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ABSTRACT 

The stability constants of different complex species of some metal ions, viz., Zn’+ and Cd’+ with 
methylcysteine, were determined electrophoretically at an ionic strength of 0. I M perchloric acid and at 
3o’C. The stability constant of metal-nitrilotriacetate-methylcysteine complexes were found to be 3.72 and 
3.54 (log K values) for Zn(II) and Cd(H) complexes, respectively. 

INTRODUCTION 

A significant development in the determination of stability constants of 
complexes was made by Jokl [l] in 1964. A theoretical treatment similar to that of Jokl 
was adopted by Biernat [2] for the study of stepwise complex formation [3]. We have 
previously described [4,5] a method for the study of mixed complexes. This work is an 
extension of that technique and reports observations on mixed systems, viz., 
Zn2+/Cd2+ -nitrilotriacetate-methylcysteine. 

EXPERIMENTAL 

Apparatus 
A Systronics Mode1 604 electrophoresis system was been used. It has a built-in 

power supply (a.c.d.c.) which is directly fed to paper electrophoretic tanks. In order to 
maintain the temperature constant, two hollow metallic plates coated with thin plastic 
paper on the outside were used for sandwiching paper strips, and thermostated water 
(35°C) was circulated through these plates. 

pH measurements were made with an Elico Model L1_rO pH meter using a glass 
electrode. 
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Chemicals 
Zinc and cadmium perchlorate solutions were prepared from the nitrates 

(analytical-reagent grade) via the carbonates. The solutions were standardized and 
diluted to 5.0’ 10e3 M. 

Metal spots were detected with dithizone in carbon tetrachloride (for Zn’+) and 
1-(2-pyridylazo)-2-naphthol (PAN) (for Cd’+). A saturated aqueous solution (0.9 ml) 
of silver nitrate was diluted with acetone to 20 ml. Glucose was detected by spraying 
with this solution and then with 2% ethanolic sodium hydroxide, when a black spot 
was formed. 

Background electrolyte 
The background electrolyte in the study of binary complexes was 0.1 M per- 

chloric acid and 1 .O lo-* M methylcysteine. For the study of the ternary system the 
background electrolyte was of 0.1 A4 perchloric acid, 1.0’ lo-* M nitrilotriacetate 
(NTA) and various amounts of 0.01 Mmethylcysteine. It was maintained at pH 8.5 by 
addition of sodium hydroxide for the study of mixed systems. 

Stock solutions of 9.0 A4 perchloric acid, 2.0 M sodium hydroxide and 0.5 
M methylcysteine were prepared from AnalaR chemicals (BDH, Poole, UK); 0.01 
A4 nitrilotriacetic acid was prepared from the compound obtained from E. Merck 
(Darmstadt, Germany). 

Procedure 
The level of the hollow base plate in the instrument was made horizontal with 

a spirit level. A 150-ml volume of background electrolyte was placed in each tank of the 
electrophoretic apparatus. The paper strips (Whatman No. 1,30 x 1 cm*) in triplicate 
were then spotted with metal ions and glucose in the centre with a micropipette and 
were subsequently placed on the base plate and sandwiched under the upper hollow 
metallic plate with the ends of the strips lying in the two sides of the tank solutions. 
Then a 200 V potential difference was applied between the tank solutions and 
electrophoresis was carried out for 60 min. Subsequently the strips were removed and 
the spots were detected. The averages of triplicate strips were noted for calculations 
and movement of the glucose spot was used as a correction factor. It was found that the 
variation in the movement was about f 5%. The mobilities were calculated by dividing 
the movement by the potential gradient and expressed in cm*V- ‘. 

RESULTS AND DISCUSSION 

M(II)-methylcysteine binary system 
The plot of the overall mobility of a metal spot against pH gives a curve with 

a number of plateaus, as shown in Fig. 1. The first, at the beginning, corresponds to 
a region in which metal ions are uncomplexed. A second plateau in each instance with 
positive mobility indicates the formation of 1: 1 complex of a cationic nature. A further 
increase of pH results in a third plateau with zero mobility, which indicates the 
formation of an electrically neutral metal complex. The literature also assigns 
prominent liganding properties to unprotonated anionic species of methylcysteine, 
ruling out any such property to the zwitterion [6]. In view of the above observation, the 



556 SHORT COMMUNICATIONS 

13.2 
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Fig. 1. Mobility curves for M-methylcysteine systems. 0, Zn(II)-methylcysteine; 0, Cd(II)-methyl- 
cysteine. Temperature, 35°C; ionic strength, 0.1. 

complexation of a metal ion with the methylcysteine anion L- may be represented by 

5 M2+ + L- 7 ML+ (1) 

Kz ML+ + L- 7 ML2 (2) 

where M represents Zn or Cd and ML+ and ML2 are their complexes with 
methylcysteine. 

The metal spot on the paper is thus a conglomeration of uncomplexed metal ions 
and 1:l and 1:2 complexes. The overall mobility, U, is given by 

u = uo + ulKIP-1 + U2K1K2[L-12 

1 + K1 [L-l + KI&[L-]2 (3) 

where uo, u1 and u2 are the mobilities of the uncomplexed metal ion, 1:l complex and 
1:2 complex, respectively. 

For calculating the first stability constant, K1, the region between the first and 
second plateaux is pertinent. The overall mobility U will be equal to the arithmetic 
mean of the mobility of the uncomplexed metal ion, uo, and that of the first complex, 
ur, at a pH where K1 = l/[L-] with the help of dissociation constants of methyl- 
cysteine (k, = 102.55, k2 = 10s.55) [7,8]. 
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The concentration of 
equation 

[L-l = Ll 
1 I [HI I [HI2 

kz klkz 

551 

liganding methylcysteine, L-, is calculated with the 

(4) 

where [Lr] = total concentration. 
The stability constant K2 of the second complex can be calculated by taking into 

consideration the region between the second and third plateaus of the mobility curve. 
These calculated values are given in Table I. 

13.2t 

t 1; 0 

Fig. 2. Mobility curves for M-NTA systems. 0, Zn(II)-NTA; 0, Cd(II)-NTA. Temperature, 35°C; ionic 
strength, 0.1. 

(LOG-METHYL CYSTEINE) 

Fig. 3. Mobility curves for M-NTA-methylcysteine. 0, Zn(IItNTA-methylcysteine; 0, Cd(II)-NTA- 
methylcysteine. Temperature, 35°C; ionic strength, 0.1. 
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Metal(NTA binary system 
The overall mobilities of the metal ion spots were plotted against the pH of the 

background electrolyte containing NTA (Fig. 2). As the mobility of the second plateau 
is in the negative range, the complex formed with a bivalent metal ion should have a 1: 1 
composition with a net negative charge. The stability constants of these complexes 
were calculated in the same manner as for complexes with other amino acids. These 
values are recorded in Table I. 

Metal-NTA-methylcysteine system 
The study of this system was done at pH 8.5 for a purpose. It is observed from the 

mobility curves for M-methylcysteine and M-NTA binary systems that binary 
complexes are formed at pH ~8.5. Therefore, it would be preferable to study the 
transformation of the M-NTA complex into the M-NTA-methylcysteine complex at 
pH 8.5 in order to avoid any side interactions. 

On the plot of mobility versus log (concentration of added amino acid) a curve is 
obtained, as shown in Fig. 3. The first constant value of the mobility obviously 
corresponds to the mobility of the M-NTA complex, whereas the second constant 
mobility corresponds to the mobility of a second complex. This new complex cannot be 
a 1: 1 or 1:2 metal-amino acid complex as the mobilities of such complex species are 
different from that of the new complex. The interaction may be represented by 

ML’ + LSML’L (5) 

Under these conditions, the overall mobility can be given by the expression 

u = uo + UlmLl 
1 + zC[L] 

where u. and u1 are 

(6) 

the mobilities of M-NTA and mixed ML’L complexes, 
respectively. These mobilities pertain to the two-plateau region of the curve; using 
again the principle of average mobility, R can be determined to be equal to l/[L-1. All 
these values of R are given in Table I. 
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