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The r ad i a t i on -chemica l  synthes is  of complex  organic  compounds is acquir ing e v e r - i n c r e a s i n g  i m -  
por tance  because  a num ber  of reac t ions ,  which would not occur  under  no rma l  conditions, can be s u c c e s s -  
fully conducted in a rad ia t ion  env i ronment  [1]. At the s a m e  t ime,  the yie ld  of r ad ia t ion -chemica l  speci f ic  
products  is sma l l  in the ma jo r i ty  of c a s e s .  It would be in teres t ing ,  t he re fo re ,  to study radia t ion synthesis  
p r o c e s s e s  in the p r e s e n c e  of adsorben ts  (s i l ica gel in pa r t i cu la r ) ,  because  the rea l iza t ion  of these  r e a c -  
t ions on the su r face  l a y e r s  (in the adsorbed  state)  is expected  to a l t e r  the se lec t iv i ty  of the p r o c e s s  and, 
t he r e fo re ,  lead to an i nc r ea s e  in the r ad i a t i on -chemica l  y ie lds ,  at l eas t  in ce r t a in  reac t ions .  F u r t h e r m o r e ,  
i t  is well  known [2, 3] that  i r r ad i a t ed  adsorbents  can  actual ly  abso rb  radia t ion energy  and t r a n s f o r m  it 
into the l a y e r  of adsorbed  molecu les .  I r r ad i a t ed  s i l i ca  gels  gene ra t e  g r e a t e r  quanti t ies of hydrogen a toms 
and su r face  rad ica l s  [4-6] in the reac t ion  zone, which also causes  an intensif icat ion of the p r o c e s s .  F in-  
ally,  the probabi l i ty  of t r a n s f o r m a t i o n s  occur r ing  in the su r face  l aye r s  should be g r e a t e r  than in a homog-  
eneous med ium due to the absorp t ive  concent ra t ion  of subs tances  (an i nc rea se  in the number  of coll isions) 
and to the poss ib le  ca ta ly t ic  effect  of the s u r f ace  on the recombina t ion  p r o c e s s e s  of rad ica l s  and ions [7]. 

Taking into account  all  the above, we a t tempted  to conduct the r ad ia t ion -chemica l  synthes is  of a m i -  
no acids in a mul t icomponent  s y s t e m  compr i s ing  a mix tu re  of CH 4, NH 3, CO 2, and f ine ly-porous  s i l i ca  gel 

= 600 m2/g) with a va ry ing  ~ S i - - O H  group content in the su r f ace  l a y e r s . *  The gas mix ture  (50~mole (Ssp 

of each component) was exposed to 2 / rays  (1-200 Mrad dosage) at r oom t e m p e r a t u r e  in sea led  ampoules  
containing va r ious  quant i t ies  of p r e - e v a c u a t e d  s i l i ca  gel. Af ter  i r r ad ia t ion  the ampoules  we reopened  and 
the s i l ica  gel t r e a t ed  with a 5 N HC1 solution.? The amino acid content in this solution was analyzed using 
e l ec t ropho re s i s ,  p a p e r  ch romatography ,  and the AAA-881 amino acid ana lyzer .  

The r e su l t s  of comple ted  expe r imen t s  indicate that  the p r e s e n c e  of s i l i ca  gel exhibits a substant ia l  
effect  on amino acid syn thes i s .  In contro l  spec imens  without s i l i ca  gel,  the amino acid yield was so sma l l  
that  i t  was beyond the l imi t  of sens i t iv i ty  for  the methods of analys is  employed.  The yie ld  inc reased  as 
the amount  of so rben t  was augmented,  reaching  a th resho ld  at a ra t io  of 150 #mole  gas mix tu re  (50 ~mole  
of each  component) p e r  g r a m  of s i l i ca  gel. The change in the degree  of dehydrat ion on the s i l i ca  gel s u r -  
face  also affects  the sens i t iv i ty  of individual amino acid synthes is  (see Table 1), and the total  yield exhibits 

symba t ic  va r iab i l i ty  with r e s p e c t  to the content of su r face  ~ S i - - O H  groups ,  i .e. ,  the suppl iers  of act ive 

hydrogen a toms to the rad ia t ion  f ie ld [4-6] (Fig. 1). The impor tan t  ro le  of hydrogen a toms  which a r e  emi t -  
ted f r o m  the su r face  is a l so  demons t r a t ed  by the fact  that  subst i tut ion of - O H  group protons  by Ca 2+ ions 

*The synthes is  of amino acids f r o m  a mix tu re  compr i s ing  the s imp le s t  gases  under  the action of a high- 
f requency  d i scha rge  and ionizing radia t ion was studied e a r l i e r  in connection with the or igin  of p reb io log i -  
cal  s y s t e m s  [8]. 
tSpecia l  expe r imen t s  de t e rmined  that  this t r e a t m e n t  e n s u r e s  the comple te  e l iminat ion of amino acids 
f r o m  the s i l i ca  gel. 
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F i g .  1. A m i n o  a c i d  y i e l d  (1) and  - O H  g r o u p  c o n t e n t  in t h e  s u r f a c e  l a y e r s  

(2) [9] v e r s u s  t h e  e v a c u a t i o n  t e m p e r a t u r e  of t h e  s i l i c a  g e l .  

F i g .  2. S y n t h e s i z e d  a m i n o  a c i d  c o n c e n t r a t i o n  as  a f u n c t i o n  of  t h e  a b s o r b e d  

y-radiation dosage: i) total amino acid concentration produced during ra- 
diation-chemical analysis; 2) glycine; 3) alanine. 

TABLE I. Amino Acid Yield (pmole) after y Irradiation (50 Mrad 
dosage) of a Mixture Comprising CH4, NH3, andCO 2 (150 pmole) on 
Ordinary and Ca Silica Gel (0.8 g), Evacuated at Various Temper- 
atures  

100 o c _200~_c _ 300 ~ c 400 ~ c I 500 ~ c 

Amino acid SG Ca-SG i SG Ca-SG SG- ~ - S G  SG Ca 'S~ 

Glycine 
Alanine 
valine 
Leucine 
Isoleucine 
Phenylalanine 
Serine 
Threonine 
Asparagine 
Glutamine 
Tyrosine 
Histidine 
Lysine 

T o t a l  amino acid 
yield 

0,031 - -  0,054 0,0( 
0,019 --- 0,032 - -  
0,009 - -  0,003 --  
0,006 . . . .  
0,006 --  
0,007 - -  
0,008 - -  
0,006 --  - -  

0 , 0 1 0  - -  - -  

o , o o 7 1  I - - 

i~176176 [ - _ 
lo;olo 
i 0 , 0 1 0  - -  
[ 

0.137 

9,04710,011 0,020  ,o37_ o,ooi_ 

0 , 0 0 7  - -  - -  

0 , 0 0 3  --  -- 
_ _  . - . - -  _ _  

0,004 

- -  I0'099 0,003 

I 

0,032 
molt 

!0,098 0,012 0,081}0,043 

SG Ca-SG 

0,028 0.035 
0,017 0,014 

0,002 --  

0,003 --  

0,050 0,049 

(on Ca si l ica gel) (see Table 1) causes the synthesis  to proceed much more  Slowly. 

We also studied the accumulat ion of amino acids (at the opt imum gas mix ture / sorben t  ratio) as a 
function of the absorbed dosage. It i s  evident f rom Fig. 2 that the total amino acid yield increases  with an 
increase  in dosage of up to ~ 150 Mrad; the nature of the accumulation of individual amino acid types is 
apparently different in each case (see curves  2 and 3). 

In summary ,  the obtained data indicate that the efficiency of the radia t ion-chemical  synthesis of 
amino acids f rom a mixture compr is ing  the s imples t  gases is significantly increased in the presence  of 
si l ica gel, and the nature of the p rocess  is dependent upon the state of the sorbent  surface.  

i, 
2. 
3. 
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