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Gold nanoparticles were prepared in graphene oxide using laser ablation technique. The ablation times were varied from 10 to
40 minutes, and the particle size was decreased from 16.55 nm to 5.18 nm in spherical shape. The nanoparticles were capped
with carboxyl and the hydroxyl groups were obtained from Fourier transform infrared spectroscopy. Furthermore, the UV-
visible peak shifted with decreasing of nanoparticles size, appearing from 528 nm to 510 nm. The Z-scan technique was used to
measure the nonlinear refractive indices of graphene oxide with different concentrations and a gold nanoparticle graphene oxide
nanocomposite. Consequently, the optical nonlinear refractive indices of graphene oxide and gold nanoparticle graphene oxide
nanocomposite were shifted from 1.63 × 10−9 cm2/W to 4.1 × 10−9 cm2/W and from 1.85 × 10−9 cm2/W to 5.8 × 10−9 cm2/W,
respectively.

1. Introduction

In recent years, gold nanoparticles (Au-NPs) raise more
applications for electronics [1], photodynamic therapy [2],
therapeutic agent delivery [3], sensors [4], and medical diag-
noses [5].The electrical field of light can interact stronglywith
the gold nanoparticles [4], and they produce surface plasmon
absorption in the visible range [6]. The coherent excitation
of free electrons causes the surface plasmon band in a
colloidal nanoparticle [7]. The response of the nanoparticles
to an interaction of light beam depends on particle size,
the surrounding material, and nanoparticle concentration
[8]. Many methods were presented to prepare the Au-NPs
such as chemical methods [9, 10], plane leaf extract [11],
microwave method [12], and sonochemical method [13].
The gold nanoparticles were prepared in dimethyl sulfoxide,
acetonitrile, tetrahydrofuran [14], and nonorganic liquid [15]
using laser ablation.

Graphene oxide (GO) is a single-atomic-layered material
derived from graphite oxide crystal. It has the ability to
dissolve and disperse in a variety of solutions including
water. GO can be used in solar cells [16], medicine, biology
[17–19], and inorganic optoelectronic devices [20]. The GO
molecular structure includes hydroxyl (OH−) and epoxy
(–COO−) groups at the basal plane and carboxyl groups
(–COO−) at the edge of the molecular structure [21, 22].

The Z-scan is a versatile technique used to measure
the nonlinear refractive index of the nanocomposite. This
method is based on inducing a lens inside the sample due to
the intensity of a laser beam.The intensity of the laser beam is
a function of the focus position, and the variations of intensity
should be registered. In this work, theAu-NPswere decorated
in GO using laser ablation. The samples were characterized
using transmission electron microscopy (TEM), UV-visible
and Fourier transformed infrared spectroscopy (FT-IR),
atomic absorption spectroscopy (AAA), and Z-scan.
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Figure 1: Laser ablation setup for fabrication of Au-NPs in the GO.
Theposition of laser beam and lens are constant. During the ablation
of gold plate, the solution container was moved to provide the fresh
surface using travel linear stage.

2. Experiment

2.1. Preparation of Graphene Oxide. In 2011, Huang et al.
[23] reported the preparation of graphene oxide. Briefly, the
graphene oxide was produced with oxidation of graphite. In
this process, H

2

SO
4

: H
3

PO
4

(320 : 80mL), graphite splinter,
and KMnO

4

(18 g) were mixed using a magnetic stirrer for
3 days to form the GO; the color of the mixture changed
to dark brown. Afterward, the H

2

O
2

solution was added to
stop the oxidation process. The graphite oxide that formed
was washed three times with 1M of HCl aqueous solution
and repeatedly with deionized water until a pH of 4-5 was
achieved.The washing process was carried out using a simple
decantation of supernatant via a centrifugation technique
having a centrifugation force of 10,000 g. During the washing
process using deionizedwater, the graphite oxide experienced
exfoliation, which resulted in a thickening of the graphene
solution, forming a GO gel. The final concentration of GO
was 2mg/mL, and for this experiment, the final solution was
dissolved systemically in deionized water, achieving 0.1, 0.3,
0.5, and 0.8mg/mL.

2.2. Laser Ablation Synthesis of Gold Nanoparticle. In this
experiment, a gold plate (Aldrich, high impurity 99.99%)
was immersed in 10mL of GO with a concentration about
0.1mg/mL. A laser beam of 532 nmwavelength with duration
of 10 ns and 1200mJ has ablated the gold plate in different
times with 40Hz repetition rate. Figure 1 shows the laser
ablation setup which contains a Q-switched Nd:YAG laser, a
solution container, a gold plate, a lens (𝑓 = 30 cm), a travel
linear stage (New port, IMS Series), and a stirrer. The gold
nanoparticle formed in the GO solution during laser ablation
of the gold plate with ablation times of 10, 20, 30, and 40
minutes. In order to make sure that the gold nanoparticles
disperse evenly in the GO solution, stirring of the solution
was performed during the ablation of gold plate, and the
solution container moved horizontally using travel linear
stage for providing the fresh surface to ablate the target.
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Figure 2: Z-scan setup formeasuring the nonlinear refractive index.
The adjustable pinhole size is 2mm.

The UV-visible spectrum, morphology, size, and concentra-
tion of the prepared samples were obtained with the UV-
visible double-beam spectrophotometer (Shimadzu), trans-
mission electronmicroscopy (TEM,Hitachi H-7100; Hitachi,
Chula Vista, CA), Fourier transform infrared spectroscopy
(FT-IR), and atomic absorption spectroscopy (AAS, S series),
respectively. The nonlinear refractive indices of GO with
different concentrations and Au-NPs/GO nanocomposite
were measured using Z-scan technique.

2.3. Z-scan Setup. TheZ-scan setup is shown in Figure 2.The
setup consists of a diode laser (532 nm, 180mW), a pinhole, a
lens, a travel linear stage (New port, IMS Series), a quartz cell
(1mm), a silicon detector, a chopper, a lock in amplifier, and
an adjustable pinhole.

This Z-scan setup was used to measure the nonlinear
refractive indices ofGOand theAu-NPs/GOnanocomposite.
The theoretical formula used to explain the nonlinear coeffi-
cient was as follows [24]:

Δ𝑇 (𝑧) = 1 −
4Δ𝜑
0

𝑥

(𝑥
2

+ 1) (𝑥
2

+ 9)
, (1)

where 𝑥 is normalized distance and is related to the move-
ment distance of sample (𝑧) through 𝑥 = 𝑧/𝑧

0

and 𝑧
0

is
the Rayleigh length and Δ𝜙

0

is the phase change [25]. The
nonlinear refractive index 𝑛

2

is related to phase change by
[26]

𝑛
2

=
Δ𝜙
0

𝑘𝐿eff𝐼0
, (2)

where 𝑘 = 2𝜋/𝜆 is the wave vector, 𝐿eff = (1 − exp(−𝛼0𝐿))/𝛼0
is the effective length of nonlinear medium, 𝐼

0

is the on-axis
irradiance at focus, 𝛼

0

is the linear absorption coefficient of
the samples, and 𝐿 is the sample thickness. A quartz cell with
1mm thickness was used in this experiment.

3. Results and Discussion

Figure 3 shows the UV-visible spectrum of GO with the
gold nanoparticles. The baseline of the optical absorption
spectra was related to the GO pure before ablation of the
gold plate. In accordance with Figure 3, the UV-visible peaks
appeared at about 528 nm, 525, 518 nm, and 510 nm. These
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Figure 3: UV-visible spectrum of Au-NPs/GO composite for different ablation times from 10 to 40 minutes.

peaks appear from a localized surface plasmon resonance of
Au-NPs. Hence, they confirm that the Au-NPs were formed
in GO. The ablation times were 10, 20, 30, and 40 minutes,
and the peak intensity of UV-visible spectrum increased with
an increase in the ablation time.

Figures 4(a), 4(b), 4(c), and 4(d) show the TEM micro-
graph. The particle size was obtained via the analysis of
the images by the UTHSCSA image tool software program,
shown in Figures 4(e), 4(f), 4(g), and 4(h) for the different
ablation times.The particle size was decreased from 16.55 nm
to 5.18 nm while increasing the ablation time. Figure 4
demonstrates that the particles have a spherical shape, and
the distribution of the particles increased with an increase in
ablation time.

The FT-IR spectrum was recorded to investigate the
chemical structure and the possible boundary of products,
as depicted in Figures 5(a) and 5(b) for the GO and Au-
NPs/GO composite, respectively, at a frequency range of 4000
to 300 cm−1. The FT-IR peaks are sorted in Table 1. The FT-
IR spectrum of the GO was revealed at the C–H stretching
vibration at 2925 cm−1 and 2856 cm−1, the C–OH stretching
peak at 1368 cm−1, the C–O–C stretching peak at 1219 cm−1,
and the aromatic C–H peak at 771 cm−1. The FT-IR spectrum
of the Au-NPs/GO composites indicated similar peaks. In
addition, new peaks at 1458 cm−1, 1163 cm−1, and 455 cm−1
corresponded to the OH deformation vibration [27] for C–
O stretching and the vibration bands of COOH and the
Au-NPs, respectively. Indeed, the appearance of two peaks
at 1458 cm−1 and 1163 cm−1 was due to the strong link of
COO− and OH to the Au-NPs [28, 29]. Hence, the Au-
NPs are strongly capped with the COO− and OH groups
for the GO sheets. Figure 5(c) shows the GO sheet before

Table 1: The FT-IR peaks for GO and Au-NPs/GO nanocomposite.

GO Au-NPs/GO Definition of peaks
— 455 Au-NPs
771 772 Aromatic C–H
— 1163 Vibration band of COOH
1219 1221 C–O–C stretching
1368 1374 C–OH stretching

— 1458 OH deformation vibration
of C–O stretching

2856 2856 C–H stretching vibration
2925 2925 C–H stretching vibration

Table 2: The nonlinear refractive index of the GO with different
concentrations.The accuracy of refractive indexwas calculated from
𝛿𝑛
0

= 𝑛
2

× 𝛿(Δ𝜙
0

)/Δ𝜙
0

.

Concentration
(mg/mL)

|Δ𝜑
0

|

(𝛿(Δ𝜙
0

) = 0.02)
𝑛
2

× 10
−9

(cm2/W)
0.1 1.2 −1.63 ± 0.032

0.3 2.1 −2.15 ± 0.043

0.5 4.2 −3.32 ± 0.06

0.8 5.4 −4.1 ± 0.08

the ablation of gold plate; asmentioned above, theAu-NPs are
decorated on the surface and between theGO sheets as shown
in Figure 5(d). It is worth mentioning that no impurity was
observed in the final products, which was the consequence of
the considerable advantages of the laser ablation method.
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Figure 4: Transmission electron microscopy (TEM) patterns show the particles shape are spherical and the particle sizes for 10, 20, 30, and
40 minutes are 16.55 nm ((a) and (e)), 13.4 nm ((b) and (f)), 9.51 nm ((c) and (g)), and 5.18 nm ((d) and(h)), respectively.
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Table 3: Pertinent parameters of the Au-NPs/GO nanocomposite.

Sample Concentration (ppm) Size (nm) Volume fraction (10−6) |Δ𝜑
0

|

(𝛿(Δ𝜙
0

) = 0.02) 𝑛
2

× 10
−9 (cm2/W)

10min 1.2 16.55 0.0580 4.5 −1.85 ± 0.037

20min 3.21 13.41 0.1663 4.8 −2.7 ± 0.054

30min 5.79 9.52 0.2995 5.3 −4.1 ± 0.082

40min 8.41 5.18 0.4358 5.6 −5.8 ± 0.116
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Figure 5: FT-IR spectrum for (a) GO, (b) Au-NPs/GO nanocomposite, (c) GO sheet before the ablation of gold plate, and (d) GO sheet after
the ablation of gold target and it shows the Au-NPs decorated the GO sheet.
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Figure 6: FT-IR results related to pure GO after the irradiation of laser without target plate.

Moreover, Figure 6 illuminates the FT-IR result related to
pure GO after the irradiation of laser at 40 minutes without
gold plate. The main peaks appear at 2928 cm−1, 2857 cm−1,
1742 cm−1, 1369 cm−1, 1217 cm−1, and 773 cm−1. These peaks
are much the same peaks of pure GO before (Figure 5(a))
the irradiation of laser. Consequently, the laser beam did not
change any band in GO.

TheZ-scan experiment was carried out separately tomea-
sure the nonlinear refractive index of pure GO and the Au-
NPs/GO nanocomposite. The travel linear stage was moved
up to 30mm with increment of distance of about 0.1mm.
The experiment was repeated for different concentrations of

GO from 0.1mg/mL to 0.8mg/mL; the transmittance of the
Z-scan test versus variation of distance around the focal
length is depicted in Figure 7, and Δ𝜑

0

the phase change was
obtained after fitting (1) to experiment with 0.02 limit. The
nonlinear refractive index of GO was obtained from (2) with
average limitation of about 0.056 for each concentration of
the GO, while the refractive index was shifted from 1.63 ×
10−9 cm2/W to 4.1 × 10−9 cm2/W (see Table 2).

The Au-NPs were dispersed in the GO with a 0.1mg/mL
concentration using the laser ablation technique.The ablation
times were 10, 20, 30, and 40 minutes, and the theoretical
formula (1) was fitted to the experimental data. Afterward,
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Figure 7: Z-scan transmittance plot for the GO solution for different concentrations of the GO in water.

the nonlinear refractive index for each sample was obtained
by calculating (2) with average limitation about 0.07. The
transmittance Z-scan signals at the presence of Au-NPs are
shown in Figure 8 and the pertinent parameters are sorted
in Table 3. Consequently, the nonlinear refractive index of
the GO is increasing by increasing the concentration of
the GO in solvent. The GO solution and the Au-NPs/GO
nanocomposite showed self-defocusing behavior because the
refractive index signs were negative.

The concentration of Au-NPs in the GO was measured
using AAS. It increased from 1.2 to 8.41mg/L, and the
volume fraction [30] of the gold nanoparticles increased
from 0.058 × 10−6 to 0.4358 × 10−6 (Table 3). The nonlinear
refractive indices increased by increasing the concentra-
tion of the GO and the volume fraction for the Au-NPs.
Moreover, the nonlinear refractive index of Au-NPs/GO is
larger than the GO-free NPs at the same concentration
and increases when increasing the volume fraction of the
nanofluid (see Figure 9).

4. Conclusion

The gold nanoparticles were synthesized in the GO using
the laser ablation method.The hydroxyl and carboxyl groups
of the GO capped the Au-NPs in the edge and between
the GO sheets. The particles size of 16.55 nm, 13.41 nm,
9.51 nm, and 5.18 nm were obtained for 10, 20, 30, and 40
minutes of ablation times, respectively; hence, the blue shift
appeared inUV-visible spectrum. Consequently, the particles
size was reduced, and the absorption and volume fraction
were increased. Au-NPs remained completely stable for a
long time and distributed homogeneously in the GO. The
optical nonlinear refractive index of the GO and Au-NPs GO
nanocomposite increased when increasing the concentration
of the GO and Au-NPs.
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