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A B S T R A C T . W a r m - u p of astrophysical ice a n a l o g u e s conta in ing f o r m a l d e h y d e p r o d u c e d 
o r g a n i c res idues in large a b u n d a n c e s . It is a r g u e d that f o r m a l d e h y d e react ions at ve ry 
low t e m p e r a t u r e s cou ld b e a n impor tant s o u r c e of interste l lar a n d c o m e t a r y o r g a n i c 
m o l e c u l e s . 

1. Introduction 

T h e higly react ive molecu le f o r m a l d e h y d e ( H 2 C O ) is present at the level of a f e w percent 

in c o m e t a r y a n d probably also in interstel lar ices , m a k i n g it o n e of the m o r e a b u n d a n t 
const i tuents af ter w a t e r ( M u m m a a n d R e u t e r 1 9 8 9 ) . Th is p a p e r repor ts the results of 
e x p e r i m e n t s o n a n a l o g u e s of astrophysical ice mixtures ( H 2 0 , H 2 C O , NH3, C H 3 O H ) that 

w e r e p e r f o r m e d to inves t iga te the poss ib le role that f o r m a l d e h y d e m a y h a v e in the 
format ion of c o m e t a r y a n d interstel lar o rgan ic m o l e c u l e s . 

2. E x p e r i m e n t a l R e s u l t s 

I c e m i x t u r e s c o n t a i n i n g w a t e r ( H 2 0 ) , a m m o n i a ( N H 3 ) a n d H 2 C O in v a r i o u s 

c o n c e n t r a t i o n s w e r e p r e p a r e d a t 1 0 K. U p o n w a r m - u p , r e a c t i o n s i n v o l v i n g 
f o r m a l d e h y d e took p lace b e t w e e n 4 0 - 1 8 0 K, producing organ ic res idues in high y ie lds. 
R e m a r k a b l y , t h e s e res idues s e e m to consist of only 3 products . T h e first product can be 
o b t a i n e d f r o m H 2 C O ice w i th t r a c e s of N H 3 . I ts IR s p e c t r u m iden t i f i es it a s 

p o l y o x y m e t h y l e n e ( P O M ; [ - C H 2 - 0 - C H 2 - 0 ] n ) , a wel l k n o w n H 2 C O p o l y m e r i z a t i o n 

product . T h e s e c o n d product , d e s i g n a t e d X , is p roduced by react ions b e t w e e n H 2 C O a n d 

N H 3 . Its IR s p e c t r u m revea ls C - H , C - O , - N H 2 a n d possibly O - H g r o u p s . It e v a p o r a t e s 

b e l o w 2 3 0 K, imply ing a sma l l s t ruc ture wi th < = 2 C a t o m s . T h e third p r o d u c t , 

d e s i g n a t e d Y , is ob ta ined from react ions b e t w e e n H 2 C O a n d H 2 0 . It conta ins O - H , C - H , 

a n d C - 0 groups a n d s e e m s to h a v e ether- a s wel l as a lcohol - type proper t ies . Evaporat ing 
b e l o w 2 6 0 K, it should conta in at most - 2 C a t o m s . 

F igure 1 s h o w s the yields of P O M , X , a n d Y , i .e., the fract ion of the c a r b o n initially 
d e p o s i t e d a s f o r m a l d e h y d e that e n d s up in t h e s e products , a s wel l as the total res idue 
yie ld a s a function of the initial [ N H 3 / H 2 C O ] ratio at [ H 2 C O / H 2 0 ] = 0 . 0 5 . It c a n b e s e e n 

tha t t r a c e s of a m m o n i a ( [ N H 3 / H 2 C O ] 0 . 0 0 5 ) a r e r e q u i r e d to ini t ia l ize reac t ions 

involving H 2 C O a n d the product ion of a n organ ic res idue . For [ N H 3 / H 2 C O ] > = 0 .4 , the 

convers ion of f o r m a l d e h y d e to organic molecu les is a lmost 1 0 0 %. T h e p r o d u c e d relat ive 
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Figure 1. Yields of POM, X and Y obtained upon warm-up of ices with initial ratio 
[H2C0/H20] = 0.05, as a function of NH3 concentration. 

In t roduct ion of 1 - 1 0 % of m e t h a n o l ( C H 3 O H ) In w a t e r - r i c h Ices ( [ H 2 C O / H 2 0 ] = 

0 . 0 5 ) wi th [ N H 3 / H 2 C O ] 0 .01 d e c r e a s e s the total y ie ld of res idue f rom 4 0 % to 1 0 -

2 0 %. F u r t h e r m o r e , the y ie ld of P O M d r o p s to less t h a n 3 % a n d t h e r e s i d u e is 

d o m i n a t e d by n e w a lcoho l - t ype c o m p o u n d s . For w a t e r - r i c h ices wi th [ N H 3 / H 2 C O ] > = 

0 . 2 5 , add ing C H 3 O H d o e s not significantly c h a n g e the organic res idues . 

3 . A s t r o p h y s i c a l I m p l i c a t i o n s 

O u r e x p e r i m e n t a l r e s u l t s h a v e a n u m b e r of a s t r o p h y s i c a l i m p l i c a t i o n s . L o w 
t e m p e r a t u r e f o r m a l d e h y d e r e a c t i o n s in as t rophys ica l i ces a r e p r o b a b l y a n impor tan t 
source of interstel lar a n d c o m e t a r y organic c o m p o u n d s a n d m a y account for 1 - 1 0 % of 
the organ ic mo lecu les d e t e c t e d in C o m e t Ha l l ey . On ly a smal l n u m b e r of c o m p o u n d s are 
p r o d u c e d ( 4 - 6 ) . For ast rophysica l ly re levant ices the major p roducts a r e smal l ( < = 2 
C a t o m s ) , h igh ly O - r i c h ( O / C = 1) a n d h a v e a l c o h o l - , a m i n e - , a n d e t h e r - l i k e 
proper t ies , whi le P O M is a minor product . T h e k ind of m o l e c u l e s that a r e p r o d u c e d a n d 
their re lat ive a b u n d a n c e s t race the initial ice composi t ion a n d concent ra t ions . 

R e f e r e n c e s 

M u m m a , M . J . , a n d Reute r , D. C . ( 1 9 8 9 ) ' O n the Identif icat ion of F o r m a l d e h y d e in 
H a l l e y ' s C o m e t ' , A p J 3 4 4 , 9 4 0 - 9 4 8 . 

a m o u n t s of P O M , X a n d Y d e p e n d sensit ively on the initial ice composi t ion . 
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