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ABSTRACT

Vanillin-2- amino nicotinic acid (VANA)as been proposed as new analytical reagent foditext non-extractive
spectrophotometric determination of Arsenic. Thagent reacts with arsenic in acidic medium (pH $0dium
acetate- acetic acid buffer) to form light greenigillow colored 1:1 (M:L). The colour reactions arestaneous
and the maximum absorbance was obtained at 350mthremains constant for over 3 h. The molar abseitgt
and Sandell’'s sensitivity of VANA found to be 6.80%" L mol‘cm® and 0.00146 ugchof As" respectively. The
system obeys Beer’s law in the range of 0.128 6 pg/ml of AY. Since VANA method is more sensitive it was
applied for determination of Arsenic in some emnvimental water samples.
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INTRODUCTION

Arsenic compounds are widely used and have long beeognized as toxicants [1, 2,3]. Arsenic is \yide
distributed in the nature. It occurs as inorgamid arganic compounds as trivalent. Animals varyhieir arsenic
accumulation depending upon the type of food thmsame (John &Jeanne, 1994) [5, 6]. Acute arsexposure
can give symptoms with rapid onset of headachesgsmand severe gastrointestinal irritation (Allaalg 1995) [7].
Increasing industrialization more and more indastwaste get accumulated in various regions andenth&ir
passage through soil cause severe environmentatipnland wide life toxicity [4] and also soil mtanimal body
especially in their liver, kidney and lean meat.

Arsenic occurs naturally in the Earth’s crust is iihorganic form, trivalent (arsenite) or pentaméléarsenate).
Erosion of arsenic containing surface rocks propabktounts for a significant amount of arsenic atev supplies.
It is a ubiquitous element in water, soil and sesfita. The occurrence of arsenic in plants and dsigenerally
reflects its accumulation from the environment. Tinesence of arsenic in drinking water has reada¢amitous
proportions in many parts of the world. There avenarous reports in the literature based on pastoagoing

experience in various countries in Asia and Souttefica concerning the higher risks of skin, bladtlerg, liver,

and kidney cancer that result from continued corion of elevated levels of arsenic in drinking @raf8].

Consumption of even low levels of arsenic over mglperiod can cause a multitude of diseases. Thenman

permissible limit for arsenic (lll) drinking watés 0.05 mg/L as recommended by WHO [9]. In ceriaieas in
India, Bangladesh,

345
Scholar Research Library



Y. Lingappa et al Der Pharmacia Lettre, 2015, 7 (7):345-352

China, and Mongolia [10], arsenic levels in grouatky exceed 1 ng/ mL. Regarding inorganic arsemgenic (I11)
is appreciably more toxic than arsenic (V). Usu#liigse species of arsenic in natural water aredf@trthe trace
levels [10]. There are only a few analytical techniques avadabhich have sufficient sensitivity and selectivi
directly determine these species of arsenic, attthee levels in natural water. Therefore, the tgraent of
sensitive and accurate methods for speciation amcbpcentration of trace amounts of arsenic (hkl arsenic (V)
is necessary. Recently many kinds of conventiomalyéical techniqgues such as hydride generativelypted
plasma atomic emission spectrometry(HG-ICP-AES) ¢&pillary electrophoresis inductively coupledgmea mass
spectrometry (CE-ICP-MS) [4], high performance idjuchromatography—-inductively coupled plasma mass
spectroscopy [11], electro thermal atomic absomptipectrometry(ETAAS) [12], hydride generation -eraic
absorption spectrometry [13], hydride generatioratemic fluorescence spectrometry [14], cathodidgpging
Voltammetry [15], anodic stripping voltammetry [16leutron activation analysis [17], photometric lgsia [18],
ion selective electrodes [19] and energy disper¥inay fluorescence spectrometry [20], have beesdusr the
determination of low concentrations of arsenic. Bllithese techniques are costly and require tcastaff. Recently
most of the spectrophotometric methods have beeelalged as an alternative for the determinatiorarsienic
instead of conventional techniques.

This paper describes synthesis, characterizatiahaaalytical properties of new reagent viz., vamifl- amino
nicotinic acid (VANA). Since the reagent is morensiéive, it is used for the determination of Argeim various
water samples.

MATERIALS AND METHODS

Apparatus

A Shimadzu (Model-1601) UV-VIS spectrophotometed &LICO model LI-610 pH meter with combination
electrodes were used for measurements of absorlaaicpH respectively. ICP-OES (Inductively Coupiddsma-
Optical Emission Spectrometry Model-7000) metho@seaused for the quantitative analysis of heavyafaéh all
samples. To determine the heavy metals levels, A@#thods were used (AOAC 1986, 2003; Jorhem 1983).
this method, the samples were dissolved at 190400 psi pressure in Mars 5 apparatus (Vessel K
1500, CEM, Matthews, USA). The heavy metals werglymed by Inductively Coupled Plasma-Optical Enoissi
Spectrometry (Varian Vista-MPX CCD Simultaneous Gmgphotometer, Mugrave-Victoria, Australia) [2122].
(Mandal & Suzuki 2002).

Reagent and solutions

All chemicals used were of analytical-reagent grafiéhe highest purity available procured from MerDoubly
distilled de-ionized water and glass vessels wéganed soaking in acidified solutions 0§@,0; followed by
washing with Con.HNQ and were rinsed several times with high purity id@mized water. Stock solutions and
environmental water samples were kept in polyprepglbottle containing 1ml of Conc.HNO

Preparation of reagent (VANA)
Vanillin (1.5g, 0.0098 mol) in 60 ml of methan@aminonicotinicacid (1.36 g, 0.0098 mol) dissohred0ml of
methanol were taken in 250 ml round bottom flagkite®le 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 wasettesith water and ethyl acetate. It was collectgdilbration and
washed several times with hot water followed byemane. This compound was recrystallised from methand
dried in vacuum. The ligand is stable for more tBamonths. 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
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Characterization of reagent (VANA)

The reagent has been synthesized and charactdnyz#®l, ‘HNMR and mass spectral data. Infrared spectrum of
VANA shows bands at 3375, 3094 , 2863, 1714, 188565, 1662, 1588, 1510, 1464, 1299, 1266, 1067 &27
respectively corresponding te (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) v (C = N) stretch
(pyridine) ,v (C - O) stretchy (C - N) stretch ané (O-H) oop bend (carboxylic acid) ."NMR spectrum of
VANA (CDCI;+DMSO-d;) showed signals at 6.75 — 7.43(6H), 9.73 (1H)7@&8!), 5.26 (1H) due to benzene and
pyridine protons, acid protons, methoxy protons; #C Mass spectrum of VANA shows signal at 273 (M+1
corresponding to its molecular ion peak. The mdbeciormula of the reagent is;£H;,N,O, (M.Wt, 273).

pKa values of reagents

The pKa values were determined by recording theMiible spectra of 1xI®M solutions of the reagent at various
pH values and by taking the arithmetic mean ofdlaes obtained from the measurements at diffevant 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.

Arsenic (IlIl) Standard solution
A 100 ml amount of stock solution (1.0 x 4®) was prepared by dissolving 0.3120 gm of Sodiuseaate
heptahydrate N®ASO,.7H,O (E. Merck pre analysis) in de-ionized water.

1000 ppm stock solution of arsenic was preparedissolving 0.416 gm of Sodium arsenate heptahydnat®0 ml
distilled water.

Buffer Solution

1M Sodium acetate + 0.1M hydrochloric acid (0.58)3 0.2M Sodium acetate + 0.2M acetic acid 3&0) , 1M
Sodium acetate + 0.2M acetic acid ( 6.5 — 7.53M Ammonia + 2M ammonium chloride (8.0 — 12.0) leuff
solutions are prepared in distilled water. Suitglgeions of these solutions are mixed to get #sirdd pH.

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

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

Aqueous ammonia solution
A 100-ml solution of aqueous ammonia was prepasediloting 10 ml concentrated NH28—-30%, ACS grade) to
100 ml with de-ionized water. The solution was atbin a polypropylene bottle.

Preparation of Sample solutions

Preparation of water samples

Different water samples (Ground water and Tap Watere collected from various places in around Jatiy A.P.,
India. The samples (150 ml) were stored 4 fh metal free polyethylene bottles. Water samplese filtered
through what man filter paper no. 41 and colleat¢ad 250 ml beakers. All the filtered environmenigter samples
were evaporated nearly to dryness with a mixturgOofnl con HNQ and 5ml of con L5Q, in a fume cupboard and
then cooled to room temperature. The sample wasstld in the presence of an excess potassium pgameate
solution according the method recommended by Fifié¢ al° The residues were then heated with 10 ml of
deionized water in order to dissolve the salts. 3bleitions were cooled and neutralized with dildtd,OH. The
digest was transferred into a 25- ml calibrategikfland diluted up to the mark with deionized water.
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The reaction of As (lll) was tested with (VANA) different pH values. The samples were preparedimlLof the
solution containing constant volume of 25 ml of @), 2.0 ml of buffer solution (pH 5.0), 1.0 mif dx10° M

VANA, 2.0 ml lithium chloride solution. The solutiowas then shaken with 10.0 ml portions of methdootwo

minutes and then allowed to stand each time thebowd organic phase of aliquot were taken in 10.@tandard
flasks and made up to the mark with methanol. Tdemdbance was measured in 200-800 nm range ageagsnt
blank.

Recommended procedure

A known aliquot of the sample solution was takemi®5 ml standard flask containing constant volwih&0 ml of
buffer solution (pH = 5), 1.0 ml of 1xTM VANA and 1ml of As (lIl) solution made up to theark with distilled
water. Absorbance of the solution was measured@tndn against the reagent blank. The absorbancesalere
referred to the predetermined calibration plotampute the amount of arsenic.

The author has introduced a new sensitive reagé&iNA/ for the extractive spectrophotometric deteration of
trace amounts of As (llI).

The proposed method when compared with other gg@@itometric methods is more sensitive and sekeclivalso

offers advantages like reliability and reprodudipiin the addition to its simplicity instant cololevelopment and
less interferences. The results obtained throughUV- Visible spectrophotometer have been comgavith those
obtained through the ICP-OES.

RESULTS AND DISCUSSION

The reagent VANA may be easily prepared. The relag@ntions (0.001M) are found to be stable foro8irs. The
absorption band from 350 nm indicates the formatibis (l11)-VANA complex in solution. Arsenic (I)l reacts
with VANA in acidic pH (5.0) to give water solubmplexes. The colour reactions are instantanebusom
temperature. The change in the order of additiotahien, reagent VANA and buffer has no effect d¢re t
absorbance on the complexes. Analytical charatitwisof the complexes are summarized in Table.1.The
stoichiometry of the complexes (M:L =1:1) was detiered by Job’s continuous variation and molar ratethods.
Sodium acetate (0.2M) — acetic acid (0.2M) buffeluson (pH-5.0 and T= 300 K) and equimolar solagoof
Arsenic (IlI) and VANA were used in the calculatiohstability constants of the complexes.

Absorption Spectra of the Reagent and As (l1l) - VANA Complex
Absorption spectra of As (Ill) - VANA complex andagent shows maximum absorbances at 350 nm andn320
respectively (Fig.2). Hence all the spectral measnts of the complex have been carried out ang8h0

The study of the effect of pH on the color intepsif the reaction mixture showed that the constartt maximum
color is obtained in the pH range 4.0 - 6.0, theglex has maximum absorbance in buffer solutioptdf5.0). The
analytical studies were therefore, carried oupkit5.0.

Different molar excess of VANA were added to Ad)(doncentration and the absorbances are measdogdirrg
the standard procedure. It was observed that Honfidlar excess of reagent with respect to metalsorecessary to
get maximum absorbance. Hence a 10 fold molar exaiagagent was used for further experimentalistud

The absorbance of the solution was measured areliff time intervals to ascertain the time stabiit the color
complex. It was observed that the color developmexs instantaneous and remained constant for rhare3 hrs.
Physicochemical and analytical properties of A§ lomplex of VANAare summarized in Table — 1.
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Fig.2. Absorption spectra of (a). As (Ill) — VANAcomplex dmax = 350 nm) in aqueous solution, (b). VANA Vs Vater blank (1x10°M)

Table 1. Physico — chemical and analytical charadtistics of As (lll) — VANA complex

S. No Characteristics Results
1 A max (NM) 35C
2 pH range (optimum) 3.0-6.0
3 Mean absorbance 0.221 £0.001
4 Mole of reagent required per mole of metal ionftdk color develope 10 Folc
5 Time stability of the complex (in Hrs) 3
6 Beer's law validity range (pg/ml) 0.128 - 2.66
7 Molar absorptivity (L met cm?) 6.805 x 16
8 Specific absorptivity (mlgcm?) 0.0196
9 Sandell's sensitivity (ug/ml) 0.00146
10 Composition of complex as obtained in Jobs aamnatio methods (M:L) 1:1
11 Stability constant of the complex 1.42x 16
12 Standard deviation in the determination of 2164ml of As (lll) for ten determinations 0.00114
13 Relative standard deviation (RSD)% 1.8506
14 Y-intercept -0.0316
15 Angular coefficient (m) 0.0759
16 Correlation coefficient (v) 0.9979
17 Detection limit (ug r) 0.06
18 Determination limit (ug n') 0.1€

Adherence of the As (lll) - VANA Complex System tdeer’s law

For the possible determination of As (&) micro level, the absorbance of the solution @ioimg different amounts
of the metal ions is measured at 350 nm. The liparbetween the absorbance and the amount oflAsq drawn
and the straight line obtained the equatiag#0.0759-0.0316 (Fig.3). Further Beer’s law is olikyethe range of
0.128 - 2.66 pg/ml, the molar absorptivity and sdisl sensitivity are found to be 6.805 x*10mol*cm® and
0.00146ug/cm? respectively the standard deviation of the metfardten determinations of 2.04 pg / ml is +
0.00114.
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' A 350 = 0.0759C - 0.0316

R®=0.9979

Absorbance

v T v T v T v T v T
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Amount of As(lll) in ppm

Fig.3. Calibration plot for As (Ill) determination

Interference of Foreign lons
The effect of various cations and anions whichgarerally associated with the metal ion in the ieit@ation of As
() was studied by measuring the absorbance afeAic. The complex contains 2.04 pg/ml of Arseni {(n

solution. The colour reaction is developed as desdrin the standard procedure. An error H2% in the

absorbance reading was considered tolerable. Thatee limit (TL) values in ppm for various anicasd cations
in the VANA methods respectively are presented Table.2. Higher amounts of ¥edo not interfere in the
presence of 70 ppm of fluoride. Larger amountslgf’ do not interfere in the presence of 600 ppm oidied

The present method (VANA) was applied for the deieation of Arsenic when present alone and presewater
and soil samples. The present ligands containingatic ring are found to be potential and costatiffe for the
determination of Arsenic (lll) without the need fextraction using the toxic solvents. Furtherrb@gents are easy
to synthesize using commercially available preawsMoreover the present method is simple, rapid aery
sensitive for non-extractive spectrophotometriedetnation of Arsenic (lll) in agueous medium.

Table 2.Effect of foreign ions

lon Added | Tolerance limit pg/ml | lon Added | Tolerancelimit pg/ml
Citrate 384 W(V) 368
Tartarat 29¢€ Mn (1I) 22
Uree 28¢ Pb (I1) 0.8¢
lodate 254 Cr (VI) 1.2
Bicarbonate 244 Zn (Il) 0.13
Thiocyanate 232 Cd (Il) 23
Sulphate 192 Co(ll) 0.47
Oxalate 176 Ni (I1) 0.47
Thioure: 152 Fe () 0.22
Nitrate 124 Au (11 0.40
Acetate 118 Pt (IV) 0.39
Phosphate 20 Ti (111) 0.42
Bromide 16 Ag (I) 0.22
Chloride 7.1 V (V) 0.20
Fluoride 4.0 Cu () 0.14
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Effect of foreign ions on the extraction of the Aglll) — VANA complex

The effect of foreign ions is studied by measutimg absorbance of the reaction mixture containifg 2.g/ml of
As (lll) in the presence of different amounts ofefign ions. The results are presented in the Tabl&n error of
+2% in the absorbance value caused by foreigniioosnsidered as a tolerable limit.

Composition and stability constant of the complex
Job’'s method of continuous variation and molarerathethods are applied to ascertain the stoichiaenetr
composition of the complex. It is found that VAN&rins 1:1 complex with As (lllas shown in the (Fig.4).
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Fig.4. Job’s method of continuous variation methods (Il1)-VANA. As (lI1) and VANA 1x10 “*M: solvent-Methanol; (pH=5.0)

Application

The proposed extractive spectrophotometric metha@pplied for the determination of As (lif) water samples. A
known aliquot of the sample solutions were taketo i 25 ml separating funnel and the Arsenic cdntess
determined as described in the general procedure.r@sults are checked with parallel determinatiopglirect
ICP-OES. The data obtained in the analyses of veaimples are given in Table 3 and 4.

Table 3. Determination of trace amount of As (lll)in water samples

Amount of arsenic found pg/ml

Name of the samples Proposed

ICP-OES Method
Ground watet 1.69 1.66
Ground water 1.54 1.36
Industrial waste wat® 1.051 1.04:
Ground wate® 1.032 1.021
Ground water (upper) 1.02 1.013
Ground water (lowef) 0.98 0.965

3 Average of five determinatiorfCollected at Pollur (Palamaneru-chittoor), A.P, iad ¢ Collected at Ranipet , A.P, India.
9 Collected at Amarraja industry , A.P, Indi&Collected at Mahanandi , A.P, Indid Collected at Yaganti (upper), A.P, India.
9 Collected at Yaganti (lower), A.P, India.
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Table 4. Determination of trace amount of As (l1)in soil sample

Amount of arsenic found ug/g
Name of the sample Proposed
ICP-OES Method
Polluted so” 1.39: 1.35¢

@ Average of five determinations
® Collected at Pollur (Palamaneru-chittoor), A.Pdia.

CONCLUSION

The proposed spectrophotometric method is simpigy sensitive and selective for the determinatidrAs (l11)
in water and soil samples. The proposed methoiinipls, rapid and common metal ions such &%, R, Cd”,
Ni?*, zn**,Mn?*, CP* do not interfere. Urea, bicarbonate, citrate, lside, SQ*, and PQ” also do not interfere. The
proposed method is more sensitive than some repartthods in the literature and has been succbssfyplied
for the determination of arsenic in various envinemtal samples.
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