




















end rotation. Similar results have been obtained for
other alkyl radicals.?

Solid-State Photochemistry

Photochemical processes in the solid state differ
in at least two important ways from those in liquid
or gaseous media. First, there are large ‘“‘cage”
effects in the solid which tend to prevent the pri-
mary dissociation products from diffusing away
from one another. This promotes recombination
and drastically lowers the observed quantum yields.
These effects become more pronounced as the size
of the primary radicals increases. Thus, minor
dissociation modes in fluid media which involve,
say, the production of an H atom are sometimes
found to account for the major part of the de-
composition in solid-state photolysis. Another con-
sequence of the absence of diffusion in the solid is
that radical concentrations build up; and de-
pending on their absorption spectra, they may
compete effectively for the actinic light. Thus,
products resulting from the successive absorption
of several quanta of light are observed. An example
of this is the photolysis of deuterated methanol,

CH;OD — CH,OD 4+ H
L
t5CH,0 + D
i
C>CHO + H,

for which the major radicals observed are H, D,
and CHO.?

Photochemically Induced Addition
Reactions of H Atoms at 4.2°K

It has been found that when HI is photolyzed at
4.2°K in the presence of molecules containing
multiple bonds, addition reactions very often occur.
Since the activation energies for these processes are
not known, it is not clear whether they are “ther-
mal” (with the H atom at 4.2°K) or “hot” (where
the H atom possesses excess energy from the dis-
sociation process). However, the 2537 A quantum
used in these experiments possesses 113 kcal of
energy while the HI bond strength is only 71 kcal.
The remaining 42 kcal of energy can only appear
as translational energy of the products if, as ap-
pears to be the case, the iodine atom is formed in
its ground electronic state. Conservation of mo-
mentum requires that 99% of this go to the H
atom. Since the average translational energy of H
at 4.2°K is only about 12 calories, it would appear
that the H atom would have to undergo many
collisions with the lattice before being reduced to
thermal energy. In a typical experiment, 10 % of
the matrix molecules possess multiple bonds, so
conditions would appear to be favorable for the
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occurrence of hot reactions. The following reactions
have been observed:

H 4+ CO — HCO (formyl)

H + GH, — CH; (vinyl)

H + GH; — GCH; (ethyl)

H + GiHs — GCgH; (cyclohexadienyl)
H 4+ HCN — H,CN (methylene imino)

There are clearly many other possibilities which
have not yet been tried. A photochemically induced
addition reaction is often the cleanest and most
direct way to prepare a radical of interest. Addition
reactions for methyl radical have not been ob-
served, which is probably not surprising because
the factors that favor hot reactions in the case of
H atoms are distinctly less favorable for CHj.
Specifically, CH; has a larger number of degrees
of freedom over which to distribute excess energy;
its larger mass means that a larger fraction of the
excess translational energy will go to the iodine
atom; and finally, the CH; will be able to transfer
translational energy more efficiently to the matrix
molecules. In addition, there may be steric factors
and activation energy considerations which could
help to account for the differing behavior of H
and CH ; with regard to addition to multiple bonds.

These low-temperature reactions may provide
an important experimental approach to the eluci-
dation of the detailed mechanism by which ele-
mentary reactions occur. As an example, when an
H atom is added to deuteroacetylene we obtain
the 1,2-dideuterovinyl radical,

H +

The structure of the vinyl radical is not known but
should be planar by analogy with ethylene. Since
internal rotation about C—C multiple bonds can-
not occur, there are thus two possible structures
for the 1,2-dideuterovinyl radical:

DC=CD — HDC=CD.
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Normally, since the energies of the two structures
are the same, we could expect that they would be
formed in equal amounts. In solid argon at 4.2°K,
however, we observe only one of these structures. A
comparison of the observed hyperfine splittings in
this radical, with theoretical estimates of these
quantities, indicates that structure (2) is formed.
This result is of interest because it is related to the
detailed mechanics of the manner in which the H
atom approaches the acetylene molecule and forms
the activated complex, which then relaxes to the
characteristic structure of the vinyl radical.
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