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NORMAL COORDINATE ANALYSIS OF CH,COSH
AND CH, COSD
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Normal vibration analysis of CH; COSH and CH,; COSD has been carried
out employing the Urey-Bradley Shimanouchi force field. Vibrational
frequencies are assigned on the basis of normal coordinate calculations and
are compared with the earlier assignments.
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INTRODUCTION

In an earlier research,! the author has proposed a vibrational assignment for
CH; COSH which is supported by the extensive infrared and Raman spectral data
obtained for CH; COSD, CD; COSH and CD; COSD in the vapour and liquid
states. Normal coordinate analysis of CH;COSH has not attracted conside-
rable attention. The only report employing modified valence force field ( MVFF )
is by Crowder e al.2 The author has now made the normal coordinate analysis
for the in-plane vibrations of CH; COSH and CH; COSD employing Urey-
Bradley-Shimanouchi force field (UBSFF)? in order to (i) substantiate the
assignment of these motions based on infrared and Raman spectral data'45 and
normal coordinate analysis by MVFF2 and (/i) quantize the contribution of the
fundamental modes.

The normal coordinate analysis for the in-plane vibrations of CH; COSH and
CH;COSD was carried out as an eight-body problem and C; point group. The
structural parameters used in the calculations are given in Table I. The structure
and internal coordinates of CH; COSH are shown in Fig. ! and the symmetry
coordinates are reported in Table II. By employing a set of force constants taken
from thioformaldehyde,$ thiol acids,” methylthionformate,® formic acid, acetic acid
and related molecules,® the author carried out initial calculations and progressively
impoved the results by an iterative procedure. The final set of force constants which
give good agreement between observed and calculated frequencies is recorded in
Table I. A comparison of calculated and observed frequencies as well as the
potential energy distribution (PED) in the symmetry coordinate for CH; COSH
and CH; COSD (calculated from normalized L-matrix) is given in Tables III and
1V, respectively.

The data reveal that the percentage deviation ( A ) between the observed and
calculated values is generally small and within the jurisdiction of force field
applied ( < 209 ) except for the two frequencies associated with C-C stretch
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TasLE I

The structural parameters and force constants of CH,COSH

Bond distances (.X‘) Bond angles (deg)
#(C — H) = 1.09 H—C—H =10047122
HC—C) = 1.50 H—C—C = 109.47122
rHC— 8) = 1.78
rC—0) = 1.24 C—C=0=C—C—8=12
rS— H = 1.34 C—S§—H = 1078

Force counstants (millidynes/‘&)

K(C — H) = 4.50 HH-— C—H) = 0.30
K(S — B = 3.67 FO....8) =220
K(C — C) = 2.80 FO....C) = 0.40
K(C —8) = 2.26 F(S....C) =040
K(C = O) = 9.948 FC... . H) = 0.10
HO—C—8)=1.25 F(H....C)=0.04
H(O = C—C) = 0.60 F(H....H) = 0.03
H(S — C—C) = 0.60 F’ = — F/10
H(C—S— H) = 0.49 T = 0.04

HH —C -~ C) =0.50

( 1000cm—t) and CCS bend ( 330cm—! ) where it is about 26 and 32 in CH;COSH
while 20 and 32% in CH;COSD correspondingly. Such deviation may arise due
to the improper selection of the internal coordinates and some fixed force cons-
tants. But for these minor discrepancies, our calculations provide satisfactory
assignments of all the vibrational frequencies and predict the observed isotopic
effects. However, a few comments on the assignment of some of the fundamen-
tal modes and their nature would be in order. From our calculations, we are
able to confirm the assignment of the controversial band at 438cm~! which is not
affected on deuteration to OCS bending motion. This is inconfirmity with our
carlier results.! Secondly the CH; rock have been found to be almost pure ( 80% )

Fig 1 Internal coordinates of CH,COSH
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TABLE II
Symmetry coordinates of CH,COSH®

Species Symmetry coordinate Assignment
i
At S = T3 Q2 Rs— Rs — R, CH, asym str
1
S = V3 (Rs + Re + R;) CH; sym str
S; = R, SH str
S1=R; C==0 str
1
S, = 473 (20, — 085 — 6,) CH; asym bend
S5 = 1/6 (85 + 00 + 05 + 085 + 6 + 6, CHj; sym str
1
Sy VI3 (205 — B30 — 64) CH: rock
Ss = R, C—C str
Sy, = 6, CSH bend
S1o = R, C—str
1
Sn = 1/6 (29 — 0y — 8 ) SCO bend
1
S;. = 72— (6; — 6y) CCS bend
1
Redundant S1; = —3 (0, + 62 + 6y
coordinates V'3
Sy = 4-/—6(95-*— 05 -+ 6; + 8 -+ 6y + 640)

sAbbreviations used are : str—stretch; asym—asymmetric; sym—symmetric.

TagLE 111
Observed and calculated frequencies and PED of CH,COSH

Obs*? Calc A (%) Approx. PED in the symmetry
(cm™) (cm™) coordinates (%)
3020 3010 0.33 99 S,
2940 2930 0.34 100 S,
2585 2580 . 0.19 100 S,
1735 1710 1.44 88 S;
1425 1428 0.21 88 S5 + 10 S;
1365 1360 0.36 95 S
1128 1132 0.35 80 S, + 105,
1000 732 26.80 27 8+ 34 8,0+ 188, - 16 5,4
830 835 0.60 79 8, + 16 Sy,
628 628 0.00 30 Sy + 47 Ss + 11 Sy
438 450 2.73 64 Sy + 28 Sy
330 438 32.72 77 S)e + 10 Sy,
aRef. 1

bA = /(Vubs— Vealc)/ X 100/vob5;
*(Fu Lin2/AN) x 100; PED below 10% is not considered; average error = 5.5%
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TABLE TV
Observed and calculated frequencies and PED of CH,CO SD

obsa calc (VAY Approx. PED in the symmetry
(cm™) (cm~) coordinates (%)*
3020 3010 0.33 99 5,
2940 2930 0.34 100 S,
1890 1854 1.90 100 S,
1735 1710 1.44 89 5.
1425 1428 0.21 88 S, - 10 8,
1365 1360 0.36 95 S
1128 1132 0.35 80 S, +105;
960 763 20.52 42 Sg + 28 8,0 + 21 S,
658 574 12.76 65 Sy + 32 5:
628 647 3.02 42 8,0+ 238, + 1385; - 108,
438 446 1.82 41 8y, + 26 Sy + 30 Sp2
325 429 32.00 55 812 + 308,
aRef. 1
8A = [ (vobs — veale) | X 100/vons;

*(Fu Lin®AN) x 100; PED below 107 is not considered; average error = 6.25;.

and not mixed with C-C stretch, but C-C stretch has significant contribution due
to CSH bend, C-S stretch and SCO bend and not from CH; rock as the calcula-

tions of Crowder et al.2 reveal.

ACKNOWLEDGEMENTS

The author is indebted to Professor Dr W Walter of Hamburg University for
hospitality, Alexander von Humboldt Stiftung for financial assistance and the
Computer Centre authorities of University of Hamburg for computational work.

O 00 ~1 AUt W N

REFERENCES

Chem Ber 89 (1956) 1110

H S Randhawa, W Walter and C O Meese J mol Struct 37 (1977) 187

G A Crowder, E Robertson and K Potter Canad J Spectrosc 20 ( 1975) 49
T Shimanouchi J chem Phys 17 (1949) 245, 734, 848; 25 (1955) 35

N Sheppard Trans Fraraday Soc 45 (1949) 693

R Mecke and H Spiesecke
H S Randhawa Z phys Chem (N F) 88 (1974) 1

H S Randhawa and C N R Rao J mol Srruct 21 (1974) 123

H S Randhawa Z phys Chem (N F) 109 (1978) 1

K Nakamoto and S Kishida Jchem Phys 41 (1964) 1554, 1559



