Vol, 45, No. 5] Polarographic Study of Biologically Important Complexes

March 20, 1976

The construction of the model for the complexes

sndicates that' the monomeric structure involves
much steric hindrance as the ligand molecule bas
to attach itself to the one and the same metal ion
through all its coordinating sites, The low solu-
bility of the complexes in the common organio

solvents may be due to an extended polymeric

cha.,n structure.
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POLAROGRAPHIC STUDY OF BIOLOGICALLY IMPORTANT COMPLEXES : Cd(II) AND Zn (iI)
COMPLEXES WITH CREATININE

S. W. RAIBHOJ* anp D. G. DHULEY
Department of Chemistry, Marathwada University, Auragngabad, Maharashtra,

ABSTRACT

Complexation of creatinine with cadmium and zinc¢ has been studied 1n aqueous medium
at 25 =+ 0-5°C. Creatinine formed three complexes with Cd (II) with their respective stability

constants .

log 8; = 148 + 0-025, log fo =160 0-02andlox B3=2.07 + 0-035. Two

complex species were observed with Zn (II) with their respective stability conseants : log g8, =
060 and log 8o,=2-14 (approx.). Zn (I1) creatinine svstem was exarained by the method

of Ringbom and Eriksson.

INTRODUCTION

REATININE, an anhydride of creatine, represents
a waste product of creatine metabolism in the
body. Studies on the binding of metal ions with
creatinine are of topical interest since they may be
used as models for the study of metal-creatine inter-
actions.

Literature survey revealed that there is no reported
study on the polarographic determination of the nature
and stability of metal complexes of creatinine except
that of Pleticha’s work on creatinine complexes with
the iron group metals!. This paper deals with the
evaluation of the stability constants of Cd(II)-creatinine
and Zn{lD-creatinine complexes.
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EXPERIMENTAL

All chemicals used were of reagent grade. Sodium
nitrate was used to maintain lonic strengih constant
at 1-0 M. All solutions were prepared in doubly
distilled water, The dropping mercury electrode
had the following characteristics:

t = 3-21 sec in O0-1 M. NaNQ; (open circuit)

and

m = 218 mg. scc. L.
Measurements were made on Cambridge automatic
recording polarograph. The halfewave potentials were
obtained from the log-plots. Deoxygenation of the
solutions to be polarographed was achicved by nitro-
gen gas. A saturated calomwe]l electrode (SCE) was
used as a reference clectrade,

RISULTS AND DIscussioN

Cd (IN-Creatinine Svsiem

A scrics of solutions of Inmv M CA(ID with various
amounts of creatinineg (0-08 to 0-40 Af) and the requmite
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amount of supporting electrolyte were polarographed
at 23 £ 0-5°C. Maximum supresser was not needed.
Half-wave potentials and  revensibility of the current-
voltage curves were obtained from the plots of

—~E d e

A plot of —E; vs5. Jog C, revealed the existence of
three complexes. DeFord and Hume's method? was,
therefore, applied to evaluate the stahility constants
{F1g. 1) of these complenes which arc given below:

fog B; = 148 + 0-025, log B, =1-60 & 0-02 and
tog By = 2-70 £ 0-035.

vs, log i'(id — i).

(1Q X1Q 3(1(?)(102
I [ 187 -

B

FiG. 1.

Plots of F, vs. C,.

Zn(IN-Creatinine System:

The system was investipated by * indicator ion”’
methodd., Cd(II), reducing at a potential more positive
than that of Zn(Il), was chosen as the indicator 10n-
As the half-wave potential for Cd(II) in presence of
creatinine and at ionic strength of 1-0 M was required
for comparison purposes under the present experi-
mental conditions, to determine the shift in the presence
of Zn(Il), the half-wave potentials of Cd(II) in presence
of different concentrations of creatinine were taken
from the data of Cd(II)-Creatinine system.

These half-wave potentials are represented graphically
in Fig. 2{(a@). The reversibility of the electrode reac-
tion and the half-wave potentials were determined from
the log-plots. The concentration of free ligand was
taken to be the same as the total creatinine concentra-
tion, as Cd(I) formed rather weak complexes.

Polarograms of solutions containing Im M Cd (IT)
and 0-14 M zinc wer¢ taken at different concentrations
of creatinine. When zinc was added to a solution
containing cadmium and creatinine, the half-wave
potential of Cd (II) shifted to more positive potentials
due to the decrease in free ligand concentrations as a
resilt of the formation of zinc complexes. This is
graphically represented in Fig. 2 (b).
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The half-wave potentials were read from the smooth
curve to obviate any experimental error in the individual
measurements and are set out in Table L

TABLE [
Free creatinine and n values for Zn (H)-creatinine s ystemnt
C]_ _E* VAT [L] n
M SC.E, M exptl.
Zn(ID =014 M
‘025 <601 -010 0-11
-04¢ -603 -020 0-13
-050 -603 025 0-18
-070 -605 -030 0-28
100 -607 040G 0-43
125 609 050 0-53
‘150 ‘610 055 0-68
175 612 070 0-75
-200 613 -075 0-89
225 614 080 1-04
+250 -615 -85 1-18
275 -616 -090 1-32
300 616 -090 1-50
ZIn(IlD =0-22 M
-05 602 020 . 0-13
-09 - 604 -030 0-27
‘11 - 606 035 0-34
15 -608 040 0-50
17 608 045 057
‘19 609 -030 0-64
21 610 -055 0-70
-25 6] 1] -070 0-82
33 612 ‘074 I-16
[
~Q
b3 a
— 0\ 0 ‘
L } : ) b
61 ] & O 4 c
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Fig. 2. Plot of —E; vs. C, for Zn(ID)-creatinine
system ; a—Cd(II), 5~Cddl) + 0-14 M Zn(ID),
c~—0-22 M Zn(Il).

The concentration of free ligand was calculated
from these half-wave potentials using a plot of E; vs
concentration of creatinine for Cd (I1) by following the
usual procedure (Fig. 2). , These values are presented.
in Table 1. The metal-ligand formation number
fi 1s defined as;:

(S L

CZn
Where C, is initial concentration of creatinine, fL],
is the free ligand concentration and C,, is the amount-
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of zinc added. The values of 7 thus calcualated are
plotted against [L].

TABLE 11
Values for Rossotti Plot
AN
M exptl. (Caled)) (A —R){L] (1 —n)
0-030 -26 +29 11-71 070
.034 -33 <35 14-49 085
036 37 .38 16-31 093
038 40 41 1754 -101
040 43 -43 18-86 - 110
‘048 -54 55 24-46 152
(354 62 63 30-21 196
‘060 70 -71 38-89 -260
066 +74 -79 43°12 -320

These results were further confirmed by using a
different concentration of zinc, Polarograms of solu-
tions containing 1 mM Cd(I) and 0:22 M Zn(1I) were
taken at different concentrations of creatinine. The
results are given in Table I and are represented graphi-
cally at c in Fig. 2, # values calculated in the manner
described above are also plotted with the previous set

THE

The Kirlian Phantom Leaf
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of it values. There is an excellent agreement between
the values obtained for two concentrations of ZiInC
The values of 5 obtained from the smooth curve of
n vs. [L] are solved for the overall stability constants
by the method of Rossotti and Rossotti? (Table 1443
The existence of two complexes was revealed from the
Rossotti plot. The stability constants are found to
be: log 8, =060 and log B; = 2'14 (Approx.).

By using these B values /i values were calculated from
Rossotti’s equation. The calculated # values are
presented along with experimental values in Table IL,

The agreement between two sets of 7 values is fairly
satisfactory.
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KIRLIAN PHANTOM LEAF
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ABSTRACT

A Jeaf from which a small portion was excised was sandwiched between
films and subject to AC pulses of about 10 KV and 20 KHz.

graphs contained, besides the expected images

a pair of X-ray
The resultant Kirlian photo-

of the inract portion of the leaf, the ‘Kirlian

Phantom’—a luminous cap roughly of the same size and shape as the cut away portion of

the leaf and occupying roughly the same area.

WHAT 1S KIRLIAN PHOTOGRAPHY ?

URING the past three or four years there has
been a considerable interest in an imaging
technique known as Kirlian Photography—named
after the Russian inventor Semyonof Kirlianl-s, It
is also referred to as Corona Discharge Photography
and High Voltage Photography. In this technique,
the object to be imaged is placed In a high voltage,
high frequency electric field. The image is record
either directly on a photographic film placed in the
electric field or through a camera if transparent
electrodes are used=. The only source of illumina-
tion is provided by the electne fields. The Kirlian
image resembles the conventional image—as regards
the general shape and contours of the object, but,
characteristically, is made up of a large number of
Juminous points or streaks referred (o in popular

Iiterature as ‘balils of light’ or ‘awra’. The systematic
studies of Professor Tiller and his associates at
Stanford University attribute these luminous points
to the streamers or coronas from the object points?2,

The recent interest in Kirlian photography has
been triggered by the reports that the Russians have
discovered some very strange—almost ;jncredible—
phenomena with the aid of this technique and that
they have tremendous possibilities. The most talked
about Kirlian phenomenon is the ‘Phantom Leaf
Effcct’'—the subject of this investigation. In the wale
of the initial eacitement, the systematic studies in
US.A., notably by Titler's group, seem to indicate
that some of these popular ¢laims may be rather
cXaggerated >t 6

What kind of information can the Kirlian image
of the object studied 7 Our systematic stydies using



