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“"SELECTIVE HYDROGEN ATOM ABSTRACTION BY HYDROGEN
ATOMS IN PHOTOLYSIS AND RADIOLYSIS
OF ALKANE MIXTURES AT 77°K"

Tetsuo Miyazak:", Kazuhisa Kinugawa’ ",
Masao Eguchi’ “and Seima M. L Guedes”

ABSTRACT

Selective hyd:ogen atom abstract:on reaction by H atoms wheeh sre produced at 77 K by radiolyses of sikene
oc_photelysis of hydrogen hat-des. has been founo in sobutane, 2.2.3,3 tetramethyibutane{ TMB), cyciopropane matrices
besides neopentane matiix The selectve hyd-ogen atom abstracton -eact.on N neopentane-isocbutane mixture is
affected by the difference of kinetic energies of H atoms The react.on accu's more favorably with decreasirg the
kinet'c energy of H atoms Competitive reaction between c-CoH,; and Hi1 for H atoms has been studied in the
radiolysis and photolyss of neo C.H;» H! mxture at 77 K The sate constants of these reactions in neopentane
matnix are quite difterent from those of thermal H atom .eacton, but simiar to those of hot H atom reacton
Importance of the selecr've hyd-ogen atom sbstracticn reaction by H atoms :s pownted out in the radical formation
n the radrolysis of pure TMB at 77 K

INTRODUCTION

We can easily nvestigate sohid-state :eacttons at 77 K by irradsation with ultraviolet light or
vy-rays Recently quite interesting phenomena have been found in the radiolysis of neopentane-alkane
mixture in the solid phase at 77 K''4’ When neopentane contaning a small amount of alkane is
y-irraceated at 77 K, alky! radicals from solute aikanes rather than neopentyl radical are selectively
formed

Since the formation of the soiute alky! radical is not affected by the addition of an electron
scavenger or a hole scavenger, it was concluded that the alkyl radical s formed by the nonionic
process!10). The following observations obtained previously showed that the solute alkyl radical is
not formed by the excitation transfer from the irradiated neopentane ta the solute, but by the
selective hydrogen atom abstraction from the solute by H atoms''3! (1) The mechanism of excitation
transfer expects the formation of D, in the radiolysis of neo-C.H,;i-CaHsD at 77 K Though HD is
formed remarkably n this system, D; s not formed at all''3’ (2) When neo-CiH, ,-c-CsH, ; (1 mol%)
mixture s irradiated at 77 K by v rays, cyciohexyl radicals are mainly formed. When propylene is added
to the mixture, the formation of the cyclohexyl radicals s suppressed, while C3 H; radicals are produced
complementarily by the addition of H atoms to propylene!®’ (3} H atoms, which are produced by the
photolysis of hydrogen iodide in neopentane containing a small amount of alkane, react selectively with
the solute alkane at 77 K!13.27)

The selective hydrogen atom abstraction reaction by H atoms has proposed new problems in a
reaction kinetics in the sol'd phase at 77 K When H atoms are hot, we must assume that they migrate a
long distance at 77 K through the neopentane crystal without losing their kinetic energies When
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H atoms are thermal, we must assume that the activation energy for hydrogen atom abstraction is nearly
zero 1n the neopentane matnix at 77 K, though the value amounts to 7 — 10 Kcal/mol in the gas
phase!8.25) The research described hetein was undertaken n order to obtain further informations about
the nature of the reactive H atoms

The previous studies of the selective hydrogen atom abstraction have been limited only to
neopentane matrix and to the reaction of H atoms In the presert paper the study will be extended to
other alkane matrices, such as isobutane, 2 2 3.3, tetramethylbutane {(TMB) and cyclopropane, and to the
reaction of H and D atoms.

The formation of radicais 'n the radiolysis of pure TMB and TMB-alkane mixture is discussed
here in terms of the selective hydrogen atom abstraction by H atoms.

EXPERIMENTAL

Neopentane, 1sobutane, and propane were more than 99.2 mol%. Cyclopropane and ethane were
more than 99.0 and 99.7% respectively. Spectrograde cyclohexane was passed through a I-m column
packed with silica gel and then distilled on a vacuum line before use. 2,2,3.3,-Tetramethylbutane (TMB)
was of a high purity and purified by sublimation nn a vacuum line before use To prepare hydrogen
halide (HX), such as HI, HBr, DBr, and HC), the aqueous solution of the hydrogen halide was passed
through P; O and subjected to several trap-to-trap sublimation on the vacuum line

UV illumination was provided by Toshiba medium-pressure or low-pressure mercury lamps.
7y-lrradiation was done by Co-60 at a dose rate of 42 x 10" eV/g hr.

The free radicals were measured at 77 K with a JES-3BX esr spectrometer.

RESULTS

Tabie | shows the yields of radical by the reaction of hydrogen (or deuterium} atom in the
radiolysis or photolysis of alkane mixtures n the sohd phase at 77 K t-C4Hy radical is mainly formed
in the photolysis of neo-C.H,; tor TMB)+-C,H, ,-hydrogen halide(HX), while a small amount of i-C4H,
radical is also produced. Since the ratio of amounts of 1. C;Hy radicals to those of t-C4H, radicals
increases with increasing the lumination time of ultraviolet light, 1 C4Hy radical is formed by the
isomerization of t-C4H; radical which absorbs ultravioiet light!7). The amounts of C,H, radicals
represent 3 sum of t-C4H, and 1CsH, radicals, and are measured by double integration of the
firsr-erivative esr signat of the radicals Since only C,H, radicals are formed selectively in the
photolysis of neo-CH,, (or TMB)-1-C,H,,-HX, overlapping of the spectra of the solute radical and the
neopenty! radical does not occur. neo-CsH, ;, CyH,, -C4Hy, and C;H, radicals do not isomerize in the
lilumination of ultraviolet light Therefore the relative yields of these radicals are obtained from the
height of peaks in the esr spectrum The yield of radical in the photolysis of HI is much higher than
that in the photolysis of HBr, DBi, or HCt This is because the absorbance of the ultraviolet light by Hi
is stronger than that by other hydrogen halide

The ratio of the vield of C4Hy radical in the photolysis of neo-CsH, ;1-C4Hyo-HX to that of
neo-CsH, , radical in the photolysis of neo-CsH, ;-HX 1s plotted in figure 1 against the kinetic energy of
H atom. Plots, indicated by a, b, and ¢, represent the reactions of H atoms formed by the photolysis of
HCIL, HBr, and 11 respectively. The photolysis was done with light of 2637 nm from low pressure
mercury lamp. The 253.7 nm radiation corresponds to 112.6 Kcal/mo!, while the bond strengths of HCI,
HBr, and H! are 103.1, 87.6, 71 3 Kcal/mol respectively. To conserve momentum essentially all of the
energy from the primary process in excess of that used in bond rupture must appear as translational
anergy of the H atcm, if halogen atoms produced by photolysis are in ground states. When HI is



decompased by 253.7 nm radiation, both a ground state I atom and an excited 1 atom are produced!'?}.
Therefore the energies of H atom are 41 or 20 Kcal/mol. Only the maximum energy of the H atom is shown
in figure 1. d,e, and f represent the reactions due to H atoms produced by the photolysis of HI with a
imedium-pressure mercury lamp through Toshiba ultraviolet filters, such as UV31, UV29, and UV27 filtars,
respectively. When UV31 filter is used, the photolysis is caused by the light longer than 305 nm. The yizlds
of radicals in the photolysis with UV31 filter are much higher than those in the photolysis with glass f Iter
which cuts off the light shorter than 330 nm. Therefore the photolysis with UV31 filter is caused
mainly by the light from 330 nm to 305 nm. 1t is determined by the similar fashion that the photolysis
with UV29 or UV27 filters is caused mainly by the light from 330 to 280 nm, or the light from 2%0 to
255 nm, respectively.

Figure 2 shows the effect of HI on the formation of cyclohexy! radical in the radiolysis of
neo-CsH,2-¢-:C¢H;;-HI at 77 K. When neo-C;H,, containing c-C¢H,, of 05, 10, and 20
{mo!/100 mol of neo-CsH,;) is y-irradiated in the absence of Hl, the yields of cyclohexyl radical are
approximately the same in the three systems and they are taken as 10.

Figure 3 shows the effect of HI on the formation of cyclohexyl radicals in the photolysis of
neo-CsH; ;-¢-CeH,2-Hi at 77 K. The yields of cyclohexyl radicals at Hl concentration cf 0.25
{mol/100 mol of neo-CqH, ;) are taken as 10.

Figure 4a shows esr spectrum of y-irradiated pure TMB at 77 K. The spectrum is similar to that
reported by Gerola et al!>). The soectrum of three broad lines, indicated by =, is ascribed to
{CH3)3CC(CH;3); CH;, (TMB-) radicel. The other unidentified spectrum, indicated by 3, has been
ascribed to an isomerized radical, i.e.(CH3;)3CCH;CICH;);!®), or a mixture of t-C4Hy and
(CH3)3C¢(CH3)2 radicals'2!), When TMB containing a small amount of isobutane or cyclohexane are
y-irradiated at 77 K, quite different spectra are obtained (figure 4b and c}. The spectrum in figure 4b
consists of three broad lines, which are attributable to TMB- radical, and eigi:t narrow lines, indicated
by |, with a splitting constant of 22 G. The spectrum of the eight lines is consitent with the reported
spectrum for t-C4Hy radicall14). The spectrum in figure 4c consists of three broad lines, which are
attributable to TMB- radical, and six broad lines, indicated by i, with a splitting constant of 22 G. The
spectrum of the six lines is consistent with the reported spectrum for cyclohexyl radical!®-22), When
TMB containing a small amount of C3Hg, i-C4H;y, or C3H, is y-irradiated at 77 K, C3H4, t-C4H,, or
C;3;H, radical is clearly observed respectively.

Figure 5a shows esr spectrum of 7y-irradiated pure cyclopropane at 77 K. The spectrum may be
ascribed to C3H; radicals'4). When cyclopropane containing a small amout of ethane is 7-irradiated at
77 K, a typical spectrum of ethyl radical!?-4), indicated by i, is clearly observed in figure 5b.

DISCUSSION

Selective Formation of Solute Radical in the Radiolysis and Photolysis of Alkane Mixture at 77 K.

Table | shows that the selective formations of solute radicals in the radiolysis of alkane mixture
are observed also in isobutane, 2,2,3,3,-tetramethylbutane (TMB), and cyclopropane matrices besides
neopentane matrix. H atoms, produced by the photolysis of HI or HBr, react selectively with a small
amount of the solute alkane in neo-CsH,;, i-C4H,o, and TMB matrices. The H atoms migrate a long
distance through the matrix without reacting with the matrix alkane. Though C;H; radical is mainly
formed in the radiolysis of ¢-C3 H-C,H, (figure 5), the C;H; radical is not observed in the photolysis
of ¢c-C3Hs-CaHs-HI (HBr or DBr). It is probable that the ultraviolet light does not enter into the
polycrystal of cyclopropane and that the amount of the decomposition of hydrogen halide is extremely
small. This is based on the following observation. Firstly, CiHs radical or any radical is not produced at
all by the illumination of c-C3H4-HI (HBr or DBr) with ultraviolet light at 77 K, Secondly, when
¢-C3Hg-C; Hg-HI is illuminated with ultraviolet light, the color of I, produced by the decomposition of
HI, is nbserved only at the surface of the crystal.



All of the matrix alkanes in Table| are polycrystalline at 77 K. It is concluded that the selective
hydrogen atom abstraction reaction s not limited to the neopentane matrix, but the reaction can be
tound aiso in other polycrystalline alkanes Table | shows that D atoms, produced by the decomposition
of DBr, also react selectively with the solute alkane

Nature of Reactive Hydrogen Atom.

In order to elucidate the mechanism of the selective hydrogen atom abstraction reaction by
H atoms, it is important to get informations about the nature of the H atoms. The following results have
been obtained here.

t) Effect, of kinetic energy of H atoms on the hydregen atom abstraction reaction.

When neo CyH,,;-iC4H,;o-HX mixture is illuminated with uitraviolet light at 77 K, t-C4H,
radicals are formed by the following reactions,

HX LN H+ X n

H + i‘C‘Hlo T H; + t'c.Hg (2)

The absorbance anu decomposition efficiency in the illumination of ultraviolet light may be
different in various hydrogen halides and various wavelengths In order to take these factors into
consideration, the yields of neopentyl radical in the photolysis of neo-CgH,,-HX were used tentatively
as relative standard values The ratio of the yield of t-C4Hy radical in neo-CqH, ;-i-C4H; o-HX system to
that of neo-C,H,, radical in neo C¢H,; HX system is plotted in figure 1 against the kinetic energy of
H atoms. The reactions are affected remarkably by the difference of the kinetic energy of H atoms. The
reaction (2} occurs moare favorably with decreasing the kinetic energy of H atoms.

If H atoms in reaction (2) are thermal, the results in figure 1 can be explained by the following
mechanisms. Since H atoms, produced by photolysis, has initially some kinetic energy, the initial hot
ratoms are thermalized at 77 K and then react with i-C4H,, in reaction (2). The thermalization process
may be more favorable with decreasing the initial kinetic energy of the H atoms.

If H atoms in reaction (2) are hot, the results in figure 1 can be explained by the ability to get
into “‘channel” which is described fully in the last part of this section

1) Competitive reactron of H atoms with Hl and ¢.C4H,; in neo-C;H,, matrix at 77 K.

Figure 2 shows that the yrelds of cyclohexyi radicals in the radiolysis of neo-CsH;;-c-C4H;2
mixture are not affected by the addition of HI As described in a section of Introduction, the previous
studies'14) on the radiolysis of neopentane-alkane mixture at 77 K have concluded that excited
neopentane, formed by 7y-irradiation, produces a H atom and a neopentyl radical. The H atom migrates
through neopentane matrix and reacts selectively with the solute cyclohexane The ionic process and the
excitation transfer are not responsible for the formation of c-C4H,, radicals!14),

Y-fa_v_i___. neo C§H1| + H (3)

neo-C,H,,

k
¢cCeH
H + C‘CQHlj "“""’P""‘!'i' C-Cg H|1 + Hg (4)



Table |

Formation of Solute Radical by the Reaction of Hydrogen

{or Deuterium) Atoms in the Radiolysis or Photclysis of Alkane

Mixtures at 77 K#.

Methods of production of H {or D) atoms

Species of
Radical
Sample y-Irradi- Ultraviolet lilumination®
ation®
Hi HBr DBr HCI
neo — CsH,, — i — C4H, o(2)9 CsHo Clearly 100 40 3.1 0.9
observed®
neo — CS Hl 2 neo — CS H' 1 Clearly 10.0 30 4.1 <05
observed®
i —CsHyo — CaHg(2)9 CiH- Clearly 100 20 19
observed®
i— CeHyio is0 — Cq Ho Clearly 100 26 55
observed®
TMB - i — C4H, O(S)d CsHo Clearly 10.0 2.1 2.6
observed'
¢ — C3Hg — C;3Hql4)? CyH; Clearly — - ~
ob.'.ervedf

a) Yields are averages of two or more runs.

b) Alkane mixtures in the absence of hydrogen halide was irradiated at 77 K with y-ray. H

atoms are produced by the radiolysis of solvent alkane.

¢) H (or D) atoms are produced by the photolysis of hydrogen halide with light of
253.7 nm Concentrations of hydrogen halide in neo-CsH, 5, i-C4H;o, TMB, and ¢-CiH;
matrices are 0.5, 0.2, 0.5, and 0.5 mol/100 mol of solvent alkane. Yield of radical in HI
system is taken as 10. Illumination times of neo-CsH;4, i-C4H;o, TMB, and c-C;H;
and 30 min

matrices with UV light from low pressure mercury lamp are 5, 5, 20,

respectively,

d) Unit of concentration is mol/100 mol of solvent alkane
e} Esr spectra are shown in ref.(1a).

f} Esr spectra are shown in figures 4 and 5




When HI is present in neo CcH, , ¢ CsH, ; system, occurrence of the reaction (5) is expected,
because both hot and thermal H atoms react easily with Hl in the gas phase.

k
H + HI ——'i|—>l+H, (5)

H atoms produced by the radiolysis of neo-C;H,, at 77 K, however, do not react with Hl, but
with ¢-C;H, ; (figure 2) It can be estimated from the results in figure 2 that kyy /k. ¢y i less than
0 05 and is given in the first {ine in Table Il

Figure 3 shows that the yields of cyclohexyl radical in the photolysis of neo-CsH,;¢-CyH,,-HI
mixture reach a maximum at H! concentration of 0.25 (mol/100 mol of neo-CsH, ;) and then decrease
gradually with increasing the concentration of Hi This results can be explained in terms of competitive
reactions between Hi and cyclohexane for H atoms. A possible kinetic scheme is as follows:

HE =2 e (6)

H + C'CGng ’CC6 cCsH“ + H; (7)
K

H+ HE = |+ H, (@)

If the rate of reaction (6) 1s represented by r, the following kinetic equation is obtained:

1 _ l ] kH' {H1]
[c-CeH,y,y ] r 'kC-CoHl; [c-CeHy,]

The linear relationship between 1/[c-C4H,,] and [HI])/[c-C4H;,;] is obtained in the HI
concentration higher than 025 (mol/100 mol of neo-CyH, ;). When concentrations of c-C4H;; are 1.0
and 2.0 (mol/100 mo! of neoC H,;), kHl/kc-CéH,, are 1.2 and 10 respectively. The mean value for
kHl/kc-CbH,, is given in the second line in Table |l

There are many studies on the reaction of hot atom produced by the photolysis of hydrogen
halides in the gas phase Carter et al {3} reported that km/kc He '8 1.46 for reactions of hot D atom
with DI and C;Hy; Hong et al. (8} reported that kHI/kC D.H |s 7 0 for reaction of hot H atom with HI|
and C;D¢H Rebbert at al {19 reported that ke, D, /kc CoDys B0 16 for reactions of hot CH; radical
with C;D, and c¢-C4D,; Therefore kHllch H, s ranged approxlmately from 1.45x 0.16(=0.23) to
7.0x016(= 1.1) These values are given in the thurd line in Table Il

Thermal H atoms react quite easily with HI in the gas phase. According to the study by
Sullivan(24), the rate constant of this reaction can be expressed by ki, =10'? ®* T°* exp(-E/RT).
The activation energy (E) is nearly zero or 048 Kcal/mol The activation energy for a reaction of
thermal H atom with cyclonexane is, however, about 8 Kcal/mol!8.25). (f it is assumed that the
pre-exponential factor of ch Hy s is approximately the same as that of kHl and the activation energy
for the reaction of H atom with HI is 0 — 1 Keal/mol, kyy/ko.c H,, 8t 77 K amounts to 102° - 10*}
which is given in the 4th line in Table |



Table N

Competitive Reaction between H! and
¢-CoH,; for H atom at 77 K.

i T

Species of H atom KHl/kc-C,H”

%__._,__4 e e S

H atom produced by radiolysis <005
of neo-C.H,, at 77K

H atom produced by photolysis 11
of Hl in neo C(H,, matrix at 77 K

Hot H atom@ 023 - 11
Thermal H atom (A)b 10%° - 10%?
Thermal H atom (B)¢ 10'* - 10'*

b e e e o e o e e s et P

a Hot H atom was produced by photolysis of HiI in the gas phase.
b kHI/kc-Ch H,, was estimated from the data in the gas phase.

c ki /k,. was estimated from the reaction of thermal methy!
HI'*c-C,H,;
radical in the solid phase at 77 K.

Recently 1t has been reported that thermal CH, radical abstracts H atom from CH; OH!2) and
3-methyipentane!16.23) at 77 K by quantum mechanical tunneling. The rate constant of the reaction
can be estimated from the decay time of CH, radical to be about 107! mol~'ccsec™! at 77K
Assuming that thermal H atom reacts with cyclohexane by the quantum mechanical tunneling and the
rate constant of thermal H atom is the same order of magnitude as that of thermal CH; radical,
kii'ke.c n,, 3t 77 K may be 10’! —10"* which is given in the 5th line in Table .

Though a number of studies on the reaction rate have been undertaken in the gas and liguid
phases at temperature higher than room temperature, studies in the solid phase at 77 K are quite few.
At present we have no information about the possibility that activation energy changes drastically in the
solid alkane at 77 K as compared with 1n the gas or liquid phases. if the activation energy obtained in
the gas phase may be used also in the solid phase, the following discussion may be fruitful. The results
in Table 11 show that kHI‘“‘c-CGH, , of H atoms produced by the radiolysis or photolysis in neopentane
matrix at 77 K are quite different from the values expected from the reaction of thermal H atom, but
approximately similar to the value expected from the hot H atom reaction.

If the activation energy in the gas phase is quite different from that in the soiid phase at 77 K,
we cannot exclude the possibility that H atoms, produced by the radiolysis or photolysis in neopentane
matrix at 77 K, are thermal. In this case, the thermal H atoms react more easily with cyclohexane than
hydrogen halide, though the actwation energy for the former reaction is 8 Kcal/mol and that for the
latter reaction is nearly zero.

I11) Possibility of H atom abstraction by thermal radical in neopentane matrix at 77 K.

Since activaiiun energies for hydrogen atom abstraction reaction from alkane by th.ermnl “0"'"
or radical are 7 - 10 Kcal/moi'8.25) it may be concluded from the previous theory of reaction kiretics
that the reaction does not occur at all at 77 K.



Recent findings'2:16.23) however, indicate that thermal methy radical abstract hydrogen atom
from the solvent molecule ever at 77 K. We have examined here the possibility that thermal methyl
radicals react in neo-CgH,;-alkane mixtures at 77 K. When neo-CsH,,-C,Hg(2 mol/100 mol of
neo-CsH, ;)-CH;3 Br (0 1 mol/100 mol of neo-CgH, 4) is irradiated with UV light at 77 K, CH, radical is
formed by the photolysis of CH,Br The thermal CH; decays very slowly at 77 K. The half-life for
decay is about 150 hr, which is extremely large as compared to 0.2 - 0.3 hr in 3-methylpentane at
77 k{18.23) When CH, radical decreases, the formation of neo-CsH,; or C;H radicals cannot be
observed at all, while unknown radicals increase complementarily.

Therefore it is concluded that the hydrogen atom abstraction reaction from alkane by thermal
methyl| radicals does not occur in neo-CsH, ;-C;Hg mixture at 77 K.

IV) Selective hydrogen atom abstractions by H atoms in i-C4H;o-C3H, mixture at 77 K.

When i-C4H,, containing HI is irradiated with UV light at 77 K, H atom produced by the
photolysis of Hl abstracts hydrogen atom from primary C-H bond of i-C4H,, to form i-C4H, radical.
When a small amount of C3H, is added to the mixture, the H atom react selectively with the solute
propane (Table | and ref.127)) and the formation of i-C4Hy radical is suppressed.

HE = 1 (6)
H+ l"C.HlO — i'C4 H, + H: (9)
H+C3H' — C;H-;‘*H; (10)

The H atom produced by the photolysis of HI has initial kinetic energy of 20 or 41 Kcal/mol,
depending on wheter iodine atom is produced in the excited state or in the ground state. In the
radiolysis of i-C4H,o-Hl, it was found that the H atom, which is produced by dissociative electron
attachment to HI, preferentially abstracts the tertiary H atom from i-C4H, o/28),

e +Hl —> H+ |~ (11)

H+i‘C4H|o — t‘CqH""H; (12)

The H atom produced by dissociative electron attachment has kinetic energy of 5-8 Kcal/mol, if
H! captures a thermal electron Therefore it can be concluded that the hot H atom with high energy
abstracts primary H atom from i-C4H, o, while the H atom with iow energy abstracts tertiary H atom.
The hot H atom reacts selectively with C3Hg, when C3Hy is present in the system.

V) Migration of H atoms in the crystal.

it is concluded by the above discussions that the reactive H atoms in the crystailine alkane at
77 K have the following characteristics. (a) The activation energy for the reaction of the H atoms with
solute alkane is nearly zero, though that in the gas phase is 7-10 Kcal/mol. The H atoms produced by
-adiolysis of neopentane at 77 K do not react with HI, though the activation energy for this reaction is
nearly rarn in the gas phase (b) The selective hydrogen atom abstraction reaction of H atoms in the



neopentane-isobutane mixture at 77 K occurs more easily with decreasing the kinetic energy of the H
atoms ({c) The selective -eaction of the H atoms in the neopentane :sobutane mixture occurs efficiently
in the solid phase at 77 K. whie it does not occur at all in the hquid phase!1¢! The selective reaction
has been found oniy 1n potycrystaliine matrices ( Tabie I}

At present we cannot give 2 clear answer 10 the question whethes the reactive H atoms are
thermal or hot Though the possibility of hot H atoms cannot be excluded a prioei, only the reaction of
thermal H atoms has been discussed in the previous paper'!c! The possibility of hot H atoms will be
described here in order to compensate the previous discussion! 1€}

One plausible explanation will be given by the idea of “channelling”!1.17.20) Crystaliine
structure of neopentane at 77 K consists of face-centered cubic unit cells with a iattice constant of
11.4 A{15) Since a chemical structure of neopentane is symmetrical, the structure is depicted here as a
sphere. Projection of molecular arrangement of the three principal planes of f.c.c lattice of neopentane
are shown in Figure 6 A neopentane molecule 15 represented by a large circle where a line of the circle
is the most probable position of electrons of H atoms in neopentane molecules. Top and second layers
are depicted in the projections of [110] and [100] planes. Because third, fourth layers are repititions of
the top and second layers Top, second, and third layers are depicted in the projection of [111] plane. A
smalter circle, depicted by ®, represents a hot hydrogen atom with Bohr radius It is clear that the
surface layers of the [110] and [100] orientations exhibit tramsparent regions to the incident hot
H atoms. When hot H atoms produced by the radiolysis of neopentane or by the photolysis of hydrogen
halide are incident upon the transparent regions of [100] and [100] planes, the hot H atoms may travel
a long distance by a succession of glancing coli:sions with the channel walls of neopentane molecules
and then react with a solute alkane which may exists as a defect in the neopentane crystal.

According to the channelling theory, the critica! angie that the hot H atoms get into the
channel increases with decreasing the kinetic energy of the H atoms, that is to say, channelling occurs
more easily with decreasing the kinetic energy Therefore the yrelds of the solute alkyl radicals increase
with decreasing the kinetic energy of the H atoms, as shown in Figure 1

The selective hydrogen atom abstraction reaction by hot H atom in neopentane-alkane mixture
is not observed in the liquid phase''c). This phenomenum can be explained by the channelling
hypoihesis. Since a random arrangement of molecules in the liquid phase does not contain transparent
regions, i.e. channels, the hot H atom collides head on with a solvent molecule in the liquid phase and
loses its energy by chemical reaction or deactivation it 1s expected from this hypothesis that the
selective reaction will be found in the crystal, but not in the glass.

Radical Formation in the Radiolysis of Pure 2,2,3,3- Tetramethy/butane(TMB) and TMB-Alkane Mixture
at 77 K.

Gerola et al !5} reported the esr spectrum of ~y-irradiated TMB 2t 77 X. 3Jwnce
(CH;);CC(CH;),CH, (TMB") and (CH,).;CCHZC'HCH;,!; 1ad.wais are tormed, they considered that firstly
C-H bond rupture orriirs (o ihe radiolysis of TMB and then the isomerization of TMB- radical produce:.
{CHi31,CCH,CICH, ), radical. Shiraishi et al '2'! reported 1-C4Hy, (CH,),CC(CH,),, and TMB- radicals
in the radiolysis of solid TMB They considered that the free radicals are formed by C-C bond rupture as
well as C H bond rupture in the raciolysis of TMB

The esr spectrum in Figure 4a consists of TMB. and the unidentified radical which has been
ascribed to (CH,},CCH,C(CH,), !5 or a mixture of tC4Hy and (CH,);GE(CH,);'21). When a small
amount of alkane or olefin is added 1o TMB, the formation of the unidentified radical is suppressed and
the solute alky! radical s formed complementarily (Figure4b and c). Therefore it seems that the
unidentified radical s neither formed by the somerization of TMB radical nor by the direct C-C bond

rupture, but by a secondary process of some active species which reacts also with the solute alkane or
olefin.
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Tihe following observations obtained here show that the solute alkyl radicai is not formed by
the energy transfer from the irradiated TMB to the solute, but by the selective hydrogen atom
abstraction by H atoms from the solute alkane.

1) When TMB containing a small amount of propane is y-rradiated at 77 K, propy!| radical is
formed An ionization potential of TMB has not been reported previously If we assume that the value is
approximately the same as that of 2,2.4-trimethylpentane which is an isomer of TMB and has a
structure similar to that of TMB. the ionization potential of TMB may be 986 ev!28) which is lower
than the ionization potential (11.07 eV){28) of propane The energy level of the first excited state of
TMB is 80eV''8 which is lower than that (8.9 eV}!18) of propane. Therefore, assuming that the
relative magnitude of the ionization potential and the first excited state is held in the solid phase, the
ordinary charge transfer from TMB to C;H; cannot occur

2) When TMB containing a small amount of isobutene or propylene is irradiated wﬁth y-ray at
77 K, the formation of the unidentified radical 1s suppressed, while t-C4Hy or C;H, radical is produced
complementarily by the addition of H atoms to isobutene or propylene.

3) When TMB +C.H, {5 mol/100 mol of TMB)-HX(0 5 mol/100 mol of TMB) is irradiat_ed
with UV Iight at 77 K, H atoms produced by the phutolysis of hydrogen halide react selectively with
i-CaH; o to form t-CiH, radical (Table I)

Therefore the mechanism of radical formation in the radiolysis of TMB at 77 K can be
represented as follows:

T™e X232, TmB-+H (13)
H+S --==+ (CH,),CCH,C{CH;); t-C4Ho : (14)

or (CH,),Cé(CHJ)z

H+RH -—— R +H, (15)

Reactive H atoms produced by the decomposition of TMB (reaction (13) ) react selectively with
impurnties (S) to form(CH;),CCH,CI(CH,);, t.CaH,y or (CH,), CC(CH,); in the radiolysis of pure TMB,
When aikane (RH) such as C;Hy, i-C4H,y, and c-C4H(;, is added to TMB, the H atoms rear!
selectively w:th the solute tc form alkyl radical (R-)
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RESUMO

A reagdo se'enva de abstragdo do atomo de hidrogénio por dtomos de H, es Guais séo produzidos 8 77°K ne
radiblise de alcanos ou na foiohse de haletos de hidrogénio, tem sido observado em matrizes como obutano, 2,2,3,3
tetrametiibutano (TMB) ciclopropano além da matriz de neopentano A reagcdo seietiva de abstracdo do &4tomo de
H no sistema neopentano (matriz)/isobutano(soluto} é afetada pela diferenca de energia cinética dos Adtomos de
H A reacdo ocorre favoravelments com decréscimo de energia cinética dos atomos de H A rescdo competitiva
ontre c-CoH;; o HI pgr atomos de H tem $:do estudada na radi6lise e fotbise dos mstemas
neoCsH, ;/c CoH, ,/HI a 77 K As constantes de velocidade destas reagdes em matrizes de neopentano sdo muito
diferantes daquelas onde particpa o atomo de H “‘thermal’, mas s30 similares s reagdes com atomos ce H
‘hot” A mporiancia da reacdo seletiva de abstragdo do atomo de H por atomos de M é essinslada na formagdo
do radical na rad.olise de TMB puro a 77°K
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Figure 1 — Effect of kinetic energy of H atom on the ratio of the yield of C4H, radicals in the photolysis
of neo-CsH; ; i-C4 H, o HX to that of neo-CsH, , radicals in the photolysis of neo CgH; 3 —HX
at 77 K Concentrations of i-C4H, o and HX are 2 and 0.5 mol/100 of neo CsH, ;.

a) H atom produced by the photolysis of HCI with 263 7 nm radiation.

b) Hatom produced by the photolysis of HBr with 263.7 nm radiation.

c) H atom produced by the photolysis of H! with 263.7 nm radiation

d) H atom produced by the photolysis of HI with 330 — 305 nm radiation.
e) H atom produced by the photolysis of Hl with 330 — 280 nm radiation.
f) H atom produced by the photolysis of HI with 290 — 265 nm radiation.
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Figure 2 — Effect of HI on the yield of c-C,H,; radicals in the radiolysis of neo-CsH,;-c-CsH,
mixture at 77 K with a dose of 2.1 x 10'® eV/g.

&, Concentration of c-C4H, ; is 0.6 mol/100 mo! of neo-CsH, ;.
#, Concentration of c-C,H; 3 is 1.0 mol/100 mol of neo-C4H; ;.
4, Concentration of ¢-C¢H, ; is 2.0 mal/100 mol of neo-CsH,; ;.
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Figure 3 — Effect of Hl on the yield of c-C,H,, radicals in the photolysis of neo-CsH, ;-c-CoH, ;-HI

mixture at 77 K.

&——@, c-C,H,, concentration is 1.0 mol/100 mol of neo-CsH, ;.
A--——a, c.CiHy, concentration is 2.0 mol/100 mol of neo-CsH, ;.
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Figure4 — Esr spectra of vy-irradiated TMB and TMB-alkane mixtures at 77 K with a dose of
1.8x 10'? eV/g Relative sensitivities of spectrometer for a, b and c are approximately the
ratios of 2 :1:1.6 respectively. 8) pure TMB; b) TMB-i-C4H, o (5.4 mol/100 mol of TMB);
c) TMBc-CyH,; (58 mol/100 mol of TMB).
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Figure 5 — Esr spectia of virradiated ¢ C;Hs and ¢-C3Hs C3;Hs mixtures at 77 K with a dose of
18x 19'? eV/g Sensitivities of spectrometer for a and b are approximately the same. a) pure
c-CyHg; b) c-CyHs CyHg (4 mol/100 mol of c-Cy Hg). This spectrum was done by M. Fukaya
and T Miyazaki previously.
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