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Spectroscopic Aspects (Experimental/Theoretical (FT-IR, NMR)) and
Electronic Properties of 3-p-Chlorobenzyl-4-[3-(3-methoxybenzoxy)-
benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-one

Hilal MEDETALIBEYOGLU", Haydar YUKSEK

Kafkas University Faculty of Arts and Sciences, Department of Chemistry, 36100, Kars, Turkey

Arastirma Makalesi Kimya Gelis Tarihi/Received Kabul Tarihi/Accepted
Research Article Chemistry 22.05.2019 25.11.2019

Abstract: 3-p-Chlorobenzyl-4-[3-(3-methoxybenzoxy)-benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-one
were optimized using DFT(B3LYP)/HF methods and 6-311G(d) and 3-21G levels. The **C-NMR and *H-NMR
(in gas phase/DMSO solvent with GIAO method), FT-IR and UV-vis spectral values were performed using
Gaussian09W program package. Theoretical spectral values of the molecule were calculated and compared with
experimental data. The FT-IR spectrums were drawn the same methods and levels. Furthermore, the molecular
potential surfaces such as the molecular electrostatic potential (MEP), electron density, electron spin potential
(ESP), total density and contour maps of titled molecule have been drawn. The electron affinity (A),
electronegativity (), global hardness (n)/softness (o), ionization potential (I), ELumo-Enomo energies, energy gap
(AE), thermal capacity (CV), mulliken atomic charges, entropy (S), total energy, thermal energies (E), bond
angles, dipole moments and bond lengths of the molecule were performed with Gaussian09W program.

Keywords: 1,2,4-triazol-5-one, 6-311G(d), 3-21G, GIAO, HOMO-LUMO.

1. INTRODUCTION

1,2,4-Triazol-5-on derivatived Schiff bases are the most important organic
compounds that obtained by condensation between a primary amine and an aldehyde or
ketone to form an imine or azomethine group (-HC=N-) (Du et al., 2018; Jiao et al., 2018;
Ak et al., 2019; Gao et al., 2019; Irak ve Beytur, 2019; Ozil et al., 2019). It is known that
many compounds have numerous biological activities. The derivatives of 1,2,4-triazole form a
broad family of compounds that exhibit wide range of interesting properties; several of them
show biological and pharmacological activities such as anti-depressants, antiparasitic,
anticancer, antibacterial, anti-inflammatory and fungicides while these compounds find use in
coordination chemistry and material field (non-linear optics properties magnetic and
multidentate ligands) (Yuksek et al., 2013; Madeira et al., 2018; Mohameda et al., 2018;
Beytur et al., 2019; Kukuljan and Kranjc, 2019) 1,2,4-Triazol-5-on derivatived Schiff bases

Hilal MEDETALIiBEYOGLU :  ORCID:https://orcid.org/ 0000-0002-1310-6811
Haydar YUKSEK :  ORCID:https://orcid.org/ 0000-0003-1289-1800
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are used as fungicides, insecticides, pesticides, bacteriocides as well. (Cui et al., 2002;
Saadaoui et al., 2019). Recently, these compounds have also begun to draw attention with
quantum chemical calculations. On the other hand, it is known that were intensively studied
and numerous of their properties are highlighted by spectroscopic, optical, structural, thermal
and theoretical calculations methods. In addition, it is reported in literature that the derivatives
of 1,2,4-triazole are playing important role in biochemical processes ranging from anticancer
to antioxidants and antiviral agents (Akyildirm et al., 2016; Ozdemir et al., 2018; Kotan and
Yuksek, 2018; Boursas et al., 2019; Raouf et al., 2019).

We investigate in the present work, vibrational spectroscopy, *H/®C-NMR isotropic
shift values, UV-vis. spectroscopy, structural, thermodynamic, electronic properties and
theoretical calculations of 3-p-chlorobenzyl-4-[3-(3-methoxybenzoxy)-benzylidenamino]-4,5-
dihydro-1H-1,2,4-triazol-5-one were investigated by both experimental and DFT(B3LYP) and
ab initio HF methods.

2. MATERIALS AND METHODS
2.1. Theoretical Details

The theoretical calculations have been performed with density functional theory (DFT)
and Hartree-Fock (HF) methods and 6-311G(d)/3-21G levels on the Gaussian09W program
package (Frisch et al., 2010). Firstly, the above cited compound was optimized and then
calculated 3C/*H-NMR isotropic shift values with method of GIAO (Wolinski et al., 1990),
vibrational spectroscopy, UV-vis. spectroscopy, structural, thermodynamic, -electronic
properties. Furthermore, the HOMO-LUMO energy, molecular electrostatic potential (MEP),
electron density, electron spin potential (ESP), total density and contour maps of titled

molecule have been performed and drawn with the same methods and levels.

3. RESULT AND DISCUSSION
3.1. The Structural Results

The structural geometric values such as mulliken atomic charges, bond angles, bond
lengths have been calculated by HF and B3LYP methods with 6-311G(d)/3-21G levels and
The structural values are summarized in Table 1-3. when the results are evaluated the average
aromatic bond lengths (C-C) are 1.425 (B3LYP/6-311G(d)), 1.419 (HF/6-311G(d)), 1.424
((B3LYP/3-21G) and 1.414 (HF/3-21G) A. Also, the bond lengths of 1,2,4-triazole ring N25-
N26, N25-C1, C2-029, C2-N27, N27-C1 are calculated as 1,380/1.370/1.369;
1,297/1.295/1,268; 1.216/1,214/1.196; 1.420/1.415/1.387 A, respectively for B3LYP/HF
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methods and 6-311G(d) and 3-21G levels (Table 1). In the literature, the N-N, N=C, C=0
bond lengths are measured as 1.404 , 1.280, 1.212 A (Ocak et al., 2003; Ustabas et al., 2007).
The calculated bond length values are consistent with literature values. All atomic charges
(Mulliken, 1955) were calculated by the same methods and levels. All electronegative atoms
(oxygen (O) nitrogen (N), and chlorine (Cl)) have negative atomic charge values. The carbon
atoms that weren’t surrounded electronegative atoms have negative atomic charge values. On
the other hand, the C1 atom surrounded by two electronegative atoms (N25, N27) and C2
atom which is surrounded by three electronegative atoms (N26, N27, 0O29) have negative
charges values. All hydrojen atoms of titled molecule (H25-H43) have positive atomic charge
values (Table 3).

Figure 1. The Gaussview structure of the molecule.

Table 1. The calculated bond lenghts (A°) of the molecule

Bond Lenghts (A°) HF B3LYP HF B3LYP

6-311G(d) 6-311G(d) 3-21G 3-21G
1 C1-N45 1.2651 1.2948 1.2776 1.3122
2 C1-N46 1.3802 1.3889 1.3817 1.3887
3 C1-C18 1.4987 1.4983 1.4937 1.4953
4 C18-C19 1.5116 1.5120 1.5130 1.5290
5 C18-H38 1.0838 1.0949 1.0835 1.0928
6 C18-H39 1.0837 1.0047 1.0835 1.0930
7 C19-C20 1.3865 1.3964 1.3854 1.3993
8 C19-C24 1.3865 1.3960 1.3854 1.4011
9 C20-H40 1.0757 1.0858 1.0721 1.0842
10 C20-C21 1.3835 1.3917 1.3834 1.3974
11 C21-H41 1.0732 1.0833 1.0695 1.0817
12 C21-C22 1.3804 1.3902 1.3728 1.3861
13 C22-Cl52 1.7456 1.7611 1.8183 1.8345
14 C22-C23 1.3804 1.3899 1.3728 1.3872
15 C23-H42 1.0732 1.0834 1.0695 1.0818
16 C23-C24 1.3835 1.3920 1.3834 1.3958
17 C24-H43 1.0756 1.0858 1.0721 1.0829
18 N44-N45 1.3679 1.3783 1.4263 1.4365
19 N44-H25 0.9886 1.0054 0.9919 1.0088
20 N44-C2 1.3470 1.3696 1.3539 1.3758
21 C2-048 1.1950 1.2145 1.2196 1.2389
22 C2-N46 1.3885 1.4214 1.3950 1.4327
23 N46-N47 1.3637 1.3698 1.4030 1.4181
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24 N47-C3 1.2583 1.2865 1.2678 1.2982
25 C3-H26 1.0713 1.0843 1.0630 1.0780
26 C3-C4 1.4770 1.4645 1.4637 1.4558
27 C4-C5 1.3854 1.4074 1.3915 1.4123
28 C4-C9 1.3959 1.4038 1.3874 1.4028
29 C5-049 1.3773 1.3781 1.3970 1.4086
30 C5-C6 1.3835 1.3945 1.3833 1.3969
31 C6-H27 1.0733 1.0840 1.0630 1.0758
32 C6-C7 1.3779 1.3898 1.3828 1.3950
33 C7-H28 1.0748 1.0849 1.0716 1.0836
34 C7-C8 1.3898 1.3962 1.3839 1.3984
35 C8-H29 1.0746 1.0845 1.0710 1.0831
36 C8-C9 1.3761 1.3862 1.3786 1.3896
37 C9-H30 1.0726 1.0834 1.0700 1.0827
38 049-C10 1.3437 1.3964 1.3625 1.3999
39 C10-050 1.1780 1.1961 1.2053 1.2279
40 C10-C11 1.4900 1.4891 1.4795 1.4803
4 C11-C12 1.3794 1.3925 1.3779 1.3940
42 C11-C16 1.3940 1.4036 1.3928 1.4068
43 C12-H31 1.0710 1.0819 1.0678 1.0805
44 C12-C13 1.3923 1.3992 1.3917 1.4041
45 C13-051 1.3456 1.3603 1.3681 1.3830
46 C13-C14 1.3833 1.3976 1.3804 1.3986
47 C14-H32 1.0726 1.0826 1.0694 1.0814
48 C14-C15 1.3918 1.3973 1.3879 1.3986
49 C15-H33 1.0749 1.0850 1.0714 1.0835
50 C15-C16 1.3746 1.3854 1.3727 1.3863
51 C16-H34 1.0722 1.0827 1.0691 1.0815
52 051-C17 1.3975 1.4199 1.4349 1.4589
53 C17-H35 1.0785 1.0952 1.0834 1.0971
54 C17-H36 1.0848 1.0881 1.0722 1.0900
55 C17-H37 1.0851 1.0953 1.0834 1.0971
Table 2. The calculated bond angles (°) of the molecule
Bond Angles (°) HF B3LYP HF B3LYP
6-311G(d) 6-311G(d) 3-21G 3-21G
1 C1-N45-N44 105.059 104.740 104.136 103.281
2 C1-N46-N47 121.157 121.325 120.435 120.701
3 C1-N46-C2 108.028 108.189 109.187 109.217
4 C1-C18-H38 108.025 108.316 108.085 108.272
5 C1-C18-H39 108.029 108.276 108.083 108.272
6 N45-N44-H25 120.716 120.194 119.993 119.350
7 N45-N44-C2 113.825 114.545 112.920 114.045
8 N45-C1-C18 126.725 126.192 127.152 126.275
9 N46-C1-C18 121.974 122.355 121.132 121.141
10 H25-N44-C2 125.459 125.261 127.087 126.605
11 N44-C2-N46 101.787 101.072 102.042 101.143
12 N44-C2-048 129.599 130.145 130.279 130.933
13 048-C2-N46 128.614 128.783 127.679 127.923
14 C2-N44-N45 113.825 114.545 112.920 114.045
15 C2-N46-N47 130.812 130.485 130.378 130.082
16 C1-C18-C19 113.582 113.546 112.307 112.379
17 H38-C18-C19 110.609 110.605 110.769 110.683
18 H39-C18-C19 110.610 110.613 110.768 110.682
19 H38-C18-H39 105.630 105.102 106.608 106.323
20 C18-C19-C20 120.748 120.821 120.487 120.508
21 C18-C19-C24 120.744 120.725 120.494 120.507
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22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
52
63
64
65
66
67
68
69
70
71

C19-C20-H40
C19-C24-H43
C19-C20-C21
H40-C20-C21
C20-C21-C22
C20-C21-H41
H41-C21-C22
C21-C22-C23
C21-C22-Cl52
ClI52-C22-C23
C22-C23-H42
C22-C23-C24
H42-C23-C24
C23-C24-H43
H43-C24-C19
C24-C19-C20
N46-N47-C3
N47-C3-H26
N47-C3-C4
H26-C3-C4
C3-C4-C5
C3-C4-C9
C5-C6-049
C4-C5-C6
H27-C5-C6
C4-C5-H27
C5-C6-C7
049-C6-C7
C6-C7-H28
C6-C7-C8
H28-C7-C8
C7-C8-H29
C7-C8-C9
H29-C8-C9
C8-C9-H30
C8-C9-C4
H30-C9-C4
C9-C4-C5
C6-049-C10
049-C10-050
049-C10-C11
050-C10-C11
C10-C11-C16
C10-C11-C12
C11-C12-H31
C11-C12-C13
H31-C12-C13
C12-C13-051
C12-C13-C14
C13-051-C17

119.886
119.889
121.131
118.983
119.166
120.652
120.182
120.901
119.547
119.552
120.185
119.167
120.648
118.983
119.889
118.507
119.992
122.295
120.468
117.237
117.988
119.879
118.002
119.879
119.127
120.993
121.105
120.812
120.025
118.976
120.998
119.438
120.690
119.872
120.474
119.936
119.590
119.414
119.934
123.339
111.914
124.747
122.175
117.234
120.470
120.283
119.247
115.787
119.424
119.951

119.755
119.765
121.202
119.043
119.053
120.765
120.183
121.033
119.488
119.479
120.186
119.054
120.760
119.031
119.765
118.455
119.158
121.900
120.363
117.737
118.133
122.788
115.727
120.217
118.951
120.832
120.950
123.215
120.548
118.664
120.783
119.052
121.139
119.809
120.793
119.950
119.258
119.079
121.342
123.702
111.141
125.157
122.693
116.980
120.165
120.340
119.495
115.696
119.513
118.632

119.881
119.884
120.771
119.349
118.727
120.981
120.291
121.986
119.006
119.008
120.293
118.727
120.980
119.345
119.884
119.018
119.012
122.459
120.137
117.404
117.774
121.685
124.889
119.063
119.990
120.947
120.796
114.314
118.710
119.719
121.571
119.587
120.319
120.093
121.084
119.561
119.355
120.541
128.220
123.427
111.459
125.114
122.038
116.958
120.627
120.062
119.312
116.042
119.354
120.972

119.725
119.725
120.864
119.411
118.484
121.136
120.380
122.319
118.841
118.841
120.380
118.484
121.136
119.411
119.725
118.985
117.196
122.349
119.776
117.875
117.947
121.685
125.421
119.186
119.753
121.061
120.612
113.967
118.552
119.832
121.616
119.508
120.347
120.146
121.518
119.655
118.827
120.368
125.475
124.123
110.215
125.662
122.595
116.565
120.143
120.241
119.616
115.821
119.182
118.220
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72 051-C13-C14 124.789 124.791 124.604 124.997
73 051-C17-H35 111.461 111.557 111.303 111.601
74 051-C17-H36 111.456 111.528 111.303 111.600
75 051-C17-H37 106.187 105.746 105.460 104.860
76 H35-C17-H36 109.435 109.427 109.452 109.316
77 H35-C17-H37 109.102 109.234 109.621 109.686
78 H36-C17-H37 109.107 109.251 109.621 109.686
79 C13-C14-C15 119.790 119.677 120.134 120.139
80 H32-C14-C15 119.097 119.304 119.173 119.231
81 C14-C15-H33 119.033 119.062 119.259 119.180
82 H33-C15-C16 119.836 119.795 119.945 119.916
83 C15-C16-H34 120.741 120.821 121.392 121.675
84 C15-C16-C11 118.780 119.000 118.651 118.694
85 C16-C11-C12 120.592 120.326 121.004 120.840
86 H34-C16-C11 120.480 120.179 119.957 119.631
Table 3. The Mulliken atomic charges of the molecule
HF HF B3LYP B3LYP
6-311G(d) 3-21G 6-311G(d) 3-21G
c1 0.569 0.818 0.450 0.680
Cc2 0.782 1.250 0.584 0.942
C3 0.038 0.197 -0.055 0.111
Cc4 -0.044 -0.165 -0.016 -0.056
C5 -0.270 -0.24 -0.234 -0.211
C6 0.328 0.384 0.231 0.301
C7 -0.211 -0.253 -0.178 -0.191
C8 -0.208 -0.227 -0.205 -0.183
C9 -0.194 -0.204 -0.158 -0.173
Cc10 0.647 1.008 0.434 0.707
Cl1 -0.203 -0.246 -0.160 -0.107
C12 -0.241 -0.199 -0.203 -0.165
C13 0.369 0.417 0.272 0.322
Cl4 -0.300 -0.267 -0.259 -0.207
C15 -0.195 -0.227 -0.193 -0.182
C16 -0.211 -0.209 -0.160 -0.182
C17 -0.416 -0.273 -0.464 -0.336
C18 -0.586 -0.505 -0.589 -0.514
C19 0.064 -0.034 0.081 0.045
C20 -0.216 -0.203 -0.187 -0.166
Cc21 -0.128 -0.187 -0.115 -0.154
C22 -0.163 -0.318 -0.167 -0.261
C23 -0.128 -0.187 -0.115 -0.154
C24 -0.216 -0.203 -0.186 -0.166
H25 0.400 0.405 0.374 0.356
H26 0.307 0.332 0.260 0.264
H27 0.241 0.325 0.217 0.247
H28 0.238 0.268 0.228 0.207
H29 0.228 0.253 0.203 0.196
H30 0.242 0.270 0.210 0.205
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H31
H32
H33
H34
H35
H36
H37
H38
H39
H40
H41
H42
H43
N44
N45
N46
N47
048
049
050
051
Cl52

0.264 0.305
0.242 0.255
0.225 0.251
0.244 0.274
0.208 0.200
0.208 0.200
0.234 0.239
0.268 0.274
0.268 0.274
0.222 0.253
0.252 0.277
0.252 0.277
0.223 0.253
-0.592 -0.759
-0.247 0.384
-0.478 -0.856
-0.275 -0.364
-0.530 -0.668
-0.510 -0.815
-0.436 -0.616
-0.461 -0.735
-0.111 0.093

0.229
0.229
0.216
0.200
0.211
0.212
0.233
0.251
0.252
0.197
0.223
0.223
0.197

-0.497
-0.185
-0.373
-0.206
-0.389
-0.369
-0.319
-0.337
-0.081

0.230
0.197
0.196
0.205
0.200
0.200
0.227
0.243
0.243
0.197
0.218
0.218
0.197

-0.592
-0.335
-0.629
-0.324
-0.518
-0.600
-0.480
-0.550

0.082

3.2. FT-IR spectral analysis

3-p-Chlorobenzyl-4-[3-(3-methoxybenzoxy)-benzylidenamino]-4,5-dihydro-1H-1,2,4-

triazol-5-one have 52 atoms. The numbers of all vibrational frequencies of titled compound is

150. The vibrational frequencies have been performed with veda4f program and each

vibrational frequencies were multiplied by appropriate scala factors (Merrich et al., 2007).

The negative frequency values weren’t observed. The unscaled IR spectrums were drawn

according to DFT(B3LYP), HF methods and 6-311G(d)/3-21G levels. Between the two

values were observed connected and consistent results (Table 4-5 and Figure 2).

Table 4. The calculated IR frequencies of titled compound (cm™) (6-311G(d))

Vibrational Frequencies HF B3LYP

1 T NCCC(35), Tt CCCN(23), T COCC(18) 5 4

2 T CNNC(25), 1 COCC(61), t CCCC(11), t NCCC(14) 6 8

3 T CCCC(12), 1 COCC(32), T CCOC(47) 14 10
4 8 CCN(10), T CCOC(30), Tt NCCC(24), t CCCC(36) 16 15
5 T CNNC(15), T CCOC(16), T CCCC(13), 8 NCC(12) 27 27
6 T CNNC(12), Tt CCOC(11), T CCCC(33), T NCCC(27) 29 28
7 T CCCC(18) 43 48
8 T CCOC(11), T CCNN(13) 56 54
9 8 COC(13), T CCCN(12), Tt CCNN(14) 62 62
10 8 CCO(13), 5 COC(13) 65 66
11 T HCOC(11), t CCCC(13), T COCC(64) 70 83
12 T CNNC(29), T NNCC(20), T NCCC(14), T CCCN(11) 106 109
13 3 NCC(19) 124 118
14 3 CCC(15), T CCCC(24), T CICCC(20) 147 139
15 T CNNC(20), T NNCC(17), t NCNC(10), t NCCC(12) 152 155
16 T CCCN(12) 163 165
17 T CCCC(21) 178 172
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T CCCC(20)

T HCOC(20), 1 CCCC(27), T COCC(12),r OCCC(22), 1 CCCN(20)

3 NCN(12), t HCOC(20), T CCCC(30),t OCCC(11)

T CCCN(40), T NNCC(21), § CNN(11), 5 CCC(10), 8 NNC(11)

3 CICC(47), T CNNC(12), § CCC(10)
3 COC(27), t CCCN(17)

THCOC(41), 1 CCCC(26), 3 CICC(11), T HNNC(20), 1 NNCC(39)
T HNNC(18), t HCCC(11), T CNNC(22), t NNCC(19), 1 CCCC(24), T HCOC(40)

3 COC(20), T CCCN(12), 5 0CO(14)
3 0CO(13), 5 COC(17)

1 CCCC(19), T CICCC(33)

T CCCN(10), T CCNN(35)

3 CCC(22), § CICC(29)

3 NCN(10), 8 NNC(14), 5§ OCN(11), § COC(12)
v CIC(27), 8 OCN(13), 5 CCC(10)

THCCC(17), T CCCC(81)

3 CCC(38), T HNNC(26), 3 COC(11)

1 CCCC(47)

T HNNC(55), T ONNC(10)

T HNNC(26), 5 CCC(38), 3 COC(11), t HCCC(11), T CCCN(18)

T HNNC(12), t HCCC(11), 8 COC(10)
3 CCO(10), 3 CCC(20)
THCCC(23), T CCCC(18), T CICCC(22)

3 COC(13), t HCCC(11), T CCCC(13),r OCOC(10),t OCCC(36), 8 CCC(13)

3 CCC(18), 5 COC(16),r OCCC(15)

3 CCC(12)

3 OCN(10), 5 CCO(10)

T CCCN(18), T COCC(11), T CCOC(11)
3 CCC(27), 5 OCN(14)

3 CCC(46)

T HNNC(10), t NNCC(11), t NCNC(35), v CC(12), v CIC(21), 8 CCC(15)

v CC(11), v CIC(22), 8 CCC(19), T HNNC(11), Tt HCCC(12)
THCCC(12), 8 CCC(20)

THCCC(28), T CCCC(17)

T HCCC(20), T CCCC(40)

THCCC(29), T CCCC(20), T CCCN(19)
T1CCCC(14)

T ONNC(76)

T HCCC(24),1 OCOC(45)

THCCC(18), T CNNC(10), t ONNC(83)
THCCC(34), v NC(12), v CC(11), § CNN(12)
vNC(15), 8 CNN(32), t HCCC(32)
THCCC(51),r 0COC(25), v CC(15)

v CC(14), T HCCC(50),t OCOC(28)
THCCC(99)

3 0CO(17), 1 HCCC(99)

3 NCN(15), 8 CCN(12)

THCCC(71), T CCCC(15)

v 0C(19), T HCCC(18)

T HCCC(40), T CCCC(10)

T HCCC(38), T CCOC(10)

THCCC(49), v CC(11), 8 HCC(31), 1 CCCC(10)
T HCCC(40)

§ HCC(32), t HCCC(30), T CCCC(11), v OC(10), v CC(11)
THCCC(84), T CCCC(13)

THCCC(71), Tt CCCC(18)

v CC(29), 5 CCC(24)

THCCC(84), T CCCC(14)

THCCC(56), v CC(19), § CCC(39)

v CC(28), 5 CCC(29), T HCCC(46)

T HCNN(88), t HCCC(57), 1 CCCC(11)

v CC(25), 8 CCC(61), 8 HCC(10)

5 CCC(43), 5 NNC(15), T HCNN(86)

5 CCC(13), 5 NNC(38), 8 CNN(14)

v OC(62), v CC(59), 8 HCC(20)

v OC(41), 8 HCC(17), 8 CCC(10)

vNC(12), v NN(35), v CC(12), 8 HCC(25)

v CC(54), v CIC(19), 3 HCC(14), v OC(11)

v CC(48), 5 HCC(22), v OC(11), v CIC(19)

v CC(30), 5 HCC(34)

v CC(19), § HCC(55)

§ HCC(25), v NC(10), v NN(30),  HNN(10)
3 HCH(25), t HCOC(26), v CC(36)

v CC(21), 8 HCC(30), t HCCC(12)

v CC(13), § HCC(48)

v CC(22), 8 HCC(70), 8 HCH(25), 1 HCOC(26)

195
223
225
228
255
267
288
292
307
311
326
361
379
401
433
435
439
460
462
481
487
504
527
581
582
596
609
625
639
662
687
689
706
716
719
725
767
802
808
813
824
832
851
861
864
886
887
909
926
966
967
973
982
985
995
1019
1027
1033
1035
1044
1049
1055
1083
1089
1117
1126
1129
1137
1138
1142
1151
1159
1168
1191
1211
1232

190
213
222
238
248
258
278
286
292
300
310
346
366
378
414
415
429
440
454
457
465
491
501
551
566
577
590
598
618
643
656
664
683
683
691
693
738
738
753
770
786
792
802
819
821
822
837
859
880
891
894
913
918
931
944
946
960
962
969
1002
1005
1007
1025
1026
1062
1087
1089
1092
1104
1109
1124
1158
1171
1185
1187
1197
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94 3 HCH(13), t HCOC(22), v CC(25), 8 HCC(64) 1235 1199
95 vNC(19), vNN(16), 8 OCN(10), § HCC(11) 1251 1204
96 v CC(11), 8 HCC(39), T HCCC(26) 1251 1207
97 v CC(20), 8 HCC(14), t HCCC(11) 1261 1217
98 v OC(10), v CC(11), § HCC(12) 1267 1223
99 v CC(14), v NC(25), v NN(13), 5§ CNN(14) 1276 1254
100 vNN(11), T HCCC(11), v CC(12), 8 HCC(48), t HCCC(17) 1288 1275
101 v CC(23),v OC(16) 1312 1285
102 3 HCC(24), v OC(16), v CC(23) 1326 1305
103 3 HCC(24), v NC(10), 5§ CNN(16), T HCCC(23) 1351 1310
104 v CC(51), 8 HCC(31), v OC(18) 1368 1311
105 3 HCC(26), Tt HCCC(21) 1373 1323
106 v CC(11), 3 HCC(74) 1377 1335
107 v CC(20), 3 HCC(80) 1383 1343
108 v CC(62), 8 HCC(17), v NC(11), v NN(16), 5§ CNN(16), t HCCC(14) 1410 1349
109 8 HNN(29), 8 HCN(47), t HCCC(15) 1464 1391
110 8 HNN(43), 8 HCN(19), v CC(30), 5 HCC(37) 1484 1401
111 v CC(30), 3 HCC(38), v OC(12), § HNN(64) 1485 1431
112 v CC(23),v NC(13) 1507 1441
113 v CC(28), 3 HCC(14) 1525 1462
114 v CC(18), 8 HCN(11), 8 HCH(74) 1535 1467
115 3 HCH(88), 5§ HCN(17), t HCCC(15) 1542 1477
116 3 HCH(60) 1546 1480
117 3 HCH(74), t HCOC(13) 1562 1498
118 3 HCH(71), t HCOC(12) 1570 1509
119 3 HCC(41), 8 HCH(16), 5 CCC(13) 1574 1511
120 3 HCC(24), 8 CCC(10) 1577 1514
121 v CC(12), 8 HCC(60), 5 CCC(11) 1587 1519
122 v CC(29), 8 HCC(11), 5 CCC(12) 1679 1603
123 v CC(33), 8 CCC(15) 1691 1607
124 8 HCH(60), v CC(33), § HCC(11), 5 CCC(11) 1696 1610
125 vNC(28), v CC(46), s HCC(21) 1713 1628
126 vNC(17), v CC(21) 1717 1632
127 vNC(14), v CC(35), 8 HCC(10) 1719 1635
128 v CC(63), v NC(42) 1772 1638
129 vNC(44),v CC(11) 1801 1653
130 v OC(88), vNC(12) 1865 1784
131 v OC(88), vNC(12) 1903 1792
132 v CH(91) 3030 2982
133 v CH(99) 3066 3016
134 v CH(50) 3086 3040
135 v CH(99) 3096 3041
136 v CH(46) 3149 3116
137 v CH(46) 3182 3137
138 v CH(46) 3183 3139
139 v CH(70) 3188 3140
140 v CH(46) 3191 3146
141 v CH(41) 3200 3149
142 v CH(66) 3216 3158
143 v CH(73) 3216 3172
144 v CH(76) 3217 3173
145 v CH(41) 3219 3176
146 v CH(67) 3220 3178
147 v CH(41) 3226 3185
148 v CH(56) 3236 3195
149 v CH(97) 3239 3203
150 v NH(100) 3769 3654
*v, stretching; 8, bending; T, torsion
Table 5. The calculated IR frequencies of titled compound (cm™?) (3-21G)

Vibrational Frequencies HF B3LYP
1 TCNNC(12), 1 NCNC(24), T CCCC(26) 5 5
2 TCNNC(13), 1 CCCC(37), Tt CCCN(13) 7 14
3 3 CCC(10), 5§ CNN(16), 8 CCN(16), T CCCC(13), 1 CCOC(18),1 COCC(51) 17 17
4 T CCOC(28), T COCC(51), T CCCC(11) 18 18
5 TNCNC(25), 1 CCCC(26), T CCOC(17) 22 21
6 TCNNC(11), 1 CCCC(11), T CCOC(24), T CCCN(16) 31 34
7 3 COC(21), T CCCC(18) 40 39
8 TNCNC(10), t CCNN(41), T COCC(24) 63 63
9 8 CNN(11), § CCN(12), T CCCC(13) 64 64
10 THCOC(11), 1 COCC(56), t CCNN(12) 67 78
11 T CCCC(22), 1 COCC(27), § CCO(20), § CCC(13) 87 94
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3 CCC(13), 5 CCO(20), T CCCC(18), t COCC(13)

T CNNC(22),  NCNC(17), t CCCN(12),  NNCC(23)
3 CCC(14), T CCCC(30), T CICCC(20)

T CNNC(20),r CCCC(10), t CCNN(13),r CCCN(17)
1 CCCN(31), T CCCC(23)

v CC(10), 3 CNN(11), 3 COC(11)

3 NCC(12), 3 CCN(10), 5 COC(30)

T HCOC(44), 1 COCC(10), 1 CCCC(13),  OCCC(18)
3 CNN(11), 8 CCO(10)

3 CICC(60)

T CCCN(36), T CCCC(13), T CCNN(15)

3 COC(39)

T HCOC(18), 1 CCCC(31), T OCCC(10)

T CNNC(14), 1 CCCN(27), t CCNN(25), 1 OCCC(10)
1 CCCC(16), T CICCC(32), 3 COC(17)

3 COC(17), T CICCC(30), T CCCC(18)

TNCNC(31), 1 NNCC(19)

3 CCC(23), § CICC(22), T HCCC(11), § COC(18), 8 OCO(16)
3 0C0(19), 5 CCC(22), § CICC(19), T HCCC(12)

T CCCN(10), T CCNN(29), 1 NNCC(15)

v CIC(37), 8 OCN(14)

THCCC(17), T CCCC(80), 8 CCC(17)

T HCCC(19), T CCCC(80)

3 CCC(23), 5 COC(10)

T CCCC(48)

T HCCC(20), T CCCN(19), T CCOC(16), T CCCC(18)
3 CCC(20)

THCCC(24), 1 CCCC(24), T CICCC(21)

T HNNC(89), 5 CCC(17), 3 COC(19)

THCCC(10), T CCCC(16), T OCOC(11), T OCCC(32), 5 OCN(18), 8 CNN(13), 5 NNC(20)

3 CCC(13), 5 COC(21), T OCOC(13), T OCCC(21), T HCCC(12)
3 OCN(17), 8 NNC(21), t HNNC(95)

3 CCO(16), 8 COC(12), 3 CCC(22)

vNN(13), 8 CCC(25), 8 CNN(10)

T CCCN(19), T COCC(19), T CCOC(17),t OCCC(19)

v CC(13), v CIC(15), § CCC(20), T NNCC(15), t NCNC(42), 1 CCNN(12)
v CC(13), v CIC(15), 8 CCC(20), T NNCC(15), t NCNC(42), T CCNN(12)
3 CCC(41), 1 NNCC(12), T CCNN(12), t NCNC(34)

v CC(12), 8 CCC(31)

T1CCCC(31)

THCCC(31), 1 CCCC(18)

T HCCC(44), 1 COCC(10), T CCOC(15),  CCCN(15)

T CCCC(14), vNN(11)

T ONNC(78), v NC(13), § CNN(28)

THCCC(13), T OCOC(54)

v NC(10), § CNN(10), v CC(12), t HCCC(16), 1 CCCC(16)

3 NCN(13), 8 NCC(12), t HCCC(12), T CCCC(10), 8 OCO(26), t ONNC(74)
v CC(10), v OC(12), 8 OCO(27), t ONNC(74)

v NC(10), 8 CCN(16)

v CC(11), 8 CCC(11), T HCCC(12), CCN(15)

T HCCC(33), T CCOC(15)

THCCC(63), T CCCC(10), 1 OCOC(10)

THCCC(100), v OC(20), v CC(13)

THCCC(99), T CCCC(11)

v CC(10), v OC(18), t HCCC(55), 1 CCCC(12)

HCC(33), T HCCC(30), v CC(13)

THCCC(30), HCC(33), v CC(13)

THCCC(49), 8 NCC(41)

v CC(11), 8 CCC(11), T HCCC(31)

THCCC(27), 1 CCCC(13)

3 NCN(15), 8 NCC(39), 5 CCC(13), v CC(41)

THCCC(60), T CCCC(10), vCC(17), § CCC(26)

THCCC(84), T CCCC(14)

THCCC(26), 1 CCOC(12), NC(31), 5 CNN(12)

v CC21), v OC(21), § CCC(53)

v NC(35), 8 CNN(10), t HCCC(17), T HONN(13)

THCCC(57), v NC(26), v NN(15), v OC(56)

THCCC(82), 1 CCCC(17)

v CC(29), 5 CCC(18), T HCCC(82), 1 CCCC(17)

v OC(35), 8 CCC(15), t HCCC(62)

§ CCC(63), 1 HCCC(47)

T HCNN(84), t HCOC(28), 8 HCH(16), § HCC(12), v CC(61), v CIC(15)
v CC(60), v CIC(14), s HCC(18)

v OC(12), 8 HCC(17), 8 CCC(12)

v CC(36), 5 HCC(20)

v CC(32), 8 HCC(20), t HCNN(74)

95
120
142
165
176
183
196
210
215
236
263
265
273
280
310
319
338
356
360
370
405
422
433
438
464
485
491
520
557
572
573
584
591
610
637
653
661
670
694
705
727
737
739
770
784
786
792
793
820
822
861
865
876
895
912
933
939
979
995
997
1002
1011
1017
1035
1041
1042
1050
1059
1060
1074
1078
1082
1090
1099
1100
1107

95
120
136
160
174
184
197
208
214
230
257
266
268
286
304
311
323
349
350
354
396
416
416
434
446
467
485
492
542
551
553
559
582
597
608
638
644
650
682
685
702
710
722
733
744
754
760
771
800
805
809
811
826
849
858
913
920
924
925
944
948
968
970
978
985
990
994
995
998
1012
1024
1046
1067
1069
1086
1092
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110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

v CC(45), 5 HCC(47)

v NC(26), v NN(15), v OC(56), v CC(13)

3 HCH(24), t HCOC(26), v CC(19)

v OC(13), 8 HCC(13), v CC(19), t HCOC(26)

v CC(61), 3 HCH(16), t HCOC(28), 8 HCC(16), T HCCC(13)

v CC(27), v OC(12), 3 HCC(16), t HCCC(13)
v NC(10), v NN(12), 5 NNC(11), 8 HCC(21)

v CC(10), 8 HCC(36),  HCH(13), t HCOC(24)

v CC(21), 8 HCC(14), 5 CCC(12)
v CC(16), 8 HCC(69), Tt HCCC(25)
v CC(16), 8 HCC(60), Tt HCCC(25)
v CC(14),vOC(11),5 HCC(41)

v CC(14), v OC(12),5 HCC(14)

v CC(13), v OC(10), v NN(13), vNC(12), 6 NNC(18), 8 HCC(79)
v CC(17), v NC(11), 3 HCN(10), t HCCC(18), HCC(45)

v CC(60), 3 HCC(14), v OC(42)
v CC(30), T HCCC(11), v OC(23), 3 HCC(10)

v CC(32), 3 HCC(13), v NC(12), t HCCC(28), § HCN(11)

v CC(26), 5 HCC(40)

3 HNN(79), 8 HCC(74)

3 HCC(74), 3 HNN(78)

3 HCC(79), v NN(13), 5 NNC(18)
v CC(10), 3 HCN(33), t HCCN(36)
vNC(12), 8 HCN(26)

v CC(26), 8 HCC(42)

v CC(17), 8 HCC(10), 8 HCN(18)
v CC(30), § HCC(15)

3 HCC(10), 3 HCH(91)

3 HCH(86)

3 HCC(46)

3 HCC(25), v CC(21)

v CC(11), § HCC(65)

3 HCH(76), t HCOC(11)

3 HCH(74), t HCOC(10)
vNC(54), v CC(27), 8 HCC(12), 5 CCC(12)
vNC(49), v CC(21), 8 HCC(10), 3 CCC(10)
v CC(35), 8 HCC(16), 8 CCC(12)
v CC(43), 8 HCC(26), 8§ CCC(13)
v CC(42), 8 HCC(22), 8 CCC(10)
3 HCC(22), v CC(28)

vNC(39), v CC(28), 5 CCC(10)
v CC(61), 8 HCC(11), v NC(45)
v OC(85), 5 CNN(12)

v OC(85)

v CH(91)

v CH(100)

v CH(50)

v CH(100)

v CH(46)

v CH(69)

v CH(64)

v CH(73)

v CH(52)

v CH(36)

v CH(67)

v CH(67)

v CH(69)

v CH(74)

v CH(72)

v CH(56)

v CH(48)

v CH(28)

v NH(100)

1107
1142
1155
1156
1158
1158
1171
1184
1198
1214
1218
1219
1245
1257
1260
1276
1294
1312
1334
1352
1355
1360
1387
1420
1427
1453
1458
1477
1483
1508
1513
1524
1525
1534
1593
1598
1600
1610
1613
1623
1636
1671
1734
1745
2907
2939
2957
2971
3016
3056
3057
3062
3063
3079
3091
3091
3092
3093
3097
3108
3119
3138
3538

1112
1115
1118
1136
1149
1172
1180
1188
1191
1199
1199
1202
1238
1255
1270
1283
1287
1294
1309
1318
1324
1335
1353
1392
1404
1418
1432
1452
1460
1482
1483
1492
1502
1514
1531
1543
1557
1561
1567
1567
1572
1585
1676
1711
2923
2959
2976
2988
3051
3076
3088
3089
3093
3095
3120
3122
3124
3125
3126
3134
3150
3169
3514

*v, stretching; 8, bending; T, torsion
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Spectroscopic Aspects (Experimental/Theoretical (FT-IR, NMR)) and Electronic Properties of 3-p-Chlorobenzyl-4-[3-(3-methoxybenzoxy)-benzylidenamino]-4,5-
dihydro-1H-1,2,4-triazol-5-one

IR Spectrum
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Figure 2. The calculated FT-IR spectrums of titled compound (Experimental (a) calculated
(6-311G(d) HF (b) ve B3LYP (c), 3-21G HF (d) and B3LYP (e))

3.3. 13C and 'H NMR Chemical Shift and Regression Analyses

The 'H and 3C NMR chemical shifts values in gase phase and DMSO solvent of the
above cited molecule have been carried out by DFT (B3LYP) and Hartree Fock (HF) methods
with 6-311G(d) and 3-21G levels (Table 6, 7 and Figure 3). The results were indicated lineer
correlation. The calculated R? (6-311G(d)/3-21G) have been 0.9932/0.99825 (gas phase),
0.9942/0.9831 (DMSO) for *C-NMR chemical shifts values and 0.6591/0.6130 (gas phase),
0.7011/0.6690 (DMSO) for *H-NMR chemical shifts values. All isotropic chemical shift
values for titled compound were listed in Table 6 and 7.

Theoretical and experimental carbon-proton chemical shifts ratios of titled compound

were observed a lineer correlation according to R?values.

Table 6. The 'H and **C NMR isotropic chemical shifts of titled compound (with respect to
TMS, all values in ppm) (6-311G(d)).

OExp. Ocal. Ocal. i dcal. dcal. i
HF HF Different ifferent B3LYP B3LYP Different Different
(DMSO) (DMSO)
(Vacum)  (DMSO) (Vacum) (DMSO)
C1l 145,91 151,30 153,18 -5,39 -7,27 140,80 143,26 511 2,65
Cc2 151,15 152,48 153,42 -1,33 -2,27 141,62 142,58 9,53 8,57
C3 151,02 152,25 152,73 -1,23 -1,71 142,60 143,07 8,42 7,95
C4 135,18 140,14 140,24 -4,96 -5,06 126,38 126,30 8,80 8,88
C5 124,88 127,17 127,58 -2,29 -2,70 118,08 118,44 6,80 6,44
C6 152,19 157,67 157,35 -5,48 -5,16 142,14 141,30 10,05 10,89
C7 125,92 128,52 128,25 -2,60 -2,33 118,94 119,02 6,98 6,90
C8 130,09 131,33 132,14 -1,24 -2,05 120,43 121,15 9,66 8,94
C9 120,22 123,13 123,63 -2,91 -3,41 114,13 114,92 6,09 5,30
C10 164,32 166,33 167,75 -2,01 -3,43 151,11 152,91 13,21 11,41
Cl1 130,27 134,79 133,90 -4,52 -3,63 122,76 121,78 7,51 8,49
C12 122,15 124,68 122,87 -2,53 -0,72 115,22 113,25 6,93 8,90
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c13
cl4
C15
C16
c17
c18
c19
C20
c21
c22
c23
c24
H25
H26
H27
H28
H29
H30
H31
H32
H33
H34
H35
H36
H37
H38
H39
H40
H41
H42
H43

159,45
114,40
130,19
120,31
55,47
30,43
131,40
130,77
128,30
134,72
128,30
130,77
12,05
9,75
7,46
7,66
7,61
7,78
7,74
7,34
7,56
7,73
3,88
3,88
3,88
4,09
4,09
7,37
7,35
7,35
7,37

165,21
114,95
131,73
124,21
53,56
34,62
137,32
134,74
131,61
146,20
131,74
134,66
6,20
9,59
6,80
7,37
7,13
7,73
7,53
6,41
7,07
7,48
3,18
3,18
3,68
3,53
3,57
6,84
6,86
6,85
6,83

165,45
117,64
133,24
124,26
54,11
34,07
138,91
135,52
131,85
144,73
131,98
135,44
6,67
9,56
6,98
7,43
7,35
7,85
7,36
6,79
7,32
7,58
3,35
3,36
3,76
3,70
3,72
7,08
7,01
6,99
7,07

5,76
-0,55
1,54
-3,90
1,91
-4,19
-5,92
-3,97
-3,31
-11,48
-3,44
-3,89
5,85
0,16
0,66
0,29
0,48
0,05
021
0,93
0,49
0,25
0,70
0,70
0,20
0,56
0,52
053
0,49
0,50
0,54

-6,00
-3,.24
-3,05
-3,95
1,36
-3,64
751
-4.75
-3,55
-10,01
-3,68
4,67
5,38
0,19
0,48
0,23
0,26
-0,07
038
0,55
0,24
015
0,53
052
012
0,39
0,37
0,29
0,34
0,36
0,30

149,53
104,06
120,83
113,40
35,29
17,41
125,47
123,29
120,92
128,97
120,97
123,32
5,39
9,01
6,66
6,66
6,85
7,57
7,44
6,06
6,79
7,19
2,51
2,51
3,08
2,93
2,92
6,59
6,63
6,63
6,59

149,41
106,57
122,37
113,71
35,76
16,99
127,11
123,86
121,15
127,23
121,16
123,86
58
8,98
6,87
6,85
7,11
7,74
7,24
6,47
7,09
7,32
2,71
2,72
3,15
3,14
3,12
6,86
6,79
6,79
6,86

9,92
10,34
9,36
6,91
20,18
13,02
5,93
7,48
7,38
5,75
7,33
7,45
6,66
0,74
0,80
1,00
0,76
0,21
0,30
1,28
0,77
0,54
1,37
1,37
0,80
1,16
1,17
0,78
0,72
0,72
0,78

10,04
7,83
7,82
6,60
19,71
13,44
4,29
6,91
7,15
7,49
7,14
6,91
6,25
0,77
0,59
0,81
0,50
0,04
0,50
0,87
0,47
0,41
1,17
1,16
0,73
0,95
0,97
0,51
0,56
0,56
0,51

Table 7. The *H and 3C NMR isotropic chemical shifts of titled compund (with respect to
TMS, all values in ppm 3-21G)).

OExp. Ocal. Ocal. . Ocal. Ocal. .
HF HF Different Different B3LYP B3LYP Different Different
(DMSO0) (DMS0)
(Vacum)  (DMSO) (Vacum) (DMSO)
C1l 145,91 115,91 117,21 30,00 28,70 113,16 115,13 32,75 30,78
Cc2 151,15 115,45 115,90 35,70 35,25 114,74 115,23 36,41 35,92
C3 151,02 117,71 117,78 33,31 33,24 115,66 115,83 35,36 35,19
C4 135,18 100,43 99,89 34,75 35,29 93,10 92,49 42,08 42,69
C5 124,88 90,47 89,72 34,41 35,16 84,30 83,53 40,58 41,35
C6 152,19 120,83 120,79 31,36 31,40 111,09 110,91 41,10 41,28
C7 125,92 88,09 88,99 37,83 36,93 83,78 84,63 42,14 41,29
C8 130,09 93,56 94,79 36,53 35,30 88,77 90,01 41,32 40,08
C9 120,22 87,23 87,58 32,99 32,64 82,91 83,42 37,31 36,80
C10 164,32 133,12 133,78 31,20 30,54 128,41 129,24 35,91 35,08
Cl1 130,27 96,54 95,74 33,73 34,53 90,18 89,31 40,09 40,96
C12 122,15 88,39 86,86 33,76 35,29 85,50 83,69 36,65 38,46
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C13 159,45 124,08 124,18 35,37 35,27 115,71 1154 43,74 44,05
Cl4 114,40 83,08 85,11 31,32 29,29 78,19 80,34 36,21 34,06
C15 130,19 94,38 95,67 35,81 34,52 88,93 90,44 41,26 39,75
C16 120,31 88,19 88,23 32,12 32,08 83,95 84,43 36,36 35,88
C17 55,47 3141 32,05 24,06 23,42 15,57 16,18 39,90 39,29
C18 30,43 13,50 13,06 16,93 17,37 -0,91 -1,22 31,34 31,65
Cc19 131,40 99,20 100,62 32,20 30,78 93,57 95,17 37,83 36,23
Cc20 130,77 97,53 98,26 33,24 32,51 91,72 92,32 39,05 38,45
c21 128,30 93,60 93,69 34,70 34,61 89,17 89,29 39,13 39,01
C22 134,72 111,87 110,92 22,85 23,80 99,50 98,33 35,22 36,39
Cc23 128,30 93,60 93,69 34,70 34,61 89,17 89,29 39,13 39,01
C24 130,77 97,54 98,26 33,23 32,51 91,70 92,3 39,07 38,47
H25 12,05 5,51 6,01 6,54 6,04 4,55 4,96 7,50 7,09
H26 9,75 9,35 9,28 0,40 0,47 8,81 8,72 0,94 1,03
H27 7,46 7,76 7,66 -0,30 -0,20 7,38 7,26 0,08 0,20
H28 7,66 5,74 6,03 1,92 1,63 5,72 6,04 1,94 1,62
H29 7,61 6,06 6,38 1,55 1,23 5,88 6,25 1,73 1,36
H30 7,78 6,84 6,99 0,94 0,79 6,76 6,95 1,02 0,83
H31 7,74 6,68 6,50 1,06 1,24 6,81 6,56 0,93 1,18
H32 734 5,23 5,67 2,11 1,67 494 5,44 2,40 1,90
H33 7,56 5,98 6,30 1,58 1,26 574 6,13 1,82 1,43
H34 7,73 6,52 6,76 1,21 0,97 6,49 6,7 1,24 1,03
H35 3,88 2,73 2,97 1,15 0,91 1,74 2,03 2,14 1,85
H36 3,88 2,73 2,97 1,15 0,91 1,74 2,03 2,14 1,85
H37 3,88 3,39 3,52 0,49 0,36 2,73 2,82 1,15 1,06
H38 4,09 2,82 3,02 1,27 1,07 2,06 2,33 2,03 1,76
H39 4,09 2,82 3,02 1,27 1,07 2,05 2,32 2,04 1,77
H40 7,37 5,95 6,26 1,42 1,11 5,73 6,09 1,64 1,28
H41 7,35 5,77 5,96 1,58 1,39 5,56 5,77 1,79 1,58
H42 7,35 5,77 5,96 1,58 1,39 5,56 5,77 1,79 1,58
H43 7,37 5,95 6,26 1,42 1,11 573 6,09 1,64 1,28
180 .
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Figure 3. *C- and *H-NMR chemical shifts values of titled compound with 6-311G(d) ve 3-
21G/B3LYP and HF (gas/DMSO).

3.4.UV-vis. Spectral Values

The oscillator strengths (f), absorption wavelengths (A) and excitation energies of
UV-Vis electron absorption spectroscopy (in ethanol solvent) of the titled compound have
been performed by B3LYP/HF strategies with 6-311G(d) and 3-21G levels. The experimental
absorption wavelengths of titled compound have been exhibited as 296, 246 and 222, 218 nm
(Medetalibeyoglu 2015). The UV-vis. spectral values of titled compound have been calculated
by TD-DFT/HF methods (in the ethanol). The wavelength, excitation energy, oscillator

strength in ethanol of titled compound have been shown in Figure 4.
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222.00 216.16/294.10 205.74/297.98 5.7356/4.2157 6.0262/4.1608 0.0933/0.0463 0.1106/0.0861

Figure 4. The wavelength (1), excitation energy and oscillator strengths (f) and UV-vis

Spectrums.

3.5. Frontier Molecular Orbital Analysis, Dipole Moment, Total Energy, Electronic

Thermodynamics Properties

Frontier molecular orbitals (FMO) give information about the electronic transitions,
Kinetic stability, optical and electric properties (Fukui, 1982). The HOMO-LUMO energy

values of titled compound were calculated with two computational levels and these values
were found as 10.826/4.243 e.VV (HF/B3LYP (6-311G(d)) and 10.881/6.062 (HF/B3LYP (3-
21G)) eV (Figure 5). The electron affinity (A), global hardness (n)/softness (S),

electronegativity (y), chemical potential (i), ionization potential (I), chemical potential (Pi)

calculated by using HOMO-LUMO energies for the compound were given in Table 8.
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Enomo( B3LYP (@) : -6.031 eV

ELumo(B3LYP (a)) : -1.788 eV

Eromo(HF (b)) : 2.078 eV Enomo( B3LYP (b)) : -6.062 eV

”‘0’.‘“ porae

ELumo(HF (b)) : -8.803 eV ELumo(B3LYP (b)) : 1.674 eV
Figure 5. 3D plots of HOMO and LUMO energies of the compound
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Table 8. Electronic properties of the compound

HF/B3LYP HF/B3LYP
6-311G(d) 3-21G
Eromo (eV) -8.748/-6.031 -8.803/-6.062
ELumo (eV) 2.078/-1.788 2.078/1.674
AE= ELumo-Erowmo (V) 10.826/4.243 10.881/6.062
I (eV) 8.748/6.031 8.803/6.062
A(eV) -2.078/1.788 -2.078/-1.674
1 (eV) 3.335/3.909 3.363/2.194
N (eV) 5.413/2.121 5.441/3.868
S (ev? 136.792/349.012 136.094/191.422

The dipole moments, total energy values, thermodynamic structure properties
(Thermal energy, Zero-Point Vibrational energy (ZPVE), Rotational constants, etc.) of titled
compound were carried out by using B3LYP/HF with 6-311G(d) and 3-21G methods and
listed in Table 8, 9 and 10. Thermodynamic structure properties (Thermal energy, Zero-Point
Vibrational energy (ZPVE), Rotational constants, etc.) were calculated with DFT/HF method
and 6-311G(d) and 3-21G basis set at 298.150 °K and under 1 atm. All thermodynamic
structure parameters such as entropy, Zero-point vibrational energy, enthalpy, thermal
capacity were examined and given in Table 9. The calculated zero-point vibrational energy
(ZPVE) values of titled compound were found as 246.31501/265.13393 (B3LYP/HF and 6-
311G(d)) and 248.32801/267.75516 (B3LYP/HF and 3-21G) Kcal/mol, respectively. The
total thermal energy(E)-entropy(S)-thermal capacity (CV) values of the compound are found
as E; 263.831/282.187 Kcal/mol (DFT/HF, 6-311G(d)), 266.073/284.362 (DFT/HF, 3-21G)
Kcal/mol, S; 196.064/198.870 (DFT/HF, 6-311G(d)), 192.667/194.721 Cal/mol-K (DFT/HF,
3-21G)), CV; 106.826/101.014 Cal/mol-K (DFT/HF, 6-311G(d)), 107.240/98.758 Cal/mol-K
(DFT/HF 3-21G).

The total dipole moment values were calculated as 5.9887/5.8098 (HF/B3LYP (6-
311G(d)), 5.6547/5.2542 (HF/B3LYP (3-21G)) and all dipole moment values were listed in
Table 10.

The calculated total energy values of titled compound were obtained as -874.645 a.u./-
879.917 a.u. (HF/B3LYP (6-311G(d)) and -869.598 a.u./-874.874 a.u. (HF/B3LYP (3-21G))
(Table 11).

94



Medetalibeyoglu & Yiiksek / Caucasian Journal of Science 6 (2), (2019), 76-98

Table 9. The thermodynamics parameters of the compound

Parameters B3LYP HF B3LYP HF
6-311G(d) 6-311G(d) 3-21G 3-21G
Rotational temperatures (Kelvin)
A 0.02082 0.01998 0.02045 0.02073
B 0.00127 0.00131 0.00131 0.00133
C 0.00122 0.00127 0.00124 0.00126
Rotational constants (GHZ)
A 0.43376 0.41632 0.42621 0.43186
B 0.02651 0.02725 0.02733 0.02768
C 0.02550 0.02644 0.02593 0.02626
Thermal Energies E(Kcal/mol)
Translational 0.889 0.889 0.889 0.889
Rotational 0.889 0.889 0.889 0.889
Vibrational 262.053 280.410 264.295 282.584
Total 263.831 282.187 266.073 284.362
Thermal Capacity CV/(cal/mol-K)
Translational 2.981 2.891 2.981 2.981
Rotational 2.981 2.891 2.981 2981
Vibrational 100.864 95.052 101.278 92.796
Total 106.826 101.014 107.240 98.758
Entropy S(cal/mol-K)
Translational 44,281 44,281 44,281 44.281
Rotational 38.236 38.214 38.207 38.168
Vibrational 113.547 116.376 117.671 112.272
Total 196.064 198.870 192.667 194,721
Zero-point correction (Hartree/Particle) 0.392528 0.422518 0.395736 0.426689
Thermal correction to Energy 0.420441 0.449694 0.424014 0.453160
Thermal correction to Enthalpy 0.421385 0.450638 0.424958 0.454104
Thermal correction to Gibbs Free Energy 0.328229 0.356148 0.329856 0.361586
Sum of electronic and zero-point Energies -1906.034383 -1896.501120 -1895.50482 -1885.97203
Sum of electronic and thermal Energies -1906.006470 -1896.473944 -1895.47655 -1885.94556
Sum of electronic and thermal Enthalpies -1906.098682 -1896.47300 -1895.47556 -1885.94462
Sum of electronic and thermal Free Energies -1895.57070
Zero-point vibrational energy (Kcal/mol) 246.31501 265.13393 248.32801 267.75516
Table 10. The dipole moment of the compound
HF HF B3LYP B3LYP
Dipole Moment
6-311G(d) 3-21G 6-311G(d) 3-21G
px -4.3029 -3.8842 -4.4915 -4.0223
ny 4.1064 40148 3.6630 3.3488
nz -0.6977 -0.8776 -0.4041 -0.4621
pToplam 5.9887 5.6547 5.8098 5.2542
Table 11. The total energy values of the compound
Energ HF HF B3LYP B3LYP
Y 6-311G(d) 3-21G 6-311G(d) 3-21G
(a.u.) -874.645 -869.598 -879.917 -874.874

Having studied molecular surfaces of the compound the most high positive area is
located on N44-H25 (on hydrogen atom) while the most high negative area is positioned on
electronegative oxygen atoms (048, O50, O51) of the molecule which can be regarded as

possible site electrophilic attack (Figure 6).
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Figure 5. The molecular surfaces of titled compound

4. CONCLUSION

In this work, spectroscopic, electronic and geometric parameters of 3-p-chlorobenzyl-
4-[3-(3-methoxybenzoxy)-benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-one molecule are
calculated by HF/B3LYP with the 6-311G(d) and 3-21G levels. The vibrational frequencies
and spectrums were obtained with the same methods and levels. All vibrational frequencies
was found as possitive. It are shown that titled compound was stable. The FT-IR, UV-vis and
'H/*3C-NMR spectral values are found to be very compatible with the experimental spektral
values. Evaluated 'H- and '*C-NMR isotropic shift ratios between theoretical and
experimental values (Medetalibeyoglu, 2015) were observed a lineer correlation and the best
R? value is 0.9932 for ¥C-NMR isotropic shift ratio that obtained with DFT/6-311G(d)
method in DMSO solvent. The experimental spectroscopic values are compared with obtained
spectroscopic parameters. Also, the lowest unoccupied molecular orbital (LUMO) and the
highest occupied molecular orbital (HOMO), ELumo-Eromo energy gap (AE), bond angles,
mulliken charges, bond lengths, electronic parameters, thermodynamics properties, dipole
moments, total energy were calculated with different methods and levels. Obtained and
experimental spectral values were compared with each other and all spectral values appeared

a reasonably great agreement.
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Oz: 2,3,4-Trihidroksibenzoik asit molekiiliniin temel hal geometrisini elde etmek igin, molekiliin potansiyel
enerji yiizeyi C2-C1-C7-05 ve C3-C2-O1-H iki dihedral aginin fonksiyonu olarak, yogunluk fonksiyoneli teorisi
DFT/B3LYP yontemi ile 6-31G baz seti kullanilarak elde edildi. Potansiyel enerji yiizeyi iizerindeki en diigiik
enerjili konformasyonlarin geometri optimizasyon hesaplamalar1 yapilarak, molekiilin temel hal geometrisi
saptandi. Bu yap1 kullanilarak, molekiiliin geometrisi, en yiiksek dolu molekiiler orbital (HOMO), en diisiik bos
molekiiler orbitallerin (LUMO) enerjileri, harmonik titresim dalga sayilari, lineer optik 6zellikler (polarizebilite)
ve lineer olmayan optik ozellikleri (NLO) (hiperpolarizebilite) Gaussian 09W programi kullanilarak incelendi.
Calisilan molekiilin yapisal ve elektronik ozellikleri, ab initio Hartree Fock (HF) metodu ve yogunluk
fonksiyoneli DFT/B3LYP metodu 6-311++G(d,p) taban kiimesi kullanilarak incelendi Molekiiliin Enomo Ve ELumo
enerji degerleri kullanilarak, enerji araligi (AE = EiLumo -Enomo) Ve elektronik (elektronegativite, kimyasal
yumusaklik ve sertlik ozellikleri) belirlendi. 2,3,4-Trihidroksibenzoik asit molekiiliiniin titresim modlarinin
isaretlenmesi toplam enerji dagilimi (TED) VEDAA4f programinda hesaplandi. Molekiiliin denge durumu (taban
hali) enerji araligi degerleri sirasiyla, B3LYP/6-311++ G(d,p) metodu ile 4.72 ve HF/6-311++G(d,p) metodu ile
9.95 eV olarak hesaplandi. Her iki metotta hesaplanan 2,3,4-Trihidroksibenzoik asit molekiiliiniin yapisal
parametreleri, molekulle ilgili daha o6nce yapilmis deneysel calisma verileri ile karsilastirildi ve yapisal

parametreler arasinda iyi bir uyum oldugu goriildii.

Anahtar Kelimeler: 2,3,4-Trihidroksibenzoik asit, Potansiyel enerji yiizeyi, NLO Ozellikleri, DFT/B3LYP, HF

Quantum Chemical Calculation of Conformation, Vibration, Geometric and
Electronic Properties of 2,3,4-Trihydroxybenzoic Acid Molecule

Abstract: To obtain the groud state geometry of the 2,3,4-Trihydroxybenzoic acid molecule, potential energy
surface of the molecule as a function of the two main dihedral angles, C2-C1-C7-O5 and C3-C2-O1-H, was
obtained by using the density functional theory DFT/B3LYP method with 6-31G.basis set. The geometry
optimization calculations of the lowest energy conformations on the potential energy surface were made and the
ground state geometry of the molecule was determined. Using this structure, the geometry of the molecule, the

highest occupied molecular orbital (HOMO), the lowest unoccupied molecular orbitals (LUMO), harmonic
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vibration waves, linear optical properties (polarizability) and nonlinear optical properties (NLO)
(hyperpolarizability) values has been examined using Gaussian 09W program. Structural and electronic properties
of the studied molecule were examined using ab initio Hartree Fock (HF) method and density functional
DFT/B3LYP method using 6-311++G (d,p) the base set.The energy range (AE = E_umo-Enomo) and electronics
(electronegativity, chemical softness and hardness properties) of the molecule were determined using Ewxomo and
ELumo energy values of the molecule. The total energy distribution (TED) of the 2,3,4-trihydroxybenzoic acid
molecule was calculated in VEDA4f program. The energy gap values of ground state geometry of the molecule
were calculated as 4.72 with B3LYP/6-311++G(d, p) and 9.95 eV at HF/6-311++G(d,p) methods, respectively.
The structural parameters of the 2,3,4-trihydroxybenzoic acid molecule calculated in both methods were compared
with the previous experimental data on the molecule and a good agreement was found between the structural

parameters.

Keywords: 2,3,4-Trihydroxybenzoic Acid, Potential anergy surface, NLO Properties, DFT/B3LYP, HF

1. GIRIS

Hidroksibenzoik asitler, ilgili esterler ve tiirevleri bir¢ok bitkide (fasulye ve sarimsak
gibi) onemli oranda bulunmaktadir (Kodama et al., 2007) ve antioksidan aktivitelerinden
dolay1 birgok g¢aligsmaya konu olmuslardir. 3,4,5-Trihidroksibenzoik asit ila¢ endustrisinde
yaygin kullannmi olan 6nemli bir hammaddedir (Shete and Chitanand, 2015). Ayrica,
antioksidan ve antikanser aktiviteye sahip olan 3,4,5-Trihidroksibenzoik asit temel olarak bir
antibakteriyel madde olan trimetoprimin iiretiminde kullanilan bir fenolik bilesiktir (Cuvelier
et al., 1992; Rice-Evans et al., 1996; Natella et al., 1999). Hidroksibenzoik asitler kendi
aralarinda ve bircok metal iyonlar1 ile hidrojen bagi yaparak c¢esitli kompleksleri elde
edilmistir (Kiss et al., 1994). Bu molekiillerin kararli ve diizenli bir yapiya sahip olmalar1
birbiriyle bag yapabilen fonksiyonel gruplara sahip olmalarindandir. 3,4,5-Trihidroksibenzoik
asit molekulu fonksiyonel grup olarak karboksil grubu (-COOH) ve (¢ adet hidroksil (-OH)
grubu iceren organik bilesiktir. Bu gruplar sadece kristal yapinin meydana gelmesinde etkili
olmayip ayni zamanda molekiiliin kimyasal ve fiziksel 6zelliklerini belirlemekte etkilidirler.
Hidroksil gruplar1 O-, N-, ve S- gruplar1 ile hidrojen bagi olusturma yetenegine sahiptir.
Katekol ve pirogallol tipi hidroksibenzoik asitlerin radikal temizleyici reaksiyonu tipik olarak
baslangigta hizli ve ardindan yavas olan iki farkli basamak igerir (Kawabata et al., 2002;
Kimura et al., 1999). Litareturde, baz1 hidroksibenzoik asitleri ile ilgili birgcok molekiil
sentezlenerek bunlarin  yapilart  ¢ozilmistir.  2,3,4-Trihidroksibenzoik asit  dihidrat
molekiiliiniin yapisi (Prior et al., 2010), 2,3,4-trihidroksibenzoik asit esterinin (Kodama et al.,
2007) ve 2,3,4-trihidroksibenzoik asit (Li et al., 2012) molekiillerinin yapilar1 incelenmistir.

Bu ¢alismada, molekiiler diizeyde yalnizca kristal yapisi ¢oziilen 2,3,4-Trihidroksibenzoik asit

100



Ugurlu / Caucasian Journal of Science 6 (2), (2019), 99-110

molekiiliiniin konformasyon analizi, yapisal parametreleri (bag uzunlugu, bag ve torsiyon
aclar1), dipol moment (), harmonik titresim dalgasayilari, polarizebilite (at), lineer olmayan
optik (NLO) o6zellikleri (hiperpolarizebilite (B)), en yiiksek dolu molekiil orbital enerjileri
(Eromo), en disiik bos molekiil orbital enerjileri (ELumo) ve enerji arahigi ( AEg =
ELumo- Enomo) degerleri DFT/B3LYP ve HF metodlar1 ve 6-311++ G(d,p) taban seti
kullanilarak hesaplandi. Bu ¢alismada elde edilen verilerin bundan sonraki hidroksibenzoik
asit bilesikleri ile 1ilgili yapilacak calismalara 1sik tutacagi distiniilmektedir. 2,3,4-
Trihidroksibenzoik asit molekiiliinlin numaralandirilmis optimize durumu Sekil 1’de

verilmistir.

Sekil 1. 2,3,4-Trihidroksibenzoik asit molekiliinin numaralandirilmis optimize sekli

2. MATERYAL VE METOT

Calismada; 2,3,4-Trihidroksibenzoik asit molekdlinin konformasyon analizi
DFT/B3LYP metotu ve 6-31G taban seti kullanilarak hesaplandi. Molekiiliin potansiyel enerji
yiizeyi tarandiktan sonra elde edilen diisiikk enerjili konformasyonlar1 DFT/Becke’nin 3
parametreli hibrit degis-tokus fonksiyoneli (B3) (Becke et al., 1988) ile Lee-Yang ve Parr’in
korelasyon fonksiyonelinden (Lee et al., 1988; Becke, 1993) olusan B3LYP teori seviyesinde
ve Hartree Fock metodlart ve 6-311++G(d,p) taban seti kullanilarak optimize edildi.
Molekiiliin en kararl yapist belirlendikten sonra, her iki modelde titresim frekanslar1 dipol
moment (W), polarizebilite (o), hiperpolarizebilite (), en yliksek dolu molekiil orbital
(HOMO), en diisiik bog molekiil orbital (LUMO) degerleri ve AE, hesaplandi. Hesaplamalar
sonucunda; polarizebilite ve hiperpolarizebilite degerlerinin kartezyen bilesenleri (a.u) elde

edildi. Bu kartezyen bilesen degerlerinden polarizebilite;

a = (i) (Qxx + ayy + A7) (1)
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Hiperpolarizebilite;

B = [(ﬁxxx + ﬁxyy + szz)2 + (ﬁyyy + ﬁyzz + .Byxx)z + (.Bzzz + .Bzxx + .Bzyy)z]l/z (2)

Esitlikleri ile hesaplandi

Molekiiliin HOMO ve LUMO enerji degerleri asagidaki denklemlerde kullanilarak;

Iyonizasyon potansiyeli I= -Enomo (3)
Elektron ilgisi A=-ELumo 4)
Elektronegatiflik; X=1+A /2 (5)
Kimyasal sertlik n=1I1-4/ 2 (6)
Kimyasal yumusaklik S=1/2n (7)

gibi parametreler hesaplandi (Pearson, 1986).

3. BULGULAR
3.1. Konformasyonel analiz

2,3,4-trihidroksibenzoik asit molekiiliiniin {i¢ boyuttaki (3D) yaklasik geometrisi
GaussView 5.0 (Dennington et al., 2009) goriintiileme paket programinda ¢izilerek Gaussian
09 Rev B.01 paket programina (Frisch et al., 2010) giris verisi olarak kullanildi. Molekiiliin
Uc boyutlu potansiyel enerji yuzeyi (PES) C2-C1-C7-0O5 ve C3-C2-O1-H dihedral agilarinin
fonksiyonu olarak DFT/B3LYP teori seviyesinde 6-31G temel seti kullanilarak yapilda.
Potansiyel enerji yiizeyi hesaplamasinda, C2-C1-C7-O5 ve C3-C2-O1-H dihedral agilar1 0°
den 360° ye kadar 30° lik araliklarla degistirilerek toplam 169 noktada potansiyel enerji
hesaplatilarak elde edilen potansiyel enerji yiizeyi Sekil 2°de verildi. Potansiyel enerji yiizeyi
iizerindeki mavi renkli diisiik enerjili konformasyonlarinin; molekiildeki fenil halkasi ve
fonksiyonel gruplarm (-COOH ve -OH) diizlemsel oldugu yapilara karsilik geldigi, bu
durumda molekiiliin diizlemsel bir yapiya sahip oldugunu ortaya koymaktadirlar. PES
iizerindeki diisiikk enerjili dort konformasyon tekrar her iki metot ile optimize edilerek

molekiilin taban durum geometrisi belirlendi.
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- ° A,
Torsiyon C2-C1-C7-O5{derece) = 100 1o

Sekil 2. 2,3,4-Trihidroksibenzoik asit molekultnun potansiyel enerji ylizeyi

3.2. Elektrostatik Potansiyel Haritasi

Elektrostatik potansiyel, molekdler bir sistemdeki atomlar Gzerindeki yikler ile birim
pozitif yiilk arasindaki etkilesim enerjisi olarak tanmimlanir. Dolayisiyla kimyasal
reaksiyonlarm belirlenmesinde 6nemli bir faktordiir (Politzer et al., 2002). Elektrostatik
potansiyel enerji haritas1 tizerindeki kirmizi bolgeler; (-) yukli elektrostatik potansiyelli
bolgeleri, mavi bolgeler ise; (+) yukli elektrostatik potansiyel bolgeleri temsil ederler
(Cramer, 2004). Molekdler elektrostatik potansiyel yiizey haritasinin iizerinde bulunan en
negatif bolgeler elektrofilik ataga en yatkin, en pozitif bolgeler ise niikleofilik ataga en yatkin
bolge oldugu seklinde yorumlanabilinir (Levine, 2000). 2,3,4-Trihidroksibenzoik asit
molekiiliine ait molekiiler elektrostatik potansiyel (MEP) yiizeyi haritas1 sirasiyla B3LYP/6-
311++G(d,p )/HF/6-311++G(d,p) Sekil 3 (a) ve (b) ile verilmistir.

(a) (b)

Sekil 3. 2,3,4-Trihidroksibenzoik asit molekilinin elektrostatik potansiyel yiizeyi
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3.3. Geometrik Optimizasyon

Konformasyon analizi sonucunda, molekiiliin minimum enerjili geometrik yapisi
B3LYP/6-311++G(d,p) ve HF/6-311++G(d,p) metot ile simetri sinirlamasi olmaksizin
optimize edilmis olup, hesaplanan geometrik parametreler, molekiiliin deneysel sonuglar1 (Li
et al.,, 2012) ile karsilastirmali olarak Tablo 1°de verildi. Bu ¢aligmanin sonuglarina gore,
sirastyla B3LYP/6-311++G(d,p)/HF/6-311++G(d,p) deneysel degerler; C1-C7 bag uzunlugu
1.4567/1.466/1.457 (3) A; C2-O1 bag uzunlugu 1.3517/1.3351/1.365 (3) A; C3-O2 bag
uzunlugu 1.3699/1.357/1.381 (3) A; C4-03 bag uzunlugu 1.3542/1.3344/1.355 (2) A; C7-04
bag uzunlugu 1.2294/1.19931.237 (3) A; C7-O5 bag uzunlugu 1.3483A/1.3212/1.317 (3) A;
C1-C6-C5 bag agis1 121.1/121.3/120.9°; C1-C7-O4 bag agis1 124.2/124.3/122.7°; C1-C7-O5
bag acist 115.1/114.7/115.3°; 04-C7-O5 bag acist 120.7/121.0/122.0° ; C2-C1-C7-O4
dihedral agis1 0.0/0.0/2.3°; C6-C1-C7-O4 dihedral agis1 180.0/-180.0/-179.6° olarak elde
edildi.

Tablo 1. 2,3,4-Trihidroksibenzoik asit molekiiliiniin se¢ilmis yap1 parametreleri

Bag uzunlugu/A Bag acis1/(°) Torsiyon ac1/(°)

Atomlar DFT HF DEN? Atomlar DFT HF DEN? Atomlar DFT HF DEN?
Ci-c2 14131 | 1.3993 | 1.407 (3) | C1-C2-01 1243 | 1248 123.35 C6-C1-C2-C3 0.0 0.0 0.1
C1-Cé 1.4086 | 1.399 1.404 (3) | C3-C2-01 1159 | 1154 1159 C6-C1-C2-01 180.0 -180.0 | -178.9
C1-c7 1.4567 | 1.466 1.457 (3) | C2-C3-C4 1204 | 1204 119.9 C7-C1-C2-C3 180.0 -180.0 178.2
C2-C3 1.3933 | 1.3841 | 1.384(3) | C2-C3-02 1219 | 122.0 122.06 C7-C1-C2-01 0.0 0.0 -0.8
C2-01 1.3517 | 1.3351 | 1.365(3) | C4-C3-02 117.7 | 1176 118.08 C2-C1-C6-C5 0.0 0.0 -0.1
C3-C4 1.3935 | 1.3803 | 1.382(3) | C3-C4-03 120.2 | 1204 121.2 C7-C1-C6-C5 180.0 180.0 -178.2
C3-02 1.3699 | 1.357 1.381(3) | C5-C4-03 119.6 | 119.2 1184 C2-C1-C7-04 0.0 0.0 23
C4-C5 14016 | 1.3938 | 1.391(3) | C4-C5-C6 119.6 | 119.3 1204 C6-C1-C7-04 180.0 -180.0 | -179.6
C4-03 1.3542 | 1.3344 | 1.355(2) | C1-C6-C5 121.1 | 121.3 120.9 C6-C1-C7-05 0.0 0.0 -
C5-C6 1.381 1.3705 | 1.376 (3) | C1-C7-O4 1242 | 1243 122.7 C1-C2-C3-C4 0.0 0.0 -
C7-04 1.2294 | 11993 | 1.237(3) | C1-C7-05 115.1 | 1147 1153 01-C2-C3-02 0.0 0.0 0.7
C7-05 1.3483 | 1.3212 | 1.317(3) | O4-C7-O5 | 120.7 | 121.0 122.0 02-C3-C4-03 0.0 0.0 2.0
R? 0.9482 | 0.9482 0.9999 | 0.9999

(& (Lietal., 2012))

Molekiil geometrisinin deneysel ve teorik degerleri arasindaki uyumu gormek igin
lineer regresyon analizi yapild1 ve determinasyon katsayis1 (R?) cizelgenin sonunda verildi.
Her iki yontemle hesaplanan bag uzunluklari ile deneysel olarak elde edilen bag uzunluklar
icin determinasyon katsayisi esit olup (R?>= 0.9482) ve dihedral agilar i¢inde determinasyon
katsayis1 esit olup (R*= 0.9999) olarak belirlendi. Molekiiliin teorik degerleri ile deneysel
sonuclar karsilastirilarak uyumluluk saptanmistir. Ancak, molekiil geometrisinin teorik ve
deneysel sonuglar arasinda bazi farkliliklar oldugu da goziikmektedir. Deneysel degerlerden

olan sapmalarin deneysel ortamla (kat1 fazinda), teorik calisma (gaz fazinda) olmasindan
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kaynaklandig1 diisiiniilmesiyle birlikte teorik ¢aligmalarda molekiil izole bir ortama sahip iken

deneysel ¢aligma ortamlari izole degildir.

3.4. Elektronik, Lineer ve Lineer Olmayan Ozellikler

2,3,4-Trihidroksibenzoik asit molekilinin temel hal geometrisinin temel durum
enerjisi, dipol momenti (n), polarizebilite (o) ve hiperpolarizebilite (), en yiiksek dolu
molekiil orbital (HOMO) ve en diisiik bos molekiil orbital (LUMO) degerleri B3LYP/6-
311++G(d,p) ve HF/6-311++G(d,p) metotlar1 ile hesaplandi ve sonuglar Tablo 2’de verildi.
Ayrica, molekiiliin hesaplanmis HOMO ve LUMO enerji degerlerinden elde edilen; elektron
ilgisi, iyonlagsma potansiyeli, enerji araligi, elektronegatiflik, kimyasal yumusaklik ve
kimyasal sertlik Ozellikleri hesaplanarak Tablo 3’ de verildi. Molekiiliin kararli yapisinin
dipol momenti sirasiyla B3LYP/6-311++G(d,p )/HF/6-311++G(d,p) 0. 75/ 1.14 D olarak

hesaplanmaistir.

Tablo 2. 2,3,4-Trihidroksibenzoik asit molekultnin elektronik, HOMO, LUMO eneriji, dipol
moment, polarizebilite, hyperpolarizebilite, AEg degerleri
Metot Electronic Energy (a.u) p(D) o (au) B(au) Enomo (@.U)  Eiumo (@u)  AEg (eV
B3LYP -646.706572556 0.75 10438 953,51 -0.237623 -0.064321 4.72
HF -643.097343586 114  90.33 549.58 -0.326665 0.038947 9.95

Polarizebilite degerleri 104.38/90.33 a.u ve hiperpolarizebilite 953.51/549.58 a.u
olarak hesaplandi Molekiilin B3LYP/6-311++G(d,p) metodunda hesaplanan dipol moment
HF/6-311++G(d,p) metodunda hesaplanan degerden kiigiik olmasma karsilik hesaplanan

polarizebilite ve hiperpolarizebilite degerleri bu durumun tersidir.

Tablo 3. 2, 3, 4-Trihidroksibenzoik asit molektliiniin elektronik 6zellikleri

Hatree eV kcal/mol KJ/mol

LUMO -0.064321 -1.75022 | -40.3616 -168.875

HOMO -0.237623 -6.46589 | -149.109 -623.879

A Elektron ilgisi 0.064321 1.75022 |40.3616 168.875
I Iyonlagsma potansiyeli | 0.237623 6.46589 |149.109 623.879
AE Enerji Arahigi 0.173302 4.71567 |108.748 455.004
Y Elektronegatiflik 0.150972 4.10805 |94.7354 396.377
S Kimyasal yumusaklik | 0.0433 1.17892 |27.1869 113,751
n | Kimyasal sertlik Kimyasal | 0.086651 2.35783 |54.3738 227.502
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Molekilin B3LYP/6-31++G(d,p) metodunda hesaplanan en yiksek dolu molekuler
orbitale HOMO ve En diisiik bos molekiiler orbitale LUMO’ ya ait ii¢ boyutlu orbital
yiizeyleri Sekil 4. de verilmistir

HOMO LUMO

Sekil 4. 2,3,4-Trihidroksibenzoik asit molekiiliiniin en yiiksek dolu ve en diisiik bos
orbitallerinin i¢ boyutlu (3D) ¢izimi

3.5. Titresimsel Analiz

2,3,4-Trihidroksibenzoik asit molekiilii 18 atoma sahip olduklarindan dolay1 diizlem
ici ve dis1 olmak iizere 48 titresim frekansina sahiptir. Bu ¢alismada molekiiliiniin titresim
frekanslart B3LYP/6-311++G(d,p) ve HF/6-311++G(d,p) teori diizeyinde hesapland.
B3LYP/6-311++G(d,p) modelinde hesaplatilan titresim modun, potansiyel enerji dagilimi
VEDA programinda (Jamroz, 2004) isaretlenmeleri yapildi. B3LYP/6-311++G(d,p) yontemi
ile elde edilen titresim frekanslar1 0.983 (Sundaraganesana et al., 2005) ile HF/6-311++G(d,p)
0.906 skala faktorleri ile ¢arpilarak uyumlu hale getirildi. Molekiiliin her iki yontemi ile elde
edilen titresim modlar1 Tablo 4.’de verildi.

Ayrica, B3LYP/6-311++G (d,p) ve HF/6-311++G(d,p) yontemi ile hesaplanan FT-IR
ve Raman spektrumlar1 sirasiyla sekil 5 ve 6’da verildi. Molekulin her iki yéntemle
hesaplatilan titresim frekanslarinda negatif deger goriilmedi. Fenil halkasmna bagli O-H
gerilme titresimleri; swrasiyla B3LYP/6-311++G(d,p )/ HF/6-311++G(d,p); yaklasik 3628-
3611/3764-3735 cm™ araliginda; Karboksil gurubunun O-H gerilme titresimi 3270/3606 cm™;
fenil halkast C-H gerilme titresimleri3081-3066/3067-3048 cm™ araliginda hesapland1
Molekiiliin karakteristik titresim bantlarindan olan karbonil grubunun O=C bandinin simetrik

gerilme titresimi sirastyla 1642/1733 cm™ olarak belirlendi.
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’de hesaplanmis dalga sayilar1 (cm™)

HF/(cm™) B3LYP /(cm™) v =gerilme &= diizlem i¢i biikiilme 1= diizlem dis1 biikiilme
Skalasiz | Skalali Skalasiz | Skalal1 | Titresim Modlar1
4150.9 |3764.9 3787.8 |3628.8 | vO1H(44) vO2H(53)
4134.6 |3750.1 3774.3 |3615.8 | vO2H(46) vO3H(49)
4118.9 |3735.8 3770.1 [3611.8 | vO5H(99)
3975.8 |3606.0 3413.7 [3270.3 | vO1H(51) vO3H(47)
3382.0 |3067.5 3216.8 |3081.7 | vC6H(92)
3361.3 |3048.7 3200.8 |3066.4 | vC5H(92)
1910.9 |1733.2 1714.7 |1642.7 | vO4=H(61) vC1-C6(10)
1806.1 |1638.2 1665.9 |1637.6 | vC2C3(54)
1791.3 |1624.7 1642.9 |1615.0 | vC4C3(36) 6HO2C3(10) 6C6C5HC4(10)
1675.4 |1519.6 1545.9 |1519.7 | vC6C5(10) vC1CH(10) vH5CH(26)
1621.9 |1471.1 1491.8 |1466.5 | vC7C1(11) 8C6C5C4(24)
1533.7 |1391.1 1430.4 | 1406.0 | vC5C4(24) vC1C6(13) 6HO3C4(28)
1493.0 |1354.2 1414.8 |1390.7 | vC5C4(19) vC7C1(12) 3HO5C7(10)
1481.2 |1343.5 1385.3 |1361.7 | vO5C7(24) 6HO1C2(15) 8HO2C3(10) H5C6(23)
1437.6 | 1303.9 1358.5 [1335.4 | vO1C2(13) 6HO2C3(14) 8HO3C4(21) 6H5C6(11)
1408.8 | 1277.7 1301.5 |1279.4 | vO3C4(35) 6HO1C2(12) 6C2C3C4(21)
1348.1 |1222.8 1261.7 |1240.2 | vO1C2(23) 6HO1C2(14)
1323.6 |1200.5 1228.5 |1207.6 | vC1C6(22) 8HO1C2(11) 8HO5C7(22) 8HC5HCH(16)
1298.1 [1177.3 1205.0 |1184.5 | vC5C4(15) 8HO2C3(42)
1257.6 |1140.6 1187.1 |1167.0 | vC2C3(14) vO3C4(11) 8HO1C2(11) 8HO5C7(18) 8H6C5(23)
1229.8 [1115.4 1150.9 |1131.3 | vO3C4(10) 8HO5C7(10) 6H6C5(28)
1131.5 |1026.3 1045.2 |1027.5 | vO2C3(45) 6H6C5(12)
1073.9 |974.0 946.9 930.8 | 3HC6CHCA(78) tC1C6C5C4(16)
1001.3 |908.2 939.3 923.4 | 501C2(30) 6C2C3C4(10) 6C5C4C3(11)
917.8 832.5 818.1 804.2 | tHC5C6C1(64) t04C105C7 (17)
866.3 785.7 771.7 758.6 | tHC5C6C1(18) t04C105C7 (60)
818.7 742.6 760.4 747.5 | vO3C4(18) 6C2C3C4(34)
781.4 708.7 735.7 723.2 |tHOIC2CI1(31) tHO3C4C5(37)
760.0 689.3 705.7 693.7 | vC6C5(35) vO5C7(22) T104C705(15)
693.9 629.4 694.9 683.1 | 3C6C5C4C3(16) tO3C3C5C4(56)
679.5 616.3 629.3 618.6 | 504C705(22) 8C7C1C6(11) 8O5C7C1(39)
673.4 610.8 615.7 605.3 |[1O1C1C3C2(62)
652.5 591.8 605.9 595.6 | vC7C1(12) 6C1C6C5(19) 604C705(22) 605C7C1(19)
612.9 555.9 564.0 554.4 | 3HOS5C7C1(47) 1C6C5C4C3(12) tO3C3C5C4(12)
564.2 511.7 516.8 508.1 | vC4C3(10) vO3C4(12) tC6C5C4C3(17)
551.5 500.2 516.7 508.0 |8C5C4C3(35) 801C2C3(12) tTHO5C7C1(48)
467.9 424.4 464.4 456.5 |tHO2C3C2(61) tHO3C4C5(31)
459.7 417.0 434.2 426.8 | 8C5C4C3(10) 602C3C4(16) 603C4C5(35)
392.2 355.7 363.4 357.3 | vC7C1(11) 8C1C6C5(29) 601C2C3(22)
366.5 332.4 343.0 337.2 | vC6C5C4(15) 501C2C3(34) 602C3C4(13)
357.0 323.8 341.3 335.4 |tHO1C2C1(34) tHO2C3C2(20) tHO3C4C5(11) t02C2C4C3(26)
332.1 301.2 305.4 300.2 |tHO1C2C1(17) tHO3C4C5(10) t02C2C4C3(48)
302.6 274.4 297.3 292.2 | 502C3C4(41) 603C4C5(38)
288.6 261.8 273.7 269.0 |[1C1C6C5C4(24) 1C2C3C4AC5(26) tO1C1C3C2(15)
224.7 203.8 209.4 205.8 | 8C7C1C6(57) 605C7C1(15)
173.1 157.0 160.7 157.9 | tC1C6CHC4(29) tC2C3C4AC5(18) tC6CHCAC3(31)
110.1 99.8 101.5 99.8 tC2C3C4C5H(32) tC7C2C6CL(37)
88.5 80.3 89.0 87.5 tC1C6C5C4(13) tO5C7C1C2(75)
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Sekil 5. 2,3,4-Trihidroksibenzoik asit molekulinin FT-IR ve Raman spektrumu
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Sekil 6. 2,3,4-Trihidroksibenzoik asit molektlinin FT-IR ve Raman spektrumu

4. TARTISMA VE SONUC

2,3,4-Trihidroksibenzoik asit molekiiliiniin konformasyon analizi yapilarak temel hal
geometrisi belirlendi. Molekiiliin temel hal yapisinin yapisal parametreleri, harmonik titresim
dalga sayilari, dipol moment (p), polarizebilite (o), hiperpolarizebilite (), en yiliksek dolu
molekiil orbital (HOMO), en diisiik bos molekiil orbital (LUMO) degerleri DFT/B3LYP ve
HF metotlar1 ve 6-311++ G(d,p) taban seti kullanilarak hesaplandi. Ayrica, molekiiliin
hesaplanmis Enomo Ve Erumo enerji degerlerinden elde edilen; elektron ilgisi, iyonlasma
potansiyeli, enerji araligi, elektronegatiflik, kimyasal yumusaklik ve kimyasal sertlik
ozellikleri hesaplandi. Molekiiliin her iki yontemle hesaplatilan titresim frekanslarinda negatif
deger goriilmedi. Fenil halkasmna bagli O-H gerilme titresimleri; sirasiyla B3LYP/6-
311++G(d,p)/HF/6-311++G(d,p); yaklasik 3628-3611/3764-3735 cm™ araliginda; Karboksil
grubunun O-H gerilme titresimi 3270/3606 cm™; fenil halkas1 C-H gerilme titresimleri 3081-
3066/3067-3048 cm™ araliginda hesaplanmustir. Molekiiliin karakteristik titresim bantlarindan

olan karbonil grubunun C=0O bandmin simetrik gerilme titresimi sirasiyla 1642/1733 cm™
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olarak hesaplandi. Her iki metotta hesaplanan 2,3,4-Trihidroksibenzoik asit molekulinin
yapisal parametreleri, literatlirdeki verilerle karsilastirildi ve yapisal parametreler arasinda iyi

bir uyum oldugu goriildii.
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Abstract: Deveguli hollyhock is used by public for the treatment of certain diseases (such as tonsillitis, stomach
ulcer, duodenal ulcer, pneumonia, urinary tract infections and alopecia). This study investigated the appropriate
protocols for in vitro callus formation, regeneration and micropropagation of various explants of 14-day and 28-
day old Devegull seedlings germinated from the seeds in a sterile environment. Different concentrations of 2,4-
dichlorophenoxy acetic acid (2,4-D) were used as plant growth regulator and Murashige and Skoog basal medium
was used as basic medium. Regenerated plantlets were firstly transferred to rooting medium to promote root
formation, after that they were planted into soil. Both of 14-day and 28-day explants produced a higher rate of
callus in MS medium including 2,4-D auxin hormone. The regenerated plantlets were obtained from the shoot tip
and node explants of 28 days old seedlings after incubation in MS medium for 6 weeks. Direct regeneration from
the node and shoot tip was observed in this hormone free medium. Micropropagation rates were 44.4 % and 12.5
% for node and shoot tip explants, respectively. With this study, callus formation, regeneration and

micropropagation of the shoot tip and nodes was successfully carried for the first time.

Keywords: Devegili, In Vitro Regeneration, Callus, Hollyhock.

1. INTRODUCTION

Alcea kurdica (Schlecht) Alef. is called Devegili in Turkey (Guner et al., 2012). It is a
perennial herbaceous plant belonging to the genus Alcea, called hollyhocks, known for its
colourful and splendid flowers belonging to the Malvacea family with its 40 subspecies
(Uzunhisarcikli and Vural, 2012). It is one of the hollyhock species distributed in east of
Turkey, north of Irag, Northwest of Iran at 1750-2500 meters altitude (Uzunhisarcikli and
Vural, 2012). Cowan (1999) reported from Stockwell (1988) and Thomson (1978) that

hollyhocks were used by the extinct Neandarthal people who are believed to have survived in
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Irag some 60000 years ago, and today they are still used for medicinal purposes. Deveguli
plant is used by native population in the treatment of various diseases such as tonsillitis,
stomach ulcer, duodenal ulcer, pneumonia, urinary tract infections and allopecia due to its
antioxidant (Bouayed et al., 2007) and antimicrobial (Qader and Awad, 2014) properties.
Gormez et al., (2019) reported that different vegetation stages affected Devegiilii plant’s
macro and microelement content and protein content. Secondary metabolites isolated from
Alcea species showed to have no such non-toxic effects as psychoactive and mind-blurring
because of low contents of alkaloids, but on the contrary, have antioxidant, antimicrobial,
antiviral and liver protective properties on humans and other mammals (Azab, 2017).

Medicinal plants cannot be obtained from the natural environment when needed and in
the desired amounts. Plant tissue culture is a method to produce new plants from different
explant types (leaf, cotyledon, hypocotyl, root, stem, node and shoot tip etc.) using artificial
media including macro and micro-elements for plant growth, plant growth regulators to
promote cell division and growth under sterile conditions and controlled environment
(Mansuroglu and Gurel, 2001). Continuous and high-quality micropropagation of medicinal
plants in tissue culture prevents the extinction and habitat destruction of plants and also keeps
them away from the remnants of pesticides that threaten animal and environmental health
(Murch et al., 2000).

Although numerous tissue culture and regeneration studies have been conducted with
members of the Malvacea family such as Gossypium hirsitum L., (Ozyigit et al., 2007),
Hibiscus sabdariffa (Raoul et al., 2010), Alcea rosea (Mubashrah et al., 2012) and Hibiscus
cannabinus L. (Samanthi et al., 2013), studies on tissue culture of Devegulu (Alcea kurdica
(Schlecht) Alef.) have not been reported yet.

The aim of this study was to investigate in vitro callus formation, regeneration and

micropropagation of Devegli hollyhock which was used as a medicinal plant among public.

2. MATERIALS AND METHODS
2.1. Plant Material

Seeds of Devegulu were collected in August and September 2017 from Van region.
Impurities were removed from the seeds. Later they were laid on drying papers. Dried seeds

were packaged and stored at +4°C.
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2.2. Regeneration of the Devegilt Hollyhock

Murashige & Skoog (MS) medium (4.40g L) was used in tissue culture studies.
Sucrose (30 g L) as the carbohydrate source and plant agar as the gelling agent were added
before autoclaving (7g L™). The pH of the medium was adjusted to 5.7-5.8 using 1M sodium
hydroxide (NaOH) and 1M hydrochloric acid (HCI). The medium was sterilized by keeping
under a pressure of 1.5 atmospheres at 121°C for 20 minutes.

Stock solutions of plant growth regulators (PGR) at 1 mg mL™ concentrations were
prepared and added to nutrient media and poured into 90x15 mm sterile petri dishes. Different
concentrations of 2,4- dichlorophenoxy acetic acid were used as plant growth regulators
(PGR) to induce callus formation. MSO (0 mg L™ 2,4-D), MS1 (1 mg L™ 2,4-D) and MS2 (2
mg L 2,4-D) were media used in this study. Cultured explants were subcultured biweekly.

Seed sterilization and germination were performed according to the method of Battal et
al., (2019). Cotyledon (C-14), cotyledon stem (CS-14), leaf (L-14) and hypocotyls (HP-14) on
the 14th day after germination of the Devegllu hollyhock and cotyledon (C-28), hypocotyl
(HP-28), shoot tips (ST-28) and nodes (N-28) on the 28th day after germination of the
Devegull hollyhock were used as explant sources.

Regenerated plantlets were transferred into half strength of MS medium in glass jars to
induce root formation. 1 mg L? indole butyric acid (IBA) was also added into medium to
promote rooting. After explant cultivation, it was allowed to incubate in a controlled climate
room with a moisture content of 50-60% at 16 + 8 light / dark photoperiod at 24 + 2 °C.
Cultured explants were subcultured biweekly. Each study was conducted with at least three

replicates.

2.3. Micropropagation of Devegulu Plant

Nodes and shoot tips from 28-days old plants were incubated in MS medium for six
weeks. Regenerated plantlets were transferred to PGR-free rooting medium (2.2 g L MS +20
g Lt sugar +4 g L agar) after six weeks. Roots were incubated in sterile glass jars at 24 +
2°C in 16/8 light/dark photoperiod in the climate room. In order to promote rooting, non-
rooted plants were taken into the half strength MS medium containing 1mg L IBA.

The regenerated plantlets were removed from the tissue culture medium and cleaned
from the tissue culture residues under the tap water flowing without damaging the roots. After
that, they were planted in soil on the vials, covered with stretch film and incubated for three
days in the controlled climate room at 24 + 2°C in 16/8 light/dark photoperiod. At the end of

the three days, the perforations were made on the stretch film and incubated in the same
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environment for one more day. After stretch film removed, Devegilu plants were irrigated
with half-strength of Hoagland solution every two days regularly. Plants developed in vials

were transferred to plastic pots.

2.4. Statistical Analysis

Experiments were performed with at least three replicates and statistical analyses were
performed using Minitabl2 One-Way ANNOVA. In the statistical comparisons between the
groups, p<0.05 values were evaluated as statistically significant changes

3. RESULT AND DISCUSSION
3.1. Callus Formation of Devegult Hollyhock from Different Explant Sources

As shown in Table 1 and Figure 1, the explants taken from the 14-day cotyledons
produced a significantly increased callus in MS1 (91.67 + 9.62%) and MS2 (88.89 + 8.61%)
media compared to MSO medium. Necrosis was observed for cotyledon explants in MSO
(Figure 1. A). The rate of callus formed in 14-day cotyledon stem in MS0, MS1 and MS2
mediums did not show a statistically significant difference. CS-14 showed the highest amount
of callus in MS1 (83.33 + 16.67%). The 14-day old leaf explants produced significantly more
callus in MS2 (77.7 £25.46%) than MSO (27.78 + 25.46%). The 14-day hypocotyl explants
produced a significantly increased callus in MS1 (88.89 + 9.62%) and MS2 (100+0.00%)
compared to MS0 (50.00 £ 25.46%).

The 28-day-old cotyledons produced a significantly increased callus in MS2 (86.67
+23.09%) medium compared to MSO medium (Table 2). It was not determined a statistically
significant difference on callus formation in 28-day hypocotyl and shoot tip explants for
different concentrations of 2,4-D hormone. Callus formation rate node explants was
statistically significant in MS1 medium (94.44 + 9.62%) compared to MSO and MS2 media.

Explant type, age and anatomical structure play an important role in the callus formation
of Devegulu plant. The variety of callus formation of different explant types and age has been
reported in many other plants (Ishii et al., 2004; Dhar and Joshi, 2005; Zouzou et al., 2008).
Auxins and cytokinins are plant growth regulators were commonly used together or separately
in plant tissue culture (Gang et al., 2003). Auxins have a significant effect on callus induction
(Hosseini et al., 2017). Different plant species or genotypes react differently to different PGRs
(Pakseresht et al., 2016). Although 2,4-D is a widely used auxin in plant tissue culture, high
doses cause an increase in cell division and cell elongation (Pakseresht et al., 2016). Many

factors, such as genotype, explant type, tissue culture medium, plant growth regulators and
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elicitors, can affect tissue culture responses, embryonic callus formation and plant
regeneration (Chenar et al., 2015; Pakseresht et al., 2016). 2,4-D hormone has been widely
used to induce callus formation from the most of the plant families and also Malvacea family
(Zhang, 2000; Wang et al., 2004; Sun et al., 2005; Zouzou et al., 2008; Darvishi et al., 2014;
Chenar, 2015). In this study, the use of 1 mg L™ and 2 mg L 2,4-D was consistent with
previous studies. Different concentrations of 2,4-D (1 mg L™ and 2 mg L) were used to form
callus from different explant sources of the Deveguli plant. While Hosseini et al., (2017) got
the best result as 82.98% in shoot tip explants within 2,4-D and KIN-containing media
during the studies of callus formation of shoot, root and leaf explants from Althaea digitata
from Malvacea family. Similarly, we found callus formation rate as 85.83 % for shoot tip
explants in MSO and MS1 media. Compatible with our results, Rauol et al., (2010) obtained
the best results in hypocotyl and cotyledon explants incubated in medium containing 2.4-D
and TDZ in their callus formation studies with Hibiscus sabdariffa belonging to Malvacea
family. Moreover, Pakseresht et al. (2016), reported that there was no significant difference in
terms of callus induction and callus growth rate between hypocotyl and leaf explants, and that
the amount and type of PGR and the explant type had a significant effect on callus induction
and callus growth rate. In accordance with our study, Munir et al. (2012) obtained the best
result in 2,4-D applied cotyledon explants to form callus to cotyledon explants of Alcea rosea
in their PGR applied studies with different concentrations and combinations. This study is
consistent with the studies indicating that cotyledon has the potential to generate more callus
(Zhang 2000; Zouine and El-Hadrami, 2004; Dhar and Joshi, 2005; Michel et al., 2008; Raoul
et al. 2010).

Table 1. Callus formation rate (%) of 14 days old explants

MS0 + SD MS1+ SD MS2+ SD
C-14 0.00 £0.00° 91.67 £9.62° 88.89 + 8.61"
CS-14 53.13 £23.66° 83.33+16.67° 61.11 +9.62°
HP-14 50.00 £ 25.46° 88.89 +9.62 " 100 +0.00°
L-14 27.78 £25.46° 72.22+9.62° 77.78 £25.46 ®

Abbreviations: C-14: 14-day-old cotyledon; CS-14: 14-day-old cotyledon stem; HP-14: 14 days of
hypocotyl; L-14: 14 days old leaf; MSO: hormone-free MS; MS1: 1mg L*2,4-D added to MS; MS2:
2mg L* 2,4-D added MS; SD; standard deviation. Different letters on the same row means that there
was a statistically significant difference between averages p<0.05.
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Table 2. Callus formation rate (%) of 28 days old explants

MSO0 + SD MS1+ SD MS2+ SD
C-28 0.00 £0.00® 32.50 +30.31® 86.67 +23.09°
HP-28 55.56 *25.46°% 83.33 £16.67° 83.33 +28.87%
ST-28 85.83 *18.93% 85.83 +18.93°% 73.33 +11.86%
N-28 55.56 *25.46°% 94.44 +9.62° 50.00 +0.00°

Abbreviations: C-28; 28-day-old cotyledon, HP-28; 28-day-old hypocotyl, ST-28; 28-day-old shoot
tip, N-28; 28-day-old node; MS0: hormone-free MS; MS1: 1mg L™2,4-D added to MS; MS2: 2mg L™
2,4-D added MS; SD; standard deviation. Different letters on the same row means that there was a
statistically significant difference between averages p<0.05.

Figure 1. Callus formation from different explants of Deveguli hollyhock. Cotyledon explants with

necrosis in the MS medium (A). Callus formation from cotyledon explants in the MS1 medium (B)

and MS2 medium (C). Callus formation from the hypocotyl (D) and nodes (E) in MS1 medium. Shoot

3.2. Regeneration of Devegull plant

tips in MS medium.

Studies with some plants belonging to the Malvacea family, depending of callus

formation and regeneration response on explant age and type, plant genotype, medium

composition and other physical culture conditions were reported (Hemphill et al., 1998; Luo
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et al., 2000; Ozyigit et al., 2007). In this study, the regenerated plantlets were obtained from
shoot tip and nodes incubated in MSO medium for 6 weeks (Figure 2 and 3). All of the nodes
and shoot tip explants were directly regenerated (Figure 2). At the end of 6 weeks,
regenerated plantlets were taken into the root formation medium (Figure 3). In previous
studies with different plants such as rose (Sauer et al., 1985), blueberries (Tetsumura et al.,
2008), mint (Fadel et al., 2010), half-strength of MS environment was reported to give
successful results for rooting. Regarding the regeneration of Devegili plant, it was
determined that half-strength MS medium was suitable for rooting compatible with literature.
44.4 % of micro-propagated node explants produced two or more shoots in hormone free MSO
medium (Figure 2). The number of shoots per explant was 1.61. Micropropagation from node
was accomplished for Deveguli plant. Although micropropagated node plants were
transferred to vials, 5.6% of them could be transferred to plastic pots. Kozai (1995) described
the acclimatization as the climatic adaptation of the plant before it was put into a new
environment. During the stage of acclimatisation of micropropagated plants taken from tissue
culture, ambient humidity and temperature should be optimized and brought to a position
where the plant can survive. High relative humidity in vitro conditions adversely affect plant
quality. In tissue culture, a few plants grown in the environment of relative humidity was able
to survive under ex vitro conditions (Ozkaynak and Samanci, 2005). Micropropagation was
achieved at shoot tips at 12.5 % rate producing more than one shoot per plantlet in hormone
free MSO medium. The number of shoots per explant was determined as 1.125. 20% of
plantlets derived from shoot tip explants were transferred into soil (Figure 4). The 28-day
shoot tip and nodes are thought to be successful in regeneration due to meristematic cell
density. While Ozyigit (2008) regenerated cotton plant from the same family as Devegiilii
plant in medium containing 0.1 mg L KIN (kinetin)+1 g L™ PVP (polyvinylpyrrolidone),
Sivanesan and Jeong (2007) regenerated Sida cordifolia Linn (Malvacea) in 0.2 mg L™ BAP
and 0.5 mg Lt NAA containing medium.
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C - = D

Figure 2. Micropropagation of deveglu hollyhock from node (A and C) and shoot tip (B and D).

Arrows show new shoots.
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Figure 3. Root formation of devegull hollyhock. Unrooted plantlets (A), root formation after IBA

treatment (B) and rooted plantlets from shoot tip explants (C) (Line is 10 cm).
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Figure 4. Soil transfer and accilimization. Directly regenrated plantlets from shoot ﬁp (A and B),

regenerated plantlets from node explants (C and D).

4. CONCLUSION

With this study, in vitro regeneration of Deveglu hollyhock was achieved using as
explant source of shoot tips and nodes and regenerated plants were successfully transferred
into soil. Additionally, high callus formation rate and regeneration rate were observed.

Moreover, micropropagation of the shoot tip and nodes was successfully achieved for
Devegull. This study could be a pioneer for the other Alcea species.
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Oz: Bu galismada bakir(IT) p-floro-, p-kloro- ve p-bromobenzoatlarin N,N'-dietilnikotinamid ligand: igeren ii¢ yeni
karisik ligandli metal kompleksi sentezlendi ve yapilari incelendi. Komplekslerin yapilarmin tartisilmasinda
elementel analiz, FT-IR ve UV-Vis spektroskopileri, termik analiz (TGA-DTA), yontemlerinden faydalanildi.
Komplekslerin kapali formiilleri [Cu(p-F-CsH4COO0),(C1oH14N,0)2(H,0)] n, [Cu(p-Cl-
CeH4CO0),(C1oH14N,0),(H20),] (1) ve [Cu(p-Br-CgHsCOO),(H20)2] (IH) olarak belirlendi. Yapida p-
halojenobenzoatlar ve N,N'-dietilnikotinamid monodentat olarak koordine olmustur. Metal atomu ¢evresinde iki p-
halojenobenzoat anyonundan gelen iki oksijen atomu, iki N,N'-dietilnikotinamid ligandindan gelen iki azot atomu
ve iki su molekillinden gelen iki oksijen atomu ile oktahedral geometri meydana gelmistir. Bakar:p-
halojenobenzoat:N,N'-dietilnikotinamid oranlarmin 1:2:2 oldugu belirlenmistir. Komplekslerin termal kararlilik

siralamasi ise [1I> II> [ seklindedir. Komplekslerin termal bozunma tiriinleri ise bakir (II) oksittir.

Anahtar Kelimeler: Bakir kompleksleri, p-Florobenzoik Asit, p-Klorobenzoik Asit, p-Bromobenzoik Asit, N,N-
dietilnikotinamid

Synthesis and Spectroscopic and Thermal Properties of N,N’-
Diethylnicotinamide Complexes of Cu(ll) p-Fluoro-, p-Chloro- and p-
Bromobenzoates

Abstract: In this study, three new mixed ligand metal complexes containing N,N'-diethylnicotinamide ligand of
copper (I1) p-fluoro-, p-chloro- and p-bromobenzoates were synthesized and their structures were investigated.
Elemental analysis, FT-IR and UV-Vis spectroscopies, thermal analysis (TGA-DTA) methods were used to
evaluate the structures of the complexes. The general formulas of the complexes were determined as [Cu(p-F-
CsH4CO0),(C1oH1sN20)2(H20)] (1),  [Cu(p-ClI-CgH4CO0),(CyoH14N20)2(H20),] (1) ve  [Cu(p-Br-
CeH4COO),(H,0),] (IHN). In all complexes, p-halogenobenzoates and N,N'-diethylnicotinamide behave as
monodentate ligand. In the complexes, each metal ion possesses an octahedral geometry with two oxygen atoms of
two p-halogenobenzoate anions, two nitrogen atoms from two N,N'-diethylnicotinamide ligands and two oxygen
atoms of two water molecules. Copper:p-halogenobenzoate:N, N'-diethylnicotinamide ratios were determined to

be 1:2:2. The thermal stability of the complexes was determined as IIT >II > I. The thermal decomposition product
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of the complexes was determined as copper (I1) oxide.

Keywords: Cu Complexes, p-Fluorobenzoic Acid, p-Chlorobenzoic Acid, p-Bromobenzoic Acid, N,N'-dietylnicotinamide

1. GIRIS

Metal kompleksler Hidrojen baglari, hidrofobik, elektrostatik kuvvetler gibi zayif kuvvetler
olarak bilinen ancak gercekte giiclii etkilesimlere sahip olan kovalent baglar igermektedir. Bu
kompleksler floresan problari, katalizor, biyosensor, kimyasal ve optik ve manyetik
malzemeler olarak kullanilabilir (Mahata ve ark., 2007; Ming ve ark., 2015; Mitra ve ark.,
2014; Stachova ve ark., 2007; Wang ve ark., 2018). Gegis metal kompleksleri de bir¢ok
uygulamada potansiyel malzemeler olarak tanimlanmaktadirlar. Bu baglamda, “metal-ana
ligand-yardimc1 ligand” tgliisiiniin bir araya getirilmesindeki en o6nemli adim, uygun
fonksiyonel gruplara sahip ligand se¢imidir.

En az bir karboksilat grubu ve biiyiik bir konjuge n sistemine sahip ligantlar metal-
organik aglarm olusumunda Onemli bir yere sahiptir. Bu ligandlarin gecis metalleri ile
olusturduklar1 koordinasyon bilesiklerinin yapit mimarisi molekiil i¢i ve molekiiller arasi
hidrojen baglar1 ve n-n etkilesimleri gibi zayif kovalent olmayan etkilesimlerle kararhlik
kazanmaktadir. Bu ligandlar arasinda ana ligand olarak benzoik asit tiirevleri yaygin olarak
kullanilirken, yardimci ligandlar olarak piridin tiirevleri kullanilmaktadir. (Agwara ve ark.,
2010; Amombo Noa ve Jacobs, 2017; Batool ve ark., 2017; Puchonova ve ark., 2015; Zhang
ve ark., 2018) Ana ligand olarak benzoik asit ve tiirevleri olan halojenobenzoik asitlerin metal
iyonlartyla olusturdugu bilesiklerin bazi fiziksel ve biyolojik 6zelliklerinden dolay1 birgok
kompleksi sentezlenmis ve oOzellikleri arastirilmistir. Aromatik karboksilik asitlerin metal
kompleksleri hazirlanirken, genellikle N-, O- ve S- donor ligandlar1 olan piridin tlirevleri
yardimci ligandlar olarak kullanilir. Onceki ¢alismalarda bu ligandlarmn farkli kristal yapilarda
farkli molekiil i¢i ve molekiiller arasi etkilesimleri nedeniyle bir¢ok uygulamada
kullanilabilecegini rapor edilmistir (Kuchtanin ve ark., 2013; Perec ve ark., 2011; Stachové ve
ark., 2007; Xia ve ark., 2016) Simdiye kadar, elliden fazla nikotinamid (na), izonikotinamid
(ina) ve dietilnikotinamid (dena) ligandlarini igeren Cu (II) arilkarboksilat kompleksi
sentezlenmistir. Bu komplekslerin ¢ogunun kristal yapist [CuA;B;], [CuA;B;].2H,0,
[CuA;B,2(H20)], [CuA;B,(H20);], [CuAx(HA)B,] formiillerine sahip monomerik
molekiillerden olusur (burada A: arilkarboksilat anyon, B: na/ina /dena). Bunlar arasinda, en
fazla sayida [CuA;B,(H20),] genel formiiliine sahip kompleksler bulunmaktadir ve bunlar

oktahedral koordinasyona sahiptir. Bu komplekslerin yapisinda metal atomu cevresinde
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monodentat ligand gibi davranan iki su molekiilii, iki arilkarboksilat anyonu ve iki
heterosiklik ligand ile kristalografik olarak bir simetri merkezi meydana gelmektedir.
[CuA4B;], [CuA2B2(H20)2], [CuzA4B4] formiillerine sahip dimerik molekiiller kristalografik
olarak simetri merkezli biniikleer komplekslerdir. Bunlar igerisinde de sayilar1 en fazla olan
[CuAsB2] genel formiiliine sahip kompleksler “paddle-wheel” yapilar bilinmektedir
(Abuhijleh and Khalaf 2010; Bozkurt ve ark., 2013; Bushma ve ark., 1989; Fountoulaki ve
ark., 2011; Halaska ve ark., 2013; M. Qadir 2017; Sertcelik ve ark., 2012, 2013, 2018;
Sorenson 1976; Tarushi ve ark., 2015)

Bu ¢aligmada ii¢ yeni bakir (II) p-halojenobenzoat N,N'- dietilnikotinamid kompleksi
sentezlendi ve yapilar1 elementel analiz, UV-Vis ve FT-IR spektroskopisi ve TGA/DTA

yontemleri ile aydinlatildi.

2. MATERYAL VE METOT
2.1. Kullamlan Kimyasal ve Cihazlar

Calismada bakir(Il) asetat monohidrat (Merck), p-florobenzoik asit (Sigma Aldrich),
p-klorobenzoik asit (Sigma Aldrich), p-bromobenzoik asit (Sigma Aldrich), N,N'-
dietilnikotinamid (Tatkim Preparat, Tataristan, Rusya Federasyonu), DMF (Sigma-Aldrich)
kullanilmistir. CoOziici olarak saf su kullanilmis ve kristallendirme ¢alismalar1 oda
sicakliginda gergeklestirilmistir. Komplekslerin elementel analizi (C, H, ve N analizi) LECO
CHNS 932 cihazi ile yapilmistir. Infrared spektrumlari, MATTSON 1000 FTIR Model IR
spektrometresiyle yapilmistir. KBr ile disk yapilan komplekslerin IR spektrumlar1 4000-500
cm™ araliginda kaydedilmistir. Termik analiz ¢alismalarinda, Rigaku marka TG 8110 termik
analizorliic TAS 100 Model Termik Analiz cihazi kullanilmistir. TG, DTG ve DTA egrileri
eszamanli olarak kaydedilmistir (Referans madde: sinterlesmis a-AlOs, 1sitma hizi: 20
°C/dak, kroze: platin, atmosfer: azot atmosferi, gaz akis hizi: 100 mL/dak, numune miktar1: 3-
10 mg, sicaklik araligi: 20-900 °C). Komplekslerin DMF’de 0.01 g/mL’lik ¢ozeltileri
hazirlanarak Perkin Elmer Lambda 25 UV-Vis Spektrofotometresi ile UV-Vis 6lglimleri
kaydedilmistir.

2.2. Komplekslerin Sentezi

Ayr1 ayri erlenlerde p-florobenzoik asit (1,40 g, 10 mmol) , p-klorobenzoik asit (1,56
g, 10 mmol) ve p-bromobenzoik asit (2,01 g, 10 mmol) iizerine bakir asetat (0,99 g, 5 mmol)
eklenmis ve 200 mL saf su icerisinde asetik asit tamamen uzaklastirilincaya kadar yaklasik 20

saat karistirilarak isitilmistir. Reaksiyon asagidaki sekildedir:
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2p-haI-CeH4COOH + CU(CHgCOO)z.HzO — Cu (p-haI-C6H4COO)2 + 2CH3COOH + H,0O
(Hal: F, Cl, Br)

Elde edilen bakir (II) p-halojenobenzoat tuzlart N,N'-dietilnikotinamidin (1,78 g, 10
mmol) 50 mL sudaki ¢oOzeltisi eklenmistir. Cozeltiler oda sicakliginda kristallenmeye
birakilmistir. Mavi renkli reaksiyon triinleri 7-14 giin arasinda elde edilmis, siiziilerek saf su

ile yikanmig ve oda sicakliginda kurutulmustur.

Cu(p—hal—C6H4COO)2 + 2C10H14N20 + HzO g [Cu(p-hal—C6H4COO)2(C6H6N20)2(H20)2]

3. BULGULAR
3.1. Elementel Analiz
Elementel analiz sonuglarina bakildiginda deneysel ylizdelerin teorik yiizdeler ile

uyumu s6z konusudur (Tablo 1). Bu da {i¢ yeni kompleksin elde edildigini géstermektedir.

Tablo 1. Komplekslerin elementel analiz verileri

C(%) H(%0) N(%)
Kompleksler Deneysel Teorik Deneysel Teorik Deneysel Teorik
| 55,60 55,62 5,29 5,49 7,71 7,63
1 52,26 53,23 5,25 5,26 7,39 7,30
11 47,39 47,70 4,68 4,71 6,52 6,54

3.2. Infrared Spektrumu
Fonksiyonel gruplarm belirlenebilmesi i¢in sentezlenen maddelerin Infrared spektrumlari
degerlendirilmistir. Infrared spektrumlarinda fonksiyonel gruplara iliskin pikler asagidaki Tablo

2’de verilmistir.

Tablo 2. Komplekslerin FT-IR Spektrumlar1

v(O-H) 3505 3505 3502
Var(C-H)ei 2971, 2935 2977, 2935 2972, 2933
W(C=0)amis 1641 1642 1650
V(C'N)piridin 1558 1549 1549
V(COO )4 1602 1590 1587
»(COO), 1382 1398 1382
Av(COO) 220 192 205

v (C-H) o 1148 1105 1105
v(C-halojen) 783 775 773
v(Me-0) 445 471 491
v(Me-N) 705 705 705
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Sentezlenen komplekslerin yapisindaki koordine su molekiillerinin v(O-H) titresimleri
keskin pikler seklinde 3505 cm™(1), 3505 cm™ (I1) ve 3502 cm™ (l11)’de gozlemlenmistir.
Normal sartlar altinda yayvan olan O-H titresimleri molekiil i¢i ve molekiiller arasi hidrojen
baglar1 nedeniyle keskin pikler olarak goriilmektedir (Solomons ve ark., 2016). N,N'-
dietilnikotinamidin etil grubuna ait C-H pikleri ise 2971, 2935 cm™ (1), 2977, 2935 cm™ (I1)
ve 2972, 2933 cm™ (111)’de gbzlemlenmistir. Karboksilik asitlerin C=0 titresimleri 1760 cm’
Lde goriilmektedir (Silverstein ve ark., 2015). Ancak sentezlenen komplekslerde bu pik
goriilmemektedir. Bu da karboksilat grubu oksijen atomlarmim metal atomu ile koordine
oldugunu kanitlar niteliktedir. Amid grubu C=0 titresimleri ise 1690 cm™de goriilmekteyken
sentezlenen komplekslerde giiglii bir pik seklinde hafif bir kayma ile 1641 cm™ (1), 1642 cm™
(11) ve 1650 cm™ (111)’de gozlenmistir (Pavia ve ark., 2001; Silverstein ve ark., 2015). Piridin
halkas1 C-N gruplar1 i¢in gerilme bantlar1 1558 cm™ (1), 1549 cm™ (11) ve 1549 cm™ (111)°de
gbzlemlenmistir. Sentezlenen komplekslerin karboksilat grubu v(COO7)ss ve v(COO)s
titresimleri sirasiyla 1602-1382 cm™ (1), 1590-1398 cm™ (11) ve 1587-1382 cm™ (111) cm™°de
goriilmiistiir. Karboksilat grubuna ait v(COO),;s ve v(COO)s titresimleri arasindaki fark
Av(COOQO") degerini vermektedir. Bu deger ile karboksilat anyonunun koordinasyon sekli
(monodentat, selat bidentat, koprii vb.) hakkinda fikir yiiriitiilebilir. Bunun i¢in serbest asidin
monodentat baglanmis sodyum veya lityum tuzu Av(COQ") degeri ile kiyaslama yapilabilir.
Kiyaslamaya gore uygun swralama su sekildedir: Avmonodentat™>AViyonik> AVispri™>> AUgelat
(Nakamoto, 1986). Komplekslerin Av(COO") degerleri 220 cm™ (1), 192 cm™ (11) ve 205 cm™
(11y’dir. Sodyum p-florobenzoat, sodyum p-klorobenzoat ve sodyum p-bromobenzoatin
Av(COO) degerleri sirastyla 137 cm™, 128 cm™ ve 125 cm™dir (Lewandowski ve ark.,
2005). Siralamaya gore degerlendirildiginde halojenobenzoat ligandlarina ait karboksilat
gruplarinin monodentat olarak baglandigi tahmin edilmektedir. Sentezlenen komplekslerin
Me-O ve Me-N absorpsiyon bantlari sirastyla 445-705 cm™ (1), 471-705 cm™ (I1) ve 491-705

(111) cm™*de gozlenmistir. Komplekslerin FT-IR spektrumlari sekil 1-3’de verilmistir.
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Sekil 2. 11 Kompleksinin FT-IR spektrumu
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Sekil 3. 111 Kompleksinin FT-IR spektrumu
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3.3. Komplekslerin Absorpsiyon Ozellikleri

Komplekslerin yaklasik 310-380 nm arasindaki bdlgede yaptigi sogurmalar p-
halojenobenzoat ve N,N'-dietilnikotinamid ligandlarinin igerisindeki benzen ve piridin
aromatik halkalari, karboksilat ve karboksamid fonksiyonel gruplarmdan n'—n ve © —n
gecisleri oldugu diisiiniilmektedir. Oktahedral d° yapili bakir (IT) komplekslerinde, gériiniir
bolgede 748 nm’de tek pik gozlenmekte olup bu pik d-d gegislerine aittir (Sekil 4).
(Lakowicz, 2010; Lever, 1986; Mandal ve Patel, 2017; Ozbek ve ark., 2017, 2019).

Absorbans

460 . St'IJO I SLI)U I 10|00
Dalgaboyu (nm)
Sekil 4. Bakir(IT) p-halojenobenzoat N,N'-dietilnikotinamid komplekslerinin UV-Vis

spektrumlar1

3.4. Termik Analiz

Sentezlenen komplekslerin termik davranislar1 incelenmis, hesaplanan teorik kiitle
kayiplar1 deneysel veriler ile kiyaslanarak termal davranislar1 degerlendirilmistir
(Findorakova ve ark., 2010). Cu(ll)-p-florobenzoat-N,N'-dietilnikotinamid (1) kompleksinin
DTG egrisi incelendiginde 72, 164, 193, 235 ve 278 °C maksimum sicakliklara karsilik gelen
dort bozunma basamag1 goriilmektedir. 40-155 C° arasindaki ilk bozunma basamagi yapida
altili koordinasyonu saglayan iki su molekiiliiniin ligandinin uzaklagmasina iliskindir (den.
4,17 %-te0.4,09 %). Bu sicakliktan sonra organik ligandlar par¢alanmaya ugramis ve mavi
renkli kompleksten geriye siyah renkli CuO kalmistir (den. 11,47 %-teo.10,76 %) (Sekil 5).
Sekil 6’da goriildiigi tizere Cu(II)-p-klorobenzoat-N,N’-dietilnikotinamid (1) kompleksinin
koordine su molekiilleri 65-115 °C sicaklik araliginda yapidan ayrilmistir (den. 4,86 %-teo.
4,69 %). 120 °C’den itibaren organik ligandlar par¢alanmaya ugramis ve kompleksten geriye
CuO kalmigtir (den. 11.30 %-teo. 10.29 %). Cu(ll)-p-bromobenzoat-N,N’-dietilnikotinamid
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(III) kompleksinin DTG egrisi incelendiginde 80, 161, 235, 368 ve 517 °C maksimum
sicakliklara karsilik gelen alt1 bozunma basamagi goriilmektedir. Koordine su molekiileri 70-
110 °C sicaklik araliginda koordine su molekkiilleri yapidan uzaklasmistir (den. 4,62 %-teo.
4,20 %). Diger komplekslerdeki bozunmaya benzer olarak organik ligandlar pargalanarak

yapidan uzaklagmistir. CuO termal bozunmanin nihai tirtiniidiir (den. 8,2 %-teo. 9,23 %).

DFTGA TGA DTA
Yaimin % uv
100.00 £ 50.00
0.00+
-5.00| N .
50.00- . 0.00
~
-10.00} | TTTTe—
— . -50.00
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-0.00 200.00 400.00 600.00 800.00
Temp [C]
Sekil 5. Kompleks I’in TGA/DTA egrileri
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Sekil 6. Kompleks II'nin TGA/DTA egrileri
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Sekil 7. Kompleks III’iin TGA/DTA egrileri

3.5. Komplekslerin Yapilarinin Degerlendirmesi

Komplekslerin yapilar1 elementel analiz, FT-IR ve UV-Vis spektroskopisi verilerine
dayanilarak belirlenmis, yapida bulunan koordine su molekiilleri termik analiz verileri ile
desteklenmistir. Bakir atomu c¢evresinde monodentat olarak baglanmis iki p-
halojenobenzoatdan gelen iki oksijen atomu ve iki N,N'-dietilnikotinamidin piridin
halkalarindan gelen iki azot atomu ve iki koordine su molekiiliinden gelen iki oksijen atomu
ile hafif bozulmus oktahedral geometri meydana gelmektedir. Komplekslerin tahmini yapisi

sekil 8’de goriilmektedir.

—_— 0]
Hal \ /
O N N(C2Hs),
o, |
(0] Cu\ (0]
\ oH,
0] —N (@)

(CoHs)oN

Sekil 8. I, 11 ve 111 Komplekslerin tahmini yapisi (Hal: F, Cl ve Br)
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4. SONUC

Bu calismada {i¢ yeni bakir kompleks sentezlenmistir. Sentezlenen diaquabis(p-
florobenzoato)bis(N,N'-dietilnikotinamid)bakir(II), diaquabis(p-klorobenzoato)bis(N,N'-
dietilnikotinamid)bakir(IT) ve diaquabis(p-bromobenzoato)bis(N,N'-dietilnikotinamid)
bakir(IT) komplekslerinin yapisi elementel analiz, FT-IR ve UV-Vis spektroskopisi ve TGA-
DTA teknikleri kullanilarak incelenmistir. Kompleksin yapisinda bakir atomlar1 ¢evresinde
iki p-halojenobenzoat ligandinin karboksilat oksijen atomlari tizerinden monodentat koordine
oldugu belirlenmistir. N,N'-dietilnikotinamid ligandlar1 ise heterohalkanin azot atomu
iizerinden koordine olmakta ve sentezlenen komplekslerin tamaminda monodentat ligand
olarak davranmaktadir. Yapida bulunan iki koordine su molekiiliiniin iki oksijen atomu ile
oktahedral koordinasyon tamamlanmaktadir. FT-IR spektroskopisi sonuglar1 belirlenen yapida
bulunan fonksiyonel gruplarin tamam belirlenmis ve termik analiz sonuglaria gore koordine
su molekiilleri ve organik ligandlarin yapidan ayrilmasi neticesinde komplekslerden geriye

CuO kaldig1 belirlenmistir.

TESEKKUR

Calisma 106T472 numarali TUBITAK projesi ile desteklenmistir. Desteklerinden
dolay1 TUBITAK ’a tesekkiir ederim. UV-Vis &l¢iimlerinin alinmasmdaki desteginden dolayi
Dr. Hiiseyin ERTAP’a tesekkiir ederim.
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Abstract: Mobile robots have an unlimited workspace, unlike conventional fixed to the robot. Therefore, they are
frequently studied from past to present. In this study, it is aimed to model wheeled a mobile robot(WMR) and
realize optimal trajectory tracking control. Mathematical model of the robot was obtained. The Linear Quadratic
Regulator (LQR) method, one of the optimum control methods for controlling the robot has been proposed. The Q
and R parameters affecting the performance of the proposed control method were obtained by using the Firefly
optimization algorithm. Both process noise and measurement noise have been added to control the robot in
conditions close to the actual ambient conditions. As a result, in order to demonstrate the validity of the obtained
model and the proposed control method, the robot was performed control in the simulation environment. The

obtained results were given graphically and the results were examined.

Keywords: Wheeled Mobile Robot(WMR), Mathematic Model, Optimal Trajectory Tracking, Lineer Quadratic
Regulator(LQR), Firefly Algorithm.

1. INTRODUCTION

Mobile robots have a wide range of application thanks to having an unlimited work
area. Mobile robots can be used in many fields such as industry, space, military and social
needs (vacuum cleaners and lawnmowers, etc.), which make people's lives easier, for
entertainment and other purposes. In the control of mobile robots, the focus is generally on
two main targets. These are a stable posture stabilization and trajectory tracking controller.
The purpose of posture stabilization is to immobilize the robot to a reference point, the
purpose of trajectory tracking is to allow the robot to follow a reference trajectory. In the
study conducted in 1983, Brockett stated an opinion regarding whether nonholonomic mobile
robot systems could be controlled through a smooth state feedback control (Brockett, 1983).
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Hamel et al. proposed a control method resistant to localization errors of mobile robots
(Hamel and Dominique, 1996). In another method proposed in the literature, a technical
tracking controller with recoil recursion was used (Jiang and Nijmeijer, 1999; Fu et al., 2013).
Xin et al. designed a disturbance observer and an adaptive stabilizer in order to cope with the
uncertainties of wheeled mobile robots (Xin et al., 2016). Canale et al. handled the problem of
the rapid implementation of a nonlinear predictive control model with function approach
techniques (Canale et al., 2010). Bessas et al. proposed the integral sliding mode control
method in order to solve the problem of accessing the sliding surface used in the sliding mode
control method, and to enable an effective trajectory tracking control (Bessas et al., 2016).
Wu and Karkoub proposed the method of hierarchical fuzzy sliding mode adaptive control for
trajectory tracking of differentially driven mobile robots (Wu and Karkoub, 2019). In the
literature, various studies on mobile robots have been conducted and continue to be conducted
by researchers (Yang and Kim, 1999; Kara et al., 1999; Wu et al., 2019, Tian and Sarkar,
2014; Li et al., 2015, Atan, 2019). In this study, it was aimed to model a wheeled mobile
robot (WMR) and to perform optimum tracking control. The mathematical model of the robot
was obtained. The Linear Quadratic Regulator (LQR) method, which is one of the optimum
control methods, was proposed to control the robot. Both process noise and measurement
noise were added to control the robot under the conditions close to real environment
conditions. As a result, to demonstrate the validity of the obtained model and the proposed
control method, the control of the robot was performed in the simulation environment. The
results obtained were graphically given and examined. A second-order low-pass filter was
designed to improve control performance of the robot under the conditions close to real
environment conditions. The control methods applied according to the results of the obtained
simulation environment were compared and the results were examined. The two-dimensional

general representation of the wheeled mobile robot (WMR) is shown in Figure 1.

Yw
t Ye

Xr

L

Figure 1. Two-dimensional representation of the wheeled mobile robot (WMR)
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2. SYSTEM PREVIEW AND MODELING

In the literature, mobile robots are studied depending on different wheel designs and
types. The robot used in this study consists of two independent wheels on the right and left.
Generally, the motion of the system is performed by controlling the angular velocities of the
dc motors connected to these wheels. Changing the orientations by moving on a curved
trajectory or turning around by adjusting the angular velocities of two driving wheels is only
one of the abilities of WMRs. To apply high-performance controllers in the control of a robot,
the robot must be modeled. On a mobile robot with a differential drive, it is possible to apply
the kinematic control approach provided that suitable conditions without sliding are selected.
The kinematic model used for a two-wheeled mobile robot in Figure 1 is based on the
assumption that the wheels move without sliding. Accordingly, the velocity references given
to the actuators on the wheels enable the robot to move at linear and angular velocities
corresponding to these references. In Figure 1, the robot coordinate framework was accepted
as the center of mass of WMR located on the point C and used as the origin of Xgand Yr. The
robot used in this study has two control variables; these are the angular velocities of the right
and left wheels. In Figure 1, the linear velocity of the left wheel is shown with V. and linear
velocity of the right wheel is shown with Vr. Similarly, the angular velocities of the left and
right wheels are oL and g, respectively. R is the radius of the wheel, 2L is the distance
between the wheels and 2L is the distance between the endpoint of the robot and point C
which is the geometric center of the robot. The orientation angle of the mobile robot
according to the Xw-Yw coordinate axis is 6. The following equations were obtained for

linear and angular velocities

V= 1)
V=w*R (2)
Vi =wgr*R,V, =w, *R 3)
wop =22 (@)
w, =+ (5)

State equations of the mobile robot according to the Xw-Yw coordinate axis were expressed

as follows.
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In this study, the method of Lagrange multipliers was used to obtain the mathematical model
of WMR (Bertsekas,1999).

M (@) Gm + C(Qms Gm) G + G (@) + Tg = B (@) T — AT (@) A (7)

qm(x,y,0) indicates the position and orientation angle in X and Y directions,
respectively. M(q,,) € R3*3 is a positive definite symmetric matrix and shows inertia matrix ;
C(g,,) € R3*3 shows Coriolis and centrifugal forces matrix; G(q,,) € R®>*3 indicates the
forces of gravity. In addition, B(q,,),A(q,,),T ve A shows the input matrix, kinematic
constraint matrix, input vector and Lagrange multiplier. Table I is shown physical parameter
of WMR.

3. CONTROLLER DESIGN

The main objective for designing the control system of the mobile robot is stability
and low tracking error. In the control of WMR, Linear Quadratic Regulator (LQR) control
method was used. The aim of the control methods used is to ensure that the output value of
the system tracks the targeted (reference) value. Error is tried to be minimized with the

controller applied to the system.

Table 1. Physical Parameter of WMR

Description and symbol Units and value
Mass of car (m) 1 (kg)
Wheels Distance (L) 0.28 m
Radius of Wheels (R) 0.143m
Inertia (1) 0.15 g-m?

3.1. LQR (Linear Quadratic Regulator) Control Method

LQR control method is a modern control method that is used to control a system. This
control method is widely used in the literature in optimal control problems (Anderson 2007,
Abut,2016). The purpose of the control here is to minimize the integral of the quadratic
performance index. In Figure 2, a block diagram of the linear quadratic regulator (LQR)

control method is shown.
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J=- J, (T (®)Qx + uTRu) dt (9)

T2

The equation 9 is a function as given. Selecting the parameters of this function in a
way to make the function minimum or maximum optimizes the control system. The value of
the function indicates to what extent the actual performance of the system corresponds with
the desired performance. In other words, performance index is a measure showing the
deviation from the ideal performance. This index can be the integral of an error function that
needs to be minimized. Optimum performance is nearly achieved through the minimization of
the error integral. The main control problem in engineering is to determine the optimal control
law that minimizes the performance index given under various safety and economic
limitations. In the classical linear optimal control, the control vector u (t) is selected in a way
that the performance index becomes the minimum. The performance index selected in the
system control is generally quadratic according to both x (t) and u (t). The total expression
where the matrices Q and R are located is desired to be minimum. This means the
minimization of the equation 11. Here, the matrices Q and R are called weight matrices, and
Q is a positive matrix in [2Nx2N] dimension while R is a positive matrix in [mxm]
dimension. Q is a positive semi-definite symmetric matrix and R is a positive definite number

(Q=0,R >0). The optimal feedback gain matrix K is calculated with the following equation:
K =TT 1)"'BT =R!BTP (10)
The value of the positive definite matrix P is calculated by using the Riccati equation.

ATP + PA—PBR™BTP+Q =0 (11)

Lineer Quadratic
Regulator(LQR)

Mobile Robot

v

o |

A

Figure 2. Controller structure of the system
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3.2. Firefly Optimization Algorithm
Various methods are applied to design and control the systems at optimal values. In this
context, Firefly Optimization Algorithm, which is one of the metaheuristic optimization
algorithm types and is actively researched in recent years, is an algorithm type developed by
Yang (Yang ,2010; Yang, et al.,2013). This algorithm is used for the optimization of various
problems (Olivares, et al.,2014; Patle, et al.,2017; Patle, et al.,2018; Lagunes, et al.,2019).
The Firefly Algorithm inspired by the flashing patterns of fireflies in nature is based on the
principle of moving to a random direction. According to the level of brightness, fireflies can
affect the opposite sex or may scare the predators depending on the speed of flashing. They
also use these biological flashing activities to attract their preys. Certain assumptions have
been made in this optimization algorithm.
1) All fireflies are accepted as unisexual, so they are attracted to each other
independently.
2) Attractiveness is determined by brightness; a less bright firefly moves toward a more
bright one.
3) The brightness (objective) function of a firefly is proportional to the fitness function
that produces the brightest value.
In this method, there are two important parameters. One of them is the change in the light
intensity and the other is the attractiveness of the firefly. In a simple form, according to the
inverse-square law, the change of the light intensity obtained at a distance of r from a light

source is given in the equation 12.

l(x) =5 (12)

This equation is based on the initial light intensity (I,), constant absorption coefficient
of the light (y) and distance (r). B, indicates the attractiveness when the distance between a
firefly and other adjacent firefly is x=0. g(r) indicates the attractiveness amount of a firefly at

a distance of x and it is expressed in the equation 13.
B(r) = Boe ™ (13)

When the distance (xi, xj) between any two fireflies on cartesian coordinates is taken

respectively, the distance between fireflies can be calculated by using the equation 14.

ri; =l x; — x; ||—\/Z (i — (14)
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The distance between fireflies, for example, the distance between the ith firefly and jth
firefly, can be determined by using the equation 15. Distance is important since it affects light

intensity and attractiveness and determines the direction of fireflies.
X = x; + Boe " (x; — x)) + ag (15)

The first term in the right of the equation 15 indicates the current position of the firefly,
the second term establishes a relation between the light intensity seen by the adjacent fireflies
and attractiveness of the current firefly and the last term represents a random movement to be
made when there is not a more attractive firefly around the current firefly. a indicates the
coefficient taking a constant value in the range of random parameter [0,1] and &; shows a

Gauss distribution vector drawn with random numbers in the range of [0,1].

4. SIMULATION RESULTS

In this section, simulation studies were conducted by using the obtained model
equations of WMR. In this section, the performance values of the control method were given
graphically. The performance of the Linear Quadratic Regulator (LQR) control method was
tested on different trajectories. The control variables of the system X and Y trajectories are
the orientation angle values. Figures 3 and 4 show the responses of the WMRs to the method
applied for the control of the sinusoidal and randomly created trajectories. The simulation run
time was accepted as 15 seconds. The convergence performance of the Firefly Optimization

Algorithm is shown in the graph given in Figure 5.

3
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Figures 3-a, b, ¢, and d show trajectory, orientation angle, angular velocity, and linear
velocity responses, respectively. Figures 4-a, b, ¢, and d show trajectory, orientation angle,
angular velocity, and linear velocity responses, respectively. For the trajectory tracking
control of WMR, both kinematic and dynamic models were considered. In the section of
kinematic control, the position deviations in the target trajectory were eliminated and
accordingly, the desired velocity was generated as output in the dynamic controller. The
tracking error of LQR was observed to be low on both trajectories. System iteration number
was taken as 50. However, it was observed that the algorithm proposed in the graph given in
Figure 5 reached the best solution in the 21st iteration. Another important parameter is that
the algorithm used in this study is fast. In the simulations, it was seen that the control
performance showing fastness, smoothness and robustness was obtained in the LQR control
method.

5. DISCUSSION AND CONCLUSION

In this study, the mathematical model of a wheeled mobile robot (WMR) was obtained
and control studies were conducted in the simulation environment. For the control of WMR,
the design and simulation of LQR control method were performed. Determining the matrices
Q and R when designing an LQR control method is one of the main problems that decrease
performance. By using the Firefly Optimization Algorithm, optimum matrices Q and R were
obtained and applied successfully. The second-order low-pass filter design was made and
applied to enable an effective control under the effect of process and measurement noises
added to perform the control of WMR under the conditions close to real environment
conditions. The results of the control method showed that the controller gave satisfactory

results. In future studies, it is aimed to apply the proposed method on a real robot
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Oz: Bu galismada, Tiirkiye'nin Dogu Anadolu Bélgesi'nde yaygin olarak kullanilan alti farkli giibre gesidindeki
226Ra, 22Th ve “°K radyoniklidlerin spesifik aktiviteleri, Nal (Tl) gama 1511 spektrometre sistemi ile dlgiilmiistiir.
Olgiim sonuglar1, cesitli giibre orneklerdeki ??°Ra, 2°Th ve “°K icin spesifik aktivitelerin ortalamalarinin
(araliklarinin) sirastyla 19.6 (3.9 - 32.9), 30.3 (11.4-39.9) ve 664.6 (42.6 - 3481.8) Bq kg oldugunu gdstermistir.
Tiirkiye'de kullanilan giibrelerde dlgiilen dogal radyoniiklidlerin ortalama degerleri, diger baz iilkelerde bildirilen
degerler arasindadir. Bu ¢aligsma, kimyasal giibrelerin diizenli tarimsal kullanimima bagl olarak, halkin radyasyona

maruz kalma seviyesinin belirlenmesi igin temel veriler olarak faydali olabilir.

Anahtar Kelimeler: Cevresel radyoaktivite, gama spektrometresi, kimyasal gubreler

Determination of Natural Radioactivity Concentrations of Some Fertilizers
Used in Eastern Anatolia of Turkey

Abstract: In the present work, the specific activities of 22°Ra, 232Th and “°K radionuclides in six different kinds of
commonly used fertilizers in Eastern Anatolia of Turkey were measured by Nal(Tl) gamma-ray spectrometry
system. The results of measurements showed that the mean (ranges) of specific activities for °Ra, 2%?Th and K
in several fertilizers samples are 19.6 (3.9-32.9), 30.3 (11.4-39.9) and 664.6 (42.6-3481.8) Bq kg™, respectively.
Average values of the natural radionuclides measured in the fertilizers used in Turkey are within the range of
values reported in several other countries. This study may be useful as basic data for determining the level of

radiation exposure of the population due to the regular agricultural use of chemical fertilizers.
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kaliteli {irlin almmasi, gilibrenin topraga uygulanmasiyla miimkiin olur. Gubreler, bitki
blytmesi i¢in temel elementler olan nitrojen (N), fosfor (P) ve potasyum (K) elementlerinden
olusur (UNSCEAR, 2000). Bazi giibrelerin iiretiminde kullanilan hammadde, c¢esitli
miktarlarda dogal radyoaktif element (*Ra, 2%2Th ve “°K) iceren fosfat cevheridir. Bu
nedenle, topraktaki dogal radyoaktivite degeri, radyoaktivite kaynagi olan giibrenin yaygin
kullanim1 nedeniyle kullanildig1 topraklarda bir yerden digerine gore degisir (Boukhenfouf
and Boucenna, 2011; Jibiri and Fasae, 2012). Ayrica, giibrelerin yaygim kullanimi, topraklarda
ya da yeralt1 suyunda bulunan radyoniiklidlerin miktarinda artislara sebep olur. Insanlar,
tukettikleri icme suyu ve bu topraklarda dretilen besinler nedeniyle bu radyoniklidlerden
kaynaklanacak radyolojik etkilerine maruz kalabilirler (Marovic and Sencar, 1995). Kemik
dokusunda biriktirildiginde ?*°Ra, uzun yillar boyunca insan iskeletinin siirekli 1s1lanmasi
yoluyla biyolojik hasara neden olma potansiyeline sahiptir ve kemik kanserine neden olabilir
(Khater and AL-Sewaidan, 2008)

Fosfath giibrelerin tozunun dogrudan solunmasi, giibre {lireten fabrika ¢alisanlarini ve
tarim alanlarindaki ciftcileri etkileyebilir (Pfister et al, 1976; Scholten and Timmermans,
1996; Ghosh et al, 2008). Fabrika ¢alisanlar1 ve tarimda giibre kullanan kisiler, 238U serisinin,
2%2Th serisinin ve “°K'nin radyoniiklidlerinden yayilan gama radyasyonuna (harici maruz
kalma) ve alfa parcaciklarina (dahili maruz kalma) maruz kalmaktadir. Harici maruz kalma
dogrudan y-isinlar1 ile meydana gelirken, dahili maruz kalma, radonun ve bozunum
iirlinlerinin solunmasindan kaynaklanan a-pargaciklar1 tarafindan meydana gelir. Sonug
olarak a-partikiil dozu dogrudan bronsiyal dokulara iletilir ve bu da radyojenik akciger
kanseri i¢in bir potansiyel olusturur (Hassan et al, 2017; Iwaoka et al, 2013).

Bu nedenle giibrelerden salinan radyasyon, 6nemli seviyelere maruz kalan bireylerde
kansere neden olma potansiyeline sahiptir, boylece giibrelerdeki dogal radyoaktivitenin
izlenmesi radyasyondan korunma ag¢isindan 6nem tasimaktadir (Hassan et al, 2009).

Calismanin amaci, Tiirkiye'de kullanilan kimyasal giibrelerdeki dogal radyoniiklidlerin
seviyesini belirlemek ve kimyasal giibrelerin kullaniminin insan sagligi tizerindeki etkisini

belirlemektir.

2. MATERYAL VE METOT

Tiirkiye'de yaygin olarak kullanilan alt1 farkli giibre ¢esidinden 30 adet giibre 6rnekleri
Kars sehrindeki giibre saticilarindan toplanmustir. Uretici firmalarin talimatlarma gére, Tablo
I’de incelenen giibre Orneklerinin kimyasal bilesimi ve bu giibrelerin kullanim amaclar

verilmigtir. Numuneler bir hafta siireyle tepsilerde a¢ik havada kurutuldu ve daha sonra
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laboratuvarda 2 ila 4 saat siireyle 105 °C (= 5 °C) sicaklikta firinda kurutuldu. Firinlanmig
numuneler daha sonra bir 6giitiicii ile ince toz haline getirildi. Plastik silindir kaplar icerisine
konularak net agirliklar: belirlendi. Kaplara konulan drneklerin, ?°Ra’nm {iriin niiklidleri ile
radyoaktif dengeye gelmesi i¢in silikon bant ile hermetik sizdirmazliklar1 saglanarak
olcimden once 45 gin sireyle bekletildi. Boylece ???Rn (3.82giin) ve ??°Rn (55.6s)’un
kendinden sonraki kisa yar1 omiirlii niiklidlerle radyoaktif dengesi saglandi (Hamby and
Tynkbekov, 2000).

2%Ra, #2Th ve “°K radyoniklidlerinin gama spektrometrik analizleri, Kafkas
Universitesi Fen-Edebiyat Fakiiltesi Fizik Boliimii Radyasyon Olgiim Laboratuvarinda,
37’x3” Nal(TI) sintilasyon dedektorii ve ScintivisionTM-32(A35-B32) bilgisayar programi
kullanilarak yapilmistir. Dedektoriin taban ve yan ylizeylerinde, yap1 malzemeleri ve
cevredeki radyasyonun katkisin1 en aza indirmek i¢cin 5 cm kalinliginda kursun tabakalari
kullanilmistir. Enerji kalibrasyonu ve gama spektrometresinin nispi verimlilik kalibrasyonu
standart kalibrasyon malzemesi (IAEA-375) kullanilarak belirlendi (Altzitzoglou and
Bohnstedt, 2016). Aktivite konsantrasyonlarmin hesabi i¢in, ¢esitli enerjilerdeki karsilik gelen
fotopikler dikkate alinarak, her bir fotopikin altinda kalan alanlar secilmistir. Net pik alani
hesaplanirken disaridan gelecek katkilarin hesaplanmasi igin, sistemi degistirmeden ayni
zaman araliginda dedektorde 6rnek olmadan dogal fon Glglimii yapilmistir. Arka plan ve
numunelerin aktivitesini belirlemek i¢in 86400 saniye siireyle sayim yapilmaistir.

40K aktivite konsantrasyonunun hesaplanmasi i¢in 1460 keV gama piki analiz
edilmistir. ??®Ra konsantrasyonu, 2“Bi’den 609, 1120 ve 1764,5 keV gama 1sinlarmin
olciilmesi ile tespit edilirken, 2®T1’den 583 ve 2614,5 keV’deki gama 1sinlar1 ise 2*2Th’nin
aktivite konsantrasyonunun belirlenmesi i¢cin kullanilmustir.

Bu radyoniiklidlerin spesifik aktivite konsantrasyonu (Bq kg™) asagidaki denklem (1)
kullanilarak hesaplandi (Singh et al, 2009):

AE) = —B __ (1)

TgWyP(E) €
S (E), arka plan ¢ikarildiktan sonra tam enerji zirvesinin altindaki gama sayim hizidur,

Ty, saniye cinsinden 6lglim stresi, Wy net kuru numune agirligi (kg), € mutlak verimlilik ve

P(E) ilgilenilen radyoniiklidlerin her biri i¢in gama 1511 emisyon olasiligidir.
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Tablo 1. Incelenen giibre 6rneklerinin kimyasal bilesimi ve kullanim amaglar1

Numune Numune Bilesimi Kullammm Amaci
Kodu Ad1

Meyve ve sebze gibi bitkilerde
ekim yapilmadan once
%21 N-%24 S bitkilerin kiikiirt ihtiyacini
karsilamak igin taban giibresi
olarak kullanilir.

Amonyum Sulfat

N1 (AS)

Tahil, sebze ve meyve

yetistirilen potasyum

N2 Slper Fosfat (NP) %20 N- %20 NH.-N-%20 P,0s bakimindan zengin ancak

fosfor bakimindan fakir olan
topraklarda kullanilir,

Bitkilerin don ve soguklara
kars1 dayanikliligini ve
N3 Kompozit (NPK) %15 N-%15 P»0s5-%15 K,0 bitkinin hastalik karsi
direncini arttirmak i¢in
kullanilir,

Fosfor eksikligi olan
topraklarda yetistirilen
bitkilerin kdk gelisimini
saglamak i¢in kullanilir,

Diamonyum

N4 Fosfat (DAP)

%18 N-%18 NHs-N-%46 P05

Bitkilerin sulanmasi sirasinda
bitkinin ihtiya¢ duydugu
azotun saglanmasi i¢in st
giibre olarak kullanilir.

Kalsiyum
N5 Amonyum %26 N-%13 NH4-N-%13 NOs-N
Nitrat (CAN)

Bitkilerin boyunun uzamasi ve
koklerinin gelisimi igin taban
ve (st glbresi olarak
kullanilir.

N6 Ure %46 NH2-N

3. BULGULAR

Tiirkiye’de yaygin olarak kullanilan giibre &rneklerinde ?°Ra, 2®Th ve “°K'nin
spesifik aktiviteleri Tablo 2'de verilmistir. Sekil 1 ve Sekil 2'de gorildiigii gibi, giibre
orneklerinde 2%°Ra, 2?Th ve *°K radyoniiklidlerinin ortalama aktiviteleri sirastyla, 19.61+3.3
Bakg®, 30.2645.3 Bgkg® ve 664.64+7.8 Bgkg™l olarak bulunmustur. Elde ettigimiz bu
degerleri UNSCEAR tarafindan rapor edilen diinya ortalama degerleri ile kiyasladigimizda
226Ra ve 232Th radyoniiklidlerinin ortalama aktivite degerlerinin sirasiyla, diinya ortalamasi
olan 41 Bgkg? ve 52.2 Bgkgl degerlerinden daha diisiik oldugu bulunmustur. “°K
radyoniiklidinin ortama degerinin ise, 230 Bqkg™ degerinden daha yiiksek oldugu goriilmiistiir
(UNSCEAR, 1983).

Calisilan giibre drneklerinde en diisiik 2°Ra ve 2%2Th aktivitesi sirasiyla, Kompozit
(NPK) ve Amonyum Siilfat 6rneklerinde (**°Ra igin 2.90+1.3 Bgkg™ ve #2Th igin 11.41+3.9
Bakg™ olarak) él¢iilmiistiir. En yiiksek 22°Ra ve 232Th aktivitesi ise siras1 ile Amonyum Siilfat
( 32.86+2.8 Bgkg?l) ve Urea’da ( 39.93£6.3 Bgkg?) belirlenmistir. Topragmm sik ve
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gereginden fazla giibrelenmesi, toprakta 2?°Ra ve 2*Th radyontiklidlerin birikmesine neden

olabilir. Bu nedenle, yiliksek radyoaktivite sergileyen gilibre miktarmin azaltilmasi ve

onlemlerle kullanilmasi1 gerekmektedir.

40K icin en yiiksek aktivite Kompozit (NPK)’de (3481.79+26.1 Bqkg™), en diisiik
aktivite Amonyum Siilfat’da (42.55+2.2 Bgkg™) 6l¢iilmiistiir.

Tablo 2. Cahsilan giibre numunelerindeki ?*°Ra, *2Th ve “°K radyonuklidlerinin spesifik

aktiviteleri (Bq kg™).

Numune kodu 2R, Akzglz\-lll:]e ( qug'l) v
N1 32.86+2.8 11.41+3.9 42 55+2.2
s Dooiis T saes 341 70951
N4 26.87+3.1 24.88+4.9 107.08+4.2
N5 18.39+2.8 31.68+4.6 102.29+4.0
N6 17.10+3.8 39.93+6.3 81.73+3.8
Ort. 19.61+3.3 30.2615.3 664.64+7.8
2 Th-232 I Ra-226
40 — =
i 7
ETE LT
Al 2 2 Al Al 2
o Al Al 2 Al 20l Z
N1 N2

=
Ny
=z
(2]
=
(©)]

Sekil 1. incelenen giibrelerde 2°Ra ve 2*2Th radyoniklidlerinin ortalama spesifik

aktiviteleri (Bgkg™).
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K-40

N1 N2 N3 N4 N5 N6

Sekil 2. incelenen giibrelerde “°K radyoniiklidinin ortalama spesifik aktivitesi (Bgkg™).
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Tablo 3’de incelenen giibre orneklerinde 2?°Ra, *2Th ve “°K radyoniiklidlerinin
ortalama aktivite konsantrasyonlar1 daha 6nce degisik iilkelerde bazi arastirmacilarin ayni
giibre cesitlerindeki numuneler i¢in bulduklar1 sonuglarla kiyaslanmistir. Bu ¢alismada
bulunan ortalama aktivite degerleri, daha dnce bildirilmis olan degerlerle uyumludur.

Fosfath gilibrelerde dogal radyoniiklidlerin aktivitesini belirlemek {izere yapilan
calismalarda ??°Ra, ve “°K radyoniiklidlerinin ortalama aktivite konsantrasyonlarmnin
Finlandiya’da Mustonen (1985) tarafindan sirasiyla, 54 Bgkg™ ve 3200 Bgkg™ olarak rapor
edilirken, USA’da Guimond ve Hardin (1989) tarafindan ise sirasiyla, 780 Bqgkg™ ve 200 Bq
kg™ olarak bildirilmistir. Bu rapor edilen degerler, bu ¢alismada fosfat iceren giibrelerdeki
ayni radyoniiklidlerin ortalama aktivite degerlerinden ( 26.87+3.1 Bq kg ve 107.08+4.2 Bq kg™)
oldukca yuksektir (Mustonen (1985); Guimond and Hardin (1989)).

Tespitlerimize gére NPK giibre cesidindeki 2?°Ra radyoniiklidinin ortalama aktivite
degeri italya ve Suudi Arabistan ortalamalarindan daha diisiik, 2*Th radyonuklidinin ortalama
aktivite degerinin ise her iki ililke ortalamalarindan daha yiiksek oldugu goriilmektedir (Righi
et al. (2005); Khater and Sewaidan (2008)).
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Tablo 3. Incelenen giibre numunelerindeki ?%°Ra, 232Th ve “°K radyonuklidlerinin aktivite

konsantrasyonlarmin literatiirde verilen degerlerle karsilastirilmasi(Bq kg™).

Aktivite konsantrasyonlar1 (Bqkg™)

Ulke Giibre ad1 2 o w0y Referans
Masir 301 24 3 Hussein (1994)
Finlandiya 54 11 3200 Mustonen (1985)
Fosfat Guimond and Hardin
USA 780 49 200
(1989)
Turkiye 26.87£3.1 24.88+4.9  107.08%4.2 Bu ¢aligma
Italya 120 3.5 4000 Righi et al. (2005)
Suudi Khater and Sewaidan
75 23 2059
Arabistan NPK (2008)
3481.79+26.
Turkiye 2.90£1.3  37.53%6.3 Bu ¢aligma
Masir Amonyum 0.52+0.03 4.96+1.04 Saleh (2007)
Turkiye nitrat 18.39+2.8 31.68+4.6  102.3+4.0 Bu ¢alisma
Misir 8.12+ 2.57 Saleh (2007)
Irak 0 _ _ _ Hussain (2011)
re
Banglades 5.4+1.5 3.4+1.7 7.9+2.4 Alam (1997)
Turkiye 17.10£3.8 39.93+6.3  81.73%£3.8 Bu c¢alisma

Tablo 3’dende goriilecegi gibi amonyum nitrat ve iire giibre numunelerindeki ?*°Ra,

2%2Th ve “°K radyoniiklidlerinin rapor edilmis ortalama aktivite konsantrasyonlarmin, ayni
giibre gesitleri icin bu ¢alismada bulunan sonuglardan olduk¢a diisiik oldugu bulunmustur.
Tiirkiye’de bitkilerin sulanmasi sirasinda bitkinin ihtiyag duydugu azotun bitkiye disaridan
takviyesi i¢in kullanilan amonyum nitrat giibresine ait *°Ra ve *°K radyoniiklidlerinin aktivite
degerlerinin, Misir’da Saleh (2007) tarafindan aymi tiir giibre cesidinde ve aymi dogal
radyoniiklidlere ait hesapladig1 aktivite degerlerine gore yaklasik 20 kat daha fazla oldugu
belirlenmistir (Saleh, 2007). Alam et al. (1997) tarafindan Banglades’te kullanilan iire
giibrelerinin aktivitesi gama 1sm spektrometre teknigi ile dlgiilmiis ve ??°Ra, 2°Th ve “°K
radyoniiklidlerine ait konsantrasyonlar sirasiyla, 5.4+1.5, 3.4+1.7 ve 7.9+2.4 Bq kg™ olarak
belirlenmistir (Alam et al., 1997). Ayrica Irak’ta Hussain et al (2011) tarafindan yapilan
caligmada, {iire giibre c¢esidinin yapiminda kullanilan toprak cevherlerinin dogal
radyoniiklidleri icermemesinden dolayi, inceledikleri iire giibrelerinde herhangi bir aktivite

Olcememislerdir (Hussain et al., 2011).
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4. TARTISMA VE SONUC

Tiirkiye’de kullanilan giibre markalarinda 6Slgiilen i¢ dogal radyonuklidin ortalama
degerleri, diger bazi iilkelerde bildirilen degerler arasindadir.

Gtlibrelerin tiretimi i¢in kullanilan ham maddelerin alindig1 yerlerdeki jeolojik
farkliliklar, tiretim yapan giibre fabrikalarindaki farkli iiretim yontemleri gibi nedenlerden
dolay1 incelenen giibrelerin aktivite konsantrasyon araliklar1 degismektedir.

Bu calismanin sonuclari, radyasyondan korunma ile ilgili kural ve diizenlemelerin
olusturulmasinda ve uygun otoritelerce giibre kullanimina yonelik ¢aligmalarda standartlar ve

kilavuzlar gelistirilmesinde yararli olabilecek baslangic degerleri saglar.
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Oz: Bu calismada, 3-(n-Propil)-4-(4-izopropilbenzilidenamino)-4,5-dihidro-1H-1,2,4-triazol-5-on Gaussian 09W
programinda Yogunluk Fonksiyonel Teorisi (DFT) ve Hartee Fock (HF) metotlar1 ile 6-31G(d,p) temel seti
kullanilarak incelenmistir. Bunun i¢in dncelikle, molekiiliin en kararl ii¢ boyutlu formu GaussView5.0 programi
ile ¢izilmistir. Bu optimize olmus molekiiliin yapisindan yola ¢ikarak molekiiliin geometrik 6zellikleri (bag ag1 ve
uzunlugu), termodinamik o6zellikleri entropi (S), termal enerji (E), termal kapasite (CV)), elektronik ozellikleri
iyonlagma potansiyeli (I), kimyasal sertlik-yumusaklik, elektronegatiflik (y), elektron ilgisi (A), elektrofilik ve
niikleofilik indeks), yiitksek enerjili dolu molekiiler orbital (HOMO) ve diisiik enerjili bos molekiiler orbital
(LUMO) enerjileri ve bu orbitaller arasmdaki enerji farki AEg, spektroskopik 6zellikleri (FT-IR, 3C/*H-NMR)
DFT/ HF 6-31G(d,p) ile hesaplanmistir. FT-IR titresim frekans degerleri hesaplamasinda Vedad4f programindan
faydalanilmistir. Teorik IR tiresim frekans degerleri ile literatiirde kayitli olan deneysel IR degerleri
karsilagtirilmgtir. 3C/*H-NMR spektral verilerinin teorik hesaplamasi gaz ve ¢oziicii (DMSO) fazinda yapilmistir
ve deneysel degerler ile karsilastirilarak regrasyon analizleri yapilmistir. Bulunan R? degerleri mukayese edilerek
regrasyon grafikleri olusturulmustur. Bunlardan bagka, molekiiliin toplam enerjisi, dipol momenti, mulliken
atomik yik degerleri, molekiiler elektron potansiyel, toplam yogunluk, molekiiliin yiizey haritalar1 belirlenmistir.

Molekiiliin elektrofilik ve niikleofilik bolgeleri tespit edilmistir.

Anahtar Kelimeler: DFT, HF, GIAO, 6-31G(d,p), Veda4f

Experimental (FT-IR, NMR) and Theoretical (DFT/HF) Study of 3-(n-
Propyl)-4-(4-isopropylbenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one
Molecule

Abstract: In this study, 3-(n-Propyl)-4-(4-isopropylbenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one was

studied with the methods Density Functional Theory (DFT) and Hartree Fock (HF) using the basis set 6-31G(d,p)

in the Gaussian 09W program. First, the most stable three-dimensional shape of the molecule was drawn using the

GaussView5.0 program. Based on the structure of this optimized molecule,"the geometric properties (bond angle

and length), the thermodynamic properties entropy (S), thermal energy (E), thermal capacity (CV), the electronic
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properties (ionization potential (I) and chemical hardness softness, electronegativity (x), electron affinity (A),
electrophilic and nucleophilic index), the highest occupied molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) energies and energy difference between these orbitals AEQ, Spectroscopic
properties"(FT-IR, ¥C/ *H-NMR, UV-vis) were calculated with DFT/ HF 6-31G(d,p). FT-IR vibration frequency
values were calculated from the Vedadf program. The theoretical IR vibration frequency values were compared
with the experimental IR values recorded in the literature. Theoretical calculations of *3C/ *H-NMR spectral data
were performed in gas and solvent (DMSQ) phase and regression analyzes were performed by comparison with
experimental values. R?values were compared and regression graphs were created. In addition, the total energy of
the molecule, dipole moment, Mulliken atomic charge values, molecular electron potential, total density, surface

maps of molecule were determined. The electrophilic and nucleophilic regions of the structure were confirmed.

Keywords: DFT, HF, GIAO, 6-31G(d,p), Veda4f

1. GIRIS

1,2,4-Triazol bilesikleri ve onlarin tiirevleri organik kimyada ¢ok yaygin bir sekilde
kullanilirlar. Bu bilesikler bir aldehid ya da keton ile bir aminin kondenzasyon mekanizmasi
ile sentezlenmistir (Asiri ve Khan, 2010). Yapilarinda -C=N- (azometin) grubu bulundururlar.
Schiff bazlari, antifungal (Patel ve Park, 2014), antibakteriyal (Mari ve ark. 2008),
antioksidan (Yuksek ve ark., 2011), antitimor (Boraei ve ark., 2017), antiHIV (El-Sharief ve
Moussa, 2009), antiinflammator (Upmanyu ve ark., 2011), antiviral (Kumar ve ark., 2010)
olmak tizere ¢ok cesitli biyolojik aktiviteye sahiptirler.

Son yillarda kuantum kimyasal hesaplamalarin kullaniommm artmasiyla Schiff
bazlarmin teorik birgok 6zelligi ¢caligilmistir. Literatiirde organik bilesiklerin termodinamik,
elektronik, spektroskopik ve yapisal 6zelliklerini hesaplamali olarak inceleyen bir¢ok c¢alisma
mevcuttur (Medetalibeyoglu ve ark., 2018; Yiiksek ve ark., 2017; Beytur ve Yiiksek, 2014;
Jin ve ark., 2018). Bu amacla, ¢alismada literatiirde kayithh olan molekiil Gaussian 09W
programinin Yogunluk fonksiyonel teorisi (DFT) ve Hartree Fock (HF) metotlar1 ve 6-
31G(d,p) temel seti kullanilarak optimize edilmistir (Frisch ve ark., 2009; Wolinski ve ark.,
1990). Molekiiliin ti¢ boyutlu goriiniimii GaussView 05 programu ile ¢izilmistir (Dennington
ve ark., 2009). Molekiiliin optimize edilmis yapisindan yola ¢ikarak teorik diger parametreleri
calistimistir. Oncelikle, spektroskopik &zellikleri olan Infrared analizi Veda 4f (Jomroz, 2004)
programinda ¢alisilmis ve elde edilen titresim frekans degerleri metod ve sete gore uygun
scala faktorleri ile carpilmis ve skalali degerler (Merrick, 2007) ile literatiirden (Kemer, 2015)
alinan deneysel titresim frekans verileri karsilastirilmistir. Diger bir spektral analiz karbon-13
ve proton niikleer manyetik rezonans kimyasal kayma degerleridir. Bunun i¢in GIAO metodu

(Wolinski ve ark., 1990; Ditchfield, 1972) ile molekiliin *H/ ¥C-NMR kimyasal kayma
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degerleri gaz ve ¢oziicii (DMSO) faz ortaminda hesaplanmistir ve deneysel NMR verileri ile
mukayese edilerek regrasyon analizleri yapilmistir ve bunun sonucunda bulunan R? degerleri
degerlendirilerek regrasyon grafikleri ¢izilmistir. UV-vis spektral degerleri'de hesaplanmistir.
Ayrica, molekiiliin yiiksek enerjili dolu molekiiler orbital enerjisi (HOMO) ve diisiik enerjili
bos molekiiler orbital enerjisi (LUMO) hesaplanarak enerji farki AEg bulunmustur.
Bu"HOMO-LUMO ve AEg verileri kullanilarak molekiiliin elektronik 06zellikleri
belirlenmistir. Termodinamik &zellikleri, geometrik Ozellikleri, mulliken atomik yuk
degerleri, toplam enerji, dipol moment gibi parametreleri teorik olarak ¢alisilmistir. Biitlin
bunlara ek olarak, molekiiliin yiizey haritalar1 ¢izilmistir ve elektronegatif ve elektropozitif

bolgeler"tespit edilmistir.

2. MATERYAL VE METOT
2.1. Hesaplama Detaylar

Tiim hesaplamalar kapsamli bir program olan "Gaussian 09W" paket programiyla
yapilmistir. DFT metodunun B3LYP fonksiyonu ve HF metodunda 6-31G(d,p) temel seti
kullanilarak tiim hesaplamalar yapilmistir."Optimize molekiiliin kullanimi ile molekiiliin
teorik tiim parametreleri ¢alisilmistir. Molekiiliin **C/ *H-NMR kimyasal kayma degerleri
"GIAO" yontemi ile hesaplanmistir. IR titresim frekans degerleri Veda4f programi ile
hesaplanmistir. Ayrica UV-vis spektral degerleri, mulliken atomik yiikleri, yapisal, elektronik,
geometrik, termodinamik 6zellikleri, HOMO-LUMO enerjileri hesaplanmistir. Ayrica,
elektrostatik yiizey potansiyeli (ESP), molekiler elektron potansiyeli (MEP),"elektron

yogunlugu ve elektron potansiyel yogunlugu gibi kontur yiizey haritalar1 belirlenmistir.

3. BULGULAR
3.1. Geometrik Ozellikleri

Calisilan molekiiliin geometrik yapisi incelenmis ve geometrik 6zellikleri olan bag acis1
ve bag uzunluklar1 hesaplanmigtir. DFT/ HF yontemleri ve 6-31G(d,p) temel seti ile
belirlenen hesaplamali sonuglar ile literatiirde (Ocak ve ark., 2003; Ustabas ve ark., 2007) var
olan bag uzunlugu verileri karsilastirilmis yakmlik derecesi tartisilmistir. Literatiirde, N-N,
N=C, C=0 bag uzunluklar sirastyla 1.404 , 1.280, 1.212 A olarak 6l¢iilmiistiir (Ocak ve ark.,
2003; Ustabas ve ark., 2007). DFT(B3LYP) 6-31G(d,p)/ HF 6-31G(d,p) ile sirasiyla N36-
N37 ve N38-N39 bag uzunlugu 1.381,1.373/ 1.370, 1.367 ; N39=C3 bag uzunlugu 1.290/
1.260; C2=040 bag uzunlugu 1.223/ 1.203 A olarak hesaplanmistir ve Tablo 1'de
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gosterilmistir. Molekiiliin en yiiksek bag agis1 C(2)-N(38)-N(39) atomlar1 arasinda 130.279/

130.638 A olarak dl¢iilmiistiir ve Tablo 2'de gosterilmistir.

Sekil 1. Molekilin optimize goruntusi

Tablo 1. Molekilin B3LYP/HF 6-31G(d,p) yontemlerine gore hesaplanan bag uzunluklari

(A)
Bag Uzunluklari B3LYP HF Bag Uzunluklar: B3LYP HF
1 C(1)-N(37) 1.3012 1.2698 22 C(4)-C(5) 1.4048 1.3914
2 C(1)-N(38) 1.3902 1.3802 23 C(4)-C(9) 1.4042 1.3894
3 C(1)-C(13) 1.4918 1.4937 24 C(5)-H(18) 1.0847 1.0739
4 N(37)-N(36) 1.3817 1.3708 25 C(5)-C(6) 1.3894 1.3806
5 N(36)-H(16) 1.0067 0.9905 26 C(6)-H(19) 1.0872 1.0763
6 N(36)-C(2) 1.3700 1.3458 27 C(6)-C(7) 1.4042 1.3933
7 C(2)-0(40) 1.2237 1.2031 28 C(7)-C(8) 1.4022 1.3902
8 C(2)-N(38) 1.4179 1.3864 29 C(8)-H(20) 1.0864 1.0755
9 N(38)-N(39) 1.3736 1.3675 30 C(8)-C(9) 1.3916 1.3834
10 C(13)-H(29) 1.0959 1.0845 31 C(9)-C(21) 1.0870 1.0766
11 C(13)-H(30) 1.0943 1.0836 32 C(7)-C(10) 1.5220 1.5217
12 C(13)-C(14) 1.5423 1.5351 33 C(10)-H(22) 1.0978 1.0868
13 C(14)-H(31) 1.0951 1.0849 34 C(10)-C(11) 1.5403 1.5347
14 C(14)-H(32) 1.0965 1.0866 35 C(11)-H(23) 1.0942 1.0849
15 C(14)-C(15) 1.5305 1.5271 36 C(11)-H(24) 1.0952 1.0860
16 C(15)-H(33) 1.0959 1.0864 37 C(11)-H(25) 1.0953 1.0857
17 C(15)-H(34) 1.0944 1.0851 38 C(10)-C(12) 1.5403 1.5347
18 C(15)-H(35) 1.0958 1.0863 39 C(12)-H(26) 1.0952 1.0860
19 N(39)-C(3) 1.2901 1.2608 40 C(12)-H(27) 1.0953 1.0857
20 C(3)-H(17) 1.0884 1.0751 41 C(12)-H(28) 1.0942 1.0849
21 C(3)-C(4) 1.4640 1.4739
Tablo 2. Molekltin B3LYP/ HF 6-31G(d,p) yontemlerine gore hesaplanan bag agilari (A)
Bag Acilar1 B3LYP HF Bag Acilar1 B3LYP HF
1 N(37)-C(1)-N(38) 111.302 111.178 32 C(3)-C(4)-C(9) 118.706 118.631
2 N(37)-N(36)-C(2) 114.510 113.689 33 C(4)-C(9)-H(21) 119.339 119.659
3 N(37)-N(36)-(16) 120.485 121.057 34 C(4)-C(5)-H(18) 119.039 119.472
4 H(16)-N(36)-C(2) 125.000 125.235 35 H(18)-C(5)-C(6) 120.616 120.211
5 N(36)-C(2)-O(40) 129.827 129.274 36 C(5)-C(6)-H(19) 119.359 119.145
6 0(40)-C(2)-N(38) 128.971 128.729 37 H(19)-C(6)-C(7) 119.097 119.390
7 N(38)-C(1)-C(13) 123.870 123.923 38 C(4)-C(9)-C(8) 120.835 120.871
8 N(37)-C(1)-C(13) 124.812 124.890 39 C(9)-C(8)-C(7) 121.013 120.897
9 C(1)-C(13)-C(14) 113.599 113.099 40 C(7)-C(6)-C(5) 121.544 121.465
10 C(1)-C(13)-H(29) 109.009 108.911 41 H(20)-C(8)-C(7) 119.886 120.157
11 C(1)-C(13)-H(30) 106.787 106.559 42 H(20)-C(8)-C(9) 119.101 118.946
12 H(29)-C(13)-H(30) 107.832 108.059 43 H(21)-C(9)-C(8) 119.827 119.470
13 H(29)-C(13)-C(14) 109.354 109.943 44 C(8)-C(7)-C(6) 117.839 117.889
14 H(30)-C(13)-C(14) 110.082 110.100 45 C(8)-C(7)-C(10) 121.500 121.637
15 C(13)-C(14)-H(31) 108.908 109.419 46 C(6)-C(7)-C(10) 120.661 120.474
16 C(13)-C(14)-H(32) 108.832 108.859 47 C(7)-C(10)-C(11) 111.760 111.883
17 H(31)-C(14)-H(32) 106.894 107.041 48 C(7)-C(10)-H(22) 106.966 106.927
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18 H(31)-C(14)-C(15) 109.959 109.742 49 H(22)-C(10)-C(11) 107.440 107.309
19 H(32)-C(14)-C(15) 109.948 109.747 50 H(22)-C(10)-C(12) 107.440 107.310
20 C(14)-C(15)-H(33) 111.261 111.101 51 H(23)-C(11)-H(24) 108.184 108.130
21 C(14)-C(15)-H(34) 111.096 110.896 52 H(23)-C(11)-H(25) 107.738 107.847
22 C(14)-C(15)-H(35) 111.350 111.287 53 H(24)-C(11)-H(25) 107.644 107.689
23 N(36)-C(2)- N(38) 101.202 101.997 54 C(10)-C(11)-H(23) 111.261 111.111
24 C(2)-N(38)-C(1) 108.404 108.136 55 C(10)-C(11)-H(24) 110576 110.446
25 C(2)-N(38)-N(39) 130.279 130.638 56 C(10)-C(11)-H(25) 111.290 111.474
26 C(1)-N(38)-N(39) 121.275 121.164 57 C(10)-C(12)-H(26) 110.561 110.447
27 N(38)-N(39)-C(3) 118.758 119.749 58 C(10)-C(12)-H(27) 111.311 111471
28 N(39)-C(3)-H(17) 121.903 122.174 59 C(10)-C(12)-H(28) 111.279 111.110
29 H(17)-C(3)-C(4) 117.840 117.292 60 H(26)-C(12)-H(27) 107.634 107.693
30 N(39)-C(3)-C(4) 120.257 120535 61 H(26)-C(12)-H(27) 108.172 107.693
31 C(3)-C(4)-C(5) 122,871 122.809 62 H(27)-C(12)-H(28) 107.735 107.845

3.2. Spektroskopik Ozellikleri
3.2.1. NMR Analizi

'H ve BC NMR kimyasal kayma degerleri gaz ortaminda ve DMSO ¢bziiciilii ortamda
DFT(B3LYP)/ HF metodlar1 ve 6-31G(d,p) temel seti kullanilarak hesaplanmistir. Hesaplama
sonucunda elde edilen kimyasal kayma degerleri deneysel degerler ile mukayese edilerek
regrasyon analizleri yapilmis ve R? degerleri elde edilmistir (Tablo 3). Bu veriler kullanilarak
regrasyon grafikleri olusturulmustur (Sekil 2). Gaz ve ¢oziicii (DMSO) faz ortaminda *C-
NMR sonuglarma gére R? degerleri 0.993/ 0.996 iken *H-NMR verilerine gore R? degerleri
0.802/ 0.920'dir.

Tablo 3. Molekiiliin **C/ *H-NMR deneysel ve teorik (B3LYP, HF, B3LYP (DMSO) ve HF
(DMSO0)) kimyasal kayma degerleri (8/ppm)

B3LYP/ Fark/ HF/ Fark/
No Deneysel B3LYP Fark DMSO DMSO HF Fark DMSO DMSO
C1 153.73 152.13 1.60 153,51 0.22 146.60 -145.00 148.54 5.19
Cc2 151.34 152.30 -0.96 153.04 -1.70 146.01 -146.97 146.75 4,59
C3 152.15 154.33 -2.18 155.08 -2.93 148.76 -150.94 149.73 2.42
C4 131.27 137.27 -6.00 136.28 -5.01 126.66 -132.66 125.59 5.68
C5 127.71 127.78 -0.07 127.36 0.35 123.14 -123.21 122.74 4.97
C6 126.94 132.17 -5.23 132.49 -5.55 123.34 -128.57 123.45 3.49
Cc7 146.86 154.62 -7.76 156.58 -9.72 148.00 -155.76 149.69 -2.83
Cc8 126.94 128.73 -1.79 129.36 -2.42 120.70 -122.49 121.06 5.88
C9 127.71 136.23 -8.52 136.53 -8.82 130.22 -138.74 130.59 -2.88
C10 33.44 47.63 -14.19 47.44 -14.00 29.47 -43.66 29.22 4.22
Ci11 23.54 33.16 -9.62 32.73 -9.19 20.27 -29.89 19.80 3.74
C12 23.54 33.06 -9.52 32.63 -9.09 20.28 -29.80 19.82 3.72
C13 26.75 38.73 -11.98 38.57 -11.82 24.38 -36.36 24.25 2.50
Cl4 18.94 33.16 -14.22 33.32 -14.38 17.35 -31.57 17.40 1.54
C15 13.47 24.14 -10.67 23.75 -10.28 12.25 -22.92 11.84 1.63
H16 11.85 7.94 391 8.41 3.44 7.17 -3.26 7.60 4.25
H17 9.69 11.08 -1.39 11.02 -1.33 10.28 -11.67 10.24 -0.55
H18 7.74 9.10 -1.36 9.14 -1.40 8.85 -10.21 8.91 -1.17
H19 7.38 8.08 -0.70 8.27 -0.89 7.74 -8.44 7.95 -0.57
H20 7.38 8.34 -0.96 8.54 -1.16 7.89 -8.85 8.10 -0.72
H21 7.74 8.22 -0.48 8.35 -0.61 8.05 -8.53 8.22 -0.48
H22 2.95 3.57 -0.62 3.71 -0.76 2.75 -3.37 2.92 0.03
H23 1.22 2.10 -0.88 2.06 -0.84 1.47 -2.35 1.41 -0.19
H24 1.22 2.10 -0.88 217 -0.95 1.48 -2.36 1.56 -0.34
H25 1.22 214 -0.92 2.18 -0.96 1.55 -2.47 1.60 -0.38
H26 1.22 2.09 -0.87 2.16 -0.94 1.48 -2.35 1.55 -0.33
H27 1.22 2.15 -0.93 2.20 -0.98 1.55 -2.48 1.60 -0.38
H28 1.22 211 -0.89 2.06 -0.84 1.48 -2.37 1.41 -0.19
H29 2.64 3.67 -1.03 3.77 -1.13 2.84 -3.87 2.98 -0.34
H30 2.64 3.18 -0.54 3.24 -0.60 2.50 -3.04 2.56 0.08
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H31 1.69 2.99 -1.30 2.94 -1.25 2.20 -3.50 2.16 -0.47
H32 1.69 2.34 -0.65 2.37 -0.68 1.65 -2.30 1.66 0.03
H33 0.96 1.90 -0.94 197 -1.01 1.34 -2.28 143 -0.47
H34 0.96 2.05 -1.09 2.07 -1.11 151 -2.60 1.52 -0.56
H35 0.96 1.84 -0.88 1.89 -0.93 1.29 -2.17 1.34 -0.38
180 12
160 *
» 140 '” i 10 .
% 120 4 3 “ n
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Sekil 2. Molekiiliin gaz fazinda ve DMSO ¢bziiciisiinde R? degerleri ve regrasyon analiz

grafikleri

3.2.2. FT-IR Analizi
Molekiilin HF/DFT metodlar1 ve 6-31G(d,p) temel seti ile hesaplanmig titresim

frekans degerlerinin isaretlenmesi Veda4f programinda yapilmistir. Titresim frekans degerleri

sirasityla B3LYP 6-31G(d,p) icin 0.8992 ve HF 6-31G(d,p) i¢in 0.9617 skala degerleri

(Merrick, 2007) ile garpilmis ve skalali titresim frekans degerleri elde edilmistir ve Tablo 4'de

verilmistir. Bu degerler ile teorik IR grafikleri olusturulmus ve deneysel grafik ile

kiyaslanmustir (Sekil 3). Deneysel titresim frekans degerleri 3210 (NH), 1687 (C=0), 1633,

1578 (C=N) cm? literatiirden almmstir ve teorik degerler ile karsilastirilmustir. Teorik
DFT/HF icin N-H piki 3557/3556; C=0 piki 1751/1771; C=N piki 1614, 1587/ 1711, 1635

cm? olarak hesaplanmistir. DFT(B3LYP) ile hesaplamalar sonucunda elde edilen IR verileri

ile deneysel verilerin daha uyumlu oldugu gorilmiistiir.

Tablo 4. Molekiiliin titresim tiirleri ve frekanslar

TiTRESIM TURLERI skalali dft skalali hf
1 1NCCC(33), T CCCC(27) 19 15
2 TNCNN(22), t NNCN(15), T CCCC(11) 31 29
3 8 NCC(17), 8 CCC(10), 1 CCCN(20) 39 36
4 TNCCC(21), T CCCC(22) 48 47
5 T CNNC(19), Tt CCCN(11) 67 66
6 8 CCC(10), 1 CCCN(15), T CNNC(11) 79 76
7 THCCN(19), Tt CCCN(54) 90 88
8 TNCNN(16), 1 CCCC(11), T NNCN(12), t CNNC(14) 99 101
9 5 CCC(10), t NCCC(17), Tt CNNC(23), t CCCC(17) 142 129
10 8 CNN(14), 5 CCC(27) 164 164
11 v CC(18), 8 NNC(10) 171 171
12 8 CCC(16), 1 CNNC(45) 199 195
13 THCCC(26) 224 212
14 THCCC(49) 229 227
15 5 CCC(10), t HCCC(15), T NCNN(11) 236 231
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3.2.3. UV-vis Analizi

Molekullin elektron absorpsiyon spektroskopisi etanol ¢ozicisinde DFT (B3LYP)/HF
metodlar1 ve 6-31G(d,p) temel seti ile teorik olarak caligilmistir. UV-vis teorik grafikleri
cizilerek deneysel grafik ile mukayese edilmistir (Sekil 4). Ayrica absorpsiyon dalga boylar1

hesaplanarak deneysel degerler ile kiyaslanmistir ve uyarilma enerjileri hesaplanmistir.

UV-VIS Spectrum
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311.43/237.37 3.9812/5.2231
274.83/214.00 4.5113/5.7935
269.90/192.54 4.5937/6.4395

Sekil 4. Molekulun deneysel ve teorik (B3LYP, HF) UV-vis spektrumlari ve degerleri

3.3. HOMO-LUMO Engjileri ve Elektronik Ozellikleri

"HOMO" yiksek enerjili dolu molekiler orbitalin enerjisini ifade ederken, "LUMO"
diisiik enerjili bos molekiiler orbitalin enerjisini ifade eder. Bu iki orbitalin enerjileri iki metod
ve temel set ile hesaplanarak aralarindaki enerji farki "AEg" degeri bulunmustur. AEg degeri

molekiiliin kararliligini ifade eder ne oranda diisiikse o kadar kararlidir. Bu deger B3LYP 6-
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31G(d,p) icin 4.38 eV ; HF 6-31G(d,p) icin 10.82'dir (Sekil 5). Ayrica, HOMO- LUMO enerji

degerlerinden yararlanarak molekiiliin bazi elektronik Ozellikleri elektron ilgisi (A),

iyonlagma potansiyeli (1), elektronegativite (x), kimyasal potansiyel (Pi), elektrofilik indeks

(w), nikleofilik indeks (IP), molekiiler yumusaklik (S), molekiler sertlik (n) hesaplanmistir

ve Tablo 5'de verilmistir.

LUMO: 2.459 ¢V

AEg:10.82 eV

HOMO: 8.370 eV JJ J

Sekil 5. Bilesigin B3LYP, HF 6-31G(d,p) seviyesine gére HOMO-LUMO enerjileri

Tablo 5. Bilesigin B3LYP, HF 6-31G(d,p) temel setleri ile hesaplanmis elektronik

ozellikleri
Hartree ev kcal/mol KJ/mol

LUMO -0,05441 -1,48053 -34,1424 -142,853

HOMO -0,21537 -5,86037 -135,145 -565,454
A Elektron ilgisi 0,05441 1,48053 34,1424 142,853
| Iyonlasma potansiyeli 0,21537 5,86037 135,145 565,454
AE Enerji farki 0,16096 4,37983 101,003 422.6
X Elektronegativite 0,13489 3,67045 84,6439 354,154
Pi Kimyasal potansiyel -0,13489 -3,67045 -84,6439 -354,154
) Elektrofilik indeks 0,000732179 0,01992 0,45944 1,92234
IP Nikleofilik indeks -0,01085595 -0,2954 -6,81214 -28,5023
S Molekiiler yumusaklik 12,4254 338,105 7797,01 32623
n Molekiler sertlik 0,08048 2,18992 50,5014 211,3

3.4. Mulliken Yk, Dipol

Moment ve Toplam Enerji

Molekiiliin sahip oldugu atomlarin mulliken yiik degerleri HF/ B3LYP 6-31G(d,p)' de

hesaplanmistir. Gorlilmistiir ki, etrafi elektronegatif atomlar ile ¢evrili olan C1, C2, C3, C4

atomlar1 pozitif yiiklii iken, diger karbon atomlar1 negatif yiikliidiir. Molekiilde bulunan
hidrojen atomlar1 pozitif (H16-H35) yuklidir. Elektronegatif atomlar olan N36-N39 ve O40
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atomlar negatif yiikliidiir. (Tablo 6). Ayrica molekiiliin toplam enerjisi ve dipol moment

degerleri de hesaplanmistir (Tablo 7).

Tablo 6. Bilesigin B3LYP/HF 6-31G(d,p) temel setleri ile hesaplanmis mulliken yik

degerleri
DFT HF DFT HF
c1 0522 0.601 H21 0.095 0.164
c2 0.815 1.051 H22 0.090 0.124
c3 0111 0.178 H23 0.109 0.122
c4 0.084 -0.085 H24 0.102 0.114
C5 -0.097 -0.112 H25 0.102 0.110
C6 -0.141 -0.176 H26 0.104 0.114
c7 0.150 0.022 H27 0.104 0.110
cs -0.128 -0.156 H28 0.110 0.122
Co -0.127 -0.144 H29 0.124 0.151
c10 -0.131 -0.153 H30 0.125 0.157
ci1 -0.305 -0.314 H31 0.120 0.140
C12 -0.305 0314 H32 0.107 0.128
c13 0212 -0.241 H33 0.105 0.113
c14 -0.184 -0.232 H34 0.106 0.121
Ci5 -0.320 -0.339 H35 0.106 0.115
H16 0.287 0.338 N36 -0.435 -0.567
H17 0.157 0.228 N37 -0.342 -0.353
H18 0.104 0.176 N38 -0.418 -0.627
H19 0.083 0.149 N39 -0.323 -0.329
H20 0.085 0.152 040 -0.542 -0.659

Tablo 7. Bilesigin B3LYP, HF 6-31G(d,p) temel setleri ile hesaplanmis dipol moment ve

toplam enerji degerleri

Dipol Moment (Debye) B3LYP HF
x 1.7606 2.2219
Iy 1.7470 2.0467
Nz 1.6259 1.8241
WToplam 2.9657 3.5289
Enerji (a.u.) -877.892 -872.345

3.5. Yiizey Haritalan

Molekiiliin toplam yogunluk, elektrostatik yiizey potansiyeli (ESP), molekiiler elektron
potansiyeli (MEP) ve elektron yogunlugu ile elektron potansiyel yogunlugu gibi kontur
haritalar1 belirlenmistir. Bu yiizey haritalarindan 6zellikle MEP haritasina bakarak molekiiliin
yik dagilimmi ve yiik yogunlugunu, elektronegatif ve pozitif bolgelerini belirlememiz
miimkiindiir. Yapida bulunan elektronegatif atomlarin ¢evresi kirmizi renkte, 6zellikle N-H
protonunun bulundugu bdlge mavi renkte, diger bolgeler ise sar1 veya yesil renktedir. Yiizey
haritalarinda ki bu renk farkliliklar1 molekiildeki niikleofilik ve elektrofilik atomlarin varhigini

gosterir.
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Sekil 6. Bilesigin B3LYP 6-31G(d,p) seviyesine gore yiizey haritalar1

4. TARTISMA VE SONUC
3-(n-Propil)-4-(4-izopropilbenzilidenamino)-4,5-dihidro-1H-1,2,4-triazol-5-on

molekiiliinin  Gaussian 09W programmnda DFT/HF 6-31G(d,p) yontemleri ile teorik
hesaplamalar1 yapilmistir. Bu hesaplamalar sonucunda parametreler degerlendirilmistir.
13C/*H-NMR hesaplamalarinin sonucunda deneysel veriler ile uyumlu oldugu ve *C-NMR
gaz ve ¢oziicii (DMSO) fazinda ortammda R? degerinin 1'e yakmn bir degerde oldugu
bulunmustur bu sonu¢ da molekiilin *C-NMR hesaplamalarinda kararli oldugunu
gOstermistir ve regresyon grafigi dogrusaldir. 'H-NMR regrasyon analiz sonuglarinda ise
sapmanin ¢cok az oldugu gozlenmistir, deneysel olarak N-H protonu 11.85 ppm
araligindayken, teorik olarak hesaplanan degerler B3LYP(vakum)/ B3LYP(DMSO) i¢in 7.94/
8.41 ppm'de, HF(vakum)/ HF(DMSO) igin 7.17/ 7.60 ppm'de gézlenmistir. Bunun sebebi
olarak N-H protonunun asidik karakterde olmasini gosterebiliriz. Infrared analiz
hesaplamalarinda ise negatif titresim frekansina rastlanmamistir bu sonugta yine molekiiliin
kararli oldugunu gostermektedir. Ayrica DFT(B3LYP) metodu ile yapilan IR
hesaplamalarindan elde edilen titresim frekans degerlerinin deneysele daha yakin oldugu
sonucuna varilmigtir. HOMO-LUMO eneji degerleri ve farki hesaplanmistir. Geometrik,
elektronik, termodinamik ve yapisal 6zellikleri incelenmistir. Yiizey haritalarindan elektron

dagilimma bakilmigtir. Farkli iki metot DFT ve HF verileri kendi aralarinda, literatiirden
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aliman verilerle mukayese edilmistir ve daha kapsamli bir metod olan DFT'nin B3LYP
fonksiyonu ile yapilan spektroskopik (**C/ H-NMR) hesaplama sonuglarmin literatiire

yakinliginin HF'a nazaran fazla oldugu goriilmiistiir.
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Oz: Bu ¢alismada Co(II), Cu(Il) ve Ni(II) metallerinin 4-karboksibenzaldehit ve pirazin ile lic adet kompleksi
sentezlendi. [M(CgHs03)2(CsHaN2)(H20)2]n (Co(ll), Cu(ll), Ni(Il)) kapali formiiline sahip es yapili olan
komplekslerin yapisi elementel analiz ve FT-IR spektroskopisi sonucunda karakterize edildi. Yapilar1 karakterize
edilen komplekslerin Pseudomonas aeruginosa (ATCC 27853), Klebsiella pneumoniae (ATCC 4352), ve
Escherichia coli (ATCC 25922), gram pozitif Staphylococcus aureus (ATCC) 6538) bakteri tiirlerine kars

antibakteriyel 6zellikleri arastirilmistir.

Anahtar Kelimeler: Gegis Metalleri, 4-karboksibenzaldehit, Pirazin, Antibakteriyel

Synthesis, Spectroscopic and Antibacterial Properties of Pyrazine Complexes
of Co (I1), Cu (I1) and Ni (I1) 4-carboxybenzaldehyde

Abstract: In this study, three complexes of Co(ll), Cu(ll) and Ni(ll) metals with 4-carboxybenzaldehyde and
pyrazine were synthesized. The structure of the complexes having the formula [M(CgHs03)2(CsHsN2)(H20)2]n
(Co(I1), Cu(ll), Ni(I)) was characterized by elemental analysis and FT-IR spectroscopy. The antibacterial
properties of complexes characterized in their structures against bacterial species Pseudomonas aeruginosa
(ATCC 27853), Klebsiella pneumoniae (ATCC 4352), ve Escherichia coli (ATCC 25922), gram positive
Staphylococcus aureus (ATCC) 6538) were investigated.

Keywords: Transition Metals, 4-carboxybenzaldehyde, Pyrazine, Antibacterial

1. GIRIS

Tiim canlilar i¢in tehdit unsuru olan zararli mikroorganizmalarin hizla ¢ogalmalar1 bu
mikroorganizmalar i¢in belirli 6nlemler alinmasina neden olmustur. Bu dnlemlerin basinda
antibiyotiklerin ve antimikrobiyal maddelerin kullanimi yer almaktadir. Fakat bakteriler

antibiyotik ve antimikrobiyal maddelere karsi zamanla direng kazanmaktadir. Bakterilerin
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kullanilan maddelere kars1 direng kazanmasi tiim canlilar1 bakterilerin yol actig1 hastaliklara
kars1 direngsiz birakmaktadir (Lode, 2009; Janovska et al., 2011). Bu sebepten dolay1
aragtirmacilar yeni antimikrobiyal maddelerin sentezi igin strekli olarak caba
harcamaktadirlar. Yeni antimikrobiyal maddelerin sentezi konusunda koordinasyon
bilesiklerinin ¢ok genis kullanim alanlarina sahip olmasi arastirmacilarin bu bilesiklere olan
ilgisini artirmaktadir. Ozellikle koordinasyon kimyasinda metal-ligand tasarimlar1 6nem
kazanmaya baslamistir. Metal-ligand tasarimlariyla istenilen &zelliklerde komplekslerin
tasarlanmas1 ve sentezlenmesiyle hedeflenen kimyasal ve fiziksel ozelliklere sahip
koordinasyon bilesikleri elde edilmektedir (Desiraju, 1989; Saha et al., 2018).

Diazin tiirevleri antimikrobiyal 6zellige sahiptir. Diazin tiirevleri yiiksek ¢oziintirliige
sahip olmasi1 ve kolayca koordinasyona girmesi tercih edilen bir liganddir. Diazin
tiirevlerinden biri olan pirazinin yapisinda benzen halkasinin 1 ve 4. pozisyonlarinda karbon
atomu yerine azot atomu bulunmaktadir. Pirazin molekiili, manyetik, gaz adsorpsiyonu,
fotoluminesans 0zellikleri ve antibakteriyel, antifungal, antienflamatuvar, antikanser,
antidiyabetik, antiviral benzeri farmakoloji uygulamalar1 gibi bir¢ok alanda yer alan ¢ok
yonlii organik bilesik olarak kabul edilir (Ferreira and Kaiser, 2012; Miniyar et al., 2013;
Heine et al., 2014; Dolezal and Zitko, 2015). Pirazin kompleksleri hem biyolojik
aktivitelerinin yiiksek olmasi hem de fiziksel uygulama alanlar1 sebebiyle bir¢ok arastirmaya
konu olmaktadir. Bunun yaninda, benzoik asit ve tuzlari, biyolojik aktiviteleri ve toksik
olmamalar1 nedeniyle gida ve farmasotik preparatlarda uzun yillar koruyucu ajanlar olarak
kullanilan en basit aromatik bilesiklerdir (Z. Laczkowski et al., 2016). Co(ll), Cu(ll) ve Ni(ll)
benzoik asit ve tlirevlerinin komplekslerinin antibakteriyel 6zellik gosterdigi bilinmektedir
(Venkateswarlu et al., 2019; Cinarl et al., 2019; Ishak et al., 2019; Keypour et al., 2019;
Yousefet al., 2019; Arora et al., 2020; Rambabu et al., 2020; Ziilfikaroglu et al., 2020).

Bu ¢aligmada potansiyel antibakteriyel 6zellik gdsterecegi diisiiniilen ii¢ kompleksin
elementel analiz ve infrared spektroskopisi kullanilarak tahmini yapist belirlenmistir
Sentezlenen komplekslerin Kklinik 6nemi olan patojen Pseudomonas aeruginosa (ATCC
27853), Klebsiella pneumoniae (ATCC 4352), ve Escherichia coli (ATCC 25922), gram
pozitif Staphylococcus aureus (ATCC) 6538) bakterilerine karsi antimikrobiyal aktiviteleri
tespit edilmistir
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2. MATERYAL VE METOT
2.1. Kullanilan Kimyasallar ve Cihazlar

Komplekslerin  sentezinde, kobalt(ll) silfat (CoSOs7H20), bakir(Il) siilfat
(CuSO45H20) nikel(1l) sulfat (NiSO46H2.0) (Merck), sodyum bikarbonat, 4-
karboksibenzaldehit ve pirazin (Sigma-Aldrich) kullanilmistir. Komplekslerin Infrared
spektrumlar1 Bruker Alpha-P FT-IR spektrometresiyle kaydedildi. Sentezlenen Kkati
komplekslerin IR spektrumlar1 400-4000 cm™ araliginda kaydedildi. C, H ve N elementlerinin
analizlert LECO CHNS 932 Elementel Analiz cihazi yardimiyla belirlendi.

2.2. Komplekslerin Sentezi

Sodyum 4-karboksibenzaldehit eldesi icin 100 mL saf su igerisine 4-
karboksibenzaldehit (3,00 g, 20 mmol) ve sodyum bikarbonat (1,68 g, 20 mmol) eklendi.
Tepkime esnasinda olusan karbondioksit ortamdan tamamen uzaklasincaya kadar 60 °C’de
karistirilarak 1sitildi.

Daha sonra ayr1 ayr1 beherlerde CoSO4.7H20 (2,81 g, 10 mmol), CuSO4.5H.0 (2,50
g, 10 mmol) ve NiSO..6H.0 (2,63 g, 10 mmol) metal siilfatlarin 30 mL saf suda ¢6zeltisi
hazirland1 ve ayr1 bir beherde pirazin (0,8 g, 10 mmol) 50 mL suda tamamen ¢oziindiikten
sonra Metal sulfat cozeltileri Gzerine ilave edildi. Olusan karigimin iizerine daha onceden
hazirlanan sodyum 4-karboksibenzaldehit ¢ozeltisi ilave edildi. Oda sicakliginda bekletilen
cozeltiler kristallenene kadar bekletildi. Bir hafta sonunda pembe renkli (Co kompleksi), yesil
renkli (Cu kompleksi) ve yesil renkli (Ni kompleksi) tek kristaller olustu. Olusan kristaller

stiziilerek saf suyla yikandi ve oda sicakliginda kurutuldu.

2.3. Komplekslerin Antimikrobiyal Aktivitesinin Belirlenmesi

Sentezlenen komplekslerin antibakteriyel aktivitesi belirlemek gram negatif
Pseudomonas aeruginosa (ATCC 27853), Klebsiella pneumoniae (ATCC 4352), ve
Escherichia coli (ATCC 25922), gram pozitif Staphylococcus aureus (ATCC) 6538)
bakterilerine kars1 agar kuyucuk diflizyon yontemi kullanildi. Mikroorganizmalar
Mikrobiyolojik Cevre Koruma firmasindan temin edilerek Kafkas Universitesi Miihendislik
Mimarlhk Fakiiltesi Kimya Miihendisligi Arastirma Laboratuvarlari’nda ¢ogaltildi.
Antimikrobiyal aktivite icin besiyeri olarak Muller Hinton Agar (MHA), kullanildi
Mikroorganizmalar c¢aligmaya baslamadan O©nce stoklardan alinarak Muller Hilton
Besiyerinde (MHB) asilanarak aktivasyonu saglandi. Aktiflestirme i¢in 24 saat 37 °C’lik

inkiibasyon yapildi. Bakteriler steril olarak hazirlanan petri kaplarina, 0,5 McFarland
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standard: ile standardize edilerek asilandi. Bakteri asilanan petri kaplarina sterilize edilmis
cam c¢ubuk yardimi ile 4 mm ¢apinda kuyucuklar acildi. Sentezlenen komplekslerden 0,05 g
alinarak 5 mL DMSO igerisinde ¢oziinerek homojen ¢ozeltiler hazirlandi ve otomatik pipet
yardimi ile 4 mm ¢apinda acgilmis olan kuyucuklara stoklardan 50 pl’lik kisimlar halinde
enjekte edildi. Inhibisyon zon ¢aplarmin belirlenmeden 6nce 18-24+2 saat siire ile 37+1 °C de
inklibe edildi (Yildiz et al., 2017; Sertcelik et al., 2018). Ayrica c¢aligmalarda standart
antibiotik olarak Ampisilin X3261, Neomisin X3385 ve Streptomisin X3385 kullanildi.
Inkiibasyon sonras1 kuyucuklarin etrafinda meydana gelen inhibisyon zon ¢aplar1 mm

cinsinden Olgiilerek hesaplamalar yapilda.
3. BULGULAR
3.1. Elemental Analiz

Sentezlenen komplekslerinin elementel analiz sonuglar1 Tablo 1’de verilmistir.

Tablo 1. Komplekslerin elementel analiz verileri

KOMPLEKS %C %H %N
Deneysel-Teorik  Deneysel-Teorik  Deneysel-Teorik

1 49.92-50.75 3.08-3.83 5.74-5.92

2 48.25-50.26 2.92-3.80 4.25-5.86

3 49.85-50.78 3,43-3.84 5.62-5.92

3.2. Infrared Spektrumu

Komplekslerin FT-IR spektrumlar1 Sekil 1-3’te, pik degerleri Tablo 2’de verilmistir.
Sentezlenen tiim komplekslerin yapisindaki su molekiillerinin O-H grubundan kaynaklanan
pikler 3500-3300 cm™ arahiginda gozlemlenmistir. O-H grubu absorpsiyon pikleri literatiirde
yayvan pikler olarak bilinmektedir. Bu piklerin keskin pikler olarak gorilmesinin nedeni
molekiil i¢i ve molekiiller arasi hidrojen baglar1 varligin1 gostermektedir. Benzen ve pirazin
halkalarina ait olan aromatik C-H pikleri ise 3100-3000 cm™ arahiginda kaydedilmistir.

Aldehit grubu C=0 titresimleri kompleksler i¢in sirastyla 2725 (1), 2728 (2) ve 2726
(3) cm? de gozlenmistir. Aldehit grubu pikleri genel olarak bu bdlgede goriilmektedir. Pik
degerlerinde de biiyiik bir kayma gergeklesmediginden aldehit grubunun koordinasyona
katilmadig1 sdylenebilir.

Pirazin halkast C-N gruplar1 i¢in gerilme ve egilme absorpsiyon bantlar1 1540-1202
(1), 1555-1201 (2) ve 1542-1203 (3) cm™*’de gozlemlenmistir.
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Komplekslerin karboksil grubu COO" asimetrik ve simetrik titresimleri sirasiyla 1590-
1389 (1), 1597-1363 (2) ve 1590-1391 (3) cm™’de gozlenirken karboksilik aside ait C=0O
absorpsiyon piklerinin kaybolmasi karboksilik asidin karboksilat grubu oksijen atomlar1
tizerinden koordine oldugunu dogrulamaktadir. Karboksil grubuna ait asimetrik ve simetrik
titresimleri arasindaki farktan hesaplanan Av(COO") degerleri, inorganik komplekslerin
karakterizasyonunda monodentat, selat bidentat, kdprii, vb. gibi karboksilat koordinasyon
tipinin belirlemek i¢in bir kriter olarak kullanilmistir. Genel olarak, iki degerlikli metal
karboksilatlar i¢in asidin sodium tuzu ile kiyaslanmasi durumunda su siralama Onerilmistir:
AVmonodentat™>AViyonik> AVkepri™>> AUselat. Ayrica literatiirde genel olarak Av(COO") degeri 200
cm?’den biiyiikkse monodentat oldugu bildirilmistir. Hesaplanan Av(COO") degerlerinden
komplekslerin tamaminin monodentat olarak baglandigi tahmin edilmistir (Nakamoto, 2006).
Sentezlenen komplekslerin Me-O absorpsiyon titresimleri 470 (1), 483 (2) ve 482 (3) cm™’de;
Me-N absorpsiyon titresimleri ise 688 (1), 688 (2) ve 700 (3) cm™’de goriilmiistiir (Ozbek et
al., 2017; Sertgelik et al., 2018; Yildirim et al., 2019).

Tablo 2. Sentezlenen komplekslerin FT-IR Spektrumlar

1 2 3
w(O-H) 3576 3597 3575
var(C-H)arom 3100-3000  3100-3000  3100-3000
V(C=0)aidehit 2725 2728 2726
V(CN)pirazin 1540 1555 1542
W(COO)as 1590 1597 1590
W(COO);s 1389 1363 1391
AV(COO) 201 232 199
V(CN)pirazin 1202 1201 1203
var(C-H) 1127 1122 1126
v(Me-O) 470 483 482
v(Me-N) 688 688 700
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3.3. Yapilarin Degerlendirilmesi
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Es yapili olan 1, 2 ve 3 komplekslerinde metal atomu ¢evresinde monodentat

baglanmisg iki 4-karboksibenzaldehit anyonunun karboksilat oksijen atomlari, iki koordine su

molekilinden gelen iki oksijen atomu ve iki koprl pirazin molekiiliiniin azot atomlar1 ile

hafif bozunmus oktahedral geometri olusmaktadir. Pirazin molekiilii metal atomlar1 arasinda

koprii gorevi gorerek polimerik yapi olusturmaktadir. (Sekil 4) (Celik et al., 2014a; Celik et
al., 2014b; Askin et al., 2015).
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Sekil 4. Kompleksinin Yapis1 (M: Co, Cu ve Ni) (Celik et al., 2014a; Celik et al., 2014b;
Askin et al., 2015)

3.4. Komplekslerin Antibakteriyel Etkileri

Komplekslerin antibakteriyel uygulamalar1 yapilmis inkibasyon sonrasi zon caplari
goriintiilenmis ve zon c¢aplar1 milimetre olarak ol¢iilmiistiir. Bakterilerin zon ¢aplar1 Tablo
3’de verilmistir. Zon ¢aplarma baktigimizda Pseudomonas aeruginosa, Klebsiella
pneumoniae, Escherichia coli ve Staphylococcus aureus bakterilerine karsi her kompleksin
farkl etki gosterdigi goriilmektedir. Pseudomonas aeruginosa’ya kars1 kompleksler sirasiyla
18 (1), 10 (2) ve 12 (3) mm zon ¢ap1 olusturmustur. Klebsiella preumoniae’ya karsi
kompleksler sirasiyla 10 (1), 9 (2) ve 0 (3) mm zon ¢ap1 olusturmustur. Escherichia coli’ya
kars1 kompleksler sirasiyla 12 (1), 7 (2) ve 0 (3) mm zon ¢ap1 olusturmustur. Staphylococcus
aureus karsi kompleksler sirasiyla 18 (1), 11 (2) ve 15 (3) mm zon ¢ap1 olusturmustur.

Bu sonuglara gore sentezlenen polimerik komplekslerin tamami Pseudomonas
aeruginosa ve Staphylococcus aureus’a karsi antibakteriyel 6zellik gostermektedir. Klebsiella
pneumoniae’ya Ve Escherichia coli’ye karst 1 ve 2 kompleksi antibakteriyel 06zellik
gosterirken 3 kompleksi antibakteriyel 6zellik gostermemektedir. Her bir kompleksi
olusturdugu inhibisyon zonlarmma goére: 6 mm antibakteriyel etki yok; 6-15 mm zayif

antibakteriyel etki; 15-20 mm iyi antibakteriyel etki; 20-25 mm ¢ok iyi antibakteriyel etki
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referans araliklartyla degerlendirdigimiz zaman (Al-Majidi, 2014), 1 kompleksi Pseudomonas
aeruginosa, Klebsiella pneumoniae, Escherichia coli ve Staphylococcus aureus’a karsi iyi
derecede antibakteriyel etki goOstermektedir; 2 kompleksi Pseudomonas aeruginosa,
Klebsiella pneumoniae, Escherichia coli ve Staphylococcus aureus’a karsi zayif derecede
antibakteriyel etki gostermektedir ve 3 kompleksi Pseudomonas aeruginosa ve
Staphylococcus aureus’a kars1 zayif derecede antibakteriyel etki gostermekteyken, Klebsiella

pneumoniae ve Escherichia coli ye kars1 bir direng gosterememektedir.

Tablo 3. Komplekslere ait antibakteriyel zon ¢aplari (mm)

Bakteriler
Kompleksler P. K. pneumoniae E. coli S. aureus
Aeruginosa
1 18 10 12 18
2 10 9 7 11
3 I e 15
Ampisilin X3261 36 35 34 37
Neomisin X3385 17 16 16 13
Streptomisin X3385 12 11 10 21

4. TARTISMA VE SONUC

Sentezlenen metal (I1) 4-karboksibenzaldehit ve pirazin igeren karisik ligandli
komplekslerinin yapilarmin es yapili oldugu FT-IR spektroskopisi ve elementel analiz
sonuglart ile desteklendi. Es yapili ii¢ polimerik bilesigin ayni zamanda antibakteriyel
Ozellikleri arastirildi.

Sonug olarak sentezlenen komplekslerin genel olarak iyi bir antibakteriyel etkiye sahip
oldugu klinik patojen bakteriler iizerinde antibakteriyel etkilerinin oldugu tespit edilmistir.

P. Aeruginosa’ya kars1 kompleks 1’in standart antibiyotik olarak kullanilan Neomisin
X3385 kadar iyi antimikrobiyal etki gdsterdigi, kompleks 2 ve kompleks 3’lin daha az etkili
oldugu goriilmektedir.

K. pneumoniae’ya kars1 antimikrobiyal etkilerine bakildiginda kompleks 1 ve 2’nin
antimikrobiyal etki gdsterdigi fakat standart antibiyotiklerin gosterdigi etkinin altinda kaldig1
gorulmektedir.

E. coli’'ye karsi Kompleks 1’in kullanilan standart antibiyotiklerden Streptomisin
X3385 kadar iyi etki gosterdigi, kompleks 2°nin daha zayif bir etki gdsterdigi ve kompleks

3’lin bir etkisinin olmadig1 goriilmektedir.
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S. aureus’a kars1 kompleks 1 ve 3’lin standart antibiyotik olarak kullanilan Neomisin
X3385’den daha iyi etki gosterdigi, kopmleks 2’nin ise Neomisin X3385’¢ yakin bir etki
gosterdigi goriilmektedir.

Komplekslerin antibakteriyel inceleme sonuglari, yaygin patojen bakterilere karsi
kullanilan antibiyotiklere alternatif olabilecegini gdstermistir. Bilim diinyasi i¢in antibiyotik
direncinin 6nemli bir sorun teskil etmesinden dolay1 literatiire yapilar1 ve antibakteriyal
ozellikleri belirlenen li¢ kompleksin yeni ilag etken malzemesi olarak ileri klinik arastirmalar

ile incelenebilecegi dnerilmektedir.
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Oz: Anne ve bebek sagligmnda énemli yeri olan dogum ve dogum sonu dénemde kadinlarin, ebe ve hemsirelerden
aldiklar1 bakimdan memnuniyet diizeylerini degerlendirmek, verilen bakimin kalitesini arttirmak i¢in 6nem arz
etmektedir. Bu nedenle bu ¢alisma, bakimin annelerin ihtiyaglarna yonelik planlanmasina, verilen dogum sonrasi
bakima yonelik annelerin memnuniyet durumlarmnin ortaya koyulmasi ile eksikliklerin giderilmesine, mesleki
gelisme ve ebelik/ hemgirelik hizmetlerinin daha etkin planlanmasma yarar saglamasi amaciyla yapilmistir. 17
Aralik 2016-17 Subat 2017 tarihleri arasinda doguda bir ilde bulunan bir devlet hastanesinin dogum sonrasi
kliniklerinde gergeklestirilen bu tanimlayici ¢aligmanin 6rneklemini 230 lohusa olusturdu. Arastirmanin verileri
anket formu ve Newcastle Hemsirelik Bakimi Memnuniyet Olgegi kullamlarak toplandi. Verilerin analizinde
tanimlayicr istatistikler (frekans, yiizde, ortalama, standart sapma), ki kare testi, t testi, Mann Whitney U testi,
Kruskal Wallis testi kullanildi. Calismamizda kanama kontrolii (p=0,002<0,05), agr1 kontrolii (p=0,000<0,05),
giyinmesine yardimect olma (p=0,005<0,05), bebek ve annelerin problemleriyle ilgilenme (p=0,000<0,05),
emzirme (p=0,001<0,05), kabizlik (p=0,022<0,05), meme bakimi (p=0,000<0,05), evde kanama (p=0,018<0,05),
evde bebek bakimi (p=0,043<0,05) hakkinda bilgilendirilen annelerin memnuniyetlerinin yiiksek oldugu
belirlendi. Annelerin Newcastle Hemsirelik Bakimi Memnuniyet Olgegi puan ortalamasmin 70,50+21,20 oldugu
belirlendi. Annelere verilen ebelik/hemsirelik bakimmmn; dikislerinin kontrolii, perine bakimi, hijyen
gereksiniminin karsilanmasi, kabizlik ve giyinmesine yardimcr olma konularinda, taburculuk egitiminde bebek
bakimi, bebegin kontrollerinin énemi, bebegin hijyeni, evde kanama, dogum sonu evde bakim, aile planlamasi,
dogum sonu egzersizler ve ruhsal degisiklikler benzeri konularda yeterli olmadigi sonucuna varilmistir. Bu
konularda yeterli ebelik/hemsirelik bakimi almamalarina ragmen annelerin bakimdan memnun olduklart
gorillmiistir. Bu sonuglara dayanarak bakim ve danismanlikta gorev alan tiim ebe/hemsirelere kanit temelli
uygulamalar 1s18mnda hizmet i¢i egitim programlarmnin planlanmasi ve dogum sonu kliniklerde yatan annelerin

bakim memnuniyetlerinin diizenli araliklarla degerlendirildigi ¢alismalarin yapilmasi 6nerilmektedir

Anahtar Kelimeler: Anne, Dogum, Dogum Sonu Dénem, Ebelik/Hemsirelik Bakimi, Memnuniyet

Ozlem KARABULUTLU :  ORCID:https://orcid.org/ 0000-0001-7477-3450
Canan YAVUZ ORCID:https://orcid.org/ 0000-0003-4661-2929

Sorumlu Yazar/Corresponding Author E-mail: okarabulutlu@gmail.com

182


mailto:okarabulutlu@gmail.com

Karabulutlu & Yavuz / Caucasian Journal of Science 6 (2), (2019), 182-199

Evaluation of Satisfaction Levels of Mothers’ Midwifery/Nursing Care Given
in The Postpartum Period

Abstract: It is important to evaluate the level of satisfaction of women from midwives and nurses in terms of
maternal and infant health, and to improve the quality of care provided during the delivery and postpartum period.
For this reason, this study is made with the aim of providing care for the planning of care for the needs of the
mothers, the satisfaction of the mothers for the postnatal care given, the elimination of deficiencies, and the more
effective planning of professional development and midwifery/nursing services. This descriptive study was
conducted between 17 December 2016- 17 February 2017 at the Department of Obstetrics and Gynecology in
State Hospital in a province in the east. The sample included 230 postpartum women. A questionnaire form and
Newecastle Nursing Care Satisfaction Scale were used to collect data. The results were analyzed using descriptive
statistical methods (frequency, percentage, mean, and standard deviation), X2, t, Mann Whitney U, Kruskal Wallis
test. In our study, bleeding control (p=0.002<0.05), pain control (p=0.000<0.05), helping to dress (p=0.005<0.05),
taking care of the problems of babies and mothers (p=0.000<0, 05), breastfeeding (p=0.001<0.05), constipation
(p=0.022<0.05), breast care (p=0.000<0.05), bleeding at home (p=0.018<0.05), at home It was determined that the
mothers who were informed about infant care (p=0.043<0.05) had high satisfaction. The average score of
Newcastle Nursing Care Satisfaction Scale of the mothers was 70.50 +21.20. Midwifery/nursing care given to
mothers; suture control, perineal care, meeting hygiene requirements, constipation and dressing issues, baby care
in discharge education, the importance of baby controls, baby hygiene, bleeding at home, postpartum home care,
family planning, postpartum exercises and mental changes are not enough was concluded. Although they did not
receive adequate midwifery/nursing care, mothers were satisfied with the care. Based on these results, it is
recommended that all midwives/nurses involved in care and counseling should plan in-service training programs
in the light of evidence-based practices and conduct studies to evaluate the care satisfaction of mothers in
postpartum clinics at regular intervals.

Keywords: Mother, Birth, Postpartum Period, Midwifery/Nursing Care, Satisfaction

1. GIRIS

Ureme ¢agmin temelde fizyolojik 6zelligi olan gebelik, dogum ve lohusalik dénemleri
kadmn igin bazi riskleri de beraberinde getirebilmektedir (Aslan ve Ozcan, 2015). Dogum,
kadinlarm saglik kuruluslarina en sik bagvuru nedenlerindendir. Bunun i¢in dogum evresinde
ve dogum sonu donemde kadinlarin saglik personelinden aldiklar1 bakimdan memnuniyet
diizeylerini degerlendirmek, verilen bakimin kalitesini arttrmak i¢in fazlaca Gnem arz
etmektedir. Dogum deneyimindeki memnuniyet kadin ve yenidogan sagligi agisindan dnemli
oldugu kadar, olumsuz dogum deneyimi gecirenlerde kisa veya uzun donemde postpartum
depresyon, stres bozukluklari, cinsel disfonksiyon (Maggioni et al., 2006; Soet et al., 2003;
Ford et al., 2009), istenmeyen gebelikler ve istemli diisiikler ile kiiretaj (Maggioni et al., 2006;
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Soet et al., 2003), sezaryen doguma yonelim, bebege karsi ambivalan duygular, annelik roliine
adaptasyon problemi, emzirmede giicliikkler ve bebegi ihmal gibi bir¢ok probleme sebep
olabilmektedir (Yanikkerem ve ark., 2013). Dogum sonu donemde ebe/hemsirelerin verecegi
uygun bakim girisimleriyle, anne ve bebegin fiziksel bakimlar1 saglanarak, risk olusturan
durumlar1 6nlemek ve aile fertlerinin yeni gelisen duruma fiziksel ve psikososyal uyum
saglamasina yardim ve rehberlik etmekte, olumlu saglik tutumlar1 kazanilmasina yardimci
olmaktadir (Bekmezci ve ark., 2016). Uluslararas: standartlarda egitilmis ve kalifiye olmus
ebeler, anne ve bebeklerin ihtiya¢ duydugu hizmetlerin % 87'sini saglayabilir (WHO et al.,
2018). Turkiye Nufus ve Saglik Arastirmasi (TNSA, 2018) verilerine gore; kirsalda yasayan
kadinlarin dogum sonrasi bakim alma olasiliklarinin daha fazla oldugu(%97) bulunmustur.
Dogum sonrast donemde bakim almayan kadmlarin en yiiksek oldugu bdlge ise Ege
bolgesidir (%8). Istanbul’da dogum sonu bakim alma oran1 %96.5 ve Kuzeydogu Anadolu’da
ise %97.3 olarak bulunmustur. Hasta memnuniyetinin belirlenmesi gegerlilik ve giivenilirligi
yapilan Ol¢lim araclar1 ile degerlendirilmelidir. Bu sekilde algilanan memnuniyetin niteligine
gore ebelik/hemsirelik bakiminda hasta beklentilerine yonelik, yapilmas1 gereken
diizenlemelerin yapilmasina olanak saglanmis olacaktir. Bu durum, ebelik/hemsirelik bakim
kalitesinin yiikselmesini saglayacaktir (Tarim ve Zaim, 2010). Ebelik/hemsirelik bakimiyla
bireylerin beklentilerinin ve ihtiyaglarmm karsilanmasi bireyin 6z benliginde 6nem
duygusunun artmasina, tedaviye uyuma, tekrardan sagligina kavugsmasima, saglhiginin
gelistirmesine ve yasam kalitesinin artmasma sebep olmaktadir (Tugut ve Golbasi, 2013).
Yapilan caligmalar ebelik/hemsirelik bakim kalitesinin direkt olarak hasta memnuniyetine
etkisi oldugunu belirtmekte ve bu yiizden hasta memnuniyetinin diizenli araliklarla
degerlendirilerek hastalarin beklentilerine gore ebelik/hemsirelik uygulamalarinda gereken
diizeltmelerin yapilmasmi saglama agisindan yarar saglayacaktir (Tugut ve Golbasi, 2013;
Gegckil ve ark., 2008). Dogum sonras1 donemde verilen ebelik/hemsirelik bakimindaki amac,
anne ve bebeginin fiziksel bakimlarini saglamak, riskli durumlar1 6nlemek ve aile fertlerinin
yeni gelisen bu duruma psikososyal uyumu saglamaya yonelik yardim ve rehberlik etmektir
(Coskun, 2012). Dogum sonu bakimin kalitesi arttik¢a annelerin dogum sonu yasam kalitesi
artacaktir (Altuntug ve Ege, 2012).

Bu calisma, bakimin annelerin ihtiyaglarina yonelik planlanmasina, verilen dogum
sonras1 bakima yonelik annelerin memnuniyet durumlarinimn ortaya koyulmasi ile eksikliklerin
giderilmesine, mesleki gelisme ve ebelik/ hemsirelik hizmetlerinin daha etkin planlanmasina

yarar saglamas1 amaciyla yapilmstir.
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2. MATERYAL VE METOT
2.1. Arastirmanin Tipi
Tanimlayic1 tipteki bu arastirma, 17 Aralik 2016-17 Subat 2017 tarihleri arasinda

Jinekoloji klinigi ve dogum salonunda ger¢eklestirilmistir.

2.2. Arastirmanin Evreni ve Orneklemi

Arastirmanin evrenini, 17 Aralik 2016-17 Subat 2017 tarihleri arasinda Kars Harakani
Devlet Hastanesi’nde yatan sezaryenle ve normal dogum yapan, arastirmaya katilmay1 kabul
eden anneler olusturmustur. Hastane kayitlarma gore bir yilda, Kars Harakani Devlet
Hastanesi’nde 3806 normal ve sezaryenle dogum gerceklesmistir. Orneklem sayis1 bu verilere
dayanarak hesaplanmis olup Orneklem hacminin belirlenmesinde olayin goriis siklig
formiilinden yararlanilmistir. Ornekleme almacak anne sayist %95 giiven arahiginda 230
olarak bulunmustur. Kars Harakani Devlet Hastanesi’nde sezaryenle dogum sonras1 Jinekoloji
klinigini ve vajinal dogum sonras1 Dogum salonu olmak tizere lohusalarm kaldig: iki klinik
bulunmaktadir. Kars Harakani Devlet Hastanesi Kadin Hastaliklar1 ve Dogum Hastanesi’nde
yatan, c¢alismaya katilmayr kabul eden, saglik personeli olmayan anneler, herhangi bir
sistemik hastalig1 olmayan anneler arastirma grubuna alinmistir. Tibbi gerekgelerle bebekleri
yaninda olmayan, bebegini kaybeden, anketin uygulandigi anda taburculuk zamani gelmemis

olan anneler arastirma kapsami diginda birakilmastir.

2.3. Arastirmanin Degiskenleri
Kadmlarin sosyo-demografik oOzellikler, obstetrik Ozellikler, dogum sonu refakatgi
ozellikleri bagimsiz, Newcastle Hemsirelik Bakimi1 Memnuniyet Olcegi puanlar1 bagimli

degisken olarak belirlenmistir.

2.4. Veri Toplama Araclan

Veri toplama araglar1 olarak anket formu ve Newecastle Hemsirelik Bakimi
Memnuniyet Olgegi (NHBMO) kullanilmistir.

Anket formunda annelerin yasi, egitimi, ¢aliima durumu gibi sosyo-demografik
ozelliklerle ilgili sorular ve gebelik, dogum, dogum sonu siire¢ ve dogum sonu donemde
ebelik/hemsirelik islevleri hakkinda sorular yer almaktadwr. Toplamda 20 sorudan
olusmaktadir.

Newcastle Hemsirelik Bakimi1 Memnuniyet Olgegi 19 maddeden olusan 5°1i likert tipi
bir Olgektir. Thomas ve arkadaslar1 (1996) tarafindan gelistirilmis ve Uzun (2003) ve daha
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sonra Ak ve Erdogan (2007) tarafindan Tiirk¢eye uyarlama ¢ahismasi yapilmistir. Olgek
degerlendirilirken, 6lgekteki tiim maddelerin puanlarmin toplanarak ve aliman puanm 100’e
doniistiiriilmesi ile yapilmaktadir. Olgegin puan araligi 0-100 arasmndadir. Toplam puanin 100
olmasi, hastalarin hemsirelik bakimindan memnuniyet duydugunu gosterir. Puan arttikca
memnuniyet artmaktadir. Thomas ve ark. (1996)’nin ¢alismasinda 6lgegin Cronbach alfa
katsayist .96, Uzun (2003)’un ¢alismasinda .94, Akin ve Erdogan (2007)’1n ¢aligmasinda .96

olarak belirlenmistir. Bu ¢aligmada ise Cronbach alfa katsayis1 .99 olarak hesaplanmistir.

2.5. Veri Toplama Yontemi

Veriler, arastirmaci tarafindan taburculuk karari verilmis lohusalara arastirmanin
amaci aciklanip bilgi verilerek onamlar1 alindiktan sonra veri toplama araglar1 verilerek veri
toplama formlarmi1 doldurmas: ile yiiz ylize goriisme teknigi kullanilarak 10 dakikada
toplanmistir. Okuma yazmasi olmayan annelerden refakat¢i esliginde, okuma yazmasi olan

annelerden ise kendilerinin veri toplama formlarmni doldurmasi istenmistir.

2.6. Arastirmanin Etik Tlkeleri

Arastirmanin uygulanabilmesi ve verilerin toplanabilmesi i¢in Kafkas Universitesi Tip
Fakiiltesi Etik Kurulu’ndan 26/10/2016 tarihinde etik kurul onay1 ve Kars Kamu Hastaneler
Birligi Genel Sekreterligi’nden 16/12/2016 tarihinde yazili izin alinmustir. Ayrica bu
calismada kullanilmasi i¢in Newcastle Hemsirelik Bakimi Memnuniyet Olgegi’ni Tiirkce’ye
uyarlayan Dog¢.Dr. Semiha Akm’dan elektronik posta yoluyla onay alinmistir. Arastirmaya
dahil edilen anneler arastirmanin amaci anlatilarak bilgilendirilmis, bireysel bilgilerinin
korunacagi ve istedikleri zaman arastirmadan cekilebilecekleri belirtilerek ve istedikleri anda
arastirmaya katilmaktan vazgecebilecekleri belirtilerek yazili onamlar1 alinan goniillii anneler
aragtirmaya dahil edilmistir. Boylece ‘Gizlilik ve Gizliligin Korunmasr’, ‘Aydinlatilmis

Onam’ ve ‘Ozerklige Sayg1’ ilkelerini igeren etik ilkeler yerine getirilmistir.

2.7. Arastirmanin Simirhhklar

Se¢me kriterlerinde; tibbi gerekgelerle bebekleri yaninda olmayan, bebegini kaybeden,
anketin uygulandig1 anda taburculuk zamani heniiz gelmemis olan anneler arastirmanin
kapsami1 diginda birakilmistir. Arastirmada kullanilan veriler annelerin 6z bildirimlerine gore
doldurulmus oldugu i¢in sadece arastirmaya katilan anneleri temsil etmektedir. Arastirma

sadece bir hastanede yapilmis olmasmdan dolay1 yalnizca o gruba genellenebilir.
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2.8. Istatistiksel Analiz

Aragtirmada elde edilen verilerin analizinde, SPSS 20.0 programi kullanilmistir.
Verilerin ilk olarak tanimlayici istatistikleri (frekans, yiizde, ortalama, standart sapma)
hesaplanmig, ardindan kategorik degiskenler arasindaki iligkiler i¢in Pearson Ki-kare testi
kullanilnustir. iki grup arasinda sayisal degiskenler bakimindan farklilik olup olmadigi
parametrik test kosullarmin saglanmasi durumunda bagimsiz gruplarda t testi, saglanmamasi
durumunda ise Mann Whitney U testi kullanilmistir. Grup sayis1 ikiden fazla oldugunda ise
Kruskal Wallis testi kullanilmistir. Sayisal degiskenler arasi iliski Spearman korelasyon
katsayist ile incelenmistir. Sonuglar %95 giliven araliginda, anlamlilik p<0,05 diizeyinde

olarak kabul edilmistir.

3. BULGULAR

Calismada annelerin yas ortalamast 26.98+6.09’dur ve %81.4°’ti 19-34 yas
grubundadir. Ortalama evlilik yas1 20.06+3.62 (13-35), ortalama evlilik siiresi 12.07+8.35 y1l
(0-35) oldugu saptanmistir. Kadinlarm %55’inin ilkdgretim mezunu, %91.7’sinin ev hanim,
%43.9’unun gelirinin giderinden az oldugu, %90.4’linlin bir saglik giivencesinin oldugu ve
%50.4’1intin koyde yasadig1 belirlenmistir. Annelerin %26.1°inin ilk gebeligi, %73.9’unun ise
2 ve daha fazla gebelik yasadigi, %68.3’liniin istenilen gebelik oldugu, %65.7’sinin normal
dogum yaptig1 belirlenmistir. Normal dogum yapan annelerin %40.8’ine epizyotomi acildigi
belirlenmistir. Annelerin %46.9°u genel anestezi almistir. Dogum sirasinda 230 anneden 10’u
sorun gelistigini belirtmistir. Bu annelerden ikisinde plasenta retansiyonu, 8’inde bebekte
solunum sikintis1 gelistigi belirlenmistir. Annelerin 6’sinda dogumu sonrasi sorun gelismistir.
Bu annelerden birinde anemi, birinde boyun agrisi, birinde hipertansiyon ve iiglinde bas agris1

gelistigi belirlenmistir.

Tablo 1. Annelerin dogum sonu dénemde refakat¢i ve refakat¢i desteklerinin dagilimi

Refakatci ve Katkilar: n %
Refakatci Kimligi

Anne 57 24.8
Kiz kardes 29 12,5
Kayinvalide 46 20.0
Es 13 5.7
Diger (kendi kizi, yengesi, goriimcesi, kuzeni, gelini vs.) 63 27.4
Kimse yok 22 9.6
Refakatgilerin Katkisi

Var 185 80.4
Yok 45 19.6
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Refakatgilerin Yardim Ettigi Konular (n:208)*

Anne bakimi 158 75.9
Bebek bakimi 160 76.9
Hareket etmeye destek 142 68.2
Emzirmeye destek 141 67.8

*Refakatcisi olan anneler cevap vermistir.
**Birden ¢ok yardim edilen konular var oldugu i¢in n katlanmistir.

Annelerin dogum sonu donemde %90.4’liniin refakatcisi oldugu, refakatgilerin
%24.8’inin kendi anneleri oldugu, annelerin 160’ min (%76.9) bebek bakimi ve 158’inin
(%75.9) anne bakimlari, 141’inin (%67.8) emzirmeye, 142’sinin (%68.2) hareket etme
konularinda destek aldiklar1 saptanmistir (Tablo 1).

Tablo 2. Annelerin aldiklar1 hizmete iliskin belirttikleri ebelik/hemsirelik islevlerinin dagilim1

(n:230)
Ebelik/Hemsirelik islevleri Evet Hayir
n % n
%

Kanama kontrolii 226 %98.3 4 %1.7
Agrn 6nlemi 221 %96.1 9 %3.9
Dikislerin kontrolii 133 %57.8 97 %42.2
Perine bakimi 63 %27.4 167 %72.6
Mobilize etme 161 %70.0 69 %30.0
Giyinmesine yardimci olma 39 %17.0 191 %83.0
Hijyen gereksinimini karsilama 44 %19.1 186 %80.9
Dinlenmesini saglama 225 %97.8 5 %2.2
Thtiyag ve sorunlariyla ilgilenme 219 %95.2 11 %4.8
Bebegin ihtiyag ve sorunlariyla ilgilenme 218 %94.8 12 %5.2
Kendi bakimina yonelik sorularin cevaplanmasi 218 %94.8 12 %5.2
Bebek bakimina yonelik sorularin cevaplanmasi 212 %92.2 18 %7.8
Anne-bebek iliskisinin saglanmasi (bebegi tutma, kucaklama vb.) 98 %42.6 132 %57.4
Emzirme ile ilgili bilgilendirilme 197 %85.7 33 %14.3
Meme bakimi konusunda bilgilendirilme 173 %75.2 57 %24.8
Kabizlik hakkinda bilgilendirilme 110 %47.8 120 %52.2
Bebek bakim1 hakkinda bilgilendirilme 102 %44.3 128 %55.7
Evde kanama hakkinda bilgilendirilme 97 %42.2 133 %57.8
Dogum sonu evde bakim hakkinda bilgilendirilme 88 %38.3 142 %61.7
Dogum sonu egzersizler hakkinda bilgilendirilme 33 %14.3 197 %85.7
Dogum sonu ruhsal degisiklikler hakkinda bilgilendirilme 44 %19.1 186 %80.9
Aile planlamasi hakkinda bilgilendirilme 79 %34.3 151 %65.7
Bebegin hijyeni hakkinda bilgilendirilme 94 %40.9 136 %59.1
Bebegin kontrollerinin énemi konusunda bilgilendirilme 74 %32.2 156 %67.8

Annelerin  %98.3’ti dogum sonunda kanamasinin kontroliinii ebe/hemsirelerin
sagladigimi belirtmistir. Annelerin %96.1°1 agrisinin dnlemesi veya giderilmesi i¢in girisimde
bulunuldugu belirtmistir. Annelerin yalnizca %57.8’1 epizyotomi/sezaryen dikislerinin
kontroliniin yapildigint ve %27.4’ii perine bakimlarini ebe/hemgirelerin verdigini ifade
etmislerdir. Annelerin %70’inde ilk kez mobilize olurken yanlarinda ebe/hemsirenin

bulundugunu belirtmistir. Dogumdan sonra servise gelen annelerin %17°si giyinmelerine
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ebe/hemsirelerin yardim ettigini, %19.1°1 hijyen gereksinimlerinin kargilandigini belirtmistir.
Annelerin %97.8’1 dinlenebilmeleri i¢in ebe/hemsirelerin uygun bir ortam olusturduklarini
belirtmistir. Annelerin bakimlar1 ile ilgili bir ihtiyag ve problemleri oldugunda %95.2°si
ebe/hemsirelerin yardim ettiklerini, bebekleriyle ilgili bir ihtiya¢ ve problemleri oldugunda
%94.8’1 ebe/hemsirelerin yardim ettiklerini ifade etmistir. Annelerin %94.8°1 kendi bakimlar1
ve %92.2°si bebek bakimminda yasadiklar1 problemlerin ebe/hemsireler tarafindan
¢oziimlendigini ifade etmislerdir. Annelerin %42.6’s1 bebegi kucaklamak, tensel temasin
saglanmas1 ve benzeri gibi anne-bebek iligkisini gelistirici yOondeki davranislarin
ebe/hemsireler tarafindan gosterildigini belirtmistir. Annelerin  %85.7’°s1  ebe/hemsireler
tarafindan emzirme ile ilgili bilgi verildigini belirtmistir. Annelerin yalnizca %75.2°si meme
bakimma yonelik ebe/hemsirelerin bilgilendirdigini ifade etmislerdir. Annelerin kabiz
olmamalar1 i¢in almalar1 gereken oOnlemler konusunda sadece %47.8’1 ebe/hemsireler
tarafindan bilgilendirildigini sdylemistir.

Annelerin yalnizca %44.3’ti evde bebek bakimi konusunda bilgilendirildigini
belirtmistir. Annelerin taburcu olduktan sonra evde losialarindaki olast degisikleri
anlayabilmeleri i¢in ebe/hemsireler tarafindan %42.2°si bilgilendirildigini ifade etmistir.
Dogum sonrasi evde kendi bakimlar1 konusunda annelerin %38.3’linii ebe/hemsirelerin
bilgilendirdigini belirtmistir. Annelerin %14.3’i dogum sonrasi1 egzersizler hakkinda ve
%19.1°1 ruhsal degisiklikler hakkinda ebe/hemsirelerin kendilerini bilgilendirdiklerini ifade
etmistir. Annelerin  %34.3’li ebe/hemsireler tarafindan aile planlamas1 hakkinda
bilgilendirildigini ifade etmistir. Arastrma kapsamindaki annelerin %40.9°u bebegin alt
temizligi, gobek bakimi, banyosu, giyimi gibi hijyen igeren konular ile ilgili bilgilendirildigini
belirtmistir. Annelerin %32.2°si ebe/hemsireler tarafindan bebeklerinin aylik kontrollerinin
onemi konusunda bilgilendirildigini belirtmistir (Tablo 2). Tabloda gdsterilmemekle birlikte
‘Aldiginiz ebelik/hemsirelik bakimindan memnun musunuz?’ sorusuna annelerin %96.5’1

‘memnunduk’ cevabini vermistir.

Tablo 3. Annelerin NHBMO den aldiklar1 puanlarm dagilimi (n:230)

n Ort+Ss(Medyan) Min-Max Chronbach’s Alpha

NHBMO Memnuniyet 230 70.50+21.20(62.00)  19-95 0.99

Arastirma kapsamma alman annelerin ortalama NHBMO puani 70.50+21.20 olarak
saptanmistir. NHBMO toplam puan igin Cronbach alfa katsayr 0.99°dir. Buna gore dlgegin

yiiksek derecede giivenilir oldugu bulunmustur (Tablo 3). Tabloda gosterilmemekle beraber
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annelerin %88.3’ii NHBMO’den 50 ve iizeri puan alarak bakimdan memnun olduklari

saptanmuigtir.

Tablo 4. Annelerin aldiklar1 ebelik/hemsirelik bakimi ile memnun olma durumlarmin
NHBMO den aldiklar1 toplam puanlara gére karsilastirilmasi

NHBMO n Ort+Ss t p

Annelerin Ebelik/Hemsirelik Evet 222 71.98+19.97

Bakimindan Memnun Olma

Durumu 9.844 0.000
Hayir 8 29.63+11.56

Ebelik/Hemsirelik bakimmdan memnun oldunuz mu?’sorusuna ‘evet’ yanitmi veren
annelerin NHBMO puanlari arasindaki fark istatistiksel olarak anlamli bulunmustur. (p<0.01).
Ebelik/hemsirelik bakimindan memnun olan annelerde NHBMO’nden aldiklar1 puanlarin
daha yiiksek oldugu bulunmustur (Tablo 4).

Tabloda gosterilmemekle beraber annelerin yas grubu, egitim diizeyleri, meslek,
yasadiklar1 yer, sosyal giivence, gelir durumu ve NHBMO toplam memnuniyet puanlar
arasindaki farklilik istatistiksel olarak anlamli bulunmamaistir (p>0,05).

Arastirmaya alinan annelerden gebelik sayis1 4 ve iizeri olan annelerin NHBMO
toplam puan ortalamalar1 istatistiksel olarak anlamlidir (p:0,008). Normal dogum yapan
annelerin NHBMO toplam puan ortalamas1 sezaryenle dogum yapan annelere gore
istatistiksel olarak anlamlidir (p:0,001). Annelere uygulanan anestezi tiirlerine gore epidural
anestezi uygulanan grubun NHBMO toplam puan ortalamalar1 istatistiksel olarak anlamlidir
(p:0,020, p<0,05). Annelerin gebeligi planlama durumlari, epizyotomi uygulamasi, dogum
esnasinda ve dogum sonrasinda sorun gelisme durumu ile refakatcilerinin bulunmasi, bakima
katki vermeleri ve refakat eden kisiler ile NHBMO’nden alman puan ortalamalarinin arasinda

da istatistiksel olarak anlamli farklilik bulunmamstir (p>0,05).
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Tablo 5. Annelere uygulanan girisimlere gore NHBMO toplam puanlarmin karsilastiriimasi

Annelere Uygulanan Girisimler n (230) Ort+SD Test Degeri | p anlamhhk
degeri

Kanama kontrolii Evet 226 70.73+21.31 5,220 0,002
Hayir 4 57.50+4.20

Agri 6nlemi Evet 221 71.51+20.71 3,647 0,000
Hayir 9 45.89+18.99

Dikislerin kontrolii Evet 133 69.72+21.87 -0,655 0,513
Hayir 97 71.58+20.31

Perine bakimi Evet 63 69.65+19.77 -0,374 0,709
Hayir 167 70.83+£21.77

Mobilize etme Evet 161 71.44+20.87 1,023 0,307
Hayir 69 68.32+21.96

Giyinmesine yardimci olma Evet 39 63.85+13.92 -2,918 0,005
Hayir 191 71.86+22.18

Hijyen gereksinimini karsilama Evet 44 66.84+17.89 -1,443 0,153
Hayir 186 17.37+21.86

Dinlenmesini saglama Evet 225 70.90+20.94 1,920 0,056
Hayir 5 52.60+27.86

Ihtiyag ve sorunlaryla ilgilenme Evet 219 72.00+20.20 5,019 0,000
Hayir 11 40.73£19.25

Bebegin ihtiyag ve sorunlariyla Evet 218 71.89+20.19 4,405 0,000

ilgilenme Hayir 12 45.25424.13

Kendi bakimina yonelik sorularin | Evet 218 72.07+£20.22 5,014 0,000

cevaplanmasi Hayir 12 42.08+18.94

Bebek bakimina yonelik sorularin | Evet 212 72.01+20.19 3,814 0,000

cevaplanmasi Hayir 18 52.72+25.16

Anne-bebek iliskilerinin Evet 98 71.04+18.77 0,340 0,734

saglanilmasi (bebegi kucaga alma, | Hayir 132 70.11+£22.90

dokunma, vb.)

Emzirme ile ilgili bilgilendirilme | Evet 197 72.41+20.42 3,408 0,001
Hayir 33 59.12+22.48

Meme bakimi konusunda Evet 173 73.65+20.80 4,174 0,000

bilgilendirilme Hayir 57 60.95+19.63

Kabizlik hakkinda bilgilendirilme | Evet 110 73.84+19.36 2,303 0,022
Hayir 120 67.45+22.40

Evde bebek bakimi hakkinda Evet 102 73.67+20.04 2,033 0,043

bilgilendirilme (beslenme, banyo, | Hayir 128 67.98+21.84

uyku vh.)

Evde kanama hakkinda Evet 97 74.36+19.89 2,379 0,018

bilgilendirilme Hayir 133 67.69+21.75

DS evde bakim hakkinda Evet 88 71.91+19.70 0,790 0,430

bilgilendirilme (beslenme, banyo, | Hayir 142 69.63+£22.10

dinlenme vb.)

DS egzersizler hakkinda | Evet 33 66.85+18.30 -1,070 0,286

bilgilendirilme Hayir 197 71.12+21.63

DS ruhsal degisiklikler hakkinda Evet 44 71.91+19.35 0,488 0,626

bilgilendirilme Hayir 186 70.17+21.65

AP hakkinda bilgilendirilme Evet 79 73.20+£19.49 1,399 0,163
Hayir 151 69.09+21.97

Bebegin hijyeni hakkinda Evet 94 72.72+19.51 1,322 0,188

bilgilendirilme (alt temizligi, Hayir 136 68.97+£22.24

banyo vb.)

Bebegin  kontrollerinin ~ 6nemi | Evet 74 72.00+20.64 0,736 0,462

konusunda bilgilendirilme Hayir 156 69.79+21.49
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Aragtirmaya alinan annelerin dogum sonrast donemde kanama kontrolii yapilanlarin,
agr1 yonetimi icin girisim yapilanlarin, giyinmesine yardimci olunanlarmn NHBMO puani
higbir girisim uygulanmayan annelere gore anlamli olarak yiiksektir (p<0.05). Annelerin
dogum sonras1 dikislerin kontrolii, perineal bolgenin temizlenmesi i¢in uygulama yapilma
durumu, mobilizasyona yardimci olma durumlarma gére NHBMO’den aldiklari toplam
puanlar1 arasinda istatiksel olarak anlamli bir fark bulunmamustir (p>0,05). Annelerin hijyen
gereksinimini karsilama, dinlenmesini saglamak igin uygun ortam saglama, anne-bebek
iligkilerinin saglanmas1 (bebegi kucaga alma, dokunma, tutma vb.), dogum sonu evde bakim
hakkinda bilgilendirilme (beslenme, banyo, dinlenme vb.), dogum sonu egzersizler hakkinda
bilgilendirilme, dogum sonu ruhsal degisiklikler hakkinda bilgilendirilme, aile planlamasi
hakkinda bilgilendirilme, bebegin hijyeni hakkinda bilgilendirilme (alt temizligi, gobek
bakimi, banyo vb.), bebegin kontrollerinin 6nemi konusunda bilgilendirilme konularinda
girisim yapilan grup ve girisim uygulanmadigini ifade eden grup arasinda NHBMO toplam
puanlarinda farklilhik anlamli bulunmamistir (p>0.05). Annelerin ihtiya¢c ve sorunlariyla
ilgilenme, bebegin ihtiyac ve sorunlariyla ilgilenme, kendi bakimina yonelik sorularin
cevaplanmasi, bebek bakimmma yonelik sorularin cevaplanmasi, emzirme ile ilgili
bilgilendirilme, meme bakimi konusunda bilgilendirilme, kabizlik hakkinda bilgilendirilme,
evde bebek bakimi hakkinda bilgilendirilme (beslenme, banyo, uyku vb.), evde kanama
hakkinda bilgilendirilme gibi konularda girisim yapilan ve girisim uygulanmayan grup
arasnda NHBMO toplam puanlar1 degerlendirildiginde istatistiksel olarak anlamli fark
oldugu bulunmustur. (p<0,05) (Tablo 5).

4. TARTISMA VE SONUC

Calismaya katilan annelerin %26.1° primipar ve %73.9’u multipardir. Multiparlarin
%29.6’s1 4 ve Ustii gebelik sayismna sahiptir. Annelerin 9%68.3’1i gebeliklerinin planl
oldugunu belirtmis ve %65.7’si normal dogum yapmustir. Sezaryenle dogum yapan annelerin
%46.9’una genel anestezi uygulanmistir. Normal dogum yapan annelerin %359.2’sine
epizyotomi uygulanmamistir. Coban’m (2012) ¢alismasinda vajinal dogum yapanlarin
%65.5’inde epizyotomi uygulanmustir. Calismalarda vajinal dogumlarm %64-74.2’sinde
oraninda epizyotomi uygulandig1 saptanmistir (Karacam, 2008; Turhan, 2017). Elde edilen
sonuclar literatiire benzerlik gostermektedir.

Aragtirma kapsamina alinan annelerin %96.5’inin hastanede yattig1 siire igerisinde
aldiklar1 ebelik/hemsirelik bakimindan memnun kaldiklar1 belirlenmistir. Arslan’in (2014)

calismasinda %90’ min, Eker ve Yurdakul (2008) ¢alismalarinda annelerin %48’inin, Pinar ve
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arkadaslar1 (2009) calismalarinda %84,5’inin, Ertem’in (2003) ¢alismasinda %68’inin dogum
sonu donemde aldiklar1 bakimindan memnun olduklar1 belirtilmistir. Literatiire gore arastirma
sonuglar1 daha yiiksek oranda annenlerin ebelik/hemsirelik bakimindan memnun olduklarini
gostermistir. Bunun, arastirmaya alinan annelerin egitim diizeylerinin daha diisiik seviyede
olmasi, kdyde yasamalar1 ve ev hanimi1 olmalarindan kaynakli olabilecegi diisiiniilmektedir.

Dogum sonu donemde annelerin bakiminda oncelikli olarak yapilmasi gerekenlerden
biri kanama kontrolii yaparak kanamanm o&zelligini degerlendirmektir. Caliymamizda
annelerin ¢cogunlugu dogum sonu kanama kontroliiniin yapildigini (%98.3) belirtmistir (Tablo
2). Arslan’in (2014) galismasinda da annelerin dogum sonrasi kanama kontrollerinin (%80)
ebe/hemsireler tarafindan yapildigmi belirtmistir.

Literatiir annelerin dogum sonu déonemde en sik deneyimledikleri saglik probleminin
epizyotomi ve insizyon yerindeki agr1 oldugunu gostermistir (Eker ve Yurdakul, 2008; Yildiz
ve Kiigiiksahin, 2011). Calisma kapsamina alinan annelerin %96.1'1 agrilar1 oldugunda
ebelerin/hemsirelerin agrilarini gidermek icin girisimde bulunduklarini ifade etmistir (Tablo
2). Arslan'm (2014) ve Akgiin’iin (2016) calismalarinda da annelerin %96'smin agr1
varliginda ebelerin agrilarin1 gidermek i¢in girisim uyguladiklarini saptamistirlar. Sonuglara
gore ebelerin/hemsirelerin annelerin agrilarini gidermek i¢in daha duyarh olduklar1 ve agriy1
gidermeye yonelik gerekli ebelik bakimlarmi uyguladiklar: sonucuna varilmstir.

Dogum sonu donemde perine bakimi yara iyilesmesini hizlandirdigi gibi annenin
rahatlamasi, puerperal, iiriner ve yara enfeksiyonlarnin onlenmesi agisindan da gerekli ve
onemlidir (Alp ve Mete, 2008). Calismada annelerin yalnizca %27.4’(i perine bakimimin ve
%19.1°1 viicut temizliginin yapilarak hijyen gereksiniminin karsilandigini, %57.8’1 dikislerin
kontroliiniin saglandigin1 ve %17’si servislerine geldiklerinde giysilerini giymesine yardim
edildigini belirtmistir (Tablo 2). Arslan’in (2014) yaptig1 calismada annelerin %13.5’1 perine
temizligi, %6’s1 viicut temizliginin yapilarak hijyen gereksiniminin karsilandigmi, %19.5°1
dikiglerinin kontroliiniin saglandigin1 ve %19’u servise geldiginde giysilerini giymesine
yardim edildigini saptamistir. Pinar ve Dogan’m (Pmar ve ark., 2009) calismasinda annelerin
perine bakimini yapamama (%20), kisisel hijyen eksikligi (%30), Yildiz ve Kiiciiksahin’in
(2011) galigmasindaki annelerin epizyotomi bakimi (%31), perineal hijyen (%26) konulari ile
ilgili problem yasadiklar1 saptanmistir. Aragtirma bulgularmm diger caligmalarla benzerlik
gosterdigi ve annelere bu konularda yeteri kadar bakim ve bilgi verilmedigi saptanmustir.

Arslan’in (2014) yaptig1 c¢alismada ebe/hemsirelerin, annelerin %75’inde bebegi
kucaklama ve tensel temas gibi anne-bebek arasindaki iliskiyi gelistirici davranislari

desteklediklerini belirtmistir. Akgiin’iin (2016) c¢aligmasinda ebe/hemsirelerin annelerin
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%83.7'sinde bebekle kurulacak iliski konusunda destekledigi belirtilmistir. Bu ¢alismada ise
annelerin yalnizca %42.6’s1 anne ve bebek arasindaki iligkiyi gelistirici davraniglarin
ebe/hemsireler tarafindan desteklendigini belirtmistir (Tablo 2).

Hastanede kalian siirecte anneler dinlenmekte, ev islerinden uzaklagmaktadir. Ayrica
bebek bakimi ile ilgili saglik profesyonellerinden destek almaktadirlar (Doganer, 2005).
Arslan'in (2014) yaptig1 calismada annelerin %57.5’1 dinlenebilmeleri i¢in uygun ortam
saglandigimni belirtmistir. Alp ve Mete (2008) ilk 24 saat hastanede yatis1 olan annelerin
%68’1inin uykularini yeterli aldiklarini belirlemistir. Altuntug ve Acar'in (2012) ¢alismalarinda
%47 orani ile annelerin uyku ve dinlenmelerinde problem yasamadigmi belirtmistir. Bu
sonuclarda gostermektedir ki ¢alisma kapsamindaki annelerin %97.8'inin dinlenmesi i¢in
gerekli ortamin saglandigi ve diger caligmalardan c¢ok daha yiiksek oranda oldugu
saptanmugstir (Tablo 2).

Annelerin dogum sonu donemde evde bebek bakimi (%44.3), evde kendi bakimlar
(%38.3), evde kanama kontrolii (%42.2), bebegin hijyeni ile ilgili konularda (%40.9),
bebeklerinin aylik rutin kontrollerinin 6nemliligi konusunda (%32.2), dogum sonu egzersizler
hakkinda (%14.3), ruhsal degisiklikler hakkinda (%19.1) ve aile planlamas1 hakkinda (%34.3)
bilgi aldiklar1 saptanmustir (Tablo 2). Yildiz ve Kiigiiksahin’in (2011) yaptiklar:
calismalarinda annelerin hastaneden taburcu olurken %79.8’inin dogum sonuna yonelik
yenidogan bakimiyla ilgili bilgi aldig1 belirtilmistir. Arslan’in (2014) yaptig1 calismada %49’u
bebek hijyeniyle ilgili, %29.5’1 evde bebek bakmmiyla ilgili, %730 bebegin aylik rutin
kontrollerinin gerekliligi konusunda bilgiler aldiklarmi belirtmislerdir. Akgiin’tin (2016)
calismasinda %98.4'i dogum sonu egzersizleri, %91.8'1 duygu durum degisiklikleri ile ilgili,
Arslan'in (2014) calismalarinda annelerde %99'u dogum sonu egzersizler ve yasanabilecek
duygu durum degisiklikleri ile ilgili bilgiler aldiklarini belirtmistirler. Bu sonuclara gore
ebelerin/hemsirelerin dogum sonrasi donem egzersizleri ve yasanabilecek ruhsal durum
degisiklikleri ile ilgili konularda yeterli bilgileri olmadig1 i¢in veya bu konularn 6nemli
olmadigmi diisiindiikleri i¢in annelere bilgiler vermedikleri disiiniilebilir. Calismada
literatiirdeki dogum sonu egzersizi ve yasanabilecek ruhsal degisiklikler hakkinda bilgi
aldigini ifade eden annelerin oranindan yiiksek ¢iksa da, bilgi almadigin ifade edenlerin orani
yiiksektir. Bundan kaynakli ebe/hemsireler verdikleri bilgilerin anneler tarafindan anlasilip
anlagilmadig1 ve davranisa doniisiip doniismedigi konularinda emin olmalidir.

Arastirmada annelerin ¢ogu (%85.7) emzirme (siiresi, teknigi vb.), %47.8°1 kabizligin
onlenmesi, %75.2’si meme bakimi konusunda bilgilendirilmistir (Tablo 2). Akgiil’iin (2016)

calismasinda annelerin %81'inin meme bakimi konusunda bilgi aldig1 belirtilmistir. Annelerin
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problemlerinden biri olan meme ve meme ucu sorunlarin dnlenebilmesi i¢in meme bakimi
konusuna yonelik ebelerin anneleri egitmeleri dnemlidir. Arslan'm (2014) yaptig1 calismada
annelerin %24.5't meme bakimi, Doganer (2005) yaptig1 caligmasinda annelerin %31.9'u
emzirme ve meme bakimma yonelik egitim almigtir. Kaya’nin (2011) yaptigi calismada
annelerin %51.1'inin meme ve meme ucu sorunu yasadiklari belirtilmistir. Altuntug ve
Ege'nin (2013) ¢alismalarinda annelerin %65'i meme ucu ve emzirme problemi yasadiklarini
belirtmiglerdir.

Calisma kapsamma alinan annelerin NHBMO’ne gére aldiklar1 memnuniyet puan
ortalamas1 70.50+£21.20 olarak belirlenmistir (Tablo 3). Arastirmada kadinlarm %88.3’{iniin
NHBMO puan ortalamasi dlgek puan ortalamasinin iizerinde olup genel olarak kadimlarin
ebelik/hemsirelik bakimindan memnuniyetlerinin 1yi oldugu sdylenebilir. Ayni olgekle
yapilan Eker ve Yurdakul'un (2008) calismalarinda kontrol grubunda bulunan annelerin puan
ortalamalar1 57.4 iken; deney grubunda olan annelerin memnuniyet puan ortalamalarinin 63.1,
Erbil ve arkadaglarinin (2009) ¢alismalarinda memnuniyet puan ortalamasi 69.89 oldugu
saptanmustir. Akgiin’in (2016) calismasinda ise ebelik bakimindan annelerdeki memnuniyet
puan ortalamas1 87.88+12.56 olarak belirtilmistir. Literatirde NHBMO kullanilarak
hemsirelik memnuniyeti degerlendirilen ¢caligmalarda Slgek puan ortalamasi 62.30+16.09 ile
76.52+20.38 arasinda degismektedir (Ozlii, 2006; Tugut ve Golbasi, 2013;Sendir ve ark.,
2012; Kayrak¢r ve Ozsaker, 2014; Cerit, 2016). Cahismaya ait bulgu ile literatiirde ki
bulgularin benzerlik géstermesinin ebelik/hemsirelik hizmetlerinden memnun olundugu fakat
puan ortalamalarmin farklilik gostermesinin arastirmalarin yapildigi saglik kuruluslari ve
hizmet kalitelerindeki farkliliklardan kaynakli olabilecegi diisiinilmektedir. Calisma
kapsamina alinan annelerin memnuniyet 6l¢egi puan ortalamalar1 bazi arastirmalardan yiiksek
olsa da, ebelik/hemsirelik bakimindan memnuniyet ortanin {izerinde olarak belirtilmis ve bu
da ebelik/hemsirelik bakiminda hedefledigimiz seviyenin daha altlarinda oldugu dikkat
cekmektedir. Annelerin aldiklar1 ebelik/hemsirelik bakimindan memnuniyetleri ile
NHBMO’deki puanlar1 arasinda istatistiksel olarak anlamli bir fark bulunmustur (p<0.01).
‘Ebelik/Hemsirelik bakimindan memnun musunuz?’ sorusuna evet cevabini veren annelerin
memnuniyet diizeyleri daha yiiksek bulunmustur (Tablo 4).

Aragtirmaya katilan annelerin yaslary, egitim seviyeleri, ¢aligma durumlar, gelir
diizeyleri, sosyal giivence ve yasadiklart yer ile NHBMO’den aldiklari puanlar
karsilastirildiginda farkimn istatistiksel olarak anlamsiz oldugu bulunmustur (p>0.05). Eker ve
Yurdakul’un (2008), Arslan ve Kelleci’nin (2011), Tugut ve Golbasi'nin (2013), Bulut ve
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Timur Tashan’mn (2017) yaptiklar1 calismalardan elde ettikleri sonuglar ile bu calisma
sonuglar1 benzer 6zelliktedir.

Annenin gebeligin istenilen bir gebelik olma durumu, epizyotomi uygulamasi yapilma
durumu, dogum sirasinda ve sonrasinda sorun yasama durumlari, refakat eden kisi varligi ve
refakat eden kisinin kim oldugu gibi durumlarla ebelik bakimindan NHBMO puan
ortalamalar1 arasinda farklilik istatiksel olarak anlamli bulunmamistir (p>0,05). Bulut ve
Timur Taghan’in (2017) ¢alismasinda refakatgisinin kim oldugu ile hemsirelik hizmetlerinden
memnuniyet durumunu etkilemedigi belirtilmistir. Sise’nin  (2013) yaptig1 calismada
hastalarin refakatcisinin bulunmas ile verilen hemsirelik hizmetinden memnuniyet arasinda
iliski bulunmamustir. 4 ve lizeri gebeligi olan annelerin memnuniyet puan ortalamalar1 anlaml1
derecede daha yiiksek bulunmustur. Dogumu daha az deneyimleyen annelerin hazir olusluk
diizeyinin azlig1 beklentilerinde yiikseklige sebep olabilir. Pmar ve Piar'n (2009)
calismalarinda primipar annelerin ebe/hemsirelerden bilgi ve destek arayisi icinde olduklarini
gérmiistiir. Annelerin dogum sekline gore normal dogum yapan annelerin memnuniyet
diizeyleri sezaryen dogum deneyimleyen annelerden anlamli derecede yiiksektir. Anestezi
tiirlerinden epidural anestezi girisimi yapilan annelerin memnuniyet puan ortalamasi spinal ve
genel anestezi uygulanan annelere gore anlamli derece yliksek bulunmustur (p<0,05).

Sonug olarak; Arastirmada annelerin tamamina yakmi aldiklar1 bakimimdan memnun
olduklarmi ifade etmis ve memnuniyet diizeylerinin yiiksek oldugu bulunmustur. Annelerin
Onemli boliimiiniin ebe/hemsireler tarafindan verilen bakimdan memnun olduklarini
belirtmelerine ragmen, énemli boliimiiniin de 6zellikle dogum sonu donemde en ¢ok ihtiyag
duyduklari; egzersiz, aile planlamasi, ruhsal degisiklikler, bebegin kontrolleri, bebegin
bakimi, evde kanama izlemi konusunda yeterli egitim ve danismanlik almadiklari
goriilmektedir. Dogum sonu hastanede yatan annelerin anne bebek iliskisinin saglanmasi,
giyinmesine yardimci olma, kabizliga yonelik bilgilendirilme, perine temizligi ve hijyen
gereksinimlerini karsilama konularinda ebe/hemsirelerden yeterli egitim ve danigmanlik
almadiklar1 saptanmistir. Annelerin ebe/hemsirelerden yeterli bakim ve damigmanlik
alamadiklar1 konulara ragmen memnuniyet puanlarmnm yliksek olmasimin, ebelik/hemsirelik
bakimi konusunda beklentilerinin diisiik olmasindan kaynaklanabilir.

Dogum sonu donemde memnuniyeti arttiran faktorlerin gelistirilmesini, azaltan
faktorlere yonelik Onleyici tedbirler alinmasi ve bu faktorleri belirlemek amaci ile daha ¢ok
aragtirma yapilmahdir. Ebelik/Hemsirelik alaninda saglik hizmetlerinin kalitesinin diizenli
araliklarla degerlendirilmesi, saglik hizmetlerindeki eksikliklerin belirlenmesinde ve bu

eksikliklerin giderilebilmesinde yol gosterici olan hasta memnuniyeti caligmalarma yer
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verilmesi Onemli olacaktir. Ebelerin ve hemsirelerin dogum sonu doénemdeki izlemler
esnasinda, annelerin yasadigi problemlerle ilgili aciklama yapmalarma firsat saglamalar1 ve
sorunlara yonelik saglik egitimi yapilmalidir. Dogum sonu donemde biyo-psiko-sosyal
yonden etkilenen anneye, esin ve aile liyelerinin sosyal desteginin saglanmasi agisindan aile

uyelerini de kapsayan egitimlere yer verilmesi onerilebilir.
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Abstract: In this study, we reported a combined experimental and theoretical study on 3-ethyl-4-(4-
cinnamoyloxybenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one compound. The title compound was prepared
and characterized by *H and **C NMR and FT-IR spectra. The molecular geometry, gauge including atomic orbital
(GIAQ), Experimental and theoretical values were inserted into the graphic according to equitation of dexp=a+b. &
calc. The standard error values were found via SigmaPlot program with regression coefficient of a and b constants.
Also, the calculated IR data of compound were calculated in gas phase by using of 6-31G(d) basis set of B3LYP
and HF methods and are multiplied with appropriate scala factors. Theoretical infrared spectrums are formed from
the data obtained according to B3LYP method. In the identification of calculated IR data was used the veda4f
program. *H and *3C NMR chemical shift values, vibrational frequencies and HOMO-LUMO analyses properties,
Mulliken’s atomic charges, dipole moment and total energy of the title compound in the ground state were
investigated by using Hartree-Fock (HF) and density functional theory (DFT/B3LYP) methods with 6-31G(d)
basic set. Obtained results indicate that there is a good agreement between the experimental and theoretical data.

Keywords: 4.5- Dihydro-1H-1.2.4-triazol-5-on, Gaussian 09W, GIAO, B3LYP, HF, 6-31G(d) basic set.

1. INTRODUCTION

Triazole is an unsymmetrical heterocyclic organic compound having three nitrogen
atoms in the five-membered ring. 1,2,4-Triazole and 4,5-dihydro-1H-1,2 4-triazol-5-one
derivatives are reported to possess a broad spectrum of biological activities such as
antimicrobial, antifungal, antitumor, anti-HIV, antiviral, anticancer, anti-inflammatory,
analgesic and antioxidant properties (Alkan et al., 2007; Bayrak et al., 2010; Beytur et al.,
2019; Ciftci et al., 2018; Gursoy Kol and Yiksek, 2010; Guzeldemirci and Kucukbasmaci,
2010; Hashem et al., 2007; Sancak et al., 2010 Tozkoparan et al., 2007; Turhan Irak and
Beytur, 2019). Also, several articles reporting the synthesis of some 1,2,4-triazol-5-one

compounds and derivatives have been published (Bahgeci et al., 2002; Beytur et al., 2019;
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Ciftci et al., 2018; Yiiksek et al., 2005a; Yuksek et al., 2005b; Yiksek et al., 2006; Turhan
Irak and Beytur, 2019).

In this paper, 3-ethyl-4-(4-cinnamoyloxybenzylidenamino)-4,5-dihydro-1H-1,2,4-
triazol-5-one  (3) was obtained from the reaction of compound (1) with 4-
cinnamoyloxybenzaldehyde (2) (Vasavado and Parekh, 2003) which was synthesized by the
reaction of 4-hydroxybenzaldehyde with cinnamoyl chloride by using triethylamine (Scheme
1). The starting compound 3-ethyl-4-amino-4,5-dihydro-1H-1,2,4-triazol-5-one (1) was
prepared from the reaction of ethyl acetate ethoxycarbonylhydrazone with an aqueous
solution of hydrazine hydrate as described in the literature (Ikizler and Yiiksek, 1993; Ikizler
and Un, 1979).

Scheme 1. Synthesis method of titled compound

1. MATERIAL AND METHOD
2.1. Materials and measurements

!H NMR and 3C NMR spectra were recorded on a BRUKER ULTRASHIELD PLUS
BIOSPIN GmbH spectrometer using deuterated dimethyl sulfoxide as a solvent and MesSi as
an internal standard. FT-IR spectrum was taken with ALPHA-P BRUKER FT-IR
spectrometer. The electronic spectra were recorded on a PG Instruments Ltd. T80 UV/VIS
spectrophotometer. Melting point was taken using an WRS-2A Microprocessor Melting-point

Apparatus.

2.2. Synthesis
The compound 1 (10 mmol) was dissolved in acetic acid (20 mL) and treated with 4-
cinnamoyloxybenzaldehyde (2) (10 mmol). The mixture was refluxed for 2 hour. Several

recrystallizations of the residue from ethanol gave pure compound 3-ethyl-4-(4-
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cinnamoyloxybenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (3) was preparated: m.p.
178 °C; Yield 3.53 g (97 %). IR: (NH) 3168; C=CH 3056; C=0 1729, 1694; C=C 1630; COO
1203; 1,4—disubstituted aromatic ring 843; monosubstituted aromatic ring 764 and 699 cm™.
'H NMR (400MHz, DMSO-de): &; 1.24 (t, 3H, CH2CHs), 2.71 (g, 2H, CH2CH3), 6.92 (d, 1H,
=CH; J=16.00 Hz), 7.39 (d, 2H, ArH; J=8.40 Hz), 7.47-7.50 (m, 3H, ArH), 7.83-7.85 (m, 2H,
ArH), 7.91-7.93 (m, 2H, ArH), 7.92 (d, 1H, =CH; J=16.00 Hz), 9.77 (s, 1H, N=CH), 11.86 (s,
1H, NH). 3C-NMR (100MHz, DMSO-de): §; 10.08 (CH2CHz), 18.53 (CH2CH3), 116.90 and
146.85 (CH=CH), 128.71 (2C); 128.94 (2C); 131.27; 133.80 (monosubstituted Ar-C), 122.57
(2C); 129.01 (2C); 130.97;152.74 (1,4-disubstituted Ar-C), 148.04 (Triazol Cs), 151.38
(N=CH), 152.68 (Triazol Cs), 164.65 (COO). UV [Ethanol, Amax, Nm (g, L.molt.cm™)]: 300
(22563), 262 (20156), 214 (23440).

2.3. Computational Details

The molecular structure of the title compound in the ground state is computed by
performing both the Density Functional Theory (DFT) and Hartree-Fock (HF) (Becke, 1993;
Lee, 1998) at 6-31G(d) level. Density functionals for all studies reported in this paper have

been in the following form

Eye =(1—ay)Ex>™? +a,E " +a, AER® +acES"" +(1—ag )EQ™

where the energy terms are the Slater exchange, the Hartree-Fock exchange, Becke’s
exchange functional correction, the gradient corrected correlation functional of Lee, Yang and
Parr, and the local correlation functional of VVosko, Wilk and Nusair (Vosko et al., 1980). The
theoretical geometric structure of the compound is given in Figure 1. Molecular geometry is
restricted and the optimized geometrical parameters, of the title compound in this study are
carried out by using Gaussian 09W program package (Frisch et al., 2009) and the
visualization parts were done with GaussView program (Dennington et al., 2009) on personal
computer employing 6-31G(d) basis set. Additionally, harmonic vibrational frequencies for
the title compound are calculated with these selected methods and then scaled by 0.9516 and
0.9905, respectively (Avcl and Atalay, 2008) and these results were compared with the

experimental data.
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I\1_NH

X

CHaCH, 0 0
N=CH OC—CH=CH

(a)

Figure 1. The chemical structure (a) and optimized molecular structure (b) of titled
compound (3) with DFT/B3LYP/6-31G(d) level.

3. RESULTS
3.1. Molecular Structure

The optimized molecular structures and chemical structure of the compound 3 was
given in Figure 1. Similarly, the optimized molecular geometric parameters (bond angles and
bond lenghts) of the titled compound by using B3LYP/6-31G(d) and HF/6-31G(d) levels are

listed in Tables 1 and 2, respectively.

Table 1. The calculated bond angles of the titled compound (A°®).

Bond Angles B3LYP HF Bond Angles B3LYP HF
C(1)-N(40)-N(39) 104.47 104.87 N(42)-C(3)-H(22) 110.80 112.37
C(1)-N(41)-N(42) 121.20 122.12 N(42)-C(3)-C(4) 135.56 132.56
C(1)-N(41)-C(2) 108.12 113.31 C(6)-C(7)-O(44) 123.66 116.98
C(1)-C(19)-H(34) 108.66 10797 0(44)-C(7)-C(8) 115.51 121.88
C(1)-C(19)-H(35) 107.96 108.14 C(7)-0O(44)-C(10) 121.99 121.38
N(40)-C(1)- N(41) 11151 111.32 0(44)-C(10)-0(45) 124.10 123.60

N(40)-N(39)- H(21) 119.90 120.54 0(44)-C(10)-C(11) 109.16 110.12
N(40)-N(39)- C(2) 114.40 113.38 0(45)-C(10)-C(11) 126.74 126.29
N(40)-C(1)-C(19) 125.80 126.17 C(10)-C(11)-H(27) 116.78 116.54
H(21)-N(39)-C(2) 124.61 125.33 C(10)-C(11)-C(12) 119.89 119.65
N(39)-C(2)-N(41) 100.99 102.11 H(27)-C(11)-C(12) 123.34 123.81
N(39)-C(2)-0(43) 130.43 129.67 C(11)-C(12)-H(28) 116.31 116.76
0(43)-C(2)-N(41) 128.58 128.19 C(11)-C(12)-C(13) 127.81 127.70
C(2)-N(41)-N(42) 125.89 123.68 H(28)-C(12)-C(13) 115.88 115.54
N(41)-C(1)-C(19) 122.66 122.49 C(12)-C(13)-C(14) 123.21 123.13
N(41)-N(42)-C(3) 119.35 117.29 C(12)-C(13)-C(18) 118.53 118.37
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Table 2. The calculated bond lengths of the titled compound (°).

Bond Lengths B3LYP HF Bond Lengths B3LYP HF
C(1)-N(40) 1.301 1.269 C(7)-C(8) 1.395 1.384
C(1)-N(41) 1.390 1.381 C(8)-H(25) 1.085 1.072
C(1)-C(19) 1.494 1.495 C(8)-C(9) 1.389 1.380
N(39)-N(40) 1.383 1.371 C(9)-H(26) 1.087 1.076
N(39)-H(21) 1.008 0.992 0(44)-C(10) 1.380 1.345
N(39)-C(2) 1.375 1.349 C(10)-O(45) 1.212 1.187
C(2)-0(43) 1.218 1.201 C(10)-C(11) 1.471 1.475
N(41)-C(2) 1.421 1.382 C(11)-H(27) 1.085 1.072
N(41)-N(42) 1.391 1.398 C(11)-C(12) 1.347 1.328
N(42)-C(3) 1.290 1.260 C(12)-H(28) 1.089 1.076
C(7)-0(44) 1.386 1.374 C(12)-C(13) 1.461 1.472

3.2. Analysis of Vibrational Modes

In spectroscopic field, the vibrational spectra of substituted benzene derivatives have

been greatly investigated by various spectroscopic, since the single substitution can have a

tendency to put greater changes in vibrational wavenumbers of benzene (Pir et al., 2013;
Tereci et al., 2012; Turhan Irak and Giimiis, 2017; Tasdemir et al., 2016; Ozbek et al., 2017).

In other words, molecular system of benzene is greatly affected by the nature of substituents.

The number of potentially active fundamentals of non-linear molecule which have N atoms is

equal to (3N-6) apart from three translational and three rotational degrees of freedom. The

molecule contains 45 atoms and 129 normal vibration modes have C1 symmetry (Table 3).

Table 3. The calculated frequencies values of the titled compound (3).

Selected Vibrational Types Scaled B3LYP Scaled HF
T NNCC, 1t OCCC 474 434
8 CCO, tOCCC 510 484
T HNNC 527 496
T HNNC, 1 OCCC 528 527
v NN, t NNCC 557 557
v CC, 6 OCO, 6 CCC 578 565
TNCNC 627 622
v NC, v CC, vOC, NN, sCCC 665 672
T HCCC, 1 OCOC 698 707
7 ONNC 714 714
v OC, 6 OCO, 6 OCC 724 751
v OC, vNC, § NCN, 6 CNN 760 770
1 CCCC, 1t OCOC 767 781
v OC 779 784
NCC, t HCCC 834 836
tHCCC, 1 OCCC 888 885
6 NCN, 1 HCNN 944 971
v CC, t HCNN 948 973
v NC, v CC, v OC, t HCNN 1009 1007
v NC, v NN 1092 1091
v CC,vOC, 6 0OCO 1098 1093
T HCCN, t HCCC 1109 1095
vNC,vCC 1158 1155
v CC,vOC, s HCC 1224 1209
v NC, 8 HCC 1257 1228
& HCC, t HCCN 1283 1293
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o HNN 1315

v CC, tHCCN 1366
v NC, 8 HCH 1528
v NC 1561
vNC,vCC 1578
v OC 1669

v OC 1698

v NH 3503

1317
1388
1588
1620
1670
1763
1786
3519

v, stretching; 6, bending; &s, scissoring; p, rocking; y, out-of-plane bending; t, torsion

Experimentally, the investigated titled compound (3), as expected the IR spectra data,
the N-H stretching vibration at 3172 cm™ and two C=0 peak at 1729 cm™ and 1694 cm
range was observed. In addition, C=C stretching vibrations at 1630 cm™, C=N stretching

vibration at 1594 cm?® and COO stretching vibrations at 1232 cm

are occurred.

Theoretically, the calculated vibrational frequencies for the compound 3 are summarized in

Table 2. Furthermore the experimental IR and simulated spectra by using B3LYP/6-31G(d)

and HF/6-31G(d) levels of the compound 3 under investigation are given in Figure 2.
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Figure 2. IR spectra (a) experimental and (b and c¢) simulated with DFT/B3LYP/6—-31G(d)
and HF/6—-31G(d) levels of the titled compound.

3.3. NMR spectral analysis

The isotropic chemical shift analysis allows us to identify relative ionic species and to
calculate reliable magnetic properties in nuclear magnetic resonance (NMR) spectroscopy
which provide the accurate predictions of molecular geometries, (Rani, et al., 2010;
Subramanian et al., 2010; Wade, 2006). For this purpose, the optimized molecular geometry
of the compound 3 was obtained by using B3LYP and HF methods with 6-31G(d) basis level
in DMSO solvent. By considering the optimized molecular geometry of the compound 3 the
'H and ¥C NMR chemical shift values were calculated at the same level by using Gauge-
Independent Atomic Orbital method (Table 4). Theoretically and experimentally values were
plotted according to 6 exp=a. o calc.+ b, Eq. a and b constants regression coefficients with a
standard error values were found using the SigmaPlot program. The correlation graphics are
given Figure 3 and the linear correlation data of the compound 3 by considering the results are

given in Table 5.

Table 4. The calculated and experimental 3C and *H NMR isotropic chemical shifts of the

titled compound (with respect to TMS, all values in ppm).

Nucleus  Experi- B3LYP  B3LYP/ Different Different/ HF HF/ Different  Different/
mental DMSO DMSO DMSO DMSO
C1 148.04 153.08 154.64 -5.04 -6.60 14579  148.11 2.25 -0.07
C2 152.68 148.60 149.65 4.08 3.03 14757  148.63 5.11 4.05
C3 151.38 160.23 161.54 -8.85 -10.16 169.27  171.80 -17.89 -20.42
C4 130.97 134.32 133.98 -3.35 -3.01 122.02 122.35 8.95 8.62
C5 129.01 134.00 133.85 -4.99 -4.84 129.84  128.83 -0.83 0.18
C6 122.57 125.86 125.09 -3.29 -2.52 117.28  116.79 5.29 5.78
Cc7 152.74 157.18 157.54 -4.44 -4.80 147.79  147.62 4.95 5.12
Cs8 122.57 123.19 124.06 -0.62 -1.49 11850  118.59 4.07 3.98
C9 129.01 138.16 139.70 -9.15 -10.69 127.26  129.11 1.75 -0.10
C10 164.65 166.01 167.28 -1.36 -2.63 156.23  157.88 8.42 6.77
C11 116.90 119.96 119.17 -3.06 -2.27 107.98  107.26 8.92 9.64
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C12 146.85 152.85 154.37 -6.00 -7.52 148.18  149.53 -1.33 -2.68
C13 133.80 137.51 136.74 -3.71 -2.94 127.92  126.96 5.88 6.84
C14 128.94 129.36 129.95 -0.42 -1.01 123.10  123.66 5.84 5.28
C15 128.71 132.33 132.77 -3.62 -4.06 12434 12441 4.37 4.30
C16 131.27 134.74 136.11 -3.47 -4.84 128.29  129.45 2.98 1.82
C17 128.71 132,51 132.87 -3.80 -4.16 12454 12454 4.17 4.17
C18 128.94 137.95 138.53 -9.01 -9.59 130.22  130.84 -1.28 -1.90
C19 18.53 31.52 31.38 -12.99 -12.85 16.96 16.84 1.57 1.69
C20 10.18 20.09 19.88 -9.91 -9.70 7.65 7.52 2.53 2.66
H21 11.86 6.84 7.32 5.02 4.54 6.16 6.60 5.70 5.26
H22 9.77 8.01 8.22 1.76 1.55 8.48 8.73 1.29 1.04
H23 7.92 7.97 8.07 -0.05 -0.15 8.51 8.32 -0.59 -0.40
H24 7.39 7.95 7.97 -0.56 -0.58 7.03 7.17 0.36 0.22
H25 7.39 7.22 7.46 0.17 -0.07 7.31 7.46 0.08 -0.07
H26 7.92 7.52 7.84 0.40 0.08 7.25 7.66 0.67 0.26
H27 6.92 6.71 6.86 0.21 0.06 6.14 6.32 0.78 0.60
H28 7.92 8.02 8.08 -0.10 -0.16 7.98 8.04 -0.06 -0.12
H29 7.84 7.57 7.74 0.27 0.10 7.93 8.14 -0.09 -0.30
H30 7.49 7.71 7.88 -0.22 -0.39 7.40 7.58 0.09 -0.09
H31 7.48 7.72 7.93 -0.24 -0.45 7.43 7.66 0.05 -0.18
H32 7.49 7.74 7.92 -0.25 -0.43 7.36 7.53 0.13 -0.04
H33 7.84 8.17 8.35 -0.33 -0.51 7.36 7.57 0.48 0.27
H34 2.71 2.86 3.04 -0.15 -0.33 1.36 1.63 1.35 1.08
H35 2.71 3.27 3.28 -0.56 -0.57 1.94 2.04 0.77 0.67
H36 1.24 1.41 1.60 -0.17 -0.36 0.63 0.86 0.61 0.38
H37 1.24 1.83 1.76 -0.59 -0.52 1.09 0.98 0.15 0.26
H38 1.24 1.92 1.84 -0.68 -0.60 0.98 0.89 0.26 0.35

Therefore the (R?) values (DFT/HF) for 'H NMR, C NMR, *H NMR (DMSO) and
13C NMR (DMSO) chemical shifts in different solvents has been found as 0.8140/0.8150,
0.9833/0.9795, 0.8505/0.8387 and 0.9821/0.9761 for the compound 3 (Table 5 and Figure 4).
In our study, the *H-NMR spectrum of compound 3 was observed belong to H21 proton peak
at 11.86 ppm because acidic show feature (Beytur et al., 2019; Ciftci et al., 2018; Ylksek et
al., 2006a; Yuksek, 1992). H22 protons were observed at 9.77 ppm. Since the values of
coupling constants 6.92 and 7.92 ppm in about (J) 16.00 Hz alkenic concluded that the trans
position of protons H27 and H28 (Balci, 2011). Therotically, in vacum and DMSO solvents
these values for the mentioned proton atoms were found as 6.71/6.14, 8.02/7.98 and
6.86/6.32, 8.08/8.04 ppm, respectively. In Table 4, the biggest **C chemical shift value of the
compound 3 are observed at 164.65 ppm for the C10 carbon atom double bounded to the
oxygen in carbonyl group (Anderson et al.,, 2004). In vacum and DMSO solvents the
calculated ppm values (DFT/HF) for C10 carbon atom were theoretically found as
166.01/156.23 and 167.28/157.88 ppm, respectively. Similarly, the NMR chemical shift
values (DFT/HF) for C11 and C12 carbon atoms of trans alkenic H28 (Balci, 2011) bounded
to other oxygen atoms in the compound 3 are observed at 116.90 and 146.85 ppm, while in
vacum and DMSO solvents these values for the mentioned carbon atoms were found as
119.96/107.98, 152.85/148.18 and 119.17/107.26, 154.37/149.153 ppm, respectively.

Additionaly, due to the electronegative property of nitrogen atoms in molecule, the
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experimental NMR chemical shift values for C1 and C2 carbon atom the bounded to nitrogen

atoms in 1,2,4-triazol ring and C3 carbon atom with sp? hybride are observed at 148.04 and
152.68 ppm and 151.38 ppm, respectively . The *H-NMR and 3C NMR spectrum of the title

compound are given in Figure 3.
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Figure 3. H and *C-NMR (DMSO-ds) spectra of the titled compound (3).
180 14
E 160 (a) "t"';‘ E 12 (b) *
)& 140 ”,x ;3
& 120 * % 1 B
# 100 g s K2 I
2 80 E o - -
2 60 — a -
% 40 E ! >¥
£ 0| % F2] o
0 hd T T T T T T T 1 4] T T T T 1
0 20 40 60 80 100 120 140 160 0 2 4 6 8 10

13C-NMR B3LYP/HF TEORiK HESAPLANAN DEGERLER

1H-NMR B3LYP/HF TEORIK HESAPLANAN DEGERLER

208



Beytur & Yiksek / Caucasian Journal of Science 6 (2), (2019), 200-215

& 160 (C)

13C-NMR DEN
B
o

o e
&

(o] 50 100

13C-NMR B3LYP/HF (DMSO) TEORIK HESAPLANAN DEGERLER

150

200

12,00
10,00

8,00

4,00

14-NMR DENEYSEL DEGERLER
o
=]
a3

2,00

0,00
0,00

(d)

¢

:
2,00

1H-NMR B3LYP/HF(DMSO) TEORIK HESAPLANAN DEGERLER

:
4,00

: :
6,00 8,00

:
10,00

:
12,00

14,00

Figure 4. The correlation graphics according to *C-NMR (a), *H-NMR (b), *C-NMR
(DMSO) (c) and *H-NMR (DMSO) (d) chemical shifts of the titled compound (3).

Table 5. The correlation data for chemical shifts of the titled compound (3).

BC NMR 'H NMR
Methods R S. error a b R S. error a b
3 DFT 0,9916 5,2627 1,0840 4,6544 0,9022 1,3855 1,0197 0,6998
HF 0,9897 5,8031 0,9747  5,8456 0,9028 11,3817 0,9581 0,9064
DFT(DMSO) 0,9910 5,4444 1,0756  5,2136 0,9222 1,2423 1,0258 0,4975
HF(DMSO) 0,9880 6,2646 0,9618 6,9266 0,9158 11,2899 0,9595 0,7475

3.4. UV-visible Spectroscopy

The title molecule allow strong z#—=z* and o—o¢* transitions in UV-vis region with

high extinction coefficients (Silverstein, et al., 1991). The experimental absorption

wavelengths of the compound 3 in ethanol solvent have been observed at 300, 262 and 216

nm. The absorption wavelengths (A) excitation energies, and oscillator strengths (f) of UV-vis

absorption spectroscopy of the compound 3 has been calculated in ethanol solvents by using
TD-DFT/B3LYP and TD-HF method. The calculated absorption wavelengths for the
compound 3 were found as 372.61/241.21, 324.69/218.93 and 317.07/215.07 nm in ethanol

solvent. The experimental and calculated UV parameters of the compound 3 are given in

Table 3. The calculated and experimental UV spectrums of the compound 3 are given in

Figure 5.
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Figure 5. UV-Visible spectra (a) experimental and (b and ¢) simulated with DFT/B3LYP/6-
31G(d) and HF/6-31G(d) levels of the titled compound (3).

Table 6. The experimental and calculated absorption wavelength (1), excitation energies and

oscillator strengths (f) the titled compound (3).

Exp. (in ethanol) The calculated with B3LYP/6-31G(d) level in vacum / ethanol solvents
A (nm)/e (L.mol*.cm™) ) (nm) Excitation energy (eV) f (oscillator strength)
300/ 22563 372.61/241.21 3.3274/5.1402 0.0601/0.8828
262/ 20156 324.69/218.93 3.8185/5.6632 0.0073/0.0569
214 /11869 317.07/215.07 3.9104/5.7648 0.6969/0.0107

3.5. Mulliken’s Atomic Charges

The Mulliken atomic charges at the HF/6-31 G(d) and B3LYP/6-31 G(d) level of
compound 3 in gas phase are given in Table 7 (Mulliken, 1955). The electronegative N39,
N40, N41, N42, 043, O44 and 045 atoms of compound 3 have negative atomic charge
values. The Mulliken atomic charges (DFT/HF) of the mentioned atoms were calculated as -
0.498/-0.638, -0.341/-0.349, -0.443/-0.644, -0.258/-0.253, -0.526/-0.657, -0.542/-0.701 and -
0.479/-0.571 a.u., respectively. The C1, C2, C3, C7, and C10 carbon atoms bounded to the
mentioned electronegative atoms in the molecule under study have positive atomic charge
values. The values of the positive charges of the mentioned carbon atoms were found as
0.552/0.619, 0.771/1.026, 0.003/0.121, 0.359/0.410 and 0.619/0.815 a.u., respectively.

Therefore the C1 atom surrounded with two electronegative N40 and N41 atoms, the C2 atom
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surrounded with the electronegative N39, N41 and O43 atoms and the C10 atom surrounded
with two electronegative O44 and O45 atoms have the highest positive charge values. In the

compound 3 the atomic charges of all hydrogen atoms have positive values.

Table 7. Mulliken atomic charges of the titled compound (3).

DFT HF DFT HF DFT HF

Atoms Charges (a.u.) Atoms Charges (a.u.) Atoms Charges (a.u.)
C1 0.552 0.619 C16 -0.122 -0.192 H31 0.140 0.211
Cc2 0.771 1.026 C17 -0.131 -0.203 H32 0.140 0.211
C3 0.003 0.121 Ci8 -0.185 -0.215 H33 0.143 0.216
C4 0.200 -0.062 C19 -0.331 -0.369 H34 0.165 0.192
C5 -0.171 -0.212 C20 -0.441 -0.484 H35 0.181 0.208
C6 -0.143 -0.246 H21 0.353 0.416 H36 0.145 0.168
Cc7 0.359 0.410 H22 0.157 0.221 H37 0.163 0.184
C8 -0.169 -0.211 H23 0.156 0.298 H38 0.164 0.184
C9 -0.196 -0.213 H24 0.168 0.231 N39 -0.498 -0.638
C10 0.619 0.815 H25 0.147 0.237 N40 -0.341 -0.349
Ci11 -0.215 -0.349 H26 0.142 0.218 N41 -0.443 -0.644
C12 -0.146 -0.119 H27 0.155 0.223 N42 -0.258 -0.253
C13 0.166 0.016 H28 0.170 0.246 043 -0.526 -0.657
Cil4 -0.169 -0.202 H29 0.138 0.213 044 -0.542 -0.701
C15 -0.131 -0.204 H30 0.140 0.210 045 -0.479 -0.571

3.6. Frontier molecular orbital analysis

The energies of two important molecular orbitals of the molecule; the second highest
and highest occupied MO’s (HOMO), the lowest and the second lowest unoccupied MO’s
(LUMO) were calculated by using DFT/B3LYP and HF methods with 6-31G(d) level and are
presented in Figure 6. The energy gap of the title molecule was calculated at DFT/B3LYP and
HF level, which reveals the chemical reactivity and proves the occurrence of eventual charge
transfer. The HOMO s located almost over the carbon atoms, oxygen atoms and also slightly
delocalized in hydrogen atom and the LUMO is mainly delocalized in carbon atoms of
benzene ring. The energy gap (energy difference between HOMO and LUMO orbital) is a
critical parameter in determining molecular electrical transport properties (Fukui, 1982). The
HOMO-LUMO energy gap of the title molecule is found to 0.1652/0.4443 a.u. obtained at
DFT/HF method with 6-31G(d) levels.
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ELumo (B3LYP) : -0,07464 Hatree ELumo (HF) : 0,07788 Hatree
Figure 6. The calculated HOMO-LUMO energies of the titled compound (3) according to

DFT/B3LYP/6-31G(d) and HF/6-31G(d) levels

3.7. Dipole moment and total energy
The energetic behavior of title molecule was investigated in vacum. Dipol moments
and total energy values of title molecule were calculated by using B3LYP/6-31G(d), HF/6-

31G(d) level. The calculated dipole moments and total energy values are given in Table 8.

Table 8. The calculated dipole moment values and total energy of the titled compound (3).

Dipole Moment B3LYP HF
x 1.0680 0.2597
1y 0.6420 1.8129
Nz 0.2154 1.1321
WToplam 1.2646 2.1531
Energy -1217.608 -1210.197

4. CONCLUSION

In this paper, 3-ethyl-4-(4-cinnamoyloxybenzylidenamino)-4,5-dihydro-1H-1,2,4-
triazol-5-one (3) was synthesized from the reaction of compound (1) with 4-
cinnamoyloxybenzaldehyde. The structure of the titled compound is characterized by using
14, 13C NMR, FT-IR and UV spectroscopic methods. The molecular structures, vibrational
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frequencies, H and 3C NMR chemicals shifts, UV-vis spectroscopies, HOMO and LUMO
analyses and atomic charges of 3-ethyl-4-(4-cinnamoyloxybenzylidenamino)-4,5-dihydro-1H-
1,2,4-triazol-5-one molecule (3) synthesized for the first time have been calculated by using
DFT/B3LYP and HF methods. By considering the results of experimental works it can be
easily stated that the *H and *C NMR chemical shifts, vibrational frequencies, and UV
spectroscopic parameters obtained theoretically are in a very good agreement with the

experimental data.
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