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Abstract 

Amberlite XAD-2 has been functionalized by coupling it, through the -N=N- group, with Pyrocatechol Violet (PV), and the 
resulting resin has been characterized by elemental analysis, thermogravimetric analysis (TGA) and IR spectra. The resin has 
been used for preconcentrating Zn(II), Cd(II), Pb(I1) and Ni(I1) ions prior to their determination by flame atomic absorption 
spectrometry. The optimum pH values for quantitative sorption are 5, 5-7, 4, and 3 for Zn, Cd, Pb and Ni, respectively. The 
four metals can be desorbed (recovery ~98%) with 4 M HNO,; also, 4 M HCI is equally suitable except for Zn. The sorption 
capacity of the resin is 1410, 1270, 620 and 1360 ug g-’ resin for Zn, Cd, Ni and Pb, respectively. The effect of F-, Cl-, 

NOa-, SOd2- and Pod’- on the sorption of these four metal ions has been investigated. They are tolerable in the range O.Ol- 
0.20 M, for Pb. In the sorption of Zn(I1) and Ni(II), the tolerance limits of all these ions are upto 0.01 M, whereas for Cd(I1). 
F-, NOsmm, and POdl- have been found to be tolerable upto 0.50, 0.10 and 0.10 M, respectively. The preconcentration factors 
are 60, 50, 23 and 18 for Zn, Cd, Pb and Ni, respectively. Simultaneous collection and determination of the four metals are 
possible. Cations commonly present in drinking water do not affect the sorption of either metal ion if present at a 
concentration level similar to that of water. The method has been applied to determine Zn, Ni and Pb content of well-water 
samples (RSD 59%). 

K~.vwords: Amberlite XAD-2; Atomic absorption spectrometry; Cadmium; Chelating resins; Lead; Nickel; Preconcentration: Pyrocatechol 
Violet: Water; Zinc 

1. Introduction 

Chelating resins are of immense value in the 
context of micro- and trace-metal ion analysis due to 
their selectivity and good preconcentration factor 
[ 1,2]. Chelex-100, having the iminodiacetate func- 
tionality on the polystyrene matrix, is the most 
widely used one [2]. However, it lacks selectivity [3]. 
Amberlite XAD series resins have also shown 

*Corressponding author. 

promise for designing chelating resins [4-81. Either 
the absorption of chelating ligands onto these 
matrices or the coupling of ligands with the polymer 
backbone through a spacer arm has been used to 
design such resins. The later methodology renders 
rugged systems free from ligand leaching problems, 
but their metal-ion capacities have medium values 
only. We have recently functionalized Amberlite 
XAD-2, a polystyrene sorbent 19,101 with salicylic 
acid and Alizarin Red-S, and designed new, promis- 
ing chelating resins. In view of the good complexing 
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properties of Pyrocatechol Violet (PV), it was reagent grade. The glass ware was soaked in 5% 
thought worthwhile to couple this ligand with HNOs for one week before use and cleaned 
Amberlite XAD-2 through an -N=N- spacer and with doubly distilled water. Well-water samples 
study the resulting chelating resin for the extraction were collected from Janakpuri, New Delhi, Pate1 
and preconcentration of Cd(II), Pb(II), Zn(I1) and Nagar, and Gurgaon (India), a satellite town of 
Ni(I1). New Delhi. 

The results of these investigation are described in 

the present paper. 
2.3. Synthesis of Amberlite XAD-2 loaded with PV 

2. Experimental 

2.1. Apparatus 

Atomic absorption spectrometry (AAS) measure- 
ments were taken with a Hitachi (Tokyo, Japan), Z- 

8 100 model atomic absorption spectrometer using an 
air-acetylene flame, with air and acetylene flow-rates 
of 15 and 1.5 dm3 mini, respectively. A Nicolet 
(Madison, USA) 5 DX Fourier transform IR spectro- 
meter was used to record the IR spectra of KBr/CsI 
discs, in the range 4000-200 cm-‘. pH measurements 

were made on an Elico (Hyderabad, India), LI 120 
model digital pH-meter. Thermal analyses were 

carried out on a Stanton Redcroft (London, UK), 
STA-780 model thermal analyzer. 

An amino-polymer was prepared [9] by nitrating 
Amberlite XAD-2 with HN03+H2S04 mixture and 
reducing the nitro-derivative with SnC& and concen- 
trated HCl. It was treated with 2 M HCl, washed with 
water to remove the excess HCl, suspended in 
300 cm3 of ice-water mixture and mixed with small 
amounts (1 cm3) of 1 M HCl and NaNOz until the 
reaction mixture began to give a permanent blue 
colour with starch-iodide paper. Thereafter, the 
diazotized polymer was filtered, washed with cold 
water and reacted at 0-3°C for 24 h with PV (12.5 g), 
dissolved in 400 cm3 of water and 200 cm3 of glacial 
acetic acid. The black coloured beads were filtered, 

washed with 4 M HCl and H20, successively. They 
were dried in air and in vacua. 

The resin was packed in columns (diameter 1 cm, 
Pharmacia; Bromma, Sweden) for metal-sorption 
studies. The flow of liquid through these columns 
was controlled using a peristaltic pump (Watson- 

Marlow, 101/U/R model; Falmouth, UK). 

Analysis: Found: C, 59.4%; H, 3.7%; N, 5.9%; and 
S, 6.3%. Calc.: for C27H2aN207S.2H20: C, 58.7%; H, 
4.5%, N, 5.1%; and S, 5, 8%. 

2.4. Recommended procedure for preconcentration 

and determination of Zn, Cd, Pb and Ni 

2.2. Reagents 

Stock standard solutions (0.1 M) of Zn(II), Cd(II), 
Ni(I1) and Pb(I1) were prepared by dissolving the 

appropriate amount of analytical-reagent grade Cd(I1) 
nitrate, Zn(I1) nitrate, Ni(I1) nitrate and Pb(I1) acetate, 
respectively, in double distilled water, acidified with a 
small amount of the corresponding acid, and 
standardized titrimetrically with EDTA before use. 
For pH adjustments, 0.01-l M HCl and NaOH were 
used. 

Amberlite XAD-2 resin (surface area: 330 m* g-‘, 
pore diameter: 9 nm and bead size: 20-60 mesh) was 
obtained from Aldrich (Milwaukee, WI). PV was 
obtained from BDH (Poole, UK) and used as 
received. All other regents used were of analytical- 

Amberlite XAD-2 (1 g), loaded with PV, was 
packed in a glass column ClO/lO (Pharmacia). This 
was treated with 4 M HCl and washed with water 
until free from acid. A solution containing 10 ug of 

Zn(II), Cd(II), Pb(I1) and Ni(I1) in a volume upto 600, 
500, 225 and 180 cm3, respectively, was passed 
through the column, after adjusting the pH to its 

optimum level (Table 1) at a flow-rate (Table 1) 
controlled by the peristaltic pump. The column was 
washed with 7.5 cm3 of HCl or HNOs (optimum 
concentration is given in Table 1). The volume of 
eluate was made upto 10 cm3 and its Zn, Cd, Pb 
and Ni contents were determined directly at 213.9, 
228.8, 212 and 232 nm, respectively, by aspirating it 
into the flame of AAS, standardized prior to 
determination. 
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Optimum conditions for sorption and desorption of Zn(II), Cd(U), Ni(II) and Pb(II) 

Experimental parameter Metal ion 

PH 
Flow-rate (cm” min -‘) 

Acid for desorption 

Capacity of sorption (~g g-’ resin) 

Average recovery (‘70) 

Standard deviation a (mg 1-l) 

Coefficient of variation (%) 

Zn(II) 

5 

2 

4 M HN07 

1410 

98 

0.020 

2.3 

Cd(U) Ni(II) Pb(I1) 

5-l 3 _, 

2 2-3 :1-3 

34 M HNOT l-4 M HNO, 4 M HNO? 

or 24 M HCl or HCl or 34 M HCl 

1270 620 1360 

98 98 98 

0.015 0.040 0.020 

1.7 3.1 ‘7.0 

’ In the six determinations: 0.89 mg 1-l of Zn, 0.27 mg I-’ of Pb, 0.89 mg I- ’ of Cd, and I .4 mg 1 -I of Ni: 0.5 j, 0.2 pg I-’ for Pb and Ni; 0.4 
i 0.2 pg 1-I for Zn and Cd. 

3. Results and discussion 3. I. Optimum conditions for sorption 

The results of elemental analyses agree well 
with the assumption that on an average one PV 
molecule is present in the resins per unit of polymer, 
as shown in Scheme 1, with about two water 
molecules (per unit of polymer). The TGA of the 

resin shows very slow but steady weight loss upto 
530°C. Upto 130°C the observed weight loss is 
-7%, which supports the presence of two water 
molecules per unit of polymer. The steric reasons and 
electronic effects together also support the position of 
coupling of PV with the polymer matrix, as shown in 
Fig. 1. IR spectrum of PV immobilized Amberlite 
XAD-2 exhibits additional bands at 3500-3400, 
1630, 1520 and 1390 cm-‘, which do not appear in 
the IR spectrum of Amberlite XAD-2, and they can 
be assigned to O-H, C=O,-N=N- and C-OH groups, 
respectively. 

I 
HzC 

HO 

N =N 

0 

Hd ‘OH 

Scheme 1. One PV molecule per unit of polymer. 

The column C lO/lO (Pharmacia) was packed with 
1 g of Amberlite XAD-2 loaded with PV, treated with 
20 cm3 of 4 M HCl and washed several times with 
water to remove the acid. The sorption and desorption 
(under optimum conditions) of Zn(II), Cd(II), Ni(I1) 
and Pb(I1) on this column were quantitative, The 
optimum conditions for their sorption (pH and flow- 

rate) and desorption (acid concentration) were 
established by varying one of them and following 
the recommended procedure. The results are sum- 
marized in Table 1. The variation of sorption with pH 

is shown in Fig. 1. The pH range for Cd(I1) is wider 
than those of other metal ions, indicating a greater 
stability for its complex with the chelating resin. 
Flow-rates lower than 2 cm3 mini’ were not studied 
to avoid long analysis times. An acid concentration of 
>4 M was not used for desorption, because the 

necessity for its partial neutralization in the eluate 
would have reduced the preconcentration factor. To 
determine the capacity (maximum amount of a metal 

sorbed), a column with 1 g of the resin was first 
saturated with each metal ion (effluent has the same 
concentration as the inflowing solution). Thereafter, 
the metal was eluted as given in the recommended 
procedure and determined using AAS. The results are 
given in Table 1. The chelating resin has nearly 

1.8 mm01 of PV g-’ of Amberlite XAD-2, but it 
shows comparatively lower capacity due to steric 
hinderance mainly caused by cross-linkings in the 
polymer matrix that diminished the water retention 
capacity of the resin, an important factor for the 
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Fig. 1. Effect of pH on sorption on metal ions by PV loaded 

Amberlite XAD-2. 

metal-PV chelate stabilization. The capacity of the 
resin was also found to be almost the same (variation 

<f 6 ug g-’ of resin) for different batches of PV- 

loaded Amberlite XAD-2 prepared separately. The 
capacity of the resin was also found to be practically 
unaffected (lower by <f 8 ug g-r resin) after it has 
been used 50 times. Therefore, the resin column may 
be subjected to multiple use. 

3.2. Effect of electrolytes and cations 

The effect of NaF, NaCl, NaNOs, Na2S04 and 
NasP04 on the sorption of Zn(II), Cd(II), Pb(I1) and 
Ni(I1) by PV-loaded Amberlite XAD-2 was studied. 
The tolerance of all these electrolytes for Zn and Ni 
sorption is upto -0.01 M. NaCl and Na2S04 do not 
cause any adverse effect in the sorption of Cd, upto 
-0.01 M concentration level, whereas the tolerance 
limits for NaF, NaNOz and NasP04 are 0.50,O.Ol and 

0.10 M, respectively. The tolerance limits for NaF, 
NaCl, NaNOs, Na2S04 and Na3P04 in the sorption of 
Pb have been found to be 0.20, 0.05, 0.20, 0.01 and 
0.05 M, respectively. In the sorption of 10 ug Zn, Cd 
and Ni, Hg(I1) does not interfere upto an equal 
amount. Double the amount of Hg has been found to 
be tolerable with 10 ug of Pb. It was observed that 

5 ug each of Cu(II), Co(II), Fe(II1) and Cr(II1) can 
coexist with 10 pg of Zn and Cd. With 10 pg of Ni 
and Pb, the coexistence of these four metals upto 10 
and 20 pg, respectively, does not cause any adverse 

effect. 500 ug of Ca(I1) and 50 mg of humic acid do 
not innterfere with 10 ug of any metal ion. 

3.3. Limit of preconcentration and preconcentration 

factor 

The limit of preconcentration was determined by 
increasing the dilution of metal-ion solution keeping 

the total amount of loaded metal at 10 ug. The four 
metal ions, Zn(II), Cd(II), Pb(I1) and Ni(I1) can be 
collected quantitatively from solutions of concentra- 
tions, 17, 20, 44 and 55 ug 1-l (recovery >97%), 
respectively, resulting in preconcentration factors, 60, 
50, 23 and 18, respectively. The four metals can be 
preconcentrated simultaneously if their total amount 

does not exceed the capacity of the resin column. 

3.4. Determination of Pb, Zn and Ni in well-water 

samples 

Water samples (1 dm3) were subjected to the 
recommended procedure for preconcentrating and 
determining the four metal ions with and without 
standard additions. The results are given in Table 2, 
which demonstrate the applicability of the present 
method in water analysis. Cd was not detected in 
these water samples, probably being below the 
detection limit of the method. 

3.5. IR Spectra of metal-ion-sorbed Amberlite XAD- 
2 loaded with PV 

The four columns, each containing 1 g of the resin, 
were prepared and saturated with the four metal ions, 
under optimum conditions. The columns were 
washed with water and the metal-ion-saturated resins 
were air-dried. Their IR spectra were compared with 
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Table 2 

Determination of metal ions in water samples 

Origin of sample Method Metal ion (pg cme7) 

Zn RSD(%) Pb RSD(%) Ni RSD(%) 

New Delhi Direct 0.38 5.2 0.14 7.1 0.98 5.2 

SA 0.42 3.5 0.13 5.4 1.04 2.2 

Lit. [12] 0.36 4.6 0.12 8.3 1.02 3.6 

Gurgaon Direct 3.4 9.0 0.1 16 6.2 _ 

SA 3.7 4.0 0.18 4.4 _ 

Lit. (121 3.5 4.3 0. I7 5.8 

SA: standard addition method. 
Direct: recommended procedure is directly applied. 

the spectra of metal-ion-free PV-immobilized Am- 
berlite XAD-2. On saturation of the resin with metal 
ions, C=O and -N=N- stretching frequencies remain 
unchanged and the band having major contribution 
from phenolic group (C-OH) undergoes 20 cm-’ red 

shift, which suggests that the sorption mechanism is 
mainly operative through the chelation of metal ions 
with phenolic groups. 

3.6. Comparison with other preconcentrating 
matrices 

The preconcentration factor for Zn (60) the is 
highest of the four metals. For Zn and Cd collection, 
Chelex-100 gives a preconcentration factor of the 
order of 100 but the precision of the method is much 
lower than that of the present one. This is the main 
advantage of the present resin over Chelex-100. This 

is probably due to lower specificity of Chelex-100 
towards metal ions. The preconcentration factor of 

the present resin, PV-modified Amberlite XAD-2, for 
Zn and Cd is better than that of dithizone-loaded 
Amberlite XAD-2 [ 131 and mercapto-modified silica 
gel [14]. With oxine-immobilized silica [15] it is 

comparable, but precision is better for the present 
resin. However, compared to salicylic acid-loaded 
Amberlite XAD-2, the preconcentration factor of the 
present resin for Zn(I1) and Pb(I1) is lower [lo]. This 
is probably due to steric effects caused by large-sized 
PV molecule. The resins prepared by impregnating 
(i.e. physical loading) Amberlite XAD-2 with ligands 
viz. dithizone [6], oxine [18], Erichrome Blue Black 
R [ 191 and PV [4-l 71 exhibit a higher preconcentra- 
tion factor and capacity than the present resin for 

these four metals, but they cannot be reused. The 
leaching of ligands also gives poor RSD compared to 
the present resin. The same is true for the resins 
having a closely related polymer framework, Amber- 

lite XAD4, and prepared by impregnating it with 
Sulphonazo-III, Arsenazo-III, thiosalicyclic acid 

[20,21], dithizone [6] and dithiosemicarbazone [8]. 
In general, the recoveries obtained using the present 
resin are comparable to those obtained [2] with ion- 
exchangers, other chelating resins, polyurethane 
foam and polystyrene beads. The instantaneous 

desorption of all the four metal ions is an additional 
advantage of the present resin along with its stability. 
which is evident by virtually no change in the 
sorption capacity of the resin even after it has been 
used 50-60 times. Compared to the conventional 
dithizone and dithiocarbamate-based solvent-extrac- 
tion method recommended for preconcentrating Pb, 
Zn and Cd in water sample 1161, Amberlite XAD-2 
loaded with PV gives much better preconcentration 
factors with lower or comparable matrix effects. 
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