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Abstract: Gold nanoparticles were prepared in a carbon quantum dots solution using the laser

ablation technique to enhance the photoluminescence property of a carbon quantum dots solution.

The gold plate was ablated using a Q-Switched Nd:YAG laser at 4, 8, 12, and 16 minutes with

a stable laser energy. The optical properties, functional groups, and the morphology of the

prepared samples were examined using UV-visible spectroscopy, Fourier transform spectroscopy,

and transmission electron microscopy, respectively. When the ablation time increased, the size

of the gold nanoparticles decreased from 20.69 nm to 13.52 and the plasmonic quality factor and

concentration of the gold nanoparticles increased. The intensity peak of the photoluminescence

carbon quantum dots solution increased in the presence of the gold nanoparticles and the

interaction between the pure carbon quantum dots and the gold-nanoparticles/carbon quantum dots

composite with pyrene were investigated using photoluminescence spectroscopy. Consequently,

the variation in the photoluminescent peak in the presence of the gold nanoparticles was greater

than the variation in the photoluminescence peak in the presence of pure carbon quantum

dots. The detection limit was 1 ppm. Therefore, the gold nanoparticles not only enhanced the

photoluminescence property of the CQD bath also it improved the interaction of the CQD with

pyrene.

© 2020 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Carbon quantum dots (CQD) are a class of nanostructure that are based on carbon material.

They have promising properties that include high chemical stability, low toxicity, biofriendliness

[1], and tuneable fluorescence emission [2,3]. CQD is a quasi-spherical carbon nanostructure

with a particle size less than 10 nm [4]. The carbon atom also contains sp2 bonding in the

CQD [1,5]. The photoluminescence properties of CQD depend on the size of the particles

and is due to a quantum confinement effect [6]. Hence, it is utilized for optoelectronic devices

[5] and biotechnology applications, such as biosensors [3], bioimage [7], and a photocatalyst

[8,9]. CQD has an adjustable fluorescence property duo for size and excitation, so it produces

photoluminescence emission in the long-wavelength (red or NIR region) [2]. Hence, CQD can
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be used for drug delivery [10] since the background shining from the internal fluorophores can

be avoided during the imaging process [2].

Three main mechanisms can be used to explain fluorescence emission from CQD. The first

originates from conjugated π-domains [1]; the second is based on surface defects and the surface

state [11,12], the third model depends on the molecular state [11,12]. On the other hand, the

photons that are emitted from the electronic transition of the CQD core are influenced by the

quantum confinement effects [13]. Hence, the photon energy depends on the particle size [14]

of CQD. CQD has an adjustable fluorescence property based on the quantum confinement

effect used in chemical sensors [2]. One of the more interesting application of CQD is as a

chemical sensor, i.e. sensing copper [15], lead [16], chromium [17], and mercury [18]. Indeed

Goncalves et al. used the CQD to detect the Hg ion and they achieved efficient quenching in the

photoluminescence intensity of CQD in the presence of micromole concentration of the Hg ion.

Consequently, CQD has a potential for use as a chemical sensor.

Gold nanoparticles (Au-NPs) have attractive plasmonic properties [19] and thus have applica-

tions in both medical and industrial researches. Au-NPs can be found in different shapes, including

nanorods, nanowires, nanotubes, spherical nanoparticle and nanoplates [19]. Anisotropic gold

nanoparticles including spherical Au-NPs, are the source of plasmonic [20] properties in the

visible range. The plasmonic properties of Au-NPs are due to a surface plasmon resonance

(SPR) of free electron oscillation that occurs on the surface of the gold nanoparticles [21]. SPR

occurs in the UV-visible range and causes optical absorption and scattering of a visible photon

with Au-NPs [22,23]. Thus, Au-NPs can be used for photothermal therapy [24], biochemical,

biological sensors [25] and optoelectronic devices [26]. Therefore, gold nanoparticles are one

of the most popular nanoparticles used for the enhancement of the plasmonic properties of

nanocomposite, such as fluorescence and Raman properties.

Gold nanoparticle can be prepared in an aqueous solution using the chemical method, the

biological [27,28] method and certain physical methods such as the seeded-growth method [29],

the microorganism method [29], the microwave method [30], the sonochemical method [31], the

gamma radiation [32] technique and the laser ablation technique.

Recently, researchers used the Au-NPs to improve and enhance the surface properties [33],

plasmonic, and fluorescence properties of carbon quantum dots [34]. The Au-NPs/CQD

composite has the potential to detect heavy metal [35], pesticides [36], glucose [37], iodine ion

in an aqueous solution [38] and thiol drugs [39]. Indeed, Au-NPs/CQD has a high potential of

interacting with many toxic chemicals.

Gold nanoparticles/carbon quantum dot composite were prepared using the hydrothermal

methods [40], a chemical method and the physical mixture method [41] for biological application

[39], detection of pesticides [36], and cyanide ions (CN−) the aqueous solutions [41]. The

applications are based on the enhancement fluorescence properties of CQD. The preparation

methods carried out key steps and used the chemical agents needed.

The laser ablation method is a simple, fast, and green method used to prepare high-purity gold

nanoparticles in a liquid solution. These gold nanoparticles generate in the liquid solution from

the vaporization of gold plate [42] and gold nanoparticles form in the liquid solution without any

chemical agent [42]. The laser energy is in the range of 650 to 1000 mJ [42] and the purity of the

final product depends on the purity of the gold plate and the liquid solution. Laser ablation was

used to prepare the gold nanoparticles [43] in both organic and inorganic solvents.

Laser ablation is one of the physical methods used to prepare CQD [44,45]. The particle

size was in the range of 1.5 to 10 nm [44–46] and the laser energy was about 12.5 J/cm2 [45].

Laser ablated CQD was used for light emission [45] photoluminescence emission from biomass

for cellular imaging [44], and biomedical and therapeutic applications [46,47]. The absorption

peak of CQD falls in the violet [1] range, and the wavelength of the laser for preparation of

nanoparticles is usually in the green or near-infrared range of the UV-Vis spectrum. Hence, laser
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ablation can be used for preparing nanoparticles in the CQD solution. In addition, the laser

energy for preparing CQD is more than the energy necessary for preparing of metal nanoparticles,

such as gold nanoparticles.

In this study, carbon quantum dots were prepared using the acid-free hydrothermal method

and an empty fruit bunch biochar. The prepared sample was used to synthesis the gold

nanoparticles/carbon quantum dots composite solution using the laser ablation method. The

main goal is enhancement and improvement of the photoluminescence property of CQD and the

interaction of CQD with pyrene as a toxic chemical. The prepared Au-NPs/CQD composites

were characterized using a UV-Visible spectroscopy. Fourier transform infrared spectroscopy and

transmission electron microscopy. The fluorescence property of Au-NPs/CQD was investigated

using photoluminescence spectroscopy, which used to recognize the low concentration of the

pyrene.

2. Methodology

2.1. Preparation of carbon quantum dots (CQD)

The preparation of CQD was reported in Ref. [39]. Empty fruit bunch biochar was used for

the preparation of carbon quantum dots in acid-free medium. The empty fruit bunch biochar

was derived from the carbon source using isopropanol as a co-solvent. The water/isopropanol

ratio was 3:1. Just as in a typical process, 0.06 g of EFB biochar was added into a cylindrical

steel tube. Then, 6 mL of the co-solvent mixture was added into the same tube. It was then

sonicated for 5 minutes before being put into an oven at temperature 250°C for 60 minutes. Upon

completion of the heating process, the cylindrical steel tube was left immersed in a water bath to

cool down for about 4 hours. The black liquid produced was purified using centrifugation (4000

rpm, 5 minutes) to eliminate the residual biochar [48]. The supernatant containing CQD was

withdrawn and kept for further characterization.

To prepare the Au-NPs, the compounds of gold element should be used in an acidic or an

alkaline medium but the CQD was prepared using the acid-free hydrothermal. Hence, the

prepared CQD was used to prepare the Au-NPs using the laser ablation technique.
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Fig. 1. The laser ablation setup contains a Q-switch Nd:YAG laser (1064 nm), lens, target

(Au plate), solution container, and stirrer.
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2.2. Laser ablation methods

Figure 1 shows the laser ablation set up [49] for the preparation of Au-NPs in CQD solution,

which involved the use of Q-switch Nd:YAG laser at 1064 nm wavelength. The laser beam in

the 800 mJ and 40 Hz repetition rate frequency was ablated a high purity Au metal plate (99%

Sigma Aldrich) which was immersed in 50 ppm concentration of CQD solution. The ablation

time was 4, 8, 12 and 16 minutes. The prepared samples were characterized in the solution form

using UV-visible spectroscopy (UV-vis) and Fourier transform infrared spectroscopy (FT-IR).

The shape of nanoparticles was investigated using transmission electron microscopy (TEM).

3. Results and discussion

FT-IR experiments were carried out for the investigation of functional groups in CQD and

Au-NPs/CQD solutions. Figures 2(a) and 2(b) show the FT-IR spectra of the pure CQD and

Au-NPs/CQD solutions. The main peaks appeared at 3265.66, 3266.73, 2168.14, 2128.36,

1630.03, 1635, 1410.1, 1432.87, 1100.32,1132.02, and 448.66 cm−1. The peaks at 3265.66

and 3266.73 cm−1related to O-H and the peaks at 1630.03 and 1635 cm−1 assigned the C=O

stretching vibration at the edge of the CQD molecule. The broad peaks at 2168.14 and 2128.36

cm−1 corresponded with C≡C bond’s weak [50] stretching and the peaks at 1410.1 and 1432.87

cm−1 represented the C=C, O-H stretching vibration at the surface and the edge of CQD. The

peaks at 1100.32 and 1132.02 cm−1 corresponded to C-O stretching vibration in the CQD. The

peak at 448.66 cm−1 occurred in the fingerprint area, and it is related to the Au-NPs. The peaks

related to C-O and C=C stretching vibration shifted to 1432.97 and 1132.02 cm−1, respectively.

Indeed, the shift of peak from 1100.32 cm−1 to 1132.02 cm−1 is due to capping the Au-NPs with

CQD using C-O at the edge of CQD molecule. In addition, the peak at 1410.1 cm−1 shifted to

1432.87 cm−1 [51] that corresponded to interaction of Au-NPs with hydroxyl group at the edge

of CQD [51]. Moreover, the intensity of peak at 1630 cm−1 decreased and the peak at 2168.14

cm−1 shifted to 2128.36 cm−1 and the intensity of peak increased. Consequently, the Au-NPs

formed in the CQD solution and CQD capped the Au-NPs [52].

Figures 3(a), 3(b), 3(c), and 3(d) show the UV-vis spectra of the Au-NPs/CQD composite

solution for the different ablation times ranging from 4 min to 16 min. The main peaks appeared

at 368, 523, 520, 514, and 510 nm. The peak at 368 nm related to functional groups containing

O at the edge of CQD and depended on the n-π* transition of oxygen at the edge of the carbon

quantum dots structure [53,54]. Other peaks that occurred at 523, 520, 514, and 510 nm, arose

from the localized surface plasmon resonance of Au-NPs. The UV-vis peaks showed a blue

shift, which can be explained using Mie’s theory [55]. The UV-Vis peaks for Au-NPs arose from

the localized surface plasmon resonance. It depends on particle size and is due to long-range

dipole coupling occurring in the Au-NPs [56]. In addition, the light beam excites the localized

surface plasmons wave at the interface of Au-NPs and CQD. In accordance with Mie’s theory the

absorption cross section (σabs ∝ d3/λ) [57–59] of Au-NPs in the spherical shape is proportional

to particle size(d) and reverse of wavelength (λ). Therefore, when the particle size decreased

(λ ∝ d3/σabs), the blue shift occurred, and the scattering cross-section increased. Consequently,

the particle size decreased as the ablation time increased.

Figure 3(e) depicts the experimental results for the transmissivity and the reflectivity spectra of

Au-NPs/CQD solutions. These experiments were carried out from 300 nm to 600 nm. The spectra

were analysed using Beer’s Lambert law to obtain information about the dielectric constant of

the samples. It was also used to evaluate the plasmonic quality of the Au-NPs/CQD composite.

The relationship between the absorbance and transmissivity (T) of the Au-NPs/CQD composite

was as follows [51]:

absorbance = − log10 T

T = I/I0

(1)
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Fig. 2. The FT-IR spectrum for a) pure CQD and b) Au-NPs/ CQD solution in 16 min

ablation time.

where I0 and I are the intensity of the incident light beam and the transmitted beam, respectively.

The optical density (OD) and the absorbance are equal, and proportional to the absorption

coefficient of the Au-NPs/CQD composite solution as follows:

OD = 0.434 × α × l (2)

where l is the optical path (l) and it is 1 cm in this experiment. Reflectivity (R) is a function of

the refractive index and can be expressed as follows:

R = ((n − 1)2 + k2)/((n + 1)2 + k2) (3)

The dielectric constant is expressed as follows:

ε = εr + iεi (4)

where εr and εi are the real and imaginary parts of the dielectric constant. The relationship

between the real and imaginary parts of the dielectric constant with the refractive index of the

solution is as follows:

εr = n2 − k2 (5)

εi = 2nk (6)

Consequently, the value of the dielectric constant can be calculated from the UV-visible spectrum

using Eqs. (2), (3), (5) and (6). The reflectivity and transmissivity of the spectra in Fig. 3(b)
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Fig. 3. Absorption spectrum for Au-NPs/CQD composite in the a) 4 min, b) 8 min, c)12

min, d) 16 min ablation time. e) Transmissivity and reflectivity spectrum for Au-NPs/CQD

composite. f) variation for the concentration of Au-NPs inside the CQD with ablation time

Table 1. Optical parameters for Au-NPs/CQD composite solution

Sample εr εi (×10−7) α Qf (×106)

Au-NPs/CQD 4 min 3.203 2.528 1.697 -12.7

Au-NPs/CQD 8 min 2.973 2.479 1.734 -11.9

Au-NPs/CQD 12 min 2.662 2.381 1.784 -11.7

Au-NPs/CQD 16 min 2.158 2.217 1.863 -9.8
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were analysed using the Fresnel theory, and the dielectric constant and absorption coefficient

for Au-NPs/CQD composite solutions at absorption peaks were also calculated. The results are

presented in Table 1.

The absorption peaks in UV-vis arose from localized surface plasmon resonance and the optical

absorption or extinction was maximum at the localized surface plasmon resonance frequency.

Moreover, the absorption cross-section at a localized surface plasmon resonance frequency was

more effective than the absorption cross-section in the other parts, and further, the plasmonic

quality factor depends on the dielectric constant of the solution as follows [41,60,61]:

Qf = −
εr

εi

(7)

where εr and εi are the real and imaginary parts of the Au-NPs/CQD composite solution at the

absorption peaks including 510, 514, 520, and 523 nm . As a result (see Table 1), the plasmonic

quality factor at the absorption peak for Au-NPs/CQD composite is in the range of -12.7×106 to

-9.8×106. The concentration of Au-NPs was measured using atomic absorption spectroscopy

(AAS) and was in the range of 3.3 ppm to 16.8 ppm. Figure 3(f) shows that the concentration of

Au-NPs increased when the ablation time increased from 4 to 16 mins because the interaction

time for the laser beam with the target and the number of nanoparticles that released to the CQD

solution increased. This process caused an increase in the concentration of Au-NPs. When the

ablation time increased, the absorption coefficient of the solution also increased, and caused the

increase in the plasmonic quality factor. On the other hand, the imaginary part of the dielectric

constant was proportional to the concentration of Au-NPs. Therefore, the plasmonic quality

factor increased.

Figures 4(a) and 4(b) show the TEM images of pure CQD. Figure 4(a) shows the distribution of

CQD in the solution at a particle size of about 3.5 nm. Figure 4(b) shows the high magnification

TEM of CQD where the dots depict good crystallinity with lattice fringes of about 0.21 nm,

which thereby relates to the (100) plane of graphitic carbon [62].

Fig. 4. a) The TEM image of pure CQD. b) High magnification of small part of a) that was

depicted with pink cycle and it show lattice of CQD.

Figure 5 shows the TEM images and the analysis of the image carried out using Image J software

to obtain the particle size. As a result, spherical- shaped Au-NPs formed in the CQD solution.

The particle size was from 20.69 nm to 13.52 nm. The particle size decreased as the ablation

time increased, so the TEM image confirmed the blue shift in the UV-vis spectrum. Figures

5(a3), 5(a4), 5(b3), 5(b4), 5(c3), 5(c4), 5(d3), and 5(d4) show the images of an Au-NPs and CQD

contact together. The image of the yellow circle area is presented in a higher magnification than

Figs. 5(a1), 5(b1), 5(c1), and 5(d1) which show that the CQD attached to Au-NPs. The particle
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size and the concentration of particles both depend on the energy of the laser beam in the laser

ablation technique. Hence, the results are repeatable given the same conditions.

Fig. 5. TEM image for Au-NPs/CQD composite solution a) 4 min, b) 8 min, c)12 min, and

d)16 min

Figure 6(a) shows excitation spectra exciting the photoluminescence of the pure CQD and

Au-NPs/CQD. The excitation peaks occurred at 256 nm. When the sample was excited with light

beam, the photons of the light beam were absorbed by Au-NPs/CQD. Hence, the intensity peaks

increased in the excitation spectra. Figure 6(b) shows the emission spectra that are related to

photoluminescence emit for the pure CQD and Au-NPs/CQD solutions for different ablation

times. The samples were excited at 256 nm, and emission occurred at 336 nm. The intensity

of the photoluminescence increased as the concentration of Au-NPs increased. The volume

fraction of the nanoparticles for Au–NPs/CQD 16 mins ablation time was greater than the volume

fraction of nanoparticles for Au-NPs/CQD 2 mins ablation time. Thus, the light scattering and

the cross-section for the scattering of the light beam increases as an increase also occurs for the

ablation time and concentration of Au-NPs in CQD solutions. Figure 6(b) shows the variation in

photoluminescence intensity for Au-NPs/CQD for the different concentrations at an emission
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peak and that the variation of intensity peak is in quadric form. The photoluminescence emission

of Au-NPs/CQD is related to the functional group on the CQD and the Au-NPs provides the free

electron and increases the cross-section. Therefore, the photoluminescence emission intensity is

enhanced. Moreover, the excitation peaks correspond to absorb the photon with an Au-NPs/CQD

composite. while the intensity of the excitation peak increased as the concentration of Au-NPs in

the composite also increased.

Fig. 6. a) The excitation spectra to excite the Photoluminescence of pure CQD and Au-

NPs/CQD solutions in the different ablation time. b) The emission spectra related to excite

the photoluminescence of pure CQD and Au-NPs/CQD composite solution in the different

ablation time. c) Variation of photoluminescence intensity at the emission peak.

The photoluminescence properties of CQD depend on the size. Two approaches can be used

to explain the photoluminescence mechanism. The surface state and the confinement effect

represent the excitation-dependent [63–65] photoluminescence in CQD. The surface defect and

the degree of carbonization are exhibited in the excitation-independent [66] photoluminescence

emission.

The first and second approaches are related to bandgap transitions by the domains and surface

defects on the surface of the CQD molecular [67]. Hence, the first approach has very strong

absorption and weak emission, whereas the second approach has weak absorption and strong

emission [68]. Figure 6(a) shows the excitation at 256 nm and the strong emission at 332 nm. The

photoluminescence intensity of Au-NPs/CQD is stronger than pure CQD because the Au-NPs
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have free electron that can be transferred between the Au-NPs and carbon, and the popularity

of the electron increased. Thus, the Au-NPs can donate the electron to CQD, which causes the

change in the electronic specification of CQD. Consequently, the fluorescence is enhanced [69].

The plasmonic quality factor of Au-NPs/CQD increases as the ablation time increases which

means that an increase occurred in the effectiveness of the cross-section, thereby producing an

enhancement of the photoluminescence property.

As a result, the Au-NPs/CQD solution in just 16 mins has the highest plasmonic quality factor.

This sample was thus chosen to investigate the detection of the pyrene. Figure 7(a) depicts the

photoluminescence spectra for an evaluation of the different concentrations of pyrene (1,2,5,10 and

15 ppm) using Au-NPs/CQD in 16 mins ablation time. As a mentioned above the absorption cross-

section depends on the Qf, which is the reason for the enhancement of the photoluminescence,

which than is enhanced by the free electron from Au-NPs that interacted with CQD. The

Au-NPs/CQD was contacted to pyrene with the different concentrations. Figure 7(a) shows

the excitation intensity that excites the photoluminescence when the Au-NPs/CQD is contacted

with pyrene, and the peaks appeared at 256 nm. Figure 7(b) depicts the photoluminescence

emission related to the Au-NPs/CQD composite and the peaks that occurred at 336nm. As a

result, the emission peaks decreased when the concentration of pyrene increased from 1 ppm to

15 ppm. Figure 7(c) shows the excitation intensity when the pure CQD interacted with different

concentration of pyrene. Further, the emission peaks appeared at 336 nm, and this peak was

used to compare the results when the Au-NPs/CQD adsorbed the pyrene. In accordance with Fig.

6(a), the excitation peak for CQD was at 256 nm, and the emission peaks also appeared at 336

nm [Fig. 6(b)]. As a result [Fig. 7(d)], the intensity peak of photoluminescence decreased at the

peak of emission when the concentration of pyrene increased from 1 to 15 ppm in the presence

of pure CQD. The variation in peak intensity is shown in Fig. 7(e) (red curve). Consequently, the

slope of the variation curve (red curve) is about 50.88°. The experiment was continued with

pure CQD. Figures 7(c) and 7(d) showed excitation and photoluminescence emission when the

pure CQD was interacted with the different concentrations of pyrene. The emission peaks also

showed that when the concentration of pyrene increased, the intensity of the photoluminescence

peak decreased while the variation of the intensity peak with a concentration of pyrene was

demonstrated in Fig. 7(e) (green curve). The slope of the variation curve (green curve) was

about 21.15°.

The main activities in this study were the investigation of optical properties and the application

of an Au-NPs/CQD composite. To evaluate the advantage of Au-NPs/CQD over pure CQD, the

variation of the intensity peak was compared for both cases. The slope of the variation curve (red

curve) when Au-NPs/CQD interacted with pyrene was greater than the slope of the variation

curve when pure CQD interacts with pyrene. Therefore, the sensitivity of Au-NPs/CQD to the

detection of pyrene is higher than that for pure CQD, and Au-NPs improved the fluorescence

property of CQD.

The photoluminescence test carried out repeatedly 10 times to evaluate the stability of

the photoluminescence properties of the Au-NPs/CQD solution. The average intensity of

photoluminescence and the standard deviation were 10.40×104 and 0.1422×103, respectively.

The photoluminescence test carried out 10 times to evaluat the stability of the photolumines-

cence properties of Au-NPs/CQD solution. The average intensity of photoluminescence and the

standard deviation (σ) were 10.40×104 and 0.1422×103, respectively. The limit of detection

(LOD) is proportinal to standard deviation (σ) and slop (K) of variation of photoluminescence

intensity with concentration of pyrene. Therefore, the LOD (LOD = (3 × σ)/K) was achieved

about 8.38.

Figure 8(a) shows the interaction between CQD and Au-NPs derived from the FT-IR spectrum.

As a result, the CQD can strongly cap the Au-NPs with hydroxyl and carboxyl groups at the

edge of the CQD molecule. Au-NPs have high plasmonic property, so they can donate their
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Fig. 7. a) The peaks at 265 nm are the residual radiation from the excitation source. b)

The peaks at 336 nm are the emission photoluminescence for a detection of pyrene in

a concentration of 1 ppm, 2 ppm, 5 ppm, 10 ppm, and 15 ppm when the Au-NPs/CQD

interacted with pyrene. c) The excitation peak. d) A photoluminescence emission for the

detection of pyrene using pure CQD when the concentration of pyrene is in the range of

1 ppm to 15 ppm. e) Variation of intensity peaks when the Au-NPs/CQD (red line) and the

pure CQD (green line) interacted with pyrene.
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free electron to the CQD molecule. Therefore, the main mechanism of photoluminescence and

the detection of pyrene could explain based on the photoluminescence property of CQD and

Au-NPs/CQD which corresponds to the surface -related defective sites which generally refers to

any sites that have nonperfect sp2 domains that will result in surface energy traps. Both sp2 and

sp3 hybridized carbons, and also the carbonyl group as a localized electronic state, contribute to

the CQD and Au-NPs/CQD [see Fig. 8(b)] emissions in the blue range. Thus a mechanism is like

the aromatic molecules are individually incorporated into solid hosts, thereby exhibiting CQD and

Au-NPs/CQD emissions due to the existence of multiple surface defects with different excitation

and emission properties [67,68]. As a result, the excitation of the molecule was 256 nm and the

emissions were 336 nm while Au-NPs enhanced the intensity of the photoluminescence spectrum.

The emissions occurred from CQD and Au-NPs provided the extra electron that contributed

to enhancing the photoluminescence and intensity with pyrene. So, the Au-NPs enhanced the

photoluminescence property of CQD. Here, Au-NPs served as a donator of an electron to CQD.

Moreover, Au-NPs can interact with pyrene and is the interface between CQD and pyrene. The

photoluminescence intensity depends on the population of the electron that transfers during the

electronic state of CQD, and when the concentration of pyrene increased, the population of

the electron that shared between Au-NPs and CQD decreased. Therefore, the intensity of the

photoluminescence decreased when the population of free electron decreased, and the optical

parameters such as the absorption coefficient (α) and the imaginary part of the refractive index

(k = α × λ/4π) changed. Consequently, Au-NPs can enhance the photoluminescence of CQD

and are sensitive enough to interact with a low concentration of pyrene.

Fig. 8. a) The interaction model for capping the Au-NPs with CQD. b) The mechanism

model for transfer electron between Au-NPs and CQD for the detection of pyrene.

4. Conclusion

The gold nanoparticles were fabricated in the CQD solution using the laser ablation technique

to enhance the photoluminescence property of CQD. The ablation times were 4, 8, 12, and

16 mins. The particle size was investigated using TEM, which was in the range of 20.69 and

13.52 nm. The UV-Vis and FT-IR spectra confirmed that the Au-NPs were formed in the CQD,

and TEM images authenticated that the nanoparticles were formed in the spherical shape. The

results showed that when the ablation time increased, the particle size decreased. The plasmonic

quality factor increased as the particle size increased. The photoluminescence spectra show

that the excitation and the emission of Au-NPs/CQD solution occurred at 256 nm, and 336 nm,

respectively, and the Au-NPs enhanced the photoluminescence property of CQD. The pure CQD
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and Au-NPs/CQD in the high concentration and lower particle size were used to detect the pyrene

in the different concentration using photoluminescence spectroscopy. The results confirmed that

when the Au-NPs/CQD interacted with pyrene, the variation of photoluminescence intensity

peak was greater than the variation of the intensity peak in the presence of pure CQD. Therefore,

Au-NPs not only enhanced the photoluminescence property of the CQD bath, but also improved

the interaction of CQD with pyrene. The limit of the detection for pyrene was about 1 ppm in the

presence of an Au-NPs/CQD composite. Consequently, CQD can be used when capping the

Au-NPs and also it can interact with pyrene.
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