© by PSP

Volume 26 ± No. 6/2017 pages 3886-3890

Fresenius Environmental Bullet

THE STUDY OF ADSORPTION OF ANTHRACENE ONTO
PMMA-FUNCTIONALIZED MWCNTS AND PRISTINE
MWCNTS BY FLUORESCENCE SPECTROSCOPY
TECHNIQUE
Umit Ay1,*, Murat Isik2, Nergis Arsu2
2

1
Department of Chemistry, Kocaeli University, 41380, Kocaeli, Turkey
Department of Chemistry, Yildiz Technical University, 34220, Istanbul, Turkey

incomplete burning of fuels, coal tar and bitumen.
The distribution of PAHs in the environment is extensive since they are found in air, soil and water.
PAHs can be classed as carcinogenic and/or genotoxic chemical. Therefore, the determination of
PAHs is very important [19]. CNTs are considered
to be a good choice to study the adsorption mechaenism. Understanding adsorptive interactions between organic contaminants and CNTs is critical to
both the environmental application as special adsorbents and the assessment of the potential impact
on the fate and transport of organic contaminants in
the environment.
In this study, functionalization of MWCNTs
via thermal polymerization of methyl methacrylate
(MMA) with benzoyl peroxide was achieved to
help to reduce the solubility problem of MWCNTs.
Since anthracene is a good candidate among PAHs.
Adsorption of anthracene studies were performed
by using both polymer (PMMA) functionalized
MWCNTs and pristine MWCNTs and the percentage of adsorption was determined by fluorescence
spectroscopy.

ABSTRACT
Adsorption of anthracene as polycyclic aromatic hydrocarbon molecule on the pristine multiwalled carbon nanotubes (MWCNTs) and functionalized MWCNTs with polymethyl methacrylate
(PMMA) has been investigated in an attempt to
explore adsorption mechanisms. The morphology
of MWCNTs was observed by a Scanning Electron
Microscope. Thermal Gravimetric Analysis was
used to obtain the degree of polymer functionalization of MWCNTs after the thermal polymerization
of Methyl methacrylate (MMA) with benzoylperoxide. Changing of fluorescence intensity as a
function of time is recorded to follow the variance
of adsorption.
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INTRODUCTION
MATERIALS AND METHODS

Carbon nanotubes (CNTs)have a wide field of
industrial applications and have also used as adsorbent in water treatment and environmental pollution
[1-5]. CNTs have also attracted attention due to
their excellent optical activity and mechanical
strength. Although there are some studies on the
adsorption of organic pollutants by carbon nanotubes [6-12]. So far, there are no studies showing
systematically the adsorptive interaction between
CNTs and polycyclic aromatic hydrocarbons
(PAHs). Therefore, it is very important to understand the interaction between the carbon nanotubes
and organic pollutants. CNTs and organic chemicals are expected to have strong interactions due to
their hydrophobic surfaces.
There are numerous studies about the adsorbent efficiency of CNTs for organic chemicals [1318]. This strong interaction effectively alters the
mobility, bioavailability and environmental risk of
organic chemicals. Polycyclic aromatic hydrocarbons (PAHs) are found in organic substances,

Functionalization of MWCNTs via Thermal Polymerization of MMA. 46.8 mg MWCNTs
was suspended in 50 ml of toluene and 50 ml MMA
was added to this solution. 24.2 mg benzoyl peroxide as an initiator was added to this mixture under
nitrogen atmosphere and was refluxed in an oil bath
at 85°C for 5 days. After completion of the reaction, the PMMA functionalized MWCNT was extracted by THF.
Adsorption experiments. Composite solutions for the adsorption experiments were prepared
by using MWCNTs/anthracene in a 1:1 ratio by
weight (w/w). 9.4 mg anthracene was dissolved in 5
ml of toluene and 9.4 mg of either MWCNTs or
PMMA-MWCNTs was added to this solution.
The solutions of anthracene and MWCNTs/
PMMA-MWCNTs were sonicated using a sonic tip
(Ultrasonic processor VCX 500 W) for 3x10 s at
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26% of the power output. If the sonication treatment is too aggressive and/or too long, MWCNTs
can be easily and seriously damaged, especially
when a probe sonicator is employed. The suspensions were allowed to settle down starting from 5
min up to 121 h. All the dispersions were centrifuged at 3000 rpm for 60 min and then the suspensions were used depending on the time variations to
determine the adsorption properties by fluorescence
spectroscopy (Jobin Yvon-Horiba Fluoromax-P).

RESULTS AND DISCUSSION
Functionalization of the MWCNTs was
achieved by bulk polymerization of MMA with
benzoylperoxide (BPO) at 85°C as depicted in
Scheme 1.
The degree of functionalization was determined by TGA (see Fig. 1).

SCHEME 1

FIGURE 1
TGA curves of pristine MWCNTs and PMMA-MWCNTs

FIGURE 2
Fluorescence emission spectra of solutions of
PMMA-MWCNTs/Anthracene/Toluene for various
WLPHLQWHUYDOVȜexc = 350 nm.
(Inset: Prolonged adsorption results)

FIGURE 3
Fluorescence emission spectra of solutions of Pristine-MWCNT/Anthracene/Toluene for various time
LQWHUYDOVȜexc = 350 nm.
(Inset: Prolonged adsorption results)
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To determine the percentage of adsorption
from the changes, fluorescence emission spectra
were recorded while the solutiRQVZHUHH[FLWHGDWȜ
= 350 nm. The results are shown in Figs.2 and 3 for
the experiments performed on both MWCNTs.
The addition of either PMMA-MWCNTs or
pristine-MWCNTs to the solutions in a 1:1 ratio by
weight results in a visible quenching of the anthracene fluorescence emission even after 5 minutes of
duration (see Figs 2 and 3).
The quenching of the fluorescence gives a
strong indication that an interaction is occurring
between the CNTs and the anthracene molecule.
The results obtained from the fluorescence
measurements recording the changes of emission
spectra of the anthracene molecules in the presence
of the CNTs are tabulated in Table 1.

PMMA functionalization was found to be
58% from the TGA curves for PMMA-MWCNTs.
Functionalization of MWCNTs is necessary since
dispersing them is very difficult as CNTs have large
surface areas and van deer Waals¶ forces.
There are numerous studies about obtaining
homogenous and the fine dispersion of CNTs and
one of them is the introduction of functional groups
onto the CNT surface [7-10]. PMMA- attached
MWCNTs have been useful to improve their dispersion properties and this factor will possibly play
a good role for investigation of the adsorption properties of anthracene as a polyaromatic hydrocarbon.
Since polyaromatic hydrocarbons are good luminescents, in this study anthracene was used as a
chromophore label for detecting adsorption onto
both PMMA-functionalized MWCNTs and pristine
MWCNTs by the fluorescence technique.

TABLE 1
Changes of emission intensity of PMMA-MWCNTs and Pristine-MWCNTs

Changes of emission intensity %
Time (mins.)
5
20
40
50
60
180
300
2640
7260

PMMA-MWCNT
29
46
48
60
78
86
88
96
99

Pristine-MWCNT
16
18
46
47
61
81
86
96
99

FIGURE 4
Representative SEM images of (a) pristine MWCNTs, (b) PMMA modified MWCNTs, (c) pristine
MWCNT with anthracene, (d) PMMA modified MWCNTs with anthracene
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with pristine-MWCNT the adsorption process is
much slower; just 18% change was obtained in a
similar time interval. A large surface area and possibly the porosity of the polymer functionalized
MWCNTs provides enough adsorption sides for the
anthracene.

As can be seen from Table 1, the adsorption of
anthracene onto the PMMA attached MWCNTs is
nearly 30% while 16% adsorption was obtained
when the pristine MWCNTs were used. During the
1 hour of duration, the adsorption of anthracene increased to 78% for the PMMA-MWCNTs and 61%
for the pristine MWCNTs.
The results are not differentiated for the prolonged adsorption times of either CNTs (99% for
both CNTs during 121 hours (7260 mins)). The
adsorption of functionalized MWCNTs is much
better than the pristine MWCNTs, especially in a
short period of time. Possibly, the functional groups
can change the wettability of the CNT surfaces, and
consequently make the CNTs more hydrophilic and
thus more suitable for the adsorption of relatively
low molecular weight and polar compounds [6].
As reported in the literature [6], five possible
interactions are responsible for the adsorption of
organic chemicals onto the CNT surface. These are:
the K\GURSKRELF HIIHFW Ȇ- Ȇ ERQGV K\GURJHQ
bonds and covalent and electrostatic interactions.
Ȇ-ȆERQGLQJLQWHUDFWLRQs between the organic molecules and CNTs were also demonstrated by spectroscopic techniques [20-26].
Beside CNT-organic chemical interactions,
polymeric adsorbents have been developed and
used for the removal of organic chemicals from
solutions. As reported previously, introducing some
special functional groups into the chemical structure of the polymer helps to improve its adsorption
capacity towards specific organic compounds.
Therefore, the one-component structure of PMMAattached MWCNTs presented combined effects
such as the enhancement of the specific area and
modification of the surface properties.
Adsorption of Anthracene onto MWCNTs remarkably increased when the MWCNTs were
chemically functionalized. This is as a result of the
surface area as well as the porosity of PMMA. Obviously functionalization of the MWCNTs produced a strong interfacial bond with other chemicals.
Fig.4 presents SEM microphotographs; pristine MWCNTs (Fig. 4a), PMMA attached
MWCNTs (Fig. 4b), adsorption of anthracene onto
MWCNTs (Fig. 4c) and adsorption of anthracene
onto PMMA attached MWCNTs (Fig. 4d), respectively. Fig. 4a presents curled and entangled shaped
pristine MWCNTs. After the attachment of the polymer it is easy to see the agglomeration. Fig. 4c and
Fig. 4d show SEM microphotographs of MWCNTs
and PMMA-MWCNTs after anthracene adsorption.
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