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logarithmic method12 fail to give the composition of the
complex because the yellow colour is not developed
event in the presence of 200-fold molar excess of
INH. A 925-fold molar excess of INH is necessary
for the compicte complex formation, The cationic
nature of the complex is indicated by the retention
of the yellow colour on Dowex SOW-X8 cation
exchange resin.

The following amounts (xg/ml) of foreign ions
are found to give less than 2% error in the deter-
mination of 3 pg/ml osmium: Pd2+ (20), Pti+
{1-0), Ru3+ (1-0), Rh3+ (8:0), Ir3t (8-0), Cu2+
(16-0), N2+ (400), Co2t (44), Aus+ (0-2), Fed-
(100), Ag* (0-4), Mn2+ (80), F (1400), CI-
(1600), Br- (600), I~ (600), SO,2— (1000), NO -
(1600), PO.3 (400), S.0,2 (20), EDTA (80),

acetate (800), oxalate (12} and citrate (8). Pt~
&nd Ru3+ interfere because of their colour.
Determination of osmium in ores—Synthetic

mixtures corresponding to syserkite were prepared
and the osmium content was determined following
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PROTON-LIGAND FORMATION CONSTANTS AND FORMATION CONSTANTS OF
T1 (1)-3-NITRO SALICYLATES

P. V. KHADIKAR

School of Studies in Chemistry, Vikram University, Ujjain

(M.P.) India

AND
P. §. DESHMUKH

Government College, Khargone (M.P.), India

ABSTRACT

.. Proton-ligand formation constants and formation constants of Tl (I)-complexes with 3-nitro
salicylie acid have been determined at 30°C (50% aqueous ethanol, 0- 1 M NallQ,) by various
computational metiods, The average values of proton-ligand formation constants are found to be

logpK,¥ — 10-34 and log pK.¥ = 2°30,
and 5-05 respectively.

LTHOUGH the co-ordination chemistry of

salicylic acid is well documented, the study of
its derivative, 3-pitro salbicylic acid (3-NSA),
remained neglected until quite recently. Khadikar
et al.»"T have reported the complex forming tendency
of 3-NSA with nuvmber of di- and tri-valent metal
ions, The literr ure does not reveal the complex
formation of T1(I) with 3-NSA. The present study
deals with the sams. The proton-ligand formation
constants of 3-NSA and the formation constants of
its complexes with TI(I) have been determined in
the present investigation employing half-integral
point-wise calculation, and linear plot method. Refined
values of formation constants gre obtained by the
method of least-squares,

the cotresponding values for formation constants are 7-87

EXPERIMENTA!

All the chemicals used were of Anzlar BD.H
grade,

Polymetron model CL—41 was used for pH titra-
tions conducted at 30°. Measurements were made
with an accuracy of =+ 0:05 pH units and the
reproducibility of the readings was of the same
order. The pH-meter was calibrated using Cam-
bridge buffer tablets of pH 4-1 and 9-1.

pH-metric titrations of solutions of (f) free
HCIO,, (i) free HCIO, + 3-NSA and (iii) free
HCIO, 4 3-NSA 4 TI(I), were performed in 50%
(v/v) aqueous ethanol medium against standard
NaOH solution while maintaining the ionic strength
at 0-1 M NaClO,.
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TABLE |
pH ix log : i&ﬁh log ?_:-ii 1 Point-wise
og pKH log pK,™
2-2 1-614 10-201 9.40]
2-3 1-518 +0-031 9.331
2:4 1-449 —0- 089 2-311
2.6 1+259 —0-456 2. 144
2.8 1-156 0733 9.067
3-0 1-017
4-0 0-992
5-0 0-985
6.0 0-980
30 0975
9-0 0-945
9-8 0- 831 40 691 10- 491
10-0 0-742 40459 10-459
10- 1 0-706 +-0- 381 10-48]
10-2 0-623 +0-219 10-419
10-3 0-472 —0-048 10-252
10-4 0-452 —Q- 082 10-318
10-5 0-327 —0- 311 10-189
10- 6 0-277 —0-416 10- 184

The experimental set-up and the method of
calculation 1s the same as described earlierl-3.

RESULTS AND DISCUSSION

The Irving-Rossotfl expression* was used for the
calculation of f, (Degree of formation of proton-
ligand complex), j; [Degree of formation of TI(I)-
complex}, and p{(L) (Free ligand exponent), The
cocentrations were corrected for the changes in
volume as a result of addition of alkali during
titration, A series of values of 7., /1 and p(I)
corresponding to  different  B-values
readings) were calculated (Tables I-II) and the
formattion curves for ligand and complex were
obtained by plotting /2, vs. pH and j vs, p(L) respec-
tively (Figs. 1-2). The values of log pK,¥, log pK,"
(Practical proton-ligand formation constants) and
also tog K, and log K, were recorded directly from

the respective formation curves from integral valoes

(pH-meter -

g

of 77, and # and are recorded in Table III. Values
of these constants were also obtained by point-wise
calculation as well as linear plot methodt (Figs. 3—4).
Refined values of log K, and log K, were obtained
by the method of least-squares.

P

[
15
=0t
Qs5h
)
{ 5 pH Q
Fig. 1

Persunl of Table 1[I (Fig. 2) shows that j value
never exceeds 1-7 indicating thereby the formation



822 Formition Contents of Proton-Ligand and T1(I)-3-Nitro Salicylates [gﬂrﬂﬂf
cience
TABLE Il
- i — 1 Point-wise
iy Z log - - log 5—= psL)
l—n — A log K, log K,
0-985 0-158 —0-458 §- 798 8340
0-983 0-310 —0- 345 8: 567 8-222
0 834 0 453 ~0-08 8-034 8-954
G- 985 0-670 -4+ 0-308 7- 382 7- 690
0 983 0-723 +0-417 7-132 7- 549
0 981 0-778 +0- 547 6-902 7-449
0-982 1-086 —~1-026 5-590 4-564
0-978 I-148 —0- 760 5-480 4- 720
0-975 I1-365 —0-240 5-230 4-990
0-974 1-525 +0-043 S5-112 4-155
0-972 1.637 +0-244 4-997 3. 241
0- 970 1-750 4+0-477 4-877 4.354
TasLE III showed that the formation constants are independent
of metal ion concentration.
Mzathod log log log log
PK,;" pK,* K, pKs ‘
IO{ ]'0
Hilf-integral 10-35 2:30 7-91 512 . \ O
Linear-plot 1032 235 790 5-12 S \a N il
IS 00 "
Point-wise calc. 10-35 2.25 7-86  5-00 m%O' ' 5 o 3 | ng
O —
L=1st-sqaare .. e 7-80  5-01 \l
Average 10- 34 2-30 7-87 5-05 , \ 45
l }
ISt FiG. 3
—— U S
i 1O} 1O Iio
l O
e \ N\ .
o3 \\Q,Q ik 1 QO‘:’ =0
oo - - A | 's: NOG 'L L A \O ' OO g‘
4 6 plL 8 I 5:‘. P 7 \q —
°
FiG, 2 \ N
of only 1:1 and 1:2 complexes of TI(1) with %
3-NSA. 1In view of the very low concentration of - \ 1710
TI(1) (1 x 104) used in the titration, formation

of polynuclear complexes may be ignored. Titrations
performed with different ratios of metal to ligand

FiG, 4



Vol. 45, No. 23
Dec, 5, 1976

The ratio of log K, /log K, is positive and that the
separation factor between the first and the second
formation constant is well within the range. A
bigger difference between log K, and log K, 1s due
to the possible steric hindrance on the linking of
the second ligand molecule expected for TI(I) ion.
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SPECTROPHOTOMETRIC INVESTIGATION OF TidV) COMPLEXES OF
N-SALICYL PHENYL HYDROXYLAMINE

SASWATI P. BAG anp ANUP K, KHASTAGIR*
Department  of Chemistry, Jadavpur University, Calcu‘ta 700032

ABSTRACT
Yellow coloured complexes of TidV) and N-salicyl phenyl hydroxviamine are extractable

into iscamyl alcohol.

The spectrophotometric studies following Job’s and molar jatio mctkods have

shown that 1:2 and 1:3 (retal: ligand) complexes predominate in the acidity ranges of 2-5 N and
7-5-9 N HCI respectively. The values of the stability constants, stepwise and overall, have been

calcula-ed following extended Yatsimirskii’s, Leden’s end Harvey-Manning’s methods.

An eleciuronic

compuler, 1BM 1130, using FORTRAN Programming was utilized for evaluating Stability corstants
of 1:3 system, Tne analytical suitability of the reagent for microdetermination of ti*anium hag

also been investigated.

INTRODUCTION

THE application of the ary! hydroxamic acids and

their N-pheny] analogues are well documentedl-5,
But in many cases®7 investigations were carried
out fo study the complexes with the variation of
acidity, The present paper deals with the spectro-
photometric investigation of Ti(IV) complexes of
N-salicyl] phenyl hydroxylamine (NSPHA) at
varied acidities. The study has established the
existence of 1:2 and 1:3 (meta]: ligand) com-
plexes depending on the pH. The stepwise and
overall formation constants are evaluated by extended
Yatsimirskir’s®, Leden's? and Harvey-Manning's10
method. The analytical suitability of the reagent
for microdetermination of titanium is explored in
the light of above observations.

MATERIALS

A stock solution of titanium (2-18 mg/ml) was
prepared from potassium titanyl oxalate (AR.) and
was standardived!!, The reagent, NSPHA (m.p.
106-107° C), was prepared following the method of
Shomel2, Chemicals used in all spectrophotometric

'

* A partion of this work was included in the
Ph ID. Thesis submitted to Jaduvpur Universily in

1974,

C[.u'fl S*Cin"—"}

measurements were of AR, or spectrograde quality.
A Hilger Uvispek spectrophotometer was used for
spectrophotometric  measurements. For evaluation
of the formation constants, a 1BM 1130 scientific
and electronic computer based on FORTRAN
Programming was employed.

EXPERIMENTAL

An aliquot of titanium solution (8-352 X 1075 M)
was takcn in a 100 ml separatory funnel and its
pH adjusted to the desired value. The reagent
solution (0-087 M) 1n ioamyl alcohol was then
added and the mixture shaken thoroughly for
10 minutes, The yellow coloured nonaqueous layer
was collected in a small beaker. The extraction
was repeated with a 5 ml portions of 1~oamyl
alcohol. The combined extract, after drying over
sodium solphate, was diluted to 25 ml with iso0-
amyl alcohol and its absorption was measured at

390 and 400 nm.

RIsurLTs AND THSCUSSION

The absorbance measurements of  the complex
colution at 8 N HT show mavimum gbsorbance ot
370 am.  Due to  lew  reagent absorphion
around 390-400 pm, all the absorption measure-

ments were  faken  apainst the iepeent blank at



