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Abstract

The silica gel modified with (3-aminopropyl-triethoxysilane) was reacted with 5-formyl-8-hydroxyquinoline
(FHOQx) to anchor 8-quinolinol ligand on the silica gel. It was characterised with cross polarisation magic angle
spinning (CPMAS) NMR and diffuse reflectance infrared Fourier transformation (DRIFT) spectroscopy and used for
the preconcentration of Cu(II), Pb(II), Ni(II), Fe(III), Cd(II), Zn(II) and Co(II) prior to their determination by flame
atomic absorption spectrometry. The surface area of the modified silica gel has been found to be 227 m2 g^ 1 and the
two pKa values as 3.8 and 8.0. The optimum pH ranges for quantitative sorption are 4.0-7.0, 4.5-7.0, 3.0-6.0, 5.0-8.0,
5.0-8.0, 5.0-8.0 and 4.0-7.0 for Cu, Pb, Fe, Zn, Co, Ni and Cd, respectively. All the metals can be desorbed with 2.5
mol l^ 1 HCl or HNO3. The sorption capacity for these metal ions is in range of 92-448.0 mmol g^ 1 and follows the
order Cd < Pb < Zn < Co < Ni < Fe < Cu. Tolerance limits for electrolytes NaNO3, NaCl, NaBr, Na2SO4 and Na3PO4,
glycine, sodium citrate, EDTA, humic acid and cations Ca(II), Mg(II), Mn(II) and Cr(III) in the sorption of all the
seven metal ions are reported. The preconcentration factors are 150, 250, 200, 300, 250, 300 and 200 for Cd, Co, Zn, Cu,
Pb, Fe and Ni, respectively and t1/2 values B 1 min except for Ni. The 95% extraction by batch method takes < 25 min.
The simultaneous enrichment and determination of all the metals are possible if the total load of the metal ions is less
than sorption capacity. In river water samples all these metal ions were enriched with the present ligand anchored silica
gel and determined with flame atomic absorption spectrometer (R.S.D. < 6.4%). Cobalt contents of pharmaceutical
samples (vitamin tablet) were preconcentrated with the present chelating silica gel and estimated by flame AAS, with
R.S.D. ~ 1.4%. The results are in the good agreement with the certified value, 1.99 mg g^ 1 of the tablets. Iron and
copper in certified reference materials (synthetic) SLRS-4 and SLEW-3 have been enriched with the modified silica gel
and estimated with R.S.D. < 5%.

Keywords: Silica gel; Chelating; Ligand; 8-Hydroxyquinoline; Atomic absorption spectrometry; Sorption; Preconcentration; Metal
ions; Determination
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1. Introduction

The determination of metal ions at low concen-
tration levels is very important in the context of
clinical diagnosis, geo-chemical explorations and
environmental protection. Their enrichment, be-
fore determination with flame AAS or ICP-AES is
usually required. The use of solid phase extraction
based on a chelate formation for this purpose is
advantageous as it may tolerate the components of
a complex sample matrix better than the other
alternatives such as ion exchange. 8-Hydroxyqui-
noline (HOQx), is known to react with over 60
metal ions forming complexes [formation constant
in the range 104 (Ba(II)) to 1038 (Fe(III))]. Chelat-
ing solid phase extractor designed by anchoring it
on solid support is expected to be effective for the
enrichment of transition metals from natural water
samples due to the difference in the values of
formation constants of complexes of HOQx

formed with transition metals and alkali/alkaline
earth metals. Experimentally also silica gel an-
chored with HOQx has been found to be promising
for transition metal enrichments [1-6]. The syn-
thetic procedure adopted by Marshall and Mot-
talla [1] for the immobilisation of HOQx on silica
gel appears to be best among the known ones so
far. In this procedure the reaction of silica gel with
aminophenyltriethoxysilane has resulted in an
arylamine-silica gel, which is diazotized and
coupled with HOQx. Essentially most of the other
reported methods, used to prepare HOQx an-
chored silica gel materials, are one of the two
similar procedures described by Hill [3] and
Sugawara et al. [4]. Both of these immobilisation
procedures involve a rather multi-step lengthy (~
5 days) synthesis, consisting of silylation of silica
gel with aliphatic aminosilane, introduction of an
aromatic nitro group, reduction of ArNO2 to
ArNH2 (immobilised), diazonium salt formation
and finally diazo coupling to HOQx. In the
reduction of nitro group to amino with sodium
dithionite the formation of elemental sulphur
causes difficulty. In general, the instability of
diazonium salt [2] and loss of reactivity during
filtration, washing step and on standing and
incomplete coupling of HOQx with diazonium
salt of arylamine silica gel due to steric hindrance,

are the main problems of diazo coupling route [2—
5]. Consequently, an easier and a better route to
load HOQx is desirable. A simple two step reaction
is reported in this paper which appears to im-
mobilise HOQx in a better way. First step involves
the reaction of silica gel with 3-aminopropyl-
triethoxy silane and second, the formation of
Schiff’s base by its reaction with 5-formyl-8-
hydroxyquinoline (FHOQx). The resulting ligand
anchored silica gel exhibits higher sorption capa-
city for copper than those reported earlier [1,4-6]
for other HOQx loaded silica gels. The anchoring
occurs extensively and the time taken in prepara-
tion is reasonably low. The sorption characteristics
of the newly modified silica gel for Cu(II), Cd(II),
Co(II), Fe(III), Ni(II), Zn(II) and Pb(II) have been
studied. The results reported in the present paper
indicate that the presently prepared chelating silica
gel is better in overall performance than all the
other HOQx immobilised silica gels.

HOQx and its derivatives viz., 8-hydroxyquino-
line-5-sulphonic acid, 7-dodecenyl-8-hydroxyqui-
noline and 7-iodo-8-hydroxyquinoline-5-sulphonic
acid have been immobilized on Amberlite XAD-2
[7,8], Amberlite XAD-4 [9,10] methylated poly-
styrene [11] and polystyrene divinyl benzene gel
[12]. Dowex [13], cellulose[14], CPG [15], and
polyacrylonitrile [16] have also been modified
with HOQx, but anchoring on silica gel have
been found to give very promising results.

2. Experimental

2.1. Reagents and solutions

The metal salts and other chemicals used were of
analytical reagent grade. The stock solutions of
metal ions (concentration 1000 mg I"1) were
prepared from analytical reagent grade CdI2,
CoCl2-6H2O, CuSO4-5H2O, NiSO4-6H2O,
Pb(NO3)2, ZnSO4-7H2O and FeSO4(NH4)2SO4 •
6H2O (followed by aerial oxidation) by dissolving
their appropriate amount in 10 ml of concentrated
HCl or HNO3 and making up the volume in 1 l.
The solutions were standardised [17] titrimetrically
with EDTA (direct method using appropriate
indicators) before use and working solutions of
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the metal ions were made by suitable dilution of
the stock solutions with doubly distilled water.
The water samples from Yamuna River (New
Delhi, India), Narmada River (Hoshangabad,
India) and Ganga River (Haridwar, India) were
collected, acidified with 2% HNO3, filtered and
stored in Corning glass bottles. The standard
synthetic water samples corresponding to certified
reference materials SLRS-4 and SLEW-3 of Na-
tional Research Council of Canada, Ottawa (On-
tario, Canada) were prepared by mixing
appropriate amounts of various constituents. Hu-
mic acid was obtained from Aldrich (USA).

2.2. Instruments

The 13C CPMAS NMR spectra were recorded at
75.3 MHz on a Bruker 300 (Fallenden, Switzer-
land) spectrometer. The cross polarisation magic
angle spinning (CPMAS) parameters used for this
purpose are: contact time 2.5 ms, recycle time 2.5
ms, spinning rate 4 kHz and the number of scans
5000. A flame atomic absorption spectrometer of
Electronic Corporation of India Limited (Hyder-
abad, India), Model 4139, equipped with air-
acetylene flame (air and acetylene flow rates 10
and 2l min~1, respectively) was used for metal ion
determination. The wavelengths used for monitor-
ing Cd, Co, Cu, Fe, Ni, Zn and Pb are 228.8,
240.7, 324.8, 248.3, 232.0, 213.9 and 217.0 nm,
respectively. The slit width used was 1 nm for Zn;
0.5 nm for Cd, Cu and Pb; and 0.2 nm for Cu, Fe
and Ni. The hollow cathode lamp current (mA)
was 3.5 for Cd, Cu, Ni and Pb; 5.0 for Zn and Fe
and 7.0 for Co. The diffuse reflectance infrared
Fourier transformation (DRIFT) spectra (4000-
400 cm"1) were recorded on a Nicolet FT-IR
spectrometer (Model protege 460). Autosorb-6B
analyzer (Quantachrome Corporation, USA) was
used for BET surface area analysis. Thermogravi-
metric analysis (TGA) was carried out on Perkin
Elmer (Norwalk, USA) thermogravimetric analy-
zer TGA-7. A column of 1 cm diameter (Pharma-
cia, Bromma, Sweden) packed with the present
chelating silica gel (using movable frits) was used
in all column procedures of metal sorption. The
flow of liquid into the column was controlled using
a peristaltic pump (Watson-Marlow Model 101/

U/R Falmouth, UK). A mechanical shaker
equipped with an incubator (Hindustan Scientific,
New Delhi, India) with a speed of 200 RPM was
used for batch equilibration.

2.3. Calibration curves for various metal ions

The calibration curves used to determine metal
ions with FAAS were made by measuring the
working calibration solution (without any enrich-
ment on the present matrix) after adjusting various
parameters of the instrument (viz. wavelength, slit
width, lamp current etc.) at optimum level and
keeping the acid concentration levels matched with
those eluates. The linear ranges for measurement
under optimum conditions have been found to be
0.2-5.0, 1.0-10.0, 0.5-2.0, 1.0-15.0, 0.1-1.0, 1.0-
10.0 and 1.0-10.0 mg ml"1 for Cu, Co, Cd, Pb, Zn,
Fe and Ni, respectively. The linear equation along
with regression (R2) for calibration cure of each
metal ion is given below. The slopes of these
calibration curves were checked regularly.

Fe C = 0.0519A + 0.0075 R2 = 0.9995
Pb C = 0.0320A-0.0046 R2 = 0.9998
Cd C = 0.1782A-0.0075 R2 = 0.9972
Zn C = 0.2571A-0.0165 R2 = 0.9991
Cu C = 0.0790A-0.0175 R2 = 0.9996
Ni C = 0.0451A-0.0010 R2 = 0.9997
Co C = 0.1075A-0.0270 R2 = 0.9965
where, A is peak height absorbance, C is concen-
tration in mg ml"1. All the statistical calculations
are based on the average of four readings for each
standard solution in the given range.

2.4. Synthesis of 5-formyl-8-hydroxyquinoline
(FHOQx)

FHOQx was synthesised by modifying the
reported method [18]. HOQx (10 g), ethanol (40
ml) and aqueous sodium hydroxide (20 g of NaOH
dissolved in 25 ml of water) were refluxed while
chloroform (11 ml) was added drop wise in 1 h.
After refluxing for 18 h, ethanol and excess of
chloroform were evaporated on a rotary evapora-
tor. The resulting residue was dissolved in 250 ml
of water and the solution was made slightly acidic
with dilute hydrochloric acid. The resulting yellow
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coloured solid was filtered, dried and purified
using column chromatography (silica gel, hexane/
dichloromethane). Yield or FHOQx was ~45%,
Analysis of FHOQx Calc. for molecular formula of
FHOQx: C10H7O2N: C, 69.36; H, 4.04; N, 8.09%.
Found: C, 69.14; H, 3.88; N, 7.79%. 1H NMR
(CDCl3): d 7.22-7.25 (d, 1H, HC7), 7.73-7.78 (m,
1H, HC3), 8.12-8.15 (d, 1H, HC4), 8.94-8.96 (q,
1H, HC2), 9.51-9.55 (q, 1H, HC6), 10.11 (s, 1H,
HC11). 13C{1H}- NMR (CDCl3): d 110.9 (C7),
122.4 (C5), 124.6 (C3), 126.8 (C10), 133.1 (C6),
138.1 (C9), 140.3 (C4), 149.0 (C2), 159.6 (C8), 192.3
(C11).

2.5. Preparation of silica gel functionalized with 5-
formyl-8-hydroxyquinoline

The commercially available silica gel (60-120
mesh size), was activated by refluxing it with 6 mol
I " 1 HCl for 8 h. It was filtered, washed with
doubly distilled water until free from acid, dried in
a furnace at 393 K for 12 h and finally degassed at
373 K under vacuum for 8 h. The activated silica
gel (30 g) was suspended in 100 ml solution of (3-
aminopropyl) triethoxysilane made in dry toluene
(10% v/v). The mixture was refluxed with stirring
for 12 h in nitrogen atmosphere. The slurry was
filtered and the resulting solid, aminopropyl silica
gel (APSG) was washed successively with toluene,
ethanol and diethylether. It was dried and de-
gassed at 373 K under vacuum for 8 h. Nitrogen
content of the aminated silica gel (APSG) was
found to be 0.639/0.05% (w/w) by Kjeldahl
method. The APSG (10 g) was treated with
FHOQx (15 g) dissolved in 30 ml of anhydrous
diethyl ether with constant stirring for 12 h and
filtered. The residue was washed with ethanol and
heated at 350 K in vacuum for 8 h and used as
such for metal ion enrichment. The nitrogen
content in FHOQx loaded silica gel it was found
to be 1.179/0.08%.

2.6. Determination of pKa values

To determine pKa values potentiometric titra-
tion of FHOQx (1 g) dissolved in 50% v/v aqueous
dioxane solution (50 ml) containing 5 ml of 0.1
mol I " 1 HClO4, with 0.01 mol I " 1 NaOH was

carried out [20]. The FHOQx loaded silica gel (0.5
g) was suspended in 25-50 ml of water after
rinsing it with 0.1 mol 1~1 HCl (to ensure that it is
in cationic form, FHOQ^) and also titrated
potentiometrically [1] with 0.01 mol I " 1 NaOH.
As the bound ligand of FHOQx loaded silica gel is
expected to react slowly, 5-10 min were allowed
after each increment of titrant before the pH
reading was taken, depending on the region of
the titration curve involved.

2.7. Recommended procedure for preconcentration
and determination of metal ion

The column and batch methods were employed
for the preconcentration of metal ions.

2.8. Column method

A glass column C10/10 (Pharmacia, size 10
cm x 10 mm) was packed with 1.0 g of FHOQx

loaded silica gel using the method provided by the
manufacturer in the manual ‘‘Gel Filtration*
Theory and Practice’’ [19]. The column was treated
with 2.0 mol I " 1 HCl or HNO3 (50 ml) and
washed with doubly distilled water until free from
acid. The flow of acid wash solution, sample
solution, stripping solution and double distilled
water was controlled with a peristaltic pump
(Watson-Marlow Model 101/U/R). Teflon tubing
was employed to transport the sample, washings
and eluent solutions from the reservoir to the
pump. A suitable aliquot (1 l to 10 ml depending
on concentration) of the sample solution contain-
ing Cu(II), Pb(II), Ni(II), Fe(III), Cd(II), Zn(II) or
Co(II) in the concentration range 0.0033-1.0 mg
ml ~1 was passed through the column after adjust-
ing its pH to an optimum value (Table 2), at a flow
rate of 1.0-4.5 ml min" 1 controlled with a
peristaltic pump. The column was washed with
distilled water to remove free metal ions. The
bound metal ions were stripped off from the
chelating silica gel column with 2.5 mol I " 1

HNO3 (10-25 ml). The concentration of the metal
ions in the eluate was determined with a flame
atomic absorption spectrometer, standardised pre-
viously. The dilution with distilled water was made
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Table 2
Optimum experimental conditions for the sorption and desorption of metal ions

Experimental parameter Metal ion

Cu(II)

4.0-7.0
1.0-5.0

Pb(II)

4.5-7.0
1.5-4.5

Fe(III)

3.0-6.0
2.0-5.0

Zn(II)

5.0.0-8,
1.0-4.0

0

Co(II)

5.0-8.0
2.0-4.5

Ni(II)

5.0-8.
2.0-5.

0
0

Cd(II)

4.0-7.0
1.5-4.5

pH range
Flow rate (ml min~')
Average sorption capacity of matrix (mmol g ')
Average recovery (%)a

Standard deviationa (mg ml-1)
Relative standard deviation (%)

448.0 158.0 386.0 177.0 205.0 255.0 92.0
99.0 98.6 99.4 97.4 98.0 98.0 97.0
0.054 0.045 0.039 0.021 0.067 0.032 0.027
2.67 2.21 1.92 1.02 3.28 1.56 1.31

For five preconcentration-determination of 50 ml containing 0.2 mg metal ml ' to 10 ml.

before aspiration in the case of concentrated
eluates.

a pre-standardised FAAS, after suitable dilution,
if required.

2.9. Batch method

A sample solution (500-10 ml) containing
0.0033-5.0 mg ml"1 of metal ion was taken in a
glass stoppered bottle (250 ml), after adjusting its
pH to an optimum level (Table 1). The FHOQx

modified silica gel (0.1 g) was added to the bottle,
which was stoppered and shaken for 30 min on a
mechanical shaker equipped with an incubator at a
speed of 200 rpm. The modified silica gel was
filtered, washed with distilled water, shaken with
10-25 ml of 2.5 M HNO3 for 30 min and again
filtered. The filtrate was aspirated into the flame of

Table 1
Apparent acid dissociation constants of free, derivatised and
immobilised 8-quinolinol

Material

Free HOQx

5-Phenylazo-HOQx

5-o- hydroxyphenylazo-
HOQx

Silica gel-HOQx

Silica gel-HOQx

Plain silica gel
5-formyl-8-quinolinol
Plain silica gel
Silica gel-FHOQx

pKa1

3.97
3.07
2.9

3.3-
3.8
2.7

6.1
4.0
6.2
3.8

pKa2

11.54
8.98
8.4

7.0-
7.5
8.6

9.2

8.0

Titrant

NaOH [20]
NaOH [20]
NaOH [20]

NaOH [1]

Raman Spectro-
scopy [22]
NaOH [1]
NaOHa

NaOHa

NaOHa

This work.

3. Results and discussion

In the present synthesis of ligand 5-formyl-8-
quinolinol (FHOQx), the reaction mixture was
refluxed for longer time (18 h) than that of earlier
literature reports (12 h), and column chromato-
graphy was used for the purification of the ligand.
The combination of two resulted in a better yield
(45%) than the one obtained earlier by using
extraction method (~ / 11.0%). In IR spectrum of
ligand FHOQx, n(CO) appears at 1665 cm"1 and
C-H stretching of aldehyde group at 2839 and
2732 cm"1. The bands at 1606, 1506, 1498 and
1475 cm"1 may be assigned to ring vibrations and
the one at 1373 cm"1 to C-H bending of >CHO
group.

The synthetic strategy for designing the chelat-
ing silica gel having HOQx functionality described
here, is a simple two step process (Scheme 1). An
aliphatic amine is immobilised in the first step. The
second one involves condensation with 5-formyl-8-
quinolinol resulting in a Schiff base. Anhydrous
conditions were used for the silation reaction so
that hydrolytic condensation resulting in amino-
propylsiloxane is prevented and maximum sub-
stitution of the silanol groups takes place.

The 13C CPMAS NMR spectrum of APSG is
shown in Fig. 1. Its resonance signals are consis-
tent with the solution 13C{1H} NMR (recorded in
CDCl3) of aminopropyltriethoxysilane, except sig-
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Fig. 1. 13C CPMAS NMR spectrum of amino propyl silica gel
(APSG).

nals due to -OCH2- and -OCH2CH3- which
were found to be absent, suggesting a complete
loss of ethoxy groups. The three signals observed

at d, 12.5, 24.6 and 45.6 ppm may be assigned to,
Si-CH2, -CH2 and N-CH2, respectively. The
nitrogen analysis of APSG and HOQx loaded
silica gel suggests that 0.4509/0.005 mmol of
organo silicon moiety has been grafted per gram
of silica. In 13C CPMAS NMR spectrum of
FHOQx loaded silica gel, apart from three meth-
ylene carbon signals of amino propyl group, eight
additional signals were observed at d: 108.6, 115.4,
122.0, 134.3, 144.2, 153.0, 158.7, 162.1 and 169.0
ppm, which may be assigned to the C7, C10, C3, C5,
C4, C9, C6, C2 and C8 carbon atoms of quinoline
ring, respectively. The signal observed at 192 ppm
due to carbon of aldehyde group of FHOQx in its
13C{1H} NMR spectrum (in solution), was found
to be absent in 13C CPMAS NMR of FHOQx

loaded silica gel and a new signal at 212 ppm was
observed, which may be assigned to carbon of
>C=N- group. The DRIFT spectrum of FHOQx

loaded silica gel exhibits a band at 1651 cm"1,
which appears to originate from >C=N- stretch-
ing. Moreover, the n(CO) appearing at 1665 cm"1

in the IR spectrum of FHOQx was found to be
absent in the DRIFT spectrum. All these observa-
tions support the immobilisation of 5-formyl-8-
quinolinol on to the silica surface through -C^Si-
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(CH2)3N= spacer. The ring vibrations appearing
at 1595, 1535,1500 and 1460 cm"1 further support
the immobilisation of FHOQx. The specific surface
area of hydroxyquinoline modified silica gel was
found to be 227 m2 g"1. The TGA of APSG
further supports the results of nitrogen analysis, as
it shows ~ 3% mass loss up to 873 K, which
concurs with the loading of ~ 0.450 mmol of an
organic species on 1 g of silica gel.

3.1. Potentiometric titration

The pKa1 and pKa2 of FHOQx have been found
to be 4.0 and 9.2, respectively (Table 1). The
presence of electron withdrawing substituent at 5-
position of HOQx decreases pKa2 value (relative to
HOQx) due to its acid strengthening effect. This
lowering may be advantageous in metal enrich-
ment application. The pKa values of HOQx,
arylazo derivatives of HOQx and HOQx immobi-
lised on silica gel reported in the literature
[1,6,20,22] are also given in Table 1. The somewhat
higher pKa values of FHOQx than those of the
arylazo derivatives of hydroxyquinoline, may be
due to lower electron -withdrawing influence of
formyl group than arylazo group. The silica gel
loaded with FHOQx has been found to exhibit
pKa1 value similar to that of free FHOQx. The
observed pKa1 is not due to that of hydrochloric
acid held by free silanol groups during pretreat-
ment of FHOQx loaded silica gel with hydrochlo-
ric acid, because titration of HCl rinsed free silica
gel with sodium hydroxide shows no indication of
residual hydrochloric acid. The pKa2 value of
FHOQx loaded silica gel is relatively lower than
that of free FHOQx, probably due to hydrogen
bonding with the surface silanol groups.

3.2. Optimum condition for sorption and desorption

The glass column was packed with HOQx

loaded silica gel and cleaned as described in the
recommended procedure given in the experimental
section. The sorption and desorption (under
optimum conditions) of Cu(II), Pb(II), Ni(II),
Fe(III), Cd(II), Zn(II) and Co(II) on this column
were found quantitative. The optimum conditions
for their sorption (pH and flow rate) and deso-

rption (acid concentration) were established by
varying one of them and following the recom-
mended procedure. The results are summarised in
Table 2. A typical optimisation process (for pH) is
as follows. A set of solutions (volume: 1 l to 50 ml
depending on concentration level), each containing
in it same one of the seven metal ions in the
concentration 0.0033-1.0 mg ml"1 was taken. The
pH of solutions of the set was adjusted to different
values in the range 2.0-9.0. The enrichment of the
metal ion from these solutions of the set was
studied by the recommended column procedure.
Sorption studies above pH 9 were avoided as silica
gel is degenerated in strong alkali. The variation of
sorption of the metal ions with pH is shown in Fig.
2. The use of acetate (4-5 ml), phosphate and
ammonia buffer (2-5 ml each) to adjust the pH,
does not affect the sorption. The quantitative
sorption of Fe takes place at a pH value as low
as 3 whereas the sorption of Cd and Co at this pH
is ~ 22 and 33%, respectively. The sorption of all
the metal ions was found maximum in the pH
range 4.5-8.0. The effect of pH on sorption was
also studied using the recommended batch method
and the results are found to be consistent with
those of column method.

3.3. Equilibration period

The effect of shaking time on the extraction of
metal ions was studied for all the seven metal ions.
The modified silica gel (0.1 g) was shaken with 50
ml of a solution containing 0.003-0.004 g of a
metal for different equilibration time (2, 5, 10, 15,
20, 25, 30, 35, 40 min and 5 h) and recommended
batch procedure was applied. The concentration of
metal ions in the supernatant solution was deter-
mined as well as calculated by mass balance (in mg
g ~1 of the matrix). The profile of sorption of the
seven metal ions as a function of time is shown in
Fig. 3. The equilibration time of 2 min was found
to be sufficient for Cu, Fe, Pb, Zn and Cd to reach
at 70% of the maximum sorption on the chelating
silica gel, while 52 and 60% of the maximum was
attained in case of Ni and Co, respectively during
this time. The equilibration time of 5 min was
effective for maximum sorption of Cu and Fe,
whereas 15 min equilibration was enough to attain
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4k Jk

Cu(ll)
Fe(lll)
Co(ll)
NI(II)

Zn(ll)

Rb(ll)

2 4 6 8

pH in aqueous solution

Fig. 2. Effect of pH on the sorption of Cu, Pb, Ni, Fe, Cd, Zn and Co.

10

90% of the maximum sorption of Pb, Cd and Zn
and > 75% of Co and Ni. The profile of sorption
shown in Fig. 3 suggests that the active donor sites
(N and O) on the modified silica gel are probably
directed outward on the surface and thus having
an easy accessibility for fast interaction with free
metal ions present in solution.

3.4. Factors affecting the column loading and
column wash

The potential factors affecting the sorption and
elution of metal ions are samples loading rate,
nature of stripping solution and its elution rate.
The degree of metal ion sorption on FHOQx

I
"«
c
o
c
o

•5
co

120 -,

100 -

80-

-Cu(ll)

-Fe(lll)

-Pb(ll)

-Zn(ll)

-Ni(ll)

-Co(ll)

-Cd(ll)

10 20 30

Contact time (min)

Fig. 3. Effect of time on metal ion sorption on FHOQx loaded silica gel.
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modified silica gel (1 g) packed column was
studied at varying flow rates of the solution,
controlled with a peristaltic pump. The optimum
flow rate for loading the metal ions is between 1.0
and 5.0 ml min"1. The flow rates below 1 ml
min ~1 were not employed to avoid long extraction
time. However, at flow rates greater than 5 ml
min"1, there was a decrease in the percentage of
sorption, probably because the metal ions could
not get sufficient opportunity to equilibrate with
the chelating silica gel. The acids HCl and HNO3
were found most suitable for stripping off the
bound metal ions because usage of preconcentra-
tion reagents like EDTA, thiourea etc. causes
changes in the nature of the silica gel by getting
sorbed on it, which finally leads to irreproducible
results. To study the effect of concentration of the
stripping acid solution on the desorption of metal
ions from the modified silica gel, the metal ions
were eluted from the column with 10 ml of HCl/
HNO3 of varying concentration (1 -4 mol l ~1) at
optimum flow rate. For the recovery of Cu, Fe,
Co, Ni, Zn and Cd, 1 mol l ~1 HCl alone was not
effective but in the presence of 0.1 mol l ~1 HNO3
the elution was quantitative. However, 2 mol l ~1

HNO3 was found effective for desorption of all the
seven metal ions. The acid concentration above 4
mol I"1 was not used for desorption as the
necessity of its partial neutralisation in the eluate
would reduce the preconcentration factor. For
stripping off the metal ions from the chelating
silica gel, flow rate of 1.0-5.0 ml min ~1 was found
effective. The metal ions are not significantly
desorbed (< 3%) by distilled water; therefore, the
chelation contributes predominantly to the reten-
tion of metal ions. The efficiency of the eluent (2
mol I"1 HCl/HNO3) was studied by taking
different volumes (1-10 ml). It was found that
5.5 ml was sufficient for 97.4-99.4% recovery of
Zn, Cu, Pb and Fe whereas 7.0 ml was required for
Co, Cd and Ni to achieve 97-98% recovery level.

3.5. Sorption capacity

The sorption capacity (maximum amount of
metal sorbed per gram of the matrix) for each
metal ion was determined by shaking 0.1 g of
FHOQx loaded silica gel with a metal ion solution

of concentration 100-500 mg ml 1 (total amount
of metal available for sorption is greater than the
sorption capacity) for 1 h, and monitoring the
metal after stripping it from the chelating silica gel
as described in the recommended batch method.
The results are given in Table 2. The order for
sorption capacity is Cd < Pb < Zn < Co < Ni B
Fe < Cu. The variation in sorption capacities of
various metal ions probably arises due to differ-
ence in their sizes, degree of hydration and binding
constants with the chelating matrix. The capacity
of FHOQx modified silica gel was found to be
almost same for the different batches (variation B
2%). It has been found that degassing during the
silation step, results in a product of higher metal
sorption capacity in comparison to the one ob-
tained without degassing, as the sorption capa-
cities for Cu, Pb, Ni, Fe, Cd, Zn and Co of the
modified silica gel obtained without degassing are
400.0, 122.0, 220.6, 348.0, 78.8, 145.2 and 178.0
mmol g"1, respectively (less than the values given
in Table 2). The increase in the surface coverage of
silica gel by silylation reaction in a degassed
condition probably enhances the capacity of the
chelating silica gel. However, for the matrix
prepared by Mottala and Marshall [1], degassing
during the reaction did not result in a higher
capacity, probably due to the steric problems,
either during the diazonium salt formation or
coupling reaction, though the surface coverage
might have increased in the earlier step of fixing
the spacer. In the present procedure aliphatic
aminosilane is used instead of aryl aminosilane,
the role of steric hindrance is considerably re-
duced, resulting in higher sorption capacity than
that of the earlier reported best HOQx immobilised
silica gel.

3.6. Reliability of the method

Multi runs of single blank determined detection
and quantification limits. The blank solution (5 l)
was passed through FHOQx immobilised silica gel
and metal ions were desorbed using 25 ml of 2.5
mol I"1 HNO3. The limit of detection (LOD)
values [defined as (blank+ 3 s) where s is standard
deviation of blank determination] are 0.70, 0.45,
1.80, 0.86, 0.92, 1.10 and 0.90 ng ml"1 for Cd(II),
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Co(II), Zn(II), Cu(II), Pb(II), Fe(III) and Ni(II),
respectively. The limit of quantification (blank +
10s) values are found to be 0.92, 0.67, 1.92, 1.23,
1.42, 1.38 and 1.24 ng ml"1, respectively. The
relative standard deviation for five determinations
of 2 mg ml ~1 of the seven metal ions was found to
be < 3.5%. The error was between 1 and 2%.

3.7. Stability and reusability of modified silica gel

The stability of the present HOQx loaded silica
gel was studied in acid (1.0-5.0 mol I"1 HNO3/
HCl). The modified silica gel was shaken with acid
solutions of varying concentrations for 5 h and
filtered. The solid was washed with distilled water
until free from acid, dried at 363 K under vacuum
and its sorption capacity was determined using the
procedure mentioned above. The sorption capacity
of the chelating gel treated with acid (4 mol l ~1)
was found to be similar (variation < 2.5%) to that
of the untreated one. Thus the present modified
silica gel can withstand 4.0 mol I"1 HCl/HNO3.
But a slight coloration of the acid solution is
immediately observed when the present gel is
placed in 5.0 mol I"1 acid solution, which turns
orange after 36 h. The sorption capacity of the
modified silica gel is also reduced significantly
after such a treatment. Similarly, when the present
chelating silica gel is placed in solution of pH > 9,
again an orange colour is developed in the solu-
tion. The exchange capacity of the chelating silica
gel for the metal ions was determined after several
loading and elution cycles. It was found to be
reduced < 1.2% after twenty repeated cycles.
Consequently, the chelating silica gel can be reused
several times. On storing for a year the sorption
capacity of FHOQx modified silica gel does not
change significantly.

3.8. Effect of foreign species

The chloride, nitrate, sulphate, phosphate ions
are found to be present in natural water and have
the capability to complex with many metal ions.
Consequently they may compete for metal ion
with the immobilised ligand and reduce the
extraction. Thus the effect of NaCl, NaBr,
NaNO3, Na2SO4, Na3PO4 sodium citrate, EDTA

and glycine on the sorption of Cu(II), Pb(II),
Ni(II), Fe(III), Cd(II), Zn(II) and Co(II) (0.1 mg
ml ~1 of each) on the FHOQx modified silica gel
was studied using the recommended column
method under the optimum conditions (Table 3).
A species is called interfering when it lowered the
recovery of metal ions more than 3% in compar-
ison to the value observed in its absence. Each
reported tolerance/interference is in the preconcen-
tration and not in the determination by AAS, as
checked with the help of reagent matched standard
solutions. The tolerance limits of the electrolytes in
the sorption of Cd(II) are somewhat low while, for
other metal ions the limits are reasonably good.
The Ca(II) and Mg(II) are tolerable with these
metal ions (0.2 mg I"1 of each) upto a concentra-
tion level of 0.006-0.12 and 0.002-0.10 mol I"1,
respectively. The concentrations of humic acid,
Mn(II) and Cr(III), which do not cause any
adverse effect on the enrichment of any of these
metal ions, are given in Table 3. These results
demonstrate that the present solid matrix may be
used to enrich these metal ions from natural water
samples, as their common constituents at normal
levels do not adversely affect the sorption effi-
ciency of the matrix for these metal ions.

3.9. Preconcentration and recovery of metal ions

The column technique is a common procedure
for extraction and separation of metal ions from
large sample volumes. The ability of the FHOQx

modified silica gel (1.0 g) to preconcentrate metal
ions was studied and the limit of preconcentration
was determined using the recommended procedure
while increasing the dilution of metal ion solution
(total amount of metal ion fixed at 10 mg) used for
sorption. The feed volumes for loading and pre-
concentration factors are given in Table 4. The %
recovery reported for each metal in Table 4 is for
its 10 mg.

3.10. Determination of cobalt in pharmaceutical
sample

To demonstrate the validity and accuracy of the
present chelating silica gel coupled with FAAS for
metal ion monitoring, it was applied to determine
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Table 3
Tolerance limit of foreign species

Foreign species

NaNO3
a

NaCla

NaBra

Na2SO4
a

Na3PO4
a

Glycineb

Sodium citrateb

EDTAb

Humic acidc

Mn(II)b

Cr(III)b

Ca(II)a

Mg(II)a

Tolerance

Cu(II)

0.10
0.50
0.20
0.50
0.07
1.45
0.32
0.80
30.0
0.10
0.09
0.06
0.08

limit (mg ml

Pb(II)

0.30
0.01
0.03
0.09
0.01
0.90
0.27
1.20
17.5
0.12
0.08
0.05
0.05

- ' / m o l l - ' / m m o l l

Fe(III)

0.40
0.40
0.04
0.06
0.02
1.45
0.320
1.40
28.0
0.11
0.09
0.09
0.10

" ' ) with

Zn(II)

0.100
0.05
0.06
0.09
0.04
1.0
0.27
1.50
20.6
0.09
0.12
0.008
0.02

Co(II)

0.10
0.20
0.08
0.09
0.05
0.95
0.26
1.70
30.0
0.07
0.05
0.08
0.06

Ni(II)

0.05
0.4
0.08
0.05
0.05
0.95
0.26
1.70
24.0
0.12
0.07
0.12
0.08

Cd(II)

0.01
0.04
0.005
0.03
0.004
0.82
0.24
1.80
15.0
0.10
0.07
0.006
0.002

Metal ion concentration: 0.1
a In m o l l " 1 .
b Inmmoir 1 .
0 In mg ml"1.

ml '; deviation in absorbance for tolerance limit < 3%.

cobalt in multivitamin tablets (E. Merck, Mumbai,
India). The nine tablets (3.0 g) were digested in a
beaker containing 10 ml of concentrated HNO3 by
slowly increasing the temperature of the mixture to
400 K and the mixture was further heated until a
solid residue was obtained. It was allowed to cool
and dissolved in 25 ml of distilled water. The
solution was filtered and its volume made up to
100 ml and its pH was adjusted to 5.5 using 10 ml
of acetate buffer. The solution was passed through
the column and the cobalt content was estimated
by the recommended procedure using flame A AS.
The average (five determinations) amount of
cobalt was found to be 2.05 mg g"1 of tablets

with R.S.D. ~ 1.4%. The certified value of Co in
the tablets is 1.99 mg g"1. The good agreement
between the results obtained of the present method
and the certified value suggests that precision and
accuracy of the presently developed method is
good.

3.11. Determination of Cd(II), Co(II), Zn(II),
Cu(II), Pb(II), Fe(III) and Ni(II) in natural and
certified reference water samples

The present method was applied to preconcen-
trate and determine Cd(II), Co(II), Zn(II), Cu(II),
Pb(II), Fe(III) and Ni(II) ion in natural waters

Table 4
Preconcentration factor and preconcentration limit for metal ions

Metal ion Volume of solution passed (ml) Concentration (ng ml l) Average recovery (%)a Preconcentration factor

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

1500
2000
2500
2000
2500
3000
3000

10.0
7.5
7.5
7.5
6.0
5.0
5.0

97.0
97.4
98.6
98.0
98.0
99.4
99.0

150
200
250
200
250
300
300

For three determination, in a volume of 10 ml of 2.5 M HNO3



Table 5
Determination of metal ions in water and certified standard samples after preconcentration

Origin of Sample Method Metal ion (mg ml ' for river water samples/ng 1 1 for certified standards) ^

£>
Cu(II) R.S.D. Pb(II) R.S.D. Ni(II) R.S.D. Co(II) R.S.D. Zn(II) R.S.D. Fe(III) R.S.D. Cd(II) R.S.D. (%) |

Y a m u n a river water, Direct 1.540 0.7 0.140 4.7 0.142 4.9 0.068 5.0 0.401 2.6 0.481 1.2 0.025 5.1 ~

New Delhi ^

S.A. 1.600 0.5 0.151 4.2 0.144 4.8 0.075 4.3 0.441 2.0 0.521 1.9 0.028 5.9 ^

N a r m a d a river water, Direct 0.332 3.3 0.400 3.9 0.080 3.9 0.125 4.1 0.480 2.2 0.200 4.5 0.015 6.4 I"

Hoshangabad a

S.A. 0.321 3.8 0.411 3.1 0.074 4.2 0.130 4.3 0.472 2.8 0.204 4.2 0.015 6.1 §

Ganga river water, Direct 0.100 3.7 0.017 6.2 0.103 3.8 0.041 4.1 0.088 3.0 0.045 5.8— ^

Har idwar §

S.A. 0.105 3.7 0.014 4.8 0.092 3.5 0.035 4.5 0.073 3.3 0.050 5.5— ^

SLRS-4 a Direct 1.93c 5.1 - - - - - - - - 99.7° 4.2 g

SLEW-3 b Direct 1.64c 4 . 7 - - - - - - - - - - V

Direct, recommended procedure directly applied; S.A., standard addition method, R.S.D. for five determinations.
a Certified value for Cu 1.81mg I"1 ; Fe 103 mg I"1 .
b Certified value for Cu 1.55 mg I"1 .
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samples collected from Yamuna, Ganga and
Narmada river. The 1500 ml of samples were
subjected to recommended procedure (column) for
the preconcentration and determination of metal
ions directly and after standard addition. How-
ever, copper ion in Yamuna water samples can be
determined without spiking. The pH of the sam-
ples was adjusted to 5.5. In the standard addition
method, the samples (volume 1500 ml) were spiked
with 100 mg of each of the seven metal ions (using
standards mentioned in Experimental Section)
before loading onto column containing FHOQx

modified silica gel. The analysis was repeated four
times. The results are reported in Table 5. The
standard addition results are reported after sub-
tracting the amount added. Their closeness with
results of direct estimation authenticates the later.
The low R.S.D. values indicate that the matrix
effects of the dissolved inorganic and organic
matter are insignificant on the enrichment of
Cd(II), Co(II), Zn(II), Cu(II), Pb(II), Fe(III) and
Ni(II) with the present chelating silica gel.

Copper was determined in standard (synthetic)
water samples SLRS-4 and SLEW-3 both, whereas
iron was estimated in the first one using the
recommended procedure (column). For estima-
tions of the both metals 2 l of the water sample
was passed and for final elution only 7 ml of the
appropriate acid was used. Appropriate dilution of
the eluate was made in the case of iron estimation.
The agreement between the certified values and
experimental results validates the applicability of
the present method for water analysis. The other
metal ion in these reference samples were not
determined as their levels were below the quanti-

Table 6
Sorption capacities of HOQx anchored matrices for Cu

Matrix Sorption capacity (mmol g ')

Present matrix
Porasil [6]
Ethylenediamine cellulose[14]
Controlled pore glass[4]
Silica gel[2]
Aminophenyl silica gel[1]
Silica Gel[21]

448
27-42
200
12-57
100
225
25

fication limits of the present method or very large
volume of water sample (e.g. 7 l for Ni in SLEW-3)
was required

4. Conclusions

The new synthetic route for immobilising HOQx

on silica gel reported in the present paper is a
simple two step process. The desirable features of
previously reported HOQx loaded silica gel pre-
parations are also present in present matrix,
moreover the preparation time is not long and
the resulting product exhibits relatively higher
sorption capacities for various metal ions. The
new matrix also shows good stability as it can
withstand 4.0 mol I"1 HCl and HNO3. Using this
newly synthesised matrix the enrichment of Cu,
Fe, Zn, Pb, Co, Ni and Cd from natural water
samples has been successfully carried out. The
R.S.D. values are low. The short time required for
loading metal ions onto the present matrix is an
additional advantage. The matrix effects with the
present solid phase collector are low The repeated
use of the resin is feasible. The preconcentration
factors of the present matrix are found to be better
than those of HOQx loaded Amberlite XAD-2 [7]
(preconcentration factor for Cd(II), Cu(II), Ni(II),
Pb(II) and Zn(II) ~ 100). Similarly, the sorption
capacity of present matrix for Cu is found to be
higher than all other HOQx immobilised silica gel
matrices (Table 6). The method is economical due
to the possibility of multiple use of the matrix,
which may be designed using inexpensive chemi-
cals and also simple.
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