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This study aims to prepare fullerene/gold nanoparticles composite by electrospray and
investigate the influence of the gold nanoparticles concentration of 0.412, 1.944, and
Physics 3.575 ppm on the film structural, morphological, and Raman properties. XRD patterns
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demonstrated initial changes in the structural phases, where the increasing of AUNPs
concentration led to decrease of Ceo phases and increase of both Ceo-polymaric and Czo
phases. Moreover, the field emission electron microscope images evident a variation in

S0z size distribution, formation, and phase patterns with the AuNPs concentration. Raman
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spectra demonstrated the formation of fullerenes Ceo, Ceo polymer, and Cro with

appearance of the characteristic vibrational modes of these fullerenes Hg®, F24®, and

Ag®.
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1. Introduction

Fullerenes are distinguished by their highly
symmetrical cage-like spherical shape, which aroused
much interest for this reason [1]. Additionally, these
structures have infinitesimal sizes and adopt various
shapes within a fully or partially enclosed carbon net.
These structures consist of carbon atoms connected
by single or double bonds, often forming rings
comprising 5 to 7 atoms. Their closed structure can
be represented by the formula C, where n
corresponds to the number of carbon atoms involved.
Notably, graphene serves as the fundamental building
block for all raw materials that give rise to fullerenes
[2]. Due to their unique chemical and physical
properties such as their affinity with carbonic
compounds, noble metals, other materials, controlled
optical gaps, and electronic structure were nominated
for entry into several applications [3]. Recently, new
trends for fullerenes in biomedical uses have emerged
[4-6], pharmacology, and photocatalysis applications
[7]. Therefore, made the reactivity of fullerenes is an
area of immense interest in the synthetic organic
chemistry field [8]. Despite the importance of
entering this type of carbon in many applications and
causing breakthroughs in some industries, there are
many challenges, including challenges in its
manufacture and production, as the quantities of
fullerene produced were not sufficient to be used in
many applications in addition to its high cost [9-11].
There are four our main routes for the fullerenes
synthesis; laser irradiation of carbon, laser irradiation
of poly aromatic hydrocarbon, electrical arc graphene
heating, and resistive arc graphene heating [12].
Recently, Alani and Alalousi succeeded in producing
carbon particles colloidal through the utilization of an
Nd-YAG laser. These particles were then
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electrostatically sprayed to directly obtain fullerene
films [13]. One of the methods used in the previous
C60 configuration Carbon types, especially C60 and
C70, are characterized by Raman spectroscopy by
calculating their vibrational patterns depending on the
form of their unified bonds, which are carbon-carbon
(C-C) bonds [1].

Gold and silver nanoparticles are considered to
have a great effect in improving the surface, which
aims to enhance the Raman spectra, where the surface
plasmon resonance absorption of gold nanoparticles
on the surface contributes to strengthening and
strengthening that very surface. This technique is
called Surface-Enhanced Raman Scattering (SERS)
because these particles are the mineral has a
distinctive nanostructure that contributes to the
detection of particles [14,15].

This study aims to prepare and study the effect of
gold nanoparticles (AuNPs) concentration on the
structural, morphological, and Raman spectroscopic
of the prepared fullerene/ AuNPs films based on dry
batteries.

2. Experimental Part

A colloidal carbon solution was prepared
according to previous study [13]. A carbon target was
placed in a beaker containing 50 mL of deionized
water and irradiated by a pulsed Nd:YAG laser with
(A=1064 nm, 100 mJ of energy, 6 Hz of pulses rate,
and 6000 pulses). The distance between the surface of
pellet and the laser lens was 12 cm. Then, the gold
colloidal was prepared in the same laser parameters
with (0.412, 1.944, and 3.575) ppm of concentration,
respectively. The color of the water began to change
to a light purple color. As well, mixtures of
carbon/AuNPs colloidal were prepared by irradiating

PRINTED IN IRAQ 167



IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 19, No. 4B, November 2023, pp. 167-170

of target into AuNPs colloidal (50 ml) with 1000,
2000, and 3000 pulses. To fabricate fullerene and
fullerene/AuNPs films, each colloidal was sprayed
separately after filtration on quartz using an
electrospray device. The nozzle biased positively
while the substrates biased negatively with DC 5 KV
as a bias potential, additional to 250+25°C of
substrates temperature.

Characterization: ~Structural properties were
chartered by analysis of X-ray diffraction (XRD)
patterns (x-ray CuKo radiation and accelerated
voltage of 40 kV). Williamson-Hall relation was [13]
applied to estimate the crystalline size
D = (55— ) + (4sin ) @

c0s6.Brki
FE-SEM images achieved via field emission scanning

electron microscope (FE-SEM, INSPECT-550) have
been used to evaluate the morphological properties of
the prepared film surfaces, addition to the energy
dispersive x-ray (EDX) microanalysis to estimate
elemental analysis associated with the prepared films,
as well Raman spectra were achieved to detect their
vibrational and rotational.

3. Results and discussion

XRD patterns have been analyzed based on ICSD
98-060-2518, ICSD 98-007-5506, ICSD 98-009-
5370, and ICSD 98-005-6668 cards. Pure carbon
films showed a polycrystalline structure with the
dominance of Cg phases at 20 of approximately
15.29°, 20.77°, 37.77°, 39.25°, and 50.8663°. The
dominant phase was observed at about 20.77° (311)
with crystallite size found at about 80.76 nm.
Likewise, the presence of two main phases, C7o and
Ceo- Polymer but with lower attributions as shown in

Fig. (1).
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Fig. (1) XRD patterns of Fullerene-Au films

Notably, the introduction of AUNPs indicates their
influence on the distribution of diffraction phases,
which led to the dominant phase shift (600) at 26 =
21.65° (C7o) with crystallite size about 68 nm when
AUNPs prepared with concentration of 0.412 ppm, In
the meantime, the dominant phase (600) shifted by
approximately 0.202°, and the lattice stress decreased
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by around 0.207. These changes are likely a result of
the crystalline potentials influenced by the increased
concentration of the Ceo-polymer phase when the
AUNPs concentration was raised to 1.944 ppm. In
contrast, the dominant phase shifted to (132) at 19.9°
(Cw), which can be attributed to the AuUNPs
concentration reaching 3.575 ppm. As for the
guantitative intensity calculated using the (RIR)
method, it was observed that the Cego-polymer
exhibited a clear increase with the rising
concentration of AUNPs as shown in thumbnail chart
in Fig. (1), indicating their role as nucleation centers.
Table (1) demonstrates the dominant phases of the
fullerene and fullerene/AuNPs films XRD patterns.
Figure (2) represents FE-SEM images that mainly
give morphological information about the surface of
the prepared fullerenes and AuNPs-fullerene
composite films with 0, 0.412, 1.944, and 3.575 ppm.

Fig. (2) FE-SEM images of the prepared fullerenes and AuNPs-
fullerene composite films with 0.412, 1.944, and 3.575 ppm

Notably, a distinct separation can be observed
among the various particles, particularly nanorods
(that are believed to be Cgo-polymeric can be known
as nanowhiskers (CeoFNWSs) [16]) with an average
diameter of approximately 39 nm, as depicted in Fig.
(2a). The particle separation and the non-uniformity
of their distribution can be attributed to the
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phenomenon of impurity segregation due to
variations in the surface energy of these different
particles [17]. The addition of AuNPs have led to a
clear change in the phases of the composition of the
prepared films, where the addition of gold with a
concentration of 0.412 and 1.944 ppm led to a variety
of formations consisting of a shell-like formation
consisting of aggregated spherical particles with
average size about 11 nm. In addition, find rods with
an average diameter of about 51 nm, which are
thought to go back either to gold or as an accidental
product with carbon nanotubes. With regard to the
visible cracks in the ground, they are believed to be
caused by the effect of both substrate temperature and
surface energy. This is due to the film formation
mechanism, where it is likely to be a surface density
of the product from the effect of uneven heat
distribution due to differing thickness of membrane
areas and heterogeneous surface energy. The increase
in the concentration of AUNPs to 3.575 ppm led to the
emergence of the so-called segregation of impurity
phenomena, formations similar to cauliflower flower
as shown in Fig. (2¢).

One of the active techniques to characterization of
the carbon structures is Raman spectroscopy [18]. At
high symmetry of fullerenes (Ceo and Czo) has
numerous vibrational modes, where are ten modes for
Ceo and 53 modes for Czo [19]. Ag®@, Hy®, Hy, and
Hg® are the apparent mean vibrational modes in Ceo
spectra [1]. In fact, Ag® mode, which is non-
degenerate and the strongest among the Raman-active
Ag®) modes in addition to Hg® of Cgo, has frequently
been utilized to characterize Cgo Solids, these two
modes and Hg" that related to pentagon shear [20],
while some theoretical studies exceed this limit [21].
The Ag® mode peak position of accurately reflects
the physical state of Ceo molecules [16].

However, in Fig. (3), the Raman spectra of
fullerene and fullerene/AuNPs films can be seen. The
spectra included peaks for different modes with
varying shifts and intensities according to the
concentration of gold compared to what was reported
previously in numerous of literature because of these
films containing structural phases as observed in the
X-ray diffraction patterns. All spectra showed the
strong appearance of the peaks that represent Hy®
mode [22], starting at the wavenumber 288 cm™,
which is observed to shift to the right and increase in
intensity with increasing gold concentration. This
change in location and intensity is attributed to the
effect of the crystal field resulting from the
polymerization of Ce and the increase in chains
length that occurs during the formation of
nanopeapod [23]. In the meanwhile, Fo,® represented
at wavenumber of 644 cm™ which associated with
internal active Raman mode of Ce molecule Ix
polarization, that suffered of downshifting due to
varying in the rotation factor [24]. The weak peak at
897 cm is a non-Raman active mode, but it shows
oscillation in position, intensity, and broadening
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(FWHM) as the concentration of AuNPs increases.,
where upshift to 910, 920.6, then downshift to 908
cm?® with increasing of AuNPs concentration.
Furthermore, the pentagonal pinch mode associated
with the Ag® mode for both C% and C™ is strongly
visible at 1449 cm™*, which suffers intensity increases
with the volume fraction for C™ increasing. This peak
is important in determining the molecular structure of
fullerenes as it relates to the vibration of the five-ring
present in fullerenes [8,25,26]. The graphite may be
contributed several weak peaks at 1930, 2145, 3009,
3282, 4015, 4272 cm, including the characterized
peak 2079 cm™, which is related to 2D (or as
originally known G’), the distortion and deflection
that this peak suffers from results from disturbances
in the vibration mode as a result of the field potential
factors of the surrounding crystals [27].
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Fig. (3) Raman spectra of the prepared fullerenes and AuNPs-
fullerene composite films with 0.412, 1.944, and 3.575 ppm

4. Conclusions

Graphite parts of wasted batteries can be utilized
as precursors to prepare the fullerenes materials.
These materials were effectively created in the form
of thick films utilizing pulsed laser ablation and
electrospray techniques successfully, containing Ceo,
Cro, and Cgo-polymer structures. Concentration of
AUNPs in fullerene/AuNPs influenced the structural
properties of the prepared films, which led to the
transit of most Cego structure to Cro, and Ceo-polymer
structures with increasing of AuNPs concentration.
This applies to both morphological characteristics
and enhanced Raman spectra.
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Table (1) XRD parameters of the dominant phase for fullerene and fullerene/AuNPs films

AuNPs Conc. 20 d FHWM . Crystallite . . Crystalline
(ppm) (deg) ( A) hkl (deg) Intensity Size (nm) Lattice strain Fullerene System
0 2077 428 311 0.13 52.01 80.73 0.265 Ceo Cubic
0.412 2165 410 600  0.155 44 67.67 0.303 Cno Orthorhombic
1.944 2145 414 600  0.155 27.74 208.55 0.099 Cno Orthorhombic
3.575 1993 445 132 0216 67.72 44 0.506 Cno Orthorhombic
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