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Photometric Determination

of Ruthenium(IIT)with 5-Methyl
Salicylaldehyvde Thiosemicar-
bazone



CHAPTER

PHOTOMETRIC DETERMINATION OF Ru(III) WITH 5-METHYL SALICYLALDEHYDE
THIOSEMIC ARBAZONE

Critical reviews on methods for the separation and deter-
mination of noble metals are published by Beanish (1,2,3). The
literature rsveals that although the numerous reagents are reported
for determination and separation of Ru(III), very few methods can
be recommended for routine analysis. Some of the promising reagents
investigated include oximes (4,6,10,16,21,22,25,30,31,32,42,43,)
substituted ureas (8,15,24,56),thiosemnicarbazones(11),dyes (7,12
23,29,35), substituted =2zines (17,18,20,26,28,34,36,37,39,41,45,
47,48,50), azides (14,57) and thiazoles (27). These reazents suffer
from either low sensitivity or interference of platinum métals and
base metals, prolang heating time for the development of the

colour, or low stability of the coaplex.

However ,the present method described here is free from the
drawbacks mentioned above. The method is simple,selective and
reproducible, 5~Metﬁy1 SAT reggent in alcohol reacts with Ru(IXd)
at 6M HC1l when the reaction mixture was heated on a boiling water
bath for 20 min to form green complex which is measured at 590 nm
against simultaneously prepared reagent blank.

A sumaary of the methods reported for determination of Ru(ITI)
is given in Table No.1 describing reag:nts, conditions,characteri-
stics of the complex,interferences of diverse ions alongwith special

remarks.
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Bxperimental

S3tandard enium (I utj s

Standard ruthenium (III) solution was prepared by dissolving
1 g rutheniuan (III) chloride hydrate (¥/s Johnson Matthey,London),
in dilute AR hydrochloric acid (1M) and diluting to 1000 ml with
distilled water and then standardised ( %3 ).Working solutions of
lower concentration were made from it by diluting the stock solution

with distilled water as required.

-Reagent Solution ¢

4 0.5 gm of the reagent 5-methyl SAT was dissolved in 100 ml
of hot ethyl alcohol to obtain 0.024 M reagent solution.

Standard solutions of diverse ions were prepared by dissolving
AR grade reagents in distilled water or dilute hydrochloric acid.
411 the organic solvents were used after double distillation. The
mineral acids, used to adjust the acidity of the medium were of

AR grade,

Apparatus

411 absorbances measurements were carried out wiﬁbva specol
(Carlzeiss Jena made in Germany LiR)equipped with 1 cm glass or
quarts cells.

Recommended Procedure 3

To andiquot of the solution containing 400 pg of ruthenium,
enough hydrochloric acid was added so as to make it 6M in a final
volume of 25ml followed by the addition of 6 ml ethanolic reagent

solution. This solution was heated for 20 min on boiling water
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bath,coo0led and then quantitatively transferred to 25 ml volume-
tric flask. It was made up to volume with double distilled watgr.
The optical density of ruthenium(III) complex was measured against
reagent blank prepared in the same manner excluding ruthenium

at 590 nm.

ezults and Digcussion s
Spectral Properties 3

Fig.1 shows the absorption spectrum of ruthenium (111)-5
methyl SAT complex containing 1.58 x 10™% M RUTHENIUM and
5.74 x 1072 M of reagent using the resgent blank. Absorption
measurements were made in spectral range 450 to 700 nm. From
FPig.1 it is obgserved that the complex has absorption maximum at
590 nnm, atAwhich the molar extinction coefficient is 2398.0 1
mole™ cm™L,

Effect of Acidity :

A series of solutions containing 1.58 x 1074 M ruthenium
and 5.74 x 107> M reagent solution but varying in acidity from
4M to 9M were prepared and the absorbance measurements were
recorded at 590 nm. |

It was observed from fig.2 that the absorbance of the
complex at 590 nm was found maximum and constant at 6M HCl.At less
than 4 acidity the reaction mixtﬁres becomes turbid and hence the
measurements could not be made., However, there is a small decrease

in absorbance at higher acid concentration.
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Fig.1 — ABSORBANCE CJRVES OF

Ru(III) -5 METHYl. SAT COMPLEX.
RU(IIl) : 16 pPm
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Fig. 2 — EFFECT OF ACIDITY -
Ru (III) ¢ 16 ppm
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Effect of Reagent Concentration:

Solutions containing 1.58 x 10™% M ruthenium (III) but
different amounts of reagzent varying from 1-10 ml of 0.024 M
alcoholic reagent were prepared. Acidity of the solution was
adjusted to 6M with hydrochloric acid and heated for 20 min on
water bath, After cooling,the solution was made upto 25 ml ,wi th
double distilled water. Absorbance measurements were recorded at
600 nm against simultaneously prepared reagent blank. Fron Pig.3
it is seen tha£ 16 ppm of ruthenium required a 30 mg of reagent
dissolved in 6 ml of alcohol for maximum colour development.At
this reagent concenfration,the reazent to metal ratio in terms of
moles is approximately 40:1 . At high reagent concentration the
turbidity was formed and the absorbance could not be measured.

Effect of time of heating and Stability of the Complex:

The developmar t of the colour of Ru(III)-5-methyl SAT compiex
containing 16 ppm of Ru and 6 ml of 0.024 M alcoholic reazent
at 6 M HC1l was carried out by heating on water bath over a period
from 1-60 min. The complex was measured at 590 nm against the
gimul taneously prepared reagent blank. Results plotted in Pig.4
indicate that,the heating of the agueous phase for 20 min was
enouzh for complete complexation. But there is no effect of
heating on the absorbance of the complex upto 60 min. Heating the
aqueous phase for 20 min was reccomunended for studies.
The absorption measurements were recorded at different time
intervals,at 590 nm. It was observed that the absorbance of the
complex remained constant over a period 6 hours. Hence the time

of absorbance measured is not critical.



Absorbance
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Fig. 3 — EFFECT OF REAGENT CONCENTRATION .



Absorbance

0-50-

0-40
_ﬂ—-—f
0-30
0-20
010
o | —l | | 1 { |
0 10 20 30 40 50 60

Time 1n minutes

Fig. 4 — EFFECT OF TIME OF HEATING -
Ru(IIl) ¢ 16 PPmM
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sffect of Alcchcl :

In order to find out the amount of alcohol needed during
the complexation of Ru(III)=-5-methyl SAT complex, the amount of
alcohol was varied between 1-10 ml in a total volume of 25 ml.It
was found from fig.5 that the absorbance of the complex remained
maximum and constant between 3-8 ml alcohol in the reaction:
mixture. Honce 6 ml of alcohol was recommended for future studies.

Study of Validity of Beer's Law :

The solutions cont2ining ruthenium (III) in the concentrat-
jon rarge from 2-24 ppm were used for the study of Becr's law. The
colour of the complex was developed as described in gensaral
procedure using 5.74 x 10’3M reagent and 6M HC1l and was measured
at 590 nm against simultaneously prepared reagent blank. The
absorbance waé plotted against the ppm of Ru(III) tzken (Pig.6).
The curve indicates th=t,there is a rectilinerar relationship
betwecn the absorbance and the concentration of ruthenium(III)in
the runge 2-<0 ppnm,

The Sandell sensitivity ( &¢ ) of th: reaction as czlcula-
ted from Beer's plot is found to be 42 ng Ru(III) cn™? at 590 nm
for log Io/I= 0.001.

Reproduecibilityv, Accuracy and Precision

For the study of reproducibility and accuracy o the nethod,
abescrbance measurements with 10 different identical soluticns
containing 16 ppm ruthenium(III) each,were performed as per recomn-
ended procedure and concentraticns was determined by using calib-

ration curve. The results are shown in Table~2.
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Table No.2: Precision and Accuracy of the Method

dmount of Ru(III): 16 ppm; 5 Methyl SAT = 5,74 x 10™2u
Aqueous phase = 6M HC1l, Amax = 590 nn
Sr.No. Absorbance ppm of Ru(III) X - X (X-—i)2
observed found X
1 0.385 15.88 - 0.06 0.0036
2 0.38 16 .01 + 0.07 0.0049
3 0.375 15.80 - 0.14 0.0196
4 0.37 15.58 - 0.36 0.1296
5 0.385 16.29 + 0.35 0.1225
6 0.38 16.01 + 0.07 0.0049
7 0.375 15.80 - 0.14 0.0196
8 0.382 16.08 + 0.14 . 0.0196
9 0.39 16.43 + 0.49 0.2401
10 0.37 15.58 - 0.36 0.1296
X =159.46 0.69%
X = 159.46 , Q0694 meen
10
X = 15.94
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Average of these ten readings was calculated an? deviations
from the average rezding was found out in =2ach case and the
standard deviation (é§ ) was calculated. From the standard
deviation reproducibiliiy of the results with 95 % confiderece
limit, was calculated. Also the 3andell sensitivity was calcu-

lated from Beer's law graph.

6 - (Xl-x‘)2+(x2-)'i) ......(-X

= | \/0.07711

Reproducibility with 95% Confidence limit

X + 2.26 X Sg-

15.94 + 2.26 x 0.2776
9

15.94 + 0.0665
SYYror = Obsorved value - Actual value

15.44 - 16.00

= 0.06
% Relative Brror (Accuracy)
- E _x_100_
10
= 0.06 x 100
10

= 0.6 %



M inction Coeffici H

€ = A

C x1

109

Absorbance x 1000 x At. Wt.

ppa

= 0.36 x 1000 x 101

16

= 2272.5 1 mol™! cm
€ from graph = Slope x 1000 x 96

= 2398 1 mol

Sandell's Sensitivity :

S = 10° x At.wt x C

10°

x 101 x 0.001
2398x1

0.042 pg/ cm?

2

42 nz cm

]

4 Coefficient of Varig ion

i

c.v. & x 100

X

0.2776 x 100
15.94

1.7415

-1

6 = Std.deviation
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Effect of diverse ions:

The effect of diverse ions was studied using 0.4 mg Ru(ZII)
and 5.74 x 10”% M reagent in  final volume of 25 ml at 6 M acidity.
An error of less than 2 % in absorbance was considered to be toler-
aﬁle. The =amples were prepared as outlined in the general procedure.
The a2bscrbance was measured at 590 nm against reagent blank.
The tolerance for the various foreign ions tolerated is shown in

T:lbl 8—3 L]

It was observed that the cations which did not interfere
when present in 10 fold excess relative to Ru(III) were Co(II),
Pe(III), Ni(IT), Mg(II), K(I),AL(III),Ba(II), W(VI),V(V),caIl),
zn(I1), Na(I), Li(I),Sn(II),Fe(II),Sb(III),Be{II),As(III),Mo(VI),
The cations which are tolerable in 1:1 ratio were PA(II), Os(ViII),
Rh(IV)XJ(VI). The ions shcwing interference were Cu(II),Hg(II),
ce(1IV),cd(II),Bi(III), se(IV), In (III), TI(I),Pt(IV),Au(III),and
thiosulphate,aeiazively large amounts of anions could be

tolerated in the determination of 0.4 mg of Ru(III),



1

Table No.? ¢ wffect of Diverse Ions

Ru(III) = 400 ug; 5-Methyl SAT = 5.74 x 10> M
Agueous phase = 6M HC1l, Amax= 590 nam

o, Foreign ion added Toleronce limit Sr. Foreign ion  Tolerance

in g No. added limit inmg
Co (II) 5 23 U(vI) 1
Cu(II) Interfere 24 Sn(II) 5
Fe(IlI) 5 25 Fe(I1I) 5
Ni(II) 5 26 Sb(III) 5
Mg(II) 5 27 Be(II) 5
K(I) 5 28 In(III) Interfere
AL(III) 5 29 Mo(VI) 5
Ra(Il) 5 30 Pa(II) 1
Hg (II) Interfere 31 Pt(IV) Interfere
W(VI) 5 32 0s(VIII) 1l
Pe(II) Interfere 33 Rh(III) 1
V(V) 5 34 Au(III) Interfere
ce(II) Interfere 35 Oxalate 100
cd(II) Interfere 36 Thiosulphate Interfere
Bi(II) Interfere 37 EDTA 100
T1(I) Interfere 38 Acetate 100
ca(II) 5 39 Citrate 100
Se(V) Interfere 40 ~NO,, Interfere
Zn(II) 5 41 thiourea 100
Na(I) 5 42 thiocynate Interfere
1i(I) 5 43 pot dihydrogen 100
As(III) 5
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