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Vibrational and Normal Coordinate Analysis of
2-Mercaptobenzothiazole

V. KRISHNAKUMAR*, R. RAMASWAMYt and A. NATARAJAN}
Post Graduate Department of Applied Physics,
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The FTIR and FT Raman spectra of 2-mercaptobenzothiazole
have been recorded and the normal coordinate analysis has been
carried out by assuming Cg point group symmetry. The 39
fundamental modes of vibrations are assigned based on the PED
calculations.

INTRODUCTION

The understanding of molecular structure requires good theoretical and high
quality experimental approach in the study of polyatomic molecules. From the
survey of the literature, it is evident that much emphasis has been given earlier
on many coordination compounds with one or more sulphur atoms as coordinating
centres. Some derivatives of imidazoles and thiazoles have interesting and useful
biological properties. Moreover, they find applications-in the drug design of
herbicides and antivirus drugs'?. Recent spectroscopic studies of benzothiazole
and its derivatives have been motivated because the vibrational spectra are very
useful for the understanding of specific biological processes and for the analysis
of relatively complex systems. Consideration of these factors led us to undertake
the detailed vibrational analysis of 2-mercaptobenzothiazole.

EXPERIMENTAL

The pure polycrystalline sample of 2-mercaptobenzothiazole was obtained
from Aldrich Chemical Company, USA and used as such without any further
purification. The FTIR spectrum was recorded on Brucer IFS 66V model FTIR
spectrophotometer using KBr pellets. The FT-Raman spectrum was recorded in
the same instrument with necessary accessories. Ar' laser operating at 200 mw
power exciting at 488 nm line was used as source.

The molecular structure of 2-mercaptobenzothiazole along with internal
coordinates is shown in Fig. 1. By treating the ethyl group as point mass, the
molecule under investigation belongs to Cg point group symmetry. The 39
fundamental modes of vibration of the title compound are classified into 27
in-plane and 12 out-of-plane vibrations.
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£ZCCC=a, ZCCN =B, LCSC =y, ZNCS =86, ZHCC =y, LCCC=p
Fig. 1. Molecular structure of 2-mercaptobenzothiazole and its internal coordinates

TABLE-1
VALENCE FORCE CONSTANTS OF 2-MERCAPTOBENZOTHIAZOLE

(Units: stretching:mdyne A bending: mdyne rad™! and interaction constants:mdyne A"rad'z)

Type of contants Parameter Coordinates Value
Diagonal constants
Stretching. fp C—H 4.9025
fq c—C 3.9186
fr C—S 4.0511
fr C—S 3.6059
fp C—N 4.5159
Bending fo CCC 0.7270
fp CCN 0.5971
fy CsC 0.6613
fo NCS 0.5180
fo HCC 0.1891
fo CCS 0.1655
Iteraction constants
Stretch-Strech fad CC cCC 0.2099
fap CC CN 0.2019
far CC CS 0.1872
frp CS CN 0.0961
fRR CS Cs 0.0919
fpd CH CC 0.1846
-Stretch-bend fba CH CcCC 0.1907
fia CC cCccC 0.2115
fra Cs CcCC 0.1129
fpo CN CCC 0.1047
fre CS NCS 0.1029
fro CS HCC 0.0841
Bend-bend foa CCC CCC 0.0498
fuo CCC HCC 0.0317
fory ‘CCC CSC 0.0291
fys CSC CCN 0.0265

fap Cccc CcCs 0.0211
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The normal coordinate analysis has been performed by applying the procedures
outlined by Wilson®. The structural parameters empolyed in the calculations were
taken from Suttton’s Table*. The initial set of force constants required to slove the
secular equation | FG — E A | = 0 were taken from the molecules of similar environ-
ment and they were subsequently refined using successive approximation and least

“square fit technique using the software developed by Schachtschneider® with
necessary modifications. The potential energy distribution has also been calculated
using the final set of force canstants in order to check the assignments proposed in
the study.

RESULTS AND DISCUSSION

Force Constants: The valence force constants of 2-mercaptobenzothiazole
are presented in Table-1. A small variation in the values of the principal and
interaction force constants of the title compound are due to the differences in the
molecular parameters.

The Cy—Nj (f,) force constant of 2-mercaptobenzothiazole is found to be
4.5159 mdyne A" and this high value is due to the fact that the sulphur atoms of the
compound will withdraw more electrons from nitrogen atom. Moreover, the
sulphur hetero atom in the imidazole ring of 2-mercaptobenzothiazole will also
change the electron density of the fused six member ring. Moreover the force
constants f; and fg between carbon and sulphur atoms are found tobe 4.0511 mdyne
A7 and 3.6059 m dyne A™! respectively. The reason for the difference in these
values can be explained that the f, between carbon and sulphur is within the ring of
the system whereas fg between carbon and sulphur is in the second substituent
position of the system. This also confirms that the electrons inside the rings are more
delocalised. The high posistive value of interaction free constants obtained in this
study also confirms the delocalization electrons in 2-mercaptobenzothiazole.

The observed and calculated frequencies and their potential energy distribu-
tions of the compound are presented in Table-2. The assignments of the observed
bands are made in analogy with the group frequencies of hetero aromatic
compounds. The maximum potential energy distribution obtained using the final
set of force constants also confirms the present assignments.

The various vibrational modes observed for this hetero aromatic comound are
discussed below.

C—H vibrations: The C—H stretching, C—H in-plane and C—H out-of-
plane vibrations of the compound are idertified in their characteristic regions. A
narrow frequency shift in the absorption of the compound is due to intermolecular
interactions. The assigments made for C—H vibrations are supported by literature®3

C—C vibrations: The C—C vibrations of the compound are identified in

" the region 1641-1426 cm™'. The Raman counterparts also occur in the same

region. These assignments are made in accordance with the literature values’.

C—S vibrations: In the spectroscopic investigation of 2-amino-6-nitro-
benzothiazole, Mohan et al.'® identified the C—S stretching at 1295 cm™. By
analogy of Mohan’s work, the FTIR bands at 1245 cm™' and the Raman bands
at 1266 cm™ are assigned to C—S stretching vibrations in 2-mercaptoben-
zothiazole. These assignments are also in agreement with the assignments
proposed by Martinez et al.'!
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TABLE-2
VIBRATIONAL ASSIGNMENT OF FUNDAMENTAL FREQUENCIES
(cm™) of 2-MERCAPTOBENZOTHIAZOLE

Snecies FTIR FTRaman Calculated Assignments (% PED)
a’ — 3120 ms 3146 C—H asymmetric stretching (98)
a’ 31w — 3124 C—H symmetric stretching (96)
a’ 3078w’ _ 3085 C—H stretching (95)
a’ 3040 w — 3046 C—H stretching (91)
a’ 2962 w —_ 2989 C—H stretching (97)
a’ 1641 w 1625w 1654 C—C stretching (89)
a’ 1596 ms 1608 s 1601 C—C stretching (84)
a’ 1497 vs 1501 w 1512 C—C stretching (81)
a’ 1457 s 1474 w 1479 C—C stretching (87)
a’ 1426 vs 1419 w 1433 C—<C stretching (91)
a’ 1320 vs 1318s 1318 C—N stretching (94)
a’ 1284 vs — 1271 C—N stretching (88)
a’ — 1266 s 1254 C—S stretching (76)
a’ 1245 ms 1250 vs 1234 C—S stretching (74)
a’ 1154 w — 1150 C—H in-plane bending (70)
a’ 1141 w 1131 m 1135 C—H in-plane bending (69)
a’ 1128 m 1118 m 1119 C—H in-plane bending (71)
a’ 1077 vs — 1061 C—H in-plane bending (66)

-a 1035 vs 1042 w 1044 Ring in-plane bending (61)

a’ 1012 ms 998 w 1018 C—C—C in-plane bending (73)
a’ 938 w —_ 926 C—C—<C in-plane bending (67)
a’ 868 w — 859 C—N in-plane bending (64)
a’ 848 w — 830 C—N in-plane bending (69)
a”’ 792 w —_ 781 C—H out-of-plane bending (55)
a” 751 vs — 766  C—H out-of-plane bending (59)
a” 745 w 745 w 734 C—H out-of-plane bending (61)
a” 668 vs 679 C—H out-of-plane bending (51)
a’ 620 ms 618 w 611 C—C—S in-plane bending (66)
a’ 604 s — 589 C—C—<C out-of-plane bending (53)
a’ 569 m —_ 555 N—C—S in-plane bending (59)
a”’ 524w —_ 511 C—C—C out-of-plane bending (50)
a’ 501 w 499 w 490 C—S—C in-plane bending (67)
a”’ 485w — 472 Ring out-of-plane bending (49)
a”’ 424 s — 409 C—C—C out-of-plane bending (44)
a’ 394 vs 397 vs 382 C—N—C in-plane bending (57)
a” 32w — 366 N—C—S out-of-plane bending (50)
a” 301w 30l w 289 C—N—C out-of-plane bending (54)
a¥ 233m 240 m 226 C—S—C. out-of-plane bending (49)

>
N

206 m — 197 C—C—S out-of-plane bending (51)

i)
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A small variation can be attributed to the vibrations involving interaction
between C—S and C—N stretching vibrations.

C—N vibrations: The FTIR bands at 1320 and 1284 cm™ in 2-mecapto-
benzothiazole are assigned to C—N stretching vibrations which are supported by
the assignments of Yadav et al.® and Rai'2

Apart from these assignments there are some more in-plane and out-of-plane
bending vibrations presented in Table-2, made with the help of normal coordinate
analysis. In addition to these identified bands there are some more peaks
appearing in the recorded spectra in the lower and higher regions which are due
to overtones and combination of bands.

REFERENCES

1. A.C. Hollinshead and P.K. Smith, J. Pharm. Exp. Therapeutics, 54, 123 (1958).

2. R.E. Hand Schumacher and A.D. Welch, the Nucleic.Acids, Academic Press, New York
(1960).

3. E.B, Wilson, Phys. Rev., 45, 706 (1934)
L.E. Sutton, The Interatomic Bond Distances and Bond Angles in Molecules and Ions,
Chemical Soriety, London (1956).

5. J.H. Schachtschneider, Technical Report, Shell Development Co., Emery Ville, CA, USA
(1964-65)

6. L.J. Bellamy, The Infrared Spectra of Complex Molecules, Chapman and Hall, London
(1975).

7. Silverstein, Bassler and Morrill, Spectrometric Identification of Organic Compounds, John
Wiley & Sons, New York (1981).

8. B.S. Yadav, Vipin Kumar and M.K.Yadav, Indian J. Pure and Appl. Phys., 36, 557 (1998).

9. G. Varsanyi, Vibrational Spectra of Benzene Derivatives, Academic Press, New York (1969).
10. S. Mohan, A.R. Prabakaran and Feridoun Payami, J. Raman Spectrosc., 20, 455 (1989).
I1. Martinez-Martinez, Garacia- Vargasas and Muhaz-Leyra, Spectrochim Acta 42A, 701 (1986)
12.  J.N. Rai, Indian J. Phys., 65B, 364 (1991).

(Received 17 March 1999; Accepted: 26 October 1999) AJC-1905



