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Abstract: 

In this paper, Fabricated and characterization of Gold (Au) nanoparticles prepared using Direct 
current (DC) sputtering at optimal deposition times for antibacterial applications have been studied. X-ray 
diffraction patterns, scanning electron microscopy (SEM), and atomic force microscopy (AFM) images, 
as well as optical spectroscopy, have been used to characterize of (Au) nanoparticles. The crystalline 
structure of gold nanoparticle was determined using an XRD pattern which was cubic phase and 
polycrystalline.structure. The effect of deposition on the morphology of deposited films was visualized 
using a scanning electron microscope (SEM). In addition, the roughness, and surface quality, as shown by 
AFM results. UV-visible reflection spectroscopy was also used to investigate the optical properties of thin 
films.  
Keywords: Au, thin film, high reflectance, DC sputtering, optical properties, structuraproperties   
 
1. Introduction  

Nano-crystalline thin solid films are currently generating a lot of interest in the scientific 
community, owing to their interesting new properties for technological applications (1, 2). Understanding 
the growth dynamics and structure of high-quality film during different stage of deposition is the most 
important prerequisite for its preparation. Throughout the twentieth century, numerous scientists 
advanced the theory of size-dependent effects in metal thin layers, and many attempts to solve these 
obstacle have been suggested. A significant quantum size effects focusing on difficult isolated metal 
behavior in 1D and 2D dimensions, which surface and quantum size effects have been observed for 
ultrathin metal layers. (3,4). The proportion of surface atoms increases dramatically as the size of 
nanoparticles reduces; as a result, such as gold nanoparticles melting point and density. (5-7). 
Matthiessen's rule is a mathematical formula for calculating relaxation times for multiple scattering 
mechanisms (8). Gold is a lustrous, and has a face-centered cubic structure, non-magnetic. 

 A small sample of the same gold, on the other hand, is quite different, assuming it is small 
enough: Green light is absorbed by 10-nm particles, which causes them to appear red. As the sample size 
decreases, the melting temperature drops dramatically (9).  Au nanoparticles also become insulators at 
this size. Thin films of gold are now used in a wide variety of applications, such as Sensors (10), and 
many of optoelectronic devices (11).  
The film quality is influenced by the structural properties of gold thin films, which can affect the device's 
optical properties and overall capability. at the same time Metal films of various thicknesses are required 
for various applications, and because these films are polycrystalline, their internal properties and surface 
roughness can vary greatly from one thickness to another.  
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In this study, fabricated and characterization which including the structural and optical properties 
of gold nanoparticles.  
   
2. Experimental Part  

Au thin film were deposited on glass substrate cleaned by propanol for 15 minutes by DC- 
sputtering method using  Magnetron sputtering machine (Quorum Q150R ES) with current (10) mA and 
Argon (Ar) gas with vacuum chamber at room temperature, the height between Au target and the holder 
was 2.6 cm for all samples. The optimal thickness was 200 nm at deposition time of 1164 second 
depending on the deposition equation(12): 
 
D = K I T    ……….. (1)  
 
Where D is film thickness (A),   
Kis a material constant, for gold in Ar gas K~0.17   
I is sputtering current (mA),  
T is time (S)   
Several diagnostics were employed to study deposited films. Absorption, transmission, and reflection of 
Au nanoparticles was recorded using UV-vis spectroscopy, Scanning Electron Microscope (SEM) images 
prepared by (inspect s50 from FEI) and EDX (energy dispersive X-ray spectroscopy) were prepared by 
(XFlash 6-10 from bruker). and X-ray diffraction (XRD) patterns were prepared, using (X'Pert PRO from 
PANalytical) diffractometer.  

In addition, the dislocation density (δ) and strain of the films (Ԑ) were determined respectively 
using XRD data of the following relations:  
δ =1/D2hkl ……………..   (2)  
 
Ԑ = � cosѲ/4 …………… (3)  
 
The interplanar distance (d) is calculated using Bragg’s formula: 
 d = nλ/2sinѲ 
and The Scherrer formula can be used to calculate the crystal's domain size from the full width at half 
maximum (FWHM) of the peaks 
D=Kλ/𝛽Cosθ  …………….(4)  
k = 0.9 , λ = 1.54 , � is (FWHM), θ is the angle between the incident beam and the reflection lattice 
planes. AFM analysis was done using scanning probe microscopy angstrom advanced AA2000. The 
AFM was in contact mode, under room temperature.   
  
3. Results and discussion  
Figure (1) shows the XRD pattern of Au nanoparticle prepared on glass substrate using DC-sputtering 
method. The diffraction peaks were at planes (111), (200), (220), and (300), which corresponding to 2Ѳ= 
37, 44, 63, and 77 respectively. The result indicated that the Au particles have good crystalline and 
homogeneity in the structure at the optimal thickness depend on the time of the deposition. In addition, 
the wide   FWHM, and low strain have been observed.   
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Figure (1): the XRD pattern for Au thin film deposited on glass substrate by using DC sputtering, 
 
The XRD results have been summarized in Table (1). 
 

Table (1): Crystalline size, FWHM, strain, and dislocation density of Au nanoparticle 
2θ 
(degree) 

hkl d (nm) FWHM ( β) D (nm) Strain (ε) Dislocation 
density 
(1/nm2) 

37.8666 111 2.37601 0.3936 33.30 0.0930 9* 10 -4 
44.4057 200 2.04013 0.1968 65.204 0.0455 2* 10 -4 
64.3267 220 1.44822 0.9840 11.923 0.2082 70* 10 -4 
77.3064 311 1.23428 0.9840 10.999 0.1921 82* 10 -4 

 
Figure (2) shows the SEM images of Au nanoparticle on glass substrate prepared by usin DC-sputtering 
with thicknesses of 200 nm. As can show that the morphology of Au surface is improved by optimal 
thickness due to the film take time which needed to arrange its atom and be more homogeneous. This is 
agree with XRD results. 
 

 
Figure (2):SEM images of Au thin film on glass substrate with thicknesses of 200 nm. 
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EDX analysis was performed on the slides which at thickness of 200 the result shown in Figure (3) below 
and the data base in Table (3)   

 
Figure (3):  the EDX for Au thin film with the 200 nm thicknesses 

 
 Atomic force microscopy (AFM) was also used to perform surface analysis on thin films. The 
results of this test were presented as three-dimensional images in Figure (4). Figure (4) shows AFM 
results which including the roughness, RMS, and grain size of Au nanoparticle deposited on glass 
substrate by using DC-sputtering method. The roughness RMS, and grain size was increased to the high 
value of 6.71, of 8.83 and 7137.17 respectively with optimal thickness of 200 nm.  
 

 
 

Figure (4): the topography in 3 Dimension images for Au film surface with 200 nm thickness. 
 
Figure (5) shows the reflection as function of thickness of 200 nm. It is indicated that the flection had 
maximum value at ƛ⁓500 nm. This makes possibility to use such metal for high reflection applications.    
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Figure (6): reflectance intensity for 100, 200, and 300 nm. 

  
4. Conclusion  

Gold (Au) nanoparticles prepared using DC sputtering at optimal deposition times for 
antibacterial applications have been fabricated and characterization, successfully. The cubic phase and 
polycrystalline in nature and homogenous crystalline structure of gold nanoparticle was observed. In 
addition, wide FWHM, small crystalline size and low strain were determined..  
  ___________________________________________________________________________________ 
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