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ABSTRACT 

 
Here, findings from a study on pulsed laser ablating of noble Au targets submerged in 
benzene solvent and a study on the effect of pulse energy on quantum size are presented. 
Three samples of gold quantum dots (AuQDs) are synthesized at pulse fluence of 4, 8, and 
12 J/cm2, which is referred to as F1, F2, and F3, respectively. The prepared AuQDs were 
characterized by UV-Vis, HR-TEM, XRD, XPS, EDX, FTIR, Raman spectroscopy and 
Photoluminescence measurement. AuQDs that were synthesized have monocrystalline and 
cubic (FCC) structure, according to XRD patterns. It was found that the direct optical 
energy gap of AuQDs is enhanced to 2.6 eV. The emission peak of AuQDs photoluminescence 
emission spectra is at roughly 481, 445, and 437 nm, for F1, F2, F3 samples, respectively. 
The quantum size was reduced to 2 nm for sample F3. This strategy has the ability to 
prepare pure AuQDs in one step, with promising biosensor and bioimaging applications. 
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1. INTRODUCTION 
 
AuQDs are more attractive and particularly investigated due to their noble characteristic, 
ultrafine size, low toxicity, good biocompatibility and long-term stability. Considering these 
features, several studies have been conducted on their application in the fields of biomedical 
biosensing, bioimaging, antibacterial, anticancer, solar cells; light-emitting diodes [1]. Quantum 
dots are often referred to as fluorescent semiconductor nanocrystals [2]. Their extremely small 
size (less than 10 nm) renders their optical and electronic properties different from those of 
bulk materials [3]. QDs have a desirable fluorescence spectrum, which makes them the ideal 
fluorophores for biological applications. Bio-conjugated QDs represent the worthiest prospects 
for a wide range of data and graphic kinds of technology, they are investigated as instruments 
for the location of gene and drug development [4]. The type of synthesizing used can have a 
significant impact on the QDs' characteristics. The synthesizing of such nanomaterials could be 
divided into two categories: top-down and bottom-up preparation techniques. Top-down 
techniques include laser ablating, electrochemical etching, liquid-phase exfoliating, electron 
beam lithography, and other techniques for directly cleaving bulk materials into nanoscale QDs. 
Bottom-up techniques involve the transformation of QDs from acceptable molecular precursors 
under certain circumstances such as hydrothermal/solvothermal, microwave irradiation, soft-
templating, pyrolysis, and wet chemical processes [3]. Laser ablating represents a technique for 
producing nanoparticles such as semiconductor QDs [5, 6], metal nanoparticles [7], and core-
shell nanoparticles [8, 9]. This technique is a revolutionary synthesizing strategy that uses fewer 
chemicals and a simple synthetic process to manufacture clean electrocatalysts with no 
contaminants that have active sites [3].   
___________________________ 
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Ablating efficiency and features of produced particles are strongly influenced by a number of 
elements, for instance the laser’s wavelength that impinging the objective, the effective liquid 
medium, the ablation time duration, the laser power and the presence or the absence of 
surfactants [8,9]. The average particle size decreases with increasing ablating laser pulse power 
[10]. Increased laser power obviously increases the temperature of the ablated material and a 
faster quenching rate may be involved, which causes the reduction of the sizes of the 
nanoparticles. The size of particles also becomes more uniform with increasing ablating laser 
pulse power [11]. The nanoparticle formation is dependent on the absorption efficiency. The 
absorption of laser light causes the fragmentation of particles [12]. There are no detailed 
previous studies on the use of laser in preparing gold quantum dots, only one study prepared 
gold in aromatic solvents without studying the effect of laser parameters on quantum size [13]. 
  
In this work, we describe an approach for studying the impact of changing laser pulse energy 
upon the quantum for preparing ultra-small and pure AuQDs in benzene. Moreover, analyze the 
structural, morphological, and optical characteristics of the AuQDs using UV-VIS, XPS, EDX, XRD, 
FTIR, Raman shift, analysis, and HR-TEM. Engineers and scientists can now produce pure AuQDs 
in a single step using our discoveries to improve certain optic or electric qualities for particular 
usages. 
 
 
2. EXPERIMENTAL PART 
 
Preparing AuQDs was done by abrading a pure gold plate (99.999% pureness) that had been put 
in a beaker with 2 ml of benzene using a pulsed Nd:YAG laser. Whereas the Nd-YAG laser was 
utilized, it had a wavelength of 1064 nm, at a laser fluence of 4, 8 and 12 J/cm2, which denoted 
F1, F2 and F3, respectively. The ablation process took around 25 minutes. AuQDs were 
successfully dissolved into a colloidal solution, which was clearly demonstrated by the solution 
transformation from transparent white to golden yellow. When compared to PLAL techniques, 
traditional wet-chemical methods for preparing colloidal nanoparticles and nanocomposite 
materials have a number of disadvantages. Figure 1 shows the experimental setup for laser 

ablating for the objective immersed within benzene. 
  
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Experimental setup for laser ablating for the AuQDs. 
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3. CHARACTERIZATION 

 
The UV/VIS spectra were collected utilizing a Perkin Elmer Lambda 365 UV/VIS spectrometer. 
The FluroMate FS-2 Spectrometer's PL Lamp System was used to capture the 
photoluminescence (PL). The X-ray photoelectron spectroscopy (XPS) information was acquired 
by utilizing the K-alpha X-ray photoelectron spectrometer (UK-made Thermos Fisher Scientific 
kind). The X-ray diffracting (XRD) device was [XRD-6000, SHIMADZU, JAPAN, 220 V/50 Hz] 
spectrometer, while EDX (Energetic Dispersing X-Ray Spectroscopy) was Bruker Company/ 
GermanyXFlash_6l10/Model. Fourier transform infrared (FT-IR) analysis was performed (using 
Perkin Elmer). The JEOL model JEM 2100F was used for a high-resolution 
transmitting electronic microscopy (HR-TEM), and Raman was collected using a device with a 
preset 532 nm Raman spectrometer. 
 
 
4. RESULTS AND DISCUSSION 
 
X-ray diffracting (XRD) represents an extensively utilized analytic method to analyze molecules 
and crystalized kinds of structure; it measures the particle sizes and degree of crystallinity. The 
X-ray diffracting pattern of AuQDs is produced by laser ablation in benzene (F3) and deposited 
on glass substrate by drop casting, as shown in Figure 2, where Au quantums have cubic (fcc) 
crystal structure with three main peaks located at 38.18°, 44.25°, 64.55° ,77.5° corresponding to 
the (111), (200), (220), (311) planes, respectively, this was confirmed by comparison with 
JCPDS Card No. 04-0783 [8]. Due to its greater band gap, the fcc structure represents the most 
intriguing one. The fcc constructed at F3 displays a band gap of 2.6 eV (in Figure 6b), this is 
significantly wider than the 1.5 eV energetic gap of the identically sized bcc-constructed Au38 
(gold nanoparticles have 38 gold atoms) [9].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. XRD analysis of F3 AuQDs samples. 

 
The energetic dispersing X-ray (EDX) analysis of the AuQDs further established the gold metals’ 
existence, see (Figure 3). The normal counts of the elements obtained were, Si=51.29, C=21.34, 
Au=23.25, Sb=2.62, Ca=1.50. The EDX spectrum of AuQDs demonstrates the distinct presence of 
Au peaks at 2.1 KeV, which is the typical absorption peak of the AuQDs. The Si peak at 1.75 KeV 
can be also found due to the presence of the silicon wafer, which was used as a support for Au. 
Strong noise signals, including Ca, C, and Sb, were shown by carbon signals, which are caused by 



Luma Talib et al./ Preparation and characterization of Au quantum dots using laser in… 
 

 

894 
 

the surfactant. This may be due to the presence of impurities in benzene, benzene vaporization 
or the interaction of colloidal solvent with the glass chip that the thin film was deposited on it 
[14,15]. Figure 3b shows the images of mapping results that explain the percentage of elements 
contained in the sample. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3a. Energy dispersive X-Ray analysis for F3 AuQDs. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3b. Images of mapping of F3 AuQDs sample. 

 
Fragmentation could only happen when nanoparticles come into direct contact with the white 
lighting supercontinuum. The super continuum's white lighting is absorbed by nanoparticles, 
which then fragment in accordance with the Coulomb explosion method and re-nucleate into 
Nano clusters that exist within the surrounding fluid. Under such a regime, the fragmentation 
can be defined by tiny nanoparticle sizes of (10 nm) and poor size dispersing. Contrary to 
conventional wisdom, the solvent is exposed to laser radiation throughout the experiment 
cuvette, resulting in homogenous conditions for quantum dots to fragment in a broad volume 
region and provide a "fine" fragment regime. The importance of the optic breakdown for solid 
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target geometry grows as the pulse energy rises. The surfaces' melting and hardening of the 
nanoparticles trapped in plasma is an option. Additionally, we could not rule out the possibility 
that a second thermal process of nanoparticle evaporation is at play, which may be the cause of 
the shrinkage of nanoparticle size at high laser energy [16]. The nanoparticles at great energy 
exhibited a consistent spherical form, as seen in HR-TEM. However, when the pulse energy 
increased, the size of the nanoparticles shrank to 10 nm. In this instance, contrary to cases with 
little energy, the nanoparticles exhibited irregular shapes and got connected by filament, 
pointing to the possibility of thermic alteration of the nanoparticles [11,13]. The HR-TEM study 
verified the existence of metal particles with a QDs size. The particles had a diameter of less than 
10 nm and exhibited a spherical form. The HR-TEM images in Figures (4-a, b,c), (4-d,e,f), (4-g,h,i) 
demonstrated the production of quantum particles that are spheres and monodispersed, and 
these images explain the influence laser fluence F1, F2 and F3, respectively, the images refer to  
the AuQDs  results at  magnifications (20,10,5) nm from left to right, respectively.  The surfaces 
of Fcc- constructured metal Nano crystals have a propensity to twin particles with the lowest 
energy faces around them (111) [17]. By concentrating the beam of electrons on a gold bar 
nanocluster, the chosen region electron diffracting patterns were obtained to verify the AuQDs' 
crystalline character. According to the line profile brightness of the corresponding HR-TEM 
picture, the crystalline lattice space (d-space) is 0.22 nm (fig.4-k). The tiny electron 
diffraction (Fig. 4-l) showed that the fcc single-crystal AuQDs contained via the 111 crystalline 
basal plane may be identified by the seven brilliant spots with a hexagonal shape [18]. The (1 1 
1), (2 0 0), (2 2 0), and (3 1 1) planes were identified by the independent reflecting characteristic 
of the brilliant circular structure of the wide-angle electron diffracting pattern. Figure (4n,o,p) 
shows the particle size distributing within the ranging of 1-9 nm and average sizing of 5, 3.5 and 
2 nm for F1, F2 and F3 AuQDs samples, respectively. According to this outcome, the QDs were 
primarily single-crystal QDs. The findings of the XRD investigation conducted for this study were 
well matched by the HR-TEM analysis of the AuQDs' manufacturing results. The 
charging carriers within such clusters became quantized and the valence plus conduction bands 
were divided into quantifiable and particular electronic states as a result of the proven ultra-
small size [19].  
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Figure 4. HR-TEM of AuQDs F1 (a-c), F2 (d-f) and F3 (g-i) at magnification of (20, 10, 5 nm) from left to 
right, respectively; the selected area electron diffraction (SAED) pattern of F1 AuQDs (j); the crystal lattice 
spacing (d-spacing) (k); the wide-angle electron diffraction pattern (l); and the quantum size distribution 
of F1 (m), F2 (n) and F3 (o), respectively. 
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AuQDs is present in F3, which is demonstrated by the XPS surveying spectra (Figure 5a). The 
image also displays several peak characteristics of various components, among the most 
intensive being C 1s (285.08 eV) as well as oxygen O 1s. These peak characteristics are along 
with numerous gold bind energies (i.e., Au4f, Au4d, Au4p, and Au4s) (532.08 eV). The existence 
of graphite was demonstrated by the high C 1s peak that was focused at 285.08 eV. A single 
carbon signal at 285.08 eV was visible in the XPS examination, which supported the production 
of graphite [20]. The amorphous carbon also restricted particles’ growth. The graphite forming 
could be clarified by requesting the graphitic carbon preparations depending upon the pyrolysis 
of aromatic solvents such as benzene, this was reported in preceding research [21]. The laser's 
preparation of AuQDs was confirmed by the sharp, intensive bind energy peak at 89.18 eV, 
linked to Au 4f5/2, and the weaker peak at 83.88 eV, linked to Au 4f7/2 (fig. 5b). According to 
our findings, the pre-made clusters feature QDs properties with an Au+ oxidizing state. This 
demonstrated the success of the laser-assisted production of steady and pure AuQDs [22]. Due 
to the smaller size of these gold nanoclusters, a greater bind energy peak was seen for F3, 
this was explained by their higher binding energy. This is consistent with the observation that 
when quantum size decreases, gold's binding energy increases [23]. Furthermore, the electron 
donation from the Au center atoms to the thiolates existing on the QDs surface might be 
attributed to the modest bind shifts of the 4f5/2 as well as the 4f7/2 bind energies of AuQDs 
[24].  
 

 
Figure 5a. XPS scan spectrum of F3 AuQDs samples. 
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Figure 5b. XPS spectrum of F3 AuQDs. 

 
UV-Vis analysis was conducted to carry out the AuQDs’ initial characterization. Figure 6a 
illustrates the UV-Vis spectra of the colloidal AuQD samples F1, F2, and F3, each of which has an 
absorbing band with maximum values at 310, 311 and 313 nm, respectively. This is an 
absorbing characteristic of metallic AuQDs caused by the surficial Plasmon resonant (SPR), 
suggesting the existence of an Au Quantum dot in the solvent [25, 26]. The formation of 
nanoparticles shifts the SPR band to blue, spherical nanoparticles and the uniform dispersion of 
created Nanoparticles [27]. According to a previous study [28], such absorbing maxima are 
associated with spherical (or almost spherical) AuQDs. HR-TEM images and the accompanying 
statistical and morphological analysis were used to confirm such findings. Figure (6b) 
demonstrates that the estimated energy band gaps (Eg) for F1, F2, and F3 AuQDs at the different 
laser energies used were 2.35, 2.5, and 2.6 eV, respectively. This result agrees with the analysis 
that because of the intra-band excitation of the conducting electron by photons, the optical 
absorption of metal nanoparticles may mechanically explain the quantum [29]. Some conduction 
electrons are held by particular atoms in Qds, while others are unrestricted and move among 
atoms to create metal kinds of bond that glues the metallic nanoparticles. The conducting 
electrons undergo intra-band qualitative excitation above the Fermi energetic levels, based on 
which the conducting band of a metallic nanoparticle is determined, when photon energy of UV 
lighting with the highest absorption wavelengths (max) is applied. The possible interaction amid 
the conducting electrons with the particle's metallic ions is lessened with small particle sizes. As 
a result, the smaller particle's conduction band energy rises. The Larger particle sizes, on the 
other hand, include a greater number of atoms, which increases the potential attracting amid 
conducting electrons and metallic ions and lowers the conducting band energies of metallic 
nanoparticles [22]. 
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Figure 6a. Optical absorption spectra result of AuQDs Samples in benzene F1, F2 and F3 . The inset 
photograph Illustration of benzene AuQDs samples. 

 
  

Figure 6b. Energy gaps of the AuQDs samples of F1, F2 and F3, respectively. 

 
The emission spectrums are witnessed with a severe and intensive peak center, as shown in 
Figure (7a). The Photoluminescence emitting spectra  are categorized via the existence of a 
single severe peak at 481, 445 and 437 nm corresponding to the AuQDs samples F1, F2 and F3, 
respectively. The emission peaks of AuQDs are due to the electrons' quantum confinements from 
gold QDs, these peaks were detected at wavelength. The blue shift in the emission peak indicates 
the smaller QDs [30]. Figure 7 (F1-F2-F3) shows the imaged emission lighting from the AuQDs at 
the respective energies of 4, 8 and 12 J/cm2 (from left to right). However, at higher laser fluence, 
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the emission seems brighter. The as-created AuQDs had estimated band gaps at 2.58, 2.78, and 
2.83 eV, respectively, based on their fluorescent peaks. The QD fluorescing was essentially the 
radiation of transition from the d to p orbitals, and resulted from molecular-like energy 
transition amid HOMO-LUMO states [31], where the energy gap agrees with the value obtained 
from UV-Vis measurements [13]. The blue shift in the fluorescence peak of AuQDs at F3 (12 
J/cm2) was proportional due to the reality that such particles seem to be of small size compared 
to AuQDs at F1 and F2. Nevertheless, in contrast to the energetic gap amid the energized and 
ground conditions ( the HOMO-LUMO gap) of AuQDs as estimated from the absorbing 
information (Eg = 2.6 eV), the fluorescence peaks at 437 nm imply a greater comfortable 
energetic gap (Eg = 2.83 eV) because a charge is transferred from ligands to metals, stabilizing 
the energetic condition [32], the core's size affects the fluorescent wavelength of AuQDs. The 
spherical Jellium modelling predicts that small AuQDs radiate at short wavelengths, which 
implies that raising the quantum sizing causes the fluorescence energy to decrease. The blue 
fluorescent QDs come in a variety of sizes. Whereas the larger ones emit at redshift, the smaller 
ones do so at blue shift. This outcome is in line with the vast size ditrubution of the laser-
produced nanoparticles [33].   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Photoluminescence Emission spectrum of F1, F2 and F3 AuQDs samples. The inset show 
corresponding emission photographs of pre-prepared samples F1, F2 and F3, respectively. 

 
Figure 8 shows the FTIR spectra result of F3. Various absorbing peaks were found in the FTIR 
analysis of AuQDs, which helped identify the various functional groups of phytochemicals. The 
peak 3418cm-1 represents the O=H stretch of phenolics, while the 2924 cm-1 peak is for C=H 
stretching of methyl groupings, furthermore 2852 cm-1  peak clarifies C=C stretching of alkynes, 
and the 1652 cm-1  peak show C=O stretching of carbonyl groupings of flavonoids and tannins, 
respectively, were assigned. [30] Also, the peak at 1462, 1260 cm−1 represents the C=N stretch of 
nitriles. The peak 1106 cm-1 matches up to the C–O stretch. The peaks observed at 804 
correspond to the C–H stretching of alkenes. [34].  
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Figure 8. FTIR result for F3 AuQDs sample. 

 
To reveal the chemical structure of the AuQDs, Raman spectra were gathered. Raman scatter has 
established itself as a key method for learning about the localized structure of various 
nanoparticles. Due to the great sensitivity of detecting Raman active elements, impurity 
detection could not be totally disregarded, particularly because   the displayed characteristics in 
the CH stretch area can be challenging to understand. When examining the bonding properties of 
gold material, Raman spectroscopy is utilized to investigate vibrating, mode systems, and 
bonding patterns. When a photon from a laser interacts with a molecule's vibrations, it does so 
through an inelastic lighting scatter process where the molecule might be in a ground or excited 
condition. The laser-excited AuQDs' molecular vibrating caused the electro-static fields around 
the metal to become stronger. This technique allowed the AuQDs to exhibit a standard Raman 
band spanning with a range of 100-3500cm-1. [35]. The outcomes achieved from the Raman 
spectra of F3 can be seen in Figure 9. The vibrational frequencies exhibited at 2229 cm-1 because 
of C-N stretch vibrations of the compound. According to a previous study [36], the strong bands 
at 1086 and 1237 cm-1 are attributed to C-O stretch vibration. While primary amines exhibit the 
couple bands of 3209 and 3352 cm-1 because of N-H/O-H stretch and symmetrical vibrating, 
(1791 cm-1) because of C=O stretch, (2581 cm-1) because of CH3/CH stretch, and at (512-190 cm-

1) because of C-H out-of-plane/C-C=O deforming, according to a previous study [35]. 
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Figure 9. Raman spectra of F3 AuQDs. 

 
 
5. CONCLUSION 
 
In conclusion, the laser ablating approach has been effectively used to synthesiz AuQDs in 
benzene solutions, improving production efficacy and reducing particle sizes by studying the 
effects of laser fluence. As opposed to that, the synthesized AuQDs in benzene solutions have 
more stability for a long time. Ion-dipoles in benzene prevent AuQDs from forming clumps and 
preventing agglomeration by interacting with hydroxyl groups (–OH). It was also observed the 
effect of increasing the energy of the Nd-YAG laser pulse on the particles’ size, and the results 
show that the particles’ size decreases when the Energy increases. The results of HR-TEM 
images and uv-vis analysis show that the band gap increases along with increasing energy, 
leading to a decrease in the particles’ size. The outcomes revealed that the size of the laser-
ablated particles decreased as laser intensity increased. When the laser ablating energy was set 
to 12 J/cm2, the mean particle size was smaller (less than 5 nm). When the findings are 
compared to the reference specimen, it is clear that benzene has a substantially faster rate of 
QDs creation and smaller particle sizes. The ultra-pure and small size produced AuQDs suggest 
the possibility of using AuQDs in biological applications. 
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