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ABSTRACT: A modified cellulose material was prepared
by grafting glycidyl methacrylate to cellulose (Cell-g-GMA)
with subsequent functionalization with imidazole (Cell-g-
GMA-imidazole). This latter compound was used in the
adsorption of copper from aqueous solution. The mecha-
nism of Cu(II) binding onto the cell-g-GMA-imidazole was
investigated at the molecular level using scanning electron
microscopy (SEM), Fourier transform infrared (FTIR), x-ray
photoelectron spectroscopy (XPS), energy dispersive x-ray
analysis (EDX) and X-ray diffraction (XRD). FTIR and
Raman spectroscopy provided an insight into the extent to
which perturbation of the imidazole ring occurred following
adsorption of the metal while XPS spectra indicated the
binding of Cu(II) ions to nitrogen atoms by the appearance
of additional binding energy peaks for nitrogen on the cellu-

lose-g-GMA-imidazole sample post adsorption. The EDX
technique provided clear evidence of the physical presence
of both the copper and sulfate on the cellulose-g-GMA-imid-
azole material post adsorption. XRD analysis further con-
firmed the presence of a copper species in the adsorbent
material as copper sulfate hydroxide (Cu3(OH)4SO4 - antler-
ite). The XRD studies further suggest that the overall extent
of Cu(II) adsorption is not alone a combination of true metal
chelation as suggested by FTIR, Raman and XPS, but also a
function of surface precipitation of the polynuclear copper
species. VC 2010 Wiley Periodicals, Inc. J Appl Polym Sci 116: 2496–
2503, 2010
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INTRODUCTION

Unmodified cellulose has a low heavy metal adsorp-
tion capacity as well as variable physical stability.
Therefore, chemical modification of cellulose can be
carried out to achieve adequate structural durability
and efficient adsorption capacity for heavy metal
ions.1 In particular, two main approaches have been
tried in the conversion of cellulose into compounds
capable of adsorbing heavy metal ions from aqueous
solutions.2 The first of these methods involves a
direct modification of the cellulose backbone with
the introduction of chelating or metal binding func-
tionalities producing a range of heavy metal adsorb-
ents.3–6 Alternative approaches have focused on
grafting of selected monomers to the cellulose back-
bone either directly introducing metal binding capa-
bility or with subsequent functionalization of these
grafted polymer chains with known chelating
moieties.7–9

While many of the previously mentioned studies
are focused primarily on quantifying the level of
metal adsorbed, other research in this area has
focused more specifically on elucidation of the
mechanism of the metal binding process. In
practice, adsorption of heavy metals is potentially
a function of several mechanisms including com-
plexation, co-ordination, chelation, ion-exchange,
adsorption, physical forces, ion entrapment in the
inter and intrafibrillar capillaries and spaces of the
structural polysaccharide network.10 The overall
mechanistic pathway depends on the characteristics
of the adsorbent, the physicochemical properties of
the heavy metals and the solution interface.11–13 A
number of studies have outlined the mechanism of
Cu(II) adsorption on chitosan/cellulose beads.14,15

These authors found through the use of FTIR and
XPS techniques that copper adsorption on the
beads is mainly through interaction with the nitro-
gen atoms in chitosan to form surface complexes.
Zhou et al., found that the adsorption of Pb(II) on
cellulose/chitin beads could be described as com-
plexation between Pb(II) and the nitrogen atoms in
the chitin.16 Martinez et al., studied the adsorption
of both Pb(II) and Cd(II) from aqueous solutions
using grape stalk.17 Using SEM, FTIR and energy
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dispersive x-ray analysis (EDX), she concluded that
along with ion-exchange, other mechanisms such
as surface complexation and electrostatic interac-
tion were also involved in the metal binding
mechanism. Krishnani et al., prepared a biomatrix
from rice husk, a lignocellulosic waste from agro-
industry, for the removal of several heavy metals
as a function of pH and metal concentrations in
single and mixed solutions.18 The biomatrix was
characterized using scanning electron microscopy
and Fourier transform infrared spectroscopy,
which indicated the presence of several functional
groups for binding metal ions. Speciation of chro-
mium, cadmium and mercury loaded on the bio-
matrix was determined by x-ray photoelectron
spectroscopy. In similar studies, Sun et al., used
the techniques of FTIR, SEM and XPS to assess
the binding of several heavy metals to poly-
aspartyl polymers and they found the dominant
mechanism can best be described by the ion-
exchange model.19

In our previous work we have prepared an adsorb-
ent material by grafting the monomer glycidyl meth-
acrylate to a cellulose backbone with subsequent func-
tionalization of the graft with imidazole (Fig. 1). This
material showed high uptake of the heavy metal
Cu(II).20 This works sets out, through the use of scan-
ning electon microscopy (SEM), Fourier transform
infrared (FTIR), X-ray diffraction (XRD) and x-ray
photoelectron spectroscopy (XPS), to elucidate the
mechanism of heavy metal and modified cellulose
sorbent interaction at the molecular level.

METHODOLOGY

The adsorbent material, cellulose-g-GMA-imidazole,
was prepared and characterized as outlined in our
previous article.20 Likewise, the adsorption studies
for Cu(II) uptake on the prepared adsorbent was
outlined in the same article. Briefly, 0.2 g of cellu-
lose-g-GMA-imidazole was taken and placed in
separate 25 mL plastic vials along with 25 mL of
1000 mg dm�3 copper(II) solutions (prepared from
CuSO4.5H20 (Merck, Darmstadt, Germany). A mag-
netic stirrer was added to each vial with stirring for
2 h. After adsorption equilibrium, the metal loaded
cellulose-g-GMA-imidazole was separated from the
equilibrium solution by filtration and vacuum-dried
at 50�C.20 This Cu(II) loaded cellulose-g-GMA-imid-
azole sample and the unmodified original sorbent
material were used in the subsequent analytical
methodologies.

Scanning electron microscopy (SEM) and energy
dispersive x-ray analysis (EDX)

SEM was performed using a JEOL JSM-840 electron
microscope. Approximately 5–10 mg of each metal
loaded cellulose-g-GMA-imidazole sample was scat-
tered evenly onto the surface of an aluminium
stub covered with a 12 mm diameter carbon tab.
Excess solid was removed using compressed air,
and the sample was sputter coated with a thin con-
ductive film of gold before being observed and
photographed.

Figure 1 Structure of cellulose-g-GMA-Imidazole.20
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EDX analysis was also performed on the JEOL
JSM-840 electron microscope to analyze for the pres-
ence of copper on the cellulose-g-GMA-imidazole
samples and also to confirm the carbon/oxygen
ratios in the cellulose-g-GMA-imidazole material.

Fourier transform infra red spectroscopy (FTIR)

The FTIR spectra of cellulose-g-GMA-imidazole pre-
and postmetal adsorption were recorded using a
Perkin–Elmer Spectrum 2000 instrument. A 2 mg
sample was mixed with 100 mg of FTIR-grade potas-
sium bromide (KBr). The samples were scanned 30
times at 4 cm�1 resolution in the 4000 cm�1–400
cm�1 range and then averaged.

X-ray photoelectron spectroscopy (XPS)

XPS analysis of cellulose-g-GMA-imidazole pre- and
postmetal adsorption was performed using a Kratos
AXIS 165 spectrometer using monochromatic Al Ka

radiation (hm ¼ 1486.58 eV) and fixed analyser pass
energy of 20 eV.

X-ray diffraction (XRD)

XRD patterns of dry cellulose-g-GMA-imidazole
samples with or without adsorbed heavy metal ions
were recorded on a Philips X’pert PRO MPD instru-
ment with nickel filtered Ka copper radiation (k ¼

1.542 Å) as the X-ray source, operated at 40 kV and
a current of 35 mA between 2y angles of 5 and 70�.
Samples were ground with a mortar and pestle
before analysis and pressed into a die.

RESULTS AND DISCUSSION

Cu(II) adsorption level on
cellulose-g-GMA-imidazole

Our previous research article has outlined Cu(II)
uptake levels on the cellulose-g-GMA-imidazole mate-
rial of almost 69 mg g�1 at 23�C.20 These uptake levels
can be achieved in less than thirty minutes with strong
Cu(II) adsorption at low equilibrium solution concen-
trations with an uptake plateau being reached at
higher equilibrium Cu(II) concentrations. The adsorp-
tion isotherm was best described by the Langmuir
model of adsorption21 and Table I outlines the salient
parameters in respect of the Cu(II) adsorption process.

Scanning electron microscopy and energy disper-
sive x-ray analysis

Scanning electron micrographs were used to exam-
ine and compare the surface morphology of the cel-
lulose-g-GMA-imidazole and the Cu(II) loaded cellu-
lose-g-GMA-imidazole samples obtained post
adsorption. The SEM images are presented in Figure
2. Assessment of the SEM images reveals somewhat
limited information and no clearly discernible mor-
phological changes.
EDX analysis was then carried out on the cellu-

lose-g-GMA-imidazole preadsorption and the Cu(II)
loaded cellulose-g-GMA-imidazole samples post
adsorption. The EDX spectra obtained are shown in
Figure 3. These spectra indicate the presence of the
adsorbed Cu(II) on the cellulose-g-GMA-imidazole
sorbent material as evidenced by the Cu peak at
8 keV. A significant sulphur peak is also observed in

TABLE I
Summary of Langmuir Data for Adsorption of Cu(II) on

Cellulose-g-GMA-Imidazole20

Temperature
(�C)

KL

(dm3 g�1)
AL

(dm3 mg�1)
KL/AL

(mg g�1) R2

7 0.5879 0.00893 65.79 0.976
23 1.5508 0.02264 68.49 0.995
40 0.4832 0.00676 71.43 0.961

Figure 2 Comparison of the surface morphology of (a) cellulose-g-GMA-imidazole and (b) Cu(II) loaded cellulose-g-
GMA-imidazole.
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Figure 3 and its presence may be due to sulphate
anions adsorbing on the surface of the cellulose-g-
GMA-imidazole. This is as expected since Cu(II)
stock adsorbate solutions were prepared from cop-
per(II)sulfate-5-hydrate in the first instance. Cerium
is also present in EDX profile and it’s presence is
most likely due to residual traces of the Ce(IV) ini-
tiator used in the grafting procedure for the reaction
of cellulose with glycidyl methacrylate.20 Coupled
with the results from the adsorption studies in the
latter research article, the EDX plots provide clear
evidence for the physical presence of the adsorbed
metal on the cellulose-g-GMA-imidazole. The pres-
ence of sulfur in the copper plot in Figure 3 seems
to suggest that along with the fundamental process
of adsorption of the hexaquo cationic species, there
may also exist the possibility of some level of surface
precipitation of copper salts at the cellulose-g-GMA-
imidazole/adsorbate solution interface.

FTIR analysis

To identify the possible functional groups on cellu-
lose-g-GMA-imidazole involved in the binding of

Cu(II), FTIR spectra were obtained before and after
metal adsorption. If a ligand coordinates to a metal,
the energy of the ligand material will most likely be
perturbed leading ultimately to subtle shifts in the
absorption peaks in the FTIR spectra. These FTIR
absorption bands are usually shifted to lower or
higher frequencies.22 Figure 4 outlines the FTIR spec-
tra of cellulose-g-GMA-imidazole and cellulose-g-
GMA-imidazole-Cu(II).
Table II summarizes the characteristic FTIR peaks

normally associated with imidazole. Evidence of the
presence of the imidazole ring can be seen in the
FTIR spectrum of cellulose-g-GMA-imidazole with
characteristic imidazole ring peaks occurring at 3112
cm�1 (C ¼ CAH/N ¼ CAH stretching), 1573 cm�1

(imidazole ring bending), 1512 cm�1 (CAC/NAC
stretching), 1232 cm�1 (ring vibration), 1104 cm�1

(in-plane ring CAH bending). Peaks occurring at
1730 cm�1 and 1157 cm�1 are associated with the
CAO vibration of cellulose-g-GMA.
A comparison of the spectra for cellulose-g-GMA-

imidazole fibers with that of metal-loaded fibers
reveals subtle changes of the major characteristic
peaks for the imidazole ring. Table III summarizes
the observed wavenumber shifts for the post adsorp-
tion states of the cellulose-g-GMA-imidazole.
There is a small shift of the ring vibration peak at

1232 cm�1 in cellulose-g-GMA-imidazole to 1235
cm�1 for Cu(II) loaded adsorbent. The imidazole
peak at 3112 cm�1 due to (C ¼ CAH/N ¼ CAH
stretching) shifts to 3104 cm�1 for Cu(II) loaded
adsorbent. The extent of these wavenumber shifts
can be taken as evidence of the interaction of the
metals primarily with the imidazole ring chelation

Figure 3 EDX spectra of Cu(II) loaded cellulose-g-GMA-
imidazole.

Figure 4 FTIR spectra of (a) cellulose-g-GMA-imidazole
and (b) cellulose-g-GMA-imidazole-Cu(II).

TABLE II
Characteristic FTIR Peaks for Imidazole23,24

Functional groups Peak wavenumber (cm�1)

C¼¼CAH/N¼¼CAH stretching 3112
Imidazole ring 1573
CAC/NAC stretching 1512
Ring vibration 1232
In plane ring CAH bending 1104

TABLE III
A Comparison of the Wavenumber Shift for Cellulose-g-

GMA-Imidazole with that of the Cu(II) Loaded
Cellulose-g-GMA-Imidazole

Functional group
Adsorbent
(cm�1)

Cu(II)-Adsorbent
(cm�1)

(C¼¼CAH/N¼¼CAH stretching) 3112 3104
Imidazole ring vibration 1232 1235
Imidazole Ring (CAC/NAC) 1512 1511
Imidazole ring vibration 1573 1563
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sites and more specifically with the nitrogens in the
imidazole ring.

Figure 5 shows the FTIR spectra of cellulose-g-
GMA-imidazole and Cu(II) loaded cellulose-g-GMA-
imidazole in the 1800 cm�1–400 cm�1 region. The
peak for the imidazole ring at 1573 cm�1 shifts to
1563 cm�1 for Cu(II) loaded adsorbent. This band
shift of the imidazole ring provides further evidence
of the binding of the metal ion to the imidazole
ligand in the adsorption process. It also shows the
imidazole ring vibration is affected by a steric effect
resulting from the incorporation of the heavy metal
cation. Similar shifts have been noted in a study
which focused on the interaction and mobility of
Cu(II)-imidazole containing copolymer.25 These
shifts in the characteristic bands of imidazole were
suggested to have occurred due to an increase in the
rigidiy of the imidazole ring resulting from it’s inter-
action with Cu(II) ions. Other research work has
characterized the adsorption properties and mecha-
nism of crosslinked carboxymethyl-chitosan resin
with Zn(II) and Pb(II).26,27 It was concluded that the
carboxymethyl group, amino group, and the second-
ary hydroxyl group participate in the adsorption
process.

Given the EDX results from Figure 3 where the
presence of sulfur was established (most probably in
the form of sulfate) there is a distinct possibility of
metal salt surface precipitates forming on the cellu-
lose-g-GMA-imidazole material. The hydrolysis of
the hexaquo metal cations when at high concentra-
tions and at increasing pH, from pH 5.5 onwards,
may lead to the formation of polynuclear surface
precipitates of the cation. These salts contain hydrox-
ide species and probably sulfate anions. Evidence
for the formation of these salts can be seen by the

presence of hydroxide deformation modes leading to
a peak at �760 cm�1 in the FTIR’s presented in
Figures 4 and 5.
In our study, the FTIR spectra as presented offer

further evidence of both energy perturbation at the
imidazole ring site in the adsorbent material and the
possibility of hydrolyis of the hexaquo cations lead-
ing to the possible formation of surface precipitates
in addition to the normal metal chelation process.

Raman analysis

Figure 6 outlines the chemical shift in the spectra of
the cellulose-g-GMA-imidazole and Cu(II) loaded
cellulose-g-GMA-imidazole in the 1600–1200 cm�1

region. Similar to FTIR, Raman analysis was used to
identify functional groups which may have been
involved in the adsorption of copper. Examination
of the cellulose-g-GMA-imidazole spectrum shows a
peak at 1512 cm�1 which may be attributed to
(CAC, CAN) in the imidazole ring.28 This peak shifts
to 1520 cm�1 for the Cu(II) loaded cellulose-g-GMA-
imidazole samples. The peak at 1289 cm�1 which
may be attributed to CAN in the imidazole ring
shifts to 1283 cm�1 for the Cu(II) loaded cellulose-g-
GMA-imidazole samples. These results give further
supporting evidence of the nature of the binding
interaction of the metal ions with the imidazole
ligand during the adsorption process.

XPS analysis

XPS spectra are a useful tool in characterizing ligand
effect in transition metal complexes. Electron-donat-
ing ligands will lower the binding energy (BE) of the
core level electrons and electron-withdrawing
ligands will raise the BE. XPS spectra are also widely
used to distinguish different forms of the same

Figure 5 FTIR spectra of (a) cellulose-g-GMA-imidazole
and (b) Cu(II) loaded cellulose-g-GMA-imidazole in the
1800 cm�1–400 cm�1 region.

Figure 6 Raman spectra of (a) cellulose-g-GMA-imidazole
and (b) Cu(II) loaded cellulose-g-GMA-imidazole in the
1600–1200 cm�1 region.
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element and to identify the existence of a particular
element in a material.29 Clear evidence for the pres-
ence of the adsorbed metal can be seen in Figure 7
which outlines the XPS spectra for the cellulose-g-
GMA-imidazole and Cu(II) loaded cellulose-g-GMA-
imidazole samples. In the Cu(II) loaded cellulose-g-
GMA-imidazole samples, strong Cu 2p1/2 and Cu
2p3/2 peaks occur at 951 and 931 eV. The C1s XPS
binding energy peaks for the cellulose-g-GMA-imid-
azole and the Cu(II) loaded cellulose-g-GMA-imidaz-
ole samples have the same carbon components indi-
cating that the oxygen environments are similar also.
It is important to note that in the O1s XPS spectra,
the O1s binding energy peaks show minimal differ-
ence for cellulose-g-GMA-imidazole before and after
metal adsorption and this indicates that oxygen
atoms were most likely not intimately involved in
the metal binding processes. However, as can be
seen in Figure 8, there is an increase on the lower
binding energy side of this range. This could be due
to SO2�

4 sulfate anions in the case of the Cu(II)
loaded adsorbent. This provides some further evi-
dence for the probable formation of hydrolyzed

metal salts on the cellulose-g-GMA-imidazole
surface.
The position of the nitrogens in the cellulose-g-

GMA-imidazole can be observed in Figure 1. In the
cellulose-g-GMA-imidazole XPS survey the presence
of nitrogen is observed. From the N1s XPS spectra
for cellulose-g-GMA-imidazole before metal adsorp-
tion four peaks at 399.1, 400.7, 401.7, and 402.4 eV
were observed (Fig. 9). The peaks, most likely at
400.7 and 401.7 are due to imidazole.30 In the N1s
spectrum of Cu(II) loaded cellulose-g-GMA-imidaz-
ole these two peaks appear attributable to the imid-
azole component at 400.7 (C ¼ NAC) and 401.7 eV
(CANAC) respectively. The peaks at 399.1 and 402.4
could not be identified accurately from the
literature.
An additional binding energy peak appears in the

N1s spectra at a different position for the Cu(II)
loaded cellulose-g-GMA-imidazole samples. These
additional peaks may be attributed to nitrogen bond-
ing and occur at 399.51 eV for the Cu(II) sample.
These different binding energy values are summar-
ized in Table IV. Figure 10 outlines the XPS spectra
of Cu(II) loaded cellulose-g-GMA-imidazole and spe-
cifically shows the additional binding energy peak
representing the reaction of the Cu(II) ion with nitro-
gen in the cellulose-g-GMA-imidazole material.

XRD analysis

While much of the information gleaned from both
the FTIR and Raman studies is concerned with the

Figure 7 XPS spectra for (a) cellulose-g-GMA-imidazole
and (b) Cu(II) loaded cellulose-g-GMA-imidazole.

Figure 8 The O1s binding energy for (a) cellulose-g-
GMA-imidazole and (b) Cu(II) loaded cellulose-g-GMA-
imidazole.

Figure 9 The N1s spectrum of cellulose-g-GMA-
imidazole.

TABLE IV
Binding Energy Values for Nitrogen Peaks in Cu(II)

Loaded Cellulose-g-GMA-Imidazole30

Nitrogen peak 1 2 3

Cu(II) 401.56 400.84 399.51
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perturbation of the imidazole ligand in the cellulose-
g-GMA-imidazole adsorbent following adsorption,
X-ray diffraction, alternatively, provides an opportu-
nity to evaluate the nature of the cationic adsorbed
species. The XRD patterns of cellulose-g-GMA-imid-
azole and cellulose-g-GMA-imidazole-Cu(II), are
shown in Figure 11.

The XRD pattern of Cu-loaded cellulose-g-GMA-
imidazole shows distinct and complex peaks at 2y ¼
13.03, 25.92, 37.31, and 45.14�, indicating the pres-
ence of crystallized copper. This XRD profile was
cross-referenced with the XRD compound library
and a match was obtained corresponding to copper
sulfate hydroxide or antlerite (Cu3(OH)4SO4) which
has characteristic peaks at 2y ¼ 13.00, 26.22, 37.50,
and 45.25�. Antlerite is a trimeric copper species
which can be formed at pH values from pH 5.5
upwards when the salt solution concentration is
high.31 The presence of this trimeric species suggests
that in addition to the basic adsorption interactions,
a surface precipitation mechanism also occurred in
the adsorption of Cu(II) on the cellulose-g-GMA-
imidazole.

The presence of sulfate SO2�
4 in the case of Cu(II)

on the materials surface indicates that these anions
may have a role in the cation adsorption process.
Observations regarding the enhancement of metal
adsorption capacity of nitrogen-type chelating
adsorbents by certain anions and the deposition of
these anions on the adsorbent in crystalline form has
been well documented.32 In another study, the
enhancement of chitosan capacity for some transition
metal ions as a result of conditioning in a sulfate-
containing media before metal adsorption was inves-
tigated.33 The improvement in metal capacity was
explained as an effect of a novel crystallinity
induced in the polymer in the presence of SO2�

4 ,
which allows better metal coordinating ability. Fur-
ther research discussed the role of anions in sup-

pressing high cationic charge along the chelating
chain as a possible reason for the enhanced metal
adsorption capacity at high anion concentrations.34

At low pH’s, it is envisaged the cellulose-g-GMA-im-
idazole will become protonated (imidazolium cation
formation) reducing the affinity of the Cu(II) for
binding. In the region from pH 2.0 to 4.0, competi-
tion for adsorption on the cellulose-g-GMA-imidaz-
ole between protons (Hþ) and the Cu(II) ions exists.
Uptake of the Cu(II) ions is �50–60% of the expected
maximum adsorption level. As the solution pH is
raised to range pH 4.0–6.0, the influence of Hþ is
minimized and maximal Cu(II) uptake occurs.35

However as the uptake of the Cu(II) increases signif-
icantly, an accumulation of positive charge on the
adsorbent occurs producing repulsion among adja-
cent adsorption sites, thereby preventing other sites
from actively binding with the metal also. The
enhancement of metal adsorption at high anion con-
centrations may be brought about by cancellation of
such repulsive charges by the presence of coadsorb-
ing anions.

CONCLUSIONS

An investigation into the sorbed state of Cu(II) on
cellulose-g-GMA-imidazole was carried out. A num-
ber of analytical techniques were used to elucidate
the nature of the binding between each metal and
the cellulose-g-GMA-imidazole material. These tech-
niques included SEM, EDX, FTIR, Raman spectros-
copy and XRD.
SEM analysis revealed no significant differences

between the morphological state of the parent cellu-
lose-g-GMA-imidazole material and its metal bound
form. However the use of the EDX technique pro-
vided clear evidence of the physical presence of cop-
per on the cellulose-g-GMA-imidazole material. EDX
analysis provided further evidence for the presence

Figure 10 The N1s spectrum for Cu(II) loaded cellulose-
g-GMA-imidazole.

Figure 11 XRD spectra of (a) cellulose-g-GMA-imidazole
and (b) Cu(II) loaded cellulose-g-GMA-imidazole.
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of the sulphate anionic species on the cellulose-g-
GMA-imidazole material post adsorption.

FTIR and Raman spectroscopy provided an insight
into the extent to which perturbation of the imidaz-
ole ring occurred following adsorption of the metal
on the cellulose-g-GMA-imidazole material. Subtle
shifts in specific IR peaks at wavenumbers around
3112, 1232, 1512, and 1573 cm�1 were evident indi-
cating the chelating effect of the imidazole in bind-
ing the copper metal.

XPS spectra clearly indicated the presence of the
copper in the bound state. Further spectra clearly
suggested the binding of Cu(II) ions to nitrogen
atoms by the appearance of additional binding
energy peaks for nitrogen on the cellulose-g-GMA-
imidazole sample post adsorption. The highest bind-
ing energy occurred in the case of Cu(II).

While the FTIR and Raman spectroscopic work
provided information on changes in the vibration of
the imidazole ring following adsorption, XRD analy-
sis of the cellulose-g-GMA-imidazole and the Cu(II)
loaded cellulose-g-GMA-imidazole samples revealed
a post adsorption change in crystallinity for the
Cu(II) loaded cellulose-g-GMA-imdazole sample.
This change in crystallinty may be attributable to
adsorption of anions during the cation adsorption
process. Specifically it appears that in the case of the
Cu(II) adsorption the bound metal state contains
some element of copper sulfate hydroxide
(Cu3(OH)4SO4 - antlerite). The XRD studies suggest
that the overall adsorption process is a probably a
combination of true chelation and surface precipita-
tion of the polynuclear metal species.

The authors thank the help, support, and facilities of the
Materials and Surface Science Institute at the University of
Limerick.
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