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A B S T R A C T . W e m o d e l l e d the IR emiss ion of interstel lar P A H s . Subs tan t i a l d i f fe rences 
b e t w e e n t h e IR p r o p e r t i e s of in terste l lar a n d l a b o r a t o r y P A H s a r e f o u n d , poss ib ly 
result ing f rom ionizat ion . T h e var ious IR f e a t u r e s be ing d o m i n a t e d by distinctly dif ferent 
s i z e P A H s , the i r o b s e r v e d re la t i ve in tens i t i es a r e s e n s i t i v e i n d i c a t o r s of t h e s i z e 
d istr ibut ion. A n u m b e r of appl icat ions of our m o d e l re la ted to future I S O a n d S I R T F IR 
d a t a a re pointed out. 

1. Introduction 

T h e interstel lar emiss ion f e a t u r e s at 3 . 3 , 6 . 2 , 7 . 7 , 8 . 6 , 1 1 . 3 , a n d 1 2 . 7 urn h a v e b e e n 
a s c r i b e d to f l u o r e s c e n c e by interstel lar Polycycl ic A r o m a t i c H y d r o c a r b o n s ( P A H s ) . W e 
inves t iga ted the relat ion b e t w e e n the P A H s ize distr ibut ion a n d the o b s e r v e d emiss ion 
s p e c t r u m by theore t ica l m o d e l l i n g . W e f u r t h e r m o r e s tud ied to w h a t e x t e n d interstel lar 
P A H s m a y be dehydrogenated. 

2. T h e Model 

W e d e f i n e d the P A H s ize distr ibut ion by ext rapo la t ing the M R N p o w e r l aw distr ibution 
for v isual gra ins d o w n to a m i n i m u m size of 2 4 C a t o m s . T o ca lcu la te the f luorescence w e 
u s e d the t h e r m a l approx imat ion ( L 6 g e r a n d P u g e t 1 9 8 4 ) . T h e results differ by less than 
1 0 % f rom e x a c t q u a n t u m - m e c h a n i c a l ca lcu la t ions . 

3. R e s u l t s 

F i g u r e 1 s h o w s h o w v a r i o u s s i z e s of P A H s cont r ibute to the e m i s s i o n in t h e m i d - I R 
f e a t u r e s a n d the fa r - IR 2 5 p m I R A S b a n d . T h e var ious interstel lar emiss ion b a n d s a r e 
d o m i n a t e d by P A H s of dist inctly d i f ferent s i z e s , f r o m < 8 0 C a t o m s for t h e 3 . 3 urn 
f e a t u r e , to ~ 1 0 3 C a t o m s for the far - IR e m i s s i o n . T h e relat ive intensit ies of the var ious 
m i d - I R b a n d s a n d the f a r - I R e m i s s i o n a r e t h e r e f o r e s e n s i t i v e ind ica tors of the s i z e 
d i s t r i b u t i o n . 

U s i n g cross sect ions of P A H s m e a s u r e d in t h e laboratory for the m i d - I R f e a t u r e s to 
m o d e l the o b s e r v e d emiss ion results in a c o n s i d e r a b l e u n d e r e s t i m a t e of the 6 . 2 a n d 7 . 7 
urn C - C stretching a n d 8 .6 urn C - H b e n d i n g f e a t u r e s re lat ive to t h e 1 1 . 3 a n d 1 2 . 7 a m 
C - H o u t - o f - p l a n e b e n d i n g m o d e s . A l t h o u g h d e h y d r o g e n a t i n g t h e P A H s by ~ 9 5 % 
r e p r o d u c e s the correct 7 . 7 / 1 1 . 3 p m ratio ( d e M u i z o n et a l . 1 9 9 0 ) , this solut ion f a c e s a 
n u m b e r of p r o b l e m s . First, it resul ts in a m u c h too w e a k 8 . 6 p m f e a t u r e . S e c o n d , the 
o b s e r v e d 1 2 . 7 urn f e a t u r e w h i c h is likely d u e to the c o u p l e d o u t - o f - p l a n e m o d e s of 2 
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a d j a c e n t C - H g r o u p s , is not r e p r o d u c e d , s ince only iso la ted C - H g r o u p s c a n surv ive at 
this s e v e r e d e h y d r o g e n a t i o n . A l te rna t ive ly , w e c a n s o l v e t h e d i s c r e p a n c y us ing fully 
h y d r o g e n a t e d P A H s by increas ing the intrinsic s t rengths of the 7 . 7 a n d 8 .6 p m fea tu res 
by a factor of 6 a n d the 6 .2 p m feature by a factor of 2 . 4 . S u c h a n increase could possibly 
b e re la ted to t h e interstel lar P A H s be ing ion ized ( d e F r e e s et a l . 1 9 9 1 ) . 

4. F u t u r e A p l l i c a t i o n s 

H igh sensi t iv i ty , s ingle a p e r t u r e o b s e r v a t i o n s of the en t i re e m i s s i o n s p e c t r u m f rom 3 

p m to f a r - I R w a v e l e n g t h s a s will l ikely b e o b t a i n e d by the I S O a n d S I R T F sate l l i tes , 
t o g e t h e r w i th t h e o r e t i c a l mode l l ing of t h e P A H e m i s s i o n m a y a n s w e r a n u m b e r of 
impor tant q u e s t i o n s . First, h o w d o e s the s ize distr ibut ion v a r y f rom ob jec t to ob jec t ? 
S e c o n d , a r e t h e r e character is t ic emiss ion f e a t u r e s in t h e f a r - I R (X > 1 5 p m ) that could 
b e u s e d to d e t e r m i n e the a b u n d a n c e of individual P A H s ? N e x t , is there a fea ture a r o u n d 
1 4 p m d u e to the out -o f -p lane bend ing m o d e of 3 ad jacent C - H groups a n d , if so , w h a t d o 
t h e re la t ive intensit ies of the 3 ou t -o f -p lane m o d e s r e v e a l a b o u t the mo lecu la r structure 
a n d d e g r e e of hydrogena t ion ? A n d , f inal ly, h o w d o t h e proper t ies c h a n g e for "young" 
P A H s in p lanetary nebu la a n d "old" P A H s in reflection n e b u l a e a n d cirrus c louds ? 
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Figure 1. Distribution over the PAH size distribution of the emission in the mid-IR
features and the IRAS 25 J.Lm band.
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