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ABSTRACT 

The study of different vanables that affect the catalytic action of ruthemum on the 
Ce(IV)-As(II1) reaction 1s carned out m order to select the best analytical condltlons for Its 
thermometnc determmatlon In the fmal solution 0 7-41 pg 1-l of Ru(II1) or 0 l-2 5 pg 1-l 
of Ru(VII1) were determmed, urlth very few mterferences 

The method was applied to determme ruthemum m the K,[Ru(CN),] 3H,O complex and 
the results are compared with those obtamed from a spectrophotometnc method 

INTRODUCTION 

The determmatlon of ruthenium, m amounts from 0 005 to 0 1 pg, can be 
carned out on its catalytic effect on the slow reactlon between Ce(IV) and 
As(II1) m sulphunc acid solution The catalysed reaction rate has been 
determmed spectrophotometrlcally measurmg the Ce(IV) concentration as a 
function of time [l] 

In previous papers [2,3] we proposed a smnlar thermometncally mom- 
tored method for determmatlon of traces of lodlde and osmmm based on Its 
catalytic effect on the same reaction The optimum results obtamed m the 
kinetic-thermometric methods for determmatlon of iodide (5-20 pg 1-l) [2], 
osmum (0 23-33 pg 1-l) [3], vanadium [4] and other ions [S-9] encouraged 
us to select the best condltlons for ruthenium determmatlon by means of the 
same technique 

We report here a new thermometnc method to determme Ru traces based 
on its catalytic effect on the Ce(IV)-As(II1) reaction 
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EXPERIMENTAL 

Apparatus 

The temperature momtormg system consisted of a rapid response therrms- 
tor of the thermometer type with a nommal resistance value of 100 kQ at 
25 o C, a Wheatstone bndge fed with 8 93 V from a stabilized source and a 
recorder, the sensitivity of wbch was 0 02” C cm-’ wth a 50 mV full-scale 
deflection This temperature momtormg system 1s a modlflcatlon of the 
apparatus of Lumblarres et al [lo] 

Reagents 

The stock solution of 0 1 M Ce(IV) (cent ammomum sulphate, Merck) 
and 0 1 M As(II1) (sodmm arsemte, Merck) were prepared and standardized 
using conventional procedures 

The stock solution of ruthemum was prepared by dlssolvmg 0 1233 g of 
RuCl, 3H,O (Strem Chem Inc ) m 50 ml of water In the absence of 
interfering substances, the determmatlon of ruthenium 1s simply carned out 
by rmxmg the sample solution of ruthenium with cerlc sulphate solution, 
allowing it to stand for a few mmutes if necessary to oxldlze Ru(II1) to 
Ru(VIII), adding the nuxture rapidly to arsemous oxide solution, and noting 
the time for the absorbance of the solution to decrease to some specified 
value The absorbance 1s measured at a wavelength that will allow the 
change m the concentration of cermm(IV) to be determmed with adequate 
photometric precision 

All of these solutions were prepared m 1 M sulphunc acid media The 
different ruthenium solutions were prepared dally from the concentrated 
stock solution 

K4[Ru(CN)J 3H,O was prepared as described m the literature [ll] 

Procedure 

Twenty rmlhhtres of 0 1 M sodium arsemte solution and 20 ml of 0 1 M 
cerlc sulphate solution and 30 ml of water were placed m the adiabatic cell 
After a predetermmed time of stirring, different quantities of a 0 9829 X 10e5 
M ruthemum solution were added by means of a syringe mto the thermo- 
metric cell 

RESULTS AND DISCUSSION 

Examples of the temperature-time curves for different quantities of 
Ru(III) are shown m Fig 1 
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Fig 1 Kmetx-thermometnc curves of the Ce(IV)-As(II1) solution 

As could be expected from previous studies, the slope of the curves (tg CX) 
increase with the catalyst concentration due to the exothernuc reaction The 
mam difference from other systems 1s the presence of an mductlon time ( tl) 
Tks can be assigned to the previous oxldatlon of Ru(II1) to Ru(VIII), which 
1s the oxldatlon state that catalyses the As(III)-Ce(IV) reaction 

A study was carned out to determme the mductlon time ( tl) and the tg CY 
value with respect to the reagents’ nuxmg time The results are shown m Fig 
2 From Fig 2 the tangent values (tg (Y) decrease when the nuxmg time 1s 
deduced, probably caused by the presence of some impurities [l] For ths 
reason m the next expenments we chose a rmxmg time of 10 mm 
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Fig 2 The influence of rmxmg time of reagents on the tg OL and mductlon time (tl) values 
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Fig 3 The influence of sulphurlc acid concentration on the mtlal rate values Concentra- 
tions [Ce(IV)] = 0 0285 M, [As(III)] = 0 0285 M, [Ru(III)] = 4 76 ppb 

The effect of the sulphurlc acid, arsemte and cent sulphate concentra- 
tions on the reaction rate are studied m order to optlrmze the condltlons for 
determmatlon of ruthenium (Figs 3 and 4) When the order of reaction with 
respect to these concentrations IS as near zero as possible they are consld- 
ered to be optimum, as then- slight varlatlon will not affect the mltlal 
reaction rate Thus the sulphunc acid concentration of 1 M was optimum 

(Fig 3) 

45 - 

1 I I I 
0,Ol 0,02 0,03 mol L-’ 

Fig 4 The influence of CeJIV) and As(II1) concentration on the mltlal rate values 
Concentrations [Ru(III)] = 5 7 ppb, [H2S04] =l M 
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Kmetx-thermometnc curves (A) Ru(II1) added to Ce(IV,-As(II1) solution Con- 
centratlons [As(III)] = 0 0285 M, [Ce(IV)J = 0 0285 M, [Ru(III)] = 4 76 ppb (B) Previous 
oxldatlon to Ru(II1) by means of a small addltlon of Ce(IV) (4 25 X lo-’ M) to the Ru(II1) 

solution Concentrations [As(III)] = 0 0285 M, [Ce(IV)] = 0 0285 M, [Ru(VIII)] = 4 76 ppb 

The rate of the reaction 1s independent from the As(II1) concentration, 
whereas it contmuously increases with Ce(IV) content, conflrmmg literature 
data [l] Cent sulphate and arsemte concentrations were both 0 03 M, whch 
1s considered the most convenient (Fig 4) 

The experiments were repeated first addmg a small quantity of Ce(IV) to 
the Ru(II1) solution and then the oxldlzed Ru(VII1) to the cell rmxture, m 
order to verify that the mductlon time was due only to ths oxldatlon 
process, and showed that the mductlon time disappeared m the kmetlc 
curves when Ru(II1) was previously oxidized (Fig 5) One can appreciate the 

TABLE 1 

Cahbratlon curves for ruthenium deternunatlon by means of the kmetlc-thermometric 
method 

S (mV> Cahbratlon (ppb) r Range (ppb) 

Concentratron of Ru(III) 
50 tg (Y = 0 2275 + 0 1969C 0 9961 07- 72 

100 tg Ly = 0 3487 + 0 0471c 0 9964 6 8-410 

Concentration of Ru( VIII) 
50 tg a = 0 5295 + 12453C 0 9974 01-25 
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TABLE 2 

Accuracy and precwon of the kmetlc-thermometnc method (mean of five determmatlons) 

S WV Theoretical (ppb) Expenmental (ppb) 

Ru(II1) 50 56 58&05 
49 51,04 
28 32kO3 

100 56 58kO5 
98 99+07 

112 116+05 

Ru(VII1) 50 247 25kO2 
124 14+01 
0 37 04+01 

increase of the slope of the kmetlc curve with preoxldatlon However, the 
mductlon time reappears when the ruthemum(VII1) concentration decreases, 
showing that ths penod depends not only on the oxldatlon state, but also on 
other factors 

The cahbratlon curves were obtamed both v&h and mthout Ru(II1) 
preoxldatlon to Ru(VII1) The results are included m Table 1 Experiments 
have shown that the method 1s reproducible with a relative standard devla- 
tlon of 2 5% (n = 8, 4 2 ppb of Ru(II1)) 

By using several solutions of different ruthemum concentrations, the 
accuracy and preclslon of the kinetic method was obtamed The results are 
shown m Table 2 

Interferences 

Finally, a study was performed m order to ehmmate the interferences m 
ths method 

It 1s well known that osmmm [12,13] and iodide [2] also catalyse this 
reaction Surasltl et al [l] have proposed two procedures for ruthenium and 
osmmm separation, one based on a ferrous sulphate reduction-nitric acid 
oxldatlon, the other on boiling the sample with hydrogen peroxide 

We have acheved iodide interference ehmmatlon by the addition of 
silver In Fig 6 the kmetlc curves obtamed with Ru(II1) (curve B), with 
Ru(II1) and iodide (curve A) or Ru(III), iodide and silver (curve C) are 
presented 

Appllcatlon 

The thermometric method has been used to determme the content of Ru 
m the K,[Ru(CN),] 3H,O complex, and the results have been fairly 
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concordant wth those obtained by a spectrophotometnc method [14] The 
theoretical value was 21 6%, the thermometnc method result was 21 2 + 0 l%, 
whilst the spectrophotometnc method gave a value of 211+ 0 1% (mean of 
three determmatlons) 

The thermometnc method has been applied to determme the ruthenium 
content of the modlfled y-Al,O, samples as a function of time during 
Impregnation of the latter with solutions of K,[Ru(CN),], to prepare 
ruthemum supported catalysts active m the ammoma synthesis [15,16] T~s 
determmatlon has not been possible by the spectrophotometnc method, 
since the vanatlon of the ruthemum content m the solution 1s smaller than 
the relative standard deviation of the spectrophotometnc method 

The procedure for the spectrophotometnc method 1s long and tedious, 
because the [Ru(CN),14- complex 1s more stable than the [RuC1412- blue 
complex used m the spectrophotometnc determmatlon [14,17], and the 
sample must be previously calcmed For the thermometnc method, it 1s not 
necessary to pretreat the sample, since the [Ru(CN),14- solution, after its 
oxldatlon by Ce(IV) addltron, activates the catalytic reaction 

The thermometnc method has the followmg advantages over the spectro- 
photometnc method fast analyses, low cost of equipment and greater 
sensltlvlty (0 1 ppb compared with 0 5 ppm [14]) 

1 

10 5 0 cm 

Fig 6 Kmetlc-thermometric curves (A) Catalysed by Ru(II1) (5 6 ppb) and iodide (1 ppm) 
(B) Catalysed by Ru(II1) (5 6 ppb) (C) Catalysed by Ru(II1) (5 6 ppb), iodide (1 ppm) and 

Ag(I) (5 ppm) 
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