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ABSTRACT

A simple, rapid and sensitive spectrophotometri¢hod was developed for the determination of Se (sihg
Vanillin-2-aminonicotinic acid (VANA) as an anabal reagent. The reagent has been synthesized and
characterized using IRH NMR and mass spectral data. The metal ion in agsenedium forms light greenish
yellow colored complex with VANA at (pH= 5.0) (3odi acetate- acetic acid buffer solution) showingkimam
absorbance at 360 nm. Hence, analytical studiegigther carried out at 360 nm. The reagent readgth selenium
in acidic medium to form light greenish yellow geld 1:1 (M:L) complex . The color reactions aretarganeous and
absorbance values remain constant for 24 hours. cdmposition of the Se (IV) complex with VANA stadied
by the method of job’s continuous variation andaneohtio method. Beer's law was obeyed in the range.06-3.48
ng mrtof Se (IV). The molar absorptivity and Sandell'sssivity of the method were found to be 7.48 XLt@ol
Yem® and 0.0013pg/cthrespectively. Since VANA method is more sensitiveas applied for the determination of
selenium in environmental samples.

Key words: Selenium determination, non-extractive spectrogimetry, Vanillin-2-aminonicotinicacid (VANA),
Environmental samples.

INTRODUCTION

Selenium is an essential trace nutrient and seferdaficiency diseases are well known in veterinasdicine.
Above trace levels, ingested selenium is toxicrionals and may be toxic to humans. The seleniuncemmation

of most drinking waters and natural waters is lggs1 10ugml™. Selenium is widely distributed in nature, in
relatively small concentrations in rocks, plantealcand other fossil fuels. Selenium enters intturs water
through seepage from splendiferous soil and indlistaste. Selenium compounds have extensive atjglits and
because of its significance, several analyticahneques have been reported for the determinatiosetgnium,
which includes spectro-fluorometry, electro thermaomic absorption spectrometry, hydride generation
polarography, cathode-stripping voltammetry, rab@mical neutron activation analysis, and flow- @tjen
techniquegl1]. There are many reagents available for the tspplootometric determination of selenium., among
which, the recently used were J-acid [2], Leuosstal violet[3], resazurirj4], sodium salt of hexamethyleneimine
carbodithioatg5], 1- naphthylamine-7-sulphonic acid [6], variamiblue [7]. When selenium is present in animal
feeds at a concentration less than 0.1 my deficiency symptoms develop, but when present atigher
concentration, exceeding 5 miglchronic selenosis occurs. Selenium tends to wed#lke toxic action of some
heavy metals in animal and human organiggvj.

Selenium is widely distributed in the environmewaters, soil, and air) albeit generally in very loancentrations
(<1pgl/g). The selenium content sometimes reachem@/§ in limonite rocks and 2.6 mg/g in vanadiumriuan
rocks [10]. Selenium is a naturally occurring elatfeund in rocks, soil, water, air and animalse8aim is a trace
mineral that is essential to good health but reglionly in small amoun{d1-12]. Selenium is incorporated into
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proteins to make selenoproteins, which are importamtioxidant enzymes. The antioxidant propertids o
selenoproteins help to prevent cellular damage fi@®a radicals. Free radicals are natural by-prtda€ oxygen
metabolism that may contribute to the developmérhoonic diseases such as cancer and heart difzs©ther
selenoproteins help regulate thyroid function at&y @ role in the immune systelfi'® Selenium compound are
widely used in paints, dyes, glass electrical, amplnsecticides, and many other industries. Samdestrial and
agricultural processes release selenium as-préguct and selenium from such sources has causgcemental
disaster [17]The threshold limit value for selenium compoundaiimis 0.1 0.2 mg dn? in water it is 4.0 ppm. The
toxicity, availability and environmental mobilityf @elenium are very much dependent on its chenfiarah [18].
Selenium can occur in different oxidation statesomganic and inorganic compounds. In many enviramale
matrixes, e.g. natural water and soils, the predanti oxidation state of selenium are Se (IV) and\8g Water
drained from such soil cause severe environmemtaltipn and wide life toxicity. Selenium is alseported to be
present in cigarette paper, tobacco [19] and varicasmetic samples [20]. Because of its signifiearseveral
analytical techniques have been reported concethingetermination of selenium [24].

Plant foods are the major dietary sources of setenin most countries throughout the world. The eahtof
selenium in food depends on the selenium conterth®fsoil where plants are grown or animals arsedhi For
example, researchers know that soils in the higinplof northern Nebraska and the Dakotas havehigtylevels
of selenium. People living in those regions gemetadve the highest selenium intakes in the UnBéates (U.S.).
In the U.S., food distribution patterns across t¢bentry help prevent people living in low-selenigeographic
areas from having low dietary selenium intakeslsSaisome parts of China and Russia have verydmeunts of
selenium. Selenium deficiency is often reportedhinse regions because most food in those areamwengand
eaten locally.

In the present study, we are reporting rapid, sémpénsitive and selective methods for the detextioim of traces
of selenium (1V) with VANA, anew reagent.

This paper describes synthesis, characterizatiosh amalytical properties of new reagent viz., VamR-
aminonicotinicacid (VANA). Since the reagent is maensitive, it is used for the determination démsieim in
various water and soil samples.

MATERIALS AND METHODS

Apparatus

A Shimadzu (Model-1601) UV-VIS spectrophotometeerfdElmer Singapore Private Limited, Singaporedl an
ELICO model LI-610 pH meter (M/s ELICO private litad, Hyderabad, India) with combination electrodese
used for measurements of absorbance and pH resggctiCP-OES (Inductively Coupled Plasma-Opticaligsion
Spectrometry Model-7000) methods were used folgtiantitative analysis of Se (IV). To determine tHge (1V),
AOAC methods were used (AOAC 1986, 2003; JorhenB8198 this method, the samples were dissolve®at@
and 400 psi pressure in Mars 5 apparatus (Vesgs XKP 1500, CEM, Matthews, USA). Se (IV) was amaly by
inductively coupled plasma-optical emission Speogty (Varian Vista-MPX CCD Simultaneous
Spectrophotometer, Mug rave-Victoria, Australizg — 26].

Reagent and solutions

All chemicals used were of analytical-reagent grafiehe highest purity available procured from MerBoubly
distilled de-ionized water was used throughout ékperiment. Glass vessels were cleaned soakingidhifiad
solutions of KCr,O- followed by washing with con. HNQOand were rinsed several times with high purity de-
ionized water. Stock solutions and environmentatewand soil samples were kept in polypropylenetidot
containing 1ml of conc. HN®

Preparation of reagent (VANA)

Vanillin (1.5g, 0.0098 mol) in 60 ml of methan@kAminonicotinic acid (1.36 g, 0.0098 mol) dissalvi@ 60 ml of
methanol were taken in 250 ml round bottom flagkitefble quantity (Iml) of 1molar sodium acetate @ndr 3
drops of conc. HSO, were added to the reaction mixture and refluxedfbours. On cooling the reaction mixture,
ash colored product was separated out. It wasetlesith water and ethyl acetate. It was collectediltration and
washed several times with hot water followed byemane. This compound was recrystalised from methamd
dried in vacuum. The ligand is stable for more tBanonths. Percent of Yield is 91; m.p.84%%6 The structure of
VANA is shown in the Fig.1.
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Fig.1. VANA — Structure

Characterization of reagent (VANA)

The reagent has been synthesized and charactdnyz&®, ‘HNMR and mass spectral data. Infrared spectrum of
VANA shows bands at 3375, 3094 , 2863, 1714, 16665, 1662, 1588, 1510, 1464, 1299, 1266, 1067 &27
respectively corresponding to (O-H) symmetric stretchy (C-H) stretch (pyridine) ($p-C-H) , v (-OCH3)
stretch, v (C= O) Aromatic stretchy (C = N) schiffbasey ( C =C) Aromatic stretchy (HC = N ) azomethine
stretch v (C - C) Aromatic stretchy, (C - C) stretch (pyridine ringy, (C - H) (Aromatic ring) y (C = N) stretch
(pyridine) ,v (C - O) stretchy (C - N) stretch and (O-H)oop bend(carboxylic acid) .!NMR spectrum of VANA
(CDClz+DMSO-d;) showed signals at 6.75 — 7.43(6H), 9.73 (1H)7@Bl), 5.26 (1H) due to benzene and pyridine
protons, acid protons, methoxy protons, =C- H. Masectrum of VANA shows signal at 273 (M+1) cormsging

to its molecular ion peak. The molecular formuldtaf reagent is £LH1.N,O4 (MW, 273).

pKa values of reagents

The pKa values were determined by recording theMi8ible spectra of 1X16M solutions of the reagent at various
pH values and by taking the arithmetic mean ofvllees obtained from the measurements at diffevert lengths
determined spectrophotometrically using Phillipsl &territ method. The values of deprotonation of ViAMere

7.0 (pKy) and 10 (pK).

VANA solution
A 1X10°M solution was prepared by dissolving 0.2722 grivANA in 100 ml of methanol. The reagent solution is
stable for at least 24 h.

Se (IV) solution

A (1X10°M) stock solution of selenium was prepared bysaligng 0.1890 g of sodium selenate §Sao4)
(Merck Darmstadt) in double distilled water contagnfew drops of conc.$$0, and made up to the mark in a100
ml volumetric flask. Aliquots of this solution weistandardized with EDTA titratiamsing xylenol orange as an
indicator. Dilute solutions were prepared from thtisck solution.

1000 ppm stock solution of selenium was prepdrgdlissolving 0.2394 gm of sodium selenate in 10
distilled water or 2.394 gm of Sodium Selenat&@@00 ml distilled water.

Buffer Solution

1M Sodium acetate + 0.1M hydrochloric acid (pH 5 0.3.0), 0.2M Sodium acetate + 0.2M acetic §oidl = 3.5
— 6.0), 1M Sodium acetate + 0.2M acetic acid (pB.5— 7.5), 2M Ammonia + 2M ammonium chloridéi(p

8.0 — 12.0) buffer solutions were prepared in liéstiwater. Suitable portions of these solutionsenmixed to get
the desired pH.

Potassium permanganate solution
A 1% potassium permanganate solution was prepayeatigsolving in de-ionized water. Aliquots of ttgslution
were standardized with oxalic acid.

Tartrate solution
A 100 ml stock solution of tartrate (0.01% wi/v) warepared by dissolving 10 mg of ACS grade (99%agsium
sodium tartrate tetra hydrate in (100 ml) de iodineéter.

Aqueous ammonia solution
A 100 ml solution of aqueous ammonia was prepagedilbting 10 ml concentrated NH28-30%, ACS grade) to
100 ml with de-ionized water. The solution was stbin a polypropylene bottle.
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Preparation of Sample solutions

Preparation of water samples

Different water samples (Ground water and Tap Wakere collected from various places around Tiryp&afP.,
and India. The samples (150 ml) were stored’@tib metal free polyethylene bottles. Water samplese filtered
through whatman filter paper no. 41 and collected 250 ml beakers. All the filtered environmemntaiter samples
were evaporated nearly to dryness with a mixtur&Oofnl con HNQ and 5ml of con b5Q, in a fume cupboard and
then cooled to room temperature. The sample wasstlid in the presence of an excess potassium pgameaie
solution according to the method recommended biyeBifet al.%. The residues were then heated with 10 ml of
deionized water in order to dissolve the salts. 3tleitions were cooled and neutralized with dilditd,OH. The
digest was transferred into a 25 ml calibrateckfiasd diluted up to the mark with deionized water.

Recommended procedure

An aliquot of the metal solution was taken in 25tdndard flask containing 10 ml of buffer solutimin(pH=5.0)
and 1ml of VANA reagent solution and made up to ik with distilled water. The absorbance of tbenplex
was measured against the reagent blank at 360 nm.

General procedure

A known aliquot of the sample solution was takem i25 ml standard flask containing constant vol@ih&0 ml of
buffer solution (pH=5), 1.0 ml of 1xf™ VANA and 1ml of Se (IV) solution made up teetmark with distilled
water. Absorbance of the solution was measuret,gtagainst the reagent blank. The absorbance valees w
referred to the predetermined calibration plotdmpute the amount of Selenium.

RESULTS AND DISCUSSION

Selenium reacts with Vanillin-2-aminonicotinic agdANA) in sodium acetate-hydrochloric acid bufflution of

(pH =5.0) and gives 1:1 light greenish yellow gelib complex. The complex has a maximum absorbar®@lanm.

The optimum reaction conditions for the quantitatoletermination of the metal-ligand complex wasilgihed
through a number of preliminary studies, such a&sdtiect of pH, reagent concentration, interfereatéoreign

ions, in order to develop a rapid, selective antsiiwe extractive spectrophotometric method fear determination
of selenium (IV) at microgram levels.

Absorption spectra of the reagent and Se (1V)-VANAcomplex

Absorption spectra of Se (IV)-VANA complex and reagjshow maximum absorbance at 360 nm and 320 nm,
respectively (Fig.2). The reagent showed minimursodtance at the wavelength of maximum absorbandtkeof
complex. Hence, all the spectral measurementseofdimplex were therefore carried out at 360 nm.

The study of the effect of pH on the color intepsif the reaction mixture showed that the consganat maximum
color is obtained in the pH range 4.0-6.0, the demjpas maximum absorbance in buffer solution ¢f §5.0).
The analytical studies were therefore, carriedabpH= 5.0).

Different volume of molar excess of VANA was addedfixed Se (IV) concentration and the absorbareer:
measured adopting the standard procedure. It wasredd that 10 fold molar excess of reagent wiipeet to
metal ion is necessary to get maximum absorbaneracé] a 10 fold molar excess of reagent was fosedrther
experimental studies.

The absorbance of the solution was measured areliff time intervals to ascertain the time stabiit the color
complex. It was observed that the color developmers instantaneous and remained constant for rhare24 hrs.
Physicochemical and analytical properties of (18%complex of VANA were summarized in Table 1.
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Fig.2. Absorption spectra of (a). Se (IV) — VANA emplex (\max=360 nm) in aqueous solution, (b). VANA Vs War blank (1x10° M)

Table 1. Physico — chemical and analytical charadtistics of Se (IV) —VANA complex

S .No. Characteristic Property Results
1 Absorbance Maximum ms, (NmM) 360
2 pH — range (optimum) 4.0-6.0
3 Mole of reagent required mole of metal ion fdt fwlor developed 10 Fold
4 Beer’s law validity range (png/ml) 0.06- 3.48
5 Molar absorptivity (L met cm™) 7.48x16
6 Specific absorptivity (mlgcm?) 0.0213
7 Sandell’'s sensitivity (Lg/cR 0.0013
8 Composition of complex as obtained in Job’s amthnratio methods (M:L) 1:1
9 Stability constant of the complex 1.005x10
10 Relative standard deviation (RSD)% 2.209302
11 Y-intercept -0.03118
12 Angular coefficient (m) 0.23329
13 Correlation coefficiend 0.9992

Adherence of the Se (IV) — VANA complex system todgrs law

For the possible determination of Se (V) at mileneel, the absorbance of the solution containirffpdint amounts
of the metal iron is measured at 360 nm. The lipdatrbetween the absorbance and the amount di$és(drawn
and the straight line obtained with the equatigg,A 0.23329-0.03118 (Fig.3). Further Beers law isyelein the
range of 0.06- 3.48 pg/ml, the molar absorptivitd aandell’s sensitivity were found to be 7.48%1énol*cm™ and
0.0013 pg/crirespectively. The standard deviation of the metflooden determinations of 2.12 pg/ml is + 0.00167.
The results showed that standard deviation of tethad was not more than 0.00167 and relative stdrikviation
was less than 2.20930.
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Fig.6. Calibration plot for Se (IV) determination

Interference of Foreign lons
The effect of various cations and anions whichgaerally associated with the metal ion in the mhirgation of Se
(IV) was studied by measuring the absorbance afrid@in. The complex contains 2.12 pg/ml of Se (W3¥alution.

The colour of the reaction was developed as desdrin the standard procedure. An error2% in the

absorbance reading was considered tolerable. Teiatze limit (TL) values in ppm for various anicersd cations
in the VANA methods respectively were presentedlable 2. Higher amounts of £edo not interfere in the
presence of 70 ppm of fluoride. Larger amountsigf do not interfere in the presence of 600 ppm oitied

The present method Vanillin-2-aminonicotinicacMAfNA) was applied for the determination of seleniuvhen
present alone and present in water and soil samples present ligands containing aromatic ringfatend to be
potential and cost effective for the determinatidrSe (1V) without the need for extraction using tioxic solvents.
Further the reagents are easy to synthesize usinghercially available precursors. Moreover the @nésnethod is
simple, rapid and very sensitive for non-extractpectrophotometric determination of Se (V) in @ous medium.

Table 2.Effect of foreign ions

lon Added  Tolerance limit pg/ml lon Added  Tolerancelimit pg/ml

Tartrate 594 W(v) 365
lodate 509 Mn (Il) 2.3
Urea 288 Pb (1) 8.3
Citrate 386 Cr (VI) 1.2
Bicarbonate 245 TI (1) 0.41
Thiocyanate 234 Cd (Il 0.23
Sulphate 386 Hg(ll) 0.40
Oxalate 351 Ni (Il 0.23
Thiourea 303 Fe (1) 0.21
Nitrate 249 Au (111 0.42
Acetate 236 Pt (IV) 0.38
Phosphate 38 Pd(ll) 0.24
Bromide 34 Ag () 0.21
Chloride 15 V (V) 0.11
Fluoride 7.9 Cu (Il) 0.13
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Effect of foreign ions on the extraction of the S@V) —~VANA complex

The effect of foreign ion is studied by measurihg &bsorbance of the reaction mixture containiag@ p.g/ml of Se
(IV) in the presence of different amounts of foreigns. The results presented in the Table 2. Aoref + 2 % in
the absorbance value caused by foreign ions iSdenesl as a tolerable limit.

Composition and stability constant of the complex

Job’s method of continuous variation and molareratmethods were applied to ascertain the stoichigene
composition of the complex. It was found that VAXxms 1:1 complex with Se (IV) as shown in the (B)g
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Fig.4. Job’s method of continuous variation methode (IV)-VANA. Se (IV) and VANA 1X10°M: solvent-Methanol; (pH=5.0)

Application

The proposed extractive spectrophotometric mete@pplied for the determination of Se (IV) in wagamples. A
known aliquot of the above sample solutions wekenanto a 25 ml separating funnel and the selerantent was
determined as described is given in the generagohare. The results were checked with parallelrdetations by
direct ICP-OES. The data obtained in the analy$ester samples were given in Table 3 and 4.

Table 3. Determination of trace amount of Se (IV)n water samples

Se (IV) found pg/ml

Sample Name ICP-OES SD RSD (%) F,:;:fhoos(fad SD  R.S.D (%)
Ground water 1722 000013 0.07548 1713 00001 _ 0.00583
Ground water 1103  0.00011  0.00997 1210  0.00011  0.00908
Industrial waste watér ~ 0.63  0.00158 0.25 0.68  0.00114  0.16730
Ground water 028 000114  0.40482 025 000114  0.45310
Ground water (upper)  0.13  0.00114  0.86626 0.16  0.00114  0.70544
Ground water (lowef) 021 00011  0.51935 0.198 000011  0.05551

a. Average of the five determination
b. Collected at Pollur (Palamaneru-chittoor), AlRdia.
c. Collected at Ranipet , A.P, India.
d. Collected at Karakambadi, A.P, India.
e. Collected at Mahanandi , A.P, India.
f. Collected at Yaganti (upper), A.P, India.
g. Collected at Yaganti (lower), A.P, India.
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Table 4. Determination of trace amount of Se (IV)n soil samples

Se (IV) found pg/mg

Sample Name ICP-OES S.D R.S.D (%) Proposed S.D R.S.D (%)
Method?®
Roéd soft 1.36 0.00114 0.0807 1.32 0.00114 0.0862

a. Average of the five determination
b. Collected at Pollur (Palamaneru-chittoor), AlRdia.

CONCLUSION

The author has introduced a new sensitive reagéNA/for the extractive spectrophotometric deterntioa of
trace amounts of Se (IV). The proposed spectrophetiocc method is simple, highly sensitive and slecfor the
determination of Se (IV) in water and soil sampldgen compared with other spectrophotometric methdtie
proposed method is simple, rapid and common nietal such as B& P*, Cc*, Ni?*, Zr#*,Mn**, Cr* do not
interfere. Urea, bicarbonate, citrate, sulphide,°S@nd PQ® also do not interfere. It also offers advantagjes |
reliability and reproducibility in addition to ismplicity instant color development and less ifgence effect. The
results obtained through UV- Visible spectrophotanéave been compared with those obtained thratughCP-
OES. The method has been successfully applied Herdetermination of selenium in various environrabnt
samples.

In this paper a new simple, sensitive, selectivel mexpensive method with the Se (IV)-VANA compleas
developed for the determination of selenium in stdal, environmental, for continuous monitoringestablish the
trace levels of selenium in difficult sample magsc It offers also a very efficient procedure fpe@ation analysis.
Although many sophisticated techniques such asepptdarography, HPLC, AAS, ICP-AES, and ICP-MS, are
available for the determination of selenium at drégvels in numerous complex materials, factor agthe low
cost of the instrument, easy handling, lack of nexment for consumables, and almost no maintenhace caused
spectrophotometry to remain a popular techniquejgodarly in laboratories of developing countrieith limited
budgets. The sensitivity in terms of molar abseifytiand precision in terms of relative standardidion of the
present method are very reliable for the deterriinatf selenium in real samples down to nglgvels in aqueous
medium at room temperature (25+5°C).
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