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A B S T R A C T 
The world of nanotechnology has been 
transformed since graphene came into 
existence. Researchers all over the world have 
exploited graphene for its various potentials. 
Graphene find many applications in photo-
devices, adsorption, food and medical 
industry, polymer fillers, sensors and energy 
storage devices etc. This has become possible 
due to unique layered structure of graphene 
and oxygen moieties present on graphene. 
These oxygen moieties have been tailored in 
many of its applications. Nitrogen and sulphur 
atoms are more nucleophilic than the oxygen 
atom in graphene. So, it is expected that 
thesubstitution of graphene with amine and 
thiol groups increase the nucleophilic 
properties of graphene. These interactions are 
expected to improve performance and 
functionality of the applications of graphene. 

In this work of research,reduced 
graphene oxide is functionalized by amino and 
thiol groups by treating it with 4-
aminothiophenol by two different methods to 
prepare adsorbing polymers.These composites 
are then characterized and confirmed by 
FTIR, XRD, TEM, SEM, and CHNS analysis.  
Keywords: Graphene oxide (GO); reduced 
Graphene oxide (rGO),4-Aminothiophenol 
 

1.Introduction : 
Graphene (Gr), a two dimensional structure of 
sp2 hybridized carbon[1], shows extraordinary 
properties including high electron mobility at 

room temperature[2,3],exceptional thermal 
conductivity[3]and amazing mechanical 
properties.[4,5]Particularly, the electronic 
properties of this material has pulled in attention 
among lot of analysts. However, a significant 
number of these intriguing and one of a kind 
properties can be enhanced by means of synthetic 
functionalization of the surface or edge defects.[6-

8] These preliminary adjustments empower 
chemical covalent bonding between the Gr and 
organic materials of interest and furthermore, 
make Gr as a perfect stage to anchor various 
functional moieties such as metal 
nanoparticles.[9]The addition of graphene to a 
host framework has accomplished various 
improved properties with promising applications 
in many industries such as aviation, electronics, 
energy, structural and mechanical, ecological, 
medicinal, nourishment and beverage. [8,10-17] 
Functionalized Gr is usually easier to be 
dispersed in organic solvents and water, which 
can help the functionalization of Gr by various 
functional groups.[18-24]In this circumstance, 
synthetic functionalized Gr having utilities in 
polymer composites, energy-related materials[25] 
sensors, field impact transistors, photo-devices[26-

32], transparent conductive electrodes[27], 
adsorption, separation, chemical synthesizes and 
biomedical frameworks, have been generally 
reviewed.[36] Graphene oxide (GO), itself have 
few sorts of  oxygen carrying functional 
groups[28], hence, it has been specifically utilized 
as a platform for adsorption of metal ions in 
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aqueous solutions, solid-phase extraction, 
catalyst for many reactions and preparation of 
different Gr-based composites.[11] However, 
nitrogen in amine and sulfur in thiol are more 
nucleophilic than the oxygen atom. Along these 
lines, the substitution of Gr or GO with amine 
and thiol groups expands the nucleophilic 
properties of Gr and as an outcome, interfacial 
binding between Gr and the materials of interest 
can be accomplished. For instance such 
functionalization in carbon nanotube has been 
utilized to upgrade the controlled covalent 
binding to polymers or organic molecule.[28]More 
recently, different substituted amines have been 
inserted to GO to be used in energy storage, 
electro-catalytic oxygen reduction reactions 
(ORR),[29,30]electrochemical sensors, solid basic 
catalyst in organic chemistry, and optical Gr 
quantum dots[31]. These wide potential 
utilizations of functionalized-Gr require  an  
effortless and controllable technique to embed a 
high fraction of functional groups in Gr 
sheets[9,10,29,30,32].In this proposed work of 
research, Graphene oxide was  functionalized by 
amino and thiol groups by treating it with 4-
aminothiophenol by two different methods to 
prepare adsorbing polymers. 
2.Experimental: 

2.1 Preparation of GO by modified Hummer’s 
method[28-33] 

Graphene oxide was prepared by a well-known 
and established Hummer’s method by using 
Graphite flakes, NaNO3 and Conc.H2SO4. 
KMNO4 was used as an oxidising agent. It was 
washed with H2O2 and dil.HCl several times to 
obtain desired product. 
 

2.2 Reduction of GO to reduced Graphene 
oxide (rGO):[27,35-37] 

Graphene oxide (GO) prepared by modified 
Hummers method was reduced by NaBH4. 1g 
GO was dispersed in 500ml beaker containing 
250 ml distilled water by continuous stirring. 1g 
NaBH4was added slowly while stirring. Addition 
of NaBH4produces effervescence. This solution 
was kept stirring for about 20-30 mins. A dark 
brown colored solution turned black after 
reduction. 

 

2.3 Preparation of rGO and 4-
Aminothiophenol (PATP) polymer by 
dispersion method: 

1g rGO was taken in a 500ml beaker containing 
250 ml Distilled Water.1g 4-aminothiophenol 
(PATP)was added to it and kept stirring for 24 
hrs. The beaker was then kept in a water bath 
containing ice. 3.312g ammonium persulphate 
(APS) was added to the above solution at the 
temperature of 5-100C as oxidant for oxidative 
polymerization.The above mixture was then 
filtered and dried. This polymer is denoted asAT-
4. AT-4 was characterized by FTIR, TEM, SEM, 
XRD and CHN analysis. 
 

2.4 Alternative method to prepare rGO and 4-
Aminothiophenol (PATP)  polymer by 
Liquid-Solid interface method: 

The aforementioned AT-4 polymer is prepared 
by liquid-solid interface as follows-1g rGO was 
taken directly in a mortar-pastel. 1g PATP was 
added to it and grinded together for 30 mins. A 
paste like substance formed at room temperature. 
After 30 mins, 3.312gm APS was added to it for 
further liquid-solid interface.A black compound 
was obtained. For comparison this polymer was 
denoted as AT-4G and was also characterized by 
FTIR, TEM, XRD, SEM and CHN analysis. 
PATP and APS were used as obtained. 
 
3.  Results& Discussions : 
On account of GO functionalization process, the 
initial reactants have a high dispersibility in 
aqueous solution while, after amine and thiol 
functionalization the resultant product is 
relatively insoluble, even its dispersibility in 
water is definitely diminished when contrasted 
with GO. 
Fig. 1. a.  : XRD of reduced graphene 
oxide(rGO)    
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. b.  : XRD AT- 4 

 
 

c. XRD of AT-4 

 
 
With a specific goal to examine the structure, 
rGO and functionalized rGO were described by 
XRD. In fig. 1.a the strong diffraction peak of 
GO is located at a 2θ=10.7°, indicating the layer-
to-layer distance of 0.83 nm in view of the Bragg 
equation, owing to the introduction of various 
oxygen-containing groups and water molecules. 
Whereas, the diffraction peak of the 
functionalized-rGO ( fig. 1.b.)  moves to a lower 
2θ angle with a d-spacing of 1.10 nm, which is 
0.27 nm larger than that of GO, and 0.77 nm 
larger than the lattice spacing of graphite (d-
spacing=0.334 nm). In fig.1.b & 1.c the increase 
in the layer-to-layer distance signifies the fact 
that –NH2and S-H groups are covalently attached 
to therGO surface and many of layers are well 
separated. Now the polymers become more 
appropriate for embedding the desired materials. 

 
 

TheXRD patterns show that crytallinity of the 
rGO is significantly influenced by PATP in both 
the techniques of dispersion and liquid-solid 
interface . 
 

 
 

Fig. 2 a.  FTIRreduced graphene 
oxide(rGO) 

 

 
Fig. 2. b : FTIR of 4 
aminothiophenol- rGO polymer (AT-4) 

 
 
 
Fig. c.  : FTIR of  4aminothiophenol –
rGO polymer AT-4G 
 

 
 
FTIR spectra of GO demonstrate clear bending 
and stretching vibrations of OH hydroxy, 
C=Ocarbonyl/carboxyl, C-O epoxy and alkoxy, 
and C=C aromatic groups, as indicated in various 
refrences.The FTIR spectrum ofrGO(fig. 2 .a) 
&functionalized-rGO (fig. 2.b. & 2.c.)shows a 
clear decrease in both OH and C-O epoxy 
groups. The functionalization of the GO material 
causes a decreaseof its hygroscopic nature, and 
thus the noticeable decrease inhydrogen-bonded 
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OH groups may be due to aloss ofadsorbed 
water, or might be the result of reduction. GO 
displays a broad FTIR peak at 3500-2500 cm-1 
attributed to the stretching of adsorbed water 
molecules andstructural O–H groups (such as 
alcohol and carboxylic acid) which do not allow 
distinction between C–OH and H2O peaks. The 
sharp peak at 1715 cm-1 is attributed to the C=O 
stretchingof carboxylic acid group, 1614 cm-1 to 
the sp2C=C and conjugated C=O stretching, 1213 
cm-1and 1040 cm-1 to C–O stretching of phenolic 
and epoxy groups, respectively. In the case 
offunctionalized -rGO, two almost distinct sharp 
peaks at 3345cm-1 and 1580cm-1 attributed to N-
H stretching,which overlapped with a broad peak 
arisen from carboxylic acid stretching, can be 
seen.Moreover, compared to GO, the bandwidth 
at 3500-2500 cm-1and the intensity of all 
peaksattributed to oxygen functional groups are 
remarkably decreased, indicating that most of 
GOoxygen species are reduced or substituted 
with amino and thiol groups during the 
functionalization process. Hence, FTIR analysis 
confirms the amino & thiol functionalization of 
rGO. 
 
Fig. 3. a. SEM image of AT-4 

 
 
Fig. 3. b. SEM image of AT-4G 

 
 

The SEM images of functionalized-rGO (fig. 3.a 
& 3.b.) showing the respectable exfoliation of 
graphite during oxidation process. 
 
Fig. 4. a. : TEM AT 4 
 

 
 
 
Fig. 4.b. : TEM AT 4 
 

 
 
Fig. 4.c.: TEM AT 4G 
 

 
 
Fig. 4. d. : TEM AT 4G  
 

 
 
The TEM images of AT- 4 are shown in Figure 
4a and 4b. whereas fig.4c & 4d. represent TEM 
images of AT- 4G. 
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The TEM Images of  functionalized-rGO showed 
that the sheets are informally folded on each 
other with many ripples and seem to form the 
tangled patches. Between the crosswise edges of 
the multi-layer of functionalized-rGO a porous 
network with a size ranging from 100 to 500 nm, 
is clearly observable. These specifications could 
be related to the amino and thiol surface 
functional groups. 
 
The EDX elemental mapping of carbon and 
nitrogen of a large area of functionalised-
rGodispersed powder illustrate a homogeneous 
distribution of N and S functionalities on the 
graphene structure. The EDX elemental analysis, 
whichis 
Fig5. a. : CHNS Analysis of AT-4. 

 
 
Fig.5. b : CHNS Analysis of AT-4G. 

 
 

CHNS analysis also confirmed the presence of 
nitrogen and sulphur in the polymers AT-4 and 
AT-4G indicating the amine and thiol 
functionalization of rGO. 
 
4.   Conclusions: 
This amino and thiol functionalized-rGO is so 
important to future research for the extension of 
various graphene-based composites. More 
recently, different substituted amines have been 
embedded to rGO to be applied in various fields 
of physics, chemistry, biology, biochemistry and 
energy related materials. These wide potential 
applications of such functionalized-Gr need a 
facile and controllable method to implant a high 
fraction of functional groups in Gr sheets. These 
amine and thiol groups can assist the 
immobilization of inorganic molecules and 
organic materials or high loading metal 
nanoparticles to obtain graphene-based 
composite materials for development of high 
performance and flexible electro-catalyst for fuel 
cells and bio-electronic devices. 
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