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I I I . P rogres s Report f o r t h e Year 1975-1976. 

A. A b s t r a c t 

P rog re s s has been made du r ing t h i s pe r iod in t h e s t u d y o f t h r e e k inds 

of m u l t i v a l e n t h o t atoms formed by t h e n u c l e a r r e c o i l method: s i l i c o n - 3 1 , 

phosphorus-32 and ca rbon -11 . 
31 For t h e r e c o i l Si r e a c t i o n s , we have completed t h e s t u d y on t h e e f f e c t 

31 of a d d i t i v e s on t h e r e a c t i o n s of monomeric SiFg wi th 1 , 3 - b u t a d i e n e and have 
31 

concluded t h a t r e c o i l Si r e a c t i o n s wi th PF3 r e s u l t e d In t h e f o r m a t i o n of 
31 

both s i n g l e t and t r i p l e t S1F2 In t h e r a t i o of 1 . 0 : 3 . 3 . We have a l s o i n i -
31 t l a t e d t h e s tudy on t h e a d d i t i o n r e a c t i o n s of SiFg t o c o n j u g a t e d p e n t a d i e n e s 

such as t r a n s - 1 , 3 - p e n t a d i e n e , c i s - 1 , 3 - p e n t a d i e n e and 2 - m e t h y l - l , 3 - b u t a d i e n e . 
32 For r e c o i l P r e a c t i o n s , we have completed a modera to r s tudy on t h e 

32 e f f e c t of He, Ne and Ar on t h e P a b s t r a c t i o n r e a c t i o n s . I t 1s concluded 

from t h e s e s t u d i e s t h a t t h e r e a c t i o n p r o b a b i l i t y c u r v e f o r t h e H - a b s t r a c t i o n 
32 f rom PH3 t o g ive PH3 cove r s an ex t remely wide r ange bu t w i th a t h r e s h o l d 

somewhat above t h e thermal energy r a n g e , wh i l e t h e r e a c t i o n p r o b a b i l i t y cu rve 
32 f o r t h e F - a b s t r a c t i o n f rom PF3 t o g i v e PF3 i s narrow b u t wi th a t h r e s h o l d 

1n o r below t h e thermal energy r a n g e . We have a l s o performed m e c h a n i s t i c 
32 

s t u d i e s f o r P a b s t r a c t i o n r e a c t i o n s w i t h a PF3/PC13 m i x t u r e and have con-

c luded t h a t both a s i n g l e - s t e p s imul t aneous a b s t r a c t i o n and a s t e p w i s e a b -

s t r a c t i o n mechanslm must be p r e s e n t . 

The e f f e c t of p r e s s u r e and scavenger c o n c e n t r a t i o n on v a r i o u s p r o d u c t s 

obse rved In t h e r e c o i l ^ C r e a c t i o n s wi th 1 , 3 - b u t a d i e n e has been e x t e n s i v e l y 

s t u d i e d . I t I s a l s o obse rved t h a t w i t h t h e a d d i t i o n of » e a s i l y a b s t r a c t a b l e 

hydrogen s o u r c e such as SiH^ t o t h e sys t em, t h e a c e t y l e n e - ^ C y i e l d d e c r e a s e s 

s h a r p l y w h i l e p roduc t s co r r e spond ing t o ^ C H , r e a c t i o n s i n c r e a s e s . 
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B. S i g n i f i c a n t Resu l t s 

During t h e p a s t y e a r p e r i o d , we have worked on t h e r e a c t i o n of t h r e e 

kinds of m u l t i v a l e n t ho t atoms formed by the nuc l ea r r e c o i l t e c h n i q u e : 

s l l l c o n - 3 1 , phosphorus-32 and carbon-l l_. The major p rog re s s ob t a ined from 

t h e s e s t u d i e s i s desc r ibed 1n d e t a i l below: 

(1) React ions of Recoil S i l i con -31 Atoms 
31 Recoil Si atoms were formed v ia t h e nuc l ea r t r a n s m u t a t i o n , 

31 31 

P(n,p) S i , Initiated by fast neutrons either from a nuclear reactor or 

from a cyc lo t ron source with a 16-MeV deuteron beam impinging on a be ry l l ium 

t a r g e t . The major accomplishment dur ing t h i s per iod 1s as f o l l o w s : 

( a ) We have completed t h e s tudy on t h e e f f e c t of a d d i t i v e s on t h e r e a c t i o n of 

monomeric s i l i c o n - 3 1 d i f l u o r i d e to 1 , 3 -bu t ad i ene to g ive d i f l u o r o s i l a c y c l o -

p e n t - 3 - e n e - 3 1 S i (DFSCP*). ~ ~ 3 1S1F 
3 1 S I F 2 + - ( 1 ) 

Addi t ives p r e s e n t in t h i s system e x h i b i t e d 3 d i s t i n c t i v e p a t t e r n s . One such 

p a t t e r n 1s e x h i b i t e d by N20, CO, propene and 1 -bu tene where t h e a d d i t i o n of 

a s much as 20% of each of t h e s e molecules r e s u l t s in no apparen t e f f e c t on 

t h e observed DFSCP* y i e l d s . The second types of a d d i t i v e s I nc ludes NO and 

N02 which s u r p r i s i n g l y i n c r e a s e t h e DFSCP* s p e c i f i c y i e l d by a f a c t o r of 4 . 3 . 

The t h i r d type of behavior 1s observed wi th the a d d i t i o n of 0g> In t h i s 

c a s e , t he DFSCP* s p e c i f i c y i e l d a l s o Inc reases s h a r p l y by a f a c t o r of 4 In 

t h e presence of 0.1% 0 2 , but f u r t h e r a d d i t i o n of 0 2 g r a d u a l l y dec rea se s t h e 

y i e l d u n t i l a t about 10% 02» t h e DFSCP* s p e c i f i c y i e l d r e t u r n s t o v i r t u a l l y 

t h e same a s t h a t of t h e pure sample. Fu r the r a d d i t i o n of 0 2 beyond t h e 10% 

range causes no s i g n i f i c a n t dec rease in t h e observed s p e c i f i c y i e l d . I t was 
31 

concluded from t h e s e r e s u l t s t h a t r e c o i l S1 atom r e a c t i o n s wi th PF, 
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resulted 1n the formation of both singlet and triplet 31S1F2
 t h e rat'10 o f 

1.0:3.3. Singlet 31S1F2 reacted with 1,3-butadiene to give DFSCP* directfy, 
31 but triplet 'S1F2 only gave this product in the presence of paramagnetic 

molecules such as NO, N02 or 02. 
31 

(b) Reactions of S1F2 with conjugated dienes other than 1,3-butadienes 
have been initiated. Preliminary experiments with trans.-1,3-pentadiene, 
c1s-l,3-pentadiene and 2-methyl-l,3-butad1ene have been preformed. The fol-31 lowing addition reactions of S1F2 are expected to take place: 

31S1F2 - y S 1 F 2 N ^ (2) 

31SIF2 + - (3) 

31S1F2 * * (4) 

Although major radioactivity peaks do appear at retention times where such 
compounds might be expected, none of these methyl-substituted DFSCP com-
pounds have yet been synthesized to establish the positive identification of 
these peaks. However, with the assumed tentative identification, these re-
sults do indicate that the conjugated pentadlenes are more reactive than 
1,3-butadiene. 

31 31 
(c) S1F2 formed by the F-abstract1on from PFg by recoil S1 atoms has been 
shown to have Identical reactivity as those derived In the PFj systems. 
(d) The F-abstraction from PF3 has been confirmed to be about twice as ef-31 * 
flcient as the H-abstraction from PH^ by recoil SI atoms. 

(e) The construction of a co-condensation system for the production of (S1F2)2, 

the dlmer of S1F2, for product Identification purpose Is In progress. 
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(2) Reactions of Recoil Phosphorus-32 Atoms 
32 31 Recoil P atoms were famed via the r jclear transformation, P 

32 
(n,Y) P, Initiated by thermal reactions from a nuclear reactor. The major 
achievement of this period is as following: qO (a) The use of helium, neon and argon as moderators in recoil P systems has 
shown that the F-abstraction from PF3 to give 32PF3 1s totally unaffected by 

32 
moderation while the H-abstraction from PH3 to give PH3 decreases to as 
low as 30% of the unmoderated value with the addition of 95% neon. The re-
lative moderating efficiencies of these three Inert gases 1n the PH3 system 
Is observed as: He < Ar < Ne. These results coupled with the extremely low 32 yield of PF3 1n the PH3-PF3 mixtures prompted us to conclude that the reac-

32 
tlon probability curve for the formation of PH3 is high and covers an ex-

tremely wide energy range, but with a threshold somewhat above the thermal 
energy range. On the other hand, the reaction probability curve for the 

32 
formation of PF3 must be narrow, but with a threshold somewhat below the 
thermal energy range. The moderator studies 1n the mixtjre system have just 
been Initiated to obtain Information about the relative size and energy range 
of their reaction probability curves. 
(b) Some valuable results have been obtained to answer the question whether 
32 
P atoms abstract univalent atoms one at a time or undergo simultaneous 

abstraction of a number of univalent atoms. We have formed recoil phos-
phorus atoms In PF3/PC13 mixtures to examine the abstraction mechanism. If 32 a simultaneous mechanism 1s valid, the only P-labeled products expected 32 32 from this system should be PF3 and PClg. On the other hand 1f the reac-

32 
tlon proceeded stepwise, the expected products would Include PF̂ Cl and 
32 PFC1« in addition to the above pair. Based on a 1:1 mixture of PF, and 
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PClj, if the relative stepwise abstraction efficiencies for F and CI atoms 
32 

are identical, the expected P product spectrum should be PF3 (12.5%), 
PFgCI (37.5%), PFC12 (37.5*) and PCI3 (12.5%). For a 4:1 F to CI abstraction 
efficiency ratio, the expected quantitative product distribution should be: 
PF3 (51%), PFgCL (38%), PFCIg (10%), PC13 (1%). Note that for a stepwise 
abstraction there is no case where the PFgCl yield drops below both that of 
PF3 and PClg. The actual experimental results are PF3 (78%), PFgCl (6%) and 
PC13 (16%). The amount of PFgCI observed, being less than both PF3 and PC13, 
points to the conclusion that in addition to the stepwise abstraction mech-
anism, simultaneous multiple abstraction must also be present. 
(c) We have very recently Initiated the work to study the isotope effect for 

32 
the reaction of P atoms with H2 and Dg. Preliminary results have shown 
that their reactivities are essentially Identical. 

(3) Reactions of Recoil Carbon-11 Atoms with 1,3-Butadiene 
The stu4y of recoil ^ C atom reactions is undertaken as a short-

range topic and not as a long range project. The interest Is restricted to 
Its reactions with 1,3-butadiene which was aroused by our Interesting re-31 
suits obtained in the analogous studies of recoil S1 atoms with 1,3-buta-
diene. 

Preliminary studies of recoil ^ C atom reactions with 1,3-butadiene 12 
have been carried out by employing the nuclear transformation, C(n,2n) 
" c , for the formation of the hot atom. Carbon-11 labeled acetylene, allene, 
1,2,4-pentatriene, cyclopentadiene and vinylcyclopropane have been Identi-
fied as reaction products, and their variations with pressure and with 
scavenger concentration have been extensively studied. The majority of the 
observations thus far are generally consistent with the known reaction 
modes of recoil ^ C atoms. In the scavenger study, l^^-pentatrlene-^C 
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and cyclopentadiene-^£ have exhibited similar oxygen dependence, indicating 
that they may have been derived from the same intermediate. In the pressure 
study, the 1,2,4-pentatriene-^C yield is the only one to increase with in-
creasing pressure. Besides these studies, some preliminary results have 
shown that in the presence of a easily abstractable hydrogen source such as 
SiH^, the acetylene-^£yield decreases sharply while product?; corresponding 
to ^CH0 reactions increase. 
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