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ABSTRACT

In this study, firstly, l-acetyl-3-(p-methylbenzyl)-4-(3-
methyl-2-thienylmethyleneamino)-4,5-dihydro-1H-1,2,4-triazol
-5-one molecule was optimized by using the B3LYP/DFT631G
(d) and HF/631G (d) basis sets. Then, the veda4f program was
used in defining of IR data theoretically. IR (infrared)
vibrational frequencie values with two different basis sets of
molecule was calculated in gas phase and multiplied by
adjustment scale factors. Infrared spectra of molecule according
to these values obtained were formed. Furthermore, *H-NMR
and *C-NMR isotropic shift values were calculated by GIAO
method. Experimental and theoretical values of analyzed
molecule were inserted into the graphic according to equation
of d exp =a + b. d calc. The standard error values were found
via SigmaPlot program with regression coefficient of a and b
constants. Finally, bond angles, bond lengths, mulliken atomic
charges, HOMO-LUMO energy, E,_umo-Enomo €nergy gap
(AE), electronegativity (x), electron affinity (A), global
hardness (), softness (o), ionization potential (I), total energy
of the molecule, dipole moment and thermodynamic properties
were calculated with Gaussian 09W program.

Keywords: Gaussian G09W, Veda4f, HOMO-LUMO, GIAO

1-Asetil-3-(p-metilbenzil)-4-(3-metil-2-
thienilmetilenamino)-4,5-dihidro-1H-1,2,4-
triazol-5-on molekiiliiniin teorik 6zelliklerinin
incelenmesi

0z

Bu caligmada, oOncelikle, 1-Asetil-3-(p-metilbenzil)-4-(3-
metil-2-thienilmetilenamino)-4,5-dihidro-1H-1,2,4-triazol-5-on
molekiilii B3LYP/DFT631G (d) and HF/631G (d) temel setleri
kullanilarak optimize edilmistir. Sonra, Veda 4f programu teorik
olarak IR verilerini belirlemede kullanilmistir. Molekiiliin iki
farkli temel seti ile IR (infrared) titresim frekans degerleri gaz
fazinda hesaplanmis ve uygun skala faktorleri ile carpilmistir.
Elde edilen bu degerlere gore molekiiliin infrared spektrumlart
¢izilmistir. Ayrica, *H- ve 3 C-NMR isotropik kayma degerleri
GIAO metoduna ile hesaplanmustir. Analiz edilen molekiiliin
deneysel ve teorik degerleri 6 exp = a + b. J calc. esitligine gore
grafige gecirilmistir. Standart hata degerleri a ve b sabitlerinin
regresyon katsayist ile Sigmaplot programi kullanilarak
bulunmustur. Son olarak, bag agilari, bag uzunluklari, mulliken
atomik yﬁkleri, HOMO-LUMO enerjISi, ELUMO-EHOMO
kapasitesi (AEg), elektronegatiflik (), elektron yogunlugu (A),
global sertlik (1), yumusaklik (o), iyonizasyon potansiyeli (I),
molekiilin toplam enerjisi, dipol moment ve termodinamik
ozellikleri Gaussian 09W programui ile hesaplanmistir.

Anahtar Kelimeler: Gaussian G09W, Veda4f, HOMO-
LUMO, GIAO.

1. INTRODUCTION

Schiff bases are of the fundamental compounds for
organic chemistry. These compounds include -C=N-
(azomethine group). They are, generally, synthesized by
condensation of active -C=0O- and -NH, containing
compounds.l Their derivatives of 1,2,4-triazoles have

also been found to possess pharmacological activities.””
When heteroatoms such as sulfur, oxygen, nitrogen are
added the structure of the Schiff base compounds, the

biological activity increases.” The most known biological
activities of them were anti-viral activity,” anti-
fungal,8 anti-oxidant,” anti-inflammmmatory,10 anti-
bacterial,"* anti-tumor,* anti-cancer, "> trypano-


http://dergipark.org.tr/ijct
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somal, " anti-proliferative '® and antibiotics."” In the past
years, by increases and trends in development of
computational chemistry, theoretically properties of
Schiff bases have been investigated. Quantum chemical
calculations have been used commonly to theoretically
estimate  the  structure,  electronic  properties,
thermodynamics, spectroscopy of molecular systems.
The aim of this study is to compare the calculated
theoretical values with experimental values and to
determine which of the DFT and HF methods close to
experimental values.

2. MATERIALS AND METHODS
2.1. Computational Details

The quantum chemical calculations provide support
for spectroscopic studies and experimental structers."®
Firstly, the density functional theoretical (DFT) and
Hatree Fock (HF) calculations of compounds were
optimized at the Becke-Lee-Parr hybrid exchange
correlation three-parameter functional (B3LYP) level
with standard 6-31G(d) basis set.** All calculations
reported in this work were carried out with the Gaussian
09 program.”® Then, from the most stable structure of the
optimized molecule, electronegativity (), mulliken
charges, the lowest unoccupied molecular orbital
(LUMO) and the highest occupied molecular orbital
(HOMO), bond lengths, electron affinity (A), global
hardness (1), softness (c), ionization potential (I),
chemical potential (Pi), Nucleophilic index (IP),
electrophilic index(w), total energy of the molecule,
thermodynamics properties (thermal energies (E),
thermal capacity (CV), entropy (S), dipole moments,
ELumo-EHomo energy gap (AEg) were calculated with
HF/631G (d) and DFT631G (d) basis sets. Moreover, IR
data were calculated theoretically using the veda4f
program.”® Experimental data were obtained from the
literature.”” The calculated and the experimental data
were compared with accuration of values found by
regression analysis. Theoretical IR data are multiplied
with chosen scala factors.”® The data obtained according
to DFT and HF method are formed using theoretical
infrared spectrum. Finally, 'H-NMR and **C-NMR
isotropic shift values were calculated with the method of
gauge including atomic orbital GIAO® using the
program package Gaussian G09. Experimental and
theoretical parameters of investigated molecules were
inserted into the graphic according to the equitation of &
exp =a + b. & calc. The standard error and regression
coefficient (a, b) were found by SigmaPlot program.

2.1.1. Optimized geometries

1-Acetyl-3-(p-methylbenzyl)-4-(3-methyl-2-
thienylmet- hyleneamino)-4,5-dihydro-1H-1,2,4-triazol-
5-one was optimized by means of DFT(B3LYP)/HF
methods with 6-31G(d) basis set. The chemical formula

Kotan and co-workers
E-ISSN:2602-277X

and the optimized geometric structure of molecule is
shown in Figures 1 and 2.

Figure 2. The optimized structure of the molecule.

2.2. The R? values of the compound

The experimental and calculated results are
summarized in Table 1. A linear correlation in the
experimental and theoretical values (proton and carbon
chemical shifts ratios) was observed and shown in Figure
3. There is such a relationship between R-values of target
compound: DFT 6-31G(d) DMSO 'H: 0.9978, *C:
0,9974, HF 6-31G(d)DMSO: 'H: 0,8212 **C: 0,8387
(Table 2).

2.3. FT-IR study of molecule

Theoretical IR data were calculated from veda4f
programme, and scala vibration values were obtained.
Theoretical IR data were multiplied with appropriate
scala factors respectively 0.9613, 0.8929 for DFT/ HF
631G(d) basis sets. The data was found positively. The
structure was stable according to the obtained result. IR
spectra were drawn with data obtained according to HF
and DFT methods. Theoretical IR values were compared
with experimental IR values and listed in Table 3.
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Table 1. *C and *H-NMR (DMSO) isotropic chemical shifts (8/ppm)

No EXxp. DFT/dmso  Differ/DFT HF/dmso Differ/HF No Exp. DFT/dmso Differ/DFT HF/dmso Differ/HF
Cl 14859 154,34 -5,75 146,83 1,76 H19 9,73 10,34 0,61 9,57 0,16
C2 149,21 156,68 -7,47 150,19 0,98 H20 6,90 7,35 -0,45 6,84 0,06
C3 149,47 148,59 0,88 146,09 3,38 H21 7,42 7,73 -0,31 7,45 -0,03
C4 143,88 143,55 0,33 126,60 17,28 H22 4,05 437 0,32 3,48 0,57
C5 148,87 150,89 2,02 143,76 5,11 H23 4,05 427 0,22 3,60 0,45
C6 132,07 133,76 -1,69 123,56 8,51 H24 7,11 7,59 -0,48 7,58 -0,47
C7 13541 140,55 5,14 133,51 1,90 H25 7,32 7,62 0,30 711 0,21
C8 31,55 43,35 -11,80 27,56 3,99 H26 7,32 7,67 0,35 7,34 0,02
Cc9 126,25 133,66 -7,41 126,40 -0,15 H27 7,11 7,70 -0,59 7,58 -0,47
C10 131,02 134,25 3,23 127,38 3,64 H28 2,29 2,93 -0,64 2,14 0,15
Cl11 129,25 132,85 -3,60 124,78 4,47 H29 2,29 2,48 0,19 1,69 0,60
Cl2 137,04 141,85 -4,81 134,32 2,72 H30 2,29 2,75 -0,46 2,19 0,10
C13 129,36 132,97 -3,61 125,52 3,84 H31 2,37 2,69 0,32 2,07 0,30
Cl4 129,79 133,96 -4,17 126,61 3,18 H32 2,37 2,76 0,39 2,04 0,33
Ci15 21,04 31,80 -10,76 18,23 2,81 H33 2,37 2,75 -0,38 1,99 0,38
C16 14,13 24,96 -10,83 12,46 1,67 H34 2,62 3,03 0,41 2,35 0,27
C17 166,46 167,50 -1,04 160,67 5,79 H35 2,62 3,05 -0,43 2,36 0,26
C18 23,55 35,12 -11,57 22,90 0,65 H36 2,62 2,31 0,31 1,82 0,80
Table 2. The correlation values for chemical shifts of the molecule
130 | 1H
R S. error a b R S. error a b
DFT 0.9974 3,0761 2,6820 0,01859 0,9978 2,6352 2,1076 0,0158
HF 0,8387 1,5023 0,9695 0,15994 0,8212 1,5816 0,9775 0,1756
180 -
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Figure 3. The correlation graphs for B3LYP/HF 631G(d) chemical shifts of the molecule.

2.4. Molecular geometry

The molecular geometric parameters such as bond
lengths, bond angles, Mulliken atomic charges were
calculated by using the HF and DFT/B3LYP methods
with 6-31G(d) basis sets, dipole moments, total energies,
and the obtained data are precondition in Tables 4-8.
According to these results, the N37-N38, N37-C1, C2-
041, N38-C2, N39-C1, N39-C2 bond lengths in the
triazole ring are calculated with DFT/HF 6-31G(d)
methods 1.39/1.38, 1.29/1.26,

1.22/1.19, 1.39/1.37,1.39/1.38, 1.40/1.37 A (Table 4). In
the literature, the N=C, N-N, C=0 bond lengths are
measured as 1.280, 1.404, 1.212 A.*> * The calculated
C9-C10, C10-C11, C11-C12, C12-C13, C13-C14 bond
lengths of benzene rings in this compound are [1.39/1.38
Al, [1.39/1.38 A], [1.40/1.38 A], [1.39/1.39 A] and
[1.39/1.38 A], respectively. The Ar(C)-Ar(C) bond
lengths of benzene rings are generally observed at 1.34-
1.53 A in the literatiire.”™*” The calculated C-H bond
lengths of the compound are about 1.09, and the C-H
bond lengths in the literature is 1.09 A% Also, the
calculated N38-C2 bond length in 1,2,4-triazole-5-one
ring is [1.39/1.37 A]. It has been recorded to have bond
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length between single bonded N-N and double bonded
N=N due to resonance. The same bond length in the
literature is recorded between 1.29-1.47 A.*“** When
compared with the bond lengths in the literature, the
results show that the molecular structure is very well.
The Mulliken atomic charges™ were calculated by using
the Hartree Fock (HF) and DFT/B3LYP methods with 6-

Table 3. Significant vibrational frequencies (cm™)

Kotan and co-workers
E-ISSN:2602-277X

31G(d) basis sets. The electronegative oxygen (O) and
nitrogen (N) atoms have negative atomic charge values.
The carbon atoms surrounded by electronegative atoms
have positive atomic charge values. The C1 atom
surrounded by two electronegative atoms (N37, N39) and
C2 atom which is surrounded by three electronegative
atoms (N38, N39, O41) have the highest positive charges
values. All hydrogen atoms of the compound have
positive atomic charge values (Table 6).

Vibration Types scaled dft scaled hf Vibration Types scaled scaled
dft  hf

7 CCCN(19), T NCCN(15), 1 CNNC(39) 10 4 8 HCH(11), T HCCC(51), T CCCC(10) 835 854
T HCCC(70) 15 7 8 HCH(21), t HCCN(59) 845 887
7 CCCC(17), T CCNN(31), t NCCN(29) 21 18 v NN(12), v NC(15), § NNC(19) 855 892
8 CCN(41), 8 CNN(30), 6 CCC(12) 28 24 v NN(27), 8 HNN(10), t HCCN(28) 960 1005
7 HCCN(68), 1 CNNC(17) 37 25 v CC(16), 6 HCS(34), 8 HCC(31) 976 1012
7 CNCN(20), T CCCC(14) 40 34 v CC(11), v NC(20), v NN(16), 3 CNN(15) 977 1016
T CNNC(11), t CCCN(17), T CNNC(24) 56 53 8 HCS(13), 8 HCC(14), 8 CCC(13) 980 1022
& CNN(12), 8 CCC(17), d NNC(22) 71 66 vNC(39) 1011 1029
8 CCN(16), § CCC(19) 77 87 v NN(22), & CNN(24) 1022 1038
8 CCC(11), T CCCC(15), t NNCN(11) 96 108 8 HNN(65) 1024 1048
7 CCCN(12), T CCCC(19), T NCCN(30) 120 125 T HCCC(62) 1034 1049
7 HNNC(20), Tt CNNC(17), t NCNN(16) 133 143 v CC(12), 6 HCS(14),6 HCC(10), 8 HCH(23) 1040 1052
8 CCN(38), 8 CCC(34) 134 167 v CC(14), 8 HCH(56) 1063 1071
T CCCC(10), 1 CCNN(29), T SCCC(21), 145 174 8 HCH(56) 1075 1080
& OCN(18), 8 CNN(10), d NNC(13), § CCC(15) 188 197 v CC(16), v NC(12), 8 HCH(12) 1111 1086
8 CCC(24) 193 202 8 HCH(77), t HCCN(22) 1115 1099
T HNNC(59), T ONNC(10) 200 210 v CC(25), 8 HCH(19) 1129 1105
7 CCCC(17), T CCNN(12), T SCCC(49) 219 215 v NN(18), 8 NNC(10) 1131 1119
v CC(21), 8 SCC(29) 230 231 v OC(10), v CC(10), 8 CNN(27, )v NC(21) 1147 140
v NC(12), 8 OCN(37), 8 NNC(10), 8 CCN(13) 244 250 v SC(44), 8 SCC(26) 1149 1146
v NN(10), v CC(21), § CNN(29) 252 256 T HCCS(82), t SCCC(10) 1152 1155
T HCCS(15), t CCCN(30), t SCCC(10) 305 303 v CC(12), § HCS(10),6 CCC(17), t HCCC(17) 1177 1178
T HNNC(12), t NCNN(54), Tt CNNC(11) 312 304 T HCNN(93) 1179 1189
v SC(22), 8 CCC(17) 328 327 8 HCH(12), 8 NNC(15), t HCCN(36) 1201 1197
v CC(10), v SC(14), 8 CCC(24), 3SCC(16) 337 349 v CC(10), t HCCC(35) 1236 1203
T HCCS(80) 358 379 8 HCH(11), Tt HCCC(51), T CCCC(10) 1244 1210
7 ONNC(81) 386 382 § HCH(21), T HCCN(59) 1265 1254
v NN(18), 8 NNC(10) 397 405 v NN(12), v NC(15), 8 NNC(19) 1269 1256
v OC(10), v NC(21), v CC(10), 8 CNN(27) 407 429 v NN(27), 8 HNN(10), t HCCN(28) 1273 1265
v SC(44), 5 SCC(26) 428 431 v CC(12), 6 HCS(10),6 CCC(17), t HCCC(17) 1280 1282
T HCCS(82), t SCCC(10) 432 434 T HCNN(93) 1251 1298
v CC(12), 8 HCS(10),86 CCC(17), t HCCC(17) 446 449 8 HCH(12), 8 NNC(15), t HCCN(36) 1313 1326
T HCNN(93) 453 461 v CC(10), Tt HCCC(35) 1331 1368
8 HCH(12), 8 NNC(15), 1 HCCN(36) 458 469 8 HCH(11), T HCCC(51), T CCCC(10) 1352 1395
v CC(10), t HCCC(35) 479 484 T HCCN(22) 1377 1400
8 HCH(11), T HCCC(51), T CCCC(10) 497 493 & HCH(24), t HCCC(28) 1388 1414
8 HCH(21), T HCCN(59) 512 522 8 HCH(58), 1 HCCC(14) 1415 1437
v NN(12), v NC(15), 8 NNC(19) 528 543 8 HCH(75), t HCCC(22) 1420 1441
v NN(27),  HNN(10), t HCCN(28) 554 567 & HCH(79), t HCCC(22) 1423 1451
v CC(16), 8 HCS(34), 8 HCC(31) 591 591 8 HCC(10), 8 HCC(10) 1436 1453
v CC(11), v NC(20), v NN(16), 8 CNN(15) 601 601 8 HCH(38) 1448 1460
d HCS(13), 3 HCC(14), 5 CCC(13) 608 617 v CC(65),  HCC(10) 1467 1488
v NC(39) 635 643 v NC(11), 3 HCN(17) 1469 1490
v NN(22), & CNN(24) 638 663 v NC(52) 1473 1495
& HNN(65) 672 686 v CC(53),  HCC(10) 1555 1590
T HCCC(62) 674 691 v OC(10) 1564 1590
v CC(12), 8 HCS(14),6 HCC(10), 8 HCH(23) 678 701 v NC(10, )v OC(72) 1566 1610
v CC(14),  HCH(56) 695 717 v CH(83) 1570 1617
8 HCH(56) 699 734 v CH(92) 1591 1623
v CC(16), v NC(12), 8 HCH(12) 707 742 v CH(100) 1593 1632
8 HCH(77), t HCCN(22) 711 745 v CH(100) 1595 1679
v CC(25), 8 HCH(19) 726 760 v CH(82) 1612 1716
v SC(44), § SCC(26) 745 774 v CH(92) 1754 1774
T HCCS(82), © SCCC(10) 751 776 v CH(54) 1760 1803
v CC(12), 8 HCS(10),5 CCC(17), t HCCC(17) 771 792 v CH(50) 2941 2886
T HCNN(93) 775 802 v CH(83) 3004 2951
8 HCH(12), 8 NNC(15), t HCCN(36) 792 806 v CH(92) 3016 2956
v CC(10), Tt HCCC(35) 793 835 v CH(100) 3056 3006
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Figure 4. Theoretical IR spectrums simulated with DFT/631G(d)(a) ,HF/ 631G(d)(b).
Table 4. Bond legths (A°) theoretical data
Bond Lengths B3LYP HF Bond Lengths B3LYP HF

C(1)-C(8) 1,500 1,496 C(12)-C(15) 1,511 1,511
C(1)-N(37) 1,294 1,265 C(15)-H(28) 1,098 1,083
C(1)-N(39) 1,392 1,380 C(15)-H(29) 1,095 1,086
N(37)-N(38) 1,393 1,382 C(15)-H(30) 1,094 1,085
N(38)-C(2) 1,398 1,373 C(17)-0(42) 1,207 1,183
N(38)-C(17) 1,428 1,408 C(17)-C(18) 1,510 1,506
C(2)-N(39) 1,402 1,375 C(18)-H(34) 1,093 1,081
C(2)-0(41) 1,223 1,199 C(18)-H(35) 1,093 1,081
N(39)-N(40) 1,374 1,368 C(18)-H(36) 1,090 1,079
N(40)-C(3) 1,293 1,261 C(3)-H(19) 1,086 1,071
C(8)-H(22) 1,096 1,082 C(3)-C(4) 1,442 1,457
C(8)-H(23) 1,097 1,081 C(4)-C(5) 1,387 1,358
C(8)-C(9) 1,513 1,520 C(5)-C(6) 1,429 1,438
C(9)-C(10) 1,399 1,383 C(5)-C(16) 1,505 1,506
C(10)-H(24) 1,087 1,075 C(6)-H(20) 1,085 1,085
C(10)-C(11) 1,392 1,388 C(6)-C(7) 1,367 1,343
C(10)-H(25) 1,087 1,076 C(7)-H(21) 1,082 1,071
C(11)-C(12) 1,401 1,385 C(7)-S(43) 1,729 1,719
C(12)-C(13) 1,399 1,393 C(4)-5(43) 1,755 1,741
C(13)-H(26) 1,087 1,076 C(16)-H(31) 1,092 1,080
C(13)-C(14) 1,394 1,380 C(16)-H(32) 1,097 1,085
C(14)-H(27) 1,087 1,076 C(16)-H(33) 1,096 1,085
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Table 5. Bond angles (°) theoretical data

bond angles B3LYP HF bond angles B3LYP HF
N(37)-C(1)-N(39) 111,89 111,65 C(12)-C(15)-H(29) 111,43 111,10
N(37)-N(38)-C(2) 112,37 111,69 C(12)-C(15)-H(30) 111,42 111,15
N(37)-N(38)-C(17) 119,03 119,29 H(28)-C(15)-H(29) 107,12 107,81
C(17)-N(38)-C(2) 128,58 129,01 H(28)-C(15)-H(30) 107,35 107,85
N(38)-C(2)-0O(41) 129,81 129,35 H(29)-C(15)-H(30) 107,93 107,41
0(41)-C(2)-N(39) 127,99 127,85 N(38)-C(2)-N(39) 102,18 102,79
N(37)-C(1)-C(8) 126,34 124,46 N(38)-N(37)-C(1) 105,21 105,66
N(39)-C(1)-C(8) 121,76 123,85 C(2)-N(39)-N(40) 130,57 130,07
C(1)-C(8)-H(22) 107,90 106,26 C(1)-N(39)-N(40) 121,08 121,29
C(1)-C(8)-H(23) 107,78 109,11 N(39)-N(40)-C(3) 118,94 119,69
C(1)-C(8)-C(9) 113,96 112,53 N(40)-C(3)-H(19) 122,03 122,53
H(22)-C(8)-H(23) 105,15 108,17 H(19)-C(3)-C(4) 118,17 117,65
H(22)-C(8)-C(9) 110,75 110,31 C(3)-C(4)-C(5) 127,41 126,86
H(23)-C(8)-C(9) 110,84 110,27 C(3)-C(4)-S(43) 120,97 121,21
C(9)-C(10)-H(24) 119,62 119,88 C(4)-C(5)-C(6) 111,71 111,64
C(9)-C(10)-C(11) 120,79 120,70 C(4)-C(5)-C(16) 125,96 127,17
H(24)-C(10)-C(11) 119,58 119,41 H(31)-C(16)-H(32) 107,62 107,86
C(10)-C(11)-H(25) 119,43 119,14 H(31)-C(16)-H(33) 107,63 107,75
H(25)-C(11)-C(12) 119,46 119,74 H(32)-C(16)-H(33) 107,05 107,46
C(10)-C(11)-C(12) 121,10 121,11 C(16)-C(5)-C(6) 122,32 121,17
C(11)-C(12)-C(13) 117,88 117,94 C(5)-C(6)-C(7) 113,401 113,09
C(12)-C(13)-H(26) 119,47 119,57 H(20)-C(6)-C(7) 123,46 123,82
C(12)-C(13)-C(14) 121,08 121,09 C(6)-C(7)-S(43) 112,31 112,40
H(26)-C(13)-C(14) 119,43 119,32 C(6)-C(7)-H(21) 127,73 127,31
C(13)-C(14)-H(27) 119,54 119,68 H(21)-C(7)-5(43) 119,95 120,28
H(27)-C(14)-C(9) 119,63 119,62 C(4)-S(43)-C(7) 90,97 90,93
C(12)-C(15)-H(28) 111,35 111,31

Table 6. The calculated mulliken charges data of the molecule

DFT HF DFT HF
c1 0,566 0,657 H23 0,187 0,225
c2 0,860 1,116 H24 0,125 0,219
c3 0,085 0,130 H25 0123 0,198
c4 -0,230 -0,327 H26 0,122 0,200
c5 0172 0,077 H27 0,124 0,225
co 0,130 -0,183 H28 0,163 0,174
c7 -0,337 -0,407 H29 0,161 0,179
cs -0,441 -0,405 H30 0,157 0,178
c9 0,184 0,003 H31 0175 0,190
c10 -0,160 -0,212 H32 0173 0,190
c11 -0,177 -0,232 H33 0,172 0,191

C12 0,181 0,042 H34 0,191 0,211

c13 -0,179 -0,219 H35 0,191 0,213

Cl4 -0,169 -0,205 H36 0,180 0,210

C15 -0,531 -0,508 N37 -0,310 -0,302

C16 -0,535 -0,514 N38 -0,445 -0,684

c17 0579 0,753 N39 -0,437 -0,650

ci8 -0,521 -0,571 N40 -0,318 -0,312

H19 0,218 0,290 041 -0,542 -0,514

H20 0,144 0,214 042 -0,421 -0,649

H21 0,180 0,240 $43 0,283 0,337

H22 0,187 0,232

Table 7. The calculated dipole moments data of the molecule

Dipol Moment B3LYP HF
L 0.4376 0.4753
Ly -2.9185 -3.3217
T 2.1723 0.1502
WToplam 3.6644 3.3589
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Table 8. The calculated total energy data B3LYP/HF of the molecule

Enerji B3LYP HF
@u) -1464.3804 -1457.1220

2.5. Electronic properties of molecule
The HOMO-LUMO energy gap in compound is 4.21; 10.68 e.v. All these parameters such as global chemical

potential (n), global hardness (1), the electronegativity (y), ionization potential (I), chemical potential (Pi), Nucleophilic
index (IP), electrophilic index (®) have been determined for the target compound using 6-31G (d) basis set (Table 9).

-

b

o :J
DFT Lumo HF Lumo
Ejumo= -1.83 eV Ejumo=2.07 eV
AE=421eV AE=10.68eV
Ehomo= -6.04 eV Ehomo= -8.61 eV
DFT HOMO HFHomo

Figure 5. HOMO-LUMO energy gap.
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Table 9. The electronic structure parameters of the molecule (HF 631G(d))

Hatree eV kcal/mol kJ/mol
LUMO 0,07637 2,07808 47,9224 200,509
HOMO -0,31677 -8,61953 -198,774 -831,68
A Electron affinity -0,07637 -2,07808 -47,9224 -200,509
I lonization potential 0,31677 8,61953 198,774 831,68
AE Energy gap 0,39314 10,6976 246,697 1032,19
X Electronegativity 0,1202 3,27073 75,4259 315,585
Pi Chemical potential -0,1202 -3,27073 -75,4259 -315,585
® Electrophilic index 0,001420026 0,03864 0,89107 3,72828
IP Nucleophilic index -0,02362771 -0,64293 -14,8265 -62,0346
S Molecular softness 5,0872 138,428 3192,26 13356,6
n Molecular hardness 0,19657 5,34881 123,348 516,095

2.6. Investigation of thermodynamics properties of compound

Thermodynamic parameters are shown in Table 10. Thermodynamic parameters of molecule were calculated
233.044 K and 1 atm of pressure. Also, the standard thermodynamic functions of enthalpy H®, heat capacity C\V° and
entropy S° were obtained at the BSLYP/DFT/HF631G(d) level.

Table 10. The calculated thermodynamic parameters of the molecule

Rotational temperatures (Kelvin) DFT HF

A 0.01331 0.00948

B 0.00501 0.00772

C 0.00375 0.00477
Rotational constants (GHZ)

A 0.27733 0.19759

B 0.10443 0.16088

C 0.07804 0.09934
Thermal Energies E (kcal/mol)

Translational 0.889 0.889
Rotational 0.889 0.889
Vibrational 223.632 239.054
Total 225.410 240.831
Thermal Capacity CV (cal/mol-K)

Translational 2.981 2.981
Rotational 2.981 2.981
Vibrational 82.425 76.126

Total 88.386 82.088
Entropy S (cal/mol-K)

Translational 43.487 43.487
Rotational 36.207 35.875
Vibrational 99.970 90.736

Total 179.664 170.098
Zero-point correction (Hartree/Particle) 0.334969 0.361125
Thermal correction to Energy 0.359213 0.383789
Thermal correction to Enthalpy 0.360157 0.384733
Thermal correction to Gibbs Free Energy 0.274793 0.303914
Sum of electronic and zero-point Energies -1464.045482 -1456.760883
Sum of electronic and thermal Energies -1464.021237 -1456.738219
Sum of electronic and thermal Enthalpies -1464.020293 -1456.737275
Sum of electronic and thermal Free Energies -1464.105658 - 1456.818094
Zero-point vibrational energy (Kcal/mol) 210.19598 226.60957
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The total density of the molecule

The Electron Density of the molecule

Figure 6. The calculated molecular surfaces of the molecule.

3. CONCLUSIONS

Spectroscopic parameters such as **C and *H-NMR,
IR and geometrical parameters were calculated by HF
and DFT methods with the 6-31G(d) basis sets of the
program package Gaussian GO9W. These calculations
were compared with the experimental findings. The
chemical shifts in the calculations **C/*H-NMR and IR
values were found that this data approximately fitted to
the experimental data. Experimental and theoretical **C
and 'H chemical shifts ratios between according to R?
and a, b values linear a correlation were observed. In
addition, Theoretical infrared vibration values were
determined with Veda4f program and important results.
Furthermore, total energy of the molecule, global
hardness (1), bond lengths, softness (c), LUMO-HOMO,
El umo-Evomo energy gap (AEg), mulliken charges,
thermodynamics properties, dipole moments, ionization
potential (I), electron affinity (A), electronegativity ()
were calculated with B3LYP/ HF/DFT631G (d) basis
sets.

The Electrostatic Potential of the molecule
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ABSTRACT

Vitis vinifera is commonly consumed and utilized to
produce juice, which has health benefits. The purpose of
the current study is to determine antioxidant activity of
the vinegar obtained from V. vinifera. While total
phenolic content was found as 160.23 =+ 0.007 ug
GAE/ml, total flavonoid content was determined as 298
+ 0.069 pg CE/ml. Moreover, total antioxidant capacity
was detected as 113.12 + 0.011 pg AAE/ml. CUPRAC
activity and DPPH radical scavenging activity of the
vinegar was higher than standards (BHT for CUPRAC
activity, BHT and Rutin for DPPH activity). The grape
vinegar exhibited lower ABTS radical scavenging
activity than standards (BHT and Rutin). Both ABTS and
DPPH radical scavenging activity of the grape vinegar
and standards (BHT and Rutin) increased with the
increasing concentration. ABTS activity of the vinegar
ranged between 27.47% and 63.72%. This study reveals
that grape vinegar possess significant antioxidant
properties and may be an alternative to synthetic
antioxidant agents.

Keywords: Phenolic content, Vitis

labrusca, vinegar.

antioxidant activity,

Ev yapimi Isabella tiziimii (Vitis labrusca L.)
sirkesinin toplam fenolik ve flavonoid igerikleri
ve antioksidan kapasitesi

0z

Vitis vinifera sagliga yararli olan meyve suyu
tiretiminde kullanilmakta ve siklikla tiiketilmektedir.
Mevcut arastrmanin amaci V. vinifera’dan elde edilen
sirkenin antioksidan aktivitesini belirlemektir. Total
fenolik icerigi 160.23 + 0,007 pg GAE/ml olarak
bulunurken; toplam flavonoid igerigi 298 + 0.069 pg
CE/ml olarak saptanmigtir. Ayrica, total antioksidan
kapasitesi 113.12 £+ 0.011 pg AAE/ml olarak belirlendi.
Sirkenin CUPRAC aktivitesi ve DPPH radikal siipiirme
aktivitesi standartlardan (CUPRAC aktivitesi igin BHT,
DPPH aktivitesi i¢in BHT ve Rutin) daha yiiksektir.
Uziim sirkesi standartlardan daha diisiik bir ABTS
radikal siipiirme aktivitesi sergiledi. Uziim sirkesinin ve
standartlarin  hem ABTS hemde DPPH siipiirme
aktiviteleri artan Kkonsantrasyonlarla artigtir. Sirkenin
ABTS aktivitesi 27.47% ve 63.72% arasinda degismistir.
Bu c¢alisma {iziim sirkesinin 6nemli antioksidan
ozelliklere sahip oldugunu ve sentetik antioksidan
ajanlara alternatif olabilecegini ortaya koymaktadir.

Anahtar Kelimeler: Fenolik igerik, Antioksidan aktivite, Vitis
labrusca, sirke.

1. INTRODUCTION

Vinegar forms after fermentation process. Vinegar

mainly includes carbonhydrates-rich foods.* Ethyl
alcohol provides partial oxidation during the conversion

11

of wine or fruit juice into vinegar, and then acetaldehyde
is generated. Finally, the acetaldehyde is converted into
acetic acid.”

For more than 2000 years, the vinegar has been
utilized for flavoring and preserving foods, curing
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wounds, struggling infections, cleaning surfaces, and
controlling diabetes.’ Daily intake of the vinegar was
recorded to protect against some illnesses, such as
hypertension, obesity and hyperlipidemia. Besides this
the vinegar has also some healthy features such as
promoting recovery, adjusts blood glucose, blood
pressure, helps digestion, induces the appetite, and helps
calcium absorption.”

Acetic acid and other components which found in
vinegar might be attributed to its therapeutic impact®.
Natural vinegar contains various medicinal components
such as carbohydrate, organic acid (e.g. acetic, formic,
gallic acid catechin, lactic and malic), alcohols and
amino acid and peptides, vitamins and minerals salts.”
Friedman and co-workers have revealed that some
properties of the vinegar such as acidity, alcohol content,
and content of polyphenolic compounds like tannins and
resveratrol might have antimicrobial effects against
foodborne microorgamisms.4

The ingestion of the vinegar is stated to be linked
with satiety and to decrease intake of subsequent meals,
which this situation can contribute to weight loss.’
Recently, vinegar has an importance in gastronomy and
its quality is protected by title of origin in different
vinegar-producing areas. Vinegar is generally utilized as
an ingredient in the food, and it is a suitable solvent for
the essential oils of herbs and spices in the salads or
meals.”

An antioxidant can be explained as any substance that
inhibits oxidative damage to a target molecule. An
antioxidant have the ability to scavenge free radicals.
Antioxidant compounds such as phenolic acids,
polyphenols and flavonoids scavenge free radicals, so
they inhibit the oxidative mechanisms that cause to
degenerative illnesses.” Recent studies has demonstrated
that bioactive compounds found in the vinegar may
reduce degenerative diseases through antioxidant
effects.”

In this study, antioxidant activity of home-made
vinegar which prepared from fragrant black grapes
(isabella) grown in Black Sea, Giresun region was
investigated.

2. MATERIALS AND METHODS
2.1. Chemicals

Butylated hydroxytoluen (BHT), 2,2'-azinobis (3-

ethylbenzthiazoline-6-sulfonic  acid) (ABTS) were
purchased from Fluka Chemical Co. (Buchs,
Switzerland). 2,2-diphenyl-1-picryl-hydrazyl (DPPH),

gallic acid, catechin, neocuproine, CuCl,, ammonium
acetate, sulfuric acid, sodium phosphate, ammonium
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molybdate, ascorbic acid and rutin were obtained from
Sigma Chemical Co. (St. Louis, MO, USA).

2.2. Preparation of the vinegar

Fragrant black grapes (isabella) used in the
production of the vinegar, grown in Giresun region, were
collected from Giresun-Piraziz-Gokgeali Village in
November 2017. Grapes which used for production of
vinegar were also collected and brought to the laboratory.
The washed grape dices were taken into a large clean
container and 3 times as much water was added. Clean
and untreated village water was used. It was kept in the
dark for 30 days and shaken for oxygenation. After 30
days, it was drained, and the mouth was closed with cloth
for 60 days. Then it was kept in the dark for maturation.
After 90 days, the formation of the vinegar was
completed and analyzes were made.

2.3. Total phenolic content

Total phenolic content of the vinegar was examined
by Folin-Ciocalteu assay. Total phenolic contents of
grape vinegar were determined in accordance with the
method of Slinkard and Singleton (1977) utilizing gallic
acid standard. Shortly, 0.1 ml vinegar was diluted with
45 ml distilled water. Then, 0.1 ml Folin—Ciocalteu
reagent (previously diluted 3- fold with distilled water)
was put into the mixture. After 3 minutes, 0.3 ml Na,COs
(2%) was added. The absorbance was measured at 760
nm after incubating the mixture for 90 min. Total
phenolic content of the extracts was expressed as pug
gallic acid equivalents (GAE)/ml by using the calibration
curve.” The tests were performed in triplicate.

2.4. Total flavonoid content

0.25 ml vinegar, 1.25 ml distilled water and 75 ul
NaNO, (%5) were mixed and vortexed. After 6 min, 150
ul of AICI;.6H,0 (%10) was added and the mixture was
kept at room temperature for 5 min. Then, 0.5 ml NaOH
(AM) and 725 pl distilled water added the mixture.
Absorbance was measured at 510 nm. Catechin was used
as standard and the results were expressed as pg catechin
equivalent (CE)/ml.'® The tests were performed in
triplicate.

2.5. Antioxidant activity
2.5.1. ABTS radical scavenging activity

ABTS™ solution was prepared by mixing 7.4 mM
ABTS and 2.6 mM potassium persulfate, and the mixture

was kept at room temperature for 12 h in the dark to
complete reaction. Then, ABTS™ solution diluted with
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methanol to obtain an absorbance of 0.700 + 0.02 units at and 3000 pl reagent (contains 0.6 M sulfuric acid, 28

734 nm.”® Vinegar (150 pl) was allowed to react with MM sodium phosphate and 28 M ammonium molyb-

2850 pl of the ABTS™ solution for 2 h in a dark, and the ~ date) was mixed and incubated at 95 °C for 90 min.

the absorbance was measured at 734 nm."" The tests were ~ Then, Absorbance was read at 695 nm. Ascorbic acid

performed in trip”cate_ The ABTS radical Scavenging was used as the standard. The total antioxidant CapaCity

activity was calculated using the following equation. was expressed as pug ascorbic acid equivalent (AAE)/ml.
The tests were performed in triplicate.

ABTS radical scavenging activity (% inhibition):
2.5.4. Cupric reducing antioxidant capacity

[(Ao- A1)/ Ag] x 100 (1) (CUPRAC)

A, = Absorbance of control, A; = Absorbance of sample. 0.5 ml vinegar (prepared in 250-1000 pg mi™), 1.0
ml CuCl, solution, 1 ml neocuproine solution and 1.0 ml

2.5.2. DPPH radical scavenging activity ammonium acetate buffer were mixed in a test tube.

Tubes were vortexed and stored in a dark place for 30
Appropriate dilution series (50-200 pg ml™) were min. Absorbance was measured at 450 nm. BHT was
added 1.5 ml of a 6x10° M methanolic solution of utilized as standard antioxidant substance.**
DPPH. After vortexing the tubes, the tubes were
incubated in the dark. After 30 minutes, the absorbance 3. RESULTS AND DISCUSSION
was read at 517 nm. Synthetic antioxidant reagents BHT

and rutin were used as positive control."* The tests were Phenols improve the status of various oxidative stress
performed in triplicate. The DPPH radical scavenging  Diomarkers.  Phenols have ~many  antioxidative
activity was calculated using the following equation: mechanisms such as scavenge free radicals, break radical
chain reactions, reducing peroxides, and stimulate the
DPPH radical scavenging activity (% inhibition): antioxidative defense enzyme activities. "
Flavonoids are secondary plant metabolites which are
[(As- Ay / Ag] x 100 2) responsible for producing yellow and other pigments in
the plants. Moreover, flavonoids exhibit significant
A = Absorbance of control, A; = Absorbance of sample. activities in humans.*®
Total phenolic and flavonoid contents, total
2.5.3. Total antioxidant capacity antioxidant capacity are given in Table 1. Total phenolic

and flavonoid contents, total antioxidant capacity of the
Phosphomolybdenum method was used to determine grape vinegar were determined as 160.23 + 0.007 ng

total antioxidant capacity of the vinegar.*® 0.3 ml vinegar GAE/ml, 298 + 0.0069 pg CE/ml and 113.12 + 0.011 pg
AAE/ml, respectively. DPPH, ABTS scavenging activi-

Table 1. Total phenolic, total flavonoid contents and total antioxidant capacity of the grape vinegar

Total Phenolic Total Flavonoid Total Antioxidant
Content (ug GAE/ml) Content (ug CE/ml)  Capacity (ug AAE/ml)
Grape Vinegar 160.23 + 0.007 298 + 0.0069 113.12 + 0.011

ties and CUPRAC activity of the grape vinegar are ABTS assay. ABTS radical scavenging activity of the
demonstrated in Table 2. Grape vinegar exhibited strong grape vinegar and standards increase with the increasing
DPPH radical scavenging activity even better than the concentrations. ABTS activity of the vinegar ranges from
standards such as BHT and Rutin. DPPH activity of the 27.47% to 63.72%.
vinegar is illustrated in Figure 1. DPPH activity of the Moreover, vinegar demonstrated high CUPRAC
vinegar ranges between 83.66% to 95.81%. DPPH activity when compared with DPPH and ABTS
activity of the vinegar increases with the increasing scavenging activities. Vinegar possess CUPRAC activity
concentrations. The activity was increased in the better than BHT which used as standard. There are some
following order: Grape vinegar > Rutin > BHT. studies about antioxidant ability of vinegars from Isabella
Grape vinegar exhibited the weak ABTS radical grapes (Vitis labrusca) in literatures. For example,
scavenging activity. ABTS activity of the vinegar was Machado and co-workers'’ found total phenolic
summarized in Figure 2. Contrary to DPPH scavenging contents of organic grape (V. labrusca) vinegar, Grape
activity, standards have higher activity than vinegar in (V. labrusca) vinegar organic 5% enriched with grape
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Figure 2. ABTS scavenging activity of the vinegar and

Figure 1. DPPH radical scavenging activity of the vinegar and
standards.

standards.

Table 2. DPPH and ABTS scavenging activities of the grape vinegar (% inhibition)

Concentration DPPH radical ABTS radical Concentration CUPRAC
(ng ml™) scavenging scavenging (ng mlh) Activity
activity activity
(% inhibition) (% inhibition)
Grape 50 83.66+0.006 27.47+0.014 250 1.1273+0.003
vinegar 100 91.00£0.014  37.65+0.028 500 1.9936+0.078
150 91.52+0.005 50.40+0.018 750 2.5125+0.039
200 95.81+0.005 63.72+0.006 1000 2.5328+0.02
BHT 50 78.62+0.005 88.28+0.04 250 0.7026+0.003
100 80.29+0.002 89.32+0.006 500 0.7151+0.026
150 82.35+0.001 92.33+0.004 750 0.8822+0.010
200 85.05+0.003 95.45+0.008 1000 0.9810+0.004
Rutin 50 80.17+£0.003 84.94+0.048 - -
100 84.22+0.004 86.14+0.019 - -
150 86.54+0.003 88.46+0.010 - -
200 90.25+0.005 92.23+0.006 - -
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seeds and grape (V. labrusca) vinegar organic 10%
enriched with grape seeds which prepared from grapes in
Brazil as 23.62 + 0.4 mg gallic acid/ml, 39.78 + 0.29 mg
gallic acid/ml and 24.80 + 2.05 mg gallic acid/ml,
respectively. Moreover, it was found that total flavonoid
contents of organic grape vinegar, grape vinegar organic
5% enriched with grape seeds and grape vinegar organic
10% enriched with grape seeds as 0.110 + 0.007 mg
quercetin/ml, 0.118 + 0.007 mg quercetin/ml and 0.124
mg quercetin/ml, respectively.17 In our study, it was
determined total phenolic and flavonoid contents of
grape vinegar as 160.23 + 0.007 pg GAE/ml and 298 +
0.0069 pg CE/ml. These different results might be
attributed to use grapes from different geological areas.
Machado and co-workers®’ also stated that 1Cs, values of
DPPH activity of the grape vinegar organic grape
vinegar, grape vinegar organic 5% enriched with grape
seeds and grape vinegar organic 10% enriched with grape
seeds as 6.70 pg ml™, 9.01 pg ml™ and 7.07 pg mi™,
respectively.*

Cottica and co-workers recorded that total phenolic
content of grape (V. labrusca) vinegar as 162.91 + 5.98
mg GAE/100 g™ and ECs, value of DPPH activity of
grape vinegar as 136.23 + 0.82 pg ml™.*®

Kelebek and co-workers stated that antioxidant
activity of grape vinegars changed between 5.39% and
14.43% according to DPPH assay while the values
ranged from 7.72% to 17.96% with respect to ABTS
assay, respectively."® In our study, DPPH activity of the
vinegar ranges between 83.66% to 95.81% and ABTS
activity of the vinegar ranged from 27.47% to 63.72%.
This difference could be explained by using vinegars
obtained from grapes collected from different
geographical locations and using different grape species
when preparing vinegar.

Different vinegar types also have antioxidative
properties. For example, Hafzan and co-workers
investigated homemade and commercial dated vinegars.
As a result of the study, it was concluded that homemade
dated vinegar showed generally higher antioxidant
activity than commercial dated vinegar.”’ Budak searched
the antioxidative ability of pomegranate vinegar.”!
Tagliazucchi and co-workers revealed the antioxidant
potential of balsamic vinegar.22 Poiana and co-workers
also studied the antioxidative effect of apple vinegars.”*

4. CONCLUSIONS

According to the data obtained, it can be concluded
that grape vinegar has strong antioxidant activity. The
findings of the current study confirm and improve the
information on health-promoting and food safety-related
potentials of grape vinegar. These results might associate
with the chemical composition of the grape and repre-
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sent a mechanism underlying the traditional use of Vitis
labrusca vinegar.
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ABSTRACT

In the present study, it was examined the inhibition
performance of Thionine, which has metachromatic properties
and is generally used as a vital dye for different staining of
nucleus and cytoplasm, on mild steel in acidic medium as a
different application area which is not existed in the literature.
In order to understand how Thionine interacts with the mild
steel surface, different types of adsorption isotherms were
plotted and it was seen obeyed the Langmuir isotherm. The test
results revealed that as the inhibitor concentration increased at
each temperature, the corrosion current density (i) Vvalues
diminished and accordingly, the inhibition efficiencies (7%)
increased slightly. The results indicated that the Thionine
molecules continued to be adsorbed onto the metal surface to
some extent, even when elevated to high temperatures.
Thermodynamic adsorption parameters revealed a strong and
chemical interaction between Thionine and mild steel. It was
determined that the Thionine acted as a mixed-type inhibitor on
the mild steel surface. Finally, field emission scanning electron
(FESEM) and atomic force microscopy (AFM) analyses were
performed to determine the surface characteristics.

Keywords:  Thionine, acidic corrosion,

FESEM.

adsorption,

Bir korozyon caligmasi: Yapisal olarak
metakromatik etkiye sahip olan tiyonin
boyasinin kullanilmasi

0z

Bu caligmada, genellikle niikleus ve sitoplazmanin farkli
sekillerde boyanmasi i¢in metakromatik Ozellige sahip ve
hayati bir boya olarak kullanilan Tiyonin’in, farkli bir kullanim
alant olarak literatiirde mevcut olmayan asidik ortamdaki
yumusak ¢elik {izerine inhibisyon performans: incelendi.
Yumusak ¢elik yiizeyi ile Tiyonin’in ne sekilde etkilestigini
anlamak i¢in farkli tiir adsorpsiyon izotermleri ¢izildi ve
Langmuir izotermine uydugu goriildii. Deney sonuglari, her
sicaklikta inhibitdr derigimi arttik¢a korozyon akim yogunlugu
(icorr) degerlerinin distiigiinii ve buna bagli olarak da inhibisyon
etkinligi degerlerinin (% #) de bir miktar yiikseldigini
gostermisgtir.  Sonuglar, Tiyonin molekiillerinin  yiiksek
sicakliklara ¢ikildiginda bile, bir dereceye kadar metal yiizeyine
adsorplanmaya devam ettigini gostermistir. Termodinamik
adsorpsiyon parametreleri, Tiyonin ile yumusak ¢elik arasinda
giicli ve kimyasal bir etkilesimin oldugunu ortaya ¢ikarmigtir.
Tiyoninin, yumusak ¢elik yiizeyinde karma tip bir inhibitor
gorevi  gordiigli  tespit edildi. Son olarak, ylizey
karakteristiklerinin belirlenmesi i¢in alan emisyon taramali
elektron mikroskobu (FESEM) ve atomik kuvvet mikroskobu
(AFM) analizleri yapildi.

Anahtar Kelimeler: Tiyonin, adsorpsiyon, asidik korozyon,
FESEM.

1. INTRODUCTION

The first thing that comes to mind when matter is
mentioned is metals, polymers and ceramics. Metals can
be classified as ferrous and non-ferrous. In this study,
ferrous material is used as a priority. Ferrous materials
are both steel and cast iron." Mild steel and its alloys are
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mainly made of iron and carbon, and certain properties
can be achieved by adding further alloying elements.”
There are more than 3500 diverse steel grades covering
unique  physical, chemical and environmental
characteristics, according to the World Steel
Association.” Mild steel is one of the most preferred
materials in terms of usage and processability in
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industry. Mild steels have advantages compared to other
materials due to the fact that they are easily accessible
and not expensive. In addition to being preferred in most
applications, mild steels are also highly sensitive to
aggressive environments such as acidic media. The
primary purpose of reducing sensitivity in acidic
environments is to thoroughly isolate the metal from the
medium.*”

Among the most commonly used metal isolation
methods, there is the application of organic inhibitors.
Organic inhibitors exhibit high corrosion resistance due
to their non-toxicity, having a large molecular structure
and their including of heteroatoms with unpaired electron
pairs such as nitrogen, sulphur and oxygen.e'7 These
unpaired electrons facilitate the adsorption of inhibitors
to the metal surface. When the inhibitors are added
generally an acidic solution, they prevent from the
dissolution of the metal. Dyes are also used as corrosion
inhibitors such as compounds of organic origin. Dye
solutions are also used as corrosion inhibitors in the
corrosion process and their discharges to the environment
are prevented.s'9 In one of recent studies done, the
potential of being a good corrosion inhibitor for metals in
acidic solutions as an additional usage field of dyes has
been investigated.lo’14

Thionine has been often utilized as a sensitizer in
photographic  processes, laser components and
chemotherapy. Thionine is also used to stain the nucleus
and cytoplasm in different ways and is called as a vital
dye. Thionine chloride is a powerful metachromatic dye
greatly utilized for biological staining™ is acknowledged
as an electron-shuttling for bioelectricity production.'®
The term of metachromatic was expressed to portray the
colour alterations passed through certain substances
when the temperature is elevated by Ackroyd in 1876."
The first application in the biological circumstances was
realized in the mast cell staining by Ehrlich in 1879."
Metachromatic dyes are divided into two types as
cationic and anionic. Thionine chloride is among the
most widely used cationic metachromatic dye classes.
Anionic ones are used less than cationic dyes.19 Thionine
related molecules chemically possess abilities to
intervene electron transport. Thionine chloride (3,7-
diaminophenothiazin-5-ium chloride), shown in Figure 1,
is a type of phenothiazine dye that has been thoroughly
explored due to their quirky physicochemical properties.
A wide range of studies and applications area of
Thionine have been encountered,”>?** but no study has
been observed which will report the influence of inhibitor
performance for mild steel in 1.0 M HCI solution.
Therefore, this paper is an original study. This current
study was designed to survey a dye whether will act as
inhibitor that does not contain azo group in its structure
and has a metachromatic effect. In other words,

Thionine’s inhibitor performance was evaluated with
potentiodynamic polarization measurement technique at
a temperature range of 298 K-328 K in hydrochloride
acid solution and a different perspective was provided to
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be used as an alternative commercial inhibitor in
industrial applications. The effect of temperature on the
adsorption behaviour of the Thionine molecule was also
clarified by some thermodynamic parameters such as
adsorption free energy (4G ), adsorption equilibrium
constant (Kags), corrosion activation energy (E, ). In the
last step of the study, inhibitor behaviour on metal
surface was investigated by FESEM and AFM
techniques.

(@ € [

HN e Sl > NH,

Figure 1. Three-dimensional ball & stick model (a) and
chemical structure (b) of Thionine chloride inhibitor.

2. EXPERIMENTAL DETAILS

Corrosion tests were conducted on the surface of the
mild steel whose chemical composition was 0.01040 Mo;
0.01900 S; 0.00222 Nb; 0.21700 Cu; 0.40900 Mn;
0.00198 Co; 0.07890 Ni; 0.08400 C; 0.01620 Sn; %
0.01100 P; 0.06030 Cr; 0.10200 Si; 0.01100 V and the
rest was Fe (wt.%). The surface area of the mild steel
electrode is 0.5024 cm?. The surface areas of the working
electrodes that will come into contact with the solution
were left exposed, the entire surface was first covered
with epoxy and then with polyester. Prior to all
electrochemical measurements, the mild mild steel
electrodes were sanded with 600 and 1000 grids of emery
paper respectively, polished with alumina solution, and
then cleaned in acetone and distilled water to immerse in
test solutions. Experimental measurements were carried
out using the classical three electrode technique by the
CHI 660B model electrochemical analyser. Mild steel,
whose chemical composition is given above, has been
used as working electrode. Platinum (Pt), which is used
as counter electrode in the study, was cut 1 x 1 cm in size
from the pure platinum plate and after it was attached
with Pt-wire, only the Pt plate was left out and connected
with a copper wire in a glass tube. Finally, Ag/AgCIl was
used as the reference electrode for potentiodynamic
polarization = measurements.  All  electrochemical
measurements were performed in the representative
experimental set-up (see Figure 2).

The system was allowed to equilibrate for 1 hour
before each measurement and then the test measurements
were carried out. The electrochemical behaviour of mild
steel was evaluated by Tafel extrapolation method for
five different concentrations (1.0 x 10° M — 1.0 x 107
M) of 1.0 M HCI solution in the 298 K — 328 K
temperature range. Corrosion current density (ic) Values
were determined by plotting the semi-logarithmic
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current-potential curves against the potential (V) after
measuring the open circuit potential (Ey) of the mild
steel with the reference electrode (Ag/AgCl). For this
purpose, at the scanning rate of 1 mV/s, first to the
cathodic direction (-350 mV) and then to the anodic
direction (+350 mV) were scanned.

Mild steel
electrode

Pt 4+
electrode

CHI 660B
R

Computer

Electrolyte

Figure 2. Representative experimental set-up obtained of
potentiodynamic polarization spectra.

To obtain information about surface morphologies,
surface roughness and surface elasticities of mild steel
electrodes immersed into 1.0 M HCI media without and
with 1.0 x 10° M Thionine for 120 h, the detailed surface
images with FESEM (ZEISS GeminiSEM 500 model
with computer controlled) and AFM (Veeco Multimode
8 Nanoscope 3D model) analyses were examined.

3. RESULTS AND DISCUSSION
3.1. Evaluation of potentiodynamic polarization tests

Potentiodynamic polarization curves in the absence
and the presence of the Thionine with various
concentrations (1.0 x 10° M — 1.0 x 10 M) for mild
steel electrode are given in Figure 3. These curves are
only for 298 K and 328 K. In addition, potentiodynamic
polarization parameters obtained from these curves are
given in Table 1.

The values of n% were calculated from the
potentiodynamic polarization curves according to the
following equation.””

n (%)= ['m_'] %100 ey

corr

Where iy and i'e are uninhibited and inhibited
corrosion current density values, respectively. The Egor
values were measured as -0.475V and -0.484 V in 1.0 M
HCI solution and i, values were calculated as 265 and

2536 pA cm? at 298 K and 328 K, respectively (see
Figure 3, Table 1). As the inhibitor was added to the
anodic potentials except for afew values and ranged

19

Ozkar

E-ISSN:2602-277X

from -0.460 V to -0.479 V. The values of i, in the
acidic medium, the corrosion potentials shifted to more
inhibited media decreased for each temperature
compared to the values in the uninhibited solution.
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Figure 3. Potentiodynamic polarization curves obtained at 298
K and 328 K temperatures in 1.0 M HCI solutions with and
without Thionine.

This reveals that the anodic dissolution of the mild
steel and the cathodic reduction of the hydrogen ions are
inhibited. For the same temperature in all solutions, the
corrosion current density values decreased as the
inhibitor concentration increased, and accordingly the
inhibition efficiency values rose. The i, vValues boosted
as temperature increased in both inhibited and
uninhibited solutions. In other words, as the ionic
conductivity enhances when the temperature is increased
from 298 to 328 K, the current density values have
boosted in both uninhibited and inhibited media. While
the cathodic Tafel constant (-fc¢) values ranged from 108
mV dec™ to 157 mV dec™ in uninhibited solutions, they
ranged from 91 mV dec™ to 116 mV dec™ in inhibited
solutions. The fact that the calculated cathodic Tafel
constants do not alter significantly except for a few
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Table 1. Potentiodynamic polarization parameters of mild steel in 1.0 M HCI solution containing various
concentrations of Thionine at four different temperatures

Thionine Temperature Ecorr -B. icorr n
Concentration (M) (K) (V/ Ag/AgCl) (mV dec)) (nA cm?) (%)
298 -0.475 108 265 -
308 -0.487 109 440 -
Blank 318 -0.488 128 1296 .
328 -0.484 157 2536 -
298 0.477 91 34 87.2
308 -0.470 100 70 84.1
1.0x10% 318 -0.478 107 175 86.5
328 -0.479 110 296 88.3
298 20.478 93 32 87.9
308 -0.463 102 61 86.1
5.0x10° 318 -0.467 106 150 88.4
328 -0.474 114 286 88.7
298 -0.466 94 28 89.4
. 308 -0.463 98 51 88.4
1.0x10 318 -0.465 110 130 90.0
328 -0.472 110 260 89.7
298 0470 93 24 90.9
308 -0.474 99 49 88.9
5.0x 10™ 318 -0.460 106 109 91.6
328 -0.475 114 241 90.5
298 -0.464 92 21 92.1
308 -0.465 96 47 89.3
1.0x10° 318 -0.466 106 106 91.8
328 -0.469 116 216 915

values in media with and without the Thionine indicates
that the hydrogen formation mechanism is neither
affected by the addition of inhibitor nor by the
temperature.

As seen from Figure 3, the increase in the
concentration of the Thionine in the acidic medium
reduced both the anodic and cathodic current density and
did not change the corrosion potential much. Therefore, it
can be said that the Thionine molecule acts as a mixed-
type inhibitor in the 1.0 M HCI medium.”*** The
addition of the Thionine to the medium decreased the
current value to approximately -0.25 V in the anodic part.
After this potential, it was no matter how much the
potential was increased in all the concentrations of the
Thionine, and therefore it did not change that of the
solution obtained without the inhibitor. This can be
explained by desorption of the Thionine molecules
adsorbed to the electrode surface.”

Furthermore, the cathodic polarization curves are
parallel (Figure 3), indicating that no change has
occurred with the addition of the Thionine molecule in
the hydrogen formation mechanism and that the
reduction of the hydrogen ions is carried out by means of
a charge transfer mechanism at all temperatures.”®
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As can be seen from Table 1, slight changes in the
inhibitor efficiency values with the rise of the
temperature drawn attention to the stronger adsorption
(chemisorption) of the Thionine molecule on the mild
steel surface. This result can be interpreted as the fact
that adsorption of the Thionine molecules and the
corrosion products formed together give the inhibition of
the mild steel surface together.

3.2. Evaluation of adsorption isotherm and inhibition
mechanism

Considering that the molecular adsorption at the mild
steel/solution interface is mainly depended on a
mechanism in the form of corrosion inhibition, the
relationship between the metal surface and the inhibitor
has been identified by different adsorption isotherms for
the Thionine. It has been determined that obey to which
type isotherm of the adsorption. Five different isotherms
such as Langmuir, Flory-Huggins, Temkin, Frumkin and
Freundlich were tested for the adsorption of the Thionine
by using surface coverage fraction (6) values obtained
from the potentiodynamic polarization measurements.
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Figure 4. Langmuir adsorption isotherm curves obtained at different temperatures of Thionine inhibitor in 1.0 M HCI solution.

Among these, the best regression constant (R?) value was
obtained by the Langmuir adsorption isotherm presented
in Equations (2)27 and (3).28

E:i+C
6 K

)
Where C is the Thionine concentration and K is the
adsorption equilibrium constant of the adsorption

process.

Where 55.5 is the molar concentration of water, R is
the universal gase constant, and T is absolute temperature
(in Kelvin). The plots of the Langmuir adsorption
isotherms in the 298 K-328 K ranges for the five
different concentrations of the Thionine are given in
Figure 4, and the thermodynamic parameters such as
(Kags) and (4G ) calculated from these isotherms are
submitted in Table 2.

The values of adsorption free energy not higher than -
20 kJ mol™ are generally noticed in case of physical
adsorption mechanism, where the interacting forces are
completely electrostatic (weak) interactions. AG s
values, more negative than -40 kJ mol™, are characteristic
for chemical adsorption mechanism.

1

= ®)
55.5

K

eXp _ AGDads
RT
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Table 2. Thermodynamic parameters of Thionine calculated
from Langmuir adsorption isotherms

Temperature (K) K AG 4 (kI mol™)
298 333333.3 -41.46
308 500000.0 -42.46
318 500000.0 -42.46
328 500000.0 -42.46

This mechanism is constituted of chemical bonds
between unpaired z-orbitals in the nitrogen, sulphur
atoms, and =-electrons in the aromatic rings and
unoccupied d-orbitals of the Fe metal.”*® Negative
AG s values at all temperatures clarify that adsorption is
spontaneous. Since all AG 5 values calculated according
to Eq. (3) are more negative than -40 kJ mol™ (see Table
2), it can be said that the adsorption of the Thionine is
both spontaneous and chemical adsorption.*"*

As a result, it can be concluded that the calculated
Kags Values are too large and AG 5 values get negative
values than -40 kJ mol™, and that they show inhibitor
influence with the interactions that perform the charge
transfer to make coordinated bonding from the Thionine
molecule to the mild steel surface. This is also a clear
indication that the layer formed on the mild steel surface
is stable.
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3.3. Evaluation of activation energy with Arrhenius
equation

In order to examine the preventative effect of the
Thionine on the corrosion of mild steel with uninhibited

and inhibited solutions at each temperature, the
Arrhenius equation in Eq. (4) was utilized.
In i, )= In A——Cs (4)
RT
Where, A is the pre-exponential factor, E, is

activation energy, i iS corrosion rate, and R is the gas
constant. E, values were calculated from slope of the plot
of In (icrr) against 1/T (see Figure 5) and the obtained
values are shown in Table 3. The E," value was found as
63.71 kJ mol™ in the uninhibited medium and it was
lower in the Thionine containing medium than in the
uninhibited medium (Table 3).

8.7
74

g 61 | ]

I 48

W5

]

15

22 ; ; ; : : : :
302 307 a1z 317 322 327 331 337

10T (K'Y

® Blmk Alslo™M 8510 )1 o1:s107'M 85x10451 llxlD-s M

Figure 5. Arrhenius plots obtained in uninhibited and inhibited
media.

Accordingly, the activation energy values obtained
due to the dissolution of the metal in the solution
containing the Thionine is lower than the uninhibited
solution, it can be interpreted that the inhibitor molecules
have protective effect on the surface with the corrosion
products as a result of the dissolution of the metal and as
chemically adsorbed to the metal surface with increasing
temperature and forming a protective film on the surface.

According to literature findings, low or unchanged
E. values in inhibited solutions compared to the acidic
medium indicate the chemical adsorption, otherwise
physical adsorption.*

3.4. Evaluation of surface characteristics of mild steel
electrodes by FESEM and AFM analyses

Surface characteristics of mild steel electrodes have
been identified by using FESEM and AFM analyses for
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120 h. Figure 6 reveals both the FESEM and AFM
images of uninhibited mild steel surfaces. Both images
clearly spill that the surfaces in blank solution are
vigorously disrupted.

Figure 6. FESEM and AFM images of mild steel electrode
immersed in 1.0 M HCI solution for 120 h.

The most important feature that makes FESEM
superior to SEM s that it has very high resolution. In
both images of the blank solution, large dark spots are
monitored in pit appearance. In this case, the electrode
immersed in the blank solution is clearly oxidized and
the surface is deteriorated. The AFM image of the mild
steel in Figure 6 was highly affected by the corrosive
solution and turned into a rough surface with large
cavities. The average roughness (R,) value of the
electrode surface in the blank solution was measured as
about 198 nm.

Referring to Figure 7, when an optimum
concentration (1.0 x 10 M) of the Thionine was added
to the medium, the cavities in the blank solution began to
decrease and close.

As clearly seen from Figure 7, the surface has a
smoother and straighter appearance.
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Table 3. E,” values calculated in uninhibited and inhibited solutions

Thionine ?&r;ce“tration Blank  1.0x10° 5.0x10°8 1.0x10™ 5.0x10* 1.0x10°
E. (kdmolY) 6371 60.26 60.67 61.84 62.65 63.44

Figure 7. FESEM and AFM images of mild steel electrode
immersed in 1.0 M HCI solution containing 1.0 x 10° M for
120 h.

This may be interpreted to show the protective effect
by covering the mild steel surface just like a blanket due
to the structure of the Thionine molecules. It is shown
that a good preventative film layer on metal surface and
also verifies the high inhibiton performance. The average
surface roughness value of the mild steel with 1.0 x 107
M the Thionine added the medium was determined to be
approximately 39 nm (Figure 7). When the Thionine was
added to the acidic medium, the R, value was very small.
This is another proof that the surface is smoother in the
inhibited medium.
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4. CONCLUSIONS

In the present study, in order to determine the effect
of temperature on the corrosion behavior of the mild steel
in the hydrochloric acid medium of the Thionine, the
following results are summarized by electrochemical
measurements:

e Thionine, which does not contain azo group in its
structure and has a metachromatic effect, has been
designed to be used as a commercial inhibitor at
different temperatures against the corrosion of mild
steel in the hydrochloric acid solution and as a result
showed a high inhibitory performance.

e Electrochemical behavior of mild steel by
potentiodynamic polarization (Tafel extrapolation);
semi-logarithmic  current-potential  plots  were
investigated in four different temperatures in
uninhibited and inhibited media. The Thionine
molecule has behaved as a mixed-type inhibitor in
this medium, since the increase in Thionine
concentration in the acidic medium decreases both
anodic and cathodic current density.

e It was determined by the surface coverage fraction
values obtained from the potentiodynamic
polarization measurements that the Thionine
molecule was adsorbed on the mild steel surface
according to the Langmuir isotherm.

e It is evidence that the Thionine molecules are
chemically adsorbed onto the mild steel surface, as
the activation energy value determined in the
uninhibited medium is greater than the solutions
containing the Thionine molecule.

e The AG s values calculated at all temperatures were
more negative than -40 kJ mol™, which confirmed
that the Thionine molecule was adsorbed
spontaneously and effectively to the mild steel
surface.

e FESEM and AFM analyses verify that mild steel still
has a smooth surface after immersed for 120 h in 1.0
M HCI including Thionine in comparison with blank



Int. 3. Chem. Technol. 2019, 3 (1), 17-25

DOI: http://dx.doi.org/10.32571/ijct.514287

solution. The lower R, value in the inhibitor-
containing medium than in the uninhibited one may
be put forward as a proof that the Thionine dye is
very well protected by the mild steel surface.

e In the light of these experimental results, Thionine is
suitable for use as an inhibitor in mild steel in the
hydrochloric acid solution.
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ABSTRACT

Growing the molecular mechanism of chemicals,
thermochemical and biological interactions is considered as the
ultimate goal of computational chemistry. Some thermodynamic
parameters such as free energy, entropy, dipole moment, binding
energy, nuclear energy, electronics energy, heat of formation,
and QSAR (quantitative structure activity relationship)
properties of molecules like charge density, surface area grid,
volume, LogP, polarizability, refractivity, molecular mass, and
reactivity properties of molecules like HOMO (the highest
occupied molecular orbital), LUMO (the lowest unoccupied
molecular orbital), HUMO  (the  highest  unoccupied
molecular orbital )-LUMO gap, ionization potential and electron
affinity were determined using the HyperChem 8.0.10 program.
The computed QSAR parameters have a significant role in the
estimation of the biological activity and metabolism in the
human body.

Keywords: HyperChem 8.0.10, aromatic carboxylic acid,
QSAR, HOMO-LUMO.

HyperChem programi kullanarak bazi aromatik
karboksilik asitlerin HOMO, LUMO,
termoplastik 6zellikleri ve QSAR incelemesinin
teorik arastirilmasi

0z

Kimyasallarin =~ molekiiler =~ mekanizmasint  gelistirmek,
termokimyasal ve biyolojik etkilesimler hesaplamali kimyanin
temel amaci olarak diigiiniilmektedir. Molekiillerin serbest
enerjisi, entropisi, dipol momenti, baglanma enerjisi, niikleer
enerjisi, elektronik enerjisi, olusum 1s1s1 gibi bazi termodinamik
parametreleri ve yiik yogunlugu, ylizey alani 1zgarasi, hacim,
LogP, polarizasyon, kirilma, molekiiler kiitle gibi QSAR
(kantitatif yap1 aktivite iliskisi) ozellikleri, ve HOMO (en
yiiksek dolu molekiiler orbital), ve LUMO (en diisiik bos
molekiiler orbital), HUMO (en yiiksek bos molekiiler orbital)-
LUMO enerji araligi, iyonlagsma potansiyeli ve elektron afinitesi
gibi reaktivite Ozellikleri, HyperChem 8.0.10 programi
kullanilarak belirlenmistir. Hesaplanan QSAR parametreleri,
insan viicudundaki biyolojik aktivite ve metabolizmanin
tahmininde 6nemli bir role sahiptir.

Anahtar Kelimeler: HyperChem 8.0.10, aromatik karboksilik
asit, QSAR, HOMO-LUMO.

1. INTRODUCTION

Benzoic acid is a colorless crystalline solid and a
simple aromatic carboxylic acid," which was for a long
time known as the source of a large number of synthesis
of organic compounds.z'3 Benzoic acid occurs naturally
in many plants and serves as an intermediate in the

26

biosynthesis of many secondary metabolites.”” Salts and
esters of benzoic acid known as benzoates are used as
food preservatives,®’ manufacture of alkyl resins and
drilling mud additive, a rubber polymerization activator
and retardant’ and it has a great effect on growth
performance, nutrient digestibility, nitrogen balance,
gastrointestinal microflora and parameters of microbial
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metabolism in piglets.9 Many organic compounds were
synthesized from benzoic acid in field of industries. Its
use in the production of glycol benzoates for the
application of plasticizer in adhesive formulations is
increasing."”"* About 65% yield was obtained for
traditional process. Most of the commercial benzoic acid
is converted directly to phenol and caprolactam.”*** In
United States of America, the production capacity of
benzoic acid is estimated at 139,000 tons per year, which
are used for both of the domestic and industrial uses as
raw materials.

Benzoic acid is converted to its salts and esters for
use as a preservative application in foods, drugs, and
personal product. In case of the treatment of fungal skin
disease, benzoic acid is the vital component of benzoin
resin and ointments and other diseases such as tinea,
ringworm, and athlete’s foot."”"" On the other hand, the
2-nitrobenzoic  acid,  2-chlorobenzoic  acid, 2-
methylbenzoic acid, and 2-hydroxybenzoic acids are the
derivative of benzoic acid which is widely used in food
industry, the pharmaceutical industry, chemical industry,
agricultural land and with research purpose.la’19 Due to
estimate, the chemical and physical properties are a way
of time and money. To save the time and cost,
computational chemistry is the best tools to evaluate the
chemical and biological properties.

Accordingly, an intimate relationship between the
structure of a compound, in physicochemical, chemical
reactivity, bioactivity, and biodegradation study should
be computationally established as a "road map" of
expectations, conditions of use, prediction and
prevention.””” In this context, the computational
methods for modeling the chemical-biological interaction
of a compound with organisms have become known as
quantitative structure-activity relationships (QSAR)
methods have come to the forefront.”*** Especially in
the last two decade, a regulatory framework in variety of
mareas such as, toxicological,z“'25 assessment  of
metabolic genotoxicity, screening of chemicals with
bioaccumulation potential,26 food and organic chemicals
safety have been performed by computational analysis,
and also thermophysical properties have been determined
using computational programmes to save money and
time. Considering their molecular structural relationship,
HOMO, LUMO, and quantum chemical properties, and
LogP plays a role in the determination of the chemical
reactivity, biological activity and hydrophobicity and
hydrophobicity of chemicals in relation with living cells
activity and associated mechanistic interactions.

1.1. Theoretical background

1.1.1. Fundamentals of thermodynamics

Thermodynamics is a branch of physics and physical
chemistry where describe the properties of the general

27
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macroscopic physical systems and their theory of
evolution, and it calculates all types of changes and heat
in the physical and chemical processes.27 The different
activities of living occur with the conservation of energy
which is governed by the physical law of altering one
form of energy to another.”

A thermodynamic system consists of definite
macroscopic region or space in the universe. This system
has a specific volume consisting of molecules and atoms
with continuous movement and concussion by the
interaction with the external surrounding. The internal
properties and its interaction with the surrounding
determine the system behavior.”

The thermodynamics systems are of three types
taking into account the interaction with the external
environment which are: (i) Closed system: only the
transfer of energy but not mass across the boundary. (ii)
Open system: Transfer of both mass and energy across
the boundary. (iii) Isolated system: Do not transfer both
mass and energy across the boundary.

From above all three, a thermodynamic system of all
living organisms is the open system and biological
process is the irreversible thermodynamic process where
the change of energy and mass take place. A
thermodynamic system, when steady state, is called an
equilibrium system where all the parameters do not vary
with respect to time, and change by the surrounding
involving the mass transport. A thermodynamic system
can switch from initial state through the intermediate
state to final state which is called transformation of state
or thermodynamics process.****

Some properties like temperature (T), refractive
index (n), density (p) and hardness of an object (1) are
intensive properties, and also some properties like the
mass (m), and the volume (V) are extensive properties.
Surface area and some external parameters dependence
of the thermodynamic system on the environment like
pressure, temperature, density, electrical polarization,
the coefficient of the tension of a liquid.*

1.1.2. Molecular modeling

Molecular modeling which is a useful implement in
many fields such as chemistry, physics, biology, medicine,
and pharmacy allows graphical representation of a
molecular configuration and calculation of
physicochemical properties and biological properties. In
the pharmacological researchs, drug design, biological
chemistry, and molecular biology, to do continuous
researchs and design new molecules by molecular
modeling of computational software has become easy.
Instigated in various molecular modeling programs, these
methods are used to determine the properties of drugs, and
bioactive molecule found in the draft before the actual
synthesis. Molecular modeling methods are numerous,
mostly relying on the principles of quantum mechanics and
Schrodinger's equation solving.33
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The most important methods that are used in molecular
modeling programs are ab-initio methods, semi-empirical
methods,** Density function theory.®

The most important methods of semi-empirical: AM1,
PM3. In addition of the methods mentioned above, in
recent years there was an expansion of the two methods,
the method of molecular dynamics and Monte Carlo
method, which refers to theoretical models that takes an
intermediate between theory and experiment, called
numerical methods.*®

Among the most used molecular modeling programs,
the common software is named Spartan, Gaussian, and
HyperChem. Most molecular modeling techniques are
worked based on the principles of quantum mechanics
and Schrodinger's equation solving. Depending on the
parameters molecular system has been studied that is
intended to be obtained by choosing one or another
method.”’

2. COMPUTING METERIALS AND METHODS
FOR SIMULATION

HyperChem 8.0.1 is a path of molecular modeling
program which permits to build and analyze different
molecular structures and determine their
physicochemical, thermo-chemical, and biological
properties. To performing this work, a high core i7
computer, and HyperChem software were used.

The PM3 method is derived from Parametric Method
number 3 from computational chemistry and included in
the semi-empirical method for the quantum calculation
of molecular structure. PM3 was used the Hamiltonian
and it is parameterized to reproduce a large number of
molecular properties.*®

In order to create the spatial chemical structure of
each calculated molecule, the two-dimensional structure
of the molecule shall be built step-by-step by drawing.
Then hydrogen atoms are automatically added from
building option and chemical structure is automatically
adjusted from model build option. In the first step, the
optimization of main structure, bond length, bond order,
and partial charges were obtained.

For optimization, MP3 from semi empirical method
was ran up and running the option computing using the
algorithm Polak—Ribiere was done with maximum
gradient set at 0.001 kcal mol™ for calculation of free
energy, entropy, dipole moment, binding energy, nuclear
energy, electronics energy, heat of formation, the energy
of frontier orbitals, HOMO (Highest Occupied Molecular
Orbital) and LUMO (Lowest Unoccupied Molecular
Orbital), and QSAR properties of molecules like charge
density, surface area grid, volume, LogP, polarizability,
refractivity, molecular mass.

3. RESULTS AND DISCUSSION

3.1. Optimized structure
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A representation of the molecular structure optimized
which contains the values of the reactivity indices is
called the reactive molecular diagram. The optimized
structure of optimized molecules using the HyperChem
8.0.10 software is represented in Figures 1 and 2.

The symmetry is a very powerful tool established on
the basis of HyperChem. The benzoic acid, 2-
nitrobenzoic acid, 2-chlorobenzoic acid, 2-methylbenzoic
acid, and 2 hydroxybenzoic acids are considered as the
class symmetry, the molecules of this group are planar
and they have only one element of symmetry and the
plane of the molecule.

3.2 The atomic charges computed by HyperChem

It is seen from Figure 3 that the negative charges
are located near C and O atoms (the highest negative
value is -0.404 in O, -0.10 atom) and the positive
charges are located near H atoms (the highest positive
value is 0.450).

3.3. Bond length

In general, the bond length between two atoms is
approximately the sum of the covalent radii of the two
atoms. For covalent bonds, bond energies and bond
lengths depend on many factors like electron affinities,
sizes, electro-affinity of atoms involved in the bond,
differences in their electronegativity, and the overall
structure of the molecule shown in Figure 4. There is a
general trend in that the shorter the bond length, the
higher the bond energy. Similar bond length indicates the
similarity and molecular symmetry.

3.4. Bond order

The higher the bond order indicates the stronger the
pull between the two atoms and the shorter the bond
length. The shorter bond length indicates the higher
required energy. Bond orders in different molecules
optimized by HyperChem are shown in Figure 5.

3.5. HOMO-LUMO

The energy levels of the molecular orbitals order
HOMO (Highest Occupied Molecular Orbital) and
LUMO (Lowest Unoccupied Molecular Orbital) for
different aromatic carboxylic acid molecules give
information on the possible electronic transition. The
HOMO and LUMO also indicate the electrophilic and
nucleophilic attraction in the molecule. The LUMO-
HOMO gap is the most important parameter for the
chemical reactivity. The shorter LUMO-HUMO gap is
considered as the high reactivity, they are highlighted in
Figure 6 (color: green is the positive value and blue is the
negative value).*>*
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Benzoic acid 2-hydroxybenzoic ~ 2-methybenzoic 2-chlorobenzoic 2-nitrobenzoic
acid acid acid acid

Figure 1. Optimized structure representing ball shape, Color: Red is oxygen, cyan is carbon, white is hydrogen, nitrogen is blue,
chlorine is white in large size.
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Figure 2. Optimized structure in the cylinder shape, Color: Red is oxygen, cyan is carbon, white is hydrogen, nitrogen is blue,
chlorine is white in large size.
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Figure 3. The atomic charges in the molecules computed by HyperChem.
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Figure 4. Bond length in different molecules optimized by HyperChem.

Benzoic Acid 2-hydroxybenzoic acid 2-methylbenzoic acid

2-chlorobenzoic acid 2-nitrobenzoic acid

Figure 5. Bond order in different molecules optimized by HyperChem.
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Figure 6. The frontier orbitals: a) LUMO and b) HOMO.
Table 1. Data for HOMO, LUMO, IP, EA, and LUMO- HOMO gap (AE)
Benzoic 2-hydroxy 2-methyl 2-chloro 2-nitro
acid benzoic acid benzoic acid benzoic benzoic
acid acid
HOMO, eV -10.1358 -9.5180 -10.0681 -9.5955 -10.8299
LUMO, eV -0.5335 -0.5114 -0.6635 -0.7119 -1.5403
AE, (LUMO- 9.6023 9.0066 9.4046 8.8836 9.2896
HOMO)
lonization potential -10.1358 -9.5180 -10.0681 -9.5955 -10.8299
N, ev
Electron affinity (A), -0.5335 -0.5114 -0.6635 -0.7119 -1.5403
eV
In the Figure 6, all of molecules have almost near 3.6. Thermophysical properties
HOMO LUMO gap that is from 8.88 to 9.60 eV.
The electrophilic (Positive charge groups or atoms) Thermophysical ~ properties  optimized  from

attack to the most likely to the atomic site with a high
density of orbital HOMO, while nucleophilic (Negative
charge groups or atoms) attack LUMO that is correlated
with atomic high-density of orbital LUMO.

The ionization potential (1) and electron affinity (A)
have been estimated from the HOMO and LUMO
energy values like as IP = Negative of the energy of
HOMO, and EA = Negative of the energy of LUMO
(Table 1).
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HyperChem are given in Table 2.
3.7. Characterization by NMR

The 'H NMR spectroscopy analysis in view of
shielding and shift plotting, coupling and shielding
tensor which are given in Figure 7. In measurements of
nuclear magnetic moments, a correction must be made
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for the magnetic field ascending from the motions of the

molecular electrons which are induced by the externally
applied field. The "chemical effect” which is considered
as the chemical shift commonly, was used now for struc-
tural determination of molecules. The calculation of the
second order paramagnetic contribution is used for
shielding calculation perturbation theory. The chemical
shift or magnetic shielding as a number associated with
each resonant nucleus, in reality, the shielding is a tensor
quantity. The shielding phenomena have to be described
by a shielding tensor instead of a scalar number to easily
calculate the structure of molecules. In Figure 7, if
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shields and shift consists of three bars at which blue
indicates the shielding, green indicates the chemical shift
of proton and paste color indicates the tau. On the other
hand, the shielding tensor different color indicates the
different proton environment. In the last view, the proton
coupling indicates the proton-proton coupling by
different color bar.

On the other hand, the shielding tensor different color
indicates the different proton environment. In the last
view, the proton coupling indicates the proton-proton
coupling by different color bar.

Table 2. Thermophysical properties optimized from HyperChem

Properties Benzoic 2- 2-methyl 2-chloro 2-
acid hydroxyben benzoic benzoic nitrobenzoic
zoic acid acid acid acid

Total energy, -348030.6 -41446.25 -38253.4 -41751.5 -51653.70
(kcal mol™)

ree energy, - . - . - . - . - .
F 348030.6 41446.1 38253.4 41751.5 51653.70
(kcal mol™)
Entropy, 0 0 0 0 0
(kcal mol™deg™)
Heat capacity, 0 0 0 0 0
(kcal mol™deg™)

ipole moment,
Dipol 0 0 0 0 0
(D)
RMS gradient, 0.9482 0.093 0.6339 0.2354 4.5660
(kcal mol™)

inding energy, - : - . - . - . - .
Bindi 1694.629 1664.2025 1975.9445 1674.881 1865.970
(kcal mol™)

eato -66. . -72. -70. -57.
H f 66.2537 23.3164 72.8905 70.0334 57.9941
formation,
(kcal mol™)
Nuclear energy, 113121.321 134964.4467 141280.465 139147.969 195423.2914

-1

(kcal mol™) 4 9 9
Electronic -146925.93 -176413.38 -179533.85 -180899.50 -247076.30
energy,
(kcal mol™)
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Figure 7. Shielding and shift, coupling and shielding tensor.
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Figure 8. The 3D geometry of the distribution electrostatic potential.

Table 3. Data of electrostatic potential energy difference of two levels

Benzoic acid  2-hydroxy benzoic 2-methyl 2-chloro 2-nitro
acid benzoic acid benzoic acid benzoic acid
El 1.434 2.350 0.988 30.539 4.180
E2 0.078 0.088 0.061 0.095 0.116
AE 1.358 2.262 0.927 30.44 4.064

Here, E1= Electrostatic potential energy in positive value,  basis of the energy difference (4E) frontier orbitals. This
E2= Electrostatic potential energy in negative value, and  difference, AE represents the electronic excitation energy
AE= = Electrostatic potential energy difference of two  of molecule. According to the mechanism of

level. antimicrobial activity and antimicrobial agents of
bioactive molecules, the positive charge end of molecules
3.8. Biological activity of optimized molecules is responsible for damage the plasma membrane of
pathogens."" To kill the different human pathogenic
3.8.1. The distribution electrostatic potential due to microorganisms, the charge region of molecules was used
3D mapped structure as the biological active part in the molecule. In this case,

the most important factors are explained that the higher

The stability of the studied molecular structure is  surface area and higher positive and negative charge is
given by the higher negative values of total energy. The  considered as the high antimicrobial active molecule. The
biological activity of a compound can be estimated onthe  electrostatic potential in view of the 3D mapped structure
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Benzoic 2- 2-methyl 2-chloro 2”-nitro
acid hydroxybenzoic benzoic acid benzoic acid benzoic
acid acid
Partial charge (e) 0.0 0.0 0.0 0.0 0.0
Surface Area 280.25 313.13 297.04 294.48 305.75
(grid)
Volume, A3 407.24 461.61 450.99 442.41 457.69
Hydration -6.82 13.54 -6.07 -5.27 -11.47
Energy
LogP 0.98 -0.04 1.14 0.76 -3.70
Refractivity, A3 36.98 38.58 41.24 41.67 42.17
Polarizability, A3 12.99 13.63 14.28 14.92 14.83
Mass (amu) 122.12 138.12 136.15 156.57 162.12

indicates positive and negative charge region and the
charged surface area in a molecule that is considered as
the best tools to estimate the biological activity
parameters.*?

The three-dimensional geometry of molecular
electrostatic  potential  distribution  highlights the
existence of three  regions  with increased
electronegativity in which oxygen and chlorine atoms are
involved, and which play a role in their coupling to
different structures in which ions are positively charged.
From Table 4, it is found that the 2-chlorobenzoic acid
shows high electrostatic potential energy difference of
two levels due to having chlorine and highly bioactive
than nitrobenzoic acids.

The surface distribution of molecular electrostatic
potential is an indicator of the specific reactive regions of
the molecule given in Figure 8.

3. 9. Qquantitative structure-activity relationships
(QSAR)

Correlation of the molecular structure or properties
are derived from a molecular structure with a particular
chemical or biochemical activity. This method is widely
used in pharmaceutical chemistry in the environment and
in the search for certain properties. Data of QSAR study are
given in Table 5.
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3.9. 1. Binding Energy

The binding free energy of the optimized molecules is
calculated by performing a docking process. The
molecule with minimum binding energy will have the
maximum binding affinity. The binding free energy of
the designed molecules is obtained by eliminating the
energy of the main molecule. Having the maximum
binding affinity indicates as the best molecule for drug
and leads molecules targeting computationally. We can
find out the drug binding affinity by using the fitness of
the drug, which can bind to the target molecule during
the docking process and the second way is to use Gibbs
free energy calculations. According to the more negative
value, we can consider a more effective drug. As seen
from Table 2, it is found that the binding energy, which
is almost the same in benzoic acid, 2-hydroxybenzoic
acid, and 2- chlorobenzoic acid from-to 1695
(kcal mol™). On the other hand, the 2-methyl 1664
benzoic acid shows the higher binding energy of
-1975.9445 where nitrobenzoic acid has -1865.970
(kcal mol™).

3.9.2. Surface area

In the case of the biological activity of a molecule,
the surface area is considered as the important parameter.
Greater charge surface area of a molecule can possible to
kil more pathogens. The charged distribution from
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electrostatic potential completely depends on the surface
area. The greater positive charge surface area means the
higher biological activity. As seen from Table 4, it is
illustrated that 2-methylbenzoic acid and 2-chlorobenzoic
acid are near 195 to 197 where 2-hydroxybenzoic acid has
313 and benzoic acid has 280.

3.9.3. Hydration Energy

The hydration energy is defined as the energy
absorbed when the substance is dissolved in water. The
lower hydration energy is considered as the greater
capacity to dissolve in water so that it acts as the
hydrophilic nature and predict the best properties of the
drug. The 2-hydroxybenzoic acid and 2-nitrobenzoic acid
are -11.0 to 13.0 kcal mol™ and all other are near about
6.00 kcal mol™.

3.9.4. LogP

A negative value of LogP indicates the hydrophilicity
and positive LogP indicates the hydrophobicity. The both
of hydrophilicity and hydrophobicity play an important
role in biochemical interactions and bioactivity.
Hydrophobic drugs tend to be more toxic because, in
general, are kept longer, have a wider distribution in the
body, are somewhat less selective in their binding to
molecules and finally are often extensively metabolized.
Therefore ideal distribution coefficient for a drug is
usually intermediate (not too hydrophobic nor too
hydrophilic). From the data in Table 4, it can be seen that
2-hydroxybenzoic acid has -0.04 value that indicates
lower hydrophobicity, and nitrobenzoic acid show a
higher hydrophobicity. All other three molecules show
hydrophilicity range from 0.98 to 1.15.

4. CONCLUSIONS

The semi-empirical PM3 method of the program
HyperChem 8.010 was used to characterize and compute
benzoic acid, 2- nitrobenzoic acid, 2-chlorobenzoic acid,
2-methylbenzoic acid, and 2- hydroxybenzoic acid. The
physicochemical  parameters and thermodynamic
properties were estimated for a specific use to each
molecule including 3D structure, bond lengths, the
atomic charges, total energy, free energy, entropy, dipole
moment, formation energy, binding energy, electrostatic
energy, and nuclear energy.

The molecular descriptors QSAR provided the
calculation of charge, surface area, volume, hydration
energy, LogP, refractivity, polarizability, and molecular
mass. The most important properties forbiological
chemistry, reactivity and drug design, the HUMO,
LUMO, LUMO-HUMO gap, ionization potential,
electron affinity, and electrostatic potential in case of the
charge distribution in molecule were optimized and
recorded using semi-empirical modeling methods.

The *H NMR was evaluated by molecular modeling
programs. Obtaining by modeling the distribution of
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molecular electrostatic potential reactive sites leds to the
identification and characterization of the molecules. It is
summarized that the resulted optimized molecules of
aromatic carboxylic acid were developed a comparative
study on their chemical reactivity, thermo-chemical
profile and biological activity in view of theoretical
studies.
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ABSTRACT

This paper describes the leaching behaviour and dissolution
kinetics of chalcopyrite with potassium nitrate in sulphuric acid
solutions. Reaction temperature, solid/liquid ratio, stirring
speed, chalcopyrite particle size, concentration of sulphuric
acid and concentration of potassium nitrate solutions were
selected as process parameters. The experimental results were
successfully correlated with linear regression using the
Statistical package program and dissolution curves were
evaluated by the shrinking core models for solid-fluid systems.
Finally, it was found that increasing reaction temperature and
decreasing solid/liquid ratio caused an increase in the
dissolution rate of chalcopyrite. The dissolution extent slightly
increased with the increase in the stirring speed rate between
300-900 rpm under the experimental conditions. The activation
energy was found as 78.25 k] mol™. It was seen that the
leaching of chalcopyrite was controlled by surface chemical
reactions.

Keywords: Chalcopyrite,
shrinking core model.

KNO5, leaching kinetics,

Kalkopiritin KNO3 + H,SO,4 ortamindaki li¢ing
kinetigi lizerine bir ¢alisma

0z

Bu makale kalkopiritin siilfiirik asit ¢ozeltilerinde potasyum
nitrat ile liging davramisii  ve ¢Oziinme  kinetigini
aciklanmaktadir. Reaksiyon sicakligi, kati/sivi orani, karigtirma
hiz1, kalkopirit partikiil biiytkligi, siilfiirik asit konsantrasyonu
ve potasyum nitrat ¢Ozelti konsantrasyonlar1  proses
parametreleri olarak se¢ildi. Deney sonuglari, istatistiksel paket
programi kullanilarak lineer regresyon ile basarili bir sekilde
iligskilendirildi ve ¢oziilme egrileri, kati-akigkan sistemler igin
biiziisen ¢ekirdek modelleri ile degerlendirildi. Son olarak,
artan reaksiyon sicakligmm ve azalan kati/sivi oraninin,
kalkopiritin  ¢6ziinme hizinda bir artisa neden oldugu
bulunmustur. Coziinme derecesi, deneysel kosullarda 300-900
rpm arasindaki karigtirma hizindaki artisla biraz artmustir.
Aktivasyon enerjisi 78.25 kJ mol™® olarak bulunmustur.
Kalkopiritin liginginin, yiizey kimyasal reaksiyonlariyla kontrol
edildigi goriilmistiir.

Anahtar Kelimeler: Kalkopirit, KNOs, li¢ing kinetigi, biiziilen
niive modeli.

1. INTRODUCTION

One of the most common minerals in the nature is the
compound of sulphur including iron and copper, called
chalcopyrite (expressed as CuFeS, or Cu,S.Fe,S3). The
use of copper in human history is based on ancient times.
Nowadays, even though different metals are used instead
of copper in some areas, copper has always kept its
importance thanks to its unique properties. High
electrical and thermal conductivity, resistance to
corrosion and easy processability are some of the
important features of copper.

Copper production in the world is carried out by
extraction, enrichment and evaluation of copper ores with
sulfur and oxides. In general, about 80% of copper

38

production is carried out by pyrometallurgical methods,
and hydrometallurgical methods are used at about 20%.
Due to the environmental impact, the hydrometallurgical
process is becoming an increasing importance. The
hydrometallurgical process provides an effective method
for processing low-grade ores.” The fact that the oxidized
sources are preferred more over time, the required
chemical materials are with easy and cheap prices, the
production facilities can be easily installed where the ore
is located, and the low pre-investments and the relatively
less damage to the environment increase the popularity of
the hydrometallurgical method. For this reason,
hydrometallurgical processes are preferred generally for
copper extraction. One of the most common minerals in
the nature is the compound of sulphur including iron
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and copper, which is called chalcopyrite (expressed as
CuFeS, or Cu,S.Fe,S3). Other than the ore veins, it also
occurs typically in low copper concentrates. It is a highly

refractory material during the hydrometallurgical
process.”
Several researchers have reported chalcopyrite

leaching. The leaching of chalcopyrite using different
leaching solutions has been studied by some investigators
(Table 1).

Table 1. Some of the studies aimed at leaching of chalcopyrite
in different environments examined by various researchers

Environment Activation | Controlling step | Ref.
energy
(kJ mol™®)
Water saturated 9.06 Controlled by 21
with chlorine diffusion through
the product layer
Potassium 48-54 Chemically 22
dichromate controlled
By hydrogen 60 The surface 23
peroxide in reaction
sulphuric acid controlled
In hypochlorite 19.88 By diffusion 24
through the
product layer
Ferric chloride 68 Chemical 25
reaction
Sodium nitrate 83 Mixed control 26
in sulphuric
acid
Sodium 60.0 at By chemical 27
chlorate in 298-318 K | reaction
hydrochloric 57.7 at
acid 318-338 K

In the hydrometallurgical process, inorganic acids
are used as leaching accents.® This study aims to
investigate the Kinetic results for leaching and dissolution
processes of chalcopyrite with KNO5 in H,SO, using a
mechanical agitation system. The reaction rates for
chalcopyrite are very critical for commercial initiatives.
Heterogeneous reaction models were used in the analysis
of kinetics for dissolution. In the study, reaction
temperature,  solid/liquid  ratio,  stirring  speed,
chalcopyrite particle size, concentration of sulphuric acid
and concentrations of potassium nitrate solutions are
used as evaluation criteria for leaching process.

2. MATERIALS AND METHODS
2.1. Materials

The chalcopyrite samples obtained from Artvin
Murgul Copper Company were first disintegrated. It was

then dried under a vacuum and separated into particle
sizes using ASTM standard sieves to give fractions of
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average dimensions of sizes -50+70, -70+100, -100+120
and -120+140 um. The chemical analysis of the samples
can be seen in Table 2.

Table 2. Chemical analysis of chalcopyrite minerals.

Component %
Cu 6.70
Ni 0.10
Zn 0.20
SiO, 45.60
MgO 1.32
CaO 0.28
Fe 18.45
S 19.25
Au -
Ag 0.0213
2.2. Methods

Atmospheric weather conditions were used to
perform the leaching experiments. In the experiments,
500 mL volume global glass reactor was used. A
constant temperature water circulation device was used
to prevent the temperature change during the experiment.
A Dbackflow concentrator was wused to prevent
evaporation. A mechanical mixer was used to obtain a
homogenous mixture. The mechanical agitation test
system is quite common and it can be seen in Figure 1.
Chemical analysis of chalcopyrite with a particle size of -
120 + 140 mesh was performed. Each analysis was
repeated twice and the mean values were used in kinetic
calculations. The EDS graph of the original mineral is
given in Figure 2. Cu, Ni, Au, Ag, Fe and Zn analyses
were performed using atomic absorption
spectrophotometry (Shimadzu AAS-670). SiO, and S
analyses were done by gravimetric methods. MgO and
CaO analyses were completed with complexometric
methods with EDTA.

A
— 1
=4

Figure 1.  Mechanical Agitation Experimental System.
(1. Mechanical agitator, 2. Water output, 3. Water input, 4. Water
circulator heater, 5. Glass reactor, 6. stirrer, 7. pH meter).
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Figure 2. EDS graph of the sample.

3. RESULTS AND DISCUSSION

3.1. Dissolution reactions

Reactions occurring in the reactor can be given as
follows.*”

When KNO; was used with H,SO,, the following
reactions occur.

H2S004a) D2H" (aq) +SO47aq)
KNOj(aq) > K* (ag) + NO3 (ag)

1)
)

When chalcopyrite is added to the potassium nitrate
solution in the reactor, the reaction can be written as
follows:

CUFESZ(S) + 4H+(aq) + NO3_(aq) > Cuﬂ(aq) + F€+3(aq) + 28(3) +
NO(, + 2H,0y, 3

The total reaction is as follows:

6CUFESQ(S) + 10 KNOg(aq) + 20H2804(aq) > 6CUSO4(aq) +
3F62(SO4)3(aq) + 5K2504(aq) + 20H20(|) + lONO(g) + 125(5)

(4)

3.2. Effects of parameters

Reaction temperature, solid/liquid ratio, stirring
speed, the particle size of chalcopyrite, the concentration
of sulphuric acid and the concentration of potassium
nitrate solutions were selected as process parameters to
measure the effect of chalcopyrite on the dissolution
level. Parameter ranges are given in Table 3.
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In the experiments, the values of the other parameters
were kept constant while the effect of a parameter was
examined (see Table 3).

Table 3. Selected parameters and their ranges

Parameter Values

Temperature (K) 343, 348, 353*,
358

Solid/liquid (g cm™) 1/100*, 1/50, 1/25,
1/10

Stirring speed (rpm) 300, 500*, 700,
900

Particle size (um) 256, 181, 137.5%,
115.5

Concentration of H,S0,(mol dm®)  2.0*, 3.0, 4.0, 5.0

Concentration of KNO; (mol dm™®) 1.0, 2.0, 3.0%, 4.0

250 mL of KNOj solution was used for any trial in
the study. The stirrer had a constant velocity of 500 rpm
to produce homogeneous concentrations in the batch
reactor. Change graphs between time (t) and conversion
values (X) are plotted for each parameter. These change
graphs can be seen in Figure 3-8.

A 250 mL solution of potassium nitrate was used for
all the experiments. The uniformity of the suspension
was obtained at a stirring speed of 500 rpm. Therefore,
the mixing speed of 500 rpm was a constant value in all
experiments to ensure uniformity in the reactor. The plots
of time (t) against conversion (X) were obtained.

0,7

0,6

05

0,4

Conversion

0,3

0,2

0,1

0,0
o] 20 40 60 80

100

120 140 160 180 200 220 240
t (min.)
Figure 3. Change graph between time and conversion for

different temperatures.
3.2.1. Effect of reaction temperature

There is a significant relationship between the
reaction temperature and the speed of the leaching
reaction. The experiments were performed at four
different temperatures of 343, 348, 353 and 358 K. The
curves were plotted as presented in Figure 3.
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It is seen that the dissolution at higher temperatures is
more effective in removing a greater amount of
chalcopyrite.6 The quick production of activation energy
helps to accelerate the reaction by heating the chemical
reactants further only.

0,7

0,6

0,5

04

Conversion

0,3

0,2
“e_ 1/100 g/cm?®

| 1/50 glem®
e 1/25 g/lem?
1/10 g/cm®

0,1

0,0

0 20 40 60 80 100 120 140 160 180 200 220 240
t (min.)
Figure 4. Change graph between time and conversion for

different solid-liquid ratios.
3.2.2. Effect of S/L ratio

Changes in the solid / liquid (S / L) ratio allow the
observation of the dissolution kinetics of chalcopyrite,
such as 1/100, 1/50, 1/25 and 1/10 g cm, respectively.
The dissolution curves are demonstrated in Figure 4. As
shown in Figure 4, the dissolution rate changes in reverse
with the S/ L ratio. The decrease in dissolution rate with
increasing solids can be explained by the decrease in the
number of chalcopyrite particles per the amount of
solution. If the reaction mixture has high solid-to-liquid
ratio, the slurry becomes viscous and hampers ion
mobility, hence decreasing the leaching efficiency.’

3.2.3. Effect of stirring speed

As can be seen from the reactions 3 and 4, the
leaching of chalcopyrite is a heterogeneous reaction. This
involves mass transfer of the reactants on the
chalcopyrite surface.® The effect of the stirring speed on
the dissolution rate of chalcopyrite was investigated at
300, 500, 700 and 900 rpm. The change between stirring
speed and conversion are shown in Figure 5. It can be
seen fgom Figure 5 that the effect of stirring speed is very
small.

3.2.4. Effect of particle size

After fragmentation, four fractions such as -50 + 70,
-70 + 100, -100 + 120, and -120 + 140 um were elimina-
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ted. According to the dissolution curves presented in
Figure 6, a direct correlation formed between the
magnitude of mineral particles and the dissolution rate
because the smaller parts have more surface area and less
volume.

0,7

0,6

0,5

04

Conversion

0,3 % 0rpm
“m_ 300 rpm
e 500 rpm

700 rpm

0,2 e 900 rpm

0,1

0,0

0 20 40 60 80 100 120 140 160 180 200 220 240

t (min.)
Figure 5. Change graph between time and conversion for
different stirring speeds.

70

60

50

40

Conversion

30

20

e -50+70 mesh
“m_ -70+100 mesh
e -100+120 mesh

10 -120+140 mesh

0

0 20

40 60 80

100 120
t (min.)
Figure 6. Change graph between time and conversion for

different particle sizes.

140 160 180 200 220 240

The high ratio of surface area to volume means that
the leaching has more opportunity to contact with the
mineral."’

3.2.5. Effect of H,SO, concentration
In this study, the reagent for the leaching reaction was

sulphuric acid. The H,SO, concentration needs to be
raised up to a specific value and not beyond that for leac-
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hing efficiency. In response to variations of 2.0, 3.0, 4.0
and 5.0 mol dm?, dissolution curves were plotted. The
graph can be seen in Figure 7. It was determined that the
level of dissolution of the process increased with the
increase in the concentration of the sulfuric acid solution.

The efficient dissolution reaction is associated with
higher H,SO,, concentrations.™*

0,8

0,7

0,6

05

0,4

Conversion

0,3

~e_ 2mol/dm?
“m_ 3mol / dm®
e 4 mol / dm?

5mol / dm®

0,2

0,1

0,0

o] 20 40 60 80 120 140

t(min.)
Figure 7. Change graph between time and conversion for
different concentrations of H,S0,.

160 180 200 220 240

0,7

0,6

0,5

04

Conversion

0,3

~e__ 1 mol/dm?
“m_ 2mol /dm?
e 3mol/dm3

4mol / dm?®

0,2

0,1

0,0

0 20 40 60 80 100 120 140 160 180 200 220 240
t (min.)
Figure 8. Change graph between time and conversion for

different concentration of KNO;.
3.2.6. Effect of KNO3 concentration

Potassium nitrate is both a crystalline salt and a
strong oxidizer, and it is used especially in gunpowder,
fertilizer and medicine. The effect of the KNO;
concentration on the leaching grade was determined at a
KNOs concentration between 1.0 and 4.0 mol dm™ and at
a time interval of 3 to 240 minutes. The dissolution
curves are given in Figure 8. From Figure 8, the level of
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dissolution of the process increases with an increase in
the concentration of potassium nitrate solution.”!
Because of the fact that sulphuric acid without oxidants
does not react with chalcopyrite, the reaction rate
increases with an increase in KNO3 concentration. The
oxidation potential of nitrate ions increases the acidity of
the solution. Therefore, this situation increases the
leaching rate.’

0,35
L)
030| |[343K:r’=09964 ¢ a
348 K : 12 = 0,9962 .
353K : 2= 0,9975 ¢
358 K : 12 = 0,9902 .
0,25
L]
| |
@
3020
X e
=
— 0,15 o« N
*
0,10
Se 343K
m_ 348K
005 ~e_ 353K
358 K
L]
0,00
0 20 40 60 80 100 120 140 160 180 200 220 240
t (min.)

)1/3

Figure 9. Change between 1-(1-X)™ and t for different reaction

temperature.

3.2.7. Kinetics analysis

In order to determine the kinetic parameters and the
reaction rate control step of the dissolution reaction
between chalcopyrite mineral and sulphuric acid with
potassium nitrate solutions, non-catalytic heterogeneous
reaction models were applied on experimental data."
Heterogeneous reaction model can be used to study the
heterogeneous reaction process between solid and liquid.
The non-reacting shrinking core model was applied to
analyse the trial results and to make an assessment of the
speed-limiting step.13 Rate equations can be obtained
from the heterogeneous reaction model, especially for
each control mechanism. The heterogeneous reaction
model is numerically and analytically used for solid-
liquid heterogeneous systems. The integral ratio
equations for the non-reacted shrink core model and
other models are presented in Table 4. Following the
experiments, the analysis of the results was performed as
best practice using the above-mentioned models to
evaluate the kinetics of the leaching process. When the
film diffusion is much quicker than the chemical
reaction, the leaching action refers to the controlled
chemical reaction. Also, the regression coefficients of
models calculated in the study can be reviewed in Table
4. As a result of the regression analysis, the results of the
experiment were found to be in accordance with Eq. (6)
in Table 4. Therefore, it can be said that this reaction is
controlled by chemical reaction. Starting from this, the
leaching process is limited by the chemical reaction. The
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Table 4. Integral rate equations for non-reactive shrink core model and other models

2

Rate-controlling step Rate equation r Equation
Chemical reaction t/t*= [1_ (1_ X B)lls] t" = Ds R/kaCAg 0.998 (5)
Film diffusion control t/tx= X, t"=pgR /3bKC,, 0.961 (6)
Esi;fgfi&r; dgsﬁ;%through the t/t*=[1-3(1- X3)*"° +2(1-X;)] t* = pyR*/6bDeC,, 0941 0]
First-order pseudo-homogeneous model -In(1-X) =kt 0.925 (8)
Second-order pseudo-homogeneous model (1-X)* =kt 0.912 9)
Avrami model -In(1-X) = kt" 0.933 (10)

t*: Reactionary time for full conversion, min.

regression coefficient of the model was calculated as
0.998. This is a fairly high value. For different reaction
temperatures, a graph between time and 1- (1-X)** can
be seen in Figure 9.

In reactions controlled by the chemical reaction,
reactionary time for full conversion (t*) is proportional to
the starting radius of a solid particle (R).***® The t*
values versus R were plotted. The high linearity between
t* and R can be seen in Figure 10. The regression
coefficient (r’) between t* and R was found to be 0.9965.
In diffusion controlled reaction, reactionary time for full
conversion (t*) is proportional to square of the starting
radius of a solid particle (R?). The regression coefficient
(r?) between t* and R? was determined to be 0.9566. This
situation confirms that rate controlling step for this
process is governed by the chemical reaction model. The
value of the activation energy helps to estimate the speed

280
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220 r?=0,9965

200

t*(min)
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Figure 10. Linearity change between t and R.
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control step. In order to find the activation energy of the
reaction, Arrhenius graphs between In k and 1/T must be
plotted. For this reason, the obtained graph can be seen
in Figure 11. The correlation coefficient of this graph is
0.9801. The slopes of the straight line give the activation
energy of the reaction. The activation energy was found
to be 78.25 kJ mol™. The temperature dependence of
diffusion controlled processes is low. The temperature
dependence of chemical reaction controlled processes is
very high. In diffusion controlled processes, the
activation energy varies between about 4 and 12 kJ
mol*.* The activation energy of the leaching process
controlled by the surface chemical reactions was
observed to be more than 40 kJ mol™*® There is
matching evidence in literature.”**° Furthermore, this
energy level confirms that the dissolution rate for
chalcopyrite is measured under the control of a chemical
reaction.
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Figure 11. Arrhenius graph.
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4. CONCLUSIONS

The dissolution kinetics of chalcopyrite with
potassium nitrate in sulphuric acid solutions with the
help of a mechanical agitation system was investigated in
the work. As process parameters, temperature, S/L ratio,
stirring speed, particle size, concentration of sulphuric
acid and potassium nitrate solutions were selected.

As a result of the study, it may be concluded that:

o Rate controlling step for this process is the chemical
reaction model.

e The activation energy was found to be 78.25 kJ mol™.

e The higher reaction temperature and smaller S/L ratio
has a slight effect on dissolution rate.

e The oxidation potential of nitrate ions increases the
acidity of the solution.

e KNO3 in H,S0, solution can be used for the dissolution
of chalcopyrite.

Nomenclature

b Stoichiometric coefficient

C  Concentration of KNO; solution, mol m™

Cag  Concentration of a in the bulk solution, mol m3

D Mean particle size, m

D. Diffusion coefficient, m* min*

Ea  Activation energy, J mol™

ks  Mass transfer coefficient, m min

Ks Reaction rate constant for surface reaction, mol
mint

Ko Frequency or pre-exponential factor, min.™

L Amount of liquid, dm®

n Mol number, mol

r Correlation coefficient

R Universal gas constant, J mol* K

R Initial radius of a particulate solid, m

S Amount of solid, g

T Reaction temperature, K

t Reactionary time, min.

t* Reactionary time for full conversion, min.

X Fractional conversion of chalcopyrite

W Stirring speed, rpm

Mg Molar density of solid reactant, mol m
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ABSTRACT

In this study, zinc, cobalt and nickel phthalocyanine
compounds bearing the 4-(2-phenylprop-2-yl)phenoxy)
substituent were prepared. Here, a new practical method for
synthesis was used. This method significantly shortens the
synthesis time. This method is very effective for the reaction to
take place in a short time and at a lower temperature.
Additionally, these compounds were examined for their
aggregation and photodegredation properties. The aggregation
was studied in concentration range of 1x10°-1x10® M in
tetrahydrofuran (THF). The photodegradation properties of
phthalocyanine complexes under light irradiation were also
investigated in chloroform (CHCly).

Keywords: Phthalocyanine, synthesis, method,

aggregation.

Yeni pratik bir yontem kullanarak tetrakis
(4-(2-fenilprop-2-il) fenoksi) stibstitiientli
ftalosiyaninlerin sentezi

0z

Bu c¢aligmada, 4- (2-fenilprop-2-il) fenoksi) siibstitiientini
tagiyan ¢inko, kobalt ve nikel ftalosiyanin bilesikleri hazirlandi.
Burada sentez i¢in yeni pratik bir metot kullanildi. Bu metot
sentez siiresini oldukea kisaltmaktadir. Bu yontem, reaksiyonun
kisa stirede ve daha diisiik bir sicaklikta gergeklesmesi i¢in ¢ok
etkilidir. Ayrica, bu bilesikler agregasyon ve fotoregredasyon
ozellikleri agisindan incelenmistir. Agregasyon tetrahydrofuran

(THF) iginde 1x105-1x10°% M konsantrasyon araliginda
incelenmistir. Isik 1ginim1 altinda ftalosiyanin komplekslerinin
fotodegradasyon  ozellikleri de  kloroformda  (CHCls)
incelenmistir.
Anahtar  Kelimeler: Phthalocyanine, sentez, yontem,
agregasyon.

1. INTRODUCTION

Phthalocyanines have become an attractive topic for
researchers because they find applications such as
photodynamic therapy,” solar cells,” catalysts,” dyes,”®
photocatalysts,7 gas sensor®, semiconductor materials.’ It
is known that one of the reasons preventing the
widespread use of phthalocyanines in technological areas
is aggregation.10 The synthesis of non-aggregation
phthalocyanines have been important for applications.
This problem can be solved by attaching appropriate
substituents at the peripheral positions of the
phthalocyanine core.”™ Metal phthalocyanines have
some advantages for use in both catalyst and other
applications. It is the reason for preference in terms of

46

thermal stability and preparation '[echnique.13 These
compounds are extremely stable in the chemical
direction. This allows them to be used in many reaction
environments.** The use of phthalocyanine complex as a
catalyst in fuel cells has increased interest in these
compounds.”®® As is known, the catalysts can be used
not only in fuel cells but also in the deferring of many
reactions and industrial wastes. Phthalocyanine
compounds have a photocatalytic effect and can be
applied to the breakdown of some organic waste dyes.17
Phthalocyanine compounds can contribute to the key role
in solving these problems. Phthalocyanines have a high
photocatalytic performance potential compared to other
photocatalytic materials.”*™*
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In  this study, 4-(2-phenylprop-2-yl) phenoxy)
phthalonitrile, which is the starting material, was
synthesized for the mentioned phthalocyanine
compounds. Zinc, cobalt and nickel phthalocyanine
compounds were synthesized by using a more effective
new method than conventional and the microwave
method. Aggregation and solubility properties were
investigated. The photodegradation preliminary studies
were tested.

2. EXPERIMENTAL
2.1. General

ZnCl,, CoCl,, NiCl,, K,COg3, ethanol, methanol, 4-
cumylphenol,  acetone,  tetrahydrofuran  (THF),
dichloromethane (CH,CI,), dichloroethane, dimethyl
formamide (DMF) were purchased from Merck and
Sigma. The solvents were purified according to standard
procedure20 and stored over molecular sieves (4 A). All
reactions were carried out under dry nitrogen
atmosphere. Melting points were measured on an
electrothermal apparatus. Electronic spectra were
recorded on a Hitachi U-2900 Spectrophotometer.
Routine FT-IR spectra were recorded on a Thermo
Scientific  FT-IR  (ATR  sampling  accessory)
spectrophotometer. *H NMR spectra were recorded on a
Agilent 400 MHz spectrometer with tetramethylsilane as
internal standard.

2.2. 4-(4-(2-phenylprop-2-yl) phenoxy) phthalonitrile
©)

A mixture of 4-cumylphenol 1 (0.6135g, 2.89 mmol)
and 4-nitrophthalonitrile 2 (0.500 g, 2.89 mmol) in 25 ml
dimethylformamide was stirred at room temperature
under nitrogen atmosphere. After stirring for 15 min,
K,COs3 (2.2 g, 15.92 mmol) was added into the mixture
over a period of 2 h. The reaction mixture was further
stirred for 48 h at room temperature. The reaction
mixture was poured into cold water (150 ml) and stirred.
The jelly-like substance which was triturated with
hexane. The precipitate was filtered off, washed with
water to neutralize it, and dried. The product was
recrystallized from ethanol. The product is soluble in
diethyl ether, chloroform, acetone, dichloromethane,
dichloroethane, acetonitrile, ethyl acetate, THF, DMF
and DMSO. Yield; 0.5375 g (55%). Mp: 95°C. 'H NMR
(400 MHz, DMSO-dg, 3): 8.03, 7.68, 7.30, 7.24, 7.14,
7.06, 3.62, 2.48, 1.62, 1.04. °C NMR (400 MHz,
DMSO-dg 3): 161.49, 150.31, 148.26, 136.68, 129.10,
128.56, 126.84, 126.15, 122.90, 122.23, 120.16, 117.04,
115.12, 108.39, 42.65, 40.26, 40.06, 39.85, 39.64, 39.43,
39.22, 39.01, 30.82. FT-IR spectrum (cm™): 3078, 3032,
2970, 2935 2870, 2233, 1589, 1562, 1485, 1446, 1404,
1276, 1249, 1207, 1172, 1083, 1014, 952, 898, 840, 702,
Anal calculated for CysHgNo: (338.40 g mol'l) C 81.63;
H 5.36; N 8.28 %. Found C 81.46; H 5.30; N 8.23%.
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2.3. 2(3), 9(10), 16(17), 23(24) - tetrakis (4-(2-
phenylprop-2-yl) phenoxy) phthalocyaninato) zinc
(1 4)

4-(4-(2-phenylprop-2-yl) phenoxy) phthalonitrile 3
(0.100 g, 0.295 mmol) and ZnCl, (0.020 g) was
powdered in a quartz crucible and heated in a sealed
glass tube for 6 min under nitrogen at 230°C. After
cooling to room temperature, the product was washed
with water, ethanol and methanol. It was then purified by
column  chromatography on silica gel with
tetrahydrofuran as the eluent. This compound is soluble
acetone, tetrahydrofuran, dichloromethane,
dichloroethane and dimethylformamide. Yield: 0.0392 g
(37.40%). 'H NMR (400 MHz, CDCls, 8): 7.74, 7.49,
7.33, 7.25, 7.23, 6.92, 6.56, 1.41. Calc. for CgH;;
NgO4Zn: (1418.99 g mol™) C, 77.87; H, 5.11; N, 7.90%.
Found: C, 77.79; H, 5.21; N, 7.84 %. UV-Vis (THF)
Amax (log €): 676 (5.30), 610 (4.72), 352 (5.04). IR
spectrum (cm™):3032, 2962, 2870, 1600, 1473, 1442,
1234, 1168, 1087, 948, 744.

2.4. 2(3), 9(10), 16(17), 23(24) - tetrakis (4-(2-
phenylprop-2-yl) phenoxy) phthalocyaninato) cobalt
(1 ()

4-(4-(2-phenylprop-2-yl) phenoxy) phthalonitrile 3
(0.100 g, 0.295 mmol) and CoCl, (0.020 g) was
powdered in a quartz crucible and heated in a sealed
glass tube for 6 min under nitrogen at 230°C. After
cooling to room temperature, the product was washed
with water, ethanol and methanol. It was then purified by
column  chromatography on silica gel with
tetrahydrofuran as the eluent. This compound is soluble
acetone, tetrahydrofuran, dichloromethane,
dichloroethane and dimethylformamide. Yield: 0.015 g
(14.38%). Calc. for CgH7, Co NgO,: (1412.54 g mol™)
C, 78.23; H, 5.14; N, 7.93 %. Found: C, 78.15; H, 5.20;
N, 7.91%. UV-Vis (THF) Anax (log €): 662 (5.25), 600
(4.73) 326 (5.15). IR spectrum (cm™): 3032, 2962, 2870,
1604, 1504, 1469, 1442, 1441, 1238, 1165, 1118, 1095,
1066, 956.

2.5. 2(3), 9(10), 16(17), 23(24) - Tetrakis (4-(2-
phenylprop-2-yl) phenoxy) phthalocyaninato) nickel
(1) (6)

4-(4-(2-phenylprop-2-yl) phenoxy) phthalonitrile 3
(0.100 g, 0.295 mmol) and NiCl, (0.020 g) was
powdered in a quartz crucible and heated in a sealed
glass tube for 6 min under nitrogen at 230°C. After
cooling to room temperature, the product was washed
with water, ethanol and methanol. It was then purified by
column  chromatography on silica gel with
tetrahydrofuran as the eluent. This compound is soluble
acetone, tetrahydrofuran, dichloromethane,
dichloroethane and dimethylformamide. Yield: 0.022 g
(21.15%). '"H NMR (400 MHz, CDCls, §): 7.52, 7.36,
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7.25, 6.98, 1.55. Calc. for CgyH7,NgNiO,4: (1412.30 g
mol™) C, 78.24; H, 5.14; N, 7.93%. Found: C, 78.22; H,
5.10; N, 7.88%. UV-Vis (THF) Anax (log €): 672 (5.27),
608 (4.80), 328 (4.97). IR spectrum (cm™): 3032, 2966,
2870, 1604, 1535, 1504, 1473, 1415, 1238, 1168, 1118,
1095, 1064, 821, 702.

3. RESULTS AND DISCUSSION
3.1. Synthesis and characterization

The synthesis route of phthalocyanine compounds
prepared in this study is shown in Scheme 1. The
phthalonitrile compound was obtained by reaction of 4-
cumylphenol with 4-nitrophthalonitrile in basic medium.
Phthalocyanine compounds were obtained by heating
with  corresponding metal salts. Phthalocyanine
compounds were obtained in the solvent-free medium.
These reactions were completed in a very short time such
as 6 minute. It was synthesized more practically than the
reactions in the solvent environment.”* This synthesis
method is also advantageous from the synthesis made
from the microwave oven. Because, the reaction was
completed in a short time. This method facilitates the
practical synthesis of phthalocyanines. These compounds
obtained by the conventional method were tested for
Langmuir-Blodgett monomolecular layer formation.”” In
response to the reaction times of 44 to 70 hours for the
preparation of phthalocyanine complexes by these
conventional synthetic methods, the same compounds
were synthesized in only 6 minutes with our method. The
synthesis of phthalocyanine compounds, easily and
economically, provides the testing opportunity of these
compounds in applications such as catalyst, sensor,
photocatalytic, photodynamic therapy, dying.

The IR spectrum gives information about the
vibration bands. This spectral data does support to
structure. Compound 3 yields bands 3078, 3032 (Ar-
CHs3), 2970 (CH3), 2233 (CN), 1585-1589-1562 (C=C)
1249 (Ar-O-Ar). Among these bands, the 2233 (CN)
band is a peak that separates this compound from
phthalocyanines. The equivalent of these functional
groups (Ar-CH; 3082; CH; 2976; CN 2238; Ar-O-Ar
1255; C = C 1563) was reported. * The data appear to be
compatible. The observation in these compounds of the
phthalocyanine is considered to be one of the most
prominent features. This difference is very much in the
literature. In these compounds, they give the appropriate
vibration bands according to the literature.”*** The
vibration bands of the compounds prepared in this study
are given in the experimental part. The 'H and *C NMR
spectra of compound 3 are compatible with the literature
values.” Except for the small shifts caused by the
solvent, it is suitable. While the solvent used DMSO-d,
the previous study used CDC13.
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In the same way, for the NMR spectra of zinc and
nickel metal phthalocyanines different solvents from the
literature were used. The expected results were obtained.
Structural explanation is intended to demonstrate the
suitability of the method. The purpose is not to discuss
the spectral data. The important thing is that the same
compounds are obtained in a shorter time. For example,
zinc phthalocyanine was obtained in 6 minutes at 230°C
with this method, but it was 70 hours at 280°C by

conventional method.”” This comparison clearly
demonstrates the advantage of the method.
The electronic  absorption spectra of the

phthalocyanine compounds obtained in this work were
investigated. The absorption spectra recorded in THF
give the expected B and Q bands. The electronic
properties of the phthalocyanines with delocalized 18 ©
electron system are explained by the fact that the Q and
B bands are useful for binary applications.23 It also tells
you whether there is near red and whether the compound
binds to the metal. Yielding Q-bands at 676, 662, and
672 nm, giving Soret bands of a typical phthalocyanine
at about 352, 326 and 328 nm for compounds of 4-6
phthalocyanine.

Phthalocyanine compounds show formation ability of
H and J type aggregates in organic solvents, especially in
aqueous solution, due to intermolecular m-m interactions
of electrons on the phthalocyanine rings.24 H type
aggregation is more common in phthalocyanine compo-
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unds. Q indicates a shift in the band to blue and that the
monomers come face to face. The J-type is observed to
be more red-shift.

The aggregation behavior are generally displayed by
changes in the UV-Vis spectra of phthalocyanines, and
mostly based on the analysis of the impact of
concentration on absorption spectra. Phthalocyanines
(4-6) were examined in THF over a wide concentration
range (10°°- 10° M), respectively. The working ranges of
the compounds are from 2.11.10° to 3.51.10° M for
compound 4, from 2.12.10° to 3.78.10° M for compound
5, from 2.12.10° to 3.78.10° M for compound 6,
respectively. The aggregation studies of these
compounds are given in Figures 1-3. When the shapes
are examined, it is seen that the compounds are not
aggregate in the study range. The Q band intensity was
increased  with  increasing  concentrations  of
phthalocyanines and no new bands were observed due to
the aggregated species.
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Figure 1. Aggregation study compound 4 in THF (2.11.10°,
1.58x10%, 1.19x10®, 8.92x10°, 6.25x10°8, 4.68x10°®, 3.51.10°
M concentration range).
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Figure 2. Aggregation study compound 5 in THF (2.12.10°,
1.59%10%, 1.19x10®, 8.97x10°, 6.72x10°8, 5.04x10°®, 3.78.10°
M concentration range).
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Figure 3. Aggregation study compound 6 in THF (2.12.10°%,
1.59x10°, 1.19x10%, 8.97x10°, 6.72x10°®, 5.04x10°, 3.78.10°
M concentration range).

Looking at the applications of phthalocyanines, it
seems to be important to determine the degradation by
light. Because, phthalocyanine compounds can be used
as paint on many surfaces. The degradation with light
effect gives information about the stability and suitability
of the paint. This allows compounds of phthalocyanine to
be used in many applications. However, it can be a
disadvantage in terms of environmental pollution. It is
also advantageous in making paint and pigment which is
resistant to irradiation.” Photodegradation studies of
phthalocyanine complexes have been investigated as the
Q absorbance band versus time. Photodegregation studies
are useful for testing these properties of substances. The
same method used in the previous study was used for
photocatalytic testing."’ Xenon lamp (XHA-150W) water
cooled photoreactor was used in this study. The
photodegradation  spectral changes observed by
irradiation in the CHCI; solvent are shown in Figures
4-6. It can be said that these phthalocyanines are highly
resistant to  photochemical  degradation.  The
photocatalytic degradation effect of these phthalocyanine
compounds on substances such as methylene blue can be
investigated as another study.

Although phthalocyanine derivatives are widely
synthesized, the solubility problem is not completely
exceeded.”® Therefore, easy dissolving phthalocyanines
are attracted by the researchers.”’ The method used and
the solubility in a large number of solvents are important
advantages. The solubility tests of the prepared
phthalocyanine compounds have been found to be readily
solved in organic solvents such as acetone,
tetrahydrofuran, dichloromethane, dichloroethane and
dimethylformamide.
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4. CONCLUSIONS

In this study, metallo phthalocyanines compounds
bearing (4-(2-phenylprop-2-yl) phenoxy) groups in the
peripheral position were prepared by an effective
method. These phthalocyanines compounds are readily
soluble in solvents such as acetone, tetrahydrofuran,
dichloromethane, dichloroethane, dimethyl formamide.
These compounds show very good solubility compared
to many phthalocyanine derivatives. The solubility
simplifies the research for different application. The
aggregation and photodegradation properties of the
compounds were examined at certain concentrations and
solvents. The compounds did not show any aggregation
in the studied concentration range. This method shows
that many phthalocyanine compounds can be synthesized
practically. This method provides advantages such as
time and temperature, not solvent usage.
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ABSTRACT

Eggshell membrane (ESM) was used as an adsorbent for
adsorption of reactive red 195 (RR195) and reactive black 5
(RB5) dyes from aqueous solutions. The experimental
conditions were optimized via batch system experiments for
maximum azo dyes removal. Adsorption of the dyes was pH
dependent highly, and the maximum adsorption of RR195 and
RB5 occurred at pH 3.0 and 2.0, respectively. For both dyes,
the adsorption process was seen to be obeyed pseudo-second
order kinetic and the Langmuir isotherm models. Maximum
adsorption capacities (Qmax) 0f ESM for RR195 dye and RB5
were found as 76.9 and 333.33 mg g’l, respectively. The
thermodynamic parameters were calculated and the adsorption
of the dyes was found to be as exothermic and spontaneous.
Moreover, the structural characterization of the ESM was
performed by FTIR and SEM analysis.

Keywords: Eggshell membrane, reactive red 195, reactive
black 5, adsorption.

Yumurta kabugu zar1 iizerine azo boyalarin
adsorpsiyonunun optimizasyon, izoterm ve
kinetik incelemeleri

0z

Yumurta kabugu zar1 (ESM), reaktif kirmizi 195 (RR195)
ve reaktif siyah 5 (RB5) boyalarinin sulu ¢ozeltilerden
adsorpsiyonunda bir adsorban olarak kullanildi. Maksimum azo
boya giderimi igin deneysel kosullar kesikli sistem deneyleri ile
optimize edildi. Boyalarin adsorpsiyonlari pH’a oldukea
bagimliydy ve RR195 ve RB5’in maksimum adsorpsiyonlart
sirastyla pH 3.0 ve 2.0°de gergeklesti. Her iki boya igin
adsorpsiyon isleminin yalanci ikinci mertebeden Kinetik ve
Langmuir izoterm modellerine uydugu gorildi. ESM’nin
RR195 ve RBS i¢in maksimum adsorpsiyon kapasiteleri (Quax )
sirastyla 76,9 ve 333,33 mg g olarak bulundu. Termodinamik
parametreler hesaplandi ve boyalarin  adsorpsiyonunun
ekzotermik ve kendiliginden yiiriiyen oldugu bulundu. Ayrica,
ESM’nin yapisal Karakterizasyonu FTIR ve SEM analizleri ile
gerceklestirildi.

Anahtar Kelimeler: Yumurta kabugu zari, reaktif kirmizi 195,
reaktif siyah 5, adsorpsiyon.

1. INTRODUCTION

Dyes are used in many areas including food
colorants, printing, cosmetic, textile-processing and
pharmaceutical industries and they are deemed as an
important class of poIIutants.lAzo dyes have one or more
N=N bonded groups as chromophore group widely used
in the textile industries.”* Production of azo dyes are
easy but degradation of these dyes are hard. They have
toxic effects on health, many of them are considered as
carcinogenic and mutagenic.‘r"6 Also, colorization of
water causes reduction in photosynthesis and afterwards
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adversely effects many organisms.?"7 Reactive red 195
(RR195) is a monoazo, monochlorotriazine and
vinylsulfone dye which is extensively used in dyeing
processes.8 Reactive black 5 (RB5) is one of the most
common dyes that have been used in textile industries
and falls into the diazo dye category, as it contains two
Ar-N = N-Ar bonds in its structure.’

Azo dyes are highly soluble in water and
decolourization of these dyes has received increasing
attention. To remove these dyes from wastewater, ion
exchange, electrocoagulation,  reverse  0smosis,
flocculation, adsorption, membrane filtration, ozonation
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and photooxidation methods have been used.™’
Adsorption technique is widely used in general
wastewater treatment in the industrial processes and has
many advantages such as simplicity of operate, cost and
high removal efficiency."" ™

In the present work, the removal of RB5 and RR195
dyes from aqueous solutions were studied by using
eggshell membrane (ESM). ESM can be easily obtained as
a natural waste product in large quantities. Collagen
(type I, V and X), sialoprotein and osteopontin are found
mainly in the protein structure of ESM."> ESM can be
used in many areas as an adsorbent because it has high
surface area, water-insoluble fibers and mechanical
stable.'® The experiments were performed by batch
system and adsorption conditions were optimized.
Equilibrium isotherms and thermodynamic parameters
were also studied. ESM characterization was done by
FTIR and SEM analyses.

2. EXPERIMENTAL
2.1. Materials

2.1.1 Chemicals

RR195 (Synozol Red HF- 6BN 150% C.l. Reactive
Red 195) and RB5 were obtained from dyestuff fabric
(Figure 1). Methanol, hydrochloric acid, sodium
hydroxide and acetic acid were purched from Sigma
Aldrich (USA) grade.

2.2. Preparation of eggshell membrane

The ESM was obtained from eggshells. First, the
eggshells were washed and then incubated in 5% (v/v)
acetic acid solution until the calcite totally dissolved.
After washing with distilled water, the membrane
structures were dried at room temperature for 72 h and
ground into small pieces using a blender and
homogenizer.

2.3. Dye analysis

Standard solutions of the dyes (0.005-0.05 mg ml™ for
RR195 and 0.005-0.04 mg ml* for RB5) were prepared
with deionized water. Dye removal studies were analyzed
by monitoring the absorbance changes at the maximum
wavelengths which are 540 nm for RR195 dye and 597
nm for RB5 wusing a UV-Vis spectrophotometer
(Shimadzu UV-1800) with a 1 cm cell.

2.4. Characterization of ESM

FTIR (Spectrum BX, Perkin Elmer) was used to
determine the characteristic functional groups of ESM.
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The spectra measurements were taken in the range from
4000 to 400 cm™* at room temperature. The morphology
of ESM was examined after dried under vacuum using
Scanning electron microscope (SEM) (Quanta 250
FEG/FEI).

(@]
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0 o
I
NaOESOCHZCH;?@— N

O
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N303SOH20H20028

B

Figure 1. Structures of azo dyes: a) Reactive Black 5,
b) Reactive Red 195.

2.5. Adsorption studies

The adsorption studies between RR195 and RB5 dyes
and ESM were performed by using batch system at
various pH, contact time, temperature and
concentrations. The adsorption characteristics of RR195
dye and RB5 were studied by varying pH range from 2.0
to 10.0. Dye removal studies were done at various
contact time intervals (5-30 min), temperature values
(20-60°C) and the concentrations (0.1-1.2 mg ml™* for
RR195 dye and 0.01-1.75 mg ml™ for RB5 dye). After
the adsorption, the ESM was removed by centrifugation
and remaining dye concentration was determined
spectrophotometrically.

The amount of dye adsorbed on the ESM was
calculated according to Eq. (1).

(Co—Ce) xV
Qe = ———— )
where ge is the amount of dye adsorbed (mg g™), C, and
C. is the initial and the equilibrium concentrations of dye
(mg mI™), respectively, V is the volume of solutions (ml)
and m is the amount of adsorbent (g).
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Figure 2. a) FT-IR spectrum of ESM, b) SEM micrograph of ESM.
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Figure 3. a) Effect of pH on the adsorption of azo dyes on the ESM (contact time 30 min, adsorbent dose 20 mg, temperature 25°C,
RB5: 0.04 mg ml, RR195: 0.05 mg ml™); b) Effect of contact time on the adsorption of azo dyes on ESM (RB5: 0.04 mg ml™, pH
2.0; RR195: 0.05 mg ml™, pH 3.0; adsorbent dose 20 mg; temperature 25°C); ¢) Effect of temperature on the adsorption of azo dyes
on ESM (RB5: 0.04 mg ml?, pH 2.0, 15 min; RR195: 0.05 mg ml?, pH 3.0, 25 min; adsorbent dose 20 mg); d) Effect of initial
concentrations of azo dyes on the adsorption (RB5: pH 2.0, 15 min; RR195: pH 3.0, 25 min; adsorbent dose 20 mg; temperature

25°C).
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3. RESULTS AND DISCUSSION
3.1 Characterization of the ESM
3.1.1 FT-IR analysis

FT-IR spectrum of ESM was recorded in the range of
4000-400 cm™ (Figure 2a). ESM was first dried for 24 h
at 50°C to prevent water related interferences. The peak
positions are noticed at 3415, 1661, 1525, 1437, 1236
and 1079 cm™. The band at 3415 cm™ showed the N-H
and O-H groups.17 The bands at 1661 and 1525 cm™
reflect the amide | (-COQ' stretching vibration), amide II
respectively. Bands at 1437 cm™ and 1236 cm™ indicate
C-C stretching and amide 111 bands, respectively.® The
absorption peak at 1079 cm™ probably indicates the
presence of C-O stretching/bending vibration (and/or
amine C-N stretching) and CH, vibration."

3.1.2. SEM analysis

Physical properties and the morphology of the
adsorbent were characterized by SEM.? It was used to
determine shape, size distribution and porosity of the
particle. Scanning electron micrographs of ESM is
shown in Figure 2b. ESM has protein fibers which form
three-dimensional network structure."® ESM has numbers
of pores which provide an increase surface area and dye
molecules may be easily diffused into these pores.

3.2. Effect of pH

In the adsorption process, pH has critic effect,
particularly on adsorption capacity. The pH of the dye
solutions was adjusted to 2.0-10.0 by using 0.1 M NaOH
or HCI solutions. 20 mg ESM was treated with 0.04 mg
ml? RB5 and 0.05 mg ml™ RR195 dye solutions (4 ml)
for 30 min. Dye adsorption on ESM was highly
dependent to the pH of the medium. The dye adsorption
capacity of ESM decreased when the pH values increased
from 2.0 to 10.0. Maximum adsorption was reached at
pH 3.0 and pH 2.0 for RR195 (93% adsorption) and RB5
(97% adsorption), respectively (Figure 3a). Therefore,
further experiments were performed at these pH values.
RR195 and RB5 dyes which possess anionic (Dye-SO;")
groups are interacted with the positive charge of the
ESM. pH changes affect the net charge of the functional
groups of ESM such as carbonyl and amine groups.13
Under acidic conditions, the adsorption of two dyes on
ESM may be favorable because of the electrostatic
interactions. At high pH values, the number of negatively
charged groups on ESM increased, so electrostatic
repulsion between the adsorbent and dye molecules
occurred. Also, at alkaline region, the adsorption of the
dye ions may be prevented by OH™ ions, so a decrease in
adsorption of the dyes were observed.”*
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3.3. Effect of contact time

The contact time between the dye and the adsorbent
has an important role in wastewater treatment by
adsorption. 20 mg of ESM was added to 0.05 mg ml*
RR195 (pH 3.0) and 0.04 mg ml* RB5 (pH 2.0)
solutions. As seen from Figure 3b, in first 5 min of
adsorption process, a very fast increase in the adsorption
was observed which was due to large number of
accessible pores of the adsorbent.”*** The equilibrium
was reached at 25 minutes for RR195 and 15 minutes for
RB5. At the beginning of the contact time, the adsorption
of the dyes was found to be rapid. At 15 and 25 minutes,
the adsorption remained almost unchanged and reached
to the equilibrium.

3.4. Effect of temperature

In this work, 0.05 mg ml™ RR195 (pH 3.0) and 0.04
mg ml™ RB5 (pH 2.0) dye solutions were added to the
ESM and shaken gently at various temperature values
(25-60°C) for 25 and 15 minutes, respectively. The
adsorption percentage of the RR195 and RB5 dyes
slightly decreased with an increase in the temperature
from 25 to 60°C (Figure 3c). For this reason, the
temperature was chosen as 25°C in the following
experiments. When the temperature was increased, the
solubility of the dyes increased, so stronger interaction
forces between dyes and solvent than those between dyes
and ESM occurred.””*?" As the temperature was
increased, Brownian movement of dye molecules in
solution increased, so the adsorption of both dyes RB5
and RR195 decreased.”® Hydrogen bonding between dye
molecules and ESM, which has an important role at the
adsorption process, might also lead to be broken because
of high tempera’ture.28

3.5. Effects of initial dye concentration

In the experiments, ESM was treated with the
solutions of various dye concentration (0.025-0.5 mg ml™
for RR195 and 0.01-1.75 mg ml* for RB5) by mild
shaking and the other operational parameters were kept at
optimum values. When the initial concentrations of the
dyes were increased, the amount of dye adsorbed was
found to be increased. The adsorption of RB5 and RR195
reached equilibrium at initial concentrations of 1.75 and
1 mg ml™ respectively, and then the adsorption remained
constant. When the dye concentration was increased, dye
adsorption capacities rapidly increased from 1.4 to 247
mg g for RB5 dye and from 4.3 to 60 mg g for RR195
(Figure 3d). An increase in the initial dye concentration
may cause an increase in the driving force of the
concentration gradient.zg‘30
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3.6. Adsorption thermodynamics

The thermodynamic parameters can be used to
estimate effect of temperature on adsorption. The amount
of dye adsorbed was calculated from Eq. (2).
Ke=Xe/(Ci- Xe) 2
where X, (mg ml™) is the concentration of dye adsorbed
on ESM at equilibrium, C; the initial dye concentration,
mg ml™. The equilibrium constant for the adsorption
process, K, was calculated at various temperatures (298-
333 K) according to Eq. (2). Eq. (3) allows to calculate

AH° and AS° of the adsorption by plotting In K. versus
/T inFigure 4.

45 7
4_ -
35 1
3 -
7 25 1
=
£,
15 1
1 ® Reactive black 5
05 4 © Reactive red 195
o T T T T T T 1
19 3 31 32 33 34 35 36
1/T (x10%)

Figure 4. Plots of In K4 versus 1/T. (RB5: 0.04 mg ml™?, pH
2.0, 15 min; RR195: 0.05 mg ml™, pH 3.0, 25 min; adsorbent
dose 20 mg).

In K, = (AS°/R ) — (AH°/RT) (3)
where R (8.314 kJ mol™ K™ is the gas constant and T is
the absolute temperature, respectively. The slope and the
intercept of the plots in Figure 4 is equal to -AH*/R and
AS°/R , respectively. The values of AH®° and AS® for the
adsorption of dye on the ESM were calculated from The
slope and the intercept of the plots, respectively. AG®,
AH®°, AS° values obtained are presented in Table 1.

Table 1. Thermodynamic parameters

T (kJArgol‘l) (kJAgol’l) (kJ ol K™
Reactive
Becks 298 853 246 -0.054
Reactive
ned 105 28 672 -24.07 0,059
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The negative value of AH®° of adsorption indicated an
exothermic nature thus is less favorable at higher
temperatures. Negative value of AS® shows the affinity of
the adsorbent for RR195 and RB5 dyes and indicates the
randomness adsorption. To calculate the AG° value of the
adsorption, Eq. (4) was used.
AG® = AH — TAS (4)
The AG® values were calculated as -8.53 kJ mol™ and
-6.72 k] mol™ for RB5 and RR195, respectively.
Negative value of AG° shows that the feasibility of the
adsorption process is less favored at higher temperatures
and nature of the adsorption is spontaneous’*"* Kyzas
and co-workers studied RB5 adsorption on magnetic
graphene oxide. They reported negative values of AH°
(-21.13 kJ mol™), AG® (-0.66 kJ mol™) and AS® (-0.082
kJ mol™ K™) for 300 mg mI™ RB5 concentration at 298
K.** From the thermodynamic parameters, Munagapati
and co-workers reported that RB5 adsorption on banana
peel powder (BPP) was endothermic, feasible and
spontaneous.”* They found the values of AG°, AH®, and
AS° as -0.198 kJ mol™, 14.15 kJ mol™ and 0.056 kJ mol™
K, respectively.”

3.7. Adsorption isotherms

Equilibrium study is important to gain information on
the interaction of adsorbate and the adsorbent, so the
adsorption capacity of an adsorbent can be evaluated. 2
In this work, the experimental data were evaluated by the
Freundlich and Langmuir models.* The logarithmic
form of the Freundlich model is defined by Eq.( 5)."**
log ge = log ke + 1/n log C, (5)

where g, is the amount dye adsorbed. Kg and n are
Freundlich constants. Kg is related to the adsorption
capacity and 1/n is related to the adsorption intensity.
When log ge was plotted against log C. (Figure 5), 1/n
and Kg values were calculated from the slope and
intercept of the plot and the values at 25°C are given in
Table 2.

Another widely used equation in adsorption processes
is the Langmuir equation (Eg. (6)) *
1/q,=1/Q°b.1IC+1/Q° (6)

where 0° is the amount of dye adsorbed (mg g™),
which gives the maximum adsorption capacity of ESM
and the Langmuir isotherm constant, b (I mg™) is related
to adsorption energy. The calculated Langmuir constants,
Q°and b are given in Table 2.
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Table 2. Parameters of adsorption isotherms and kinetic models

Experimental

Adsorption Isotherms Kinetic Models Capacity
(Yexp)
Langmuir Freundlich Pseudo-first-order Pseudo-second-
Isotherms Isotherms model order model
R?=0.955 R?=0.754 R2=0.974 R2=0.998

Reactive  Q,.,=3333 mgg? Kr=56.23 mgg' q.= 77.1 mgg® .=256.4 mgg*

247mgg*
Black 5
. - k,=2.76 10°°
b=0.11 mlmg 1/n =0.392 k; = 0.096 min~ N
gmg™ min
R?=0.918 R?=0.2622 R?=0.8922 R?=0.9971
Reactive ~ Qma=76.9 mgg’  Keg=632 mgg’ q.=1325mgg" =625 mgg” 625 mgg™*
Red 195
b=2.17 ml mg™ 1/n = 0.046 k= 0.07 min't kp=0.02
gmg™ min
0.016 _ 0.04
A B
0.012 0.03 ©
] 1]
Z 0.008 F 0.02
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L ]
[ ]
0.004 0.01
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Figure 5. Langmuir (a and b) and Freundlich (c and d) isotherm graphs of RB5 (-e-) and RR195 (-o-) dyes.
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Figure 6. Pseudo first order (a) and pseudo second order (b) kinetics of RB5 (-e-) and RR195 (-o-) dyes.

The higher R? values of Langmuir over Freundlich model
showed the suitability of the Langmuir model than the
Freundlich model. The R? values from the Langmuir
isotherm for the adsorption of RB5 and RR195 are 0.955
and 0.918, respectively. The maximum adsorption
capacities obtained from the Langmuir isotherms were
found to be 76.9 and 333.33 mg g™ for RR195 and RB5,
respectively. Dimensionless separation factor, R, is a
used to analyze the adsorption process. When the R,
value is between 0 and 1 or higher than 1, this means the
adsorption process is favorable or unfavorable,
respectively. If the R_ equals to 1 or O, it shows the
adsorption process linear or irreversible, respectively.35
the R., can be expressed as:
RL= 1/(1+bCy) (7
Where b is the Langmuir constant and C, is the initial
dye concentration (mg ml™).

The R values for the adsorption of RR195 and RB5
dyes onto ESM was determined as 0.33 and 0.84
respectively, showing that the adsorption process was
favorable. Chang and Shih studied the adsorption of RB5
onto magnetic iron oxide nanoparticles (IONPs) and they
reported the adsorption process were well compatible
with the Langmuir and Freundlich equations.36 They
calculated that Langmuir isotherm capacity was 11.29
mg g at 25°C. Kyzas co-workers studied the removal of
RB5 by magnetic graphene oxide synthesized by
impregnation (mGOi) and magnetic graphene oxide
synthesized by co-precipitation (mGOp) at 25°C and pH
3.0, and they calculated that the maximum adsorption
capacities (Qma) Were 164 and 188 mg g7
respectively.33 Their results were fitted to the Langmuir
model. Munagapati co-workers used banana peel powder
(BPP) as an adsorbent to remove reactive black 5 and
congo red from aqueous solutions. Their adsorption
equilibrium results were compatible with Langmuir
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isotherm model and they calculated the adsorption
capacity as 49.2 mg g'l.21 Belessi co-workers studied
adsorption of RR195 dye on TiO, surface and they
reported that equilibrium data fitted very well with the
Langmuir isotherm. At 30°C and pH 3.0, Langmuir
adsorption capacity was calculated as 87 mg g
Kamranifar and co-workers reported the removal of
RR195 using powder and ash of barberry stem.
Adsorption isotherm was fitted to both the Freundlich
and Langmuir isotherms for the barberry stem powder.
However, Freundlich isotherm was compatible for the
adsorption of RR195 on barberry stem ash. Qua (Mg g™)
values were calculated as 15.72 mg g™ and 6.44 mg g™
for barberry stem (powder) and barberry stem (ash)

respectively.’

3.8. Adsorption kinetics

To obtain information about the performance of the
sorbent material, the pseudo-first-order (Eg. (8)) and the
pseudo-second-order (Eq. (9)) kinetic models were used.

l0g(qe — q¢) = logqe —53-t (8)
—=— = ©
de ka2 de

where q; (mg g™) represents the adsorption capacity of
dyes adsorbed on eggshell membrane at any time t (min).
ky (min) is the rate constant of the pseudo-first-order
model and k, (g mg™ min™) is the rate constant of the
pseudo-second-order model.*" %

The results of the pseudo first-order and pseudo
second order models for RR195 and RB5 adsorbed on
ESM are shown in Figure 6. All the kinetic parameters
calculated from the intercepts and the slopes of the plots
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in Figure 6 are shown in Table 2. The R? (correlation
coefficient) of the pseudo first-order kinetic model was
determined as 0.974 and 0.8922 for RB5 and RR195,
respectively. R? values from the pseudo second-order
model were found as 0.998 and 0.9971 for RB5 and
RR195 respectively. For the adsorption of both dyes, the
theoretical ge values calculated from the pseudo- second
order kinetics are much higher than those of the pseudo
first order kinetics and they very closed to the
experimental gexp values. This situation indicates that
the adsorption is a good fit to the pseudo second order
kinetic model. Kyzas and co-workers reported that the
adsorption kinetics of RB5 on magnetic graphene oxide
fitted to the pseudo-second order model.*® Belessi and
co-workers reported the sorption kinetics of RR195 on
the surface of TiO, nanoparticles fitted to the pseudo-
second-order kinetic model."

4. CONCLUSIONS

ESM was used as an adsorbent for the removal of
RR195 and RB5 dyes. Adsorption conditions were
optimized as a function of pH, temperature, contact time
and concentrations of the adsorbates. The adsorption of
RR195 and RB5 on ESM was very dependent to the pH
of the medium and maximum adsorption was observed at
pH 3.0 for RR195 and 2.0 for RB5, respectively. The
optimum contact time was found as 25 min and 15 min
for RR195 and RBS5, respectively. The negative values of
AG® indicate the overall adsorption process is
spontaneous. The A4G° value was calculated as -6.72 kJ
mol™* for RR195 and -8.530 kJ mol™ for RB5 at 298 K.
The negative values of AH° showed that the adsorption
of RR195 and RB5 by ESM was exothermic. Adsorption
isotherm of the ESM was fitted to the Langmuir isotherm
model and the Qpay value was calculated as 76.9 mg g™
for RR195 and 333.33 mg g™ for RB5, respectively. The
present work reveals that the ESM is a promising
material for the removal of dyes from aqueous solutions.
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ABSTRACT

In this study, it is aimed the numerically investigation of the
flow of liner PTT (Phan-Thien-Tanner) fluid, which is a
viscoelastic fluid model over limited square obstacle by finite
volume method. The finite volume method has been used for
simultaneous solution of continuity, momentum and fluid
model equations with appropriate boundary conditions. The
effects of the inertia in terms of Reynolds number, Re, (0 < Re
< 20) and the of elasticity in terms of Weissenberg number,
We, (1 < We < 15) of PTT flow on vertical and shear stress
areas are examined in detail.

Keywords: Square cylinder, confined channel, viscoelastic
flow, PTT fluid.

Kare silindir etrafindaki viskoelastik akisin
stres davraniglari

0z

Bu calismada viskoelastik akiskan modeli olan liner PTT
(Phan-Thien-Tanner) akigkanin smirlandirilmis kare engel
iizerinden olan akigmnin sonlu hacimler yontemi ile niimerik
olarak incelenmesi hedeflenmistir. Sonlu hacimler yodntemi,
uygun smir kosullart ile birlikte, siireklilik, momentum ve
akigskan model esitliklerinin es zamanl ¢6ziimii i¢in kullamigtir.
PTT akisin Reynolds sayisi, Re, (0 < Re < 20) cinsinden
eylemsizliginin ve Weissenberg sayisi, We, (1 < We < 15)
cinsinden elastigsitesinin, dikey ve kayma gerilim alanlar
tizerine olan etkileri detayli bir sekilde incelenmistir

Anahtar Kelimeler: Kare silindir, smirlandirilmis kanal,
viskoelastik akig, PTT akigkan.

1. INTRODUCTION

Flow of fluids over the square obstacles is present in
many engineering processes such as fins in heat
exchangers, coating processes, cooling towers, extruders
and membrane processes.1 With such crucial industrial
implications, hydrodynamics of such flows has been
subject of many computational studies in the literature.
There are many studies on Newtonian fluid flow around
a circular obstacle. For instance, Hassanzadeh and co-
workers.” performed numerical study on the flow around
a sphere using finite volume method. They presented
flow structures around sphere in terms of velocity,
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streamlines, pressure distributions at high Re (Reynolds
number) numbers. Their numerical predictions were also
confirmed by the experimental visualizations. As an
experimental visualization method, particle image
velocimetry was used in this study. Particle Image
Velocimetry (PIV) is used to carry out flow field
measurements experimentally. This technique enables the
qualitative and quantitative flow visualization of the flow
field 2. Pioneer study on this geometry was given by
Breuer and co-workers.’ They analyzed laminar two-
dimensional Newtonian flow around a square cylinder
using finite volume and lattice Boltzmann methods.

In this study, blockage ratio B, is the ratio over the
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obstacle dimension and channel height, was 1/8. The
results obtained from two methods were also good
agreement. They observed bigger wake size with
increased Re. In the analysis by Sen and co-workers.”,
with B = 1/100 Newtonian flow over a square obstacle
for Re < 40 was studied using a finite element
formulation. They also modelled the flows over the
cylinders of circular and elliptical ones. They reported
effect of R, on the flow structure. In their recent study
Puig-Aranega and co-workers® searched Newtonian flow
around a square cylinder obstacle using lattice
Boltzmann method for 50 < Re < 100. They reported
strong impact of imposed boundary conditions on the
stress field around the cylinder. However, in the literature
studies on non-Newtonian flow (inelastic flow) case over
the obstacles are smaller than those Newtonian flows.
Dhiman and co-workers’ employed power-law fluids
flow around a confined square cylinder using finite
volume method. Other study of Dhiman and co-workers’
showed stronger impact of power law fluids at low
values of Re compared as to the high values of Re. Ehsan
and co-workers® also studied the inertia effects on the
flow fields under both laminar and turbulent conditions.
Their main finding was that decreasing drag effects was
observed when the inertial effects increased. Moreover,
Nilmarkar and co-workers’ obtained numerically
Bingham plastic fluid flow past a square cylinder at Re =
0. The effect of Bingham number, B; considered as a
yielding stress parameter, on the stress and pressure
fields was reported in their study. They observed the
weaker dependence of flow fields on B; at its increased
values.

On the other hand, viscoelastic flow hydrodynamics
are also significant for the industrial implications due to
revealing both viscous and elastic effects on the flow
field. Hence, this study mainly deals with the flow of a
viscoelastic linear PTT (Phan-Thien-Tanner) fluid,
around a confined square obstacle numerically.

2. NUMERICAL METHODOLOGY

Two-dimensional flow of linear PTT fluid around a
confined square is considered in this study under the
isothermal conditions. The flow system is sketched as in
Figure 1. The blockage ratio is 1/4. The continuity,
momentum and constitutive PTT equations in rectangular
coordinates (x, y) are presented in Equations (1) and (2).
For a two-dimensional flow system equation can be
given as:

Continuity

ou
OX

+@:0

oy
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Eq. (2) gives viscoelastic constitutive linear PTT
mode.l.”° This viscoelastic model serves shear thinning
and normal stress effects in the flow field. Dimensionless
forms of the stress components zxx, zyy, zxy are given as
follows:

Phan-Thien-Tanner (PTT) constitutive equation:

Stress components of wxx
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where u, v are the velocities, p is the pressure, w, =1 - S
and the parameter £ is the ratio of the retardation and
relaxation time and & is extensibility parameter. The
Reynolds number (Re) and the Weissenberg number (We)
which is defined as the ratio of characteristic fluid
relaxation time to characteristic time scale in the flow are
given through (Re = pUH [ #o), where 7, is the total
viscosity of polymer and solvent, and We = Ju / H,
where 4 is relaxation constant of the viscoelastic fluid.
Re is important dimensionless number to characterize
flow pattern and it compares the inertial and viscous
forces in the flow field. We is the other dimensionless
number that describes the dominance of elastic forces
over viscous forces of the flow. The material parameters
S and ¢ are set as 0.2 and 0.25, respectively.

A finite volume method""** is used to obtain discrete
form of the flow equations. Convective terms in the PTT
equations are computed by using of CUBISTA"™ scheme.
The detailed numerical methods have been also presented

in the study of Tezel and co-workers. "
3. RESULTS AND DISCUSSION

Nonhomogeneous structured mesh is employed to
simulate the flow field with B = 1/4. Smallest mesh size
is used near the obstacle walls in order to resolve thin
boundary layers and high gradients in the flow as
depicted in Figure 1. Minimum size of the mesh has 4, =
0.02 and 4, = 0.01. Total number of the cells is 372 x
162.

y
N
LN LA

17

Figure 1. Non-uniform mesh structure around the square
obstacle.

Viscoelastic fluids have normal stresses (zxx) due to
revealing the elastic effects of the fluid flow rather than
Newtonian flow. Normal stresses are resulted from
velocity (ux) changings through the flow direction.
Figures 2a and 2b depict the impact of the We numbers
on the normal stress component Txx at creeping flow. In
these figures dimensionless stress values are -0.1 and 1.
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Symmetric normal stress field is observed. In the flow
direction, normal stresses go further at the top and
bottom of the obstacle. As We is increased, normal stress
contours stretch longer distances in the behind of the
obstacle (wake region). Otherwise, at the channel wall
there is no amending normal stress profile with respect to
We. When We is 15, the impact of elasticity seems to be
by the extent of the shear thinning compared to the case
of We = 5. As in Figure 2b negative normal stresses
occur around the obstacle. These stresses dominantly
develop in front of the object. When at We = 15, there is
no observation of a negative normal stress as in Figure
2b due to high elasticity of the flow. At the front of the
obstacle, sudden separated flows near the front of the
obstacle cause the formation of Hoop stresses. It can be
explained as larger normal stress changings through the
tangential direction in the flow field due to stretching of
elastic forces over the surface of the square cylinder.
Similar findings are also offered for the circular cylinder
by Oliveira and co-workers.”® This formation of Hoop
stresses comes from the sudden velocity changings in
front surface of the square cylinder.

-= We=15
= — — =We=5
—_— We=1
Sy
S U=l -l
_——-""-—:. -7
N

(a)
Wa=15
C =
>
2
(b)

Figure 2. Normal stress profile for Re = 0 at contour values a) 1
b) -0.1.
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Figures 3 and 4 depict the normal stress field at Re =
10 and Re = 20, respectively. Due to the stability
problems encountered in the numeric solutions, We was
capped at 4. As increased Re, behind the obstacle (in the
wake region), normal stress field grows up to bigger size.
As shown in Figure 4a, at Re = 20, normal stress divides
into two symmetric fields in the wake region. Negative
stress fields occur in this region since dominance of
Hoop stresses. Due to the We ranges in Figures 3b and
4b, an increase in the extent of the stress fields is
observed near the channel wall suggesting weaker shear
thinning effects than We = 15 case in Figure 2b. With the
higher values of We, normal stresses modify
progressively around the cylinder reported as in Norouzi
and co-workers’s study.

(a)
A
N\ - = We=4
/7 *\.\ — — We=3
\ i We=1
A
—_
(b)

Figure 3. Normal stress profile for Re = 10 at the contour value
a) 1, b) -0.1.
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Figure 4. Normal stress profiles for Re = 20 at the contour
value a) 1, b) -0.1.

Figure 5 shows the effect of the Re on the shear stress
field, =xy. Shear stress is caused by viscous forces
between the fluid molecules. Hence, ux changes with
respect to the perpendicular direction to the flow field. At
the front corners of obstacle, hoop stresses cause the
higher shear stress distribution due to instantaneous
variation in viscoelastic flow velocity. At creeping flow,
as shown in Figure 5a, at the back corners of the obstacle
shear stresses also occur. As Re increases, at the front
corners’ higher values of the shear stress distend to the
upper and lower surfaces of the obstacle as in Figure 5b
and 5c¢ due to flow separation effect of viscoelastic flow
especially in the front corners.
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Figure 5. Shear stress profile for W, = 3, a) Re = 0, b) Re = 10,
c) Re = 20.

4. CONCLUSIONS

In the present study, normal and shear stresses
distribution of viscoelastic fluid flowing over the
obstacle is studied using numerical method. The results
of the study can be summarized as follows.

o For stable solutions, at higher value of Re there is the
lowest limit of We and at lower value of Re there is
highest limit of We.

e Low We and high Re conditions supply the occurrence
of negative normal stresses in the flow field.
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e When the fluid inertia increases, in the wake region

normal stresses get bigger size and the stress region is
observed at the top and bottom surfaces of the pipe.

e Shear stresses occur in the flow region when the fluid
flow is tangential to the boundaries of the obstacle at
increased Re
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ABSTRACT

The removal of contaminants from consumable
waters by the traditional water treatment techniques is highly
difficult. Disinfection of water alludes to the inactivation or
pulverization of unsafe living pathogenic beings, which living
in the water. Occurrence of disinfection by products (DBPs)
during disinfection normally demonstrates lethal impacts on
human health. Granular activated carbon (GAC) has the oldest
history of decreasing of organic matters, but its role is reducing
by time. TiO, is used to accelerate the removal of the DBPs.
TiO, nanoparticles have good adsorption phenomena on the
removal of those organic compounds at various pHs and
temperatures and give good results. This study proved that TiO,
nanoparticles enhanced the efficiency of GAC to remove DBPs
from water. While the elimination of trihalomethanes (THMs),
dichloroacetic acid (DCAA) and trichloroacetic acid (TCAA)
using 0.5 g of GAC was determined as 61.7, 69.8 and 83.2%
respectively, the elimination of them by 0.1 g of TiO,
nanoparticles:GAC (1:1) was estimated as 100, 96 and 100%,
respectively.

Keywords:  Disinfection
nanoparticles TiO,, THMs.

by-products, drinking  water,

TiO; nanopartikiilleri kullanilarak
dezenfeksiyon yan tiriinlerinin aktif karbon
izerine adsorpsiyonunun arttirtlmast

0z

Geleneksel su aritma teknikleri ile kirletici maddelerin
tiiketilebilir sulardan uzaklastirilmas: oldukga zordur. Suyun
dezenfekte edilmesi, suda yasayan, giivensiz yasayan patojenik
varliklarin etkisizlestirilmesine veya toz haline getirilmesine
yol acar. Dezenfeksiyon sirasinda dezenfeksiyon yan iiriinlerin
(DBP'lerin) olusmasi normalde insan saglig: iizerinde liimciil
etkiler gostermektedir. Graniil aktif karbon (GAC) organik
maddeleri azaltma da en eski ge¢misine sahiptir, ancak onun
rolii zamanla azalmaktadir. TiO,, DBP'lerin uzaklastirilmasini
hizlandirmak i¢in kullanilmaktadir. TiO, nanopartikiilleri,
cesitli pH'larda ve sicakliklarda bu organik bilesiklerin
uzaklastirllmasinda iyi adsorpsiyon olgusuna sahiptir ve iyi
sonuglar vermektedir. Bu caligma, TiO, nanopargaciklarinin
DBP'leri sudan uzaklagtirmak i¢in GAC'nin etkinligini
arttirdigint  ispatlamisti. 0.5 g  GAC  kullanilarak
trihalometanlar (THM'ler), dikloroasetik asit (DCAA) ve
trikloroasetik asit (TCAA)' in eliminasyonu sirasiyla % 61.7,
69.8 ve 83.2 olarak belirlenirken, bunlarin 0.1 g Ti0,
nanopartikiilleri: GAC (1:1) ile giderilmesi sirasiyla % 100, 96
ve % 100 olarak belirlenmistir.

Anahtar Kelimeler: Dezenfeksiyon yan iriinler, igme suyu,
nanopartikiiller TiO,, THMs.

1. INTRODUCTION

The disinfection procedure of drinking water plans to
execute as well as inactivate pathogens may have the
unintended outcome of framing disinfection by-products
(DBPS).l At the point when the disinfectant free chlorine
is utilized, more than 500 disinfections by- products
(DBPs) have been recognized. Trihalomethanes (THMSs)
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and haloacetic acids (HAAs) account for a significant
portion of the total DBPs formed in the reaction of free
chlorine with natural organic matter (NOM) in water and
are related with human health concerns.” They are
directed in numerous nations according to world health
organization (WHO) regulation. DBP formation can be
overseen in metropolitan drinking water frameworks
through antecedent expulsion and modification of disin-
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fection parameters.3 Disinfection parameters that may
affect DBP formation include concentration and type of
disinfectant, pH, temperature and contact time. DBP
precursors, especially those of THMs and HAAs, include
humics (hydrophobic) and other compounds with UV254
absorbance.” Upgraded coagulation is the best available
technique that is economically for removal of DBP
precursors (hydrophobic NOM), where coagulation
parameters are acclimated to accomplish greatest DBP
precursor removal.” Advanced oxidation processes
combining ozone, H,0,, and/or UV light are also
emerging as effective ways to degrade contaminants in
water including DBP precursors.6 TiO, nanomaterial is
promising with its high potential and outstanding
performance in photocatalytic environmental applications
TiO, photo catalysis has been shown to reduce THM and
HAA formation by degrading DBP precursors and also
by providing disinfection capability.5 TiO, absorbs light
and dissipates it through the excitation of an electron to
its conduction band, creating what is termed an
electron/hole pair.7 The electrons and holes can then
directly degrade NOM in the water or can create reactive
oxygen species (ROS) such as the hydroxyl and
superoxide radicals that can then degrade NoM.? Tio,
requires low chemical and energy inputs; needing only
UV light and the TiO, catalyst. Elimination of NOM and
DBPs from drinking water using photo catalytically
regenerable nanoscale adsorbents has been developed by
Stephanie and others during 2019.°

2. EXPERIMENTAL
2.1. Materials

Pentane 99 % — sodium thiosulfate anhydrous 99%
assay—sulfuric acid 99%. Methyl tert-butyl ether (MTBE)
99%-Ultra pure water. All chemicals, reagents and
reference materials of THM, HAAs, and inorganic
chemicals used were of high purity grade. They were
obtained from Acuustanderd Co., Riedel Co, Sigma
Aldrich Co. and Fluka Co. GAC purchased from Calgon
Carbon Corporation, particle sizes of 1.18-2.36 mm -
Mexico, TiO, nano particles purchased from Reinste Co.
-India, 99+%, 20 nm. Activated carbon loaded by
TiO, nanoparticles were prepared by direct mixing in
(1:1) ratio.

2.2. Methods
2.2.1. Determination of Trihalomethane (THM)

The THM species (chloroform,
bromodichloromethane,  dibromochloromethane, and
bromoform) were measured according to EPA method
55110, sample was collected in 40 ml brown glass
bottle with screw cap, and then 15 ml was discarded from
each sample bottle. A micro extraction technique was
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used, for each bottle, 4 ml pentane were added, then the
Sample bottle was shaken for 1 minute, and left for 10
minutes. About 1 ml from the organic upper layer was
transfer into autosampler vial for injection using gas
chromatography Gas chromatography Varian CP- 3800,
split/spitless injector, Electron Captures Detector, CP-
8400 Autosampler, and Galaxie Chromatography Data
System for acquisition and data analysis have Primary
column - CP SIL 5 CB 30 m X 0. 32 mm, 0.25um film
thickness.'” While the carrier gas was He of 99.999 %
purity. Gas chromatography was performed under the
following condition: - Inlet condition: split mode, initial
temperature 250°C, pressure 33 psi, split ratio 20:100.
The instrument was calibrated by using THM standards
at 8, 16, 32, 48 and 64 pg I to construct calibration
curve.

2.2.2. Determination of Haloacetic Acids (HAAS)

A micro extraction technique with methyl tert-butyl
ether (MTBE) as the extraction solvent, the HAAs
species (Dichloroacetic acid, Trichloroacetic acid) were
measured according to EPA method 552.2, and GC
chromatography was performed under the following
condition: - Inlet condition: split mode, initial
temperature 35°C, pressure 33 psi, split ratio 100:20 and
Carrier gas type Helium."*™* The instrument was
calibrated by using HAA standards at 8, 16, 32, 48 and
64 ng 1™ to construct calibration curve.

3. RESULTS AND DISCUSSION

Standard THM  have
concentration from all (Chloroform,
bromodichloromethane, dibrochloromomethane,
bromoform), taken suitable volume as (100 ml) treated
with granular activated carbon (GAC), shacking 20 min
as duration at pH 6.9 and temperature 25°C, filtrated by
micro filter have pore size 0.47 pm, extraction and
injection on the system which determine DBPs, the
removal of DBPs from treated water by using activated
carbon in bench scale experiment found that an increase
of GAC dosage have a significant in DBPs removal.

GAC has been used to adsorb the DBPs from water
using 0.025, 0.05, 0.1 and 0.5 g. as different dose of
adsorbent. The removal of THMs was 18.4, 26.3, 36.5
and 61.7% respectively while the removal of DCAA was
25.3, 31.7, 50.5 and 69.8% respectively and the removal
of TCAA was 27.8, 43.6, 58.9 and 83.2% as shown in
Table 1, Figures 1, 2 and 3 respectively.

Then 1:1 mixture of GAC and TiO, nanoparticles has
been used to adsorb the DBPs from water using 0.02,
0.04, 0.06 and 0.1 g. as different dose of adsorbent, the
results were as shown in Table 2. The removal of THMs
was 34.8, 50.5, 83.3 and 100% respectively as shown in
Figure 4, while the removal of DCAA was 27.8, 40.2, 63
and 96% respectively as shown in Figure 5, and the

been prepared equal
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THMs DCAA TCAA THMs DCAA TCAA
GAC (g) ng It ng It ng It Removal %  Removal % Removal %
0 63 28.1 28 0.0 0.0 0.0
0.025 51.4 21 20.22 18.4 25.3 27.8
0.05 46.4 19.2 15.8 26.3 31.7 43.6
0.1 40 13.9 115 36.5 50.5 58.9
0.5 24.1 8.5 4.7 61.7 69.8 83.2
Table 2. Removal % of DBPs using GAC with TiO, nanoparticles
(1:1) GAC + THMs DCAA TCAA THMs DCAA TCAA
TiO, g. ng 1t ng 1t ngl®  Removal % Removal % Removal %
0 63 28.1 27.8 0.0 0.0 0.0
0.02 41.1 20.3 18.9 34.8 27.8 32.0
0.04 31.2 16.8 14.16 50.5 40.2 49.1
0.06 10.5 104 8.45 83.3 63.0 69.6
0.1 0 1.11 0 100.0 96.0 100.0
THMs= Removal % using GAC TCAA Removal % using GAC
- 80 A . 100 -
- n = B0
8 517 2 8
aant’ cn SEET
E 40 1.495x + 21,973 E ™ "'y = 06.08x + 37.162
£ 5 R<=0.9312 2 40 R<=0.825
= hﬂ 5 20 4
0.1 0.1 0.3 0.5 0 0.1 0.2 03 04 0,5
GAC (g) GAC (g)
Figure 1. Removal % of THMs using GAC. Figure 3. Removal % of TCAA using GAC.

DCAA removal %

DCAA Removal % using GAC

&9.8

Ln

THMSs removal %

THMs Removal % using GAC + NP TiO;

{1:1) GAC + NP TiO; (g)

Figure 2. Removal % of DCAA using GAC.

Figure 4. Removal % of THMs using (1:1) GAC + NP TiO,.
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(1:1) GAC + NP TiO, (g)

Figure 5. Removal % of DCAA using (1:1) GAC + NP TiO,.

TCAA Removal % using GAC+ NP TiO,

100 -+

TCCA removal %
I
[
1

[1:1) GAC + NP TiO: (g)

Figure 6. Removal % of TCAA using (1:1) GAC + NP TiO,.

removal of TCAA was 32, 49.1, 69.6 and 100%
respectively as shown in Figure 6. It is very clear that
TiO, nanoparticles improved the efficacy of GAC in
DBPs adsorption, this enhancement of the GAC activity
will reduce the required QTY of GAC to adsorb the
pollutants from the water.

4. CONCLUSIONS

The study proved that addition of TiO, nanoparticles
improved the efficiency of the GAC to remove DBPs
from water. The maximum removal of THMs, DCAA
and TCAA was 61.7, 69.8 and 83.2% respectfully using
0.5 g of GAC. The full removal of THMs and THAA
was achieved wusing 0.1 g. (1:1) of GAC:TIO,
nanoparticles, while the same QTY was achieved 96%
removal of DCAA. This due to the properties of TiO,
and its Photocatalysis / surface phenomenon, which
consider a critical step in intervening in the effectiveness
of photodegradation and adsorption of pollutants on the
photocatalyst surface. Even the results of DBPs removal
using 0.1 g. (1:1) of GAC:TiO, nanoparticles was very
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promising we recommend further investigation about
TiO, nanoparticles residues and its toxicity, also risk
assessment for overall process for large scale
applications.
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ABSTRACT

In this study; it was aimed at the isolation of rosmarinic
acid (RosA) from Ocimum basilicum (OB) with a selective
extraction and rapid isolation technique using flash
chromatography (FC). For this purpose, dried leaves of OB
were extracted with n-hexane, dichloromethane, and methanol,
respectively. The methanol extract (ME) was extracted with
dichloromethane and ethyl acetate using separation funnel by
suspending with water. The ethyl acetate layer was dried with
anhydrous Na,SO, and the solvent was evaporated to give a
rosmarinic acid-rich extract. Then the ethyl acetate extract
(EAE) was separated over silica gel column using FC, and thus
RosA was isolated with high purity.

Keywords: Rosmarinic acid, flash chromatography, Ocimum
basilicum.

Flash kromatografi kullanarak Reyhan
bitkisinden rozmarinik asitin hizli izolasyonu

0z

Bu calismada, Reyhan bitkisinden (Ocimum basilicum)
secici bir ekstraksiyon ve hizli izolasyon teknigi ile flash
kromatografi  kullanilarak  rozmarinik asitin izolasyonu
amaglanmustir. Bu amagla; kurutulmug reyhan yapraklart sirast
ile hekzan, diklorometan ve methanol ile ekstrakte edildi.
Methanol ekstrakti su ile ¢oziilerek ayirma hunisinde
diklormetan etil asetat ile ekstrakte edildi. Etil asetat faz1 susuz
Na,SO, ile kurutuldu ve rosmarik asitce zengin ekstrakt vermek
iizere ¢oziicli evapore edildi. Daha sonra, etil asetat ekstrakti
flash kromatografi kullanarak silica jel ile ayrima tabi tutuldu
ve bdylece rozmarinik asit yiiksek saflikta elde edildi.

Anahtar Kelimeler: Rozmarinik asit, flash kromatografi,
Reyhan bitkisi.

1. INTRODUCTION

Natural products play an important role for drug
discovery and development process due to their bioactive
contents.”® Ocimum basilicum belongs to the Lamiaceae
family known to be rich sources of polyphenolic
compounds, particularly phenolics acids.” The plant
extensively includes substances that high antioxidant
activity due to the content of phenolic acids especially
rosmarinic acid as a major constituent.'’ RosA is an ester
of caffeic acid and 3,4-dihydroxyphenyl lactic acid and is
a widely occurring natural antioxidant in many plant
kingdom with interesting biological activities e.g.
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antitumor,™* antidiabetic, " antioxidant, "
antiprolift—zrative,”’15 antiviral and anti-inflammatory.16
Antioxidants were called as bioactive substances that
prevent the formation of free radicals or neutralize free
radicals in living organisms.l7'18 To prevent oxidative
degradation of food, synthetic antioxidants such as
butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), and tertbutylhydroguinone
(TBHQ) are widely used in the food industry, but BHA
and BHT are suspected of being responsible for liver
damage and carcinogenesis.19 Therefore,  the
development and utilization of more effective
antioxidants from the natural origin are desired.
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2. EXPERIMENTAL
2.1. Plant material

Ocimum basilicum was cultivated in Gaziosmanpasa
University Field Crops in Faculty Application sites, and
harvested in July 2011.

2.2. Extraction of RosA

The air-dried aerial parts of plant material (400 g)
were extracted sequentially with hexane,
dichloromethane and methanol (every 24 hours, 4 Lx3).
The methanol extract (13 g) suspended in water and
partitioned between dichloromethane and water. The
organic layer was removed. Then the water phase was
partitioned between water and ethyl acetate. The ethyl
acetate phase was separated and concentrated using
evaporator after drying with anhydrous sodium sulfate to
give slurry extract (6.30 g) (Figure 1).

2.3. Flash Chromatography conditions
Flash chromatography is a useful technique for

separation in both natural and synthetic products. The
constant flow rate of mobile phases and enabling

Aksit and co-workers

E-1SSN:2602-277X

detection with UV detector increases the efficiency of
separation and reproducibility when compared with
common column chromatography techniques. A
Combiflash ~ companion Flash  chromatography
instrument was used for purification of RosA. The UV
detector was set up at 330 nm. As a mobile phase,
dichloromethane-ethyl acetate system was used with a
linear gradient system at 10 mL/min flow rate. A
manually packed with silica gel GF,s, glass column (5
cm X 50 cm, diameter X length) was used. The detected
fractions at 330 nm were collected in 10 mL volumes.

2.4. LC-TOF-MS analysis

LC-TOF-HRMS analysis was performed using an
Agilent 6210 LC-TOF instrument according to the
method described previously.”’ Briefly; elution was
performed using Poroshell column 120 EC-C18
(3.0 x50 mm, 2.7 um |.D.). The mobile phases were
water with 0.1% formic acid and 5 mM ammonium
format (Solvent A) and acetonitrile (solvent B) with 0.7
mL/min flow rate. The gradient program was used as
follows: 0—-1 min, 10% B; 1-8 min, 10% B; 8-11.1 min,
95% B; 11.1-13 min, 10% B; 13-14 min, 10% B. TOF
analyses were carried out in negative ion mode; gas
temperature, 325 °C and column temperature, 35 °C;
drying gas flow, 0.7 ml/min; fragmentor voltage, 175 V.

: | Suspended with
[ Plant Maten]al (400 g) | J:'Jater
Maceration with Hexane Extraction with DCM
|
I Hexan Extract Plant r\?sidue @;haz] Water phlase
Macetarion with DCM Extraction with HOAC

' v

I DCM Extract I Plant relsidue Water'rphase Eﬂ]ﬁc‘;hase
Maceration with MeOH
|
J' Evaporation
Plart residue | Metanol Extract

Figure 1. Extraction flowchart of RosA from O. basilicum.
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Figure 2. Flash chromatography chromatogram of the ethyl acetate phase.

Figure 3. Chemical structure of RosA.

3. RESULTS AND DISCUSSION

The collected fractions during 16-18 CV (column
volume) were combined and evaporated to give
yellowish amorphous solid (The main peak observed on
LC-chromatogram: See Figure 2).

20 mg of collected fractions were solved in DMSO-
d6 and recorded ‘H and *C-NMR spectra. The data
obtained as follows:

'H-NMR (400 MHz, DMSO-d6) 8y: d 7.46 (d, 1H, H-7,
J= 15.8 Hz), 7.06 (d, 1H, H-2, J= 1.4 Hz), 7.02 (d, 1H,
H-6, J= 8.12 Hz), 6.79 (d, 1H, H-5, J=8.12 Hz), 6.69 (d,
1H, H-2', J= 1.5 Hz), 6.54 (d, 1H, H-5', J= 7.92 Hz), 6.65
(d, 1H, H-6', J= 7.92 Hz), 6.24 (d, 1H, H-8, J= 15.8 Hz),
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5.08 (dd, 1H, H-8', J= 10 Hz, J= 2.8 Hz), 2.98 (dd, 1H,
H- 7a', J= 10.1 Hz, J= 1.10 Hz), 2.98 (d, 1H, H-7b', J=
10 Hz); *C-NMR (100 MHz, DMSO-d6) &¢: d 171.33
(C-9Y, 166.43 (C-9), 146.07 (C-4), 149.10 (C-3), 146.39
(C-7), 14450 (C-3"), 145.41 (C-4Y), 127.7 (C-1"), 125.9
(C-1), 122.02 (C-6), 115.85 (C-6"), 117.17 (C-2"), 116.23
(C-5), 120.53 (C-5"), 115.28 (C- 2), 113.66 (C-8), 73.18
(C-8", 36.61 (C-7"). According to *H and **C-NMR data,
the compound identified as RosA with good agreement
with data given in the literature.”" %

The LC-TOF-HRMS chromatogram of crude ethyl
acetate extract, isolated RosA and standard RosA is
given in Figure 4. LC-TOF analysis showed that the
molecular weight of RosA was 360.0848 g/mol (calc. for
C1sH1604:360.0845 g/mol) with high purity.
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Figure 4. Chromatogram of TOF-LC/MS instrument of crude ethyl acetate extract, isolated RosA and standard RosA.

4. CONCLUSIONS

In this study, rosmarinic acid was extracted from
Ocimum basilicum using a selective extraction technique.
Purification of RosA was achieved by using flash
chromatography. The extraction and purification process
can be suggested to the isolation of RosA rapidly and
efficiently from natural sources.
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