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STUDY FOR DEPENDENCE OF ‘TRANSITION
STATE’ WITH APPLIED POTENTIAL

IN ELECTROKINETIC REACTION

OF [ZN(II)-ANTIBIOTICS-VITAMIN-B ] SYSTEM
VIS A VIS KINETICS OF ELECTRODE
REACTION
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Abstract. Polarographic technique was used to study the ternary complex for-
mation of Zn(Il) with neomycin, chlortetracycline, oxytetracycline, penicillin-V
and penicillin-G as primary ligands and vitamin-& a secondary ligand at
pH =7.30 £ 0.01 and p = 1.0 M NaGlax 298 K. The nature of current voltage
curves was quasireversible. Zn(ll) formed 1:1:1, 1:1:2 and 1:2:1 complexes with these
drugs as confirmed by Schaap and McMaster method. The sequence of stability con-
stant of complexes was neomycin < chlortetracycline < oxytetracycline < tetracycline
< penicillin-V < penicillin-G that can be explained on the basis of nature of ligands and
steric hindrance between metals ligands. Kinetic parameters were also determined
using Tamamushi and Tanaka method. The value of transfer coefficlenor-
firmed that the ‘transition state’ behaves between dropping mercury electrode and
solution interface. A slight variation of potential affects not only the rate but rate

constant greatly.
Keywords:stability constant, kinetic parameter, [Zn(ll)-antibiotics-vitamij-B
complexes
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Introduction

Vitamin-B, (riboflavin) is a water-soluble vitamin. Its metabolism is controlled by
different hormones which regulate its conversion in FAD (flavinadeninedinucleotide)
and FMN (flavinmononucleotide) [1,2]. These two coenzymes catalyze many oxida-
tion-reduction reactions and are essential for our production of energy.

On the other hand, antibiotics are natural compound produced mostly by plant
microorganismg3] these antibiotics are used against several fungal and bacterial dis-
eases in plants, animals and human beings [4,5]. Therefore, the study of complexes of
antibiotics with riboflavin has great importance. In this paper, we report stability
constant(log3) and kinetics parameters of complexes viz. transfer coeffiagnt (
degree of irreversibilityA), diffusion coefficient (D) and rate constant (k) of com-
plexes using neomycin, chlortetracycline, oxytetracycline, tetracycline, penicillin-V,
and penicillin-G as primary ligands and riboflavin as secondary ligands by polaro-
graphic technique for which no reference is available in the literature.

Experimental

All the chemicals used were of A.R. grade and their solutions were prepared in
conductivity water. Zn(ll), the antibiotics and vitamin-Bere taken in the ratios of
1:40:40 and current voltage curves were obtained in different pH values. It has been
observed that the maximum shift of lvas obtained within the pH range 7.10-8.50,
but pH 7.30 was selected for studying the complexes in human blood pH. A Systronic
K pH meter 361 was used to measure the pH of the analyte at 7.30 + 0.01 adjusted by
using dilute solutions of HCIOor NaOH as required. Potassium dihydrogen phos-
phate-sodium hydroxide buffer was added to stabilize the pH of the analyte. The
current voltage curves were obtained on a manual polarograph using polyflex galva-
nometer (PL-50). The polarographic cell was of Latinin and Lingane type in which
polarographic capillary of 5.0 cm in length with 0.04 mm in diameter was used. The
m?t¥®value was 2.40 ni§ s*? at 60.00 cm effective height of mercury. As the
resistance of the cell was less than 8BdR correction was not made.

Results and discussion

Zn(ll) gave two electron quasi-reversible reduction wave at pH = 7.30 £ 0.01
and p = 1.0 M NaClQat 298 K [6]. The nature of current-voltage curves for com-
plexes is also quasi-reversible. The concentration of Zn(Il) Na@t@ triton X-100
(as suppressor) in the test solution were 0.5 mM, 1.0 M and 0.001% respectively.
Pure nitrogen gas was passed through the test solution before recording the current-
voltage curves.
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Fig. L [Zn-Neomycin-Vitamin-B] System

The concentration of antibiotics varied from 0.5 mM to 30.0 mM at two fixed
concentration of vitamin-B.e. 0.025 M and 0.050 M. The Evalues became more
negative with the addition of vitamin; B the [Zn(ll)-antibiotics] system which showed
ternary complex formation of 1:1:1, 1:1:2, and 1:2:1 complexes. Gellings [7] method
was used to determine the values qf/ s form E auasreversblepy plotting
(E- RT/nF log J-i/i) vs. i for all the complexes. The data and plots,dKFY] against
[X] (where K is a Schaap and McMasters [8] function to evaluate the stability con-
stant,;, X = neomycin, Y = vitamin-Band i and j are their stoichiometric numbers
respectively) for [Zn(Il)-neomycin-vitamin-B system were given in Table 1 and
Fig.1, respectively. The Fig.1 is used to determine the values of functjphs,F,,
and F and also to calculate the stability constant.
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Table 1. Polarographic Characteristics an”d[K, Y] Values
of [Zn- Neomycin — Vitamin-B System
Zn(ll) =0.5 mM, p=1.0 M NaCIQ pH = 7.30 + 0.01, Temp. = 25°C

[Vitamin — B2]= 0.025 M (Fixed)

E2)

Neo] | { FoolX, Y] | F1olX,Y] | F20[X, Y] [Fso[X.Y]

X10° M g/CVES AEw2V [loglm/lc x10" | X 10° x10° | X 10°
000 | 0985 | - : i : i :

0.50 1.112 | 0.0385 0.007 D
1.00 1.118 | 0.0525 0.014 )
2.00 1.124 | 0.0690 0.014 0 11011 51.24 12,59
3.00 1.130 | 0.079Q0 0.022 49.90 165.13  52.%0 12,59
4.00 1.137 | 0.0863 0.022 89.50 22269 53.76 12(60

4 2.0
9
9
6
6
5.00 1.141 0.0924 0.0226 141.80 282.[6 55.02 12.60
4
4
4
4
5

6.1
224

32.429 49.35 12)58
57.60 49.98 12/59

6.00 1.145 | 0.0971 0.0304 207.60 3455 56.28 12,60
8.00 1.151 | 0.1047 0.0384 382.90 47815 58.81 12,61
10.00 1.157 | 0.1109 0.0384 621.40 621.p0 61.83 12.61
20.00 1.161 | 0.1310 0.0384 2974]40 1486/99 73.96 12.62
30.00 1.168 | 0.1448 0.0465 8896J20 296527 98.58 12.62

log A=0.65, log B =3.90, log C =7.65,log D =9.10

To know the values d¢f, andB,,, the study has been carried out at two constant
concentration of secondary ligand [Y] = [Vitamin}@&t 0.025M and 0.050M respec-
tively. The values of stability constant of complexes were given in Table 2.
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Table 2. Stability Constant of [Zn- Antibiotics- Vitamin- BSystem
Zn (1) =0.5mM, p=1.0 M NaCIQ pH = 7.30 + 0.01, Temp. = 25°C

Ligand Stability Constants
Primary Secondary log Bo1|log Bo4log B1o|log B2glog Bsdlog Ba1|log B12{log P21
Neomycin Vitamin-B| 2.00 | 3.14| 3.60| 6.51 9.10 3.7p 6.5 9.6
Chlortetracycling Vitamin-H 440 | 7.61| 9.50 4.54 9.68
Oxytetracycline| Vitamin-g 450 | 7.81| 9.86] 4.61 7.8 9.98
Tetracycline Vitamin -B 4.80 | 8.01| 9.9 4.99 8.12 10.00
Penicillin-V Vitamin-B 4.91 - | 10.09 5.014 8.23 10.13
Penicillin-G Vitamin-B 4.96 | 8.12| 10.10 5.1 - 10.25

Table 3.Kinetic Parameters of [Zn- Neomycin — Vitamin}&Bystem
Zn(ll) = 0.5 mM, p = 1.0 M NaCIQ pH = 7.30 £ 0.01, Temp. = 25°C

Vitamin — B2 = 0.025 M (Fixed)
[Neo.] | (Ewd™ | Slope A | DY*x10° | kx 10°
X10°M | -Vvs SCE| mV | ¢ |sec™| cm’se¢" | cmsed
0.00 1.000 36.00 0.4p 1.18 4.87 5.74
0.50 1.115 4550 0.48 1.12 4.96 4.69
1.00 1.120 42.00 0.51 1.36 4.93 5.74
2.00 1.128 42.00 0.51 1.57 4.84 6.48
3.00 1.134 42.00 0.50 1.16 4.77 4.4%
4.00 1.139 3550 0.48 1.68 4,70 4.3Y
5.00 1.145 40.00 0.4y 1.68 4,70 5.74
6.00 1.148 35.00 047 1.16 3.70 6.18
8.00 1.153 4550 0.50 1.36 3.84 6.48
10.00 1.159 40.00 0.50 1.28 3.53 6.18
20.00 1.163 3500 052 1.28 3.63 5.78
30.00 1.170 35.50 O.4ﬁ 1.16 3.84 5.78
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To compare the stability of binary and ternary complexes, the values of mixing
constant log k was calculated by the following equation [8]

log k =logpB,, —¥2[logB,, + logB, ]

The values of log kwere -1.12, -0.81, -0.86, -0.61 and -0.51 for [Zn(Il)-neomy-

cin-vitamin-B,], [Zn(ll)-chlortetracycline-vitamin-§, [Zn(Il)-oxytetracycline-vitamin-

B,], and [Zn(ll)-tetracycline -vitamin-Band [Zn(Il)-penicillin-G-vitamin-B] respec-

tively. The positive value of log_kshowed that the ternary complex is more stable
than their binary complexes while the negative values of loghkwed that binary
complexes are more stable than their ternary complexes. The complexes of composi-
tions 1:2 in case of [Zn(ll)-penicillin-V-vitamin-§ are not formed therefore; the
values of log k were not calculated. Itis clear from the values of stability constants of
complexes that neomycin formed the complexes of lowest stability. In case of tetra-
cycline; all the tetracycline has the same structures except in the differencanid R

R, position. The lesser stability constant of chlortetracycline complex than that of
oxytetracycline complex is due to the presence of more electrons withdrawing Cl at
R, in the former in place of H in the latter. In case of tetracycline, H is present both at
R, and R hence; there are least electronic disturbances in tetracycline in comparison
to other tetracycline complexes [9]. This order of stability supported the order of their
pK values of their ligands [10]. In case of both penicillin-V and penicillin-G, it is the
ring nitrogen and O of the carboxylic group which take part in complexation with
Zn(l). The greater stability of penicillin-G complexes than that of penicillin-V com-
plexes is also supported by the order of the pK values [11].

In case of vitamin-B it is the N of pyrimidine ring [12, 13], which can take part
in bond formation with Zn(ll).

Itis clear from the values of stability constant of the complexes that vitamin-B
and antibiotics used either singly or simultaneously might be effective to reduce the
toxicity [14] of Zn(ll) in vivo.

The kinetic parameters viz. transfer coefficiert degree of irreversibility)()
and rate constant (k) were determined by Tamamushi and Tanaka method [15,16] by
plotting (E, -E) against log (Z-1) (Fig.2 where the terms have the usual significance)
[15,16]. The values of kinetic parameters were given in Table 3. It is obvious from the
value ofo that the values varied from [Zn(ll)-neomycin-vitamig}-B.45 to 0.52
(about 0.50), and value offor other systems were also about 0.50 which confirmed
that ‘transition state’ lies midway between dropping mercury electrode and solution
interface. The value of rate constant (k) showed that the electrode process were
quasi-reversible. The values of diffusion coefficient as determined by llkovic equation
[17] were as expected.
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Conclusion

The present study showed that the polarographic reduction of [Zn(ll)-antibiot-
ics- vitamin-B] was quasar-reversible. The values of transfer coefficient confirmed
that the ‘transition state’ lies in an exact intermediate between DME and mercury
solution interface [18].
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