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SUMMARY

From an investigation of the autoxidation of diethylcadmium (DEC) in
n-heptane the formation of a reversible 1/2 DEC-oxygen complex has been established
by a kinetic method.

Some properties of this complex have been studied, viz. its ability to undergo-
spontaneous and catalytic transformation into bis(ethylperoxy)cadmium and its
ultraviolet and infrared absorption spectra.

The formation of reversible complexes with oxygen has been demonstrated for
chelates of transition metals!. Such data are not available for organic compounds of
the non-transition elements, for although a report has appeared suggesting the
formation of such a complex in the autoxidation of tri-n-butyl-boron? this has
subsequently been disproved?. In this present work, which involves an investigation
of the kinetics of the autoxidation of DEC in n-heptane, the data obtained suggest
the existence of a reversible 1/2 DEC-oxygen complex.

The autoxidation of DEC in n-heptane at ca. —40° is accompanied by the
absorption of two moles of oxygen per mole of initial DEC. On completion of the
absorption process the reaction mixture exists as a homogeneous colourless solution
(I)- A material which is insoluble in organic solvents and subsequently shown to be
bis(ethylperoxy)cadmium is gradually precipitated from solution (I). The molar yield
of this bis-peroxide corresponds to the consumption of one mole of the initial DEC
and two moles of absorbed oxygen. The formation of bis(ethylperoxy)cadmium in (I)
does not involve either the additional absorption of oxygen or the liberation of oxygen
from the solution.

Heating solution () or the addition to it of very small amounts of water, ether,
ionol, o-phenylenediamine or other compounds capable of acting as ligands (L) for
DEC lead to an increased rate of formation of bis(ethylperoxy)cadmium in (I).

A similar effect is observed if these compounds are present in the DEC solution
before oxidation of the latter. In this case, however, the formation of a homogeneous
colourless solution is not observed and only a sediment of bis{ethylperoxy)cadmium
is obtained.

On completion of oxygen uptake, (I) contains no peroxide compound and the
oxygen absorbed may at this point be removed from the reaction mixture by evacua-
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tion*. In so doing solution (I) is transformed into the initial reaction solution, i.e. a
solution of DEC in n-heptane. Subsequent further addition of oxygen once again leads
to the absorption of two moles of oxygen per mole of DEC. Successive oxidation of
DEC to solution (1), regeneration of the initial solution and subsequent oxidation back
to solution (I) has been repeatedly performed. The regeneration of the initial solution
from solution (I) by evacuation of the latter has been convincingly demonstrated by
spectrophotometry.

By differential spectrophotometry of (I), the uitraviolet absorption spectrum of
the complex Et,Cd-20, has been shown to contain an intense absorption band at
276 nm (Fig. 1). Regeneration of the initial solution from solution (I) by the method
described above causes the disappearance of this band but on subsequent oxidation of
DEC back to (I) the absorption band reappears.
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Fig. 1. The ultraviolet absorption spectrum of the complex Et,Cd-20,.

The infrared spectrum of solution (I) differs from that of the initial DEC
solution in n-heptane by the appearance of an additional band at 790 cm ™! (Fig. 2).

The bond between the two components in the complex Et,Cd-20, is weak as
confirmed by the ready removal of oxygen from the system on evacuation. This is
supported by the fact that neither the intensity of the absorption bands corresponding
to the C~Cd stretching vibrations nor a shift in the maxima of these bands occurs in
the infrared spectrum on conversion of free Et,Cd to Et,Cd-20, and vice-versa.
However, it should be noted that even in the comparatively stable complexes formed
between organozinc and organocadmium compounds and dioxane and ethers the

* The best results have been achieved by evacuating the solution while the latter is simultaneously
frozen and melted two or three times. Prior introduction of glass fragments into the solution facilitates
this process.
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Fig. 2. The infrared absorption spectra of (a) Et,Cd solution in n-heptane and (b) the complex Et,Cd-20,
in n-heptane.

shifts in the maxima of the absorption bands corresponding to the C~Zn and C—Cd
bond stretching vibrations only amounts* to 5-15 cm™ L.

The results of this work indicate the formation of a reversible complex between
DEC and oxygen during the oxidation of Et,Cd with the subsequent transformation
of this complex into bis(ethylperoxy)cadmium:

Et,Cd+20, = Et,Cd-20, )
Et,Cd-20, — EtOOCdOOEt @)

It should be noted that the purity of the initial reactants used has a profound
effect on the reproducibility of the results obtained.

As mentioned above, this fact is related to the ability of a whole range of
compounds for acting as effective catalvsts for reaction (2) above.

£t,Cd- 20, — (Et00),Cd 3)

Some kinetic data have been obtained relating to reaction (2). Thus the rate of
conversion of EtCd-20, into bis(ethylperoxy)cadmium in n-heptane in a quartz
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Fig. 3. Kinetic analysis of the conversion of Et,Cd - 20, into bis(ethylperoxy)cadmium at 6, 11, 16 and 21°
{corresponding to the curves 1-4) respectively.

Fig 4. The temperature dependence of the rate constant for the conversion of Et,Cd - 20, into bis{ethy)-
peroxyjcadmium.

reaction vessel* is constant up to high degrees of conversion (Fig. 3) indicating that
reaction (2) is zero order under the conditions employed. This result may apparently
be attributed to the heterogeneous nature of this reaction which occurs on the walls of
the reaction vessel.

The influence of temperature on the rate constant (k) for the conversion of
Et,Cd - 20, into bis(ethylperoxy)cadmium is shown in Fig. 4; under the above condi-
tions this dependence may be expressed by the following equation :

k = 10'%15 exp { —8700/RT} (mole-1"*-s71)
EXPERIMENTAL

DEC was prepared by the reaction of a Grignard reagent with cadmium
bromide®. The resulting compound was purified by two distillations and recondensa-
tion under a pressure of 0.5 mmHg.

Oxygen was prepared by heating potassium permanganate and dried by
passing over phosphorus pentoxide and through a trap cooled in liquid nitrogen.

Heptane of “standard” grade was purified further by the method previously
described®.

The oxidation experiments were carried out in a circulatory vacuum ap-
paratus; the techniques employed have been discussed previously”.

* The kinetics of reaction (2) was studied spectrophotametrically (by following the absorption band
at 276 nm) by thermostaiting solution (I) in quartz cells.
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Quantitative determination of bis{ethylperoxy}cadmium was undertaken by
iodometric titration in acetic acid solution.
‘ " The ultraviolet spectrum was measured usmg a quartz vacuum cell (I=0.7
mm) while the infrared spectra were measured using a KBr cell in an atmosphere of
dry argon.
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