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III. Progress Report for the Year 1976-1977 
A. Abstract 

Work has been performed during this period 1n the study of three kinds of 

multivalent hot atoms formed by the nuclear recoil method: silicon-31, phos-
phorus-32 and carfaon-11. 

31 For the recoil Si reactions, we have completed the study on the relative 
31 

reactivities of conjugated dienes towards monomeric S1F2. The relative re-
activities of l,3-butad1ene, trans-pentadlene. cis-pentadiene and 2-methyl-l,3-
butadiene towards 3*S1F2 have been measured as: 1.0:0.89:0.91:1.06 for singlet 
31 "*S1F2; and as 1.0:0.80:0.52:0.89 for the triplet. The large steric effect 
detected here between cis- and trans-pentadienes for their reactivities towards 

31 
triplet SiF2- donor indicates that a direct 1,4-addltlon process is possible 
for such 3^S1F2 donating complexes. In the process of this study, we have also 
successfully synthesized 2-methyl-l, 1 -dif 1 orosl 1 acyclopent-3-ene and Its 3-
methyl isomer by the co-pyro1ys1s technique. We have also Initiated experiments 31 to evaluate the relative addition efficiencies of S1H2 towards various con-

31 jugated dienes; and to studly to H- and F-abstractlon mechanism by SI atoms. 
32 For recoil P reactions, some progress has been made towards evaluating the 

32 mechanism of abstraction reactions by recoil P atoms in PF^-PCl^ system, and 
32 

the moderator effect for recoil P reactions with PFj-CH^ mixtures. The possible 
formation of 32PH, and the formation of 3*P atoms via the 3^S(n,p)3^P process 
have also been explored. 

For recoil ^ C reactions, major progress has been obtained 1n the moderator 
studies of Its reactions with 1,3-butad1ene. With the successive addition of Ne 
as a moderator, the yield of acetylene-^C decreased, the yield of cyclopentene-
" C Increased while those of both 1,2,4-pentatrlene-^C. and eye 1 open tadiene-^C 
went through a minimum. Some progress for the Identification of the last un-
known ^C-labeled product from this system has also been made. 
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B. Significant Results 

The total progress during the period of the past year (1976-1977) is not 
as productive as the previous year (1975-1976) majorly because of the turn-
over of the personnel in the research project. Or. Otto F. Zeck, who has 
been working diligently on the project for the past three years, left for a 
good position at Texas Technical University in February, 1976. His substitute, 
Dr. E. Edwin Siefert, did not arrive until April. Since Dr. Slefert is a gas 
klnetlclst with no prior knowledge in handling radioactive material 1t takes an 
additional period of time for him to be oriented towards hot atom chemistry and 
radioactivity. Nevertheless some major progress has been made during this 
year period on the study of three multivalent hot atoms formed by the nuclear 
recoil technique: silicon-31, phosphorus-32 and carbon-11. The details of 
the progress are described below: 

(1) Reactions of Recoil SHicon-31 Atoms 
31 31 31 Recoil Si atoms were formed via the nuclear transmutation, 'Ptn.pr'Si, 

initiated by fast neutrons either from a nuclear reactor or from a cyclotron 

source with a 16-MeV deuteron beam impinging on a beryllium target. The major 
accomplishment during this period is as follows: 
(a) We have completed the study on the relative reactivities of conjugated 

31 
dlenes towards silicon difluoride. Monomeric S1F2 was formed in the recoil 
31 SI systems through the abstraction of F atoms from PF-j. Its reactions 
with trans- and c1s-penta-1,3-diene will both give 2-methy1-l,1-difluoros11a-

31 31 cyclopent-3-ene- Si. (2MDFSCP*) as a product, while the reactions of S1F2 
with 2-methy1buta-1,3-diene will give the 3-methy1 Isomer (3MDFSCP*) of the 

above product. 

(2 ) 

(1) 
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Three types of experiments have been performed. First, butadiene standards 

and pentadiene samples, with or without the addition of nitric oxide were ir-

radiated simultaneously in separate ampoules using a rotisserie system to 

normalize the neutron flux. The samples without NO indicate that an equivalent 
31 amount of singlet SiF2 was captured by butadiene and each of the pentadlenes, 

31 while the NO-addition samples yielded the same conclusion for triplet SiFg. 

Moreover, since a four-fold increase in the product yields is always observed 
31 

with the addition of NO, it was confirmed that for SiF2 produced by the present 
nuclear recoil method, the singlet to triplet ratio Is about 1:3, irregardless 
of the type of diene present in the system. Such agreement further strengthens 31 and broadens the previous deduction that singlet S1F2 reacted with dienes to 

31 

give the DFSCP*'s directly, but triplet 'SiFg only gave these products 1n the 
presence of paramagnetic molecules such as NO. 

In the second type of experiments, varying amounts of NO or 02 were added 
to both the trans- and c1s-penta-1,3-diene samples. In the nitric oxide case, 
a sharp rise In the 2M0FSCP* specific yield was observed in the range of 0.01 
to 0.1% NO concentration, and Is followed by a constant plateau which is about 
4 times higher than the yield from samples without NO. In the oxygen case, a 
sharp rise 1n the 2MDFSCP* specific yield was observed 1n the low 02 concen-
tration range which is followed by an eventual decline to the level of non-add1t1ve 
samples. This phenomenon Is again consistent with the supposition that triplet 
31 31 * SiF2 reacts with paramagnetic molecules to give SiFg donating complexes, 

31 

while in the oxygen systems, the S1F2-02 complex 1s further removed by a 
higher concentration of oxygen. 

In the third type of experiments, approximately equal amounts of buta-
1,3-diene and one of the pentadlenes were mixed so the competition for the 
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available S1F2 in the system could be observed. From the results measured 
1n both the presence and absence of NO, it is deduced that the reactivities 
of buta-1,3-diene, trans-penta-1,3-diene, ds-penta-1,:? dlene and 2-t,<ethy1 buta-

31 
1,3-diene towards singlet J,S1F2 are: 1.0:0.89:0.91:1.06; and towards triplet 
31 
S1Fg are: 1.0:0.80:0.52:0.89. From these results, the most surprising fea-

ture 1s that for the addition of 31SiF2 donor aerived from triplet 31SiF2, 
trans-pentadiene Is about 50% more reactive than its cls-counterpart. This 31 
observation Implies the operation of an 1,4-add1tion process of the SiF2-donor 
to the conjugated double bonds. If such an 1,4-addition process requires the 
two double bonds to be oriented on the same side of the molecule, It Is obvious 
that the methyl group in the cis-compound will Introduce some hindrance to the 
approach of the reactants, while 1n the trans-compound such additional hind-
rance 1s absent. 
(b) We have successfully synthesized 2-methyl-l,1-d1f1uoros11acyc1opent-3-ene 
(2MDFSCP) and Its 3-methyl Isomer (3MDFSCP) by the co-pyrolys1s technique. A 
flow system has been assembled for the co-pyro1ys1s experiment. Mixtures of 
S12C16 vapor and vapor of one of the pentadienes were passed through a reaction 
tube operated at 500°C. The collected dlchloro-derivatlves were then fluorinated 
with SbF3 to yield 2MDFSCP or 3MDFSCP. The reactions Involved are Illustrated 
below with trans-pentadiene. S12C16 — ft* S1C12 + S1C14 C3) 

'2 "r V J ^ SICIo • 

SbF.(m-xylene) 3 

(4) 

(5) 

The !R spectra of the synthesized compounds have very similar features as that 

of l»1-d1f1uoro-s11acyc1opent-3-ene. The preparation of the authentic samples 
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of these compounds 1s essential for the product identification In the recoil 
31 Si experiments as described in part (a) of this section. 
(c) We have initiated experiments to evaluate the relative addition efficiencies 

31 of SiHg towards various conjugated dienes. Some preliminary results have 
31 already been obtained for the reactions of SiH2 with trans- or cis-pentadiene 

1n the absence of nitric oxide. These results indicate that an equivalent amount 
31 

of S1H2 was captured by 1,3-butadiene and each of these two pentadienes. 

However, this topic is still a long way from completion; 
(d) Some prerequisite work, for the study of H- and F-abstractlon mechanism by 
31 
SI atoms have been performed. Since the key to such a mechanistic study 

1s the synthesis of 1-fluoros11acyc1opent-3-ene (FSCP) as a carrier, (see the 
accompanying renewal proposal for detail), large amounts of silacyclopent-3-ene, 
the starting material for the synthesis of FSCP, has been synthesized and ac-
cumulated. A flow system to carry out the FSCP synthesis Is presently In a 
designing stage, where construction of the reaction apparatus will be initiated 
shortly. 

(2) Reactions of Recoil Phosphorus-32 Atoms 
32 31 Recoil P atoms were formed via the nuclear transformation, P 32 

(n,-y) P, Initiated by thermal reactions from a nuclear reactor. The major 

achievement of this period 1s as following: 
(a) Some progress has been made to evaluate the mechanism of abstraction reactions 

32 by recoil P atoms. In the PF3-PC13 system, it Is further confirmed that a 32 definite but small yield of PFgCI is observed 1n the presence of a PF2C1 
32 32 

carrier. In the PF3-PH3 system* neither PHgF or PHF2 was detected. However, 

this was done in the absence of PH^F and PHF2 as carriers. The search of a 

possible gas chromatographic column for the separation of PHgD and PHD2 Is also 

1n progress. 
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(b) The moderator study for recoil 32P reactions with PF3-C«4 mixtures has 
been Initiated. Preliminary results indicate that the H-abstraction from CH4 

32 to give PH^ decreases sharply with the addition of He, while the F-abstraction 
32 from PFj to give PF3 is essentially unaffected. 

(c) One preliminary experiment has been performed to explore the possibility 
32 32 of detecting PH reactions. Recoil P reactions with PH3-C2H4 mixture was 

carried out in the presence of synthesized phosphiran, PH-CH2-CH2, as a carrier. 

However, no radioactivity accompanied the phosMran mass peak. 
32 32 (d) As an alternate source of P atoms, the successful formation of P-

32 32 

labeled products via the S(n,p) P process with high energy neutrons has 
been firmly established by following the half-life of the radioactive entity 
being formed. 

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

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 results 31 obtained 1n the analogous studies of recoil *'Si atoms with 1,3-butadiene. 

Previously, recoil ^ C atom reactions with 1,3-butadiene have been carried out 
12 11 

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, cyclopenta-
dlene, and vinyl cyclopropane have been Identified 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. The major 
achievement of this period is as following: 
(a) Some moderator studies have been performed for the reactions of recoil ^ C 
atoms with 1,3-butadiene. With the successive addition of Ne as a moderator, 



the yield of acetylene-^C decreased while the yields of both 1,2,4-pentatriene-
^ C and cyclopentadiene-^C went through a shallow minimum. However, the most 
Interesting feature Is the appearance of cyclopentene-^C. as a product whose 
yield Increases with moderation. This compound presumably is derived from 
triplet "CH, reactions. Studies along this line would be helpful In providing 
Information about the energetics and the electronic states of the reacting 
entitles In the recoil ^ C systems. 

(b) Serious attempts have been made to identify an unknown product in the recoil 
11 

C reaction with 1,3-butadiene system. This unknown compound was first trapped 
with liquid nitrogen during a radlo-ga* chromatographic analysis. It was then 
passed through a Pd/Charcoal catalyst together with H^ at various temperatures. 
N-Pentane, 1-pentene, trans- and cis-2-pentenes, trans- and cis-pent1dienes were 
observed as hydrogenation products. From these results, 1t may be deduced that 
the likely candidates for this unknown compound are: CH2«CH-C*C-CH,, CH=C-CH=CH-CH 
and CH28CsC»CH-CH3. The first candidate was eliminated by calibration with 
authentic samples. In order to distinguish between the last two, this unknown 
compound was passed through a AgNO^ column which is known to completely remove 
molecules with terminal triple bonds such as 1-butyne. The observation Is 
that there 1s no decrease 1n the yield of this compound. However, follow-up 
experiments demonstrate that conjugated compounds such as CH=C-CH*CH2 are also 
unaffected by AgNOg column. As a result, 1t is still Inconclusive at the present 
stage as to the actual Identity of this unknown compound. 
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