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for the limiting conductance. With this tentative 
value, 7 is calculated from A (observed) by (3) 
and then the activity by means of the equation 

-1Og10/
2 = 2/3 V^y (5) 

(The term in Ka is omitted here, because it arises 
from ions in contact, and these are counted as 
associated pairs.) Finally F/A is plotted against 
CAf2ZF. For concentrations less than 3 X 10 - 7 

D3, a straight line js obtained, with intercept 1/A0 

and slope 1/KAo2. This method, which is simply 
a correction for long range mterionic forces of the 
Ostwald dilution law used by Kraus and Bray,4 

is very much less laborious than the previous 
method1 of successive approximations. 

(4) Kraus and Bray, T H I S JOURNAL, 35, 1315 (1913). 
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The Decomposition Voltage of Grignard Reagents in Ether Solution 
By W. V. EVANS, F. H. LEE AND C. H. L E E 

The Grignard reagent has been electrolyzed,1,2 

the hydrocarbons appearing as anodic products 
have been isolated quantitatively and identified 
and the faraday equivalent of the cathodic prod­
uct, magnesium, determined. 

By assuming that the discharge potential of the 
magnesium is constant it should be possible to 
determine the discharge potentials of various or­
ganic groups in Grignard solutions of a definite 
composition. 

Experimental 

Preparation of Solutions.—Dry ether, purified 
Eastman alkyl and aryl bromides and special 

(1) Kondyrew and Manojew, Ber., SS, 464 (1925). 
(2) Evans and Lee, T H I S JOURNAL, 56, 654 (1934). 

magnesium were used as raw materials. The 
magnesium for the preparation of the Grignard 
solutions was always in excess of the amount 
necessary for the reaction RX + Mg = RMgX. 
In each preparation the reaction mixture was 
heated over a water-bath after reaction. A 
portion of the solution was analyzed by Gilman's 
titration method and the remainder diluted to 
approximately molar concentration and then 
transferred to an enclosed conductivity cell for 
decomposition measurement. The solutions dur­
ing preparation and transfer were kept in contact 
with dry hydrogen. 

Measurement of the Decomposition Voltage. 
—The apparatus used for measuring the de-



490 W. V. EVANS, F. H. LEE AND C. H. LEE Vol. 57 

composition voltage is shown in Fig. 1. The cell 
C was kept at 22°. Galvanometer G, shunted in 
each experiment with a suitable resistance R, was 
used to measure the current passing through the 
cell. A low voltage was applied at the beginning 

Fig. 1. 

and after a constant current was obtained the 
voltage gradually was increased usually to about 
five volts, and the corresponding galvanometer 
readings taken in a similar manner. The gal­
vanometer readings were then plotted against the 
corresponding voltages. The voltage where the 
curve showed a distinct break* was taken as the 
decomposition voltage. In most cases two results 
were obtained showing the possibility of checking 
such results. Check measurements were made 
with the current reversed. Table I shows the 
values obtained. 

TABLE I 

Reagent 
C6H6MgBr 
CH8MgBr 
C8H7MgBr 
C4H9MgBr 
C2H6MgBr 
C2H6(CH3)CHMgBr 
(CHa)2CHMgBr 
(CH3)3CMgBr 
CH 2 =CHCH 2 MgBr 

Concentration 
1.02 1.04 
1.09 
1.01 0.92 
1.06 1.00 
1.56 1.03 
1.03 1.00 
0.95 0.98 

.81 .86 

.87 1.13 

Decomposition 
voltage 

2.21 2.13 
1.94 
1.41 1.43 
1.31 1.33 
1.27 1.29 
1.23 1.25 
1.08 1.06 
0.91 1.03 

.83 0.89 

Average 
2.17 
1.94 
1.42 
1.32 
1.28 
1.24 
1.07 
0.97 

.86 

Graphs for two typical results, ethylmagnesium 
bromide and methylmagnesium bromide, are 
shown in Fig. 2. 

Discussion 

The data indicate that the decomposition volt­
ages of the Grignard reagents tested do vary and 
range from 2.17 to 0.86 volts. If we assume the 

discharge potential of the magnesium constant 
in these solutions we then have a set of numbers 
that show us the relative discharge potential of 
each alkyl and aryl anion constituting the re­
agents. We note that the phenyl anion has a 
higher discharge potential than the saturated 
alkyl radicals while allyl has the lowest discharge 
potential. Among isomeric radicals the order is 
primary, secondary and tertiary in descending 
order. 

When we replace hydrogen atoms by methyl 
groups in a methyl radical the discharge potential 
of the substituted methyl radicals is gradually 
lowered since the discharge potential of methyl, 
ethyl, isopropyl and tertiary butyl radicals are, 
respectively, 1.94, 1.28, 1.07 and 0.97 volts. 

Summary 

1. The decomposition potentials of molar 
solutions of phenylmagnesium bromide, methyl-
magnesium bromide, ethylmagnesium bromide, 
M-, and i-propylmagnesium bromides, n, s, and 
2-butylmagnesium bromides and allylmagnesium 
bromide have been determined at 22°. 

2. The effect on discharge potential of sub­
stituting a methyl group for hydrogen in a methyl 
radical has been presented. Comparison has 
been made as to the discharge potentials of iso­
meric alkyls. 
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