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ABSTRACT 

The IR spectra of pentamethylene sulfoxide were recorded in 
-1 the frequency region from 4000 to 250 cm in the solid phase. The 

Raman spectra were recorded from 4000 to 100 cm-l in the solid and 

liquid phases and the polarization measurements were carried out 

in the liquid phase. The observed IR and Raman bands were assign'ed 

on the assumption of a C chair form and compared with the fun- 

damental frequencies of pentamethylene sulfide. 
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IKTRODUCTION 

HASE AND KAWANO 

In the recent coordination chemistry studies, pentamethylene 

sulfoxide, CH2(CH2CH2)2S=0, henceforth called PMSO, has been used 

as a ligand and the vibrational frequency shifts from free ligand 

to coordinated PMSO, particularly the S=O stretching vibration, 

have been used to discuss the coordination effects. However, a ae- 

tailed vibrational study of the IR and Raman spectra of free PMSO 

has not yet been carried out. Veda1 et al. (1) studied, in 1975, 

the vibrational spectra of pentamethylene fulfide, PMS, which has 

the sane skeletal ring system, and the observed bands were as- 

signed on the assumption of a C 

symmetry of PMSO can also be assumed to be the C chair form and 

it is confirmed by comparison of the observed spectra of PMSO and 

PMS . 

molecular symmetry. The molecular 
S 

S 

In the present paper, the IR and Raman spectra of PMSO are 

reported and the observed bands are assigned tentatively, by com- 

parison with the fundamental frequencies of PMS, considering the 

Raman polarization ratios. The frequency differences between the 

fundamental vibrations of PMSO and PMS are discussed using terms 

of the mechanical coupling among the skeletal ring modes and the 

S-0 modes. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



PENTAMETHYLENE SULFOXIDE 

EXF'ERIMEKTAL 

16 3 

PMSO was obtained commercially and distilled twice for the 

present IR and Raman study. 

The IR spectra were recorded in the frequency region from 

4000 to 250 cm-I with a Perkin-Elmer 180 spectrophotometer for the 

solid state sample, which was prepared by crystalization of the 

fused compound between two CsI plates. 

The Raman spectra were recorded in the region from 4000 to 

100 cm-I with a Jarrell-Ash 25-300 spectrometer using the 4880 and 

5145 51 lines of an argon ion laser for excitation. The solid PMSO 

was measured in the capillary cell by usual method and the liquid 

PMSO was measured for the fused compound in the capillary cell by 

heating system. 

RESULTS AND DISCUSSION 

The observed IR and Raman frequencies for PMSO are given i n  

Table I, with the assignment tentatively made. In Table 11, the 

fundamental frequencies of PMSO and PMS are compared, using the 

approximate descriptions for vibrational modes. 

Forty-five fundamental vibrations can be devided into two 

symmetry species, 25a' and ZOa", and all of them are active in the 
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164 HASE AND U W A N O  

TABLE I 

Vibrational spectral data for pentamethylene sulfoxide 

in€ rared Raman 

solid s o l i d  1 iqu id 
assignment 

2957 sh 
2932 vs 

2915 sh 

2899 sh 
2873 sh 
2860 s 

2827 sh 
2808 sh 
1457 vw 

1440 v s  

1422 m 

1418 s 

1408 vw 
1378 vw 

1367 vw 
1352 vw 

1337 m 
1310 m 
1283 vw 

1279 v w  

1260 vw 
1246 m 

1231 w 

1209 m 

1192 s h  

1171 vw 

2960 s 
2934 s 
2916 s 

2898 vw 

2876 vw 

2855 w 

1453 vw 
1442 m 

1415 m 

1350 w 

1310 w 
1287 vw 

1262 w 

1242 w 

1233 w 
1214 w 

1190 sh 

2952 sh P 
2933 s P 
2914 vs P 

2855 w P 

1444 m P 

1414 m P 

1350 w ? 

1309 w P 

1263 vw ? 

1245 w P 

1203 w P 

'1' '26 
v v  

V 

V 

2' 3 '  27 

4 

28 

'5' '29 

2V9-2836 

2 ~ ~ ~ =  281 6 

6 
V 

7 

8 

30 

9 

3 1  

V 

V 

V 

V 

V 

2v42=1388 

v +v 

10 
V 

32 
V 

11' 33 
V 

39 43=1369 

v17+v23=1283 

34 

35 

1 2  

V 

V 

V 

2 ~ ~ ~ * 1 2 3 8  

13 
V 

v +v 15 2s=1190 
v18+v44 = 1 17 3 

a', a'' 

a', a', a'' 

a' 

a" 

a', a'' 

a' 

A' 
A' 
a' 

a' 

a" 
a' 

a" 

A' 
A' 
a' 

a" 

a', a" 

A' 
a" 

a" 

a' 
A' 
a' 
A '  

A" 

(continued.. .) 
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PENTAMETHYLENE SULFOXIDE 

TABLE I 

(continued) 

165 

infrared Raman 

solid solid liquid 
assignment 

~~ ~~ 

1141 m 1139 w 1140 v ? 

1110 vw 1119 vw 
1092 vw 1092 vw 
1072 s 1066 m 1067 m P 
1041 vw 
.lo32 vs 1024 s 1034 s P 
993 vs 997 s 999 5 P 
954 s 956 w 957 w P 
937 vw 944 m 936 w D 
882 s 887 w 888 w ? 

843 m 843 w 
814 sh 815 s 815 s P 
803 w 
780 w 782 w 
694 s 694 m 692 m D 
652 m 653 s 652 s P 
633 s 632 vs  630 sh ? 

619 w 618 vs 614 v s  P 
552 s 554 w 558 w ? 

513 m . 514 w 513 rn P 
444 vs 445 w 445 w ? 

432 s 434 m 430 w ? 

401 w 401 s 400 s P 
358 vw 362 vw 
347 w 347 w 348 ? 

330 m 331 s 330 m ? 

36 V 
v41+v44=1110 

37 
14 

V 

V 

'15' '38 
v20+v23'1020 

16 
39 

V 

V 

'17' '40 
18 V 

v1 9 
2 ~ ~ ~ 0 8 0 2  

41 
42 

V 

V 

2 ~ ~ ~ ~ 6 6 0  
v43+v45=634 

2 ~ ~ ~ = 5 6 4  
"20 

21 
22 
43 
23 

V 

V 

V 

V 

~ ~ ~ - ~ ~ ~ = 3 7 8  

44 U 

a" 

A' 
a" 

a' 

A" 
a', a" 

A' 
a' 

a" 

a' a" 

a' 

a' 

A '  

a" 

a" 

A' 
A' 

a' 

A' 
a' 

a' 

a '' 
a' 

A" 

A" 

a" 

(continued.. .) 
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TABLE I 

(continued) 

HASE AND KAWANO 

infrared Raman 

solid solid liquid 
assignment 

304 w 2 ~ ~ ~ - 3 1 6  A '  

a' 
a" 
a' 

'24 282 276 m 278 m P 
202 m 200 m D 

158 m 152 m P 
'45 
'25 

both IR and Raman spectra. The a' Raman bands are expected to be 

polarized in the liquid phase spectra. 

There are ten CH2 stretching modes, in which five are the 

symmetric vibrations and other five the asywmetric ones, and they 

are expected in the range from 2960 to 2850 cm-'. These modes are 

assigned to the bands at 2957, 2932, 2915, 2899, 2873 and 2860 

an by some accidental degeneracies. The frequencies assigned are 

comparable with those of PMS. 

-1 

For the CHZ deformations, there are five scissoring, five 

wagging, five twisting and five rocking vibrations and they can be 

easily assigned by comparison with PMS, but it is notable that 

some frequency differences between the rocking modes of PMSO and 

PMS are not so slight because of the mechanical coupling with the 

skeletal ring deformations (1-5). The CH2 scissoring vibrations of 
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PENTAMETHYLENE SULFOXIDE 167 

TABLE I1 

Fundamental frequencies of PMSO 

PPISO* PMS** PMSO* PMS** 

a ' :  V vCH2 1 

v3 vCH2 

v4 vCH2 

v vCH2 

V6 VCH2 

v2 VCH2 

5 

v ax2 
v 8 6CH2 

V 6CH2 

v wCH2 

v T C H ~  

v rCH2 

7 

9 

10 

vll wCH2 

12  

13 
V14 vc-c 
v vs=o 

'16 ''HZ 

'17 ''HZ 

1 5  

v i a  PCH2 
v vc-c 
v VC-s 

vZ1 Gring 

v22 Gring 

v use0 

v24 Gring 
v Gring 

1 9  

20 

23 

25 

2957 2948 

2932 .2929 

2932 2929 

2915 2904 

2873 2878 

2860 2849 

1457 1451 

1440 1440 

1418 1426 

1352 1348 

1310 1299 

1246 1237 

1209 1215 

1072 1061 

1032 - 
954 965 

882 897 

843 826 

814 813 

619 656 

513 504 

444 359 

401 - 
282 344 

158 194 

a": v 26 V C H ~  

'27 ''HZ 
V VCH2 

V VCH2 

V 6CH2 

v 6CH2 

v wCH2 

V wCH2 

v wCH2 

V iCH2 

V 36 TCH2 

V X H 2  

v vc-c 
v vc-c 
'40 PCH2 

v41 ''HZ 
v vc-s 
v Gring 

28 

29 

30 

31  

32 

33 

34 

35 

37 

38 

39 

42 

43 
V14 PSI0 
v & r i n g  45 

2957 2948 

2932 2929 

2899 2892 

2873 2878 

1422 1433 

1408 1405 

1337 1338 

1310 1313 

1279 1269 

1260 1259 

1141 1141 
1092 1090 

1032 1013 

937 929 
a82 905 

780 791 

694 688 

432.  398 

330 - 
202 242 

* ** 
T h i s  work. Reference 1. 
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168 HASE AND KAWAVO 

-1 a '  s p e c i e s  are  a s s i g n e d  t o  bands a t  1440 and 1418 cm which a r e  

p o l a r i z e d  and t h e  remain ing  one t o  t h e  v e r y  weak band a t  1457 cm . 
Those of a" s p e c i e s  a r e  a t  1422 and 1408 cm . Two a '  and t h r e e  a" 

wagging v i b r a t i o n s  are a s s i g n e d  a t  1352, 1310,  1337,  1310 and 1779  

c m  , r e s p e c t i v e l y ,  and v and v33 are  a c c i d e n t a l l y  d e g e n e r a t e .  

Two p o l a r i z e d  Raman bands a t  1245 and 1203 cm-' a re  a t t r i b u t e d  t o  

t h e  t w i s t i n g  v i b r a t i o n s  of a '  s p e c i e s ,  and o t h e r  t w i s t i n g  v i b r a -  

t i o n s  of a" s p e c i e s  are  a t  1260,  1141  and 1092 cm . The rocking  

v i b r a t i o n s  are expec ted  below 1000 cm and a t t r i b u t e d  t o  bands a t  

954, 882,  843 and 780 cm-'. 

-1 

-1 

-1 
11 

-1 

-1 

-1 The S=O s t r e t c h i n g  v i b r a t i o n  i s  expec ted  a t  about  1000 cm . 
-1 The observed  s p e c t r a  show two s t r o n g  bands a t  1032 and 993 cm 

and b o t h  bands are  p o l a r i z e d  i n  t h e  l i q u i d  Raman s p e c t r a .  Con- 

s i d e r i n g  t h e  S=O s t r e t c h i n g  f r e q u e n c y  of 1 , h - t h i o x a n  o x i d e  ( 6 ) ,  

t h i s  mode i s  a s s i g n e d  a t  1032 cm and i t  i s  coupled  by Fermi 

resonance  w i t h  t h e  band a t  993 cm . 
-1 

-1 

PMSO h a s  f o u r  C-C s t r e t c h i n g  v i b r a t i o n s  and i t  is  e a s y  t o  

a s s i g n  t h e s e  modes by comparison w i t h  t h o s e  of PMS. Two a '  modes 

are a s s i g n e d  t o  bands a t  1072 and 814 cm-' which a r e  t h e  p o l a r i z e d  

Raman bands,  and two a" modes a t  1032 and 937 c m  . -1 

The C-S s t r e t c h i n g  v i b r a t i o n s  of a '  and a" s p e c i e s  a r e  as- 

s i g n e d  t o  bands a t  619 and 694 cm-', r e s p e c t i v e l y .  The a '  mode I s  

coupled w i t h  two bands a t  652 and 633 cm- l  by Fermi resonance .  The 

a' mode shows t h e . 1 0 ~  f r e q u e n c y  s h i f t  from t h a t  of PMS, though t h e  
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PENTAMETHYLENE SULFOXIDE 169 

a" node gives almost the same frequency. It may be explained by 

the mechanical coupling with the S=O stretching vibration. 

Five skeletal deformations of a' species are expected in the 

. The comparison with those of PHS -1 frequency region below 600 cm 

is not adequate in this case because of the different degrees of 

mechanical coupling among them. The Raman polarization shows that 

the bands at 5 1 3 ,  4 0 0 ,  278 and 152 cm-' can be considered to be a' 

species and they may be the fundamental bands because of relative 

strong intensities. The remaining one of a' species is at 444 cm 

Three skeletal deformations of a" species are assigned to the in- 

tense bands which have not yet been attributed to a' species. They 

are at 4 3 2 ,  330 and 2 0 2  cm-'. 

- 1  

Comparing the observed fundamental frequencies of PMSO and 

PMS, it is notable that the S=O bond making influences the vibra- 

tions in terms of the mechanical coupling and the kinetic energy 

adjustment, but the potencial energy distributions on the skeletal 

ring are not so perturbed. The slight frequency shifts only for 

the CH vibrations and ring stretching vibrations, from PMS to 

PMSO, suggests the C chair form may be proposed for the molecular 

structure 

2 

S 

For the conformation analysis, axial or equatorial, it is 

already known that the S=O stretching frequency of axial form is 

lower than that of equatorial form ( 7 ) .  The former is expected in 

the region about 1020 cm , and the later in the region about 1040 -1 
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170 HASE AND KAWANO 

m-'. The S-0 stretching frequency for PMSO is 1032 cm-' and it is 

difficult to determine the conformation directly. When the Fermi 

resonance is considered between the bands at 1032 and 993 cm 

the frequency corrected is lowered and the axial conformation may 

be suggested. The conformation changing between the solid and 

liquid phases can not be observed on the frequency ou intensity 

shifts in the .observed Raman spectra. 

-1 , 
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