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Discussion

Although the authors believe that the proposed
theory is a general one capable of explaining the
cause of minima in the diffusion plateaus of polaro-
graphic waves of highly oxidizing compounds, there
are certain other ‘““minima’ that do not fall into
this category and consequently must have some
other mechanism.

A case very similar to the present one, although
not involving oxidation of mercury, was reported by
Laitinen and Ziegler.® The polarographic reduc-
tion of tungsten (VI) in the presence of perchloric
acid produces a very large catalytic current at po-
tentials corresponding to the reduction of W(VI)
to W(V). The catalytic current is due to the per-
chloric acid which oxidizes W (V) back to the hexa-
valent state which again is electroreduced to W(V)
and so forth. At somewhat more negative poten-
tial the current falls off producing a ‘“‘minimum.”
Here the electroreduction of W(V) to W(III) starts

(30) H. A. Laitinen and W. A, Ziegler, THIS JoURNAL, 75, 3045
(1953).

to interfere with the chemical oxidation of the pen-
tavalent form and the catalytic cycle drops off. The
principle is thus identical with the one presented in
this paper.

Other cases of polarographic minima do not nec-
essarily fall into a similar category. For example,
a minimum in the reduction of hexamminecobalt-
(I1I) ion has been attributed to the formation of a
film of cobalt(Il) hydroxide.®® The examples
given by Pecsok and Juvet,!' Kolthoff and Lin-
gane,® Konopik and Berger,* Filipovic, et af.,!*
and Parry and Yakubik!® merit further investiga-
tion.
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Curresit—-voltage curves of cysteine at the convection mercury electrode (C.M.E.) were studied over the pH range between
1 and 13 at cysteine concentrations from 107* to 107% M and compared with polarograms observed at the dropping mercury
clectrode (D.M.E.). Polarograms run from negative to positive potentials at the C.M.E. in cysteine solutions more acid
and more alkaline than pH 9 exhibit a prewave which is attributed to the formation of a film of mercurous cysteinate on the
clectrode. The film breaks down at more positive potentials when the “normal’ wave corresponding to the formation of
mercurous cysteinate at the electrode appears. From the area of cathodic dissolution patterns in polarograms recorded
from positive to negative potentials the thickness of the film is calculated to correspond to that of a monomolecular layer of

mercurous cysteinate.

0.00025 M was also found to be of monomolecular dimension.

The film formed at the D.M.E. in solutions of pH 5 and of cysteine concentrations larger than

Film formation at both electrodes is eliminated at 80° and

also at 25° in the presence of sufficient surface active disulfides like dithiodiglycolic acid.

Under proper conditions? cysteine gives an an-
odic wave at the dropping mercury electrode (D.-
M.E.) which corresponds to a reversible reaction

RSH + Hg === HgRS + H* + e~ (1)
-—

In solutions with pH between 2 and 9 a prewave
is observed at cysteine concentrations greater than
0.00025 M, the false diffusion current being almost
independent of the cysteine concentration. Grub-
ner? reports normal waves without a prewave at a
temperature of 90°. The false diffusion current
at room temperature has been attributed??® to the
formation of a film of mercurous cysteinate (HgRS)
on the surface of the drop which prevents further
electrode reaction with mercury until the potential
is made positive enough to cause a breakdown of
the film.

In a recent communication* the convection mer-
cury electrode(C.M.E.) was found well suited for a
study of electro-active films on mercury surfaces.

In order to obtain more insight into the properties

(1) Department of Chemistry, Tohoku University, Sendai, Japan.

() 1. M. Kolthoff and C. Barnum, THIS JoUrNAL, 62, 306 (1940).

(3) O. Grubner, Collection Czechosloy. Chem. Communs., 19, 444

(1954).
(4) I. M. Kolthoff and J. Jordan, THIS JoUrNaL, 77, 3215 (1932)

and formation of the mercurous cysteinate film the
anodic waves of cysteine at the convection mercury
electrode were studied in detail. Current—voltage
curves observed at the convection mercury elec-
trode in cysteine solutions of pH lower than 9 and
also in 0.1 M sodium hydroxide exhibit similar char-
acteristics as those found at the dropping mercury
electrode as indicator electrode. Current—voltage
curves were recorded from positive to negative po-
tentials and vice versa. The polarograms indicate
that the resistance exhibited by the film is greater
when the potential is varied from negative to posi-
tive values than vice versa.

From the area of the cathodic dissolution pat-
terns observed in polarograms recorded from posi-
tive to negative potentials the thickness of the film
was found to be independent of the cysteine concen-
tration, length of time of anodic polarization and to
have the dimensions of a monomolecular layer. A
film of monomolecular thickness was also postulated
to be formed at the dropping mercury electrode.

Experimental

The experimental setup of the convection electrode was
the same as described previously.5 The effective area of

(3) 1. M. Kolthoff, J. Jordan and 8. Prager, {bil., 76, 7221 (1054).
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TABLE I
APPARENT HALF-WAVE POTENTIALS, E:/;, AND LiMITING CURRENTS ¢ OF CYSTEINE AT C.M.E. ar 25°

~—> Recorded from positive to negative potentials.
«<—— Recorded from negative to positive potentials.

—> <
Concn Eify v Ei® v,
RSH X v 7§, — —>b < <k
pH 104, M S.C.E. $.C.E. i pa. ilc i, pa. ilc
13.0 1.67 -0.36 -0.20 at —0.33 v. 10.2 at —0.15 v. 20.2
1.70 3.4

13.0 9.80 —0.42 —0.21) at —0.33 v. 15.5 poorly
15.2 defined

9.2 5.0 —0.51 —0.51 at —0.35 v. 16.0 at —0.35 v. 16.2
8.0 8.1

7.0 1.67 —0.15 —-0.11 at —0.1v. 16.2 at —0.05 v. 17.9
2.7 3.0

5.2 1.67 -0.12 —-0.03 at —0.02 v. 2.4 at 0.0 v. 18.8
3.4 3.1

5.2 1.65 —0.14 —0.04 at —0.03 v. 19.4 at 0.0 v. 19.4
3.2 3.2

5.0¢ 1.65 -0.23 at —0.1 v, 21.8
3.6

5.2 5.00 —-0.15 —-0.04 at —0.02 v, 20.8 at 0.0 v. 18.0
10.4 9.0

5.2° 1.67 —0.24 —0.24 at —0.05 v. 680 at —0.05 v, 6550
11.3 10.8

5.2° 9.70 —0.24 61.0 63.0

1.0 1.68 —0.01 +0.14 at +0.1 v, 16.7 at +0.15 v. 17.8
2.8 3.00

1.0 5.0 +0.015 f at +0.1v. 16.6 f
8.3

1.0 9.8 -0.01 f at +0.1v. 16.5 f
16.2

* Reversible half-wave potentials at 25° at pH 9.2, 7, 5.2 and 1.0 are —0.52, —0.39, —0.28 and —0.036 volt vs. S.C.E.,

respectively. ® i/cis current of 1072 M cysteine solution.
1.63 X 1074 M cystine. ¢ Temperature of solution was S0°.

the indicator electrode was 0.02 sq. cm. and the sensitivity?®
21.0 pa. meq./l1. for thallous ion in 0.1 M potassium chloride
at a rate of stirring of 900 r.p.m. Current—voltage curves
were recorded with a Leeds and Northrup Chemograph Type
E. The rate of change of applied potential, Av/Af, was
3.33 mv./sec. in all experiments. The capacity of the elec-
trolysis cell was 250 ml. and the volume of the solution was
150 ml. in experiments with the C.M.E. After each record-
ing of a polarogram the cuvet of the cell was cleaned with
hot concentrated nitric acid and refilled with freshly distilled
mercury.

The characteristics of the dropping mercury electrode
were m = 2.02 mg. sec.”!, t = 3.83 sec. at open circuit.
Current-voltage curves at the dropping electrode were re-
corded with a Heyrovsky Type Sargent polarograph, Model
XII (Av/At = 2.85 mv./sec.).

The potentials were nmieasured against the saturated calomel
electrode (S.C.E.). All experiments were carried out at
25 = 0.1° unless stated otherwise.

Cysteine (RSH) stock solutions were prepared by dis-
solving cysteine hydrochloride (Pfanstiehl) in air-free dis-
tilled water and kept in bottles closed with caps which were
provided with self-sealing rubber gaskets. The solution was
withdrawn by means of a syringe. Thioglycolic acid
(TSH), dithiodiglycolic acid (TSST) and oxidized glutathione
were prepared in the same way as described previously.”*®

Borax (0.05 M borax, 0.1 M KCI, pH 9.2), phosphate
(0.1 M total phosphate, 0.1 M KCl, pH 7), acetate (0.1
) total acetate, pH 5.2) buffers, 0.1 M perchloric acid and
0.1 M sodium hydroxide were used as supporting electrolytes.

Experiments with the Convection Mercury Electrode

Current—voltage curves were run of solutions of varying
cysteine concentrations (1.7 to 9.8 X 107* 3{) in a pH range

(6) I. M. Kolthoff and J. Jordan, THIS JoUrNAL, T8, 3843 (1954).

7y DL L. Lenssing and I. M. Kolthoff, J. Electrochem. Soc., 100, 334
NMEEIN

18 WL Stricks and T M

Kalthoff, TH1s Joursatn, T4, 16406 (19521,

¢ Acetate buffer was 0.2 1 in total acetate.

* In the presence of
7 Xo coavection current plateau was observed.

of 1 to 13; some illustrations are given in Fig. 1. Apparent
half-wave potentials and limiting currents are listed in
Table I. All polarograms were recorded from positive to
negative potentials and vice versa.

In a borax solution of pH 9.2 the shape of the anodic con-
vection wave was similar to that observed in the same
meditin at the D.M.E.? The wave had the characteristics
of a reversible one electron wave with a half-wave potential
of —0.51 volt as compared to —0.52 volt at the D.M.E.
The half-wave potential of the convection wave was found
to be the same no matter wlether the polarogram was run
from positive to negative poteutials or vice werse¢ and the
limiting current at a given potential was proportional to the
cysteine concentration.

In media of pH less than 9 and in 0.1 3/ sodiwn hydroxide
the shape of the c-v curves at the C.M.E. exhibited irregu-
larities and was different when recorded froin positive to
negative or vice verse. For examplea 1.7 X 107 M cysteine
solution at pH 1 gave a wave of normal appearance when re-
corded from positive to negative potentials while the polaro-
gram of the same solution, recorded in the opposite direction
exhibited a small prewave followed by a very steep wave at
more positive potentials (compare curves A and A, in Fig. 1).
In curve A the convection current remained constant over a
potential range of 0.1 volt, while in curve A, it extended
over a range of only 0.03 volt. The potential region in
which the convection current was constant became shorter
with increasing cysteine concentration, but the convection
current remained proportional to the conceutration. The
half-wave potential of wave A is about 0.026 volt more posi-
tive than the thermodynamic value. On the other hand the
half-wave potential of the prewave in curve A; ( —0.04 volt)
agrees satisfactorily with the theoretical value of —0.036
volt. The prewave extends up to a potential of abont
+0.12 volt when the true convection current can develop.
With increasing pH (but less than pH 9) all the waves be-
came ill defined, immaterial whether run from positive to
negative potentials or vice versa and the half-wave potentials
were cousiderably morce positive than those correspouding to
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Fig. 1.—Current-voltage curves at C.M.E. of 1.67 X 1074 M cysteine in: A, A;, 0.1 M HCIO, (pH 1); B, By, E (dissolu-
tion pattern) acetate buffer (0.2 1/ total acetate, pH 5.2); C, G, phosphate buffer (0.1 M total phosphate, pH 7.0); D, Dy,

0.05 M borax, 0.1 M KCl (pH 9.2).

Curves A, B, C, D, E are recorded from positive to negative potentials.

Curves

Ay, By, Gy, Dy, are recorded from negative to positive potentials.

reversible reaction 1. Thus at pH 5 and 7 the potentials
on curves B and C of Fig. 1 are 0.164 and 0.240 volt more
positive than the true values. Some of the curves, like B
and B, showed a second ill-defined anodic wave of approxi-
mately the same height as that of the main wave. Similar
waves also have been observed in polarograms at the D.M.E.
both in solutions of cysteine and of glutathione.! The
second wave might be attributed to further oxidation of
mercurous Cysteinate to a compound to the type

S\
R Hg(ID).
<CO >Hg(1I)

The behavior of cysteine in strongly alkaline solutions
(0.1 M NaOH) at the C.M.E. was similar to that observed
in the pH range less than 9. From the data in Table I it is
seen that the half-wave potential at pH 13 is considerably
more positive than at pH 9.2, the shift to the positive side
being greater in polarograms run from negative to positive
potentials than vice versa.

Polarograms of cysteine at the D.M.E. at the extreme
ends of the pH scale had a normal appearance? and thus
differed markedly from those observed at the C.M.E. in the
same media.

All polarograms at the C.M.E. at pH other than 9, when
recorded from positive to negative potentials exhibited a
small characteristic cathodic dissolution pattern. One such
pattern is illustrated at great galvanometer sensitivity
(recorded with a Sargent Model XII polarograph) in Fig.
IE. Since the rate of change of applied potential was
constant i our experiments, the abscissas in Fig. 1 may
represent potential as well as time. Therefore, the quan-
tity of electricity corresponding to the cathodic dissolution
area could be calculated readily. The area of the dissolu-
tion patterns was measured for solutions at pH 5.2 at various
cysteine concentrations after prepolarization at —0.1 volt
for various periods of time. The data in Table II show that
the area of the dissolution pattern is unaffected by the cys-
teine concentration and by the tength of tiine of electrolysis.

At a temperature of 80° cysteine solutions of pH 5 gave

TABLE II
QuanTiTY OF ELECTRICITY CORRESPONDING TO AREA OF
DissoLuTioN PATTERXS AT C.M.E, 1Ny CYSTEINE SOLUTIONS
AT pH 5.2 AFTER PREPOLARIZATION AT —(.1 VoLT

Conen. Time of Quantity of

RSH X 104, prepolarization, electricity,

M min. npcoulomb
1.67 1 3.8
1.67 10 3.5
10.00 1 3.6
10.00 10 3.9
av. 3.7

perfectly normal convection waves, no matter whether re-
corded from positive to negative potentials or wice versa.
The temperature coefficient of the convection current was
found to be about 49, per degree between 25 and 80°.
The difference Es/y — Ei/,at 80° for 1.67 X 104and 9.7 X
104 A cysteine solutions was found to be 54 and 57 mv.,
respectively, after correction for the /R drop. These values
compare favorably with the calculated value of 65.5 mv.
for a reversible one electron transfer at 80°. No dissolution
patterns were observed at 80°. The remarkable change in
the characteristics of the convection wave at higher tem-
perature is analogous to that reported for the diffusion con-
trolled cysteine wave at the D.M.E. in an acetate buffer.?
The prewave and the sinall cathodic dissolution pattern
are attributed to a film of mercury cysteinate. It appeared
of interest to study the effect of capillary active substances
on the film formation in cysteine solutions of pH 5. Among
the substances studied cystine (RSSR) and dithiodiglycolic
acid (TSST) were found to be effective in preventing film
formation and to give rise to cysteine waves with a normal
appearance and the expected half wave potentials (see
Table I for an example of a cysteine-cystine mixture).
Not included in Table I are mixtures of cysteine and
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TSST which gave normal cysteine waves with a well-de-
fined convection current plateau. Asan example, the anodic
wave of a 2 X 1074 M cysteine solution (pH 5), 1074 M in
TSST was found to have a half-wave potential of —0.21
volt and a limiting current of 3.34 yga. The difference Es;, —
Eyy, for this wave was 0.070 volt which compares favorably
with the theoretical value of 0.059 volt at 25°. No dis-
soélétion patterns were found in the presence of RSSR or
TSST.

Considering that thioglycolic acid (TSH) in contrast to
cysteine gives normal ¢-v curves throughout the entire pH
range at the D.M.E.;7 it was of interest to study the be-
havior of this acid at the convection mercury electrode. A
polarogram of a solution of 4 X 10~¢ M/ TSH in 0.2 M total
acetate (pH 5.0), recorded from positive to negative poten-
tials, consisted of a single wave with a half-wave potential
(—0.25 volt) which was practically equal to the thermo-
dynamic value. No dissolution pattern was observed.
When recorded from mnegative to positive the wave, al-
though of similar appearance, was shifted by about 0.05
volt to more positive potentials. The 7/¢ value for botl
waves, measured at +0.13 volt, was found to be only 16.3.

Cystine itself, at pH 5 gives a drawn-out cathodic con-
vection wave starting at about —0.9 volt and attaining a
plateau at —1.4 volt. The cathodic convection current
was found to be 6.90 ua. for a 1.63 X 10™* M cystine solu-
tion (1.65 X 107¢ M in cysteine) correspouding to an i/¢
value of 21.05 ga./meq./l., which compares favorably with
the value of 21.8 for the anodic current of cysteine in the
presence of cystine (see Table I). Dithiodiglycolic acid
did not give a reduction wave at the C.M.E.

Experiments with the Dropping Mercury Electrode

FFor a better comparison of the abnormalities of cysteine
waves at the convection- and dropping electrodes, a few
polarograms of cysteine at the D.M.E. are illustrated in
Fig. 2. Curves A, B and C all clearly show the prewave.
Curve A (pH 3) exhibits a peak which has the appearance
of a polarographic maximum. Similar breaks in the curves
are observed at pH 5 and 7 (see I in Fig. 2), but also a sec-
ond break (indicated by II in Fig. 2) occurs. The rela-
tively poorly defined current at this second break corre-
sponds to the true diffusion current. From the average
value of 73/¢ in a concentration range between 1073 and
107t A, a value of the diffusion coefficient of cysteine at pH
5 and 7 was calculated to be 8.2 X 1078 cm.2 sec. ! as com-
pared to 7.0 X 10— in 0.1 M perchloric acid.?

| |

0 f*’/—B
/—"'1

MICROAMPERE

0.2 -0.4 -0.6

VOLT vs, S.C.E.

Fig. 2—Current-voltage curves at the D.M.E. of 9.17 X
107* M cysteine at: A, pH 2.83; B, pH 4.95; C, pH 6.95.

Eage ,

Since RSSR and TSST had been found able to eliminate
the film formation at the C.M.E., the effect of these disul-
fides and also of oxidized glutathione was studied on ¢-¢ curves
of cysteine at the D.M.E. Experiments with cystine in
the pH range from 7 to 3 were limited to concentrations not
higher than 1073 M RSSR which is approximately the solu-
bility of cystine in this pH range. At pH 7 and 5 cystine
had no effect on the height and appearance of the anodic
cysteine wave in the solutions of 1071 to 10~% Af cysteine.
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At pH 3 the sharp maximum of the cysteine wave beecame
rounded and its height was found to attain the value of the
true diffusion current in a 5 X 10~* M cysteine solution in
the presence of 5 X 1074 to 1073 M cystinue.

Considering the TSST and oxidized glutathione are frecly
soluble at pH 3 to 7 these substances were conveniently used
for studies of the effect of disulfides on the cysteine wave.
The change in the appearance of waves upon the addition of
increasing amounts of TSST to a cysteine solution of pH 5
is illustrated in Fig. 3. The current at break I increased
markedly (compare curves A and B in Fig. 3), and the break
disappeared when the concentration of TSST is 5 X 1073 1/
(curve C). With further addition of TSST (see curve DD,
Fig. 3) the true diffusion current of cysteine was measured
within a potential region of 40.1 to —0.1 volt in a concen-
tration range of 1071 to 10~3 M cysteine and the half-wave
potentials of the waves were independent of the concentra-
tion (—0.272 volt) and equal to the thermodynamic value.
Curve D has the characteristics of a wave corresponding
to a one-electron reversible reaction. Oxidized glutathione
had qualitatively the same effect on the RSH-wave as TSST
but larger concentrations of the peptide were required in
order to obtain a normal cysteine wave. For examnple, a 4 X
107¢ M RSH solution (pH 5) 8 X 1073 Af in TSST gave a
fully developed wave with an 44/¢ value of 3.4, while in the
presence of the same concentration of the peptide the anodic
cysteine wave was still poorly defined and gave an apparent
ia/c value of 2.9 as measured at a potential of —0.1 volt.
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Fig. 3.—Current-voltage curves at the D.M E. of 9.5 X
107* M cysteine at pH 4.9 (0.1 M total acetate) in the pres-
ence of dithiodiglycolic acid at concentrations of: A,
zero; B, 1073 M; C,4.8 X 1073 M; D, 9.2 X 1073 M.

Experiments with cysteine solutions at pH 5 iu the
presence of 1073 }f thioglycolic acid (TSH) revealed that
the polarographic behavior of cysteine is entirely changed in
the presence of TSH, the anodic wave being well-defined and
its height proportional to the cysteine concentration in the
range between 2 X 1074 to 1.6 X 1073 A7 (i4/c = 3.4).
The effect of thioglycolic acid is analogous to that of re-
duced glutathione reported previously® for mixtures witl
cysteine.

Discussion

A comparison of Figs. 1 and 2 reveals that pre-
waves of cysteine are observed both at the C.M.E.
and D.M.E. in a certain pH region. The cathodic
dissolution pattern observed at the C.M.E. (see
curve E, Fig. 1) strongly suggests that the prewave
must be due to a film of mercury cysteinate. This
film prevents further electrode reaction according to

() W, Stricks and I M, Koltheff, il Cham., 25, 1030 {1073
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equation 1. From the fact that the miain wave
vielding the normal limiting current appears at
both types of electrode at considerably more posi-
tive potentials than the prewave, it is evident that
the film must break down at these more positive po-
tentials. It is of interest to note (Fig. 2) that this
breakdown potential is more positive at pH 5
than at pH 7, the reversible electrode reaction
also occurring at more negative potentials with
increasing pH. The breakdown potential, especially
at pH less than 5, is more positive when the polaro-
gram is run from negative to positive potentials
than in the opposite direction indicating that the
structure of the film is affected by conditions of its
formation.* Cysteine and its mercury compounds
are dipolar and oriented at the electrode. The
adherence of the film to the mercury surface there-
fore may depend on the charge of the electrode and
on the pH of the solution. Film formation is de-
creased by increasing temperature. No film forma-
tion and waves corresponding to a reversible one
electron reaction are observed at 80° both at C.M.E.
and the D.M.E. RSSR and TSST when present
at high enough concentrations appear to be stronger
adsorbed on mercury than HgRS and eliminate the
prewave at room temperature. Apparently the ad-
sorbed layer of disulfide is permeable to cysteine.
The thickness of the film of mercurous cysteinate
at the C.M.E. can be found from the dissolution
pattern. The number of HgRS molecules reduced
(see equation 1) from right to left can be calculated
from the quantity of electricity corresponding to
the area of the dissolution patterns (Table II).
From the known area of the electrode surface this
number was calculated to be 11.6 X 10 mole-
cules HgRS per cm.? of electrode surface and the
area occupied by one HgRS molecule is therefore
8.6 A.2. From the density of mercury, the effec-
tive area of the electrode and the assumption of
cubic structure of mercury the number of mercury
atoms on the surface of the electrode at 25° is cal-
culated to be also 11.7 X 10! atoms per cm.? ‘.e.,
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one atom occupies 8.5 A.2. These results clearly
indicate that the film at the C.M.E. is composed
of a monomolecular layer of HgRS.

Attributing the prewave observed at the D.M.E.
also to an adsorbed film of HgRS, its thickness can
be calculated from the Brdicka!® relation

i = nFZAq

where 7 is the current determined by the amount of
adsorbed substance, F the faraday, Z the maximum
number of adsorbed moles per cm.? and Ag the
average increase of the electrode surface per sec-
ond. Expressing the characteristics of the drop-
ping electrode m in g. per sec. and ¢ in sec., Ag is
given by
Ag = 0.85m?/st7'/s cin.2/sec.

Taking for 7 the value of the false diffusion current
(0.62 pa. at —0.2 volt, see Fig. 2B) measured in a
solution of a cysteine concentration greater than
2.5 X 10~* M at pH 5.0 the value for Z was calcu-
lated to be 7.4 X 10— mole per cm.2or 4.4 X 10
adsorbed molecules per cm.?, a value which is
of the same order of magnitude as that (11 X
10'%) calculated for the film at the C.M.E. The
agreement between these figures is rather striking,
considering that the hydrodynamic conditions
around the mercury are so different with both
types of electrodes. It is reasonable, then, to con-
clude that the film at both electrodes is composed
of a monomolecular layer of mercurous cysteinate
which becomes the seat of a high electrical resist-
arnce.
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Polarographic Reduction of Cystine and of Dithiodiglycolic Acid in the Presence of
Iron
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1n alkaline mediam (ptl D25 iron has 4 great effect on the polarographic reduction of cystine.  1n the presence of suf-
ficient iron only one wave of cystine is observed at fairly positive potentials which yields the normal diffusion current while
in the absence of iron a relatively small prewave followed by a drawn out reduction wave is found. The potentials of the
iron-catalyzed wave correspoud to a reversible one-electron reaction, although the over-all reduction involves two electrons.
The catalysis is explained bv the reaction: RSSR + Fe(II) — Fe(III) + RS + RS~ which is rapid and is followed by

polarographic reduction of RS' and Fe(III), of which the iron reduction is potential determining.
The iron catalysis is eliminated by Versene and much pyrophosphate, but
The oxidation potential measured at the dropping mercury electrode of the cystine—cysteine system

accounts equally for the experimental facts.
tartrate has no effect.

An alternate mechanism

in the presence of iron does no longer correspond to the reaction RSSR + 2H* + 2e~ = 2RSH.

In studies of iron~cvsteine-cystine systems?it was
observed that iron increases the polarographic pre-
(1) Tohoku University, Sendai, Japan.

(2) N. Tanaka, I. M. Kolthoff and W. Stricks, THIs JoUrNaAL, 77,
1980, 1996 (1933).

wave of cystine. This effect has been studied in
greater detail and the results are reported in the
present paper. The first (prewave) of the double
wave of cystine at the dropping mercury electrode
in a pH range of 3 to 9 was found to be kinetic in



