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SPECTROSCOPY LETTERS, 16(12) ,  945-951 (1983) 

THE VIBRATIONAL SPECTRUM OF TETRAEIETHYLDIOXETANE 

Ricardo  AKOca and  Michael Menzinger 

Department o f  Chemistry and E r i n d a l e  Co l l ege  

U n i v e r s i t y  of  Toronto ,  Toronto ,  M5S 1A1, Canada 

ABSTRACT: Based on F o u r i e r  t r ans fo rm IR and Raman s p e c t r a  and on t h e  

v i b r a t i o n a l  f r e q u e n c i e s  c a l c u l a t e d  f o r  a s i m p l i f i e d  molecu la r  model w e  p ropose  

a v i b r a t i o n a l  ass ignment  of  normal modes of  t e t r a m e t h y l d i o x e t a n e  (TMDO). 

0-0 
M e \ \  I Me 

Dioxe tanes ,  p a r t i c u l a r l y  TMDO, xee-C-C&e have a t t r a c t e d  much i n t e r e s t  

because  of t h e  i n t e n s e  chemiluminescence accompanying t h e i r  c l eavage  i n t o  two 

ca rbony l  compounds (1,Z). Tha t  p r o c e s s  h a s  been  i n i t i a t e d  the rma l ly  ( 1 ,  Z ) ,  by 

c o l l i s i o n a l  a c t i v a t i o n  i n  molecu la r  beams ( 3 ) ,  by e l e c t r o n i c  e x c i t a t i o n  ( 4 )  and 

v i b r a t i o n a l  ove r tone  pumping (5) th rough pho toabso rp t ion  i n  the  v i s i b l e ,  and by 

multi-photon I R  a b s o r p t i o n  ( 6 ) .  The p o s s i b i l i t y  of  s e l e c t i v e l y  pumping 

d i f f e r e n t  V i b r a t i o n a l  modes (5) and of  o b s e r v i n g  mode-spec i f ic  r e a c t i o n  dynamics 

appea r s  very  a t t r a c t i v e  and h a s  mot iva t ed  t h e  p r e s e n t  s p e c t r a l  a s s ignmen t .  

The r e s u l t s  are t e n t a t i v e ,  mos t ly  due t o  compl i ca t ions  wich and incomple t eness  

o f  t h e  Raman s p e c t r a ,  caused  by lo se r - induced  decomposi t ion  of t h e  sample .  

EXPERIMENI'AL: The TMDO sample  was k i n d l y  provided  by P r o f .  K .  Kcpecky ( 7 ) .  

I n f r a r e d  s p e c t r a  of  n e a r l y  s a t u r a t e d  s o l u t i o n s  i n  n-oc tane  were r eco rded  on a 

NICOLET 7000 FT-IR spec t romete r .  Mot p r c v i o u s l y  r e p o r t e d  f a r  i n f r a r e d  s p e c t r a  

is shown i n  f i g s .  1. Ranian s p e c t r a  o f  TbC)O s o l u t i c n s  i n  C C l  were o b t a i n e d  us ing  

Ar+ i o n  laser r a d i a t i o n  (488nm). 

4 

S c a t t c r e d  l i g h t  was d i s p e r s e d  by a SPEX 14018 
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FIGURE 1 

double monochromator equipped wi th  ho lograph ic  g r a t i n g s  and w a s  d e t e c t e d  by 

a cooled HAMAMATSU R955 p h o t o m u l t i p l i e r  and photon coun t ing  e i e c t r o n i c s .  

Laser-induced decomposition and t h e  s o l v e n t  s p e c t r a  somewhat i n t e r f e r e d  wi th  

the  a c q u i s i t i o n  of Raman d a t a  so t h a t  on ly  11 t r a n s i t i o n s  could be observed.  

All of them were po la r i zed .  All s p e c t r a l  f e a t u r e s  a r e  s u m a r i z e d  i n  t a b l e  1. 

INTERPRETATION OF SPECTRA: The v i b r a t i o n a l  spectrum o f  TMW (20 atoms) comprises  

54 normal modes. We observed only 4 1  d i s t i n c t  s p e c t r a l  f e a t u r e s  due t o  

a c c i d e n t a l  degene rac i e s ,  band o v e r l a p ,  ve ry  weak bands and t r a n s i t i o n s  o u t s i d e  

t h e  experimental  range (< 50 cm-l).  

t h i s  p a r t i a l  spectrum is ob ta ined  from t h e  v i b r a t i o n a l  f r c q u e n c i e s ,  c a l c u l a t e d  

( 8 )  f o r  a s i m p l i f i e d  molecular  model based on t h e  group f o r c e  c o n s t a n t s  f o r  

s i m i l a r  compounds. 

Support  f o r  t h e  e m p i r i c a l  ass ignment  of 

I n  t h e  s p i r i t  of Wilson 's  GF method (8), each  i n t e r n a l  c o o r d i n a t e  (bond 

l e n g t h  or ang le  v a r i a t i o n )  is p r e f e r e n t i a l l y  a s s igned  t o  one o r  more normal 
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TETRAMETHYLDIOXETANE 947 

modes. Normal f r equenc ie s  t h a t  a r e  a lmost  e n t i r e l y  r e l a t e d  t o  a g iven  i n t e r n a l  

coord ina te  are s a i d  t o  be c h a r a c t e r i s t i c  f r equenc ie s  and can be e a s i l y  i n t e r -  

p r e t e d  in s e r i e s  of molecules  wi th  s i m i l a r  s t r u c t u r a l  groups.  This is  t h e  c a s e ,  

f o r  i n s t a n c e ,  w i th  t h e  12 C-H s t r e t c h i n g  v i b r a t i o n s  i n  t h e  2900 - 3000 cm-' 

r eg ion .  Only n i n e  d i s t i n c t  s p e c t r a l  f e a t u r e s  a r e  observed in t h i s  range ( s e e  

t a b l e  l), probably due t o  a c c i d e n t a l  degeneracy and band ove r l ap .  The t r a n s -  

i t i o n s  below 2900 cm-' are a l s o  a s s igned  t o  [undamental -CH3 s t r e t c h i n g  

v i b r a t i o n  on t h e  b a s i s  of t h e i r  high r e l a t i v e  i n t e n s i t y .  Among t h e  54 normal 

modes, 34 belong t o  deformation v i b r a t i o n s .  Twenty of t h e s e  a r e  bending and 

rocking v i b r a t i o n s  o f  t h e  -CH groups ( 9 ,  10).  The H-C-H bendings a r e  c l e a r l y  

l o c a t e d  i n  t h e  1300-1490 cm-l r eg ion .  These bands are l i s t e d  i n  t a b l e  1 under 

the gene ra l  term -CHj bends.  

w i th in  a broad region below 1100 cm-l. 

w i th  I R  and Raman bands of low i n t e n s i t y .  Two such bands are i d e n t i f i e d  i n  

t a b l e  1 as CH3- rock.  

atoms g ive  rise t o  f o u r  low frequency t o r s i o n  modes, probably below 150 cm-l. 

Methyl group t o r s i o n  v i b r a t i o n s  a r e  c h a r a c t e r i z e d  by a ve ry  low v a l u e  o f  t h e  

d i p o l e  moment and p o l a r i z a b i l i t y  d e r i v a t i v e s  and co r re spond ing ly  low i n f r a r e d  

and Raman i n t e n s i t i e s .  The f a c t  t h a t  we do no t  observe i d e n t i f i a b l e  t o r s i o n a l  

v i b r a t i o n s  is t h e r e f o r e  no t  s u r p r i s i n g .  Fol lowing t h e  assignment of t h e  CH - 
f r equenc ie s  t h e r e  remain 8 s t r e t c h i n g  and 10 bending v i b r a t i o n s  r e l a t e d  t o  

s k e l e t a l  nodes.  To ease t h e  assignment  o f  t h e s e  v i b r a t i o n s  we  have c a r r i e d  

o u t  c a l c u l a t i o n s  of molecular  f r equenc ie s  by Wi l son ' s  GF method (8) .  T h i s  

s i m p l i f i e d  molecular  model was assumed t o  belong t o  t h e  C p o i n t  (13) and t o  

c o n s i s t  of e i g h t  mass p o i n t s ,  w i t h  methyl groups c o l l a p s e d  t o  a s i n g l e  masspoint  

m = 15. The approximate f o r c e  c o n s t a n t s  were t r a n s f e r r e d  d i r e c t l y  from 

hydrocarbons (11) and from cyclobutane (12 ) ,  w i thou t  a t t e m p t i n g  a f u r t h e r  

ref inement .  The r e s u l t i n g  f r equenc ie s  and p o t e n t i a l  ene rgy  d i s t r i b u t i o n s  form 

t h e  b a s i s  of t h e  assignment o f  s k e l e t a l  v i b r a t i o n s .  

3 

Methyl rock ing  v i b r a t i o n s  a r e  u s u a l l y  observed 

These v ih ra t i . ons  a r e  normally a s s o c i a t e d  

Furthermore,  t h e  methyl groups a t t a c h e d  t o  carbon 

3 

2v 

On t h i s  ground we a s s igned  t h e  I R  band a t  1206 cm-' t o  t h e  an t i symmet r i c  

s t r e t c h i n g  o f  C-C-C groups.  

is mainly r e l a t e d  t o  t h e  symmetric r i n g  s t r e t c h i n g  v i b r a t i o n  A1 i n  which t h e  C-C 

The band a t  1172.4 cm-l, which is a l s o  Raman a c t i v e ,  
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948 AROCA AND MENZINGER 

bonds p a r t i c i p a t e  most s t r o n g l y .  The symmetric r i n g  s t r e t c h i n g  v i b r a t i o n  invo lv ing  

mainly the  0-0 bond occur s ,  acco rd ing  to o u r  model, a t  lower f requency:  most 

probably i t  is t h e  Raman band a t  670 cm-l. 

t o  t h e  symmetric s t r e t c h  4 of t h e  C-C-C group. 

w i th  s i m i l a r  obse rva t ions  f o r  ace tone  (9)  and wi th  o u r  c a l c u l a t e d  va lue .  A 

second ant isymmetr ic  C-C-C v i b r a t i o n ,  c a l c u l a t e d  t o  l i e  a 1133 cm-l, f i t s  w e l l  

t h e  IR band a t  1135 cm-l. 

s i m i l a r  t r a n s i t i o n s  are known f o r  acetone (9)  tit 1215 cm-I and f o r  propane (10) 

a t  1054 cm-'. 

r i n g  b rea th ing  v i b r a t i o n  which i s  s t r o n g l y  coupled wi th  o t h e r  s t r e t c h i n g  modes. 

Ring b rea th ing  has  been r epor t ed  i n  cyclobutane (12) a t  s u b s t a n t i a l l y  h i g h e r  

frequency 1001 cm-', bu t  we do n o t  observe a t r a n s i t i o n  in t h i s  r eg ion .  

The IR band a t  822 cm-l w a s  a s s igned  

Th i s  assignment ag rees  w e l l  

Th i s  assignment is  r easonab le  cons ide r ing  t h a t  

The Raman and I R  bands a t  868 cm-' could be desc r ibed  as a 

S c i s s o r  v i b r a t i o n s  of t h e  C-C-C m o i e t i e s  have been seen  a t  369 cm-l 

i n  propane and a t  390 cm-l i n  ace tone ,  and ou r  c a l c u l a t e d  v a l u e s  l i e  i n  t h i s  

s p e c t r a l  region.  Hence we a s c r i b e  t h e  bands a t  390.5 cm-' and 407.1 cm-' LO 

symmetric and ant isymmetr ic  s c i s s o r  v i b r a t i o n s ,  r e s p e c t i v e l y .  The c a l c u l a t i o n  

p r e d i c t s  t h e  r i n g  puckering v i b r a t i o n  a t  122 cm-l, b u t  no I R  o r  Raman band is 

observed below 282 cm-l. 

is  l i kewise  expected bu t  no t  observed below 282 crn-l. 

forementioned bands we have a l s o  t e n t a t i v e l y  a s s igned  o t h e r  t r a n s i t i o n s  as 

C-C-C group bending and r i n g  deformation v i b r a t i o n s .  

in t a b l e  1. 

Twist ing and sym-wagging of t h e  four methyl groups 

In a d d i t i o n  t o  t h e  

The i r  d e s c r i p t i o n  is  found 

TABLE 1 

Observed wavenumbers f o r  RID0 

FT-inf r a red  k m a n  (CC1,sol.) D e s c r i p t i o n  
~~ ~ 

3005 

2992 8 

2977 8 

2942 m 

2904.4 m 

2880.3 w 

3005 m C-H s t r e t c h  

2995 m 

2975 m 

I, 

I 

II 
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949 TETRAMETHYLDIOXETANE 

Raman (CC14s01.) Description FT-infrared 

2869.7 

2850 

2834 

1560 

1544 

1520 

1510 

1487 

1482 

1478.5 

1472.1  

1468.6 

1462.8  

1457 

1451 

1446.3 

1375.2 

1320 

1307 

1206 

1174.4 

1135 

982 

930 

870 

822 

729 

670 

626.5 

478.8  

407.1 

W 

W 

W 

vw 

Wi 

vw 

vw 

sh 

sh 

m 

5 

S 

S 

m 

m 

S 

vs 

vw 

W 

m 

vs 

vw 

W 

w 

m 

W 

W 

vw 

W 

m 

5 

1440 m(broad) 

1171 W 

982 W 

929 W 

868 W 

670 m 

626 W 

I, 

.I 

, I  

Combination and overtones 

,I 

-CH3 bend 

,I 

1,  

I ,  

11 

1 

,I 

,I 

CH,, bend 

C-C-C antisym. s t re tch  

r ing  s t r e t c h  

C-C-C antisym. s t re tch  

( a 3 )  rock 

( m 3 )  rock 

ring breathing 

c-c-c sym. s t r e t c h  

0-9 ring s t r e t c h  

c-c-C wagging 

C-C-C rocking 

C-C-C antisym. s t re tch  

(continued) 
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950 AROCA AM) MENZINGER 

m-inf rared Ral&4n (CC14"1.) Descriptilm 

390.5 m 390 vw C-C-C sym. s c i s s o r s  

353.4 ms r i n g  deformation 

282 W r i n g  deformation 

CONCLUSION: We propose a v i b r a t i o n a l  ass ignment  of observed i n f r a r e d  and Raman 

bands of t e t r a n e t h y l d i o x e t a n e .  TMDO s p e c t r a  w r e  ob ta ined  from s o l u t i o n s  i n  

n-octane and i n  carbon t e t r a c h l o r i d e .  Experimental  d i f f i c u l t i e s  i n  sample 

handl ing due t o  t h e  h igh  r a t e  of decomposi t ion,  p a r t i c u l a r l y  under l a s e r - i r r a d i a t i o n  

have prevented us from o b t a i n i n g  more complete r e s u l t s .  The re fo re  and because of 

t h e  l a r g e  s i z e  of t h e  TMDO molecule  one must cons ide r  t h e  p r e s e n t  ass ignment  as 

t e n t a t i v e .  
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