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1 . Introduction 

High s p e c t r a l r e so lu t ion obse rva t ions of dense cores in l ines of NH3 h a v e 

p rov ided no clear ev idence for infall, even when t h e cores possess e m b e d d e d 

low m a s s p r o t o s t a r s or young s te l la r ob jec t s ( M e n t e n et a l . , 1984; M e n t e n 

a n d Walms ley , 1985; M y e r s a n d Benson , 1983) . Infall is e x p e c t e d t o con t inue 

u n t i l p ro tos te l l ax winds beg in t o affect t h e d y n a m i c s of t h e cores . 

M e n t e n et a l . (1984) sugges ted t h a t t h e freeze-out of molecules con t a in ing 

h e a v y e l e m e n t s on t o d u s t g ra ins in t h e h igher dens i ty infal l ing gas p r e v e n t s 

t h e s e h igh veloci ty regions from c o n t r i b u t i n g b r o a d wings t o t h e NH3 l ine 

profiles. 

T h o u g h NH3 gas p h a s e a b u n d a n c e s decl ine as freeze-out con t inues , t h e 

a b u n d a n c e s of some o t h e r species , e.g. C H ( H a r t q u i s t a n d W i l l i a m s , 1989) , 

a c t u a l l y inc rease , a t leas t init ial ly. T h u s , C H lines m a y show b r o a d wings , 

whi le NH3 profiles r e m a i n n a r r o w . C o m p a r i s o n s of such l ine profiles would 

give i n f o r m a t i o n a b o u t freeze-out r a t e s , a n d t h e d y n a m i c s , a n d a g e of t h e 

co l lapse . 

W e have ca l cu la t ed t h e a b u n d a n c e s of mo lecu la r species in a col lapsing 

core , in which freeze-out of molecules on t o d u s t a n d g a s - p h a s e chemis t ry 

a re b o t h o c c u r r i n g . We d e t e r m i n e t h e veloci ty d i s t r i b u t i o n of parce l s of gas 

w i t h i n t h e core a n d d e t e r m i n e t h e l ine profiles of a var ie ty of obse rvab le 

species . 

2 . The Model 

Calcu l a t i ons a re pe r fo rmed for a spher ica l core of 1 M 0 w i t h in i t ia l n u m b e r 

dens i ty n = n ( H ) + 2 n ( H 2 ) = 2.8 X 1 0 3 c m " 3 a n d t e m p e r a t u r e 10 K. A 
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modif ied free-fall col lapse t o a t r u n c a t e d s ingula r i s o t h e r m a l sphe re o c c u r s , 

g iv ing a dens i ty profile of r ~ 2 a n d an o u t e r r a d i u s of 1.58 X 1 0 1 7 c m , a n d a 

n u m b e r densi ty , n , a t t h e b o u n d a r y of 1.86 X 1 0 4 c m " 3 . 

I m m e d i a t e l y following t h e e s t a b l i s h m e n t of t h e s ingu la r i s o t h e r m a l con-

f igura t ion , t h e self-similar col lapse beg ins , w i t h a col lapse e x p a n s i o n wave 

( C E W ) p r o p a g a t i n g o u t w a r d l y in a self-similar fashion ( S h u , 1977) . Ins ide 
3 

t h e C E W , m a t t e r a p p r o a c h e s free-fall w i t h dens i t y a r ~ 2 , a n d infall speed 
_ i 

a r 2 . 

D u r i n g t h e col lapse we follow t h e t i m e - d e p e n d e n t chemis t ry of 8 5 species 

involv ing H, He , C , N , 0 , S, N a , a n d e l ec t rons , l inked in 1147 chemica l 

r e a c t i o n s in a closed ne twork . Pho top roces se s s t i m u l a t e d by t h e cosmic ray 

i n d u c e d r a d i a t i o n field ( P r a s a d a n d T a r a f d a r , 1983) a r e i nc luded . Freeze-

o u t r a t e s a d o p t e d inc lude an al lowance for g r a i n charge ( U m e b a y a s h i a n d 

N a k a n o , 1989). We also consider t h e poss ibi l i ty of e n h a n c e d freeze-out d u e 

t o t h e p resence of m a n y smal l g ra ins (Du ley a n d W i l l i a m s , 1984) . 

3 . Results 

Nine ca lcu la t ions were pe r fo rmed for dep le t ion r a t e s which a r e D = 1,2, a n d 

3 t i m e s t h e canon ica l r a t e , a n d for t h r e e values of t h e co l lapse age , t c : 4 x 

1 0 1 2 s, 6 X 1 0 1 2 s, a n d 8 X 1 0 1 2 s. T h e chemical r e su l t s show clear ly t h a t 

whi le NH3 decl ines in a b u n d a n c e as r ad iu s decreases , o t h e r species show 

significant e n h a n c e m e n t s as t h e inflow progresses . T h e t e n m o s t a b u n d a n t 

species showing significant e n h a n c e m e n t s as t h e col lapse p r o c e e d s a re O H , 

O C N , C H , H C 0 + , H C O , S O , N 2 H + , H N O , H 2 S , a n d SH. T h e s e species m a y 

b e e x p e c t e d t o show b r o a d profiles. 

For m o s t p a r a m e t e r c o m b i n a t i o n s , t h e ca l cu l a t ed N H 3 l ine profiles a r e 

n a r r o w , conf i rming t h e sugges t ion of M e n t e n et a l . (1984) . Profiles of o t h e r 

species d e p e n d sensi t ively on t h e p a r a m e t e r s D a n d t c . De ta i l ed o b s e r v a t i o n s 

of t h e s e l ines t o w a r d s a few of t h e neares t g lobules should p rov ide d i rec t evi-

dence for t h e infall of p ro tos t e l l a r envelopes , a n d will al low an u n d e r s t a n d i n g 

of t h e d y n a m i c s of p ro tos t e l l a r col lapse. 
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