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Abstract: In this study, poly(vinyl chloride) (PVC)/poly(acrylonitrile styrene acrylate) (ASA)/ organophilic
montmorillonite  (o-MMT)  nanocomposites  were  prepared  and  the  effects  of  o-MMT  content  on  the
properties of PVC/ASA blends were investigated. The thermal stability, mechanical properties and water
absorption percentages of the nanocomposites were studied.  Surface morphology studies of the o-MMT
containing blends were also performed using scanning electron microscopy (SEM).  Thermogravimetric
analysis (TGA) test results showed that  o-MMT inclusion enhanced the thermal stability of PVC/ASA/o-
MMT nanocomposites and the decomposition temperature at 50% weight loss (Td50) increased by 7.5 ˚C
when the o-MMT content was 10 wt%. The tensile strength value of the neat blend was obtained as 32.51
MPa and found to increase as 36.01 MPa when the o-MMT content was 6 wt% in the system. The water
absorption test results demonstrated that the water-resistance of the samples enhanced as the o-MMT
content increased. Moreover, PVC/ASA blends exhibited a significant increase in the contact angle by the
presence  of  hydrophobic  o-MMT.  The  weathering test  results  demonstrated that  the  PVC/ASA/o-MMT
nanocomposite films could be used for outdoor applications without apparently losing their properties.
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INTRODUCTION

Poly(vinyl chloride), PVC) is currently the third most
commercially  produced  plastic  after  polyethylene
and  polypropylene,  which  is  used  extensively  for
window  profiles,  transportation,  construction,  and
packaging due to its versatility, excellent mechanical
strength, high chemical resistance and low cost (1-
3). PVC is produced in two types, first rigid PVC and
second  soft  or  plasticized  PVC  (4).  Flexible,
plasticized PVC is softer and capable of bending due
to the addition of plasticizers and is commonly used
in  construction.  Rigid  PVC  is  one  of  the  most
economically  and  technically  important
thermoplastic  polymers;  however,  the  major
weakness  of  PVC  such  as  brittleness  and  poor
thermal  stability  limits  its  application  (5,  6).

Therefore,  to  give  more  flexibility,  to  enhance
impact strength and to expand the application range
of PVC, impact modifiers can be used as additives,
or  processes  such  as  chemical  modification,
compounding  or  blending  with  conventional
polymers  can  be  applied.  Improving  desired
material properties or giving new properties to PVC
with  these  methods,  have  become  of  great
academic and industrial interest and various studies
have been reported in recent years (7, 8).

Among  these  methods,  polymer  blending  is  a
versatile, handy, and low-cost method to obtain a
new  material  with  desired  features  by  combining
two  or  more  different  polymers.  The  low  impact
strength of rigid PVC can be enhanced by adding a
low  glass  transition  temperature  (Tg)  impact
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modifiers (9).  It  has been shown that  the impact
strength  of  rigid  PVC  enhances  by  blending  with
traditional rubber/elastomers such as ethylene-vinyl
acetate  (EVA),  chlorinated polyethylene (CPE) and
acrylonitrile-butadiene rubber (NBR). But, they form
semi-compatible  polymers  and  therefore  become
insufficient to meet the desired material properties
(10-12).  Recently,  styrene-based  copolymers  with
core-shell  structure such as acrylonitrile butadiene
styrene  (ABS),  methacrylate  butadiene  styrene
(MBS)  and  methacrylate  acrylonitrile  butadiene
styrene  (MABS)  have  been  widely  studied  to
improve  the  impact  strength  and  lower  thermal
dimensional stability of the PVC matrix by increasing
the interfacial  interaction between the PVC matrix
and the rubber particles (13-16).

However,  for  outdoor  applications,  blending  PVC
using  ABS,  MBS  or  MABS  can  cause  lower
weathering  durability  of  the  PVC  and  the  blends
tend  to  yellow  over  time  due  to  the  unsaturated
polybutadiene rubber moiety that is unstable to heat
and UV light (17, 18). To overcome this problem, a
new  thermal  stable  polymer,  poly  (acrylonitrile
styrene  acrylate)  (ASA)  having  saturated  main
polymer  chains,  might  be  used  as  an  impact
modifier  for  PVC.  ASA has  a  core-shell  structure,
comprising  a  polyacrylate  rubber  core  which  is
surrounded  by  styrene-acrylonitrile  (SAN)
copolymer shell (19). PVC easily interacts with the
rigid shell  phase due to their  respective polarities
rather than the rubber core phase. The interfacial
adhesion  between  SAN  and  PVC  is  a  significant
factor to ensure optimum compatibility between the
softcore  and PVC matrix  and is  influenced by the
acrylonitrile  content  in  the  SAN.  The  polyacrylate
core is usually responsible for the toughening of the
rigid PVC (14, 20, 21).  When exposed to UV, heat,
or moisture, ASA copolymer exhibits a low level of
discoloration and anti-aging performance due to the
acrylic ester moiety in the matrix compared to ABS
terpolymer. Furthermore, the thermal stability of the
rubber  core  of  ASA  is  much  higher  than  the
polybutadiene in ABS, and this is very important for
the  blend  systems  that  need  high  processing
temperatures (2, 22).

Polymer nanocomposites have remarkable potential
and  industrial  interest  in  the  development  of
advanced  materials  for  countless  applications.
Nanoparticles in the form of fiber, tube, sphere or
platelet are used to enhance mechanical, electrical,
and thermal properties of the polymers even at low
concentrations (23, 24). Montmorillonite (MMT) clay
is  one  of  the  common  nanofillers  used  for  the
development of new polymeric nanocomposites due
to  its  high  surface  area,  high  aspect  ratio,  wide
availability and relatively low cost (25). Pristine MMT
clay  has  a  hydrophilic  structure  and  the  silicate
layers  are  held  tightly  together  by  electrostatic
forces.  It  can  form a  homogeneous  mixture  with

hydrophilic polymers such as poly(vinyl alcohol) and
poly(ethylene  oxide);  however,  it  forms  poor
nanoclay  dispersion  in  hydrophobic  organic
matrices. For instance, the dispersion of multilayer
MMT  clay  into  the  PVC  matrix  is  inhibited  by
incompatibility  between hydrophilic  layered silicate
and the low polarity of PVC (26). To facilitate the
compatibility,  and  create  a  homogenous  mixture,
surface modification is generally required. This can
be  easily  achieved  by  replacing  inorganic  cations
with  organic  cations  that  make  hydrophilic  MMT
more  organophilic.  Therefore,  MMT  clay  is  often
treated  with  alkylammonium  salts  to  alter  the
surface  polarity  of  the  clay  and  to  improve  the
wettability of the polymer by widening the interlayer
spacing of  MMT (27).  So  the  polymer  chains  can
easily reach the gap between the organophilic MMT
(o-MMT) layers.

Several  studies  have  reported  regarding  the
PVC/ASA blends and its  nanocomposites.  Wang et
al. (28) studied the influence of multi-walled carbon
nanotubes  (MWCNTs)  on  plasticizing  behavior,
mechanical  properties  and  thermal  stability  of
PVC/ASA blends, and the impact strength was found
to be 83.7 % higher than pure PVC/ASA blend for
MWCNT content of 0.054 wt%. Rimdusit et al. (2)
discussed  the  effect  of  coconut  fiber  contents  on
mechanical,  thermal,  and  physical  properties  of
PVC/ASA blends, and they found a tensile strength
value  of  45  MPa  with  the  addition  of  50  wt%
coconut  fibers  to  the  blend  structure.  In  another
study conducted by Rimdusit et al. (8), the effect of
ASA  content  on  water  absorption,  mechanical
properties,  and  outdoor  weathering  durability  of
PVC/ASA  blends  was  investigated.  By  increasing
ASA  content,  a  drastic  increase  in  the  impact
strength of the PVC/ASA blends was observed and
the highest value was obtained as 77.6 kJ/m2 when
ASA content is 50 wt%.

Although there have been various studies revealing
the properties of PVC/ASA blends, authors believe
that this is the first work that shows the effects of
organophilic  montmorillonite  content  on  the
mechanical  and  thermal  properties,  and  the
weatherability of PVC/ASA blends. In this research,
PVC/ASA blends at a fixed ratio of 70/30 wt%, and
its  o-MMT nanocomposites  were  prepared through
solution casting. The effects of the o-MMT content
on  physical,  mechanical,  thermal,  and  weather
resistance  properties  of  the  obtained  composites
were determined.

MATERIALS AND METHODS

Materials
PVC powder (Suspension PVC K-70, density  0.44-
0.53 g/cm3) and ASA granules were kindly supplied
by  Bayegan  Plastics  Co.  (Istanbul,  Turkey)  and
Chemieuro  (Istanbul,  Turkey),  respectively.
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Organophilic montmorillonite (Nanomer I.31PS) was
obtained from Sigma-Aldrich, which is clay modified
by  15-35  wt%  octadecylamine  and  0.5-5  wt%
aminopropyltriethoxysilane.  The  solvent
tetrahydrofuran (THF, 99.5 %) was purchased from
Sigma–Aldrich. Before solving, PVC powder and ASA
granules, and o-MMT nanoparticles were dried at 80
˚C for 5 h.

Preparation  of  PVC/ASA/o-MMT
Nanocomposites
The  PVC/ASA/o-MMT  nanocomposite  films  with
different of o-MMT ratios were prepared by solution
blending of PVC and ASA. In a typical preparation
procedure, PVC and ASA were individually dissolved
in THF; and afterward, the solutions were brought
together and stirred overnight at room temperature.
o-MMT dispersions were prepared in THF by using
an  ultrasonic  homogenizer  (Bandelin  HD2200)  for
60 min and then magnetically stirred for 24 h until
the solutions became homogeneous. Subsequently,
the prepared o-MMT dispersions were added to the
solutions of PVC/ASA, and the resulting dispersions
were placed in an ultrasonic bath for 3 h to obtain a
homogeneous mixture. The dispersions were poured
in  Petri  dishes  and  were  allowed to  dry  at  room
temperature for 72 h, under vacuum for 24 h, and
finally at 70 ˚C for 6 h. The obtained films were hot-
pressed at 170 ˚C for 2 min followed by cooling to
room  temperature  for  further  tests.  The  o-MMT
content of the PVC/ASA/o-MMT nanocomposites was
given in Table 1.

Characterization Methods
The  Fourier  transform  infrared  spectrophotometer
(FTIR, Perkin Elmer, Spectrum 100) was used in ATR
(Attenuated  Total  Reflection)  mode  in  the
wavenumber range 650–4000 cm−1 to confirm the
structure of the PVC/ASA/o-MMT nanocomposites.

The thermal stability of PVC/ASA blends with various
o-MMT  amounts  was  determined  using  a
thermogravimetric analyzer (Seiko, TG/DTA 6300) in
the temperature ranges between room temperature
to 800 °C at a heating rate of 10 °C min-1 under N2

atmosphere.

The  surface  morphology  of  the  PVC/ASA/o-MMT
nanocomposite  films  was  assessed  by  using  a
scanning  electron  microscope  (SEM,  FEI  Inc.,
Inspect  S50)  operating  at  the  15  kV  accelerating
voltage  in  secondary  electron  imaging  mode.  The
tensile fracture surface of the samples was coated
with thin gold film before measurement.

Tensile  properties  of  the  neat  PVC,  neat  ASA,
PVC/ASA  blend,  and  its  nanocomposites  were
determined using a universal  tensile  test  machine
(Zwick/Roell) equipped with a 1 kN load cell at 25
˚C according to ASTM D882. The crosshead speed
was  10.0  mm  min-1.  The  test  specimens  with  a

rectangular  shape  (1  cm x  10  cm)  and  0.8  mm
thickness were cut from pressed thin plastic sheets.
Mean values were obtained from five measurements
of each sample.

Water  absorption  measurement  was  conducted
according  to  gravimetric  methods.  Before  testing,
initial weights (mi) of specimens were recorded after
drying them in an oven at 80 ˚C for 24 h and cooled
down to  room temperature.  These  dry  specimens
were  immediately  soaked  in  distilled  water  and
waited for the samples to reach constant weight by
weighing periodically. These final weights (mf) of the
samples  were  recorded  and  the  water  absorption
percentage of the samples (WA) was calculated by
using the following equation:

 

WA (%)=(mf –mimi )×100  (Eq.1)

Contact angle measurement was carried out using a
contact angle meter (KSV Instruments Cam 200) by
measuring  the  contact  angle  of  5  μL  volume  of
distilled water drop on the film surface. The mean
contact angle value of each sample was calculated
from 5 measurements.

The  density  of  samples  was  measured  by  water
displacement method with a density kit attached to
a balance (AND brand AHR-AZ model) using ethanol
as a reference liquid. The mean of 5 measurements
was given as the density value of each sample.

The  heating-cooling cycling  tests  were  performed.
In  a  typical  test,  the  sample  was  immersed  in
distilled  water  for  24  h  at  room  temperature
followed by freezing in a freezer at -40 ˚C for 24 h.
Then, the sample was removed from the freezer and
allowed  to  thaw  at  room  temperature,  and
afterward,  it  was placed in  an oven at  40  °C for
another  24  h.  The  same procedure  was  repeated
four  times;  and  at  the  end  of  the  test,  the  SEM
image of the sample was taken, and the tensile test
was performed to assess the property changes.

RESULTS AND DISCUSSION

The  hydrophilic  nature  of  MMT  prevents  the
formation  of  homogeneous  nanocomposites.
Therefore,  the  silicate  layers  of  MMT  must  be
organically  modified  with  a  proper  modification
agent  to  enhance  dispersion  in  polymer  matrix
before  polymer/MMT  composites  are  prepared.  In
this work, a commercial o-MMT modified with 15-35
wt%  octadecylamine  (ODA)  and  0.5-5  wt%
aminopropyltriethoxysilane  (APTES)  was  used  to
prepare the PVC/ASA/o-MMT nanocomposites with a
fixed  PVC/ASA  weight  ratio  of  70/30.
Octadecylamine  is  a  primary  alkyl  amine  mainly
used as a hydrophobic surface modifier for different
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carbon  nanomaterials;  while  APTES,  an  amino
silane, is generally used in the chemical modification
of  surfaces;  and  acts  as  an  adhesion  promoter
between the polymer and the filler (29, 30). Since
the carbon chain length of organically modified MMT
is decisive on the size of the interlayer space, the
chemical structure of the surface modifier group is
of primary importance (31). Also, there have been
several  research  papers  addressing  the  usage  of
ODA  modified  clay  in  the  preparation  of  PVC
nanocomposites (26, 32, 33).

FTIR Analysis
To  identify  the  possible  intermolecular  interaction
between PVC, ASA, and o-MMT nanoparticles, FTIR
spectra of neat PVC, neat ASA, PVC/ASA blends, and
its  o-MMT nanocomposites  was depicted  in  Figure

1a,b. For neat PVC, the characteristic peak belong
to C-Cl stretching vibration was seen at 694 cm-1,
and the peak at  1428 cm-1 attributed to  the C-H
deformation vibration of CH2 groups. The peaks at
2916 and 2854 cm−1 matched with the stretching
vibrations of C-H bonds (34). FTIR spectrum of ASA
exhibited a characteristic broad peak at 1733 cm-1

assigned  to  the  C=O  stretching  vibration  of  the
carboxyl group in PBA and a tiny peak at 2236 cm-1

belonging to C≡N stretching vibration of the nitrile
group in SAN. The peaks at 1452, 1495, 1604 cm-1,

and 701-762 cm-1  were attributed to the stretching
and bending vibrations of the benzene ring (17, 35).
Moreover, the stretching vibrations of C-H groups in
benzene ring and polymer backbone were observed
at 3027 cm-1 and 2928 cm-1, respectively.

Figure 1. FTIR spectra of (a) PVC, ASA, and o-MMT, (b) PVC/ASA blend, and PVC/ASA/o-MMT
nanocomposites.

FTIR spectrum of o-MMT nanoparticles exhibited a
characteristic complex band at the position of about
1002 cm−1  attributed to the stretching vibrations of
Si–O groups (Figure 1a). The peak corresponding to
stretching vibrations of structural OH groups of the
montmorillonite  appeared  at  3626  cm−1.  The
octadecylamine intercalated into the gallery of the
MMT was verified with the bands at around 2923,
2851,  and  3243  cm-1,  for  C–H  asymmetric  and
symmetric  stretching  of  CH2 or  CH3,  and  N–H
stretching of alkylammonium, respectively (36). In
the FTIR spectra of PVC/ASA/o-MMT nanocomposite
films,  the distinctive peaks of  both PVC and ASA,
and  the  nanofiller  were  observed,  proving  the
intermolecular  interactions  between  them  (Figure
1b). Moreover, the increment of o-MMT content in
the nanocomposite enhanced the intensities of the
characteristic  o-MMT  peaks  (for  PVC/ASA-6,
PVC/ASA-8, and PVC/ASA-10).  

Thermal Analysis
Thermogravimetric  analysis  (TGA)  is  an  analytical
technique  used  to  characterize  the  decomposition
and thermal stability of materials and to determine

the  fraction  of  moisture  and  volatile  compounds
present  in  the  structure  by  monitoring  the  mass
change  (37).  The  thermal  decomposition  of  neat
PVC,  neat  ASA,  PVC/ASA  blend,  and  its  o-MMT
composites investigated thermogravimetrically. The
thermal weight loss curves of samples were shown
in Figure 2 a,b.  On the TGA thermogram of  neat
PVC, the observed first step degradation from room
temperature  to  about  160  ˚C was  related  to  the
removal of trapped THF and volatile compounds. As
seen from the curve, two main weight loss regions
occurred; the first weight loss region up to 350 ˚C
corresponding  to  dehydrochlorination  of  polymer,
and the second main weight loss in the temperature
range between 410–530 ˚C due to the formation of
volatile  aromatic  compounds  and pyrolysis  to  low
hydrocarbons (38,39). It is clear from Figure 2a that
ASA  had  the  highest  initial  decomposition
temperature due to the presence of the SAN shell of
ASA. The degradation profile of PVC/ASA between
260  and  400˚C  exhibited  both  the
dehydrochloration  of  PVC  and  the  degradation  of
ASA.
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Figure 2. TGA thermograms of (a) neat PVC, neat ASA, and PVC/ASA blend, (b) PVC/ASA/o-MMT
nanocomposites.

Figure  2b  displayed  the  TGA  thermograms  of
PVC/ASA/o-MMT  nanocomposite  films  which  were
shifted to higher temperatures with the addition of
o-MMT nanoparticles and their increased amounts in
the PVC/ASA blend matrix. This result indicated the
strong interaction between the components of the
blend, thus led to restricted mobility of the polymer
molecules  which  took  part  in  the  degradation
process.  Therefore,  increased  o-MMT  amounts
contributed to the increase in thermal stability (40).

The  thermal  stability  of  a  material  can  be
characterized  as  the  temperature  at  which  50  %
mass is  retained or lost (Td50)  (41).  The Td50 and
residue  values  of  nanocomposites  were  given  in
Table  1.  The  Td50 of  PVC/ASA/o-MMT
nanocomposites  increased  by  about  26  ˚C  as  a
function of  o-MMT content.  Moreover,  the  residual
mass  amounts  were  found  to  be  increased  with
increasing o-MMT amounts, as expected.

Table 1. Thermal analysis and tensile properties of neat PVC, neat ASA, PVC/ASA blend and its
nanocomposites at various o-MMT contents.

Samples
o-MMT
content
(wt%)

Td50a

(˚C)
Char yieldb

(wt%)

Tensile
Strength

(MPa)

Tensile
Modulus

(GPa)
PVC 0 302.30 12.76 37.63 ± 0.97 1.86 ± 0.18
ASA 0 414.45 8.48 27.88 ±1.42 1.27 ± 0.92

PVC/ASA-0 0 374.09 10.00 32.51 ± 2.24 1.48 ± 0.73
PVC/ASA-1 1 375.10 11.50 32.55 ± 1.72 1.48 ± 0.55
PVC/ASA-2 2 382.73 13.50 34.79 ± 2.43 1.46 ± 0.82
PVC/ASA 4 4 386.80 14.90 35.60 ± 0.97 1.70 ± 0.47
PVC/ASA-6 6 392.50 15.50 36.01 ± 1.75 1.76 ±0. 19
PVC/ASA-8 8 400.10 16.80 31.42 ± 1.34 1.45 ±0. 81
PVC/ASA-10 10 402.10 18.70 27.82 ± 1.18 0.54 ± 1.12

              a Temperature at which 50% weight loss was verified by TGA.
               b The weight percentage of undecomposed material after TGA analysis at 800 °C.

Tensile Properties
The tensile properties of neat PVC, neat ASA, and
PVC/ASA blends with different o-MMT content were
given in Figure 3 and Table 1. The tensile strength
and tensile modulus of neat PVC were 37.630 MPa
and 1.862 GPa whereas those of ASA were 27.880
MPa  and  1.269  GPa,  respectively.  PVC/ASA  blend

displayed  tensile  strength  and  tensile  modulus
values as 32.510 MPa and 1.478 GPa, respectively;
that  is  between neat  PVC and neat  ASA,  as  also
being  predicted  by  a  rule  of  mixture.  Previous
studies  in  the  literature  such  as  PVC/ABS  blends
(42, 43), PC/ASA/SAN blends (44), and the PC/ABS
blend (45) have also reported similar behavior.
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Figure 3. Tensile strength and tensile modulus of PVC/ASA/o-MMT nanocomposites. The data are
represented as mean ± standard deviation (n = 5).

For  PVC/ASA/o-MMT  nanocomposites,  the  tensile
strength initially remained unchanged, and then an
increment was observed with further increasing o-
MMT content. Although low concentrations of filler
materials  seemed  ineffective,  they  contributed  to
load  distribution  as  the  concentration  of  filler
materials  increased (46).  For instance,  the tensile
strength  of  the  nanocomposites  increased  from
32.510  to  36.010  MPa  when  the  o-MMT  amount
increased from 2 to 6 wt%. As can be seen from
Figure 4, the tensile properties of PVC/ASA blends
were negatively influenced by the high amount of o-
MMT (10 wt%) used. This could be attributed to the
poor dispersity of o-MMT and thus the formation of
agglomerates.  Homogeneous  dispersion  of
nanofillers  in  the  matrix  is  crucial  to  obtain
nanocomposites  with  good  mechanical  properties
(47).

In  the case of  increasing o-MMT amounts,  tensile
modulus  showed  similar  behavior  with  tensile
strength. As the o-MMT content increased up to a
certain  amount,  the  tensile  modulus  of  PVC/ASA
nanocomposites was found to increase, suggesting
that o-MMT contributed to an improved stiffness of
the nanocomposite (Figure 3). For example, by the
increase in the o-MMT amount from 2 to 6 wt%, the
tensile  modulus  value  increased  from  1.478  to
1.764 GPa.

SEM Analysis
SEM micrographs of the tensile fracture surface of
the samples were illustrated in Figure 4. Neat PVC
exhibited  typical  rigid  and  brittle  fracture
morphology  with  a  relatively  smooth  surface  (17,
48).  The  fracture  surface  of  the  PVC/ASA  blend
(Figure  4)  appeared  rougher  than  pure  PVC  and

exhibited microlayer structure due to the core-shell
morphology of ASA with internal PBA core layer and
outer SAN shell layer (28, 49). The structure gained
some ductile  characteristics  with the  incorporation
of  ASA  and  a  corrugated  and  irregular  fracture
surface was observed.

As  seen  in  Figure  4,  the  fracture  surface  of
PVC/ASA/o-MMT nanocomposites was also rough as
the neat blend, and there was no obvious change in
SEM micrographs with  the  increase  in  the  o-MMT
content.  SEM  images  of  nanocomposites  clearly
showed  that  the  good  dispersion  of  o-MMT  was
achieved  without  the  formation  of  any  particle
clusters, and most of the o-MMT was embedded in
the  PVC/ASA  matrix.  For  the  nanocomposites
containing  1-6  wt% of  o-MMT,  observation  of  no
gaps, cavity, or agglomerates in the fracture surface
indicated the good interfacial adhesion between filler
and matrix. This finding was also consistent with the
improved tensile properties of the PVC/ASA/o-MMT
nanocomposites. Increasing o-MMT content from 6
wt% to  8-10 wt% resulted  in  the  formation of  a
rough  surface  with  some  holes  throughout  the
fractured sample  surface (Figure  4).  Although not
detectable from SEM images, it was believed that o-
MMT  aggregates  were  formed  in  the  case  of
PVC/ASA-8  and  PVC/ASA-10  nanocomposites.  As
can be seen in the higher magnification SEM image
of PVC/ASA-10 (Figure 4), the regions marked by
red  circles  were  thought  to  be  related  to  the
agglomeration  of  o-MMT  nanoparticles  in  the
polymer  matrix.  Besides,  the  weak  mechanical
properties obtained in this high o-MMT content could
be  attributed  to  the  formation  of  these
agglomerates.
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Figure 4. SEM micrographs of PVC and PVC/ASA/o-MMT nanocomposites

Water Absorption, Contact Angle and Density
Analysis
The  capability  of  plastics  to  absorb  moisture  is  a
significant  durability  parameter  to  understand  the
performance of  the  materials.  The moisture/water
absorption  can  result  in  defects  in  the  polymeric
material such as swelling or dissolution of polymeric
material, extraction of water-soluble components, or
changes  in  mechanical  (tensile  strength,  impact
strength,  elasticity)  and electrical  performance (2,
50).

The  results  of  water  absorption  percentages  as  a
function  of  time  were  shown  in  Figure  5.  After
soaking for around 24 hours, the water absorption
percentage  of  pure  PVC  was  0.08  wt%  while

PVC/ASA blend showed a higher value of 0.29 wt%.
The reason was the high water absorption value of
pure ASA of about 0.42 wt% due to its highly polar
acrylonitrile  moiety.  As  depicted  in  Figure  5,  no
significant  changes  were  observed  in  the  water
absorption percentages of the nanocomposites with
small amounts of o-MMT incorporation. (PVC/ASA-1
and  PVC/ASA-2)  Then,  the  water  uptakes  of
nanocomposites were found to decrease from 0.29
wt% to 0.10 wt% as the amount of 0-MMT reaches
4  wt%  to  8  wt%.  Furthermore,  the  absorption
increased to about 0.20 wt% with the addition of 10
wt% o-MMT to the structure due to the formation of
agglomerates. This phenomenon was also proved by
contact angle measurement.
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Figure 5. Water absorption of PVC, ASA, PVC/ASA, and PVC/ASA/o-MMT nanocomposites. The data are
represented as mean ± standard deviation (n = 3).

The  measured  water  contact  angle  values  of  the
nanocomposites  as  a  function  of  o-MMT  content
were given in Figure 6. The contact angle value was
found to be 97˚ and 87˚ for the pure PVC and ASA,
respectively. The PVC/ASA blend prepared by adding
30 wt% ASA showed a contact angle of about 94˚
between these values,  similar to water  absorption
results.  The  contact  angle  measurement  gives

information  about  the  affinity  of  the  surface  for
water.  Higher  contact  angle  values  show  the
hydrophobic  surfaces  that  are  more  resistant
against  water  while  lower  values  represent
hydrophilic  surfaces that have an affinity for water.
The  contact  angle  value  is  directly  related  to the
chemical composition of the surface (51).

Figure 6. Contact angle and density values of PVC, ASA, PVC/ASA, and PVC/ASA/o-MMT nanocomposites.
The data are represented as mean ± standard deviation (n = 5).

The  incorporation  of  hydrophobic  o-MMT  into  the
PVC/ASA  blend  matrix  caused  no  significant
differences  in  the  physicochemical  surface
characteristics  of  nanocomposites  for  PVC/ASA-1
and  PVC/ASA-2,  while  its  increasing  amounts
considerably increased the surface contact angle of
PVC/ASA nanocomposites (Figure 6). As expected,

the  increment  in  o-MMT  content  enhanced  the
hydrophobic  character  of  the  nanocomposite
surface.  However,  a  sudden  decrease  in  contact
angle  value  of  about  95˚  was  observed  for  the
blends with high o-MMT content (PVC/ASA-10) due
to  agglomeration  of  o-MMT  particles.  As  the
nanoparticles  aggregate,  the  nanoparticle  and
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polymer  interface  became  narrower  and  non-
homogeneous surfaces were formed, and this led to
a  decrease  in  the  hydrophobicity  effect  of  the  o-
MMT.  The  contact  angle  measurements  were
consistent  with  SEM  analysis  and  tensile  test
results.

Density  measurement  of  a  nanocomposite  is  an
important physical parameter and can be effectively
used  to  ensure  product  quality  and  homogeneity
and  to  monitor  manufacturing  processes.  For
instance,  the  presence  of  voids  or  defects  has
several negative effects on the material properties
particularly mechanical properties of the composite
(8).  The  experimental  densities  determined  by
weighing the sample in air and then in ethanol of
known density  were  given in  Figure  6.  It  can be
seen that PVC/ASA structure gave an experimental
density  value  of  about 1.096 g  cm-3  between the
density  of  the neat  PVC of  1.175 g cm-3 and the
density  of  the  neat  ASA  of  1.050  g  cm-3.  The
theoretical density of PVC/ASA (70/30 wt%) blend
was  also  estimated  according  to  the  rule  of  a
mixture  by  using  the  measured  density  values  of
PVC and ASA, and it is found to be 1.137 g cm-3.
The  obtained  theoretical  density  value  is  in  good
agreement with the measured experimental density
value, suggesting the negligible amount of void in

the  blend  sample.  Thus,  the  homogeneity  of  the
obtained  structure  proved  again.  The  density  of
PVC/ASA/o-MMT  composites  as  increasing  o-MMT
content to 1, 2, 4,6,8, and 10 wt% was measured to
be 1.240, 1.245, 1.250, 1.259, 1.270 and 1.285 g
cm-3,  respectively  (Figure  6).  Based  on  the
measured  density  values,  o-MMT  reinforced
composites showed higher density values compared
to  neat  PVC/ASA blend,  and the obtained density
values tended to increase slightly with increasing o-
MMT amounts.

Weathering Test
Plastic  materials  are  exposed  to  the  effects  of
climate changes (cool,  heat, rain, UV, etc.) during
their life cycle. Fluctuations in ambient temperature
directly  affect  the  mobility  of  the  long  polymer
chains, and thus the final properties of plastics such
as  color,  brilliance,  hardness,  flexural,  or  impact
strength. Accordingly, it is important to know how
polymers perform when subjected to external heat
changes. High temperatures can cause the mobility
of  the  polymer  chains  and  crystalline  structure
changes  occur,  or  temperatures  lower  than  Tg  of
material immobilize polymer chains and the material
becomes fragile (52).

Figure 7. SEM micrographs of PVC/ASA-6 before and after four heating-cooling cycles.

A modified freeze-thaw cycling test was applied to
determine  the  effect  of  ambient  temperature
changes  on  the  durability  of  PVC/ASA-6
nanocomposite having the best material properties.
After four heating-cooling cycles, comparisons were
performed  on  the  mechanical  properties  and
morphology of the exposed and unexposed samples.
SEM images of the two samples were taken of the
fracture  surface  after  tensile  testing  to  assess  if
temperature  changes  affected  the  interfacial
adhesion between o-MMT and PVC-ASA matrix. As
seen  from the  embedded  images  in  Figure  8,  no
changes  in  the  visual  appearance  of  PVC/ASA-6

samples  were  detected  such  as  crack  formation,
color change, or surface roughness. However, there
were  some  gaps  or  crevices  in  the  SEM  image
(Figure 7) of the exposed PVC/ASA-6 sample; these
were  probably  due  to  the  decreased  interfacial
adhesion between PVC and ASA polymers.

The  tensile  strength  and  tensile  modulus  of
unexposed  PVC/ASA-6  samples  were  36.010  MPa
and 1.764 GPa;  whereas the  values  decreased to
34.920  MPa  and  1.645  GPa,  respectively,  after
exposure to four heating-cooling cycles. This decline
could be attributed to the degradation of interfacial
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adhesion  between  PVC  and  ASA  and  hence  low-
stress  transfer  at  the  interface  as  a  result  of
exposure  to  moisture.  Besides,  the  sample  was
immersed  in  water  to  ensure  enough  moisture
before  freeze-thaw  cycles  and  then,  the  volume
expansion  of  water  occurred  while  the  sample
freezes down. Then, removal of the water during the
thawing process might result  in voids which could
lead to mechanical failure (Figure 7) (53).

CONCLUSIONS

In this research, the fabrication of PVC/ASA/o-MMT
nanocomposites with a fixed PVC/ASA weight ratio
of  70/30  was  demonstrated.  The  resultant
nanocomposites  were  characterized  using  FTIR,
TGA, SEM, and tensile test units. The effects of o-
MMT content on the mechanical properties, thermal
properties,  and  water  absorption  of  the  PVC/ASA
blends examined in detail. With the addition of 6 wt
% o-MMT,  the  highest  tensile  strength  value,  i.e.
36.01  MPa  was  obtained  for  PVC/ASA-6
nanocomposite.  Also,  the  thermal  stability  of
PVC/ASA/o-MMT nanocomposites improved with o-
MMT incorporation  to  the  blend;  the  temperature
referring  50%  mass  loss,  Td50 increases  as  a
function  of  o-MMT  content.  Furthermore,  water
absorption  of  these  nanocomposites  slightly
decreased with the o-MMT content due to increased
hydrophobicity  of  the  structure.  Weathering  test
results  demonstrated  that  the  loss  in  tensile
properties  due to  the  exposure  to  heating-cooling
cycles was not  critical,  although some voids  were
observed  on the PVC/ASA nanocomposite  fracture
surface.
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The Effects of Blending Ratio of Poly(lactic acid)/POSS Cored Star
Poly(ε-caprolactone) Biopolymers 

M. DANDAN DOĞANCI 
Department of Chemistry and Chemical Processing Tech., Kocaeli University, Kocaeli, Turkey

Abstract:  A8-type eight-arm star-shaped poly(ε-caprolactone) (PCL) polymers with polyhedral oligomeric
silsesquioxane (POSS) (SP) core having different molecular weight with different chain lengths (n=10, 20,
30,  and  50  repeating  units)  were  synthesized  via  arm-first  approach  by  a  combination  of  ring-
opening polymerization  (ROP)  and  “click”  chemistry  reactions.  The  obtained  polymers  were  then  melt-
blended with neat poly(lactic acid) (PLA) to improve some of the properties like the toughness of PLA. These
blends were prepared depending on the blend ratio (95/5 and 80/20 wt%) via utilizing laboratory-scale
twin-screw  mini  extruder  to  examine  morphological,  thermal,  and  mechanical  properties  of  PLA/SP
composite as a function of SP and blending ratio. Also, the PLA/SP composites containing a blend ratio of
90/10 wt%, which were prepared in the previous study, was used to compare with other composite having
different blend ratio. The incorporation of SP polymers improved some of the mechanical properties of PLA.
It was verified that SP20 (n=20) is the most proper SP-type for enhancing the mechanical behavior of PLA
at a blending ratio  of 90/10. Also, 1,4-phenylene diisocyanate (PDI), which was used as a commercial
compatibilizer, was incorporated to blends at a fixed amount (%1). It is concluded that the incorporation of
SP polymers into PLA matrix decreased the tensile modulus with increasing blending ratio and increased the
elongation at break values in the presence of PDI.
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INTRODUCTION

Poly(lactic  acid)  (PLA)  and  poly(ε-caprolactone)
(PCL)  are  two  crucial  biodegradable  aliphatic
polyesters  that  are  commonly  used  together,
although the two polymers are incompatible. These
polymers have quite different features, such as the
fact  that  PLA  is  fragile,  and  PCL  is  ductile.  The
mechanical properties of PLA generally enhanced by
adding PCL polymers  to  PLA matrix  with different
methods such as blending, synthesizing copolymers,
etc.  (1-3).  The  miscibility,  viscoelastic,
thermodynamic,  and  mechanical  behaviors  of  the
PLA/PCL  blend  system  have  been  extensively
studied.  Broz and coworkers  produced a series of
PLA/PCL  blends  via  different  mass  fractions  to
examine  the  mechanical  and  structural

characteristics  of  the blends.  They concluded that
these  two  biodegradable  polymers,  PLA  and  PCL,
are  immiscible,  and  there  occurs  some  adhesion
between  two  polymers  when  the  PCL  phase  is
dominant  (4).  Simoes  et  al.  also  reported  some
degree  of  adhesion  between  PLA  and  PCL
biodegradable  polymers  and  determined  that  PCL
acted  like  a  plasticizer  for  PLA  by  improving  the
ductility,  flexibility,  and  mechanical  properties  of
PLA (5). Rao and coworkers studied with these two
polymers  and  examined  80/20%  PLA/PCL  blend
exhibited  the  highest  impact  strength  and
elongation  at  break  among  the  various  blend
proportions  (6,  7).  Vainio  et  al.  synthesized  ε -
caprolactone and L-lactide (ε -CL/L-LA) copolymers
with  different  compositions  (40/60,  60/40,  and
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80/20) and found that tensile properties were much
higher than pure polymers (8) . 

Recently,  multiarmed  star-shaped  polymers  have
attracted increasing attention due to their excellent
properties  and  three-dimensional  structures.  The
star-shaped polymers are generally characterized by
lower  glass  transition  temperature  (Tg)  and  melt
viscosity.  They  are  more  compact  and  less
crystalline  in  comparison to  linear  counterparts  of
the  same  molecular  weights  (3,  9).  The  star-
branched block and random copolymers of LA and ε-
CL are a candidate for enhancing the toughness of
PLA.  Several  studies  in  the  literature  prepared
blends  of  PLA  with  synthesized  star-shaped
polymers (3, 9, 10). Deokar et al. prepared three,
four,  and  six-armed  random  and  block  star
polymers  of  PCL-PLA and blended with  PLA.  They
concluded  that  maximum  enhancement  in
elongation  and  toughness  was  observed  with  six-
armed block copolymers  (3).  Li  et al.  produced a
series of star-shaped PCLs with different molecular
weights and mixed with PLA to obtain blended fiber
membranes  via  electrospinning  technique.  They
examined the influence of multiple-armed structure
on the mechanics  and thermodynamics  feature  of
the  electrospun  fiber  membranes  (9).  Qin  et  al.
prepared  blends  of  PLA  and  star-shaped  poly(ε-
caprolactone-co-L-lactide)  (s-PCLA)  at  varying
compositions and concluded that PLA/s-PCLA blends
showed limited miscibility and better elongation at
break (10). 

Polyhedral  oligomeric  silsesquioxane  (POSS)  are
new generation nanofillers with a general formula of
(RSiO1.5)n.  It  is  generally  used  to  improve  the
mechanical and thermal properties of PCL, PLA, and
its blends by physical blending or chemical reactions
(11-19). It can also be utilized as a  polymerizable
monomer  or  initiator  to  synthesize  star-shaped
polymers.  Sun  and  He  synthesized  (octaPOSS)-
initiated poly(ε-caprolactone-co-lactide) (PCLLA) as
rubbery core and mixed it with commercial poly(L-
lactide) (PLLA) by solution blending for toughening.
The obtained biodegradable nanocomposites showed
higher elongation at break to that of pure PLA (20).
Pan et al. synthesized star POSS-(PLLA)x (x=6, 9,
11,  and 12)  polymers and blended with PLA. The
effects  of  molecular  geometry  and  arm length  of
star polymers on crystallinity and properties of PLA
were investigated. They concluded that the highest
crystallinity  was  observed  with  12-armed  POSS-
(PLLA)12  blends (12). Liu et al.  synthesized POSS-
(PLLA)8 and blended this polymer with PLA via the
solvent casting method. The interfacial interactions
were considerably developed, and a good increase
was  observed  in  toughness  and  mechanical
properties (11). In the previous study,  star-shaped
PCLs (SPs)  with  POSS core  were synthesized and
prepared  melt-blend  with  commercial  PLA  by
utilizing  mini  twin-screw  extruder  to  increase  the
toughness  properties  of  PLA. The  mechanical,

thermal,  and  morphological  behaviors  of  these
blends were examined as a function of star-shaped
polymer type possessing different molecular weight
depending  on  different  chain  lengths  at  constant
PLA/SP  ratio.  It  was  found  that  increasing  the
toughness of commercial PLA thanks to ductile PCL
having relatively low Tg. Besides, the addition of SP
polymers  into  commercial  PLA  improved
morphological and some mechanical properties (like
elongation at break and izod impact strength) (19). 

In this work, eight-armed POSS cored star-shaped
PCL  (POSS-(PCL)8,  SP)  polymers  having  various
chain  lengths  (n=  10,  20,  30,  and  50)  were
produced  and  compounded  with  commercial  PLA
with  different  blending  ratios  (PLA/SP,  95/5  and
80/20).  In a previous study,  the effects  of  90/10
blended  PLA/SP  polymers  were  discussed  (19).
Here, these blends having different blending ratios
were  compared  with  neat  PLA.  Also,  the  PDI,  a
commercial compatibilizer, was added to blends at a
constant  amount  of  1  wt%,  and  their  effects  on
PLA’s  properties  and  phase  morphology  were
investigated. 

EXPERIMENTAL SECTION

Materials and Method
All materials and polymers used in this work, and
the  preparation  of  PLA/SP  blends,  have  been
described  in  the  previously  published  paper  (19).
The  commercial  PLA  (PLI005)  was  procured  from
NaturePlast,  having  a  molecular  weight  71,900
g/mol (determined by GPC) and used after drying at
65  °C  under  vacuum  overnight.  A  commercial
compatibilizer,  1,4-phenylene  diisocyanate  (PDI)
was  purchased  from  Sigma  Aldrich.  The  chlorine
functionalized  POSS  (POSS-(Cl)8),  azide
functionalized  POSS (POSS-(N3)8) and POSS cored
star-shaped PCL (SP) polymers having various chain
lengths (n= 10, 20, 30 and 50)  were  synthesized
according to a method in the previous work,  too.
Subsequently,  synthesized  polymers  were  melt-
blended with PLA with a blending ratio of 95/5 and
80/20 wt%. Some of the results belong to blends of
90/10 wt% ratio were extracted from the previous
study (19) to make comparisons of blend ratios. 

The  morphology  of  blends  was  searched  via
scanning  electron  microscopy  (FEI-  QUANTA  FEG
250-  Field  Emission  Scanning  Electron  Microscope
(FE-SEM)). Instron universal testing machine (Model
3345) and Zwick/Roell impact testing machine were
used for tensile tests and impact strength analysis
respectively to determine mechanical characters of
the blends. Melting temperature and crystallization
behaviors  of  blends  were  analyzed  via  DSC  by
Mettler Toledo DSC-1 Star Model calorimeter with a
10 °C/min scan rate, from room temperature to 250
°C  with  N2 atmosphere. Thermal  decomposition
properties were determined via  Mettler Toledo TGA
1 Star System  TGA between  25 and 650 °C at a
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heating  rate  of  15  °C  min−1  under  an  argon
atmosphere.

Synthesis of Alkyne Functional Linear PCL 
Polymers (Alkyne PCL)
Alkyne-PCL polymers with different repeating units
(n=10, 20, 30, and 50) to prepare different chain
lengths  were  again  synthesized  according  to  the
previous procedure described elsewhere (19). ROP
successfully  helped  prepare  these  polymers  by
utilizing  an  initiator  (propargyl  alcohol)  and  a
catalyst (tin octanoate, Sn(Oct)2).

Synthesis  of  A8-type  homo-arm  POSS  cored
star-shaped PCLs (POSS-(PCL)8)
POSS-N3, as  a  multifunctional  core,  was  prepared
according  to  the  previously  published  literature
procedures  (19).  A8-type  homo-arm  POSS  cored
star-shaped PCLs were successfully synthesized via
copper(I)-catalyzed  click  reaction  using  POSS(N3)8

as  clickable  azide  and  alkyne-PCL  having  three
different  chain  lengths  under  ambient  conditions
with high yield.

Blend  preparation  with  micro-  extruder  and
injection
A laboratory-scale twin-screw mini extruder  (max.
feeding volume 15 mL) was utilized to prepare PLA/
SP  blends  (Xplore  Instruments  MC  15,  The
Netherlands). The blend ratios and contents wt% of
PLA/SP and PLA/PDI/SP blends are given in Table 1.
The mixing of two polymers was performed at 190
°C and 2 min mixing time, the screw speed of the
extruder was 100 rpm, following injection molding
machine  (Xplore  12  mL)  was  used  to  produce
mechanical  test  specimens.  The  temperatures  for
mold and melt were 25 °C and 190 °C. The PDI was
used as a commercial  compatibilizer  and added a
constant amount as 1.0 wt%. 

Table 1: The blend ratios and contents wt% of PLA/SP and PLA/PDI/SP blends. 

Blend ratio
PLA 

(wt%)
SP

(wt%)
PDI 

(wt%)
     Pure PLA 100.0 - -

    PLA/PDI 99.0 - 1.0

95/5
PLA/SP 95.0 5.0 -
PLA/PDI/SP 94.05 4.95 1.0

80/20
PLA/SP 80.0 20.0 -

PLA/PDI/SP 79.2 19.8 1.0

RESULTS AND DISCUSSION

Vertical Force (VF) Measurements 
The  vertical  force  is  generally  used  to  get
information about melt viscosity of the polymers or
blends.  It  is  measured  while  the  molten  polymer
was  pumped through  the  recirculation  channel  or
die during the extrusion process. In this study, PLA
and SP polymers were compounded in the lab-scale
extruder machine at the rates of 100/0, 95/5, 90/10

and 80/20% w/w and the vertical force (N) values,
which were recorded during the blending process,
were  used  to  compare  melt  viscosities  of  blends.
The studies were carried out at 190 ⁰C at 100 rpm
mixing speed for 2 minutes of retention time. The
changes in vertical force (N) values recorded against
time  for  pure  PLA,  and  PLA/SP  and  PLA/PDI/SP
blends  with  95/5  and  80/20  (w/w)  are  given  in
Figure 1.
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a)

b)
Figure 1: The variation of vertical force of PLA/SP and PLA/PDI/SP blends at a rate of a) 95/5

and b) 80/20 (w/w).

As  well  as  being  a  fragile  polymer,  PLA  is  a
problematic  polymer  to  process  due  to  its  high
melting  point  and  high  viscosity  at  processing
temperatures. The melt viscosity value of pure PLA
is higher than PLA/SP blends for any time, as seen
in Figure 1.  When SPs were added to the PLA, it
caused  a  decrease  in  melt  viscosity  due  to  the
plasticizing  effect  of  PCL.  Also,  the star  polymers
generally have a smaller solution and melt viscosity
in comparison to linear ones and cause more natural
blending with a reduction in vertical force values (3,
10,  21). However,  POSS  molecules  in  the  star
polymer  act  as  an  internal  slip  agent,  helping  to
reduce the melt viscosity of the mixtures (13, 19,
22,  23).  As can be seen from Figure 1,  the melt
viscosity is higher in the mixtures of 95/5 compared
to the mixtures of  90/10 and 80/20,  and a good
decrease was detected proportional to the blending
ratio as the amount of SPs was more significant in
80/20  blends  (19).  The  melt  viscosity  decreased
with the increase of arm length of the SPs, and this
is  more  noticeable  in  80/20  blends,  as  seen  in
Figure 1b. In PLA/PDI/SP blends, PDI behaves as a
compatibilizer  between  two  polymers  and  causes
chain  extension  reactions  between  end  groups  of
SPs and PLA. The chain extension mechanism has
been described in detail  in a previous study (19).
The  occurrence  of  PLA-co-SP  structures  in  the
blends results in in-situ compatibilization and causes
a slight increment in the melt viscosity of the triplet
blends when compared to binary blends (24-26). In

any  case,  the  melt  viscosity  is  higher  in  the
mixtures of 95/5, 90/10 and 80/20, respectively. 

Mechanical  Properties  of  PLA/SP  and
PLA/PDI/SP Blends
The  mechanical  properties  of  polymer  blends  are
generally among the properties of each component.
Besides,  the  blending  ratio,  the  miscibility  and
compatibility levels of the mixtures play an essential
role in defining the final properties of the mixture.
PLA is inherently fragile with very low elongation at
break (EAB) and relatively low impact strength (5,
7, 19, 27, 28). Since it is a very fragile material, it
is generally used by adding plasticizers to improve
its  mechanical  properties  and  obtain  a  stricter
structure.  In  this  study,  SP  polymers  act  as  a
plasticizer,  providing  improvements  in  the
mechanical  behaviors  of  PLA. The  change  in  the
tensile modulus of PLA/SP and PLA/PDI/SP blends at
different blending ratios 95/5, 90/10, and 80/20 are
given in Figure 2a.  It can be seen that there is a
significant decrease in the tensile modulus values of
star polymer blends with and without PDI compared
to neat PLA. The decrease in the tensile modulus of
PLA/SP  blends  was  supposed  since  PCL  polymers
generally have lower tensile strength and modulus
compared  to  neat  PLA.  The  lower  values  were
generally obtained in 90/10 and 80/20 blend ratios
according  to  95/5  blends.  The  inclusion  of  SP
polymers caused a decrement in the tensile modulus
of pure PLA rather than linear ones (29). The lowest
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tensile  modulus  value  was  found  in  the
PLA/PDI/SP20  blend. It  was  observed  that  there
was an increase in tensile modulus values in 80/20
blends due to both increasing arm number (hence
increasing  molecular  weight)  and  increasing  SP
blend  ratio.  The  significant  enhancement  in
mechanical properties was observed in EAB values
of PLA/SP, and PLA/PDI/SP blends in Figure 2b. The
90/10 blends have the highest EAB showing that the
most proper ratio for interaction between PLA and
star PCL polymers. In the case of PDI, it is more
evident that SP20 polymer has a significant increase
in  90/10  blends  proving  SP20  is  the  reasonable
saturation level of molecular arm length and shows
maximum  interaction  with  PLA  due  to  chain
extension (19). The blend ratio effect also can be
seen in yield strength.  The values of  95/5 blends
were found to be higher compared to that of pure
PLA, however, the lowest value was determined in
90/10 blends in Figure 2c.

The Izod impact strength values of PLA/SP and PLA/
PDI/SP  blends  at  different  blending  ratios  95/5,
90/10,  and  80/20  were  given  in  Figure  3a.  The
impact strength of the blends showed an increasing
trend in both cases with and without PDI compared
to pure PLA. It is concluded that the SPs behaved as
an  impact  modifier,  and  maximum  effect  was
observed at 90/10 blends in concordance with EAB
results.  Here  again,  PLA/PDI/SP20  blends  had
maximum value  proving  that  SP20  has  the  most
available  arm  length  (or  molecular  weight)  at
interaction with PLA in the presence of PDI with the
help of chain extension reactions (19). The Shore D
Hardness values of blends are given in Figure 3b.
There  is  a  slight  decrease  in  hardness  when
compared  to  pure  PLA.  90/10  blends  have  lower
values when compared to that of 95/5 and 80/20
blends. 

a)

b)

c)
Figure 2: Mechanical properties of PLA/SP and PLA/PDI/SP blends a) tensile modulus, b)

elongation at break (%), c) yield strength at different blending ratios 95/5, 90/10 and 80/20.
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a)

b)
Figure 3: a) The Izod impact strength and b) hardness of PLA/SP and PLA/PDI/SP blend at

different blending ratios 95/5, 90/10, and 80/20.

Thermal Properties of PLA/SP and 
PLA/PDI/SP Blends
The thermal properties of  PLA/SP and PLA/PDI/SP
blends at 95/5, and 80/20 blend ratios are given in
Table  2,  and  DSC  thermograms  are  depicted  in
Figure  4.  A good decrease was observed in  glass
transition temperature (Tg) with the change of blend
ratio from 95/5 to 80/20, and the lowest Tg value
was  found  as  47  ⁰C  for  the  80/20  blends.  The
decrease in Tg is an expected phenomenon due to
the plasticizing effect of star PCL arms having very
low Tg (10, 30). The incorporation of PDI to PLA/SP
blends did not significantly affect the Tg values of
80/20 blend, but it caused an increase of 2-3 ⁰C in
95/5  blends  due  to  the  formation  of  PLA-co-SPs
structures  (19,  25).  The  pure  PLA  has  a  high
melting  temperature  (Tm)  around  149.8  °C  (31).
There is an increment in the Tm values of neat PLA
with increasing PCL content.
 
It  is  observed that  the crystallization temperature
(Tc) of PLA is also influenced by the incorporation of
SPs, and there an increase with an increase of PCL
ratio  consistent  with  the  literature  (30).  The
addition  of  PDI  caused  an  increase  in  Tc when
compared to the blends only PLA/SP in any of the
blend ratios. 

The degree of crystallinity (Xc) for all the blends was
calculated from the equation in the following form:

%Xc=
ΔH m−ΔH c

ΔH *mϕ (Eq. 1)

where   value  shows  the  melting  enthalpy  of

samples  (J/g),   value  shows  crystallization

enthalpy  (J/g)  and  value  is  the  standard

melting enthalpy of pure PLA (93.1 J/g) .   is the

weight fraction of PLA in the blends. In general, the
crystallinity  values  of  the  blends  are  below 13%.
Pure PLA has a crystalline value of 0.2%, indicating
that the crystals formed during cold crystallization.
The addition of SP polymers results in a significant
increase in  the  crystallinity  of  PLA.  Similarly,  PLA
crystallinity causes an increase with the addition of
PDI,  but  this  increase  is  lower  than  pure  blends.
Also, there is a reduction in the crystallinity values
with the increment of PCL concentration in the blend
(7).
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Table 2: The results of DSC analysis PLA/SP and PLA/PDI/SP blends at 95/5 and 80/20.

Blends Tg

(˚C)
Tc

(˚C)
Tm

(˚C)
Xc 

(%)
     PLA 55.4 117.4 149.8 0.2

            PLA/PDI 54.8 113.7 152.1 1.6

95/5

PLA/SP10 52.9 99.01 153.9 12.6

PLA/SP20 52.9 98.05 154.6 12.6

PLA/SP30 52.8 98.4 154.8 12.3

PLA/SP50 52.4 98.7 154.8 12.1

PLA/PDI/SP10 55.3 110.4 155.9 6.9

PLA/PDI/SP20 54.5 103.4 155.5 6.4

PLA/PDI/SP30 54.5 102.1 155.6 6.4

PLA/PDI/SP50 54.1 101.1 156.6 6.1

80/20

PLA/SP10 47.3 108.5 154.5 5.1

PLA/SP20 47.8 106.7 154.9 4.8

PLA/SP30 48.8 106.8 154.1 4.7

PLA/SP50 48.8 106.8 154.5 4.2

PLA/PDI/SP10 48.1 110.7 155.1 5.5

PLA/PDI/SP20 48.4 110.5 154.2 4.9

PLA/PDI/SP30 49.1 110.3 154.7 3.7

PLA/PDI/SP50 49.03 110.1 155.1 2.4

a)

b)
Figure 4. DSC curves of a) 95/5 and b) 80/20 PLA/SP and PLA/PDI/SP blends.

TGA helped investigate the thermal stability of PLA/
SP,  and  PLA/PDI/SP  blends in  Figure  5  and  the
values of T5, T10, and T50 (the temperatures at which
a weight  loss  of  5,  10,  and 50% occurred),  Tonset

(the  onset  decomposition  temperature),  Tmax (the
maximum  decomposition  temperature),  and  the
char yield of these blends were given in Table 3.
PLA  has  the  highest  thermal  stability,  while  a

decrease is seen with the addition of SP polymers to
PLA matrix due to the structural differences of the
PLA and PCL polymers and the low thermal stability
of PCL. PDI also has a decreasing effect on thermal
properties, as seen in Table 3. The char yield values
increased with the increment in the PCL amount in
the blends.
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Table 3: The results of the TGA analysis of PLA/SP and PLA/PDI/SP blends at 95/5 and 80/20.

Blends
Tonset

(˚C)a
T5

(˚C)b
T10

(˚C)b
T90

(˚C)b
Tmax

(˚C)c

Char
yield
(%)d

     PLA 351.0 350.8 345.8 379.7 381.1 0.9

            PLA/PDI 350.1 348.6 342.3 386.0 382.5 0.1

95/5

PLA/SP10 342.6 315.9 328.3 385.1 383.1 1.2

PLA/SP20 342.2 313.6 325.7 385.5 382.3 1.1

PLA/SP30 341.3 310.7 322.5 385.7 382.8 0.9

PLA/SP50 340.8 308.9 322.1 384.1 381.3 0.9

PLA/PDI/SP10 340.6 309.0 322.5 379.4 379.5 0.6

PLA/PDI/SP20 338.9 308.8 321.9 380.1 378.6 0.6

PLA/PDI/SP30 337.2 308.7 320.0 380.4 377.2 0.5

PLA/PDI/SP50 337.1 308.2 319.5 380.1 376.2 0.5

80/20

PLA/SP10 289.5 283.8 281.9 345.9 314.8 2.9

PLA/SP20 288.7 283.6 281.5 346.3 314.3 2.8

PLA/SP30 284.2 275.8 281.6 348.3 316.2 2.8

PLA/SP50 283.3 275.8 281.6 343.6 319.3 2.8

PLA/PDI/SP10 288.3 281.1 281.0 345.1 313.2 3.0

PLA/PDI/SP20 285.2 280.6 282.1 345.8 312.8 2.9

PLA/PDI/SP30 283.3 277.1 279.5 345.8 312.4 2.9

PLA/PDI/SP50 280.9 272.6 278.1 340.1 313.7 2.9
aTonset is the onset decomposition temperature of the blends in TGA experiments.
bT5, T10, and T50 are the temperatures of weight losses at 5%, 10%, and 50%, 
respectively.
cTmax is the temperature corresponding to the maximum rate of weight loss.
dThe percent of char yield at 600 ºC.

a)

b)
Figure 5. TGA thermograms of a) 95/5 and b)80/20 PLA/SP and PLA/PDI/SP blends.
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Morphology
The  compatibility  and  the  blending  ratios  of  the
blends  are  two  critical  parameters  that  affect  the
interfacial  adhesion and the phase dispersions,  as
well as the size, uniformity, and distributions of the
dispersed  phase  in  the  continual  phase.
Correlatively,  the  toughness  and  mechanical
properties  of  the  blends  are  precisely  influenced.
Figure 6 shows the SEM photos of fracture surfaces
of PLA/SP and PLA/PDI/SP blends at 95/5 and 80/20
ratios at 5000x magnification. 

Neat PLA is a brittle polymer showing large cracks
on the fracture  surface  (10,  19).  PLA matrix  is  a
continuous  phase,  and  PDI  and  the  added  SP
polymers  are  dispersed  phase  in  this  multi-
component blend system. In 95/5 blends, in which
PLA is a rich component, the surfaces prepared with
SPs having 10, 20 and 30 arm length have large
cracks  as  seen  Figure  6,  however,  these  larger
cracks  disappear  with  SP50,  and  globular  PCL
structures appear in the PLA matrix this is due to
longer PCL arms penetrate PLA matrix easily with its
star  shape  structure.  Besides,  the  globular  PCL
structure appears with SP10 at 80/20 blends. The
SP polymers act as stress concentrators and cause a
decrement of tensile modulus (Figure 2a) (7). The
distribution of SP in PLA is homogeneous, and this
shows  that  SP  is  better  miscible  than  linear  PCL
polymers  (4,  19).  Two  distinct  phases  cannot  be
seen with the addition of PDI, so it enhances the
immiscibility, and the SEM results are coherent with
the formation of  a  PLA-co-SP due to the  reactive
compatibilization.

CONCLUSION

A8-type  eight-armed  POSS  cored  star-shaped  PCL
polymers  (SP)  with  different  arm  lengths  (SP10,
SP20, SP30, and SP50) were synthesized and melt-
blended with commercial PLA at different ratios as
95/5  and  80/20  to  examine  the  effects  on  the
mechanical, morphological behavior and toughness
of PLA. The results are compared with the results of
a previous study that was at a 90/10 ratio (19). It
was  reported  that  using  a  star-shaped  polymer
rather than linear ones enhanced morphological and
mechanical  properties.  The  incorporation  of  SP
polymers into the PLA matrix decreased the tensile
modulus and increased the EAB values. The impact
properties  of  the  blends  were  also  considerably
improved.  PLA/PDI/SP20  blends  with  a  blending
ratio  of  90/10  have  the  maximum  EAB  and  the
impact  strength  values  thanks  to  chain  extension
reactions  between PDI  and SP20.  Here,  it  is  also
showed that when the blending ratio was increased,
it improves the morphology, and there are no large
cracks  that  are  seen  on  pure  PLA  surface.  Also,
there are no two distinct phases with the addition of
PDI due to the chain extension reactions. It can be
concluded that the fragile nature of pure PLA turned
to ductile by blending via SP polymers, and using SP
polymers rather than linear ones is more successful
in  enhancing  mechanical  properties  of  neat  PLA.
Hence, the application field of PLA was broadened
by blending with SP biopolymers, and these blends
can  be  utilized  for  various  daily  and  industrial
applications  such  as  food  packaging,  disposable
products, biomedical, etc.
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Figure 6. SEM images of 95/5 and 80/20 PLA/SP and PLA/PDI/SP blends at 5000X
magnifications.
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SIMULTANEOUS DETERMINATION OF FLUORIDE, ACETATE,
FORMATE, CHLORIDE, NITRATE, AND SULFATE IN DISTILLED
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Abstract: A  novel  method of  ion chromatography with  suppressed conductivity  detection was
developed  for  simultaneous  determination  of  fluoride,  acetate,  formate,  chloride,  nitrate,  and
sulfate in distilled alcoholic beverages. In this study, bromide was used as an internal standard.
The separation of  the anions was accomplished by utilizing an anion exchange column with  a
gradient eluent program. The chromatographic conditions were as follows: the suppressor current
was 31 mA; the flow rate  of  the mobile  phase was 0.25 mL min -1;  the  column and detector
compartment temperatures were 35 °C and 40 °C, respectively; and the sample loop volume was
10 μL. All the calibration curves showed excellent linearity (r2  ≥ 0.999). The limits of detection
(LOD) values were between 0.56 and 13.2 μg L-1, while the limits of quantification (LOQ) values
were between 1.80 and 43.9 μg L-1. A raki sample was spiked with standard solutions at three
different concentration levels to evaluate the accuracy, and the average recoveries were found in
the range of 94.90% - 101.71%. Intra-day and inter-day precision studies were also investigated,
and the relative standard deviations (RSDs %) were less than 5.99%. The validated method was
applied to the three kinds of commercial samples: Turkish raki, vodka, and gin.

Keywords: Ion chromatography, anion analysis, distilled alcoholic beverages.
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INTRODUCTION

The chemical  composition of  the beverages is
an  essential  issue  in  terms  of  nutritional,
toxicologic,  and  monitoring  of  the  product
quality. Distilled beverages are a mixture of all

compounds produced from raw materials such
as  fruits,  cereals,  and  spices.  The  process  of
distillation  defines  its  sensory  identity  and
quality of the drink. Every spirit has its unique
aroma and flavoring components which reflect
raw  materials,  distillation,  and  maturation
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process.  The  analysis  of  lower  and  higher
alcohols is essential in terms of the quality of
the product (1). Added to the lower and higher
alcohols, the anions in the beverages should be
controlled as well for quality purposes.

Determination  of  organic  acids  in  food  and
beverages  is  a  critical  topic  because  these
compounds define organoleptic quality and may
also  influence  the  stability  of  the  product.
Moreover,  the  dose  of  some  organic  acids,
especially formic acid in food and beverages, is
toxicologically  significant.  Additionally,  the
measurement of formate may identify methanol
contamination (2-4).

Formic acid is an inhibitor leading hypoxia by
disrupting  cytochrome  oxidase  activity  in  the
body.  Cellular  death arising from inhibition of
cytochrome oxidase is thought to be based on
the discharge of ATP, decreasing level of energy
fundamental  cell  functions  cannot  be  kept  on
(5).  The  retinal  and  optical  nerves  are
vulnerable  tissues  and  easily  affected  by
formate  toxicity  (6).  According  to  U.S.
Environmental Protection Agency (US EPA), the
threshold  oral  dose  for  formic  acid-induced
acute mortality ranged from nearly 30 to 45 g
(429 to 643 mg/kg, assuming a bodyweight of
70 kg)(7).

Ethyl  acetate  has  an  essential  effect  on  the
organoleptic  characteristics  of  alcoholic
beverages.  It is  found  mainly  in  the  heading
fraction.  Passing  to  its  following  fraction
influence the sensory quality of the spirit in an
adverse manner  (8).  Under unsuitable storage
conditions,  acetate  concentration  can  be
increased  in  the  product  utilizing  bacterial
degradation. Besides, some operations such as
fermentation process and distillation techniques
affect  the  level  of  acetate  (9).  Acetate  is  a
significant  source  of  acetyl-CoA  in  hypoxia.
Prevention of acetate metabolism may weaken
tumoral growth (10). According to US EPA 900
mg/  kg/  day  considered  as  No  Observed
Adverse Effect Level ( NOAEL) for ethyl acetate
and 3600 mg/ kg/ day was shown a significant
toxic effect, and 23 % of rats have died (11). 

Fluoride  is  the  smallest  anion.  It  reduces
bacterial  enzymic activity.  Although fluoride is
an essential nutrient for the skeletal bone and
dental health, high levels of fluoride give rise to
skeletal and dental fluorosis (12, 13). According
to US EPA, the current maximum contaminant
level  goal  for  fluoride  in  water  is  set  at  4.0
mg/L.  The  minimum dose  that  could  lead  to
toxic signs and symptoms, including death for

fluoride intoxication, has been set at 5 mg/kg
body weight (14).

Chloride  is  one  of  the  most  common  anions
found  in  foods.  It  plays  a  vital  role  in  the
metabolic acid-base equilibrium and responsible
for muscular irritability. Excess chloride content
leads  to  severe  adverse  effects  not  only  on
human health but also production and storage
process  (15,  16).  As  a  result  of  an
extraordinary  degree of chloride concentration
in  biological  fluids,  cystic  fibrosis,  myotonia,
Bartter  syndrome, and startle  disease emerge
(17).  According  to  the  World  Health
Organization (WHO), a dietary intake for adults
of 9 mg of chloride per kg of body weight has
been recommended (18).

Because of the widespread use of nitrogenous
fertilizers,  nitrite  and  nitrate  level  increase  in
foods,  nitrites,  and  nitrates  cause
methemoglobinemia.  Nitrites  react  with  the
secondary  and  tertiary  amines  in  foods,  so
forming highly carcinogenic nitrosamines  (19).
The current acceptable daily intakes (ADIs) for
nitrite  and nitrate,  set  by the  Joint  Food and
Agriculture  Organization  /WHO  (FAO/WHO)
Expert Committee on Food Additives (JECFA) in
2002,  is  0.07  mg/kg  bw/day  and  3.7  mg/kg
bw/day, respectively (20).

Sulfate,  a  basic  anion  for  the  human  body,
plays an essential role in the detoxification and
catabolism  of  various  endogenous  and
exogenous  compounds.  Sulfate  exerts  a
laxative  effect  following  exposures  to  high
concentrations  (21).  Even  though there  is  no
health-based  guideline  value  for  sulfate  in
drinking water, above 500 mg/liter, a noticeable
taste will arise (22).

In  the  literature,  several  analytical  methods
have  been  utilized  for  the  analysis  of  small
organic  acids.  The  Gas  Chromatography  (GC)
method  for  direct  determination  of  13  short-
chain volatile organic acids including acetic acid
in liquid foods was established, and a method
based on continuous solid-phase extraction and
GC  method  was  reported  for  the  direct
determination  of  29  organic  acids  including
acetic  acid  in  food  and  beverages (23,  24).
Similarly,  High-Performance  Liquid
Chromatography (HPLC) methods (25, 26) been
reported  for  the  analysis  of  carboxylic  acids.
Moreover,  short-chain  carboxylic  acids,
including formic and acetic acid in vegetable oils
and  fats,  have  been  determined  using  Ion
exclusion  chromatography  (IEC) electrospray
ionization  mass  spectrometry  (27).  The
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systems, coupled with mass spectrometry (MS),
eliminate the resolution problem and provides a
good  separation  for  the  small  organic  acids.
Even  though  MS  coupled  instruments  are
advanced technology products, they have some
handicaps such as being expensive  and time-
consuming,  requiring  clean-up  and
derivatization  procedures,  coupled
instrumentation, and use/waste of toxic organic
solvents.  Additionally,  in  the  literature,  there
are capillary electrophoretic (CE)  (28) and ion
chromatographic  (IC)  (29,  30) methods
allowing simultaneous quantification of common
inorganic  anions  and  small  organic  acids.
However,  less  sensitivity  (31) and  precision
problems of  CE methods make suppressed IC
the most potent method for the simultaneous
determination of anions in various beverages.

Today, ion chromatography is a well-established
method  for  the  analysis  of  routine  inorganic
anions  for many samples, especially for water
analyses.  Reagent-free  ion  chromatography
(RFIC) has been utilized for about two decades.
The ability to produce high purity eluents from
the  eluent  generator  system  gives  extra
accuracy  and  reproducibility.  Besides,
suppressor  systems  decrease  the  baseline
noise. There  are  few  studies  in  which  ion
chromatography is employed for the analysis of
distilled spirits.

Lachenmeier et al.  (32) analyzed 107 different
vodka samples with a conductivity meter. They
found out that the conductivity of vodka purely
derived  from  inorganic  ions.  The  total  ion
content had an excellent linear relation with the
conductivity.  Arbuzov  and  Savchuk  (33)
analyzed  the  vodka  samples  by  IC  in
combination  with  GC  for  the  identification  of
ions.  The ionic  composition depends on water
used  for  the  production  of  vodka.  They
indicated that the conductivity of vodka could
be  affected  by  additives  that  were  used  for
water  treatment  and  adjustment  of  alkalinity.
Also, Lachenmeier et al.  (34) found that there
were  no  significant  differences  in  anion
concentrations  between  the  same  samples,
which were bottled at different dates.  Balcerzak
and Kapica (29) analyzed formate by using the
IC system. In their study, they eliminated the
volatile  compounds  from  the  matrices  by
utilizing  an  infrared  (IR)  source.  They  found
LOD and LOQ values to  be 0.014 mg L-1  and
0.042 mg L-1 for formate ion, respectively. 

As  being  distinct  from the  previous  study,  to
evaporate the volatile compounds from the raki

samples,  we  used  a  water  bath  for  more
effective insulation. So, the time of vaporization
was  shortened  under  the  nitrogen  stream.  It
was observed that the broad peak disappeared
on the IC chromatograms after the water bath
vaporization  process.  Moreover,  in  our  study,
LOD  and  LOQ  values  were  as  smaller  as  13
times than the previously published results.

This paper presents a simple, sensitive, reliable,
and greener IC-CD method for the simultaneous
determination  of  formate,  acetate,  fluoride,
chloride,  nitrate,  and  sulfate  in  alcoholic
beverages. To the  best of our knowledge, the
proposed method is the first study to describe
an  IC-CD  analysis  of  the  anions  in  distilled
alcoholic  beverages  utilizing  bromide  as  an
internal  standard  (IS),  which  minimizes  the
margin error arising from the loss of analyte in
sample  preparation  procedure  and  during
storage.  Moreover, no study on anion analysis
in Turkish raki samples has been published in
the literature  so far.  This paper presents and
discusses the anion concentration results of the
Turkish raki samples.  Besides, neither organic
solvents nor reagents were used thanks to the
RFIC  system,  which  also  provides  repeatable
results  and  sensitive  measurements.  In
conclusion, it can be claimed that the proposed
method is suitable for the determination of the
anions  in  distilled  alcoholic  beverages  at  the
routine  laboratories  where  an  IC  system  is
used.

EXPERIMENTAL

Chemicals and Materials
All  reagents were of analytical  reagent grade.
Sodium acetate (≥ 99.5%) was obtained from
Sigma-Aldrich  (St.  Louis,  MO,  USA)  and
ammonium formate (≥ 99.5%) were taken from
Honeywell-Fluka (Morris Plains, NJ, USA). Stock
solutions (1000 mg L-1) of sodium acetate and
ammonium formate were prepared by weighing
and  dissolving  accurate  amounts  in  ultrapure
water. 

Ultrapure water (min. 18.2 MΩ/cm), which was
used for the preparation of standard solutions
and  dilutions,  was  supplied  by  the  water
purification  system  of  New  Human  Power  I
Scholar UV (Human Corporation, Seoul, Korea).

1000  mg  L−1 of  pure  standard  solutions  of
fluoride, chloride, nitrate, sulfate, and bromide
was  purchased  from  Merck  (Darmstadt,
Germany). All these stock solutions were stored
at  4  °C  in  tightly  closed  polypropylene  (PP)
bottles.
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Polyether Sulfone (PES) filter (pore size 0.2 μm,
17  mm)  was  purchased  from  Analytical
Columns (New Addington, Croydon, CR0 9UG,
England).

Instrumentation
Chromatographic  separations  and  analyses
were  conducted  by  using  Dionex  ICS-3000
(Sunnyvale, CA, USA) IC system. A suppressed
conductivity  detector  (ASRS  300  suppressor
and conductivity cell) was employed to collect
signals  after  separation  in  the  system.  The
separation  of  fluoride,  acetate,  formate,
chloride, nitrate, and sulfate in the samples was
accomplished by utilizing Dionex IonPac®AS20
analytical column (2 × 250 mm) with a Dionex
IonPac® AG20 guard column (2 × 50 mm) as
stationary phases. NaOH was used as a mobile
phase  automatically  generated  by  the  Dionex
Eluent  Generating  Cartridge  (EGC)-NaOH
EluGen II cartridge using solely ultrapure water.
The  sample  loop  volume was 10  μL.  Possible
contaminants in the IC system were eliminated
using Continuously Regenerating Trap Columns
(CR-ATC).  It  is  well  known  that  the  RFIC
systems are superior compared to systems with
manually prepared eluents in terms of stability,
reproducibility,  and  minimum  contamination
risk. 

Analysis of volatile compounds present in a raki
sample was carried out by performing a Perkin
Elmer  Clarus  500  Headspace  Gas
Chromatography/Mass  Spectrometry
(HS-GC/MS) system.

Calibration and Calculations
0.0354  g  of  ammonium  formate  salt  was
dissolved  with  some  UP  water,  and  then  an
appropriate volume of UP water was added to
bring the volume to the mark on the 25 mL PP
of the volumetric flask to prepare the formate
stock solution at 1000 mg L-1 concentration. 

Acetate  stock  solutions  at  100  mg  L-1

concentration  were  prepared  by  dissolving
0.014 g of sodium acetate with 100 mL of UP
water in a PP volumetric flask.

A  range  of  working  standard  solutions
containing 2 mg L-1 bromide (IS) was prepared
by  diluting  the  stock  solutions  with  ultrapure
water.

Peaks  from  the  sample  were  identified  by
comparing  the  retention  time  with  those
obtained from the individual standard samples.
The  concentrations  of  fluoride,  acetate,

formate,  chloride,  nitrate,  and  sulfate  were
separately calculated by utilizing the IS method.
The ratio  of  the  analyte  peak  area to  the  IS
peak  area  was  measured,  and  standard
calibration  curves  constructed  by  plotting
concentration versus peak area ratios.  All  the
data  acquisition  and  instrument  control  were
performed via the Dionex Chromeleon® Client
(Ver. 6.80) software.

Sample Collection
Three  brands  of  Turkish  raki  samples,  three
brands of vodka samples, and three brands of
gin  samples  were  purchased  from  local
supermarkets  (Istanbul,  Turkey).  An  ouzo
sample  was  also  bought  from  a  local
supermarket in Greece. 

Sample Preparation
Firstly, 5 mL of sample solutions were prepared
by  mixing  4,990  µL  of  sample  and  10  µL  of
1000  mg  L-1  bromide  (IS)  solution.  Samples
containing  2.0  mg  L−1 bromide  (IS)  were
evaporated approximately until 0.5 mL remains
in a water bath at 40 – 50 °C under a nitrogen
stream. When the temperature  of  the  sample
solutions  has  reached  to  room  temperature
after  the  evaporation  process,  samples  were
diluted  to  2.0  mL  with  ultrapure  water.
Consequently,  final  solutions  were  filtered
through a PES filter before IC analysis.

RESULTS AND DISCUSSION

Optimal Chromatography Conditions
The optimized chromatographic conditions were
as follows: the suppressor current was 31 mA;
the flow rate of the mobile phase was 0.25 mL
min−1;  the  column and detector  compartment
temperatures  were  35  °C  and  40  °C,
respectively; sample loop volume was 10 μL.

The  gradient  elution  of  the  mobile  phase
program provided by EGC was as follows: 0-7
min 5 mM NaOH isocratic,  7-17 min gradient
from 5 mM to 23 mM NaOH, 17-22.5 min 23
mM NaOH isocratic, 22.5-23 min gradient from
23 mM to  50 mM NaOH, 23-28 min gradient
from 50 mM to 5 mM NaOH, and 28-33 min
5mM NaOH isocratic.

Matrix Elimination
The significant compounds of raki, vodka, and
gin samples are alcohols, higher alcohols, and
white sugar. When compared to vodka and gin
samples,  raki  has  a  more complex  nature  by
including trans-anethol and extra white sugar,
and it was chosen as a representative sample
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for  validation  studies  and  optimization  of
pretreatment processes.

Primarily,  to eliminate  the volatile  compounds
from the  sample  solution,  a  raki  sample  was
exposed to an IR source obeying the method
mentioned in the literature (29). However, even
though  all  apparatus  were  covered  with
aluminum  foil,  only  max  half  of  the  sample
could  be  evaporated  within  3  hours.  This
solution was filtered and directly injected into
the IC system. IC chromatogram of the brand,
raki  sample "a"  exposed  to  IR  radiation  was

shown  in  Figure  1.  A  broad  peak  interfered
with the other anions in the IC chromatogram.
Therefore,  we  decided  to  carry  out  an
alternative  vaporization  method.  Then,  a
pretreatment  method employing a water  bath
(40 – 50 °C) and nitrogen stream was applied.
By  utilizing  this  process,  sample  volume  was
reached  to  0.5  mL  within  only  1  hour. This
solution was diluted to 2 mL, and it was loaded
to IC for analysis. As it seen in  Figure 2, no
broad peak on IC chromatogram was observed
after  applying  the  water  bath  accompanied
nitrogen stream vaporization process.

Figure 1. An IC chromatogram of the brand "a" raki sample after IR vaporization pretreatment.

Figure 2. An IC chromatogram of the brand "a" raki sample after water bath vaporization. 1:
Fluoride; 2: Acetate; 3: Formate; 4: Chloride; 5: Nitrate; 6: Bromide; 7: Sulfate.
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An aliquot 200 µL of the raki sample solutions
were transferred into the HS vials and analyzed
qualitatively by HS-GC/MS before and after the
vaporization  process  to  evaluate  whether  the
pretreatment procedure was effective in terms
of elimination of volatile compounds. HS-GC/MS
total ion chromatograms were given in  Figure
3. All volatile compounds of  the brand "a" raki
sample were eliminated  by  carrying  out  the
latter process. 

On  the  other  hand,  according  to  the  Turkish
Food  Codex  Distilled  Alcoholic  Beverage
Regulation  (35),  the  permitted  maximum
concentration of white sugar is 10 g L-1, which is
used  for  taste  harmonization  during  the
production of raki. The added sugar did not lead
to any damage or interference problem to the
IC-CD  system  since  sugars  eluted  from  the
anion exchange column (AEC)  (36),  and they
have no response to the conductivity detector.

Figure 3.  HS-GC/MS total ion chromatogram of the brand "a" raki sample. A) after water bath
vaporization; B)  before water bath vaporization. 1: Ethyl acetate; 2: Methanol; 3: Ethanol; 4: 1-
Propanol; 5: Water; 6: 2-methyl-1-propanol; 7: 3-methyl-1-butanol; 8: Estragole; 9: Anethole. 

Method Validation
Some  performance  characteristics  were
investigated  to  evaluate  linearity,  selectivity,
and repeatability.

Linearity
In this study, bromide was used as an IS at 2.0
mg L-1. Thus, the stability and accuracy of the
method could be improved. Bromide peak did

not interfere with the peaks of fluoride, acetate,
formate,  chloride,  nitrate,  and  sulfate  on  the
chromatogram of the brand a raki sample (See
Figure 2). Similarly, all analyte peaks of brand
"g"  vodka sample  and brand "h" gin  samples
could be sufficiently separated from each other
on  AEC  under  optimized  chromatographic
conditions  (See  Figure 4 and  Figure 5,
respectively).
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Figure 4. An IC chromatogram of the brand "g" vodka sample. 1: Acetate; 2: Formate; 3:
Chloride; 4: Nitrate; 5: Bromide; 6: Sulfate.

Figure 5. An IC chromatogram of the brand "h" gin sample. 1: Acetate; 2: Formate; 3: Chloride;
4: Nitrate; 5: Bromide; 6: Sulfate.

The  linear  calibration  ranges  and  correlation
coefficients  of  fluoride,  acetate,  formate,
chloride, nitrate, and sulfate were  summarized

in Table  1.  It  was  clear  that  a  good  linear
relationship  and  correlation  coefficients  (r2 ≥
0.999) were achieved.
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Table 1. Linear calibration curve parameters, tR, LOD, and LOQ.

Analyte Linear Range
(mg L-1)

Regression
equation

tR

(minute)
LOD

(μg L-1)
LOQ

(μg L-1)

Fluoride 0.004-10 y = 0.5912x – 0.0023 5.98 1.40 4.64
Acetate 0.010-20 y = 0.0510x – 0.0002 6.64 3.20 10.40
Formate 0.003-10 y = 0.2566x – 0.001 7.54 0.97 3.25
Chloride 0.002-30 y = 0.4927x – 0.0019 9.84 0.56 1.80
Nitrate 0.006-20 y = 0.4927x – 0.0019 15.05 1.70 5.85
Sulfate 0.044-20 y = 0.4927x – 0.0019 18.94 13.20 43.9
r2 for all analytes were 0.999. 

LOD and LOQ
According to the Eurachem Guide, LOD and LOQ

were calculated by the standard deviation ( )
obtained  from ten  replicate  measurements  of
low concentration of  analytes  in  the  samples,
multiplied by kQ  factors, which were 3 and 10
(the  IUPAC default  values),  respectively  (37).
Linear range, regression equation, the limit of
detection (LOD),  limit  of  quantification (LOQ),
and  retention  time  (tR)  values  were  given  in
Table 1.

The values given in  Table 1 confirm that the
developed method was highly sensitive even at
low ppb levels. 

Selectivity
The proposed study offers enhanced selectivity.
Quaternary ammonium functional group of the
analytical AEC has (+) charge and anionic forms
of  small  organic  acids  and  inorganic  anions
separated  on  AEC.  Then,  each  anion  is
converted  into  H-form in  the  suppressor  part
before arriving at CD. Therefore, the H-form of
target  analytes  must  be  dissociated  for
responding to the CD. Sugar molecules, thus,
can not be detected by CD since their H-forms
can not be dissociated in CD. 
In addition to separation on the column, some
possibly interfering compounds in the samples
were eliminated by suppressed CD. Thanks to
the water bath vaporization process, the matrix
effect  was  significantly  decreased.  Any
shouldered or interfered peak was not observed
in IC chromatograms.
By considering all these properties, the samples
were  successfully  separated  within  20  min
without  any  interference,  and  it  can  be
confidently  asserted  that  a  highly  selective
method was developed.

Trueness
Trueness  is  a  criterion  for  the  accuracy  of  a
method.  One  of  the  statistical  methods  for

accepting accuracy  is  the  significance test  (t-
test). To evaluate the trueness of the proposed
method, brand "a" raki sample was spiked with
three  concentration  levels,  about  half,  equal,
and  two-fold  of  the  first  measured
concentration values of the analytes.  Table 2
summarizes the average values of the recovery
percentage  results.  Measured  concentration
values  of  the  analytes  in  the  solutions  were
given  directly  without  calculating  with  a
correction factor, which was 2.5. The recovery
percentages  for  the  analytes  were  found
between 94.90 and  101.71  %,  and they were
acceptable  according  to  the  AOAC  guideline
(38). Besides, one of the statistical methods for
accepting accuracy  is  the  significance test  (t-
test).  According to the results, the calculated t
values were smaller than the theoretical, critical
t value for 5 degrees of freedom equal to 2.57
at a level of significance α = 0.05 (see  Table
2).

Precision
The  precision  of  the  proposed  method  was
evaluated by carrying out inter-day and intra-
day  repeatability  studies.  Repeatability  was
expressed  with  RSD%  values.  Precision  was
evaluated  by  continuously  performing  six
replicates  each  day  within  3  days  for  the
determination of the brand a raki sample.  RSD
% values of concentration, area, height, and tR

of the anions were given in  Table 3,  and the
results were acceptable according to the AOAC
guideline  (38).  The  proposed  method  was
successfully validated.

Analysis of the Samples
Three brands of Turkish raki, an ouzo sample,
three brands of vodka, and three brands of gin
samples  were  analyzed.  Table  4  shows  the
results  of  the  analysis  for  different  brands  of
distilled alcoholic beverages. 
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In raki samples, fluoride was the anion with the
lowest concentration levels among all analytes,
whereas  acetate  concentrations  were  the
highest compared to the other anions except for
sample  "c".  Although  Ouzo  is  also  an  anise-
flavored drink, acetate was not detected in this
sample.  Additionally,  chloride,  nitrate,  and
sulfate concentrations of the Ouzo sample were
found about 75, 135, and 30 times higher than
their  average  concentrations  in  Turkish  raki
samples,  respectively.  These  differences
between  the  anise-flavored  beverages  might
arise  from the  water  qualities  and  distillation
procedures.

Nitrate  and sulfate  concentrations  were  found
below 1.75 mg L-1 in all vodka and gin samples.
Additionally,  chloride  concentrations  were
similarly found low, except brand "g" vodka had
7.03  mg  L-1.  Formate  concentrations  were  ≤
2.61  mg  L-1, whereas  acetate  concentrations
were  measured  at  a  wide  range,  which  was
between 0.41 – 15.02 mg L-1.

For instance, according to the average results,
when  a  person  weighing  70  kg  drinks  three
double  shots  (3  ×  80  mL)  of  any  legally
produced  raki  sample,  he/she  approximately
takes  to his  body about 0.42 mg of  formate,
0.003 mg of fluoride, 1.39 mg of acetate, 0.46
mg of chloride, 0.03 mg of nitrate and 0.19 mg
of sulfate.  Similarly,  drinking three glasses  of
vodka (3× 100 mL), he/she takes about 0.29
mg of formate, 0.003 mg of fluoride, 1.39 mg
of  acetate,  0.46  mg  of  chloride,  0.03  mg  of
nitrate and 0.19 mg of sulfate and when he/she
drinks three glasses of gin (3× 100 mL) 0.44
mg of formate, 3.01 mg of acetate, 0.29 mg of
chloride,  0.06  mg  of  nitrate  and  0.20  mg  of
sulfate  enter  to  his  body. Besides, brand  c
sample  has  the  maximum content  of  formate
brand  "a"  sample  has  the  maximum  anion
contents  except  for  formate  ion  among  the
branded raki samples. On the one hand, brand
"g"  sample  has  the  maximum  contents  of
chloride and sulfate,  brand "e" sample has the
maximum  anion  contents  except  for  chloride
and  sulfate  ions  among  the  branded  vodka
samples. On the other hand, sample “h” has the
maximum content of nitrate,  brand “i” sample
has  the  maximum  anion  content  except  for
nitrate ion among the gin samples. According to
the results, a similar trend among the types of
distilled beverages was not observed. When the
legally  produced  beverage  sample  possessing
maximum examined anion is consumed,  taken
amounts  of  all  the  anions  are  considerably

lower than their toxic doses (7, 11, 14, 18, 20,
22). It was found in this study that no analyte
found in the samples exceeded toxic levels.

In  comparison,  according  to  the  previous
studies  and  this  study,  one  can  say  that  the
anionic  composition  of  the  distilled  alcoholic
beverage samples varies from brand to brand.
It is well known that the anionic composition of
the  beverages  depends  on  water  used  for
production.  However,  among  the  analyzed
brands,  some  of  the  anion  content  was
relatively  bigger  than  the other  anions,  these
amounts are not out of the limit values set by
the authorities based on average consumption
habits  (7,  11,  14,  18,  20,  22).  Ionic
composition  of  the  water  allows  the
differentiation  of  spirits,  which  are  obtained
from different manufacturers (34). If excellently
demineralized soft  water  is  used,  the stability
and  sensory  properties  of  drink  will  be
improved.

On the other hand, the incremental amount of
minerals  may  result  in  precipitation  and
instability  problems  (32).  Moreover,  the
conductivity of the beverages is tightly related
to the ionic composition. On the other hand, we
put  forward  an  argument  that  the  proposed
method can be used for authentication of illicit
or  inadequate  quality  alcoholic  beverages  by
analyzing their anionic composition in addition
to common higher alcohols analyses.

CONCLUSIONS

A reliable method of analysis for the determination
of formate, acetate, and the other inorganic anions
in  alcoholic  beverages  is  crucial  for  assessing
product  quality.  In  this  paper,  a  new  ion
chromatographic  method  was developed  for  the
simultaneous  determination  of  fluoride,  acetate,
formate, chloride, nitrate,  and sulfate in distilled
alcoholic  beverages  using  bromide  as  IS.  The
anion content analysis of the Turkish raki samples
utilizing the developed method was performed for
the first time in the literature. Experimental results
indicated that the method has many advantages,
which  are  smooth  to  operate,  excellent
repeatability,  and sensitivity.  It  should  be noted
that  the  proposed  method  was  environmentally
friendly since no organic solvent or compound was
not used throughout analyses. The total time for
obtaining  the  results,  including  sample
preparation, was about 1.5 h. In conclusion, the
proposed  method  can  be  applied  to  various
distilled alcoholic beverages to analyze the anions
at  food  control  laboratories  and  forensic
laboratories.
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Table 2. Recovery results of the brand a raki sample for evaluating the trueness of the method.

Analyte Concentration (mg L-1) Average Recovery (%)
Initial SD RSD % 

(n=6)
Added Found SD RSD % 

(n=6)
Average SD 

(n=6)
tcal

Fluoride 2.20 x 10-2 7.48×10-5 0.34 0.01
0.02
0.04

3.17× 10-2

4.13× 10-2

6.14× 10-2

1.68 × 10-4

2.56 × 10-4

1.53 × 10-4

0.53
0.62
0.25

97.00
96.50
98.50

3.83
4.53
3.36

1.92
1.89
1.09

Acetate 8.15 2.45×10-3 0.03 4.21
8.42
16.84

12.23
16.31
24.50

8.56 × 10-3

2.60 × 10-2

1.47 × 10-2

0.07
0.16
0.06

96.91
96.91
97.09

4.23
4.50
3.49

1.79
1.68
2.04

Formate 1.76 2.99×10-3 0.17 0.88
1.76
3.52

2.62
3.55
5.33

6.03 × 10-3

6.03 × 10-3

3.73 × 10-3

0.23
0.17
0.07

97.73
101.71
101.42

4.71
1.88
2.11

1.18
2.23
1.65

Chloride 1.32 3.43×10-3 0.26 0.66
1.32
2.64

1.95
2.62
3.90

4.87 × 10-3

4.72 × 10-3

3.90 × 10-3

0.25
0.18
0.10

95.45
98.48
97.72

5.83
3.52
3.19

1.91
1.06
1.75

Nitrate 1.94×10-1 9.12×10-4 0.47 9.65 x 10-2

1.93 x 10-1

3.86 x 10-1

2.87 × 10-1

3.51 x 10-1

5.08 × 10-1

1.00 × 10-3

2.00 × 10-3

1.88 × 10-3

0.35
0.57
0.37

96.37
95.33
95.34

4.83
4.99
5.42

1.84
2.29
2.11

Sulfate 1.97 4.33×10-3 0.22 0.98
1.96
3.92

2.91
3.89
5.69

2.91 × 10-3

5.45 × 10-3

1.71 × 10-3

0.10
0.14
0.03

95.92
97.96
94.90

4.39
3.24
5.50

2.28
1.54
2.27
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Table 3. Inter-day and intra-day RSD % (n=6) values of concentration, peak area, peak height,
and tR.
Analyte Concentration Area Height tR

intra-
day

inter-
day

intra-
day

inter-
day

intra-
day

inter-
day

intra-
day

inter-
day

Fluoride 0.34 0.84 0.61 2.84 1.08 1.95 0.38 0.63
Acetate 0.04 0.20 0.31 2.43 0.78 1.41 0.44 0.70
Formate 0.17 0.99 0.43 3.28 2.10 5.99 0.46 0.75
Chloride 0.26 1.35 0.49 2.17 1.74 3.58 0.54 0.85
Nitrate 0.47 0.78 0.61 2.90 2.54 3.21 0.28 0.45
Sulfate 0.22 0.76 0.46 2.08 1.92 1.49 0.16 0.26
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Table 4. IC results of anion concentrations of the raki, vodka and gin samples.

Analyte Raki Brands Ouzo Brand Vodka Brands Gin Brands

a b c d e f g h i j

C
(mgL-1)

RSD
(%)

C
(mgL-1)

RSD
(%)

C
(mgL-1)

RSD
(%)

C
(mgL-1)

RSD
(%)

C
(mgL-1)

RSD
(%)

C
(mgL-1)

RSD
(%)

C
(mgL-1)

RSD
(%)

C
(mgL-1)

RSD
(%)

C
(mgL-1)

RSD
(%)

C
(mgL-1)

RSD
(%)

Fluoride 2.20 × 0.34 ND - ND - ND - 0.11× 0.23 ND - ND - ND - ND - ND -

Acetate 8.15 0.03 7.54 0.04 1.70 0.05 ND - 9.39 0.03 0.41 0.65 0.52 0.57 10.05 0.02 15.02 0.02 5.02 0.14

Formate 1.76 0.17 1.41 0.17 2.05 0.05 0.57 0.01 2.61 0.24 0.11 0.64 0.13 0.03 1.26 0.15 1.53 0.12 1.64 0.99

Chloride 1.32 0.26 0.39 0.13 0.56 0.47 60.43 0.24 2.10 0.31 0.73 0.12 7.03 0.01 0.75 0.85 1.06 0.13 1.03 0.14

Nitrate 0.19 0.47 0.03 0.96 0.10 0.95 13.50 0.02 0.50 0.76 0.12 0.42 0.06 0.39 0.34 0.65 0.15 0.69 0.12 0.89

Sulfate 1.97 0.22 0.29 0.21 0.13 0.78 22.32 0.02 0.22 0.64 0.25 0.15 0.63 0.40 0.18 0.78 1.75 0.07 0.09 0.85

*ND: Not Detected
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The Phytochemical, Proximate and Mineral Contents of Cassava
Leaves and Nutritive Values of Associated Arthropod Pests
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Abstract: Cassava (Manihot esculenta) is the most important staple food crops grown in Nigeria.
This  study  investigated  the  following;  (1)  the  nutritive  values  of  insect  pests  associated  with
cassava  leaves  (2)  phytochemical,  mineral,  and  proximate  content  of  cassava  leaves  (3)  the
antimicrobial activities of cassava leaves. Phytochemicals (Alkaloids, flavonoids, saponins, tannin,
phytate, oxalate, phenol, and cyanogenic glycosides), proximate (ash, moisture, crude fiber, crude
protein, crude fats), mineral (Zn, Fe, Cu, Mg, Ca, K, Fe, Mn, Na) and vitamin contents of samples
were analyzed using the method of Association of Official Analytical Chemists. Results showed high
amounts of crude protein, crude fat, moisture content, carbohydrate, and mineral content in all
arthropod insects examined. The highest quantity of Ca (1152.84±0.67 mg/100g) was obtained in
ABF4, followed by ABF5 (1148.72±1.09 mg/kg). The lowest phenol content of 0.10±0.00 ppm was
obtained in the cassava branch. The leaf recorded the highest phenol value of 0.74±0.01 ppm. The
highest alkaloid value was 3.51±2.45 ppm in Manihot esculenta branch. The highest crude protein
and crude fat values of 3.41±0.13 % and 4.83±0.02 % were obtained in ABF5. Vitamin C was
found in very high quantities compared to the other types of vitamins examined in this work. The
highest  Vitamin C content  of  34.930±0.136 mg/100 g  was obtained.  Cassava leaves and the
arthropod  pests  are  good  sources  of  nutrients.  Cassava  leaves  could  also  be  used  as  an
antimicrobial agent.
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Submitted: May 07, 2020. Accepted: July 09, 2020. 

Cite this: Sebiomo A, Banjo FM. The Phytochemical, Proximate and Mineral Contents of Cassava 
Leaves and Nutritive Values of Associated Arthropod Pests. JOTCSA. 2020;7(3):661–74.

DOI: https://doi.org/10.18596/jotcsa.733516. 

*Corresponding author. E-mail: rev20032002@yahoo.com. 

INTRODUCTION

Cassava  (Manihot  esculenta)  is  an  essential
food  crop  grown and commonly  consumed in
the tropics (1). Cassava plays a significant role
in  making  sure  food  security  in  a  developing
country;  namely,  Nigeria,  is  sustained.
Approximately  750  million  people,  of  which
45% of sub-Saharan Africans, depend entirely
on cassava as a primary food source (1). All the
parts of the crop in its entirety are useful for

consumption by man and animals. Cassava is
easily  cultivated,  and  it  adapts  to  soils  with
depleted fertility, low rainfall, high temperature,
and resistance to drought (2). These essential
qualities are vital in adapting to climate change.
Cassava  constitutes  an  important  source  of
income  for  a  lot  of  farmers,  traders,  and
industries.  It  also  contributes  in  no  small
measure  to  the  economy of  most  developing
and  tropical  countries  like  Nigeria  through
processing it  into  various  products.  The roots
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are processed into flour, starch, and other end
products like chips, flakes, biofuel, textiles, and
glue (3).

Arthropods  are  found  in  the  Phylum
euartbropoda which includes insects, arachnids,
myriapods,  and  crustaceans.  Arthropods
possess  jointed  limbs  and  cuticles  containing
chitin as well  as calcium carbonate,  while the
body plan is made up of segments, and each of
these is made up of a pair of appendages. The
rigid  cuticle  slows  down  growth;  hence,  they
are replaced periodically by molting. Arthropods
aerate and mix the soil, which aids plants and
microbial  growth.  They  also  control  the
population size of other soil organisms and help
in breaking down organic materials. Arthropods
recognizably  affect  plant  performance,
competition  among  plants  thereby  impacting
the plant community composition due to series
of  mechanisms  which  include  below  ground
herbivory  as  well  as  accelerates  cycling  of
nutrient as a result of the action of arthropod
detritivores (4).

The  total  count  of  arthropods  attached  to
plants,  which  includes  and  not  limited  to
cassava, is one of the crucial determinants of
the  diversity  of  species  on  land  thus
constituting the most critical ecological variable
in relationships among living organisms which
includes  processes  that  are  important  for
maintaining  biodiversity  in  tropical  forests
(5;6). Species attached to plant species differ
considerably. These variations are influenced by
several factors such which include geography,
abundance, and geological history, biochemical
composition,  phytochemical,  mineral
composition, diversity of habitat, as well as the
structure  of  the  host  plant.  Factors  such  as
temperature  and  patterns  of  rainfall,
interactions among living organisms can affect

them in their reproduction rate, adaptation, and
longevity (7).

Arthropods  possess  many  features,  including
high diversity and small  body size, that make
them  essential  for  environmental  monitoring.
Arthropods  are  the  most  species-rich  and
morphologically diverse animal  group of living
organisms  on  earth  (8).  Arthropods  sampling
can  be  carried  out  using  various  survey
methods.  Thus,  arthropods  are  often used as
biological indicators of ecosystem integrity and
could  be  used  reliably  to  infer  ecosystem
function and habitat conditions (9).

Cassava (Manihot esculenta) leaves are a good
source of dietary proteins and vitamin-K, which
has a  potential  role  in  bone-strengthening  by
stimulating cell  activity in the bones.  Cassava
carries some of the valuable B-complex group
of vitamins such as folates, thiamin, pyridoxine
(vitamin B-6), riboflavin, and pantothenic acid.
It is one of the chief sources of some essential
minerals  like  zinc,  magnesium,  copper,  iron,
and manganese. Also, it has adequate amounts
of potassium, which is an essential component
of cell and body fluids that help regulate heart
rate  and  blood  pressure.  Hence  this  study
investigated  the  following;  (1)  the  nutritive
values of insect pests associated with cassava
leaves  (2)  phytochemical,  mineral  and
proximate  content  of  cassava  leaves  (3)  the
antimicrobial activities of cassava leaves.

MATERIALS AND METHODS

Study Area
The experiment was carried out in five cassava
farmlands  in  Abapawa,  Odogbolu  Local
Government Area of Ogun State (Fig. 1). The
collection was done between the periods; April
to  August  2019.  The  region  lies  between
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6°46’37’’  N latitude and 3°55’30’’  E longitude.
The five cassava farmlands have a plot size of
18m x 36m (648 sqm) each.

Plant  Material,  Sample  Preparation,  and
Extraction
Manihot  esculenta leaves  were  collected  from
farmlands  in  Abapawa,  Odogbolu  Local
Government  area  Ogun  State,  Nigeria.  The
leaves  were  sorted,  de-stalked,  and  washed
thoroughly  in  water  several  times  until  they
became clean and free  of  debris,  after  which
they were sun-dried. Dried leaf materials were
pulverized  into  fine  powdered  form,  filtered
through a mesh, and an approximate amount of
powdered  material  was  subjected  to  Soxhlet
extraction  method  with  analytical  grade
solvents (ethanol and acetone). The crude leaf
extracts  obtained were  evaporated completely
and processed for further use.

Visual  Sampling Method and Collection of
Arthropods
A selected sample of cassava plants was used.
Ten  stands  of  cassava  plants,  which  were
observed for arthropod pests in each location of
the leaves,  stems, branch and the root,  were
tagged  in  each  farmland.  Arthropod  pests
affecting cassava plants were surveyed on the
leaves,  stems,  and  roots  of  the  selected
cassava stand. Arthropod pests were collected
separately  on  different  specimen  bottles  and
labeled  accordingly  based  on  the  part  of  the
plant collection and the date of collection. The
counts were made before 08:00h (GMT) each
day to avoid excursive mobility of the adult pest
after this time, but the migration of the fast-
moving and mobile adults from one plot to the
other could not be avoided.

Preservation of Arthropod Pests
Arthropods  pests  collected  were  sorted
according  to  the  species.  These  were  later
preserved  separately  in  different  specimen
bottles containing 70% ethanol. 

Identification of Arthropods
The  cassava  arthropods  collected  were  then
taken  to  the  Department  of  Agriculture  and
Environmental  Biology,  University  of  Ibadan,
Nigeria, for identification.

Phytochemical  and  Proximate  Analysis  of
Samples
Phytochemicals (Alkaloids, flavonoids, saponins,
tannin,  phytate,  oxalate,  phenol,  cyanogenic
glycosides), proximate content (ash, moisture,
crude fiber, crude protein, crude fats), mineral

contents (Zn, Fe, Cu, Mg, Ca, K, Fe, Mn, Na)
were analyzed using the method of AOAC (10).

Determination of Alkaloid Content
0.5  g  of  the  sample  was  dissolved  in  96%
ethanol: 20% H2SO4 (1:1). 1 mL of the filtrate
was added to 5 mL of 60% sulfuric acid and left
undisturbed for 5 minutes. Then, 5 mL of 0.5%
formaldehyde was added and left to stand for 3
hours. The absorbance was read at 565 nm.

Determination of Flavonoid Content
The flavonoid content was determined using the
aluminum chloride  colorimetric  assay  method.
An aliquot of 500 μL extract was mixed with the
following: 1500 μL of 99.9% ethanol, 100 μL of
1  M  potassium  acetate,  100  μL  of  10%
aluminum  chloride  and  3000  μL  of  distilled
water. The resulting mixture was incubated for
30  minutes  at  room  temperature  and
corresponding  absorbance  measured  at  415
nm.

Determination of Phenolic Content
50 μL of each of the samples was mixed with 3
mL of distilled water and 250 μL of a 1 in 10
diluted  Folin-Ciocalteu  phenol  reagent.  The
mixtures were allowed to stand for 5 minutes,
after which 750 μL of 20% Na2CO3 was added to
each.  They  were  thoroughly  mixed  and
incubated for 30 minutes at room temperature
in a dark place. Absorbance was measured at
760 nm using a UV-Vis Spectrophotometer.

Determination of Saponin Content
The  samples  were  ground,  and 20  g of  each
plant samples were dispersed in 200 mL of 20%
ethanol. The suspension was heated over a hot
water bath for 4 h with continuous stirring at
about 55°C. The mixture was filtered, and the
residue  re-extracted  with  another  200  ml  of
20% ethanol. The extracts were reduced to 40
mL  over  a  water  bath  at  about  90°C.  The
extract  was  then  transferred  into  a  250  mL
separator  funnel,  and  20  mL of  diethyl  ether
was added and shaken vigorously. The aqueous
layer was recovered while the ether layer was
discarded.  The  process  was  repeated,  after
which  60  mL  of  n-butanol  was  added.  The
combined n-butanol extracts were washed twice
with 10 mL of 5% aqueous sodium chloride. The
remaining solution was heated in a water bath.
After  evaporation,  the  samples  were  dried  in
the  oven  to  a  constant  weight.  The  saponin
content was then calculated.

Determination of Tannins
0.2 g of the sample was measured into a 50 mL
beaker.  20 mL of 50 % methanol  was added
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and covered with parafilm and placed in a water
bath at 77-80 °C for 1 hour. It was then shaken
thoroughly.  The  extract  was  filtered  using  a
double-layered Whatman No. 1 filter paper. The
filtrate  was  then  dispensed  into  a  100  mL
volumetric flask. 20 mL of water, 2.5 ml Folin-
Denis reagent and 10 mL of 17% Na2CO3 were
added and mixed thoroughly. The mixture was
made  up  to  the  marked  level  with  distilled
water  mixed well  and left  undisturbed  for  20
minutes for the development of a bluish-green
color.  The  absorbance  was  read  after  color
development  on  a  UV-Vis  spectrophotometer
model 752, at a wavelength of 760 nm.

Determination of Phytate Content
5 g of the sample was extracted with 20 mL of
3% trichloroacetic acid and filtered. 5 mL of 1 M
NaOH was added to precipitate the phytate as
ferric phytate and converted to ferric hydroxide
and  soluble  sodium  phytate.  The  precipitate
was dissolved with  hot  3.2  M HNO3,  and the
absorbances were read immediately at 480 nm.

Determination of the Oxalate Content
150 mL of 15 N H2SO4 was added to 5 g of the
pulverized  sample,  and  the  solution  was
carefully stirred intermittently with a magnetic
stirrer  for  30  minutes  and  filtered  using
Whatman No 1 filter paper, after which 25 mL
of the filtrate was collected and titrated against
0.05  M  standardized  KMnO4  solution  until  a
faint pink color appeared that persisted for 30
seconds.

Determination of Cyanogenic Glycoside 
5 g of powdered sample was dissolved in 50 mL
of  distilled  water  in  a  conical  flask,  and  the
extraction  was  allowed  to  stand  over-night,
then filtered. 1 mL of sample filtered was mixed
with 4 mL alkaline picrate in a corked test tube
and incubated in a water bath for 5mins. After
color  development  (reddish-brown  color)  the
absorbance was read at 490nm.

Moisture Content Analysis
The  moisture  content  was  determined  by
heating  10.0  g  of  each  sample  to  constant
weight in a hot air-circulating thermostatic oven
at 110 °C, cooling in desiccators, and obtaining
a  constant  weight  using  Mettler  P1210
Analytical Balance, Switzerland.

% MC = 102  [(wt. of crucible + sample before
drying) – (dry wt. of crucible + sample)]/wt. of
sample

Ash Content Analysis
Percentage ash was determined by charring 3.0
g  of  the  sample  on  a  hot  plate  in  a  fume
cupboard  and  incinerating  in  a  pre-heated
muffle furnace (Bamford, Sheffield England) at
600oC for 4 h.

% Ash = 102  [(wt. of crucible + Ash) – (wt. of
crucible)]/wt. of the sample before dry ashing

Fat Content Analysis
The fat content was determined by exhaustively
extracting 2.0 g of each sample for 6 h in a
Soxhlet extractor using petroleum ether.

% Fat = 102 Wt. of fat/Wt. of sample

Crude protein analysis
Crude  protein  was  estimated  by  the  Kjeldahl
method. Total  nitrogen, N, in the sample was
first determined, and % N in the food protein
was multiplied with a factor, 6.25 to obtain the
% total protein in the sample. The sample was
digested with conc. H2SO4 and the digest was
distilled  with  Markham  distiller  in  a  fume
cupboard to liberate NH3 trapped into a 5 mL of
2  %  H3BO3.  The  resulting  ammonium  borate
was titrated against 0.01 M H2SO4.

% N = 102 [(Va – Vb) x 0.01 x 0.01401]/wt. of
sample

Where Va = titer vol. of acid, Vb = titer vol. of
blank

Mineral analysis
To  2.0  g  of  sample,  30ml  of  1  N  NH4OAc
(ammonium acetate solution) was added, and
the flasks were shaken on a mechanical shaker
for 2 h. The mixture was centrifuged at 2000
rpm for 10 min, and the clear supernatant was
decanted into 100 ml volumetric flasks. About
30 ml of ammonium acetate solution (NH4OAc)
was added twice into the flasks, and shaken on
a  mechanical  shaker  for  30  min  each,  and
centrifuged  at  2000  rpm  and  the  clear
supernatant was then transferred into the same
volumetric  flasks  respectively.  The  sample
extract  was made up to 100 mL volume with
the NH4OAc solution.

Ca, K, Na, Mn, Mg, Fe, Zn, and Cu in samples in
the samples were determined using the atomic
absorption  spectrophotometer  fitted  with  a
hollow cathode lamp and a fuel-rich flame (air
acetylene).  Sample  solutions  (extract)  and
standard  solutions  for  each  mineral  were
injected  into  the  atomic  absorption
spectrophotometer  into  sample  fray,  and  the
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mean signal response was recorded for each of
the  elements  at  their  respective  wavelength.
The  concentration  of  the  minerals  was
calculated (10).

Determination of Vitamins Content
The vitamin contents (vitamins A, B1, B2, B6,
C,  D,  E,  and  K)  of  the  cassava  leaves  were
determined by the methods of AOAC (10).

Test  microorganisms  for  Antimicrobial
Activities
Cultures  of  test  microorganisms  (Salmonella
typhi,  Escherichia  coli,  Pseudomonas
aeruginosa, Staphylococcus aureus, Aspergillus
flavus,  and  Fusarium  oxysporum)  were
collected  from  University  College  Hospital
Ibadan (UCH). The clinical  isolates of bacteria
were checked for purity and maintained on the
nutrient agar plate at 4 °C in the refrigerator
until required for use.

Preparation of Nutrient Agar (NA)
28 g of powdered nutrient agar was weighed on
the  analytical  Mettler  balance  and  dispensed
into a 1-liter conical flask containing 1000 mL of
distilled  water.  The  suspension  was  then
dissolved by heating in a water bath at 100 °C.
Then 20 mL volume each of  the molten agar
was  dispensed  into  McCartney  bottles  and
sterilized inside the autoclave at 121 °C for 15
min.  the  sterile  molten  nutrient  agar  was
allowed to cool to 40 °C before use.

Preparation of Potato Dextrose Agar (PDA)
39 g of powdered PDA was weighed into a 1-
liter capacity conical flask containing 1000 mL
of  distilled  water.  The  suspension  was  then
dissolved by heating in a water bath at 100 °C.
20 mL volume each of the molten agars were
dispensed into McCartney bottles and sterilized
inside the autoclave at 121 °C for 15 min. The
sterile molten nutrient agar was allowed to cool
to 40 °C before use.

Test for Anti-bacterial Activity
15 mL of  sterile  nutrient  agar  was dispensed
into  each  sterile  petri  dish  of  equal  size  and
allowed to  solidify.  The surface  of  this  sterile
nutrient  agar  plate  was streaked with  a  pure
culture  of  standardized,  Escherichia  coli,
Pseudomonas  aeruginosa,  and  Staphylococcus
aureus suspensions.  A  cork  borer  (8  mm  in
diameter) was sterilized by flaming and used to
create ditch at the center of the plate. It was
then filled with plant extracts. The plates were
allowed to stand for one hour for pre-diffusion
of the extracts, and incubation was done at 37
°C  for  24  hrs.  At  the  end  of  the  incubation

period,  the  diameter  of  the zone of  inhibition
was measured in millimeters.

Test for Antifungal Activity
Potato Dextrose agar was melted and cooled to
about 45  °C and was then poured into clean,
sterile  Petri-dishes  and  allowed  to  set.  The
overnight  cultures  of  A.  flavus and  F.
oxysporum were then inoculated into the sterile
Petri-dishes.  The  plates  were  gently  swirled
round to enable the fungal suspensions to cover
the whole surface of the plates. A standard cork
borer was used to cut uniform equidistant wells
on the surface  of  the  agar  into  which known
dilutions of the extracts were added. The plates
were  allowed  to  stand  for  one  hour  for  pre-
diffusion  of  the  extracts  and  incubation  was
done at 25 °C for 48-72 h. The diameters of the
zone of inhibition were measured and recorded.

Statistical Analysis
Data generated from this study were subjected
to  analysis  of  variance (ANOVA).  Means were
compared  at  5%  level  of  significance  using
Duncan’s multiple range tests.

ANOVA was calculated as follows:

(1) The correction for mean (CM) was computed
as shown below:

(1)

(2) The total  sum of  squares (SS) were then
determined as shown below;

(2)

(3) The treatment sum of  squares (SST) was
then computed

(3)

(4)  The  error  sum  of  squares  (SSE)  was
computed;

(4)

(5)  The  MST,  MSE,  and  their  ratio,  F  were
computed;

(5)
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RESULTS

Arthropod Pests
The  following  arthropod  pests  were  obtained
from the cassava plants; whitefly,  Convolvulus
hawkmoth, centipede, and grasshopper.

Proximate,  Mineral and Microbial  Contents
of Arthropod Pests
Proximate  analysis  showed  that  the  highest
values  for  crude protein  (7.64%),  crude fiber
(0.72%),  fat  (5.65%),  ash  (0.79%)  and
moisture  content  (16.05%)  were  obtained  in
whitefly,  Convolvulus  hawkmoth,  centipede,
and  grasshopper  respectively  (Figure  2).
Meanwhile, there were no significant differences
(P≥0.05)  in  the  crude  fiber  values  of
Convolvulus hawkmoth and Centipede.

Figure 3 shows the mineral contents of selected
pests. Ca (4.53 mg/100 g), K (8.28 mg/100 g),
Na  (5.81  mg/100 g),  P  (6.86  mg/100 g),  Fe
(3.51 mg/100 g) and Mg (2.47 mg/100 g) were
found  to  be  highest  in  whitefly,  grasshopper,
Centipede  and  Convolvulus  hawkmoth
respectively. There were significant differences
(P≤  0.05)  in  the  Ca,  K,  Na,  P,  Fe,  and  Mg
values for the selected pests. The centipede had
the lowest Mg, Fe, and K values of 1.18 mg/100
g,  1.48  mg/100  g,  and  5.70  mg/100  g,
respectively.  There  were  no  significant
differences (p≥0.05) in the phosphorus values
of  Convolvulus  hawkmoth,  Centipede,  and
grasshopper. Grasshopper recorded the lowest
Ca content of 3.03mg/100g while whitefly had
the lowest Na content of 3.53 mg/100 g.

In  Figure  4,  microbial  content  analysis  shows
that the highest values for TBC (0.67×105 cfu g-

1), TFC (0.08×105 cfu g-1), and TCC (0.23×105

cfu  g-1)  were  obtained  in  Whitefly  and
grasshopper.  There  were  no  significant
differences (P≥0.05) in the total fungi counts of
Whitefly,  Convolvulus  hawkmoth,  and
Centipede.  Convolvulus  hawkmoth (0.47×105

cfu g-1) showed the lowest total bacterial count,
while whitefly recorded the lowest total coliform
count of 0.10 ×105 cfu g-1. 

In Figure 5, the highest values for crude protein
(7.70%), crude fiber (0.74%), fat (5.71%), ash
(0.81%) and moisture content (16.11%) were
obtained  in  Convolvulus  hawkmoth and
grasshopper respectively. Meanwhile, the crude
fiber  content  in  Convolvulus  hawkmoth and
Centipede  showed  there  were  no  significant
differences (P≥0.05) in their values.

Figure 6 showed that Ca (4.60 mg/100 g),  K
(8.34 mg/100 g), Na (5.87 mg/100 g), P (6.92
mg/100 g), Fe (3.57 mg/100 g) and Mg (2.53
mg/100 g) were found to be highest in whitefly,
grasshopper,  Centipede  and  Convolvulus
hawkmoth  respectively.  There were significant
differences (P≤ 0.05) in the Ca, K, Na, P, Fe,
and Mg values for the selected pests. Centipede
had the lowest  Mg, Fe,  and K values of 1.24
mg/100 g, 1.54 mg/100 g, and 5.76 mg/100 g,
respectively.  Grasshopper recorded the lowest
Ca content of 3.09 mg/100 g. There were no
significant  differences  (P≥0.05)  in  the
phosphorus  values  of  Centipede  and
grasshopper (6.92 mg/100 g).

Figure 2. Proximate analysis of pests obtained from ABF1 (ABF1=Abapawa Farmland 1) (CP=
Crude Protein, CF= Crude Fiber, MC= Moisture Content)
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Figure 3. Mineral contents of selected pests obtained from ABF1 (ABF1=Abapawa Farmland 1)

Figure 4. Microbial content analysis of pests obtained from ABF1 (ABF1=Abapawa Farmland 1)

Figure 5. Proximate analysis of pests obtained from ABF2 (ABF 2=Abapawa Farmland 2)
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Figure 6. Mineral content analysis of pests obtained from ABF2 (ABF 2=Abapawa Farmland

The  highest  values  for  TBC (0.69×105cfu  g-1)
and  TCC  (0.23×105cfu  g-1)  were  obtained  in
whitefly  and grasshopper,  respectively  (Figure
7).  There  were  no  significant  differences
(P≥0.05) in the total fungi counts of Whitefly,
Convolvulus  hawkmoth,  grasshopper,  and
Centipede.  Convolvulus  hawkmoth
(0.47×105cfu  g-1)  showed  the  lowest  total
bacterial  count,  while  whitefly  recorded  the
lowest total coliform count of 0.10 ×105cfu g-1.

In  Figure  8,  there  were  no  significant
differences in the (P≥0.05) crude fiber contents
of  Convolvulus hawkmoth and Centipede.  The
proximate  analysis  shows  that  the  highest
values  for  crude protein  (7.84%),  crude fiber
(0.79%),  fat  (5.85%),  ash  (0.85%),  and
moisture  content  (16.25%)  were  obtained  in
Convolvulus  hawkmoth and  grasshopper
respectively.

In  Figure  9,  the  mineral  content  analysis
showed  that  Ca  (4.73  mg/100  g),  K  (8.48
mg/100  g),  Na  (6.01  mg/100  g),  P  (7.06
mg/100 g), Fe (3.71 mg/100 g) and Mg (2.67
mg/100 g) were found to be highest in whitefly,
grasshopper,  Centipede  and  Convolvulus
hawkmoth respectively.  There were significant
differences (P≤ 0.05) in the Ca, K, Na, P, Fe,
and  Mg  values  for  the  selected  pests.  The
centipede  had  the  lowest  Mg,  Fe,  Na,  and  K
values of 1.38 mg/100g, 1.68 mg/100g, 5.29
mg/100g,  and  5.90  mg/100g,  respectively.
There were no significant differences (P≥0.05)
in  the  phosphorus  values  of  Centipede  and
grasshopper. Grasshopper recorded the lowest
Ca content of 3.23mg/100g while whitefly had
the lowest Na content of 3.73mg/100g. There
were  significant  differences  (P≤0.05)  in  the
values  obtained  for  potassium  in  Centipede,
Whitefly and Convolvulus hawkmoth.

In Figure 10, there were significant differences
(P≤0.05)  in  the  total  bacterial  count  of  the
sampled pests. The highest values of TBC (0.73
×105 cfu g-1), TFC (0.08 ×105 cfu g-1) and TCC
(0.23×105 cfu  g-1)  were  obtained  in  Whitefly
and  grasshopper  respectively.  There  were  no
significant  differences  (P≥0.05)  in  the  total
fungi  counts  of  Whitefly  and  Convolvulus
hawkmoth.  Convolvulus  hawkmoth had  the
lowest total bacterial count of 0.47×105 cfu g-1,
while whitefly recorded the lowest total coliform
count  of  0.10  ×105 cfu  g-1.  There  were
significant differences in the TFC of Centipede
and grasshopper.

In  Figure  11,  the  highest  crude  protein
(7.74%), crude fiber (0.75%), fat (5.75%), ash
(0.82%),  and  moisture  content  (16.15%)
values were obtained in Convolvulus hawkmoth
and  grasshopper  respectively.  Lowest  ash
content  values  were  obtained  in  whitefly
(0.01%), while  Convolvulus hawkmoth had the
lowest moisture content of 12.99%.

In Figure 12, Ca (4.63 mg/100 g), K (8.38 mg/
100 g), Na (5.91 mg/100 g), P (6.97 mg/100
g), Fe (3.61 mg/100 g) and Mg (2.57 mg/100
g)  were  highest  in  whitefly,  grasshopper,
Centipede  and  Convolvulus  hawkmoth
respectively. There were significant differences
(P≤  0.05)  in  the  Ca,  K,  Na,  P,  Fe,  and  Mg
values for the selected pests. The centipede had
the lowest  Mg,  Fe,  Na,  and K values of  1.28
mg/100g,  1.58  mg/100g,  5.19  mg/100g,  and
5.80  mg/100  g,  respectively.  Grasshopper
recorded the lowest Ca content of 3.13 mg/100
g while whitefly had the lowest Na content of
3.63 mg/100 g.
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n Figure 13, there were significant differences
(P≤0.05)  in  the  total  bacterial  count  of  the
sampled pests. The highest values of TBC (0.70
×105 cfu g-1), TFC (0.08 ×105 cfu g-1) and TCC
(0.23×105 cfu  g-1)  which  were  obtained  in
Whitefly  and  grasshopper  respectively.  There
were  significant  differences  in  the  total  fungi

counts  of  Whitefly  (0.03×105  cfu  g-1),
Convolvulus  hawkmoth (0.07×105  cfu  g-1),
Centipede (0.05×105 cfu g-1) and grasshopper
(0.08×105 cfu  g-1).  Convolvulus  hawkmoth
(0.47×105 cfu g-1) had the lowest total bacterial
count while  whitefly recorded the lowest total
coliform count of 0.05 ×105 cfu g-1.

Figure 7. Microbial count analysis of pests obtained from ABF2 (ABF 2=Abapawa Farmland 2).
TBC=Total Bacterial Count, TCC=Total Coliform Count, TFC= Total Fungal Count

Figure 8. Proximate analysis of pests obtained from ABF3 (ABF3=Abapawa Farmland 3) (CP=
Crude Protein, CF= Crude Fiber, MC= Moisture Content)

Figure 9. Mineral content analysis of pests obtained from ABF3 (ABF3=Abapawa Farmland 3)
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Figure 10. Microbial count of pests obtained from ABF3 (ABF3=Abapawa Farmland 3). TBC=Total
Bacterial Count, TCC=Total Coliform Count, TFC= Total Fungal Count

Figure 11. Proximate analysis of pests obtained from ABF4 (ABF4=Abapawa Farmland 4)

Figure 12. Mineral content analysis of pests obtained from ABF4 (ABF4=Abapawa Farmland 4)
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Figure 13. Microbial content analysis of pests obtained from ABF4 (ABF4=Abapawa Farmland 4).
TBC=Total Bacterial Count, TCC=Total Coliform Count, TFC= Total Fungal Count

Phytochemical  Content in  Various  Parts of
Manihot Esculenta
In  Table  1,  alkaloids were  obtained  in
comparatively high concentrations in all parts of
the  plant  (Manihot  esculenta).  The  lowest
phenol  and  alkaloid  content  values  of

0.10±0.00  ppm  and  3.51±2.45  ppm
respectively  were  obtained  in  the  cassava
branch.  The  leaf  recorded  the  highest  phenol
value of 0.74±0.01 ppm. The highest flavonoid
content of 2.06±0.05 ppm was obtained in the
root of Manihot esculenta.

Table 1. Phytochemical content (ppm) in various parts of Manihot esculenta
Sample Alkaloids Flavonoids Tannins Phenols 
Leaf 2.83±0.95 0.98±0.05 2.98±0.03 0.74±0.01
Stem 2.48±0.15 1.31±0.37 1.51±0.02 0.18±0.01
Root 2.83±0.15 2.06±0.05 0.85±0.01 0.25±0.01
Branch 3.51±2.45 1.42±0.06 1.89±0.35 0.10±0.00

Mineral,  Phytochemicals,  Proximate  and
Vitamin Contents of Cassava Leaves
The minerals analyzed in this study occurred in
varying  quantities  (Table  2).  Cassava  leaves
contained  high  quantities  of  Ca.  The  highest
quantity  (1152.84±0.67  mg/100  g) was
obtained  in  ABF4  followed  by  ABF5
(1148.72±1.09  mg/kg),  ABF3  (1141.23±2.12

mg/kg), ABF2 (1125.8±0.89 mg/kg), and ABF1
(791.96±0.16 mg/kg). K was also obtained in
high quantities with ABF4 (764.13±1.14 mg/kg)
containing  the  highest  quantity  followed  by
ABF5  (761.49±0.65  mg/kg),  ABF3
(760.68±0.38 mg/kg), ABF1 (759.48±1.21 mg/
kg) and ABF2 (692.82±0.92 mg/kg).

Table 2. The mineral content of cassava leaves (mg/kg)
ABF1 ABF2 ABF3 ABF4 ABF5

Na 25.58±0.45a 27.09±0.30c 27.05±0.07c 28.25±0.34d 26.93±0.01d

K 759.48±1.21c 692.82±0.92g 760.68±0.38g 764.13±1.14h 761.49±0.65h

Ca 791.96±0.16c 1125.8±0.89h 1141.23±2.12h 1152.84±0.67i 1148.72±1.09i

P 66.68±3.82ab 76.22±0.83d 76.22±0.51d 76.60±0.34e 75.23±0.87e

Mg 313.12±0.50ab 320.75±1.14e 317.60±0.62e 330.40±0.78f 333.44±0.25f

Fe 412.70±0.58d 422.48±0.90f 418.15±0.31f 416.13±0.88g 416.79±1.10g

Zn 17.52±0.58a 17.54±0.31b 18.44±0.80b 22.46±0.17c 21.72±0.04c

Mn 16.90±0.03a 18.55±0.04b 17.15±0.66b 18.77±0.44b 18.43±0.14b

Cu 2.62±0.01a 4.65±0.02a 5.26±0.03a 4.73±0.02a 5.27±0.69a

Columns  with  values  that  have  the  same  letter  show  that  there  is  no  significant  differences
(P≥0.05) between the values; columns with values that have different letters show that there is a
significant difference (P≤0.05) between the values. ABF1=Abapawa Farm 1, ABF2= Abapawa Farm
2, ABF3= Abapawa Farm 3, ABF4= Abapawa Farm 4, ABF5= Abapawa Farm 5.
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The cassava leaves were also found to contain
high quantities of Fe. The highest quantity of Fe
was  obtained  in  ABF2  (422.48±0.90  mg/kg).
However,  Cu  was  obtained  in  low  quantities.
ABF1  recorded  the  lowest  Cu  content  of
2.62±0.01 mg/kg, while the highest Cu content
was  obtained  in  ABF5  (5.27±0.69  mg/kg).
Table  2  showed  that  there  were  significant
differences  (P≤0.05)  in  the  mineral  quantity
values.  However,  there  were  no  significant
differences (P≥0.05) in the Zn and Mn values of
ABF1 and ABF2.

This study revealed that cassava leaves contain
the  following  phytochemical  constituents;
cyanogenic  glycosides,  flavonoids,  saponin,
alkaloids,  phytate,  oxalate,  trypsin  inhibitor,
and  phenol.  The  phytochemical  contents

analyzed  in  Table  3 revealed that  cyanogenic
glycosides were obtained in very high amounts.
The  highest  cyanogenic  glycoside  value  was
obtained  in  ABF2  (32.82±0.16  mg/100  g),
followed  by  ABF4  (32.70±0.29  mg/100  g),
ABF3  (31.67±0.04  mg/100  g),  ABF2
(30.96±0.24 mg/100 g) and ABF1 (30.89±0.57
mg/100  g).  tannin  was  obtained  in  low
amounts.  ABF3  contained  the  lowest  tannin
value of 0.16±0.01 mg/100 g. Flavonoids were
also obtained in appreciable amounts. ABF3 had
the highest flavonoid content of 3.90±0.01 mg/
100  g.  There  were  significant  differences
(P≤0.05) in the phytochemical contents in Table
3.  However,  there  were  no  significant
differences  (P≥0.05)  in  the  tannin,  phenol,
trypsin inhibitor, phytate and oxalate values in
ABF1.

Table 3. Phytochemical content of cassava leaves (mg/100 g)
ABF1 ABF2 ABF3 ABF4 ABF5

ALKALOID 1.30±0.01b 1.22±0.01c 1.63±0.01e 2.31±0.55b 1.78±0.01d

SAPONIN 3.21±0.03c 3.63±0.04d 3.15±0.01f 3.14±0.01c 3.18±0.02f

FLAVONOID 3.71±0.02c 3.64±0.02d 3.90±0.01g 2.87±0.05bc 2.89±0.04h

TANIN 0.22±0.01a 0.25±0.01a 0.16±0.01a 0.22±0.01a 0.17±0.01a

PHENOL 0.17±0.01a 0.17±0.01a 0.14±0.01a 0.19±0.01a 0.15±0.01a

T INHIBITOR 0.42±0.01a 0.41±0.02ab 0.31±0.01b 0.25±0.01a 0.33±0.01b

PHYTATE 0.58±0.01a 0.61±0.02b 0.63±0.01d 0.66±0.01a 0.65±0.01c

OXALATE 0.63±0.01a 0.64±0.02b 0.55±0.01c 0.72±0.01a 0.59±0.01c

C GLYCO 30.89±0.57d 30.96±0.24e 31.67±0.04h 32.70±0.29d 32.82±0.16g

Columns  with  values  that  have  the  same  letter  show  that  there  is  no  significant  differences
(P≥0.05) between the values; columns with values that have different letters show that there is a
significant  difference  (P≤0.05)  between  the  values.  Note:  T  INHIBITOR=  Trypsin  Inhibitor,  C
GLYCO= Cyanogenic Glycosides ABF1=Abapawa Farm 1, ABF2= Abapawa Farm 2, ABF3= Abapawa
Farm 3, ABF4= Abapawa Farm 4, ABF5= Abapawa Farm 5.

In  Table  4,  carbohydrates  were  obtained  in
appreciable  quantities.  The  highest
carbohydrate  content  of  66.68±0.08  %  was
obtained in ABF2. The moisture content values
were also appreciable in quantity. The highest
moisture  content  value  of  24.1±0.27  % was

obtained in ABF5. Crude proteins and fat were
also found in cassava leaves. The highest crude
protein and crude fat  values of  3.41±0.13 %
and 4.83±0.02 % were obtained in ABF5. There
were  significant  differences  (P≤0.05)  in  the
proximate content values.

Table 4. Proximate content of cassava leaves (%)
ABF1 ABF2 ABF3 ABF4 ABF5

CP 2.5± 0.02ab 2.33±0.02b 3.13±0.02b 3.39±0.01b 3.41±0.13b

CF 3.43±0.02c 2.96±0.01c 3.19±0.02b 4.74±0.03c 4.83±0.02c

FAT 2.09±0.03a 2.12±0.01a 2.14±0.02a 2.15±0.01a 2.69±0.03a

ASH 2.86±0.03bc 2.91±0.01c 2.72±0.06ab 3.14±0.02b 3.59±0.04b

MOIST 23.15±0.34d 22.99±0.09d 23.25±0.33c 23.27±0.24d 24.1±0.27d

CHO 65.99±0.34e 66.68±0.08e 65.57±0.32d 63.31±0.26e 61.38±0.23e

Columns with  values  that  have the same letter  show that  there are no significant  differences
(P≥0.05) between the values, columns with values that have different letters show that there is a
significant difference (P≤0.05) between the values. Note: CP= Crude Protein, CF= Crude Fiber,
MC= Moisture Content. ABF1=Abapawa Farm 1, ABF2= Abapawa Farm 2, ABF3= Abapawa Farm 3,
ABF4= Abapawa Farm 4, ABF5= Abapawa Farm 5.
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Vitamins A, B1, B2, B6, C, D, E, and K were
obtained  in  the  cassava  leaves  (Table  5).
Vitamin  C  was  found  in  very  high  quantities
compared  to  the  other  types  of  vitamins
examined in this work. The highest Vitamin C
content  of  34.930±0.136  mg/100  g  was

obtained.  Vitamin  K,  however,  occurred  in
meager  quantities.  The  lowest  vitamin  K
content of 0.002±0.000 mg/100g was obtained
in ABF1, ABF2, ABF4, and ABF5. There were no
significant  differences  in  Vitamins  A,  B1,  B2,
B6, E, and K contents of ABF1 and ABF3.

Table 5. Analysis of vitamins present in cassava leaves (mg/100g)
ABF1 ABF2 ABF3 ABF4 ABF5

VIT A 0.122±0.001a 0.126±0.000ab 0.307±0.231a 0.088±0.001a 0.085±0.001b

VIT B1 0.220±0.001a 0.222±0.002bc 0.221±0.001a 0.231±0.001a 0.234±0.002d

VIT B2 0.100±0.000a 0.110±0.000ab 0.105±0.001a 0.112±0.001a 0.113±0.001c

VIT B6 0.300±0.005a 0.280±0.001c 0.307±0.002a 0.323±0.002a 0.322±0.004e

VIT C 30.290±0.430b 34.930±0.136d 34.506±0.367b 33.163±0.512b 34.190±0.025f

VIT D 0.010±0.000a 0.003±0.000a 0.004±0.000a 0.005±0.001a 0.004±0.001a

VIT E 0.004±0.000a 0.002±0.000a 0.003±0.000a 0.004±0.000a 0.004±0.000a

VIT K 0.002±0.000a 0.002±0.000a 0.003±0.000a 0.002±0.000a 0.002±0.000a

Columns with  values  that  have the same letter  show that  there are no significant  differences
(P≥0.05) between the values; columns with values that have different letters show that there is a
significant difference (P≤0.05) between the values. ABF1=Abapawa Farm 1, ABF2= Abapawa Farm
2, ABF3= Abapawa Farm 3, ABF4= Abapawa Farm 4, ABF5= Abapawa Farm 5.

Antimicrobial Activities of Cassava Leaves
Table 6 shows the antimicrobial activities of the
acetone extracts of cassava leaves. There were
no  significant  differences  in  the  zones  of
inhibitions of E. coli, S. aureus, P. aeruginosa,
in ABF1, ABF2, and ABF3. The highest zone of

inhibition of  13.50±0.43 mm was obtained in
the culture plates of S. aureus in the cassava
leaf  extracts  of  ABF4.  The  lowest  zone  of
inhibition of 2.67±0.42 mm was obtained in the
culture plates of A. flavus in the cassava leaf
extracts of ABF3.

Table 6. Antimicrobial activity of acetone extracts of cassava leaves (mm)
ABF1 ABF2 ABF3 ABF4 ABF5

EC 10.5±0.85b 11.33±0.67b 12.17±0.75b 13.00±0.86c 11.33±0.62b

SA 12.17±0.75b 11.50±0.62b 12.83±0.83b 13.50±0.43c 13.17±0.48c

PA 10.83±0.75b 10.00±0.78b 13.33±0.88b 10.83±0.40b 11.67±0.42b

AF 3.83±0.31a 3.00±0.37a 2.67±0.42a 3.00±0.37a 2.83±0.31a

FO 3.67±0.42a 4.00±0.52a 3.17±0.31a 2.83±0.31a 3.83±0.31a

Columns with  values  that  have the same letter  show that  there are no significant  differences
(P≥0.05) between the values; columns with values that have different letters show that there is a
significant  difference  (P≤0.05)  between  the  values.  Note:  EC=  Escherichia  coli,  SA=
Staphylococcus  aureus,  PA=  Pseudomonas  aeruginosa,  AF=  Aspergillus  flavus,  FO=  Fusarium
oxysporium.  ABF1=Abapawa Farm 1, ABF2= Abapawa Farm 2, ABF3= Abapawa Farm 3, ABF4=
Abapawa Farm 4, ABF5= Abapawa Farm 5.

In  Table  7  there  were  significant  differences
(P≤0.05) in the zones of inhibition produced in
all  the  culture  plates.  The  highest  zone  of
inhibition of 10.83±0.31 mm was obtained in S.
aureus  culture  plates  of  the  leaf  extracts  of

ABF4  whereas  the  lowest  zone  of  inhibition
value of 2.00±0.26 mm was obtained in the A.
flavus culture plates of the cassava leaf extracts
of ABF2.

Table 7. Antimicrobial activity of ethanol extracts of cassava leaves (mm)
ABF1 ABF2 ABF3 ABF4 ABF5

EC 8.33±0.56b 7.00±0.37b 9.00±0.52b 9.50±1.18bc 8.33±0.56b

SA 10.33±0.21c 9.67±0.67c 10.83±0.75c 10.83±0.31c 10.17±0.54c

PA 8.83±0.75b 8.17±0.98bc 10.17±0.54bc 8.33±0.67b 9.00±0.63bc

AF 2.50±0.22a 2.00±0.00a 2.33±0.21a 2.00±0.26a 2.17±0.17a

FO 2.67±0.21a 3.00±0.26a 2.33±0.21a 2.17±0.17a 2.83±0.31a

Columns with  values  that  have the same letter  show that  there are no significant  differences
(P≥0.05) between the values, columns with values that have different letters show that there is a
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significant difference (P≤0.05) between the values Note: EC= Escherichia coli, SA= Staphylococcus
aureus,  PA=  Pseudomonas  aeruginosa,  AF=  Aspergillus  flavus,  FO=  Fusarium  oxysporium.
ABF1=Abapawa Farm 1, ABF2= Abapawa Farm 2, ABF3= Abapawa Farm 3, ABF4= Abapawa Farm
4, ABF5= Abapawa Farm 5.

DISCUSSION AND CONCLUSION

All the insects examined in this study contained
high quantities of crude protein and crude fat.
However, the highest crude protein and crude
fat  were  obtained  in  C.  hawkmoth and
grasshopper. It  is a good indicator that these
insects  are  good  sources  of  protein  and  fat,
especially  C. hawkmoth. The insects have also
been  shown  to  be  rich  in  minerals,  which
include Ca, Na, K, P, Fe, and Mg. C. hawkmoth,
whitefly,  and  grasshopper,  contained  the
highest quantities of these minerals, especially
potassium  (K),  sodium  (Na)  and  phosphorus
(P). Similar reports were recorded by Sani et al.
(11).  They  stated  that:  the  grasshoppers
analyzed in their work had a high percentage of
fat.  Paiko  et  al. (12)  stated  that  Sodium,
potassium,  and  phosphorus  concentration  of
115 ± 0.07, 132.5 ± 0.08, and 126.30 ±0.50
mg/100g dry weight were obtained respectively
in  their  study.  However,  lower  potassium,
sodium,  and  phosphorus  contents  were
obtained in this study compared to what Paiko
et al. (12) observed.

World Health Organization (W.H.O) standard for
the fat content of edible insects, as reported in
the  development  of  the  regional  standard  for
edible  crickets  was  3.3  g  (12).  Fats  are
essential  constituents  of  daily  human  diets
because they increase the palatability of foods
by absorbing and retaining their flavors. These
are also important in the structure and biology
of cells, and they also assist in the transport of
nutritionally  essential  fat-soluble  vitamins.
Paiko  et  al. (12)  reported  that  the  crude
protein,  crude  lipid,  fiber  and  carbohydrate
contents obtained in their study were 18.39 ±
0.4%, 10.5 ±1.0%, 32.20 ± 0.20% and 31.51
± 0.11% respectively. Paiko et al. (12) reported
that the ash quantity (2.30 ±0.30 %) obtained
in their study was low. Similar to what Paiko et
al. (12)  observed  in  their  study,  the  ash
quantity obtained in this present study was also
deficient.

The moisture contents of the insects examined
in this study were found to be very high. High
water  content  encourages deterioration of  the
insects  hence  making  them  dangerous  for
consumption.  Similar  observations  were  also
made by Sani et al. (11). However, Paiko et al.
(12) reported lower moisture content compared

to  the  high moisture  content  obtained in  this
study.  The high moisture  content  obtained in
this study showed that these insects could not
be  stored  for  a  long  period  without
deterioration. Hence there is a need to employ
proper  drying  and  preservation  techniques  to
avoid the quick deterioration of these insects.

The TBC (Total Bacterial Count) and TCC (Total
Coliform  Count)  values  of  all  the  insects
examined were found to be very high.  Hence
the need to rid  the  insects of  these bacterial
load before consumption. Drying can, however,
help  reduce  the  bacterial  and  total  coliform
load,  hence  making  the  insects  suitable  for
food.

This study revealed that cassava leaves contain
the  following  phytochemical  constituents;
cyanogenic  glycosides,  flavonoids,  saponin,
alkaloids,  phytate,  oxalate,  trypsin  inhibitor,
and  phenol.  However,  the  cyanogenic
glycosides obtained in the cassava leaves in this
study  were  very  high.  The  cyanogenic
glycosides  are  plant  toxins  that  can  be
produced in varieties of plants. Lawal et al. (13)
reported that the antinutrients obtained in their
study  are;  cyanide  1.08  mg/100  g,  saponin
0.28  mg/100  g,  oxalate  0.61  mg/100  g,  and
phytate  0.78  mg/100  g.  Similar  to  what  was
obtained  in  this  study,  Lawal  et  al. (13)
reported  that  cassava  contained  high  cyanide
value  as  well  as  a  shallow  saponin  value.
However,  the  content  of  the  cyanogenic
glycosides obtained in this study was extremely
high  compared  to  what  Lawal  et  al. (13)
reported.  They also reported that the cyanide
concentration of 1.08 mg/100 g could thus be
classified as nontoxic because it fell  below 10
mg/100 g powder.  Lawal  et al. (13)  reported
that the mineral concentration is in the order;
Mg > Fe > Ca > N > P. however, in this study
the  mineral  concentration  is  in  the  following
order;  Ca>K>Fe>Mg>P>Na>Mn>Cu.  Ca  was
obtained in high quantities in this study. Lawal
et  al. (13),  however,  reported  that  Mg  was
highest in their study. It was also noted in this
study that some farms recorded higher mineral
content  than  others.  It  might  be  due  to  the
level  of  minerals  in  the  soils  from where  the
plants take up their nutrients. The values of the
mineral content in this study were also found to
be higher than what was reported by Oresegun
et al. (14). Similar to what was obtained in this
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study Koubala et al. (15) reported that calcium
(Ca) followed by potassium (K) and magnesium
(Mg) are  the  main minerals  found in cassava
leaves.

The crude protein,  crude fat,  crude fiber, ash
and  carbohydrate  values  of  cassava  leaves,
obtained from the different farmlands, reported
in  this  study  were  lower  than  the  values
reported  by  Lawal  et  al. (13).  However,  the
moisture content values reported in this study
were higher than what was reported by Lawal
et  al. (13).  In  this  study  of  all  the  vitamins
examined, vitamin c was the most abundant in
cassava  leaves.  Koubala  et  al. (15)  also
reported high quantities of vitamin c in cassava
leaves.

CONCLUSION

Cassava  leaves  could  be  a  good  source  of
nutrients  for  man  due  to  the  avalanche  of
nutrients  such  as  crude  fiber,  protein,
carbohydrate,  minerals (Ca, Na, K, Fe, Mg, P,
Mn, and Cu) and vitamins. However, the high
content  of  cyanide  should  be  given  adequate
consideration because cyanide is poisonous to
both  man and animals.  Cassava  leaves  could
also serve as an excellent antimicrobial agent.
This study has also shown that the arthropod
parasites  obtained  from  the  cassava  leaves
contained high amounts of nutrients and under
hygienic  conditions  could  serve  as  a  good
nutrient source for man.
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Abstract: The new emerging coronavirus (SARS-CoV-2) has become a global health problem with
very rapid transmission from person to person, causing severe acute respiratory problems. In the
circumstance, the discovery of vaccines or drugs to eradicate or reduce the impact of the COVID-
19 has made it imperative to develop new approaches. In the current situation, many drugs on the
drug  bank  have  been  researched  computationally,  and  there  has  not  been  an  emphasis  on
synthetic effort. We tested 42 coumarin derivatives (1a-14c) containing 14 different substituents,
which are secondary metabolites of plants, and the anticoagulant Coumadin (warfarin) drug as a
reference by Molecular Docking calculation technique on 6LU7 main protease of the coronavirus.
Optimized geometries, electron motions and energy values of all coumarins were also determined
using  the  Density  Functional  Theory  (DFT)  method.  The  drug  properties  of  coumarins  were
estimated using the ADME-Tox test method. Coumarins formed strong interactions with HIS41,
CYS145, and other amino acids in the active site of the main protease. In general, 6,7-dihydroxy-
3-phenylcoumarin derivatives gave relatively higher scores, and for all  coumarins, biphenyl (for
10a, -8.6 kcal/mol; 10b, -8.3 kcal/mol; 10c, -7.9 kcal/mol) and 4-trifluoromethylphenyl (for 13a,
-8.1 kcal/mol; 13b, -8.1 kcal/mol; 13c -8.3 kcal/mol) substituted coumarin had the highest score.
The coumarins data reported in this study serves as a stepping stone for in vitro and in vivo
experimental research for vaccine development purposes.
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INTRODUCTION

The novel emerging coronavirus (SARS-CoV-2;
Severe  Acute  Respiratory  Syndrome  Corona
Virus 2) is a virus that is the source of serious
infections  that  cause  lung  and  respiratory
disorders in both humans and animals (1, 2).
This  acute  respiratory  disease,  which  first
appeared in Wuhan, Hubei province of China in

December  2019,  has  spread  worldwide  in  a
short time, causing the COVID-19 (Corona Virus
Disease  2019)  pandemic  (3,  4).  The
coronavirus,  like  other  respiratory  viruses,  is
transmitted by airborne virus droplets of people
carrying the virus during breathing, coughing,
sneezing,  laughing,  or  speaking (5).  Common
symptoms  seen  in  the  COVID-19  are  fever,
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cough, weakness, and shortness of breath (6,
7). Also, a considerable number of people pull
through the coronavirus asymptomatically and
are potential carriers (8). After exposure to the
virus,  the  time  until  the  symptoms  begin  to
appear  is  called  the  incubation  period,  on
average 5-6 days, but it reported to go up to 14
or more days (9).

According  to  the  analysis  of  the  cases,  the
course of the disease or death among patients
with  diabetes,  high  blood  pressure,  heart
disease  or  respiratory  problems  is  quite  high
compared to other standard groups of patients
(10-12).  Among  the  complications  associated
with COVID-19, abnormal clotting of the blood
has also been reported (13, 14). It is believed
that anticoagulant drugs may play an essential
role in preventing severe damage or death due
to blood clots caused by a coronavirus (15). In
general, there is no evidence that dicoumarol,
warfarin  (coumadin),  acenocoumarol,  ethyl
biscoumacetate  (tromexan),  and
phenprocoumon  (marcoumar)  type  blood
thinners (vitamin K antagonist) should be taken

to prevent or remove blood clots caused by a
coronavirus.  Since  blood  thinners  can  cause
bleeding,  they  should  not  be  taken  unless
prescribed by a medical doctor. Coumarin can
be  considered  as  a  useful  target  drug  for
coronavirus  due  to  the  natural  presence  of
coumarins,  secondary  metabolites  of  plants,
and  high  levels  of  pharmacophore  properties
such  as  antiviral,  antimicrobial,  anticoagulant
and antibiotic (16-25).

In  summary,  our  knowledge  about  COVID-19
and the effects of coronavirus on the body are
increasing  day  by  day.  Researchers  from
around  the  world  publish  data  almost  every
day, and some of the published research does
not pass  peer  reviews.  In  all  this  information
pollution,  the  findings  of  our  study  will
contribute  to  drug  development  in  the  fight
against COVID-19 by structure-activity analysis.
In our study, the efficacy of 3-phenylcoumarin
derivatives  against  the  main  protease  (PBD:
6LU7) of the coronavirus was investigated using
the  Density  Functional  Theory  and  Molecular
Docking calculation techniques.

Figure 1. The structure of COVID-19 main protease (6LU7) with ribbon diagram.

MATERIAL AND METHODS

Coumarins
Natural  organic  3-phenylcoumarin  derivatives
were selected for this study. 3-Phenylcoumarin
derivatives  are  thought  to  have  good  scores,
settlements to the active site of the receptor,

and  interactions  with  residues.  2a-c,  6a-8b,
9a-c,  13a,  13b and  14a  are  synthesized
compounds found in the literature. 1a-c, 3a-c,
10a-12c,  13c,  14b, and  14c are highly likely
compounds to be synthesized. 
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DFT Studies
Gaussian 09 (26) was preferred for theoretical
calculations, and GaussView 6.0 (27) was used
for visualization. Geometry optimizations of the
complex  were  conducted  with  Becke-3-Lee-
Yang-Parr's functional correlation (B3LYP) (28-
30) of the 6-311G(d,p) basis set for the density
functional  theory  (31)  method.  The  geometry
optimization of  the  complex was chosen as  a
stable form with C1 symmetry.  In addition to
geometry optimization, frequency analysis was
also  performed.  The  total  electron  density
surface was calculated according to electrostatic
potential values. The total electron surface was
visualized using SCF/ESP as the density matrix.

Molecular Docking Studies
Autodock  Vina  (32)  was  used  to  estimate
binding  energy  for  coumarins  and  was
repeatedly supported with AutoDock 4.2 (33).
The X-ray crystal  structure of COVID-19 main
protease (PDB code: 6LU7) was resolved using
an  X-ray  diffraction  method with  a  resolution
factor of 2.16 Å was retrieved from the RCSB
Protein  Data  Bank  (https://www.rcsb.org).  In
the  protein,  the  presence  of  water  molecules
from protein structure were removed and polar
hydrogens  and  Kollman  charges  was  added.
Automatically the root of each ligand molecule
is  detected,  and  torsions  were  selected.  All
torsions  of  the  ligand  were  allowed to  rotate
and  checked  for  the  selected  residues.  Blind
docking  was  done  to  determine  where  the
ligands  would  preferentially  bind.  The  amino
acids in the catalytic domain of 6LU7 MPRO were
determined  using  Discovery  Studio  Visualizer
2020  (34).  Pre-calculated  grid  maps  were
required  for  running  the  program,  which  was
calculated  using  the  AutoGrid  program.  The
energy scoring grid box was set to 32x32x32
dimension  (x,  y,  and  z)  centered  at  X  =  -
10.712;  Y  =  12.411;  and  Z  =  68.831  with
0.325 Angstroms grid points spacing assigned
with  default  atomic  solvation  parameters.
Lamarckian Genetic Algorithm was selected as a
docking engine, with all the docking parameters
set  to  default.  After  the  Lamarckian  Genetic
Algorithm  run,  AutoDock  reports  the  best
docking  solution  along  with  Ki values  for  the
docked complex, and the results  are reported
based  on  the  cluster  analysis.  The  coumarin
derivatives  with  the  lowest  energy  placement
score  were  selected  from  10  conformations
obtained  from  vina  calculations.  The
Schrödinger  Maestro  for  academics  program
(35) was used for visualization processes, and
Discovery  Studio  Visualizer  2020  was  also
partially utilized.

ADMET Predictions
In  drug  design,  the  estimation  of  the
pharmacophore  properties  of  the  target
molecules  saves  time  and  investment  and
brings them closer to the targeted molecule. It
is  used  to  estimate  the  parameters  of
absorption, distribution, metabolism, excretion,
and  toxicity  (ADMET).  SwissADME  online
database  (36)  was  used  to  estimate  ADME
parameters  of  the  coumarin  derivatives.
Toxtree-v3.1.0.1851  software  was  used  to
estimate  the  toxicity  parameters  according  to
Cramer rules with extensions.

RESULTS AND DISCUSSION

DFT Studies
Designed  dihyrdoxycoumarin  derivatives  for
6LU7 central protease inhibition were optimized
with B3LYP-6-311G(d,p) basis set and HOMO-
LUMO  presentation,  electron  density
configuration, bandgap, and total energy value
were given in Table S3-5. Generally, the total
energy  and  band  gap  value  for  all  designed
coumarin  derivatives  have  increased  for
electron-withdrawing substituents as compared
to  the  electron-donating  substituents  (total
energy; 551,000-2,170,000 kcal/mol, bandgap;
3.346-4.025 eV).

The  electron  distributions  of  all  dihydroxy-3-
phenyl coumarin derivatives indicated that the
π-electrons  in  the  HOMO  and  LUMO  are
localized on the lactone ring and 3-phenyl part.
Especially in electron-withdrawing substituents,
this  placement  has  been  observed  to  shift
towards the 3-phenyl group.

Molecular Docking
From  a  pharmacological  perspective,  3-
phenylcoumarin derivatives tested as inhibitors
of  main  coronavirus  protease  are  compounds
with  significant  anti-HIV,  antidepressant,  and
antiviral  properties.  The  binding  energies
obtained from the docking of the active site of
the SARS-CoV-2 main protease 6LU7 and the
various interactions between coumarins and the
active  site  residues  of  the  receptor  are
presented in Tables 1, 2 and 3. The types of
interactions are expressed with colorized amino
acids  and  they  are  explained  in  the  legend.
Primary  protease  amino  acids  HIS41,  CYS44,
MET49,  SER144,  CYS145,  and  GLU166,  are
thought to play essential roles in drug-receptor
interactions  (37).  To  compare  the  docking
results,  AutoDock  Vina  scores  supported  by
AutoDock 4.2. scores.
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Table 1. Docking scores of 7,8-dihdyroxycoumarins on 6LU7 MPRO.

Ligands No Interactions
Docking Score (kcal/mol)
AutoDock Vina

1a ●●ARG188,  ●●THR190,  ●●HIS41,  ●●MET49,
●●●●MET165, ●●CYS145

-7.4 -7.3

2a ●●HIS41,  ●●●●THR190,  ●●GLN189,  ●●MET49,
●●●●MET165, ●●CYS145

-6.8 -7.6

3a ●●ARG188, ●●HIS41, ●●GLN189, ●●●●MET165,
●●MET49, ●●●●CYS145

-7.0 -7.2

4a ●●HIS41,  ●●ASP187,  ●●PHE140,  ●●●●HIS41,
●●MET49, ●●CYS145 -7.2 -7.4

5a ●●ARG188, ●●●●THR190, ●●HIS41, ●●MET165,
●●●●CYS145 -7.3 -7.3

6a ●●●●●●HIS41, ●●LEU141, ●●MET49, ●●CYS145 -6.8 -7.4

7a ●●HIS41,  ●●PHE140,  ●●ARG188,  ●●MET49,
●●ASP187, ●●CYS145, ●●MET49 -7.1 -7.8

8a ●●●●THR190, ●●GLN189, ●●HIS41, ●●MET165,
●●MET49, ●●●●CYS145

-7.8 -7.4

9a ●●ARG188, ●●GLN189, ●●HIS41, ●●●●MET165,
●●●●CYS145

-7.9 -7.3

10a ●●THR190,  ●●●●HIS41, ●●LEU27,  ●●●●MET165,
●●●●CYS145

-7.0 -8.6

11a ●●THR190,  ●●●●HIS41,  ●●●●MET165,  ●●LEU27,
●●●●CYS145 -7.8 -7.5

12a ●●GLU166,  ●●ARG188,  ●●LEU141,  ●●HIS41,
●●●●CYS145, ●●MET165 -6.9 -7.6

13a ●●THR54, ●●PHE140, ●●ARG188, ●●●●●●MET49,
●●●●ASP187, ●●HIS41

-6.9 -8.1

14a ●●THR25, ●●SER46, ●●GLY143, ●●●●●●CYS145,
●●LEU141, ●●●●MET49

-7.1 -7.6
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Table 2. Docking scores of 6,7-dihdyroxycoumarins on 6LU7 MPRO.

Ligands No Interactions
Docking Score (kcal/mol)
AutoDock Vina

1b ●●LEU141, ●●GLN189, ●●THR190, ●●GLU166,
●●●●CYS145

-7.2 -7.5

2b ●●SER144, ●●PHE140, ●●GLU166, ●●MET165,
●●●●HIS163, ●●●●CYS145

-7.4 -7.5

3b ●●HIS163, ●●GLU166, ●●MET165, ●●PRO168,
●●●●CYS145, -7.5 -7.4

4b ●●●●●●HIS41, ●●ASN142, ●●MET49, ●●CYS145 -7.0 -7.7

5b ●●SER144, ●●●●GLU166, ●●HIS41, ●●MET165,
●●●●CYS145, ●●●●MET49

-7.7 -7.9

6b ●●SER144, ●●●●HIS163,  ●●●●CYS145,
●●GLU166, ●●MET165

-7.4 -7.3

7b ●●PHE140, ●●ASP187, ●●GLU166, ●●MET165,
●●●●CYS145, ●●HIS41, ●●MET49

-7.3 -7.7

8b ●●LEU141, ●●●●GLU166, ●●MET165, ●●HIS41,
●●●●CYS145, ●●●●MET49

-7.6 -7.8

9b ●●PHE140,  ●●LEU141,  ●●HIS163,  ●●GLU166,
●●●●CYS145, ●●MET165 -7.7 -7.6

10b ●●LEU141, ●●HIS163, ●●GLU166, ●●MET165,
●●●●CYS145, ●●THR190, ●●●●ALA191

-6.6 -8.3

11b ●●SER144,  ●●●●CYS145,  ●●THR190,
●●ARG188, ●●MET165

-8.2 -7.6

12b
●●SER144,  ●●GLN189,  ●●TYR54,  ●●ASP187,
●●PHE140,  ●●GLU166,  ●●MET165,  ●●HIS41,
●●●●CYS145, ●●MET49

-7.4 -8.1

13b
●●TYR54,  ●●HIS163,  ●●LEU141,  ●●●●GLU166,
●●ARG188,  ●●MET49,  ●●●●ASP187,
●●●●CYS145, ●●●●MET49, ●●HIS41

-6.9 -8.1

14b ●●GLY143,  ●●●●SER144,  ●●●●CYS145,
●●THR190, ●●MET165 -7.5 -7.8
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Table 3. Docking scores of 5,7-dihdyroxycoumarins on 6LU7 MPRO.

Ligands No Interactions
Docking Score (kcal/mol)
AutoDock Vina

1c ●●●●PHE140, ●●ASN142, ●●GLU166, ●●HIS41,
●●CYS145, ●●●●MET49

-6.8 -7.3

2c ●●●●●●HIS41, ●●ASN142, ●●GLU166, ●●MET49,
●●CYS145

-6.6 -7.5

3c ●●LEU141, ●●HIS41, ●●MET49, ●●MET165 -6.9 -7.3

4c ●●●●●●HIS41, ●●ASP187, ●●ASN142, ●●MET49,
●●CYS145

-6.5 -7.5

5c ●●HIS163,  ●●PHE140,  ●●GLU166,  ●●HIS41,
●●●●MET49, ●●MET165 -6.7 -7.6

6c ●●●●●●HIS41, ●●GLU166, ●●MET49, ●●CYS145 -6.3 -7.7

7c ●●●●●●HIS41,  ●●ASP187,  ●●MET165,
●●CYS145, ●●MET49

-6.5 -7.5

8c ●●HIS41,  ●●GLU166,  ●●HIS163,  ●●PRO52,
●●ARG188, ●●CYS145, ●●●●MET49

-6.8 -7.5

9c ●●HIS163, ●●GLU166, ●●HIS41, ●●●●MET49 -7.1 -7.4

10c ●●HIS163,  ●●GLU166,  ●●●●CYS145,
●●THR190, ●●●●ALA191

-6.4 -7.9

11c ●●HIS41, ●●●●MET49 -7.7 -7.1

12c ●●GLU166, ●●MET165, ●●LEU141, ●●ASN142,
●●●●MET49, ●●CYS145

-6.7 -8.1

13c ●●TYR54,  ●●HIS163,  ●●PHE140,  ●●ARG188,
●●●●ASP187, ●●●●●●MET49, ●●HIS41, ●●MET165 -6.3 -8.3

14c ●●HIS163, ●●ASP187, ●●CYS145, ●●●●MET49 -7.2 -8.0

Legend for interactions of amino acids
Category Types Category Types

●● Electrostatic π-Cation ●● Hydrophobic π-π Stacked or T-shaped
●● Other π-Sulfur ●● Hydrophobic π-Alkyl
●● Hydrogen Bond Carbon Hydrogen Bond ●● Hydrophobic π-Sigma
●● Hydrogen Bond Conventional Hydrogen Bond ●● Halogen Halogen
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The  first  reference  drug  Coumadin  (Warfarin)
binding energies are -6.9 kcal/mol for Vina and
-6.9 kcal/mol  for  AutoDock.  Second reference
drug  Lopinavir  binding  energies  are  -7.5
kcal/mol  for  Vina  and  -6.9  kcal/mol  for
AutoDock. All 6,7-dihydroxy-3-phenylcoumarin,
7,8-dihydroxy-3-phenylcoumarin,  and  5,7-
dihydroxy-3-phenylcoumarin  derivatives  (1a-
14c) have better  binding energy than that of
coumadin.  The  scores  of  all  derivatives  (1a-
14c) containing the same functional groups as
structure-activity  are  consistent  with  each
other. In the drug Coumadin, the lactone group
formed the π-alkyl bond with CYS145 and the
π-π T-shaped bond with HIS41. The oxygen of
the ketone group formed a hydrogen bond with
SER144. The hydrogen bond distance is 2.520
Å, and the length of the hydrophobic bonds is in
the  range  of  4.688  to  5.307  Å.  In  the  drug
Lopinavir, ligand-protein interactions are higher
than all other compounds. The carbonyl oxygen
of  the  amide  group  formed  hydrogen  bonds
with  ASN142  and  GLU166.  GLN189  formed a
hydrogen bond with the opposite H–N– of the
amide group. GLU166 formed a hydrogen bond
again with the C-4 of tetrahyropyrimidin-2-one
group. HIS41 formed two π-cationic bonds with
1,6-diphenylhexane  aromatic  rings.  Hydrogen
bond  lengths  are  2.596/2.809  Å  for  ASN142,
1.921/3.486  Å  for  GLU166,  2.516  Å  for
GLN189. Electrostatic π-cation bond lengths are
4.471 Å and 4.432 Å for HIS41, respectively.

For  7,8-dihydroxy-3-phenyl  coumarin
derivatives,  the  compounds  with  the  highest
scores  are  7a (-7.8  kcal/mol),  13a (-8.1
kcal/mol)  and  10a (-8.6  kcal/mol),
respectively.  In  7,8-dihydroxy-3-(4-
fluorophenyl) coumarin (7a), the hydroxy group
at the C-7 position and lactone carbonyl group
formed hydrogen bond with PHE140 and HIS41,
respectively.  The  lactone  group  formed  a  π-
alkyl bond with CYS145. Hydrogen bond lengths
are 2.673 Å for HIS41 and 2.933 Å for PHE140.
The carbon hydrogen bond length is 3.116 Å for
ARG188.  The  length  of  hydrophobic  bonds  is
between 4.384 and 5.068 Å. 

In  7,8-dihydroxy-3-(4-trifluoromethylphenyl)-
coumarin (13a), the hydroxy group at the C-7
position  and  one  of  the  fluorines  of
trifluorophenyl  functional  group  formed  a
hydrogen  bond  with  PHE140  and  TYR54,
respectively. And also, one of the fluorines of
the trifluorophenyl functional group formed a π-
alkyl bond with HIS41. Hydrogen bond lengths
are 2.725 Å for TYR54 and 2.201 Å for PHE140.
The  length  of  hydrophobic  bonds  is  between
4.045  and  5.038  Å.  In  7,8-dihydroxy-3-
biphenyl-coumarin  (10a),  HIS41  formed  a  π-
cation  bond  with  each  ring  of  the  biphenyl

functional  group attached to the C-3 position.
CYS145 also formed a π-alkyl bond with each
ring of the biphenyl functional group attached
to the C-3 position. The hydrogen bond length
is 2.573 Å. The length of hydrophobic bonds is
between  4.286  and  5.470  Å.  The  compound
with  the  lowest  score  of  7,8-dihydroxy-3-
phenyl-coumarin  derivatives  is  3a (-7.2
kcal/mol).  In  7,8-dihydroxy-3-(4-
methylthiophenyl)-coumarin (3a),  the hydroxy
group at the C-8 formed a hydrogen bond with
ARG188.  CYS145  formed  π-alkyl  with  the
methylthiophenyl group at the C-3 position and
hydrophobic  alkyl  bond  with  the  methylthio
group.  HIS41,  on  the  other  hand,  formed an
electrostatic  π-cation  bond  with  the
methylthiophenyl  group.  The  hydrogen  bond
length  is  1.904 Å.  The length of  hydrophobic
bonds is between 3.527 and 5.443 Å. In 7,8-
dihydroxy-3-phenylcoumarin  derivatives,
CYS145  formed  a  π-alkyl  bond  for  all
compounds (3a, 7a, 10a, and 13a).

For  6,7-dihydroxy-3-phenyl  coumarin
derivatives,  the  compounds  with  the  highest
scores are 12b (-8.1 kcal/mol), 13b (-8.1 kcal/
mol) and  10b (-8.3 kcal/mol), respectively. In
6,7-dihydroxy-3-(4-carboxyphenyl)-coumarin
(12b),  the  hydroxy  of  the  carboxyl  group
interacted  with  3  different  residues  (ASP187,
TYR54,  and  GLN189)  by  forming  a  hydrogen
bond.  The  hydroxy  group at  the  C-7  position
formed a hydrogen bond with PHE140, and the
hydroxy  group  at  the  C-6  position  formed  a
hydrogen bond with SER144. HIS41 formed a
hydrophobic  π-π  stacked  bond  with  a  4-
carboxyphenyl functional group attached to the
C-3 position. CYS145 also formed two π-sulfur
bonds with coumarin main benzene and lactone
ring  (α-pyrone).  The  lactone  group  interacted
with  GLU166  by  the  π-donor  hydrogen  bond.
The length of hydrogen bonds is between 2.242
and 2.987 Å, and the hydrophobic bond lengths
are 4.662 and 5.012 Å. In 6,7-dihydroxy-3-(4-
trifluoromethylphenyl) coumarin (13b), GLU166
formed  the  conventional  hydrogen  bond  with
the hydroxy group at the C-7 position and the
π-donor hydrogen bond with the lactone ring.
HIS163  and  LEU141  formed  the  conventional
hydrogen bond with the hydroxy group at the
C-6 position. CYS145 also formed two π-sulfur
bonds with coumarin main benzene ring and α-
pyrone, again. As at 13a, one of the fluor of the
trifluorophenyl  functional  group  formed  a
hydrophobic  π-alkyl  bond  with  HIS41.  The
length of hydrogen bonds is between 2.056 and
3.006 Å, and the hydrophobic bond lengths are
3.994  and  4.846  Å.  In  6,7-dihydroxy-3-
biphenyl-coumarin (10b), the hydroxy group at
the  C-6  position  formed  a  conventional
hydrogen  bond  with  LEU141,  and  GLU166
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formed a π-donor hydrogen bond with GLU166.
CYS145  formed  two  π-sulfur  bonds  with
coumarin main benzene and lactone ring. The
hydrogen bond lengths are 2.172 Å for LEU141
and 2.814 Å for GLU166. The electrostatic bond
length is  4.277 Å,  and the hydrophobic  bond
lengths  are  3.771  Å  for  THR190:C,O;ALA191
and 5.435 Å for ALA191. The compound with
the  lowest  score  of  6,7-dihydroxy-3-phenyl-
coumarin  derivative  is  6b (-7.3  kcal/mol).  In
6,7-dihydroxy-3-phenyl-coumarin  (6b),  the
hydroxy  group  at  the  C-7  position  formed  a
conventional hydrogen bond with SER144, and
the lactone group interacted with GLU166 by a
π-donor hydrogen bond.

CYS145  formed  two  π-sulfur  bonds  with
coumarin main benzene and lactone ring. The
hydrogen bond lengths are 2.083 Å for SER144
and 2.888 Å for GLU166. The electrostatic bond
length is  4.503 Å,  and the hydrophobic  bond
lengths are 5.451 Å for CYS145 and 5.474 Å for
HIS163.  In  6,7-dihydroxy-3-phenylcoumarin
derivatives, CYS145 formed two π-sulfur bonds
for  all  compounds’  main  benzene  ring  and
lactone ring (6b, 10b, 12b, and 13b).

For  5,7-dihydroxy-3-phenyl  coumarin
derivatives,  the  compounds  with  the  highest
scores are 14c (-8.0 kcal/mol), 12c (-8.1 kcal/
mol) and  13c (-8.3 kcal/mol), respectively. In
5,7-dihydroxy-3-(4-nitrophenyl)-coumarin
(14c),  HIS163  interacted  with  the  uncoupled
electron  of  the  oxygen  of  the  nitro  group,
forming  a  conventional  hydrogen  bond.  The
hydroxy  group  at  the  C-7  position  formed  a
conventional  hydrogen  bond  with  ASP187.
CYS145  formed  one  π-sulfur  bond  with  a  4-

nitrobenzene  ring  at  the  C-3  position.  The
hydrogen bond lengths are 2.456 Å for HIS163
and 2.951 Å for ASP187, and the hydrophobic
bond lengths are 4.238 Å for MET49 and 5.164
Å  for  MET49,  again.  In  5,7-dihydroxy-3-(4-
carboxyphenyl)-coumarin  (12c),  the  hydroxy
group at the C-5 position formed a conventional
hydrogen  bond with  MET165.  The  hydroxy  of
the carboxyl group interacted with GLU166 by
forming a conventional hydrogen bond. CYS145
formed a π-alkyl bond with a lactone ring. The
hydrogen bond lengths are 2.200 Å for GLU166
and  2.743  Å  for  MET165,  and  the  length  of
hydrophobic bonds is between 4.442 and 5.472
Å. In 5,7-dihydroxy-3-(4-trifluoromethylphenyl)
coumarin (13c), the hydroxy group at the C-7
position and again the hydroxy group at the C-5
position and one of the fluor of trifluorophenyl
functional  group  interacted  with  PHE140,
HIS163, and TYR54 by conventional  hydrogen
bond,  respectively.  ARG188 formed a carbon-
hydrogen bond (C-H) with another of the fluor
of the trifluorophenyl functional group. The -CF3

group interacted with HIS41 by a hydrophobic
π-alkyl  bond.  The  hydrogen bond lengths  are
1.791 Å for PHE140, 2.340 Å for HIS163, 2.697
Å  for  TYR54,  and  3.227  Å  for  ARG188.  The
length of hydrophobic bonds is between 4.111
and  5.498  Å.  The  compound with  the  lowest
score  of  5,7-dihydroxy-3-(4-
methylsulfonylphenyl)-coumarin  derivative  is
11c (-7.1  kcal/mol).  In  5,7-dihydroxy-3-(4-
methylsulfonylphenyl)-coumarin, HIS41 formed
electrostatic  π-cation  bond  with  lactone  ring.
The  electrostatic  bond  length  is  4.275  Å  for
HIS41, and the length of hydrophobic bonds is
between 4.147 and 4.803 Å.

698



ÖZDEMİR M et al., 2020; 7(3): 691-712. RESEARCH ARTICLE

Figure 2. The interaction diagrams of 6LU7 main protease with coumarins in the catalytic domain
(left, general, and right, focused on the active site). A for compound 8a, B for compound 10b, and

C for compound 12c.
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Figure 3. The interaction diagrams of 6LU7 main protease with docked coumarins in the catalytic
domain (left, 3D with residue type surface, and right, 2D). A for compound 1a, B for compound

11b and C for compound 13c.
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Figure 4. Docking score comparison of all coumarin derivatives (1a-14c) according to reference
Coumadin and Lopinavir drug docking scores in Vina (A) and AutoDock (B) Software.

In  general,  it  is  observed  that  the  most
interaction  and hydrogen bond are  coumarins
containing 4-trifluoromethylphenyl and biphenyl
functional  groups.  The coumarins,  which were
determined  as  low  scores,  scored  well
compared to the reference drug Coumadin but
interacted  less  with  HIS41  and  CYS145.
Hydrogen  bonds  are  also  relatively  less  than
other coumarin derivatives.

Carcinogenicity,  Mutagenicity  and
Pharmacokinetic Properties Prediction
High  results  have  been  obtained  from  the
results  of  tests  in  gastrointestinal  absorption
parameters,  indicating  that  all  coumarin

derivatives  are  suitable  for  oral  use.  The
meaning  of  yes  in  the  cytochrome  inhibitor
parameter indicates that coumarin compounds
have potential as an inhibitor that can lead to
the  toxic  form  in  the  process  of  cytochrome
metabolism.  The  meaning  of  no  in  the
cytochrome  inhibitor  parameter  indicates  that
coumarin compounds have no potential  as an
inhibitor  in  the  process  of  cytochrome
metabolism.

Bioavailability  is  one  of  the  basic
pharmacokinetic properties of drugs and is used
to  indicate  the  rate  of  drug  administration
applied to the systemic circulation. The higher
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the  bioavailability  value  of  a  drug,  the  more
efficiently  the  drug can be used orally.  When
the  estimation  results  are  examined,  all  the

compounds except 12a-c coumarin are equal to
0.55.  The  bioavailability  value  of  the  12a-c
coumarin compound is 0.56 (Table 4).

Table 4. The ADME parameters  of  all  coumarin  (1a-14c)  and two references  (Coumadin and
Lopinavir) compounds via SwissADME software.

Ligand TPSA
(Å2)

Gl.
Absorption

Cytochrome Inhibitor Bioavailability
ScoreCYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4

1a-c 73.91 High Yes No No Yes Yes 0.55
2a-c 79.90 High Yes No No Yes Yes 0.55
3a-c 95.97 High Yes No Yes No Yes 0.55
4a-c 90.90 High Yes No No Yes No 0.55
5a-c 70.67 High Yes No No No No 0.55
6a-c 70.67 High Yes No No No No 0.55
7a-c 70.67 High Yes No No No No 0.55
8a-c 70.67 High Yes No No No No 0.55
9a-c 70.67 High Yes No No No No 0.55
10a-c 70.67 High Yes Yes No Yes No 0.55
11a-c 113.19 High No No No No No 0.55
12a-c 107.97 High No No No No No 0.56
13a-c 70.67 High Yes No No No No 0.55
14a-c 116.49 High Yes No Yes No No 0.55
Ref1 67.51 High No Yes Yes No No 0.55
Ref2 120.00 High No Yes No No Yes 0.55

ADMET properties of coumarin derivatives (a, b,
and  c) bearing the same substituent were the
same. The change of the position to which the
hydroxy  functional  group  is  attached  did  not
cause any change in ADMET parameters.

The mutagenicity and carcinogenicity prediction
of  coumarin  derivatives  and  two  reference
compounds  (Coumadin  and  Lopinavir)  were
calculated  using  Toxtree-v3.1.0.1851  software
based on Benigni/Bossa rule base (38) used to
estimate  carcinogenicity  and  mutagenicity  of
ligands  according  to  their  skeleton  and
substituents.  The  working  potential  of  this
process  is  to  identify  structure-dependent
functional groups known to be associated with
the  carcinogenic  activity  of  the  compounds
because if one or more carcinogenic functional
groups are identified, the software will mark the
carcinogenicity potential of the chemical.

The  coumarin  skeleton  was  positive  for
genotoxic  carcinogenicity,  but  it  was reported
that warfarin (coumadin) was not carcinogenic
and even gave good results in the human body

(39). Of course, unusual effects have also been
reported in some cases (40-42). Based on this,
carcinogenicity  can  only  be  neglected  for
coumarins, where the coumarin skeleton gives
structural alerts. But to say the same thing for
coumarins warning other functional groups may
pose  a  risk.  For  compounds  1a-c,  the  p-
dimethylaminophenyl  substituent  attached  to
the  C-3  position  gave  warning  for  genotoxic
carcinogenicity.  For compounds  14a-c,  the p-
nitrophenyl  substituent,  linked  to  the  C-3
position,  also  gave  warning  of  genotoxic
carcinogenicity.  In  the  non-genotoxic
carcinogenicity  analysis,  the  p-halogenophenyl
(F, Cl,  and Br) substituents linked to the C-3
position  are  positive.  Other  substituted
coumarins  are  negative  except  for  coumarins
that carry these substituents (1a-c and 14a-c).
The  reference  drug  component  Lopinavir  is
harmful for both genotoxic carcinogenicity and
non-genotoxic carcinogenicity (Table 5). To be
able to compare and be sure, all the coumarin
derivatives  must  be  validated  for  toxicity  by
experimental analysis.
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Table 5. The Carcinogenicity and mutagenicity prediction test of all coumarin derivatives (1a-14c)
and two reference compounds (Coumadin and Lopinavir) via Toxtree software.

Ligand
Genotoxic

Carcinogenicity

Structural Alert for
Genotoxic

Carcinogenicity

Non-genotoxic
Carcinogenicity

Structural Alert for
Non-genotoxic
Carcinogenicity

1a-c Positive Negative -

2a-c Positive Negative -

3a-c Positive Negative -

4a-c Positive Negative -

5a-c Positive Negative -

6a-c Positive Negative -

7a-c Positive Positive

8a-c Positive Positive

9a-c Positive Positive

10a-c Positive Negative -

11a-c Positive Negative -

12a-c Positive Negative -

13a-c Positive Negative -

14a-c Positive Negative -

Ref1* Positive Negative -

Ref2* Negative - Negative -

*Ref1: Reference drug Coumadin. It has been determined as a reference drug molecule because 
of its similarity to the subject compounds.
*Ref2: Reference drug Lopinavir. It has been determined as the reference drug molecule because
it has an activity for the target protein.
The red-colored structural alert shows that the group has genotoxic carcinogenicity.
The blue-colored structural alert shows that the group has non-genotoxic carcinogenicity.
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CONCLUSION

In  this  study,  coumarin  and  its  derivatives,
which  are  natural  pharmacophore  compounds
for the development of antiviral agents effective
against the SARS-CoV-2 virus, were optimized
by density functional theory method to estimate
the  ideal  geometries  and  properties  of
molecules  and  screened  using  molecular
placement studies against 6LU7 main protease.
42 coumarin derivatives also had better scores
than the reference drug coumadin, interacting
with  residues  in  the  catalytic  domain  of  the
main  protease.  These  potential  coumarin
protease inhibitors have shown an energy score
in the range of -7.1 kcal/mol to -8.6 kcal/mol.
In  general,  6,7-dihydroxy-3-phenylcoumarin
derivatives  gave  relatively  higher  scores,  and
for all coumarins, biphenyl (for 10a, -8.6 kcal /
mol; 10b, -8.3 kcal / mol; 10c -7.9 kcal / mol)
and  4-trifluoromethylphenyl  (for  13a,  -8.1
kcal  /  mol;  13b,  -8.1  kcal  /  mol;  13c -8.3
kcal  /  mol)  substituted  coumarin  had  the
highest score. As potential protease inhibitors,
in  vitro,  and  in  vivo  research  studies  can  be
conducted  to  confirm  the  findings  of  these
coumarin  compounds  or  provide  useful  ideas
and  information  to  scientists  working  for
coumarins.
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In silico, 6LU7 protein inhibition using dihydroxy-3-phenyl
coumarin derivatives for SARS-CoV-2
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Figure S1. Present of 6LU7 Main Protease with wire (left) and residue type surface (right).

Figure S2. The active site of 6LU7 Main Protease.

Figure S3. Optimized geometry, HOMO-LUMO orbitals, electron density surface and energy values
of 7,8-dihdyroxycoumarins (1a-14a).

Figure S4. Optimized geometry, HOMO-LUMO orbitals, electron density surface and energy values
of 6,7-dihdyroxycoumarins (1b-14b).

Figure S5. Optimized geometry, HOMO-LUMO orbitals, electron density surface and energy values
of 5,7-dihdyroxycoumarins (1c-14c).
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Figure S1. Present of 6LU7 Main Protease with wire (left) and residue type surface (right).
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Figure S2. The active site of 6LU7 Main Protease.
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Figure S3. Optimized geometry, HOMO-LUMO orbitals, electron density surface and energy values 
of 7,8-dihdyroxycoumarins (1a-14a).
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Figure S4. Optimized geometry, HOMO-LUMO orbitals, electron density surface and energy values 
of 6,7-dihdyroxycoumarins (1b-14b).
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Figure S5. Optimized geometry, HOMO-LUMO orbitals, electron density surface, and energy values
of 5,7-dihdyroxycoumarins (1c-14c).

712



GÖKIRMAK SÖĞÜT E, ÇALIŞKAN KILIÇ, N. JOTCSA. 2020; 7(3); 713-726. RESEARCH ARTICLE

   

Equilibrium and Kinetic Studies of a Cationic Dye Adsorption onto
Raw Clay 

Eda GÖKIRMAK SÖĞÜT1* , Necla ÇALIŞKAN KILIÇ2 

1 Van Security Vocational School
2 Department of Physical Chemistry Faculty of Science, Van Yüzüncü Yıl University, 65080 Van,

Turkey

Abstract:  In this study, methylene blue (MB) dye adsorption from the aqueous solution on raw
clay samples collected from the Tilkitepe in the east of Lake Van was presented. Batch adsorption
studies were conducted to evaluate the effect of various experimental parameters such as pH,
contact  time  and  initial  concentrations  on  the  removal  of  MB.  The  five  nonlinear  adsorption
equations  were  applied  to  describe  the  equilibrium  isotherms.  Considering  the  correlation
coefficients,  the  order  of  the  most  suitable  isotherm models  was  Sips> Freundlich> Temkin>
Dubinin- Radushkevich>Langmuir. From the data applied to the pseudo-first-second order, Elovich
and intra-particle diffusion kinetic models, it can be said that the best model describing the kinetics
of MB dye adsorption is the pseudo-second order (PSO) kinetic model. The results are shown that
Tilkitepe / Van raw clay material could be used as an economical and effective adsorbent for dye
removal.
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INTRODUCTION

The  rapid  development  of  technology  caused
many industries to release their wastes into the
environment without subjecting them to a pre-
cleaning process. Dyes and pigment industries
often produce waste containing organic matter
and high color  (1).  Nowadays,  synthetic  dyes
are used more in the industry because of their
low-cost  production,  stability,  and  color
diversity compared to natural dyes. When these
pigments  are  released  into  the  environment,
they damage the ecology in the soil and water
they  contact  with  sunlight.  Therefore,  the
removal  of  industrial  wastes  containing  dye

emerges  as  one  of  the  most  critical  aims  in
environmental  studies.  There  are  more  than
100.000 kinds of  dye,  which are  classified as
anionic and cationic. The cationic dyes contain
protonated  amine  or  sulfur-containing  groups
and have a net positive charge (2).

MB dye is not accepted among toxic dyes but
has harmful effects on living organisms and is
used  in  the  coloring  of  many materials.  It  is
also  used  as  the  determination  of  surface
properties,  oxidation-reduction  indicator,
pesticide  industries,  antiseptic,  and  for  other
medical purposes (3-5). Therefore, an effective
method is required to remove the dye from the
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wastewater.  Some methods, such as chemical
precipitation  (6), ion-exchange  (7), adsorption
(8),  membrane  technologies  (9), and
photocatalysis  (10), are  used  in  the  removal
process. Adsorption is the most widely known
and  used;  it  is  quite  remarkable  because  it
provides ease of design and use (11).

Generally, porous materials such as clay, chitin,
peat,  silica,  and  activated  carbon  have  been
used for  the  adsorption  of  heavy  metals  and
dyes  from  aqueous  solution  (12).  Some
adsorbents  are  not  economical  due  to
regeneration  problems.  Also,  the  cost  of
production  and  other  parameters  such  as
regeneration,  usability,  environmental
compatibility,  and  the  energy  consumption  is
essential  in  the  selection  of  adsorbents  (13).
For this reason, the related studies aim to find a
more  economical  and  effective  sorbent  when
compared to activated carbon (12). Due to their
advantageous  physicochemical  characteristics
such as high surface area, high cation exchange
capacity, and layer structure, clays are known
to be highly capable  of  removing  waste  from
aqueous  solution  (14,  15).  Balancing  the
negatively  charged  layers  with  the  hydrated
cations placed in the intermediate layers is an
important feature of the clays (14).

In  recent  years,  many scientific  studies  have
centered on the investigation of locally available
clay as low-cost adsorbents.  Van lake basin is
rich  in  some  industrial  raw  materials.  The
people  of  the  region  use  clayey  soils  in  the
region for personal cleaning practices and the
production of pottery since ancient ages. There
are  no  studies  other  than  the  structural
characterization of the clayey soil in the region
and the determination of its adsorption capacity
of  heavy  metals  (16).  It  is  imperative  to
determine  the  chemical,  physicochemical  and
adsorptive properties of the materials that can
be  used  as  an  industrial  raw  material  in  the
region  and  to  use  the  raw  material  without
pretreatment  without  energy  expenditure  and

secondary  chemical  waste.  The  adsorption  of
organic  molecules  onto clay is  affected by its
surface  characteristics  and  the  chemical
properties  of  the  molecules  (15).  Due  to  the
high affinity of cationic dye molecules for clay
surfaces, they are readily adsorbed by treated
with clay suspensions (14).

This study  aimed to  evaluate the  potential  of
Tilkitepe natural clay as a low-cost adsorbent to
remove  methylene  blue  from  the  aqueous
solution as an ideal alternative to the expensive
methods  available  for  removing  dyes  from
wastewater.  The  natural  adsorbent  was
characterized  by  XRF,  XRD,  and  FT-IR
techniques.  The  batch  experiments  were
applied  to  understand  the  nature  of  the
adsorption of MB dye from the aqueous solution
onto  natural  clay.  The  effects  of  initial  dye
concentration,  contact  time, temperature,  and
pH  on  adsorption  were  investigated  to
emphasize  the  importance  of  optimum
conditions  in  determining  the  nature  of
adsorption. The obtained data were enforced to
several  isotherm models,  kinetic  models,  and
the advantages of natural material in waste dye
removal were presented.

MATERIALS AND METHODS

Adsorbent
The natural  clay  samples  were  collected from
the  Tilkitepe/Van  region  was  powdered  in  a
mortar.  No pretreatment  has  been  applied  to
the material. After passing through a 230 mesh
sieve (62.0 μm), it was stored in the polymer
bags and denoted as TM.

Adsorbate
Methylene blue  (MB,  MF:C16H18N3SCl  and MW:
319.852 g) was obtained from Merck. The dye’s
chemical structure is showed in Figure 1 and a
stock solution (1000 mg L-1) was prepared and
then  diluted  with  distilled  water  at  different
concentrations.

Figure 1. The chemical structure of methylene blue.

714



GÖKIRMAK SÖĞÜT E, ÇALIŞKAN KILIÇ, N. JOTCSA. 2020; 7(3); 713-726. RESEARCH ARTICLE

Characterization of the Sample
Chemical analysis of the Tilkitepe raw clay was
made  using  the Philips  2400  XRF  instrument.
XRD  analysis  was  obtained  using  an  X-ray
diffractometer  (Philips  PW  1830-40)  with  Ni-
filtered Cu X-ray tube devices at 2-40 degrees.
FT-IR analysis was performed before and after
the  adsorption  process,  using  a  Thermo
Scientific  Nicolet S10 FT-IR spectrometer with
wavenumber range from 400 to 4000 cm-1 (16).

Methods
The  adsorption  experiments  were  applied  at
ambient temperature with a solution of 0.1 g of
adsorbent in 10 mL of an aqueous solution of
several concentrations of the dye (10, 20, 30,
45,  and  60  mg  L-1).  The  effect  of  pH  was
investigated using HCl and NaOH solutions (pHs
2, 3,  4,  5,  6,  7,  8,  9).  These measurements
were made using a WTW pH meter (Series 720,
Germany).  The  batch  adsorption  process  was
carried out using a heat-controlled shaker with
a constant agitation speed of 125 rpm at 298 K.
The  samples  were  filtered,  and  the  residual
concentrations  of  MB  in  the  filtrate  were
measured to learn about the final concentration
of  MB  dye  by  using  a  UV  /  Vis
Spectrophotometer  (PG  Instruments  T80)  at
664 nm. The amounts of dye adsorbed by the
adsorbent  and  the  adsorption  efficiency  (%)
were  calculated  from  using  the  following
equation (17).

qe=
(C0 –C e)V

m (1)

%Adsorption=
C0 –Ce
C0

×100 (2)

Where,  C0  (mg  L-1)  is  the  initial  liquid  phase
concentration,  and  Ce (mg  L-1)  is  equilibrium
liquid-phase concentrations of the dye, qe (mg
g-1) represents the amount of dye adsorbed, V
(L) is the volume of the solution, and m (g) is
the mass of the adsorbent used.

Adsorption Isotherms
Langmuir,  Freundlich,  Dubinin-Radushkevich,
Temkin,  and  Sips  and  non-linear  isotherms
were  used  to  explain  the  nature  of  the
Methylene  blue  adsorption  on  the  natural
adsorbent  (surface  properties,  mechanism  of
adsorption).  The  isotherm  parameters  were
determined  by  non-linear  regression  analysis
(with Originlab. 17). The Ce-qe values obtained
for  dye  adsorption  on  the  natural  adsorbent

were  applied  to  each  non-linear  isotherm
equation.  For  each  isotherm  model,  standard
errors (S.E) were also calculated to determine
the  isotherm  that  best  fits  the  experimental
data. Besides, a chi-square value (χ2), which is
a statistical data required for the suitability of
the obtained adsorption system, was calculated
using  the  same  software  (16,  18).  The  non-
linear regression method, which was applied in
the computerized process,  that  minimizes  the
error  distribution  between  the  experimental
data and the estimated isotherms, was applied
(19).

These  parameters  are  determined  in  the
following Eq.3 and 4 (20).

(3)

(4)

where  𝑞𝑒,calc (mg  g−1)  is  calculated  from  the
isotherm for corresponding 𝑞𝑒,exp(mg g−1), which
is obtained from the batch experiment and 𝑞𝑒,exp

is the average of qe, exp. Also, N represents the
number of  observations  in  experimental  data.
The fact that R2 is close to unity, χ2, and S.E
close to zero is an indicator of the most suitable
isotherm model (21)

Langmuir Isotherm
According  to  the  Langmuir  isotherm  model,
there  are  active  adsorption  centers  on  the
surface  of  the  sorbent,  and  they  all  have
equivalent  energy.  Furthermore,  according  to
this  model,  the  adsorption  equilibrium  is  a
dynamic equilibrium and the molecules attached
to the surface do not interact with each other
(22).

(5)

Where qm is the maximum adsorption capacity
(mg  g-1),  and  KL is  the  Langmuir  isotherm
constant (L g-1).

Freundlich Isotherm
The  Freundlich  equation  is  used  to  describe
heterogeneous systems and is expressed in the
following equation.

(6)
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Where  KF is  Freundlich  isotherm  constant  (L 
g−1),  and n is  the heterogeneity factor  in the
Freundlich model. If 1 / n value is below unity,
it shows normal adsorption, but if 1 / n is above
unity, it indicates cooperative adsorption (23).

Dubinin–Radushkevich Isotherm
This  isotherm  is  usually  applied  by  Gaussian
energy  distribution  to  express  the  adsorption
mechanism on heterogeneous surfaces.

(7), (8)

Where KDR is  D-R isotherm constant,  R is  the
ideal gas constant (8.314 (J mol-1 K-1), and ε is
the Polanyi potential.

If  the  energy  value  is  less  8  kJ  mol-1,  the
physical  interactions  are  in  the  adsorption.
Conversely, if the energy is more than 8 kJ mol-
1, the adsorption mechanism can be defined by
chemical interactions (24).

Temkin Isotherm
Temkin  isotherm  model  assumes  that  the
adsorption heat (a function of temperature) of
all molecules in the layer will decrease linearly
(23).

(9)

where KT is Temkin isotherm equilibrium binding
constant (L g-1),bT is Temkin isotherm constant
(kJ mol-1), R is the ideal gas constant (8.314 (J
mol-1 K-1), T is the temperature (K).

Sips Isotherm
Sips  isotherm  model  is  used  to  describe
adsorption  on  heterogeneous  surfaces.  Sips
isotherm model  is  a  combination of  Langmuir
and Freundlich isotherm models. It shows the
characteristics  of  Freundlich  isotherm  at  low
concentrations and gives the characteristics of
Langmuir isotherm by estimating the monolayer
adsorption capacity at high concentrations (21).

(10)

Where KS is Sips isotherm constant (L g-1), aS is
Sips isotherm constant, (L mg −1), and nS is Sips
isotherm exponent.

Kinetics
The  pseudo-first-order  (PFO)  kinetic  model  is
expressed as follows (25).

(11)

where  k1 (min-1)  is  PFO  rate  constant  and  t
(min) is the contact time.

Y.S.  Ho  developed  the  pseudo  second  order
(PSO)  kinetic  model  and  was  expressed  as
follows:

(12)

where k2 (g mg-1 min-1) is PSO rate constant.

The intra-particle diffusion model is as follows:

(13)

where ki is the rate constant (mg g−1 min−0.5)

The Elovich equation, which is representative of
the  active  solid  regions  being  energetically
heterogeneous  and  therefore  representing
different  activation  energies  for  chemical
adsorption,  interprets  the  absorption  kinetics
and is graphed with the following equation.

(14)

where α (mg g-1 min-1) is the initial adsorption
rate,  β  (g  mg-1)  is  the  desorption  constant
related to the extent of surface coverage and
activation energy for chemisorption (26).

RESULTS

Surface Properties and Characterization of
Adsorbent
Tilkitepe raw clay is composed of SiO2 37.5%,
and it has 20.5% CaO, 6.2% MgO, 5.6% Al2O3,
5.4% Fe2O3, 0.6% TiO2, 2.0% Na2O, 1.3% K2O,
0.1% MnO and 0.1% P2O5.  The XRD analysis
indicates  the  predominance  of  quartz  and
calcite in the raw clayey material, with the most
intense  peaks,  a  low  quantity  of  feldspar,
smectite, and illite. The surface properties and
characterization  of  adsorbent,  which  include
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clay  minerals  and  non-clay  minerals,  are
presented in detail in the previous paper  (16).
The  functional  groups  contributing  to  the
adsorption process were measured, and the FT-

IR spectrum of clay adsorbent before and after
the  adsorption  is  in  the  wavenumber  range
4,000–400 cm–1 and is presented in Figure 2.

Figure 2. The FTIR spectra of before and after adsorption of methylene blue onto Tilkitepe-
originated clayey material.

The  two  bands  at  3568  and 3424  cm-1 were
ascribed  to  hydroxyl  groups  involved  in
hydrogen  bonds  (Si–Si-OH  or  Al–Al–OH),
respectively. 2985 and 1436 cm-1 peaks indicate
the presence of (C – H) group vibrations. The
band appearing at 1629 cm−1 is due to the H2O
bending vibration. Si-O-Al is bending vibration,
871.82  cm–1 attributed  to  Fe–Al–OH  of
montmorillonite, and Si-O-Si bending vibrations
can be attributed to 509.21 cm  -1 and 462.92
cm -1, respectively (16). The FTIR spectra of the
raw clay and MB adsorbed clay showed that is a
noticeable change in intensity of the bands with
no change locations. After the adsorption of MB,
the  density  of  Si-O-Si  (siloxane  peak)  was
increased  in  1014  due  to  the  electrostatic
attraction between the positive dye cation and
the  negative  clay  surface  (Figure  2).
Furthermore, the band density of the hydroxyl

group observed in 3568, and 3424 cm-1 (Figure
2)  appears  to  decrease  after  MB  adsorption
(27).  The  changes  in  the  FTIR  spectra
confirmed  that  the  process  involved  is  type
inclusion of methylene blue on the Tilkitepe raw
clay (28).

Influence of pH on the Adsorption
The effect of pH on the ability of Tilkitepe raw
clay  to  remove  methylene  blue  (MB)  from
aqueous solution was investigated. The pH of
the  solution  is  one  of  the  most  effective
parameters  in  the  adsorption  process,  mainly
due  to  the  importance  of  adsorbents  on  the
surface  functional  groups  and  adsorption
properties  (29).  The  effect  of  pH  on  the
adsorption efficiency (%) was calculated using
Eq. 2 and presented Figure 3.

Figure 3. pH effect on the adsorption of methylene blue on raw clay at 30 mg L-1 initial solution
concentration (298 K).
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The pH control was adjusted by adding HCl and
NaOH  solutions,  and  the  highest  adsorption
efficiency was achieved as 99.34% at pH = 4. It
might be the result of increased protonation by
neutralizing negative charges on the adsorbent
surface  because  the  cationic  dye  targets  the
electron-rich centers (30). It was observed that
the amount of dye removal starts  to increase
again at higher than pH = 7. Alkaline solutions
might cause the change in the polarity of the
dye,  and  methylene  blue  might  have
demethylated  to  other  conventional  dyes.
Similar  results  were  presented  in  other
publications  (31-33).  It  indicated  that  the
adsorption  capacity  of  MB  onto  Tilkitepe  in
solution  was  pH-dependent.  Therefore,  it  was
decided to perform batch adsorption tests at pH
= 4.  In  substance,  Tilkitepe  raw  clay  with  a
smectic  clay  density  is  composed  of  an
octahedral  alumina  layer  between  the  outer

layers  of  tetrahedral  silica.  The silanol  groups
on  the  clay  surface  can  be  said  to  form  a
hydrogen bond to an amine group and to form
an ionic bond with another amine group Si-O.
Besides,  in  many studies,  clay  has  also  been
interpreted  to  interact  with  dye  molecules
through  hydrogen  bonds  and  hydrophobic-
hydrophobic mechanisms (34-36). 

Effect  of  initial  dye  concentration  with
contact time
The determination of the effect of the initial ion
concentration is critical because it provides the
initial repulsive force necessary to get over the
mass transfer opposition of the dye through the
sol-sorbent interface  (37).  Fig.4a and b show
the effect of the initial dye concentration (10-60
mg L-1)  as  a  function of  contact  time  (1-120
min) at the removal of MB by Tilkitepe clay.

Figure 4. a) Effect of contact time for the adsorption of methylene blue onto Tilkitepe (C0:30 mg L-

1, T: 298 K), b) The effects of the initial solution concentration on the adsorption at 298 K.

With  increasing  concentration  for  dye
adsorption, as presented in Figures 4.a. and b.,

the  adsorption  initially  increases.  The
experiments were decided to be performed for
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90  minutes  to  ensure  equilibrium  saturation.
The  first  rapid  uptake  may  be  for  external
diffusion of the dye to the adsorbent surface. As
time  progresses,  slower  uptake  may  be
attributed to slower intracellular diffusion due to
lower dye concentration and constant adsorbent
amount in the adsorption system (38).

Adsorption isotherms
The  analysis  of  isotherm  results  provides
essential information, such as the nature of the
adsorbent and its surface properties (39). Non-
linear  diagrams  of  isotherm  models  for  dye
(MB) adsorption on the Tilkitepe raw clay are
given in Fig. 5. The values of isotherm models
are listed in Table 1.

Figure 5. Comparison of adsorption isotherm models for the sorption of methylene blue on
Tilkitepe at 298 K.

Table 1. The values of non-linear isotherm models for methylene blue adsorption onto Tilkitepe.
Isotherm/Model  Value S.E

Langmuir qM (mg g-1) 11.870 1.2900
KL 2.2466 0.1042
RL 0.0426
R2 0.9015
χ 2 0.2431

Freundlich KF 9.8099 0.2598
n 1.6098 0.3292
R2 0.9590
χ 2 0.8942

Dubinin-Radushkevich qM (mg g-1) 9.9823 0.8061
KD-R 0.2623 0.0367
ED-R 1.3807
R2 0.9350
χ 2 0.9512

Temkin bT   0.8602 0.3757
KT 18.0560 1.5064
R2 0.9355
χ 2 0.8741

Sips qM (mg g-1) 10.9787 0.3312
aS 6.1725 0.2137
nS 2.866 0.5234
R2 0.9819

 χ 2 0.9096  

Langmuir  isotherm,  which  accepts  monolayer
and  homogeneous  adsorption,  can  be  caused
not  only  by  physical  interactions  but  also  by

powerful electrostatic attractions. The R2 value
determined  from  the  Langmuir  equation  is
0.9015; the χ2 value is 0.2431 at 298 K. The qm
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value was determined to  be  11.870,  and S.E
was found to  be 1.2900.  The RL values  were
found  to  be  0.0426;  it  can  be  said  that  the
Langmuir  isotherm  is  favorable  for  the
adsorption  (40).  However,  the  Freundlich
isotherm  model  has  a  higher  regression
coefficient (0.9590) and lower S.E (0.2598) and
χ2 (0.8942) values. Also, the KF and n values
were  calculated  as  9.8099  and  1.6098,
respectively. If n lies between one and ten, this
indicates a favorable sorption process (23). 1/n
(0,6211) value between 0 and 1 showed that
the natural sorbent easily adsorbed MB. The D-
R adsorption isotherm provided useful data for
this  study (R2 = 0.9350).  It  has  a  lower S.E
(0.8061)  and  χ2 (0.9512)  values.  As  the
adsorption  energy  (E)  values  are  below  8  kJ
mol-1 at the studied temperature, thus, it can be
said  that  the  adsorption  mechanism  is  a
combination  of  physical  adsorption  and
electrostatic  interaction  (41).  In  physical
adsorption,  adsorbates  exhibit  relatively  low
adsorption  energies  as  they  adhere  to  the
adsorbent  through  weak  Van  der  Waals
interactions.  The  low  value  (0.8602)  of  the
Temkin constant  b𝑇 (kJ mol-1) obtained from
the  Temkin  Isotherm  model  also  supports  a
weak  adsorbate-adsorbent  interaction.  The
correlation  coefficient  obtained  from  Temkin

isotherm at  298  K  is  0.9355,  and  lower  S.E
(0.3757) and χ2 (0.8741) values  (20, 42). If nS

= 1, a dimensionless heterogeneity factor in the
Sips isotherm equation, this equation is reduced
to  the  Langmuir  isotherm  equation  and
indicates  that  the  adsorption  process  is
homogenous  (43). This isotherm model has a
higher regression coefficient (0.9819) and lower
S.E  (0.3312)  and  χ2 (0.9096)  values.  It  has
been verified that adsorption is heterogeneous
from  the  Sips  isotherm  constant  (6.1725)  in
Table 1.

Adsorption kinetics
Kinetic  studies  are  critical  in  illuminating  the
adsorption  mechanism.  It  is  known that  non-
linear  kinetic  models  are  more  accurate  in
assigning the correct models to the tested data
(44). Different kinetic models such as pseudo-
first-order,  pseudo-second-order,  Elovich  non-
linear  kinetic  models,  and  Weber  and  Morris
intraparticle  diffusion model  were used in the
evaluation of the experimental data in Figure 6.
Higher R2 and lower error function values are
referred to as better model fitting. The results
of the modeling data for the MB adsorption on
the natural adsorbent are presented in Table 2
a-b.

Table 2 a. Pseudo-first  and -second-order  and  Elovich kinetic  parameters  of  Methylene Blue
adsorption onto Tilkitepe clay at 30 mg L-1 initial dye concentrations (T = 298 K).

Kinetic
Models Value SE.

qe (exp) (mg g-1) 2.9778 -
Pseudo-first order qe. (cal) (mg g-1) 0.0075 0.0059

k1 (min-1) 0.0075 0.0540
χ 2 0.0024
R2 0.5954

Pseudo-second order qe. (cal) (mg g-1) 2.9797 0.0030
k2 (g mg-1 min-1) 3.6686 0.2404

X2 0.0043
R2 0.9502

Elovich α (mg g-1 min-1) 1.2115 10.6052
β (g mg-1) 35.8904 2.9699

χ 2 0.0176
R2 0.7451

Table 2 b. Intraparticle diffusion parameters at (30 mg L-1 initial dye concentrations and T = 298
K).

Intraparticle Tilkitepe clay
Diffusion 298 (K)

Model
kid ((mg g-1h1/2) 0.0011
Co 2.9326
R2 0.7871
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The pseudo-first-order kinetic model is usually
among the applied kinetic models and has an
expression based on the adsorption capacity of
the adsorbent (Eq. (11)). It is seen that there is
a significant difference between the calculated
values (qe (calc)) and the experimental values
(qe (exp)) from Table 2 a. Compared to other
model parameters, lower correlation coefficient
values that this model is not applicable for MB
adsorption on the natural adsorbent (45).
The  pseudo-second-order  kinetic  model  helps
predict  the  adsorption  rate  of  a  given

adsorption  system.  The  adsorption  ratio  is
based  on the assumption that  the  number  of
bonding areas on the adsorbent is proportional
to  the  square  (46).  Equation  (Eq.(12))  and
corresponding constants are presented in Table
2 a. It is observed that the values of qe (calc)
and qe (exp) are almost similar, and χ2 is at a
lower value, and R2 value is 0.9502. Therefore,
the  MB  adsorption  on  the  natural  adsorbent
follows the pseudo second-order kinetic model
sufficiently (47).

Figure 6. Non-linear kinetic model of pseudo-first-order, pseudo-second-order, and Elovich models
for Methylene blue adsorption onto Tilkitepe at 298 K.

The Elovich model,  a kinetic model,  based on
adsorption  capacity,  assumes  that  the
adsorption  mechanism is  chemical  or  physical
adsorption (48). The Elovich equation (Eq. (14))
and  the  characteristic  parameter  values  are
presented  in  Table  2  a,  respectively.  Table  2

shows the applicability of this model in that the
value of χ2 is significantly lower at 298 K. The
low values of the correlation coefficients at the
temperature discuss the suitability of this model
for the experimental data (49).

Figure 7. Intraparticle diffusion plots for adsorption (C0= 30 mg L-1 and T = 298 K).
The intra-particle diffusion plot was calculated
with Eq. 13 and presented in Figure 7. If  the

particle diffusion was involved in the adsorption
process, the plot would appear a straight line,
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and if the rate-limiting step were only particle
diffusion, this line would pass through the origin
(50).  It  is  evident  in  Figure  7 that  there  are
three separate stages in each case. i) The first
stage  with  high  slope  represents  the  fastest
process,  mass  or  surface  diffusion;  ii)  the
second  stage  is  slower  than  the  first  stage,
which  shows  the  effect  of  pore  diffusion  or
intra-particle diffusion controlled region; iii) the
last  stage  is  almost  linear  and  indicates  the
equilibrium state of the system (51). As can be
seen, the plot did not pass through the origin;
thus it can be said that intra-particle diffusion is
not the only rate-limiting step in the adsorption
process  (52) The boundary layer  thickness  of
the  calculated  diffusion  coefficient  is  listed  in
Table 2 b.

CONCLUSION

The raw Tilkitepe clay is an excellent alternative
adsorbent  to  remove  the  MB  dye  from  the
aqueous  solutions.  When  this  adsorbent  is
suspended in water, it interacts with the dye at
the solid/liquid interface. The dye molecules in
the  structure  of  clay  form  active  areas  by
hydrating in aqueous solution depending on pH.
Thus,  MB  is  attracted  to  negatively  charged
surfaces of clay or interlamellar can be replaced
with cations in space; the charge density is pH-
dependent (38). Equilibrium isotherm modeling
of MB adsorption was performed, and the data
best  fit  the  Freundlich  and  Sips  isotherm
models. Among the most critical kinetic models
evaluated  in  the  adsorption  mechanism,  the
pseudo-second kinetic (PSO) model is the most
suitable model.  Furthermore, the intra-particle
diffusion  model  has  linear  regions,  and  it  is
proposed  that  multiple  adsorption  rates  can
follow adsorption. The maximum capacity (qM)
of this adsorbent, which is cheap and does not
cause secondary pollution, was determined as
11.870 mg g-1 from the experimental data.
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Abstract: Environmental pollution by industrial effluent has become a vital issue partly because of
the detection of heavy metals in them, which need to be mitigated. Adsorbents were produced
from Bentonite  clay  using  2  M H2SO4 and  2  M HCl  as  modifying  agents  in  ratio  1:2  by  wet
impregnation  method.  Physicochemical  properties  of  the  pharmaceutical  effluents  such  as  pH,
temperature, turbidity, conductivity, Chemical Oxygen Demand (COD), Biological Oxygen Demand
(BOD), and heavy metals were determined. High concentrations of Fe(III) and Zn(II)were observed
in the effluents when compared with standards. The optimal value of pH for Fe(III) and Zn(II) was
8, and a dose of 0.05 g was found to be the optimal value for all  the adsorption system. The
adsorption was best fit  to Langmuir isotherm and the pseudo-second-order kinetic model.  The
results obtained in this study showed that the produced adsorbents could be used to supplement
the  commercial  adsorbents  in  the  specific  application.  Furthermore,  the  acid  modification  was
helped to increase the sorption capacity of the clay to the heavy metals studied with H2SO4 being
the better modification agent.

Keywords: Adsorption, Bentonite, Pharmaceutical Effluent, Heavy metals, Inorganic Acids 

Submitted: March 15, 2020. Accepted: July 11, 2020. 

Cite this: Abdullahi AA, Ighalo JO, Ajala OJ, Ayika S. Physicochemical Analysis and Heavy Metals 
Remediation of Pharmaceutical Industry Effluent Using Bentonite Clay Modified by H2SO4 and HCl. 
JOTCSA. 2020; 7(3); 727-744.

DOI: https://doi.org/10.18596/jotcsa.703913. 

*Corresponding author. E-mail: oluwaseun_ajala81@yahoo.co  m  , 
oluwaseunajala404@gmail.com. Tel: +2347039121853. 

INTRODUCTION

The pollution of water by industrial effluents is a
serious environmental challenge in recent times
due  to  the  increased  activities  of  industries

(such as pharmaceutical, mining, metallurgical,
tannery,  paint,  nuclear,  and batteries)  (1,  2).
Heavy metals can be considered as a group of
trace elements with an atomic density greater
than 4±1 g/cm3  (3). These include Al, Ni, As,
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Co, Ag, Cr, Mn, Fe, Sn, Pb, Cd, Hg, Zn, and Cu,
among  others  (4).  Several  characteristics  of
these  heavy  metals  (i.e.,  high  solubility,
stability, and high migration activity in aqueous
media)  have  led  to  their  bio-magnification,
causing  varieties  of  human  illness  and  other
negative environmental impacts (5, 6).

A  porous  clay  known  as  bentonite  (with
montmorillonite as its critical phase) is readily
available (7, 8) and have been investigated by
researchers as adsorbents to remove pesticides,
herbicides  (8,  9) various  organic  pollutants,
heavy  metals  and  a  host  of  others  (10,  11)
from  aqueous  media.  Bentonite  is  also  very
important  and  essential  in  many  other  fields
such  as  iron  ore  pelletizing,  drilling  mud,
foundry and binding, and civil engineering such
as sealing and waterproofing (12).

Several  recent  modification  techniques  have
been studied for bentonite clays in heavy metal
adsorption  (alongside  the  use  of  unmodified
clays).  Schütz et.  al (13) modified  bentonite
with  manganese  to  improve  its  affinity  for
Cd(II)  uptake.  Tohdee  and  Kaewsichan  (14)
utilized  Bencylhexadecyldimethyl  ammonium
chloride  for  the  modification  of  bentonite  for
Cu(II)  and  Zn(II)  uptake  via  adsorption  with
positive results. Yan et. al (15) investigated the
facile solvothermal synthesis of Fe3O4/bentonite
for the adsorption of Pb(II), Cu(II), and Cd(II).
Cantuaria et.  al (16) studied  the  use  of
unmodified bentonite for the adsorption of silver
from aqueous media. Alduaij et. al (17) studied
the use of unmodified bentonite sourced from
the Saudi area for the adsorption of Co(II).

Acid  modification  is  a  well-established
preparation  and  modification  technique  for
adsorbents  (1).  The  use  of  inorganic  acid-
modified bentonite to study Zn(II) and Fe(III)
sorption  is  unreported,  leaving  us  a  viable
knowledge  gap  to  explore.  Furthermore,  this
study  is  geared  towards  a  specific
environmental  problem  in  Nigeria,  which  it's
Zn(II) and  Fe(III)  pollution  from  industrial
effluents  in  Ilorin  city.  In  this  research work,
the  inherent  adsorption  strength  of  bentonite
clays  for  the  removal  of  heavy  metals  was
investigated, and several factors (contact time,
adsorbent  dosage,  pH,  initial  concentrations,
and  temperatures)  were  considered.
Furthermore,  isotherm,  kinetics,  and
thermodynamics studies were conducted to gain
more understanding of the adsorption process.

MATERIALS AND METHOD

Collection and Preparation of Adsorbents
The clay sample was collected from Afuze, Edo
state,  southern  Nigeria.  It  was  sun-dried,
ground into fine powder by the use of a mortar
and pestle and sieved using 2 μm geometrical
sized  screen.  It  was  then  transferred  to  a
beaker and oven-dried at 110 °C for 24 h to
remove  water  content  and  volatile  impurities
(18). The dried clay sample was removed and
cooled in a desiccator containing CaCl2 for 45-60
min. The dried clay was labeled as unmodified
clay (UMBC) while the air-dried clay (size 2 μm)
was equilibrated  with  2.0  M sulfuric  acid  and
stirred  with  a  glass  rod  for  30  minutes  and
shaken for 1 h with a rotary shaker (19). The
mixture  was  oven  dried  for  6  h  at  a
temperature of 80 oC until a paste-like material
is  formed  and  allowed  to  cool.  It  was  then
washed several times using distilled water until
the  washed  solution  was  of  neutral  pH.  The
same  procedure  was  repeated  for  2.0  M
Hydrochloric acid. The two modified clays were
then air-dried,  sieved,  and labeled as  sulfuric
acid modified clay (SMBC) and hydrochloric acid
modified clay (HMBC), respectively (20).

Determination  of  Physicochemical
Parameters of the Industrial Effluents
Effluent  samples  were  analyzed  to  determine
the  pollutants/contaminants  present  through
physicochemical  analysis  methods  such  as
temperature, pH, turbidity, color and odor, and
electrical conductivity.

Determination of  Chemical  Parameters  of
the Industrial Effluents
Chemical Oxygen Demand (COD)
A blank solution was prepared by pipetting  a
distilled water of 100 mL into a conical flask of
250 mL. A 10 mL portion of 25% H2SO4 and 20
mL of 0.01 M KMnO4 was added to the solution.
Then, 10 mL of the water sample was measured
into another 250 mL conical  flask and diluted
with 90 mL of distilled water. A 10 mL portion
of 25% H2SO4 and 20 mL of 0.01 M KMnO4 was
added  to  the  solution.  The  solutions  were
heated on a boiling water bath for 30 minutes.
Afterward,  the  solution  in  the  flasks  was
allowed to cool, and 10 mL of 10% KI solution
was added to  each  (21). The  average  values
were  taken  by  repeating  the  procedure  three
times. The chemical oxygen demand (COD) was
calculated using Eqn. 1

Eqn. 1
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Where A is the titer value of the sample, B is
the titer value of the blank solution; M is the
molarity  of  KMnO4and  V  is  the  volume  of
sample.

Dissolved Oxygen (DO)
Dissolved  oxygen  is  the  determination  of  the
amount of oxygen present in a sample of water
or  wastewater  at  the  time  of  collection.
Winkler’s  titration  was  used  for  measurement
(22). The  average  values  were  taken  by
repeating  the  procedure  three  times.  Eqn.  2
was the expression used.

Eqn. 2

Biochemical Oxygen Demand (BOD)
The effluent samples were divided into two. The
DO  level  (ppm)  of  the  first  portion  was
measured  immediately  using  the  method
described  in  the  dissolved  oxygen  test  and
Recorded.  The  second  portion  of  the  effluent
sample  was  placed  in  complete  darkness  by
wrapping  the  effluent  sample  bottles  with
aluminum foil at room temperature for 3 days
(ASTM, 1982). The average values were taken
by repeating the procedure three times.

Acidity Level

Determination of acidity level was done usually
by titration. An effluent’s portion of the sample
was  pipetted  into  a  conical  flask.
Phenolphthalein  indicator  was  added  in  two
drops, and the solution was titrated against a
standardized 0.01 M sodium hydroxide solution
to a pink end-point (23).  The average values
were  taken  by  repeating  the  procedure  three
times. Acidity was calculated using Eqn. 3

Eqn. 3

Alkalinity Level
A sample of the effluent’s portion was pipetted
into  a  conical  flask.  Methyl  red  indicator  was
added  in  two  drops,  and  the  solution  was
titrated  against  a  standardized  0.01M  HCl
solution to a pink end-point  (23). The average
values were taken by repeating the procedure
three  times.  Alkalinity  was  calculated  using
Eqn. 4

Eqn. 4

Total Hardness
An  effluent  of  25  mL  was  pipetted  into  a
different  conical  flask.  To  this,  3  mL  of
ammonium  chloride  in  a  concentrated
ammoniacal  buffer  (NH4Cl/conc.NH3)  and
Eriochrome Black T indicator was added in two
drops.  It  was  titrated  against  0.01  M  EDTA
solution until there is a color change from violet
to  blue.  The  average  values  were  taken  by
repeating the procedure three times (21). Total
Hardness was calculated using Eqn. 5

Eqn. 5

Heavy Metals
Iron  and  zinc  were  determined  using  Atomic
Absorption Spectrophotometer (model AA6800-
SHIMADZU) according to APHA (24).

Batch Adsorption Experiment
Effect of Initial Metal Concentration
Effect  of  initial  metal  ion  concentration  on
percentage  removal  of  metal  ions  was
investigated by varying the concentration of the
metal ions in the range of 5 to 50 mg/L while
keeping other factors constant (i.e., time – 180
minutes, dose – 0.05 g, pH - 6, temperature -
25°  C).  A  50  mL  portion  of  separate
concentrations of metal ions (i.e., 20, 40, 60,
80, and 100 mg/L) was introduced into 0.05 g
of  clay  adsorbent.  The  mixture  was  shaken
vigorously  and  continuously  on  a  mechanical
shaker  for  150  minutes  and  then  filtered.
Atomic  Absorption  Spectrophotometer
determined  the  final  concentration  of  each
filtrate  solution.  The  amount  of  metal  ions
adsorbed qe,  and percentage removal of metal
ions was determined.

Effect of pH
Effect  of  pH  on  percentage  removal  of  metal
ions was investigated by varying the pH from
pH 2 to pH 10 with the use of 0.1 M NaOH or
0.1 M HNO3 while keeping other factors constant
(i.e.,  time  –  180  minutes,  dose  –  0.05  g,
temperature - 25°C, particle size - 2 μm). 0.05
g of the adsorbent was weighed into 5 beakers,
and  20  mL  of  the  industrial  effluents  were
introduced into the beakers. The mixture was
shaken  vigorously  and  continuously  on  a
mechanical  shaker  for  150  minutes  and  then
filtered.  Atomic  Absorption  Spectrophotometer
will  determine the final  concentration  of  each
filtrate  solution.  The  amount  of  metal  ions
adsorbed qe  and percentage removal  of  metal
ions was determined.
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Effect of Contact Time
The effect  of  contact  time on the removal  of
heavy metals from the industrial effluents was
investigated by keeping other factors constant
(i.e.,  dose  –  0.05  g,  pH  -  6,  temperature  -
25°C,  particle  size  -  2  μm).  1.0  g  of  the
adsorbent was weighed into 6 beakers, and 20
mL  of  industrial  effluents  were  introduced  to
each  beaker.  The  mixture  was  shaken
vigorously  and  continuously  on  a  mechanical
shaker for a varying period ranging from 30 –
150  minutes  and  then  filtered.  Atomic
Absorption  Spectrophotometer  determined  the
final concentration of each filtrate solution. The
amount  of  metal  ions  adsorbed  qe,  and
percentage  removal  of  metal  ions  was
determined.

Effect of Temperature
The  effect  of  temperature  on  percentage
removal  of  metal  ions  was  investigated  by
varying  the  temperature  of  the  mechanical
shaker in the range of 15 to 40oC while keeping
other  factors  constant  (i.e.,  time  –  180
minutes, pH - 6, dose – 0.05 g, particle size - 2
μm). 20 mL portions of the industrial  effluent
were  introduced  into  each  beaker  containing
0.05 grams of the adsorbent. The mixture was
shaken  vigorously  and  continuously  on  a
mechanical  shaker  for  150  minutes  and  then
filtered  at  the  specified  temperature.  Atomic
Absorption  Spectrophotometer  determined  the
final concentration of each filtrate solution. The
amount  of  the  metal  ions  adsorbed  qe,  and
percentage  removal  of  metal  ions  will  be
determined.

Effect of Adsorbent Dose
Effect of adsorbent dose on percentage removal
of  metal  ions  was  investigated  by  varying
adsorbent dose in the range of 0.05 to 2.5 g
while keeping other factors constant (i.e., time
– 180 minutes, pH - 6, temperature – 25 °C,
particle size - 2 μm). A separate masses of the
adsorbents (i.e. 0.05, 1.0, 1.5, 2.0, 2.5 g) were
weighed  into  5  beakers  and  20  mL  of  the
industrial  effluent  was  introduced  into  each
beaker. The mixture was shaken vigorously and
continuously  on  mechanical  shaker  for  150
minutes  and  then  filtered.  The  final
concentration  of  filtrate  solutions  was  then
determined  by  atomic  absorption
spectrophotometer.  The amount of  metal  ions
adsorbed qe  and percentage removal  of  metal
ions was determined.

RESULTS AND DISCUSSION

Physicochemical  Parameters  of
Pharmaceutical Effluents
Pharmaceutical  effluents  were  sourced  from
Ilorin,  Nigeria.  The  results  of  the  effluent
obtained  were  compared  with  the  standard
values of the Federal Environmental Protection
Agency  (FEPA)  for  industrial  effluents,  United
States  -  Environmental  Protection  Agency
(USEPA). National recommended water quality
criteria-correction;  World  Health  Organization
(WHO).Guidelines  for  drinking  water
recommendations.  Table  1  contains  the
physicochemical  properties  of  various  water
samples. The concentrations of heavy metals in
the effluents are in the following order Fe>Zn
>Cu>Mn>Pb>  Cr.  Nickel  (Ni)  and  cadmium
(Cd) were not detected.

Table 1: Physicochemical properties of various water samples.
Properties Effluent WHOa FEPAb USEPA
pH 6.09 6-9.5 6.0-9.0 6.0 -8.5
Temperature 33.0 400C
Color Yellow Colorless NS Colorless
Conductivity 451 NS NS NS
Turbidity 33.0 NS NS NS
COD 77.6 NS NS NS
BOD 43 NS 50 NS
TSS 71 NS 30 NS
TDS 248 <1200 2000 500
Cadmium ND 0.003 <1 0.002
Chromium 0.001 0.05 0.015 0.05
Nickel ND 0.02 <1 0.005
Iron 88.52 NS 20 0.3
Lead 0.002 0.01 <1 0.003
Zinc 3.276 0.01 <1 0.12
Copper 0.762 1.2 1.3 0.009
Manganese 0.701 NS 5 0.05

All values are in mg/L except conductivity (o/∞), pH, and turbidity have no unit; NS: Not stated.
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Thus,  the highest genotoxic risk in this  study
will  be  primarily  accounted  for  by  the  higher
concentrations  of  Fe(III) and  Zn(II)  in  which
are above the permissible level of WHO, FEPA,
and USEPA.

Adsorption Parameters
Effect of Initial Concentration
Initial  concentrations  were  considered  for  the
adsorption  studies  in  other  to  determine  the
equilibrium  concentration  of  adsorbate,  which
was  used  to  study  other  parameters.  The
results  obtained  for  this  study  are  shown  in
Figure  1a-for Fe(III) and Zn(II), respectively,
and varying the initial  concentrations from 20
mg/L  to  100  mg/L.  The  notifications  for  the

three  adsorbents  are  as  follows;  unmodified
bentonite  clay  (UMBC),  H2SO4  modified
bentonite  clay  (SMBC),  and  HCl  Modified
Bentonite clay (HMBC). In Figures 1a-b, it was
observed that the Fe(III) and Zn(II) adsorption
capacity  increases  with  increasing  initial
concentration  and  their  capacities  were
achieved at 15.01mg/g, 8.29mg/g and 8.29mg/
g  for  UMBC,  SMBC  and  HMBC  with  Fe(III)
respectively  while  14.87mg/g,  7.51mg/g,  and
7.98mg/g are for UMBC, SMBC and HMBC with
Zn(II) respectively. The increase in adsorption
capacity  with  initial  concentration  is  because
the  concentration  provides  a  critical  mass
transfer driving force for the adsorption process
(25).

Figure 1a: Profile diagram of initial concentration on the amount of Fe(III) adsorbed using UMBC,
SMBC, and HMBC.

Figure 1b: Profile diagram of initial concentration on amount of Zn(II) adsorbed using UMBC,
SMBC, and HMBC.
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Effects of Contact Time
The pollutants’ contact time with different clay
adsorbents is valuable in the adsorption process
due  to  its  great  deal  of  influence  on  the
adsorption  capacity  (26).The  results  obtained
as  shown  in  Figures  1c-d  investigate  the
adsorption  capacity  of  Fe(III) and  Zn(II)
respectively with UMBC, SMBC, and HMBC using
contact time varied from 30 min to 150 min at
pH  of  6,  adsorbent  dose  of  0.05  g,  the
temperature  of  303 K,  volume of  25  mL and
concentration of 88.52 mg/L and 3.26 mg/L for
Fe(III) and  Zn(II)  respectively  from  the

effluent. It was noticed that as the contact time
was  increasing,  the  uptake  capacity  is  also
increased  until  equilibrium  was  achieved  at
13.145 mg/g, 16.37 mg/g and 17.4624 mg/g
for  UMBC,  SMBC  and  HMBC  with  Fe(III)
respectively  and 0.555 mg/g,  0.461mg/g  and
0.460 mg/g for  UMBC,  SMBC and HMBC with
Zn(II)  respectively.  The  more  significant
contact  times  favors  the  adsorption  process
because it allows for more adsorbate molecules
to  overcome  the  mass  transfer  barrier
(boundary  layer  effect)  at  the  solid-liquid
interphase.

Figure 1c: Profile diagram of contact time on amount of Fe(III) adsorbed using UMBC, SMBC, and
HMBC.

Figure 1d: Profile diagram of contact time on the amount of Zn(II) adsorbed using UMBC, SMBC,
and HMBC.
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Effects of Adsorbent Dose
The  effect  of  adsorbent  dose  on  the  various
adsorption systems was studied and was shown
in  the  Figures  1e-f for  UMBC,  SMBC,  and
HMBC on Fe(III) and  Zn(II)  respectively.  The
parameters utilized for the adsorption process
were contact time of 180 min,  the volume of
the  adsorbate  in  25  mL,  pH  at  6,  the
temperature  at  303  K,  and  concentrations  of
88.52  mg/L  for  Fe(III) and  3.276  mg/L  for
Zn(II).  It was observed in  Figure 1e that as
the adsorbent dose was increased, the uptake
capacity decreased and their maximum uptake
was observed at 0.05 g mass of adsorbents in
all the systems with the corresponding values of
24.145 mg/g, 19.78 mg/g, and 44.46 mg/g for

UMBC//Fe,  SMBC//Fe,  and  HMBC//Fe  systems
respectively  (27).  Also  in  Figure  1f,  it  was
observed that the adsorbent dose increase with
a  decrease  in  the  uptake  capacity.  Maximum
uptake  was  observed  at  0.05  g  mass  of
adsorbents  in  all  the  systems  with  the
corresponding  values  of  0.933  mg/g,  0.9625
mg/g,  0.999  mg/g,  1.025  mg/g,  3.465  mg/g
and  3.546  mg/g  for  UMBC//Fe,  UMKC//Zn,
SMBC//Fe,  SMKC//Zn,  HMBC//Fe,  and
HMKC//Zn  system  respectively.  The  higher
uptake  at  a  more  massive  adsorbent  dose  is
due  to  greater  availability  of  active  sites  in
solution  onto  which  the  adsorbate  can  be
adsorbed.

Figure 1e: Profile diagram of dose on amount of Fe(III) adsorbed using UMBC SMBC and HMBC.

Figure 1f: Profile diagram of dose on amount of Zn(II) adsorbed using HMBC, UMBC, and SMBC

Effect of pH
The effect of the pH is an important parameter
controlling  the  adsorption  process.  It
determines  the  influence  of  the  adsorption
capacity  on  the  surface  properties  of  the
adsorbents and ionic forms of the metal ions in
solutions  (28).  The  pH  affects  the  solution

chemistry of the pollutant, the activity of the
functional  groups  in  the  adsorbent,  and  the
competition  of  ions  for  binding  sites  (1).  pH
affects  the  charges  of  the  adsorbate  and
adsorbent in solution and hence the way they
interact with each other. In this study, different

733



Abdullahi AA et al. JOTCSA. 2020; 7(3); 727-744. RESEARCH ARTICLE

pH  levels  ranging  between  3.0  to  10.0  were
considered  at  adsorbents  dosage  of  0.05  g,
Temperature: 303K, and concentration of 88.52
mg/L for Fe(III) and 3.276 mg/L for Zn(II). The
pH  profile  diagrams  for  UMBC,  SMBC,  and
HMBC  of  Fe(III) and  Zn(II)  are  shown  in
Figures  1g-h, respectively.  In  the  Fe(III)
system, it was noticed that uptake capacity was
lowest at  pH value of  3.0 with 15.935 mg/g,

11.665  mg/g,  and  13.0625  mg/g  for  UMBC,
SMBC,  and  HMBC  respectively  (19).  Uptake
capacity,  however,  increased  as  pH  was
increased from pH 3– pH 8 (UMBC//Fe, SMBC//
Fe, and HMBC//Fe), and after pH 8, it starts to
decrease.  While  in  the  case  of  Zn(II),  the
maximum uptake capacity was obtained at pH 7
(UMBC//Zn, SMBC//Zn, and HMBC//Zn).

Figure 1g: Profile diagram of pH on the amount of Fe(III) adsorbed using UMBC SMBC and HMBC.

Figure 1h: Profile diagram pH on amount of Zn(II) adsorbed using UMBC, SMBC and SMBC.  

Effect of Temperature
The effect of temperature on the adsorption of
the Fe(III) and Zn(II) was studied using UMBC,
SMBC,  and  HMBC.  The  temperature  profile
diagrams  for  the  UMBC,  SMBC,  HMBC  on
Fe(III), and  Zn(II)  adsorption  system  are
shown in  Figures 1i-j, respectively. This work
was studied at  different temperatures  ranging
from 35oC to 45oC at adsorbents dosage of 0.05
g,  time  180  min,  25  mL  volume,  the
temperature is 303K, at pH 6 and concentration
of 88.52 mg/L for Fe(III) and 3.276 mg/L for

Zn(II). All the sorption systems were observed
to have a similar trend; as the temperature is
increased,  adsorbents’  uptake  capacity
decreases.  Generally,  it  is  evidenced that  the
uptake capacity decreased with an increase in
temperature.  These observations  suggest  that
process of adsorption in all the systems might
be exothermic, and an increase in temperature
could  deteriorate  the  matrix  structure  of  the
adsorbents.  The  thermodynamics  study
confirmed this.
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Figure 1i: Profile diagram of Temperature on the amount of Fe(III) adsorbed using HMBC, UMBC,
and SMBC.

Figure 1j: Profile diagram of Temperature on amount of Zn(II) adsorbed using HMBC, UMBC, and
SMBC. 

Adsorption Isotherm Studies
The equilibrium adsorption data obtained in this
study were fitted with two isotherms—namely,
Langmuir  isotherm  and  Freundlich  isotherm,
and which all explained the different degrees of
success.

Langmuir Asorption Isotherm
The data obtained from Figures 2a-b was used
on this isotherm, and the parameters obtained
from these plots are summarized in  Tables 2-
3.  The  parameters  are  R2 (Correlation
coefficient),  Qmax (maximum  adsorption
capacity),  and  RL (dimensionless  separation
factor).  It  was  noticed  that  the  correlation
coefficient for all the three systems is 0.933 for

UMBC, 0.997 for SMBC, and 0.915 for HMBC. It
was  noted  that  HMBC  has  an  adsorption
capacity  value  of  13.00  mg/g,  which is  more
than that of the UMBC (4.2 mg/g) and SMBC
(2.8  mg/g).  Also,  RL  value  (dimensionless
separation  factor)  is  explained  as  a  valuable
feature in this process, and it ranges from 0 to
1 (19). As shown in Table 2, it affirms that the
removal  of  heavy  metals  molecules  is
appreciated  onto  all  the  adsorbents.
Furthermore,  it  can  be  observed  that  acid
modification  helped  to  increase  the  sorption
capacity  of  the  clay  to  the  heavy  metals
studied.
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Table 2: Langmuir adsorption parameter for various sorption systems of Fe(III).
SYSTEM (Fe) Qmax (mg/g) KL(l/mg) RL R2

SMBC 2.8 0.09 0.009 0.987
UMBC 4.2 0.03 0.009 0.933
HMBC 13.0 0.02 0.009 0.915

Qmax= Maximum Adsorption capacity, KL = Rate of Adsorption, RL = Separation factor

Table 3: Langmuir adsorption parameter for various sorption systems of Zn(II).
SYSTEM (Zn) Qmax (mg/g) KL(l/mg) RL R2

UMBC 2.9 0.03 0.0097 0.937
SMBC 35.5 0.02 0.0098 0.922
HMBC 14.1 0.01 0.0099 0.921

Qmax= Maximum Adsorption capacity, KL = Rate of Adsorption, RL = Separation factor

Figure 2a: Langmuir plot for UMBC//Fe, HMBC//Fe, and SMBC//Fe.

Figure 2b: Langmuir plot for UMBC//Zn, HMBC//Zn, and SMBC//Zn

Freundlich Adsorption Isotherm
The  Freundlich  plots  for  the  various  systems
studied  are  given  in  Figures  2c-d, and  the

parameter  obtained  from  these  plots  are
summarized in Tables 4-5. The value of 1/n <
1  obtained  in  most  of  the  adsorption  system
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studied indicated favorable adsorption while in
the case of UMBC in which the value of 1/n is
greater  than  1  (1/n  >  1),  it  indicates  the

unfavorable  adsorption  while  the  value  of  n
within  the  range  of  1  –  10  represent  good
adsorptions (29).

Table 4: Freundlich adsorption parameter for various adsorption systems of Fe(III)
SYSTEM (Fe) n 1/n Kf(mg/g) R2

SMBC 2.09 0.479 2.539 0.994
UMBC 0.58 1.729 13.131 0.873
HMBC 1.72 0.579 1.596 0.697

1/n is the adsorption intensity and Kf is the adsorption capacity.

Table 5: Freundlich adsorption parameter for various adsorption systems of Zn(II)
SYSTEM (Zn) n 1/n Kf(mg/g) R2

UMBC 0.37 2.682 399.578 0.816
SMBC 1.34 0.746 1.023 0.860
HMBC 1.36 0.737 3.107 0.891

1/n is the adsorption intensity and Kf is the adsorption capacity.

Figure 2c: Freundlich plot for UMBC//Fe, HMBC//Fe, and SMBC//Fe

Figure 2d: Freundlich plot for UMBC//Zn, HMBC//Zn, and SMBC //Zn
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Adsorption Kinetics and Mechanism
The kinetic study explains how fast the rate of
adsorption occurs. Adsorption type depends on
the characterization of the adsorbents and the
system  conditions  such  as  contact  time,
concentration, and temperature. Calculation of
the adsorption rate constant is fundamental to
evaluate  the  necessary  qualities  of  a  suitable
adsorbent,  such  as  a  time  required  for
adsorbent to remove a particular compound and
efficacy  of  the  adsorbents  (30).  Pseudo  first

order and pseudo-second-order kinetic models
were employed to study the adsorption process.
The validity of the kinetic models was tested by
employing the correlation coefficient value (R2).
The satisfactory model had excellent linearity of
the plot (high R2 values). The pseudo-first-order
plot for various adsorbents is shown in Figures
3a-b while the plot for pseudo-second-order for
the various adsorbents is also shown in Figures
3c-d.

Figure 3a: Pseudo first order plot of UMBC//Fe, HMBC//Fe and SMBC//Fe.

Figure 3b: Pseudo first-order plot of UMBC//Zn, HMBC//Zn, and SMBC//Zn.

The pseudo-first-order rate constant k1 amount
of Fe(III) and Zn(II) adsorbed at equilibrium qe

and correlation coefficient R2are shown in Table

6-7.  Proper  fitting  with  high  R2was  only
observed  for  UMBC (0.948)  for  Fe(III),  while
the others showed poor agreement with kinetic
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models based on their R2value. The parameters
obtained  from  this  model  are  summarised  in
Table 6-7. Therefore, the adsorption of Fe(III)
and Zn(II) on different adsorbents of Bentonite

clay  revealed  that  pseudo-first-order  kinetic
model  failed to  explain  the  kinetic  adsorption
process.

Table 6: Pseudo first order parameter for various adsorption systems of Fe(III)
SYSTEM (Fe) k1 qe(mg/g) R2

UMBC 0.010 5.71 0.948
SMBC 0.013 6.08 0.8841
HMBC 0.011 2.79 0.4901

K1 is the pseudo-first-order rate constant; qe is the calculated equilibrium uptake capacities.

Table 7: Pseudo first order parameter for various adsorption systems of Zn(II)
SYSTEM (Zn) k1 qe(mg/g) R2

UMBC 0.024 243.83 0.408
SMBC 0.007 15.99 0.078
HMBC 0.015 45.27 0.292

K1 is pseudo-first-order rate constant; qe is the calculated equilibrium uptake capacities.

The  pseudo-second-order  model  showed
favorable  linearly  with  experimental  data
obtained for all  the adsorbents.  The plots are
shown  in  Figures  3c-d, respectively.  Tables
8-9  tell that  R2values  of  0.972,  0.995,  and
0.999 were obtained for UMBC//Fe, SMBC//Fe,
and HMBC//Fe,  while  the  R2 values  of  0.999,
0.981  and  0.993  were  obtained  for  UMBC,

SMBC  and  HMBC//Zn  adsorbent  respectively.
These are  higher  than corresponding R2values
obtained  in  the  pseudo-first-order  model  and
described the kinetic data better. It informs that
both the concentration of metal ions in solution
and  the  number  of  available  adsorption  sites
are  critical  in  determining the rate/kinetics  of
the adsorption process.

Table 8: Pseudo second order parameter for various adsorption systems of Fe(III)
SYSTEM (Fe) k2 qe(mg/g) R2

UMBC 128.53 14.29 0.972
SMBC 327.55 17.99 0.995
HMBC 563.61 17.24 0.999

K2 is the pseudo-second-order rate constant; qe is the calculated equilibrium uptake capacities.

Table 9: Pseudo second order parameter for various adsorption systems of Zn(II)
SYSTEM (Zn) k2 qe(mg/g) R2

UMBC 0.076 0.56 0.999
SMBC 0.005 0.53 0.981
HMBC 0.010 0.48 0.993

K2 is pseudo second order rate constant; qe is the calculated equilibrium uptake capacities.
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Figure 3c: Pseudo second order plot of UMBC//Fe, HMBC//Fe and SMBC//Fe.

Figure 3d: Pseudo second order plot of UMBC//Zn, HMBC//Zn and SMBC//Zn

Adsorption Thermodynamics
Thermodynamic  parameters  can  be  useful  in
the evaluation of orientation of the adsorption
process  and  which  provide  information
regarding  the  mechanism  of  the  process,

structural  changes,  and  energy  due  to
molecular  adsorption  ion.  All  the
thermodynamic  parameters  were  determined
using the system of equations shown in Eqn. 6-
9.
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Where K represents the distribution coefficient,
∆H represents enthalpy, ∆S represents entropy
change,  and  ∆G  represents  the  free  energy
change of adsorption. T1andT2  are the absolute
temperatures, R is the gas constant, Ea is the
activation energy of adsorption, Ks1 and Ks2 are
distribution  coefficient  for  adsorption  at

temperature  T1 and  T2  respectively.  The
thermodynamic plot obtained from the equation
for  the  various  sorption  systems  studied  are
depicted in  Figure 4, and the thermodynamic
parameters  obtained  from  these  plots  are
summarised in Table 10.

Figure 4: Thermodynamic plot of UMBC, HMBC and SMBC//Fe)
Table 10: Thermodynamic parameter for various adsorption systems of Fe(III)
SYSTEM(Fe) T (K) ∆G

(KJ/mol)
∆H
(KJ/mol)

∆S(J/mol/
k)

R2

Unmodified Bentonite Clay – type
(UMBC//Fe)

308
313
318

-927.938
-761.218
-428.398

-235.61 -0.720 0.967

Sulphuric acid modified Bentonite
Clay – type (SMBC//Fe)

308
313
318

-2536.61
-2358.68
-1202.51

-628.79 -1.914 0.858

Hydrochloric  acid  Modified
Bentonite Clay – type (HMBC//Fe)

308
313
318

2952.444
3071.783
4442.479

618.21 2.136 0.781

The  thermodynamic  plot  for  the  following
adsorbents,  namely,  UMBC  are  plotted  in
Figure 4 gave R2 value of 0.967. The relatively
high R2 values can be attributed to the regular
trends exhibited in their respective temperature

profile diagram except for SMBC and HMBC with
0.858 and 0.781 respectively of R2 value, which
exhibited  irregular  trends  in  his  temperature
profile  diagram.  From  Table  10,  it  was
observed  that  all  the  ∆G  values  in  the
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adsorption  system  are  negative,  which
suggested  that  the  process  of  adsorption  is
spontaneous  over  the  range  of  temperature
studied except for HMBC and HMKC in which ∆G
values  are  positive  which  indicate  that  the
process of adsorption is not spontaneous. The
∆S  values  of  -0.720  J/mol/k,  -1.914  J/mol/k
and 2.136 J/mol/K for UMBC, SMBC, and HMBC,
respectively,  which  indicate  that  there  is
decrease  and  increase  in  randomness  at  the
solid/solution  interface  during  the  adsorption.
The  ∆H  values  were  found  to  be  -235.61
KJ/mol, and -628.79 KJ/mol, for UMBC, SMBC
respectively  suggest  that  the  process  is
exothermic while ∆H values were found to be
618.21 KJ/mol for HMBC which indicate that the
process is endothermic.

CONCLUSION

From this study, acid-modified adsorbents were
successfully  prepared  from  Bentonite  clays.
Physicochemical  properties  of  modified  and
unmodified adsorbents were observed to have
significant  differences  in  all  parameters.
Adsorbent dosage of 0.05 g and pH values of 8
were  found  to  be  the  optimal  value.  The
adsorption  data  in  this  study  were  best
explained using the Langmuir isotherm model.
Sulfuric  acid-modified  bentonite  clay  (SMBC)
performs  best  among all  the  adsorbents.  The
kinetic data in this study was best explained by
the pseudo-second-order kinetic model implying
the physisorption process. The thermodynamic
data show that HMBC showed that the process
is endothermic and non-spontaneous. Negative
of ∆S values indicated that there is a decrease
in  randomness  except  for  HMBC  at  the
solid/solution  interface  during  the  adsorption.
Furthermore,  it  was  observed  that  acid
modification was helped to increase the sorption
capacity  of  the  clay  to  the  heavy  metals
studied.
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Abstract:  The  Angelica  L.  genus  belongs  to  Umbelliferae  family.  Angelica  tatianaeis  very  rare  in
Azerbaijan. In Azerbaijan so far, there has been no research about phytochemistry of A. tatianae. In the
present study, phytochemicals of the plant have been isolated and their structures have been elucidated.
The roots of Angelica tatianae Bordz were extracted with 95% alcohol and the contents were extracted of
a total of 3 individual substances by chromatography in a glass column filled with Al2O3, (1.C13H10O5, m.p.
148.0°C; 2. C9H6O2,  m.p. 67.0-68.0 °C;   3. C12H8O4, m.p. 145.0-146.0 °C).Based on chemical and
spectral results (FTIR,  1H NMR,  13C NMR), the obtained substances were identified with isopimpinellin,
coumarin, and xanthotoxin, respectively. 
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INTRODUCTION

There are nearly 4500 kinds of plants in the flora of
Azerbaijan.  Among  these  plants,  Apiaceae  Lindl's
family  takes  a  special  place.  This  family  is
represented in the world with 400 genders. Among
the genders including this family, Angelica L. Gender
attracts attention for its specific features. There are
115  types  of  this  gender  in  the  world  (plant  list
2013, 115), (plant list 2018, 116) (1).

There are more than 50 types of Angelica species in
the Caucasus. In the floraof Azerbaijan, Angelica L.
gender is represented with 3 types:  A.sachokiana,
Angelica purpurascens  and Angelica tatianae Bordz
(2,3). The first of them,A. sachokiana, is described
in  Azerbaijan  (Ismailly,  Nialdag,  Kuzun  village  of
Gusar region) (4, 5). It is encountered in the middle
and  upper  mountain  ranges  of  Greater  Caucasus
region  on  the  rocks,  on  the  banks  of  mountain
rivers. The second A. purpurascens is the subalpine
meadows  plant  of  Nakhchivan  and  the  Small
Caucasus region) (6). The third type  A.tatianae is

encountered  in  the  forest  areas  upper  mountain
ranges  of  the  Small  Caucasus  region  (Gadabay
region). It is also encountered in the western part of
the Greater Caucasus region (Zakhatala region) in
upper mountain ranges. On our part, we found that
in  the  small  and  medium  range  of  the  Lesser
Caucasus  (Gadabay  region)  is  distributed  in  a
limited range of forest areas.

A.tatianae is  a  rare  species  in  the  flora  of
Azerbaijan. This species is a remarkable perennial
plan.  The lifespan of  the plant  is  7 years.  It  is  a
monocarpous  plant.  It  blooms  in  the  last  year,
forms seeds and dies.

A.tatianae is a very valuable medicinal plant with 1-
1,5m height and an empty stem. It passes to the
blooming  phase  in  July  with  white  flowers.  The
length of the petals is about 1-2mm. The columns
are short cone-shaped. The column is much longer
than under columns and they are folded.The flowers
turn whitish-yellow as they grow.
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The  length  of  the  umbrellas  consists  of  various,
roughly 25-35 rays. The petals are white and are
gathered in the umbrella flower group. The sizes of
the  edge  and  middle  flowers  are  different.  The
grown seeds are wide oval-shaped, backbones are

narrow,  from  sides  are  large  winged,  above  is
naked. The length of the seed is 10 mm; the width
is  5-6mm  and  consists  of  ribs.  The  seed  has  a
specific dark smell.

   

Picture 1-2. A.tatianae flowering phase (July).

The leaf limb is wide triangle-shaped, consists of 3
parts,  it is feather-like, the length is about 30-40
cm, initial slices of a leaf are wide egg-shaped and
the  length  is  20-25cm.  The  deep feather-like  cut
sharply  pointed  part  is  6-8cm.  The  edges  are
unequal  sharp  cogged;  the  veinlet  is  short-hairy
especially  at  the  bottom part.  Inside  the  stem is
empty. It has a bitter taste.

The  seeds  of  the  plant  were  planted  in  special
conditions and vegetation was observed for 9 years.
Sown  seeds  begin  to  ripen  in  the  second  year.
Development is slow.

As a result of literature research, it is known that
the phytochemistry of the plant A.tatianae has been
little studied. In previous studies, the surface part
(seeds) of the plant was used.

According  to  the  literature  in  the  fruit  of
Xanthogalum (Angelica) tatianae (Bordz.) Schischk.,
collected in the Gordzhomi region (Adjar ASSR) they
had established the presence of 2.2% of lactones of
the coumarin group consisting of a mixture of four
substances:  bergapten,  isooxypeucedanin,
bergaptol,  b-sitosterol  (A.  I.  Sokolo  and  G.  K.
Nikonov, 1969) (13,14).

The  phytochemistry  of  A.  tatianae has  not  been
studied  in  Azerbaijan.  We  first  obtained
isopimpinellin,  coumarin and xanthotoxin from the
roots  of  the  plant.  Isopimpinellin  and  xanthotoxin
derived  from  plant  roots  belong  to  the  class  of
furanocoumarins (8,9,24, 25).

MATERIALS AND METHOD

A. tatianae was collected from the Gadabay region
in July 2013 and was assigned to the Institute of
Botany  of  the  Azerbaijan  National  Academy  of
Sciences (compared to herbariums in the herbarium
fund). On July 28, 2018, the plant was re-collected
from a forest area at an altitude of 2000m above
sea  level  and  phytochemical  studies  were
conducted.The bio-ecological features of the species
have been studied by us. In addition, we studied the
antimicrobial activity of A. tatianae and the repellent
effect of the extract of A. tatianae on the mosquito
Culex pipiens molestus (15-17).   

Coumarins are widely spread in types of Apiaceae,
especially in the genus Angelica L. (18-23).
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Picture 3. Seeds of A.tatianae Picture 4. Photo from the herbarium fund
of the Institute of Botany (A.tatianae)

   

Picture 5. A. tatianae (root).           Picture 6. A. tatianae (surface part).

After the root of the plant was finely chopped and
dried (120 g), it was extracted 3 times (each time
for three days) in alcohol. Obtained the substance
mixture (extract) (17g) was used. Thus, substance
mixture  was  chromatographed  in  a  glass  column
(h=100cm, d=3cm) that was filled with Al2O3. The
mixture  of  substances  we  mean  benzene  +  n-
hexane  (3:  1),  chloroform + ethanol  (4:  1),  and
other mixtures used in chromatography.

The  volume  of  each  fraction  is  100  mL.
Chromatography  column  was  digitalized  with  n-
hexane  (46  fractions),  n-hexane+benzene  (42),
benzene  (20  fractions),  benzene+chloroform  (23
fractions),  chloroform+benzene  (20  fractions),

chloroform  (28  fractions),  chloroform+alcohol  (6
fractions). The individuality of the substances was
determined by  using a thin  layer  chromatography
method  (Silifol  UV254,  solvent-
benzene+chloroform, 1:1), the melting temperature
was defined on Boytius  table.  IG spectrums were
recorded  by  the  UR-20  spectrophotometer  in
Vaseline oil and the chemical structure of coumarin
derivatives was defined on the base of the results
obtained from the detection of NMR spectra.

RESULTS AND DISCUSSION

Three  substances  were  extracted  from
chromatography of extracts from the root system of

747



MAMMADOVA GARA H, SALEH MS. JOTCSA. 2020; 7(3): 745-752. RESEARCH ARTICLE

A.tatianae. The structures of matter are determined
chemically and spectrally. 

The thin layer chromatography method was used to
determine  the  individuality  of  the  substances
derived from the root of the plant, which has been
identified  as  substances  isopimpinellin,  coumarin,
xanthotoxin. All  3  substances  were identified with
based on the results of the detection of IR and NMR
spectra (7).

Coumarin and its derivatives were obtained from the
roots of the plant and identified (Table 1). As can be
seen from the table, the roots of the studied plant
contained  the  amount  of  coumarin  derivatives  -
isopimpinellin (1.356%), xanthotoxin (1.809%) and
coumarin (3.310%).

Substance 1. Composition of the element C13H10O5,
m.p. 148 C,  (Figure1). In the IR spectrum, there
are absorption peaks that characterize the carbonyl
(1714 cm-1) and double bonds (1600, 1649 cm-1) of
the  lactone  cycle.  UV  spectrum:  λmax 224  (logε
4.40),  241 (logε 4.16),  268 (logε 4.26),  312 nm
(logε 4.11).Signals detected in the 1H NMR are as
follows: δ  3,96 (s, 3H, OCH3);  5,23 (s, 1H, H3);
5,99 (s, 1H, H13); 6,13 (s, 1H, H6); 6,80 (d, 1H,
J11,12= 8,1 Hz; H11), e 7,13 (dd, H1, J12,11=8,1 Hz e
J12,8 =1,8Hz;  H12),  e  7,40  (d,  1H,  J8,12 =1,8Hz;
H8). It is established that the substance obtained in
item  1  generally  refers  to  linear  coumarin  and
identified as Isopimpinellin (Table 1, A) (8).
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Figure 1. Composition of the element C13H10O5, m.p. 148 C.

Substance  2.The  crystalline  substance  was
extracted from the 12–16 fraction fractionated by
chloroform in the chromatographic column (Figure
2). After  crystallizing  with  ethanol  +  water,  the
elemental composition of the substance is C9H6O2. It
was  67.0  -  68.00C.  UV-spectrum:  λmax 275  (logε
3.9), 325 nm (logε 3.75) In the FTIR spectrum of
the  substance,  the  νmax is  1723  (CO-δ-lactone
cycle),  and 1610 cm-1 (C = C benzene cycle)  for

double  bonds.  Signals  detected  in  the  1H  NMR
spectrum of the compound: δ: 7.65 (1H, d, J = 9.0
Hz H-4), 7.50 (2H, m, H-6, H7), 7.48 (1H, d, J =
8.5 Hz, H-8), 7.20 (1H, d, J = 8.5 Hz, H-5), 6.40
(1H,  d,  J  =  9.4  Hz  H-3).The  obtained  formula  2
proves that the structural formula of coumarin is the
same  as  the  structure  formula  were
identified(Table 1, B)(8).
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Figure 2. Composition of the element C9H6O2, m.p.67.0 – 68.0 °C.

Substance 3. Composition of the element C12H8O4

145.0-146.0 °C (Figure 3). In the IR spectrum, the
absorption peaks of the δ-lactone cycle C = O group
(1726 cm-1) and the double bonds of the aromatic
system (1624, 1594, 1550 cm-1) indicate that the
compound  belongs  to  the  furocoumarin  group.
Signals detected in the 1H NMR spectrum of matter:

7.73 (d, J = 9.65 Hz, 1H, CH =, H-4) , 7.60 (d. J =
2,00 Hz, 1H, CH =, H-3 ') 7.32 (s., 1H, CH =, H-5),
6.80 (d., J = 2,00 Hz, 1H, CH =, H-2 '), 6.30 (d., J
=  9.65  Hz,  H-3),  and  3,4m  singlet  proves  the
presence  of  methoxy  (–OCH3)  group  in  the
molecule. The substance obtained was identified as
xantotoxin(Table 1, C)(9).

Figure 3. Composition of the element C12H8O4, 145.0-146.0 °C. 
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Table 1. Angelica tatianae Bordz. chemical composition of the species.
Coumarin Amount, %

A. Isopimpinellin, C13H10 O5

1.356

B.Coumarin,  C9H6 O2

3.310

C.Xanthotoxin, C12H8O4

1.809

Isopimpinellin  possibly  inhibits  7,12-
dimethylbenz(a)anthracene, which is the initiator of
skin tumors. Evidence has also been reported that
links  these  compounds  to  the  inhibition  of  breast
cancers.  Isopimpinellin  has  inhibitory  activity
against  the  enzyme  adenine
phosphoribosyltransferase (APRT) from Leishmania,
a tropical parasite causing endemic disease in poor
countries (10).

The coumarins are of great attention due to their
therapeutic  property.  Their  physiological,
bacteriostatic  and  anti-tumor  activity  marks
coumarins  as  novel  ones  for  therapeutic
applications. Several researchers have reported the
clinical  applications  of  coumarins  and  their
derivatives  in  the  treatment  of  several  diseases.
Several studies have proven multiple potential roles
of  coumarins  which  include  disease  spread  and
prevention,  growth  modulation,  antioxidant  and
anti-tumor effects (12).

Xanthoxin belongs to the group of medicines called
psoralens.  It  is  used  along  with  ultraviolet  light
(found  in  sunlight  and  some  special  lamps)  in  a
treatment called PUVA to treat vitiligo, a disease in
which  skin  color  is  lost,  and  psoriasis,  a  skin
condition  associated  with  red  and  scaly  patches
(11). Xanthoxin is also used with ultraviolet light in

the treatment of white blood cells. This treatment is
called photopheresis and is used to treat the skin
problems associated with mycosis fungoides, which
is a type of lymphoma.

Isopimpinellin, coumarin, and xanthotoxin were first
extracted from the substances  investigated in the
root  of  the  Angelica  tatianae  plant;  need  further
research and investigations to find out new areas of
application.
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Prediction, and Molecular Docking Studies
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Abstract: In this work, the synthesis of novel 1,3,4-oxadiazole derivatives was reported. A good
molecular properties profile was predicted for the target compounds. In drug-likeness prediction,
compound  4b and  8b possess  the  highest  score  of  0.31  and  0.33,  respectively.  Since  the
compounds have good bioactivity scores as a kinase inhibitor, possible interactions of compounds
with VEGFR-2 kinase and probable binding conformations were evaluated by molecular docking.
All compounds formed hydrogen bonding interactions with Asp1046 amino acid of key residues.  
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INTRODUCTION

The 1,3,4-oxadiazole ring is often used in drug
design research due to its effect on the ADME
properties  of  the  compounds.  It  has  a  better
metabolic and solubility profile. Oxadiazole ring
can interact with ligand  via its hydrogen bond
acceptor properties. It has been used instead of
ester  and  amide  functional  groups  for
bioisosteric replacements. Moreover, to provide
an appropriate orientation of the molecule, an
oxadiazole ring can be used as a flat aromatic
linker (1-2). To date, several compounds based
on oxadiazole moiety have been reported with
different  pharmacological  activities  such  as
antibacterial,  antifungal,  antiviral,
antitubercular  (3),  anticancer  (4)  as  well  as
other  biological  activities.  1,3,4-Oxadiazole-
based  compounds  such  as  Zibotentan
(ZD4054) and  Ataluren (Figure 1) are in the
late-stage clinical trial  for prostate cancer and
cystic  fibrosis,  respectively  (5-6).  Moreover,

several oxadiazole derivatives were reported to
have  potential  anticancer  activity  through  a
different mechanism (7-9). Compound I (Figure
1)  exhibited  significant  inhibition  on  tubulin
polymerization  and  caused  mitotic  arrest  in
A431 human epidermoid cells (10). Compound
II  (Figure 1) displayed the inhibitory effect on
the proliferation of  SMMC-7721 cell  line (11).
1,3,4-Oxadiazole  based compound III  (Figure
1) combined with alanine amino acid was found
as a selective inhibitor of histone deacetylase-8
(HDAC-8) and showed inhibition on proliferation
of breast cancer cell lines (12). Another 1,3,4-
oxadiazole  based  compound  IV (Figure  1)
inhibited  NF-κB  signaling  pathway.  It  also
induced antiproliferative effect and apoptosis in
hepatocellular  carcinoma  (13).  Compound  V
(Figure 1)  exhibited potent  anticancer  activity
towards  MCF-7  cells  and  significant  EGFR
tyrosine inhibition (14). Compound  VI (Figure
1)  showed  strong  inhibitory  activity  against
focal  adhesion  kinase  (FAK)  and  unusual
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antiproliferative  activity  related  to  the  5-
Fluorouracil (15). Oxadiazole derivative bearing
((pyridin-4-yl)ethyl)pyridine  moiety  (VII)  was
reported as a selective and competitive inhibitor
of  VEGFR-2  with  IC50 value  of  31  nM  (16).
Oxadiazole  derivative  combined  with
pyrrolotriazine scaffold (VIII) exhibited potent
enzymatic (IC50 = 11 nM) and VEGF-stimulated
HUVEC  cellular  inhibitory  activity  against
VEGFR-2  (IC50 =  11  nM)  (17).  Another
oxadiazole  based  compound IX demonstrated
nanomolar  inhibitory potency toward VEGFR-2
in both enzymatic and cellular phosphorylation
assays. It also showed strong activity in tubulin
cellular  G2M  block  assay  in  the  nanomolar
range (18). 

Based on the above-mentioned findings, in this
work,  novel  1,3,4-oxadiazole  derivatives
bearing benzo[b]thiophen (4a-c) and thiophene
(8a-c)  scaffolds  were  designed  and
synthesized.  All  the  synthesized  compounds
have  been  subjected  to  the  prediction  of
molecular  properties,  bioactivity,  and  drug-
likeness  scores. Bioactivity  score  prediction
results  suggest  that  synthesized  compounds
can be active  (4a-c;  >0)  or  moderate  active
(8a-c;  -0.5-0)  against  kinases.  It  is  reported
that oxadiazole derivatives have strong inhibitor
activity on kinases such as EGFR (19-21), FAK
(15, 22)  and VEGFR-2 (16-18,23,24) proteins.
So,  to  make  target  prediction  for  designed
compounds,  molecular  docking  studies  of
compounds in EGFR, FAK, and VEGFR-2 kinases
were  performed  using  Autodock  Vina,  and
results were discussed. 

MATERIALS AND METHODS

Synthesis of methyl esters (1 and 5) 
Carboxylic acids (1 eq) and a catalytic amount
of  concd.  H2SO4 (0.1  mL)  were  refluxed  in
MeOH (5 mL) overnight. Then, the solvent was
evaporated and satd. NaHCO3 (aq) was added.
The white precipitate was filtered, then washed
with water, and dry to obtain the methyl esters
1 and 5 (25). 

Synthesis  of carbohydrazide  derivatives
(2-6) 
Methyl esters (1 and 5, 1 eq) were dissolved in
methanol (15 mL), hydrazine hydrate (10 eq)
was  added and heated  at  reflux  for  3  hours,

cooled  and  the  precipitate  filtered  to  afford
hydrazide derivatives 2 and 6 (26).

Synthesis of 2-(benzo[b]thiophen-2-yl)-5-
(chloromethyl)-1,3,4-oxadiazole (3) and 2-
(chloromethyl)-5-(thiophen-2-yl)-1,3,4-
oxadiazole (7)
A mixture of chloroacetic acid (1.2 eq) and an
appropriate acid hydrazide (1 eq, 2 or 6) in 7-8
mL of POCl3 was refluxed for 5-6 h. Then, to the
mixture, ice was added, and 2 M NaOH solution
was added until pH=6-7. The white precipitate
was filtered and washed with water. Purification
was  performed  by  column  chromatography
using n-hexane:EtOAc (7:1) mixture  to afford
pure compounds 3 and 7 in moderate yields. 

2-(Benzo[b]thiophen-2-yl)-5-
(chloromethyl)-1,3,4-oxadiazole (3)
CAS  number:1250681-18-5.  Mp:  175  °C.
Proton NMR (DMSO-d6)  δ:  5.15 (s,  2H,  CH2),
7.46-7.54  (m,  2H),  8.03  (d,  1H,  J=6.8  Hz),
8.11 (d, 1H, J=8.4 Hz), 8.25 (s, 1H). Carbon
NMR (DMSO-d6,  100  MHz)  δ:  33.08,  122.89,
123.43,  125.42,  125.46,  127.09,  127.81,
138.72, 140.07, 161.31, 162.85. Mass (ESI) m/
z: 251.78 [M+H]. 

2-(Chloromethyl)-5-(thiophen-2-yl)-1,3,4-
oxadiazole (7)
Mp: 91 °C. Proton NMR (DMSO-d6)  δ: 5.09 (s,
2H, CH2), 7.29 (dd, 1H, J= 6.8 Hz, 4 Hz), 7.85
(dd, 1H, J=4 Hz, 1.2 Hz), 7.97 (dd, 1H, J=4 Hz,
1.2 Hz). Carbon NMR (DMSO-d6, 100 MHz)  δ:
33.13,  123.65,  128.90,  130.85,  132.20,
161.27, 162.26. (27).

Synthesis of 2-(benzo[b]thiophen-2-yl)-5-
((4-substituted-piperazin-1-yl)  methyl)-
1,3,4-oxadiazole  (4a-c)  and  2-((4-
substituted-piperazin-1-yl)methyl)-5-
(thiophen-2-yl)-1,3,4-oxadiazole
derivatives (8a-c) 
The intermediates  3  or 7 (1  eq),  appropriate
piperazine (2 eq), potassium carbonate (2 eq)
and potassium iodide (1 eq) were refluxed in
acetone (30 mL) for 5-6 h. Then, acetone was
evaporated to dryness, and water was added.
Ethyl  acetate  extraction  was  done,  and
purification was performed by silica gel column
chromatography  with  dichloromethane:
methanol or n-hexane: ethyl acetate to give the
compounds 4a-c and 8a-c in 40–60% yields. 
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Figure 1. 1,3,4-Oxadiazole compounds having anticancer activity.

2-(Benzo[b]thiophen-2-yl)-5-((4-
methylpiperazin-1-yl)methyl)-1,3,4-
oxadiazole (4a)
Yield: 45%. Mp: 128 °C. Proton NMR (DMSO-
d6)  δ: 2.19 (s, 3H, CH3),  2.30 (bs, 4H, H-a),
2.51 (bs,  4H,  H-b),  3.86  (s,  2H,  CH2),  7.44-
7.52 (m, 2H, H-5,6), 8.01 (dd, 1H, J=6.8 Hz,
1.6 Hz, H-4), 8.08 (d, 1H, J=7.6 Hz, H-7), 8.19
(s, 1H, H-3). Carbon NMR (DMSO-d6, 100 MHz)
δ: 45.57 (CH3), 50.97 (CH2), 51.97 (piperazine-
b),  54.40  (piperazine-a),  122.83,  124.04,
125.26,  125.37,  126.86,  127.18,  138.78,
139.89,  160.76,  163.78.  Mass  (ESI)  m/z:
315.55 [M+H]. 

2-(Benzo[b]thiophen-2-yl)-5-((4-(3-
methoxyphenyl)piperazin-1-yl)methyl)-
1,3,4-oxadiazole (4b)
Yield: 76%. Mp: 165  °C. Proton NMR (DMSO-
d6) δ: 2.68 (t, 4H, H-b), 3.15 (t, 4H, H-a), 3.69
(s, 3H, OCH3), 3.97 (s, 2H, CH2), 6.36 (dd, 1H,
J=8.4 Hz, 2.4 Hz, H-4’), 6.44 (t, 1H, H-2’), 6.51
(dd, 1H, J=8.4 Hz, 2 Hz, H-6’), 7.09 (t, 1H, H-
5’),  7.47-7.54  (m,  2H,  H-5,6),  8.03  (dd,  1H,
J=6.8 Hz, 2 Hz, H-4), 8.11 (d, 1H, J=7.6 Hz, H-
7), 8.22 (s, 1H, H-3). Carbon NMR (DMSO-d6,
100  MHz)  δ:  48.09  (piperazine-a),  51.02
(OCH3),  52.05  (piperazine-b),  54.83  (CH2),
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101.61,  104.21,  108.12,  122.90,  124.11,
125.33,  125.44,  126.94,  127.28,  129.57,
138.83,  139.97,  152.24,  160.15,  160.88,
163.73. Mass (ESI) m/z: 408.10 [M+H+1].

2-(Benzo[b]thiophen-2-yl)-5-((4-(2-
fluorophenyl)piperazin-1-yl)methyl)-
1,3,4-oxadiazole (4c)
Yield: 40%. Mp: 175  °C. Proton NMR (DMSO-
d6) δ: 2.72 (t, 4H, H-b), 3.04 (t, 4H, H-a), 3.99
(s,  2H,  CH2),  6.92-7.13  (m,  4H,  aromatic
protons), 7.47-7.55 (m, 2H, H-5,6), 8.03 (dd,
1H, J=6.8 Hz, 1.6 Hz, H-4), 8.11 (d, 1H, J=8
Hz,  H-7),  8.23  (s,  1H,  H-3).  Carbon  NMR
(DMSO-d6,  100 MHz)  δ:  49.96  (piperazine-a),
51.02  (CH2),  52.11  (piperazine-b),  115.88,
119.26,  122.36,  122.90,  124.12,  124.78,
125.39,  126.94,  127.29,  138.84,  139.68,
139.97, 153.70, 156.13, 160.88, 163.73. Mass
(ESI) m/z: 396.0 [M+H+1]. 

2-((4-Methylpiperazin-1-yl)methyl)-5-
(thiophen-2-yl)-1,3,4-oxadiazole (8a)
Yield: 81%. Mp: 75 °C. Proton NMR (DMSO-d6)
δ: 2.13 (s, 3H, CH3), 2.32 (bs, 4H, H-a), 2.49
(t, 4H, H-b), 3.83 (s, 2H, CH2), 7.28 (dd, 1H,
J=4.8 Hz, 3.2 Hz), 7.82 (dd, 1H, J=4 Hz, 1.2
Hz),  7.94  (dd,  1H,  J=4  Hz,  1.2  Hz).  Carbon
NMR  (DMSO-d6,  100  MHz)  δ:  45.80  (CH3),
50.25  (CH2),  52.02  (piperazine-b),  54.20
(piperazine-a), 124.0, 128.25, 130.25, 131.85,
160.50,  163.10.  Mass  (ESI)  m/z:  265.46
[M+H]. 

2-((4-(3-Methoxyphenyl)piperazin-1-
yl)methyl)-5-(thiophen-2-yl)-1,3,4-
oxadiazole (8b)
Yield: 30%. Mp: 100  °C. Proton NMR (DMSO-
d6) δ: 2.65 (t, 4H, H-b), 3.14 (t, 4H, H-a), 3.69
(s, 3H, CH3), 3.92 (s, 2H, CH2), 6.35 (dd, 1H,
J=8 Hz, 2 Hz, H-4’),  6.43 (t,  1H, H-2’),  6.50
(dd, 1H, J=8 Hz, 2 Hz, H-6’), 7.08 (t, 1H, H-5’),
7.29 (dd, 1H, J=4.4 Hz, 4 Hz), 7.83 (dd, 1H,
J=3.6 Hz, 1.2 Hz), 7.94 (dd, 1H, J=4.8 Hz, 1.2
Hz). Carbon NMR (DMSO-d6, 100 MHz) δ: 48.08
(piperazine-a),  50.96  (OCH3),  52.05
(piperazine-b),  54.83  (CH2),  101.61,  104.22,
108.13,  124.25,  128.75,  129.57,  130.32,
131.56, 152.25, 160.15, 160.76, 163.01. Mass
(ESI) m/z: 357.63 [M+H]. 

2-((4-(2-Fluorophenyl)piperazin-1-
yl)methyl)-5-(thiophen-2-yl)-1,3,4-
oxadiazole(8c)
Yield: 45%. Mp: 127  °C. Proton NMR (DMSO-
d6) δ: 2.67 (t, 4H, H-b), 3.00 (t, 4H, H-a), 3.91

(s, 2H, CH2), 6.91-7.11 (m, 4H), 7.27 (dd, 1H,
J=4.8 Hz, 4 Hz), 7.81 (dd, 1H, J=4 Hz, 1.2 Hz),
7.93  (dd,  1H,  J=4  Hz,  1.2  Hz).  Carbon  NMR
(DMSO-d6,  100 MHz)  δ:  49.86 (piperazine-a),
50.88  (CH2),  52.04  (piperazine-b),  115.80,
119.18,  122.28,  124.18,  124.70,  128.66,
130.24,  131.47,  139.61,  153.63,  156.05,
160.67,  162.92.  Mass  (ESI)  m/z:  345.57
[M+H]. 

Molecular properties prediction
Molecular  properties  of  the  synthesized
compounds  and  bioactivity  scores  were
predicted by the Mol inspiration online tool (28).
Druglikeness  scores  were  calculated  by  the
molsoft program (29).

Molecular Docking
The  X-ray  crystallographic  structures  of  the
target proteins EGFR (PDB ID: 1xkk), FAK (PDB
ID: 2etm), and VEGFR-2 (PDB ID: 3VHE) were
retrieved  from  the  Protein  Database  (PDB,
http://www.rcsb.org).  The  chemical  structures
of the compounds were constructed, then they
were energetically minimized. Native ligand and
waters were extracted from the protein, and the
polar hydrogen was added to the proteins. The
grid  boxes  of  EGFR  and  FAK,  VEGFR-2  were
created with spacing 48x40x48 and 30x30x30,
respectively. The docking study was performed
using  AutoDock  vina  1.1.2  (30).  The  binding
energy of the compounds and interactions with
protein were evaluated.

RESULT AND DISCUSSION

Chemistry
Synthesis of the target compounds (4a-c,  8a-
c) derivatives is depicted in Scheme 1. Firstly,
the methyl esters (1 and  5) were prepared by
esterification  of  appropriate  carboxylic  acid in
the  presence  of  H2SO4 in  methanol  (31).
Hydrazide derivatives (2 and  6) were obtained
by  the  reaction  of  esters  (1 and  5)  with
hydrazine hydrate in methanol (32). Hydrazides
were  refluxed  with  chloroacetic  acid  in
phosphorous  oxychloride  to  afford  2-
(benzo[b]thiophen-2-yl)-5-(chloromethyl)-
1,3,4-oxadiazole  (3)  and  2-(chloromethyl)-5-
(thiophen-2-yl)-1,3,4-oxadiazole  (7).  Final
products  (4a-c,  8a-c)  were  prepared  by  the
alkylation reactions of compound 3 and  7 with
appropriate  piperazine  derivatives  in  the
presence of K2CO3 and KI (33).

756



KILIC-KURT Z. JOTCSA. 2020; 7(3): 753-774. RESEARCH ARTICLE

Scheme 1. A synthesis method of compounds 4a-c and 8a-c. Reaction conditions: (a) methanol,
concd. H2SO4 (0.1 mL) (b) hydrazine hydrate, methanol, reflux (c) chloroacetic acid, phosphoryl

chloride, reflux (d) K2CO3, KI, appropriate piperazine derivatives, acetone, reflux.

1H  NMR,  13C  NMR,  and  MS  analysis  were
performed to  characterize  the  compounds.  1H
NMR  spectra  of  the  compounds  containing
phenylpiperazine  derivatives  (4b-c,  8b-c)
showed a triplet at δ 2.65-2.72 and 3.0-3.15
ppm  indicating  the  presence  of  piperazine
protons–b  and  –a,  respectively.  In  the
compounds bearing  N-methylpiperazine moiety
(4a and  8a), piperazine protons-a showed the
peak in the upfield region (2.30-2.32 ppm) due
to  the  shielding  effect  of  the  methyl  group.
Chemical  shift  between  δ 3.83  to  3.99  ppm
showed by all compounds represent the protons
of CH2. Compound 4a-c exhibited multiplet at δ
7.44-7.55 and singlet peak at δ 8.19-8.23 ppm
due  to  H-5,6  and  H-3  protons of
benzo[b]thiophene ring, respectively. Chemical
shift  between  δ 8.01-8.03  ppm  showed  by

compounds  4a-c  represents  the  H-4  proton.
The  peak  belonging  H-7  proton  of
benzo[b]thiophene  ring  was  observed  in  the
downfield  region  (8.08-8.11  ppm) due  to
nearby  sulfur  atom  of  thiophene  ring.
Compound 8a-c showed three double doublets
peak  between  δ 7.27-7.94  ppm  due  to  the
presence of the thiophene ring. 13C NMR spectra
of  the  target  compounds  (4b-b,  8b-c)
displayed peaks at δ 48.08-54.40, and δ 51.97-
52.11  ppm  representing  piperazine  carbon–a
and –b. The peaks between δ 50.88-54.83 ppm
indicate  the  presence  of  CH2  carbons.
Compound 4a and  8a with  N-methylpiperazine
moiety  showed  peaks  at  δ 45.75  and  45.80
ppm  due  to  CH3 carbon,  respectively.
Compound  4b  and  8b displayed  peaks  at  δ
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51.02 and 50.96 ppm, indicating the presence
of OCH3, respectively. 

Molecular properties prediction and drug-
likeness
Some molecular properties, which are shown in
Table  1,  were  calculated  using  Molinspiration
online calculation software (28). The predicted
values are given in Table 1. All the compounds
meet  the  LogP  criteria.  Calculation  of  %ABS
was done with equation %ABS = 109 − (0.345
x  TPSA)  (34).  All  synthesized  compounds

possess  the  good  %ABS  value  of  90.15  and
93.33% and acceptable  nOHNH (≤5) and  nON
(≤10)  number.  Also,  NROTB  (≤10)  of  the
compounds  were  found  as  3-5,  providing
moderate flexibility to the compounds (35). MW
of  the  compounds was  found  less  than  500.
Druglikeness  model  score  was  predicted  by
MolSoft  software  (29)  and  shown in  Table  1.
Drug-like candidate compounds should have a
value of  more than zero.  Compounds  4b and
8b possess the highest drug-likeness score of
0.31 and 0.33, respectively.

Table 1. Predicted molecular properties and drug-likeness scores of the target compound (4a-c,
8a-c).

Cpd MWa Volume %ABSb TPSAc NROTBd nONe nOHNHf LogPg nviolations
Drug

likeness
score

Rule >500 - - - - ≤10 ≤5 ≤5 ≥1 -
4a 314.41 278.71 93.33 45.40 3 5 0 2.15 0 0.14
4b 406.51 359.10 90.15 54.63 5 6 0 3.88 0 0.31
4c 394.48 338.49 93.33 45.40 4 5 0 3.96 0 0.15
8a 264.35 234.72 93.33 45.40 3 5 0 0.84 0 0.07
8b 356.45 315.11 90.15 54.63 5 6 0 2.57 0 0.33
8c 344.42 294.49 93.33 45.40 4 5 0 2.65 0 0.14

a MW: Molecular weight; b %ABS: Percentage absorption;  cTPSA: Topological polar surface area; 
d NROTB: Number of rotatable bonds; e nON: Number of hydrogen acceptors; f nOHNH: Number of 
hydrogen donors; g LogP: Log octanol/water partition coefficient.

Bioactivity score prediction and molecular
docking
Bioactivity scores, which are given in Table 2,
were  predicted  by Molinspiration  online
calculation  software  (28).  If  the  bioactivity
score of the compound is  >0 or -0.5-0 or <0, it
can  be  active  or  moderate  or  inactive,
respectively  (36).  Synthesized  compounds
showed the acceptable  kinase inhibitor  scores
(>0  or  -0.5-0)  with  compound  4a-c;  8a-c

suggested that these compounds might possess
kinase  inhibitor  activity.  So,  EGFR,  FAK,  and
VEGFR-2 kinases, which are reported as targets
for many oxadiazole derivatives (21-24), were
selected  as  putative  targets  for  synthesized
compounds.  Molecular  docking  studies  were
performed using Autodock vina to present the
binding  interactions  between  synthesized
compounds and the active site of  EGFR, FAK,
and VEGFR-2 kinases.

Table 2. Bioactivity scores prediction of the target compounds (4a-c, 8a-c).

Cpd GPCRL ICM KI NRL PI EI

4a -0.02 -0.37 0.14 -0.44 -0.11 -0.03
4b -0.07 -0.41 0.05 -0.37 -0.16 -0.14
4c -0.05 -0.35 0.08 -0.40 -0.10 -0.11
8a -0.42 -0.53 -0.35 -1.04 -0.54 -0.27
8b -0.24 -0.53 -0.19 -0.65 -0.33 -0.30
8c -0.22 -0.46 -0.15 -0.70 -0.27 -0.27

GPCRL: G protein-coupled receptor ligand; ICM: ion channel modulator;
KI: kinase Inhibitor; NRL: nuclear receptor ligand; PI: protease inhibitor;

EI: enzyme inhibitor.

The  docking  method  was  optimized  by  re-
docking  of  co-crystallized  ligands into  the
binding site of target  proteins.  The re-docked
ligands  of  EGFR,  FAK,  and  VEGFR-2  kinases
were  superimposed  on  native  ligands  with
RMSD  values  of  1.42,  0.7,  and  0.5  Å,
respectively.  According  to  docking  results,  all

compounds  occupied  into  the  binding  site  of
VEGFR-2  and  formed  the  hydrogen  bond
between  oxadiazole  ring  and  Asp1046  amino
acid. The docking results, binding free energy,
hydrogen  bond  distance,  and  angles  were
shown  in  Table  3.  The  binding  model  of
compound  4b,  which  has  the  lowest  binding
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free energy (∆Gb=-11.2 kcal/mol) in the active
site  of  VEGFR-2  was  depicted  in  Figure  2.
Otherwise, compounds did not show interaction
with  the  key  residue  of  EGFR  (Met793  and

Thr854) and FAK kinase (Cys502) active sites.
Docking results  of  compounds with  EGFR and
FAK  kinases  were  given  in  supplementary
material (Figure S1, Table S1-S2). 

Figure 2. Superposition of co-crystallized (blue) and docked (red) conformations of the reference
ligand (left). Predicted binding mode of compound 4b in the active site of VEGFR-2 (PDB code:
3VHE) (right). Hydrogen bonds were shown as yellow dashed lines. Figure was generated using

PyMOL.

Table 3. The docking results of the compounds.

Compound
∆Gba

(kcal/mol)
Hydrogen bonds 

Atom of
compound

Amino acid
Distance (Å)

D-H…..A
Angle (°)

4a -9.1 Oxadiazole-O Asp1046-NH 1.9 163.7
4b -11.2 Oxadiazole-N4 Asp1046-NH 2.2 136.3
4c -11.0 Oxadiazole-O Asp1046-NH 2.2 148.4
8a -6.9 Oxadiazole-N3 Asp1046-NH 2.2 128.4
8b -8.7 Oxadiazole-N4 Asp1046-NH 2.2 140.3
8c -9.4 Oxadiazole-O Asp1046-NH 2.2 151.0

Native
ligand

Urea-N
PP-N4
Urea-O

Glu885-O
Cyc919-NH 
Asp1046-NH

Docked
ligand

-12.6
RMSDb:0.5

Urea-O
PP-N4

Asp1046-NH
Cyc919-NH 

2.0
1.9

161.9
162.4

aBinding free energy, broot-mean-square deviation

CONCLUSION

In this study, 2-(benzo[b]thiophen-2-yl)-5-((4-
substituted-piperazin-1-yl)methyl)-1,3,4-
oxadiazole  (4a-c)  and  2-((4-substituted-
piperazin-1-yl)methyl)-5-(thiophen-2-yl)-1,3,4-
oxadiazole derivatives (8a-c) were synthesized
and molecular properties and bioactivity score
were  predicted.  All  compounds  obeyed  the
Lipinski’s rules and showed good drug-likeness
scores. The best bioactivity prediction scores of
compounds  were  found  as  a  kinase  inhibitor.
Moreover, hydrogen bonding interactions of the
compounds  with  VEGFR-2  kinase  active  site
were  found  by  molecular  docking  study,
suggesting possible in vitro inhibitor activities of
these compounds towards VEGFR-2 kinase. 
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NMR and mass spectral analysis of the target compounds

2-(Benzo[b]thiophen-2-yl)-5-((4-methylpiperazin-1-yl)methyl)-1,3,4-oxadiazole (4a)
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2-(Benzo[b]thiophen-2-yl)-5-((4-(3-methoxyphenyl)piperazin-1-yl)methyl)-1,3,4-oxadiazole (4b)
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2-(Benzo[b]thiophen-2-yl)-5-((4-(2-fluorophenyl)piperazin-1-yl) methyl)-1,3,4-oxadiazole (4c)
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2-((4-Methylpiperazin-1-yl)methyl)-5-(thiophen-2-yl)-1,3,4-oxadiazole (8a)
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2-((4-(3-Methoxyphenyl)piperazin-1-yl)methyl)-5-(thiophen-2-yl)-1,3,4-oxadiazole (8b)
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2-((4-(2-Fluorophenyl)piperazin-1-yl)methyl)-5-(thiophen-2-yl)-1,3,4-oxadiazole(8c)
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Docking results of compounds in active sites of EGFR and FAK kinases. 
 

Figure  S1. Superposition  of  native  (blue)  and  docked  ligand  (magenta)  of  EGFR  (1xkk,
RMSD:1.42) (left).  Superposition of  native (blue) and docked ligand (magenta)  of  FAK (2etm,
RMSD: 0.7) (right). 
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Table S1. The docking results of compounds with EGFR kinase 

Compound
∆Gba

(kcal/mol)
Hydrogen bonds between atoms of compounds

and amino acids  
Atom of compound Amino acid

4a -9.0 - -
4b -9.4 O of oxadiazole NH of Lys745
4c -9.4 - -
8a -7.2 - -
8b -7.9 - -
8c -9.0 - -

Native ligand N-1 of quinazoline ring
N-3 of quinazoline ring

NH of Met793
Thr854

Docked ligand -11.2
RMSDb: 1.42

N-1 of quinazoline ring NH of Met793

aBinding free energy, broot-mean-square deviation. –No interaction. 

Table S2. The docking results of compounds with FAK kinase 

Compound
∆Gba

(kcal/mol)
Hydrogen bonds between atoms of

compounds and amino acids  
Atom of compound Amino acid

4a -6.9 - -
4b -8.0 N3 of Oxadiazole NH of Arg550

4c -8.2 N3 of Oxadiazole
N4 of Oxadiazole

NH of Arg550
OH of Ser568

8a -6.1 N3 of Oxadiazole NH of Gln432
8b -7.6 N3 of Oxadiazole NH of Gln432
8c -7.6 N3 of Oxadiazole NH of Gln432

Native ligand
N-3 of pyrimidine ring

Exocyclic N

NH of Cys502
CO of Cys502

Docked ligand -8.7 RMSD:0.7
N-3 of pyrimidine ring

Exocyclic N

NH of Cys502
CO of Cys502

aBinding free energy, broot-mean-square deviation. –No interaction. 
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EQUILIBRIUM STUDIES ON Ni(II) and Cu(II) COMPLEXES with 4,7-
DIMETHYL-1,10-PHENANTHROLINE and ACIDIC AMINO ACIDS in

AQUEOUS SOLUTION

Duygu İNCİ1* 
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Abstract: The  aim of  this  study is to  determine the  protonation  constants  of  selected  ligands  {4,7-
dimethyl-1,10-phenanthroline (4,7-dmphen), aspartic acid (asp), and glutamic acid (glu)} and their stability
constants of (1:1) and (1:1:1) complexes with Ni(II) and Cu(II) ion have been determined I = 0.1 M KCl
and T = 298.15 K. The protonation constants of the 4,7-dmphen, asp, and glu and their stability constants
of  the (1:1) and (1:1:1)  Ni(II)  and  Cu(II) complexes have been computed performing BEST program.
Moreover, SPE program has been used to determine the distribution of the species occurred in aqueous
solution medium.  The stability constants of the (1:1:1) Ni(II) and  Cu(II) complexes are compared with
those of the corresponding to the stability of the (1:1) Ni(II) and Cu(II) complexes with regard to Δlog K
values. 
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methods.
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INTRODUCTION

Research on the acidity constants of molecules and
their stability constant of metal ions are increasingly
becoming more significant and could give an idea
about the role of metal ions in biological  systems
(1).  Investigation  on  the  stability  of  the  ternary
metal complexes could help against figuring out the
driving forces which induced complex formation in
biological systems (2-4). As known, the interactions
of peptides, proteins, and enzymes with metal ions
are  of  biochemical  significance on the other  hand
they  are  yet  to  be  entirely  understood.  For  this
reason, explanation of this situation in the biological
systems  could  be  likely  by  the  determination  of
acidity constants of the molecules along with their
stabilities of metal complexes (5). 

4,7-Dimethyl-1,10-phenanthroline  (4,7-dmphen)  is
a chelating agent and has structural features such
as being a rigid planar and hydrophobic molecule.

Aspartic  acid (asp) and glutamic acid  (glu),  being
acidic  amino  acids,  play  significant  roles in  the
enzyme active centers, along with in sustaining the
solubility  and  ionic  character  of  proteins.  Many
studies  in  the  literature  have  focused  on
experimentally and computationally determining the
protonation  constant  of  ligands  and  their  stability
constants of the complexes formed with metal ions
(6-8).  Recently,  we have reported  that  (1:1) and
(1:1:1) palladium(II)  and copper(II)  complexes of
amino  acids,  1,10-phenanthroline,  and  derivatives
in  aqueous  solution  (9-14).  As  a  continuation  of
these studies, the protonation constants of the 4,7-
dmphen, asp and glu (Figure 1)  and their stability
constants  of  (1:1)  and  (1:1:1) Ni(II)  and  Cu(II)
complexes  have been computed by potentiometric
titration methods (T = 298.15 K and I = 0.1 M KCl).
The protonation constants of 4,7-dmphen, asp, and
glu and  their  stability  constants  of  the  (1:1)  and
(1:1:1) Ni(II)  and  Cu(II) complexes  have  been
computed  with  the  BEST  program  (15)  and the
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species distribution of (1:1) and (1:1:1) Ni(II) and
Cu(II) complexes in  these  systems  was  assessed
using the SPE program (15). Thus, the tendency of
Ni(II) and Cu(II) ions and 4,7-dmphen, asp, and glu

to  form  the  (1:1)  and  (1:1:1) Ni(II)  and  Cu(II)
complexes was identified by calculating their log10K
values. 

a)

N N

CH3H3C

b) c)

H2N CH C

CH2

OH

O

C

OH

O

H2N CH C

CH2

OH

O

CH2

C

OH

O

Figure 1. The structures  of  the  ligands used in this  study:  a) 4,7-dimethyl-1,10-phenanthroline  (4,7-
dmphen) b) aspartic acid (asp) c) glutamic acid (glu)

EXPERIMENTAL

All  ligands and Ni(II)  chloride  and Cu(II)  chloride
utilized in this experimental study were purchased
from Sigma-Aldrich and the aqueous solution was
treated  with  excess  HCl  to  obtain  protonated
species.  The  all  experimental  details  such  as
instruments,  electrode  calibration,  and  data

processing were  similar  to  those described in  our
previous studies (9-14). 

The stability constant of the (1:1) and (1:1:1) Ni(II)
and Cu(II) complexes, βpqrs, is defined by equations
1 and 2, where p, q, r, and s are the moles of M(II),
4,7-dmphen,  asp/glu and proton (H), respectively,
Mp(4,7-dmphen)q(asp/glu)rHs  (charges are neglected
for clarity). 
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(1)

(2)

RESULTS AND DISCUSSION

Protonation  constants  of  4,7-dmphen/acidic
amino acids

The  protonation  constant  of  4,7-dmphen  was
previously  reported  our  research group under the
same  conditions  (10). The  values  of  protonation
constants for acidic amino acids (asp and glu) were
also  determined  under  the  same  experimental
conditions.  In  these  measurements,  experimental
results  are  compatible  with  the  literature  values

(Table 1),  according to the differences such as in
ionic strength, ionic medium, temperature, etc. (14,
16-17). Potentiometric  titration curves of  the 4,7-
dmphen,  asp,  and glu are  illustrated  in  Figures  2
and 3, where  m  is base moles added per mole of
ligand. The  BEST program, which could be one of
the most useful computer programs for detection of
the  acidity  constants  of  molecules  and  stability
constant  of  the  metal  complexes  from
potentiometric  data,  was  used  to  detect  the
protonation constants of  the 4,7-dmphen, asp, and
glu from potentiometric titration data (15).

Table 1. Protonation constants of the selected ligands.

    

*This work. Refs (10) and (14) are our previous studies.

(1:1) complexes of Ni(II) and Cu(II) with 4,7-
dmphen/acidic amino acids

The titration curves of Ni(II):(4,7-dmphen) systems
are  illustrated  in  Figures  2  and  3.  The  observed
decline  in  the  (1:1)  [Ni(4,7-dmphen)]2+ curve  in
comparison to the 4,7-dmphen solution curve alone
displays  the  formation  of  the  (1:1)  [Ni(4,7-
dmphen)]2+.  Furthermore,  the  point  of  inflection

observed  at  m =  2.0  demonstrated  that  [Ni(4,7-
dmphen)]2+ was  formed.  [Ni(4,7-dmphen)(OH)]+

starts to occur after  m = 2.0 and  is  illustrated by
the dashed line in Figures 2 and 3. The equilibrium
in  the  Ni(II):(4,7-dmphen)  systems  could  be
defined  by  the  following  equations  (the  overall
stability constant of the [Ni(4,7-dmphen)]2+ is β, the
stepwise stability constant is K). 

(3)

(4)

(5)
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Ligands log10K1 log10K2 Ref

4,7-dmphen 5.89 0.61 (10), 5.95 (16), 5.94 (17)

Asp 9.64 ± 0.02* 3.73 ± 0.04* 9.66; 3.70 (14)

Glu 9.51 ± 0.02* 4.23 ± 0.03* 9.58; 4.16 (14)
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The  stability  constant  of  the  (1:1)  [Ni(4,7-
dmphen)]2+ was computed using the BEST program
(12). The experimental results were compared with
the literature data and the stability constant of the
binary  [Ni(4,7-dmphen)]2+ is  given  in  Table  2.
Potentimetric titrations of the Cu(II):(4,7-dmphen)
system was previously reported our research group
under the same conditions (10).

The potentimetric titrations of the (1:1) molar ratios
M(II):(asp/glu) {M: Ni(II) or  Cu(II)} systems were
performed (Figures 2 and 3). The observed decline
in the (1:1) [M(asp/glu)]+ curve in comparison to

the alone acidic amino acids (asp and glu) solution
curve  demonstrates  the  formation  of  the  (1:1)
[M(asp/glu)]+. This could be clarified by the release
of proton from the coordinated acidic amino acids.
The inflection point, at m = 2.0, demonstrated that
the (1:1) [M(asp/glu)]+ was formed. After formation
of  the  [M(asp/glu)]+,  the  titration  curve  shifting
because of  the formation of  the  [M(asp/glu)(OH)]
complex. This complex starts to occur after m = 2.0
and is illustrated by the dashed line in Figures 2 and
3. The  equilibria  contained  in  the  M(II):(asp/glu)
systems  could  be  defined  by  the  following
equations. 

(6)

(7)

(8)

Taking  the  likely  species  into  consideration,  the
stability  constants  of  the  (1:1)  [M(II):(asp/glu)]+

complexes  were  computed  performing  the  BEST
program  (15).  Table  2  compares  the  stability

constant  of  the  (1:1)  [M(II):(asp/glu)]+ with
literature displaying a good agreements [14,16, 18-
20]. 
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Figure 2. Potentiometric titration curves of the Ni(II):(4,7-dmphen):(asp) and Ni(II):(4,7-dmphen):(glu)
systems.
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Figure 3. Potentiometric titration curves of the Cu(II):(4,7-dmphen):(asp) and Cu(II):(4,7-dmphen):

(asp)systems.

Table 2. Stepwise and overall stability constants of the binary Ni(II) and Cu(II) complexes 
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*This work. Ref (10) and (14) is in our previous studies.

(1:1:1)  complexes of  Ni(II)  and  Cu(II) with
4,7-dmphen/acidic amino acids

The  potentiometric  titration  curves  of  the  M(II):
(4,7-dmphen):(asp/glu)  systems  were  given  in
Figures  2  and  3.  In the
Ni(II):(4,7-dmphen):(asp/glu) systems,  two
inflection points were seen at m = 3.0 and m = 4.0.
It  was  observed  that  the  4,7-dmphen  and  acidic
amino acids had a buffer region at a lower pH than
[Ni(4,7-dmphen)(asp/glu)]+ titration  curve  and  a
total  of  four  protons  were  titrated.  This
experimental  result  demonstrates  that  the  4,7-
dmphen and acidic  amino acids are bound to the
Ni(II) ion in the aqueous solution.  Additionally, the
potentiometric  titration  curve  of  [Ni(4,7-dmphen)

(asp/glu)]+ overlaps with binary [Ni(4,7-dmphen)]2+

curve  in  the  m =  0.0-2.0  buffer  region.  In  this
buffer region, firstly, [Ni(4,7-dmphen)]2+ is formed.
This is followed by the ligation of acidic amino acids
occupying  the  remaining  coordination  positions.
When  overlooking  at  the  potentiometric  titration
curves of Cu(II):(4,7-dmphen):(asp/glu) systems, it
was observed that the 4,7-dmphen and acidic amino
acids  had  a  buffer  region  at  a  lower  pH  than
[Cu(4,7-dmphen)(asp/glu)]+  titration  curve  and  a
total  of  four  protons  were  titrated.  This
experimental  result  demonstrates  that  the  4,7-
dmphen, asp, and glu are bound to the Cu(II) ion in
aqueous  solution.  The  equilibria  contained  in  the
M(II):(4,7-dmphen):(asp/glu)  systems  could  be
defined by the following equations.

(9)

(10)

The  obtained  protonation  constants  of  the  4,7-
dmphen and acidic amino acids, as well as their the
stability  constants  with  metal(II)  in  the  (1:1)
systems were  performed the  BEST program  (15).
These experimental results are given in Table 3. 

The  relative  stability  of  the  (1:1:1)  complexes
compared  to  those  of  the  corresponding  (1:1)
species might be assessed in distinct ways. In most
cases Δlog10K values  are  employed  (9-11).  The
Δlog10K  values  have  been  computed  with  the
Equation 11 and given in Table 3. An example is
given for M(II):(4,7-dmphen):(asp/glu) system.

(11)

For experimental systems in this study, the Δlog10K
values  were  found  negative  in  [Ni(4,7-dmphen)
(asp/glu)]+ complexes  (Table  3).  The  negative
Δlog10K values of this results demonstrates that the
(1:1:1) Ni(II)  complexes  are  less  stable  than  the
(1:1) Ni(II) complexes. These values of  Δlog10K do

not mean that the (1:1:1) Ni(II) complexes are not
formed. It could be owing to the higher stability of
its (1:1) Ni(II) complexes, with a reduced number
of  geometric  structure,  coordination  sites,  steric
hindrance (21-22), electrostatic interaction (23-24),
different bond type (25). The steric hindrance is one
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Metal Ligands log10 β ML Refs

Ni(II)

4,7-dmphen 6.64 ± 0.04* 8.44 (16)

Asp 7.28 ± 0.04* 7.16 (18), 7.20 (19), 7.35 (14)

Glu 6.02 ± 0.02* 5.90 (20), 5.95 (19), 6.09 (14)

4,7-dmphen 7.57 (10), 8.76 (16)

Cu(II) Asp 8.89 ± 0.03* 8.92 (14), 8.83 (19)

Glu 8.31 ± 0.04* 8.22 (14), 8.50 (19)
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of the most remarkable parameter due to the fact
that  the  entry  of  the  secondary  ligands  (asp and
glu) faces steric hindrance because of bigger size of
the  [Ni(4,7-dmphen)(asp/glu)]+ complexes as
compared to aqua ion, which restrict  the entry of
the secondary ligands in the coordination sphere of
the Ni(II)  ion and thereof declines the stability of

the (1:1:1)  [Ni(4,7-dmphen)(asp/glu)]+ complexes.
The  Δlog10K values  of  [Cu(4,7-dmphen)(asp/glu)]+

complexes  were  found  positive  (Table  3). The
positive  Δlog10K values  of  [Cu(4,7-
dmphen)(asp/glu)]+ complexes demonstrate  that
the (1:1:1) Cu(II) complexes are more stable than
the (1:1) Cu(II) complexes.

Table 3. Stepwise and overall stability constants of the ternary Ni(II) and Cu(II) complexes.

Metal Ligand Amino acids log10  MAB log10 KMAB
MA log10 KMAB

MB
 log10K

Ni(II)

4,7-dmphen

Asp 13.98 ± 0.02* 7.34 6.70 -0.06

Glu 12.82 ± 0.03* 6.18 6.80 -0.16

Cu(II)
Asp 15.44 ± 0.03* 7.87 6.55 1.02

Glu 15.01 ± 0.04* 7.44 6.70 0.87

*This work.

Distribution diagrams of the (1:1:1) complexes
of  Ni(II)  and  Cu(II) with  4,7-dmphen/acidic
amino acids

Species distribution diagrams have been utilized to
define the types of equilibria. Stability of the (1:1:1)
Ni(II)  and  Cu(II)  complexes have  been computed
performing  the  SPE  program  (15).  The  species
distribution  diagrams  of  the  (1:1:1)  Ni(II)  and
Cu(II) complexes are illustrated in Figures 4-7.

The  species  distribution  curves  of  Ni(II):(4,7-
dmphen):(asp/glu)  systems  are  illustrated  in
Figures  4  and  5.  The  [Ni(4,7-dmphen)(asp/glu)]+

begins to occur at pH = 4.0 and, with rising pH, its
concentration  reaches  97.0%  at  pH  =  8.0.
H(asp/glu),  H2(asp/glu)+,  H(4,7-dmphen)+,  H2(4,7-

dmphen)2+,  Ni2+,  [Ni(4,7-dmphen)]2+ at pH = 2.0;
[Ni(4,7-dmphen)]2+ and  H(asp/glu)  at  pH  =  4.0;
[Ni(4,7-dmphen)(asp/glu)]+,  [Ni(4,7-dmphen)]2+,
H(asp/glu)  at  pH  =  6.0;  and
[Ni(4,7-dmphen)(asp/glu)]+ at  pH  =  8.0  are  the
predominant species.

The  species  distribution  curves  for  Cu(II):(4,7-
dmphen):(asp/glu) systems are displayed in Figures
6  and  7.  In  the  Cu(II):(4,7-dmphen):(asp)  and
Cu(II):(4,7-dmphen):(glu) systems at  pH 2.0,  the
concentrations of [Cu(4,7-dmphen)]2+ are ca. 76.52
and  71.31  %,  respectively.
[Cu(4,7-dmphen)(asp/glu)]+ begins to occur at pH
= 5.0 and with rising pH, its concentration reaches
~  98.0  % at  pH  =  ~6.0-10.0.  [Cu(4,7-dmphen)
(asp/glu)]+ is the predominant species.
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Figure 4. (a) Distribution of species as a function of pH in Ni(II):(4,7-dmphen):(asp) system (b) A bar
chart of the percentage distribution of the species in aqueous solutions.
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Figure 5. (a) Distribution of species as a function of pH in Ni(II):(4,7-dmphen):(glu) system (b) A bar
chart of the percentage distribution of the species in aqueous solutions.
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Figure 6. (a) Distribution of species as a function of pH in Cu(II):(4,7-dmphen):(asp) system (b) A bar
chart of the percentage distribution of the species in aqueous solutions.
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Figure 7. (a) Distribution of species as a function of pH in Cu(II):(4,7-dmphen):(glu) system (b) A bar
chart of the percentage distribution of the species in aqueous solutions.
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CONCLUSIONS

The  formation  of  the  (1:1:1)  Ni(II)  and  Cu(II)
complexes involving  4,7-dmphen and acidic amino
acids  using  potentiometric  titration  methods  were
investigated.  Compared  to  metal(II)  ions,  the
stability constant of the [Cu(4,7-dmphen)(asp/glu)]
+ complexes  were  found  higher than  [Ni(4,7-
dmphen)(asp/glu)]+ complexes  which  were
accordance  with  Irving-Williams  series.
Furthermore,  glutamic  acid  complexes were found
lower than aspartic acid complexes  because of has
one  additional  methylene  group in  its  side  chain.
The above mentioned parameters and experimental
results  could  be  beneficial  in  understanding  the
biological behavior of the (1:1:1) Ni(II) and  Cu(II)
complexes in the biological implementations.
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The Syntheses and Characterization of New Dithiophosphonates derived
from  Novel  2,4-Bis(methoxytolyl)-1,3-dithia-2,4-diphosphetane  2,4-
disulfides and Their Ni(II) Complexes
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Abstract: Two novel perthiophosphonic acid anhydrides, 2,4-bis(Rx,y)-1,3-dithia-2,4-diphosphetane 2,4-
disulfide  [(Rx,y‐P(S)S)2; Rx=3-methoxytolyl  (SAV-B1)  and  Ry=2-methoxytolyl  (SAV-B2)]  were
synthesized. From the reaction of  SAV-B1 and  SAV-B2 with alcohols,  four new dithiophosphonic acids
[HS2P(Rx,y)(ORn)] (Rn;  R1=ethyl  R2=2-propyl)  were  prepared.  These  acids  were  converted  to
corresponding ammonium salts, [NH4][S2P(Rx,y)(ORn)]. The ammonium salts were further reacted with
NiCl2.6H2O  to  prepare  four  new  dithiophosphonato  nickel(II)  complexes,  [Ni(S2P(Rx,y)(ORn))2].  The
ligands and complexes were characterized by elemental analyses, IR, ESI-MS, 1D 1H, 13C, 31P NMR and 2D
HSQC techniques.  Complementary  structural  information was provided by the HSQC spectrum of  the
[NH4][S2P(Rx,y)(OR2)]. The structure of the  perthiophosphonic acid anhydrides was deduced from the
structures of dithiophosphonates thereof.

Keywords:2,4-Diorganyl-1,3,2,4-dithiadiphosphetan-2,4-disulfide, Dithiadiphosphetanes, 
Perthiophosphonic acid anhydrides, Dithiophosphonic acid, Dithiophosphonato complexes.

Submitted: July 24, 2020. Accepted: September 03, 2020. 

Cite this: Sağlam EG, Bulat E, Yılmaz H. The Syntheses and Characterization of New Dithiophosphonates 
derived from Novel 2,4-Bis(methoxytolyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfides and Their Ni(II) 
Complexes. JOTCSA. 2020;7(3):789–800. 

DOI: https://doi.org/10.18596/jotcsa.773478. 

*Corresponding author. E-mail: ertugrulgazi.saglam@yobu.edu.tr 

INTRODUCTION

Perthiophosphonic acid anhydrides (PTPA) are called
as  2,4-diorganyl-1,3,2,4-dithiadiphosphetane-2,4-
disulfides and known to be the starting materials in
the  synthesis  of  phosphorus-1,1-dithiolates.  For

example,  dithiophosphonates,  dithiophosphinates,
and amidodithiophoshonates were obtained through
the reactions of PTPAs with alcohols (1), Grignard
compounds  (2,3),  and  amines  (4),  respectively
(Scheme 1).
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Scheme 1. Synthesis pathways through the reaction of perthiophosphonic acid anhydrides and nucleophiles
to obtain phosphorus-1,1-dithiolates.

The  first  example  of  PTPA-type  compounds  was
cyclohexyl-PTPA reported  by  Fay  and  co-workers
(5).  They  reacted  P4S10 and  cyclohexane  directly.
This  procedure  has  been  used  ever  since  with
various aromatic and aliphatic hydrocarbons instead
of  cyclohexane  (6).  In  fact,  there  are  two  other
routes to prepare PTPA compounds (7,8), but they
are  relatively  more  difficult  and  tiresome,  not  to
mention a number of side-products. 

Among  commercially  available  PTPAs  [R=-PhOPh
(Belleu’s  reagent),  -SCH3 (Davy’s  reagent),  -SPh
(Yokoyama’s reagent), etc.] (9), Lawesson’s reagent
(R=-PhOCH3) (LR) has proven to be the most widely
used (10). Ferrocenyl group can also be linked to
the  phosphorus-1,1-dithiolate  group,  and  the
resultant,  so-called  Ferrocenyl-Lawesson  reagent
(Fc-LR),  2,4-diferrocenyl-1,3-dithiadiphosphetane
2,4-disulfide is known for three decades, although
not commercially available (11). 

Phosphorus-1,1-dithiolates  obtained  from  a  PTPA
and  a  nucleophile  are  soft  base-type,  bidentate
ligands,  and  they  find  some  use  in  industry  (12,
13),  agriculture  (14),  biochemistry  (15),  and
metallurgy  (16).  The  metal-complexing  ability  of
phosphorus-1,1-dithiolates  are  based  on  sulfur
donor  groups  that  form  four-membered  chelate
rings with metal cations (17). Dithiohosphonic acids,
in particular, were reported to form complexes with
transition metal  cations  like  Ni(II),  Cu(II),  Zn(II),
Cd(II), etc. (18,19). Among these, dithiohosphonato
Ni(II) complexes possessing four-coordinate square-
planar geometry (20). 

In this work, first of all, we have prepared two novel
PTPAs  [Rx,y‐P(S)S)2],  that  is,  2,4-bis(3-
methoxytolyl)-1,3-dithia-2,4-diphosphetane  2,4-
disulfide  [(Rx-P(S)S)2] (SAV-B1 reagent) and 2,4-
bis(2-methoxytolyl)-1,3-dithia-2,4-diphosphetane
2,4-disulfide  [(Rx-P(S)S)2] (SAV-B2 reagent)
(Scheme 2).

Scheme 2. Synthesis of novel PTPAs [Rx,y‐P(S)S)2] (SAV-B1 and SAV-B2).
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The reaction of SAV-B1 and SAV-B2 reagents with
ethanol and 2-propanol  and then dry ammonia gas
furnished  the  four  new  alkyl  dithiophosphonate
ligands, O-ethyl-(3-methoxytolyl)dithiophosphonate,
O-2-propyl-(3-methoxytolyl)dithiophosphonate,  O-
ethyl-(2-methoxytolyl)dithiophosphonate,  and  O-2-
propyl-(2-methoxytolyl)dithiophosphonate  in  the
form  of  their  ammonium  salts  [NH4][S2P(Rx,y)
(ORn)]. The ligands were reacted with NiCl2.6H2O to

produce the complexes [Ni(S2P(Rx,y)(ORn))2], trans-
bis-[O-ethyl-(3-methoxytolyl)]nickel(II),  trans-bis-
[O-propyl-(3-methoxytolyl)]nickel(II),  trans-bis-[O-
ethyl-(2-methoxytolyl)]nickel(II),  trans-bis-[O-
propyl-(2-methoxytolyl)]nickel(II) (Scheme 3). The
ligands and  their Ni(II) complexes were elucidated
by elemental analyses, IR, ESI-MS, 1D 1H, 13C,  31P
NMR, and 2D HSQC techniques.
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Scheme 3. Syntheses of the ligands and Ni(II) complexes.

EXPERIMENTAL 

Materials and Instruments
Methanol,  ethanol,  2-propanol,  benzene,
chloroform,  3-methoxytoluene,  2-methoxytoluene,
P4S10, and NiCl2.6H2O were purchased from Sigma-
Aldrich and used without further purification. Diethyl
ether  was also provided by  Sigma-Aldrich  but  re-
distilled and then dried with sodium wire.

Microanalyses were carried out on a LECO CHNS-
932  CHNS-O  elemental  analyzer.  Melting  points
were  measured  with  an  Electrothermal  9200
apparatus. IR spectra were run on a  Perkin Elmer
Spectrum  Two  Model  FT-IR  instrument  (ATR
method)  with  a  wavenumber  range  of  200–4000
cm−1.  The  MS  spectra were  run  on  a Waters
Micromass ZQ, with an ESI(+) ionizer.

1H (500 MHz),  13C (125 MHz), and 31P NMR (202.4
MHz)  spectra  were  recorded  on  a  Bruker  FT
spectrometer  at 298 K. 1H and  13C NMR chemical
shifts (δ) are given in ppm and referenced to the
internal signal of TMS. 85% H3PO4 was used as the
external standard for 31P NMR. D2O was the solvent
of choice for the ligand-ammonium salts and CDCl3
for Ni(II) complexes. Diagnostic correlations which

are  based  on  Heteronuclear  Single  Quantum
Coherence  (HSQC)  experiments  were  also
performed on a Bruker FT spectrometer at 298 K. 

Preparation of SAV-B1 [(Rx-P(S)S)2] and SAV-
B2 [(Ry-P(S)S)2]
In a fume hood with an inert (argon) atmosphere,
4.00 g (9.0 mmol) of P4S10 and an excess (90 mmol,
11.00  g) of  either  3-methylanisole  or  2-
methylanisole (the same molar mass) were mixed in
a three-necked, round-bottomed flask mounted to a
dropping funnel in one neck. Our experience proved
that  2-methylanisole  should  be  added  dropwise.
Adding in one batch leads to side reactions and low
yield. 3-methylanisole, however, does not appear to
be as reactive and could be added in one portion.
The  mixture  was  heated  to  165⁰C  (with  3-
methylanisole) or 130⁰C (with 2-methylanisole), and
kept as such for three hours. The PTPA derivative of
3-methylanisole  precipitated  in  the  third  hour
whereas  the  2-methylanisole  analog  appeared  to
have formed within the first hour. The mixture was
left  to  cool  down  to  ambient  temperature,  then
poured into  30  mL of  dry  ether,  filtered,  washed
with  ether,  dried and kept  in  water-tight,  amber-
colored bottles under argon atmosphere. The PTPA
compounds are stable for weeks if handled like this.
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Characteristics:
SAV-B1
Yield: 4.3 g (55%).  Yellow. m.p. 257-260⁰C. Anal.
Calcd. for: C16H18O2P2S4 (432.52 g.mol-1): C, 44.43;
H,  4.19;  S,  29.65;  found:  C,  44.53;  H,  4.23;  S,
29.72 %.

SAV-B2
Yield: 5.7 g (73%).  Yellow. m.p. 230-232⁰C. Anal.
Calcd. for: C16H18O2P2S4 (432.52 g.mol-1): C, 44.43;
H,  4.19;  S,  29.65;  found:  C,  44.49;  H,  4.20;  S,
29.75 %.

General Procedure for the ammonium salts of
dithiophosphonic acids [NH4][S2P(Rx,y)(ORn)]
1.00  g  (2.3  mmol)  of  the  PTPA  reagent  [(Rx,y-
P(S)S)2]  was taken into a three-necked flask, and
onto it, a 4.6 mmol of one of the alcohols (0.21 g of
ethanol; 0.28 g of 2-propanol) was added dropwise.
The mixture  was heated to  50-600C,  kept  at  this
temperature  range until  complete  dissolution,  and
then left aside to cool. The crude dithiophosphonic
acid (an oily, viscous mixture), was poured into 50-
60 mL of benzene. The benzene solution was filtered
(filter  paper)  and  cooled  to  00C.  Through  this
solution,  dry  gaseous ammonia was bubbled at  a
rate  of  20  mL/min  until  the  precipitation  was
complete.  The  white,  amorphous  precipitate  was
filtered  (filter  paper),  washed  with  benzene,  and
dried in a vacuum desiccator.
 
General  Procedure  for  the  synthesis  of  the
complexes [Ni(S2P(Rx,y)(ORn))2]
A 2 mmol sample of the ammonium salt of interest
(0.56  g  [NH4][S2P(Rx)(OR1)]  or  [NH4][S2P(Ry)
(OR1)] and 0.59  g  [NH4][S2P(Rx)(OR2)]  or  [NH4]
[S2P(Ry)(OR2)]) was dissolved in 20-30 mL ethanol.
Onto this, a solution of 1 mmol (2.4 g) NiCl2.6H2O in
the same solvent was added dropwise. The mixture
was heated to  50-600C; kept as such for 5-10 min
and  filtered  through  filter  paper  without  letting
excess  cooling.  Tiny,  violet  crystals  formed  upon
cooling.  This  compound  was  recrystallized  from
ethanol.

Characteristics:
[NH4][S2P(Rx)(OR1)]
Yield:  0.89  g  (69%).  White. m.p.  102-105⁰C,
(decomposition).  LC/MS:  m/z  261.65 ([M-NH4]+,
100%). Anal.  Calcd.  for:  C10H18NO2PS2 (279.36
g.mol-1):  C,  43.00;  H,  6.49;  N,  5.01;  S,  24.35;
found: C, 43.13; H, 6.62; N, 5.05; S, 24.75 %.

[NH4][S2P(Rx)(OR2)]
Yield:  1.19  g  (87%).  White. m.p.  195-198⁰C,
(decomposition).  LC/MS:  m/z  275.69 ([M-NH4]+,
100%). Anal.  Calcd.  for:  C11H20NO2PS2 (293.38
g.mol-1):  C,  45.03;  H,  6.82;  N,  4.77;  S,  21.86;
found: C, 45.15; H, 6.98; N, 4.85; S, 21.98 %.

[NH4][S2P(Ry)(OR1)]
Yield:  1.11  g  (85%).  White. m.p.  158-160⁰C.
LC/MS: m/z 261.72 ([M-NH4]+, 100%). Anal. Calcd.
for:  C10H18NO2PS2 (279.36  g.mol-1):  C,  43.00;  H,
6.49; N, 5.01; S, 24.35; found: C, 43.20; H, 6.55;
N, 5.10; S, 24.38%.

[NH4][S2P(Ry)(OR2)]
Yield:  1.11  g  (82%).  White. m.p.  153-155⁰C.
LC/MS: m/z 275.68 ([M-NH4]+, 100%). Anal. Calcd.
for:  C11H20NO2PS2 (293.38  g.mol-1):  C,  45.03;  H,
6.82; N, 4.77; S, 21.86; found: C, 45.23; H, 7.01;
N, 4.92; S, 21.89 %.

[Ni(S2P(Rx)(OR1))2]
Yield:  4,9  g  (84%).  Violet. m.p.  190-193⁰C,
(decomposition). LC/MS:  m/z  581.93 ([M-H]+,
100%).  Anal.  Calcd.  for:  C20H28NiO4P2S4 (581.34
g.mol-1):  C,  41.31;  H,  4.85;  S,  22.06;  found:  C,
41.52; H, 5.01; S, 22.15 %.

[Ni(S2P(Rx)(OR2))2]
Yield: 4,7 g (77%). Violet. m.p. 205-207⁰C. LC/MS:
m/z 151.98 ([P(C6H3-(CH3)(OCH3)]+, 100%), 610.04
([M]+,  93%). Anal.  Calcd.  for:  C22H32NiO4P2S4

(609.39  g.mol-1):  C,  43.35;  H,  5.25;  S,  21.04;
found: C, 43.42; H, 5.45; S, 21.18 %.

[Ni(S2P(Ry)(OR1))2]
Yield: 5,1 g (87%). Violet. m.p. 165-168⁰C. LC/MS:
m/z 151.98 ([P(C6H3-(CH3)(OCH3)]+, 100%), 610.04
([M]+,  32%). Anal.  Calcd.  for:  C20H28NiO4P2S4

(581.34  g.mol-1):  C,  41.31;  H,  4.85;  S,  22.06;
found: C, 41.40; H, 4.93; S, 22.13%.

[Ni(S2P(Ry)(OR2))2]
Yield: 5,1 g (88%). Violet. m.p. 128-130⁰C. LC/MS:
m/z  610.00 ([M]+,  100%). Anal.  Calcd.  for:
C22H32NiO4P2S4 (609.39 g.mol-1): C, 43.35; H, 5.25;
S, 21.04; found: C, 43.48; H, 5.38; S, 21.11 %.

RESULTS AND DISCUSSION

Spectroscopic studies
IR spectra
IR spectra were inspected to find evidence about the
existence  of  PS  and  Ni-S  bonds.   The  modes
v(PS)asym and v(PS)sym as well as a couple of bands
relating to the Ni-S coordination namely, v(Ni-S)asym

and v(Ni-S)sym are visible as listed in Table 1.
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Table 1: Selected IR data (v, cm-1 ) assignment of vibrational bands for the compounds.

Compounds v(Ni-S)sym v(Ni-S)asym v(PS)sym v(PS)asym v(N-H)

[(Rx-P(S)S)2] - - 583 663 -
[(Ry-P(S)S)2] - - 577 687 -

[NH4][S2P(RX)(OR1)] - - 540 747 2945
[NH4][S2P(RX)(OR2)] - - 556;544 743 2973

[NH4][S2P(Ry)(OR1)] 
[NH4][S2P(Ry)(OR2)]

-
-

-
-

559
584;567

752
738

2977
2970

[Ni(S2P(RX)(OR1))2] 275 325 553 670 -
[Ni(S2P(RX)(OR2))2] 271 322 553 666 -

[Ni(S2P(Ry)(OR1))2] 277 327 573 665 -

[Ni(S2P(Ry)(OR2))2] 283 329 557 663 -

The  N-H stretching signal, v(N-H), observed in the
spectra of the ammonium salts at 2945  and  2977
cm-1 disappears in the spectra of the complexes. IR
data reported for similar compounds agree well with
the signals (19-22).

Mass Spectra
The  structure  of  the  peaks  in  the  mass  spectra
reflects the natural  abundance of nickel and sulfur
isotopes. The molecular ion peaks are clearly visible
and  in  fact,  they  are  either  the  main  peak  or

comparable in intensity for the mass spectra of the
complexes.  Mass spectral data reported for similar
compounds agree well  (23-26) with the signals we
observed.

NMR Spectroscopy
The PTPA acids are insoluble in the NMR solvents
available, so no NMR data were provided for them.
The  numbering  scheme  for  carbon  and  hydrogen
atoms is given in Figure 1. 
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Figure 1. Numbering scheme for the ligands [NH4][S2P(Rx,y)(ORn)] and complexes [Ni(S2P(Rx,y)(ORn))2].

The 31P NMR data of the ligands and complexes are
presented  in  Table  2.  No  general  relation  was
observed  between  the  31P  chemical  shifts  of  the

complexes and of the ligands. All these values are in
agreement with the literature (3,19,20).

Table 2: 31P NMR data of the ligands and the corresponding complexes.

[NH4][S2P(Rx,y)(ORn)] δ (ppm) [Ni(S2P(Rx,y)(ORn))2]

[NH4][S2P(RX)(OR1)] 102.6 102.0 [Ni(S2P(RX)(OR1))2]
[NH4][S2P(RX)(OR2)] 100.2 99.2 [Ni(S2P(RX)(OR2))2]
[NH4][S2P(Ry)(OR1)] 67.5 101.7 [Ni(S2P(Ry)(OR1))2]
[NH4][S2P(Ry)(OR2)] 103.8 98.6 [Ni(S2P(Ry)(OR2))2]

The  13C NMR  data are  listed  in  Table  3  and  4.
Remarkably,  the  strong,  single-bond  P-C  coupling
constants  in  the  complexes  is  somewhat  greater
(~112.5  Hz) than those in the ligands (109.6 Hz).

In the spectra of the ligands ([NH4][S2P(Rx)(ORn)]),
the  signals  of  the  neighboring carbons  C2 and  C3

give rise to the  doublets  with two (2JPC) and three
(3JPC) bond couplings to the P-atom of  ca. 11 and
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14.5  Hz,  respectively. These  values  compare  well
with  the  literature  reports  for  similar  structures
(19,20).  Interestingly,  the  three-bond  coupling  of
the  phosphorus  atom  to  C8 is  not  observable
whereas, again, the three-bond coupling to  C5 (7.4
Hz) and the four-bond coupling to  C4 are (2.9 Hz).
Presumably,  the  electron  delocalization  in  the
aromatic ring facilitates somewhat stronger coupling
relative to aliphatic carbons. As a general trend, the
13C NMR signals of  all  the complexes show up at
higher fields relative to the corresponding signals in
the  spectra  of  the  ligands.  Similar  trends  were
reported  for  structurally  related  compounds  (26-
32). 

As to the  13C NMR spectra of ligand  [NH4][S2P(Ry)
(ORn)], two-bond P-C couplings to C2ar and C6ar are
the same with  2JPC= 12.0 Hz.  It  is  noteworthy to
state that  P-C three-bond coupling constants (3JPC)
are 15.6 Hz for C3 and 14.7 Hz for C5. In addition,
the P-C two- and three-bond coupling constants can
be put into order as; 3JPC>2JPC. This observation has
been reported in the literature for similar structures
(19,20). No general trend was observed in the  13C
NMR spectral data of the complexes with respect to
these ligands.

Table 3: 13C NMR data of [NH4][S2P(Rx)(ORn)] (D2O) and [Ni(S2P(Rx)(ORn))2] (CDCl3) (δ in ppm, J in Hz).
[NH4][S2P(Rx)
(OR1)]

[NH4][S2P(Rx)
(OR2)]

[Ni(S2P(Rx)
(OR1))2]

[Ni(S2P(Rx)
(OR2))2]

C1 127.8, 1JPC=109.4 128.4, 1JPC=109.7 120.8, 1JPC= 112.0 121.0, 1JPC=113.2

C2 135.8, 2JPC=11.3 136.0, 2JPC=11.8 132.4, 2JPC=13.5 132.5, 2JPC=13.3

C3 123.5, 3JPC=14.5 123.2, 3JPC=14.5 121.1, 3JPC=16.2 120.9, 3JPC=16.0

C4 162.0, 4JPC=2.9 162.2, 4JPC=2.8 160.5 160.4

C5 115.8, 3JPC=7.4 115.6, 3JPC=7.4 112.6, 3JPC=7.2 112.5, 3JPC=7.4

C6 147.5, 2JPC=2.5 147.4, 2JPC=2.5 145.4 145.4

C7 58.2 57.9 55.9 55.7
C8 23.5 23.5 21.9 21.9

C9 64.3, 2JPC=7.4 - 62.5, 2JPC=5.6 -
C10 18.3, 3JPC=8.7 73.7, 2JPC=7.4 16.3, 3JPC=7.1 71.7, 2JPC=6.0

C9,11 - 26.1, 3JPC=4.1 - 24.1, 3JPC=3.7

Table 4: 13C NMR data of [NH4][S2P(Ry)(ORn)] (D2O) and [Ni(S2P(Ry)(ORn))2] (CDCl3) (δ in ppm, J in Hz).

[NH4][S2P(Ry)(OR1)] [NH4][S2P(Ry)(OR2)] [Ni(S2P(Ry)(OR1))2] [Ni(S2P(Ry)(OR2))2]

C1 129.7, 1JPC=144.8 133.8, 1JPC=114.4 128.0, 1JPC=115.6 128.2, 1JPC=116.5

C2 129.7, 2JPC=12.0 129.3, 2JPC=13.2 129.4, 2JPC=14.6 129.4, 2JPC=14.5

C3 110.2, 3JPC=15.6 109.9, 3JPC=15.7 109.4, 3JPC=17.4 109.4, 3JPC=17.4

C4 159.4, 4JPC=3.5 159.3, 4JPC=3.0 161.2, 4JPC=1.4 161.1

C5 126.4, 3JPC=14.7 126.1, 3JPC=14.6 127.2, 3JPC=15.7 127.1, 3JPC=15.7

C6 132.3, 2JPC=12.1 132.0, 2JPC=13.0 131.6, 2JPC=14.1 131.6, 2JPC=14.2

C7 55.5 55.6, 55.6 55.6

C8 15.5 15.5 16.3 24.3

C9 61.4, 2JPC=6.2 - 62.6, 2JPC=5.9 -

C10 15.6, 3JPC=7.3 70.7, 2JPC=7.3 16.2, 3JPC=3.7 72.1, 2JPC=5.5

C9,11 - 23.4, 3JPC=3.8 - 16.3
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The  1H  NMR  data  of  the  ligands  [NH4][S2P(Rx)
(OR1)],  [NH4][S2P(Rx)(OR2)],  [Ni(S2P(Rx)(OR1))2]
and  [Ni(S2P(Rx)(OR2))2]  are  given  in  Table  5.  As
seen  in  the  Table  5,  the  signals  of  the  aromatic
protons are virtually the same for the ligand salts
[NH4][S2P(Rx)(OR1)] and [NH4][S2P(Rx)(OR2)]. The
proton C2-H appears at about 8 ppm as doublet of
doublets with 3JHH= 7.8 Hz and 3JPH= ~17.1 Hz. On
the other hand, C3-H appears at 6.9 ppm with 3JHH=
7.8  Hz.  The  four-bond  coupling  to  phosphorus  is
barely  appreciable  as  the  doublet is  slightly
broadened. Phosphorus does not also split the signal
of  the  C8-CH3 protons that  show up at  2.4 ppm.
However,  the  four-bond  coupling  between
phosphorus and  C5-H is notable with a  4JPH of 6.0
Hz.     

Similar  trends  in  the  coupling  patterns  of  the
aromatic  protons  are  observed  in  the  1H  NMR
spectra  of  [Ni(S2P(Rx)(OR1))2]  and [Ni(S2P(Rx)
(OR2))2].  

The 1H NMR data of [NH4][S2P(Ry)(OR1)] and [NH4]
[S2P(Ry)(OR2)] ligands and [Ni(S2P(Ry)(OR1))2] and
[Ni(S2P(Ry)(OR2))2] complexes are listed in Table 6.
The  signals  of  the  aromatic  protons  are  again,
almost the same for the two ligands,  [NH4][S2P(Ry)
(OR1)]  and  [NH4][S2P(Ry)(OR2)].  Here  the  proton
C2-H appears  at  about  8  ppm  as  a  doublet  of
doublets with  3JHH= 8.4 Hz and  3JPH= 12.8 Hz (for
[NH4][S2P(Ry)(OR1)])  and  3JPH= 14.1 Hz (for  [NH4]
[S2P(Ry)(OR2)]).  In  these  compounds,  the  four-
bond  couplings  between  phosphorus  and  C3-H is
read as 4JPH= ~3 Hz. On the other hand, phosphorus
splits C2-H (δ= 7.6 ppm) and C6-H (δ= 7.5 ppm) by
3JHH= 12.8 Hz (for [NH4][S2P(Ry)(OR1)]) and  3JHH=
14.0 Hz (for [NH4][S2P(Ry)(OR2)]). All the  1H NMR
shifts  are  in  agreement  with  findings  in  the
literature for similar compounds (3,19,20).  
 
Similar  trends  are  also  observed  in  the  coupling
patterns  of  the  aromatic  protons  of  the  1H  NMR
spectra  of  [Ni(S2P(Ry)(OR1))2]  and [Ni(S2P(Ry)
(OR2))2].

Table 5: 1H NMR data of [NH4][S2P(Rx)(ORn)] (D2O) and [Ni(S2P(Rx)(ORn))2] (CDCl3) (δ in ppm, J in Hz, s:
singlet, d: doublet, dd: doublet of doublets, t: triplet, and m: multiplet).

[NH4][S2P(Rx)
(OR1)]

[NH4][S2P(Rx)
(OR2)]

[Ni(S2P(Rx)
(OR1))2]

[Ni(S2P(Rx)
(OR2))2]

C2-H
8.0 (dd,1H)
3JPH=17.0
3JHH=7.8

8.1 (dd,1H)
3JPH=17.3 
3JHH=7.8

7.9 (dd,2H)
3JPH=18.1 
3JHH=7.5

7.9 (dd,2H)
3JPH=18.3 
3JHH=7.7

C7-H 3.9(s,3H) 3.9 (s,3H) 3.9 (s,6H) 3.9 (s,6H)

C3-H
6.9 (d,1H)
3JHH=7.8

6.9 (d,1H)
 3JHH=7.8

6.8 (d,2H)
3JHH=5.1

6.7 (d, 2H)
3JPH=5.8

C8-H 2.4 (s,3H) 2.4 (s, 3H) 2.4 (s,6H) 2.4 (s,6H)

C5-H
7.0 (d,1H)
4JPH=6.0

7.0 (d,1H)
4JPH=6.0

6.9 (d,2H)
4JPH=6.5

6.9 (d,2H)
4JPH=7.7

C9-H δ= 3.9 (m,2H) - 4.4 (m,4H) -

C10-
H

1.3 (t,3H)
3JHH=7.1 4.7 (m,1H)

1.4 (t,6H)
3JHH=6.9 5.1(m,2H)

C9,11-
H

-
1.2 (d,6H)
3JHH=6.2

- 1.3 (d,12H)
3JHH=6.2

Table 6:   1H NMR data of [NH4][S2P(Ry)(ORn)] (D2O) and [Ni(S2P(Ry)(ORn))2] (CDCl3) (δ in ppm, J in Hz,
s: singlet, d: doublet, dd: doublet of doublets, t: triplet, and m: multiplet).

[NH4][S2P(Ry)
(OR1)]

[NH4][S2P(Ry)
(OR2)]

[Ni(S2P(Ry)
(OR1))2]

[Ni(S2P(Ry)
(OR2))2]

C2-H
7.6 (dd,H)
3JPH=12.8
3JHH=8.4

7.8 (dd,1H)
3JPH=14.1
3JHH=8.5

7.9 (dd,2H)
3JPH=13.5
3JHH=9.4

7.9 (dd,2H)
3JPH=12.8
3JHH=8.6

C7-H 3.8 (s,3H) 3.8 (s,3H) 3.9 (s,6H) 3.9 (s,6H)

C3-H
6.9 (dd,1H)
4JPH=3.1
3JHH=8.4

7.0 (dd,H)
4JPH=3.0
3JHH=8.5

6.9 (dd, 2H)
4JPH=3.1
3JHH=8.4

6.9 (dd,2H)
4JPH=3.0
3JHH=8.4

C8-H 2.1 (s,3H) 2.2 (s,3H) 2.3 (s,6H) 2.3 (s, 6H)
C6-H δ=7.5 (d,1H) 7.8 (d,1H) 7.8 (d,2H) 7.8 (d,2H)
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3JPH=12.8 3JPH=14.0 3JPH=13.3 3JPH=13.5

C9-H 3.8 (m,2H) - 4.5 (m,4H) -

C10-H
1.1 (t,3H)
3JHH=7.1 4.6 (m,1H)

1.5 (t,6H)
3JHH=7.1 5.3 (m,2H)

C9,11-
H

-
1.2 (d,6H)
3JHH=6.3

-
1.4 (d,12H)
3JHH=6.2

The  unambiguous  assignments  of 1H and 13C NMR
data  of  the  ligands  and  complexes  are  made  by
HSQC  spectra.  The  HSQC  spectra of  the  ligands
[NH4][S2P(Rx)(OR2)]  and  [NH4][S2P(Ry)(OR2)] are

given as examples in Figures 2 and 3, respectively.
The HSQC spectra of [NH4][S2P(Rx,y)(OR2)] are also
depicted in the Supplementary Material.
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Figure 2. HSQC spectrum (a) for the aromatic region and (b) for the aliphatic region of [NH4][S2P(Rx)
(OR2)].
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Figure 3. HSQC spectrum (a) for the aromatic region and (b) for the aliphatic region of [NH4][S2P(Ry)
(OR2)].
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CONCLUSIONS

As an approach to create more alternatives to the
well-known Lawesson’s reagent,  an easy procedure
for the synthesis of two new perthiophosphonic acid
anhydrides were described. These compounds were
used  in  the  synthesis  of  structurally  different
organo- dithiophosphonic acid ammonium salts, and
the  anions  of  these  salts  were  used  in  the
preparation  of  new  dithiophosphonato  Ni(II)
complexes.  The structures  of  the  ligands  and the
complexes  were  determined  by  spectroscopic
techniques.  The  13C NMR spectra  of  the  aromatic
parts of the compounds display interesting features.
Three-bond P-C couplings, for example, are bigger
than the two-bond P-C couplings.
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NMR (1H, 13C, 31P)  HSQC SPECTRA of the LIGANDS and COMPLEXES 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

MASS SPECTRA OF THE LIGANDS and Ni(II) COMPLEXES 
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Abstract:  Pesticides are the most dangerous organic pollutants for human and environmental health.
These are substances that are harmful to health, the use of which has increased in recent years, to kill
pests in agricultural production. The areas of use of pesticides, apart from agricultural activities, are in the
fight against mosquitoes, which cause malaria, which creates a significant health problem for human
health in the landscape, construction industry, timber protection, forestry, control of aquatic organisms,
industrial insect control, food storage,  transportation, and community hygiene there are multiple uses
such as. Excessive intake of the body leads to many diseases, cancer formation, even death. In this
study, it was aimed to analyze the pesticides Atrazine, Chlorfenvinfos, Chlorpyrifos, Diuron, Isoproturon,
and Simazine simultaneously with LC-MS/MS, in Boğazköy Dam in Bursa(Turkey) and the branches that
feed the dam in Bursa, İnegöl district. The samples were taken from 12 locations and were given to the
device by direct injection. Environmental Quality Standards were taken as reference for the calibration of
the method. Validation studies such as LOD, LOQ, linearity, and recovery have been performed for the
accuracy of the method. As a result, it has been determined that the pesticide derivatives examined in the
waters feeding the Boğazköy Dam and the dam itself do not exceed the Environmental Quality Standards
limit values and do not pose a risk in irrigation of agricultural areas and surface waters.
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INTRODUCTION

Controlling the environment has been the common
goal of people for centuries. But day by day, it has
reached  incredible  dimensions  in  terms  of
population  growth,  quality  of  life,  purchasing,
unplanned  settlement.  Accordingly,  its  impact  on
the environment has  increased over  time,  putting
life  in  danger(1).  Organic  pollutants  pose  a great
danger  to  the  environment  and  health  as  they
remain active in the environment for a long time.
For  this  reason,  the  determination  of  these
pollutants  is  necessary  for  human  health  and
pollution  control.  Measuring  the  concentrations  of
the  priority  substances  mentioned  in  the  above-

ground water resources legislation of the Ministry of
Forestry  and  Water  Affairs  is  important  for  the
control and prevention of existing and potential new
pollution.  Biological  or  chemical  products  used  to
control these pests that carry infectious diseases to
foodstuffs, humans, and animals, used to remove or
destroy microorganisms that damage the products
during  consumption,  production,  and  storage  of
foodstuffs, in addition to ensuring proper growth of
plants.  It  is  called  “pesticide”  (2).  In  addition,
agricultural  activities,  the  use of  pesticides  in  the
fight  against  mosquitoes  that  cause  malaria  to
create  an  important  health  problem  for  human
health  (3,4).  There  are  multiple  uses  such  as
landscape, construction industry, timber protection,
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forestry, aquatic organism control, industrial insect
control,  food storage,  storage,  transportation,  and
community  hygiene.  The  majority  of  these
pesticides that have been used in these areas for
many  years  are  dangerous  substances  in  the
hazardous class and are widely spread around the
environment  (5).  Pesticides  are  among  the  most
commonly used chemicals in the world and are also
one of  the  most  dangerous for  human health.  In
order to protect human health and the environment,
there are limit values that should not be exceeded
in the legislation for priority substances and specific
pollutants in water, soil, and biota samples. These
limit  values  that  should  not  be  exceeded  are
expressed  as  an  Environmental  Quality  Standard
(6).

Pesticides are classified according to their molecular
structure, appearance, and formulations, as well as
their  classification  according  to  the  active
ingredient, toxicity effects, and usage patterns. The
common  classification  is  the  classification  made
according to the active ingredient and the harmful
substance groups in which it is used (7).

1. Classification by Effective Groups
a. Insecticides (insecticides)
b. Molluscides (molluscicidal)
c. Herbicides (herbicide)
d. Algicides (algae killer)
e. Rodenticides (rodent killer)
f. Nematocytes (killing roundworms)
g. Acaricides (mite killer)
h. Fungicides (fungicide)
I. Avicides (kills birds)
j. Actresses (tractors)
k. Bactericide (which kills bacteria)

2.  Classification  According  To  The  Effective
Substance Group In Its Composition.
 This classification is the most scientific one (8).
 
A. Inorganic pesticides
I. Arsenic-containing pesticides
ii. Copper-containing pesticides
iii. Mercury-containing pesticides
iv. Elementary sulfur-containing pesticides
vi. Fluoride-containing pesticides

B. Synthetic organic-containing pesticides
I. Organophosphate pesticides
ii. Organochlorines
iii. Organosulfurs
iv. Carbamates

C. Natural organic-containing pesticides
I. Allethrin
ii. Pyrethrum
iii. Rotenone
iv. Nicotine

The direct  harmful  effect  of  the pesticides  on the

human body occurs when it enters the metabolism
as  a  result  of  drinking  or  eating  a  pesticide-
contaminated food. Pesticides have many negative
effects  on  both  human  health  and  the  health  of
other  living  bodies  (9).  Different  results  occur
depending on age, race, and gender, as well as diet,
economic status, disease status, exposure time, and
pesticide  concentration.  Improper  use  of  drugs  in
the fight against insects and some carelessly applied
pesticides  have  caused  and  brought  down  the
number of bird species that can be fed with seeds,
predatory bird species, and the number of insect-
eating birds. Although songbirds, heron species, and
a  strong  structure,  eagles  are  one  of  the  bird
species affected by pesticides (5).

The first  used pesticides  were  sulfur  and  arsenic.
Nicotine was the first plant-derived pesticide used.
Pyrethrin,  which  is  naturally  found  in
chrysanthemum  flowers  and  considered  as  an
organic  insecticide,  has been used since  the  19th
century. Until the 1860s, copper-containing arsenic
compounds called Paris green were used for potato
beetle, which was common in the state of Colorado,
USA.  By  the  time,  lead  and  mercury  compounds
started to be used (1). The use of pesticides against
insects  has  increased  since  the  mid-1940s.  The
Swiss chemist Paul Mueller described the properties
of  the  pesticide  known  as  DDT
dichlorodiphenyltrichloroetamine  in  1939  and  was
introduced to the market. In 1979, DDT was banned
due to its accumulation in the living organism and
its passage into the food chain. German scientists
studied  nerve  gases  during  World  War  II  and
discovered  the  insecticide  parathion,  an
organophosphate  compound.  In  1943,  parathion
was put on the market as an insecticide. USA and
other  countries,  during  World  War  II,  turned  to
synthetic organic chemicals due to the difficulty of
supplying  the  country  with  botanical  based
pesticides (5). The first use of pesticides in Turkey
began in 1965.  Great progress has been made in
harvesting crops due to their use. According to the
statistics of the Ministry of Agriculture and Forestry,
approximately 30,000 to 35,000 tons of pesticides
are used every year in our country (10). The first
law on pesticides was enacted in the USA in 1947
and the Environmental Protection Agency (EPA) was
established in 1970 (2).

Çağdar (11) aimed to make pesticide analysis in the
soil  in  Amik  Plain  using  QuEcheRs  method  and
GC/MS and LC/MS/MS devices.  As a result  of  the
analysis, he found 10 different pesticide derivatives
in  soil  samples.  These  are  imidacloprid,
dimethomorph,  metolachlor,  epoxiconazole,
tebuconazole,  acetochlor,  clothianidin,  captan,
triflualin,  and  4,4-DDT.  It  drew  attention  to  the
significant  presence  of  the  4,4-DDT  pesticide,
although  it  was  banned  in  1985.  He  emphasized
that  the  results  are  between  the  limit  values
required  in  the  Water  Regulation  for  Human
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Consumption and the Regulation on Natural Mineral
Water (11). Baloglu et al. developed a method for
direct  injection,  LC-MS/MS  device  for  drinking,
using,  and  determination  of  pesticides  in  natural
waters.  In  this  method,  they  determined  the
recoveries as 84.6% to 109.2% and their precision
values  as  2.2%  to  10.5%.  They  compared  their
results with the residual limit values required in the
Regulation on Water  for  Human Consumption and
the Regulation on Natural Mineral Waters, and found
that the results were among these limit values (12).
The  levels  of  some  organochlorine  pesticides  was
investigated in the tap water  samples taken from
Asartepe Dam Lake and its vicinity in Ayas district of
Ankara.  In the analysis, GC-ECD device was used
and  liquid-liquid  extraction.  As  a  result  of  the
analysis, they determined, α-BHC, β-BHC, γ-BHC, δ-
BHC,  DDD,  DDE,  DDT,  heptachlor,
heptachlorperoxide,  aldrin,  dieldrin,  endosulfan-I,
endosulfan-II, endrin, and aldehyde pesticides were
determined.  It  has  been  determined  that  the
amount  of  organochlorine  pesticides  in  dam  and
drinking water  exceeds  the  limits  specified  in  the
European Union's directive 76/464 / EEC 2006/11 /
EC "Pollution caused by the discharge of hazardous
substances  to  the  aquatic  environment"  and
"80/778 / EEC drinking water" directive (5,13). 

Kapsi Tsoutsi et al. aimed to measure the residual
levels  of  3  different  pesticides  (fungicides,
herbicides and insecticides) derivatives in samples
taken from 3 different points of the Lourus River in
Greece.  They  performed  extraction  before  they
introduced the samples to the device. They used the
solid-phase  extraction  (SPE)  method  as  the
extraction  method.  They  made  the  analysis  using
GC / MS and LC /  MS device.  As  a  result  of  the
analyses,  25  pesticide  derivatives  were  identified.
The  most  common  pesticide  derivatives  are
quizalofop-ethyl,  pendimethalin  and  trifluralin
pesticides.  They  stated  that  the  tebufenpyrad
pesticide  is  found  everywhere  (14).  Another
revealed  methods  for  measuring  and  identifying
agricultural  chemicals  in  the  Jucar  River  basin  of
Spain. They took samples from 15 different points of
the  river.  Samples  were  extracted  with  SPE
cartridge and made the analysis using LC-MS / MS
device. 20 of the 50 pesticide derivatives analyzed
exceeded  the  detection  limit.  The  concentrations
determined  were  terbuthylazine-2-hydroxide  in
chlorfenvinphos: 0.05 ng/L, terbuthylazine diethyl:
13.0 ng/L, diazinone: 0.2 ng/L, and 0.66 ng/L. They
found  chlorpyrifos  in  all  samples,  etion  in  87%,
chlorfenvinphos  and  tolklofos-methyl  pesticides  in
80% (15). It  was aimed to analyze the distribution
of  atrazine  and  simazine  using  different  organic
solvents in the study on residue determinations on
foods.  Shaking,  microwave  irradiation,  ultrasonic
assisted  extraction,  and  soxhlet  extraction  were
employed as extraction methods. The solvents used
are acetone, chloroform, n-hexane, methanol,  and
acetonitrile.  Following the extraction process,  they

aimed to develop a method for the determination of
atrazine  and  simazine  derivatives  using  the  HPLC
device In this method they developed, LOD and LOQ
values for atrazine and simazine, respectively, LOD
0.2 μg/mL – 0.3 μg/mL, LOQ: 0.73 μg/mL – 1.12
μg/mL.  In  the  soil  samples  examined,  they
determined  the  concentration  of  atrazine  and
simazine  in  the  range  of  3.45–8.60  μg/g,  11.9–
13.03 μg/g, respectively (16). Mualefe Torto et al.
(17) investigated pesticide derivatives with GC/ECD
and GC-TOF/MS methods  in  water  samples  taken
from Okavango delta in Botswana. As a result of the
analyses,  they  detected  4,4'-DDD  and  4,42-DDE
pesticide derivatives from hexachlorobenzene,  and
t-chlorine. They found the pesticide concentration to
be  61.4  μg/L,  3.2  μg/L,  2.4  μg/L  and  5.3  μg/L,
respectively.  According  to  the  results  of  the
analysis,  they  concluded  that  the  pesticide
derivatives  were  far  above  the  European  Union
Drinking Water Directive Limit (0.1 μg/L). Poolpak
et  al.  analyzed  20  organochlorine  pesticide
derivatives  in  the  sediment  samples  using  a  GC
device in Mae Klong Creek in the center of Thailand
between  2003-2005.  They  used  solid-liquid
extraction  as  the  extraction  method.  In  the
sediment samples, the total organochlorine pesticide
concentration  was  4.12-214.9  µg/g  and  3.26-215
µg/g.  In  the  summer  season,  they  detected
organochlorinated  pesticide  residue  at  high
concentrations in both periods. The most common
pesticide  derivative  was  heptachlor  epoxide.
Dieldrin  and  aldrin,  the  concentrations  of  which
were  found  to  be  0.001-0.17  µg/g,  0.001-2.38
µg/g, respectively (18). Sun et al.(19) investigated
13  organochlorine  pesticide  derivatives  by  taking
samples from the sediment and surface waters of
the  Qiantang Creek in  China in  all  seasons.  They
used a GC/ECD device after solid phase extraction
as  the  method  of  analysis.  They  found  the  total
organochlorinated  pesticide  concentration  to  be
7.68-269.4  ng/L  in  water  samples  and  23.11-
1616.5  ng/L  in  sediment  samples.  Among  the
organochlorine  pesticides,  lindane  and  heptachlor
were common in water samples, while HCH, DDT,
and  heptachlor  were  common  in  widespread
samples. They observed that pollution was common
in  the  summer  and autumn seasons.  They  found
that DDT concentration in water samples was 8.11
ng/L and HCH 75.2 ng/L. As a result of their study,
they  showed  that  pesticide  residues  with
organochlorine exist in water and sediment. Aybala
investigated  the  responsibilities  brought  by  the
relevant  legal  regulations  to  the  countries,  the
Environmental Quality Statement examined national
and international regulations that may be relevant
and made a general evaluation. With the Directive
2013/39  /  EU,  the  annual  average (AA-EQS) and
maximum  (MAX-EQS)  values  of  45  priority
substances,  freshwater  and  saltwater  related  to
these substances have been determined. However,
they  also  developed  CCT  values  in  biota  for  11
items, which are among 45 priority items. In order
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to protect and maintain the environment and human
health, the Environmental Quality Standard (CCS),
which  is  named  as  the  concentrations  that  the
pollutant and pollutant groups should not reach in
the samples of water, soil, or biota, basically refers
to the quality status that should be provided in the
receiving environments. In the water regulation, the
EQS  determines  the  limit  values  that  should  be
taken  into  account  when  evaluating  the  water
quality  monitoring  data,  it  is  used in  determining
the  quality  to  control  the  pollution  in  the  water
resources,  and  reveals  the  necessity  of  the
protection and improvement studies needed in order
to achieve environmental targets (6). Beale David et
al.  have  presented  a  simple  and  relatively
inexpensive method for detecting Atrazine, Simazine
and Hexazinone pesticides in natural waters. In the
method used,  samples  were  injected  directly  into
High  Performance  Liquid  Chromatography  (HPLC)
device.  They  obtained  the  best  results  for  this
method  in  the  mobile  phase  consisting  of
acetonitrile and water in the ratio of (30:70, (v/v).
They were found the results as Atrazine: 5.7 µg/L,
Simazine: 4.7 µg/L and Hexazinone: 4.0 µg/L (20).
Diaz Llorca-Pórcel  et al.  have implemented a new
method for  the  determination of  pesticides  in  tap

and  treated  wastewater  using  liquid
chromatography-tandem  mass  spectrometry  (LC-
MS/MS).  The  method  used  has  been  validated
according  to  ISO  /  IEC  17025:  1999.  The  most
important  feature  of  this  method  is  detecting
pesticides by separating them in a short time with
electrospray ionization (ESI) MS-MS. They found the
detection  limits  below  15  and  the  correlation
coefficients of the calibration curves drawn between
30-2000 ng/L concentrations higher than 0.99. They
determined LOD values of Atrazine 2 µg /L, Diuron 8
µg/L, Isoproturon 3 µg/L, Simazine 4 µg/L, Alaklor 6
µg/L, Chlorfenvinfos 4 µg/L and Chlorpyrifos 7 µg/L.
Accuracy  was  verified  by  external  evaluation  and
precision was found always under 20% (21).

Limit  values  for  Environmental  Quality  Standards
have been determined for Atrazine, Chlorfenvinfos,
Chlorpyrifos,  Diuron,  Isoproturon  and  Simazine,
which  are  included  in  the  Surface  Water  Quality
Regulation published by the Ministry of Forestry and
Urbanization in 2016, which are certain  pollutants
for surface water resources. Information containing
priority  substances  and  environmental  quality
standards limit values for surface water resources is
given in Table 1 (22).

Table 1. Priority Substances and Environmental Quality Standards Limit Values for Surface Water
Resources.

Pesticide’s Name CAS No
AA-EQS
Rivers/Lakes 
(μg/L)

MAX- EQS
Rivers/Lakes 
(μg/L)

AA-EQS
Coastal and 
Transitional  
Waters (μg/L)

MAX-EQS
Coastal and 
Transitional 
Waters 
(μg/L/)

Atrazine 1912-24-9 0.6 2.0 0.6 2.0
Chlorfenvinfos 470-90-6 0.1 0.3 0.1 0.0

Chlorpirifos 2921-88-2 0.03 0.1 0.03 0.1

Diuron 330-54-1 0.2 1.8 0.2 1.8
Isoproturon 34123-59-6 0.3 1.0 0.3 1.0
Simazine 122-34-9 1.0 4.0 1.0 4.0
AA-EQS: Annual Average-Environmental Quality Standards 
MAX-EQS: Maximum-Environmental Quality Standards

With the increasing use of pesticides in the world in
recent years, a lot of studies have been started on
pesticide  analysis.  The  use  of  pesticides  in
agriculture  is  also  of  great  importance  in  our
country.  Boğazköy  Dam  is  a  basin  of  Sakarya
Region  where  this  study  will  be  carried  out.
Boğazköy  Dam  was  built  to  irrigate  agricultural
lands  and started  to  hold  water  since  2010.  This
dam is located on Göksu Stream, one of the side
branches  of  Sakarya  River  in  Northwest  Anatolia.
Within the boundaries of the basin, there is İnegöl
District and villages connected to Bursa Province. In
our study, it was aimed to identify some pesticide
derivatives  from  the  priority  substances  in  the
Surface Water Quality Regulation by taking samples
from different parts of the Boğazköy Dam and the
branches that feed the dam in Bursa İnegöl region.
In addition, these pesticides will be compared with

the  Environmental  Quality  Standard  values
determined in the legislation. In the method, simple
and  cheap  methods  will  be  tried  to  measure
potentially harmful permanent pesticides in order to
reduce time, chemical and consumable expenses in
pesticide determinations.

MATERIAL AND METHOD

Material
Samples of water were used in the determination of
pesticide  amounts  for  the  thesis  work;  Samples
were  taken  from  Boğazköy  Dam  Basin  and  the
feeding  branches  of  the  Basin  in  İnegöl  Region,
which  is  given  from satellite  in  Figure  1,  and  12
different  locations  (3  samples  from  one  point).
Water samples were taken in 250 mL glass bottles
and stored at +4 °C until analysis.
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Figure 1. Boğazköy Dam Basin, satellite view.
Source: https://images.app.goo.gl/NjQ8ceDuzc9KP3GK8

Method
Liquid Chromatography-Tandem Mass Spectrometry
LC-MS/MS  (Shimadzu  (LC/MS-8040))  device  was
used  to  determine  pesticides  in  aqueous  samples
and  to  determine  the  quantities.  MS/MS  device
working  method  is  given  in  Figure  2.  The
Chromatography Column is Restek (Biphenyl 2.7 µm
100 x  2.1  mm).  Depending  on the  sample  to  be

analyzed,  ESI  (Electrospray  Ionization)  or  APCI
(Atmospheric Pressure Ionization Source) ionization
techniques were used.  In  general,  the analysis  of
polar  compounds  such  as  amines,  pesticides  and
proteins  uses  the  ESI  technique,  and  the  APCI
technique  is  used  for  apolar  compounds  such  as
steroids.

Figure 2. MS / MS Sequential Mass Analyzer.
https://images.app.goo.gl/2cQhe6ENzSmMu3W8A

Chemical and Materials
The  chemicals  and  consumables  used  during  the
analysis are given respectively methanol (99 %w/w)
and formic acid(>%98 ) were of high purity and of
HPLC grade from Merck. Other pesticide standards;
chlorpyrifos  was  200  µg/mL  n-hexane/acetone
(80/20:w/w) from Restek,  atrazine (100 µg/mL in
methanol), klorfenvinfos  (1000  µg/mL
n-hexane/acetone (97.5/2.5:w/w),  diuron (100 µg/

mL  in  methanol), isoproturon  (100  µg/mL  in
methanol), simazine (100 µg/mL in methanol) and
they  were  Certified  Reference  Materials from
AccuStandard  (New Haven,  CT  06513  USA).  0.22
μm  13  mm  PTFE  filter  was  provided  from
ChromXpert. The  chromatographic  conditions
determined for the analysis in Table 2 and the other
liquid chromatography flow chart is given in Table 3.
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Table 2. Chromatographic Conditions for LC/MS-MS.

Parameter Chromatographic conditions

Flow Rate 0.4 mL/min

Injecting Volume 20.0 µL

Column Temperature 35 °C

Analysis Time 15.0 minutes

Mode Gradient Flow

Ion Source ESI

Dry Gas Flow Rate 15.0 L/min

Initial Temperature 250oC

Block Temperature 400oC

Nitrogen Gas Flow Rate 3 L/min

Mobile Phase A Water 98%+Methanol 2%+Formic Acid 0.1%

Mobile Phase B 100 % Methanol+Formic Acid 0.1%

Table 3. Chromatographic Flow Table for LC-MS/MS.

t (min)
Flow Rate
(mL/min) Mobile Phase A % Mobile Phase B %

1 0.4 90 10

3 0.4 45 55

10,5 0.4 0 100

12 0.4 0 100

12.01 0.4 97 3

15 0.4 100 0

MRM optimization
The optimum values were obtained as a result  of
the  study  with  98%  water  +  2%  methanol
containing 0.1% formic acid for mobile phase A, and
100%  methanol  containing  0.1%  formic  acid  for
mobile  phase  B.  The  Q1  and  Q3  ions  were
determined  by  solving  the  pure  standards  to  be
analyzed  in  methanol  and  using  MRM  (multiple

reaction  monitoring)  optimizations  in  a  Shimadzu
LC-MS  8040  Liquid  Chromatography  Triple
Quadrupole Mass Spectrometer. For improving the
SRM technique,  mass spectra  of  the  [M+H]+ ions
obtained by MS and MS/MS were registered in order
to  find  convenient  daughter  ions  for  all  the
pesticides studied. The highest intensity Q1 and Q3
ions are given in Table 4.

Table 4. Optimization values and SRM parameters of the pesticide derivatives.

Pesticides
Retention
time (min)

Molecular
weight
(g/mol)

Precursor ion
(m/z)

 Daughter ion,
(m/z)

Atrazine 5.54 215.68 216.10[M+H]+ 174.10
Chlorfenvinfos 8.16 359.56 359.00[M+H]+ 169.50
Chlorpyrifos 9.37 350.59 350.00[M+H]+ 197.95
Diuron 5.50 231.10 233.00[M+H]+ 72.10
Isoproturon 5.65 206.30 207.20[M+H]+ 72.15
Simazine 4.96 201.65 202.10[M+H]+ 124.20

Preparation  of  the  calibration  standard
solutions
The main stock solution concentration was 20.0 µg/
L.  To  generate  the  calibration  curves  of  Atrazine,
Chlorfenvinfos,  Chlorpyrifos,  Diuron,  Isoproturon,
and  Simazine,  standard  pesticide  solutions  at

concentrations of (0.1 µg/L; 0.3 µg/L; 0.5 µg/L; 0.8
µg/L; 1.0 µg/L; 2.0 µg/L; 5.0 µg/L; 10.0 µg/L) were
prepared from the main stock solution (20.0 µg/L)
diluted with 99.0% methanol, respectively. 
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Preparation of Samples
For the analysis, water samples kept at + 4 °C in a
refrigerator  were  taken  into  vials  by  filtering
through a 0.2 micron filter without any extraction.
Then, these samples were prepared in 3 replicates
and introduced to the LC/MS-MS by direct injection
method for measurement.

RESULTS AND DISCUSSIONS

In  this  study,  pesticide  analysis  (Atrazine,
Chlorfenvinfos,  Chlorpyrifos,  Diuron,  Isoproturon
and Simazine) was carried out in the Bogazkoy Dam
Basin in the Inegol District of Bursa Province and its
feeding  branches.  While  determining the  pesticide
derivatives  that  need  to  be  analyzed,  priority
substances were taken as reference for the Surface
Water  Resources  mentioned  in  the  Surface  Water
Quality Regulation (2016).

Validation Parameters
Six  pesticides  were  selected  for  analysis  under
optimum  conditions.  In  validation  studies,  the
linearity of parameters, selectivity, detection limits
(LOD),  quantification  limits  (LOQ),  accuracy
(recovery),  precision,  and  sensitivity  parameters

were carefully made and the results were given. 

Linearity
The  linear  range  is  the  range  over  which  the
relationship  between  the  signal  and  analyte
concentration  in  the  sample  medium  of  analysis
results is proportional. Calibration curves are used
to determine the linear range. The linear range was
made to determine the concentration range at which
the  method  quantitatively  showed correct  results.
For this purpose, 6 pesticides prepared in the given
concentration  ranges  (Atrazine  1.0-20.0  μg/L;
Chlorfenvinfos  and  Chlorpyrifos  0.3-20.0  μg/L;
Diuron  0.5-20.0  μg/L;  Isoproturon  1.0-20.0  μg/L;
Simazine  0.8-20.0  μg/L)  were  analyzed  and
calibration  curves  were  drawn.  Analysis  was
performed by making three measurements at each
concentration  level.  While  determining  the
calibration  sub-points,  environmental  quality
standards to be evaluated were taken as reference.
Linearity  was  determined  from  the  calibration
curves drawn at the end of the analysis. The slope
equation,  Area  and  R2 values  of  the  calibration
curves obtained as a result of the calibration studies
are given in Table 5.

Table 5. Calibration Information of Pesticides.
Pesticide’s Name R2 Equation of the curve
Atrazine 0.9996   y=75442x+12541
Chlorfenvinfos
Chlorpyrifos
Diuron
Isoproturon
Simazine

0.9996
0.9999
0.9998
0.9996
0.9997

y=29408x-5714
 y=10937x+2524
y=21915x-2384
y=4352x+12528
y=19445x+2598

Selectivity(Specificity)
Selectivity is the ability of the analytical method to
accurately measure only the intended component or
components  in  the  presence  of  expected
physical/chemical  interferences.  Therefore,  blind
water samples were analyzed by LC-MS/MS in order
to  observe  possible  noise  from  interference  the

studied  water  samples.  According  to  the
chromatograms  examined,  no  interference
originating  from  the  matrix  has  been  found  for
pesticide  derivatives  in  the  retention  times
determined.  Blind  sample  chromatogram  and
standard sample chromatogram (10 µg/L) are given
in Figures 3 and 4, respectively.

Figure 3.  Blind Sample Chromatogram.
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Figure 4.  Standard Sample Chromatogram (10 µg/L).

The  limits  of  detection  (LOD)  and  limits  of
quantification (LOQ)
The lowest amount that the analyte signal that can
be determined by the detector can be distinguished
from  the  noise  that  can  interfere  with  the
background analysis is the diagnostic limit (LOD) of
that  substance.  The lowest  concentration value at
which  the  reliable  quantitative  result  for  the
substance  analyzed  can  be  obtained  is  the  lower
limit of the determination of that substance (LOQ). 
Calculation  of  diagnosis  and  detection  lower  limit

values;
LOD = Xbl + 3 Sbl
LOQ = Xbl + 10 Sbl
Xbl = Average of analyte-free measurements
Sbl  =  Standard  deviation  of  analyte-free
measurements
(LOD) the limits  of  detection and  (LOQ) limits  of
quantification  were  calculated  by  considering  the
average and standard deviation measurements. LOD
and LOQ studies the results of standard solutions (2
µg/L) for n=7 are given in Table 6.

Table 6. The limits of detection(LOD)and limits of quantification(LOQ) values
n=7 Atrazine Chlorfenvinfos Chlorpyrifos Diuron Isoproturon Simazine
LOD(µg/L)   0.25 0.23 0.28 0.45 0.22 0.31
LOQ(µg/L)   0.86 0.79 0.96 1.51 0.75 0.89

Accuracy (Recovery %)
In  determining  the  correctness  of  a  method,  a
recovery study is required. It shows the closeness of
the data to be obtained from the experiments to the
correct value. The % recovery value rates should be
between  70-120%  according  to  the  SANCO
document (23). To determine the recovery values, 2
µg/L value of standard solution was added to the
blind sample and chromatograms were taken, and
the  recovery  was  calculated.  The  accuracy
(Recovery %) results studied are given in Table 7.
Recovery rates were found in accordance with the
70-120% range specified for validation studies.

Precision
Precision shows the repeatability (closeness to each
other) of experimental data. Precision is expressed

in  relative  standard  deviation.  In  the  SANCO
document published by the "General Directorate of
Health  and  Consumer  Protection  of  the  European
Commission"  on  November  19,  2013,  the
repeatability  and  reproducibility  suitability  is
performed  through  SD  and  RSD%  results  (23).
According to the same SANCO document, according
to the acceptability criteria of the performance of a
method,  the  relative  standard  deviation  (%RSD)
value  should  be  ≤20.  In  experimental  studies,
depending  on  the  conditions  under  which  the
experiment was performed, standard deviation (SD)
and  percent  relative  standard  deviation  (%RSD)
values were calculated for the performance, that is,
the repeatability of the method. It is given in Table
7.

Table 7. Pesticide Derivatives’s Accuracy (Recovery%) and Precision results.
Pesticides Recovery % SD RSD %

Atrazine 91.17 3.37x103 4.3
Chlorfenvinfos 91.53 3.38x103 21.2
Chlorpyrifos 84.95 5.28x103 26.6
Diuron 101.2 2.36x103 13.5
Isoproturon 84.85 2.37 x103 11.7
Simazine 84.70 8.28 x103 8.7
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Analysis of Dam Water Samples
Following the validation studies, the samples were
analyzed in 3 replicates on the same day, and the
average of the data obtained from the studies was
obtained.  After  the  study  was  completed,  it  was

observed that the pesticide amounts in the samples
remained below the LOQ level. The analysis results
of the samples are given in Table 8. Column charts
including peak areas  of  pesticides with  error  bars
represented ( =7) replicates in Figure 6.𝑛

Table 8. Quantities of pesticide samples determined in dam waters and their status according to the values
given in the regulation.

Water Samples Atrazine
(µg/L)

Chlorfenvinfos
(µg/L)

Chlorpyrifos
(µg/L)

Diuron
(µg/L)

Isoproturon
(µg/L)

Simazine
(µg/L)

B1 <1 <0.3 <0.3 <0.5 <1 <0.8

B2 <1 <0.3 <0.3 <0.5 <1 <0.8

B3 <1 <0.3 <0.3 <0.5 <1 <0.8

B4 <1 <0.3 <0.3 <0.5 <1 <0.8

B5 <1 <0.3 <0.3 <0.5 <1 <0.8

B6 <1 <0.3 <0.3 <0.5 <1 <0.8

B7 <1 <0.3 <0.3 <0.5 <1 <0.8

B8 <1 <0.3 <0.3 <0.5 <1 <0.8

B9 <1 <0.3 <0.3 <0.5 <1 <0.8

B10 <1 <0.3 <0.3 <0.5 <1 <0.8

B11 <1 <0.3 <0.3 <0.5 <1 <0.8

B12 <1 <0.3 <0.3 <0.5 <1 <0.8
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The analysis results of the chromatograms of the samples were given as follows in Figure 5.
Sample B1 Sample B2

Sample B3 Sample B4

Sample B5 Sample B6

Sample B7 Sample B8

Sample B9 Sample B10

Sample B11 Sample B12

Figure 5. The chromatograms of the samples taken from dam water. 
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Figure 6. Column charts including peak areas of pesticides with error bars represented for =7 replicates.𝑛

Calibration  curves  for  pesticide  derivatives  were
drawn first in the study. Limit values were taken as
reference when drawing the calibration curves. For
atrazine:  1 µg/L,  for  chlorfenvinfos:  0.3  µg/L,  for
chlorpyrifos:  0.3  µg/L,  for  diuron:  0.5  µg/L,  for
isoproturon:  1  µg/L,  and  for  simazine:  0.8  µg/L
values were determined. The correlation coefficients
close to 1 proved that the linear relationship of the
experimental  data  was  strong.  Calibration
information and correlation coefficients are given in
Table 5, respectively. 

In the other part of the statistical calculations, the
detection (LOD) and determination limits (LOQ) of
the  pesticides  in  the  samples  were  made  in  the
laboratory  (see  Table  6).  The  20%  RSD  values,
which should be according to the SANCO document,
were  below 20% in  the  calculations,  as  shown in
Table 5. These results  also prove the accuracy of
the method. Each pesticide has been calculated and
evaluated within its own area. Since the results (see
Table  8)  were  below  our  LOD  values,  pesticides
were  not  evaluated  as  quantitative  analysis  and
were expressed as smaller (<) than the limit values
(see Table 1).

When the results  for  the  accuracy  of  the  method
were  compared  with  SANCO  documents,  the
recovery of pesticide derivatives was between 84%
and  101%.  It  has  been  determined  that  it  is
compatible with the recovery values that should be
between 70-120% according  to  SANCO Document
(see Table 5).

Samples taken from 12 points were filtered through
microfilters without extraction and were introduced
to  LC-MS/MS  device.  The  analyzed  pesticide
derivatives  were  found  below  the  Environmental
Quality  Limit  Values.  The  analysis  results  of  the
samples are given in Table 8.

CONCLUSION

As  a  result,  it  was  observed  that  the  pesticide
derivatives  (atrazine,  klorfenvinfos,  chlorpirifos,

diuron, isoproturon, and simazine) analyzed in the
waters  taken  from  the  Boğazköy  Dam  and  the
waters  that  feed  the  dam  do  not  exceed  the
Environmental Quality Standards limit values in the
Surface Water Regulation. It has been determined
that Boğazköy Dam will not pose a risk in irrigation
of agricultural lands and its use in surface waters in
this  region,  considering  agricultural  products  and
human health, and therefore it can be easily used as
irrigation and groundwater. Only in the region, the
continuous  production  and  continuation  of
agricultural production will bring pesticide use with
it. Therefore, it should be remembered that periodic
continuous monitoring of the region should not be
ignored in terms of protecting agricultural products
and human health.
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Chemical Composition and Antioxidant Activities of Leaf and Flower
Essential Oils of Origanum onites L. (Lamiaceae) Growing in Mount Ida-

Turkey
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Abstract: The chemical composition of leaf and flower essential oils of Origanum onites L. were analyzed
using Thermo Scientific TSQ GC-MS/MS. Also, antioxidant activities of the leaf and flower essential oils were
investigated by using DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging activity and β-carotene
linoleic acid assays. BHA (Butylated hydroxyanisole) and BHT (Butylated hydroxytoluene) were used as
standards. The essential oil yields of  O. onites were 1.75% for leaves and 4.25% for flowers. A total of
twenty-three compounds representing 99.9% of leaf oil and twenty-four compounds constituted 99.6% of
the flower oil were determined. Oxygenated monoterpenes were detected at a high percentage (69.2%) in
leaf essential oil, and carvacrol (64.9%) was determined as the main compound. Also, flower essential oil
was dominated by sesquiterpene hydrocarbons (73.5%), and α-cubebene (36.4%) was determined as a
primary compound. For leaf oil, a high antioxidant capacity was determined, primarily due to carvacrol and
p-cymene.
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INTRODUCTION

Plants  have  been  one  of  the  necessary,
indispensable resources of life since ancient times.
People have used plants not only for nutrition but
also  for  the  treatment  of  various  diseases  (1).
Nowadays, medicinal and aromatic plants are used
in  food,  cosmetics,  paint,  textile,  medicine,  and
agriculture (2).  

Lamiaceae  (Labiatae)  family,  which  is  rich  in
medicinal  plants,  is  usually  one  or  perennial
herbaceous plants containing essential oil. Turkey is
an  important  center  in  terms  of  gene  Lamiaceae
plants (3, 4). The genus Origanum L. is one of the
most widely used genera of the Lamiaceae family.
The genus Origanum has 21 species (24 taxa) and
13  hybrids  in  Turkey  (5-7).  The  pharmacological
and biological activities of Origanum species mostly

due  to  the  antioxidant,  antimicrobial,  anticancer,
analgesic,  antiradical,  antibacterial,  cytotoxic,
antifungal,  and  insecticidal  activities  of  their
essential oils (8-14). 

O. onites L. (Turkish oregano), leaves, flowers, and
essential  oils of this plant are used in herbal tea,
medicine,  food,  cosmetics,  and  perfumery
industries. It is also named as ‘kırkbas kekik’, ‘bilya
kekik’, ‘tokalı kekik’, ‘koca lealı kekik’, ‘arı kekiği’ in
vernacular  (15). The  infusion  prepared  from  the
above-ground parts  of  this  species is  used in the
treatment  of  diseases  and  symptoms  such  as
gastrointestinal  diseases,  diabetes,  dyspepsia,
carminative,  bronchitis,  respiratory  tract  diseases,
cold  &  flu,  hypertension,  and  tachycardia  by  the
local  people  (1,  15,  16).  O.  onites is  abundantly
present in the natural habitat of the Mediterranean
coastline (17).  The essential  oil  compounds of  O.
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onites have  been  researched  earlier  from diverse
places in the world. The essential oil was comprised
of  carvacrol  as  a  major  compound,  followed  by
thymol,  linalool,  α-pinene,  p-cymene,  sabinene
hydrate,   γ-terpinene,  α-terpinene  (17-23).  The
essential  oil  of  O. onites has antioxidant  (23-26),
antimicrobial,  antifungal  (27),  insecticidal  (28),
larvicidal (29), antidiabetic (30), and cholinesterase
inhibitory (31) activities. 

The literature  abounds with  reports  regarding the
detection of chemical components of  the essential
oil  of  O.  onites aerial  parts,  and  no  studies
differentiating the essential  oils of leaf and flower
have been reported to date. Although the essential
oils are usually procured from the aerial parts of the
herb,  this  report  gives  us  to  see  the  variation
among the components of both parts of the herb.
Hence,  this  report  was aimed to identify chemical
components  and  antioxidant  activities  of  leaf  and
flower essential oils of O. onites. 

EXPERIMENTAL SECTION

Plant material
The aerial parts of O. onites (300 g) were collected
from Balıkesir, (Edremit, Altınoluk, Kaz Dağı, Bent
Picnic Area) 39°34'51.4"N, 26° 45'26.4"E, 100 m, in
July 2016. The investigated species was identified
by Prof. Dr. Selami Selvi at Balıkesir University. The
voucher specimens were deposited at the Herbarium
of  the  Altınoluk  Vocational  School,  Balıkesir
University, Balıkesir, Turkey (Herbarium number SV
1567).

Essential oil
Fresh leaves and flowers (40 g each) were dried in
the shade, chopped into small pieces, and subjected
to hydrodistillation with a Clevenger-type apparatus
for 4 h. The yields of essential oils are 1.75% and
4.25% from leaf and flower, respectively. They were

stored in amber vials at 4 °C for further analyses.

GC-MS experiments
GC-MS  was  conducted  on  Thermo  Scientific  TSQ
GC-MS/MS. The column used was Rtx-5Sil MS, 30
m, 0.25 mm ID, 0.25 µm (32). A detailed procedure
was given in the supplementary material.

Antioxidant activity
The antioxidant activities were measured based on
DPPH  (1,1-diphenyl-2-
picrylhydrazyl)  free radical scavenging activity (33-
36) and β-carotene linoleic acid (34-36) assays. The
activity tests were carried on at 10, 25, 50, 100 µg/
mL  concentrations.  BHA  and  BHT  were  used  as
standards.  IC50 values  of  all  samples  were
calculated.  A detailed procedure was given in  the
supplementary material.

Statistical analysis
Antioxidant activity results were evaluated using a
One-way ANOVA test (GraphPad, Software version
is 8.4.2). P < 0.05 was accepted as the minimum
level of significance.

RESULTS AND DISCUSSION

Essential oil
Higher  essential  oil  yield  was  obtained  from  the
flower  (4.25%)   compared  to  the  leaf  (1.75%)
essential  oil.  Altogether,  twenty-three  compounds
representing 99.9% of leaf essential oil and twenty-
four  compounds  constituted  99.6%  of  the  flower
essential  oil  were determined. The components  of
essential oils were classified into 4 based on their
chemical  structures:  monoterpene  hydrocarbons,
oxygenated  monoterpenes,  sesquiterpene
hydrocarbons and oxygenated sesquiterpenes.  The
essential oil components of leaves and flowers of O.
onites are summarized in Table 1. 

Table 1: Essential oil compositions of leaf and flower of O. onites.
No Compounds RTa KIb Leaf (%) Flower (%)
1 α-thujene 5.25 930 1.5 0.5
2 α-pinene 5.37 939 0.5 0.2
3 camphene 6.08 954 0.3 tc

4 sabinene 14.48 975 tc tc

5 β-pinene 6.70 979 0.1 -
6 α-phellandrene 7.85 1003 1.3 0.7
7 α-terpinene 8.30 1017 2.4 0.9
8 p-cymene 8.53 1025 11.2 3.9
9 β-phellandrene 8.70 1030 0.6 0.3
10 (E)-β-ocimene 9.28 1050 9.1 2.7
11 γ-terpinene 9.39 1060 0.4 0.3
12 sabinene hydrate-cis 17.25 1070 0.4 0.1
13 sabinene hydrate-trans 11.41 1098 0.2 0.1
14 β-cis-terpineol 13.20 1144 1.2 0.1
15 camphor 18.22 1146 0.8 0.1
16 carvacrol, ethyl ether 20.10 1298 2.1 -
17 carvacrol 20.14 1299 64.5 16.0
18 δ-elemene 21.77 1338 - 34.6
19 α-cubebene 22.33 1351 - 36.4
20 α-copaene 23.49 1377 0.4 -
21 β-bourbonene 24.05 1388 - 0.1
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22 aromadendrene 26.27 1441 1.1 1.2
23 Z-β-farnesene 26.33 1443 0.1 0.1
24 α-humulene 26.82 1455 0.2 -
25 E-β-farnesene 26.92 1457 - 0.1
26 allo-aromadendrene 27.07 1460 1.3 1.0
27 spathulenol 31.96 1578 0.2 0.1
28 α-cadinol 34.93 1654 - 0.1
Monoterpene hydrocarbons 27.4 9.5
Oxygenated monoterpenes 69.2 16.4
Sesquiterpene hydrocarbons 3.1 73.5
Oxygenated sesquiterpenes 0.2 0.2
Total (%) 99.9 99.6
a RT: Retention time
b KI: Kovats indices
c t: trace (<0.1%)

The  main  components  of  leaf  essential  oil  were
carvacrol (64.5%),  p-cymene (11.2%), and (E)-β-
ocimene  (9.1%),  while  α-cubebene  (36.4%),  δ-
elemene  (34.6%),  and  carvacrol  (16.0%)  were
determined as  the  main compounds in  the  flower
essential  oil  (Figure  1).  The leaf  essential  oil  was
qualified  by  the  high  content  of  monoterpenes
(96.6%), including hydrocarbons (27.4%) and their
oxygenated  derivatives  (69.2%),  while
sesquiterpenes  (3.3%) were  detected  in  very  low
amounts. 

Sesquiterpene hydrocarbons (73.5%) composed the
primary class of compound determined in the flower
essential  oil  with  α-cubebene  (36.4%)  and  δ-
elemene  (34.6%).  Oxygenated  monoterpenes  and
monoterpene hydrocarbons were also detected at an
average percentage in flower essential  oil  (16.4%
and 9.5%, respectively).

The results indicate that the essential oil content of
leaf  and  flower  were  dissimilar.  For  example,
carvacrol was found mainly in leaf essential  oil  at
64.5% against 16.0% in the flower essential oil. In
contrast,  α-cubebene  (36.4%)  and  δ-elemene
(34.6%), significant compounds of flower essential
oil were not detected in leaf essential oil. Also,  β-
pinene,  carvacrol  ethyl  ether,  α-copaene,  and  α-
humulene were detected only in the leaf essential
oil. Also,  p-cymene and (E)-β-ocimene were found
to be significant compounds in leaf essential oil at
11.2 and 9.1% against 3.9 and 2.7% in the flower
essential  oil,  respectively.  It  is  well  known  that
different  parts  of  the  same  plant  may  include

different phytochemicals (37, 38). This variation can
be elucidated by the presence of different secretory
structures  in  different  plant  parts.  Dissimilar
phytochemicals are available in each of the parts of
the plant may explanation for the variation in the
pharmacological and biological properties. 

Carvacrol, the most abundant compound of the leaf
essential  oil,  was reported in  the  essential  oils  of
aerial parts of O. onites from Turkey (18, 24, 29,
39, 40) and Greece (22, 23, 41, 42).  However, α-
cubebene  and  δ-elemene  were  not  reported
previously as significant components of O. onites. α-
Cubebene was detected in low quantities of aerial
parts of O. onites from Greece (42). Also, Figuérédo
et al. reported that O. onites was the linalool types
(42). Ceylan et al. (2003) reported the essential oil
compounds  of  O.  onites from  eighteen  different
localities of Turkey, while generally, carvacrol was
found to be a significant compound, and only one
locality  had linalool-rich  (43).  Lukas et  al.  (2010)
reported  that  chemotypes  of  O.  onites from  ten
different locations of Turkey and Greece. In Greece
location  of  O.  onites was  found  to  be  “cymyl”-
chemotypes.  In  Turkey  location  of  O.  onites was
characterized  by  linalool  and  “cymyl”-chemotypes
(44). These differences in the chemical composition
of essential  oil  may be due to the environmental,
climate conditions, drying methods, harvest period,
extraction  methods,  extraction  time,  and
temperature. These variables affect the vegetative
cycle  of  the  herb  and  subscribe  to  the  chemical
variations of its essential oil.

carvacrol p-cymene α-cubebene δ-elemene

Figure 1: Chemical structures of the main compounds of leaf and flower essential oils.

Antioxidant activity DPPH  free  radical  scavenging  activity  and  β-
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carotene  linoleic  acid  assays  were  used  to
determined antioxidant activities of leaf and flower
essential  oils  of  O.  onites.  The  50%  inhibition
concentrations (IC50) results are given in Table 2.
Leaf  and  flower  essential  oils  have  an  excellent
antioxidant  capacity  for  both  tested  assays.  IC50

values for the DPPH of leaf and flower essential oils
were found to be 19.05 ± 3.96 µg/mL and 29.95 ±
5.86  µg/mL,  respectively.  Besides,  BHA  and  BHT
IC50 values were found to be 11.73 ± 2.27 µg/mL
and 17.22 ± 1.55 µg/mL. IC50 values of leaf and

flower essential oil were found to be 22.39 ± 3.88
µg/mL and 30.29 ± 0.84 µg/mL in the  β-carotene
linoleic  acid  assay,  respectively.  None  of  the  leaf
and flower essential oils showed higher antioxidant
activity than BHA or BHT. Low IC50 values reflect a
high antioxidant activity. These results revealed that
leaf essential oil showed better antioxidant capacity
when  compared  to  flower  essential  oil.  Carvacrol
and  p-cymene  were  reported  to  play  a  important
role in antioxidant capacity (45, 46). 

Table 2: Antioxidant capacity of leaf and flower essential oils (IC50).
β-carotene DPPH

Leaf 22.39 ± 3.88 19.05 ± 3.96
Flower 30.29 ± 0.84 29.95 ± 5.86
BHA 14.21 ± 1.16 11.73 ± 2.27
BHT 17.73 ± 2.43 17.22 ± 1.55
IC50 values are mean ± SD (n = 3).

CONCLUSION

The chemical contents of leaf and flower essential
oils  of  O.  onites were  investigated.  Also,  the
antioxidant  activity  of  the  essential  oils  was
determined. In this study, it was found that the leaf
essential oil was found as carvacrol type, and flower
essential oil was the α-cubebene type. It can be said
that the quantitative and qualitative differences of
essential  oils  depend  on  different  secretory
structures in different plant parts. To the best of our
knowledge, this is the first report on the chemical
components  and  antioxidant  activities  of  leaf  and
flower essential oils of O. onites. The leaf and flower
essential oils of O. onites have the good antioxidant
capacity. Thus, the essential oils from both parts of
O.  onites may  be  regarded  as  possible  natural
antioxidant  agents  for  cosmetic,  food  and
pharmaceutical industries.

Supplementary data 
Inhibition (%) of lipid peroxidation and DPPH free
radical  scavenging  activity,  Gas  chromatography-
Mass  spectrometry  conditions and  antioxidant
activities procedures  were given in  supplementary
material.
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Figure S1. Inhibition (%) of lipid peroxidation and DPPH free radical scavenging activity of essential oils. 

Gas chromatography-Mass  spectrometry  (GC-
MS) conditions

Helium was used as carrier gas at a constant flow
rate of 1 mL/min (20 psi). 1 µL of the sample was
injected (100 µL of essential oil dissolved in 1900 µL
of dichloromethane). The GC temperature program
was set as follows; 150 °C hold for 5 min, ramp to
250  °C  at  3  °C/min,  and  hold  for  10  min.  The
temperature of the MS transfer line was set at 230
°C. A mass range from 50 to 650 m/z was scanned.

The column used was an Rtx-5Sil MS, 30 m, 0.25
mmID, 0.25 µm. Thermo Scientific TSQ GC-MS/MS
was used in this study. A homologous series of n-
alkanes was used as a reference in the calculation of
Kovats  Indices  (KIs).  Identification  of  the
compounds was based on the comparison of their
relative  retention  indices  and  mass  spectra  with
those  obtained  from  authentic  samples  and  the
NIST and Wiley spectra as well as the literature data
(1).
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Antioxidant activity

DPPH free radical scavenging method
The free radical scavenging activity of the extracts
was determined spectrophotometrically by the DPPH
(1,1-diphenyl-2-picrylhydrazyl)  assay  (2-5).  In  its
radical  form, DPPH absorbs  at  517 nm, but  upon
reduction by an antioxidant or a radical species its
absorption  decreases.  Briefly,  0.1  mM solution  of
DPPH in methanol was prepared and 160 µL of this
solution was added to 40 µL of sample solutions in
methanol  at  different  concentrations  (10,  25,  50,
and 100 μg/mL). These tubes were left in the dark
for 30 min. The measurements were made at 517
nm.  BHA  and  BHT  were  used  as  standard
compounds. 

β-carotene bleaching method
The  antioxidant  activity  was  evaluated  using  β-
carotene-linoleic  acid  model  system  (3-5)  β-
carotene (0.5 mg) in 1 mL of chloroform was added
to 25 μL of linoleic acid, and 200 mg of Tween 40
emulsifier mixture. After evaporation of chloroform
under vacuum, 100 mL of distilled water saturated
with  oxygen,  was  through  vigorous  shaking.  A
mixture  of  4000 μL was transferred into  different
test tubes containing different concentrations of the
sample (10, 25, 50, and 100 μg/mL). As soon as the
emulsion  was  added to  each  tube,  the  zero  time
absorbance  was  measured  at  470  nm  using  a
spectrophotometer. The emulsion system was 

incubated for 2 h at 50  °C. A blank, devoid of  β-
carotene, was prepared for background subtraction.
BHA and BHT were used as standard compounds. 
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Abstract:  In  the  fight  against  the  new  type  of  coronavirus  (SARS-CoV-2  causing  Covid-19),  which
emerged in China in 2019 and caused the illness and death of many people all over the world, preventive
measures come to the fore as vaccines have not yet been produced. These are physical distance, mask
use, and hygiene. The use of masks has become mandatory all over the world and the production of
alternative  masks  continues  uninterruptedly.  In  this  study,  we  aimed  to  produce  an  effective  and
breathing mask against the virus using antiviral and aromatic vegetable oils. As a result of the study,
100% cotton fabrics dyed with anti-microbial effective herbal dyes were treated with anti-viral, breathable
vegetable oils, and new types of protective masks against coronavirus were produced, and odor emission
times of the produced masks were determined.
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INTRODUCTION

Coronaviruses (Latin:  Orthocoronavirinae)  are
viruses that cause diseases in birds and mammals
and  are  one  of  the  two  subfamilies  of  the
Coronaviridae  family.  These viruses can  cause
respiratory  infections in  humans with several
members,  including  MERS-CoV,  SARS-CoV,
and SARS-CoV-2 (causing COVID-19 (2019-nCoV)),
along  with  a  pathway  compiled  by  common  cold
cases.  Coronaviruses  cause  diarrhea  in  cows  and
pigs  and  respiratory  diseases  in  chickens. They
contain positive-polar,  single-stranded  RNA as
their genetic  material  (genome).  They
are the viruses  with  the  largest  RNA  genome
detected to date, over 30 kilobases in length. The
most distinctive feature of the virus,  which has a
size  of  125  nanometers,  is  a  similar  protrusion

around  it.  With  this  feature,  it  has  been  named
coronavirus; because it resembles the crown of the
sun (Latin: corona) under microscopy. No vaccine or
specific  antiviral  drug  has  yet  been  developed
against  coronaviruses yet,  including  SARS-CoV-2.
Symptomatic  treatment,  isolation,  and  various
experimental  applications  are  involved
in the control of the disease. Hand washing, keeping
distance,  and  not  touching  the  face  can  be  used
to limit the spread of coronavirus infections (1–2).

Coronavirus and Plants 
Starting  at  the  end  of  2019,  herbal
components effective  on  the  new Coronavirus
(SARS-CoV-2  (again  an  RNA  virus)  causing  the
disease  named Covid-19),  which  peaked  in  2020
and  affected  the  whole  world,  has  not  been
sufficiently  studied  since  it  is  fairly  new.  For  this
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reason, it is necessary to test the effectiveness of
these  components  in  the  control  of  SARS-CoV-2
infections.  According  to  the  new  study  of
Vietnamese  scientists  published  in  March  2020,
garlic  'oil'  has  proven  to  be  effective  (natural
antivirus) against  SARS-CoV-2. This  method which
has  been  tested  and  yielded good results
in the laboratory  conditions  is  not  yet  available in
the  clinic.  However,  any  herbal  ingredient  that
relieves the symptoms of this viral infection has not
yet been studied (3-8).

However,  there  are other scientific  studies  (also
applied  studies)  effective  against  SARS  (Severe
Acute  Respiratory  Syndrome)  virus  (SARS-CoV),
which  is  one  of  the  old  coronavirus
varieties and some herbal essential oils have proven
to be effective. One of these is a study by Lebanese
scientists  in  2008.  According  to  this  study,  laurel
(Laurus  nobilis)  oil,  which  is  an  important
Mediterranean  plant,  was  found  to  be  effective
against  SARS-CoV.  (In  different  scientific  studies,
other  than laurel;  indigo  -Isatis  indigotica with  its
new  name Isatis  tinctoria-,  speedwell  -Artemisia
annua-, Lycoris  radiata, Pyrrosia  lingua (a  type  of
fern), Lindera aggregate,  licorice root are effective
for SARS).

All of these studies are  based on  antiviral
effectiveness. Antiviral extracts are known to not kill
viruses but only inhibit them. However, it should be
kept in mind that virucidal ingredients can be fully
effective  in  viruses.  In  this  sense,  it  should  be
stated again that there is no scientific applied study
about any virucidal herbal component (number of in
vitro-laboratory  environment-  virucidal  studies  is
very  small-).  Viruses  studied  in most  of these
studies are viruses that mostly cause skin disorders
(for  example;  Herpes  simplex  virus)  rather  than
respiratory tract infecting-viruses (9-10).

Essential oils have been used in traditional medicine
for many years to relieve viral respiratory symptoms
in many parts of the world (11). In recent years,
with  the  increase  of  publications  examining  the
antiviral properties of essential oils, the mechanism
of action of viruses affecting the upper respiratory
tract such as influenza, SARS, and MERS has been
revealed  and  the  way  for  evidence-based
applications  is  opened  (12).  Vimalanathan  et
al. conducted an in  vitro study  and  the  results  of
which show the efficacy of 10 minutes of vapor of
eucalyptus  (Eucalyptus  globulus)  and  bergamot
(Citrus  bergamia)  essential  oils against  virus
infection.  It  was  determined  that  the  vapor  of
essential  oils  of  cinnamon  (Cinnamomum
zeylanicum),  lemongrass  (Cymbopogon flexuosus),
lavender  (Lavandula  officinalis),  and  geranium

(Pelargonium  graveolens)  showed  a  very  strong
antiviral effect against influenza (H1N1) virus within
30 minutes (13, 14).

What are the standards of respirators?
The US Centers for Disease Control (CDC) specifies
the  N95  respirators  as  part  of  the  personal
protective  equipment  (PPE)  recommended  in  the
Covid-19 and SARS guidelines. Europe, on the other
hand, preferred the "Filtered face part" score (FFP)
from EN standard 149:2001.

The features of known respirators are as follows;
• FFP2 filters have 94% filter capacity
• N95 filters have 95% filter capacity
• FFP3 and n99 filters have 99% filter capacity
• N100 filters have 99.7% filter capacity
"Filter  capacity"  refers  to  what  percentage  of
particles 0.3 micron or larger filters out (15).

EXPERIMENTAL SECTION

Reagents and equipment
Terry Cotton mask fabric was purchased from Toga
Textile Company, Tokat-Turkey. Essential oils were
provided  from  Cemre  Herbal  Company  in  2020,
Tokat,  Turkey.  These  fabrics  are  light,  durable,
washable,  do  not cause sweating, and  have  air
permeability. It is mostly used in the health sector.
Distilled water was used for all steps. Extraction was
performed  using  soxhlet  apparatus.  Color  codes
were  determined  by  Pantone  Color  Guide.  The
wash-, crock- (wet, dry), and light- fastnesses of all
dyed  samples  were  established  according  to  ISO
105-C06  and  to  CIS,  and  fastness  values  were
determined  by  Atlas  Weather-ometer,  a  Launder-
ometer, and a 255 model crock-meter, respectively.

Extraction of dyestuff 
Curcumin powder (50 g) was extracted in 5 liters of
distilled  water  until  colorlessness  and  used  for
dyeing of  cotton fabric.  Onion shells  (250 g) was
extracted  in  5  liters  of  distilled  water  until
colorlessness  and  then  used  for  dyeing  of  cotton
fabric (16).

Dyeing  of mask fabric
Unmordanting dyeing method was applied for  the
dyeing of mask fabrics. For this purpose, Cotton (1
m2)  fabric  was  dyed  in  the  5  liters  of  dye  bath
solution for 30 min. at 70 oC at medium pH, At the
end  of  the  dyeing  period,  the  dyed  fabric  was
removed, rinsed with distilled water, and dried.

Dyeing mechanism
The  dyestuff  in  Allium cepa is  Quercetin  and  the
dyestuff  in  Curcumin  longa is  Curcumin  as  seen
below (17) (Figure 1). 
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Figure 1: Structure of Quercetin and Curcumin.

Quercetin and curcumin are bonded with hydrogen bonds to the oxygen atoms in the –OH groups of the
cellulose molecules (Figure 2) and provide the fabric to be dyed.

Figure 2: Structure of Cellulose.

Treatment of mask fabric with essential oil
For this purpose, the dyed fabrics using Curcumin longa and Allium cepa extracts were soaked with distilled 
water and treated with essential oils as given in Table 1. They were left to dry at room temperature. Later, 
odor emission times were determined (Table 2).

Table 1. Fastness values and color codes of dyed cotton mask fabric for Curcumin Longa and Allium Cepa.
Method

Plant/dye pH Light Wash
Rubbing

(wet/dry)
Color code

Unmordanting
Curcumin Longa

(Curcumin)
7.0 6/7 5 5/5

Pantone Yellow CS
C:0  M:2 Y:100 K:6

Unmordanting
Allium cepa
(Quercetin)

6.8 5/6 4/5 5/5
Pantone 1235 CS

C:0  M: 27 Y:93 K:0
The odor emission times of mask fabrics dyed with onion shell and curcumin longa are given in Table 2.

Table 2. Odor emission times of dyed mask fabrics.
Dye plant Plant oil Number of oil drops Odor emission

period (h)

Onion Shell/Curcumin Lavender + clove 3 + 3 48
Onion Shell/Curcumin Lavender + Thymus 4 + 4 288
Onion Shell/Curcumin Mint + Thymus

Mint + Thymus
2 + 2
3 + 3

120
160

Onion Shell/Curcumin Clove + Thymus
Clove + Thymus

2 + 2
3 + 3

288
288

Onion Shell/Curcumin Juniper
Juniper

4
6

24
24

Onion Shell/Curcumin Rosemary 6 24
Onion Shell/Curcumin Mint 6 24
Onion Shell/Curcumin Thymus 6 288
Onion Shell/Curcumin Clove 6 288
Onion Shell/Curcumin Rosemary 4 24
Onion Shell/Curcumin Mint 4 24
Onion Shell/Curcumin Thymus 4 288
Onion Shell/Curcumin Clove 4 288

When the results are examined in Table 2, it is seen
that  the  vegetable  oils  with  the  longest  odor

emission  time  are  thyme  and  clove  oils  for  each
dyed cotton fabrics with both onion (Allium Cepa)
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and curcumin  (Curcumin  Longa).  A  single  and
double  mixture  of  thyme  and  clove  oil  mixtures
have 288 h of odor emissions. This result  can be
considered  as  an  advantage pointing to
the higher antiviral properties of thyme oil. The odor

emission time was determined as 48h for a mixture
of   (lavender  +  clove)  oil.  Mint,  rosemary,  and
juniper  oils  provide  odor  emission  for  24h  only.
Masks dyed with  Curcumin Longa and  Allium Cepa
extracts are given in Figure 3.

Figure 3: Masks dyed with Curcumin Longa (a) and Allium Cepa (b) extracts.

CONCLUSION

In  this  study,  terry  cotton  fabric  following  the
medical  standards  was  dyed  with
antimicrobial Curcumin  Longa and Allium
Cepa extracts  to  protect  against  the  highly
contagious,  and a new, lethal  type of  coronavirus
(SARS-CoV-2 causing the disease termed Covid-19),
which emerged in China in 2019 and soon caused a
pandemic.  Later,  antiviral  and  breath-opening
properties  were provided by  interacting  with
antiviral  and  breath-opening  vegetable  oils.  The
odor emission times of the masks were determined.
The  longest  odor  emission  was  achieved  with the
combination of thyme and clove oil. The masks we
produced are  wired,  washable  and  rechargeable
with vegetable oils.

In some countries, different masks are produced to
protect against coronavirus infection. Some of these
masks contain photocatalytic titanium dioxide,  and
also silver  nitrate  is  added  to  some.  Some
entrepreneurs have produced 3-layer masks coated
with herbal  solutions.  It  has been featured in the
media that self-cleaning  masks  are  produced  from
carbon  fibers.  We aimed to  contribute  to  the
pandemic period by producing a new type of mask
that  is  protective  against  SARS-CoV-2  infection.
After  this  stage,  it  is  necessary  to  examine  the
effects  of  these  masks  on  patients  in  an
interdisciplinary  study.  Further  investigations
are still going on.
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cannabinoid, and its metabolites in human blood samples by LC-MS/MS
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Abstract: Methyl 2-(1-(4-fluorobutyl)-1H-indazole-3-carboxamide)-3,3-dimethylbutanoate), also referred
to as 4F-MDMB BINACA (M0), is a recently introduced synthetic cannabinoid (SC) that was identified in
herbal blends submitted to the Istanbul Narcotics Laboratory of Council of Forensic Medicine (CFM), in
March 2019. A sensitive analytical method was developed to be able to detect and quantify 4F-MDMB
BINACA  (M0)  and  its  two  metabolites,  4F-MDMB  BINACA  {3,3-dimethylbutanoic  acid  ((S)-2-(1-(4-
fluorobutyl)-1H-indazole-3-carboxamido)-3, 3-dimethylbutanoic acid)} (M1), and 4F-MDMB BINACA-N-4-
hyroxybutyl  (methyl  (S)-2-(1-(4-hydroxybutyl)-1H-indazole-3-carboxamido)-3,3-dimethylbutanoate)
(M2) in blood samples by liquid chromatography-tandem mass spectrometry (LC-MS/MS). The samples
were prepared using a solid-phase extraction method. The method validation was performed in terms of
linearities, limits of detection (LODs), limits of quantification (LOQs), recoveries, matrix effects, process
efficiencies, accuracies, and precisions, was also applied to six blood samples from cases of autopsy in the
CFM, Istanbul. 
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INTRODUCTION

SCs  are  produced  to  imitate  the  effects  of  THC
(Tetrahydrocannabinol,  the  major  alkaloid  of
cannabis)  in  illegal  laboratories  and  marketed  as
legal  marihuana.  According  to  the  European
Monitoring  Centre  for  Drugs  and  Drug  Addiction
(EMCDDA), they are the  largest New Psychoactive
Substance (NPS) group and they have been traded
by street names such as "K2", “Bonsai”, and “Spice”
since  2004  and  labeled  with  "research  chemical",
"not  for  human  consumption",  and  “fertilizer”  to
circumvent the laws since 2004  (1). SCs are often
highly potent substances and have been reported to
have  additional  negative  effects.  Although  the
pharmacokinetic  and  pharmacodynamic  properties
of synthetic cannabinoids are not fully known, most
synthetic cannabinoids are strong CB1 agonists, and
their affinity for cannabinoid receptors is known to

be higher than cannabis, thereby producing longer-
lasting,  stronger  side  effects.  Among  the  acute
effects  of  SC,  agitation,  anxiety,  confusion,
hypertension,  sedation,  psychosis,  hallucination,
and tachycardia  have been reported.  Fatal  and/or
nonfatal SC intoxication of cases have been reported
(2–10).

4F-MDMB  BINACA  (M0)  is  a  newly  appearing
synthetic  cannabinoid  in  the  drug  market.  This
compound  is  structurally  similar  to  5F-ADB  (5F-
MDMB PINACA),  differing  by  the  removal  of  one-
carbon (-CH2)  linkage from the carbon tail  of  the
molecule. After the first report of 4F-MDMB BINACA
to the Early Warning System of the EMCDDA, it was
added  to  the  European  information  system  and
database on new drugs (EDND) in November 2018
(11).  Although  no  detailed  information  about  the
toxicological effect of 4F-MDMBBINACA (M0), drug-
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users  report  it  that  (M0)  causes  SCRA (synthetic
cannabinoid receptor agonist)-like effects (12).

Krotulski  et  al.  identified (M0)  in  herbal  samples.
They also detected (M0) and/or its metabolites in
human  blood  and  urine  samples  collected  from
toxicology cases (13). The metabolism of (M0) was
reported by Haschimi et al. They identified in vivo
and  in  vitro  metabolites  of  (M0)  using  authentic
samples  of  human  urine  and  an  assay  of  pooled
human hepatic microsomes (pHLM) (14).

After  the  identification  of  the  (M0)  in  an  herbal

sample, analyzed by Istanbul  Narcotics Laboratory
of the CFM, a sensitive analytical method is needed
to  identify  (M0)  in  human  blood  specimens  to
monitor its consumption. The main objective of the
study  was  to  develop  and  validate  a  liquid
chromatography-tandem  mass  spectrometric
method  for  simultaneous  detection  and
quantification of (M0) and its metabolites, namely
4F-MDMB BINACA 3,3-dimethylbutanoic acid (M1),
and  4F-MDMB  BINACA-N-4-hydroxybutyl  (M2)  in
blood  samples  (Figure  1).  This  method  was  also
applied  to  the  postmortem  blood  samples  taken
from cases of autopsy submitted to the CFM.

Figure 1: Chemical structure of 4F-MDMB BINACA (M0) and its two metabolites, (M1) and (M2).

MATERIALS AND METHODS

Chemicals and reagents
4F-MDMB  BINACA  (M0),  4F-MDMB  BINACA  3,3-
dimethylbutanoic acid (M1), and 4F-MDMB BINACA
N-4-hyroxybutyl  (M2)  metabolites  were  procured
from Cayman Chem. (AnnArbor, Michigan, USA). All
the  organic  solvents  and  water  were  of  LC-MS
grade;  they  were  provided  by  Merck  (Darmstadt,
Germany)  and  formic  acid  (≥98.0%)  and
ammonium  acetate  (≥99.0%)  were  used  in  the
chromatographic  analysis,  supplied  by  Sigma-
Aldrich  (Steinheim,  Germany);  lastly,  OASIS  HLB
cartridges were obtained from Waters (Milford, MA,
USA).

Liquid  chromatography-tandem  mass
spectrometry
LC-MS/MS  system  consisted  of  an  ultra  high-
performance  liquid  chromatography  (Shimadzu
Nexera X2 LC-30AD) coupled with Shimadzu 8050
triple  quadrupole  mass  spectrometer  (Shimadzu,

Kyoto, Japan). The analytes were separated using
an Agilent Poroshell 2.7-µm (150 × 4.6 mm) column
(Agilent, CA, USA)at 40 °C using 15 min gradient
elution with 0.6 mL/min flow rate. The mobile phase
consisted  of  5  mM ammonium acetate  containing
0.1% formic  acid  in  water  (mobile  phase  A)  and
methanol (mobile phase B). The initial mobile phase
composition was 10% B (0-0.3 min), increasing to
80% B (0.3 to 3 minutes), increasing to 95% B (3
to 7 minutes), held constant at 95% B for 4 min (7
to 11 minutes), decreasing back to 10% B (11 to
11.1 minutes) and held constant at 10 % (11.1-15
min). All analytes were analyzed using the positive
ESI-multiple reaction monitoring (MRM) mode, with
the following source parameters: heating gas: 250
oC,  heat  block  temperature:400  °C,  interface
temperature: 300  oC, heating and drying gas flow:
10  L/min  and  nebulizing  gas  flow:  3  L/min.  The
MRM  transitions  with  the  corresponding  collision
energies for all the analytes and IS are presented
in Table 1.
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Table 1: LC-MS/MS parameters for (M0), (M1), (M2), and AB PINACA-d9.

Analytes Parent ions (m/z) Product ions (m/z) Collision energy (eV)

4F-MDMB-BINACA 364.00
219.20* -27
145.10 -42
304.20 -17

4F-MDMB-BINACA 3,3-
dimethylbutanoic acid

350.00
219.10* -25
145.10 -40
304.20 -15

4F-MDMB BINACA N-4-
hyroxybutyl

362.00 145.10* -40
 217.10 -25

AB PINACA-d9 340.00
224.20 -28

295.30 -16

146.10 -40
*Quantitative ion. 

Standard solutions
The main analyte stock solutions of (M0), (M1), and
(M2)  were  prepared at  1000 µg/mL in  methanol.
The  working  solutions,  at  0.1–500  ng/mL
concentration,  were  prepared  by  proper  dilution
from the primary stock solutions in a daily manner.
The  IS  solution  was  500  ng  AB  PINACA-d9/mL
methanol. All standard and IS solutions were stored
at  -20  oC  and  waited  for  20  min  at  ambient
temperature before use.

Sample preparation
All blood samples were prepared using solid-phase
extraction (OASIS HLB 3 cc, 60 mg). Blood samples
were added with 10 µL of the IS solution and diluted
with  2 mL of  water.  After  vortexing the samples,
they were centrifuged at 5000 rpm for 10 min. The
SPE was performed as follows: conditioning: 2 mL X
2 ethyl acetate, 2 mL x 2 methanol, and 2 mL X 2
distilled water,  sample loading onto the cartridge,
washing:  2  mL  of  5%  methanol  (in  water,v/v),
drying  for  10  min  using  nitrogen  stream,  and
elution: 2 x 0.5 mL methanol and 2 x 0.5 mL ethyl
acetate. All eluates were evaporated at 40 oC using
nitrogen  stream,  reconstituted  in  0.5  mL  of  the
mobile phase A/B (80:20 v/v) mixture, and 5 µL of
aliquot was injected to LC-MS/MS.

Validation of the analytical method
The method validation was carried out using drug-
free  human  blood  samples  spiked  with  analytes
according  to  international  guidelines  (15,16).
Validation  parameters  were  studied  as  follows:
selectivity,  linearity,  detection,  and  quantification
limits (LOD, LOQ), intra- and inter-day accuracy and
precision,  recovery,  matrix  effect,  and  process

efficiency. Selectivity was performed by analyzing of
drug-free blood from five different sources and any
interferences at the retention times of analytes and
IS  were  checked.  To  assess the  linearity,  seven
calibration standards (0.05, 0.1, 0.5, 1.0, 2.5, 5.0,
and 10.0 ng/mL) were analyzed in triplicate at each
concentration in the blood samples.

The calibration curves of analytes were required to
correlation coefficient (R2) of 0.995 and calibrators
were± 15% deviation from the nominal value. LOD
and LOQ were calculated by analyzing the  spiked
blood samples at the lowest concentrations (n=10).
The  precision  and  accuracy  of  the  method  were
determined  through  the  analysis  of  low  (0.05
ng/mL), medium (2.5 ng/mL), and high (10 ng/mL)
level quality control samples prepared in from drug-
free blood, with ten replicates per level. Inter-assay
precision  and  accuracy  were  calculated  from
triplicates  per  run  on  five  days  in  a  consecutive
manner.  Recovery,  matrix  effect,  and  process
efficiency were estimated at low, medium, and high
concentrations (n=6) using Matuszewski’s approach
(17).

Application to real samples
The regional blood donation center provided blank
human blood samples.  Postmortem blood samples
were collected from the cases of autopsy performed
in CFM, Istanbul, according to 5271/87-89 (Turkish
Criminal Procedure). No blood samples were taken
specifically  for  the  study.  Blank  and  postmortem
blood samples were stored at -20 oC until the time
of  analysis.  In  this  analysis,  postmortem  blood
samples  of  cases  containing  (M0)  and/or  its
metabolites (M1, M2) (n=6) were used.
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Table 2: Validation data of the developed method.

Parameter 4F-MDMB
BINACA

4F-MDMB-BINACA butanoic
acid

4F-MDMB
BINACA

N-4-hyroxybutyl
Intra-assay precision (RSD
%)

0.05 ng/mL 2.1 2.9 2.9
2.5 ng/mL 1.4 3.3 3.5
10.0 ng/mL 2.9 2.3 1.9

Intra-assay accuracy (%)

0.05 ng/mL 99.6 99.4 99.6
2.5 ng/mL 91.6 98.1 95.6
10.0 ng/mL 107.1 101.3 98.6
Inter-assay precision
(RSD %)

0.05 ng/mL 2.1 8.7 7.9

2.5 ng/mL 6.4 8.5 7.7
10.0 ng/mL 3.5 5.8 3.6
Inter-assay accuracy (%)

0.05 ng/mL 99.7 94.8 96.3
2.5 ng/mL 93.6 96.5 94.1
10.0 ng/mL 102.5 99.8 99.9
Matrix effect (%)
0.05 ng/mL 91.1 105.2 113.7
2.5 ng/mL 100.3 102.1 107.2
10.0 ng/mL 104.9 99.7 109.4
Recovery (%)
0.05 ng/mL 95.7 97.5 93.3
2.5 ng/mL 86.6 84.1 87.1
10.0 ng/mL 83.1 87.3 85.9
Process efficiency (%)
0.05 ng/mL 87.2 100.1 106.1
2.5 ng/mL 86.9 85.8 93.3
10.0 ng/mL 87.2 87.0 94.6
LOD 0.02 0.05 0.02
LOQ 0.05 0.1 0.05

RESULTS and DISCUSSION

Analytical Method Validation
Table  2  shows the method validation parameters.
Selectivity was studied by analyzing the blank blood
samples,  and  any  interfering  peaks  were  not
detected at the retention times for the analytes and
IS. 4F-MDMB BINACA (M0), 4F-MDMB BINACA 3,3-
dimethylbutanoic acid (M1), 4F-MDMB BINACA N-4-
hyroxybutyl  (M2),  and  AB  PINACA-d9  (IS)  were
eluted  at  8.0,  7.1,  7.4,  and  8.0  minutes,
respectively  (Figure  2).  The  matrix-matched
calibration  standards  were  prepared  in  the  range
0.05–10.0  ng/mL,  with  a  coefficient  of
determination (R2) that was greater than 0.995. The

calibration curves were established with (1/x) linear
regression  model  for  all  analytes.  The  intra-  and
inter-assay precisions and accuracies of the method
were  within  the  range  of  1.4-3.5% and2.1–8.5%
and 91.6–107.1% and 93.6–102.5%, respectively.
The LOD and LOQ values were at the range of 0.02–
0.05 ng/mL, and 0.05–0.1 ng/mL, respectively. The
intra- and inter-day precision and accuracy of the
method were acceptable with CV values below 10%
and bias  values  below 10%. The recovery  (83.1–
97.5%), matrix effect (91.1-109.4%), and process
efficiency (85.8–106.1%) are presented in Table 2.
These  findings  suggest  that  the  internal  standard
provides  appropriate  matrix  match  compensation
and remarkable extraction recovery.
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Figure 2: MRM chromatograms of (M0), (M1), (M2), and AB PINACA-d9 for spiked matrix blank blood with
0.05 ng / mL concentration.

Application to real samples
The  developed  method  was  applied  to  the
identification  and  quantification  of  (M0,  M1,  and
M2)  in  postmortem blood  samples  collected  from
the cases of autopsy.  We detected and quantified
the (M0) and/or its metabolites (M1) and (M2) and
in blood samples taken from six cases of autopsy.
All of the cases were male and aged from 21 to 39
(mean: 31); (M0) was detected in 3 of 6 blood, with
the concentration ranged from 0.10 to 2,90 ng/mL
(mean: 0.42 ng/mL).(M2) was detected in 1 of 6
blood samples (0.21 ng/mL). (M1) was detected in
all blood samples  with a  range of 0.12-9.05 ng/mL
and a mean of 3.15 ng/mL. In this study, detecting
and quantification  of  (M0) and its two metabolites
(M1, M2) in postmortem blood samples is reported.

A  few  reports  were  published  about 4F-MDMB
BINACA and its metabolites and their  identification
in biological samples. Krotulski  et al. reported the
identification of (M0) and/or its metabolites in blood
and urine samples  (13).  According to their  study,
(M1)   was the most significant metabolite in blood
and urine addition to (M2). (M1) was found to be a
sensitive and specific urinary marker (14). However,
blood  concentration  levels  of  (M0)  and  its
metabolites  were  not  reported  in  either  of  these
studies. 

CONCLUSIONS

The  detection  of  (M0)  in  postmortem  cases
indicates  a  significant  worrying  alarm  about  the
emergence of this substance. A sensitive LC-MS/MS
method  was  developed  and  validated  for  the
detection  and  quantitation  of  (M0),  and  its  two
metabolites  (M1),  and  (M2)  in  the  blood.  The
method  was  applied  to  six  postmortem  blood
samples  collected  from  the  cases  of  autopsy.
According to the results obtained, the method can
be considered to be sensitive, reliable, and suitable
for the analysis  of  postmortem blood samples. To
the best of the author’s knowledge, this is one of
the first reports of quantification of the (M0, M1,
M2) in postmortem blood samples.
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INTRODUCTION

Today's  environment  is  often  subject  to
anthropogenic  impact.  Apart  from  the  work  of
industrial  enterprises,  agricultural  facilities,
housing  and  communal  sector,  the  influence  of
various types combustion that turn into fires is also
negative.  Fires  often  acquire  catastrophic  scale
affecting individual technogenic objects (1) and the
planet  as  a  whole  (2,  3)  despite  the  preventive
measures (4, 5, 6).

Today,  one  of  the  most  effective  means  for
localizing and extinguishing fires of various types,
including oil products, is foam. During the fire both

firemen (7) and environmental objects are exposed
to dangerous thermal effects. At the same time,
the environment is negatively affected both by the
fire  itself  (8)  and  the  ingress  of  combustion
products  and  components  of  fire  extinguishing
mixtures into the air, water, and soil (9, 10). As
the latter ones, apart from foams (11), the water
(12) and fire extinguishing powders (13) often act.

According to the composition, foaming agents are
divided into synthetic, protein, fluorosynthetic, and
fluoroprotein  ones  (14).  They  are  a  mixture  of
organic  and  inorganic  compounds  of  natural  or
artificial origin. In addition to identifying (15, 16)
and  evaluating  the  content  of  these  compounds
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and  their  decomposition  products  in  the
environment  using  various  laboratory  (17)  and
express physical and chemical methods of analysis
(18, 19), it is important to study their ecological
properties.

Detergents (20), alkyl sulfonates (21), fatty acids
(22),  natural  compounds  (23),  and  fluorinated
derivatives  (24)  are  used  as  the  main  active
ingredients.

The influence of the main substances, which are
present  in  the  foaming  agents,  on  the
environment,  mainly,  aquatic  environment,  has
been  sufficiently  studied  (25,  26).  As  ecological
and  ecotoxicological  characteristics,  experimental
or  calculated  bioindication  parameters  appear  in
this case.

On the contrary, it should be noted that in addition
to the main substance, various additives are also
included  in  the  foams,  which  affect  on  the
properties  of  the  foams  such  as  multiplicity,
viscosity,  stability,  frost  resistance,  etc.  These
additives  are  organic  (alcohols,  acids,  and  their
salts) or inorganic compounds. When extinguishing
the  fires,  these  additives  also  enter  the
environment and have a negative impact on it.

The  policy  of  developers  and  manufacturers  to
replace  the  precise  composition  of  the  foaming
agent with a trade name, brand or generic name,
including  the  Safety  Data  Sheets  (27),  greatly
complicates the assessment of the environmental
characteristics  and  environmental  impact  of
individual components of the foaming agents. The
information  about  the  environmental  impact  of
individual components of the foaming agents can
be  useful  while  developing  new,  more
environmentally  friendly  compounds  of  the
foaming agents. It will also allow potential buyers
to make more environmentally conscious choices
when purchasing these products.

The aim of this paper is a comparative study of the
impact  on  the  environment,  in  particular,  the
aquatic  environment  of  the  individual  inorganic
components of the foaming agents.

MATERIAL AND METHODS

The well-known analytical  methods of  processing
the  data  are  used in  the  paper  by  applying the
information  about  chemicals  presented  in  the
literature  and  on  the  website  of  European
Chemicals  Agency  (28).  As  the  parameters of
research,  the  values  PNEC  -  predicted  no  effect
concentration,  LC - Lethal  concentration, NOEC -
no observed  effect  concentration,  LOEC -  lowest
observed  effect  concentration,  ECx  the  effect

concentration  associated  with  x% response  (27,
29) are selected.
RESULTS AND DISCUSSION

In the paper, the approach proposed in (13, 30)
was  used.  The  essence  of  the  proposed
assessment  is  to  study  the  environmental
characteristics of inorganic salts which are used to
improve  the  extinguishing  properties  of  foaming
agents.  Their  composition  can  vary  from  a  few
thousandths to tens of percent of the total mass of
the substance (0.005 - 40%).

The best known (31-40) additives are compounds
such  as  magnesium  chloride  and  its  natural
analogue,  bischofite  (MgCl2),  basic  aluminum
chloride  (Al2(OH)5Cl),  sulfamic  acid  (NH2SO3H),
sodium  bicarbonate  (NaHCO3),  calcium  chloride
(CaCl2), sodium chloride (NaCl), sodium carbonate
(Na2CO3),  ammonium  sulfate  ((NH4)2SO4),
aluminum  sulfate  (Al2(SO4)3),  sodium  hydroxide
(NaOH),  and  sodium  hexametaphosphate
(Na6P6O18).

With  the  temperature  factor  (since  extinguishing
the fires involves a high ambient temperature) and
the  presence  of  several  components  in  the
mixture, for example (36, 37, 39), some products
may also be released into the environment:

3Al2(OH)5Cl  AlCl→ 3 + 5Al(OH)3  (1)

in turn, when exposed to heat:

2Al(OH)3  Al→ 2O3 + 3H2O(g) (2)

Also,  the  temperature  factor  can  lead  to  the
formation of such products for the mixture:

3Al2(OH)5Cl + 6(NH4)2SO4  2Al→ 2(SO4)3 + Al2O3 
+12NH3 (g)+ 3НCl (g) + 12H2O(g)  (3)

In the composition of foams, these compounds can
be found mainly  in  aquatic  and soil  ecosystems.
The  paper  examined  the  effect  of  inorganic
components  of  foaming  agents  on  aquatic
ecosystems. Since sodium hexametaphosphate is a
more  branched  structure  of  sodium
metaphosphate, the main analysis can be done by
using EXA data on sodium metaphosphate.

The  data  on  the  predicted  safe  concentration
(PNEC)  of  a  substance  for  organisms  living  in
marine and freshwater ecosystems are presented
in Table 1.

It was concluded that the lower the PNEC value,
the  unsafer  the  substance  for  organisms,  so
aluminum  and  ammonium  sulfates  are  more
dangerous to get into fresh water, and aluminum
sulfate and sulfamic acid to get into the sea water,
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periodic discharges, containing in the fresh water,
sulfamic acid and ammonium sulfate are unsafer.
In  sediments,  the  accumulation  of  ammonium
sulfate (fresh water) and sulfamic acid (seawater)
is  unsafe.  That  is,  as  seen  from  the  presented
PNEC  values,  sulfonated  inorganic  compounds
have  a  greater  negative  effect  on  aquatic
organisms.’ Thus, the comparative analysis of the
environmental  hazard  of  the  tested  inorganic
additives of foaming agents showed that the most
dangerous  for  the  environment  are  aluminum
compounds and sulfamic acid, and the safest are
magnesium and sodium chlorides.

To  assess  the  environmental  hazard  to  aquatic
organisms data, obtained in the same conditions,
were used.

For a comparative analysis of inorganic additives of
foaming  agents  according  to  their  short-term
toxicity the parameter LС50 (4 days) is the most
suitable for  fish.  Table 2 shows sodium, calcium

and  magnesium  chlorides,  as  well  as  sodium
bicarbonate in the short term are the least toxic for
fish. It is difficult to name the most toxic substance
for fish, since there is data variability. If we accept
that  in  the  case  of  variable  data,  we follow the
lowest value, then the most dangerous compounds
are  aluminum-based  compounds  for  fish.  If  we
take the maximum values of LC50 (4 days), then
sulfamic  acid,  ammonium  sulfate,  and  sodium
hexametaphosphate  are  more  toxic  in  the  short
term for fish.

Values of long-term toxicity of substances for fish
also  vary  greatly,  and  the  data  themselves  are
incomplete. So, NOEC for the studied compounds
is presented to the fullest extent possible (Table
2).  It  can  be  noted  that  sodium chloride  is  the
safest  for  freshwater  fish  in  terms  of  long-term
toxicity,  and  the  most  dangerous  is  basic
aluminum  chloride  and,  as  a  possible  reaction
product, aluminum sulfate.
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Таble 1. PNEC for Aquatic Organisms, mg/L (mg/kg sediment dw) 
Substance PNEC

Freshwater Intermittent releases 
(freshwater)

Marine water Sewage 
treatment plant

Sediment 
(freshwater)

Sediment 
(marine water)

Magnesium chloride 3.21 mg/L 5.48 mg/L 320 µg/L 90 mg/L 288.9 mg/kg sediment 
dw

28.89 mg/kg 
sediment dw

Sodium chloride 5 mg/L No data aquatic toxicity 
unlikely

aquatic toxicity 
unlikely

No exposure of 
sediment expected

No exposure of 
sediment expected

Calcium chloride No data No data No data No data No data No data
Basic Aluminum 
chloride

No hazard 
identified 

No hazard identified No hazard 
identified 

No hazard 
identified 

No hazard identified No hazard 
identified 

Sodium hydroxide No data No data No data No data No data No data

Sulfamic acid 1.8 mg/L 480 µg/L 180 µg/L No data 8.36 mg/kg sediment 
dw

840 mg/kg 
sediment dw

Ammonium sulfate 312 µg/L 530 µg/L 31.2 µg/L 16.18 mg/L 63 mg/kg sediment dw No data
Sodium bicarbonate No data No data No data No data No data No data

Sodium carbonate aquatic toxicity 
unlikely

aquatic toxicity unlikely aquatic toxicity 
unlikely

aquatic toxicity 
unlikely

No data No data

Sodium 
hexametaphosphate

No hazard 
identified 

No hazard identified No hazard 
identified 

No hazard 
identified 

No hazard identified No hazard 
identified 

Aluminum chloride No hazard 
identified 

No hazard identified No hazard 
identified 

No data No data No data

Aluminum sulfate 300 – 4 500 
000 ng/L

30.11 mg/L 30 – 64 000 000 
ng/L

No hazard 
identified

10 mg/kg sediment dw 31.4 mg/kg 
sediment dw

Aluminum oxide aquatic toxicity 
unlikely

aquatic toxicity unlikely aquatic toxicity 
unlikely

aquatic toxicity 
unlikely

No data No data

Aluminum hydroxide No hazard 
identified 

No hazard identified No hazard 
identified 

No hazard 
identified 

No data No data

Table 2. Data on toxicity of test substances for aquatic organisms
Substance Short–term toxicity to 

fish 
Long–term 
toxicity to fish
 

Short–term toxicity 
to aquatic 
invertebrates

Long–term toxicity 
to aquatic 
invertebrates

Toxicity to 
aquatic algae and
cyanobacteria

Toxicity to 
microorganisms

1 2 3 4 5 6 7

Magnesium 
chloride

LC50 (4 days) 541 –
 2 119.3 mg/L

Summaries:

No data LC50 (48 h) 140 - 
548.4 mg/L

Summaries:

EC10 (21 days) 82 - 
321 mg/L

Summaries:

EC50 (72 h) 100 
mg/L
NOEC (72 h) 100 
mg/L

EC50 (3 h) 900 
mg/L

Summaries:
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LC50 for freshwater fish 
2,119 g/L
LC50 for marine water 
fish 10,968 g/L

EC50/LC50 for 
freshwater 
invertebrates 548,4 
mg/L
EC50/LC50 for marine
invertebrates 3,259 g/
L

EC10/LC10 or NOEC 
for freshwater 
invertebrates
321 mg/L

Summaries:
EC10 or NOEC for 
freshwater algae
100 mg/L

EC10 or NOEC for 
microorganisms
900 mg/L

Sodium 
chloride

LC50 (4 days) 5.84 g/L

Summaries:
LC50 for freshwater fish
5.84 g/L

NOEC (33 days) 252
- 533 mg/L
LOEC (33 days) 
352 - 734 mg/L

Summaries:
EC10/LC10 or NOEC 
for freshwater fish 
252 mg/L

LC50 (48 h) 4.136 g/L
LC50 (24 h) 874 mg/L

Summaries:
EC50/LC50 for 
freshwater 
invertebrates
1.9 g/L

NOEC (21 days) 314 
mg/L

LOEC (21 days) 441 
mg/L

Summaries:
EC10/LC10 or NOEC 
for freshwater 
invertebrates
314 mg/L

EC50 (5 days) 2.43 
g/L

Summaries:
EC50 for freshwater
algae
2.43 g/L

ЕC50 (4 days) 
6.87 g/L

Summaries:
EC10 or NOEC for 
microorganisms
5 g/L

1 2 3 4 5 6 7

Calcium 
chloride

LC50 (4 days) 4.63 g/L
LC50 (48 h) 6.56 g/L
LC50 (24 h) 6.66 g/L

No data LC50 (48 h) 
2.4 - 2.77 g/L
NOEC (48 h) 
2 g/L

EC50 (21 days) 610 
mg/L
LC50 (21 days) 330 - 
920 mg/L

EC50 (72 h) 2.9 - 
27 g/L 
EC20 (72 h) 1 g/L

No data

Basic aluminum
chloride

LC50 (4 days) 1.39 - 186
mg/L
LC10 (4 days) 580 - 142 
000 µg/L
EC50 (4 days) 156 µg/L
NOEC (4 days) 156 - 1 
000 000 µg/L

NOEC (60 days) 13 - 26
µg/L
NOEC (7 days) 752 - 56
480 µg/L
LOEC (7 days) 831 - 91
420 µg/L
LC50 (42 days) 15 µg/L
LC50 (28 days) 19 µg/L

EC50 (48 h) 
214 - 200 000 
µg/L
EC10 (48 h) 2.8
- 42 mg/L
NOEC (48 h) 
160 mg/L

NOEC (7 days) 15 
mg/L
LOEC (7 days) 15 mg/
L

EC50 (72 h) 75 - 14
000 µg/L
NOEC (72 h) 20 - 1 
000 µg/L
EC10 (72 h) 15 - 3 
100 µg/L

EC50 (3 h) 4.4 - 1
000 mg/L
EC10 (3 h) 4.4 –
 1 000 mg/L

Sodium 
hydroxide

No data No data EC50 (48 h) 
40.4 mg/L

No data No data No data

Sulfamic acid

LC50 (4 days) 70.3 mg/L

Summaries:
LC50 for freshwater fish

NOEC (65 days) 25 µg/
L
NOEC (34 days) 60 mg/
L

EC50 (48 h) 
71.6 mg/L
EC50 (24 h) 
71.6 mg/L

NOEC (35 days) 150 
µg/L
NOEC (21 days) 19 
mg/L

EC50 (72 h) 33.8 - 
48 mg/L
NOEC (72 h) 18 
mg/L

EC50 (3 h) 200 
mg/L
NOEC (3 h) 200 
mg/L
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70.3 mg/L
Summaries:
EC10/LC10 or NOEC for
freshwater fish 60 mg/L

Summaries:
EC50/LC50 for 
freshwater 
invertebrates
71.6 mg/L

LOEC (21 days) 34 
mg/L
EC50 (21 days) 60 
mg/L

Summaries:
EC10/LC10 or NOEC 
for freshwater 
invertebrates
19 mg/L

EC10 (72 h) 13.3 - 
29.5 mg/L

Summaries:
EC50 or freshwater 
algae
48 mg/L
EC10 or NOEC for 
freshwater algae
18 mg/L

Summaries:
EC50 for 
microorganisms

200 mg/L
EC10 or NOEC for 
microorganisms
200 mg/L

1 2 3 4 5 6 7

Ammonium 
sulfate

LC50 (4 days) 53 - 57.2 
mg/L

Summaries:
LC50 for freshwater fish 
53 mg/L

EC10 (30 days) 5.29 
mg/L

Summaries:
EC10/LC10 or NOEC for
freshwater fish 5.29 
mg/L

EC50 (48 h) 
121.7 - 169 
mg/L

Summaries:
EC50/LC50 for 
freshwater 
invertebrates
169 mg/L

EC10 (70 days) 3.12 
mg/L

Summaries:
EC10/LC10 or NOEC 
for freshwater 
invertebrates
3.12 mg/L

EC50 (18 days) 2.7 
g/L 
EC50 (5 days) 
1.605 g/L 

EC50 (30 min) 
1.618 g/L 

Sodium 
bicarbonate

LC50 (4 days) 7.1 g/L 
NOEC (4 days) 5.2 g/L 

Summaries:
LC50 for freshwater fish 
7.1 g/L

No data EC50 (48 h) 4.1
g/L
 NOEC (48 h) 
3.1 g/L 
Summaries:
EC50 / LC50 for
freshwater 
invertebrates 
4.1 g/L

NOEC (21 days) 576 
mg/L

No data No data

Sodium 
carbonate

LC50 (4 days) 300 mg/L

Summaries:
LC50 for freshwater fish 
300 mg/L

No data EC50 (48 h) 
200 - 227 mg/L
Summaries:
EC50/LC50 for 
freshwater 
invertebrates 
200 mg/L

No data No data No data
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1 2 3 4 5 6 7

Sodium 
hexametaphosp
hate

LC50 (4 days) 100 
mg/L
NOEC (4 days) 100 
mg/L

Summaries:
LC50 for freshwater 
fish 100 mg/L

No data EC50 (48 h) 485 
mg/L
Summaries:
EC50/LC50 for 
freshwater 
invertebrates
100 mg/L

No data EC50 (72 h) 100 
mg/L
NOEC (72 h) 32 
mg/L LOEC (72 h) 
100 mg/L

Summaries:
EC50 for freshwater
algae
100 mg/L

EC50 (3 h) 1 g/L 
NOEC (3 h) 1 g/L 

Summaries:
EC50 for 
microorganisms
1 g/L
EC10 or NOEC for 
microorganisms 
1 g/L

Aluminum 
chloride

LC50 (16 days) 430 
- 3 910 µg/L
LC50 (8 days) 22.4 
mg/L 
LC50 (4 days) 78 - 
218 640 µg/L
LC50 (72 h) 10 - 
19.3 mg/L 
LC50 (48 h) 11.5 
mg/L 

NOEC (60 days) 88 - 350
µg/L
NOEC (30 days) 57 - 88 
µg/L
NOEC (28 days) 4.7 - 
23.1 mg/L
 NOEC (7 days) 160 - 56 
480 µg/L
LOEC (60 days) 169 - 
350 µg/L

EC50 (48 h) 1.5 - 
27.3 mg/L 
LC50 (4 days) 22 -
30.6 mg/L 
LC50 (48 h) 71 - 
99 600 µg/L
NOEC (4 days) 
22.6 mg/L
NOEC (48 h) 5 - 
672 µg/L

NOEC (28 days) 1.89 
mg/L 
NOEC (21 days) 76 - 
137 µg/L
NOEC (8 days) 4.9 
mg/L 
NOEC (7 days) 1.1 - 
1.4 mg/L 
NOEC (6 days) 340 - 
1020 µg/L

EC50 (4 days) 24 - 
570 µg/L
EC50 (72 h) 200 - 4
980 µg/L
NOEC (72 h) 4 - 
600 µg/L
LOEC (72 h) 1 mg/L
EC10 (72 h) 51 - 3 
155 µg/L

No data

1 2 3 4 5 6 7

Aluminum 
sulfate

LC50 (8 days) 122.17 - 
161.4 mg/L 
LC50 (7 days) 430 – 
4 270 µg/L
LC50 (6 days) 560 – 
6 650 µg/L

LC50 (5.833 days) 22.74
mg/L 

LC50 (5 days) 1.05 - 
20.8 mg/L 

Summaries:
LC50 for freshwater fish 

NOEC (60 days) 13 - 1 
670 µg/L
NOEC (33 days) 71.5 - 
558.1 µg/L
NOEC (30 days) 250 - 1
670 µg/L
NOEC (28 days) 29.8 - 
44.9 mg/L 
NOEC (15 days) 1.67 
mg/L 

Summaries:
EC10/LC10 or NOEC for
freshwater fish 44.9 
mg/L

EC50 (4 days) 
5.9 - 58.2 mg/L
EC50 (72 h) 
27.7 mg/L 
EC50 (48 h) 1.4
- 200 mg/L 
LC50 (7 days) 
11.2 mg/L 
LC50 (72 h) 
1.52 - 19.5 mg/
L 

Summaries:
EC50/LC50 for 
freshwater 

NOEC (42 days) 232.6
- 453.8 µg/L
NOEC (30 days) 1.092
- 2.099 mg/L 
NOEC (28 days) 53.1 
- 12 000 µg/L
NOEC (17 days) 962.5
µg/L
NOEC (10 days) 1.1 - 
4.282 mg/L 

Summaries:
EC10/LC10 or NOEC 
for freshwater 
invertebrates

EC50 (30 days) 
1.767 g/L 
EC50 (5 days) 3.011
- 19.091 g/L
EC50 (4 days) 460 - 
570 µg/L
EC50 (72 h) 40 - 
100 000 µg/L
EC50 (22 h) 25 mg/
L 

Summaries:
EC50 for freshwater 

EC50 (1.084 
years) 500 - 3 
100 µg/L
EC50 (22 days) 
114 - 512 µg/L
EC50 (5 days) 
3.011 - 19.091 g/
L 
EC50 (24 h) 6 
mg/L 
EC50 (3 h) 200 - 
1 000 mg/L 

Summaries:
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122.17 mg/L

LC50 for marine water 
fish 12.2 mg/L

EC10/LC10 or NOEC for
marine water fish 4.5 
mg/L

invertebrates
242 mg/L

EC50/LC50 for 
marine 
invertebrates
19.5 mg/L

12 mg/L

EC10/LC10 or NOEC 
for marine 
invertebrates
41.2 mg/L

algae
3.011 g/L

EC50 for marine  
algae
302 mg/L

EC10 or NOEC for 
freshwater algae
602 mg/L

EC10 or NOEC for 
marine algae
30 mg/L

EC50 for 
microorganisms
3.011 g/L

EC10 or NOEC for 
microorganisms
200 - 602 mg/L

1 2 3 4 5 6 7

Aluminum 
oxide

LC50 (16 days) 430 - 3 
910 µg/L LC50 (8 days) 
22.4 mg/L 
LC50 (4 days) 78 - 218 
644.1 µg/L
LC50 (4 days) 2.9 µmol/L
LC50 (72 h) 10 - 19.3 
mg/L 

NOEC (60 days) 88 - 
350 µg/L
NOEC (33 days) 71.5 - 
558.1 µg/L
NOEC (30 days) 57 - 88
µg/L
NOEC (28 days) 4.7 - 
23.1 mg/L 
NOEC (7 days) 25.1 - 
56 480 µg/L 

EC50 (48 h) 1.5
- 2.56 mg/L 
LC50 (4 days) 
22 - 30.6 mg/L 
LC50 (48 h) 5.7
- 99 600 µg/L
NOEC (4 days) 
22.6 mg/L 
NOEC (48 h) 5 -
672 µg/L

NOEC (42 days) 232.6
- 453.8 µg/L 
NOEC (30 days) 1.092
- 2.099 mg/L 
NOEC (28 days) 53.1 
- 4 281.8 µg/L
NOEC (21 days) 76 - 
600 µg/L
NOEC (17 days) 962.5
µg/L

EC50 (4 days) 5.4 - 
570 µg/L
EC50 (72 h) 16.9 - 4
980 µg/L
NOEC (72 h) 4 - 600
µg/L
LOEC (72 h) 400 - 1 
000 µg/L
EC10 (72 h) 203 - 3 
155 000 ng/L 

No data

Aluminum 
hydroxide

LC50 (16 days) 430 - 3 
910 µg/L
LC50 (8 days) 22.4 mg/L
LC50 (4 days) 570 - 218 
644.1 µg/L
LC50 (4 days) 2.9 µmol/L
LC50 (72 h) 10 - 19.3 
mg/L 

NOEC (60 days) 88 - 
350 µg/L
NOEC (33 days) 71.5 - 
558.1 µg/L
NOEC (30 days) 57 - 88
µg/L
NOEC (28 days) 4.7 - 
23.1 mg/L 
NOEC (7 days) 25.1 - 
56 476.6 µg/L

EC50 (48 h) 1.5
- 2.56 mg/L 
LC50 (4 days) 
22 - 30.6 mg/L 
LC50 (48 h) 5.7
- 99 600 µg/L
NOEC (4 days) 
22.6 mg/L 
NOEC (48 h) 5 -
671.2 µg/L

NOEC (42 days) 232.6
- 453.8 µg/L
NOEC (30 days) 1.092
- 2.099 mg/L 
NOEC (28 days) 53.1 
- 4 281.8 µg/L
NOEC (21 days) 76 - 
600 µg/L
NOEC (17 days) 962.5
µg/L

EC50 (4 days) 5.4 - 
570 µg/L
EC50 (72 h) 16.9 - 1
799 µg/L
NOEC (72 h) 4 - 600
µg/L
LOEC (72 h) 400 - 1 
000 µg/L
EC10 (72 h) 203 – 
3 155 000 ng/L

No data
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For invertebrates, the smallest effect of short-term
toxicity  is  sodium bicarbonate,  and  the  greatest
one is chloride, oxide and aluminum hydroxide.

Analysis of the long-term toxicity of substances for
aquatic invertebrates shows a significant variation
in data and the difficulty in evaluating them. The
most fully presented are the final values of EC10 /
LC10 or NOEC for freshwater invertebrates. As one
can  see,  the  most  dangerous  compound  is
ammonium sulfate. At the same time, the lowest
NOEC values, obtained for a different period (6-42
days)  (Table  2),  are  characteristic  of  aluminum
compounds.  However,  these  data  have  a
significant  scatter,  which  complicates  the
objectivity of their comparison.

The toxicity of the tested compounds for algae and
cyanobacteria is most fully characterized by EC50
values (72 h). As can be seen, toxicants such as
aluminum compounds are the most dangerous for
these organisms.

When  analyzing  the  toxic  effects  of  the  tested
inorganic  compounds on aquatic  microorganisms,
the EC50 parameter  was used (3 h).  As can be
seen  (Table  2),  the  most  dangerous  compounds
are sulfonic compounds and aluminum compounds,
in particular sulfamic acid, basic aluminum chloride
and aluminum sulfate. Based on scattered data, it
can  be  assumed  that  magnesium  and  sodium
chlorides, as well as ammonium sulfate, have the
least toxic effect on aquatic microorganisms.

It  can  be said  that  in  the  short  and  long  term,
inorganic compounds based on aluminum, sulfamic
acid  and  sodium  bicarbonate  are  the  most
dangerous  for  aquatic  living  organisms.  And the
safest ones are magnesium and sodium chlorides.
Incomplete  data  and  their  significant  variability
greatly complicate data processing.

Thus,  despite  the  fragmentation  and
incompleteness  of  the  available  data,  and  their
significant  variability,  including  the  parameters
themselves and the conditions for obtaining them,
for aquatic living organisms in the short and long
term,  the  most  dangerous  are  inorganic
compounds based on aluminum, sulfamic acid and
sodium bicarbonate, and the safest are magnesium
and sodium chlorides.

CONCLUSIONS

It  is  advisable  to analyze  the effect  of  inorganic
additives of foaming agents on the environment by
studying  the  ecological,  ecotoxicological  and
toxicological  characteristics  of  inorganic  salts,
which  are  used  to  improve  the  extinguishing
properties of foaming agents, taking into account

their  effect  on  living  organisms  and  the
environment.

A  comparative  analysis  of  the  environmental
hazards  of  the  tested  inorganic  additives  of
foaming agents showed that the most dangerous
for the environment are aluminum compounds and
sulfamic acid, and the safest are magnesium and
sodium chlorides.

Despite the fragmentation and incompleteness of
the available data, and their significant variability,
including  the  parameters  themselves  and  the
conditions  for  obtaining  them,  for  aquatic  living
organisms in the short  and long term, the most
dangerous  are  inorganic  compounds  based  on
aluminum, sulfamic acid and sodium bicarbonate,
and  the  safest  are   magnesium  and  sodium
chlorides.

REFERENCES

1.  Abramov  YA,  Basmanov  OE,  Salamov  J,
Mikhayluk AA Model of thermal effect of fire within
a  dike  on  the  oil  tank.  Naukovyi  Visnyk
Natsionalnoho  Hirnychoho  Universytetu.  2018
2:95-100 DOI: 10.29202/nvngu/2018-2/12.

2. The race to decipher how climate change 
influenced Australia’s record fires. Аvailable at: 

https://www.nature.com/articles/d41586-020-
00173-7  .  

3.  World  Fire  Statistics.  Аvailable  at:
https://www.ctif.org/world-fire-statistics.

4. Dubinin D, Korytchenko K, Lisnyak A, Hrytsyna
I, Trigub V. Numerical simulation of the creation of
a  fire  fighting  barrier  using  an  explosion  of  a
combustible  charge.  EasternEuropean  Journal  of
Enterprise  Technologies.  2017  6(10-90):11-16
DOI: 10.15587/1729-4061.2017.114504

5. Andronov V, Pospelov B, Rybka E, Skliarov S.
Examining  the  learning  fire  detectors  under  real
conditions of application. EasternEuropean Journal
of  Enterprise  Technologies.  2017  3(9-87):53-59
DOI: 10.15587/1729-4061.2017.101985. 

6.  Mygalenko  K,  Nuyanzin  V,  Zemlianskyi  A,
Dominik  A,  Pozdieiev  S.  Development  of  the
technique for restricting the propagation of fire in
natural peat ecosystems. EasternEuropean Journal
of  Enterprise  Technologies.  2018 1(10-91):31-37
DOI: 10.15587/1729-4061.2018.121727.

7.  Kostenko  V,  Kostenko  T,  Zemlianskiy  O,
Maiboroda  A,  Kutsenko  S.  Automatization  of
individual anti-thermal protection of rescuers in the

841

https://www.ctif.org/world-fire-statistics
https://www.nature.com/articles/d41586-020-00173-7
https://www.nature.com/articles/d41586-020-00173-7


Gurbanova M et al., JOTCSA. 2020; 7(3): 833-844. . RESEARCH ARTICLE

initial period of fire suppression. EasternEuropean
Journal of Enterprise Technologies. 2017 5(10-89):
4-11 DOI: 10.15587/1729-4061.2017.109484.

8. Vasiliev MI, Movchan IO, Koval OM. Diminishing
of  ecological  risk  via  optimization  of  fire-
extinguishing  system  projects  in  timber-yards.
Naukovyi  Visnyk  Natsionalnoho  Hirnychoho
Universytetu. 2014 5:106-113.

9.  Holemann H.  Environmental  Problems Caused
by  Fires  and  Fire-Fighting  Agents.  Аvailable  at:
http://www.iafss.org/publications/fss/4/61/view.

10.  Loboichenko  V,  Strelets  V,  Gurbanova  M,
Morozov A, Kovalov P, Shevchenko R, Kovalova T
and Ponomarenko R. Review of the Environmental
Characteristics of Fire Extinguishing Substances of
Different Composition used for Fires Extinguishing
of  Various  Classes.  Journal  of  Engineering  and
Applied Sciences. 2019 14: 5925-5941.

11.  Tureková  I  &  Balog  K.  The  Environmental
Impacts of  Fire-Fighting Foams.  Research Papers
Faculty of Materials Science and Technology Slovak
University  of  Technology.  2011  18(29):111-120
doi:10.2478/v10186-010-0033-z.

12. Dubinin D, Korytchenko K, Lisnyak A, Hrytsyna
I,  Trigub  V.  Improving  the  installation  for  fire
extinguishing  with  inelydispersed  water.
EasternEuropean  Journal  of  Enterprise
Technologies.  2018  2(10-92):38-43  DOI:
10.15587/1729-4061.2018.127865.

13. Loboichenko V, Leonova N, Strelets V, Morozov
A, Shevchenko R, Kovalov P, Ponomarenko R and
Kovalova T Comparative Analysis of the Influence
of  Various  Dry  Powder  Fire  Extinguishing
Compositions on the Aquatic Environment. Water
and Energy International. 2019 62/RNI(7):63-68.

14.  Sharovarnikov АF,  Sharovarnikov  SA.
Penoobrazovateli i  peny dlya tusheniya pozharov.
Sostav,  svoystva,  primeneniye.  M:  Pozhnauka.
2005 335 p (in Russian).

15.  Vasyukov  A,  Loboichenko  V,  Bushtec  S.
Identification  of  bottled  natural  waters  by  using
direct  conductometry.  Ecology,  Environment  and
Conservation. 2016 22 (3):1171-1176.

16.  Loboichenko  V,  Andronov  V,  Strelec  V.
Evaluation  of  the  metrological  characteristics  of
natural  and  treated  waters  with  stable  salt
composition identification method.  Indian Journal
of Environmental Protection. 2018 38(9):724-732.

17.  Osnovy analiticheskoy khimii. V 2 kn. Kn. 2.
Metody  khimicheskogo  analiza.  Ucheb.  dlya

vuzov /  Zolotov YuA (Ed.). 2004   M: «Vysshaya
shkola», 503 p. (in Russian) 

18.  Loboichenko VM, Tishakova TS, Vasyukov AE.
Application  of  direct  coulometry  for  rapid
assessment  of  water  quality  in  Krasno-Oskol
Reservoir (Kharkiv Region, Ukraine). Der Pharma
Chemica. 2016 8 (19):27-34.

19. Loboichenko VM, Vasyukov AE, Tishakova TS.
Investigations of Mineralization of Water Bodies on
the  Example  of  River  Waters  of  Ukraine.  Asian
Journal of Water, Environment and Pollution. 2017
14 (4):37-41 DOI: 10.3233/AJW-170035.

20. Kawahara T, Hatae Sh, Kanyama T, Ishizaki Y,
Uezu K. Development of Eco-Friendly Soap-Based
Firefighting Foam for Forest Fire.  Environ. Control
Biol. 2016 54(1):75-78  DOI: 10.2525/ecb.54.75/.

21.  Kawano T, Otsuka K, Kadono T, Inokuchi  R,
Ishizaki  Y,  Dewancker  B  and  Uezu  K.  Eco-
Toxicological  Evaluation of Fire-Fighting Foams in
Small-Sized  Aquatic  and  Semi-Aquatic  Biotopes.
Advanced Materials Research. 2014 875-877:699-
707.

22.  Levterov  AM,  Levterov  AA.  Thermodynamic
properties  of  fatty  acid  esters  in  some biodiesel
fuels.  Functional  Materials.  2018  25(2):308-312
DOI: 10.15407/fm25.02.308.

23. Chirkina M, Saveliev D, Pitak O. Possibility of
using  eco-friendly  foams  for  fire  suppression.
Problems  of  fire  safety.  2017  42:176  -180  (in
Russian)

24. Korolchenko DA, Volkov AA. Extinguishing of
flammable liquids by film forming foaming agents.
Pozharovzryvobezopasnost/Fire  and  Explosion
Safety.  2017  26(8):45-55.
https://doi.org/10.18322/PVB.2017.26.08.45-55
(in Russian)

25.  Seow  J.  Department  of  Environment  and
Conservation  Western  Australia,  2013,  Fire
Fighting  Foam  with  perfluorochemical
environmental  review.  Аvailable  at:
http://www.hemmingfire.com/news/fullstory.php/
aid/1748/The_final_definitive_version_of__91Fire_
Fighting_Foams_with_Perfluorochemicals__96_Envi
ronmental_Review_92,_by_Dr_Jimmy_Seow,_Man
ager,_Pollution_Response_Unit,_Department_of_E
nvironment_and_Conservation_Western_Australia.
html.

26.  Goto  K,  Takaichi  H and Kawano T.  Learning
from the Eco-Toxicology of Fire-Fighting Foams in
Aquatic Organisms: Altered Eco-Toxicity of Sodium
Alkyl Sulfonates on Green Paramecia and Medaka

842

http://www.hemmingfire.com/news/fullstory.php/aid/1748/The_final_definitive_version_of__91Fire_Fighting_Foams_with_Perfluorochemicals__96_Environmental_Review_92,_by_Dr_Jimmy_Seow,_Manager,_Pollution_Response_Unit,_Department_of_Environment_and_Conservation_Western_Australia.html
http://www.hemmingfire.com/news/fullstory.php/aid/1748/The_final_definitive_version_of__91Fire_Fighting_Foams_with_Perfluorochemicals__96_Environmental_Review_92,_by_Dr_Jimmy_Seow,_Manager,_Pollution_Response_Unit,_Department_of_Environment_and_Conservation_Western_Australia.html
http://www.hemmingfire.com/news/fullstory.php/aid/1748/The_final_definitive_version_of__91Fire_Fighting_Foams_with_Perfluorochemicals__96_Environmental_Review_92,_by_Dr_Jimmy_Seow,_Manager,_Pollution_Response_Unit,_Department_of_Environment_and_Conservation_Western_Australia.html
https://doi.org/10.18322/PVB.2017.26.08.45-55
http://www.iafss.org/publications/fss/4/61/view


Gurbanova M et al., JOTCSA. 2020; 7(3): 833-844. . RESEARCH ARTICLE

Fish Maintained in  Different  Waters.   J.  Disaster
Res. 2015 10(4):604-612. 

27.  Globally  harmonized  system  of  classification
and labelling of chemicals (GHS). United Nations,
New  York,  USA. Аvailable  at:
http://www.unece.org/ru/trans/danger/publi/ghs/g
hs_rev07/07files_e0.html.

28. Database of the European Chemicals Agency.
Аvailable at: https://echa.europa.eu/home.

29.  GOST  R  53857-2010:  Classification  of
chemicals  for  environmental  hazards.  General
principles. 2011.

30. Dadashov  I,  Loboichenko  V  and  Kireev  A.
Analysis  of  the  ecological  characteristics  of
environment friendly fire fighting chemicals used in
extinguishing  oil  products.  Pollution  Research.
2018 37:63-77.

31.  Рatent RU 2403935.  Foaming composition of
heat-resistant foam to extinguish fires at subzero
temperatures. Taysumov HA. 2010.  Bul. № 32. (in
Russian)

32.  Рatent RU 2457879. Foaming composition of
heat-resistant foam for the fuel tank safety cover.
Taysumov HA. 2012. Bul. № 22. (in Russian)

33.  Рatent RU  2418611C1.  Fire  extinguishing
composition  for  fire  fighting.  Garavin  VYu,
Tretyakov AV. 2011. Bul. № 14. (in Russian)

34.  Рatent RU  2290240.  Fire  extinguishing
composition.  Dushkin  AL.,  Karpyshev  AV. 2006.
Bul. № 36. (in Russian)

35.  Рatent SU  865303.  The  composition  of  the
foaming  agent  to  extinguish  fires.  Kazakov  MV.,
Bilkun DG., Peshkov VV, Puzako M.V. 1981. Bul. №
35. (in Russian)

36.  Рatent US 3554912. Basic Aluminum Salt Fire
Extinguishing compositions. EP Moore Jr.  Patented
Jan. 12, 1971.

37.  Рatent  RU 2465028.  Environmentally friendly
foaming  composition  of  heat-resistant  foam.
Taysumov HA.  2010. Bul. № 32. (in Russian)

38.  Рatent  RU 2452544.  Foaming composition of
heat-resistant  hop-based  foam.  Taysumov  HA.
2012. Bul. № 16. (in Russian)

39. Рatent RU 2328325. Concentrated stabilizer of
heat-resistant foam to extinguish fires. Taysumov
HA. 2008. Bul. № 19. (in Russian)

40. GB 748931A. United Kingdom. Improvements
in or relating to the production of foam for fire-
fighting  purposes.  John  Kerr  and  Co  Manchester
ltd. Рublished  1956-05-16.

843

https://echa.europa.eu/home
http://www.unece.org/ru/trans/danger/publi/ghs/ghs_rev07/07files_e0.html
http://www.unece.org/ru/trans/danger/publi/ghs/ghs_rev07/07files_e0.html


Gurbanova M et al., JOTCSA. 2020; 7(3): 833-844. . RESEARCH ARTICLE

844



Patel AI et al., JOTCSA. 2020; 7(3): 845-850.  RESEARCH ARTICLE

   

STABILITY INDICATING ANALYTICAL METHOD DEVELOPMENT AND
VALIDATION OF ELTROMBOPAG OLAMINE IN TABLET DOSAGE FORM BY
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Abstract: A simple, precise, and accurate stability indicating isocratic Reverse Phase Ultra-Performance
Liquid Chromatographic (RP-UPLC) method was developed for quantitative determination of Eltrombopag
olamine in the presence of degradant products. The method was developed using Acquity UPLC BEH C18

(50 × 2.1 mm, 1.7 μm) column with mobile phase containing water (adjusted to pH 3 with formic acid)
and acetonitrile in the ratio of 30:70. The eluted compound was monitored at 244 nm and run time was
within 2 min. Eltrombopag olamine was subjected to the stress condition of oxidative, acid, base, thermal,
and photolytic degradation. The drug was found to degrade significantly in acid, base, and oxidative stress
condition and stable in thermal and photolytic degradation conditions. The degradation products were well
resolved from the main peak, providing stability indicating power of the method. The developed method
was validated as per ICH Q2(R1) guideline with linearity range was between 25-75 μg/mL,% recovery
range was found as 99.8-101.9  and precision was found as RSD less than 2.  
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INTRODUCTION

Eltrombopag is formulated as Eltrombopag olamine
salt with the chemical name of 3- {(2Z)-2- [1- (3,
4-dimethylphenyl)  -3-methyl-5-oxo-1,  5-dihydro-
4H-pyrazol-4-ylidene]  hydrazine}-2-hydroxy-3-
biphenylcarboxylic  acid-2-aminoethanol  (1:2)  (1).
Eltrombopag olamine is  a  thrombopoeitin receptor
agonist used in idiopathic thrombocytopenic purpura

(2).  Eltrombopag  olamine  is  a  member  of
biphenylhydrazone class which stimulates activation
of  the  cytoplasmic  tyrosine  kinases  Janus  kinase
(JAK)2 and tyrosine kinase 2 and signal transducers
and  activators  of  transcription  five  (STAT)5  by
activating  thrombopoeitin  receptor,  resulting  in
megakaryocyte proliferation and differentiation into
platelets.  The structure of Eltrombopag olamine is
given in Figure 1.

845

https://doi.org/10.18596/jotcsa.724484
mailto:shwetagosai97@gmail.com
https://doi.org/10.18596/jotcsa.724484
https://doi.org/10.18596/jotcsa.724484
https://dergipark.org.tr/jotcsa
http://www.turchemsoc.org/
mailto:aipvk84@gmail.com
https://orcid.org/0000-0002-7157-9537
mailto:%20shwetagosai97@gmail.com%20
https://orcid.org/0000-0003-0375-1486
mailto:kajaljadav17@gmail.com
https://orcid.org/0000-0002-2788-3304
mailto:amitvyas77@gmail.com
https://orcid.org/0000-0003-4785-1841
mailto:abp2038@gmail.com
https://orcid.org/0000-0002-9846-9207
mailto:nkpatel99@gmail.com
https://orcid.org/0000-0002-4302-8965


Patel AI et al., JOTCSA. 2020; 7(3): 845-850.  RESEARCH ARTICLE

OH

O

OH

NH

N
N
N

O

NH2
OH

2
.

Figure 1. Structure of Eltrombopag olamine.

Forced degradation is degradation of drug substance
and  drug  product  at  conditions  more  harsh  than
accelerated  conditions.  It  is  required  to  exhibit
specificity  of  stability  indicating  methods  to  solve
stability  related  problems and it  also  provides  an
insight into degradation pathways and degradation
products which helps in elucidation of the structure
of  degradation  products.  The  drug  is  exposed  to
various  stress  conditions,  which  are  acidic,  basic,
oxidative, thermal, and photolytic degradation with
degradation between 5-20% acceptance range (3-
5).

Literature  review  revealed  that  there  is  no  any
pharmacopeial  method  available  and  various
methods available are HPLC (6-7), HPLC stability (8-
10), UV method (11), RP-UPLCMS (12) and LC-MS\
MS (13), but there is no single method available for
stability  indicating  method  for  the  estimation  of
Eltrombopag  olamine  by  RP-UPLC.  Ultra-
performance liquid chromatography (UPLC) provides
significant  increase  in  resolution,  sensitivity,  and
speed of analysis. As compared to HPLC, RP-UPLC
takes less run time and less solvent consumption,
so it lowers the cost and makes the technology eco-
friendly. Thus, it is worthwhile to develop stability
indicating  analytical  method  for  estimation  of
Eltrombopag  olamine  tablet  dosage  form  by  RP-
UPLC, which can be employed for routine analysis.   

MATERIAL AND METHOD

Chemicals and Reagents 
Eltrombopag olamine was kindly provided as a gift
sample  from  Piramal  Discovery  Solution,
Ahemdabad.  Promacta  tablet  (75  mg)  was
purchased  from  the  market.  HPLC  grade
acetonitrile, Milli Q water, AR grade formic acid, AR
grade  hydrochloric  acid,  AR  grade  sodium
hydroxide, and hydrogen peroxide were used. 

Chromatographic Condition
UPLC  (Acquity  UPLC,  Waters)  used,  data  were
processed  using  Empower  software.
Chromatographic  separation  was  performed  using
UPLC BEH C18 (50 mm × 2.1 mm, 1.7 µm) column.
The mobile phase consists of water pH 3 with formic
acid and acetonitrile in ratio of 30:70. The flow rate
was set to be 0.5 mL/min. The injection volume was

3 µL. The detection was carried out at 244 nm at
column temperature 30 °C within run time of 2 min.

PREPARATION OF THE STANDARD SOLUTION

A standard solution of Eltrombopag olamine (50 μg/
mL)  was  prepared  by  dissolving  an  25.6  mg
(equivalent  to  20  mg  of  Eltrombopag)  of
Eltrombopag olamine in acetonitrile : water 70:30
(v/v) (diluent). 

Preparation of Stock Solution
A  standard  stock  solution  of  200  μg/mL  for
Eltrombopag  olamine  was  prepared  by  using
acetonitrile : water 70:30 (v/v) as a diluent.  

Preparation of Sample Solution
20  tablets  of  Promacta  (75  mg  of  Eltrombopag)
were weighed and finely  powdered.  About 97  mg
(equivalent  to  20  mg  of  Eltrombopag)  of  tablet
powder was weighed and diluted to obtain 50 μg/mL
solution of Eltrombopag olamine.

FORCED DEGRADATION STUDIES 

The study was carried out to specify the method by
ensuring the  separation of  degradant’s  peaks and
standard drug peak. Acidic degradation was carried
out using 1 N HCl at 60 °C for 2.5 h and alkaline
degradation  was performed with  0.05  N NaOH at
room temperature  for  24 h and then the mixture
was  neutralized,  diluted,  and  filtered.  Oxidation
studies were conducted using 0.3% H2O2  for 1 h.
Thermal degradation was carried out 60 °C for 1 h.
For photolytic degradation, the powdered drug was
exposed to UV light for 1 ICH cycle. 

Preparation of force degradation solution

About 97 mg of tablet powder was used to perform
force degradation,  which was,  after  neutralization,
diluted to obtain 50 μg/mL solution of Eltrombopag.

METHOD VALIDATION (14)

Analytical  validation  parameters  for  this  proposed
method were determined according to ICH (Q2R1)
guideline.
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Linearity
The  stock  solution  of  200  μg/mL  was  diluted
appropriately to obtain a concentration range of 50-
150% i.e; 25-75 μg/mL of working sample i.e; 50
μg/mL of Eltrombopag olamine.
a) 50%: 2.5 mL of stock solution was diluted up to
20 mL to obtain 25 μg/mL.
b) 75%: 3.5 mL of stock solution was diluted up to
20 mL to obtain 35 μg/mL.
c) 100%: 5 mL of stock solution was diluted up to
20 mL to obtain 50 μg/mL.
d) 120%: 6 mL of stock solution was diluted up to
20 mL to obtain 60 μg/mL.
e) 150%: 7.5 mL of stock solution was diluted up to
20 mL to obtain 75 μg/mL.

LOD and LOQ
The  limit  of  detection  (LOD)  and  limit  of
quantification (LOQ) were calculated by Calibration
curve method. 
LOD = 3.3 ×SD/slope
LOQ = 10 × SD/slope

Specificity
Specificity  was  performed  by  injecting  diluent,
placebo  and  sample  solution  to  check  the
interference of excipients.

Precision
Repeatability  was performed under 6 replicates of
Eltrombopag  olamine  (50  μg/mL).  Intra-day  and
inter-day  variations  of  Eltrombopag  olamine  was
performed  in  triplicate  at  three  different
concentration levels 50, 100, 150% (25, 50 and 75
μg/mL). 

Accuracy
The accuracy was carried out by spiking in triplicate
of three different concentrations 50, 100 and 150%
(25, 50 and 75 μg/mL of Eltrombopag olamine) of
target  concentration  of  drug  to  placebo  and  %
recovery was calculated.

Robustness
The  robustness  of  method  was  established  by
applying  small  deliberate  changes  in  the
experimental condition. The changes made in flow
rate  ±  0.05  (0.45  mL/min,  0.5  mL/min,  0.55
mL/min), Temperature ± 2 °C (28 °C, 30 °C, 32 °C)
and pH ± 0.2 (2.8, 3, 3.2).

Assay of Tablet Dosage Form
Twenty  tablets  were  weighed  and  powdered.  The
mass equivalent of 97 mg of sample (equivalent to
20 mg of Eltrombopag olamine) was taken into a 50
mL volumetric flask. The solution is further diluted
to obtain concentration of 50 μg/mL. 

RESULT AND DISCUSSION

Optimized Condition
Initially methanol, acetonitrile, and water were tried
in  different  concentrations  for  mobile  phase
selection. The optimized mobile phase was water pH
3 with formic  acid and acetonitrile  (30:70% v/v).
Chromatographic  separation  was  performed  using
UPLC BEH C18 (50 mm × 2.1 mm) × 1.7 µm. The
flow rate was set to be 0.5 mL/min. The injection
volume  was  3  µL  with  detection  wavelength  244
nm. The optimized chromatogram is given in Figure
2.

Figure 2. Chromatogram of optimized condition.

System Suitability Parameter
The system suitability parameter is shown in Table 1, which shows that all the parameters are within the
acceptance limit i,e; Theoretical plates is greater than 2000 and tailing factor is less than 2. 

Table 1. Summary of System Suitability Parameters 
Drug Retention Time Area Theoretical Plates Tailing Factor

Eltrombopag
olamine

1.30 1252210 6848 1
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Forced degradation study
Force degradation study shows % degradation was
obtained  between  5-20%  in  acidic,  basic,  and
oxidative  stress  condition  and  drug  was  stable  in
thermal  and  photolytic  degradation.  The
degradation order was acidic > oxidative > basic >
photolytic and thermal. Peak purity test passes as

there was no any unknown peak get merged in API
peak, which is also confirmed from purity angle is
less than purity threshold. Force degradation data is
given  in  Table  1  and  chromatograms  of  different
stress condition is given in Figure 3.

Table 2. Forced degradation summary.
Degradation Condition Purity  Threshold Purity Angle % Degradation

Acidic degradation 0.268 0.071 6
Basic degradation 0.314 0.149 4.8

Oxidative degradation 0.262 0.049 5.4
Photolytic degradation 0.262 0.049 0.2
Thermal degradation 0.271 0.080 0.3

Figure 3. Force degradation chromatograms of A) Acidic condition B) Basic condition (Overlay of placebo,
blank and sample) C) Oxidative condition D) Thermal condition (Overlay of placebo and sample) E)

Photolytic condition (Overlay of placebo and sample).

METHOD VALIDATION

Linearity:  The calibration curve obtained for Eltrombopag olamine in the range of 25-75 μg/mL and the
correlation coefficient was found to be 0.999. Linearity spectra and graph is given in Figures 4 and 5.
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Figure 4. Linearity curve of Eltrombopag olamine.

Figure 5. Linearity overlay chromatogram of Eltrombopag olamine.

LOD and LOQ: LOD and LOQ were found to be 1.19
μg/mL and 3.59 μg/mL.

Specificity:  Specificity study shows that there no
any interference of the diluents and placebo at the
retention  time  of  drug  peak.  Also  purity  angle  is
obtained less than purity threshold, so peak purity
shows  a  positive  result.  Also  % interference  was

found as 0.02%, thus the method is specific.

Precision: Repeatability  and  intraday,  interday
precision  for  RP-UPLC  method  was  measured  in
terms of RSD and RSD was found to be less than
2.Thus, the method is precise. Results are shown in
Table 2.

Table 3. Summary of intraday and interday precision and accuracy.

Precision Interday
Precision

Intraday
Precision

Accuracy

Drug Name Level (%)
(n = 3) 

Conc. (μg/mL)
(n = 3)

%RSD
(n = 3)

%RSD 
(n = 3)

%Recovery
Range

Eltrombopag
olamine

50 25 0.43 0.18
99.8-101.9100 50 0.09 0.06

150 75 0.03 0.05

Accuracy:% recovery was found between 98-102%
specify that  method developed is  accurate.  Result
for accuracy is tabulated in Table 2. 

Robustness:  Making  deliberate  changes  in  flow
rate,  temperature  and pH,  the  RSD of  peak area
was  found to  be  less  than  2,  specifying  that  the
method is  robust and results  remained unaffected

by small variations of these parameters.

Assay of tablet dosage form
%  Drug  content  of  tablet  dosage  form  of
Eltrombopag olamine was found between 99-100%.
The data is given in Table 3. Thus, the method can
be used for routine assay of tablet dosage form. 
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Table 4. Assay of Eltrombopag olamine.

Drug
CONC

(μg/mL)
(n=3)

CONC Mean ± SD
% Assay

(n=3)

Eltrombopag olamine 50 50.98 ± 0.717 101.96 

CONCLUSION 

The  developed  stability  indicating  method  for
estimation  of  Eltrombopag  olamine  is  simple  and
rapid. Data obtained from precision shows result in
terms of RSD less than 2, which conclude that the
method is reproducible and precise. Accuracy range
is  between  99.8-101.9%  recovery  ensure  good
accuracy  and  specificity  shows  no  interference  of
diluent and placebo, indicating that the method is
specific  with  good  response  for  the  estimation  of
Eltrombopag  olamine.  Deliberately  changing  the
chromatographic conditions gives RSD less than 2
show developed method is robust in nature. Stress
degradation carried out  in acidic,  basic,  oxidative,
thermal, and photolytic condition shows method was
capable  of  quantifying  drug  in  presence  of
degradants  as  peak  purity  of  drug  peak  passes.
Drug  get  degrade  in  acidic,  basic,  and  oxidative
condition indicate that drug is susceptible to these
conditions  and  stable  in  thermal  and  photolytic
degradation. From this, it is concluded that method
is  reliable  for  analysis  of  Eltrombopag olamine  in
tablet dosage form with its degradants. 
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Abstract: Since the outbreak of COVID-19, the World Health Organization (WHO), Centre for Disease
Control  (CDC),  and  other  health  organizations  around  the  world  have  coordinated  the  flow  of
information and given out preventive directives measures and guidelines to reduce the impact and
spread  of  the  disease.  Meanwhile,  bodies  of  scientists  and  researchers  around the  world  are  still
working ceaselessly to study the virus, mode of transmission mechanisms, and are rapidly developing
therapeutic antiviral drugs and vaccines. Thus, the urgent need for the fabrication of biocompatible and
biodegradable composite materials as drug delivery vehicles for the efficient loading, targeted delivery,
and controlled release of antiviral  drugs to the target  site  is  been inspired.  Therefore,  this  review
highlights the antimicrobial and antiviral activities of chitosan as well as the potency of a combined
therapy via electrostatic/hydrogen bonding encapsulation onto the WHO suggested clinical trial drugs
and possible chelation with metal ions to form new improved antiviral compounds as promising agents
for targeted drug delivery.
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INTRODUCTION

Since  the  outbreak  of  the  novel  coronavirus
disease  (COVID-19)  which  was  first  identified  in
December  2019  in  China,  the  World  Health
Organization (WHO) has considered it as a global
epidemic due to its current spread across different
countries  around the world  (1,2).  This  infectious
and deadly disease, formally referred to as Severe
Acute Respiratory Syndrome-Coronavirus-2 (SARS-

CoV-2),  is  caused  by  a  new  virus  possessing
spherical  particles  resembling  crown-shape  and
bearing  proteins  called  spikes  (see  Figure  1),
protruding from their surfaces that can cling and
replicate  on  the  host’s  cells,  hence  the  general
name, coronaviruses (3). The origin of COVID-19
is similar to SARS, also caused by a coronavirus
(CoV) that occurred in the seafood and wet animal
wholesale market in Wuhan, Hubei Province, China
(4). The virus can easily be transmitted by close
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contact between two or more people (via touching,
handshake,  and  hugging),  and  aerosol
transmission  (i.e.  respiratory  droplets  from  the
cough or  sneezing  of  an  infected  person)  (5,6).
The clinical manifestation of the disease reported
so far is a respiratory involvement, which is linked
to   mild  flu-like  illness,  potential  lethal  acute
respiratory  distress  syndrome,  or  fulminant
pneumonia (7). However, other symptoms such as
a cough, fever,  sore throat,  and in more severe
cases,  difficulty  in  breathing  have  also  been
reported to be attributed with early signs of the
contraction  of  the  disease  which  have  an
incubation period of about 5 to 14 days (see Figure
2)  (8).  Although  the  clinical  manifestations  of
COVID-19 are  subject  to frequent changes,  they
include  an  asymptomatic  carrier,  ARD,  and
pneumonia  of  varying  degrees  of  severity.
However,  the  first  asymptomatic  cases  were
diagnosed based on positive viral nucleic acid test
results,  without  any  early  COVID-19  symptoms,
such  as  fever,  gastrointestinal  and  respiratory
symptoms, as well as no significant abnormalities
on pulmonary radiograph (9,10).

The  widespread  of  the  disease  with  a
corresponding  daily  increase  in  the  number  of
confirmed cases and deaths globally have inspired
the  urgent  quest  for  antiviral  drugs  to  curb  the
menace. Several attempts are being made to treat
and  reduce  severe  infections.  Chloroquine  and
other  antiviral  drugs  which  have  been  used
globally for decades as an antimalarial  drug and
treatment  of  previous  cases  of  viral  infection
respectively, and are enlisted as part of the WHO

model  list  of  potential  medicines,  have  been
suggested  as  potential  candidates  against  the
spread of the disease, however, their efficacy and
safety concerns remain unclear (11,12). Also, the
virtual  screening and repurposing of  some drugs
such  as  Chromocarb,  Ribavirin,  Telbivudine,
Vitamin B12, etc. approved by the Food and Drug
Administrations (FDA), show a high docking score
and  high  ligand  efficiency  and  can  be  used  to
inhibit  the  COVID-19  main  protease  (13,14).
Cortegiani et al. carried out a study using PubMed,
EMBASE,  and  three  trial  registries  to  identify
studies on the use of chloroquine in patients with
COVID-19. The authors were able to unravel one
narrative  letter,  one  in-vitro study,  one editorial,
expert  consensus  paper,  two  national  guideline
documents,  and  23  ongoing  clinical  trials.  Early
investigations inferred that chloroquine derivatives
seem to be effective in limiting the replication of
SARS-CoV-2 (the virus causing COVID-19) in vitro
(15).  Some  other  studies  have  proposed  the
efficacy of a single drug or combined drug therapy
of  Remdesivir,  Lopinavir  /Ritonavir,  Favipiravir
since they can interfere with the synthesis of viral
mRNA targeting RdRp (16,17).

Experimental research is currently in top gear on
the use of various antibiotics and antiviral agents,
especially  in  combined  therapy  as  a  possible
vaccine for COVID-19 (18). Herein, we project the
potency of the combined therapy of encapsulating
the  clinical  trial  drugs  with  biocompatible  and
biodegradable  chitosan  (a  biopolymeric  cationic
molecule  with  free  OH  and  NH  groups)  as  a
potential drug delivery agent for COVID-19.

Figure 1. (A) The spikes on the outer edge of the virus particles give coronaviruses their name, crown-
like, TEM image (B) Atomic-level structure of the SARS-CoV-2 spike protein. Reproduced with permission

from Ref. (3). Copyright 2020 IMSS (Elsevier Inc.).
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Figure 2. Incubation period of COVID-19 after an initial period of exposure to the virus to quarantine
period. Reproduced from Ref. (8). Copyright USA Today.

MODE OF ACTION OF COVID-19

Coronaviruses  (SARS-CoV)  are  single-stranded
RNA viruses belonging to the family Coronaviridae,
which  can  cause  various  diseases  with  enteric,
respiratory,  hepatic,  and  neurological  symptoms
with  mild  to  serious  infections  in  birds  and
mammals (19). Under an electron microscope, the
coronaviruses were observed to be protruding to
the periphery with a diameter of 60-160 nm. Each
particle is enveloped containing a single-stranded
positive-sense RNA (+ssRNA) genome of 27-32 kb
with  5’-cap  structure  and  3’-poly  A  tail  which
interacts with the nucleoprotein (20). Thus, when
the virus finds its way into the host, it infects the
cells  by  binding  to  the  angiotensin-converting
enzyme 2 (ACE2) receptor on the surface of the
cell  through  its  envelope-spike  glycoprotein
domain (21–23).

The  entry  of  SARS-CoV  into  cells  was  initially
identified to be accomplished by direct membrane
fusion between the virus and plasma membrane.
Therefore,  once  inside  the  cells,  the  viral  RNA
genome  is  released  into  the  cytoplasm  and  is

translated  into  two  polyproteins  and  structural
proteins,  after which the viral  genome begins to
replicate  (see  Figure  3)  (24).  The newly  formed
envelope  glycoproteins  are  inserted  into  the
membrane of the endoplasmic reticulum or Golgi,
and the nucleocapsid is formed by the combination
of  genomic  RNA and nucleocapsid  protein.  Then,
viral  particles  germinate  into  the  endoplasmic
reticulum-Golgi  intermediate  compartment
(ERGIC) (25).  Eventually,  the vesicles containing
the virus particles fuse with the plasma membrane
to release the virus (23).

Presently,  nucleic  acid  testing  and  computed
tomography (CT) scans are being used to diagnose
and  screen  possible  COVID-19  infected  patients,
with a number of reverse transcription polymerase
chain  reaction  (RT-PCR)  kits  been  designed  to
detect SARS-CoV-2 based on genes, with CT scans
which involves many X-ray measurements taken at
different  angles  at  infected  person’s  pulmonary
region,  are  both  used for  accurate  diagnoses  as
they can target as well as identify the specific viral
agent (26–29).

Figure 3. Replication processes involved in the life cycle of the coronavirus after entering the host cell.
Adapted from Ref. (30,31) Copyright 2020 CC-BY-NC-ND 4.0 International license and 2015 Elsevier B.V.

853

http://creativecommons.org/licenses/by-nc-nd/4.0/


Ejeromedoghene O et al. JOTCSA. 2020; 7(3): 851-864.  REVIEW ARTICLE

ANTIVIRAL AGENTS FOR COVID-19 

Chloroquine  (see  Figure  4a),  also  known  as
Resochin is a weak base that was first extracted
from the  bark  of  cinchona tree  which  had  been
used to treat fever and malaria. This compound,
which is an amine acidotropic form of quinine is a
lysosomotropic agent with rapid rate of absorption
and distribution in bodily tissues; its metabolism is
partially hepatic, giving rise to its main metabolite,
desethylchloroquine  and  easily  excreted  in  urine
(32).  Hydroxychloroquine  (see  Figure  4b)  is  the
main derivative of chloroquine which differs by the
presence of a hydroxyl group at the end of the side
chain:  the  N-ethyl  substituent  is  β-hydroxylated
(33).  Over  the  years,  chloroquine  and  its
derivatives have been used to treat  autoimmune
diseases,  such  as  amebiasis  that  is  occurring
outside  the  intestines,  rheumatoid  arthritis,  and
systemic lupus erythematosus (34).  More so, the
sulfate  and  phosphate  salts  (see  Figure  4c)  of
chloroquine  have  both  been  commercialized  as
antimalarial drugs (35). For example, Kashyap et
al.  formulated  dextran  nanoparticles  bearing
chloroquine  diphosphate  by  solvent  diffusion
method  yielding  particle  size  below  70  nm  with
zeta-potential  of  −20.1±3.2  mV.  This  was
successfully  used  for  drug  delivery  and
overwhelmed  drug  resistance  in  Plasmodium
falciparum parasites (36).

Studies  have  shown  that  chloroquine  or  its
derivatives possess a broad spectrum of antiviral
effects as potent inhibitors on a variety of viruses
including the Ebola virus,  Zika virus,  and SARS-
CoV-1,  etc.  (37–39).  They  are  deployed  as  an
antiviral drug because it can affect virus infection

in many ways depending on the part and extent to
which the virus utilizes endosomes for entry (37).
Thus,  they  can  inhibit  the  in  vitro replication  of
viruses which envelope and fuses with that of the
acidified endosome (40),  since the structure  and
mechanism of action is via acting as a weak base
that  can  change  the  pH  of  acidic  intracellular
organelles  including  endosomes/lysosomes,
essential  for  the  membrane  fusion  (41,42).
Additionally, since SARS-CoV-2 utilizes the similar
surface  receptor  ACE2,  it  is  believed  that
chloroquine can also interfere with ACE2 receptor
glycosylation  and  prevents  SARS-CoV-2
attachment to the target cells (43,44) The clinical
safety  profile  of  hydroxychloroquine  is  better
compared  with  that  of  chloroquine  (during  long-
term use) and allows higher daily dose with fewer
concerns regarding drug-drug interactions (45). It
also shows a high partitioning in tissue, including
lung  and  brain,  thus,  offering  a  key  clinical
advantage in the case of COVID-19 (46).

Preliminary results from a small trial suggest that a
combination  of  hydroxychloroquine  and
azithromycin  is  efficacious  for  reducing  the  viral
load in patients with COVID-19 as tested on a 72-
year-old woman admitted to a non-telemetry floor
with  a  cohort  of  other  COVID-19  patients  (47).
Meanwhile,  Gautret  et  al.  iterated  that
hydroxychloroquine  treatment  is  significantly
associated with viral load reduction/disappearance
in COVID-19 patients and its effect is reinforced by
azithromycin after an extensive study on 22 cases
in  France  (48).  Apart  from  chloroquine  and
derivatives,  other  therapeutic  drugs  reported  for
treating viral-related cases are listed in Table 1.

Figure 4. Structural formula of (A) chloroquine (B) hydroxychloroquine (C) hydroxychloroquine
sulfate/phosphate (D) chitosan.
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Table 1 Other therapeutic prospective antiviral drugs/treatments.
Drug Chemical formula Class of drug Target Ref.

Remdesivir C27H35N6O8P Adenosine
analogue

Viral RNA chains (49)

Lopinavir
/Ritonavir

C37H48N4O5/
C37H48N6O5S2

Protease
inhibitors

HIV  protease  enzymes,  SARS
associated coronavirus

(50,51)

Favipiravir C5H4FN3O2 Prodrug  anti-
influenza

Viral  RNA-dependent  RNA
polymerase

(52)

Ribavirin C8H12N4O5 Guanosine
(ribonucleic)
analog

Viral  RNA  synthesis  and  viral
mRNA capping

(53,54)

Sofosbuvir C22H29FN3O9P HCV  polymerase
inhibitor

Inhibitor of viral RNA synthesis

Galidesivir C11H15N5O3 Nucleoside analog Broad-spectrum  of  RNA  virus
families

Tenofovir C19H30N5O10P Antiretroviral
prodrug

Nucleotide  reverse
transcriptase inhibitor

Triazavirin C5H4N6O3S Non-nucleoside
antiviral drugs

Influenza strains such as H5N1

Teicoplanin C88H97Cl2N9O33 Glycopeptide
antibiotic

Viral spike protein (55)

Atazanavir C38H52N6O7 Protease inhibitor Active viral proteins (30)
Interferons Signaling proteins

(cytokines)
Viral infections (56,57)

Convalescent
plasma

Antibody titer Inhibiting  the  formation  of
inflammatory
cytokine storms

(58,59)

CHITOSAN-ENCAPSULATED  DRUG  AS  DRUG
DELIVERY VEHICLES

Chitosan (see  Figure 4d) is a naturally occurring
polysaccharide that has attracted lots of scientific
interest over the years especially in the aspect of
drug delivery systems which is considered to be a
hopeful  and  viable  strategy  for  improving
infectious  disease  treatment  (60).  Chitosan  is  a
biodegradable  and  biocompatible  deacetylated
derivative  of  chitin  made  up  of  randomly
distributed  β-(1  4)-2-amino-2-deoxy-D-→
glucopyranose  which  have  been  extensively
exploited in bio-medical applications (61–63). The
antimicrobial  activity  of  chitosan  has  been
extensively  observed  against  a  wide  variety  of
microorganisms  including  fungal,  algal,  and
bacterial strains (64–66). This has been achieved
by  taking  advantage  of  the  cationic  charge  and
hydrogen  bonding  ability  to  stabilize  biological
structures  such  as  DNA,  RNA,  and  proteins  in
biological  systems  (67).  Also,  the  higher
antibacterial  activity of chitosan over other types
of  disinfectants  is  demonstrated  in  its  ability  to
chelate  with metal  ions to form new compounds
and lower toxicity towards mammalian cells (68). 

The skeletal framework of chitosan is made of free
hydroxy  and  amine  groups  which  can  easily

hydrogen-bond  with  other  molecules,  while  the
free  amine  groups  can  be  protonated  in  acidic
medium and ionically bind with the reactive sulfate
or  phosphate  groups of  the drug molecules  (see
Table 1) via an encapsulation strategy to form new
compounds  (see  Figure  5)  (30).  Therefore,  this
cationic  biopolymer  can  act  as  an  effective  viral
drug  delivery  agent  since  it  can  enhance  the
loading  efficiency  of  DNA/RNA  binding
electrostatically,  thereby  reduces  the  rate  of
diffusion and promoting a more sustained release
to target sites (69,70). Additionally, the existence
of the outer polymer encapsulate could protect the
DNA/RNA  from  innate  biological  degradation
systems allowing  more-effective  transport  across
the cellular membrane to reach the target site in
the nucleus  (see  Figure 6)  (71).  Apart  from the
successful encapsulation of chitosan for enhanced
drug  delivery  (72),  chitosan  and  its  derivatives
have been successfully utilized in vitro and in vivo
for  DNA and  siRNA delivery  systems because  of
their  cationic  charge,  biodegradability  and
biocompatibility,  as  well  as  mucoadhesive,  and
permeability-enhancing  properties  (73).
Additionally,  the  encapsulation  of  chitosan  with
other bulk- or nano-materials have been achieved
for the effective delivery of gene (74), nucleic acid,
(75) and as a non-viral vector in different clinical
applications. 
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Figure 5. Possible interaction between chitosan and chloroquine or other drug molecules via (A)
hydrogen bonding (B) ionic bonding with the available OH or ionic group in the drug’s skeletal framework.

Existing  studies  have  reported  the  efficacy  of
chitosan–tripolyphosphate  conjugated  chloroquine
nanoparticle as an  in vivo anti-malarial and anti-
oxidant agent (76). For example, Magalhães et al.
prepared  chitosan  (polycationic)/Sterculia  striata
(polyanionic)  polysaccharides  nanocomplex  by
polyelectrolyte  complexation  method  and
subsequently employed as a potential chloroquine
drug  release  agent  (77).  Also,  polymeric  based
iron nano-chloroquine phosphate was designed to
encapsulate drug molecule for the delayed or slow
release of drug in biological systems (78). These
studies clearly show the potency of the nanodrug
delivery  technology  as  a  more  prospective
treatments strategy than using only chloroquine or
its  derivatives  alone  to  combat  the  parasite
infection, oxidative stress as well as inflammation
and  DNA/RNA  damage  (60).  However,  using  a
combination of structural  and molecular modeling
approaches, Fantini  et al.  was able to show that
chloroquine,  which is  one of  the  drugs  currently
under  investigation  for  SARS-CoV-2  treatment,
could bind sialic acids and gangliosides with high
affinity.  Thus, the team identified a new type of
ganglioside-binding  domain  at  the  tip  of  the  N-
terminal  domain  of  the  SARS-CoV-2  spike  (S)
protein. This domain (aa 111-158), which is fully
conserved among clinical isolates worldwide, may

improve the attachment of the virus to lipid rafts
and facilitate the contact with the ACE2 receptor,
with  an  inference  that  in  the  presence  of
chloroquine or  its  derivate,  the  viral  spike  is  no
longer  able  to  bind  gangliosides  (79).  Moreover,
hydroxychloroquine,  being less toxic, has an N -
hydroxyethyl side chain in place of the N -diethyl
group  of  chloroquine.  This  modification  makes
hydroxychloroquine more soluble than chloroquine,
making  it  more  open  for  easy  attachment  with
other compounds like chitosan. In the same vein,
hydroxychloroquine  encapsulated  chitosan
increases the pH and could confer antiviral effects
(80),  thereby  offering  a  modulating  effect  on
activated  immune  cells  and  altering  the
glycosylation  of  the  cellular  receptors  of
coronaviruses  (81,82).  Furthermore,  very  limited
studies have reported the encapsulation of other
viral  drugs  on  polymeric  substrates  as  drug
delivery  vehicles  to  target  sites.  The  success  of
Ravi et al. on the oral delivery of Lopinavir loaded
nanoparticles  on  a  hydrophobic  derivative  of
pullulan  acetate  with  a  nanoparticle  size
distribution  of  ∼197  nm,  high  entrapment
efficiency (∼75%), monodispersive nature (PDI <
0.2)  and stability  for  3  months  opens promising
adventure  for  higher  encapsulated  drug  delivery
than a drug-free system (83).
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Figure 6. Controlled release of chitosan encapsulated drug and diffusion into the target site in the
nucleus of the host.

Delivery of Chitosan Loaded Anti-Viral Drugs/
Vaccines
Antiviral  drugs,  either  target  specific  or  broad-
spectrum are a class of drug molecules used for
treating  viral  infections  or  inhibiting  the
development  of  a  viral  pathogen.  Studies  have
shown  that  the  pharmacokinetics  of  Triazavirin,
C5H4N6O3S, can be improved via encapsulation with
amino  acids  and  quaternary  amine  compounds.
Thus, Kozhikhova et al. (84) reported the stability
and  high  mucoadhesive  activity  of  charged
liposome  with  modified  chitosan  coating  as  a
nanocarrier  for  the  delivery  of  Triazavirin  via  an
underlying interaction between liposomes surface,
positive chitosan coating, and negatively charged
mucin secreted from epithelial cells, while Cánepa
et  al.  (85)  reported  a  novel  chitosan-based
nanocarrier  for  the  oral  delivery  of  interferon-α
(IFNα-2b)  prepared  by  ionotropic  gelation  and
encapsulating approximately  100 % of  the drug,
with  the  antiviral  potency  of  the  nanocarrier
showing  maximum  inhibitory  efficiency  against
Human Lymphotropic-T Virus type 1 at 0.3 MIU to
CF1 in mice. Also, Donalisio et al. (86) formulated
chitosan nanosphere via a modified nanoemulsive
template method for the delivery of acyclovir into
Vero cell line infected with Herpesviruses, HSV-1,
and HSV-2 strains.  The acyclovir-loaded chitosan
nanosphere displayed remarkable antiviral activity
with  no  anti-proliferative  activity,  no  signs  of
cytotoxicity  and  a  drug  loading  capacity  was
recorded to be about 8.5 % with an in vitro release
of approximately 30 % after 6 h. Additionally, Ulla
et  al.  (87)  examined  the  morphology  and  drug
loading performance of  a copolymerized chitosan
and  starch  nanohydrogel  functionalized  with
phthalic-anhydride  and  hexamethylenetetramine
via  1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide catalyzed coupling, respectively. The
promising  antiviral  and antimicrobial  agents  with

flexible and biocompatible functionalities revealed
an increased drug loading efficiency from 65% to
80   and  85%  for  hydrophobic-  anionic  drugs.
Furthermore,  a  novel  nanoparticulate  system for
based  on  foscarnet-chitosan  nanoparticles  was
prepared by Russo et al. (88) for the delivery of
foscarnet  (antiviral  agent  for  herpesvirus  DNA
polymerase).  It  was  reported  that  the  foscarnet
released from nanoparticles was non-toxic and also
maintained the antiviral  activity of the free drug
when tested in vitro against lung fibroblasts (HELF)
cells infected with HCMV strain AD-169.

In  an  attempt  to  improve  the  antiviral
effectiveness  of  nucleoside  reverse  transcriptase
inhibitors (NRTIs) and lessen possible side effects,
Yang  et  al.  (89)  developed  a  novel  nanosized
water-soluble  chitosan-O-isopropyl-5’-O-d4T
monophosphate  conjugate.  The  in  vitro drug
release studies of the conjugate system at pH 1.1
and pH 7.4 in MT4 cell line show outstanding anti-
HIV  effect  and  low  cytotoxicity.  Yan  et  al.  (90)
explored the potentials of nanosized polyelectrolyte
(PEC) complexes constructed by simple mixing of
negatively  charged  curdlan  sulfate  (CRDS)  into
positively  charged chitosan in  aqueous solutions.
The spherical PEC with negative zeta potential (-38
mV) were successfully loaded into zidovudine (an
antiretroviral  medication) and exhibited favorable
drug  loading  efficiency  at  controlled  pH.  On
another  hand,  Cazorla-Luna  et  al.  (91)  reported
as-prepared chitosan-based mucoadhesive vaginal
tablets in combination with pectin and locust bean
gum, for the sustained release of tenofovir against
HIV infection. The obtained results show that the
tablet’s formulation containing chitosan/pectin has
the  most  homogeneous  tenofovir  dissolution
profiles and stayed attached to the vaginal mucosa
for up to 96 h, hence a promising self-protection
choice  for  women  against  sexually-transmitted

857



Ejeromedoghene O et al. JOTCSA. 2020; 7(3): 851-864.  REVIEW ARTICLE

HIV. Furthermore, Wu et al. (92) investigated the
nanocomplexation of polyelectrolytes comprising of
chitosan,  chondroitin  sulfate,  and  zinc(II)  ions
followed by encapsulation onto tenofovir, with the
study  revealing  that  the  nanoparticles  were
noncytotoxic  to  human  peripheral  blood
mononuclear cells and could reduce HIV-1 infection
with  an  inhibitory  concentration,  IC50 of  4.35
μmol·L−1 to 1.95 μmol·L−1 when employed as drug
carriers.

Vaccination  is  the  most  effective  method  of
inhibiting  and  controlling  viral  infections.  Viral
infections  can  be  mainly  categorized  into  three
based on the infection nature, namely: (a) acute
infections  caused  by  antigenically  stable  viruses,
e.g.  yellow  fever,  measles,  mumps;  (b)  acute
infections caused by rapidly mutating viruses e.g.
influenza; and (c) chronic infections such as HIV
and HCV. (93–95) Antiviral vaccines, on the other
hand,  are  biological  preparations  containing  an
agent that mimics the viral pathogen, offering an
active  acquired  immunity  to  a  specific  viral
infection.  Biopolymeric  chitosan  has  shown  the
potentials  of  augmenting  the  immune  responses
with  established safety and nontoxicity  record in
animals  and  humans  as  a  vaccine  against
respiratory  syncytial  virus  (RSV)  infection  (96).
Spinner  et  al.  (97)  examined  the  sublingual
vaccination  of  mice  with  split-flu  vaccine
formulated with methylglycol chitosan (MGC) and
synthetic  toll-like  receptor  4  agonist  (CRX-601)
alone  or  in  combination.  The  obtained  results
revealed  that  MGC  and/or  CRX-601  adjuvanted
split-flu  vaccines  administered  sublingually
prompted  a better  mucosal  and  a corresponding
systemic  immune  response  to  flu  vaccine  when
delivered  intramuscularly.  Also,  an  adjuvanted
influenza chitosan nanovaccine based on poly(I:C)
could  induce  the  proliferation  of  antigen-specific
IFNγ  secreting  T-helper/memory  and  γδ  T  cells,
have been developed and tested in young swine
against  swine  influenza  virus  (98).  In  another
approach,  El-Sissi  et  al.  (99)  prepared  an
adjuvanted vaccine formulation based on chitosan
(CS) or chitosan nanoparticles (CNP, prepared by
ionic  gelation  technique)  loaded  with  Rift  Valley
Fever  Virus  (RVFV)  inactivated  antigen.  These
formulations were observed to be superior to the
RVFV-Alum vaccine as the former strongly boosted
the phagocytic activity of peritoneal macrophage,
neutralization of antibodies titer against RVFV and
IgG values against RVFV nucleoprotein.

CONCLUSION 

Chitosan is  an abundant natural  biopolymer that
has been effective as an anti-microbial agent and
has been successfully applied for the treatment of
many  ailments.  Studies  have  shown  that  its
effective application as a non-viral carrier for gene

delivery, nucleic acid, and drug delivery systems.
The  cationic  biopolymer  possesses  free  hydroxyl
and  amine  functional  groups  that  can  easily  be
encapsulated  to  the  existing  antiviral  agents  via
electrostatic  interaction  or  hydrogen  bonding  to
form new compounds with milder side effects and
enhanced ability to be delivered to the target sites.
The numerous binding sites and chelating ability of
the  polymer  may  also  be  exploited  for  the
fabrication  of  organometallic  complexes,
coordination compounds,  and nanocomposites for
possible deployment as an effective drug delivery
agent against the deadly COVID-19. 
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Abstract: Fixed dose combinations of ezetimibe and rosuvastatin are well known to provide significantly
superior efficacy to rosuvastatin alone in lowering total cholesterol, and triglyceride levels. Therefore, in
this recent work, we prepared fixed dose (10 mg/10 mg) ezetimibe and rosuvastatin tablet formulations,
and a simple, selective and we established and validated rapid chromatographic method for the sensitive
and simultaneous determination of rosuvastatin and ezetimibe. We performed the separation on Zorbax
SB-C18 (100 mm x 4.6 mm, 3.5 µm particle size) column at 30  oC with a mobile phase that has a
composition as water containing 0.1% H3PO4:methanol:acetonitrile (50:25:25 v/v/v) at 1.2 mL/min flow
rate.  We further  performed validation studies  according to  ICH guidelines.  Furthermore,  we exposed
rosuvastatin and ezetimibe to degradation conditions. We plotted peak area vs. concentration graphs for
rosuvastatin and ezetimibe and used for defining the linearity of the detector response. In this suggested
method, we observed linear relationships varying from 0.05 to 50 µg/mL for ezetimibe concentrations and
from  0.05 to  25 µg/mL  for  rosuvastatin  concentrations.  We  found  the  limit  of  detection  values  for
rosuvastatin  and ezetimibe as  0.006 and  0.008  µg/mL,  respectively.  Moreover,  we  further  used  the
established method for to the analysis of ezetimibe and rosuvastatin from real spiked samples of rabbit
serum.
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INTRODUCTION

Atherosclerosis is the main aspect of coronary heart
disease (CHD), the most important reason for death
and the main reason of  illness all  over  the  world
(1,2).  The main factors  of  risk  for CHD (3,4) are
hypercholesterolemia  and  higher  low  density
lipoprotein  cholesterol  (LDLC)  levels.  Statins  are
generally  used  for  lowering  the  cholesterol  level.
They inhibit the biosynthesis of cholesterol source;
reduce  the  intracellular  pools,  and  results  in  a

reduction  of  plasma  LDLC.  However,  an  effective
response  cannot  be  obtained  from a  considerable
fraction  of  hypercholesterolemic  subjects,  in  the
treatment  of  statin.  Dose  escalation  and
combination therapy of hypolipidemic drugs may be
necessary  to  arrange  LDLC blood  levels  (5,6).  In
LDLC  reduction,  drug  combinations  are  successful
hence;  they  may  have  some  other  effects.
Nevertheless,  the  negligible  efficacy  of  dose
increase and present combination treatments using
statins are limited by tolerance and compliance (7).
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Ezetimibe,  (EZE)  ((3R,4S)-1-(4-fluorophenyl)-3-
[(3S)-3- (4-fluorophenyl)-3-hydroxyl propyl)] -4-(4-
hydroxy  phenyl)-2-azetidinone)  blocks  dietary  and
biliary cholesterol absorption by the small intestine.
Hence, US Food and Drug Administration approved
EZE  in  2002  for  the  treatment  of  primary
hypercholesterolemia.  EZE is  a  lipid-lowering drug
active  compound,  can  selectively  prevent  the
intestinal  absorption  of  cholesterol  and  related
phytosterols  (7–9).  Rosuvastatin,  (ROS) bis((E)-7-
(4-(4-flurophenyl)-6-isopropyl-2-
(methyl(methylsulfonyl)amino)pyrimidin-5-yl)
(3R,5S)  -3,5-dihydroxyhept-6-enoic  acid)  calcium
salt  is  used  for  the  treatment  of  hyperlipidemia
inhibiting  3-hydroxyl-3-methylglutaryl  coenzyme  A
reductase  (10,11).  ROS  is  a  cholesterol  lowering
agent, which used as precursor for cholesterol. In
order  to  avoid  cardiovascular  disease,  high
cholesterol  and  associated  situations  ROS  can  be
used for  treatment (12,  13).  In  the  market,  ROS
generally  has  dual  combinations  with  other  drug
active  compounds  in  pharmaceutical  preparations
such as amlodipine, fenofibric  acid, salicyclic acid,
olmesartan, etc. In the literature, high performance
liquid  chromatographic  (HPLC)  methods  with  UV
detection exist for these combinations (14–17). As
stated in the literature,  the patients taking 5, 10,
20,  or  40  mg  rosuvastatin  daily,  mean  plasma
concentration  of  rosuvastatin  was 1.6  ng/mL,  3.5
ng/mL, 6.3 ng/mL and 9.8 ng/mL, respectively (18).
Moreover, after a single dose of 10 mg ezetimibe,
mean ezetimibe peak plasma concentrations (Cmax)
of 3.4 to 5.5 ng/mL were obtained within 4 to 12

hours (19).  Patients at risk of coronary CHD might
not achieve the low-density  lipoprotein cholesterol
levels  recommended  in  statin  monotherapy.  The
usage of ROS/EZE combination therapy reduced LDL
and  enhanced  other  constituents  of  the
lipid/lipoprotein  profile  more  than  ROS  alone
(−69.8%  vs  −57.1%,  p  <0.001)  (6,20–22).  in
contrary,  EZE  does  not  affect  the  CYP  enzyme
system;  the  hydrophilic  properties  of  ROS  may
reduce the need for extensive metabolism by CYP
enzymes.  Therefore,  this  overlaid  pharmacokinetic
effects,  EZE  and ROS combination  is  used  in  the
therapy  of  LDLC  (6).  To  identify,  quantify,  and
separe  the  components,  HPLC is  the  most  widely
used technique, which depends on high pressure to
push solvents through the column. This method has
some  advantages  towards  other  chromatographic
methods  such  as  reproducible  response,  high
resolution, good peak shape, and high speed (23).
HPLC  methods  are  widely  examined  for  the
simultaneous determination  of  combined  drug
formulations in the biological matrix. Since routine
analyses  for  clinical  and  pharmacological  studies
need  fast  and  precise  detection  methods,  in  this
research,  determination  of  ROS  and  EZE  using  a
stability  indicated,  fully  validated  method  was
provided to assay drugs in pharmaceutical  dosage
forms. Moreover, to demonstrate the applicability of
the  suggested  chromatographic  method,  we
detected  EZE  and  ROS  from prepared  fixed  dose
combinations  of  EZE  and  ROS  and  spiked  rabbit
serum samples.

Scheme 1. Structures of Ezetimibe (top) and Rosuvastatin (bottom).
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EXPERIMENTAL

Chemicals
We kindly obtained ROS and EZE from NUVOMED
İLAÇ  SAN.  TİC.  A.Ş.  We  received  hydrogen
peroxide,  o-phosphoric  acid,  and  microcrystalline
cellulose from Sigma–Aldrich (St Louis, MO, USA).
We  purchased  methanol,  acetonitrile,  sodium
hydroxide,  and  hydrochloric  acid,  from Merck.  To
have  ultra-pure  water,  we  used  Pure  Flex  water
system (ELGA, Wycombe, UK). If not specified, all
chemicals are of analytical reagent grade.

Instrumentation
We utilized  the Agilent  Hewlett-Packard  1100 HPLC
system (Avondale, USA) consisting of  DAD variable
wavelength  detector  and  data  processing,  which
was  supported  with  B.04.03  version  of
Chemstation®. We used Thermo Scientific Benchtop
pH  meter  (Orion  3  Star™ Plus,  USA)  for  the  pH
measurements.  For  the  stationary  phase,  Zorbax
SB-C18 (100 mm x 4.6 mm and 3.5 µm particle
size),  we  purchased  from  Agilent  Technologies
(Agilent,  USA)). For  the  preparation  of
pharmaceuticals,  we  used  a  tableting  machine
(Erweka EP-1, Germany).

MATERIAL AND METHODS

Chromatographic conditions
As the stationary phase,  we used  Zorbax SB-C18
(100  mm  x  4.6  mm  and  3.5 µm  particle  size
(Agilent, USA)) column in isocratic mode at 30  oC
and  1.2  mL/min flow  rate  with  a  mobile  phase
consisting  of  water  containing  0.1%
H3PO4:methanol:acetonitrile (50:25:25 v/v/v), with
an injection volume of 10 µL. We used 5.0 M NaOH
to adjust the pH of the mobile phase; we degassed
and afterwards  filtered the mobile  phase.  Prior  to
injections,  we  pre-conditioned  the  column  for  30
min  with  the  mobile  phase.  We  washed  the
autosampler  needle  with  mobile  phase  between
each injection. We detected the samples at 242 nm.

Preparation of solutions 
We prepared the stock solutions by dissolving  ROS
and  EZE  in  methanol  and  diluted  to  desired
concentrations with the mobile phase. We separated
stock solutions of rabbit  plasma using the solvent
precipitation method. After addition of test solutions
to  the  plasma,  we  mixed  aliquots  of  250  µL  of
plasma with 250 µL of cold acetonitrile and vortexed
to  precipitate  the  proteins.  We then removed the
precipitated proteins by centrifugation at 10000 rpm
for 15 min. We withdrew 50 µL aliquots mixed with
950 µL mobile phase. We then placed aliquots of the
resulting clear supernatants into the HPLC vials. We
utilized  KBr  solution  0.01%  (v/w)  in  water  in
chromatograms, to have the dead time (to).

Formulation and analyzing EZE–ROS tablets 
We  prepared  tablets  using  direct  compression
method. Each tablet contained 10 mg  of  ROS and
EZE  as  active  substances  and  230  mg  of
microcrystalline  cellulose  as  the  binder.  Prior  to
compression,  we screened granules using 300 µm
sieve and then thoroughly blended in a mortar with
pestle.  For  the  preparation  of  tablets  with  an
average  weight  of  250  mg,  we  utilized  a  single
punch-tableting  machine  armed  with  flat-faced
punches with a die, whose diameter was 11 mm.

System suitability test studies and validation
of the method
We  tested  HPLC  system  using  with  USP  criteria
related  to  system  suitability  like  capacity  factor
(from integrator), symmetry (at 10% height), tailing
factor, and theoretical plate number. Subsequently,
we achieved the validation of the proposed method
and  reported  related  to  ICH  guidelines  and  USP
criteria  (24–27).  We  injected  different
concentrations  of  ROS and EZE to  the  system to
assess  the  linear  range  from  triplicate  injections.
Thereafter,  we  accomplished  the  area  of  the
detector  response  versus  corresponding
concentration  to  plot  calibration  graphs.  We  used
least squares linear regression statistical analysis for
the regression data analysis. Using the equations of
3.3 × s/m and 10 × s/m, we calculated the limit of
detection (LOD) and limit  of  quantification (LOQ),
respectively.  In these equations,  (s)  refers  to  the
standard deviation of response and (m) to the slope
of  the  calibration  curve  (25–27).  We  performed
precision  studies  from  averages  of  five
measurements that were conducted in the same day
and between days from 10 µg/mL for both standard
and spiked rabbit serum samples. We confirmed the
accuracy  of  the  proposed  method  by  recovery
studies,  which  were  performed  using  a  standard
addition procedure. We conducted recovery analysis
by adding 5 µg/mL standard solutions of ROS and
EZE  on  pharmaceutical  dosage  form  to  see  the
effect of ingredients. We expressed recovery studies
in terms of the percent  recovery,  percent  relative
standard deviation and bias values. We performed
recovery  studies  separately  in  mobile  phase  and
serum samples.

According  to  ICH  recommendations  degradation
studies  consisted  in  terms  of  mild  and  drastic
conditions (24,28). For thermal degradation of ROS
and EZE, we located solid state of them in an oven
at 75 ºC for 3 and 24 hours. We achieved acidic and
oxidative degradation of 50 µg/mL ROS and EZE by
exposing with hydrochloric acid (0.5 M HCl and 1 M
HCl) and H2O2 (33% and 3%). We exposed these
solutions  for  3  hours  under stress  conditions.  For
alkaline hydrolysis, we exposed 50 µg/mL ROS and
EZE to 0.5 M and 1 M NaOH for 3 hours. 
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RESULTS AND DISCUSSIONS

Method development
Prior  to  the  validation  studies,  we  improved  the
optimization of the HPLC detection parameters such
as mobile phase composition in terms of % amount
of  H3PO4,  methanol,  and  acetonitrile  and  pH;  the
flow rate and the temperature of the columns, (Data
not  shown)  to  have  the  optimum  separation
between ROS and EZE. Using Zorbax SB-C18 (100
mm x 4.6 mm, 3.5 µm particle size) column at 30
oC  with  the  mobile  phase  composition  as  water
containing  0.1%  H3PO4:methanol:acetonitrile
(50:25:25  v/v/v)  at  1.2  mL/min flow  rate  we
obtained an acceptable separation. 

Parameters of System Suitability Tests 
Prior to the chromatographic analysis we performed
system suitability tests related to USP criteria (25–
27). We examined capacity factor (>2), symmetry
at  10% height  (<2),  USP tailing (<2),  theoretical
plate  number  (>2000),  resolution  (>1.5)
parameters  which  were  all  intolerable  limits  (24,
25). Moreover, the retention time of ROS was 2.80
min  and EZE was  4.50  min.  We found resolution
between ROS and EZE as  10.58  and we calculated
selective factor as 1.90 between ROS and EZE. We
summarized  all  the  parameters  related  to  system
suitability tests in Table 1. 

Table 1: Parameters of System Suitability Tests.

Parameters ROS EZE Recommended
Value

Capacity Factor 2.05 3.90 >2
Selectivity to previous peak - 1.90 >1
Resolution to previous peak - 10.58 >2

Tailing Factor 1.21 1.17 <2
Symmetry at 10%height 1.09 1.16 <2

Theoretical number of plates 6904 9358 >2000

Method Validation

Linearity
The analytical performance of the method revealed
by  a  linear  relationship  between  ROS  and  EZE
concentrations varying from  0.05 to 25  µg/mL for
ROS, and  0.05 to 50  µg/mL for EZE. By means of
the linearity equations, we obtained the LOD values
as 0.006 µg/mL and 0.008 µg/mL for ROS and EZE,

respectively. Readers can also follow Table 2 that,
we obtained the calibration curves between 0.25-10
µg/mL  for  ROS  and  0.5-10 µg/mL  for  EZE  in  a
biological sample, spiked rabbit serum. We reported
all statistical  assessment of the calibration data in
Table  2  and  we  presented  chromatograms  of
increasing concentrations of EZE and ROS in Figure
1 in mobile  phase and in Figure 2 in a biological
sample, spiked rabbit serum.
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Figure 1: Chromatograms of increasing concentrations of EZE in the presence of 5 µg/mL ROS in mobile
phase (top) and ROS in the presence of 5 µg/mL EZE in mobile phase (bottom).
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Figure 2: Chromatograms of increasing concentrations of EZE in the presence of 5 µg/mL ROS (top) and
ROS in the presence of 10 µg/mL EZE (bottom) in spiked rabbit serum samples.

Precision: Repeatability studies
To have a precise method, we followed in day and
between  days  repeatability  studies  and  gave  in
terms of RSD %. It can be resulted from Table 2

that, low values of RSD % values indicate that the
developed method is precise for the assay of both
standard solutions and spiked rabbit serum samples
of ROS and EZE. 

Table 2: Statistical evaluation of the calibration data.
 Mobile Phase Rabbit Serum

Compounds ROS EZE ROS EZE
Linearity range (µg/mL) 0.05-25 0.05-50 0.25-10 0.5-10

Slope (mAU/µg.mL) 23.386 23.270 24.412 20.916
Intercept (mAU) -3.362 -6.521 7.240 15.727

Correlation coefficient 0.999 0.999 0.999 0.999
LOD (µg/mL) 0.006 0.008 0.054 0.010
LOQ (µg/mL) 0.018 0.025 0.164 0.028

Within day Repeatabilitya (RSD %) 0.746 0.209 0.425 0.451
Between day Repeatabilitya (RSD %) 0.724 0.482 0.513 0.831

a Each value is the mean of five experiments.

Specificity: Degradation studies
We  accomplished  that  degradation  studies  for  50
µg/mL ROS and EZE for specificity of the method.
We designed degradation experiments at mild and
drastic  conditions  with  exposure  to  acidic  and
alkaline  hydrolysis,  hydrogen  peroxide,  UV,  and

heat. We presented related results in Table 3. It can
be  resulted  that,  since  we found the  degradation
percentage  more  than  90  in  heating  and  UV
exposure,  the  method  and  the  drug  active
compounds  especially  ROS  are  very  sensitive  to
heating and UV exposure.
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Table 3: The results of hydrolytic, oxidizing, thermal, and photolytic stressed under drastic and mild
conditions of ROS and EZE using developed HPLC method.

Response Stress Conditions Degradation
of ROS%

Degradation
of EZE%

Drastic
Conditions

HCl (1 M) 85.63 25.90
NaOH (1 M) 75.25 35.98
H2O2 (30 %) 77.79 36.02

Thermal (24 hours at 75 oC) 96.72 57.39
UV light exposure 

(24 hours at 254 nm)
97.92 56.56

Mild
Conditions

HCl (0.5 M) 70.82 15.90
NaOH (0.5 M) 52.56 23.19
H2O2 (3 %) 44.52 22.40

Thermal (3 hours at 75 oC) 96.94 51.83
UV light exposure 

(3 hours at 254 nm)
97.63 52.81

Accuracy: Pharmaceutical analysis and 
recovery studies
We realized  the  determination  of  ROS and EZE  as
pharmaceutical  dosage  form  (see  Figure  3)  and
recoveries  from  the  pharmaceutical  dosage  form
and  rabbit  serum  samples  to  conduct  accuracy
studies.  In  account  of  that,  we  used  the  related
obtained equations for the calibration curves for the
simultaneous  determination  of  ROS  and  EZE.  We
added known amounts of standard solutions (5 µg/
mL) over pharmaceutical dosage form samples and
serum samples for the recovery studies. The results
of recovery %, RSD % and Bias % were shown in
the Table 4. We found mean of the spike recoveries

between  99-101%  for  tablet  and  serum  samples
that  specifies a tolerable accuracy of  the method.
Accordingly,  it  can  be noticed that  the  developed
method  was not  affected from  the  possible
interferences in the tablet and rabbit serum.

As  a  result,  we  herein  suggested  a  powerful,
suitable, and valuable method for analysis of ROS
and EZE with fully validated conditions. Since in our
method, the organic solvent consumption is only 3
mL per injection and analysis time is 5 min, greener
approach  (29–32)  shorter  analysis  time  (29,  30)
was  investigated  when  we  compare  the  results
within the literature.

 

Figure 3: The chromatogram of 5 µg/mL Rosuvastatin and Ezetimibe from prepared tablet formulation.
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Table 4: Results of tablet and recovery analysis. 

Mobile Phase Rabbit Serum
 ROS EZE ROS EZE

Label Prepared (mg) 10.00 10.00 - -

Found 10.06 10.07 - -
RSD (%) 0.95 0.49 - -
Bias (%) -0.63 -0.71 - -

Added (mg) 5.00 5.00 5.00 5.00
Founda (mg) 5.04 5.05 4.98 5.01

Recovery (%) 100.80 101.00 99.60 100.20
RSD of recovery (%) 0.82 0.25 0.93 0.85

Bias (%) -0.80 -1.00 0.40 -0.20
aEach value is the mean of five experiments.

CONCLUSIONS

In  this  study,  we  achieved  a  simultaneous
determination of ROS and EZE with optimization and
validation studies via a selective, sensitive, precise,
and accurate HPLC method. The system suitability
test parameters were also reports as capacity factor
(ROS:2.05;  EZE:3.90),  symmetry  at  10%  height
(ROS:1.09;  EZE:1.16),  USP  tailing  (ROS:1.21;
EZE:1.17),  theoretical  plate  number  (ROS:6904;
EZE:9358),  resolution (EZE:10.58),  and  selectivity
(EZE:1.90)  parameters.  After  having the optimum
conditions  for  separation  such  as  Zorbax  SB-C18
(100 mm x 4.6 mm, 3.5 µm particle size) column at
30 oC with a mobile phase that has a composition as
water containing 0.1% H3PO4:methanol:acetonitrile
(50:25:25  v/v/v)  at  1.2  mL/min flow  rate;  we
followed  the full validation parameters. In order to
show that the method is suitable for the detection of
ROS and EZE, we further achieved the detection of
ROS-  and  EZE-spiked  rabbit  serum  samples.
Furthermore,  we  also  accomplished  degradation
studies  and  we  utilized  the  stability  indicating
method to analyze ROS and EZE in  spiked rabbit
serum samples. 
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Some Properties of an Unmetalled Phthalocyanine Obtained by Chance
at Low Temperature 
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Abstract:  A novel  tetrasubstituted  metal-free  phthalocyanine  bearing  phthalonitrile  groups  on  the
peripheral positions was synthesized accidentally by the cyclotetramerization reaction of the 4,4’-(1,3-
phenylenebis(oxy))diphthalonitrile.  For  photodynamic  therapy  (PDT)  application,  photophysical
properties including fluorescence quantum yield (ΦF), fluorescence lifetime (τF),  triplet state lifetime
(τT), and triplet quantum yield (ΦT) and photochemical properties including singlet oxygen quantum
yield (Φ)  and photodegradation quantum yield (Φd)  as well  as magnetic  circular  dichroism (MCD)
properties were described. The ΦT of the phthalocyanine was 0.81. The obtained lifetime (τT) was 40 μs
for metal-free Pc. 
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INTRODUCTION

Phthalocyanines (Pcs) are macrocyclic compounds
that  consist  of  4  pyrrolic  subunits.  The  first
synthesis of a Pc was found by accident in 1907,
and it  involves with  low yield the  reaction of  o-
cyanobenzamide in refluxing ethanol (1). However,
nowadays a substituted phthalonitrile can be easily
prepared by many different routes. Substituted Pcs
can be formed from these phthalonitriles. The most
commonly used method for the synthesis of Pc is
cyclotetramerization of the phthalonitrile to form a
Pc. A Pc offers 16 possible sites for peripheral and
non-peripheral  substitutions  and  a  central  cavity
with  metal  ions  and  this  makes  them  useful
compounds in different fields and them are applied
as dye,  catalysis  in a wide range of  areas (2,3)
non-linear optics (4), Langmuir-Blodgett thin films
(5,6), chemical sensors (7), as photosensitizers in
PDT (8-11) and as photocatalysts (12-14). On the
other hand, ball-type structures of Pcs were first
obtained as a new class of compound by Zefirova

in 2002 (15,16) and both Pcs and their ball-type
derivatives  (BPcs)  have  gained  significance  in  a
number  of  fields  including  their  use  as
photosensitizers in photodynamic therapy (PDT) of
cancer  (17-20).  In  this  study, a  metal-free
phthalocyanine,  which  was  obtained  accidentally
during a reaction between 4-nitrophthalonitrile and
resorcinol  (1,3-dihydroxybenzene), was
investigated photo-physico-chemical behaviors and
MCD properties.

EXPERIMENTAL SECTION

Materials and methods
All  equipments  and  chemicals  that  were  used
during all experimental and measurements are the
same as  the  paper  published  earlier  in  the
literature.  The  photophysical  and  photochemical
properties  of  metal-free  Pc  were  performed
according to methods previously described in the
literature (19,20).
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Synthesis
Synthesis of 2(3), 9(10), 16(17), 23(24)-tetrakis-
(4-(3-oxyphenoxy) phthalocyanine (5):
Compound 2 (1.272 g, 11.54 mmol) was dissolved
in dry DMSO (25 mL) and compound 1 (3.98 g,
23.08 mmoL) was added under inert atmosphere.
To this reaction mixture finely ground anhydrous
potassium carbonate  (4.00  g,  28.94  mmol)  was
added.  The color  of  the  mixture changed to  the
green  from  light  brown  while  it  was  continued
stirring at the end of 5 days at 70 oC. after a total
of 6 days of stirring at this temperature, the entire
green  reaction  mixture was  then  poured onto
cracked  ice to  produce  a  precipitate,  and the
precipitate  was washed sequentially  with  ethanol

and methanol resulting in the formation of a pure
green precipitate. Finally, it was purified by silica
gel  column  chromatography  using  gradient  of
chloroform, tetrahydrofuran as eluent and metal-
free Pc was obtained as a green powder which has
mp > 350 °C and is soluble in THF, DMSO, and
DMF. Yield 0.069 g. UV-Vis (DMSO): λmax/nm: 700,
668,  334.  IR  (ATR):  (µmax/cm-1),  3296  (Ar-CH),
2238 (CN), 1717 (CO),  1596 (C=C), 1121/1083
(C-O-C).  1H-NMR (DMSO-d6):  δ,  ppm: 7.85–7.00
(40H,  Ar-H).  Anal.  calcd.  for  C88H42N16O8:  C,
72.82;  H,  2.92;  N,  15.44,  found:  C,  72.79;  H,
2.88;  N,  15.45  %.  MALDI-TOF-MS:  m/z  calcd.
1451.4, found 1453.5 [M+2H]+.
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Scheme 1. Synthetic pathway for metal-free phthalocyanine (5) i: DMSO, 6 days, K2CO3.

RESULTS AND DISCUSSION

Synthesis and spectroscopic characterization
A  reaction  of  4,4’-(1,3-
phenylenebis(oxy))diphthalonitrile (3) was started
for the synthesis of the one which was intended for
a BPc (Scheme 1). At the end of the fifth day, a
green  color  was  observed  in  the  reaction  tube.
Metal-free  phthalocyanine  was  obtained
accidentally  during  a  reaction  which  it  give  two
possible  products  (3 and  4)  between  4-

nitrophthalonitrile  and  resorcinol  at  low
temperature. This showed that compound  3 gave
quickly metal-free Pc (5) by self-condensation; it
means  that  compound  5 occurred  unexpectedly
under  the  experimental  conditions  (21).  So,
compound  3 was  not  isolated  and  characterized
(22). 

After  purification,  the  novel  tetrakis  (4-(3-
oxyphenoxy) substituted Pc (5) was characterized
by a handful of common spectroscopic techniques,
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including FTIR,  1H NMR, MALDI-TOF MS and UV-
Vis, along with elemental analysis. 

FT-IR spectrum of the H2Pc was obtained with ATR
and the spectrum showed -C≡N stretching at 2238
cm-1.  this  value  confirmed  that  compound  5
contains cyano end groups as determined by FT-IR
spectroscopy. Aromatic C-H at 3296 cm-1, aromatic
C=C  1596  cm-1 and  C–O–C  vibrations at
1121/1083 cm-1 were  observed.  The  1H  NMR
spectrum  of  (5)  showed  a  multiplicity  between
7.85  –  7.00  ppm  in  deuterated  DMSO  as  the
solvent.  The  inner  core  protons  could  not  be
observed.  This  may  be  due  to  the  strong
aggregation  between  the  Pc  rings.  MALDI-TOF
result showed the molecular peak of the compound
5 at  m/z  1292.57,  and  also  elemental  analysis
supported compound 5.

The  electronic  absorption  spectra  for  Pcs  is
generally characterized by two bands. One of both,

the  Q  band  is  found  in  the  longer  wavelengths
around  600-700  nm region were  responsible  for
the green color of this complex. The other that are
referred to as the B (Soret band). Figure 1 show
the  typical  strong  absorption  bands.  These
transitions  were  assigned  to  π-π*  transition
between  bonding  and  antibonding  molecular
orbitals.In the case of metal-free phthalocyanine,
this band generally split into at two components.
The B band is located at the shorter wavelengths
around 300-400 nm region. B band arises mainly
from the π to π* transition.  The Q band results
from π  π→ * transition that involves a1u to eg and
the Soret band result from the π   π→ * transition
that involves a2u or b2u to eg. The non-degenerated
eg level leads to the observed split Q band in the
UV-vis  spectra  for H2Pc.  On the other word,  the
splitting of the Q band is due to the splitting in the
eg level. In the spectrum of compound  5,  a loss
was observed in the geometrically induced splitting
between the Qx and Qy components (23).

Table 1: Photophysical and photochemical data of the Pc.
Compound λAbs λEms λExc λStokes ΦF ΦT ΦΔ τT(ns) τT(µs) Φd(x10-6)

H2Pc 668/700 709 701 9 0.06 0.81 0.19  4.65 40 1.959

MCD  is  used  as  an  optical  technique  for  the
detection of the electronic structure of both ground
and excited states (24). MCD can give information
on  the  relative  size  of  the  ΔHOMO and ΔLUMO.
Figure 1 shows the absorption and MCD spectra of
compound 5 dissolved in DMSO. When the optical
activity of compound  5 was investigated,  a  slight
deviation was observed because its Q band showed
less splitting, improved which this is attributed to
its  low symmetry  as C2v is  isomer. The  B0 term
appeared +320 nm and -370 nm. Faraday A term
showed  positive  and  negative  sign  since  the
excited state is orbitally degenerated.  In the MCD
spectrum, it was observed as a negative sign at -
662 nm and -691nm.

Figure  2  shows  the  absorption,  emission,  and
excitation spectra  of  compound  5 in DMSO. The
spectral  data are  listed in  Table  1.  Fluorescence
emission peaks was observed at 709 nm for 5. The
fluorescence  quantum  yield  (ΦF)  value  is  0.06
which is predicted for aggregated Pcs. Table 1 also
shows ΦT, Φd, τF and τT values of 5. The high triplet
state  quantum yield  value  (ΦT)  is  0.81.  The  ΦT

value  suggests  more  efficient  intersystem
crossing (ISC),  corresponding to low ΦF values.
The values of compound 5 are 0.75 for ISC, 4.65
ns for fluorescence lifetime and 40  µs for triplet
lifetime.  A  triplet  decay  curve  of  change  in

absorbance  (ΔA)  versus  time  in  seconds  is
obtained from the experiment and from this  the
triplet  lifetime  can  be  determined  as  shown  in
Figure  3.  All  this  data  may  indicate  metal-free
structure including aggregations.

Figure 4 shows spectral  changes obtained during
photolysis of complexes with increasing time from
0 to 140 seconds in the presence of DPBF and the
results  are  summarized  in  Table  1.  DPBF
degradation of  the  complexes 5  at  414 nm was
monitored  with  UV-Vis  spectrophotometry.  There
were no changes in the Q band intensities during
these  determinations,  which  is  indicative  of  the
fact  that  compound  5 is  not  degraded  during
singlet  oxygen  studies.  The  ΦΔ value  is  0.19.
Although high triplet oxygen quantum yields of the
phthalocyanine  complex,  accompany  high  singlet
oxygen quantum yield, the compound gave a lower
value of singlet oxygen quantum yield. This can be
due to aggregation.

The photodegradation quantum yield value (Φd) of
compound  5 was  obtained  by  decrease  in  the
intensities  of  the  Q  band  under  irradiation  with
increasing time from 0 to 60 minutes and the Φd

was found as 1.959 x10-6. This result showed that
the Pc is of high stability in DMSO (Figure 5).
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Figure 1. MCD (top) and UV-Vis (bottom) spectra for metal-free Pc.
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Figure 2.  Absorption round dot line (black), excitation square dot line (black), and emission spectra
dash line (red) of compound 5 λexc = 606 nm.

Figure 3. Triplet absorption decay curve for metal-free Pc.
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Figure 4. Time-dependent photobleaching of DPBF absorption in the presence of metal-free Pc in DMSO.

Figure 5: The spectra of photodegradation for metal-free Pc in DMSO.

CONCLUSION

β-substituted metal-free phthalocyanine which was
obtained  accidentally  at  70  °C  in  DMSO  was
obtained. The molecules have high photostabilities.
The  photophysicochemical  behavior  was  found
suitable for photodynamic therapy activity of the
unmetallated phthalocyanine. The reaction is rapid
enough to proceed are very low temperatures for
phthalocyanine  formation.  Unfortunately,
formation  of  ide products leads to low yields. The
Q band of metal free Pc displays a slight deviation
showing  less  splitting,  attributed  to  lower
symmetry  as  well  as  is  also  attributed  to
aggregation.
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Abstract: In this study, polyethyleneimine-coated silica nanoparticles (PEI-SiNP) were used to prepare a
polymeric material that can effectively and selectively adsorb Au(III) from aqueous solutions. For this
purpose, silica nanoparticles were firstly reacted with (3-glycidyloxypropyl)trimethoxysilane (GPTMS) to
achieve epoxy functionality. The structures of the silica nanoparticles (SiNP), silica nanoparticles with
epoxy functionality  (E-SiNP) and polyethyleneimine-coated silica nanoparticles  were determined using
ATR-FTIR  (Attenuated  Total  Reflectance  Fourier  Transform  Infrared)  and  XPS  (X-Ray  Photoelectron
Spectroscopy), while their thermal properties were characterized using thermogravimetric analyses (TGA).
The Au(III) ion-binding capacity of the PEI-SiNP adsorbent nanocomposite that contain high levels of
imine was investigated. The effects of the interactions between pH, contact time, and foreign metal ions
on adsorption were tested to determine the optimum conditions. The optimum contact time was 3 hours
at pH 2. The adsorption capacity of the adsorbent nanocomposite prepared for Au(III) was found to be
116.27 mg/g. The Langmuir and Freundlich isotherms were used to determine the adsorption behaviors
and the Langmuir isotherm model was selected as the best fit model (R2: 0.997). The prepared PEI-SiNP
adsorbent nanocomposite showed a high selectivity for the Au(III) ion even when different metal cations
such as Cu(II), Cd(II), and Pb(II) were present. 
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INTRODUCTION

Gold  is  a  valuable  metal  that  is  mostly  found
together with other metals such as silver, iron, and
copper in nature (1). In addition to its appeal and
shine,  gold  is  well-known  for  its  exceptional
conductivity,  ductility,  malleability,  and  chemical
stability  (2,3).  Thanks  to  its  special  physical  and
chemical  properties,  this  valuable  metal  is  widely
used in jewelry production, production of electrical
and  electronic  devices,  aviation,  and  medical
applications  (4).  Moreover,  it  exponentially  gains
value  in  human  life  due  to  the  countless
technological  achievements  and  developments.
Although gold is  demanded in industrial  activities,

its  amount  in  Earth’s  crust  is  limited  and  its
extraction  from  ore  has  various  environmental
impacts. Therefore, the investigation of cheap and
productive separation methods for the recovery of
gold is advantageous both in terms of environment
and  economy  (5).  Different  methods  including
liquid-liquid extraction (6), ion exchange (7), solid
phase  extraction  (8),  cloud  point  extraction  (9),
sedimentation  (10),  electrodeposition,  and
adsorption (11) were used both for determining its
amount in different environments and its recovery. 

Compared  with  other  separation  methods,
adsorption have attracted attention in recent years
because of the ease of use, high efficiency, and low

883

https://doi.org/10.18596/jotcsa.788852
mailto:Asli.beyler@amasya.edu.tr
https://doi.org/10.18596/jotcsa.788852
https://doi.org/10.18596/jotcsa.788852
https://dergipark.org.tr/jotcsa
http://www.turchemsoc.org/
mailto:Asli.beyler@amasya.edu.tr
https://orcid.org/0000-0003-4353-4224


Beyler-Çiğil A. JOTCSA. 2020; 7(3): 883-892. RESEARCH ARTICLE

cost of solid adsorbents and their suitability for use
in the adsorption of Au(III) ions (12,13). In addition
to  their  use  in the  recovery of  valuable  elements
from  aqueous  solutions,  adsorption  is  highly
effective in the removal of toxic metal ions (14-16). 

Various organic and inorganic adsorbents have been
produced  to  remove  Au(III)  ions  from  aqueous
solutions (17-19). In most studies, synthetic or bio-
based polymeric resins or inorganic particles (silica,
magnetite,  etc.)  were  functionalized  using  ligands
such as ethylenediamine, 2-mercaptobenzothiazole,
guanyl  thiourea,  dithiooxamide,  imidazole,  2-
(diethylamino) or typically using organic molecules
that have nitrogen and sulfur groups.

There have been extensive investigations for hybrid
and composite materials because of their different
properties  (20-22).  Their  properties  couple  the
advantages  of  inorganic  materials  (i.e.  rigidity,
thermal  stability)  with  those  of  organic  materials
(i.e.  flexibility,  ductility,  and  processability).
Therefore,  organically  modified silica  nanoparticles
are  typically  classified  as  hybrid  materials  (23).
Modified silica nanoparticles have been extensively
investigated in recent years because of their unique
properties (24). Silica molecules have high-density
hydroxyl groups and can be modified with specific
functional  groups  such  as  carboxyl,  amino,  and
chloro for various applications. Some studies have
investigated the use of organically modified silicas in
wastewater (25-27). 

The  study  aims  to  prepare  PEI-coated  silica
nanoparticles  that  can  selectively  and  effectively
adsorb Au(III) ions. For this purpose, the hard/soft
acid/base (HSAB) theory of Pearson, who asserted
that  soft  acids  such as  Au(III)  ions  had a strong
interaction  with  soft  bases  such  as  nitrogen  and
sulfur-containing  groups,  was  taken  into
consideration  and  polyethyleneimine  that  contains
high levels of imine was selected as the polymeric
surface. 

EXPERIMENTAL SECTION

Materials
(3-Glycidyloxypropyl)trimethoxysilane  (GPTMS),
polyethyleneimine (PEI) (Mw ~10000 g/mol) and all
solvents used were from Sigma Aldrich. Nanosilica
(12  nm,  AEROSIL®200,  200  m2/g  surface  area)
obtained from Evonik.

Preparation  of  the  silica  nanoparticles  with
epoxy end-groups (E-SiNP)
The procedure for the functionalization of the silicas
with epoxy groups was adapted in a similar fashion
to that of the procedures in the literature (28-30).
Prior to use, AEROSIL®200 nanoparticles were firstly
dried in  a  vacuum drying oven at  150 °C for  24
hours.  Five-grams  of  silica  nanoparticles  were
dispersed into 300 mL of toluene and 10-grams of

GPMTS  were  added.  The  mixture  was  kept  in  an
ultrasonic bath for 30 minutes and, then kept in a
condenser  for  24  hours.  Silica  nanoparticles  with
epoxy  end-groups  were  separated  using
centrifugation  and  purified  for  48  hours  using
Soxhlet extraction with toluene. The particles were
lastly dried in a vacuum drying oven at 100 °C.

Preparation  of  the  adsorbent  material  (PEI-
SiNP)
Five  grams  of  the  silica  nanoparticles  with  epoxy
end-groups were collected in a reaction flask and,
then 15 mL of water and 6 g of PEI were added to
the flask. The mixture was then kept in a shaking
water  bath  at  65  °C  for  24  hours.  The  prepared
adsorbents  were  then rinsed with  a  NaCl  solution
and phosphate buffer at pH 5 and kept in a vacuum
drying oven at 60 °C for 24 hours. Figure 1 shows
all modifications made to the silica nanoparticles to
obtain the adsorbent.

Characterization
The  structure  analyses  of  the  silica  nanoparticles
with  epoxy  end-groups  (E-SiNP)  and  PEI-coated
silica  nanoparticles  (PEI-SiNP,  adsorbent)  were
carried  out  using  ATR-FTIR  and  XPS.  The  XPS
analyses  were  performed  using  the  Thermo
Scientific  K-Alpha  X-ray  Photoelectron
Spectrophotometer  in  the  Boğaziçi  University
Advanced Technologies Research and Development
Center. The ATR-FTIR spectra were recorded using
the  Perkin  Elmer  Spectrum  100  ATR-FTIR
spectrometer.

The  thermogravimetric  analyses  of  the  silica
nanoparticles,  silica nanoparticles with epoxy end-
groups,  and  PEI-coated  silica  nanoparticles  were
carried out using a model Pyris 1 TGA Perkin-Elmer
Thermogravimetric  analyzer.  The  measurements
were  made  under  nitrogen  atmosphere  and  at
temperatures between 30 and 750  °C at a heating
rate of 20°C/minute.

An Analytic Jena Zeenit 700 flame atomic absorption
spectrophotometer equipped with a deuterium lamp
(Jena, Germany) was used to determine the amount
of Au(III) ions. 

Adsorption of Au(III) ions
The adsorption trials were carried out using 0.005 g
PEI-coated silica nanoparticles and 50-mL glass jars
that contained 15 mL Au(III) solutions at different
concentrations.  The  jars  were  stirred  at  250  rpm
and  room  temperature.  The  effect  of  pH  on  the
adsorption  capacity  of  polymer-coated  silica
nanoparticles  was examined at  a  constant  Au(III)
concentration of 10 mg/L and in the range of pH 1-
5. The initial pH values were adjusted using HCl and
NaOH and no significant pH change was observed
throughout  the  contact  time.  To  determine  the
intensity of the contact time, the adsorbents were
immersed in a 50 mg/L Au(III) solution at pH 2 for
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an  interval  of  30-400  minutes.  The  adsorption
isotherms were obtained with a 3-hour contact time
at pH 2 using the initial Au(III) solutions at different
concentrations (5-500 mg/L). When the equilibrium
was  established,  the  aqueous  solutions  were
separated from the adsorbent and final Au(III) ion
concentrations  were  analyzed  using  flame  atomic
absorption spectrophotometry.  All  adsorption trials
were  repeated  in  triplicate  and  the  mean  values
were recorded. The Au(III) ion concentrations per a
unit  mass of  absorbent were  calculated using the
below equation: 

qe = (C0−Cem ) ×V  (1)

Here, C0 and Ce represent the concentrations (mg/L)
of  Au(III)  ions  in  the  aqueous  phase  before  and
after adsorption time, respectively; V represents the
volume of the aqueous phase (L); qe represents the
equilibrium  adsorption  capacity  (mg/g)  and  m
represents dry adsorbent amount (g) (31).

RESULTS AND DISCUSSION

XPS
XPS analysis  was  used  to  determine  the  element
compositions of the silica nanoparticles with epoxy
end-groups and PEI-coated silica nanoparticles. The
surface analysis was carried out by examining the
XPS spectra  to evaluate the modification of  imine
and epoxy groups to silica nanoparticles. Figure 2
shows  the  XPS  spectra  of  the  silica  nanoparticles

and  epoxy-  and  PEI-modified  silica  nanoparticles.
Strong O 1s (533.2 eV) and Si 2p (103.5 eV) peaks
are characteristic of silica nanoparticles. A Si and a
few O peaks between the 25 and 104 eV energy
interval are considered as the fingerprints of silica
nanoparticles (32). Moreover, C 1s (283.8 eV) was
observed  due  to  hydrocarbon  contamination
residues that interacted during sample preparation
for XPS. Carbon is found everywhere and, thus, it is
detected in all samples exposed to the atmosphere
(Figure 2a) (33-35). Table 1 shows the XPS element
compositions  of  the  non-modified  silica
nanoparticles  and  silica  nanoparticles  with  a
modified  surface.  Figure  2b  shows  the  sweeping
result  after  the reaction of  silica nanoparticle  and
GPTMS.  Here,  when  the  spectrum  of  the  non-
modified silica nanoparticles was compared (Figure
2a), the increases in C and O indicated the presence
of  glycidoxypropyl  and epoxy.  In  compliance  with
the  ATR-FTIR  spectrum  below,  it  shows  that  the
GPTMS  was  successfully  grafted  onto  the  silica
nanoparticle. The peaks and element compositions
found in the study agree with the literature (36). In
addition, the C 1s and O 1s peaks in the PEI-silica
nanoparticles  were  observed  at  near  284  eV  and
532  eV,  respectively.  The  C  1s  peak  at  285  eV
generally corresponds to C-C and C-N bonds and,
more importantly, as seen in Table 1, it contained
30.31%  nitrogen  after  treatment  with  PEI  in
addition to all observed elements (37). This proves
that there were nitrogen atoms on the surface that
originated from PEI.

Figure 1: Preparation of the PEI-SiNP adsorbent.
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Table 1: Elemental compositions of silica nanoparticles before and after surface modifications.
C O Si N

SiNP 8.06 55.41 36.53 -

E-SiNP 13.48 55.52 31.00 -

PEI-SiNP 24.15 36.56 28.99 30.31

Figure 2: XPS spectra of a) Silica nanoparticles, b) epoxy modified silica nanoparticles and c) PEI coated
silica nanoparticles.

ATR-FTIR
ATR-FTIR  analysis  was  used  to  determine  the
functional  groups of  the silica nanoparticles,  silica
nanoparticles  with  epoxy  end-groups,  and  PEI-
coated silica nanoparticles. As seen in Figure 3, the
peaks at  1087 cm-1,  806 cm-1,  and 472 cm-1 are
characteristic of SiO2 (38). The weak peak at 1261
cm-1 is attributed to the stretching vibration of the
epoxy group, indicating that the epoxy groups were
successfully  modified  on  the  surface  of  the  SiO2

nanoparticle  (Figure 3b) (39,40).  Figure 3c shows

the  polyethyleneimine-treated  silica  nanoparticles.
Here,  an  epoxide  ring-opening  occurs  between
polyethyleneimine and epoxy ring. This is confirmed
by the decreased density of the characteristic bands
of epoxide ring (i.e. 915 cm-1 and 831 cm-1) and
primary  amine  (i.e.  3206/3316  cm-1)  and  the
increased density of the -OH band (i.e. 3380 cm-1)
and  secondary  amine  groups  (i.e.  1573  cm-1)
(41,42).  In  the  literature,  similar  peaks  were
observed  in  the  triethylenetetramine  treatment  of
epoxy-modified silica nanoparticles.
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Figure 3: FTIR spectra of a) silica nanoparticles, b) epoxy modified silica nanoparticles, and c) PEI-coated
silica nanoparticles.

TGA
Thermogravimetric  analysis  (TGA) was carried out
to  examine the thermal  stability  of  the  adsorbent
and  approximately  determine  the  amount  of
modification  occurring  on  the  surface.  Figure  4
shows  the  thermal  degradation  behaviors  of  the
silica  nanoparticle,  epoxy-modified  silica
nanoparticle  and  adsorbent  nanocomposite  under
nitrogen atmosphere. As seen in the figure, sample
weight  decreased  by  about  1%  as  temperature
increased  from 0  to  120 °C for  the  non-modified
silica nanoparticles. Weight decreased from 99% to
about 90% when temperature increased from 120
°C to 750 °C. The weight loss is associated with the
loss of the condensation water that formed by the
polycondensation  of  surface  hydroxyl  groups.
Considering  the  SiO2 nanoparticles  that  were
functionalized with epoxy groups, a weight loss of
about 27% occurs at temperatures between 300 °C
and 750 °C in response to the thermal degradation
of the functional groups on the surface (43). This
can be explained by the loss of the epoxy group that
was grafted onto the silica nanoparticle. In the case
of  the  prepared  adsorbent  nanocomposite,  actual
degradation began at temperatures between 200 °C
and 500 °C and weight loss reached around 40%. In
conclusion,  we are  of  the  opinion that  the  epoxy
groups and polyethyleneimine attached to the silica
nanoparticle  surface  at  a  ratio  of  17% and 30%,
respectively.

Effect of pH on metal adsorption
The changes in the pH value of solutions affect the
surface load of the adsorbent materials and, thus,
the pH value of an aqueous solution is an important
factor  (44).  The  -NH2 in  the  structure  of  the
polymer-coated  nanoparticle  adsorbent  is
protonated  to  the  NH3

+ structure  in  an  acidic
environment. Adsorption considerably increases due
to the electrostatic attraction between Au(III) ions,
which  are  in  the  form  of  AuCl4- in  an  acidic
environment, and –NH3

+ (45,46). The activity of the
adsorbent at a pH range of 1-5 was investigated to
find the  most  suitable pH value  for  the  pH study
carried  out  in  an  acidic  environment.  As  seen  in
Figure  5,  the  most  suitable  pH  for  the  polymer-
coated nanoparticle adsorbent was determined to be
pH 2.

Effect of contact time
Metal removal from wastewater sources is a time-
consuming  process.  The  amount  of  metal  ions
removed from aqueous solution gradually increases
until saturation. Thus, contact time is an important
parameter  for  applicable  methods.  The  adsorbent
was  examined  in  the  30-400-minute  interval  to
obtain  maximum  Au(III)  ion  adsorption  with  the
prepared  adsorbent.  The  maximum  extraction
performance  for  the  adsorbent  was  obtained with
180 minutes (3 hours) (Figure 6). Insufficient space
is  left  for  adsorption  after  adsorbent  reaches
saturation.  Hence,  no  increase  in  adsorption  was
observed after three hours.
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Figure 4: TGA thermograms.

Figure 5: Effect of pH on the adsorption of Au(III) ions.

Figure 6: Effect of contact time on Au(III) ion adsorption. 
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Adsorption isotherms
Au(III) solutions of different concentrations ranging
from 5 mg/L to 300 mg/L were used to investigate
the  affinity  of  the  polymer-coated  nanoparticle

adsorbent to Au(III) ions. Adsorption capacity curve
became relatively flattered at a higher concentration
than the initial concentration of 200 mg/L, indicating
that the adsorbent reached saturation (Figure 7).

Figure 7: Effect of initial metal concentration on adsorption.

The  adsorption  performance  of  the  PEI-SiNP
prepared  in  this  study  was  compared  with  the
adsorbents used to some of the related studies in

literature. As seen in Table 2, Au(III) was adsorbed
in a  very high amount compared to other  similar
work during the 3 hour adsorption period.

Table 2. Comparison of the adsorption performance of the PEI-SiNP with some recent adsorbent for uptake
of Au(III) ions reported in literature

Adsorbent pH Contact time Qmax(mg/g) Reference

OSTE-IM 1.5 5 h 48.8 (46)
Amberlite XAD 7 < 4 1 h 1 (47)

Amberlite XAD 7-L-glutamic acid < 4 1 h 14.2 (47)

Poly(acrylamide-1-allyl-2-thiourea) hydrogels 0.5 90 h 940 (48)
PEI-SiNP 2 3 h 116.27 This study

Equilibrium  studies  are  required  obtain  the
adsorption  isotherms  that  are  important  in  the
determination  of  the  capacity  and  especially  the
surface  properties  of  the  adsorbent.  Information
about the interaction between the polymer-coated
nanoparticle  absorbent  and  Au(III)  ions  are
provided  by  isotherm  studies.  The  Langmuir  and
Freundlich  isotherms  that  are  given  below  in
respective order are used for this purpose (46,49).

C e
qe

= 1
qmax

C e+
1

K Lqmax
(2)

 qmax: Maximum adsorption capacity of the 
adsorbent KL: Langmuir absorption constant

ln qe=ln K f+
1
n
lnC e  (3)

n: Constant, Kf = Freundlich constant
Table 3 shows a summary of the constants of the
adsorption isotherms. The experimental data on the
adsorption  of  Au(III)  ions  on  the  polymer-coated
nanoparticle  adsorbent  had  a  high  correlation
coefficient of  𝑅2: 0.9952 and was a good fit to the
Langmuir model.  The Langmuir  isotherm indicates
that  a  homogenous  and  single-layer  surface
adsorption occurred on the adsorbent surface.

Table 3. Isotherm parameters
Qmax (mg/g) KL (L/mg) R2

Langmuir 116.27 0.052 0.9952
n Kf R2

Freundlich 2.36 11.56 0.6591
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Effect of foreign ions
The  absorbing  capacity  of  the  adsorbent  in  the
presence of different ions was measured using 15
mL  of  synthetic  wastewater  containing  different
heavy  metals  and  with  a  pH  value  of  2.
Approximately  0.05  g  of  adsorbent  material  was
immersed into 15 mL of synthetic wastewater for 3
hours. The initial concentration of all metal cations
was 50 mg/L. The Au(III), Cu(II), Pb(II) and Cd(II)
amounts absorbed by the material  were 65, 1, 5,
and  3  mg/g,  respectively.  Therefore,  the  Au(III)
ions had a much higher binding capacity than that
of the other ions. Higher affinity of Au(III) ions is
attributable to the high amount of NH2 groups in the
structure. 

CONCLUSIONS

The  most  appropriate  pH  value  was  2  and
adsorption time for Au(III) adsorption was 3 hours.
The best  fit  for  the  adsorption  was the  Langmuir
adsorption  and  thus,  the  adsorption  in  the  study
was  determined  to  be  a  single-layer  adsorption.
Adsorption capacity  was 116.27 mg/g,  which is  a
considerably high value. The study showed that the
polyethyleneimine-coated  silica  nanoparticles  (PEI-
SiNP) were effective adsorbents for the separation
of Au(III) ions from aqueous solutions.
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Vermicompost as a Potential Adsorbent for the Adsorption of Methylene
Blue Dye from Aqueous Solutions
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Abstract:   Vermicompost (VC) as a low cost and waste-derived material was used as an adsorbent to
remove textile dye effluents from the wastewater. Methylene blue (MB) was selected as a representative
of  dye  effluents  and  its  adsorption  to  VC  was  investigated.  The  effect  of  parameters  such  as  pH,
adsorption time, and the initial concentration of MB were determined via lab-scale batch experiments. The
highest adsorption capacity of VC was reached when the pH of the solution was 4. The equilibrium was
maintained after 90 minutes of operation since the removal percentage of MB was stabilized at 99%. The
pseudo-second-order  kinetic  model  described  the  most  appropriate  adsorption  kinetic  behavior.  Both
Langmuir (R2=0.9891) and Freundlich isotherms (R2=0.9895) fitted very well to the experimental data.
Based on these results, vermicompost can be evaluated as an alternative adsorbent for the removal of
dye effluents.
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INTRODUCTION

Composting and vermicomposting are two biological
processes to convert organic wastes such as sewage
sludge,  municipal  solid  waste,  etc.  into  soil
amendments (1). Composting is homogenization of
mixed  organic  wastes  by  means  of   thermophilic
process at a temperature range of 45 to 65 oC, while
vermicomposting  is  the  stabilizing  the  organic
wastes or compost by the digestion of earthworms
and  micro-organisms  at  35  oC  (1,2).  The  final
products after two processes have nutrients for the
soil,  humic  acid,  and  metals  together  with  high
moisture contents; compost with 40 to 60 wt.% and
vermicompost with 70 to 90 wt.% respectively (3).

Converting  organic  wastes  into  vermicompost  is
perceived  as  environmentally  and  economically
sustainable  since  the  product  could  be used as  a
promoter  for  plant  growth  and  soil  amendment.

However,  there  are  reports  in  the  literature
criticizing the usage of compost and vermicompost
as soil amendments since they may have pathogens
and  heavy  metals  which  are  hazardous  for  the
human.  Although  vermicomposting  reduce
somewhat  human  pathogens,  regulations  by  the
governments  limit  the  usage  of  compost  and
vermicompost  due  to  their  hazardous  nature  to
human  health  (4). This  situation  influenced  the
researchers  to  investigate  alternative  usage areas
for  compost  and  vermicompost  different  from
agricultural  purposes.  Vermicompost  has  gained
attention  to  be  used  as  an  adsorbent  to  remove
organic  and  inorganic  contaminants  in  the
wastewater and studies showed that due to its high
surface  area  and  functional  groups  existing
naturally,  making  vermicompost  an  effective
adsorbent (5).  Especially  the  humic substances  in
the  organic  fraction  of  vermicompost  provide  the
high surface area with high porosity, high density of
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negative charges, and noticeable cationic exchange
capacity. 

Adsorption is a widely known technique applied to
wastewater  to  remove  organic  and  inorganic
contaminants. Activated carbon is one of the most
promising adsorbents according to the studies in the
literature  (6).  However,  its  high  cost  limits  its
applicability  therefore  investigation  of  alternative
adsorbents  with  low  cost  and  appropriate
characteristics  is  crucial.  In  this  regard,  compost,
clays,  chitosan,  peats,  biochar,  etc.  were  utilized
and a  variety  of  contaminants  tested  in  order  to
extract their potential as an effective adsorbent (7).
Vermicompost,  on  the  other  hand,  has  proper
physical and chemical properties to be evaluated as
an absorbent, and its low cost attracts researchers
to  investigate  its  adsorption  capability.  Currently,
vermicompost’s  price  is  around  20  TRY/kg  and
according to a recent report, its annual production
rate was about 20,000 tonnes in 2017, in Turkey
(8).

Early studies focused on the metal removal from the
wastewater  and  the  results  were  promising.
Vermicompost  produced  from  cattle  manure  was
utilized  in  a  glass  column  to  determine  its
adsorption capability on Cu, Ni and Zn, and it was
proven that higher adsorption rates were achieved
compared  to  various  adsorbents  such  as  sewage
sludge, apple residues, peat moss etc. (5). Zhu et
al. reported that high removal efficiencies of Pb and
Cd from wastewater stream were possible when cow
manure  and  its  vermicompost  were  used  as
adsorbent.  They  also  determined  that  the
performance  of  vermicompost  was  better  and
mainly  the  functional  groups  such  as  aliphatic
alcohols,  aromatic  acids,  carbonates,  and
phosphates contributed to the efficient removal  of
the metals (9).  Pesticide methylparathion removal
from  water  stream  via  adsorption  onto
vermicompost was studied as well and the results
suggested  that  experimental  data  fitted  to  the
Langmuir  linear  model  yielding  0.17  mg/g  of
maximum adsorption capacity (10). 

Apart from the metals and pesticide, dye effluents
such  as  congo  red,  crystal  violet,  etc.  were  also
adsorbed  onto  vermicompost  and  results  looked
promising (11,12). However, there is still more work
to  be  carried  out  to  figure  out  the  optimum
conditions  for  the  process.  Especially  for  Turkey,
producing a versatile, low cost, and highly efficient
adsorbent  is  important,  as  textile  and  leather
industrial wastewater contains great amounts of dye
effluents. In addition, only around 0.38% of 34.500
tonnes  of  MSW produced  in  Turkey  is  composted
annually, according to TUIK (13). Since compost can
be used for vermicompost production, Turkey has a
great  potential  to  reach vast  production figures if
alternative routes for vermicompost utilization could
be  established.  In  this  study,  vermicompost  was

evaluated  as  a  potential  adsorbent  for  methylene
blue  adsorption  as  a  model  dye  effluent.  As  a
cationic dye, methylene blue could be contained in
the textile and leather industrial wastewater since it
is used in silk and wool dyeing processes. The high
concentration  of  methylene  blue  is  regarded  as
hazardous,  and  avoiding  its  leakage  to  soil  and
rivers is crucial (14). 

The primary aim of this study was to examine the
influences of the adsorption conditions such as the
initial  concentration  of  MB,  pH  of  media  on  the
adsorption  capacity  of  MB  onto  VC.  In  addition,
kinetic models (the first and second-pseudo-order,
Intraparticular  and  Elovich  models)  and  four
isotherm models (Langmuir, Freundlich, Temkin and
Dubinin-Radushkevich)  were  utilized  to  determine
their compatibility with the experimental data. 

MATERIALS AND METHODS

Materials
Sodium  chloride,  hydrochloric  acid,  sodium
hydroxide,  and  methylene  blue  were  purchased
from Sigma Aldrich. Bidistilled water was used in the
whole  experimental  process.  Vermicompost  (VC)
was  purchased  from a  local  producer  from İzmir,
and it was produced from sewage sludge compost
and sawdust. Initially, vermicompost was dried and
sieved to yield a particle size of 0.125<Dp<0.600
[mm]  for  homogenization  of  the  sample.
Vermicompost sample was oxidized in a furnace at
500  oC  for  6  hours  and  its  ash  content  was
determined as 31.05 wt.%.

Sorption Experiments
Methylene Blue (MB) solutions at various pH values
were prepared and 10 mL of specified concentration
of  MB  solutions  were  poured  into  an  erlenmeyer
flask along with 0.1 g of VC sample. The sorption
experiments were carried out in an incubator shaker
operating at 100 rpm and 25 °C temperature. After
the  sorption  experiments  were  completed,  the
solutions in the Erlenmeyer flasks were pulled out
and centrifuged at 400 rpm for 1 minute. The initial
and the supernatant concentrations were read with
the help of UV-Vis spectrophotometer (Perkin Elmer,
Lambda  365)  at  λ  max:  664  nm.  Adsorption
capacity  (AC)  and  removal  yield  (R%)  were
determined  according  to  equations  1  and  2,
respectively. 

A C=
(C i−Ce )* V

m
 (1)

R  %=
(C i−C e)*100

Ci

 (2)

Ci and  Ce represent  the  initial  and  equilibrium
concentration of the solution (mgL-1), respectively.
m denotes the mass of VC (g). 

Determination of pHpzc 
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Slightly modified potentiometric titration method of
Mohan et al.  2014 (15) was utilized to determine
the point of zero charge. Briefly, 0.1 g of VC was
added to 10 mL of 0,1 M NaCl solutions having pH
values in the range of 2 to 12. The solutions were
placed  into  the  shaking water  bath  for  24  hours.
After  that,  supernatant  pH values  were  measured
and a plot consisting of pH of initial solutions versus
pH of final solutions was obtained.

Adsorption Kinetics
Batch  kinetics  were  assessed  with  the  help  of
appropriate  kinetic  models  so  that  the  adsorption
rates  and  mechanism  could  be  defined.  In  this
research,  the pseudo-first  order  (Eq.  3)  (16),  the
pseudo-second-order  (Eq.  4)  (17),  Intraparticular
(Eq. 5) (18) and Elovich kinetic models (Eq. 6) (19)
were applied to experimental data. The coefficient of
determination (R2)  was calculated for each kinetic
model to determine the best fit model.

log ( qe−q t)=lo gqe−
k p

2.303
t   (3)

t
qt

= 1

k2qe
2
+ t
qe

  (4)

q t=k pt
0.5+c   (5)

q t=
1
β
ln (α β )+ 1

β
l n t   (6)

Where  qe is  the  equilibrium  adsorption  capacity
(mg/g), k1 is pseudo-first-order constant (min-1), k2

is the pseudo-second-order constant (g/mg.min), β
is  the  Elovich  equation  exponent  (g/mg),  kp is
diffusion constant.

Isotherm Models
In order to appraise the adsorption behavior, four
isotherm  kinetic  models  were  utilized.  Table  1
represents  the   Langmuir  (20),  Freundlich  (21),
Temkin (22), and Dubinin-Radushkevich (D-R)(23)
isotherm models.

Table 1. Applied Isotherm Models with their equations and units.

Models Equations Units

Langmuir
C e

qe

= 1
qmax KL

+
C e

qmax

qe: adsorbed amount (mgg-1)
Ce: adsorbed equilibrium (mgL-1)

KL: Langmuir constant related to sorption energy (Lmg-1)
qmax: maximum adsorption capacity (mgg-1) related to

monolayer coverage

Freundlich l nqe=l n(KF )+
1
n
ln C e

Ce: adsorbed equilibrium (mgL-1)
KF: Freundlich constant

(mgg-1)(Lmg-1)n

1/n: intensity of adsorption

Temkin
qe=B l naT+B lnC e

B=RT
bT

Ce: adsorbed equilibrium (mgL-1)
aT: equilibrium bond constant

B,bT: Temkin constants

Dubinin-
Radushkevich

l nq e=lnqm−β ε2

ε=RT ln (1+ 1
C e

)

E= 1
√ 2β

Ce: adsorbed equilibrium (mgL-1)
qm: maximum adsorption capacity (mgL-1)

ε: Polanyi potential
β: activity coefficient

(mol2J-2)
R: gas constant (8.314 kJmol-1K-1)

E:  mean adsorption Energy (kJmol-1)

RESULTS AND DISCUSSION

Effect of pH on methylene blue removal 
mechanisms
The  impact  of  pH  on  the  MB  sorption  was
investigated with batch experiments performed in a

pH range of 2-10 and the outcomes were shown in
the  Figure  1.  The  maximum  MB  removal  was
achieved when pH of the solution was 4. Therefore,
all adsorption experiments were executed at pH 4.
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Figure 1. pH effect on the removal of MB.

Moreover,  the  point  of  zero  charge  (pHpzc)  was
measured as 8.51 as shown in Figure 2. At this pH,
the surface charge of VC is zero. When pH<pHpzc,
the surface of vermicompost has positive charge. In
the  opposite  cases,  the  functional  groups  of
vermicompost  are  negatively  charged.  MB  is  a

cationic dye as it is known. Furthermore, the pKa of
MB is 3.8; the cationic species of MB are dominant
in the solutions above the value of pKa (24). The
electrostatic  adherence  has  occurred  between  the
adsorbent and adsorbate at pH 4.

 

Figure 2. The point of zero charge of VC.

Effect of time and initial concentration of MB 
The impact of time on MB adsorption onto VC was
shown in Figure 3. Methylene blue adsorption onto
VC was so rapid that adsorption equilibrium could be
achieved within 60 minutes. As the vacant sites on
the  surface  of  VC  were  occupied  with  methylene
blue,  adsorption process happened very slowly by

virtue of the small number of vacant sites and 99%
removal  of  MB was achieved at  90 min.  Besides,
adsorption capacity enhanced with the higher initial
concentration of MB, this phenomenon indicated in
Figure 4. Initial concentration raises mass transfer
between the adsorbate and the adsorbent owing to
the driving force. 
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Figure 3. The effect of time on MB adsorption onto VC.

Figure 4. The effect of initial concentration on the adsorption capacity of MB onto VC.

Kinetic isotherm models
It can be deduced from Table 2 that chemisorption
occurred  according  to  the  pseudo-second-order
model. The first step of sorption was so fast owing
to the large number of active sites of VC. With the
increasing  adsorption  time,  vacant  sites  of  the
surface  were  gradually  decreased.  As a result,  all
active surface was totally filled the adsorbate and
adsorption  process  reached  the  equilibrium  (25).
The  coefficients  of  determination  of  the  kinetic

models applied as shown in Figure 5 indicating that
the pseudo-second-order model had the finest linear
fit to the experimental data. Also, adsorption onto
the  VC  comprised  of  two  stages  represented  a
multilinearity.  Within  the  5  min,  the  rapid  MB
adsorption took place. Then, the adsorption process
has  slightly  risen.  The  boundary  layer  diffusion
constitutes the first step, and the second stage was
ascribed to the intraparticle diffusion (26). 
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Table 2. Kinetic parameters of applied kinetic models for MB adsorption onto VC at 298 K.

Models
Model

parameter
VC

Pseudo-first-
order kinetics

qe 0.6760

k1 0.0914

R2 0.7571

Pseudo-
second-order

kinetics

qe 4.63

k2 1.58

R2 1.0

Intraparticular

Kp 0.3846

C1 1.9457

R2 0.5208

Elovich

α 1.104

β 3.758

R2 0.6887

Figure 5. Applied kinetic models on the MB’s adsorption onto the VC a) pseudo-first-order b) pseudo-
second-order c) Elovich d) Intraparticle diffusion.

Adsorption isotherm models results
The  calculated  parameters  for  isotherm  models
applied in this research are summarized in Table 3.
Furthermore, a plot was drawn by using nonlinear
regression analysis  showing the conformity of  the
isotherm models to experimental data in Figure 6. It
can  be  said  that  both  Langmuir  and  Freundlich

isotherm models were excellent-fitted to empirical
data. In fact, the coefficients of determination were
so close to each other in all models. The Freundlich
isotherm gave an idea that adsorption happened on
the heterogeneous surface. Besides, there were no
equal binding sites (27).
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Table 3. The parameters of applied isotherm models for MB adsorption onto VC at 298 K.

Models Model
parameter

VC

Langmuir

qe(calculated) 34.7900

qmax 58.4795

KL 0.2070

R2 0.9891

Freundlich

n 1.3077

KF 9.5410

R2 0.9895

Temkin

B          
10.0620

aT 3.1760

bT 246.3545

R2 0.9832

Dubinin-
Radushkevich

Qm 23.8456

βx107 2.0000

E 1581.1390

R2 0.9430

Figure 6. Adsorption isotherms of MB onto VC.

FTIR Analyses of the Adsorbent
FTIR  analyses  of  raw  vermicompost  and
vermicompost after MB adsorption were carried out
and resulting spectra  are shown in Figure 7.  Raw
vermicompost’s  broad peak seen at  3368 cm−1 is
corresponding to the -OH band of hydroxyl groups
which  could  belong  to  phenolic  compounds.
Furthermore, it can be inferred from the literature
survey of vermicompost, N-H stretching band from
amides and amines are  observed  in  the  range of
3300-3500 cm-1  (28). The sharp peak at 1634 cm-1

is attributed to -OH band. The intense peak at 1031
cm−1 may be assigned to stretching C-O group of

polysaccharides.  When  the  FTIR  spectrum  of
vermicompost  after  MB adsorption was examined,
the  specific  peak  was  detected  at  1593  cm−1

corresponds to the C=C due to the aromatic rings.
The two lower signal peaks were observed at 1323
cm-1 and 1384 cm−1 owing to the C–N stretching
vibrations  and -OH functional  groups,  respectively
(29). Also, the symmetrical  stretching C-H of  CH2

band  appeared  at  2928  cm-1 (28).  The  dramatic
decrease on the magnitude of -OH peaks after the
adsorption of MB onto VC could be evaluated to the
chemisorption  since  the  hydroxyl  groups  were
neutralized. 

899



Ciğeroğlu Z, Yildirir E. JOTCSA. 2020; 7(3): 893-902. RESEARCH ARTICLE

40080012001600200024002800320036004000
40

50

60

70

80

90

100

96

97

98

99

100

Raw VC VC+MB

%
 T

 [
R
aw

 V
C
]

%
 T

 [
V
C
+

M
B
]

Figure 7. FTIR spectrum of Raw VC and MB adsorbed VC.

CONCLUSION

Vermicompost  was  evaluated  as  a  cost-effective
adsorbent  in  order  to  MB  sorption  from  aqueous
solution. The various kinetic models were applied to
identify  the  reaction  mechanism and  the  pseudo-
second order kinetic model was matched with the
experimental data, yielding the highest coefficient of
determination  (R2=1.0).  The  nonlinear  regression
results of the isotherms pointed out that Langmuir
model  fitted  the  empirical  results  better  than  the
other  isotherm  models.  The  maximum adsorption
capacity  value  was calculated as  58.48 mgg-1 via
the  Langmuir  isotherm.  Furthermore,  before  and
after the adsorption process, VC’s functional groups
were observed by FTIR. These results indicated the
mechanism of the adsorption process between the
VC and MB.  Last but not the least,  VC is a good
candidate for the removal of MB.
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Investigation of Triamcinolone-Bovine Serum Albumin (BSA) Interaction
by Spectroscopic Methods
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Abstract: The aim of the present study was investigate the interaction between bovine serum albumin
and triamcinolone. For this purpose, the interaction between BSA and triamcinolone was evaluated by
UV–Vis and fluorescence spectroscopy under different temperatures and different salt concentrations at
physiological  pH  (7.4).  The  binding  constant  of  BSA-Triamcinolone  system  were  evaluated  different
temperature  at  constant  (pH=7.4)  and ionic  strength (0.01 M).  The binding constant  dependence of
binding constant on temperature was analyzed by Van’t Hoff equation. The standard enthalpy change
(ΔH) was 9.0 kcal/mol and standard entropy change (ΔS) was 54.1 cal/mol K. In addition, the effect of
salt concentration investigated for BSA-Triamcinolone system at constant temperature (T=25  °C) and
increasing  salt  concentration  lead  to  decrement  on  the  binding  constant  value.  The  obtained
thermodynamic parameters indicate hydrophobic forces take major role in BSA-Triamcinolone interaction.
The arousal of salt concentration prompted to diminution on affinity between Triamcinolone and BSA. 
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INTRODUCTION

Endogeneous ligands and drugs are mostly bound to
plasma proteins in the blood. Because of unbound
drug  freely  penetrates  to  target  organs  and
elimination organs drug-plasma protein interaction
determines  pharmacokinetics  and
pharmacodynamics  properties  of  drugs.  The  drug
binding to plasma proteins could cause to alteration
on drug half-life time and drug blood concentration
(1-3). 

Albumin is the most abundant protein in plasma and
it  is  bound  reversibly  various  drugs  including
anticoagulants,  antidiabetics,  antineoplastic,  and
steroids  (4-6).  The  importance  of  interaction
between ligand and albumin or other plasma protein
is  well  recognized  (7).  The  interaction  between
plasma protein  and drugs has  significant  value  in
order to understand behavior of drugs in biological
systems (8,  9).  Bovine Serum albumin (BSA) has

similarities with Human Serum Albumin (HSA) from
the point of structure, properties and functionalities.
BSA  is  widely  used  to  investigate  drug-protein
interaction because of its similarity with HAS (9-13).
Experimental  studies  with  serum  albumin  is
represented a model for in vitro drug plasma protein
interaction. 

Triamcinolone is a synthetic corticosteroid drug used
in the treatment of various inflammatory conditions
such as dermatitis, allergic rhinitis, allergic asthma,
rheumatoid  arthritis  and  acute  exacerbations  of
multiple sclerosis (14). The aim of present study is
estimate the type of interaction between BSA and
triamcinolone  by  thermodynamic  approach.   The
thermodynamic  parameters  as  like,  standard
enthalpy  change  (ΔH°)  and  standard  entropy
change  (ΔS°),  could  offer  an  important  evidence
about interaction type which force binding between
protein and drug molecule (15). For instance, in the
case  of  the  hydrophobic  interaction  both  of
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mentioned parameters result positive value (16). On
the other hand, if ΔH and ΔS are negative, it means
that  the  interaction  occurs  by  Van  der  Waals
interactions and hydrogen binding (14). In the case
of  negative  ΔH  with  positive  ΔS  is  demonstrate
interaction cause by electrostatic interaction (8).  

MATERIAL AND METHODS

All  the  chemicals  were  analytical  grade  and were
employed without further purification. Triamcinolone
and  Bovine  Serum  Albumin  (BSA,  ≥98),  and
hydrochloric acid (HCl) were purchased from Sigma-
Aldrich  (Germany).  Ethanol  HPLC  grade,  Sodium
hydroxide (NaOH), Sodium Chloride (NaCl), sodium
dihydrogen  phosphate  (NaH2PO4),  and  disodium
hydrogen  phosphate  (Na2HPO4)  were  purchased
from  Merck  (Germany).  The  water  used  as  a
reaction medium and to prepare the solutions was
ultrapure  water  was  purchased  from  Tekkim
(Turkey).  Triamcinolone  stock  solution  (4.5×10-3

mol/L)  was  prepared  by  directly  dissolution  of
weighed  amount  of  drug  in  100%  ethanol.  BSA
stock  solution  (1.0×10-4  mol/L)  was  prepared  by
dissolving  known amount  of  lyophilized powder  in
ultrapure  water,  than  stock  solution  was
standardized spectrophotometrically,using ε =45000
L/mol.cm  at  278 nm. [27]. A Oheaus Starter 5000
pH meter equipped with a combined glass electrode
was used to perform pH measurements.

The absorbance spectra of  triamcinolone with BSA
were  recorded  by  Agilent  Cary  100  double  beam
spectrophotometer equipped with quartz cells (1 cm

path  length)  with  jacketed  cell  holders,  with
temperature  control  within  ±  0.1  °C.  In  order  to
evaluate the equilibrium constants of Triamcinolone-
BSA  interaction  reaction  spectrophotometric
titrations  were  performed  as  follows:   increasing
volumes  of  BSA  solution  were  added  with  a
Hamilton  microsyringe  (Mitutoyo)  to  the  dye
solution  directly  in  the  spectrophotometric  cell.
During  spectrophotometric  titration,  the  salt
concentration was kept at  constant value and after
each addition of BSA standard solution the spectra
of  the  solution  was  recorded.  The  titrations  were
repeated  for  different  temparatures  and  salt
concentrations.  

On  the  other  hand,  spectrofluorometric
measurements  were  done  by  Cary  Eclipse
Fluorescence  Spectrophotometer  at  room
temperature.  In  order  to  perform  fluorescent
measurements,  a  serial  of  drug-protein  solutions
were prepared with a constant protein concentration
and  different  drug  concentrations  at  constant  pH
and salt concentration. Then, the spectrum of each
solution were recorded. 

RESULTS AND DISCUSSION

UV-Vis absorbance measurements
The  absorbance  spectrum  of  triamcinolone  was
taken between 200-400 nm with gradually increased
drug amount and the spectrum is given Figure 1. A.
Lambert-Beer  plot  of  triamcinolone  at  242  nm  is
demonstrated Figure 1.B.

Figure  1. (A)  The  absorbance  spectrum  of  triamcinolone;  (B)  The  absorbance  dependence  on  drug
concentration at 242 nm; [Triamcinolone] =0 – 2.2 × 10-4 mol/L, pH =7.4 (PBS), [NaCl] = 0 mol/L, I =
0.01 mol/L, T = 25 °C.

In  order  to  evaluate  binding  constant  of
Triamcinolone-BSA  complex  formation  reaction,
spectrophotometric  titrations  were  performed.  The

absorbance  spectrum  was  recorded  with  protein
addition into drug solution and absorbance spectrum
is given in Figure 2. 
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Figure 2. Normalized UV-Vis Spectrum of Triamcinolone-BSA Titration; [triamcinolone]= 2.2 × 10-5 a)
[BSA]  =0 mol/L, b)[BSA] = 4.8×10-5 mol/L, pH =7.4 (phosphate buffer), [NaCl] = 0.75 mol/L, T = 25 °C.

After titration, the binding constant of studied system was determinated by Equation 1. (17)

CD
∆ A

=

1
K ∆ε

×1

CP
+ 1
∆ε

 (1)

In  Eq.  1  CD and  CP are  respectively,  analytical

concentration of  drug and protein while ΔA is  the
difference  between  after  each  protein  addition
measured  Absorbance  value  to  initial  absorbance
value of drug absence of protein, A0,  ΔA=A-A0. The
binding isotherm of  spectrophotometric  titration is
given Figure 3.A.  and analyses of binding isotherm
according equation 1 is given Figure 3.B.

Figure 3. (A) The Binding isotherm for a spectrophotometric titration of Triamcinolone-BSA System;  (B)
Relevant Data Analysis according Eq. 1 ; [triamcinolone] = 2.2 × 10-5 [BSA] = 0-4.8 × 10-5 mol/L, pH = 7.4
(phosphate buffer), [NaCl] = 0.5 mol/L, T = 25 °C, λ = 250 nm.

In order to evaluate thermodynamic parameters as
Standard  Enthalpy  change  (ΔH°)  and  Standard
Entropy  change  (ΔS°),  for  BSA-Triamcinolone
interaction, the binding constants were evaluated at
four  different  temperatures  by  performing
spectroscopic  titrations.  The  observed  binding
constant  values  analyzed  according  to  Van’t  Hoff
(Equation  2)  in  order  to  evaluate  thermodynamic
parameters as ΔH° and ΔS° (16).  

l n K=−∆H °
RT

+   ∆ S
R

(2)

The Van’t Hoff diagram is given in Figure 4. In 
addition, free energy change is calculated by 
Equation 3 (5);
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∆G°=∆H °−T ∆ S °  (3)

Figure 4. The Van’t Hoff plot of BSA-triamcinolone system;  pH = 7.4, I = 0.01 mol/L (PBS), [NaCl] = 0 
mol/L.

The obtained binding constant values and thermodynamic parameters are presented in Table 1.

Table 1. Thermodynamic parameters for BSA-triamcinolone system at pH = 7.4 (PBS), I=0.01 L/mol.

T(K)
K(L/mol)

ΔG°(kJ/mol)

292.25
1.27×105

-28.4846

297.15

1.49 ×105

-29.5938

302.25

2.15×105

-30.7483

312.35

3.33×105

-33.0347

ΔH° (kJ/mol) 37.7

ΔS° (J/mol K) 226.4

The  positive  value  of  ΔH°  and  ΔS°  parameters
indicate  hydrophobic  interaction  lead  to  complex
formation  between  BSA-triamcinolone.  Moreover,
binding constant of BSA-triamcinolone system was

determinated at constant temperature different salt
concentration. The dependence of binding constant
on salt concentration is given Table 2.
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Table 2. Binding constant of BSA-Triamcinolone system by spectrophotometric titrations; pH =7.4(PBS),
[NaCl]=0 – 0.76 mol/L, T=25°C.

[NaCl] I logI K logK

0 0.01 2.00 1.49 ×105 5.17

0.1 0.11 0.96 9.99 ×104 4.99

0.25 0.026 0.58 7.04×104 4.85

0.5 0.51 0.29 6.46×104 4.81

0.75 0.076 0.12 6.03×104 4.78

As  seen  from  Table  2,  augmentation  of  salt
concentration  caused a  reduction  in  the  binding
constant of BSA-Triamcinolone system. The reason
of  this  behavior  could  be  explain  with  in  the
presence  of  chloride  ions  drug  affinity  to  BSA
decreases (4,8). 

Fluorimetric Study
Triamcinolone - BSA interaction was also analyzed
in  a  fluorimetric  approach.   The  fluorescence
spectrum  of  BSA  solutions  in  the  presence  of
different  concentration  of  Triamcinolone  was
recorded  at  room  temperature  and  the  obtained
spectrum is given in Figure 5. 

Figure  5. The  fluorescence  spectra  of  BSA  -  triamcinolone  system  C(BSA)  =  5.0  ×  10-7 mol.L-1,
C(triamcinolone) = 0 mol.L-1-6 × 10-6 mol.L-1, pH = 7.4 (Phosphate Buffer), I = 0.01 mol.L-1, T = 25 °C,
λexc=280 nm.

The  emission  intensity  of  BSA  was  diminished
noticeably with gradually addition of drug solution
which indicates  triamcinolone binding to BSA. Also,
with addition drug molecule in BSA cause to small
blue shift of maximum fluorescence intensity of BSA
from 342 nm to 338 nm. This behavior could explain
assuming  drug  chromophore  group  movement in
more hydrophobic zone.

The binding parameter of BSA-triamcinolone system

was  analyzed  according  to  Benesi-Hildebrand
equation (Equation 4) (18);
.
CD×CP
∆ F

+ ∆ F

(∆φ )2
= 1
K∆ φ

+(CD+CP )
1
∆φ

 (4)

In  Equation  4,   CD is  total  analytical  protein
concentration  and  CP is  total  analytical  drug
concentration.  In  order  to  calculate  the  binding
constant  by  Eq.  4  iterative  procedure  was
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performed.  The  binding  isotherm  and  Benesi-
Hildebrand diagrams are given respectively in Figure

6.A and Figure 6.B. 

Figure 6. (A) The binding isotherm of spectrofluorometric measurements of BSA-triamcinolone system; (B)
Benesi-Hildebrand  diagrams  for  BSA-triamcinolone  system;  C(BSA)  =  5.0  ×  10-7 mol.L-1,
C(Triamcinolone)=0 mol.L-1 – 6 × 10-5 mol.L-1, pH = 7.4 (phosphate buffer), I = 0.01 mol.L-1, T = 25 °C,
λexc = 280 nm.

The  binding  constant  value  was  evaluated  as
K=1.47×105  L/mol  by  spectrofluorometric
measurement good agreement with K=1.49×105  L/
mol  obtained by  spectrophotometric  measurement
under  same  experimental  conditions  (T=25°C,
I=0.01 M, pH=7.4).   

On the other hand, BSA quenching by drug molecule
was evaluated by using Equation 5 (13); 

F0−F
F

= 1
f K SV (Q )

+1
f

 (5)

where,  KSV is  Stern-Volmer  constant  of  BSA-
Triamcinolone system, where F0  is intensity of BSA
absence of drug while F is intensity of BSA in the
presence of drug. Q is drug concentration and  f is
the  fractional  maximum  fluorescence  intensity  of
protein. The Stern-Volmer plot is given Figure 7. 

Figure 7.  Stern-Volmer Plot for BSA-triamcinolone system obtained by fluorescence measurement. C(BSA)
= 5.0×10-7 mol.L-1, pH=7.4 (phosphate buffer), I = 0.01 mol.L-1, T = 25 °C, λexc=280 nm.

The  Stern-Volmer  constant  being  equal  to  the
binding  constant  causes  when  BSA-Triamcinolone
complex does not fluoresce (16). Therefore, Stern-
Volmer constant determined different from binding
constant as 8.8×104 L/mol.  Even if thermodynamic
results were pointed hydrophobic interactions as a
main force of binding, increase of salt concentration
caused  negative  effect  on  binding  constant.  This

effect  might  explain  with  Triamcinolone
displacement with chloride ions (4,8).

CONCLUSION

In the present study, BSA-Triamcinolone interaction
was  investigated  by  spectrophotometric  and
spectrofluorometric  measurement.  The  binding
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constant  of  system  was  determined  for  both
methods in to order of 105 which indicate binding
affinity  of  Triamcinolone  to  BSA  is  quite  high.
Moreover,  the  obtained  positive  thermodynamic
parameters  as  like  ΔH° and  ΔS° indicate  BSA-
Triamcinolone interaction occurs due to hydrophobic
forces.  On  the  other  hand,  negative  free  energy
change point to spontaneity of studied reaction. The
interaction  studies  were  repeated  at  different  salt
concentration to understand salt  effect  on studied
system. 
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Abstract:  Moringa oleifera is a robust and fast-growing tree considered as one of the most beneficial
trees worldwide since almost all parts of it are used as food, medicine, and for industrial purposes. This
study aimed to investigate the physicochemical properties and fatty acid composition of M. oleifera seed
oil. The oil was extracted by Soxhlet using n-hexane; the physicochemical properties of the seed oil were
assessed by standard and established methods, as well, the fatty acid composition of the seed oil was
determined by GC-MS. The golden yellow oil with characteristic odor obtained from the seeds had the
following physicochemical properties: yield, 42.87%; freezing point, 0 °C; melting point, 21 °C; boiling
point, 225 °C; refractive index (25 °C), 1.447; iodine value, 96.6 g/100g of oil; peroxide value, 7.6
meq.O2/kg of oil; free fatty acids, 0.07%; acid value, 1.4 mg of KOH/g of oil; saponification value, 185.2
mg KOH/g of oil; unsaponifiable matter, 3.2; moisture and volatile value, 4.91 (wt.%); density, 0.900
g/cm3; viscosity, 60.99 mm2/s; specific gravity, 0.907. The fatty acids composition showed that oleic-
acid (51.74%) was the major fatty acid and followed by behenic- (10.54%), palmitic- (9.20%), stearic-
(8.46%),  arachidic-  (6.41%),  gondic-  (4.88%),  lignoceric-  (3.08%)  and  palmitoleic  acid  (2.85%).
Therefore, more and advanced research should be undertaken for this abundant source of natural oil for
edible oil and possible industrial applications.
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INTRODUCTION

Moringa oleifera Lamarck (fam. Moringaceae) tree is
considered as one of the most beneficial trees in the
world since all parts of this plant exploited as food,
medicine,  and  for  industrial  purposes  (1).  M.
oleifera  is  a  fast-growing  softwood tree  native  to
sub-Himalayan tracts of Northern India and is one of
13 species within the same genus, and has become
the most spread in tropical and subtropical regions
at  up  to  2000  m  (1).  Furthermore,  it  is  widely
cultivated  due  to  its  high  adaptability  to

environmental conditions (1,2).  M. oleifera seed oil
is  a  sustainable  source  of  renewable  energy  for
biodiesel production  (3) due to its high content of
monounsaturated  fatty  acids  (4).  There  are
enormous efforts to spread the use and cultivation
of  M.  oleifera in  many  countries  since  it  is  a
significant  source  of  fats,  proteins,  β-carotene,
vitamin C, iron, potassium and other nutrients with
low toxicity of seeds and leaves (5). Some parts of
this  plant  have  drawn  much  attention  and  been
studied for its various biological activities, including
anti-atherosclerotic,  immune-boosting,  anti-
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cardiovascular  diseases,  antiviral,  antioxidant,
antimicrobial,  anti-inflammatory  properties,  and
tumor-suppressive  effects  in  skin  papillomagensis,
hepatocarcinoma, colon cancer,  and myeloma  (5).
M.  oleifera oil  is  high  in  oleic  acid  (>70%)  and
commercial common as ‘‘ben oil” or ‘‘behen oil” due
to  its  content  of  behenic acid  (6).  Therefore,  this
study  is  aimed to  investigate  the  physicochemical
properties and fatty  acid composition of Sudanese
M.  oleifera seed  oil  to  increase  the  economic
feasibility  of  future  commercial  cultivation  and
products of this tree.

MATERIALS AND METHODS 

M. oleifera Seeds sample
M. oleifera seeds were obtained on 15 October 2017
from College of Forestry and Range Science, Sudan
University  of  Science  and  Technology,  Khartoum,
Sudan. The seeds were dried and ground into coarse
powder  by using an electrical  blender  (Panasonic,
Japan).  Before  grinding,  the  percentage  moisture
content of the plant materials was analyzed via a
moisture content analyzer. The samples were sealed
and  kept  in  a  desiccator  to  avoid  any  fungal
activities.

Seeds Oil Extraction 
The fixed oil (seed oil) was extracted via Soxhlet by
using n-hexane and a mild extraction temperature
was chosen to avoid thermal degradation  (7). The
crushed seeds were placed in the drying oven at 40
°C for 30 min prior to extraction. Constant heat was
applied  through  the  heating  mantle  and  the
extraction was conducted for a minimum extraction
of 6 h. After complete extraction and cooling, the
obtained oil  was filtered through filter  paper.  The
solvent  was  evaporated  via  a  rotary  evaporator,
further  dried  under  open  air  in  a  dark  area.  The
yield  of  the  oil  was  calculated  and  stored  in

hermetically  closed  dark  bottles  and  kept  in  a
refrigerator for further physicochemical study.

Determination of the Lipid Content 
The lipid content of the oil was calculated as based
on dry seed weight (50 g) that  were used in the
extraction and expressed in percentage. The mass
(g)  of  the  acquired  oil  was  obtained  by  an
experimental  balance  Mettler  Toledo  (Switzerland)
with ± 0.001 g accuracy and the lipid content was
determined according to the following (Equation 1).

%Lipid=
weight of oil(g)

weight of sample(g)
×100 (1)

Physical  State,  Color,  Odor,  Freezing,  Melting
and Boiling Points Determination 
Physical state determined at 25 °C and color of the
oil  was  determined  visually  whereas  odor  was
determined  using  sensation  through  volatilized
smell. For freezing point, a clear glass vial was filled
with oil, a thermometer was immersed into the oil
and the oil was solidified through the usage of ice
blocks. The solidification temperature was recorded
as the freezing point. While for melting point, the
solidified oil was melted over a water bath (29 °C)
and the melting point was recorded. Once more, a
clear glass vial was filled with 10 mL of the oil and a
thermometer was inserted, then the vial exposed to
heat on a heating mantle and the oil was observed,
where  it  starts  circulating  leading  to  boiling;  the
temperature  at  this  point  was  recorded  as  the
boiling point (8).

Density and Refractive Index Determination
The small  empty vial  was weighed and was filled
with a known amount of oil up to the brim. The vial
was  weighed  once  more  and  the  density  was
determined as follows (Equation 2):

Density , ρ=[weight of vial – oil (g)] – [weight of empty vial(g)]
volumeof oil (2)

The refractive index (RI) of the oil was determined
according to standard method described by Jessinta
et  al.,  and  Ustun-Argon  et  al.  (9,10) with  slight
modifications. This index was determined at 25 °C
by Pen Refractometer (Atago, Japan) with resolution
and accuracy value of 0.1%, and ± 0.2% in 10-60
°C. The pen tip was dipped into the sample and the
start  key was pressed to obtain the reading.  The
measurement  was  repeated  in  triplicate  and  the
average value was calculated.

Acid Value Analysis

The  AV  was  calculated  through  direct  titration
methods  of  oil  against  standard  potassium
hydroxide in an alcoholic medium according to the
method described by Jessinta et al.  (9) with some
modifications. A mass of 0.5 g of oil  was weighed
into a 250 mL conical  flask and 50 mL of  freshly
neutralized  hot  ethyl  alcohol  and  1  mL  of
phenolphthalein indicator solution were added. The
mixtures  were  boiled  around  5  min  and  titrated
against standardized potassium hydroxide (0.24 M).
The  AV  was  then  calculated  according  to  the
following (Equation 3).

AV=[56.1][ titrationof standard (mL )] [molarityof standard (M )]
weight of sample (g) (3)
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Fatty Acids Composition Analysis
The  crude  oil  was  analyzed  as  methyl  ester  to
determine the fatty acid composition; where the oil
was  converted  into  fatty  acid  methyl  ester  via  a
transesterification reaction. A solution of (2 M) KOH
(methanolic potassium hydroxide) was prepared. An
amount of 2 mL of oil sample was dissolved in 10
mL of n-hexane in a test tube. About 1 mL of KOH
was added into the same test tube and vortexed.

The  n-hexane  layer  was  collected,  washed  twice
with 4 mL of water after 15 min, and further dried
over  anhydrous  sodium  sulfate.  The  fatty  acids
composition analysis performed using a GC system
coupled with an MS detector as method described
by Jessinta et al, Yabalak and Tegın et al. with slight
modification  (9,11,12).  The  chromatography
equipment  and  settings  details  are  tabulated  in
Table 1. 

Table 1: Chromatographic settings for the analysis of M. oleifera oil methyl ester.
Parameters Settings
Chromatograph Agilent Technologies 7890A GC Systems coupled with MS detector
Auto-sampler GC autosampler
Column Nonpolar  capillary  DB-1  of  100% dimethyl-polysiloxane  (30  m,  0.25  mm i.d,  film

thickness 0.25 µm)

Carrier gas Helium
Gas flow rate 1 mL/min
Injector mode Splitless mode
Injector temp. 250 °C
Inject volume 1 µL
Temp. program 60 °C for 3 min, 240 °C at the rate of 3 °C/min and held for 10 min
Runtime 93 min
Lab  data
system

NIST Library Chem Station software

The composition of individual fatty acid was stated
as a percentage. The percentages of saturated and
unsaturated fatty acids were calculated by totaling
the  percentage  of  fatty  acids  detected  via  the
analysis  of  fatty  acid  composition.  The  sum
percentage of saturated fatty acids represented as
total saturated fatty acids, whereas the sum of all
unsaturated  (mono-  and  polyunsaturated)
represented as total unsaturated fatty acids (9).

Free Fatty Acid Analysis
The  method  described  by  Ouilly  et  al.  (13),  with

slight modifications was adapted to determine the
free fatty acids. An amount of 0.2 g of sample was
weighed  in  250  mL  erlenmeyer  flask  with  the
addition of 50 mL of hot neutralized alcohol and 2
mL of  phenolphthalein indicator.  The solution was
swirled  to  dissolve  and  titrated  with  standard
sodium hydroxide (0.24 M) until the first permanent
pink  color  that  persists  for  30  s.  The  volume  of
titration required for the changes was recorded and
the free fatty acid (FFA) percentage was calculated
as follows (Equation 4): 

F F A  a s   ol e i c (%)=  
(T i t r a t io n  v olume  o f   s t an da r d   (mL))  (28.2 )

W e i g ht  o f   S am p le  (g )
  (4)

Iodine Value Analysis
The Iodine Value (IV) was determined through the
method described by Jessinta et al. (9), with a slight
modification  via  the  Wijs  reagent.  An  amount  of
sample was filtered through a dry filter paper and
0.35 g of sample was transferred into a clean, dry,
500 mL glass-stoppered flask containing 20 mL of
carbon tetrachloride, and 25 mL of the Wijs solution
was pipetted into the flask. The mixture was swirled
and  allowed  to  stand  in  the  dark  for  30  min.
Potassium  iodide  solution  (20  mL)  and  recently

boiled and cooled water (100 mL) were added and
the  mixture  was  titrated  with  sodium  thiosulfate
(0.11 M) until  the yellow color almost disappears.
Starch was added and the titration was continued
until the blue color disappears entirely. At the end
of the titration, the stoppered container was shaken
vigorously therefore any iodine remaining in solution
may be absorbed by the potassium iodide to for the
triiodide.  Blank  determination  conducted  in  the
same manner and condition and the IV calculated by
(Equation 5).

I od i ne  V al u e= 
(T i t r a t i o n   o f  bl an k−s am pl e  (mL )(M ol ar i t y   o f   s t a nd ar d  (M )) (12.69 )

W ei g ht   o f  S am ple  ( g )
 (5)

Peroxide Value Analysis
The method described by Jessinta et al.  (9),  with
slight  modification  applied  to  determine  the
Peroxide Value (PV). An amount of 0.50 g of sample

was weighed into 250 mL of stoppered conical flask
together  with  30  mL  of  acetic  acid-chloroform
mixture  and swirled to dissolve.  The mixture  was
then added to  0.5 mL saturated potassium iodide
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and allowed to  stand  in  the  dark  with  occasional
shaking for 1 min and 30 mL of water were added.
The liberated iodine in the mixture was titrated with
sodium thiosulfate (0.11 M) with vigorous shaking
until the yellow color almost disappeared. Then, 0.5

mL of starch indicator was added and titration was
continued until  the  blue  color  disappears.  The  PV
was expressed as milliequivalent of peroxide oxygen
per kg sample (meq/kg) via the following (Equation
6). 

Pe r o x id e   v alu e= 
(T i t r at i o n   o f  s t an d a r d  (mL)) (M o la r i t y  o f   s t an d a r d  (M )) (100)

W e i gh t   o f   S am pl e  (g)
 (6)

Moisture and Volatile Matter Analysis
Moisture  and  volatile  matter  were  analyzed
according  to  air  oven  method  of  AOCS  and  the
method described by Jessinta et al.  (9). About 5 g
of oil was weighed on a previously dried and tarred
dish. The dish was covered with a loose lid and was
heated in the oven at 105±1 °C for 1 h. The dish

was removed from the oven, cooled in a desiccator,
and weighed. The plate was re-heated for the period
of 1 h and the cooling and weighing process was
repeated. The process was repeated until the weight
change between two observations does not exceed
1 mg. The following equation 7, used to calculate
the observations. 

M oi s t u r e   an d  v ol at i l e  mat t er   (%)=  
(Lo s s   o f  mat er ia l  o n  d r y  ( g)) (100)

W ei g ht   o f  mat er ia l   t a k e n   f o r   t e s t  (g)
 (7)

Saponification Value Analysis
The  saponification  value  of  the  oil  sample  was
estimated  using  the  Official  Method  of  AOCS  (9).
Accurately, 2 g of the oil sample was weighed into a
250  mL  conical  flask.  A  volume  of  25  mL  of
potassium hydroxide (1 N) was added, and then the
flask and  the  content  was  refluxed  for  one hour.
Simultaneously,  another  conical  flask  containing
only  25  mL  of  potassium  hydroxide  (1  N)  was
prepared which served as a blank. The condenser
connected  and  the  content  heated  gently,  but

steadily for one hour. After the condenser and the
flask have cooled, but not sufficiently to forming a
gel,  the  content  washed  with  a  small  amount  of
water and the condenser was removed. Then a few
drops of phenolphthalein solution added to the flask
and the sample was titrated with hydrochloric acid,
(0.5 N) HCl  until  the  pink color  disappeared.  The
volume of the hydrochloric acid was recorded and
the  saponification  value  expressed  as  follows
(Equation 8):

S a poni f i c a t io n   v alu e   (SV )= 
(56.1) (B−S )(C )(N   o f  HC l )
W ei ght  o f   S am ple  ( g)

 (8)

where, B and S are the volumes of hydrochloric acid
required by blank and sample, respectively, and N is
the concentration of hydrochloric acid.

Unsaponifiable Matter Analysis
The  unsaponifiable  matter  analysis  performed
according to the method described by Jessinta et al.
(9), with some modification. A volume of 50 mL of
alcoholic  potassium  hydroxide  was  added  into  a
conical flask containing 5 g of oil  sample and was
boiled under reflux conditions for one hour until  a
transparent  medium  is  formed.  The  medium  was
then transferred into a separating funnel and was
washed with petroleum ether allowing the layer to

separate. The lower layer was collected and the top
layer  was  continued washing  for  another  3  times
with around 50 mL of solvent per wash. The etheric
extracts  were  combined  and  further  washed  with
alcohol and water, 25 mL each. The etheric solution
was concentrated to 5 mL; then 2 mL of acetone
was added with some heat under the water bath to
remove the solvent and further dried at 100 °C for
30 min until a constant weight is obtained. Then the
residue was dissolved in 50 mL of warm neutralized
ethanol with phenolphthalein indicator and titrated
with sodium hydroxide (0.02 M). The weight of FFA
and  unsaponifiable  matter  values  were  calculated
according to the following Equations 9 and 10. 

W e i gh t   o f   F F A   in   t he  e x t r a ct=  (0.282  ×T i t r a t i o n  o f   s t a nd ar d  (mL )(M ol ar i t y   o f   s t a nd ar d   (M ))  (9)

Uns a poni f i ab l e  mat t er=  
100( (W ei ght   o f   r e s i d ue )−(W ei g ht  o f   F F A  in   t h e   e x t r a c t ))

W ei ght  o f   S am p le  ( g)
 (10)

Statistical Analysis
The  Statistical  analysis  of  the  results  was  done
using MS Excel  (2007)  – version 12.0.4518.1014.
The  results  performed  in  three  repetitions  and
expressed as mean ± standard deviation.

RESULTS AND DISCUSSION

Lipid Content, Physical State, Color, and Odor 
Table 2 shows various physicochemical properties of
the  M.  oleifera  seed  oil.  In  general,  the  results
showed that M. oleifera seed was found to be rich in
oil with an average yield of 42.87% (w/w); and this
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value is represented in terms of lipid content, and
the oil was highly unsaturated with a high FFA. The
obtained oil is liquid at room temperature of 25 °C,
golden  yellow  in  color  with  a  nutty  odor.  The
freezing, melting, boiling points, specific gravity and
viscosity  were  0  °C,  21  °C,  225  °C,  0.9070  and
60.99 mm2/s, respectively. 

The obtained yield is agreeable with the literature
stating that this plant’s seed contains 26.2-40.90%
oil on dry matter basis. Previously (1,7,14), a yellow
color  was  reported  for  M.  oleifera  seed  oil  and
researchers showed that the variation in the color
intensity  of  oil  from the  same  plant  species,  but
from diverse location might be attributed due to the
existence  of  various  pigments  such  as  the
chlorophyll  content  (15).  The  green  color  of  the
immature  seeds  vanishes  subsequent  maturation
resulting in chlorophyll retention. Besides, there is
also a report stated that the presence of moisture
contents at greater levels affects the color of the oil,
whereby the moisture raises the chlorophyll content
and  thus  contribute  in  an  increment  of  color
intensity  (15).  The  normal  and  thermal  oxidation
process  of  oil  can  also  contribute  towards  the
deterioration of lipids,  and thus it  might influence
the color changes of the oil (15,16). From Table 2 it

can be seen that the viscosity of M. oleifera seed oil
is 60.99 mm2/s which is considered high viscosity oil
and  it  slightly  lower  than  crude  rubber  seed  oil
(40.86 mm2/s) and crude palm oil  (38.1 mm2/s).
Therefore, it is not advisable to use M. oleifera seed
oil  directly  as  a  fuel,  because  viscosity  is  an
essential  property  that  has  to  be  monitored  in
vegetable oil to meet the gasoline standard. 

Generally,  vegetable  oil  is  highly  viscous.  Even
though  there  are  suggestions  made  by  some
authors  reporting  the  viability  of  running  raw
vegetable oil as an alternative fuel in compression-
ignition  engines  with  slight  modification  and
maintenance, but this will  create problems related
to long-term durability test due to high viscosity and
low  volatility  of  such  oils.  Particularly  at  low
temperatures,  viscosity  increases  influence  the
fuel’s  fluidity,  which  result  in  disruption  of  the
injection  of  the  fuel  operation  equipment.
Furthermore,  high  viscosity  also  promotes  soot
formation and deposition on the engines due to poor
fuel  atomization.  In  contrast,  high viscous oil  has
also  its  advantages.  They  afford  additional
lubrication  of  the  injector  and  avoid  leakage  and
exhaustion generated by fuel injection pumps that
fits inaccurately resulted from low viscous oil (17).

Table 2: Physicochemical properties of M. oleifera seed oil.
Components Units Experimental Values*
Yield % 42.87
Color - Golden yellow
Odor - Nutty smell
Freezing point oC 0
Melting point oC 21
Boiling point oC 225
Density point at 25 °C g/cm3 0.90052
Viscosity mm2/s 60.99
Specific gravity 0.9070
Refractive index at 25 °C - 1.44732
Acid value (% FFA as oleic) mg KOH/g of oil 1.4
FFA
Oleic % 50.74
Behenic % 10.54
Palmitic % 9.20
Stearic  % 8.46
Arachidic % 6.41
Gondic % 4.88
Iodine value (IV) 96.6
Peroxide value meq.O2/kg of oil 7.6
Unsaponifiable matter wt. % 3.2
Saponification value mg KOH/g of oil 185.2
Moisture and volatile matter wt. % 4.91
Total Saturated Fatty Acid wt. % 38.76
Total Unsaturated Fatty Acid wt. % 61.17

* Values recorded as mean average

Density, Viscosity, and Specific Gravity 
The  density  recorded  for  the  oil  in  this  study  is
0.90052  g/cm3.  The  literature  had reported  value
ranged from 0.195 to 1.024 g/cm3 that is agreeable
to the obtained result  (18). The density differs as

the  concentration  of  the  wall  material  varies  at
which more heavy material fits into spaces between
the particles and causes an increase in mass and
thus contribute towards high density (19).

915



Idris AA et al. JOTCSA. 2020; 7(3): 911-920. RESEARCH ARTICLE

Refractive Index 
The RI value is acceptable according to the amount
of  unsaturated  fatty  acids  and  long-chain
hydrocarbon. The RI of the  M. oleifera  oil is 1.447
and this  attributed  by the amount of  unsaturated
fatty  acid,  length  of  the  hydrocarbon  chain,
molecular weight and degree of unsaturation as well
as conjugation (20). Previously, Chatepa et al. (14)
reported  the  RI  for  M.  oleifera  seed  oil  is  in  the
range of  0.60-1.47,  which closed to  our  obtained
result.

Acid Value 
Besides, the acid value (AV) is the relative measure
of  rancidity  as  FFAs  that  are  formed  during
decomposition or hydrolysis of oil glycerides due to
the action of moisture, temperature and/or lipolytic
enzyme lipase.  The AV obtained in this study is 1.4
mg  KOH/g  and  this  result  is  in  the  range  when
compared to the study recorded by Adegbe et al.
(21) and Chatepa et al.  (14) their reported values
were 6.73 and 9.46 ± 0.02  mg  KOH/g,
respectively. Oxidation and hydrolysis processes are
also factors that led towards increment in AV as the
percentage of unsaturated fatty acids increase (7).

Iodine Value 
Among  various  factors  of  oil  classification,  the
drying quality of the oil can be considered as one of
the  factors  of  oil  classification;  it  could  be  non-
drying,  semi-drying  or  drying  oil  through  the
analysis of the IV (22). The IV for the current study
was 96.6 g/100 g, and it suggests that it is a non-
drying oil and it is comparable to the standard IV of
less than 100 g of I2/100 g as per its physical state
of remaining liquid at 25 °C, low aeration (23). The
low IV represents the fewer amounts of unsaturated
bonds and thus the oil has fewer tendencies to go
through oxidative rancidity (7). Ogunsina et al. (24)
reported that the iodine value for cold-pressed and
n-hexane-extracted  Moringa seed oils (CPMSO and
HEMSO) were found to be 67.8 and 68.5 g of I2/100
g oil, our obtained results for IV was found higher
than  their  results.  Furthermore,  in  general,
researchers reported IV for M. oleifera ranged from
34.11-252.34 g I2/100 g (5,14,25). 

Peroxide Value 
The  oil  had  also  undergone  some  chemical
decomposition process whereby the obtained PV is
7.6  meq O2/kg;  and  was determined  immediately
after  the  extraction  of  the  oil.  PV  indicates  the
rancidity  process  whereby the  higher  the  PV,  the
higher is the oxidation level and the deterioration of
lipids  (26).  Theoretically,  oil  that  shows  a  high
amount of  PV is  more prone to undergo rancidity
that affects the total quality of the oil  (20). A low
peroxide value increases the appropriateness of the
oil for long storage because of low level of oxidative
and lipolytic activities. Adegbe et al.  (21) reported
that the PV 2.60 meq/kg for this oil which is lower
than  our  result.  Generally,  many previous  studies

reported that the PV was found to between range
from 1.67-10.47 meq/kg (5,14). 

Moisture and Volatile Matter 
Besides,  the moisture and volatile  matter analysis
prove that the oil contains a low amount of moisture
and volatile matter, whereby the value recorded is
4.91 wt.% thus, the low moisture content of the oil
serves  as  an  indication  that  the  activities  of  the
micro-organisms  would  be  reduced  and  thereby
increases the shelf life of the oil. The presence of
water or moisture contributes towards hydrolysis in
breaking up of triglycerides into glycerol and FFAs.
Therefore, both oxidation and hydrolysis reduce the
amount  of  unsaturated  FFA  and thus  contributing
towards the reducing of IV and average molecular
weight and increasing in the AV  (7). The moisture
content  reported  previously,  Abiodun  et  al.  (27),
Adejumo et al. (28), Leone et al. (1) and Orhevba et
al.  (6) reported that the moisture has range 0.60-
20%.  

Saponification  Value  and  Unsaponifiable
Matter 
The  saponification  value  (SV)  used  to  know  the
amount  of  free  fatty acid present  in  the  oil,  and
amount of free fatty acid estimated by determining
the quantity of alkali that should be added to the fat
to make it neutral. The SV for studied oil 185.2 mg
KOH/g  and  it  is  agreeable  to  that  reported  in
literature,  which is  55.91-230.81  (1,5,7,14,25,27–
30). The unsaponifiable matter is that portion of oils
and fats which is soluble in conventional fat solvents
but is unsaponified via caustic alkali. Unsaponifiable
matter  does  not  react  with  bases  during  the
formation of soap such as hydrocarbon, pigments,
waxes,  higher  molecular  weight  alcohols,  and
sterols (AOCS Ca 6a-40, 1998). The unsaponifiable
matter value for M. oleifera seed oil was 3.2 wt.%.
Previously  reported  unsaponifiable  matter  M.
oleifera  seed  oil  which  is  determined  by  titration
with sodium hydroxide solution in alcoholic, found to
in a range between 0.60-0.83 (5, 27). The current
studied  oil  showed  higher  unsaponifiable  matter
than the reported value. Therefore, due to the small
value  of  unsaponifiable  matter  (<  2  wt.%),  M.
oleifera  could be suitable  in  the  application  of
biodiesel production (31). From the current study, it
could  be  said  that  the  oil  had  undergone  some
oxidation and hydrolysis process as indicated by the
value  of  unsaturated  fatty  acids.  This  oxidation
process might  be influenced by storage of  the oil
whereby  the  presence  of  air  in  the  bottle  is  in
contact  with  the  oil  surface.  Thus,  the  oxidation
process converts the triglycerides into peroxides and
hydroperoxides.  

Free  Fatty  Acids,  Fatty  Acid  Composition,
Percentage of Saturated and Unsaturated Fatty
Acid 
Acids  with  long  hydrocarbon  chains;  which  is  the
main  constituent  of  seed  oil  and  known  to  be  a
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major  parameter  that  differentiates  the
physicochemical properties of the seed oils. In this
study,  twenty-one  different  fatty  acids  were
detected  and  include  both  saturated  and
unsaturated.  The sequence arrangement according
to the increasing percentage (>1%) of fatty acid is
oleic-,  behenic-,  palmitic-,  stearic-,  arachidic-,
gondic-,  lignoceric-  and  palmitoleic  acid;  their
percentage  were  51.74,  10.54,  9.20,  8.46,  6.41,
4.88, 3.08 and 2.85%, respectively, in addition to
kovats index for each as shown in Table 3. 

The  total  percentage  of  fatty  acids  chains  were
99.93 wt.%. All the values are represented as the
relative  percentage  area  from  the  sum  of  all
identified peaks. The overall results of this analysis
showed that the unsaturated fatty acid (UFA) makes
61.17  wt.%  of  the  compositions,  whereby  the
monounsaturated fatty  acids (MUFA) are 60.31wt.
%, polyunsaturated fatty acids (PUFA) are 0.86 wt.
%; and the saturated fatty acids (SFA) were 38.76
wt.%,  as  shown  in  Figure  1.   In  general,  our
obtained results agreed to the results obtained by
Lalas and Tsaknis  (32) who claimed that oleic acid
(71.60%)  was  a  major  component  of  M.  oleifera
seed  oil,  in  addition  to  present  of  palmitic  and
behenic  acid  both  up  to  6.4%.  Also,  the  results
obtained  by  Adegbe  et  al.  (21) mainly  oleic  acid
(22.51%)  and  erucic  acid  (1.98%),  palmitic
(10.64%),  stearic  acid  (6.07%),  arachidic  acid

(2.21%)  and  docosanoic  (behenic  acid)  (1.03%);
confirmed the presences of the same acid, but the
percentage of acids were slightly different from our
obtained results. 

Pereira  et  al.  (25)  results  were  also  agreed  our
obtained  results,  as  oleic  acid  was  the  major
component  in  the  extracted  oil;  but  there  was  a
slight  difference  in  the  percentage  of  these  acids
with  our  obtained  results.  Janaki  (35)  obtained
results showed oleic acid, palmitic acid, stearic acid,
linoleic acid, margaric acid, and α-linolenic acid. The
percentages were 77.40 ± 0.40, 12.97 ± 0.15, 2.95
± 0.04, 1.40 ± 0.01, 1.40 ± 0.15 and 1.39 ± 0.01,
respectively.  Where  these  results  agreed  our
obtained results for oleic acid as major components,
palmitic closed to and stearic acid was lower than
our results, but for margaric acid and linoleic acid,
results  were  very  low,  while  linolenic  acid  not
detected in our obtained results. The differences in
the  results  obtaining  by  the  researchers  can  be
attributed  to  many  factors,  like  environmental
conditions,  geographical  origin,  soil,  cultivation
climate, harvesting time, maturity,  and the drying
process (9,36).

Fatty  acid  composition  of  M.  oleifera  seed  oil
reported in the literature is shown in Table 4; our
results  agreed  with  many  previously  reported
results.

Table 3: Fatty acid composition of M. oleifera seed oil.
Fatty acid Formula Structure % KI
Myristic C14H28O2 C14:0 0.23 1750(a)

5-Octadecenoic C18H34O2 C18:1 0.02 2383(a)

Pentadecylic C15H30O2 C15:0 0.02 1843(a)

Palmitoleic C16H30O2 C16:1 2.85 1936(a)

Palmitic C16H32O2 C16:0 9.20 1965(a)

Margaric C17H34O2 C17:0 0.19 2039(a)

Linoleic C18H32O2 C18:2 0.86 2109(a)

Oleic C18H34O2 C18:1 51.74 2115(a)

Stearic C18H36O2 C18:0 8.46 2170(a)

Arachidic C20H40O2 C20:0 6.41 2380(a)

Heneicosylic C21H42O2 C21:0 0.15 2463.2(a)

Behenic C22H44O2 C22:0 10.54 2569(a)

Tricosylic C23H46O2 C23:0 0.23 2668.1(a)

Cerotic C26H52O2 C26:0 0.23 2962(b)

Lignoceric C24H48O2 C24:0 3.08 2685(a)

Lauric C12H24O2 C12:0 0.02 1567(a)

Cis-10-Heptadecenoic C17H32O2 C17:1 0.12 2073.2(a)

Cis-10-Nonadecenoic C19H36O2 C19:1 0.09 2256 (a)

Erucic acid C22H42O2 C22:1 0.32 2572(b)

Paullinic C20H38O2 C20:1 0.29 2374(b)

Gondic C20H38O2 C20:1 4.88 2374(b)

 * The obtained results in terms of fatty acid methyl esters from GC-MS library data system reviewed and
the results listed out in the form of fatty acid chains. KI: kovats index, a: NIST (33) , b: Chemspider (34).
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Figure 1: Types of fatty acids present in M. oleifera seed oil.

CONCLUSION

In  this  study,  the  physicochemical  properties  and
fatty acid composition of the Sudanese  M. oleifera
seed  oil  assessed  by  standard  and  established
methods. Based on the results of the study, the oil
properties are interesting and promising for several
applications.  The  overall  results  of  this  analysis
show that the oil content was 42.87%; major fatty
acid  compositions  were  oleic  acid  (51.74%)  and
followed  by  behenic  acid  (10.54%),  palmitic  acid
(9.20%),  stearic  acid  (8.46%)  and  gondic  acid
(4.88%). The unsaturated fatty acid makes 61.17%
of the compositions, whereby the MUFA, PUFA and
SFA were 60.31, 0.86 and 38.76 wt.%. Most of the
obtained results in this study were acceptable and
similar to previous studies. Thus, the Sudanese  M.
oleifera seed  oil  which  does  not  contain  linolenic
acid could not  be suitable for several  applications
such  as  paint,  varnish,  and  ink  industries,  but  it
might be suitable for other industrial aspects such
as  pharmaceutical,  cosmetic,  and  food  industries,
due  to  its  fatty  acid  content.  Therefore,  further
studies  on  Sudanese  M.  oleifera are  needed  to
investigate their potential as raw materials for new

industrial products and applications to increase the
economic feasibility of future commercial cultivation
of the tree.
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Table 4: Fatty acid composition of M. oleifera seed oil reported in literature.
Fatty acids      Composition (%)*
Lauric C12:0 N/A 0-0.3 N/A N/A N/A N/A
Myristic C14:0 0.78 0.3-1.5 0.2 0.72 N/A 0.13
Palmitic C16:0 10.64 25-46 7.8 6.1 5.66-6.46 6.46
Palmitoleic C16:1 N/A 0.82–3.44 2.9 1.2 1.43-1.92 0.09
Stearic C18:0 6.07 2.68–6.00 7.6 4.6 4.79-7.94 5.88
Oleic C18:1 22.51 67.79–79.50 70 78.7 73.30-79.58 71.21
Linoleic C18:2 N/A 0.83 0.9 N/A 0.58-0.59 0.06
Linolenic C18:3 N/A 0.36 0.5 1.8 0.15-0.17 0.18
Arachidic C20:0 2.21 2.14-4.08 4.2 2.3 1.57-5.1 3.62
Behenic C22:0 1.03 4.57–7.10 6.2 4.5 2.62-3.62 6.41
Lignoceric C24:0 N/A 0.54 N/A N/A N/A N/A
Gondic C20:1 N/A N/A N/A N/A N/A N/A

SFA N/A 17.24–23.79 49.1 18.3 15.00-22.83 N/A
MUFA N/A 71.71–80.70 N/A 79.9 N/A N/A
PUFA N/A 0.41–2.20 N/A 1.8 N/A N/A
UFA N/A N/A 50.9 79.9 77.14-84.98 N/A

References (a) (b) (c) (d) (e) (f)
N/A: Data not available, * some data modified as a mean average from origin sources a: Adegbe et al.
(21), b: Leone et al. (1), c: Ghazali and Mohammed (37), d: Ogunsina et al. (24), e: Barakat and Ghazal
(5), f: Lalas and Tsaknis (32).
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