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Abstract

A study vas made of the elsctroseparation of silver and
palladium using several ccmpl.sxing agents. Cyanide was found to produce
the most favorable separation while, at the same time, allowing 8 nearly
complete recovery of silver. It has been shown that repeated electrolyses
are feasible, and that one can thersby separate silver, produced by nsutron
bombardment of palladium, which hes e high specific activity and vhich is
chemically and radiochemically free from palledium.

Introduction

When two or more elements can be elsctrodeposited from a given
solution, it is sometimes possible to separate one element from the others
by electrolysis with a carefully selected and well regulated potential.

The selection of a suiteble potential can be made on the basis of elsctrolytic
information obtained polarograrhically (12). Regulation of the potemtial

has been carried out menually end, in e technique popularized by Send (18)

and called "internal electrolysis” by chemical dissolution of the snode. In
recent years, instruments have been designed for regulating elioctrode
potentials automatically (3, &, 6, 7, 11, 13, 16).

Studies involving the electroseparation of a trace usually require
special consideration in order to minimize losses from adsorption and co-
precipitation during a separation eand from dissolution of the deposit during
the vashing vrocess. The separation discussed below wvas favorable in that a
trace element, silver was dsposited and & macro constituent, palladium, left
behind in solution. Furthermore, the ssparation concerned the deposition of
silver, a process ebout which much informetion was available.

Suitable silver and palladium traces were prepared simultaneocusly by
bombarding a sample of natural palledium with nsutrons. By exercising care in

the selection of the age of the bombarded sample; it was possible to work with



a mixture of a pure silver activity and a pure palladium activity. The,
chaing of primrry interest were:

(1) Pdm (n’ 7P Pdm -—z—:-:i-‘ﬁ Aglu -——7—§-—d-—> Odm (ltabla)
1 X . .

(2) 7' (n, 7) 202 T ag!® (stabie).
The first chain wes importent because it was the source of the silver
tracer; the second, becauss it m the source of the useful palladium tracer
and, at the sems time, more than 95% of the silver produced in the eampls. The
production of such a large amount of stable silver compared to radioactive
silver was unimportant only because the total amount of silver produced vas
apparently negligible (less then 1%) compared to the amount of silver introduced
as an lmpurity in the various reageats. :

The fact thet both Agll! end Pal09 emit only P perticles of nserly
the same energy was a serious disadvantage. In order to analyze a mixture of
these activities, it was necessary to prepare a decay curve or to make a
radiochemical separation. The former was used in the present study.

Experimsntal Details
fpparatus
‘ Polerograms of reactions at a stationary platinum electrode were
recorded automatically by a modified (20) Sargent Model XX Polarograph. The
modifications were similar to those later incorporated in the Model XXX. A
potentiometer was used to check the initlal and finel voltages of each polarogram.
S Sl hans e kiAAIees 8t 20:0°% 0.1° C. by mels of & Thesmsstated buth.

All pR measurements were made with a Beclkman Model G Meter eguipped
with a glass electrode having a small correction for sodium ion. The electrode
was calibrated before each use with a standard buffer solution.

The electrolytic cells were of the type shown in Figurs 1. The

design was essentially that used by other workers (1, 2, 14) with the following
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modifications introduced by Ehrlinger (5): (1) A "scotch tape” gasket

between the glass cylinder end the platinum electrode, (2) Agar salt bridges
to allow the anode and the reference electrode to be placed outside the
solution. The use of a fresh set of salt bridges for each determination was
facilitated by making each bridge in two sections which were comnnected by ball
and socket joints (not shown in Figure 1).

The potential on the cathode wes controlled within ¥ 3 mv. (often
vithin less than ¥ 1 mv. during a fifteen hour period) by using e regulator
designed at our laboratory (11, 16). The current that passed through the
reference electrode, a saturated calomel electrode of about 50 cne area, vas
2x 10'8 amp. per mv. unbalance. The capacity of the anode-cathode circuit vas
1.0 amp.

All radiocactive samples were counted by means of a thin mica end-
vindow Geiger-Mueller counter tubs -ontained in a standard aluminum-lined
lead housing. The samples were maintained at a predetermined distance from
ths vindow by en aluminum support.

Preparation of Solutions

All chemicals used in this study wers reagent grade, and all solutions
vere prepared with distilled water.

The radiation characteristics of palod and Agm tracers checked those
reported in the literature (15). The yield of Pa'%? was checked by adding a
small amount of natural silver (as nitrate) to an aliguot of a solution of
bombarded palladium, precipiteting silver chloride, and counting the palledium
remaining in solution. The yield of Agu'l was determined in enother aliquot by

allowing the palladium activity to decay to & negligible value and then counting
the silver. ‘

Polarographic solutions contained 1.00 x 10-3 M. reducible ion end

0.1 M or more complexing agents as background electrolyte. The silver solutions
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were prepared from weighed amounts of silver nitrate. Palladium solutions
were prepared by dissolving & lmown emowunt of the metal in a mixturs of hot
sulfuric apd nitric acids. After the bulk of the nitrate ion had been removed
by fuming, the excess acid wes peutralized by adding a solution of sodium hydroxide
until & permenent precipitete eppesred. Sufficient backgrownd slectrolyte vas
then added so that, after dilution in a »vt'almnetric flask, ths solutien containad
a known concentration of complexing agent plus an indefinite amount of sodium
sulfate. Two exceptions were: (1) the fhiocyanato solution vwhere it was necessary
to have & 0.3 M. background to prevent the slow pracipitation of silver, end () |
certain cyanide solutions wvhere the hydrogen wave, which followed the silver wave
very clogely, was shifted to more negative potentials by adding sodium hydroxide.

All soluticms for olactrolytic, studies were prepared in exactly ths same
vey as those Just described for the polarography of palladium ezcept that nsuiron-
bombarded palledium was employed. The concehtration of the backgroumd electrolyte
end the palladium were the same ad befors but the solutions contained, in additionm,
abaut 1077 M. silver exclusive of the amount introduced as an impurity. Table T
showvs the concentration relatiomships that vere measured for the bombardment
conditions employed in this investigation.
General Procedures

(a) Pclarography - Reduction waves vere obteined for 30 m). portions
of solutions in the usual way using dropping mercury end stationary platioum (17, 19)
electrodes. All solutions vwere deaerated by bubbling oxygen-free nitrogen through
the solutian before a polarogram was begun. During the course of the polarization
an stmosphere of nitrogen was maintained ebove the sclution.

The polarograph was also employed to test the reversibility of reactione
by changing the direction of polarization i.e,, proceding from negetive to positive
potentials. Whenever a :;egula.r polarographic solution was examined in this way,

a reversible reection produced & dissolutior wave which was an extension of the
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reduction vave. If a reaction were irreversible, the dissolution wave was
displeced to a more positive potential 36 that it was no longer sn extemsion of
the reduction wave. Dissolution behavior of deposite was also studied by employing
an electrode recently plated with silver or palladium end & salution containing
only a background slectrolyte. As shown in Figures 3 and 4, this empirical
procedure produced results from which one could estimate the ready reversibility
or irreveraibility of a reaction. The method wes used to study reasctions in
palladium solutions vhers irreversible reduction waves did not precede hydrogsn
discharge.

(b) Blectrolysis - A 20 ml. portion of solution was electrolyzed with
stirring for a fized length of time. Then, without breeking the electricel
contact, a large part of the solution was remcved by suction and the remainder
displaced by flushing the cell with sbou® 200 ml. of a salt solution such as 0.1 M.
sodium chloride, perchlorats, nitrate or sulfaie. Finally, after washing the cell
with 100 ml. of distilled water, electrical coatact was broken em the caihode
removed, dried under en infra red lamp and counted.

At the completion of a determination, the cathodes were cleasned by boil-
ing them in concentrated nitric acid which removed the scotch tape as well as o
large part of the active silver. In order to remove the remainder of the activity,
it vas necessary to allow the electrodes to staml in a concentrated solution of
sodium cyanide. After removal from ths. cyanide, the electrodss were washed thoroughiy
with distilled water, drisd under an i{nfra red lap » 8nd checked with e counter.

It was usually necessery to allow the electrodds to remain in the cyanide for an
hour or more to reduce the activity on th; electrole to "background” level.

(¢) Counting - The procedure used in the radiochemicel analyses was the
same as thet described by Hume, Ballou, and Glendenin (8). Liquid semples were
analyzed by evaporeting am aliquot of the semple, usually 0.100 ml., on a 1 in.

watch glass. At the completion of the eveporation, the watch gless was covered
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with thin cellophane (3 mgfem”) and mounted in the cemter of & 2 1/2° x 3 1/2"
eluntoum sheet. heving a hole 1n the center vhich ves slightly lerger than the
watch glaes. mmum-mMmmmm. AL} counts were
corrected for decey, coincidence, sise ot aliquot end countér geometry. All
sexples that were counted on platimm wers corrected fer the difference in back-
scattering between platinum eud gless.

Resulte
Fodavograpiy

Informetion asbout the polarographic bshavior of silver is rather limited.
Because silver is more noble than mercury, solutions of silver react spentansously
with mereury producing waves of the type shown in Figure 2. Laitinen and Eolthoff {10)
illustrated the gemeral epplicebility of e solid polarographic elestrode by using
a solution of silver nitrate, but pelarographic information ebout the complazes
employed in the present investigatiom hes not been reported. The curves shown in
solid lines in Figure 3 are ezxact reproductions of silver waves obtainsd with a
platinum electrode using automatic recovding.

The polarographic behavior o! palladium at a dropping mercury electrods
m.mmmwmmrmmm (22) so Figure 4 contains only the surves
for reactions at a platinus electrede. Rsduction waves were mot found in cyenida
and thiosulfate media whers reduction of palledium was preceded by hydroger evolutiom.
Deposition

(a) Studies of Rates - The difference betwsen the half-wave potentiais
for tvo reactiomme in e given solution is a crude measure of the degres of succese
that one might expect in attempting to meke a separetiom regerdless of vhether or
not both vYeactioms are reversidble. If both reactions ere reversible, an ezxact
calculation of the separation at eny potentiai should be possible. If one or both
of the reactions are mot reversible, the separation must bs determined experimesntally.
As shown by the dotted lines in Figure 3, all of the silver reactions are reversible.
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A similar study on pallsdium is recorded in Figure b, and it shovs that the
dissolution vave is displaced at least +0.2 V. from the reduction wave in each

case. For this reason it was not possible to make exact calculations for the
separations on the basis of polarographic data; hence actual depositions were

needed to determine the separsbility of the elements. Since both the percentage

of the silver recoversd and the degree of sepaeration might change with the time

of the electrolysis, rates of deposition were studied briefly.

The deposition rates for silver and palladium vere determined under
. constant conditions of stirring, electrode size and shape, and volume of solution.
A 20 ml. portion of an active solution; either silver or palladium; was electrolyzed
in a cell of the type shown in Figure 1. At verious intervals of time, a 0.100 ml.
aliquot was pipetted from the cell, evaporated omn a watch glass, and counted. As
shown in Figure 5, the relative rate of deposition, at potentials more negative
than the polarogrephic wave, vas independent of the %em and its initial concen-
tration. Palladium deviated noticeably toward the end of the electrolysis only
because deposition was not complete under the conditions employed ‘or the experiment.

A comparison of the half-wave potentials for silver end palladium in a
given medium revealed that the reduction wave for silver always preceded that for
palladium (See Tuble II). Since, in making a separationm, one would work at
potentiels more positive then the palladium reduction wave (but more negative than
the palladium dissolution wave), a knowledge of the rate of palladium deposition in
this "irreversible” region was desirsble.

Pigure 6 shows the data for cyanide and thiocyanste solutions. The data
for cyanide were reproducible and indicated that equilibrium was attained in three
hours; the data for thiocyanate were too scattered to auow a2 ralisble curve to
be drawn, and they did not indicate that equilibrium was being approeched. In
both casss, the percentage of palladium deposited, though susll, represented sn
amount which was very large when compered to the total emount of silver in the
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original solution.

These experiments illustrate the usefulness of a polarograph in msking
rough estimates of the relative rates of deposition vhere an irreversible
reection is concerned. It is important to remember that changes in the concen-
tration of either element will change the ssparation of the polarogrephic waves
(and the deposition potentials) with a consequent changs in the separability of
the elements.

(b) Studies of Seperations - It was necessery to determine the
uperabilitiof silver and palladium by carrying out deposition experiments be-
cause of the irreversible behavior of palladium and because of the abscnce of
polarographic reduction vaves for palladium in two complexing agents. Further-
more, insufficient information was available to allow one to predict with
certainty the deposition behavior of traces. For that ressom » it vas necessary
to study the electrolysis of silver experimentally. Although the resulting data
should only apply strictly to the specific concentrations that were studied,
“moderate changes in the silver concentration have been found not to affect the
results noticeably.

Elsctrolyses were carried out on 20 ml. porticns of nillimlaf palladium
solution, the palladium having previcusly been irrsdiated in the pils. Potentials
were selected which were at least 0.1 V. more positive than the palladium polaro-
graphic hali-wave potentials and at the same time sufficiently negative to deposit
some silver. In all of the studies, the initial concentrations of silver and of
palladium, the rate of atiz?rmg end the time of electrolysis (30 min.) were held
constant .

The degree of separation was calculated in terms of e separation fac{:or
vhich was arbitrarily defined as the fractiom of the silver deposited divided by
the fraction of the palladium deposited. The fractions of silver and palledium
deposited. Qero derived by determining the original activity of each element by
methods already described and by determining the activities of each element in the



deposit from decay curves similar to those in Figure 7.

The ssparation fectors and the supporting data for several solutions
are collected in Table IXIY. Most of these factors could be dupucm within
25%. One should observe that the separations cbtained in a cyanide solution are
favorable primarily because of the small emount of palladium deposited. The
amount of palladium plated from solutions cther than cyanide varied sppreciebly
with a change of 0.4 V. in the epplied potential whersas the amount plated from
cyanide did not. At the same time, the amount of deposited silver also changed
and, in the case of cyanide solutioms, this change was particularly adventageous.
Although it is not shown in Teble III, the behavior and the results Ior cyanide
solutions containing no scdium hydroxide were the same as for the szolutions
containing both hydroxide and cyanide. :

(¢) Application of Repeated Electrolyses - It is evident that sslective
dissolution of one element in a deposit or complete dissolution of a deposit in
a fresh slectrolyte followed by a second slectrolysis should result in a corresp nd-
ing increase in purity of ths deposit. Three different approaches to this problem
were examined: (1) selective dissolution of silver, (2) selective dissolution of
palladium, and (3) complete dissclution of the deposit followed by another
electirolysis.

The first procedurs vae expected to present the problem of apparent in-
solubility of the silver as a result of its being buried slmost completely in the
palladium which would be present in great excess. Actuelly, the difficulty turned
out to be quits different in that most of the palladium stripped from the elsctrods
along with the silver in a short period of tims. %his is shown by Figure 7 which
conteins decay curves of a thiocyanate electrolyte and of a deposit after sbout
one hour of electrolysis at a potentiel of ~-0.075 V. vs. S.C.E. It was evident
that dissolubj.on of palledium wves comparatively rapid even in the irreversible

rogion of potentisl.
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The second experiment in selective solution involved the use of
cyanide to dissolve palladium from an slectrode waich vas maintained e potential
sufficiently negative to deposit silver completely and hemce, presumsbly, to
retain it. Probably because the palladium wes present in gre=t excess, and there-
by was eble to "carry” silver (or disengege it) from the electrode, the cyanide
removed the bulk of the activity from the elactirode almost immediately. As a
result, no enxichment of the deposit could be measured.

. Because the ebove experiments on selective soclution indicated that the
depoeit vas removed slmost completely in a very short time upon being exposed to
a fresh solution of complex-forming electrolyte, it sppeared that one would |
alwsys be faced with the necessity of making & sscond complete slectrolysis in
order to effect an epprecieble incresase in the purity of ths silver as well es
to effect a better (preferably complets) recovery of the silver. ZExperiments
using cyanids to strip the activity completely off the cathode followed by a2
period of elsctrolysis sufficiently long to recover most of the silver are shown
in Pigure 8. Palladium activity could not be detected .. the deposit recoveresd
from the second slectrolysis whereas the activity remaining in the solution
after the second electrolysis was primarily palledium. From the decay curves it
wvas posaible to calculate that the separation factor for sach electrolysis wvas
approximately the sams, i.s. about 10°. Assuming that the solution vas initially
1077 M. silver and 10”3 M. palledium, the second deposit contained about 1%
peliadium. A third electrolysis should produce a correspondingly purer deposit
of silver.

Seme values for ths oversll recovery of silver from doubls electrolyses
were 79%, 78% end 76% which in turn represented 85%, 86% and 85% respectively of
the recoveriss permitted by the lengths of time employed for the slectrolysss.

It is not unlikely that these recoverises could be improved by modifying the
procedure since the emphasis of these studies was placed on examining the purity
of the deposit rather than on obtsining complete recovery of thg silver.



Discussion

Elsctrolytic Procedure
Wheneover a complex-forming electrolyte was displaced from the cell

.o distilled water at the conclusion of an electrolysis, serious loss of activity
from the deposit alwgys resulted even though care was taken to make certain that
electrical contact was not broken. For example, after one experiment in which
pure silver activity was deposited from cyanide solution, 0.2% of the original
activity remained in the solution at the ‘eompletion ofl alectrolysis, but, after
washing the cell with water, the wash liguid contained 17% of the activity and
only 81% was later found on the cathode. Repetition of this experiment always
gave gimilar results. Part of the difficulty appeared to be that the regulator
could not mintam the proper potential on the electrode when the resistance of
the solution changed rapidly. For that rsason, solutions of electrolytes wers
substituted for the distilled water.

Attempts to flush cyanide solution from a ¢ell by using a fresh portion
of cyanide solution also resulted in a serious loss of silver activity from a
deposit cmtdining substantial amounts of paslladiuvm. On the other hand, the use
of an slectrolyte such as scdium nitrate or sodium perchlorate, with which neither
silver nor palladium formed stable complszee and hence toward which both elements
vere elsctrochemically more "noble"”, gave satisfactory results. One representative
set of values for silver activity was: solution after electrolysis, < 0.1%;
solution after washing cell, 0.4%; activity found on cathode, 97%.

During the course of this study ssveral observations have been mede
concerning losses from sorption which may be helpful in devising procedures for
other elements. For example, little difficulty was experienced with sorption
on glass or agar surfaces vhen dealing with the very stable cyanide complex.
Interference becane noticeable but not important for sclutions containing the

emmonia complex of silver. On the other hend, seriocus losses from sorption, which
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took plac: primarily on the glass surfaces, alvways occurred when working with
solutions of nitrate and perchlorate. ‘l'he‘rato of loss due to this factor was
reproducible. Figure 9 indicates that an appreciaeble amount (ebout 15%) vas
very rapidly sorbed. By coating all of the glass surfaces with ceresine wax,
the sorption losses for a five hour electrolysis of a nitrate solution were
usually decreased to less than 5% (9) (21). According to Krause (9), some
activity is sorbed on the scotch tape gasket from solutions of weak complexes, :
end the use of writing paper coated with ceresine wax will reduce this source of
loss to a negligible figure.
Radiochemical Considerations

It is readily spperent from the experiments described in the present
paper, that the authors were concerned only with relative measvrements. No
sttempt was made to determine the absolute number of counts or disintegrations
in a semple except in making the rough checks of the yields of Pa'’Y and Agi™.
The need for absolute values of self-scattering end back-scattering wers eliminated
by reducing all measurements to a single set of conditions.

It vas necessary to determins the relative amounts of back-scattering
on platinum and on glass because most radiochemical analyses of solutions were
made by evaporating en aliquot on a watch glass whereas most of the electrolytic
deposits were counted on the platinum cathode. A glass-to-platinum ratio of 0.T4
was found to be very reproducible (5).

There appeared to be a need for considering self-scattering because the
activity of a solution befores an electrolysis was determined by evaporating and
counting & portion containing several milligrems of solid material whereas the
activity on a cathode was usvally measured with less than 0.1 mg. of solid present.
Experiments showed that a maximmm error of about 5% might be introduced from this
source so this factor was ignored.

During the course of experiments not reported in the present study,

it was noted that the material balance for a particular electrolysis was often
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better than 95%, but meny times it fell bstween 90 and 95%, and sometimes as
low as 85%. In no case wes a significant amount of activity found in the wash
solution, the agar bridges, or on the glass surfaces. The low recoveries appearsd,
therefore, to be the result of an unegual distribution of activity on the electrode,
and radicautographs proved this to be the case. The deta in Teble IV illustrates
the extent to which the errors arising from the geometry of the deposit (as well
as errors erising from differences in self-scattering) were decrsased by dissolvin:z
the deposit in & solution containing aprroximately the same weight-percentage
of solid (and often the same salts) es the original solution. After introducing
this additional step, the materisl balances were almost alveys better then 96%,
and they often fell above 98%. The latter figure was considered to be within
the experimental limit of error of complete recovery for counting procedures of
this type.

Brrors arising from variations in the geometry of the deposit probebly
could have been avoided by using a different type counter emnd/or a emaller cathods.
However, the counter smployed for this study had the advantage of being a widely
used design. The alternative of using a smalier cethode was avoided because it
wvould have necessitated longer periocds of electrolysis as a result of the slower
rate of plating. Such a change would have been unfavorable in working with the
relatively short halflife of Pal®,

Conclusions

It has been shown that polarograms cbtained with a solid eleetrode
provide a practical basis fc;r Judging the feasibility of a separation vhether or
not the reaction is thermodynamically reversible. After a deposition had been
completed, a satisfactory rscovery was made by the use of a wash liquid containing
 an elsctrolyte toward which the deposit was reletively "noble”. The precision
and the accuracy of the results was improved by dissolution of the deposit and
estimation of the activity in the resulting solution.

Of the sclutions tested, cyanide produced the best separation.. By
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ropeatizig the electirolysis, correspondingly purer silver was produced. Although
the experimentsl data can only be applied strictly to solutions having the seme
concentration of silver, the information iz sufficiently general to be useful for
a8 comparatively wide range of trace concentrations.
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Belative Amounts of Certain Silver amd Pallaldium Isotopes Following a Neutron
Bombardwent of Natural Palladium.

Table I

End & Hours 8 Howrs
of After After
Ratio Bombardmsnt Bambardment Rowberdmsnt
%"ﬁ,};’;‘__ 7.0 x 1° 8.6 x 10° 1.2 x 107
ag'tt
pa % 22 18 13
Rgl
8
Total Pd 1.5 2 10 1.6 =z ].08 1.6 x 108
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Table IT
Half-Wave Potentials of Millimolar Palladium and Silver Solutions Obtained With
Stationary Electrodes Using Automatic Recording.

Background
Solution Silver Palladium
0.1 M FH)0H -0.02 «0.50
003 “ m -0-22 -°'h3
0.1 M 1526203 ~0.k1 il
. E2~3
001 " Nam -0.8’4 P
0.1 M NeOH 0. 79" i
and '

1.0 ¥ NaOE

#Hydrogen evolution preceeded the palladium reduction wave.
#Exact value depends on rate of polarization.



Tabls IXI
Separation of "Carrisr-Free” Silver from 10”3 M Palladium Using Various

Complexing Agents.
Supporting Cathode Potential % Palladium % Silver  Separation
Rlectrolyte vs. 8.C.E. Plated Plated  Factor x 102
0.1 M NegSy04 -0.250 0.016 4.3 8.7
. -0.410 0.018 12 6.7
~0.500 0.086 22 2.6
0.1 M BE, 0H +0.150 0.008 8.4 10
«0.015 0.017 21 12
-0.350 0.14 7 3.4
0.3 ¥ KCNS ~0.100 0.069 16 2.3
-0.220 0.15 27 1.8
~0.350 ' 0.80 bk 0.55
0.1 M NaCl -0.805 0.008 0.35 0.k
— -0.860 o.ooh. 0.33 0.8
-0.950 0.008 0.40 0.5
-1.025 0.005 b 9% 3.4

-1.210 0.006 25 4o




Table IV
mmtsnmmmwwmmmm.

Percent Silver on Cathode

By Cownt of By Count of
Cathode Strip Selution
96 98
86 8
86 95
8o

& G

%
32 37
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Figure 2. Polarograms of Millimolar Silver Complexecs Obtained with
a Dropring Mercury Electrode Using Automatic Recording.

I. 0.1 ¥ BH),0H
II. 0.3 M KCNS

IIT. 0.1 M NagSy0,
IV. 0.1 M NaCN
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Figure 3. Polarograms of Millimolar Silver Complexes Obtained with a
Stationary Platinum Electrode Using Automatic Recording.

I. 0.1 M m,‘on
II. 0.3 M ECNs
IIT. 0.1 M NayS0;
IV. 0.1 M NaC¥ + 1.0 M NaOH
V. 0.1 M NaCN
The "A” curves sre the corresponding dissolution waves.
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Figure 4. Polarograms of Millimolar Pelladiums Complexes Obtained with
a Stationary Platinum Electrode Using Automatic Recording.

I. 0.3 M ECNS
II. 0.1 M NH,OH
III. 0.1 M 3028203
IV. 0.1 M FRaCN
V. 0.1 N FaCN + 1.0 M NeOH
The "A" curves are the corresponding dissolution wvaves.
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Figure 5. Rate of Deposition of Silver and Palladium at Potemtisls Mcre
Negative than the Polarogrephic Wave.

C - "carrier-free" silver in 0.1 M NaCN + 1.0 M NeOH
d”uoma at ~1.200 V. vs. S.C.E.

& - 1077 M silver in 0.1 M NaC¥ + 1.0 N NaOH
electrolyzed at ~1.100 V. vs. 8.C.E.

® - 1073 M palladium in 0.3 M KCNS electrolyzed at
-0.9“) V. v8. S.C.E.
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Figure 6. Rate of Deposition of Palladium at Potentials More Positive
Than the Polarographic Wavs. .

O~ 1072 M palladium in 0.1 M NaCK + 1.0 M NeOE
.mtml’z“ at -1-200 VO vye. SoColo

® - 1073 M pelladfum in 0.1 M HaC¥ + 1.0 M NaOH
0100‘&‘011!0(1 at ~1.200 V. v8. S.C.E.

&- 1073 M palladium in 0.3 M ECHS electrolyzed at
<0.100 ¥. vs. 8.C.B. -
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Pigure 7. Decay Curves for Atten@tod Purification of Silver by
Selective Dissolution of Silver in 0.3 M Potassium

Thiocyanate.

Q « electrolyte
@® - cathode after elsctrolysis
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Figure 8.

Decay Curves for two Successive Electrolyses in 0.1 M
Sodium Cysnids plus 1.0 M Sodium Hydroxide.

O - deposit after firet electrolysis
© - deposit after second electrolysis
@ - electrolyte after second electrolysis
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Figure 9. Ratd of Sorption of "Carrier-free" Silver onto Class from
Nitrate and Perchlorate Solutions of pH k.

¢; - "carrier'free" silver in 0.1 M RaClO,

® - "carrier-free" silver in 0.1 M lll03
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