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ABSTRACT

A sensitive and selective spectrophotometric meihiquoposed for the rapid determination of vanadiusing 1-
(2-quinolylazo)-2,4,5-trihydroxybenzene(QATB). Almlic solution of QATB form a 1:2 dark brown comgplgith
vanadium(V) ions at pH ranges 6.0-7.5, absorbimaximum at 590 nm. The molar absorptivity andShadell’s
sensitivity of the complex are 2.55 X10mol*cmi* and0.002 pg crrespectively. Beer's law was followed up to
2.4 ppm with the optimum concentration range o20.3.0 ppm. The tolerance limits for interferingngoare
discussed. All variable were studied in order tdimjze the reaction conditions. The efficiency hed proposed
method is shown by the successful determinatidraoés of vanadium in some synthetic mixture ofenais and
alloys.

Keywords: 1-(2-Quinolylazo)-2,4,5-trihydroxybenzene, Vanad{l), micro-determination.

INTRODUCTION

Vanadium and its compounds used extensively irstba and petrochemical industries. Vanadium spexie most
stable and toxic. Vanadium affects the numeroussiplggical processes and biochemical reactions.adiam
remains a relatively unknown trace element as #ssuare still being targeted in various clinicaplaytions
worldwide. Its content in food is directly depent@pon the concentrations present in the soil. Grwesumed,
vanadium is stored primarily in fatty tissues, witle remaining amounts stored in the kidney, ligpteen or bone.
However, vanadium deficiency is also known to cstesitly impair biological function. Vanadium is eade
element of highly critical role in biochemical pesses and of significant importance in environniebialogical
and industrial analysis due to its toxicity. Vanadiin trace amounts is an essential element foigoetth at ugt
levels, also has been shown to inhibit cholestsyothesis and to increase the oxidation of fatigsaof higher
concentrations. It is excreted through urine. Tim@ant of vanadium in blood and urine depends uptensity and
duration of its exposure.

Scrutiny of literature reveals that several spgttotometric methods have been reported for therméiation of
vanadium in environmental and biological samplegcddtly, few authors introduced various reagents fo
spectrophotometric determination of vanadium inoues samples[1-11]. Many reported reagents suffanfpoor
selectivity, interference of large number of métals require specific solvent for the extractioncofored species
and few other require activators for catalytic foimoetric determination of vanadium. These deficiencave
encouraged the authors to develop novel reactionsfatile, sensitive, accurate and reliable metliod the
determination of trace amounts of vanadium in emurental and biological samples. These types aftime for
the determination of vanadium(V) have not been mepgloyet.
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This paper reports 1-(2-quinolylazo)-2, 4, 5-trinyxlybenzene as an analytical reagent for the mietermination
of vanadium(V) spectrophotometrically, whereasnaittd number of heterocyclic azo dyes find theie @isr the
determination of vanadium(V). Comparatively thiagent has been found a potential reagent for vangi).

MATERIALS AND METHODS

2.1 Reagents and Chemicals

2.1.1 1-(2-Quinolylazo)-2,4,5-trihydroxybenzen@{®) Solution

QATB as synthesized as described by Singh and Pad2h was used as a 1 X #M solution prepared by
dissolving 0.281 g in 1 L of pure ethanol. Solusianore than a week old were discarded.

2.1.2 Standard Vanadium(V) Solution
A stock solution of vanadium(V) was prepared bysdiging appropriate amounts of sodium vanadate IGAR in
acidulated double distilled water. The solutiorswsgandardized gravimetrically as silver vanadafe[1

2.1.3 Sodium acetate solution

0.1 M sodium acetate solution was prepared andused during the studies. Dilute solutions of sodhydroxide
and hydrochloric acid were used for pH adjustmemingd) preliminary investigations.

All other reagents were of analytical grade andbtipdistilled water was used throughout

2.2 Determination of Vanadium(V)

To asuitable aliquot of sample containing 3.20-20.0gfiganadium(V), add 4 mL of 1XT0M QATB solution in
ethanol followed by 1 mL of 0.1 M sodium acetatentaintain pH ~ 7.0 and make up the volume to 10 mL
maintaining 50% (v/v) ethanol concentration. Meastite absorbance at 590 nm against a corresponeiggnt
blank prepared under identical conditions.

2.3 Apparatus
A Bausch and Lomb Spectronic 2000 spectrophotonveittr L0 mm matched glass cells was used for réegrd
spectra and Beckman pH meter was used for pH merasuts.

RESULTS AND DISCUSSION

Ethanolic solution of QATB formed a dark brown aobmmplex with vanadium(V) ions at neutral pH. Tdoenplex
was soluble if ethanolic concentration was mairgdiabove 40% (v/v). The absorption spectra of thR@ATB
complex solution maintaining 50% ethanolic concatitn recorded against corresponding reagent bi@#KTB
solution without metal ions) are shown in Fig. heTcomplex had constant and maximum absorbandeeipH
range 6.0-7.5. For maintaining an appropriate pldavhplex solution 1mL of 0.1 M sodium acetate wafficent.
It was observed that a minimum of two minutes timaeeded for full color development. The complesviound
to be stable for more than 24 hours. For attainigimum sensitivity, at least 6-times molar exagfseagent was
required and hence in subsequent studies, 10-timéer excess of reagent was used.

Under these optimum conditions, various Physica¥tbal constants were established and are giverableT1. A
comparative study of the sensitivities of variopearophotometric reagents known for vanadiumvemiin Table
2, shows that the present reagent has a goodisipg$dr the micro determination of vanadium.

3.1 Effect of diverseions

In the determination of vanadium(V) at 1.04 pg/telel; fluoride, chloride, bromide, iodide, niteatnitrite,
sulphate, sulphite, thiosulphate, alkaline eatrsthanides, Al(IIl), In(lll), Sb(ll1), Bi(lll), C(lll), platinum metals
[except palladium(ll)] and Th(lV) ions did not imfere at all. However, cyanide and zinc (ll) ine¥gd in the
determination.

Under the appropriate conditions found for vanadiim~40 molar excess of EDTA could be toleratetljcl was
used to mask most of the interfering cations. Tle¢had is quite simple. Furthermore, the importasfcthe method
is that vanadium determination can be carried e8hdn the presence of large amounts of thoriumgonium,
tantalum and titanium which generally interferarinst of the methods reported.

Table 3 represents the tolerance limits in ppmasfous ions in solution that caused a deviationliemthan + 2%
in absorbance for the determination of vanadium(V).
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3.2 Applications for Determining vanadium(V) in synthetic mixtures of alloys and minerals:

Appropriate compositions of the minerals and alleyse prepared by mixing the metal salts in exacpgrtions
(percentages given in table 4) and treated therfolesvs: 0.2 g of the mixture was treated with 1Q mf 6N
sulphuric acid and heated gently with the additté® mL concentrated HNOThen 2 mL of 1:1 (v/v) k5O, was
added and evaporated gently until the dense whitee$ subsided to remove oxides of nitrogen. Thelueswas
dissolved in doubly distilled water to 50 mL. Appriate dilutions were made in subsequent studidstamsamples
were analyzed according to the recommended proeeilbe results of the analysis obtained are ginerable 4.

Table 1: Physico-chemical characteristics of the veadium(V)-QATB complex

Characteristics Vanadium(V)-QATB complex
A max.(nm) 590
pH range 6.0-75
Reagent required for full complexation (mol) 6
Beer's law range (ppm) 0.0-24
Optimum concentration range (ppm) 0.32-20
Sandell’s sensitivity (ug cf) 0.002
Molar absorptivity €) (I. mof*.crm?) 2.55 X 1d
Composition (M:L) by Job’s method 1:2

Table 2: Comparison of sensitivities of various sggrophotometric reagents for vanadium(V)

Amax  Molar absorptivity

Reagent (nm) (L mol”* e References

Variamine blue 570 1.65 X 16 2
Pyrogallol 580 7.75X 18 5
N-(1-Naphthalene-1-yl)ethane-1,2-diaminedihydroobl®e 525 1.93 X 10 14
2,4 — Dinitrophenyl hydrazine 495 2.22 X"10 14

2, 2'-Iminodibenzoic acid 610 1.2 X410 15
5,7-Dibromo-8- hydroxyquinoline 400 6.1 X310 16
2-(5-Bromo-2-pyridylazo)-5-diethylaminophenol 596 48X 1d 17
4-(2-pyridylazo)-resorcinol/tetrazolium violet 550 3.05 X 1d 18
Acetoacetanilide salicyloylhydrazone 405 1.20 X 10 19
3,3, 5,5'-Tetramethylbenzidine-N-propanesulfongica 450 274X 16 20
4-Nitrocatechol/thiazolyl blue tetrazolium 400 3xX30 21
1-(2- Quinolylazo)-2,4,5-trihydroxybenzene 590 2%650° This work

Table 3: Tolerance limits of diverse ions on the dermination of 1.04 pug mL* of vanadium(V)

Tolerance limits

Foreign ions (ppm) Masking agents
CNS 50 0 -
s 40 e

S04 500 @ -
Oxalate 0 0 -
Citrate 50 0 e
Tartrate 50 0 -
EDTA 0 0 -

BO:* 40 e

PO* 200 -
Mo(VI) 0 0 -

W(VI) 40 0 -

uoL(I) 5 Masked by EDTA
cd(in 5 e

Hg(ll) 5 e

Pb(Il) 5 e

Mn(Il) 3 -

Fe(ll) 10 Masked by EDTA
Pd(ll) 10 Masked by lodide
Ag(l) 10 e
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Fig. 1: Absorption Spectra of Vanadium (V) — QATB omplex at various pH.
(pH values for series : a= 6.0-7.5, b=5.0, c=8.5:4d5)

Table 4: Estimation of vanadium (V) in synthetic nixture of minerals and alloys

Chemical composition (%) Chemical composition V() V(V) found Mean % Standard
Sample present -
/formula taken (ppm) (ppm) (ppm) value recovery deviation 6)
Alloys
6.8,7.0, 6.8,
VAIFe V69, Al19, Fe 12 V6.9, A19 Fel2 69 97170 6.93 100.48 0.1212
VAISn V43, Al 43, Sn 14 V43,A143,Sn1.4 43 i'12' ‘ﬁ' i’% 4.22 98.05 0.1169
. . . 6.6, 6.4, 6.3,
VNi V 65, Ni 35 V 6.5, Ni 3.5 6.5 6.7 63 6.4 6.45 99.23 0.15
VMoAl V52, Mo, 26, Al 22 V5.2, Mo 2.6, Al 2.2 5.2 5531 “:’_)'%' 55% 5.183 99.7 0.14697
. 3.98,3.99, 4.2, 0.00
Fev40  V40,C0.5,Si20, Al0.5 V 4.0, Fe 5.7 40 T 40 59 4075 101.875 0.1988
. 5.2,5.3,5.1,
FeVs0  V50,C0.5,Si2 Al0.3 V5.0, Fe 4.7 50 408 490 51 11 102.2 0.1230
) 5.99, 5.98, 6.2,
Fevé0 V60, C<0.15, Sil.5, Al2 V 6.0, Fe 3.7 60 590 61 62 6077 101.28 0.1052
Fev80 V80, C0.15,Si 15, Al 15 V80, Fel7 os. 3281824 805 100625 0.1643
Minerals
15.5, 15.4,
Vanadinite  PEVO,)sCl P 103.5, V" 15.3 15.3 15.2,15.1, 15.25 99.673 0.1643
15.2,15.1
. " ) 10.0, 10.3,
Carnotite  KO.2U,05.V,05.3H,0 To ;'8' Ures.2, v 10.2 10.1, 10.4, 10.15 99.51 0.1643
: 10.1, 10.0
15.4,15.1
. 2K,0.2AL,04(Mg,Fe)O- K* 7.8 AP* 5.4, Mg* : :
Roscoelite  3\/5] 05i0,4H,0 12 F&" 2.8, V' 15.3 15.3 115554 11222 15.3 100 0.1549
. . . 10.1, 10.4,
Sulvanite  3C5.V,Ss %‘2 8 38.1, V102, 10.2 10.3, 10.4, 10.216  100.156 0.1722
: 10.1, 10.0
REFERENCES
[1] Hu. Qiufen, G. Yang and J. YiBull. Korean Chem. So2004 25, 263.
[2] T. N. Kiran Kumar and H.D. Revanasiddapjalran. Chem. Soc2005 2(2), 161.
[3]J. M. Bosque-Sendra, L.C. Valencia and S. Bougimresenius’ J. Anal. Cheni998 360, 31.
[4] R. S. Chauhan and L. R. Kakk&uyll. Chem. Soc. Japath992 65, 1033.
[5]1N. Iranpoor, N. Maleki, S. Razi and A. Safanalanta 1992 39(3), 281.
1580

www.scholarsresearchlibrary.com



Pratap Singh Kadyanet al Der Pharma Chemica, 2012, 4 (4):1577-1581

[6]J. H. Miura, Anal. Chim, 1990 62, 1424.

[7]1 G. V. R. Murthy, T. S. Reddy and S. B. Rémalyst 1989 114, 493.

[8] M. J. C. Taylor, G. D. Marshall, S. J. S. Williands,F. Vanstaden and C. Sailidgnal. Chim. Actal996 329,
275.

[9] F.B. Serrat and G.B. Morelrresenius’ J. Anal. Cheml994 349, 717.

[10]C. Zucchi, M. Forneris, L. Martizez, R. Oisina @adMarchevskyFresenius’ J. Anal. Cheml998 360, 128.
[11]N. Shigenori, E. Tanaka and Y. Mizutariglanta 2003 61, 203.

[12]1. Singh and Poonam;Talantg 1984 31, 109.

[13]A.l. Vogel, “A Text Book of Quantitative Inorgananalysis” ¥ ed.,1975 Longman, London.

[14]P. B. Krishna, P. Subrahmanyam, J.D. Kumar andhifafjeevi,E- Journal of Chemistr2006 3(13), 286.
[15]N. Zhou, C.X. He, N.L. Gu and P.G. Ché&malyst 1994 119, 2105.

[16]M.J. Ahmed and A.K. Banerjefnalyst, 1995 120, 2019.

[17]C. Xianzhong and K. YurGeostandars and Geoanalytical Resea007, 31(4), 353.

[18]K. Gavazov, V. Lekova, G. Patronov and M. Turkyitm@hem. Anal. (Warsaw2006 51, 221.

[19]A. Varghese and A.M.A. Khadar, Mapana J. S2DQ8 7(1), 13.

[20]1D. Jw, T. YF, F. Wu and L. DQRu xue Guang Yu Guang Pu Fer002 22 (5), 800.

[21]P.V. Rcheva, K.B. Gavazov, V.D. Lekova and A.Nmidrov, J. Anal. Chem201Q 65(1), 21.

1581
www.scholarsresearchlibrary.com



