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ABSTRACT: 8-Hydroxyquinoline-5-sulfonic acid–thiou-
rea–formaldehyde copolymer resins were synthesized
through the condensation of 8-hydroxyquinoline-5-sul-
fonic acid and thiourea with formaldehyde in the pres-
ence of hydrochloric acid as a catalyst and with various
molar ratios of the reacting monomers. The resulting
copolymers were characterized with UV-visible, IR and
1H-NMR spectral data, employed to determine the reac-
tivity of monomers. The average molecular weights of
these resins were determined with vapor pressure os-
mometry and conductometric titration in a nonaqueous
medium. The chelation ion-exchange properties were also

studied with the batch equilibrium method. The resins
were proved to be selective chelating ion-exchange
copolymers for certain metals. The chelation ion-exchange
properties of these copolymers were studied for Cu2þ,
Ni2þ, Co2þ, Pb2þ, and Fe3þ ions. The study was carried
out over a wide pH range and in media of various ionic
strengths. The copolymers showed a higher selectivity for
Fe3þ ions than for Cu2þ, Ni2þ, Co2þ, and Pb2þ ions. VVC 2008
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INTRODUCTION

In recent years, there has been growing interest in
the design and synthesis of copolymer resins
because of their special properties and potential
applications in ion exchange, wastewater treatment,
organic synthesis, hydrometallurgy, catalysis, and
separation of trace elements.1–3 8-Hydroxylquinoline
(oxine) is a monomer whose reactivity toward metal
ions is well known from the literature,4,5 and it is
widely used as a complexing agent.

Rivas and Villegas6 created crosslinked poly[3-
(methacryloylamino)-propyl]-dimethyl(3-sulfopropyl)
ammonium hydroxide-co-2-acrylamidoglycolic acid
by free-radical polymerization and tested the synthe-
sized polymer as an absorbent under competitive
and noncompetitive conditions for Cu(II), Cd(II),
Hg(II), Zn(II), Pb(II), and Cr(III) by batch and col-
umn equilibrium procedures. They reported that
resin metal-ion equilibrium was achieved before 1 h.
The resin showed a maximum retention capacity
value of 1.084 mequiv/g for Hg(II) at pH 2. The re-
covery of the resin was investigated at 20�C with
different concentrations of HNO3 and HClO4.

Hegazy El-Sayed et al.7 prepared two hydrogels
from N-vinyl-2-pyrrolidone/acrylic acid (NVP/AAc)
and N-vinyl-2-pyrrolidone/acrylamide (NVP/AAm)
for the separation of some heavy metal ions from
wastewater. They studied the characterization, some
selected properties, and the possibility of their prac-
tical use in wastewater treatment for heavy metals
such as Cu, Ni, Co, and Cr. They reported that the
maximum uptake for a given metal was higher for a
treated NVP/AAc hydrogel than for an untreated
NVP/AAc hydrogel and was higher for an
untreated NVP/AAc hydrogel than for an NVP/
AAm hydrogel.
Gurnule et al.8 synthesized a terpolymer resin

through the condensation of salicylic acid and mela-
mine with formaldehyde in the presence of an acid
catalyst. They studied chelation ion-exchange prop-
erties of this polymer for Cu2þ, Ni2þ, Co2þ, Zn2þ,
Fe3þ, Cd2þ, and Pb2þ ions. A batch equilibrium
method was employed in the study of the selectivity
of metal-ion uptake, involving the measurements of
the distribution of a given metal ion between the
polymer sample and a solution containing metal
ions. The study was carried out over a pH range
and in media of various ionic strengths. They
reported that the polymer showed a higher selectiv-
ity for Fe3þ, Cu2þ, and Ni2þ ions than for Co2þ,
Zn2þ, Cd2þ, and Pb2þ.
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Erol and a coworker9,10 prepared new methacry-
late monomers and their derivatives and copolymer-
ized these monomers with various vinyl monomers.
Reactivity ratios were calculated by the application
of the conventional Fineman–Ross and Kelen–Tudos
linearization methods. Vijayanand et al.11 prepared
copolymers with various contents of 4-nitro-3-methyl
phenyl methacrylate and glycidyl methyl acrylate in
the solvent methyl ethyl ketone with benzoyl perox-
ide as a free-radical initiator at 70�C. The characteri-
zation of the resulting polymers was performed with
FTIR, 1H-NMR, and 13C-NMR spectroscopy
techniques.

This article describes the synthesis, characteriza-
tion, and ion-exchange properties of copolymer res-
ins derived from 8-hydroxyquinoline-5-sulfonic acid,
thiourea, and formaldehyde.

EXPERIMENTAL

Materials

All chemicals were analytically pure or chemically
pure; 8-hydroxyquinoline-5-sulfonic acid (Merck,
India), thiourea (S.D. Fine Chemicals, Mumbai,
India), and formaldehyde (S.D. Fine Chemicals)
were used as received. Solvents purified by frac-
tional distillation were used in the reaction.

Synthesis of the copolymer resin

Condensation of 8-hydroxyquinoline-5-sulfonic acid
and thiourea with formaldehyde

A mixture of 8-hydroxyquinoline-5-sulfonic acid
(2.436 g, 0.1 mol), thiourea (0.76 g, 0.1 mol), and
formaldehyde (7 mL, 0.2 mol) in the presence of
200 mL of 2M hydrochloric acid as a catalyst was
heated in an oil bath at 126�C for 5 h with occasional
shaking.12,13

The separated greenish resinous product was
washed with hot water and methanol to remove
unreacted monomer. The resinous product so
obtained was washed with cold water, dried in air,
and powdered. The powdered resins were washed
with hot water and dried. Dried resins were then
extracted with diethyl ether followed by petroleum
ether for the removal of the 8-hydroxyquinoline-5-
sulfonic acid–formaldehyde copolymer that might be
present along with the copolymer. The resin was
purified by dissolution in 8% NaOH and by repreci-
pitation through the dropwise addition of 1 : 1 HCl
with constant and rapid stirring to avoid the forma-
tion of lumps. The process of reprecipitation was
repeated twice. The copolymer resin so obtained
was filtered, washed with hot water, dried in air,
powdered, and stored in vacuo over anhydrous
CaCl2.

12,13 The reaction is shown in Figure 1.

Different resin samples of 8-hydroxyqunioline 5-
sulfonic acid, thiourea, and formaldehyde with
ratios of 2 : 1 : 3, 3 : 1 : 4, and 4 : 1 : 5 were prepared
with different molar ratios of the reactants.

Characterization of the copolymer resins

The copolymer resins were subjected to elemental
analysis for C, H, and N on a Colemann CHN ana-
lyzer. The number-average molecular weights (Mn’s)
were determined by conductometric titration in N,N-
dimethylformamide (DMF) with ethanolic KOH as
the titrant and with 25-mg samples. A plot of the
specific conductance against the milliequivalents of
potassium hydroxide required for the neutralization
of 100 g of the copolymer was made. An inspection
of this plot revealed that there were many breaks.
From this plot, the first break and the last break
were noted. The calculation of Mn by this method is
based on the following consideration: (1) the first
break corresponds to the stage at which the first
acidic phenolic hydroxyl group is neutralized, and
(2) the breaks observed beyond the first break repre-
sent the stage at which phenolic hydroxyl groups of
all the repeating units are neutralized. The following
relation gives the average degree of polymerization
(DP):

DP ¼
Total milliquivalent of base required

for complete neutralization

Milliquivalen of base for smallest interval

Mn ¼ DP � repeat unitweight

The molecular weights of the resins were also deter-
mined by the vapor pressure osmometry (VPO)
method with DMF as the solvent and benzyl as the
calibrant. A Wescan model 233 vapor pressure os-
mometer was used for this purpose.

Figure 1 Preparation of the 8-HQ5-SATUF-I copolymer
resin.
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Electronic absorption spectra of the copolymers in
dimethyl sulfoxide (DMSO) were recorded with a
Shimadzu ultraviolet–visible (UV–vis) double-beam
spectrophotometer fitted with an automatic pen
chart recorder on thermosensitive paper in the range
of 200–850 nm.

Infrared (IR) spectra of the 8-hydroxyquinoline-
5-sulfonic acid–thiourea–formaldehyde (8-HQ5-
SATUF) copolymer resins were recorded in nujol
mull with a PerkinElmer Spectrum RX-I spectropho-
tometer in the range of 4000–500 cm�1. 1H-NMR
spectra were recorded with a Bruker Advance-II
400-MHz 1H-NMR spectrophotometer with DMSO-
d6 as the solvent.

Ion-exchange properties

Determination of metal-ion uptake in the presence of elec-
trolytes of different concentrations. The following pro-
cedure was applied to study the effect of the nature
of the various electrolytes and their concentrations
on the amount of metal ions taken up by the copoly-
mer resin samples. A finely powdered copolymer
sample (25 mg) was suspended in an electrolyte so-
lution (25 mL) of a known concentration. The pH of
the solution was adjusted to the required value with
either 0.1M HNO3 or 0.1M NaOH. The suspension
was stirred for a period of 24 h at room temperature.
To this suspension, 2 mL of a 0.1M solution of the
metal ion was added, and the pH was adjusted to
the required value. The mixture was again stirred at
27�C for 24 h and filtered.13 The solid was washed,
and the filtrate and washing were combined and
estimated for the metal-ion content by titration
against standard ethylene diamine tetraacetic acid
(EDTA) with an appropriate buffer and a suitable in-
dicator (Table I).14 A blank experiment was also car-
ried out in the same manner without the addition of
the polymer sample. The blank solution was again
estimated for the metal-ion content. The amount of
metal ions taken up by the copolymer in the pres-
ence of a given electrolyte of a known concentration
was determined from the difference between the
blank reading and the reading in the actual experi-
ment.15 The experiment was repeated in the pres-
ence of several electrolytes of known concentrations

with five different metal ions: Fe(III), Co(II), Ni(II),
Cu(II), and Pb(II). The same procedure was applied
to all the molar ratios of the copolymer samples.
Evaluation of the rate of metal-ion uptake. To estimate
the time required to reach the state of equilibrium
under the given experimental conditions, a series of
experiments of the aforementioned type were carried
out, in which the metal ion taken up by the copoly-
mer resin was estimated from the time to room tem-
perature (300 K) in the presence of 25 mL of a
solution of NaNO3. It was assumed that under the
given conditions, the state of equilibrium was estab-
lished within 24 h.15,16 The rate of metal-ion uptake
was expressed as the percentage of the amount of
metal ions taken up after a certain time related to
that in the state of equilibrium.15,17

Evaluation of the distribution of metal ions at different
pHs. The distribution of each one of the five metal
ions [Fe(III), Ni(II), Cu(II), Co(II), and Pb(II)]
between the polymer phase and aqueous phase was
estimated at 300 K and in the presence of a solution
of NaNO3. The experiments were carried out as
described previously in the pH range of 2–6.5. The
distribution coefficient (D) was calculated with the
following relationship:

D ¼
Weights ðmgsÞ of metalions taken up by

1 g of copolymer

Weight ðmgÞ of metalion present in
1 ml of solution

RESULTS AND DISCUSSION

The synthesized 8-HQ5-SATUF copolymers were
confirmed with UV–vis, IR, and 1H-NMR techni-
ques. All expected signals for 8-HQ5-SATUF were
observed. High-performance liquid chromatography
(thin layer chromatography) showed that the synthe-
sized copolymers were 89.85% pure
All four 8-HQ5-SATUF copolymer resins were

green in color. These purified resins were found to
be soluble in DMF, DMSO, and aqueous sodium
and potassium hydroxide solutions. The melting
points were in the range of 240–254�C.
All four 8-HQ5-SATUF copolymer resins were an-

alyzed for carbon, hydrogen, nitrogen, and sulfur at

TABLE I
Summarized Procedures for EDTA Titrations of the Cations Under Investigation

Metal ion Type of titration pH range Buffer Indicator Color change

Fe(III) Direct 2–3 Diluent HNO3/diluent NaOH* Variamine blue Blue to yellow
Ni(II) Direct 7–10 Aqueous NH3/NH4Cl Murexide Yellow to violet
Co(II) Direct 6 Hexamine Xylenol orange Red to yellow
Cu(II) Direct 9–10 Diluent HNO3/diluent NaOH* Fast sulfone black-F Purple to green
Pb(II) Direct 6 Hexamine Xylenol orange Red to yellow

* No buffer used therefore pH was adjusted by using either dilute HNO3 or dilute NaOH.
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the Sophisticated Analytical Instrument Facility of
Punjab University (Chandigarh, India). The results
are presented in Table II. The elemental analysis
data are in good agreement with the theoretical (cal-
culated) data. The elemental analysis data were used
to assign empirical formulas and empirical weights
to these copolymer resins.

The Mn values of the 8-HQ5-SATUF copolymers
were determined in fresh, triple-distilled pure DMF
with ethanolic potassium hydroxide as the titrant.
The experimental results are presented in Table III,
and the conductometric titration curves are depicted
in Figure 2.

An examination of conductometric titration plots
indicates that there are several breaks before com-
plete neutralization of all the phenolic hydroxyl
groups. The first break in the plot is the smallest of
all the breaks. It is assumed that this corresponds to
a stage in titration when on average one phenolic
hydroxyl group of each chain is neutralized. An ex-
amination of the conductometric data reveals that
the size of most of the breaks is nearly equal to or is
a whole multiple of the size of the first break. The ti-
tration curves of the copolymers indicate a sharp
stepwise increase in the conductance until the stage
neutralization of all the AOH groups. Beyond this
stage, there is a continuous increase in the conduct-
ance. DP of the 8-HQ5-SATUF copolymer sample
was obtained from the ratio of total milliequivalents
of base required to reach the final stage of neutrali-
zation to the milliequivalents corresponding to the
fist break in the plots of 8-HQ5-SATUF.

From Table III, it can be concluded that the molec-
ular weights of the 8-HQ5-SATUF copolymers
increase with an increase in the 8-hydroxyl-quino-
line-5-sulfonic acid contents.

The molecular weights of the copolymer resins
were also estimated by VPO (Table III). VPO has
become a popular technique in molecular weight
determination. The first step was to determine the
calibration constant (K), which was obtained with
benzil as a standard solute. Four sets of solutions of
benzyl in DMF with the approximate concentration
(w/w) ratio of 2 : 4 : 8 : 10 were prepared. The
measurements were carried out at 63�C. A drop of
the benzyl solution (lowest concentration) and a
drop of the pure solvent were suspended on sepa-
rate thermistor probes in a closed chamber saturated
with solvent vapor. The thermistors were connected
to form the legs of a Wheatstone bridge circuit. A
constant voltage was applied. The difference
between the solution and the activation of the two
drops resulted in a differential mass transfer
between them, and this resulted in a small tempera-
ture difference. The small temperature difference
between the thermistors unbalanced the bridge; the
resistance to bringing the bridge into balance was
measured in terms of microvolts. For different con-
centrations, the same procedure was followed. A
plot of voltage change (Dlv) versus the concentra-
tion would be linear, passing through the origin
with a slope equal to K/m2. If molecular wt. of sol-
ute (m2) is known, the value of constant K can be
evaluated with the following relations:

Slope¼ K=m2

Mn¼ K=slope

The first step in the measurement of Mn is the evalu-
ation of constant K for a given solvent with a pure
compound of a known molecular weight as a solute.
The molecular weights of the copolymer samples,

TABLE III
Molecular Weight and Intrinsic Viscosity Data for the 8-HQ5-SATUF Copolymer Resins

Copolymer
resin

First stage of neutralization
(mequiv/100 g of

copolymer)

Final stage of neutralization
(mequiv/100 g of

copolymer)
Degree of

polymerization

Mn

By
conductometry

By
VPO

8-HQ5-SATUF-I 56 1,288 23 7,475 7,482
8-HQ5-SATUF-II 56 1,120 20 11,040 11,089
8-HQ5-SATUF-III 56 1,008 18 14,382 14,369
8-HQ5-SATUF-IV 56 896 16 17,176 17,188

TABLE II
Elemental Analysis Data and Empirical Formulas for the 8-HQ5-SATUF Copolymer Resins

Copolymer resin

% [found (calcd)]
Empirical formula

of the repeating unit
Empirical

formula weightC H N S

8-HQ5-SATUF-I 45.0 (44.3) 3.78 (3.38) 12.4 (12.9) 16.6 (15.4) C12H11O4S2N3 325
8-HQ5-SATUF-II 47.6 (47.8) 2.70 (2.8) 10.2 (10.14) 17.3 (17.01) C22H18O8S3N4 552
8-HQ5-SATUF-III 47.9 (48.0) 3.46 (3.1) 8.9 (8.7) 16.2 (15.8) C32H25O12S4N5 799
8-HQ5-SATUF-IV 47.8 (48.64) 3.36 (3.0) 8.5 (8.1) 15.5 (16.1) C42H32O16S5N3 1036
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estimated by conductometric titration and VPO,
were comparable within the limits of the experimen-
tal error.

UV–vis spectra of all purified 8-HQ5-SATUF co-
polymer samples in spectroscopic-grade DMF were
scanned in the region of 200–850 nm, and the results
are shown in Figure 3. A perusal of the UV–vis spec-
tra of the 8-HQ5-SATUF copolymers shows a similar
nature. The spectra of these copolymers exhibit two
absorption maxima in the regions of 240–260 and
320–360 nm. The bands at 240–260 nm indicate the
presence of a C¼¼S group containing a carbon–sulfur
double bond in conjugation with the aromatic nu-
cleus, and this is characteristic of the p!p* transi-
tion. The less intense band is not clear. However, a
shoulder merging in the 320–360-nm region can be
seen in the UV–vis spectra. These should be
assigned to n!p* transitions.

The bathochromic shift (the shift toward a longer
wavelength) from the basic values (257 nm and

320 nm) may be due to the combined effect of
conjugation and the phenolic hydroxyl group
(auxochrome).
It can be observed from the UV–vis spectra of

the 8-HQ5-SATUF copolymers that the maximum
absorptivity (emax) values gradually increased in the
following order: 8-HQ5-SATUF-I < 8-HQ5-SATUF-II
< 8-HQ5-SATUF-III < 8-HQ5-SATUF-IV.
The previously observed increasing order may be

due to the introduction of more chromophores
(>C¼¼S group) and auxochromes (phenolic AOH
group) into the repeat unit structure of the copoly-
mer. This observation supports the proposed struc-
tures given in Figure 3.

Figure 3 UV–vis spectra of the 8-HQ5-SATUF copolymer
resins.

TABLE IV
IR Spectroscopy Data for the 8-HQ5-SATUF Copolymer Resins

Frequency band observed for the copolymer resin (cm�1)

Assignment
Expected frequency

band (cm�1)
8-HQ5-
SATUF-I

8-HQ5-
SATUF-II

8-HQ5-
SATUF-III

8-HQ5-
SATUF-IV

3506–3401(b) 3506–3399(b) 3507–3400(b) 3507–3401(b) AOH stretching (phenolic) 3700–3300
3080(b) 3079–3102(b) 3080–3102(b) 3080–3102(b) >NH stretching 3200–3300

1228–1138 1228–1136 1228–1130 1230–1132 >C¼¼S (thiooxamide moiety) 1250–1150
1555–1601 1554–1601 1555–1600 1557–1602 Aromatic ring 1600–1500

954 953 953.9 954 Substitution in benzene skeleton 960
1045.5 1044.8 1045.5 1054 1080
1138 1136–1162 1136–1162 1136 1150
1228 1230.1 1232 1227 1230
1315 1280 1280 1310 >CH2 1300
1210 1195 1190 1205 1200
795 795 795 795 800

b ¼ broad.

Figure 2 Conductometric titration curves of the 8-HQ5-
SATUF copolymer resins.
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The IR spectra of all the 8-HQ5-SATUF copoly-
mers were found to be similar, except for some dif-
ferences in the intensities of a few peaks. The
important IR bands along with their assignments are
given in Table IV, and the spectra are incorporated
in Figure 4.

A broad band appearing in the region of 3506–
3401 cm�1 can be assigned to the stretching vibra-
tion of the phenolic AOH group.

The strong band at 1135–1228 cm�1 may be due to
the stretching vibration of the >C¼¼S group of the
thio group. The spectra show a number of bands at
about 795, 1205, and 1310 cm�1, which can be
ascribed to methylene groups. A sharp peak at 1610
cm�1 can be assigned to an aromatic skeletal ring.
1,2,3,5-Tetrasubstitutions of the aromatic benzene
ring are recognized from bands appearing at 920,
1015, 1145, and 1265 cm�1, respectively. The pres-
ence of the ANHA group in the thiourea unit can be
ascribed to a broad band at 3102–3380 cm�1, which
seems to be merged with the broad band of the phe-
nolic hydroxyl group. The presence of ANHA is fur-
ther supported by the medium band at 660 cm�1,
which can be ascribed to the wagging vibration of
ANHA of the thiourea unit in the copolymer resins.

NMR spectra of all four 8-HQ5-SATUF copoly-
mers were recorded in the solvent DMSO-d6 at the
Sophisticated Analytical Instrument Facility of Pun-
jab University. The spectra are presented in Figure 5,
and the spectral data are listed in Table V.
The NMR spectra reveal that except for the 8-

HQ5-SATUF-I and 8-HQ5-SATUF-II copolymers, the
copolymers (8-HQ5-SATUF-III and 8-HQ5-SATUF-
IV) show an intense signal around 3.0–4.0 d (ppm),
which is due to the methylenic proton of the
ArACH2AAr linkage. The signals in the range of
9.1–9.8 ppm (d) are assigned to phenolic hydroxyl
protons. The multiplet signals in the range of 7.5–8.0
ppm (d) indicate the presence of aromatic protons. A
weak, broad signal in the region of 5.2–5.24 ppm (d)
can be attributed to the proton of the ANHA
bridges. Intense signals appearing in the region of
4.3–4.5 d ppm (d) indicate methylenic protons of the
Ar ACH2 AN moiety. The signal around 10 ppm (d)
can be assigned to the proton of the SO3H group.
On the basis of physicochemical and spectral evi-

dence, the most probable structures for all the newly

Figure 4 IR spectra of the 8-HQ5-SATUF copolymer res-
ins: (I) 8-HQ5-SATUF-I, (II) 8-HQ5-SATUF-II, (III) 8-HQ5-
SATUF-IIII, and (IV) 8-HQ5-SATUF-IV.

Figure 5 NMR spectra of the 8-HQ5-SATUF copolymers:
(I) 8-HQ5-SATUF-I, (II) 8-HQ5-SATUF-II, (III) 8-HQ5-
SATUF-III, and (IV) 8-HQ5-SATUF-IV.
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TABLE V
1H-NMR Spectral Data of the 8-HQ5-SATUF Copolymer Resins

Chemical shift observed for the copolymer resin
(ppm)

Nature of protons assigned
Expected chemical

shift (ppm)
8-HQ5-
SATUF-I

8-HQ5-
SATUF-II

8-HQ5-
SATUF-III

8-HQ5-
SATUF-IV

— — 3.0–4.0 3.0–4.0 Methylenic proton of the ArACH2AAr linkage 3.93
4.3–4.5 4.3–4.5 4.3–4.5 4.3–4.5 Methylenic proton of the ArACH2AN moiety 4.34
7.5–8.0 7.6–8.0 7.5–8.1 7.5–8.1 Aromatic proton (unsymmetrical pattern) 6.0–8.0
9.1–9.8 9.1–9.8 9.2–9.8 9.3–9.8 Proton of phenolic AOH 8–10

10.1 10.2 10.1 10.1 Proton of SO3H 10–11
5.21 5.24 5.21 5.20 Proton of the ANH bridge 5.16

Figure 6 Suggested structure of the 8-HQ5-SATUF-I copolymer resin.
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synthesized and characterized copolymer resins are
proposed (Fig. 6).

Ion-exchange properties

The results of the batch equilibrium study carried
out with 8-HQ5-SATUF copolymer resin samples are
presented in Tables VI–VIII. From this study, which
was carried out with five metal ions with limited

variations of the experimental conditions, certain

generalizations can be made about the behavior of

the 8-HQ5-SATUF copolymer samples.

Influence of electrolytes on the metal-ion uptake

The data presented in Table VI reveal that the
amount of metal ions taken up by a given amount of

TABLE VII
Comparison of the Rates of Metal-Ion Uptake

Metal ion
Copolymer
resin sample

Percentage of metal ions taken up at different times

1 h 2 h 3 h 4 h 5 h 6 h 7 h

Fe(III) 8-HQ5-SATUF-I 68 87 98 — — — —
8-HQ5-SATUF-II 69 88 99 — — — —
8-HQ5-SATUF-III 69 88 99 — — — —
8-HQ5-SATUF-IV 70 89 100 — — — —

Cu(II) 8-HQ5-SATUF-I 47 54 69 84 96 — —
8-HQ5-SATUF-II 48 58 70 86 97 — —
8-HQ5-SATUF-III 48 58 70 86 97 — —
8-HQ5-SATUF-IV 49 59 72 90 99 — —

Ni(II) 8-HQ5-SATUF-I 39 53 68 83 97 — —
8-HQ5-SATUF-II 40 56 69 93 97 — —
8-HQ5-SATUF-III 40 56 69 84 97 — —
8-HQ5-SATUF-IV 42 57 72 84 98 — —

Co(II) 8-HQ5-SATUF-I 35 52 67 82 95 — —
8-HQ5-SATUF-II 37 53 68 53 96 — —
8-HQ5-SATUF-III 37 54 69 83 97 — —
8-HQ5-SATUF-IV 38 54 70 84 97 — —

Pb(II) 8-HQ5-SATUF-I 21 32 48 63 80 90 —
8-HQ5-SATUF-II 23 34 48 65 81 91 —
8-HQ5-SATUF-III 24 36 50 66 81 91 —
8-HQ5-SATUF-IV 25 35 50 66 82 92 —

TABLE VIII
Distribution Ratios (D)a of Different Metal Ions as a Function of the pH

Metal ion
Copolymer

resin

Distribution ratio of metal ionsb at various pHs

1.5 1.75 2.0 2.5 3.0 3.5 4.0 5.0 6.0 6.5

Fe(III) 8-HQ5-SATUF-I 11.9 152.7 269.2 412.1 — — — — — —
8-HQ5-SATUF-II 14.8 168.4 280.0 413.1 — — — — — —
8-HQ5-SATUF-III 17.2 171.5 292.0 503.2 — — — — — —
8-HQ5-SATUF-IV 18.5 172.9 294.1 508.2 — — — — — —

Cu(II) 8-HQ5-SATUF-I — — — 42.1 91.1 177.7 154.1 1185.1 1590.1 1700.2
8-HQ5-SATUF-II — — — 48.6 97.8 196.1 375 1210.2 1610.2 1710.2
8-HQ5-SATUF-III — — — 52.7 112.8 201 392 1285.7 1630.5 1750.3
8-HQ5-SATUF-IV — — — 57.9 128.5 225 396 1310.1 1700.1 1780.5

Ni(II) 8-HQ5-SATUF-I — — — 34.1 88.5 132.1 305.1 450.2 1015.2 1090.1
8-HQ5-SATUF-II — — — 35.5 95.1 105.1 370.2 460.1 1108.5 1182.2
8-HQ5-SATUF-III — — — 38.4 110.1 180.2 398.6 480.5 1362.7 1392.5
8-HQ5-SATUF-IV — — — 49.1 115.1 230.5 402.1 498.6 1390.7 1407.2

Co(II) 8-HQ5-SATUF-I — — — 30.2 40.1 92.5 112.9 185.3 255.1 270.2
8-HQ5-SATUF-II — — — 32.1 44.6 98.2 145.7 199.4 280.4 282.1
8-HQ5-SATUF-III — — — 33.5 47.2 110.2 152.2 207.5 288.3 292.5
8-HQ5-SATUF-IV — — — 36.2 58.1 120.3 100.3 209.4 300.6 300.1

Pb(II) 8-HQ5-SATUF-I — — — 43.2 25.6 49.2 90.4 112.7 208.5 209.1
8-HQ5-SATUF-II — — — 28.3 40.8 54.7 92.6 128.7 112.7 220.2
8-HQ5-SATUF-III — — — 29.1 42.5 61.2 99.6 158.4 225.4 230.5
8-HQ5-SATUF-IV — — — 30.1 44.2 63.4 100 162.4 228.2 223.6

a D ¼ Weight (mg) of metal ion taken up by 1 g of terpolymer/Weight (mg) of metal ions present in 1 mL of solution.
b Metal ion uptake ¼ (amount of metal ion absorbed � 100)/amount of metal ion absorbed at equilibrium.
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a copolymer resin depended on the nature and con-
centration of the electrolyte present in the solution.
In the presence of perchlorate, chloride, and nitrate
ions, the amount of ions taken up by the copolymer
samples increased with the increasing concentration
of the electrolyte, whereas in the presence of sulfate
ions, the amount of the aforementioned ions taken
up by the copolymer samples decreased with the
increasing concentration of the electrolyte.18 More-
over, the amount of Co(II) and Pb(II) ions taken up
by the copolymer samples decreased with the
increasing concentration of the chloride, nitrate, per-
chlorate, and sulfate ions.15,18 This observation can
be explained by the formation of complexes with
Co2þ, Cu2þ, Fe3þ, Ni2þ, and Pb2þ metal cations.19

This type of trend has also been observed by other
investigators in this field.

It was also observed that the amount of metal ions
taken up by the 8-HQ5-SATUF copolymer resins
increased in the following order: 8-HQ5-SATUF-I <
8-HQ5-SATUF-II < 8-HQ5-SATUF-III < 8-HQ5-
SATUF-IV. This observed order may be due to the
introduction of more and more ligand groups into
the repeating unit (monomer) of the copolymer
resin. It was also noted that a lower pH was not
suitable when concentrated electrolytes were used.
Moreover, the metal-ion adsorption by the copoly-
mer resin samples was generally much better in the
presence of a 1M perchlorate solution.

Evaluation of the rates of metal uptake

The rates of ion adsorption by all four 8-HQ5-
SATUF copolymer resin samples were measured for
Fe(III), NI(II), Co(II), Cu(II), and Pb(II) ions to deter-
mine the time required to reach the equilibrium. The
term rate refers to the change with time when they
were in contact with the copolymer samples. The ex-
perimental results, which are presented in Table VII,
show the dependence of the rate of metal-ion uptake
on the nature of the metal ions. These results indi-
cate that the time taken for the uptake of the differ-
ent metal ions at a given stage depended on the
nature of the metal ions under the given conditions.
A careful examination of the experimental data,
which are tabulated in Table VII, shows that Fe(III)
ions required almost 3 h for equilibrium. Cu(II),
Ni(II), and Co(II) ions required about 5 h, whereas
Pb(II) ion required almost 6 h for equilibrium. The
experimental results revealed that the rate of metal-
ion uptake followed the order of Fe(III) > Cu(II),
Ni(II), > Co(II) > Pb. It was further revealed that
the rate of metal uptake followed this order: 8-HQ5-
SATUF-I < 8-HQ5-SATUF-II < 8-HQ5-SATUF-III <
8-HQ5-SATUF-IV.

Distribution ratios of metal ions at different pHs

Table VIII shows the experimental results for the
effect of the pH on the amount of metal ions distrib-
uted between two phases. The data presented in Ta-
ble VIII indicate that the relative amount of metal
ions taken up by the copolymer samples at equilib-
rium increased with the increase in the pH.
The study was carried out only up to pH 6.5 to

prevent hydrolysis of the metal ions at higher pHs.
In the case of Fe(III), the highest working pH was
2.5. The results indicate that the selectivity of the co-
polymer resin samples for Fe(III) ion was higher than
that for the other metal ions, whereas the selectivity
of the copolymer resin samples for Co(II) and Pb(II)
ions was lowest. The other metal ions under study
[Cu(II) and Ni(II)] showed intermediate selectivity.
The lower distribution ratio of Fe(III) can be attrib-

uted to steric hindrance.20 The other four metal ions
[Co(II), Pb(II), Ni(II), and Cu(II)] had a high distribu-
tion ratio over the pH range of 2.5–6.5. This could be
attributed to low stability constants.21

Thus, in this study, the observed order of the dis-
tribution ratios of the metal ions measured in the
pH range of 3–6.5 was found to be Fe(III) > Cu(II) >
Co(II), Ni(II) > Pb(II). A similar trend was observed
by earlier investigators.17,22 The results of this study
are helpful in selecting the optimum pH for the
selective uptake of a metal ion from a mixture of dif-
ferent ions. The selective uptake of the metal ions
was studied by the adjustment of the optimum pH
of 2.5. The lowering of the distribution ratios of
Fe(III) was found to be small, and hence efficient
separation could be achieved.

CONCLUSIONS

8-HQ5-SATUF copolymer resins based on the con-
densation reaction of 8-hydroxyquinoline-5-sulfonic
acid and thiourea with formaldehyde in the presence
of an acid catalyst were prepared. 8-HQ5-SATUF is
a selective ion-exchange copolymer resin. The co-
polymer resin showed higher selectivity for Fe3þ

and Cu2þ ions than for Co2þ, Ni2þ and Pb2þ.
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