i? - -—-Aqi

P R - S

Read by

. CEW
Cover Page for UNCLASSIFIED Reports TECHNICAL. LIBRARY
. MONSANTO CHEMICAL CO, DATE /- 15-4 8
CLINTCN LABORATORIES FILEND. S 7 9 0

RECORDED
P, 0. REG.

- REPCRT NOC, a.
This document contains 22

Pages of Text and 4 pages
of Figures.,

This is copy of zé 3
Series 4 . ,

ISSUBD 10: Quylid) 3 Oue s
W torp. (5-% Waj/

THIS REPORT CONTAINS NO CLASSIFIED INFORMATION

Date Read by Date

.




MonC=236
Cheni stry-General

THE CLINTON NATIONAL LABORATRY

(Contract No. W-85-068, eng. 71)

POLAROGRAPHY WITH SOLID EIECTRODES

Lo B. Rogers, Ho Ho Mlller, R. Bo Goodrich and A. F. Stehney

November 135, 1947

Date Received: 12/11/47 ~ Date Tssueds 1/2/48



¥onC=236
Chemi stry-Ceneral '

DISIRIBUTION:

1. C, A. nochwalt
20 706=s

3. T08<A

4. T706-A

5. 706-B

6. Biology Library
7. Training School
8, Central Filee
9. Central Files
10. Centrel Files
11, Gertral Files
12. Central Files
13. b, dJ. Murphy
14. 4A; K. keinberg
16. L, B. Rogers
16. L. B. Rogers
17. L, B, Rogers
18. L, B, Rogers
19. L. B. Rogers
20, L, B, Rogers
21. L. B, Rogers
22. L, B, Rogers
23, L. B. Rogers
24. L: B. Rogers
25, Jo Ro Coe
26. M. C, Leverett
27, H. Etherington
28, w, A, Johnson'
29, Jo R, Huffman ‘ :
30, 4EC, Clinton Labomtomes Division
3l. A, Hollaender
32-4l. Argonne National Laboratory
42-44. Atomic knergy Commission, Wwashington
45. Battelle Lemorial Institute
48-~55. Brookheven National Laboratory
56-57. Carbide & Carbon Chemicals Corp. (K-25 Area)
58-59. Carbide & Carbon Chemicals Corp. {(Y¥-12 Area)
6063,  General klectric Company
64-65. Hanford Ingineer Vorks
66, Iowe State College
€7-69. Los Alemos
70. Madison Square Area
71. Massachusette Institute of Technology
72. Monsante Chemical Company, Dayton
73~T4- MNutionel Bureau of Standards
75, Patent Advisor : T
76. {Library Branch, Technical Information Division)
77-91. Library Branch, Technical Information Livision-
9295, University of California, Radiation Laboratory



" POLAROGRAPRY WITH SOLID ELECTRNDES

Is .Inveétigatipn of Certain Veriables Fncountered in Using Automatio .

Recording with Stationary Platinum Electrodes»
By
.o B. Ropers, H. H, Miller, R. Bo Goodrich and Ac Po stemy‘*

Abstract

Mixtures of ions which react rapidly with mercury usually cannct
be analyzed polarographically with the dropping mercury electrode, However,
on the basis of experiments with silver ion these polarographic analyses
eppear to be feasible using a pletinum micro-elesctrode and the usual _
automatic recording technique. The effect on the half-wave potential and
the diffusion current of using different rates of polaerization, larger
electrode aress and stirring have been exemined. Under controlled conditions,
the precision of the measurements is somewhat lower than for the dropping
mercury electrodeo

Introduction

The dropping mercury electrode is used extensively by polerographers
‘because meroury has a high hydrogen-overvoltage which allows a wide range of
reduction potentials to be studied.  Another edvantage of a dropping meroury
eleotrode is its reproducibly fresh surface. However, one is limited in
using this slectrode because mercury readily dissolves when it is made an
anode. In a neutral solution of potassium chloride one can operate only in
the range of 0.0 to =1.5 V. versus a saturated calomel eleotrode, On the
other hand, a smooth platinum electrode has a mush lower hydrogen-overvoltage,
the hydrogen coming off at approximately <=0.8 V. but, the electrode can be
used as an anode to @ 1.0 V. before oxygen is dlscharged. Thus, the platinum -
electrode makes available to polarography a new region of potential,.

Platinum electrodes have been used for obtaining polarographioc date
by Laitinen and Kolthoff (1) who determined the reproducibility of diffusion
ourrents and checked the linearity of the relation bstween diffusion currents
and concentration, They used a manually operasted instrument and measured
the current by detcrmining the potential drop mcross a standard 9999 ohm
resistance in series with the ce6ll. The electrodes were platinum wire (2),
4 mn, long and 0.6 mm. in diameter, sealed in the end of a glass tube. The
experiments were oarried out at a constant temperature to avoid thermal
effects and conditions wers suwh that no mechanical disturbances could
interferes, They obtained the points by increasing the emf slowly to the
desired velue and then waiting two to three minutes for the electrolysis to

sPresented in part before the East Tennessee Section of the American Chemical
Society, May 24, 1947, .
“#Pregent address: Graduate Sohool, University of Chicagoo



reach a constant current. By proceeding slowly they created a minimum of
disturbance in the diffusion state near the electrode and prevented a
discharge of gas on the eleotrode surface. It is apparent that this method
of obtaining a curve polint by point is very time=consuming even if one
substitutes a rotating electrode, which reaches equilibrium immediately, for
the stationary electrode.

The applicstion of the usual polarographic procedure involving a
continuously changing potential would decrease quite ocousiderably the length
of time required to obtain a ocwrve. Zlotowskil ?3) end valen and Haissinski (4)
- used automstic recording with solid electrodes to obtaim current-voltage
“information sbout electrolytic reactions but these authors were not primarily
conocerned with the analytical phases of the technique. They did, however,

illustrate the usefulnegs of solid electrodes for anodioc as well as cathodio
reactions.

The present study was designed to examine the possibility of using
the automatls recording teochnique with solid electrodes for amalytical purpoess.
A study was made of variables such as the effect of changlng the size of the
eleotrode, the effect of stirring the solution, and the effect of applying
voltage continucusly at different rates of change. The criteris used to
cheok the reliebility of the data were the reproducitility of half-wave
potentials and of diffusion currents. The final conslderation for gquantitative
analysis was the linearity of the relationship between the concentration of
reduoible ion and the diffusion ourrent.

After the present investigation had been started, uiller (5) reported
automatically recorded polarographic studies in which solutions of electrolytes
flowed past a stationary platinum electrode in a glass cepillary. Be showed
that the wave heights were a funotion of the concentration of the reducible
matorial and the rate of flow, and that better agreement of half-wave
potentinls were obtained with slower rates of flow. According to Matheson (6)
polarographic studies with stationary electrodes heve also been carried out
by F. A. Robinson of the Dow Chemica) Company using an osoillographic technique (7)
and Mathegon reported similarities between Robinsgon's results and those
desoribed in the present paper.s '

Silver was sslected for study because it has & simple redox reaction
which is thermodynemically reversible, because knowledge of such a system
is necessary if more complex systems are to be understood, and because the
reaction illustrates an appvlication of the platinum electrode to the analysis
of an ion which is reduced in the anodic region. After preliminary experiments
indicated that copper ion (II) did not interfere with the silver wave, a mixed
silver-copper solution was used so that other experiments inwvolving the
reduction of cupric ion in the presence of silver could be ocarried out later
on the same solution. Solutions containing other ions have been examined in
a preliminary way to test the general appliceability of the method, and these '
experiments will be reported in another paper.

Experimental Details

Reigents and Solutions

All chemicels used in the investigaetion were reagent grede, and all

#See also e paper published after our work was completeds ﬁ_andloa, JoE.Bo,
Analyst 72, 301 (1947).
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solutions were prepared with distillsd water. The concentrations of
standard stock solutions were kmown to better than 1%.

The composition of the standard polerographic solution was 5,00 x 10""4M~
in silver ion, 1,00 x 10744 in cuprioc ion and 0.100M in potassium nitrate.
The pH, adjusted by the addition of about two drops of 6N nitrioc acid, was
4,00 £ 0,01, This solution was used throughout the experiments described in
this report with the exception of the studies concerning changes resulting
from differences in the concentration of silver ion. In these studies the
copper (II) was omitted.

Tank nitrogen, used for removing oxygen from the polerographic ocell,
was freed from oxypen by passing the gas through a series of four wash
bottles. The firgt three contained an ammoniacal cuprous chloride solution
and strips of copper foil., The fourth wash bottle contained 8N sulfuric
acid which removed ammonia from the nitropen stream. The acid was renewed
from time to time to insure complete collection of ammonia. The use of a
fifth bottle containing water for the purpose of introducing water vapor
into the nitrogen stream and thereby decreasing eveporation losses in the
polarographic solutions was unnecessary because large volumes of solution
were employeds .

Apparatus

About 300 ml. of the polarographic solution was held in a 500 ml,
bottle in which was suspended the platinum elsctrode and an agar bridge. The
pletinum electrodes were made by fusing platinum wire into a soft gless tube
and making electrical contact in the usual way by filling the tube with
mercury. The agar bridge, saturated with potessium nitrate, connected the
solution to a €0 ml. bottle containing saturated solution of potassium
chloride, and sncother bridge saturated with potassium chloride connected
this bottle with the reference electrode, s saturated calomel electrode,

In order to be able to make the corresction for IR drop, the resistance of
the cell was measured before each run with a conductivity bridge, Model RC-1B,
made by Indugtrial Instruments;, Inc.

‘ For certain portions of this study it was necessary to atir the

polarographioc golution during a run, Mild stirring was obtained by bubbling
nitrogen through the solution. For faster rates of stirring, a motor-driven
glass rod with a 60° bend an inch above the end was used. 1ts speed was
ad justed to 365 r.p-m. by means of a variac.

Polarograph Models XII and XX, manufectured by E. H. Sargent & Company
were used for continuous recording. Although it was possible to use these
‘instruments to obtain "manual" current-voltage curves, such curves were
usually obtained with a set-up consisting of a leeds and Northrup potentiomster,
a Rubicon galvonometer with a sensitivity of 0.0013 uA per millimeter,, and an
Ayrton shunto,

A thermostat was felt to be unnecessary for most of this work. The
experiments were carried out at room temperature which was usually 26° = 2° C.
Each of the series of studies concerning the relationship between diffusion
current and concaentration was completed in quick succession during which time
the temperature of the room {and the solution) did not chenge noticeably, i.e.
(2 0:1° C.)o However, a bath mainteined at 26,0 & 0.1° C. was employed when-
ever orltlcael experiments, such as the study of changes in the half-wave
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potential with changos in the concentration of reducible ion, were mads,

Proaadureﬁ
is Cleaning electrodes.

Prelininery tests showed thet the elsctrode could be cleaned hy
imposing vpon it a sufficiently poaitive potentisl to dissclve the silver. -
However, the olectrode oould also be clesnsd by dipring it inte @W nitric acid
for two minutes or mors, and then washing it with distilled water. The
elostrode was then dried with kleenex before using. Because the acid trsutment
waa faster, it was employed throughout this study.

It should bo pointed out that unless the platinum-glass scal waa
very tight, the electrode sconer or later produced erratic results. This
appeered to be caused by reaction between tho nitric ecid and the mercury
inside the glassz tube,

2. Deseration of polarogrephic sclutions.

Oxygen-froe nitrogen was bubbled through the solution for Fifteen
minutes immediately bsfore each run and was pussed over it during each rua.
this deacration was not necessery in that the silver lom was reduced before
dinzolved oxygen, but the atep was desirable in that a possible uncortai%y
in behavior was removed.

3. Pohroéraphya
The monual technique of lajtinen and Koltheff (1) wea empiayed to

establish standerd curves. A closely related procedurs in which the potential
wea changed from ons valus te snother by means of a motore-driven slidewirs

-wes later gubgtituted, At a predetermined potential, the motor was slopped,

a minute allowed for the curremt to beoome constent, the curreuat reecorded,
and the motor started agein. The use of the motor simplified the cperation
of spproaching each potential slewly end reprodusibly.

Curves were alse recorded in the usual comtinuous way with the
polaregraph. The rate of change of potential was calculated in each case
aefter determining by msans of & stop watch, the tims roquired fw the sddowim
to chenge the epplied potential by & volt or mare.

.

mepérison of manual and continuous methods using s nloro-eieotrode.’

‘Pigure 1 shows the type of curve obtained with a motor-driven
sifdewirs. Continuously recorded ocurves usually had round maxima, wherses
WaXima were rarely observed in manual curves, While the presence of maxima
seemed to be the rule in continuous recording, some runs, which were duplicates
of others for which & maxima had been found shomed no signs of a maximum.

Yaximg were eoxpscted from experience with the laitinen and 'ﬂ'd‘lthof;f‘
teohmq'\mo There one finds that current usually increases while the potential
is being changed and that as soon as the potentisi is held consgtant, the current
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decreasss with time. The decrcase is rapid at first but becowse very slow
within about a minute efter which the current is esgentislly constant. The
changes in current, beth positive and negetive, are particularly notieeable
in the region of voltage whore the polarograrhic weve oceurs, and they indileate
that the rate at which the systom reaches “"diffusion aquilibrium” is slower
than the rate at which the voltage changes. Evidence for such an explanation
ig found in the faot that these mexima are not of the same type as those
encountered with the dropping meroury electrode in so far as the presence

of gelatin exerts no repressive effect on them. Thus one would expest slower
rates of polarization to produce curves with smaller maxima. However, the
irregular occurrence of maxima prevented the authors from redching a definite
conclusion concerning the effeot of ths rate of polarization on the height of
the maximum. '

In Teble I are listed the average values for the half-wave potential
end the diffusion current obteined with three sizes of oleotrodes. Values
ligted in this table have been corrected for IR drop and residusl current and
represent the averags of six or more runs. The inestrumsntal limit oor aseuracy
in determining the helf-wave potential is consijered to be within - 0.01 volts,
end the limit for the diffusion current withia = 0.1 mieroampere. However, the
.reproducibility limite of the oxperimental measurements were wider. Thus, the
k&alfevave potentials for a quiet solution were usually duplicable within
- 0,02 V. elthough most of the valuss fell within 2 0.01 V. of the average.
Variations in the valuss for diffusion currents were much more marked, and the
magnitude of the variation increased with the size of the average diffusion
© ourrent o

One may conclude from the teble that the half-wave potential is
independent of the rate of polarization. The slightly positive shif't observed
with a 6 mm. eleotrode is within the limits of experimental error. The half-wave
potentiel for a continuously recorded curve obtained by using the opposite
direction of polarizstion also agreed within the limits of error with the values
listed in Table I. It is interesting to note that although the rate of polarization
did not affect the half-wave potential, faster rates of polarisation did produce
larger diffusion currents. i 4

Bffeot of size of electrode

It has just been pointed out that the size of the eleotrode does not
offect the half-wave potential. Furthermore, en increase in the electrode ares
appeared to produse no important change in the shape of the correeted polarographio
wave as shown in Pigure 2, Thus, a large electrode gave a curve very similar to
one obtained with a smaller electrode in contact with e higher concenmtration of
reducible ion (Pigure 3). However, until the current-voltage curves involving
larger currents had been corrected for IR drop, they wore muech flatter thanm the
ourves for which IR corrcotions were negligible. Figure 4 illustrates this effect
which is met in all polarographic work. As an illustration of en exceptional
case, Flgmre 6 shovs an uncorrscted curve for a foll eleotrode where the IR drep
wes so large thet no diffusion cuwrrent plateau appsared before the maximum
voltege of the slidewire had beon reached.

Despite excessive care in cleaning the sleotrode and in meagwing its
ares, diffioulty wes experlenced in obtaining a good ourve showing the relatien
between diffusion current end electrode ares. Therefore, Figure € served only
to substantiate the expscted trsnd. One might poimt out thet this figure



Half-Wave Potentials and Diffusion Currents of Silver ian Quiet Sclutions.

Tableo I

Rate of Applied Voltage Manual 1.46 mv/sec. 2:92 wv/see.  4.38 mv/seq.
B2 - 1a B} 4 E3 14 B} 1¢ -
Yo pAs Vo pa. Vo Pae Ve M
1o One mn. Eleotrode : , ‘
(0-02 on?) 0056 | 0.8 0033 | 0.8 ] 03¢ | 10 | == am
2. 8ix miw, BEleotrods |
(0.10 en?) 0038 | 3.2 ) 0o38 | 3.0 | 0.35 | So8 || 00385 4.1
3. Foil El«:gtrode‘ |
(2:.3¢ om*) 0034 | 29.4 | 0,34 | 32.7 cme owe 0.38 32,7

~Ba =



Figure 2°

Effect of electrode sige on ourrent produced in a quiet

golution, Rate of polarization - 1.46 mv/sec.

1o One mme platinum olectrods

(0.02 in area)
Il. $8ix mm. platinum electrode
(0410 om* in area)
IITe PFoil platinum électrods
{214 om® in avea)

& A
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Figure 3

Effect of varying concentration on the maximum from a foil
electrode (2.14 cm?) in a quiet solution. Rate of polarisation =

1,46 mv/sec.

I. 5.0 x 10°% ¥ ag*
II. 2.50 X 10°% ¥ ag*
I1I. 6.25 X 106 T ag*
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Figure 4

Current-voltapge ourves'shcwing correction for IR drop aeross
the ocell using an eleotrode in a quiet solution. Rate of polarization -
1,46 mv/sec. :

1. Unoorrected curve
1l Corrected curve
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Figure &

Effect of stirring on the diffusion current using a 2.14 om®
foil electrode, Rete of polarization = 1.46 mv/sec.
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Figure 8

Relation between electrode size and diffusion ocurrent ine
quiet. solution. Rate of polarization - 1.46 nv/sec.

S 2 Poil electrodes

& 2 Wirs electrodes.

6f
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f1llustrates the better preclision which is obtainable with smaller
electrodes, and also the magnitude of the eorror which might be introduced
in trying to predict the size of & diffusion current for an electrode

by comparing its plane area to the area of a second electrode. It
emphasizes the neced for calibrating every electrode with a standard
SOIU‘hiono

A ccmparison of Figures 8 and 10 emphasizes the desirability of
selecting an electrode area according to the region of concontration that ie
being examined. That is to say, smaller electrodes are more suitable for
higher concentrations eand larger electrodes for more dilute oonnentrationa of
raduoible ions.

Effect of stirring.

(ne would expect the results from stirred solutions to be similar
4o those obtained with a rotating electrode or by flowing a solution past the
stationary electrode because, in all cases, there is a movement of the
solution past the surface of the eleoctrode. The*diffusion current for a given
concentration of reducible ions should be greeter the faster the stirring .
because of the larger number of lons which ere accessible to the electrode
surface for reduction within a given time intervel. Likewise, there should

be no maximum because of the faster rate of reaching. equilibriumn These
expectations were verified. See Figure 7o

The deposition process is not as simple in a stirred solutlion as in a
quist one. LlLaitinen and Kolthoff (8) found in using a rotating platinum
. electrode that the current-voltage curves had sbnormal slopes compared

with curves in which concentretion polarization wes assumed to be the only

effective typs of polarization. Mention was made earlier of Miller's report
that,when the solution flowed pest a micro-electrode a botter half-wave
potential could be obtained with slower retes of flow. The experiments
reported in Table II confirm the above observations and allew several related
- generalizations to be made.

In the first place, stirring merkedly decreased the reproducibilitj
of both the half=wavs potential snd the diffusion current. In many caeses, Do
half-wave potential could bs calculated because of failure to obtain a diffusion
current plateau. A gimilar behavior had been noted in some cases for rotating
electrodes {2). PFurthermors, when half-wave poteutiala could be calculated,
the valups werse of‘ten spread over a range of 0,08 V. and the ‘averege value
appsared to be somewhat lower than that for unstirred solutions. —
In the second placa, although faster rates of stirring resulted in a
much smaller probability of finding a diffueion current plateau for a curve, '
whenever the platesu was found, the expected increase in the magnitude of the
diffusion current had oscurred. For a given rate of polarigation the probability
of resching a diffusion current plateau bore a rough inverse relation to the
size of the electrodes The probebility of reaching a diffusion current plateau
for a particuler clectrede and & fixed rate of stirring was inoreased somewhat
. by using a faster rate of polarizetion.

Effect of « e«mmon* owicR of redusible lor. on the half-wave potential.

T owarT TES AT et TITE Sl

Ths dopositicn of ar clemsat at a solid electrode is analogous to the
deposition of w _irrent ingelublie in mercury at the ususl dropping mercury
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Table I1

Half-Nave Potentials and Diffusion Currents of Silver in Stirred

Solutions.
Rate of Applied Voltage Manual 1.46 mv/sec 2.92 mv/sec 4038 nv/sec
- Ei id |Ef 1a |Bd 14 | E} 1d
Vo PA- v' ,le Ve FAO v'l PAo
C 1. One Millimeter Blestrode | 0.20: TeB%2 | 0,32 . 1464 0.32 17 .2%
(0.02 on®) NeDoPo# 0.33 14.4% , 0,31 1702+
. . NoDaePo#* R 0.33 " 8.02* 0.28 . 16.8%
HNoDePon 0:34 8,0% .- 0.34 © 17 4%
NoDaPe | 0033 Ba4x : 0.32 16,9 %
0.34 7.4% | 10.3¢ 17049
033 782 ) "1 030 - 17.6%
0.82 © ' 7.8%
H.D.P.t )
NoDcPos
2. 8ix Wl ter Fleotrode 0.35. 240629 0,33 43.0*| 0,31 22.5%% | 0,31 765.9%
(0+10 om*) 0.34 16 .0 %% 0,33 39.7%| 0,34 16,452 | 0,31 87,1 %
0356 18.0%% 0,34 36.9%| 0,28 30,0%%* |1 0,29 82,0
035 22.9%% 0,31 -+ Ble3%| 0027 32.8%% | 0,33 78,9
NoDoPes 0,33 41.0%| 0,30  47.2% [0.28 = 744
' NeDoPox WeDoPon 0350 69.72» 0.34 82.,0%
) N?Dopo‘ NeDePox =
{NoDePos NeDoPow
NeDsPo®
3. Poil El;gtrode ‘ NcDoPo*_A N-DOPO'* . V B NoDoPox
(2014 C ) I NeDoPo NoDoPo# ' NoDoPo®
.“q DoPex . . : :

Y.DePo moans no diffusion current pla{:eau wes reached.
s¥otor stirred ; ) '
**Nitrogen stirred; oonditions extremely diffiocult to controls



Figure 7

-Effeot of stirring on the diffusion current for e 6 mm.
eleotrode (0.10 em2). Rate of polarization - 4.38 mv/sec.

I. Unstirred solution
IT. ‘otore-gtirred solution

7b
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eleotrqdcov Therefore, a.shift of the half-wave potential to more nagative
potentials with dilution of the reducible ion should be found (9) in ascordance
with the equation» v

ES*E°4RT In £, ¢ BT In O ()

oF oF 2

where £, is the activity ecefficiemt of the reduoible iom. This equation
assumes that the aotivity of the deposit ia unity. '

In gqotual practice, thers are other factars which must be considered
such as overvoltage, veriations in the refersnce electrode potential, and
Jjunetion potentials. Ordinarily, the current densitiss encountered in
polarography are so small that overvoltage iz not a source of large errors,
particularly when one is dealing with a readily reversible reaction., Errors
in the calamel reference electrode arising from the pressnce of oxygen are of
the arder of a millivolt and can be neglected. Ry using e large reference
electrode, errors in the reference potential arising from polarization ean
bo maintained at negligibly smsll wveluss. Junotion potentials, however, may
"b® 0.056 Vo or larger. While all of these factors would have to de considered
in calculating E® from B, they are usually of little comcera in polarography
whers one is concemed gimply with keeping them oconstant.

In polarography, where the activity of the reducible ion is almost
always less than one pereent of the total ectivity, f, is essentially unaffected
by differences in the concentratiom of the redusible ion in two otherwise
identical solutions. Thus, the polarogrspher is usually more concornsd with a
*practiocal EO* or "formal potential" mhich includes E® and the factors dlscussed
ebove as constants. - ' - -

B s E,"a% n ¢ (2

o ' : .
Ep i3 the formal potential. Providing the assumptions in equation (2)
are correct, the B for silver should shift -0.069 V. for each tenfold
dilution, . o

Before testing equation (2) by performing the sxperimenmts reported in
Table III, the slidewire of the Sargent lodel XX was carefully recalibrated, 4ll
of the determinations were mads with this iagtrument and with the aame mioro
electrode (0.02 em ). The initial and final potentials of each run were cheoked
with a potentiomster. The solutions were snalyzed at 25.0 2 0.1° C.

Table III shows that the chenge in the half-wave potential agrees very.
well with the value of -0.059 V. pradiocted by equation (2) for the reduction
of silver ion on a silver eleoctrode, Thercfore, it is essential f'or regotions
of this type, to specify the concentration of the ion whenever the half-wave
potential 1 reported. _ S

It will be noted that the average half-wave potential (0.33 V.) liste
in Table I doos not agree with the wvalue (0029 V.) oslculated for a 5.0 x 10°% M

Fthe sign of the potontial 1s reversed from the canvention in latimer‘’s
®Oxidation Potentials” to agree with the sign of the polarographlo @lsetrodeo



Table III

’

:-88 s

Effect of \Cha_n_gea in Conocentration of Silver Ion on its Half-Wave Potentiel in

0.1 M Potassium Witrate at pH 4.00

Ed

Conoentration AR
Mo Trial 1 Trial 2 Averags
1,000 x 10-2 +0,372 900375 20,374
. ~0,086
1,000 x 103 00316 200322 400319
. «0.057
1,000 x 10™% ¢06276 400259

400262




solution from Table III. It is felt thet the latter is a better value
beoause the analyses were obtained under better conditions.

Equation (1) may be tested by oamloulating £, after substituting values
for E° (10) with 1ts sign changed and referred to the saturated calomel electrode,
Ef and Co Por a 1,00 x 10=5 ¥, golution one finds:

’

0,069 log £g 5080 = 0.26) ¢ 032 = 0,059 (=5.30) (3)

It is readily apparent that this value is not logical and that is is probabdbly
about 0.8, Junction potentials and overvoltege are probably the sources of
this dif'ference and these effects need total only 0.02 V. to eliminate the
discrepancy. An additional consideration which may not be negligible is the
formation of a nitrate complex which undoubtedly exists to some extent although
no data concerning its stability have been found.

A shift in the B} with dilution would not be expected if a soluble
ion woere produced becauso E%- is desoribed by:

Bg = E° ¢+ BRI la Pox (5)
of &red
or by
B2 = Efo +#RT 1n  Cox ' ' (6)
n¥ Cpad

At E3,Cox 18 essentially equal “o Cpeq making Ef independent of the initial
concentration of ferric lon. 1In order to check this point, the axper:lmenta .
reported in Table IV were carrisd out.

Attempts to obtain values for 1.00 x 10°5 u, solutions were unsuooessi‘ul
because the diffusion current was too small. 'The slight drift of the E3 toward
positive potentials may be real although it is within the reproducibility
limits of the experiment, ‘

Effect of concentration of‘ reducible ion on the diffusion ourrent - application

to gquantitative analysis:

It is obvious that any study designed to test the accuracy of a
quantitative method should be carried out under conditions favoring high
precision. From the previous discussion, one ocan see that a quiet solution,
a small electroede area, and a moderate rate of change in the polarizing
voltage represent such a set of conditioms.

A great deal of care was exercised to minimize errors that might result
from slight changes in the procedure. For example, the solution wes allowed
to stand for an interval of several minutes follewing the deaeration in order
to make certain that the polarographic solution was not in motion. In order to
avold the need for thermostating the solutions, they were allowed to stand in
the roan for several hours after they had been prepersd., Then, after they had
reashed reom temperaturs, each seriesg was run in quick sucoession.



Table IV

=9 =

Effect of Concentration on the Half-Wave Potential for the Ferric to Ferrous

\

Reduction in 0.1 M. Hydrochloric Acid.

Concentration . B3 : PaN> ]
Ho Trial 1 - Trial 2 ‘Average
1,00 x 10°2 30,514 $0.505 #0510
) +0.003
1,00 x 10-% #0520 +0,506 «0,513
£$0,008
1.00 x 102 200527 20,611 £0.619 '
Note s

The E®, or more exactly, the Efo for the reaction

1" ¢ R ZZ rec1®’ ce

under the conditions of this experiment is =0.76 Vo 'Agreeiﬁerrt with the E°®
value of =0.77 V. given in latimer's book for the reaction

. 18 coincidental.

i
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temperature of the room and the solutions did not appear to change
noticeably (& 0.1° €.} during the interval of time required to make the
enalyses. As a result, the precision of the analyses appeared to be
higher than that found in the results reported in Table I.

The reletion between the diffusion current and the concentration
wes shown to be linear (Figures 8, 9, and 10) with the three sizes of electrodes
that were examined. The values plotted on the graphs represent single
determinations rather than averages of two or more determinations. Attempis
to duplioate thess curves were very successful. For currents greater than
3 wA, differences between two values for a given solution were usually less
than 10%, often 6%. For currents less than 3 pi agreement was in the order of
10 to 20% (i.e. & 0.1 pA)%e ,

Other applications.

The recording of curves for other ions, singly end in simple mixtures,
has been tested and found to be as satisfactory as for silver., Thus it is
possible to use the usual polarozraphisc recording teshniques to make gqualitative
end seml-quantitative analyses for ions such as Ceé"’, Mn04~, and Cro07°" more

easily than when a dropping merocury electrode is used. Analyses for these
ions have heretofor been complicated by the spontansity of their reaotions
with mercury. Similarly, oxidationz of N Hg*, €r%® and other ions which were

imposeible because of the.anodic dissolution of the dropping meroury slectrode
have been examined with g platinum eleotrode. These studies will be reported
later. .

Solid electrodes of fer other advantages. It has been possible to make
analyses in aolutions contalning hydrofluoric acid by using a plastic cell and
by coating, with wex, the glass in whioch the platinum electrode is embedded.
It appears plausible to expset a so0lid electrode to be used for studies in

liquid emmonia and similer solvents at temperatures below the freezing point
of mereury.
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Summary

1, Contrary to what one might have predicted from the work of
Laitinen and Kolthoff, well-defined and reproducible current-voltage surves can
be obtained for silver ion using a stationary platinum micro-electrode and a
oontinuocusly changing potential. -

2. ' The half-wave potential of silver in a 0.1 N RNO; nitrate solution

Tt @ppears that the precision, partioularly in the case of the larger .
diffusion currente, might be improved apprecisbly. For example, studies
that were mede after the work reported above had been completed indicats ,
that more elaborate rrecautions in the cleaning of the eleotrode resulted
in a slightly more reproducible diffusion eurrent. These experiments will
bs reported in a separate paper in connection with other studies,

§



Figure 8 ' 10a

Relation between congentration end diffusion current for
a one pm. electrode (0.02 em®) in quiet solutions. Rate of
polarization - 1.46 mv/sec.
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10b
Pigure 9

Relatlion between concentration and 4iffusion ourrent for a )
six mm. electrode (0.10 om®) in quiet solutions. Rate of polerizaticn -
1.46 mv/sec. ' '
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Figure 10

Relation between concentration and diffusion ocurrent for a
foil eleotrode (2.14 em?) in quiet solutions. Rate.of polarization -
1,46 mv/sec.

106
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of pH 4,00 is independent of the direction of polgrization, the rate changing
the voltage, and the size of the electrecde. It does, however, depend upon
the concentration of silver ion according to predictions based upon the Wernst
equat.tono

3. Stirring decreases the reprodueibility of both the half-wave
potential and the diffusion current. Stirring appsars to produce a slight
shift of the half-wave potential toward more negative potentimls but the
extent of the shift is barely larger than the experimental limits of error.

4. The diffusion currom; increages with the sige of the eleotrodo,
the rate of polarization, and the speed of stirring. These observations -
can be uged to exl;eud the range of the method to more dilute aolutionso

6. Statlonary platinum electrodes give a linear relationship detween
diffusion current and concentration with en accuraocy which allows the method
to be used for semi-quantitatlve determinations. .

6o A round maximum is usually obtained in quiet solutions. tha size
of the maximum appearing to increase with electrode ares and conocentration
of reproducible ion. The maximum may result from the time lag in resching .
a state of diffusion equilibrium. No maxima were observed in gtirred solutionso

7s SOIid electrodes offeor advantages over the "dropping mercury '
eleoctrode for analyses in the region of positive potentiale (va. S.C.E.), in
solutions of hydrofluoriec acid, and in solutions at low temperatures.
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