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Nanocarbons, including graphene, nanotubes, diamond like carbon (DLC), and
polymeric ones showed a unusual optical, electronic and catalytic properties. Subsequently it can
be used in many applications like optical, electronic and catalytic ones. Generally, synthesis
techniques of nanocarbons, such as arc
discharge, laser ablation, chemical vapor without CH,COOH (pH 2.9)
deposition, etc., are based on the processes a) (--—-- “-zso
based on high voltages, high laser power and
high temperatures. These methods consume
a lot of energy and subsequent high cost
production induced. Additionally, the large
thermal fluctuation during nanocarbon
growth enhances distortions and defects
within their structures due to change in
catalyst kinetics and hence the produced
materials. For these reasons, nanocarbon
synthesis with low energy consumption at
room temperature has become a big b)|looes !l

challenge for realization of low cost, mass
production and well-defined structures. IOV V\.,\_/\V\Av
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Electrochemical synthesis is 3
considered to be the fruitful method for T: 2am Ni
producing nanocarbons with controllable ‘@
structures. Electrodeposition technique has £ w/\w\
demonstrated some advantages over vapor é
phase deposition, such as the simplicity and 8 onm N

low cost of experimental apparatus,
possibility of lew temperature synthesis and //\\\N
ease of experimental control to produce Rt

films with diverse properties. Consequently,
it is possible to apply this method for the Raman shift/ cm™"

selective growth of nanocarbons with novel Fig. 1. (a) Cyclic voltamogram of Au electrode
structures. in aqueous system without (black) and with (red)

In this work, I h-ave explored the adding acetic acid as carbon source. (b) and (C)
room temperature synthesis of nanocarbons  are Raman spectra and corresponding SPM
via an electrochemical process using simple  images for the produced nanocarbons deposited
three electrode cell which is significant for  over different size Ni supporting catalyst. Scale
the production of controllable structures. bar is 100 nm.
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The study aims the production of selectively useful nanocarbons by electroreductive
deposition technique through two main approaches.

The first one was aimed to produce nanocarbons in aqueous system from carboxylic acid
as carbon source over Au electrode. The Au surface was modified by either roughening or
supporting iron group nanocatalysts. Electrochemical studies revealed that carboxylic acids could
be reduced electrochemically to on Au surface (see Fig. 1a). In addition, successful synthesis of
single wall carbon nanotubes (SWNTs) and DLC has been reported for the first time by this
original approach over Ni nanocatalyst. Raman spectroscopy and scanning probe microscopy
(SPM) for samples prepared over different size Ni catalyst indicating the formation of amorphous
carbon, SWNT and DLC over 0 nm, 2 nm and 6 nm Ni catalysts respectively (Fig. 1b and Ic).
Several parameters for the optimization of produced nanocarbons were investigated, and
proposed mechanism for SWNT growth was discussed. However, I realized that the yield was
quit low for large scale production and industrial applications.

The second approach was aimed to produce higher yield of nanocarbons. In this
approach, ionic liquid (IL), was used as a non-aqueous system instead of aqueous one and
chlorocarbons, such as carbon tetrachloride and chloroform as carbon sources seeking the higher
yield. Electrochemical studies indicated the possibility to reduce chlorocarbons by applying
moderate reductive potential (see Fig. 2a).

Characterizations of the produced
films on Ni substrates using this method
indicate the formation of trans-polyacetylene, a
an interesting conducting polymer, instead
of pure nanocarbons, which is another
benefit for this dissertation. A view on the
reaction mechanism for the production of
this polymer was proposed expecting that
the water effect is responsible the production
of trans-polyacetylene because water is the
origin of hydrogen in polyacetylene.

Following my expectations, I have
successfully synthesized nanocarbon films
over the Ni substrate with high yield instead b)
of trans-polyacetylene from the dried
conditions to eliminate the hydrogen source.
The results of Raman spectra and scanning
electron microscope (SEM) can be seen in
Figs. 2b and 2c.

Finally, the study has indicated that
it is possible to make C—C bond in forms of
SWNTs, DLC and polymeric nanocarbon
materials at room temperature by
electrochemical process. The nanocarbon
materials prepared by this original method 750
could have unique structure and properties.
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Subsequently, it can be directly use for
extreme applications like electronic and
optoelectronic ones. Additionally, the doping
of these nanocarbon materials can be
achieved during synthesis process which
opens a wide door for the catalytic
applications too. Functionalization of SWNT
and other produced nanocarbon can be also
one of perspective work of this study.

Fig. 2. (a) Cyclic voltamogram of Ni electrode in
non-aqueous system without (black) and with
(red) adding CCl, as carbon source. (b) and (C)
are Raman spectra and corresponding SEM
images for the produced nanocarbons deposited
over different concentration of CCl,. Scale bar is
1 pm.
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