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ÖZ 

 

Bu makalede 5-bromo-1h benzimidazolun (5Br1HB) spektroskopik özellikleri FT-Raman ve FT-IR spektral 

teknikleriyle incelendi. Optimize yapının titreşim spektrumlarının, Mulliken ve NMR analizinin tablosunu oluşturmak 

için Yoğunluk Fonksiyoneli Teorisi (YFT) hesaplamaları B3LYP/6-311+G(d,p) metoduyla hesaplandı. Başlıktaki 

molekül için elektronik yapı özellikleri (HOMO-LUMO ve moleküler elektrostatik potansiyel yüzey (MEP)) TD-

DFT/B3LYP/6-311+G(d,p) metodu kullanılarak gerçekleştirildi. Deneysel değerlerle teorik değerler çok iyi uyum 

gösterdi. 

Anahtar Kelimeler: 5-bromo-1h benzimidazol, FT-Raman, FT–IR. 

 

 

 

Ft-raman, ft-ir, nmr and dft calculations of  

5-bromo-1h benzimidazole 
 

 

ABSTRACT 

 

This paper were investigated spectroscopic studies of 5-bromo-1h benzimidazole (5Br1HB) with FT-Raman and FT-

IR spectral techniques. To produce a tables of vibrational spectra, Mulliken and NMR analysis, density functional 

theory (DFT) calculations with B3LYP/6-311+G(d,p) level of theory were calculated for optimized structure. Features 

of the electronic structure (HOMO-LUMO and molecular electrostatic potential surface (MEP)) of 5Br1HB were 

performed using TD-DFT/B3LYP/6-311+G(d,p) method. The theoretical values with the experimental values showed 

very good agreement.   

 

Keywords: 5-bromo-1h benzimidazol, FT-Raman, FT–IR. 
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1. GİRİŞ (INTRODUCTION) 

 

Which plays an important role for the development of 

new antimicrobial agents, benzimidazole is bicyclic 

heteroatomic molecules [1]. Benzimidazole is reported to 

the applications in the treatment of some diseases like 

diabetes, epilepsy and antifertility [2, 3]. Its several 

variants have effective against biological activities as 

antitumor, antiviral [4], antimicrobial, antihistaminic, [5, 

6] and antihelminthic [7] agents. Applications in 

different areas of the benzimidazole and some of its 

derivatives has affected many theorist and 

experimentalist to examine properties [8-11].  

 

In this study, 5Br1HB molecule was analyzed using FT-

Raman, FT-IR and 1H and 13C NMR spectra. Structural 

optimizations are performed, vibrational wavenumber 

and 1H and 13C chemical shift values 5Br1HB molecule 

are calculated by DFT/B3LYP method and the results are 

compared with similar molecules, x-ray data and 

experimental values. These values showed good 

agreement. Moreover, in order to understand the 

electronic structure HOMO-LUMO, MEP and Mulliken 

analysis have been also examined.  

 

2. DENEYSEL (EXPERIMENTAL) 

 

The infrared spectrum was recorded using a Bruker IFS 

66/S spectrometer with a scanning speed of 10 cm–1 min–

1 and the spectral resolution of 4.0 cm–1in the range of 

4000–400 cm–1. Thermo Scientific Nicolet 6700 FT-IR / 

NXR FT-Raman Modül instrument using 1064 nm 

excitation from an Nd:YAG laser was used and recorded 

between 4000–400 cm–1. 1H and 13C NMR spectra were 

observed in Bruker Superconducting FT.NMR 

Spectrometer Avance TM. The results were presented in 

ppm relative to tetramethylsilane in DMSO solvent. 1H 

and 13C chemical shift values were recorded at the base 

frequency of 300 MHz for 13C and 1H nuclei. 

 

3. HESAPLAMALAR (COMPUTATIONAL 

DETAILS) 

 

The molecular geometry of 5Br1HB was fully optimized 

and vibrational wavenumbers were computed with 

DFT/B3LYP/6-311G+(d,p) method. Theoretical 

vibrational modes were scaled using the scale factor 

0.9688 [12]. The Raman activities (SRa) were converted 

to relative Raman intensities (IRa) and vibration modes 

are assigned on the basis of TED calculated by using 

SQM program [13, 14]. The electronic structure 

properties of 5Br1HB were calculated by TD-DFT [15]. 

NMR spectra used GIAO approach [16] were calculated 

at the B3LYP/6-311+G(d,p) level. 

 

4. SONUÇLAR VE TARTIŞMA (CONCLUSIONS 

AND DISCUSSION) 

 

4.1. Moleküler geometri (Molecular Geometry) 

 

The optimized structure of 5-bromo-1h benzimidazole 

were computed with DFT/B3LYP/6-311+G(d,p) level is 

shown in Fig. 1. Geometrical parameters are compared a 

similar molecule with 2-bromo 1-h benzimidazole 

molecule [17] and X-ray data of 2-[4-(1H-1,2,4-Triazol-

1-yl)phenyl]-1H-benzimidazole  (1H4TPHB) molecule 

[18] and given in Table 1. In the title compound, the bond 

length C2-C7 and C4-C5 (1.41 Å) are greater than the 

other C–C bonds (1.39, 1.40) in the ring. C-C bond length 

in 2-bromo 1-h benzimidazole molecule were computed 

in between of 1.414-1.391 [17] and were recorded in the 

range of 1.400-1.368 in X-ray data of 1H4TPHB 

molecule [18]. 

 

(a) 

 
(b) 

Şekil 1. a) 5Br1HB ve  b) 2Br1HB ün optimize yapısı (The geometric 

structures of the 5Br1HB and 2Br1HB) 

 

Which some internal bond angles of 5Br1HB as C2-C3-

C4 and C5-C6-C7 (117o) are smaller than bond angle of 

a hexagon, bond angles as C3-C4-C5 and C2-C7-C6 

(122o) are greater than the normal bond angle. 
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Tablo 1. 5Br1HB ve 2Br1HB hesaplanan optimize parametreleri (Calculated optimized parameter values of the 5Br1HB and 2Br1HB) 

Bond Length 
5Br 

1HB 

2Br 

1HB 
Bond Length 

5Br 

1HB 

2Br 

1HB 
Bond Length 

5Br 

1HB 

2Br 

1HB 

C1-N10 1.38 1.37 C2-N11 1.39 1.39 C5-C6 1.39 1.39 

C1-N11 1.31 1.29 C3-C4 1.39 1.39 C5-H8 1.08 1.08 

C1-H13 1.08 - C3-H15 1.08 1.08 C6-C7 1.39 1.39 

C2-C3 1.40 1.40 C4-C5 1.41 1.41 C6-H9 1.08 1.08 

C2-C7 1.41 1.41 C4-Br14 1.92 1.89 C7-N10 1.38 1.39 

     N10-H12 1.01 1.01 

Bond Angle     Bond Angle   

N10-C1-N11 113.5 114.7 C3-C4-C5 122.8 121.5 C2-C7-N10 104.5 104.5 

N10-C1-H13 121.3 - C3-C4-Br14 119.0 - C6-C7-N10 133.3 132.9 

N11-C1-H13 125.2 - C5-C4-Br14 118.2 - C1-N10-C7 106.8 106.1 

C3-C2-C7 120.2 119.9 C4-C5-C6 120.5 121.58 C1-N10-H12 126.3 126.0 

C3-C2-N11 129.4 129.7 C4-C5-H8 119.6 119.27 C7-N10-H12 126.9 127.9 

C7-C2-N11 110.4 110.4 C6-C5-H8 119.9 119.15 C1-N11-C2 104.9 104.4 

C2-C3-C4 117.0 117.8 C5-C6-C7 117.2 116.57 C2-C7-C6 122.3 122.6 

C2-C3-H15 120.8 120.4 C5-C6-H9 120.5 121.28 C7-C6-H9 122.3 122.1 

C4-C3-H15 122.2 121.8       

This may be because of attached bromo atom in phenyl 

groups.  
 

 

 
Şekil 2. 5Br1HB deneysel ve teorik IR spektrumu (The 

experimentaland calculated IR spectrum of the 5Br1HB) 

 Similar deviations are observed in the 2-bromo 1-h 

benzimidazole molecule and XRD ring also [17,18]. 

 

 

 
Şekil 3. 5Br1HB deneysel ve teorik Raman spektrumu (The 

experimental and calculated Raman spectrum of the 5Br1HB) 
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The C-H bond lengths in phenyl ring are three constant, 

at 1.08 Å by DFT/B3LYP method. This value by XRD 

were observed as 0.930 Å and C-H bond length in 

2Br1HB were calculated at 1.08 Å [18,17].  

 

The N10-H12 bond length of the 5Br1HB was calculated 

as 1.01 Å. This bond length were calculated as 1.01 Å in 

2-bromo 1-h benzimidazole [17], 5-benzimidazole 

carboxylic acid [19] and 2-(4-Bromophenyl)-1H-

benzimidazole [20] molecules also. The N-H bond length 

in x-ray data of 1H4TPHB molecule were observed as 

0.86 Å [18]. 

 

4.2. Titreşim spectrum Analizi (Vibrational spectral 

analysis) 

 

IR and Raman spectrum of the studied compound 

obtained using 6-311+G(d,p) basis set by DFT method. 

The theoretical and experimental Raman and IR 

spectrum shown in Fig. 2. All band assignments are 

presented in Table 2. 5Br1HB has 15 atoms and 39 

vibrational modes. Vibrational bands were studied with 

TED (Total Energy Distribution). In this study, the 

scaling factor is 0.9688 for B3LYP/6–311G+(d,p) basis 

set. The correlation graphic of the theoretical and 

experimental bands for the compound was drawn and 

was shown in Fig 4.  

 

4.2.1. N-H Titreşimleri (N-H vibrations) 

 

N-H stretching modes show between 3500–3000 cm-1 in 

heterocyclic compounds [21]. This band were calculated 

as 3546 cm-1 in 2Br1HB [17], as 3513 cm-1 in 2-

arylaminomethyl-1H-benzimidazole [22], 3509 cm-1 in 

2-chloromethyl-1H-benzimidazole hydrochloride [23], 

as 3502 cm-1 in 2-(4-Bromophenyl)-1H-benzimidazole 

[20], 3206 cm-1 in 5-benzimidazole carboxylic acid [19]. 

N-H stretching vibration for 5Br1HB molecule were 

computed at 3543 cm-1. The N-H in-plane and out of 

plane bending vibrations are obtained at 1364 cm-1 with 

a TED of 22% and 425 cm-1 with a TED of 55%. This 

band in FT-Raman and FT-IR were observed as1392 and 

1390 cm-1, respectively.  

 

4.2.2. C-H Titreşimleri (C-H vibrations) 

 

C-H stretching modes occurs in interval 3000-3100 cm-1 

in hetero aromatic rings [21, 24-26]. This vibrations were 

computed in the region between 3081-3133 cm-1 by 

DFT/B3LYP/6–311G+(d,p) method were recorded at 

3065 and 3085 cm–1 in FT–Raman and FT-IR. The C–H 

in–plane bending and out plane bending vibrations 

occurs in the ranges 1000–1300 cm–1 and 800-950 cm–1 

for aromatic rings, respectively [27,28]. These vibrations 

for 5Br1HB molecule were calculated in the range of 

1113-1234 cm–1 with significant TED (>20%) and at 916, 

862 cm–1 with significant TED (>30%) were observed at 

1126 cm–1 in FT-Raman. İn similar molecules also 

calculated and observed in the ranges same band [17, 19-

20, 22-23].  

 
Şekil 4. 5Br1HB hesaplanan ve deneysel korelasyon grafikleri 

(Correlation graphic of calculated and experimental frequencies for 

5Br1HB) 

 

4.2.3. Halka Titreşimleri (Ring vibrations) 

 

The bands at 1480 and 1650 cm–1 are reported to C-C 

stretching vibrational [29]. In this study, the C-C 

stretching vibrations were observed at 1577, 1485, 1392, 

1342, 1288, 1126 cm–1 and 1606, 1439, 1390, 1281 cm–1 
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in the FT-Raman and FT-IR, respectively.  The same 

band were obtained in the ranges 1603-1113 and 1026-

917 cm–1 with DFT method. The main C–C stretching 

mode were obtained at 1558 cm–1 with the TED 

contribution 70%. The out of plane and in-plane and 

bending vibrations are consistent with literature [30]. 

 

 

4.2.4. C-Br Titreşimleri (C–Br vibrations) 

 

C–Br stretching vibrations absorbs strongly in interval 

650–395 cm–1 in most aromatic bromo compounds [31]. 

This stretching mode for 5Br1HB were assigned 662 and 

269 cm–1 with a TED of 14% and 57% and observed as 

679 cm–1 in FT-Raman. This stretching vibrations in 

2Br1HB were predicted as 569 and 287 cm–1 and 

recorded as 577 cm–1 in FT-Raman [17]. C–Br in-plane 

bending mode was computed as 189 cm–1 and the out of 

plane bending vibration is as 104 cm–1.  

 

4.2.5. C-N Titreşimleri (C-N vibrations) 

 

The C–N stretching mode assigned as 1368 cm–1 in 

benzamide by Pinchas et al. [32]. The stretching vibration 

of the C=N band identified as 1617 cm–1 in salicylic 

aldoxime by Kahovec and Kohlreusch [33]. For 5Br1HB 

molecule the observed bands at 1606, 1390, 1281 and 

1047 cm–1 in FT-IR and 1577, 1485, 1392, 1342, 1288, 

1049 cm–1 in FT-Raman and this band in 1047 cm–1 and 

1049 cm–1 have TED of 52%. The theoretically value C-

N stretching vibration computed between 1603-1161, 

1061 cm–1. In according to TED, this band looks coupled 

with C–C vibration. 

 

 

 

 

Tablo 2. 5Br1HB molekülünün deneysel ve thesaplanan titreşim spektrumlarının karşılaştırılması (Comparison of the calculated and experimental 

vibrational spectra and proposal assignments of 5Br1HB molecule) 

 
Experimental 

wavenumber 

Theoretical 

wavenumber 
TED (10%) 

No FT-IR FT-Raman Scaledb IIR SRa IRa Assignments 

1   104 4.60 1.79 1.00 τCCCN(24)+τCCCBr(40)+ τCCHBr(15) 
2   189 1.36 1.27 0.25 δCCBr(78) 

3   226 0.94 0.06 0.01 τCCCC(15)+τCCCN(52) 

4   269 2.24 7.39 0.81 υCBr(57)+ δCCC(14) 
5   306 3.75 0.20 0.02 τCCCN(39)+ τCCCBr(24) 

6 412  413 7.44 0.28 0.02 τCCCC(46)+τCCCH(20)+  τCCCN(18) 

7   425 93.56 0.84 0.05 τCCHN(55)+τCHHN(17)+  τCHNN(17) 
8   429 6.37 0.19 0.01 δCCC(25)+ δCCN(40) 

9   564 4.49 2.73 0.10 υCC(13)+ υCN(11)+ δCCC(34) 

10   575 15.47 0.10 0.00 τCCCC(37)+τCCCH(22)+ τCCCN(18) 
11 622  628 0.09 0.56 0.02 τCCCN(15)+τCCHN(12)+ τCCNN(36)+ τCHNN(12) 

12  679 662 14.45 6.41 0.18 υCC(13)+ υCBr(14)+ δCCC(19)+ δCCN(32) 

13   726 1.93 0.18 0.00 τCCCC(24)+τCCCH(22)+ τCCCN(18)+ τCCNN(15) 
14   775 37.88 0.17 0.00 τCCCH(52)+ τCCHN(22)+ τCCCBr(15) 

15  787 780 8.30 26.19 0.58 υCC(40)+ υCN(18)+ δCCN(11) 

16 789  837 5.24 0.92 0.02 τCCHN(55)+ τCHHN(28) 
17   862 19.35 0.02 0.00 τCCCH (31)+ τCCHN(28)+ τCCHBr(23) 

18 871  875 44.28 5.62 0.11 υCN(17)+ δCCC(38)+ δCCH(13) 

19   916 0.69 0.22 0.00 τCCCH (30)+ τCCHH(41)+ τCCHBr(11) 
20   917 2.27 5.11 0.09 υCC(19)+ δCCN(24)+ δCNN(25)+ δCHN(22) 

21   1026 13.27 14.39 0.21 υCC(52)+ δCCH(29) 

22 1047 1049 1061 21.20 11.90 0.17 υCN(52)+ δCHN(37) 
23  1126 1113 7.95 3.32 0.04 υCC(18)+ δCCH(47) 

24   1161 4.60 4.30 0.05 υCN(23)+ δCCH(20)+ δCHN(18) 

25   1216 3.10 39.76 0.45 υCC(18)+ υCN(31)+ δCCH(38) 
26   1234 14.79 20.02 0.22 υCC(12)+ υCN(17)+ δCCH(41)+ δCHN(21) 

27 1281 1288 1272 30.19 3.72 0.04 υCC(44)+ υCN(27)+ δCHN(14) 

28  1342 1327 22.42 60.85 0.00 υCC(34)+ υCN(20)+ δCHN(21) 

29 1390 1392 1365 34.32 37.42 0.35 υCC(28)+ υCN(20)+ δCCH(19)+ δCHN(22) 

30   1421 41.41 7.05 0.06 υCC(21)+ υCN(11)+ δCCH(37)+ δCHN(11) 
31 1439  1438 42.85 13.90 0.12 υCC(40)+ δCCH(20) 

32  1485 1480 34.42 64.51 0.53 υCC(11)+ υCN(51)+ δCHN(22) 

33  1577 1558 23.49 18.21 0.14 υCC(70) 
34 1606  1603 2.98 3.57 0.03 υCC(56)+ υCN(11) 

35 3086 3065 3081 5.96 99.38 0.16 υCH(100) 

36   3108 1.77 102.20 0.16 υCH(99) 
37   3114 0.12 78.17 0.12 υCH(99) 

38   3133 0.89 147.28 0.22 υCH(99) 

39   3543 81.59 156.07 0.16 υNH(100) 
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4.3. NBO analizi (NBO analysis) 

 

NBO (natural bond orbital) analysis usually makes to 

understand the contribution of atomic orbitals. NBO 

orbitals are specified as bonding orbital, lone pair and 

core. The foremost interactions in NBO analysis between 

Lewis-type NBOs and non-Lewis NBOs. The 

hyperconjugative interactions in molecules can be 

identified by finding the increase in electron density (ED) 

in anti-bonding orbital. Electron density at the two 

conjugated  bond (~1.98 e) and * bond (~0.02 e) the 

strong delocalization in 5Br1HB and tabulated in Table 

3. Our compound by stabilization energy ~89 kJ/mol 

strong delocalization is seen of -electron in ring. 

 

 
Tablo 3. 5Br1HB için NBO bazında Fock matrisinin ikinci mertebeden pertürbasyon teorisi analizi (Second order perturbation theory analysis 

of Fock matrix in NBO basis  for 5Br1HB) 

Donor (i) Type ED/e Acceptor(j) Type ED/e E(2)a(KJ mol-1) E(j)-E(i)b (a.u) F(i.j)c (a.u) 

C1-N10 σ 1.99 C6-C7 σ* 0.02 4.83 1.39 0.07 

C1-N11 σ 1.98 C2-C3 σ* 0.02 5.36 1.42 0.08 

C1-N11 π 1.88 C2-C7 π* 0.47 18.4 0.34 0.08 

C2-C3 σ 1.97 C4-Br14 σ* 0.03 5.69 0.80 0.06 

C2-C7 σ 1.97 C2-C3 σ* 0.02 3.43 1.25 0.06 

   C6-C7 σ* 0.02 4.72 1.24 0.07 

C2-C7 π 1.59 C1-N11 π* 0.32 14.3 0.26 0.06 

   C3-C4 π* 0.36 20.0 0.28 0.07 

   C5-C6 π* 0.33 19.2 0.28 0.07 

C3-C4 σ 1.98 C2-C3 σ* 0.02 3.16 1.30 0.06 

   C4-C5 σ* 0.03 3.02 1.28 0.06 

C3-C4 π 1.73 C2-C7 π* 0.47 16.5 0.29 0.07 

   C5-C6 π* 0.33 19.1 0.29 0.07 

C4-Br14 σ 1.98 C2-C3 σ* 0.02 2.67 1.20 0.05 

   C5-C6 σ* 0.02 2.93 1.21 0.05 

C5-C6 σ 1.97 C4-C5 σ* 0.03 3.62 1.26 0.06 

   C7-N10 σ* 0.03 6.46 1.14 0.08 

C5-C6 π 1.73 C2-C7 π* 0.47 19.1 0.28 0.07 

   C3-C4 π* 0.36 17.6 0.28 0.06 

N10 LP(1) 1.62 C1-N11 π* 0.32 44.9 0.28 0.10 

   C2-C7 π* 0.47 31.9 0.30 0.09 

N11 LP(1) 1.92 C2-C7 σ* 0.04 5.99 0.90 0.07 

C1-N11 π* 0.32 C2-C7 π* 0.47 89.3 0.02 0.06 

In 5Br1HB intramolecular hyperconjugative interactions 

of the 𝜋 (C2–C7) distributed to antibonding orbital of 𝜋∗ 
(C3–C4), (C5–C6) which leads to strong delocalization 

of 20.00, 19.20 kJ/mol. These have enhanced further to 

conjugate of the 𝜎(C2–C7) distributed to 𝜎∗(C2–C3), 

(C6–C7) leads to less stabilization of 3.43, 4.72 kJ/mol. 

This stabilization energy also are seen 𝜎(C4-Br14) 

conjugation with 𝜎∗(C2-C3) and 𝜎∗(C5-C6) leads to less 

stabilization energy of 2.67 and 2.93 kJ/mol. The 𝜎(C4-

Br14) bond do not have the equilibration to cause any 

change in 5Br1HB and are tabulated in Table 3. 

 

4.4. NMR Analizi (NMR analysis) 

 
13C and 1H NMR values calculated by GIAO method 

were presented in Table 4 [34, 35]. Carbons in the ring 

give signals in between of 100–200 ppm [36, 37]. The 

experimental shift values of ring carbons of 5Br1HB 

observed between 114.53–143.80 ppm and they 

theoretically predicted in the range of 115.83–150.22 

ppm in DMSO.  

The carbon atom C1 is slightly higher due to effect of 

nitrogen in the ring, thus its NMR value is found in the 

downfield at 143.80 ppm.  

 
Tablo 4. 5Br1HB deneysel ve hesaplanan kimyasal kaymaları 
(Experimental and calculated chemical shifts (ppm) of 5Br1HB. 

Atom Calculated Experimental 

 DMSO Water Gas Ethanol DMSO 

C2 150.22 150.21 150.77 150.25 125.12 

C1 147.48 147.55 143.29 147.34 143.75 
C7 138.09 138.11 136.53 138.03 125.02 

C4 137.10 137.07 139.75 137.19 - 

C5 130.92 130.92 131.10 130.92 121.86 

C3 127.38 127.33 129.60 127.48 121.25 

C6 115.83 115.89 112.61 115.69 113.83 

H12 8.85 8.86 7.94 8.81 12.64 
H13 8.12 8.12 7.81 8.11 8.28 

H15 7.99 7.99 8.07 8.00 7.80 

H9 7.67 7.68 7.27 7.66 7.57 
H8 7.45 7.45 7.34 7.44 7.34 

 

Complete 13C and 1H NMR chemical shift values are 

tabulated in Table 4. In this study, 1H chemical shifts 

were computed in interval 7.45-8.85 ppm, whereas the 
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experimental shifts are recorded in the range of 8.34-7.34 

ppm in DMSO solution.  

 

 

 
Şekil 5. 5Br1HB nin DMSO çözeltisindeki 1H and 13C NMR spektraları 

(1H and 13C NMR spectra of 5Br1HB in DMSO solution) 

 

The measured 13C and the 1H NMR spectra are given in 

Fig. 5. Correlation graphics between the theoretical and 

experimental NMR values were plotted in Fig. 6. 

 

4.5. Sınır Molekül Orbitalleri (Frontier Molecular 

Orbitals) 

 

The energy values HOMO and LUMO orbitals play a 

characteristic role in the optical and electrical attributes. 

[38, 39]. These values are presented by TD-DFT method 

for 5Br1HB and are given in Fig. 7 for gas phase. The 

HOMO orbitals is localized in the whole of molecule and 

LUMO orbitals is localized in the whole of molecule 

except bromo atom. The energy gap of HOMO and 

LUMO is found to be 5.30 eV (in DMSO) for 5Br1HB. 

 

The values chemical harness, chemical potential, 

electrophilicity index and electronegativity for 5Br1HB 

were also calculated and are given Table 5. 

 

 

 

 

 
Şekil 6. 5Br1HB hesaplanan ve deneysel kimyasal kayma korelasyon 
grafikleri (Correlation graphic of calculated and experimental chemical 

shifts of the 5Br1HB.) 

 

4.6. Moleküler Elektrostatik Ptansiyel Yüzeyi 

(Molecular electrostatic potential surface) 

 

2D contour map provide predicting the interaction of 

different geometries [40-46]. 2D contour map and 3D 

molecular electrostatic potential surface for 5Br1HB 

were drawn and given in Fig. 8. The negative (red) 

regions and positive (blue) regions shows electrophilic 

reactivity and nucleophilic reactivity, respectively.  
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Tablo 5. 5Br1HB ün hesaplanan enerji değerleri (The calculated energies values of 5Br1HB) 

5Br1HB Gas DMSO Water Ethanol 

Etotal (Hartree) -2953.50895880 -2953.52132809 -2953.52132809 -2953.52072353 

EHOMO (eV) -6.52 -6.71 -6.60 -6.60 
ELUMO (eV) -1.22 -1.22 -1.22 -1.22 

EHOMO−1 (eV) -6.81 -6.85 -6.85 -6.57 

ELUMO+1 (eV) -0.52 -0.56 -0.56 -0.55 

EHOMO−1–LUMO+1 gap (eV) -6.29 -6.29 -6.29 -6.02 

EHOMO–LUMO gap (eV) -5.30 -5.49 -5.38 -5.38 

Chemical hardness (h) -2.65 -2.74 -2.69 -2.69 

Electronegativity (χ) 3.87 3.96 3.91 3.91 
Chemical potential (μ) -3.87 -3.96 -3.91 -3.91 

Electrophilicity index(ω) -2.83 -2.86 -2.84 -2.84 

 

The color code maps for the title compound were 

predicted in between of –0.05316 (deepest red) and 

0.05316 a.u. (deepest blue). Fig. 8 indicates that the 

region around the nitrogen atom (N11) linked with 

carbon through the double bond is the most electrophilic 

reactivity (red) and the hydrogen atom linked with 

nitrogen (N10) is the most of nucleophilic reactivity 

(blue).  

 

 
Şekil 7. Gaz fazı için 5Br1HB ün sınır molekül orbitalleri (The frontier 

molecular orbitals of the 5Br1HB for gas phase) 

 

 

 
Şekil 8. 5Br1HB molekülünün 3D moleküler elektrostatik potansiyeli 
ve 2D kontör haritası (Molecular electrostatic potential (MEPs) 3D map 

and 2D contour map for 5Br1HB molecule) 

 

4.7. Mulliken atomic Yükleri (Mulliken atomic 

charges) 

 

In this study, Mulliken atomic charges of 5Br1HB were 

calculated using B3LYP method and with 2-bromo 1-h 

benzimidazole [17] were tabulated in Table 6.  
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Şekil 9. 5Br1HB ve 2Br1HB için Mulliken yük dağılımı (The Mulliken charge distribution for 5Br1HB and 2Br1HB) 

 

Tablo 6. 5Br1HB ve 2Br1HB için Mulliken yük 

dağılımı (The Mulliken charge distribution for 

5Br1HB and 2Br1HB molecule. 

Atoms 5Br1HB 2Br1HB 

C1 0.238 0.241 

C2 0.808 0.912 

C3 -1.241 -0.807 

C4 0.625 -0.186 

C5 -0.483 -0.290 

C6 -0.673 -0.956 

C7 0.461 0.505 

H8 0.147 0.128 

H9 0.121 0.116 

N10 -0.247 -0.153 

N11 -0.181 -0.069 

H12 0.303 0.329 

H13 0.132 0.128 

Br14 -0.158 -0.029 

H15 0.149 0.131 

 

 

The comparison of the Mulliken charge distribution of 

molecules were shown in Fig. 9. In these two compounds 

among the ring carbon atoms C1/C2/C7 have positive 

charges 0.238e/0.808e/0.461e for 5Br1HB and 

0.241e/0.912e/0.505e for 2Br1HB while others have 

negative charges, however, the charge of C4 of 5Br1HB 

molecule gives a different charge with each other, is 

positive.  

 

5. SONUÇLAR (CONCLUSION) 

 

In the present study, we have examined the molecular 

structure and vibrational wavenumbers of 5Br1HB using 

DFT/B3LYP/6-311+G(d,p) level. Bond angles bond 

lengths and of 5Br1HB compared with X-ray data and 

similar structures. FT-IR spectra and chemical shifts of 

molecule were compared with the experimental values, 

showing a very good agreement. MEPs contour/surface, 

HOMO-LUMO and Mulliken charge graphics were 

drawn to the understanding of attributes and dynamics of 
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the molecule. The correlations between the 

thermodynamic parameters and temperature were drawn. 
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