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Polarographic Reduction of cis- and trans-Dinitrotetramminecobalt(III) Chloride in
Chloride, Tartrate and Citrate Media

By Henry F. HorTzcLAw, JR.

Polarographic reduction waves of cis- and trans-dinitrotetramminecobalt(III) chloride in various concentrations of chlo-

ride, tartrate and citrate media are studied to discover effects of media upon the reductions.

For both the ¢is and trans

salts used in this work, the half-wave potentials for the first reduction step are displaced in a more negative direction and the

diffusion current constants are decreased with increasing concentration of tartrate and citrate as media.
The cis isomer is reduced more readily than the frans under all conditions tried.

all cases irreversible.

Introduction

A method of distinguishing ¢is and frans forms
of cobrdination compounds in solution by half-
wave potential comparison would be highly useful.
The papers of Willis, Friend, and Mellor! and of
Laitinen, Bailar, Holtzclaw and Quagliano? make
apparent the need for comparison of media first.
The present paper studies the reduction of cis-
and frans-dinitrotetramminecobalt(III) chloride in
the presence of chloride, tartrate and citrate media.

Experimental

Sargent Model XII and Model XXI polarographs were
used with a cell of the type described by Lingane and Kolt-
hoff.? Oxygen-free nitrogen was passed through the cell
before each electrolysis. The potentials of the dropping
mercury electrode during electrolysis were measured against
an external saturated calomel electrode by means of a stand-
ard potentiometer circuit. The pH of each cell solution
was adjusted with a Beckman pH meter to 8.0 by means
of addition of small quantities of sodium hydroxide or hydro-
chloric acid. Cell temperature was maintained at 25.0 =
0.1° by means of a water thermostat. Reversibility of the
electrode reactions was tested by determining the slopes of
plots of log ¢/(da — %) vs. potential and calculating the »n
values. Half-wave potentials were taken from the loga-
rithmic plots. The ¢is and frams salts of dinitrotetram-
minecobalt (III) chloride were prepared and tested by the
method of Biltz and Biltz.# Each solution for electrolysis
was made fresh from the dry cobalt complex before use.
Reagent grade materials were used throughout.

Results and Discussion

Lingane® and Meites®” have discussed the effect
of pH upon polarographic measurements of iron
and copper, respectively, in tartrate and citrate
media. Meites found that half-wave potentials of
copper codrdination compounds decrease with de-
creasing pH, corresponding to a shift from normal
citrate to monohydrogen citrate at pH below 7.4.
Exploratory measurements, in the present work,
were made on solutions prepared without prelimi-
nary pH adjustment. Half-wave potentials ob-
tained for these solutions, the pH of which varied
generally within the range 7 to 8, compare closely
with those reported in the data table for sdlutions
in each of which the initial pH was adjusted to
8.0 immediately prior to the polarographic deter-
mination. Preliminary measurements made with
trans-dinitrotetramminecobalt(III) chloride in 0.5
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molar citrate indicate that half-wave potential is
not affected significantly (within =10 mv.) when
the initial pH of the solution is varied within the
range 7.5 to 8.0. If change of pH at the electrode
interface were a significant factor within the pH
range studied, the effect upon half-wave potential
should be greater than was actually observed when
the initial pH of the solution was varied. No
additional buffering agents were used for this
reason and because the buffering agents themselves
might cause an effect upon the half-wave potential
and the diffusion current constant comparable to
the effects of tartrate and citrate being studied
in this paper.

Curves had no visible maxima. No maximum
suppressors were used. Reduction was in each
case irreversible as shown by the calculated =
values. The second reduction step was not evalu-
ated because of distorted limiting current regions
for the second wave in tartrate and citrate media.

An examination of Table I shows that the cis
isomer of dinitrotetramminecobalt(III) chloride
is more readily reduced than the irams under all
conditions tried. The unsymmetrical structure of
the ¢is isomer with respect to charge of coérdinated
groups and the resulting possibility of greater

TABLE I

FirST REDUCTION WAVE

0.001 molar dinitrotetramminecobalt(III) chloride; pH =
8.0; m = 1.30 mg./sec.; temperature = 25.0 = 0.1°

Half-wave
potential, Calcu-
Supp. elect. —E1/s lated . t, .
Concn., o5, n id, sec./ o
Nature M S.C.E. Slope values Ha drop m3/1i/s
cis Isomer
Potassium 0.10 0.051 0.117 0.50 2.74 6.3 1.69
chloride .90 .122 .083 71 2.72 6.3 1.68
Potassium .10 .058 .086 .69 2.94 6.3 1.82
sodium .50 .099 080 .74 2.36 6.2 1.46
tartrate .90 .120 079 .75 2,28 6.2 1.41
Potassium .10 .101 .116 .51 2.82 5.9 1.76
citrate .50 .148 .099 .60 2.40 6.1 1.49
.90 . 167 .109 .54 2,00 6.3 1.23
trans Isomer

Potassium 0.10 0.216 0.128 0.46 2.88 6.2 1.78
chloride .90 216 J111 .63 2.80 6.2 1.74
Potassium .10 223 077 .77 257 6.1 1.60
sodium 500 241 075 .79 2.50 5.9 1.56
tartrate .90 .262 077 772,27 6.1 1.41
Potassium .10 .253 .080 .74 2.81 6.1 1.75
citrate .50 267 076 .78 2.34 5.9 1.46
.90 285 094 63 2,03 6.0 1.26
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orientation in the field around the dropping mer-
cury electrode may be one contributing factor.
An additional factor of probable significance
is the greater thermodynamic stability of the trans
isomer of many codrdination compounds as com-
pared with the corresponding cis isomer.

The half-wave potential for the first reduction
wave becomes more negative and the diffusion
current constant decreases with increasing con-
centrations of tartrate and of citrate. These
trends, which hold true for both the cis and trans
isomers, are in line with the postulate of Laitinen,
Bailar, Holtzclaw and Quagliano? of a “super-
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complex’’ of multivalent anions clustered about the
central complex by electrostatic and ion-dipole
attraction. An interesting observation for which
an explanation is not readily apparent is the effect
of increased chloride concentration upon the hali-
wave potential of the ¢is isomer but not upon that
of the trans.
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The Ionization Constant of Sulfanilic Acid from 0 to 50° by Means of E.m.f.
Measurements'

By RicHARD O. MACLAREN AND D. F. SWINEHART

The ionization constant of sulfanilic acid has been determined from 0 to 50° by the use of cells without liquid junction.
The equation — log K = 1143.71/T + 0.0023142T — 1.2979 expresses the experimental data as a function of the tempera-
ture in the above temperature range with a standard deviation of 0.00063 in — log X for eleven experimental prints.

Introduction

The ionization constant of sulfanilic acid at a
single temperature has been measured by several
investigators and reported at four temperatures in
one paper. All these investigations were carried
out by means of conductivity measurements and
modern methods of accounting for interionic attrac-
tion were not applied. These results are:

Investigator K X 104 ¢, °C.
‘Ostwald? 5,81 25
Winkelblech? 6.20 25
White and Jonest 3.26 0
3.93 6
6.55 25
8.20 35
Boylet 7.05 25
Stearn® 7.05 21

Sulfanilic acid has been shown to exist in solution
as the zwitterion by the dielectric constant data of
Carr and Shutt? and as may be concluded from the
mere fact that it is a moderately weak acid. The
ionization constant is that for the reaction

THaNCeH(S0;~ = H:NCH,S0;~ + HY

It is the object of this investigation to present
accurate values of the ionization constant of sul-
fanilic acid determined over the temperature range
0 to 50° by the measurement of the electromotive
force of cells without liquid junction following
the general method developed by Harned and co-
workers.® The cells were of the type Pt, Hy/
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HSu(m1), NaSu(m,), NaCl(m;)/AgCl-Ag, in which
HSu and NaSu are sulfanilic acid and its sodium salt

and iy, ms and my are weight molalities. The po-
tential of this cell is given by
E = E' - ?—39%;3—&“ log mu+morYe+*Yor (1)

where E° is the molal electrode potential of the
silver—silver chloride electrode which has been
determined by Harned and Ehlers® and where ¥
is an activity coefficient. By elimination of
mu*Yg+ from equation (1) and the expression for
the thermodynamic ionization constant

K = mErgu
MHSu

'VH‘VYS“" ( o )
g:cH

the following relation is found

(E — EF mEsaMCl” _ _ _ YasuYerr
OB0%RT T 1B e T EE BT
(3)
The usual method of using equation (3) for the
calculation of the ionization constant of weak acids,
as, for example, in the case of acetic acid,” is not
suitable for sulfanilic acid since it involves a long
series of successive approximations which converge
slowly. Instead a procedure developed by Hamer?!
was used. First approximations to mm+, called
m'g+, were calculated directly from (1) using the
Debye-Hiickel limiting law!? to evaluate the
activity coefficients. Then values of a first approxi-
mation to the ionization constant, K’, were cal-
culated from (2), again using the limiting law and
m'asu = my — m'm and m'Ese- = M2 + m'me.
The negative logarithms of these values were
plotted vs. the iomic strength and extrapolated to
4 = 0. Using this value of K’, the limiting law
and equation (2), second approximations to #mms,
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