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Graphene is a material of recent discovery that shows excellent properties even if its preparation is rather difficult and complex. Graphene Nano-Plates (GNPs),
made by few tenths of graphene layers, have similar properties but their preaparation is easier. Nevertheless, their employment in the field of nanocomposite materials is
not widely applied (diffuso) due to the difficulty to disperse their in solvent or polymeric matrix. The purpose of this work is the selective functionalization of the edges
of the GNP, in order to preserve the internal aromatic structure of the plans, preserving the peculiar physical-chemical properties of the graphene materials.
In this regard, two synthetic routes have been applied: bromination, lithiation and subsequent carboxylation; Friedel-Crafts reaction, using succinic anhydride as an
acylating agent.
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The characterizations carried out on the functionalized materials have shown satisfactory results.

Having obtained functional groups on the material it is now possible to chemically modify the GNP at will in order to apply the modified material to new technologies in various fields of science.

Characterization was carried out trough Thermogravimetric analysis (TGA), infrared spectroscopy (ATR-FTIR), Scannig Electron Microscope (SEM) ed Energy-Dispersive X Ray
spectroscopy (EDX) and Raman Spectroscopy. Results are shown below.

SEM-EDX

Sample Region 1 Region 2 Region 3 Region 4

GNP -0.33 % -0.20 % -2.17 % -1.06 %

GNP-Br -7.18 % -7.06 % -1.36% -0.16 %

GNP-
CO2H

-2.42 % -1.74 % -2.96 % -5.36 %

GNP F.C -7.14 % -7.88 % -6.06 % -1.66 %

Element Unn.C
[wt.%]

Norm.C
[wt.%]

Atom.C
[at.%]

Sigma 
[wt %]

Carbon 25.83 57.23 74.89 3.16

Oxigen 9.59 21.25 20.87 1.35

Bromo 9.71 21.52 4.23 0.48

ATR-FTIR

Raman spectrum of the sample GNP-Br

EDX morphological
recostruction of  the carbon 

in GNP-Br

EDX morphological
recostruction of the bromine

in GNP-Br

Further EDX analyzes were
performed on the morphology
of the GNP-Br sample, in order
to verify the degree of
functionalization.
Bromo concentration was
obtained: 5.21-21.25 %
(weight); 0.82-4.23 % (atomic)

The ATR-FTIR spectrum of
the samples obtained is
reported: GNP pristine
(green); GNP-Br (red); GNP-
CO2H (blue) GNP F-C
(yellow).

EDX morphological
recostruction of the oxygen

in GNP-CO2H

EDX morphological
recostruction of the oxygen

in GNP F-C

The ATR-FTIR spectrum of the samples obtained is
reported, registered with a diamond cell : GNP pristine (1
black); GNP-Br (4 red); GNP-CO2H (2 green) GNP F-C (3
blue).

The GNP-Br sample shows in
addition to the water bands (3400-
1640 cm-1) a furher relatively
intense and widened absorption
band between 900-550 cm-1,
attributable to the stretching of the
C-Br bond [4]. In addition to the
water absorption bands, the GNP-
CO2H sample shows a not very
intense band between 1730-1650
cm-1, due to stretching C=O [4].
Finally the GNP F-C sample shows
a very intense band between 1600-
1700 cm-1, indicating the presence
of carbonyl and carboxylic groups.
We also note the presence of a very
intense and enlarged band set at
3400 cm-1, suggesting that O-H
stretching of the carboxylic group
is also present at the water
coordinated O-H [4].

The elemental analyzes carried
out on the carboxylate sample
showed the following results.
Bromo concentration was
obtained: 0-0,06 % (weight)
and 0-0,01 % (atomic). Oxygen
concentration obtained: 9,7-
14.0 % (weight) and 6,99-10,89
% (atomic).

The research is based on the
percentage increase in oxygen
present in the material that
reacted with succin anhydride.
Oxygen concentration was
obtained: 21,61-32,80 %
(weight); 17,15-26,82 %
(atomic)

1 190.651 0.0312861 14.8164 12.2995 0.0782143 122.969 248.355

2 471.031 0.159345 20.4807 10.2635 0.201049 436.262 528.813

3 1345.08 0.0366559 18.1014 6.11238 0.0565667 1279.53 1400.43

4 1456.99 0.0330872 16.1137 4.55124 0.0561901 1405.65 1483.55

5 1580.73 0.973746 26.5827 40.5871 1.00082 1405.65 1483.55

6 1761.09 0.0391389 23.2756 5.98382 0.0588378 1703.04 1813.19

7 2431.12 0.267054 30.2894 37.4534 0.311364 2291.69 2564.18

8 2709.96 0.573541 72.4206 72.5468 0.623703 2568.72 2854.11

9 2941.2 0.0317912 7.63274 6.51101 0.066819 2910.85 2997.37

10 3246.59 0.0771984 21.5172 4.53702 0.0947915 3209.59 3284.61

11 4162.46 0.0363836 9.46971 1.62458 0.043616 4128.13 4168.85

12 345.652 - - - 0.109306 - -

13 4303.66 - - - 0.0996352 - -

1 1345.15 0.099377 44.0499 9.36493 0.11473 1258.33 1416.08

2 1578.58 1.01384 23.7094 38.4803 1.02919 1462.85 1682.86

3 2443.64 0.0322243 40.7194 6.56495 0.0528665 2371.14 2500.34

4 2707.95 0.382957 73.648 45.446 0.408514 2568.72 2836.57

5 3242.96 0.0493649 21.5702 2.25752 0.0564852 3205.4 3276.31

6 4275.5 - - - 0.0448041 - -

1 1352.36 0.0780631 40.4794 5.19592 0.0841406 1272.18 1409.28

2 1582.14 0.995386 16.8481 26.5783 1.00341 1469.39 1662.88

3 2714.63 0.345269 68.372 34.0169 0.361425 2549.52 2817.1

4 2448.7 - - - 0.0328671 - -

SEM morphological
recostruction of GNP-Br

Raman spectrum of the sample GNP F-CRaman spectrum of the sample GNP-CO2H

Note the increase in intensity of the D
band, symptomatic of the defects of the
material [1].

Note the presence of new peaks attributable
to graphitic and graphene structures [1]. Of
interest is the bands at low wave numbers.

Note the blue shift of the most important
bands of graphene materials, which
according to literature [2,3] can be attributed to
carboxylic functional groups.

Bromination of Graphene Nano-Plates [GNP-Br]

50 ml chloroform anhydrous (solvent) and 54 mg of GNP in an inert
atmosphere with molecular nitrogen are placed in a 100 ml two-
necked flask. Expected about 10 minutes under magnetic stirring, it is
added excess aluminum trichloride and 1.5 ml of liquid molecular
bromine.
Waiting 53 hours, the sample is filtered in vacuum and subsequent
washed with dilute hydrochloric acid, water and acetone. the reaction
product is dried in an oven at a temperature of 90 ° C and
subsequently characterized.

Litiation and carboxilation of brominated GNP [GNP-CO2H]

20 ml of anhydrous ethyl ether (solvent) and 41 mg of GNP in an inert
atmosphere (molecular nitrogen) and under magnetic stirring are placed in
a 100 ml two-necked flask. With the help of a cryostat the reactor
temperature is reduced to -45 ° C and 1 ml of 1.6 M butyl lithium (in hexane)
is added. Subsequently carbon dioxide is introduced in the gaseous phase, it
is produced in situ by means of a secondary flask (connected to the reactor
by means of a canula) containing sulfuric acid and sodium bicarbonate.
After about 20 hours, the sample is filtered in vacuum and subsequent
washed with dilute hydrochloric acid, water and acetone. The reaction
product is dried in an oven at a temperature of 60 ° C and subsequently
characterized.

Acylation of Friedel-Crafts on GNP with succinic anhydride
[GNP F-C]

40 ml dichloromethane anhydrous (solvent), 52 mg of GNP and 2,26 g of
succinic anhydrided in an inert atmosphere with molecular nitrogen are
placed in a 100 ml two-necked flask. Expected about 10 minutes under
magnetic stirring, it is added excess aluminum trichloride (4g).
After about 20 hours, the sample is filtered in vacuum (add methanol)
and subsequent washed with plentiful water and acetone. The reaction
product is dried in an oven at a temperature of 60 ° C and subsequently
characterized.
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