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A b s t r a c t . Recent results on infrared spectroscopy of the cluster of sources in the Orion 
molecular cloud are discussed. These results imply very high abundances of CO, C 2 H 2 , 
HCN, and OCS, suggesting tha t grain surface chemistry has been impor tan t . 
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1 . I n t r o d u c t i o n 

T h i s rev iew will cons ide r n e w resu l t s o n t h e inf ra red c lus t e r in t h e O r i o n mo lecu l a r 

c loud . T h i s reg ion of m a s s i v e s t a r f o r m a t i o n h a s a r ich c h e m i s t r y (see Genze l & 

S t u t z k i 1989 for a r ev i ew) . T h e r e s e e m t o b e severa l different regions w i t h d i s t inc -

t ive k i n e m a t i c s a n d c h e m i c a l a b u n d a n c e s . Of p a r t i c u l a r i n t e re s t t o th i s m e e t i n g a r e 

t h e h o t core , w h e r e e v i d e n c e sugges t s t h a t molecu les h a v e r ecen t ly e v a p o r a t e d f rom 

g r a i n m a n t l e s ( B l a k e et a l . 1987) , a n d t h e p l a t e a u f ea tu re , t h o u g h t t o b e a n outf low 

f rom I R c 2 , wh ich h a s e n h a n c e d emiss ion f rom sulfur c o m p o u n d s . B e c a u s e of space 

l i m i t a t i o n s in th i s a r t i c l e , I will r e s t r i c t myself t o inf ra red a b s o r p t i o n s p e c t r o s c o p y 

of i n t e r s t e l l a r molecu les , l eav ing d i scuss ion of emiss ion f rom a t o m s , ions, or H 2 t o 

o t h e r rev iewers . 

In f ra red s p e c t r o s c o p y of r o v i b r a t i o n a l lines of i n t e r s t e l l a r molecules allows o n e 

t o d e t e r m i n e t h e p o p u l a t i o n s of m a n y r o t a t i o n a l levels w i t h obse rva t i ons a t ve ry 

s imi l a r w a v e l e n g t h s . S ince inf rared lines c a n b e obse rved in a b s o r p t i o n aga in s t 

e m b e d d e d inf rared s o u r c e s , one c a n o b t a i n a n effective r e so lu t ion e q u a l t o t h e size of 

t h e inf ra red source , a l t h o u g h one is l imi ted t o o b s e r v a t i o n s a long t h e lines of s ight t o 

such sources . C o m p a r i s o n of inf rared a b s o r p t i o n l ines a n d mi l l ime te r emiss ion l ines 

c a n p r o v i d e v a l u a b l e i n f o r m a t i o n o n g e o m e t r y a n d k i n e m a t i c s , s ince only t h e gas 

in front of t h e source is seen in a b s o r p t i o n in t h e inf rared . D e t e r m i n a t i o n of c o l u m n 

dens i t i es f rom a b s o r p t i o n s t ud i e s does no t d e p e n d on i n t e n s i t y ca l ib ra t ion , s ince 

t h e c o l u m n d e n s i t y is d e t e r m i n e d f rom t h e equ iva l en t w i d t h , a q u a n t i t y unaffected 

b y c a l i b r a t i o n e r ro r s . F ina l ly , o n e c a n d e t e c t s y m m e t r i c molecules such as C2H2 

( L a c y et al . 1989a) a n d C H 4 ( L a c y et al . 1991) , wh ich have n o p e r m a n e n t d ipo le 

m o m e n t , r e n d e r i n g t h e m u n d e t e c t a b l e by r o t a t i o n a l spec t roscopy . 

O n t h e n e g a t i v e s ide of t h e ledger , m o s t of t h e v i b r a t i o n a l b a n d s lie a t A b e -

t w e e n 3 a n d 15 / i m , w h e r e a t m o s p h e r i c a t t e n u a t i o n a l lows o b s e r v a t i o n s in on ly a 

few windows . T h e b e s t of these w i n d o w s , a r o u n d 10 / /m , is a l so c o m p r o m i s e d b y 

in te r s t e l l a r a t t e n u a t i o n b y t h e s i l ica te f ea tu re . T h e first of t he se p r o b l e m s could b e 

solved b y h i g h - r e s o l u t i o n s p e c t r o m e t e r s (A/AA*> 1 x 1 0 4 ) on la rge s p a c e te lescopes , 
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b u t n o n e of t h e c u r r e n t l y p l a n n e d s p a c e miss ions h a v e t h e r igh t cha rac t e r i s t i c s t o 

explo i t t h i s o p p o r t u n i t y . 

2 . T h e O b s e r v a t i o n s 

2. 1. T H E S O U R C E S 

T h e d e n s e m o lecu l a r c loud b e h i n d t h e O r i o n N e b u l a c o n t a i n s a c o m p l e x g r o u p of 

in f ra red sources . E x t i n c t i o n h a s a m a j o r effect o n t h e a p p e a r a n c e of t h e reg ion even 

a t fair ly long inf rared w a v e l e n g t h s (see t h e m a p s in W y n n - W i l l i a m s e t al . 1984) . 

T h e m o s t p r o m i n e n t sou rce a t A < J 2 0 ^ m is t h e B e c k l i n - N e u g e b a u e r O b j e c t ( B N ) , 

whi le I R c 2 , s u s p e c t e d t o b e t h e m o s t l u m i n o u s e m b e d d e d source , is m o s t a p p a r e n t 

in t h e m a p s a t 7.8 a n d 12.5 / im , local m i n i m a in t h e i n t e r s t e l l a r e x t i n c t i o n ( D r a i n e 

a n d Lee 1983) . R e c e n t i m a g e s of th i s r eg ion a t 12.4 fim ( G e z a r i et al . 1991) show 

I R c 2 , I R c 7 , a n d I R c 4 t o b e s t r o n g a n d d i s t i nc t sources , w i t h I R c 4 clear ly e x t e n d e d 

a n d c o m p l e x . E m i s s i o n a t al l A ^ 30 / i m shows a d i s t i nc t d r o p t o t h e s o u t h of I R c 2 

a n d eas t of I R c 4 , a fact e x p l a i n e d b y e x t r e m e l y h igh e x t i n c t i o n a s s o c i a t e d w i t h 

t h e h o t co re c o m p o n e n t , as m a p p e d by NH3 ( J , K ) = ( 3 , 2 ) emiss ion (see Genze l a n d 

S t u t z k i 1989) . 

2. 2. T H E B E C K L I N - N E U G E B A U E R O B J E C T 

T h e p ionee r ing work in in f ra red a b s o r p t i o n s p e c t r o s c o p y of molecules in s t a r -

fo rming reg ions was t h e s t u d y of C O t o w a r d B N (Scovil le e t al . 1983). I n a d d i t i o n 

t o b a n d - h e a d emiss ion in t h e o v e r t o n e b a n d s n e a r 2.3 / im , t h e y o b s e r v e d d i sc re t e 

a b s o r p t i o n fea tu res in t h e f u n d a m e n t a l b a n d n e a r 4.6 / i m a t veloci t ies of - 1 8 , - 3 , 

a n d -f-9 k m s - 1 . T h e las t ve loc i ty c o m p o n e n t was n a t u r a l l y a t t r i b u t e d t o t h e a m -

b ien t c loud (or t h e ridge c o m p o n e n t ) , whi le t h e b lue-shi f ted fea tu res w e r e a s s u m e d 

t o b e m a t e r i a l in a n outf low. B o t h t h e - 1 8 a n d + 9 k m s - 1 f ea tu res w e r e f i t ted b y 

a s ingle t e m p e r a t u r e of 150 K. M o r e recen t work on C O a b s o r p t i o n t o w a r d o t h e r 

sources is rev iewed b y M a i l l a r d in th is v o l u m e . 

2. 3. IRC2, IRC7, A N D IRC4 

B e c a u s e of t h e h e a v y e x t i n c t i o n t o t h e s e sources , a b s o r p t i o n s p e c t r o s c o p y h a s b e e n 

difficult u n t i l h igh - r e so lu t i on s p e c t r o m e t e r s w e r e deve loped for longer w a v e l e n g t h s 

( L a c y e t a l . 1989b) . U s i n g a c ryogenic echel le w i t h a ve loc i ty r e so lu t i on of a b o u t 

20 k m s " 1 , L a c y et a l . (1989a) were ab l e t o d e t e c t C2H2 t o w a r d I R c 2 , u s i n g t h e u5 

v i b r a t i o n a l b a n d n e a r 13.5 / im . M o r e recent ly , CH4 h a s a l so b e e n d e t e c t e d , us ing 

t h e 1/4 b a n d a t a b o u t 7.6 / i m , t o w a r d I R c 2 , as well as t o w a r d severa l o t h e r sources 

( L a c y e t a l . 1991) . T h e s e w e r e t h e first d e t e c t i o n s of t h e s e molecu les in i n t e r s t e l l a r 

c louds . 

A m a p of C2H2 R ( 5 ) equ iva len t w i d t h ( E v a n s , Lacy, Sz C a r r 1991) shows a 

s t r o n g p e a k o n IRc2 , w i t h m o r e e x t e n d e d a b s o r p t i o n e n c o m p a s s i n g I R c 7 a n d I R c 4 , 

b u t i nc reas ing t o t h e s o u t h e a s t , in t h e d i r e c t i o n of t h e h o t core , sugges t i ng t h a t 

b o t h t h e h o t core a n d t h e p l a t e a u f ea tu re ( c e n t e r e d o n I R c 2 ) m a y h a v e e n h a n c e d 
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C2H2 a b u n d a n c e s . In a d d i t i o n t o t h e heav i ly b l e n d e d Q b r a n c h , a t o t a l of 5 well-

s e p a r a t e d , un re so lved R b r a n c h l ines h a v e b e e n seen t o w a r d I R c 2 , w i t h a n ave rage 

ve loc i ty of - 3 k m s - 1 , s ugges t i ng t h a t t h e y ar i se in t h e a p p r o a c h i n g edge of t h e 

low ve loc i ty outf low c e n t e r e d o n I R c 2 . Ana lys i s of t h e s e l ines i n d i c a t e s t h a t t h e 

lower J l ines a r e q u i t e s a t u r a t e d a n d t h u s n a r r o w ( infer red F W H M l i n e w i d t h of 2.7 

k m s - 1 ) . T h e s a t u r a t i o n is conf i rmed by t h e d e t e c t i o n of severa l R b r a n c h lines a n d 

t h e Q b r a n c h of 1 3 CCH2. Af te r c o r r e c t i n g for th i s s a t u r a t i o n , E v a n s et al . (1991) 

de r ive a t e m p e r a t u r e of a b o u t 150 K for t h e gas in t h e C2H2 a b s o r b i n g region. 

A s e c o n d b a n d of C2H2, t h e c o m b i n a t i o n b a n d 1/4 + 1 / 5 , w a s a l so d e t e c t e d d u r i n g 

t h e s t u d y of C H 4 a t 7.6 /zm. A n a l y s i s of five l ines in th i s weake r b a n d t o w a r d 

I R c 2 a g a i n ind ica t e s s o m e s a t u r a t i o n . T h e co r rec t ion w h i c h gives t h e b e s t fit t o 

a s ingle t e m p e r a t u r e resu l t s in T = 140 K a n d a b o u t t h r e e t i m e s h ighe r c o l u m n 

d e n s i t y of C2H2 t h a n was d e r i v e d f rom t h e 1 / 5 l ines. C o m p a r e d t o t h e lines in t h e 

1 / 5 b a n d t h e s e lines a r e less b luesh i f t ed ( a v e r a g e ve loc i ty of + 7 k m s - 1 ) a n d wider 

( F W H M Av = 5.8 k m s - 1 ) . T h e s e differences m a y b e u n d e r s t o o d in t h e c o n t e x t of 

a n a c c e l e r a t i n g flow c e n t e r e d o n I R c 2 . B e c a u s e t h e e x t i n c t i o n is cons ide rab ly less 

a t 7.6 fim t h a n a t 13.5 / im , a b s o r p t i o n c a n b e seen f rom closer t o t h e source a t 

7.6 / im. T h i s p i c t u r e w o u l d e x p l a i n t h e l a rger c o l u m n dens i ty , whi le t h e veloci ty 

differences cou ld b e e x p l a i n e d if t h e flow is a c c e l e r a t i n g in t h e reg ion p r o b e d a t 7.6 

/zm, b u t n o t in t h e reg ion p r o b e d a t 13.5 / im . 

I n t h e C2H2 s p e c t r a t o w a r d I R c 2 , t h e r e a r e a lso lines of t h e 1/2 b a n d of H C N . 

I n all , five l ines of H C N h a v e b e e n d e t e c t e d f rom levels u p t o J = 17. T h e av -

e r a g e ve loc i ty of these l ines is 0.8 k m s _ 1 . T h e p o p u l a t i o n s of t h e levels u p t o 

J = 14 a r e cons i s t en t w i t h a t h e r m a l d i s t r i b u t i o n , whi le t h e p o p u l a t i o n of J = 17 

is c lea r ly s u b - t h e r m a l . I nd i r ec t ev idence , b a s e d o n t h e s t r e n g t h of a b l en d of t h e 

C2H2 R ( 3 ) l ine w i t h t h e H C N R ( 8 ) l ine, i nd i ca t e s t h a t t h e H C N lines a r e also n a r -

row a n d s o m e w h a t s a t u r a t e d . C o n s e q u e n t l y , t h e equ iva len t w i d t h s were co r rec ted 

for s a t u r a t i o n , a s s u m i n g t h e s a m e in t r in s i c w i d t h as t h e C2H2 l ines. T h e resu l t ing 

t e m p e r a t u r e , b a s e d on J u p t o 14, is a b o u t 150 K, cons i s t en t w i t h t h e t e m p e r a t u r e 

d e t e r m i n e d f rom C2H2. M o d e l s of e x c i t a t i o n , u s i n g a l a rge -ve loc i ty -g rad ien t code , 

i n d i c a t e t h a t dens i t ies of 3 X 1 0 6 c m " 3 t o 1 X 1 0 7 c m - 3 c a n a c c o u n t for t h e t h e r -

m a l i z a t i o n of levels u p t o J = 14 whi le a l so exp la in ing t h e s u b - t h e r m a l p o p u l a t i o n 

of t h e J = 17 level. 

B a n d s of O C S (1/1), C O , 1 3 C O , a n d p r o b a b l y C 1 8 0 were d e t e c t e d t o w a r d IRc2 

in s p e c t r a c e n t e r e d a r o u n d 4.9 /zm. O v e r l a p p i n g l ines c o m p l i c a t e d t h e ana lys i s , 

b u t w i t h 13 lines d e t e c t e d , O C S is c lear ly p r e s e n t . Levels u p t o J = 32 in O C S 

a p p e a r t o b e t h e r m a l i z e d a t T ~ 140 K. B a s e d o n ana lys i s of t w o 1 3 C O lines a n d 

a n a s s u m e d i so tope r a t i o of 50 , t h e C O c o l u m n d e n s i t y is 1.5 X 1 0 2 0 c m - 2 , b u t th i s 

n u m b e r is v e r y u n c e r t a i n , p a r t l y b e c a u s e t h e 1 3 C O lines h a v e P - C y g n i profiles. 

3 . Abundances and Implications for Astrochemistry 

U s i n g e s t i m a t e s of t h e e x t i n c t i o n t o B N or I R c 2 a n d a conve r s ion from Ay t o 

NH2 > o n e c a n e s t i m a t e a b u n d a n c e s of C O a n d (for IRc2 on ly) t h e o t h e r species . 
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For C O , t h e r e su l t i ng a b u n d a n c e is q u i t e h igh ( > 5 x 1 0 ~ 4 ) , i m p l y i n g t h a t all t he 

c a r b o n m u s t b e in gaseous C O t o w a r d b o t h B N a n d I R c 2 ( t h o u g h t h e e s t i m a t e 

for N(CO) in t h e l a t t e r sou rce is q u i t e u n c e r t a i n ) . T h i s conc lus ion m a y imply 

t h a t NH2 h a s b e e n u n d e r e s t i m a t e d or t h a t C > 0 in th is reg ion . A d d i t i o n a l s u p p o r t 

for a c a r b o n - r i c h c h e m i s t r y c o m e s f rom t h e h i g h a b u n d a n c e of H C N ( 5 x 1 0 ~ 7 to 

5 x 1 0 ~ 6 ) t o w a r d I R c 2 , wh ich c a n b e m a t c h e d b y m o d e l s w i t h C > 0 (e .g. , L a n g e r 

a n d G r a e d e l 1989). T h e C 2 H 2 a b u n d a n c e (3 x 1 0 ~ 7 t o 6 x 1 0 " 6 ) is b e s t u n d e r s t o o d 

in t e r m s of mode l s w h e r e molecules h a v e b e e n frozen on g r a i n m a n t l e s , p r e se rv ing 

ea r ly t i m e a b u n d a n c e s t o b e re leased w h e n newly- fo rmed s t a r s h e a t t h e g r a in s (e.g., 

B r o w n , C h a r n l e y , & Mi l la r 1988) . S u c h a m o d e l h a s a l r e a d y b e e n s u g g e s t e d for t h e 

h o t co re ( B l a k e e t a l . 1987) a n d m a y a lso b e r e l evan t for t h e p l a t e a u . E v i d e n c e for a 

m o r e a c t i v e role for t h e g ra ins is p r o v i d e d by t h e obse rva t i ons of a h i g h a b u n d a n c e 

of solid C H 4 , w h i c h sugges t s CH4 f o r m a t i o n in t h e g ra in m a n t l e s ( L a c y e t a l . 1991) . 

P o r t i o n s of th i s r e sea rch were s u p p o r t e d b y g r a n t s f rom t h e N a t i o n a l Science 

F o u n d a t i o n a n d t h e T e x a s A d v a n c e d R e s e a r c h P r o g r a m . 
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Q U E S T I O N S A N D A N S W E R S 

J . P . M a i l l a r d : (1) The unique temperature you estimate seems to me not in contradiction 
with what I reported toward luminous YSOs. In opposite, it confirms the existence of a 
quiescent warm gas enriched in neutral molecules released from the warm grains. (2) How-
ever, the column densities you determine may be criticized by the large difference between 
the width of line profiles ( < 2 k m / s ) required for fitting the data and your resolution of 
20-25 k m / s . In addition, different widths are required depending on the molecule. How 
can that be physically possible? 

N . E v a n s : (1) Yes, I agree. Essentially we see only the warm, enhanced abundance region 
(hot core and/or plateau) and not the ambient cloud (ridge) in Orion. (2) Again, I agree 
that it is important to improve our resolution and John Lacy is proposing to do this. For 
the moment , we have to rely on indirect arguments for narrow lines, but I think they are 
convincing. I would admit that there are uncertainties whenever lines are unresolved, but 
the column density estimates are still probably more certain that most of those obtained 
from emission lines, which have problems with unknown beam filling. 
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