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In the l i terature of e lec t rochemis t ry  there a re  many papers  re la t ing to investigations on e lec t rode  processes 

occurring during the deposit ion o f  metals m cyanide  solutions [1]. A shortcoming of these papers t ies in the fact  

that the ex'~ianations of  the mechanlsm_rog ,~h~ ~e~-ect.~o~le prooe~es  an~ file ~imracter df ~the Polar izat ion are 'ba~kt  
solely or~ the basis of the forms an d slopes of the curves for the dependence of  polar izat ion on current density, How-- 
ever .  this relationship often does not give a comple t e  picture of the proces~s  occurring at  the e l ec t rode  under in ~. 
vest igat ion,  for i t  gives no i d e a a t  a l l  of the changes in polar izat ion with t ime .  It is known that in the deposit ion 
and dissolution o f  metals  polar izat ion is not stable and changes with t ime [2~ so that the forms and f l o ~ s  o~ ~ e  po - 
l ~ i z a t i o n  curves depend not only on the currect  den~ty  (other conditions remaining constant), but also on the ta~e 
a t  which the determinat ion  is made  [3]. In a more de ta i led  invest igat ion of the e lec t rode  ~ o c e s ~ s ,  therefore, i t  
is necessary to study not 0nly the dependence of  polar izat ion on current density, bur also the change of  polar izat ion 
with t ime* .  In the i~resent invest igat ion a study has been made of some processes occurring a t  a silver e lec t rode  
polar ized  by a l ternat ing  and intermit tent  cu r ren t s  

E X P E R I M E N T A L  

E x p e r i m e n t a l  P r o c e d u r e  

The deposit ion and dissolution of  silver was ef fec ted by a l ternat ing and in te rmi t ten t  currents obta ined with the 

a id  of a special  commuta tor .  A diagram of  ~he commuta tor  and the apparatus for recording changes in polar iza t ion  
is g iven in Fig. 3.. The commuta tor  consists essent ia l ly  of an e l ec t romagne t i c  r e l a y ~  and a swi tch-over  disk 5.  The 
e l e c ~ o m a g n e t i c  relay effects the reversal Of the polar iz ing current in the c i rcui t  II, and the frequency of the reversal 
and the t ime .for which the current pastas in the forward oz reverse direct ion is regula ted  with the a id  of the disk 5. 

The disk is made  of insulating mater ia l  and has a number of m e t a l l i c  contacts  on its edge which can be zonnected 
to the meta l  ring 6.  When the disc is rotated at  a defini te  given speed, one of  the contacts  (for example•  a b),  in 
passing under the brush C, per iodica l ly  makes and breaks the c i rcui t  feeding the e l ec t romagne t i c  coi l  2 for a t ime  
proportional to the length of the me ta l l i c  contact .  When the c i rcui t  I is broken, the movable  contacr~ $ of  the e l ec -  
t romagnet ic  re lay  are pressed against  the lower plates,  as in Fig. 1, and the current fl~ws in one direc,aon. When 
the contac t  a b  passes under the brush C__. the c i rcu i t  I is closed and the current, passing through the coi t  of the relay,  
switches the movable  contacts_8 over on to the upper p la t e s4 ,  and so changes the current in the e lec t ro ly t i c  ce l l  
13 over into the other direct ion.  The durations of  the posit ive and nega~ve  impulses can be varied over a wide range 
by increasing or diminishing the length of the con tac t  ab and by changing the rate of rotat ion of the disk 5 with the 
aid of the gear box _.7~ which is connected to the e Iec t r i c  motor 8. In order to obtain an interi~.aittent currenL i.eo 
a current that is interrupted per iodica l ly ,  the switch K is switched off, so that the current will pass in one direct ion 
for a t ime proportional to the length of  the contac t  a b ,  arid no current  at  a l l  will pass for a t ime  propo~tlonal to the 
insulated section bca.  

Thus, with the aid of this commutator  e lec t rodes  can be polar ized both by a l te rna t ing  currents and by inter-~ 
mi t t en t  currents over a wide range of frequencies.  As the processes invest igated occupied such short periods of .-time. 
the Pe!ar izat ion was recorded au toma t i ca l ly  with t,he aid of a cathode vol tmeter  12 and a short-period (0.01 me) 
mirror ga lv~nomemr ~10" The record was r~roduced with the l ight  beam 1.~1, which was re f lec ted  by the mirror c" the 
ga lvanomete r  onto highly sensitive photographic f i l m  h~ the camera  9. 

E x p e r i m e n t a l  R e s u l t s  

With the aid of the a b o v e - d e ~ r i b e d  method, a study was made of  the var ia t ion of  po lar iza t ion  with t ime for a 
given constant value of the current ** .  Fig. 2 shows the cathode polarization curves for a current density of 5 m a / s q . c m  
in the solution: KFAg(CN)z] - 0.25N; K C N -  0.38 at 1 8-20*. 

* This sor~ of invest igat ion i ~. p a r t i c u l ~ l y  necessary in variou,s cases of nonstationary elec~olysis.- for example,  when 
polar iza t ion  i s  e f fec ted  by a l ternat ing current [41 or when a l ternat ing current  is superimposed on direck e tc .  

- • Constancy of polar iz ing current wa~ at tained by the inclusion in the c i rcui t  of a large resistance 17 .  much greater  
than the internal resistance of  the e l ec t ro ly t i c  ce l l .  ~ - "  
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Tbe~e curves £'aow that. after the curtet~t ,has bee~ s~q~c~,ed o:~, t~.~e ca thodic  polar izat ion rises compara t ive ly  stowly: 

after  0,!4 seecnz, d i t  is "/6 my (Curve 3). ~:;hen the du:a~on of e lectrolysis  is increased to 0.84 second, the ca thodic  

po'..'arization :.~ttains 3 l i '  r::v (C,.rrve :2) c=d :.ftcr ~','~ .~couds i t  ri.~s t~ 1 ~  my fCurve D. The cathodic  polar izat ion 
c~me~ to a stop after 2-9 minutes, and its ab.~olute v ~ e  attains 3~50 my.  

Fig. 1. Diagram of apparatus for the measurement  of  polar iza t ion  during e lec t ro lys is  
with a l ternat ing and in te rmi t ten t  currents: 1) e l ec t romagne t i c  relay; 2) re lay winding; 
3) re lay contacts;  4) upper plates;  5) Plexiglas  disk; 6) m e t a l  ring; 7) gear box; 8) e l -  
ec t r i c  motor; 9) camera ;  10) mirror ga lvanometer ;  12) cathode vol tmeter ;  13) e l e c t -  
rolyt ic  ce!1: 15) investiga' .ed e lec t rode;  16) auxi l ia ry  ca lomel  e lectrode;  17) resistance 

Fig. 3 shows curves for the change in anodic polar iza t ion  wiC~ time~, determined under the same condit ions.  
When the current is appl ied  to the e lec t rode  for 0.14 second, the anodic polar iza t ion  at ta ins  50 my (Curve 3); when 
the duration of  e lect rolys is  is increased to 0.84 ~eco~d. the polar iza t ion  rises to 57 my (Curve 2); and  af ter  9.15 
seconds it bedomes  66 mv (Curve 1). Anodic p01at~za,don comes to a stop after 2 -2 ,5  minutes, and its va lue  at tains 

85 my.  sqhen the curves in Figures 2 and 3 are compa~-ed it wil l  be seen that the absolute values of the anodic  po- 
IaHzat ion are lower than those of the ca thodic  po la tLza t ion .  This is ev idence  of the great  diff icul ty of  the cathode 
process in comparison with the anode process a t  the ~ m e  current density (5 m a / s q . c m ) .  

Fig. 4 shows the curve for the change in the cathodic  and anodic polar izat ions with t ime de te rmined  in the 

same solution during electrolysis  with a symmet r i ca t !y  al ternat ing current,  Comparison of  Curves 1 in Figures 2 
a,nd 3 with the curve in Fig. 4 shows that fine absolute values of the anodic and ca thodic  polar izat ions  fall  con- 
s ide tably  when a l ternat ing current is used. The explanat ion  of  this lowe~ing of  the polar izat ion is that the impover -  
ishment  of  the e lec t rode  surface layer  during the separation of  silver is succeeded by its enr ichment  during the 
dissolution of s i lver .  As a result, both the ca thodic  and the anodic polar izat ions are lowered. 

Fig. 5 sJ-~ows polar.~zat[on curves de termined by fine rapid method [5] in the same solution a t  the max imum 
current  density (50 m a / s q . c m ) .  Curve 1 was taken a t ~  sate of 0.416 e r a / s e e .  One period of thisc.urve; i . e .  the : 
sum of the t ime  for which the e lec t rode  ac ted  as at, ode  and the t ime  for which i t  ac ted  as cathode, was 30 seconds. 
Curve 2 was taken at a rate of ~.166 e r a / s e e ,  and the durations of  the ca thodic  and the anodic  polar izat ions were 
each  three seconds. Curve 3 was taken a t  a rate of  12.5 e r a / s e e ,  and the duration of one period was one second. 
As will be seen from these curves, the absolute va!,'ae.~ of  the ca thodic  and ano/Sic polar izat ions  and the form of the 
curves depend great ly  on the ra te  a t  which the determinat ions  were made.  When they were made at  a low raze 
(0.416 cm :see) .  the anode curve had quite a differe~-z appearance ,  and differed from the cathode curve by the 
pre ;ence  of  character is t ic  "s teps ' ,  the physical  ~ g ~ c a n e e  of  w[fich will  be examined  below. 

Fig. 6 shows the var ia t ion o f  cathodic  and ane~;2c po la r iza t ion ,  with t ime  in e lec t ro lys i  s with a l ternat ing  current 
o f  density .50 m a / s q . c m .  The curve shows that the i~miting value of the ca thodic  polar iza t ion  is a t ta ined after  3 
seconds and has the value  of 0.75 v; a t  the same tame vigorou~ evolut ion of  hydrogen occurs. When the direct ion of 
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Fig. 2. Variation of cathodic polarization with time~'cek" = sex:.) 

Fig, 3. Variation of  anodlc polartT, atlon with time ("cek" = ~ c . ~  

, j L . -  

o . 

Fig. 4. Varlatlon of  polarization with t ime da~lng eteetroly~,ls with alte~r~ating 

current. ( 'see" -- w e , )  
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Fig. ~. Polarization curves taken by the r~pid method at a maximum c ,tu.-z.ent density of ~0 ma/sq, cm. 

i 

Fig. 6. Variation of polarization with t ime during electrolysis with alternating current. 

g 

Fig. 7. Variation of anodlc polarization with time. 
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the current Is reversed, the pa;s~.vatic~.of the e lect rode is brought about in 2.15 seconds. The next reversal of 

current removes the anodlc  passim'it)', and the above--described process is r e ~ a r e d .  When, however, the duration of 

deposition and dissolution of  silver is-dimLuished, conditions may be a t ta ined under which the cathodic and anodic 
potarizat ions cannot  a t tMn their l imi t ing  values. 

Fig, 7 show~ anodic-polar izar~on curves taken at  the same ~ate but at  differing current densities. Curve 1 
was taken at  a current density of 10 ma/sq .c rn .  Curve 2 at 20 ma/sq. .em, and Curve 3 at  30 ma/sq~cm.  On two 
of the curves there are charac ter i s t ic  p la teaus .  When the anodic polar izat ion corresponds to the ~ c ~ o n  Ca. the 
current is main ly  consumed tn d i s~ iv ing  silver With formation of complex  cyanide ions. The point a corresponds 

• to the beginning of  pas~vat ion of fire anode, i , e ,  the formation of a silver oxide film that prevents further diss~ 

clarion:  

2 A g  +2OH_2e- - - ~  _~Ag~O+ HzO 

The plateau a b  is general ly  found at a potent ial  of 0,6 v re la t ive  to the potent ia l  of a silver e lect rode in the 

same mlution.  The length of a b  diminishes as the current density increase~, but the quanti ty of e lec t r ic i ty  spent 
in the formation of  the oxide f i lm remains a lmost  constant and corresponds approximate ly  to the formation of a 
monomotecular  layer  of  silver oxide.  The quanti ty of  e l ec t r i c i ty  depends only on the surface re! ie f  of ~he anode. 
/~t the point b the whole stLrface of the e lec t rode  is covered by an oxide f i lm and there is a sharp ~ise in the anodic 
polar izat ion,  corresponding to further thickening of the oxide layer  and separation of  bubbles of oxygen, 

Fig, 8 is the curve for the var ia t ion of  anodic polar izat ion with t ime durkug the dissolution of silver by means 
of  an intermit tent  current.  C~,er the section oc the e lec t rode  is po lar ized  by a high-.density current, which renders 
the anode passive. At the p o i n t c  the cur-rent is switched off, and section df corresponds to the variat ion of  the 
potent ial  of the e lec t rode  when tl-~ere ts no current.  In the curve for the fa l l  in p o l a r i z a t i o n i n  absence of current 
t h e r e i s  a sudden check (sect ion de) at the same potent ia l  as that at which silver oxide forms, and this corresponds 

to the dissolution of  the oxide f i lm in potassium cyanide  with formation of  a complex  silver cyanide.  

Ag20 + 4KCH + HzO ~ 2KAg(CN)2 + 2KOH 

The further slow fal i  in the potent ia l  along the section e_J.results from the leve l l ing  out of the concentrat ions of com-  
plex silver ions in the. layer  in i m m e d i a t e  contac t  ~i th  the e lec t rode .  

° t O  "G 
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Fig. 8. Variat ion of anodic  polar iza t ion  with 
t ime during e lect rolys is  with an in termi t tent  

current  

Examination of  the surface of the anode showed that 
a t  low current densit ies the silver d i s~ lved  with exposure of  
its structure. At high current density, when passivation of 

the anode occurred (Fig. 7, Curves 2 and 3). the surface of 
the silver {qas covered by a darkocolored oxide f i lm; this had 
cracked in some places, and sortie of i t  had broken away 'as  
a result  of  internal  strians and of mechanica l  disruption due 
to the separatiort Of bubbles of oxygen. When the anode was 
polar ized with an in termit tent  current, so that the oxide fi lm 
was a l te rna te ly  formed and dissolved (Fig. 8L e t e c ~ o l y u c  
polishing of the silver occurred. 

D I S C U S S I O N  OF R E S U L T S  

Cathodic polar iza t ion  during the deoosition of meta ls  can be the result of the slowest stage of one of the following 
processes: l )  formaticn and growth of crystals on the cathode: 2) slow discharge of  ions; 3) slow decomposit ion of com-,- 
plex i o n ;  and 4) slow del ivery  of discharging ions to the catb~de.  

The curves given above,  which were de termined during the deposition of  si lver from cyanide solutions, cannot  
be explained by tile slowness of  the formation of  crystals, for,  as has been pointed out  in a number of  investigations 
[6], when the process is re ta rded  by electrocrystallization, the polar izat ion is high only at beginning of the process 
~nd falls as the crystals forming at  flue cathode grow. However, the polar izat ion curves obtained (,Figs. 2 , 4  and 6) 
show exac t ly  the opposite picture of  the var ia t ion of polar izat ion with t ime.  indicating' that cathodic  polar izat ion 
must be due to other causes. 

Aga~no the observed polar izat ion during the deposition of  silver from cyanide solutions cannot be expla ined  by 
the slowness with which the complex  ions are dehydrated and discharged, for, if the discharge were slow, the polar~ 
izat ion would not var~', i . e .  its value would remain  constant with t ime.  
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The nonval idi ty  of ex'~lanations o f  the polar izat ion based on the slowness with which complex  silver cyanide 
ions are decom:~osed has been demonstrated fairly conclusively in some previous papers [7]. We consider that the 
slo : ri~e of p~larlzatiol~ with t ime ahd the :great reduction in its value in electroly.~is with al ternat ing current (Fig. 

• ~. ca~a be ex,~lained by a) the slowp, ess wifla which file discharging ions are del ivered to the electrode* (concen- 
t ra l ional  r~larizatio,a~; and b) t':.e stowne~_.~ with which the discharging ions [in par t icular  Ag(CN)2 ] penetrate into 
the e l ec t r i ca l  double layeL i . e .  ~he sIowness With which they are adsorbed and the sI~,eness of the process of dis- 
p lac ing  other ions a~.d par~ic!e_~ situated at the cathode surface. 

Since the ra te  of the e l e c t r o c h e m i c a l  reaction is de termined by the concentrat ion of the discharging anions 
adsorbed on the surface of the cathode,  a lowering of the polar izat ion will be observed, both when the current is 
per iodical ly  switched on and off  (Fig.  2). and when the direction of the currerlt is reversed (Fig. 4). The polar i -  

zat ion is lowered to a par t icular ly  grea t  ex ten t  when the direct ion of the current is reverse& for in the cathodic i m -  
pulse the e lec t r i c  f ie ld is d i ~ c t c d  against  the adsorption forces. 

The picture that we have described of the variat ion of polar izat ion with t ime can be interpreted as a kind 
of concentrat ionat  p o l a r i z a t i o ~  al though this concept  would need to be extended somewhat  in content  and sense. 
Thispo la r iza r ion  differs from the ~sual concentra t ional  polar izat ion in that the migrat ion of  ions is in the reverse 
direct ion and the concentra t ic~ of the di.scharging xops a~ the e lec t rode  surface depends on the rate. of adsorption, 

i .e .  on the rate at  which they penet ra te  the e l ec t r i ca l  double layer and on the rate a t  wbdch they can displace other 
ions and foieign species from the cathode surface. 

An examinat ion of the changes in anodic polar izat ion with t ime indicates  that  this also is coneentrat ional  

and the way in which the anoa ic  polar iza t ion  changes at  low curren~ densities is analogous to the behavior of ca th-  

odic oolar izat ion,  as can be seen from the curves in Figures 2 and 3. The fact  that Lhe polar iza t ion  occurring during 
th~ deposition of  silver from cyanide  solutions is concentrat ional  makes i t  possible to deposi t  with an a l ternat ing  
current and to use high current densities, without reaching the l imi t ing  values.  As a re_~ult i t  is possible to improve 
the quali ty of cathode deposits. 

As indica ted  above, wF.en the anode is polar ized by high current densities, it  becomes passive (Figures 5. 6 
and 7). In the l i terature [8] the passivation of silver in cyanide solutions has often been exp la ined  by the supersat- 
uration of  the layer  in contact  with the anode with the silver complex  salt and its p rec ip i ta t ion  on the e lec t rode  
surface as a viseou~passivat ing f i lm.  We consider that this view is not fully substantiated in the present case, for 

i t  is impossible to explain,  on its basis, the check in the fall in polar izat ion (de. Fig. 8) when the current is switched 
off. 

If the section a b  corresponded to the c rys ta l l iza t ion  of the complex  silver salt  off the anode,  a smooth fal l  in 
potent ia l  with t ime  should have  been observed when the current was switched off. Aczually, however~ there was a 
check i~ the fail  of the polar iza t ion  when the current was switched off, and this was at  the same potential  as that 
a t  which the oxide was formed.  The fact  that the check in the rise of the polar izat ion curve and the check in the 
fal l  of potent ial  when the current  was switched off were at the same potent ia l  level  gives reason to suppose that 
the process occurring at  the anode was the formation and dissolution of silver oxide, and not the complex cyanide,  

It shouId be noted in conclusion that i t  is usual in the examina t ion  of the mechanism of  e lec t rode  processes 
to study the dependence o f  the vaIue of  the pcl!arizat ion on the chrrent density, without taking into account  the 
changes of  polar izat ion with t ime.  in spite of  the fact that in some cases these changes  are very important  for 
the understanding of  the kinet ics  of the processes. 

S U M M A R Y  

1. A simple method has been developed for the study of nonstationary e lec t rode  processes of  short duration. 

2. I t  has been shown tha t  ca thodic  and anodic polar izat ions occurring during the deposition and dissolution 
o f  silver in cyanide  solutions are essent ia l ly  concentra t ional .  

3. I t  has been s~own that  three sections can be distinguished in the curves for the variat ion with time of ano- 
die polar izat ion during e lec t ro lys is  at  high current densitie,., and that  these correspond to the following processes: 
a)  dissolution of silver with formation of complex cyanide  Ions; b) formation of a rnonomolecular  layer of silver oxide 
on the e lec t rode  surface; and c~ the further thickening of  the oxide f i lm and the evolut ion of free oxygen.  

• The slow rise of the polar iza t ion  with t ime  cannot  be expla ined  by the charging current, since the current required 
for the c-barging of the e l e c t r i c a l  double layer  is compata t ive!y  insignificant .  
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