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1. Introduction

Benzimidazole and its derivatives play important role in in-
dustrial and medical fields because of antiviral and parasitic ac-
tivities. Their biological activities such as antiviral, anticancer,
antimalarial, anti-helmintic, antihistaminic, antiulcer, antifungal
and anti-oxidant have been studied [1—9]. This compounds are also
used broadly in industrial processes as corrosion protection for
alloy and metal surfaces [10,11]. Metal complexes including benz-
imidazole are subject of intensive searches not only because of their
opulent coordination chemistry. To examine features of benz-
imidazole [12—14] and its derivatives [15] study was done many
theoretician and experimentalists because of these different ap-
plications. Recently, investigated molecular structure, vibrational
spectroscopic of 2-arylaminomethyl-1H-benzimidazole with novel
Ni (II) and Zn (II) complexes by Abdel-Ghani et al. [13]. Geometric
parameters, spectral band, first-order hyperpolarizability and
HOMO, LUMO studies of 2-aminobenzimidazole analyzed by Sudha
et al. [14], Noolvi et al. reported synthesis, antimicrobial and
cytotoxic activity of 1-methyl-1H-benzimidazol-2-amine [16]. Tla-
huext et al. investigated structural and synthesis researches of
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amino amide salts derivatives of 2-(aminomethyl) benzimidazole
[17]. Optimized parameter and spectral analysis of 4-chloro-7-
nitrobenzofurazan were calculated by Kurt et al. [18].

As a successor to the benzimidazole compounds, theoretical
analysis of 2-amino 1 methyl benzimidazole (2A1MB) were ob-
tained at the B3LYP/CC-pVDZ level. The experimental spectra (FT-
Raman, FI-IR, dispersive Raman, 'H and *C NMR) recorded solid
phase and DMSO solvent. All results are presented herein.

2. Experimental

The infrared spectrum of 2A1MB was recorded in between of
4000—400 cm'at room temperature using a Bruker IFS 66/S
spectrometer. Thermo Scientific Nicolet 6700 FT-IR/NXR FT-Raman
Modiil instrument using 1064 nm excitation from an Nd:YAG laser
was used and measured in between of 4000-0 cm~L 'H and 13C
NMR chemical shift values were performed in Bruker Super-
conducting FT.NMR Spectrometer Avance TM. Chemical shifts were
measured in ppm connected to tetramethylsilane (TMS) in DMSO.
NMR spectra were observed at the base frequency of 300 MHz for
13¢ and 'H nuclei.

2.1. Calculations

The molecular geometry of 2A1MB was optimized by DFT/B3LYP
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Fig. 1. The theoretical geometric conformers of the 2-amino 1 methyl benzimidazole.

methods by using CC-pVDZ basis set. The vibrational bands were
obtained with same basis set. Theoretical vibrational bands were
scaled using the scale factor of 0.970 [19]. The vibrational bands
were assigned on the basis of TED performed with SQM program
[20]. The electronic spectrum of 2A1MB was obtained by TD-DFT

method [21]. HOMO-LUMO were calculated at the same level of
theory. The 'H and '3C chemical shifts were computed at the B3LYP/
CC-pVDZ level of the gas phase by using GIAO approach [22] and
the values were referenced to TMS, which was computed at the
same level of theory. The calculations were carried out using
GAUSSIANO9 [23] software.

3. Results and discussion
3.1. Geometrical structure

All possible conformers of 2ATMB molecule calculated using
DFT theory at B3LYP/CC-pVDZ level and optimized energies were
given in the Table S1. The optimized energy of other conformers is
higher than those of conformer 1 and given in Fig. 1. The dimer
structure of conformer 1 is shown in Fig. S1. Geometrical parame-
ters values of conformer 1 are tabulated in Table 1. This parameters,
since the crystal structure of the title compound is not available, are
compared with analogous optimized compound and x-ray data
[24,25]. But we compared geometrical parameters of the title
compound and N-Methyl-2-(2'-hydroxyphenyl)benzimidazole X-
ray data (R%). For example, in analogous compounds C—C bond
length were obtained in between of 1.39—1.41 A [25] and in x-ray
data were observed in between of 1.37—1.40 A in phenyl ring [24]
and bond length C—C of 2A1MB were calculated in the range of
1.40—1.42 A. Moreover, bond lengths N13—C14 was calculated at
1.45 A and in x-ray data of similar molecule were observed as
1.45.The N12—C7—N13 bond angle of the 2A1MB was obtained as
114.22° and as 114.7° in similar molecule [24].

Table 1
Calculated optimized parameter values of the 2-amino 1 methyl benzimidazole [Bond length in (A), Bond angle in (°)].

2A1MB 2Br1HB X-Ray R? 2A1MB 2Br1HB X-Ray R?
Bond Length
C1-C2 1.419 1414 14 -1.3 C6—-H11 1.092 1.084 0.93 —14.8
C1-C6 1.395 1.393 1.386 -0.6 C7—-N12 1.314 1.294 1.338 1.8
C1-N13 1.393 1.388 1.395 0.1 C7—N13 1.384 1.374 1.352 -23
C2—-C3 1.400 1.397 1.387 -0.9 C7—-N18 1.391 — - -
C2—-N12 1.391 1.394 1.377 -1.0 N13-C14 1.447 - - —
C3—C4 1.397 1.39 1.374 -1.6 C14—H15 1.099 - — —
C3—H8 1.092 1.083 0.93 -14.8 C14—-H16 1.101 - — -
C4-C5 1.408 1.407 1.392 -1.1 C14—H17 1.104 — - -
C4—H9 1.092 1.084 0.93 -14.8 N18—H19 1.019 - — -
C5—C6 1.399 1.391 1.368 -2.2 N18—H20 1.020 - — —
C5—-H10 1.092 1.084 0.93 -14.8
Bond Angle
C2—C1-C6 122.7 122.6 120.6 -1.7 C5—C6—H11 1211 1213 121.1 0.0
C2—C1-N13 105.0 104.5 108.1 3.0 N12—-C7-N13 1143 114.7 112.7 -14
C6—C1-N13 132.2 1329 131.2 -0.8 C12—C7—-N18 1249 - - -
C1—-C2—-C3 1195 119.9 121.3 1.5 N13—-C7-N18 120.7 - — —
C1—C2—N12 1105 1104 107.2 -3.0 C2—-N12—-C7 104.4 104.4 107 25
C3—C2—-N12 130.1 129.7 131.5 1.1 C1-N13-C7 105.8 106.1 105.1 -0.7
C2—-C3-C4 1183 117.8 117.3 -0.8 C1-N13-C14 127.0 - — —
C2—C3—H8 120.1 1204 1214 1.1 C7—-N13—-C14 1271 - — —
C4—C3—H8 121.6 121.8 1214 -0.2 N13-C14—-H15 109.0 - - -
C3—-C4-C5 1214 121.5 1214 0.0 N13-C14—-H16 109.8 - - —
C3—C4—H9 1194 119.5 119.3 -0.1 N13—C14—-H17 112.2 - — —
C5—C4—-H9 119.1 1191 119.3 0.2 H15—-C14—-H16 108.2 - - —
C4—-C5—-C6 121.2 121.6 121.7 04 H15—-C14—H17 109.2 - - -
C4—C5—H10 1195 1193 119.2 -0.3 H16—C14—H17 108.4 - — —
C6—C5—H10 119.3 119.1 119.2 -0.1 C7—-N18—-H19 109.3 - — —
C1-C6—-C5 116.8 116.6 117.8 0.9 C7—-N18—H20 113.8 - - -
C1-C6—H11 122.1 122.1 121.1 -0.8 H19—N18—H20 109.6 - — —
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Fig. 2. The experimental and calculated (with the scale factor) FT-IR and FT-Raman spectra of the2-amino 1 methyl benzimidazole.
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Comparison of the calculated and experimental vibrational spectra and proposal assignments of 2-amino 1 methyl benzimidazole molecule.

No Experimental wavenumber Theoretical wavenumber TED (>10%)

FT-IR FT-Raman Dispersive Scaled Iir SRa Ira Assignments®

Raman 780nm
1 115 113 231 137 1.00 TCCCN(29)+ TCCNN(28)+TtCCHN(34)
2 129 4.25 1.61 0.92 TCCCN(19)+ TtCCHN(56)
3 143 2.64 0.82 0.39 TCCCN(35)+ TCCNN(28)+ TCCHN(23)
4 240 10.75 0.45 0.09 SCCN(51)
5 257 1.26 0.88 0.16 TCCCC(15)+ TCCCN(20)+ TCCNN(13)
6 292 21.85 1.82 0.26 SCCN(27)+ tCHNN(37)
7 305 26.82 1.28 0.17 OCCN(18)+dCNN(21)+TtCHNN(37)
8 378 334 6.23 247 0.29 TCCCC(17)+ TCCCN(25)+ TCCNN(28)
9 436 431 235 0.37 0.03 ©CCCC(35)+ 'CCCH(19)+ TCCCN(29)
10 495 505 504 491 3.06 11.76 0.77 vCC(13)+uCN(22)+dCCC(23)
11 547 5.87 0.95 0.05 OCCN(51)+3CNN(18)
12 563 567 4.25 6.37 0.34 dCCC(28)+dCCN(27)+dCNN(13)
13 575 3.60 0.68 0.04 TCCCC(42)+ TCCCH(14)+ tCCCN(15)
14 649 103.33 295 0.13 TCCNN(21)+I"CHNN(30)
15 670 677 663 5.24 6.81 0.29 uCN(14)+3CCC(20)+dCCN(19)
16 722 3.95 20.36 0.76 vCC(20)+uCN(37)+dCCC(15)
17 738 736 741 730 39.48 1.89 0.07 vy 'CCCH(73)+ tCCHN(16)
18 757 9.25 1.13 0.04 TCCCC(28)+ TCCCH(28)+ TCCNN(11)
19 777 201.32 6.97 0.23 OCNH(22)+ I'CHNN(51)
20 835 837 0.43 2.67 0.08 TCCCC(10)+ v [I'CCCH(31)+ I'CCHH(17)]
+ TCCHN(28)
21 865 4.13 3.84 0.11 vCC(19)-+uCN(19)+3CCC(19)+dCCN(10)
22 894 890 895 0.33 0.65 0.02 UCN(41)+0CHN(12)
23 909 2.15 0.89 0.02 y[I"CCCH(30)+ I"CCHH(44)]+ I"CCHN(15)
24 954 0.09 0.22 0.01 Y[I'CCCH(20)+ I"CCHH(63)]
25 1001 1011 1008 998 7.42 18.35 0.43 vCC(60)+dCCH(27)
26 1071 8.59 417 0.09 vCC(11)-+uCN(17)+3CCC(10)+dCCH(16)
+3CHN(10)

27 1084 1095 28.50 342 0.07 uCC(11)+ dCCH(16)+-dCHN(40)
28 1101 3.76 1.11 0.02 SCHN(66)+ I"CCHN(18)
29 1111 2.12 18.72 0.37 vCC(10)-+uCN(10)+3CCH(20)+dCHN(29)
30 1122 1129 1.63 2.34 0.05 vCC(16)+ dCCH(74)
31 1189 7.49 2.62 0.05 UCN(20)+3dCCH(10)+3CHN(24)
32 1245 1247 1250 1235 20.10 50.19 0.84 vCC(18)+uCN(41)+dCCH(17)
33 1272 31.61 30.77 0.49 uCN(21)+ 3CCH(53)
34 1323 27.14 10.34 0.15 vCC(19)+uCN(46)
35 1373 1369 1363 7.56 10.28 0.15 vCC(49)+8CCH(14)
36 1385 19.44 16.99 0.23 dCHH(39)+3CHN(37)
37 1415 1422 18.62 19.73 0.26 dCHH(56)+3CHN(11)+ I'CCHN(27)
38 1431 21.68 6.73 0.09 SdCHH(39)+ I"'CCHN(19)
39 1454 1442 102.15 24.68 0.32 vCC(27)+uCN(10)4-dCCH(30)
40 1466 23.86 6.51 0.08 vCC(30)+uCN(12)+dCCH(29)
41 1483 1474 55.81 3.75 0.05 uCN(34)+3dCHH(16)+3CHN(10)
42 1544 1547 1527 119.99 33.67 0.39 UCN(38)+3dCHN(17)+ SHNN(22)
43 1579 81.17 18.44 0.20 UCN(43)+3CHN(10)+3HNN(17)
44 1596 67.83 69.83 0.75 vCC(44)+uCN(14)+ SHNN(12)
45 1649 1651 1630 93.85 11.05 0.11 vCC(43)+uCN(22)
46 2423 2595 2929 60.29 193.71 0.54 vCH(100)sm
47 2934 2937 3000 16.97 84.13 0.22 vCH(100) asm
48 3022 3055 3055 3041 3.78 53.31 0.13 vCH(98) asm
49 3076 0.02 50.13 0.12 vCH(100) asm
50 3086 13.61 122.31 0.29 vCH(97) asm
51 3098 25.48 97.72 0.23 vCH(98) asm
52 3107 14.98 292.57 0.68 vCH(99) sm
53 3304 3297 3396 15.09 310.75 0.55 uNH(100) sm
54 3446 3450 3491 25.95 96.68 0.16 uNH(100) asm

a

v : stretching. ¢ : bending.o :in plane bending.y : out of plane bending. I : torsion.
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3.2. Vibrational spectral analysis

The title of molecule has 20 atoms and 54 vibrational band. The
theoretical IR and Raman spectrum of 2A1MB were performed at
DFT method of theory using CC-pVDZ basis set as given in Fig. 2
with experimental Raman and IR spectra. All band assignments
were presented in Table 2. Vibrational modes were performed with
detailed based on the total energy distribution (TED). In this study,
the scaling factor is 0.970 for B3LYP/CC-pVDZ basis set. Correlation
graphics between the experimental and theoretical wavenumber
were plotted in Fig. S2.

3.2.1. CHj vibrations

The C—H stretching of CH3 groups are expected to be at lower
frequencies than those of aromatic ring (3100—3000 cm™!). The
asymmetric stretch is usually observed at higher wavenumber than
the symmetric stretch. The asymmetric C—H stretching mode of
CHj3 is expected around 2980 cm ™! and symmetric C—H stretching
mode of CHs should beat 2870 cm ™! from previous works in the
literature [26—28]. Asymmetric stretching vibrations of CH3 of
2ATMB were calculated at 3000 cm™! and it was observed at
2934 cm~! in FT-Raman and 2937 cm~! in dispersive Raman
spectrum. The CH3 symmetric stretching vibration was calculated
at 2929 cm~! but it was observed at 2423 cm~! in FT—IR and
2595 cm™! in dispersive Raman spectrum. These vibrations show
100% of PED contribution suggesting that it is a pure stretching
mode. Scissoring vibrations of CH3 were calculated at 1474, 1431,
1421 and 1384 cm~! with B3LYP/CC-pVDZ method.

3.2.2. C—H vibrations

C—H stretching vibrations generally occurs in between of
3000—3100 cm~! in hetero aromatic rings [29—32]. The C—H
stretching vibrations were computed in the region between 3041
and 3107 cm~! were observed at 3022, 3055 and 3055 cm ™! in
FT-IR, FT-Raman and dispersive Raman. The C—H in—plane
bending and out of plane bending vibrations occurs in the ranges
1000—1300 cm~! and 800-950 cm~' for aromatic rings, respec-
tively [33,34]. The C—H in—plane bending and out of plane bending
vibrations for 2ATMB molecule were calculated in the range of

Table 3
Experimental and calculated chemical shifts (ppm).

999—1271 cm ™! and at 837, 909 and 954 cm ™}, respectively. These
vibrations observed at 835,1001 cm~! in FI-IR and at 1011 cm ™! in
FT-Raman and 1008, 1122 cm™! in dispersive Raman spectrum.
These vibrations in similar molecules also calculated and observed
in the ranges same band [23,35—38].

3.2.3. NH, vibrations

N—H stretching vibrations generally occurs in between of
3300—3500 cm~! in aromatic amines [39]. The N—H asymmetric
and symmetric vibrational stretching modes were computed at
3491 and 3396 cm~! for monomer. These bands were computed at
3487 and 3487 cm™ ! for dimer structure. Therefore the modes were
showed downshift due to the inter-molecular effect. The observed
experimental FT-Raman and FT-IR spectrum as two bands at 3297,
3450 and 3304, 3446 cm™), respectively. These vibrations show
100% of PED contribution suggesting that it is a pure stretching
mode. Bellamy et al. have reported that the NH; scissoring vibration
mode lies in between of 1529—1650 cm~! [40,41]. The NH; scis-
soring mode of 2A1MB were calculated in between of
1527—1596 cm ™! and observed at 1544 and 1547 cm ™! in FT-Raman
and dispersive Raman spectrum.

3.2.4. Ring vibrations

The bands generally in between of 1480 and 1650 cm™! are
assigned to C—C stretching modes [42]. This band for 2A1MB was
observed at 1649, 1454, 1245, 1084, 1001 cm™'in FT-IR and at 1343,
1247, 1011 cm! in FT-Raman and at 1651, 1369, 1250, 1122,
1008 cm™! in dispersive Raman. C—C stretching modes were ob-
tained in the ranges 1630—1596, 1466—1442, 1363—1323, 1234,
1189—1112, 1097-999 cm~'by CC-pVDZ basis set. The main C—C
stretching vibration were calculated at 999 cm~! with the TED
contribution 60%.

3.2.5. C—N vibrations

C=N stretching band generally occurs in the range of 1672-
1566 cm ™! [24]. C=N stretching mode reported by Arjunan et al., at
1531 cm™ for 2-amino-4-methylbenzothiaole [43]. This band was
calculated at 1527, 1596 and 1630 cm ™! observed at 1649 and 1544
and 1547, 1651 cm~! in FT-IR, FT-Raman and dispersive Raman

Atom B3LYP/CC-pVDZ Experimental
DMSO Ethanol Gas Water DMSO
Cc7 142.04 141.94 138.97 142.08 155.84
c2 131.40 13143 132.07 131.39 142.92
C1 125.44 125.41 124.65 125.45 135.41
c4 109.49 109.52 110.67 109.47 120.74
c5 108.72 108.72 109.19 108.72 118.46
Cc3 105.32 105.41 107.69 105.28 115.09
c6 97.14 97.08 95.71 97.17 107.76
C14 18.64 18.62 18.28 18.64 28.81
H8 7.74 7.75 7.82 7.74 7.12
H11 7.61 7.60 7.33 7.62 6.94
H9 7.58 7.58 7.54 7.58 6.98
H10 7.55 7.55 7.45 7.55 7.18
H15 4.12 4.12 4.01 4.13 3.51
H16 4.08 4.08 4.00 4.08 3.51
H19 4.05 4.04 3.85 4.05 6.57
H17 3.78 3.77 3.57 3.78 3.51
H20 3.59 3.56 2.88 3.60 6.57
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Fig. 3. 'H and '>C NMR spectra of 2-amino 1 methyl benzimidazole in dimethyl sulfoxide solution.
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spectrum, respectively.

In according to TED, C—N stretching mode looks coupled with
C—C vibration. The C—N stretching bands by the Sundaraganesan
et al. reported at 1318 cm~! for benzothiazole [44]. This vibration
mode in 1-Methyl-2-(2’-hydroxyphenyl)benzimidazole molecule

were observed at 1294, 1380 cm~! in FT-IR calculated at 1259,
1349 cm~! by B3LYP/6.31G(d,p) level [24]. For 2A1MB molecule the
calculated bands at 1071, 1112, 1189, 1271, 1323, 1442 and
1466 cm~! are assigned to C—N stretching, in which 1323 cm™!
have TED of 46%. The experimentally value of C—N stretching vi-
bration observed at 1454 cm™! in FT-IR.

3.3. Nuclear magnetic resonance analysis

The signals of aromatic carbons reported in the range
100—200 ppm [45,46]. The experimental chemical shift of aromatic
carbons of the title molecule recorded in between of
114.53—143.80 ppm and those theoretical shift values predicted in
the range of 97.14—131.40 ppm in DMSO. The C6 atom is slightly
lesser due to effect of nitrogen in the hetero ring, thus its NMR
signal is found in the downfield at 97.14 ppm. '3C and 'H NMR
chemical shift values calculated by CC-pVDZ basis set and GIAO
method were presented in Table 3. 'H chemical shifts were ob-
tained in the range of 7.55—7.74 ppm, whereas the experimental
shifts are observed in the range of 8.34—7.34 ppm. The obtained
chemical shifts are in good agreement with experimental shifts.
The measured 3C and the 'H NMR spectra are shown in Fig. 3.
Correlation graphics between the experimental and theoretical
chemical shifts were plotted in Fig. S3.

3.4. Frontier molecular orbitals

The HOMO-LUMO energy orbital values play an important role
in the electrical and optical properties [47]. The energy values of the
HOMO and LUMO orbitals for 2A1MB are presented in Fig. 4 in gas
phase. HOMO and LUMO energy values calculated by using
TD—DFT/B3LYP/CC-pVDZ are presented in Table 4. The HOMO-
LUMO orbitals are localized in the whole of molecule except CH3
atoms. The energy difference between HOMO and LUMO is a critical
parameter in determining molecular electrical transport properties
[48]. The energy gap of HOMO and LUMO is found to be 5.44 eV by
using TD—DFT/B3LYP/CC-pVDZ. Bold characters in the table in-
dicates energy gap values. The values chemical harness, chemical
potential, electronegativity and electrophilicity index for 2A1MB
were also calculated and are given Table 4.

3.5. Molecular electrostatic potential surface

MEP provides the investigation of the molecular structure with

Table 4

The calculated energies values of 2-amino 1 methyl benzimidazole molecules using by the B3LYP method using CC-pVDZ basis set.
Parametres Gas DMSO Ethanol Water
Etotal (Hartree) —474.569944 —474.581311 —474.402878 —474.40341
Enomo (eV) —5.54 -5.76 —-5.75 —-5.77
ELumo (eV) —0.09 -0.33 -0.32 -0.33
Enomo-1 (eV) -5.94 -6.16 -6.15 -6.17
Erumo i1 (eV) 0.62 0.39 04 0.38
EHOMO-1-LUMO+1 gap (€V) —6.56 —6.56 —6.55 —6.55
Etomo-Lumo gap (€V) —5.44 —5.44 —5.44 —5.44
Chemical hardness (h) —-2.72 -2.72 -2.72 —-2.72
Electronegativity () 2.82 3.04 3.04 3.05
Chemical potential (p) -2.82 -3.04 —3.04 —0.305
Electrophilicity index (w) -1.46 -1.7 -1.69 -1.71

Bold text indicates energy gap and it is critical parameter.
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Fig. 5. Molecular electrostatic potential (MEPs) 3D map and 2D contour map for 2-amino 1 methyl benzimidazole molecule.

Table 5
Comparison of Mulliken charges of 2-amino 1 methyl benzimidazole, 2-bromo-1h-
benzimidazole and Benzimidazole.

Atoms 2A1MB 2Br1HB Benzimidazole
C1 0.136 0.505 0.616
Cc2 0.033 0912 0.515
c3 0.003 —-0.807 —0.680
c4 0.036 -0.186 -0.189
c5 0.029 —-0.290 -0.274
C6 0.001 —0.956 -0.687
c7 0.185 0.241 0.230
H8 —0.040 0.131 0.129
H9 —-0.038 0.128 0.125
H10 —-0.039 0.128 0.125
H11 —0.044 0.116 0.113
N12 —-0.251 —0.069 —0.186
N13 —-0.264 —0.153 —0.261
C14 0.068 0.329 0.301
H15 0.039 — —

H16 0.047 — —

H17 0.038 - -

N18 -0.147 — —

H19 0.105 — —

H20 0.101 — —

its physiochemical property relationships [49—52]. 2D contour map
provides predicting the interaction of different geometries [53—59].
The negative (red) regions and positive (blue) regions shows elec-
trophilic reactivity and nucleophilic reactivity, respectively. The
color code maps for 2A1MB were predicted in between of —0.05334
(deepest red) and 0.05334 a.u. (deepest blue), as shown in Fig. 5. As
seen, indicates that the region around the nitrogen atom (N12)
linked with carbon through the double bond is the most negative
potential region (red) and the hydrogen atom linked with nitrogen
(N18) is the most bang of positive region (blue).

3.6. Mulliken atomic charges

Mulliken atomic charges of the title molecule were computed by

R B

889

-0.001
0.002 0.02
-0.004
-0.04
599 -0.02

B3LYP/CC-pVDZ method and with 2-bromo 1-h benzimidazole [23]
and benzimidazole were tabulated in Table 5. The comparison of
the Mulliken charge distribution of molecules were shown in Fig. 6.
All in compounds nitrogen atoms have negative charge and N12
nitrogen atom has the high negative charge. This may be due to
N—H.N intermolecular interaction. The carbon atoms in 2A1MB
have positive charges while C6 has negative charge, however, the
other molecules only C1/C2/C7 have positive charge. It may be the
reason of the substitution of electronegative methyl groups on C14
atom. H19 atom has the high positive charge. This may be due to
amino group intermolecular interaction.

3.7. Thermodynamic properties

Thermodynamic parameters obtained by B3LYP/CC-pVDZ
method at 298.15 K for 2A1MB were tabulated in the Table S2.
Parameters as heat capacity at constant pressure, entropy and
enthalpy changes were calculated in the temperature range of
100-700 K varied every 50 K are presented in
Table S3.Thermodynamic parameters enhancement with the rise of
temperature because to molecular vibrational intensity enhance-
ment by temperature. The correlation graphics of temperature
dependence of thermodynamic functions for the title compound
molecule are given in Fig. 7. The correlation equations between heat
capacity, entropy, enthalpy changes and temperatures are fitted by
quadratic formulas. From the Fig. 7, it can be observed that these
thermodynamic functions are increasing with temperature.

4. Conclusion

Studies have been made for 2A1MB such as geometric optimi-
zation, vibrational wavenumbers, NMR, MEP, frontier molecule
orbital and thermodynamic properties. This study has been pre-
sented using DFT/B3LYP/CC-pVDZ level. The obtained bond lengths
and bond angles compared with similar structures and X-ray. The
calculated as theoretically IR and Raman spectra compared FT-IR
and FT-Raman spectra recorded as experimentally and this values
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Fig. 6. The Mulliken charge distribution for Benzimidazol, 2-bromo 1h-benzimidazole and 2-amino 1 methyl benzimidazole.



E.B. Sas et al. / Journal of Molecular Structure 1149 (2017) 882—892 891
809 & Heat capacity, (C) (cal mol'lK'l) [ I
. -1y~ g f140

5 u— Entropy, (S) (cal mol K1 .%.? L 30

=% ] —® Enthalpy, (H) (kcal mol™) /.7' O | |
S L O BT g
g ./ n [ 4 £
= . - _/ ey} 20 S
S - v 8 =
Q 404 1 = F100 } -
= l% -/ g E:
£ " . gl Lk
g e -~ - E
=y l/ — z |80 2
S 204 . " ° L E
= / /./ = —1.2874 + 0.1423T — 5x10"°T?R? = 0.9991 = |
] ]
== 4 l/ §=51.777 + 0.1447T — 3x10-5T?R% = 0.9999 = L0

= —0.3144 + 0.0074T — 5x10~°T?R? = 0.9999 60
0 L) M Ll v L M L) L) v L} M L) =
100 200 300 400 500 600 700
Temperature (K)

Fig. 7. The correlation graphic of heat capacity, entropy, enthalpy and temperature for 2-amino 1 methyl benzimidazole molecule.

displayed also obtained correlation graphics. Besides, correlation
graphics were drawn also for NMR and thermodynamic properties.
As it is seen from this graph, experimental and theoretical values

dare

in agreement.
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