
INTRODUCTION

Before the discovery of carbon nanotube
(CNT) which had new shape of carbon-carbon
bond1, two types of carbon-carbon bonds was
known in nature like graphite and diamond.

Graphite consists of layers of carbon atoms,
which form distinct units of carbon atoms in the six
vertices of the hexagonal arrangement are located.
Diameter of nanotubes is between 1 to 2
nanometers to several microns in length. At the end
of each nanotubes may be blocked by half of a
fullerene, therefore the end of it may be connected
to hexagon or pentagon2. But the most important
factor in determining the properties of the
nanotubes is known as torsion2-5.  The other
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ABSTRACT

The purpose of this research was to study the adsorption behavior of diethyl and dimethyl
malonate esters on the single-walled carbon nanotubes (SWCNTs), by Uv-Vis lambda 45
spectrophotometer. In this work we used five concentrations of esters (100-150-200-250-300
µgml-1). In all experiments the condition such as adsorbate, contact time, temperature (295 ° K)
and pH of sample were constant. The experimental results obtained at the temperature 295°K with
equilibrated adsorption were studied and were represented by the Langmuir, Freundlich and
Temkin isotherm models. The experimental data showed that Freundlich isotherm has the best
compatibility.

Key Words: Adsorption, Diethyl malonate ester,
Dimethyl malonate ester, Carbon nanotubes.

structural factor of nanotubes is layer forms which
can be multilayer and monolayer. Each of these
forms has several applications. Crystalline structure
of carbon nanotubes has pore structure with high
effective area and this characteristic cause
relatively good adsorption of polymers. The main
advantage of carbon nanotubes are conduction
properties. Both of conductive and nonconductive
carbon nanotubes are used in electrical
applications . All of the compounds on the surface
of CNTs are absorbed two main covalent bonds
and non covalent bonds6.7. Absorption takes places
on the surface and on the carbon walls while non
covalent absorption which is the kind of physically
absorption takes place on the CNTs walls. One of
the characteristics of non covalent bonds
adsorption on CNTs is it that, the structure of CNTs,
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doesn’t change after this absorption and separating
the absorption. Carbon nanotubes (CNTs) these
compounds highly developed in chemical and
physical demention. The ways of synthesis of this
compound developed quickly8. CNTs can adsorb
so many of atoms and molecules on their surface
such as adsorption of metallic elements like Lithium9,
Potassium10, Rubidium11,  cesium12, and non
metallic such as Hydrogen13 , Oxygen14 , Nitrogen15,
and Methanol16 . Because of high energy level of
these compositions, low diameter nanotubes have
high tension strength about 100 GPa 3,5. Other
properties of nanotubes are van der waals force
between atoms and therefore lead to have very low
ability to bind to each other (the unique electrical
properties) in the metallic and semiconducting
nanotubes3,5,2,17, the conductivity in the longitudinal
direction3,2, thermal conductivity and field emission
properties3,18,19.

The field emission properties of structures
with length to diameter ratio (greater than 1000)
and sharp vertex in atomic structure, high thermal
and chemical stability, and high thermal and
electrical conductivity can be seen19,20. The single-
layer carbon nanotubes have nanoscale channels
with a surface area of 400 square meters. This
characteristic provides the ability to adsorb gases21.

Esters are groups of organic compounds
that are derivatives of carboxylic acids in which the
carboxyl group is connected to alkyl group instead
of hydrogen. Malone diethyl ester, also known as
DEA, which is one type of acid diethyl ester Malonic
acid can be find naturally in grapes, colorless liquid
with an odor similar apple. DEA also is used in
perfumes and synthesis compounds such as
barbiturates, add artificial and vitamin B1 and
vitamin B6 22,23.

Dimethyl Malonate is diester derivative of
Malonic acid that these compounds are used for
organic synthesis24.The purpose of this work is to
study of adsorption behavior of  diethyl and dimethyl
malonate Esters on single walled carbon nanotubes
as function of adsorbtion isotherms. Molecular
structures of this ester are shown in
Fig. 1.

MATERIAL AND METHODS

Dimethyl and diethyl malonate esters with
purity of 78% and 80% respectively were purchased
from Merck. Single walled carbon nanotubes as
adsorbant with purity of 95% were purchased from
Aldrich. The Uv-Vis spectra were performed by using
Lambda 45 Uv-Vis spectrophotometer.

Adsorption experiments
A stock solution of about 1000 mg L-1

diethyl malonate and dimethyl malonate were
prepared. The range of malonate ester concentration
used is 100 to 300 mg L-1 . After preparing of the
solutions, the adsorption of them is monitored, by
using spectrophotometer and drawing calibrated
curve afterward. Then we were added 0.01 g single
walled carbon nanotube to 10 ml standard solution.
The mixtures were shaken for 60 min and then the
equilibrium adsorption experiments were
conducted.

RESULTS AND DISSCUTION

Adsorption isotherms
The adsorption isotherm described the

relationship between the amount of a substance
adsorbed and its remaining amount in the solution
in equilibrium and was the method used to evaluate
the mechanism of adsorption as described in our
previous work29-37.

Modeling of the adsorption isotherms
Langmuir model

This model of adsorption is used
more than the other methods and is expressed by
equation (1) 25.

e
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In this equation, qe (mg.g-1) is amount of
absorbed material in absorbent surface and qm is
equilibrium constant of adsorption and b is the
capacity of adsorption in saturated single layer and
Ce (mg.L-1) is solution in equilibrium state.
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Table 2: The amounts of esters on carbon nanotube

 Adsorption Adsorption
Ci(mg/g) Diethyl malonate ester ( mg/L)     Dimethyl malonate ester mg/L))

100 0.0742 0.0874
150 0.1147 0.1330
200 0.1552 0.1788
250 0.1957 0.2254
300 0.2370 0.2715

Table 1: Parameters and correlation coefficient of adsorption isotherms models

 Langmuir model Freundlich model Temkin model  

 b q R2 n Kf R2 A B b R2

Diethyl 0.0132 36.0974 0.993 3.1473 4.8035 0.9934 0.5825 7.5405 3.208 0.9838
malonate
Dimethyl 0.0102 36.1314 0.9917 2.6637 3.2754 0.9976 0.6522 8.1502 2.9680 0.9881
malonate

Freundlich model
This model is based on experimental

equation which is used more for comprehension of
metallic ions adsorption on the heterogeneous
surface with multi layer adsorption and also for
adsorptions that can be increased unlimited with
increasing intension26. This model is specified with
equation (2).

n
efe ckq
1

 efe c
n

kq ln1lnln       ...(2)

In this equation, qe (mg.g-1) denotes the
amount of absorbed material in absorbent surface,
K and n  are adsorption capacity and adsorption

intensity respectively.

Temkin model
Temkin isotherm represents clearly the

reaction between absorbent and absorbed
particles27,28. This model is specified with
equation (3).

ee cBABq lnln )ln( ee AC
b

RT
q  ...(3)

In this relation, A is equivalent of bond
constant with maximum of connect energy, b is
constant of Temkin isotherm and B is relevant to
adsorption temperature.

Fig. 1: The structure of dimethyl malonate  and diethyl malonate
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Fig. 3: Freundlich isotherm of
malonate esters on SWCNTs

Fig. 2: Langmuir isotherm of
malonate esters on SWCNs

Fig. 4: Temkin isotherm of
malonate esters on SWCNTs

Isotherms of the adsorption process of
esters on carbon nanotubes are shown in figures 2
to 4 and parameters of these models are calculated
and shown in table1, the amounts of adsorption for
different concentration are shown in table 2.

The isotherms of esters adsorption trend
on the carbon nanotubes are shown in the Fiqure 2
and 4. All the parameters of this method are
calculated and shown in Table 1 and the amount of

adsorption in various concentrations is shown in
table 2.

CONCLUSION

In this research, the adsorption of esters
(dimethyl malonate and ethyl malonate ester ) on
the carbon nanotubes were studied. As is shown in
Table 2.with increasing ester concentration.the
adsorption on carbon nanotubes is increased.
Considering the similar structures and because of
electron donating conductive effect of ethyl groups(
with respect to methyl), adsorption of diethyl
malonate with respect to dimethyl malonate  ester
is higher. Therefore diethiy malonate can interact
with p center of carbon nanotubes much eastier. In
fact this electronic richness is a kind of booster for
interaction of carbonyl group with double bound of
carbon nanotube. On the other hand. Data related
to equilibrium condition have been properly
illustrated by Langmuir, Freundlich and Temkin. The
constants of these models confiem the experimental
observation and are given in Table.
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