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Abstract: 
In this work, gold nanoparticles (Au) were prepared by pulsed laser ablation technique 

in deionized water (DW) and sodium bromide borohydride (NaBH4). X-ray diffraction 
(XRD), ultraviolet and visible spectroscopy (UV-VIS), and Fourier transform infrared spec-
troscopy (FTIR) were used to characterize produced gold nanoparticles. XRD patterns of 
Au NP showed that diffraction peaks at angles (2θ~38.33°, 44.62°, 64.69°, and 77.71°), 
which referred to (111), (200), (220), and (311), favorite directions respectively, these val-
ues were corresponded exactly to the international centre for diffraction data (ICDD) card 
number (00-004-0784)of Au NPs. The UV-VIS was used to analyze the optical properties 
of the samples, showing peak surface plasmon resonance (SPR) at wavelength (532 nm) in 
addition to a decrease in energy gap values of (1.75). and 1.61 eV for colloidal solutions 
(1mM NaBH4 and 2mM NaBH4) compared to colloidal solution (DW). The active groups 
in the aquatic medium were identified using the FTIR technique, which revealed four signif-
icant associations at 3350, 2105, 163.

Keywords: UV-Visible spectroscopy, XRD, FTIR Nd:Yag  Laser and pulsed laser abla-
tion technique.

 Nd-YAG   دراسة الخصائص البصرية لحبيبات الذهب النانوية المحضرة بالليزر
bعدنــان علــي محمــد       ،       aهبــة جمعــة جعفــر

 a كليــة التربيــة الأساســية، جامعــة ديالــى، محافظة العراق
 b المديريــة العامــة لتربيــة ديالــى، محافظــة ديالى، العراق

مستخلص:

تــم في هــذا العمــل تحضــر حبيبــات الذهــب النانويــة )Au( بواســطة تقنيــة الاســتئصال  بالليــزر النبــي في محلــولي 
المــاء منــزوع الايونــات )DW ( و بروميــد الصوديــوم بوروهيدريــد )NaBH4(. تــم اســتخدام حيــود الأشــعة الســينية 
ــة )UV-VIS(، والتحليــل الطيفــي للأشــعة تحــت الحمــراء  )XRD(، التحليــل الطيفــي للأشــعة فــوق البنفســجية والمرئي
بتحويــل فورييــه )FTIR( لتوصيــف حبيبــات الذهــب النانويــة المحظــرة. أظهــرت أنــاط XRD لـــ )Au NP( أن قمــم 
الحيــود عنــد الزوايــا ) 2θ~ 38.33°, 44.62°, 64.69°, and 77.71°(، المقابلــة للمســتويات البلوريــة )111(، )200(، 
ICDD) (00-004-( ــة ــة العالمي ــم البطاق ــع رق ــا م ــق تمامً ــم تتواف ــذه القي ــت ه ــوالي، كان ــى الت )220(، و )311( ع
0784( الخــاص بـــ Au NPs. تــم اســتخدام جهــاز )UV-VIS( لتحليــل الخصائــص البصريــة للعينــات، حيــث أظهــرت 
ذروة رنــن البلازمــون الســطحي )SPR( عنــد الطــول الموجــي )nm 532( بالإضافــة إلى انخفــاض في قيــم فجــوة الطاقــة 
بمقــدار )and 1.61 eV 1.75( للمحاليــل الغرويــة )1mM NaBH4 and 2mM NaBH4(  مقارنــة بالمحلــول الغــروي 
)DW(. تــم تحديــد المجموعــات النشــطة في الوســط المائــي باســتخدام تقنيــة FTIR، والتــي كشــفت عــن أربــع روابــط 

 .1635 ,2105 ,3350,  and 671 cm-1 ــد ــة عن معنوي
 الكلــات المفتاحيــة: التحليــل الطيفــي للأشــعة فــوق البنفســجية والمرئيــة، FTIR  ،XRD ، ليــزر Nd:Yag -  تقنيــة 

الاســتئصال   بالليــزر النبــي.
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1. Introduction
Noble metal nanoparticles (NPs) 

are  important key sources in multiple 
fundamental and applied study fields, 
including, but not limited to, catalysis, 
optics, fuel cell research, and medicine 
[1]. Metallic NPs are an essential subset 
of this NP family because of their spe-
cialized uses in the biomedical [2-4], 
optical [5,6], and electronic [6,7] sec-
tors, as well as their potential as perfor-
mance-enhancing additives in concrete 
[8,9].  The size and shape of these NPs 
play a significant role in achieving the 
desired characteristics [10,11]. Conse-
quently, for the synthesis of nanoma-
terials, several techniques have been 
developed, such as physical [12,13], 
chemical [14], and biological [15] ap-
proaches. A new technique called laser 
ablation of solid targets in liquid has 
been developed[16]. Due to the fact 
that this technique depends on ablat-
ing a solid object in a liquid, it can be 
applied in a single stage, and a variety 
of liquid media types can be used as 
long as they are transparent to the laser 
beam. Preparing metal nanoparticles 
in solutions presents a significant chal-
lenge due to the lack of direct control 

over the nanoparticles’ size and form 
[17].  At the nanoscale, the ratio of sur-
face area to volume is high.Therefore, 
reducing the size of NPs has the poten-
tial to modify many of their physical, 
chemical, and biological properties 
[18,19]. In particular, Au NPs are use-
ful in many different areas [20-22] due 
to their biocompatibility and non-cy-
totoxicity, making them a superior 
option when compared to other metal 
nanoparticles.  Here, ultra-fine Au NPs 
were produced by laser ablation of a 
solid Au object in liquid, with sodium 
borohydride serving as a surfactant. 
The chemical substance sodium boro-
hydride (NaBH4) is frequently used 
as a potent reducing agent. As a result 
of the adsorption of borohydride ions, 
electrostatic repulsion should act be-
tween the nanoparticles to keep them 
suspended [14,23]. Compared to other 
ionic detergents like sodium dodecyl 
sulfate (SDS), cetyl trimethylammo-
nium bromide (CTAB), and ethylene 
glycol, sodium borohydride is more 
cost-effective.
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 2. Procedure
 2.1  Synthesis of Gold Nanoparti-

cles )Au NPs( by laser ablation (PLA)
   Laser ablation (PLA) of a gold alloy 

was used to synthesize gold nanopar-
ticles, and gold (as a target) was put 
at the bottom of a glass beaker vessel 
containing (3 ml) of solutions (distilled 
water (DW) and (1mM, 2mM) of sodi-
um bromide borohydride (NaBH4), the 
nanoparticles basics for pulsed laser 
Nd- YAG used Wave length (λ=1064 
nm), Frequency (f =3 Hz), Energy (E= 
500 Mj) and number of pulses  (n= 500 
pulses).  

2.2 Diagnosis of nanoparticles
The FTIR characteristics of Au 

nanoparticles were investigated using 
an Affinty-1CE spectrophotometer. The 
X-ray diffraction device used in this 
study was of the type (Shimadzu-6000) 
of Japanese origin.  The UV-VIS spec-
trometer (made by Shimadzu, Japan) 
was utilized to capture the colloids’ sur-
face Plasmon resonance and absorption 
spectra. At room temperature.

3. Data, value and validation
3.1 The XRD analysis           
  The XRD patterns of gold nanopar-

ticles produced by a pulsed Nd:YAG la-
ser are shown in Figure 1. It was found 
that the diffraction peaks are (38.33°, 
44.62°, 64.69°, and 77.71°), which 
correspond to the desired directions 
(111), (200), (220), and (311), respec-
tively. These numbers are in perfect 
accord with the international centre for 
diffraction data (ICDD) number (00-
004-0784) 	 of Au NPs’, and the results 
also support [24].

  The Scherrer method was used to 
determine the average crystallite size 
of the produced nanoparticles [25]:

D =       …......……..(1)

where D is the crystallite size, K is a 
constant (equal to 0.94), λ is the wave-
length of the x-ray radiation, β is the full 
width at half maximum and θ is the angle 
of diffraction.  The results showed that 
the crystal size ranged between (8.77 
and 13.46 nm), as shown in Table 1.

Table 1:  Data for the X-ray diffraction of Au NPs.

2θ (deg.) FWHM (deg.)  (hkl) D (nm)
38.33 0.57 (111) 13.46
44.62 0.87 (200) 8.77
64.69 0.76 (220) 9.15
77.71 0.61 (311) 10.58



 3-2 Spectra of UV-VIS Absorption 
and Calculation of the Energy Gap

Figure 2 shows the UV- VIS) ، spec-
trum obtained by (PLA) in solutions 
deionized water (DW),   1 mill moles 
(mM) NaBH4 and 2mM NaBH4), re-
spectively. While figure (3) depicts the 
position of the gold nanoparticles’ sur-
face plasmon peak at approximately 
532 nm and the absorbance (0.08) at 
roughly the same wavelength, nanopar-
ticles have formed and this is explained 
by the absorption of Au nanoparticles 
caused by the interband transition. In 
noble metals, electrons can transfer 
from the conduction band far above 
Fermi level, producing inter - band ab-
sorption at shorter wavelengths. [19].  
Even though (NaBH4) absorption peak 
narrowed and moved toward shorter 

wavelengths, borohydride’s absorption 
peak showed no discernible change [26, 
27]. In Table (2), we can see the energy 
difference, surface plasmon resonance, 
and absorption of gold nanoparticles. 
Using Tauc’s method [28], It is possi-
ble to measure the energy-gap of the 
(Au) nanoparticles. from the absorp-
tion spectra. 

(αhυ) n =B (hυ - Eg) ………….. (2)
Where B: Planck’s constant, 
ν: photon frequency, 
hν: photon energy, 
Eg: energy gap,
n: exponent which can have values 

of either 2 or 1/2 for direct transmis-
sion and for indirect transmission re-
spectively, and  α : the absorption co-
efficient (cm-1), which was calculated 
using the formula αd = ln (1/T), where 

Figure 1. XRD patterns of Au NPs.
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d stands for the wave’s path length (in 
cm) and was set to be equal to the cu-
vette’s length of 1 cm. Using the mea-
sured absorbance (Aλ)  at the wave-
length of light (λ), the transmittance 
was computed using [29]:

Aλ  = -log 10(T) ………...(3)

The optical energy gap edge of the 
produced nanoparticles in solution 
(NaBH4) rises in comparison to the op-
tical energy gap edge of deionized dis-
tilled water due to the impact of quan-
titative confinement. Hence, creating 
tiny particles is acceptable for the big-
ger energy gap [29].

Fig. (2):  UV-Visible absorption spectra of colloidal gold nanoparticles.

Fig. (3):  Colloidal gold nanoparticle samples’ direct band gap calculations.



3.2 FTIR Analysis
(FTIR) spectrum is commonly em-

ployed for studying chemical interac-
tions in materials. In this  studed, FTIR 
spectroscopy was used to examine a 
liquid containing gold nanoparticles 
between 400 and 4500 cm-1. As shown 
in the figure, the FTIR spectra of the 
materials revealed four dips at 3350, 
2105, 1635, and 671 cm-1. In water, 
the O-H stretching vibration model can 
explain the dip at 3350 cm-1 [29]. In a 
similar vein, the trough at 2105 cm-1 

is ascribed to the carbon-carbon triple 
bond C=C [30, 31], and the trough at 
1635 cm-1 is due to the aromatic C=C 
vibrations [32]. Lastly, the dip at 671 
cm-1 is associated with the C-H bond 
[33].  Figure (4) shows that when sur-
factants (NaBH4) were used to coat   
Au  NPs, the absorbance stretch of the 
strong hydroxyl group became high-
curved compared to (DW), and bonds 
narrowed and sharpened for (Au NPs) 
particles prepared with (NaBH4) com-
pared to uncoated (DW) particles.

Table (2): The absorption, surface  Plasmon resonance 
and energy gap values of  gold nanoparticles.

Nanoparticle
Types

Absorption
(a.u)

Surface  Plasmon 
Resonance
SPR(nm)

Eg(eV)

Au+(DW) 0.08 532 1.97
Au+ 1mM NH4 0.13 530 1.75
Au+ 2mM NH4 0.24 525 1.61

Fig.(4): FTIR spectrums of gold nanoparticle prepared in solutions 
(DW, 1mM NaBH4, 2mM NaBH4)
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4. Conclusions
 Based on the aforementioned re-

sults, it was found that it is possible to 
prepare gold nanoparticles using the 
pulsed laser ablation (PLA) method, 
which is a clean and easy-to-use tech-
nique. Various techniques such as UV-
VIS and FTIR) were used to character-
ize the nanoparticles. The absorption 
spectrum of all the prepared colloidal 
solutions showed strong resonance on 
the plasmon surface. (AuNPs) with a 
good energy gap. While the measure-
ment (FTIR) showed that the bonds 
become sharper at 2(      mm NaBH4) 
compared to the colloidal solution 
(DW).
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