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U h i v e r s i t y  

The mid- in f ra red  spect rum of  a  c o n t i n u o u s l y  i n c r e a s i n g  number o f  s t e l l a r  
o b j e c t s ,  p l a n e t a r y  and r e f l e c t i o n  n e b u l a e ,  H-I1 r e g i o n s  and e x t r a g a l a c t i c  
s o u r c e s  show a  d i s t i n c t i v e  s e t  of broad e m i s s i o n  f e a t u r e s  a t  3 . 3 ,  3.4, 6 .2 ,  
7.7, 8.6,  and 1 1 . 3  um known c o l l e c t i v e l y  as t h e  u n i d e n t i f i e d  i n f r a r e d  emiss ion  
bands: Although d i s c o v e r e d  i n  1973,  i d e n t i f y i n g  t h e  band c a r r i e r  and 
e l u c i d a t i n g  t h e  emiss ion  mechanism have been e l u s i v e .  To d a t e  t h e  f o l l o w i n g  
models have been s u g g e s t e d  t o  accoun t  f o r  t h e  o b s e r v a t i o n s :  1 )  I R  f l u o r e s c e n t  
emiss ion  from UV e x c i t e d  molecules  on 0 .1  urn r a d i u s  g r a i n s ,  2 )  I R  the rmal  
emiss ion  from s m a l l e r ,  0.01 urn g r a i n s ,  and 3 )  non-equ i l ib r ium the rmal  e m i s s i o n  
froa.  even s m a l l e r  0.001 um g r a i n s .  A l l  s u f f e r  l i n i t a t i o n s ,  t h e  f i r s t  r e q u i r e s  
a multicomponent mant le  composi t ion I w g e l y  independen t  of  l o c a l  c o n d i t i o n s ,  
t h e  second u n u s u a l l y  h i g h  v a l u e s  f o r  t h e  i n f r a r e d  o s c s i l l a t o r  s t r e n g t h  and  he 
t h i r d  r e l i e s  on t h e  q u e s t i o n a b l e  assumpt ion t h a t  a  10A s i z e d  s p e c i e s  c a n  be 
t r e a t e d  a s  hav ing  bulk  the rmal  p r o p e r t i e s .  R e c e n t l y ,  Leger and Puget (1984)  
proposed t h a t  t h e  emiss ion  o r i g i n a t e s  i n  n e u t r a l  p o l y c y c l i c  a r o m a t i c  
hydrocarbons  (PAHa) and used a  bulk  t h e r m a l  model t o  c a l c u l a t e  t h e  p r e d i c t e d  
emiss ion  spec t rum expec ted  from coronene,  which h a s  been " h e a t e d w  by t h e  
a b s o r p t i o n  of  a s i n g l e  photon.  

I n  t h i s  p o s t e r  a  model is summarized i n  which t h e  bands a r i s e ,  n o t  from 
g r a i n s ,  o r  n e u t r a l  molecu les ,  bu t  from p o s i t i v e l y  charged PAH's on t h e  b a s i s  
of  t h e i r  low i o n i z a t i o n  p o t e n t i a l  and t h e  e x c e l l e n t  agreement between t h e  
emiss ion  bands and l a b o r a t o r y  s p e c t r a  of a u t o  e x h a u s t  which c o n t a i n s  t h e s e  
t y p e s  of  molecu les .  These a r e  e x c i t e d  by t h e  a b s o r p t i o n  of i n d i v i d u a l  U.V. 
photons ,  and i n f r a r e d  emiss ion  f o l l o w s  as t h e s e  h i g h l y  v i b r a t i o n a l l y  e x c i t e d  
molecu les  r e l a x  by i n f r a r e d  f l u o r e s c e n c e .  The emiss ion  mechanism must be 
t r e a t e d  e x p l i c i t l y ,  t a k i n g  t h e  s t a t i s t i c a l  n a t u r e  of  t h e  emiss ion  p r o c e s s  
f u l l y  i n t o  accoun t  because  each h i g h l y  v i b r a t i o n a l l y  e x c i t e d  molezuie  c o n t a i n s  
a l i m i t e d  number of  o s c i l l a t o r s  w i t h  d i s t i n c t  f r e q u e n c i e s .  T h i s  p i c t u r e ,  
w h i l e  o b v i a t i n g  t h e  need t o  i n v o l v e  g r a i n s  o r  n e u t r a l  molecu les  a t  a l l ,  can 
accoun t  f o r  t h e  band i n t e n s i t i e s ,  p o s i t i o n s  and s h a p e s .  

The sugges ted  p resence  of  l l smal ln  r i n g  c o n t a i n i n g  molecu les  i n  s p a c e  is 
c o n t r o v e r s i a l ,  and t h i s  s u g g e s t i o n  h a s  s e r i o u s  r a m i f i c a t i o n s  f o r  o t h e r  
s p e c t r a l  r e g i o n s  as w e l l ,  r a n g i n g  from t h e  i n f r a r e d  c i r r u s  d i s c o v e r ~ d  by IRAS 
t o  t h e  c l a s s i c  p rob len  of t h e  d i f f u s e  i n t e r s t e l l a r  a b s o r p t i o n  bands (313's) i n  
t h e  v i s i b l e .  Although d i s c o v e r e d  about  70 yealps ago ,  t h e  c a r r i e r  o f  t h s  DIBss 
reinains unknown. The i n t e r s t e l l a r  o r i g i n  of t h e s e  bands was e s t a b l i s h e d  i n  
t h e  1 9 3 0 ' s  w h e n ' i t  was shown t h a t  t h e  s t r e n g t h  of t h e  f e a t u r e s  d i d  noL Gepend 
on s t e l l a r  t y p e ,  bu t  r a t h e r  on t h e  amount of e x t i n c t i o n ,  o r  r e d d e n i n g ,  toward 
each s t a r .  A s  t h e  redden ing  is caused by t h e  i n t e r v e n i n g  gas  and d u s t ,  



t h e  c a r r i e r  o f t h e  DIi3's must be a s soc i a t ed  wi'th t h i s  m a t e r i a l .  Equally 
s t r o n g  cases  can be made f o r  a  gas phase a s  wel l  a s  a  s o l i d  s t a t e  o r i g i n ,  but 
ne i the r  explana t ion  is completely adequate.  An o r i g i n  i n ,  o r  on, t h e  d u s t  
impl ies  an asymmetry of t h e  bands which is  not  observed while  a  gas phase 
o r i g i n  r e q u i r e s  l a r g e  molecules t o  produce broad bands, ye t  t h e  presence of 
l a r g e  molecules i n  t h e  harsh  i n t e r s t e l l a r  environment seemed impossible .  
Thus, a l though an enormous e f f o r t  has been made obse rva t iona l ly ,  
experimental ly  and t h e o r e t i c a l l y  t o  understand t h i s  phenomenon, i d e n t i f y i n g  
the  c a r r i e r  of t h e  D I B 1 s  has become a  c l a s s i c  prcblem i n  modern astronomy. 

The proposed presence of P A H 1 s  i n  such a  v a r i e t y  of o b j e c t s  p o i n t s  t o  t h e i r  
ubiqui tous presence i n  t h e  i n t e r s t e l l a r  medium. Based on t h i s ,  we suggest  
t h a t  P A H 9 s  a r e  r e spons ib l e  f o r  t h e  D I B ' s .  A s  pointed o u t ,  t h e  i n t e r s t e l l a r  UV 
f i e l d  w i l l  i o n i z e  many of t h e s e  molecules,  changing t h e i r  e l e c t r o n i c  s t r u c t u r e  
i n t o  t h a t  of a  r a d i c a l ,  which w i l l  absorb a t  d i s c r e t e  wavelengths i n  t h e  
v i s i b l e .  Out of a  prev ious ly  published c o l l e c t i o n  of s o l i d  s t a t e  PAH r a d i c a l  
ca t ion  s p e c t r a  we s e l e c t  f i v e  on the  b a s i s  of t h e  unique thermodynamic 
s t a b i l i t y  of t h e i r  c a r r i e r  and compare them d i r e c t l y  t o  t h e  wavelengths of t h e  
DIats. Although t h e  match seems q u i t e  f avo rab le ,  s t r o n g l y  sugges t ing  t h a t  PAH 
r a d i c a l s  a r e  t h e  long  sought  a f t e r  c a r r i e r  of t h e  D I B q s ,  much l a b o r a t o r y  work 
must be done t o  t e s t  t h i s  hypothesis .  




