Graphene Functionalization with Amines and Decorated with

Metallic Nanoparticles for Antimicrobial Properliesm

Abdelsattar Osama‘™

Graphene oxide is synthesized by Hummers method from graphite. Graphene is
prepared using three different methods after the chemical reduction of graphene
oxide. Then covalent and noncovalent functionalization are achieved for the
graphene surface by different amines as aniline and 1,6-diaminohexane. Silver
nanoparticles (AgNPs) were deposited on the surface of the functionalized yraphene
during the synthesis process through the chemical reduction of silver nitrate
{AgNO;y) by hydrazine hydrate. The disinfection effect was successtully tested
against Total and Fecal Coliforms found in water samples from different regions in
Egypt.

The changes in surface functionalities and bonding naiure were studied by X-ray
diffraction (XRD), Raman spectroscopy, nuclear maguetic resonance (NMR) and
infrared spectroscopy (IR). The morphology and size distribution were studied by
high resolution transmission electron microscopy (HRTEM) and scanning electron
microscopy (SEM), where the successful immobilization of silver nanoparticles on
the graphene surface was studied.

Aim of the work

The aims of this thesis are:

1- Preparation of graphene and graphenc oxide using chemical
methods.

2- Functionalization of the prepared graphene and graphene oxide
with aliphatic amines namely 1,6-diaminchexane and aromatic
amines namely aniline.

3-  Deposition of silver nanoparticles over the amine functionalized
graphene or the graphene oxide to form a composite.
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Ass. Researcher, Chemical and Biological Research Division.

The Nafional Review of Criminal Scienees, Volume 60, No. 2, Jniy 2017,

1

Y41



4~ Characterization of the resulting composites using XRD, Raman,
'HNMR, IR, HRTEM, SEM techniques.

5- Testing the nanocomposites for their use as antibacterial agents
against Total and Fecal Coliforms found in water samples from
different regions in Egypt.

Introduction

Most of infections for human and living organisms are caused through
water born diseases® if it was contaminated by any of the harmful
bacteria as gram positive and gram negative bacteria. Traditional
methods are used in water disinfection as chlorine, chloramines, and
ozone, but, many of these are carcinogenic(” for both human and
animal cells. Moreover, the resistance of the bacteria to these commeon
chemical disinfectants is increasing. So, altemnatives must be obtained
to solve these problems of disinfecting water. Nanotechnology
introduces some nanomaterials that have disinfection effects,
Graphene, amines, and silver nanoparticles have proved excellent
antibacterial effect®®. So the composite of these three materials is
expected to be a very high antibacterial agent.

Graphene was discovered for the first time in 2004 by two
Russian scientists, Andre Geim and Konstantin Novoselov, from
Manshester University. They were awarded the Nobel prize in Physics
for this discovery in 2010, thanks to the simple and groundbreak
scotch tape method, they regarded some sheets of graphene formed on
the graphite stone while cleaning it. Graphene recently received
tremendous scientific activity”. Graphene is the mother material for
all graphitic materials, fullerenes and carbon nanotubes®, 1t is a
monolayer of sp’ bonded carbon atoms arranged in hexagonal
honeycomb lattice structure®, It is the first two dimensional material
ever known to us, besides being the lightest and thinnest material, one
atom thick, it is the strongest material on earth.

Graphene has unique mechanical, thermal, electrical’
properties, in addition it has a very high surface area around 2630
M?%/gram", very high elasticity, it is harder than diamond, 300 times
stronger than steel, it has Young's modulus of around 1100 GB, it has
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a fracture strength about 125 GB"? and thermal conductivity up to
5000 W/mol Kelvin'.

For its unique electronic properties, graphene is used in many
applications as nanooomposites(“ . solar cells™!®,  lithium ion
batteries’ ¥, electrochemical sensors’”), energy storage devices,
nanoelectronics®”, Graphene sheets are prepared using some methods
as micro-mechanical exfoliation of graphite, epitaxial growth®?,
chemical vapor deposition®, solvothermal reduction of graphene
oxide®, the electrochemical reduction of graphene oxide®, and the
chemical reduction of graphene oxide?,

Some nanometallics and their oxides have a broad antibacterial
effect, such materials as nanoparticles of silver, copper, zinc oxide,
and titanium dioxide ®**”. But comparing with other metals, silver
nanoparticles have excellent antibacterial properties, and less harmful
effect toward human cells @* 2, So, silver nanoparticles are used to
control bacterial growth in many medical applications as teeth surgical
tools and in treating wounds ¢* 1, This is due to the very high toxicity
of silver ions and compounds against more than 12 types of bacteria
such as E. coli ©?,

Silver nanoparticles have unique properties as chemical
stability, catalytic activity, high conductivity, and antimicrobial
activity @3, Deposited silver carbon filters were used to remove
bacteria from water ®%*®, moreover, graphene as well graphene
nanocomposites have very high antibacterial properties (637" Shen et
al, reported that silver- chemically converted graphene
nanocomposites showed a very high antibacterial activity toward
Colibacillus, S. aureus and C. albicans G®), Aniline has many
applications in drug industry, polymers, dyes, pigments, rubber
industry, herbicides, pesticides, fungicides B9, Pi-Pi stacking
interactions between aniline and graphene, besides, the reducing
ability of the amine group toward metal ions, makes it feasible for the
silver ions to be easily hybridized with the graphene functionalized by
aniline molecules.

Y4¢



Experimental work _
The following summarizes the experimental work undertaken in this
thesis,

1- Preparation of graphene oxide

Graphite is converted chemically to graphene oxide following
Hummers Offman method “® according to:

Graphite -+ H;SO4 (conc, 98%) + KMnO4+ NaNO;

Ultrasonication
Graphene oxide

2- Preparation of graphene

Graphene is prepared chemically from graphene oxide (graphene-
COOH) or graphite oxide according to the following:

Graphene oxide or graphite oxide (graphene-COOH})

_R_eg% Graphene-CH,0H

First method
Graphite oxide(graphene-COOH) + NH,OH 30%
Ultrasonication
Graphene-CH,;OH
Second method
Graphene oxide (graphene-COOH) + NH2CgHs+ NH;NH;HCI
(. 100°C, 2t)
— % Graphene-CH;OH
(1. 200°C, 30 i)
Third method '
Graphene oxide (graphene-COOH) + NH;NH, H,0
(L 100°C, 20)
Graphene-CH,OH
(K. 200°C, 30 min}
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3- Preparation of graphene functionalized by aniline and silver
nanoparticles:
First method: (noncovalent functionalization)
Reaction of aniline, silver nitrate and hydrazine hydrate with graphene
oxide:
(Graphene-COOH) + NH2CgHs + AgNQ; + NHNH;.Hz0 —
Graphene-COOH...... NH;CgHs.....AgNPs
Second method: (noncovalent functionalization)
Reaction of aniline, silver nitrate, hydrazine hydrate with graphene
while heating:
(100°C, 1h)
Graphene + NHzC¢Hs + AgNO3 + NH,NH3;.H,O —_—
Graphene..... NH;C¢Hs.....AgNPs
Third method: (covalent functionalization)
Reaction of graphene oxide with thionyl chloride, aniline, silver
nitrate and hydrazine hydrate while heating in closed system:
(80°C, 24h, closed system)
* Graphene-COOH+ SOCl; » Graphene-COCl
* Graphene-COCI1 + NH,CgHs — Graphene-CONH-CgHs
* Graphene-CONH-CgHs + AgNO; + NHoNH;.H,O — Graphene-
CONH-C¢Hs,,, AgNPs.

4- Preparation of graphene functionalized by 1, 6-diaminchexane
and silver nanoparticles:

First method (noncovalent functionalization)

Reaction of -graphene with hydrochloric acid, 1, 6-diaminohexane,

silver nitrate and hydrazine hydrate according to:

Graphene + HCI 30 % solution + H,NCH; — (CHj)s — CH:NH; +

AgNO; + NHoNH,.H;0 — Graphene..... NH2 (CHz) s NHs ... AgNPs

Second method (covalent functionalization)

Reaction of graphene oxide with thionyl chloride, 1,6-diaminohexane,
silver nitrate and hydrazine hydrate while heating in closed system:
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(80°C, 24h, closed system)

* Graphene-COOH+ SOCI, P Graphene-COCl
* Graphene-COCl + NH,CH,CH,CH,CH;CH,CH,;NH; — Graphene-
CONH—(CH;)s —NHCO-Graphene

* Graphene-CONH-(CH;)s-NHCO-Graphene+AgNO;+NH;NH;. H,O
—Graphene-CONH- (CH3) ¢ -NHCO-Graphene . AgNPs

5- Bacterial infection test

Three "untreated" infected water samples from three different regions
in Benisweef governorate were treated according to: 0.1 g graphene
aniline /silver nanocomposite /100 mL " untreated " water. This results
in complete disinfection for all samples. Also, 0.1 g graphene 1,6-
diaminohexane /silver nanocomposite /100 mL " untreated " water
succeeded in disinfecting the water samples from Bahr El-Bakar and
Kochainer sewages. Bacterial infection tests were conducted in the
central laboratories of the Nile Research Institute of the National
Water Research Center in Egypt according to the following procedure:

Fecal Coliforms density was determined using seven hours
Fecal Coliforms test and applying membrane filter technique
according to standard method (APHA, 1989). M-7h/FC ingredients
were heated in boiling water bath then cooled to 55°C and pH value
was adjusted to 7.3 before pouring in Petri dishes. After incubation at
41.5°C for 7 hours, yellow colonies were counted as Fecal Coliform
bacteria.

Stock solutions were prepared using the appropriate solvent as
indicated or distilled water. Polluted (infected) water samples were
collected according to environmental procedures following environ-
mental protection agency regulations uvsing sterilized glass containers.
The samples were kept at low temperatures in ice bath and delivered
to the laboratory for immediate testing, Infected water samples were
collected from the Khour, mixing zone and the river, all from
Benisweef governorate (Elwasta area, five kilometers along Nile river
from the 82.5 to 87.5 kilometers of the Nile river) and the samples
coliected from Bahr El-Bakar and Kochainer sewage water.
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Results and Discussion
One of the major goals of this thesis is to explore the efficiency of the
synthesized composites towards anti-bacterial activities.

Therefore, Aniline-functionalized graphene and decorated with
silver nanoparticles was tested for its antibacterial activity where,
three water samples were collected according to the regular protocols
for water sampling from three locations of El-Wasta zone in Beni-
sweef governorate. The water samples were taken from the following
locations: Khour, Mixing Zone and Nile.

The analyses for the anti-bacterial activities were performed in
cooperation with the Nile Research Institute at the National Water
Research Center of Egypt. The resulis were compared to the control
samples before treatment with the composite material.

First, the results of using graphene functionalized with aniline
and silver nanoparticles for disinfecting water against Total Coliform
and Fecal Coliform Bacteria are presented. Before treatment, the
analyses showed that Total Coliforms were 3400, 4400, and 30
CFU/100 mL for Khour, Mixing Zone and Nile, respectively. While
those for Fecal Coliforms were 1600, 1500, and 20 CFU/ 100 mL for
the same samples, respectively.

The treatment was achieved by using 0.1 gram of the graphene
functionalized by aniline and AgNPs in 100 mL infected water
sample. The analyses showed that full disinfection of all samples from
Total and Fecal Coliforms were reached. A zero value was obtained as
can be noticed from the data given in Table 1.

Parameters Unit Khour M g Nile
Zone
Before Total Coliform | CFU/100mL | 3400 4400 30
treatment | Fecal Coliform | CFI/100mL | 1600 1500 20
After Total Coliform | CFU/100 mL 0 0 0
treatment | Fecal Coliform | CFU/100 mL 0 0 0

Table 1. (Showing the complete disinfection of the samples afler treating with
graphene functionalized by aniline and AgNPs).
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Also, graphene functionalized by 1,6- diaminohexane and
silver nancparticles composite was tested for its antibacterial activity,
therefore, four water samples were collected according to the regular
protocols for water sampling from two locations around water sewage
around Bahr Elbakar and Kochaner regions. The results were
compared to the control samples before treatment with the composite
material.

The results of using pgraphene functionalized by 1,6-
diaminchexane with silver nanoparticles for disinfecting water against
Total Coliform and Fecal Coliform Bacteria are presented.

Before treatment, the analysis showed that Total Coliforms
were 5000000, 2600000 CFU/100 mL for samples 1, 2 respectively of
the first zone and 3000000, 1200000 CFU/100 mL for samples 3, 4
respectively of the second zone. While those for Fecal Coliforms were
700000, 500000 CFU/100 mL. for samples 1, 2 respectively of the first
zone and 1200000, 300000 CFU/100 mL for samples 3, 4 respectively
of the second zone.

The treatment was achieved by using 0.1 gram of the 1,6-
diaminohexane-silver nanoparticles-functionalized graphene in 100
mL infected water sample. The analyses according to the protocols
explained in the experimental section showed that full disinfection of
all samples from Total and Fecal Coliforms were reached except the
first sample where the disinfection therein was few colonies above
zerp value, about 10 and 3 colonies remaining after treatment for Total
and Fecal Coliforms respectively. A zero value was obtained for the
other three samples as can be noticed from the data given in Table 2.

Zone 1 Zone 2
Samplel | Sample? | Sample3 | Sampled

Parameters Unit

Before Total Coliform | CFU/toOmL | 5000000 | 2600000 | 3000000 | 1200000
Treatment § Fecyf Coliform | CFU/100mL | 700000 500000 1200000 | 300000

After | Total Coliform | CFU/100 mL 10 0 ¢ 0
Treatment | Fecal Coliform | CFU/100mL 3 0 0 0

Table 2. Disinfection treatment data from Total Coliform and Fecal Coliform using
1,6-diaminohexane -silver nanoparticles-functionalized graphene. Zone 1
for Behr El-Bakar sewerage and Zone 2 for Kochainer sewerage.
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