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Amorphous alumina films containing gold nanoparticles were grown by radio frequency (rf) magnetron 
sputtering technique, with a variation of area ratio of gold/Alumina target ( 𝑟𝐴𝑢 𝐴𝑙2𝑂3⁄  ). Effect of the gold 

content in the composite films on the microstructural and optical absorption have been investigated. 
From the X-ray diffraction (XRD) measurements, the texture coefficient, lattice parameter, grain size and 
strain were calculated and correlated with changing  𝑟𝐴𝑢 𝐴𝑙2𝑂3⁄ . Contrary to the melting point of free metal 

cluster, it is found that melting point of gold nanoparticles embedded in amorphous alumina matrix is 
larger than the melting point of the corresponding bulk material, decreases with increasing size of 
particles. The surface plasmon resonance peak wavelength, volume fraction and size of gold 
nanoparticles were determined from the optical absorption spectra of the samples through the Maxwell-
Garnett effective model fitting, considering the size dependent mean free path limitation of free 
electrons. The peak wavelength of the surface plasmon resonance (SPR) was found to redshift from 500 
nm to 558 nm and size increases from 2.2 nm to 5.8 nm when the 𝑟𝐴𝑢 𝐴𝑙2𝑂3⁄  increases from 1.3% to 2.6%, 

and remain at the same wavelength for larger size. 
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1. Introduction 

In the last decades, noble metal nanoparticles attracted considerable 
attention by scientific community, which is connected with their strong 
localized surface plasmon resonance (LSPR) that appears at optical 
frequencies. The (LSP) are quantized collective oscillations of conduction 
electrons against the positive ionic background in the presence of 
electromagnetic wave that can enhance and focus incident light to sub-
wavelength dimension below the diffraction limit [1]. Surface plasmon 
resonance (SPR) technique is getting great attraction in sensor technology 
since it can be used for the detection of various physical, chemical and 
biological parameters [2–5]. The key parameter of such materials is often 
the position of the plasmon resonance peak that can be tuned over a wide 
spectral region by the NPs size and shape, their distance, by the 
surrounding dielectric environment of nanoparticles and, naturally by the 
metal type [6, 7]. By tuning these parameters, the resonance frequency can 
be matched to any desired wavelength from visible to near-infrared region 
[8, 9]. Therefore, by detecting the LSPR peak shift with refractive 
index/dielectric constant of surrounding medium, metal nanoparticles can 
be used as plasmonic sensors [6–9]. 

So far, various deposition techniques have been employed to fabricate 
Au/Al2O3 thin films including ion implantation [10], sol-gel [11], Laser 
evaporation [12], and RF magnetron sputtering [13–16]. Among these 
techniques, RF magnetron sputtering takes the advantage of strong 
adhesion between film and substrate, large area deposition and low 
substrate temperature. However, various deposition parameters such as 
argon pressure, the variety of sputtering target, and sputtering power may 
influence the properties of the films. Furthermore, much attention has 
been paid to the changes of volume fraction of metal nanoparticles, and 
the composite of nanoparticles embedded in various matrices (TiO2, ZnO, 
BaTiO3, SiO2 and so on) for single metal dispersed composite films [17-
22]. In our previous work [16], we studied the effect of argon pressure on 
the concentration of gold nanoparticles dispersed in an alumina matrix.  
The present work focuses on the investigation of the influence of 
sputtering area ratio of Au/Al2O3 for the target (𝑟𝐴𝑢 𝐴𝑙2𝑂3⁄ ) on the 

concentration, structural and optical properties of nanocomposite films 
deposited by RF-magnetron sputtering. The deposited composite films 
were examined by X-ray diffraction and optical absorption spectroscopy. 
 

2. Experimental Methods 

The samples studied, consisting of Au/Al2O3 composite thin films on 
clean glass substrates, were prepared at room temperature by RF 
magnetron sputtering technique using an Alcatel SCM 650 apparatus. The 
target is constituted by two materials: an alumina disc of purity 99.99%, 
with a diameter of 50 mm, over which chips of gold covering a fraction 
area (𝑟𝐴𝑢 𝐴𝑙2𝑂3⁄ ), were placed on top of alumina disc. The chamber was 

evacuated to a pressure better than 10-6  mbar before the argon gas for the 
sputtering was introduced. Deposition was carried out at a fixed argon 
pressure 10x10−3 mbar, and at 1.3%, 2.6%, 10.5%, of gold-to alumina 
surface ratio, of materials from which the composite film is fabricated. The 
deposition of all the samples was performed at a fixed substrate to target 
distance, deposition time and applied power at 60 mm, 4 h 30 min and 50 
W, respectively. Under these conditions, three sets of samples are prepared and 

they are denoted A1 (𝑟𝐴𝑢 𝐴𝑙2𝑂3⁄ = 1.3%) , A2 (𝑟𝐴𝑢 𝐴𝑙2𝑂3⁄ = 2.6%) and A3 

(𝑟𝐴𝑢 𝐴𝑙2𝑂3⁄ = 10.5%) . 

  X-ray diffraction analyses were performed in a Philips PW 1710 

spectrometer using CuKα radiation (λ = 1.54056 Å) and a Bragg-
Brentano geometry. The diffraction patterns were collected over the range 
2θ = 10° to 80° at room temperature. Optical absorption spectra, of 
Au/Al2O3 composite films, were registered by a Shimadzu UV 30101 PC 
spectrometer, in near ultra-violet-visible-near infra-red range (NIV-VIS-
NIR) from 300 to 2000 nm. 
 
 

3. Results and Discussion 

3.1 Structural Characterization 

Fig. 1 shows the XRD patterns of Au/Al2O3 composite films deposited at 
fixed argon pressure 10x10-3  mbar with a variation of the gold/alumina 
surface ratio ranging from 1.3% to 10.5%.  X-ray diffractogram of gold thin 
film with a cubic structure, presented as a reference, is also reported in 
Fig. 1. For the sample deposited with  rAu Al2O3⁄ = 1.3% , it is not obvious 
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Au or SiO2 crystalline peak in the spectra, but there is a weak diffraction 
peak at around 38° and a broad peak at around 64°,  that corresponds to 
small gold nanoparticles embedded in amorphous alumina films. The 
intensity of Au peaks increases with increasing rAu Al2O3⁄ . In order to 

determine the phase structure, size and lattice parameter of AuNPs 
embedded in alumina films deposited at various rAu Al2O3⁄ , deconvolution 

procedure of the XRD patterns, where the details are reported elsewhere 
[23], were used assuming Voigt functions in order to obtain the peak 
position, intensity, preferential growth of the crystalline phases and the 
full width at half maximum. 
 

 
Fig. 1 X-ray diffractograms of Au/Al2O3 nanocomposite thin films deposited at 
various gold/alumina surface ratio and JCPDS of gold thin films 

 
The curve fitting XRD spectrum of A1 series is reported in Fig. 2. The 

diffraction peaks resulting from the fitting are attributed to the crystal 
planes of Au (111), Au (200) and Au (220). The peak positions are in 
agreement with the well-known data: JCPDS–04–0784 characteristic of 
the fcc cubic structure, indicating that the small gold particles should 
adopt a fcc-like structure. The samples deposited at rAu Al2O3⁄ = 2.6% and  

rAu Al2O3⁄ = 10.3%  show four distinct peaks identical to the reference gold 

thin film. We can note that the peak around 2θ = 26° , assigned to 
amorphous alumina, becomes broad and disappears when the  rAu Al2O3⁄  

increases. This can be explained by the fact that the samples having a large 
gold/alumina surface ratio exhibit a metallic appearance. 
 

 
Fig. 2 Experimental diffractogram of the sample deposited at rAu Al2O3⁄ = 1.3%  and 

their curve fitting where   different pseudo-Voigt functions were taken into account 

 
Quantitative information concerning the preferential crystal 

orientation can be obtained from the texture coefficient (𝑇𝑐), which is 
defined as in relation given by [24]: 

 

𝑇𝑐(ℎ𝑘𝑙) =
𝐼(ℎ𝑘𝑙) 𝐼0(ℎ𝑘𝑙)⁄

1

𝑛
∑ 𝐼(ℎ𝑘𝑙) 𝐼0(ℎ𝑘𝑙)⁄𝑛

                   (1) 

 
where 𝑇𝑐(ℎ𝑘𝑙) is the texture coefficient of the facet (hkl), 𝐼(ℎ𝑘𝑙) is the 
intensity of the (ℎ𝑘𝑙) reflection of the sample under analysis, 𝐼0(ℎ𝑘𝑙) is the 
intensity of the (ℎ𝑘𝑙) reflection of a polycrystalline bulk sample and ‘𝑛’ is 
the number of reflections taken into account. 

If 𝑇𝑐(ℎ𝑘𝑙) ≈ 1 for all the considered (ℎ𝑘𝑙) planes then the particles are 
randomly oriented crystallites which are similar to the JCPDS references. 
If the values of 𝑇𝑐(ℎ𝑘𝑙) is greater than 1, it indicates that the abundance of 
grain is formed in a given (h k l) direction.  If 0 < 𝑇𝑐(ℎ𝑘𝑙) < 1  it indicates 
that there is a lack of grains in that given direction. As 𝑇𝑐(ℎ𝑘𝑙) increases, 
the preferential growth of the crystallites in the direction perpendicular to 
the [h k l] plane is greater. The texture coefficients calculated from their 
respective XRD peaks using Eq.(1) are shown in Table 1. 

Table 1 Texture coefficient for four crystallographic planes of the deposited samples 

 

 
Fig. 3 Texture coefficient of Au/Al2O3 nanocomposites thin films particles calculated 
from XRD pattern 

 
Fig. 3 shows the gold/alumina ratio dependence of the texture 

coefficient for the (111), (200), (220), and (311) planes. The (111) plane 
is dominant. However, the Au crystallites have a texture structure along 
the Au (111). For this, all structural parameters will be calculated along 
this direction. The crystallite size was estimated from the Debye-Scherer’s 
formula using the FWHM in radians of the Au (111) reflection: 

 
𝐷 = 𝑘 𝛽. 𝑐𝑜𝑠𝐵⁄                                     (2) 
 

where k is a constant (0.9), D is the crystallite size (in nm),  is wavelength 
(0.15406 nm), β is full width at half maximum (FWHM in radian) and B is 
the Bragg diffraction angle. The strain, ε in the Au/Al2O3 films are 
calculated from the well known Williamson-Hall relation [25] 

 

𝜀 =
βcosB−



D

4sinB
                                 (3) 

 
The changes in the structural parameters of AuNPs are reported in 

Table 2. The lattice parameter and the grain size increases, while the strain 
decreases with increasing rAu Al2O3⁄ . The negative sign of the strain 

indicates that the strain is compressive. The increase in AuNPs sizes is 
obviously due to the increases in the gold concentration. 
 
Table 2 Results of the curve fitting of the experimental diffractograms calculated 
from Au (111) reflections of the samples 

Samples 
Number 

Bragg’s 
angle 
2θ (degree) 

FWHM 
(degree) 

Lattice 
parameter (Å) 

Particle 
size 
(nm) 

Strain 
 (𝜀 x 10−3) 

1.3% 38.57 8.07 4.039 1.04 -11.2 
2.6% 38.36 2.65 4.060 3.17 -3.7 
10.5% 38.12 1.14 4.085 7.34 -1.6 

 
By increasing rAu Al2O3⁄ , the strain  decreases , and takes the values 

(−11.2x10−3), (−3.7x10−3) and (−1.6x10−3) for the A1 , A2 and A3 series 
respectively, implying that these series are contracted during the 
sputtering process. 

Young’s modulus is one of the most fundamental parameter to depict 
the elasticity of a given material. It determines the basic elastic 
deformation capacity of a structure under a bear load. When the diameter 
of nanocrystals is in the scale of several nanometers, the Young’s modulus 
is quite different from that of bulk. In order to determine elastic 
deformation capacity of nanocrystals, it is necessary to study the size 
dependent Young’s modulus. Bhatt and Kumar [26] developed the relation 
to study the size and shape dependence of Young modulus of 
nanomaterials, which can be written as follows:  

 
𝑌(𝐷)

𝑌(∞)
= (1 −

𝑁𝑠

2𝑛
)                         (4) 

 
The Young modulus of nanomaterials with size D is  (𝐷) , 𝑌(∞) is the 

elastic modulus of corresponding bulk material (78 GPa), 𝑁𝑠  is the number 

XRD  peak 

(h k l) 

Intensity observed   Texture Coefficient 

      𝑇𝑐(ℎ 𝑘 𝑙)  

A1 A2 A3 A1 A2 A3 

Au(111) 100.00 100.00 100.00 1.47 1.67 1.60 

Au(200) 39.11 28.98 30.18 1.11 0.93 0.93 

Au(220) 27.43 17.35 16.49 1.26 0.91 0.82 

Au(311) 3.41 10.23 14.15 0.14 0.47 0.63 
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of surface atoms and 𝑛 is the total number of atoms. The value of  
𝑁𝑠

2𝑛
 

depends on the structure of the Nanomaterials. For spherical nanosolids 
its value may be given by [27]: 

 
𝑁𝑠

2𝑛
=

2𝑑

𝐷
                                     (5) 

 
where 𝐷 is the diameter of spherical nanosolids and 𝑑 the diameter of the 
atom. For gold (𝑑 = 0.2884 𝑛𝑚). The calculated values are given in Table 
3. 
 

Table 3 Young’s modulus and melting temperature of calculated from Au (111) 
reflections of the samples 
 

Samples Number Young’ modulus (GPa) Melting Temperature (°C) 

A1 34.92 1468  

A2 63.84 1177  

A3 71.88 1120 

 

 
Fig. 4 size dependence of young’s modulus of Au/Al2O3 

 

Fig. 4 presents the size dependent Young’s modulus of Au-NPs. We can 
observe that Young’s modulus decreases as the particle size decreases. It 
is clear from Fig. 4 that the size effect on Young’s modulus is more and 
more obvious with the decrease in particle size. Its value increases from 
34.92 𝐺𝑃𝑎 to 71.88 𝐺𝑃𝑎 when the size varies from 1.04 nm to 7.34 nm. 

Thermodynamic properties which are essential in utilizing 
nanomaterials in some fields applications such as microelectronics, 
nonlinear optics and solar energy, have garnered considerable attentions. 
Among these properties, melting point is the most practical property in 
NPs applications. It was reported in many works, for free standing NPs 
[28-30], that the melting point decreases with decreasing size of NPs. 
However, for the embedded NPs the melting point is not only related to 
NPs’ size, structure and shape; but also affected by the embedding matrix. 
For some matrices, melting of the embedded NPs occurs in lower 
temperature than its bulk state, while it is possible for the same NPs to 
have superheating above the melting point in some other matrices [31-
35]. Qi et al. [36] have developed a new model to accounting for the size 
and shape dependent superheating of nanoparticles embedded in a matrix 
where the particle shape is considered by introducing a shape factor. 
Melting temperature Tm of nanoparticles embedded in a matrix can be 
further written as [36]: 

 

𝑇𝑚 = 𝑇𝑚𝑏 [1 −
3

2

𝑑

𝐷
(1 −

𝑇𝑀

𝑇𝑚𝑏
)]                    (6) 

 

where TM is the melting temperature of the matrix (2054 °C for alumina), 
Tmb is the melting temperature of bulk pure metals (1064 °C for gold), D is 
the diameter of nanosolid, d is the diameter of the atom and  is the shape 
factor. In our case, the nanoparticles are spherical, the form factor  is 
taken equal to 1. The changes of melting temperature with size of god 
nanoparticles embedded in Al2O3 matrix were calculated using Eq.(6). The 
values are reported in Table 3. The variation of the melting temperature 
with the gold particle size is reported in Fig. 5. We can note that the melting 
temperature of AuNPs embedded in amorphous alumina films decreases 
from 1468 °C  to 1120 °C ,  when gold particle size increases from 1.04 nm 
to 7.34 nm, indicating that particles with smaller size melt at higher 
temperature and not agree with the melting point of a free metal cluster 
size where it is well known to increase with its size. Another interesting 
observation is that the melting temperature values of all the samples 
remains above the melting point of bulk gold. 
 

 
Fig. 5 Melting temperature of Au/Al2O3 nanoparticles as a function of particle size 

 
3.2 Optical Characterization 

It is well known that the noble metal nanoparticles exhibit 
characteristic optical properties due to surface plasmon resonance of 
conduction electrons, which results in an absorption peak in the UV-Vis 
region. Fig. 6 shows the experimental optical absorbance spectra of 
Au/Al2O3 three samples deposited at different rAu Al2O3⁄  values. A very 

weak and large band absorption due to the surface plasmon resonance is 
observed for sample deposited at lower gold to alumina surface ratio 
(1.3%).  The broadening of the related SPR peak may be due to the mean 
free path effect as well as the influence of conduction electron collisions 
with particle surfaces [37]. With increasing  rAu Al2O3⁄  from 1.3% to 10.5%, 

the SPR peak for the Au particles exhibited a significant redshift 
accompanying the narrowing and increase in intensity of the spectra. 
 

 
Fig. 6 Optical absorption spectra of 𝐴𝑢/𝐴𝑙2𝑂3 composite thin films deposited at 

different rAu Al2O3⁄  

 
Using the well-known Maxwell–Garnett effective medium theory, the 

optical absorption coefficient (𝛼) of the Au/Al2O3 composite samples was 
calculated.  M-G theory may be expressed as follow [38]: 

 

𝛼 =
4𝜋

𝜆√2
[(𝜀𝑒1

2 + 𝜀𝑒2
2 )1 2⁄ − 𝜀𝑒1]

1 2⁄               (7) 
 
where 𝜀𝑒1 and 𝜀𝑒2  are the real and imaginary parts of the effective 
dielectric function 𝜀𝑒𝑓𝑓 who satisfies the equation: 

 
𝜀𝑒𝑓𝑓−𝜀𝑚

𝜀𝑒𝑓𝑓+𝜀𝑚
= 𝑓

𝜀−𝜀𝑚

𝜀+𝜀𝑚
                          (8) 

 
where, 𝜀𝑚 is the dielectric function of the matrix,  𝑓 and 𝜀 are the volume 
fraction and dielectric function of the metallic particles. The dielectric 
function of Au was taken from the work of Palik [39]. The dependence of 
the metal dielectric function on the size of the particles is taken into 
account using the model presented by Hövel et al [40]:  
 

𝜀(𝜆, 𝐷) = 𝜀𝑏𝑢𝑙𝑘(𝜆) +
𝜔𝑃

2

𝜔2+i𝜔𝛾𝑏𝑢𝑙𝑘
−

𝜔𝑃
2

𝜔2+i𝜔(𝛾𝑏𝑢𝑙𝑘+2𝐴𝑣𝐹 𝐷)⁄
                  (9) 

 
where εbulk is the bulk gold dielectric constant, ωP , vF and  γbulk being, the 
metal plasma frequency, the Fermi velocity and   the electron scattering 
rates in the bulk respectively, and A is a phenomenological parameter 
including details of the scattering process. The values of these parameters 
used in our simulation are those cited in the work [16]. The simulation and 
the experimental plots are shown in Fig. 7-9. These fitting allowed us to 
evaluate, the gold particle size, the wavelength 𝜆𝑚𝑎𝑥 of the SPR band 
absorption spectra and Au volume fraction. The deduced parameters are 
summarized in Table 4. 
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Fig. 7 Experimental and M-G simulated optical absorption spectra for the composites 

films deposited at rAu Al2O3⁄ = 1.3% 

 

 
Fig. 8 Experimental and M-G simulated optical absorption spectra for the composites 

films deposited at rAu Al2O3⁄ = 2.6% 

 

 
Fig. 9 Experimental and M-G simulated optical absorption spectra for the composites 

films deposited at rAu Al2O3⁄ = 10.3% 

 

Table 4 Plasmon peak, average size and concentration of the samples 

Samples Number SPR Size(nm)  Concentration (%) 

A1 500 2. 2 7  

A2 558 5. 8 30  

A3 558 7.8 46 

 
From the Table 4, we know that by increasing the area ratio of 

gold/alumina for the target, the size of AuNPs increases as well as the 
volume fraction of gold. The size varies from 2.2 nm to 7.8 nm when the 
concentration changed from 7% to 46% when the rAu Al2O3⁄  increases from 

1.3% to 10.5%. While the resonance peak position shows a redshift as the 
Au content increased from 7 to 30 vol%. Then, no obvious change in peak 
position is observed from 30 to 46 vol%  of Au. Kreibig et al [37] reported 
that the size of Ag particles would also induce the shift of the SPR peak, but 
the position of the SPR peak was independent of particle sizes as the 
particle diameters were between 4 nm and 15 nm. The independence of 
particle sizes on optical absorption of the colloid gold in photosensitive 
glasses was also reported as the particles were smaller than several 
hundred atoms [41, 42]. This was interpreted as collisions of the 
conduction electrons with the particle surface, which reduced their 
effective mean free path, that is, the free path effect. The redshift of the SPR 
peak in the samples with 7–30 vol% Au may be due to the size effect. The 
narrowed peak in the sample with 46 vol% of Au may be due to the 
enhanced intrinsic free electron oscillation inside metal particles [17]. 
 
 

4. Conclusion 

In this work, nanocomposite Au/Al2O3 thin films were synthesized by 
sputtering technique and characterised by XRD and optical absorption 
measurements. Increase in gold to alumina surface ratio give rise to an 
increases in the size and volume fraction of AuNPs. The lattice parameter, 
strain, young modulus, melting point and SPR peak position of AuNPs were 
determined and discussed. It is found that the melting point of gold 
nanoparticles dispersed in amorphous alumina films is larger than the 
melting point of the bulk gold material, and decreases with increasing size 
of AuNPs. Optical absorption spectra have been successfully explained by 
Maxwell-Garnett theory, taking into account of limited free path of 
conduction electrons. With increasing the volume fraction of Au content 
from 7% to 30%, the position of the maximum of SPR band absorption of 
AuNPs exhibit a redshift from 500 nm to 558 nm and no obvious change 
was observed for the higher volume fraction up to 46%, indicating that the 
peak position wavelength of the SPR is not sensitive to the particle size 
into the range included between 5.8 nm and 7.8 nm. 
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