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Abstract: A new, simple and selective spectrophotometric othas been developed for the determination
of trace amount of Ru(lV) which is based on therfation of orange colored mixed complex of ruthernate
(RuQ?) with 24{(5-bromo-2-pyridylazd)5-diethylamino-phenol (5-Br-PADAP). The orange arotomplex
was extractable with seven derivative of N-hydrdx'-diphenylbenzamidindHDPBA) in dichloromethane

in the ratio of tri-sodium citrate dehydrate to ismad acetate at 1:3. The molar absorptivity of RQ{(9-Br-
PADAP)-HDPBA complex in dichloromethane at absamptinaxima of 560 nm was calculated to be 3.0% 10
Lit mol™ cm* with the mole ratio of metal to ligand in the cdmpbeing at 1:1:1. The stability constant of the
complex was calculated to be 4.73%dml* at 28°C. The system obeyed Beer’s law up to 1.04® ug
Ru(IV) per 5 mL in organic phase with the detectiomit of the method at@being 12.0 ng mt. Most of the
foreign ions do not interfere with the proposed et except palladium. The method has been sucdgssfu
applied for the determination of trace analysifRaflV) in real sample, synthetic mixture and difet sources

of water with the RSD value ranging between +0.7d8d +4.75%. The proposed method caused the recovery
of metal ions to be in the range of 86.0% to 101.5%

Keywords: Ru(lV), 5-Br-PADAP, HDPBA, Spectrophotometric, Orange color complex.

1. Introduction

Ruthenium which is associatedith platinum ores, is a rare transition elemfenind in about 1% % of
the earth's crustt is a hard, white metal discovered by Karl Kddno 1844.The larger amount of ruthenium is
found in chondrite and iron meteorites (40D0%%". All ruthenium compounds are highly toxic and
carcinogenic. Compounds of ruthenium stain the skiry strongly and the ingested ruthenium is seebet
retained strongly in bonésNowadays, compounds and complexes of rutheniura bame to be used as drugs
for treatment of cancer and tumoBome other applications include a ruthenium N@ods,
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cis-[Ru(NO)(bpy}L]X n being used for Chagas's diséasethenium octahedral metal complexesng used as
inducer for structural analysis of DNAa ruthenium based catalysts being used for sgisttef ammonia,
pharmaceutical industhand fabrication of dye-sensitized solar cells (DS) etc.

In the proposed method, the hydroxyamidine is @seextracting analytical reagent. These reagentsor
orange colored complexes with ruthenium (IV)8-bromo-2-pyridylazd)5-diethylaminophenol (5-Br-
PADAP) in the presence of the halo-group attackethé carbon atom and carbon-nitrogen double Bdhd
These hydroxyamidine is widely used in quantitatietermination of metal ions in environment, organi
inorganic and pharmaceutical analysis. Recentlga# found a way in biotechnology as prodrugs dtisres
(amidoximes) to study the reduction and hydrolytioatabolism of ximelagatran via two mono-prodriys
hydroxy-melagatran and ethyl-melagatrar.

Nowadays, new analytical techniques have been oeedlfor the determination of ruthenium in trace
guantities in various complex matrices, e.g., oed®ys, seawater, biological samples, etc andyimthstic
samples, e.g., electrothermal atomic absorptiostepaetry®, atomic absorption spectrometry (AAS)flow
injection analysis (FIA}, x-ray photoelectron spectroscopyhigh-performance liquid chromatography
voltametric methotd, flow injection chemiluminesceli etc. Although all these techniques are highlysiie
but required costly maintenance and skilled harats dperation and are quite expensive. Instead, the
spectrophotometric method is more popular and @drdaghnique.

A survey of literature reveals that a lot of reagenompound and surfactant have been employetthdor
determination of ruthenium. Kuchekar et“alised a reagerd-methylphenyl thiourea for the extraction of
ruthenium but the method was less sensitive. Golgekhna et af' developed a 4-Hydroxy 3,5-dimethoxy
Benzaldehyde-4-hydroxy Benzoylhydrazone [HDBHB] floe extraction of ruthenium but the method suffere
from interference of C and F&. Mathew et af’ developed a method which suffered from interfeesnaf
foreign ions using schiff's base derived from azine. Lokhande et &.developed a less sensitive method for
the analysis of ruthenium usiryrimidine-2-thiol as reagent along wiNtoctylaniline as an extractant. El-
Shahawi et al* developed a less sensitive method using benaytyl@mmonium chloride for the
determination of ruthenium. Alaa etZaldescribed the solid phase extraction method ugingoxaline dyes
into microcrystallingp-dichlorobenzene for trace analysis of ruthenium ibus a tedious job to filter the
derivative of reagent mixed with ruthenium. El-Shah et al’® used a sodium periodate as a reagent for
developing a iodometry titration and spectrophotinimenethod for the determination of ruthenium biog
drawback of these method is precipitation of iodiriech decreases the molar absorptivity. Islam.étused a
reagent 3-(2-Pyridyl)-5,6-diphengistriazine (PDT) and ferrozine together to reduce @éxtraction time of
ruthenium but was not able to increase its molaogdiivity. Keyvanfard et & studied the kinetic reaction
and oxidation of metaperiodate in micellar mediumthe determination of ruthenium but the method loav
sensitivity. Solovey-Vandersteen efalsed a reagent “xylenol orange” for the deternmamadf ruthenium but
the method had low molar absorptivity. Balcerzakléf used a high molecular weight amines for analykis o
ruthenium but method was based on tedious job egigmation of compound. Druskovic efalised a reagent
4-pyridone derivatives for determination of ruthenibut the method had low molar absorptivity. Rexte
al.¥ developed a less sensitive method for estimationtbenium which was based on oxidation of safradi
by metaperiodate. Hong-fu et*3Lsing a reagent malachite green, Praveen Kumartusing a reagent 1,10-
phenanthroline and Zhi-rong effalising a reagent chrome blue K contributed to a semsitive method for
ruthenium.

The chief goal of the present work is to achieveew, simple, more sensitive and reproducible method
for the determination of Ru(lV) in the environmdntsamples. The trace amount of Ru(lV) has
spectrophotometrically determined with 5-Br-PADAPthe presence of appropriate ratio of tri-sodilitrate
and sodium acetate and its subsequent extractitmhydroxyamidines (HOA) in dichloromethane. Bynggsi
the extraction method of Ru(lV) with HOA, most dfet common ions do not interfere with the proposed
method.
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2. Experimental
2.1 Instrumentation

For characterization of ruthenium (IV) complex, btmubeam UV-Visible spectrophotometer 54440SS
model equipped with 1cm quartz cell was used. AtaligH meter (DB-1011) was calibrated regularlythwa
standard buffer solution before use.

2.2 Reagents

All chemicals used were procured from Sigma Aldrésid E. Merck. Millipore double distilled water
was used for the preparation of all solutions. $tamdard solution of ruthenium (Ru®H,0O) was prepared by
fusion of 75.0 mg of pure ruthenium powder in arl5silver crucible with 1.0 g of sodium hydroxideda0.20
g of sodium peroxide at dull-red heat for 10 miheTesidue was dissolved with 2.0 mdl $odium hydroxide
in a 500 ml standard flask and made up to the fhafke stock solution of 9.92xPmol L™ was standardized
by thiourea methdd The lower concentration of solutions was prepémediluting the stock solution.

A 3.47x10° mol L™ (0.1%, w/v) solution of N-Hydroxy-N, N’-diphenylbeamidine (HDPBA) (98.0%
pure) was prepared in dichloromethane. A 2185 mol L (0.01%, w/v) 2-[2-(5-bromopyridyl) azo]-5-
dimethylaminopheno{5-Br-PADAP) (97.0% pure) solution in methanol (9%.@ure) was employed for color
development. A 3.400.0%mol L™ (1.0%, w/v) of tri-sodium citrate dihydrate (TS@&)d 2.0 mol [* (16.4%,
w/v) solution of sodium acetate (SC) were preparedistilled water. The above solutions were mixed
volume ratio of 1:3, 1:2, 1:1, 2:3 (TSC: SC) inimaf 12.0 mL volume is equivalent to pH 11.0+02.eTh
solutions of diverse ions were prepared in mg/mutgns of the ions as given in the literafiire

2.3 General Procedure

Take an aliquot of the standard solution containipgo (1.0 to 14ug/mL or (6.62x16 to 9.26x10)
mol L*Ru (IV) in a 125mL separatory funnel. To the abswaéution, add 0.6 mL of 5-Br-PADAP and then
buffering the complex with mixture of (1:3) TSC-S0lutions up to total volume of 10.0 mL. The orange
colored complex formed immediately within 2 min wiiwas extracted with 3.0 mL of HDPBA solution
prepared in dichloromethane. Wash the aqueous phiise2x1 ml fresh dichloromethane. Then separhée t
orange colored dichloromethane extracts and dry ambBydrous sodium sulfate gm) in a 10.0 mL beaker.
Transfer the combined extract into a 5.0 mL voluindtask. Measure the absorbance of the complexnag
the solvent ak ., 600 nm and 560 nm.

2.4 Sampling and Sample Preparation
2.4.1 Platinum Crucible

A different known amount of platinum crucible wereighed and dissolved in hot aquaregia to remove
Osmium, if present in the solution. The resultasititfon was evaporated three times with small arhaifin
hydrochloric acid in order to remove nitric acicheTresidues were diluted with 2 mof lsulphuric acid and
RuQ, was separated by distillation after the oxidatidmuthenium by 0.02 mol £KMnO,. The volatile RuQ
was absorbed in 2.0 mL of hydrochloric acid andgbi@tions were diluted to 10 mL in a volumetriask with
distilled water. The amount of ruthenium presentdifferent sample solutions prepared as above was
determined by the proposed method with the hethepre-determined calibration plot.

2.4.2 Synthetic Mixtures and Water Samples

The synthetic mixtures were prepared according to the composition of ruthenium alloys which contain
ruthenium and other platinum group metals and stramsition series elements. Take a portion of stith
mixture and follow the above procedure. The comegion of Ru (V) present in mixture was determirveith
help of standard addition method.

The sample bottles were soaked in 10 percent Hfé© 24 h and rinsed several times with double
distilled water prior to use. The water samplesendtered through 0.45 pm membranes filter ands@nreed
with concentrated nitric acid to bring down the faH< 2.0. The samples thus preserved were stord®Cain



Pushpa Ratre et a//Int.J. ChemTech Res.2014,6(1),pp 236-247. 239

sampling kits and brought to the laboratory for ahaalysis. The concentrations of Ru (IV) presenwater
samples were determined with the help of standdddian method.

3. Results and Discussion

The development of new analytical method for deteation of Ru (V) has been done by extracting Ru
(IV)-(5-Br-PADAP)-HDPBA complex from dichloromethanin the presence of TSC-SC mixture. The
optimum experimental conditions and some importapectral and statistical data obtained for the
determination of Ru (IV) in the proposed methodénbgen summarized in Table 1.

3.1 Spectral Studies

The complex Ru (IV)-(5-Br-PADAP) in aqueous and anig (HDPBA-dichloromethane), exhibits
maximum absorbance at around 600 nm and 560 nmsghe solvent (Figure 1). The reagent blank ith bo
phase shows some absorbance (A=0.04) at this ragiience it was used in all experimental work.

3.2 Effect of Extraction Solvent

Ruthenium(lV) complex is extractable into many paad non-polar solvents, such as ethyl acetate (
1.10x10" L mol™* cm), isobutyl methyl ketonee€ 0.6210" L mol™ cmi®), toluene €= 2.81x10* L mol™ cmi®),
benzeneg= 1.73x10" L mol™ cmi?), chloroform ¢= 2.9%10" L mol™* cm?), dichloromethanesg 2.99<10" L
mol* cm‘l), etc.with value ofA.x 560 Nnm in all cases as shown in Tahl@2e sensitivity of complex in terms
of molar absorptivity in both dichloromethane anf@ilocoform is maximum and similar. However,
dichloromethane is preferred because of its lesg toature than chloroform. Thus, due to its supésy,
dichloromethane was therefore chosen as solventtier extraction of Ru(lV)-(5-Br-PADAP)-HDPBA
complex.

Figure 1 Absorption spectra of Ru(IV)-(5-Br-PADAP) complex in aqueous and organic phase against solten
Ru(IV)[1.97x10° mol L™], aqueous phase; 5-Br-PADAP [5.7210° mol L™]; TSC-SA[1:3] ; HDPBA[2.08%10° mol
L1

—#— Ru(IV)-5-Br-PADAP-[TSC:SA](Aqueous)

*— Ru(IV)-5-Br-PADAP{TSC:SA]-HDPBA(Organic)
—&— 5-Br-PADAP-[TSC:SA]J(Aqueous)
—#— 5-Br-PADAP-[TSC:SA]-HDPBA(Crganic)
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Table 1. Analytical Parameters of Ru(lV)-5-Br-PADAP-HDPBA in dichloromethane.

Colour of the complex Orange

Amas 600 nm[agqueous], 560 nm [organic phase]
TSC: Sodium Acetate [1:3]

Concentration of 5-Br-PADAP 5.72x10° mol L*
Concentration of HDPBA 2.08x10°mol L*
Composition of complex (M: L:L) 1:1:1

Stability constant of the complex 4.731%nol* at 28°C
Beer's law 1.0 to 14pg/5 mL

Molar absorptivity 3.0x10° L molrtem™
Standard deviation (SD) N=10, Relative standdret0.0031, 0.52%
deviation(RSD) N=10

Stability of complex 24h

Sendell's Sensitivity, Detection limit 2 N=10 | 0.0033ug cni?, 12 ng mL*
Intercept, slope, correlation coefficient -0.0000M60, 1.0

Table 2 Effect of solvent on the extraction of R{iV)-(5-Br-PADAP)-HDPBA complex

Solvent Ru(1V), Molar absorptivity( €) % Extraction
Amax, NM L mol?cm?x10*

Ethyl acetate 500 1.113 53.5
Isobutyl methyl ketone 505 0.620 85.5
Xylene 560 0.235 75.0
Benzene 410 1.732 50.5
Toluene 400 2.810 50.0
Carbon tetrachloride 500 0.121 70.5
Chloroform 560 3.070 99.5
Dichloromethane 560 3.270 99.5

3.3 Effect of Derivatives of N-Hydroxy-N,N’-Dipheylbenzamidine (HDPBA)

The spectral characteristics of Ru(IV)-5-Br-PADABmplexes were examined using seven different
derivatives of hydroxyamidines (HOAS) in dichloraimene. Compounds with chloro(Ph)- and methyl(Ph’)-
substitution in two phenyl rings of N'-atom in HO#ere usedThe complexes with various HOAs show
different values of molar absorptivity, at theispectivel, Introduction of methyl (+I) or chloro (-1) growgt
N’-phenyl ring of HOAs slightly reduces the sensitivin the following order gHs >4-CHs,-C¢H, (Ph’-) > 3-
CHs-CeH, (Ph’-) > 2-CH-CeH, (Ph’-) > 4-CI-GH4(Ph-) > 3-CI-GH4(Ph-) > 2-CI-GH4(Ph-) as shown in Figure
2. The parent compound, HDPBA was chosen due &onsa namely relatively easier synthesis, largkl ypé
the compound and high reproducibility of the result

3.4 Effect of Reagents

The result obtained indicated that at least (4.29)810°mol L™ ofthe reagent in ethanol is required for
maximum complexation. In subsequent studies,8.82mol L™ of 5-Br-PADAP was used. The concentration
of HDPBA in dichloromethane in the range of (1.7823x10° mol L™ was adequate for the complete extraction of
the complex. Therefore, a 2:8° mol L HDPBA was employed throughout the experiment. ddrcentration
ranges of both the reagent were shown in the Fjure

3.4.1 Effect of Mixed Ratio of Tri-sodium Citrate (TSC)-Sodium Acetate (SC)

Tri-sodium citrate dihydrate and sodium acetate widely used in foods, beverages and various
technical applications in industry, mainly as btifig, sequestering or emulsifying agent and stadtilbn of
reactions. The TSC-SC mixture is used as stabilizeur experiment.

The effect of concentration and volume ratio of T&@ SC on the absorbance and percentage of
extraction of the complex were studied. The comedion range of (2.72-4.78)0° mol L™ TSC and 0.4-1.2
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mol L™ SC was sufficient for maximum color developmend atabilization of complex. Hence the author has
chosen the mixture ratio of 3.400°mol L™ TSC and 0.60 molt.sodium acetate solution for further studies.

The effect of volume ratio of TSC: SC on the petage of extraction of Ru (IV)-complex is as shown i
Figure 4. The volume ratio of 1:2, 2:3, 1:1 and W&e sufficient for the stability of the complerdashow a
maximum percentage of extraction of (89.4 to 888)he complex at wavelength of 560 nm. There vwere
change in the@H of the complex up to (~ 11.0 + 0.2), since Rw@s prepared in strong alkaline medium using
NaOH fusion process.

3.5 Effect of Temperature, Electrolyte and Dilution

The variation in temperature of the aqueous phase 10 to 5{C has no adverse effect on the extraction of
the metal ions. Beyond this temperature rangegltserbance of the complex starts decreasing. Halhesfraction
work was carried out at room temperature.

Addition of 1 moll* KCI/NH,CI/K,SO, solutions does not change the absorption chaisizierand neither
the shift inA,, NOr any change in absorbance of the complex weereodd.

The effect of variation in the volume of the aquehase, keeping the other variables constanthen t
extraction of the metal with HDPBA was studied. tf@ange in the absorbance of the metal complex bsereed
on varying the volume ratio of the organic to agqisghase from 1:4 to 1:1. For the sake of unifgrnait extraction
was performed at a 1:1 volume ratio for both phases

3.6 Stability Constant, lonic Strength and Compsition of the Ru(IV)-Complex

The stability constant(K’) of the complex formedreealculated through Job’s metfidat the ratio of
TSC: SC[1:3] and ionic strength (mp) of 7.94% Aol L™ was calculated to be 4.731 tnol™ at 28°C for the
complex Ru(IV)-(5-Br-PADAP)-HDPBA.

Figure 2 Absorption spectra of Ru(IV)- (HOA’S) Deivatives Complexes. Figure 3 Effect of Reagent concentrations
Ru(IV)[1.97%10° mol L™']; 5-Br-PADAP[5.72x10" mol L]; TSC-SA(1:3) ; on Ru(IV)- complex in dichloromethane.
HOA’S[2.08x10" mol L™]; [a] C¢Hs ; [b] 4-CH3-CcH, (Ph’-), Ru(1V)[1.97%10° mol L™]; TSC-SA(1:3)

[c] 2-CH3-C¢H, (PH’-); [d] 4-CI-CgH,(Ph-); [] 3-CI-CgH,(Ph-)

[f] 2-CI-CsH,(Ph-)
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The composition of the ruthenium (IV) complex wasedtmined by the curve fitting mettidnd Job’s
continuous variation meth&d The molar ratio of metal to 5-Br-PADAP and HDPByas determined by
plotting logarithmic value of distribution ratio ofetal versus logarithmic values of varied known
concentrations of 5-Br-PADAP/ HDPBA in dichloromatte. The inclination of the curves for 5-Br-PADAP
and HDPBA were found to be very close to integen &ll cases. Thus Figure 5 shows a 1:1:1 molao rat
complex of Ru(IV): 5-Br-PADAP: HDPBA in dichloromene. The ruthanate ion, RifQforms a stable 1:1
mixed ligand complex by replacing”Havailable essentially in alkaline medium (pH >)%@m both OH-
groups present in 5-Br-PADAP as well as in HOA. Phebable reaction mechanism is as shown below.

/\J
RuO,” ¢ v
u 4 —|— f 0 <o/
M \Ru N
-2H™*
AN
Sy,
Br
r
I (3Bromo-lPitylazg) - S-Distnenophenol Nmpdron -, N-diphermibenzam idine Complex ofRut eminmy[V)- S Er-PADAP-HDFBA

— -0

Subscript,» here indicates organic phase dichloromethane and abbreviations HL and HOA Haeen used
for representing 5-Br-PADAP and N-hydroxy-N,N’-dgrylbenzamidine, respectively

Figure 4 Effect of volume ratio of TSC and SA on Figure 5. Plot of curve-fittingnethod for determination of
extraction of Ru(IV)-(5-Br-PADAP)-HDPBA complex. molar ratio of Ru(IV) to 5-Br-PADAP andHDPBA in
Ru(IV)[1.97x10°mol LY ; 5-Br-PADAP[5.72x10° mol LY; Ru(IV)- complex.
HDPBA[2.08x10° mol LY.
100
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3.7 Beer's law, correlation Coefficient, Molar Absorptivity, Sensitivity, Detection Limit and Precision

The orange coloured Ru(lV)-5-Br-PADAP-HDPBA complerbeyed Beer's law up to 1.0-14@
Ru(IV)/5mL in both aqueous and organic phag#,,.x600 nm and 560 nm respectively, as shown in Figure
Intercept, slope, correlation coefficientsj2letection limit, Sandell’s sensitivify are as given in Table 1. The
molar absorptivity value of the complex with varsolaydroxyamidines (HOA) tested to lie in the raigy€2.8-
3.0x10' L mol* cmi'. The molar absorptivity value of orange colored(IR) 5-Br-PADAP complex in
aqueous and organic phase were 2187 L mol*cm' at 600 nm and 3:a0*' L mol'cm® at 560 nm
respectively. The precision of the method was ceedky taking 10 replicate measurements each camgain
6.62x10° mol L™ Ru(IV) per 5 mL organic phase. The mean absorbaake and the standard deviation value
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were calculated to be 0.593 and +0.003, respegtiwbich gave a relative standard deviation of 0.52%e
range within which the value of molar absorptiwtythe system may fall with the measured precisip@5%
confidence level was calculated and the value ofidence limit*! in terms of molar absorptivity was found to
be (3.0+0.03y10" L mol'cm™.

3.8 Effect of Diverse lons

To study the effect of diverse ioffs variable amounts of foreign ions were introduted fixed amount
of ruthenium (IV). PGEs, namely Pd (Il) interfemsconcentrations > 2-fold excess. However, interfee due
to Pd (Il) may be minimized by masking it with 3 ail4% sodium thiosulphate. Mn(Il) and Pb(ll) aoéetated
not more than 10-fold excess concentration. Therdolce limit of various diverse ions, in mg, in the
determination of 1.0 pug Ru(IV)/mL is summarizedable 4.

3.9 Applications

The proposed method was successfully applied d#termination of Ruthenium (1V) in real samples
(Platinum crucible), synthetic mixture and differsources of water samples. The trace amount diedRuum
(IV) present was determined by standard additiothow and actual concentration is calculated froprea
determined calibration plot. The result presentedable 5 shows a concentration of Ru(lV) presanteial
samples was found to lie between 2.8748y0/ mL with RSD value ranging from +1.50 % to + 2.% and
percentage recovery of metal ions was determinéddam 96.0 % and 98.50 %. The RSD value obtained fo
Ru(lV) content in the synthetic mixture and in diint sources of water samples ranged between%h0d
+4.75% . The result obtained from the proposed owetlias highly satisfactory and it was also verifiesin
the reported methad as shown in Table 5,6 and 7.

Table 4 Tolerance limit (TL) of diverse ions in thedetermination of 10ug Ru(IV) / 5 mL aqueous phase.

Foreign lons Added TL*mg/mL Foreign lons Added TL*mg/mL
Rh(l11), Pd(Il), Pt(1V),Os(VII) | 2.0, 0. 014 1.0 | Bi(lll), Mo(VI) 2000, 1000

V(V) 0.9 Co(Il), Mg(l1), Fe(lll) 15, 18, 25
Cu(I),Mn(11),Sb(lIl),Se(IV), 1.0 Ca(Il), Ni(ID, Cr(11), Ti(IV), Zr(IV), W(VI]) | 50

Pb(Il), La(lll) 2.0, 3.0 Zn(ll 40

Nb(V), U(VI) 4.0,3.5 Fluoride, Phosphate, Nitrate, Citrate 2.0, 4.0, 10.0, 100
Th(IV), Sr(ll) 5.0, 6.0 EDTA, Tartrate, Bromide 140, 300, 200
Hg(l1), Be(ll) 1.0 Thiosulphate, Oxalate 500, 1000

*lons were considered to be interfere when they caed a change in the absorbance of the Ru(IV)-(5-BRADAP)-HDPBA
complex (A=0.593) byz < 2%. a- Masked by 3 ml of 4% sodium thiosulphate.

Figure 6 Applicability of Beer’s law on Ru(IV)-complex in dichloromethane.
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Table 5 Determination of Ru(IV) in Platinum crucible
Weight of the Ru(lV) added, Ru(lV) found, (pg)/ | RSD* +, %,/ (Recovery = RSD) %,
sample (9) (ng)/mL mL N=4 N=4
1.0 | e 2.87 2.00
20 | e 3.75 2.50
A R e 4.00 285 | -
2.0 5.0 8.25 1.50 96.02+1.7
2.5 5.0 9.50 2.45 97.06+£1.5
3.0 5.0 10.55 1.50 98.5D7
LEGENDS- N: Number of analysis, RSD: Relative Standard Deation
Table 6 Determination of Ru (IV) in the SyntheticMixture.
Sample| Synthetic Mixture Ru found in pg/ 5 mL
No.
Proposed method* Reported methotf
Concentration of | RSD*+, | Concentration of | RSD*+, %, N=4
Ru(lV), pg/mL %, N=4 | Ru(lV), pg/mL
[S-1] | RUY(10); Pd(5);05™ (30); 9.96 1.17 9.90 1.01
Fe"(30); PtY(20); Mn'(10).
[S-2] | RUY(20); Cd'(10); Ni"(20); 19.96 1.19 20.1 1.31
Mo"'(10); Fé"'(30); RH"(10).
[S-3] | RUY(10); RA"(10);09™(15); | 10.10 1.58 9.90 1.01
Pd'(5); Cd'(10); Pt'(20).
LEGENDS-S-1, S-2, S-3 are the synthetic mixture, N: Numbesf analysis, RSD: Relative Standard Deviation
Table 7 Determination of ruthenium in different souces of water samples by standard addition method.
Water Ru(lV) | Proposed method,| RSD#, | (Recovery+R Reported method”| RSD#, | (Recovery
Samples | Added, Ru(lV) found, %, N=4 | SD)%, Ru( IV) found, pug/ | %, N=4 | + RSD)%,
N=4
Mg / mL Hg/ mL N=4 ml
River 10.0 9.5,10.0,10.0,9.9 250 |98.5+0.1 9.9,10.1,10.0,9.9] 0.71 | 99.75+0.2
water
Bore well | 10.0 8.5,9.0,9.2,8.7 3.50 | 88.5+0.1 8.2,9.0,9.1,8.7 475 | 87.5+0.50
Sea 10.0 10.1, 10.2, 10.0, | 1.70 101.0+ 0.1 | 10.1,10.1, 1.80 101.5+£ 0.2
water 10.2 10.0,10.2
Dam 10.0 8.5,8.5,8.9,8.7 2.20 | 86.5+£0.2 8.5,85,8.7,8.7 1.34 | 86.0+£0.30

LEGENDS- N: Number of analysis, RSD: Relative Standard Deation

4. Conclusion

The spectrophotometric method are more selectimesitve and rapid for the determination of trace

amount of Ru(IV) using reagent[&-bromo-2-pyridylazd)5-diethylaminophenol (5-Br-PADAP) along with
N-hydroxy-N,N’-diphenylbenzamidine. The selected reagent adveotely increases the sensitivity and

selectivity of the method. The accuracy of the métls comparable with other reported methods in the

literature. Most of the foreign ions, even at h@gincentration, do not interfere with determinatafrRu(1V).

Only palladium interferes in this method which abudffectively be masked by the addition of sodium
thiosulfate. The proposed method has been sucdgsafoplied for the determination of Ru(IV)

in tea

samples, synthetic mixture and different sourcesaitr samples. The proposed method overcomesweitty
drawbacks of classical photometric methods.
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