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Tetraethyllead was piepared by electrolysing DMF or DMSO solutions of 
ethyl iodide and ethyl bromide in an undivided cell equipped with a cadmium 
cathode and a lead anode. Ethylcadmium intermediates are produced at the 
cathode, and react with the anode to form the product. 

The yield of tetraethyllead syn’tbesized this way is mainly determined by 
the cathodic formation of the ethylcadmium intermediates: when this reaction 
is favoured by either a high concentration of the ethyl halide or by use of a 
temperature of ca. 5O*C, the yield of tetraethyllead is greatly increased. 

It is known that diethylcadmium is employed as alkylation agent for the 
manufacture of tetraethyllead from lead acetate and triethylahuninium [l-3] _ 
Only half of the lead present in lead acetate is utilized at the first stage of that 
process (eq. 1) but complete conversion of the residual metallic lead is achieved 

4 AlEt + 6 Pb(UAc), + 3 Pb -+ 4 AI(OAC)~ + 3 PbEt, (1) 

Pb i- 2 Et1 + CdEtz --f PbEt4 + Cd& (2) 

in the subsequent stage (eq. 2). The diethylcadmium required by this second 
stage is prepared by treatment of cadmium iodide with triethylaluminium. 
_Alkylcadmiums may also be prepared electrochemically [4,5] by the sacrificial 
cathodic process (eq. 3). 

RI+2ez CdR, + 2I- (3) 

Thus we have devised an electrolytic system whereby diethyicadmium syn- 
thesized in this way in an undivided cell is used for alkylating a lead anode. 
Such a system.would bring about reaction 2 anodically, giving the advantage of 
an “in situ” production of the diethylcadmium intermediate. 

We describe below the results obtained on electrolyzing ethyl iodide (or 



T
A
D
L
E
 I
 

C
C

JI
I~

I~
IO

II
S

: 
V

ol
u

m
e 

of
 t

h
e 

d~
l~

~
ly

~
~

tl
 

S
O

II
I~

~
II

I~
 2

5 
II

I]
: 

B
U

JI
JK

I~
~

 d
~

lr
O

l~
t~

~
 

N
i\

I/
T

13
A

P
 

.-
 

--
- 

-.
.. 

R
lll

l 
S

ol
vc

n
t 

IX
1 

E
tU

r 
‘I

 
C

ol
llo

ln
bs

 

N
o,

 
(m

ol
 

I’
*)

 
(m

ol
 

1”
) 

(“
C

) 

C
cl

 
lo

ss
 

(r
.)

 

I’
ll 

lo
se

 

(6
) 

P
b 

dI
.~

~
lV

~
tl

/F
ll~

~
rl

i~
y 

(m
ol

 
F

u
ra

tl
~

ry
’~

 ) 

--
 

I’
bE

llj
 

51
 yl

ol
d 

bn
sc

d 
on

 P
b 

10
9s

 

1 
D

A
IF

 
0,

2G
 

2b
 

40
0 

0.
02

 
0,

24
 

0.
27

 
G

.3
 

2 
D

M
I’

 
1.

2B
 

- 
26

 
40

0 
0.

20
 

0.
42

 
O

.G
O

 
20

.6
 

3 
D

M
F

 
la

87
 

26
 

40
0 

0.
28

 
0.

45
 

0.
62

 
33

.3
 

4 
D

M
F

 
a0

2 
35

 
41

36
 

0.
20

 
0,

X
 

0.
36

 
23

.0
 

6 
D

M
P

 
la

26
 

- 
38

 
26

0 
0.

21
 

0.
27

 
0.

61
 

33
.0

 

6 
D

h
lF

 
1.

2G
 

- 
36

 
42

0 
0,

20
 

0,
4B

 
0.

60
 

30
.B

 
7 

D
M

P
 

1.
2G

 
36

 
G

G
O

 
0.

42
 

0.
46

 
0.

33
 

39
.7

 
H

 
D

M
F

 
1.

26
 

38
 

81
0 

0,
B

O
 

0.
78

 
0.

45
 

37
.3

 
0 

D
M

P
 

0.
26

 
46

 
40

0 
0.

20
 

00
38

 
0.

45
 

0.
8 

10
 

D
M

F
 

1.
35

 
46

 
40

0 
0.

11
 

0.
46

 
0.

84
 

60
.1

 
11

 
D

h
lP

 
1.

R
7 

4B
 

33
0 

0.
40

 
0.

37
 

O
.G

l 
(i

x0
 

12
 

D
M

S
O

 
1.

26
 

__
 

p 
25

’ 
36

0 
0.

19
 

0.
36

 
0.

60
 

22
.3

 
13

 
D

M
S

O
 

0.
2B

 
3 

G
 

36
0 

0.
28

 
0.

3H
 

O
.b

Y
 

,2
7.

6 
14

 
D

h
lF

 
0.

12
 

0.
7 

G
G

 
42

0 
0.

34
 

0.
34

 
0.

38
 

10
.2

 
16

 
D

M
F

 
. .

.-
 

6.
1 

G
B

 
46

0 
0.

20
 

0,
23

 
0.

24
 

19
.2

 
1G

 
D

M
S

O
 

6.
7 

G
G

 
44

0 
0.

34
 

0.
3H

 
0.

41
 

29
.1

 
17

” 
‘D

M
I’

 
1.

2G
 

-.
 

26
 

36
0 

0.
G

7 
0.

10
 

0.
13

 
11

,2
 

--
. 

” 
W

lt
li

 u
dd

it
lo

n
 

of
 c

tl
iy

lc
n

cd
la

m
in

c 
21

8-
1 

m
o

l 
1-

t 
, 



411 

ethyl bromide) in an &otic medium between a cadmium cathode and a lead 
anode. 

Experimental 

The preparative electrolyses were performed amperostatically with a current 
of 50 mA, using an electrolytic cell which consisted of a simple glass cylinder. 
The anode was a rolled lead sheet in the form of a cylinder (the immersed area 
facing the cathode was “17 cm* ) surrounding the cathode which was a cadmium 
rod (the immersed area was =8 cm* ): the distance between the electrodes was 
0.5 cm. 

The cell was usually charged with 25 ml of solution and the system was de- 
gassed by nitrogen. . 

The tetraalkyllead formed was determined by gas-chromatographic analysis 
after e&action from the electrolyzed solution with n-hexane. 

Current.potential curves (i/E) for the reduction of either ethyl iodide or 
cadmium ions were obtained potentiostati&ly in a divided cell 163 using a 
cadmium stationary microelectrode and a SCE reference electrode. 

All the materials used were commercially available reagent grade chemicals. 

Results and discussion 

When 25 ml of a dimethyl formamide (DMF) or dimethylsulfoxide (DMSO) 
solution containing ethyl iodide (EtI) 10% and NaI 570, or tetrabutylammonium 
perc‘hlorate (TBAP) as background electrolyte were left for several hours in the 
cell described above, no weight loss for the anode and a negligible weight loss 
for the cathode were observed if no electric current was fed into the system. 
In contrast, when the same solution was electrolyzed at constant current (50 
mA) substantial dissolution of the electrodes took place, and tetraethyllead was 
found as the main product. 

The yield of tetraethyllead was studied as a function of the quantity of elec- 
tricity passed, the temperature and the ethyl halide concentration. The results 
are reported in Table 1. 

The production of tetraethyllead seems independent of the quantity of elec- 
tricity within the electrolysis times of the runs reported in Table 1 (runs 5-8). 
Tine optimum yields are reached with high concentrations of EtI (runs l-13) 
and temperatures slightly above ambient. 

As there is initial deficiency of the cadmium derivative required by the reac- 
tion 2, the step controlling the yield of the whole process must be the cathodic 
one. Indeed both EtI and temperature may affect the ethylcadmium intermediate 
formation for the following reasons: 

(a) The diethylcadmium produced at the cathode is subsequently engaged 
by reaction 2, wherein Cd*+ ions are freed. It is thus clear from Figs. 1 and 2 
(which show the curves obtained for the reduction of EtI and Cd*+, respective- 
ly) that under galvanostatic conditions Cd*+ ions rather than Et1 may be re- 
duced at the cathode: this trend may be reversed on increasing Et1 and tempera- 
ture. 

(b) If diethylcadmium is produced only according to the stoichiometry of 



Fig. l_ Steady state current (i) potential (E) curves for Et1 at cadmium electrode in DMF at 25OC wi-ith 
TBAP electrolyte_ The dotted part of the curves is due to cadmium o.xidation_ Et1 ecwd to: I 0.62 mol 1-I ; 
r0.31 mol 1-l : 0 0.12 moll-l : 0 0.00 moll-l. 

reaction 3, not more than 0.5 moles of cadmium will dissolve for each mole of 
electrons passed. However, from the loss iJr weight of the cathode reported 
in Table 1 it czn be deduced that this is not generaliy the case, the above 
stoichiometry often being exceeded. Indeed, if some Cd’+ ions were not been 
recycled by the cathode the weight loss would be higher. 

Thus, chemical steps strongly dependent on concentration and temperature 
are possibly involved in the sacrificial formation of ethylcadmiums, as is the 

h 
1” 

-0.5 - 3.0 -1.5 E ‘) 

Fig, 2. Steady state current-potential cm-ves for Cd 2+ reduction at the cadmium electrode in DMF with 
TBAP base e!ectrolyte_ The dotted curve (0) shows the reduction of Et1 (0.62 mol). Curve A (v): Cd* = 
6.5 X 10m2 mo? l-1 ; Curve B <P): Cd* = 6.5 X IO-* mol 1 -* in the presence of ethvLnediamine 0.3 
mo11-1. 
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case in the reduction of either benzyl iodide at mercury [ 7] or simple alkyl 
iodides at zinc [S]. Use of very high concentrations of the alkylating agent and 
a temperature of 55” C enabled us to obtain significant yields of tetraethyllead 
even from ethyl bromide (runs 14-l6), although EtBr is much more resistant 
to electrochemical reduction than EtI. 

With regard to the ai’kylation of the lead mode, we must consider at leas’: 
two routes for reaction 2: 

(a) heterogeneous reaction. This involves the direct oxidation of ethylcad- 
mium at lead with production of ethyl free radicals, which in turn react with 
the anode: lead derivatives at a lower alkylation stage are thus produced, and 
on dissolution undergo further alkylation by EtI. 

(b) homogeneous reaction. This takes place between diethylcadmium and 
some oxidized form of lead (e.g. Pb”) directly provided by-the anode. 

The data on loss in weight of the lead reported in Table 1 show a dissolution 
stoichiometry ranging from 0.25 to 0.5 moles dissolved for each mole of elec- 
trons passed, indicating the operation of more than one process. 

The results show although alkylcadmiums are less effective than alkyhnag- 
nesiums [6,9,10] and alkylzincs [II] for electrochemical synthesis of tetra- 
alkyllead, cathodically produced diethylcadmium may satisfactorily alkylate 
a lead anode above room temperature. In principle if Cd2+ ions freed by reaction 
2 should be partially inhibited from cathodic reduction by a suitable complex- 
ing agent (see Fig. 2 curve b), either milder reaction conditions or cheaper 
alkylating agents (EtBr) might be utilized satisfactorily. However, the weight 
loss of the electrodes in the explorative run 17 of Table 1, shows that in the 
presence of 0.1 M e’~ylenediamine the cathodic formation of diethylcadmium 
at 25°C is apparently increased but the extent of alkylation of the lead anode 
is not increased. 

The authors a&nowledge the technical assistance of Mr. F. Furlanetto, 
Mr. B. Facchin and MI-. R. Ragazzo of C.N.R. 
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