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THE LASER RAMAN SPECTRUM OF CYCLOBUTANONE 

Keywords CYCLOBUTANONE, RAMAN SPECTRUM 

* 
by R. C a t a l i o t t i ,  M.G. Giorgini  , G. P a l i a n i  and A. P o l e t t i  

I s t i t u t o  d i  Chimica F i s i c a  d e l l ' U n i v e r s i t h ,  via Elce d i  

Sot to  10, 06100 Perugia ,  I t a l y .  

I n  a r e c e n t  paper , '  we discussed t h e  v i b r a t i o n a l  spectrum 

of c r y s t a l l i n e  Cyclobdanone (CBN) wi th  the  main concern over  

t h e  c r y s t a l  form s t a b l e  a t  100K. From t h e  dichroism of t h e  

i n f r a r e d  bands, t h e  n a t u r e  of t h e  s o l i d  s t a t e  s p l i t t i n g s  w a s  

a s c e r t a i n e d  and conclusions were drawn on t h e  symmetry of 

t h e  u n i t  c e l l .  In  doing t h i s ,  use  was made of t h e  c r y s t a l  

Raman  spectrum o f  CBN, t o  i n f e r  t h e  ex is tence  of t h e  c e n t e r  

o f  symmetry i n  t h e  u n i t  c e l l  and t o  p r e d i c t  t h e  s e l e c t i o n  

r u l e s  of t h e  C5 

s t a t e  with those repor ted  by F r e i  and Gunthard2 (F. and G . ) ,  

i t  w a s  decided that  even a Raman s tudy o f  l i q u i d  CBN were 

j u s t i f i e d  "per  s e " ,  s i n c e  t h e  va lues  of t h e  d e p o l a r i z a t i o n  

f a c t o r s  have been g iven  with l a r g e  u n c e r t a i n t y ,  * probably 

owing t o  t h e  low experimental  p r e c i s i o n  obta inable  a t  t h a t  

time. 

space group. 2h 
However, by comparing our  d i f f u s i o n  d a t a  i n  t h e  l i q u i d  

* 
Raman  l a b o r a t o r y ,  "G. Ciamician" I n s t i t u t e  of Chemistry, 

Univers i ty  of Bologna, I t a l y .  
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CATALIOTTI ET AL. 

With the coming of l a s e r  exc i t ing  sources and photoelec- 

t r i c  detect ion,  the  R a m a n  spectra  now obtainable a r e  doubt- 

l e s s  more and more r e l i a b l e  from an assegnative point of 

view. Therefore we believed i t  worthwhile t o  re inves t iga te  

the Raman spectrum of l i q u i d  CBN with improved power and re- 

so lu t ion ;  the r e s u l t s  obtained a re  the  object  of the present 

note. 

Experiment a1 
Cyclobutanone was purchased from Fluka and w a s  used with- 

out f u r t h e r  pur i f ica t ion .  The Raman spectrum, between 0 and 

3200 wavenumbers, w a s  run with a Cary 81 spectrometer, equipped 

w i t h  Ar’ ion  l a s e r  source (4880 A exc i t ing  l i n e  and 550 mW 

output power), using a 16 mm op t i ca l  g l a s s  c e l l .  I n  Table 1 

the Raman frequencies and the depolar izat ion r a t i o s  of l i qu id  

CBN a re  collected.  Representative spectrum i s  shown i n  f ig .  1. 

0 

Results and discussion 

bl ished a low po ten t i a l  b a r r i e r  (ca. 5 cm-l) f o r  the ring- 

puckering motion; therefore  the quasi-free r o t a t i o n  of a toms 

about the s ing le  bonds makes the four-membered r i n g  o f  CBN near ly  

planar and j u s t i f i e s  the assumption of the C molecular symmetry 

f o r  deriving the se l ec t ion  r u l e s  of the v ib ra t iona l  leve ls .  

Microwave3 and far- infrared4’  s tud ie s  of  CBN have esta- 

2v 

Under the C2v point group symmetry the 27 genuine vibra- 

t i o n s  o f  CBN may be cas t  as 9A1 + 4A2 + 7B1 + 7B2. 

Whereas the i n  plane A1 motions should give r i s e  t o  

polarized Raman l i n e s ,  depolarized t r a n s i t i o n s  a r e  associated 

with fundamentals o f  A2,  B1 and B2 species. 

f o r  A, motions by F. and G. a re  large and too close t o  the 

uncertainty region i n  order  t o  g e t  a d e f i n i t e  discr iminat ion 

It should be noted t h a t  the depolar izat ion r a t i o s  reported 
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RAMAN SPECTRUM OF CYCLOBUTANONE 

Tab le  ? - Raman spectrum o f  l i q u i d  Cyclobutanone 

Numb er i  n ga and F requenc ie s  Ap p roxima t e 
S y m m e t r y  R e f  .[ 21 P r e s e n t  work d e s c r i p t i o n  

3005 dp 

2975 0.63 

2930 0.54 

2876 ? 

1782 0.84 

1732 ? 

- -  
1200 0.89 

- -  
958 0.40 

902 0.95 

856 ? 

- -  
677 0.56 

461 0.95  

403  0 . 9 3  
- 

3007 

2974 

2932 

28 92 [z;: 
1735 

16 33 

1456 

1399 

1340 

1239 

1 1 96 

1164 

1079 

957 

90 1 

- 
7 28 

67 5 

46 1 

40 2 

6 3  

0.67 

0 . 2 3  

0 .05  

dP 
0.45 

dP 
? 

0.47 

0.63 

? 

dP 

dP 

dP 

0.64 

0 .04  

0.71 

-- 
0.60 

0.06 

0 - 6 9  

0.64 

dP 

- 
a )  Numbering o f  v i b r a t i o n s  i s  as r e p o r t e d  i n  r e f s .  [ 1 , 2 ]  
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RAMAN SPECTRUM OF CYCLOBUTANONE 

between polar ized and depolarized t r ans i t i ons .  We have remea- 

sured the depolar izat ion r a t i o s  and we found t h a t ,  i n  a l l  

cases,  these a r e  much lower than those previously reported.  

T h i s  f a c t ,  enabled u s  t o  ass igne,  without any f u r t h e r  experi- 

mental information, the  motion o f  A 1  character.  

qu i t e  d i f f e ren t  from those reported i n  r e f .  2. However, i n  

such cases,  the a t t r i b u t i o n  t o  v ibra t ions  of A2, B, and B2 
species  i s  done without doubt, because the corresponding l i n e s  

a r e  c l ea r ly  depolarized and t h i s  i s  outside of any experimen- 

t a l  uncertainty.  

Even f o r  non totally-symmetric modes our values a r e  
t S  

I n  the  region where the C-H s t r e t ch ings  produce Raman 

sca t t e r ing ,  we must ass igne s i x  motions; of these,  four  a r e  

concerned t o  the methylene groups i n  3 pos i t ion  and t w o  t o  

the methylene group in ,? ,  . We observe two  s t rong l i n e s  at 

2974 and 2932 cm-l, both having side-peaks a t  3007 and 2892 

cm , respect ively.  I f  these l i n e s  a re  a l l  assigned with C-H 

fundamentals, it i s  c l e a r  t h a t  a t  l e a s t  t w o  v ib ra t iona l  l ev -e l s ,  

among the C-H s t r e t ch ings ,  must be acc identa l ly  degenerate. 

We assigne the shoulder a t  2892 cm” t o  the A 

thylenes,  e s s e n t i a l l y  because t h i s  i s  depolarized and i s  

lacking i n  the  I R  spectrum o f  l i q u i d  CBN, whereas i t  appears 

i n  the s o l i d  s t a t e  i n f r a red  spectrum with appreciable in t ens i -  

ty.’ Since the second shoulder, at 3007 cm-’, has the  depola- 

r i z a t i o n  f a c t o r  equal t o  0.67, we bel ieve t h a t  i t  should be 

associated with the B2 mode of  3-methylene. The l i n e s  a t  

2974 and 2932 wavenumbers a r e  s t rongly polarized and therefore  

must be assigned t o  the  two A 1  motions o f d -  and 3-methylene 

groups. However, i n  view o f  t h e i r  s t rong i n t e n s i t y ,  pseudo- 

degenerate v ib ra t iona l  l e v e l s ,  i f  any, should be searched be- 

l o w  these. Thus, we have performed the assignment reported 

i n  tab le  1 by considering these f a c t o r s  and using a l s o  the  

-1 

mode of d -me- 2 
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CATALIOTTI ET AL. 

information obtained from t h e  s o l i d  s t a t e  i n f r a r e d  and Ra- 

m a n  spec t ra .  

s c a t t e r i n g  a t  1775 cm-l. There is ,  on t h e  h igher  f requencies  

s i d e ,  an evident  shoulder  which becomes a s t r o n g  l i n e  i n  

t h e  d i f f u s i o n  spectrum p a r a l l e l  po lar ized ,  when the  carbonyl 

peak almost disappears;  Since t h i s  l i n e  co inc ides  w i t h  t h e  

p o s i t i o n  of t h e  i n f r a r e d  absorp t ion ,  we b e l i e v e  t h a t  it could 

der ive  from a poss ib le  f a i l u r e  of t h e  “ s i n g l e  molecule” vibra- 

t i o n a l  s e l e c t i o n  r u l e s ;  a d i p o l a r  i n t e r a c t i o n  between two 

ordered molecules should g ive  r i s e  t o  a s p e c i e s  for which 

t h e  mutual exclusion r u l e  must be appl icable .  S imi la r  d e t a i l s  

have been commonly observed i n  t h e  Raman e f f e c t  of c e r t a i n  

carbonyl compounds6 ’ 7  a n d  have been i n t e r p r e t e d  under the  

assupt ion  of s h o r t  range dipole-dipole type i n t e r a c t i o n s .  

i n  t h e  inf ra red . ’  It may be i n t e r p r e t e d  as r e s u l t i n g  from 

two components quasi-degenerate of opposi te  p o l a r i z a t i o n  

charac te r ;  t h i s  view i s  supported by i t s  hybrid depolar iza-  

t i o n  f a c t o r  ( 3 
i n  t h e  solid s t a t e  I R  and Raman spec t ra .  The a t t r i b u t i o n  is 

t h e r e f o r e ,  as repor ted  i n  r e f .  1 ,  i n  favour  of t h e  A, and 

B1 i n  plane deformations b f  thed-methylenes.  

1 

The carbonyl s t r e t c h i n g  mode produces a medium s t r o n g  

The l i n e  a t  1399 cm-’ has two corresponding absorp t ions  

0.63) and by t h e  appearance of  two peaks 1 s= 

The wagging mode of A 1  spec ies  due t o  t h e  <-methylenes 

w s  assigned a t  1403 cm’l by F. and G.. We quest ione such an 

assignment e s s e n t i a l l y  because the  corresponding l i n e  ( 1399 

cm 

a s i n g l e ,  totalsymmetr ic  mode. Fur ther ,  t h e  frequency value 

i s  too  high t o  be a t t r i b u t a b l e  t o  a wagging mode because t h e s e  

v i b r a t i o n s  a r e  commonly regarded as c h a r a c t e r i s t i c  group fre- 

quencies and a r e  ass igned i n  a r e s t r i c t  zone of hundred wave- 

numbers between 1330 and 1230 ~ m - ’ . ~ ’ ’  I n  t h i s  range we found 

-1 ) has t h e  d e p o l a r i z a t i o n  f a c t o r  too  high f o r  der iv ing  from 
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RAMAN SPECTRUM OF CYCLOBUTANONE 

two weak l i n e s  a t  1340 and 1239 cm-’; the  l a t t e r  being depo- 

l a r i z e d ,  i s  s t ra ight forward  a t t r i b u t e d  t o  a B1 wagging mode. 

The former, having u n c e r t a i n  d e p o l a r i z a t i o n  f a c t o r ,  could be ,  

i n  p r i n c i p l e ,  c o r r e l a t e d  with both t h e  remaining A1 and B1 

methylene wagging motions. However, we p r e f e r  ass igne  t h e  A1 

mode with t h e  peak at 1291 cm” found i n  t h e  i n f r a r e d  c r y s t a l  

spe c t rum . 1 

The Raman s h i f t  a t  1079 cm-’ r e s u l t s  c l e a r l y  depolar ized.  

This f a c t ,  even i f  desagrees  with t h e  gas-phase p r o f i l e  which 

i s  d e f i n i t e l y  of A-type i n  i n f r a r e d ,  l e a d s  t o  t h e  assignment 

of t h i s  l i n e  as B2 rocking mode of t h e  O(-methylenes. 

957 cm-’. I n  p a r t i c u l a r ,  whether as measured by u s , ’  and as 

d e t e c t a b l e  from t h e  p r o f i l e  of t h e  d r a f t s  i n  t h e  paper of  F. 

and G. ,2 t h e  s e p a r a t i o n  between R and P branchs of t h e  corre- 

sponding i n f r a r e d  band i n  t h e  gas-phase i s  19 cm-’, which 

makes t h e  band of C-type and t h e n  a t t r i b u t a b l e  t o  a B2 mode. 

However, s i n c e  i n  t h e  l i q u i d  Raman spectrum t h e  l i n e  a t  957 

S i m i l a r  c o n f l i c t i n g  f e a t u r e s  a r e  shown from t h e  l ine  a t  

- I  cm i s  t h e  s t r o n g e s t  po lar ized  one, we b e l i e v e  t h a t  i t  should 

be assigned as ring mode of A1 species .  

The remaining Raman l i n e s  of l i q u i d  CBN have numerical  

va lues  of d e p o l a r i z a t i o n  f a c t o r s  which g ive  no problems from 

an assegnat ive poin t  of view. Although these  f a c t o r s  a r e  al- 

ways q u i t e  d i f f e r e n t  from those  r e p o r t e d  by F. and G., we 

found an  almost complete cons is tence  between t h e  two assign- 

ments. Thus, we do n o t  g ive  any o t h e r  d e t a i l  f o r  t h e  discus-  

s i o n  of t h e s e  l i n e s .  
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