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ABSTRACT

Quantum chemical calculations of energies, geometand vibrational wave numbers of 3-
bromoacetophenone were carried out by ab initio &T levels of theory with complete
relaxation in the potential energy surface using165 (d,p) basis set. The study is extended to
calculate the HOMO- LUMO energy gap, ionizationigutial, electron affinity, global hardness
,chemical potential and global electrophilicity, lpozability, Mulliken charges and
thermodynamic properties of 3-bromoacetophenombe. FTIR and FT Raman spectra of 3-
bromoacetophenone have been recorded in the regid®@ — 400 cihand 3500 — 100 ¢
respectively. A complete vibrational assignmenliediby the theoretical harmonic frequency
analysis has been proposed. The calculated HOM@® lHdMO energies show the charge
transfer occurs in the molecule. The harmonic Mioral frequencies calculated have been
compared with experimental FTIR and FT Raman specffhe observed and the calculated
frequencies are found to be in good agreement. @&tmerimental spectra also coincide
satisfactorily with those of theoretically constred simulated spectrograms.

Keywords: FTIR and FT Raman spectra; ab initio and DFTr@#nacetophenone; vibrational
analysis; HOMO-LUMO energy.

INTRODUCTION

Aromatic ketones such as acetophenone, propiopkeroml their derivatives have great
analytical and pharmaceutical applications. 3-bracetophenone is used as an intermediate
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product for the preparation of fenoprofen which ars anti-inflammatory, analgesic and anti-
pyretic drug[1,2]. Chemically it is called as 1-(3-bromophengthanone. Alzheimer’s disease
(progressive form of presenile dementia) is treat@ti the drug which was invented from 3-
bromoacetophenonone [3]. It is used as a reaatitintor with organopolysiloxane, which is
the base polymer to prepare silicone rubber [4]isltalso used as a coupling partner in
microwave accelerated cross- coupling of a rangargfboronic acids with aryl chloridgs].
Substituted bromoacetophenone are used to synttiiesisonic diarylpyridines which are used
as nucleic acid binding agents [6].

The title compound is used as an antibacterial tafgn It is also used as a photo radical
polymerization initiator to provide a cross linkakdilyl group terminated vinyl polymer [ 8].

Density functional theory (DFT), accepted by theigbo quantum chemistry community is a
cost-effective general procedure for studying pésisiproperties of the molecules. DFT
calculations of vibrational spectra of many orgasistems[9,10], have shown promising

conformity with experimental results. Therefore this present investigation ab initio and DFT
techniques are employed to study the complete i@ spectra of the title compound and to
identify the various normal modes with greater wauember accuracy.

Several other investigations have been carriecbouhe title compound and its derivatives [11-
15]. Literature survey reveals that to the besbwf knowledge no ab initio HF/DFT frequency
calculations of 3-bromoacetophenone have beentexpep far. It may be due to difficulty in

interpreting the spectra of these molecules becalieeir complexity and low symmetry. Due

to the absence of Raman spectra and vapour phaseeth spectra, a complete vibrational
assignment is not available in the literature.

Hence the present investigation was undertaketutty she vibrational spectra of this molecule
completely and to identify the various normal modesth greater wave number accuracy.
Assuming G point group symmetry the band assignments havemad

Ab initio HF and Density Functional Theory (DFT)l@alations have been performed to support
our wave number assignmenthe theoretically predicted IR and Raman intensities\aell in
agreement with that of experimental spectral data.

EXPERIMENTAL SECTION

The compound 3-bromoacetophenone was purchasedSigma-Aldrich Chemical Company,
USA with more than 98 % purity and was used as sutiout further purification to record
FTIR and FT Raman spectra. A projection of 3-braocgiophenone is shown in the Fig.1. The
FTIR spectra of the compound is recorded in théored000 — 400 cihin evacuation mode on
Bruker IFS 66V spectrophotometer using KBr peliethnique (solid phase) with 4.0 ¢m
resolutions. The FT Raman spectra are recordetyusd64 nm line of Nd: YAG laser as
excitation wavelength in the region 3500 — 100'amn Bruker IFS 66V spectrometer equipped
with FRA 106 FT Raman module accessory. The spleoteasurements were carried out at
Sophisticated Instrumentation Analysis Facilityl;, IChennai, India. The experimental FTIR and
FT Raman spectra of 3-bromoacetophenone is presentee Figs. 3 & 4.
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Computational details

The entire calculations conducted in the presemkwere performed at Hartree-Fock (HF) and
B3LYP levels included in the Gaussian 03W packadd program together with the 6-31G
basis set function of the density functional the@¥#T) utilizing gradient geometry optimization
[17]. The geometries were first determined atHllagtree Fock level of theory employing 6-31G
(d,p) basis set. All the geometries were thennaggd using 6-31G (d,p) basis sets using
density functional theory (DFT) [18] employing tBecke’s three-parameter hybrid functional
[19] combined with Lee-Yang-Parr correlation [2Qinttional (B3LYP) method. The DFT
partitions the electronic energy as E =E,+E;+Exc, where E, E,, and E are the electronic
kinetic energy, the electron nuclear attraction ahé electron-electron repulsion terms
respectively. The electron correlation is tak&o iaccount in DFT via the exchange correlation
term Exc, which includes the exchange energy arising from dantisymmetry of the quantum
mechanical wavefunction and the dynamic correlatiothe motion of individual electrons; it
makes DFT dominant over the conventional HF proce@Rd].

The optimized structural parameters were used envthrational frequency calculations at the
HF and DFT levels to characterize all stationarinfgoas minima. Then vibrationally averaged
nuclear positions of 3-bromoacetophenone is used Harmonic vibrational frequency
calculations resulting in IR and Raman frequendiegether with intensities and Raman
depolarization ratios. The DFT hybrid B3LYP functé@ also tends to overestimate the
fundamental modes in comparison to the other DFihaus; therefore, scaling factors have to
be used to obtain considerably better agreemeht exiperimental data. Thus according to the
work of Rauhut and Pulay [22], a scaling factorOd®63 has been uniformly applied to the
B3LYP calculated wavenumbers. Similarly, the vilmaal modes studies through HF method
were scaled by a value of 0.891 [23]. Finallyicakated normal mode vibrational frequencies,
provide thermodynamic properties by way of stat@timechanics. Zero point vibrational
energy was also calculated in the present work. c&wbining the results of the Gaussview
program [24] with symmetry considerations, vibraibfrequency assignments were made with
high degree of accuracy. There is always some @uitliin defining internal coordination.
However, the defined coordinate form complete set matches quite well with the motions
observed using the Gaussview program. To achieslese agreement between observed and
calculated frequencies, the least square fit refer@ algorithm was used. For the plots of
simulated IR and Raman spectrum, pure Lorentziawl Ishapes were used with a bandwidth of
10 cm'. HOMO-LUMO energy gaps has been computed and o¢teted molecular properties
are calculated.

RESULTS AND DISCUSSION

Molecular geometry

The optimized structure parameters of 3-bromoatetiopne calculated by ab initio HF and
DFT-B3LYP levels with the 6-31G(d,p) basis setlated in the Table 1 in accordance with the
atom numbering scheme given in Fig.1. The moleatlacture, XRD studies have been studied
for the compound m-chloroacetophenone and m-niétoathenone. Since the compound chosen
for the present study has close structural relatigth the above-mentioned compounds, the
molecular parameters have been taken from m-chdetophenone and m-nitroacetophenone
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[25,26]. Table 1 compares the calculated bond lenghd angles for 3-bromoacetophenone with
those experimentally available from X-ray diffractidata [25, 26].

From the theoretical values, we can find that naisthe optimized bond angles are slightly
larger than the experimental values, due to therétigal calculations belong to isolated
molecules in gaseous phase and the experimentatsrdselong to molecules in solid state.
Comparing bond angles and lengths of B3LYP witrs¢hof HF, as a whole the formers are on
higher side than the latter and the HF calculatallles correlates well compared with the
experimental results. In spite of the differenceslculated geometric parameters represent a
good approximation and they are the bases for lediog other parameters, such as vibrational
frequencies and thermodynamic properties.

Vibrational assignments

The vibrational analysis of 3-bromoacetophenongeiformed on the basis of the characteristic
vibrations of carbonyl,boromo, methyl, and phenyhgrimodes. The computed vibrational
wavenumbers, their IR and Raman activities, depmaon ratios and the force constants
corresponding to the different normal modes ared Use identifying the vibrational modes
unambiguously. The harmonic vibrational frequenaakulated for 3-bromoacetophenone at
HF and B3LYP levels using the 6-31G(d,p) basisakmtg with polarization functions have been
summarized in Table 2 and 3. It can be noted tleatalculated results are harmonic frequencies
while the observed frequencies contain anharmoontribution. The later is generally lower
than the former due to anharmonicity. The repradust of observed fundamental frequencies
are more desirable because they are directly oaleryn a vibrational spectrum. Comparison
between the calculated and the observed vibratgpedtra helps us to understand the observed
spectral features. Inclusion of electron corretatin density functional theory to a certain
extend makes the frequency values smaller in casgamwith the HF frequency data. For
visual comparison, the observed and calculatedu{ailed) FTIR and FT Raman spectra of 3-
bromoacetophenone is presented in a common wavesnsuoale in Table 3.

C-H Vibrations

The aromatic structure shows the presence of Giéticking vibrations in the region 3250 ¢m

- 2950 cmit which is characteristic region for the ready idéaiion of C-H stretching vibrations
and particularly the regions 3250 @m- 3100 crit for asymmetric stretching and 3100¢m
2950 cmt for symmetric stretching modes of vibrati@7]. For most cases, the aromatic
compound C-H vibration absorption bands are usua#gk; in many cases it is too weak for
detection. In this region, the bands are not &fbcappreciably by the nature of substituents. In
the present work, for the compound 3-bromoacetopienthe FTIR bands observed at 3238 cm
13228 cnit, 3220 crit and 3197 ci have been assigned to C-H stretching vibration.

The B3LYP level at 6-31G(d,p) gives the same fregyevalues at 3236 ¢ 3225 cni,3216
cm™ and 3195 cnt' as indicated in Table 3. For the same vibratfenHF/6-31G(d,p) gives a
slightly decreased value when compared to exmatah data. In general the aromatic C-H
stretching vibrations calculated theoretically amegood agreement with the experimentally
reported value§28-30] for di substituted benzene in the regiof(®2 2900 crit.
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The title compound 3-bromoacetophenone has botkofgpiane and in-plane aromatic C-H
bending vibrations. The out of plane bending mofd€-H vibration of 3-bromoacetophenone is
found well in agreement with the experimentallydicéed in the region 1000-600 chfB81]. At
B3LYP/6-31G(d,p), 995 and 807 &mis calculated . The observed FTIR value of 996" dm

in excellent agreement with 995 ¢nof B3LYP/6-31G(d,p) results. The out of plane C-H
deformation vibrations of 3-bromoacetophenone igeexnentally predicted in the region 636
and 996 crif coincides satisfactorily with the calculated valirethe same region. The aromatic
C-H in-plane bending modes of benzene and its dtivies are observed in the region 1300-1000
cm™[32]. The C-H in plane bending vibrations assigeedn though found to be contaminated
by C-CH; stretch are found in literatuf@3,34], while the experimentally observed valuas3-
bromoacetophenone is at 1268 tm The C-H in-plane bending vibration of 3-
bromoacetophenone coincides satisfactorily with ¢ixperimentally observed values in this
region.

C-Br Vibration

The compound under consideration 3-bromoacetopleenbas a bromine substitution in m-
position. The heavier mass of bromine obviously esathe C-Br stretching mode to appear in
longer wavelength region. Bellamy has assignedeg®mn 700-600 cthfor the C-Br stretching
[35,36]. Based on this, the band observed at 668rcHTIR is assigned to C-Br stretching. The
theoretically calculated value 670 ¢nis well agreed with the experimental value. ThBIGa-
plane bending and out-of-plane bending vibratioesassigned to 305 and 267 tnespectively

in the FT-Raman spectrum. These values agree veiwith the literature values [37,38,39].

Methyl group vibrations

The compound under consideration 3-bromoacetopleempmssess a GHgroup in the side
substitution chain. There are nine fundamentals can expect to a GHyroup, namely the
symmetrical stretching in GHCH; sym.stretch)and asymmetrical stretching(in playdrogen
stretching mode); the symmetrical(€r$ym.deform) and asymmetrical(g@Hasym.deform)
deformation modes; in-plane rocking, out-of-planeking, twisting and bending modes [40].
Each methyl group has three stretching vibratiomse being symmetric and other two
asymmetric. The frequencies of asymmetric vibratiare higher than the symmetric one [41].
The theoretically computed values 3050 forsGdmmetric stretching and 3114, 3171 for CH3
asymmetric stretching shows an excellent agreeméht the range allotted by Williams and
Fleming [42]. CH asymmetric and symmetric in-plane bending areofesl at 1470 and 1315
cm™ in FTIR and corresponding Raman values are 14841842 cril, respectively [43]. The
torsion vibrations are not observed in the FTIR BiidRaman spectrum because these appear at
very low frequency. The observations at 52*am 3-bromoacetophenone is in agreement with
theoretical results of similar compounds.

C=0 vibrations

The C=0 stretching vibration in 3-bromoacetophendm&s a main contribution in the mode,
with B3LYP/6-31G(d,p) predicted frequencies at 2641" (Table 3) for 3-bromoacetophenone.
This is in agreement with the very strong experitaefrequencies at 1635 ¢min FTIR
spectrum of 3-bromoacetophenone. The FT Ramanrapedf 3-bromoacetophenone shows a
band at 1639 cthand thus confirms the presence of C=0O stretchifgatibns. The C=0
stretching vibration calculated with HF level shaslightly higher range of frequencies than the
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experimental results. The out of plane C=0 bendiibgation mode of 3-bromoacetophenone
with the experimental frequency of 149 tnfound to be in excellent agreement with the
calculated values at HF and B3LYP levels. The abmweclusions are in agreement with the
literature value [44].

Table 1 Optimized geometrical parameters of 3-bromacetophenone, bond length(A), Interaxial angle®)(

Parameters Expt HF/6-31 G(d,p) B3L&¢B1 G(d,p)
Co-Hy7 1.100 1.074 1.085
Cg-Hye 1.100 1.075 1.086
Cr-Hye 1.100 1.074 1.084
Cs-Hyy 1.100 1.072 1.083
Co-Hiz 1.113 1.080 1.090
Co-Hy; 1.113 1.085 1.096
Co-Hy, 1.113 1.085 1.096
C4Cy 1.395 1.388 1.402
Cs-Cy 1.395 1.386 1.395
C-Cg 1.395 1.383 1.395
Ce-Cy 1.395 1.385 1.396
Cs-Co 1.395 1.377 1.388
Cs-Cs 1.395 1.393 1.403
Ce-Brig 1.881 1.898 1.913
Ci-Cy4 1.351 1.504 1.504
Ci-O; 1.208 1.194 1.221
Ci-C, 1512 1.513 1.518
H17-Co-Cy 120.0 120.7 120.4
H;17-Co-Cg 120.0 119.1 119.4
C4-Cy-Cg 120.0 120.3 120.2
H16-Cs-Co 120.0 120.1 120.1
H16-Cs-C7 120.0 119.7 119.5
Co-Co-Cy 120.0 120.3 120.4
H15-C7-Cg 120.0 120.7 120.9
H15-C7-Co 120.0 120.1 120.1
Cs-C-Cs 120.0 119.1 119.0
C;-Cs-Cs 120.0 121.2 121.3
C;-Ce-Bryg 120.0 119.2 119.1
Cs-Ce-Bryg 120.0 119.6 119.6
H14-Cs-Co 120.0 121.1 121.7
H14-Cs-Cy 120.0 119.3 118.8
Ce-Cs-Cy4 120.0 119.5 119.5
Cy-C4-Cs 120.0 119.5 119.5
Cy-C4-Cy 120.0 122.8 123.0
Cs-C4-Cy 120.0 117.7 117.5
Hi3Co-Hi, 109.5 109.4 109.4
H13-Co-H1g 109.4 109.4 109.4
H15Co-Cy 109.4 108.5 108.6
H1-Co-H1g 109.4 107.9 107.4
H1-C,-Cy 109.4 110.8 111.0
H11-Co-Cy 109.5 110.8 111.0
C4-Ci-O3 120.0 120.2 120.4
Cs-Ci-C, 120.0 119.1 118.8
05;-C;-C, 120.0 120.7 120.8
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Table 2 Vibrational wavenumbers obtained for 3-bromoacetoplkenone at HF/ 6-31G(d,p) [ harmonic frequency (cH)

IR intensities(km mol™*), Raman scattering activities (A amu?), Raman depolarization ratio, reduced mass (amwund
force constants (m dyn A™)]

Veal IR intensity Raman Intensity Depolarisation Reduced Force
(cm®) Rel Abs Rel Abs ratio mass Constant
52 3.973 2 0.017 0 0.750 4.180 0.016
139 1.562 1 1.212 1 0.665 8.895 0.113
147 0.230 0 2.220 2 0.750 5.409 0.079
175 0.100 0 0.695 0 0.750 1.100 0.022
189 0.022 0 2.996 2 0.750 3.374 0.086
269 4.769 2 3.824 3 0.330 4.129 0.199
309 0.726 0 5.251 4 0.210 7.251 0.467
385 2.954 1 2.076 1 0.633 6.343 0.630
427 0.071 0 0.042 0 0.750 3.146 0.402
485 1.747 1 1.895 1 0.163 4.256 0.665
532 6.525 3 0.445 0 0.750 3.840 0.639
594 43.516 18 2.649 2 0.583 4.378 1.057
624 2.638 1 1.131 1 0.750 2.976 0.812
670 24.489 10 7.670 5 0.174 6.842 2.092
706 26.694 11 0.548 0 0.750 2.123 0.734
780 18.544 8 1.400 31 0.123 6.121 2.544
806 30.356 13 0.769 1 0.750 1.392 0.658
935 0.116 0 0.458 0 0.750 1.355 0.888
956 12.063 5 7.800 5 0.161 2.165 1.422
967 10.449 4 1.027 1 0.750 1.413 0.948
997 4.885 2 30.823 21 0.110 5.844 4.066
1013 0.002 0 0.148 0 0.750 1.364 1.017
1052 0.945 0 3.013 2 0.750 1.895 1.482
1095 11.319 5 9.319 6 0.231 3.452 2.810
1103 7.391 3 1.885 1 0.681 1.767 1.457
1127 0.604 0 5.213 4 0.561 1.682 1.467
1197 2.857 1 2.911 2 0.732 2.581 2.328
1273 7.372 3 0.032 0 0.310 1.510 1.557
1314 240.264 100 19.684 14 0.200 3.037 3.426
1359 0.678 0 0.157 0 0.203 1.306 1.593
1391 29.791 12 2.490 2 0.425 1.380 1.905
1459 66.859 28 2.924 2 0.732 2.946 4.327
1480 6.751 3 10.572 7 0.716 1.052 1.586
1494 9.769 4 20.062 14 0.750 1.047 1.597
1510 11.708 5 0.751 1 0.190 2.255 3.572
1562 24.093 10 7.273 5 0.750 5.454 10.09
1595 5.681 2 55.555 38 0.563 5.591 10.62
1643 235.172 98 30.308 21 0.321 11.69 27.35
3056 4.066 2 102.011 70 0.011 1.039 6.254
3110 14.892 6 48.610 33 0.750 1.101 6.897
3175 14.054 6 101.550 70 0.563 1.103 7.139
3199 6.363 3 68.269 47 0.611 1.089 7.242
3213 8.709 4 67.488 46 0.489 1.093 7.370
3224 7.505 3 145322 100 0.119 1.097 7.432
3234 3.247 1 36.376 25 0.247 1.093 09.5
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Table 3 Vibrational wavenumbers obtained for 3-bronpacetophenone at B3LYP/ 6-31G(d,p) [ harmonic freqency (cm?)
IRintensities (km molY), Raman scattering activities (A amu®), Raman depolarization ratio, reduced mass (amwund

force constants (m dyn AY)]

Observed Wavenumbers

Calculated using B3LYP/6-31G(d,p)

ViR VRaman  Veal IR intensity Raman intensity Depolariz- Reduced Force  Characterisation of
cm®  cm® cm' Rel  Abs Rel Abs ation Mass  constant normal modes
Ratio
52 2.961 1 0.097 0 0.750 4.123 0.017 1CHj torsion

13¢ 13€ 1.36¢ 1 1.47¢ 1 0.672 8.95¢ 0.09¢ lattice vibratiot
149 145 0.123 0 2.269 2 0.750 5.522 0.068 y C=0 +yCH
17¢ 17¢ 0.25¢ 0 0.681 0 0.75( 1.09% 0.01¢ CHj; torsior
18¢ 18¢ 0.00z 0 2.89: 2 0.75( 3.407 0.071 CHjstorsion+BCH
265 267 4.563 2 4.025 3 0.334 4.179 0.175 y C-Br
30¢ 30¢ 0.77: 0 4.10z2 3 0.19¢ 7.16¢ 0.39¢ B C-Br
383 383 2.747 1 1.907 1 0.614 6.122 0.529 B C-H

43C 42z 42¢ 0.10¢ 0 0.05¢ 0 0.75( 3.191 0.34¢ y C-H

460 484 481 1.826 1 1.951 1 0.165 4131 0.563 y C-H

53¢ 53¢ 532 3.94¢ 1 0.41¢ 0 0.75( 3.89¢ 0.54¢ y C-C-C

59C 59¢ 59¢ 28.95( 11 1.93¢ 1 0.66: 4.401 0.91: B C-C-O

636 627 625 0.719 0 0.861 1 0.750 3.022 0.695 3 CH CH twisting

66C 66C 67C 24 .36¢ 9 6.164 4 0.207% 6.82: 1.80¢ v C-Br

683 710 706 15.917 6 0.444 0 0.750 2.168 0.637 miegthing

78¢ 78¢€ 781 22.40¢ 8 2.471 2 0.15¢ 6.19¢ 2.22¢ B C-C-C

838 807 807 23.955 9 1.994 1 0.750 1.433 0.549 y C-H

901 93¢ 93¢ 0.04: 0 1.02¢ 1 0.75( 1.35¢ 0.69¢ y C-H

96( 954 95¢€ 9.10¢ 3 1.74¢ 1 0.75( 1.371 0.73¢ y C-H

987 969 971 12.712 5 11.111 8 0.121 2.125 1.182vy C-H

99¢ 997 99¢ 0.02¢ 0 0.18¢ 0 0.75( 1.32¢ 0.772 y C-H

1020 1015 1012 4.405 2 26.321 19 0.117 5.581 3.3696 ring +yC-H

1064 104¢ 104¢ 1.06% 0 1.71¢ 1 0.75( 1.892 1.223 CHjstwisting

1091 1094 1091 15.660 6 16.180 12 0.150 2.931 2.056y C-H +p C-C

1101 109¢ 109¢  0.033 0 3.92¢ 3 0.471 1.90% 1.35: g C-H

1124 112¢ 112¢ 1.43¢ 1 4.057 3 0.45¢ 1.56¢ 1.17: v C-C+p C-H

1186 1196 1199 7.031 3 2.280 2 0.749 1.120 0.9496 C-H

126¢ 127i 127z  264.27° 10C 26.91: 19 0.231 3.032 2.892 v C-C+pC-H

1315 1312 1310 4.514 2 2.095 1 0.163 1.519 1.536p C-H

1357 135¢ 135¢  2.791 1 1.27: 1 0.72¢ 5.44¢ 5.20€ yC-C

1405 1399 1395 37.706 14 3.919 3 0.746 1.329 1.524CH;wagging

145C 145¢ 145¢  56.11¢ 21 3.92¢ 3 0.72( 2.97( 3.72¢ v C-C

147C  147¢ 148:  8.24¢ 3 9.83¢ 7 0.74¢ 1.06( 1.37: 8 C-H; 6 CH;

1494 1496 1493 9.612 4 21.998 16 0.750 1.048 1.376v C-C

151€ 150¢ 150¢ 10.40¢ 4 1.827 1 0.24% 2.26i 3.042 v C-C

1566 1568 1560 30.842 12 12.596 9 0.683 5.901 9.130v C-C

159z 1591 1592  5.26¢ 2 69.10¢ 49 0.527 6.06¢ 9.64: vC-C

1635 1639 1642 146.307 55 40.364 29 0.260 10.99 56320. vC=0

3066 3068 3050 2.322 1 111.719 80 0.008 1.038 5.689v;CH;3

3127 3108 3114 8.172 3 49.266 35 0.750 1.100 6.284v,CH;

3153 3175 3171 9.724 4 101.785 73 0.567 1.102 6.527v,. CH;

3197  319¢ 319¢ 5.74 2 78.17¢ 56 0.56( 1.08¢ 6.54: v C-H

3220 3212 3216 7.357 3 82.434 59 0.356 1.092 6.654v C-H

322¢  323( 3228 3.86¢ 2 140.23 10C 0.14¢ 1.09¢ 6.711 v C-H

3238 3236 3236 4.374 2 42.341 30 0.203 1.091 6.733v C-H

Abbrevations usedz- torsion;y- out of plane bendingj- in plane bendingp- rocking; - scissoring;y- stretching;

vs.Symmetric stretchingj,s asymmetric stretching
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C-C vibrations

The C-C aromatic stretching vibrations gives rzeharacteristic bands in both the observed IR
and Raman spectra, covering the spectral range 1800 — 1400 cth [45-48]. The IR bands
are 1592,1566, 1516, 1494 ¢m the Raman bands are 1591, 1568, 1508 and 1496
these bands, 1566 and 1591 thave appeared characteristically strong in the iR Baman
spectra, respectivelyThe calculated bands at B3LYP and HF levels inséime region are in
excellent agreement with experimental observataiixth in FTIR and FT Raman spectra of 3-
bromoacetophenone. The ring in plane vibrationsdnaan rise to weak bands across the low
frequency region, that is to say, below 1000 *cm The bands at 781 ¢hmin 3-
bromoacetophenor®as been assigned to C-C in- plane bending vilmafi9]. As is seen from
Table the predicted frequencies by both RHF andB3hgree well with the observed ones.

Table 4 Comparison of HOMO, LUMO, energy gaps EHOMO —-LUMO), and related molecular properties of
3-bromoacetophenondeV)

Molecular properties HF/6-31G(d,p) B3LYP/6-31G(d|p)
€ Homo eV -0.34100 -0.25185
€ Lumo eV 0.07971 -0.06567
Energy gap 0.42071 0.18618
lonisation Potential (1) 0.34100 0.25185
Electron affinity(A) -0.07971 0.06567
Global Hardness( ) 0.21036 0.09309
Chemical potential () -0.13065 -0.15876
Global Electrophilicity () 0.04057 0.13538

Table 5 Mulliken atomic charges of 3-bromoacetophemme for HF and B3LYP with 6-31G basis set

Atom with HF B3LYP
Numbering 6-31G(d,p) 6-31G(d,p)
C: 0.553987 0.399236
C, -0.431130 -0.400378
(o -0.567465 -0.446817
C, -0.134410 0.041401
Cs -0.082045 -0.098974
Cs -0.042867 0.046202
C, -0.107812 -0.076425
Cs -0.158992 -0.091824
Cy -0.134564 -0.117878
Brig -0.095419 -0.117878
Hip 0.142597 0.125452
Hi, 0.142596 0.140293
His 0.168000 0.141834
His 0.223846 0.139955
His 0.184264 0.115530
His 0.167915 0.102392
Hi; 0.171499 0.094878
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The force constant values computed at HF and DF&ldeof theories at basis set 6-31G(d,p)
have been collected in Table 3.

Other molecular properties

HOMO-LUMO energy gap and related molecular propesti

The HOMO, LUMO and HOMO-LUMO energy gap of 3-bromeetophenone in the HF and
DFT level in 6-31G(d,p) basis set has been caledlat The HOMO-LUMO energy gap is
consistent for B3LYP method and varies erotically HF method. Associated within the
framework of SCF MO theory the ionization energyd alectron affinity can be expressed
through HOMO and LUMO orbital energies as | T0ko and A= -Eumo .The hardness
corresponds to the gap between the HOMO and LUMfiarenergies. The larger the HOMO-
LUMO energy gap the harder the molecule. The glblaatiness,n =1/2(& uwo - Exomo). The
hardness has been associated with the stabilith@mical system. The electron affinity can be
used in combination with ionization energy to gelectronic chemical potential, u=1/2{fmo +
ELumo). The global electrophilicity indexp = p%/2n is also calculated and listed in table 4.

Table 6 Theoretically computed energies (a,u), zemoint vibrational energies (kcal mol), rotational
constants (GHz) entropies (cal ma! k™) and Dipole moment (D) (Kcal Mol* Kelvin™) of

3bromoacetophenone
Parameters HF — 6-31G(d.p) B3LYP - 6-31G(d,p)
Total energy -2951.7942976 -2956.01@424
Zero point energy 86.01024 80.2241
Rotational constants 2.07781 2.03909
0.47400 0.46883
0.38687 0.38209
Entropy
Total 95.190 97.127
Translational 41.754 41.754
Rotational 31.112 31.154
Vibrational 22.324 24.219
Dipole moment 4.3250 4.1260
Table 7 Calculated polarizabilities of 3-bromoacetphenone
Basis Set Olyy Oy Oyy Oy, Oy, (o <o>
HF/
6-31G(d,p) 130.060 2.722 104.523 0.032 0.01@5.330 93.304
B3LYP/
6-31G(d,p) 144.838 1.343 110.942 0.011 0.0345.949 100.576
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Fig. 1 The atom numbering for 3-bromoacetophenone olecule
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G C, 0, C. C, | Bryp | Hy | Hy | Hy | Hp,

HF/6-31G(d.p) 0.5539 | .0.4311 | -0.5675 | -0.0820 | -0.1346 | -0.0954 | 0.1426 | 0.1680 | 0.1843 | 0.1715

BILYP/6-31G{(d.p) | 0.3992 | 04004 | -0.4468 | -0.0989 | 0.1179 | -0.1178 | 0.1255 | 0.1418 | 0.1155 | 0.0949

Atoms

Fig. 2 Comparision of HF/6-31G(d,p) and B3LYP/6-3G(d,p) methods for calculated atomic charges

Mulliken charges
In the application of quantum mechanical calculaido molecular system, the calculation of
effective atomic charges plays an important rolehe Telectron distribution in 3-
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bromoacetophenone are compared in two differenntgua mechanical methods and the
sensitivity of the calculated charges to changeth@ choice of methods are studied. By
determining the electron population of each atonthi defined basis function, the Mulliken

charges are calculated. The calculated Mullikesrges at different levels are listed in table 5.
The results can be represented in graphical forgives in fig 2.
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Fig.3 FTIR spectra of 3-bromoacetophenone (a) caltated and (b) observed
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Thermodynamic properties
On the basis of vibrational analysis at B3LYP/ &8d,p) and HF/6-31G(d,p) levels, several
thermodynamic parameters are calculated and asemexl in Table 6 . The zero point vibration
energy (ZPVE) and the entropy, . (T) are calculated to the extent of accuracy amal t
variations in ZPVE seem to be insignificant. Ta&lenergy and the change in the total entropy
of 3-bromoacetophenone at room temperature atreifteanethods are only marginal.

B3LYP/6-31G (d.p)
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Fig.4 FTRaman spectra of 3-bromoacetophenone (adlculated and (b) observed
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Molecular polarizability
One of the objectives of the present investigaiaio study the effect of the basis SB8L YP/6-
31G(d,p) and HF/6-31G(d,p) levetsr molecular polarizability of 3-bromo acetopheaarsing
the GaussianO3W program. In this study, the contiputaof the molecular polarizability of 3-
bromo acetophenone was reported. Heres a second-rank tensor property called the dipole
polarizability and mean polarizability o > is evaluated using the eqgn. [50]

<a>= 13 (aw + ayy + az)

The calculated polarizabilities using HF and DFTtmods for the 3-bromoacetophenone
molecule are summarized in Table 7.

CONCLUSION

The results of the study lead to the following dosons. (i) The proper frequency assignments
for the compound 3-bromoacetophenone is perforroedhe first time from the FTIR and FT
Raman spectra. The experimental FTIR and FT Raspattra were compared with the
theoretical ab initio and DFT calculations of thierational spectra of the molecule. (ii) The
equilibrium geometries of 3-bromoacetophenone wetsrdchined and analyzed both at HF and
DFT levels of theories utilizing 6-31G(d, p) baset. The molecular geometry of 3-
bromoacetophenone was best at the B3LYP level &f. Qi) The HOMO-LUMO energy gap
and other related molecular properties were diszussid reported. (iv) Mulliken charges and
molecular polarizability were calculated and theutts were discussed.
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