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ABSTRACT 

The infrared and Raman spectra of CH,COSH, CH,COSD, CD,COSH and CD,COSD in 
the liquid and vapor states have been reported and vibrational assignments proposed. The 
low temperature NMR studies show the presence of hydrogen bonding in this acid. The 
NMR studies on the neat liquid fail to prove the presence of thion tautomer in thiolacetic 
acid. 

INTRODUCTION 

Earlier spectroscopic studies and physical arguments show that thiolacids 
exist as thiol tautomer (I) with very small or undetectable amounts of thion 
tautomer (II) [l-S] 

Normal coordinate analysis of thiolacetic acid has recently been carried out 
employing modified valence force field 191. The hydrogen bonded dimers in 

this acid in the solid state and in solution at Iow temperatures or high solute con- 
centration have also been studied by infrared spectroscopy [lo] . Molecular 
orbital calculations on the intermolecular association through hydrogen 
bonding has also been reported [ 51. The aim of our present study is to verify 
the physical arguments in connection with thiol-thion tautomerism and also 
to investigate hydrogen bonding by. NMR spectroscopy. In addition, we pro- 
pose a vibrational assignment for thiolacetic acid which is supported by the 
extensive infrared and Rainan data obtained for CH&OSD, CD,COSH and 
CD,COSD,inthe vapor and liquid st&es. 

l AlexancGt van Humboldt Fellow. 
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EXPERIMENTAL 

Samples of do- and dg-thiolacetic acids were prepared by the following 
reaction Ill] , in which X = H or D 

AlCl, I 
CX&OCl + H2S _-15”C ’ CXBCOSH + HCI 

The respective samples were distilled twice and CH,COSH and CD&OSH with 
boiling points at 88°C and 99°C respectively were used in the present invest- 
igations. The corresponding heavy acids (i.e. d, and d4) were obtained by the 
direct exchange of respective light acids (i.e. do and d3) with heavy water. 

infrared spectra of these acids in thin film (using NaCl windows) and the 
vapor state (using gas cell with NaCl windows) were recorded in the 4000-540 
cm-’ region on a Perkin-Elmer 421 grating spectrophotometer. The infrared 
band frequencies (in cm-‘) along with relative intensities are given in Table 1. 

The laser Raman spectra of light and heavy acids in the liquid state were 
scanned from O-4000 cm-* on a Cary 82spectrophotometer. The excitation 
was by means of the 6328 A line of a He-Ne laser. The wave numbers along with 
relative intensities are reported in Table 1. The NMR spectra of CH&OSH in 
CD& as well as in CS2 using TMS as reference in the low and high temperature 
range were recorded on a Varian NV-14 NMR spectrometer. 

DISCUSSION 

Assuming that thiolacetic acid belongs to C, point group, a total of 3N-6 
ie. 18 vibrational modes may be classified as 12ci + 6n”. All these vibrational 
modes should be infrared and Reman active. The in-plane a’ motions should 
give rise to polarised Raman lines while a” vibrational modes are associated 
with out-of-plane depolarised transitions. We have reported only the parallel 
plane polarized spectra of these acids in Table 1. 

CX3 stretching vibrations 
The complete vibrational spectra of the four isotopic species of thiolacetic 

acid provide a sound basis for the assignment of the three C-X stretching 
vibrations of each CX3 (X = H or D) group. The intensity of these motions 
in the infrared spectra (Table 1) is generally weak or medium [12]. The 
symmetric stretching mode occurs as an intense Raman band in CH&OSH 
(Table 1) and is in accordance with observations reported earlier in acetic acid 
and its deuterated derivative [ 131. The CD,-% motions behave similarly in 
CD,COSH. Therefore the Raman lines centred at 2108 cm-‘, 2135 cm-’ and 
2258 cm-’ have been assigned to the a’-symmetric, a!-a.&mmetrk and a”- 
asymmetric stretching modes on the basis of their relative intensitieS.-Our _ 
assignment of these lines to the CD3 stretching modes finds support from the 
work of Weltner [ 131 on acetic acid and its deuterat&derivatives. The 
additional Raman lines centred at 1870 cm-‘. 2052cm~‘.and 2228 cm-! 



T
A
B
L
E
 1 

In
fr

ar
ed

 
an

d 
R

am
an

 b
an

d 
fr

eq
ue

nc
ie

s 
(i

n 
cm

-‘
) 

fo
r 

C
H

,C
O

SH
, 

C
H

,C
O

SD
, 

C
D

,C
O

SH
 a

nd
 C

D
,C

O
S

W
 

&
,b

O
kI

 
C

H
,C

O
SD

 
C

D
,C

O
S

H
 

C
D

,C
O

S
D

 

(A
, 

to
) 

(C
) 

(A
) 

(B
) 

(il
l 

(A
) 

(B
) 

(C
l 

(A
) 

(B
) 

S
W

 
m

 

A
M

m
m

en
t 

an
d 

S
P

@
C

kS
 

8
8
8
O
m
 

S
aB

O
m

 
- 

@
2O

m
 

aO
O

O
m

 
aO

lO
(1

) 

88
2O

m
 

80
2O

m
 

88
8O
lU
 

8
O
O
O
m
 

29
40

m
 

29
20

m
 

l8
W

~
v 

18
6S

m
 

80
08

(0
.5

) 

29
26

(2
2,

8)
 

18
70

(4
1.

5)
 

16
88

(9
) 

14
2S

G
i.

2)
 

18
60

(1
.4

) 

ii
ao

(6
.8

) 

10
60

(l
) 

97
0(

B
) 

66
8(

M
) 

73
0(

5,
8)

 

62
8(

79
.6

) 

S
W

at
 

52
6(

l)
 

: 2
D

9(
3,

S
) 

43
8(

92
) 

34
8(

3,
2)

 

9
8
8
0
m
 

22
0O

bw
 

2U
8S

vw
 

83
60

m
 

22
50

bm
 

20
96

m
 

26
6S

m
 

lB
2O

m
 

18
60

m
 

17
O

O
V

S
l 

B
E

O
at

 

12
9S

m
 

90
0m

 

76
6r

t 

11
4o

st
 

84
bm

 

82
0m

 

22
68

(z
) 

21
86

(7
) 

21
08

(3
1.

6)
 

26
78

(1
3)

 

22
28

(2
) 

20
62

(2
.8

, 

16
70

(6
.6

) 

18
88

17
.7

) 

10
36

(a
) 

98
0(

7)
 

B
O

S
(1

0)
 

77
5(

14
3 

83
0(

4.
S

) 
80

6(
l)

 

67
6(

62
) 

44
2(

44
) 

43
0(

32
) 

82
6(

2)
 

8a
80

m
 

22
60

bw
 

18
9O

v~
 

38
8O

m
 

22
6O

bm
 

20
96

m
 

18
66

m
 

2 
x 

17
00

 

C
X

, 
ea

ym
 s

tr
 a

” 

C
X

, 
n

sy
m

 r
tt

 a
’ 

C
X

, 
cy

m
 o

tr
 a

’ 

S
X

 s
tr

 a
’ 

ov
er

to
ne

 
ov

er
to

ne
 

ov
er

to
ne

 
C

-0
 

st
r 

a’
 

C
X

, 
as

ym
 b

en
d 

a’
, 

11
” 

C
X

, 
ey

m
 b

en
d 

a’
 

Im
pu

ri
ty

 ba
n

d 
7 C

X
, 

ro
ck

 +
 C

-C
 

st
c a

’ 
1 cx

, 
ro

ck
 a

” 
C

-C
 s

tr
 t

 
C

X
, 

ro
ck

 
u

’ 

46
1 

t 
48

8 

C
S

X
 b

en
d 

a’
 

7 Im
pu

ri
ty

 
ba

n
d 

c-
s 

et
r 

a’
 

1 83
5-

33
0 

C
S

X
 b

en
d 

a”
 

O
C

S
 b

en
d 

a’
 

c=
o 

w
eg

 a
” 

z 

22
68

(2
) 

21
35

(7
) 

21
08

(8
1,

6)
 

18
70

(4
6,

8)
 

22
28

t2
.6

) 

20
62

(3
) 

29
40

11
1 

29
2O

m
 

28
28

(8
8)

 

2q
85

vw
 

26
86

m
 

26
78

(2
7~

 

17
86

vr
t 

14
26

m
 

l!
W

M
 

12
67

m
 

11
28

vr
t 

18
8O

w
 

17
36

va
t 

10
8S

w
 

B
B

O
at

 

18
O

O
w

 

12
20

vw
 

90
0m

 

11
4s

t 

86
6w

 

84
6m

 

17
0o

vr
t 

14
20

m
 

18
66

st
 

X
2B

S
m

 

11
25

st
 

@
B

ou
t 

17
as

vs
t 

17
oo

vr
t 

16
86

(8
) 

14
26

m
 

14
20

m
 

X
42

8(
3.

2)
 

18
6b

t 
la

S
2a

t 
18

60
(1

.4
) 

12
87

m
 

12
87

m
 

- 

12
25

~
 

12
16

m
 

- 

11
28

vs
t 

11
25

st
 

11
35

(7
.2

) 

10
72

~
 

- 
- 10

66
(0

.8
) 

10
00

st
 

B
@

O
st

 
89

8(
7.

2)
 

88
O

w
 

- 
- 

88
0m

 
8a

O
m

 
85

6(
B

) 

17
O

ov
s~

 

10
80

1h
 

97
S

at
 

12
86

m
 

B
O

O
m

 

76
6(

w
) 

11
40

st
 

16
86

(1
2)

 

10
36

(1
.6

) 

99
0(

6.
6)

 

77
6(

2)
 

64
6(

7)
 

80
6(

O
) 

67
6(

M
) 

86
O

st
 

86
0~

 

82
0m

 

78
2l

2.
6)

 

62
8(

96
) 

52
6(

l)
 

46
1(

68
.6

) 

43
8(

32
) 

86
2(

2)
 

38
0(

6.
6)

 
80

8(
6)

 
- 

- 
30

8(
7)

 
C

C
S

 b
en

d 
E

S
’ 

io
 

n
A

bb
re

vi
at

io
n

s:
 

(A
) 

ga
se

ou
s 

in
fr

ar
ed

; 
(B

) 
fi

lm
 i

n
fr

ar
ed

; 
(C

) 
R

am
an

; 
w

, 
w

ea
k

; 
61

, s
tr

on
g;

 
vs

t,
 v

er
y 

st
ro

n
g;

 
bw

, 
br

oa
d 

w
ea

k
; 

m
, 

m
ed

iu
m

; 



190 

(Table%) may be due to the overtones of CD3 bending modes in Fermi 
resonance with specific CDs stretching vibrations. 

CX3 bending vibrations 
Of the molecules containing CD, groups for which assignments have been 

reported, CD&OOH is structurally the closest to dJ-thiolacetic acid. Thus 
using the assignments for CD$OOH 1131 as a guide, we prefer to assign the 
bands at 1035 cm-’ and 990 cm-’ (Table 1) to the asymmetric u’. a” and 
symmetric u’ bending motions of CDs. Their counterparts in CH&OSH are 
at 1425 cm-’ and 1365 cm-’ respectively. 

*C stretching and CX, rocking vibmtions 
Earlier workers [l, 2,9] have assigned the bands at 1128 cm-’ and 1065 

cm-’ to the CHa in-plane and out-of-plane rocking motions respectively. 
However the assignment of the CD3 rocking modes is more difficult than for 
other internal modes. The 1065 cm-’ band in d,,- and d, species (Table 1) ti 
a counterpart at 765 cm-’ in d3- and de-species and may be assigned to the 
CD, out of plane rocking mode. Our assignment to this mode finds support 
from the work of Weltner 1131 on CD&OOH. 

The assignment of the strong band at 1140 cm-’ in the infrared absorp- 
tion spectra of d3- and d4-species (Table 1) is of particular interest. We prefer 
to assign the band at 1140 cm-’ to the C-C stretching mode in d3- and d4- 
species while its counterpart in do- and d ,-species is at 1000 cm-’ (Table 1). 
The band at 900 cm-’ which is seen in both the infrared as well as Raman 
spectra of d3- and d4-species (Table 2) is assigned to the CD, in-plane rocking 
vibration. The two vibrations C-C stretch and CX3 rock seem to be highly 
mixed. This is in accordance with potential energy distribution calculated 
by Crowder et al. [9] . 

COSX group motions 
These are the most important group vibrations to be discussed as most of 

the bands of this group are red shifted on deuteration. As far as we know, 
no data are available in the literature for the bands of the COSD group. 

The SH stretching vibrational mode-is seen as a weak band in the vapor 
and is medium in the liquid phase (Table 1). The frequency inthe liquid - 
phase is lower than the frequency in the vapor phase. The SD stretching 
vibration must have the characteristi& of the SH stretching mode: There- 
fore the band cent&i at 1865 cm-’ (inhquid) and’at‘l893 cm’-* (in vapor) 
is assigned to the SD stretching motion. .The inci+ein frequency in going 
from liquid to vapor phase is the normal behaviour of SH groups obser+i in 
other systems [6,8] containing-th&j$oup. The fr&uency ratio i.e.~~s,@sn 
is 1.37 and 136 for the liquiri’and-~pp;‘phasezre~~el~~: 



191 

the COSX group to be discussed is the C-S stretching vibration. It should be 
strong in Raman spectra. The only band in the appropriate region is centred 
at 575 cm-’ in the dj- and da-species but at 626 cm-’ in the do- and d 1- 
species (Table 1). 

The CSH in-plane bending motion merits little discussion while its corres- 
ponding out-of-plane analogue is the most controversial motion to be dis- 
cussed. The band positioned at 830 cm-* in do- and dj- species (Table 1) is 
red shifted on deuteration and appears at 658 cm-’ in the corresponding dl 
and d4 species respectively. The frequency ratio of these bending motions is 
1.26. 

Crowder et al. 19) on the basis of their normal coordinate analysis assigned 
a band at 288 cm” (cab) to the CSH out of plane deformation, while the 
assignment made by Mecke and Spiesecke 123 to this mode is at 525 cm-‘. 
The possibility of assigning the 525 cm -’ band to this mode is ruled out as this 
band has been observed in our Raman spectra of both the do- and d,-species 
(Tsble 2). The only band in the appropriate region which is red shifted on 
deuteration is at 451 cm-’ and hence could safely be assigned to the CSH 
out of plane bending motion and the corresponding CSD band appears at 
299 cm-’ in the d 1 -species. Hence the Crowder et al. [9] assignment of 445 
cm-’ and 430 cm-’ to CSH and OCS bending motions respectively needs to 
be changed. The band at 430 cm-’ which is not influenced by deuteration 
may be assigned to the OCS bending vibration. The frequency ratio of the 

%sI-rand~csn vibrations is 1.50 and the comparison of frequency ratios 
shows that the deutemtion effect follows the order: 6 CSHtO,p, > vSH > 6 CSHtr,Pl 
The results of the deuteration effect on the COSX group vibrations are 
summarized in Table 2. 

NMR STUDIES 

The NMR spectra of CH,COSH were investigated in CS, solution using 
TM3 as a reference in the temperature range + 22” C to -93” C. The signals 
corresponding to SW and CH3 protons were observed at the 6 value of 4.90 

TABLE 2 

Deuterstion effects on the COSH group vibrations 

Modea Species Frequency ratio 

d, (ddd t 1 

SHSlx 2665 1865 2565 1865 1.37 

CS~(I/P)def 830 658 845 645 1.26 
CSHf Oifldef 451 299 442 - 1.50 
0-s k% x 628 628 575 575 1.0 

l &br&&io&: UP, i&phine;mO/P, out of plane; str, stretch; def, deformation. 
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ppmand 2.30 ppm respectively. The half bandwidth of the SH proton in- 
&eased on lowering the temperature. It was of the order of 0.5 Hz at + 22°C 
and 3 Hz at -93°C. The increase may be due to the molecular association 
through S-H - - - - 0 type hydrogen bonding as has been observed by infra- 
red spectral studies [lo]. The NMR spectra of neat CH&OSH (TMS as refer- 
ence) in the temperature range + 38” C to + 83°C showed signals for the SH 
and CH, protons at 6 values of 5.25 ppm and 2.35 ppm respectively. We 
failed to observe the signal for the OH proton. A comparison of S values of 
SH and CHS protons in different media is given in Table 3. 

TABLE 3 

6 Values (in ppm) of SH and CH, protons of CH,COSH in different mediaa 

Medium Temperature SH proton CH, proton 

Carbondisulphideb +22-c 4.90 2.30 
pure liquid +38”C 5.25 2.38 
ChloroformC +37”C 4.70 2.33 

pTMS as reference. 
b3096 w/u. 
Cl996 w/v. 
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