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Ruthenium(III) and platinum(IV) form 1:2 (metal:ligand) complexes with acenaphthenequinone mono-
(thiosemicarbazone) (AQTS). The complexes are soluble in 70% N,N-dimethylformamide (DMF). The reagent
has been used for the spectrophotometric determination of Ru(III) and Pt(IV). The optimum ranges of concen-
tration for the determination of Ru(III) and Py(IV) are 2.02—7.09 and 2.83—11.6 ppm over the pH range 5.3—6.8
and 1.9—4.1, respectively. The Sandell sensitivities for the determination of Ru(III) and P(IV) are 0.01 and 0.016
pg cm™?, respectively. The determination has also been carried out in the presence of foreign ions.

When the solution of acenaphthenequinone mono
(thiosemicarbazone) was added to Ru(IIl) or PyIV)
solution, a yellowish green or yellowish orange col-
ored complex was formed. The present study was
undertaken to investigate the possibility of the use of
AQTS as a reagent for spectrophotometric determina-
tion of ruthenium or platinum. Optimum conditions
for maximum color development, composition of the
complex and possibility of determination of rutheni-
um(III) or platinum(IV) alone or in the presence of
diverse ions have also been investigated. Further, at-
tempts to increase the selectivity by the use of masking
agents have been made. To ascertain the selectivity of
the reagent the method was successfully used for the
determination in alloys.

Experimental

Reagents and Apparatus. Preparation of acenaphthenequinone
mono(thiosemicarbazone) (AQTS) has been reported earlier.?
The 3.2X10-3M (1M=1 moldm™3) solution of AQTS was
prepared in N, N-dimethylformamide.

In the pH range 3.42—>5.89, walpole buffers? prepared by
mixing 0.2 M acetic acid and 0.2 M sodium acetate in various
proportions, were used. Below and above these pH values,
dilute solutions of acetic acid, hydrochloric acid, or sodium
hydroxide were added for pH variations.

Standard Ruthenium(II) Solution. A required amount
of ruthenium(III) chloride (Johnson Matthey, London) was
dissolved in doubly distilled water, containing sufficient
hydrochloric acid to give the final concentration of IM HCL
Since the ruthenium(III) has a tendency to burn dark brown
on keeping due to oxidation, the stock solution was obtained
by refluxing for 3—5h with hydrochloric acid and ethanol.
The ruthenium content was determined gravimetrically by
precipitating ruthenium as the hydrated oxide, followed by
careful ignition in the air. The oxide was reduced to the metal
in the presence of hydrogen and by cooling in an atmosphere
of carbon dioxide. Subsequent dilutions were made from the
stock solution according to requirements. In no case, the
solutions older than 10d were used.

Standard Platinum(IV) Solution. One gram of grade I
platinum thermocouple wire (99.99%) was dissolved in aqua
regia. The resultant solution was evaporated almost to
dryness and a small amount of hydrochloric acid was added.
The solution was again evaporated to dryness. This treat-

ment was repeated 3 or 4 times in order to distroy any ni-
troso complexes. After the final evaporation, 5cm? of hy-
drochloric acid was added and the solution was made upto
100 cm3 with doubly distilled water. More dilute solutions,
as required, were prepared by diluting the stock solution.
Two standard platinum solutions prepared by exactly the
same procedure were found to give the same spectrophoto-
metric readings.

Reagent grade chemicals were used in the study of in-
terferences. Doubly distilled water was used throughout the
work. A Unicam, SP 600, spectrophotometer, with a tungsten
filament lamp and matched glass cells of 10-mm light path,
were used for absorbance measurements. An ECIL expanded
scale pH-meter, PH821A, was used for pH adjustment.

Absorption Spectra and Effect of pH. Both ruthenium
and platinum show maximum absorption at 655 and 515 nm,
respectively (Figs. 1 and 2). Subsequent studies have carried
out at these wavelengths. A plot of absorbance vs. pH shows
that the absrobances remain constant in the pH range 5.3—
6.8 and 1.9—4.1 for Ru(III) and Py(IV), respectively. Further
studies have been carried out at pH 6.1 and 2.8 for ruthenium
and platinum, respectively.

Rate of Color Development and Stability of the Complexes.
The rate of reaction between metal and AQTS is slow at
room temperature. The color intensity was found to increase
when the solutions containing a fixed amount of Ru(III) or
Pt(IV) and excess of reagents were heated on a water bath
for various intervals of time and absorbance was measured
at 655 or 515nm for Ru or Pt, respectively. Results of this
study show that complete complex formation takes place
on heating the contents for about 2.5 h and 40 min for ruthe-
nium and platinum, respectively.

Effect of DMF Concentration. The complexes were found
to be soluble in N, N-dimethylformamide. Increasing
volumes of DMF added it was observed that complete
dissolution of precipitate takes place in 70% DMF medium.
Higher percentage of DMF had no effect on the absorb-
ance. Insubsequent work, the percentage of DMF was main-
tained at 70.

Effect of Reagent Concentration. A plot of absorbance
vs. moles of ligand shows that at least [ive and seven times
molar excess of the reagent is required for maximum complex
formation for ruthenium and platinum, respectively (Figs. 3
and 4). In further studies ten times molar excess of the reagent
was used for both metals.

Adherence to Beer’s Law, Optimum Range and Sensitivity.
Beer’s law is obeyed upto 9.39 and 13.58 ppm (1 ppm=
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Fig. 1. Absorption spectra of ruthenium(III) complex

vs. reagent.
Ru(III): 3.2X10-5M, AQTS: 3.2X10—# M, pH: 5.9.
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Fig. 2. Absorption spectra of platinum(IV) complex
vs. reagent.
Pt(IV): 2.5X10-5M, AQTS: 2.5X10¢M, pH: 2.7.
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Fig. 3. Effect of reagent concentration.
Ru(III): 3.2X10-5 M.

Absorbance

1 1 1
0.0 2.0 4.0 6-0 8.0 100
Reagent/M

Fig. 4. Effect of reagent concentration.
Py(IV): 2.5X10-5M.

1 pgem~1) while the optimum concentration ranges for
accurate determination, as deduced from Ringbom plot
(Figs. 5 and 6), are 2.01—7.09 ppm and 2.83—11.6 ppm for
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Fig. 5. Ringbom plot for Ru(III)-AQTS complex.
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Fig. 6. Ringbom plot for Pt(IV)-AQTS complex.

ruthenium and platinum, respectively. The sensitivity in
terms of Sandell’s definition is 0.01 pg Ru/cm?2 and 0.01 pg
Pt/cm? for log I,/I=0.001 with molar absorptivity 9843.9
and 12000 mol~1cm?, respectively.

Recommended Procedure. To a suitable aliquot contain-
ing 50.25—177.25ug of Ru(IIl) or 70.8—290pug of Py(IV)
is added to ten times molar excess of reagent. The pH is
adjusted between 5.3—6.8 for ruthenium and 1.9—4.1 for
platinum with acetate buffer and dilute solution of sodium
hydroxide. The mixture is heated on a boiling water-bath for
2.5h and 40 min respectively for ruthenium and platinum,
and it is cooled to room temperature (301£0.5°C). The total
volume is raised to 25cm? with doubly distilled water,
keeping 70% N,N-dimethylformamide concentration. The
absorbance of the solution is measured at 655nm for
ruthenium and 515nm for platinum against reagent blank
prepared under similar conditions. The amount of ruthe-
nium and platinum is deduced from the calibration curve.

Molar Composition of the Complexes. The composition
of the complexes were determined by Job’s method of
continuous variations®# (Figs. 7 and 8) and mole ratio
method® (Figs. 3 and 4). Both of these methods show that the
stoichiometric ratio of metal to AQTS in the (Ru: AQTS)and
(Pt: AQTS) complex is 1:2.

Absorbance Deviations. The precision of the procedure
was checked by measuring absorbance of eight samples, each
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Fig. 7. Composition of Ru(III)~AQTS complex by
Job’s method.
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containing 3.37 ppm of ruthenium. The average relative
deviation was found to be 0.33% with standard deviation of
3.6X1073. In case of platinum eight samples each containing
4.89 ppm of platinum gave average relative deviation 0.53%
with standard deviation of 4.18X10-3.

Effect of Diverse Ions. The effect of diverse ions was studied
in the determination of ruthenium and platinum following
the recommended procedure. The amounts (in ppm) of
ions which do not cause any interference with 3.37 ppm
of ruthenium(IIl) are summarized in Table 1. However
nitrite, copper(II) and rhodium(III) interfere seriously.

Platinum(IV) has been determined in synthetic solution,
each containing 4.89 ppm of platinum and varying amounts
of foreign ions. The amounts of different ions tolerated are
shown in Table 2. Among anions, iodide and thiourea
interfere seriously and among cations copper(Il), rhodi-
um(III) and palladium(II) could not be masked. Mask-
ing agents were used wherever necessary.

Discussion

Many organic reagents have been employed for the
spectrophotometric determination of ruthenium(III)
and platinum(IV), but most of them lack in selectivity
or sensitivity or both, and there are objectionable
interferences from many of the bases and noble metals.
The most sensitive method yet reported is a catalytic
method,® but this method is lengthy and offers no
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Table 1. Effect of Diverse Ions in the
Determination of Ruthenium(III)
Ruthenium Taken=3.37 ppm

Diverse ion Amount Diverse ion Amount
tolerated added tolerated
added ; ,
(in ppm) (in ppm)
Chloride 550 Calcium(II) 65
Bromide 350 Barium(II) 65
Nitrate 350 Magnesium(II) 65
Sulfate 350 Iron(I1)® 15
Iodide 250 Cobalt(IT)® 2
Oxalate 250 Nickel(II)® 4
Fluoride 40 Silver(I)? 15
Tartrate 40 Zing(I11)® 2
Cyanide 40 Cadmium(II)® 2
Borate 150 Osmium(VIID)® 5
Phosphate 80 Iridium(I11)® 10
Thiocyanate 300 Platinum(IV)® 4
EDTA 30 Manganese(II) 15
Thiosulfate 25 Uranyl(II) 65
Aluminium(III) 5
Vanadium(V) 5
Lead(11)? 5

a) Masked with phosphate. b) Masked with cyanide.
c) Masked with chloride. d) Masked with thiocyanate.
e) Masked with iodide.

Table 2. Effect of Diverse Ions in the
Determination of Platinum(IV)
Platinum Taken=4.89 ppm

. . Amount Diverse ion Amount
Diverse ion tolerated added tolerated
added (in ppm) (in ppm)
Chloride 700 Magnesium(II) 100
Bromide 700 Calcium(II) 100
Fluoride 700 Strontium(II) 100
Nitrate 600 Barium(II) 100
Nitrite 40 Iron(II) 20
Borate 55 Cobalt(II) 5
Thiosulfate 50 Mercury(II) 20
Tartrate 250 Nickel(IT) 20
Phosphate 250 Silver(I)® 50
EDTA 100 Zinc(II) 40
Thiocyanate 40 Cadmium(II) 40
Citrate 175 Tungsten(IV) 80
Oxalate 30 Ruthenium(III) 6
Sulfite 200 Osmium(VIII)® 2
Iridium(II1)? 5
Tin(II) 20
Vanadium(V) 50
Manganese(II) 20
Uranyl(II) 80

Aluminium(III) 60

a) Masked with chloride. b) Masked with cyanide.
¢) Masked with thiocyanate.

special advantage over others except for its sensitivity.
Thiocyanate,” 2,4,6-tri(2-pyridyl)-1,3,5-triazine,® and
2,3-diaminopyridine® have been suggested for the
determination of ruthenium, but they require con-
trolled parameters and the selectivity of these meth-
ods is not very high. Thiocyanate method has the
disadvantage that the determination of ruthenium
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Table 3. Comparison of the Sensitivities of Reagents for Ru and Pt Determination

Sensitivity Sensitivit
Reagent pg Ru/cm? Reagent pg Pv/ cm};
Anthranilic acid 0.024/620nm  N,N-Dimethyl-p-nitrosoaniline 0.0029/525 nm
4-Hydroxy-2H-1-benzopyran-2- Anthranilic acid 0.068/500 nm
one oxime 0.014/520 nm Tin(II) chloride 0.024/405 nm
Dithiooxamide 0.020/630nm  Thiotropolone 0.012/600 nm
0.010/650nm  4-Hydroxy-2H-1-benzopyran-
N,N-Dimethyl-p-nitrosoaniline ~ 0.0028/610nm 2-one oxime 0.138/490 nm
2,3-Diaminopyridine 0.0084/572nm Acenaphthenequinone monoxime  0.021/390 nm
v Benzil a-monoxime 0.29/440 nm
Thiocyanate/CCl4 0.0071/590 nm Acenaphthenequinone 0.016/515
Acetylacetone 2.5/505 nm mono(thiosemicarbazone) : nm
1,4-Diphenylthiosemicarbazide 0.010/565nm  (Present method)
Acenaphthenequinone
mono(thiosemicarbazone) 0.01/655nm
(Present method)
Table 4. Determination of Py(IV) in Synthetic Solutions
Mixture Pt taken Metal ion added/ppm Pt found Error/%
ppm Ni w ppm
Pt-Ni alloy (I) 6.0 4.0 5.97 -0.50
(II) 4.5 5.5 4.48 —0.44
(I11) 3.0 2.0 3.01 +0.33
Pt-W alloy I 20 0.09 2.00 0.00
(I1) 3.0 0.14 3.00 0.00
(ITT) 5.0 0.23 5.02 +0.40

has to be carried out after the extraction of its tetraoxide
in carbon tetrachloride. Oxidation of ruthenium to tet-
raoxide is a critical step in this method. 4-Hydroxy-
2H-1-benzopyran-2-one oxime!® has low sensitivity.
4-Hydroxyimino-4-phenyl-2-butanone!? has low sen-
sitivity (0.018 pgcm=2/470nm) and iron, platinum,
and palladium interfere. 4-Hydroxyimino-2-pen-
tanone,’? phenothiazine,® and 2-thiophenecarbalde-
hyde oxime!¥ methods have low sensitivity. As for the
3-(4-dimethylaminophenyl)-3-hydroxy- 1 -phenyluiazene®
method, pH range is narrow (7.7—7.8). Tin(II) chlo-
ride!® method is not selective, Pd(II), Rh(III), Ir(IV),
Fe(III), Cu(Il), Co(II), and SO42-, NO3~, PO~ inter-
fere seriously. In furil a-dioxime!? method other plat-
inum metals and iron interfere.

For the determination of platinum with N,N-
dimethyl-p-nitrosoaniline,’® time of heating, pH
changes and amount of buffer used are critical factors.
Most of the associated metals interfere. Potassium io-
dide!® is a useful reagent for platinum but it is less
selective. Anthranilic acid!? is not sensitive and large
amount of reagent result in decrease of absorbance. In
o-phenylenediamine!® associated base metals and plat-
inum metals interfere and also the complex is stable
only for 1 h. In case of 4-hydroxy-2H-1-benzopyran-
2-one oxime,? sensitivity is poor. Os, Pd, and Ru must
be removed initially in 3,4-diaminobenzoic acid.2?

The present method, using acenaphthenequinone
mono(thiosemicarbazone) involves simple technique.
The method is quite sensitive and the complexes
formed are stable for many hours. Other factors such

as heating time, pH, effect of buffer, and amount of
reagent do not have any effect on the absorbance.
Most of the associated metals do not interfere. The
sensitivity is comparable (Table 3) with other meth-
ods known for the purpose.

Determination of Platinum in Synthetic Mixtures. To
ascertain the selectivity of the reagent the method
was successfully used for the determination of plat-
inum in alloys. Analyzed sample of platinum-nickel
and platinum-tungsten alloy were not available. Syn-
thetic solutions similar to these alloys of platinum
were prepared and the amount of platinum was de-
termined following the recommended procedure. The
results are summarised in Table 4.

One of the authors (S. K. Singh) thanks the Uni-
versity Grants Commission, New Delhi, for finan-
cial assistance.
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