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The electrolytic decomposition of water is essentially 

an irreversible process* That is, excess energy is required 

to form hydrogen or oxygen gas over that given by the re-solu- 

tion of the product formed to the original state* The term 

overvoltage is used to represent this energy and is defined 

as the difference of potential between a reversible electrode» 

say hydrogen» and an electrode in the same solution at which 

hydrogen is being deposited from hydrogen ions* 

A number of theories to explain overvoltage have been 

offered* They may be classified as those which explain over¬ 

voltage according to (1) physical factors» (2) chemical re¬ 

actions» (3) electrode processes* 

Haber^ assumed that there is an increase In resistance 

due to an adsorbed film of gas on the electrode* The thick¬ 

ness of the layer depends on the metal* Holler2 says the 

overvoltage represents the energy necessary to give a film 

of gas thick enouuh to form a bubble* Newbery3 gives evi¬ 

dence of the gas entering the metal» developing a high pres¬ 

sure and producing surface disintegration as it escapes* A 

microscopic examination of electrodes after prolonged use as 

cathodes showed the existance of tiny craters on the surface* 

1* Zeit* phys. Chenu 47,257 (1904) 

2* Zeit* phys* Chera. 65*226 (1909) 

3. J. Cheau Soc* 105» 2419 (1914) 
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Mac Innés and Adler* conclude that hydrogen overvoltage 

Is due primarily to a layer of supersaturated, dissolved hydro¬ 

gen in the electrolyte surrounding the cathode* They point to 

the fact that the metals which adsorb hydrogen readily show 

low overvoltage because bubbles form before there is very 

great supersaturation* On the other hand, metals which do 

not adsorb hydrogen readily show high overvoltage* 

Newbery2 gives evidence for the formation of unstable 

hydrides* The nature of the hydride depends on the valence of 

the metal used* Thin accounts for the dependence of hydrogen 

overvoltage on valence* The metals having more than one over¬ 

voltage he found to be those metals having multiple valences* 

Foerster3 also postulates the formation of hydrides 

and oxides, which, he says, in solid solution would generate 

a back. e.ra. f • In the case of PtOj the oxygen overvoltage 

would be high because the compound is stable, but for metals 

whose higher oxides are unstable the overvoltage would be 

low* 

None of these theories is adequate, however, to explain 

the overvoltage of metals which is found to be as definite as 

that of gases* 

Nernst4 suggested that overvoltage is due to the slow¬ 

ness with which the electrode comes to equilibrium with the 

1* «J• Am* Chem* Soc* 41 * 194 (1919} 

2* J » Chem* Soc* 109^1 1051, 1107 (1916} 

3* Zelt* phys. Chem* 69,236 (1909) 

4. Ber. 30, 1547 (1897) 
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surrounding atmosphere* Before the gas can he liberated the 

ions must he driven into the electrode* If the metal has only 

a slight tendency to take up the gas, the overvoltage mill be 

high, because energy is required to force the gas into the 

electrode* 

Tafel^ considers that the excess gas accunulated due to 

the slowness of the gas going into the electrode generates the 

back e. m. f* He suggests in the case of hydrogen an interme¬ 

diate product between monatomic hydrogen and hydrogen gas* The 

concentration of the intermediate product depends on the cataly¬ 

tic effect of the metal of the electrode. If the metal is a 

poor catalyst, the reaction will be slow, the concentration of 

the intermediate product will be high, and the overvoltage will 

be high* 
2 

Lewis and Jackson followed this up and suggested a re¬ 

action proceeding in two steps* 

if* (-)-* H 

Zll —> H2 

Polarization, they say, is caused by the slowness of the second 

reaction* This means that the potential of the hydrogen elect¬ 

rode depends on the concentration of monatomic hydrogen, and 

this concentration increases rapidly during cathodic polariza¬ 

tion due to the slowness of the reaction to the gaseous state* 

The difference in polarization with different metals can be 

1* Zeit. phys. Cheau 34,200 (1900) 

2* Proc. Am* Acad* 41,399 (1906) 
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explained by the different catalytic action of the metals in 

the electrode, the polarization being less the greater the cat¬ 

alysis* They present as evidence the fact that "those metals, 

notably palladium and platinized platinum, in whose presence the 
I 

electrolytic decomposition of hydrogen and the reverse reaction, 

the electrolytic solution of hydrogen progress most readily, 

are the very ones which we have every reason to believe catalyze 

the reaction 2H-»Hg (of course, if in one direction, in both)* 

Furthermore, these metals aid the union of hydrogen with other 

elements, such as oxygen and the halogens; also, in every known 

case where hydrogen is produced by a reaction, the reaction is 

catalyzed by these metals*" 

Dennett and Thompson* take up the theory of an intermed¬ 

iate product which is in the monatomic form* They point to tne 

fact that the hydrogen produced when the reaction 2H —► Hg 

proceeds "will perform reductions which do not go on, even in 

the minutest measurable amount, when hydrogen gas is bubbled 

through a similar solution containing the substance to be re¬ 

duced* hydrogen gas even when dissolved is inert** 
p 

Langmuir gives methods of preparation and properties 

of the active or monatomic forms of gases such as hydrogen, 

oxygen and chlorine* 

As Bancroft points out, "Langmuirs monatomic hydrogen 

1* Trans* electro* Doc* 29, 269 (1916) . 

2* J* Am* Cham* Doc* 34» 860, 1310 (1912) 

3* Trans. Electro. Soc. 29, 301 (1916) 
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has all the properties which we need to ascribe at present to 

the Intermediate cathode product* and he therefore concludes 

that this substance is electrically neutral monatomic hydrogen* 

while the corresponding anode product is probably electrically 

neutral monatomic oxygen# CTien the reaction 2H-»U> takes 

place relatively slowly* we get high overvoltage* When the 

reaction takes place relatively quickly, we get low overvolt¬ 

age** 

Eennett and Thompson consider the hydrogen reactions 

in opposite directions and show why they are not reversible* 

(1) * The reaction proceeds 

H —► .sa 
2 

The concentration of monatomic hydrogen goes from zero to 

a maximum value; namely, the equilibrium concentration. Since 

energy is'not added from without, this equilibrium concentra- 

„ tion practically cannot be exceeded, otherwise the reaction 

would reverse* Any variation from this will be In the direc¬ 

tion of a lower concentration* 

(2) "Consider from the other side, now, when energy 

is added* the first step is 

H+ -v- (-) —* H 
then 

2H —> H 

The same equilibrium exists here as before* but gas is formed 
* • 

only when the equilibrium concentration of monatomic hydrogen 

is exceeded, otherwise the reaction rould stop or reverse* 

"The reaction where hydrogen dissolves, becoming ionized 
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through the intermediate stage, is connected with the form*» 

tion of active hydrogen in equilibrium concentration, while 

the reverse reaction forais active hydrogen in concentration, 

from equilibrium up to values depending on the coalitions of 

the electrolysis* This difference which will depend on the 

conditions, is a true measure of the irreversibility of the 

process, 

"From the standpoint of the transformation of chemi¬ 

cal energy into electrical energy, the irreversibility be¬ 

comes even more evident, 

H0 Dissociates 211 as eûmes charge —> 2H'I~ 

This reaction generates a certain quantity of electricity 

with a definite intensity, the product of which represents 

the total chemical energy. In the reverse direction, hydro¬ 

gen gas is not formed until equilibrium is reached, or at 

higher concentrations of active hydrogen If the conditions 

are not conducive to carrying out the reaction UI —r Hg 

quickly. K'hen equilibrium is exceeded, at any rate, energy 

of greater intensity must be required to carry on the reac- 

tlon." 

It might be said that the voltage obtained during the 

solution process 13 due to the reaction of molecular material 

to atomic material which then ionizes. For the reaction to 

proceed in the of^oslte direction the voltage must be suffi¬ 

cient to build the concentration up beyond equilibrium. If 

the reaction- atomic material —> molecular material- is 
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rapid, a low concentration of atomic material will be maintain* 

ed and the overvoltage will be low* If the reaction is slow, a 

high concentration of active material above equilibrium will be 

maintained and the overvoltage will be high* Metals which show 

strong catalytic action for the reaction -ato.a —* raolecule- 

sliould have low overvoltage* 



EXPERIMENT 
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In this experiment we have sought to find a relation 

tatween the oxygen overvoltage of a metal and its catalytic 

power for the reaction 

02-^ 2 0 —* 2 0~ 

The metals used were nickel, cobalt, iron, iridium, platinum, 

and gold, These metals are known to remain passive when made 

the anode in an alkaline solution, 

First the overvoltage was determined. Then the metal 

was made the cathode and used as an oxygen electrode» That 

is, while oxygen was bubbling around the electrode, the cur¬ 

rent-potential relation was measured» We found this rela¬ 

tion to be linear up to the point where hydrogen began to 

come off the electrode» For each metal there was a charac¬ 

teristic slope, and when the metals were arranged in the 

order of increasing slope they were found to be in the order * 

of decreasing overvoltage, 

When the cathodic curve was determined in the absence 

of oxygen the current remained quite low until the point 

where hydrogen began to come off the electrode was reached» 

Measurements revealed that more than 95# of the current was 

duo to the reaction of the oxygen» Even in the presence of 

the oxygen, the current up to the point where hydrogen wa3 

given off remained less than 1,5 milllamps. 

The relation between this curve and the oxygen over¬ 

voltage indicates that the oxygen is at least going to the 

monatomic state, for if It were reacting directly as 02 with 

monatomic hydrogen, the relation should be with the Ilgovervoltage* 
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Apparatus 

The set up was made according to Figure I# The cell 

was made up in a liter battery Jar* The electrode to be stud-' 

ied was suspended in the center* Two strips of platinum, one 

at each end of the jar, served as the other electrode* Tenth 

normal NaOH was the electrolyte used* 

Three dry cells across a 175 ohm rheostat supplied the 

current* The current was measured by means of a galvanometer 

and recorded in centimeters deflection on the galvanometer 

scale; A resistance box shunt was used across the galvano¬ 

meter to bring the current within the proper scale reading. 

A deflection of 25 cm. was found to be equivalent to 4 mini- 

amperes. The potential was measured against a saturated cal¬ 

omel electrode by means of a Leeds-Northrup potentiometer. 

The chloride ion diffusing from the calomel electrode 

prevented some of the metals from being passive, so it was 

necessary to use a double bridge. The pointed tip from the 

second bridge, which was filled with .III NaOH was pressed 

close against the electrode. Through a small Jet air was 

bubbled around the electrode. The air was previously pass¬ 

ed through a wash bottle of NaOIl solution to remove COg and 

another wash bottle of water to saturate It with water vapor. 

This bubbling of air caused sufficient stirring of the elec¬ 

trolyte. 

The electrodes were made of thin metal strips(2 X 3 cm) 

sealed into glass tubing. Contact was made through a column 

of Hg. To prevent amalgamation in the case of the gold, a 



DIAGRAM OF APPARATUS 
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platinum wire was sealed Into the tube and the connection between 

the wire and gold covered with sealing wax coated with paraffin* 

The cobalt electrode was prepared by plating on iron from a co¬ 

balt sulfate, boric acid solution* Each electrode was polished 

with emory cloth* Any trace of grease that prevented the com- 

plete wetting of the surface was removed by rubbing the -elec¬ 

trode with a pad of filter paper moistened with sodium hydrox¬ 

ide solution* Care was taken that the surface of the elec¬ 

trode remain the same for both oxygen rate and overvoltage 

determinations* There was no noticeable change in the appear¬ 

ance of any metal after use* 

Procedure 

The overvoltage curves ( Graph I ) were determined by 

making readings of potential with both increasing and decreas¬ 

ing current* Fifteen minutes was usually allowed between the 

changing of current and the making of readings* This was found 

to be sufficient time for equilibrium to be established* In the 

case where the current was reduced to rero it was necessary to 

allow about thirty minutes for the potential to reach a con¬ 

stant value• 

The air was turned on and the current reversed to make 

the electrode negative* As before^readings of current were 

made at fifteen minute intervals as the current was increased 

then as it was decreased* A shorter interval of time with 

increasing current gave potential valued which were below the 

equilibria values, and with decreasing current potential 
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values which were too high* In other words there, appeared to 

he a lag in the change of potential with current* 

In order to check the effect of the air» curves were 

determined for several of the electrodes in the absence of 

air* Platinum and Nickel are given as examples* In this 

case the electrolyte was stirred by bubbling a stream of 

methane through it at the same rate the air was bubbled in» 

though not around the electrode as was the air* To prevent 

the oxygen from the anode being stirred into the electrolyte» 

these electrodes were put in porous cups placed In the Jar* 

Graph II gives the results of these two determinations* 

It will be seen that not only was the hydrogen overvoltage 

lower in the absence of air» but also that the current was 

only about 5£ of what it was whon the air was present* 

The gold curve had two sections* The upper section 

fitted the final equation and for this reason was included* 

No adequate explanation can be offered for the lower section* 
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Calculations 

Lewis and nandall uive the potential of the oxygen 

electrode in Normal hydroxide ion solution as .3976 at 23°C. 

In *1 N NaOH it will be more positive* using Herat’s 

equation* by the amount* 

E* = R T loga _1. (activity) a for IN Ha„II 
n F a is *765 

E* - .061 log,A i 
.ITTuIT 

Ef = .0689 

E - .3976 + .0609 = *4665 volts 

The oxygen overvoltage was calculated from Graph I. 

The equation for the straight line above the point .vhere oxy¬ 

gen started coming off was calculated by the "standard devia¬ 

tion from the mean" formula. 

I - Ï = r HT ( V - V ) 
nr 

where T and Y are the mean values of current and potential* 

VT and HT the standard deviations from the mean* and r the 

correlation. Figure 1A gives a sample calculation. From the 

above equation the potential of the anode at zero current was 

found. The difference between this value and the theoretical 

voltage of the oxygen electrode in the same solution gives the 

overvoltage. 

Since the theoretical oxygen electrode is .4665 volts 

relative to the normal hydrogen electrode it becomes .220 rel¬ 

ative to the saturated calomel electrode. 
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The cathodic curvea (obtained when the elewlrode was 

uade negative and oxygen bubbled around it) are given in 

Graph II* In thi3 case the significant part of the curve was 

the section up to the point or break where hydrogen started 

coming off* The equations for these lines were calculated 

by the same formula* Here the slope was the significant figure* 

It was r fl~* 

The relation between overvoltage and oxygen rate (slopes 

of the cathodic curves) was found to be logarithmic* The 

equation for this line was calculated Just as the proceeding 

equations* 

The A tables give overvoltage data, the deviations of 

observed values from those calculated from the equation* The 

B tables give the oxygen rate data, the equations, and devl~ 

atlons* Table C gives the relation between overvoltage and 

oxygen rate* 

The data given represents actual determinations for a 

single run* These results are reproducible within the accura- 

cy of readings* 
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Tbe reaction at the cathode in the absence of oxygen 

is simply the discharge of hydrogen ions 

2H4 + (2-) —» 2H -* H2 

But, slnee the smooth electrode is a poor catalyst for the 

association of monatomic hydrogen to form gaseous hydrogen, 

a potential of -.95 volts, relative to saturated calomel elec- 

trode, is necessary, in the case of nickel, before the reac¬ 

tion proceeds at an appreciable rate* For platinum this po¬ 

tential is -1*02 volts and -1*08 volts for iridium. 

This hydrogen overvoltage is even higher when the elec¬ 

trode is covered with oxygen* In the case of every metal a 

higher potential is necessary before the hydrogen can be dis¬ 

charged because the surface of the electrode is covered with 

oxygen* 

The depolarization which occurs in the presence of the 

oxygen may be due to (1) the ionization of the oxygen 

02 —* 20 20 

and the subsequent reactions 

0*t %0 20H; 0H> H+-> H20 

(2) the discharge of hydrogen to tbe mon¬ 

atomic state 

2H*4(2 -) 2H 

and the subsequent reaction 

2H4 0 —> li20 

(The reaction 02 + 211 —> HgOj» is hardly probable since 

this gives no reason for the relation to oxygen overvoltage 
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but rather a relation to hydrogen overvoltage which la not 

found to be the case*) 

Cither of the other reactions would depend on the con* 

centration of monatomic oxygen* 

If the depolarization rate is high, then it should mean 

that the concentration of monatomic oxygen is high; that is 

that conditions are favorable for its formation* In the case 
y 

if nickel the depolarization rate is highest, which would indi¬ 

cate that the metal la a better catalyst than any of the other 

metals for the formation of monatomic oxygen from gaseous oxy¬ 

gen* This is also the conclusion we would draw from the over¬ 

voltage data* Since nickel has the lowest overvoltage, it 

should be the best catalyst for the formation of gaseous oxygen 

from the monatomic state* 

The deporarlzation rate or rate of reaction at the cath¬ 

ode varies directly with the concentration of monatomic oxygen* 

But the concentration of monatomic oxygen is greater the great¬ 

er the catalytic effect of the metal on the formation of mon¬ 

atomic from molecular oxygen* 

The overvoltage gives a measure of the catalytic effect 

of the metal on the reaction in the opposite direction* The 

greater the catalytic power of the metal for the reaction 

monatomic oxygen to molecular oxygen the lower the overvoltage* 

But the effect of the catalyst should be the same for the reac¬ 

tion in either direction since a catalyst merely speeds up the 

approach to equilibrium* 
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Thus the overvoltage should vary Inversely with the oxy- 

uen rate. The final equation derived from the data la 

logA -t- c O.V* s K 

This means that to have a zero oxygen rate the metal would have 

to have an infinite overvoltage. 



Table 1 A 

I V (dT) (dV) (dl)2 
o 

(d?? (dI)(dV) 

3.30 .478 -6.13 -1,026 37.60 .000576 .1592 

4.40 .483 -5.03 -.021 25.30 .000441 .1055 

5.95 .492 -3.44 -.012 11.83 .000144 .0412 

7.50 .501 -1.93 -.003 3.72 .000009 .0057 

10.25 .507 
C3 
€0 • .003 .67 .000009 .0025 

12.25 .515 2.82 .011 7.95 .000121 .0310 

13.80 .519 3.37 .015 11.36 .000225 .0505 

18.00 .536 0.57 .032 73.50 .001024 .2748 

75.45 4.031 171.93 .002649 .3704 

= 9.43 ^f=.504 

FT = / —>2 

\dl) 
n 

171 
8 

.93 — 4 .63 

\Tlf~ = (d7)I 2 _ .002549 - .01319 
n 8 

P _(dT)(dV) _ .6704 _ .0838 
n 8 

r =. P .0858 - .997 
YfTT (4.“63) (701819) 

(I - I) - r VIT (V -V) 

Tf~ 

I - 9.43 = .997 4.63 (V - .504) 
.01819 

I = 254V -118 

V0=.465 

O.V. = .465 - .220 =.245 volts 



Table 2 A. 

Cobalt Overvoltage 

rr- 
Tv a 

TT~- 
vr~ -- 

I V Voltage Dev. 

2.50 0.530 0.001 

4.50 0.538 0.001 

6.00 0.543 0.001 

9.50 0.560 0.003 

12.75 0.590 
52.75 3.331 

ium 
0.003 

T= 8.79 Y =0.555 D-0.001 

.13 

.02054 
1 = 250V - 
Va-- 0.520 

O.V. = 0.520 

r = 1.00 
P = 0.1053 

130 

- 0.220=0.300 volts 

Table 3 A 

Iron Overvoltage 

I V Voltage Dev. 

3.30 0.570 0.005 

5.50 0.587 0.003 

6.80 0.589 0.000 

8.25 0.594 0.001 

10.25 0.604 0.002 

18.00 0.633 
52.10 3.583 

0.002 
0.013 • 

X=8.68 V=0.597 D=0.002 

69 
01887 

I = 253V « 
Vc^ 0.565 

r - 1.01 
P - 0.0893 

142 

O.V.= 0.565 - 0.220 - 0.345 volts 



Table 4 A 

VT^4 
Tfl 0 

5 
YV~= 0 

Iridium Overvoltage 

I V Voltage Dev. 

2.00 0.600 0.005 

5.00 0.608 0.002 

6.75 0.615 0.002 

8.00 0.618 0.000 

-12.00 0.625 0.009 

17.00 
50.75 

0.655 
3.721 

0.001 
0.020* 

Y= 8.46 1- 0.620 ïï = 0.003 

►86 
,01744 

I = 
v0- 

O.V. = 

r = 0.982 
P = 0.0828 

252V - 148 
0.587 
0.587 - 0.220= 0.367 volts 

Table 5 A. 

Platinum Overvoltage 

I V Voltage Dev* 

3.50 0.635 0.001 

5.70 0.645 0.001 

7.00 0.650 0.001 

9.20 0.657 0.001 

15.00 0.680 0.000 

18.00 
58.40 

1= 9.73 

0.690 
3.957 
V-0.659 

Qj*sm 
0.004 
D-0.001 

05 1.01 
0194 p - 0^0997 

I = 262V - 163 
VQ 0.622 

O.V. = 0.622 - 0.220-0.402 volts 



Table 6A 

Gold Overvoltage 

I V Voltage Dev 

3.00 0.810 0.002 

4.50 0.815 0.002 

7.00 0.828 0.001 

9.50 0.838 0.001 

12.00 0.845 0.002 

17.00 0,884 • 0.002 

53.00 5.010 0.010 

T = 3.83 V = 0.835 -0.002 

m 4 .71 P= 0.0330 

Tvl o .0184 r = 0.994 

I - 255V - 204 

Vo -0.800 

O.V. = 0.300 - 0.220 - 0.530 volts 
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Table 1 B 

Bickel Oxygen Rate 

Tv~- 

Voltage Dev. 

0.00 -0.220 0.009 

-1.00 -0.340 0.025 

-1.70 -0.330 0.015 

-3.40 -0.550 0.028 

-4.80 -0.625 0.017 

-5.95 -0.750 0.003 

-5.50 -0.775 0.013 

-8.75 -0.930 0.051 

-9.40 -1.070 0.030 

-9.50 -1.060 0.012 

-51.00 -6•G80 0.199 

T= -5.10 7 = -0.668 5=0.020 

3.32 r - : 

0.287 

I = 11.60V H- 

p = 1 

2.65 

V = o 
h ~- 

-0.229 

11.60 



YT~= 

TT, 

Table 2 B 

Cobalt Oxygen Rate 

I V Voltage Dev. 

0.00 -0.240 0.021 

••0.65 -0.330 0.045 

-1.00 -0.300 0.020 

-2.30 -0.440 0.010 

-3.90 -0.510 ' 0.101 

-4.00 -0.600 0.022 

-4.75 -0.710 0.013 

-5.20 -0.750 0.008 

-5.25 -0.790 0.043 

-7.00 -0.890 0.032 

-7.50 -1.010 0.035 

-9.65 -1.180 0.008 

-50.90 -7.750 0.258 

-4.24 V = -0.646 ÏÏ= 0.022 

2.82 r - 1,00 

0.283 P - 0.788 

I * 9.995V +* 2 .18 

ii -0.219 

A - 9.95 



Table 3 B 

Iron Oxygen Rate 

TT* 
yr. 

I V Voltage Der, 

0.00 -0.305 0.007 

~1#30 -0.430 0.040 

-1.75 -0.540 0.015 

-2.00 -0.530 0.026 

-2.15 -0.650 0.076 

-3.25 -0.700 0*008 

-3.75 -0.810 0.040 

-4.80 —0.920 0.022 

-6.00 -1.090 0.045 

-6.25 -1.020 0.055 

-7.00 -1.180 0.013 

-7.70 -1.220 0.032 

-8.50 -1.290 0.060 

-54.45 -10.685 0.439 

-4.17 V- -0.822 X - 0.034 

2.61 r - C 

0.310 P ^ C 

I = 8.18V +• 6 .72 

VQ—0.311 

À - 8.18 

.970 

.786 



Table 4 B 

Iridium Oxygen Bate 

X y Voltage Der. 

0.00 -0.125 0.009 

-0.70 —0.205 0.002 

-1.55 -0.310 0.011 

-1.60 -0.350 0.023 

*•2 #25 -0.440 0.026 

-3.25 -0.510 0.036 

-3.60 -0.590 0.004 

-4.10 -0.690 0.029 

-5.75 -0.820 0.054 

-6.00 -0.920 0.006 

-7.40 -1.100 0.000 

-8.60 -1.300 0.038 

-9.00 —1.300 0.013 

—9.80 -1.480 0.037 

-10.00 -1.390 0.090 

-73.60 —11.530 0.378 

Î--4.90 f^-7.68 3) =0.025 

Y*~ ^ 3.31 r - 1.00 

= 0.442 P = 1.465 

I - 7.49Y -v 5.75 

-0.114 

À - 7.49 



Table 5 B 

Platinum Oxygen Rate 

i V Voltage Dev. 

0.00 -0.120 0.022 

*»1#00 -0.300 0.057 

-1.50 -0.300 0.018 

-2.10 -0.390 0.013 

-3.25 -0.640 0.069 

-4.00 -0.700 0.020 

-4.40 -0.760 0.022 

-4.70 -0.830 0,048 

-5.70 -0.910 0.018 

-6.45 -1.090 0.053 

-6.80 -1.000 0.088 

-7.75 -1.230 0.005 

-8.10 -1.240 0.037 

-55.75 -9.510 0.470 

X--4.28 1- -0.721 ÏÏ= 0.036 

rr= 2.51 r =. 0.934 

vr"= 0.360 P - 0.888 

I = 6.86V + 0. 67 

Vo- -0.097 

À = 6.86 



Table 6B 

Gold Oxygen Bate 

I V Voltage Dey 

-6.65 -0,455 0.013 

-7.30 -0.668 0.031 

-8.00 -0.793 0.027 

-8.80 -1.050 0.005 

-9.65 -1.252 0.002 

-10.85 -1.391 0.019 

-50.65 -5.60S 0.0S7 

î=-8.44 ?=-0.935 ÏÏ* 0.016 

TT^l. 26 P^ 0.413 

o. 327 r- 1.01 

I =3.84V - 4. >85 

À = 3.84 





Table C 

Oxygen rate-Overvoltage 

Metal A loge A O.V. O.V. 
Deyiation 

Au 3.84 1.345 0.530 0.003 

Pt 6.86 1.926 0.402 0.000 

Ir 7.49 2.014 0.357 0.009 

Pe 8.18 2.102 0.345 0.004 

Co 9.95 2.298 0.300 0.010 

Ei 11. GO 2.451 0.245 0.001 

44.03 12.137 2.239 0.027 

A =8.82 logeA=2.023 O.V.'^ 0.373 E-0.005 

\ loge A = 0.349 pz -0.0356 

YoïvT ' 0.105 r- -0.997 

loge A = - 3.32 O.V. 4- 3.26 




