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NOTICE

This report was prepased as an account of Government-
sponsored work. Weither 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, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this-
report, or that the use of any information, apparatus,
method, or process disclosed in this report may not
infringe privately owned rights; or

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

As used above, "person acting on behalf of NASA" includes
any employee or contractor of NASA, or employee of such con-
tractor, to the extent that such employee or constractor of-
NASA, or employee of such contractor, prepares, disseminates,
or provides access to, any information pursuant to his employ-
ment or contract with NASA, or his employment with such

contractor.
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SECTION I

T, Emi

J.0'M. Bockris, Supervisor

Title of
project: Theoretical Study of Electrocatalysis
Specific aims To establish quantum mechanical expressions

for this period: '
for the rate of the rate-determining step

and to evaluate the dominant factors
affecting the electrocatalytic oxygen
reduction.
Results of work The rate-determining step of the cathodic
in this period: }
oxygen reduction reaction on the oxide~free
Pt electrode in acid solution has been

1

determined by Brusic and Damjanovic™ to be

0, + H + em) - JOH + 0 or _HOp (1)

where e (M) is an electron in Pt, and s
represents an adsorption site on Pt.
1. The model for the structure of the Pt electrode-solution
interface:
There is some evidence2 that the proton which takes part
in the rate~determining‘step'is located on the O0.H.P. In ordexr
to make clear the position of the Op; molecule which is involved
in the rate-determining step, relative magnitude‘of the energies

of adso;Ption on Pt of 0, and H,0 is calculated.



A. Adsorption of 0, on Pt surface
The energy of physisorption, Wp, of O on Pt is: calculated
by using the following equation, which is the sum of the

attractive‘(Wpa) and repulsive contribution to the energy

(W__)
pr
flnoeduﬁ Cezg)ﬁj(:@:ﬁ 12
Wo=W - W v O0.6W = 0.6 |- - fal -
P P P p 3212 2viD} 16rsD8 8D3

(2)
where ny is the actual number of free electrons per unit
volume of Pt; m%, true mass of the free electrons in Pt; vi,

the classical frequency of the oscillator (adsorbed molecule) ;

£,, the oscillator strength (= Q—;—[f/am]%); &(Jf') 9, the static
polarizability of the molecule; Ty the radius of a sphere
containing one metal electron; C = 2.5; u, the dipole moment
of the molecule;‘ﬁﬂ the Planck constant divided by 27; Dy, the
distance of the molecule from Pt surface, and e is the charge-
of an electron. The expression for’Wpa is due to Margenau'and'
Pollard3 and‘Bardeen.4 Similar'to,Lennard-_—Jones,5 a rather

crude approximation of Wpr No0.L4W is used, because explicit

pa
derivation of Wpr is very difficult (ref. 6). According to
eq. 2, Wp of -3.0 kcal/mole is obtained for 0O, at Dy = 2.0A.
No sophisticated method seems to be available at the moment
which couid“give”quantitative evaluation of the energy of chemi-
sorption of 0z on Pt surface.  The method proposed by Higuchi-
et al.,7 therefore, is employed. Several possible versions-of"
the resonant ionic and covalent structures including the follow-

ing scheme are assumed for the surface complex of Pt and O3,

and corresponding heats of adsorption are calculated by eq. 4.



Pt 0 Pt— O Pt co0 "
-3 »
+ f = | | ] =< +{ 3 , (3)
Pt 0 Pt— O Pt o,
1 _
Sr=1+ (BE-H,)/(E-H . (4)

.0 — o
Here, the complex /° \ is that proposed by Aston, ®
Pt — Pt

the ion (0 = O)  is that confirmed for NaOz and KOz ;

2
E, the energy of idealaionic.bond»given»bywar-l.+<g %?

(A, electron affinity of Oz;; I, ionization potential of Pt,-

and r is the distance between 0, and Pt); Hor the energy of
the ideal covalent bondy'and“ci is the fraction of ionic

bonds in the'adsorption‘bond; However, every assumed resonant -
structure gives the result that’ the heat of adsorption of-
molecular oxygen on the surface of Pt is positive. Thus, Oz

may not be chemisorbed. but.physisorbed. on.Pt surface.

B. Adsorption of Hy0 on Pt surface
Since the physisorption of 0 on Pt in aqueous solution
takes place in competition with the adsorption of H;O on' Pt,
the energy for the latter adsorption was calculated as follows:
Firstly, the free energy change for the dissociative -
adsorption reaction of oxygen, Oj(sol) 2 20(ads, sol) is

estimated by using the following thermodynamic cycle:

AGY- AGY
0;(g) ————— 2o(ads)gas 20(ads)Sol
AGY AGH

2 (sol)

3



Here,

AGY = -2,960 + 3.18T for 02 (g) + Oz (sol) ,°

AGY ~ 2 AHP v -38,000  for 20(ads)__, * 20(ads) o

AGL = 57,900 - 45.47T  for 20(ads) . > 02 (g) . 19
Hence, one gets

AG} ~ 16,900 - 13.7T for 0(sol) » 20(ads)_ ; -(5)

Secondly, the free energy change AGg of the reaction

2H20(ads)soi + 05 (s0l) = 2H,0(sol) + 2O(ads)sol'ls deter-
mined as
AG? = -RT 1n[x? x* 2 X ]
a H>0(so0l) O(ads)So Hzo(ads)sol Oz (s0l):

Bo

1- 571 %0, (sp1) (6)

= =RT 1n|

where 6% is the coverage of atomic' O on Pt, and is known to

be 0.22 for the*p‘resent“situation.ll
If one assumes that 6° does not change appreciably with

temperature, one gets from the temperature dependence of

XOz(sol)
AG; = -5,050 - 6T . (7)

By subtracting AG] from AG;, one gets

D = Llorno 0y o
AGHZO = 2(AGa_ AG3) 11,000.+ 3.9T
for HZO(ads)sblif Hzo(sol) . (8)

C. The amount of O, molecules adsorbed on Pt surface:
The number of 0 molecules adsorbed on the unit area of
Pt surface may, therefore, be given very.roughly.by.

SNy s ennie .
N02 =g X020 exp( 8,000/RT) ~ 5x10 (9)



where N is the Avogadro number; V, the molar volume of the
solution; § « 2x10~8 cm; and the free energy change of the
reaction H,0(ads) + 0,(lig) = O, (ads) + H,0(lig) is taken to

be the difference between the enthalpy part of AG& and the
2

0
physisorption energy of 0O, on Pt. -Although this approxi-
mation is crude, it may be not unreasonable to assume that the
physisorption energy is not so much changed by the coexistence’
of H,O0 moleculeé around the 0, molecule adsorbed. It may also
be acceptable to assume that the entropy change due to the

adsorption of O, in H,O0 on Pt is not so much different from

the entropy term in AGY ..
- T T T T HL0

D. The model for the structure in the vicinity of the Pt
electrode-solution interface -

As 1s considered so:far, one may assume that a small
portion of 0O, dissolved in the solution is physically adsorbed
on the surface of Pt electrode replacing the water molecules.
Further, there are hydrated protons located at the O.H.P.

As far as one believes in the mechanism shown in eq. 1, any

0, molecule which is placed beyond the first adsorbed layer on
the Pt surfacetshduld’bé considered not reduced. The reason
is that 02;'H+ and e (M) must react by one act to form adsorbed
HO, or OH and O. One can hardly visualize the fact that HO,

or OH and O formed beyond-the first adsorption layer will con-
sequently ‘be -adsorbed -on~the~Pt:surface replacing the H,0 mole-
cules previously ‘adsorbed on the surface. The gqualitative
figure of the 'sequence ‘0f the rate-determining step may then

be as follows:

R *
Oz + H + e() » (HOp) » HO, or OH+ O (10)

5



i.e., at the moment 0, and H+ are, due to the overall effect
caused by thermal fluctuation, displaced from their stable-
position and encountered in such a way as to provide on the
resultant 02—H+ complex an energy level which is equal to the
energy of an electron which has more than the Fermi-energy of
Pt, electron transfer occurs with some probability, yielding
(OzH*) activated complex. Then, the latter complex either
dissociates into OH and O or remains as HO2 which are subse-

gquently adsorbed on the Pt surface.

2. Qualitative expression for. the current density
The current density expression for the rate-determining
step may be given by

C_e (P2 [* oE
= H JEI JO 3K CH+Cozn(E)g(E)P(EIX)Q(ErX)dEdX L)11)

Here, E is the energy of an electron, k is the wave vector of
an electron in Pt, CH+ and CO2 are the concentrations of
hydrated protons and physically adsorbed oxygen molecules in
the vicinity of the electrode per unit area, n(E) is the
probability that an electronic state at energy E is occupied,
g(E) is the number of state at energy E, P(E,x) is the
tunneling probability for an electron which neutralizes the
Og—H+ complex in the rate~determining step, and Q(E,x) is the
factor which will be discussed later.

If one assumes nearly free gas behavior (in the sense of

the effective mass approach) for the electron in Pt, eg. 1l

turns into a simple form, i.e.,



pre
exp[a j ?Zm(V—E)]%dx}dxdE

_ e (2m)? JEZJX'{kCH+COZE%(E,x)
= &lall) ; z

m2h? éxp[<E—Ef>/ij+1

E; O X1

(12)
where Ef is the Fermi energy for Pt, m is the mass of an
electron, x2 - X3 and V are the width and the height of the
potential barrier between Pt electrode and a Oz—H+ complex.

E; corresponds to the lowest electronic ground state for the
complex in the system, E» corresponds to the highest energy

of the electron in Pt, and x' extends to the distance at
‘which neutralized complex can still form adsorbed HO; or OH
and O on the electrode surface. Q(E,x) reflects the charac-
teristics of the reaction. This is the Boltzmann factor which
gives the possibility of having a 02—H+ complex which is able
to receive an electron from the electrode and is able to turn-
into adsorbed HQ; or OH and O. Denoting the energy differenc
between the ground state of the initial state [02 + '+ e (M) ]
and the cross point of the two energy-distance curves (one-

is for the energy of the initial state - the distance from the
electrode surface, another is for the energy of the final

state HO: ~ the distance) by Ae, one can write

Q(E,x) = exp —-Ae/kT. (13)

Since Ae is the function of the vibrational and rotational
energy of the'og—H+ complex in the normal or distorted first
adsorbed layer on the electrode surface, it may be reasonable

to relate Ae to the electronic states E; and E of the complex as
Q(E,x) = exp[-£(E - E1)/kT] (14)

where the value of £(E - E;) is determined mainly by the inter-

action between HO: and H,0 molecules as well as the interaction



between HO: and the electrode surface. It must be emphasized
here that E; involves the contribution from the electric field
in the double layer. According to the recent datalz'and some
elementary calculations, the values shown in Figure 1l are
known for HO:2 and‘HOE.' It is quite difficult, however, to
estimate the above mentioned interactions because the elec-
tronic properties of these species are unclear at the moment.
Although quantitative examination of the present approach is -
left in the future, suggested interface model (section 1) and -
eqg. 12 (section 2) will provide useful tools for calculating

the current density of the reaction.

3. Some comments

The modification of eg. 12 to give a more realistic
solution of eqg. 11l is the differentiation of E in eqg. 11 at
the surface of the Permi sphere of the metal in question,
and replacing, 'in the vicinity of the Fermi level, the expres= -
sion for the density of the electronic state by a suitable -
analytic function which fits the n(E)g(E) curve given by the -
superposition of higher order calculation. Since the curve
sometimes extends (as in the case of Ni) far beyond the Fermi--
level with appreciable n(E)g(E) value, the integration in eg. 11
may becomtearge'provided:that’the'Q(E,x) term makes many-
02-H+ complexes:available:at the corresponding energy level.-
Thus, not only the  increase in the number density of the
electrons in the metal but-also in the span of the integration-
in eq. ll may-increase the value of the current density. ' In-
vestigationof the value Q as-a function of E and x is awaited

from this point of view.
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Title of
project:

Long-term
technological
aimg:

Specific aims
pof this report
period:

New evidence
revealed and
conclusions
reached:

SECTION .I

John W. Digyie

A. Damjanovic, Supervisor

The Study of:the Dendritic Deposition of

Zinc from Alkaiine -Selution:

To gain (a) an understanding of the forma-
tion of zinc dendrites, (b) a mechanism
which adequately describes the experimental
behavior, {c) the ability to apply simple
equations to the growth of metal deposits
in dendritic and non-dendritic forms, and
(d) to obtain a basis for evaluating the
effectiveness of inhibitors in the problems
associated with the zinc negative elec-
trode, i.e,,iin dendrites and negative

capacity loss problems. -

To extend earlier workl concerning inhibi-
tion to the polyethoxylated compounds,
such as the Emulchogenes, Igepols and

Tritons.

In these iniv.ial svaliuations of the poly=-

ethoxylated comp: ..ius Bmulphogene BC-420,
Triton X-15, ar: Triza X-100 were exam—

ined. Emulphogene BC-420 and Triton X-15-

have approximacely the sams ethylene oxide



ey

content but differ in the nature of hydrocarbon fragme:it--
BC-420 being aliphatic and Triton X-~15 aromatic. Triton X-15
and X-100 were chosen to ascertain any possible influsace of
the ethylene oxide content upon inhibitor efficienzy.

The influence of these three compounds vpion the wotal
current during zinc deposition is typified by Figure . which
shows that, as the compound (Emulphogene BC-420 in th. s case)
is adsorbed at the zinc surface, the total current ac i1 given
potential decreases. ~The greater the concentration o Emul-~
phogene, the faster the total current for zinc deposit.on
diminishes (Figure 1l). This concentration dependence would -
seem to imply a mass transport controlled adsorption of Emul-
phogene, as suggested by Payne, Tachikawa and Bardo2

Following adsorption of the Emulphogene upon the zinc
electrode,; the polarization curve shown in Figure 2 was deter-
mined. This shows that at an overpotential of =240 av the
total current increases rapidly--this apparently as a conse=
quence of desorption. The current is then equal to ths
limiting zinc current density in the absence of inhibitor.
Upon lowering the overpotential, substantiail hysteresis is:
observed. The descending arrows in Figure 2 indicate :hat
the total current was decreasing with time.

With regard to the initiation of dendrites, at »oint A
(Figure 2) no initiation was observed in 180 min, whe: :as at
point B (desorbed inhibitor) initiation proseaded as . the
uninhibited system (10 min}. Initiation was 72aly foum 1 to
occur whenever the initiation time was much shorter - an the
time required for inhibitor adsorption.

12



Following initiation in the presence of Emulphogene
BC-420, dendrites were seen to propagate for a short time
only before propagation was seen to be diminished--this
would be in acrordance with a mass transfer controlled--
adsorption of Emulphogene,; i.e., adsorption being sufficiently-
slow (under linear conditions) +to prevent initiation, but:
sufficiently fast under spherival diffusion conditions to
diminish dendrite propagation. -

Figure 3 shows the polarization curve for zinc deposi=-
tion in the presence of Triton X~15. Desorption is  seen” to-
occur at =80 mV. ' Initiation and propagation of dendrites -
proceeds as in the uninhibited systemg at n = =100 mV. -~

Figure 4 shows the equivalent polarization curves for -
the inhibitor Triton X=100. Desorption at higher negative-
overpotentials than Triton X=15 is experienced. ~Considerabie
hysteresis and an- inhibitor concentration dependent desorption
potential was observed, as in the case of Emulphogene  BC~420°
{cf. Fig. 2). - Similar observations with regard tovinitiation”
and propagation: of dendrites in the presence of Triton X100
were obtained as were obtained with Emulphogene BC-420. " In
Figures 2 and“4*high'overpoténﬁiais'were'requzred to promote
desorption. ~ At these high overpotentials, substantial evelu=
tion of H, is observed.  Hence, wheh recharging a zinc elec~
trode at constant current; Emulphogens BC~420 and Triton X=100
are not expected:to be beneficial; and are actually detri="
mental by pfomotinq increased gassing {as veported by Lander

et aleB)°



e

Conclusions with regard to- dendrite inhibition are
(cf. previous reports):

(1) The:tetraalkyifammonium‘saltS‘are‘far’superior*to'
any of the polyethoxylated compounds examined-here:

(2) Emulphogene  BC-420-and Triton X-100 may actually be
detrimental f@'battery opération due to evolved Hj.

(3) Any dendrite inhibition due to Emulphogene -addition
(guch inhibifiphrhasnbeen“obsérvedg)'can“bevobtainedtoniy

after initiation and at high Emulphogene concentrations.

Specific aims- "Theoretical analysis of the obtained
for the next .
report period: results.

REFERENCES

1. Second Quarterly Répbrt, March~June 1969. Section III,
Studies in Fundamental Chemistry of Fuél Cell Reactions.
Prepared under Contract NsG-325,

2. D.A. Payne, H. faéhikawa andegJ. Bard,‘Adsorptioh of
organic materials on zinc electrodes. Final Progress
Report, Contragt # AF 33(615)-3487, 1968.

3. J.J. Lander, J.A. Keralla and R.S. Bogner, Zinc Electrode
Investigation. Tech. Report AFAPL-TR-66-79. August 1966.
Prepared by Delc¢o~Remy Division, G.M.C.-

4. D. Boden. E.S.B. Corporation. Private communication.
' Detroit, 1969.
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Figure 1.

Figure

Figure

Figure

2.

3.

LEGENDS -TO -FIGURES -

Total current {(representing the zinc deposition
current; as a function of time during the ad-
sorption by zinc of Emulphogene BC-420.
Conditions: 10% KOH + 0.1M zincate, n = =50 mV,
T = 30:¢1%C.; % 3,7x107°M and o 7.4x107°M

Emuiphogene.

Polarization curve (n~log i) for a zinc electrode
inhibited with Emulphcocgene BC-420. Conditions:

10% KOH + 0.1M zincate, T = 30:1°C; @ 7.4x107°M
Emulphogene~~cathodic direction; x 7.4x10-°M
Emulphogene--anodic direction; o 3.7x10~°M Emulpho-

gene—-~-cathodic direction.

Polarization curve (cathodic direction) for a
zinc electrode inhibited with 1.5x10~*M Triton
X-15. Desorption potential -80 mV zinc over-
potential. Base electrolyte and temperature as

for Figure 2.

Polarization curve for a zinc electrode inhibited
with Triton X-100. Base electrolyte and tempera-
ture as for Figures 2 and 3. o 1.76x107%M

Triton X-100--cathodic direction; x 1.76x10~"M-~
anodic direction; A 1.4x10~°M--cathodic direction;
@ 8.8x107°M--cathodic direction.
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SECTION III

D. Cipris

A, Damjanovic, Supervisor

Title of

project: Reversibility of Organic Reactions

Long~term Investigation of capability of organic

technological ' ‘

aims: compounds for use in high energy secondary
batteries.

Specific aims The kinetic study of electroreduction of

for this

period: rhodizonic acid (RA) to hexahydroxylbenzene
(HHBR), and reverse. Reaction examined
at platinum and gold electrodes. .

Results of work RA and HHB form reveréible couple with.

in this period:
4 electrons transferred at the electrode

according to the over-all reaction:

+
RA+ 4H + 4e 2 HHB

The dependence of the electrode potential
on concentration ratio of O0x/Red form ac-
cording to the Nernst equation should. be

15 mv (at the same pH). Experimentally,
this dependence was found to be 17 mV (at
pH 4). The pH dependence of the electrode
potential at the same concentration ratio
of 0x/Red is found to be 52-~57 mV, compared

to theoretically expected 60 mV per pH.

20



The set of kinetic parameters.obtained by. galvanostatic.

transients are shown in Table 1. The measurements were made

at three pH's: 4, 7, and 9, but at pH 9 the solution proved

to be unstable; -and - the conclusions are drawn on the basis of
the measurements at pH 4 and:7.

It is seen from the table that the reaction is - concen=
tration independent ‘in the cathodic direction, and only. .
slightly dependent in the anodic direction. The Tafel slopes
are the same on both metals, in both-directions, and corre="
spond to 120 mV or to 2RT/F. The pH dependence, at: both7
metals, is observed only on the cathodic side of the reaction.

On the ‘basis '0of the obtained -kinetic parameters:the-
tentative mechanism-of ‘the reaction has been postulated; .
according to which the ‘hydrogen discharge reaction is
rate~determining "step,; which is ‘then followed.by.fast hydro=- -
genation of ‘RA ‘in -cathodic reaction, or proceeded. with fast
dehydrogenation-of HHB in anodic reaction.-

The exchange current density of the reaction is high,
being equal to 1x107% A cm™2 on Pt, and to 5x10~* A cm™? on' Au.
The reversible potential is found to be +210 mV vs. NHE. '

The long-time polarization measurements--in terms of -~
hours--are carried out in a four=compartment cell With'anodié"
and cathodic compartments separated with fritted glass;, and -
with the possibility of measuring-the electrode potential: at
each electrode“separately:*'Gold“wire'electrodes;iB'cmgieach;'
were chosen as working electrodes for these long-time

experiments.

21



With 0.50 g of solid RA in approximately 1x10"% M RA at’
pH 4 driven cathodically in one compartment, and with 0.50 g
of solid HHB ‘in-approximately 10 ml 1x10~2 HHB' driven anodic-
ally in the second compartment;, the experiment was carried-out
for 50 hours in" one directiony and then after changing polarity
of the electrodes for another 50 hours in the opposite direc-
tion. Current density was 0.2 mA cm™%. Electrode potentials
were relatively stable during-this long run (flat e vs., t -
curves). pH:of the solutions before and after this long run -
shows only a difference of less than half of a.pH unit..

At higher current densities (i = 1-2 mA - cm~?); the elec=
trode at which HHB-is oxidized becomes covered with black
solid particles. ~The potential then increases. It is'believed
that black powdery particles cover the surface and.reducethe
active surface -area. At lower current density this side -~
effect is not observed. It is noted that at platinum elec=
trode black powder formed more readily than at Au, and for =
that reason Au was chosen for long-time polarization measure=
ments. The solid precipitates are believed to be the:Na=salt:
of RA (or even of THQ), since RA is known to: form the salts-
with a whole series of cations like Na, X, Li, Ba, Sn;, Hg;, Pb, -
and is used in analytical chemistry as a reagent for some of
them.

The experiment with 1 mA cm™? was carried out for 3 hours
without much difficulty arising from the formation of black
powder.

Specific aims Preliminary testing of RA (mixed with  carbon:

for next
report period: black) as a cathode, coupled with Mg and/or



Zn as an anode will be made under conditions -

similar to those existing in practical

systems.,

Table 1. The kinetic parameters for the electrode reaction: -

RA + 4H+ + 4e 3 HHB at Pt and Au electrodes in

0.1N Na,S04

Pt Au
Anodic Cathodic Anodic Cathodic
Tafel slope 120 -120 120 -120
ot
©g ¢ VipH <1 0 A 0
<%—l—°9-—\1) 0 ~120 0 -120
pH c
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Title of
project:

Long=term
technological
aims:

Specific aims
for this
period:

Results of
work in this
period:

SECTION IV

Woon—~Kie Paik

M. Genshaw, Supervisor

Ellipsometric Studies of Ion Adsorption on

Solid Electrodes.

The purpose of this project is to study the

adsorption of ions on electrodes of different

metals by means of ellipsometry and to in-

vestigate the nature of interaction between

. the ions and electrode materials.

(1) To develop model and theory for the corre-

lation between the optical response and ion
adsorption.

(2) Numerical calculation of amount of -
adsorption from the experimental data.

(3) To correlate adsorption energies to the

properties of metals and anions..

Theoretical calculations are made for the-
correction due to the "electromodulation®
effect. The results can be summarized as

8A = -bdg

modn
where GAmodn

(relative phase retardation) due to.change

is the ellipsometrical.response

in electrode charge (dg) only.-

The constant b has values of .0042,
.0029, .0010, .0017, .0017, and .0021 deg
pcoul™! cm? for Au, Ag, Pt, Ni, Rh, and Hg,

respectively.
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By taking the difference between the-
observed optical response and the above theo=

retical éAmo , the amount of adsorption of

dn
ion 1s calculated. In this calculation an
optical model, which yields a linear combi:
nation of' Lorenz=~Lorentz functions of solvent
and ions to give the molar refraction of the
mixed adsorption layer, was used. Thé reéesults
are shown in Figures 1-5.

A paper which describes experiments,
results and discussions including correlation
of adsorption energy and properties-of metals
is being written for publication.

Specific aims Pending further analysis of the data and: fuller
for next period:
discussion over the nature of adsorption
forces, the paper will be finished and sub-
mitted for publication.
Possibly more experiments will be planned

for the investigation of kinetics of ion

adsorption.
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Figure

Figure

Figureb

Figure

Figure

2..

Adsorption

Adsorption

Adsorption.

Adsorption.

Adsorption

CAPTIONS TO FIGURES

of anions on nickel and rhodium. eleg¢frodes.

.of.Cl. and ClO, on silverlelectrode.‘

of .Br and SO; on silver electrode.
of €17 and Cl0;, on gold electrode.

of Br  and SO on gold electrode.
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SECTION V
David LaPointe and Rajat K. Sen

J.0'M. Bockris, Supervisor

Title of

project: Sodium Diffusion. in. Crystals

Lgnguterm The purpose of this project is to study

e theoretically the dependence pf the activa-
tion energy for Na+ ion diffusion through a
crystal lattice, on the various structural
parameters. The reason for such a study is
to find out why B-alumina has such a low
activation energy for Na+ ion diffusion, and
if possible, to hypothesize an ideal lattice
which will'have‘very low activation energy
for Na' ion diffusion.

Specific aims In the previous report it was mentioned that

for this

period: a model was set up similar to the Burton and
Jural model which allowed us to calculate- the
activation energy for self diffusion in solids
under a certain set of approximations, - The-
aim for this period was to test this model
. for as many cases.as.possible.

Results of It was decided that the above-mentioned method

work in this

period: should first be applied to the simplest case

of self diffusion’ in rare gas solids. A
Lennard~Jones potential function of the type

{(suggested by H.R. Glydeg)
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8
m

r
vin = 2 (22 - 13

was used to calculate the energy of the migrating particle as
it moves from one position to the other. It was seen that -
contribution  to the energy-for-sixth' and higher neighbors
was almost negligible. - Hence in calculating the energy of the’
migrating particle, summation up to the fifth nearest neigh-
bors was done. These calculations were done for both argon
and kryptpn self diffusion  and gave results which were in quite
good agreement with theory.

The next case attempted was Na® diffusion through a.
NaCl lattice. The ionic crystal was assumed to behave accord-
ing to therBornzlnodel and consequently the potential function

was supposed to be of the fo:rm3

2
Vi) = - &+ (M8, b.b_ exp(-r/p) + ZM' (B, b +B_b_) exp(-r'/0)]

The first term is the coulombic attraction and the second term
isvthe Hugging+-Mayer repulsion term. It was found that the -
coulombig energy oscillates and dies out after a long distance
from the orjiginal lattice point. So it was decided that; to’
use the above-mentioned potential function, we have to generate
a very large ‘NaCl crystal-in the computer. Ultimately a com~
puter program was developed which builds a crystal of 1100 ipns
in the computer  and the coulombic enerqgy calculated for such

a crystal. "It was also found that increasing the crystal size
by a large amount does not alter the coulombic energy very much.
So the migration energy calculation was done with such a crystal.
The results pbtained were fairly good.  Relaxation energy cal-

culation for such a process is still going on.

33



Calculation for MgO has just begun, and

no results worth mentioning have yet been

- obtained.
Specific aimg" The aim for the next period.is.to.complete.
for next
report period; the NaCl and MgO calculations and start the

B-alumina case. After completing B-alumina
we propose to look into the structural
parameters which can radically change the
energy at any lattice point--hoping to find
some parameters which when suitably altered

minimize the activation energy for diffusion.

REFERENCES

1. J.J. Burton and G. Jura, J. Phys. Chem. Solids, 28, 705
(1967) .

2. H.R. Glyde, Revs. Mod. Phys., 39, 373 (1967).

3. Mario P. Tose, "Cohesion of Ionic Solids in the Born

Model," in Solid State Physics, Vol, 13.

34



OFFICIAL DISTRIBUTION LIST FOR FUEL CELL REPORTS

August 1968

NASA and. JPL

National Aerxronautics & Space
Admin.
Attn: US/Winnie M. Morgan
Sci. and Tech. Info. Div.
Washington, D.C..20546. .

2 copies plus 1 reproducible

National Aeronautics & Space
Admin. '

Attn: RNW/E.M. Cohn. .
Washington, D.C. 20546

National Aeronautics & Space
Admin.

Attn: SAC/A.M. Greg.Andrus..
Washington, D.C. 20546

National Aeronautics & Space
Admin. '

Attns Office of Technology
Utilization .

Washington,.D.C. 20546

National Aeronautics & Space

Admin.

Attn: John L. Patterson, MS-
472

Langley Research Center..

Hampton, Virginia 23365

National Aeronautics & Space
Admin.

Attn: Dr.
Stop 302-1
Lewis Research Center
21000 Brookpark Road..
Cleveland, Ohio. 44135

National Aeronautics & Space
Admin.,

Attn: Harvey Schwartz

Stop 500-201

Lewis Research Center

21000 Brookpark Road
Cleveland,; Chio 44135

National Aeronautics & Space
Admin.
Attn: Dr.
Stop 6-1
Lewis Research Center
21000 Brookpark Road
Cleveland, Ohio 44135

Louis Rosenblum

J. Stewart Fordyce

National Aeronautics & Space
Admin.

Attn: Richard Boehme
R~-ASTR-EP

Marshall Space Flight Center
Huntsville,.Alabama 35812

National Aerohautics & Space
Admin. _

Actn: Jon Rubenzer

Ames Research. Center

Moffett Field, California 94035

National Aeronautics & Space

. Admin.
Attn: Mr. W.E. Rice
Code EP-5

Manned Spacecraft Center
Houston, Texas 77001

National Aeronautics & Space
Admin.

Attn: CPE/Dr. Sol Gilman
Electronics Research Center
575 Technology Sguare
Cambridge, Mass. 02139

Jet Propulsion Laboratory
Attn: Mr. Paul Goldsmith
4800 Oak Grove Drive

Pasadena, California 91103

Department of the Army.

U.S. Army Engineer R&D Labs.

Attn: Energy Conversion
Research Lab

Fort Belvoir, Virginia 22060

U.S8. Atmy Electronics R&D Labs.
Attn: Code. AMSEL-KL-P .
Fort Monmouth, N.J. 07703

Harry Diamond Labs.

Attn: Mr. Nathan Kaplan
Room 300, Building 92
Conn. Ave. & Van Ness. St.
Washington, D.C..20438

NW

U.S. Army Natick Laboratories
Artn: Leo A. Spano

Clothing & Organic Materials Div.

Natick, Mass. 01762



Department of the Navy

Office of Naval Research

Attn: DirectOf, Power Program,
Code 473

Washington, D.C.. 20360

Office of Naval Research
Attn: Harry Fox, Code 472
Washington, D.C. 20360

U.S. Naval Research Laboratory

Attn: Dr. J.C. White, Code
6160

Washington, D.C. 20390

U.S. Naval Observatory
Attn: Robt. E. Trumble
STIC, Bldg. 52

Washington, D.C. 20390

Naval Ship System Command
Attn: Mr. Bernard B. Rosenbaum
Code 03422. ,

Washington, D.C. 20360

Naval Ship Engineering Center
Attn: Mr. C.F. Viglotti

Code 6157D

Washington, D.C. 20360

Naval Weapons Center

Attn: Mr. William C. Spindler
Corona Laboratories

Corona, California 91720

Naval Ordnance Laboratory
Attn: Mr. Philip B. Cole
Code 232

Silver Spring, Maryland 20910

Naval Ship R&D Center
Attn: J.H. Harrison

Code M760

Annapolis, Maryland 21402

Department of the. Air Force

Aexro Propulsion Laboratory

Attn: James E. Cooper, APIP-2

Wright~Patterson AFB, Ohio
45433

AF Cambridge Research Lab.

Attn: CRE/Francis X, Doherty
Edward Raskind (Wing f)

L.G. Hanscom Field

Bedford, Mass. 01731

Rome Air Development Center
Attn: Mr. Frank J. Mollura
EMEAM

Griffiss AFB, New.York 13442

Space & Missile Systems
Organization

SMTRE

Attn: Lt. J.B. Beaver

Los Angeles Air Force Station
Los Angeles, Calif. 90045

Private-Organizations

Aeronutronic Division,
Philco-Ford Corp.

Technical Information Sexvices
Ford Road- - -

Newport, California 92663

Aerospace Corp.

Attn: Library Acquisitions Group
P.0. Box-95085

Los Angeles, Califoernia 90045

Airco Speer Research

Attn: Dr. E.A. Heintz
Packard Road at 47th.- Street
Niagara Falls,-New York 14304

Allis-Chalmers Mfg. Co.
Attn: Don Smith
Department 3341

5400 So.- 60th ‘St.
Greendale, -Wisconsin- 53201

American Machine & Foundry Co.
Attn: R.A. Knight, Research Div.
689 Hope Street

Stamford, Connecticut 06907

Atlantic Refining Co.
Attn: H. Shalit

500 South Ridgeway Ave.
Gienolden, Pa. 19036

Atomics International Division
Attn: Dr. H.L. Recht

North American Aviation Inc.
8900 De Soto Avenue. .
Canoga Park, . California 91304
Battelle Memorial Institute
Atcn: Df. C.L. Faust

505 King Ave.

Columbus, Ohioc 43201



Bell Telephone Laboratories, Garrett Corporation

Inc. Attn: Mr. Bowler
Attn: U.B. Thomas . 1625 Eye St., N.W.
Murray Hill, New Jersey 07974 Washington, .D.C. 200i3
Dr. Carl Bérger "General Dynamics/Convair
13401 Kootenay Dr... : Attn: Mr., R.P. Mikkelson
Santa Ana, California 92705 .Electrical Systems Dept. 988-7

P.0O. Box 1128.

Case Westerh Reserve Unlver51ty8an Diego, California. 92112
Ea

Attn: Prof. Ernest Yeager

Department.of Chemistry General Electric¢ Company
Cleveland, Ohio 44106 Attn: F.T. O'Brien
Direct Energy Conversion

Clevite Corporation
Attn: M.P. Makowski
. .. 930 Westexrn Ave.
%ighgggiaiggiiegzggeg%VlSlon Lynn, Masaachuqetts 01901
Cleveland, Ohio .44108 . . .General " Eléctric Company
Attn: D¥. E.L. Simons
Research & Development Center
P,O. Box .8 .
Schenectady, New. York 12301

Operation

G. & W.H. Corson, Inc.
Attn: Dr. L.J. Minnick
Plymouth Meeting, .Penna. .19462

Dynatech Corp.

Attn: Dr. A.R. Reti
17 Tudoxr Street
Cambridge, Mass. 02139

Electrochimica Corp.

Attn: Dr. Morris Eisenberg
1140 O'Brien Drive

Menlo Park, California . 94025

Electromite Corp.

Attn: R.H. Sparks

2117 So. Anne St.

Santa Ana, Calif. 92704

Electro~Optical Systems, Inc.
Attn: Martin G. Klein

300 North Halstead .Street.
Pagadena, .California . 21107

General Electric Company
Attn: David F. Schmidt
777 - l4th.St., N.W. . .
‘Washington, .D.C. .20005.

General Mot¢drs Corp.

Attn: Library, Research Labs.
P.0O. Box.988 .

Warren, Michigan 48090
Globe-Union, Inc.

Attn: John R. Thomas

P,O. Box.591.

Milwaukee, Wisconsin .53201

Honeywell Inc.

Attn: Library

Livingston Electronic Laboratory
Montgomeryville, Pa.. 18936

Dr. P.L. Howard
Centrevilie, Md. 21617

Engelhard Industries
Attn: Dr. J.G. Cohn
497 Delancy .Street ...
Newark, New .Jersey 07105. Institute for Defense Analyses
Attn: Mr. R. Hamilton

400 Army . Navy.Drive . "
Arlington, .Virginia . 22202

Esso Research & Engineering Co.
A-tn. Dr. C.E. Heath
Government Research Laboratory
P.0. Box 8 Institute for Déférisé Anadlyses
Linden, New Jersey 07036 Attn: Dr. R, Briceldnd -

400 Army Navy Drive

Franklin Institute Research Labiflington Virginia 22202
£ ¥

ttn: Dr. William Tarpley
Philadelphia, Penna. 19103



Ionics, Incorporated
Attn: W.A. McRae
65 Grove St.
Watertown, Mass. 02172
Johns Hopkins University
Attn: R.C. Evans

Applied Physics Laboratory
8621 Georgia Ave.

Silver Spring, Md.

LTV Research Center
Attn: W.C. Schwemer
P.O. Box 6144

Dallas, Texas 75222

Leesona Moos Laboratories
Attn: Dr. A. Moos
Lake Sucecess Park
Community Drive

Great Neck, N.Y. 11021
Arthur D. Little,
Attn: Dr.

Acorn Park
Cambridge, Mass.

Inc.,
Ellexry W. Stone

12040

Martin Marietta Corp.
Attn: William B. Collins,
MS 1620

Electronics Research Dept.
P.O. Box 179
Denver, Colo. 80201

McDonnel Douglas Aircraft Co.
Astropower Laboratory

2121 Campus Drive

Newport Beach, Calif. 92663

Monsanto Company

Attn: Dr. J.0. Smith
New Enterprise Division
Everett, Mass. 02149

Monsanto Research Corporation
Attn: Librarian

Dayton Laboratory

Dayton, Ohio 45407

North American Aviation Co.

Attn: Dr. James Nash
S&ID Division
Downey, Calif. 90241

Oklahoma State University
Attn: Prof. Wm. L. Hughes
School of Electrical Engin'g
Stillwater, Oklahoma 74074

Power Information Center

University City Science Institute

Room 2107
12104

3401 Market St.,
Philadelphia, Pa.

Rocketdyne Division

Attn: TIC,D/086-306

6633 Canoga Ave.

Canoga Park, Calif. 91304

Texas Instruments, Inc.

Attn: Dr. Isaac Trachtenberg,
MS~145

P.O. Box 5936

Dallas Texas 75222

TRW, Inc.

Attn: Dr. R.A. Wynveen
23555 Euclid Ave.
Cleveland, Ohio 44117

TRW Systems

Attn: Dr. A. Krausz
One Space Park
Redondo Beach, Calif. 90278
Tyco Laboratories, Inc,
Attn: Dr. A.C. Makrides
Bear Hill, Hickory Drive
Waltham, Mass. 02154

Unified Science Assoclates,
Attn: Dr. Sam Naiditch
2925 E. Poothill Blvd.
Pasadena, Calif, 91107

Union Carbide Corporation
Attn: Dr. George E. Evans
Fuel Cell Department

P.0O. Box 6116

Cleveland, Ohio 44101

United Aircraft Corporation
Attn: Library

400 Main Street
FEast Hartford, Conn. 06108
University of Pennsylvania
Attn: Prof. John O'M. Bockris
Electrochemistry Laboratory
Philadelphia, Pa. 19104

Whittaker Corporation

Attn: Dr. M. Shaw

Narmco R&D Division

12032 Vose St.

North Hollywood, Calif. 91605

Inc.



Yardney Electric Corp.
Attn: Dxr. George Dalin
40 Leonard Street

New York, N.Y. 10013

K3
4

B

Zaromb Pesearch Corp.

Attn: Dr. S. Zaromb
376 Monroe Street
Passaic, N.J. 07055

OFFICIAL DISTRIBUTION 5IST FOR BATTERY REPORTS

August 1968

National Aeronautics & Space
Administration
Attn: US/Winnie M. Morgan
Sci. & Tech. Info. Div.
Washington, D.C. 20546
2 copies + 1 reproducible

National Aeronautics & Space
Administration

Attn: RNW/E.M. Cohn

Washington, D.C. 20546

National Aeronautics & Space
Administration

Attn: SAC/A.M. Greg Andrus

Washington, D.C. 20546

National Aeronautics & Space
Administration

Attn: Office of Technology
Utilization

Washington, D.C. 20546

National Aeronautics & Space
Administration

Attn: Gerald Halpert,
Code 735

Goddard Space Flight Center

Greenbelt, !id. 20771

Wational Aeronautics & Space
Administration
Attn: Thomas Hennigen,
Code 716.,2
Goddard Space Flight Center
Greenbelt, Md, 20771

National ZAeronautics & Space
Administration
Attn: Joseph Sherfey,
Code 735
Goddard Space Flight Center
Greenbelt, Md. 20771

National Aeronautics & Space
Administration

Attn: John L. Patterson, [18-472

Langley Research Center

Hampton, Virginia 23365

llational Aeronautics & Space
Administration

Attn: M.B. Seyffert, MS-~112

Langley Research Center

Hampton, Virginia 23365

Mational Aeronautlcs & Space
Administration

Attn: Dr. Louis Rosenblum

Stop 302-1

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Mational Aeronautics & Space
Administration

Attn: Harvey Schwartz

Stop 500-201

Lewis Research Center

21000 Brookpark Reoad

Cleveland, Ohio 44135

NMational Aeronautics & Space
Administration

Attn: Dr. J. Stewart Fordvce

Stop 61

Lewis Research Center

21000 Brockpark Road

Cleveland, Ohic 44135

Mational Aeronautics & Space
Administration

Attn: Richard Boehme

R-ASTR-FP

Geo., C. Marshall Space Flight
Center

Huntsville, Ala. 35812



Wational Aeronautics & Space Department of the Navy
Administration

Attn: W.E. Rice, EP-5 Office of Naval Research
Manned Spacecraft Center Attn: Dir., Power Program
Houston, Texas 77058 Code 473

Washington, D.C. 20360
National Aeronautics & Space

Administration QOffice of Naval Research
Attn: Jon Rubenzer Attn: Mr. Harry Fox
Code PBS, M.S. 244-2 Code 472
Ames Research Center Washington, D.C. 20360

Moffett Field, Calif. 94035
Naval Research Laboratory

Mational Aeronautics & Space Attn: Dr. J.C. White
Administration Code 6160

Attn: Dr. Sol Gilman Washington, D.C. 20390

Code CPE

Electronics Research Center Mlaval Ship R&D Center

575 Technology Sqguare Attn: J.H. Harrison

Cambridge, Mass. 02139 Code M760

Annapolis, Md. 21402
Jet Propulsion Laboratory

Attn: Mr. Paul Goldsmith Naval Air Systems Command
MS. 198-223 Attn: Milton Knight (Code AIR-340C)
4800 Oak Grove Drive Vlashington, D.C. 20360

Pasadena, California 91103
U.S. Naval Ammunition Depot
Department of the Army Attn: QEWE, E. Bruess/H. Schultz
o Crane, Indiana 47522

U.S. Army

Electro Technology Lab. Naval Weapons Center
Energy Conversion Research Div. Attn: William C. Spindler
MERDC Corona Laboratories

Fort Belvoir, Va. 22060 Corona, California 91720
U.S. Army Weapons Command Naval Ordnance Laboratory
Attn: MASWE-RDR, Attn: Philip B. Cole

Mr. G. Reinsmith Code 232

Rock Island Arsenal Silver Spring, Md. 20910

Rock Island, Ill. 61201
MMaval Ship Engineering Center
U.S. Army Natick Laboratories Attn: C.FP. Viglotti
Attn: Leo A. Spano 6157D
Clothing and Organic lMaterials Washington, D.C. 20360
Division

Natick, Mass. 01762 U.S. Naval Observatory
Attn: RPobt. E. Trumble

Harry Diamond Laboratories STIC, Bldg 52

Attn: Nathan Kaplan Washington, D.C. 20390

Room 300, Building 92
Conn. Ave. & Van Ness Ave. ,NW Naval Ship Systems Command
Washington, D.C. 20438 Attn: Bernard B. Rosenbaum
Code 03422
Washington, D.C. 20360



Department of the Air Force

Aero Propulsion Laboratory
Ann: James E. Cooper
APIP-2

Wright-Patterson AFB, Ohio 45433

AF Cambridge Research Lab,
Attn: CRE/Francis X. Doherty
Edward Raskind (Wing F)

L.G. Hanscom Field
Bedford, Mass. 01731

Rome Air Development Center
Attn: Frank J. Mollura
EMEAM

Griffiss AFB, N.Y. 13442

Other Government Agencies

National Bureau of Standards
Attn: Dr. W.J. Hamer
Washington, D.C. 20234

Private Organizations

AM.F.

Attn: Raymond J. Moshy

Milton S. Mintz

689 Hope Street

Stamford, Conn. 06907

Aerospace Corporation

Attn: Library Acquisition Group

P.O. Box 95085

Los Angeles, Calif. 90045

American University

Attn: Dr. R.T. Foley
Chemistry Dept.

Mass. & Nebraska Ave., NW

Washington, D.C. 20016

Atomics International Division
Attn: Dr. H.L. Recht

North American Aviation; Inc.
8900 De Sota Avenue
Canoga Park, Calif. 91304

Battelle Memorial Institute

Attn: Dr. C.L. Faust
505 King Ave.
Columbus, Ohio 43201

Bellcomm
Attn: B.W. Moss

1100 ~ 17th St., NW
Washington, D.C. 20036

Bell Laboratories
Attn: U.B. Thomas
D.0. Feder
Murray Hill, N.J. 07974
Dr. Carl Berger
13401 Kootenay Dr.
Santa Ana, Calif. 92705
Burgess Battery Company
Attn: Dr. Howard J. Strauss
Foot of Exchange Street
Freeport, Illinois 61032

C & D Batteries

Attn: Dr. Eugene Willihnganz
Division of Electric Autolite Co.
Conshohocken, Pa. 19428

Calvin College, Science Bldg.
Attn: Prof. T.P. Dirkse

3175 Burton St., SE
Grand Rapids, Mich. 49506
Catalyst Research Corporation
Attn: H. Goldsmith

6101 Falls Road
Baltimore, Md. 21209
Communications Satellite Corp.
Attn: Mr. Robt Strauss

1835 K Street, NW
Washington, D.C. 20036
G. & W.H. Corson, Inc.
Attn: Dr. L.J. Minnick
Plyvmouth Meeting, Pa. 19462
Cubic Corporation
Attn: Librarian
9233 Balboa Ave.
San Diego, Calif. 92123
Delco Remy Division

Attn: J.A. Keralla

General Motors Corporation -
2401 Columbus Ave.
Anderson, Indiana 46011



E.I. duPont de Nemours & Co.
Attn: J.M. Williams
Engineering Materials Lab.
Experimental Station, Bldg 304
Wilmington, Delaware 19898

ESB Inc

Attn: Director of Engineering
P.O. Box 11097

Raleigh, N.C. 27604

ESB Inc.

Attn: Dr. R.A. Schaefer

Carl F. Norberg Research Center
19 West College Ave.

Yardley, Pa. 19067

Eagle~Picher Company
Attn: E.P. Broglio
P.O. Box 47

Joplin, Missouri 64801

Electrochimica Corporation
Attn: Dr. Morris Eisenberg
1140 O'Brien Drive
Menlo Park, Calif. 94025
Electromite Corporation
Attn: R.H. Sparks

2117 South Anne St.
Santa Ana, Calif. 922704

Electro~Optical Systems, Inc.
Attn: Martin G. Klein

300 North Halstead Street
Pasadena, Calif. 91107

Emhart Corp.

Attn: Dr. W.P. Cadogan
Box 1620
Hartford, Conn. 06102
Dr. 2Arthur Fleischer
466 South Center Street
Orange, N.J. 07050

General Electric Company
Attn: Dr. R.C. Osthoff
Research & Development Center
P.0O. Box 43
Schenectady, N.Y¥Y. 12301
General Electric Company
Attn: XK.L. Hanson, Rm M=-2614
Missile & Space Division
Spacecraft Dept. :
P.0O. Box 8555

Philadelphia, Pa. 19101

General Electric Company
Attn: W.H. Roberts
Battery Business Section
P.0O. Box 114
Gainesville, Fla. 32601
General Electric Company
Attn: Whitney Library
P.O. Box 8
Schenectady, W.¥Y. 12301
Globe-Union, Incorporated
Attn: John R. Thomas

P.0. Box 591
Milwaukee, Wis. 53201

Grumman Aircraft Engineering Corp.
Attn: J.S. Caraceni

Plant 25

AAP Project~Future Missions
Bethpage, L.TI., MN.Y. 11714

Gulton Industries

Attn: Dr. H.N. Seiger
Alkaline Battery Division
1 Gulton St.
lletuchen, .J. 08840

Honeywell, Inc.

Attn: Library

Livingston Electronic Laboratory
Montgomeryville, Pa. 18936

Dr. P.L. Howard
Centreville, Md. 21617
Hughes Aircraft Corporation
Attn: M.E. Ellion
Bldg. 366, M.S. 524
El Segundo, Calif. 90245
IIT Research Institute
Attn: Dr. H.T. Francis
10 West 35th St.
Chicago, I11l. 60616

Idaho State University
Attn: Dr. G. Myron Arcand
Department of Chemistry
Pocatello, Idaho 83201

Institute for Defense Analyses
Attn: Mr. R. Hamilton

400 Army-MNavy Drive

Arlington, Va. 22202



Institute for Defense Analyses
Attn: Dr. R. Briceland

400 Army-Navy Drive

Arlington, Va. 22202

International Nickel Co.
Attn: Wm. C. Mearns

1000 ~ l6th St., NW
Washington, D.C. 20036

Johns Hopkins University
Attn: Richard E. Evans
Applied Physics Laboratory
8621 Georgia Avenue
Silver Spring, Md. 20910
Leesona Moos Laboratories
Attn: Dr. A. Moos

Lake Success Park
Community Drive
Great Neck, N.¥Y. 11021
Arthur D. Little,
Attn: Dr.
Acorn Park
Cambridge, Mass. 02140

Inc.
James D. Birkett

Lockheed Missile and Space Co.
Attn: Robert E. Corbett
Department 62=14, Bldg. 154
P.O. Box 504
Sunnyvale, Calif. 94088
Mallory Battery Company

Attn: R.R. Clune -

So. Broadway & Sunnyside Lane
Tarrytown, N.Y. 10591

P.R. Mallory & Co.,
Attn: Dr. Per Bro
Northwest Industrial Park
Burlington, Mass. 01801

Inc.

P.R. Mallory & Co., Inc.
Attn: Technical Librarian
3029 E. Washington St.
Indianapolis, Indiana 46206

Martin Marietta Corp.

Attn: William B. Collins,MS1620
M.S. Imamura, MS 8840

P.0. Box 179

Denver, Colorado 80201

“Attn:

Ilauchly Systems, Inc.

Attn: John H. Vaite
llontgomeryville Industrial Center
Montgomeryville, Pa. 18936

McDonnell Douglas

Attn: Dr. George lioe
Astropower Laboratory

2121 Campus Drive

Newport Beach, Calif. 92663

Metals and Controls Division
Dr. E.l1. Jost
Texas Instruments,

34 Forest Street
Attleboro, Mass.

Inc,
02703

Monsanto Corporation
Attn: Dr. J.0. Smith
llew Lnterprise Div.

Everett, Mass. 02149

MNorth American Aviation Co.

Attn: Dr. James Nash
S&ID Division
"Downey, Calif. 90241

"Philco~Ford Corporation

Attn: Dr. D.C. Briggs
Space Power & Prop. Dept.
M.S. W—-49 ‘

- 3825 Fabian Vay

Palo Alto, Calif. 94303

Power Information Center
University City Science Institute
3401 Market St., Rm. 2107

Philadelphia, Pa. 19104

Prime Battery Corp.
15600 Cornet St.
Santa Fe Springs, Calif. 90670

RAT Research Corp.
36-40 37th St.

Long Island City, N.Y. 11101
Sonotone Corporation

Attn: A. Mundel

Saw Mill River Road
Elmsford, Mew York 10523



Southwest Research Institute
Attn: Library

8500 Culebra Road

San Antonio, Texas 78206

TRW Systems, Inc.

Attn: Dr. A. Krausz,

Bldg. 60, Rm. 1047

One Space Park

Redondo Beach, Calif. 90278

TRW Systems, Inc.

Attn: Dr. Herbert P, Silverman
(R-1/2094)

One Space Park

Redondo Beach, Calif. 90278

TRW, Inc..

Attn: LiBrarian

23555 EBEuclid Ave.
Cleveland, Ohio 44117

Tyco Laboratories, Inc.
Attn: Dr. A.C. Makrides
Bear Hill, Hickory Drive
Waltham, Mass. 02154

Unified Science Associates, Inc,

Attn: Dr. S. Naiditch
2925 E. Foothill Blvd.
Pasadena; Calif. 91107

Union Carbide Corporation
Development Laboratory Library
P.O. Box 5056

Cleveland, Ohio 44101

Union Carbide Corporation
Attn: Dr. Robert Powers
Consumer Products Division
P.,O. Box 6116

Cleveland, Ohio 44101

University of Pennsylvania
Attn: Prof. John O'M. Bockris
Electrochemistry Laboratory
Philadelphia, Pa. 19104

Westinghouse Electric Corporation

Attn: Dr. C.C. Hein,

Contract Admin.
Research & Development Center
Churchill Borough
Pittsburgh, Pa. 15235

Whittaker Corporation
Attn: J.W. Reiter
3850 Olive Street
Denver, Colorado 80237

Whittaker Corporation

Attn: Dr. M. Shaw

Narmco R&D Division

12032 vVose St.

North Hollywood, Calif. 91605



ADDITIONS TO THE OFFICIAL DISTRIBUTION LIST

FOR FUEL CELL REPORTS

National Aeronautics and Space
Administration

Attn: Dr. I. Dalins

Geo. C. Marshall Space Flight
Center

Huntsville, Ala. 35812

National Aeronautics and Space
Administration

Attn: Dr. E.W. Otto

Lewis R#&search Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
Administration

Attn: Dr. R.A. Lindberg

Lewis R&search Center

21000 Brookpark Road

Cleveland, Chio 44135

National Aeronautics and Space
Administration

Attn: Dr. P.E. Moorehead

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
- Administration

Attn: Dr. R.L. Davies

Lewis Research Center

21000 Brookpark Road
Cleveland, Ohio 44135

National Aeronautics and Space
Administration

Attn: Dr. A.E. Potter

Lewils Redgparch Center

21000 Brookpark Road

Cleveland, Ohio 44135"

National Aeronautics and Space
Administration

Attn: Dr. A.H. Smith

NASA Headquarters

Washington, D.C,.

National Aeronautics and Space
Administration

Attn: Dr. L.W. Slifer

Goddard Space Flight Center

Greenbelt, Maryland

National Aeronautics and Space
Administration

Attn: Dr. R.B. King

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
Administration

Attn: Dr. H.H. Youngblood

Langley Research Center

Hampton, Virginia

National Aeronautics and Space
Administration

Attn: Dr. E.R. Stroup

Goddard Space Flight Center

Greenbelt, Maryland

National Aeronautics and Space
Administration

Attn: Dr. A.A, Uchiyama

Jet Propulsion Laboratory

Pasadena, California

National Aeronautics and Space
Administration

Attn: Dr. B.J. Bragg

Manned Spacecraft Center

Houston, Texas

National Aeronautics and Space
Administration

Attn: Dr. E.M. Cohn

NASA Headguarters

Washington, D.C.

National Aeronautics and Space
Administration

Attn: Dr. W.J. Nagle

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135



National Aeronautics and :Space
Administration

Attn: Dr. W.J. Britz

Geo. C. Marshall Space Flight
Center

Huntsville, Ala. 35812

National Aeronautics and Space
Administration

Attn: Dr. W.A. Robertson

Lewis Resgearch Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
Administration

Attn: Dr. R. Lutwack

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, Calif. 91103

National Aeronautics and Space
Administration

Attn: Dr. W.H. Goodhue

Marshall Space Flight Center

Huntsville, Ala. 35812

National Aeronautics and Space
Administration

Attn: Dr.: J.M. Sherfey

Goddard Space Flight Center

Greenbelt, Maryland

National Aeronautics and Space
Administration

Attn: Dr. H.J. Schwarts

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
Administration

Attn: Dr: D.G. Soltis

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
Administration

Attn: Dr. M.R. Unger

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
Administration

Attn: Dr. F.E. Ford

Goddard Space Flight Center

Greenbelt, Maryland

National Aeronautics and Space
Administration

Attn: Dr. K.O. Sizemore

Goddard Space Flight Center

Greenbelt, Maryland

National Aeronautics and Space
Administration '
Attn: Dr. T.J. Hennigan
Goddard Space Flight Center
Greenbelt, Maryland

National Aeronautics and Space
Administration

Attn: Dr. S. Gilman

Electronics Research Center

575 Technology Square

Cambridge, Mass. 02139

National Aeronautics and Space
Administration

Attn: Dr. R.J. Boheme

Marshall Space Flight Center

Huntsville, Ala. 35812

National Aeronautics and Space
Administration

Attn: Dr. M. Weinstein

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
Administration

Attn: Dr. K. Behrndt

Electronics Research Center

575 Technology Square

Cambridge, Mass. 02139

National Aeronautics and Space
Administration

Attn: Dr. H.H. Brown

NASA Headquarters

Washington, D.C. 20546



National Aeronautics and Space
Administration

Attn: Dr. H.F. Hardrath

Langley Research Center

Hampton, Virginia 23365

National Aeronautics and Space
Adminigtration

Attn: Dr. S. Ellis

Ames Rese@arch Center

Moffett Field, Calif. 94035

National Aeronautics and Space
Adminigtration

Attn: Dr. E.L. Smith

Ames Regearch Center

Moffett Field, Calif. 94035

National Aeronautics and Space
Administration

Attn: Dr: R.L. Kenimer

Langley Research Center

Hampton, Virginia 23365

National Aeronautics and Space
Administration

Attn: Dt R.S. Osborne

Langley Research Center

Hampton; Virginia 23365

National Aeronautics and Space
Administration

Attn: Dr. T. Wydeven

Ames Regéarch Center

Moffett Field, Calif. 94035

National Aeronautics and Space
Adminigtration

Attn: Dr. W.D. Rayle

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space

Administration
Attn: Dr. R.H. Raring
NASA Headguarters
Washihgton, D.C. 20546

National Aeronautics and Space
Adminigtration

Attn: Dr. J.C. Freche

Lewis Reésearch Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
Administration '

Attn: Dr. E.E. Mathauser

Langley Research Center

Hampton, Virginia 23365

National Aeronautics and Space
Administration

Attn: Dr. J.W. Weeton

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
Administration

Attn: Dr. R.E. Landel

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, Calif. 91103

National Aeronautics and Space
Administration

Attn: Dr. B.G. Achhammer

NASA Headdquarters

Washington, D.C. 20546

National Aeronautics and Space
Administration

Attn: Dr. C.A. Hermach

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

National Aeronautics and Space
Administration

Attn: Dr. C.D. Cochran

Manned Spacecraft Center

Houston, Texas

National Aeronautics and Space
Administration

Attn: Dr. R.R. Nash

NASA Headgquarters

Washington, D.C. 20546

National Aeronautics and Space
Administration

Attn: Dr. R.E. Belleville

NASA Headdguarters

Washington, D.C. 20546



National Aeronautics and Space
Attn: Dr. J.F. Saunders

NASA Headquarters

Washington, D.C. 20546

National Aeronautics and Space
Attn: Dr. G.J. Jacobs

NASA Headguarters

Washington, D.C. 20546

National Aeronautics and Space
Attn: Dr. A.L. Ingelfinger
NASA Headquarters

Washington, D.C. 20546

National Aeronautics and Space
Attn: Dr. J.W. Mayo

Langley Research Center
Hampton, Virginia 23365

Administration

Administration

Administration

Adnministration



