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ABSTRACT

Vanadium (V) in trace amounts forms an intense green 1:3 (M:L) complex
with 3-hydroxy-2-[ 1'-phenyl-3'-(p-methyl phenyl)-4'-pyrazol yl]-4-oxo-4H-1-
benzopyran (HPMPB) in acetic acid medium (0.2 mol L) whichisextract-
able into toluene and is stable for more than 10 h. Beer’s law is obeyed in
the vanadium concentration range of 0-1.2 ug mL*. Molar absorptivity,
detection limit and Sandell’s sensitivity when applying spectrophotomet-
ric determination at the wavelength of 415 nm, are 2.496x10*L moltcm?,
7.628x10°gmL*and 0.0020 pug V¥ cm?, respectively. The correlation coef-
ficient being r = 0.9967. Ascorbic acid, oxalate and hydrogen peroxidein-
terfere in the determination. The method handles has been satisfactorily
applied to the analysis of vanadium in various synthetic, technical and
natural samples, including reverberatory flue dust and high speed steel
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INTRODUCTION

Humansand other species may be exposed to the
vanadium through the atmosphere, polluted from the
combustion products of vanadium-bearing fuel oils,
fumesand dust generated frommetalurgica refiningand
by food™. Foodscontain low vanadium concentrations
(below 1 ng/g), but theestimated daily intakeof theUS
population rangesfrom 10to 60ugi. Vanadium enters
theorganism by inhalation, thegastrointestind tract and
theskinanditisspecifically stored in certain organs
mainly intheliver, kidney and bones®®. Environmenta
scientissshavedecl ared vanadium asapotentidly dan-
gerouschemicd pollutant that can play havoc with pro-
ductivity of plants, cropsand theentireagricultura sys-
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tem. Thetoxicity of vanadiumisdependent onitsoxi-
dation state, with vanadium (V') being moretoxic than
vanadium (IV)19, Vanadiumin traceamountsisan es-
sentia element for cell growth; at ug Llevels, actsasa
growth-promoting factor and participatesinfixation and
accumul ation of nitrogen in plantd”. Vanadium hasadso
been reported astheindex element in urban environ-
mental pollution, especidly air pollution®. Vanadiumin
environmental sampleshasbeen determined by NAA,
ICP-AES™ and AASY. Thefirst two methods are
disadvantageousintermsof cost andinstrumentsused
inroutineandysis. AASisoftenlacking in sensitivity
and isaffected by matrix conditionsof samplessuch as
sdinity. A number of cata ytic methodshaving high sen-
sitivity werereported®9, Catal ytic solvent extraction
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methodsare highly sensitive but aregenerally lacking
simplicity. Several spectrophotometric methodsusing
different analytical reagentsfor the determination of
vanadium (V) have been reported, but most of these
methods suffer from anumber of limitations such as
interferences by large number of ions,*62% heating and
standing for alongtimefor colour devel opment!?! fol -
lowed by extraction; reduction to lower oxidation state
followed by colour devel opment and extraction?? or
reduction and heating for colour devel opment followed
by extraction;?3 or lack of sensitivity!?6183133 These
deficiencies have encouraged theauthorsto develop a
new chromonederivative 3-hydroxy-2-[ 1'-phenyl-3-
(p-methylphenyl)-4'-pyrazolyl]-4-oxo0-4H-1-
benzopyran (HPM PB) asan andytica reagent for trace
determination of vanadium (V). Thisreagent providea
very facile, smple, selective, senstive, accurateandre-
liablemethod for the determi nation of trace amounts of
vanadium (V).

EXPERIMENTAL

Apparatus

UV-visble(Shimadzu-140-02) spectrophotometer
with 10 mm matched quartz cellswas used for absor-
bance measurementsand spectrd studies.

Reagentsand solutions

A stock solution of vanadium (V) containing 1 mg
mL-*of metal ionwas prepared by dissolving 0.2218
g of sodium metavanadate (A.R.) in deionized water
to give 100 mL solution and standardized by ferrous
sulphate method?* volumetrically. Aliquotswere suit-
ably diluted to give 100 and 10 pg mL* solutions.
Solutions of interfering ionswere prepared by dis-
solvingtheir A.R. saltsin water or diluteacidto give
<10 mg mL* concentrations. Aceticacid (2 mol L)
was prepared by suitabledilution of glacial aceticacid
(17.4mol LY.

3-Hydroxy-2-[ 1'-phenyl-3'-(p-methyl phenyl )-4'-
pyrazolyl]-4-oxo-4H-1-benzopyran (HPMPB) was
synthesized by AFO reaction® and itsstructurewas
confirmed by itsspectrd (IR, tHNMR) and analytical
data. Thestructure and spectral analysis of the com-
poundisgivenas.
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IR (KBr) : 3284cm* (-OH str.), 1611 cm* (C=0
str);

'HNMR (CDCl,, 300MHz, §): 8.86 (s, 1H); 8.25
(dd, 1H, J=1.5, 8.1Hz); 7.87 (d, 2H, J=7.8Hz); 7.30
(d, 2H, J=7.8Hz); 7.63-7.53 (m, 5H); 7.40-7.36 (m,
2H); 6.97 (d, 1H, J=8.4Hz); 2.49 (s, 3H, CH,);

Anal Calculated for C,,H N.O, : C, 76.14, H,
457, N, 7.11. Found : C, 75.88, H, 4.73, N, 7.24.
Yield 58% : M.p. = 221-224°C.

A solution of 0.1% (w/v) of thisreagent (HPM PB)
was prepared in acetone.

Toluene(RANBAXY') wasused assuch.

Synthetic samples

Severd synthetic (someof them ana ogousto paau,
crocar and permendur) were prepared by mixing solu-
tionsof vanadium (V) and other ionsin suitable pro-
portions(TABLE 2).

Reverberatory fluedust

Reverberatory fluedust sample (100 mg) from cop-
per manufactureunit containing no vanadiumwasmixed
with asolution of known vanadium content (Lmg) ina
silicacrucibleand dried inan oven at 110-120 °C. It
wasthen fused with sodium peroxide (0.8 g). Thefused
masswas dissolved in 25-30 mL hot water and neu-
tralized with concentrated H,SO,. Iron was precipi-
tated asits hydroxide and separated by filtration. The
final volumewasmadeto 100 mL and aliquots (1 and
0.5mL) wereanalyzed for vanadium (V) by the pro-
posed method in the presence of 50 mg sodium
thiocynateand 4 mg sodium fluoride.

High speed steel super rapid extra 500

Steel sample (0.1 g) wasdissolved by boilingwith
minimum amount of aguaregia.l?*! [ronwas precipi-
tated as Fe (OH), by adding 1-2 g of ammonium chlo-
ridefollowed by agueous ammonia The precipitates
werefiltered off and washed with 1 % ammoniasolu-
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tion. Thefiltratea ong with washingswashested to re-
move excess of ammonia, cooled and adjusted to 100
mL fina volume. Aliquot (1 mL) wastakenfor thede-
termination of vanadium (V) by the proposed method
inthe presence of 50 mg sodium thiocynateand 4 mg
sodiumfluoride.

Procedure

Tothesamplesolution containingupto 12 ug VVin
a100 mL separatory funnel were added 0.2 mL of 2
mol L*aceticacid, 1 mL of 0.1%HPMPB in acetone
and enough dei onized water to make the aqueousvol-
ume10mL. It wasthen equilibrated oncewith an equa
volume (10 mL) of toluenefor 30 staking careto re-
|ease the pressure occasi onally through the stopcock.
After phase separation the organic extract was passed
through Whatman no. 41 filter paper (pretreated with
toluene) to remove water dropletsif any. The absor-
bance of the green extract was measured at 415 nm
against areagent blank prepared under identica condi-
tions. Findly, vanadium contentsinvarioussampleswere
computed from the calibration curve prepared under
optimum conditions of the procedure.

RESULTSAND DISCUSSION

Absor ption spectra

Vanadium (V) formed agreen coloured complex
with HPM PB in aceti c acid medium, which was quan-
titatively extractableinto toluene. It showed absorption
maximumintherange407-417 nm, where the reagent
blank had a so some absorbance (Figure 1).
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Figurel: Absorption spectrum of V (V)-HPM PB complexin
toluene. CurveA=1pgV (V) mi” measured against reagent
blank; Curve B = Reagent blank measured against pure
solvent; HPM PB (0.1 % in acetone) =1 ml
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Sandardization of experimental conditions

The extraction showed a decreased trend in
CH_,COOH, HCIO,, H,PO,, HCI and H,SO, media.
The decrease in extraction in the presence of strong
acids may bedueto theformation of oxonium salts of
the reagent whereas in H,PO, it may be due to the
masking effect of excess phosphateion concentration
over thetolerancelevel. Therefore, CH,COOH me-
diumwaspreferred for further studies. Vanadium (V)
complex had been extracted into alargenumber of water
immiscibleorgani ¢ solvents. The absorbance decreased
intheorder: toluene> carbon tetrachl oride = benzene
> 1,1-dichloromethane> isobutylmethyl ketone>1, 2
—dichloroethane > cyclohexane > amyl alcohol =amyl
acetate > ethyl acetate > chloroform. Astoluenegave
stable absorbancewith arapid and clear phase sepa-
ration, it was selected asthe most suitable extractant.
The coloured complex of vanadium (V) withHPMPB
formed under optimum conditionswas stablefor more
than 10 hintolueneat 415 nm. A maximum and con-
stant absorbance was observed in 0.02 - 0.07 mol L*
aceticacidin presenceof 0.9-2.5mL* of 0.1% (w/v)
acetonic solution of HPMPB at room temperaturewhen
the aqueous phase was shaken with 10 cm of toluene
for 20- 80 s(TABLE 1).

Soichiometry of thecomplex

Equimolar solutionsof vanadium and HPMPB re-
agent at concentration (1.963x 10 M) wasto deter-
minethemeta-to-ligand ratio by Job’s method of con-
tinuousvariationg?! asmodified by Vosburgh and Coo-
pert®l, The absorbance values are measured at two
different wavelengths (415 and 450 nm). The obtained
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0.0 0.2 OI-L OI—E O|8 1.0

Mole fraction of V(V ) —>
Figure 2 : Job’s method of continuous variations. Total con-
centration[V] & [HPMPB] =1.963x% 10°M; CurveA=415nm;
Curve B = 450 nm.
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curves(Figure2) areindicativeof 1:3 stoichiometry in .
the extracted species. Thisisfurther confirmed using 1.0

the mole ratio method® by taking (1.963x 103 M)

concentration of vanadium, varying the reagent con- 08

centration and measuring the absorbancein each case
at two different wavelengths, 415 and 450 nm (Figure
3). Thecomposition of thecomplex isfurther verified
by the equilibrium-shift method ™,

The probable structure of the green-coloured va-
nadium (V)-HPMPB complex is as given:-

o
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(=4
~

Absorbance —3
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Mole ratic (HPMPB/V) —>

Figure 3 : Mole ratio method. Total concentration of metal
fixed = 1.963 x 10 M; Curve A = 415 nm; Curve B = 450 nm.

Analytical features

Themeta complex obeyed Beer’s law in the range
0-1.2 ug V¥V mL* and after that concentration it devi-
ated from linearity. The Ringbom pl ot’?® between log
ppm of vanadium concentration and percentagetrans-
mittance showed that the optimum concentration of the
metal ion, which could be measured most accurately,
liedintherange 0.25-1.17 ppm V. Themolar absorp-
tivity and Sandd|’s sensitivity were: 2.496 X10* L mol-
emt and 0.0020 pg VY cm?, respectively at 415 nm.
Thelinear regressonequationwas, Y =0.468 X+ 0.017
(Y =absorbance, X=microgram V¥ mL?) and the cor-
relation coefficient, r = 0.9967. Thedetection limit of
themethodis7.628X10°gL™.

TABLE 1: Effect of variouspar ameter son the absor bance of theV — complex

CH3;COOH (M)? 0.00 0.01 0.02-0.07 0.08 0.10 0.14 0.20

Absorbance 0.300 0.430 0.490 0.460 0.450 0.430 0.400

0.1% HPMPB (mL)b 0.2 0.4 0.6 0.8 0.9-25 2.6 2.7 3.0
Absorbance 0.080 0.200 0.320 0.450 0.490 0480 0460 0.430
Equilibration time (s)° 0 5 10 15 20-80 90 120

Absorbance 0.050 0.380 0.420 0.460 0.490 0.450 0430

Vanadium (V) (ug mL%)? 0.2 0.4 0.6 0.8 1.0 1.1 1.2 14 1.6
Absorbance 0.100 0.210 0.310 0.380 0.490 0520 0590 0620 0.670

avanadium (V) = 10 pg, CH,COOH = variable, 0.1% HPMPB =1 mL, equilibration time = 30 s, solvent = toluene, aqueous phase
= organic phase = 10 mL, number of extractions = 1; "CH_,COOH = 0.2 M, other conditions asin (a) except for the variation in
HPM PB concentration; °0.1% HPM PB in acetone= 1 mL, other conditionssameasin (b) except for thevariation in equilibration
time; Yequilibration time = 30 s, other conditions same as in (c) except for the variation in vanadium concentration.

Effect of diverseions posed method, effects of somediverseions, which of-
. , ten accompany vanadium, were examined by carrying
Inorder toassesstheanalytical potential of thepro- out the determination of 1 ugmL* of vanadium (V) in
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the presence of anumber of other ions. Chloride, thio-
ureaand nitrate (80 mg each); bromide, iodide, sul-
phate and sulfosdicylic acid (50 mgeach); sulphiteand
carbonate (15 mg each); acetate (10 mg); phosphate
(8 mg); fluoride (4 mg); sodium potassium tartrate (3
mg); glycerol (0.5mL); citrate (1 mg); disodium EDTA,
hydrazine sulphateand sodium dithionite (0.1 mg each)
did not affect the determi nation. However ascorbicacid,
hydrogen peroxideand oxaateinterfered. The cations
Al Co", Ni", Hg”, Zn', Ba', Mn', Mg”, Cd", Sev,
CeV and Sr'"' (10 mg each); Ca', Pb" and Ag' (9 mg
each); As'", Cr'"" and Sb"' (5 mg each); Be' (3 mg);
UVI, OSV'”, Rh" and Cr"! (1 mg each); Au'”, Pd”, Cu"
and Fe' (0.8 mg each); Ir'"" (0.08 mg); Nb" and Ta"
(0.05 mg each) caused < 1 % error in the proposed
method. Theinterferencedueto Fe" (1.5 mg) could
be dliminated by adding 5 mg of sodium thiocynateand
that of Th' (0.4 mg), W¥' (0.1 mg) and Sn'" (0.1 mg)
were masked with 0.4 mg sodium fluoride, whereas
interferencedueto Zr'V and Ti"V (0.1 mgeach) and Mo
(0.05 mg) were masked by adding 0.8 mg phosphate
and 0.3 mg sodium potassium tartrate prior to the ad-
dition of HPMPB, respectively

TABLE 2: Analysisof vanadium (V) in syntheticand real

samplesby the proposed method
Comp. of sample, mg VIV). e
Added Found*
Ni (0.06), Pt (0.02), Pd (0.01)® 10  10.04+0.68
'(:Oe_ ég‘g))a’,bcrw (0.01), Co 75 7.44+1.53
Co (0.3), Fe (0.2), Mn (0.02)*° 5 5.04+1.16
Sn (0.05), Mg (5), Ba(5)° 4 4.04+2.82
Al (2), Hg (2), W (0.05)° 8 7.96+1.91
Zr (0.01), Cu (0.1), As (1)* 5 5.14+2.32
Mo (0.01), Cd (2), Ag (1)° 10  10.06+1.21
U (0.1),Zr (0.05), Ce (0.5) 7 7.04+0.83
cr''(2), Ir (0.05), Ca(5) 8.86+1.29
Se (5), Rh (0.1), Pb (1) 10 9.94+1.21
Reverberatory flue dust (100)"° 10  10.15+1.21
5 4.86+2.32
High speed steel super rapid 1% 1.01%:1.04

extra 500°°
* Average of triplicate analysis (M ean+%RSD); dcompositions
analogous to palau, crocar and permendur, respectively; °In
presence of 50 mg sodium thiocynate; In presence of 4 mg
sodium flouride; “In presence of 8 mg sodium phosphate; €in
presence of 3 mg sodium potassium tartrate; ‘Certified value.

TABLE 3: Comparison of theproposed method with someof theexisting ones

Sandell's
sensitivity
-2
Aqueous conditions Solvent, (ug cm”) Interfering metal ions  Reference
(Amax, NM) (Molar
absor ptivity,
L moltecm™
V (V), acidic medium, 1-Hexanol 0.012 Fe(Il1), Bi (1), So (I1h),
benzohydroxamic acid (450) @2ax10y AN, SN, Ti (1V), 16
' Zr (IV), Mo (VI1), W (VI)
V (V), pH 3.5-4.5, picolinea dehyde
. ; Benzene 0.0033 Fe (111), Fe (1), Co (I1),
t?enzothlo_zolylhydrazone, shaking (528) (154 10%) Pd (I1) 17
time 10 min.
. . I sobutylmethy!
V (V), 0.7 M HCI, sodium sulphite, ketone 0.0088 Zr (IV), Al (111), Fe (111), 18
sodium acetate, 8-hydroxyquinoline (430) (5.73%x10° Fe (1), Co (11), Cu (1)
V (V), 0.0-0.5 M CH3;COOH, 0.1%
2-hydroxyacetophenone Chioroform 0.005/7 3 Fe (1) 31
. (375) (8.93%X10%)
benzoylhydrazone in acetone
V (V), pH 6-8, dithionite, Chloroform 0.006 Mo (V1) 30
5, 7-dibromo-8-hydroxyquinoline (420) (7.27%x10°
V (V), pH 2.0-4.0, 0.05% variamine - 0.003 Cr (VD),Fe (1), Ce (1V), 19
blue (VB) (570) (1.65%x10% W (VI)
V (V), butaperazine dimaleate (BPD), - 0.0061
phosphoric acid (513) (1.05x10°) Cr(V1), Ce(1V) 20
V(V), 0.02-0.07 M CH3;COOH, 0.9- Toluene 0.0020 37 metal ions do not Proposed
2.5mL of 0.1% HPMPB (415) (2.496% 10% interfere method
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CONCLUSIONS

The proposed method issmple, rapid, sengtiveand
highly selectiveasitisfreefromtheinterference of a
large number (37) of metal ions, including platinum
metds. Theproposed method isbetter thantheexisting
methods (TABLE 3) particularly with respect to selec-
tivity and smplicity.
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