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ILTRARED Ah3 RAMAS SPECTRA OF 1,4-OXATHUKE-4-OXII)E 
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ABSTRACT 

The IR' and R a m a t  s p e c t r a  o f  1 ,4-oxathiane-4-oxide have  been 

s t u d i e d  f o r  t h e  s o l i d  and l i q u i d  samples .  ?he observed  bands have 

been a s s i g n e d  by comparison w i t k  t h e  fundamenta l  f r e q u e n c i e s  of 

1 ,h-oxath iane  and t h e  b a d  s h i f t s  have been d i s c u s s e d  i n  terms of 

t h e  mechanical  c o u p l i n g  with t h e  S=O v i b r a t i o n s .  The C chair  

form w i t h  an a x i a l  c o n f o r m a t i o n  has been proposed  f o r  m o l e c u l a r  

s t r u c t u r e  . 
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INTRODUCTION 

U S E  AND KAWANO 

Recently,  we have r epor t ed  t h e  I R  and Raman s p e c t r a  of penta-  

methylene su l fox ide ,  MSC, and t h e  observed f r equenc ie s  have been 

ass igned  t e n t a t i v e l y  (1). By cornparism wi th  t h e  fundamental f r e -  

quencies  of pentamethylene s u l f i d e  (2) ,  PHS, i t  has been observed 

tkat t h e  CH2 group v i b r a t i o n s  and t h e  s k e l e t a l  s t r e t c h i n g  v ibra-  

tions are n o t  so in f luenced  by t h e  S=O bond f o m a t i m ,  b u t  t h e  

s k e l e t a l  de fcnca t i cns  are a f f e c t e d  through the  mechanical i n t e r -  

ac t ions .  

In the p r e s e n t  paper ,  t he  I R  and Raman s p e c t r a  of the  s o l i d  

and l i q u i d  phase 1,4-0xathiane-l-oxide, TSC, which have n o t  y e t  

been s t u d i e d  i n  d e t a i l ,  are r epor t ed  and the  band assignment is 

t e n t a t i v e l y  made, comparing wi th  that of 1,4-0xathiane ( 3 ) ,  TS. 

The in f luence  of S=O bond formation t o  t h e  s k e l e t a l  v i b r a t i o n s  are 

d iscussed  cons ider ing  t h e  frequeccy s h i f t s  between TSO and TS and 

between FMSC! and PMS. 

a n a l i s i n g  t h e  observed fundamental f r equenc ie s .  

The molecular s t r u c t u r e  f o r  TSC: is proposed 

TSO was prepared  from TS us ing  the  usua l  method w r i t t e n  i n  

l i t e r a t u r e  (4)  and d i s t i l l e d  twice f o r  the p re sen t  IR and Raman 

study . 
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I N F U E D  AND RAMAN SPECTRA OF 1,4-OXATHIANE-4-OXIDE 153 

The I R  sFec t r a  of s c l i d  sample were recorded i n  the  reg ion  

-1 frcm 4 C O C  tc 750 cm a t  roonl and l i q u i d  n i t rogen  temperatures and 

rhcse of  l i q u i d  sample f roF  40CC t o  160 crc f o r  t h e  fused com- 

p o m d  betveer .  tk-o CsI c r  two polye thylene  p l a t e s ,  us ing  a Perkin- 

Flmer model 180 s p e c t r o p h o t m e t e r .  

- 1  

The Raman s p e c t r a  of  s c l i d  and l i q u i d  pkases vere  reccrded i n  

-1 the  reg ion  f r o n  4000 t o  40 cn: f o r  t he  compound in a c a p i l l a r y  

c e l l ,  using a Jar re l l -Ash  model 25-300 spec t rometer  w i th  sn argon 

ion l a s e r ,  4&&@ and 5 1 4 5  2: f o r  e x c i t a t i o n .  

RESULTS AM? CISCUSSIOE; 

The observed IF. and Rman f r equenc ie s  f o r  TSO are given in 

Table I ,  w i t h  t h e  r e l a t i v e  i n t e n s i t i e s  and the  t e n t a t i v e  ass ign-  

ment. In Table T I ,  t he  fundamental f requencies  and the  approxi- 

mate d e s c r i p t i o n s  of v i b r a t i o n a l  modes a r e  given and compared with 

those  f o r  TS. 

There a r e  t h i r t y - n h e  fundanenta l  v i b r a t i o n s  f o r  TSO and they 

a re  c l a s s i f i e d  i n t o  two symmtry s p e c i e s ,  on t h e  assumption of C 

cha i r  form, which s e e m  t o  be reasonable by corrparison wi th  t h e  

s t r u c t u r e s  of s i m i l a r  compounds (5-11). A l l  v i b r a t i o n a l  modes, 

21a' and 18a", are a c t i v e  in e i t h e r  IR. ar.d Raman spec t r a .  

S 

The v i b r a t i o n a l  assignment has been c a r r i e d  o u t ,  as fol lows,  

by comparison wi th  t h a t  f o r  TS and cons ider ing  the  Raman po la r i za -  

tion measurements. 
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154 U S E  AND KAWANO 

TABLE I 

Infrared and Raman frequencies for l,l-oxathiane-4-oxide 

infrared Raman 

solid solid liquid solid liquid 
298K 77K 298K . 

assignment 

2958 s 2960 s 2958 s 
2919 s 2918 s 2920 s 
2904 sh 2900 sh 2900 sh 
2863 s 2863 s 2862 s 

2706 vw 2705 vw 2708 vw 
2750 w 2752 w 2751 vw 

2686 w 2686 w 2689 vw 
i197 vw 2200 vw 

2080 w 2078 vw 2084 vw 

1918 w 1919 w 1916 vw 
2028 vw 2032 vw 

1462 m 1462 m 1461 m 
1449 sh 1452 sh 1448 sh 
1418 sh 1416 sh 1418 sh 
1404 m 1406 m 1403 m 
1384 m 1386 m 1383 m 
1352 vw 1352 w 1350 vw 
1322 m 1326 m 1320 m 
1288 m 1293 s 1287 m 
1277 s 127i s 1274 s 
1259 rn 1264 s 1258 m 

1213 s 1213 s 1210 s 
1195 m 1192 m 1192 m 
1159 sh 1158 m 1157 sh 
1150 m 1152 sh 1149 m 

_ _  ~ _ _  

2976 m 2974 m,P 
2964 s 2963 s,P 
2930 s 2927 s , P  

2903 w 2904 vv,? 

2866 m 2868 m,P 
2757 w 
2713 vw 
2694 w 

1468 m 1467 m,P 

1453 m 1452 m,D 
1414 w 1413 w,? 
1400 m 1405 m,D 
1390 1388 vw,? 
1357 w 

1328 m 1323 m,P 

1287 w 1285 w,D 
1275 vw 1278 vw,? 
1259 w 1253 vw,? 
1213 w 

1195 m 1195 m,P 
1160 w 1162 w,? 

vl' v22 

'3, v24 

v4* '25 

v27+v28 
'8+"27 
'7+'a 
2v32 

v32+v33 

2v12 

'2' '23 

'5+'26 

v15+v33 

5 
'26 
' 6  

V 

'27 

'28 
'8 
'29 
9 V 

"16 

30 V 

9 0  
'3 1 
'1 8+'3 6 

a ' ,  a'' 

a ' ,  a" 

a ' ,  a" 

A" 

a ' ,  a" 

A '  

A" 

A '  

A '  

A' 
A '  

A" 

a' 
a 'I 
a' 

a'' 

a' 

a" 
a' 
a" 

a' 

A' 
a " 
a' 
a " 

A" 

(continued ... ) 
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INFRARED AND RAMAN SPECTRA OF 1,4-OXATHIANE-O-OXIDE 15 5 

TABLE I 

(continued) 
_ _  ~~ ~~ 

i n f r a r e d  Raman 

s o l i d  s o l i d  l i q u i d  s o l i d  l i q u i d  
298K 77K 298K 

assignment 

1126 w 1125 s 1125 m 
1098 vs 1097 vs 1097 vs 

1062 vs 1060 vs 1060 vs 
1039 w 1034 w 1037 w 

1010 vs 1016 vs 1018 vs 
991 vs 995 s 990 vs 

987 sh 987 sh 
961 m 963 m 960 m 
942 vw 943 w 944 sh 
854 w 854 w 851 w 
827 s 828 s 826 s 

800 vw 800 w 802 vw 
721 vw 721 w 716 vw 
700 w 702 w 699 w 
676 sh 676 sh 676 sh 
666 w 667 w 664 w 
632 w 637 w 631 w 

629 sh 627 sh 627 sh 
605 w 605 w 604 w 
571 m 573 w 570 w 
503 w 503 m 505 w 

458 sh 460 sh 462 sh 
450 s 452 s 451 s 

438 sh 438 440 sh 
418 w 418 vw 420 vw 
394 w 394 vw 395 vw 

1124 vw 1127 v w , D  

1095 m 1098 w,D 
1057 m 1062 m,P 

1012 s 1023 s ,P  

995 m 994 m,? 
985 vw 
968 vw 966 vw,? 
944 m 944 w , D  

828 s 828 s , P  

803 w 
724 vw 
702 vw 702 m,D 

684 vw 
665 vw 667 m,P 

631 vs 630 vs,P 
625 sh 
604 vw 
575 vw 573 m,P 
502 vw 506 vw,? 
468 s 462 m.D 

454 m 453 a,? 

418 vw 419 VW,? 
440 vw 434 m.? 

401 w 

16+"3 7 
32 
I1 

V 

V 

'36+'38 
5 2  
"3 3 
13 
14 

V 

V 

v3 4 
v17+v20 
'15 
35 
18+'20 

v 

'36 
2v38 
v37+v39 
'1 6 
'20+'38 
'1 9+'3 9 
v17 

v37 
v18 
v20+v21 
2v39 
vl 9 

'21+'38 

A" 

a'' 

a '  
A '  

a' 

a" 

a '  

a '  

a 'I 

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 

in f r a red  Raman 

s o l i d  s o l i d  l i q u i d  s o l i d  l i q u i d  
298K i7K 298K 

assignment 

384 vw 379 vw,? 

345 w 349 w 345 w 354 s 347 m,D 

315 w 320 vw 316 vw 318 vw 317 vw,? 
294 m 296 m 294 m 295 vw 295 vw,? 
278 m 285 m 280 w 279 s 280 m,? 

209 m 233 m 210 m,D 
167 m 188 m 168 m , ?  

a2 w 
61 m 
43 m 

A" 

a" 
A" 

A" 

'2 1+'3 9 

'38 

'12-'36 
'16-*38 

'20 
'3 9 

a '  
ar t  

.. 

a '  '21 
l a t t i ce  v i b r a t i o n  

l a t t i c e  v i b r a t i o n  

l a t t i c e  v i b r a t i o n  

From t h e  assignment of TS (31, i t  is found t h a t  o n l y  four 

bands are expected f o r  e i g h t  CH2 s t r e t c h i n g  v i b r a t i o n s  wi th  the  

acc iden ta l  degeneracy on each them. The r e l a t i v e l y  intense bands 

a t  2976, 2958, 2919 and 2863 an-', in which the frequencies  except 

f o r  the f i r s t  one a r e  coincident  in  the I R  and Raman s p e c t r a ,  a r e  

assigned no doub t fu l ly  t o  these CH2 s t r e t c h i n g  v ib ra t ions .  

o the r  hand, f o r  the C H  s c i s so r ing ,  wagging, tw i s t ing  and rocking 

v i b r a t i o n s ,  the accidental  degeneracies a r e  n o t  expected. The de- 

polar ized bands a t  1449 and 14C4 em-' are assigned to the s c i s s o r -  

On t h e  

2 
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INFRARED AND RAMAN SPECTRA OF 1,4-OXATHIANE-4-OXIDE 157 

TABLE I1 

Fundamental frequencies of TSO 

*k * ** 
TSO* TS TSO TS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 V 

'14 

15 

'16 

17 V 

a ' :  v 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V18 

19 

20 

21 

V 

V 

V 

VCHZ 

VCH2 

vCH2 

VCH2 

6CH2 

6CH2 

wCH2 

UCH2 

rCH2 

KH2 

vc-c 
vs=o 

PCH2 

PCH2 

vc-0 

vc-s 

6r ing 

Gring 

wS=O 

Gring 

6r ing 

2976 2966 

2958 2953 

2919 2923 

2863 2864 

1462 1460 

1418 1424 

1384 1385 

1322 1319 

1277 1269 

1195 1200 

1062 1047 

1019 - 
987 1009 

961 969 

827 830 

632 666 

571 552 

450 397 

394 - 
278 341 

167 206 

a": v 22 VCH2 2976 2966 

v 23 VCH2 2958 2953 

v 24 vcnZ 2919 2923 

V 25 VCH2 2863 2864 

\i 6cn2 1449 1444 

V 27 6CH2 1404 1410 

V wCH2 1352 1355 

V 29 wCH2 1288 1286 

v TCH2 1213 1212 

V TCH2 1159 1169 

v vc-0 1098 1113 

991 1005 

v vc-c 942 951 

800 806 

v vc-s 700 691 

v 37 Gring 458 430 

26 

28 

30 

31 

32 

v33 PCH2 

v35 FCH2 

34 

36 

v38 Ps=o 345 - 
v~~ k i n g  209 252 

* 
This  work. 

Reference 3. 
** 
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158 € W E  AND KAWANO 

k g  v i b r a t i o n s  of a" spec ie s  and the bands a t  1462 and 1418 cm-I 

t o  those of a '  species .  Four bands a t  1384, 1352, 1322 and 1288 

cm-' and f o u r  bands a t  1277, 1213, 1195 and 1159 cm-' are assigned 

t o  the wagging and tw i s t ing  v ib ra t ions ,  r e spec t ive ly .  

quencies a re  very closed t o  those of TS. 

tions, a s l i g h t  frequency s h i f t  may b e  considered (1) and the  four  

bands a t  991, 987, 961 and 800 cm-l can be a t t r i b u t e d  t o  these v i -  

b r a t i o n a l  modes. 

These f r e -  

For the rocking vibra-  

An i n t ense  band a t  1062 cm-', which i s  the po la r i zed  one i n  

t he  l i q u i d  Raman spec t r a ,  i s  assigned to the  C-C s t r e t c h i n g  vibra- 

t i o n  of a' spec ie s ,  and t h i s  mode of a" species  g ives  rise t o  a 

weak band at  942 an-'. The band a t  1098 an-' is assigned t o  the  

C - 0  s t r e t c h i n g  v i b r a t i o n  of a" species which i s  coupled by Fermi 

resmance with a combination band a t  1126 an-'. 

frequency of t h i s  v i b r a t i o n  is  comparable t o  the same mode of TS. 

A t  827 cm-', a Raman po la r i zed  band is observed and assigned d i -  

r e c t l y  t o  the C - 0  s t r e t c h i n g  v i b r a t i o n  of a'  species.  

discussed f o r  PMSO and PMS (l), the  i n t e r a c t i o n  by the po tenc ia l  

energy is  n o t  expected on the C-S s t r e t c h i n g  v i b r a t i o n s ,  though 

t h e  a '  mode is mechanically coupled with the S=O s t r e t c h i n g  vibra-  

t i on .  

702 an-' are re spec t ive ly  assigned t o  t h e  c h a r a c t e r i s t i c  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" species .  

The corrected 

As already 

The polar ized band a t  630 cm-I and the  depolarized band a t  
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INFRARED AND RAMAN SPECTRA OF 1,4-OXATHIANE-L-OXIDE 159 

-1 The Raman polar ized  band a t  1019 cm , which i s  one of t h e  

most c h a r a c t e r i s t i c  band f o r  TSO, i s  d i r e c t l y  assigned t o  t h e  S=O 

s t r e t c h i n g  v i b r a t i o n  and t h i s  va lue  observed i n d i c a t e s  t h a t  t he  

a x i a l  conformation of S=O bond i s  more adequate as t h e  molecular 

s t r u c t u r e  of TSO ( 7 ) .  

The s k e l e t a l  r i n g  deformations a r e  cons ide rab ly  coupled among 

them and a l s o  wi th  t h e  S=O deformations and t h e  band assignment i s  

r a t h e r  t e n t a t i v e .  F ive  bands can be taken  i n t o  cons ide ra t ion  f o r  

a '  spec ie s ,  a t  571, 450, 394, 278 and 167 cm-l, and they  can be 

observed t o  be t h e  po la r i zed  bands o r ,  a t  l e a s t ,  t h e  non-depolari- 

zed bands i n  the  l i q u i d  Raman s p e c t r a .  Three b m d s  a t  4 5 8 ,  3 4 5  

and 209 em-' a r e  r e l a t i v e l y  i n t e n s e  and ass igned  t o  t h e  s k e l e t a l  

deformations of a" spec ie s .  

I n  t h e  lower frequency r eg ion ,  t h r e e  bands are observed, a t  

8 2 ,  61 and 4 3  ern-', i n  t h e  s o l i d  Raman s p e c t r a ,  bu t  t h e s e  bands 

d isappear  i n  the  l i q u i d  Raman s p e c t r a .  Therefore ,  they  a r e  pro- 

bably a t t r i b u t a b l e  t o  t h e  l a t t i c e  v i b r a t i o n s  of TSO. 

mechanical coupling among t h e  i n t e r n a l  and e x t e r n a l  fundamental 

v i b r a t i o n s ,  t h e  band s h i f t s  from t h e  s o l i d  t o  the  l i q u i d  phase 

s p e c t r a  a t  209 and 167 cm may be  expla ined .  

Assuming t h e  

-1 
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