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N.(2' ·Mercaptophenyl)salicylaldimine ~ives hi~hly sensitive colour reaction with Pt(IV)
forminll a deep Ilreen complex with the rea~ent in the pH ran~e 10·5-12. In 60% aqueous
ethanol (vjv) it shows I.max at 725nm and the system obeys Beer's law from 0·1 to 3 ppm of Pt,
the optimum concentration ran~e bein~ 0·5-2 ppm of platinum. The % relative error is 2·72.
The determination of composition by the methods of continued variation and mole-ratio
su~aests a metal to li~and ratio of 1: 3. The molar extinction coefficient is 52677 litre mole-l
cm-1 while the sensitivity is 0·0037 11~cm-ll. The stepwise and overall formation constants were
determined by extended Yatsimirskii's, Leden's and Harvey-Mannina's methods. Lo~ kl,
lo~ ka, lo~ ka and lo~ K have been found to be 3·95, 3·82, 4'62 and 12·40 respectively by photometric
method.

THE Schiff's b.ase N-(2'-mercaptophenyl)salicyl­
aldimine has been found to form insoluble
coloured complexes with platinum metals.

The reagent has been found to be a very sensitive
for photometric determination of Pt(IV) in the pH
range 10'5-12. Numerous reagents such as o-pheny­
lenediamine1, p-nitrosodimethylaniline2, 2,4,5,7-tetra­
hromofluorescein ethyl ester3, 1,4-diphenylthio­
semicarbazide4 are suitable for photometric
estimation of the metal, but suffer several disadvan­
tages regarding selection of wavelength and
interferences by associated base and platinum metals.

The reagent forms a beautiful green complex
with Pt(IV) in 60% aq. ethanol on warming over
a water-bath. In the pH range 10·5-12 the
chelating reagent appears to behave as a tridentate
ligand with sulphur, azomethine nitrogen and oxygen
as tbe donor atoms. In 60% aq. ethanol, the
complex species shows Amax at 725 nm and is sta hIe
for three days.

Materials and Methods
Absorbances were measured with a Unicam

SP600 spectrophotometer using 1 em glass cell.
Reagent - AI: 1 mixture of freshly distilled 0­

aminobenzenethiol and salicylaldehyde in absolute
ethanol was refluxed on a water-bath for 3 hr. On
keeping for sometime crystals appeared which were
filtered, washed with ethanol, chloroform and re­
crystallized from ethanol; m.p. 137-39°.

A 0'5% solution of tIle reagent (wJv) in ethanol
was prepared for colorimetric study. Standard
platinum(IV) solution was prepared by digesting
AR platinum wire in aqua regia containing an excess
hydrochloric acid6• The strength of the solution
was verified by reduction with formic acid in the
presence of anhydrous sodium acetate.

Solutions of diverse ions were prepared by
dissolving AR grade salts in water or dilute hydro-

chloric acid. Lime distilled ethyl alcohol and
doubly distilled water were used for preparing the
solutions.

Procedure - An aliquot of the platinum solution
(1'025 X 10~6M) was taken and 1 ml of the reagent
solution was added to it. Adequate amount of
ethanol and water were added to the mixture and
pH was adjusted to 11·0 by the droT.wiseaddition
of dilute NaOH. The solution was warmed for 10
min over a water-bath. The green coloured complex
was then cooled and volume made up to 25 ml by
adding ethanol. The final solution was 60% in
ethanol and 40% in water. A reagent blank was
prepared identically, except that the Pt(lV) solution
was not added. Absorbance was measured against
mixed solvent as blank at 725 nm. The reagent
has got no absorption in this wavelength region.

Results and Discussion

Effect of pH, reagent and time - Though the green
complex forms at lower pH (4 and 5), the maximum
colour intensity was obtained only in the pH range
10'5-12. 0'75 ml of the solution (0·5%) in absolute
ethanol is sufficient for complete development of
the colour of a solution containing 2 ppm platinum.
Addition of excess reagent up to 7 ml has no effect
on the optical density of the system. At higher
concentration of the reagent, the colour of the
complex changes gradually to yellow.

'Calibration curve, optimum range and Photometric
error - Beer's law is obeyed by the system from
0'1 to 3 ppm of Pt(IV). Ringbom's6 curve, as ob­
tained by plotting per cent absorhancy (at 725 nm)
against log concentration, reveals that the optimum
concentration range, where the curve has the
steepest slope, is from 0·5 to 2 ppm of Pt(IV). The
% relative error per 1% absolute photometric error
was obtained according to Ayres? and was found
to be 2'72%.
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Mot r absorptivity and sensitivity -. Spectropho­
tomet ic sensitivities were calculated according to
Sande 18 from Beer's law curve and found to be
0·0037 [Lg Pt(IV) cm-2 where the molar absorptivity
is 526 7 litre mole-1 cm-1.

Effe t of diverse ions ----Except some alkali and
alkali e earth metals, associated base metals and
most f the platinum metals were found to interfere
in the' determination of Pt(IV) at pH 11·0 due to
precip tation. However, interferences of these can
be av icled if the precipitate formed is separated
J.ilytilt ation and subsequent determination of Pt(IV)
in the filtrate is carried out. Platinum metals inter­
fere.

Com osition of the Complex

The metal-ligand ratio of the complex was ascer­
taine by the modified Job's method9•10. Platinum­
(IV) ombines with N-(2'-mercaptophenyl)salicylal­
dimin. in the ratio of 1 : 3 (metal: ligand). This
ratio vas confirmed bv mole-ratio method13• The
comp sition of the co~plex may be formulated as
PtL2· 2L.

Stewise formation constants of the comPlex -- The
caleul tion of the stepwise formation constants of
the c mplexes was made by graphical extrapolation
meth ds of Yatsimirskii12 and Leden13. The equi­
libriu concentrations of ligands and the degrees
of co lplex formation were calculated from calibra­
tion 'rves. The construction of required functions
and t eir evaluation were made after proper exten­
sion f the methods employed14.

Fol owing Yatsimirskii's graphical extrapolation
meth d for 1 : 3 complex system, the stepwise for­
matio constants (kv k2 and .'?3) were related to
differ nt functions, which were constructed from
expel' mental data using the following relations:

version of the above equations to a suitable
fourt degree polynomial in k2 was made and the
equa ion was solved by the help of an IBM 1130
comp Iter. The initial guess value of k2 was
obtai ed following the Newton-Raphson method.
Valu s of log k1, log k2 and log k3 were found to be
4'38, 4·42 and 4,99 respectively. Overall stability
const nt, K, was calculated considering the absor­
banc in the presence of a very large excess of the
reage 1. log K was found to be 13,79.

Th first formation constant ~1 (or k1) following
Lede 's method can be obtained by constructing
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a function 0/1 employing Eq. 1.
. <p-l

'l'1 = L = ~d-~2L+~3L2+ ... '~nLn-l ... (1)

Here <p is the degree of complex formation (CM)jl\f
and ~1' .•..• ~n are the respective overall formation
constants. Lim o/lL-i>-O = ~l' Similarly other values
were obtained.

Values of log k1, log k2, log k3 and log K were found
to be 3'95, 3'82, 4'62 and 12·40 respectively.

The overall stability constant for the system was
c11soobtained by Han ey and Manning'smethod15 from

h 1 f 1· . t' . b Am-Ast e ( egree 0 (ISSOCIalOn rt., given y rt. = -A--Itl

where Am is the absorbance with large excess of
reagent and As is the same with stoichiometric
amount of reagent in the complex. This was
calculated to be 0·5848. The instability constant
of the complex, log K was calculated according to

!mIXC)m(nIXC)n

the equation, ]( =: -' -(---)-- where m and nc i-IX
are, respectively, the numbers of metal ions and
ligand molecules in the complex and c is the molar
concentration. The calculated dissociation constant
was found to be 3, US X 10-14 and hence stability
constant was 3·21 X 1013. Value of the overall
stability constant (log K) obtained considering the
Beer's law data is 13·51.

Acknowledgement

The authors express their deep sellse of gratitude
to Prof. A. K. Majumdar, Professor Emeritus, Jadav~
pur University for his kind help, keen interest and
encouragement.

References
1. SENGUPTA, J. G., Analyt. chim. Acta, 23 (1960), 462.
2. KIRKLAND, J. J. & YOE, J. R., Analyt. Chem., 26

(1954), 1335, 1340.
3. GHAMRY,E. & MOHAMED,T., Talanta, 16 (1969), 235.
4. TOLUBARA,A. 1. & USATENKO,Y. 1., Chem. Abstr., 64

(1966), 10394C.
5. VOGEL, A. 1., Quantitative inorganic analysis (Longmans,

Green & Co. Ltd, Lonuon), 1964, 510.
6. RINGBOM, A., Z. analyt. Chem., 115 (1938), 332.
7. AYRES, G. R., Analyt. Chem., 21 (1949), 652.
8. SANDELL, E. B., Colorimetric determination of trace

metals (Interscience Pub!. Inc., New York), 1959.
9. JOB, P., Liebig's Ann., 10 (1928), 113.

10. VOSBURG,W. C. & COOPER, G. R., J. Am. chem. Soc.,
63 (1941), 437.

11. YOE, J. H. & JONES, A. L., Ind. Engng Chem., 16
(1944), 111.

12. YATSIMIRSKIl, K. B. & VASILEV, V. P., Instability
constants of comPlex compounds (Consultants' Bureau,
New York), 1960.

13. LEDEN, 1., Z. phys. Chem., 188 (1941), 160.
14. CHAKRABARTl,A. K. & BAG, S. P., Z. analyt. Chem.,

265 (1973), 269; 272 (1974), 124.
15. HARVEY, A. E. & MANNING, D. L., J. Am. chem. Soc.,

72 (1950), 4488; 74 (1952), 4744.




