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Abstract

A new functionalized calix[6]crown hydroxamic acid is reported for the speciation, liquid-liquid extraction, sequential separation and
trace determination of Cr(Ill), Mo(VI) and W(VI). Chromium(lll), molybdenum(VI) and tungsten(VI) are extracted at pH 4.5, 1.5M HCI
and 6.0 M HCI, respectively with calixcrown hydroxamic acid (37,38,39,40,41,42-hexahydroxy7,25,31-calix[6]crown hydroxamic acid) in
chloroform in presence of large number of cations and anions. The extraction mechanism is investigated. The various extraction parameter
appropriate pH/M HCI, choice of solvent, effect of the reagent concentration, temperature and distribution constant have been studied
The speciation, preconcentration and kinetic of transport has been investigated. The maximum transport is observed 35, 45 and 30 min ft
chromium(lll), molybdenum(VI) and tungsten(1V), respectively. For trace determination the extracts were directly inserted into the plasma for
inductively coupled plasma atomic emission spectrometry, ICP-AES, measurements of chromium, molybdenum and tungsten which increas
the sensitivity by 30-fold, with detection limits of 3 ngml The method is applied for the determination of chromium, molybdenum and
tungsten in high purity grade ores, biological and environmental samples. The chromium was recovered from the effluent of electroplating
industries.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction spheric emission of Cr, Mo, As, Cu, Ni etc. and their salts
are regulated under the clean act. Many of these, like Cr,
Chromium, molybdenum and tungsten are important Mo emitted into the atmosphere pose serious health hazards.
constituents of modern alloys and these elements are quiteThe bioinorganic chemistry of chromium, molybdenum and
abundant in untreated waste waters of iron, steel, leathertungsten plays an important role in biological systdtis
tanning, metal plating, battery, electro wiring, metal finish- Since these are the essential elements contributing to the
ing, aerospace and electronic industries. The heavy metalfunction of 11 known enzymes, their accurate determination
emissions are of increasing importance is assessment of risksn blood plasma is important to obtain an insight into their
associated with a combustion system. Metal contributes metabolism. It passes continuation risk to natural environ-
about 7-9% of a typical waste by weight, a significant ment concern because of its toxic[g]. In contrast, Cr(VI)
fraction of incombustible matter in hazardous waste. Atmo- is carcinogenic and can diffuse through cell membrane and
oxidize molecules with toxic resul{8,4].
* Corresponding author. Tel.: +91 2717 241900/79 6302200; In rgcent ye.ar, it has become reco.gmzeq that Fr_ace metal
fax: +91 2714 24196/79 6308545, analysis must involve the metal speciation in addition to to-
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is directly inserted into plasma, which produces a 30-fold
increase in sensitivity and detection limit.

2. Experimental

2.1. Chemicals

All the chemicals and solvents used were of analytical
grade and from E. Merck unless otherwise specified.

2.2. Reagents

Fig. 1. 37,38,39,40,41,42-hexahydroxy-7. Stock solution (1.6& 10~3M, 0.2%) of calix-crown hy-
droxamic acid was prepared in CHCI

properties depend upon the specific form in which, the metal
is present and combinations of metals have different effects

on the environment depending on the nature of the mixture. . .
b g The CIBA corning glass vessels were used. Electronic

Hard chrome and molybdenum alloys plating of gun barrels . -
release these metals on firing rounds and transport of thesespeCtra were recorded on a CIBA-Corning 2800 UV-visible

. . . o spectrophotometer with matching 10 mm quartz cells, pH
aerosol particles to different environmental CondltlonsCausesmeasurements were performed with Svstronic bH meter
a health hazard. Number of papers on chromium speciation odel 335. equipped [\)Nith a combined ylass ang calomel
analysis has significantly increased in recent years becausévI » €quIpp 9

of the wide spread contamination of environment due to in- elelg:;oscri:é Scan Model 710 Sequential plasma. Inductivel
dustrial, fungicides, magnetic tapes and metallurgy. 4 P ! y

Various reagents have been used for the extraction, sepa-COUIOIeOI Atomic Emission Spectrophotometer with plasma

ration and determination of chromiuf—15], molybdenum _?ﬁ:?owglt.'tnasgjnng di%nr:SUtgrrea::t ]PO ?—T(S;tSEIA\CE%uﬁng\ZI?S];SGd.
[16-20]and tungstef21-25], however, these methods are HZ incidv:ntgl owlelr 20(\)A(/)W GMK nebulizer ’Sam Ié con-
tedious, time consuming, non specific and difficultto separate ™’ P ' ' b

sequentially chromium, molybdenum and tungsten from each centration 1.0ngmL", RF power 5.W’ observation height
; : 14 mm, argon coolant flow 13 L mi, wavelength set for

other. Recently, macrocyclic compounds like crown ethers chromium 262.72 nm. for molvbdenum 202.30 nm and for
and calixarenes are reported for the chromatographic separafun sten 207 9'1 nm ' y '
tion of chromium[26]. 9 ' )

On the other hand, atomic spectroscopic method (AAS),
inductively coupled plasma atomic emission spectrometry 2-4. Metal solutions
(ICP-AES) and ICP-Mass spectrometry do not distinguish
Cr(Ill) and Cr(VI) but gives the total concentration. Dicyclo Standard solutions of Cr(lll), Mo(VI) and W(VI) were
18-crown-6 is reported for the extraction of molybdenum and Prepared by dissolving 3.83 g of CH3H,O in 250 mL of
tungsten as thiocyanat¢g7—29]. However, no systematic ~Water, 1.79g of (NH)sM07024-4H,0 in 100 mL of wa-
studies for their separation are reported. ter and 1.849g of NaWO4-2H;0 in 250 mL of water. Fi-

Calix-crown ether§30] are the new class of ligands hav- nal concentrations were determined spectrophotometrically
ing the binding properties towards alkali and alkaline met- [9,14,15,17,36].
als, which can be tuned by the subtle conformation changes
around the binding region. Hydroxamic acids are the versatile 2.5. Extraction procedure
analytical reagents for the estimation and separation of metals
[31-38]. The introduction of the hydroxamic acid group in to An aliquot of sample solution containing 98.2-196@
the macrocycles may enhance the complexing ability towards of Cr(111), 99—-198u.g of Mo(V1) or 99-199ug of W(VI) was
the metalions. With thisin aview, in the presentinvestigation, transferred in to 25 mL separator funnel and pH or molar-
new functionalized calix-crown ether with hydroxamic acid ity of the HCI solution was adjusted [for Cr(lll) pH 4.5,
group (Fig. 1) is synthesized and used for the complexation, Mo(VI) 1.5M HCI and for W(VI) 6.0 M HCI] with buffer
liquid—liquid extraction, speciation and sequential separation or conc. HCI. The mixture was then shaken with 5.0 mL
of Cr(lll), Mo(VI) and W(VI) from solid wastes. The present  (0.2%) chloroform solution of calix-crown hydroxamic acid
extraction method removes the bulk of the major elements for 5min. The organic layer was separated, dried over an-
and at the same time, concentrates the desired metal speciesydrous sodium sulfate and transferred to 10.0 mL volumet-
into a small volume of the solution. The chloroform extract ric flask. The organic layer was made up to 10.0 mL with

2.3. Apparatus
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Fig. 2. Membrane cell for the 13,25,31-calix[6]crown hydroxamic transport
of Cr, Mo and W acid; a, feed solution; b, received; phase (stirred); m,
membrane; ms, magnetic stirrer; gs, glass stirrer.

chloroform and absorbance was measured against reagent
blank.

2.6. Transport condition

The transport conditions were performed with two-glass
half diffusion cell, which were separated by the membrane
16 cnt (Fig. 2). The membrane was impregnated with carrier
calix-crown hydroxamic acid dissolved in chloroform and
fixed between the half-cell. In support of this liquid mem-
brane transport experiments the samples were taken from the
fixed and receiving solutions at scheduled time intervals and
analyzed for the Cr, Mo and W by spectrophotometry and
ICP-AES.

3. Results and discussion

The chloroform extract of calix-crown hydroxamic
acid complexes of chromium(lll), molybdenum(VI) and
tungsten(VIl) have the maximum absorbances at 387,
410 and 320nm, respectively with molar absorptivity
1.38x 10, 2.24x 10* and 1.99x 10*L mol~tcm™! for
Cr(lll), Mo(VI) and W(VI), respectively. The reagent blank
does not absorb at these wavelength. Under the opti-
mum conditions, the calibration curves are linear over
the concentration range of 0.98—13@mL~1 for Cr(lll),
0.99-14.98,gmL~* for Mo(VI) and 0.99-15.68.gmL~!
for W(VI). The linear equations with the regressions
are as follows: Cr(lll), Conc.=11.% Absorbance with
r=0.999; Mo(VI), Conc. = 3.5 Absorbance with = 0.999;
and W(VI), Conc.=3.Xk Absorbance withr =0.999. Ten
determinations of each 1&g mL~1 of Cr(lll), Mo(VI) and
W(VI) solutions gave a relative standard deviation of 2.3, 2.8
and 3.0%, respectively. For ICP-AES measurements the ex-
tract is directly inserted in to the plasma through peristaltic
pump, which increases the sensitivity with the detection lim-
its 3ng mLL.

Table 1

Thermodynamic function for the extraction of Cr, Mo and W, calix-crown hydroxamic acid

W(VI)-calix-crown HA

Mo(VI)-calix-crown HA

Temperature  Cr(lll)-calix-crown HA

(K)

ASP

AH?

AGP

Kex

AS

AHO

AGP

Kex

ASP

AHO

AGP

(K™

(kJ/Mol)

(kJ/mol)

(kJ/mol) (K

(kJ/mol)

(kJ/mol) KD

(kJ/mol)

—-97.79
—99.99
—104.62

270x 1078

-93.10

510x 1078

7.40x 1074

288
298
308
318

164
161
164

—48.92

2.78x 1078

156
158
162

—46.62
—48.80
—51.63

5.15x 108

138
137
138

—42.76

—85.26
—87.16
—86.29

7.51x 1074

—49.61

2.89x 1078

—96.84
—103.14

5.25x 1078

—43.60
—43.82

7.58x 1074

—58.31

2.94x 1078

5.36x 108

7.65x 1074
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3.1. Effect of pH/M HCI and time 3.3. Choice of extracting solvent

Cr(lll), Mo(VI) and W(VI) were extracted with calix- Among chloroform, dichloromethane, benzene, toluene
crown hydroxamic acid at different pH/M HCI. It was ob- and iso-amyl alcohol, chloroform was found to be the most
served that maximum extraction (%E) akgwas found for suitable solvent for the quantitative extraction of chromium,
Cr(lll) at pH 4.5, Kd 1380, Mo(VI) with 1.5 M HCKy 1460 molybdenum and tungsten (Table 2).
and for W(VI) with 6.0 M HCI andKq 985, (Table 1). It was
found that 5 min of shaking time is sufficient for the quanti- 3.4. Effect of temperature
tative extraction of Cr(lll), Mo(VI) and W(VI).

The thermodynamic parameters for chromium, molybde-
3.2. Effect of concentration of calix-crown hydroxamic num and tungsten complexes were determined at various tem-
acid peratures between 288 and 318 K (Table 3). Results show that
with the increase in the temperature, extraction constant in-

The influence of the concentration of calix-crown creases. The plot of Idgex against 100/Ts linear. The nega-
hydroxamic acid was studied by extracting a fixed amount tive values of free energy show that the reaction is exothermic
of Cr(lll), Mo(VI) or W(VI) with varying concentration of and favourable for extraction.
calix-crown hydroxamic acid. It was found that a 10.0 mL
aliquot of 1.68x 10~3 M calix-crown hydroxamic acid was 35, Stoichiometry of the complex
adequate for the complete extraction of Cr(lll), Mo(VI) and
W(VI). However, excess of the reagent does not effect the  The stoichiometry of the complexes was established by

extraction (%E). plotting the graph of logarithm of metal distribution ratio
Table 2
Effect of interfering ions on the extraction of chromium
Diverse ions Added as Milligrams added LodK"m* Ker Found (ng m-1)

Spectroph. ICP-AES
Cr - 50 11.32 1.00 4.98+ 0.05 4.997+ 0.006
Agt AgNO; 50 0.32 101100 497+ 0.05 4,996+ 0.008
ca* CaCb 80 0.35 101097 4.99+ 0.03 5.005+ 0.006
Zn?* ZnsQ, 60 1.15 10%0-17 5.024+ 0.05 4.999+ 0.005
Co?* Co(NOs)2 60 1.21 101011 5.03+ 0.05 5.005+ 0.008
Ni2* NiCl, 60 1.25 101007 4.98+ 0.05 5.002+ 0.005
Mn2* MnCly 60 1.30 1010.02 4.97+ 0.06 5.008+ 0.009
cuw* CuCh 60 1.28 101004 5.044+ 0.04 4.998+ 0.005
Mg?* MgSQy 80 0.95 1010-37 4.99+ 0.03 5.002+ 0.006
Hg?* Hg(NOs)2 50 0.80 101052 5.00+ 0.03 4.997+ 0.007
PR Pb(NGs)2 50 0.90 101042 5.03+ 0.05 4.996+ 0.008
Sré* SnCh 50 0.90 101042 5.014+ 0.03 4.999+ 0.005
Al3* AlCl3 80 1.10 101022 4.98+ 0.05 5.008+ 0.009
Feit FeCk 60 2.10 10%-22 4.97+ 0.06 5.00+ 0.005
As®t As,O3 70 1.19 101013 4.99+ 0.03 5.0024+ 0.005
Siviad ShCk 60 1.25 101007 4.99+ 0.03 5.052+ 0.007
Bi3* BiCl3 60 1.30 1010-02 4.99+ 0.03 4.996+ 0.008
St ScCk 70 1.10 101022 5.024+ 0.04 4.997+ 0.006
St SrCh 80 1.00 101032 5.00+ 0.04 4.995+ 0.007
Ba2* BaCh 80 0.93 101039 5.024+ 0.03 4.996+ 0.007
Ga* GaCk 80 0.88 101049 5.04+ 0.06 4.993+ 0.007
In3* InCl3 80 0.85 101047 4.97+ 0.05 4.998+ 0.005
cet* Ce(SQ)2 60 2.20 10012 4.97+ 0.05 5.008+ 0.008
Th** Th(NOs)4 50 2.30 10%-02 5.03+ 0.04 4.995+ 0.007
us* UO,(NO3)2 50 2.40 10892 5.024+ 0.05 4.994+ 0.008
G Gd(NOs)3 50 2.05 1027 4.98+ 0.05 4.998+ 0.005
Pr* Pr(NGs)3 50 1.85 101047 497+ 0.04 4,996+ 0.005
Nd3* Nd(NOs)3 50 1.65 101047 4.97+ 0.04 4.996+ 0.005
Vot NHzVO3 50 2.65 10%67 5.05+ 0.06 4.996+ 0.007
Mo (NH4)6M07024-4H,0 60 045 1010-85 5.00+ 0.04 4.995+ 0.007
w NapWO;4-2H,0 60 0.32 101100 5.04+ 0.06 4.993+ 0.007
cl- NH,4CI 80 0.70 101052 5.01+ 0.03 5.003+ 0.008
NOs~ NH4NO3 80 0.60 101072 5.024+ 0.03 5.003+ 0.005
F- NH4F 80 0.65 101067 5.014+ 0.03 5.004+ 0.007
SOu2- (NH4)2SOy 80 0.50 101082 4.99+ 0.02 4.999+ 0.005

Chromium, 5.qug mL~1; pH, 4.5 log; solvent, chloroform.
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Table 3
Effect of interfering ions on the extraction of molybdenum
Diverse ions Added as Milligrams added LodK"m* Kmo Found (ugml=t)
Spectroph. ICP-AES
Mo - 50 14.05 1.00 4.97+ 0.04 4.995+ 0.006
Ag* AgNO3 50 0.85 101300 4.994 0.04 4.997+ 0.005
ca*t CaCb 80 0.65 101340 5.02+ 0.03 5.002+ 0.002
Zn?* ZnSQy 60 1.10 101245 4.98+ 0.05 4.999+ 0.005
Co*t Co(NGs)» 60 1.20 101285 5.03+ 0.05 5.005+ 0.008
Ni2* NiCl» 60 1.35 101270 4.96+ 0.05 5.004+ 0.002
Mn2* MnCly 60 1.20 101285 4.99+ 0.04 5.004+ 0.008
cwt CuCh 60 1.50 101255 5.05+ 0.05 4.997+ 0.004
Mg2* MgSQy 80 0.80 101225 5.054+ 0.04 5.001+ 0.002
Hg?* Hg(NO3)2 50 0.70 101235 4.99+ 0.03 4.998+ 0.005
PR2* Pb(NQs), 50 0.95 101215 5.05+ 0.04 4.997+ 0.005
Sr#t SnCh 50 0.65 1012-30 4.98+ 0.03 4.997+ 0.004
Al3* AlCl3 80 0.55 101250 4.99+ 0.05 5.005+ 0.009
Fe3* FeCh 60 2.00 101205 4.99+ 0.06 5.01+ 0.004
As3* As,03 70 1.15 1012:90 4.99+ 0.03 5.002+ 0.005
Sk ShCk 60 1.05 10t3.00 4.98+ 0.06 5.05+ 0.004
Bi3* BiClz 60 0.95 1013-20 5.05+ 0.03 4.998+ 0.008
St ScCh 70 1.00 101305 4.99+4 0.04 4.999+ 0.006
sP* SrCh 80 0.85 1013-20 5.00+ 0.04 4.995+ 0.007
Ba?* BaCb 80 0.55 1013-50 5.04+ 0.03 4.998+ 0.007
Gat GaChk 80 0.65 101340 4.99+ 0.05 4.983+ 0.008
In3* InCls 80 0.70 101290 4.99+ 0.05 4.999+ 0.005
cett Ce(SQ)2 60 1.20 10912 4.98+ 0.05 5.007+ 0.008
Th** Th(NOs)s 50 1.25 101295 4.994 0.08 4.997+ 0.05
us* UO,(NO3)2 50 1.30 1018-80 5.054+ 0.02 4.984+ 0.007
Gd** Gd(NOs)3 50 0.95 101310 4.99+ 0.05 4.978+ 0.005
Pt Pr(NGs)3 50 0.85 1013-20 498+ 0.04 4.998+ 0.005
Nd3* Nd(NOs)3 50 0.70 101385 4.994 0.04 4.986+ 0.005
V5 NH4VO3 50 2.80 101125 5.02+ 0.05 4.998+ 0.005
Cr CrClz-6H,0 60 0.25 1013-80 5.02+ 0.05 4.998+ 0.005
w Na,WO,-2H,0 60 165 101240 5.05+ 0.06 4.992+ 0.005
Cl- NH4ClI 80 0.50 101355 4.994 0.05 5.004+ 0.004
NO3~ NH4NO3 80 0.50 101355 5.05+ 0.04 5.004+ 0.003
F- NH4F 80 0.45 101360 5.02+ 0.05 5.001+ 0.087
SOu2- (NH2)2SOy 80 0.50 101355 4.984 0.04 4.989+ 0.004
La3* La(NOz)3 80 0.70 101055 5.024+ 0.03 4.998+ 0.007
Molybdenum, 5.Gug mL~%; HCI, 1.5 M; solvent, chloroform.
.
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Fig. 3. logKq vs. pH.
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Fig. 4. —logC vs. logDy.
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Table 4
Effect of interfering ions on the extraction of tungsten
Diverse ions Added as Milligrams added LodK"m* Kw Found (ug mLc1)

Spectroph. ICP-AES
w - 50 14.89 1.00 4.98+ 0.04 4.997+ 0.006
Agt AgNOs 50 0.70 10419 4.98+ 0.06 4.998+ 0.004
ca* CaCh 80 0.65 101424 5.05+ 0.03 5.004+ 0.002
Zn2* ZnSQy 60 0.95 101314 4.99+ 0.05 4.998+ 0.005
Co** Co(NQs), 60 1.08 101381 5.05+ 0.04 5.005+ 0.008
Ni2* NiCl, 60 1.21 101368 4.99+ 0.05 5.02+ 0.006
Mn2* MnCly 60 1.23 101366 4.98+ 0.04 5.005+ 0.008
Cu?* CuCh 60 1.45 101345 5.04+ 0.05 4.998+ 0.004
Mg?* MgSQy 80 1.00 101389 4.994 0.04 5.002+ 0.002
Hg?* Hg(NOs)2 50 0.82 101407 4.98+ 0.04 4.999+ 0.005
PRt Pb(NGs), 50 1.05 101384 4.994 0.04 4.998+ 0.005
Sret SnCh 50 0.65 101313 4.99+ 0.03 4.998+ 0.004
Al3t AlCl;3 80 0.55 101315 5.02+ 0.05 5.002+ 0.009
Fei* FeCk 60 2.00 101359 4.98+ 0.06 5.04+ 0.004
As3* AsyO3 70 1.15 101314 4.984 0.03 5.002+ 0.005
Skt ShCk 60 1.05 1013.04 4.99+ 0.06 5.04+ 0.004
Bi3* BiCls 60 0.95 101307 5.024+ 0.03 4.999+ 0.008
St ScCh 70 1.00 1013:09 4.98+ 0.04 4.997+ 0.006
St SrCh 80 0.85 101341 5.02+ 0.04 4.999+ 0.007
Ba?* BaCh 80 0.55 101343 5.01+ 0.03 4.997+ 0.007
Ga* GaChk 80 0.65 101411 4.98+ 0.05 4.987+ 0.004
In3* InClz 80 0.70 101426 4.98+ 0.06 4.999+ 0.002
ce** Ce(SQ), 60 1.20 101321 4.994 0.05 5.004+ 0.007
Th** Th(NOs)s 50 1.25 101294 4.984 0.08 4.997+ 0.05
us+ UO2(NO3)2 50 1.30 101288 5.04+ 0.02 4.994+ 0.007
G Gd(NQs)3 50 0.95 101304 4.994 0.05 4.988+ 0.005
Pt Pr(NQGs)3 50 0.85 1013-29 5.02+ 0.04 5.05+ 0.005
Nd3* Nd(NOz)3 50 0.70 101324 4.984 0.04 4.989+ 0.005
Vvo* NH4VO3 50 2.80 101284 5.05+ 0.05 5.02+ 0.005
Cr CrCls-6H,0 60 0.69 101420 4.994 0.04 4.986+ 0.006
Mo NapWOy-2H,0 60 195 1012:94 4.98+ 0.04 4.995+ 0.007
Cl- NH4CI 80 0.50 101439 5.02+ 0.05 5.002+ 0.004
NO3~ NH4NO3 80 0.50 101439 5.04+ 0.04 5.002+ 0.003
F- NH4F 80 0.45 101439 4.994 0.05 5.001+ 0.087
SO~ (NH4)2SOs 80 0.50 101424 4.99+ 0.04 4.999+ 0.004
La3* La(NOz)3 80 0.70 101450 5.054+ 0.03 5.02+ 0.007

Tungsten, 5.¢.g mL~1; HCI, 6.0 M; solvent, chloroform.

(log Dy ) against the negative logarithm of the concentration  The extraction of Cr(Ill), Mo(VI) and W(VI) with calix-
of ligand (—log C) and logkq against pH, which shows the crown hydroxamic acid can be represented as,
formation of 1:1 metal: calix-crown hydroxamic acid com- . +

plex with a slope 1.00 (Figs. 3 and 4). The extraction was CrClajag) + HaAjorg) = [Cr — AlCl[org) +2[H "l (1)
carried out by taking a fixed amount of Cr(lll), Mo(VI and

2+ _ _ +
W(VI) with varying concentration of calix-crown hydrox- [MOO2]ag™" + [H2Aljorg) = [MOO2 — Alforg) + 2[H " Jjaq)

amic acid. This confirms that one molecule of ligand is re- 2)
quired for 1 mol of metal ion and the expected structure of 2t N
the complex can be of the type: [WO2][aq”" +[H2Al[org) = [WO2 — Al [org) + 2[H][aq " (3)
Table 5

Determination of chromium(lll) and chromium(VI) in tannery effluents

Synthetic sample (ppm) Cr(lll) + Cr(VI) Chromium total Cr(lll) + Cr(VI) (ng) Concentration of Cr(Ill) (ng) Concentration of Cr(VI) (ng)
100+100 199.40 99.90 99.50

0.5+0.0 0.50+0.03 0.50 0.00

40.0+5.0 45.0+0.04 40.02 49

5.0+40.0 45.0+£0.03 4.85 40.15

1.5+0.50 2.1+£0.02 1.49 0.52

Chromic plating rinsing water sample 28a@:0.05 9.00 271.00
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Table 6
Determination of Cr(lll), Mo(VI) and W(VI) in silicate rock, ores, alloys and steel samples
Sample Cr(lll) (ppm) Mo(VI) (ppm) W(VI) (ppm)

Certified Found Certified Found Certified Found
Basalt USGS BCR-1 15.00 14.92 1.20 1.18 0.50 0.53
Basalt GIT: BE-N 360.00 359.92 - - 29.00 28.90
Basalt CRPG: BR 380.00 379.91 4.10 3.94 29.00 28.95
Chromite FeCrO4 9.8% 9.782% - - - -
Molybdenite Mo$ - - 9.94% 59.52% - -
Wolframite [Fe(Mn)WQ)] - - - - 47.67% 47.51%
GKW Steel, India 1.02% 1.018% 10.50 10.45 2.50 2.48
Stainless steel no.304 18.0 % 17.98 % 25.80 25.50 3.00 2.50
BCS 406/1 6.50 6.55 1.0% 0.92% 3.50 3.48
BCS 219/4 5.10 4.98 0.58% 0.56% 1.50 1.55
BCS 261/1 8.55 8.50 0.11% 0.10% 4.75 4.73
where the extraction constalgx can be given So,
Ko — M — Alforg) X [HT]jaq) 4 log Kex = log Dy — 2 pH — 2 log[HA] (7)

ex

= Nt
Ml faq)™ > [H2Alforg) The two-phase stability constants(%) of the complexes
where A stands for the hydroxamate anion of calix-crown can be given as,
hydroxamic acid. .
Dw is metal distribution ratio between organic and aque- 109(F2; Ke) =109 Kex +2pKa+ 2 log Ke (8)

ous phases given as, where (4, Ki) andKex are the respective stability and ex-

M — Aljorg] traction constants of the chelate.
[M] [aq] . . .
. ~3.6. Effect of interfering ions
where the subscripts [aq] and [org] are aqueous and organic
phases, respectively. o In order to examine the utility of the present method, the
The general extraction constafdy is given as, effect of various cations and anions in the separation and
. 2 determination of chromium, molybdenum and tungsten was
Dm[H]{aq) . . .
o= —————— (6) studied. Interference studies were performed by measuring
[HA] [org] the absorbance of the extracted organic phase and also by

Cr(IIT)+Cr(VI), Mo(VI) and W(VI) adjust the molarity of solution to 1.5 M HCI and

extract

Mo(VI) Cr(IIN+Cr(VI)+W(VI)
Set the pH 4.5 and extract

l I
ICP-AES Cr(1ID) Cr(IIN+Cr(VI)

Reduce Cr(VI) with
NH>OH.HCI and

Extract
|
Cr(VI) or Cr(III) W(VI) adjust
to molarity
6.0 M HCI

Fig. 5. Sequential separation of chromium(lil), molybdenum(VI) and tungsten(VI).
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Table 7
Determination of Cr(lll), Mo(VI) and W(VI) in food, pharmaceutical and
biological samples

—e—% Cr(III) Trans.
—m—% Mo(VI) Trans.

i | —&—% W(VI) Trans. Sample Found (ug LY
% Cr(IIT) Retained
—a— % Mo(VT) Retained Cr(In) Mo(VI) W(VI)

—e—2% W(VI) Retained

% Transported
(=2}
o

40 | Green beans 9.6 0.85 0.10

White cabbage 7.2 1.2 010

20 Coffee 5.8 1.3 002

. Tea leaves 6.2 15 001

o i s B0 b &8 € Radishes 4.8 11 024

Ti . Tape water 0.20 0.24 0.02

ime (t) min. Sea water 3.50 0.8 010

] ] ) ) Chromium plating, 6000 3.5 025
Fig. 6. Transportation of Cr(lll), Mo(VI) and W(VI) with calix-crown hy- rinsing water

droxamic acid. Kelp 0.08 0.50 0.01

Murg bean 0.05 0.30 0.02

ICP-AES of both the extract as well as aqueous phase. ThePork liver 0.03 0.20 0.01

I C . Urine 0.18 (0.20) 1.21(1.20)  0.03(0.05)
tolerance limit was set as the amount of foreign ion causing Blood 2.92 (2.90) 363 (3.70) 0,03 (0.03)

?hcéhriré%(\a/;;a;)fsg:bar;cgno; 3\./02 on absorbance or 2% error irgg,m 2.11 (2.10) 528(5.30)  0.07 (0.08)
Chromium, molybdenum and tungsten were extracted in
presence of large number of competitive ions at the optimum Optisulin 0.497(0.500) @8O 0.005
pH/molarity of HCl and none of them affected the absorbance Fours B 0.148(0.150)  0.060 0.008
: .~ Chromoplex 0.197 (0.200)  ®50 0.006
of chromium, molybdenum and tungsten (Tables 4-6). This . —
shows that Iog (ﬁ Ke) values are greater than Competing The standard samples are from Analytical USA and values given in paren-
. ' . . thesis.
metal cations (Ry*) and anions (Ry ™), which were deter- oS
mined independently at pH 4.5, 1.5 M HCland 6.0 M HCl for

chromium, molybdenum and tungsten, respectivel;n/. '[he ' the sample. The quantitative collection of chromium, molyb-
sults obta|2ed show that selectivity factort f2Ke/Kv ™) denum and tungsten was possible with recovery 390985,
or (B2Ke/K"A™) for chromium complexKer, molybdenum g9 7. 5 4 and 99.9- 0.5%, respectively. The concentration

Kwmo Or tungsterKy has a high selectivity with most of the 5515 were 111, 115 and 107 for chromium, molybdenum
cations and anions. The moderate amount of commonly metal, tungsten.

ions associated with chromium, molybdenum and tungsten
were tolerated. The sequential separation of Cr, Mo and Wis 3 g kinetics of transportation of Cr(I1l), Mo(V1) and

(mgKg™)

on the standard addition, aig; is the absorbance value of

shown inFig. 5. W(VI) for their sequential separation
3.7. Limits of preconcentration and preconcentration Transport experiments were performed by taking Cr(lll),
factor Mo(VIl) and W(VI) (1x10~4M) concentration in ap-
propriate pH or molarity of HCI as source phase, 0.05M
One liter of aqueous phase containinggof chromium, ~ HCI as receiving phase andx110-3M and calix-crown

molybdenum and tungsten was divided in 10 portions of hydroxamic acid as a carrier. Concentrations of Cr, Mo and
100 mL each. Extraction was performed using 20 mL of W in the aqueous compartment were monitored as a function
chromium solution of PCCCHA, which was successively ©f time by spectrophotometry and ICP-AES. The transport
added to individual portion of the agueous phase sample sodata are the average of at least four runs whose experimental
that the chromium, molybdenum or tungsten became con-©Iror is less than 3.0%. No movement of metal ions was
centrated in 20 mL of organic solvent. Determinations were observed unless a carrier calix-crown hydroxamic acid was
made by ICP-AES.

For evaluation of the efficiency of preconcentration, ex- Table 8
pressed in recovery, the concentration of metal (Cr, Mo or Determination of Cr(lll), Mo(VI) and W(VI) in natural water, soil, effluent
W) in organic phase and the remaining in agueous phase wasample Cr(lin Mo(V1) W(VI)
measured by ICP-AES against a calibration standard solu-Natural water 1.98+0.02 0.08+ 0.01 0.02+ 0.01
tion in chloroform. The recovery (R%) was calculated from (19 mL~h)
the equationR% = [(Astand— As)/Asid] X 100, whereAgang 501 sample (mgKgh)

is the absorb lue for th | taini K 1.98 0.035+ 0.03 0.22+ 0.05
is the absorbance value for the sample containing a known , 306 045+ 0.05 0.18+ 0.05
amount of Cr, Mo or W added to the sample solution priorto  Effiyent 20.08+ 0.05 362.45+ 0.08 44.02+ 0.05

extraction,Asq is the absorbance value for the standard Cr, (ugmL™%)
Mo or W in chloroform with the same analyte concentration Effluents samples were obtained from GIDC Vatva, Ahmedabad.
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used. The transport of metal ions is of psuedounimetal
reaction of the first order. It has been observed that max-
imum transport is observed till 35min with/,=12 min,
K=5.7x 102mol~tmin-1 for Cr(lll); 45min with
t12=15min, K=4.6x 10-2mol~t min~1 for Mo(VI); and
30min, withty»=11min, K=6.3x 102 mol~ min~1 for
W(VI). The Cr, Mo and W transport and retention with time
is shown inFig. 6.

3.9. Speciation of chromium(lll) and chromium(VI)

A portion of tannery effluent (100 mL) containing 200
of total chromium [Cr(lll) and Cr(VI)] was reduced to
chromium(lll) with hydroxylamine hydrochloride. Then the
Cr(lll) was extracted as total Cr(lll). The Cr(lll) was directly
extracted and the amount of Cr(VI) was obtained by subtract-
ing the Cr(lll) contents from total Cr content. The results are
given in (Table 7).

3.10. Performance characteristic in the analysis of the
standard samples, biological and environmental samples

To check the validity of the proposed method, chromium,

molybdenum and tungsten were determined in standard stee,

alloys, geological and soil, food and water samples. The re-

sults obtained are in good agreement with the certified values

(Table 8).
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