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TABLE 1 — ANALYTICAL AND CONDUCTANCE DATA FOR THE LiGAND AND ITS COMPLEXES

Compound Molar Calc. (%) Found (%)
conductance
in EtOH M Cc H M C H
(ohm-! cm?
mole-?)
CysH,, NOS* — — 68-12 4-80 — 67-82 4-69
H[PA(C,,H,,NOS)Cl,] 821 2617 38-38 2:70 26-00 3796 2:62
[Pd(C,;H,(NOS),] 0-0 1891 55-47 3-55 18:60 55-32 3-27
[Hg(Cy3H,,NOS,] 0-0 30-55 47-51 3-04 30-23 47-21 292
{Hg(C,3H,,NOS)] 0-0 46-80 36:39 2-33 46-39 36-08 2-30
[Ag(C;3H,,NOS)] 0-0 3211 46-44 297 32:00 46-06 2-88
*[S: Calc. 13-97. TFound: 14:06%]. t[Cl: Calc.: 17-22. TFound: 17-109% 1In nitromethane.

respectively as revealed by amperometric titratiors.
The titrations were carried out at the plateau of
the polarogram of PdJ(II) chloride (—0-44 V). In
the case of 1:1 Hg(I) ard Ag(I) complexes ard 1:2
Hg(II) complex the titrations were carried out at
the plateau of the polarogram of the ligand (—0-55
V). These stoichiometries were corfirmed by co'-
ductometric titratiors

Procedure for the determination — 50 ml of 1M
KCl or KNO,; were added to a krown volume of
standard metal 1o~ solution a:.d the volume made
up to 100 ml by adding doubly d'stilled water. An
aliquot (20 ml) of this solution was trarsferred to
a polarographic cell a~d deacrated by bubblii g pure
nitrogen gas. A potential of —0-44 V in the deter-
mination of Pd(II) anrd —0-55 V in the determira-
tion of other metals (vs SCE) was applied, using
dme as an indicator electrode. Measured volumes
of the reagent solution were added and after each
addition, the solution was stirred by bubblirg
nitrogen gas and the currest was measured after
an interval of a few seconds.

12-/21-3 ppm of Pd4(II), 60-/100 ppm of Hg(II),
120-/200 ppm of Hg(I) and 50-/108 ppm of Ag(I) can
be determired with an accuracy of +0-5%.

Interfererce by the prese ce of exterial ons was
studied by takivg an al’quot of the metal ‘on solu-
tion, add'ng 5-10-fold excess of the foreigr jon ard

carryirg out the titratiors as described above
Li(I), Na(I), K(I), Rb(I). TI(1), Mg(II), Ca(II),
Sr(II) Ba(II). Fe(II), Co(II) N.(IT), Cu(Il), Zn(11),
Pb(II), CA(II), Mn(II), Sn(II). UO,(II), AI(IID),
Cr(III), Fe(I1I), TI(III) As(II1), ’%b(III) Bi(III)
In(IIT), Ga(ITI), La(III), Ir(III), Au(III). $n(IV),
Th(IV), Zr(IV), Ce(IV), Pt(IV), Mo(VI), W(\/I

do not interfere while even the traces of Ru(III)
and Rh(III) interfere.

However, PA(II), Hg(I and II) a~d Ag(I) interfere
in each other’s estimation.

Preparation of the solid complexes and thcir IR
studies — 1:2 (metal-ligard) complexes of Hg(11)
and Pd(II) and 1:1 complexes of Hg(I), Ag(I) ard
Pd(II) werc prepared by mxrg the calculated
amounts of reactants contairirg a little excess of
the latter. The precipitates were filtered, washed
several times with distilled water ard tken dried
in vacuo over anhydrous H,50,. The separation
and washings of the susperded precipitates of 1:19
Pd(II) complex were carried out by centrifuging.
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The silver complex was not photosensitive. The
analytical and conductance data of the complexes
ar¢ given in Table 1. All the complexes, except
the 1:1 Pd(II) complex, are non-electrolytes in
ethanol.

The vOH band observed at 3240 cm™ in the IR
spectrum of the ligand disappeared in the spectra
of the palladium complexes while a very weak band
at 2590 cm™ in the spectrum of the ligand due to
vSH disappeared in the spectra Hg(II), Hg(I) and
Ag(I) complexes. There was a shift in the positior
of v—C=N— band from 1580 cm™ in the ligand
to 1560 cm in the spectra of Pd(II) and Hg(II)
complexes. This indicates the coordination of
PA(II) through oxygen and nitrogen and of Hg(II)
through sulphur and nitrogen.
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N-Phenyl-N-(2-benzothiazolylazo)hydroxylamine has
been successfully used as an analytical reagent for
the gravimetric determination of Pd(II), Cu(Il), and
Ni(II). The solid complexes of the general formula,
(CG,;H,N,SO),M, have been isolated at pH 2:5-3-0 for
Pd(II) and Cu(II) and at pH 45-5-5 for Ni(II). The
stability constants of chelates have also been deter-
mined pH-metrically in aq. dioxane.

MUKERJI in a comparative study of the efficacy
of various hydroxamic acids for the determina-
tion of metal ions, established the superiority of
the title reagent! over N-phenyl-N-(phenylazo)-
hydroxylamine and its analogues®®. The analytical



NOTES

utility of the reagent for Cu(II) is described in
this note. However, Pd(II) and Ni(II) were also
determined by a similar procedure. The pk, value
of the reagent was determined spectrophotometri-
cally? and was found to be 11-36+0-02 at 414 nm
and 25°. The precipitated metal chelates have
the formula (C,sHgN,SO),M, where M=Pd(II),
Cu(II) or Ni(II). The stability constants of the
chelates of Cu(I1), Pd(II) and Ni(II) have also been
determined pH-metrically® at 25° 4+ 0-5° and p=0-1M
(NaClO,) in aq. dioxane.

The reagent has intramolecular hydrcgen-bended
trans-structure as revealed by electronic and IR
studies®. Other compcunds having the same func-
tional group aie also assigned a similar structure
based on NMR? and IR data after N labelling®.

The solutions of metal ions, carbonate-free sodium
hydroxide and buffer solutions were prepared by
dissolving weighed amounts of AR grade salts,
and standardized by conventional methods wherever
necessary. Dioxane was purified by the conventicnal
procedure. pH was measured on a Cambridge
Bench type pH-meter.

Estimation of Cu(II) — A solution of CuS0O,.5H,0
containing 20 mg of the metal was diluted to about
150 ml, and 4 ml of 10% (w/v) sodium potassium
tartrate added to it to stabilize the complex fcllowed
by 2-5 ml of 1N HCI to bring the pH between 2-5
and 3. To this solution which might also contain
varying quantities of foreign ioms, a 19, (w/v)
ethanolic solution ¢f the reagent was added in
excess (25%). The copper complex separated out
as a light-violet precipitate. It was digested, filter-
ed, washed and dried to a constant weight at 120°
to 125°.

Several determinations were made using varying
amounts of the reagent under different pH condi-
tions. Completion of the precipitaticn was tested
both gravimetrically and by spot tests on the filtrate.
The removal of excess of reagent by complete hydro-
lysis was indicated by the formation of a bluish-
black colour on adding a drop of NaOH solution,
whereas incomplete hydrolysis was indicated by a
greenish-yellow colour.

It has been found that 10-30 mg of Cu(II) can
be determined accurately using this reagent in the
presence of eight-fold excess of Cd(II), Hg(II) and
AN(III) five-fold excess of Co(Il), Ni(II) and Zn(II),
four-fold excess of Ti(IV), Fe(II), Fe(III), Sn(II),
Bi(IIT) and Sb(III), and three-fold excess of Ce(IV),
Mn(II) and Zr(II).

Pd(II) forms a chocolate coloured complex be-
tween pH 2-5 and 3-0 whereas Ni(II) forms a deep

TABLE 1 — StaBILITY CONSTANTS (AT @ = 0-1M) AND
CoNVERSION FacTor oF METAL COMPLEXES

Metal With C,,H,;;N;O With C,3H,,N,0S
Conversion log K K, Conversion log KK,
factor factor
PA(IT) 0-2009 22-66 0-1651 2292
Cu(IT) 0-1303 22-31 0-1055 22-63
Ni(IT) 0-1215 17-50 0-0984 17-88

yellow granular complex between pH 4-5 and 5-5.
Alkali and alkaline earth metals, Pb(II), Rh(II),
Ir(ITI), Pt(IV), TIIV) and La(Ill) did not yield
a more deeply coloured precipitate with the reagent.

The metal chelates formed by the reagent are
more intensely coloured, thermally stable, have
more favourable conversicn factors and greater
stability constants (Table 1) than those of N-
phenyl-N-(phenylazo)hydroxylamine. The presence
of a heterccyclic benzothiazole ring may be attri-
buted to the intensification of colours of the chelates
and to a better ccordinating tendency. In repro-
ducibility of the results and specificity this reagent
is superior to all other reagents used for determining
Cu(Il) and P4(II).

The authors are grateful to Prof. J. N. Gaur for
providing necessary facilities.
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1-(2’-Pyridylazo)-2-phenanthrol (PAP) forms chloro-
form soluble coloured complexes with Ru(III), Rh(III)
and Pd(II) with Amax 615; 580, 625; and 610, 665 nm
respectively. The extinctions of the complexes remain
maximum and constant in the pH range 4-7-61;
4.0-8-0; 3-0-7-0 for Ru(III)-PAP; Rh(III)-PAP and
Pd(II)-PAP complexes respectively. The sensitivities
of the colour reactions are 00049 at 615 nm; 0-0044
at 580 nm, 0-0048 at 625 nm; 0-016 at 610 nm, 0-013 at
665 nm respectively. A modification of the method
enhances the selectivity for the determination of
Ru(III).

THE use of 1-(2'-pyridylazo)-2-phenanthrol (PAP)
as a good chromogenic reagent for transition
metal ions'7 has been earlier determined by us.
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