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I INTRODUCTION

Although the polarographle behavior of cobalt snd ite
various compounds and complexes have Deen intensively investigated
using the dropping mereury electrods, there has Leen virtually
ne published date on the voltammetry of cobelt using a mercury

poel electrode. Therefore, it was felt that e vcltammetrie
1nvest13st10m of ecbalt in the form of ﬁeaﬂi¢7ﬂgﬂ using both
the dropping mergury alootrade erd the mercury pcol electrods
might prove frultful in that the two metheods could be compared
and the feasability of uvelng the mereury peol methed a8 an
snalytieal tocl for cobalt might be sveluabed.
A. Bistorical Beckground

S8inece the first polercgraphie messurenents were made in
1921 by Professor larcslav Heyrovaky st the Charles iniversity
in Prague, the field of voltammetry ras recelved considerable
attenticn. Het only have innumerable techniques been developed
for uvse at the dropping mereury slectrode, but alse verlous
rew types of pclarizible sloctrodes have been developed in
order te further extend the usefulness of the voltammetric
mettod. Among these new types of electrodes is the mercury
pocl, erd from this is derived the teehnique of mereury pocl
voltammotry. |

Zletowski (18), in oonpeetien with work on overvoliage,
used a mercury pool electrode to investigete polarization
pbenomena, Cocke and his mssociates in e series of pepers
(13, 14, 11) studled the charscteristios of the mercury pool

slectrode and eveluated 1t es an analytical teool.
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Among other things, it was found thet the methot was 85 to 40
tiﬁﬁa more gengitive thar with the droppling mercury elsctrode,
and conseguently it le pongib&c to extend the renge of useful
~enalysis teo sclutions which are seversl fold more dilute than
the limits with the dropplng meroury eleotrode permit. It
was alsc found thet the peak helghts were pr&portlonal te conie
centration ard scern rates, and that the Lelf wave potetials
shifted slightly with eoncentration.
B. Purpose

The voltammetrle investigaticn of ccbelt was carried out
by analysing sclutions of co8ﬁ401H3@ and using xaao‘ 88 &
supporting electrolyte. It wes belleved that the data obtalned
when ueing the droppling mereury electrode should be of the
same naturs se the data cbteined when uesing the mereury pool
cloct?md. g0 that the two methods could be readlly compared.
Hence, & study of the effeet of drop time arnd caplllary
charecteriaties upon the diffusion currents and half wave
potertials was not desmed Ilmportent, since there 18 neo ecre
reossponding analog whe: using the mercury pool electrode.
Instead, the correlaticn of diffusicon currents with the cone
gontration of Caae‘-va,a. avd the reproducibllity of the half
wave potential with sean rate and concsntration of caso‘~vnaa
were studled.

Unce dete was secured usipg the dropplng mereury slectrods,
then the sewe sclutions would be eveluated using the mercury
pool eleetrode. If & peak could be fourd for ecbalt, then the

same fectors es considerod with the dropping wmereury electrode

weuld be investigated,
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I3 THECKY

The standard polerographic technique consists of evalusting
the current-volbtege plots cbtalned when an external poterntisl is
appiled to a dropping mercury electrode and lons are reduced at
the meccury drop surfeee, 4 discussion of the principles and
applicstions of polercgraphy ere given in hocét by ¥olthoeff and
Lingane (3.}, and Meltes (4), and ite prineiples ere so widely
kpown that they need not be discussed here further except as a
peference when deseribing the theory of mercury pocl veltemwaelry.

The wmereury pool electrede differs rotably from the drcpping
mercury elactrode in that the electrode, formed by & mercury
seservelr conpected to & capillary tube froem which drops of
mercury are permitted to fall, is repleced by & pecl of seroury
in the bottem of the eell. |

Ar asdvantage of such ap arrangemsnt 1s that the electrode
pow has & large surfece area end hemecs, ls more gensitive, thereby
ellowling one to anslyse solutlons more dilute than those analysed
using & dropplog mercury elsctrode. In addition to this, the
problems asscclated with the bardling of the dropping mercury
electrode would be eliminated.

A serious dlssdvantege of this new amrranpement ls that, since
1%t 1s more sensitive, the presence of reduelble impurities 1s mueh
more of & provles than with the dropping mercury electrode.
tn sddition to this, the electrode surfece is not renewsble and
treroiore the mereury pool must be changed regularly. 4 final
cbjection 18 that the mereury pecl electrode shows an increased
sensitlvity to the dilscharge of hydrogen (15}, and therefore the
useful voltage range with the mercury pocl slectrode is less than

thit with the droppiog mercury slectrede.
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Pilgure 2 shows the cheractesristic pea: obtalned when an foen
1s reduced usin: & mercury poel eathede. Although eguationa have
been develeped (2, 10, 18) to scccunt for these curves, pecrhaps a
better insight can be gained by seccounting for the shape of the
plot ﬁanlxsatxvnly. e

s 8 selution is belng scemned and the reductlion potsntial
of & given lon is belng approsched, there will be an inersase
in current and hence & rise iﬁ the curve. If one were using e
dropping mercury electrede, this rise weould eontinue until the
aiffusion eurrent was resched, sfter whish the current would
start to level off (figure 1), In the case with the mercury
peol electrode, however, the current value drops sharply ine
stead of levellng off, This is explained by the fact that the
mereury pocl cathole Lias & muech lsrger surface srea and hence
the eleetroGe 1s urabls to establish a steady diffusion layer.
Irstesd, there is & subseguent thickening of this layer with
time due to an sppreciable depletion of the reducible species in
the solution. @h&nr&ault& ir a drop in current and hence @
drop ir the curreut-voltsge plot.

As the rate of sean increeses, the helght of the peak of a
glver redueible species elsc inereases. Thls phencmena ceours
becsuse the diffusicn layer will mot be sble to expand as fast
with an ircresse in scan rate. Therefore, thevs will be & greater

pesk helght due to a larger flow of reducible lons.
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FIGURE 2

CURRENT-VOLTAGE PLOT OF A TYPICAL REDUCIBLE ION USING A
M EREURY PCOL ELECTRCDE
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111 EXPEALN ENTAL
A, The Dropping Herocury %inetroac‘

The eell used in these. studies is shown in figure 3., It
was used both for the éropplng meroury and merscury pucl elece
, trodes. When set up téé dropping mercury studles, it e
necessary to put the caplllary through @ rubber stopper whiech
18 in turn inserted through the top of the cell, The reference
enode for the dropping meroury electrode 48 the mereury pool
which 18 formed ﬂt the bottem of the cell. X prlatiorum wire
sealed intc the bottem of the cell yvavi&ad the electriecel
conrection from the maroury pool to s slde arm. The side
arm wes thepn fllled with more mereury epd the positive end of
tie polarcgrephic leads was insevted into the side arm.

The cell itself ccralsted of & l2em. pyrex gless tube.
Sesled in the bottom 1s & sintered gless bubbler nndc'rrﬁm pyrex
glass powder between 140200 mesh. This bubbler provided a
means of deaerating the sclution bY the pessage of nitrogen
threugh the sclution. 4 twoeway stopecek provided the means to
pass nitrogen through befoss end over the'scluticn during the
voltammetric runs.

Attached to the pyrex ﬁubo 1s spmother side srm in sddition
to the one mentionad pfsv&oully. This 1s for the reference
electrode that 18 used in eorneetion with the mereury pavl
slectrode.

Since the purity of the mereury is not as erutisl &
fuctor in dropplng wercury eleetrode work as 1pn mereury pool

studies, 1% was &oéida& to work with used mercury that nad been
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FIGURE 3
THE MERCURY POOL ELECTRODE ASSEMBLY
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recleaned by first remcving water, ther subjecting it to a mereury
oxifier for a few bours, and finelly filtering 1% through a
type "G mevcury filter.

It was necessary in the course of the snslysis to remove
axysin that was diasclved in the scluticns. This was dore by
passing Olin Matthirson prepurified grads nltrogen (99.906%
minimum purity end an oxygen content of 8 ppm) through copper
turnings, which were packed in 8 corbustlon tube and heated to
00=4B0% in a Sargent rodel tubular electrie furnsee (cat.
roe 5«36817), from whieh the ges wes passed inte the test
solution via the fritted bubbler,

It was docided thet the precedure would be to pass nitrogen
tkrough ths sclution for fifteen minutes at s fairly vigorous
bubbling rate end then over the sclutlon at & somowhat sualler
rate dusing the actusl runs 7This treatment proved satisfactory
for the duration of the work with the droppling mercury slectrede.
411 covneotions in the nitrogen inlet system were of tygon tublng.

The Sargent model XXI pelarcgruph wes used in all of the
st dies, both with ths dreopping mercury snd mereury pool electrodes.
¥o provisions were made for demping the current fluetuations, ard
8ll the polercgrams wore cbtained with only the naturel peried
of the regorder limiting the pen movement,

A11 chemiesls v8ed were olther C.P. op reagent grade and
ell sclutions were mede with dlstilled water. The cesé"vn,a
sclutions were prepared vy the dllublon of a U.01E stock
sclution. The “3304 supporting electrolyte was 0.13 with respect
to all test sclutions.
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The setusl procedure uvesed when working with the dropping
mercury elsetrode conslsted of edding 4 ec. of the cobalt
sclution and 4 cc., of O.8% ,xzs% to the celle 1.6 ce. of
mepeury was then sdded to provide an initisl emount of mercury
for the mereury pool reference arode. The selutior was then
treated with nitrogen as explsined above srd the polarcgrepbiec
data was then obtained. | :

Ir cases whers waxime appeared, it was necessery to edd
e couple of drops of triton Xe100 stoek solution., The stook
sclutior wee prepsred by sheklng 0.8 grems of teliton Xel00 with
100 ees of dlstilled water. |

The pH of all the solutlons analyscd wes e.dio,l as measured
or. the model HE Beckman glass electrede pii meter. All half
wave potentiales cbtaired by using the dropping mercury electrode
are reported in this paper in reference to & mereury pool sncde.

B, The Hereury Peol Eleetrode

As mentioned eariier, the cell used for the dropplng
mereury eleéctrods wes alsc used for the meroury poel eleetrode.
Ir this procedure the mergury pocl reference ancde of the droppling
mereury eleotrode arslysis nat‘becamou the polerigable mercury
peol cathode of the meroury pool slectrode anslysis. In this cese
tihe negative end of the pelarograph's leads is Inserted intc the
side amn. |

the veference electrcde consists of a small helix of silver
wirs that hes been ehloridized by 8 brief ancdle treatment in
dilutes HCl. The Ag, Agcl'eoll was made by filling up the side
arm helf wey with setureted Fg8C, sclution. Then saturated
101 sclution was added to the cuter end of the aide erm untld

the level resched the hnetlion of the side arm and the cell,
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The silver wire wes then placed in the side srm and was held in
place by & small cock. As & matter of proeedure, the silver
wire wms Eoeklnriaiuaa 8t the beglnring of esch werking day.

Triple distilled mrmérr ws vsed in the mereury pocl analysis.
it was fourd that persistant irregularities in the current-voltage
plots eculd be reduced by sllowing the mercury to remain for
spproximately 24 bours in a gresse-free buret befors éxlpiraxng‘(IS).

All echomicals were elther C.,F, ¢r resgent graede. The
ﬁgaﬁ“wnn recrystalized onee before making up the suppersing
electrolyte selution., 411 sclutions ware made with doubly distilled
water. The pH of the sclutions were 8ll €.,040,1 as measured f
on the medel HR Beokmen gless electrode pH meter.

The ebove uanhniqucslvoro basie te all the work with the
mercury pool sleetrede, In the inltlal steges of this investige~
blon, 6 ee. of 0.2 3,80, wore added tc & co. of CoSOy-THgO
uelut&anAund ther 8 ee, of mereury were added to form the pool.

The sclution wes desersted for fifteen minutes after which the
solution wes scannsd veltaleaily. After severel different
runs proved frultlsse in that no peek characteristic of ccbalt
could be locsted, & new procedure was Initleted.

It wag deelded to add 5 ce. of U.2H Eg80y end B ce. of
&auikpl&utlllod water to the cell, edd 2 ee. of mereury, and
dessrate for fifteen mirutes. Then, varylng ewounts of G.OLE
CoBt -?ﬁao stock scluticn were added to the cell end nitrogen
was pnaa»d through the sclution for a scuple of minutes more in
order: to mix the sclution snd remcve any 'races of cxygen.

Hitrogen waes passed over the sclution during the actusl run.



Page 135.

in & medificetior of this proecdure, e couple of drops of a
étry dilute scluticn of lel80y were added to the blank soluticn
in order to just piek up the peek for the reducticn of the
bisulfite ion. The resulting sclution was then deaerated agsin
for s ecuple of minutes in order to mix the sclution end remove
any further traces of oxygen. The s-lution was then scanned
voltaleally in order to cbtain a surrent-vcltage plot of the
sclution without the proa-noi of covalt, Then & small emcunt
of the O.CIN CoSC, TR0 stock sclution was added end the
sclution was sgeln deasrated and run through the polarograph
to see whet, if any, chenges occured,

The purpose of the sddition of the bisulfite lon was to
remove any treces of cxygen ani to see if the presence of the
bisulfite ion would produce & ecbalt peak due to the lformation
of & complex of the cobalt with the bisulfite.
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IV RESULTS
A The Dropping Mereury Eleetrode

Tre half weve potentisls and diffusien currents of the
polarograns cbiainsd by using the droppling mereury clectrode
wava‘ovuluut«d as shown in figure 1. Ip this procedure, a line
#A' 18 drewn scruss the peaks mz‘eho cselllstions on the
plateau and ancther line BBE' 1s drawn scross the peaks of
the ceselllations on the pertion of the curve just preceding the
rising portion of the weve., Thep a line CC' 1s drawn acrcas the
peaks o¢f the cselllations on the steepest part of the wave, and
8 point D is found on CC' which is eguidistent from AA' and BBY.
This point reprosents the Lalf wave potentiel and was found by
moving & ruler serose the polaregram perpendlcularite the
voltege axis. The diffusion current was then teken to be
emual te the perpendlcular aisianoi between lines AA' and
BB' st the half wave potential, messured in millimeters, times
the sensitivity setting weasured in micrcemps per millimeter.

Tuis procedure 1s oxnotly the same &8 that suggested by
Heltes (5), esxcept that tha uee & the midepcints ¢f the cecillae
tions is recemmended instead of the peaks In drawing the lines.
It wes decided to use the pesks because the polarogreph cperating
menual sug ested dolng so.

Table 1 prese ts date on the effeet of the comcentration of
eocbalt on the helfl wave poéential snd diffusiorn current. The
table atcws that the diffusicn current due to the reduvetion of
ecbalt (II)’lﬁnl 1s directly jroporticnsl te the eoncentration,
w.4s is also shown in figure 4 where the diffusion current 1s

pletted versus coneentration, It is alsc s=2en that the half



Cone. CoB0y+THQU mm ﬂunaltlvlﬁy,/an/mm
8 .00 0 B0
4.00 0,040
2400 0 4020
1.00 0 4020
050 / G010
G .86 0 .000
0408 0,008

|

TABLE 1

WFRUCT (P CONCENTRATION OF Ej AND 1,} USING THE DME

Using & ecan rate of 2

time of BLl sec.

B
«1.08
~1 .61
«1 .87
=1 .56
wl 56
~1.48
1 .80

17 .36

© 436
5.76
1.82
G.79
040
006

Fage 15,

2.17
209
1.68
1.82
1.58
1450
1.20

.6 volts/13.5 min. and an initial drop
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FIGURE 4

PIOT OF I4 VS. CONCENTRATICN USING DATA FROM TABLE 1
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wave potentisl is shifted to mors positive valueés 88 the concens
tration 1s decresased.

Table 2 shows the infivence of secan rate en She diffusion
eurrert and helf wave potentlel, It shows ths: the half wave 1s
nhifﬁad tc mors positive potentials end the diffuvslon current
is reduced ss the scan rate is increcsed,

it can be seen upon ocnpcrilem of tables 1 end 2 that the
belf wave potontials in teble 2 are all shifted to mcre positive
velues ther those of tebls l. The mly change in procedure that
oceured while taking the deta for teble 2 was that a different
caplllary was used with & shorter ipitiel drop tims. Clnce the
ralf wave potentisls are independent of the eepllilery charagter
istics, =, the mess of the meroury drop, and &, the drop tlme, no
- sultable explenation can be glven.

The feet that the helf wave potentlal shifts to less negative
values with decressing concentretion of reduclible ecobelt lon is
1-dleative of an irrsversible resetion (5) and will be lnvestigated
proesently.

The incresse in the I,/C coustant with inersssing econcentra-
tion can perheps be explained by the fact that at higher concentra=
tions, the period of the reccrder pen 1s larger and therefore
may tend to give slightly higher than predicted diffusion currents.

Tre apparent rise in the diffvelon current with scan rnfc
in table 2 is pervhaps anslogous with the rise of peak helght with
ineressing sean reats using the meroury poel electrode. Thls
sugzests that the diffusion layer 1s not set up as fast with an
ineresse in scan rate and henrcs the diffuaion current will be

slightly bigher than predleted due to a greater flow of peducible
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TABLY 2
EFFICT CF SCAN RATE OF ) AND Io° USIKG THE INE
Sean fste, Volts/15.56 min. By | Ige i
8.0 “1.38 0.93
2.0 -1.37 0489
1.6 -1.38 0,86
1.0 “1.80 0,80
0.8 “1.30 0.74

24t & cceertrstion of 2.8x10%4% CoSC, «TH 0 with & sevsitivity
of 0,004 md an inltisl drop time of 6 sec,
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The apparent stift of the belf wave potential to alightly
more positive values with s decresse In lena‘rnta 1n table @ ean
be considersd preeticelly negligivle. Its cecursnce 1s perhaps
due to & slowsr recorder response at higher scan rates.

It was mentioned esrlier that the shift -of the helf wave
potential to vore positive values with deecressing eguncentration
was indicative of eripreversible reseticn. Via the metiocd
sxplained by Heltes (7), 1t is posaible to prove that the
rod@eﬁien of ecbalt (11) is an 1irrevarsible procesas., This
may be showr as follows.

Assuming that the reduetion prccess = takes place nc‘

(1) Gdﬁ*%o4-ﬁg = Qo {Hg),
then it can be shewn that

9y & 0,080 e
(2) P = q - g&%-—-— IGGW
wheare Ea.g.' potantial of the IME
1g * diffusion eurrent
i s gurrent atb Eﬁ.o.
ﬂi e halfl wave potentiasl

Therefors, 1f the procosa is reversible, & plot of ¥y o,
versus the log _ 1 __ should be @ straight line whose slope is
squel to -0,0891 volts at 26°C and whose zero intercept showid

n
be the belf wave potential of the cobalt ion. Figure § 1s & plot
of this using data obteinsd from the wave 1illustrated in flgure 1,
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PLOT OF Ky o, VEASUS LUG 1 (PIGURE B), DATA TAKEN FRON FIG. 1
d‘

Sclution » 2.6x10=% CoS04*THgh

Sean %ate® 1 volt/13.5 min.
Initial Drop Time % 6 sec.
Sersitivity s .@ﬁq/;a/n-

3} =z =130 volte

4 0,0 V0LES i, e
~1.10 0.01
~1.18 0404
«1 420 012
-1 .26 G oR4
=1 .30 039
=135 0488
«1 +40 © 6B
«1 448 0.78

"'1 .80 9’”

040127
0.0886
0177
0428
0.462
1.86
4438
U #00
25.67

s

1 cag_{;:i

w1 856
=1 279
-0 7628
1358
04021
0.870
04637
0.964
1,409
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FIGURE 5
1
PLOT OF By o, VS. LOG,Id-I USING DATA CBTAINED FROM FIGURE 1
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As can be seen, there is no linesr relstionsblp and hesos cne must
eenelude thet the reduction is an irreversible process.
Apcther meothod whieh can be used '@ slua\aarlvod from ¥elites

(8)« If the reactlion 1s reversible, then 1t mey be¢ shown that
(3) Bypy =¥y sy ® ~020884 = -.0282 |
n

whore 8§ 3 8 for €4, —> ColHg)
Teble ¢ shows the results obtelned from enalysing sevaral
different polarograms in this merner confirme the fact thet
tre process 1s 1rreversible, %
Bs Mereury Pool Flectrode

The results of the lnvestigation using the mercury pool
slectrode could best be termed "erretic®. When the methed of
adding en inerement of O.01N c«&mthﬂa@ atoek scluticn to &
previocusly prepsred blank is used, any one ér four ovents 1is
possibie, First, there can be a positive shift in the hydrogen
discharge of sbout 0. %o 0.8 velts. Two, there can be the
appesrance of a peak whose half wave potentisl is sbout 0.8
volts versus the Ag, AgCl cimct#oﬂe. Three, there esn be the
appearsncs eof the aforementicned peak plus & pesitive shift in
the hydrogen “lischarge, or four, there cen be no changs in the
polarogrsm at all, Figure & shows the characteristic peak
mentioned abeve, |

An interestlng aspect of the appeareance of the pesi is that
the pesak gota bigher with successive scans untll 1t resches a maxie
mus height, sfter which, it starts tc deerssse 1n height. In fact,
i1t 18 entirely possible t¢ mise this pesk on & first scan, if it

deelides to show up &t all,
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TABLE 4
TH8T OF REVERSIBILITY CF Co UBING THE kg/yeF) /ee ~0,0288 CRITERIA

Cone. CoS0, *7H0,um  Seen Rate, Volts/ By, 8 EBacHa

13.5 m
1 .00 1 »14800 1,475 <=0.128
1400 2.8 «1.680 «1.513 -0,076
0.50 1 w1,618 «1,800 «0,118
0 .50 2.5 «1.580 1,813 «0.076
025 1 »148186 1,410 0,108
025 1.5 1,480 -1.280 0,140
0.85 B ~1,688 «1,425 ~0,113

(4] Qlﬁ 1 »] +4580 -l 360 0 5100



FIGURE 6

<l
po &

CURRENT-VCLTAGYE PLCT SHOWING APPEARANCE CF PE:K ON SUCCESSIVE

SCAFNS AFTER ADDITICN OF lcc O.O1N COSC4°7H30 TC BLANK. SCLUTICN

N 40 & 2 TR .
- BLANK &
< CoS0,*7H;0

X 33 SCAN

ol CcS0,4°THC
2nd SCAN

BLANK &
CcS0 4 -TH:
1st SC

20




Page 25.

The guestion of whether or'net this peair is due to the eccbalt
1s as yet copen to question., A& reverss sean run on this poak
showed po peak Bself thereby indlcating en irreversible process.
Fence this dose not eliminate ccbalt. However, 1t does not
eliminate oxygen, which slsc gives en lrreversible wave, or any
cther irpeversible reducible impurity in the sclution. Sinee
the size and appesrence of this pesk 1a rather errstie, the
pesk can ot bs seld to be definately dus te the ccbalt.

Perhaps the pesitive ahirt of the hydrogen dlsehargs,
though elsc erratlic in nature, la of mere significance. By
assumming thet the cobalt wave appears &t & more negetive
potential, as wes the cese with the dropplng merouly el=etrode,
1t would no doubt net be seen, The only indicatlen of 1ts
presence would therefore be & positive shift of the hydrogen
d1sebarge, This seems llike a more likely conelusion.

Tre use of the bisulfite ion produced s peek whese half wave
gotentisl was at sbout «0.4 volts versus the Ag,4gC) electrode
apd was cheracteristie of the biguvlfite ion slome. It was
belisved that the presenes o¢f the blaulflte lon might produce
8 complex with the cobalt and result in a complexed form which
would manifest itself in & pook at a less negetive potential
and thereby bringing &t off of the steep rise due to the
discharge of hydvogen. The enly result was that there was a
positive shift of the hydrogen discharge as meotioned previocusly.
This 1s 11llustrated by figure 7.



FIGURE 7
CURRENT-VOLTAGE PLOT BEEORE AND AFTER ADDITICE OF

CoSO4"7320 TO BLANK SOLUTICN AND NBHSC:,)

CU RRENT (/u AMPS)

15 g

10 ¢

/

|
-

BEFORE

1 } o
0.6 0.8 1.0

Epyor, (VOLTS VS. Az, AsCl ELFCTRODE)



Page 7.

V. DISCUSBICH PO FUATHREA WORK

Tt was determined in this investigatlcn that the gquantitative
and guslitative anslysis of ccbalt velng just a 6050*-?850 solution
end 8 Ka80, supperting electrolyte is not very ragxbla with &
mereury pool sleetrode. The hypothesls l1s that the ccbalt ls
reduced at & too negetive potentiel te be seen. If the hypothesis
1s correct, then there are two p@éoiblo ways to sliminate thias
problem. Ope metbed 18 to find a complexing agent or elsetrolyte
for the ebalt so that the balf weve potentiasl of the complex
appears at a more positive gotnntial. The other possibllity
which is scomewhat belated to the former is tc change the pi %o
hizher velues, Inithis manner, the hydrogen reaction 1s retarded
and henes one esen sxtend the useful range of analysis. Parnape
a combination of these two methods will result in the desired
sclution te the problem.

Por instance, if one assumes that the reagents whieh abift
the cobalt wave te¢ more positive potentials at the dropping
meroury olactrode will do the same at the mereury peol eleatrode,
one can find in the literature (1,6) verious slectrolytes and
complexiny agents whieh will shift the half wgve potentials

of ecdalt (II) teo mors positive valuss. Ap example of this is
to complex thre cobalt with pyridine or SCE™. Ancther possibility
i3 to try to complex cobalt with amuonia.
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