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ABSTRACT

A simple and sensitive spectrophotometric method is developed for the
determination of vanadium and used for its determination in water samples
of certain lakesthat are situated in and around Mysore city and a pharma-
ceutical sample. The method is based on the catechol oxidation by
vanadium(V) followed by its nucleophilic coupling with p-tolidine system 1
or o-tolidine system 2 producing a dye with Amax 540nm/520nm in 0.1M
hydrochloric acid. The system is obeying the Beer’s law in the range 1-20
ug miltof vanadium. The molar absorptivity Sandell sensitivity and regres-
sion coefficient valuesarefound to be 1.733X 10° | mol*cm?, 0.0294 pgem2
and 0.9901 for p-tolidine system, and the corresponding values for the o-
tolidine system are 1.84 X 10°I mol* cm?, 0.0276 pg cm?and 0.9673. The
optimum reaction conditions and other analytical parameters are investi-
gated to enhance the sensitivity of the method. The compositions of the
dye product of both systems are determined by Job’s method of continu-
ousvariation aswell asmoleratio method and arefound to be 1:1 and 2:1 for
the sytem 1 and 2 respectively. The method isworking successfully for the
analysis of vanadium present in water and pharmaceutical samples. The
results of vanadium obtained from both the systems are found to be repro-
ducible and a so agreeing with theresults determined from an official method.
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INTRODUCTION

Vanadiumisandement of industrid, physiologica
and environmenta importance™. Althoughvanadiumcan
exiginoxidationgatesfromIl toV in aqueoussolution
but most of itsmethods are concentrated on itsdeter-
mination in the pentavalent and tetravalent states, as
thesearethemost common formsinwhichitisfoundin
inorganic and biological systemd?. Itsindustrid appli-
cationsareincluding dyeing ceramics, ink and catalyst

manufacturing. A substantiad amount of vanadiumisre-
leased to the environment during the burning of crude
petroleum, cod, ligniteand it isknownto settleonthe
soil. Vandium and itscompounds areextensively used
instedl and petrochemical industries® Vandium com-
poundsare perhgpsbetter cdledinsulinenhancing drugs,
sincethey do not work inthe absence of insulin. The
major accumulation of vanadiuminthebody isinthe
bones and kidneys.¥ Vanadium actsas agrowth pro-
moting factor and participatesin fixation and accumu-
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lation of nitrogen in plants, but whenitisin high con-
centration it may reduce the growth of plants. There-
forethedetermination of vanadiuminenvironmental and
biologica samplesisfindingimportance. Literatureon
itsdeterminationisreveding severd andyticd techniques
that arebeing used for itsdetermination, for example,
high performance liquid chromatrography® anodic
stripping voltammetry!®, volumetryt™, atomic absorp-
tion spectrometry!®, spectrofluorimetry®®, and induc-
tively coupled plasmaatomic emission spectrometryt?,
Thereare severd spectrophotometric methods avail-
ablefor the determination of vanadiumin environmen-
tal and biological samplesand those methodsarein-
volving variousreagentssuch as4—(2 —pyridylazo) re-
sorcinol (1), 2— (2- quinolylazo) — 5 — diethylamino-
phenol™, pyrogallol™, 2— (5 bromo — 2 — pyridylazo)
5 — diethylaminophenol™?, 2— (8 — quinolylazo) 5 -
(dimethylamino) phenol™¥ 4 — (2 — thiazolylazo) — re-
sorcinol™¥ and calyx! pyrrole hydroxamic acid®®. It
isinthisbackground andin continuation of the previous
work!' an alternate sensitive spectrophotometric
method is developed here for the determination of
vanadium(V) through anucleophilic coupling reaction
between catchol and p-tolidine, Amax, 540 nm system
1 or catechol and o-tolidine, Amax, 520, system 2in
0.1IM hydrochloricacid.

EXPERIMENTAL

Apparatus

Elico spectrophotometer, model SL — 27
(Hyderabad — India) and Acculab Digital balance read-
able 0.0001g were used.

Reagents

All chemica susedin theexperimentswere of ana-
Iytical reagent grade and thewater used was distilled
weter.

Stock solution 255ugml™* vanadium(V)!8: An ac-
curately weighed amount, 1.462g ammonim
metavandate wastransferred into abeaker. It wasdis-
solved in warm water and the resulting solution was
transferred into a250ml volumetric flask and diluted to
themark withwater.

Catechol, 0.005M: An accurately weighed amount
0.1375¢g of catechol was transferred to a beaker. It
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was dissolved in water and transferred the resulting
solutioninto a250ml volumetricflask and diluted tothe
mark with water.

o-Tolidine/ p-Tolidine 100 pugml™ : An accurately
weighed amount, 0.1g of o- tolidine/ p-tolidinewas
transferred to abeaker. It was dissolvedin a cohol and
transferred theresulting solutioninto a100ml volumet-
ric flask and diluted to the mark with water.

Hydrochloricacid 0.1M: It was prepared by asuit-
abledilution of concentrated hydrochloric acid (35%
1.18g cm?®) with water.

Recommended procedure

A seriesof 25ml volemetric flaskswerearranged.
Toeachflask 2ml of 0.005M catechol, 0.5 ml of 0.1M
hydrochloricacidand 2 ml of 100 ugml-! p-tolidine/o-
tolidineand diquotsof ammonium metavanadeate corre-
spondingto1-20 ugmi-! (0.1,0.2,0.4,0.6,0.8,1, 1.5
and 2 ml) were added. Then, each solution wasdiluted
tothevolumewith water. The absorbance of each solu-
tion wasmeasured at 540nm/520 nm against water.

Procedurefor thedeter mination of vanadium in
water samples

Water samplesof thelakesof Kukkarahali, Karanji
and Lingabudi which arelocated in Mysorecity were
collected. Thewater sampleswerefiltered and ana
lyzed for vanadium throughits standard addition.

Procedure for the determination of vanadium
present in a phar maceutical sample.*¥

A knownvolume, 10ml of dixir samplewastaken
inabeaker and it wastreated with 7ml concentrated
nitric acid, and the solution was evaporated to dryness
on ahot plate. The residue produced wastakenin a
crucibleand ashedit by igniting thecrucibleinanelec-
tric burner. The crucible along with its contentswas
cooled and the ash obtained was dissol ved in concen-
trated hydrochloric acid. The solution wastransferred
into avolumetric flask and diluted to the volumewith
water. Andiquot of themade up solution wasandyzed
for vanadiumfollowingthegenerd proceduredescribed
for thevanadium determination.

RESULTSAND DISCUSSION

The devel oped method is based on catechol oxi-
s Analytical CHEMISTRY
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dation by vanadium(V) followed by itsnucleophilic cou-
pling with p-tolidine, system 1/ o-tolidine, system—2
at Aimax 540/520in hydrochloric acid mediumand the
corresponding spectraareshownintheFgure1l and 2.
The reaction conditions as well as the various
experiementa parametersaffectingthedeve opment and
gtability of the dyeproductswerecarefully investigated
and optimized for the quantitative determination of
vanadium(V). Theexperimenta variablessuch ascon-
centration of catechol, concentration of p-tolidine, types
of acids, concentration of hydrochloric acid and order
of reagents addition, and also colour stability of the
complex wereoptimizedfor theeffectivedetermination
of vanadium. The proposed method was successfully
applied for theanalysisof vanadiuminwater samples
and apharmaceutica sample. Theresultsobtained were
reproducibleand a so comparablewith theresultsde-
termined from an officia method .
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Figure1: Absor ption spectrum of the solution with 1ml of
255pg/ml vanadium(V) +2ml of 0.005 M catechol +0.5ml of
0.1 M HCI + 2ml of 100pug/ml p-tolidine.
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Figure 2 : Absorption spectrum of the solution containing
1ml of 255pg/ml vanadium (V) +2ml of 0.005M catechol +
0.5ml 0of0.1 M HCI + 2ml of 100pg / ml o-tolidine.
Optimization
Effect of different volumesof catechol

Theeffect of concentration of catechol on absor-
bancewasinvestigated to achieve high absorbancevia
taking variousvolumes(0.5-3.5ml) of 0.005M catechol,
0.5ml of 0.1ml hydrochloric acid, 1ml of vanadium(V)
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and 2ml of 100ugml? p-tolidinewere added. The ab-
sorbance values were found to be 0.26, 0.30, 0.33,
0.34, 0.30 and 0.29 respectively. Thisindicates that
the solution containing 2ml of 0.005M catechol ap-
peared to be more sensitive and hence selected asan
optimized volumefor thecongtruction of thecdibration
graph for thedetermination of vanadium(V).

Effect of different volumesof 0.1 M hydrochloric
acid

Theeffect of concentration of hydrochloricacidwas
studied asabovewith different volums (0.2, 0.5, 1ml)
of 0.1M hydrochloric acid. Theabsorbancevaueswere
foundto be0.24, 0.31 and 0.30, respectively for 0.1M
hydrochloric acid. Based ontheseresults, 0.5ml of this
solution was sdl ected for the congtruction of calibration
graph.
Effect of different volumesof 100 pgml-! p-tolidine

The concentration influence of p-tolidinewasstud-
ied asabovewith different volumesof (0.5, 1,2,3ml)
of 100ugml™* p-tolidine. The absorbance valueswere
found to be 0.18, 0.25, 0.32 and 0.31. 2ml of the
100ugml- *P-tolidine showed maximum absorbance
hence sel ected throughout the experiment for the de-
termination of vanadium(V).

Effect of order of addition of thereagents

Different ordersof the reagent addition were stud-
ied using optimi zed amounts of reagentsfollowing the
recommended procedure. Theresults obtained have
shown that the orders of reagents addition are not &f -
fecting the absorbance va ues. But for maintaining the
uniformity, theorder of addition showninseria No. 1,
TABLE 1 wasfollowed throughout thework.

TABLE 1: Effect of order of reagentsaddition for thedeter-
mination of vanadium(V)

Sl. No. Order of addition Absorbance
1 A+B+C+D 0.2464
2. B+C+D+A 0.2182
3. C+D+A+B 0.2298
4, D+A+B+C 0.2898
5. D+C+B+A 0.225
6 A+C+B+D 0.2313

A =1ml 255 pgml-! vanadium(V), B = 2ml 0.005 M catechol, C
= 0.5ml of 0.1M hydrochloric acid, D = 2ml 100 pgml— p —
tolidine.
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Colour stability of thecomplex with time

Thegtability of the colour complex wasstudied ac-
cording to the recommended procedure using 10ugml
vanadium(V). The absorbance was measured at vari-
ousintervasof time. Theresultsobtained areshownin
Fgure3: Itindicatestheingtatane usformation of colour
and stablefor amost one hour, after which color isde-
creasinggradudly withtime,
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Figure3: Effect of timeon thestability of thecomplex.
Calibrationgraph

Thesummary of theanalytical parameters estab-
lished for theoptimized method of vanadium(V) isgiven
aTABLE?2.

TABLE 2: Theanalytical parameter sfor thedeter mination
of vanadium(V).

Par ameter System1 System 2
Wavelength (nm) 540 520
Linear range (ugml ™) 1-20 1-20
Molar absorptivity (Imol *em™) 1.733x10°  1.84x10°
Sandell sensitivity (ug cm ™) 0.0294 0.0276
Regression equation (Y)

Slope (b) 0.0220 0.0146
Intercept (a) 0.0498 0.0899
Corrlestion coefficient (R?) 0.9901 0.9673

Y = at+bx, where x is the concentration of vanadium(V).
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Figure 4 : Calibration graph for the system 1 involving

vanadium(V), catechol - p-tolidine.
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Figure 5 : Calibration graph for the system 2 involving
vanadium(V), catechol - o-tolidine

Precision and accuracy

Theprecision and accuracy of the system 1 were
caculated by performingfivereplicate determinations
of vanadium(V) at three different concentrations(2, 6,
and 10ugml™") following therecommended procedure.
The precision of the method asexpressed by relative
standard deviation waslessthan 1.4% whereas accu-
racy expressed by the calculated rel ative error wasless
than 2.9%.

I nterferencestudies

Inorder to evaluate the selectivity of the proposed
method for the determination of vanadium, the effect
of common foreign substances accompanying vana
dium wastested inthe determination of 10ugml-! of
vanadium under the optimum conditionsgiveninthe
recommended procedure. The tolerance limit was
taken asthe maximum concentration of theforeignion
causing an error of lessthe 3%. Theresults obtained
aresummarized in TABLE 3, nitriteandiron are sexi-
oudly interfering even at 1.28 ppm and 0.8ppm. How-

TABLE 3: Interferenceof foreign ionsin thedeter mination
of 10 pgml-* of vanadium(V)

lon added Tolerence limit (mgml™)

cu** 101.6ppm
zZn* 90.8 ppm
Mg® 161.2 ppm
K* 419.2 ppm
Fe* 0.8 ppm

Ccl 375.2 ppm
SO, 638.4 ppm
NO;~ 74.4 ppm
NO, 1.288 ppm

These ions concentration were examined only upto 638.4 ppm
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ever ironinterference can be eliminated by the addi-
tionof EDTA.

Siochiometry of thedyeproduct of thesystem 1
Job’s method of continuous variation

The experiment was carried out using aseries of
solutions of 0.002M catechol 0.002M p-tolidine/o-
tolidine. The solutions were prepared by mixing
complementory proportions of afixed total volume
of 5 ml involving various volumes (0 — 5)ml of
0.001M mixture, (p-tolidine and catechol) or (o-to-
lidineand catechol) and 0.5ml of 0.1M hydrochloric
acid and variousvolumes (5-0)ml of 0.001 M vana-
dium weretransferred into aseries of labelled 25 ml
volumetric flasks. Then the solution of each flask was
diluted and absorbance was measured. The results
obtained were used in plotting the graph, shownin
Figure 6 and 7 that are accounting for 1:1 stoichi-
ometry between vanadium (V) and mixture(systeml)
and 1.2 stoichiometry between mixtureand vanadium

(V) for the system 2.
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0.08 - *
3 .
c
2 006 *
=
2
® 0.04
0.02 ¥
0 T T T T
0 1 2 3 4 5

volume of vanadiumin ml
Figure6: Composition of vanadium and mixture (system 1)
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Figure7: Compostion of vanadium(V) and mixtur e(system 2)
Molar ratiomethod
Equimolar solutions of 0.001M catechol and
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0.001M p-tolidinewere used. A series of solutions
were prepared keeping the constant volume, 2.5ml of
catechol with various volumes of (0-5ml) of p-toli-
dine. Theprocedurefollowed wasinvolving constant
volume, 2.5ml of 0.001m catechol, 0.5ml of 0.01M
hydrochloric acid, and 3ml of 0.001M vanadium of
variousvolumes (0-5ml) of 0.001M p-tolidine, and
weretransferred into 25ml volumetric flasksand di-
luted the sol utionsto the mark with water. The absor-
bance of each sol ution was measured at 540nm. The
results obtained were used to construct the graph
shown above and isaccounting for 1.1 stiochiometry
between catechol and p-tolidine.

012 |
0.1 1
0.08
0.06 1
0.04 1

0.02 1

0 T T T T
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Volumeof p-toliding(ml)

Figure8: Molar ratiomethod for the study of stochimetry
between p-tolidineand catechol.

CONCLUSION

Thedevel oped method, involving thetwo systems,
iIssimpleand rapid, asit neither requires solvent ex-
traction?+22 nor separation before the anaysis. The
chemical usedinthiswork arecheapand areavailable
in common chemicd laboratory. Both systemsdevel -
oped are successfully employed for the determination
of vanadium(V) inthewater samplesof selected lakes
of Mysorecity and a so apharmaceutical sample. The
values obtained are agreeing with those obtained by
and officia method.
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o t-test F-test
New method Official method(18)
] System System
Sr Vanadium dvanadium
. added found RSD%  Recovery%
(ppm) ound(ppm) vanadium RSD Recovery 1 2 1 2
System System System  found(ppm) % %
1 2 1 2 1 2
1 10.2 10.09+0.05 10.1+0.07 050 0.7 989 99.0 10.8+0.06 0.6 98.8 0.287 0.48 1.44 1.36
2 5.0 6.00+£0.03 6.01+0.05 05 083 120 120 5.99+0.04 0.7 119 045 0.70 177 15
3 6.12 6.63+0.06 6.69+0.07 09 116 108 1093 6.65+0.05 0.83 108.6 057 1.05 1.44 196
4 4.10 4.00+0.04 4.07+0.03 10 075 975 99.2 4.02+0.05 125 98.0 070 197 156 27
5 22 204+0.06 2.07£002 3 096 927 940 205:0.03 15 93.1 17 12 40 225

@M ean + standard deviation (n = 5) Tabulated t — value at the 95% confidence level is 277. Tabulated F — value at the 95% confidence
i56.39. 1. Tap water, 2. Kukkarhalli Lake water, 3. Lingabudi lake water, 4. Karanji Lake water, 5. Pharmaceutical preparation
bNegodine Elixir ®, Raptakos Breet & Co. Ltd India (Each 15 ml contains |odised peptone 29 mg, magnesium chloride 20 mg,
magnesium sulfate 4 mg, sodium metavanadate 0.66, mg. zinc sulfate 6 mg, pyriodomine HCI 0.75 mg, cyanocobalamin 0.5 pg,
nicotinamide 10 mg, alcohol (95%) 0.95 ml, Total alcohol 6% (v/v)
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