218
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If the electron transfer reaction at the hydrogen electrode is
M-H ———HY + M+ e

where M is the bare adsorption site and M-H is the adsorbed hydrogen
atom exchanging electrons with the metal surface, then the equilibrium
potential of the electrode should be given by the expression

E=E+ _RT 1n__2H
A A
F ( H+)

I1f the activity of the adsorbed hydrogen is represented by 8,
then the activity of the bare metal can be represented by 1-8, and
at constant hydrogen ion concentration and at 25°C

E = E° + 0.059 lo 9
81

The presence of organic or inorganic additives can alter the
potential of the hydrogen electrode by changing the hydrogen adsorbed
on the electrode. The additive can remove hydrogen by either dis- 1
placing the hydrogen or reacting with the hydrogen. A study was made
of the effect of different additives on the amount of adsorbed hydrogeni
and the potential of the electrode.

' Experimental _ 1
The amount of hydrogen adsorbed on the electrode at equilibrium

or under steady state conditions was measured by the coulometric i
method described previously.(1,2) 1In the case of the platinized
platinum electrodes hydrogen was bubbled over the electrodes until a
steady potential was attained. The flow of hydrogen was stopped and
sufficient time was allowed for equilibrium to be established between
the hydrogen dissolved in the solution and that adsorbed on the elec- )
trode. The potential of the electrode was then measured potentio-
metrically against a reference electrode and the adsorbed hydrogen was ;i
removed by polarographic oxidation. The area under the polarographic 4
curve was the number of coulombs needed to oxidize the hydrogen
adsorbed on the electrode. This procedure was repeated after the
addition of various amounts of the additive.

‘The experiments on nickel and iron were quite similar except that ,
the hydrogen was electrolytically generated on the surface of the

- nickel since these metals would not adsorb hydrogen from solution.

The platinum electrodes were platinum wires sealed in glass and
plated for three minutes in 3% solution of chloroplatinic acid con-
taining a trace of lead acetate. The electrodes were washed with '
distilled water and aged for several hours in the solvent to be used
in the experiment. Just prior to use these electrodes were polarized
anodically for several minutes.
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The nickel electrodes were prepared by sealing nickel wire in
eflon - spaghett1 The iron electrodes were made from iron wires
eviously etched with nitric acid, washed with doubly distilled water
d placed directly in the cell for study. The electrodes were
idized and reduced several times before the experiments were started.

The temperature was maintained at 25° * 0.1°9C. The p-benzoquinone
as purified.by sublimation and the acetonitrile was purified by dis-
illation. Other reagents were.the purest grade available - commercially.
* The additives 'studied were.acetonitrile and p-benzoquinone on
latinum, 2,7 disodium naphthalenedisulfonate and sodium hypophosphite
n nickel, and acetonitrile on iron.

ata and Results

Figure 1 shows a typical current voltage curve obtained for the
txidation of hydrogen on platinized platinum in two normal sulfuric
cid. - The shaded area was taken .as being proportional to the amount

f adsorbed hydrogen. Figure 2 shows a similar plot for iron. The
ickel curve was similar to this.

It has been previously reported (1) that a linear relationship
sxists between the logarithm of the amount of adsorbed hydrogen and

he potential when acetonitrile was used as an additive and platinized
latinum was the electrode. However, the scatter in the data was very
arge and an accurate slope was not easily obtained. By not bubbling
ydrogen over the electrode during the measurement of potential, it is
ossible to obtain much more precise data. Figure 3 shows the results
btained in two normal sulfuric acid. It can be readily seen that
rhere is a linear relationship between the potential and the logarithm
bf the fraction of the surface covered with adsorbed hydrogen. (Loga-
-ithm of the amount of hydrogen adsorbed with additive minus the loga-
Flthm of the amount of adsorbed hydrogen without additive.) The slope
of this line is 0.059 volts. Similarly slopes of approximately 0.059
have been obtained with plots of AE versus log 8 when sodium hypo-
Pphosphlte was used as an additive on nickel (Figure 4) and at low
hydrogen coverages when acetonltrlle was used as an addltlve on iron
(Figure 5). : :

However, if p-benzoquinone is used as an additive in 2N sulfuric
acid and platinized platinum is used as the electrode, Figure 6 shows
tthat a plot of AE versus.log 6 gives a straight line, but in this case
\the slope is equal to 0.14. Again if the disodium salt of 2,7 naph-
*thalenedisulfonate is used as an additive in 2N sodium hydroxxde
bsolutions with nickel as the electrodes (Figure 7), a plot of the
Ishlft in potential against:log 6 glves a straight line with a slope
"of 0.12.

\Discussion of Results
The additives can change the amount of adsorbed hydrogen by block-
\1ng the surface sites. This merely changes the value of 8; equilibrium
is reached at a new point; and the potential will shift in accord with
, AE = 0.059 log - 99 or if.6 if small AE = 0.059 log 6. (I)
The additive .can also change the amount of adsorbed hydrogen by
.reacting with the adsorbed hydrogen. If the reaction occurs directly
‘with the hydrogen atoms, the potential of the hydrogen electrode will
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still be calculatable from Equation (I) if the rate of exchange of
electrons between adsorbed hydrogen atoms and the electrode is rapid.
However, there is a second mechanism of reduction which involves the
transfer of an electron from the hydrogen through the metal to the
adsorbed additive -(M-Add) whlch is. reduced electronlcally

M-H » M+ HE + e

-M~-Add + e'~——————*—9 M-Add-

. M-Add™ + HY ———— M + Add-H

In this case the additive behaves like an anodic current and at con-
stant hydrogen ion concentration the shift in potential is given by
the equation

=_RT - __RT 1 -8).
AE T n @ T-0)F n (1-8) (;3)

At 25°C if & 1is assumed to be % this becomes

AE = 0.12 log —28
1-8

If 8 is small compared to one, this equation reduces to
AE = 0.12 log ©. . ' (11)
The decomposition of the hypophosphite ion on the surface of nicke
increases the amount of hydrogen on the surface. This increase un-
doubtedly is influenced by the presence of adsorbed reactants and
products. It can be seen (Figure 3) that, in agreement with theory, ﬁ
)
1
1

the change in potential in this situation follows Equation (I).

The effect of acetonitrile on the potential of the platinized
platinum hydrogen electrode has been previously attributed to the
blocking action of the nitrile. However, it has been shown that, under
the conditions of the experiment, acetonitrile is reduced both on
platinized platinum (4) and iron (5). Since the shift in potential
(Figure 4 and 5) follows Equation (I), it is evident that this reduction
occurs by direct addition of adsorbed hydrogen atoms.

The graphs showing the effect of p-benzoquinone on the potential
of the platinum-hydrogen electrode and the disodium salt of 2,7 naph-
thalenedisulfonate on the nickel-hydrogen electrode indicates that this
data follows Equation (II). This shows that these compounds are reduced
by the electronic mechanism in agreement with the accepted mechanism (6)
The reduction of the sulfonate at nickel electrodes has been discussed ‘
by several workers (7,8) and it is probable that it is an electronic
mechanism.

In summary it has been shown that the shift in potential of a
metal-hydrogen electrode upon the addition of an additive can be used
to indicate the mechanism of interaction of the additive with the y
hydrogen. From the observed data it was concluded that acetonitrile
is reduced by direct addition of atomic hydrogen on iron and platinized
platinum electrodes. It was also concluded that the reduction of ;
p-benzoquinone on platinized platinum and the 2,7 naphthalenedisulfonate
ion on nickel proceeds by an electronic mechanism. \

We wish to thank the Robert A. Welch Foundation of Houston for
their support of this study.
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Fig.l. Current Voltage Curve for Oxidation of Hydrogen on

Platinum in 2N H2804
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Fig.2. Current Voltage Curve for Oxidation of Hydrogen on Iron

in 2N NaOH
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Fig.3. -Effect of Acetonitrile on Platinum-Hydrogen Electrode
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“Fig.4. Effect of Sodium Hypophosphite on Nickel-Hydrogen Electrode
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Fig.5. Effect of Acetonitrile on the Iron-Hydrogen Electrode
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Fig.6. Effect of P-Benzoquinone on the Platinum-Hydrogen
Electrode in 2N H,580,
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Fig.7. Effect of 2,7 Naphthalenedisulfonate on Nickel-Hydrogen
Electrode in 2N NaOH




