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Abstrect

By means of radioectivity, the extent of silver deposition on
platinum cathodes was determined at irarious potentials under conditions
closely approaching equilibrium. For any specific solutiom having a
concentration of siiver of 10-5 M or greater, the resulting curve agreed
woll with the polarographic cuwrve. For concentrations equal to or smaller
than 10"7 M, the smount of silver was insufficient to cover the electrode
and the resulting deposition curves often shifted to a potential sevaeral
tenths of a volt more "moble” then thet predicted by the Nernst equation.
The saift which may be the result of elloy formation, was influenced greatly
by the "inert" electrode material.

Chenges in the electrods area end in the volume of golution vere
found to shift the position of the depositlon curve in accordance with
pradictions based upon the Nernst equaticn. Conplexing agents dscressed
and sonetimes eliminated the shift toward noble behavior wheress, in ome
case, a higher concentration of acid produced & larger shift toward

"nobility”.

Introduction

The question of whether or not the elsctrodepositicn behavior
of traces can be predicted by the Nernst equation is a classical ome.
Haiseinsky (1), in reviewing the subjoct, pointed out that there are
many cbntradictory conclusions in the literature, some of vhich undoubtedly
stem from the Pact thet some investigetors have tested an ebridgsd equetion
rather then the complete Nernst expressiom. It appears that the complete
Hernst expression plus cn additionsl term to eccoumt for differences in

free onergy erising at the depcsit-electrode interfeco from the use of



thom
difPerent "inert” electroie moterizis may be correct (2). It was suggesied
thet the deposition behovior of traces should be alffected by cheanges o
area of the elsctrode and volume of the solution but not by changes only
in the totel amownt of tracs slement undsrgoing rescition. The expsriments
described in the present peper ware designesd to test these predictions and
to provide informetion concerning the types and the megmitudes of errors
encountered in the varicus procedurss.

Silver vas selected for tihis study becauss of its fevorable chemical
end radicchemical properties. The slsctrode reattions of silver are ome-
elscitron tremsPers which are resdily reversible. The relatively "noble"”
potentials et which many of the reections take place help to minimize
dissolution lomses in hemdling the elsctrodeposits. Furthermors, slthouvgh
ss‘i.i.ver ig an vacommon iapurity in reagenis, 1t cap if pressnt; be réduced
to & very low concentration by elsctrolysis. Finelly, silver has a radic-
activs isoctope (Agm); having & 7.5 doy half-life and a 1.0 Mev. B~
particie, vhich can be produced with en adequately high specifiic activity
o allow sccurate measurement of the relative amount of gilver in a very
dilute solutiom.

A1l of the data vere calcuiated on the basis of Pormel potentials (3)
whiech wers 2{rst obtained polsrogrephically and then checked by elsctrodeponition
using 10-‘} M solutioms. Factors such as a.ctivity-ccef'ficients 5 Junetion
potenticle, and concentration of the complexing agent were held comstant

throughout the series of experimonts invoilving a particuler background solutiocn.

Experinontal Detall

Apparabve
A1) of the equipment employed in this study wes the same as that

repcrted proviously {(LY: & wodified Sargent Medel XX polorogreph, a constant-
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voltage reguletor ceapeble of contyol to -3 nv., & Bockmen pH meteyr flcted
vith a special electrode having a small correction for sodjum ion, special
electrolytic cells ensbling the deposition to be confined to & fixed area

on one side of & platinum foil, end standard equipment for B~ perticle count-
ing consisting of a thin mica end-window Geiger~Muller tube, an eluminum-

lined lead shicld, and e scaling circuit.

Reapgents and Solutions

Reegent grade chemicals were used throughout this Investigaticu.
Distilled vater was used in most of the experiments except those involving
traces of silver vhere triply-distilied watser wes employed. The triply-
distilled water vas prepared from the leboratory supply of distilled water
by distilletion in en all-glass apparatus, first from alkaline permenganate
and then from phosphoric acid. Starting in each case with two liters of
water, the fraction between 25 ond 75% was collected. The Pfinal distillate
did not give a positive test for silver v’nen‘ examined with a procedure
sensitive to 0.05 ug/mi. (5).

Vhenever possible, a solution of each reegent wes freed from
natural silver by electrolysis before the tracer was edded. Such a procedure
vas deemed advisebie even for the palladium (Baker and Co.) which scustines
contained spactrographically-detectable amounts of silver of the order of
50 ppm. (6). The procedure for the removel of silver impurity was the same
as that used to recover the silver tracer following the neutrom-bombardmenty
of pallediwn. In addition, two stops were necessary in order to recover the
purified palleadium wotal prior to activetion. The entire procedurs is
ocutlined below.

A 50 mg. rortion of pelladium metel was dissclved in a nigture of

nitric and sulfuric acids. After cooling, the solution was diluted to about
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3100 nl., nsutralized by cdding pellets of sodium hydroxlde slowly. end
then made 1.0 ¥ in sodium hydrozids and C.10 M in sodium cyanide. This
solution vas electrolyzed For three hours using o platinum gauze slectrode
waivnteined at -1.2 V. vs. the ssbureted celomel olectrode (S.C.E.). After
removing the electrods; the electrolysis was ropeated ueing a second clean
eloctrode. Then, pollediuy cyanide was precipitated by adding sulfuric acid,
cnd vashed with triply-distilled water. The fipal step of the purification
consisted of dissolving the palladium cyanide in sulfuric acid followed by
the precipitation of palladium metel by foma:idehy&e, ™he produet was alvuays
epectrogrephicelly-free from silver, i.e. lsss than sbout 10 ppm. (6).

Agm trecor havivg a high specific ectivity was prepared by

bouwberding naturel palladium with neutrons,
Pati0 (n,7) palllt -56% Pyt ..‘___!;_%ZE__} calt (stebie),

dissolution of the palladium, and recovery of the silver by electrolysis with

a platinum elecirode (4). By carrying out three electrolyses in series, the
smount of palladium accompanying the silver was reduced to & very small value
(calculeted %o be less than 1% of the smount of silver). However, cmell amounts
of platinum undoubtedly dissolved froum the cathode slong with the silver when
the latter was stripped from the electrods into the desired background solution.
Calculations indicatsd that if one could nsglect the emount of silver inmtroduced

as an iepurity, the resulting trecer solutions wers ebout 1 x 1077  in aflver.

Frocedures

Polarograms for silver iz various beckground electrolytes were recorded
avtomatically using o solid electrede, usually platinum and an cutside sstursied
calomel olscirode (7, 8)-

Electrolyses were cerried cut in essentially the same wgy that hos
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been described previousiy (k). A glass tube having both ends open, wae

clamped onto a platinum foil to define & clvcls having s plane aves of abeout

5 cmz, The capacity of a cell was sbout 35 =l. but 25.0 ml. ves used for
most of the experimental work. The soluticn was stirrved at 300 rpm uwsing &
glass rod having a single small peddle. All glass surfaces, including those
of the stirrer end the agar bridges, were given a fresh coat of corssine
wex before each experiment in order to minimize losses from sorption.
Platinum electrodes were usually sufficiently free from silver (end redio-
activity) to be used sgain after a preliminaly clesning in boiling nitric
acid followed by immersion ‘in a solution of sodium cyanide for several
hours.

In the interest of nminimizing losses of deposited silver vhile
the elsctrode was being washed, the following variation was intreduced:
Afte» the stirring had been etopped and most of the sctive solution removed
by suctiw,m, the potential of the cethode was wede sbout 0.5 V. more negative.
The amount o weterial plated from en unstirred solution vas negligible but
the additional \citage eppeared to help in holding the deposit vhile it was
being washed with twe recoumended (%) nitrste or perchloxate solution. The
activity cn the cuthods was then disscived in a solution of cyanide by
eloctrolyais for & few mirutes et a positive potential tc strip the radio-
silver from the electrods. The activity in e sample of the "strip” solutics
vas then determined.

Some studies were made by depositing the trace complotely and then
ad justing the potentiel to the desired value. This provad to be a useful
method for finding the spprexzimate (sometimes exact) locetion of a dsposition
curve because a pumber of potentisles could be examined comsacutlvely in &
short time. In gensral, a stripping procedure allowed one to approach nore

closely to en eguilibrium velus in e shori imterval of +ime than a deposition
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procedure did. Sempling {50 or 100 ;ﬂo) of the supernatent betwsen sach
setting of potentisl resulted in negligible losses of solution.

Standard radiochenicel $Hzchnigues were used {or the estimation of
activity. All counts were made under conditions such that back-acatiering,
self-scattering, and geometry wore held constamt. Colncidemce corrections

were made wien necessary. All meesuremsnts were relative rather than sbsoluts.

Results

Change in E“O% with Concentration of Silver

The change in Esng, the potential at which half of the silver is
precipitated on a silver electrode cau be predicted from the equation

E = B+ &2 1 ¢ (1)

| whare Eof is the formel putential for the reaction in question, C is the
molsr concentration of the reducibls ion, snd the polarographic convention
is used for sisgns. Providing overvoltage from factors other than concen-
tration polarizetion can be neglected, F")’O‘}ﬂ for an electyrodeposition should
sgree wich the polarogrophic halfwave potential (Ej /2).

myricel evidence of such agreement for solutions having initiel
concentrations of sf.lver. equal to or grester than 10-5 H. is shoun in Table I.
It was geasrally possible to repreduce the walues for El /2 or Eﬁo% within
$0.01 V. Deposition resulis for a solution of 0.1 M sodium perchiorats at
pd 4 are not shown because thay agreed with those for nitrete. 1¢ was found
that the dizagreement betwesn E50% and E1/2 Por a solution containiug O.1 M
cyenide and 1.0 M hydroxide could be eliminatved Sy changing manually the
potontial on the polarogrephic slidewire and waitirg 15 minutes or more at
eech potential before reading the current. The disegreement, therefore; was
sherivuted to overvoltage in the eutomatically rscorded polerographic curve.

Calculations showsd thet 25 al. of a 5 x 10"7 ¥ solution of silver
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would be sufficient to form a monolayer on a 5 cm2 area. It was not
surprising, therefore, that 1071 M and more dilute solutions deviated
from values calculated froam egquation 1.

Bowevey, this behavior is in accordance with the predicticns
of an equation based upon en early suggestion of Herzfeld (9) thet the
activity of the deposit might vary with the fraction of the surface covared

with daposit. This can be stated es (2):

= E,° RZ Aefl, BT 1-z
B Ef +Ea+ e lﬂm + oF in x (2)

vhere E°f = formal petemtiel for a covered electrode

By = Potential associated with free ensrgy of alloy formation
(at the deposit-electrode interface)

]
4

Fraction of the initial amount of element deposited at
potential E.

= ‘The volume of solutiom.

The electrode area.

= The area of a deposited atom.
= Avogadro‘s mmber.

£y and £9 = Activity cosfficients of the ion and deposited atom
rgspeotively.

By combining the first three terms one cbitains 3507‘. for o particular set of

ot o & 9
8

exper imesntal conditions:

LA EE EL - 3
It is apperent from equation 2 that one vould expect the positiom of the
deposition curves for trace smounts to be indepondent of initial concentration
vhen the electrode area end volume of solution are held comstent.

The examples shown in Figure 1 illustrate ths types of curvee that
were found. One very importemt aspect of a curve for trace emounts 1s its

comperatively poor reproducibility which usually cmssponded to nearly
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z 30 mv. despite the fant that the regulators controlled the potential o
p 3 wv. or bsiter. ther factors, perticularly differences in aress of
the electrodes, contributed errors which will be discussed later.

As ome might have expected, 10"6 ¥ sclutions giwe a curve having
certein characteristice of both "macro” and irece curves. The results in
Figurs 2 indlicate thet except for cme curve, the Egng velue fell close to
z 0.1% 7., the value predicted from equation i. However, in common with
curvas for trace smounts, there was apprecisble plating at potentials
several tenths of a volt more positive than the E50f. Furthermors; the
amount of scatter in the values for percontage of silver depoaited at eny
gpecific potential more positive than E% was cheracteristic of that
found in experiments vith trace amounts.

Two importent conclusions cen be drewn from the results that
have been presented. The first is that the behavior of en ion in contact
with an fLucompletely coversed electrode mey be quite different from its
"macro” behavior. Instead of changing with the initial concentration of
solution in accordsnce with equation 1, the E50‘?5 for traces wes constant
within the rether wide limite of errvor. This was demomstrated by agresment
between curves for 1077 M and "trace" solutions. ¥t is true that one ean
argue that the smount of impurity remaining in resgentie was the limiting
factor which ramsined constsnt ovut it appsars hiphly probable that such
was not the case in viaw of extracrdinary precautions which were teken to
vaduce the silver content of ell recgents.

The sscomnd concliusion one can draw from the depositiocn curves
for treces is theat E, cau causs a sizable ghift in the deposition curve.
If By were zero the cuxrve for trace amounts would be displaced from Eof by

b
gn amoumt -+ BT in .i".....%.‘ . Teble T shows that gsuch a displacensnt vae

WF  VigAnis
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found for cyanide solution. On the other hand, substantial shifts of
the deposition curve to positive potentials were fourd in ammonia, nitrate
end perchlorate solutioms.

'The fact that E_ ig not independent of the medium cen be explained
1f cne essumes that the anion substentially effects the rate of dissolution
of the "inert" electrode. Qualitatively, there are many pieces of evidence
to support this sssumption: (1) At comparable potemtials, the silver can
be removed from an electrode much faster with a cyanide solution than with
a nitrate solution. Complete removal of activity is also easier to effect.
(2) In working with trace amounts, stripping curves agree very well with
deposition curves for cyanide solutior whereas for nitrate, porchlorate and
ammonia solutions the stripping curves are displaced about +0.2 V. from the
respective deposition curves. |

Since the value for E, should bo the same for each solution enly
if the rate of dissolution of the "imert" elsctrode is the same, the maximum
value for Eg should bs found for the solution for which the raste of dissclution
of the "inort" electrodes is slowest. One would expect to find the maximum
value for E, in nitrate or perchlorate medium since these anions would form
the least stable complexes (if any) with the platinum. Xt is couceivebls
that the rete of dissolution of an inert electrode in certain solutions
m:ightbesofastthatthadspositimcmefocatmemﬂdbedispwd
%o a value more pegative than that calculated fram equation 2 on the assusption
that B, were zero.

The observed effect of perchloric acid in increasing the nobility
of silver on platimm cen be interpreted on the forgoing basis. However, it
is also possible that & mechenism involving changes in the amount of platimum
oxide (or hydrogen) cn the surfece of the elecirode might be involved. More
evidence 18 needed before a definite stetement can be made.



Chenge in Es:x}zﬁ with Poluwe of Solution

Equation 3 predicts thet 1f two sclutions initially contain the
same total number of reducible ions and asre elsctrolyzed under otinervwise
identical conditicms, the golution having the smaller volume will have the
larger number of ions removed by deposition. The procedure which follows
was desicned to test that prediction.

A 5,00 ml portion of 0.1 ¥ potassium nitrate solution st pE 4.0
to which silver tracer had been added wes slectrolyzed at a potential
sufficient to precipitate mowt, if not all, of the silver. The actlvity
of the solution was determined both before and after electrolysis by counting
an aliquot of the supernatont. After the potential had been chenged to strip
the activity from the electrcde the supernatent wes sempled again. The
analysis of the first supernetent together with the difference between the
+wo was sesumed to repreosent the pevceutages actually involved in the
deposition oquilibrium. The difference in actlivity between the seccnd sempin
of the supernatemt and the amount initially present before electrolyeis
represouted the loss due to sorption end to diffusion into the seli bridgesn.

The volums of the solution wes thon inereased to 25 ml by the
addition of 20 ml of 0.1 M mo3 (pE 4.0) and the silver redeposited. Again
the activity of the superpatant was determined before and af*ter strippine
the depesit frem the electrods. The position of the EE‘)O% Tor the silver
in each wolupe wes ~alculated oy suhstituting the eguilibxiwa vslues into
gguation 2 1o detemine 5250%.,. The depesition curves were zssumed to be
symmetricsl in méaine; ths calculation.

fpe date showm in Taple I¥ substantiete very satisfactorily the
predictica of equation 3. The fact that tho dats were so good is probably
the result «f heving ouly one electrode of falrly censtent area involvead

in each coparicon. The sgrecment obteined in these experiments (plus the
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fact that all of the changes were somevhat greater tham predicted) is
evidence that the wide limits of error found in the dsposition curves
where several electrodes were involved wes largely the result of differences

in the elsctrode area.

mmangeinEMwithAa

Indirect evidence has already been presented to support the idea
that the electrode area is en importent factor affecting the extent of
deposition of a trace. It was evident that any attempt to evaluate this
factor quantitatively would be limited by the reproducibility of the curves.
This reproducibility was first determined by calculating the ESO% value
for seversl points on a curve using the equation

EsEm +_§%;...ln(l'x) . . (k)

When this vas dons for a mumber of curves, the values were regularly found
to spread over 50 - 60 mv. An independent check wvas then made by determining
one experimentel point 15 times using a different electrods each time. After
being boﬂ.ed’ in nitric ecid for 30 minutes, electrodes 1 through 8 were
allowed to stand in & warm solution of cysnide for am hour befors being used
vhereas electrodes 9 through 15 were not removed from the cyanide for 64 hours.
From the averages of the percentage plated om the two groups of cathodes, one
can calculate that the average increass in area resulting from the prolonged
treatment with cyanide was 2.7 fold. This change might have besn somevhat
greater if new platinum elsctrodes had been used for the first group of
experiments instead of elec;brodes vhich had already been used meny times.
However, an overall average of the data in Table III represents the extremes
encountered in the present study in selecting en electrode at random end
cleaning. It is important to note that the maximum spread of 54 mv.

confirme the other resulis.
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To study the change of E‘SO% with arse, convenience favored the
choice of a smaller rather than e larger electrode for comparison with the
standard 5.0 cm® electrode. It was fourd that a wire of about 0.1k e
plans ares would reech essentially an equilibrium velue in 15 hourse time
wvhen the volume of solution was 5.0 ml. A Ffactor of 35 would barely produce
a significant result; and sven then cnly if a sufficiemtly large number of
determinations vere mede to allow statisticsl reasoning to be used. Although
the results presented in Table IV are too fev to allow conclusions of
quantitative nature toc be made; they do indicate e trend in the proper
d:l.rectiom,‘ 1.0., loss plating on the smaller elsctrede.

The procedure was as follows: The amount plated onto e 5.0 cmz
electrode was determined using the procedure described in the preceeding
section. In getting data for the smaller electrode e sheet of wexed paper
was substituted for the 5.0 cn® electrode in the regular cell. The micro
slectrods was prepared by sealing a platinum wire into‘ a glass tube,; immsrsing
the wire snd sbout thres inchss of glees tubing into melted mex, end then
scraping the wex from & measured portion of the wire with a razcr blads.

The exposed portion of vire was carefully cleaned in the usual wey with nitric
acid followed by cyanids. A study of the rate of plating from 5.0 ml

shoved that in 15 hours one rcached greater than 97% of the equilibrium value,
80 a 15 hour electrolysis was made bsfore dstermining the distribution of

tracer.

Influence of the Electrode Meterial on Em

All of the experimemts that have been described above wers carried
out with platinum electrodes. There is much evidence in the literature (1, 10,
11, 12) that variations erising from differences in electrode materialse are

often very slight, but the results givem below for tantalum, gold, rkodium,
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pallsdium, and tungsten indicats such agreement msy be exceptiomal.

The study consisted of three parts: (1) A polarographic study
of the deposition of "macro” emounts of silver on the verious elements,

(2) A repid non-eguilibrium determination of a deposition curve for a trace
of silver, and (3) A rapid ron-equilibrium determination of the reversibility
of the deposition. It was hoped that by running platinum along with the

other metals, a rough comtrol would be available by which to judge how far

the last two types of curves for each element deviated from equilibrium
values. Points were taken after 30 minutes at a particuiar potential.

The polerographic halfwave potentials for a millimolsr solution
of silver in 0.1 M perchlorate at pH 4.0 are listed in Table V. Although
the values are rather close to one another, one should note that there is
a spread of nearly 0.1 V. in the helfwave potential despite the fact that
is is usually possible to duplicate he.lfvave potentials for a platinum
electrode within ¥ 0.01 V. (7). It seems reasansble to conclude, therefore,
tkat the differences in polarographic behavior are real.

It vas interesting to find that the deposition curves for tracer
silver followed essentially the same patiern as the polarograsphic curves
(FPigurs 3). The Esof for silver on gold was more noble while those for
tungsten and tantalum were less noble themn the value for platinum.

The respective stripping curves (Figurs 4) produced very marked
differences: (1) The wave for tungsten was poor end stripping was incomplete;
(2) Tuintalum, even at +2.6 V., had stripped only a fewv percent mors than it
had at + 1.2 V.; (3) While the platinum stripping wave shifted sbout +0.2 V.
from the deposition weve, the dissolution vave for gold was shifted - 0.06 V.

Spectrographic analyses indicated that before any depositions had
been made rhodium, tungeten, and tantalum were specirographically free from
silver while platinum, palladium and gold had trace smounts presexit.. However,

the observed differencesiin behavior camnot rwesonsbly be attributed to
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variations in the emount of silver in the materials.

Miscellaneous Studies

Before carrying cut the experiments described up to this point »
the relative importance of each experimental factor was eveluaste i as carefully
es possible. For example, a determination of the time required for conplete
(98%) plating wes carried cut every time a chemge was made in slectrode area,
volums of solution or electrode matorial. Each rate-of-plating curve was
established with five or more points.

Reproducibility tests were made for all plating end stripping curves.
At the same time extensive studies of sorption losses were also made. Ceresine
wax wvas found to be the mos'p suitsble substance for covering the glass surfaces.
It was founl, too, that in working with nitrate and perchlorate solutions the
uge of a waxed paper gasket wes much better than one of scotch 1ape. The
fact that ebsorption losses decressed with increasing stebility of the silver
complex suggests that better recoveries and improved analytical separations
should result from the use of morc steble complexing agents.

The question of whether or not the curves represented equilibrium date
is primarily a matter of definition. It waes somstimes difficult to remove the
activity entirely from an electrods, an experience that most investigstors have
encountered. Furthermore; in determining the rates of plating and stripping two
very distinct rates were noted in each curve. For example, in plating silver from
25 ul of & solution omto & 5.0 cm> electrods, the rate of plating was rapid for
the first five hours. During the folloving 2k hours, the activity in the super-
natant dropped about 25%. An analogous study of stripping rates showed an
abrupt change in raste between 15 and 30 minutes after electrolysis began; snd,
after 24 hours the activity of the supernatant had incressed ebout 35%.

There i1s no doubt that silver diffused into platinum to form a solid
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sclution. A trus equilibrium value would require & homogensous soliid
solution to be in equilibrium with the aquecus solution and by using date
obtained after 5 hours of platingq.ohe is dealing with A constantly changing
system. However, since the rate of diffusion in the solid is slow compered
to the rate of plating, it should be possitle to arrive at a first a2pproxi-
mation to an equilibrium value by electrolyzing only until the rate of
plating changed. The value thus obtained is in equilibrium only with respect
to a thin léyer of the "inert" electrode (13). Attainment of equilibrium with
a howogepeous solid solution wee impractical in these studies vhere it was
dssirable to use 4 mil. foil because of ite sturdiness.

Ae yet, insufficient information is availlzble to ellov a relieble
calculation of E, to be made. It has been pointed out thet factors other
than E, especially the rate of dissolution of the electrods, will influence
the position of a depositiom curve for g trase. It is apparent that before
investigations cen be undertaken to study changes in E, (or f3) with cheanges
in the fraction of a surface covered by an "active" (in the thermodynamic
sense) desposit, e more exact knovledge of aiectrode erea and raies of
dissolution is necessary.

It is slso apparent that ezcept for the solutions containing 1 ¥
acid or base, the sbsence of a buffer resulted in apprecieble changes in pK
during an electrolysis. Changes as great as 4 or 5 units wvere quite common.
For exzample, 0.1 H potessium nitrete at pH 4.7 was usually about pH 10.2
after a five ﬁour electrolysis. Although such changss were undesirable, they
were quite uniform at all potentials on a particular cwrve. For that reason
the sbsence of a buffer was not felt to be sericus, end its absence redvced

the complexlty of the sclution.

Conclusions

Evidence has been presented to show that the volume of solution sad



the electrode ares affect the position of & deposition curve for a trace
concentration of silver. The position of the curve is independent of tae
initial concentration cf the traceo. Thie behavior can be predicted from
the Nernst equation providing one assumes that the thermodynamic activity
of the deposit veries with the fraction of the "imert” elesctrodz surface
covered by the deposit. For that reasonm, the investigators wh: assumed
that the activity of the deposit would alweys have a value of wity (1, 12, 1k)
were in error in concluding from their data that e Rernst-type expression
did not describe the deposition bshavior of traces. However, it doss
appear that the Nernst equation is inedequate for other reasons, nanely,
that the froe energy of alloy formation and the rate of dissoluiion of the

"{nert"” slectrode must be considersd.

Acknovledgements

The suthors are very much indebted to C. B. Pickle and
R. W. Lamphere of the Instrument Department for the design of the voltege
regulators which made this study possible. The authors wish to thank
C. Peldman end M. Murray for mesking the numerous spectrographic anslyses
required for this study.

This work was performed under Atomic Energy Commission ¢ ontracis
No. W-35-058 eng. 71 with Monsento Chemical Company end No'r W-7405 eng. 26

with the Carbide and Carbon Chsmical Corporation.



~19-
References

3. M. Haissinsky, J. chim. Fhys., 43, 21 (1946).

2. L. B. Rogers asnd A. F. Stehaey, ORNL-99, July, 1948.

3. E. H. Swift, "A System of Chemicel Analysis”, Prentice-Hall, Inc.,
New York, 1940, p. 50.

4. J. C. Griess apd L. B. Rogers, ORNL-91, July, 1948.

5, 1. M. Kolthoff end R. S. Livingston, Ind. Eng. Chém., Anal. Ed.,
1, 209 (1935).

6. C. Feldman, Private communication.

7. L. B. Rogers, H. H, Miller, R. B. Gocdxich and A. ¥. Stehney, MonC-236,
November, 3S47.

8, E. M. Skobets and S. A. Kecherove, Zavodskaya Lab., 13, 133 (1947).
9. X. Herzfeld, Phys. Zeit., 1k, 29 (1913).

10. A. Coche, Compt. rend., 225, 936 (19k7).

11. A. Coche and M. Heissinsky, Coumpt. rend., 222, 1284 (1946).

12. C. [. Hsenny and P. Mivalez, Relv. chim Acta., 3i, €33 (1948).

13. B. V. Rollins, J. Am. Chem. Soc., 62, 86 (1940). See also: G. V. Hevesy
end M. Biitz, Z. pbysik. Chem., B, 3, 271 (1929); through reference #12.

14. H. G. Hesl, Report MC-33 to National Research Council of Canada,
December, 1943.



Table 1

=20~

Comparison of Polarographic and Deposition Curves

: Eeq for 10°2M. vs. S.C.E.| Eeng for 10-TM, ve. S.C.E.
Background | By/p ve. S.C.E. | 9% T ve. 8.C-B. | Bsog for 107, vs. 8.C
Electrolyte 10-3 M. Predicted | Experimental | Frsdicted | Experimental
From B} /2 Value From E1/2 Value
0-1 H m03 +0032 +0¢20 +O¢21 +0.08 +°oh8
PH = 4.0
001 M NaCl "'0932 +0n20 i *'0«08 '.‘0060
1.0 M HC10j
011 M M3 “0-02 "Oull,' ‘Oolo "0026 "0005
Oel M Nam "0.8"’ "0-96 "00% -1.08 -0-95
0.1 M RaCl
1.0 M RaOH -0.T79 =~{.91 -0.89 -1.03 -0.99
i
o experimental value obtsined.




Table II

=21~

Effect of Volume on E5o% for a Trace of Silver

on 0.1 M KO, at pH 4.0

% Activity in Solution
% Activity on Cathode

Potential Deviation from
Vo 5ol ¢ 25 ml | Calc. for Calculated Valus
3.C.E. 25 ml in mv.
10,470 & | & 2
+0.470 §‘§" -%—- 52 6
«0.500 £ % ‘E‘-}" 1
1 i b
#0500 = | & | & 0

:

Av,
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Tgble ITI
Study of the Duplicebility of the Percent Silver Deposited
From 5 ml. of 0.1 M ENO3 (pH 4.0) on 5 cu® Platimm

at +0.500 V. vs. 5.C.E.

Cathode $ Activity % Material Balance
Ro. Cathode Supernatant Bridges
1 87 7 [t 98
2 99 2 b 105
3 91 5 5 101
b 95 36 5 96
5 Th 18 6 98
6 ol 4 2 100
7 64 26 a0% 110*
8 80 - ;1 7 101
9 98 2 2 102
10 90 2 6 98
1 91 2 L 97
12 ok 1 2 97
13 9% b 1 99
1k 92 2 2 96
15 88 b b 96
Ave. 86 ¥ 10 ’ 9 ‘ Y 99

#Probably in error; omitted from averags.

Ave. 1-8: 81 %129 = 23 mv. variation in E50¢
fve. 9 - 15: 94 T 3§ = 15 wv. varistion in E5of
Ave. 1 - 15: 86 = 104 = ¥ 27 mv. veriation in Esod
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Figure I

Typlcal Deposition and Stripping Curves

for Silver in Various Media

"Trace” silver in 0.1 KNO3 pH 4.0

10™7M silver in 0.1 M ENO3 pH 4.0

"Prace” silver in 0.1 M NK3

10"2M silver in 0.1 M NH,

"Prace” silver in 0.1 M NaCN + 1.0 M NaCH

ElOpD>eoO

10~°M silver in 0.1 NaC§ + 1.0 M NaOH

The dotted lines indicate the corresponding stripping
curves.
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Figure II
Deposition Curves for 10'614 Silver in 0.1 M

ENO3 pH 4.0
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Pigure III
Deposition Curves for & "Trace” of Silver
in 0.1 M KNO3 (pE 4.0) on Various Electrode

Materials

1 Gold

® Platinum
i Tungsten
£\ Rhodium
€ Palladium
@ Tantelum
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Figure IV
Stripping Curves for a "Trace” of Silver

on Various Electrode Materials in 0.1 M

KJSO3 PH 4.0
0 Gold
B rlatinum
&y Tungsten
& Rhodium
¢ Palladium
@ Tantalum
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