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Electrochemical Reduction of Molybdate in the Presence 
of Zinc Chloride in Molten Lithium Chloride-Potassium 

Chloride Eutectic 

R. Cvetkovi~ and B. N. Popov 
Faculty of Technology and Metallurgy, University Kiril and Metodij, Skopje 91000, Yugoslavia 

and H. A. Laitinen* 

Department of Chemistry, University of Florida, GainesvilIe, Florida 32611 

ABSTRACT 

Two chronopotentiometric waves were observed for the electrochemical 
reduction of molybdate in the presence of zinc chloride, with quar te r -wave  
potentials of --1.5V and --1.75V vs. the P t ( I I ) / P t  reference electrode, re- 
spectively. It was observed that an increase in the molybdate concentrat ion 
causes a decrease of the first t ransi t ion time indicating a chemical reaction 
between ZnC12 (which is reduced at --1.5V) and LifMoO4 in the melt  forming 
ZnMoO4 which is sparingly dissociated in LiC1-KC1 eutectic. The equi l ibr ium 
constant 'for the observed reaction was calculated. X- ray  powder diffraction 
pat terns of the reduction product of ZnMoO4 have been obtained. 

Lai t inen and Propp (1) have shown that  the electro- 
chemical reduction product  of KfCrO4 in LiC1-KC1 
eutectic containing dissolved MgC12 is a single com- 
pound of formula LixMgyCrO4, where x § 2y ---- 5. 
Lai t inen and Hanck (2) observed that the reduction 
of chromate in the presence of Zn( I I )  was shifted from 
--1.0V vs. Pt ( I I ) /P t  reference to --0.5V. Analysis of the 
deposit indicated the composition to be LiZnfCrO4. 
Lai t inen and Popov (3) also observed that  when 
chromate is reduced in the presence of NiC12 at 500~ 
the deposit approaches the composition LiNifCrO4. 

The purpose of the present  research is to charac- 
terize the insoluble electrode deposit formed when 
Li~MoO4 is reduced in the presence of ZnC12 in LiC1- 
KC1 eutectic. The knowledge gained through this 
study will  contr ibute  to the over-al l  unders tanding  of 
moIybdate electrochemistry (4, 5) and should aid the 
interpreta t ion of the mechanism of the electrochemical 
reduction of LifMoO4 in  LiC1-KC1 eutectic. 

Experimental 
Solvent.--The eutectic mixture  of potassium chloride 

[41 mole per cent (m/o) ]  and l i th ium chloride (59 
m/o)  at 450~ was used as a solvent system. The 
LiC1-KC1 eutectic was obtained from Anderson Physics 
Laboratories, Incorporated, Champaign, Illinois. The 
method of purification has been described (1). 

Apparatus.--The ins t rumenta t ion  and equipment  
used in this s tudy have been previously described 
(1-5). 

Electrolytic cel l --The cell used in this exper iment  
has been previously described (6). Within  this cell 
and under  an atmosphere of dry, oxygen-free argon, 
the solvent was allowed to collect into the fritted com- 
par tments  which were used as experimental  cells. At 
the end of the exper iment  the volume of each compart-  
ment  was determined by t i t rat ing its chloride content, 
and making  calculations from the known density of the 
melt  at 450~ 

Electrodes.--The reference electrode was a p la t inum 
foil in  contact with p l a t inum(I I )  solution. This refer-  
ence electrode has been shown to be reproducible and- 
nonpolarizable over a long period of time (7). The Pt  
indicator electrode used in  this study has been pre-  

* E l e c t r o c h e m i c a l  Soc ie ty  A c t i v e  Member ,  
Key words: fused salts ,  z inc m o l y b d a t e ,  chronopotentiometry. 

viously described (1-5). The electrode had a geometric 
area of 0.5 cm 2 and was constructed so that the glass- 
metal  seal was always kept above the level of the 
melt. The p la t inum gauze electrodes used to prepare 
samples of the film, as well as the carbon electrode 
which served as counterelectrode in all electrochemical 
investigations in the melt, were constructed as de- 
scribed by Propp (1). 

ChemicaIs.--All chemicals used in this study were 
reagent grade. ZnMoO4 was prepared by fusion of ZnO 
and MoO3 at 700~ (8) as well as by the methods de- 
scribed by Schultze (9), Carriere (10), and Jander  
(11). The product was light rose in color and has 
been identified by x - ray  and chemical analysis as 
ZnMoO4. Those chemicals containing water  of hydra-  
t ion were vacuum dried at II0~ before being added to 
the melt. Solid chemicals were added to the melt by 
means of a small glass spoon. A blanket of argon was 
kept over the melt at all times to exclude oxygen and 
water vapor. The purification train used in purifying 
the argon has been described (i-5). 

ExperLme~tal techniques.--Samples of the electrode 
deposit result ing from the reduction were obtained by 
constant current  electrolysis using p la t inum gauze 
electrodes. Before their insert ion in the melt  solution, 
the gauze electrodes were cleaned in boiling, concen- 
trated HNO.~, rinsed with distilled water, and dried at 
130~ for 20 hr. After  the mater ial  had been deposited 
on the electrode, the electrode was allowed to cool, 
washed with deionized water, and dried at 120~ The 
deposits were then dissolved in 5 ml  of concentrated 
nitric acid by heating on a hot plate. The zinc content 
of the solution was convenient ly  determined by a sim- 
ple EDTA ti trat ion with Eriochrome Black T as the 
indicator. The molybdenum content of the deposit was 
determined by addition of an excess of Pb 2+ which was 
backti t rated with EDTA using xylenol orange as the 
indicator. The total molybdenum was also obtained 
by amperometric  t i t rat ion with lead, a procedure de- 
veloped by Aylward (12). The l i th ium content  was 
determined using flame photometry, observing the Li 
emission at 670.8 nm. X- ray  powder diffraction pat terns 
were obtained using an 11.47-cm camera loaded with 
Ilford Type G x - ray  film and exposed to Ni filtered 
CuE: ~ radiation. The Cu tube was mounted  in  a No- 
relco generator. Chloride was determined by the V01- 
hard method. 
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Fig. 1. Potential-time curves 
for chronopotentiometric reduc- 
tion of mixture ZnCI2-Li2MoO~.. 
Current density = 50.4 raM/ 
on12.  

Concen- Concen- 
tration of tration of 

ZnCI2, mm Li2Mo04, mm 

a. 74 0 
b. 74 7.55 
c. 74 19.3 
d. 74 32.7 
e. 74 51.8 
f. 74 87.8 
g. 74 118.5 

Results and Discussion 
ZnCl2-LizMoO4-LiCI-KCl system.--Under certain 

conditions one chronopotent iometr ic  wave  is observed 
for the reduct ion of Li2MoO4 at --1.75V vs. the Pt  ( I I ) /  
Pt  reference electrode. This reduct ion was found to 
be diffusion control led over  the t ime in te rva l  invest i -  
gated. Chronopotent iograms were  obtained over  the 
concentrat ion range (5.3 • 10-SM Li2MoO4-153.3 • 
10-'~M). The average value of I~l/2/C calculated f rom 
the chronopotent iometr ic  results is 175 A sec 1/2 mole -1  
cm 3, which agrees wi th  the results obtained earl ier  
(4, 5). 

Chronopotent iometry  of ZnC12 in the absence of 
Li2MoO4 revealed  a wave  with a qua r t e r -wave  poten-  
tial of --1.5V vs. the P t ( I I ) / P t  reference electrode. Dif-  
fusion control was shown by the constancy of I~1/2/C 
at 800 • 4 A sec '1/2' mole -~ cm for  four  different con- 
centrations ranging f rom 8.34 • 10-3M to 125 • 10-~M 
at three different current  densities. The above value of 
IT1/2/C was used as a calibration factor for evaluat ing 
Zn( I I )  concentrat ion in calculat ing the format ion con- 
stant of ZnMoO4. 

The effect of Zn( I I )  on the  reduct ion of Li2MoO4 was 
demonstra ted by successively increasing the concen- 
t rat ion of Li2MoO4 at constant Zn(I I )  concentrat ion as 
shown in Fig. 1. Two chronopotent iometr ic  waves were  
observed. The first wave  has a qua r t e r -wave  potent ial  
at --1.5V vs. the P t ( I I ) / P t  reference electrode cor- 
responding to the reduct ion of Zn(I I )  and the other at 
--1.75V corresponding to the reduct ion of molybdate.  
It  was observed that  an increase on the molybdate  con- 
centrat ion in the mel t  causes a decrease of the first 
t ransi t ion t ime and at the same t ime an increase of the 
second t ransi t ion time. The quant i ta t ive  var ia t ion of 
the t ransi t ion t ime constant was tested by running 
duplicates of three  current  densities at different 
Li2MoO4 concentrations. The  decrease of Ioz 1/2, for the 
reduct ion step at --1.5V, wi th  increasing Li2MoO4 con- 
centration, is demonst ra ted  in Table  I. 

The chronopotent iometr ic  data for the second reduc-  
t ion are presented in Table II. 

The data in Tables I and II can be quant i ta t ive ly  
in te rpre ted  in terms of an equi l ib r ium 

Zn 2+ 27 MoO42- ~<~- ZnMoO4 

[Zn MOO4] X 
K =  

[Zn 2+ ] [MOO42- ] (Cznc12 - -  X )  ( C L i 2 M o 0 4  - -  X )  

The results, g iven in Table III  indicate that  K : 30.1 
• 2.9, as calculated f rom the data in Table I. 

ZnMoO4-LiC1-KC1 sys tem.- - In  order  to examine  fur -  
ther  the electrochemical  reduct ion of Li2MoO4 in the 

presence of ZnC12, chronopotent iograms of ZnMoO4 in 
mol ten  LiC1-KC1 were  obtained. 

Quali tat ively,  two chronopotent iometr ic  waves oc- 
cur in the case of ZnMoO4 reduct ion with qua r t e r - wave  
potentials at --1.5V and at --1.75V vs. the P t ( I I ) / P t  
reference electrode. 

The Sand equat ion was tested by running duplicates 
of four current  densities at five different ZnMoO4 con- 
centrations. The dependence of IoT 1/2 on C is demon-  
strated in Table IV for the first wave  and in Table V 
for the second reduction. 

The data in Tables IV and V can be quant i ta t ive ly  
in terpre ted  in terms of an equi l ibr ium 

ZnMo04 ~ Zn 2+ + MoO4 2- 

In order to compare the results given in Table IV 
for the system ZnMoO4 with those obtained for the 
system Li2MoO4-ZnC12 one can wri te  for the above 
equi l ibr ium 

[ZnMoO4] (CznMoo4  -- X) 

[Zn 2+ ] [MOO42- ] X 2 

Table I. Chronopotentiometric data for the first reduction step of 
ZnCI2 and Li2Mo04 mixtures 

Cznc12 : 74 �9 10 -3 (M) 

lor11~ 
CLI2Mo04, Io ,  ( k  �9 s e e  1/-" 

( M )  m A  - e m ~  r ,  s e e  c m  -2) 

7.55 �9 I0 -~ 50.4 1.20 55.2 �9 I0 -~ 
5 7 . 8  0 . 9 0  5 4 . 9  �9 10  ~ 
69 .8  0 . 6 5  5 6 . 3  �9 10  -a 

Avg 55.4 �9 10 -~ 

1 9 . 3 0  �9 l 0  s 5 0 . 4  1 . 0 0  5 0 . 4  �9 l o s  
5 7 . 8  0 . 7 0  4 8 . 4  
6 9 . 8  0 . 5 5  5 1 . 7  �9 l o s  

A v g  50 .2  �9 l o s  

3 2 . 7  �9 10 -a 6 0 . 4  0 . 7 5  4 3 . 6  , l 0  -a 
5 7 . 8  0 . 5 5  4 2 . 8  , l o s  
6 9 . 8  0 . 4 0  4 4 . 1  �9 l 0  -~ 

A v g  4 3 . 5  �9 l o s  

5 1 . 8  �9 10  4 5 0 . 4  0 . 4 5  3 3 . 8  �9 l o s  
5 7 . 8  0.40 3 6 . 6  
6 9 . 8  0 . 2 5  3 4 . 9  . 1 0  - a  

A v g  3 5 , 1  �9 1 0  - a  

8 7 . 8  . 10--* 4 0 . 4  0 . 4 0  2 5 . 6  �9 l o s  
5 0 . 4  0 . 2 5  2 5 . 2  �9 10"* 
57 .8  0 . 1 5  2 2 . 4  �9 l o s  

A v g  2 4 . 4 .  10  -'a 

1 1 8 . 5  �9 10  4 3 6 . 2  0 . 2 5  16 .1  �9 1O-* 
4 0 . 4  0 . 2 0  18 .1  �9 10-*  
5 0 . 4  0 . 1 5  19 .5  �9 l o s  

A v g  18 .6  - 1 0  -~ 

Downloaded 16 Jun 2011 to 129.252.106.20. Redistribution subject to ECS license or copyright; see http://www.ecsdl.org/terms_use.jsp
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Table II, Chronopotentiometric data for the second reduction step 
of ZnCI2 and 1-i2Mo04 mixtures 

Cznci2 = 74 �9 10 -3 (M) 

Io71 1/s 
L(l~r Io, 7-1 1/2, ( A  �9 see1/2 

C O& mA �9 a m  -2 7"2, see see I/2 era-4 

7.55 �9 i0 -8 50.4 -- -- -- 
18.30 �9 10 4 50.4 0.05 0.025 1.26 �9 10-4 

5 7 . 8  -- -- - -  

69.8 - -  - -  - -  

3 2 . 7  �9 10-4 50.4 0.10 0.056 2,80 �9 10-4 
57 .8  0.05 0 .033 1.91 �9 10-4 
69,8 - -  - -  - -  

A v g  2 . 3 6  - 10-4 

51.8 �9 10-4 50 ,4  0 .12  0 . 0 8 4  4 . 2 3  �9 10-4 
57.8 0.08 0 . 0 6 0  3,47 �9 10-4 
69.8 - -  - -  - -  

A v g  3 . 8 5  . 10 ~ 

87 .8  �9 10  ~ 4 0 . 4  0 . 3 0  0 . 2 0 4  8 ,24  . 10-4 
5 0 . 4  0 . 1 8  0 .156  7 .86  �9 10-4 
57 .8  0 .10  0 .112  6 .47  - 10-4 

A v g  7 .52  �9 1 0  -a 

1 1 8 . 5  �9 10-4 36 .2  0 . 4 5  0 .422  15 .2  �9 10-4 
4 0 . 4  0 .35  0 . 2 9 4  11 .9  �9 10-4 
5 0 . 4  0 .25  0 . 2 4 5  12.3  �9 10-4 

A v g  13 .1  �9 10-4 

Table Ill. Evaluation of equilibrium constant from Table I* 

C,~i~oo t [Zn2+] [Mo04~-] X K 
(M) (M) (M) (M) (M-~) 

Table V. Chronopotentiometric data for the second reduction step 
of ZnMo04 

~ o : r l  1/2 
CznMoO 4 ~'o, T 1 1 / 2  (A �9 s e c  1/~ 

( M )  m A  �9 10-4 r2, s e e  see~/g c m  -z) 

2 9 . 0 5  �9 10-4 14 .4  0 . 5 0  0 . 2 1 6  3 .76  - 10-4 
2 0 . 0  0 .30  0.188 3,11  �9 10-4 
2 4 . 4  0 .20  0 , 1 4 3  3 . 4 9 .  10-4 
30 .2  0 . 1 4  0 , 1 2 9  3 . 8 9  �9 10-4 

A v g  3 . 5 6  , 10-4 

44.3. 1O -~ 14.4 0.85 0.290 4.18 �9 10-4 
20,0 0.50 0.231 4,62 �9 10-4 
30,2 0 . 2 0  0 , 1 3 6  4,11 �9 10-4 
36.2  0 . 1 4  0 . 1 1 7  4 . 2 4 .  10-4 

A v g  4 . 2 9  �9 10-4 

8 7 . 9 '  10-4 3 0 . 2  0 . 5 5  0 . 2 4 5  7 .24  - 10-4 
36 ,2  0 . 4 0  0 , 2 0 3  7 .35  �9 10-4 
4 0 , 4  0 , 3 0  0 , 1 7 6  7 ,11  - 10-4 
50.4 0 . 2 0  0,141 7.10  . I0 -s 

A v g  7 .24  - 10-4 

107 .0  �9 10-4 30 .2  0 .80  0 . 2 9 5  8 ,91  �9 10-4 
36 .2  0 . 5 0  0 . 2 3 1  8 .36  �9 10-4 
40.4 0.40 0.203 8.40 �9 10-4 
50.4 0.30 0.187 9.40 �9 10-4 

Avg 8,77 �9 10-4 

142 .7  �9 10-4 30.2 1.05 0.338 10 .21  �9 10-4 
36 .2  0 . 7 0  0 .263  9 .52  �9 10-4 
40.4 0.60 0 . 2 5 6  10 .34  �9 10-4 
50.4 0.40 0.213 10.74 �9 10-4 

A v g  10 ,20  - 10-4 

Table VI. Evaluation of equilibrium constant from Table IV* 

Czn~o04 
( M )  X (CznMo04 - - X  ) K ,  M -1 

7 . 5 5  
19 .30  
3 2 . 7 0  
5 1 . 8 0  
8 7 . 8 0  

1 1 8 . 5 0  

1 0  ~ 68 .8  �9 10-4  2 . 3 5  �9 10-4 
10 4 8 2 . 5  . 10"-4 7 .80  - 10-4  
10-a  54 .0  �9 10-4  12 ,7  �9 10-4  
10-4  44 .0  �9 10-4  2 1 . 8  �9 10-4 
10-4 30 .5  - 10-4 4 4 . 3  . 10-4 
10 4 2 3 . 3  �9 10-4 67 .8  �9 10  "~ 

5 .2  10-4 
11,5  10-4  
20 .0  10-4  
30 .0  10-4 
43 .5  1O -a 
50 .7  10-4 

* S t a n d a r d  d e v i a t i o n  i s  •  

32 .1  
2 4 , 0  
2 9 . 2  
31 .3  
32 .2  
32 .1  

A v g  30 .2  

2 9 . 0 5  �9 10 -4 1 8 . 3 8 '  10-4 10 .67  �9 10-4 31 .6  
4 4 . 3 0  �9 10 -a 2 4 . 8 8  �9 10-4 19 .42  �9 10-4 31 .4  
87 .90  �9 10-4 3 9 . 2 0  ' 10-4 4 8 . 7 0  �9 10 4 3 1 . 7  

107 .0  �9 10-4 4 4 . 4 0  �9 10-4 6 2 . 6 0  �9 10-4 31 .7  
142 .7  �9 10-4 52 .90  �9 10-4 8 9 . 8 0  �9 10-4 32 .1  

A v g  31 .7  

Tab|e IV. Chronopotentiometric data for the first reduction step of 
ZnMo04 

IoT2/2 
CznMoO 4 I0, ( A  ' see1/2 

(1VD m A  - c m  - r  v, s e c  c rn  -~) 

2,9.05 �9 1 0  ~ 14 ,4  1 .05 14 .8  . 10-4 
2 0 . 0  0 .50  14 ,1  �9 10 -s 
2 4 . 4  0 .38  15.1  �9 10-4 
30 .2  0 .24  14 .8  �9 10-4 

A v g  14 .7  �9 10-4 

44 .3  �9 1 0  4 14.4  1 .80 19 .3  �9 10-4 
2 0 . 0  0 .95  19 .5  �9 10-4 
30 .2  0 .48  2 0 . 4  - 10-4 
36 .2  0 .32  2 0 . 4  �9 10-4 

A v g  2 0 . 0  �9 1 0  -8 

87 .9  �9 10 "-~ 30 .2  1 .00  30 .2  " 10-4 
36 .2  0 .78  32 .0  �9 10)-4 
4 0 . 4  0 .60  31 .3  �9 10-4 
50.4 0.40 32.0 �9 10-4 

Avg 31.4 �9 10-4 

107.0 �9 10 4 30.2 1.45 36.4 �9 10-4 
36.2 0.94 35.3 �9 10-4 
40.4 0,74 34,7 �9 10-4 
5 0 . 4  0 .50  35 .7  �9 10-4  

A v g  35 .5  �9 10-4 

142 .7  �9 10-4 30 .2  1 .90  41 .7  �9 10 -8 
36 .2  1 .42  43 .2  �9 10 -3 
4 0 . 4  1 .10  4 2 . 4 .  10 -3 
50 .4  0 ,70  42 .2  �9 10-4 

A v g  4 2 , 4  - 10-4 

The results given in  Table VI for the equi l ibr ium 
constant  have been obtained using the data from 
Table IV. 

Characterization of electrode deposit.--Samples of 
electrode deposit were prepared by constant current  
electrolysis. The cathode was immersed into 3.7 mI 
0.035M ZnMoO4 and attempts were made to prepare 
coulometrically the reduct ion product  at --1.5V. It  was 

* S t a n d a r d  d e v i a t i o n  i s  ----.0.23. 

possible to monitor  the electrode potent ial  only at 
--1.65V vs. P t ( I I ) / P t  reference electrode using current  
densities of 10, 20, 30, and 40 mA/cm 2. Examinat ion  of 
the cathode showed only one type of solid product, a 
dark brown solid which adhered to the surface of the 
electrode. Following electrolysis, the samples were 
washed with distilled water  and dried at 130~ 

Qualitatively, the electrode deposit was found to 
contain Li, Zn, and Mo. Samples of the deposit were 
analyzed by the methods described. Table VII sum- 
marizes the composition of four samples of deposit 
prepared under  identical conditions. If it is assumed 
that the deposit contains only Li, Mo, Zn, and O, one 
obtains the empirical formula Li2Zn0.sMoO4 or 
Li4ZnMo208. On the other hand it is not possible from 
the data given in Table VII to obtain the exact oxida- 
t ion state of Mo, both because it was supposed that 
O = weight percentages add up to 100% of the sample 
weight and because some ZnMoO4 may be incorporated 
into the deposit during the electrolysis. ZnMoO4 is not 
soluble in water or any  other suitable solvent. X- ray  
diffraction studies were therefore carried out on the 
dried sample. 

Table VI I .  Typical analysis of ZnMo04 deposit prepared at constant 
current 

A B C D 

S a m p l e  w e i g h t ,  m g  32  35 .3  4 3 . 5  6 1 . 4  
L i ,  p e r  c e n t  w e i g h t  6 .68  6 .80  6 .75  6 .70  
Z n ,  p e r  c e n t  w e i g h t  15 .84  15 .65  15 ,60  1 5 . 7 9  
1Y~o, p e r  c e n t  w e i g h t  4 6 . 6 5  4 6 . 9 5  4 7 . 1 2  4 7 . 0 2  
P e r  c e n t  w e i g h t  0 = t o  100) 3 0 , 8 3  3 0 , 6 0  3 0 . 5 3  3 0 . 4 9  
E m p i r i c a l  f o r m u l a  

(A)  L i l .~ sZno .~MoO~.~  (B)  Li~_Zno.4~MoO8.91 
(C) LiLesZno.~�h~oOa.s,  (D) Li~.9~Zno,49MoO~.89 
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Table VIII. X-ray powder diffraction pattern of ZnMo04 deposit 
prepared at constant current 

d (A} I/Io 

4.770 20 
4.095 20 
2.9595 30 
2.4815 80 
2.380 I0 
2.0805 lOO 
1.8924 5 
1.8464 5 
1.6848 20 
1.5876 SO 
1,4904 40 
1.4576 40 

The "d" spacings and re la t ive  intensi t ies  of the dif-  
f ract ion pa t t e rn  are  presented  in  Table  VIII. The  "d" 
spacings were  not comparab le  wi th  any known Mo or 
Zn compound l is ted in the  ASTM files. 

F rom the preceding  s tudy  of molybda te  reduct ion in 
which  the produc t  LisMo2Os was identif ied (4), the  
s implest  reduct ion  mechanism for the format ion  of 
Li4ZnMo2Os would  involve  the  reduct ion  of MoO42- 
to M0048-,  which is then  incorpora ted  into a crysta l  
la t t ice  wi th  Li + and Zn 2+, in the  appropr ia t e  ratio.  In  
the absence of Zn 2+, both  MoO42- and MoO43- are  in-  
volved in the  final product .  
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Kinetics of Electrogenerative 
Hydrogenation over Platinum 

Black Electrocatalyst 
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ABSTRACT 

The kinet ics  of the e lec t rocata ly t ic  hydrogena t ion  of e thylene at posi t ive 
potent ia ls  has been s tudied over po ly te t ra f luoroe thy lene-bonded ,  porous p l a t i -  
num black  electrodes in perchlor ic  acid electrolyte .  Pore  diffusion was gener -  
a l ly  not  a significant factor  except  at  low concentrat ions  of reactants .  S t eady-  
state k inet ic  pa rame te r s  and deu te r ium exchange resul ts  suggest  that  surface 
react ion o f  hydrogen  wi th  e thyl  radicals  is ra te  l imit ing.  A mechanist ic  model  
is proposed and examined  in te rms of Temkin  adsorpt ion  of hydrogen  atoms 
in the  low potent ia l  region (<0.18V).  Strong Langmui r  adsorpt ion  of e thylene  
appears  to take  place for al l  mechanisms considered. The energy  product ion  
of the e lec t rogenera t ive  reactor  is favored by  high e lec t ro ly te  concentration,  
h igh a lkene pa r t i a l  pressure,  e leva ted  tempera tures ,  and increased catalyt ic  
loading. 

F e w  elect rocata ly t ic  react ions have been wel l  cha r -  
acterized;  the f requent  re fe r ra l  to hyd rogen  and oxy-  
gen e lec t rode  reactions,  and  not many  others, in the  
context  of "e lect rocata lys is"  is symptomat ic  of this 
si tuation. The e lec t roca ta ly t ic  na tu re  of elec~rogenera-  
r ive hydrogena t ion  and  the ava i l ab i l i ty  of significant 
amounts  of in fo rmat ion .on  the process f rom ear l ie r  in-  
vest igat ions (1-6) s t imula ted  a s tudy  of the kinetics of 
the  hydrogena t ion  react ion at an e thy lene  e lec t rode  

* Electrochemical  Soc ie ty  Act ive  M ember .  
K e y  words:  e thy lene ,  catalysis,  porous  electrodes,  d e u t e r i u m  e x -  

change .  

with  porous p la t inum black  electrocatalyst .  Such k i -  
netic informat ion should provide  an addi t ional  basis for 
comparison with  convent ional  cata lyt ic  hydrogena t ion  
(7-10) and wi th  other  reactions,  which ut i l ize these 
and s imi lar  e lectrodes for genera t ion  of current .  

This e lec t rogenera t ive  process involves the  opera t ion  
of a hydrogen  e lect rode against  a hydrogena t ing  ole-  
finic e lectrode separa ted  by  an aqueous, acidic, ba r r i e r  
e lec t ro ly te  phase (1-3).  The ex te rna l  c ircui t  be tween  
the electrodes is regu la ted  to a l low opera t ion  at v a r y -  
i n g  vol tages and currents  genera ted  by  the react ing 
species. The olefinic e lect rode operates  at  posi t ive po-  
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