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SUMMARY 

The oxidation of bis(triethylgermyl)mercury by oxygen in the presence of 
tert-butyl alcohol has been investigated_ It has been shown that the dependence of 
the rate of oxidation on the value of n* for tert-butyl alcohol within the range n= 
O-12 is similar to that for unassociated ligand-catalysts. On increasing n further 
(from 12 to 60) increasing association of the alcohol causes a drastic increase in the 
reaction rate relative to the increase in n due to the higher catalytic activity of the 
high molecular weight associated species. 

Autooxidation of bis(triethylgermyl)mercury and bis(triethylsilyl)mercury, 
which proceeds according to a molecular mechanism’, is catalyzed by the addition 
of compounds containing atoms with electron-donor properties2. The study of this 
effect in the oxidation of (Et,Si),Hg using triphenylphosphine as a catalyst has 
shown3 that at low values of II* an initial decrease in the effect of the ligand-catalyst 
L occurs as n increases. 

It was interesting to study the influence of L on the oxidation of (Et,Ge),Hg 
over a wider range of n values, and in order to do this we have investigated the 
oxidation of (Et3Ge),Hg in n-octane using tert-butyl alcohol** as the ligand-catalyst 
z. 

The oxidation of (Et,Ge),Hg was carried out in a circulatory vacuum ap- 
paratus, the experimental procedure employed being similar to that described earlier’. 

The oxidation of (Et,Ge),Hg in n-octane in the presence of added tert-butyl 
alcohol proceeds in a similar fashion to that observed with other ligands’, without 
appreciable self-acceleration (Fig. 1) and being accompanied by an oxygen uptake 
N up to about 0.5 (N=number of oxygen moles absorbed by the reaction mixture, 
calculated per mole of initial (Et,Ge),Hg). The products of this oxidation reaction 
were hexaethyldigermoxane, triethylgermyl(triethylgermyloxy)mercury and mer- 
cury. The yield of triethylgermyl(triethylgermyloxy)mercury was found to be sig- 

* Here and elsewhere n represents the number of motes of ligand-catiyst c per mole Of idid 

(Et3G4&&- 

** The use of iert-butyl alcohol atiows the value of n to lx increased up to 60. This is not possibk with 
triphenyIphosphine due to its limited soluhiity in n-octane over the temperature intervaI studied. 
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Fig. 1. Oxidation of (Et,Ge),Hg in n-octane with various additions of tert-butyl alcohol, T=20°, P(Oa) = 
300 mm_ The curves illustrated were obtained when the following respective [OEC]e and n values obtained 
in thesystem: l.OIl487 mole-l-t and 0: 2,0.0558 mole-l-t and 23; 3.0.0551 mole-l-t and 4.6: 4,0.0515 
mole-l-’ and 18.2; 5,0.0455 mole-l-t and 45.5; 6,0.0190 mole-l-’ and 60.3. 

Fig. 2. The dependence of IV_ (xc-r) for the catalytic oxidation of (Et,Ge),Hg in n-octane on the n value 
for tett-butyl alcohol. T=20”. P(Oa)=300 mm Points 1,2, 3,4, . . . . 13 were obtained respectively when 
[OECJ,, was equaI to 0.0558; 0.0551; 0.0545; 0_0533: 0.0527; 0.0515; 0.0493; 0.034; 0.0464; 0.0455; 
0.0323; 0.0318; 0.019 mole-l-’ and [L]c was equal to 0.127; 0.252; 0.371; 0.603; 0.718; 0.937; 1.347; 
1.630; 1.905; 2.061; 1.630; 1.731; 1.142 mole-i-1. 

nihcantly dependent on the conditions under which the reaction is allowed to proceed 
as well as on the time interval allowed to elapse between the termination of oxidation 
and the analysis of the mixture. This is attributed to the thermal instability of tri- 
ethylgermyl(triethylgermyloxy)mercury which is present in the final reaction mixture 
and which, even at room temperature, decomposes to form hexaethyldigermoxane 
and mercury. 

Analysis of the amount of triethylgermyl(triethylgermyloxy)mercury present 
in the fiial reaction mixture in some experiments immediately after the termination 
of the oxidation process (at -20”) showed that its yield was about 50%. The final 
products of the oxidation of (Et,Ge),Hg after complete decomposition of triethyl- 
germyl(triethylgermyloxy) mercury are hexaethyldigermoxane and mercury, the yields 
of these products being close to the quantitative values expected from the following 
stoichiometric relationship : 

(Et,Ge),Hg + 0.5 O2 4 (Et,Ge),O + Hg (1) 

Traces of triethylgermyl peroxide have also been detected amongst the 
products of the reaction. These results are similar to those obtained earlier2*3 in the 
presence of other ligand-catalysts. _ 

The oxidation of (E&Ge),Hg in the presence of tert-butyl alcohol is not a 
free-radical process. This may be deduced from the fact that the reaction rate is not 
influenced appreciably by the addition of o-phenylenediamine, 2,6-di-tert-butyl-4 
methylphenol and other substances known to be effective as inhibitors of oxidation 
chain reactions of symmetrical organic and organometallic mercury compounds4.‘. 

We have found that the dependence of the rate of oxidation of (Et,Ge),Hg 
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(N,, (set- ‘)) on the value of n for tert-butyl alcohol is somewhat complicated (Fig. 
2). Over the range n=O to lo-12 the decrease in rate is similar to that observed 
earlier in the presence of non-associated ligand-catalysts. With these catalysts the 
decrease in the rate with an increase in n from lo-12 was attributed to the relative 
lowering of the reactivity of solvated (Et,Ge),Hg as a result of a saturation of the 
coordination capacity of the compound3. 

Further increase in the value of n led to an increase in the reaction rate which 
was attributed to association of the ligand-catalyst with different molecular weight 
associates having different catalytic activity. It is known6 that association of alcohol 
leads to the protouization of the hydroxyl group hydrogen and this leads to an iu- 
crease in the reactivity of the alcohol (as a nucleophilic reagent) as the degree of 
association increases. 

Literature data exist7 concerning the varying percentage of monomeric tert- 
butyl alcohol molecules present in the system tert-butyl alcohol-cyclohexaue. In 
this work cryoscopic measurements have been made (in cyclohexane, see Table 1) 
to establish the percentage of associated tert-butyl alcohol molecules present in the 
system over various concentration ranges as used during the catalytic oxidation of 
(Et,Ge),Hg. It should, however, be noted that the states of association of tert-butyl 
alcohol in cyclohexane and in solutions of (Et,Ge),Hg in n-octane (ie. the solutions 
used in the investigation of the catalytic oxidation of (Et,Ge),Hg) are not necessarily 
identical. 

Assuming a molecular mechanism for the oxidation of (Et,Ge)lHg in the 
presence of tert-butyl alcohol in conjunction with the degrees of association of 
the ligand-catalyst measured and listed above leads to the reaction scheme 1 

SCHEME 1 

Li-,+t +ti 

tit (Et,Ge),Hg # (Et,Ge),Hg aTi 

(EtsGe)zHg*&+ 02 - Et3GeHgOOGeEt3.zi 

Et,GeHgOOGeEt, ‘Li k Et,GeOOGeEt3 + IIg +Li 

EtsGeHgOOGeEtJ-&+(Et3Ge),Hg + 
Et3GeHgOGeEt3azi+Et,GeHgOGeEt, 

Et3GeHgOGeEts-Li - (Et3Ge)zO+Hg+z, 

Et,GeHgOGeEt, 2 (Et,Ge),O+Hg+Li 

(2) 
(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Such a scheme accords reasonably well with the observed chemistry of the 
oxidation of (Et3Ge)2Hg in the presence of tert-butyl alcohol and, in addition, is 
in agreement with studies of the oxidation of (Et,Ge),Hg in the presence of non- 
associated ligand-catalysts, carried out earlier3. 

Quantitative calculations of the influence of catalysts on the oxidation of 
(Et3Ge)zHg especially when these catalysts are associated tert-butyl alcohol mole- 
cules present in varying ratios, leads, in the general case, to a complicated expression 
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TABLE 1 

DATA OF CRYOSCOPIC MEASUREMENTS FOR tert-BUTANOL IN CYCLOHEXANE 

ROH (mok- I-‘) eL = apparent mol.wt. 
monomer mol_wt_ 

0.11 3.9 
0.41 4.24 
0.69 4.46 
0.98 4.76 
1.32 5.19 
1.56 5.29 
1.94 5.41 

for the rate W. This expression may, however, be simplified if it is assumed that 
reaction with oxygen in the system is a zero order process*_ 

W = Z ksi [OEC] 

i 

(9) 

where [OEC], CL], kzi, K2i and kli represent the concentrations of (EtsGe),Hg and 
the ligand-catalyst, the rate constant for the formation and decomposition of i-merit 
associate according to reaction (2) and the rate constant for the interaction of the 
i-merit associate with (Et,Ge),Hg according to reaction (3), respectively. 

From such an analysis of the results, as depicted graphically in Fig. 2, it may 
be seen that the value of N,, (sec- ‘) for the catalytic oxidation of (Et,Ge),Hg at 
values of n > 12 is solely dependent on the value of n. 

As n increases IV_ (set- l ) also increases independently of the magnitudes of 
the initial concentrations of (Et,Ge),Hg and z. This result suggests that under 
the experimental conditions employed 

N 

0.5 

a3 

10 2.0 
Reaction time (h) 

Fig. 3. The oxidation of (Et,Ge),Hg in n-octane with various additions of tert-butyl alcohoL T= -203 
P(0,) =300 IILIIL The curves illustrated were obtained when [OEC],, was respectively equal to: LO.0257; 
2, 0.0504; 3, O.O744mole-I-’ and nSZ2.75; and 4, 0.0393; 5, O.O464mole-I-’ and n=41.1. 

* It has been established in this work that the oxidation of (Et,Ge),Hg iu the presence of tert-butyl 
alcohol is zero order with respect to oxygen when n > 12. 
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Under these conditions, and assuming that the extent of the reaction is not 
too great ([OEC] z [OECJ-,) and that..the change of [El0 is small for the interval 
of concentration values employed (i.e. [E] =a@&, where acconstant.), the ex- 
pression for the relative reaction rate for the oxidation of (Et,Ge),Hg may be written 
as 

N=Cai-ni 
I 

where 

Equation (10) provides a quantitative expression for the observed dependence 
of the relative rate of oxidation of (Et,Ge),Hg on the n value of the ligand-catalyst 
(Fig. 2, n > 12). 

It has also been established that the rate of oxidation of (Et,Ge),Hg with in- 
creasing amounts of tert-butyl alcohol (n > 12) may be satisfactorily described by a 
first-order kinetic equation dependent solely on the initial concentration of the bi- 
metallic organic compound. This is demonstrated in Fig. 3 where plots of N versus 
time for various initial (Et,Ge),Hg concentrations lie on the same curve provided 
that n remains constant. This result is also in agreement with the predictions of 
Eqn. (10). 

EXPERIMENTAL 

Bis(triethylgermyl)mercury was synthesized by the hydride method’ and 
purified by re-condensation under reduced pressure. The fraction with b-p. 123S”/1 
mm was used. tert-Butyl alcohol used was of “Chem. pure” grade of m-p. 25O, nz” = 
1.3876. 

Generally the initial oxygen pressure over the reaction mixture was 300 mm 
with the exception of experiments in which the influence of the initial oxygen pressure 
on the rate of oxidation was investigated_ The following methods were used in the 
analysis of the products of the reaction. Hexaethyldigermoxane was identified and 
analyzed quantitatively by GLC, mercury was estimated by the method used ear- 
lieri-‘, while an iodometric technique was used-for the analysis of triethylgermyl 
peroxide’. 

REFERENCES 

1 G. A. Razuvaev, Yu A.' Alexandrov, V. N. Glushakova and G. N. Figurova, J. Orgonometol. Chem, 
14 (1968) 339. 

2 YLL A. Alexandrov, G. k Razuvaev, V. N. Glushakova and G. N. Figurova, Doklady Akad. Nauk SSSR, 
185 (1969) 1293. 

3 Yu. A. Alexandrov, G. A. Ramvaev, V. N. Glushakova and V. Ya. Savukova, J. OrganometaL Chem, 
27 (1970) 201. 

4 Yu. A_ Alexandrov, G. A. Razuvaev and G. N. Figurova, J. Organometal. Chem, 27 (1971) 207. 

J. Organometal. Gem., 40 (1972) 



54 YtJ. k ALEXANDROV, V. N. GLUSHAKOVA, G. A. R4ZWAFZV 

5 G. A. Razuvaev, Yu A. Alexandrov, V. N. Glushakova and N. F. An!Xov, Do&lady Akad. Nauk SSSR, 
188 (1969) 1303. 

6 k H. Fletcher and C k He&r, J. Phys. C&m., 71(1967) 3742; L. J. Bellamy and R J. Pace, Specnochim 
Acta, 32 (1966) 525; E. D. Hughes, C. K. Ingold, S. F. Mok and J. Packer, J. Chem. Sot, (1957) 1239. 

7 J. Frogogine and k Desmyter, Trans. Faraday SOL, 47 (1951) 1139; R S. Muss and M. Eisner, J. Chem. 
Phys., 30 (1959) 227. 

8 N. S. Vyaza&in, G. A. Razuvaev and E. N. Gladyshev, Doklady A&ad. Nauk SSSR, 151 (1963) 1326. 

3. Organometel. Chem., 40 (1972) 


