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ABSTRACT

Fullerene—gold nanoparticle (GNP) composite films were prepared via laser ablation
and electrospray techniques. A pulsed Nd-YAG laser with a wavelength of 1064 nm and an
energy of 100 mJ was used to prepare colloidal solutions, which were sprayed onto quartz
substrates using an electrospray device at temperatures of 300+20 °C. The prepared films
were characterized through X-ray diffraction, scanning electron microscopy, ultraviolet-
visible spectrophotometry, and photoluminescence (PL) to investigate their structural,
morphological, and optical properties, respectively. The prepared films showed multiple
phases of C60 and C70, with differences in distribution observed based on the concentration
of GNPs. In addition, several gap energies, whose values ranged from 1.95 eV to 5.62 eV
based on the formation phase, were detected for each film based on their absorption behavior
within the wavelength range of 200—900 nm. In addition, the PL spectra exhibited four peaks
for each film, with the concentration of GNPs affecting the positions of emission peaks and
the appearance of peaks beyond 500 nm coinciding with the addition of gold to the

compound.

Introduction

The chemical element carbon has an atomic number
equal to 6, is located at the top of group IV, the carbon
group, and belongs to the second-period elements in the
periodic table. Carbon is a simple and stable element and
found in high abundance. This element ranks fourth in
terms of the highest abundance in the universe. Carbon
has a high capability to engage in covalent bonding[1,2,
3]. It was previously known to exist in two main
allotropes, namely, diamond and graphite. Later, several
other forms carbon were discovered. The various forms
of carbon can be attributed to its three hybridizations
(sp, sp? and sp?), such as those observed in diamond,
graphene, carbon nanotubes, and carbon fibers.
However, each formation has its own characteristics
because of the unique bonding of atoms[4]. Given the
abundance of carbon and its unique properties, it has
attracted great research attention and has been included
in industries, such as sensors, solar cells, and others[2].
Distinctively, this material can absorb electrons and
metal atoms inside surfaces and balance them with
respect to ultraviolet-visible (UV-VIS) wavelengths (the
breadth of its absorption of light in this region)[5]

*Corresponding author at : Department of Physics, College
of Science, University of Anbar, Ramadi, IRAQ
ORCID:https:// https://orcid.org/0000-0000-0000-0000 ,
Tel: +964 7000000000
Email: lar21s2004@uoanbar.edu.iq

180

it also possesses unique mechanical and
electronic properties, including a strong van der
Waals interaction and a large surface-to-volume
ratio, that enable its application in the manufacture
of numerous nanodevices [6]. Fullerene was first
introduced in 1985[7]; this form of carbon is sp?
hybridized, has a nanostructure, and has received
great attention due to the importance of its structure
and its involvement in various scientific fields[8].
The most important feature of fullerene is its high
conductivity (33 K). This carbon form is also
distinguished by its pentagonal symmetry and
icosahedral shape[9]. The spherical, cage-like shape
of fullerene has aroused great interest among
researchers. In addition, fullerene is very small in
size and takes different shapes, such as completely
or partially closed carbon networks, which consist
of carbon atoms linked together by single or double
bonds and form rings usually comprising 5 to 7
atoms[10]. The initial assumption for fullerenes,
especially C60, originated from some Russian
scientists, who proposed that C60 possesses a large
electronic gap between the highest occupied
molecular orbital and the lowest unoccupied
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molecular orbital. This notion stemmed from
Osawa’s suggestion that this molecule is chemically
stable[2]. Given its distinct chemical and physical
properties, such as its association with carbon
compounds, noble metals, and other materials, in
addition to its controllable optical gaps, fullerene
has been used in many applications[11]. Despite the
importance of this carbon type and its inclusion in
various applications and industries, numerous
challenges, especially those associated with its
manufacture and production, the very small
quantities of fullerene produced compared with the
need for its use in a number of applications, and its
high cost, remain[12,13]. Four main methods are
used to synthesize fullerene: electric arc heating of
graphene, laser irradiation of carbon, resistive arc
heating of graphene, and laser irradiation of
polyromantic  hydrocarbons[14]. Pulsed laser
ablation in liquid (PLAL) is one of the most
important and popular techniques for the
preparation of nanoparticle (NP) colloidal; fullerene
colloidal in various organic and inorganic liquids
have been prepared via the PLAL technique[15-19].
Fullerenes have distinctive and unique optical
properties that can be identified through their
photoluminescence (PL) and UV-VIS spectra.
These materials are characterized by multiple
absorption regions (404, 535, 570, 591, and 625
nm) resulting from n—n and n— m transitions.
Several vibrational excitations are activated through
the HT coupling orbital to the distorted JT orbital at
a higher level, which provides a broadband for
fullerenes[4]. Therefore, this study aimed to study
the optical properties of previously prepared
fullerene/gold NP (GNP) composite films[19].

Materials and Method

Fullerene/GNP composite films were prepared as
reported in our previous study[19]. Batteries with carbon
electrodes were utilized as raw precursors to prepare
fullerene colloidal and gold pellet to prepare (GNPs)
colloidal in distilled water using a pulsed Nd-YAG laser
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with a wavelength of 1064 nm. Fullerene and GNP
colloidal (0.412, 1.944, and 3.575 ppm) were mixed and
electrosprayed onto quartz substrates at substrate
temperatures of 250+25 °C. The structural properties of
the prepared films were determined and analyzed.
Meanwhile, their morphological properties and thickness
were obtained using field-emission scanning electron
microscopy (FESEM) images. Optical properties were
achieved by studying the UV-vis (200-900 nm) and PL
spectra (250-550 nm). The band gaps of the prepared
films were evaluated utilizing the Tauc plot.

Results and discussion

X-Ray diffraction (XRD) patterns (Fig. 1) revealed the
multiphase crystalline structures of the prepared films
and the concentration effect of the added gold particles.
The Cg (311) phase dominated at 20.77° in the films
prepared without gold. Mixing with gold particles at a
concentration of 0.412 ppm led to the dominance of C
(600) at 20.17°. On the other hand, when the amount of
gold was increased to 1.944 ppm, the dominant phase
was C;, at 21.45° Likewise, at the 3.573 ppm
concentration of gold, the C; phase (132) showed a
dominance with a slight shift in location (1.52°).
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Figure. 1: XRD patterns of the prepared

fullerene/GNP films
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The FESEM images (Fig. 2) confirmed that the surface
of the fullerene films contained rod clusters with an
average diameter of approximately 300 nm. Moreover,
the addition of GNPs at concentrations of 0.412, 1.944,
and 3.575 ppm affected the formation and distribution of
surface particles, consistent with the XRD patterns.
Various shapes and sizes, such as spherical particles,
rods, and rocks (assumed to be a part of graphite that
remained and were larger than 300 nm), distinguished
each film depending on the concentration of GNPs. This
variation in shape and distribution was due to several
reasons, such as the formation of Cg polymer, local
differences in the temperature and electric field
intensity, segregation of impurity and variations in
surface energy values. Meanwhile, the thickness of film
swings with sizes of 1.87, 3.6, 0.563, and 0.679 pum were
observed for the fullerene/GNPs at 0.412, 1.944, and
3.575 ppm, respectively (reduced images in Figure 2).

. T o8

» Fiéuré. 2 : FESEM of the prepared fullerene/GNP
films. (a) Fullerene, (b) fullerene:Au (0.412 ppm), (c)
fullerene:Au (1.944 ppm), and (d) fullerene:Au (3.575

ppm)
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Figure 3 illustrates the absorbance spectra of the
prepared films. The pure-carbon film showed peaks at
wavelengths of 210, 225, 275, and 379 nm, which fall
within the UV region. These peaks proved the presence
of fullerene, which has 30 double bonds and causes n-t*
transition due to C=C. This outcome indicates the
presence of nanocarbon particles within these
limits[17,20,21]. In this study, the peaks slightly blue
shifted compared with previous studies, and this finding
was attributed to hydrogen bond formation due to the
presence of water[22]. In general, the amount of GNPs
was increased. The addition of GNPs resulted in a
nonuniform increase in absorbance intensities. The
absorption spectrum of the fullerene films showed the
the appearance of peaks at 219, 274, and 350 nm.
Changes in the sites of recognized peaks was caused by
the presence of impurities given that the raw material
had a low purity (dry batteries residues), as previously
referred to in the discussion of XRD patterns. Gold was
not detected directly in the XRD patterns due to the
small concentrations of GNPs in the prepared
compound. However, the inclusion of gold in the
composition of the prepared overlay resulted in the
emergence of a distinctive peak of the surface plasmon
resonance of GNPs, which appeared at around 520 nm.
This peak changed depending on the particle size and the
surrounding medium. The values changed to 544, 546,
and 548 nm at concentrations of 0.412, 1.944, and 3.575
ppm, respectively. This finding indicates an increase in
the size of gold particles due to aggregation and an
alteration in the concentration of the surrounding carbon
particles. In addition, the peaks of fullerenes, shift in
their positions, and intensity were observed as the
concentration of gold particles changed. The presence of
gold in the XRD patterns is inevident in the absorption
spectrum due to the small concentrations of GNPs in the
prepared composite.
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Figure 3. Absorbance of the prepared fullerene/GNP
films

Given the small intensity of the peaks in the fullerene
absorption spectrum, we redrew the spectrum
individually and focused on the weak peak at 379 nm in
Figure 4.a. The fullerene film had three energy gaps at
4.25, 2.6, and 195 eV, as presented in Figures 4(a and b).
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Figure. 4 (a) Absorbance of the prepared fullerene film

(b) and (c) plots of (ahv)? of the fullerene film against
photon energy
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As shown in Figure 5, the increase in the concentration
of GNPs led to changes in the energy gap values, with
the 195 eV gap initially disappearing at the
concentration of 0.412 ppm and then reappearing at the
higher two concentrations with a slight modification.
Moreover, the energy gap of 4.25 eV shifted to 594, 562,
and 5.60 eV, which was achieved based on the increased
concentration of GNPs; this outcome resulted from the
contribution of GNPs in the generation of subenergy
states and increased elongation in fullerene particles[23-
25].
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Figure. 5 Fig. 5 Plots of (ahv) ? of fullerene/GNP
film against photon energy

The absorption of specific light energy can cause an
imbalance in the electron population. PL is produced due
/ to the downshift of electrons from higher states to lower
/ states [26]. In addition, PL represents an effective
indicator for quality, transitions, and identification of
o defects in semiconductors [27]. The PL behavior of
i / ‘ fullerenes is subject to several considerations, such as
33/ multiple symmetry and Jahn-Teller distortions[28]. In
this work, fullerene:GNP films were excited by laser

} TN R wavelengths of 280 and 320 nm. As shown in Figures
Faeneial) Faergi(eV) p— 6(a and b), the fullerene film showed peaks at 337,
i 347.7, 411, 438.3, and 484.9 nm, with excitation by a
wavelength of 280 nm. Meanwhile, those excited at a
1 . wavelength of 320 nm showed an emission represented
3 | by a peak at 562 nm, which may be related with H, —
(15 [ b s Tig[4].
The first peak (337 nm) redshifted with the increase
50 in the GNP concentration addition to the increase in its
I intensity within 0.412 and 1944 ppm of GNP
oo / : ” / L ® concentrations. However, it receded at the concentration
i ,- of 3.575 ppm. The increased concentration of GNPs
/.{ff‘ E : ‘ affected the behavior of the PL spectrum of the
/ 35 composite. This condition led to a red shift at both
/ Lww bew concentrations and a decline at the concentration of
o B 1 3.575 ppm. This finding was due to changes in the
shapes, sizes, and phases of the formed structures, as
explained in the discussion on XRD and SEM images on
a previous site[29]. The emission peaks of GNPs depend
on the excitation energy, but they fall within the 400—
650 nm region and is related to the highly enhanced two-
photon luminescence for gold nanorods[30]. Therefore,
the emissions at 520.2, 539.2, and 507.8 nm can be
attributed to gold nanorods. Subsequently, the films
excited at the wavelength of 320 nm maintained the
position of the emission peak but suffered a suppression
in the intensity, which can be attributed to the increased
accumulation of fullerene. Figure 6 and Table 1 illustrate
the emission peaks of the prepared fullerene/GNP films.
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Table 1. Emission peaks of the prepared fullerene/ GNP

films

GNPs GNPs GNPs

Peak No. Fullerene 0.412 1.944 3.575

ppm ppm ppm

Peakl 337 338.6 352.6 357.5

Peak?2 347.7 399.2 403.9 383.3

Peak3 410.9 445.9 439.3 438.7

Peak4 438.3 481.6 486.7 486.7

Peak5 484.8 520.2 539.2 507.8

Conclusion

The use of laser ablation and electrospraying are
considered an effective approach to the preparation of
Ceo and Cy fullerenes. In addition, the inclusion of
GNPs within certain limits enhanced the optical
properties of these fullerenes by contributing to the
plasmon resonance of the GNPs, depending on the
optical excitation wavelength. When excited at a
wavelength of 280 nm, the PL activity and redshift were
enhanced at weak concentrations in the region of 300-
550 nm. However, an increase in concentration led to the
suppression of intensity while maintaining the location
of the emission peak excited at a wavelength of 320 nm
in the region beyond 500 nm.
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