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Polarographic Investigations of Reactions in Aqueous Solutions Containing Copper and 
Cysteine (Cystine). I. Cuprous Copper and Cysteine in Ammoniacal Medium. 

The Dissociation Constant of Cuprous Cysteinate 

BY W. STRICKS AND I. M. KOLTHOFF 

Cuprous copper and cysteine in ammoniacal medium react to give slightly dissociated cuprous cysteinate (RSCu). The 
addition of an excess of cuprous copper to a solution of cuprous cysteinate results in a marked decrease of the diffusion cur­
rents of both the cathodic cuprous copper and RSCu waves and m a shift of the half wave potential of the RSCu wave to 
more negative values. This indicates the formation of complex compounds between cuprous cysteinate with cuprous copper. 
The RSCu wave observed with a solution containing equimolar amounts of cysteine and cuprous copper is not ideally re­
versible. Iu the presence of a sufficient excess of cysteine the RSCu wave becomes reversible. No indication of complex 
formation between RSCu and cysteine has been obtained. From polarographic data the dissociation constant of RSCu 
(RSCu -* R S - + Cu+) has been calculated to be 6.5 X ICT20 at 25° and the free energy of formation -26.2 kcal. 

In studies to be reported later on the reaction be­
tween cupric copper and cysteine in ammoniacal 
medium, cuprous cysteinate was found to be one of 
the reaction products. 

No data are found in the literature on the proper­
ties of cuprous cysteinate denoted below as RSCu. 
Preliminary experiments gave evidence that it is a 
slightly dissociated compound and more detailed in­
formation on the apparent dissociation of RSCu ap­
peared desirable. The present paper deals with a 
polarographic study of the system cysteine (RSH-
cuprous copper in ammoniacal medium. 

Materials 
Cysteine, which was used in the form of its hydrochloride, 

was a C P . product from Eimer and Amend. 
A standard cupric copper solution was prepared by dis­

solving an accurately weighed amount of Cp . copper 
(Eimer and Amend) in 6 JV nitric acid. After dissolution 
and evaporation with sufficient sulfuric acid to remove all 
nitric acid, the nearly dry residue was diluted to the mark 
in a volumetric flask. The copper titer was checked iodo-
metrically. 

Cuprous copper solutions were prepared in two ways: 
(1) A stock solution was made up which was 10-2 M in 
cupric copper, 2.10-2 M in glucose (Mallinckrodt, Cp.) and 
1 If in ammonia. Before use a portion of this solution was 
put into a test-tube and heated to near boiling. The solu­
tion became colorless within 1 minute. In order to mini­
mize escape of vapor from the solution, a conical tube (cen­
trifuge tube) filled with cold water was put into the open end 
of the test-tube during heating. The colorless solution 
which was 10 -2 M in cuprous copper was allowed to cool 
under nitrogen. (2) A given volume of standard cupric 
copper solution was placed into a volumetric flask and a one 
molar sodium sulfite solution was added until the precipitate 
formed in the beginning dissolved in excess of sodium sulfite. 
The mixture was filled up with air-free distilled water to the 
mark of the flask. The resulting solution was 0.01 M in 
cuprous copper and 0.2 M in sodium sulfite. The solution 
was light green immediately after mixing and became color­
less after a few minutes standing. Stock solutions prepared 
in this way contain dithionate. 

Copper amalgam was prepared by electrolysis of a copper 
sulfate solution using a weighed amount of mercury as cath­
ode and a pure copper rod as anode. The amalgam ob­
tained in this way was 0.25% in copper. After washing 
with water and alcohol and drying in vacuum the concen­
trated amalgam was diluted with pure mercury to the de­
sired composition (0.005% in copper). 

Experimental Methods 
Current voltage curves were measured at 25.0° with the 

manual apparatus and circuit described by Lingane and 
Kolthoff1 and automatically with a Heyrovsky self-recording 
polarograph. AU potentials were measured against the 
saturated calomel electrode (S.C.E.). Oxygen was re­
moved from the solutions in the cell with a stream of nitro­
gen which was passed through an ammonia buffer of the 

same composition as that used in the test solution. During 
an experiment an atmosphere of nitrogen was maintained 
over the solution. Gelatin in a concentration of 0.005% 
was used as a maximum suppressor. Corrections were 
made for the residual current. 

The characteristics of the capillary used were: m = 1.804 
mg. sec.-1, m'/»tl/> = 1.89 mg.Vi sec.-1/!; the height of 
the mercury column was 76.1 cm. unless otherwise stated. 

The £H of all solutions was measured with a Beckman 
pH meter, laboratory model G. 

Results and Discussion 
An air-free 10 ~ ! M cysteine solution in ammonia­

cal medium was titrated with 0.01 M cuprous cop­
per. Polarograms were taken after various addi­
tions of copper. As an illustration, a few examples 
are reproduced in Fig. 1; a complete summary of 
the (corrected) diffusion currents of all constituents 
during the titration are given in Fig. 4. 

Fig. 1.—Polarograms taken during a titration of 50 ml. 
10-3 M cysteine (0.1 M NH8, 0.1 M NH1Cl, 0.005% gela­
tin) with a 10'" M cuprous copper solution. After addi­
tion of (A) 3 ml., (B) 5 ml. and (C) 11 ml. 10"* M Cu(I) 
solution. 

Upon addition of cuprous copper to cysteine a 
reaction occurs 

RSH + Cu(I) —> RSCu + H+ 

Polarogram A in Fig. 1 was obtained after addition 
of 60% of the equivalent amount of copper to the 
cysteine solution. The anodic wave is that of the 
excess of cysteine, which has the characteristics 
described in a previous paper.2 The cathodic wave 
starting at about —0.6 volt corresponds to the re­
duction of RSCu to copper amalgam When the 
amounts of RSH and Cu(I) are equivalent, only the 
RSCu wave is found (Fig. IB). With an excess of 
cuprous copper the first cathodic wave corresponds 
to the reduction of the cuprous ammino ion (de­
noted here as Cu(I)) to copper amalgam while the 

(1) J. J. Lingane and I. M. Kolthoff, THIS JOURNAL, 81, 825 (1939). (2) I. M. Kolthoff and C. Barnum, ibid., «1, 3061 (1940). 
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second wave is that of RSCu (Fig. IC). Evi­
dently the RSCu is reduced at a much more nega­
tive potential than the cuprous ammino ion. The 
RSCu wave exhibits a maximum which is elimi­
nated by the presence of 0.005% gelatin. This 
amount of gelatin has no effect on the height of the 
waves considered in this paper. 

The height of the RSCu wave is considerably 
smaller than that of equivalent concentrations of 
cuprous ammino ion or of cysteine. In an ammo­
nia buffer which is 1 M in ammonia, 1 M in ammo­
nium chloride, 0.04 M in sodium sulfite and 0.005% 
in gelatin, the diffusion coefficient of cuprous cys-
teinate as calculated from the Ilkovic equation was 
found to be 4.1 X lO"6 cm.2 sec."1 at 25°, while 
those of cysteine and of the cuprous ammino com­
plex in the same ammonia buffer were found to be 
7.4 X 10-6 cm.2 sec.-1 and 1.5 X 10~5 cm.2 sec.-1, 
respectively. The diffusion coefficient of the RSCu 
in the ammoniacal buffer has about the same value 
as that of silver cysteinate for which a value of 3.8 
X 1O-6 cm.2 sec. - 1 was calculated.3 

It is of interest to mention that the sulfite cup­
rous complex also has a much lower diffusion coef­
ficient than the cuprous ammino ion. The addi­
tion of increasing amounts of sodium sulfite to an 
ammoniacal cuprous copper solution not only causes 
a shift of the half wave potential to more negative 
values, but also results in a decrease of the diffu­
sion current of the cathodic cuprous copper wave. 
Thus a 10 - 3 M cuprous copper solution which was 
0.1 M in ammonium chloride, 0.5 M in ammonia, 
0.05 M in sodium sulfite and 0.005% in gelatin gave 
a wave with a diffusion current of 4.03 ^A. In the 
presence of 0.5 M sodium sulfite under otherwise 
identical conditions, the diffusion current of the 
cuprous copper wave was found to be 2.58 /uA. A 
study of these sulfite cuprous copper complexes is 
planned. 

The low diffusion coefficient of cuprous cysteinate 
is at great variance with the covalent complexes of 
cupric copper with glycinate, alaninate and aspar­
tate ions. In these compounds the diffusion coef­
ficient of the complex is practically equal to the 
diffusion coefficient of the aquo cupric copper 
ion.4'8'6 

Upon addition of cuprous copper to an ammonia­
cal solution of RSCu the values of id/c for both the 
ammino cuprous copper and the RSCu become less 

uj ~ _RSCu WAVE J 
CE 2.5 S / — ' 
W COMPLEX / 
5 WAVE__E^/ 

O Ou(I) _ / 
g WAVEV 

! • 1 1 1 I I 
-.2 -.3 -.4 -.5 -6 -.7 :8 : 9 -IO -1.2 -1.4 -1.6 -1.8 

Ede. VOLTS VS. S.C.E. 

Fig. 2.—Polarogram of 2 X 10"s M RSCu, 3 X 10"1 M 
Cu(I), 0.1 M NH3, 0.1 M NH4Cl, 0.15 M Na2SO3, 0.005% 
gelatin after 3 hours standing, sens. 1/100. 

(3) I. M. Koltboff and W. Stricks, T H I S JOURNAL, 72, 1952 (1950). 
(4) R. M. Keefer, ibid., 68, 2329 (1946). 
(5) H. A. Laitinen, B. I. Onstott, J. C. Bailar, Jr., and S. Swanson, 

Jr., ibid., Tl, 1550 (1949). 
(6) N. C. Li and E. Doody, ibid., 72, 1891 (1950). 

than calculated from the over-all composition of the 
mixture. At the same time the half wave potential 
of the RSCu wave is shifted to somewhat more nega­
tive values. These phenomena indicate that am­
mino cuprous copper reacts with cuprous cysteinate 
in ammoniacal medium to form complexes of the 
type Cu+ 4- xRSCu = Cu(RSCu)x

+. The forma­
tion of these complexes seems to proceed slowly. 
The polarogram of a solution which was 2.10 -3 M 
in RSCu, 3.10~3 Min cuprous copper, 0.1 Mm am­
monia, 0.1 M in ammonium chloride, 0.15 M in 
sodium sulfite and 0.005% in gelatin and which was 
allowed to stand at 25° in an atmosphere of nitro­
gen for 3 hours is represented in Fig. 2. Immedi­
ately after mixing, id/c of RSCu and Cu(I) were 
2.12 and 2.26 and after 3 hours these values were 
1.68 and 2.11, respectively. At the same time a 
new ill-defined wave preceding the RSCu wave ap­
pears upon standing, indicating the presence of 
more than one complex. 

The change of the diffusion currents of the con­
stituents in solutions of varying mole ratio of RSCu 
and cuprous copper can be followed polarographi-
cally by adding small increments of cuprous copper 
to a cuprous cysteinate solution. 

Such experiments were carried out in electrolyte 
solutions of different ammonia concentrations 
(0.05, 0.1 and 0.5 M, respectively) and in the ab­
sence and presence of sodium sulfite (0.0, 0.05 and 
0.15 If, respectively). The time intervals between 
each addition of cuprous copper were at least 20 
minutes. Complete current-voltage curves were 
taken after each addition of cuprous copper. The 
results are given in Table I. The diffusion currents 
given in this table are corrected for change in vol­
ume by the added cuprous copper solution. 

It is seen that the decrease in height of the RSCu 
wave upon the addition of cuprous copper is not 
greatly affected by ammonia or sulfite concentra­
tion. On the other hand, the reduction in the 
height of the cuprous copper wave by RSCu be­
comes greater with decreasing ammonia (0.05 M) 
and increasing sulfite concentrations (0.15 M). In 
solutions containing RSCu and Cu(I) in the mole ra­
tio 1:2 and of sulfite concentrations of 0.15 M, 
0.05 M and 0.0, respectively, the reduction of the 
diffusion current of the cuprous copper wave was 
found to be 18, 14 and 7.8%, respectively, as com­
pared to cuprous copper solutions of the same com­
position, but without RSCu. 

In runs A and B cuprous copper was prepared by 
method 2. In run C cuprous copper was prepared 
by method 1. The cuprous copper used in the 
runs A and B of Table I contained dithionate, while 
that in runs C was free of sulfite. The id/c values 
of the RSCu waves are practically the same in the 
three sets, A, B and C. This shows that dithionate 
or glucose have no effect on the RSCu wave under 
the conditions of the experiments. 

If the dissociation of RSCu is given by the equa­
tion 

RSCu -^±. RS- + Cu+ (1) 
and the electrode reaction 

RSCu + e + Hg —>- RS- + Cu(Hg) (2) 
were reversible, the equation of the RSCu wave in 
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TABLB I 

CATHODIC WAVES OF MIXTURES OF CUPROUS CYSTEINATE AND CUPROUS COPPER 

Concn. of 
Cu(I) copper, 

M 
10"3 

None 

Mole ratio 
RSCu: 
Cu(I) 

No RSCu 

A. Electrolyte: 
M RSCu, 0.05 M 

0.05 M NHi, 0. 
Na2SOi 

RSCu-wave 
id/c 

1. 
2, 
5 
7. 
10" 

5 X 10"4 

5 X lO"4 

X 10-4 

5 X 10~4 

42 
64 
42 
92 
64 
28 

E Vi 

-0.676 
- .675 
- .685 
- .70 
- .71 
- .71 

5-10-' 
NH4Cl, 
15 Af 

Cu(I) 
wave*1 

ijc 

3.17 

B. Electrolyte: 5-10"« 
M RSCu, 0.1 M NH4Cl, 

0.5 M NH1, 0.04 M 
Na2SOj 

RSCu-wave 

0.80 

»'dA 

2.36 
2.46"* 
2.30 
1.95 
1.64 
1.56 

-0 .694 

- .70 
- .72 
- .73 
- .74 

- .745 

Cu(I) 
wave & 
ii/c 

4.03 

Ei/t in this medium was: " —0.370 volt 
ments. d Concentration of Cu(I) copper 

in all experiments, 
was 10 -4 M. 

solutions containing equimolar amounts of Cu(I) 
and RSH should be 

E = const. + ^ T l n ^ L = ^ (3) 
r ir 

In Fig. 3 is given the plot of log (id — i)/i2 versus 
the potential. The plot is a straight line up to 
about the half wave potential with a slope of 0.07 
instead of the theoretical value of 0.059. The plot 
of log (id — i)/i versus potential which is also given 
in Fig. 3 is a curve in the entire potential range in­
vestigated. 

According to equation (3) the half wave potential 
of RSCu is not constant, bu t becomes more nega­
t ive with increasing concentrations. Actually, i t 
was found t ha t in a given ammonia buffer and sup­
porting electrolyte the half wave potential changes 
from - 0 . 6 7 6 volt for a 5 X 10 ~4 M RSCu solution 
to - 0.730 volt for a 2 X 10~3 M solution. The dif­
ference is 0.054 volt as compared to the calculated 
value of 0.036 volt (equation (3)). At the same 
RSCu concentration and ionic strength, the half 
wave potential of the RSCu wave is shifted to more 
negative values with increasing pK. 

Upon addition of cysteine to an ammoniacal 
cuprous cysteinate solution in a mole ratio R S H : 
RSCu of 1:1 or 2 :1 the diffusion current and half 
wave potential of the RSCu wave are practically 
unchanged, bu t the waves approach more closely a 
reversible reaction (equation (3)). 

The anodic diffusion current of cysteine with 
small concentrations of R S H in the presence of an 
excess of RSCu is ill defined and smaller than in the 
absence of RSCu. This decrease may be due to the 
fact t ha t the anodic cysteine wave corresponds to 
the formation of mercury cysteinate: this reaction 
a t the electrode may be affected by the presence of 
cuprous cysteinate. 

The lowering of the anodic cysteine wave in the 
presence of cuprous cysteinate can be followed by a 
t i trat ion of cysteine with cuprous copper. 

For this purpose, a slow ti tration of a 10 ~z M air-
free cysteine solution in an ammonia buffer (0.1 Af 
in ammonia, 0.1 ikf in ammonium chloride, and 
0.005% in gelatin) was carried out with a 10~2 M 
cuprous copper solution (prepared with glucose). 
The t ime intervals between each addition of cuprous 
copper were about 20 minutes. Complete current-
voltage curves were taken after each addition of 
cuprous copper and from the da ta Fig. 4 was con-

.56 
,40 
.04 
,34 
.47 

Concn. of 
Cu(I) copper, 

M 
10~3 

None 
4 X 10-4 

8 X 10-" 
1.2 X W~l 

2 X 10-3 

Electrolyte: 10"• M RSCu, 0.1 M NHiCI 
0.1 M NHi, no Na2SOi 
Mole-ratio 

RSCu: 
Cu(I) 

No RSCu 

RSCu-wave 
ii/c 

:0.4 
:0.8 
:1.2 
:2 

34 
04 
89 
71 
43 

Ei/, 

-0.700 
- .73 
- .75 
- .765 

Cu(I) 
wave6 

<dA 
3.5 

13 
60 
93 
15 

b —0.450 volt in all experiments. ' —0.390 volt in all experi-
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Fig. 3.—Plots of (A), log (w - i)A"2and (B), log (id - *')/ 
* versus potential of 2 X 10"' M RSCu, 0.5 M NH3, 0.1 M 
NH4Cl, 0.04 JIf NaiSOj, 0.005% gelatin. 

structed which gives the diffusion currents of RSH, 
RSCu and Cu(I) as a function of the increments of 
cuprous copper added. The dot ted lines give the 
ideal t i tration lines; the full lines correspond to the 
experimental data , corrected for the volume effect. 
The decrease of the diffusion current of RSCu in the 
presence of an excess of Cu(I) and tha t of Cu(I) by 
RSCu (as mentioned in a previous paragraph) is 
also clearly noticeable in Fig. 4). 

The addition of relatively large amounts of 
cysteine (1.5 X 10~2 M R S H and greater) to an 
ammoniacal cuprous cysteinate solution (2 X 1 0 _ s 
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TABLE II 

RSCu WAVES IN THB PRESENCE OP EXCESS OP CYSTEINE, [Na2SO3] = 0.04 M AND [NH3] = 1 M 

Cu(I), M 

2 X 10"3 

2 X 10~s 

2 X 10~3 

2 X 1 0 J 

5 X 10~4 

5 X 10-> 

Composition of electrolyte 
RSH, M NHiCl, M 

None 
4 X 10~2 

4 X 10- 2 

1.5 X 10~2 

1.5 X 10~2 

4 X IO-2 

1.0 
1.0 
0.05 M NH4Cl 

. 9 5 I f N a N O 3 

1.0 
1.0 
1.0 

Mole ratio 
Cu(I): 
RSH 

1:20 
1:20 

1:7.5 
1:30 
1:80 

RSCu 
id/c 

4.4° 
2.54 
2.42 

2.32 
2.50 
2.50 

wave 

0.503° 
.835 
.868 

,813 
.809 
.836 

PH. 

9.3 
9.03 
9.96 

9.37 
9.37 
9.21 

Slope 

0.060 
.055 

.059 

.062 

.058 

JCRSCu X No. of 
(times) 10" expt. 

1 
3.9 2 
7.6 3 

6.4 4 
8.8 5 
5.8 6 

" Values of cuprous ammino ion. 

M to 5 X 10-4 M RSCu) makes the RSCu wave 
completely reversible. Thus, when the concentra­
tions of cysteinate ion in the bulk of the solution 
and at the electrode interface are practically the 
same equilibrium at the dropping mercury electrode 
is established rapidly. When the excess of R S - is 
large enough the equation of the wave becomes 

E = const. + ^ In &-=^ (4) 

The reversibility of the electrode reaction was 
tested by determining the slopes of the plots log 
*/(*'d — *') against Ed,e. and by measuring the values 
of (£J/< — -E'/O- Moreover, the dissociation con­
stant of RSCu could be calculated from the follow­
ing experiments. 

8 

7 

6 

5 

4 
I/)' 
U J , 

UJ 

< 
O I 

T- ° 

2 

-3 

-

-

RSCu 

A'' 

HSH , V - ' ' 

f̂, 

/ / / / / / 
/ / 

/ / Cu(I) 

/ / 
/ ' / 

/ 
, " " / ' C u ( I ) 

, . ^ ^ , ^ ~ " * — " * -a5L-_. 
,>• 

-Zf- - " -

I L 1 1 1 I ,1 I I, I I I 
I 3 4 5 6 7 8 9 IO Il 12 13 14 15 

0.0IM Cu(I) SOLUTION ADDED, ML. 

Fig. 4.—Slow titration of 50 ml. 10" l M cysteine (0.1 M 
NH3, 0,1 M NH4Cl, 0.005% gelatin) with IO"2 M cuprous 
copper solution. Plot of diffusion currents versus ml. of Cu(I) 
solution added: is the calculated titration line as­
suming RSCu to be the only reaction product. 

Ammoniacal cuprous copper solutions in the pres­
ence of various amounts of cysteine and at various 
pK were polarographed and the diffusion currents 
and half wave potentials of the RSCu waves were 
measured. The values for the half wave potentials 
were taken from the plots log */(*d — *) versus the 
potential. The results of the polarographic meas­
urements are given in Table II. The slopes of the 
plots log i/{i& — i) versus E (called "slope" in Table 
II) indicate a one electron reduction. If the elec-

Average AT 6.5 X 10~2° 

trode reaction (equation 2) is reversible the following 
relationship7) should hold at 25° 

AEy2/Alog C5 /x= - £ 0 . 0 5 9 1 / n 

where Cx is the concentration of the cysteinate ion, 
/x, its activity coefficient and p the number of cys­
teinate ions which combine with one cuprous cop­
per. For our purposes activity coefficients are 
taken equal to unity. Since "n" is one, p can be 
determined. The value for A£i/2/AlogCx is 
found to be —0.047 from experiments 2 and 4 and 
— 0.062 from experiments 5 and 6, indicating that 
one cysteinate ion combines with one cuprous cop­
per. 

The dissociation constant 

ATR8CU = ( (Cu + ) (RS-) ) / (RSCu) (o) 

can be estimated since the dissociation constant 
of the cuprous ammino complex is known.8 Bjer-
rum found that cuprous copper is present only 
as diammine in solutions which are 0.01 M in 
ammonia. Even at greater ammonia concentra­
tions higher ammines are not formed by cuprous 
copper. The dissociation constant of this ammine 
is 1.35 X 10~n according to Bjerrum. The half 
wave potential of RSCu (n = 1, p = 1) in ex­
cess of cysteinate at 25° can be expressed by the 
equation 

.Ey2(RSCu) = « + 0.059 log K^scu - 0.059 log (£RSCu/ 
K) - 0.059 log CRa- (6) 

where e is equal to £ ° -f 0.059 log a-ag. £° is the 
standard potential of the amalgam and ane is the 
activity of mercury in the amalgam. Since the 
amalgam formed at the electrode is very dilute 
OHg is practically equal to the activity of pure 
mercury and can be considered as constant. 
Therefore, t is constant. The values of &RSCU 
and &a are proportional to the square roots of 
the diffusion coefficients of the cuprous cystein­
ate and the copper in the amalgam, respectively. 
CRS- is the concentration of the free cysteinate 

ion which can be calculated from the concentration 
of the free cysteine, pH of the solution and pKs of 
cysteine by means of the relation 

log CRS- = log K-ESa + log CESH + ^H = 

log CBSH - £ K R S H + £H (7) 

Substituting in (6), the equation is obtained. 
(7) J. J. Lingane, Chem. Revs., 29, 1 (1941). 
(8) J. Bjerrum, KgI. Danske Videnskab. Selskab. Maih.fys. Medi., 11, 

5 (1931); 11, 10 (1932); 18, IS (1934). 
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EV, (RSCu) = e + 0.059 log .BTR8CU - 0.059 log ̂ - u -

0.059 (pVL - pKnss) - 0.059 log CESH (6a) 

CRSH is the analytical concentration of the free cys­
teine and is obtained by subtracting the concentra­
tion of cysteine combined with cuprous copper (on 
the base RSH: Cu(I) = 1:1) from the total cys­
teine concentration in the solution. pKa(SH.) of 
cysteine is reported to be 10.28.9 For our purpose 
it is considered to correspond to the acid constant of 
the SH-group, although this is an over-simplifica­
tion.10 PK1 (COOH) is equal to 1.96 and can be 
neglected at the pH. range investigated. Since the 
thiol group and not the amino group is involved in 
the reaction between cysteine and cuprous copper, 
(^-ST2(NH3

+) is not taken into account. The cys­
teinate ion is denoted as R S - , disregarding the 
amino and carboxyl group. 

The half wave potential of the cuprous ammino 
complex (n = 1, p = 2) is expressed by 

Ei/, ( C u ( N H s ) 2
+ ) = e + 0.059 log ^Cu(NH1),+ -

0.059 log ^ N H i ^ ; _ 2 x Q 0 5 g l o g ^ ( g ) 

Since the ammonia concentration is unity in all the 
experiments listed in Table II, the last term cancels 
out. The half wave potential and diffusion cur­
rent of the cuprous ammino ion were determined 
separately and the values are given in Table I I . 

Combining equations (6a) and (8), the dissocia­
tion constant i^Rscu can be calculated from the rela­
tion 

Ei/, (RScu) - .E1A (CuI) = 0.059 log XR8CU + 

0.059 log | ^ - 0.059 (pH - pKMn) -
KESOu 

0.059 log CRaH - 0.059 log JT0U(NH,),+ (9) 
The ratio &CUII)/&RSCU is calculated from the ratio of 
the diffusion currents of cuprous ammino ion and 
cuprous cysteinate at the same concentration and in 
the same medium. The average value of the disso­
ciation constant i^Rscu is found to be 6.5 X 1O-20. 
The free energy of formation of the cuprous cys­
teinate, AF = RTInK, is -26.2 kcal. 

I t is seen from experiments 2, 6 and 4, 5 in Table 
II that the half wave potential of cuprous cysteinate 
in the presence of sufficient excess of cysteine is in­
dependent of the RSCu concentration as required 
by equation (6a) which does not involve the concen-

(9) E. J. Cohn and J. T. Edsall, "Proteins, Amino Acids and Pep­
tides," Reinhold Publishing Corp., New York, N. Y., 1943, p. 85. 

(10) L. R. Ryklau and C. L. A. Schmidt, Arch. Biochem., S, 89 
(1944). 

tration of the cuprous cysteinate. This result, 
combined with the slope of 0.059 for the line log 
i/(id ~ i) versus E substantiate the conclusion that 
the polarographic reduction of RSCu is reversible 
in the presence of a large excess of cysteinate. 

The reversibility of the RSCu wave in the pres­
ence of a large excess of cysteine was further tested 
qualitatively by allowing the electrode reaction 
(RSCu + e + Hg & Cu(Hg) + RS") to proceed in 
the reverse direction by using dropping copper 
amalgam instead of mercury as electrode material. 

A solution which was 8.8 X 10~2 M in RSH, 1.8 
X IO - 3 M in RSCu, 0.9 M in both ammonia and 
ammonium chloride, 0.02 M in sodium sulfite and 
0.005% in gelatin was electrolyzed at a dropping 
amalgam electrode. The amalgam was 0.005% in 
copper (approximately 0.01 M). I t is seen from 
Fig. 5A that the RSCu waves resemble a typical 
composite wave11); Curve B in Fig. 5 gives the 
current-voltage curve observed in the medium in 
the absence of copper and cysteine. The apparent 
diffusion current of the anodic wave is much smaller 
than corresponds to the true diffusion current of 
cysteine. The diffusion current in 10 - 3 M RSH 
solution is only 0.13 na. with either 0.005 or 
0.0017% copper amalgam, whereas the true diffu­
sion current observed with pure mercury is 3.1 ixa.. 
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Fig. 5.—Polarograms with the dropping copper amalgam 
electrode (0.005% copper amalgam, h =» 80 cm.): (A) 
electrolyte: 1.8 X 10"» M RSCu, 8.8 X 10-"AfRSH1 0.9 
M NH8, 0.9 M NH4Cl, 0.02 M Na5SO3, 0.605% gelatin, 
sens. 1/150. (B) electrolyte: M NH,, M NH1Cl, 0.005% 
gelatin, sens. 1/300. 
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(11) I. M. Kolthoff and J. J. Lingane, "Polarography," Interscience 
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