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ABSTRACT

2-hydroxy-1-naphthaldehyde-p-hydroxy benzoic hyaltaz(HNHBH)is used as a new analytical reagent for the
direct and derivative spectrophotometric determimratof vanadium (V). It reacts with vanadium indicimedium
(pH 4.0, sodium acetate and acetic acid bufferfaion deep yellow coloredt (max, 430 nm) 2:3 (VHINHBH)
complexes. The colour reaction is instantaneous thrdabsorbance remains constant for about 72h. mbéar
absorptivity and Sandall’s sensitivity were foundbe 2.30 x 10 mol*cm* and 0.0025 pg ctrespectively. The
system obeys Beer’s law in the range of 0.101-1aR2inL* of V (V). Tolerance limits of various foreign ionsre
also studied. The complex was fairly stable (siigbdonstant 4.73 x 28 and Second and third order derivative
spectrophotometric methods were also developedhferdetermination of vanadium (V) which showed wea
sensitivity and selectivityThe proposed method was applied for the determoinaif vanadium (V) in Different
Environmental, Leafy vegetable, and Biological SlsipThe method has high sensitivity, selectigityl precision
and accuracy.

Keywords: Vanadium (V), HNHBH, Direct and derivative spectnopometry, Environmental, Leafy vegetable, and
Biological Samples

INTRODUCTION

Vanadium is an important constituent of many indally important alloys. It is widely distributechivarious
minerals and is a common constituent of coals, @tphbitumens and oil. Vanadium occurs in +2, +8,and +5
oxidation states in its compounds, vanadium (V) pounds being the most stable.

Vanadium is essential for the growth of certaintbaa and algae. It is essential to ascidians (Sgarts).
Vanadium has long been recognized as an essetdrakpt in biological systems. It is apparently esisé for
chlorophyll and porphyrin biosynthesis in some liglplants. The presence of 30 to 40% vanadium in
ferrovanadium steels imparts tensile strength,tielgsand toughness. Vanadium is an important congmt of
ferrous alloys used in jet-aircraft engines anduirbine blades where high temperature creep resists a basic
requirement. Vanadium compounds are used as catatysolouring glass and ceramics and as driepaints and
inks.

338
www.scholarsresearchlibrary.com



P. Govinda Chowdaryet al Der Pharma Chemica, 2015, 7 (12):338-345

Vanadium compounds are toxic to human beings aimdadé They inhibit biosynthesis of cholesterohimmmals.
It is found to be present in many tissues and tdmeentrations in human blood and plasma are rep@tieto be in
the range 0.005-8.4 uM. Vanadium poisoning is atustrial hazard [2]. Vanadium has also been redatethe
index element in urban environmental pollution, ezsally air pollution,[3] Fossil fuels such as ceugetroleum,
fuels, oils, some coals and lignite contain highoants of vanadium. Burning of these fuels releasemdium into
the air which then settles on the soil. Therecases of vanadium poisoning, the symptoms of whrehnervous
depression, vomiting, coughing, anemia, diarrhehiacreased risk of lung cancer, that are sometfatet [4-5]

The most widely used reagent for vanadium (V) cdeteation is pyridyl resorcinol (PAR). Most of theported
methods suffer from limitations such as seriousrierence from U (VI), Ti (IV), Zr (IV) and Nb (Mpns, the delay
in colour development and also significant absockdnr the reagent blank solution. [8-10]

Though several organic reagents are used for ttegrdimation of trace amounts of vanadium, onlyw & these
regents are useful for the spectrophotometric deteation of the metal ion in aqueous medium. Mgjoof the
reported methods are extraction methods using h#iranfjanic solvents. An attempt has been made ifopls,
sensitive and non- extractive methods for the dateation of vanadium in microgram quantities uskiigHBH as
chromogenic agent.

MATERIALS AND METHODS

Schimadzu 160A UV-visible spectrophotometer (Petkimer Singapore Private Limited, Singapore) equipywéh
1.0 cm quartz cell and an ELICO model LI - 610 pldten (M/s ELICO private limited, Hyderabad, Indiagre
used in the present study.

Reagent and solutions

All chemicals used were of analytical-reagent grafiéhe highest purity available procured from MerBoubly
distilled de-ionized water was used throughout ¢xperiment. Glass vessels were cleaned soakingidified
solutions of KCr,O; followed by washing with con. HN{&nd were rinsed several times with high purity deied
water.

2.1 Preparation of 2-Hydroxy-1-naphthaldehyde-p-hydroxybenzoichydrazone (HNHBH):
The reagent (HNHBH) was prepared by simple condemsaf 1 mol of 2-hydroxy-1-naphthaldehyde and 4! wf
p-hydroxybenzoichydrazide. In a 2

50-ml Erlenmeyer flask, a hot ethanolic solution 2hydroxy-1-naphthaldehyde (5ml, 0.0438mol in Sofil
ethanol), thiosemicarbazide (4g, 0.0438 mol, dis=mblin10 ml of hot water) were taken in 250-ml rduyottom
flask. Suitable quantity (~ 2ml) of glacial aceticid was added to the reaction mixture and refldge® hours.[10]
On cooling the reaction mixture, the reddish braesfoured solid obtained was then separated bwfiitin, washed
and dried. The product was recrystallized from agseethanol in the presence of norit and driedaiccuq yield

4.2 g; m.p.27% as shown in Scheme 1.

et ms—(on /\
OH o H—=C=N—NH—(C- —OH
CO para hydroxy benzoicI:Ihydrazide +2ng,_ |\ OH H L
0

2-Hydroxy-1-naphthaldehyde ’
I

2-Hydroxy-1-naphthaldehyde-p-hydroxy benzoic hydrazone
I

Scheme-1
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2.2. Characterization

The compound was characterized by IR and 1H-NMRtsaledata. Infrared spectrum of HNHBH shows baatds
[3467(m) and 3185(m,br)], 3292(m), 3207(m), 1735(sgrged peaks at 1635 and 1608(m),1466(s), 138348H
to 1591, 1256Y) and 1280%) 746, 764 cm-1 respectively corresponding ©H stretchingp (N-H) stretchp (C-H

) bond,v (C=N) stretchingp (C-C) aromatic ringd phenolic (>C=0) stretching and naphthalic( >C=@gtshing
vibrations respectivelyy (C-H)-oop bend (aromatic) vibrations.1H-NMR spaatrof HNBH (CDCI3+ DMSO-d6)
showed signals at 12.10 (2H,s), 10.50 (1Hp8}¥9 (1H,s), 7.91(4H, s), 6.93-7.65 (5H, m), 8129(d) due to —
OH( phonolic and naphthalic),—~NH, —CH, phenyl, négh naphthyl (influenced by the adjacent —CH probf
azomethine group).

2.3 HNHBH solution
The reagent solution (0.01M) was prepared by dissgl31 mg of the compound in dimethylformamide (BMn
25-ml standard flask. The reagent solution is stédnl at least 12h.

2.4 Vanadium (V) solution

0.1219 g of ammonium meta vanadate (MB3) (AR Qualigens) was dissolved in hot distilled aratnd the
solution was made up to 100 ml in a volumetric Klaster cooling with distilled water. The stock stibn was
standardized titrimetrically[6,7].

2.5 Buffer Solution

Buffer solutions of various pH values were preparganixing 1 M hydrochloric acid and 1 M of sadi acetate
(pH 1.0-3.0), 0.2 M acetic acid and 0.2 M sodiumetate (pH 3.5-7.0), 0.2 M acetic acid and 1 M spdacetate
(pH 7.0) and 2M ammonium chloride and 2 M ammonhydroxide (pH 8.0-10.0) solutions in appropriatéos
The pH of the solutions was checked with pH meSeitable portions of these solutions are mixedetiotige desired
pH.

2.6 Preparation of Sample solutions:

Preparation of Biological Sample solutions

Cabbage leaves and Goat liver

The cabbage leaves and goat liver were washeddisthied water thoroughly to remove the adhereguniies.
They were dried with filter paper and suitable vrigf the sample was weighed. Known amounts of diama
were added as the real samples do not contain aagumable amounts of vanadium. The samples wesd, drshed
and brought into solution by acid treatment as {her recommended procedures. [11,12] The contente we
neutralized with dilute NFOH solution and diluted to known volume with disil water. The amounts of
vanadium present in biological samples were detexthiby the proposed method and the results obtaned
presented in the table 3.

Human blood, urine [13]

Human blood or urine (50 ml) samples were takea 10 ml micro Kjeldhal flask. 5 ml concentrated GNwvere
added and gently heated. When the initial briettiea was over, the solution was removed and codlechl of
concentrated 80O, was added followed by 1 ml of 70% HGIOrhe solution was again heated to dense white
fumes, repeating HN{Qaddition. The heating was continued for 30 minwed then cooled. The contents were
filtered and neutralized with dilute NBH in the presence of 1-2 ml of 0.01% tartrate tsmfu The solution was
transferred into 10 ml volumetric flask and dilutedthe volume with distilled water. Suitable aligsi were taken
and analyzed for vanadium and the results are presén table 3Preparation of environmental water samples [14]

One liter of each filtered environmental water slampas evaporated almost to dryness with a 1: Suréxof
H,SO,: HNOs. This was then dissolved in 10 ml of distilledteraby heating, then cooled and neutralized with
dilute NH,OH. The resulting solution was quantitatively stared into a 25 ml volumetric flask and made upto
the mark with distilled water. Known volumes of theepared samples were analyzed by the proposdtbthand

the amounts of vanadium present were evaluatedwKramounts of vanadium were also added and thé tota
recovery percentages were calculated. Resultsnautain these analyses are given in table 3.

Preparation of rice sample solution [15]
The sample was dried at P@until constant weight was obtained. One granhefdample was heated with 10 ml
of 5 M HNGO; on a sand bath. 5 ml of HCJ@70% W/W) were added and the solution was evapdrai near
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dryness. The residue was dissolved in 10 ml of M.HCI and the mixture was heated to boiling, coosrdl
filtered. The filtrate obtained was transferrediat 100 ml volumetric flask and diluted to the maiikh distilled
water.

Preparation of human hair solution
The sample solution of human hair was preparedyubia procedure described in 2.6.

The amount of vanadium present in rice and humamshaples were determined by the proposed methddte
results obtained are presented in table 3.

Preparation of soil samples

The soilsample solutions were prepared using the procediseribed in 2.6. Vanadium present in these sample
was determined by the present method as well atdwgic absorption spectrophotometric method. Resldtained

in these analyses are given in table 3.

2.7 Absorption spectrum

The absorption spectrum was recorded between eliffiel absorbancé\@) and the wavelength and shown in fig.1.
As the absorption was maximum at 430 nm, the aisabfsV (V) was carried out by measuring the abaode at
430 nm against the reagent blank.

12

1.04

0.8

0.64

Absorbance

0.4

0.2 1

0.0

360 380 400 420 440 460 480 500 520 540 560
wavelength (nm)
Fig.1. Absorption spectra of (a) HNAHBH Vs buffer Hank

(b) V(V) — HNAHBH Vs reagent blank

V(V)] =  4x10°M
[HNAHBH] = 1x10°M
pH = 40

RESULTS AND DISCUSSION

The reagent, HNHBH is easily obtained by the ems@tion of 2-hydroxy-1-naphthaldehyde and p-
hydroxybenzoichydrazide. A 0.01M solution of theagent is stable for 72h. The absorbance data meshéor
experimental solutions containing different knowmoaints of Vanadium (V) fitted into a straight lieguation
A43=0.346C +0.0028. Beer’s law was obeyed in the coinaton range 0.101-1.12y mL* of Vanadium (Fig.2.)
The molar absorptivity, Sandell’'s sensitivity, dgten limit, determination limit, relative standamkviation,
correlation coefficient and other statistical datshe direct method were evaluated and presentébie 1.
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Fig.2. Applicability of Beer's law

[HNAHBH] = 5x 10'M
Wavelength = 430 nm
pH = 4.0

Table.1.Analytical characteristics of [V(V)- HNAHBH]

V(V)- HNAHBH method

Parameter 430 nm
Beer law range |(g mL™) 0.101-1.121
Molar absorptivity, & (L mol* cm?) 2.30x 16
Sandell’s sensitivityl{g cni?) 0.0025
Angular coefficient (m) 0.3460
Y-intercept (b) +0.0020
Correlation coefficient (r) 0.9999
RSD (%) 0.67
Detection limit ig mL?) 0.013
Determination limit ug mL™) 0.039
Composition 2:3
Stability constant 473x 10

The anions EDTA, citrate, tartrate, phosphate dedthiosulphate, thiocyanate, sulphate, bromidkcatoride did
not interfere even when present in more than 16@Ddxcess. Thiourea and carbonate were tolemabteore than
800 fold excess. Tolerance limits of oxalate dondride were 560 and 520 folds respectively. Tagons Na (l),

Mg(ll), Ca(ll), K(I), Sr(ll), Ba(ll), did not inteflere even in more than 1000 fold excess.

Pb(1&(I\) were

tolerable in 200 fold excess. Numbers of transitimial lanthanide metal ions were tolerable betwdéra 80 fold
excess. Many cations which showed serious intemfaz were masked with suitable masking agents ekeefll)

and presented in table 2.

Absorbance

0.9
0.8
0.7 A

0.5 .

4 /N

0.0 T T T T
0.0 0.2 0.4 0.6 08 1.0 1.2

Volume of V(V) (ml)
Fig.3. Job’s curve
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[V(V)] = [HNAHBH] = 1x 10°M
Wavelength = 430 nm: pH =4.0

4.1. Determination of Vanadium (V)

Vanadium (V) reacts with HNHBH in acidic pH to gieeloured complexes. The colour reaction is insta@bus at
room temperature. The order of addition of metal, iceagent, and buffer has no effect on the abscehaf
complex. Various physico-chemical and analyticarelsteristics of the complex are summarized in &dblThe
stoichiometry of the complex (M: L=2:3), was detared by Job’s continuous variation [16], molar eathethods.
The data obtained in Job’s method were used icdlmilation of stability constant of the complexisifound to be
4.73 x 16° Acetic acid (2M) —Sodium acetate (2M) buffer simn (pH 4.0y, 0.2 and T=300K) and equimolar (5
x10*M) solution of V (V) and HNHBH were used in thesetimods.

4.2. Interference
The effect of various cations and anions whichgeeerally associated with the metal ion on therdetetion of
Vanadium (V) was studied by measuring the absomaridche Vanadium (V) complex containing u§/ml of

Vanadium (V) in solution. An error of = 2% in thédsorbance or amplitude reading in the case of diviy
methods considered tolerable.

Table.2. Tolerance limits of foreign ions

Amount of V(V) taken = 0.51ug mt  pH =4.0

Foreign ion TOIe('g?dCS limit Foreign ion Tole(rf?)?dcse) limit
EDTA 10950 Nj Mg", Cd', K’ 3700
Citrate 6305 Sr, Bd' 2855
Tartrate 4352 PhTé 210
lodide, Thiosulphai 364( cd" 13C
Bromide 2350 S, M, A", céY 84
Thiocyanate, Sulphaté 1705 "h 46
Phosphate 1550 Yr Ad 38
Nitrate 1370 I, Bi" 24
Chloride 1050 Fe 8
Thioures 90E Zn" 6
Carbonate 850 MpUY', In", TI™ 4
Oxalate 560 M3 15
Fluoride 520 cl, AI™, Cd', Ni" <1

4.3 Applications:

To substantiate the validity of the proposed dimeethod, it was applied for the determination oh&dium (V).
The results obtained were compared with certifigidi@s and presented in tables 3.
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Table.3. Determination of Vanadium in Environmental Leafy vegetable, and Biological Samples

Name of the sample

Amount of Vanadium found (ug/L)

1 Proposed Reference Recover RSD
V(V)added (ug mt) mothod Method* o0 (%)
Sea watef 100 144.0 D'th'zizg 'Z'ethOd 102.7 1.18
Tap wateP 100 125.05 123.32 99.1 1.15
Well water® 100 137.40 138.3 101.3 0.80
Drain water® 100 150.00 149.62 102.7 0.65
Cabbage (5d) 12.0 11.54 £ 0.08 12.2+0.04 101.6 0.66
Goat liver 7.0 7.42 +0.06 7.12+0.02 101.7 0.69
Rice 1.00 0.138 +0.002 97.4
Human hair 1.00 0.198 +0.006 101.5
Blood Sample-1 10.5+0.9 120+1.4
Urine sample-1 2.8+0.5 25+0.6
Blood Sample-2 428 +1.8 420 +2.1
Urine Sample-2 120+1.2 125+1.5
AAS Method

Soil sample-1 0.0385 + 0.002 0.0388 + 0.001
Soil sample-? 0.0240 + 0.008 0.0250 + 0.003
Soil sampl(—3' 0.0486 + 0.01 0.0502 + 0.00

f =Normal Adult Male
g=Normal Adult Male
h= Lung cancer patient(male)

*Average of five determinations + SD
a = collected from Bay of Bengal near Nellore, A.P.
b Anantapur Municipality, Tap water
%collected from discharges of J.K.Steel industrydipatri,A.P.

i=Lung cancer patient(male)

j=Bellary iron mines, Bellary
k=Agriculture land, Anantapur
I=Ultratech cement industries, Tadipatri
f to i= By the courtesy of Nizam institute of mealisciences, Hyderabad

Table.4.Comparison of determination of V(V) with diferent methods

Aqueous/ | Beerslaw | ex 10
Reagent Amax(nm) . queoL rangefig (L mol Interference Ref
medium | Extraction 1 L1
mL™) cm)
6-Chloro-3-hydroxy-2[2"-(5'- ) ) )
methylfuryl)]-4H-chromen-4-one 432 Extraction 02-1.4 3.98 1
Diantipyryl-p- 480 Aqueous| 0.002-006  80.5| Oxalic acid and tteau 18
methylphenylmethat
Trioctylamine 605 Extraction 0-0.34 4.22 - 19
Pyridine and dibenzoylmethane 405 - Extraction Wp t - - 20
Phenothiazine derivatives 513 - Aqueous 00225458 1.05,7.18| Cr(VI) and Ce(IV) 21
-(2-Oui 5. PH(IV),  Ag(),  Ir(IV),

2-(2-Quinolylazo)-5 590 Aqueous| 0.01-0.6 12.3 | Rh(lll), Ru(lll), U(VI) and | 22
diethylaminophenol Th(lv)
2,4-Dihydroxyacetophenone 363 Extraction|  0-1.5 283 | - 23
benzoylhydrazone and pyridi
N-Hydroxy-N-o-tolyl-N'-(2-
methyl)-phenyl-benzamidine HQJl 580-590 Extraction - 0.828 - 24
and 4-hydroxy benzaldehyde
Pyridylazo resorcinol ang
iodonitro-tetrazoliumchloride 560 Aqueous upto 15.0 ) ) 25
2,3-dichloro-6(3-carboxy-2- 606 &
hydroxy naphthylazo)quinoxaline| 800 Aqueous ) ) ) 26
Thionin 600 Agqueous 0.2-10.0 2.298 - 27
2-Pyrrole aldehyde phenyl ) . ) ) )
semicarbazone Extraction 28

Mn(I1), TI(HI),

U(VI),Mo(VI), (. | bresent
2—Hydroxy—l—n_aphthaldemde—p— 430 Aqueous 0.101- 23 Al(1), Cu(ll), zZn(lN), (direct)
hydroxybenzoichydrazone 1121 Co(ll), Ni(ll) interference method

eliminated by masking

agents.
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CONCLUSION

The present method is simple, rapid, and sensititleout any type of extraction and various sampiase been
studied which gave encouraging results. The resfltise present method were compared with thosmofe of the
already reported methods and presented in tableh8. comparison shows that both the direct and devie
methods proposed are more sensitive than majofithe reported methods. Some of the recent methats
presented in table.4. for comparison.
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