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Polarographic Trreversibility of the Copper(II) Pyrophosphate System

_ Peter E. Sturrock and Gibson W. Higgins
Georglia Institute of Technology, Atlanta, Georgla

The . polarographic waves of a number of complex ion systems are kndwn to be irre-
rsible in alkaline solution. One such system is the copper(II)-pyrophosphate complex,
rmally represented as Cu(Py),. Below pH 6 & reversible polarographic wave 1s obtained
r the system. As the pH approaches 9 the wave becomes split into two parts, and the
rmal diffusion current is not attained until the electrode potential 1s at least -1.3
1ts versus S.C.E.. In addition to the varying behavior of the reduction wave, the
ppearance of the polarogram of an alkaline solution of the complex is affected by the
ncentration of the supporting electrolyte, through the influence of the latter upon

e electrical double layer. In this work potassium nitrate was used as the supporting
%ectrolyte. As 1ts concentration is decreased a maximum sppears on the rising portion

the wave, and 1s followed by & pronounced minimum before the current finally rises
o 1ts diffusion-limited value.

'L Both relaxation and steady-state.techniques wvere used to study the combined effects
f pH and supporting electrolyte concentration. Techniques employed included the poten-
/al step method, chronocoulometry, triangular sweep voltammetry, drop-time electro-.
ppillary measurements, and regular and A.C. polarography. Hanging drop and dropping
1ercury electrodes were used exclusively. -

\ Since it was initially hypothesized that perhaps adsorption was the cause of the

Q rreversibility, double-layer capacity data were obtained from triangular sweep voltam-
try of the sodium nitrate-sodium pyrophosphate system. No adsorption of pyrophosphate

@s detected by this method, or by searching for the Esin-Markov effect for pyrophosphate.

He value of the potential of a streaming mercury electrode in O. 1 and 0.2 F solutions

:f sodium pyrophosphete wes & constant -0.L28 volts versus S.C.E., actuslly less than

lhe -0.435 volts expected in the absence of anionic adsorption, and this discrepancy was

nttributed to a slight cationic adsorption.

Near the end of the investigation, evidence supporting the existence of the specific

idsorption of nitrate ion on mercury was published, and subsequent correlation with data

;aken in the present study confirmed that fact. The value of the ECM in 1 F KNOs solu-

:don was confirmed to be -0.519 volts versus S.C.E. ' -

\ Chronocoulometry and double-step chronocoulometry, selective for the detection of
idsorption of electroactive specles, were employed to determine whether any of the
topper pyrophosphate complex is adsorbed. The greatest possible amount of adsorption
1as found to be only about 0.5 x 10 ~1° moles em.”®. Thus it may be said that no detec-
;able adsorption of the copper pyrophosphate complex occurs. Inspection of drop time
tlectrocapillary curves for alkaline solutions of potassium nitrate, some with copper
syrophosphate ‘and some without, showed no' noticeable differences at any potential among
she various curves. This 1s additional evidence against the existence of specific
|dsorption of the complex.

S . .
A previous report, plus evidence found in the present study, indicate that in alka-
1ine solutlon the rate of the electrochemical reaction is controlled by the rate of dis-
Joé¢lation of the 21 complex to form the reducible species, the latter being Cu(Py)*~

%he ebsence of substances which form complexes with copper pyrophosphate ions. By em-
ploying the potentiasl step method 1t was possible to measure the parameters of the electro- |
shemical reduction step in both acid and alkaline solutions. The values found for the
>arameters for 1 F KNOs of pH = 9.3k are the following: 1 ° = 0.596 x 10"% amp. cm. -2,

k,° = 0.38 x 1077 cm. sec.”l, v = 0.h. At PH = 3.0 the Llues are 1,° = 6.92 x 107 emp.
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em.”?, k% = 3,90 x 1072 em. ‘sec.”!, o =.0.3. These apparent values tended esenerally to
increase wi\h decreasing KMNOs concentration and pH. ¢

Double layer corrections were applied to the above results. These celcalatlons
yielded so-called true values of the parameters, as follows. At pH = Q 3h 1,7 =1.21 x
107% amp. em.”?, k,° = 6.7 x 10°® cm. sec.”!, o = 0.5. At pH = 3.0, i 67 x 1072
amp. em.” 2, k t § ok x 1072 em. sec.”!, a = 0.5, rt

The apparent values of the kinetlc parameters at pH 3 are only 20 per cent less than
. values, also uncorrected for double layer effects, reported in the literature for reduc-
tion of copper(II) from 1 F KNO3 solution. Thus it 1is thought that the complex is weak
in acidie solution; particularly in the presence of 1 F sodium ion. This conclusion is
strengthened by the results obtained for the ionic charge z on the reducible species in
the bulk of the solution. These values were obtalned as a by-product of the applica-
tion of double layer corrections. At pH 9, z = 2, while at pH 3, z = +1.

A serles of polarograms of the copper pyrophosphate complex was taken for varying
concentrations of potassium nitrate. From the polarograms, values for an apparent rate
constant v* were computed from the formula of Koutecky for a kinetic polarogrsphic
current. Values for ¢, = £(C ,E) were obtalned from electrocapillary measurements and
the Govy-Chapmen theory. In Zach case the velue for @ = 0 was teken as the experimental
point of zero charge for that solution. The values of v* and ¥, were then plotted as
functions of @ and the concentration, in the manner of Gierst (4). The results ob-
talned from a grephical determination of o, z, and v° from this plot are as follows.
From the potentisl region of positive electrode charge, om = 0.4, z = -1.2, vo = 8.0 x
10™* cm. sec.”}. From the potential region of negative electrode charge, om = 0.1,

z = -0.32, v° = 8.7 x 10°% cm. sec.”t,

\

In the region of positive electrode charge, observation of the v* versus ¢ curve
for 1 F KNOy indicates that the rate is nearly independent of #*', and it is thought
that in this potentisl region only the 1:1 complex is reduced. At more negative values
of ¢ both the mono- and di-ligend complexes are thought to undergo reduction, &nd the
~observed rate slowly increases until finally, at very negative potentials, the rate |
becomes diffusion controlled. In the reglon of positive electrode charge the value
obteined for z is approxmamtely equal that obtained from the relaxation experiments.

The velue for o is moderstely less. In the potentisl reglon of negative electrode
charge, both « and z are surprisingly small. This is attributed to the simulteaneous
reduction of more than one complex species, in addition to double layer effects.

The evidence indicates, therefore, that the effects sre different on the two sides
of the point of zero chaerge. The low velue of o at negative ¢ indicates vie the Frumkin |
equation that the effect of $' on v* is considerably lessened in this potential range.
This is to be expected if both the 1:1 and 2:1 complexes are reduced in this region,
since the 2:1 complex has an even larger negative charge than does the 1:1, and then the

_reacteant, the adsorbed nitrate ions, and the electrode are all negative, and the ¢ .
effect should then be at 1ts maximum.
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