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NOTICE 

This report was prepared as an account of Government- 

sponsored vor?:, Neither the United States, nor the National 

Aeronautics and Space Administration (NASA), nor any person 

acting on hehalf of NASA: 

(a) Makes any warranty or representation, exnresscd 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 ma!? not 

infringe privately owned r i g % t s ;  or 

(b) Assumes any liabilities with respect to the usc of 

or for any damages resulting from the use o f  any 

information, apparatus, method, or precess disclosed 

in t%is report. 

As used above, "person.acting on behalf of HAS&" 'includes 

any employee or contractor of NASA, or employee of such contrac.- 

tor, to the extent that such employee or contractor of NASA, or 

employee of such contractor, prepares, disseminates, or nr~videq 

access to, any information pursuant to his empl.ovment or con- 

tract vith NASA, or his employment vtit!~ such contractorg 
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SECTION I 

Title sf -Proiaek: Oxypen-Dissolution Reaction--& Theoretical 

Study 

T& calculate theoretically the rats of the 

oxygen dissolution reaction and then study 

the properties o f  the metal. electrode 011 ~qPj,ch 

%he rate of the reaction depends most, Such 

a study, if successful, will be of great 

help in developing a catalyst for the 

olzsygen dissolution reaction. 

Laa-the prla3vious report w e  ha6i given a very 

e r a s  ea%cuSlakion of the sate and ac t ivs~t ion  

anergy for the oxysen dissoButFan reaction 

in a B a r e  sleetrode in acid so lu t ion ,  The 

purpsrs afsuch a caPculation was $0 see,, 

very crudely, that the rate determining 

step mstulated Prom experimental studies 

does in fact give an activation enerqy in 

aqxement w i t h  experimental facts ,  what 

we had ilecided to do in this pelriod was to 

formulate risorously our problem, However, 

before we proceed to do that, we decided to 

take a goad look at the model ~ropased by the 
P 'Russian group led by Levjieh and eomnare t11Fs 

madel w i t h  experimental results. 



Results of the 

Period : -- 
The theory developed by ~ e v i c h '  for the 

hydrogen evalutdorr r e a c t i n n ,  w i t h  the 

rate dckerminf.mg step as 

R ~ o . . ~ +  + M (el +. H ~ O  + nads 

predicts 3 distant overvoltage regions with 

d i f fe ren t  i vs. n relationships* These 

$Wee dis-tinct regions are: 

region where the overvoltase satisfies the 
8 

condit ion en< (Jan @oJfn) -Es. 

(b) Medim overvoltage region. - This real.on 

1s characterized by the condition, 

J 0 

lev( an?-'fn)/<~ I and the i vs. ri r e l a t ion  

has the form, 

" J 
i(n,n@)=eCs~*ooK(n,n')kT exp [ J ~ n -  an" 91 ewa 

[r) Hiqh avervoltaqe region. - This is the 
region where the overvoltage satisfies the 



0 

condition en> (Janf-Jfn)+E. and tha 

current potential relationship has the forn, 

Our first 'aim 1s to evaluate these poten t ia l  

r e g i ~ n 8  and the current-potential re la t ions  

and comwre ehm with sxperfments. .kccording 

Lo Letrich 

where Jg;l = minbum potential energy of the 

. i n i t i a l  state, 

= Felrmf energy of the metal 

e4s, = wtential of the metal at the revereihle 

ptenQ;PaP 

= gwtentfal, Ln the rat ion scale) + (surface 

pwtentiall of the metal at 1 - 0.2 + xM [for hvdrogen evolution on Wgl 
4- 

EOi- minimum PE of the II ion dn solution - solution energy of H+ + ionization enercry 

of w 
= -267 pr;@a%/moEe + 313.22 KCal/r~ta$e 



So J,: = - (0.2 + xMe) + Eoi -eq + nw (n+I /P)  i - ( E ~  - e ~ )  - 0.2 + Eoi - eq 
where we have neglected the nMi (n+L/2) 

tern because its con t r ibu t ion  is extremely 

sntall camjarcd to the other terms in the 

equation, 

So, J,: = icF - exM) - 0.2 + Eoi - en 

Now 3 an = a d ~ o r p t i o n  energy of H or Mq 

Ss for low o " ~ " e ~ v o P t a g e ~  

erj c (-6.08 e 64,4 + en) -46 

sr eq has to be less than 0.28 vo l t s ,  Here 

we have considered Es the repolarization 

energy of the solvent  to be 2 ev, Now for 

B,e . ,  eq > 2 , s  volts. 

The region in between fits the medim 

estrervcaltage condition. The current p o t e n t i a l  

ewves for  these 3 d i s t i n c t  reaions were 

then evaluated a s  follows: 



Taking R = 0,5A0 

Since t h e  value of K' should at the %g.mximi*m 

be equal to I, the value of the c o n s a n t  

should also be of  the order of u n i t y ,  So, 

K r 0,8442 

C1 
= surface concentration of ~ ~ 0 '  i o n  

0.1 raolar H , ~ o +  soln. 

= librational frequency - 10 11 
@Q 



assmfng arbitrarily t h a t  p* hlzs a tra11.ae of 

2 . 0 ~ ~  and it does not  vary with potential. 

X% fa cantinuousfy mentioned i n  this 

reprt that the calculations were done for 

Rg. Emever ,  this Pow avervoltage region 

far Bg has sti l l  not been observed. Bowden 
2 and Grew has s tudied  hydrogen evolution a@ 

%ow ovemoXtage but gets a ta fe l  Pine w i t h  

a aboge o f  120 rav not with 60 mv as predicted 

by ~ e v i c h .  Rowever, Bockris , et .ale does 

get a elope af TtT/pE;' Ear Pt and some other 

metaPs, They have explained t h a t  as the 

@$&uaQian where the migrat ion of the M atoms 

on the surface is rate determining. A f u r t h e r  

study in t h i s  d i rec t ion  mybe is to s tMy  

b t h  the Levicka nMel and the Bsekxia at,aB, 3 

@xgPanatPon of the RT %lope and try to figure 
T 

@at wh&ch one m y  be correct. 



i = e C,pfwoX(n,n'lkT exp ( J O  f nZiTan J exn 

or log i ( n , n t }  = 11126+ eq 

(c9 High overvcsl t q e  

This region has not  been detectec? i n  experi- 

ments also. Thus ,  by p l o t t i n g  t h e  c u r r e n t  

potenti.al re lat ions 9redicted bv Levich it 

can be seen t ha t  the agreement w i t h  experin~ezes 

in the mediua overv~Jtage region is not batB, 

However, the  o t h e r  tdo regions are nok 

unambiguously verified by experiments, 

The next t h i n g  we tried t o  compare was 

the Arrhenius p l o t  ohtained from t h e  Levich 

theory w i t h  t h e  experimentally obtained ores; 

for  the mediqun overvoltaqe reqion. 

Again the 



experh~esnta1 ones do d i f f e r  very mcch 

 fro^^ the thesreL%caEPy predicted values, 

We p l ~ n  to carq  o u t  dame more t e s t s  a f  t h e  

%evich kheory . 



q 

QPFXC3S DXSTRIBUTIOH LIST 

FOR NEL CELL REPmTS 

. 
amA 
.uLII 

Hational Aeronautics Br, 801 Gil 
m d  Spgcs Aiorainistratim Lswis Reoeea 
fi;ciantSfic and Technical lational e 
XaZormarLion Canter r Input and 6pir e, Adrrrain 
P, 0 ,  Box 33 

2 
21000 rookpark 

C6llsge Park, mryland 20740 , Mlio 
(2 cggaP@@ arsd i ~@prsducfile) 

ItEglrvey Schwarte, 8teg 309-1, 
1E(r, O~nrrt M, C o h ,  C d e  L e w i s  Research Centex 
EOiakional Asronauticol Hatima1 Werolnaueics 

and $wee A h i n i s t x a t f  w and Gpace A*inictr&&iaarr 
W'srrlaington, Be C e  20546 21000 Br0r;))r;pri~ark Rwd 

Clsv@Pa~a, Ohio 44L35 
01LTe A, Me Greg Anarua, glfodD@ E C  
Batllonal hrornautics Dr. 3. Sttaarb: Fordyces, 6tap 309-1 
u d  me6 inistrat %on Ps; R@a&anrch Csdlnsesr 

Waqhin(jton, 6. 20546 ional Aaxsraautics 
and &pa0@ Ahin i s t ra t ion  

. *mi 8. LP. Case, C d a  UT 21000 Brookpark R-4 
@a@Laal aronautics Cbsv@Pmd, Ohio 44135 
' ;land 8pea  A&bistxat i@a 
Vdl~Pni~ton,'  B. 6. 20546 me CBaar13saa Graff, QB,STB-$P 

B$sra]PaiaPl S ~ c e  Flight CenBer 
W. Ricbara Livingston, C a e  Hationcl Aexonauticr 
Iatianal Aeronaut ica ~ n d  Administrlgltlm 
and Bpace Xddni@tratim EUW~SV~PL@, 41laborrma 35@12 

~ & & ~ % S P I ~  D. C. 28546 
We W- Em &ic@, Cg?dl@ BBS 

Illr, &mi@ PJiloan, Coden 450 rnsd meecraht Center: 
G a a r d  Spes Flight C s n t e E  ~ o A ~ Q  Aeronautics 

. Iatfdsaral Werop~aueicr and S ~ c e  Adrahllns3;rakJ.m 
lpacQ nllatrtaeiw Bsuaton, DTQoxae 77048 . 
It, and 1017P 

1Bltk. Draaial RlankHa, lE%hS 198-220 
Jack E. Zanks, M 488 Q@t F~opulrim Zab~xatary 

gbey Rerraaxch C@R%@E e 0 0  O?mk Grvrvs Drive 
imal Asramautics Paruadenat, C&lI%o~nia 938103 

lblnd Space ZLamirsictraLion 
= ~ 6 o n ,  V irgh ia  13365 Mr. A i j  i Ae Itlchiyaam, %9@-220 

. Set Propulsion Laboratoty 
L w t o  Roranb2w, stop 302-1 41800 Oak GXQVQ DE~VBB 
Research eantar Pasadenar Californh Bk103 

Iational Asxonaul;i@@ 
md Spaea &&hi rtratim 

2%QOQ Brsokpark Rosa 
Cbevcland, Ohio 44LJs m@rgy Ccwnuqrsion Re 

IJ. 43. Army Enqinssr 
Pore Balwoir , Virginia 2!2@860 

1 



U. 8 .  Anrny Blee%ronies G W. m o d  Ra~Hsd, Cap  Wag P 
Aktn: Ike'EE-n-P M C-riQe Research b b  

a, Pm Jersey Om3 ft. 43, E a s e -  Field. 
9 Wsrsw&u~et"b sxn?k 

h b s  
306, BuU-8 92 

& V m  ge88 $%I$ IsOD 

, nee. 2&38 

m. J. 6 ,  mtea:, c&e 6160 
U,S. Ravasl. Rssaascb hbom 
Vrsehhmn, D.C. a3W 

Wa Robed E. 
lo301 SPalthnb,B-d 
8uf %lad,  Eqdsyhd 20390 

Me Dm blamock, AlfrfP-l 
Aero Propulstun LaboraLs,~ 
Wri@t-Btbrso~ m, Ohio b4433 

WM 3.  S a a  
EM! nt 431.0 
~ ~ V R M C S S D  net edcepl acts 

~PPSslcm 

60ua h h  S t r ~ e L  
Weenale, WPssansira 5 3 W  

we R e  W e  mi@% 
R@asar& Mvl~aian 
M Xnc* 

Esp 8treceQ1 , Connecticut ~ W 7  



&. D. 0 ,  Febr 
MU m1e@one bbom%oriea, Inc . 

y E%U,  Z w  Jersey 0mTb 

Bofeasor m e c t  Yeaw~ 
nt of Cher i sw 

Case Wes-rn Reaeme UaPveraSty 
GLeveLad, 0sS.o 
1: 

wa L. J. -LC& 
O a  ts, W. I31. Cmsan, %nrca 
PlpuLkn P~e%f ng, Femsylvm%a l%62 

B r t i n  n e l n  
meye Resear& C 
3.5 D P ~ %  Avenue 
&ael ,  Cc~ansedicut 

We C. E. Heath 
nk Research h k a o r ~ b q r  

$$so Research and agineering C 
P.O, BOX 8 
Lhhab ,  Zew Jersey 07036 

m e  t b r  HcBr.Z& 
&aeml ElectrPe C 
m-3.4th Street, ROW, 
WesPxbal3.&oa, Bee.  2 W 5  



Swctle ' Y o  W@issm 
CBaoba~Uaton, Iac. 
P.0. mx 591 
Mlsaarae, WPscsazoim 532OX 

w. a, & ~ 8  

besona  ,$ma ItaBoratories 
UPre S~access B82k 
c 1Ly MJ@ 
Great %leek, L:-w Tork UO21 

I4chmzll DarrsXso Autro~autlco Co, 
Hendqus~ers - Qp3ce System Cermt.ar 
B l a *  32-3-12 FS 3.2 
5301 Eaksa Aven~e 
Hw%f ngton be&, CeLifomf a 9647 

%. A D, mnrzlli, KS 17 Bldg 22 
Hcmmell lCam&as Pka.l;posnutica Go, 
5301 %lsa Avenue 





rnDENBUkl. 

m E L  CELL BZSTRPBWTION LIST 

Dr. Richard A .  Wynveen, P res iden t  
L i S e  Systems, Incorporated 
2371% mrcantile Road 
Cleveland,  Ohis  44122 



We Jack $ 0  %anb, E%9 M 
Earnactp Research Cen*r 
%tPoml Aerotrsutfctl 

srnd Sper~e A W ~ i ~ s * & % i @ n  
n, Vfrglkai~ 23364 



DP. 3. 6, we, Code &la 
B m f .  Research Lablgrahq 
b555 Werlook  AWE.^^ 8 CI 

&no Dee. m3a 



B e  R e  Te POICY 
Chas t l ry  &?ya*mn?% 
&&rimn University 
Mssca&usctts and Bebmrrlioa A9~le~eB B,Ye 
W a ~ b b x l ~ a ,  D.C. aolax 

&, H, Le Re* --. -- 
ca ~ n ~ k a t ~ s n a l  mv$sf on 

Horn h r i c m  Ad&%im, Inc. 
P e O e  M 309 
Caaom Park, CaT2fomiar 9130% 

orsrWr%es, Inc. 
y HIU, Re* Jersey 0794 

W. Cns3_ Berpr 
13b1 IKnobmy k 2 v e  
-$a h a ,  Galifomfa s705 



DR. f i u j r . w e  n QJ 
Qhlp@Un1.csm, fne. 
P.0. WX 592 
U a a e ,  Wlrscdln~rin 53ml 

Dr. Ge man A~cana 

sfie U9?IversP%y 
0, TWO 83ar 

We R e  WI~elammdl 
Xns%%Lute for &fen= AnaQ~sa 
lbOO A m - H a v  wive 
&l%ag%on, Vlrgigia 







BATTERY DISZRIBUTIOfl  LXST 

Dr. Richard A. Wynveen, Pres ident  
L i f e  Systems, Incorpprated 
23715 Mercantile Road 
Cleveland,  O h i o  44122 


