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The literature data on the thermal decomposition and photodecomposition of organozinc and organocadmium compounds, on
the dependence of the thermal decomposition mechanism and the kinetic stability of metal alkyls in this reaction on the
decomposition conditions, and also on the relation between the reactivity of the organometallic compounds and their structure

are treated systematically and discussed.
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I. INTRODUCTION temperatures in the range 280~340°C.%%2¢ It has been

The thermal decomposition reactions of organozinc and
organocadmium compounds are of interest in connection with
problems of the formation of zinc and cadmium coatings by
chemical deposition from the gas phase.! Nevertheless
the relevant literature data have not been subjected to
systematic analysis.!»?

The lower alkyl derivatives of Group IIB metals are
extremely unstable® and their use has until recently been
limited.* However, during the last decade the dialkyl
compounds of zinc and cadmium have found applications in
the preparation of metallic and semiconductor coatings.®™'*
The use of metal alkyls in semiconductor technology has
stimulated further research into the kinetic and thermo-
dynamic stabilities of these organometallic compounds (OMC)
and into the improvement of the methods of their syn-
thesis*%*® and analysis!”*!® in order to obtain specially pure
compounds and also to develop conditions for the deposition
and segregation of the condensed phase of the metal on
thermal decomposition of the OMC.**°

The existing reviews on the reactions involving the
homolytic cleavage of organometallic compounds?°~?" are
mainly concerned with OMC about the decomposition of
which more reliable data are available (mercury, lead, tin,
bismuth, antimony, gallium, arsenic, and titanium). It
appears useful to discuss separately the results of experi-
mental studies on the homolytic decomposition of organozinc
and organocadmium compounds. This review presents a
systematic account and a survey of data on the kinetic
stability of the zinc and cadmium OMC in photodecomposition
and thermal decomposition reactions.

I1. KINETICS AND MECHANISMS OF THE DECOMPOSITION
OF ORGANOZINC AND ORGANOCADMIUM COMPOUNDS

1. Decomposition of Organozinc Compounds

Although the pyrolysis of metal alkyls with formation of the
corresponding metals and radicals has been known since
Paneth's classical studies, the kinetic investigations of these
processes began only two decades ago and have not been
systematic.’ The kinetics of the gas-phase pyrolysis of
dimethylzinec in a static system have been studied over a wide
range of initial reactant pressures from 15 to 580 mmHg at

observed?® that the rate of decomposition diminishes with
increase of the initial pressure of dimethylzinc and that there
is a simultaneous increase of the yield of the main gaseous
product—methane. At a single fixed initial pressure the
rate of decomposition and the yield obtained increase with
increasing ratio of the reactor surface area S to the reactor
volume V (the so-called heterogeneous factor S/V). In the
high-temperature region a narrow pressure range has been
found (27—55 mmHg) in which the decomposition rate constant
is invariant and corresponds to a first-order kinetic law.

It has been suggested that part of the methane is produced
heterogeneously, although the contribution of the heteroge-
neous component of the reaction has not been established and
the kinetic parameters of the overall reaction have not been
calculated. It has been suggested that methane and ethane
are formed in the stages involving the methyl radical-induced
decomposition of dimethylzinc and the dimerisation of the
methyl radicals respectively. Metallic zinc and polymethy-~
lene have been detected in addition to the gaseous products.

Self-inhibition of the reaction was observed in a later
study.?® The nature of the self-inhibition was not elucidated,
but, by analogy with the cracking of hydrocarbons, it was
postulated that it is caused by the addition of the methyl
radical to the double bond in the ethylene formed with forma-
tion of a less reactive radical. The self-inhibition coefficient
is independent of pressure and temperature.

The effective decomposition rate constant depends on the
initial OMC concentration but a definite relation has not been
observed. The effective activation energy diminishes with
increase of the dimethylzinc concentration. A radical-chain
mechanism of the thermal decomposition of dimethylzinc in
vacuo under static conditions has been proposed:

Me,Zn — Me + ZnMe , (1)

‘ZnMe — Zn + Me , (2)
Me + Me,Zn — CH, 4 "CH,ZnMe,
‘CH,ZnMe — :CH; + Zn 4 Me ,
:CH, + Me,Zn — EtZnMe — Et + ZnMe,
2Me — C,H, |
Me + 'CHpZnMe — CH, + C,H, +Zn ,

— CyH, |
Me + Et——
— CH,+C,H, .
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The following compounds were found among the gaseous
pyrolysis products (mole %): methane 88.0, ethane 4.2 to
5.5, propane 4.0—5.9, butane 1.2-1.4, ethylene 0.2—-0.6,
and propene 0.5—1.5.%°

Methane is the only gaseous product of the decomposition
of dimethylzine in a sealed tube in the presence of cyclo-
hexane (250—400 °C, pressure close to atmospheric).?’
With decrease of the fraction of cyclohexene, ethane and
propane appear in the mixture of decomposition products.
The following process mechanism in the presence of excess
cyclohexane has been proposed:

Me,Zn— Me + ZnMe ,
Me + CgHy, — CH, + iy,
2ZnMe — (ZnMe), ,

The activation energy for the first of these reactions has
been determined as 45.5 * 3.3 kcal mol™?.

The use of cyclohexane in a fully deuteriated form
permitted the conclusion that, under the given experimental
conditions, the role of the induced decomposition reaction
Me + Me,Zn » CH, + ‘CH,ZnMe is small even in the total
absence of cyclohexane. The estimated activation energy
for this reaction is 15 kcal mol *.?’

The induced decomposition of dimethylzinc was fully
eliminated when the reaction was carried out under flow
conditions in the presence of an excess of toluene.?® The
following mechanism, analogous to the mechanisms of the
decomposition of dimethylcadmium and dimethylmercury,?®
has been proposed for the decomposition of dimethylzinc
under these conditions:

Me;Zn —> Me + “ZnMe , (D
‘ZnMe —» Me +Zn , (2)

Me - CHyCH; — CH, + CHCH,, | (3)
2Me - GH, , (4)

2CaHCH; — (CaHsCHy), .

Reaction (2) does not occur at temperatures below 670 °C.
It begins to play an appreciable role only above 730 °C but
is complicated by the decomposition of toluene. For this
reason, in the temperature range 573—700 °C it was possible
to investigate the kinetics of the radical initiation reaction (1).
The kinetic parameters of reaction (2) were obtained after
applying a correction taking into account the yield of
methane resulting from the decomposition of toluene.
rate constants, k; and k,, depend appreciably on the
pressure in the system. At a fixed pressure of 16 mmHg,
the following expressions were obtained for the rate con-
stants for the elementary reactions (1)—(4):%®

Both

1gky, (s71)=11.26—(47 2001000)/4.58 T ,
1g kg, (s71)=6 8—35000/4.58T ;
1g (ks/k), (mol™Y/?) cm¥? 542 =6.3—13 000/4.58 T
At an overall pressure of 5 mmHg, the expression for the k;
becomes?®

1g &y, (s71)=11.03—47300/4.58 T .

If the reverse radical recombination reactions do not
require an activation energy, the activation energies obtained
for the forward reactions (1) and (2) can be regarded as
equal to the dissociation energies D, and D, of the MeZn—Me
and Zn—Me bonds respectively. It has been shown?® that
the thermochemical estimate D, + D, = 82.9 kcal mol™! agrees
with kinetic data.

The gas-phase decomposition of diethylzinc does not have
the distinctive features which characterise the pyrolysis of
the methyl derivative (the dependence of the rate constant
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and the activation parameters on the initial reactant concen-
tration and the self-inhibition of the reaction).

In an early study of the photolysis of diethylzinc,® the
reactivity of the ethyl radicals formed in the primary decom-
position step was investigated. At a pressure of 25 mmHg
and in the temperature range 45—250 °C, ethane, ethylene,
butane, and traces of hydrogen, butene and higher hydro-
carbons were detected in the reaction products. The study
of the influence of changes in the concentration of diethyl-
zine, the radiation intensity, the packing of the reaction
vessel comprising an inert phase, and the pressure of an
inert gas on the composition of the product led to the con-
clusion that butane is the product of the recombination of
two ethyl radicals, while ethane and ethylene are formed as
a result of the interaction of ethyl radicals with a molecule
of the metal alkyl. The rate of the reaction of ethyl
radicals with hydrogen becomes significant above 160 °C
and its activation energy has been estimated as 9 + 2 kcal mol™*.
The composition of the photolysis products at high tempera-
tures is analogous to the composition of the thermal decom-
position products.

Kinetic studies of the pyrolysis of diethylzine have been
carried out in a stream of toluene® and an inert gas,’? in a
static system,>®*® and in a molecular beam.3?3

A free-radical mechanism has been proposed for the
decomposition of diethylzine in a stream of toluene, analogous
to that described above for dimethylzine, but it is more
detailed as regards the reaction of all the radicals formed
in the system.®* In the mechanism of the multistage genera-
tion of radicals of diethylzine, the second stage °*ZnEt > Zn +
Et is very rapid, in contrast to the reaction ‘ZnMe -+ Zn + Me.
The absence of induced decomposition in a stream of toluene
made it possible to determine the kinetic and activation
parameters for the first stage of the homogeneous initiation
of radicals via the reaction Et,Zn > Et + ‘ZnEt (Table 1).
The presence of zinc oxide on the reactor surface greatly
accelerated this reaction, which indicates a sensitivity to
the nature of the surface.

The decomposition of diethylzine under dynamic condi-
tions in a stream of helium in tubular reactors with the
surface coated by the solid products of its pyrolysis®? obeys
the first-order kinetics. For short contact times in an open
system, there is insufficient time for the development of the
chain process. The experimental activation energy for the
decomposition of diethylzinc in a stream of helium (47.6 kcal
mol™!) is close to the dissociation energy of the EtZn—Et bond
which has been estimated® as 47.5 kcal mol™>. Only the
unduly large pre-exponential factor (lgA = 16.13) in the
expression for the rate constant for the pyrolysis of diethyl-
zine in a stream of helium precludes a reliable assignment of
the activation parameters obtained to a specific stage of the
decomposition process.

In a closed system, diethylzinc also decomposes in accor-
dance with first-order kinetics.’?> In contrast to the methyl
derivative, a wide range of pressures (50—175 mmHg) has
been found for this compound in which the rate constant is
invariant. On passing to atmospheric pressure, the reac-
tion continues to be first order. An inhibiting effect by
the decomposition products has not been observed. The
reaction involving the formation of metallic zinc from diethyl-
zinc in the presence of added hydrogen has been noted.

A satisfactory interpretation of the results has been
achieved on the assumption of a radical-chain mechanism
of the decomposition:*?

Et;Zn — Et -+ *ZnEt , (5)
*ZnEt - Et4-Zn , (6)
Et+ Et;Zn — GHg + C,Hy + "ZnEt | (7
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Et > CH, -+ H", (8)
H' L EtyZn — CyH, + ‘ZnEt | 9)
2Et — CyHyp (OF CiHs + CoHy) . (10)

The experimental effective rate constant is kepp = ke.
(Kks/k,)*? s, The initiation stage (5) can occur on the
surface, since zinc oxide has been found to have an acceler-
ating effect, but the process is propagated in the bulk phase
(because the ratio S/V has not effect and acceleration of the
reaction by added hydrogen is not observed).

In order to account for the overall first order of the reac-
tion, it is necessary to assume that the initiation reaction (5)
in the gas phase is of second order, although it is known
that zine alkyls are not associated in the gas phase.?®
However, it has been observed in the liquid-phase autoxida-
tion of dimethylzinc®® that the initiation of the radicals does
indeed take place as a result of the interaction of two
dimethylzinc molecules.

In contrast to the liquid-phase pyrolysis, in the gas-
phase pyrolysis the contribution of the disproportionation
reactions to the formation of ethane and ethylene is smali®®
and their rate is 0.11-0.14 of the rate of recombination of
ethyl radicals.

It has been observed®? that the ethylene formed can be
consumed in secondary reactions involving insertion in the
C~Zn bond in diethylzine. Thus the hydrolysis in heavy
water of the condensed residue after the interaction of
diethylzinc with ethylene yielded, together with mono-
deuteriomethane, also monodeuteriobutane. At the same
time, the absence of dideuterioethane in the same experiment
shows that the intramolecular and intermolecular decomposi-
tion of diethylzinc via the a-disproportionation of the ethyl
groups does not occur under the given experimental condi-
tions. It was postulated®? that in a closed system the main
gaseous product, namely ethane, is formed preferentially in
the induced diethylzinc decomposition reaction (7).

32,37
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The following compounds were detected in the gaseous
products of the total decomposition of diethylzine under
static conditions at 270 °C %2 (in moles per mole of the sub-
stance decomposed): octane 0.0010, octene 0.0023, hexane
0.0085, hexene 0.0142, butane 0.2219, butene 0.0619, ethane
1.0443, ethylene 0.2709, and hydrogen 0.1072. Metallic zinc
was found in the solid phase.

High pressures (from tens mmHg to atmospheric pressure)
and low degrees of decomposition favour the abstraction of
hydrogen from the diethylzinc molecule by the ethyl radical
formed in the primary decomposition step.’® Decrease of
the pressure to 107" mmHg tends to decrease the kinetic
stability of zine dialkyls.®* Under dynamic conditions, on
passing from atmospheric pressure in a stream of helium to a
high vacuum, the temperature of the total decomposition of
diethylzine decreases on the zinc coating from 310° to 130°C
and on zinc oxide from 310° to room temperature. The lines
due to the molecular ions in the mass spectrum of dimethyl-
zinc decomposing under high vacuum conditions on the solid
products of its pyrolysis disappear already at 230°C. The
apparent activation energies in the temperature range 100 to
300°C are 7.7+1.5 and 6 £1.0 kcal mol™! for dimethylzinc and
diethylzinc respectively. The composition of the products
changes significantly in the pyrolysis of diethylzinc in
vacuo®* and the gas phase becomes enriched to the extent
of approximately 70% in ethylene as a consequence of the
vigorous dehydrogenation of ethane on pyrolytic zinc at the
instant of formation.

In a high vacuum, where contact of OMC molecules with
one another and also with the thermal decomposition products
and the carrier gas is ruled out, the reactant decomposes
heterogeneously in the adsorbed state on the catalytic centres
of the reactor surface.®* It has been suggested that, under
dynamic conditions in a high vacuum, zinc alkyls decompose
intramolecularly in accordance with the following mechanism:

recombination — CoH, .

— CHy-+CHg2tZn
= CHy + CHe + Zngys-

Me,Zn

a-disproportionation

g-disproportionation

Et,Zn

Table 1. Activation parameters of the stages in the gas-phase pyrolysis of zinc dialkyls.
Condition Stage £, keal mol'L 1gA Refs,
Dimethylzine
16 mmHg. 573~700°. toluene stream MeyZn — Me -} ZnMe 47.24-1,0 11.25 128)
5 mmHg. 573-700°, toluene stream Me,Zn — Me 4+ ZnMe 47.3 11.03 128)
16 mmHg. 730~825°, toluene stream Me — Me + Zn 35.0 6.8 128)
1 atm, 250-400°. in the presence of . Me,Zn — Me +- ZnMe 45.543.3 — 127)
cyclohexane. static system
580 mmHg, 280-338, static system overall process 35.041.5 9.63-4-0.02 (26}
104 mmHg. 170-230°, molecular beam overall process 7.74+1.5 — [34)
Diethylzinc
15 mmHg. 440-473°, toluene stream Et,Zn — Et -- ZnEt 49.04-2.0 14.340.6 {31}
Ditto EtyZn -» Ei-|- ZnEt * 24.04-5.0 7.641.6 31}
150-175 mmHyg, 270-310°, static system overall process 28.340.3 8.444-0.13 (32}
1 atm, 310-340°, helium stream overall process 47.64-2.5 16.1340.93 [32)
14 mmHg, 80-130°, molecular beam overall process 6.04+1.0 — [34)

*In the presence of zinc oxide.
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Table 2. The influence of the reaction conditions on the mechanism of the gas-phase
decomposition of zinc dialkyis.
System Reaction conditions Decomposition mechanism Refs.
Dimethylzine
Static* 305-340". 13270 mmHy radical. with selfinhibition [25)
280-338°, 580 mmHg radical. with selfinhibition 126}
250-400°, atmospheric pressure, in the radical [27)
presence of cvclohexane
Toluene stream®* §73-700°. 16 mmHg radical, Koxp = &y wh {e™) |28}
730-825" 16 mmHy radival. kexp = k2 5hy (€7 (28]
Molecular beam 170-230°. 1074 mmHy intramolecular heterogeneous (recombination and {24}
a-disproportionation): Eypp < Ehom
Diethylzine
Static* 270-310", 50-170 mmHy radical-chain: keyp (1) = kgiks/k 1) 2: ks —second 132)
order reaction
Toluene stream** 440-483". 15 mmmHy radival non-chain: homogeneous keyp = ks 1) heterogeneous [31]

ton ZnO) keyp = k5 (571); ks —tirst order reaction

Helium stream™* 310-340°, atmospheric pressure radical non-chain: keyp —tirst order reaction {32}
Molecular beam 90-150°. 1074 mmHg intramolecular heterogencous (3-disproportionation): 133,34)
Eapp € Ehom

*In a glass reactor.

**The reactor walls were coated by the solid pyrolysis products.

The Kinetic stability and mechanism of the pyrolysis of zinc
alkyls depend on the decomposition conditions. The free-
radical mechanism operates at reduced and atmospheric
pressures, while the molecular mechanism, characteristic of
the adsorbed state, operates in a high vacuum (Table 2).

The homolytic reactions of organozinc compounds (the
methyl, ethyl and phenyl derivatives) in the liquid phase and
in solution in benzene in the course of their thermal decom-
position and photodecomposition have been described.®®™*
The decomposition proceeds via a free-radical mechanism and
is accompanied by the formation of a metallic mirror and the
segregation of radical reaction products. The radical dis-
proportionation and dimerisation reactions are characteristic
of the photolysis (20—30°C). The thermal decomposition of
the OMC in the absence of a solvent entails, apart from the
above reactions, the interactions of the alkyl radicals with
the hydrocarbons and the initial OMC. In the solvent, the
reaction takes place mainly via the mechanism involving the
homolytic substitution of hydrogen in the solvent molecules
by the alkyl or phenyl radicals formed.

The disproportionation and recombination reactions of the
alkyl radicals are the most characteristic of the liquid-phase
decomposition of the OMC, in contrast to the gas-phase
decomposition, the contribution of the disproportionation to
the thermal decomposition increasing with increase in the
complexity of the radical on going from ethyl*® to pentyl*®
radicals.

A method has been proposed for the preparation of zinc
and cadmium coatings with a thickness up to tens of microns
by the decomposition of zinc dialkyls (at 310—-330°C) and
cadmium dialkyls (at 230—290°C) by a gas-thermal method."*’
The coatings constitute a dense polycrystalline film with a
grain size of approximately 1-5 um.

2. Decomposition of Organocadmium Compounds

The gas-phase pyrolysis of dimethyl cadmium has been
investigated under static conditions*®*° in a stream of
toluene?® and benzene.’® In an early study“® measurements
were made of the initial rates of formation of the principal
gaseous pyrolysis products—methane and ethane. A poor
reproducibility of the results was noted and considerable
surface effects were observed, although the cadmium and
polymethylene formed did not alter the rate of reaction.
increase of the heterogeneous factor (i.e. the increase of
S/V) diminishes the rate of formation of ethane and methane,
while the addition of hydrogen, nitrogen, helium, and nitric
oxide increases them. As an alternative to the generally
accepted free-radical mechanism, observed in the photolysis
and thermolysis of metal alkyls, a mechanism involving the
intramolecular disproportionation of the methyl groups as
they approach one another, resulting from the deformation
of the molecule, has been proposed:*®

Me,Cd — CHy+ Cd:CH, .

The

However, under the experimental conditions employed
(150—200 mmHg, 212—327 °C), the role of the radical pathway
should be considerable. This is indicated both by the poor
reproducibility of the results, which can be accounted for
by the uncontrolled change in the state of the vessel walls
in the presence of impurities and by the increase of the
yield of ethane with increasing temperature. The latter
takes place as a consequence of the increase of the concen-
tration of methyl radicals and the increase of the yield of
their recombination product—ethane. Such findings are
more likely to indicate a significant contribution of the free-
radical pathways to the mechanism of the pyrolysis of
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dimethylcadmium rather than the occurrence of an intra-
molecular rearrangement via the scheme presented by Heller
and Taylor."*®

A free-radical mechanism has been proposed®® for the
photolysis of dimethylcadmium, according to which the
induced decomposition reaction

Me,Cd - Me — CHj + "CH,CdMe

is the only source from which methane is formed.

It is believed that the mechanisms of the pyrolytic and
photolytic decomposition of the majority of metal alkyls are
the same. Thus a mechanism, equally probable for both
pyrolysis and photolysis, has been proposed in a study"’
of the gas-phase decomposition of dimethylcadmium in a static
system at a fixed initial reactant pressure of 150 mmHg and a
temperature of 258 °C:

Me,Cd — Me + ‘CdMe ; (11)

‘CdMe — Cd + Me ; (12)

2Me — CHg 3 (13)

Me + GH, — CH, -+ Et ; (14)

Me 4+ Et — CgHg 3 (15)

Me + CgHg — CHy+ Pr (16)

Pr — Me + CH, (polymerisation. etc.) (17)

It has been suggested that reaction (12) is faster than reac-
tion (11) and that stages (13)~(16) have comparatively low
activation energies and are rapid at the given temperature.

Features characteristic of the homogeneous—heterogeneous
process have been observed in the pyrolysis of dimethyl-
cadmium in a static system.*® Extrapolation to S/V =0
yielded the rate constant for the homogeneous dissociation
of the first Cd—C bond: k;, = 1.43 x 107° s™* at 258°C.
The activation energy for this reaction, estimated as 43.5 *
1.2 keal mol™}, has been identified with the dissociation
energy of the first MeCd—Me bond. This value is close to
E,, = 45.8 ¢ 1.0 mol™?, calculated?® for the process in a
stream of toluene. The dissociation energy of the second
bond, calculated using thermochemical data, is E,, = D;, =
21.4 kecal mol™1.*?

When dimethylcadmium was pyrolysed in a stream of
benzene,>® a range of initial pressures was observed (80 to
163 mmHg) in which the rate constant was invariant, which
corresponds to a first-order kinetic law; on the other
hand, in the range of low initial pressures (10—20 mmHg),
the rate constant increases with increasing pressure.??

The mechanism of the decomposition of dimethylecadmium in
toluene and benzene streams is analogous to that described
above for the pyrolysis of zinc alkyls and includes, apart
from the initiation stage, also reactions involving the
abstraction of hydrogen from toluene and benzene by the
methyl radical formed and subsequent recombination reac-
tions of the benzyl and phenyl radicals. The kinetic and
activation parameters for the individual stages of the above
reaction have been published.?®*%%" Activation energies
in the range from 43.5 to 48.8 kcal mol™* and logarithms of
the pre-exponential factor ranging from 11.9 to 13.4 have
been obtained for reaction (11). The activation energy for
reaction (12) has been estimated as 21.4 £4.0 kcal mol™?.

The results of thermochemical studies, according to which
the overall dissociation energy of the metal-carbon bonds in
diethylcadmium is 52.9 * 2 kecal mol™?, suggest that diethyl-
cadmium is thermally less stable than dimethyl cadmium.!
The decomposition of gaseous diethylcadmium has been noted
even at room temperature. However, detailed kinetic studies
on the thermolysis of diethylcadmium and higher cadmium
alkyls have not been made.
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The kinetics of the deposition of metallic cadmium in the
heterogeneous decomposition of gaseous diethylcadmium (tem-
perature of the support 250—290 °C, temperature of the
evaporator 19—50 °C) and di-isopentylcadmium (temperature
of the support 240—250 °C, temperature of the evaporator
70—-80 °C) have been investigated.’? The amount of cadmium
produced on the support depends on the temperature of the
latter. The cadmium films obtained, with a thickness
ranging from several microns to several tens of microns,
constitute a light-coloured coating with a metallic lustre
and satisfactory adhesion to the material of the support.

The content of metallic cadmium in the coating is 99.5%.
The microstructure and phase composition of the cadmium
produced have been described.*®"*’

Solid dicylcohexylcadmium decomposes with liberation of
metallic cadmium even at room temperature and for this
reason the thermal decomposition has been studied in solu-
tion in benzene (100°, 30 h).5® It was observed that the
photodecomposition and thermal decomposition of dicyclo-
hexylcadmium in benzene are accompanied by the formation
of cyclohexane, cyclohexene, and bicyclohexyl.

A free-radical mechanism, in which the disproportionation
of the radical formed predominates over the recombination and
which is common to all metal alkyls, has been adopted for the
pyrolysis of dicyclohexylcadmium * and di-isopentylcadmium *®
in solution and in the liquid phase in the absence of a sol-
vent. It has also been suggested that the reaction involving
the induced decomposition of the reactant via the abstraction
of a hydrogen atom from the OMC molecule by the radical
formed takes place. When solutions of diphenylcadmium in
benzene are irradiated,® biphenyl and cadmium are formed
preferentially, the contribution by the reaction with the
solvent being small. On the other hand, the reaction
involving the abstraction of hydrogen by the phenyl radical
from the solvent molecule predominates in the photolysis of
diphenylcadmium in dioxan.

111, REACTIVITY AND STRUCTURE

Despite the fact that the experimental data for the kinetics
of the pyrolysis of organozinc and organocadmium compounds
refer solely to derivatives of lower alkyls, one can already
reach certain conclusions about the reactivity of the above
OMC in the decomposition reaction.

Under identical experimental conditions, the kinetic
stability of the organometallic compounds formed is deter-
mined by the nature of the initial OMC, i.e. the nature of
the metal atom and the radical. The kinetic stability of
the lower alkyl and aryl compounds of zinc and cadmium
varies in parallel with the variation of the average dissocia-
tion energy of the metal—radical bond (D), although the
initial step in the decomposition of the MR, molecules is their
dissociation into R* and ‘MR with the activation energy equal
to the dissociation energy D,. The second stage of the
radical initiation reaction ‘MR ~ M + R® involving different
compounds proceeds at different rates, as described above
for zinc dialkyls. The dissociation energies of individual
bonds and the average bond dissociation energies are listed
in Table 3, from which it follows that, for the same metal,
the energy of the abstraction of the first radical D; is
greater than the energy of the abstraction of the second
radical D, and the average dissociation energy of the metal—
radical bond diminishes as the radical becomes more complex.
The latter energy diminishes on passing from organozinc
to organocadmium compounds.

With increase of the atomic number of the metal in
Group IIB, the kinetic stability of the metal alkyls and
metal aryls decreases, the thermal stability of the latter
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being higher than that of the former.! The thermodynamic
stability of the above OMC varies in the same sequence. It
is known from thermochemical investigations that the average
dissociation energy of the M—C bond for the OMC of transi-
tion elements within a single Group in Mendeleev's Periodic
Table decreases with increase of the atomic number of the

element.®® For each individual element, the values of D can
then be arranged in the following sequence:
M—Me>M—Et =M —n-Pr=M-—n-Bu.

According to Voevodskii's rule,®’ the kinetic stability
of the OMC decreases with increase of the thermodynamic
stability of the radical liberated in the homolytic cleavage
of the metal—radical bond. The ethyl derivatives of each
metal are therefore less stable than its methyl derivatives.
The thermal stability of the zinc alkyls decreases when the
methyl group is replaced by the ethyl group to a lesser
extent than for cadmium derivatives.

Table 3. The bond dissociation energies and the average
metal-radical bond dissociation energies in metal alkyls
(keal mol™?%).

D, 2 D Rets.
Dimethylzine

47.042.0 — 43.1-+0.5 [50)

47.2 35.0 41 (28]

47.24-1.0 36.84+3.0 42.0+1.5 [57)

= = 41.0 {98)

— - 42,7422 [55]

Diethylzine

— —_— 34.4 (58]

— — 34.6+2.2 [55]

47.5 22.2 3.8 131}

Di-n-propylzinc

— | — | 37.845.4 | {55)
Di-n-butylzine

— | — | 37.845.2 | {55}
Dimethylcadmium

45.841.0 21.0 33.4 [29)

44.7F2.0 —_ 35.2+0.5 [56]

45.841.0 20.842.0 33.34-1.0 [57]

43.54+1.2 — — {59}

—_ — 32.9 {58]

— - 34.44+-1.0 [95]
Diethylcadmijum

— - 26.5 198}

— - 26.44-1.6 {55]

The kinetic stability of organometallic compounds in the
decomposition process can be estimated from the reaction
rate constants measured under comparable conditions for
the entire OMC reaction series. Depending on the decom-
position conditions, the measured rate constant can be an
effective quantity representing a combination of the rate
constants for the elementary reactions or (for example, when
the process is carried out in a stream of toluene) it is the
true rate constant for the elementary stage limiting the rate
of the overall decomposition. The rate-limiting stage is
usually the elementary radical initiation reaction. Only in
the latter case is the experimental rate constant for the
elementary reaction in the free-radical non-chain process
determined by the activation energy for this stage, since
isotypical elementary reactions are then compared.®’
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However, there are no experimental data for such a com-
parison, because there have been no kinetic studies of the
decomposition of series of compounds with successively
altered structures. In certain cases the role of the steric
effect can be significant.

The structure of the organometallic compound determines
not only the dissociation energy of the metal-carbon bond
but also the steric accessibility of the metal to possible
attack in bimolecular collisions. It has been noted in a
series of studies®' ™% that an increase of the degree of
steric shielding of the metal atom in the OMC increases the
kinetic stability of the latter. A method has been pro-
posed®®®3 for the estimation of the degree of shielding of
the reaction centre M in the OMC molecule by the organic
group with the aid of the solid angles formed by the sub-
stituents at the metal on cylindrical projections of the OMC
molecules. The degree of steric shielding of the reaction
centre determines the effectiveness of the molecular
collisions and can therefore serve as a criterion for the
comparison of the contributions of the entropy term to the
OMC decomposition rate constant. In order to eliminate
the influence of electronic effects, the degree of shielding was
estimated quantitatively and cdr’npared with experimental data
for compounds with the same metal atom and with different
substituents.®*** It was shown that the degree of steric
shielding of the metal atom by the substituents is the
dominant factor, which determines the kinetic stability of
compounds of the type MR,,, where M = Hg or Cd.

___000___

Thus it has been shown for lower zinc and cadmium alkyls
and aryls that the mechanism of the thermal decomposition
and photodecomposition varies with the decomposition condi-
tions. At atmospheric and reduced pressures in a closed
system and in a stream of the accompanying gas, the OMC
investigated decompose via a free-radical mechanism, whilst
under high vacuum conditions they decompose intramolec-
ularly in an adsorption layer.

Although the general kinetic features of the thermal
decomposition of the organozinc and organocadmium com-
pounds as well as the kinetic and activation parameters of
the radical initiation reaction in the homolytic cleavage of
the first and second metal—carbon bonds have been estab-
lished, systematic kinetic studies have not been made for
an entire series embracing a large range of compounds with
substituents of different lengths and with different degrees
of branching. This limits to some extent the validity of the
conclusions concerning the relation between the reactivity
of the OMC considered, on the one hand, and their struc-
ture and the known thermodynamic characteristics of the
dissociation of the given bond, on the other. The latter
are represented in the literature only by the average metal—
carbon bond dissociation energies and in certain cases the
dissociation energies of specific ruptured bonds. On the
other hand, there are so far no data on the average bond
dissociation energies and enthalpies.

The causes of the self-inhibition of the decomposition of
dimethylzinc have not so far been investigated. It is
therefore important to study its decomposition under condi-
tions which rule out self-inhibition. It is no less interesting
to establish the order of the radical initiation reaction in the
pyrolysis of diethylzinc in a closed system, which would help
in determining the mgchanisp of the most difficult initial
stage of the process investigated.

Complete quantitatiye analysjg of the decomposition
products for low degrees of:reaction, which is essential for
the determination of the detailed process mechanism and of
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the role of the induced decomposition stage, has also not

been carried out so far.

Whereas the existence of the free-

radical pathway to the decomposition of the zinc and cadmium
OMC has been established unambiguously and gives rise to

no doubts, additional studies are needed to solve the problem
of the involvement of the intramolecular or intermolecular dis-
proportionation reactions of the alkyl groups in the mechanism
of the primary decomposition process.
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