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Abstract: Nitrazepam is chemically known as 9-Nitro-6-phenyl-2, 5-diazabicycio (5, 4, 0) undeca-5, 8, 10, 12-tetraen-
3-one. The vibrational (IR) spectrum of Nitrazepam were investigated by the density functional BLYP/6-
31G(d)//B3LYP/6-31G(d) and semi empirical AM1, PM3 methods in this work. The FTIR and FTRaman spectra of
Nitrazepam were recorded in the region 4000 — 500 cm™ and 4000 — 100 cm™. With the help of the specific scaling
procedure, the observed vibrational wavenumbers in FTIR and FTRaman spectra were analyzed and assigned to
different normal modes of the molecule. Most of the modes have wave numbers in the expected range and are also in
good agreement with computed scaled values. The observed IR and Raman spectra agree well with the theoretically
predicted spectra. The experimental geometry and wave numbers are compared with the results of our theoretical

calculations. The theoretical spectrograms for the IR spectrum were also constructed in BLYP and B3LYP levels.
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1. Introduction

Recently, the clinical use of 1, 4-benzodiazepines
(BDZ) as anxiolytic, anticonvulsant, sedative-hypnotic
and muscle relaxant agents has increased enormously (1-
6). After the first synthesis of the prototypical agents
chlorodiazepoxide and diazepam, thousands of
benzodiazepine congeners have been synthesized and
studied at enormous laboratories (7-9). However, the
molecular mechanism of their activity remains to be
clarified. The discovery of stereospecific, high affinity
BDZ binding sites in mammal brains that are capable of
being saturated, has rekindled new interest in this field.
Nitrazepam is a derivative of benzodiazepine had more
prominent  anticonvulsant  activity = than  other
benzodiazepines. Nitrazepam has been shown to actually
increase Rapid-eye movement (REM) sleep. It induces
bedtime sleep in 20-30mins with duration of up to 8hrs
(10, 11). Nitrazepam is chemically known as 9-Nitro-6-
phenyl-2, 5-diazabicycio (5, 4, 0) undeca-5, 8, 10, 12-
tetraen-3-one. A quantitative structure-activity
relationship (QSAR) study was carried out on over 50
BZD with a variety of substituents. Using CNDO/2

methodology and calculated values for dipole moment
and net charge on the carbonyl oxygen, the data of
several different in vivo tests has been analyzed (12-15).
Conformational and electronic properties of 21
benzodiazepines were calculated by using empirical
energy and semiempirical molecular orbital methods (16-
18). Neville et al., (19) studied infrared and Raman
spectra of delorazepam, fludiazepam flurazepam and
tetrazepam and also reported the band assignments.
Gunasekaran et al (20) reported the normal co-ordinate
analysis of Nitrazepam using Wilson’s F-G matrix. They
have also attempted band assignments.

Literature survey reveals that to the best of our
knowledge, no Density functional theory/Semiempirical
frequency calculations for Nitrazepam have been
reported so far the frequency assignments. Therefore, the
present investigation was
undertaken to study the vibrational spectra of this
molecule completely and to identify the various normal
modes with greater wave number accuracy. Density
functional theory (DFT) and semiempirical (AM1, PM3)
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calculations have been performed to support our wave
number assignments.

The main aim of the present work is to find
effective theoretical methods that would offer a higher
certainty of finding molecular parameters and vibrational
wave numbers. The calculated harmonic frequencies are
usually higher than the corresponding experimental
quantities, due to a combination of electron correlation
effects and basis set deficiencies. In density functional
theory (DFT) some correlation effects are taken into
account through the effective exchange-correlation
potential. Becke’s three parameter exchange functional
(B3-LYP) and Becke’s exchange functional in
combination with the Lee, Yang and Parr (LYP)
correlation functional (BLYP) were the most widely used
for molecular calculations by a fairly large margin (21,
22).

2. Experimental

The compound dacarbazine was purchased from Messrs
Sigma—Aldrich Chemical Company, USA with more than
98% purity and was used as such without further
purification to record FTIR and FTRaman spectra. The
FTIR spectrum of the compound was recorded in the
region 4000—400 cm ' in evacuation mode on Bruker IFS
66V spectrophotometer using KBr pellet technique (solid
phase) with 4000 cm™' resolution. The FT Raman
spectrum was recorded using 1064 nm line of Nd : YAG
laser as excitation wavelength in the region 3500-100
cm ' on Bruker IFS 66V spectrometer equipped with
FRA 106 FT Raman module accessory. FTIR and
FTRaman spectra of Nitrazepam are presented in the figs
1 and 2 respectively.

3. Computational details

The entire calculations were performed at BLYP
and B3LYP levels on a Pentium 1V/11.6 GHz personal
computer using Gaussian 03w (24) program package,
invoking gradient geometry optimization. Initial
geometry (23) generated from standard geometrical
parameters was minimized without any constraint in the
potential energy surface at BLYP and B3LYP levels,
adapting the standard 6-31G(d) basis set. The optimized
structural parameters were used in the vibrational
frequency calculations at the BLYP and B3LYP levels to
characterize all stationary points as minima. Then
vibrationally averaged nuclear positions of Nitrazepam
were used for harmonic vibrational frequency
calculations together with intensities and force constants.
Semiempirical Austin Model 1 (AMI1) (25) and
Parametric Method (PM3) (26) were also used for
comparison. By combining the results of the Chemcraft
program (30) with symmetry coordinates, vibrational
frequency assignments were made with a high degree of
accuracy. However, the defined coordinate form
complete set and matches quite well with the motions
observed using Chemcraft program.
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4. Results and discussion
4.1 Geometric parameters
In the structure of Nitrazepam, seven

membered heterocycle which is having two nitrogen and
three double bonds named diazepine fused with benzene
ring having a nitro group at the fifth position of the ring
and a phenyl ring which lies approximately perpendicular
to each other. Fig. 3 presents the geometry of the
molecule optimized using DFT method at the B3LYP/6-
31G(d) level. The optimized geometrical parameters
determined using density functional and semi empirical
AM1, PM3 methods are collected in Table 1. In the last
column of Table 1, the experimental data of the molecule
is also included. As discussed by Johnson et al (27) the
BLYP functional leads to bond lengths which are
systematically too long. The B3LYP method leads to
geometry parameters which are much closer to
experimental data (28, 29). A statistical treatment of
these data (see at the bottom of Table 8.1) shows that for
the bond lengths B3LYP/6-31G(d) is slightly better than
the BLYP/6-31G(d) geometry. The correlation
coefficient for DFT methods were bigger than 0.9944,
whereas for semi empirical methods it were lowest than
0.971. Electron correlation is important for on the overall
geometry of the complete molecular model geometrical
parameters. The agreement between the calculated and
the experimental bond angles is not as good as that of the
bond lengths. The largest change between calculated and
experimental bond angles are found in the N,;-Cyi-Hs;
angle which varying from 111° (optimized) to 101° (in
experimental).

4.2 Infrared spectra

With this assumed structural model, the molecule
belongs to C; point group and has 90 normal modes of
fundamental vibrations. To our best knowledge, no
complete vibrational analyses have been reported for
Nitrazepam. The computed vibrational wave numbers
their relative IR intensities and the characterization
established at the various methods are collected in Table
3. The observed FTIR and FTRaman frequencies for
various modes of vibrations are presented in Table 2.
Computed scaled values and assignments are presented in
Table 4. The relative intensities were obtained by
dividing the computed value by the intensity of the
strongest line. The observed FTIR and FTRaman spectra
are given in figs 1 and 2. The computed intensities show
marked deviations from the observed values. One may
note that the computed wave numbers correspond to the
isolated molecular state whereas the observed wave
numbers correspond to the solid-state spectra.

Nitrazepam has three groups (a) a benzene

ring with NO, group (b) diazepine (c) and a phenyl ring.
We have assigned the fundamental modes of these groups
on the basis of group vibrational concept and calculated
vibrational frequencies. The fundamental vibrational
modes were calculated on the basis of DFT and semi
empirical calculations. Chemcraft (30) which is a



R.ArunBalaji et a/ /Int.]). ChemTech Res.2009,1(4)

graphical interface was used to assign the calculated
harmonic frequencies using displacement vectors to
identify the motions of the atoms. On the whole, the
predicted vibrational frequencies are in agreement with
the experimental results. The calculated vibrational wave
numbers using different methods were compared with
experimentally observed values. Some bands found in the
predicated IR spectra were not observed in the
experimental spectrum of Nitrazepam. The correlation
graphs between the unscaled calculated and observed
results for the assigned fundamentals in the fingerprint
region (500-1700 cm'l) are shown in fig 4. Theoretical
harmonic frequencies typically overestimate observed
fundamentals due to the neglect of mechanical
anhormonicity, electron correlation and basis set effects.
Theoretical harmonic frequencies are often scaled to
compare with experimental wave numbers. Unscaled
harmonic frequencies show a tendency to overestimate
experimental fundamentals by more than 140cm™. The
root mean square deviation of vibrations in the 500-1700
em' range is 27.39cm” for BLYP/6-31G(d) and
42.27cm’ for B3LYP/6-31G(d). In a second step an
overall scaling factor has been applied to the calculated
frequencies for these levels. The scaling factor is 1 for the
BLYP method and 0.9806 (31) for the B3LYP functional.
With use of the scaling factor the root mean square
deviation decreased to 25.55cm™ for B3LYP. For the
better comparison between experimental and theoretical
IR wave numbers the plots are drawn, pure Lorentzian
band shapes were used with a band width of 10cm™, and
shown in fig 5. All the bands are well predicted with
experimental values.

4.2.1 Vibrational assignments

The present molecule Nitrazepam has C; point group
symmetry. The molecule has 32 atoms and 90 normal
modes of fundamental vibrations span the irreducible
representation: 90 A’. All the 90 fundamental vibrations
are active in both IR and Raman. The observed FTIR and
FTRaman frequencies for various modes of vibrations are
presented in table 2.

Methylene vibrations:  For the assignments of CH,
group frequencies, basically six fundamentals can be
associated to each CH, group, namely CH, symmetric
stretch; CH, asymmietric stretch; CH, scissoring and CH,
rocking which belong to in-plane vibrations. In addition
to this two out-of-plane vibrations viz., CH, wagging and
CH, twisting modes, which are expected to be
depolarized. The asymmetric stretching vibrations are
generally observed in the region 3000 — 2900 cm™, while
the symmetric stretch will appear between 2900 — 2850
cm’' (32). The CH, asymmetric vibrations were observed
in IR and Raman spectra at 2917 cm™ and 2850 cm’
respectively. The bands corresponding to scissoring and
bending vibrations of CH, group are presented in table 4.

C=0 vibrations: The carbonyl stretching frequency is
very sensitive to the factors that disturb the nature of the
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carbonyl group and its precise frequency is characteristic
of the type of the carbonyl compound being studied.
Particularly detailed correlations have been made for the
carbonyl bond stretching frequency. The carbonyl
stretching frequency has been extensively studied by
infrared spectroscopy. This multiply bonded group is
highly polar (>C*=0") and therefore gives rise to an
intense infrared absorption band. The carbon-oxygen
double bond is formed by the pn- pm bonding between
carbon and oxygen. Because of the different electro-
negatives of carbon and oxygen atoms, the bonding
electrons are not equally distributed between the two
atoms. The following two resonance forms contribute to
the bonding of the carbonyl group >C=0 <> >C"-O". The
lone pair of electrons on oxygen also determines the
nature of the carbonyl group. The position of the C=0O
stretching vibration is very sensitive to various factors
such as the physical state, electronic effects by
substituents, ring strains, etc. (32). Consideration of these
factors provides further information about the
environment of the C=0O group. The carbonyl stretching
generally occurs as a strong absorption in the region 1730
to 1645 cm'. Sundaraganesan et al. (33) assigned the
strong absorption band in FT-IR spectrum at 1688 cm™
correspond to C=0 stretching vibration. Accordingly in
the present investigation, the peak identified at 1682 cm™
had been assigned to C=O stretching vibration. The
scaled value 1682 cm’' in B3LYP/6-31G(d) shows
excellent agreement with the experimental value.

C-C vibrations: The C-C stretching (ring) vibrations have
given rise to characteristics bands in both the observed IR
and Raman spectra, covering the spectral range from
1610 — 1300 cm™'. The IR bands are 1660, 1573, 1507,
1455, 1340 and 1315 cm''; the Raman bands: 1590, 1498,
1450 and 1337 cm’'. The computed scaled values at
1703, 1622, 1601, 1592, 1505 and 1491 cm’ in
B3LYP/6-31G have been assigned to CC stretching
vibrations which shows satisfactorily in agreement with
experimental values (34). The CC ring breathing mode
and C-C-C trigonal bending are assigned to the bands at
863 and 1004 cm™'. The ring breathing mode at 838 cm™
coincides satisfactorily with FTIR band at 863 cm™. The
theoretically computed value of CCC trigonal bending
vibrational mode 1004 cm’ exactly matches with weak
FTIR band at 1004 cm™. These assignments are in good
agreement with literature value (35). The ring in-plane
bending modes have given rise to weak bands across the
low-wavenumber region lies less than 1000 cm™. A very
strong band in IR observed at 669 cm™ is due to ring
deformation and a predicted band at B3LYP is 681 cm’.
The ring stretching and ring out-of-plane modes have
appeared as a series of weak bands in the measured
spectral range 700 to 100 cm’.

NO, vibrations: The predicted frequency 118 cm™ (mode
no. 6) (NO, torsion vibration) is lower by about ~58 cm™
from experimental value. This can be explained by the
fact that the presence of hydrogen bonding in Nitrazepam
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which imposes some constraint on the torsional motion
around the CN bond. The deformation vibrations of NO,
group (rocking, wagging and twisting) contribute to
several normal modes in the low frequency region. It
follows from table 4 that the band observed at 508 cm™
corresponds to NO, to rocking vibration while
theoretically computed value gives rise to 381 cm™. The
NO, wagging vibration contributes mainly to the normal
mode at 748 cm™ is almost coincides with experimental
values of 724 cm™ in FTIR spectrum. A medium strong
band at 778 cm™ in FTIR spectrum is assignable to NO,
scissoring mode. The theoretically calculated value at
833 cm’ is almost coincides with experimental value.
Aromatic nitro compounds have absorption due to the
asymmetric and symmetric stretching virbrations of the
NO, to group at 1570 — 1485 and 1370 — 1320 cm’
regions, respectively. Hydrogen bonding has little effect
on the NO, asymmetric stretching vibrations (34, 36).
The bands at 1359 cm” and 1530 cm™ corresponds to
symmetric and asymmetric stretching of NO, group,
respectively. The theoretically computed value of 1403
and 1522 cm’' satisfactorily coincides with experimental
results of NO, symmetric and asymmetric stretching. The
above results are in good agreement with the literature
value (37).

N-H vibrations: Tsuboi (38) reported the N-H stretching
frequency at 3481cm” in aniline. In line with his
observation N-H stretching is assigned to the band at
3527 cm’' in the present work. The theoretically
calculated value by B3LYP/6-31G(d) at 3516 cm™ (mode
no. 90) shows excellent agreement with experimentally
observed FTIR value at 3527 cm. The N-H in-plane
bending and N-H out-of-plane bending are assigned to
the bands at 1507 and 631 cm™ which agrees well with
Venkateswaran and Pandya (39) and Evans (40). The
calculated value for N-H out-of-plane bending vibration
at 639 cm’’ (mode no.26) is in excellent agreement with
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experimental observation. However, the theoretical value
for the N-H in-plane bending vibration at 1259 cm’
deviates negatively by ~ 248 cm’' from experimental
observation may be coupled with C-H in-plane bending
vibration.

C=N, C-N vibrations: The identification of the C-N
stetching frequency in the side chains is a task since there
are problems in identifying these frequencies from other
vibrations. Silverstein et al. (41) assigned C-N stretching
absorption in the region 1382 — 1266 cm™ for aromatic
amines. In benzamide the band observed at 1368 cm™ is
assigned to be due to C-N stretching (42).
Sundaraganesan et al (43) had assigned the C-N
stretching of 2,4-dinitro phenyl hydrazine at 1335 cm™ in
FTRaman spectrum. Kahovec and Kohlreusch (44)
identified the stretching vibration of C=N band in
salicyclic aldoxime at 1617 cm™'. Referring to the above
workers the bands at 1389 cm™ and 1620 cm™ in FTIR
spectrum have been assigned to C-N and C=N stretching,
respectively. The theoretically computed value of C-N
stretching vibration at 1369 cm™ (mode no. 66) and for
C=N stretching vibration at 1634cm” (mode no. 78)
exactly matches with experimental value.

5. Conclusion

The frequency assignments were performed from
FT-IR spectrum recorded for Nitrazepam. Theoretical
DFT and semi empirical calculations of the vibrational
spectra of the molecule presented in this paper are
compared with the experimental spectrum of the
compound Nitrazepam. Geometries were reproduced
within the limits of accuracy of available experimental
data. All frequencies of the bands can be approached
practically by theoretical calculation performed for a
single isolated molecule. Regarding the geometries and
the harmonic vibrational frequencies, we found that
B3LYP/6-31G(d) is better.

Table 1. Bond lengths (A) and angles (°) values for Nitrazepam

Parameters AM1 PM3 BLYP B3LYP Experimental

Bond length (A)
R(1-2) 1.240 1.217 1.252 1.239 1.225
R(2-3) 1.397 1.435 1.413 1.396 1.427
R(2-21) 1.524 1.517 1.533 1.519 1.517
R(3-4) 1.395 1.429 1.414 1.403 1.428
R(3-22) 1.002 1.000 1.023 1.014 1.022
R(4-5) 1.424 1.407 1.425 1.413 1.420
R(4-12) 1.418 1.407 1.436 1.422 1.429
R(5-6) 1.382 1.383 1.396 1.386 1.403
R(5-23) 1.103 1.099 1.093 1.085 1.090
R(6-7) 1.407 1.403 1.411 1.400 1.406
R(6-24) 1.105 1.100 1.089 1.082 1.088
R(7-8) 1.484 1.497 1.477 1.460 1.470
R(7-11) 1.398 1.395 1.402 1.391 1.406
R(8-9) 1.202 1.215 1.288 1.265 1.316
R(8-10) 1.202 1.215 1.289 1.266 1.316
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R(11-12)
R(11-25)
R(12-13)
R(13-14)
R(13-20)
R(14-15)
R(14-19)
R(15-16)
R(15-26)
R(16-17)
R(16-27)
R(17-18)
R(17-28)
R(18-19)
R(18-29)
R(19-30)
R(20-21)
R(21-31)
R(21-32)

A(1-2-3)
A(1-2-21)
A(3-2-21)
A(2-3-4)
A(2-3-22)
A(2-21-20)
A(2-21-31)
A(2-21-32)
A(4-3-22)
A(3-4-5)
A(3-4-12)
A(5-4-12)
A(4-5-6)
A(4-5-23)
A(4-12-11)
A(4-12-13)
A(6-5-23)
A(5-6-7)
A(5-6-24)
A(7-6-24)
A(6-7-8)
A(6-7-11)
A(8-7-11)
A(7-8-9)
A(7-8-10)
A(7-11-12)
A(7-11-25)
A(9-8-10)
A(12-11-25)
A(11-12-13)
A(12-13-14)
A(12-13-20)
A(14-13-20)
A(13-14-15)
A(13-14-19)
A(13-20-21)

1.400
1.107
1.482
1.485
1.293
1.400
1.401
1.395
1.101
1.394
1.100
1.396
1.100
1.393
1.100
1.100
1.429
1.131
1.129

118.10
122.10
119.80
126.40
115.50
115.30
106.90
107.80
115.80
118.00
123.50
118.50
121.40
119.90
119.80
122.80
118.70
119.40
120.50
120.20
119.70
120.40
120.00
119.00
118.80
120.50
120.10
122.20
119.40
117.50
114.50
126.80
118.70
120.40
119.70
122.30

1.397 1.416
1.104 1.088
1.478 1.503
1.482 1.501
1.294 1.314
1.396 1.421
1.395 1.420
1.391 1.405
1.096 1.091
1.391 1.412
1.095 1.093
1.391 1.409
1.095 1.093
1.391 1.409
1.095 1.093
1.095 1.091
1.456 1.487
1.109 1.096
1.110 1.110

Bond angles ()
115.10 120.50
124.20 124.70
120.60 114.80
122.30 128.30
115.10 113.30
113.40 111.10
110.20 107.40
109.60 108.90
113.40 117.20
118.20 117.40
122.30 122.60
119.40 119.90
120.70 121.20
120.50 118.90
119.30 117.90
122.70 122.50
118.80 119.80
119.90 118.50
119.50 121.80
120.60 119.70
120.10 119.20
119.60 121.60
120.20 119.20
119.30 118.10
119.30 117.80
120.90 120.80
120.80 118.90
121.40 124.10
118.30 120.30
117.90 119.50
116.90 118.80
125.40 124.70
117.70 116.40
120.20 119.10
119.50 122.20
123.70 119.70

1.405
1.082
1.494
1.492
1.298
1.409
1.408
1.395
1.083
1.402
1.085
1.399
1.085
1.399
1.085
1.084
1.471
1.089
1.102

120.60
124.30
115.10
128.20
113.50
110.90
107.40
109.00
117.40
117.40
122.70
119.90
121.20
119.00
118.10
122.40
119.80
118.50
121.80
119.80
119.20
121.60
119.20
118.20
117.90
120.60
119.10
123.90
120.30
119.40
118.70
124.40
116.80
119.00
122.10
120.20

1.415
1.088
1.494
1.495
1.297
1.414
1.406
1.406
1.090
1.405
1.090
1.406
1.085
1.406
1.085
1.084
1.453
1.100
1.100

120.50
122.60
120.00
128.00
118.00
118.00
118.00
120.00
120.00
120.00
120.00
120.00
119.19
120.00
120.00
119.98
120.00
119.98
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
123.22
116.99
120.00
120.00
120.00
120.00
120.00
120.00
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Table 2. Experimental FTIR and FTRaman frequencies and assignments for Nitrazepam.

A(15-14-19)
A(14-15-16)
A(14-15-26)
A(14-19-18)
A(14-19-30)
A(16-15-26)
A(15-16-17)
A(15-16-27)
A(17-16-27)
A(16-17-18)
A(16-17-28)
A(18-17-28)
A(17-18-19)
A(17-18-29)
A(19-18-29)
A(18-19-30)
A(20-21-31)
A(20-21-32)
A(31-21-32)

119.90
119.80
120.10
119.90
120.00
120.00
120.20
119.70
120.10
120.00
120.10
120.00
120.10
120.10
119.80
120.10
106.20
112.10
108.20

120.30
119.70
120.30
119.70
120.20
120.10
120.20
119.80
120.00
120.10
120.00
120.00
120.20
120.00
119.80
120.10
105.50
111.10
106.80

118.60
120.60
118.40
120.60
120.10
121.00
120.30
119.70
120.00
119.70
120.20
120.20
120.20
120.20
119.60
119.30
108.50
111.80
109.00

118.80
120.60
118.40
120.60
120.10
121.00
120.20
119.70
120.00
119.70
120.20
120.10
120.20
120.20
119.70
119.30
108.70
111.80
108.90

119.98
120.00
120.00
119.98
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
123.00
110.90
108.00
108.00
105.91
101.42
106.00

FTIR FTRaman
frequency frequency
and and Vibrational
Species intensity intensity assignments
3677 (2362+1315)
A' 3527w 3525vw N-H stretch
A' 3380w 3381w C-H stretch
A' 3344w 3340vw C-H stretch
A' 3260w 3279w C-H stretch
A' 2977s 2980w C-H stretch
A 2932w C-H stretch
A' 2917w CH; asym stretch
A' 2900s C-H stretch
A 2850w 2878vs CH2 sym stretch
2362 1359+1004
A' 1682w 1680vw C=0 stretch
A' 1660vw C=C stretch
A 1620w 1601w C=N stretch
A' 1573w 1590w C=C stretch
A 1530vw 1544vw NO; asym stretch
A’ 1507vw 1498vw C=C stretch
Al 1469m CH; scissoring
A 1455w 1450m CH, deform
A 1433w 1423w CH, deform
A 1395w CH, deform
A 1389m 1377vw C-N stretch
A 1377w CH, stretch
Al 1359m NO, sym stretch
A 1341s 1337vs CH ipb
A 13155 CH ipb
A' 1296w CH, wagging
A’ 1250s 1260m NH ipb
A’ 1210w CH ipb
Al 1167m CH, twisting
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AV
AV
AV
AV
AV
AV
AV
AV
AV

AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
Al
Al

1142w
1115m
1090w
1083w
1071w
1057w
1034m
1019w

1004m
988m
915m
899vs
838w
778w
750w
724w
702w
669m
631w
604m
566w
551s
516w
508w

1120m
1095w

1038vw
1025vw

1005vw
962vw
910w

853w
776vw

733vw
693vw

637w

550w

496w
470s
431w
360s
252w
202w
176s

CH ipb
CH ipb

C-C-C bending

CH ipb
CH ipb
CH ipb
CH ipb
CH ipb

C-C-C trigonal

bending
CH opb
CH opb
CH opb

CC ring breathing
NO; scissoring

CH opb

NO, wagging
CH; rocking

C-C-C ipb

NH opb

ONO bending

CCC ipb
CCC ipb
CCC opb

NO; rocking

CCC opb
CCC opb
CCC opb
CCC opb
C-NO, opb
NO, torsion

ipb — in-plane bending; opb — out of plane bending; asym — asymmetric; sym — symmetric.
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Table 3. Calculated unscaled IR wavenumbers (relative intensities) for Nitrazepam using B3LYP, BLYP, AM1

and PM3 methods.

Species AM1 PM3 BLYP/6-31G(d) B3LYP/6-31G(d)
WI(A) 21 0 23 0 40 0 41 0
W2(A) 36 0 29 0 52 0 53 0
W3(A) 43 0 44 0 53 0 55 0
WA4(A) 58 0 54 0 67 1 69 1
WS(A) 71 0 61 0 85 0 86 0
W6(A) 110 1 101 1 117 1 121 1
W7(A) 120 0 116 0 146 0 152 0
WS(A) 168 0 165 0 167 1 174 1
WO(A) 184 0 176 0 208 0 215 0
WIOA) 248 0 236 0 248 0 256 0
WII(A) 262 0 248 0 261 1 271 1
WI2(A) 298 1 285 1 296 1 308 1
WI3(A) 325 0 297 0 305 1 318 1
WI4A) 349 0 322 0 324 0 337 0
WIS(A) 366 0 346 0 374 1 389 1
WI6(A) 370 0 35 0 409 1 423 0
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1654 11
1659 23
1666 6
1737 100
3005 5
3171 2
3197 0
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3229 4
3243 1
3265 1
3266 1
3586 8
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Table 4. Experimental and calculated scaled IR wavenumbers for Nitrazepam using B3LYP, BLYP, AM1 and
PM3 methods.

BLYP/ B3LYP/
Species AM1 PM3 6-31G(d) 6-31G(d) Assignments
WI1(A) 20 22 41 40 Phenyl ring butterfly
W2(A) 34 28 53 52 Phenyl ring butterfly
W3(A) 41 43 54 54 Phenyl ring butterfly
W4(A) 55 53 68 68 Phenyl ring floating
W5(A) 68 60 86 84 Ring torsion
W6(A) 105 99 118 119 NO; torsion
W7(A) 114 113 148 149 CH, wagging + YNH
W8(A) 160 161 169 171 Phenyl ring floating
WI(A) 175 172 211 211 CH, wagging
WI10(A) 236 230 251 251 Phenyl ring floating
WI1I1(A) 250 242 264 266 Ring torsion
WI12(A) 284 278 300 302 CH, wagging
W13(A) 310 290 309 312 CH, wagging
W14(A) 333 314 328 330 yCCH+yCCO
WI15(A) 349 338 379 381 NO, rocking
W16(A) 353 347 414 415 yCCH
W17(A) 417 412 417 419 Ring wagging
W18(A) 443 428 440 443 vyHCH
W19(A) 456 434 464 466 vyCCH
W20(A) 471 447 488 492 yCCH
W21(A) 486 483 509 513 SCCN
W22(A) 520 522 540 543 yCCC+dring
W23(A) 566 537 546 550 SCCCHYNC=0+3CCN
W24(A) 577 550 574 578 yCCC+ dring
W25(A) 587 590 611 614 SONO
W26(A) 616 610 641 639 YyNH
W27(A) 626 626 652 661 Ring deformation
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Transmittance (%)

W74(A) 1680 1735 1559 1592 vC=C
W75(A) 1691 1745 1586 1601 vC=C
W76(A) 1715 1753 1596 1622 vC=C
W77(A) 1854 1830 1607 1627 vC=N
W78(A) 1922 1853 1615 1634 vC=0
W79(A) 1963 1896 1679 1703 vC=C
WS80(A) 2823 2859 2955 2947 VsymCH>
WS81(A) 2889 2914 3126 3109 vCH
W82(A) 2987 2924 3152 3135 Vasym CH»
W83(A) 3006 2950 3162 3145 vCH
W84(A) 3025 2968 3166 3151 vCH
WS85(A) 3032 2981 3175 3156 vCH
W86(A) 3033 2983 3186 3166 vCH
WS87(A) 3037 2990 3200 3180 vCH
WE8(A) 3042 2997 3224 3202 vCH
WE89(A) 3049 3005 3225 3203 vCH
WOI0(A) 3252 3263 3511 3516 vNH
100
¥
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40-
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4000 3000 2000 1000

-1
Wavenumber cm

Figure 1. FTIR spectrum of Nitrazepam
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Figure 3. Optimized structure of Nitrazepam using B3LYP/6-31G(d)
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