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Abstract

The interaction of Ru(IV) ions with a novel analytical reagent — 5-hydroxyimino-4-imino-1,3-thiazolidin-2-one, by spec-
trophotometric method was investigated. The complex is formed at pH 5.0 in acetate buffer medium after heating in the
boiling water bath (~371 K) for 25 min. The complex has maximum absorption at 350 nm and is stable for 24 h. Beer’s
law is valid over the concentration range of 0.5-6.1 pg mL™! for Ru(IV). The molar absorptivity at A = 350 nm is 6.21 x
10° L mol™! cm™!. The limit of detection of this method is 0.2 pg mL!. The interfering effect of various cations and an-
ions on the spectrophotometric determination of the Ru(IV) were investigated. The proposed method was successfully
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applied to the determination of Ru(IV) in alloys.
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1. Introduction

Ruthenium and its compounds are widely used in
various fields: as a catalyst in chemical, petroleum, and
pharmaceutical industries, in electrical contacts, resistors,
as electrode materials for supercapacitors, and it improves
the corrosion properties of alloys, etc.!* There is a need to
develop sensitive, simple and inexpensive methods for the
quantitative determination of ruthenium in different sam-
ples. For the determination of ruthenium, different analyti-
cal techniques such as: voltammetry, atomic absorption
spectrometry, high performance liquid-chromatography,
thin-layer chromatography, inductively coupled plasma
atomic emission, inductively coupled plasma mass spec-
troscopy are used.® But spectrophotometric methods have
been widely used thanks to their simplicity, versatility and
cheapness.’~12

For spectrophotometric determination of ruthe-
nium, S and N containing organic compounds are widely

used.3"%8-12 Azolidones belong to such compounds. This
class of organic compounds was discovered in the middle
of the 20" century.!> These compounds exhibit different
biological activity, in particular hypoglycemic, antimicro-
bial, fungicidal, antiviral, antiinflammatory, and antitu-
mor.14-16

In our previous studies, the physicochemical proper-
ties of the new reagents: 5-hydroxyimino-4-imino-1,3-
thiazolidin-2-one (HITO), 4-[N’-(4-imino-2-oxo-thiazo-
lidin-5-ylidene)-hydrazino]-benzenesulfonic acid and
1-(5-benzylthiazol-2-yl)azonaphthalen-2-ol, which be-
long to the class of azolidones, and the interaction of
PA(IT), Rh(ITD), Pt(IV), Ir(IV), Cu(Il), Zn(IT), Cd(II),
Ni(II), and Hg(II) ions with these reagents were investiga-
ted!”-2% and the methods of their determination with good
metrological characteristics were proposed.!8-2527:28
Therefore in this paper, we investigated the interaction of
ruthenium(IV) ions with 5-hydroxyimino-4-imino-
1,3-thiazolidin-2-one.
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2. Experimental
2. 1. Apparatus

A ULAB 108-UV computerized spectrophotometer
equipped with 1.0 cm quartz cells was used for absorbance
measurements. Absorption spectra were obtained in the
wavelength range of 240-600 nm with the step of 2 nm
using distilled water as a blank.

The pH measurements and adjustments were per-
formed using pH-meter model pH-150 M equipped with a
combination glass electrode.

Voltammetric measurements were carried out using
oscillopolarograph CLA-03 and computerized polaro-
graphic setup equipped with linear potential scan in
three-electrode cell (indicator electrode — dropping mer-
cury electrode, reference electrode - saturated calomel
electrode and auxiliary electrode - platinum).

Spectrometer Bruker Avance (400 MHz) was used
for registration 'H NMR spectra of compounds dissolved
in DMSO-dg, internal reference of TMS.

2. 2. Reagents

All chemicals used in the research were analytically
pure and all aqueous solutions were prepared using dis-
tilled water.

The stock solution of Ru(IV) ([RuClg]?") was pre-
pared by sintering the exact mass of pure metallic rutheni-
um (99.99%) with the oxidizing mixture of NaOH and
NaNO; (3:1) in a corundum crucible at 900 K (45-60
min). The obtained fusion was dissolved in 3.0 mol L!
HCI. The form of Ru(IV) in the obtained stock solution
was identified by the comparison of its absorption spectra
with the ones described in the literature.?’ Because of the
possible losses during sintering, the obtained solution of
Ru(IV) was additionally standardized using iodometric ti-
tration.>> Working solutions of Ru(IV) were prepared by
suitable dilution of the stock solution with 1.0 mol L™! hy-
drochloric acid.

The stock solution of 5-hydroxyimino-4-imino-
1,3-thiazolidin-2-one was prepared by the dissolution of an
exact mass of the reagent in ethanol (96% v/v). Working
solution of HITO was prepared by dilution the stock solution
with water. Synthesis of HITO was carried out according to
the methodology given in the literature,* the only difference
was the use of 10% HCI instead of 5%, that increased the
practical yield of the reagent: 5.8 g (50 mmol) 4-iminothiazo-
lidine-2-one in 10% HCl was placed in a 100 mL round-bot-
tomed flask with a mechanical stirrer and was cooled to 273
K. Then the solution of 10.5 g sodium nitrite in 20 mL of
water was added dropwise by stirring for 3 h and the result-
ing mixture was left for 12 h at room temperature. The pre-
cipitate was filtered, washed with water and acetone, and
dried at 60 °C. The yield was 70%. The melting point is
477-480 K. After that the HITO was recrystallized from the
ethanol. 'H NMR (400 MHz, DMSO-dg; §, ppm): 8.98 s (H,

NH), 9.34 s (H, NH), 13.10 s (H, OH). The purity of HITO
was determined chromatographically with a mass spectro-
metric detection and it was 100%.

The solutions of CH;COONa and NaOH were pre-
pared by dissolving of appropriate amount of CH;COONa
and NaOH in water. The solutions of HCl and CH;COOH
were obtained by dilution of concentrated HCl and
CH;COOH with water. The universal buffer solutions
(UBS) were prepared by mixing H;PO,, H;BO; and
CH;COOH.*!

2. 3. Procedure

Spectral and protolytic characteristics of the HITO

In a series of 25.0 mL calibrated flask the volumes of
HITO (8.0 x 1073 mol L), NaCl (2.0 mol L), UBS
(1.5 mol L) and distilled water (~15 mL) were added.
Then pH was adjusted in the acceptable range of 2.0-12.0
by NaOH (4.0 mol L!) and distilled water was added up to
the mark. For pH 1.0 the solution was prepared in a similar
way, but without adding the UBS and pH was adjusted by
HCI (6.0 mol L™!). Then the absorption spectra were mea-
sured against the distilled water.

Recommended procedure for determination of Ru(IV)
by using HITO

An aliquot of the solution that contained 12.5-152.5 ug
of Ru(IV) was transferred into a 25.0 mL volumetric flask.
To this solution 0.125 mL of 8.0 x 1073 mol L! HITO,
1.25 mL of 2.0 mol L™! NaCl, 2.0 mL of 4.0 mol L}
CH;COONa, and distilled water (~15 mL) were added.
Then the pH (pH 5.0) was adjusted by means of CH;COOH
or CH3;COONa solutions and distilled water was added to
complete the volume. After that the solutions were heated
in the boiling water bath (~371 K) for 25 min and cooled
to room temperature (~293-295 K). The absorbance was
measured at 350 nm against a reagent blank, prepared in
the same way but without the addition of Ru(IV).

Determination of ruthenium in the alloys

The CeysRu,5Ga,y and TbRuGas alloys were prepared
by art melting of pure components (not less than 99.9%)
under an argon atmosphere. Then the alloys were annealed
in evacuated quartz ampoules at 870 K for 720 h.32

0.05-0.1 g of the sample of alloy were dissolved in
10 mL of HCI + HNOj; (1:1) mix. The obtained solution
was evaporated to wet salts and dissolved in 50.0 mL of
3.0 mol L' HCl solution. If the alloy dissolved incomplete-
ly sintering of the new sample with oxidative mixture of
NaOH and NaNO; (1:3) was carried out. The obtained
solution was dissolved in HCl of 3.0 mol L™! and the con-
tent of the beaker was quantitatively transferred into a
250.0 mL volumetric flask and diluted to the mark with
distilled water. If necessary, the solution with lower con-
centration of ruthenium was prepared by dilution of stock
solution with 1.0 mol L' hydrochloric acid. For ruthe-
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nium determination, the aliquots of alloys (0.5-1.0 mL)
were analyzed as described previously in “Recommended
procedure for determination of Ru(IV) by using HITO”
The content of ruthenium was calculated using the method
of a normal calibration curve. Voltammetric determination
of ruthenium(IV) ions using pyrocatechol violet at pH 4.0
(polarizing range of -0.5 to —1.5 V and the potential sweep
rate of 0.5 V s71) was used as the reference method.??

3. Results and Discussion

3. 1. Spectral and Protolytic Characteristics of
HITO in Water Medium

The new analytical reagent, 5-hydroxyimino-4-imi-
no-1,3-thiazolidin-2-one (Fig. 1), is a sand color powder,
which is poorly soluble in water (0.05 g L™!), but soluble in
ethanol, methanol, #n-propanol, isoamyl alcohol, ethylene
glycol, glycerol, dimethylformamide and dimethylsulfoxide.

Previous research of the spectral characteristics of
HITO!%-22 has shown that its absorbance spectra depend
on pH (Fig. 2). At pH 1.0-6.0 HITO has a maximum at the
wavelength of 264 nm, pH 7.0-267 nm and at pH 8.0-12.0
two absorption bands: A = 278 nm, A = 330 nm. Beer’s law
is applicable at 256 nm (pH 5.0) over a wide concentration
range (Fig. 3). The molar absorptivity at A = 256 nm is
1.60 x 10* L mol™ cm™ and at A = 278 nm - 1.24 x
10* L mol™' cm™, A =330 nm - 1.02 x 10* L mol™! cm™.
The acid dissociation constant of HITO was found (pK, =
7.1). This indicates that HITO is a weak acid.

NH
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e
OH
Fig 1. Structural formula of the HITO.
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Fig 2. Absorbance spectra of HITO at different pH.
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Fig 3. Absorbance spectra of HITO of different molar concentra-
tion.

The experimental results show that the absorbance
spectra of HITO change over time in the range of pH
6.0-12.0. The influence of oxygen on the shape of absorp-
tion spectra of HITO over time at pH 8.0 and pH 9.0 was
checked and it was found that oxygen does not affect the
shape of absorption spectra. Therefore, we consider that
changes in absorbance spectra of a reagent in the range of
pH 6.0-12.0 are related to the hydrolysis of the imino
group, which lasts for 60 min (Scheme 1). This process is
irreversible, since after acidification of solutions to pH
2.0 spectrum of the reagent did not coincide with the spec-
trum of HITO in acidic media.

HN 0

NH NH

/& b HO0 — /& + NH,
o .
N S (0] N S (o)

OH

=]

H

Scheme 1. Hydrolysis of 5-hydroxyimino-4-imino-1,3-thiazoli-
din-2-one.

3. 2. Interaction of Ru(IV) Ions with HITO

HITO forms with Ru(IV) ions a complex compound
of sandy color in weakly acidic medium, just like with
Pd(II), Pt(IV), Rh(III), and Ir(IV)!8-22, The absorbance
spectra of the reagent itself and Ru(IV)-HITO complex
are shown in Fig. 4. According to Fig. 4, the maximum
difference in absorbance of the HITO and complex com-
pound is at 350 nm. Thus all futher absorbance measure-
ments were carried out at 350 nm wavelength against rea-
gent blank (where the absorbance of the reagent is negli-
gible).
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Fig 4. Absorbance spectra of reagent and complex Ru(IV) with
HITO.

The effect of pH on the absorbance of Ru(IV)-HITO
complex compound was investigated over the range 1.0-
7.0 in order to find the optimum conditions (Fig. 5). The
optimum pH range for complex formation lies between
pH 4.5-5.5. So, further investigations were carried out at
pH 5.0.
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Fig 5. Effect of acidity on the maximum yield of Ru(IV) with HITO
colored complex.

The investigation of the influence of ionic strength on
the maximum yield of the complex is necessary for the study
of optimal conditions for complexation. Therefore, the
influence of the concentration and nature of anions of sodi-
um salts (NaCl, NaNOs, NaClO,4, Na,SO,, CH;COONa)
was investigated. The yield of the complex practically does
not depend on the nature of anion. The SO,2~ and NO;~
ions practically do not affect the yield of complex, ClO,™ -
in large surpluses slightly decreases the yield of the com-
plex. The yield of the complex insignificantly increases in

the presence of Cl~ and CH;COO~ ions. Therefore, NaCl
and CH;COONa were chosen as a reaction medium.

The interaction of Ru(IV) ions with HITO at room
temperature (~291-296 K) occurs very slowly. So the pos-
sibility of accelerating this process by heating the system in
the boiling water bath (~371 K) was investigated (Fig. 6).
The results show the maximum yield of the complex is ob-
served after heating for 25 min in the boiling water bath
(~371 K). The rapid formation of the Ru(IV)-HITO com-
plex during heating can be related to reduction of the ki-
netic inertness of the [RuClg]?>~ complex. The Ru(IV)-
HITO complex is stable for 24 h.
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Fig 6. Effect of heating time on the maximum yield of Ru(IV) with
HITO colored complex.

The composition of the complex was determined by
the mole-ratio method and the method of continuous var-
iations (Fig. 7). The results of both methods agree and
show that the molar ratio of Ru(IV) to HITO is 1:1. It was
found that a 1.5-2-fold molar excess of the reagent is suffi-
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Fig 7. The method of continuous variations.
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Scheme 2. The proposed scheme of Ru-HITO complex formation.

cient to obtain maximum absorbances of the Ru(IV)-HI-
TO complex. The formal stability constant is 5.1 x 10°.
Based on the experimental results obtained from the
study of the interaction of Ru(IV) ions with HITO and the data
given in the literature, > it can be assumed that the complex
formation most probably takes place as shown in Scheme 2.
Under the optimum conditions a calibration graph
for Ru(IV) was obtained. The Beer’s law is obeyed in the
range from 0.5 to 6.1 ug mL~! for ruthenium(IV). The mo-
lar absorptivity is 6.21 x 103 L mol~! cm™!. The metrologi-
cal characteristics of spectrophotometric determination of
ruthenium(IV) with HITO are given in Table 1.

Table 1. The metrological characteristics of spectrophotometric de-
termination of the Ru(IV) with HITO (C(HITO) = 8.0 x 10~*mol L"};
C(CH3COOH + CH3;COONa) = 0.32 mol L~}; C(NaCl) = 0.1 mol LY
pH =5.0;A =350 nm; /= 1.0 cm; n = 5; P = 0.95)

Characteristic Value

Limits of Beer's law, Cp,v), g mL™! 0.5-6.1
Calibration equation, Cgyqvy, pg mL™  AA =0.02+0.06 x C
Limit of detection, Cryy), g mL™ 0.2

Limit of quntification, Cryqy), pg mL™ 0.6
Correlation coefficient, R 0.9993

3. 3. Effect of Foreign Ions on the
Determination of Ru(IV)

The effect of some potentially interfering ions on the
determination of ruthenium(IV) was investigated (Table

OH

2). According to the obtained results most metals, which
often accompany ruthenium, such as Ni(II), Co(II), Zn(II),
Cd(II), Pb(II), Mn(II), REE, and other metals, do not in-
terfere on the determination of Ru(IV). Instead, the tech-
nique is characterized by low selectivity concerning the
noble metals or Cu(II) and Fe(III). Ag(I) intereferes signif-
icantly, even with tolerance limits up to 0.1, which is due to
the influence of chloride ions that are in the solution. The
presence of many anions, which were investigated, does
not interfere (except EDTA) with the determination of
Ru(IV). The selectivity to some cations can be increased
using masking agents. For example, Cu(II) and Fe(III)
were masked with tartrate ions (the tolerance limits reach
2 for Cu(II) and 4 for Fe(III)), citrate ions (the tolerance
limits reach 10 for Cu(II) and 15 for Fe(III)) and phos-
phate ions (the tolerance limits reach 5 for Cu(II) and 10
for Fe(III)).

3. 4. Application of the Method

In order to verify the possibility of the proposed
method usage, initially the determination of ruthenium in
synthetic samples was carried out. These solutions were
prepared by adding known amount of the Ru(IV). The re-
sults of analysis Ru(IV) in synthetic mixture are given in
Table 3.

The method was also applied to the determination of
Ru(IV) in two samples of three-component alloys (Table
4). When ruthenium is added into alloys, mechanical
strength increases significantly, while anticorrosion pro-

Table 2. Tolerance limits of foreign ions in Ru(IV) spectrophotometric determination using
HITO (C(HITO) = 8.0 x 10* mol L°Y; C(Ru(IV)) = 2.0 x 10> mol L°}; C(NaCl) = 0.1 mol L}
C(CH3COOH + CH3COONa) = 0.32 mol L}; pH = 5.0; A = 350 nm; / = 1.0 cm)

Ion Cion*Crutv) Ion Cion:Cruav) Ion Cion:Cruav)
Pd(IT) 0.2 Cu(ID) 0.4 AI(TIT) 30
Ir(IV) 0.15 Pb(I) 100 Ba(Il) 5200
Rh(IIT) 0.15 cd(Im) 100 Mg(Il), Ca(ll) 200
Pt(IV) 0.14 Zn(I1) 100 C,02 100
Au(IID) 5 Yb(IIT) 200 F 200
Ag(l) <0.1 Th(IIT) 200 Si0;2 200
Hg(II) 5 Ho(II) 200 EDTA 5
Co(IT) 50 Gd(I) 200 Sal- 45
Ni(II) 150 Ga(IID) 10 Citr>- 200
Fe(III) 0.6 Ce(IV) 10 Tart?" 50
Mn(IT) 100 Sn(I) 3 PO, 100
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Table 3. Determination of Ru(IV) with HITO in synthetic solutions (n = 3; P = 0.95)

Modeling solution Cru:Cion Added Found Ru(IV), RSD, %
Ru(IV), ug — sxt,
xt T s 18
n
Ru-Pd-Ni 1:0.1:100 38.0 39.9+£3.8 4.0
Ru-Pt-Co 1:0.1:30 38.0 39.2+£29 3.1
Ru-Rh-Zn 1:0.1:50 38.0 39.6£1.9 2.0
Table 4. Determination of ruthenium(IV) in alloys (n = 3; P = 0.95)

Intermetallides Spectrophotometry Voltammetry

cale % Eprinta Y Eprinta o,

g a8 BB RSD, % e RSD, %
CeysRu,5Gayg 23.1 23.0£0.9 1.6 232412 2.1
TbRuGas 16.6 16.4+0.8 2.0 16.7 £ 0.6 1.4

obtained by voltammetric method. According to the data
presented in Table 4 and Table 5, the presented method
can be applied to real samples with good reproducibility

perties, conductivity, etc. are improved. For these reasons,
it is necessary to control the content of ruthenium in mul-
ticomponent systems.

The results are in perfect agreement with the ones

and accuracy.

Table 5. Comparison of the proposed method with other spectrophotometric methods for the determination of ruthenium(IV)

Reagent Conditions ) W, €max Linear range, Interfering
nm Lmol'cm?! pgmL! ions
N,N*diphenylthiourea* HCI + C,H;OH, 630; - 6-18; -
6 mol L-! HCI, 5 min (358 K);
CHCL, 30 min (373 K) 650 - 1.5-7.5 Pt(IV), Fe(II)
Quercetin’ 0.01-0.1 mol L! HC], 291 5.0 x 103 0.11-30 -
CH,OH+ H,0 (1:1)
1,10-Phenanthroline 48 pH 6.0, 448 1.9 x 10* 0.1-1.5 Platinoids
2h (373 K)
2-[(5-Bromo-2-pyridylazo)]- CH,Cl,, sodium citrate 560 2.99 x 10* 0.2-2.8 PA(II), Mn(II),
5-diethylaminophenol and dihydrate, sodium acetate Pb(II)
N-hydroxy-N,N‘-diphenyl-
benzamidine®
1,4-(2,4-Diphenylthio- 5.5-6.5 mol L"! HCI, 565 1.0 x 10* 0.5-15.0 Oxidants
semicarbazide)* CHCl;, 10-15 min (373 K)
p-Nitrosodimethylaniline* pH 4.0, 610 5.7 x 10* 0.3-3.0 Platinoids
50 min (323 K)
Sulphochlorophenolazo- 2mol L' HCI + 10 mol L! 500 1.6 x 10* 0.5-30 Pt(IV), Rh(III)
rhodanine>!®11 CH;COOH, 30 min (353 K)
Sulphobenzolazophenol- pH 1.0-3.0, surfactants 540 4.0 x 10* - -
azorodanin'®
Xylenol orange!? pH 6.0 575 3.23x 103 0.2-2.5 AI(IID), V(IV),
Cd(I1), Cu(Il), Ni(II),
Zr(IV), Fe(ITT), HEIV),
Zn(IT), Co(I1), Pb(II),
Pd, Pt,Rh
5-hydroxyimino-4-imino- pH 5.0 350 6.21 x 10° 0.5-6.1 Platinoids, Cu(II),

1,3-thiazolidin-2-one

Fe(1I), Ag(I)
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3. 5. Comparison with other
Spectrophotometric Methods

The proposed method has a better selectivity relative
to Ni(II), Co(II), Mn(II), Cd(II), Zn(II), Pb(II), REE, etc.
in comparison with other spectrophotometric methods for
Ru determination mentioned in Table 5. There is no need
to use highly acidic media and organic solvents.

4. Conclusions

This work presents the spectral and protolytic chara-
cteristics of the new analytical reagent - HITO and a new
spectrophotometric method for the ruthenium(IV) ions
determination with this reagent. The developed method is
simple, reproducibile, accurate, sufficiently sensitive and
selective. It does not require the separation of the matrix
and the use of toxic solvents. This method was successfully
used for the determination of Ru(IV) in alloys and syn-
thetic mixtures.
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Povzetek

Raziskali smo interakcijo Ru(IV) ionov z novim analiznim reagentom 5-hydroxyimino-4-imino-1,3-thiazolidin-2-one
za uporabo v spektrofotometri¢ni metodi. Kompleks nastane pri pH 5,0 v acetatnem pufru po segrevanju v vreli vod-
ni kopeli (~371 K) 25 min. Kompleks ima maksimum absorpcije pri 350 nm in je stabilen 24 h. Beerov zakon velja v
koncentracijskem obmod¢ju 0,5-6,1 pg mL~! Ru(IV). Molarna absorptivnost pri A = 350 nm je 6,21 x 10* L mol! cm™.
Meja zaznave te metode je 0,2 ug mL-!. Raziskali smo tudi moteci ucinek razli¢nih kationov in anionov na spektrofoto-
metri¢no dolo¢itev Ru(IV). Predlagano metodo smo uspe$no uporabili za dolo¢itev Ru(IV) v zlitinah.
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