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ABSTRACT

The excess of heavy metals such as Cadmium, Chromium, Lead etc. are highly injurious to health. With the
assumption the heaviness and toxicity are interrelated, heavy metals also include metalloides, such as arsenic;
that are able to induce toxity. 8-Hydroxy Quinoline is used as complexing reagent with almost every metal to
form un charged chelates . We have been studied mixed ligand complexes of 8-Hydroxy quinoline (8-HQ),
malate (mal® ) and tartrate (tart” ) with Cd (II) which make Cd soluble and excrete it through urine. The
stability constants of these soluble complexes [Cd(8-HQ) (mal)], [Cd(8-HQ) (mal),]*, [Cd(8-HQ) , (mal)] and
complexes [Cd(8-HQ) (tart)], [Cd(8-HQ)( tartl),;]*", [Cd(8-HQ), ( tartl)] are log S, = 6.677, log Si, = 7.243,
log f,; =10.841 and log S, = 5.949, log f1, = 6.883, log S =9.799 respectively at pH 7.4 and 25+0.1°C.
The value of stability constant is determined by polarographic method.

Keyword: Polarography, Mixed Ligand Complexes, Stability Constants, Equilibrium Constant

Disproportion.
I. INTRODUCTION

The excess of some metals such as Cadmium, Chromium, Lead etc. are highly injurious to health. . With the
assumption the heaviness and toxicity are interrelated, heavy metals also include metalloides , such as arsenic;
that are able to induce toxicityl. The main route of exposure to Cadmium is via inhalation of cigarette smoke
and ingestion of food*. Several studies have demonstrated that reactive oxygen species (ROS) production and
oxidative stress play a key role in the toxicity and carcinogenicity of heavy metals such as cadmium and lead*®.
Hence it is imperative that the excess amount of Cadium in the human blood excreted by means of complexes
which make Cadmium soluble and excreted it through urine.

The present study is aimed at presenting complexes which make excess cadmium soluble. Hence it is highly
useful for the health of children as well as for adults. It will have tremendous medicinal value in future. From

the survey of literature”?

it appears that polarographic studies of mixed complexes of Cd(Il) with 8-HQ and
malate and tartrate are still lacking. Hence the present work has been under taken. The communication deals

with the studies of mixed ligand complexes of Cd(Il) with 8-HQ, malate and tartrate.
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Il. EXPERIMENTAL

All reagents were analytical grade and their solutions were prepared in conductivity water. The ionic strength
was maintained constant at u=1.5 M using NaNOj3 as supporting electrolyte. The concentration of Cd(ll) was
maintained at  1x10°M. NaNO; was used as supporting electrolyte and also to maintain a constant ionic
strength (u = 1.5 M). Triton X-100 (2 x 10 * %) was used as a maximum suppressor. All the measurements
were made at 25+0.1°C and pH 7.4. A saturated calomel electrode (S.C.E.) was used as reference electrode®.
The d.m.e. had the following characteristics (in 0.1 M NaNOs, open circuit): m=2.219 mg/sec., t=3.5 sec, m?*
t6 = 2.10 mg?® sec™?, heorr = 40 cm.

The simple system of Cd(1l) with 8-HQ, malate and tartrate were studied at different concentrations from 0.10
M to 0.60 M separately prior to the study of mixed system. In case of mixed systems 8-HQ concentration was
varied from 1x10 * M to 6x10 * M and that of malate and tartrate was kept constant at 0.10 M. The system

was repeated at another concentration of malate and tartrate (0.20 M)

I11. RESULTS & DISCUSSION

The reduction of Cd(Il) in B-picoline, malate, and tartrate were found to be reversible and diffusion controlled.
The same was true for the mixed system. The slopes of linear plots of log i/id-i vs Eq m.. Were in the range 30-32
mv and the plots of id vs h%., were linear and passed through the origin with the addition of increasing
amounts of 8-HQ it is seen that Ey, of Cd (II) is shifted, in each case, to more negative values there was
showing the formation of complexes. The plots of E;, Vs log [8-HQ] are smooth curves thereby indicating the
formation of successive complexes. The composition and stability constants of the simple complexes have been
determined by DeFord and Hume’s method®. The results are detailed below:

Table: Composition and Stability constants

System Complex species Stability constants

Cd(ll) — p-8-HQ [Cd (B-8-HQ)]* log B; = 4.6919
[Cd (B-8-HQ),]** log B, = 8.5788
[Cd (B-8-HQ)s]** log B3 = 12.7427

cd(11) — mal* [Cd (mal)] log B = 1.7923
[Cd (mal),]* log B, = 2.8027
[Cd (mal);]* log B = 3.3673

Cd(I1)- tart” [Cd (tart)] log B, = 1.5947
[Cd (tart),]* log B = 2.0280
[Cd (tart)s]* log B = 2.8102

The method of Schaap and McMaster® was used to determine the values of the stability constants of mixed
complexes. The results are detailed below:
Cd(II)- 8-HQ- Malate system
[Cd(8-HQ) (mal)] ; logBi1; = 6.6772
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[Cd(8-HQ) (mal);]* ;  logPi, = 7.2434

[Cd(8-HQ),(B-tart)] ; logB,: = 10.8411

Cd(Il) — 8-HQ - Tartrate system

[Cd(8-HQ) (tart)] ;  logPis =5.9490

[Cd(8-HQ) (tart),]> ;  logPi, = 6.8835

[Cd(8-HQ)(B-tart)] ; logBa; =9.7997

The overall results of the present study are summarized in the following diagrams (Scheme | & 1), where the

numerical values shown are the logarithms of the equilibrium constants for the reactions indicated:

4.242 4.242
3.504 3.504
2.610 . 0.73
poze —=20 ot (mal)) 22— (pb (mat)- P [pb () Pb2; > 7 (mal)] 24— pb (a2 [pb (mai
0903 0857 P 0.9031 0857 59
< >
§ [Pb (p-pico)]? (mal) (ﬁ-pico)]m[% (mal), (B-pico)]2- g [Po (13'Pi00)12*2.615 [Pb (mah (&-pico)] = [Pb (ma) (B-pico)*
1.081 1.120 Q,’fﬂ 1.081 1.120 09’,11
Pb (p-pico)2 2554 [Pb (ma) (3-pico),] [P (p-pico), 1225y, (Ph (mal) (-pico),
Scheme I: Cd (I1)-8-HQ-Malate system Scheme I1: Cd (I11)-8-HQ-Tartrate system

The mixing constant ( Ky, ) for the reactions :

1[Cd(8-HQ),]* + %[Cd(mal),]*" == [Cd(8-HQ) (mal)] --(1)
[Cd(8-HQ),]* + %[Cd(tart),]** <= [Cd(8-HQ) (tart)]--(2)
is given by the relation

log Ky = log 11 - ¥2 (log B2o + 109 Boz)
These works out to be +0.986 and +0.645 for the reactions 1 and 2 respectively. The positive values shows that
the mixed complexes are more stable than simple complexes.

The equilibrium constant (log values) for the following disproportionation reactions:

2[Cd (8-HQ) (mal)] = [Cd (8-HQ)*" + [Cd (mal),]*~~(3)

2 [Cd (8-HQ) (mal),]* = [Cd (8-HQ)I*" + [Cd (mal)s]* + mal*--(4)

2[Cd (8-HQ), (mal)] =[Cd (8-HQ)s]*" + [Cd (mal),]* +8-HQ--(5)

2 [Cd (8-HQ) (tart)] = [Cd (8-HQ),]** + [Cd (tart),]*--(6)

2 [Cd (8-HQ) (tart) ,]* = [Cd (8-HQ),J** + [Cd (tart)s]" + tart’ -~(7)

2 [Cd (8-HQ), (tart)] =[Cd (8-HQ)s]** + [Cd (tart),]* +8-HQ--(8)

works out to be -1.972,-2.547, -6.136, -1.291, -2.378 and -4.828 for the disproportion reactions 3, 4,5,6,7 and 8
respectively. The negative log values for the equilibrium constants show that the formation of mixed complexes

is favored over simple ones.
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IVV. CONCLUSION

The value of the stability constant show that the soluble the mixed ligand complexes of Cd (II) with 8-HQ,

malate and tartrate are stable. So 8-HQ, malate and tartrate can form the soluble complexes with the Cadmium
present in the human blood and they can excrete it through urine.
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