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POL KPOG APHIC RCDUCTIO! OF EDXAMIINECOBALT (III) IOW, III,
THE ZFFLCT OF ICHCOMPLEXING ELECTRCLYTES

by

H. A. lLaitinen, A, J. Frank and 2. Kivalo

ABSTRACT

The diffusion current region of the first reduction wave of
hexarmizecobalt {III) ifon in pérohlorate, chloride and niltrate solu-
tions snows ancmalous dips at higher concentraticne of rsducitle ion,
Tlhie irregularities are lue to forrmaticn of a film, nrobahly of
covalt (II) hydroxide. The effects of gelatin, of various salta,
and of »il on the filnm formation wers atudled, The pH range for film
formation varles with Snhe nrature of the ruffer,

Reduction of hexamrinecocbalt (III) ion in the presence of
aquated cobalt (II) ion showed that no adéition to the second wave
1e caused by a small addition of cobalt (II). Thie is explained by
precinitation of the la+ter by anronla released during reducti on of
the hexamrinecobalt (III) ion, A%t the second wave, this lon ig
reduced Clrectly to the metal witnout th e 1ntermediate forrmation of
the hsxascuo cotalt (I L) ion. ' o

Ancther type of film forwat*on, caused by direct intersction
of mercury, i1s found in the presence of bromide, thiocyesnate or
1odicde ions. Although rmercury is invelved, ths fi’w conglsts of
cokaltous nydroxide,

A study cof the effect of variousg electrolytes on the diffu=-
gion current shows that, aftsr the effect of viscoslty 1s taken into
account, therse remelins e -sunpressing effect which increases wlth
increas¢ g anlonle charge, : :



The results of p stuly of the reduction of the hexammine-
cobalt (III) Lon in certain comple.sing media wac previously

repvorted.” The present investigation deals with reduction in non-

(1) L ?en; H. A., and Zival, Pekka, J, Am., Crem, Soc, In Press
\ 7 ,

it
2

\Jl ot

al
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complexing electrolytes. The experimental details were the same

as previocusly descrited.’

Kesults and Digcusgicn

The Effect ¢of HNexarrineconalt (III) Concentraticn

In the polarographic'reductions hitherto reported, the con-
centration ¢f the complex 1on has been millimclar or less., It was
therefore of intefest to determine if the charscteristics of the
recduction remeined constant at concentrations azproaching the uvper
1inmit of useful polarcgrephic work. Flgure 1 shows the ocurrent-

voltege curves for the reluction of the complex at variocus concen-

trations in O,1 X sodium perchlorate. Ipipapﬁbe seen that at con- 7

centrations of 0,5 to E'millimolar, falrly regular waves avpeared
Tor voth the first and the second reduction steps, the half-wave
votentials being, as uguel, abecut -0.250 and -1,230 v, vs. 8.C.E.,
respectively. As tne concentration of the reduclible ion wasg
inereased (curves 5 and &) the current increased at the right

potentlal, but did not reach the expected height and then, at

inrreassed potential, suddenly dropped to a minirun. The nminimum
- 3 PP
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appears to be indevendent of the concentration of the cobalt com-
rlex. Vhen the potential was made mére negative the current
started to increase again. The current at the top of the second
wave was proportionsl to céncentration, and normal in magmitude.

Similar curves were also obtained in 0.1 }! sodium chloride
and nitrate solutions. In the nitrate medium, the second reduc-
tion step starts about 200 mv. earlier than in the two other cases,
and geems to consist of a "prewave", which precedes the actual

second wave. Brdicka® has reported the same phenomenon in the

(2) Brdicka, R., Coll. Czechoslov. Chem. Communs., 5, 113 (1933).

reduction of cobaltous chloride in neutral solution. He explained
the prevave as being due to the pentaaquomonohydroxocobalt (II)
ion formed by hydrolysis, the ion being in slow equilibrium with
the hexaaquo cobaltous ion. \

Cayer and ’.':'oontner3 have recently showm that the hydrolysis

(3) %ayers K. H. and Yoontner, L., J. Am. Chem. Soc., 74, 1436
19529 .

of cobalt (II) actually exists. Figure 2 shows RBrdicka's "pre-
vave" obtalned in the reduction of a mixture of 1 millimolar
hexamminecobalt (III) and 4.78 millimolar cobalt (II) in 0.1 M
sodium perchlorate containing 0,01% gelatin.

The sudden drop in the current, occurring at higher concen-

trations of the hexammine complex, is no doubt caused by a film
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formation. Similar current limiting film formations have been

]
reported, e.g., by Xolthoff and ¥iller* and Kolthoff and Lingane.

(4) chzlthc(:rf& )I M., and >"iller, C. S.
1405 (19%0).
(5) Eolt?of{,)l. ¥., and Lingane, J. J., J. Am. Chem. Soc., 62,

J. Am. Chem. Soc., 63,

2

A plausible explanation for the occurrence of such a fillm
may be postulated as follows: The first product of the reduction
of hexamminecobalt (III) is the divalent hexamnine complex,1 the
latter, however, belng a lablle comnlex rapidly exchanges 1its
ligends to satisfy the equilibrium conéition in the medium in
question. If the supporting electrolyte is a noncomplexing ion
like nitrate or perchlorate, the result of the exchange will be
the heiaaquo cobaltous ion. Thus ammonia will be liberated
increasing the pH at the surface of the droonnins mercury electrode.

It is known that an addition of small amounts of ammonia to a

cobalt (II) solution gives precipitates of correevmonding basic

8,7’8,9

salts. In the precent case, however, where the ammonia

(6) Britton, H. ™. S., "Hydrogen Iona", D. Van MNogstrand Co., Ine.,
Nev York, M.Y. (1929), p. 256, 278.

(7) Haberman, J., ifontash., §, W45 (1884).

(8) Strémholm, D., Arkiv Kemi lin., 2, 16 (1907).

(9) Bernardi, A., Gazz. Chim. Ital., 57, 232 (1927).

concentration is actually grerter than the cobalt (II) concentra-
tion, 1t is likely that the cobaltous hydroxide is precipitated.
That ammonia actually was liberated during the first step
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of trne reduction, was shown by an experirmert in rrhlch cadmium ions

- WGre'vreSent‘in the solution. - It was thought, tliet the reducticn

of caamium would be affected due to the prac.pitation of a basic
-salt o* the nydrcxiae oP cadmium (cedmium armine complexes are not

-'likely tc be fomed a+ tﬁn 70m amronia cons E*t“ap*on) -However

' tne exneriment showed trot the reduotion wave of the cobalt (IIL)f[;_ B

oomnlex was 1tsel‘ 1most sunnressed up to tAe notential where
cadniun was "eduoed._ The smal;-amcunt'qf ccyalﬁ'(III) being.
reduced gave-enougn—of ammonia‘to raise the pH. to the point,'Whére‘i
a film, pvobably of 8 basgic cadrium salt ﬁss “éffed “hén the"
potential became negative enough to reduce the vac.mium the réduc-
ticn groceeded normally;'t 1€ "ave heivht tas squal to the sum cf
the corrésncnding‘waves recowded sena“ate;f.

As can be seen rom Figure 1, Curve L, tae ﬁ;lm'fbfmatioﬁ‘
starts 8t around -O S v. end disannea”s aroung -1, O'v. At higher.;-
concen*ra*ions the filn forva*iOﬁ starts eaxrller. This annarent |
deneﬁuence of the film formation on the oo”ertlal crobabWJ is due 
to electrqstatic effecta on the collcidal precipitate formed at
the electrode surfacé.

A mlcroelactrolvsis exner‘nent weas cﬁnducted in an attemnt

to make the film visible, The cell used vas a sceclel H-cell in
whilecih the cathode compartment held only 1 cm.s 5f golusicn,
Utilizing o droplet of mercury as a cathods, a octentigl of

-C.9 v, vg, S5.C.E. was annlied, the sclution being a 5 millimolar
hexermineccbalt (III) chloride in C,1 I scilum nitrate. Oxygen

weas removed a8 usual with niltrogen by mearns of g fine glass
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capillary tublng itaserted in the small cathode compartment. After .
& current of £0-10C microamperes héd passed for an hour a greenisn

precipitate was observed on the mercury surface,

The Proverties of the Current Limiting ?ilm;'

ooke of tne nrcne“t‘es of the film were also studied, It
- “wes ,ounQ *hat an- aaaition of gelat‘n remcved the ‘ilr. 'The
,;rregular;ties ghown in F ghra 1, Curve 5,_d*sapneared after &
éinimum'additibn of C,02% gelatin wnich acte as a protect ve cdl-
loid preventing the formstion of the adnerent filmj ‘As previously

- = - . 10‘ . Lo
-repcrted from this laborstory,  the addlitlion of gelatin causes a

(10) La*tinen, H. &, Bailar J C., Jr.; Holtzclav H. F., and
- Nuagli ano, J. v J. Am, Chenm. Soc., 79, 2999 (19,8). : :

R

a largeVShi‘*:éfT%Hefha1¢—ﬁavé'notehtial *d'm0ﬂ8~neFative direction,
7 It was alsc found that by increasinp tba,ﬂoncentraticn of
,tne sunvor*ing electrolvte the irrezularities alsappeared. The
'alectrostatic adsorption of the colloidal preéipitate is probably
affected by the nresence of high concentration of neutral sgalts.
.<~;”__Ecx;inatancevwmhenﬂtheugoncea— tion of the cemplex—vwas 5-milli--
molar, it was necessary tc increase the concentration of sodlum
nitrate to 2 ! in order tc remove the irregularities.

Cn the other hand, 1t wag exvected that salts of higher
charge type would ccegulate the colloldsl precinitate and make the
film formaticn more proncunced, One tenth molar barlum nltrate

golution used as suppoerting electrclyte, &L&, however, not show
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‘aﬁy filn formation at all nor 4i¢ 0.1 X sofium sulfate, or C.1 M
phoephate tuffer (pH 6-10), The explanation might be a peptiza-
ion effect of adgorbed ions”and/or a complexing effect to form &
 soluble divalent oobalt compound, '"hen a sufficient concentration
~of amronia and ammoniuﬁ saifIQas,préseﬁt'to’pré#eﬁﬁ the divalent
. éobaltamine'fro transforming,ﬁb the'aQuated iqn,ino irﬁegu1ari-
tiés’éppeargd.”lIt;wés algo fouﬁd_thst'an aad;ﬁion of ammonia on y,.
_,aétﬁally‘inCteased theﬁfcfnation of therpreoipitats,:which i
_exolained by the fact that the divalent cobalt amines are stable

only in the presgence of ammonium salts.

(11) Bjerrum, J., "Metal Armine Formation in Aqueous Solution,"
: P. Haase and Son, Copenhagen, 1G4, p. 235.

The Effect of poH

The effect of variafion of the hydrogen ion concentration
wes studied vrimarily to elucidats the film formatlion. The pH-
effect tas, however, masked by side effscts. The aclidity was
varied from 1 ¥ hyérochaloric acld tc acetate buffer (total acetate

concentration C.1 ¥) nI3 L,U0 <5 £,45 phegnhate tuffer (total
— [ | - -

(]

‘phosphate doncehtration 0.1 Y) pH 5.80 to 9,80, borats buffer
{(total borate concentration 0,1 }{) pX 7.85 to 9,20, and finally
using sodium hyd@roxide up ftc e concentration of 2 LI, As expected,
in acid solution no fllm formation was cbserved, tecause of the
fact that the ammonia formed during the reduction is irmediately
neutralized., In the case of the acetate buffer, the firsgt sign

of a precipitate occurred at pH 5,5 and the film formation becams




B

nmore pronounced with inereasing pH., It ig of interegt to notlce
that wheﬂ the pH was Detween 5.5 and about &, the seconé reduction
stepr started at arcund -0,9 v, vs.:S;C.E;; 1ndicating a hydrolysis
effeot‘éLmilafﬁtnnthat mehtibned above. On both siues of this jolsd
 '1nterva1, the second stepstartedgt ;i.*E v. As alweadv ren--'
tionéd, ne film-forﬁat*dn was observe‘ when a. osohate buffer Jasr
Vﬁsed. usi,g boric acid buffer the pH had to ve increased to 9
beforé; ny nreoiniuat on_started. 7 7 , 7

In the experimen ts tn which t“v supobrting electrolyte
_contained sodium hydroxide,' ery. internstir results were obtained.
It WAS fhéughﬁ,—th&f becauge of the linmited aolubility of'cébaltbué

17 ‘ - o , L
hydrexide, - the reduction would »e supvresgsed by a strong film

{12) Gaver, K. H,, and Gerretst, A. B., 7. An, Cham, Soc., 72,
3921 (1cnc} _ ' ' ‘

formation. If the concentration cf sodium hydroxide wWas betwesn
J.OCF and 0.0% molayr the first reduction wave Was esuppregsed, the

gecond wave again seemel tc be of normal light., Heowever, one

$l

e soclutlion gave & very well deflined

°]
l._‘-

tenth molar gcdiunm hydro

v

iffuaion current for 2 mill ir‘olaH cobalt (III) complex, and the
sene wag true for any concentration up te 2 If of the nyéroxide.
Tven & 5 millimelar cobalt complex geve a sncot!y current-veltage

curve Uith 0,1 ! sodium hydroxide. It was observed that the half-

g‘

t

wave potentisls of the firat wvave gtaved pracilically ceonstant wifh

[

nyéroxide rut the second wave

[

increasing concentration of sodium

ct

gative potentials {(ca. 0.2 v.)., Hoewever, no

e §
m

w

.

ghiftaed toc more



quantitative interpretations

*rrevers;%‘lity of the reduct

The disappeawa ce of the film at

tion pan,be due tq,two‘causes
formétién or Eotb It was s
ti auion
rlo-g sod*um'hgdwoxiae;

.13
calkall, = Gave“ ang uar”ett

0O

can be made uecause ¢f the

ion,

higher alkall concentra-

, either a peptization cr a complex

own

that a hvdroxo comnlex is.

This qompIQX”isfsaid to exist alsc in 3 Y

‘*ﬂ-*heif;féﬁ‘

rart of this inves-

formed as an intermedlate in

»

12 : | : ,
showed that the,principal ienic

Soc., 74, 3169

Chem,

wbioh deterﬂines the eolu b171+v of cobaltous hjqrox*de in

reactior
dilute sodlum hyurox¢de -is the formgtion of the z2cld anlenie galt
ralicel, or the tvihyd”oxj co"DWex‘
Col0H)y + O;'-I" = HCoOg + Haz0 or Col0i),~
Thore Lc another possivility of for ming a soluble nrod in th
raeduction of hexamminecobelt (III), namely, a formation of a mixed
cormplex, for instanc
- +
Col(i™,d, + e + 01 == Co(H,)a0H LNHE,
Such complexes dc not appear t¢ have bteen reported in the
literature, but there seems %tc te no reasgon why they could not
exist in solution es metasgtable intermedigtes,
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Reduotion of Hexamminoccbalt (III) in the Presence of Co(II)
If the reduction of the hexamminecobalt (III) ion proceeds

in a noncomplexling medium with the hexaaquo ccbaltous ion as &an
intermediate, then the simultansous préseﬁée of cobalt (II) in
vthe solution should increase the height of the second wave, This
was studied in an experiment in which a solution containing 0.1 H
sodiun perchloraté,ﬂ0.0lz gelatine, lrmiilimolaf hexammineccbalt
(III) and 1noreasing-coﬁcentrgpions of cobaltous nitrate was elec-
trolyzed'at the dropping mercury electrode énd the height of the
second vave recorded. It ﬁas found ﬁhat the second wave did not
increase until the concentration of cobalt (11 vas about 1 milli--
nolar. Because of the fact ﬁhat'the ammonia concentration at the
gurface of the drop is about 6 millimolar part of the divalent
cobalt approaching the electrode will be precipitated. If the
concentration of the divalent cobalt 1s below about l_millimolar,
all of it will be precipitated and will not be reduced at all. By
increaging the concentration above this 1limit the current rises
proportionally to it, By the precipitation of cobaltous hydroxide
amnoniun lons are formed, decreasing the pH enough sc that the
rest of ccbalt (II) is soluble,

An important conclusion can be drawn from this expveriment,
narnely, that the reduction to the metallic state cccurs without

the hexsaquo intermediate,

Reduction in the Pregence of Halide and Thiocyanate

The first reduction step of hexamminecobalt (III) is come

plicated with a film Tormation using hallides and thiocyanate as
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supporting eleoctrolytes., Figure 3 shqws a family of ourves repre-
senting the first reduction step in various halide and thlocyanate
sulutions. Chloride dces not give a f£ilm formation, but the hsalf-
wave»pbtential is more poslitive than tnat cbgerved in & nitrate
solution end the wave stabts at zero applled potentiel withra'
small current. Bromide Bhbwsﬁclearly a film.formatién'and the
fact that the reduction starts earlier than in the presence of
chloride. Thiodyanatéﬂand,iodidé'give g strongffilm‘formation.
The lodlde solution is only 0.1 because of the linmited solubil-

ty of the hexammineccoalt (III) loide. Figure 4 tllustrates the
fact that the reduct10ﬂ starts 8t ea*ly potentia 5, but is masked
by the anodic dissoWution of mercury.

The phenomena has a simple exn’ana*ion. the cobalt (III)
meplex oxidizes mercury in the presence of halidée to form
héxamminepobalt (II) anc mercurous halide, 'Théidivalent cobalt
complex decomposeg by aguation and s nreﬂipitaﬁéd a8 the hydrecx-
ide, wnlch is the film forming s”bs*ance. The mercurous ls
reduced electrochamically to give the cu“rent

The ‘helght of the suppressed vart of the flrst wave denends
on the concentration of halide ion and seems to have a minipum
around 0.1 M concentration in the case of thlcocyanate. Calecula-
tions showed that the film cannct be pictured as a monolayer, but
rather as a multilayer adscrption., It was also found that the
£ilm formation of 2 millimoler hexamminecobalt (III) did not have
any effect on the electrccapillary curve of 0,1 }M potassium thlo-

cyanate, suggesting that the film 1g rather loosely adsorbed at
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the gurfece, However, the height of the suppressed part ¢f the
first wave wag directly proportional to the helght of mercury
column, and %the current-time behavior inverted (decreasing ourrent
with increasing tire). Eoth of these observations are conslstent
with arsurface—limited current.

. That meroury is spontaneously oxidized by hexamminecobalt
(III) in halide and thiceyanate solutions was'coﬁfirmed by'tost;'
tube experimente. Deaerate& sblutions of hallidesg contalinling the
,cobalt complex were shaken with mercury, It was fcund-that‘theJ'
solutions tgrned green'due to the,formatioh of a précipitate and
that‘ammcnia wes iiberated. The relative time reguired té com-
plefe the reactlors was shortest for iodide and increased for thlo-
cyenate and bromide an fqr chloridfe mctually was very lcng. The
greeﬁ nrecinitate was anslyzed anf conslisted of cohaltous hydrox-

ide, Curve 3 in

Tigure 4 shows that an additlion of ammenia dbuffer
will remove the film, as expmected, 1T it 1s ccrtaltous hydroxiae.
Arparently the rate cf direct interactlon between mercury and
rcobalt (IIi) complex ls fogter than the electroreduction of
cobalt (ITII) at zero applied e.m.f. 'ith increasing negative
potential, the rate of the electrode reaction will increase. The
correlation between the potential at which the film formation
ceases and the solubility of the corresponding mercurcus hallde
(Fig. 3) may be accounted for on the basis that adscrbed halide
ton takes part in the direct reaction. The adsorption of halide
ion will decrease with increasing potential again favoring the

electroreduction reaction,
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The second reduc¢tion step waeg found to cccur at about the
same potential in the presence of the halides as in nitrate sclu-

tions.

The Effect of Electrbl* teg on tbe Diffusion Ourreut

Laitinen, Bailar, holtzolaw end auagliano *? ovserved fhat‘
Athe,diffusion'durrent.was suppressed in sclutlons containing sﬁl-
fates,'tartrates7aﬁd oitrates and elso that the half-wave poten-
tial of the f;rst wéve varied with the supporting e;ectrolyte.
'These effects were attributed to the fbrmationrbf g ''super com-
plex", the hexamminecobalt (III) ion belrg the central lon of an

aggregate held by electrostatis attraction. |

L 14,15,18,17 '
Several investigators have observed that the dif-

(14) Kolthoff, I. M., and Lingane, J. J., "Polarography I", 2nd ©d,
" Interscience Publishers, e’ York, N.,¥.,, 18952, ». G7.
(15) ioiSS (B.,l?cta hcad. Aboensie, Math, et Phys., 17, Yo. 3,
1c : ’
(16) Forffani, E., and Vecohi ., Sbernik mezinarod. polarograf.
Sjezdu Preze 18t Congr., Pt. I, 6i (105 ).
(17) Scholander, 4., Ibdid, p. 260, ' |

fusion currents of various metal lons in certein supperting elsc-

trolytee are inversely pronortional %to the sguare root of THe —

l8
gpecific viscosity of the medium. Alsc it has been found  that

(18) ileites, L., J. Am. Chem. Soc,, 73, L2s7 (1951).

the diffusion coefficlient varies with lonlc strength thus affecting
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the ciffusien current,

Since the diffusion rate of Lon aggregates is masked by 4
ViSCQSifJ effedt, it‘wés deSirable'tc'méaaure the dtffusien current
bf hexarminecobalt (III) in vgrious suppqrting electrolytes of aif-
ferent charge type énﬁ,kngwn'vieoosity.

In this investigation it was found that the &iffusion ocur-

rent 18 inversely zroporticnal to the sguare root ¢f the ﬁiscosityr

o3

and that the effec’t was indevendent of the nature of the electro-
lyte, provided the change of the lon is kept congtant, Filgure 5
and the following %table show the results of the exreriments,

Jurve 1 is the plot of ia“vs._ﬁ‘l/g forrunivalent anions, Curve 2
for <ivelent anions.  The single point ccfresponding to a trivalent
anion ap?éars_to 1ie dn a third cur&e.

It can be concludsed that after the effect of viscosity has
beén talien ihto'accdunt,lthefe'remaihs a suppréssing*effept;‘whigh
;ncreases'with.incréasing charge of anlon., This is consisteht‘With‘
the concept of an electrostatic clustering or "super compieigng”. |

. As ﬁenticned aﬁové,‘the'half-wave Poteﬁtiaifcf the first

recductlion step 1s eenslitlive te varlation of the supporting electro-

_iyte, For insfanoe,'as gseen in thenggp;EQ_the;Qg;ffygqgupotent;al N
ig shifted about 0,2 v;rto the negative'direction changing the
supporting electrolyte from 1 M nitrate to 1 i sulfate, It was,
nowever, found that this is not all due to the super complexing
but that the change of the lonic strength alsc affects the poten-
tial. Xeeving the ionic strength practically constant (. = 1)

r

with potassiux nitrate an addition of 0.1 M potassium sulfate




~15-

shifted the potential only 25 mv, whereas the shif¢ wae 170 mv;nif‘

the supporting'electfdiyté-consiéted of only sulfate.



TARLE I

' -t
Reduction of 1 millimolar Co(NH,), in Various
Supporting Electrolytes

Electrode I
Monovalent Anions

L A VPPNV L O

1. HMaCl 1.0 1.047 3.59 3.75 © _0.193

2. Calls 1.0 1.073 3.31 3.55 -o;aao

3. HNa benzoate 1.0 1.285 2.68 3.41 -0,300

4. NaC10, 1.0 1.023 3.56 | 3.65 -0,240

5. IMH/NO, 1.0 0.985 3.6 3.57 ~-0.250

6. Na acetate 1.0 1.180 3.00 3.54 ~0.345

7. NaOH 0.5 1.051 3.53 3.71 ~0.355

8. Coll; 1.0 1.097 3.13 3.43 ~-0.195

Divalent Anions.

9. Na Tartr. 1.0 1.185 2.22 2.57 ~0.380
10. NaaSO, 0.7 1.074 2.95 3.17 -0.450
11, Na,SO, 1.0 1.110 2.64 2.94 -0.465
12. Co30, 1.0 1.163 2.43 2.82 -0.1440
13, (NH.)zSO, 1.0 1.055 2.96 3.12 -0.465
14, X,S0, 0.7 1.036 3.09 3.20 -0.465
15, Hy30, 1.0 1.043 3.19 3.33 -0.385
16. NasSO, 0.1 1.01 3.20 3.2L -0.430
17. NaaCOs 0.5 1.135 2.82 3.20 -0.455
18, MgsSo, 1.0 | 1,170 2.24 2.63 ~0.452

Trivalent Anions |
1. Naz Citrate 1.0 1.175 1.75 2.06 -0.350

(19) Lange, N. W., "Handbook of Chemistry" 6th Ed,, Handbook
Publishers, Inc., Sandusky, Ohio (1946) p. 1581,




Figure 1

Polarograzs obtained in 0.1 Y sodium perchlorate, with vari-
cus concentrations of hexammineccbalt (III) ohlcride. Electrode I,
Jamping 1. ‘

llimolar ,Cﬁ,gizgkg,.- :;; w:;g;;i“153 _ﬂllQH7 ;§i,ﬁt 
Figure 2

Dola“ograr obtained in C.1 ¥ sodiur verchlorate contalning
- 0.01% gelatine, 4.75 millimolar cobalt (II) and 1 millimoler
hexammi eccoalt (IITY, Tlectrode I, Damping 1. -

[ A ]

Polerocgrans of

| ar hexemmineccbalt (III) in various
gupporting electrolyte ten )

111lircl c
oy Tirgt reduction sted

LIV
S o~1

Surve - 1 2 3 i 5
Supe. A S O - S O SO iy
~riectrol, a0, ¥Nall NaBr KSCU vial

Figure 4

- Polarcgranms of: 2 millinolar *eXamMinecobalt (III) obtained
in' Cu“te 1, l'ﬂ gofium nitrate; Curve 2, O.1 I} votassium thio-
cyanate; Curve 2, 0,1 Votass*' tn*ocvaﬂate Containing O, 1 Jut
arﬁonia end 0,1 : aFFOhium nitrate Zlectrode I.

Figufé 5
;he dif‘usi?n current of 1 millimolar hexammineccbalt (III)

' nlottea versus o? varioue sunpo ting electrolytes.
. Electrode I, - e



3DS sA° 3

oy

oG




'30'S

sA 3
Ot~

!

f:f

iy
‘
o LTT o nor [
; ; 1 [ R

. : R ' e *:_

: : L I AR ¢
R TS S S AN S WU PR T IS : g

. ..rv,,,f.,.,:.___,_i__.f,.._:__,___...ﬁ,.x i il .
RARERRRR MR CR R R A AR R R AN

01

v




Ol -




Ot-




060
1

00

ot

>
o2

SR

C e

™)




B

Reproduced by

ot dervicss T echnical Information genc v
OCUMENT SERVICE CENTER
KNOTT BUILD!NG, DAYTON 2, GHIO f

IE TN
e AT
o~ %
- = = -
- BCN B
LR Y14 x i L
_‘-_'_r“', N~
cavn T s R
-.’."_- e w PR
Y . -
TR e T
N AR RN

Jatioy ! Lioskd 3 3

D




