
66 

EDTATIX DISC AJD-RIXG-DISC TECHNIQUES+ 

&nest Yeaqer and iionald '5. Z u r i l l a  

Department of Chemistry 

Cleveland, Ohio 
iJestern Reserve Universi ty  and Case I n s t i t u t e  of Techno1o;g 

I 

INTRODUCTION 

I n  k i n e t i c  s t u d i e s  of e l e c t r o d e  processes ,  uniformity of t h e  concentrat ion 
g r a d i e n t s  along t h e  e l e c t r o d e  sur face  and q u a n t i t a t i v e  information concerning these  
g r a d i e n t s  a r e  necessary.  I n  many ins tances  t h e  r o t a t i n g  d i s c  e l e c t r o d e  technique 
provides  an e f f e c t i v e  means f o r  r e a l i z i n g  t h e s e  requirements. F'urthermore t h i s  
technique allows t h e  s u r f a c e  concent ra t ion  of  r e a c t a n t s  and products  t o  be var ied 
i n  a c o n t r o l l e d  manner through changes i n  t h e  r o t a t i o n  rate and hence can be  used t o  
determine t h e  r e a c t i o n  o r d e r s  through t h e  dependence o f  t h e  cur ren t  on t h e  r o t a t i o n  
rate without t h e  n e c e s s i t y  of varying t n e  bulk concentrat ions.  

An important ex tens ion  of t h e  r o t a t i n g  d i s c  technique i s  t h e  r ing-disc  con- 
f i g u r a t i o n  which c o n s i s t s  of  a d i s c  surrounded by a c l o s e l y  placed concent r ic  r i n g  
with i t s  sur face  i n  t h e  sane  plane and separa ted  from t h e  d i s c  by a t h i n  i n s u l a t i n g  
s leeve .  The r o t a t i n g  r ing-disc  e l e c t r o d e  is  wel l  s u i t e d  t o  t h e  s tudy o f  e lec t rode  
r e a c t i m s  involving Unstable  products  or i r ; t e rnedia tes .  Species  produced e lec t ro-  
chemically on t h e  d i s c  are monitored electrochemical ly  on t h e  r i n g  as t h e  l i q u i d  
s p i r a l s  ou t  fron t h e  i i s c  across  t h e  surface of t h e  r ing .  The concentrat ion of t h e  
s p e c i e s  i n  quest ion,  averaged over t h e  sur face  of t h e  r i n g ,  can be determined i n  
most ins tances  by one of t h e  followinK proce2ures: 

1. Zain ta in  t h e  r i n E  p o t e n t i a l  at a iralue such as t o  reverse  t h e  2rocess 
leading t o  t h e  forna t ion  of t h e  spec ies  of i n t e r e s t  and measure t h e  
r ing  c u r r e n t .  

2. Construct t h e  r i n g  of a metal which i s  favorable  f o r  t h e  completion 
of t h e  o v e r a l l  e lec t rode  process y i e l d i n g  t h e  in te rmedia te  i n  
quest ion on t h e  d i s c  o r  for  t h e  f u r t h e r  ox ida t ion  o r  reduct ion of 
t h e  product. Kaintain t h e  r i n g  a t  a f i x e d  p o t e n t i a l  favorable  f o r  
such or scan through an appropr ia te  range of p o t e n t i a l s  and measure 
t h e  r i n g  c u r r e n t .  

Both t h e  r o t a t i n g  d i s c  and r ing-disc  techniques have a l ready  found s u b s t a n t i a l  use  
i n  k i n e t i c  s t u d i e s  b u t  a l s o  o f f e r  promise f o r  a n a l y s i s  when s o l i d  e l e c t r o d e s  a r e  
required.  

THEORY 

The problem of mass t r a n s p o r t  by convec t ive .d i f fus ion  t o  a r o t a t i n g  d i s c  
e l e c t r o d e  has  been so lved  by Levich ( 1 )  f o r  t h e  case  of  a p e r f e c t l y  smooth, hori- 
z o n t a l  d i s c  of i n f i n i t e  r a d i u s  r o t a t i n g  at a constant  angular  v e l o c i t y  i n  an 
i n f i n i t e  l i q u i d  under condi t ions  of  laminar flow. In p r a c t i c e ,  a d i s c  e lec t rode  
can e f f e c t i v e l y  meet t h e s e  requirements i f  1) t h e  rad ius  i s  very l a r g e  conpared t o  
t h e  momentum boundary l a y e r . t h i c k n e s s ,  2 )  a l l  o t h e r  sur faces  wi th in  o r  bounding t h e  
l i q u i d  are at a d i s t a n c e  l a r g e  conpared t o  t h e  rad ius  of t h e  r o t a t i n g  s u r f a c e ,  3) 
s u r f a c e  i r r e g u l a r i t i e s  on t h e  d i s c  a r e  small  compared t o  t h e  momentum boundary 

+ 
Some of t h e  experimental  a s a e c t s  o f  t h e  paper a r e  based on research  supported 
by t h e  Off ice  of :lava1 Research. 
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I( l ayer  th ickness ,  4) t h e  r o t a t i o n  r a t e  f o r  t h e  p a r t i c u l a r  d i s c  is  below t h e  c r i t i c a l  

Reynolds number f o r  t h e  onset of tu rbulence  [a, R e  = (r2 w / v )  < l o 5  where r = 
o v e r a l l  rad ius  of t h e  d i s c ,  w = angular  r o t a t i o n  ra te ,  v = kinematic v i s c o s i t y ] .  

According t o  Levich, t h e  e f f e c t i v e  th ickness  of  t h e  Nernst t r a n s p o r t  boundary 

I 1 l a y e r  is 

) dimensionless constant ,  and all o t h e r  q u a n t i t i e s  are i n  cgs u n i t s ,  i: 
6 = 1.80 a i / 3 v i / 6 / u i / 2  I [ll 

where D is t h e  d i f f u s i o n  c o e f f i c i e n t  of t h e  r e a c t i n g  spec ies  i n  cm2 sec’l, a is a 
The term a i n  

eq. (11  Vas o r i g i n a l l y  designed as 0.8934 by Levich us ing  an approximation t o  t h e  
in tegra t ion .  

, more accura te  manner and found f o r  D/v va lues  less t h a n  4 x 10-3 that a can be  
ca lcu la ted  t o  within 1% by t h e  empir ical  equat ion 

Gregory and Riddiford ( 2 )  c a r r i e d  out  t h e  graphica l  i n t e g r a t i o n  i n  a 

I 121 0.36 a = 0.8934 + 0.316 ( D / v )  
’? The second term is  only a feu  percent  a t  t h e  most f o r  aqueous s o l u t i o n s  and hence i s  
, r e a l l y  necessary only f o r  r a t h e r  accura te  work--probably more accura te  than most 

r o t a t i n g  d i s c  e lec t rode  conf igura t ions  permit. 
cor rec ted  va lue  f o r  a. 

Neuman (3) a l s o  has repor ted  a 

, 
Eq. [l] y i e l d s  t h e  fol lowing expression f o r  t h e  d i f f u s i o n  cur ren t  d e n s i t y  i i n  ’, A/cm2 

i = 0.55a’1z~2’3v’1’6u1/2[C(-) - C ( o ) ]  [31 
o r  

I i = 0.554a -1 zFD 2/3,-1/6w1/21c(m) 1 I41  D 
‘ 

where i D  i s  t h e  l i m i t i n g  c u r r e n t  d e n s i t y ,  zF is t h e  number of coulombs of charge ‘ t r a n s f e r r e d  p e r  mole of d i f f u s i n g  s p e c i e s ,  and C(-) and C(o) are t h e  concentrat ions 
of t h e  d i f f u s i n g  r e a c t a n t  i n  t h e  bulk and a t  the e l e c t r o d e  s u r f a c e ,  r e s p e c t i v e l y ,  
i n  moles cm-3. 

I 

A t  t h e  l i m i t i n g  cur ren t ,  t h e  c u r r e n t  d e n s i t y  is uniform on t h e  r o t a t i n g  d i s c  
even i f  s u b s t a n t i a l  ohmic vol tage  drop occurs  wi th in  t h e  e l e c t r o l y t e  i n  t h e  v i c i n i t y  

t i o n  may be considerably greater near  t h e  per iphery of  t h e  d i s c  because of  t h e  
g r e a t e r  a c c e s s i u i l i t y  o f  t h e  edge t h a n  t h e  c e n t e r  as a r e s u l t  of t h e  I-R drop i n  t h e  
so lu t ion .  Figure 1 i n d i c a t e s  t h e  c u r r e n t  d i s t r i b u t i o n  on t h e  d i s c  according t o  t h e  
t reatment  of  Newman (4) when T a f e l  k i n e t i c s  are involved and e l e c t r o l y t i c  t r a n s f e r -  
ence of s p e c i e s  i s  considered with t h e  t r a n s f e r e n c e  number t = 0.5. 
i n  t h i s  f i g u r e  is def ined by t h e  equat ion 

l of t h e  d i s c ,  A t  cur ren ts  below t h e  l i m i t i n g  va lue ,  however, t h e  cur ren t  d i s t r i b u -  

The parameter N ’ 

ZU 1/2  

[r; ) [O.zFr” n z ~ [ ~ ~ - ~ ~ l r  [ 5 1  
i 

\ 

N = -  - RT 1-t K 

where ro i s  t h e  r a d i u s  of  t h e  d i s c  e l e c t r o d e ,  n i s  t h e  number of e l e c t r o n s  per  
molecule o r  i o n  of  r e a c t i n g  s p e c i e s ,  [ K ( - ) ]  is t h e  s p e c i f i c  conductance i n  t h e  bulk 
of t h e  s o l u t i o n ,  and 2 = - z+z,/(z+ - z-) f o r  an e l e c t r o l y t e  c o n s i s t i n g  of a s i n g l e  
salt or Z = - n f o r  s o l u t i o n  with a suppor t ing  e l e c t r o l y t e .  The va lue  of  t h e  
exchange cur ren t  d e n s i t y  ( i o )  does not e n t e r  i n t o  t h e  c a l c u l a t i o n  provided t h e  l o c a l  
cur ren t  dens i ty  i s  high compared t o  io at a l l  p o s i t i o n s  on t h e  d i s c .  

I n  k i n e t i c  s t u d i e s  with t h e  r o t a t i n g  d i s c ,  it is evident  from Figure 1 t h a t  
c s u b s t a n t i a l  e r r o r s  w i l l  be introduced due t o  non-uniform cur ren t  d i s t r i b u t i o n  u n l e s s  

t h e  parameter N i s  a r e l a t i v e l y  low value.  
a support ing e l e c t r o l y t e  which increases  [K(-)] i n  t h e  denominator. For example ( 4 )  
f o r  copper depos i t ion  from a 0.1 
300 rpm, N i s  79 while with 0.1 E CuSO4 + 1.53 MH2S04 t h e  corresponding va lue  f o r  N 

Such can be  r e a l i z e d  through t h e  use of 

CuSO4 s o l u t i o n  on a d i s c  with ro = 0.25 cm at 
’ 



is  1.6 (although it should be noted t h a t  -the l i m i t i n g  cur ren t  d e n s i t y  has dropped 
from 79 mA/cm2 without  t h e  ii2sO4 t o  50 mA/cm2 with t h e  s d d i t i o n  o f  t h e  H2SO4 because 
of t h e  suppression of  t h e  t r a n s f e r e n c e  number f r o n  0.363 t o  0 ) .  Another approach t o  
reducing t h e  non-uniformity Of t h e  cur ren t  d e n s i t y  i s  t o  e!n?loy a r inn-disc  e lec t rode  
assembly with t h e  r i n g  used as a quard by maintaining it a t  t h e  sane p o t e n t i a l  as t h e  
d i s c  with a separa te  c i r c u i t .  I f  t h e  spacing betveen t h e  d i s c  and r i n g  i s  very small 
compared t o  t h e  r a d i u s  of t h e  d i s c  and t h e  th ickness  of  t h e  r i n g ,  t h e  arrangement i s  
equiva len t  t o  examining j u s t  t h a t  por t ion  of t h e  p lo t  i n  Fiqure 1 coxbesponding t o  
( r / r o )  5 rl/r where rl and r are t h e  r a d i u s  of t h e  d i s c  and t h e  o u t s i d e  rad ius  of t h e  r i n g ,  r e s J e c t i v e l y .  3 

I n  k i n e t i c  s t u d i e s  w i t h  t h e  r o t a t i n q  d i s c  technique t h e  dependence of t h e  d isc  
c u r r e n t  on t h e  r o t a t i o n  ra te  provides a r e l a t i v e l y  simple means (5-7)  f o r  determining 
t h e  r e a c t i o n  order  r e l a t i v e  t o  t h e  d i f f u s i n g  spec ies  provided a support ing e lec t ro-  
ly te  i s  used a t  a concent ra t ion  s u f f i c i e n t  t o  ensure a r e l a t i v e l y  low va lue  f o r  N 
[h igh  K ( m ) ]  and t o  avoid apprec iab le  double l a y e r  cor rec t ions .  When t h e  back reac- 
t i o n  is n e g l i g i b l e ,  t h e  c u r r e n t  d e n s i t y  can be  expressed as e func t ion  of t h e  
concent ra t ion  of  a r e a c t i n g  s p e c i e s  by t h e  equat ion 

i = k[C(o) ln  [ G I  
where n i s  t h e  r e a c t i o n  o r d e r  with respec t  t o  t h e  d i f f u s i n g  s p e c i e s  and k i s  R 

potential-dependent ra te -cons tan t .  I f  t h e  r o t a t i o n  rate a t  a constant  p o t e n t i a l  is  
increased  t o  a va lue  such t h a t  C ( 0 )  approacnes c l o s e l y  C ( - ) ,  t h e  process  w i l l  become 
pure k i n e t i c a l l y  c o n t r o l l e d  and t h e  cur ren t  d e n s i t y  then becomes 

From eq. [3], t h e  a c t u a l  c u r r e n t  dens i ty  may be expressed as 

i = [ C ( - )  - ~ ( o ) ]  

L e t  wo be  def ined ( s e e  F i w r e  2 )  such t h a t  

k' and t h e  observed cur ren t  d e n s i t y  correspondinc t o  w f o r  a given p o t e n t i a l  be  i 
From eqs. [6-91, 

i k = iLk - ( ?rln] Dol  

o r  
l o g  iL - l o g  ik 

log iL - log (iL - iK) 

To apply t h i s  equat ion,  only one set of  va lues  f o r  i L  and i k  a r e  required.  
p r a c t i c e ,  a s e r i e s  of  va lues  i s  u s u a l l y  obtained t o  e s t a b l i s h  t h e  constancy of  n and 
hence t h e  v a l i d i t y  of t h e  experiment. 

n =  [ l o e l  

I n  

Figure 2 i n d i c a t e s  t h e  dependence o f  t h e  observed cur ren t  d e n s i t y  on r o t a t i o n  
r a t e  f o r  severa l  r e a c t i o n  o r d e r s ,  For a f irst  order  r e a c t i o n ,  t h e  l i m i t i n g  value 
f o r  t h e  cur ren t  dens i ty  at i n f i n i t e  r o t a t i o n  r a t e  (corresponding t o  iL) can be  
obtained by means of t h e  equat ion  

1 1  1 - = - +  
1 lL '-112 (11 1 

The r o t a t i n g  d isc- r ing  e l e c t r o d e  system has been t r e a t e d  by Ivanov and Levich 
(8 )  who have obtained t h e  fol lowing r e l a t i o n s h i p  f o r  t h e  t o t a l  r i n g  cur ren t  when t h e  
r i n g  i s  b iased  t o  a p o t e n t i a l  such as t o  consume e lec t rochemica l ly  a l l  o f  t h e  
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( intermediate  reaching t h e  r i n g  from t h e  d i s c :  

’ where 

and 

I 
n =  

i 1 

n =  

D =  
I 2 

X , 
6 x  = 6 r =  

I 
r =  .1 

curren t  on t h e  d i s c  t o  generate  only t h e  in te rmedia te  

rate of  conversion of in te rmedia te  t o  f i n a l  product on t h e  d i s c  
(assumed f i r s t  o rder  i n  concentrat ion of  i tnermedia te )  

number of e l e c t r o n s  t r a n s f e r r e d  a t  d i s c  per  molecule of r e a c t a n t  
converted t o  i n t e m e d i a t e  

number of e l e c t r o n s  t r a n s f e r r e d  a t  r i n g  per  molecule of  intermediate  

d i f f u s i o n  c o e f f i c i e n t  of  intermediate  

d i f f u s i o n  l a y e r  th ickness  f o r  t h e  intermediate  

r a d i a l  d i s tance  from c e n t e r  of  d i s c  

rad ius  of d i s c  

r2,r3 = inner  and o u t e r  r a d i i  of r i n g ,  respec t ive ly  
\ ,  

This equation c a r r i e s  t h e  assumptions t h a t  1) (r2-rL) << rl, 2 )  t h e  in te rmedia te  does 

f a c t o r  M corresponds t o  t h e  f r a c t i o n  of  t h e  t o t a l  amount of in te rmedia te  d i f f u s i n g  
away from t h e  d i s c ,  which undergoes electrochemical  r e a c t i o n  a t  t h e  r ing .  While M 
can be evaluated s o l e l y  from qeometric cons idera t ions ,  such requi res  a numerical 
evaluat ion of t h e  i n t e g r a l  i n  eq. [12a]. 
out t h i s  i n t e g r a t i o n  a n a l y t i c a l l y .  

! not undergo any homogeneous r e a c t i o n ,  and 3 )  i o n i c  migrat ion can be neglected.  The 

Bruckenstein and Feldman (9)  have c a r r i e d  

,I Ivanov and Levich i n d i c a t e d  t h a t  s e v e r a l  approximations are made i n  eva lua t ing  
“ t h e  numerical constant  i n  eq. [12a] and t h a t  it may be 5% too  high. Recently Albery 

and Bruckenstein (lo&), however, c a r r i e d  out  an ex tens ive  s tudy of t h e  r ing-disc  ’ e lec t rode  and concluded t h a t  t h e  Ivanov-Levich expression f o r  M may be  i n  e r r o r  by 
up t o  25%. depending on t h e  e l e c t r o d e  geometry. ‘ t h e  fol lowing e x p l i c i t  expression f o r  b?: 

Albery and Bruckenstein obtained 

where 

These au thors  have t a b u l a t e d  va lues  of  M i n  tenus of t h e  parameters r3/r2 and r2/rl- 
a welcome convenience t o  e lec t rocnemis ts  us ing  t h e  r ing-disc  technique.  ’ an 

I 
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extens ive  s e r i e s  of papers ,  Albery e t  al.  (12-14) have a l s o  developed t reatments  f o r  
t h e  current-vol taqe curves f o r  t h e  r i n g  (111, t h e  e f f e c t s  of  f i r s t  o rder  homogeneous 
as w e l l  as heterogeneous r e a c t i o n s  involving t h e  intermediates  proauced a t  t h e  d isc  
on t h e  r i n g  current  ( 1 4 ) .  and t h e  shape of t h e  r i n g  cur ren t  VS. d i s c  cur ren t  curves 
during t h e  use of  t h e  r ing-disc  e l e c t r o d e  f o r  d i f f u s i o n  l a y e r  t i t r a t i o n s  (13) .  

EXPERIMENTAL FEATURES 

A. E lec t rode  design 

Riddiford ( 1 5 )  has reviewed t h e  p r a c t i c a l  aspec ts  of e l e c t r o d e  design and t h e  
i n f l u e n c e  of  e l e c t r o d e  shape on experimental r e s u l t s .  Even though it i s  recommended 
t o  use a bell-shaped e l e c t r o d e  (Fiqure 3A), a c y l i n d r i c a l  shaped e lec t rode  assembly 
i n  which t h e  c e n t r a l  p o r t i o n  of t n e  lower s u r f a c e  is  t h e  e l e c t r o d e  (Figure 3B)  i s  
o f t e n  s u f f i c i e n t .  This  t y p e  of  e l e c t r o d e  i s  e a s i l y  made and s u i t a b l e  f o r  convenient 
interchange of e l e c t r o d e s  which maintain t h e  necessary high p u r i t y  requirement. In  
an examination (16) o f  an e l e c t r o d e  of  t h i s  cons t ruc t ion  with a diameter of 0.48 cm 
mounted i n  a Teflon c y l i n d e r  (0.96 cm diameter ) ,  t h e  l i m i t i n g  cur ren t  d e n s i t y  f o r  t h e  
reduct ion  of  t h e  13- ion t o  I- i n  a 0.025 11 KI3 + 0 .1  X I  s o l u t i o n  w a s  found t o  be 
p r o p o r t i o n a l  t o  The 
s l o p e  w a s  only 2% higher  t h a n  t h e  value predic ted  from eq. [ 41 us ing  t h e  Gregory- 
Riddiford value f o r  a or t h e  r e s u l t s  of Nelson and Riddiford (17) f o r  t h i s  same 
reduct ion  with an e l e c t r o d e  of  t h e  bell-shape. 
e l e c t r o d e s  i n  c y l i n d r i c a l  mounts (F igure  3B)  have been used t o  i n v e s t i g a t e  a number 
c f  d i f f e r e n t  e l e c t r o d e  r e a c t i o n s  i n  t h e  l a b o r a t o r i e s  a t  Western Reserve University 
(*, hydrogen oxida t ion  (181, oxygen reduct ion (16). t i n  and n i c k e l  depos i t ion ,  
var ious  redox couples on semiconductors). In  no ins tance  has  t h e r e  been observed any 
apprec iab le  devia t ion  of  the l i m i t i n g  cur ren t  dens i ty  from a d i r e c t  p ropor t iona l  
dependence on u1/2 a t  r o t a t i o n  rates i n  t h e  range 100 t o  18000 rpm when t h e  l i m i t i n g  
c u r r e n t  represented pure mass t r a n s p o r t  c o n t r o l  assoc ia ted  with convective d i f fus ion .  

u1l2 t o  wi th in  2% f o r  r o t a t i o n  rates from 100 t o  18000 rpm. 

I n  recent  y e a r s ,  r o t a t i n g  d i s c  

I n  s t u d i e s  with some types  of e l e c t r o d e s  (e.g., s i n g l e  c r y s t a l  N i O )  a t  Western 
Reserve, it has not been p o s s i b l e  t o  f a b r i c a t e  disc-shaped e l e c t r o d e s  without unusual 
d i f f i c u l t y  and hence r o t a t i n g  i r regular-shaped,  f l a t  e l e c t r o d e s  mounted i n  an 
i n s u l a t i n g  cy l inder  have been used. 
found t o  be propor t iona l  t o  u1I2 i n  t h e  same manner as f o r  t h e  d i s c  e l e c t r o d e s ,  and 
i n  f a c t ,  t h e  l i m i t i n g  c u r r e n t  d e n s i t i e s  f o r  a square o r  near  square-shaped r o t a t i n g  
e l e c t r o d e  a r e  almost t h e  same as f o r  t h e  d isc .  
encountered i n  o b t a i n i n g  e l e c t r o d e s  which are extremely f l a t  and void of p i t s  [e.g,, 
c e r t a i n  types  of carbon e l e c t r o d e s  (16) ] .  A s  long  as t h e  i r r e g u l a r i t i e s  are only of 
t h e  o r d e r  of  microns i n  dimension, no devia t ions  of more than  a f e w  percent  from 
eq. [ 4 ]  have been observed with d i s c  e l e c t r o d e s  i n  c y l i n d r i c a l  mounts with dimensions 
s i m i l a r  t o  those  descr ibed  earlier f o r  r o t a t i o n  r a t e s  up t o  18000 rpm, 

The l i m i t i n g  mass-transport c u r r e n t  has been 

On occasion,  d i f f i c u l t y  a l s o  has been 

Teflon is  probably t h e  b e s t  material of  cons t ruc t ion  a v a i l a b l e  f o r  mounting d i s c  
and disc- r ing  e l e c t r o d e s  from t h e  viewpoint of  maintaining p u r i t y  of so lu t ion .  In 
some c a s e s ,  however, t h e  e l e c t r o d e s  a r e  very f r a g i l e  and can not  be  machined t o  a 
c y l i n d r i c a l  shape (-, s i n g l e  c r y s t a l  g raphi te ,  semiconducting s i n g l e  c r y s t a l  metal 
ox ides) .  Therefore they  can not be p r e s s - f i t t e d  i n t o  Teflon mountings with a 
s u f f i c i e n t l y  t i g h t  seal. I n  such ins tances  i n  t h e  authors '  l abora tory  t h e  e lec t rodes  
are mounted i n  Kel-F us ing  a high pressure  moulding technique at 3OO0C. 

B. Mechanical system 

The bas ic  f e a t u r e s  of a r e l a t i v e l y  simple r o t a t i n g  r ing-disc  system are shoM i n  
While both b e l t  d r i v e  and d i r e c t  d r i v e  systems have been used, t h e  authors Fiqure 4. 

p r e f e r  t h e  b e l t  d r i v e  because it permits a l a q e r  range of  r o t a t i o n  r a t e s  t o  be  
covered with a c iven motor and t h e  cons t ruc t ion  of t h e  s h a f t  i s  s impl ie r  and l e s s  
expensive. 
d i m e t e r  or l e s s ,  a 1 /15  hi motor with appropr ia te  pu l leys  i s  s u f f i c i e n t  f o r  up t o  

?or d i s c  and r ing-disc  e l e c t r o d e s  mounted i n  a c y l i n d e r  of  1.5-cm 
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synchronous motor system is  t o  be p re fe r r ed  f o r  very r e f i n e d  measurements, t h e  
au tho r s  have found t h a t  a simple un ive r sa l  motor w i th  a d.c. f i e l d  and armature 
cur ren t  cont ro l  provides s u f f i c i e n t l y  s t a b l e  r o t a t i o n  r a t e s  f o r  most work. Rotation 
r a t e s  i n  t h e  arrangement shown i n  Figure 4 a r e  measured by means o f  a lamp-photocell 
arrangement connected t o  a frequency meter with t h e  beam t r ansmi t t ed  through a 
number of equal ly  spaced holes  i n  an aluminum d i s c  a t t ached  t o  t h e  upper p a r t  of t h e  
s h a f t .  
t o  prevent any leakaqe of bear ing lubr icant .  
t o  t h e  t o p  of t h e  s h a f t  where contact  is made by means of  a spring-loaded s i l v e r -  
g raph i t e  brush. Contact t o  t h e  r i n g  i s  made through a s l i p - r i n g  s i lve r -g raph i t e  
brush assembly nea r  t h e  t o p  of t h e  s h a f t .  The s t e e l  s h a f t  on which t h e  e l ec t rode  
assembly i s  mounted may be e i t h e r  a t  ground p o t e n t i a l  o r  i s o l a t e d  from ground by 
support ing t h e  bear ing housing on a p l a s t i c  mounting. 

While a motor con t ro l  with a feed-back c i r c u i t  o r  a v a r i a b l e  frequency 

Sealed p rec i s ion  bear ings a r e  used t o  minimize e c c e n t r i c i t y  i n  r o t a t i o n  and 
The l e a d  t o  t h e  d i s c  e l ec t rodes  extends 

One of t h e  s u b s t a n t i a l  experimental  problems i n  t h e  use of t h e  r o t a t i n g  d i s c  I 
J and ring-disc techniques i s  ob ta in ing  a s a t i s f a c t o r y  s e a l  where t h e  Teflon covered ' 

s h a f t  e n t e r s  t h e  c e l l .  While va r ious  types  of l i q u i d  s e a l s  work s a t i s f a c t o r i l y  at 

1 r o t a t i o n  r a t e s  up t o  6000 rpm, a t  higher  speeds they  present  excessive drag, requi re  

L, cool ing,  and un le s s  very c a r e f u l l y  designed are no longer  gas t i g h t .  , e f f e c t i v e  technique f o r  prevent ing gases o f  t h e  atmosphere from e n t e r i n g  t h e  c e l l  
/ around t h e  r o t a t i n g  s h a f t  i s  t o  use a r e l a t i v e l y  long g l a s s  o r  Teflon s l eeve  around 

t h e  s h a f t  and then t o  maintain a s l i g h t  excess p re s su re  i n  t h e  gas  space above t h e  
e l e c t r o l y t e  within t h e  c e l l .  

One r a t h e r  

~ APPLICATIONS 

'\ 
1 ' 

The appl ica t ions  of t h e  r o t a t i n g  d i s c  and r ing-disc  techniques t o  k i n e t i c  
s t u d i e s  i s  w e l l  i l l u s t r a t e d  by recent  s t u d i e s  of oxygen reduct ion on var ious  su r faces  
with pe rox ide  usua l ly  as an uns t ab le  intermediate .  Some r e s u l t s  r e c e n t l y  obtained i n  
t h e  authors '  l abo ra to ry  f o r  oxygen reduct ion us ing  t h e s e  techniques w i l l  be presented 
as p a r t  of  t h e  o r a l  p re sen ta t ion  of t h e  paper. 
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F i p r e  1. Current d i s t r i t u t i o n  on a r o t a t i n g  d i s c  e lec t rode  of 
r a d i u s  ro f o r  Tafe l  k i n e t i c s  with t r a n s f e r  c o e f f i c i e n t s  
of  1 / 2  and a r e a c t i o n  order  of  1, according t o  ilewman 
( k  1 .  
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Figure 2. Dependence of cur ren t  d e n s i t y  on r o t a t i o n  r a t e  f o r  

var ious  reac t ion  orders  [ a f t e r  Frumkin (7  1. 
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A B C 

Fiwre  3. Rotating Disc and Ring-Disc Electrodes. 

RC -I a- RC 

I Figure 4. Rotating Ring-Disc. Electrode 
System. 

S steel shaft 

BH bearings and housing 

P pulley 

T Teflon insulation 

M Metal support 

DC disc brush contact 

RC ring brush contact 

W insulated v i re  for DC 

IS l i ght  source 

L a  

I 
PC photocell U 

\ 

, T 
6,  

n 
t 

\ 


