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Abstract

In the present methodical study, FT-IR, FT-Raman and NMR spectra of o-
nitrobenzamide are recorded and the fundamental vibrational frequencies are tabulated and
assigned. The vibrational wavenumbers were computed using HF and DFT methods are
assigned with the help of potential energy distribution method. Gaussian hybrid
computational calculations are carried out using HF and DFT (B3LYP and B3PWOl1)
methods with 6-31+G (d,p) and cc-pVDZ&aug-cc-pVDZ basis sets. Moreover, 1H and 13C
NMR spectra have been analysed and 1H and 13C Nuclear Magnetic Resonance chemical

shifts are calculated using the gauge independent atomic orbital (GIAO) method.

Introduction

o-nitrobenzamide is an organic compound, which consists of nitro, carbonyl and
amide groups attached to the phenyl ring. It reacts with azo and diazo compounds to generate
toxic gases. Flammable gases are formed by the reaction of o-nitrobenzamide with strong
reducing agents. o-nitrobenzamide is very weak base (weaker than water). These derivatives
are less basic and in fact react with strong bases to form salts. That is, they can react as acids.

Mixing amides with dehydrating agents such as P2Os or SOCl, generates the corresponding
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nitrile. The combustion of these compounds generates mixed oxides of nitrogen (NOx). It is a
stable compound and does not undergo polymerization. o-nitrobenzamide is easily oxidized
by using Strong oxidizing agents. Exposure to air or moisture over prolonged periods
destroys the nature of the amide.

The IUPAC name of o-nitrobenzamide is 2-Nitrobenzamide. The molecular formula
of o-nitrobenzamide is C7HsN2O3 and the molecular weight is 166.13. It is a kind of beige
crystalline powder and belongs to the classes of Aromatic Carboxylic Acids, Amides,
Anilides and Carbonyl Compounds; Organic Building Blocks. Other synonyms of o-
nitrobenzamide are 2-Nitrophenylformamide;benzamide, o-nitro-;2-Carbamoylnitrobenzene.
Preparation of 2-Nitrobenzamide

It can be prepared by the reaction 2-nitro-benzonitrile with AbO3z and MeSOzH. The

reaction time is 15 minutes at reaction temperature of 120 °C. The yield is about 90%.

@)
NH,

CN

A1203 / MCSO3H

120 °C

2-nitrobenzonitrile 2-nitrobenzamide

Applications

2-Nitrobenzamide was used in the synthesis of novel fluorogenicchemosensors based
on urea derivative of 2-(2'-aminophenyl)-4-phenylthiazole. It was also used in the synthesis
of quinazoline-2,4(1H,3H)-diones, an important class of pharmaceutical intermediates[Jiang
P., etal., (2001)].
There is provided 5-(aziridin-1-yl)-4-hydroxylamino-2-nitrobenzamide for various uses, as
well as pharmaceutical compositions and devices comprising 5-(aziridin-1-yl)-4-

hydroxylamino-2-nitrobenzamide[Zhang H., and Cui Z., (2008)]. There are also other
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methods provided for reducing reducible compounds (such as reduction-activated prodrugs,
e.g. tretazicar) by contacting those compounds with a-hydroxycarbonyl compounds capable
of forming cyclic dimers.
2. Experimental details

The o-nitrobenzamide is purchased from Sigma—Aldrich Chemicals, USA. The FT-IR
spectrum of the compound is recorded using a Bruker IFS 66V spectrometer in the range of
4000-500 cm™!. The spectral resolution is £2 cm™!. The FT-Raman spectrum of the same
compound is also recorded using the same instrument with an FRA 106 Raman module
equipped with an Nd:YAG laser source operating at 1.064 um line widths with 200 mW
power. The spectra are recorded in the range of 3500-400 cm ™! with a scanning speed of 30

1

cm ! min~! of spectral width 2 cm™!. The frequencies of all sharp bands are accurate to =1

cm !

3. Computational methods

In the present work, HF and some of the hybrid methods, B3LYP and B3PW91, are carried
out using the basis sets 6-31+G(d,p) and cc-pVDZ&aug-cc-pVDZ. All these calculations are
performed using the GAUSSIAN 09W[Kuo C. H., ef al., 2007)] program package on an i7
processor in a personal computer. In DFT methods, B3LYP is the combination of Becke’s
three-parameter hybrid function, and the Lee—Yang—Parr correlation function[Carnes C.L., et
al., (2002),Wang H. W., et al., (2002)] and B3PW91 is the combination of Becke’s three
parameter exact exchange-function (B3)[Yang Y., ef al., (2004)] and Perdew and Wang
(PWO1)[Deki S., et al., (1998),Wang W., et al., (2002)]. The optimized molecular structure
of the molecule is obtained using the Gaussian 09 and Gaussview program and is shown in

Fig. 1. Experimental and simulated spectra of IR and Raman are presented in Fig. 2 and 3,

respectively.
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Figure 1: Molecular structure of o-Nitrobenzamide

The comparative optimized structural parameters such as bond length, bond angle and

dihedral angle are presented in Table 1. The observed (FT-IR and FT-Raman) and calculated

vibrational frequencies and vibrational assignments are presented in Table 2.
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Figure 3:Experimental [A] and calculated [B& C]
FT-Raman Spectra of O-Nitrobenzamide

Table 1: Optimized geometrical parameters ofo-nitrobenzamide

vs — very strong, s — strong, m — medium, w — weak, vw — very weak
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Parameter E ) § 2-") g, % 2 & 2-") & % 2

= @) < RO R <
Bond Length (A)
C1-C2 1.3824 1.3965 1.3953 1.3932 1.3926
C1-Ceé 1.3844 1.3935 1.3947 1.3915 1.3923
C1-H7 1.0720 1.0890 1.0873 1.0896 1.0880
C2-C3 1.3885 1.4019 1.4020 1.3988 1.3989
C2-N16 1.4608 1.4787 1.4766 1.4726 1.4707
C3-C4 1.3878 1.4020 1.4012 1.3992 1.3986
C3-C11 1.5149 1.5229 1.5171 1.5181 1.5133
C4-C5 1.3873 1.3966 1.3977 1.3946 1.3953
C4-H8 1.0747 1.0915 1.0876 1.0916 1.0901
C5-C6 1.3853 1.3987 1.3980 1.3961 1.3957
C5-H9 1.0750 1.0921 1.0901 1.0921 1.0905
C6-H10 1.0743 1.0914 1.0895 1.0914 1.0899
C11-N12 1.3538 1.3695 1.3671 1.3650 1.3633
C11-015 1.1949 1.2165 1.2201 1.2148 1.2182
N12-H13 0.9963 1.0170 1.0123 1.0157 1.0115
N12-H14 0.9939 1.0145 1.0101 1.0133 1.0094
N16-017 1.1921 1.2234 1.2268 1.2180 1.2213
N16-018 1.1947 1.2273 1.2287 1.2214 1.2230
Bond Angle(°)
C2-C1-C6 119.0509 119.2607 119.1608 119.2364 119.1441
C2-C1-H7 119.5570 118.6869 119.1169 118.6622 118.9830
C6-C1-H7 121.3899 122.0522 121.7189 122.1009 121.8694
C1-C2-C3 122.3741 122.2871 122.2790 122.3120 122.3125
C1-C2-N16 117.5141 117.4046 117.5516 117.5037 117.5828
C3-C2-N16 120.0770 120.2823 120.1418 120.1508 120.0768
C2-C3-C4 117.6526 117.3564 117.5168 117.4108 117.5295
C2-C3-C11 124.1230 124.7048 124.0137 124.3306 123.9706
C4-C3-C11 117.9677 117.5738 118.1082 117.8762 118.1485
C3-C4-C5 120.8002 121.1327 120.982 121.0648 120.9504
C3-C4-HS8 119.1754 118.7378 118.9565 118.7821 118.9345
C5-C4-HS 120.0145 120.1274 120.0516 120.1499 120.1057
C4-C5-Co6 120.3813 120.272 120.281 120.2896 120.2985
C4-C5-H9 119.56 119.6414 119.6301 119.634 119.6228
C6-C5-H9 120.057 120.0853 120.0873 120.075 120.0772
C1-C6-C5 119.7332 119.6853 119.7707 119.6804 119.755
C1-C6-H10 119.7764 119.8309 119.7817 119.832 119.7955
C5-C6-H10 120.4902 120.4837 120.4475 120.4874 120.4493
C3-C11-N12 115.2722 114.8585 115.3178 114.6749 115.1494
C3-C11-015 120.5307 120.5118 120.5817 120.5567 120.5548
N12-C11-0O15 123.875 124.1315 123.7072 124.2923 123.8866
C11-N12-H13 115.8144 114.7257 116.3293 115.0125 116.2744
C11-N12-H14 119.3354 117.48 119.5092 117.7549 119.283
H13-N12-H14 116.7363 115.3259 117.0742 115.6925 117.0798
C2-N16-017 117.7678 117.7686 117.8141 117.6843 117.7303
C2-N16-018 117.0905 117.2884 117.3545 117.1495 117.2526
017-N16-018 125.1204 124.9316 124.8163 125.1525 125.0022
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Dihedral Angle (°)

C6-C1-C2-C3 —1.0091 —-0.697 —1.1373 —0.7658 —1.1555
C6-C1-C2-N16 176.8431 177.4508 176.9525 177.1293 176.9215
H7-C1-C2-C3 179.5178 179.464 179.5239 179.4799 179.5107
H7-C1-C2-N16 -2.63 —2.3882 —2.3863 -2.6251 -2.4122
C2-C1-C6-C5 0.3858 0.3084 0.4541 0.2925 0.4699
C2-C1-C6-H10 —179.5073 | —179.5693 | —179.4038 —179.541 —179.3868
H7-C1-C6-C5 179.849 —179.8582 179.7749 —179.9619 179.7837
H7-C1-C6-H10 —0.0442 0.2641 —0.083 0.2046 —0.0731
C1-C2-C3-C4 0.936 0.3534 0.9839 0.5015 0.9811
C1-C2-C3-C11 —173.1128 —172.522 -171.9698 | —-172.2309 | —-172.0716
N16-C2-C3-C4 -176.8628 | —177.7424 | —-177.0577 | —177.3393 | —177.0493
N16-C2-C3-C11 9.0885 9.3822 9.9886 9.9283 9.898
C1-C2- N16-017 25.5148 16.9002 22.4557 18.5233 21.9369
C1-C2- N16-018 —152.8936 | —161.9383 —156.197 —160.1976 —156.729
C3-C2- N16-017 -156.5814 —-164.913 -159.4117 —163.534 —159.9411
C3-C2- N16-018 25.0102 16.2485 21.9355 17.7451 21.393
C2-C3-C4-C5 —0.2555 0.3737 —0.1662 0.2273 —0.1396
C2-C3-C4-HS8 —179.1085 | —179.0928 -179.017 —-179.13 —179.0241
C11-C3-C4-C5 174.1676 173.7685 173.2141 173.4402 173.3278
C11-C3-C4-H8 -4.6854 —5.6981 -5.6367 -5.917 —5.5566
C2-C3-C11-N12 —111.2264 | —101.7148 —111.742 —105.3585 | —111.4727
C2-C3-C11-015 75.0428 86.0545 75.1947 82.226 75.5901
C4-C3-C11-N12 74.7422 85.4239 75.3431 81.9403 75.5146
C4-C3-C11-015 —98.9886 -86.8097 -97.7202 -90.4753 -97.4226
C3-C4-C5-Co —0.3305 —0.7522 —0.4788 —0.6837 —-0.5075
C3-C4-C5-H9 —179.8526 179.6711 179.9806 179.7412 179.9487
HS8-C4-C5-Cé6 178.5129 178.707 178.3505 178.6648 178.3639
H8-C4-C5-H9 —1.0092 —0.8697 —1.1811 —-0.9102 —1.1799
C4-C5-C6-C1 0.2655 0.3992 0.3329 0.415 0.3397
C4-C5-C6-H10 —179.8422 | —179.7239 | —179.8101 | —179.7526 | —179.8045
H9-C5-C6-C1 179.7852 179.9739 179.8713 179.9881 179.8814
H9-C5-C6-H10 —0.3225 —0.1492 -0.2717 —0.1794 —0.2628
C3-C11-N12-H13 173.1876 171.3074 174.0636 171.4957 173.7856
C3-C11-N12-H14 25.5031 30.9223 24.3394 29.67 24.5916
015-C11-N12-H13 —13.3175 —16.781 —13.1163 -16.4116 —13.5424
015-C11-N12-H14 —-161.002 —157.1661 | —162.8405 | —158.2373 | —162.7364

Table 2: Observed and calculated vibrational frequencies of o-nitrobenzamide using HF

and DFT (B3LYP & B3PW0O1) at the 6-31+& cc-pVDZ, aug cc-pVDZ level

S1

No.

Observed Methods
Frequency(cm™)
HF B3LYP B3PWI1
FT-IR R:;an 6-31+G cc- | aug-cc- cc- aug-
(d, p) pVDZ | pVDZ | pVDZ co-

Vibrational
Assignments
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pVDZ
1 | 3390vs A 3483 | 3463 | 3504 | 3465 | 3502 o (100%)
2 3390 vs A 3364 | 3342 | 3378 | 3340 | 3373 o (100%)
3 | 3180s - 3009 | 3060 | 3067 | 3044 | 3052 ven (95%)
4 3100vw | 2983 | 3035 | 3044 | 3023 | 3033 Ve (97%)
5 | 2900 ] 2975 | 3026 | 3035 | 3014 | 3024 Ve (97%)
VW
6 | 2900 - 2962 | 3014 | 3024 | 3002 | 3012 ve (100%)
VW
7 1680 vs - 1730 1705 1668 1709 1677 ve=0 (84%)
8 | 1600 - 1626 | 1582 | 1571 | 1594 | 1581 | wun-o(31%) + vec
(36%)
9 - 1578 | 1545 | 1537 | 1557 | 1547 | vn-0(35%) + vec
1590 w (33%)
10 | 590w ] 1672 | 1646 | 1647 | 1652 | 1646 | un-o (12%) + vec
(43%)
11 _ 1570 vw | 1654 | 1628 | 1629 | 1615 | 1632 Snmz (74%)
12 1556 | 1532 | 1531 | 1527 | 1525 vee (14%) + duce
1520 vs (48%)
13 - 1538 | 1490 | 1485 | 1483 | 1478 | wvec (13%) + dnce
1470 m (44%)
4 30w - 1501 | 1423 | 1419 | 1443 | 1438 | un-o(77%) + dono
(10%)
un-c (30%) + ve=c
151 400m | 1490V 1 4396 | 1301 | 1391 | 1403 | 1397 | (18%)+ Sunc (13%) +
dnco (12%)
16 | 1400 m | 1400 vw | 1322 | 1388 | 1383 | 1393 | 1393 vee (78%)
17 | 1320w ] 1255 | 1298 | 1303 | 1287 | 1291 Srcc (58%)
18 | 1270w | 1270 vw | 1194 | 1196 | 1202 | 1191 | 1194 Srcc (67%)
19 | 1230 ] 1178 | 1271 | 1275 | 1280 | 1282 | wveec (17%) + onc
VW (10%) + dncc (29%)
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20 1230 - 1223 1257 1261 1261 1264 ve=c (15%) + dunc
VW (12%) + ducc (24%)
21 1230 - 1215 1216 1211 1218 1211 vo=c (12%) + vn=c
VW (27%) + Ounc (42%)
22 1180 - 1180 1184 1184 1156 1187 ON-c (12%) + dcce
VW (45%)
23 1130 m - 1133 1157 1160 1163 1164 ve=c (71%) + ducc
(12%)
24 - 1132 1109 1107 1108 1098 tHeen (14%) + thecc
1130 m
(66%)
25 1090 - 1100 1074 1070 1073 1067 treeN (40%) + taecc
VW (42%)
26 1000 1000 vw 1003 983 979 982 977 tHeeN (27%) + taccc
VW (50%)
27 970 vw 970 vw 963 952 949 962 957 UN-c (10%) + yccc
(14%) + yocn (47%)
28 200 v 890 vw 899 875 879 878 882 trecce (54%) + yocon
(30%)
29 260 m 860 vw 859 844 849 844 849 Yocon (10%) + yucc
(50%)
30 250 v 850 vw 838 833 835 833 834 dcee (22%) + yoenc
(33%)
31 230 vw - 823 828 824 829 825 yoone (27%) + iz
32 790 m 790 vw 785 778 780 780 781 trcee (11%) + tcecc
(25%) + yocon (36%)
33 730 vw 728 741 739 741 740 UN-c (11%) + yccc
730 w
(29%) + yono (18%)
34 665 w - 661 670 668 666 665 ynco (40%) + yece
(11%)
35 | 620 vw - 617 631 626 629 625 tunce (38%)
36 - 611 620 620 618.6 619 ycen (21%) + tance
600 vw
(14%) + tccee (13%)
37 570 vw 567 1569 1368 1530 1368 yenNo (25%) + Tance
570 vw (30%)
0
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38 - 470 vw 467 1327 1128 1288 1123 tunce (76%)
39 - 440 vw 455 1265 1094 1224 1097 tcecce (33%) + yneee
(23%)
40 - 430 vw 1243 1218 1078 1193 1081 n-c (30%) + yece
(13%)
41 - 390 vw 1071 1038 930 1008 923 veen (20%) + Tecce
(52%)
. ve=c (15%) + yeno
42 S0VW | 971 | 043 | 851 | 924 | 847 | (11%)+ycce (17%) +
vcen (13%)
43 - 360 vw 788 775 685 752 681 yeno (14%) + yeen
(46%)
44 - 360 vw 516 504 440 486 439 veee (12%) + ynecee
(24%) + yccee (22%)
45 - 360 vw 469 468 406 446 399 veee (44%) + yeen
(13%)
46 - 360 vw | 333 309 276 299 276 tccec (41%) + yecce
(32%)
47 - 360 vw 255 194 208 207 213 tceno (63%) + Tecen
(21%)
48 - 360 vw 103 73 84.37 7491 84 tceno (21%) + Tecen
(65%)

The 'H and '3C NMR isotropic shielding are calculated using the GIAO

method[ Yanagimoto H., et al, (2001)] and the optimized parameters obtained from the

B3LYP/cc-pVDZ functional. '*C isotropic magnetic shielding (IMS) of any X carbon atoms

is made according to the 3C IMS value of TMS, CSx = IMStus-IMSx. The 'H and '*C

isotropic chemical shifts of TMS (Tetramethylsilane) in gas, DMSO, methanol and ethanol

are calculated usinglEFPCM methods with the B3LYP functional at the cc-pVDZ level. The

absolute chemical shift is found between the isotropic peaks and the peaks of TMS [Gan J.

H., et al., (2004)].
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4. Results and discussion

4.1.Molecular geometry

From the optimized output file of
Gaussian, it is observed that the molecular
structure of o-nitrobenzamide belongs to
Ci point group symmetry. The optimized
structure of the molecule is obtained from
the Gaussian 09 and Gauss view
program[Kuo C. H., and Huang M. H.,
(2008)] and is shown in Fig. 1. The present
molecule contains one nitro group and one
amide group, which are loaded in the left
moiety. The hexagonal structure of the
benzene is deformed at the point of
substitution due to the addition of the
heavy mass. It is also evident that the bond
length (C1—C2 & C2 —C3) at the point
of substitution is 0.0054 A, which is
longer than the rest in the ring.
Consequently, the property of the same
also changed with respect to the ligand
(nitro and amide groups). The bond angle
of C1-C2—-C3 is 2.0151° elevated than C4—
C5-C6 in the ring, which also confirms the
deformation of the shield.
Although both C=O and NH, the bond
length values between C2—C3 and C3—C11

differed by 0.121 A. The entire C—H bonds

hexagonal

in the chain and the amide groups have

almost equal inter-nuclear distance.

4.2. Vibrational assignments

In order to obtain the spectroscopic
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significance of o-nitrobenzamide, the
computational calculations are performed
using frequency analysis. The molecule
has C; point group symmetry, consists of
18 atoms, so it has 48 normal vibrational
modes. On the basis of Cisymmetry, the
48 fundamental vibrations of the molecule
can be distributed as 36 in-plane vibrations
of A’ species and 12 out-of-plane
vibrations of A" species, i.e., ['viv = 36 A’
+ 12 A". In the C; group, the symmetry of
the molecule is a non-planar structure and
has 48 vibrational modes that span in the
irreducible representations.

The vibrational frequencies
(unscaled and scaled) calculated at HF,
B3LYP and B3PWO9lmethods with 6-
311+G(d,p), cc-pVDZ and aug cc-pVDZ
basic sets and observed FT-IR and FT-
Raman frequencies for various modes of
vibrations have been presented in Tables 2
and 3. Frequencies calculated at the HF
and B3LYP/B3PW91 method are found to
the higher compared to experimental

vibrations. Inclusion  of  electron
correlation in the density functional theory
to a certain extent makes the frequency
values smaller in comparison with the HF
frequency data.

The calculated frequencies are
scaled down to give up the rational with

the observed frequencies. The scaling
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factors are 0.8889, 0.939, 0.9999 and
0.9909 for HF/6-31+G (d,p). For the
B3LYP/cc-pVDZ/aug-cc-pVDZ basis set,
the scaling factors are 0.9544, 1.0174,
1.0919 and 1.0881/0.9578, 1.0207, 1.0976
and 1.0929. For the B3PWO91/ cc-
pVDZ/aug-cc-pVDZ basis set, the scaling
factors are 0.9466, 1.0105, 1.0939 and
1.0871/0.9511, 1.0125, 1.0968 and 1.0921.
4.2.1. N—H, N=0 vibrations

In heterocyclic molecules, the
N—H stretching vibrations have been
region 3500-3000
[Bijani S., et al, (2007)]. As seen in

Table 2, the two N—H stretching modes

measured in cm”

are calculated at 3494 and 3372 cm™' in
B3LYP. A very strong IR N—H stretching
vibration is observed at 3390 cm! in the
experimental spectrum. Ten et al. have
observed these modes at 3479 and 3432
cm!

[Xu Y., et al, (2007)]. In 2-amino-4-

, respectively, for isolated thymine

methylbenzothiazole, V. Arjunan et al,
[Xu H., et al., (2006)] have observed the
vibrational frequencies at 3417 and 3287
cm . Cirak and Koc have calculated the
N—-H stretching modes at 3189 and 3155
cm! for dimerictrifluorothymine[Guan L.,
et al., (2010)]. However, no Raman band
is observed for the N—H stretching modes
in the experimental spectra.For primary
amino the —NH>

group in-plane

deformation vibration occur in the short
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range 1650-1580 cm ™' region of the
spectrum. Therefore the very weak band
observed in IR at 1570 cm™! is assigned to
the deformation mode of the amino group.
The most characteristic bands in the
spectra of nitro compounds are due to NO»
stretching vibrations, which are the most
useful group wavenumbers, not only
because of their spectral position but also
for their strong intensity[Poizot P., et al.,
(2000)]. The N=O stretching vibrations
have been measured in region 1515-1560
cm . A weak IR N=O stretching vibration
is observed at 1430 cm!. However, no
Raman band is observed for the N=O
stretching modes. Hence these vibrations
show good agreement with the literature
values.
4.2.2. C-H Vibrations

The C—H stretching vibrations are
normally observed in the region 3100 —
3000 cm’!
structure,[Jiao S., et al., (2006); Chen A.,

(2008)] which

for the aromatic benzene

et al., shows their
uniqueness of the skeletal vibrations. The
bands appeared at 3100, 3090, 3080, and
3050 cm! in o-nitrobenzamide are
assigned to C—H ring stretching vibrations.
The FT-IR bands at 1520 and 1470 cm™
are assigned to C—H in-plane bending
vibrations and FT-IR bands at 860 cm
are assigned to C—H out-of-plane bending
al.,

vibration. V. Karunakaranet
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al., the

[AkhavanO., et (2009)] in
4-chloro-3-nitrobenzaldehyde
have observed the bands at 3053, 3034
cm ! in FT-IR and at 3079, 3052 cm™! in
FT-Raman spectra. The FT-IR bands at

1467, 1422 cm™! and the FT-Raman bands

molecule

at 1423 and 1218 cm™! were assigned to
C—H in-plane bending vibration of CNB.
The C-H out-of-plane bending vibrations
of the CNB were well identified at 989,
822 and 722 cm! in the FT-IR and 828
cm ! in the FT-Raman spectra V.
Arjunanet al., [Pang H., et al., (2009)] In
4-acetyl benzonitrile, were observed the
C-H stretching peaks in IR at 3075 and
3030 cm! and in Raman spectrum at
3090, 3074 and 3025 cm'. The
frequencies calculated for the present
compound using B3LYP/cc-pVDZ and
B3LYP/aug cc-pVDZ methods for C-H
in-plane  bending vibrations showed
excellent agreement with the recorded
spectrum as well as literature data.
4.2.3. C—C vibrations

V. Arjunanet al., [McShane C. M.,
and Choi K. S., (2009)] In 4-acetyl
benzonitrile, have observed the C-C
stretching vibrations at 1593, 1556, 1485,
1415, and 1259 cm™! in IR spectrum and
1603, 1482, 1430, 1408 and 1270 cm ™! in
Raman spectrum. The IR bands observed
at 1593 and 1285 cm™!' were strong while

the Raman band 1603 cm™' was very
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strong. In addition, C-C—C in—plane
bending vibrations have been attributed to
1002 and 844 cm ™! in IR spectrum and 794
cm™!' in Raman spectrum. The C—-C—C out
of plane vibrations have observed at 337,
227 and 108 cm™! in Raman spectrum. V.
Karunakaranet al., [Altman R. A., et al.,
(2007)]
nitrobenzaldehyde have observed the C—C

stretching vibrations at 1589, 1356, 1200

in the molecule 4-chloro-3-

and 1056 cm™! in FT-IR spectrum and at
1626, 1372, 1160 and 1058 cm ™' in Raman
spectrum.
The bands due to the C-C
stretching vibrations are called skeletal
vibrations normally observed in the region
1430-1650 cm™' for the aromatic ring
compounds[Ng C. H. B., and Fan W. Y.,
(2006);Hara M., et (1998)].

Socrates[Deng J., ef al., (1996)] mentioned

al.,

that the presence of a conjugate substituent
such as C=C causes stretching of peaks
around the region of 1625-1575 cm™'. As
predicted in the earlier references, in this
title compound, the prominent peaks are
found with strong and medium intensity at
1600 and 1590 cm™! due to C=C stretching
vibrations. The C—C stretching vibrations
are appeared at 1580, 1520, 1470 and 1400
cm™!. The CC out-of-plane bending
vibrations are appeared at 1130, 1090,
1000 and 970 cm™'.

4.2.4. C—N vibrations
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The C—N vibration of the
compound identification is a very difficult
task, since the mixing of several bands is
possible in the region. Silverstein [Yuhas
B. D., and Yang P., (2009)] assigned C—N
stretching absorption in the region 1382—
1266 cm™' for aromatic amines. In
benzamide the band observed at 1368 cm™!
is assigned due to C—N stretching [Petra
E. de Jongh,et al., (1999)]. However with
the help of force field calculations, the
C—N vibrations are identified and
assigned in this study. A. Prabakaran et
al.[31] in 7-(1,3-dioxolan-2-ylmethyl)-1,3-
dimethylpurine-2,6-dione  (7DDMP26D)
have observed C-N, C=N
vibrations at 1478.19 and 1280.19 cm'in
FT-IR spectrum and at 1480.00 and

1280.53

stretching

in FT-Raman

cm- spectrum
respectively. In our present work, C—N
stretching vibrations are observed at 1400
and 1180 cm™' in FT-IR spectrum. This
band has been calculated at 1403 cm™! by
DFT method and at 1180 cm™' by HF
method in very good agreement with
experimental values.
4.2.5. C=0 vibrations

The C=0O stretching frequency
appears strongly in the IR spectrum in the
range 1600-1850 cm™! because of its large
change in dipole moment. The carbonyl
group vibrations give rise to characteristics
bands and its

in vibration spectra
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characteristic frequency used to study a
wide range of compounds. The intensity of
these bands can increase owing to
conjugation or formation of hydrogen
bonds [Lisiecki I., and Pileni M. P.,
(1993)]. Carthigayanet al., [Kooti M., and
Matouri L., (2010)] have observed the
bands at 1822 and 1842 cm™' in the
infrared spectrum corresponds to C=0O
stretching in 4,5-Bis(bromomethyl)-1,3-
dioxol-2-one (45BMDO). The
corresponding frequency of 4-
Bromomethyl-5-methyl-1,3-dioxol-2-one
(4BMDO) was observed at 1820 cm™'. A
very strong IR absorption band at 1680
cm ! is readily assigned to the carbonyl
vibration in the o-nitrobenzamide; the
corresponding DFT computed mode at
1720 ¢cm™' at B3LYP/cc-pVDZ, level is
good agreement with the observed one.
4.3. NMR assessment

NMR spectroscopy is currently
used for the structural elucidation of
complex molecules. The combined use of
experimental and computational tools
offers a powerful gadget to interpret and
predict the structure of bulky molecules.
The  optimized  structure of o-
nitrobenzamide is used to obtain the NMR
spectra supported by the GIAO method
with B3LYP functional at the cc-pVDZ
basic set, and the chemical shifts of the

compound are reported in ppm relative to
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TMS for 'H and *C NMR spectra, which
are presented in Table 3. The
corresponding spectra are shown in Fig. 4.

BC NMR chemical shifts for
similar organic molecules usually are >100
ppm. The accuracy ensures reliable
interpretation of spectroscopic parameters.
In the case of o-nitrobenzamide, the
chemical shifts of C1, C2, C3, C4, C5, C6,
and C11 are 132.429, 144.929, 122.479,
120.791, 118.984, 122.882 and 179.985

ppm respectively. The shift is higher in C2
and C11 than the others.

All the carbon atoms in the
molecule are found to have higher
chemical shifts it is because of presence of
highly negative atoms attached to the
carbons. Among this C11 atom has higher
chemical shift compared to all other atoms.
It is due to attachment of electrons

withdrawal amide carbonyl functional

group.

[ST=Tay

Figure 4: 1H NMR Spectrum of o-Nitrobenzamide

: ———— ——
Z0a0 180 1=0 1= 1=0 100 =20 =0 =0 =20 o
R

Figure 5: 13C NMR Spectrum of o-Nitrobenzamide

Table 3: Experimental and Calculated 1H and 13C NMR chemical shifts (ppm) of o-

Nitrobenzamide
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Gas Solvent
E . tal Methanol Ethanol DMSO
Atom | PeIMentA R Y Plce B3LYP/cc-
.. Value B3LYP/cc-pVDZ B3LYP/cc-pVDZ
position (ppm) PYDZ GIAO pVDZ GIAO
GIAO (ppm) GIAO (ppm)
(ppm) (ppm)

C1 133 132.429 133.586 133.564 133.608

C2 147 144.929 144.798 144.797 144.8
C3 131 122.479 122.946 122.94 122.952
C4 128 120.791 122.979 122.937 123.021
C5 123 118.984 122.424 122.366 122.481
Cé6 132 122.882 125.152 125.114 125.188
C11 168 179.985 182.813 182.769 182.855
TH - 6.7288 6.7987 6.7978 6.7995
SH 8.2 8.5839 8.7702 8.7671 8.7733
9H 7.6 7.554 7.8743 7.8691 7.8794
10H 7.8 7.637 7.9422 7.9374 7.9468
13H - 2.8879 3.1966 3.1932 3.1999
14H - 2.1573 2.6503 2.6419 2.6586

5. Conclusion
In the geometrical study, it is
observed by the calculation of the bond
length and bond angle, the hexagonal
structure of the compound is deformed. In
the vibrational study though most of the
vibrations are in line with the literature
some the mode corbonylgroups are shifted
to the end position of the range. The NMR
reveals that the Cl1 atom which is
attached to the carbonyl and amine group
has more shift compared all other atoms in
the compound, it means that atom is more
deshielded by its electrons.
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