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ABSTRACT

6-chloro-3-hydroxy-2-phenyl-4-oxo-4H-1-benzopyrahlRB) has been used for the first time as an ar@ti
reagent for the spectrophotometric determinatiotuoigysten. The yellow colored W (VI) — CHPB compl@siyax
at 420 nm, is extractable into chloroform from 0:04.32 M HCI medium containing 0.6 — 1.6 mL oPACHPB
(in acetone). Tungsten (VI) in presence of seveations, anions and complexing agents forms a wello 2
complex with CHPB which is stable for about 20 hoiganic extract. The molar absorptivity and Safidel
sensitivity of the complex at 420 nm are calculatecbe 3.125x10 dn? mol* cm* and 0.00294 pg W ¢t
respectively. Beer's law is obeyed over the comaénh range 0 — 2.9 pg W(ML™. However, the optimum range
of determination of tungsten from Ringbom’s curd20 nm is 0.9— 3.1 pg MLFor 2 ug W mt, the standard
deviation is 0.000726 and relative standard dewviatof + 0.21% absorbance unit. The method is simgaéective,
rapid and precise and has been applied to the datetion of tungsten in synthetic and standard dasp
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INTRODUCTION

Spectrophotometric methods [1-5] are among the nprscise instrumental methods of analysis for the
determination of elements in trace amounts. Thesthods are remarkable for their versatility, sévigjit and
precision. In these methods, a very extensive rafigmncentrations may be covered for the tracdyaisaof the
elements.

There are various spectrophotometric methods waigfer from low sensitivity, non-selectivity androplexity in

the procedures for the determination of tungstetrace amounts using thiocyanate, vanadophosplaaiit as
ligands [6-8]. Many chromone derivatives have bagsed as analytical reagents for spectrophotometric
determination of tungsten but most of these aresnidéble for routine analysis of the metal ion tiu@®ne or more

of the above drawbacks [9-12]. This has apprecitieskarch for new better methods and accordirtgthloro-3-
hydroxy-2-phenyl-4-oxo-4H-1-benzopyran (CHPB) ha®m used as a complexing agent for tungsten (Vithén
spectrophotometric determination of metal ion tetibe above requirements.
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MATERIALS AND METHODS

Apparatus and reagents:
Visible Double Beam spectrophotometer (Cat No. 1208ke Systronics) with 10 mm matched quartz cedls
been used for routine absorbance measurementpactia studies.

Tungsten Solution: A standard stock solution (100 wf tungsten (V1) containing 1 mg niLof the metal ion is
prepared by dissolving an accurately weighed am{ua9g) of sodium tungstate (A.R) in distilledtera Lower
concentrations at pg (10, 20, 50 and 100) level are prepared by swtdiition there from.

Stock solutions of other metal ions are prepareadgmL™ level by dissolving their commonly available pgrade
sodium or potassium salts in deionized water outéilacid. They are suitably diluted to give pg hevel

concentration of the metal ions. Chloroform is ukwdextraction of W(VI) - CHPB complex. CHPB isgmared by
reported methods [13, 14] as follows.

Preparation of CHPBTo a solution of 5-chloro-2-hydroxyacetopheno8et2, 0.02 mol) and NaOH (1.6 g, 0.04
mol) in ethanol, benzaldehyde (2.12 g, 0.02 mokdsded at 0-5°C. The reaction mixture is stired3c 4 h at
room temperature. The 1-(2'-hydroxy-5'-chlorophglyphenylprop-2-en-1-one, thus obtained is neutdl with
0.2 M HCI, washed with water and crystallized frathanol-water mixture. Solution of the compound2't-(
hydroxy-5'-chlorophenyl)-3-phenylprop-2-en-1-oneg(ih 20 mL methanol), NaOH (10 mL of 20% metharaiji
H,0, (10 mL 30%) are mixed, stirred (2h, below 10°CY aeutralized with acetic acid. The yellow compaousal
obtained after crystallization from ethanol andavats CHPB (m.pt. 168-170°C). The molecular foraaf CHPB

is C;sHgO3Cl. 0.1 % wi/v solution of reagent (CHPB) is prejuhire acetone.

Cl OH
O

(CHPB)

Samples:

i) Synthetic samplesSynthetic samples (some of them analogous tatstelb. 2, cooperite, Duke’'s metal, heat
resistant steel, complex English metal, minargarkit and silchrome wire) are prepared by mixinmirgsten (VI)
solution with solutions of other metal ions in abiie proportions as shown in Table-10.

i) Reverberatory flue dustReverberatory flue dust sample (0.1g) from thppes manufacturing unit without
tungsten is mixed with a solution of known tungstentent (0.015 mg) in a silica crucible and diiireéin oven. It
is then fused with sodium peroxide. The fused nessoled and then treated with 0.1 g sodium patastartarate,
neutralized with concentrated HCI and adjustedNbaktidity in a final volume. Tungsten is then arzalg by the
proposed method by taking suitable aliquots.

Procedure:

To the sample solution containing29 g tungsten (VI) and other ions taken in a d0separatory funnel are
added 1mL of 1M hydrochloric acid, 0.1% (w/v) CHRBacetone (1mL) and sufficient deionized watemiake up
the volume to 10 mL. It is then equilibrated ondéhvan equal volume (10 mL) of chloroform for 20Adter phase
separation, the organic extract is passed throughtian no. 41 filter paper pretreated with the esaivto remove
water droplets if any. Finally the absorbance @f light yellow extract is measured at 420 nm adaansimilarly
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prepared reagent blank using 10 mm matched queliz &mount of tungsten in the samples is comptitech a
calibration curve prepared under identical condgiof the procedure.

Modification when Pt and Mo are presenffo the samples containing above mentioned elesnéme optimum
amounts of masking agents added before the addifi@HPB are: 50 mg sodium phosphate for Pt (IVitaB00
g and 0.05 mL 6 % (w/v) 4D, for Mo (VI) up-to 200 pg are added to the soluti@iore extraction.

RESULTS AND DISCUSSION

Tungsten (VI) reacts with CHPB giving a light yella@olor in neutral medium which intensifies in dcichedium.
The effect of variables and diverse ions on W ¢/JHPB absorbance, the spectral characteristimighsdmetry of
the complex and applications of the system areudsed below:

Effect of varying experimental conditions

i) Choice of the solveniThe complex is quantitatively extracted in a fngxtraction with equal volume (10 mL)
each of chloroform, dichloromethane, carbon tettride, 1, 2-dichloroethane, benzene, isobutylhyleketone,
toluene, iso amyl alcohol, ethyl acetate, iso aatdtate and cyclohexane in the decreasing ordabsurbance. In
each case, the aqueous phase after extractiogeisribm tungsten. A single extraction with equduwre (10 mL)
of chloroform is sufficient to give quantitative teaction. As chloroform gives maximum absorbancthwai rapid
and clear phase separation, it is chosen as thé sndable extractant. The absorbance of the comm@mains
practically constant for about 20 h in chlorofort#a0 nm.

i) Effect of acidity The absorbance of the W (VI) - CHPB complex in eblorm is greatly influenced by the
nature of acids. The complex gives very low absocban the neutral medium. From 1 M acidity fixedelach case,
the absorbance is found to decrease in the order>H,SO, > HNO; > HCIO, > CH;COOH > HPO,. Therefore
HCI medium is preferred for further studies. Théimpm values of acid parameter found for achievimaximum
and constant absorbance is: 0.04 — 0.32 M HCI 1FiGurve a) for< 29 pg W(VI) per 10 ml aqueous volume.
Therefore, the aqueous phase is adjusted to b BICI in each case for further studies.

iii) Effect of reagent concentrationt is observed that the maximum and constant iasee is obtained for 0.6 -
1.6 mL of 0.1 % CHPB (w/v) in acetone (Fig.1, Cub)e The extract shows no absorbance in absenC&iBB. It
starts forming colored species on addition of #egent. Higher concentrations (>1.6 mL) of the eeagesulted in
the lowering of absorbance values. Hence, 1.0 nl. B¥ (w/v) CHPB is used for further investigations

iv) Effect of equilibration timeAfter complexation under optimum conditions, #raction of W (VI) — CHPB
complex into chloroform is very fast and no chaigthe absorbance is observed when shaking tinaaried from

8 to 240 seconds (Fig.-1, Curve c). The optimumiliegation time adopted is 20 seconds. Thus tha aétained
above concludes that for the spectrophotometrierdehation of 20 ug of tungsten (VI), 0.1 M HCI ahdnL of

0.1% CHPB (in acetone) in the order as describedeain 10 mL aqueous volume are sufficient to gieximum

and constant absorbance. Equalibration is done &gthal volume (10 mL) of chloroform for 20 secondwtal

ligand complex is quantitatively transferred inte tsolvent, whose absorbance is measured at 428 rdascribed
in procedure.

Effect of diverse ions:

The effect of diverse ions is studied by carrying determination of 20 pg of tungsten in preserfoeagh of these
ions (mg amount in parentheses) added to the aguygmase (10 mL) before the addition of CHPB. THifang
ions do not interfere: Sodium chloride, bromideglid®, acetate, nitrate, dithionite and thioureaO(Xach);
phosphate and ascorbic acid (90 each); sodium isalgind sulfosalicylic acid (60 each); sodium bale,
hydrazine sulphate and sodium nitrite (40 each)TEDdisodium salt’ and sodium potassium tartarélt® €ach);
sodium citrate (2); sodium oxalate (0.5); glycef@R mL) and HO, (6% w/v) does not interfere up to 0.05 mL.
(Table-1).
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Fig. 1- Effect of varying experimental conditions
Table-1: Effect of various anions/ complexing ageston the absorbance of the W (VI) - CHPB
. . Amount
Anions/complexing agent (mg/10 mL) Abs.
None - 0.340
Sodium chloride, Potassium bromide, Potassium @disdium acetate, Sodium nitrate and Sodium diiiteio 100 0.340
Sodium phosphate and ascorbic 90 0.34(
Sodium sulphite and sulfosalicylic acid 60 0.330
Sodium sulphate, hydrazine sulphate and nitrite 40 0.335
Disodium EDTA and sodium potassium tartarate 10 0.340
Sodium citrate 2 0.340
Sodium oxalate 05 0.340
Glycerof 0.2 0.335
Hydrogen peroxidg(6%w/v) 0.05 0.340

Conditions: As given in the Procedure.
Amount added in mL.

In 10 mL aqueous phase, the cations such as Ni)]), Mg(ll), Ca(ll), Mn(ll) and Co(ll) (10 mg &ch); Ba(ll),
Hg(ll) and Pb(Il) (8 mg each); Al(lll) and Sr(l6(mg each); Se(lV), Cr(lll) and Fe(lll) (4 mg eacBe(ll) and
Bi(lll) (2 mg each); Cu(ll), As(V) and Zr(IV) (0.&g each); Sn(ll) and Pt(IV) (0.6 mg each); Ce(I¥x(V) and
Pd(ll) (0.4 mg each); Ag(l), Mo(VI) and Ti(IV) (0.ehg each); Ru(lll) and Th(IV) (0.06 mg each); V({0.03 mg);
Ir(ll) and Au(lll) (0.01 mg each) do not interfer®t (IV) and Mo(VI) require respective masking aigeas
described under the procedure (Table-2).

Spectral characteristics, Beer's law range and seitivity:

The absorption spectrum of yellow W(VI) — CHPB cdexpagainst reagent blank in chloroform at optimum
conditions shows an absorption maximum at 420 nign & Curve A). The spectrum of reagent blank agfapure
solvent (Fig. 2, Curve B) shows that the reageattically does not absorb above 410 nm. Beer'sitanbeyed
over the concentration range 0 — 2.90 pug W(VIyitig. 3).

84
Scholars Research Library



Sushil Kumar et al

Arch. Appl. Sci. Res,, 2013, 5 (3):81-89

Absorbance ——>

Table-2: Effect of cations on the absorbance of W) -CHPB complex

I Amount
Cation (mg/10 mL) Abs.
None - 0.340
Ni(1l), Zn(ll), Mg(ll), Ca(ll), Mn(ll) and Co(ll) 10 0.340
Ba(ll), Hg(ll) and Ph(ll) 8 0.345
Hg(l1), Al(Ill) and Sr(11) 6 0.340
Se(IV), Cr(lil) and Fe(lll 4 0.33¢
Be(ll) and Bi(lll) 2 0.33¢
Cu(ll), As(V) and Zr(1V) 0.8 0.340
Sn(ll) and Pt(IV} 0.6 0.330
Ce(lV), Ta(V) and Pd(ll) 04 0.34
Ag(l), Mo(VI) € and Ti(1V) 0.2 0.340
Ru(lll) and Th(IV) 0.06 0.335
V(V) 0.03 0.340
Ir(111) and Au(lll) 0.01 0.34(
%Initial oxidation state shown in parentheses.
®In presence of 50 mg of sodium phosphate.
‘In presence of 0.05 mL 066, (6% w/v)

08 r

0.6 F #

0.4 |

A
0.2 r
. B
0.0 ] Q0 I
380 400 420 LLO 460 480
nm ——s

Fig.- 2: Absorption Spectra of W (VI) - CHPB comple

A-Complex against reagent blank
B-Reagent blank against pure chloroform
2.0 ug W mt, other conditions as cited in the procedure

However the optimum range for accurate determinadibtungsten as obtained from Ringbom'’s curve [dt5420
nm is 0.9 — 3.1 pug mt (Fig. 4). The molar absorptivity and Sandell’s sigvity of the complex at 420 nm are
calculated to be 3.125 x 4@’ mol* cm® and 0.00294 pg W cfn respectively. Ten replicate determinations
containing 2 pg W ciiin each case give mean absorbance of 0.338 wsthralard deviation of 0.0007262 and

relative standard deviation of + 0.2136 % absorbamtt.
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Fig.- 3: Beer's law range of W (VI) - CHPB complexn Chloroform at 420 nm
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Fig.-4: Ringbom plot for W (VI) - CHPB complex in Chloroform at 420 nm

Stoichiometry of the complex:
The stoichiometry of W (VI) — CHPB complex is edtsiied by Job’s method of continuous variations, [1L#] for

the two phase system and by mole ratio method [M&. details of the concentrations used in respectiethods
are given below:

i) Job’s method of continuous variatior&quimolar solutions (5.43 x M) of tungsten and CHPB are mixed so
that the mole fraction of tungsten (VI) varies fronto 1 keeping the concentrations of the two \@esi.e. 420 and
435 nm. To the mixture, 1 ml of 1 M HCl is addedidhe complex is extracted from 10 ml aqueous phattel10

ml chloroform after shaking for 20 seconds. Theaaig layer is separated and the absorbance is negbagainst a
reagent blank obtained by carrying out the extoactinder similar conditions. The curves in the Figdicate 1:2

stoichiometry in the extracted species.

86
Scholars Research Library



Sushil Kumar et al Arch. Appl. Sci. Res,, 2013, 5 (3):81-89
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Fig.-5: Job’s method of Continuous Variations

i) Mole-ratio method The concentration of one component (metal iorfjxied at 5.43 x 10 M and that of the
other component (reagent) is varied. The absorb@aaeasured at 420 and 435 nm (Fig. 6) keepingroth
conditions same as given in the procedure. The desaks in the curves corresponding to mole ratmuggest

metal to ligand stoichiometry to be 1: 2.

Absorbance —>
o o o
~ <)) [¢9)
T T T

o
N
T

o
o

1 1 1 1
0.0 1.0 2.0 3.0 4.0
Mole ratio (CHPB/W) —>
Fig.-6: Mole ratio method

On the basis of the above stoichiometry, the mstable structure of the complex may be shown as:

Cl

Structure of W (VI) - CHPB Complex
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Applications

The wide applicability of the proposed method haerb tested by the satisfactory analysis of flugt,dsteel and
various synthetic samples containing tungsten g8tpg in the aliquot (Table-3). This method istgsielective for
the determination of tungsten in the presence felmumber of elements especially nickel, zinc, mesgim,
berelium, copper, uranium, selenium, cerium, axseosmium, tin, titanium, palladium, chromium, phaim,

ruthenium, rhenium, iridium, tantalum, gold, ziraam, iron, vanadium and molybdenum which serioustgrfere

in most of the existing methods of tungsten deteation. The method is found to be more sensitian tthose
reported earlier for tungsten complex with chromaeeivatives and other reagents (Table-4). Thusptioposed
method offers the advantage of better sensitigigjectivity and wider Beer's law range, applicabiio samples
containing several interfering elements in conaitns higher than normally met with and is simpégid, precise
and accurate. The method is simple and takes &bminiutes for a single determination.

Table-3: Analysis of sample solutions

Tungsten | Tungsten

Sr. No. Composition of Sample Matrix* added(ug) | found**
1. [Fe(0.025), Co(0.15), Cr(0.10)] 25.0 24.92
2. [Ni(0.160), Zr(0.012)] 28.0 27.98
3. [Fe(4.05), Cr(0.6), C(0.075), Co(0.2), Si(0.0@)n(0.01)] 20.0 20.09
4. [Fe(0.10), Co(0.02), Mn(0.02), Cr(0.02), Ni(Q.p2 16.0 15.91
5. [Sn(0.87), Sb(0.06), Ni(0.02), Cu(0.02), Zn(Q,®i(0.05)] 15.0 14.89
6. [Cu(0.10), Pb(0.06), Ni(0.10)] 10.0 9.94
7. [Cr(0.015), Co(0.019), Ni(0.005), Mo(0.0623(0.001)] 8.0 7.91
8. [Fe(0.03), Cr(0.03), Si(0.005), C(0.005)] 5.0 03%.
9. Zr(0.02), Nb(0.02), Ta(0.0 12.C 11.8¢
10. Tap water 8.0 7.98
11. Pt(0.19, Pd(0.01), Ru(0.05) 25.0 25.04
12. Reverberatory flue dust(100) 15.0 15.0¢

*Figure in the bracket indicates the amount of rhaa per sample in milligrams;
** Average of triplicate analysis.

Compositions (1-8) corresponds to Stellite NoCRpperite, Duke’s metal, Heat resistant steel, Gexmpgnglish
metal, Minargent, Arkit and Silchrome wire, respesty.

4n presence of 0.05 ml of B, (6 % w/v).
®In presence of 10 mg of sodium phosphate.

Table-4: Comparison of the proposed method with thexisting methods

Sandell’'s
Sensitivity
Sr. - Solvent/ (ug cm?) ! )
No. Aqueous conditions (umax,nm) Molar Interfering metal ions
Absorptivity
(dm® mol* cm?)
W(VI), conc.HCI, SnGJ, 0.5% dithiol (in amyl 0.006 Mo(VI) separated by extraction as
1. | acetate), heat to 80, wash the extract with con¢. Amyl acetate/640 @ §2xld) dithiolate from 1.9 M HCI before
HCI, time consuminy ) determination of W(VI)
W(VI), 10 M HCI, 25% KSCN, 30% Sng10.5% )
2. | quinaldic acid, heat to 8G, colour development Isoamyl acetate/405 0012 PA((ID, Ti(IV), Re(V1l), V(V), Pt(IV),
] ‘ (1.51x10) Mo(VI)
time 10 minuté
3. | W(VI), pH 0.8-2.4; 2,4-dihydroxybenzenettiiol | Isoamyl Alcohol/490 (03835(4) Not known
0.00294 . .
4. | Proposed method Chloroform/ 420 (3.125x16) 39 metal ions do not interfere
°Ref = [7],°Ref = [9],°Ref = [12]

CONCLUSION

The proposed method for the determination of mamwunts of tungsten has been found free from iettence of
large number of metal ions. The method is foundéomore sensitive than those reported earlier dogdten
complex with chromone derivatives and other reagy€rable-4). The wide applicability of the proposedthod has
been tested by the satisfactory analysis of flust,diteel and various synthetic samples contaitingsten up to 28
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pg in the aliquotThe proposed method is rapid, simple, sensitivieciee and precise for the determination of
tungsten.
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