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Kinetic currents for the reduction of cadmium nitrilotriacetic acid in acetate buffer are studied (a) for correction for forma-
tion of cadmium acetate complexes, and (b) for determination of the instability constant from oscillographic current-potential
curves at high rates of potential change, The corrected rate constant for the forward reaction CdX~ + H+ = Cd*++ +
HX~~1is (1.5 = 0.3) X 10¢ mole~!]. sec. 7! at the ionic strength 3, and (1.3 == 0.3) X 10¢ for » = 0.3. The minor effect

of ionic strength variation and of the resulting change in double layer structure is consisteut with the electrode reaction

mechanism,

The electrochemical reduction of cadmium ni-
trilotriacetic acid (represented as H,;X) complexes
in buffered solution was investigated by Koryta
and Kossler! with the streaming mercury electrode
and by Morinaga and Nomura? by conventional
polarography. Observations can be summarized
as follows. (a) With proper concentrations of
reactants, a double wave is observed which cor-
responds to the reduction of uncomplexed cad-
mium (or complexed with the components of the
buffer mixture) and CdX-. (b) The limiting
current for the first wave (dropping mercury
electrode) is controlled in part by the rate of
CdX— 4+ Ht = Cd+*+ 4+ HX~—; and the kinetics
of this reaction were studied by polarography.?
(c) The total current for the dropping mercury
electrode is diffusion controlled, e.g., the current
is proportional to the square root of the head of
mercury. (d) The limiting current for the first
wave at the streaming mercury electrode is de-
termined by tlie equilibrium for the foregoing re-
action,! and the resulting equilibrium constant
Kecax - is in agreement with the values obtained by
Schwarzenbach and co-workers by potentiometry.?

The author had almost completed an investiga-
tion of this system at the tinie the paper of ref. 2
appeared. Details will not be given therefore
but two points not previously considered will be
discussed: (a) correction for complexation with the
buffer (acetate); (b) application of oscillographic
polarography to the determination of the equilib-
rium constant Kcqx - from current-potential curves
at hi%h rates of potential change (up to 100 volts.
sec.71).

Correction for Formation of Cadmium Acetate
Complexes.—The rate constant %2 for dissociation
of CdX~ to Cd*+* in well-buffered solution is ob-
tained by application of Koutecky’s method as de-
scribed by Morinaga and Nomura.? However, in
the acetate buffer used by these authors and in this
work correction must be made for formation of
cadmium acetate complexes (studied by Leden).
Thus

b = 131Keax-Kax-Cuxe- Ctana (1) 171 (1)
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where the %’s are the wave heights, ¢ the drop time
and a the correction factor for the formation of
acetate complexes. Equation 1 is the same as in
ref. 2 except for the factor ¢ and the term 4, The
latter is now the difference between the diffusion
current, as obtained in presence of HX, and the
limiting current for the first wave. This factor will
now be discussed.

Reduction of cadniium acetate complexes is diffusion con-
trolled under polarograpliic conditions as shown by a normal
dependence of limiting current on the head of mercury.
This cau be interpreted either by assuming that the com-
plexes are reduced directly or that dissociation of complexes
is so rapid that dissociation is not rate determining. One
can tlien assume, in the absence of another complexing
agent, that the total concentration of cadmium aquocomplex

ion is Zé’ CoK i where tlie equilibrium constant Xj includes

the complexant concentration and the subscript zero corre-
sponds to the aquocomplex. The equilibrium constant
Kcax is now changed by tlie factor ¢ = CO/Z{,’ G,K;. The
only modification in the kinetic treatment is tlius the in-
troduction of the factor ¢ iu eq. 1, it being assumed that
equilibrium is achieved for the acetate complexes.

Values of @ at ionic strengtl of 3 were calculated from
Leden’s e.m.f. data.t Thus, e = 2.0 X 1071, 3.3 X 1072,
1.6 X 1073 for acetate conceutrations of 0.1, 0.3 aud 1 A,
respectively. The factor ¢ for 3 M acetate solution was
determined from the shift of half-potential as the acetatc
concentration is chauged from 1 to 3 M. Thus® at 25°

Ce: Y.
AE1, = 0.0295 log EC;—;%: (2)

where 1 and 3 refer to the data for 1 and 3 A acctate. Oue
lias AEy, = 9.5 millivolts and (D3/Dy)/: = 0.76,e.g., a =
6.6 X 10~¢for 3 M acectate.

Results are summarized in Table I for 3 different
pH’s. The average value ¢ = (1.5 = 0.3) X 106
niole~! L. sec.~! is quoted. Similar determinations
at the ionic strength of 0.3 yielded £ = (1.3 = 0.3)
X 10% mole~! 1. sec.”'. The influence of ionic
strength is quite small and cannot be attributed to
the effect of the change in the double layer struc-
ture in the sense discussed by Delahay and co-
workers.! This conclusion supports the interpre-
tation based on the reaction CdX~ 4+ H+ = Cd++
+ HX~~. There should indeed be no effect of the
double layer structure for this reaction in the polaro-
graphic determination of £ (see ref. 6).

Finally, it is noted that equation 1 is quite
general and holds when several complexing agents
are in solution provided that equilibrium is achieved
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TABLE I
RATE CONSTANT FOR Di1ssoctATION OF CdX ~ AND RELATED DaTa AT JONIC STRENGTH OF 3° AT 25°
pH 4.62 5.10 5.35 5.67
Cca++, mmole 1, 7! 1 1 1 0.5
Crac, mole 1.7! 0.1 1.0 0.01 0.1
CnNaie, mole 1,71 0.1 0.3 0.1 1
Cux--, mmole 1.~ 1.44% to 15.7 0.6° to 12.0 0.5 to 12.4 7
k, 10% mole~11. sec. ™! (uncor.) 7.2+ 0.6 4.1 0.3 8.0=x0.5 ..
k, 10® mole~! 1. sec. ™! 1.4 +£0.1 1.3%+£0.2 1.6 0.1 1.7+ 0.1

* JTonic strength adjusted with sodium perchlorate.

except for only one complex. When one cannot
assume that Cca++<<Ccax - one has
kB = 131Kcax  KaxCrx-—-at—! X
B — (b + ha)
Keax-Kpx-—Cux--Cat ' + 1
ha
Determination of Kcax- from Oscillographic
Current-Potential Curves at High Rates of Poten-
tial Change.—In view of the work of Koryta and
Kossler! discussed in the Introduction, it was
thought that the equilibrium constant Kcax-
could be obtained from the ratio of the peak heights
ha/hy for current—potential curves obtained at high
rates of potential change (oscillographic polarog-

3)

TaBLE 11
DETERMINATION OF Kcax - FROM OSCILLOGRAPHIC DATA AT
(-]
v, ha/hy 25 h2/ 1 he/hy
v. sec, ! (u = 0.1) (u = 0.3) (u = 3)

0.26 1.4 1.4 0.9

1.0 2.6 2.6 1.7

2.5 5.5 .. .

6.1 9.1 2.5 3.9
10.0 9.6 3.2 4.2
25.0 15.2 5.0 4.9
40.0 17.6 6.3 5.1
57.0 19.0 7.6 5.1

100.0 19.7 10.0 5.1

Conditions for 3 u’s: pH 4.13, 4.62 and 5.62, respec-
tively; Coqt* = 1 mnwole 1.71; Cgac = 0.3 mole 1.71;
CNaac = 0.1, 0.3, 3mole 1.Y; Cg,x = 5 mmole 1.2,

b 5 concentrations.

¢ 6 concentrations,

raphy). This was indeed the case. At sufficiently
high rates of potential change the kinetic contribu-
tion becomes quite negligible, and the ratio /A, is
determined by Kcax-. Results are summarized in
Table II. Values of pKcax of 9.8 (» = 0.1), 9.9
(¢ = 0.3) and 10.3 (u = 3) which were deduced ate
in good agreement with the data of Schwarzenbach,
et al.?

Experimental

Conventional polarographic techniques were applied.
No maximum suppressor was needed. Drop times were
measured in the plateau range of the second wave. Several
capillaries were utilized with drop times varying between
2.9 and 5sec. Oscillographic recordings were made with an
improved version of the instrument described by Favero and
Vianello.?
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ADDED IN ProorF.—Reference is also made to the very recent paper
by J. Koryta, Z. physik. Chem. (Leipsig), Special issue, 157 (1958).
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The Configuration of Ribonuclease at Low pH in 2-Chloroethanol and in
2-Chloroethanol-Water Mixtures!
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Imahori, Klemperer and Doty have shown that ribonuclease dissolved in 2-chloroethanol acquires a configuration charac-

terized by a high content of helical polypeptide structure.

This paper shows that the transition from native aqueous ribo-

nuclease to the highly helical structure occurs in two stages, through an intermediate with about the same helix content as
aqueous ribonuclease but with a high intrinsic viscosity and flexibility, which suggests that its non-helical portions are more
or less randomly coiled. The highly helical structure in chloroethanol is presumably the result of intramolecular hydrogen
bonding; the compact configuration in aqueous solution is ascribed primarily to hydrophobic forces,

It has been shown recently by Doty, Imahori
and Klemperer? that 2-chloroethanol is a good sol-
vent for many globular proteins. Bothopticalrota-
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tion and infrared absorption have indicated that
protein molecules in this solvent have a strong
tendency, much stronger than in water solution, to
form intramolecular hydrogen bonds so that the
major portion of their polypeptide chains may pos-
sess a helical configuration. The purpose of the
present paper is to measure the intrinsic viscosity
of one globular protein, ribonuclease, in the solvent
2-chloroethanol, and to investigate the trausition



