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Abstract

Pyrocatechol is immobilized on cellulose via -NH-CH2-CH2-NH-SO2-C6H4-N=N- linker and the resulting
macromolecular chelator characterized by IR, TGA, CPMAS 13C NMR and elemental analyses. It has been used for
enrichment of Cu(II), Zn(II), Fe(III), Ni(II), Co(II), Cd(II) and Pb(II) prior to their determination by flame atomic
absorption spectrometry (FAAS). The pH ranges for quantitative sorption (98.0-99.4%) are 4.0-7.0, 5.0-6.0, 3.0-4.0,
5.0-7.0, 5.0-8.0, 7.0-8.0 and 4.0-5.0, respectively. The desorption was found quantitative with 0.5 mol dm"3 HCl/
HNO3 (for Pb). The sorption capacity of the matrix for the seven metal ions has been found in the range 85.3-186.2
mmol g \ The optimum flow rate of metal ion solution for quantitative sorption of metal onto pyrocatechol
functionalized cellulose as determined by column method, is 2-6 cm3 min"1, whereas for desorption it is 2-4 cm3

min"1. The tolerance limits for NaCl, NaBr, NaI, NaNO3, Na2SO4, Na3PO4, humic acid, EDTA, ascorbic acid, citric
acid, sodium tartrate, Ca(II) and Mg(II) in the sorption of all the seven metal ions are reported. Ascorbic acid is
tolerable up to 0.8 mmol dm"3 with Cu and Pb where as sodium tartrate does not interfere up to 0.6 mmol dm"3 with
Pb. There is no interference of NaBr, NaCl and NaNO3 up to a concentration of 0.5 mol dm"3, in the sorption of
Cu(II), Cd(II) and Fe(III) on to the chelating cellulose matrix The preconcentration factors are between 75 and 300 and
t1/2 values < 5 min for all the metal ions. Simultaneous sorption of Cu, Zn, Ni and Co is possible at pH 5.0 if their total
concentration does not exceed lowest sorption capacity. The present matrix coupled with FAAS has been used to enrich
and determine the seven metal ions in river and tap water samples (relative standard deviation (R.S.D.) 1.05-7.20%)
and synthetic certified water sample SLRS-4 (NRC, Canada) with R.S.D. -2.03%. The cobalt present in
pharmaceutical vitamin tablets was also preconcentrated on the modified cellulose and determined by FAAS
(R.S.D. -1.87%).

Keywords: Pyrocatechol; Metal ion; Preconcentration; Flame atomic absorption spectrometer; Chelating cellulose; Enrichment;
Determination
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1. Introduction

Solid phase extractors [1] for metal ions are
considered to be superior to the liquid-liquid
extraction due to their simplicity, rapidity and
the ability to provide a high enrichment factor.
The macromolecular chelators are found more
selective for solid phase extraction in comparison
to ion exchangers. Among different kinds of
support materials used to design them, such as
organic polymer like Amberlite XAD series resins
[2-5], silica gel [6-8] and cellulose [9-11], the last
one appears attractive as kinetics of sorption and
desorption on it may be fast due to good porosity
and hydrophilicity of the support. The low swel-
ling, good chemical resistance and easy availability
along with biodegradable nature also make it
attractive support for designing macromolecular
chelators. The cellulose sorbents containing imi-
nodiacetic acid [12], ethylenediaminetriacetic acid
[13], diethylenetriaminetetraacetic acid [14] and
triethylenetetraminepentacetic acid [15] function-
ality have been reported for multielement precon-
centration. Fischer and Lieser [16] have studied
several cellulose based macromolecular chelators
for UO| + . Aoki and Fukushima [17] have exam-
ined 6-deoxy-6-mercaptocellulose and its S-substi-
tuted derivatives for their sorption characteristics.
Dietz and Seshadri [18] have functionalized acet-
oacetamide chelating group onto microcrystalline
cellulose and studied its affinity for Fe(III), Cu(II)
and U(VI). It was, therefore, thought worthwhile
to immobilize pyrocatechol (a ligand of small
molecular size) onto cellulose via - N H -
CH2CH2-NH-SO2-C6H4-N=N- linker, as size
of anchored ligand molecule influences the sorp-
tion capacity, which is generally better for the
small ones. However, pyrocatechol has been im-
mobilized earlier on Amberlite XAD-2 [19] and
explored for metal enrichment. It gave only
moderate sorption capacity in the range 28.3-
92.5 mmol g l. In comparison to this pyrocatechol
anchored cellulose gives much better results and
appears promising. The immobilization of pyro-
catechol onto cellulose and enrichment of Cu(II),
Zn(II), Fe(III), Ni(II), Co(II), Cd(II) and Pb(II) on
the resulting chelating matrix are the subject of
this paper.

2. Experimental

2.1. Instruments

The cross polarization magic angle spinning
(CPMAS) 13C NMR spectrum was recorded at
75.3 MHz on a Bruker (Fallenden, Switzerland)
300 spectrometer. The CPMAS parameters used
for this purpose are: number of scans 10 509, short
width range 39 920.160 Hz and acquisition time
12.9 ms, contact time 1 ms and repetition time 5 s.
A flame atomic absorption spectrometer of the
Perkin-Elmer Instruments, Shelton, USA, model
Aanalyst 100 equipped with air-acetylene flame
was used for atomic absorption spectrometric
measurements. The wavelengths (nm) used for
monitoring Cu, Zn, Fe, Ni, Co, Cd and Pb are
324.8, 213.9, 248.8, 231.1, 240.7, 228.8 and 217.0
nm, respectively. A Nicolet (Madison, USA) FT-
IR spectrometer, model Protege 460, was used to
record IR spectra (in KBr) in the range 400-4000
cm"1. The pH was measured with digital pH
meter (Toshniwal Instruments, Ajmer, India).
Thermogravimetric analyses were carried out on
a Dupont (Wilmington, Delaware, USA) 2100
thermal analyzer and Perkin-Elmer (Rotkreuz,
Switzerland) elemental analyzer, Model 240C, was
used for elemental analyses. The flow of solution
through the column was controlled using a peri-
staltic pump (Watson-Marlow Model 101/U/R,
Falmouth, UK). The sorption-desorption studies
of the metal on the chelating matrix were generally
carried out on columns of 1 cm diameter (Phar-
macia, Bromma, Sweden) and 10 cm in length
equipped with adjustable frits. A mechanical
shaker equipped with an incubator (Hindustan
Scientific, New Delhi, India) with a speed of 200
cm3 s ~1 was used for batch equilibration.

2.2. Reagents and solutions

Microcrystalline cellulose, N,N-dimethylforma-
mide, ethylenediamine and thionyl chloride were
all obtained from E. Merck (India). 4-Acetamido-
benzenesulphonyl chloride (ABSC) was procured
from Acros Organics, New Jersey, USA and
pyrocatechol was obtained from Aldrich (Milwau-
kee, USA). The metal salts and other chemicals
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used were of analytical reagent grade. The stock
solutions of metal ions (1000 mg dm~3) were
prepared by dissolving copper(II) sulfate pentahy-
drate, zinc(II) sulfate heptahydrate, ammonium
iron(II) sulfate hexahydrate (followed by aerial
oxidation), nickel(II) sulfate hexahydrate, cobal-
t(II) chloride hexahydrate, cadmium(II) acetate
and lead(II) acetate in an appropriate amount of
deionized water acidified with 5 cm3 of the
corresponding acid. Acetate-acetic acid, phos-
phate and NH3-NH4CI buffers [20] and dilute
HCl/NaOH were used to adjust the pH of the
solutions, wherever suitable. The water samples
from the Ganges river (Kanpur, India) and Gomti
river (Lucknow, India) were collected, acidified
with 2% HNO3, filtered and stored in glass bottles.

The glassware was washed with chromic acid,
soaked in 5% HNO3 overnight, and cleaned with
doubly distilled water before use. Multivitamin
tablets were procured from Polybion (Merck,
Mumbai, India).

2.3. Synthesis of pyrocatechol modified cellulose

Chlorodeoxycellulose was synthesized by chlor-
inating cellulose with thionyl chloride according to
the method reported by Polyakov and Rogovin
[21]. In this procedure the suspension of cellulose
(10.0 g) in DMF (200 cm3) was heated to 60 8C
and stirred with thionyl chloride (35 cm3) for 2.5 h.
The reaction mixture after cooling was poured into
ice water and chlorodeoxycellulose as solid was

CH,NHCH2CH,NH,

- o
R-NHCH,CH,NH R-NHCH2CH,NH

H OH

ethylenediamine cellulose

Reflux in HCI

NHCOCH, NH 3
+Cl"

R= -5-0 °C
i) NaNO2-HCI

ii) pyrocatechol

R-NHCH,CH,NH

Scheme 1.
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filtered and purified by washing with 3% NH4OH
and water. Ethylenediamine cellulose (ED-cellu-
lose) was prepared from chlorodeoxycellulose by
refluxing it with appropriate amount of ethylene-
diamine as given in the method reported by
Tashiro and Shimura [22]. The methodology
used to synthesize pyrocatechol anchored cellulose
is summarized in Scheme 1. The details of the three
steps used are as follows.

2.3.1. Synthesis of 1
Ethylenediamine cellulose (5.0 g) was added to a

mixture of tetrahydrofuran (150 cm3) and distilled
water (200 cm ) and stirred at room temperature
for 5-6 min to get slurry. Aqueous NaOH (2.5 mol
dm~3) was added drop wise to raise the pH of
slurry to 11.5. ABSC (15.8 g) was divided into
three equal portions. One portion was added as
solid to the slurry with rapid stirring and the
decrease in its pH monitored. When pH became
steady (~ 7.2), THF (30 cm3) and aqueous NaOH
(2.5 mol dm~3) were added till the pH became 11
again. The procedure was repeated with another
portion of ABSC. After addition of the third
portion of ABSC, the pH again gradually dropped
to 4-5. Aqueous NaOH was added in small
aliquots until the pH 7.2 was attained. The mixture
was stirred for 4 h and filtered. The resulting solid
(1) was washed with water and acetone and dried
in vacuo.

2.3.2. Synthesis of 2
The 1 (2.0 g) was taken and mixed with HCl

(0.75 mol dm~ ) with stirring. The mixture was
gently heated for 20 min, cooled and filtered. The
resulting solid 2 was washed with distilled water
and dried in vacuo.

2.3.3. Synthesis of 3
The 2 (2.0 g) was suspended in 1.0 mol 1"1 HCl

(100 cm3) at 0 8C and reacted with 10% (w/v)
NaNO2 until the reaction mixture began to give a
violet color with starch iodide paper. The reaction
mixture was kept for 1 h at 0 8C. The solid was
filtered at temperature below 5 8C and treated with
pyrocatechol (3 g dissolved in 60 cm of 1:2 glacial
acetic acid-water mixture) at 0 to — 5 8C for 6 h.
The resulting dark brownish black powder 3 was

filtered, washed with water and air-dried. Analysis:
Found: C, 45.6; H, 4.68. Calc. for C20H24O8N4S-
2H2O: C, 46.5; H, 5.42%.

2.4. Synthesis of model compounds

CH3CH2NH CH,CH,NH

NHCOCH, NH, Cl

The model compounds (4-6) were prepared as
detailed below. To synthesize 4, solid ABSC (5.0 g)
and 50 cm3 of ethylamine were mixed and heated
on a steam bath for 30 min. The mixture was
cooled in an ice bath and 6.0 mol dm~3 H2SO4

was added to it in aliquots until it was acidic. On
further cooling the reaction mixture in an ice bath
white needle shaped crystals of 4 appeared in
sufficient amount. The crystals were filtered,
washed with cold water (1-4 8C) and air-dried.
The compound 4 (2.0 g) was refluxed in dil. HCl
(50 cm ) for 30 min to obtain 5 in solution. The 10
cm3 portion of solution of 5 was taken, cooled to
08C and treated with cold 5% (w/v) NaNO2

solution until the reaction mixture began to give
a violet color with starch iodide paper. The
resulting solution was treated with pyrocatechol
at 0 8C (0.5 g dissolved in 20 cm3 of 1:2 glacial
acetic acid-water mixture). A brownish black dye
6 was formed which was filtered, washed with
water and air-dried.

2.5. Recommended procedure for preconcentration
and determination of Cu(II), Zn(II), Fe(III),
Ni(II), Co(II), Cd(II) andPb(II)

The column and batch methods both were
standardized for preconcentration and determina-
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tion of metal ions. The recommended procedures
are as follows.

2.5.1. Column method
Pyrocatechol anchored cellulose (0.5 g) was kept

in double distilled water for 12 h and packed in a
glass column C10/10 (Pharmacia, size 10 cm x 10
mm) between frits,, using the slurry method
recommended by the manufacturer [23]. It was
thereafter treated with 50 cm3 of 1.0 mol dm~3

HCl and washed with doubly distilled water until
free from acid. A suitable aliquot of the solution
containing Cu(II), Zn(II), Fe(III), Ni(II), Co(II),
Cd(II) or Pb(II) in the concentration range
0.0033-1.0 mg cm"3 was passed through this
column after adjusting its pH to an optimum
value (Table 1) at a flow rate of 2-4 cm3 min"1,
controlled by means of a peristaltic pump. The
column was washed with double distilled water to
remove free metal ions. The bound metal ions were
desorbed from the matrix bed with HCl or HNO3

(10-25 cm3) of optimum concentration (Table 1).
The concentration of the metal ion in the eluate
was determined by flame atomic absorption spec-
trometry (FAAS), standardized previously. Dilu-
tion with distilled water was performed before
aspiration when the eluates were sufficiently con-
centrated to exceed the working range of FAAS.

2.5.2. Batch method
A sample solution (up to 100 cm3) containing

0.1-6.0 mg cm"3of Cu(II), Zn(II), Fe(III), Co(II),
Ni(II), Pb(II) or Cd(II) was placed in a glass

stoppered bottle (250 ml) after adjusting its pH to
the optimum value (Table 1). Pyrocatechol im-
mobilized cellulose (0.05 to 0.25 g) was added to it
and the bottle was stoppered and shaken for 30
min. The matrix was filtered, washed with doubly
distilled water, shaken with 1 mol dm~3 HCl or
HNO3 (10-25 cm3) for 20 min and again filtered.
The filtrate was aspirated into the flame of a pre-
standardized FAAS after suitable dilution, if
required.

3. Results and discussion

3.1. Synthesis and characterization of pyrocatechol
modified cellulose

The 1 (Scheme 1) was synthesized via Schotten
Bauman reaction of ethylenediamine cellulose with
ABSC. In the preparation of chlorodeoxycellulose
by chlorination of cellulose with SOCl2 tempera-
ture of the reaction was restricted to 60 8C as at
higher temperature degradation of cellulose oc-
curred. The chlorination by this method takes
place exclusively of primary alcohol group of
glucose residues of cellulose as suggested by
Horton et al. [24]. The refluxing of 1 in dil. HCl
(0.75 mol dm"3) for 20 min to obtain 2 did not
result in the degradation of cellulose. The model
compounds 4-6 were synthesized and their IR
spectral data were used to authenticate the im-
mobilization of pyrocatechol onto cellulose
through -NH-CH2-CH2-NH-SO2-C6H4-N=

Table 1

Optimum experimental conditions for the sorption and desorption of metal ions on pyrocatechol anchored cellulose

Experimental parameters Metal ion

Cu(II) Zn(II) Fe(III) Ni(II) Co(II) Cd(II) Pb(II)

pH range 4.0-7.0 5.0-6.0 3.0-4.0 5.0-7.0 5.0-8.0 7.0-8.0 4.0-5.0

HCl concentration for desorption (mol dm"3) 0.3-1.0 0.3-1.0 0.5-1.0 0.5-1.0 0.5-1.0 0.4-1.0 0.45-1.0a

Flow rate (cm3 min"1) 2.0-6.0 2.0-4.0 2.0-5.0 2.0-4.0 2.0-4.0 2.0-5.0 2.0-5.0
Sorption capacity of resin (mmol g"1) 186.2 85.3 109.2 139.7 159.6 115.7 104.0
Average recovery (%) 99.4 98.0 98.6 98.0 98.2 98.8 99.1
Standard deviation* 0.023 0.023 0.015 0.024 0.022 0.013 0.027
R.S.D. (%) 2.31 2.39 1.54 2.39 2.21 1.32 2.72

* For five determinations of 0.25 mg cm" (0.5 mg cm" for Pb).
a HNO3 was used for desorption.
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N- linker. The similarity in the IR bands of pairs 1
and 4 and 3 and 6 (Table 2) supports the
immobilization. The assignment of band around
1564 cm"1 to -N=N- stretching vibration (Table
2) is on the basis of report by Fevre and O'Dwyer
[25]. The IR spectrum of ED cellulose does not
differ markedly from that of unmodified cellulose.
The two bands present in unmodified cellulose at
1372 and 1163 cm~1 on the formation of 1 appear
modified due to overlapping with asymmetrical
and symmetrical stretching vibrations of O=S=O
group. The absence of band at 1683 cm"1

[n(CONH)] in spectra of 2 is as expected.
The 1 was authenticated by 13C CPMAS NMR

spectrum shown in Fig. 1 with assignments. There
is a weight loss of 7.1% up to 180 8C in TGA of
pyrocatechol loaded cellulose along with a rapid
weight loss at 270-356 8C. The first weight loss
suggests the presence of ~ 2.0 water molecules per
repeat unit of the polymer, which is supported by
elemental analyses. The second one is consistent
with the observations made earlier using TGA that
organically modified cellulose [26] generally under-
goes thermal decomposition at a lower tempera-
ture than that of pure cellulose (rapid weight loss
at 350-380 8C).

3.2. Optimum conditions for sorption and
desorption

The multivariate approach was used to optimize
the working conditions; each optimum condition
was, however, rechecked after standardizing the
remaining ones. Each of the reported optimum

conditions was established (by repeated trials),
when others were kept at the optimum value. The
column method was optimized for quantitative
sorption (pH and flow rate) and desorption
(concentration and volume of eluent) of Cu(II),
Zn(II), Fe(III), Ni(II), Co(II), Cd(II) and Pb(II). A
typical process for optimizing pH value for Ni is as
follows. A set of solutions (volume: 100 cm3)
containing 0.25 mg cm"3 of Ni was taken. The
pH of the solutions of the set was adjusted to
different values in the range 2.0-10.0 with 0.01
mol dm"3 HCl, acetate-acetic acid, phosphate or
NH3-NH4CI buffer and solutions were passed
through the column at a flow rate of 2 cm3 min ~1

controlled by a peristaltic pump. After washing off
free metal ions from the column with doubly
distilled water, the bound metal ions were eluted
from the solid matrix with 25 cm3 of 1 mol dm"3

HCl and their concentration in the eluate was
determined with FAAS. The optimum pH range
for maximum recovery of each metal ion is given
in Table 1. The recovery profiles for all seven
cations as a function of pH are shown in Fig. 2.
The effect of pH on sorption was also studied
using the recommended batch method and the
results were found to be consistent with those from
the column method. The use of 4-8 cm3 of acetate,
phosphate, and ammonia buffer to adjust pH does
not affect the sorption behavior. Around pH 5.0
maximum sorption of all the metal ions, except Fe
and Cd occur, thus making their simultaneous
determination possible. The amount of metal ions
sorbed on pyrocatechol immobilized cellulose was
studied at different flow rates (2-10 cm3 min"1)

Table 2
IR bands (cm"1) of 1, 3, 4 and 6

Bands/vibration

Phenyl
Phenylb

VaSymm(S-O)

vsymm(S-O)
C-S
CONH
- N - N -

1

1593, 1539, 1496

1374
1157
749
1683

3

1593

1521 , 16221521 ,1622

1374

1154

749

1564

4

1596, 1544, 1497

1367

1158

773
1683

6

1593
1521, 1622
1378
1162
773

Merged with phenyl

a Of ABSC.
b Of pyrocatechol.
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.C3 ,C 5

ISO 100 SO
8 (ppm)

-SO

Fig. 1. 13C NMR CPMAS spectrum of 1 with assignments.

controlled with the help of peristaltic pump. The
optimum flow rates for maximum (recovery ]
98%) loading of metal ions onto pyrocatechol
modified cellulose are in the range 2.0-6.0 cm3

min"1. Similarly for desorption, a flow rate of

2.0-4.0 cm3 min 1 was found to be sufficient.
Flow rates lower than 2 cm3 min ~1 was not used
to avoid long extraction time. At flow rates greater
than 6 cm3 min"1, however, there was a decrease
in the amount adsorbed, probably due to insuffi-

120 n

100 -

o
10

pH in aquous solution

Fig. 2. Effect of pH on the sorption of Cu(II), Zn(II), Fe(III), Ni(II), Co(II), Cd(II) and Pb(II) on pyrocatechol anchored cellulose.
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cient equilibration of metal ions with the matrix.
The optimum acid concentration for elution of
sorbed metal ions was determined by eluting the
metal ions from the modified cellulose column
with 25 cm3 of HCl/HNO3 of varying concentra-
tions (0.001-1.0 mol dm"3) keeping optimum
flow rate. It was found that 0.3-1.0 mol dm"3

HCl was sufficient for the quantitative desorption
(recovery > 98%) of all the metals except Pb for
which 0.45-1.0 mol dm"3 HNO3 was found
suitable (recovery ~99.1%). As the recovery of
all the metals was found quantitative with 0.5 mol
dm ~3 HCl/HNO3, further studies on column were
carried out with 0.5 mol dm"3 HCl/HNO3. The
optimum acid concentrations for maximum and
instantaneous recovery (98.0-99.4%>) are given in
Table 1. The elution with acid also regenerates the
chelating matrix, which can be reused. The re-
commended column procedure (metal concentra-
tion < 1 mg cm"3) was used to check the efficacy
of the eluent (0.5 mol dm"3 HCl/HNO3) by taking
its different volume (3-25 cm3). It was found that
8 cm3 of 0.5 mol dm"3 HCl was sufficient for
quantitative recovery of Cu, Zn, Fe and Cd, and
20 ml for Ni and Co. For lead 10 cm of 0.5 mol
dm"3 HNO3 gave 98.3% recovery.

The metal ions were not significantly desorbed
(< 2%) by distilled water implying that chelation
contributes predominantly to the retention of
metal ions. 0.5 g of matrix gave quantitative
recovery (98.0-99.4%) for all the metal ions
(concentration < 1.0 mg cm"3). The various
optimum conditions for all the metal ions are
summarized in Table 1.

3.3. Sorption capacity

The sorption capacity (maximum amount of
metal sorbed per gram of the matrix) for each
metal ion was determined by batch method. A
solution (50 cm3) containing 30 mg cm"3 of Cu(II),
Zn(II), Fe(III), Ni(II), Co(II), Cd(II) or Pb(II) was
placed in a glass-stoppered bottle (250 cm3) after
adjusting its pH to the optimum value (Table 1).
Pyrocatechol modified cellulose (0.05 g) was added
to it and the bottle was stoppered and shaken for
12 h. A suitable aliquot of the solution was
removed and the capacity determined from the

difference between the metal ion concentration in
the solution before and after the sorption. The
solid matrix was filtered, washed with double
distilled water and its loaded metal ions were
desorbed with 50 cm3 of 1mol dm"3 HCl/HNO3.
After filtering off the solid matrix the filtrate was
diluted suitably (to bring the metal ion concentra-
tion in the working range) and subjected to FAAS
determination. The capacity value was also calcu-
lated from the amount sorbed. The values (Table
1) determined by the two methods are consistent
and in the range of 85-186 mmol g"1. The
capacity of the pyrocatechol modified cellulose
was found to be almost same for its different
batches of preparation.

3.4. Kinetics of metal sorption

The kinetics of sorption (percent sorption of
metal ions as a function of time) was studied by
the batch method. Pyrocatechol immobilized cel-
lulose (0.05 g) was shaken (on an electrical shaker)
with 50 cm3 of a metal ion solution (concentration
30 mg cm"3) for different time intervals (2, 5, 10,
20, 30, 40, 60 min, 1.5 and 2 h). The concentration
of metal ions loaded onto the matrix as well as
present in the supernatant solution was deter-
mined with FAAS after appropriate dilution.
The loading half time (t1/2) needed to reach 50%
of the total loading capacity has been found to be
less than 2 min for Cu and 5 min for rest of the
metals. The equilibration time for 20 min was
found sufficient for > 95% sorption of Cu and ~
70% saturation of the matrix with any of the rest
of the six metal ions. The variation of sorption as a
function of time for all the metal ions is shown in
Fig. 3. The reasonably fast kinetics of the matrix-
metal ion interaction reflects a good accessibility
of the chelating sites of the modified cellulose.

3.5. Preconcentration limit and enrichment factor

The enrichment factor was determined by in-
creasing the dilution of metal ion solution while
keeping the total amount of loaded metal ion fixed
at 10 mg for Cu, Zn, Fe, Pb or Cd and 20 mg for Co
or Ni and applying the recommended column
procedure. The maximum preconcentration fac-
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120 -,

40 60 80 100

Contact time (min)

Fig. 3. Kinetics of metal ion sorption on pyrocatechol loaded cellulose.

120

tors achieved, the corresponding lowest concentra-
tion (below which recoveries become non-quanti-
tative) and final volume for elution are given in
Table 3. The feed volume i.e. maximum volume of
solution passed and the recoveries at the lowest
concentration are also reported. The limit of
detection (LOD) values (defined as (blank + 3s)
where s is standard deviation of the blank deter-
mination) are 1.78, 4.18, 4.59, 5.51, 4.38, 1.94 and
4.66 mg dm"3 for Cu(II), Zn(II), Fe(III), Ni(II),
Co(II), Cd(II) and Pb(II), respectively, and corre-
sponding limit of quantification (blank + 10s)
values are 4.05, 8.90, 8.78, 10.55, 8.75, 4.70 and
7.25 mg dm"3, respectively.

3.6. Effect of electrolytes and cations

The chelating matrices are commonly used to
enrich metal ions from water samples, which are
also the target applications of the present matrix.
Chloride, nitrate, sulfate and phosphate ions
present in natural water have the capability to
complex with many metal ions. Therefore, in their
presence the efficiency of the immobilized ligand
to bind metal ions may be hampered resulting in

the reduction of overall extraction. Thus, the effect
of NaCl, NaBr, Na3PO4, NaNO3, humic acid,
citric acid, sodium tartrate and EDTA on the
efficiency of functionalized cellulose to sorb
Cu(II), Zn(II), Fe(III) Ni(II), Co(II), Cd(II) and
Pb(II) was studied. The effect of bivalent cations
such as Ca(II) and Mg(II) (added as chloride and
sulfate, respectively) was also investigated. A set of
solutions containing 25 mg of a metal ion (50 mg in
case of Pb) was taken and spiked with varying
amount of an electrolyte or a cation. After making
the volume to 100 cm3, the solutions were passed
through the modified cellulose column and metal
ions were eluted with acid of optimum concentra-
tion (Table 1) as given in the recommended
column method. The tolerance limits of electro-
lytes, Ca(II), Mg(II) and other foreign species are
given in Table 4. A 3% lower recovery in compar-
ison to the value observed in the absence of
interfering species was used as a criterion of
interference. Each reported tolerance/interference
is in the preconcentration and not in the determi-
nation by AAS, as checked with the help of
reagent matched standard solutions. The pyroca-
techol immobilized cellulose shows good tolerance
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towards most of the electrolytes. There is no
interference of NaBr, NaCl and NaNO3 up to a
concentration of 0.5 mol dm~3, in the sorption of
Cu(II), Cd(II) and Fe(III) on to the chelating
cellulose matrix. The Ca(II) and Mg(II) are toler-
able with the metal ions up to a concentration level
of 0.005-0.400 and 0.001-0.060 mol dm"3, re-
spectively. Ascorbic acid is tolerable up to 0.80
mmol dm~3 with Cu and Pb where as sodium
tartrate does not interfere up to 0.60 mmol dm~3

with Pb. The concentration of EDTA, citric acid,
sodium tartrate and ascorbic acid for 50 and 80%
sorption of the metal ions onto the matrix are also
reported in Table 5.

3.7. Reusability and stability of the matrix

Using the same matrix bed for sorption-deso-
rption of seven metal ions for 50 times tested the
reusability of the matrix. The maximum change in
the performance of the matrix after the repeated
use was < 3%, indicating that its repeated use is
feasible as leaching of the ligand from the matrix
or its deterioration with use is insignificant. The
sorption capacity of the pyrocatechol anchored
cellulose stored for more than 7 months has been
found to be practically unchanged. The pyrocate-
chol modified cellulose cartridge after loading with
river water samples can be readily regenerated
with 2 mol dm"3 HCl/HNO3. However, the
present modified cellulose on treatment with
HCl/HNO3 of concentration >2.50 mol dm"3

showed signs of degradation.

4. Applications of the method

4.1. Determination of Cu(II), Zn(II), Fe(III),
Ni(II), Co(II), Cd(II) andPb(II) in river and tap
water samples

Cellulose loaded with pyrocatechol was used to
preconcentrate and determine Cu(II), Zn(II),
Fe(III), Ni(II), Co(II), Cd(II) and Pb(II) ions in
water samples collected from the Ganges (Kanpur,
India) and Gomti (Lucknow, India) rivers, and tap
water (New Delhi, India). The estimation of all the
seven metal ions was made with and without
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Table 4
Tolerance limit of electrolytes and cations Ca(II) and Mg(II) in the sorption of metal ions on pyrocatechol anchored cellulose

Electrolyte

NaNO 3

NaCl
NaBr
NaI
Na 3 PO 4

Na2SO4

Humic acida

EDTA b

Citric acidb

Ascorbic acidb

Sodium tartarateb

Ca(II)
Mg(II)

Tolerance

Cu(II)

0.80
0.60
0.80
0.01
0.060
0.50
30
0.008
0.05
0.80
0.30
0.40
0.060

limits (mol dm

Zn(II)

0.20
0.10
0.30
0.06
0.008
0.30
28
0.001
0.03
0.60
0.10
0.02
010.0

3)

Fe(III)

0.80
0.50
0.70
0.010
0.003
0.08
18
0.001
0.03
0.60
0.20
0.03
0.008

Co(II)

0.80
0.060
0.100
0.200
0.020
0.10
12
0.001
0.04
0.60
0.20
0.005
0.002

Ni(II)

0.80
0.06
0.10
0.20
0.005
0.10
20
0.001
0.04
0.60
0.10
0.05
0.006

Cd(II)

0.80
0.60
0.60
0.30
0.020
0.20
22
0.001
0.03
0.60
0.10
0.08
0.001

Pb(II)

0.40
0.02
0.08
0.20
0.01
0.10
30
0.001
0.10
0.80
0.60
0.05
0.001

a mg dm .
b mmol dm~ 3 .

(referred as direct determination) standard addi-
tion by passing 1000 cm3 of water sample (spiked
with 50-100 mg of each of the seven metal ions in
case of standard addition (SA) method) through
the column packed with 0.5 g of matrix after
adjusting the pH of the sample to an optimum
value and determining the metal ion as described
in the recommended column procedure. The
results are given in Table 6 and reflect the
suitability of the chelating matrix for water
analysis. The cadmium was found absent in all
these samples. The concentrations reported in
Table 6 as estimated by SA method are the values

obtained by subtracting the amount of metal
added for spiking from the total metal recovered.
The closeness of results of direct and SA method
indicates the reliability of present results of metal
analyses in water samples.

4.2. Determination of Co in pharmaceutical
samples

To demonstrate the validity and accuracy of this
matrix coupled with FAAS it was used to enrich
and determine Co in multivitamin tablets (Merck,
Mumbai, India). Ten tablets (weighing 3.28 g)

Table 5

Tolerance limits of E D T A , citric acid, ascorbic acid and sodium tar tarate in the sorption of metal ions on pyrocatechol anchored

cellulose

Metal ion Tolerance limits (mmol d m ~ 3 ) of

E D T A for extraction Citric acid for extraction Ascorbic acid for extraction Sodium tar tarate for extraction

50% 80% 50% 80% 50% 80% 50% 80%

Cu
Zn
Fe
Ni
Co
Cd
Pb

0.080

0.050

0.005

0.006

0.004

0.006

0.006

0.020

0.008

0.003

0.003

0.002

0.003

0.003

1.20

1.10

0.80

0.80

0.75

1.00

1.20

0.08

0.06

0.05

0.06

0.06

02.00

1.20

1.00

2.00

1.80

1.60

1.80

2.00

2.20

1.40

1.00

1.10

1.100

1.00

1.40

1.50

1.00

1.00

0.80

1.10

0.90

2.00

2.20

0.60

0.50

0.55

0.40

0.45

0.60

0.80
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were digested in a beaker containing 25 cm3 of
concentrated HNO3 by slowly increasing the
temperature of the mixture to 400 K. The mixture
was further heated till a solid residue was ob-
tained. It was allowed to cool and dissolved in 25
cm3 of concentrated HNO3. The solution was
gently evaporated on a steam bath until a residue
was left again. It was mixed with 50 cm3 of distilled
water and concentrated HNO3 was added drop
wise until a clear solution was obtained on gentle
heating. The pH of the solution was adjusted to
5.0 by adding acetate buffer and the concentration
of cobalt was estimated by the recommended
column procedure using flame A AS. The average
(four determinations) amount of cobalt was found
to be 1.975 mg g"1 of tablet with an R.S.D of
1.87%. The reported value of cobalt in the tablet is
1.99 ugg"1 .

4.3. Analysis of synthetic certified water samples

To check the validity and accuracy of the
pyrocatechol anchored cellulose matrix coupled
with FAAS for metal ion preconcentration and
determination the recommended column proce-
dure was applied to determine copper and iron
content in synthetic water samples (1000 cm3)
having composition similar to certified water
samples SLRS-4 (National Research Council,
Ottawa, Ont., Canada). The average of three
determinations of copper and iron was found to
be 1.78 and 101.3 mg dm~3 with relative standard
deviation (R.S.D.) values 2.03 and 1.51%, respec-
tively. Amounts (mg dm~ ) present in synthetic
sample are: Cu, 1.81 and Fe, 103.

5. Comparison with other preconcentrating
matrices

The sorption capacity and preconcentration
factor of pyrocatechol immobilized cellulose is
compared with those of other promising matrices
in Tables 7 and 8. This matrix shows better or
comparable capacity values than most of other
matrices. The sorption capacity of cellulose mod-
ified with pyrocatechol is much higher than that of
Amberlite XAD-2 functionalized with pyrocate-
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Table 7
Comparison of sorption capacities (mmol g~')

Cu Zn Fe Ni Co Cd Pb

Pyrocatechol modified cellulose

Support: cellulose
Methyliminodiacetic acid [27]

Dithiocarbamatecellulose
(from butylamine) [28]
(from piperazine) [28]
Hydrazinodeoxycellulose [29]
Acetoacetamide [18]

Support: silicagel
Salicyldoxime [30]
3-Methyl-1-phenyl-4-stearoyl-5-pyrazolone [35]
8-Hydroxyquinoline [31]
Dithiocarbamate [36]

Support: amberlite XAD-2
Salicylic acid [32]
Pyrocatechol [19]
Chromotropic acid [33]
o -Aminophenol [34]
o-Vanillinthiosemicarbazone [37]

Support: amberlite XAD-7
Glyoxaldithiosemicarbazone [38]
Xylenolorange [39]

186.2 85.3

106

109.2 139.7 159.6 115.7 104

69 109 119 53

167 300 67 160

111

150

17.5 -
92.5 28.3 73.6 53.1 23.1 40.9
133.8 147.6 58.01 103.4 65.16 83.18

13.3 22.9 -

19.7 - - - - -
25.17 27.53 28.65 44.3 44.12 17.8

127

114.9
236.2
421
-

50
42.9
65

-
-
-
380

40
-

-
-
43
250

50
-

-
-
-
-

40
48.9
_

-
-
13
-

80
45
_

-
-
18
-

60
-

33.3
45.8
29
-

_
-

233

Table 8
Comparison of preconcentration factor

Cu Zn Fe Ni Co Cd Pb

Pyrocatechol modified cellulose

Support: cellulose
8-Hydroxyquinoline-5-sulphonic acid [40]

Support: silica gel
Salicyldoxime [30]
3-Methyl-1 -phenyl-4-stearoyl-5-pyrazolone [35]
8-Hydroxyquinoline [31]
2,4-Dichlorophenoxy acetic acid [7]

Support: amberlite XAD-2
Salicylic acid [32]
Chromotropic acid [33]
Tiron [41]
Pyrocatechol violet [42]
Alizarin Red S [43]
Calmagite [44]
1-(2-Pyridylazo)-2-naphthol [45]

Support: amberlite XAD-7
8-(Benzenesulfonamido) quinoline [46]
Dimethylglyoxyl bis(4-phenyl-3-thiosemicarbazone) [47]

300 250 300 90 100 250 200

50

100
10

25 25 25

50

25

40
-
50
16

_

100
200
-
_

40
-
50
16

180
200
180
60
40

40
-
50
-

_

020
80
-
_

40
40
50
16

_

200
150
18
40

40
40
-
-

_

150
56
-
_

40
40
50
16

_

100
48
50
40

-
-
50
-

140
200
25
23
40

10
100 100
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chol [19]. The sorption capacity of present matrix
is superior to that of cellulose functionalized with
methyliminodiacetic acid [27] (for Cu, Zn, Ni, Co
and Cd), dithiocarbamatecellulose [28] (for Cu and
Pb), hydrazinodeoxycellulose [29] (for Fe, Co, Cd
and Pb), silica gel modified with salicyldoxime [30]
and 8-hydroxyquinoline [31], Amberlite XAD-2
functionalized with salicylic acid [32] (for Zn),
chromotropic acid [33] (for Cu, Fe, Ni, Co and
Cd) and o -aminophenol [34]. The preconcentra-
tion factors for all the metal ions are better or
comparable to those of important chelating ma-
trices (Table 8). The working pH for all the metal
ions except Cd is slightly acidic (< 7), and there-
fore, the possibility of their hydrolysis is very
small, which probably results in low R.S.D. values.
The matrix effects with pyrocatechol immobilized
cellulose are low, as shown from the vitamin tablet
and water analysis results. The short loading time,
low acid concentration needed for elution, possi-
bility of repeated use of the matrix and reasonable
flow rate are other advantages of pyrocatechol
immobilized cellulose. The low acid concentration
required for desorption of metal ions avoids any
further dilution step for FAAS measurement.
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