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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, 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 pot 

infringe privately owned rights; or 

(b) Assumes any liabilities with gespect to the use of 

or for any damages resulting from the use of any 

information, apparatus, method, gr 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 contrac- 

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

employee of such contractor, prepares, disseminates, or nrovides 

access to, any information pursuant to his employment or con- 

tract vith NASA, or his.employment v7ith such contractor. 
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SECTION I 

T i t l e  of the  P ro jec t :  

Long-term A i m s :  - 

/. Speci f ic  A i m  fo r  
-__I 

This Period: 
IC 

Oxygen-Dissolutioq Reaction--A Theoreti- 

cal  $kudy 

To ca l cu laee  theore t icaAly  the  rate. of 

the oxygen d i s s o l u t i o n  r e a c t i o w a n d  . 

then  s tudy the p r o p e r t i e s  of t h e  metal. 

e l e c t r o d e  on which t h e  rate of the 

above r e a c t i o n  depends m g s t .  Such a 

s tudy ,  if quacss s fu l ,  w i l l  be of great 

help i n  deve lop ing-a  c a t a l y s t  foy t h e  

oxygen d i s s o l u t i o n  r e a c t i o n ,  

I n  t h i s  pe r iod  we decide4 to p i n a l i z e  

t h e  model ta be used i n  the  cqlculaizion, 

and then  s t a r t  doing a rough ca’lcufa- ” 

Cion on %he l i n e s  of Parsgns and 

Boclcris, and see whak sort of 

a c t i v a t i o n  energy va lues  w e  ge t .  

. .  

Resul t s  of -I t h e  Period: The model deeid-ed w a s  t he  following: 

I n  dec id ing  the model t he  rate deter-- 

mining s tep  found by DwjanOvig and 

Brus i c (2 )  was alwqys vsed. 

o2 + H* + e 
I t  is  

o ~ H , ~ ~  

Once c h i s  rate determining step‘ was 

decided uponl t he  i n i t i a l  stake w a s  

1 
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then def ined  as the e l e c t r o n  i n  t h e  ' 

m e t a l ,  + 0 2  molecule i n  so lu t ion , .  + 
t h e  so lva ted  proton. The f i n a l  s t a t e  

i s  t h e  H20 complex adsorbed on t h e  

Keta l  electrQde. T7ith t h e  above rate 

determining s t e p  it i s  obvious t h a t  ~. 

t h e  02 and t h e  solvated. proton,  due t o  

sone i n t e r a c t i o n s ,  must a t t a i n  a par- 

t i c u l a r  energy when t h e  e l e c t r o n  from 

t h e  metal w i l l  be t r a n s f e r r e d  t o  t h e  

02.. .E30 complex i n  solut ion.  t o  ~ ? Y Q -  

duce e i t h e r  t h e  ad-sorbed NO2 or  t h e  

adsorbed OH + 0 spec ie s  on t h e  elec- 

t r o d e  su r face .  So *he r a t e  of t h e  

reackion should be d i r e c t l y  propor- 

t i o n a l  to t he  product  of t he  probabi l -  

i t y  of a t t a i n i n g  t h e  p a r t i c u l a r  

geometry f o r  t he  Op. ..H3O complex 

having a p a r t i c u l a r  energy and t h e  

p r o b a b i l i t y ,  of e l e c t r o n  t r a n s f e r  €ram 

t h e  qetal  t o  t h e  02...H30 complex. 

+ 

+ 

+ 

Mow t h e  problem i s  t o  c a l c u l a t e  

t h e s e  t w o  p r o b a b j l i t i e s .  Before w e  

d-iscuss the means of c a l c u l a t i n g  t h e  

p r o b a b i l i t y  of t h e  i n i t i a l  s tate.  at- 

t a i n i n g  a c e r t a i n  conf igu ra t ion  w e  

should d e f i n e  what t h a t  needed con- 

f i g u r a t i o n  is. I t  i s  gene ra l ly  ac- 

cepeed $kat e l e c t r o n  t r a n s f e r  i n  t h e  
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e l e c t r o c h e n i c a l  r e a c t i o n  i s  g e n e r a l l y  

r a d i a t i o n - l e s s  i n  na tu re ,  i . e . [  no 

energy i s  absorbed o r  l i b e r a t e d  during 

t h e  e l e c t r o n  t r a n s f e r  process .  So t h e  

conf igura t ion  which t h e  0 2  e .  . I130 com- 

p l ex  m u s t  a t t a i n  i s  t h e  ope t o  which 

a r a d i a t i o n - l e s s  e l e c t r o n  t r a n s f e r  can 

occur.  A r a d i a t i o n - l e s s  electron t r ans -  

f e r  can occur only a t  t h e  p o i n t  where 

t h e  i n i t i a l  and f i n a l  states have equal  

energy. So t h e  conf igu ra t ion  of t h e  

0-€330+ complex r m s t  be such t h a t  its 

energy w i l l  be equal  t o  t h e  Zina l  

s ta te .  This  condi t ion  can be es tab-  

l i s h e d  i n  t h e  fol lowing way. 

+ 

Fig .  1 r e p r e s e n t s  t h e  model of 

t h e  i n i t i a l  s t a t e .  T7e must c a l c u l a t e  

t h e  energy of t h e  i n i t i a l  s t a t e  as rl 

changes, which au tomat ica l ly  means 

t h a t  r 2  i s  changingP Eat? f o r  each rl 

va lue  t h e  c o n t r i b u t i o n  t o  t h e  energy 

d-ue t o  t h e  v a r i a t i o n  of r 3 #  2 4 ,  and r5 

must be c a l c u l a t e d .  I f  t h i s  can be 

done, then we w i l l  g e t  a curve,, F ig .  

2 ,  of t h e  e lec t ronic :  energy of t h e  

i n i t i a l  s t a t e  (U) versus  rl o r  r p .  

S i m i l a r l y a  F ig .  3 r ep resen t s  t h e  f i n a l  

s t a t e  model and w e  can p l o t  t h e  energy 
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of t h e ' f i n a l  s ta te  as a func t ion  of 

ri, t ak ipg  i n t o  account t h e  v a r i a t i o n  

of r i ,  rJ, r &  t o  g e t  Fig.  4 .  This 

model of t h e  f i n a l  s ta te  says t h a t  t h e  

p r ina ry  s o l v a t i o n  s t r u c t u r e  of t h i s  

s t a t e  i s  very nuch, l i k e  t h a t  of t h e  

i n i t i a l  s ta te .  Now i f  we p l o t  Fig.  2 

and Fig .  4 t oge the r ,  t ak ing  c a r e  of 

p l ac iqg  t h e  r?inim.um of t h e  s u i t a b l e  

curves a t  t h e  correct p o i n t s ,  w e  g e t  

Fig.  5. Ir). Fig, 5 t h e  p o i n t  of i n t e r -  

s e c t i o n  r e p r e s e n t s  t h e  p o i n t  where t h e  

energy of t h e  i n i t i a l  and f i n a l  stat;es 

are equal .  So w e  not7 have t o  calcu-  

l a t e  t h e  p r o b a b i l i t y  of t h e  i n i t i a l  

s ta te  a t t a i n i n g  t h a t  energy. 

The next  problem i s  then t o  

c a l c u l a t e  t h e  e l e c t r o n  t r a n s f e r  proba- 

b i l i t y  us ing  the  Landau-Zener approxi- 

mation. This i s  t h e  complete model 

of t h e  sys.tm, Right now w e  have 

s t a r t e d  a c a l c u l a t i o n  along t h e  l i n e s  

of Bockris and Parqons (1) to g e t  a 

very rough estimate of t h e  a c t i v a t i o n  

energy and i t s  dependence on t h e  M-C) 

bond s trengkh I 

Tn the n e x t  per iod  w e  would l i k e  t o  

complete t h e  Parsons-Bockris type 

S p e c i f i c  A i m  for Next 
Period: 
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c a l c u l a t i o n  and st:art on the quantum 

nechaniqal  solutgon sf t h e  above m d e l .  

REFEWNCES 

(1) Roger Parspns and \J .O ' f l .  Bockris ,  Trans. Faraday SOC. 4 7 ,  - 
914 (195%) 

(2) A ,  Damjanovic an4 V. Brusic, Electrochim. Acta ,  12, - 
615 (1967). 
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SECTION I1 

T i t l e  of t h e  Zinc Electrode Study f o r  Si lver-Zinc Batteries 
P r o j e c t  : 

Long-term A i m s :  Prevent ion of d e n d r i t e  growth and of decrease 

of a c t i v e  su r face  on t h e  Zn e l e c t r o d e .  

S p e c i f i c  A i m s  While c r y s t a l l i z a t i o n  process  i s  a l s o  in -  - 
volvedf w e  first d e a l  w i t h  o rganic  adsorp t ion  

i n  o rde r  t o  understand d e n d r i t e  growth 

f o r  This 
Period: 

i n h i b i t i o n .  

Previous s t u d i e s  (’) i n v i t e  t h e  i n v e s t i -  

g a t i o n  of adsorp t ion  of l a r g e  organic  c a t i o n s  

(tetraalkylammonium ..., hemulphogenes, 

T r i t o n . . . )  an? t o  select  those which would 

adsorb on t h e  ca thodic  s i d e ,  Zn depos i t i on ,  
-. . 1 . : .  

i , e . ,  charging p o t e n t i a l  reg ion ,  and desorb 

on t h e  anodic s ide,  Zn d i s s o l u t i o n ,  i . e . f  

d ischarge  p o t e n t i a l  reg ion  of a b a t t e r y .  

Dendri te  growth i s  expected t o  be i n h i b i t e d  

i f  w e  can deorease t h e  exchange c u r r e n t  d e n s i t y  

by adsorp t ion  o$ organic  spec ie s  i n  t h e  

charge p o t e n t i a l  reg ion ,  w h i l e  b a t t e r y  e f f i -  

c iency needs t h e  exchange c u r r e n t  n o t  t o  be 

d e c r e a s e d - i n  t h e  d ischarge  region of 

p o t e n t i a l  e 

Most of t h e  usua l  methods of adsorp t ion  . 

s t u d i e s  are forbidden for  our  purpose: 

11 
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. . . . .  

e l e c t r o c a p i l l a r y ,  varied. sweep o r  pu lse  

methods, hydrogen coverage neasurement-- 

because w e  want t o  ope ra t e  on a s o l i d  m e t a l  

which i s  f a r  from "noble,' ' while a l l  these 

methods need t o  avoic" Large c u r r e n t s  as 

those  expected i n  t h e  p o t e n t i a l  range t o  be 

i n v e s t i g a t e d .  

T h e  only convenient method appears (cf. 

previous r e p o r t s )  t o  be r a d i o t r a c e r  measure- 

ments, although the need of some unusual 

labeled compounds makes then  expensive and 

t h e i r  high concent ra t ions  - lo-' 11) 

decrease i t s  aqcuracy. 

I Resul ts  of We set up the  apparatus  needed $0 make t h e  

r a d i o t r a c e r  meqeurekents. \'le chose t o  use 

t h e  same p r i n c i p l e s  as those  of a previous 

work (2) of t h i s  labora tory .  

, 
t h e  Work: --- 

The apparatus  c o n s i s t s  b a s i c a l l y  of a 

n e t a l  tape which i s  passed through an elec- 

t r o l y t e  bath conta in ing  t h e  tagged organic  

substance.  The t a p e  rena ins  i n  t h e  ba th  

long enough f o r  adsorp t ion  equi l ibr ium t o  be 

a t t a i n e a  a t  the e l e c t r o d e .  The tgpe i s  then 

drawn o u t  qf the  ba th  i n  such a way t h a t  no 

back d i f f u s i o n  occurs  and so  t h a t  one can 

know the' amount of s o l u t i o n  adhering t o ' t h e  

tape .  The t p t a l  amount of r a d i o a c t i v e - m a t e r i a l  

on t h e  tape  i s  then  determined and t h i s ,  when 
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. .  

cor rec t ed  for  t h e  amount contained i n  the,  ad- 

her ing  s o l u t i o n ,  g ives  t h e  amount atisorbed, 

on t h e  netal  su r face .  The e s s e n t i a l  f e a t u r e  

of t h i s  methcd i s  t h a t  t h e  q u a n t i t y  of active 

m a t e r i a l  a6sorbed i s  of t h e  same order or  

l a r q e r  than t h e  zrnount held up i n  t h e  ad- 

her ing  s o l u t i o n .  The whole apparatus  i s  

Eounte6 i n  an aluminur- box w i t h  a p l e x i g l a s s  

f r o n t  panel t o  allow the  work t o  be carried 

o u t  i n  a controlled.  atyosphere.  

The electrode is a- 5 N Zinc f o i l  (Cominco 

Electron ' ic  nater ia l  I SFokane, Yash. ) 0. 5IV 

wide and 0.002'' t h i c k ,  point-welded as an 

end le s s  b e l t .  

The ce l l  i s  a two-body ce l l ,  t h e  f i r s t  

one used t o  clecin t h e  t ape  electrode and t h e  

second t o  h w e  t h e  adsorp t ion .  Teflon s l i ts  

allow t h e  pa th  of t h e  t ape  and. Eake separa-  

t i o n  between t h e  cel ls  and t h e  almosphere. 

The e l e c t r o d e  p o t e n t i a l  i s  c o n t r o l l e d  by a 

Wenking p o t e n t i o s t a t  and a 350 d i g i t a l  

Eu l t ime te r  of Data Technology Corporation. 

The mount  of s o l u t i o n  adhering on t h e  

t ape  i s  known.by measuring t h e  capaei$ance 

between $he t ape  and- a p l a t e ,  using e i t h e r .  a 

D e l t a  Decker  U n i t  o r  an Autobalance u n i v e r s a l  

bric"ge, B641, of Wayne Kerr. 

The r a d i a t i o n  counting i s  made wi th  t w o  
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.Gas flow proportibhal counters,'(ultra-thin 

window) and a scaler-timer Baird-Atomic 

Model 135. 

Specific Aims We will hir.ve to calibrate the whole apparatus: 
for Next counting and adherent solution fib. thickness, 
Period: 

using a carbon-14 Na2C03 standard solution of 

0.2 mCi/g (Anershan/Searle) . 
?7e plan to do a preliminary measurement 

with hexadecul t r imethylamonium brornide, long 

linear chain cor?.pound with small solubility 

which is expected to be strongly adsorbed. 

This would allow us to have ideas on the 

experimental behavior of the nethod while 

avoiding use of high concentration of the 

radioactive compounds, This one came from 

Amersham-Searle with name Trimethyl (cetyl-l- 

C14) ammonium bronige 6.0 mCi/nH (16.5 

mCi/mg) of specific activity. 
14 Then ~7e will use the tetraethyl-1-C 

ammonium bromide 3 . 2  mCi/rnH of specific 

activity (New Englana Corporation) . But 

previous studies'') may be seen to show that 

i t s  adsorption c7oes not occur at concentra- 

tions less than loM2 M/C; if this i s  true, it 

would be very d-ifficult to measure because of 

the too high concentration of the compound. 

Then other comp0und.s of larger. molecular 

weight will be studied depending on their 
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interest ane on their availability from 

radiocompound suppliers. 
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