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ABSTRACT

We have studied the interaction of Acetaminophen and Diclofenac solutions, on multi
ncarbon nanotube. After investigated comparative study and assigned to either Acetaminophen or
Diclofenac adsorption isotherms. The adsorption equilibrium isotherms were fitted by Freundlich,
Langmuir, and Temkin models. It was found that the Temkin model described the adsorption
process better than other two isotherm models. The amount of NSAIDs (Acetaminophen and
diclofenac)adsorbed on carbon nanotube surface increased with the increase of the initial NSAIDs
concentration. The results show that diclofenac has most amount adsorption rate of MWCNT.
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INTRODUCTION

Carbon nanotubes (CNTs) are allotropes
of carbon with a cylindrical nanostructure.
Nanotubes have been constructed with length-to-
diameter ratio of up to 132,000,000:1, significantly
larger than for any other material. These cylindrical
carbon molecules have unusual properties, which
are valuable for nanotechnology, electronics, optics
and other fields of materials science and
technology. In particular, owing to their extraordinary
thermal conductivity and mechanical and electrical
properties, carbon nanotubes find applications as
additives to various structural materials. For

instance, nanotubes form only a tiny portion of the
material(s) in (primarily carbon fiber) baseball bats,
golf clubs, or car parts.” Nanotubes are members
of the fullerene structural family, which also includes
the spherical buckyballs, and the ends of a
nanotube may be capped with a hemisphere of the
buckyball structure. Their name is derived from their
long, hollow structure with the walls formed by one-
atom-thick sheets of carbon, called graphene. These
sheets are rolled at specific and discrete (“chiral”)
angles, and the combination of the rolling angle
and radius decides the nanotube properties; for
example, whether the individual nanotube shell is
a metal or semiconductor. Nanotubes are
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categorized as single-walled nanotubes (SWNTSs)
and multi-walled nanotubes (MWNTSs). Individual
nanotubes naturally align themselves into “ropes”
held together by van der Waals forces, more
specifically, pi-stacking. Applied quantum chemistry,
specifically, orbital hybridization best describes
chemical bonding in nanotubes. The chemical
bonding of nanotubes is composed entirely of sp?
bonds, similar to those of graphite. These bonds,
which are stronger than the sp® bonds found in
alkanes and diamond, provide nanotubes with their
unique strength.Multi-walled nanotubes (MWNT)
consist of multiple rolled layers (concentric tubes)
of graphene. There are two models that can be used
to describe the structures of multi-walled nanotubes.
In the Russian Doll model, sheets of graphite are
arranged in concentric cylinders, e.g., a (0,8) single-
walled nanotube (SWNT) within a larger (0,17)
single-walled nanotube. In the Parchment model, a
single sheet of graphite is rolled in around itself,
resembling a scroll of parchment or a rolled
newspaper. The interlayer distance in multi-walled
nanotubes is close to the distance between
graphene layers in graphite, approximately 3.4 A.
The Russian Doll structure is observed more
commonly. Its individual shells can be described as
SWNTSs, which can be metallic or semiconducting.
Because of statistical probability and restrictions on
the relative diameters of the individual tubes, one
of the shells, and thus the whole MWNT, is usually a
zero-gap metal. Double-walled carbon nanotubes
(DWNT) form a special class of nanotubes because
their morphology and properties are similar to those
of SWNT but their resistance to chemicals is
significantly improved. This is especially important
when functionalization is required (this means
grafting of chemical functions at the surface of the
nanotubes) to add new properties to the CNT. In the
case of SWNT, covalent functionalization will break
some C=C double bonds, leaving “holes” in the
structure on the nanotube and, thus, modifying both
its mechanical and electrical properties. In the case
of DWNT, only the outer wall is modified. DWNT
synthesis on the gram-scale was first proposed in
20032 by the CCVD technique, from the selective
reduction of oxide solutions in methane and
hydrogen. The telescopic motion ability of inner
shells* and their unique mechanical propertiest®
permit to use multi-walled nanotubes as main
movable arms in coming nanomechanical devices.
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Retraction force that occurs to telescopic motion
caused by the Lennard-Jones interaction between
shells and its value is about 1.5 nN.®

Nonsteroidal anti-inflammatory drugs,
usually abbreviated to NSAIDs but also referred to
as nonsteroidal anti-inflammatory agents/
analgesics (NSAIAs) or non steroidal anti-
inflammatory medicines (NSAIMs) are drugs that
provide analgesic and antipyretic (fever-reducing)
effects, and, in higher doses, anti-inflammatory
effects.The term “nonsteroidal” distinguishes these
drugs from steroids, which, among a broad range
of other effects, have a similar eicosanoid-
depressing, anti-inflammatory action. As analgesics,
NSAIDs are unusual in that they are non-
narcotic.The most prominent members of this group
of drugs are aspirin, ibuprofen, and naproxen, all of
which are available over the counter in most
countries™®. NSAIDs are usually indicated for the
treatment of acute or chronic conditions where pain
and inflammation are present. Research continues
into their potential for prevention of colorectal cancer,
and treatment of other conditions, such as cancer
and cardiovascular disease .NSAIDs are generally
indicated for the symptomatic relief of the following
conditions® Rheumatoid arthritis®® Osteoarthritis An
analgesic (also known as a painkiller) is any
member of the group of drugs used to relieve pain
(achieve analgesia). The word analgesic derives
from Greek an- (“without”) and algos (“pain”).
Analgesic drugs act in various ways on the
peripheral and central nervous systems; they include
paracetamol (para acetylaminophenol, also known
in the US as acetaminophen), the non-steroidal anti-
inflammatory drugs (NSAIDs) such as the
salicylates, and opioid drugs such as morphine and
opium. They are distinct from anesthetics, which
reversibly eliminate sensation. In choosing
analgesics, the severity and response to other
medication determines the choice of agent; the who
pain ladder, originally developed in cancer-related
pain, is widely applied to find suitable drugs in a
stepwise manner.’Y The analgesic choice is also
determined by the type of pain: for neuropathic pain,
traditional analgesics are less effective, and there
is often benefit from classes of drugs that are not
normally considered analgesics, such as tricyclic
antidepressants and anticonvulsants!?. The
inflammation response of our bodies is a key part of
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the healing process. Using NSAIDs to reduce the
inflammation has been shown to impair healing in
different tissue types: Muscles. 23, A 2001 study
showed that Ibuprofen and Acetaminophen reduce
muscle growth after eccentric exercise. Another
study** on muscle damage and NSAIDs showed
impaired recovery in the early stages of healing.
There was some increased protein synthesis with
NSAIDs in latter stages of healing, but the muscles
were still weaker 28 days after injury. Other studies*
6 have shown that four days after injury, NSAIDs
resulted in very little muscle regeneration
compared with no drugs. To quote from the study
“Given that NSAID administration was discontinued
after 14 days yet affected load-to-failure eight weeks
following repair, it appears that inhibition of the early
events in the inflammatory cascade has a lasting
negative effect on tendon-to-bone healing A study*’
in 2004 declared “ Nonsteroidal anti-inflammatory
drugs continue to be prescribed as analgesics for
patients with healing fractures even though these
drugs diminish bone formation, healing, and
remodeling”.

Diclofenac Formula

Diclofenac is a non-steroidal anti-
inflammatory drug (NSAID) taken to reduce
inflammation and as an analgesic reducing pain in
certain conditions .designated chemically as 2-(2-
(2,6-dichlorophenylamino)phenyl)acetic acid .The
molecular weight is 296.148 g/mol. Its molecular

formula is C ,H, CLLNO, . The structural formula is:

Cl

NH

Cl OH

O

Acetaminophen Formula

Acetaminophen is a nonsteroidal anti-
inflammatory drug (NSAID).designated chemically
as N-(4-hydroxyphenyl) acetamide , Its molecular
weight is 151.17. Its empirical formula is C;H,NO,
and its structural formula is:
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EXPERIMENTAL

Material

We used the carbon nanotube with
95%pure degree, production of neutrino Company.
Acetaminophen and diclofenac with 99% pure
degree production of Pharmaceutical companies
Aboureihan

Apparatus

In this survey the spectrophotometer
(Jenway6505, Model, England), magnetic
stirrer(Heidolph, Mr3001 Model), Analytical balance
(Sartorius Model), Filter paper (Albet), were used.

Adsorption experiments

In order to provide Acetaminophen and
Naproxen solution, twice distilled water was used
.multi walled carbon nanotube was used as an
adsorbent. first 100ppm of acetaminophen and
Diclofenac was provided using this sample, some
solutions with different concentrations of 5 to 11
mg/lit of pure Acetaminophen and Diclofenac were
prepared specific amount of carbon nanotube
(0.01gr) was added to flasks containing
Acetaminophen and Diclofenac ,as an adsorbent
.it was stirred , using a magnetic stirrer for 10
minutes. Then liquid and solid phase were
separated by means of a filter paper. the
concentration of Acetaminophen and Diclofenac
was measured by using on spectrophotometer tool
adsorption rate, gained for NSAIDs .all test have
been performed at the lab with the temperature.

Adsorption isotherms

Equilibrium study on adsorption provides
information on the capacity of the adsorbent. An
adsorption isotherm is characterized by certain
constant values, which express the surface
properties and affinity of the adsorbent and can
also be used to compare the adsorptive capacities
of the adsorbent for different pollutants. Equilibrium
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data can be analyzed using commonly known
adsorption systems. Several mathematical models
can be used to describe experimental data of
adsorption isotherms. The Freundlich, Langmuir and
Temkin models are employed to analysis adsorption
occurred in the experiment. data of adsorption
isotherms. The Freundlich, Langmuir and Temkin
models are employed to analysis adsorption
occurred in the experiment.

Langmuir model

The Langmuir adsorption model [28] is the
most common model used to quantify the amount
of adsorbate on an adsorbent as a function of partial
pressure or concentration at a given temperature.
This equation expressed by relation.

c. 1 1
< =g oG M
J O, 0.0

n this equation, g, (mg. g*) is the solution
was adsorbed the surface and g, is equilibrium
constant of adsorption and b is the capacity of
adsorption in saturated single layer and c_( mg. I'*)
is solution in equilibrium state.

Freundlich model

The Freundlich equation or Freundlich
adsorption isotherm is an adsorption isotherm,
which is a curve relating the concentration of a
solute on the surface of an adsorbent, to the
concentration of the solute in the liquid with which it
is in contact. In 1909, Freundlich gave an empirical
expression representing the isothermal variation of
Adsorption of a quantity of gas adsorbed by unit
mass of solid adsorbent with pressure. This equation
is known as Freundlich Adsorptio nlsotherm or
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Freundlich Adsorption equation. This model is
specified with equation.

1
d =k /"> Ing, =Ink, +=Inc, (2
n

In this equation, g, (mg.g™) is amount of
absorbed material in absorbent surface, K, n in
arrangement are adsorption capacity and
adsorption intensification.

Temkin model
The Temkin model is linearly represented
as equation (3) and generally applied in the form:

0. = BInA+BInC, .(3)

Where A and B are the Temkin isotherm
constant (L/g) and heat of sorption (J/mol)
respectively. R is the gas constant (J/mol/k), b is the
Temkin isotherm constant linked to the energy
parameter, B, as shown on equation:

b =RT/B ()
T is the absolute temperature in Kelvin.
RESULTS AND DISCUSSION

Adsorption isotherms

The Langmuir, Freundlich and Temkin
isotherms of the adsorption process of NSAIDs on
CNT are shown in figures 1 to 3 and calculated
parameters of these models are shown in Table 1. It
was observed that the experimental data were well
represented by Langmuir Freundlich and Temkin
models.

Table 1: Parameters of Langmuir, Freundlich and Temkin
isotherms of the Acetaminophen and Diclofenac on CNT

Langmuir Freundlich Temkin
b q R2 k R2 A b B R2
Acetaminophen e 58.82 0.10 1.07 0.92 e 4.26 0.96
Diclofenac e 34.48 0.42 1.16 0.94 e 4.67 0.97
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Fig.1: Langmuir isotherm of Acetaminophen
and diclofenac on CNT
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Fig. 2: Freundlich isotherm of
Acetaminophen and diclofenac on CNT
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Fig. 3: Temkin isotherm of Acetaminophen and diclofenac on CNT

CONCLUSIONS

We have studied the interaction of
Acetaminophen and diclofenac with as-prepared
and purified multi-walled carbon nanotubes
(MWCNTSs). Optical spectroscopic data Uv/Vis
showed that purified carbon nanotubes interact with
Acetaminophen and diclofenac. These
experimental results are confirmed by first principles
calculation that predict a very weak adsorption
process through p—p interaction instead of through
the free electron pair of the N and Cl .Spectroscopic
studies showed that the interaction of
Acetaminophen and diclofenac with carbon
nanotubes is weak, in agreement with theoretical
predictions based on ab initio calculations that
indicate that for both metallic and semiconducting
nanotubes the interaction occurs via p—p orbital

interaction between the Acetaminophen and
diclofenac aromatic rings and the C-ring of the
MWCNTS, instead of through the free electron pair
of the N and ClI. In this research, adsorption some
of Non-steroidal anti-inflammatory drugs eye
(Acetaminophen and diclofenac) on multiwall
carbon nanotube from aqueous solution were
studied. The results show that the amount of
Acetaminophen and diclofenac adsorbed on carbon
nanotube surface increased with the increase of
the initial NSAIDs concentration. The results show
that diclofenac has most amount adsorption rate of
MWCNT because it can be attributed to lower the
barrier of space in this material. The experimental
results show that it was found that the Temkin model
described the adsorption process better than other
two isotherm models.
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