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o Elimihation of Background Current by Digital Normalization
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. Nuclear Chemistry Division?and
Lawrence Radiation Laboratory
University of California
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BRIEF
A rotqtedfmércury cell for controlled potential coulometry has béen
developed and éVaiuated with severai»chemical systems.; Eléétrolytic rate
constants that are relatively lérge, rapid sparge and low céll noiéé are some
of the advaﬁtages of this cell.
Elimiﬁaﬁion of’continﬁous background current‘_bf digital normalizgtion'

is discussed.
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Eliminatiqn of Background Current by Digital Normaiization
vRay-G;.Ciemg.Fredi Jakobl; Dane H.‘Anderbefgz, and Lawrence D. Ornelas3
Nuclear Chemistry Divisioﬁ and
Lawrence Radiation Laboratory

University of Cslifornia
Berkeley, California 94720

" March 1971

ABSTRACT

A cell which is rotated af>high speeds and coﬁtains.a thin—layef,
mercury, WOrking“electrodeIhas been developed”forvcpntrolied potentiai
cOuiomeffib'determinations. The éell, which is'ﬁhe firét succéssfui deﬁarture
from'stirfed‘mercury pool types, hés ééverai ad#aﬁtégeopé features. éonstant
mercury geometry éssureé very low noise.opératioh aﬁdbﬁackground currents that
are substanfiélly less than'étirred mercury pool cells §f éimilar.capaéity. A
largé solﬁtion‘surfaée aréa‘to solution volume ratio results in sparge times
thét can‘be as shoft aé 20 seconds. Electrolytic rate constants of 0.020,
0.017, and g;g;g sec™? were obtained ‘for the determination of Pb; Cd, and U,
respectiVely,» A unique arrangemeht of the reference and auxiiiary électrodes
haé been developed. This very compact combination;.contains both reference
and auxiliary electfodes in a single probe configuration. With.this electrode
it should be_poSsible té'produce scaled down versions of the rotated mercufy
cell, which currently requires 2 ml of'meréury and 2.m1 of solution.

A new procedure termed "normalization" which requires the use of
digital equipment permits the elimination of the continuous background current

from individual titrations. The result 1s improved precision.



-1 o 3 UCRL-20L457

INTRODUCTION

To fﬁe ﬁest of our khowiedge, the rotated ééll reportéd in this paper
erbodies the firﬁt_suéceésful conceptual departure from the stirréd mercury
pool desién-firsf bropbsed'by‘Lingane morevthan 25;yeafs ago.(l). The réported
cell is a cylinder.which is closed at the bottom, partiaiiy opened at the top,
and'is'mountediéh a turntable rotatéa at 1,800 rpm with a synchronous motor.
Owiﬁg to densify differences and the high centripetal forée, the mercury phdse
is held rigidly as a thin film Qn'the wall of thé céll, while the solution is
forced into a film lying on top of the mercury; Contacting of the solution:
film with a novel, stationary, fuméd~silica (2)- reférénce electrodé combination
probe generatés_avvéry efficlent stirring action which, together with the
fayorablé mercur&—electrode surface-area to solution-volume ratio provéded by
the cell's geometry, results in the attainment of qﬁite high electrolysis rates.
The cell's noise level is substantially less than that found in conventional
cells since the sﬁrface area of the mercury electrode is not free to fluctuate
in tine. Thezhigh solution-surface to solution-volume ratio results in very
short'spargingbtimes. A 20 sec sparging is recommendedvin the general ﬁroéedure.
Although solutién and mercury volumes of 2 ml of each fhase are eméloyed presently, .
there are probably.no reasons vhy cells with much sméiiér capacities could not
be fabricated.

Briefly mentioned in a previous paper (3), but. detailed here for the
"

Tirst time is a new procedure termed "normalization' which allows the subtraction

of the continuous background current from individual controlled-potential

N

coulometric titration curves. The precision of the titration results are

improved by mecre than a factor of 4 in the example cited, i.e., the determinétion

of U(VI) in sulfuric acid. Implementation of this normalization procedure
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requires the use of digital recording equipment, some arithmetic data
prdcessing capabiiitiés,-and thé.ability to electronically display the stored

data in a log-linear fashion.

EXPERIMENTAL

Instrumentation, Reégents, éhd Materials. The.digital instfumentation used has

been describedrpreviouélys(3). In addition, a General Radio Model 1538—A:'
strobe light ﬁéévemplbyed. A Béckman #39270vsaturated calomel electrode was
used as referemce. -

'étock;‘é&‘kCl aﬁd lM_H2SOhvsupporting electrolyte sélutioﬁs were
prepared by dilutionhbf'réagént grade chemicals’i Ali water used was distilléﬁ.
Stock, sﬁandard meﬁai—ion solutions were prepared in the fcllowing maﬁner;'
Weighed, gram dﬁéunté of reagent;grade cadmium and iead were dissolved individuéllyf
in nitric acid and convertéa to the éhlofide form by repeated évabbrétions
with‘ﬁydfdchid;ic’écid; 'Thé excess hydrochloric acld was removed by.evaporation.
to near dfynéss;'aﬁd these solutions were‘made to volume with watef.'.Gfam amounts
of N;st.; UéOs.(assay 99.95%) were similiafly weighed and dissolved in nitric
acid, ahd the'eXCesé bf this acid removed by repeated_fumings with sulfuric
acid.  After béing cooled, the residue was made to volume with Qater. .Working
solutions of the cadmium and lead stock SOlutiohé wefe prepared by dilution with
water. Working:solutibns of the uranium stock solution were made l&biﬁ HQSOh
and 0.2 M in sulfamic acid 6n dilution. All volumetrip ware (flasks'and T.C. -
pipets) was ofvclass A tolerance. 'The calibration of the wash-out, micfézbipetﬁy
was confirmed by weighing mercury. | | '

The high-purity nitrogen employed, to sparge oxygen from the solutions
prior to titrétion, contained nominally less than 10 ppm. and average@ 3 ppm.

oxygen by mass-spectrographic analysis. It was necessary tQ'sattrate this dry

) ),.,-:'Q»,,-_ -
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gas with-water pricr to admitting it to the coulometryvcell; to prevent

evaporation offth¢ samplé solution duriﬁg the electrolysis.

Masero-Laﬁbfatofiés' "high-purity", instrument;grédgﬁmércpry was
aliquoted into the'éell using a luer-tipped, "Tomac"‘diéposable, 2.5 ml
hypédermic syriﬁge.v The plunger-tip of the syringe was sheaﬁhed in Teflon,
when it wasviearned from x-ray flﬁoreséencé analysié that the original rubber
tip ¢ontained;¢6nsideréble amouﬁts of metals, hofeably zinc. Oxide-free mercury
can be drawn byaiﬁserting the.luer~tip‘beneéth the.mercury surface since the
dross has no tendeﬁcy to cling to the plastic syringe.',The need for pin- '

holing the mercury is thus eliminated.

Construction of the Rotated Cell and Assembly. Figﬁreil shows an exploded view

of the rotated cell apparatus. A set of detailed drawings of the apparatus are
avallable upon requéét. The fbllowihg is supplimentary information complementary
to the drawings:

The Luéitévcell is constructed in the followiﬁg manﬁér. Two inch rod

stock 1s turned down to 1 13/16 in. in a lathe, and center bored to a 40 mm i.d.

to form thevwallg of the cell. The machining marks are rembved_by turning the
piece against, first, #600 sandpaper, fOilowed by a‘polishing step‘with
"Brilliant Shinéﬁ pdlishing.liqui& until'thg cylinder is opticall& transparént{
The cylinder ‘is fgén parted into rings 1.5 cm in length.. Two 2 iﬁ. diameter
saw-cut circles of 1/8 in. Lucite sheet are moﬁntéd in the lgthe and machined

to al 13/16;in§ diameter. One.circle serves as the cell bottom. A-T/8_in. 

"hole is center drilledbthrough'the other piece to form the cell top. The three

pieces are then united-using a glue made from Lucite shavings dissolved in

ethylene-dichloride. The article is held together with a C-clamp until the glue
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hardens. Tho celldis now essentially completed; except for the installation of
the pletinum, mercury-contact wire. A hoie is drilled and tapped in the side
of the celi a few miliimeters.from the bottom to receive an 0-80 threaded,
1/16 in. diameter_plafinﬁﬁ wire. The wire is dipped into the Lucite'glué, then v
screwed into the hole until it extends “;l mm inside. When the glue
sets, fho.exoess is écraped away ékposing the piatihum ﬁetal. See'Figuré 1,
Detail 1. |

| The. cell must now be subjected to the cleaning and precondioioning
procedures giveﬁ.below.

The turofable, to which the:ceil and its platinum, mercury-contact'wire
is mounted, 'is made.of copper and is electrically isolated from the motor'by
sleeving the center of the copper shaft with Lucite and by using a nylon set

screw to secure the turntable to the shaft of the 1,800 rpm, synchronous
Bodiene motor, Model H3Y-12. It is important that the eccentricity of the cell;
whén installed on the turntable and mounted on fhe moﬁor shaft, be less than

2 mils T.I.R. :

Electrical connection to the ceil-turntable»is ﬁade through a bronze-
wool brush contact. Bronze-wool is compacred into the holder using a small
screwdriver. The exoess wool is cut with shears about 1/L4 in. from the end of
the holder and ﬁhe holder is mounted in the bracket attached to the positlioning
collar, ‘The brush éressure should be such tﬁat the turntable does not heat up,

even after prolonged operation.

This contact is relatively trouble free provided it does not become
contaminated with mercury. Amalgemated bronze is a hard substance, completely

lacking in resiliency and therefore useless as a contact material. If mercury
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ié spilled:oh theYWbol; the éntiré tuft must be*discérdéd»and & new one taken. -
Contact bouhée’cah occur when using a brush type contact;'however,'if_it does
occur in this‘system; the‘time width is less.ﬁﬁan 0.1 USéc.

Note fhaf'the brush and all the associatea metal'parts are uitiﬁately
méuhted on the Lucite baée and:are thué electricallj isoiated‘frqm the motor |
éﬁd ﬁousing. |

| The étéiniess-steél ﬁrébevholdéf is made specifically'to accommodate
a yariety_of.6;mm'o.d. glass‘brobes and is épen at the end to facilitate_easy

tube mounting and demounting without the necessity of rémoving the positioning

‘collar or disturbing the probe holder alignment. The probe is so designed that

itvcannot move_in either the horizontal or the verticle piane when locked.

The Lﬁcite hinged cell cover 1s mounted lesékthah'lo mils from the top
of the rotated éel1{ In its open position, it permits the aliquoting of the
sample and mercuryvinto the cell. In its closed position, it blocks entry bf
éir into the cell, The channel in the cover, which terminates in a short tube,

permits the directing of nitrogen into the cell.

Cell Cleaning and Preconditioning Instructions. Before the cell can be used, it

is necessary to remove the contaminents introduced during its fabrication. The
cell, es receiﬁed, must be thoroughly washed with dilute-hydrochlbric acid; |
rinsed with water, then efhanol. After being dried, the :ell is soaked Qvernight
in 2M K S0,. The following day, it is washed with water and filled with 0.1 M

HCth, and the platinum, mercury—cohtact wire is anodized agailnst another.

platinum wire for a short time using a 10V source.' Thié acid is-discérdéd and

the cell is refilled with 0.1 M HC10). This time, the contact wire is cathodized

and after a few moments, “’0.5 ml of mercury is introduced. The cell ié-tilted -
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so that the mercury touches.the contact wire; the ﬁercury will flow onto and
-thoroughiy coat the exposed platinum. The solution ana excess mercﬁry is.
discarded and the_cell is then washed with water; dried; then mounted on thé
copper turntaﬁle; It is now ready for use. - o S N . ' %
_Failure'tb heed these c¢cleaning and preconditioning instructions will

result in very high background currents.

 Probe Construction. The two probes used in this work are'shoﬁn in Figure 1,

upper léft; The first probe;consists of parallel.arréngement of the referencé-
aﬁalyte_éalt bridges. . The réference bridge terminates in an asbeétos wick, and
the analyte bridge terminates in a glass frit.. These parallel probeé’are
easyitovcbnStru¢t; ,The_second probe consists_of.a’coaxial:arrangement in which
the referen§e bfidge-is located at the center of the_aﬁalyte bridge. This fype
Qf,probé ié_mqre,difficultvto construct. See Figure'2§"Dfawings 1 through 5
show the steﬁé.reqﬁired for the fabricafion of the coaxial probe, Drawing 6 is
& side view of the completed.prdbe,_and Drawing 7.is an end view of the tip.

The probe tip design is very important and will be discussed below.

Salt Bridge Preparatidn and Alignment. Both'probes are prepared for use in the

following manner: the reference_electrode:éalt—bridge is filléd with 1M KC1.
Using a polyethylene spitzer, the analyte compartment is inJected, as described
in & previous paper (2), with either.a fumed-silica, gelled solution of 1M KC1
when titrgfiﬁg'cadmium or lead, or a fumed—siiiéa, gelled solution of‘lM_sto)4
when titrating uranium. The analyte compartment is thenvfilied with the same P
solution as the gelled one.

Positibh the:éfm of the stainless-steel pfobé holder gléng an imaginary

line passing through the center of the cell, then lock it into this position by
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tighﬁening the‘jaﬁ-ﬁut >Clamp the probe in the helder eO»thet the eenter of
the probe tlp is *ust below the center of the cell and faci ng toward the probe
holder:s vertical support, Aliquot- h ml of water into the cell and start it
rotating._ Turn_the:horizontal_positioning screw, located in the probe holder's.
arm,vcounteréciockwise_until the probevtip'Just touches the_meving well of
water. Orient the probe in such a way‘that the pointed‘end of the tip is the
first pért to contact the water. Continuevturﬁing the pdsitioning screw
counterfciockvise until the entire tip surface contacts'the,water;' When .thus
correcfly poSirioned, the selution will course around and over,the horizentalv

- section of the probe, but no dripplng will occur and ne sprayvﬁill.be formed.

Lock the probe-hoider in this position by tightening the set-screw.

‘General Procedﬁre.v Calibrate the digital integreterrto read out‘directly in.
nanograms of meteriai titrated by using thelvoltage equivaleht of the nF ro:'
atomic weight ratio. Start nitrogen flowing info the celi at a rate of.
2.9Vl/mip or mere; The recommended sampie size depends ﬁpon the fype'Af probe
employed and is discussed below. Open the hieged.cell;cover apd aiiquct £he
sample into the cell using a 500-uf pipet. Empldyiﬁg standard micro—teéhniques,‘
‘rinse the pipet tWiee‘by filling it to the miniécus with £he 2M_KCl'etock,
supporting-electrolyte selution and once with water when'tifrating eedmium or
lead, or three times with lM_H2SOh when titrating uranium. It is convenient to
draw upqthe riese frem droplets distributed over Parafilm. Add these rinsings
to %he cell.' The tofal volume of eampie plus rinsings muet be 2.0 ml. Aliquer
2.0 ml of mercury into the cell u31ng the plastlc syringe, then close the hlnged
'cell-cover. Bring the cell up to its de31gned speed over & lO to 15 sec 1nterval

by slowly increasing the output voltage of a 0 to 120 V‘Variac..
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The solutioﬁ is sparged of oxygen in part during’the aliquoting
operation. Allow it to.roiate‘for 20-sec to complete the spgfging, then apply
tﬁé pretitration voltage. Cadmium, lead, or uranium is pretitrated at -0.400 Vv,
 -0.200 V, or +0.075 V vs. SCE, fespectively. The pretitration electrolysis
rates as observédion the rate—meter should fall to é value of < 5 ng/sec for
cadmium of 1éad and.towévloﬂ.ng/sec for uranium'withinqone to three minutés.:
After the pfefitrétion set the appropriifeﬂtitration‘voltage and start the
titration. Cadmium; lead, or uranium is titrated at -0.825 v, -0.650 V, or
~-0.275 V vs. SCE, respectively. The titration tefminaticn timeé used for the
three.elemehts ére 7, 8, or 12 min., respectively.

The cell is not conveniently damountable for cleaning between titrations.
Remdve the‘titratéd solution and mercury from ﬁhe céll using avpolyethyléne
spitzer connected through.a 500 ml filter flask trap to a vacuum line. Rinse
the cell seﬁeral fimes with water then aliquot the next sample.

Carry blanks through the above procedure for the element titrated and

correct thevraw data for the background current.

Normaelization Procedure. -Normalizatior of coulometric data contained in the
memory of a multi-channel analyzer is &n alternéte_and time saving route to
coulometric analysié (3). . After pretitrating thersample,.adjust the pofentiostat
to the required titration potential. Adjust the rate mefer to terﬁinaté the
experiment when the electrolysis rate decreases to 7 ng/sec fér.cadmiﬁm or
lead, or 10 ng/sec for uranium. Start the titration and store the digital
informatibn in the first half of the memory, using a timefdwell:of 3-sec per
channel. Afﬁer the rate-meter termination, transfer thé stored. data, while

simultaneously multiplying it by a factor of 10, to the last half of the memory
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‘using the datﬁ processor, Switch the data proceéédr tb"its normali2e mode of

operation and Chénge the storage sense of the analyzer to subtract. While

obsérviﬁg the 5—¢y¢le lég‘dispiﬁy of the data on thé‘analyier's.oscilloscope,
repéétedly iﬁitiaté the normalization program qntil.all the aata.points of the
éurve'in.ﬁﬁeISééoﬁd half of the memdfy fall on a straight ilné; Determine the
humﬁér of chaﬁngls inV&iVed in recbrding the'titration data, using the aﬁalyzer's
peak select fuhction, and multiplyzthis;nuﬁber by one-tenth the‘norqalization
value per chaﬁnel, Subtract this product, after rounding t> the nearest count,
from the total nuﬁber of counts.shown on thé'accumulate_écaier. The scaler>data '
is now corrected for the continuous background current.

If the sample titrated 1s very small, it will have a significant
positive biaé owing to_the lack of compensatilon for the charging andvthe
supporting .electrolyte impurity currents. Run a blank, normalize this data,
and using.the déta processor, integrate all non-empty channels. Subtract this

integrated value from the scaler data above.

DISCUSSION AND RESULTS
Fundamental considerations, tempered by experimehtal limitations,
served as a guide in the devélépment of the presented_éell.

The current-time relationship in a c0ntrolled;potertial coulometric

_detérmination, which is free of chemical complications and 1s carried out at a

;potentiél atIWHiéh the rate of the reaction is limited solely by the rate of

mass transfer of the electroactive species to the working electrode, is given by

-the Lingane equation (1,4).

i=1 e ' . f; (lj
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The current i is expressed in miiliamperes at some time t expressed in seconds;
'io.is the initial current, and,k is the electrolysis rate eonstenta Ther
Nernst difquion leyer concept -allows one to'relate the electrolytic rate
constant to several important experimental‘parameters. The relsationship

derived for this model is.
- oAy .
k = D) o | (2)

where D is the diffusion coefficieﬂt of fhe electroactive'species; A is the
working eieetrodevafea in square centimeters, V ie'the»volume'qf:solutien'in.
‘milliliters, end § ie the Nernst diffﬁsion iayer thickﬁess in centimeters.'
Examihation of Eqﬁatioﬁ 2 reveals three ways in Wthh the value of k
could be increesed. The diffusion coefficient could be 1ncreased by heatlng
the solutlon titrated, but the practical con51deration of providlng some
thermostating at the elevated temperature beceuse of shifts in the'required
control potential militatesiagainst;this. Also, the backéfeund’currenf
increases ﬁith>incfeasihg temperature. Increasing'e_ﬁbile decreasing V would
increase k. However, space limitations in the cell void restrict,the'size_and
the effective area of the auxiliary electrode thus eausing localization of the
current distribution pattern. Other ?robes essentiel tq*the operatibﬁ ef the
. ¢¢1; must also share the same void. For these reaeoﬁs, the effective A.to V.
 quotient is ﬁsually near unity. The'third-dlterhetive--previding more effieieht v
mass transfer by makipgvsrsmall through effiéiehﬁ»stifring,,has attractea'the
widest attentien,‘beeause it ie the ﬁost.effective and the easiest to effect;
‘ Making k large is desirable for two reaeone: - the titration time is

reduced, and the.contribution of the background current to the total electrolysis
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current is decreesed. The precision of tﬁe resulﬁs and ilhe sensitivlty of
the method 1s thus improved, provided the cell is free from deleterious potential
gradients and the noise le&el of the cell is low.
| A paper. by Harrar and Shain (5), in which they irvestlgated potential

gradlents in coulometry cells, was an invaluable guide ir the present study
They showed how improper placement of the references electrode could produce
localized excursionsvof the'working electrode potential jn.which the control
potential was sufficienfly exceeded to prodﬁce undesired reactions. A general
conclusion of these workers i$ that the reference electrcde should be placed
von‘a line of miﬁimum separetion between the auxiliary.ané'working electrodes.

Cell'curreﬁt noise is caused b& stirring which produces electrode—erea
fluctuations in time. These flﬁctuafions cause variations in the reference.to
working electrode distances and, if the iR drop hetween the electrodes is
' appreciable, considerable fluctuations in the.control-potential can occur. The
hetleffecf is ao increase in the‘background current which decreases the
sensitivity'of the coﬁlometric method,

The lasf cell design criteria, sparging time, is largely a matter of
convenience although it is of great practical lmportance if coulometr& 1s to
bbe considered for a control‘application. Ddssolved oxygen interferes'with
coulometric tltratlons ‘and must be removed prior to the analysis. .The time need
to sparge the coulometry cell of oxygen adds to the total time. required for a
determination. Sparging time should, therefore, be as short as possible.

The following is an account of the way in whichvthe_rotated cell
evolved, The rugged, easily fabricated salt-bridge described in an earliervpaper (2)

was the precursor of .the salt-bridge probes developed for_this‘work. Qur most
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difficult developmental problem was that of designing a satisfactory probe with
an acceptable tip geometry. Initially, various shapes patterned after boat-hull

designs, were cut into the end of a piece of 1/k4 in. diameter, aluminum rod-stock

v

and‘were tésted by holdiﬁg them against the rotated wall of water. Without
exceptidn; considerable spréy was. formed. Also, tﬁe’watér had a téndency to
run onto the horizontal section.éf the probe and form drops which, upon
striking the fléér.of the rotated cell, prodﬁcéd spray. Spray formation is
.objectionable because the'épray dropléts can be deposited Qh the cell-cover or
probe stem and thus escépe titratioh. This‘probiém was, hbwever, overcome when
it was obéerveabﬁﬁat d piece of smali diameter (1/32 in.) copper Vire did not
cause spraying or dripping on qonfacting the water, and prdduced a wake.with
the horizqntalbéf about 15° atvl,800 rpﬁ. It Qaé reasoned that a.much larger
diameter objéct'could similiarly éonﬁact the water withoutvcausing the
deleterious éffects characteristié of thekother designs rrovided it too héd a
wake-matching l§° friangular shapé cut ‘into it. This-?easoning proved to be
correct. Any dttempt to stresmline the trailing edge of the design shown in
Figure 2, Drawing 7 will probably result in the reappearance ofv5pray; The
probe tip surface selected was plané since the rétio Qf fhe prcbe length to the
circumference of the cell used for this work is small. |

Once a satisfactory probe tip was designed, the nexﬁ problém ﬁas one

of selecting the correct geometry for the reference and'énalyte probes with

€

fespect.to the'rotating mercury electrode.
In the first titration experiments, two probe holders weré empldyed, @
mounted on two positioning collars which fitted concentrically o>n the two

stepped collar holder. See Figure 1. The cell used, at this stage of the
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derelopnent 'wes 4.0 cm in diameter andAhtO cn in.heiéhtf‘ These dimeneions
were selected beceuse they were physicelly convenient. The cell wes charged
for each run with 7-ml of mercury and T-ml of lM KC1 containing 200-ug of lead
and was sparged of oxygen with a strong Jjet of nitrogen from a tube inserted
through the center of the cell~top opening. The angular separetion between the
probes had an effect on the normalized results; As the angular separation
decreased from 180°, the positive titration error decreased,_and approached :
zero as the eeperatlon approached 0°. From these results it was obvious thati.uu
the contrcl—potential was being exceeded sufficlently to cause & secondary
electrol&sie at wide.reference~ano&e separatione5 hence the high resulta. See
Figures L end'6rofn§eference 5. Beeed upon this experimental information the
parallel probe design was developed and is shown in the‘upper left corner of
Figure 1. | l
| ' The parellel salt-bridgee are eituated onevdirectly abovetthe other to
avoid plecing'one probe 4in the compression waeke of the first which wonld‘be
the case if one were ellowed'to leed'thevother as, for exennle, in a side by eide
configuration. This latter donfiguretion is avoided because it ls electronically
very noisy. Examination of 1t with strobatic light revealed the cause. Depending
upon which prone is allowed to trail, either the control-loop or the reference-
lead is beingvopened intermittently by the turbulence. |

Although these firgt experimente showed that it wae‘posaible to do
precisgion coulometry using & rotated cell provided certain geometrical
vrequirements were met, the electrolytic rate constant for this electrode
(e g. 0. 006 sec‘l for lead in 1M KCl) was disappointing. It vas reasoned thet

a considerable area of the mercury electrode was inactive because of the small
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anode suffacekarea and the probable high cbllimation of fhe field. "To'tést this,
the cell height st redupéd from 4.0 em to 1.5 cm while keeping the same cell
diameter. Upoﬁ reducing the‘fotated electfode!s'sﬁrfacé area by & factbr of
2.7 and by'decreésiﬁg the cell's capacity to 2 ml_éf meréury and 2 ml of golution, w
~ the electfélyéiélgonstaht increased by more than 300% tc_0,020>3éc'l, This
increaéé 1s due ﬁé an.iﬁcreaée in the value of k in Equatidﬁ é made possiblé
through a réduétion in § with more éfficient stirring. Although thé gébmetrical
ratio of A to Vtis-9 to 1 for.the i;S'cm cell, the effecﬁivé ratio is probably |
near unify. | 7 - | | |

Reduction of the cell height and solution-mercury volume also reduced
the startiﬁg inériia_of the hotor résulting in the entrap@ent of as ﬁuch as 20-ul
of soiutidﬁ beneath ﬁhe”mefcury'which lead to low tifratién results. Interposing
a transformer between the mbtér and the line to initiéliy limitvthe'voltage to
the motor permitted a much slower-and controllable start np'and thus eliminatedb
the formation of solution pockets. lThis was vérified7by éiamination of thé
ceil under st?oﬁﬂtic light'C6nditions. Coincidental'ﬁifﬁ_the cell alteration,v-:
a more sophisticafed means of prqtecfing the cell from the ingress of air‘became
necessary. This took the form of the hinged cell cbver.‘

There is a définite upper limit to the amount of material titrated when
using a paféllel prbbe._ figure_3 shows the log 1 - time béhavior for a cadﬁium

sample which exceeds the upper limit. - The positive deviation from the expected

(s

linear log i1 - time rélation does not conform with the logarithmetic form of
Equatidn 1 and is due to the control-potential being exceeded sufficiently to '
cause a secondery electrolysis, hence the high positive error. Again see Figures

L and 6 of Reference 5. This phenomenon can bé‘éxplainéd by assuming that the probe
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changes from configuration‘II tovconfiguration_III type behavior depending upon the
cell cnrrentjdemend} _This hehavioral transition occursbabrnntli 8o 1f the upper
limit is-determined, and;care.tsken that 1t is not exceeded,‘a parallel probe
canrbe nSed ﬁithout trepidation. Replacement of the'parellel nrobe with the
coaxial probe discussed below eliminates these problems.

In conjnnction with the above, it seemed adtisable to meke a potentiel
map of the rotated mercury electrode ‘when it was in its configuration 1T state.
The cell was converted to easentielly a constant current operation in the f |
follOW1ng manner., The cell cover was removed to allow alr into the cell, then
a potentiel ofv;O.GOOvV vs. SCE was imposed. The'celldcurrent became constent-'
at 40O uA.within‘a short time owing to the equilibrium between the rate of entry

of oxygen into the-cell #ith the rate of its reduction. Using the second

' ~positioning collar and probe holder as described above, a moveable reference

probe was introduced into.the-cell and potential measurements were made against
the working electrode at various angular: settings with respect to the stationary
parallel,probe. .Figure 4 shows the-results. Even though the working electrode

potentlal is less than the control potential over much of the electrode surface,

 this will not harm the analysia provided the final electrode potential corresponds

to that of complete electrolysis (5), although there are some exceptions ().
The.electrode potential of the rotated cell, of course, approaches the control
potential at all points on its surface as the current-demand approaches Zero,

a fact confirmed by experiments in which the cell was sparged of oxygen during

,the potential meesurement

‘Figure 5, trace A, shows the acbnoise superimposed on tha hCQ HA

- constant cell current while simultaneously trace B shows the variation in thev
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._ control potential Qualitatively, this cell kas one of the lowest noise levels of
any efficiently operated mercury coulometry cell studied by these authors.
The cell n01sevwhich is due to stirring and/or mechanical»shocks transmitted
to.the mercury by the notor appears to be of a'highvfrequenCy nature (msecv
range). Intuitively,'however l0w frequency noise could‘occur from a precession.
"~ in the mercury and would oceur if the cell had apprec1able eccentr1c1ty.. A
frequency analyzer was, unfortunately, not available for this work. | »
An outstanding feature of this cell is its outgas characteristics.

Figure 6 is in logwlinear presentation of the change in the oxygen current with
time. Curve A 18 the recorded data and curve B is a normalization of curve A.
Curve A indicates that a solution, initially saturated with alr,. can be sparged
to background in about ‘one minute. It is reasonable to assume that the sparge
characteristic of the cell is exponential in nature and that an empirical _

"sparging constant" could be‘calculated, since curve B is fairly linear. This
constant, as might be expected, 1s related to the volume of the equeous phasev

which, in turn, is related to solution thickness. Sparging constants of 0.11,

0.10, and 0.05 sec'l were found forvl.S, 2.0,yand 3.0 m of‘l.OM;KCl, respectively.

' The thichness of these solutions, in nillimeters, is alnost identical with the
solution volumes. Under the conditlons of the general procedure the sparging
:time is less than one third that calculated (69 sec) because the sample 1s
being sparged in part during the aliquoting step.

The minimum nitrogen flow rate to maintein the sparging.constant of 0.10
is'2.9;l/min. This value is also the minimum flow‘necessary to:maintain an 1
oxygen free cell'environment when the cellncover is mounted 0.0l in. above the

‘rotating cell,

oyl



-17- B N UCRL-20457

Although the parallel probe 1s easy to construct, the fact thet there is
an upper limit on the‘size_of the sample titrated impares its usefulness, if it
is to be used in non-routine work. To circumvent these problems, the coaxial

type éalt-bridge wéé'developed. See Figure 2. 'Since.fhe reference electrode is

~ located ¢entéf of and flush with the analyte bridge, the control potential is

feduced by the iR drop bétween the réference and‘thé rotated meréury‘electrodg;
therefore, it_is ihﬁossible to éXceed'the control potential. Thié béhavior,-
which limits the cell current fo approximately 600 ﬁA in 1M KC1 is abou£ l/3ithe
totﬁl current évailéble. If the initial cell current demsnd is above the current
limiting:value, the titration time is extended. Figure 7 illustrates this
phenomeﬁon. If current limitiﬁg is'a problem;vit cen be overcome in one of two
ways. An 1R dr§p.compensator'can Be installed.in the potentioStat or the probe'
tip can be redeaignéd.in.such a way that ﬁhe réference electiode sait—bridge is .

placéd.nearer'the rotated mercury electrode. It is the considered opinion of

"~ the authOrs thatdthe former suggestion would be the easier to implement.

The two probes compare favorably. The current nolse levels of the two

probes are the same but the variations of the control potential (Figure 5) is

reduced by roughly 50% through the use of the coaxial probe.

It would be interesting to compare the performance of our cell with
that of previous workers. Unfortunately,.it has not generally been the

practice of past workers to evaluate the eledtrolysis constants for their cells; .

- rather, the amount of material which can be titrated to background within 15

‘minutes is usﬂally!reported as an upper limit for their methods. If one'asaumes

that the electrélygis current obeys Equation 1 and decays by three orders of

‘magnitude in this time, a comstant of 0.008 gsec™ is calculated for a typical
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conventional cell. In comparison, the meaaurgd electrolysis constants for our
cell were 0.020, 0;017, and 0.012 sec™ for lead, cadmium, and uranium,
resbectivelf. | .v

Avlarge‘value for the electrolysis constant is desireable beéause; in g»
addition to reducing the timé necessary to do a titration; the size of the
blank titration is réduced; sﬁallér sampleé can be titrated witn good ﬁrecision;
and, when normélizing data, thé'uncerfainity in the Qisﬁally determined
linéariﬁy ié greatly reduced because the slope of the titration curve is increased.
Tablé I'éive35 vhat we cbnsidér‘an objeétive time comparison of our cell with a
conventional ceilQ‘ The rate of reduction of U(VI) is kinetically controlled and
depends upon the rate of disproportationatién of the U(V) species (7,8). The
time dispérity would be3largér had a diffusionally controliéd sﬁecies'been‘
c&ﬁéiﬁéré&;. ' ' | .' ‘ | |

Calcﬁlated electrolysis times of 7,'8.br 12 min. for Pb, Cd.or U, respectively,
based on théiOBSefvéa rate constants are shorter than those actually émplo&éd.
The eiectrolysis wéé.allowéd to pontinué for a.time‘equal to 120% of fhe
calculated value to assure an adequate deviation from thé linéar log 1 ~ time
relation to.permit the evaluation-bf the background current by normalization,
A computer program which 1s currently under development will automate this
normalizetion procedure.. |

Both kinds of probes vefe used in.obfaining the results shown in Table.
II. A‘dOnstant titration time interval was uséd to obtain the :eported values
- for cadmium and lead, wheréas the normalization procéduré wasg uéed for the
ufanium-anal&sés( Tablé II1 détails thé data reductibn~$té?s nécéasary‘to

arrive at the information shown in the previous table for uranium at the'llQM_ug
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level. This.;bility to analyZe cpulométric titration daté for a éontinuous 
backgroundﬁéurrént contribution oﬁ én individual basis fafhér than on a statistical
basis considerably imprbves the precision of thé final résults; Notévfhat the
average.deviation of 0.2 ué would have been gréatér by e factor,Ofih.S had thé
average blank cbrreétion, béen uséd.

NOrﬁalizéfion ofvtitratioh data should also permit'thé accurate
aeterminationa of radiocactive elements where the radiolysié products are

created at a constant rate.

FUTURE WORK

~Although we'have_gttained'ouf origihal>dbjéctivés; a cell h;ving véry
efficient sfirring action;viow noise characteristics, a'véiy High sparging
rété, and.lbw saﬁple vdluﬁe reQuirements, several other studies probably are
suggestedsiy this work. If a very low-play, bearinngount arrangément wére
develéped, it éhoﬁld be possible'td'scale down the Céll size and titratév
samples in volumés'df lbb;ﬁl or less. The probes could.bé maintained at their
present diménsions and thus‘still be.physically.easy to h;ndle. Sonic stirring (9)
éoﬁid be émﬁloyed.in conjunctioh wifh»the'rdtated méréury eléctfode éincé'ﬁhéi |
centripetal férce would preVent fragmenting of thé liquidvmetél surfaée;

A fairly large éample volumé_is generally réﬁuiréd,for platinum
.coulometry‘célls to cover the electrodes. Construction of & rbtatgd platinum’
vgauze:of wool.eiectrode would reduce the volume required and.make the elec#rode
éurfaééfarea to,éampleavolume ratio quite favorable and at no increasé in the
_bdckgrdund éurrént-over the convgntional applicatioh. Sonic stirring (9) cquld
be gppliéd_tb ﬁﬁis arrangémént too. | |

| If by sonicvstifrihg an increase by a factdr of 5 ihfthe_electrOLYSié raté" 
,constantSfis_realized, pbténtial scanning'coulomeérvaould bééome'pfacﬁiéél foriﬁse

_ in routine analysis.
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Table I. Time Comparison of thevRotaﬁed Cell vith a Conventional Cell

Time, minutes

Operation . Rotated Cell . Conventional Cell
_ Aliquot o 1 e 1
Sparge . - 0.3 o T to 10
Pretitrate 1to3 | o 1to 3
Titrate™ - . V- ’ L l§+'-
Time Totels 7 1k3%016.3 - . 24 to 29 ..
SFor U6+

in 1M H,S0, -

+See text .




Table II. Titration Results

ug Cd

ug Pb - ug U
- : No. of : ‘ .No. of T ‘No. of
~ Taken Found Av. Dev. Analyses " Taken- Fqund Av. Dev, ‘Analyses Tgken Found Av. Dev. An@lyses
© 1030% 1029.9 1.k 5 1250% 1250.0 %0.9 6 112458 1035 x0.2 5
258 © 257.8 0.3 5 500°  500.2 0.k 5 562 5617 %01, 5
26° 262 t0.2 5 100°  99.9 0.1 5 281%°° 280.4 0.5 6
10° £0.2 6 56%°°  57.0 0.2 5

9.9

aCOaxia.l probe used
bPare.llel probe used
_cNormalizatioh procedure used

dAisosee-Ta.‘ble III

_ga...

Lsqoz-Taon
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Table III. Normalization of Uranium Results

Run No. 1 2 3 L 5
Scaler Counts = 1128373 1128259 . 1129566 “126863 1126666
Correction 3400 3840 . 5120 2560 2048
Normalized Value 1124973 1124419 112LLL6 1124303 112LE18
Nominal Value Mg 1125.0 112h.4  1124.Y 1124.3 1124.6
Less chai‘ging current
U equivalent (1.0 ug) 1124.0° 1123.4 - 1123.4 1123:3 -‘1123.6

AV, 1123.5 ¢ 0s2i
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FIGURE CAPTIONS

Fig. 1. Rotated Cell Apparatus~-Exploded View. |

‘Fig. 2, Céékia1 Pfob§ Construction.

Fig. 3. .Coulqﬁetric:Titrgfion inlwhich the Cohtrol Poteﬁiial_is Exceeded
-Taken; 501.5_ug Cdef, Found:.'55h.6 ué Cda*,.cénditichs: See General Prdceduré}
Fig. 4. Potential-Map of the Rotated Cell | | |
'~ Solution: o.;g_k01; o
Fig. 5.v'Celi.Noi§e :
A. Cell"cﬁrfpﬁf noise; i o = 1 JA.
B. Variations in the‘coﬁtrél potential; 1 mV = 1 mv.
Conditions: 1400 mA ﬁdtal current, -600 mV vs. SCE, 1 KC1.
Fig. 6. Sparging Behavior of the Rotated Cell
A, Cﬁrrentftime dafa as recorded.
B. Curve_A expanded by a factoriof 10 and.normalized;
Arfow denoteS-the poinf in time at which the'N2 was turﬁed on.
Fig. 7. Current Limiting Behavior of the Coaxial Probe-
"A. Curve B éxpandéd by a factor of 10 and normaiized”ﬂ
- B. Current-time data es recorded.
1,030 ug ca®* taken, 1,032 Vg Cd2+‘found before normalization, curve B,

1,029 g Cd%* found after normslization, curve A.



sodg -

PLATE 4% X 3% X & THE _STAINLESS STEEL

I X6 LOMS ELECTRICAL SHIELDING

NITROGEN _QUTLET, _LUCITE

VERTICAL SUPRORT

WING _NMUT

WING NUT STUD [
NYLON SET SCAEW

HINGED CELL COVER

LSCITE SLEEVED TURNTABLE SHAXT

BRONZE WOOL

PROB. CLAMP

SET SCREW

HORIZONTAL _POSITIONING SCREW.

VERTICAL SUPPOPT

TAM MUY

SRONZE _WOOL MOLOER
BRACKET i

LYCITE CELL

N (Y W N9 [ UG AU Y COY NN O AR PO 0% S N8 A LYY 'Y

COPPER TURNTABLE

BI_MERCURY. ACT WIRE

A YLOA./ LOCKING SC i[ W

NG _C

Px/ TIONING CaMﬂ HOLOER

x|

’/. X 6 DIA. LUCITE BASE

X 4% X g THE._NEOPRENE RUBBER BIDDING.

Xd % ELECTRICAL Sﬂ/ELD/A/G

AQ)USTABLE_ (£ES

aao/m: MSY-12 SY/ 5 7300 RPM MOTOR]

gu-u.uu..

DTS IR,

-26- | ,  UCRL-20457

DETARL A2 ®

SCAE-DOJLE

QETML NP2 /
TSCMEFUL] ya

D e A/'J :
. . bgA.s- 4 TIVES

XBL 711-40

Pig.

<



2 '31d

Preparation of a cooxial salt Boine vl santad B b smgésgd
bfldge ) 8mm o.d. tube P glass

Asbestos fiber NS \(r_g =

1 2mm o.d tubing s oy z( ~

~ R ~

& 6mm side arm

Glass-sealed osbestos 53
fiber S
2 >=

Asbestos fiber-glass

' seal blown to . s B
Flared to fit o hemispherical Reference - — <
f 6mm o.d. tube shape 6 salt bridge T S
3 &
; 4 =0 . ' End bent 90°
=

i
Anclyte compartment cut and ps,hoped

_La_

Completed coaxial salt bridge

Gmm o.d. tube

o ,

\
=N
AN
= /
.

Open end of the 2mm
tube sealed to a ~6mm i.d.
emm o.d. tube

Closed end of
2 mm tube centered
and sealed

4_@ 7

End view of
tip
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XBB711-146

Fig. 3
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Fig. 4
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Fig. 6
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LEGAL NOTICE

“This repori was prepared as an account of work sponsored by the

United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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