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The diffusion coefficients of Cu(I) ions in concentrated aqueous Ca(CI04),) 
solutions have been determined from the limiting currents of anodic oxidation 
at the rotating disc electrode. 

(Keywords: Cuprous ion; Diffusion coefficient; Non-complexing medium; 
Rotating disc electrode) 

Zur Bestimmung der Diffusionskoeffizienten yon Cu(I )-Ionen in konzentrierten 
P erchloratl6sungen ( K urze M itteilung ) 

Diffusionskoeffizienten yon Cu(I)-Ionen in konzentrierten w£grigen 
Ca(ClO4)2-L5sungen wurden durch Messung der anodischen Grenzstr5me an der 
rotierenden Scheibenelektrode bestimmt. 

The diffusion coefficients of Cu(I) in non-complexing aqueous 
media, e.g. perehlorate, nitrate or sulphate solutions, are generally not 
known. The value of Deu(t )= 1.38' i0 ~ cm-2s -1 in 0.2 M H2SO 4 re- 
ported by Tindall and Bruct:enstein 1 is an exception. 

t~eeently 2, we have investigated copper deposition on gold electro- 
des from concentrated aqueous Ca(C104) 2 solutions using the rotating 
ring-disc electrode. For further quanti tat ive discussion about the 
mechanism of this electrode process, it is of great importance to know 
the diffusion coefficient of Cu(I) which is an unstable intermediate. 

The aim of the present work was to determine the diffusion 
coefficients for Cu(I) ions in 0.9-3.9 M Ca(C104)2 solutions by means of 
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Fig. 1. Current-potential curves for Cu(I) oxidation on rotating gold disc 
electrode in solutions : a 2.2- 10 -421ir CuCI04 + 0.9 M Ca(C104)2, b 
5.5" 10 4 M CuCI04 + 2.9 MCa(CI04)2. Both the solutions contain 
0.1MCu(CI04)2 and 0.1MHCI04. Rotat ion speed 1800rpm. Potential  scan 

rate 5 mV/s 

the  r o t a t i n g  disc e lec t rode .  The  Cu(I)  ions were p r o d u c e d  b y  chemica l  
s t r i pp ing  of copper  m e t a l  

Cu + Cu( I I )  ~,-~2 Cu(I)  (1) 

Because  of the  smal l  va lue  of t he  equ i l i b r ium c o n s t a n t  for the  r eac t ion  
(1) in p e r e h l o r a t e  m e d i u m  a, each  so lu t ion  c o n t a i n e d  0.1 M Cu(C104)2 in 
o rder  to  o b t a i n  a suff ic ient  c o n c e n t r a t i o n  of Cu(I).  De ta i l s  concern ing  
the  p r e p a r a t i o n  of  Cu(I)  so lu t ions  and  d e t e r m i n a t i o n  of i ts  c o n c e n t r a -  
t ion  have  been  desc r ibed  p r ev ious ly  a. The  t e s t  so lu t ions  were ac id i f ied  
wi th  0.1 M HCI04 to p r e v e n t  the  hyd ro ly s i s  of  Cu(I).  

Solutions were prepared from analytical grade reagents and triply distilled 
water. The test solutions were deaerated with pure argon and a stream of inert 
gas was kept over the solution during the experiment. 

The rotating disc electrode was made of gold. I t  had a radius of 0.25 cm and 
a surface area of A = 0.196 cm 2. The electrode surface was polished and cleaned 
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as described in a previous work 2. Using a synchronous motor, the electrode 
could be rotated at speeds between ¢00-3 600rpm. A platinum spiral and a 
saturated calomel electrode (NaC1) served as a counter and reference electrodes 
respectively were isolated from the main cell compartment  by fi'itted glass 
discs. 

The voltammetric experiments were carried out with a Cobrabid PLP-226 C 
three-electrode polarograph and a Riken Denshi F-3 CP X ¥  recorder. 

Measurement were performed at 25 ± 0.2 °C. 
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Fig. 2. Plot of ID,L/a) 1/2 a 2 .2"104M 
CuCl04 + 0.9 M Ca(C104)2, b Ca(C104)2, c 
5.5" 10 4 M CuCIO4 + 2.9 M Ca(C104)2, d 1.0" 10 -3 M CuCIO 4 + 3.9 M Ca(CIO4),~. 

All the solutions contain 0.1 M Cu(C104)2 and 0.1 M HCI04 

W h e n  the  r eac t ion  (1) was nea r  t he  equ i l ib r ium,  t he  cur ren t -  
p o t e n t i a l  curves  for the  anodic  o x i d a t i o n  of Cu(I)  to  Cu(I I )  a t  the  
r o t a t i n g  disc were recorded .  Af t e r  th is  m e a s u r e m e n t ,  t he  copper  
e lec t rode  was r e m o v e d  f rom the  t e s t  so lu t ion  and  c o n c e n t r a t i o n  of 
Cu(I)  was d e t e r m i n e d .  The  v o l t a m e t r i c  curves  o b t a i n e d  show well 
r ep roduc ib l e  l imi t ing  currents .  T y p i c a l  curves  are  dep ic ted  in F ig .  1. 

The  l imi t ing  cur ren t ,  ]D,L~ iS p r o p o r t i o n a l  to  the  square  roo t  of the  
angu l a r  ve loc i ty ,  O) 1/2, o v e r  t he  whole  c o n c e n t r a t i o n  range  of  Ca. (C104) 2 
s tud i ed  as i t  follows f rom Fig .  2. F r o m  these  da t a ,  the  di f fus ion 
coeff icients  of  the  Cu(I)  ions were ca l cu l a t ed  us ing Levich's e q u a t i o n  

D2/a 1.61 ID,]~ 
(:u(t) = n F A ,  i/6 0 col/2 (2)  ' Ccu(i  ) 

where  C°u(i) is the  bu lk  c o n c e n t r a t i o n  of  Cu(I)  and  all  o the r  symbo l s  
have  the i r  usua l  meaning .  K i n e m a t i c  v i scos i ty  values ,  v, were t a k e n  
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Table 1. Diffusion coefficients of Cu(I) and Cu(II) ions in concentrated 
perchlorate solutions at 25 °C 

CCa(CI04)2 Dcu(I) 
+ Dcu(I) Dcu(II) a 

Dcu(II) 
CCu(ClO4h 
mol din-3 em 2 s-1 em 2 s-1 

1.0 1.3" 10 -5 5.5" 10 -6 2.4 
2.0 1.O' 10 5 4.2" 10 -6 2.4 
3.0 6.1 • 10 6 2.6' 10 6 2.3 
4.0 2.9" 10 6 1.3" 10 6 2.2 

a From polarographic data  6. 

f rom Ref.  4. I n  cons ide ra t ion  of  t he  r e l a t i v e l y  high Schmidt ' s  n u m b e r e s  
for  Cu(I)  in t he  s t ud i ed  solut ions ,  cor rec t ions  for equa t ion  (2) in- 
t r o d u c e d  b y  N e w m a n  could be neg lec ted  5. 

The  Dcu(i ) va lues  o b t a i n e d  are  l i s ted  in Tab le  1. E a c h  of t h e m  
rep re sen t s  a mean  va lue  of th ree  i n d e p e n d e n t  me a su re me n t s .  This  t ab l e  
also inc ludes  the  d i f fus ion coeff icients  of  Cu( I I )  in so lu t ions  of a s imi la r  

compos i t ion .  
I t  fol lows f rom the  d a t a  g iven  in Tab le  1 t h a t  the  r a t io  Dcu(i)/Dcu(~i) 

is h igher  t h a n  2 for all  so lu t ions  i nves t i ga t ed .  This  fac t  can be exp l a ined  
as due  to  a s ign i f ican t  d i f ference in the  h y d r a t i o n  n u m b e r s  of these  
ions 3. 

This work has been carried out within the Scientific Programe M.R.I-11. 
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