputs concluded 
that compound 2a could be considered the potential 

antidiabetic agent since it was a dual inhibitor of 
enzymes targeting diabetes. Compound 2a was also 
a promising inhibitor of AChE at 64.47 nM. Therefore, 
compound 2a may be considered for further 
pharmacological models. Among the series, while 
compound 1d was five times more selective inhibitor 

of AChE, but compound 2c could be considered a dual 

inhibitor of AChE and BChE at lower concentrations. 
The binding energy of the potent compounds was 
found to be more favorable than references towards 
all enzymes. Molecular docking studies revealed 
remarkable interactions between ligands and 
enzymes. Lead compounds having promising 

bioactivities could be used to design more potent 
compounds. 
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Table S1. Data of the optimized structures (1a-1d and 2a,2c,2d) at DFT/B3LYP/6-31G* basis set 

using Gaussian 09. 

Compound 1a      

   Coordinates (Angstroms) 

Center 
Number 

Atomic 
Number 

Atomic 
Type 

X Y Z 

1 6 0 -4.905464 -0.088218 -0.089881 

2 6 0 -3.702342 0.758615 -0.385636 

3 7 0 -2.479523 0.16078 -0.025686 

4 6 0 -1.211958 0.760437 0.04181 

5 7 0 -0.250668 -0.182371 -0.266702 

6 6 0 1.153215 -0.157642 -0.150076 

7 8 0 -3.77946 1.840293 -0.929724 

8 16 0 -0.956246 2.336451 0.460856 

9 6 0 1.866096 -1.051244 -0.969633 

10 6 0 3.248831 -1.140544 -0.888835 

11 6 0 3.931358 -0.327789 0.017979 

12 6 0 3.23618 0.550127 0.849285 

13 6 0 1.849034 0.640644 0.769803 

14 6 0 -4.939998 -1.055699 0.925382 

15 6 0 -6.102387 -1.791948 1.154985 

16 6 0 -7.235983 -1.570365 0.371208 

17 6 0 -7.211224 -0.599039 -0.633518 

18 6 0 -6.055372 0.143629 -0.857913 

19 16 0 5.713324 -0.430611 0.124339 

20 8 0 6.116765 -1.779315 -0.285737 

21 8 0 6.110139 0.146808 1.412768 

22 7 0 6.241612 0.602087 -1.117964 

23 1 0 -2.51952 -0.82907 0.183877 

24 1 0 -0.592581 -0.962989 -0.815748 

25 1 0 1.329345 -1.679957 -1.676888 

https://orcid.org/0000-0002-6535-6580
https://orcid.org/0000-0001-6164-9602
https://orcid.org/0000-0002-4833-7900
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26 1 0 3.79422 -1.839326 -1.513738 

27 1 0 3.778237 1.149701 1.572565 

28 1 0 1.312277 1.323248 1.412497 

29 1 0 -4.079969 -1.209125 1.572523 

30 1 0 -6.125117 -2.529618 1.952138 

31 1 0 -8.139804 -2.146639 0.548973 

32 1 0 -8.095221 -0.419318 -1.238834 

33 1 0 -6.019936 0.911845 -1.623379 

34 1 0 6.961759 0.119303 -1.652495 

35 1 0 6.603674 1.466978 -0.720354 

 

Compound 1b      

   Coordinates (Angstroms) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 
X Y Z 

1 6 0 6.161601 0.285754 0.16655 

2 6 0 4.82776 0.963087 0.285433 

3 7 0 3.733811 0.127119 -0.008313 

4 6 0 2.393582 0.497718 -0.205923 

5 7 0 1.574433 -0.522426 0.235837 

6 6 0 0.191443 -0.747221 0.089498 

7 8 0 4.706909 2.11419 0.649483 

8 16 0 1.924203 1.924142 -0.891645 

9 6 0 -0.398044 -1.628333 1.014171 

10 6 0 -1.743984 -1.955312 0.924044 

11 6 0 -2.511326 -1.394103 -0.098543 

12 6 0 -1.938773 -0.530227 -1.032436 

13 6 0 -0.588864 -0.203832 -0.942631 

14 6 0 6.401232 -0.806735 -0.680106 

15 6 0 7.67377 -1.373637 -0.752285 

16 6 0 8.713812 -0.856809 0.022097 

17 6 0 8.483794 0.239522 0.857969 

18 6 0 7.217069 0.813102 0.924013 

19 8 0 -4.235465 -1.836872 -0.228527 

20 8 0 -4.447338 -3.097488 0.487648 

21 7 0 -4.656194 -1.660968 -1.614556 

22 1 0 -5.042411 -0.719283 0.783879 

23 1 0 3.937999 -0.863642 -0.053603 

24 1 0 2.009695 -1.142937 0.909047 

25 1 0 0.205465 -2.059631 1.809991 

26 1 0 -2.195122 -2.645088 1.628712 

27 1 0 -2.55097 -0.115234 -1.823567 

28 1 0 -0.145748 0.469826 -1.661348 

29 1 0 5.61264 -1.192549 -1.321416 

30 1 0 7.854291 -2.210892 -1.420521 

31 1 0 9.703789 -1.301275 -0.032558 

32 1 0 9.294127 0.648424 1.454905 
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33 1 0 7.021085 1.673249 1.555762 

34 1 0 -5.660158 -1.181466 1.444181 

35 6 0 -5.378573 0.592046 0.467583 

36 6 0 -6.696922 2.374223 0.926651 

37 6 0 -4.994631 2.484067 -0.710251 

38 6 0 -6.025279 3.131248 -0.032617 

39 1 0 -7.514221 2.796903 1.508612 

40 1 0 -4.4122 2.996873 -1.473577 

41 1 0 -6.288254 4.16252 -0.237919 

42 7 0 -6.391347 1.100948 1.18644 

43 7 0 -4.652378 1.215842 -0.466965 

 

Compound 1c      

   Coordinates (Angstroms) 

Center 
Number 

Atomic 
Number 

Atomic 
Type 

X Y Z 

1 6 0 -6.181604 0.106647 -0.57759 

2 6 0 -4.733041 -0.182091 -0.353459 

3 7 0 -4.099737 0.603553 0.593471 

4 6 0 -2.752579 0.620885 1.011199 

5 7 0 -1.980576 -0.29093 0.37879 

6 6 0 -0.611572 -0.604912 0.467623 

7 8 0 -4.150098 -1.078898 -0.968724 

8 16 0 -2.345371 1.739895 2.186499 

9 6 0 -0.171694 -1.607126 -0.42018 

10 6 0 1.154024 -2.01285 -0.429584 

11 6 0 2.054929 -1.411375 0.453278 

12 6 0 1.634558 -0.425545 1.344277 

13 6 0 0.302457 -0.017116 1.355619 

14 6 0 -6.786529 1.332201 -0.258509 

15 6 0 -8.144299 1.527975 -0.505203 

16 6 0 -8.90836 0.504306 -1.068883 

17 6 0 -8.30892 -0.713716 -1.399304 

18 6 0 -6.951474 -0.909953 -1.162072 

19 16 0 3.752844 -1.962526 0.461465 

20 8 0 3.81183 -3.294528 -0.146811 

21 8 0 4.323484 -1.694288 1.777534 

22 7 0 4.521858 -1.000153 -0.726784 

23 1 0 -4.658999 1.259691 1.122358 

24 1 0 -2.508464 -0.859002 -0.293889 

25 1 0 -0.880841 -2.070706 -1.101391 

26 1 0 1.489022 -2.796386 -1.100152 

27 1 0 2.349273 0.023292 2.023134 

28 1 0 -0.026801 0.744626 2.046993 

29 1 0 -6.204417 2.156086 0.145938 

30 1 0 -8.602479 2.482597 -0.263862 

31 1 0 -9.967305 0.658356 -1.256604 
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32 1 0 -8.899935 -1.509627 -1.843166 

33 1 0 -6.467104 -1.845625 -1.419789 

34 1 0 5.043243 -1.56839 -1.387676 

35 6 0 5.003262 0.294146 -0.5519 

36 6 0 6.45606 1.894156 -1.276755 

37 6 0 4.901187 2.296578 0.478808 

38 6 0 5.928007 2.777455 -0.328216 

39 1 0 4.440469 2.929515 1.235427 

40 1 0 6.300028 3.790802 -0.22624 

41 7 0 5.993597 0.639711 -1.383988 

42 7 0 4.414907 1.056949 0.377108 

43 6 0 7.564676 2.285517 -2.216388 

44 1 0 8.431915 1.632361 -2.068687 

45 1 0 7.241264 2.157927 -3.255385 

46 1 0 7.874962 3.323283 -2.067163 

 

Compound 1d      

   Coordinates (Angstroms) 

Center 
Number 

Atomic 
Number 

Atomic 
Type 

X Y Z 

1 6 0 -6.357565 0.010588 0.529953 

2 6 0 -4.888583 0.228924 0.369352 

3 7 0 -4.207512 -0.74386 -0.341585 

4 6 0 -2.848323 -0.820025 -0.709762 

5 7 0 -2.117901 0.240771 -0.299609 

6 6 0 -0.761257 0.579743 -0.461191 

7 8 0 -4.323669 1.211386 0.857298 

8 16 0 -2.377051 -2.178911 -1.565389 

9 6 0 -0.345771 1.7305 0.237665 

10 6 0 0.964046 2.177445 0.150471 

11 6 0 1.87271 1.468972 -0.639998 

12 6 0 1.474753 0.336046 -1.34719 

13 6 0 0.159076 -0.114391 -1.261436 

14 6 0 -6.991884 0.687063 1.582443 

15 6 0 -8.359113 0.532605 1.792662 

16 6 0 -9.109288 -0.287034 0.945555 

17 6 0 -8.488452 -0.948017 -0.116076 

18 6 0 -7.117956 -0.802575 -0.324595 

19 16 0 3.550965 2.064167 -0.774658 

20 8 0 3.568889 3.486262 -0.420301 

21 8 0 4.113747 1.581577 -2.032098 

22 7 0 4.36126 1.360022 0.554312 

23 1 0 -4.71424 -1.572202 -0.624918 

24 1 0 -2.666145 0.91031 0.252551 

25 1 0 -1.061145 2.276263 0.847751 

26 1 0 1.279985 3.072342 0.675074 

27 1 0 2.195161 -0.192265 -1.959255 
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28 1 0 -0.152653 -0.991508 -1.809359 

29 1 0 -6.394959 1.326426 2.223864 

30 1 0 -8.841031 1.052589 2.615563 

31 1 0 -10.177071 -0.404943 1.10769 

32 1 0 -9.071456 -1.571159 -0.787851 

33 1 0 -6.663253 -1.296256 -1.179466 

34 1 0 4.872001 2.053595 1.092336 

35 6 0 4.875483 0.065982 0.617842 

36 6 0 6.363866 -1.334012 1.610858 

37 6 0 4.806707 -2.105917 -0.036762 

38 6 0 5.851296 -2.387073 0.847157 

39 1 0 6.251732 -3.390941 0.938344 

40 7 0 5.877008 -0.090102 1.492763 

41 7 0 4.304291 -0.86648 -0.147004 

42 7 0 7.484307 -1.526976 2.597306 

43 1 0 8.326038 -0.872925 2.344412 

44 1 0 7.153132 -1.247187 3.603746 

45 1 0 7.83407 -2.562791 2.616199 

46 6 0 4.183898 -3.162405 -0.9086 

47 1 0 4.607382 -4.151468 -0.71378 

48 1 0 3.101794 -3.199295 -0.742117 

49 1 0 4.338575 -2.915591 -1.965297 

 

Compound 2a      

   Coordinates (Angstroms) 

Center 
Number 

Atomic 
Number 

Atomic 
Type 

X Y Z 

1 6 0 -4.708362 -3.637217 -0.078839 

2 6 0 -3.577958 -4.454976 -0.176521 

3 6 0 -2.302429 -3.886608 -0.20632 

4 6 0 -2.152375 -2.502493 -0.13803 

5 6 0 -3.283533 -1.678219 -0.039722 

6 6 0 -4.56291 -2.25514 -0.011293 

7 6 0 -3.171144 -0.196563 0.032779 

8 8 0 -4.162494 0.531 0.104144 

9 7 0 -1.860159 0.296745 0.014567 

10 6 0 -1.68777 1.571186 0.040113 

11 7 0 -0.400644 2.110934 0.01772 

12 6 0 -0.292924 3.51179 0.006078 

13 6 0 -1.664293 4.15729 0.059647 

14 16 0 -2.937844 2.836123 0.093961 

15 8 0 0.756835 4.112669 -0.039865 

16 6 0 0.775489 1.285172 -0.001773 

17 6 0 0.995272 0.36193 1.025005 

18 6 0 2.142418 -0.424613 1.009175 

19 6 0 3.063948 -0.265743 -0.027828 

20 6 0 2.850886 0.65271 -1.053827 
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21 6 0 1.696165 1.433454 -1.039656 

22 16 0 4.541581 -1.283722 -0.052434 

23 8 0 4.216618 -2.566445 0.577264 

24 8 0 5.111916 -1.193445 -1.399975 

25 7 0 5.577909 -0.484209 1.028314 

26 1 0 -5.700367 -4.079934 -0.056078 

27 1 0 -3.692311 -5.534548 -0.229912 

28 1 0 -1.424379 -4.521858 -0.283611 

29 1 0 -1.167766 -2.049636 -0.162311 

30 1 0 -5.425785 -1.601561 0.063893 

31 1 0 -1.792832 4.800952 -0.815301 

32 1 0 -1.728031 4.783986 0.953897 

33 1 0 0.265697 0.251774 1.818581 

34 1 0 2.318328 -1.159886 1.786748 

35 1 0 3.569987 0.739744 -1.860642 

36 1 0 1.512851 2.151822 -1.830113 

37 1 0 5.954362 -1.166824 1.683641 

38 1 0 6.32483 -0.018748 0.516086 

 

Compound 2c      

   Coordinates (Angstroms) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 
X Y Z 

1 6 0 -6.0069 -3.639133 0.739185 

2 6 0 -4.93079 -4.450642 0.365706 

3 6 0 -3.704086 -3.875452 0.026318 

4 6 0 -3.548636 -2.490588 0.059555 

5 6 0 -4.625253 -1.672663 0.434274 

6 6 0 -5.855972 -2.256403 0.773299 

7 6 0 -4.505006 -0.190689 0.483508 

8 8 0 -5.450216 0.53082 0.805219 

9 7 0 -3.242829 0.309647 0.139684 

10 6 0 -3.073026 1.58467 0.133062 

11 7 0 -1.834984 2.131656 -0.207816 

12 6 0 -1.737521 3.532963 -0.229973 

13 6 0 -3.053023 4.170722 0.174138 

14 16 0 -4.273271 2.842291 0.513136 

15 8 0 -0.734797 4.140488 -0.531165 

16 6 0 -0.700038 1.312384 -0.536171 

17 6 0 -0.221671 0.382236 0.39031 

18 6 0 0.884136 -0.40167 0.073515 

19 6 0 1.50314 -0.228365 -1.165181 

20 6 0 1.033672 0.699779 -2.094592 

21 6 0 -0.077809 1.475982 -1.775293 

22 16 0 2.904142 -1.255383 -1.605538 

23 8 0 2.812075 -2.502263 -0.85348 

24 8 0 3.047034 -1.241601 -3.063038 
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25 7 0 4.263599 -0.352487 -1.103514 

26 1 0 -6.961093 -4.087287 1.002478 

27 1 0 -5.049606 -5.530729 0.338854 

28 1 0 -2.868528 -4.505812 -0.265148 

29 1 0 -2.602045 -2.032211 -0.203214 

30 1 0 -6.677236 -1.607566 1.059505 

31 1 0 -3.39936 4.822068 -0.6334 

32 1 0 -2.891346 4.788361 1.062329 

33 1 0 -0.720789 0.264469 1.344912 

34 1 0 1.275185 -1.128396 0.774465 

35 1 0 1.51995 0.797346 -3.058721 

36 1 0 -0.4598 2.201654 -2.483718 

37 1 0 4.938691 -0.242186 -1.854367 

38 6 0 4.796881 -0.307625 0.182949 

39 6 0 6.643478 0.092662 1.457593 

40 6 0 4.533513 -0.445228 2.417187 

41 6 0 5.876405 -0.134571 2.60625 

42 1 0 3.877069 -0.630456 3.265748 

43 1 0 6.307488 -0.070388 3.59905 

44 7 0 3.967546 -0.526869 1.209727 

45 7 0 6.098851 -0.002969 0.235556 

46 6 0 8.104877 0.44578 1.517963 

47 1 0 8.470579 0.483032 2.547639 

48 1 0 8.693583 -0.289411 0.958495 

49 1 0 8.277049 1.419693 1.046172 

 

 

Compound 2d      

   Coordinates (Angstroms) 

Center 
Number 

Atomic 
Number 

Atomic 
Type 

X Y Z 

1 6 0 -7.650499 -1.459049 0.203127 

2 6 0 -7.227246 -2.554035 -0.543555 

3 6 0 -5.868857 -2.821916 -0.678319 

4 6 0 -4.928928 -1.993855 -0.074187 

5 6 0 -5.35466 -0.893535 0.671338 

6 6 0 -6.718121 -0.629786 0.816125 

7 6 0 -4.36931 -0.005798 1.343548 

8 8 0 -4.417112 0.359707 2.499719 

9 7 0 -3.213692 0.375696 0.573152 

10 6 0 -2.955162 1.493852 -0.008666 

11 7 0 -1.703108 1.591923 -0.731365 

12 6 0 -1.446272 2.896424 -1.283601 

13 6 0 -2.623897 3.839135 -1.139993 

14 16 0 -3.91549 3.001471 -0.167521 

15 8 0 -0.392534 3.155496 -1.827218 

16 6 0 -0.634532 0.617918 -0.551924 
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17 6 0 0.066457 0.534811 0.652835 

18 6 0 1.081885 -0.405541 0.788895 

19 6 0 1.410848 -1.265906 -0.261501 

20 6 0 0.698726 -1.1662 -1.460495 

21 6 0 -0.320213 -0.234779 -1.613899 

22 16 0 2.686453 -2.485018 -0.074681 

23 8 0 2.930428 -2.796178 1.315886 

24 8 0 2.476886 -3.585799 -1.00786 

25 7 0 4.09796 -1.661489 -0.761111 

26 1 0 -8.720021 -1.250984 0.313394 

27 1 0 -7.964081 -3.207427 -1.02272 

28 1 0 -5.536373 -3.688263 -1.260053 

29 1 0 -3.859805 -2.212349 -0.17968 

30 1 0 -7.05175 0.224503 1.416719 

31 1 0 -3.01177 0.224503 1.416719 

32 1 0 -2.315625 4.778854 -0.644403 

33 1 0 -0.173829 1.193221 1.496215 

34 1 0 1.637743 -0.464353 1.736835 

35 1 0 0.937906 -1.840932 -2.294602 

36 1 0 -0.862503 -0.175219 -2.565066 

37 1 0 4.575184 -2.133797 -1.508776 

38 6 0 4.872838 -0.62414 -0.193703 

39 6 0 6.858397 0.611975 -0.203009 

40 6 0 5.07134 1.141918 1.325649 

41 6 0 6.351938 1.410254 0.83022 

42 1 0 6.94683 2.231517 1.243435 

43 7 0 4.326684 0.126545 0.810707 

44 7 0 6.120052 -0.407366 -0.716912 

45 6 0 8.21879 0.842032 -0.760956 

46 1 0 8.482405 1.907828 -0.730846 

47 1 0 8.966992 0.298502 -0.166581 

48 1 0 8.314225 0.501631 -1.800858 

49 6 0 4.484071 1.949191 2.429271 

50 1 0 4.617828 3.022586 2.238608 

51 1 0 3.410487 1.763763 2.57146 

52 1 0 4.988567 1.715155 3.377273 

 



Tugrak Sakarya et al. JOTCSA. 2023; 10(2): 385-424 RESEARCH ARTICLE 

408 

 

 

Figure S1. Superimposed structures, sequences of the two Human Acetylcholinesterase models, 

7E3I (orange color) and 4EY6 (blue color). 2D docking poses and interactions of Tacrine in the two 

PDB models. 

 

 

Figure S2. Superimposed structures, sequences of the two Human butyrylcholinesterase models, 

4BDS (green color) and 1P0I (orange color). 2D docking poses and interactions of Tacrine in the 

two PDB models. 
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Figure S3. 3D and 2D docking poses and interactions of acarbose in the Porcine Pancreatic 

Alpha-Amylase model (1DHK, blue color). 

 

 

Figure S4. Superimposed structures, sequences of the two isomaltase /α-methylglucosidase from 

S. cerevisiae models, 3AJ7 (blue color) and 3A4A (orange color) and model3 (pink color). 

Ramachandran plot for homology model of yeast alpha glucosidase (model 3). The homology model 

was built and The model was validated and authenticated by Ramachandran plot using DS 3.5 

software. 
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Figure S5. 3D and 2D docking poses and interactions of acarbose in the homology model of yeast 

alpha glucosidase (model 3). 
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Table S2. Interaction types and distances of 1d, 2c and *Tacrine (TAC) compounds against AChE; 1c, 2c and *Tacrin (TAC) compounds against BChE; 2a, 2d 
and *Acarbose (ACR) compounds against α-Amy and 2a, 2d and *Acarbose (ACR) compounds against α-Gly. The (*) mark indicates positive compounds 
of respective targets. 

 
Interactions (hAChE) Distance Å Bonding Bonding Types Binding site of target (hAChE ) Binding site of ligand  (1d ) 

A:ARG296:HN - :1d:O21 2.6589 Hydrogen Bond Conventional Hydrogen Bond A:ARG296:HN :1d:O21 

:1d:H34 - A:TYR341:O 1.8545 Hydrogen Bond Conventional Hydrogen Bond A:TYR341:O :1d:H34 

:1d:H8 - A:TYR337:OH 2.2266 Hydrogen Bond Conventional Hydrogen Bond A:TYR337:OH :1d:H8 

:1d:N5 - A:TYR341 4.9855 Electrostatic Pi-Cation A:TYR341 :1d:N5 

:1d:H20 - A:TRP286 2.8476 Hydrophobic Pi-Sigma A:TRP286 :1d:H20 

:1d:S19 - A:PHE338 5.9157 Other Pi-Sulfur A:PHE338 :1d:S19 

A:TRP286 - :1d 5.2246 Hydrophobic Pi-Pi Stacked A:TRP286 :1d 

A:TRP286 - :1d 4.0409 Hydrophobic Pi-Pi Stacked A:TRP286 :1d 

:1d:C42 - A:LEU289 4.7763 Hydrophobic Alkyl A:LEU289 :1d:C42 

A:TRP286 - :1d:C42 5.0362 Hydrophobic Pi-Alkyl A:TRP286 :1d:C42 

A:TRP286 - :1d:C46 4.0117 Hydrophobic Pi-Alkyl A:TRP286 :1d:C46 

Interactions (hAChE) Distance Å Bonding Bonding Types Binding site of target (hAChE ) Binding site of ligand  (2c ) 

A:GLY120:HN - :2c:O24 2.7093 Hydrogen Bond Conventional Hydrogen Bond A:GLY120:HN :2c:O24 

A:GLY121:HN - :2c:O23 2.2188 Hydrogen Bond Conventional Hydrogen Bond A:GLY121:HN :2c:O23 

A:GLY126:HN - :2c:O15 2.8364 Hydrogen Bond Conventional Hydrogen Bond A:GLY126:HN :2c:O15 

A:TYR133:HH - :2c:O24 2.2594 Hydrogen Bond Conventional Hydrogen Bond A:TYR133:HH :2c:O24 

A:SER203:HG - :2c:O23 2.9305 Hydrogen Bond Conventional Hydrogen Bond A:SER203:HG :2c:O23 

:2c:H37 - A:GLU202:OE1 2.1276 Hydrogen Bond Conventional Hydrogen Bond A:GLU202:OE1 :2c:H37 

A:GLY120:HA1 - :2c:O23 2.2252 Hydrogen Bond Carbon Hydrogen Bond A:GLY120:HA1 :2c:O23 

A:GLY126:HA2 - :2c:O15 2.5275 Hydrogen Bond Carbon Hydrogen Bond A:GLY126:HA2 :2c:O15 

A:SER203:HB1 - :2c:O23 2.1507 Hydrogen Bond Carbon Hydrogen Bond A:SER203:HB1 :2c:O23 

A:GLY448:HA1 - :2c:N45 2.5325 Hydrogen Bond Carbon Hydrogen Bond A:GLY448:HA1 :2c:N45 

:2c:H14 - A:TYR337 2.3771 Hydrophobic Pi-Sigma A:TYR337 :2c:H14 

A:TRP86 - :2c 4.9761 Hydrophobic Pi-Pi T-shaped A:TRP86 :2c 

A:TRP86 - :2c 4.7236 Hydrophobic Pi-Pi T-shaped A:TRP86 :2c 

A:TYR337 - :2c 4.7022 Hydrophobic Pi-Pi T-shaped A:TYR337 :2c 

A:TYR337 - :2c 4.8115 Hydrophobic Pi-Pi T-shaped A:TYR337 :2c 

A:TYR341 - :2c 4.5476 Hydrophobic Pi-Pi T-shaped A:TYR341 :2c 
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A:GLY120:C,O;GLY121:N - :2c 3.6875 Hydrophobic Amide-Pi Stacked A:GLY120:C,O;GLY121:N :2c 

A:TRP86 - :2c:C46 3.8015 Hydrophobic Pi-Alkyl A:TRP86 :2c:C46 

A:TRP86 - :2c:C46 4.0886 Hydrophobic Pi-Alkyl A:TRP86 :2c:C46 

A:TYR337 - :2c:C46 4.1056 Hydrophobic Pi-Alkyl A:TYR337 :2c:C46 

A:TYR449 - :2c:C46 4.2911 Hydrophobic Pi-Alkyl A:TYR449 :2c:C46 

Interactions (hAChE) Distance Å Bonding Bonding Types Binding site of target (hAChE ) Binding site of ligand  (TAC ) 

:TAC:H27 - A:GLU202:OE1 1.9707 Hydrogen Bond Conventional Hydrogen Bond A:GLU202:OE1 :TAC:H27 

A:TRP86 - :TAC 4.09792 Hydrophobic Pi-Pi Stacked A:TRP86 :TAC 

A:TRP86 - :TAC 4.9289 Hydrophobic Pi-Pi Stacked A:TRP86 :TAC 

A:TRP86 - :TAC 3.7454 Hydrophobic Pi-Pi Stacked A:TRP86 :TAC 

A:TRP86 - :TAC 4.6813 Hydrophobic Pi-Pi Stacked A:TRP86 :TAC 

A:TRP86 - :TAC 4.9323 Hydrophobic Pi-Alkyl A:TRP86 :TAC 

A:TRP86 - :TAC 4.6616 Hydrophobic Pi-Alkyl A:TRP86 :TAC 

A:TYR337 - :TAC 4.8422 Hydrophobic Pi-Alkyl A:TYR337 :TAC 

A:HIS447 - :TAC 4.5681 Hydrophobic Pi-Alkyl A:HIS447 :TAC 

 

Interactions (hBChE) Distance Å Bonding Bonding Types Binding site of target (hBChE ) Binding site of ligand  (1c ) 

A:ASP70:HN - :1c:S8 3.0736 Hydrogen Bond Conventional Hydrogen Bond A:ASP70:HN :1c:S8 

A:GLY115:HN - :1c:O20 2.2901 Hydrogen Bond Conventional Hydrogen Bond A:GLY115:HN :1c:O20 

A:TYR128:HH - :1c:O20 2.5398 Hydrogen Bond Conventional Hydrogen Bond A:TYR128:HH :1c:O20 

:1c:H24 - A:TRP82:O 1.6675 Hydrogen Bond Conventional Hydrogen Bond A:TRP82:O :1c:H24 

:1c:H34 - A:GLU197:OE2 2.0978 Hydrogen Bond Conventional Hydrogen Bond A:GLU197:OE2 :1c:H34 

A:GLY115:HA1 - :1c:O21 2.6060 Hydrogen Bond Carbon Hydrogen Bond A:GLY115:HA1 :1c:O21 

A:SER198:HB1 - :1c:O21 2.4618 Hydrogen Bond Carbon Hydrogen Bond A:SER198:HB1 :1c:O21 

:1c:H18 - A:HIS438:O 2.4106 Hydrogen Bond Carbon Hydrogen Bond A:HIS438:O :1c:H18 

A:HIS438:NE2 - :1c 4.1840 Electrostatic Pi-Cation A:HIS438:NE2 :1c 

A:ASP70:OD2 - :1c 3.4519 Electrostatic Pi-Anion A:ASP70:OD2 :1c 

A:TRP82:HB1 - :1c 2.9088 Hydrophobic Pi-Sigma A:TRP82:HB1 :1c 

A:TRP82 - :1c 4.5388 Hydrophobic Pi-Pi T-shaped A:TRP82 :1c 

A:TYR332 - :1c 5.2747 Hydrophobic Pi-Pi T-shaped A:TYR332 :1c 

A:HIS438 - :1c 4.4959 Hydrophobic Pi-Pi T-shaped A:HIS438 :1c 

A:GLY115:C,O;GLY116:N - :1c 3.9525 Hydrophobic Amide-Pi Stacked A:GLY115:C,O;GLY116:N :1c 
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A:PHE329 - :1c:C43 4.9780 Hydrophobic Pi-Alkyl A:PHE329 :1c:C43 

A:HIS438 - :1c:C43 4.6457 Hydrophobic Pi-Alkyl A:HIS438 :1c:C43 

Interactions (hBChE) Distance Å Bonding Bonding Types Binding site of target (hBChE ) Binding site of ligand  (2c ) 

A:GLY116:HN - :2c:O8 1.9683 Hydrogen Bond Conventional Hydrogen Bond A:GLY116:HN :2c:O8 

A:GLY117:HN - :2c:O8 2.0866 Hydrogen Bond Conventional Hydrogen Bond A:GLY117:HN :2c:O8 

A:ALA199:HN - :2c:O8 2.3976 Hydrogen Bond Conventional Hydrogen Bond A:ALA199:HN :2c:O8 

A:SER198:HB1 - :2c:O8 2.1835 Hydrogen Bond Carbon Hydrogen Bond A:SER198:HB1 :2c:O8 

:2c:H13 - A:SER79:O 2.0776 Hydrogen Bond Carbon Hydrogen Bond A:SER79:O :2c:H13 

A:HIS438:NE2 - :2c 4.7794 Electrostatic Pi-Cation A:HIS438:NE2 :2c 

A:ASP70:OD2 - :2c 2.8678 Electrostatic Pi-Anion A:ASP70:OD2 :2c 

A:HIS438:HD2 - :2c 2.8974 Hydrophobic Pi-Sigma A:HIS438:HD2 :2c 

:2c:H11 - A:TRP231 2.8851 Hydrophobic Pi-Sigma A:TRP231 :2c:H11 

:2c:O15 - A:TRP82 2.7144 Other Pi-Lone Pair A:TRP82 :2c:O15 

A:TRP231 - :2c 5.3616 Hydrophobic Pi-Pi T-shaped A:TRP231 :2c 

A:TRP231 - :2c 5.3187 Hydrophobic Pi-Pi T-shaped A:TRP231 :2c 

A:PHE329 - :2c 5.1296 Hydrophobic Pi-Pi T-shaped A:PHE329 :2c 

A:HIS438 - :2c 5.1117 Hydrophobic Pi-Pi T-shaped A:HIS438 :2c 

:2c - A:ALA328 5.0903 Hydrophobic Pi-Alkyl A:ALA328 :2c 

:2c - A:LEU286 5.0752 Hydrophobic Pi-Alkyl A:LEU286 :2c 

Interactions (hBChE) Distance Å Bonding Bonding Types Binding site of target (hBChE ) Binding site of ligand  (TAC ) 

:TAC:H26 - A:TRP82:O 2.0179 Hydrogen Bond Conventional Hydrogen Bond A:TRP82:O :TAC:H26 

:TAC:H27 - A:GLN67:OE1 1.9669 Hydrogen Bond Conventional Hydrogen Bond A:GLN67:OE1 :TAC:H27 

A:THR120:OG1 - :TAC 2.8443 Other Pi-Lone Pair A:THR120:OG1 :TAC 

A:TRP82 - :TAC 5.3361 Hydrophobic Pi-Alkyl A:TRP82 :TAC 

A:TRP82 - :TAC 5.0819 Hydrophobic Pi-Alkyl A:TRP82 :TAC 

 

 

Interactions (α-Amy) Distance Å Bonding Bonding Types Binding site of target (α-Amy ) Binding site of ligand  (2a ) 

A:ARG195:HH12 - :2a:O23 2.7789 Hydrogen Bond Conventional Hydrogen Bond A:ARG195:HH12 :2a:O23 

:2a:H37 - A:ASP197:OD1 1.7643 Hydrogen Bond Conventional Hydrogen Bond A:ASP197:OD1 :2a:H37 

:2a:H38 - A:GLU233:OE2 1.8153 Hydrogen Bond Conventional Hydrogen Bond A:GLU233:OE2 :2a:H38 

A:HIS101:HE1 - :2a:O15 3.0949 Hydrogen Bond Carbon Hydrogen Bond A:HIS101:HE1 :2a:O15 

:2a:S22 - A:TRP58 5.9748 Other Pi-Sulfur A:TRP58 :2a:S22 
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:2a:S22 - A:TYR62 4.0881 Other Pi-Sulfur A:TYR62 :2a:S22 

:2a:S22 - A:HIS299 4.4537 Other Pi-Sulfur A:HIS299 :2a:S22 

A:TRP59 - :2a 4.6373 Hydrophobic Pi-Pi Stacked A:TRP59 :2a 

A:TYR62 - :2a 4.1764 Hydrophobic Pi-Pi Stacked A:TYR62 :2a 

A:TRP58 - :2a 4.8265 Hydrophobic Pi-Pi T-shaped A:TRP58 :2a 

Interactions (α-Amy) Distance Å Bonding Bonding Types Binding site of target (α-Amy ) Binding site of ligand  (2d ) 

A:HIS101:HE2 - :2d:O23 2.0095 Hydrogen Bond Conventional Hydrogen Bond A:HIS101:HE2 :2d:O23 

A:HIS201:HE2 - :2d:O15 1.9414 Hydrogen Bond Conventional Hydrogen Bond A:HIS201:HE2 :2d:O15 

:2d:H37 - A:ASP197:OD2 1.8565 Hydrogen Bond Conventional Hydrogen Bond A:ASP197:OD2 :2d:H37 

A:ASP300:OD1 - :2d 3.6214 Electrostatic Pi-Anion A:ASP300:OD1 :2d 

A:TYR62 - :2d 4.0569 Hydrophobic Pi-Pi Stacked A:TYR62 :2d 

A:TRP58 - :2d:C45 3.9258 Hydrophobic Pi-Alkyl A:TRP58 :2d:C45 

A:TYR62 - :2d:C45 4.2632 Hydrophobic Pi-Alkyl A:TYR62 :2d:C45 

A:HIS299 - :2d:C49 3.9176 Hydrophobic Pi-Alkyl A:HIS299 :2d:C49 

:2d - A:LEU162 4.8026 Hydrophobic Pi-Alkyl A:LEU162 :2d 

:2d - A:ALA198 4.4036 Hydrophobic Pi-Alkyl A:ALA198 :2d 

:2d - A:ILE235 5.0145 Hydrophobic Pi-Alkyl A:ILE235 :2d 

Interactions (α-Amy) Distance Å Bonding Bonding Types Binding site of target (α-Amy ) Binding site of ligand  (ACR ) 

A:GLN63:HE22 - :ACR:O18 1.6702 Hydrogen Bond Conventional Hydrogen Bond A:GLN63:HE22 :ACR:O18 

A:ASN298:HD21 - :ACR:O7 2.0254 Hydrogen Bond Conventional Hydrogen Bond A:ASN298:HD21 :ACR:O7 

A:ASN301:HN - :ACR:O9 2.6100 Hydrogen Bond Conventional Hydrogen Bond A:ASN301:HN :ACR:O9 

:ACR:H77 - A:ASP300:OD2 2.9104 Hydrogen Bond Conventional Hydrogen Bond A:ASP300:OD2 :ACR:H77 

:ACR:H87 - A:TRP59:O 1.7371 Hydrogen Bond Conventional Hydrogen Bond A:TRP59:O :ACR:H87 

:ACR:H70 - A:ASP197:OD1 2.2595 Hydrogen Bond Conventional Hydrogen Bond A:ASP197:OD1 :ACR:H70 

:ACR:H72 - A:GLU233:OE2 1.9303 Hydrogen Bond Conventional Hydrogen Bond A:GLU233:OE2 :ACR:H72 

:ACR:H73 - A:GLU233:OE2 1.7352 Hydrogen Bond Conventional Hydrogen Bond A:GLU233:OE2 :ACR:H73 

:ACR:H74 - A:ASP300:OD1 2.2284 Hydrogen Bond Conventional Hydrogen Bond A:ASP300:OD1 :ACR:H74 

:ACR:H81 - A:ASP300:OD1 1.6743 Hydrogen Bond Conventional Hydrogen Bond A:ASP300:OD1 :ACR:H81 

:ACR:H86 - A:ASP300:OD1 2.5189 Hydrogen Bond Conventional Hydrogen Bond A:ASP300:OD1 :ACR:H86 

A:ASN301:HA - :ACR:O17 1.9122 Hydrogen Bond Carbon Hydrogen Bond A:ASN301:HA :ACR:O17 

:ACR:H15 - A:GLU233:OE2 2.8086 Hydrogen Bond Carbon Hydrogen Bond A:GLU233:OE2 :ACR:H15 

:ACR:H20 - A:GLU233:OE2 2.3565 Hydrogen Bond Carbon Hydrogen Bond A:GLU233:OE2 :ACR:H20 
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:ACR:H27 - A:ASP197:OD1 2.7183 Hydrogen Bond Carbon Hydrogen Bond A:ASP197:OD1 :ACR:H27 

:ACR:H27 - A:GLU233:OE1 2.5169 Hydrogen Bond Carbon Hydrogen Bond A:GLU233:OE1 :ACR:H27 

:ACR:H37 - A:ASP300:OD1 2.8195 Hydrogen Bond Carbon Hydrogen Bond A:ASP300:OD1 :ACR:H37 

A:ALA198 - :ACR:C35 4.4052 Hydrophobic Alkyl A:ALA198 :ACR:C35 

:ACR:C35 - A:LEU162 4.5427 Hydrophobic Alkyl A:LEU162 :ACR:C35 

A:HIS201 - :ACR:C35 5.1708 Hydrophobic Pi-Alkyl A:HIS201 :ACR:C35 

 

Interactions (α-Gly) Distance Å Bonding Bonding Types Binding site of target (α-Gly ) Binding site of ligand  (2a) 

A:ARG312:HE - :2a:O23 1.7950 Hydrogen Bond Conventional Hydrogen Bond A:ARG312:HE :2a:O23 

A:TYR313:HH - :2a:O23 2.0359 Hydrogen Bond Conventional Hydrogen Bond A:TYR313:HH :2a:O23 

A:ASN412:HD22 - :2a:O15 1.9822 Hydrogen Bond Conventional Hydrogen Bond A:ASN412:HD22 :2a:O15 

:2a:H38 - A:ASP408:OD1 2.1588 Hydrogen Bond Conventional Hydrogen Bond A:ASP408:OD1 :2a:H38 

A:HIS239:HE1 - :2a:O8 1.8895 Hydrogen Bond Carbon Hydrogen Bond A:HIS239:HE1 :2a:O8 

A:PHE311:HA - :2a:O8 2.3282 Hydrogen Bond Carbon Hydrogen Bond A:PHE311:HA :2a:O8 

:2a:S14 - A:PHE311 4.6604 Other Pi-Sulfur A:PHE311 :2a:S14 

:2a:S22 - A:TYR313 5.4500 Other Pi-Sulfur A:TYR313 :2a:S22 

:2a - A:ARG312 3.8643 Hydrophobic Pi-Alkyl A:ARG312 :2a 

:2a - A:ARG312 4.8447 Hydrophobic Pi-Alkyl A:ARG312 :2a 

Interactions (α-Gly) Distance Å Bonding Bonding Types Binding site of target (α-Gly ) Binding site of ligand  (2d) 

A:ASN241:HD22 - :2d:S14 2.3887 Hydrogen Bond Conventional Hydrogen Bond A:ASN241:HD22 :2d:S14 

A:ARG439:HH11 - :2d:O23 2.4599 Hydrogen Bond Conventional Hydrogen Bond A:ARG439:HH11 :2d:O23 

A:ARG439:HH11 - :2d:N44 2.7297 Hydrogen Bond Conventional Hydrogen Bond A:ARG439:HH11 :2d:N44 

:2d:H37 - A:GLU276:OE2 1.9451 Hydrogen Bond Conventional Hydrogen Bond A:GLU276:OE2 :2d:H37 

A:ARG439:HD2 - :2d:O23 2.9097 Hydrogen Bond Carbon Hydrogen Bond A:ARG439:HD2 :2d:O23 

:2d:S14 - A:ASN241:OD1 3.1329 Other Sulfur-X A:ASN241:OD1 :2d:S14 

:2d:S14 - A:ASN241:ND2 3.2850 Other Sulfur-X A:ASN241:ND2 :2d:S14 

A:ASP214:OD1 - :2d 3.7694 Electrostatic Pi-Anion A:ASP214:OD1 :2d 

:2d:H15 - A:PHE177 2.3103 Hydrophobic Pi-Sigma A:PHE177 :2d:H15 

:2d:S14 - A:HIS279 5.2535 Other Pi-Sulfur A:HIS279 :2d:S14 

A:PHE300 - :2d 4.7758 Hydrophobic Pi-Pi T-shaped A:PHE300 :2d 

A:TYR71 - :2d:C45 3.6057 Hydrophobic Pi-Alkyl A:TYR71 :2d:C45 

A:HIS111 - :2d:C49 4.2511 Hydrophobic Pi-Alkyl A:HIS111 :2d:C49 
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A:HIS348 - :2d:C45 4.4027 Hydrophobic Pi-Alkyl A:HIS348 :2d:C45 

:2d - A:ARG312 4.0951 Hydrophobic Pi-Alkyl A:ARG312 :2d 

Interactions (α-Gly) Distance Å Bonding Bonding Types Binding site of target (α-Gly ) Binding site of ligand  (ACR ) 

A:ARG212:HH12 - :ACR:O16 2.7103 Hydrogen Bond Conventional Hydrogen Bond A:ARG212:HH12 :ACR:O16 

A:ARG212:HH22 - :ACR:O16 2.1753 Hydrogen Bond Conventional Hydrogen Bond A:ARG212:HH22 :ACR:O16 

A:ASN241:HD22 - :ACR:O10 2.1833 Hydrogen Bond Conventional Hydrogen Bond A:ASN241:HD22 :ACR:O10 

A:ARG439:HH11 - :ACR:O3 1.8509 Hydrogen Bond Conventional Hydrogen Bond A:ARG439:HH11 :ACR:O3 

A:ARG439:HH11 - :ACR:O15 2.2442 Hydrogen Bond Conventional Hydrogen Bond A:ARG439:HH11 :ACR:O15 

A:ARG439:HH12 - :ACR:O4 2.3330 Hydrogen Bond Conventional Hydrogen Bond A:ARG439:HH12 :ACR:O4 

:ACR:H77 - A:ASN241:OD1 2.0611 Hydrogen Bond Conventional Hydrogen Bond A:ASN241:OD1 :ACR:H77 

:ACR:H80 - A:ASN241:OD1 2.2174 Hydrogen Bond Conventional Hydrogen Bond A:ASN241:OD1 :ACR:H80 

:ACR:H82 - A:SER156:O 2.2023 Hydrogen Bond Conventional Hydrogen Bond A:SER156:O :ACR:H82 

:ACR:H87 - A:SER156:O 1.9009 Hydrogen Bond Conventional Hydrogen Bond A:SER156:O :ACR:H87 

:ACR:H70 - A:GLU304:OE2 1.9899 Hydrogen Bond Conventional Hydrogen Bond A:GLU304:OE2 :ACR:H70 

:ACR:H72 - A:GLU304:OE2 1.7773 Hydrogen Bond Conventional Hydrogen Bond A:GLU304:OE2 :ACR:H72 

:ACR:H73 - A:GLU276:OE2 2.1563 Hydrogen Bond Conventional Hydrogen Bond A:GLU276:OE2 :ACR:H73 

:ACR:H81 - A:ASP68:OD2 2.4232 Hydrogen Bond Conventional Hydrogen Bond A:ASP68:OD2 :ACR:H81 

:ACR:H85 - A:HIS348:NE2 2.3192 Hydrogen Bond Conventional Hydrogen Bond A:HIS348:NE2 :ACR:H85 

:ACR:H85 - A:ASP349:OD2 1.9445 Hydrogen Bond Conventional Hydrogen Bond A:ASP349:OD2 :ACR:H85 

:ACR:H86 - A:ASP214:OD2 2.0583 Hydrogen Bond Conventional Hydrogen Bond A:ASP214:OD2 :ACR:H86 

:ACR:H38 - A:ASP68:OD2 2.3359 Hydrogen Bond Carbon Hydrogen Bond A:ASP68:OD2 :ACR:H38 

:ACR:H40 - A:ASP214:OD1 1.8479 Hydrogen Bond Carbon Hydrogen Bond A:ASP214:OD1 :ACR:H40 
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Optimization of extraction condition of Gynura procumbens extract
enriched with flavonoid and antioxidant compounds using Response

Surface Methodology
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Abstract: Gynura procumbens is known as one of the herbal medicinal plants found in Indonesia and has
been used from time to time. It is claimed to have various  efficacy such as anti-hyperglycemic,  anti-
hypertension,  anti-microbial,  anti-cancer,  and  antioxidant.  Other  studies  mention  that  G.
procumbens possessed high antioxidant compounds and had been used as a natural-based medicinal
supplement.  However,  further  studies  on  optimizing  the  extraction  process  of Gynura procumbens in
Indonesia have yet to be reported. Therefore, this study aimed to optimize the extraction condition of G.
procumbens leaves by maceration with three variables: solvent concentration, extraction time, and the
ratio of solid-liquid used. Each of those variables contained three different levels. Determination of total
flavonoid and antioxidant activity was measured using aluminium chloride colourimetric assay and 2, 2-
diphenyl-1-picryl-hydrazil  (DPPH)  assay,  respectively.  In  the  optimization  process,  Response  Surface
Methodology (RSM) was used to explore the main effects and interaction between parameters and their
correlations with dependent variables. The results were analyzed using  the  Box-Behnken  method using
Minitab software 17. This study shows that the most significant effect of the variable for both flavonoid
and antioxidant activity was solvent concentration, with a P<0.05. The results showed that the extraction
process to obtain G. procumbens extract with optimal flavonoid content and antioxidant activity (IC50) was
predicted at 70% solvent concentration, 1 h maceration time, and a solid-liquid ratio  of  1:9.8 w/v, with
results  of  17.599  mg  QE/g  extract  and  0.211  mg/mL, respectively.  This  study  was  expected  to
complement  other  studies  and  can  be  used  as  an  additional  reference  for  the  development  of  the
extraction process on a larger scale.
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1. INTRODUCTION

Gynura procumbens or "Sambung Nyawa"-as local
people said- is one of the herbal medicines widely
known for  its  efficacy  as  anti-hypertension,  anti-
hyperglycemia,  anti-cancer,  anti-microbial,
antioxidant, and also anti-inflammation (1). As the
American  people  said,  this  longevity  spinach
possesses high antioxidant activity  (2), which can
be a source of longer-lasting health quality, like the
origin of the name. Antioxidant itself is one of the

chemical  compounds  used  to  prevent  oxidative
stress in the biological system within the body that
has the potential to cause diseases (3). Antioxidant
compounds eliminate free radicals through specific
mechanisms  and  can  be  obtained  from
endogenous  (enzymes  within  the  body)  or
exogenous sources (food, nutritional supplements,
or  pharmaceuticals)  (4).  The  previous  study
mentioned  that  Sambung Nyawa leaves  contains
phenolics  compounds  such  as  gallic  acid,
protocatechuic  acid,  hydroxybenzoic  acids  (HBA),
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vanillic  acid,  and syringic  acid,  while other study
reported that it has flavonoid compounds like rutin,
quercetin, kaempferol, myricetin, and apigenin that
can  be  served  as  an  antioxidant  and  an  anti-
photoaging agents (5,6).

This  study  focused  on  the  optimization  process
which was conducted by using Response Surface
Methodology  (RSM),  a  technique  to  optimize  the
response from the experiment as influenced by its
variables.  This  tool  is  helpful  for  modelling  and
analysis  using  mathematical  and  statistical
approaches  (7),  selecting  and  constructing  the
variables needed to produce reliable results in the
response  optimizer.  RSM  has  been  used  in  the
optimization process to reduce experimental trials.
Thus,  the  study  can  be  less  expensive  and  less
time-consuming  (8–10). The most common design
used in RSM is Box-Behnken Design, which requires
three  central  points  in  the  experiments  (James
Regun  Karmoker).  However,  the  final  results
generated from one experiment to another might
have slight differences because of the variance in
setting each variable within a specific range  (11).
The extraction process is commonly influenced by
multiple variables. Therefore, the effects should be
evaluated  simultaneously  to  obtain  accurate
results.

In this study, the extraction process was conducted
using  a  traditional  maceration  technique  and
assisted with stirring to increase the effectiveness
of the process  (12). Maceration was a method to
get  plant  extracts  easily  and  effectively.  This
process can be easily upgraded on a lab, pilot, or
larger scale,  like for a manufacturer.  Despite the
extraction technique, the extract's quality can be
affected  by many other  factors,  such  as  time of
extraction, temperature, type and concentration of
the solvent, and the solid-liquid ratio between the
dry sample and solvent (13).

Based  on  previous  studies,  many  studies  of  the
antioxidant activity of this plant have been carried
out, including the influence of the part of the plant
used (14) and the effect of different solvents used
in the extraction process (2,15). Another study also

showed  that  this  plant  could  be  cultivated  and
produced  in  large  quantities  as  a  natural  and
affordable health supplement, especially in tropical
countries  (16).  Hence,  this  study  aims  to  equip
previous studies by finding the maximum operating
conditions  in  the  extraction  process  using
Response  Surface  Methodology  to  produce  an
extract with high total flavonoid content (TFC) and
antioxidant activity. Besides, this study also aimed
to find a contribution  between each independent
variable  with  the  result  within  the  extraction
process.

2. EXPERIMENTAL SECTION 

2.1. Chemical and reagents
Quercetin  ≥95%  (HPLC), 2,  2-diphenyl-1-picryl-
hydrazil  (DPPH),  and  Aluminum  chloride were
purchased  from  Sigma  Chemical  Company  (St.
Louis MO, USA). Potassium acetate was purchased
from BDH Chemicals  Ltd  (Poole, England). HPLC-
grade  methanol  was  obtained  from  Merck,  96%
food-grade ethanol was  obtained  from  a  local
supplier, and all  other solvents were analytical or
HPLC grade.

2.2. Plant collection
Sambung  nyawa  or Gynura  procumbens
leaves were harvested from cultivation by BRIN in
Sulusuban,  Lampung.  Fresh  leaves  of G.
procumbens were  dried  using  an  oven  with  a
temperature  of  up to  60 °C,  then  ground  into  a
semi-powder using a milling machine before use.

2.3. Extraction
30 g  of  powdered leaves of G.  procumbens were
extracted  in  glassware  with  a  magnetic  stirrer
using  food-grade ethanol with  various  levels  of
solvent concentration, time of extraction, and solid-
liquid ratio (w/v). Each variable contains 3 levels,
as  stated  in  the  experiment  design  in  Minitab
below. The stirring process was conducted at 500
rpm using  an  IKA magnetic  stirrer,  and  then the
filtrate  was  filtered  using  filter  paper  and
concentrated  using  a  Buchi  rotary  vacuum
evaporator.

Table 1: The design of the variable used in the experiment.

Independent Variables Levels of Variables Dependent Variables
-1 0 1

Ethanol Concentration (X1, %) 30 50 70 Yield (Y1, %)
Time for Maceration (X2, h) 1 2 3 TFC (Y2, mg QE / g extract)
Solid-Liquid Ratio (X3, w/v) 1:8 1:10 1:12 IC 50 (Y3, mg/mL)

The yield extract of G. procumbens obtained from the experiment was then calculated using the equation
below:

Yield (% )= Mass of extract (g)
Mass of G . procumbensleaves

x 100 (1)

2.4. Determination of total flavonoid assay
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The total  flavonoid  content  (TFC) of  the extracts
was  determined  by  the  aluminium chloride
colourimetric method  by  Dyah  (17) with  a  slight
modification.  Quercetin  solution  in  methanol  with
various concentrations from 15-50 ppm was used
as a standard.  A standard solution and  a  viscous
extract of G. procumbens leaves in methanol with
an amount of 0.5 mL  were put into the test tube
containing 1.5 mL of methanol. Then 0.1 ml of AlCl3
(10%) and 1 M CH3COOK were added into the test
tube,  respectively.  The  solution  was  then
homogenized and incubated for 30 minutes. Then,
using a UV–Vis spectrophotometer (Genesys 10 UV,
Thermo  Electron  Corporation,  USA),  the  samples
were measured in wavelength 433 nm (Optimum
for  Quercetin).  The  absorbance of  the  standard
series  of  concentrations shows  y=  0.0151x  –
0.0055 with  the  value of  R2 = 0.9992.  Then, the
total  flavonoid  content  from G.
procumbens extracts  was  obtained  using  the
formula below:

TFC (mgQE / gextract )=C×V
M

(2)

Total Flav .Cont . (% )=C×V × fp×10(−3 )

Wu
x100

With :
C : TFC from the standard equation (mg/mL)
V : Volume extract (mL)
M : Mass extract (g)

2.5. Determination of antioxidant activity
Free  radical  scavenging  activity  from G.
procumbens extract  was determined by using  0.5
mM  DPPH  (2,  2-diphenyl-1-picryl-hydrazil)
according to Pant (18), with some modifications. A
series  of  concentrations  from  each  sample
extract G.  procumbens were  made  to  determine
IC50. Briefly, 240 μL extract of G. procumbens and
60 μL were added to 96-well plates, respectively.
Then  the  samples  were  homogenized  and
incubated for 30 minutes in a dark place. Using an
Elisa  Thermo  Multiskan  Ascent  354 microplate
reader, the absorbance of samples was measured
at wavelength 520 nm. The free radical scavenging
activity  (or  inhibition percentage) and  IC50 value
were obtained using the formula below:

Inh (% )=Absof Blank−Absof Sample
Absof Blank

x100

(3)

lC 50=50−a
b

 (4)

with  a  =  intercept  and  b  =  slope  from  linear
regression.

2.6. Statistical Analysis
Data processing and the design of the experiment
were  conducted  using  Minitab  17  with  response
surface  methodology (RSM). Box-Behnken  was
chosen as a design planner, using three variables
with  three  levels  in  each  variable.  It was  more
efficient than the 2k level factorial (19) because the
number of runs can be deducted. The relationship
between independent variables and the response
will  be  provided  by  a  second-order  polynomial
equation. Thus, the total number of runs with two-
times replication was 30.

3. RESULTS 

3.1.  Effect  of  extraction  condition  and  its
correlation in each variable response
The  results  of  experimental  data  obtained  from
Box-Behnken are shown in Table 2. The experiment
result  showed  that  a more  significant  yield  was
obtained at the lowest concentration of ethanol. On
the  contrary, the higher TFC and IC50 values were
obtained  at  the  highest  concentration  of  the
solvent. 

The maximum yield resulting from the experiment
was  obtained  at  a configuration  of  30%  solvent
concentration, 3 hours maceration time, and a 1:10
ratio  of  solid-liquid  with  a  value  of  54.78%.
Meanwhile, the extract with the highest flavonoid
content  (TFC), 18.89  mg  QE/g  extract,  can  be
obtained at a setting of 70% solvent concentration,
2  hours  maceration,  and  a  1:12  sol:liq  ratio,
whereas the same solvent concentration, 3 hours
maceration  time,  and  a  1:10  ratio  of  sol:liq  can
produce the lowest IC50 values at 0.28 mg/mL. The
higher  amount  of  extract  and  flavonoid  content
showed a higher value of yield (Y1) and TFC (Y2),
while the lower value of IC50 (Y3) showed the more
prominent  free  radicals  scavenging  (antioxidant)
activity.
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Table 2: Result of each dependent variable; Yield, TFC, and IC50 from the experiment and predicted models from RSM.

Run order

Independent Variables Dependent Variables
Predicted  Dependent
Variables

Ethanol
Concentration
(X1, %)

Time  for
Maceration

(X2, h)

Solid-
Liquid
ratio  
(X3, w/v)

Yield  
(Y1, %)

TFC  
(Y2,  
mg QE /  g
Extract)

IC  50  
(Y3,  
mg/mL)

Yield  
(Y1, %)

TFC  
(Y2,  mg
QE  /  g
Extract)

IC  50  
(Y3,
mg/mL)

1 30 1 10
35.60  ±
6.60 0.32 ± 0.01 1.66 ± 0.38 38.65 0.09 1.79

2 70 1 10
14.43  ±
1.37

17.62  ±
0.23 0.32 ± 0.05 16.57 17.65 0.22

3 30 3 10
54.78  ±
13.60 0.33 ± 0.06 1.89 ± 0.18 52.64 0.29 1.99

4 70 3 10
14.75  ±
1.01

16.16  ±
3.14 0.28 ± 0.07 11.70 16.39 0.14

5 30 2 8
43.44  ±
3.50 0.25 ± 0.01 2.64± 0.32 43.21 0.85 2.40

6 70 2 8
12.86  ±
1.32

15.81  ±
1.57 0.28 ± 0.07 13.54 16.15 0.28

7 30 2 12
49.54  ±
0.95 0.25 ± 0.03 1.82 ± 0.04 48.87 -0.08 1.82

8 70 2 12
15.30  ±
0.75

18.89  ±
2.19 0.29 ± 0.07 15.53 18.28 0.53

9 50 1 8
15.26  ±
0.99 3.29 ± 1.32 0.29 ± 0.08 12.45 2.92 0.39

10 50 3 8
14.11  ±
0.44 2.09 ± 0.14 0.35 ± 0.07 16.49 1.52 0.49

11 50 1 12
18.12  ±
0.64 2.10 ± 0.01 0.40 ± 0.11 15.75 2.66 0.26

12 50 3 12
18.01  ±
1.26 2.61 ± 0.75 0.37 ± 0.12 20.83 2.99 0.28

13 50 2 10
17.77  ±
0.90 2.33 ± 0.30 0.42 ± 0.16 17.19 2.11 0.40

14 50 2 10
16.83  ±
0.75 1.86 ± 0.13 0.42 ± 0.01 17.19 2.11 0.40

15 50 2 10
16.98  ±
1.53 2.13 ± 0.27 0.35 ± 0.03 17.19 2.11 0.40

*(Data expresses as mean ± SD, n = 2)
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The  interaction  between  independent  and
dependent  variables  was  processed  with  ANOVA.
The variable  that  held  a  significant  effect  in  the
experiment  expressed  with  a  P-value  <0.05,
indicates  that  the  model’s  prediction  was
significant at 5% (20).  Table 3 below showed that
solvent concentration (X1) had the most significant
effect on all  dependent variables (Y1,  Y2,  Y3) with

P<0.001.  In  addition,  for  the  dependent  variable
yield, extraction time (X2) and its correlation with
solvent  concentration  (X1X2) showed a  significant
impact  in  the  experiment  with  P=0.046  and
P=0.005 successively. Furthermore, the correlation
between  solvent  concentration  and  sol:liq  ratio
(X1X3)  proved  to  be  significant  with  P<0.05  for
Antioxidant/IC50 values (Y3).

Table 3: Correlation of yield, TFC, and antioxidant activity to each independent variable in the
experiment.

Factor
Yield (Y1, %) TFC  (Y2,  mg  QE/g

extract) IC50 (Y3, mg/mL)

F-value P-value F-value P-value F-value P-value
Regression 34.16 < 0.001 134.98 < 0.001 45.51 < 0.001
X1 216.67 < 0.001* 952.21 < 0.001* 283.52 < 0.001*

X2 4.54 0.046* 0.96 0.339 0.29 0.595
X3 3.19 0.089 1.21 0.283 2.73 0.114
X1X2 9.71 0.005* 0.9 0.353 0.93 0.345
X1X3 0.37 0.552 3.96 0.06 8.38 0.009*

X2X3 0.03 0.865 1.25 0.277 0.08 0.777
X1

2 71.31 < 0.001* 253.21 < 0.001* 106.75 < 0.001*

X2
2 0.15 0.704 0.08 0.787 3.08 0.095

X3
2 0.02 0.895 0.58 0.457 1.42 0.247

Lack of fit 2.49 0.096** 1.13 0.367** 6.77 0.003***

*Significant for P <0.05; ** Significant for lack of fit P > 0.05; ** *Non-significant lack of fit P > 0.05

3.2. Fitting the RSM model
Several  conditions  must  be fulfilled  to  prove  the
suitability of the experiment with the RSM model,
which  was  the P-value  of  the  model  <0.05
(significant) and the P-value for the lack of fit being
>0.05  (non-significant),  and  coefficient
determination (R2)  (21). The lack of fit from Table
3 showed that it  was non-significant (P>0.05) for
Yield (Y1) and TFC (Y2); therefore, the RSM model
fitted well with the prediction from the experiment
(20). Although the condition of lack of fit in IC50 was
significant  (P<0.05)  and  did  not  meet  the
requirement,  the  model  can  still  be  used  (21).
Normality and residual  plot  were also considered
as additional information to ensure the suitability
of the predicted RSM model  with the experiment
(19).  The  experiment’s  results  were  considered

good,  showing  homogeneous  data  distribution
around  the  linear  line  in  the  normality  plot  and
heterogeneous  data  distribution  in  the  residual
plot.  Each dependent  variable  in  this  experiment
shows that  the experimental  data  were normally
distributed (data not shown).  Thus,  mathematical
models  from  the  experimental  data  were
expressed as equations 5-7 below:
Y1 =  17.194  –  15.754X1 +  2.281X2 +1.911X3 –
4.717X1X2 – 0.916X1X3 + 0.261X2X3 + 13.303X1

2 –
0.608X2

2 – 0.210X3
2 (5)

Y2 =  2.108 +  8.415X1 –  0.267X2 +  0.301X3 –
0.367X1X2 +  0.768X1X3 +  0.431X2X3 +  6.388X1

2 +
0.110X2

2 + 0.305X3
2 (6)

Y3 =  0.396  – 0.854X1 +  0.027X2 – 0.084X3 –
0.069X1X2 +  0.208X1X3 –  0.021X2X3 +  0.772X1

2 –
0.131X2

2 + 0.089X3
2           (7)
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Table 4: Differences in coefficient of equation between experimental and predictional study.

Factor
Yield (%) TFC  (mg  QE/g

Extract) IC50 (mg/mL)

Exp.
Coef

Pred.
Coef

Exp.
Coef Pred. Coef

Exp.
Coef Pred. Coef

Constant 17.194 85.502 2.108 40.151 0.396 11.466
X1 -15.754 -3.413 8.415 -1.331 -0.854 -0.281
X2 2.281 15.199 -0.267 -1.946 0.027 0.828
X3 1.911 2.889 0.301 -2.764 -0.084 -0.726
X1X2 -4.717 -0.236 -0.367 -0.018 -0.069 -0.003
X1X3 -0.916 -0.023 0.768 0.019 0.208 0.005
X2X3 0.261 0.131 0.431 0.216 -0.021 -0.010
X1

2 13.303 0.033 6.388 0.016 0.772 0.002
X2

2 -0.608 -0.608 0.110 0.110 -0.131 -0.131
X3

2 -0.210 -0.053 0.305 0.076 0.089 0.022

R2
Adjusted
R2 R2

Adjusted
R2 R2

Adjusted
R2

93.89% 91.14% 98.38% 97.65% 95.34% 93.25%

The  experiments  also  resulted  in  model
predictions, as shown in Table 4 above. Compared
with the experimental data, the coefficients of the
predicted  models  were  drastically  different.
However, the predicted model was still considered
valid because of R2 and Adj. R2 was still around 0.9
for  all  dependent  variables,  meaning 90% of  the
total variation can be explained by the models. R2

was  used  to  evaluate  the  accuracy  between
predicted and experimental values (22). The closer
value of R2 to 1 indicates the fitness of the models
and  the  experimental  data  (23).  The  difference
value  between  R2 and  Adj.  R2 means  the
percentage of total variation not explained by the

models (24). Values of the dependent variable from
the predicted RSM models are shown in Table 4.

3.3. Optimization of extraction condition
Contour  plot  graphs  below  visualized  the
correlation between X1,  X2,  X3, and Y1,  Y2,  and Y3
more  easily.  From  Figure  1, the  maximum  TFC
value (dark green area) was obtained in the range
of  higher  solvent  concentrations  (X1) and  sol:liq
ratios (X3). Meanwhile, extraction time (X2) did not
significantly  affect  the  response.  Thus,  the
maximum TFC value can be obtained using a 70%
solvent concentration with a 2-hour extraction time
and a 1:12 sol:liq ratio.
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Figure 1: Contour plot on TFC in correlation with; a) time vs solvent concentration, b) sol:liq ratio vs
solvent concentration, and c) sol:liq ratio vs time.
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In contrast  with  Figure 2, the highest antioxidant
activity/the lowest IC50 value obtained was marked
with  a  light  green  colour.  Higher  levels of  X1
increase  the  antioxidant  activity  proportionally,
while X2 and X3 have  almost  no  effect. For  the
sol:liq  ratio  variable (X3),  the  antioxidant  activity
content  did  not  show any alteration as the ratio
increased. The details of the plots can be seen in

Figure 2. To sum up, determining exact values in
each parameter to produce the lowest IC50 values
was more challenging in this case than in the TFC,
except for the solvent concentration. Therefore, a
response optimizer was used to gain more reliable
setting parameters by combining calculations from
experimental and predicted models.
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Figure 2: Contour plot on IC50 in correlation with; a) time vs solvent concentration, b) sol:liq ratio vs
solvent concentration, and c) sol:liq ratio vs time.

Optimization was carried out to produce an extract
with  maximum  TFC  and  antioxidant  activity.
Response  optimizers  were  used  by  adding
dependent  variables  like  TFC  and  IC50 at  the
maximum setting. Response optimizer from Figure
3 showed that to obtain the maximum content of
flavonoid  and  antioxidant  activity,  the  extraction
condition  should  be  set  at  70%  solvent

concentration, 1 hour extraction time, and almost a
1:10  ratio  in  the  sol:liq  ratio.  This  condition  was
likely to have a similar result as predicted since the
composite desirability was considered high (>0.9).
However,  the result  will  not produce a high-yield
extract  since it  was excluded from the optimizer,
and  the  correlation  of  yield  with  the  desired
parameters was the opposite.
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D
Optimal

d = 0.85986

Maximum
TFC

y = 17.5992

d = 1.0000

Minimum
IC 50

y = 0.2114

0.92729
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8.0
12.0

1.0
3.0

30.0
70.0

Time (Ho Sol-Liq Solvent 
[70.0] [1.0] [9.8182]

Figure 3: Optimization plot of operation process for extraction of G. procumbens for high TFC and IC50.

4. DISCUSSION 

The bioactivities of the plant medicines, especially
antioxidant  activity,  were  strongly  influenced  by
the solvent concentration, while other variables did
not  show  a  significant  effect  (8).  Solvent
concentration plays a major role in the amount of
flavonoid,  antioxidant,  and  other  bioactive
compounds  (23).  The  extraction  of G.
procumbens with  methanol  has  more  TPC  and
antioxidant activity than extraction with ethanol or
water  (25). However, the extract with ethanol still
contained  the  high  antioxidant  quality  of  extract
(8,15). A solvent with more water composition was
likely  to  draw  the  polysaccharides  inside  the
sample out, resulting in a higher yield obtained and
lower activity. Meanwhile, the extraction time only
affected the yield produced and did not affect the

antioxidant  activity  (26).  Therefore,  this  variable
did not appear to be significant (24).

Sol:liq variable in this study did not appear to hold
any significance in antioxidant and total flavonoid
content.  Meanwhile,  in  correlation  with  solvent
concentration,  it  did  contain  a  significant  role  in
determining  antioxidant  activity  (20,24,27–29) as
others because of the maximum amount of solvent
that penetrated the sample. A solvent with a higher
ethanol composition has a lower dielectric constant
that can disrupt the plant matrices easier, as the
extraction  process  involves  the  mass  transfer
between solid and liquid. Mass transfer depends on
driving  forces  and  resistance  within  the  process.
Different concentrations,  as a result of the sol:liq
ratio, lead to a higher driving force and diffusion
rate (27,29).
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Long exposures  in  variables  such as sol:liq  ratio,
extraction  temperature,  and time resulted in the
extract with the highest yield. Nevertheless, as the
temperature  increased,  the  antioxidant  activity
decreased (20). Extraction temperature is likely to
have  more  influence  on  maximizing  the  yield
produced  while  affecting  the  antioxidant  activity
content  within  it  (22,30).  TFC  and  radical
scavenging activity decreased as the temperature
rose  due  to  the  degradation  of  bioactive
compounds, which are commonly sensitive to heat
(23,30).

Many  compounds  can  be  classified  as  having
antioxidant  activity,  including  flavonoid
compounds.  It  was  known  to  have  potent
scavengers  of  free  radicals  and  was  potentially
used  as  medicine  for  oxidative  damage  and
degenerative  diseases  such  as  cancer  (31).
Previous  studies  stated  that  the  ethyl  acetate
fraction  of G.  procumbens extracts  exhibits
antioxidant activity with IC50  values of 0.05 mg/mL
(2) and 0.2 mg/mL (5). This ethyl acetate fraction
contains  some  flavonoid  compounds  such  as
myricetin,  quercetin,  rutin,  apigenin,  and
kaempferol  that  are  responsible  for  antioxidant
activity  within  the  fraction.  Another  experiment
showed  crude  methanol  extract  contains  a  TFC
value  of  10.33  mg  QE/g  DW  and  an  IC50 0.47
mg/mL,  proving  that  both  variables  have  some
correlation  (5).  However,  the  result  can  not  be
compared  with  this  experiment  due  to  the
differences  in  the  solvent  used.  Medicinal  plants
were known to have very high antioxidant activity
with IC50 less than 0.05 mg/mL and high with IC50
around 0.05-0.1 mg/mL, while the IC50 around 0.1-
0.15 mg/mL and 0.15-0.2 mg/mL were mentioned
as medium and low antioxidant capacity  (32). The
value  was  still  higher  than  IC50 obtained  in  this
experiment (0.28 mg/mL). However, judging from
previous studies, further purification of this extract
allows for an increase in the antioxidant activity of
this plant.

5. CONCLUSION 

To be concluded, the established RSM models were
adequate for determining extraction conditions for
certain  goals.  This  experiment  shows  that  for
obtaining  an  extract with both maximum TFC and
antioxidant activity, extraction conditions must be
held  at  70%  solvent  concentration,  1  hour
extraction  time,  and  a  9.8  sol:liq  ratio  with an
estimated  value  of  17.599 mg QE/g  extract  and
0.211 mg/ml, respectively. Further, this experiment
still needs some validation of the result suggested
by the optimizer. Besides, this method can also be
used  for  other  traditional  medicines.  It can  be
developed as an optimization tool for the purified
extract  to  elevate  the  effectiveness  of  the
traditional medicines used.
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Abstract: Herein, a series of twelve bis-hydrazone substituted isovanilline derivatives 3(a-l), were freshly
re-synthesized  by  the  reaction  of  bis-aldehydes  with  substituted  hydrazide  derivatives  since  these
compounds previously showed potent aldose reductase inhibition properties. The obtained compounds were
tested  for  their  potential  antibacterial  and  antioxidant  activities.  In  the  present  study,  four  different
bacterial  strains were used,  including Gram-positive (Staphylococcus aureus ATCC 29213,  Enterococcus
faecalis ATCC 29212) and Gram-negative (Pseudomonas aeruginosa ATCC 10231,  Escherichia coli ATCC
25912). On the other hand, the antioxidant capacities of freshly re-synthesized bis-hydrazone substituted
isovanilline derivatives were determined by using several antioxidant methods, including DPPH free radical
scanvenging, TEAC cupric reducing (CUPRAC) and metal chelating activity methods. Several lead molecules
were discovered as a potential  bacterial  inhibitors  against  S.  aureus and  E. coli bacterial  strains.  More
specifically,  compounds  3g  (R=-H)  and  3j  (R= -4Cl)  showed great  inhibition  properties  against  E.  coli
bacterial  strains  by  having  MIC  values  of  1.56  and  6.25  µg/mL,  respectively.  Moreover,  none  of  the
compounds showed potent antioxidant activity against tested methods with respect to compared standards.
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1. INTRODUCTION

Bacterial infections are considered one of the most
important  infectious  diseases,  although  generally
only a small percentage of bacteria cause infection
and  disease,  but  their  impact  on public  health  is
significant and serious. In recent years, researchers
have  been  able  to  make  great  progress  in  the
development  of  antibacterial  drugs,  but  the  need
remains urgent to discover new antibacterial drugs
because of the rapid growing of multidrug-resistant

bacteria with potentially devastating consequences
(1–4).
Historically,  natural  products  (NPs)  were  a  rich
source of bioactive molecules and they are one of
the  most  important  sources  of  inspiration  for
developing many therapeutic  drugs (5).  Isovanillin
(3-hydroxy-4-methoxybenzaldehyde)  is  a  phenolic
aldehyde isolated from a number of plants including
Pycnocycla spinose, Alpinia oxyphylla extract which
is  used  in  particular  in  the  pharmaceutical
cosmetics,  the flavors and fragrance industry,  and
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agrochemical (6-10). In addition to its potency as a
selective  inhibitor  of  aldehyde  oxidase,  it is  also
shown  to  be  an  important  intermediate  for  the
synthesis  and  production  of  some functional
catechol  derivatives  such as  methyldopa  (11).  On
the other hand, it is considered as a cornerstone in
the  synthesis  of  many  important  pharmaceutical
compounds such as morphine, and galantamine (12-
14).  Moreover,  isovanillin-containing  plants have
been  traditionally  used  in  folk  medicine  for
treatment  of  many  diseases  such  as  cancer,
depression,  hypertension,  hyperglycemic  and
diarrhea (15-18).

Hydrazones  containing  an  azometine  -NHN=CH-
group  found  an  important  scaffold  for  new  drug
design and development studies. Many compounds
containing  hydrazone  group  in  their  structure
attracted  medicinal  chemists  interest  due  to  its
biological importance as antimicrobial, antimalarial,
antitubercular,  antifungal,  antiviral,  anticonvulsant,
antidepressant,  anti-inflammatory,  analgesic,
antiplatelet,  anticancer,  cardio protective etc.  (19-
22).

As has been observed in previous studies (23-27),
the  bis-type  compounds  may  have  many
advantages  including,  ditopic  interactions  in  the
active site of  receptor  and more binding affinities
with  amino acids on the enzyme active  sites and
that  can  play  an  important  role  in  improving  the
pharmacological activity of this type of compounds.
Based on this, in our past work, we have designed
and  developed  a  new  group  of  bis-hydrazone
compounds  bearing  isovanillin  components  and
screened  these novel  derivatives  for  their  activity
towards Aldose reductase (ALR2) (28). All the tested
compounds  demonstrated  good  activity  in
nanomolar  range  as  AR  inhibitors.  In  the  current
study, we decided to re-synthesize and evaluate a
series of twelve bis-hydrazone compounds bearing
isovanillin derivatives for their biochemical activities
towards  antibacterial  and  antioxidant  properties
with the hope of discovering more effective and safe
antibacterial agents.

2. EXPERIMENTAL SECTION

2.1. Materials and Methods
All  reagents  and  solvents  that  commercially
available  were purchased  from several  companies
including, Alfa Aesar, Merck, Sigma-Aldrich, and TCI
and  used  without  further  purification.  The  FT-IR
spectrums  of  the  synthesized  compounds  were
recorded by using Perkin Elmer Spectrum 100 FT-IR
spectrometer. Melting points (mp) were determined
with  SMP20  melting  point  apparatus  and  are
uncorrected. Nuclear magnetic resonance (1H NMR

and 13C NMR) spectra of compounds were obtained
using  Agilent  500  MHz  NNMRS  spectrometer  in
DMSO-d6 with  TMS  as  an  internal  standard.  Thin
layer chromatography (TLC) was applied on Merck
silica gel 60 F254 plates. 

2.2. Chemistry
In order to assess the antibacterial and antioxidant
activities  of  bis-hydrazone  substituted  isovanilline
derivatives  3(a-l), the compounds were freshly re-
synthesized as previously described by our research
group  (28).  The  general  synthetic  route  for  the
preparation of bis-hydrazone substituted isovanilline
derivatives  3(a-l) were demonstrated  in Figure 1.
Physicochemical  and  spectroscopic  analysis  of  re-
synthesized  compounds  3(a-l) have  been
previously  performed  and  the  results  were
described by us (28).

2.3. Antibacterial assay
The  antibacterial  analyzes  were  achieved  by
modified method according to Al-Blewi et al. and our
previous  studies  (29-31).  Briefly,  the  freshly  re-
synthesized  bis-hydrazone  substituted  isovanilline
derivatives 3(a-l) were dissolved in DMSO and 200
µg/mL  stock  solution  was  formed  and  were
determined  at  ten  different  concentrations  diluted
nine times. The four different bacterial strains were
added  in  100  µL  to  each  microplate  well  with
approximately  106 CFU/mL bacteria.  The  bacterial
density  was  adjusted  with  a  McFarland
densitometer. Microplates were incubated for 24 h
at 37°C and then optical densities were measured
at  600  nm  (OD600)  using  Thermo  3001  ELISA
microplate  reader.  The  Minimal  inhibitory
concentration (MIC) tests were repeated three times
for  each  microorganism  that  used  in  the  present
study  and  all  the  bis-hydrazone  substituted
isovanilline derivatives  3(a-l).  MICs were obtained
after  24  h  incubation  time.  Additionally,  control
experiments  with  standard  antibacterial  agents
(Ceftriaxone and ampicillin were used as a positive
control) and unvaccinated media (negative control)
were performed in parallel and in the same manner
as the test compounds.

2.4. DPPH Free radical scavenging assay
In  this  study,  the  radical  scavenging  activity  of
compounds  were  determined  in  1,1-diphenyl-2-
picrylhydrazyl  (DPPH)  free  radical  assays  applied
according to Blois (32). In brief, 1.0 mL sample were
added to 0.1 mM DPPH solution. The mixture was
kept for 30 min in darkness at room temperature,
and the absorbance was then measured at 517 nm.
Butylated  hydroxyanisole  (BHA),  butylated
hydroxytoluene (BHT), and  α-tocopherol were used
as positive controls.
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Figure 1: General synthetic route for the synthesis of bis-hydrazone substituted isovanilline derivatives
3(a-l) (28).

2.5. Metal Chelating Activity
The  chelating  activity  of  ferrous  iron  was
determined using the colorimetric method proposed
by Carter (33). 50 μL of 2.0 mM FeCl2 were added to
compounds of different concentrations. After 10 min
incubation  at  room temperature,  200  μL  5.0  mM
ferrozine solution is added. Measure the absorbance
of all  samples at 562 nm after 25 min incubation.
EDTA was used as a positive control.

2.6.  Cupric  Reducing  Antioxidant  Capacity
(CUPRAC) Assay
Total  antioxidant  capacity  of  synthesized
compounds were determined using CUPRAC method
performed by Apak et al. (34). 1.0 mL of each of the
0.01 M CuCl2, 7.5x10-3 M neocuproine, NH4Ac buffer
solution (pH 7.00; 0.1 M) were added into the test
tube. 50 μL sample or standard solution (BHA, BHT,
α-TOC)  and  1.05  mL distilled  water  added  to  the
initial  mixture.  Measure  the  absorbance  of  all
samples at 465 nm after 30 min incubation at room
temperature.

3. RESULTS AND DISCUSSION

In  the  current  study,  we  are  presenting  the
synthesis,  antibacterial  and antioxidant  activity  of
bis-hydrazone  substituted  isovanilline  derivatives
3(a-l). These produced compounds were previously
synthesized  and  fully  characterized  as  a  potent
aldose reductase  inhibitors  by our research team.
By  having  important  biological  properties  of
isovanilline  derivatives,  in  the  current  work,  the
antibacterial  and  several  antioxidant  assays  were
focused.

The  antibacterial  activity  assays  were  applied
against four pathogenic bacterial  strains, including
Gram-negative bacteria and Gram-positive. On the
other hand, the antioxidant capacities of freshly re-
synthesized  bis-hydrazone  substituted  isovanilline
derivatives  are  determined  by  using  several
antioxidant  methods,  including,  TEAC,  CUPRAC,
metal-chelating, and DPPH free radical scanvenging
activity methods.

In general,  the re-synthesized  compounds  showed
varying range of antibacterial activity against both
Gram-positive  as  well  as  Gram-negative  tested
bacterial strains depending on the chemical nature
and  substitution  on  derivatives  as  the  minimum
inhibitory  concentration  values  (MIC)  were
illustrated in Table 1. More specifically, as compared
with their linker length, the longer ones have had
better  activity  than  their  shorter  counterparts,  in
general.  The  highest  antibacterial  activity  was
determined against  E. coli with the compounds  3g
(R=-H) and  3j  (R= -4Cl)  by having MIC values  of
1.56  and  6.25  µg/mL,  respectively.  These
compounds  were  comparable  with  standard
antibiotic  drugs ampicillin  and ceftriaxon with MIC
values of 15.6 and 2.0 µg/mL, respectively. Whereas
compound  3a with  no  substitution  on  the  phenyl
ring  and  compound  3f (methoxy  group  at  para
position)  showed  good  potency  against  E.  coli
strains  (12.5  µg/mL),  which  is  better  than  the
commercial antibiotic ampicillin (15.6 µg/mL).  One
of the Gram-positive bacteria strain  S. aureus was
also potently inhibited by some of the compounds,
including 3a, 3f, 3g and 3l with MIC values of 12.5
µg/mL as compared with Standard drug ceftriaxon
(31.3 µg/mL). Interestingly, compounds  3a and  3g
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have  same substitution  as  well  as  compounds  3f
and  3l  have p-methoxy substitution on the phenyl
ring by having only linker length differences. On the
other hand, the compounds were less susceptible to
Gram-negative  bacteria  (P.  aeruginosa)  in  which
some  of  the  compounds  showed  any  activity,
including short linker derivatives 3a, 3c, 3d and the

one  of  the  longer  linker  derivative  3g with  no
substitution  on  the  phenyl  ring.  As  a  result  of
antibacterial  activities  of  compounds,  the  best
inhibition results were obtained against  E. coli and
S. aureus bacterial strains with compound 3g which
can be chosen as a lead molecule since it has an
great activity against both bacterial strains.

Table 1: Antibacterial activity of bis-hydrazone substituted isovanilline derivatives 3(a-l) assayed against
Gram-positive and Gram-negative bacterial strains (Minimal Inhibitory Concentration, µg/mL).

Compounds
Antibacterial activity (MIC, µg/mL)

Gram-(+) bacteria strains Gram-(-) bacteria strains
S. aureus E. faecalis P. aeruginosa E. coli

3a 12.5 25 ND 12.5
3b 50 12.5 50 50
3c 100 100 ND 100
3d 25 50 ND 100
3e 100 100 25 100
3f 12.5 100 25 12.5
3g 12.5 12.5 ND 1.56
3h 100 50 25 ND
3i 50 25 100 50
3j 50 100 100 6.25
3k 100 25 25 50
3l 12.5 100 100 50

Ampicillin 3.9 3.9 2.0 15.6
Ceftriaxon 31.3 2.0 15.6 2.0

The antioxidant properties of freshly re-synthesized
bis-hydrazone  substituted  isovanilline  derivatives
3(a-l)  were  assayed  using  several  antioxidant
methods, including  DPPH free radical  scavenging,
TEAC CUPRAC,  and metal  chelating  methods.  The
DPPH results revealed that none of the compounds
showed any activity except the compounds 3k and
3l which are also having very low DPPH activity at
any tested concentrations as demonstrated in Table
2.

4. CONCLUSIONS

In  conclusion,  the  previously  synthesized  potent
aldose  reductase  inhibitors  of  bis-hydrazone
substituted  isovanilline  derivatives  3(a-l) were
freshly  re-synthesized  for  their  potential
antibacterial  and  antioxidant  properties.  The
produced  compounds  were  tested  against  two
Gram-positive (S. aureus, E. faecalis) and two Gram-

negative  (P.  aeruginosa,  E.  coli)  bacterial  strains.
Also, several  antioxidant methods were applied to
these  compounds,  including  DPPH  free  radical
scanvenging,  TEAC cupric  reducing  (CUPRAC)  and
metal  chelating  activity  methods.  Unfortunately,
these  compounds  were  not  susceptible  to  any
tested  antioxidant  methods.  Moreover,  several
potent  compounds  were  obtained  against  tested
bacterial strains  S. aureus and  E. coli. Specifically,
compounds  3g  (R=-H)  and  3j  (R=  -4Cl)  showed
great inhibition properties  against  E.  coli  bacterial
strains  by  having  MIC  values  of  1.56  and  6.25
µg/mL,  respectively.  These  compounds  were
comparable  to standard antibiotic  drugs ampicillin
and  ceftriaxon  with  MIC  values  of  15.6  and  2.0
µg/mL, respectively. As a result of the antibacterial
potency  of  these  compounds,  they  might  be
improved  and  used  as  a  potential  leads  for  the
development  of  antibacterial  agents.  For  this,
further  research  needed  to  be  done,  including
toxicity studies. 
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Table 2: DPPH radical scavenging activities of bis-hydrazone substituted isovanilline derivatives 3(a-l)  and

controls BHA, BHT, and α-TOC.

Compounds &
Standards

DPPH Free Radical Scavenging Activity, %

12.5 µg/mL 25.0 µg/mL 37.5 µg/mL 62.5 µg/mL

3a ND ND ND ND
3b ND ND ND ND

3c ND ND ND ND

3d ND ND ND ND

3e ND ND ND ND

3f ND ND ND ND

3g ND ND ND ND

3h ND ND ND ND

3i ND ND ND ND

3j ND ND ND ND

3k 1.74 ± 0.35 2.36 ± 0.18 2.50 ± 0.19 2.63 ± 0.00

3l 3.60 ± 0.46 4.49 ± 0.30 4.99 ± 0.18 5.37 ± 0.00

BHA 59.85 ± 0.00 63.60 ± 0.00 64.81 ± 0.46 67.16 ± 0.35

BHT 60.22 ± 1.09 65.68 ± 0.63 69.52 ± 0.30 69.64 ± 0.46

α-TOC 63.69 ± 0.46 68.03 ± 1.05 69.64 ± 0.70 70.51 ± 1.15

The TEAC CUPRAC and metal chelating antioxidant
properties  of  compounds  were  also  assayed.  The
results  show  that  none  of  the  compounds  have

better  activity  than  the  standards  and  not
comparable with them.

Table 3. TEAC CUPRAC and metal chelating antioxidant capasities of bis-hydrazone substituted isovanilline
derivatives 3(a-l)  and controls BHA, BHT, α-TOC, and EDTA.

Compounds &
Standards TEAC CUPRAC (mmol TR g-1) Metal Chelating Activity IC50 (μg mL-1)

3a 0.413 ± 0.006 27.78 ± 0.22
3b 0.455 ± 0.004 30.32 ± 0.16
3c 0.379 ± 0.009 29.19 ± 0.23
3d 0.311 ± 0.002 17.64 ± 0.05
3e 0.215 ± 0.005 ND
3f 0.220 ± 0.005 ND
3g 0.231 ± 0.008 ND
3h 0.249 ± 0.003 ND
3i 0.253 ± 0.004 ND
3j 0.429 ± 0.002 27.21 ± 0.14
3k 0.475 ± 0.006 32.31 ± 0.08
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3l 0.470 ± 0.003 42.56 ± 0.06

BHA 2.632 ± 0.007 -----
BHT 3.358 ± 0.003 -----

α-TOC 2.077 ± 0.004 -----
EDTA ----- 1.71  0.19
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Photoproduction of High Molecular Weight Poly (N-methylpyrrole)
under Green Conditions
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Abstract: A novel and green photochemical polymerization method of N-methylpyrole is reported.
Spectral and chromatographic characterizations revealed the formation of high molecular weight
polymer  (1436  kg/mol)  having  light  absorption  in  the  near-infrared  region  (~750  nm),  high
fluorescence  emission  in  the  visible  region,  high  conductivity  (0.062  S/cm)  and  good  thermal
stability. Powder X-ray diffractogram identified a totally amorphous polymer. According to cyclic
voltammetry studies the polymer formed (PMPy) possess a relatively low electronic band gap (1.39
eV) which is very important for the (opto)electronic device applications of such materials.
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1. INTRODUCTION

Following  the  discovery  of  the  unprecedented
conductivity of doped polyacetylene, there have
been  enormous  studies  regarding  the
production of the conductive polymers (CPs) for
various  applications  (1-3).  CPs  can  easily  be
structurally  modified  resulting  in  distinct
physicochemical features that have found use in
numerous electronic and optoelectronic devices
(4-6).  Especially,  CPs  containing  heteroatoms
such as polythiophene, polyaniline, polypyrrole
and their derivatives have been widely used in
rechargeable  batteries  (7),  organic
photovoltaics  (OPVs)  (8),  light-emitting  diodes
(LEDs)  (9),  supercapacitators  (10)  and
biosensors (11). 

Among the heteroaromatic CPs, polypyrrole and
its derivatives have attracted vast attention due
to  their  straightforward  synthesis,  high

conductivity and insulating properties (12, 13).
Poly  (N-methylpyrrole)  (PMPy)  compared  to
polypyrrole,  has  higher  mechanical  strength
(14),  better  antimicrobial  activity  (15),  higher
adhesion to the metalsurfaces (16) and superior
corrosion  protection  due  to  its  methyl  group
which  possesses  hydrophobicity  (17).  Hence,
PMPy  and  its  derivatives  have  been  recently
used  as  anti-corrosion/anti-bacterial  material
(18). The dopant ions present in PMPy also play
a  crucial  role  in  the  hydrophobicity  of  the
polymer (19). It is a well-known fact that anions
such  as  hexafluorophosphate  or
tetrafluoroborate  possess great  hydrophobicity
(20).  

Most  of  the  synthetic  methods  regarding  the
production  of  PMPy  involve  chemical  (21,  22)
and  electrochemical  oxidation  (23-25).  In
chemical  oxidation,  excess  of  a  hazardous
transition metal salt (FeCl3,  CuCl2,  Fe(OTs)3)  is
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usually dissolved in monomer solution of toxic
organic  solvents  such  as  chloroform,
dichloromethane  and  heated  to  reflux
conditions for 1-2 days under inert atmosphere.
Although  electrochemical  oxidation  can  be
performed in short time (usually in minutes), it
has several disadvantages such as the need for
sophisticated  electrochemical equipment,
inefficiency of electrodes during polymerization
and  the  production  of  very  little  PMPy  which,
most  of  the  time,  cannot  be  completely
characterized. All these drawbacks faced in both
chemical  and  electrochemical  oxidation
methods  show  a  great  barrier  for  the
sustainable chemistry. 

In  the  context  of  sustainable  chemistry,  light-
driven  chemical  methods  are  the  most
favorable techniques due to the faster reaction
rates, milder reaction conditions and the use of
much  less  or  no  solvent  (bulk
photopolymerization)  (26,  27).  Photopoly-
merization reactions use only light as the input
energy  and  don’t  require  excess  amount  of
toxic  catalysts/solvents  (28).  Besides  these
features, photopolymerization methods possess
spatiotemporal  control  which  make  them
versatile  for  many  modern  applications
including 3D-printing (29). 

In  spite  of  the  fact  that  most  of  the
photopolymerization  methods  concern  free-
radical  polymerization  (FRP),  cationic
photopolymerization  reactions  exhibit  several
advantages over their FRP counterpart including
the  insensitivity  to  air,  low  shrinkage  and
theoretical  non-terminating (living) nature (30,
31).  It  has been previously demonstrated that
cationic  photopolymerization  of  technologically
important monomers including N-ethylcarbazole
(32,  33),  thiophene (34),  and  thienothiophene
derivatives  (35)  can  be  successfully  achieved
using  strong  photooxidants  such  as
diphenyliodonium hexafluorophosphate (DPI).

In this work, the green photoproduction of PMPy
doped  with  PF6

- anions  using  DPI  as  one-
component  photoinitiator  in  ethanol  solvent
under  near-UV  irradiation  and  ambient
conditions is reported.  In contrast  to insoluble
polypyrrole,  photoproduced  PMPy  showed
relatively  high  solubility  in  most  of  the  polar
organic  solvents  (tetrahydrofuran  (THF),
dimethyl sulfoxide (DMSO), dimethyl formamide
(DMF)).  PMPy  was  structurally  characterized
using  infrared  (IR)  and  nuclear  magnetic
resonance  (NMR)  spectroscopies.  According  to
gel-permeation  chromatography  (GPC),
conductivity,  UV-vis  and  fluorescence
measurements,  the  photoproduced  PMPy  had

high  molecular  weight  (1436  kg/mol),  high
conductivity  (0.062  S/cm),  broad  UV-vis-NIR
absorption  (reaching near-infrared region)  and
strong  white  light  photoluminescence,
respectively.  Thermal stability  and crystallinity
of  the  polymer  was  also  investigated  using
differential  scanning  calorimeter  (DSC),
thermogravimetric  analysis  (TGA)  and  powder
X-ray diffractometry (PXRD), respectively. Cyclic
voltammetry studies performed pointed out to
relatively  low  band  gap  (1.39  eV)  which  is
important for (opto)electronic utilization. 

2. MATERIALS AND METHOD

2.1. Materials
N-methylpyrrole  (NMPy)  (Sigma-Aldrich,  99%)
and  diphenyliodonium  hexafluorophosphate
(Sigma-Aldrich, >98%) were kept in the fridge
prior to use and used as received. All the other
chemical reagents (solvents) including absolute
ethanol (96%, Merck), methanol (Merck, 99.8%),
tetrahydrofuran  (Sigma-Aldrich,  99.9%),
dimetylformamide  (Merck,  99.8%)  and
dimethylsulfoxide (Merck, 99.9%) were purified
according  to  conventional  techniques  prior  to
use.

2.2. Methods

2.2.1. Photoproduction of PMPy
PMPy was prepared by mixing 900 L of NMPyμ
(1 mmol) and 852 mg of DPI (2 mmol) in 2 mL of
EtOH  inside  a  test  tube  which  was  then
irradiated  using a  photoreactor  equipped  with
12  lamps  emitting  light  nominally  at  355  nm
(~100 mW/cm2) for 4 h. Viscous black solution
formed  were  then  precipitated  into  hot  n-
hexane in order to remove any unreacted NMPy
or DPI.  After  washing with ethanol,  PMPy was
dried  under  vacuum  for  2  days  before  any
characterization. 

2.2.2. Gel permeation chromatography (GPC) 
GPC  measurements  were  performed  on  a
TOSOH EcoSEC GPC system equipped with an
auto-sampler system, a temperature-controlled
pump,  a  column oven,  a  refractive  index  (RI)
detector,  a  purge  and  degasser  unit,  and  a
TSKgel superhZ2000 4.6 mm ID × 15 cm × 2
cm  column.  Tetrahydrofuran  was  used  as  an
eluent at flow rate of 1.0 mL/min at 40oC.

2.2.3. UV-vis Spectroscopy 
UV-vis spectra were recorded with a Shimadzu
UV-1601  double-beam  spectrometer  equipped
with  a  50  W  halogen  lamp  and  a  deuterium
lamp which can operate between 200 and 900
nm. 
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2.2.4.Fluorescence Spectroscopy 
Fluorescence meausuerements were performed
using  Perkin-Elmer  LS55  which  can  operate
between 200 and 900 nm. with a slit width of 5
nm and 1 cm path length cuvette. 

2.2.5. NMR Spectroscopy
1H  NMR  and  13C spectra  were  recorded  in
deuterated  chloroform  (CDCl3 with
tetramethylsilane  as  an  internal  standard)  at
500  MHz  on  an  Agilent  VNMRS  500
spectrometer at 25o C. 

2.2.6. IR Spectroscopy
Fourier-transform  infrared  (IR)  spectra  were
recorded  on  a  PerkinElmer  Spectrum  One
spectrometer  with  an  ATR  accessory  (ZnSe,
PikeMiracle)  and a  mercury  cadmium telluride
(MCT)  detector.  A  total  of  32  scans  were
averaged. 

2.2.7. Cyclic Voltammetry 
The  electrochemical  measurements  were
performed  by  using  a  CH  Instruments  617D
potentiostat−  galvanostat  system.  The
electrochemical  cell  containing a Ag wire as a
reference electrode (RE),  a Pt wire as counter
electrode (CE), and glassy carbon as a working
electrode  (WE)  was  immersed  in  0.1  M
tetrabutylammonium  hexafluorophosphate  as
the  supporting  electrolyte  under  argon
atmosphere. 

2.2.8. Powder X-Ray Diffractography 
Crystallographic  identification  was
accomplished by X-ray diffraction (XRD) method
on  a  benchtop  Rigaku  Miniflex  diffractometer
with a Cu-K  radiation source operated at 30 kVα
and 10 mA. The acquisition angle ranged from
2o to 90o.

2.2.9. Thermal Analysis
Thermogravimetric  analysis  (TGA)  was
performed on a Perkin-Elmer Diamond TA/TGA

with a heating rate of 10 K/min under constant
nitrogen flow of 200 mL/min. 

2.2.10. Conductivity Measurements
Conductivity measurements were performed in
air  at  room  temperature  using  a  HP3478A
digital voltmeter, with a direct 4-wire resistance
capability.

3. RESULTS AND DISCUSSION

Following the photopolymerization, precipitation
and  drying  procedures,  molecular  weight  of
obtained PMPy was investigated using GPC. The
results are tabulated in Table1.

Table  1.GPC  results  of  PMPy  obtained  by
photopolymerization.a

Polymer Conversion
(%)b

Mn

(kg/mol)c
Đc

PMPy 72 1436 1.37

a1 mmol of NMPy was mixed with 2 mmol of DPI
inside a tube irradiated inside a photoreactor for
4 h. (details can be found in the materials and
method  section).  bDetermined  gravimetrically.
cDetermined  using  GPC  calibrated  with
polystyrene standards having narrow molecular
weight distribution (1.05).

It is interesting to observe GPC traces (Figure 1)
belonging to very high molecular weight species
since  similar  CPs  are  known  to  have  poor
solubility  in  most  of  the  solvents  (36).  This
phenomenon  can  be  attributed  to  the  highly
doped nature of PMPy resulting in increased ion-
dipole  interactions  between  dopant  ions  (PF6

-)
and  dipole  of  polar  organic  solvents  such  as
THF,  DMSO and DMF (37).  Dispersity  index of
1.37  is  a  clear  indication  of  the  step-growth
nature  of  the  photopolymerization  as  similar
indices  were  previously  observed  in  the
photoinduced  step-growth  polymerization  of
other heteroaromatics monomers (38).
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Figure 1. GPC traces of PMPy.

UV-vis absorbance spectrum of the dark colored
PMPy  in  DMSO  solvent  exhibited  strong
bathochromic shift (~450 nm) compared to the
spectrum of  its  monomer analogue as can be
seen in Figure 2. The absorbance in the near-
infrared (NIR) region confirms the presence of
high molecular weight species having increased
conjugation. 

Figure 4a and 4b show 1H and 13C NMR spectra
of PMPy, respectively.  Clear broadening in the
aliphatic  region  and  aromatic  region
corresponds  to  N-methyl  and  pyrrole  ring
protons,  respectively,  indicating  successful
polymerization.  In  the  1H  NMR  spectrum,  the
ratio of the integral  areas of the aliphatic and
aromatic regions are 3:6 instead for 3:2 due the
low resolution caused by the insolubility of large
molecular  weight  polymers,  the  end  group
aromatic  protons  of  different  chain  length
polymers  and  due  to  the  presence  of  NMR
solvent CDCl3. 

Figure 2. UV-vis spectra of (red) NMPy and
black (PMPy) (solvent:DMSO).

Excitation of DMSO solution of PMPy in different
wavelengths resulted in fluorescence emissons
covering the whole blue-red-green zone (visible
to NIR) (Figure 3). causing a strong white light
luminescence, especially upon excitation at 355
nm (Figure 3 inset photo).
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Figure 3. Fluorescence emission of PMPy excited at different wavelength (inset photo shows the
white photoluminescence of PMPy excited at 355 nm) (solvent: DMSO).

Figure 4. (a) 1H NMR and (b) 13C NMR spectra of PMPy.

Figure 5 shows the IR spectra of  NMPy and
PMPy.  Similar  to  NMR  spectra,  clear
broadening in the aliphatic and aromatic C-H
stretching  peaks  points  out  successful

polymerization.  Minor  changes  in  the
fingerprint  region  might  be  due  to  the
presence  of  high  conjugation  and  dopant
ions.  
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Figure 5. IR spectra of (red)NMPy and (black)PMPy.

In view of the previous laser-flash photolysis
results  obtained  (38),  the  photopoly-
merization  of  NMPy  should  initiate  by  the
formation  of  NMPy  radical  cation  through
photoinduced  electron  transfer  (PET)  within
the  excited  complex  (exciplex)  formed
between DPI and NMPy by irradiation. This is
followed  by  the  formation  of  dimer  by

coupling  of  two  NMPy  radical  cations
releasing  HPF6 acid.  Since  the  oxidation  of
dimer  is  easier  than  the  oxidation  of
monomer  the  photopolymerization  proceeds
through  successive  PET,  coupling  and  acid
release yielding PMPy doped with PF6

- ion in a
step-growth manner (Scheme 1).  

Scheme 1. Plaused mechanism for the photoinduced step-growth polymerization NMPy.

DSC  thermogram  of  PMPy,  similar  to  the
literature  results,  shows no endotherms but
two  exotherms  around  170  °C  and  325  oC
indicating recrystallization and degradation of
the  polymer,  respectively.  (Figure  6a).

Thermal stability of the PMPy was also probed
using TGA (Figure 6b). PMPy was stable (first
5% loss by weight) until 175 °C where after a
sudden  loss  of  weight  occurred  due  to  the
removal  of  dopant  ions  and  the  gradual
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degradation  of  polymeric  chains,  as
previously  observed  in  another
photochemically polymerized N-methylpyrrole
and  N-methylindole  using phenacyl  bromide
(38). The attribution of the first weight loss to
the removal of dopant ions is due to the fact
that the TGA thermogram of dedoped state of
similar  conjugated  polymers  (dedoped

PEDOT)  were  previously  shown  to  be
thermally  stable  until  the degradation  point
(39). When DSC and TGA results of PMPy are
compared, it is possible to conclude that the
two  exothermic  peaks  in  the  DSC
thermogram correspond to two major weight
loss  temperatures  in  TGA  thermogram  of
PMPy.  

Figure 6. (a) DSC thermogram and (b) TGA thermogram of PMPy.

PXRD  diffractogram  of  PMPy  exhibited  a
totally  amorphous  nature  and  was  in  good
agreement  with  the  GPC  traces  indicating
high molecular weight species (Figure 7). The
peak  around  2  =  24°  corresponds  to  θ -
stacking between the pyrrole units of PMPy
(40). The HOMO and LUMO level of the PMPy
was calculated through its 

electrochemical data of three cycles obtained
using cyclic voltammetry (CV) in acetonitrile
solution (Figure 8) (HOMO = 1.00 eV (onset)
and  LUMO  =  -0.39  eV  (onset)).  Calculated
electronic band gap of 1.39 eV is close to the
previously  obtained  PMPy  (1.45  eV)  by
photopolymerization method (38). 

Figure 7. Powder X-Ray diffractogram of PMPy.
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Figure 8. Cyclic voltammogram of PMPy.

4. CONCLUSION

In summary, high molecular weight poly (N-
methylpyrrole)  (PMPy)  was  photochemically
obtained  using  DPI  as  one-component
photoinitiator  under  green  conditions.
According  to  the  previous  experimental
results obtained through the detection of acid
and  laser-flash  photolysis,  the
photopolymerization  should  initiate  by  the
oxidation of the monomer by DPI within the
exciplex  and  should  proceed  with  the
coupling of two monomers forming dimer by
releasing two protonic species. Propagation of
the dimers and oligomers should go on in a
step-growth  manner  finally  terminated  by
hydrogen  abstraction  possibly  from  the
solvent  (EtOH).  The  method  developed  has
many  advantages  over  the  conventional
methods  ((electro)chemical  oxidation)  such
as  the  use  of  ambient  conditions,  green
solvent,  straightforward  reaction  procedure
and  short  reaction  time.  Considering  the
strong electron acceptor feature of DPI, this
work  can  be  extended  for  the
photopolymerization  of  other  electron donor
monomers.
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Abstract: The study reports the structural and spectroscopic properties of Nd3+ doped lead metatantalate
phosphor series fabricated by conventional solid state method. XRD results of the PbTa2O6 phase confirm the
tungsten bronze symmetry and single-phase structure between 0.5 and 10 mol% Nd3+ concentrations. The
lead decrease in the structure can be associated with maintaining the charge balance and single phase due
to evaporation during sintering. In SEM micrographs, the grains exhibited shapeless morphology, and the
grain sizes varied from 0.5 to 7 m. In EDS results, the increase of Ta/Pb ratio in grain surfaces indicated
some lead evaporation, as reported in previous studies. The absorption spectrum of PbTa2O6 host peaked
around 275-280 nm, and the band gap was found to be 3.7±0.2 eV. The absorptions of Nd3+ doped phophors
shifted the high wavelenght or the low band gap, where the band gaps were found between 3.1±0.2 and
3.3±0.2 eV. The PL emissions of the phosphors in near-inrared region were observed with the transitions of
4F3/2→4I9/2 (at 875 nm) and 

4F3/2→4I11/2 (at 1060 nm) of Nd3+. The RL emissions or X-ray excited luminescence
were monitored with the transitions of 4F3/2→4I9/2 (at 875 nm), 

4F3/2→4I11/2 (at 1065 nm) in the infrared region,
and  the  transitions of  2F(2)5/2→4F9/2,  2F(2)5/2→2H(2)11/2,  2F(2)5/2→4G5/2,  2F(2)5/2→4G7/2,  2F(2)5/2→4G9/2 in the visible
region corresponding to at around 430, 455, 490, 525, and 570 nm, respectively. PL and RL emissions of the
phosphors exhibited the decreasing emission intensity over 5 mol% due to the concentration quenching
which may be associated with cross-relaxing mechanism. In the PL and RL spectral profiles, the similarity of
splitting levels was attributed to the similarity of the local symmetry of the ligand ions surrounding the Nd 3+

ion. The  CIE coordinates obtained using RL emissions were found close to the blue region due to visible
region transitions.
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1. INTRODUCTION
 
Rare  earth  (RE)  ions  with  4f–  4f  inner  shell
transitions have undoubtedly contributed greatly to
the development of luminescence applications and
the increase in their usage areas. Therefore, the RE
ion  activated  phosphors  lead  to  numerous
innovations in the development of new generation

devices  in  various  fields  such  as  screen-display
technology,  lighting  technology,  and  optical  data
communication due to some positive features such
as  long  life,  energy  saving,  improved  physical
durability, small size, fast switching, high efficiency,
and environmental friendliness (1-19). The trivalent
neodymium ion (Nd3+),  one of  the oldest  trivalent
lanthanide  ions  used  in  solid-state  laser,  is  well
known  for  its  useful  laser  transitions  such  as
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4F3/2→4I9/2,  4F3/2→4I11/2,  and  4F3/2→4I13/2 (20-29). The
4F3/2→4I9/2 transition at 880 nm finds application as a
powerful  diode laser transition while the  4F3/2→4I11/2

transition stands out due to its  easily  operated at
room temperature and pumped efficiently by flash
lamp  (29).  The  scintillator  or  radioluminescent
materials convert the high-energy ionizing radiation
of  a  photon  into  visible-ultraviolet  low  energy
photon.  In  radioluminescence  process,  when  the
energy absorbed in the host material is induced by
high-energy radiation, then the energy passes to the
RE emission center and the photons are emitted in a
relaxation  process.  The  radioluminescent  or
scintillator materials are used such as in  the high
energy or nuclear physics detectors, the advanced
techniques  for  homeland  security,  the  high-tech
industrial  applications,  and  the  medical  imaging
techniques (to detect accelerated particles and high-
energy photons) (30–36).

There are two polymorphs of PbTa2O6 formed in the
PbO-Ta2O5 binary  system.  The  high-temperature
polymorph  is  orthorhombic,  and the low-
temperature  polymorph  is rhombohedral.  The non-
ferroelectric rhombohedral is persistent only below
around 1150 °C, while the ferroelectric orthorhombic
forms at high temperatures (over 1150 °C), and the
Curie  point  is  265  °C  (37,38).  The  orthorhombic
PbTa2O6 shows  close  structural  similarity  with  the
tungsten  bronzes  in  paraelectric  state.  Tetragonal
tungsten bronze (TTB) based oxide structures, which
stand  out  with  their  dielectric  properties,  form  a
wide  family  of  crystals  (39-42).  TTB  structures
exhibit suitable host features for dopant lanthanide
ions  due  to  its  three  different  tunnels  or  multi-
location  sites  that  allow  cation  substitution  at
different radius and charge (30–32). In the literature,
there  are  some  studies  on  PbTa2O6 due  to  its
structural,  dielectric,  ferroelectric  (37-39),
luminescence (30–32), and photocatalytic properties
(43).

In  the study, the near infrared photoluminescence
and  radioluminescence properties of PbTa2O6:xNd3+

(x=0.5,  1.5,  3,  5,  7,  10  mol%)  phosphors  were
studied.  Although  Eu3+ (30,40)  and  Dy3+ (31,32)
doped studies of the lead tantalate phophors have
been  reported  previously,  the  Nd3+ doped
photoluminescence and X-ray excited luminescence
are  reported  in  this  study  to  the  best  of  our
knowledge.  The  spectroscopic  and  structural
characterizations  of  the  ceramic  samples  were
examined by XRD, SEM-EDS, PL, RL and absorption
analyses. 

2. EXPERIMENTAL SECTION 

Undoped and PbTa2O6:xNd3+ (x=0.5, 1.5, 3, 5, 7 and
10  mol%)  materials  were  fabricated  by  the  solid
state reaction route,  where x represents 2 atomic
value  due  to  Nd2O3.  Pb(NO3)2, Ta2O5 and  Nd2O3

powders were used as starting and dopant materials
with  purity  of  99%  (Sigma–Aldrich),  99.9%  (Alfa
Aesar), and 99.9% (Alfa Aesar), respectively. Ta2O5

and  Pb(NO3)2  powders  were  weighed  and  mixed
according  to  PbTa2O6 stoichiometry.  Six  different
powder mixtures were prepared and Nd2O3 dopant
was subsequently added at different concentrations
into the each powder mixture as PbTa2O6:0.005Nd3+,
PbTa2O6:0.015Nd3+,  PbTa2O6:0.03Nd3+,
PbTa2O6:0.05Nd3+,  PbTa2O6:0.07Nd3+,
PbTa2O6:0.1Nd3+,  and  they  were  homogenized  by
mixing  in  agate  mortar  for  10  min.  Final  powder
mixtures were heat treated at 1250 °C for 6 h in an
electric  furnace  under  air  atmosphere  after
pelleting. 

The  phase  structure  of  the  ceramics  was
investigated by X-ray diffraction (D2 PHASER, Bruker
Corp., Germany) using Cu-K radiation, Ni filter, scan
rate = 2 °/min,  2θ=20-65°.  The grain morphology
and  elemental  identification  of  the  samples  were
carried out by SEM (JSM-5910LV, JEOL Ltd.,  Japan)
equipped  with  EDS  (INCAx-Sight  7274,  Oxford
Industries, UK) after Au coating.  The near emission
spectra of Nd3+  doped samples were taken using a
diode  laser  of  800  nm  at  300  K.  The
radioluminescence  spectra  of  the  Nd3+ doped
PbTa2O6 phosphors  were  taken  using  a  Machlett
OEG-50A tube which operates with 30 kV and 15 mA
and, the X-ray tube provides white X-rays at a dose
rate of 30 Gy/min radioluminescence spectra were
taken  with  a  Horiba  Jobin  Yvon  spectrometer
connected to a liquid nitrogen-cooled CCD detector.
RL analysis was performed under room conditions,
the detector integration time was set to 5 seconds
and the input-output slit widths were set to 2 mm.
The absorption spectra of the undoped sample and
Nd3+ doped samples  were performed by a  Perkin-
Elmer Lambda spectrophotometer (USA).

3. RESULTS AND DISCUSSION 

3.1. XRD and SEM-EDS Results
The  XRD  results  of  undoped  sample  and
PbTa2O6:xNd3+ (x=0.5,  1.5,  5,  7  and  10  mol%)
samples are shown in Figure 1. As seen in the XRD
patterns of all  the samples, there are no different
minor phases in the range of 20o-65o. XRD analysis
showed  that  the  PbTa2O6 samples  crystallized
(JCPDS card No. 14–0315) in the tetragonal tungsten
bronze  symmetry  with  space  group  P4/mbm.  The
orthorhombic-tetragonal  relationship  of  PbTa2O6

along the c-axis in the tungsten bronze structure is
shown  in  Figure  2.  The  lattice  parameters  of
tetragonal are a=12.49 Å, c=3.875 Å (37), while the
cell data for orthorhombic are a0=17.68 Å, b0=17.72
Å,  c0=7.754  Å  (38).  The  relation  of  the
orthorhombic–tetragonal cell parameters is  a0=a√2,
b0=a√2, c0=2c (38,44), The  a, and  b constants are
nearly  equal,  where  the  b/a  ratio  is  about  1.002
(38). So, the XRD patterns of orthorhombic PbTa2O6

may be indexed quite well as tetragonal due to the
extremely  small  orthorhombic  distortion  (38,41).
The  A4B2C4M10O30  formula  represents  the  TTB
(tetragonal tungsten bronze) structure for the oxide
compounds  where the pentagonal  (A),  square (B),
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triangle  (C)  sites have 15, 12,  9 CN, respectively,
and the octahedral (M) sites have 6 CN. The A and B
sites are occupied by large cations while the C sites
occupied  by  small  cations  such  as  Li+.  The  M
octahedral  sites  are  suitable  for  small  radius  and
high charged cations such as Ta5+, Nb5+. Li et al. (45)
studied the distribution of Eu3+ atoms in the A (non-
centrosymmetric)  sites  and  B  (centrosymmetric)
sites,  which  are  related  to  5D0→7F2, and  5D0→7F1

transitions,  respectively.  They suggested that  Eu3+

atoms  could  mainly  occupy  the  centrosymmetric
sites  or  then  randomly  disperse  into  both
centrosymmetric  and  non-centrosymmetric  sites.
Accordingly,  based  on  the  ionic  radius  and

coordination  number  (CN),  the  formation  of  the
single-phase  may  be  attributed  to  the  partial
occupation of vacant sites in the lattice by Nd3+ ions
(1.27 Å for 12 CN, and 1.163 Å for 9 CN), and partial
substitution of Nd3+ ions by Pb2+ ions (1.35 Å for CN
9, and 1.49 Å for CN 12). In addition,  although the
inclusion of Nd3+ ions does not cause any change in
the single-phase structure of PbTa2O6 up to 10 mol
%,  the  charge  balance  of  structure  may  be
somewhat  affected.  However,  during  sintering,  a
lead decrease may occur due to evaporation, which
can  be  helpful  in  maintaining  the  charge  balance
and single-phase structure in the case of RE doping
(40,41).

 

Figure 1: XRD results of undoped, and 0.5, 1.5, 5, 7, 10 mol% Nd3+
 doped samples.
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Figure 2: Schematic illustration of the orthorhombic-tetragonal relationship of PbTa2O6 crystal in the
direction of the c axis.

 

Figure 3: SEM micrographs of (a) undoped and (b) 0.5, (c) 1.5, (d) 5, (e) 7 (f) 10 mol% Nd3+ doped samples
at 5000× magnifications.
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Figure 3(a-f) shows the SEM micrographs at 5.000x
magnification for undoped and 0.5, 1.5, 5, 7 and 10
mol%  Nd3+

 doped samples,  respectively.  The grain
shapes of Nd3+ doped samples have oval, expanded
and a shapeless morphology, while the grain sizes
varied from 0.5 to 7  m.  Figure 4 shows the EDS
spectrum  and  elemental  compositions  as  “weight
(%) and atomic (%)” for 7 mol% Nd3+ doped PbTa2O6

sample  were  detected  by  EDS  at  20  kV  of  SEM
acceleration voltage. According to the EDS results,
the atomic theoretical (%) composition of Ta grains
is 21.74, while the atomic (%) composition of lead is
8.17. The high Ta/Pb ratio indicates a decrease in
the  amount  of  Pb  due  to  some  evaporation,  as
reported in previous studies (40,41).

 

Figure 4: EDS spectrum and wt%, at% elemental compositions, and theoretical at% values for 7 mol% Nd3+

doped sample

3.2. Near infrared photoluminescence of Nd3+

doped PbTa2O6 phosphors 
Figure 5(a,b) shows the absorption spectra and the
band gaps for undoped PbTa2O6 and 1.5, 5, 10 mol%
Nd3+ doped phosphors. In Figure 5a, the absorption
spectrum  of  undoped  PbTa2O6 reached  the  peak
value around 275-280 nm, and the band gap was
estimated to be 3.7±0.2 eV. Tauc Plot method [46]
was used to determine optical  band gaps utilizing
absorption  spectra  of  undoped PbTa2O6 and  Nd3+

doped phosphors. In the literature, the energy gap
of PbTa2O6 is reported by some researchers as 3.7
eV (43) and 3.6-3.9 eV (47),  which are consistent
with the energy gap found in the study. The optical
absorption  of  phosphors  affected  by  Nd3+

concentration and shifted to visible region. In Figure

5b, the optical band gap of PbTa2O6 host exhibited a
decrease with Nd3+ concentration. The band gaps of
the phosphors were found as 3.3±0.2, 3.2±0.2, and
3.1±0.2  eV  for  1.5,  5,  and  10  mol%  Nd3+

concentrations,  respectively.  The  RE3+ ion  doping
can cause increased structural  defects in the host
lattice and localized states in the band gap, which
decreases the energy band gap (48-50). The change
in  the  optical  band  gap  can  be  explained  by  the
Burstein-Moss  phenomenon  (51).  Accordingly,  the
dopant ions can cause the formation of subbands in
the available band gap, so that the improvement in
the conduction property, which becomes continuous
depending  on  the  density  in  the  subbands,  and
eventual  merger  with  the  conduction  band  can
occur.
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Figure 5: The absorption spectra (a) and the band gaps (b) for the PbTa2O6 host and PbTa2O6:xNd3+
 (x=1.5,

5, 10 mol%) phosphors.
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Figure 6: NIR photoluminescence of PbTa2O6:xNd3+
 (x=0.5, 1.5, 3, 5, 7, 10 mol%) phosphors by diode laser

under 800 nm excitation.

 

Figure 7: NIR photoluminescence variation of Nd3+ doped PbTa2O6 phosphors depending on doping
concentration.

The  NIR  photoluminescence  spectra  of
PbTa2O6:xNd3+ (x=0.5,  1.5,  3,  5,  7,  10  mol%)
phosphors under the excitation of 800 nm using a
laser diode are shown in Figure 6. The NIR emissions
were  recorded  corresponding  to  the  4F3/2→4I9/2  and
4F3/2→4I11/2 transitions at 875 and 1060, respectively.
The  4F3/2→4I9/2  transition  (at  875 nm) is  a  potential
laser  transition  that  appears  to  be  more  intense
than the  4F3/2→4I11/2.  Figure 7 shows the change of
NIR emissions of PbTa2O6:Nd3+ phosphors depending
on doping concentration.  As seen in Figure 7,  the

NIR emission of the phosphor increased up to 5 mol
%, and then decreased at 7 and 10 mol% due to the
concentration quenching effect. An increase in Nd3+

concentration  will  lead  to  a  shortening  of  the
distance  between  Nd3+-Nd3+,  where  the  cross-
relaxation  mechanism  is  increasingly  important
(21,32). Thus, the decreasing distance between Nd3+

ions will make the cross-relaxation mechanism more
effective over 5 mol% Nd3+ concentration, and the
probability of non-radiative transitions will be higher.
The  critical  distance  (Rc)  for  concentration

459



İlhan M, Keskin İÇ. JOTCSA. 2023; 10(2): 453-464.  RESEARCH ARTICLE

quenching  will  be  important,  as  the  decreasing
distance  of  Nd3+ ions  will  promote  non-radiative
energy transfer. The Blasse's equation (1) estimates
the energy transfer between Nd3+-Nd3+ ions (52):

Rc≈2( 3V
4π X cN )

1
3 (Eq. 1)

Where V is the unit cell volume, N is the number of
available  sites  for  dopant  ion,  Xc is  the  critical
concentration  of  dopant  ion. For  PbTa2O6:Nd3+

phosphor, it is  Xc  =0.10 mol  ion in the unit cell  (for
0.05 mol), V=604.5 Å3 (37), and N=5 (6). The critical
distance (Rc)  between  Nd3+–Nd3+ ions  for energy
transfer was  calculated  as  13.22  Å.  Based  on
Blasse's theory (53), since the Nd3+–Nd3+  distance is
larger than 5 Å, the effective mechanism will be the
multipolar  interaction  or  the  mechanism  of
exchange interaction will ineffective.

3.3. Radioluminescence of Nd3+
 doped PbTa2O6

phosphors 
Figure  8(a,b)  shows  the  near-infrared  and  visible
region  RL  emissions  under  X-ray  excitation  of
PbTa2O6:xNd3+ (x=0.5,  1.5,  3,  5,  7,  10  mol%)
phosphors.  In  Figure 8a,  the strong NIR emissions
peak  about  at  875  nm  arise  from  the  4F3/2→4I9/2

transition,  where  the  splits  are  observed  in  the
range of 840–950 nm. Also, the weak emission peak
is  seen  around  1065  nm  corresponding  to  the
4F3/2→4I11/2  transition.  The  near-infrared  emission  of
the X-ray-excited mechanism exhibited a decrease
at 7 and 10 mol% concentrations, similar to PL. As
well  known  for  Nd3+,  each  energy  level  can  be
subdivided into 2J+1 sublevels by the local crystal
field around the Nd3+ ions,  but the overall  energy
level  structure  of  the  Nd3+ ion  does  not  change
greatly in different hosts, because the 4f electrons
are shielded by the outer shell 5s2 and 5p6 electrons
(54).  On  the  other  hand,  impurities  such  as  a
secondary phase can cause differences in splitting
levels  or  Stark  components  where  the  local
symmetry of the ligand ions differs (22-24). As seen
from  the  RL  emission  spectra  in  Figure  8a,  the
4F3/2→4I9/2 manifold of Nd3+ ions are splitted due to the
symmetry  of  the  PbTa2O6 cation  sites,  and  the
splitting levels are similar in the spectral profile. This
phenomena may be attributed to  the similarity  of
local symmetry of ligand ions surrounding the Nd3+

ion  (28).  The  weak  visible  RL  emissions  of  the
phosphors between 400-600 nm are seen in Figure
8b.  The  RL  emission  bands  originated  from  4f-4f
transitions of Nd3+ about at 430, 455, 490, 525, and
570  nm  correspond  to  the  transitions of  the
2F(2)5/2→4F9/2,  2F(2)5/2→2H(2)11/2,  2F(2)5/2→4G5/2,
2F(2)5/2→4G7/2, and 2F(2)5/2→4G9/2, respectively.
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Figure 8: Radioluminescence spectra of the Nd3+ doped PbTa2O6 phosphors, (a) near-infrared emissions, (b)
visible emissions.

In  Figure  9,  the  CIE  chromaticity  diagram  of
PbTa2O6:Nd3+ under  X-ray  excitation,  and  CIE
coordinates are given in Table 1. On the basis of the
RL spectra, the CIE parameters of all the phosphors
were obtained. Usually, the CIE diagram is created
using PL emissions, but CIE coordinates can also be
presented based on RL spectra as in our previous
studies (48, 50). Although there are small coordinate

shifts  between  PL  and  RL  due  to  the  excitation
source difference, basically very close values can be
obtained. Consequently, the blue region coordinates
of  Nd3+ doped  phosphors  excited  by  the  strong
excitation  source  or  X-ray  in  the  CIE  diagram
correlate  with  the  visible  region  transitions
corresponding  to  2F(2)5/2→4F9/2,  2F(2)5/2→2H(2)11/2,
2F(2)5/2→4G5/2, 2F(2)5/2→4G7/2 and 2F(2)5/2→4G9/2.
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Figure 9: Radioluminescence spectra of the Nd3+ doped PbTa2O6 phosphors, (a) near-infrared emissions, (b)
visible emissions.

Table 1: CIE color coordinates of PbTa2O6:Nd3+ phosphors under X-ray excitation source.

Nd3+

conc. (%)
CIE coordinates

x y

0.5 0.2762 0.2684

1.5 0.2827 0.2769

3 0.2967 0.2763

5 0.2836 0.2696

7 0.2807 0.2649

10 0.2705 0.2627

4. CONCLUSION 

The structural and spectral properties of Nd3+ doped
PbTa2O6 phosphor  fabricated  by  the  conventional
solid-state route were investigated in the study. In
the  XRD  results,  the  single-phase  structure  Nd3+

doped  PbTa2O6 with  tetragonal  tungsten  bronze
symmetry were determined between 0.5 and 10 mol
% concentrations.  SEM  micrographs  of  the  grains
showed shapeless morphology and the grain sizes
varied  from 0.5  to  7  m.  EDS  results  supported
some  evaporation  of  Pb  during  sintering  and
preservation  of  the  single  phase  in  the  structure,
similar to the reported studies. The absorption and
band gap of PbTa2O6 host was in agreement with the
literature,  while  the  absorptions  of  Nd3+ doped
phophors shifted the low band gap energy.  The PL
emissions  in  near-infrared  region  were  monitored
with the  4F3/2→4I9/2 and  4F3/2→4I11/2 transitions  at 875
nm, and at 1060 nm of Nd3+, respectively. The RL
emissions of PbTa2O6:Nd3+ phosphors were observed
by  the  4F3/2→4I9/2,  4F3/2→4I11/2 transitions  in  the  NIR
region, and the weak transitions of the 2F(2)5/2→4F9/2,
2F(2)5/2→2H(2)11/2,  2F(2)5/2→4G5/2,  2F(2)5/2→4G7/2,

2F(2)5/2→4G9/2 in  the  visible  region.  The  strong  NIR
emissions  occurred  for  the  4F3/2→4I9/2 transition  in
both PL and RL, while the the PL and RL emissions
decreased  over  5  mol%  Nd3+  due  to  the
concentration quenching. CIE coordinates obtained
based on RL emissions were found close to the blue
region. The similarity of splitting levels are evident
in the PL and RL spectral profiles may be associated
with  the  similarity  of  the  local  symmetry  of  the
ligand  ions  surrounding  the  Nd3+ ion.  The  Nd3+

doped PbTa2O6 ceramic phosphors with near-infrared
luminescence of  4F3/2→4I9/2  transition  may be helpful
in future research and photonic applications. 
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Abstract: The aggregate of various chemical substances useful for the functioning of the human body are
known as nutrients. Spirulina has been present in human nutrition since ancient times, but in recent years the
interest  in  it  has been particularly  increased due to the emergence of  numerous alternative methods of
nutrition.  This  study aimed to  compare the functional  and elemental  composition  as  well  as  the optical
properties of commercial Spirulina products available on the Bulgarian market. For this purpose, fluorescence
spectroscopy  in the ultraviolet  and visible  range,  fourier  transform infrared spectroscopy and inductively
coupled plasma optical emission spectroscopy were used. The basic components of the analyzed  Spirulina
samples are proteins (1657 and 1537 cm-1) and carbohydrates (1069 and 1054 cm-1) and no meaningful
differences between the IR spectra of the samples. Concentrations of important microelements Mg, Fe, Cu,
Zn, and Mn varies with the manufacturer. The highest levels for Mg (6.69 g kg -1) were measured in samples
from USA, while the Spirulina fabricated in Bulgaria exhibits the highest contents of Zn (242 mg kg -1) and Cu
(25.4  mg  kg-1).  All  samples  followed  the  tendency  Mg>Fe>Mn>Zn>Cu.  Making  use  of  a  fiber  optic
spectrometer  the  fluorescence  spectra  of  the  studied  samples  of  Spirulina platensis  for  an  excitation
wavelength of 380 nm were measured. In these spectra we observe three fluorescence maxima: at 465 nm –
nicotinamide  dinucleotide  phosphate,  640  nm  chlorophyll  a,  and  736  nm  due  to  similar  to  chlorophyll
pigments. A strong positive correlation between the contents of Zn and Cu on the one side and the second
fluorescence peak (λ=640 nm) for excitation wavelength at 380 nm. In contrast, a high negative correlation
for  Fe and the third fluorescence  maximum (λ= 736nm) is  observed for  all  excitation  wavelengths.  The
correlation dependencies were obtained with the least squares method with a significance level of p ≤ 0.05.
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1. INTRODUCTION

In  1827  P.J.Turpin  isolated  Spirulina from  a
freshwater sample, and in 1852 Stizenberger wrote
the  first  taxonomic  report.  These  photosynthetic
organisms were first considered algae, but in 1962
Stanier  and Van Neil  included blue-green algae in
the prokaryotic  kingdom and proposed that these
microorganisms be called cyanobacteria (1).

Based  on  the  cylindrical  arrangement  of  the
multicellular  trichomes,  there  are  two  types  of
filamentous  cyanobacteria: Arthrospira (Spirulina)
maxima and  (Spirulina)  platensis (2).  Their  main
photosynthetic  pigment  is  phycocyanin,  which  is
blue  in  color  (3),  they  also  contain  chlorophyll  a,
carotenoids  and  various  pigments  that  can  give
them a red or pink color (4).  Arthrospira (Spirulina)
platensis  is  a  natural  inhabitant  of  tropical  lakes
with  alkaline  waters  (pH>11),  these  conditions
restrict  the  growth  of  other  microorganisms  but
allow  its  cultivation  (5).  The  distribution  of
Arthrospira  platensis in  nature  is  not  limited  only
from lakes in Africa to Lake Texcoco in Mexico,  it
can  be  found  in  soil,  marine  and  fresh  water,
swamps  and  thermal  springs  (6).  Arthrospira
platensis is the most widely cultivated alga because
it is rich in protein (between 50 % and 70%) with a
high  biological  value  due  to  the  content  of  all
essential  fatty acids  (7,  8).  Long-chain fatty acids
are  dominant,  especially  palmitic  and  gamma
linoleic  acids  (9).  The  latter  is  of  particular
importance  in  the  treatment  of  chronic  diseases.
Spirulina contains polyunsaturated fatty acids such
as  eicosapentaenoic  acid  (EPA)  and
docosahexaenoic  acid  (10).  The  consumption  of
microalgae  by  vegetarians  is  extremely  valuable
due to the high content of vitamins of group B as
well as of type A, E, D, K (11). It is a source of the
minerals calcium, iron, selenium, and fluorine (11,
12) as well as large amounts of carotenoids such as
astaxanthin  and  zeaxanthin,  beta  carotene,
polyphenols, and chlorophyll (4).

The  huge  number  of  bioactive  compounds  in
Arthrospira  platensis makes  it  suitable  for  its
inclusion in foods and nutritional supplements (13).
There  are  data  that  microalgae  lower  LDL
cholesterol  and  blood  pressure  (14).  It  can  be
prescribed  to  patients  with  diabetes  because  it
reduces blood sugar levels (15), relieves mental and
physical  fatigue  of  the  body  (16),  increases
immunity,  and  can  be  used  as  a  probiotic  (17).
There  are  already  many  commercially  available
brands  of  health  foods made from cultured  algae
and  spirulina.  Phycocyanins,  which  are  now
extracted from Spirulina, are used as industrial and
food colorings (17).

As fluorescence measurements are far simpler and
less costly than chemical analysis of substances it is
of practical importance to establish the correlations
between  fluorescence  spectra  and  the  chemical
contents  of  commercially  available  Spirulina
samples  from  different  parts  in  the  world.  The
objective of this study is to investigate and compare
the  functional  and  elemental  composition  and
optical  characteristics  of  commercial  Spirulina
products available on the Bulgarian market.

2. MATERIALS AND METHODS

2.1. Samples Under Study
Three  commercially  available  Spirulina samples
were  purchased,  cultivated  in  bioreactors  in  USA,
China  (CHN)  and  Belgium  (BEL)  as  well  as
Spirulina/Arthrospira  platensis cultivated  in  a
bioreactor close to Varvara, Bulgaria (BGR).

Three  packages  from  each  tested  product  were
purchased. Measurements have been performed on
each of them. Average results from three replicates
of the experiment were presented.
The data for dietary and energy value expressed in
g/100g  for  Spirulina products  purchased  from the
Bulgarian  dietary  store  and  taken  from  the
producer's label are given in Table 1.  

Table 1: A main dietary and energy value of Spirulina*.

CHN BEL USA

Energy value, kcal 336 358 333

Fats , g/100g 1 6 5

Proteins, g/100g 65 65 56

Carbohydrates, g/100g 13.1 9.5 15
*The indicated table does not present data on Spirulina from a bioreactor in Bulgaria, since the latter is not
available in organic stores and it is in the process of certification and research of the indicated parameters.
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2.2. Methods

2.2.1. Fluorescence measurements
The fluorescence characteristics  of  organic  matter
from  seaweeds  were  measured  using  an  Ocean
Optics QE65000 fiber optic spectrometer, an Ocean
optics  MonoScan 2000 fiber  optic  monochromator
and broadband Energetiq Laser driven light source
(190 nm to 2500 nm). The samples were excited at
wavelengths from 220 nm to 720 nm at a 10 nm
increment and a spectral  bandwidth of  around 15
nm. The sample is illuminated by a 1 mm core fiber
and fluorescence is captured by a receiving 1mm
core  fiber  oriented  at  45°  with  respect  to  the
excitation  fiber to minimize reflected and diffused
light.  Integration  time was  5  s.  The  experimental
set-up is shown in Figure 1. 

2.2.2. Excitation emission matrices (EEM)
At each excitation wavelength in the 220 nm to 720
nm the emission spectrum from 200 nm to 1000 nm
of each Spirulina/Arthrospira  sample was captured
which  permits  3D excitation  emission  plots  to  be
presented. These color coded 3D spectra for each
sample  are  presented  in  side  and  in  topographic
view  in  Figure  2.  In  these  figures  the  emission
spectrum is presented in the range of 400 - 800 nm.

2.2.3. Determination of the elements’ content
A sample of about 0.3 g is weighed on an analytical
balance in Teflon vessels for a microwave digestion
system and 10 mL of 67% HNO3 (Suprapur®) was
added.  Microwave  digestion  was  carried  out
according to the following procedure: 10 minutes to
reach 180 ºC and maintain this temperature for 10

minutes. After cooling solution was transferred into
a 25 mL volumetric flask and dilute to the mark with
deionized water. The blank sample was run through
the entire analytical  procedure.  The samples were
finally filtered through 0.45 μm cellulose membrane
filters (Millipore) and kept at 4 ºC.

The  content  of  Mg,  Fe,  Mn,  Cu,  and  Zn  was
measured by ICP-OES system ULTIMA 2, Jobin Yvon,
(Longjumeau,  France).  Мulti-element  standard
solution IV for ICP (TraceCERT®, Merck) was used to
prepare  diluted  working  standard  solutions  for
instrument calibration.

2.2.4. FT-IR spectra
The FT-IR spectra were recorded on a Thermo Fisher
Nicolet iS50 spectrometer equipped with a diamond
ATR  Accessory  and  are  presented  after  standard
ATR correction performed on the OMNIC software.
The IR spectra  were recorded  from 4000 cm−1 to
400  cm−1 with  an  average  of  64  scans  at  a
resolution  of  4  cm−1.  The  measurements  were
carried  out  directly  on  the  Spirulina powder
samples.

2.2.5.  Statistical analysis
Analysis  of  variance was used to compare means
with a significance level of p ≤ 0.05 by using SPSS
Statistic  22.  One-way  analysis  of  variance  and
Duncan’s  post  hoc  test  for  multiple  comparisons
based on the parameters studied were performed
for  all  samples  studied.  The  correlation
dependences were obtained with the least squares
method with a significance level of p ≤ 0.05.

Figure 1: Experimental set-up for measurement of 3D emission excitation matrices.

3. RESULTS AND DISCUSSION

The concentration  of  Mg,  Fe,  Mn,  Zn,  and  Cu  was
determined as elements performing specific functions
in the human body.  Since the human body  cannot
produce them on its own, it is necessary to take them
through food.

The concentrations  of  the elements  in  the samples
vary  depending  on  the  producers.  The  obtained
values  for  all  five  analyzed  elements  are  in  the
concentration  range  of  other  Spirulina products
described in the literature (3,  18-21).  Тhe following
trend  is  observed:  Mg > Fe > Mn > Zn > Cu.  As
expected, the content of Mg in the four products is
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the highest compared to the other elements, as it is a
macronutrient. It is noteworthy that the concentration
of Fe significantly exceeds the concentrations of the
other micronutrients. Table 2 lists the quantity of the
elements as measured in the samples.  The sample
from the Bulgarian reactor is the richest in Zn and Cu
while in the other samples these elements are found
in  significantly  lower  concentrations.  The  highest
concentration of Mg was observed in the USA sample.

The optical properties of  Spirulina were investigated
by fluorescence spectroscopy in the range of 220-720
nm  at  10  nm  increments.  The  excitation-emission
matrices  (EEM)  of  the studied samples  in  side and
topographic view are presented in Figure 2. It follows
from the analysis of the  Spirulina samples that their
optical properties strongly depend on the excitation
wavelength. A change was observed if the individual
fluorescence spectra around 410, 530, and 660 nm
excitation  wavelengths.  At  lower  excitation
wavelengths, the typical emission peaks around 650
nm  and  672  nm  associated  in  the  literature  with
Phycobilisomes were not observed. However, a peak
around 700 nm associated with the same substances
was seen. This means that their molecules were not
directly excited but had instead obtained energy from
the excited molecules  of  carotenoids  via resonance
transfer or re-absorption.

For excitation in the red part of the visible spectrum
from 640 nm to 660 nm range an emission peak in

the 710 nm and 715 nm due to Chlorophyll  a was
observed.  Similar  excitation  wavelengths  for
substances  as  Chlorophyll  a,  Chlorophyll  b,
Phycocyanin,  Phycoerythrin  have  been  reported  by
Cadondon et al. (22), Li et al. (23), Gobets et al. (24),
Karapetyan et al. (25), Akimoto et al. (26), Uebel et
al. (27).

Some  relations  were  established  between  the
observed spectra  and the content  of  the metals.  A
closer inspection of the 3D EEM plots reveals that the
fluorescence maxima were observed at an emission
wavelength around 735 nm – 736 nm for excitation
from 250 nm to 720nm.

However, the maxima and their relative height were
different.  Fig.  3a  shows  how  the  fluorescence
intensity  at  736  nm  changes  for  each  sample  as
excitation wavelength varied from 220 nm to 720 nm.

There were some peaks for excitation wavelengths of
380, 430, and 560 nm. The emission spectra of the
samples  for  each  of  these  three  excitation
wavelengths  were  shown  in  Fig.  3b)  to  3d).  The
emission  spectra  exhibited  maxima  at  three
wavelengths: 465, 640, and 736 nm were labeled as
I,  II,  and  III.  Due  to  the  Stokes’  shift,  fluorescence
emission is observed at wavelengths higher than the
excitation  wavelength.  Therefore,  for  560  nm
fluorescence is observed above 588 nm (Fig. 3d).

Table 2: Content of Mg, Mn, Fe, Zn and Cu in the four Spirulina samples (n=3, RSD=3-7%) and reference
values described in the literature*.

Elements BGR CHN BEL USA Refs. (3, 18-21)

Mg, g/kg 2.57d 2.76c 3.80b 6.69a 0.67  9.49

Mn, mg/kg 55.0b 55.4b 49.7c 141a 5  554

Fe, mg/kg 317d 868b 447c 1177a 195  6500
Zn, mg/kg 242a 18.0d 25.8c 35.4b 3.8  375
Cu, mg/kg 25.4a 3.97d 5.23c 11.9b 2.63  69.6

*Means in a row with a common superscript letter (a–d) differ (p < 0.05) as analyzed by one-way ANOVA.
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Figure 2: Excitation emission 3D and topographic presentations.
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Figure 3: Sections of the 3D EEM plots: a) Dependence on the excitation wavelength for emission at 736 nm;
Emission spectra for excitation at b) 380 nm; c) 430 nm; d) 560 nm.

The dependencies of the average intensity around
each of these maxima on the contents were plotted
for  each  element  for  each  of  the  maxima.  As
examples, the plot for Zn when excited at 430 nm
for maxima I (465 nm) and II (640) were shown in
fig 4a) and in Fig. 4b) – for Fe at 560 nm for maxima
II  and  III.  Two  basic  observations  for  all  samples
must be noted for the two plots in Fig. 4. First, for
Zn  from  Fig.  4a),  the  intensities  of  both  peaks
increased  with  the  content,  while  for  Fe,  the
intensities decreased with the Fe content. Second,
the intensity of the first maximum is higher than the
second.  These  observations  are  reversed  for  Fe
from  Fig.4b).  This  implies  positive  and  negative
correlation  between  fluorescence  intensity  and
content for the Spirulina samples of different origin.
There were some peaks for excitation wavelengths
of 380, 430, and 560 nm. The emission spectra of
the  samples  for  each  of  these  three  excitation
wavelengths  were  shown  in  Fig.  3b)  to  3d).  The
emission  spectra  exhibited  maxima  at  three
wavelengths: 465, 640, and 736 nm were labeled as
I, II, and III.

The correlation between the content of each metal
and the intensity of each maximum I, II, and III for
each excitation wavelength were obtained, and the
coefficient  r  was  calculated.  The  results  were
summarized in Table 3.

Zn and Cu exhibit a very high positive correlation
between  their  content  and  the  intensity  of  the
maxima  I  and  II  for  380  nm  excitation  and  for
maximum II at 560 nm. In contrast Fe exhibits very
high  negative  correlation  for  maximum  III  and  a
high correlation for maxima I and II for all excitation
wavelengths.  Mn  exhibits  at  best  a  moderate
negative  correlation  for  maximum  III  and  low  or
weak for the other maxima at any excitation. 

Figure 5 presents the FT-IR spectra of the Spirulina
samples.  The  peak  around  3290  cm−1  could  be
attributed to –OH and –NH groups (28-29). The C-H
stretching  vibrations  could  be found  around  2920
cm-1 (28). These signals could be assigned to lipid
and  protein  methylene  vibrations  (30).  The
adsorption  peaks  in  the  region  1700–1400  cm−1
could  be  assigned  to  –CO  stretches  aldehydes,
ketones, and carboxylate groups. (31-32, 28). These
vibrations could be attributed to functional groups
present  in  proteins  in  the  Spirulina sample  (31).
More  specifically,  these  signals  represent  the
vibrations  of  amides  I  and II,  from the  protein  in
Spirulina  powder  (30).  The  signals  in  the  region
1100-1000 cm-1 belong to functional groups in the
carbohydrate components in the samples (31-32).
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Figure 4: Plots of the average power at particular maxima vs. the content of a definite metal: a) Zn at 430

nm excitation for maxima I and II; Fe at 560 nm excitation for maxima II and III.

Table 3: Correlation coefficient between metal contents and maximum intensity.

380 nm excitation 430 nm excitation 560 nm excitation
Max I II III I II III I II III
Mg -0.38 -0.45 -0.65 -0.41 -0.43 -0.68 -0.45 -0.50
Mn -0.32 -0.35 -0.69 -0.31 -0.3 -0.66 -0.40 -0.61
Fe -0.78 -0.77 -0.98 -0.74 -0.71 -0.95 -0.82 -0.95
Zn 0.93 0.97 0.75 0.97 0.99 0.84 0.93 0.63
Cu 0.88 0.90 0.58 0.92 0.93 0.67 0.85 0.40

Positive: Very High: 0.9-1   High: 0.7-0.9   Moderate: 0.5-0.7  Low: 0.3-0.5  Very low: 0-0.3
Negative: Very High: 0.9-1   High: 0.7-0.9   Moderate: 0.5-0.7  Low: 0.3-0.5  Very low: 0-0.3
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BGR CHN

BEL USA

Figure 5: FT-IR spectra of the different Spirulina samples.

4. CONCLUSION

All  investigated  samples have a  similar  functional
composition.  The resulting  signals  in  the different
regions  of  the  IR  spectrum  can  be  assigned  to
proteins,  and  carbohydrates.  Spirulina is  a  good
source  of  essential  elements  such  as  magnesium
and iron, a trend was observed: Mg > Fe > Mn > Zn
> Cu. Comparing the content of each element with
the intensity of the maxima for the most effective
excitations at 380, 430, and 560 nm show that the
presence of  Zn and Cu can be linked to the very
high  positive  correlation,  while  that  of  Fe  to  the
very high negative correlation with the intensity of
fluorescence maxima. 
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Abstract: The present study is to investigate the potential bioethanol production from seasonal fruit wastes 

as a possible substrate via biochemical fermentation. It is worth mentioning that the waste feedstock was 
subjected to a pretreatment process before the fermentation process. The fermentation was carried out 
using cost-effective dry yeast such as Saccharomyces cerevisiae for 5 to 8 days. The main target of this 
research is to determine bioethanol percentage from fruit wastes that produced through optimization of the 
bioconversion process. Besides, the selected fruit wastes were evaluated and analyzed for variations in key 
parameters, which include sugar content, pH value, temperature, alcohol concentrations, and yield during 

yeast fermentation reaction at 32 °C for the production of alcohol. The present work exhibits a promising 
approach for bioethanol production on a large scale from inexpensive organic wastes and yeast. Moreover, 
the bioethanol obtained was blended with pure gasoline to produce ethanol-gasoline blended fuel in various 
proportions of 0%, 5%, 10%, and 15%. The resulting alternative fuel characteristics were assessed 
experimentally using American Society for Testing and Materials (ASTM) standards. The bioethanol-gasoline 
blends including Ried vapor pressure (RVP), density, and Research Octane Number (RON) was determined 
according to ASTM standard methods. Overall, the results showed that the RON of gasoline was enhanced 

remarkably with the increase in ethanol ratio. 
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1. INTRODUCTION 
 

Nowadays, the growth of the power crisis in-
creases the universal concern as a result of the 
dependence on traditional fossil fuel, which is 
being depleted gradually to meet the continuously 
growing demands in the energy market (1-5). 
Globally, biofuel is considered an alternative en-
ergy source because of its economic and envi-

ronmental considerations. This type of fuel poses 
no threat to environmental life, thus helping to 
effectively decrease greenhouse gas emissions 
and security of energy supply, which leads to 
their increasing use (6). It is well known that 
bioethanol is type of biofuel, which produced 
through fermentation of saccharide and starchy 

sources that obtained from plants or algae such 
as corn grains, sugar-cane, and lignocellulosic 
biomass, etc. (7). It is an appropriate alternative 
fuel relative to fossil fuels. Furthermore, it is not 

a petroleum distillate that can be easily produced 
via agricultural feedstock or fruit waste (8,9). 

From another perspective, transforming waste 
biomass to biofuel and in turn, decreasing the 
enormous usage of conventional fuels is consid-
ered a great achievement in the global energy 
market. Moreover, the consumer's food chain will 
not be affected by using various sources of agri-
cultural waste products as the feedstock of bio-

ethanol production. On the other hand, the key 
fermenting agent such as yeast has contributed 
to reduce the cost of conversion biomass to bio-
ethanol, it is preferable to use a cheap yeast that 
is available in local markets, and it is more eco-
nomical in comparison with other fermentation 
agents (10). High volume and variety of organic 

wastes in main central marketplaces are being 
generated daily, especially with growing up the 
consumption of local fruits and producing more 
waste fruits (11). Approximately 50% of fruits 
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and vegetables produced worldwide become by-
products (as solid organic waste) during produc-

tion processing as estimated in recent available 
data (12), hence fruit and vegetable biomass is a 
challenge to the environment all over the world 
and therefore there is a need to be recycled. This 

organic waste is a resource of potential energy 
and significant renewable fuel (13), thus biomass 
waste will help to produce the cheapest fuel as a 
result of the conversion of biomass to bioethanol 
(12). Bioethanol has been employed as an alter-
native fuel for internal combustion engines due to 
its renewable nature (14), which is considered the 

most promising and environmentally friendly re-
newable liquid fuel over conventional fossil fuel 
(15). It was clear that bioethanol leads to reduc-
ing the net emissions of CO2. Furthermore, it can 
boost the octane rating of gasoline (when blended 
with it by a certain percentage) compared to 

standard gasoline (14, 16). The gasoline/ethanol 

mixture can be one of the alternative fuels since 
ethanol has high octane number compared to 
pure gasoline. This blended fuel can be utilized in 
an internal combustion engine without any addi-
tives. However, ethanol-gasoline blend fuel will 
minimize the heating value of the blended fuel as 

a result of low heating value of ethanol (17).  
This study aimed to convert the organic fruit 
wastes as cheap sources to bioethanol via a fer-
mentation process, followed by the bioethanol 
being purified using a distillation process to obtain 
high-purity ethanol for fuel purposes. Bioethanol 
obtained was blended with gasoline by different 

ratios to enhance the quality of standard gasoline 
for a spark-ignition engine. Bio ethanol-gasoline 
blend was analyzed and tested by various tech-
niques to determine the influence of ethanol on 

the performance of the fuel.  
 
2. EXPERIMENTAL SECTION  

 
2.1. Materials 
All the chemicals and reagents were purchased 
from Sigma-Aldrich, and Fisher Ltd and used as 
received without further purification such as 3, 5-
dinitro salicylic acid (DNSA), potassium 

permanganate sodium potassium tartrate, urea 
reagent and D(+) glucose. White sugar (source of 
sucrose) and Saccharomyces cerevisiae yeast 
were commercially available in the main markets.  
 
2.2. Bioethanol Fermentation Procedure and 
Parameters 

 

2.2.1. Collection and preparation of decaying 
fruits 
The raw samples of overripe fruits like black 
grape, banana, and red apple were collected from 
the main local fruit markets, located in Mosul city 
in Iraq, and then waste fruit samples were packed 

in a sterilized plastic bag and stored at low 
temperature in a research laboratory of 
Chemistry department of Mosul University in a 
refrigerator until further usage. About 1 Kg of 
each selected waste fruit was surface sterilized by 

sodium chloride (NaCl) solution and then rinsed 
well with distilled water (D.W). The selected 

waste sample was crushed individually in an 
electric grinder until it became liquid juice. The 
extracted fruit juice was collected and transferred 
to a 1 L flask and then diluted using D.W to 1 L 

(mix 1). Upon completion, the mixture was 
heated up to 95°C for 2 hours. The fruit juice was 
cooled down at ambient temperature and then 
stored in the refrigerator for further usage.  
 
2.2.2. Fermentation process: 
The fermentation method, according to the pro-

cedure described in Rishabh and Raj (18), was 
adopted for bioethanol production with a slight 
modification. Dried yeast (S. cerevisiae (E 491)) 
(50 gm) was inoculated into 300 mL of D.W and 
placed in a 500 mL conical flask under stirring 
conditions. Followed by 7.5 gm of urea reagent 

and 235 gm of sucrose or normal white sugar 

were added to the yeast mixture (mix 2) and then 
left to stir for 15 minutes at 35–40 °C for activa-
tion. Upon completion, the activated yeast inocu-
lum (mix 2) and extracted juice (mix 1) were 
immediately poured into a 5 L conical flask, fol-
lowed by D.W was added to a final volume of 3 L. 

Lab-scale batch of anaerobic fermentation was 
carried out in a sealed glass vessel of incubator 
that designed to conduct fermentation reactions. 
During the fermentation process, the yeast con-
verted the waste sugar source into bioethanol and 
carbon dioxide as released gas. In the dark, the 
fermentation of rotten fruit samples was allowed 

to take place for 5 to 7 days at 32± °C with an 
agitation speed of 180 rpm. When carbon dioxide 
stopped to flow into the gas trap, it is considered 
a good indication of the end of the fermentation 

reaction. It is worth mentioning that test samples 
were taken from fermented solution before and 
after the fermentation process to evaluate bio-

ethanol production and sugar content in the sub-
strate respectively. In addition, the pH value of 
each fruit waste was measured and recorded be-
fore and after fermentation. Upon completion of 
the fermentation, the next step run was taken out 
from the incubator. The raw bioethanol, which is 

obtained by fermentation of waste fruit, was puri-
fied and concentrated by using a distillation unit 
to maximize the alcohol percentage in the final 
product. At the beginning of the distillation pro-
cess, simple distillation was performed to produce 
the distilled liquid (bioethanol) in the range of 45-
55 % at 78 °C, but the bioethanol required fur-

ther purification for fuel purposes. Consequently, 

the resulting bioethanol was subjected to further 
purification through fractional distillation at 78 °C, 
which concentrated to 95% in the second distilla-
tion. Furthermore, hydrated bioethanol (95%) 
was dried using a 3A° molecular sieve to afford 
anhydrous ethanol (99%) that measured by hy-

drometer (alcoholmeter). Bioethanol produced 
was analyzed and confirmed by using FTIR tech-
nique. 
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2.2.3. Estimation of reducing sugars in fermented 
solution by (DNSA) method: 

The reduced sugar content in the fermented solu-
tion was measured using DNSA method, which 
described by Garriga et al (19) with some modifi-
cations. (DNSA) the reagent was prepared by 

dissolving 0.5 gm of (DNSA) in 100 mL of D.W 
and the solution was stirred at room temperature. 
Then an aqueous solution (2N) of NaOH (7.5 mL) 
was slowly added to the DNS solution and stirred 
at ambient temperature until obtaining a clear 
solution. A solution containing (15 gm of sodium 
potassium tartrate in 20 mL of D.W) was added to 

(DNSA) solution followed by the mixture was fil-
tered by filter paper and diluted with (D.W) to 50 
mL using a volume flask. The DNSA reagent solu-
tion was kept at a low temperature (below 5°C) in 
a dark glass bottle. Stock standard solution of 
glucose, at a concentration ranging from 100 

μg/mL ( 0.1 mg/ mL) to 1000 μg/mL  (1 mg/ 

mL), was prepared using dried test tubes, then 
standard solutions were diluted to 2 mL with D.W 
to each test tubes, then 1 mL of DNSA solution 
was added to each tube and mixed well then cov-
ered all tubes with peace of cotton to avoid the 
loss of liquid due to evaporation. The tubes were 

kept at 95 °C for 15 minutes in the water bath to 
develop the red-brown color. After cooling, 5 mL 
of D.W was added to each test tube to stabilize 
the color. Thereafter, absorbance was measured 
by a spectrophotometer (UV-Vis spectrometer-PG 
instrument limited- Model T92+) at 540 nm. 
 

2.2.4. Determination Of pH: 
pH value of the fermented solution was 
determined and recorded during the fermentation 
process using a digital pH meter (Eutech 

instruments- PC 700). 
 
2.2.5. Determination Of Ethanol Concentration: 

The collected distillates for each purification step 
were measured using a hydrometer tool; it was 
widely used to determine the concentration of 
alcohol. At 20 °C, a distillate being tested should 
be placed in a graduated cylinder then the 
hydrometer would be allowed to float on the 

distillate to measure and record the concentration 
of alcohol (%) as shown in Figure 1. 

 
Figure 1: Determination of bioethanol 

Concentration using a gradual cylinder and 
hydrometer. 

 
2.2.6. FTIR Spectroscopy: 
Fourier Transform Infrared Spectrophotometer 
(FTIR) is a powerful technique that can be 

employed to identify some of the functional 
groups present in a solid, liquid, or gaseous 
sample. In our study, the functional groups of the 
bioethanol are analyzed by using FTIR (Bruker 
Alpha II-ATR, Germany). The absorption 
frequency spectra are recorded and plotted as 
transmittance vs wave number. The functional 

groups in bioethanol from different fruit wastes 
were confirmed and determined using FT-IR 
spectroscopy. In brief, bioethanol (1.0 μL) was 
placed on a fused KBr disc, which is mounted on 
the cell holder and fixed on the sample beam of 
IR spectrometer. The running was performed over 
a spectrum range of 400 to 4000 cm-1 and 

averaged 16 scans. 
 
2.2.7 Bioethanol-Gasoline Blend Characteristic 
Tests 

 
2.2.7.1. Sample preparation: 

Bioethanol-gasoline blended samples were made 
by mixing normal gasoline with high-purity 
bioethanol (99%) in various blended rates (0%, 
9%, 11%, 13%, and 15% vol/vol) as shown in 
Figure 2. The blending process was conducted in 
a glass bottle which tightly closed under the 
stirring condition at room temperature for 5 

minutes. All tests of bioethanol-gasoline binary 
blends were carried out in the department of 
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laboratory and quality control: at Baiji refinery in 
Iraq. 

 

 
Figure 2: Collected bottles of bioethanol-gasoline 

blended samples. 
 

2.2.7.2. Density Test: 
The density of each tested sample was deter-
mined according to ASTM D4052 (20), using a 

digital density meter (Rudolph Research Analyti-
cal density meter-DDM 2911) as depicted in Fig-
ure 3. The fuel sample was injected in digital den-
sity meters to determine the density value at 

15.5 °C. 
 

 
Figure 3: Digital density meter apparatus. 

 
2.2.7.3. Reid Vapour Pressure (RVP) Test: 
The vapor pressure of pure gasoline and gasoline 
blends was measured according to the ASTM-
D6378 standard (21), using a commercial RVP 
apparatus (Eralytics Eravap, Vapour Pressure 
Tester) as depicted in Figure 4. The method co-

vers the use of automated RVP instruments to 
measure the vapor pressure exerted in a vacuum 
by hydrocarbon-oxygenate mixtures such as bio-
ethanol-gasoline blended fuels. 
 

 
Figure 4: Reid vapor pressure apparatus. 

 

2.2.7.4. Research Octane Number (RON): 
An octane number is considered one of the major 

characteristics of gasoline that must be measured 
accurately for motor fuels like gasoline. RON val-
ue of each bioethanol-gasoline blend was deter-
mined by a cooperative fuels research engine 
(Single-cylinder, four-stroke, and spark ignition 
engine) as shown in Figure 5, for determination of 
research octane number for base fuel and blend-

ed fuels. This method was carried out according 
to the standard method (ASTM-D2699) (22). 
 

 
Figure 5: Single cylinder –test engine assembly 

for RON measurements. 
 

3. RESULTS AND DISCUSSION 
 
The anaerobic fermentation process of overripe 
fruits was carried out for 5-7 days at 32±2 °C, 
which produced bioethanol. Bioethanol yield was 
investigated at different types of fruit waste, 

black grape waste produced the highest amount 

of bioethanol (10.9%) with high purity (99%) as 
shown in Figure 6, whereas red apple ranked 
second, followed by banana produced the least 
amount of bioethanol at the same fermentation 
conditions. Hence, S. cerevisiae has achieved 
better in grape waste than the other fruits' 
wastes. A previous study showed that bioethanol 

yield from grapes, apples, and bananas was 
around 6.2%, 4.7%, and 5.4% respectively (23). 
In another study, bioethanol yields from grapes 
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and apples were 5.2% and 4.5% respectively 
(18). Many studies have indicated that tempera-

ture also plays a crucial role in the fermentation 
process. Previous studies showed that bioethanol 
production enhanced with the increase in fermen-
tation temperature that reached a maximum val-

ue at 35oC. However, further increasing or de-
creasing temperature leads to reducing the per-
centage of bioethanol production, this is probably 
due to the denaturing of the yeast cells used 
(24). 
 

 
 

Figure 6: Graph showing a concentration 
obtained of bioethanol for each fruit waste during 

fermentation process. 
 
 

 

The maximum bioethanol productivity can be 
obtained depending on the amount of raw mate-
rial, which means that the bioethanol concentra-
tion rises with the increase in sugar content in 
raw materials. In this study, concentration is the 
measure of alcoholic content that presented in 
the distilled liquid. Bioethanol concentration can 

be expressed in terms of percentage (%). The 
yield percentage of ethanol was determined in the 
black grape at 10.9%, and the apple at 8.5%, 
whereas it was 3.9% for the banana as listed in 
Table 1 and depicted in Figure 6. With the in-
crease in sugar content in a substrate, ethanol 

production increased significantly. Comparative 

studies of bioethanol productivity from varied 
decaying fruits exhibited that grape waste has 
higher efficiency compared to other fruit wastes 
such as apples and bananas. The fermentation 
process of grape waste is cost-effective and does 
not produce any toxic by-products. Hence, it can 

be applied on large scale for industry. 
 
 
 

 
 

Table 1: Various parameters obtained during fruit waste fermentation. 

 

Sample pH value before 
fermentation 

pH value 
after fer-

mentation 

Bioethanol % Fermentation 
period (days) 

Black grape 4.5 4.9 10.9 7 

Red apple 4.5 4.8 8.5 7 

Banana 4.5 4.7 3.9 5 

 

FTIR spectroscopy analysis identified the pres-
ence of methyl (-CH3) stretch, hydroxyl (-OH) 
stretch, and –alkane (-CH2) stretch in pure bio-
ethanol. In the FTIR spectrum (Figure 7 A, B, and 
C) of each sample, a broad absorption band was 
found in a wave number range of 3317 cm−1 to 

3331 cm−1 (slightly different in grape, apple, and 
banana), which corresponds to the OH stretching 
vibrations. Another peak is assigned at 2973 cm-1 

as a sharp peak of stretching vibration due to the 
presence of the methyl group. Previous studies 
confirmed that wave numbers 2,900 and 3,300 
cm−1 in FTIR graph of ethanol have been linked to 
CH and OH molecule groups, respectively (25). 
Notably, absorbance bands between 1045 cm−1 

and 1380 cm−1 were observed due to stretching 
bands of the -CH2 functional group (26). 
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Figure 7: FTIR spectrum of distilled bioethanol, which produced from (A) black grape waste, (B) red apple 

waste, and (C) banana waste. 
 

The pH parameter has a considerable influence on 
the alcoholic fermentation process. Based on this 
work, the initial pH of bioethanol obtained from 
the selected waste fruits was determined to be 
4.5 as shown in Figure 8, while the final PH value 

of bioethanol obtained was determined in the 
grape at (4.9), apple (4.8), and banana (4.7). It 
was noted that the pH value was slightly in-
creased after yeast fermentation; this can be due 
to the conversion of glucose to bioethanol. In 

terms of yeast activity, yeast can survive in acidic 

conditions that ranged from 4 to 6 (23). Another 
study indicated that the optimum pH value for 
yeast fermentation to generate bioethanol is 4.5 
(27). Janani et al. revealed that a similar range of 
pH values in waste fruits was observed, the pH 

value of bioethanol produced from decaying fruits 
was estimated in the grape at 5.4, apple at 4.5, 
and banana at 5.1, these results agree with our 
results (23).  
 

 

 
 

Figure 8: Graph showing a pH obtained of fermented solution for each fruit waste during fermentation 
process. 

 
The standard curve of stock solution glucose was 

plotted to determine the reducing sugar and 
compared to each sample as depicted in Figure 9 
a,b,c, and Table 2. The amount of sugar content 
was assessed using DNS reagent and it was found 
to drop down remarkably during the fermentation 
process. The sugar content of overripe fruit ex-

tracts was determined by comparing their ab-

sorbance taken from each sample to the standard 
curve of reducing sugar to calculate the sugar 
content at A 540. Among the three decaying fruit 
extracts used for the analysis of reducing sugar 
content, glucose content in grape solution extract 
dropped from 43 to 23 (mg/mL) after 7 days of 
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fermentation, whereas glucose level in apple 
started from 43 (mg/mL) at the beginning of fer-

mentation to 14 (mg/mL) at 7 days. A similar 
trend was observed in bananas, glucose level in 

banana waste declined from 18 (mg/mL) to 0.59 
(mg/mL) after 5 days of fermentation. 

 

 
Table 2: Estimation of reducing sugar via DNS standard method. 

 

The volume of 
standard 

.glucose solu-
tion (mL) 

The volume 
of D.W in mL 

Amount of 

glucose in 
μg/mL 

The volume 
of DNSA 

reagent in 
mL 

Keep the 
test tubes 

in 

boiling 
water 

bath for 
10 min 

dilution 

with D.W in 
mL 

Absorbance 

at 
540 nm 

0.0 2 0 

1.0 mL 5.0 mL 

0.000 

0.1 1.9 100 0.010 

0.2 1.8 200 0.049 

0.4 1.6 400 0.139 

0.6 1.4 600 0.267 

0.8 1.2 800 0.348 

1.0 1.0 1000 0.458 

 
The reducing sugar concentration declined as the 
fermentation proceeds owing to the consumption 
of the sugar by Saccharomyces cerevisiae cells to 
produce bioethanol and carbon dioxide. It is 
worth mentioning that the initial glucose amount 

in extracted juice of the grape was diluted to 1:45 
with D.W to obtain the absorbance into the 

standard curve, while the final sugar content of 
the grape waste extract was diluted to 1:25 with 
D.W. Other waste fruit extracts (apple and bana-
na) were also diluted with D.W before and after 
the bioconversion process to measure the reduc-

ing sugar values as shown in Table 3. 

 
 
 
 

 
Table 3: Estimation of sugar content in rotten fruit extracts before and after the fermentation process. 

 

The volume of 
rotten fruit 

sample (mL) 

The vol-
ume of 

D.W (mL) 

The vol-
ume of 

DNSA rea-
gent in mL 

Keep the 
test tubes 
in boiling 

water bath 

for 10 min 

Dilution 
with 

D.W 
(mL) 

Absorbance at 

540 nm 

Dilution 
(D) 

(mL) 

Sugar 
content 

(mg/mL) 

Grape-(b) 
(1.0 mL) 

1.0 

1.0 mL 5.0 mL 

0.439 45 43 

Grape-(a) 
(1.0 mL) 

1.0 0.417 25 23 

Apple- (b) 
(1.0 mL) 

1.0 
0.436 

 
45 43 

Apple- (a) 

(1.0 mL) 
1.0 

0.450 

 
15 14 

Banana- (b) 
(1.0 mL) 

1.0 
0.420 

 
20 18 

Banana-(a) 
(1.0 mL) 

1.0 
0.249 

 
 0.59 

(b): before fermentation process, (a): after fermentation processs, and (D): dilution factor. 
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Figure 9: Estimation of sugar content in decaying fruit extracts before and after fermentation: (a) Grape 
waste. (b) Apple waste, (c) Banana waste. 

 
The present work also focused on conducting 

tests toward bioethanol-gasoline blend character-
istics and performance in different bioethanol 
ratios to analyze the probability of these blends 
as an alternative fuel. Therefore, different blend 
rates of bioethanol–gasoline blended fuels (9%, 

11%, 13%, and 15%) were prepared and then 
sent to the petroleum quality control laboratory at 

Baiji refinery for ASTM standard analysis. The 

main results obtained from the ASTM analysis 

including RVP, density, and RON have been sum-
marized in Table 4, to show the effects of bioeth-
anol addition (9%, 11%, 13%, and 15% by vol-
ume) to gasoline on its performance. The results 
showed the variations of density (g/cm3), RVP 

(psia), and RON, which considered as a function 
of different blend rates of bioethanol–gasoline 

mixtures. 
  

Table 4: Specifications of regular gasoline and bioethanol-gasoline blends. 
 

Characteristics 
Test Method 

(ASTM) 
Base gaso-

line 
Bioethanol ratio in the fuel 

9%          11%        13%       15% 

Density (g/cm3 at 15.5 °C) ASTM-D4052 0.7305 0.7353 0.7369 0.7377 0.7395 

RVP ( psia at 37 °C) ASTM-D6378 10.40 10.33 10.20 10.18 10.00 

RON ASTM-D2699 82.5 87.5 87.9 89.0 89.0 

Color Yellow yellow yellow yellow yellow Yellow 

 

Figure 10 represents the density values (g/cm3) 
of the base gasoline and gasoline blends with 
bioethanol at various rates. The graph indicated 
that density increased with increasing the 

bioethanol content in the gasoline blend. The 
result is quite common due to the density of 
bioethanol that higher than the base gasoline. 
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Figure 10: Graph showing density vs bioethanol content ratio to gasoline. 
 

The behavior of bioethanol-gasoline mixtures was 

significantly different from conventional gasoline 
despite the fact that the RVP value of ethanol is 

much lower than that of base gasoline. The RVP 
value declined slightly when bioethanol was add-
ed to regular gasoline in various ratios as depict-
ed in Figure 11. The decrease of RVP from fuel 

blends is caused by the little amount of water in 

the bioethanol-gasoline mixture by the increase 
of the volume of the alcohol mixture, and it may 

cause gasoline blend volatility change (water is 
more difficult to evaporate compared to gasoline 
and alcohol) (28). 

 

 
 

Figure 11: Graph showing RVP vs bioethanol content ratio to gasoline. 

 
From the results of ASTM-D2699, RON of samples 
varies from 82.5 to 89 depending on the volume 
(%) of bioethanol added to the sample. The RON 
increases progressively with the increase of etha-
nol content as depicted in Figure 12, because of 
having a high RON value of pure ethanol at 105. 

It can be observed that the RON value jumped 
around 7 points when the bioethanol content ex-
ceeded 13% by volume, RON of blended fuel did 

not increase with increasing the bioethanol con-
tent to 15% by volume. Therefore, there is no 
need to increase ethanol content above 13% as it 
has a negative impact on RON parameter. The 
result obtained coincided with another study that 
investigated the impact of a gasoline-bioethanol 
mixture on the value of gasoline ̓s octane number 

(16). 
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Figure 12: Graph showing RON vs bioethanol content ratio to gasoline. 
 

4. CONCLUSION 

 
In the present study, the results obtained 
revealed that different decaying fruits could serve 
as raw materials for bioethanol production via the 
bioconversion process. Moreover, bioethanol 
produced can be blended with pure gasoline in 

various proportions to be used as an alternative 
fuel to mitigate the demand for conventional 
fossil fuel resources. From this comparative 
study, the maximum bioethanol yield was 
obtained from grape waste (10.9%) followed by 
apple waste (8.5%) then banana waste (3.9) at 

32 °C in acidic conditions (pH 4-5). The S. 
cerevisiae (yeast) was employed to convert 
saccharide wastes into bioethanol and carbon 
dioxide, and then a high concentration of 
bioethanol was obtained via simple distillation, 

fractional distillation, and dehydration 
respectively.  

Bioethanol was mixed with conventional gasoline 
to produce blends that can be used as an 
alternative fuel for variable speed spark ignition 
up to 10 vol. % blends without engine 
modification. Analytical and experimental work on 
a single-cylinder engine was conducted to 
evaluate the effect of using bioethanol-gasoline 

blends instead of the base gasoline on the RON 
value, which considered a critical fuel property 
that plays a primary role in the design of the 
engine. It was clear that gasoline with ethanol 
content until 13% (v/v) can boost the RON value 
by 7 more points compared to base gasoline. 

These blends can be used by the vehicle engine 
smoothly without any engine modification. The 

comparative study showed that adding bioethanol 
to gasoline in different proportions has affected 
slightly on PVP and density values of blended 
fuels compared to regular gasoline. It can be 
concluded that gasoline with 13 %(v/v) 

bioethanol content can work well as a premium 
gasoline substitution. 
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1. INTRODUCTION

Due  to  their  radiation  and  thermal  stability  and
unique physicochemical properties, radium silicates
are of great interest in various fields of nuclear and
radiation  technology.  Interesting  results  on  the
effect  of  different  types  of  radiation  on  the
physicochemical properties of radium silicates were
obtained (1–3). Radium silicates are also of great
interest as nuclear materials for high-temperature
nuclear  and  radiation  technologies.  Therefore,
recently there has been growth of interest in radium
silicates, and large-scale research of their properties
under  the  action  of  ionizing  radiation  is  being
pursued (4–6).

The regularities of the effect of the composition on
the  radiation-heterogeneous  processes  of  water
decomposition in contact with silicate systems are
unknown, and from this point of view, its study is of
great  interest  in  radiation  catalysis.  For  this
purpose, the kinetics of radiolytic decomposition of
water  in  contact  with  radium silicate  of  different
activity  was  studied.  In  the  process  of
thermovacuum processing in  silicate  systems,  the
electron acceptor centers cause deformation in the
electronic  structure  of  water  molecules  adsorbed.
Therefore,  most  of  these  centers  on  the  surface
affect  the decomposition of  water in contact  with

radium-silicate systems. Some of these centers may
be catalytically active in the thermal decomposition
of water.

In these studies (7-13) it is noted that the process
of  water  decomposition  in  contact  with  zeolite
systems occurs in the temperature range T=723‒
773K. In this case, the change in thermodynamic
functions  is  due  to  the  presence  of  strong
chemisorption  bonds  of  water  molecules  in  the
crystal lattice of zeolite.

Thermocatalytic decomposition of  water occurs on
the  surface  of  radium  silicate  systems  in  the
temperature  range T=723‒773K.  These processes
play  a  role  in  the  radiation-thermocatalytic
decomposition of water. In order to reveal the share
of  thermocatalytic  processes  in  the  process  of
radiation-thermocatalytic  decomposition  of  water,
the  kinetics  of  hydrogen  formation  during
thermocatalytic  and  radiation-thermocatalytic
decomposition  of  water  in  contact  with  radium-
silicate in the temperature range T=573‒773K was
studied. It was found that radium-silicate systems
have thermocatalytic activity in the process of water
decomposition at temperatures T≥573K. Therefore,
the amount of water in the reaction environment of
radiation-heterogeneous  processes  is  usually
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expressed  by  the  density  of  water  vapor  (ρH2O)
mQ/cm3 (14-18).

The purpose of this article is to identify the impact
of the activity of radium in the water radiolysis and
obtaining  molecular  hydrogen  at  the  radiolytic
decomposition of water in the system (RaO)x(SiO2)y

+H2O at different temperatures (Т=300‒673К).

2. EXPERIMENTAL

Radium-silicate  compounds  with  unique  physical
and chemical properties with resistance to radiation
and temperature are of great interest in the field of
nuclear and radiation technologies. Heterogeneous
radiolysis of water was carried out in special quartz
ampoules  under  static  conditions.  The  mass
(RaO)x(SiO2)y +H2O system studied in the ampoules
is  approximately  m=4∙10-2g.  Distilled  water  was
taken  for  research.  Water  was  injected  into  the
ampoules at room temperature in two ways.

In the first case, at high temperatures of T≥373 K,
in  experiments,  the  required  amount  of  water  is
adsorbed  in  the  vapor  phase  in  a  pre-calibrated
known volume. In the second case, water is added
until  it  completely  covers  the  surface  of  radium
silicate with mass mcat=4•10-2g (mliq=0.2g). 

Radiation  and  radiation-thermal  processes  carried
out on an isotope source of γ-quanta 60Co. Power of
the  absorbed  dose  of  gamma  radiation  is
determined  by  ferrosulfate,  cyclohexane,  and
methane dosimeters. 

The absorbed radiation dose in the studied systems
is  determined  by  the  relation  of  their  electronic

density and dosimetric systems. Ampoules opened
in special cell, from where products of a radiolysis
came to a chromatographic column. The analysis of
products of radiation and heterogeneous processes
was carried out on the gas- chromatograph “Svet-
102” and gas analyzer “Gazokhrom-3101”.

3. RESULTS AND DISCUSSION

The kinetics of the formation of molecular hydrogen
at T=300 K during the heterogeneous radiolysis of
water  in  the  (RaO)x(SiO2)y+H2Oads and
(RaO)x(SiO2)y+H2Oliq systems was studied.

Figure  1  shows  the  kinetic  curves  of  molecular
hydrogen formation during heterogeneous radiolysis
of  (RaO)x(SiO2)y  +H2O system in  two  methods  at
T=300K.

In the studied systems, based on the starting line
part of the kinetic curves, (RaO)x(SiO2)y+H2Oads (a)
(T = 300K, ρH2O=5 mg/cm3,  D = 0.28 Gy/s)  and
(RaO)x(SiO2)y+H2Oliq   systems  (b)  (Т=300  К,
mН2О=0,02 g, D=0,28 Gy/s), the values of kinetics
and velocity of molecular hydrogen formation during
radiation  heterogeneous  decomposition  of  water
were determined. It can be seen from the kinetic
curves  that  the  stationary  region  is  observed  in
both systems after a certain time. Therefore, two
sections can be distinguished on the curves:

I. relatively high hydrogen accumulation rate;
II. relatively slow stage of molecular hydrogen
accumulation.

Figure 1: Kinetics of the formation of molecular hydrogen during the radiation-heterogeneous
decomposition of water in the systems (RaO)x(SiO2)y+H2O liquid (1) and adsorbed (2), T=300 K.
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The value of the rate of accumulation of molecular
hydrogen  and  the  radiation-chemical  yield  of
molecular hydrogen [G(H2)] is determined by the

initial linear regions of the kinetic curves, which are
given in Table 1.

Table 1: Estimation of molecular hydrogen formation rate and radiation-chemical yield at T =300K.

№ Irradiated systems and process
temperature, K

W(H2),
molecule.g-1.s-1

G(H2),
molecule/100 eV

1 (RaO)x(SiO2)y +H2Oads, Т=300К 2.22∙1012 0.13

2 (RaO)x(SiO2)y +H2Oliq, Т=300К 8.30∙1012 0.47

As can be seen, when the surface of radium silicate
is  completely  covered  by  water,  the  solid-phase
sensors  carry  more  efficient  energy  transfer
processes to the water molecules. As a result, we
observe  that  the  value  of  radiation-chemical
emission observed in (RaO)x(SiO2)y+H2Oliq is ca. 3.6
times  higher  than  that  of  the  liquid-adsorbed
(RaO)x(SiO2)y+H2Oads system. This,  in turn,  clearly
shows that energy carriers migrating to the surface
have the opportunity to be more actively involved in
the breakdown of water molecules.

It  was  revealed  that  zirconium  dioxide  has
thermocatalytic activity in the water decomposition
process at Т ˃ 373 К temperature.

H2Oabs.→H2+
1
2
O2

Experimentally it  is  possible to obtain information
about the radiation-thermal processes of hydrogen
accumulation  during  radiation-heterogeneous
processes of water decomposition.  Kinetic curves of
radiation-thermal  and  thermal  processes  of  water
decomposition  at  temperatures  T=373-673  K  are

shown in Figures 2 and 3. The second slow stage of
hydrogen  accumulation  is  not  observed  in  some
curves with increasing temperature.  The radiation
component  of  radiation-thermal  processes  in  the
first approximation is defined as:

WR(H2)= WRT(H2) ‒ WT(H2)

where WR(Н2) - the rate of formation of molecular
hydrogen at the radiation component of processes,
WRT(Н2)  and  WT(Н2)  –  the  rate  of  formation  of
molecular  hydrogen  during  radiation-thermal  and
thermal processes of water decomposition.

Comparison  of  the  results  of  experiments  carried
out  under  the  same  conditions  shows  that  when
radium-silicate is surrounded by water, the energy
carriers  formed  under  the  influence  of  gamma
quanta  on  its  surface  undergo  radiolytic
decomposition of water molecules both at surface
levels  and  in  contact.  The  results  of  radiation-
heterogeneous  radiolysis  of  water  at  different
temperatures with the participation of the system
(RaO)x(SiO2)y can  be  explained  within  the
electrophysical  model  of  radiation-heterogeneous
processes.

Figure 2: Kinetics of molecular hydrogen accumulation during thermal decomposition of water on the
(RaO)x(SiO2)y+H2Oads system at different temperatures: 1-Т=373,2-T=473, 3-T=573, 4-T=673 К,

ρН2О=5mQ/cm3, D=0,28 Gy/s.

489



Imanova G. JOTCSA. 2023; 10(2): 487-492. RESEARCH ARTICLE

Figure 3: Kinetics of molecular hydrogen accumulation during radiation-thermal decomposition of water on
the (RaO)x(SiO2)y+H2Oads system at different temperatures: 1-Т=373,2-T=473, 3-T=573, 4-T=673 К,

ρН2О=5 mQ/cm3, D=0,28 Gy/s.

The  values  of  radiation-chemical  yields  were
determined from the rate of formation of molecular
hydrogen with the radiation component of radiation-

thermal  processes  of  water  decomposition  (Table
2).

Table 2: Velocities of formation of molecular hydrogen and radiation-chemical yields as a result of
radiation-thermal and thermal processes with the decomposition of water at different temperatures in the

system (RaO)x(SiO2)y

№ Т, К WRT(Н2),
molecule.g-1.s-1

WT(Н2),
molecule.g-1.s-1

WR(Н2),
molecule.q-1.s-1

G(Н2),
molecule/10 eV

1 373 - - 0.42∙1013 0.18

2 473 1.75∙1013 0.06∙1013 1.69∙1013 0.85

3 573 3.05∙1013 0.11∙1013 2.94∙1013 1.12

4 673 8.61∙1013 4.44∙1013 4.17∙1013 1.63

Figure 4 shows the molecular hydrogen yield values
in the temperature range T=300‒673K in radiation-
heterogeneous  processes  in  the  system
(RaO)x(SiO2)y+H2O.

The results from Figure 4 show that an increase in
temperature  from  300  to  673  K  increases  the
radiation-chemical yield of hydrogen from 0.78 to
1.63 molecules/100 eV. The observed increase in
the chemical yield of radiation is explained by the
effect  of  temperature  on  the  process  of  energy

transfer in the system (RaO)x(SiO2)y+H2O. Based on
the obtained results, it can be concluded that the
surface of radium silicate has thermocatalytic active
centers that are activated at different temperatures.
Relatively  low  active  centers  are  involved  in  the
process  of  thermocatalytic  decomposition  with
increasing temperature. Thus,  thermocatalytic and
radiation-thermocatalytic cleavage of water occurs
during heterogeneous radiolysis of water in contact
with radium silicate at T>573K.
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Figure 4: Temperature dependence of the radiation-chemical yields of molecular hydrogen in the
(RaO)x(SiO2)y+H2O system, D=0,3‒0,26 Gy/s.

4. CONCLUSION

The kinetics of molecular hydrogen production as a
result of radiation-catalytic decomposition of water
in the system (RaO)x(SiO2)y+H2O was studied in the
temperature range T=300‒673K. It was found that
while the liquid water completely covers the surface
of the catalyst layer, the radiation chemical yield of
molecular  hydrogen  G(H2)  is  higher  due  to  more
efficient energy transfer to the water molecule by
the particles formed in the solid phase. 
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Abstract: The tremendous interest for robust, clean energy storage devices to comprehend the growing
needs of modern gadgets has led to exploration of materials having unprecedented electrochemical and
interfacial properties. Here, the present study deals with the synergistic effects of multi walled carbon
nanotubes and polyaniline nanocomposites on the electro-chemical and thermal properties for wide-range
of applications. The microstructural, structural, and optical characterizations have been evaluated through
scanning electron microscopy (SEM),  transmission electron microscopy (TEM),  X-ray diffraction (XRD),
Fourier transform infrared spectroscopy (FTIR), and UV-Vis spectrophotometry. The thermal stability of the
product was also studied through thermal gravimetric analysis (TGA) and the room temperature electrical
conductivity was also measured. An exceptional enhancement in thermal stability and conductivity has
been  observed  apparently  due  to  interfacial  properties  of  polyaniline  (PANI)  and  multiwalled  carbon
nanotubes (MWCNTs). Further, in present study we are going to report a comparative analysis of thermal
and electrical properties of PANI/MWCNT nanocomposites with different loadings of MWCNTs. The room
temperature conductivity as calculated for 1%, 2%, 4% and 8% MWCNT loading is around 2.019, 3.075,
4.48, 8.73 S/cm respectively. The mechanism for thermal and electrical enhancements in PANI-coated
MWCNT nanocomposites is also expounded.
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1. INTRODUCTION

The advent of nanoscience and nanotechnology has
prompted  the  use  of  polymer  matrix
nanocomposites  since  past  few  decades.  The
polymer nanocomposite consists of a polymer guest
matrix  reinforced  with  fillers  with  dimensions  in
nano-regime.  Polymer  nanocomposites  are  an
innovative class of uniquely modified materials that
come  into  existence  due  to  the  extraordinary
collaborations of properties like electrical, magnetic,
catalytic, mechanical, biodegradability, etc. between
the polymer and nanofiller. Polymer nanocomposites
are  preferred  over  metal  matrix  composites  and
ceramic matrix composites as they require relatively

low  processing  temperatures  for  fabrication.
Moreover,  the  polymer  matrix  also  assists  to
transfer  stress  through  the  medium  by  equally
distributing the applied  load  within  the  composite
(1).  Polymer  matrix  nanocomposites  have
extensively  been  investigated  the  class  of
intrinsically  conducting  polymers  (ICPs)  owing  to
their intriguing redox and electronic properties (2,3).
Carbon  nanotubes  (CNTs)  are  viewed  as  effective
reinforcements  to  produce  unique  composite
materials  with  novel  properties  for  nano-scale
engineering applications.

The dedicated literature studies has revealed that
the  combination  of  conducting  polymers  and
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nanomaterials offers an opportunity to improve the
mechanical, electrical, and thermal properties, along
with introduction of new electronic properties based
on interactions between the two compounds.  Low
density  polyethylene  nanocomposites  incorporated
with silicon dioxide nanoparticles (LDPE/SiO2) have
demonstrated high tolerance to the worst conditions
when used as high-voltage insulation systems with
enhanced  thermal  and  mechanical  properties  (4).
Nanocomposites  of  polyvinyl  chloride  (PVC)  with
titanium oxide (TiO2)  nanoparticles,  and  LPDE/PVC
nanocomposites  have  been  used  in  power  cable
insulation  with  improved  electric  and  dielectric
properties (5,6).

Polyaniline (PANI) is  considered as the best ICP in
terms of  technological  and commercial  aspects.  It
surpasses other conducting polymers owing to high
conductivity (7),  better environmental stability (8),
unique electro chemical properties (9), availability of
cheap monomer (10) and facile synthesis technique
(11).  Since  ever  the  discovery  of  CNTs  (12)  their
exceptional,  electrical,  thermal  and  mechanical
properties  (13,14)  have  made  them  a  vital
contributor  in  vast  applications.  The  inclusion  of
CNTs as conductive fillers in reinforced PANI matrix
gives  rise  to  polymer  nanocomposites  with  new
synergies  possessing  enhanced  conductivity,
improved  thermal  and  electrical  properties,  and
such  a  nanocomposite  could  be  deployed  for  fuel
cell  (15),  solar  cell  (16),  supercapacitor  (17),  EMI
shielding  (18),  gas  sensor  (19),  and  battery
materials  (20).  There  have  been  studies  on  the
potential  applications  of  polyaniline-multi  walled
carbon  nanotubes  (PANI/MWCNT)  nanocomposites
for EMI shielding, supercapacitor, sensors and solar
cells.  Manganese  dioxide,  multi  walled  carbon
nanotubes  incorporated  polyaniline
(MnO2/PANI/MWCNT)  nanocomposite  showed  a
specific  capacitance  of  395.0  F·g-1 with  72%
consistency over 1000 charge-discharge cycles and
capability  to be used as an electrode material  for
supercapacitors (21). PANI/MWCNT composites have
also been successfully used in real sample detection
and  analysis  of  liquid  ammonia  (22).
PANI/MWCNT/thermally  annealed
graphene/aerogel/epoxy  nanocomposites  have
shown  high  efficiency  for  electromagnetic
interference  shielding  applications  with  52.1 S/cm
electrical conductivity and 171.3 °C heat resistance
index (THRI) (23). PANI/MWCNT have also shown high
microwave  absorbing  performance  when  MWCNTs
were modified with magnetic nanoparticles of ferric
oxide  and  ferrous  oxide  (24).  The  day-by-day
progression  of  CNT-assisted  polymeric  devices  in
nano-electronics requires a comprehensive concept
and better understanding of the electrical attributes
of  nanocomposites  of  PANI  and  MWCNTs.  The
present study focuses on a comparative analysis of
thermal  and  electrical  properties  with  different
MWCNT loadings that could be helpful to synthesize
desired  composite  for  different  applications  and
encourage  future  studies.  Although several  efforts
have been made in this area yet there is a scope of

finding  a  suitable  material  whose  distinctive
properties  are  not  compromised  and  are  stable
under  ambient  conditions.  PANI/MWCNT
nanocomposites  could  prove  to  be  the  ultimate
materials  with  lightweight  and  high  stability  as
MWCNTs have high surface area and porosity, and
are extremely light-weighted.

Herein,  we  report  the  in-situ  oxidative
polymerization of  aniline monomer with surfactant
assisted  dispersion  of  MWCNTs  to  obtain
PANI/MWCNT  nanocomposites  with  better
performance  and  profound  enhancements  in
thermal,  electrical  properties  as  compared  to  the
original materials. A number of parameters, surface
morphology,  tunable  properties  of  PANI/MWCNT
nanocomposites with different MWCNT loadings, and
their  correlation  with  the  thermal  and  electrical
properties are investigated. We give an account on
the  potential  of  PANI/MWCNT  nanocomposite  with
different  MWCNT  loadings  to  expand  the  known
literature  and  provide  better  understanding  for
futuristic studies.

2. MATERIALS AND METHODS

2.1. Materials
MWCNTs were produced in laboratory  via chemical
vapor  deposition  (CVD)  method.  The  precursors
essential  for  synthesis  of  nanocomposites  i.e the
monomer aniline was procured from E-Merck India
Ltd.,  potassium  persulfate  (PPS)  was  used  as  an
oxidant, cetyl-trimethyl ammonium bromide (CTAB)
as a surfactant, HCl to prepare the molar solution
and ethanol used for washing the nanocomposites
were procured from CDH India Ltd. The water used
in  the  experiments  is  de-ionized  water  (DI).  All
chemicals used are of analytical reagent (AR) grade.

2.2. Synthesis of MWCNTs
MWCNTs were synthesized by CVD process and its
average length was ~250 µm and diameter was ~28
nm as reported in our previous work (25). Briefly,
ferrocene  was  dissolved  in  xylene  in  a  particular
ratio.  Here,  ferrocene  was  required  to  obtain  Fe
catalyst  particles and xylene was used for  carbon
source. This liquid feed was kept in a quartz tube
that was placed in the tube furnace. One end of the
quartz tube was connected to a bladder in order to
collect the exhaust gases while the other end was
closed. The tube furnace was kept under argon flow
and heated at around 650-800  °C. After achieving
the  final  reaction  temperature,  the  furnace  was
maintained at that temperature for 30 min and then
the  reactor  was  allowed  to  cool  to  room
temperature.  The  growth  of  MWCNTs  occurred  on
surfaces inside the quartz tube.

2.3.  Synthesis  of  PANI/MWCNT
Nanocomposites
PANI/MWCNTs nanocomposites were synthesized via
in situ oxidative polymerization of aniline monomer
in  the  presence  of  an  oxidizing  agent  and  a
surfactant. PPS was used as the oxidizing agent and
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CTAB was used as a surfactant. Primarily, 1 M HCl
stock  solution  of  aniline  and  PPS  were  prepared,
labeled  as  solution  A  (aniline  in  1  M  HCl)  and
solution  B  (PPS  in  1  M  HCl).  The  molar  ratio  of
aniline: PPS: CTAB was kept as 1: 0.5: 1. Due to low
dispersity of MWCNTs, ultrasonication technique and
surfactant  was used.  Well-dispersed suspension of
MWCNTs with different amounts of MWCNTS i.e, 1%,
2%, 4%, and 8% in 1 M HCl solution using CTAB and
ultrasonication were obtained. This MWCNT solution
was added to solution A on constant stirring. Later,
solution  B  was  added  slowly,  dropwise  to  the
dispersion of MWCNTs and solution A to polymerize
aniline  monomer.  The  MWCNTs  are  mixed  in  the
course  of  the  polymerization  process,  to  ensure
uniform  distribution  and  homogeneous  coating  of
PANI over MWCNTs. The reaction mixture was kept
on constant agitation on magnetic stirrer for 24 hrs
and it gradually turned into greenish black slurry. It
was then filtered through vacuum filtration and the
residue was repeatedly washed with DI  water and
ethanol  via  centrifugation  in  order  to  remove  the
unreacted oligomers or the residual impurities. The
as-synthesized PANI/MWCNTs nanocomposites  with
different MWCNT content were dried at 60 °C in air
oven, then ground into fine powder with the help of
a motor-powered pestle.  Pure polyaniline was also
synthesized in the same manner without the use of
surfactant  and  MWCNTs.  The  reason  for  selecting
HCl as the stock solution medium rather than any
other protic acid is clearly indicated in our previous
work  (25).  The  optical  images  of  as-synthesized
powdered  PANI/MWCNT  nanocomposite  and
dispersion of PANI/MWCNT nanocomposite is shown
in Figure S1.

2.4. Measurements
X-ray diffraction (XRD) patterns were recorded in the
2θ range  from 10  to  60  degrees  through  Rigaku:
MiniFlex,  CuKα1; λ =  1.5406  Å.  The  structural
examination was performed with the help of  SEM-
EVO SEM MA15/18 and TEM - Tecnai G20-twin, 200
kV with  super  twin  lenses  having 0.144  nm point
and  0.232  nm  line  resolution,  respectively.  FTIR
studies were performed using a Perkin Elmer 3725
instrument from 400 cm-1 to 4000 cm-1 and UV–Vis
absorption  studies  were  performed  using  a
Shimadzu  UV−1601  spectrophotometer  which  is
calibrated and traceable with the standard sample

of Rhodamine B. The TGA studies were carried out
under N2 atmosphere (flow of 100 mL/min) from 24
°C  to  700  °C  at  10  °C/min,  by  Thermal  Analysis
Modulus,  SDT  Q600  (TA  Instruments)  controlled
through Q Series software.

3. RESULTS AND DISCUSSION

Intrinsically  conducting  polymer-based
nanocomposites with PANI matrix and MWCNTs as
efficient  reinforced  conductive  fillers  have  been
synthesized  with  1%,  2%,  4%,  and  8%  MWCNT
loadings.  The  characterization  and  property
determination parameters reveal that PANI/MWCNT
nanocomposites  have  improved  thermal  and
electrical properties when compared to the pristine
polymer.

3.1. Structural and Microstructural Studies
The  structural  studies  and  microstructural  studies
were  achieved  through  XRD,  SEM,  and  TEM.  The
characteristic peaks of PANI appears at around 2θ
values of 15°, 20°, and 25°, corresponding to (011),
(020) and (200) crystal planes of PANI (26) as shown
in  supplementary  information  Figure  S2. These
peaks arise due to chain propagation by sequential
addition of aniline monomers. The pure MWCNT in
Figure S3 exhibits a sharp peak at around 2θ value
of 26◦ that correlates to the (002) planes of MWCNT
whereas the peaks at around 43° correspond to the
(110) and (100) graphitic planes and small amount
of catalytic Fe particles incorporated in the walls of
MWCNTs  during  synthesis  (27).  PANI/MWCNT
nanocomposites in Figure 1 show similar crystalline
behavior as that of polyaniline. The intense peak at
around 25° is  the superimposed peak of  MWCNTs
and  PANI.  The  peaks  in  the  nanocomposites  are
more  prominent  with  increased  peak  intensity  as
compared  to  pure  polyaniline.  This  is  due  to  the
encapsulation  of  MWCNTs  and  ordering  of  PANI
along the MWCNT axis (28). However, the peaks of
MWCNTs  at  around  43° fade  away  in  the
diffractograms  of  PANI/MWCNT  nanocomposites
implying that the MWCNTS are coated effectively by
PANI and covalent interactions between the phases
is  absent  (29).  It  can  be  inferred  that  better
dispersion of MWCNTs in the PANI polymer matrix
improves the crystallinity of the nanocomposites.
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Figure 1: XRD patterns of (A) PANI@1%MWCNT nanocomposite, (B) PANI@2%MWCNT nanocomposite, (C)
PANI@4%MWCNT nanocomposite and (D) PANI@8%MWCNT nanocomposite.

The morphology of the as-synthesized PANI/MWCNT
nanocomposites  was  examined  by  SEM.  The
homogeneous  dispersion  of  MWCNTs  in  PANI  is
clearly  discernible  from  Figure  2,  indicating  that
MWCNTs  are  well  coated  by  the  polymer.  Some
interwoven fibrous structures are visible that act as
a conductive network to facilitate high conductivity
as  compared  to  pure  PANI.  These  compatible
interactions between MWCNTs and PANI improve the
charge  transfer  process  thereby  influencing  the
charge transport properties of the nanocomposites.
The  highly  agglomerated  smooth  globular
morphology  of  pure  PANI  is  visible  in  Figure  S4.
Thereby the increased diameter and rough surface
of  the  tubular  structures  in  the  nanocomposites
indicate  effective  polymer  coating  over  the
MWCNTs. The micrographs also show a systematic
change in morphology of the nanocomposites that
with the increase of MWCNTs content the globular
structures change to more uniformly coated tubular
structures.

To visualize the microstructure more clearly and to
support  the  tubular  morphology  withdrawn  from
SEM,  HRTEM  was  also  performed.  The  HRTEM

micrographs  of  PANI/MWCNT  nanocomposites  are
revealed  in  Figure  3. The  surface  morphology  is
tubular  and  suggests  that  aniline  has  undergone
polymerization  over  the  MWCNTs  core.  The
interconnected  fibrous  structures  are  also  clearly
visible.

Raman spectra were also used to examine the effect
of interaction of PANI and MWCNTs on the structure
of the nanocomposites. The Raman studies of PANI
and  PANI/MWCNT  nanocomposite  both  show
characteristic  D-band at  around 1365 cm-1 and G-
band at around 1570 cm-1. The D-band corresponds
to the disordered graphite structure and structural
intensity  of  sp3  hybridized  carbon  atoms.  The  G-
band is attributed to the structural intensity of the
sp2 hybridized carbon atoms and the D/G ratio  is
used  to  determine  the  degree  of  defects  on
MWCNTs.  The  Raman  spectra  of  PANI  and
PANI/MWCNT nanocomposite in  Figure S5 show no
significant  difference  in  D/G  ratio,  therefore
indicating that no defects are created on the surface
of  MWCNTs  during  the  process  of  polymerization.
This  also  reveals  that  the  interactions  are  purely
physical in nature.
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Figure 2: SEM images of (A) PANI@1%MWCNT nanocomposite, (B) PANI@2%MWCNT nanocomposite, (C)
PANI@4%MWCNT nanocomposite, and (D) PANI@8%MWCNT nanocomposite.

Figure 3: HRTEM images of (A) PANI@1%MWCNT nanocomposite, (B) PANI@2%MWCNT nanocomposite, (C)
PANI@4%MWCNT nanocomposite and (D) PANI@8%MWCNT nanocomposite.
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3.2. FT-IR Studies
Optical  studies were performed to understand the
polymer backbone of the polymer nanocomposites
and it includes FT-IR and UV-vis spectroscopy. FT-IR
spectroscopy helps to  elucidate  the nature of  the
interaction amongst PANI and MWCNT and identify
the functionalities. Figure 4 depicts the FTIR spectra
of  PANI/MWCNT  nanocomposites.  The  main
characteristic peak of PANI at around 3404 cm-1 is
associated to the N-H stretching vibration (27). The
peak at around 2942 cm-1, 2837 cm-1 is due to the
asymmetric  stretching  of  CH  and  symmetric
stretching of C-H. The peak at around 1575 cm-1 is

assigned  to  C=C  stretching  mode  of  the  quinoid
rings, 1452 cm-1  is due to C=C stretching mode of
benzenoid rings and the peak at around 1380 cm-1

can be related to C-N stretching mode. The peak at
around 1050 cm-1   and 880 cm-1  is attributed to the
in-plane and out-of-plane bending vibration of C-H of
1,  4-disubstituted  benzenoid  ring.  Thus  it  can  be
inferred that the incorporation of MWCNTs did not
affect the polymer backbone. All the obtained peaks
were  similar  as  those  studied  in  the  literature
(30,31) and confirmed the formation of the PANI and
its nanocomposites.

Figure 4: FT-IR spectra of (A) PANI@1%MWCNT nanocomposite, (B) PANI@2%MWCNT nanocomposite, (C)
PANI@4%MWCNT nanocomposite and (D) PANI@8%MWCNT nanocomposite.

3.3. UV-Vis Studies
To comprehend the effect of MWCNTs filler on PANI
backbone  more  efficaciously,  UV–Vis  spectroscopy
was performed on all samples.  Figure 5 shows the
UV-Vis spectra of PANI/MWCNT nanocomposites. The
UV-Vis  spectrum  of  PANI  in  Figure  S6 shows
absorption peaks at  around 342 nm, 435 nm and
860 nm (32). The small absorption peak at around
~342  nm  is  ascribed  to  π→π*  transition  of  the
benzenoid rings and the shoulder at around ~435
nm  signifies  polaronic  peak  indicating  the
protonation of the polymer and the broad shoulder
at ~860 nm shows free carrier tail, which confirms
that  the  presence  of  MWCNT  kept  the  polymer
backbone intact. The PANI/MWCNT nanocomposites

demonstrated these characteristic absorption bands
but there is a hypsochromic shift of π→π* band. The
band  which  appears  at  nearly  342  nm  in  PANI
appears  at  335  nm,  332,  329  nm,  326  nm  in
PANI/MWCNT nanocomposites with 1%, 2%, 4% and
8%  MWCNTs  content.  This  shift  in  the  π–π∗

electronic  transition  towards  shorter  wavelength
with  the  addition  of  the  MWCNTs  is  due  to  site-
selective interactions amongst the quinoid units of
PANI  and  MWCNTs  (33,  34).  Along  with  it,  the
polaronic  peaks  undergo  bathochromic  shift  as
compared  to  pristine  PANI,  indicating  higher
conductivity  as  the  bipolaron/polaron  assists  in
charge transfer processes.
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Figure  5:  UV-Vis  of  (A)  PANI@1%MWCNT  nanocomposite,  (B)  PANI@2%MWCNT  nanocomposite,  (C)
PANI@4%MWCNT nanocomposite and (D) PANI@8%MWCNT nanocomposite.

3.4. Thermal Analysis
TGA  measurement  was  carried  on  the
nanocomposites to determine the thermal stability
enhancements  in  the  nanocomposites  after  the
addition of MWCNTs. This measurement also proved
useful  to  evaluate  the  maximum  possible
temperature to endorse the suitable thermal range
of  the  nanocomposites.  The  thermograms  of
PANI/MWCNT nanocomposites are shown in Figure 6
and pure PANI is shown in  Figure S7. The samples
are heated from room temperature up to 700ᵒC. In
pure  PANI  approximately  15–18  %  of  weight  loss
occurs as a consequence of loss of water molecules
at around 25ᵒC until 100ᵒ C. A slight weight loss is
attained up to 400 °C and thereafter a rapid weight
loss occurs due to the degradation of the polymer
chain. In the case of PANI/MWCNT nanocomposites,
the first step weight loss occurs till 100  °C due to
loss of water molecules and the second step weight
loss occurs till 200 °C due to elimination of dopant.
The third step weight loss occurs from 300 °C to 500

°C which involves slow and steady degradation of
polymer  backbone.  The  final  rapid  weight  loss
occurs due to the complete breakdown of polymer
chain till 700 °C. The remaining 30-40% weight left
is  the  char  residues  of  inert  materials  like  the
MWCNTs, Fe-catalyst, and some carbonized specks
of polymer chain. The thermograms reveal that the
thermal stability enhances with the increase in the
MWCNTs content. The surface interactions between
MWCNTs and PANI increases the thermal stability of
the polymer blend, in other words, MWCNTs reduce
the mass loss (35, 36). The thermal degradation of
PANI is a complex chain process consisting of chain
reactions  that  produce  additional  active
intermediates. MWCNT break these chains at higher
temperatures  and  increase  thermal  stability  and
reducing the initial fragmentation of polymer chain.
They  also  indicate  significantly  enhanced  thermal
stability  of  the  nanocomposite  than  that  of  pure
PANI.
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Figure 6: TGA curves of (A) PANI@1%MWCNT nanocomposite, (B) PANI@2%MWCNT nanocomposite, (C)
PANI@4%MWCNT nanocomposite and (D) PANI@8%MWCNT nanocomposite.

3.5. Conductivity
The  conductivity  of  the  nanocomposites  was
determined  at  room temperature.  To  perform the
measurements  pellets  of  approximately  the  same
thickness  were  made  with  the  help  of  hydraulic
press under identical  conditions.  Then silver paste
was applied on both sides of the pellet to establish
contacts  for  the  measurement  of  bulk  resistance.
The  conductivity  was  then  calculated  using  the
resistance  and  thickness  of  pellet  through  the
following equation:

σ = L/RA

where “σ” denotes the conductivity ,“L” denotes the
length of the pellet, “R” represents resistance and
“A” denotes the cross sectional area of the pellets.

There is continuous increase in conductivity with the
increase  in  the  MWCNT  content.  Such  high
conductivities of the nanocomposites is attributed to
core  shell  structure,  where  the  micrometer  long
MWCNTs as core are effectively coated with PANI as
shell which is clearly evident from the SEM images.
The  effectively  interacting  interface  helps  to
facilitate  charge  transfer  process  between  the
MWCNTs  and  the  conducting  emeraldine  salt  of
PANI.  MWCNTs prove to be the conducting bridge
owing to their  extremely conducting behavior  and
high  aspect  ratio,  joining  the  PANI  individual
structures  coated  over  MWCNTs.  This  further

upsurges the coupling amongst the polymer chains
and  induces  enhancements  in  inter-chain  charge
transport.  This  synergistic  effect  of  the  two
compatible components, PANI and MWCNT leads to
raised conductivity  of  the nanocomposite  which is
much  more  than  the  pure  polymer  itself  thereby
profusely improving the electrical properties.

In order to understand the conduction mechanism it
is  important  to  understand  the  structure  of  both
components. In PANI each carbon atom contains an
unpaired (π)  electron,  these electrons overlap and
generate  charge  delocalization  over  the  polymer
backbone,  creating a  pathway for  charge mobility
throughout the polymer chain (37). This conduction
pathway plays a vital role. PANI is conductive in its
emeraldine  salt  state,  which  is  formed  by  the
protonation of the imine group by doping them with
acids. This initially form an intermediate bipolar on
state by successive rearrangements and then forms
a  polaron  (38,  39).  Moreover,  MWCNTs  being
excellent  electron  acceptors  and  PANI  being  a
relatively good electron donor, form π- π * between
the MWCNTs surface and quinoid unit of PANI (40). It
is important to note that undoped form of PANI,  i.e
emeraldine base, which acts as an insulator, has no
charge transfer systems in the polymer backbone,
thus prohibiting its interaction with MWCNTs (41).
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Figure 7: Variation of room temperature conductivity of PANIMWCNT nanocomposites with different
MWCNT loadings.

4. CONCLUSION

In  the  present  investigation,  PANI/MWCNT
nanocomposites  with  different  MWCNTs  loading
were  synthesized  by  in-situ oxidative
polymerization.  The  tubular  morphologies  of  the
nanocomposites revealed the core shell structure of
homogeneous  coating  of  PANI  over  MWCNTs.
Several parameters were analyzed before deploying
the nanocomposites for application perspective. The
synergistic  effects  of  PANI  and  MWCNTs  greatly
related  to  the  profound  enhancements  in  thermal
stability  and  conductivity  of  the  nanocomposites,
thereby keeping the polymer backbone undamaged.
The  FTIR  spectrum  that  showed  the  decreased
benzoid to quinoid intensity ratio and the blue shift
in the π–π ∗electronic transition in the case of the UV
spectrum  also  confirmed  the  interaction  between
the PANI and the MWCNTs. This study suggests that
PANI/MWCNT nanocomposites are better  electronic
materials than pristine PANI, and on increasing the
concentration  of  MWCNTs  in  PANI  changes  the
behavior of PANI from that of a semiconductor to a
metal.  Further, as MWCNT doping is increased the
thermal  stability  and  conductivity  of  the
PANI/MWCNT  nanocomposites  is  enhanced
manifolds.
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of Bunium incrassatum extracts prepared in five different solvents with increasing polarities. RP-HPLC analysis 
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ferulic acid, gallic acid, rosmarinic acid, sinapic acid, syringic acid, and vanillic acid) and 4 flavonoids (catechin, 

hesperetin, luteolin, and quercetin). Two different test systems were used to assess the antioxidant activity: 
DPPH and β-carotene/linoleic acid assays. Methanol extract exhibited the highest DPPH scavenging potential 

and even low inhibitory effect against β-carotene bleaching, whereas chloroform extract showed the highest 

effect against β-carotene bleaching and a weak scavenging potential. As expected, methanol extract recorded 

the highest content of total phenolics (26.57±0.15 mg GAE/g E), while chloroform extract has been found to 

be the richest in flavonoids. 
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1. INTRODUCTION 
 
For several years, numerous products in the 
pharmaceutical, cosmetic, and food industries have 
been the subject of growing concern, criticism, and 
even health scandals because of the harmful effects 

of synthetic and chemical compounds they contain 
(1). In addition, consumers are paying more attention 
to their lifestyle and environment by changing the 
way they consume (2). For these reasons, the quest 
for natural products in the plant kingdom, especially 
for phenolic compounds, for their physiological 
properties affecting human health, including 

antioxidant activity, is at its height (3).  
 
Phenolics’ family includes phenolic acids, flavonoids, 

anthocyanins, highly polymerized substances such as 
tannins, and other compounds. Flavonoids and 
phenolic acids are highly valued and used in the 

pharmaceutical and food industries due to their 
potent antimicrobial and antioxidant properties that 
benefit human health (4,5). 
 
The genus Bunium includes seven species, four of 
which are endemic to the Algerian flora (6). Bunium 
incrassatum (Boiss.) Batt. & Trab., vernacularly called 

‘Talghouda’, is widely spread and its tubers are used 
for the treatment of thyroid in Algeria, taken alone or 
in mixtures of two or more ingredients such as honey, 
olive oil, and goat milk (7). In addition, dried and 
powdered tubers are regarded as astringent, anti-

diarrheic, anti-hemerroidal, and for bronchitis and 
cough treatment (8). In the collective memory of 

Algerian society, it is considered as a symbol of 
misery which recalls the famine of the years of 
poverty, especially during the Second World War and 
the period of national revolution between 1954-1962. 
It was consumed as bread after being powdered and 
mixed with wheat flour (9). 

 
Despite the socio-economic importance and historical 
position of B. incrassatum within Algerian society, 
only a few studies have been conducted to investigate 
its biological activities: the effect of tubers, aerial 
parts, and seeds’ extracts on biochemical, 
hematological, ovarian and uterine parameters 

(10,11), antimicrobial activity (8), antioxidant activity 

(12–14), and chemical composition of extracts 
(8,12,14) and essential oil (13,15) of tubers.  
 
The present study was conducted to investigate, for 
the first time, the phenolic profile of the flowering 
heads of B. incrassatum by RP-HPLC, as well as the 

antioxidant activity of their extracts. 
 
2. EXPERIMENTAL 
 
2.1. Plant Material 
The umbrella-shaped clusters (flowering heads) were 

collected in April 2016, from Djebala, Tlemcen, 
Algeria. Umbellules were separated from clusters 
after being identified at the laboratory of botany, 

Department of Biology, Faculty of Nature, Life, Earth, 

and Universe Sciences, Abu Bakr Belkaid, University 
of Tlemcen, Algeria.  
 

 

Figure 1: A flowering head of B. incrassatum. 

 
2.2. Extraction 
Twenty grams of freshly ground shade air-dried 
umbellules were sequentially extracted under reflux 
for 1 hour with increasing polarity solvents 
(chloroform, ethyl acetate, acetone, methanol, then 

water). The extracts were then concentrated to 
dryness, resolubilized in a few milliliters of their 
extraction solvents and stored at 4 °C for later use. 
The following solid residues were obtained, 
respectively: acetone extract (AcE): 330 mg, 

chloroform extract (CE): 390 mg, ethyl acetate 

extract (EAE): 531 mg, methanol extract (ME): 840 
mg, and aqueous extract (AqE): 2.56 g. 
 
2.3. Total Phenolic Content (TPC) 
The estimation of total phenolics was carried out in 
triplicate according to the traditional method (16). 
Briefly, a 200 µL aliquot of extract was mixed with 1 

mL of 10 times aqueous diluted Folin-Ciocalteu 
reagent and 0.8 mL of a 7.5% sodium carbonate 
solution. The absorbance was measured at 765 nm 
after 30 minutes of incubation. Gallic acid was used 
as a standard for the calibration curve. The total 
phenolic content was expressed as milligrams of gallic 
acid equivalents per gram of extract (mg GAE/g E).  

 

2.4. Total Flavonoid Content (TFC) 
As described by Zhishen et al. (1999) (17), at room 
temperature, a volume of 500 µL of extract was mixed 
with 1500 µL of distilled water and 150 µL of 5% 
NaNO2. After 5 min, 150 µL of AlCl3 10% were added. 

Six minutes later, 500 µL of NaOH (1 M) were added. 
After being thoroughly shaken, the absorbance of the 
mixture was immediately measured at 510 nm. The 
total flavonoid content of extracts was expressed as 
milligrams of catechin equivalents per gram of extract 
(mg CE/ g E).  
 

2.5. Condensed Tannin Content (CTC) 
Condensed tannins were analyzed by the 
conventional method of Julkunen-Titto. (1985) (18). 

An aliquot of 50 μL extract was added to 1500 μL of 
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a 4% (m/v) vanillin/methanol solution. After being 
stirred, 750 μL of concentrated hydrochloric acid was 
added. The absorbance was measured at 550 nm 
after 20 minutes of incubation. Tannin content was 
expressed as milligrams of tannic acid equivalents per 
gram of extract (mg TAE/g E).  

 
2.6. DPPH Radical Scavenging Assay  
Fifty microliters of various concentrations of extracts 
were mixed with 1950 µL of a 0.025 g/L DPPH 
methanolic solution. A negative control, in which the 
extract was replaced by methanol, was also prepared. 
After 30 minutes of dark incubation, the absorbance 

was measured at 515 nm against a methanol blank 
(19). The radical scavenging activity (RSA) was 
calculated as the percentage of DPPH discoloration 

using the following equation: 
 

𝑅𝑆𝐴(%) = (𝐴𝐶 − 𝐴𝑆 𝐴𝐶) × 100⁄  

 
Where AC is the control’s absorbance and AS is the 
absorbance of the tested extract. The 50% inhibitory 
concentrations (IC50) were then computed using the 
regression equation of the RSA(%)=f(C) graph. BHA 
was used as the reference compound. 
 

2.7. β-carotene Bleaching Assay  
The antioxidant potential of extracts in apolar 
conditions was assessed using β-carotene-linoleate 
model system as described by Moure et al. (2000) 

(20). β-carotene (0.2 mg) was dissolved in 1 mL of 
chloroform and mixed with 20 µL of purified linoleic 

acid and 200 mg of Tween 40 emulsifier. Chloroform 
was then evaporated, and the resulting mixture was 
immediately diluted in 100 mL of distilled water. Four 
milliliters of this reaction mixture were mixed with 
200 µL of various extract concentrations. After being 
stirred, the absorbance was immediately measured 
(t=0 min) at 470 nm, against a blank consisting of 

the emulsion without β-carotene. The capped tubes 
were placed in a water bath at 50 °C for 120 min. A 
negative control consisting of 200 µL of the extract’s 
solvent instead of extract was also prepared. The 
antioxidant activity (AA) was calculated using the 
following equation:  

 

𝐴𝐴 = [
(𝐴𝑆120 − 𝐴𝐶120))

(𝐴𝐶0 − 𝐴𝐶120)
] × 100 

 
Where AS120 is the sample absorbance at 120 min; 
AC120 is the negative control absorbance at 120 min; 
AC0 is the negative control absorbance at 0 min. 
 
2.8. Hydrolysis of Extracts for HPLC Analysis 
The selected extracts for HPLC analysis (the most 

potent ones) were hydrolyzed under reflux in a 1.2 M 
HCl water bath for 1 h (21). Hydrolyzed samples were 
then filtered through a 0.45 µm syringe-driven filter 
prior to injection. 

 
2.9. Chromatographic Identification of Phenolic 
Compounds by HPLC  
A 20-µL sample aliquot was analyzed using high 
performance liquid chromatography system (YL 9100 
HPLC system, Korea). Reversed-phase 

chromatography was performed on a C18 column 
(250 × 4.6 mm; 5 µm). Data were monitored and 
analyzed using Clarity data–processing system. The 
mobile phase consisted of solvent A (water/formic 
acid 0.4%) and solvent B (acetonitrile). Solvents 
gradient was used as followed: 0–2 min, 1% B; 2–15 
min, 7% B; 15–25 min, 20% B; 25-35 min, 40% B; 

35-46 min, 100% B; 46-47 min, 100% B; 47-48 min, 
1% B; 48-55 min, 1% B. The flow rate was 1.2 
mL/min. UV-detection was performed at 280 nm. 

Phenolic compounds were identified according to their 
retention times as well as to their spectral matching 
with 18 reference standards (14). 

 
2.10. Statistical Analysis 
Except for the extraction and chromatographic 
analyses, all data were expressed as mean ± 
standard derivation (SD) of three replicates and were 
statistically analyzed using Excel software. 

 
3. RESULTS AND DISCUSSION 

 
3.1. Results 
 
3.1.1. Total phenolic, flavonoid, and tannin 

contents 
The results of total phenolics, as shown in Table 1, of 
Bunium incrassatum umbellues extracts estimated 

following the Folin-Ciocalteu method were, 
decreasingly, methanol (26.57±0.15 mg GAE/g E), 
ethyl acetate (18.08±0.21 mg GAE/g E), aqueous 
(17.46±0.43 mg GAE/g E), acetone (11.78±0.01 mg 
GAE/g E), and chloroform at the end with 11.77±0.09 
mg GAE/g E. Differently, the flavonoids dosing results 
showed the highest content in chloroform extract 

(19.74±0.37 mg CE/g E), followed by ethyl acetate 
and methanol extracts. However, aqueous extract 
recorded the highest tannin content (12.18±0.02 mg 
TAE/g E), closely followed by methanol extract 
(12.03±0.02 mg TAE/g E). 
 

3.1.2. Antioxidant activity 
For the antioxidant activity assessment, two different 
model systems were used: the DPPH and β-carotene 
bleaching assays. The antioxidant potential of the 
different solvent extracts is inversely proportional to 
IC50 values. According to the results shown in Table 
1, in the DPPH assay, methanol extract showed the 

highest scavenging potential (1.65±0.18 mg/mL), 
followed by ethyl acetate extract (1.75±0.13 
mg/mL), and the remaining extracts’ potentials 
decreased according to the following order: 
AqE>CE>AcE. However, the β-carotene bleaching 
assay indicated a totally different order as follows: 
CE>EAE>ME>AcE>AqE. 
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Table 1: Phenolic contents and antioxidant potentials of B. incrassatum extracts. 

Extracts 
Yields 

(%) 

TPCB  

(mg GAE/g E) 

TFCB  

(mg CE/g E) 

CTCB  

(mg TAE/g E) 

IC50B,C DPPH 

(mg/mL) 

IC50B,C β-

Carotene 

(mg/mL) 

Aqueous  12.8 17.46±0.43 9.93±0.12 12.18±0.06 2.05±0.09 4.62±0.16 

Methanol  4.2 26.57±0.15 13.79±0.24 12.03±0.02 1.65±0.18 3.09±0.03 

Acetone  1.65 11.78±0.01 5.35±0.16 4.77±0.01 2.48±0.11 3.34±0.20 

Chloroform  1.95 11.77±0.09 19.74±0.37 7.36±0.01 2.34±0.21 2.05±0.02 

Ethyl acetate  2.65 18.08±0.21 16.65±0.15 3.12±0.02 1.75±0.13 2.13±0.10 

BHAA / / / / 0.09±0.00 0.24±0.02 

AReference compound; Bmean±SD (n=3); CConcentration that showed 50% of activity. 

3.2. Discussion 
Plant phenolics, as bioactive compounds with 

potent antioxidant properties and marked effects 
in the prevention of diseases associated with 
oxidative stress such as cancer, are the subject of 
growing interest. Due to their physicochemical 
properties, there is no universal extraction 
procedure suitable for the extraction of all plant 
polyphenols. It is generally known that the 

solubility of polyphenols depends on the chemical 
nature of the plant sample as well as the polarity 
of used solvents (22). No results treating the 
chemical composition or biological activities of the 

umbellules’ extracts of B. incrassatum were found. 
All the existing ones were about tubers and aerial 
parts’ extracts and essential oils. 

 
The yield of chemical extraction is widely known to 
be dependent on the solvent’s polarity, pH, 
extraction time, and temperature, as well as the 
chemical composition of the sample. The solvent 
and the chemical characteristics of the sample are 

the two most relevant parameters under the same 
extraction time and temperature. Previously, 
solvents such as methanol, ethanol, butanol, 
acetone, chloroform, and water were extensively 
utilized for polyphenols’ extraction (14,23). The 
yield results of different solvent extracts of B. 

incrassatum showed the highest yield in aqueous 

extract, three and four times more than methanol 
and ethyl acetate extracts, respectively. These 
results are in accordance with those of Dehimi et 
al. (2020) (12), where aqueous extract of B. 
incrassatum tubers showed the highest yield 
(24.48%), much more than methanol and acetone 
extracts, and are in discordance with those of our 

previous study (14), in which methanol extract of 
B. incrassatum seeds showed two times more yield 
than aqueous and chloroform extracts. As can be 
seen, no relationship between yields and phenolic 
content was observed. An increase in extraction 
yield didn’t lead to an increase in TPC, TFC, and/or 
CTC. Even with three and four times less yields, 

methanol and ethyl acetate extracts showed 

higher contents of TPC than aqueous extract, 
which showed the highest CTC. In the same way, 

chloroform and ethyl acetate showed, resp-
ectively, the highest TFC. These results are in 
discordance with the previous study (14) where 
methanol extract of B. incrassatum seeds showed 
the highest extraction yield (7.1%), TPC 
(185.04±4.00 mg GAE/g E), and CTC (33.42±3.56 
mg TAE/g E), and also with those reported by 

Dehimi et al. (2020) (12) on B. incrassatum tubes’ 
extracts prepared in different polarity solvents 
where acetone was shown as the best solvent of 
total phenolics, flavonoids, and even tannins 

followed by methanol and water as the second and 
third best ones. Water frequently records the 
highest yields because when it is used as the 

extraction solvent, a large number of inorganic 
salts and polysaccharide impurities dissolve over 
and above amides, alcohols, and carboxylic acids 
(24). However, the variation in solvent ranking 
towards phenolic content (TPC, TFC, and CTC) 
might be attributed to the polarity of phenolic 

compounds in the different organs (umbellules, 
seeds, and tubers), as well as the environmental 
circumstances under which the plants grew. 
 
The assessment of antioxidant activity through the 
DPPH assay showed that methanol extract was the 

most potent (IC50=1.65±0.18 mg/mL), followed 

by ethyl acetate extract (1.75±0.13 mg/mL). 
These IC50 are ten times weaker as compared to 
the reported results of Algerian B. incrassatum 
seeds’ extracts (14) and even weaker than that of 
the used reference compound (BHA, 0.09±0.00 
mg/mL), known as a strong antioxidant. The 
scavenging potential increased with the increasing 

concentrations in a dose-dependent manner and 
was much higher than those reported by Dehimi et 
al. (2020) (12) and even higher than four different 
species of Bunium from Turkey (22). It has been 
proven that the antioxidant activity of plant 
extracts is related to their phenolic content, 
suggesting a correlation between TPC and 

antioxidant activity (25). The chromatographic 
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analysis of methanol extract (Figure 2) revealed 
the presence of 06 phenolic compounds: four 
phenolic acids (gallic acid, syringic acid, ellagic 
acid, and sinapic acid), a flavone (luteolin), and a 
flavonol (quercetin). For ethyl acetate extract 
(Figure 4), seven compounds were identified: 06 

phenolic acids (gallic acid, caffeic acid, rosmarinic 
acid, vanillic acid, syringic acid, and ferulic acid) 
and a flavanone (hesperetin). Gallic acid was 
identified in the two extracts but as the major 
absorbing peak, by far, in methanol 
chromatogram. Nickavar & Esbati (2012) reported 
that gallic acid is a strong DPPH scavenger (5.18 

μg/mL) and a weak inhibitor of β-carotene 
bleaching (570 μg/mL) (26). It was also reported 
that the mass fraction solubility of gallic acid in 

methanol is 18 times higher than in water and 21 
times higher than in ethyl acetate at 25°C, and 
increases smoothly with temperature (27). 

However, gallic acid is practically insoluble in 
chloroform. Ellagic acid and quercetin have been 
shown to be more effective DPPH scavengers than 
gallic acid (28). Koleva et al. (2003) have found 
that if rosmarinic acid and caffeic acid, which are 
strong antioxidants in polar conditions, were 
tested only by the β-carotene bleaching assay, 

they would be considered as weak antioxidants 
(29). In Figure 4, syringic acid, represented as the 
strongest absorbing compound’s peak, showed in 
a previous study a strong radical scavenging 
activity, 1.53 times higher than that of ascorbic 

acid, in polar environments and a weak activity in 
lipidic medium (30). Otherwise, chloroform 

extract, after being the second weaker extract in 
the methanolic medium of DPPH, exhibited the 
highest inhibitory potential against β-carotene 
bleaching, followed by ethyl acetate extract, which 
can be due to the low polarity of lipophilic 
compounds soluble in chloroform and highly 

effective in β-carotene-linoleic acid emulsion 
system than in methanolic DPPH medium. The 
chromatogram of chloroform extract (Figure 3) 
shows the presence of 06 phenolic compounds: 
three phenolic acids (gallic acid, caffeic acid, and 
sinapic acid), a flavone (luteolin), a flavanol 
(catechin), and a flavanone (hesperetin). Two 

studies reported that chloroform was useful for the 
extraction of flavonoids, flavonols and phenolic 
acids (31,32). As for other species, luteolin, 

quercetin, and syringic acid had been identified in 
the aerial parts (including flowers) of Bunium 
brachyactis, B. microcarpum, and B. pinnatifolium, 

respectively (33). Luteolin, as the main absorbing 
compound’s peak in chloroform extract, is known 
to be soluble in organic solvents and sparingly 
soluble in polar ones (34). Von Gadow et al. (1997) 
reported that in equimolar concentrations, luteolin 
was slightly more potent than BHA, 33% more 
potent than vanillic acid, 37% more potent than 

ferulic acid, and 61% more potent than syringic 
acid in the β-carotene-linoleic acid emulsion 
system (35). Sinapic acid has also been shown to 
have a strong inhibitory effect against β-carotene 
bleaching and a low DPPH scavenging potential 

(28). 

 
 

 

Figure 2: HPLC chromatogram of methanol extract. 
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Figure 3: HPLC chromatogram of chloroform extract. 

 

 

Figure 4: HPLC chromatogram of ethyl acetate extract.

 

4. CONCLUSION 
 
The present study reports for the first time the 
quantitative profiles of different solvent extracts 

of B. incrassatum umbellules: TPC, TFC, CTC 
and the qualitative profiles of phenolics 

contained in methanol, chloroform, and ethyl 
acetate extracts due to their high antioxidant 
potentials. These results support the previous 
studies showing that the genus Bunium is 
considered as a good source of bioactive 
compounds that requires further investigation.  
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Abstract: Cytarabine (Cyt) (also known as cytosine arabinoside (ara-C)) used in the treatment of
acute  myeloid  leukemia  (AML),  acute  lymphocytic  leukemia  (ALL).  CYT  applied  in  high  doses  for
treatment can cause renal failure. Monitoring excreted urine drug levels can help kidney failure. For this
reason, a method was developed and validated by HPLC-MSMS for urine CYT analysis, which is not
included in the literature. In this study, a liquid chromatography (HPLC) with triple quadrupole Mass
Spectrometric (MS/MS) method developed for the determination of Cyt from urine for toxicokinetic
evaluation. Positive MRM mode selected for the quantification of Cyt. The product and major fragment
ion for Cyt 244.0 > 112.0 m/z, for IS 198.0 > 152.0 m/z. The optimal MS parameters for Cyt and IS
are  as  follows  Fragmentor  80  V,  70  V,  Collision  energy,  6,  9  respectively.  A  novel  simple,  high-
throughput and highly sensitive HPLC-MS/MS method was successfully developed and validated for the
determination of Cyt from urine. The developed method has a simple one-step extraction method and a
short run time (2.0 minutes) for analysis. The proposed method could be practical  and reliable for
excretion and toxicokinetic studies and as well as the Therapeutic Drug Monitoring study in humans
without an invasive route for Cyt.
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1. INTRODUCTION

An average of one million new cancer patients are
diagnosed  on  the  world.  According  to  the
information obtained, a quarter of these patients
treated  with  surgery  and  radiotherapy.  Most
remaining  patients  receive  chemotherapy  at  any
stage of this disease. It is pleasing that a certain

number of cancer patients can be fully cured or a
long  recovery  period  with  chemotherapy,
depending on the type of cancer (1,2). 

Cyt (3),  used in the treatment of  acute myeloid
leukemia  (AML),  acute  lymphocytic  leukemia
(ALL),  chronic myeloid leukemia (CML) and non-
hodgkin lymphoma. Cyt is a nucleotide analog and
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its  chemical  name  is  4-Amino-1-beta-D-
arabinofuranosyl-2(1H)-pyrimidinone  (Figure  1).
Cyt  metabolized  intracellularly  to  the  active
triphosphate  form  (cytosine  arabinoside
triphosphate). Cyt maximum plasma level is 26.3
µg L-1. Less than 10% of the dose excreted in the
urine as unchanged drug. Cyt is an important drug
in the treatment of acute myeloid leukemia (AML)
(4). High-dose cytarabine (2000 to 3000 mg per
square  meter  of  body surface  area)  is  toxic  but
provides higher relapse-free survival rates than the
conventional  dose of  100 to 400 mg per  square
meter (5,6). Cyt has been one of the cornerstone
drugs in the treatment of acute myeloid leukemia
(AML) for over three decades. It initially used in
remission induction therapy at  a  dose of  100 to
200 mg per square meter of body surface (6). The
incidence  of  adverse  reactions  appears  to  be
higher  in  patients  with severe  renal  impairment,
associated with an increase in adverse effects in
patients  (7).  Absorption  distribution  metabolism
excretory  toxicity  (ADMET)  studies  provide
important  information about the metabolism and
urinary and fecal excretion of compounds.

In addition, ADMET studies are critical in modern
drug discovery. The purpose of ADMET studies is
not  only  to  understand  the metabolism but  also
how both parent and metabolites are eliminated.
Drugs  removed  from  the  body  by  various
elimination  processes.  Drug  elimination  refers  to
the irreversible removal of drugs from the body by
all  routes  of  elimination.  Drug  excretion  is  the
removal  of  the  intact  drug.  Toxicokinetics  is
essentially the study of how a substance gets into
the  body  and  what  happens  to  it  in  the  body.
Toxicokinetics deals with what the body does with
a drug when given a relatively high dose relative to
the  therapeutic  dose.  Monitoring  excreted  urine
drug  levels  may  help  renal  insufficiency  (8).  In
addition,  the  information  generated  from  these
studies is extremely useful in determining whether
the  kidney  or  liver  is  an  important  organ  in
elimination  and  whether  there  is  any  safety
concern in hepatic or renal impaired populations.

In  this  study,  it  is  important  to  determine  the
excretion of high-dose CYT from the body at the
first stage. For this reason, urine CYT analysis has
gained  importance  in  determining  whether  the
drug administered in high doses is excreted from
the body and its damage to vital organs such as
kidneys  and  liver.  In  this  study,  a  reliable  and
sensitive method was developed for urine analysis
of CYT, which is not reported in the literature.

Different  liquid  chromatographic  techniques  have
been  reported  in  the  literature  dealing  with  the
determination  of  Cyt  in  various  samples  except
urine.  For  example,  cytarabine  and  uracil-
arabinoside from human plasma were determined

by  Burk  et  al.  by  using  the  ion  couple  liquid
chromatography method (9). Hsieh and his team
performed  Cyt  determinations  in  mouse  plasma
using  different  liquid  chromatography-tandem
mass spectrometric techniques such as ion-pairing,
mixed-mode, and porous graphitic carbon (10-12).
The  high-performance  liquid  chromatography-
tandem  mass  spectrometry  method  for  the
simultaneous determination of  cytarabine and its
valyl prodrug cytarabine in rat plasma by Sun et
al.  (13).  There  are  also  other  HPLC  studies
conducted by different groups (14-16) and Cyt has
excretion  studies  in  Saliva  (8).  In  toxicokinetic
evaluations, it is important to analyze non-invasive
urine samples instead of taking blood, and urine
analysis of cytarabine, which causes renal failure in
high  doses.  Cytarabine  syndrome  and  acute
toxicity may occur within 12 h after the start of
drug  infusion  (17).  So  it’s  important  to  analyze
Cytarabin  level  instead  of  metabolite.   In  this
study, a liquid chromatography (HPLC) with triple
quadrupole  Mass  Spectrometric  method  was
developed for the determination of Cyt from urine.
CYT urine analysis studies have not been found in
the literature. Liquid chromatography (HPLC) types
of  equipment  can  provide  more  sensitive  and
reproducible  results.  Cyt  excretion  studies  with
urine  will  contribute  and  guide  toxicokinetic
studies. The urine analysis method of Cyt, which
was developed and validated in this study, can be
used  in  excretion  studies.  Cyt  analysis  method
from urine  has  not  been  found  in  the  literature
search.

2. MATERIALS AND METHODS

2.1. Chemicals and Reagents
Cyt  working  standard  was  certified  to  contain
100.25% purity for Cyt. Levodopa was chosen as
an Internal standard (IS) and certified to contain
99.82%  purity  for  Levodopa.  The  water  that
obtained  from  a  Milli-Q  ultrapure  water  system
(Millipore, Barnstead) used as the solvent.  Ethanol
obtained from Merck (Darmstadt, Germany) used
for dilution. Formic acid and Acetonitrile obtained
from  Merck  (Darmstadt,  Germany)  used  for  the
mobile phase.

2.2. Chromatographic Conditions
Agilent  1260  Infinity  Liquid  Chromatography
system and QQQ-6420 detector were used in this
study. Separation was carried out on a Poroshell
120  EC-C18,  (4.6  -  50  mm,  2.7  µm)  column
maintained  at  30  °C.  The  LC  mobile  phase
consisted  of  Acetonitrile:  0.5%  Formic  Acid
(30:70% v/v). The flow rate was 0.600 mL min-1.
The injection volume was 5.0 µL and the runtime
was 2.0 minutes.

514



Daniş İ, Gölcü A, Özer Ünal D. JOTCSA. 2023; 10(2): 513-520.  RESEARCH ARTICLE

Figure 1: Chemical structure of 4-Amino-1-beta-
D-arabinofuranosyl-2(1H)-pyrimidinone.

2.3. Mass Spectrometry Conditions
Detection was carried out by an Agilent 6420 triple
quadrupole MS/MS fitted with Agilent Electrospray
ionization (ESI) operated in the positive ion mode.
Quantification  was  performed  using  multiple
reaction monitoring (MRM) of the transition ions of
m/z 244.0 > 112.0 for Cytarabine and m/z 198.0
> 152.0 for Levodopa, with the dwell time of 100
ms. Nitrogen (99.999% purity) was used as the
collision  gas.  The  optimized  conditions  were  as
follows:  Nebulizer  Pressure,  25  psi;  Gas
Temperature,  300  °C;  Gas  Flow,  10  (L  min-1);
Capillary,  5500  V.  The  MRM transitions  and  the
related optimized Fragmentor Voltage were 80 V
for  Cyt  and 70 V for  Levodopa. Collision energy
was 6 V for Cyt and 9 V for Levodopa.

2.4.  Preparation  of  Stock  and  Working
Solutions
Standard stock solutions of Cyt 1 mg mL-1 (w/v)
and  Levodopa  (IS)  1  mg  mL-1  (w/v)  were
separately prepared in 5 mL volumetric flasks with
distilled  water.  Working  solutions  for  calibration
and quality  control  samples  were  prepared  from
the  stock  solution  by  adequate  dilution  using
diluents  ethanol.  The  Internal  Standard  (IS)
working solution (100.0 µg mL-1) was prepared by
diluting the stock solution with ethanol.

2.5. Sample Preparation
Working solutions were used to prepare increased
volumes tubes that contain 100 μl urine to obtain
calibration  standards  (0.1,  0.5,  5.0,  10.0,  20.0,
30.0,  40.0  µg  mL-1)  and  quality  control  (15.0,
25.0, 35.0 µg mL-1) samples concentration. 50 µL
Internal Standard (IS) working solution (100.0 µg
mL-1)  spiked tubes.  The samples  were vortexed
for  30  seconds.  Samples  were  extracted  for  a

liquid-liquid  extraction  with  Ethanol.  To  this,
increased  volumes  ethanol  were  added  to  each
tube  to  final  volumes  are  500  µL.  The  samples
were  vortexed  for  30  seconds.  0.20  mL  of
supernatant  layer  was  transferred  and  analyzed.
The developed methods were used to  determine
urine levels of Cyt for excretion studies.

2.6. Method Validation
The developed method was validated according to
the  requirements  for  European  Medicine  Agency
(EMEA) Gıidline on Bioanalytical Method Validation,
which  includes  specificity,  linearity,  precision,
accuracy,  limit  of  detection  and  limit  of
quantitation and Matrix effect (18).

2.7. Matrix Effect
Liquid  chromatography  coupled  to  mass
spectrometry  (LC–MS)  is  a  powerful  tool  for
bioanalysis.  Reliable  bioanalysis  requires  the
characterization of the matrix effect, i.e. influence
of  the  endogenous  or  exogenous  compounds  on
the analyte signal intensity.

Matrix  effects are major concerns in quantitative
LC - MS analysis because they detrimentally affect
the  accuracy,  precision,  and  sensitivity  of  a
method. Therefore, the presence of matrix effects
needs  to  be  evaluated  during  the  method
development to achieve reliable analytical results.

The  matrix  effect  is  evaluated  using  pool  urine
from  different  sources  to  prepare  samples.  The
matrix factor (MF) is calculated, by calculating the
ratio of the peak area in the presence of matrix
(measured by analyzing blank matrix spiked with
analyte  at  a  concentration  of  quality  control
samples  after  extraction),  to  the  peak  area  in
absence of matrix (pure solution of the analyte).
The IS normalized MF is calculated by dividing the
MF of the analyte by the MF of the IS. The CV of
the IS-normalised MF calculated from the six lots
of  matrix  should  not  be  greater  than  15%.
Extracted and aqueous samples were compared to
determine  the  MF  for  the  analyte  and  IS.  IS
normalized  MF  for  individual  series  are  also
determined.  The  calculated  MF  of  all  LQC  (low
quantity  concentration)  and  HQC  (high  quantity
concentration) samples must be within 0.85 - 1.15
of their nominals concentrations.
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Table 1: Accuracy and Precision results of Calibration standards.

C
(µg mL-1)

Mean Error % Standard 
Deviation 
(SD)

Coefficient 
of variation
%CV

ST1 0.1000 0.1028 102.8333 0.0054 5.2027
ST2 0.5000 0.4840 96.8067 0.0326 6.7371

ST3 5.000 5.0408 100.8160 0.0559 1.1090

ST4 10.000 9.9319 99.3187 0.1406 1.4154

ST5 20.000 20.0612 100.3058 0.1681 0.8377

ST6 30.000 29.9903 99.9676 0.3387 1.1295

ST7 40.000 39.9893 99.9733 0.2355 0.5890

2.8. System Suitability
System suitability tests are an integral part of GC
and LC methods. These tests are used to verify
that the chromatographic system is adequate for
the intended analysis. The tests are based on the
concept  that  the  equipment,  electronics,
analytical  operations,  and  samples  analyzed
constitute  an  integral  system  that  can  be
evaluated as such. Resolution is a function of the
number of theoretical plates, N (also referred to
as efficiency), a, and k.

3. RESULTS AND DISCUSSION

3.1. Results
The  analysis  was  performed  in  the  mass
spectrometer  using  an  electrospray  (ESI)  in  the
positive  ionization  mode.  The  reliability  of  the
method  was  assessed  on  the  basis  of  linearity,
sensitivity, selectivity, precision, and accuracy. The
results  obtained  for  the  above  parameters,  the
combination of mobile phase, flow rate, and detector
parameters  were  selected  for  validation.  Out  of
several tried combinations, a liquid chromatography
(HPLC) method with MSMS detection was developed
for the determination of Cyt from urine. The analysis
was carried out using a Poroshell 120 EC-C18, (4.6 -
50  mm,  2.7  µm)  column  with  a  mobile  phase
consisting of ACN and 0.5% formic acid at a flow
rate of  0.5 mL min-1.  Levodopa was used as an
Internal standard (IS). The mass spectrometer was
tuned initially in both positive and negative ionization
modes  for  Cyt.  It  was  observed  that  the  signal
intensity of positive ion was much higher than that of
a negative ion. Parameters, such as capillary and
nozzle voltage, desolvation temperature, ESI source
temperature, and flow rate of desolvation gas and
cone gas,  were optimized to obtain the optimum
intensity  of  molecules  of  Cyt  and  IS  for
quantification. Multiple reaction monitoring (MRM) is
a highly specific  and sensitive mass spectrometry
technique that can selectively quantify compounds
within complex mixtures. This technique uses a triple
quadrupole  MS  that  firstly  targets  the  ion
corresponding  to  the  compound  of  interest  with

subsequent  fragmentation  of  that  target  ion  to
produce a range of  productions.  One or  more of
these  fragment  product  ions  can  be  selected  for
quantification purposes. Only compounds that meet
both these criteria, i.e. specific  precursor ion and
specific  productions corresponding to the mass of
the molecule of interest are isolated within the mass
spectrometer.  Mass spectrometry MRM mode also
provides us to analyze compounds with the same
retention time. Positive MRM mode was selected for
the quantification of  Cyt.  The product  and major
fragment ion for from Cyt 244.0 to 112.0 m/z, for IS
from  198.0  to  152.0  m/z.  The  optimal  MS
parameters for Cyt and IS as follows Fragmentor 80
V, 70 V, Collision energy, 6, 9 respectively.

3.1.1. Selectivity
The selectivity of the method against urinary matrix
components  was  evaluated  against  human  blank
urine. Among the analyzed batch, the urine batch
showing any interferences at the retention times of
analyte  and  IS.  All  samples  were  processed  and
analyzed  using  the  proposed  extraction  method
(Figure 2).

3.1.2. Linearity
Calibration curves were constructed using matrix-
matched calibration standard solutions by plotting
the peak area of the quantitative ion of each analyte
versus concentrations. For the quantification of the
samples,  a  calibration  curve  was  constructed  by
spiking blank plasma at seven concentration levels
(100  -  40000  ng  mL-1).  For  this  purpose,  urine
samples spiked at seven concentration levels (100 -
40000  ng  mL-1)  were  extracted.  The  calibration
curve regression for Cyt was linear regression. This
gave the best fit and coefficient of determination (r2)
for validation and was greater than 0.99 which was
in the acceptable range. The average value for r2

was found to be 0.9926. Calibration curve’s equation
is y = 6.8755x – 0.2479. The concentration range of
Cyt was found to be accurate and precise from 100
to 40000 ng mL-1 (Table 1). The LOQ of the method
100 ng mL-1, Signal to noise ration of LOQ was found
that S/N: 14.1,  LOD of the method 50 ng mL-1 (
S/N: 6).
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Figure 2: The MRM chromatograms of Cyt (15 µg mL-1, QC1) (a), IS (Levodopa) (b) and blank (c)

3.1.3. Accuracy and precision
Accuracy and precision of Cyt were calculated at
15000 ng mL-1,  25000 ng mL-1 and 350000 ng
mL-1 levels  for  the  six  replicates  results  are
shown in Table 2.  The coefficients of variation
results  were  3.23%,  2.86%,  and  2.70%
respectively  whereas  intra-day  accuracies  were
103.0247  ±  3.0246,  99.06268  ±  0.9373,  and
101.0055  ±  1.0055  respectively  in  urine
samples. These results indicate that the method
has good precision and accuracy are within the

acceptance  limit  of  <  15% and  ± < 15% for
precision and accuracy respectively.

3.1.4. Matrix effect
The  Matrix  effect  calculated  was  2.16  for  low
concentration  and  0.79  for  high  concentration.
The overall  CV calculated for  the  concentration
should not be greater than 15%. Therefore ion
suppression  or  enhancement  from  urine  was
negligible under current conditions. The formula
about matrix effect was given below.

Normalized Matrix Factor = 
(Peak area of analyte in the matrix )/(peak area of analyte)

(Peak area of IS in the matrix )/(Peak area of IS)

3.1.5. System suitability
System suitability parameters found as specified in
the  guideline.  Theorical  plate  number  (N)  was

calculated  as  15700,  capacity  factor  (k’)  9.8,
resolution (Rs) 14, tailing factor (T) T ≤ 2 for Cyt.
Detailed parameters are given in Table  3
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Table 2: Accuracy and precision of Cyt in urine (in three validation days, six replicates at different
concentration levels per day).

Intra-day Inter-day

QC 
samples
µg mL-1

Measu-
red 
Concen-
tration
(µg mL-

1)

Error 
%

SD %
CV

Measu-
red 
Concent
-ration
(µg mL-

1)

Error 
%

SD %
CV

15 14.8107 98.7379 0.4796 3.2385 15.2713 101.8087 0.5567 3.6455
25 25.3978 101.5912 0.7275 2.8644 24.7053 98.8213 0.4148 1.6790
35 34.7578 99.3079 0.9386 2.7005 35.1486 100.4245 1.7106 4.8667

Table 3: System suitability results and acceptability limits*.

Parameter Value (Cyt) Limit (FDA 
guidline)

Retention time (min) 0.78 -
Peak Width (W) 0.28 -
Tailing (T) 2 T ≤ 2
Theoretical Plates (N)
Resolution (R)
Capacity Factor (k)

15700
14
9.8

N ˃ 2000
Rs ˃ 2
k’ ˃ 2

                *FDA: Center for Drug Evaluation and Research

3.2. Discussion
A  novel  simple,  high-throughput,  and  highly
sensitive  LC-MS/MS  method  was  successfully
developed and validated for the determination of Cyt
from urine. The developed method has a simple one-
step extraction method and a short run time (2.0
minutes) for analysis. With the developed method,
the toxic effect of CYT applied at high doses can be
determined  by  obtaining  information  about  its
excretion by urine analysis. The proposed method
could be practical and reliable for excretion studies
as well as the Therapeutic Drug Monitoring study in
humans  without  an  invasive  route  for  Cyt.  The
normal dose of Cyt is set at 100 - 400 mg / body
surface area, however, high doses of 2000 - 3000
mg / body surface area are given for the treatment
of the disease. In this case, determining how much
Cyt  is  excreted  from the  urine  per  hour  will  be
effective in determining its toxic level in the body.
With  the  developed  method,  toxicokinetic  studies
can be carried out easily and in a short time.

4. CONCLUSION

It  is  important  to  determine  whether  the  drug
given in high doses is excreted from the body and
the  damage  it  causes  to  vital  organs  such  as
kidney and liver. Cyt is metabolized in the body,
but  less  than  10%  is  excreted  without  being
metabolized.  With  the  developed  method,  CYT
urine analysis will  help to determine the harmful
effects  of  the  treatment  and  selection  of  the
therapeutic dose.
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1. INTRODUCTION 
 
Several test were conducted to develop models to 
represent the thermodynamic properties of the 
solutions of electrolyte. The coefficient of average 

activity was calculated using the model of Pitzer 
(1-3). The pitzer ion interaction model, similar to 
the virial equation used for non-ideal gases, has 
proved to be the most accurate thermodynamic 
model up to moderate concentrations in aqueous 
solutions (4,5).   
 

Pitzer et al.  (6-8) developed a model for 
calculation of the properties of the electrolytes 
starting from a semi numerical models and an 
improved analysis of the model of DEBYE HUCKEL. 
 

This model links the intermolecular forces and the 

distribution of the ions to the osmotic pressure and 
takes into account the influence of forces with 
short distance in the binary interactions. The 
expressions of the coefficient of activity and the 
osmotic coefficient are deduced from the equation 
of the excess free energy of GIBBS. The obtained 
equations are analogous to those of 

GUGGENHEIM.  
 
Pitzer’s model is capable of precisely forecasting 
activity and enthalpy provided that the variation of 
the parameters with temperature are recognized. 
This variation has been calculated for some 
electrolytes (9-11). 

 

Zomaitis et al. suggested to admit the parameters 
to be constant and to consider the influence of 
temperature only on the DEBYE-HUCKEL (12). 
 
The mixing terms for ions with same sign but with 

unequal magnitude are not included in the Pitzer 
ion interaction, Harvie et al. have found these 
terms (13). 
 
Archer discovered that an ion strength reliant third 
virial parameter describing the combined 
interactions between two similar cations and anion 

or vice versa (14). 
 
Pitzer et al. introduced a Margules type equation 
to model aqueous solutions up to a pure salt (15). 

 
Sippola found out that only four parameters with a 
simple temperature dependency in enough to 

present the osmotic and activity coefficients (16). 
 
Knopf et al. were found to be extrapolate the 
measured osmotic coefficient within a maximum 
deviation of 0.01 (17). 
 

The aim of our work was to optimize leaching 
parameters such as the activity of sulfuric acid. We 
developed from fortran 90 a program, for 
simulating this process and predicting its 

performance.This  numerical code is based on the 

mathematical description of the detailed physical 
and chemical  phenomena occurring. 
 
2. METHODS 
 

2.1. Thermodynamic Model 
The Pitzer thermodynamics model is used 
extensively to describe the interactions between 
dissolved ions and solvents (18). 
 
In water, Sulfuric acid is separated according 
balances (19-22). 
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The dissociation constants of these reactions are 

calculated from the values of the standard free 
energy of species considered. 
 
The equilibrium constant is linked to the standard 
free energy of the reaction by the relation VAN’T 
HOFF: 
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K: equilibrium constant 
𝛥𝐺0 : standard free energy 

T: Temperature (K) 
R: Gas constant Jmol−1K−1 
 
The high values of the equilibrium constant K1, 
translated into strong shift in the balance towards 
the formation of HSO4

- and H+. We admit that in 

the future the first dissociation H2SO4 is total. Only 
the second equilibrium dissociation will be taken 
into account (HSO4

-  H+ + SO4
2-). 

 
Pitzer et al. gives value perceptibly different k2. It 
adopts the value 0.0105, which corresponds to a 

compromise (6). 
 
An application of Pitzer ’s expression for estimating 
the coefficient of activity for a mixture of 
electrolytes to the couple of ions H+ and SO4

-2 in 
the presence of ions HSO4

- gives: 
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𝑙𝑛( 𝛾𝐻2𝑆𝑂4
) = 2𝑓𝛾 +

4

3
𝑚1𝐵𝐻1

+
1

3
(4𝑚2 + 2𝑚𝐻)𝐵𝐻2

(0)

+
1

3
(8𝑚2 + 2𝑚𝐻)𝑚𝐻𝐶𝐻2

+ 2𝑚1𝑚𝐻𝐵𝐻1

′  

 
𝛾𝑖: Activity coefficient of a component i 

𝑓𝛾:the derivative of the Debye-Huckel term 

mi: Molale concentration of component i 
𝐵𝑖𝑗: Pitzer binary interaction parameters 

Cij: Pitzer ternary interaction parameter 
HSO4

- is indexed by  1 
SO4

-2 is indexed by  2 
 
Because the molecule H2SO4 was supposed to be 
made of two ions H+ and SO4

-2, then we have: 
 

𝑙𝑛 𝛾𝐻2𝑆𝑂4
=

1

3
(2 𝑙𝑛 𝛾𝐻 + 𝑙𝑛 𝛾𝑆𝑂4

), 

Hence;        3 𝑙𝑛 𝛾𝐻2𝑆𝑂4
= 𝑙𝑛( 𝛾𝐻+

2 𝛾𝑆𝑂4
) 

 

The computed exploratory Pitzer showed that  𝐵𝐻2

(1)
  

had a negligible effect on the determination of the 
activity coefficient, expressing 𝛽𝐻2 

 in those 

circumstances is tantamount to match. 𝛽𝐻2 
and 

𝐵𝐻2

(0)
. On the other hand, good results are obtained 

either with the combination 𝐵𝐻2

(0)
 and 𝐶𝐻2

, or 

combination  𝐶𝐻1
 and  𝐶𝐻2

, but the first was raised 

slightly better and has been adopted. It follows 
𝐶𝐻1

= 0. 

 
The term 𝐵𝐻2

′  is void because it represents the 

derivative compared to the ionic strength of a term  

𝐵𝐻2

(0)
 independent I. 

 

This method ensures the relation: 
 

𝑙𝑛( 𝛾𝐻
2 𝛾𝑆𝑂4

) = 6𝑓𝛾 + 4𝑚1𝐵𝐻1
+ (4𝑚2 + 2𝑚𝐻)𝐵𝐻2

(0)
+ (8𝑚2

+ 2𝑚𝐻)𝑚𝐻𝐶𝐻2
+ 6𝑚1𝑚𝐻𝐵𝐻1

′  

 
Now let us apply the expression of the coefficient 
of activity for a mixture of electrolytes to the 
couple of ions H+, HSO4

- in the presence of ions 
SO4

-2.  
 
The species H2SO4 being supposed constitute of 

the ions H+ and HSO4
-, one thus has: 

 

𝑙𝑛 𝛾𝐻2𝑆𝑂4
=

1

2
𝑙𝑛 𝛾𝐻 𝑙𝑛 𝛾𝐻𝑆𝑂4

− 

with;        𝑙𝑛 𝛾𝐻 𝑙𝑛 𝛾𝐻𝑆𝑂4
= 2𝑓𝛾 + 2(𝑚1 + 𝑚𝐻)𝐵𝐻1

+

                        2𝑚2𝐵𝐻2

(0)
+ 4𝑚2𝑚𝐻𝐶ℎ2

+ 2𝑚1𝑚𝐻𝐵𝐻1

′  

 
The former relationships must be compatible with 
the balance of dissolution. Hence the expression of 
the product of the coefficients of activity is as 

follows:  
 

𝑙𝑛( 𝛾𝐻+
2 𝛾𝑆𝑂4

− − 𝑙𝑛 𝛾𝐻+ 𝛾𝐻𝑆𝑂4
− = 𝑙𝑛(

𝛾𝐻+𝛾𝑆𝑂4
−

𝛾𝐻𝑆𝑂4
−

)

= 4𝑓𝛾 + 2(𝑚1 − 𝑚𝐻)𝐵𝐻1
+ 2(𝑚2

+ 𝑚𝐻)𝐵𝐻2

(0)
 

+2(2𝑚2 + 𝑚𝐻)𝐵𝐻2

(0)
+ 2(2𝑚2 + 𝑚𝐻)𝑚𝐻𝐶𝐻2

+ 4𝑚1𝑚𝐻𝐵𝐻
′  

 

where:  
 
𝛾𝐻+𝛾𝑆𝑂4

−

𝛾𝐻𝑆𝑂4
−

= 𝑒𝑥𝑝( 4𝑓𝛾 + 2(𝑚1 − 𝑚𝐻)𝐵𝐻1
+ 2(𝑚2 + 𝑚𝐻)𝐵𝐻2

(0)

+ 2(2𝑚2 + 𝑚𝐻)𝐵𝐻2

(0)
+ 

               2(2𝑚2 + 𝑚𝐻)𝑚𝐻𝐶𝐻2
+ 4𝑚1𝑚𝐻𝐵𝐻

′ ) 

 
At weak concentrations, the molality is close to the 
concentration on the basis of the second balance 
of the dissolution of the H2SO4. 

 

The concentration of the sulfate ions in the solution 
makes it possible to write the following 
relationship: 
 
m= m1+m2 therefore m2=m-m1 

 

According to Pitzer we have: 

    

𝑚 =
1000𝐶

1000𝜌 − 𝑀𝐶
 

 
m: Molality 
C: concentration 

M: Molar mass 
𝜌: Density 

 
On the other hand, because of the electric 
neutrality of the solution mH=m1+2m2  
 
From where m1=2m-mH  
 

The constant of equilibrium of dissociation of the 
H2SO4 is then: 
 

𝑘2 =
[𝐻+][𝑆𝑂4

2−]

[𝐻𝑆𝑂4
−]

•
𝛾𝐻𝛾𝑆𝑂4

𝛾𝐻𝑆𝑂4

=
𝑚𝐻𝑚2

𝑚1
•

𝛾𝐻𝛾2

𝛾1
 

 

with;                      𝑚𝐻 =

𝐾2𝑚1
𝑚2

(
𝛾𝐻𝛾2

𝛾1
)
 

An average coefficient of activity  

  can be 

defined by assuming that the H2SO4 is completely 
dissociated. The following relationship: 4𝛾±

3𝑚3 =

𝛾𝐻
2 𝛾𝑆𝑂4

𝑚𝐻
2 𝑚2 allows to calculate the average 

coefficient of activity    .  

 
Indeed, the molality of ions H+ was determined 

and one calculates 
)(

4

2

SOH
 as follows: 

 

𝑙𝑛( 𝛾𝐻
2 𝛾𝑆𝑂4

) = 6𝐹𝛾 + 4𝑚1𝐵𝐻1
+ (4𝑚2 + 2𝑚𝐻)𝐵𝐻2

(0)
+ (8𝑚2

+ 2𝑚𝐻)𝑚𝐻𝐶𝐻2
+ 6𝑚1𝑚𝐻𝐵𝐻1
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with;                            𝐶𝐻2
=

𝐶𝐻2

𝛾

2
3
2

 

 

𝑓𝛾 = 𝐴𝛾(
𝐼

1
2

1 + 1.2𝐼
1
2

+
2

1.2
𝑙𝑛( 1 + 1.2𝐼

1
2)) 

𝐴𝛾 = 0.0000043𝑇2 + 0.002709𝑇 + 0.583022 

 
I: ionic strength  
𝐴𝛾: DEBYE-HÜCKEL parameter 

T: Temperature (K) 
The temperature T is given in Kelvin 
 

𝐵𝐻1 = 𝐵𝐻1
(0)

+
𝐵𝐻1

(1)

2𝐼
(1 − (1 + 2𝐼

1
2)𝑒(−2𝐼

1
2)) 

𝐵𝐻1
′ =

𝐵𝐻1
(1)

2𝐼2 (1 − (1 + 2𝐼
1
2 + 2𝐼)𝑒(−2𝐼

1
2)) 

 

𝐶𝐻2
=

𝐶𝐻2

𝛾

2
3
2

 

 
For an aqueous sulfuric solution, the ionic species 
involved are: H+, HSO4

- and SO4
2-. 

 

Therefore;  
2

21 2
2

1

2

1

2

1
mmmI H   

 
Pitzer provides the following equations, depending 
on the temperature (8): 
 

𝑘2 = 𝑒−14.0321+
2825.2

𝑇  

𝐵𝐻1
(0)

= 0.05584 +
46.040

𝑇
 

𝐵𝐻1

(1)
= −0.65758 +

336.514

𝑇
 

 

𝐵𝐻2

(0)
= −0.32806 +

98.607

𝑇
 

 

𝐶𝐻2
= 0.25333 −

63.124

𝑇
 

 
2.2. Optimization of Model Parameters 

The model of Pitzer was applied to calculate the 
average coefficients of activity and the molality in 
ion H+ of an aqueous solution of sulfuric acid. To 
this purpose, the numerical code for solving 
equations is written (in FORTRAN 90). The 
program can be used to calculate the molality of 

ion H+ of an aqueous solution of H2SO4 of an initial 

molality ranging from 0.001 to 5 mol.kg-1 at 
temperatures between 25 and 200°C. 
 
3. RESULTS  
 

The term 𝑙𝑛
𝛾𝐻𝛾2 

𝛾1
 involved in the expression of the 

constant of dissolution depends on the molality mH 
of ion H+. An iterative calculation is done by fixing 
an initial molality mH superior than the initial 
molality in sulfuric acid. The following equations 

allow the calculation of a new value of the molality.  

A comparison test between the previous and newly    

calculated value refining the result with an 
accuracy of 10-5 mol.kg-1. 
 
m1=2m-mH,  
m2=m-m1   

 
and; 

 𝑚𝐻 =

𝐾2𝑚1
𝑚2

(
𝛾𝐻𝛾2

𝛾1
)
         

 
Figure 1 gives the molality in ions H+ for different 
temperatures with molalities in H2SO4 lying 

between 0.01 and 0.25 mol kg-1. 
 
Figure 2 provides the molality in ions H+ for 
different temperature with molalities in H2SO4 

from 0.5 to 5 mol.kg-1. 
 

For molality higher than 1 mol.kg-1 and 
temperatures within 170-200°C, the molality in 
ion H+ passes by a minimum.  
 
Figure 3 shows the molality of H+ as a function of 
the molarity of H2SO4 dependence shows between 
the two molalities whatever the temperature. 

 
It can be noted that the temperature does not any 
influence on the calculated molality in ion H+ as a 
function of the molality in H2SO4 at 25°C.   
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Figure 1: Molality in H+ versus the temperature for sulfuric aqueous solutions from 0.01 to 0.25 mol kg-

1. 

 

Figure 2: Variation in molality of H+ as a function of the temperature for sulfuric aqueous solutions in the 
range of 0.5 to 5 mol.kg-1. 
 

 
 

Figure 3: Variation in molality of H+ versus of that of sulfuric acid at various temperatures. 
 

Let m be the stochiometric concentration in 

sulfuric acid, and mH the concentration in ion H+ 
in equilibrium. 
 

The expression giving the balance of the 
sulfate ions can be written as: 

 
𝑚𝐻

3 + 𝑘1𝑚𝐻
2 + (𝑘1𝑘2 − 𝑚𝑘1)𝑚𝐻 − 2𝑘1𝑘2 = 0 

 

The solving of this cubic equation in mH gives a 
concentration in ion H+ at equilibrium for 25 °C 
approximately with a concentration of ions H+ 
equals to 0.135M. The stochiometric 
concentration m being equal to 0.125M.   
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Figure 4: Evolution of the activity coefficient of the H2SO4 as a function of the temperature 
between 0.01 and 0.25. 

 

The comparison with the value extracted 
from Figure.1 for the same stochiometric 
concentration gives a value of the 
concentration in ion H+ equal to 0.1566519M 
i.e. a difference of 16.038% compared to the 
value of this same concentration obtained 
without taking into account the activities.   

 
Figure 4 gives the values of the activity 
coefficient of the H2SO4 in dependence of the 
temperature for the molalities ranging from 
0.01 to 0.25 mol.kg-1. Whatever the molality, 

the coefficient of activity   for the H2SO4 

decreases when the temperature increases. 
 

4. CONCLUSION 
 
In the temperature range considered: 25 to 
200°C, this study allows the determination of 

concentration in ion H+ and the coefficients 
of activity of different kinds of the H2SO4 
alone in solution.  In an aqueous solution of 
H2SO4, the species reacting are H+, HSO4

- 
and SO4

2-. We can consider that the H2SO4 

with the two kinds of anions HSO4
- and SO4

2- 
and the cations H+, constitute a mixed 

electrolyte for the equation of Pitzer. 
 
The solving of the expression giving the 
balance of the sulfate ions gives a 
concentration in ion H+ at equilibrium for 25 
°C approximately with a concentration of 
ions H+ equals to 0.135M. The stochiometric 

concentration m being equal to 0.125M.  The 
comparison with the value extracted from 
figure for the same stochiometric 
concentration gives a value of the 
concentration in ion H+ equal to 0.1566519M 
i.e., a difference of 16.038% compared to 

the value of this same concentration 
obtained without taking into account the 
activities.   
 

It can be noted that the temperature does 
not any influence on the calculated molality 
in ion H+ as a function of the molality in 
H2SO4 at 25°C.   
 
For molality higher than 1 mol.kg-1 and 
temperatures within 170-200°C, the molality 

in ion H+ passes by a minimum. 
 
The coefficient of activity 𝛾± for the H2SO4 

decreases when the temperature increases. 
 
The calculation results are in good 
agreement with those found in literature. 
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Abstract: The main objective of the present study was to develop and validate simple, precise, sensitive and 

accurate UPLC method for the estimation of asciminib in pure and dosage form. The UPLC method was 

developed by using Waters Acquity liquid chromatographic system and Zorbax Phenyl (100x1.0mm,1.7µm) 
column. The developed method was validated according to the international conference on harmonization 
(ICH) guidelines.  The chromatographic separation of asciminib with good resolutions has been achieved by 
using the mobile phase acetonitrile: ammonium dihydrogen phosphate buffer (20:80 v/v) at a flow rate of 
0.5 mL/min, injection volume of 5 µL, and at 242 nm wavelength. The validated method was found to be 
linear in the range of 4 - 60 µg/mL. The limit of detection (LOD) and limit of quantification (LOQ) for asciminib 

were found to be 0.4 and 0.12 µg/mL respectively. The % RSD was found to be less than 2 % revealing the 
precision of the developed method. Besides, the recovery rate was observed close to 100 % confirming the 
accuracy of the method. Minor alterations in the chromatographic conditions have revealed robustness and 
ruggedness of the developed method. The developed analytical method is simple, precise, sensitive, and 

reproducible which can be used for the estimation of asciminib. 
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1. INTRODUCTION 
 
Many modifications were made to the techniques of 
chromatography to overcome the shortcomings like 
analysis time and the range of compounds that could 
be detected. Application of pressure was practised by 
use of pumps to reduce the time of run (1). 

Technologies like electrochemical methods and 
spectroscopy were added to enhance detection. The 
functional efficiency of chromatographic techniques 

enhanced to a great extent with these developments 
and modifications and also the range and type of 
substances that could be analysed (2). 

 
A liquid handling system that can run such columns 
at significantly higher pressures is now available, as 
well as chromatographic media with 1.7 μm particle 
size due to recent developments in pharmaceutical 
analysis. This technology, known as Ultra 
performance liquid chromatography (UPLC), has 

shown improvements in method sensitivity, 
resolution, and speed when compared to standard 

HPLC. It uses sub-2-micron particles and extremely 
high pressure (up to 100 MPa is achievable in UPLC 
system) (3). When compared to chromatographic 
systems using analytical columns filled with particles 
of 5 μm size, the UPLC system can reduce analysis 
time by up to nine times. Analysis time was reduced 
by roughly three times when compared to analytical 

columns packed with particles of 3 μm size (4). 
 
There are numerous potential uses for the UPLC 

technique in the investigation of pharmaceutical and 
biological chemicals, and it is a field that is both well-
established and rapidly expanding (5). UPLC 

technique can be used for the determination of 
particular biological and pharmaceutical compounds 
that can be determined using UPLC, together with 
ranges of their respective determination or detection 
limits and with other associated parameters (6). 
 
Faster and greater UPLC separation can shorten the 

time needed for method development in research 
and development laboratories because most 
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pharmaceutical corporations want to cut expenses 
and time associated with research and development 
(7). With the introduction of UPLC, a novel liquid 
chromatography instrument system was created that 

increases throughput and analytical speed without 
sacrificing chromatographic performance (8). 
 

UPLC systems reduce column re-equilibration time, 
which results in a significant reduction in solvent 
usage. Injection volume in UPLC is over 10 times less 
than in HPLC, leading to acceptable peak forms and 
little impacts linked to column diameter. With higher 
resolution and speed of LC analyses, UPLC boosts 

data quality and productivity by providing more data 
per unit of work (9). 
 
The IUPAC name of asciminib was N-[4-
[chloro(difluoro)methoxy] phenyl]-6-[(3R)- 3-
hydroxypyrrolidin-1-yl]-5-(1H-pyrazol-5-yl) 
pyridine-3-carboxamide. The molecular formula of 

asciminib was C20H18ClF2N5O3. Asciminib was a 

selective allosteric inhibitor of BCR/ABL1, strongly 
binding to the myristoyl pocket of ABL1 kinase. The 
GNF2 chemical asciminib had been found as having 
the unique ability to cause a significant bend in the 
domain's C-terminal helix. Asciminib inhibits 
downstream signalling by regaining the initial 

autoregulatory mechanism that caused the inactive 
conformation; however, it is 100 times more potent 
than other GNF2 drugs (10). More than 60 distinct 

kinases, including SRC kinases, G-protein receptors, 
ion channels, nuclear receptors, and transporters, 
were shown to be inactive against the medication in 
several tests (11). The National Comprehensive 

Cancer Network introduced asciminib as a new 
therapy option in 2021 after the US FDA granted it 
approval. The recommended dosage was 40 mg BID 

or 80 mg QD (12). 
 
A comprehensive review of the literature on 
asciminib revealed no methods like HPLC, UPLC or 
LC-MS for determining asciminib in pharmaceutical 
formulations and bulk drugs. The goal of this study 

was to create and evaluate a stability-indicating RP-
UPLC technique for determining asciminib in bulk and 
pharmaceutical dosage forms. 
 
2. EXPERIMENTAL 
 
2.1. Reagents and Chemicals 

Asciminib (Figure 1) pure bulk drug (API), Asciminib 

dosage form tablets (Scemblix), acetonitrile, ortho-
phosphoric acid, and ammonium dihydrogen 
phosphate were used. Merck provided all of the HPLC 
grade solvents. Whatman filter (0.22 µ) were 
employed to filter all of the solvents and solutions 
used. The asciminib drug sample was obtained from 

Shree Icon labs, Vijayawada, India as gift sample. 
 

N
HO

N

NH
N

O

O

F

Cl

F

NH

 
Figure 1: Structure of Asciminib. 

 
2.2. Instrumentation and Conditions for 
Chromatography 
The chemicals were weighed on an electronic 
balance-Denver. The pHs of the buffers were 
measured by means of pH meter -BVK enterprises. 

The solutions were sonicated or degassed using 
ultrasonicator-BVK enterprises. The chromatography 
analysis was performed using Waters Acquity liquid 
chromatographic system and the signal was detected 

using PDA detector with empower 2 software. UPLC 
method development and validation was carried out 
on a Phenyl (100x1.0mm,1.7µm) column, using a 

mobile phase of acetonitrile: ammonium dihydrogen 
phosphate buffer (20:80 v/v) with a flow rate of 0.5 
mL/min. The sample injection volume was 5 µL. The 
column temperature was ambient.  From the UV 
spectrum of asciminib, 242 nm wavelength was 
chosen which displays the maximum absorbance. 
The eluted compounds were monitored at 242 nm. 

 
 

2.3. Preparation of Solutions 
2.3.1. Buffer- Ammonium dihydrogen phosphate 
Precisely weighed 1.15 grams of ammonium 
dihydrogen phosphate was transferred into thousand 
millilitres volumetric flask. Nine hundred millilitres 

HPLC grade water was added and sonicated. Lastly, 
orthophosphoric acid solution was used to correct the 
pH to 3.0 and the volume was made up with water. 
 

2.3.2. Mobile phase 
Mobile phase used for elution was acetonitrile: 
ammonium dihydrogen phosphate buffer in the ratio 

of 20:80 v/v. A 0.22 µ filter was used to filter the 
mobile phase. The diluent was chosen based on the 
drugs' solubility. Ethanol was used as diluent. 
 
2.3.3. Preparation of standard stock solution 
Precisely weighed 40 mg of asciminib was taken into 
a 100mL volumetric flask. 75% of the dilutants were 

put in the flask. Then, the flask was sonicated for ten 
minutes. The flask was then filled with diluent. 
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2.3.4. Preparation of standard working solution 
Standard stock solution of 5 mL was transferred to a 
volumetric flask of 50 mL. 75% of the dilutants were 
put in the flask. Then, the diluent was used to make 

up to the volume. 
 
2.3.5. Preparation of sample stock solution 

The average weight of ten pills was determined. The 
weight comparable to 1 pill was weighed after the 
tablets were crushed into powder. The powder was 
then placed to a hundred millilitres volumetric flask.  
Diluents were used to make up to 100 mL of volume, 
which was then filtered using a 0.22 µ syringe filter. 

 
2.3.6. Preparation of sample working solution 
Filtrated sample stock solution of five millilitres was 
moved into a volumetric flask with a capacity of 50 
mL. Then, the solution was prepared with made up 
with diluent. 
 

2.4. Method Development and Validation 

Parameters 
Mobile phase was pumped for around thirty minutes 
to saturate the column and the base line was 
adjusted. Various mobile phase ratios, buffers, and 
other parameters were changed to develop the 
method. 

 
2.4.1. Linearity 
Appropriate volumes of asciminib standard working 
solution were utilized to prepare seven standard drug 
concentrations covering the calibration range of 4 - 
60 µg/mL. Each solution was injected into the 

instrument and peaks were recorded. The calibration 
curves were obtained by plotting peak area versus 
concentration.  To statistically assess the linearity of 
the results, the correlation coefficient (R) and the 
linear regression equation were used. 

 
2.4.2. Accuracy 

Recovery studies have been used to verify the 
method's accuracy at 50%, 100%, and 150% level. 
A known amount of asciminib drug was spiked 
discretely to pre-analysed samples of the stated 
levels. The percent recovery of each level was 
calculated after each spiked level was administered 
into the UPLC system. 

 
2.4.3. Precision 
Method precision was executed by spiking the sample 
with asciminib at hundred percent of the quantified 
limit concerning the sample concentration in 6 
preparations. Six homogenous replicates were 

injected. Then, the amount of asciminib was 
calculated to determine the percent relative standard 

deviation. 
 
In six preparations, the intermediate precision was 
achieved by spiking the sample with asciminib at 
hundred percent of the prescribed limit in terms of 

sample concentration. The intermediate precision 
investigation was conducted on various days with 
various analysts. 
 
2.4.4. LOD and LOQ 
The limit of detection (LOD) and the limit of 
quantification (LOQ) were derived by means of the 

subsequent equations based on the slope of the 
calibration curve and the SD of linearity responses. 
   LOD = 3.3 × Standard deviation (SD) / slope 
   LOQ = 10 × Standard deviation (SD) / slope 

 
2.4.5. System suitability parameters 
Six replicates of asciminib working standard samples 

were injected to assess system suitability, and 
metrics such as tailing factor (K), relative retention 
time, plate number (N), resolution, and peak 
asymmetry of samples were investigated. 
 
2.4.6. Robustness 

Small adjustments in chromatographic settings such 
as flow (-) (0.45 mL/min), flow (+) (0.55 mL/min), 
organic phase (-) (18 O:82), and organic phase (+) 
(22 O:78) were used to test the method's 
robustness. 
 
2.4.7. Specificity and selectivity 

The absence of adjuvant interference during the 

application of the planned approach to the study of 
pharmaceutical formulations demonstrated its 
selectivity. The method's specificity was assessed in 
terms of interference caused by the occurrence of 
any additional placebos. Two dissimilar samples were 
administered and compared to their placebo 

counterparts. 
 
2.5. Forced Degradation Studies 
2.5.1. Peroxide degradation 
The probable peaks and rates of asciminib 
degradation was assessed by weighing stock solution 

of 5 mL and transferring it into a volumetric flask of 
volume 50 mL. Then, it was subjected to forced 
degradation by adding 1mL of 30% H2O2; heating at 
60 °C, and cooling to room temperature. After 
cooling, sample was diluted to volume with diluent and 

mixed. The samples were withdrawn at specific times 
(0, 6, 12, 18, and 24 hrs) intervals and subjected to 

UPLC runs. 
 
2.5.2. Reduction degradation 
Asciminib was tested for rate of degradation and 
potential degradation peaks. 5 mL of the stock 
solution was transferred into a fifty millilitres 
volumetric flask.  Then, it was forcedly degraded by 

adding 1 mL of 30 % sodium bi sulphate and heated 
at 60 °C. Sample was diluted with diluent to volume 
after cooling, then mixed. Samples were taken out 
and processed through an UPLC at certain time 
intervals (0, 6, 12, 18, and 24 hours).  
 

2.5.3. Acid degradation 
Stock solution of 5 mL was weighed and put into a 

volumetric flask of 50 mL. Then, 1 millilitre of 1N HCl was 
added and the flask was heated for six hours and cooled 
to room temperature. After cooling, 1 mL of NaOH was 
added to neutralise the solution and sample was diluted 
with diluent and mixed. Samples were taken out and 

processed through an UPLC at certain time intervals 
(0, 6, 12, 18, and 24 hours). 
 
2.5.4. Base degradation 
The possible degradation peaks and rate of 
degradation of asciminib were assessed by weighing 
stock solution of 5 mL and transferring into a fifty 
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millilitres volumetric flask. Then, it was subjected to 
forced degradation. 1mL of 1N NaOH was added and 
heated at 60 °C and cooled to room temperature. 
After cooling, 1 mL of 1N HCl was added and diluted to 

volume with diluent. Samples were withdrawn at 
specific time (0, 6, 12, 18, and 24 hrs) intervals and 
subjected to UPLC runs. 

 
2.5.5. Hydrolytic degradation 
Asciminib was tested for rate of degradation and 
potential degradation peaks. 5 mL of the stock 
solution was transferred into a 50 mL volumetric 
flask. Then, it was forcedly degraded by adding 3 mL 

of HPLC grade water and heated at 60 °C for three 
hours. Sample was diluted with diluent to volume 
after cooling, then mixed. Samples were taken out 
and processed through an UPLC at certain time 
points (0, 6, 12, 18, and 24 hours). 
 
2.5.6. Thermal degradation 

Stock solution of 5 mL was weighed and shifted into a 50 

millilitres volumetric flask. Diluents were added to this 
and sonicated for 15 min to dissolve the contents. This 
solution was heated for 48 hours. Samples were 
withdrawn at specific time (0, 6, 12, 18, and 24 hrs) 
points and subjected to UPLC runs to identify 
probable degradation chromatograms. 

 
2.5.7. Photo stability degradation 
The rate of degradation and possible degradation 
peaks of asciminib were assessed by weighing 250 

mg of sample. The sample was placed in a photo 
stability chamber for 72 lux hours. 192 mg of the 
above sample was weighed and transferred to a 100 
mL volumetric flask. Diluents were added to this and 

sonicated for 15 min to dissolve the contents. 
Further, from the above solution 5 mL was pipetted 
out into a volumetric flask of volume 50 mL and 

diluted to volume with diluent. Samples were 
withdrawn at specific time (0, 6, 12, 18, and 24 hrs) 
points and subjected to UPLC runs. 
 
2.6. Assay of Asciminib 
A total of 20 pills were weighed and ground to 

powder. Volumetric flask of volume 100 mL was filled 
with powder corresponding to 40 mg asciminib. 70 
mL diluents were added, dissolved by sonication, 
diluted to volume using dilutants, and filtered by 
means of a 0.45 µm porosity membrane filter. 
 
3. RESULTS AND DISCUSSION 

 

3.1. Chromatographic Optimization 
After a series of trials, the mobile phase of 
acetonitrile: ammonium dihydrogen phosphate 
buffer in the proportion of 20:80 had shown peak 
with good theoretical plate count, resolution, tailing 
factor. Hence this method was optimized and 

validated. Waters Acquity UPLC auto sampler 
enabled the elution, method development and 
validation of asciminib. The optimized chromatogram 
was shown in Figure 2. 

 

 
Figure 2: Optimized chromatogram of asciminib. 

 
3.2. Method’s Validation 
3.2.1. Linearity 

The analytical method's linearity was its capacity to 
produce test findings within a specified range that 
were directly proportional to the concentration of the 
analyte in the test sample (13). The regression line 

of analysis shows the relationship between 
concentration and peak area of asciminib. As a result, 
the findings revealed that the peak area and analyte 
concentration showed a strong correlation. The R 
high value indicated good linearity. The linearity of 
the analytical method was determined by seven 
concentration levels in the range of 4-60 µg/mL. The 

regression coefficient, y-intercept, and slope of 

regression line were calculated. The observed 
corelation coefficient value was 0.99982. The results 

were shown in Tables 1-2 and Figure 3. 
 
3.2.2. Accuracy 
The results of accuracy showed percentage recovery 

at all three levels in the range of 99.7–101.3%, and 
% RSD was 0.15 % as shown in Table 3. The 
percentage recovery and percent RSD values fell 
within the acceptable ranges of 98.0% to 102.0% 
and not more than 2.0%, respectively, 
demonstrating the method's suitability for routine 
drug analysis. 
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Table 1: Linearity studies of asciminib. 

S. No Concentration 
(µg/mL) 

Peak area 

1 4 326971 
2 10 731459 
3 20 1347935 
4 30 2034756 
5 40 2619390 
6 50 3263458 

7 60 3946340 

 
 

Table 2: Optical characteristics of asciminib. 

Parameters Asciminib 

Linearity (µg/mL) 4-60 µg/mL 
Regression equation y = 64712.07x + 46933.12 

Slope 64712.07 

Intercept 46933.12 
Correlation coefficient (R) 0.99982 

 

 
Table 3: Recovery studies of asciminib. 

Recovery 
level 

Amount Spiked 
(μg/mL) 

Amount recovered 
(μg/mL) 

% Recovery 

50% 

20 19.93 99.7 

20 20.26 101.3 

20 20.09 100.5 

100% 

40 40.09 100.2 

40 40.00 100.0 

40 40.26 100.7 

150% 

60 60.27 100.5 

60 60.27 100.5 

60 60.57 101.0 

Mean 100.5 

SD 0.2 

RSD % 0.15 

 
 

 
Figure 3: Calibration plot of asciminib. 

 
3.2.3. Method precision 

The degree of agreement between a set of 
measurements made using repeated samples of the 
same homogeneous material under the specified 
conditions was considered the precision of the 

method, and it was typically stated as relative 

standard deviation (13). The percent relative 
standard deviation value for method precision results 
of asciminib was found to be 0.38%. The percent 
relative standard deviation value for intermediate 
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precision results of asciminib was found to be 0.74%. 
The results were well under the usually accepted 2 
percent limit. As a result, the new method's precision 
has been confirmed. The results were showed in 

Tables 4-5. 
 

Table 4: Method precision studies of asciminib. 

S. No  
Area of 
asciminib 

1.  2622418 

2.  2611582 

3.  2614570 

4.  2628269 

5.  2615321 

6.  2637651 

Mean  2621635 

S.D  9920 

RSD%  0.38 

 
Table 5: Intermediate precision studies of 

asciminib. 

S. No  
Area of 
asciminib 

1. 2653214 

2. 2613206 

3. 2615427 

4. 2626539 

5. 2600362 

6. 2641488 

Mean 2625039 

S. D 19535 

RSD% 0.74 

 
3.2.4. Sensitivity 
The limit of quantification (LOQ) was defined as the 
lowest quantity of analyte in a sample that was 
quantitatively identified with appropriate accuracy. 

The limit of detection (LOD) was defined as the 
lowest amount of analyte in a sample that was 
detected but not necessarily quantitated (13). The 
LOD and LOQ for asciminib were found to be 0.12 
and 0.4 μg/mL respectively. 
 
3.2.5. System suitability parameters 

Analytical processes included testing for system 
compatibility. According to the ICH, a system 

suitability test was frequently used to assess a 
chromatographic system's resolution, column 
efficiency, and repeatability to ensure it was suitable 
for specific analysis. (13). The new approach was 

tuned to produce a symmetrical peak and high 
theoretical plates (N). The total number of theoretical 
plates was above 2000, which was deemed sufficient 

for the system suitability test. According to the 
standards, the tailing factor was within the specified 
limitations. These findings demonstrate that the 
proposed strategy can produce data of acceptable 
quality. The results were tabulated in Table 6. 
 

Table 6: System suitability parameters for 
asciminib. 

S. No 
RT 
(min) 

USP 
Plate 

Count 

Tailing 

1. 0.754 5634 1.08 

2. 0.757 5623 1.12 

3. 0.750 5580 1.10 

4. 0.752 5600 1.11 

5. 0.755 5558 1.09 

6. 0.759 5567 1.09 

Mean 0.755 5594 1.10 

 
3.2.6. Robustness 
The influence of slight alterations in chromatographic 
settings was used to determine the robustness of the 
analytical process. The percent RSD of assay of 
asciminib was less than 2.0 in all of the deliberately 
changed chromatographic settings. The system 

suitability parameters were not changed while 
varying the conditions, hence the method was 
robust. The results were showed in the Table 7. 

 
3.2.7. Specificity and selectivity 
The method's specificity and selectivity were tested 
by looking for interference peaks in the 

chromatograms of blank and placebo samples. In the 
retention time ranges, the UPLC chromatograms for 
the drug matrix (combination of the medicine and 
placebos) revealed nearly no interference peaks. As 
a result, the proposed UPLC approach in this study 
was selective. Figures 4 and 5 show the 

chromatograms of blank and working placebo 
solutions, respectively. 
 

 

Table 7: Robustness studies of asciminib. 

Condition 
Retention 
time (min) 

Peak 
tailing 

Plate 
count 

%RSD of assay 
of asciminib 

Flow rate (-) 0.45 mL/min 0.925 1.12 6510 0.72 

Flow rate (+) 0.55 mL/min 0.631 1.11 4361 0.21 

Mobile phase (-) 18O:82B 0.903 1.14 5702 0.21 

Mobile phase (+) 22O:78B 0.625 1.10 5588 0.21 
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Figure 4: Chromatogram of blank. 

 

 
Figure 5: Chromatogram of placebo. 

 
3.2.8. Forced degradation studies 

Asciminib was subjected to a variety of stress 
conditions, which include hydrolysis, base, oxidative, 
acid, photo stability, and thermal degradation, as per 
ICH guidelines. The proposed UPLC approach was 
used to monitor degradation behaviour on a regular 

basis. The TUV detector results from the forced 
deterioration results revealed that the asciminib 
peaks were pure and homogenous in all of the 

stressful conditions studied. Also, the drug was more 

degraded in peroxide degradation and less degraded 
in hydrolysis degradation conditions. Degradant 
peaks were eluted in acid, thermal, peroxide and 
base conditions. All the results of stability studies 
were displayed in Tables 8-14. The chromatogram 

peaks of degradation studies were showed in Figures 
6-11. 

 
Table 8: Acid degradation studies of asciminib. 

Time Peak area 
% 

Label claim 

% 

Degraded 

Purity 

angle 

Purity 

threshold 

Initial 2524786 96.4 3.6 18.137 72.185 

6 hrs 2356301 90.0 10.0 18.133 72.184 

12 hrs 2236589 85.4 14.6 18.139 72.185 

18 hrs 2108547 80.5 19.5 18.901 72.554 

24 hrs 1998549 76.3 23.7 18.905 72.505 

 
Table 9: Base degradation studies of asciminib. 

Time Peak area 
% 
Label claim 

% 
Degraded 

Purity 
angle 

Purity 
threshold 

Initial 2538564 96.9 3.1 18.134 72.186 

6 hrs 2384154 91.0 9.0 18.142 72.187 

12 hrs 2263052 86.4 13.6 18.131 72.179 

18 hrs 2138547 81.7 18.3 18.133 72.175 

24 hrs 2066953 78.9 21.1 18.656 72.763 
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Table 10: Peroxide degradation studies of asciminib. 

Time Peak area 
% 
Label claim 

% 
Degraded 

Purity 
angle 

Purity 
threshold 

Initial 2510547 95.9 4.1 18.366 72.528 

6 hrs 2330256 89.0 11.0 18.354 72.517 

12 hrs 2228795 85.1 14.9 18.359 72.514 

18 hrs 2058961 78.6 21.4 18.363 72.527 

24 hrs 1975896 75.4 24.6 18.368 72.521 

 

Table 11: Reduction degradation studies of asciminib. 

Time Peak area 
% 
Label claim 

% 
Degraded 

Purity 
angle 

Purity 
threshold 

Initial 2548594 97.3 2.7 18.138 72.186 

6 hrs 2406845 91.9 8.1 18.145 72.183 

12 hrs 2279658 87.0 13.0 18.614 72.185 

18 hrs 2175478 83.1 16.9 18.137 72.172 

24 hrs 2120563 81.0 19.0 18.737 72.625 

 

Table 12: Thermal degradation studies of asciminib. 

Time Peak area 
% 
Label claim 

% 
Degraded 

Purity 
angle 

Purity 
threshold 

Initial 2566854 98.0 2.0 18.136 72.181 

6 hrs 2500210 95.5 4.5 18.144 72.188 

12 hrs 2360325 90.1 9.9 18.143 72.188 

18 hrs 2285968 87.3 12.7 18.603 72.146 

24 hrs 2245173 85.7 14.3 18.603 72.151 

 

Table 13: Photolysis degradation studies of asciminib. 

Time Peak area 
% 
Label claim 

% 
Degraded 

Purity 
angle 

Purity 
threshold 

Initial 2571578 98.2 1.8 18.133 72.152 

6 hrs 2564587 97.9 2.1 18.158 72.167 

12 hrs 2535214 96.8 3.2 18.172 72.149 

18 hrs 2495896 95.3 4.7 18.129 72.151 

24 hrs 2445716 93.4 6.6 18.734 72.667 

 

Table 14: Hydrolysis degradation studies of asciminib. 

Time Peak area 
% 
Label claim 

% 
Degraded 

Purity 
angle 

Purity 
threshold 

Initial 2585646 98.7 1.3 18.157 72.182 

6 hrs 2554756 97.6 2.4 18.162 72.154 

12 hrs 2543021 97.1 2.9 18.155 72.136 

18 hrs 2521053 96.3 3.7 18.117 72.147 

24 hrs 2505231 95.7 4.3 18.739 72.526 
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Figure 6: Acid degradation chromatogram. 

 

 
Figure 7: Base degradation chromatogram. 

 

 
Figure 8: Peroxide degradation chromatogram. 
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Figure 9: Thermal degradation chromatogram. 

 

 
Figure 10: Photo degradation chromatogram. 

 

 
Figure 11: Hydrolytic degradation chromatogram. 

 
3.3. Assay 

The suggested method's application to the analysis 
of formulations is its key feature. Hence the market 
sample of asciminb was collected and analysed by 
employing the proposed method. According to the 
label claim, the drug content obtained from the 
values of sample solutions was found to be in the 

permissible range of 90–110 percent. The % assay 
of asciminib was found to be 40.08 mg/tablet. The 
study confirmed that the created UPLC method was 

accurate and easy enough to be used on a daily 

basis. The suggested assay method's high content 
results indicate that this technique can be engaged 
for quantitative regular quality control study of 
pharmaceutical dosage forms. The results were 
displayed in Table 15. 
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Table 15: Results of marketed formulation 
analysis. 

Compound 

name 

Brand 

name 

Label 

claim 
(mg) 

Assay 

(mg/tablet) 

Asciminib Scemblix 40 40.08 

 
4. CONCLUSION 

 
For the estimate of asciminib in tablet dose form, a 
simple, accurate, and specific approach was 
established. Asciminib had retention time of 0.754 
minutes. The percent RSD of method precision and 
intermediate precision were found to be 0.38 % and 

0.74 %. For asciminib, recovery was 100.5 %. The 
LOD and LOQ values for asciminib calculated from 
regression equations were 0.12 µg/mL and 0.4 
µg/mL consecutively. Regression equation of 
asciminib was y = 64712.07x + 46933.12. There 
were some degradation peaks in acid, base, thermal 

and peroxide stressed conditions, according to the 

results of the forced degradation test. This drug was 
recently approved by FDA and there was no 
analytical method reported. This was the analytical 
method which has reduced retention time and run 
time. Hence, the method created was fast, short, 
simple, and economic, and it might be utilized in 
frequent quality control tests in industries. 
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Determination of Cefuroxime Axetil in Tablet by HPLC, UV and First-
Order Derivative Spectroscopy Methods & Plasma by UV Spectroscopy

Method

Atakan TURAN1 , Yucel KADIOGLU2*  

1Çekirge State Hospital, Bursa, 16090, Turkey
2Ataturk University, Faculty of Pharmacy, Department of Analytical Chemistry, Erzurum, 25240, Turkey

Abstract: It  was  aimed  to  develop  and  validate  the  UV  spectroscopic,  the  first-order  derivative
spectroscopy, and the HPLC method for determination of cefuroxime axetil in bulk and tablets and also in
spiked human plasma samples by UV spectroscopy method. In the spectroscopic analyses, the maximum
absorbance of cefuroxime axetil in acetonitrile was obtained at 277 nm wavelength in the spectra.  In first-
order derivative spectroscopy method, two peaks were observed in spectra, a maximum at 258 nm and a
minimum at 298 nm. 298 nm wavelength was used in the study. In HPLC-UV study, parameters were
chosen as follows: C18 column, 0.1% acetic acid-acetonitrile (30:70; v/v) for mobile phase, 1.0 mL/min of
flow rate, 280 nm of wavelength, 10 μL of injection volume and etodolac (2.5 μg/mL) as internal standard.
Accuracy, precision, recovery, linearity and sensitivity parameters were determined for each of the three
methods. Developed and validated methods were successfully applied on 4 tablets which are named as
Cefaks, Cefurol, Aksef ve Enfexia. As a result, it is claimed that proposed method is sensitive, precise,
accurate, and successfully used in quality control studies in the drug industry.
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1. INTRODUCTION

Cefuroxime  axetil  (1-acetoxyethyl  ester  of
cefuroxime, CFA), commonly used in therapy, is a
prodrug  of  cefuroxime,  CFA),  cefuroxime  axetil
whose  chemical  formula  is  (1RS)-1-[(acetyl)oxy]
ethyl  (6R,7R)-3-[(amino  carbonyl  oxy)  methyl]-7-
[[(Z)-2-(furan-2-yl)-2-  (methoxy  imino)
acetyl]amino]-8-oxo-5-thia-1-azabicyclo  [4.2.0]oct-
2-en-2-carboxylate  (Figure  1),  is  a  member  of
cephalosporins.  Its  closed  formula  is
C20H22N4O10S and its molecular weight is 510.48
g.  It  has  white,  a  bitter  taste,  and  a  powdery
appearance in an amorphous structure. Cefuroxime
axetil is very soluble in methanol, ethyl acetate, and
acetone but it is sparingly soluble in water, ethanol
(96%),  and  ether  (1).  Cefuroxime  axetil  is  an

antibiotic. Natural or chemical substances formed by
fungi  or  similar  microorganisms,  which  have  the
power  to  stop  the growth  of  microorganisms and
other living things,  and even kill  them, are called
"antibiotics"(2).  Cefuroxime  axetil  is  a  second-
generation  cephalosporin  that  is  active  against  a
wide  range  of  gram-positive  and  gam-negative
organisms  and  resistant  to  most  β-lactamases.
Cefuroxime axetil has a wide usage area due to its
strong  antibacterial  effect.  Cefuroxime  axetil  is
indicated for the treatment of infections caused by
sensitive bacteria (3).

Cefuroxime shows its  effect by inhibiting bacterial
cell  wall  synthesis  and  stimulating  autolytic
enzymes.  Cefuroxime  axetil,  like  other
cephalosporin’s, is highly resistant to β-lactamases
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and especially  shows good activity  on  Escherichia
coli,  Klebsiella  spp.,  Proteus  mirabilis,  Moraxella
subgenus,  Branhamellacatarrhalis,  Neisseria
gonorrhaeae,  Streptococcus  spp.,  Staphylococcus
spp.  And  Haemophil.  In  addition,  it  shows  good
activity  against  all  strains,  including  ampicillin-
resistant strains in generally (4,5).  Cefuroxime is
bound  to  plasma  proteins  up  to  50%  and  dose
adjustment is required in case of renal failure (6).
Studies  on  the  direct  quantification of  cefuroxime
axetil are very limited. In the literature reviews of
cefuroxime axetil, which has a wide area of use as
an antibiotic, scientific studies have been reached in
the  determination  of  plasma  and  pharmaceutical
preparations  (7,8).  These  methods  in
pharmaceutical  preparations:  spectrofluorometric
method  (9),  HPLC  (10-13),  thin-layer
chromatography  and  densitometry  (14),  capillary
zone  electrophoresis  (15)  and  spectroscopy
methods (16-19). 

In  the  studies  based  on  spectroscopic  analyses,
cefuroxime axetil  was derivatized by reacting with
different reagents (1-nitroso-2 naphthol and sodium
hydroxide;  bromothymol  blue)  and  analyzed  by
spectrophotometric  method  (16,17).  Pritam et  al.
analyzed  cefuroxime  axetil  in  eye  drops  in  HCl
medium with spectrophotometer (18). Game et al.,
(19)  on  the  other  hand,  developed  a  UV
spectrophotometric  method in  0.1  M HCl  medium
and a derivative spectrophotometric method in 0.1
M  NaOH  medium  for  the  determination  of
cefuroxime axetil in tablets.

The aim of this study is to develop and validate UV
spectroscopic,  first-order  derivative  spectroscopy
and  HPLC  methods  for  the  determination  of  the
active  ingredient  cefuroxime  axetil  in  bulk  and
tablets, as well as UV spectroscopy methods for the
determination  of  cefuroxime  axetil  in  plasma.
Quantitative  determination  of  cefuroxime axetil  in
spectroscopy  methods  was  performed  without
derivatization.  This  provides  convenience  in  the
determination method.

2. MATERIALS AND METHODS

2.1. Reagents and Chemicals
Cefuroxime axetil  and etodolac was obtained from
Nobel Ilac A.Ş. (Turkiye).  Acetonitrile (HPLC grade),
phosphoric acid (Merck), diethyl ether (Merck) and
acetic acid (Fluka) were purchased.  The deionized
water was made fresh every day and filtered (0.45
m).  4  commercial  tablets  (Cefaks,  Cefurol,  Aksef
and  Enfexia)  were  obtained  in  the  community
pharmacy (Erzurum, Turkiye).  Human plasma was
obtained from Erzurum Kızılay Blood Bank.

Figure 1: Chemical structure of cefuroxime axetil. 

2.2. Apparatus and Method Conditions
A  Thermospectronic  double-beam  UV-Visible
spectrophotometer (HEλIOSβ) with a fixed slit width
2 nm and a data processing system was used. UV
and first-order derivative spectra (N=6. Δλ=4.0 nm)
of sample solutions were recorded in 1 cm quartz
cells between wavelength ranges of 200-300 nm at
a scan speed of 280 nm/min and derivation interval
(Δλ) 21.0 nm. Maximum absorbance was observed
at  277  nm and  measurements  were  taken  under
these  conditions.  In  first-order  derivative
spectroscopy methods, two peaks were observed in
the  spectrum,  a  maximum  at  258  nm  and  a
minimum at 298 nm. 

HPLC  System  (Agilent  Technologies  1200  Series),
Degasser  (Agilent  Technologies),  Pump  (Agilent
Technologies),  Column (C18,  5μm, 250 x 4.6mm)
(Phenomenex  Bondolone  USA),  Auto  Simpler
(Agilent  Technologies)  and  Computer  (HP).  HPLC
conditions of work: UV detector (280 nm), deionized
water (0.1% acetic acid): acetonitrile (30:70, v/v)
of mobile phase, 25 °C of column temperature, 1.0
mL/min of flow rate and 10 µL of injection volume.

2.3.  Preparation  of  Stock  Solution,  Standard
Working  Solutions,  and  Quality  Control
Solutions
The stock solution of cefuroxime axetil (100 μg/mL)
was  prepared  by  dissolving  10  mg  of  cefuroxime
axetil  in  100  mL  of  acetonitrile.  The  standard
working solutions  were  prepared in  0.3,  0.5,  1.0,
3.0,  6.0,  and  12.  μg/mL concentrations  for  HPLC
analysis and 1.0, 2.0, 4.0, 6.0, 8.0,10.0, 15.0, 20.0,
25.0,  30.0  and  35.0  μg/mL  concentrations  for
spectroscopy methods from stock solution and also
the quality control (QC) solutions were prepared at
0.4,  4.0,  and  8.0  μg/mL concentrations  for  HPLC
method  and  at  1.5,  4.5,  9.5,  and  30.0  μg/mL
concentrations  for  spectroscopic  methods.  The QC
samples were analyzed for validation assessment. 

In the HPLC study, etodolac (2.5 μg/mL) was used
as the internal standard (IS).

2.4. Preparation of Plasma Samples
The plasma removed from -20 °C was allowed to
dissolve  at  room  temperature.  An  appropriate
amount  of  cefuroxime  axetil  solutions  at  final
concentrations of 1-30 μg/mL were spiked in 0.5 mL
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of  blank  plasma  and  mixed  and  then  extracted.
After  extraction,  the  plasma  working  solutions  at
1.0,  2.0,  4.0,  6.0,  8.0,  10.0,  and  30  μg/mL
concentrations  and  the  plasma  quality  control
solutions at 1.5, 4.5, and 9.5 μg/mL concentrations
were obtained.

2.5.  Extraction  Process  of  Cefuroxime  Axetil
from Plasma
0.5 mL of  plasma was placed in  centrifuge tubes
and 0.5 mL of 1 M phosphoric acid was added to
each of these tubes. Plasma was vortexed for one
minute. 1 mL diethyl ether was added. Plasma was
vortexed  for  three  minutes  and  then  centrifuged.
The  organic  phase  was  taken.  Evaporated  under
nitrogen  gas  at  room  conditions.  Finally,  it  was
dissolved in 4 mL of acetonitrile.

2.6. Preparation of Tablet Solutions
Application  of  the  method  to  real  samples  was
carried out by using 4 commercial tablets (Cefaks,
Cefurol, Aksef and Enfexia) that contains cefuroxime
axetil.  In  this  study,  10  tablets  from  each
formulation  were  weighed,  mean  values  of  them
were  recorded.  Then,  these  tablets  were  grinded
and blended until  they became powder.  A  certain
amount of this mixture was taken to be cefuroxime
axetil  weighing  1  tablet  and  put  into  a  100  mL
volumetric  flask.  It  was solved  in  acetonitrile  and
then  its  volume was  completed  to  100  mL.  Final
solutions  were  filtered,  the  new  solutions  at  the
concentrations of tablet samples to be used in the
study were prepared and their concentrations were
determined.

Figure 2: HPLC chromatogram of standard solutions (0.3, 0.5, 1.0, 3.0, 6.0, and 12 μg/mL) of cefuroxime
axetil containing IS (etodolac:2.5 μg/mL). 

3. RESULTS AND DISCUSSION

3.1. Results
3.1.1. Validation
To  illustrate  the  applicability  of  the  proposed
analytical method, all three methods were validated
according  to  the  International  Conference  on
Harmonization  Conference  (ICH)  for  approval  of
analytical  procedures  using  several  parameters
(20). All statistical calculations were performed with
excel functions and formulas.

3.1.2. Selectivity
When  the  chromatograms  of  standard  solutions
were examined, it was observed that the retention
times of cefuroxime axetil  and etodolac (IS) were
1.5  and  2.3  minutes,  respectively.  It  was
determined that the standard working solutions of
cefuroxime axetil gave maximum absorbance at 280
nm for HPLC method (Figure 2) and at 277 nm for
UV spectroscopic method (Figure 3). In first-order
derivative  spectroscopy  method,  two  peaks  were
observed in the derivative spectrum: a maximum at
258 nm and minimum at 298 nm. In the study, the

measurements were carried out at a wavelength of
298 nm (Figure 4). To obtain the calibration curve
values for plasma study, the appropriate amounts of
the previously prepared standard stock solution of
cefuroxime axetil were spiked in 0.5 mL of human
plasma  and  they  were  mixed  and  extracted.  The
spectra  of  the  extracted  solutions  by  UV
spectroscopy  method  were  taken  and  their
absorbance value  was  read  (Figure  5).  When the
spectrum and chromatogram of all  three methods
were examined, it was observed that there was no
interfering substance. 

3.1.3. Linearity and working range
Linearity was determined with 11 different standard
solutions  in  the  concentration  range  of  1.0-35.0
μg/mL for UV spectroscopy and first order derivative
spectroscopy methods and with 6 different standard
solutions  in  the  concentration  range  of  0.3-12.0
μg/mL for HPLC method and also the linearity was
determined 7 different extracted plasma solutions in
the concentration range of 1.0 – 30.0 μg/mL for the
UV spectroscopic method. The calibration curve was
derived by plotting the absorbance values against
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the  solution  concentrations  in  the  spectroscopy
methods. In the HPLC method, the calibration curve
was derived by plotting the peak area ratios against
the solution concentrations. Correlation coefficients

and  equations  of  the  line  were  obtained  by
regression analysis of the calibration curves (Table
1).

Figure 3: UV spectrum of standard solutions (1.0, 2.0, 4.0, 6.0, 8.0, 10.0, 15.0, 20.0, 25.0, 30.0, and 35.0
μg/mL) of cefuroxime axetil.

Figure 4: First-order derivative spectrum of standard solutions (1.0, 2.0, 4.0, 6.0, 8.0, 10.0, 15.0, 20.0,
25.0, 30.0, and 35.0 μg/mL) of cefuroxime axetil.

3.1.4. Precision and accuracy
Precision and accuracy were determined  by intra-
day and inter-day experimental. Intra-day precision
and  accuracy;  QC  solutions  at  4  different
concentrations (1.5, 4.5, 9.5, and 30.0 μg/mL) for
UV and first-order derivative spectroscopy methods
and 3  different  concentrations  (0.4,  4.0,  and  8.0
μg/mL)  for  HPLC  method  were  determined  by
measuring six replicates on the same day. Inter-day

precision  and  accuracy  were  determined  by
analyzing  the  same samples  over  the  6  following
days. 

Intra-day and inter-day precision and accuracy were
given with the relative standard deviation (RSD%)
and the relative error (RE%), respectively. Obtained
results for precision and accuracy were found to be
acceptable (Table 2). 
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Figure 5: UV spectrum of extracted solutions (1.0, 2.0, 4.0, 6.0, 8.0, 10.0, and 30.0 μg/mL) from plasma
of cefuroxime axetil. 

Table 1: Statistical analysis values of calibration curves derived from cefuroxime axetil standard working
solutions and plasma samples.

HPLC method UV  spectroscopic
method

First-order
derivative
spectroscopy
method

UV  spectroscopic
method
for plasma

Concentration
(μg/mL)

0.3-12.0 1.0-35.0 1.0-35.0 1.0-30.0

λ (nm) 280 277 298 277

LRAa 0.4455x+0.0036 0.0401x + 0.0327 0.1143x + 0.0126 0.0393x + 0.0249

Sa 2.0 x 10-2 2.4 x10-3 3.9 x 10-4 8.3 x10-4

Sb 3.8 x 10-2 8.3x10-2 3.42 x 10-3 7.3x10-3

R2 0.9998 0.9997 0.9996 0.9994

aBased on six calibration curves; λ: Wavelength, LRA: Regression Equation, Sa: Standard Error of Slope, 
Sb: Standard Error of Intercept, R2: Regression Coefficient. 

Table 2: Precision and accuracy of the proposed methods (n=6).

Method λ
(nm)

Added
(µg/
mL)

Intra-day Inter-day

Average±
SD
(μg/mL)

Precision
RSD%

Accuracy
RE%

Average±
SD
(μg/mL)

Precision
RSD%

Accuracy
RE%

UV
spectrosco
py

277
1.5
4.5
9.5
30.0

1.40±0.02
4.37±0.02
9.22±0.01
31.02±0.09

1.42
0.46
0.23
0.30

-6.66
-2.89
-2.95
3.40

1.41±0.02
4.42±0.02
9.43±0.02
30.10±0.09

1.42
0.45
0.21
0.30

-6.00
-1.78
-0.74
0.33
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First-order
derivative
spectrosco
py

298

1.5
4.5
9.5
30.0

1.43±0.01
4.37±0.01
9.33±0.01
29.38±0.02

0.69
0.23
0.11
0.07

-4.67
-2.89
-1.79
-2.07

1.45±0.01
4.40±0.01
9.43±0.01
29.31±0.02

0.41
0.23
0.11
0.07

-3.33
-2.22
-0.74
-2.30

UV
spectrosco
py in
plasma

277
1.5
4.5
9.5

1.46±0.03
4.35±0.03
9.48±0.03

2.05
0.69
0.32

-2.67
-0.03
-0.21

1.51±0.05
4.36±0.03
9.58±0.03

3.31
0.69
0.31

0.67
-3.11
0.84

HPLC 280
0.4
4.0
8.0

0.41±0.01
4.07±0.04
8.26±0.01

2.43
0.98
0.12

2.50
1.75
3.25

0.42±0.01
4.05±0.03
8.28±0.06

2.38
0.74
0.72

5.00
1.25
3.50

λ: wavelength; RSD: Relative Standard Deviation; RE: Relative Error.

3.1.5.  Limit  of  Detection  (LOD)  and  Limit  of
Quantification (LOQ)
In  UV  and  first-order  derivative  spectroscopy
methods,  a  series  of  standard  solutions  were
prepared  at  smaller  concentrations  than  the
smallest concentration on the calibration curve and
the  absorbance  values  of  those  solutions  were
monitored by six times. The RSD% values of these
samples were determined. The concentration with a
RSD% value less than 20% was defined as the LOD
value, and the concentration value less than 10%
was defined as the LOQ value. LOQ and LOD values
of the proposed methods were 1.00 μg/mL and 0.40
μg/mL, respectively. For the plasma study, LOQ and
LOD values of UV spectroscopy method were 1.01
μg/mL and 0.45 μg/mL, respectively. 

In  HPLC  method,  the  lowest  concentrations  were
assayed where the signal /noise ratio was at least 3,
this concentration was described as LOD. The LOQ
was  defined  as  a  signal/noise  ratio  of  10.  Under
these  chromatographic  conditions,  LOQ  and  LOD
values for proposed method were calculated as 0.10
and 0.03 μg/mL, respectively.

3.1.6. Recovery
Analytic recovery from the tablet formulations was
carried out the standard addition method. For this
purpose,  the  tablet  solutions  of  Cefaks,  Cefurol,
Aksef ve Enfexia tablets as described in the Section
2.5 were prepared at a concentration of 10 μg/mL,
and the absorbance of  these tablet  solutions  was
measured by  the  available  spectroscopy methods.
Then,  the  QC  solutions  in  three  different
concentrations (1.5, 4.5 and 9.5 μg/mL) were added
separately  to  the  tablet  solutions  and  the
absorbance of these total solutions obtained by the
present methods were measured again.

For HPLC method, the solutions of Cefaks, Cefurol,
Aksef ve Enfexia tablets at a concentration of 2.5
μg/mL was prepared. The chromatogram was taken
and the peak area was determined. Then, the QC
solutions in 3 different concentrations (0.4, 4.0, and
8.0  μg/mL)  were  added  separately  in  tablet
solutions and the chromatograms of these solutions
were taken by HPLC. 

The analytical recovery values of proposed methods were calculated with the formula:

the value*of total solutions−the value*of tablet solution
the value*of addedQC standard solutions

x100

value* = absorbance or peak area of our measurement

The  average  analytical  recovery  value  of  tablets
(four  different  tablets)  of  UV  spectroscopy,  first-
order  derivative  spectroscopy  and  HPLC  methods
was  determined  as  100.1,  100.3,  and  99.9%,
respectively.

In  the  recovery  study  in  plasma  samples,  the
certain concentrations of standard working solution
of cefuroxime axetil were spiked to the 

blank  human  plasma,  they  were  mixed  and
extracted  (according  to  Section  2.3).  The
absorbance of the obtained extracts was read at 277
nm. The percent recovery values were calculated by

proportioning the absorbance value of the standard
solution  at  the  same  concentration  with  the
absorbance  values  of  the  extracted  solution.  The
mean recovery value from plasma was determined
as 99.8%.

3.2. Discussion
For an analytical method to be of value, it must be
developed  and  validated  by  studying  parameters
such  as  accuracy,  precision,  reproducibility,
selectivity, specificity, sensitivity and short analysis
time. Before starting on work in an analytical study,
it is necessary to conduct a good literature review
about the study.  Therefore,  we conducted a good
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literature  review  in  our  study.  In  the  literature
review,  many  studies  were  found  about  the
cefuroxime  axetil.  In  the  current  study,  UV
spectroscopy,  first-order  derivative  spectroscopy
and  HPLC  methods  for  determined  of  cefuroxime
axetil  in  tablet  formulations  and  plasma  were
developed and validated.

UV spectroscopy method is accepted as one of the
preferred  techniques  for  the  quantification  of
pharmaceuticals  in  terms  of  high  sensitivity,
medium  and  high  selectivity,  high  accuracy,
certainty,  facility,  and  comfortability  (21).  In
spectroscopy methods, derivatization agents used in
some other methods were not needed. A calibration
curve with very good linearity was obtained without
the  need  for  any  derivatization  attempt,  and  a
satisfactory  study  was  observed  based  on  the
recovery  values.   In  the  UV  spectroscopy  study,
cefuroxime axetil  gave maximum absorbance at a
wavelength  of  277  nm.  In  first  order  derivative
spectroscopic study; two peaks, a maximum at 258
nm and a minimum at 298 nm, were observed. Our
study was carried out at a wavelength of 298 nm. It
was  observed  that  the  proposed  spectroscopic
method  was  linear  in  the  concentration  range  of
1.0-35.0  μg/mL.  LOD  and  LOQ  values  proposed
methods was found as 0.4 μg/mL, and 1.0 μg/mL.
The intra-day and inter-day precision (RSD%) and
accuracy  (RE%) are  lower  than  1.5% and  7.0%,
respectively.  UV  spectroscopy  and  first-order
derivative  methods  was  successfully  applied  to  4
commercial tablets for determination of cefuroxime
axetil and the average analytical recovery values of
UV  spectroscopy  and  first-order  derivative
spectroscopy method were determined as 100.1%
and 100.3%, respectively. 

The amount of cefuroxime axetil in plasma was tried
to  be determined  by  UV  spectroscopy  method.  It
was  observed  that  the  method  was  linear  in  the
concentration  range  of  1.0-35.0  μg/mL.  LOD  and
LOQ values  proposed  method  was  determined  as
0.45 μg/mL, and 1.0 μg/mL, respectively. The intra-
day  and  inter-day  precision  and  accuracy  values
were showed that lower than 3.5%. Recovery value
from plasma was found as 99.8%.

Chromatography is  widely  used in  the  separation,
identification and quantification of substances in a
mixture  (22).  Between  these  methods;  HPLC  has
more  advantages  such  as  accuracy,  precision,
repeatability, selectivity, sensitivity, recovery, having
the  opportunity  for  analysis  with  low-volume
samples  and  getting  results  rapidly.  For  these
reasons, HPLC has been used commonly in the drug
industry  for  the  quantification  of  tablets  or  the
analysis of active substances in biological fluids. In
this study, a new HPLC method was developed for
determination of cefuroxime axetil in tablets. In the
HPLC  study,  some  parameters  like  temperature,
column, mobile phase components and percentages

may  affect  the  run  time.  So,  optimization  of
chromatographic conditions was needed to improve
the distinction and acceptable results. In the study,
the  working  parameters  were  optimized  by  trial-
and-error  method  based  on  the  literature.  The
reverse phase C18 column (5 μm, 250 x 4.6 mm)
was  used  and  different  mobile  phase  mixtures
(0.1%  acetic  acid-acetonitrile  rate:  30:70,  20:80
and  10:90  v/v)  tested.  According  to  the  results
obtained,  the  value  in  which  0.1%  acetic  acid-
acetonitrile  rate  (30:70,  v/v)  was  determined  as
optimum.  The  column  temperature,  mobile  phase
flow  rate,  wavelength  and  injection  volume  were
used as variable, 1.0 mL/ min, 280 nm and 10 μL,
respectively, and also etodolac was used as IS (2.5
μg/mL). The concentration range of 0.3-12 μg/mL of
HPLC  method  was  determined  to  be  linear.  A
calibration curve was obtained by plotting the ratio
of the peak area of cefuroxime axetil  to the peak
area of IS (etadolac) against the concentration of
each solution. The LOQ and LOD values of proposed
method was found as  1.0 μg/mL and 0.3 μg/mL,
respectively.  The intra-day and inter-day precision
(RSD%)  and  accuracy  (RE%)  were  showed  that
lower than 2.5% and 5.0%, respectively.  Average
analytical recovery value from tablets was 99.9%.

The developed and validated methods were applied
to  determine  the  amount  of  active  substance
(cefuroxime axetil) in four different tablets (Cefaks,
Cefurol, Aksef ve Enfexia tablets). The analysis time
of our HPLC method is shorter than the others in the
literature  and  it  is  a  big  superiority.  Our  method
differs from the methods reported in the literature
considering  the  chromatographic  parameters  used
such  as  UV  wavelength,  column,  temperature,
detector, flow rate, preparation procedures of bulk
and plasma samples.

4. CONCLUSION

In summary, UV spectroscopy, first-order derivative
spectroscopy and HPLC methods were developed for
the  determination  of  the  active  substance  of
cefuroxime  axetil  in  bulk  and  tablets.  UV
spectroscopy  method  was  also  developed  and
validated for the determination of cefuroxime axetil
in  plasma.  Results  showed  that  the  methods  are
suitable for accuracy, precision, sensitivity, recovery,
linearity,  specificity,  and selectivity parameters for
determination  of  cefuroxime  axetil.  The  methods
can  be  applied  for  routine  analysis  of  cefuroxime
axetil in quality control assays and pharmaceutical
preparations.
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Abstract:  Unfortunately,  many  toxic  solvents  are  used  in  chemistry  laboratories  and  in  the
manufacturing of materials, which poses a serious risk to process safety, the natural environment, and
human health. In this review, different tools for solvent-free organic reactions have been surveyed as an
approach for green chemistry, where many of the solvents are known to upset our ecosystems so an
enormous research effort has been exerted during the last decade to avoid the utilization of hazardous
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1. INTRODUCTION

We cannot deny that solvents play an important
role  in  our  life  and  are  necessary  for  many
applications such as cleaning, extraction, coatings,
synthetic  chemistry,  separation of  organic
ingredients, etc. However, many of these solvents
have a negative impact on our ecosystem because
they cause ozone layer depletion, and contribute to
tropospheric  smog  formation.  In  addition  to  the
effect of these solvents on the human health, some
of  these  solvents  are  neurotoxins,  may  cause
sterility, or may cause cancer, so the utilization of
these solvents is not accepted from environmental
and health point of view (1–6).

We can say that there are no safe organic solvents,
only more or  less toxic ones.  Table 1 shows the
following:  Aromatic  hydrocarbons  are  the  most
dangerous  solvents  and  most  volatile  organic
compounds (VOC).

Solvents  can harm the  human body through the
eyes,  lungs,  blood,  skin,  and  kidneys.  They  are
frequently  between  those  (carcinogen,  toxin,
irritant, hepatotoxin, neurotoxin, and nephrotoxin).
Therefore,  different  quality  regulations  force
solvent producers to put well-known international
labels on different solvents showing the extent of
potential  damage  and  how  to  handle,  transport,
and store different solvents (7). One of the major
problems  with  using  solvents  is  the  time-
consuming  heating  and  recovery  of  the  solvent
after the reaction is complete (8).

In  addition  to  the  above,  incorrect  storage  of
solvents  may  cause  fires  or  explosions.  Most
organic solvents have high flammability. Therefore,
the  pollution  prevention  Act  of  1990  of
environmental  protection  agency  (U.S.EPA)
encouraged the utilization of  novel techniques to
eliminate or reduce pollutants or waste and protect
natural resources from depletion by increasing the
efficiency of use.
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Table 1:  Some of the dangerous health effects resulting from solvents.

Health hazard Solvent and chemicals that create the hazard

Carcinogen Ethylene  dichloride,  methylene  chloride,  dioxin,  chloroform,
perchloroethane.

Toxic Xylene, benzene, toluene
Irritant  Ammonium solution
Hepatotoxin Dioxane, acetonitrile, carbon tetrachloride, phenol
Neurotoxin Cresol, methylene chloride, xylene, carbon disulfide
Nephrotoxin Ethylenediamine, chlorobenzene, dioxane, acetonitrile, Allyl alcohol, 

hexachloronaphthalene, phenol

Human organs that are harmed:

1Blood Nitrotoluene, benzene, cyanide, carbon monoxide
2Lung Asbestos, silica, tars, dust
3Eyes or skin  Allyl  alcohol,  perchloroethane,  ethyl  butyl  ketone,  nitroethane,

ethanolamine, propylene oxide.

As  a  result  of  the  above-mentioned  dangerous
effect  of  solvents  on  human  health  and
ecosystems,  great  efforts  are  made  to  find  an
innovative  technique  to  eliminate  or  reduce  the
use of hazardous solvents or to use alternative safe
solvents. From this approach, researchers worked
to determine the role of alternative safe and green
solvents like water, micellar medium, supercritical
CO2, ionic liquid in different chemical reactions (9).
In addition to applied techniques (10) that reduce
or prevent the use of solvents, such as solid-solid
reaction  (11,12),  microwave  assisted  synthesis
(13,14), and ultrasonic assisted reactions (15).

From the above aspects,  we found the  need  for
eliminating  solvents  in  chemical  reactions,  so

solvent  less reactions  are the key for  solving all
previously mentioned problems. Our review covers
the  recent  advances  of  solvent-free  organic
reactions under different conditions as an approach
to green chemistry.

Solvent-free reaction has many advantages (Fig.1)
that are very important in industry:
1Reduced pollution (safe, nontoxic).
2Low costs.
3Simplicity in process (Renewable).
4Simplicity in handling (Easier to produce).
5Environmentally friendly.
6Reduced time.
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Figure 1: Advantages of solvent-free organic reactions.

2. APPLICATION OF ALTERNATIVE SOLVENTS
The  process  of  replacing  organic  solvents  with
other systems is not easy, especially because most
organic  compounds  are poorly  soluble  in  natural
solvents  such  as  water,  but  there  are  many
systems  that  are  designed  to  skip  the  use  of
organic  solvents,  such  as  switchable  solvents,
supercritical  fluids,  ionic  liquid  systems,  deep
eutectic solvents (DES), and micellar systems.

2.1. Using Water as a Neutral Solvent
Water  is  an  ideal  alternative  solvent  in  organic
synthesis to verify some green chemistry principles
(16–18) because water is  safe from a health and
environmental  point  of  view.  Unfortunately,  the
utilization  of  an  aqueous  medium  instead  of  an
organic solvent in organic synthesis is not a simple
task.  Many  organic  compounds  are  insoluble  or
sparingly soluble in water due to the high polarity
of water, so many difficulties are faced.

2.2. Switchable Solvents
The  liquids  that  can  change  their  physical
properties  reversibly  are  defined  as  switchable
solvents  (19–21)  where  the  reversible  change
between  two  different  forms  takes  place  by
applying  external  stimulus  (or  trigger)  such  as
changes  in  temperature  and  the  addition  or
withdrawal of a gas (22, 23).

Although  switchable  solvents  have  many
advantages,  their  use  as  reaction  mediums  is
restricted to some specific reactions, such as the
polymerization of styrene (24).

2.3. Supercritical Fluids
The most  commonly  used supercritical  fluids  are
water and carbon dioxide, which are characterized
by  being  inexpensive,  nonflammable,  and
nonpoisonous,  but  the  high  cost  of  the  used
technology,  especially  for  water,  is  because  it
needs  to  perform  reactions  at  high  temperature
and  pressure,  which  demand  special  equipment
(25–28) .

2.4. Ionic Liquids
Ionic liquids' potential to take the place of common
solvents as a reaction medium has been studied
using a variety of organic processes. Ionic liquids
are  characterized  by  the  catalytic  activity  of
homogeneous  transition-metal  and  the  easy
separation  of  the  products  of  the  reaction,  but
unfortunately, ionic liquids are not easily prepared,
are expensive, and are sensitive to moisture, and
some of them are hazardous (29–34).

2.5. Deep Eutectic Solvents
Deep  eutectic  solvents  are  considered  a  good
alternative  to  ionic  liquids  because  they  have
similar physicochemical properties.  Deep eutectic
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solvents are preferred over ionic  liquids because
they are biodegradable and much less expensive.
Deep  eutectic  solvents  (DES)  were  called  "the
organic  reaction  medium of  the  century"  due  to
their  simple,  one-step purification-free production
from  readily  available  and  renewable  source
chemicals.  (35–39).  But  it  is  still  uncommon and
limited to some processes and reactions.

2.6 Micellar System
A  micellar  solution  involves  some  aggregated
surfactants,  called  micelles,  in  water  as  solvent.
The micelle molecules have hydrophilic head and
hydrophobic tail in aqueous solution. This system
can perform internal reactions without resorting to
organic solvents (40–42).

3.  SOLVENTLESS  ORGANIC  REACTION
TECHNIQUES

Many  techniques  have  been  exploited  to  go
through  chemical  reactions  without  the  need  for
solvents or using very small amounts compared to
traditional methods (43). Grinding in a mortar (44)
(mechanochemistry) is one of the oldest methods
used to conduct reactions without solvents. Manual
grinding has been developed into many automated
methods that apply reactions by friction force, such
as grinding by rotating mortar (45) and high-speed
ball  milling (46).  Many  other  technologies  have
resorted to using energy to conduct reactions such
as  microwave-assisted  reactions  (47),  reactions
under  ultrasonic  waves  (sonochemistry)(48),

photochemistry,  and  electrochemistry  (43),  in
addition  to  reactions  that  depend  on
microorganisms  (biosynthesis)(49–51).  In  this
section,  we  tried  to  shed  light  on  the  most
important  of  these  organic  reactions  that  took
place without harmful solvents as an approach to
green chemistry.

3.1. Solventless Organic Reactions by Friction
Force (Mechanochemistry)

The  term  “mechanochemistry”  or  “grindstone
chemistry” is often used in a wide sense, covering
the chemical reactions that depend on mechanical
force as a source of energy (e.g., grinding, rotating
mortar, and high-speed ball milling (52)).

Studying  mechanochemistry  became very  impor-
tant because it can assist the reactions quickly and
quantitatively  under  solventless  conditions  (53–
56). It is obvious that mechanochemical reactions
are effective and advantageous, so we can say that
mechanochemistry  could  in  the  future develop a
more  conventional  techniques  in  addition  to  the
unsustainable dependence on solvents, which are
hazardous and problematic (57,58).

By grinding chromen-3-one derivatives 1 with vari-
ous reagents, a quick, inexpensive, clean, and en-
vironmentally  acceptable  method  to  synthesize
novel  pyrazoles,  pyrazolopyridazines,  and  con-
densed pyrimidines was devised. (59) (Scheme 1).
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Scheme 1

Under solvent-free conditions, a quick and practical method for the mechanochemical oxidation of highly
fluorinated anilines 5 to the corresponding symmetric azobenzene 6 was reported (60) (Scheme 2).

Scheme 2

The synthesis of physiologically active 2-amino-4H-benzo[b]pyrans 8, a mild, ecofriendly green technique,
has been established, using solid sodium ethoxide as the catalyst in solvent-free conditions at ambient
temperature (61) (Scheme 3).
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Scheme 3

By utilizing a grinding auxiliary, the mechanochemical fluorination of liquid β-ketoesters 9 has been ac-
complished. This led to good selectivity and good yields of mono- and difluorinated β-ketoesters  10,11
(62) (Scheme 4).

Scheme 4

The   Knoevenagel  condensation reaction is  a sig-
nificant C–C-bond forming 14, produce α,β-unsatu-
rated carbonyl organic compounds (63). A ball mill-
based, solvent-free variant of this process was first
introduced by Kaupp et  al.  He used the stoichio-

metric  starting  material  amounts  to  produce the
required  results  quantitatively.  No  work-up  was
necessary in  this  case,  as well  as in  the alleged
Michael additions, making these waste-free meth-
ods viable and environmentally friendly. (Scheme
5). 

Scheme 5

Solvent-free synthesis of [Cu(CH3COO)2(TMP)2] and [Ni(CH3COO)2(TMP)2] 17 by ball milling of copper ac-
etate  dihydrate  15 and  nickel  acetate  tetrahydrate  with  5-(3,4,5-Trimethoxybenzyl)pyrimidine-2,4-di-
amine (Trimethoprim) 16 in the absence of solvent by ball-milling (64)  (Scheme 6).

Scheme 6
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1,5-diketones 20 were prepared by an efficient and ecofriendly method using mechanochemistry, where
reactants are ground together in a mortar and pestle (65) (Scheme 7).  

Scheme 7

Four π-π stacked arene-perfluoroarene co-crystals 23 made of naphthalene 22 or biphenyl, octafluoron-
aphthalene  21 or decafluorobiphenyl, and their mechanochemical synthesis are reported (66)  (Scheme
8).

Scheme 8

The mechanochemical synthesis of benzil bis-hydrazones 27 occurred in two steps: the Schiff base reac-
tion of 2-cyanoacetohydrazide 24 with benzil  25 in mole ratio 2:1, and the resulting grinding with ben-
zaldehyde derivatives 26 (67). (Scheme 9).
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Scheme 9

Synthesis of benzimidazole  30 by grinding aromatic aldehyde  29 and ortho phenylenediamine  28 with
very a high yield that reached 93% for forty-three substation samples in the percent of acetic acid (68)
(Scheme 10).

Scheme 10

High speed ball milling has been used to convert carbon-hydrogen bonding into amide 33 by the reaction
of acyl azides 31 and different catalysts (69) (Scheme 11)
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Scheme 11

Schiff base reaction of ketone or aldehyde and amine to form  N-heterocyclic compounds  35, 37 have
been developed by using solvent-less high-speed ball milling technique in the different forms of mecha-
nism and present of manganese (III) acetate (70) (Scheme 12).

Scheme 12

3.2. Solventless organic reactions under mi-
crowave irradiation
Microwave-assisted organic synthesis  (MAOS) has
developed as a novel “approach” in solventless or-
ganic reactions. The process makes the synthesis
of several  organic compounds quick, easy, clean,
effective,  and  affordable.  Microwave  assisted
chemical reactions have become a new technique
in  the synthesis  of  organic  compounds  in  recent
years.  The  substantially  increased  reaction  rate,
faster reaction times, and improved product yield
and quality are all significant benefits of this tech-
nique. The method used today is viewed as an im-

portant  step  toward  green  chemistry,  especially
with solventless reactions in industry (71–77).

High  frequency  electromagnetic  waves  can  be
used in  microwave ovens  to  heat  materials.  The
wave's electric field component interacts with the
material's charge particles to produce the heating.
There are two mechanisms for heating materials:
dipolar Polarization and ionic conduction. The big-
gest difference between conventional heating and
microwave is the even distribution of heat, in addi-
tion to the absence of solvents and the speed of
production(78,79).
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By conventional procedures, 3-(2-pyridyl) pyrazole
(pypzH)  41 synthesis  requires  refluxing  at  high
temperatures  for  more than 16 hours,  but  a  mi-
crowave-assisted  synthesis  reduces  this  to  two
subsequent phases of 2 hours at 100 °C and 10

minutes at 50 °C. Additionally, with MW assistance,
it coordinates as a chelating ligand 40 to the “fac-
ReIBr(CO)3” and “RuII(bipy)2” fragments in 5 or 10
min, respectively (80) (Scheme 13).

Scheme 13

Under catalyst- and solvent-free conditions, a microwave-assisted Fries rearrangement was employed to
successfully  create  2-fluoro-N-(3-methylsulfanyl-1H-1,2,4-triazol-5-yl)  benzamide  45 from  heterocyclic
amide as a strategic intermediate (81) (Scheme 14).

 

Scheme 14

A3-coupling and decarboxylative A3-coupling, chitosan-supported copper based heterogeneous catalysts
have been studied. The established process uses minimal catalyst loading, a solventless environment,
and a simple set-up to produce a variety of substituted propargylamines  49 (82) (Scheme 15).
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Scheme 15

Suzuki cross-coupling reactions are used to create twelve different biaryl  compounds  52 using a mi-
crowave irradiation process that is safe, simple, and quick when a catalyst is present (83) (Scheme 16).

Scheme 16

For  the  synthesis  of  12-aryl-8,  9,  10,  and  12-
tetrahydrobenzo[a]xanthen-11-one  56 derivatives,
convenient and environmentally friendly processes
have  been  reported.  These  involve  multi-compo-
nent condensation reactions of aromatic aldehydes
53 with  naphthol  54 and  cyclic  1,  3-dicarbonyl
compounds,  specifically  dimedone  and  cyclohex-

ane-1, 3-dione  55. using microwaves to condense
p-toluenesulfonic acid in a clean environment. The
green approaches described here avoid the harsh
conditions posed by the more traditional existing
technologies and demonstrate efficiency in terms
of  high  yields,  ease  of  operation,  simple  set-up,
and quick reaction times (84) (Scheme 17).

Ar = C6H5, 4-ClC6H4, 4-BrC6H4, 4-FC6H4, 4-CH3OC6H4, 4-CH3C6

4-OHC6H4, 4-NO2C6H4, 3-ClC6H4, 3-BrC6H4, 2-BrC6H4

R = H, CH3

Scheme 17

Bandyopadhyay et al. (85) reported an easy and in-
credibly quick technique for the synthesis of 1,4-
dihydropyridines  58 under solvent-free conditions
by reacting various carbonyl compounds and 1,3-
dicarbonyl  57 compounds using  aromatic  amine/

ammonium acetate as an ammonia source in the
occurrence of catalytic amounts of bismuth nitrate
pentahydrate using microwave irradiation (Scheme
18).
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R1 = Aryl, Heteroaryl, Alkyl
R2 = Me, MeO, EtO

R3 = Aryl, Heteroaryl

Scheme 18

Under solvent-free conditions, TsOH effectively cat-
alyzes  a  three-component  reaction  involving
pyridin-2-amine  59,  3-phenylpropiolaldehyde  60,
and alcohol to produce imidazo[1,2-a] pyridines 61
in good yields. High efficiency and good functional

group  tolerance  are  seen  in  the  reactions.  This
method  offers  a  practical  procedure  for  making
functionalized  imidazo[1,2-a]pyridine  derivatives
(86) (Scheme 19).

Scheme 19

P-substituted acetophenones 62 were reacted with thiourea 63 to produce 2-amino-4-arylthiazoles 64 in
a single pot without the need for any solvents under microwave irradiation in the presence of iodine (87)
(Scheme 20).

Scheme 20

Biginelli reaction employing aldehydes 62, acetoacetates 65, and thiourea 63 in the presence of iodine
under solvent-free conditions has been successfully microwave-assisted to produce 3, 4-dihydropyrimidin-
2-thiones 66 with good yields and purity without chromatographic separation (88) (Scheme 21).
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Scheme 21

Under microwave irradiation and solvent-free con-
ditions, coumarin-3-carboxylic acids 69 have been
produced  in  good  to  high  yields  from differently
substituted Meldrum's acid  68 and 2-hydroxyben-

zaldehydes  or  2-hydroxyacetophenones  67 as
starting  materials  in  the  presence  of  catalyst
Yb(OTf)3 hydrate with a concentration of 5% mol
(89) (Scheme 22).

 R1 = H, Me

Scheme 22

The  Friedel-Crafts  acylation  of  arenes  containing
electron-donating substituents employing aromatic
carboxylic acids  70 as the acylating agents under
microwave irradiation is  shown to be boosted by
the use of erbium trifluoromethane sulfonate as a

catalyst. A variety of aryl ketones  71 can be pre-
pared  using  an  efficient,  quick,  and  waste-free
technique in good yields and with quick reaction
times (90) (Scheme 23).

      

Scheme 23

Under microwave irradiation and solvent-free con-
ditions, pyrazol-3(2H)-one derivatives 75 were pro-
duced from 3-phenylisoxazole-5-carbaldehyde  72,
ethyl  acetoacetate  73,  and  (4-chlorophenyl)  hy-
drazine  74.  Silicon oxide was discovered to have
excellent catalytic activity and dispersancy for the

condensation reaction. Environmentally friendly re-
action conditions, straightforward operation, a wide
substrate, satisfactory yields, and the ability to re-
use silica are some of this method's benefits.(91)
(Scheme 24).
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Scheme 24

Using fluoroboric acid supported on silica under solvent-free conditions in a microwave reactor, a number
of naphthopyrans  77 were synthesized. To improve the reaction conditions, the catalytic influence of
HBF4-SiO2 was thoroughly explored (92) (Scheme 25).

R = C2H5

Scheme 25

Using a one-pot, three-component reaction that in-
volves  acetophenones,  4-hydroxy-2H-chromen-2-
one  78,  and aldehydes under microwave irradia-
tion, to produce pyrano[3,2-c] chromen-5(4H)-ones
79 quickly and effectively. The current process has

a  number  of  benefits,  including  quick  reaction
times,  straightforward  operational  procedures,
avoiding hazardous solvents and catalysts, excel-
lent product yields, and endurance of substrate di-
versity (93) (Scheme 26).
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Scheme 26

For the rapid synthesis of pyrimidine derivatives, microwave-induced cyclocondensation of methyl 2-(ace-
toxy(phenyl) methyl) acrylate  80 with 2-aminopyridine  59 has been accomplished. excellent yields of
pyrimidin-2-one 81 with high selectivity and rapid reaction times (94) (Scheme 27).

    

Scheme 27

Aza-Diels-Alder synthesis without a catalyst or solvent is reported. 1,3-dimethyluracil derivatives 82 com-
bine with aldehyde and amine to quickly and efficiently produce dihydropyrido[4,3-d] pyrimidine deriva-
tives 85 (95) (Scheme 28).
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Scheme 28

Under microwave irradiation, hydrazines/hydrazides and diamines 88 can be quickly and easily combined
with diketone 86 to produce pyrazoles and diazepines 87 ,89 in high yields without the use of a catalyst
or reaction solvent (96) (Scheme 29).

Scheme 29

1, 4-phenylenedithioureas 92 was prepared in solvent-free and catalyst-free conditions using microwave
at 60 oC which exhibited the positive effect of microwave on yield and reaction time when compared to
the traditional method (97) (Scheme 30).
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Scheme 30

When various aromatic aldehydes 93 were coupled with dimedone 94, ethyl acetoacetate 95, and ammo-
nium acetate in the absence of a catalyst, under solvent-free, and microwave irradiation conditions, high
yields of polyhydroquinolines 96 were produced (98) (Scheme 31).

Scheme 31

Yin et al. studied the synthesis of a sequence of novel hydroxylated 2, 4, 6-trisubstituted pyridines using
MW irradiation (99). Under ideal reaction conditions, 4-hydroxybenzaldehyde  97 and acetophenone  98
with ammonium acetate can be combined to form 4-(2, 6-Diphenylpyridin-4-yl) phenol 99 and its deriva-
tives. in one pot. (Scheme 32).

Scheme 32
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Prajapati et al. developed the aza-Diels-Alder reaction under microwave irradiation by heating aldimines
with 1,3-dimethyluracil 83 derivatives to produce pyrimidines 101 derivatives (100) (Scheme 33).

Scheme 33

Through  a  simple  three-component  condensation
of  4-hydroxybenzaldehyde  97,  aldehyde  53,  and
NH4OAc 102, a number of novel hydroxylated 2, 4,
and 6-trisubstituted pyridines 103 were easily syn-

thesized in high yield (83%) under MW irradiation
(Scheme).  Yin  and  his  coworkers  reported  this
work. (99) (Scheme 34).

Scheme 34

Synthesis of a thioamides and thioester 106 under MW irradiation by reaction of esters and amides 104 
with potassium thiocyanate 105 with yields in the range of 85-93% (101) (Scheme 35).

Scheme 35
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3,4-disubstituted isoxazole  108 synthesis in a single pot with microwave irradiation in the presence of
different catalysts such as potassium bromide (102,103) (Scheme 36).

Scheme 36

3.3. Solventless Organic Reactions under Ul-
trasonic Waves
Recent years have seen a lot of interest in the use
of ultrasound in organic synthesis, which affects a
number of organic reactions (104–109). It has been
noted that ultrasonic lowers the reaction tempera-
ture, allowing for faster reaction speeds in ambient
settings. This section discusses some of the most
recent advances in ultrasound-based organic syn-
thesis. There have been a lot of literary reviews re-

cently that have discussed this method and its sig-
nificance. Many literary reviews shed light on this
technique and its importance in recent times (110–
112).

As an easy, effective, and environmentally friendly
technique  toward  N-alkylated  amines  111,  ultra-
sound-assisted solventless oxidation/reductive ami-
nation of benzyl halides 109 was developed. (113)
(Scheme 37).

 

 

Scheme 37

Using an environmentally friendly ultrasonic process, a highly productive and active CuO nanoparticle
decorated with phosphate functionalized graphene oxide (PGOCuO) nanocomposite was used as a cata-
lyst in the Mannich reaction to synthesize β-amino carbonyl compounds 113 (114) (Scheme 38).

Scheme 38

MoO3/Cu  Schiff  base  complex  nanocomposite
(NMCS) was used to catalyze an atom-efficient and
selective oxidation of alcohols 114 utilizing hydro-
gen  peroxide  under  ultrasonic  irradiation.  Under

solvent-free conditions, a structurally different set
of alcohols was converted into the required alde-
hyde 53 and ketone products with high conversion
and excellent selectivity. (115)(Scheme 39).

567



Younis A, Said AO. JOTCSA. 2023; 10(2): 549-576.  REVIEW ARTICLE

Scheme 39

Abdelkarim et al. used both microwave and ultrasonic techniques to synthesis 1 and 5 substituted-tetra-
zoles 116 under solvent free conditions (116) (Scheme 40).

Scheme 40

3.4Solventless Photochemical Organic Reac-
tions
Furthermore, numerous photochemical procedures
have  been  carried  out  without  the  need  for  sol-
vents.  Currently,  typical  synthetic  chemists  who
are interested in creating compounds with consid-
erable biological or catalytic activity are less inter-
ested in these processes. However, it is anticipated
that  the  significance  of  photochemical  processes

will  increase over the next few decades,  particu-
larly if sunlight can be exploited to speed up the
process.  In  addition,  several  processes  that  are
straightforward in a photochemical pathway cannot
be carried out thermally (117–121).

Many reactions can be carried out with only light
and without the need for solvents,  such as poly-
merization, dimerization, and cyclization reactions
(117)  (Scheme 41).
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Scheme 41

Kei Ohkubo et al. (122) converted hydroquinone 124 function groups into di-hydroxide phenols  125 by
xenon lamp in visible light (λ > 390 nm) with 99% conversion yield under solvent-free conditions (Scheme
42).

Scheme 42

Nazeef et al. (123) have developed a single pot, solvent-free photochemical reaction of aldehyde 53 and
amine 90 in the presence of thioglycolic acid 126 to create thiazolidin-4-ones 127 ring without the use of
a catalyst (Scheme 43).
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Scheme 43

4. CONCLUSIONS

The  main  goal  of  green  chemistry  is  to  reach
materials  and  products  without  polluting  the
environment or  human  health.  Therefore,  the
approach  of  not  using  solvents  in  chemistry
reactions  has  become  the  first  priority  in  all
industries and products. This approach saves time
and  safety  in  addition  to  reducing  costs  and
pollutants. The techniques used start with the use
of  alternative organic  solvents  that  do not  harm
the  environment  and  technologies  that  require
energy, such as microwave assisted synthesis and
ultrasound  assisted  synthesis, in  addition  to
directly  using natural  renewable energy,  such as
solventless photochemical organic reactions. From
our  review  information,  we  find  that  there  are
many researchers who have focused their work on
microwave reactions because of their high and fast
effectiveness  and the availability  of  the required
devices,  but  there  is  some  shortcoming  in  the
trend  towards  ultrasound  interactions,  and  this
may be due to the lack of  ultrasound devices or
difficulty  of  application  at  a  larger  scale  in
industries.
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