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SPECTROSCOPY LETTERS, 1 0 ( 6 ) ,  495-499 (1977) 

ORIENTATION AND TRANSITION MOMENT DIRECTIONS OF SMALL 

PLANAR MOLECULES IN S'I'RETCHED POLYMER FILMS 

KEY WORDS: Linear  dichroism,  t r a n s i t i o n  moment d i r e c t i o n s ,  

pyrimidines .  

C . C .  Bot t  and T.  Kurucsev 

Department of Phys ica l  and Inorganic  Chemistry, 

South A u s t r a l i a .  
The Univers i ty  of Adelaide, Adelaide 5001, 

We a r e  concerned w i t h  t h e  de te rmina t ion  of e l e c t r o n i c  

t r a n s i t i o n  moment d i r e c t i o n s  i n  molecules of low symmetry, 

pur ines  and pyrimidines  i n  p a r t i c u l a r ,  by t h e  use of d i c h r o i c  

s p e c t r a  i n  s t r e t c h e d  polymer f i l m s .  

We express  our r e s u l t s  i n  t e r m s  of a dichroism of absorbance 

def ined by RZ = A / ( A  +2A ) ,  where YZ is  t h e  p lane  of t h e  f i l m  

and Z i s  t h e  d i r e c t i o n  of s t r e t c h . '  

i i n  a p lanar  molecule, R is given by 

Z Z Y  

For a p a r t i c u l a r  t r a n s i t i o n  

i 
Z 

R i  = K, rcos20i+2K1 r2rcos0 .s in8 .+K21sin20.  
1 1  

= ~ ~ c o s ~ ( 0  .-00A)+K2sin2(0 .-oOA) 

where t h e  K . ' s  are molecular  o r i e n t a t i o n  parameters ,  0 .  i s  t h e  

a n g l e  between t h e  t r a n s i t i o n  moment and a x i s  1' of an  a r b i t r a r y  

molecule-fixed coord ina te  system ( 1 ' , 2 ' , 3 ' )  and OOA i s  t h e  a n g l e  

J 
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496 BOTT AND KURUCSEV 

between t h e  a x i s  1' and a x i s  1, t h e  o r i en ta t ion  a x i s  i n  t h a t  

molecule-fixed system (1,2,3) where K12=0.  

Consider t h e  pyrimidine de r iva t ive  cytosine; t he  molecule- 

f ixed (1 ' ,2 ' ,3 ' )  system i s  chosen a s  indicated below with the  

3' a x i s  perpendicular t o  the  molecular plane. 

\ N /  

We measure t h e  u l t r a v i o l e t  dichroism of s t re tched f i l m s  

in cytosine i n  poly(viny1 alcohol) ,  PVA, as w e l l  as t h e  

infrared dichroism Rco of the carbonyl s t r e t ch ing  vibrat ion2 

at 1660 cm-l where the  absorption of PVA i t s e l f  i s  not  

excessive. 0 is known, which s t i l l  leaves three unknowns, 

K1, K2 and Q O A t o  be determined from just one equation. 

However, one may set up the  following addi t ional  i nequa l i t i e s .  

z 

GO 

0.34 < K2 $ sin; R T  5 K 1  5 0.54; K1 + K2 i 0.85 

where Rmin and Rmax are minimal and maximal values, respect ively,  Z z 
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TRANSITION MOMENT DIRECTIONS 497 

of a l l  t r a n s i t i o n s  measured f o r  t h e  given polymerfso lu te  system. 

The numerical  l i m i t s  are based on r e s u l t s  p e r t a i n i n g  t o  a number 

of o t h e r  pyrimidines  and small molecules  whose o r i e n t a t i o n  

c h a r a c t e r i s t i c s  are  s imi la r .  These i n e q u a l i t i e s  impose 

s u f f i c i e n t  r e s t r i c t i o n s  t o  enable  meaningful v a l u e s  f o r  t h e  

o r i e n t a t i o n  parameters  and f o r  0 t o  be obta ined .  We shall 

d i s c u s s  e lsewhere t h e  f a c t  t h a t  f o r  p u r i n e s  and pyrimidines  t h e  

o r i e n t a t i o n  a x i s  is c l o s e  t o  t h e  p r i n c i p a l  p o l a r i s a b i l i t y  a x i s .  

However, t h i s  information cannot  b e  used t o  choose between t h e  

two c a l c u l a t e d  o r i e n t a t i o n  a x e s  i n  t h i s  case because t h e  

p r i n c i p a l  p o l a r i s a b i l i t y  a x i s  of c y t o s i n e  subtends a n  angle4  9 

of about  30" w i t h  a x i s  l ' ,  midway between O 1  

o r i e n t a t i o n  parameters  f o r  a g iven  f i l m  and b o t h  of t h e  

c a l c u l a t e d  o r i e n t a t i o n  a x e s  a r e  t h u s  used i n  conjunct ion  w i t h  t h e  

I I11 d a t a  f o r  t h e  t h r e e  u l t r a v i o l e t  t r a n s i t i o n s 6 ,  R Z ,  RI' and RZ , t o  

o b t a i n  f o u r  p o s s i b l e  moment a n g l e s  f o r  each of t h e  t r a n s i t i o n s ;  

t h e s e  are shown i n  t a b l e  1. 

OA 

and 0&. The 
OA 

Table 1 - Cytosine 

o i  0i oi 
Ij I1 j IIIj i oi OA i 

1 59" i 9" 1 90" f 7" 68" i 16" -76" f 4" 

27" ? 14" 48" * 20" 12" * 14" 2 

2 4" k 9" 1 35" k 14" 15" k 20" -43" ? 4" 

2 -28" f 7" -6" f 16" 50" f 14" 
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498 BOTT AND KURUCSEV 

We have a l s o  measured t h e  d ichro ism of  c y t i d h e  and of 

5 ' - c y t i d i n e  monophosphate and used procedures  similar t o  t h o s e  

d e s c r i b e d  f o r  c y t o s i n e  t o  o b t a i n  t h e  sets of r e s u l t s  shown i n  

t a b l e s  2 and 3.  

Table  2 - Cyt id ine  

i 
i 

'IIj 
i 

'111 j 

1 -80" 2 11" 

2 -38" f 11" 

0% 
OA i 

1 -65" ? 5" -45" f 5" 3" rt 17"  

2 85" 2 27" 65" 2 18" 19" f 20" 

1 -53" f 5" -73" k 5"  43" f 20" 

2 -23' ? 27" -3" ? 18" 60" f 17" 

Table 3 - 5'-CMp 

1 -81" f 9" 1 -70" rt 6" -42" ? 6" -8" f 22" 

2 87" k 21" 62" rt 17" 29" L 28' 

2 -38" ? 9" 1 -49" 2 6" -76" rt 6" 33" 1 28" 

2 -25" 2 21" 0" f 17" 70" 2 22' 

On the b a s i s  of c r y s t a l  p o l a r i s e d  absorp t ion7  and specular  

r e f l e c t a n c e e  measurements t h e  t r a n s i t i o n  moment d i r e c t i o n s  for 

t r a n s i t i o n s  I and I1 should be  approximately p a r a l l e l  t o  a x i s  1'. 

Using t h i s  c r i t e r i o n  t h e  c o r r e c t  choice  appears  t o  be i = 2  i n  each 

of the t h r e e  compounds s t u d i e d  and j = 2  f o r  c y t i d i n e  and 5'-CMP. 
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TRANSITION MOMENT DIRECTIONS 499 

The c h o i c e  of t h e  v a l u e  of j f o r  c y t o s i n e  i s  ambiguous, however; 

2 

2 .  

012 is  c l o s e r  to t h e  r e s u l t s  f o r  t h e  o t h e r  two compounds whi le  

011 1s c l o s e r  t o  t h e  c r y s t a l  r e s u l t .  

f o r  t r a n s i t i o n  111, on t h e  o t h e r  hand, s u p p o r t s  a v a l u e  of 50" 2 

Comparison of t h e  r e s u l t s  

14' f o r  c y t o s i n e .  

I n  t h e s e  experiments  u l t r a v i o l e t  s p e c t r a  were measured i n  a 

special  a t tachment  t o  a Zeiss PMQ I1 s p e c t r o p h ~ t o m e t e r ~  which 

minimises  s c a t t e r i n g  c o r r e c t i o n s .  I n f r a r e d  s p e c t r a  were 

determined w i t h  a Perkin-Elmer Model 457 spectrophotometer  u s i n g  

matching g r i d  p o l a r i s e r s  i n  both  beams. Base- l ines  were 

determined by removing t h e  s o l u t e s  from t h e  f i l m  w i t h  e thanol -  

w a t e r  mix tures .  The r e s u l t s  shown are based on t h r e e  c y t o s i n e  

f i l m s  and on two f o r  each of o t h e r  compounds, each s t r e t c h e d  3 . 5  

t i m e s .  Corrected absorbances f o r  t h e  s e p a r a t e  r u n s  were added 

and t h e  t o t a l s  used t o  e v a l u a t e  t h e  r e s u l t s .  
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