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INTRODUCTION

The reactivity of the imidazole groups and amino acids in proteins has assumed great imp-
ortance for the understanding of interaction between proteins and several transition metal ions,

Many workers have been reported on the copper imidazole complexes,? zinc imidazole com-
plexes?, cobalt and nickel complexes®, and Cr. Ag¥ and Hg® complexes. If this is so, the
binding constant for the reaction of a metal with imidazole itself should be of the same
order of magnitude as the intrinsic constant found for the associaton of the same metal and
serum albumin.

This paper presents the results on the cadmium, nickel, manganese, and cobalt complexes
of imidazole groups, using the method of polarography. As far as the authors knmow, there
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have been no published reports on the 2-methylimidazole (II) and 2-(1-naphthylmethyD)-
imidazole (II[). The naphazoline® have vasoconstrictor properties very similar to those of epin-
ephrine and other phenylethylamines, although its structure differs from that of most sympha-
thomimetic agents. ‘

‘The authors, also, present the results on the metal imidazole complexes using the mathema-
tic treatment for the determination of the successive formation constants of metal-complexes
which are similar to the Deford and Hume” approach to the evaluation of consecutive form-
ation constants of complex ions. The coordination numbers were evaluated for each of the
imidazole complexs from the plotting of the shifts of half-wave potential, AE 3 and B,
fraction of metal ion in uncomplexed from metal ions. Finally, the change of enthalphy and

entrophy were determined by polarographic measurements on these systems.

EXPERIMENTAL

Material,
Reagent grade chemicals and polagraphic mercury were used without further purification.
Ionic strength was adjusted with potassium chloride which evidently form a weak chloride

complex with metal jons.

Apparatus,
Polarographic measurements were made with a Yanagimoto PA-102 recording polarograph.
A Yokogawa potentiometer D-1B was used to obtain voltage readings. The pH was measured
with a Beckman pH meter, 9602 Zeromatic. Solutions were maintained in a constnat tempera-

ture by means of constant temperature bath at 251-0.5°C.

Experimental Procedure,
Metal ions standard solutions were made a definite concentration 5x107*M, and 1Xx107°M
(o 0.1M(in case of naphazoline, 0.01M contained with 20% alcohoD) solution of ligand were
added to it. In each case of the measurements, potassium chloride was added to maintain an

ionic strength of 0.1.

RESULTS AND DISCUSSION

General Polarographic Characteristics,

Relative decomposition potentials of the imidazole groups in the presence of 0. 1M KCI solution
have been measured as shown in Table 1. These potentials are independent on the pH range
from 1 to 7. From theé results measured, the decomposition potentials of imidazole, 2-methy-
limidazole, and naphazoline are to be -1.780, -1.770 and -1.542 volts versus saturated
calomel reference electrode, respectively. It is assumed that the shifts of the more positive
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A plot of 4E + S dlog C, in the concentration range from IX1073® M to 1.5X107* M
shows that the curve can be interpreted as a composite of four straight lines, as shown in
Figure 1. When the concentration of imidazole is higher than 0.1M the line is steepest, and
yield p=4.0 This is represented as Cd*+4 Im==CdIm**. The value for p, given in Figure
1 and Table 2 were obtained from a least squares treatment of the polarographic data. Figure
1 indicates that there exists a mixture of complexes. However, it is difficult to determine the
formula of medium order cadmium complexes of the imidazole. Because the range of the com-
plexes fromation between CdIm,*+ and CdIm, is so small in graphically. With this calulation,
the values obtained at medium order complexes are inaccurate v;flat it is difficult to tell what
the formation constants of medium complexes are.

For this reason, the mathematical treatment of polarographic data for the determination of
the formation constants of successive complexes using the method of Deford and Hume? was
applied. To interpret the experimental data,we must evaluate the four successive formation
constants for the complexes, CdIm,++, CdIm,*+, CdImg*+ and CdIm,*+.
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Fig 1. Cd(II)-imidazole complexes

If the formation of complex ion is rapid and reversible, then for each individual complex
there exists as individual formation constant &,

Cd*++Im=Cdlm,++ k‘=[_[C%%£m‘j—_E;;]] seresssiii st e (8)
CdIm,*+ + Im=CdlIm,*+* kz=ﬁ%hﬁ;—+[%ﬁ_ SRR )
1
(Cdimg**]

CdIm,*++ Im=CdIms++ ky= mﬁ seeresvessiriniaceastanaies (5)
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++
CdImg+* + Im=CdIm,*+ ko= _[(T‘Ei.lcgl%‘]f%r?]— .............................. ®)
In general,
] et eeaee et et s e st vesarranesenasaene
K= b (YK ™

where, £, is the individual constant of the complex. On the other hand, Cyy; is the concen-
tration of complex forming substance, the fraction 8, of metal ion in uncomplexed form(M+)
are as follows;

1 - C Jf.1 SBesecastt st artsasesiettssenrtnnresssreerden
_ﬂT~—EW“£]——ZKC fl/fMXJ (8)

where, by difinition K,=1.

In case of the reduction to the metallic state(amalgam) of a complex ion of ametal, the
equation which related K; to the shift in half-wave potential due to complex formation is
given below at 25°C.

E i By o= LN jog Loy 00900 joq p ROMS oo )
If the symbole F(X) is mtroducedfor convenience to represent,
— o lctfx kZC fx . KC lf-' ......
FX) = = + il 4 e e a0)
Then, the equation is rearranged as follows,
Fo(X) = -13% KC fx =antilog __"_.{(E Ye=(E ) } ............ an
0. 0591 2 +¢

Fig 2. Fo(X) and. F;(X) as functions of the imidazole
concentrations at 25°C
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where, I, and I, are the diffusion current constant of the simple metal ion and complex ion,
respectively. ’ ,

If F,(X), as calculated from equation 11 is plotted versus C,, curve is obtained whose
intercept is equal to k,(unity) as shown in Figure 2.

Correspondingly, F,(X) is derived from equation 10 and defmed in the following manner,

. __&(E) "‘ka/fx —_ kl kzc-"fx kacz’fx: cee e kjc‘i_lf‘j-l ......... 2
F(X= C.f. SFux1 + Sfuxz + MX3 t Sux; uz

As before, if Fy(X) is plotting versus C, and extrapoalted to C,=0, the value of F;(X)
at the intercept is equal to the &;/fux), where &, is the first formation constant. This process

is repeated until all the constants have been determined.
Fz(X)'—— Fl(xg—kl/fux — kl +_l:3_bc_,‘f5__+._.+ kjcxi-‘fxi-l e
x 3

z foz .fMX = JMX;

T )

Finally, for the high complex, in this case the neutral species;

F(X)= F"—l(x)c“ﬁj—l/ﬁ"xi—l =hikokye kil fux,= K/ farxieomeeeememeeeeeesonnnes (1

< fx
It can be seen from equation 11,12,13 and 14 that each succeeding expressicn in the series
of Fo(X), F.(X), etc., may be represented by a successively lower order equation. Thus, if
Fy(X) is a quadric equation, F{(X) will be a cubic, F,(X) quadratic, F,(X) will be a . :nstant.
The evidence given here shows that the maximum coordination number of cadmium ion for
imidazole molecule is 4, a finding completely in accordance with the evidence derived with
other complexes of these ion. In Table 3, the formation constants are represented.

Table 3. Constants for the Cd-imidazole Complex

CdIm,** CdIm,** CdImg*+ Cilmy™r
Formation constants,* at 25°C o 2.79 4.45 5.96 7.03
ok at 35°C - 4.48 5.87 65.88
Relative coordination mean -1 2.09 3.24 3.98
number, p. at AE%~ =30mV. 1’ 1.96 3.20 110

* By application of Deford and Hume method.

On the other hand, as mentioned in equation 8, let us define a set of functions. 3, to 3,
which will represent the ratio of the concentration of the metal containing species (¢ the
analytical concentration of metal, Cu*». In the case of the equilibrium concentration of ligand
and successive formation constant are known, the equation which relates to the shift in half-
wave potential of the cadmium-imidazole complexes due to complexes formation given as
follows at 25°C. _

M,*"]
8

= [M-Htfgchgif‘i/fmxi...........................,.....-..............(15)

Cm-' =
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and

LED~EY = &%@—log—k- X L I WM — as)

The mean coordination number with respect to imidazole ion were estimated from the loga-
rithmic diagam of the 8, function versus AEy as shown in Table 3.

Calculation of AH®° and AS° for the Formation of Cd-Complex.

From the data of the formation constant %, at temperature of 25°C and 35°C. The value
of AH” can be readily calculated using the Arrhenius equation,

dink H°
r—}%‘—-z%ﬁ..............-.......................f...(17)

On the other hand, the entropy change has been calculated by the following equations,
AF° = RT IRk coreveesinmmninniniiiiiiniiiecnianiinien as)

AF=AH*—-TAS°® R ¢ {2
The values of the heat of activation energy AH° and entropy change AS° are found to

be —13.41 Kcal/mole, and —10.7 cal/mole, deg., respectively. These values are agreed well
with the values of White and Doody®.
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