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Abstract: Increasing the available water resource is an environmental challenge all over the world

especially in the Arabic region. Accordingly the reuse of wastewater is the best solution for increments

of water demand. The present paper presents an approach to investigate a novel composite based on

cellulose to mediate divalent metals such as Cd.  FAAS results indicate that cellulose is used to mediate

from 50% to 67% within 8.0 hours. As cellulose is heated with microwave heating (450 W) for 10 min;

2its ability to remove Cd is increased. A model study indicates that the existence of TiO  enhances the

surface property of cellulose and increases subsequently its ability as a promising tool for treating polluted

2water. This  suggests  that  cellulose/TiO   nano  composite  could  mediate  Cd  completely from

polluted water.
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INTRODUCTION

Water shortage is a world wide problem. This

produces an increasing interest for many scientists in

order to find out scientific solutions for the problem.

First is to sustain the existing resources. Second is to

mediate pollutants from wastewater in order to increase

the water resources.  Cellulose is the most abundant[1-2]

regrowing organic material with outstanding properties

and a variety of useful applications.  Cellulose was[3]

subjected to various processes in order to enhance and

modify its properties. Modification of cellulose

provides a significant route to alter its physical and

chemical properties .[4]

Recently, it was shown that metal containing

cellulose composites could be used as catalysts which

have many environmental applications.  It exhibits[5]

many biological applications as a result of its

compatibility with many biological systems.  The[6]

structural and environmental applications of cellulose

were studied by Ibrahim et. Al.  Some aquatic plants[7]

show ability for mediating pollutants according to their

cellulose contents which is chemically and physically

modified to enhance their job as a mediation tool.[8-9]

For a new composite system a description of the

molecular structure is needed. Furthermore, the

molecular interactions within any system could be

described using molecular modelling.

Molecular modeling simulates chemical structures
and reactions numerically, based in full or in part on
the fundamental laws of physics.[10]

Based on the above considerations and using FTIR,
the present paper is conducted and point out the
possibility of mediating Cd using modified cellulose.
Cellulose is subjected to microwave heating. For
verification both cellulose and modified cellulose are
immersed in 1.2 mg/l Cd solution to test their ability
for removing Cd. Further enhancement is achieved by

2  introducing TiO to form nano-composite. The
composite is tested only with molecular modeling. 

MATERIAL AND METHODS

Cellulose standard was purchased from Aldrich
Chemicals (molecular weight for each is 180.16). 

Cadmium standard was prepared by diluting Merck
standard solution stock of 1000 mg/l.

Cellulose was subjected to microwave heating for
10 min using microwave power as 450 W. 

Both cellulose and microwave heated cellulose was
pressed in a pellet after mixing with KBr to be ready
for FTIR analyses. 

One gram of both cellulose and microwave heated
cellulose was separately immersed in 250 ml solution
containing Cd as 1.2 mg/l. Water samples were taken
at 0.0; 2.0; 4.0; 6.0 and 8.0 hours respectively. The
water samples were analysed with flame atomic
absorption spectrometer (FAAS). 
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Instrumentations: The FTIR spectra were collected for

cellulose and microwave heated cellulose samples using

Fourier Transform Infrared Spectrometer JASCO, FTIR-

300 E., in the range of 400 to 4000 cm , at-1

Spectroscopy Department, National Research Centre,

Egypt.

For the determination of Cd in the collected water

samples (FAAS) was used.  The FAAS spectrometer is

Varian SpectrAA 220, at Central Laboratories, National

Research Centre, Egypt. The operational conditions

were such that:  the wavelength  228.8 nm, slit width

0.5 nm; lamp current 4 mA. The oxidant rate was 4.5

2 2L/min and the fuel rate (C H ) was 1.5 L/min.[11-12]

Computational Details: Calculations were carried out

on a personal computer, performed using the

semiempirical quantum mechanics package, MOPAC

2002 as implemented with the version 1.33 CAChe

Program (by Fujitsu).  The initial geometry[1 3 ]

2optimization of the cellulose and cellulose TiO

composite was performed with the MM+ force field.

The lowest energy conformations obtained by the

molecular mechanics method then were further

optimized with semiempirical methods PM3 .[14-15]

RESULTS AND DISCUSSIONS

Although many heavy metals are essential nutrients

within trace concentrations, yet these metals could

become toxic at higher concentrations. The majority of

the sources of heavy metal contaminations found in the

aquatic environment are anthropogenic; mainly due to

industrial effluents.  So that we try to minimize[16]

and/or eliminate the heavy metals from waste water

which is a first step toward reuse this water.

Removal of Cd  from Water: Cadmium as one of the

most toxic elements was removed from water with

cellulose as in the following. At the beginning of the

experiment (0.0 time) the concentration of Cd was 1.2

mg/l. Then Cd level began to decrease with time on

going from 0.0 to 8.0 hour. Cellulose treated with

microwave was efficient in removal as compared with

the untreated cellulose. It is clear that cellulose could

remove up to 50% of Cd within 8 hour. Microwave

heated cellulose shows the ability to remove 67% of

Cd in same time interval (8.0 hour).

FTIR Study: In order to understand the effect of

microwave heating the molecular structure of cellulose

was studied before and after microwave heating. As

indicated in figure 1 no change in the molecular

structure took place. Although the microwave heating

enhances the ability of cellulose to mediate Cd it

causes no change in the structure of cellulose. This is

may be due to the possible change in the orientation of

crystal structure of cellulose. This leads to

rearrangement especially in the hydrocarbon chain and

subsequently to enhance the ability of hydrogen bonds.

This rearrangement has no effect on the structure of the

cellulose itself so that no change in the FTIR results

was observed. This leads to the assumption that if we

are going to prepare a composite of cellulose we have

to find out other technique to follow up the changes in

the cellulose units. Accordingly a model study was

proposed to follow up the changes in the cellulose as

an effect for adding nano metal oxide.

Modelling Study: Based on the data on table 1 also

the  FTIR spectra in figure 1. One can conclude the

importance of having a composite to mediate Cd from

water weather in shorter time and/or as 100%. As seen

in figure 2 and 3 cellulose as a model molecule is

chosen which is consists of 8 units. The surface area

of which is indicated as in figure 1. Molecular

modelling is used to directly predict numerous chemical

and physical properties such as the geometry and total

2dipole moment. Cellulose and cellulose/TiO  composite

are first subjected to geometry optimization using PM3

model.

Table 1. Concentrations of Cd (m g/l) as a function of time by

treated and untreated cellulose as measured with flame

atomic absorption spectroscopy (FAAS).

Time, hours Treated Cellulose Untreated Cellulose

0.0 1.200 1.200

2.0 0.901 0.991

4.0 0.717 0.777

6.0 0.427 0.598

8.0 0.400 0.590

2 As seen in figure 3; TiO is coordinated through

weak hydrogen bonding with the O-linkage between

each two cellulose units. The optimized structure is

found corresponding to this scheme which suggest the

2 formation of cellulose/TiO composite. Comparing the

surface areas of both figures one can note the

increasing in surface area of the composite as

compared with that of cellulose. This in turn enhances

the process of metals removal from polluted water.

Another important change is the change in total dipole

moment. The comparison between total dipole moment

2 of cellulose and cellulose/TiO composite is indicated

in table 2. Total dipole moment indicates the reactivity

of a compound with its surrounding environment.  An[17]

increase in the total dipole moment of the composite

suggests that this composite could be interacting easily

with the surrounding metals in the aquatic environment
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which is in a good agreement with the previous

findings.  Total dipole moment was 10.38 debye for[17]

cellulose then increases to 36.54 debye corresponding

2 to cellulose/TiO composite. The ionization potential of

2cellulose and cellulose /TiO  composite is 10.42 e.V

and 7.97 e.V respectively; while the final heat of

formation is decreased sharply from -7066.50 KJ to -

12269.91KJ as a result of composite formation.  Also

the calculated band gap energy which based on

HOMO/LUMO calculations was reduced from 12.00

eV (untreated cellulose) to 7.42 ev (composite).

Collecting these together suggest that the composite is

more reactive, easily formed with thermodynamics

stability in comparison with the cellulose itself.

Another important physical quantity is the molecular

point group which remains corresponding to C1 and

not changed as a result of composite formations. This

reflects that the existence of nano metal oxide did not

affect the crystal structure or exactly the cellulose

backbone. Another important factor is the size of the

investigated composite, the estimated size of the

composite is 40.15 Å which is corresponding to 4 nm.

This indicates that the proposed composite is in the

nano size.

Application of the Model and Outlook: Based on

FAAS results both cellulose and cellulose heated with

microwave could mediate Cd and possibly other

divalent metals from polluted water. Accordingly we

propose from the model that an enhancement of surface

with increasing the surface area is achieved as a result

2 cellulose/TiO composite formation. As far as the

composite is prepared with 4.0 nm in size Cd could be

completely removed from polluted water in shorter time

than that achieved with microwave heated cellulose.

Casting method could be used to prepare such nano

composite whereas cellulose is put as a matrix and

nano metal oxide is stirred into the cellulose. This nano

composite will be an outlook for the modification of

the present work.

Finally it is concluded that with a local resources

such as cellulose together with an advanced technology

such as nanotechnology with the help of spectroscopic

and molecular modelling techniques a nano-filters could

be achieved in order to increase the water budget

specially in the regions that suffer from water

problems; for solving part of water problem which is

of international interest. 

Table 2. PM 3 calculated total dipole moment (TDM ) as debye; molecular point group (MPG); ionization potential (IP) as e.V  and final heat

2of formation (FHF) as kJ; for cellulose as well as Cellulose/TiO  composite with their distribution in the X, Y and Z directions.

Structure TDM M PG IP FHF DE

Cellulose 10.38 C1 10.42 -7066.50 12.00

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2Cellulose/TiO 36.54 C1 7.97 -12269.91 7.42

Fig. 1: FTIR spectrum of cellulose treated as compared with the untreated cellulose. The spectra indicate a

similarity in the molecular structures of both samples. 
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Fig. 2: Model structure of Cellulose 8 units followed by morphology for its surface.

2 Fig. 3: Model structure of Cellulose/ TiO composite followed by a morphology for its surface which indicates an

2increase in cellulose surface area as the result of addition of TiO  .
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