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NOTICE

This report was prepared as an account of Government-
sponsored work, Neither the United States, nor the National
Aeronautics and Space Administration (NASA), nor any person
acting on behalf of NASA:

(a) Makes any warranty or representation, expreésed or
implied, with respect to the accuracv, completeness,
or usefulness of the infqrmation contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report mav not
infringe privately owned rights: or

(b) Assumes any liabilities with resvect to the usc of
or for any damages resulting from the use of anv
information, apparatus, method, or process disclosed
in this report.

As used ahove, "person-acting on behalf of NASA" includas
any employee or contractor of NASA, or emplovee of such contrac-
tor, to the extent that such emplovee or cdntractor of NASA, or
employee of such contractor, prépares, disseminates, or provides
access to, any information pursuant to his emplovment or con-

tract with NASA, or his emplovment with such contractor.

ii



TABLE OF CONTENTS

SECTION - ‘ . Page
1 Project Personnel . 1
II Oxygen-Dissolution reaction -

A theoretical study 2



PRCJECT PERSONNEL

Section I
Mr. R. Sen, Gradua;e'Studént

Dr. J. O'M. Bockris, Supervisor



SECTION I

Title of -Project:

Long-term Aims:

Specific-Aims for

This Period:

Oiygen-ﬁissolution Reaction--3 Theoﬁetical
Study

To calculéte theoretically the rate of the
cxygen dissolution reaction and then study
the properties of the metal electrode on which
the rate of the reaction depends most. Such
a study, if successful, will be of areat
hélp in developing a catalyst for the

oxygen dissolution reaction.

In the previous report we had given a very
crude calculation of the rate and activation
energy for the okyaen dissolution reaction
iﬁ a bare electrode in acid solution. The
purpcse ofsuch a calculation was to see,
very crudely, that the rate determining

step postulated from experimental studies
does in fact give an activation energy in
agreement with experimental facts. What

we had decided to do in this period was to
formulate rigorously our problem; However,
before we proceed to do that; we decided to

take a good look at the model vroposed by the

"'Rassian group led by Levich1 and comvare this

model with experimental results.



Results of the

Period:

The theory developed by Levich1 for the
hydrogen evolution reaction, with the

rate ﬁ&termining'step as

3
H.0.H + M{e) +_H29 + H,d

2 ads

predicts 3 distant overvoltage regions with

different i vs. 1 relationshipg., These
three distinct regions are:

(a) Low overvoltage region. - This is the

region where the overvoltaage satisfies the

conditidn en<(Jan'- fg)wEs.
i{n,n')=2eC g K(n,n H?}%‘;}fﬁ 1/2
[ fn Jan

Jexp [E"']

(b} Medium overvoltage region. - This recion

is characterized by the condition,

° .
!an—{san'—sfn}[<ﬁq and the i vs. n relation
has the form,

o 7
an«»“ang

i{n,n”)=ecso*wox(n,n‘)kT exp [ =

1 exp

E
g e (5

{c) High overvoltage reqgion. - This is the

region where the overvoltage satisfies the



o
condition en> (Jan'~an)+Es and the
current potential relationship has the form,
' . KTE _
9% o & ¢ ) 8 1/2
i(n,n ) ZQCSQ)OO K(n,n ) (*—i-r)
Our first aim is to evaluate these potential
regions and the current-potential relations

and compare them with ekperiments. hecording

to Levich
Jps = €p — €0 + E_; - en + nwi(n+1/2}

where JF; = minimum potential energy of the

initial state.
ep = Fermi eneragy of the metal
ed -vpotential of the metal at the reversibhle
potential
= {potential in the ration scale) + (surface
potential of the metal at )
= 0,2 + XM [for hydrogen evolution on Hgl
Egin minimum PE of the H' ion 4n solution
= golution energy of H+ + jonization eneray
of H
= -267 KCal/mole + 313.22 KCal/mole



[T~ .... .
Sp Jer = g (0.2 + xMe) + Ej; “en + nuwy (n+1/2)
= (eF - exm)‘~ 0.2 + Eoi - en
where we have neglected the nw, (n+1/2)
texrm because its contribution is extremely

small compared to the other terms in the

equation,
- N - -
So, Jpo = lep — exy) - 0.2 + E, - en
= ng - 0.2 ev + Loi - en

= -4.6 ev - 0.2 ev + E@i - en

= «64,4 ~ en
Now Tapt = adsorption energy of H or Hg

= -§,08 KCal/mole
So for low overvcltage,

en < (-6.08 + 64.4 + en) -46
or en has to be less than 0.28 volts. Here
we have considered Eg the repolarization
energy of the solvent to be 2 ev. Now for
high overvcltage

en > (-6.08 + 64.4 + en) -46

i.e., en > 2.3 voits.

The region in between fits the medium
overvoltage condition. The current potential
curves for these 3 distinct regions were

then evaluated as follows:



{2} Low overvoltage

KTE_ 1/2
i(n,'ﬂ') = ZQC w;:oK(n,n'}" ( 27‘, ) C‘“@xp
J
(CEnanty ooy
where
KTE_ 1/2 13

(“Eﬁ”° = 1.452 x 10 erqge.

K(n,n') = transmission coefficient
= Const. epr~qR2}

where a = TE . 7% = 3,058 x 10%®

wi+m
Taking R = 0.5A°

Ki{n,n') = const x 0.8442.
Since the value of K' should at the maximum
be eéual to 1, the value of the constant
should also be of the order of unity. So,

X = 0,8442

Cgy = surface concentration of H3@% ion

w= + - 15
2rH 0 N”CH30+ 1.26 = 10 for
0.1 molar HBG‘ soll,

W, = librational frequency = 1@13

So, i(a,n') = 2 x 4.8 x 10”10 135

&1

% 1.26 % 10

x 10%% x 0.8442 x 1.452 x 10713
JFQ Jan
x p* expl

?exn{E~}

- 2x4.8x1.25xo.8442x1.452x103xlo?3exp

@
JFn Jan'

e
e lexp [E%}




assuming arbitrarily that p* has a value of

23

1077 and it does not vary with potential.

or, log i (n,n') - log(2x4.8x1.26x0.8442x1.452)

- [
+ 26-(Uan' JFn) 4+ en

2.303 kT 27303 kT

= 1.1708+26 ~ 42.48 + §ﬂ§@§~ﬁﬁ

m -15.309 + &0
2.303 kT

It ie continuously mentioned in this
report that the calculations were done for
Hg. However, this low overvoltage region
fpr Hg has still not heen cobserved. Bowden
and Grew2 has studied hvdrogen evolution at
low overvoltage but gets a tafel line with
& slope of 120 nmv not with 60 mv as predicted
by Levich,l Howevery Bockris; etqal.3 does
get & slope of ﬁf/F for Pt and some other
metals. They have explained that as the
gitvation where the migration of the H atoms
on the surface is rate determining. A further
study in thié direction maybe is to study
both the Levich model and the Bockris at.a1§3

expianation of the 3§~$1cpe and try to figure

out which one may be correct.



(b} Medium overvoltage

(-]
i=eC p*fu X(n,n'}1kT exp'an ~Tan'. exp
s © (=1

Eg e
[- zrwlexpliﬁé]

or log il(n,n') = 11126+ en
1.606KT

(c) High overvaltage

KTES 1/2
- - k3 ¥ )
i= 2eCs wop K{n,n"} (“55"

or log i = 19.193.

This region has not been detected in experi=-
ments also. Thus, by plotting the currant
potential relations predicted bv Levich it

¢an be seen that the agreement with experiments
in the medium overvaitage region is not bad.
However, the other two regions are not

- unambiguously verified bv experiments.

The next thing we tried to compare was
the Arrhenius plot obtained from the Levich
theory with the experimentally obtained ones;
for the medium overvoltage region.

Again the



experinental ones do not differ verv much

from the theoretically predicted values.

Aims for the next We plan to carry out dgome more tests of the

Period: A Levich theory.

T iAo
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