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CHAPTER - IIB

METHYL THIENYLKETONE THIOSEMICARBAZOWE AS A SPECTRO-

PHOTOMETRIC REAGENT FOR RUTHENIUM ( III )

.

Introduction :

Ruthenium is one of the noble elements. Itscommon oxidation
states are II,IIT and IV, It finds wide applications as a
catalyst in organic synthesis. It is also used as a hardening
agent to platinum and palladium used in electrical contacts
and jewellery. Complex ruthenium alloys with and without added

as osmium are very hard and used for pen tips, nonmagnetic
instruments, pivotés and similar items, It is required in pure

state many times.

Q
ngishl has reviewed the reagents used upto 1965 for the

2 .
spectrophotometric determination of ruthenium. Thiourea is the

common reagent used for routine analysis of ruthemium in an
alcoholic acid medium, In this method the intemsity of the

colour depends markedly upon the acid concentration, time of
heating and the temperature, Besides the interferences from
base matels and other platinum metalsf the sensitivity of the
method is low. Several modified procedurses have been developed.
Among the various chromatographic reagents reported for the
colorimetric estimations of ruthenium, the most important are

5,6 . 7

3-4, , oxine’,

substituted™” tﬁpsemicarbazides ) phenanthroline
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9,10 t 11

diphenyl thiourea4, dithio oximideay naphthols ’ troqune P

oximes 12513'14. 3—nitroso-pyridine-2y6-diol15, diphenyl

o .
thiovioluric acidls. 3-nitroso~4~hydroxy~5;6—benzoqgmar1n17;

19, ethyl

i50~nitroso-aceto acetatezof Promethazine hydrOChloride21,

. 23
trifluoperazine dihydrochloridezz, acetothio acetanilide™,

mepazine hydrochloride24, Xylenol orangezs, TAst;PAR

prochlorrberazine maleatela, diethazine, hydrochloride

27-and

arsenazozsi etc.

Although the series of organic azine compounds reported
by Sanke Gd wada et al. for photometric determination of Ru(III)
in aqueous acid media are sensitive, there is a interference

of PA(II) O0s(VIII) Au(III) Vv(V ) and Ce(IV)., The complexes have

the absorption maxima around 515 to 530 nm,

Shome et al. developed the methods for photemetric deter-
mination of ruthenium (III) using various organic thiohydra-

29,30,31

zides « The reagents are highly sensitive but lack

selectivity and requires longer time of heating for full colour

development,

Oximidobenzotetronic acid 32 is useful over wide pH range

1-12, but its sensitivity is very poor besides interferences

from many metals,

The heating of the aqueous phase is necessary for attaining
full colour intensity of the ruthenium cowmplex in case of reagents

e.g. Xylenol orange, (70 min.), 3-nitroso pyridine-2-6-diol

(60 min) 4 5 Aiamino-6-hydroxy pyrimidinium sulphate®® (75 min.)
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3-nitroso-4-hydroxy-5, é=benzocoumarin ( 40 min ), ferrozine34

(3 hrs.),4,5-diamino~2-mercaptopyrimidin-6-01 (45 min).

The reagents which suffer from large number of interferences

of both base metals and platimum metals include nitroso-R-salt33,

diphenyl thiovioluric acid, 4,5-diamino-6-hydroxy pyrimidinium
sulphate, 3-nitroso-4-hydroxy-5,s—benzd:poumarin, glycine36,
p-dithionaphthalic acid®?, arsenazo-I and ferrozine.

Methods of determination of ruthenium (III) using, 2-

mercapto—benzimidazole38, thiocynate 39, furil-¥-monoxime, 1l

naphthylamino-3,5,7 - trisulphonic acid40 lack sensitivity,

However, the present method is free from the disadvantages

mentioned for the above methods. The method is highly selective,
simple and reproducible. MTKT reacts with ruthenium(ITII) in

hot aqueocus acidic medium to form green complex, which is
measured at 600 nm. against the reagent blank.

Experimental

Standard Ruthenium (ITII) Solution

Standard Ruthenium (III) was prepared by dissolving 1 g.
ruthenium (III) chloride hydrate (M/S Johnson Mattl%.!.ondon)
in dilute AR hydrochloric acid (1M) and diluting to 1000 ml with
distilled water and then standarised1 « Working solutions of

lower concentrations were made from it by diluting the stock

solution with distilled water as required,
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Reagent Solution @

0.25 % W/V solution of MTKT was prepared in methanol.

Standard solutions of diverse ions were prepared by dissolv-
ing AR grade reagents in distilled water or dilute hydrochloric

acid. All the organic solvents were used after double distilla-

tion. The mineral acids, used to adjust the acidity of the medium

were of AR grade,

Apparatus 3

All absorbance measurements were carried out with a specol

(Carlzeiss Jena made in Gexmany DDR) equipped with 1 Cm.glass

- or quarty cells,

Recommended Procedure 2

To an aliquot of the solution containing 400 }19. of ruthe-
nium, enough hydrochloric acid was added so as to make it 6.5 M

in a final wvolume of 25 ml followed by the addition of 4 ml
methanol and 10 ml of the reagent solution. This solution was

heated for 35 min on béiling water bath, cooled and then

quantitatively transferred to 25 ml volumetric flask., It was
made up to volume with double distilled water. The optical density
of ruthenium (III) complex was measured against reagent blank

prepared in the same manner excluding ruthenium at 600 nm.

Results And Discussion

Spectral Characterstics

Fig. 4.1 shows the absorption spectrum of r@ithenium (III)-
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MTKT Complex containing 2.37 x 10 M ruthenium and 2.5 x 18°m
of reagent using the reagent blank. Absorption measurements
were made in gpectral range 420 to 730 nm. From fig 2+ it is

observed that the complex has two absorptionMaxima, one at

450 MM and other at 600 VWM ,the wevelength 600 nm is suitable

* net
to ruthenium determination, at which the molar extension

-1
coefficient is 2357 L. mole Cm,

Effect of Time on Absorbances

In order to study effect of time on absorbance of ruthe-
-4
nium(III)~-MTKT complex containing 1.58 x 10 M rsthenium at

6.5 M acidity, absorption measurements were recorded at different

time intervals, at 600 nm., It was observed that there is instah-

taneous development of colour and the absorbance remains constant

over a period of 6 hours, Hence, the time of absorbance measure-

ment is not crifical,

Effect of Reagent Concentration s

4

Solution containing 1.58 x 10° M ruthenium (III) but

different amounts of reagent varying from 0.5 to 12 ml. of
1.25 x 162 M reagent solution were used. Acidity of the solution

was adjusted to 6.5 M with hydrochloric acid and heated for
35 min.,After cooling, the solution was made up to 25 ml with
double distilled water., Absorbance measurements were recorded

at 600 nm against simultenously prepared reagent blank., From

-4 .
Fig 3.2 it is seen that 1458 x 10 M ruthenium (II1) solution
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requirsd minimum 2.0 X 10"'3 K reagent solution for maximum colour
d evelopment. However , 5 x 1077 M reagent solution was used for
further studies to ensure meximum colour intensity of ruthenium

complex.

Effect of Acid concentration :

-
A series of solutions containing 1.58 x 1077 K ruthenium
-3 . . . s
and 5,0 ¥ 10 7 N resgent sclution but varying in acidity from
1 to 9 N were prepared and the absorbance measurement were recorded

at 600 nm.Results cf studies are summerised in table ¥o.2.1.

It was observed from fig. A.l-that no chenge in
a bscrbance Tosk place over the acidity range of hydrochlori
2cid 6-7 K and of sulphuric acid at & N sharp. Moler cxtencéinn
coefficient of hydrochloric acid system is more than sulphurie
acid system, Hence, cencentrztion of hydrochloric acid was

maintained a2t €.5 M in further studiss,.



Table 2.1 Effect of Acidity
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Ru(III) = 1.56 x 107 ¥ [MTRT]= 5.0 x 157N
Sr. Normality Absorbance av £eomwm
No. of acid
For hy@rachlotic For sq%phuric
acid acid
1 2 - -
l 3 0.255 -
3 4 0.300 -
4 5 0.250 Q175
5 6 0375 0.225
6 7 Ce375 0.260
7 8 0.305 0.27%
8 9 0.280 0.225




Effect of Time of heating:

Heating of the aqueous phase @n a boiling water-bath
necessary for full colour development was studied by varying

the time of heating in intervals of 5,10,15,20,25,30,35,40,45,
50,55 and 60 min. Results were plotted in fig 3.4 indicated that,
the heating of the aqueous phase for 30 min was engugh for
complete complexation. But there is no effect of heating on the

complex upto 50 min. Heating the agueous phase for 35 min.was

recomm@nded for studies.

Validity of Beer's law And Sensitivity s

The solutions containing rfithenium (III) in the concen-

tration range upto 48 ppm were used for the study of Beer's law,
The colour of the complex was developed as described in general

procedure using 10 ml of 1.25 x 152 M reagent, and measured

at 600 nm against simul taneously prepared reagent blank. The
absorbance was plotted against the ppm of ruthenium (IiI) taken
Fig. 1.6. The curve indicates that, there is a rectilinear
relationship between the absorbance and the concentration of

ritithenium (ITI) in the range 4-32 ppm., The Sandell sensitivity42

of the reaction as calculated from Beer's plot is found to be

=2

43 ng Ru (ITI) Cm 43

at 600 nm for log 1lo/I = 0,001, The Ringbom's
plot (Fig 3.%) indicates the optimum concentrations range for

determination of Ru (III) complex to be 8 to 32 ppm.
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Reproducibility, Accuracy And Precision @

For study of reproducibility and accuracy of the method,

absorbance measurements with 10 different identical solutions

containing 24 ppm ruthenium (III) each, were performed as per

recommended procedure and concentrations was determined by

using calibration curve. The results are shown in table 2-2 awd 2-3_

! 3 4 ’
PR , AP

Average of these ten readings wéé calculated and deviation

from the average reading was found out in each case and then
standard deviation was calculated. From the standard deviation
reproducibility of the results with 95 % confidence limit was

calculated, Also the Sandell's sensitivity was calculated from

Beer's law graph.

i =N 5
> (Xi-X)
& = 1=1

n

0. 072
10

= 0,089

Standard deviation

i

it

Reproducibility with 95% confidence limit

= i“ + 2426 x §:

.J n
0.089
= 24.0%3 + Ce26 X T—ommmoe-
\/10

24.033 + 0,064

-

i

Brror = cbserved readinge.Actual rezding

E = 24,033 ~ 24,000
= 0,033
% Realative error (Accuracy)
=5 x 100
=5



= 0053 %

Molar Extinction coefficient =

a) € = Absorbance

ppm
= O.EZE x 1000 x 101
= 2368
b) é.graph slope x 1000 x 101

= 0,02464 x 1000 x 101
= 2388

Sandell's Sensitivity = - (8)

= 10° x At Wt. ¥ min

where  pin = D min
xb
= 10° x 101 x 22991 ___
2368x1

= 42.6 ng cm~<

% Coefficient of variation =
6x100

X

C,V,

it

= 0,004 x 100
0,085

= 4‘707

x 1000 x A%, wt.

27
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Table 3.2 Precision and Accuracy of the dcthod
Amount of Ru(III) = 24 ppm;[MTKsz 5.00 x 1077x

Sr. Absorbance ppm of Ru(III) X-X (X -X )2
No. observed fourd , X
1 0565 24.09 0.057 0.0033
2 0,560 24.00 - 0,033 0.0011
b 0.555 23,90 - 0.133 C.0177
4 0.560 24.00 - 0,033 0.0011
5 0.570 24.18 0.147 0.0216
6 0,555 23.90 - 0,133 0.0177
7 0.565 24.09 0.057 0.0033
8  0.560 24,00 ~.0.033 0.0011
9 0.565 24.09 0.057 0.0033%
10 0.565 24 .08 0,047 0.0C22
2L (33 072y
Z . 2Loee33
{ 0
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Table -5_,3,% Coefficient of Variation.

EMT&T]: 5.0 x 1070 M

Sre Concentration Mean Standard % Coefficient
Noe /ug/25 ml. Absorbance deviation of variation
1 100 0.085 0.,0040 4.707

2 200 0,180 0.0042 2.333

3 400 0s375 0.0040 1.0670

4 600 0e565 0.0038 0.6726

5 800 0.740 0,0040 0.5404




Effect of Diverse Ions 2

The effect of diverse ions was studied using 0.4 mg

-3
ruthenium (III) and 5.0 x 10 M reagent in final volume of

25 ml at 6.5 M acidity. An error of less than 2 % in absorbance

was considered to be tolerable. The tolerance for the various
foreisn ions tested .in Shewn * in table 2.4. Table showes
that the only cation showing the interference in the deter-

mination of ruthenium (III) was cadmium (II). There was no

interference from 5 mg each of tin (II), molybdenum (VI)’

barium (II), calcium (II), strontium (II), iron (II), Rhodium
(III),lTellurium (xv), éélenium (IV), 2 mg each of vanadium

(v), iron (III{,cbbalt (I1), Iridium (III), Palladium (11)5
1 mg each of zinc (II), mercury (II), Nickel (11), copper (II),
Osmium (VIII), chromium (VI)., The method could also tolerate

fairly large amount of EDTA, acetate, citrate, cxalate,
tartarate, iodide, phosphate and ascorbate. The anions like

2
thiourda, thiosulphate, thiocyanate interfere severely in

reithenium (III) determination.



Table 4.4 Bffect of diverse ions

Ru (III) taken 0.4 mg;{ MMk J = 5 x 107

31

Acidity = 6.5 M IC Nmex = 600 nm
Foreign Amount tolerated, Foreign Amount tole-

ione., mg ions rated, ng
Zn(II) 1.00 Ca(II) 5.00
Ca(11) none Sr(1I) 5 .00
Heg(II) 1.00 PA(II) 2.00
Sn(II) 5400 Cr(VI) 1,00
v(v) 2,00 Se(IV) Z .00
Mo(VI) 5,00 EDTA 40,00
Fe(II) 5400 Thiourea none
Pe(III) 2.00 Acetat e 60,00
Co(II) 2,00 Citrate 40,00
Ni(II) 1,00 Oxalate 25,00
Cu(II) 1.00 Tartarate 40,00
Mn(II) 10,00 Thiosulphate none
W o(vI) 10,00 Thiocyanate none
Ba(II) 5.00 Todide 5C400C
Pt(IV) 1000 Phosphate 50.00
Rh(III) 5.00 Ascorbate 50400
Ir(III) 2.00

0s(VIII) 1.00

Au(III) 1,00

Te(IV) 5.00
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