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1,3-Cyclohenanedione bisthiosemicarbazone monohydrochloride (1,3-CHDT.HCI) reacts with platinum (IV) in 
rodium acetate-acetic acid buffer to form yellowish-green coloured I: 1 (M:L) complex having absorbance 
rmrimumat 375 nm. Beer's l~aw is valid over theconcentrationrange0.78- 18.73 ppm. Themolarahsorptivityand 
Sadell's sensitivity of the method are 1.0 X lo4 litre mol-'. cm?. and0.0195 a ~ ~ m ~ ~ r n p e c t i v c l y .  Theeffect of DH. . . 
tin$ concentration of reagent, order of addition of reagents and influence of foreign ions are reported. Synthetic 
rsmples whose composition correspond t o  dental alloy are analwed for the determination of ~latinum. Thcsolid 
corn& ( I  : I) forked by Pt(1V) and 1.3-CHDT.HCI is isolated and characterized on the'basis of elemental, 
rmgnecic susceptibility, thermal and infrared spectrakanalyris. 

Kq wads:  Spectrophotometry, platinum (IV), IJcyclohexanedione bisthiosemicarbazone monohydrochloride. 

1. Introduction 

Several reagents have been suggested1 for the spectrophotometric determination of plati- 
num. Methods available are dependent upon various factors such as temperature(heating of 
reaction mixture for longer or specified time9, concentration of reagent and certain 
f0nigtI ions4+. The present method offers the advantage of simplicity, rapidity, reasonable 
selectivity without the need for heating o r  extraction. 1,3-CHDT.HC1 has been used for the 
spectrophotometric determination of chlorate", bromate", iodate", bismuth", palla- 
d i ~ m ' ~ ,  nickelI3 and chromium I*. 1,3-CHDT.HC1 is water soluble reagent and can be used 
with advantage. 

2. Experimental 

ECIL spectrophotometer Model GS 865 .4 and ELICO pH meter Model LI-120 were 
employed in the present study. Magnetic susceptibility measurements were made at room 
"mperature by standard Guoy method using mercury tetrathiocyanato cobaltate (11) as 
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calibrant ( ~ g  = 16.44 X 10-%.G.S. units). The 1R spectra in the range 4040 - 2W cm-l was 
recorded on a Peikin Elmer 983 IR spectrophotometer in KBr medium. T h e r m a l d ~ ~ ~ ~ ~ -  
sition study was made using a Stanton Thermobalance Model HI-SM withaheatingrateof 
6" min-'. 

1.3-CHDT.HC1 was prepared according to the procedure given in literature" and tk  
reagent (2 X IO-~M) solution was prepared in distilled water. 

A stock solution of platinum was prepared by dissolvinga known weight of platinurnwire 
(99.99% pure) in hot aqua regia and the solution was evaporated to a small volume. ~ h t  
residue was treated with 5 ml of conc. hydrochloric acid and evaporated to a small volume. 
This treatment was repeated five times in order to destroy any nitroso complexes formed. 
The residue from final evaporation was then dissolved and diluted to 100 ml with 1 M 
hydrochloric acid. Solutions of lower concentrations were obtained by dilution with water 
as required. 

Hydrochloric acid (1 M) +sodium acetate(1 M) (pH 0.5 to 3.0) and sodium acetate(0.2 
M) + acetic acid (0.2 M) (pH 4 to  6.5) buffers were used in the pH metric study. 

All other reagents used were of analytical grade. 

3. Recommended procedure 

To a suitable aliquot containing 0.8-18 ppm of platinum in a 25 ml volumetricflask,add 10 
ml of buffer (pH 4.0), 2.5 ml of dimethylformamide and 3 ml of 2 X M I,3-CHDT.HC1 
solution. Dilute the solution up to the mark with distilled water. Measure the absorbance 
after 20 minutes at 375 nm against a reagent blank prepared under identical conditions. 
Construct the calibration graph similarly. The concentration of platinum in the sample is 
calculated using the calibration graph. 

4. Results and discussion 

The order of addition of the constituents (metal ion, buffer and reagent) has noeffect onthe 
absorbance. The complex formation is quite rapid and the complex is stable for 12 hoursin 
the presence of 10% dimethylformamide. Effect of time on absorbance in presence of 
different amounts of dimethylformamide indicates that the complex attains maximum 
absorbance in the presence of 432% DMF after a period of 20 min. In the absence of 
dimethylformamide, turbidity, due to the precipitation of complex, is observed which 
causes a rapid increase in the absorbance. The complexation reaction was studied in d d  
with a view to finding optimum conditions for the estimation of platinum. The imporant 
analytical characteristics are summariscd below. pH range 2.5-5.0; A,, 375 nm; Meled 
reagent required per mole of metal ion for full colour development, 20; Beer's law valW' 
nmni!e, 0.78-18.73 ppm; Optimum concentration range, 4.7-14.0 ppm; Molar absorptivity, 
1.0 X 10'litre mole-'. an-'; Sandell's sensitivity 0,0195 pgof Pt (IV)cm-?; Cornpositio~l :I 
(metal: @and as determined by Job's and mole ratio methods); Stability constant 3.0 X 10'. 
Standard deviation for ten replicate determinations of 6.2 ppm of pratinum, 0.0018 A 
colnparison of sptctrophotom~ric rragentsLbQ5 for the determination of platinum is 
in Table I. 
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TsMc I 
c o m p d a  of spectrophotometric reagents for the determination of platinum 

Rng€nt Molar Medium Comments Interference Ref 
absorptivity heating1 due to 
lit. mol-'.cm-'. time 

Mlpuine hydrochloride 

M m i d e  dithio- 
rmiarbamnc 

Aqueous 

CHCll 
CHClr 

CHCI, 

Aqueous 

Aqueous 

CHCh 

Aqueous 

CHClr 

Aqueous 

Aqueous 

Aqueous 

Aqueous 

CHCI, 

Aqueous 

20 min. tune Ag 
for colour 
development 
- Fe, V and 0 s  

Heating for Fc and Au 
30 min. at 
lWDC 
Heating for Ni, W, Th, Zr 
90 min. at Al, Cu, Os, Rh 
lW0C and Fe. 
- Pd, Au, Ru and 

Fe 

Heating a t  Cu, Pd, Ni and 
8 P C f o r  60 Au 
min. 
M) min. time Fc, Co, Ni, Pd, 
for colour and Ru 
development 
10 min. time Pd, Ru and 0 s  
for eolour 
development 
Heating for - 
IS min. at 
100'C 
Heating for Au, Te and Ir 
15 min. a t  
100°C 
4 hr time for - Pd and Au 
colour 
development 
Heating for 30 Co, Fe, Ru, 0 s  
min. at I W C  Zr and W 

Heating for 90 - 
min. at 87OC 
- Ru, Rh, Fc, 0 s  

and Ir 

15 miu. time Ru, 0 s  and Fe 
for colour 
develoement 
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4.1 Effect of foreign ions 

The effect of foreign ions which often accompany platinum was studied with 4.7 ppmd 
platinum. Tolerance limit was taken as the amount of foreign ion required to cause*% 
error in absorbance. Tolerance limit of various ions are presented in Table 11, 
indicates that platinum can be selectively estimated in the presence of large excess of m, 
anions and cations. 

4.2 Determination of platinum in synthetic samples 

Synthetic samples whose composition correspond to dental alloy was analysed for 
platinum determination (Table 111). The recovery of platinum in presence of higher amounts 
of uranium and other platinumgroup metals was also studied (Table IV). Ascorbicacid(W) 

Table I1 
Effect of foreign ions on the determination of 4.7 ppm of platinum 

Ion added Tolerance limit (ppm) Ion added Tolerance limit (ppm) 

Fluoride 
Chloride 
Bromide 
Iodide 
Phosphate 
Nitrate 
Sulphate 
Oxalate 
Thiocyanate 
Thiosulphatc 
Thiourca 
Tetraborate 
Citrate 
Tartratc 
Chloratc 
Bmmatc 
lodafe 
EDTA 
DMG 
Hydroxylmine HCI 
Ascorbif a d  

Te (11) 
Mn (11) 
c o  (11) 
N1 (11) 
Cu (11) 
Zn (11) 
Pb (11) 
Pd (11) 
Cd (11) 
Fe (111) 
Al (111) 
Cr (Ill) 
Ru (111) 
Rh (111) 
Au (111) 
Au (111) 
Ir (111) 
zr (IV) 
Ti OV) 
v (V) 
lJ i v v  
Mo (VI) 
w (VI) 
0 s  (VIII) s t  

In the wcmtce of I800 pprn of EDTA . 
t In the presence of 700 ppm of fluoride 
$ In the presence of 300 pprn of thiourea 
Q In the presence of 250 ppm of ascorbic acid 
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TSMC In 
&&$is of synthetic sample whose composition corresponds to dental alloy t 

~i~~~ of rample Amount of platinum Error (%) 
i d  Taken Found * 

ippm) (ppm) 

. ~vnage  of three determinations 
t dental alloy composition - 
Ag 38%. Au 27%. Pd 258, Pt 15%. 
Cu 4%. Zn I%. 

Table IV 
Andysis of synthetic sample 

kobmc of ample Amount of platinum Error % 
wlutioo 

Taken Found * 
(oaml (aarn) 

10 4.68 4.64 - 0.4 

1.0 7.02 7.20 + 2.5 

4.0 9.36 9.20 - 1.7 
60 14.04 14.21 + 1.2 

' A m g o  of three determinations 
7 Composition of synthetic sample solution 
U. 117 ppm (82.64%); Ir. 11.7 pprn (8.26%); Os, 3.51 ppm (2.47%); Ru. 2.34 pprn (1.65%): 
P4 2.3 ppm (1.65%) and Pt, 2.34 ppm (1.65%). 

p p d ,  thiourea (300 ppm) and EDTA (1800 ppm) were added to mask gold, osmium and 
Pauadium respectively. Since silver is present in the dental alloy it gives precipitation by the 
.&Won of 1,3-CHDT.HC1. The precipitate was removed by filtration. 

5. Sgatbais and characterization of Pt-1,fCHDT complex 

A hot aqueous solution of platinum (IV) was added dropwise to a refluxing solution of : 
k n d  (which was mixed with buffer; pH 4.0) until the metal ligand ratioz6 reached 1 : I .  The 
did which separated (after 30 min) was filtered after cooling the solution. The solid was 
Whd with hot water and methanol and dried a t  80°C for 1 hr in an electric Oven. 

Rmults obtained in elemental analysis, magnetic susceptibility measurements, thermal 
WY, conductivity experiment and infrared spectral studies are presented in Table V. 
tnfw data for uC = N a n d  UC = S suggest the participation of azomethine nitrogen 
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Table V 

Physio-chemicaf data of the solid complex 

Data Value Assignment 
-- 

Hementat onolym Found (calc.) 

Platinum % 32 71 (32.75) Corresponds to 
Sulphur % 10.81 (10.75) PtLCI,. 2 H 2 0  
Chloride % 17.79 (17.86) 

Mngnetic susceptibdiry 
xe C.G.S.  units - 0.85 X 10.' Diamagnetic 

T. G. studies 
Temp ("C) range Percentage of fraction 

weight 
Found (calc.) 

80 - 120 6.04 (6.00) Loss of two waler molecules 

200 - 230 18.00 (17.80) Loss of three chloride ions. 

310 - 450 43.00 (43.30) Loss of ligand 

450 - 800 34.00 (32.70) Remaining residue corresponds 
to Pt metal 

Infrnred spectra Ligand Complex 

Spectral bands 3420-2920 3420-2920 NH and NH? 
in the region ( y  ; cm") 1630 ( 5 )  1600 (s) c = N'" 

1.510 (5) 1510 (s) iCM 

1095 (s) 1065 (m.r) (C = s)'~ 
Molar conduetonee 141 Ionic nature of complex 
(in DMF) (ohm-' cm? mol-') 

atomzszs and thioketo sulphurz6 in chelation. The pK I and pK 2 valuesfor 1eagentare4.'~ 
and 10.5 respectively" (buffer used in the present study is having pH 4.0). The reagent(1) 
loses one proton preferably from quarternary ammonium group at pH. 4.0 since pK 1 is47 
(11). The pK 2 value (10.5) of the reagent refers to theenolization of> C =  Sgroup. Theacid 
is neutralised on increasing the pH and the > C = S bonds of ligand enolize (111) or 
dissociate in alkaline medium1'. No colourreaction is observed between Pt (11) and reagcnL 
Pt (IV) complexes are stable and known to form octahedral complexes. Theexpected molar 
conductance value for [ M L ]  Cll complex is not observed and the observed value @.a 141) 
suggests the following structure of the complex (IV) in analogy with our previous 
observation". 

The authors are grateful to CSIR, New Delhi. India for the award of research fellowships. 
They a h  thank Professors G. Aravamudan and T.V. Ramakrishna, Indian Institute of 
TCChnologY, Madras for the'v interest in the work. 



SPECTROPHOTOMETRIC DETERMINATION O F  PLATINUM. 

I. FasnR DEE SNeLt 

1 RABINOVICH, B.S., 
BANSKAYA, G.M., AND 

RA~OVSKII, E.E.. 

3. SINDHWANI, S.K. AND 
SINGH, R.P. 

4. GUZMAN CHOZAS, M., 
BEND IT^ D.P. AND 

PWO PERU, F. 

6. PARU, P.K. AND 

MNuuDAR, S.K. 

7. PARU, P.K. *No 
MNU~DAR, S.K. 

a KelL, R. 

pH, 4.0 ___, 
( p k3=4.75) S 

TI. Nauch.-Issled Gornorarved Inst. Tsvst.. Rcdk. Blagorod. Metal. 1971.71.178 
Ref. Zh. Khim. 1971. Abstr. No. 20G81. Chem. Abstr. 1972, 71, 96572. 

Talanto, 1973. 20,248. 

An. Quim. 1974, 70,828 

2. And. Chem. 1968, 239, 87. 

Z. Awl.  Chem. 1976,279,207. 

Indian J. Chem. 1976, 14,916. 

Z. A d .  Chem. 1971,354 191. 



9. SAVVIN, S.B., 
PROPISTSOVA, R.F. AND 
RA~OVSKII, Yo, C. 

LO. ROMAN CEBA, M., 
MUNOZ LEYVA, J.A. AND 

BERZAS NEVADO, J.J. 

11. ROMAN CEBA, M., 
M u ~ o z  LEYVA, J.A. AND 

BEWAS NEVADO, J.J. 

12. ROMAN CEBA, M., 
M u ~ o z  LeYvA, J.A. AND 
BERZAS NEVADO, J.J. 

13. HUSSAIN REDDY, K. AND 

VENKATA REDDY, D. 

14. HUSSAIN REDDY, K. AND 

VENKATA REDDY D. 

15. BERZAS NEVADO, J.J. 
MUNOZ LEYVA, J.A. AND 

ROMAN CEBA, M. 

16. SUR, K. AND SHOME, S.C. 

17. IVANOV, V.M., 
PIGUROVSKAYA, V.N. AND 

BUSEV, AS. 

18. SANKE G O W D ~  H. AND 
PAOMAJI, K.A. 

19. SRIVATSAVA, J.N. AND 

SINGH, R.P. 

20. JACOBS, W.D. 

21. CANMPADHYAY. P.K., 
DM, H.R. AN0 SHOME, S.C. 

22. RUDUSHEV, A.V. AND 

STATINA. L.A. 

23. YO+ J.H. AND 

KIRKLAND, J.J. 

24. DAS, A.K. AND DAS. J. 

25. KESHAVAN, 9. AND 

NACARAJA. P. 

26. JAIN, M.C. A N 0  JAIN, P.C. 

27. SHARMA. B.D. AND 

BAILER. J.C. 

28. D u n ,  N.K. AND 

CHAKDA~,  N.C. 

29. MASHIMA, M. 

K. HUSSAIN RBDDY el a1 

Zh. Anal. Khim. 1969, 24, 1067; 1972, 21, 1554 

An. Quzm, 1978,14,620, 1075. 

Anal. Letr. 1978, A 11(7) 523 

Ind!an J Chem. 1983, 22A, 723, 824. 

Anal.vsr. 1933, 1011, 1247. 

Anal. Chim. Aetn. 1971, 66, 460 

Zovod, Lnb. 1972, 38, 131 1. 

Indian J. Chem. 1979, lIA, 208. 

Indian J. Chem. 1974, 12, 1116. 

A n d  Chem. 1961.33, 1279. 

Anal. Chim. Acra, 1973. 66, 460. 

Zh. Anal. Chim. 1973, 28,2360. 

Anal. Chem. 1954,26, 1335. 

Indian J. Chem. 1983, 22, 93. 

Indim J Chem. 1983, 22,725. 

J. Inorg. Nuel. Chem. 1977, 39, 2183. 

3. Am. Chem. Soc. 1955.77, 5476. 

J. Inorg. NueL Chem. 1970, 32, 2303. 

WIU. Chem. Soc. Japan 1964,31,974. 


