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Abstract: A complete normal coordinate analysis was perfornbgdtwo
different methods: a classical Wilson G-F matriximoel and the semi-empirical
molecular orbital PM3 method, for a five coordinaten rigid triphenyl
antimony diester SbR{D,CR),[R=C¢H,OH-0] known to be a bioactive
molecule. The study of vibrational spectra suggkestat the title compound
might have secondary bonding interaction betweencdntral antimony atom
and the carbonyl oxygen atoms. The atomic chargérildlition, geometry
optimization and thermochemistry, were also catealdy PM3 method, which
help in finding the potential sites of the titlengoound.
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Introduction

Organic derivatives of group (15) elements haveetiéd attention not only because of the
structural aspects but also from biological poifitview. These compounds show the
bactericidal and fungicidal effe¢tswhich have got wonderful applications in textile
industry?>. Recent publications reveal a renewed interethérantifungal, antibacterial and
cytotoxic studies of organoantimony carboxylate aaticylates derivatives. The enhanced
antitumour activity of diphenyl antimony(lll) thiates, bothn vitro andin vivo, led to the
development of other types of organoantimony(liDdaantimony(V) derivatives. In
phenylantimony(V) amines and dicarboxylates dispthgome inhibition against a variety of
human tumor cell lines. Recent studies show thaamwantimony salicylates have
considerable potential to be an antitumour actwamound and therefore they are required
to be treated in much extensive and detailed vimat study in order to have better insight
of these compounds. The title compound has be@mntikm the work of Baruclet af* for

its vibrational and thermodynamical study.
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In this manuscript, the experimental FT-IR is canga with theoretical frequencies
obtained by normal coordinate analysis using twiedint methods: a classical mechanics
method using Wilson GF matrix method and the sempigcal quantum chemical
molecular orbital PM3 methddThus the evaluation of the advantages of botthaukt is
useful for obtaining a reliable assignment of tligrational spectra. Assignments are thus
proposed for observed frequencies correspondirzpobone & mixed modes, side chain
modes and ring modes on the basis of the potemteigy distribution (PED).

The author’s interest in the vibrational dynamasswell as quantum chemical study of
the title compound triphenylantimony(\f}salicylate, SbP#O,CCH4(OH)-0], was
stimulated by the fact that the title compound bited the antifungal, antibacterial and
antitumour activitieSup to considerable amount.

In this work, the theoretical study for the tilempound is presented, which also includes
its geometrical parameters, atomic charge distahwind thermochemistry calculated by semi
empirical PM3 method, using Mopac 2007 softRarBecent studies show that the
organoantimony salicylates are significantly poterainst MCF-7 cell life but the
vibrational study and the quantum chemical calautat of the title compound have not been
investigated yet, and are being probed in the ptesgerk.

Theory

The Wilson’s G-F Matrix methddvith Urey Bradley' force field has been used to evaluate

the normal modes. These are given by the eigereshlaf the secular Equation.
GFL=IL, Q)
as = 4p’cV?

The potential is represented as

V = ) K e (Drjk )+ %K ik (Drjk )2 + . Hi 1y Vi (Dfijk )+ % Hi 15T (Dfijk )2
J 1]

. 1
+ Fiy (Day ) + EFik (Day ) + . KJW(DWi)2 o K] (Dti)2
ijk i j (2)
where,Dry,, Dfy , Dwj andDy; are the internal coordinate changes corresportdibgnd
stretch, angle bend, out of plane deformation ansidn respectively. The potential energy
distribution in thg™ internal coordinate for th& normal mode is given by
®Pep) =ity
_ ©)
Experimental
X-ray data of the compound Triphenylantimony@¥alicylate SbP$iO,CCsH4(OH)-0],
were collected from the CCDC databds@he FTIR spectra of the compound, presented in
Figure 1, have been recorded on a Perkin-ElmertBpadBX FTIR spectrophotometer in
the frequency range 4000 to 400tm

Computational methods
Classical mechanics calculations

Normal coordinate calculations were performed usithg program developed by
ShimanoucH following the Wilson GF matrix meth8dThis method describes the motion
in terms of the internal coordinates, which arengfes in bond lengths, bond angles and
those out of plane bending and dihedral angles. fohee constants in terms of these
coordinates can easily be visualized and haveysigdl meaning. The Urey Bradley force
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field is used in our calculations. It incorporatesa unit interactions and interactions due to
the neighboring units, in addition to the bonde@riactions. It also includes the interactions
between non-bonded atoms. For the assignmentsotbe tonstants were initially taken

from the reported literature and later modifiedjtee the “best fit” results with the observed
FT-IR spectra (Figure #© All force constants for the title compound areegi in Table 1.

C32

Figure 1. Model molecular structure of triphenylantimony(@salicylate
SbPR(O,CCeH4(OH)-0],

Table 1. Internal coordinates and force constant values (rasly) of the title compound

S. No. Internal Coordinates  Force constant values
1 n(C-Sh) 2.150
2 n(O-Sh) 2.350
3 n(C-O)adj-Sb 4.200
4 n(C=0)adj-Sb 7.370
5 n(C-O)R1-O 4,120
6 n(C-O)R2-0O 5.300
7 n(C-C)adj-C=0 4,360
8 n(C-C)R4-adj-O 4,020
9 n(C-C)R5-adj-O 4,000
10 n(C-C)R2-adj-Sb 5.665
11 n (C-C)R2-adj-Sb 5.630
12 n (C-C)R3-adj-Sb 5.635
13 f (C-Sb-0) 0.300
14 f (O-Sb-0) 0.250
15 f (C-Sb-C) 0.250
16 f (Sb-O-C) 0.105
17 f (O-C=C)adj-Sh 1.125
18 f (O-C-C)adj-Sb 0.310
19 f (O=C-C)adj-Sh 1.350
20 f (C-C-O)adj-R4 0.790
21 f (C-C-C)adj-R4 0.750

Contd...
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22 f (C-C-C)R-adj-C 0.600
23 f (C-C-C)R4 0.720
24 f (C-C-O)adj-R4 0.630
25 f (C-C-O)adj-R5 0.760
26 f (C-C-C)adj-R5 0.770
27 f (C-C-C)R5 0.600
28 f(C-C-C)R1 0.760
29 f (Sb-C-C) 0.300
30 f (C-C-C)R2 0.660
31 f(C-C-C)R3 0.745
32 w (C=0)adj-R4 0.310
33 w (C-O)R4 0.257
34 w (C-O)adj-R5 0.450
35 w (C-O)adj-R5 0.250
36 w (C-O)R5 0.250
37 t (Sb-0) 0.045
38 t (Sb-C)R3 0.045
39 t (Sb-C)R1 0.045
40 t (Sb-O)R1 0.045
41 t (Sb-C)R2 0.045
42 t (O-C)R4 0.055
43 t (O-C)R5 0.055
44 t (C-C)R4-C=0 0.055
45 t (C-C)R4 0.055
46 t (C-C)R5 0.055
47 t (C-C)R1 0.055
48 t (C-C)R2 0.058
49 t (C-C)R3 0.005
Note:

1. Here nmeans the stretching vibration between the atoms.

2. Here f means the angle inplane-bending between the thoeesa

3. Here wmeans the out-of-plane bending or wagging betweeatims.
4. Here ¢ means the torsional vibration between the atoms.

5. R-stands for ring and adj-stands for adjacent.

6. The values in brackets denotes the non-bonded émnestants values.
7. R1-0O etc. stands for outside the ring R1 etc.

The computer program developed by Shimandtahias used for the calculation of
vibrational frequencies and potential energy disition (PED), which made it possible to
obtain a detailed description of the nature of afimnal bands. Potential energy distribution
provides quantification of the contribution of imal coordinate to a normal coordingté
For that purpose, the contribution of the diagdaate constant of internal coordinate to the
vibrational eigen value is expressed as a percentalyj semi-empirical calculations were
performed by Mopac 2007 packdgéssignment of frequency modes was performed by
graphical user interface Winmostar
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The title compound triphenylantimony(\é}Salicylate ShP}{O,CCsH4(OH)-0], has 65

atoms, however to reduce the problem to manageafiiensions CH, OkHetc have been
treated as mass points with a mass of 13ett6respectively. This does not in any way
disturb the accuracy of the results presented Hdris.is because the frequencies belonging
to these can well be designated as group frequeacid many of them being in the higher
range do not mix with other modes. With this apjmration the triphenylantimony(\Vo-
salicylate reduces to 40(N) atoms problem with (3M-6) normal modes of vibratiohs
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Figure 2. FT-IR spactra of Triphenylanytimony(\§-salicylate.
Quantum chemical calculations
Atomic charge distribution

The knowledge of the charge distributions is esmefdr the interpretation of molecular
properties. The atomic charges for all the atontkefitle compound calculated by PM3 method
in gas phase are presented in Table 2. As seertliisrtable, the oxygen atoms like O1, 02, 04
and O5 have bigger negative atomic charges withegahs —0.56521, -0.55328, -0.60315 and —
0.53765 units respectively, suggesting that they b potential sites to react with charged
moieties/ions. Besides the oxygen atoms some catoons like C3, C6, C7, C10, C12, C14,
C15, C21 and C27 also have relatively higher negatiarge values than the other carbon atoms
in the molecule, and their respective values ar24682, -0.0296, -0.18295, -0.34722, -0.23683,
-0.2352, -0.16773, -0.16816 and —0.21622 unitss dhta of the charge distribution of atoms
suggests that the oxygen atoms are relativelygrgootential sites than the carbon atoms.

Results and Discussion

In the present work the observed frequencies agiteethe calculated ones within 10 ¢m
In the assignment of the normal modes as givefable 2 (a, b & ¢), only the dominant
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potential energy distributions (PED) are consideréde corresponding force constants
values are given in Table 1, which includes thedaronstants values for bonded as well as
non-bonded interactions. The non-bonded parambagdpsto bring a molecule into its best
spatial orientation. The physical effects represeériiy these parameters are Vander Waals
and electrostatic forces. Identification with thgerimental data has been made on the basis
of potential energy distribution, line profile, &nintensities and the presence/absence of a
given mode in similar molecul®s?

Table 2(a).Calculated and observed back-bone & mixed modes

Calculated Frerbserve d Ere

cm FTIR, cni* Assignment in % Potential energy distribution (PED)

Wilson GF PM3

n(C-C)R1-O[49] 1(C-C)ad-C=0[33] #1(C-C)R3-

asym[PM3]

n(C-C)R5-0[46] (C-O)R1-O[18]+n(0=C)ad-Sh[13] +

+n(C-O)adj-Sb[22] 4n(O-C)ad-R5&Sb[PM3]

n(C-C)R2-0[53] (C-C)R2-0[29] +n(O-C)ad-

RA&SH[PM3]

n(C-C)R2-0[43] +n(O-C)ad-Sb [22] #(C-C)ad-O[19] +

+ n(0-C)adj-R4&Sb[PM3] + (C-C-C)R2[PM3]

n(C-C)R1-O[55] +n(O-C)R1-O[32] +f (C-C-C)R4[11] +

1161 1164 1153,s | Ro puck[PM3] +f (C-C-C)R1[PM3]

1061 ... 1070,m  n(C-C)R2-O[53] +n(C-O)ad-Sb[18] #(C-C-C)R5[11]

1033 ... 1034, wsh  n(C-O)ad-Sb[30] #(C-C)R1-O[24] +f (C-C-C)R4[21]
 (C-C-C)RA[49] +n(Sb-O)[15] +n(C-O)R1-O[10] +

762 762 762, C.C)R2-asym[PM3] (C-O)ad-Sh-RA[PM3] +

f (Sb-O-C)[27](Sb-O)[16]4(C=0)adj-Sb[16]+ (O-C-

748 736 745,vs  C)ad-Sb[14] +(C-O)ad-Sb[10] + R4-rock[PM3] +

+f(C-C-O)adj-R4[PM3]

f (C-C-C)R5[43] +n(Sb-0)[26] +n(C-C)ad-O[10] +

+f (C-C-O)adj-R4[PM3] + (Sb-O-C)adj-RE[PM3]

n(Sb-0)[31]+N(C-C)R1-O[24] +f (C-C-C)RA[10] +

+ (0=C-O)adj-R4-sciss[PM3] #(Sh-O-C)adj-RA[PM3]

f (C-C-C)RS5[35] +f (C-C-O)R5[20] +f (C-C-C)R5[14]+

n(C-O)R1-O[10] + Ra-tors[PM3] + (C=0)ad-R5[PM3]

f (C-C-O)ad-R1-0[32] (Sh-0)[14] +n(C-C)R1ad-

O[12] + R2-rock[PM3] # (Sb-C-C)adj-R2[PM3]

1450 1459 1445, m
1387 1368 1380, vs
1352 1360 1353, vs

1253 1229 1253,s

707 703 704, m
650 642 641, wsh
455 469 460, s

446 445 447, wsh

Back—bone & mixed modes

The modes which includes the vibrationsn¢gb-0),n(C-0), n(C-C) out-r stretches,(C-
C-0), f (C-C=0), f (Sb-O-C),f (O-Sb-0O) in plane bending$(Sbh-O-C-C),t(C-Sbh-0O-C)
torsions and their mixtures are termed as back boodes. Steric interactions between
atoms that bond distances away are accounted fbrthis term. All back-bone and mixed
modes are given in Table 2(a).

In the FTIR spectra a medium intensity peak iseolsd at 1445 cihy which is
calculated at 1450 cmfrom Wilson GF method with the stretching mod€€-C)R1-
0[49%] and n(C-C)adj-C=0[33%] PED’s (potential energy distrions), whereas it is
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found to be at 1459 chdue to semi-empirical PM3 method with asymmetrietshing of
n(C-C)R3. This peak is reportédin the range, 1616-1455 €mA very intense band is
obtained in the FTIR spectra with two absorptiorakseone at 1380 chand other at
1353 cnt, and these are calculated at 1387 @nd 1352 from Wilson GF method, with
vibrational modes(C-C)R1-0[46%],n(C-O)R1-0O[18%)] mixed with other modes in small
contributions for first peak ano(C-C)R2-O[53%]anch(C-C)R2[29%] for the second. This
band is calculated at 1368 and 1360°cwith modes of vibrations a%C-O)adj-R5&Sb
andn(C-C) adj-R4&Sb, with PM3 method, respectively isSTmode is reported in the range
1350-1315 cm in the literatur&’. A strong peak is observed at 1253"cim the spectra and
is calculated at 1253 ¢mfrom GF matrix method, having modes of vibraticsn(C-
O)out-R[22%)] anch(C-C)R2[43%)], whereas from PM3 method it is obtdirae 1229 cri
with vibrational modes as(C-O)adj-R4&Sb{PM3} andf (C-C-C)R2{PM3}. The phenolic
(C-0) stretching mode is reportéet 1280 cnit, which suggests the participation of oxygen
in (C-O-Sb) bondintf"*’. A strong peak is obtained in the FTIR spectral&3 cnt and is
calculated from GF matrix method at 1161 cwith vibrational modes(C-O)R1-0O[32%)],
n(C-C)R1-0O[55%] and (C-C-C)R4[11%], this peak is calculated from PM3tinoel at 1164
cm® attributing to the modes of vibrations as ring IRR2athing(or puckering) and in plane
bendingf (C-C-C)R1. A medium intense peak is observed aD1f#* and is calculated at
1061 cmt from GF matrix method with vibrational modagC-O)out-R[18%],n(C-C)R2-
0O[53%] andf (C-C-C)R2[11%], whereas this mode is absent inRM8 method. A weak
peak is observed at 1034 ¢rand is calculated at 1033 ¢nwith modes of vibrations as
n(C-O)out-r[30%],n(C-C)R1[24%] and (C-C-C)R3[21%)].

A strong peak is observed in FTIR spectra at 782 and it is calculated at 762 ¢m
from GF matrix method, with modes of vibrationgSh-0)[15%],f (C-C-C)R4[49%] and
n(C-O)R1-0[14%], and it is also calculated at 762'cnfrom the PM3 method, attributing
to the stretching modes a$C-C)R2-asym anah(C-O). A very strong absorption peak is
observed at 745 chand is calculated by GF matrix method at 748" bawing vibrational
modes a$\(Sh-0)[16%],f (Sh-O-C)[27%],n(C=0)[16%], f (C-C-O)[14%] andn(C-O)out-
R[10%)], however, it is found to be at 736 twith vibrational modes as ring-4(R4) rocking
and in-plane bending 6f(C-O-C)adj-R4{PM3}. These two peaks obtained at ¢62" and
745 cm' are symmetric modes, which seems to be involveségondary bonding
interactions, as suggested by low PED values (1B661%6% resp.) oh(Sbh-O) mode and
these are in good agreement as reported by Shamkaf®. A medium intense peak is
observed at 704 chand it is calculated at 707 €nby classical GF matrix method, having
vibrational modes(Sh-0)[26%] and (C-C-C)R5[43%)], and it is calculated at 703tm
having modes of vibrations 4$C-O-C)adj-R4{PM3} andf (Sb-O-C) {PM3}. A weak
shoulder absorption peak is observed at 641 wich is calculated at 650 €hirom Wilson
GF matrix method, with modes of vibration @&b-0)[30%] andh(C-C)R1[23%], and it is
found at 642 cMattributing to the scissoring of (O=C-O)adjR4 anglane bending df(Sh-
O-C)adj-R4{PM3}. This band is a bit lower as repartby Shankeet al?® and higher as
compared to the reported bands by Kheisaf®. This band range fax(Sh-O) which is mass
sensitive mode due to the heavy antimony atom, séefme one of the characteristic mode, of
the title compound, which is probably due to seempdnteraction between antimony and
oxygen atoms. A band in lower frequency range witle strong and one weak shoulder
absorption peaks are observed in FTIR spectrasifhag peak is observed at 460 cand is
calculated from classical method, at 455 ewith modes of vibrationsf (C-C-O)[20%],
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f (C-C-C)R5[48%] andn(C-O)out-R[10%] and it is calculated from quantuneamanical
method at 469 cthwith torsional motion of ring R4 and out of planaggingw(C=0)adj-R5,
whereas the weak shoulder peak is observed atmé4and is calculated at 446 ¢rand 445
from GF matrix and PM3 methods, with modes of uibres f (C-C-O)[32%],n(Sh-0)[14%)],
f (C-C-C)R1[10%] and rocking of ring R2, in-plane Hamg f (Sb-C-C)adj-R2 respectively.
The in-plane bending mod¢C-C-C)R is reportet] at 522 crit and 495 cm.

Side-chain modes

The vibrational modes liken(Sb-C) andn(C=0) stretching,f (Sb-C-C), f (C-Sb-C),

f (C-Sb-0) in-plane bendingy(C=0) wagging and(Sb-C-C-C) and (O=C-C-C) torsions

are termed as “Side chain Modes”. All side chairde®are presented in Table 2 (b).
Table 2 (b).Calculated and observed side chain modes

Calculated freq, cth Observedrieq
Wilson GF PM3  FTIR, cni'

Assignment in % potential energy distribution, PED

n(O=C) ad-Sb [51] #(C-C)ad-C=O[16]+

1632 1645 1638(M) ¢ c.c.0)ad)- Sb[14] 1(O=C)ad-Sb&RA[PM3]
n(O=C) ad-Sb [54] + (C-C-O)ad-Sb[14] n(C-
1617 ... 1625 O o0p2]
(C=0)ad-R4[65] 4 (C-O)R4[15] + R4-
538 535 535W) is[PM3]+ +(C-O)-Ré-sciss[PM3]
as n(Sb-C)[55] + (C-C-C)R3[22] +n(C-C)

R3-Sb[12]+f (C-C-Sbh)[11]
302 n(Sb-C)[55]+ (C-Sb-0O)[29]+f (C-C-C)[12]+
.......... f(C-C-Sb)[11]
n(Sb-C)[28]+f (C-C-Sb)[16]+f (C-C-C)[13]+
n(Sh-C)[PM3] +f (C-C-Sh)[PM3]

The presence af(C=0) double bond, makes the structure of the tilsmpound fairly
rigid and the formation of hydrogen bonds don’t imdiésturb the charge distribution in the
ring and side chains. The length of hydrogen basddso in support of this rigidity. In the
FTIR spectra, an absorption band is obtained, with medium intensity peak which is
observed at 1638 chand it is calculated from classical mechanics Wil$BF matrix
method at 1632 cthcomprising the vibrational modes @&E=0)[51%] PEDf (C-C-O)adj-
Sh[14%] andn(C-C)adj-C=0[16%], whereas, from quantum mechan&mi-empirical
PM3 method, it is calculated at 1645 tmwith stretchingn(C=0)adj-Sb-R4 stretching
mode. A weak shoulder absorption peak which ismesi(O=C)ad-Sb [54%,(C-C-O) ad-
Sh[14%] andn(C-C)adj-C=0[22%]. This stretching moa¢C=0), is reported in the range
1750-1630 cntin the literaturé’, so it is in good agreement with those calculatethis
work. A weak absorption peak is observed in lowgfirency range at 535 chand is
calculated at 538 cthand 535 cm from GF matrix and PM3 methods respectively, hgvin
vibrational modesw(C=0)adj-R4[65%)],t (O=C-C-C)R4[15%] in GF matrix method and
ring R4 twisting, (C-O)adj-R4 scissoring in PM3 hmed. Then(Sb-C) which is mass
sensitive mode, is calculated in the lower freqyemgion which contains absorption peaks
at 378 crit with 56% PED from Wilson method, one absorptionkpisacalculated at 302
cm* with n(Sh-C)[31%] mixed with (C-Sb-0)[29%)]. An absorption peak is also calculate
at 240 crit from Wilson GF method and 280 ¢nfrom PM3 method, with modes of

240 280 ...
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vibrations n(Sb-C)[28%)], f (C-C-Sb)[16%], f (C-C-C)[13%] andn(Sb-C){PM3}, f (C-C-
Sbh){PM3} respectively. These peaks are reportethen frequency range 449-472 ¢y
Shankeret af®, in the frequency range 459-489 tiwy Khosaet af’ and at 234 cthby
Ludwig et af° respectively.

Ring modes

In the title compound triphenylantimony(\éySalicylate there are five benzene rings in
which 3-rings R1, R2 and R3 are directly attachedhe central antimony Sb atom and
two rings R4 & R5 are attached on left side antitrgjde of central Sb atom respectively.
The vibrations liken(C-C)R stretchingf (C-C-C)R in-plane bendingyw(C-O) wagging
and t(C-C-C-C)R torsions, corresponding to these fiveagratoms are termed as “ring
modes”. All the ring modes are given in the TablgR

Table 2 (c).Calculated and observed ring modes

Calculated freq,

it Observed flreq Assignment in % potential energy distributi
Wilson GFPM3__ IR« cm PED
..... 4838 3905, w n(O-H)adj-R5[PM3]
..... 4805 3856, m n(O-H)adj-R4[PM3]
..... 4041 3753, w n(C-H)R1[PM3]
..... 4021 3678, m n(C-H)R2[PM3]
..... 4020 3652, m n(C-H)R1[PM3]

n(C-C)R3[95] +n(C-C)R2-sym[PM3] +

f (C-C-C)R2[PM3]
n(C-C)R1-Sb[98]n(C-C)R4-
sym[PM3]+(C=0)adj-R4[PM3]
n(C-C)R1-Sb[98]1(C-C)R4-asym[PM3]+

f (O=C-0O)adj--R4[PM3]

n(C-C)R2-Sb[71] xA(C-C)R1-Sb[24] H(C-
C)R5-sym[PM3] +(C-C)adj-R5[PM3]
n(C-C)R2-0O[42] +n(C-O)R2-0[24] +

1434 1431 1437, s n(O=C)ad-Sb[14] +i(C-C)R5-sym[PM3] +
n(C-C)adj-R5[PM3]

n(C-C)R2-0[98] +n(C-C)R2-asym[PM3] +
f (C-C-C)R2[PM3]

n(C-C)R1-0[96] +n(C-C)R5-asym[PM3] +
f (C-C-C)R5[PM3]
n(C-C)R1-O[59]+n(C-C)ad-O[16]+(O-C)ad-Sh[14]
+n(C-C)R1-asym[PM3] £ (C-C-C)R1[PM3]

1586 1599 1585, m
1564 1554 1563, w
1510 1523 1508, w

1485 1486 1482, vs

1331 1319 1326, msh
1310 1291 1310, s

1265 1278 1270, wsh

1297 1223 1224, m n(C-C)R1-Sb[90] + R1-puck[PM3] #(C-C)R1-
asym[PM3]

1193 1185, m n(C-C)R3-Sb [86]

1181 1175, w n(C-C)R2-Sbh [86]

1092 1197, w n(C-C)R1-0[70] + (C-C-C)R4[10]

1024 1021, w n(C-C)R1-Sb [78]

Contd..
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n(C-C)R2-Sb[73] +f (C-C-C)R3[10] + R1&R3-

997 955 N Py
n(C-C)R1-0[67] +n(C-O)R1-O[10] + R4-
919 908 916, w puck[PM3]++n(C-0) adj-R4 [PM3]
864, m  (C-C-C)R3 [85] + (C-C-Sb) [10] +n(C-O)
866 871 adj-R5 [PM3]
co5 689 690 s t (C-C)R1 [62] + (C-C) R3 [18] + (C-C)R5[17]
+R2-puck
(C-O)RA[64] +t (C-C)RA[15] +f (C-C-
665 669 667, m Seseron
f (C-C-C)R2 [56] +n(Sb-C)[18] +n(C-C)R2-
621 619 615, w Sb[10] + R-twis
f (C-C-C)R3 [74] + (C-C-S)[10] + R1-twis +
571 580 581, w SR o
f (C-C-C)R1[84]+(0O=C-O)R5-rock[PM3J(Sh-
559 554 554, w O)[PM3] + + (C=0O)adj=R5[PM3]
t (C-C)R2 [91] + R5-rock [PM3] £ (C-
393 397 400, m o
Note:

1. Here the abbreviation ad means adjacent outside.
2. R-stands for the ring one ,two etc.
3. Only the dominant modes are taken in most of tsesa
4. R-Sb etc. means attatched both ring and Sb etc.

The vibrations above 500 cimwere assigned for mono-substituted benzene desiva
In literaturé>* the observed frequencies of 1327 tmas assigned as in-plamgC-C)
stretching. The out of plane vibrations accordimg\thiffer® are well known, although it is
more difficult to find a good force field for thes#rations.

In this region, moderately intense bands due tédj@nd (C-H) stretching vibrations

are observed in FT-IR spectra. The calculated galtem PM3 method, of(O-H)and (C-
H) vibrations at 4838, 4805, 4041, 4021 and 4020 can be assigned with the observe
frequencies at 3905, 3856, 3753, 3678 and 3652 mspectively. The (O-H) stretching
vibrations is reported in the region 3580-3500"dmthe literature [26-p260], whereas, the

(C-H) vibration is reported in the range 3100-3G88" in the literature [26-p226]. So
these modes are found at higher values as repeatdidr. An absorption band is observed in
the FTIR spectra at 1585 €nand it is calculated at 1588m* from Wilson GF matrix
method with vibrational modes(C-C)R3 [95%] PED, it is calculated at 1599 twith
vibrations n(C-C)R2-symm and (C-C-C)R2 from semi-empirical PM3 method. A weak
band is observed having two peaks observed at 4663508 cii & these are calculated at
1564 and 1510 cthrespectively with Wilson method, with vibrationalodesn(C-C)R1
[98%] andn(C-C)R1[98%] in both cases. In the PM3 method amig peak in this band at
frequency 1523 crhis obtained, witm(C-C)R4-asymmetric stretch and in-plane bending
of f (O=C-0O)adj-R4. This band is reported in the ran§&5t1646 crit by Ludwig et af®,
which is in good harmony. A highly intense absamptband, with two peaks one at 1482%cm
and other at 1437 cfis obtained in the FTIR spectra, which are cakadan GF matrix
method at 1485 cthand 1434 cil with modes of vibrations as(C-C)R2[70%] n(C-
C)R1[24%] and n(C-C)R2[42%], n(C-0)[24%] , n(C=0)[14%] for the second peak,
respectively. In the PM3 method these absorptiakpare calculated at 1486 and 1431'cm
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respectively, attributing to the symmetric stremchiof n(C-C)R5 andn(C-C)adj-R5. The
stretching moden(C-C) ring is reported in the frequency range, 16465 cnt in the
literaturé®. In the FTIR spectra an absorption band with teaks, one at 1326(msh) and the
other at 1310(s) cth are observed and these are calculated from Witegthod at frequencies
1331 and 1310 crhrespectively, with modes of vibrations aE&C-C)R2-0[98%] anch(C-
C)R1[96%)] respectively. This band is calculated 3t9 and 1291 cinfrom second method
having vibrational modes agC-C)R2 asymmetric stretch, in-plane bendifg-C-C)R2 and
n(C-C)R5 asymmetric stretch, in-plane bendif@-C-C)R5, respectively.

An absorption band with peaks at 1270, 1224, 11835 and 1163 cirare observed in
the FTIR spectra, which are calculated from Wilsogthod at 1265, 1227, 1193, 1181 and
1164 cmt respectively with vibrational modes aéC-C)R1-O[59%)] +n(C-O)ad;j-Sh[14%],
n(C-C)R1-Sb[90%], n(C-O)R3-Sh[86%], n(C-C)R2[86%] and n(C-C)R3-Sb[92%)]
respectively. From the PM3 method only three aligmrpeaks in this band region are found
which are calculated at 1278, 1223 and 1164 with modes as(C-C)R1 asymmetric stretch
+ in-plane bendindg (C-C-C)R1, ring R1-breathing (or puckering)n{C-C)R1 asymmetric
stretch. This band is reported in the range of 21M69 crit in the literaturé’,

A weak absorption band is observed containing fieaks found at 1097(w), 1021(w),
998(w) and 916(w) cih these are calculated from Wilson GF matrix methad1092,
1024, 997 and 919 chwith vibrational modes as(C-C)R1-O[70%] +f (C-C-C)R4[10%],
n(C-C)R1-Sh[78%)],n(C-C)R2-Sb[73%] + f(C-C-C)R3[10%] and n(C-C)R1-O[67%] +
n(C-0O)R1-0[10%] respectively. This absorption basdcalculated from PM3 method at
only two peakssiz. 955 & 908 crit respectively, with modes of vibration as, ringss&fB
deformations and ring R4 breathingi(C-O)adj-R4 stretching.

A medium intense peak is observed at 864 anthe FTIR spectra and it is calculated at
866 cm' from Wilson method having vibrational modes f4€-C-C)R3[85%)] & f (Sh-C-
C)[10%], whereas, from PM3 method it is calculated®71 crit with stretching mode(C-
0)adj-R5. In the FTIR spectra a strong band isinbthcomprising three absorption peaks at
frequencies 690(s), 667(s) and 615(wsh)-cthis band is calculated from Wilson GF method
at frequencies 695, 665 and 621 ‘tmespectively, having modes of vibrations HE-
C)R1[62%)] +t(C-C)R3[18%] +t(C-C)R2[17%], m(C-O)R4[64%)] +t(C-C)R4[12%] and
f (C-C-C)R2[56%] +n(Sbh-C)[18%)] +n(C-C)R2[10%], respectively, whereas this band is
calculated from PM3 method at frequency peaks 689, and 619 cih attributing to the
vibrational modes as ring R2-breathing, in-planedieg f (C-C-C)R2&R3 and ring R4-
twisting. This band seems to be one of the chaiatitemodes of the title compound. In the
lower part of the FTIR spectra a weak absorptiondbig obtained comprising three peaks
observed at frequencies 581(w), 554(w) and 400(mJ, chese are calculated from Wilson
method at frequencies 571, 559 and 393 mspectively, attributing to the vibrational modes
as, f (C-C-C)R3[74%] +f (Sb-C-C)[10%], f (C-C-C)R1[84%] andt(C-C)R2[91%]. From
semi-empirical PM3 method, this band is calculatéith absorption peaks at 580, 554 and
397 cm' respectively, with vibrational modes as ring Ristimg +t(C-C)R2, (O=C-O)R5-
R5-rocking + in-plane bendirfgC-C=0), respectively. Torsional motC-C)R2[91%], also
seems to be a characteristic mode of the title cumgh, and it is reported in the frequency
range of 251-412 cthin the literaturé.
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Conclusions

Normal coordinate analysis data performed for ttie tompound from both Wilson G F
matrix method and Semi-empirical PM3 method shovssec resemblance of the
calculated & observed vibrational bands. The valie frequency difference for
asymmetric and symmetric stretching for (CO2)s,m and (CO2),y is calculated as
1638-1253=385 cih from Table 2(a) and 2(c), which is greater thard 30n", this
suggests that the coordination number of antimamyfive confirming the trigonal
bipyramidal(TBPY) structure of the title compourfeurther the high value of also
indicates that the secondary bonding interactioasvéen central antimony atom and
carbonyl oxygen atoms is on weaker side for thisemade™.
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