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I I . A l i s t of p u b l i c a t i o n s suppor ted by the U. S . Atomic Energy Commission 
Con t rac t No. AT-(40-1)-3898: 

(1) Recoil T r i t i um React ions wi th T r i m e t h y l f l u o r o s i l a n e . A 
Study on Paramete rs A f f e c t i n g Hot Atom S u b s t i t u t i o n Reac t ions , 
J . Phys. Chem., 75 , 301 (1971) , S . H. Daniel and Y.-N. Tang. 

(2) Secondary Unimolecular Reac t ions Subsequent t o S u b s t i t u t i o n 
React ions by High-Energy Ch lo r ine -38 and Chlor ine-39 Atoms, 
J . Phys. Chem., 75 , 440 (1971) , Y.-N. Tang, W. S. Smith , J . L. 
Wil l iams, K. Lowery, and F. S. Rowland. 

(3) Recoil T r i t i u m React ions with Hexamethy ld i s i l ane in t h e Gas 
Phase , J . Phys. Chem., 76, 1249 (1972) , S . H. Dan ie l , G. P. 
Gennaro, K. M. Ranck, and Y.-N. Tang. 

(4) D i r ec t ev idence f o r t h e React ion of Monomeric S i l i c o n D i f l u o -
r i d e with 1 , 3 - B u t a d i ° n e , J . Am. Chem. S o c . , 94 , 4355 (1972) , 
Y.-N. Tang, G. P. Gennaro, and Y. Y. Su. 

(5) Unimolecular P r o c e s s e s Subsequent t o Recoil T r i t i u m React ions 
with S p r i o p e n t a n e , J . Phys. Chem., 76 , 2187 (1972) , Y. Y. Su 
and Y.-N. Tang. 

(6) React ions o f Recoil Chlor ine Atoms wi th c i s - and t r a n s -
O l e f i n s , 0 . Phys. Chem., 76., 2711 (1972) , W. S. Smith, S. H. 
Dan ie l , and Y.-N. Tang. 

(7) Gas Phase Recoil Phosphorus Reac t ions I - Complete and P a r t i a l 
Retent ion of Bonds in PF5, J . I n o r g . Nucl . Chem., 35, 3087 
(1973) . G. P . Gennaro and Y.-N. Tang. 

(8) Addit ion of S i n g l e t and T r i p l e t S i l y l e n e t o B u t a - 1 , 3 - d i e n e , 
J . C. S. Chem. Comm., 1973, 637. G. P. Gennarc, Y. Y. Su, 
0 . F. Zeck, S. H. Daniel and Y.-N. Tang. 

(9) Gas Phase Recoil Phosphorus Reac t ions I I -A D e t a i l e d Study of 
P res su re and Scavenger E f f e c t s , J . I n o r g . Nucl . Chen. , 3£, 
259 (1974) . G. P. Gennaro and Y.-N. Tang. 

(10) R e l a t i v e E f f i c i e n c i e s of Hydrogen A b s t r a c t i o n by Re ;o i l Phos-
phorus Atoms, J . C. S . , Chem. Comm., 1974, 52. 0 . F. Zeck, 
G. P. Gennaro and Y.-N. Tang. 

(11) The Ground E l e c t r o n i c S t a t e of S i l y l e n e , J . Amer. Chem. S o c . , 
96, 5967 (1974) . 0 . F . Zeck, Y. Y. Su, G. P. Gennaro and 
T7-N. Tang. 
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(12) Consecut ive Unimolecular Decomposition Fol lowing Recoil T r i -
tium A c t i v a t i o n of 1 , 1 - D i f l u o r o e t h a n e , J . Phys. Chem., 78 , in 
p r e s s , scheduled f o r Nov., 1974. W. S . Smith and Y.-N. Tang. 

(13) Gas Phase Recoil Phosphorus React ions I I I . - Sys t ema t i c Study 
of Hydrogen-Abstract ion Reac t ions , submi t t ed t o J . Amer. Chem. 
Soc. 0 . F. Zeck, G. P. Gennaro and Y.-N. Tang. 
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I I I . P rogress Report f o r t h e Year 1974-1975. 

A. A b s t r a c t 

S i g n i f i c a n t p r o g r e s s has been made du r ing t h i s p e r i o d i n t h e s tudy of 

r e c o i l s i l i c o n - 3 ^ and phosphorus-32 r e a c t i o n s . A s tudy of r e c o i l carbon-11 

r e a c t i o n s has a l s o been i n i t i a t e d . 
31 For t h e r e c o i l Si sys tems , we have completed the work des igned t o 

a s c e r t a i n t h a t t h e ground e l e c t r o n i c s t a t e of s i l y l e n e i s a 

s i n g l e t . The e f f e c t of scavengers on t h e a d d i t i o n of s i 1icon-31_ d i f l u o r i d e 

to 1 , 3 - b u t a d i e n e has a l s o been s t u d i e d . The observed r e s u l t s car. be 
31 exp la ined by the s u p p o s i t i o n t h a t s i n g l e t SiF2 always adds t o 1 , 3 - b u t a d i e n e 

•5-1 q t 
t o give 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 - S i , w h i l e t r i p l e t SiF2 forms 

complexes wi th scavenger mo lecu l e s , p o s s e s s i n g unpai red e l e c t r o n s . Such 
31 complexes then a c t a s SiF2 donors towards 1 , 3 - b u t a d i e n e to give the 

same f i n a l p r o d u c t . 
32 

For r e c o i l P sys t ems , t h e r e l a t i v e e f f i c i e n c i e s of H - a b s t r a c t i o n from 

e i g h t H-con ta in ing molecules have been measured and a major c o n t r o l l i n g 

parameter f o r such r e a c t i o n s was found t o be bond s t r e n g t h . A s i g n i f i c a n t 

deduct ion from t h e s e r e s u l t s i s t h a t t h e a b s t r a c t i o n of t h r e e H atoms f rom 
32 

SiH4 by a P atom occurs s imu l t aneous ly in a s i n g l e s t e p . 

The s tudy of r e c o i l ^ C atoms wi th 1 , 3 - b u t a d i e n e has been i n i t i a t e d . 

Carbon-11 l a b e l e d 1 , 2 , 4 - p e n t a t i e n e , 1 - p e n t e n - 4 - y n e and 1 , 3 - c y c l o p e n t a d i e n e 

were a l l observed as p r o d u c t s . 
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B. S i g n i f i c a n t R e s u l t s 

During t h e p a s t y e a r p e r i o d , major p r o g r e s s has been made in the s tudy 

of two kinds o f m u l t i v a l e n t r e c o i l a toms: s i l i con-31_ and phosphorus-32.. 

Some p r e l i m i n a r y s t u d i e s o f r e c o i l carbon-11 atoms have a l s o been i n i t i a t e d . 

The s i g n i f i c a n t r e s u l t s o b t a i n e d from t h e s e s t u d i e s a r e d e s c r i b e d in d e t a i l 

below: 

(1) React ions of Recoil S i l i c o n - 3 1 Atoms 
31 31 31 Recoil Si atoms were formed v i a t h e n u c l e a r t r a n s m u t a t i o n , P (n ,p ) S i , 

i n i t i a t e d by f a s t n e u t r o n s e i t h e r from a n u c l e a r r e a c t o r o r from a c y c l o t r o n 

s o u r c e . During t h i s p e r i o d , we accomplished our o b j e c t i v e s concerning t h i s 

p r o j e c t by using scavenger and moderator s t u d i e s t o a s c e r t a i n t h a t the ground 

e l e c t r o n i c s t a t e of s i l y l e n e i s a s i n g l e t . Evidence has a l s o been p r e s e n t e d 
31 + t o show t h a t Si i ons a r e n o t r e s p o n s i b l e f o r t h e fo rmat ion 6f s i l a c y c l o p e n t -

31 
^ -ene in t h e r e a c t i o n of r e c o i l Si wi th 1 , 3 - b u t a d i e n e . 

However, t h e m a j o r accomplishment in t h i s pe r iod concerns t h e e f f e c t of 

scavengers on the a d d i 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 t o 1 , 3 - b u t a d i e n e 

t o give 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*). With the a d d i t i o n o f as 

l i t t l e as 0.25% NO, t h e DFSCP* y i e l d r o s e s h a r p l y by a f a c t o r of 4 . 5 r e l a t i v e 

t o t h a t of pure samples and remained c o n s t a n t in t h e range of 0.25-20% NO. 

For the 0 2 - scavenged sys t em, the DFSCP* y i e l d a l s o i n c r e a s e d s h a r p l y t o a 

f a c t o r of 4 in t he p resence of 0.04% 02 , bu t f u r t h e r a d d i t i o n o f 0 2 dec reased 

t h e y i e l d u n t i l a t about 4% 0 2 , the DFSCP* y i e l d was v i r t u a l l y t h e same as 

t h a t of t he pure samples . The a d d i t i o n of N02 g i v e s r e s u l t s s i m i l a r t o t h a t 

of NO. All t h r e e of t h e s e molecules p o s s e s s unpa i red e l e c t r o n s . On t h e o t h e r 

hand, a d d i t i v e s such a s N20, CO, CH3CHSCH2 and (CH3)2C=CH2 which do no t 

possess unpa i red e l e c t r o n s e x h i b i t no e f f e c t on t h e DFSCP* y i e l d . These 
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o b s e r v a t i o n s can be expla ined by t h e suppos i t ion t h a t s i n g l e t SiF 2 always 
il 

adds to 1 ,3 -bu tad iene to g ive DFSCP*, whi le t r i p l e t SiFg forms complexes 

with scavenger- molecules possess ing unpaired e l e c t r o n s . Such complexes 
31 

then a c t as SiF 2 -donors towards 1 ,3 -bu t ad i ene t o give the same f i n a l 

p roduc t . In the presence of a high concen t ra t ion of 0 2 , t h e complexes 

i n i t i a l l y formed may undergo f u r t h e r r e a c t i o n with 0 2 t o g ive products 

o t h e r than DFSCP*. 

(2) React ions of Recoil Phosphorus-32 Atoms 
32 31 32 Recoil P atoms were formed v ia the nuc lea r t r a n s f o r m a t i o n , P(n,Y) P , 

i n i t i a t e d by thermal neut rons from a n u c l e a r r e a c t o r . The major achievement 

of t h i s pe r iod i s t h e completion of t h e sys temat ic study of hydrogen-
32 

a b s t r a c t i o n r e a c t i o n s by r e c o i l P . The r e l a t i v e e f f i c i e n c i e s of H-

a b s t r a c t i o n from e i g h t hydrogen-conta in ing molecules (AHX) have been 

measured. The i r values compared on a per bond b a s i s were : C2H2(~0) , 

C2H4(0.5) , CH 4 (1 .5) , H 2 ( 1 . 8 ) , neo -C 5 H 1 2 (2 .8 ) , C2Hg(2.8) , SiH4(96) and 

PH3(162). For these compounds, a p l o t of t h e H - a b s t r a c t i o n e f f i c i e n c y per 

bond vs . AHX bond d i s s o c i a t i o n energy y i e l d e d a good c o r r e l a t i o n curve 

i d e n t i f y i n g bond s t r e n g t h as a major c o n t r o l l i n g parameter f o r such r e a c t i o n s . 

Moreover, t h e h e a t s of r e a c t i o n f o r t h e 3ZPH3 format ion processes with 

assumed o n e - , two- o r t h r e e - s t e p a b s t r a c t i o n mechanisms have been e v a l u a t e d . 

A comparison with the exper imental r e s u l t s i n d i c a t e t h a t t h e H-abs t r ac t ion 

from SiH4 i s l i k e l y to be a o n e - s t e p process and t h a t a l though the H-

a b s t r a c t i o n from PH3 could be a thermal p r o c e s s , t h e cor responding a b s t r a c t i o n 32 
from the hydrocarbon molecules must r e q u i r e e n e r g e t i c P a toms. 

32 

Other r e c o i l P r e sea rch which has a l r e a d y been under taken inc ludes 

a s tudy o f the moderating e f f e c t on H- and F - a b s t r a c t i o n r e a c t i o n s . Recoil 
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M 
reactions in PH3-PF3 and PF3-PC13 mixtures have also been ini t ia ted in 

32 32 
a sea rch f o r mixed phosphines such as P? H, PClFg as p o s s i b l e p roduc t s 

i n an e f f o r t t o de termine t h e a b s t r a c t i o n mechansim in t h e s e sy s t ems . 

(3) Reac t ions of Recoil Carbon-11 Atoms wi th 1 ,3 -Bu tad i ene 

The s t u d y o f r e c o i l ^ C atom r e a c t i o n s i s undertaken as a s h o r t - r a n g e 

t o p i c and not as a long range p r o j e c t . The i n t e r e s t i s r e s t r i c t e d to i t s 

r e a c t i o n s wi th 1 , 3 - b u t a d i e n e which was a roused by our i n t e r e s t i n g r e s u l t s 31 ob ta ined i n t h e analogous s t u d i e s of r e c o i l Si atoms wi th l , 3 - b u t a d i e n e . 
12 11 The f a s t neut ron i r r a d i a t i o n o f C in 1 , 3 - b u t a d i e n e y i e l d s C from 

t h e n u c l e a r t r a n s f o r m a t i o n ^ C ( n * , 2 n ) ^ C . For r e c o i l ^ C r e a c t i o n s wi th 

bu t ad i ene in t h e pure fo rm, a c e t y l e n e was t h e major p roduc t compris ing 51% 

of t h e t o t a l v o l a t i l e a c t i v i t y . Other ^ C - l a b e l e d p r o d u c t s of s i g n i f i c a n c e 

in t h i s system inc luded : C0(5%), a l l e n e ( 4 % ) , l , 3 - c y c l o p e n t a d i e n e ( 1 2 % ) , 

1 , 2 , 4 - p e n t a t r i e n e ( 1 7 % ) and an a d d i t i o n a l p roduc t t e n t a t i v e l y i d e n t i f i e d as 

l - p e n t e n - 4 - y n e ( l l % ) . With t h e a d d i t i o n of oxygen t o the butac ' iene samples , 

11C02(2%) was observed as well as an a d d i t i o n a l y i e l d of ^ 0 0 ( 9 % more) . 

S i m i l a r t o i t s fo rma t ion in o t h e r hydrocarbon sys tems , a c e t y l e n e - * ^ i s 

probably formed by the i n s e r t i o n of a ^ C atom in a C-H bond of bu t ad i ene 

fol lowed by t h e b reak ing up of t h e e n e r g e t i c r e a c t i o n complex. The fo rmat ion of 

1 , 2 , 4 - p e n t a t r i e n e i s l i k e l y t o be due t o t h e i n s e r t i o n of carbon atoms i n t o 

the C=C bond of bu tad iene s i m i l a r t o t h e fo rmat ion of a l l e n e - ^ C from e t h y l e n e . 

l - P e n t e n - 4 - y n e - ^ C could conce ivab ly r e s u l t from secondary rea r rangement 

of 1 , 2 , 4 - p e n t a t r i e n e - 1 1 C. Formation of c y c l o p e n t a d i e n e - ^ C could proceed 

v ia one o f t h r e e p o s s i b l e mechanisms: (1) 1 , 2 - a d d i t i o n o f ^ C t o bu t ad i ene 

and rearrangement to cyclopentadiene- " C . (2) 1,4-addition of U C to 
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b u t a d i e n e , or (3) i n s e r t i o n of s i n g l e t C i n t o a C-H bond of bu tad iene 

fol lov/ed by c y c l i z a t i o n . In a d d i t i o n , t h e c y c l o p e n t a d i e n e - ^ C y i e l d s as 

a f u n c t i o n of oxygen c o n c e n t r a t i o n have been s t u d i e d t o provide i n fo rma t ion 

as t o t h e n a t u r e o f t h e r e a c t i n g ^ C . T e n t a t i v e r e s u l t s i n d i c a t e t h a t 

a t l e a s t 40% o f i t could be a t t r i b u t e d t o r e a c t i o n s i nvo lv ing t r i p l e t 

s p e c i e s . 
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C. L i s t of P r e s e n t a t i o n s (1974-1975) 

(1) " E f f e c t of Scavengers on the Addi t ion of S i l i c o n D i f l u o r i d e to 1 , 3 -

B u t a d i e n e , " 0 . F . Zeck, Y. Y. Su, G. P . Gennaro and Y.-N. Tang. 

Presen ted a t t he 167th ACS Nat ional Meet ing , Los Angeles , C a l i f o r n i a , 

A p r i l , 1974. 
32 

(2) "Sys temat ic Study of Hydrogen A b s t r a c t i o n Reac t ions by Recoil P 

Atoms," 0 . F. Zeck, G. P . Gennaro and Y.-N. Tang. To be p r e sen t ed a t 

the 30th Southwest Regional ACS Meet ing, Houston, Texas , December, 1974. 

(3 ) "Recoil Carbon Atom Reac t ions with 1 , 3 - B u t a d i e n e , " 0 . F . Zeck, 

D. A. Ba l tuskonis and Y.-N. Tang. To be p r e s e n t e d a t t h e 30th South-

west Regional ACS Meet ing, Houston, Texas , December, 1974. 

(4) "The Chemistry of F l u o r i n e - C o n t a i n i n g Diva len t S p e c i e s , " Y.-N. Tang. 

P resen ted a t t h e 2nd Winter F l u o r i n e Confe rence , S t . P e t e r s b u r g , 

F l o r i d a , February , 1974. 
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D. L i s t of P r e p r i n t s Inc luded with t h i s Report 

0R0-3898-20 "Ground E l e c t r o n i c S t a t e of S i l y l e n e . " Revised v e r s i o n . 

0 . F. Zeck, Y. Y. Su, G. P. Gennaro and Y.-N. Tang. J . Amer. 

Chem. S o c . , 96^ 5967 (1974) . (Repr in t s have n o t been 

r e c e i v e d y e t . ) 

0R0-3898-21 "Consecut ive Unimolecular Decomposition Following Recoil 

T r i t i u m A c t i v a t i o n of 1 , 1 - D i f l u o r o e t h a n e . " Revised v e r s i o n . 

W. S. Smith and Y.-N. Tang, J . Phys. Chem., 78 . in p r e s s , 

scheduled f o r November, 1974. 

0R0-3898-22 "Gas Phase Recoil Phosphorus React ions I I I . Sys t ema t i c Study 

o f Hydrogen-Abstract ion R e a c t i o n s . " 0 . F. Zeck, G. P. 

Gennaro and Y.-N. Tang, submi t ted t o J . Amer. Chem. Soc. 
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E. L i s t of Repr in t s Included wi th t h i s Report 

0R0-3898-14 "Addit ion of S i n g l e t and T r i p l e t S i l y l e n e t o B u t a - 1 , 3 - d i e n e . " 

G. P. Gennaro, Y. Y. Su, 0 . F . Zeck, S. H. Daniel and 

Y.-N. Tang, J . C. S . , Chem. Coirm., 1973, 637 . 

0R0-3898-15 "Gas Phase Recoil Phosphorus React ions I I . A De t a i l ed Study 

of P r e s s u r e and Scavenger E f f e c t s . " G. P . Gennaro and 

Y.-N. Tang, J . I no rg . Nucl . Chem., 3£ , 259 (1974) . 

ORO-3898-18 " R e l a t i v e E f f i c i e n c i e s of Hydrogen A b s t r a c t i o n by Recoil 

Phosphorus Atoms." 0 . F. Zeck, G. P. Gennaro and Y.-N. Tang, 

J . C. S . , Chem. Comm., 1974, 52. 



Appendix 

A b s t r a c t s of t he f o u r papers d e s c r i b e d in t h e " L i s t of P r e s e n t a t i 

(1974-1975)" 



N u c l e a r Chemistry and Technology 
E f f e c t of Scavengers on the Addi t ion of S i l i c o n 
D i f l u o r i d e t o 1 ,3 -Bu tad iene 

0 . F. Zeck, J r . Department of Chemistry 

V. Y. Su Texas A&M U n i v e r s i t y ^ P h , D ' 

6. P. Gennaro College S t a t i o n , Texas 77843 

Y -N. Tang Phone 713-845-4124 

/ J . Amer. Chem. Soc. 

EFFECT OF SCAVENGERS ON THE ADDITION OF SILICON DIFLUORIDE TO 1,3-BUTADIENE. 0 . F. 
Zeck, J r . , Y. Y. Su, G. P. Gennaro and Y.-N. Tang, Department of Chemis t ry , Texas 

A&M U n i v e r s i t y , Col lege S t a t i o n , Texas 77843. 
Highly e n e r g e t i c 3 1 S i atoms were produced by t h e f a s t neu t ron i r r a d i a t i o n of 3 1 P i n -

vo lv ing t h e n u c l e a r t r a n s f o r m a t i o n 3 1 P ( n , p ) 3 1 s i . Monomeric s i l i c o n d i f l u o r i d e , 3 l S i F 2 , 
formed as a r e s u l t of f l u o r i n e a b s t r a c t i o n s from PF3, adds t o 1 , 3 - b u t a d i e n e t o g i v e d i -
f l uo ros i1acyc1open t -3 - ene - 3 1 S i (DFSCP*) . In an e f f o r t t o e s t a b l i s h t h e e l e c t r o n i c s t a t e 
of t h e r e a c t i n g 3 1 S i F 2 , a s cavenge r such as n i t r i c oxide o r oxygen was added t o t h e 
sys tem. Experiments showed t h a t wi th t h e a d d i t i o n of as l i t t l e as 0.25% NO, t h e DFSCP* 
y i e l d ro se s h a r p l y by a f a c t o r of 4 .5 r e l a t i v e t o t h a t of pure samples and remained con-
s t a n t in t h e range of 0.25-20% NO. For t h e 0 2 - scavenged sys tem, t h e DFSCP* y i e l d a l s o 
i n c r e a s e d s h a r p l y in the p resence of 0.04% O2, bu t f u r t h e r a d d i t i o n of O2 dec reased the 
y i e l d u n t i l a t c a . 4% O2, t h e DFSCP* y i e l d was v i r t u a l l y t h e same as t h a t of t h e pure 
samples . A p o t e n t i a l e x p l a n a t i o n f o r such behav io r was though t t o be due t o a p r o t e c t i v e 
e f f e c t s e rved by O2 in t h a t i t removed r a d i a t i o n damaged s p e c i e s . However, exper imen t s 
in w h i c h t ime was ne ld c o n s t a n t and r e a c t o r power was va r i ed from 20-200 KW f a i l e d t o 
show t h a t such an e f f e c t was o p e r a t i v e . Other exper imenta l r e s u l t s w i l l be p r e s e n t e d 
a long wi th p o s s i b l e mechanisms t o account f o r t h e observed b e h a v i o r . 
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RECOIL CARBON ATOM REACTIONS WITH 1,3-BUTADIENE. 0 . F. Zeck, D. A. B a l t u s k o n l s and 
Y.-N. Tang, Department of Chemis t ry , Texas A&M U n i v e r s i t y , Col lege S t a t i o n , Texas 

77843. 

The f a s t neu t ron i r r a d i a t i o n of 1 2C 1n 1 ,3 -bu tad1ene y i e l d s l l C from t h e n u c l e a r 
t r a n s f o r m a t i o n l ? C ( n * , 2 n ) n C . For r e c o i l U C r e a c t i o n s wi th b u t a d i e n e i n t h e pure form, 
a c e t y l e n e was the major p roduc t compris ing 51% of t h e t o t a l v o l a t i l e a c t i v i t y . Other 
n C - l a b e l e d p roduc t s of s i g n i f i c a n c e In t h i s system I n c l u d e d : C0(5%), a l l e n e ( 4 % ) , 
l , 3 - cyc1open t ad i ene (12%) , 1 ,2 ,4 -pen t a t r1ene (17%) and an a d d i t i o n a l p r o d u c t t e n t a t i v e l y 
i d e n t i f i e d as l - p e n t e n - 4 - y n e ( l l % ) . With the a d d i t i o n of oxygen to t h e b u t a d i e n e sam-
p l e s , i l C0 ? (2%) was observed as wel l a s an a d d i t i o n a l y i e l d of n C0(9% more ) . S i m i l a r 
t o i t s fo rma t ion in o t h e r hydrocarbon s y s t e m s , a c e t y l e n e - l l C 1s p robab ly formed by the 
i n s e r t i o n of a n C atom in a C-H bond of b u t a d i e n e fo l lowed by the b r e a k i n g up of t h e 
e n e r g e t i c r e a c t i o n complex. The fo rma t ion of 1 , 2 , 4 - p e n t a t r i e n e 1s l i k e l y t o be due t o 
t h e i n s e r t i o n of carbon atoms i n t o t h e C=C bond of b u t a d i e n e s i m i l a r t o t h e fo rma t ion 
of a l l c n e - l l C from e t h y l e n e . l - P e n t e n - 4 - y n e - u C could conce ivab ly r e s u l t from secondary 
rea r rangement of 1 , 2 , 4 - p e n t a t r i e n e - 1 l C . Formation of c y c 1 o p e n t a d i e n e - u C could p r o -
ceed v j a one of t h r e e p o s s i b l e mechanisms: (1) 1 , 2 - a d d l t l o n of l l C t o b u t a d i e n e and 
rear rawfe inent to c y c l o p e n t a d i e n e - l l C , (2) 1 , 4 - a d d i t i o n of n C t o b u t a d i e n e , o r (3) 
i n s e r t i o n of s i n g l e t n C i n t o a C-H bond of b u t a d i e n e fo l lowed by c y c l i z a t i o n . In ad-
d i t i o n , t he c y c 1 o p e n t a d 1 e n e - u C y i e l d s as a f u n c t i o n of oxygen c o n c e n t r a t i o n have been 
s t u d i c J . t o provide i n f o r m a t i o n as t o t h e n a t u r e of t h e r e a c t i n g n C . R e s u l t s i n d i c a t e 
that .»bout -'0 of i t could be a t t r i b u t e d t o r e a c t i o n s i nvo lv ing t r i p l e t s p e c i e s . 
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The best known fluorine-containing divalent spec ies are carbenes such as CF^, 
CHF, and CFX where X stands for halogen atoms other than F . The various 
methods of formation of these spec ies in the gas phase as well as in solution 
will be summarized. The evaluation of the ground electronic states of these 
carbenes will be described in detail. The lack of ability to insert into C-H 
bondB and readiness to add to C=C double bondB will be d i scussed in the light of 
the stability of these carbenes . Over-al l summaries of the relative e f f ic ienc ies 
of their addition to various olef ins will be tabulated and compared to those of 
s imi lar spec ies such as methylene and other halocarbenes. 

Other possible fluorine-containing divalent spec ies include SiF2. SiHF, NF and 
P F . Their possible existence will be discussed. In particular, the dimerization 
and polymerization of SiF£ will be summarized. The reaction of monomeric 
S i F 2 with 1, 3-butadiene will a l so be described in detail. 


