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Abstract Article Info. 

       This study aimed to investigate the structure and optical properties of Sn 

nanostructures. Thin tin (Sn) films were deposited on glass substrates using the 

pulsed laser deposition method. Nd:YAG laser with fundamental wavelengths of 

532 nm and 1064 nm was used to create Sn nanostructures with varying energies of 

400 mJ to 700 mJ and the same frequency of 6 Hz. The tin powder was compressed 

into a disc with a one-centimetre diameter to serve as a sample. The X-ray 

diffraction (XRD) pattern showed a crystalline structure with several Sn 

nanostructures peaks at various energies (400–700 mJ). The results revealed a 

crystalline size of 65.90 nm and 86.55 nm at 700 mJ, while the size was 40.19 nm 

and 17.19 at 400 mJ for the given wavelengths (532nm and 1064 nm), respectively. 

The appearance of Sn nanostructures and the aggregation of, particularly in the 

form of cauliflower, were revealed in Field emission scanning electron microscopy 

(FE-SEM) images. The results of the dispersive energy X-ray spectroscopy (EDS) 

analysis showed that various amounts of tin, carbon, and oxygen were present. 

Additionally, the optical characteristics were investigated of each film using 

absorbance spectra, which covered a range of wavelengths from 190 to 1100 nm. 

As the laser power increased, the band gap energy values in the optical properties 

decreased, falling into the ranges of 3.06 to 1.65 eV and 3.22 to 1.82 eV at 1064nm 

and 532nm, respectively. 
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1. Introduction 
High-power lasers find applications in various fields, such as the pulsed laser 

deposition (PLD) of thin films, laser-assisted machining, laser diagnostics, and 

elemental trace analysis [1]. In these processes, the laser beam interacts with the target 

material, causing dissipations and ionizations, thereby creating a plasma plume above 

the target's surface [2]. It is essential to comprehend the transport mechanism of the 

laser beam within the laser-induced plasma plume. This understanding is crucial for 

effectively controlling the interaction between the laser and the materials being used, as 

well as for optimizing high-power laser processes [3, 4]. The formation of laser-induced 

plasma involves five distinct processes: excitation, ionization, dispersion, dissolving, 

and heating. Initially, high-energy laser pulses emitted from a Q-switched laser source 

are directed onto a solid or liquid surface [5] or a small volume of a gas sample using an 

appropriate lens [6, 7]. This focused laser beam induces excitation and ionization of the 

target material, leading to the formation of a plasma plume [8]. This plume consists of a 

mixture of electrons, neutral atoms, and ions, which are rich in energy [9]. 

Subsequently, the temperature of the region involved in the process experiences rapid 

and significant elevation, reaching the threshold required for vaporization [10]. 

Applications of laser-induced plasma have currently spread to numerous fields for 

elemental composition determination of products [11], biomedical applications [12], 

geological studies [13], mineral mining process control [14], etc.  
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Tin (Se) is a unique semiconductor material of tetragonal structure with an energy 

gap of about 3.6 eV [15, 16]. 

 The aims of this project are to produce tin nanostructures and investigate the 
influnce of laser energy on structural and optical characteristics of these nanostructures. 

 

2. Experimental Work 
PLD method is typically conducted in a pressure vacuum chamber with a pressure 

of 2.5×10
-2

 mbar. A solid tin disc measuring 1 cm in diameter and 0.2 cm in thickness 

was prepared by compressing 2 g of Sn nanostructures powder using a Specac hydraulic 

press under a pressure of 6 tons for 10 min. To deposit tin nanostructures, Nd:YAG 

laser with a repetition rate of 6 Hz and different laser energies of 400, 500, 600, and 

700mJ was employed. The laser emitted 200 pulses and operated at wavelengths of 532 

nm and 1064 nm. The incident Nd:YAG Q-switching laser beam was directed to the 

target surface at an angle of approximately 45
o
. The experimental setup consisted of 

vacuum systems, as shown in Fig.1. The synthesized Sn structures were characterized at 

the University of Kashan, Iran employing X-ray diffraction (XRD) (using PANalytical 

XPert diffractometer, Phillippines), field emission scanning electron microscopy (FE-

SEM), dispersive energy X-ray spectroscopy (EDS) (Tescan MIRA3, France), and 

Transmission electron microscopy (TEM) techniques. 

 

Figure 1: PLD system using Nd:YAG with wavelength 1064nm and 532nm [17]. 
 

2. Results and Discussion 
3.1 X-ray Diffraction Analysis (XRD) 

Figs. 2 and 3 depict the XRD patterns of Sn nanostructure prepared with various 

laser energies. All samples showed polycrystalline tetragonal structures that matched 

the standard card (No. 00-004-0673). The XRD of Sn nanostructure prepared using 

332nm laser of 400 and 700 mJ energies, shown in Fig. 2, showed many peaks at 

diffraction angles (2θ) of 30.64, 32.01, 44.7, 44.95, 56.47, and 63.55 indicating 

the lattice planes (200), (101), (220), (211), (301), and (112), respectively. Using the 

1064nm laser of 400 and 700 mJ energies, the XRD pattern showed peaks at diffraction 

angles (2θ) 30.64, 32.01, 44.7, and 44.95 corresponding to (200), (101), (220), and 

(211) lattice planes, respectively. Changes in the positions of the peaks with increasing 
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laser energy were noted due to the difference in the lattice uniform strain with variation 

in crystalline size [18]. It is also evident that the peaks intensity increased while the 

width of the peaks decreased with increasing the laser energy, indicating increased 

crystallinity and growing crystalline size. When the laser power increases, the size of 

the crystals increases, which leads to the removal of larger masses of the target material. 

Also, high laser power leads to the merging of small particles with each other [3, 17]. 

The XRD peak intensity using the 1064 nm laser was higher than that of the 532 nm 

laser at the same laser energy. The interaction between the 532 nm wavelength laser and 

the target is less due to less surface absorption. This means that the target absorbs more 

energy from the 532 nm laser, resulting in less energy available for scattering and 

generating X-ray diffraction signals. In contrast, the 1064 nm laser is absorbed less, 

allowing more energy to contribute to the diffraction signal and leading to higher peak 

intensity. 

Figure 2: XRD pattern of Sn nanostructure at  =532 nm. 

Figure 3: XRD pattern of Sn nanostructure at  =1064 nm. 

 

The crystal structure, orientation, and grain size of a material may be identified by 

the use of XRD [19], which is a potent, non-destructive approach to material 

characterization. Scherer's formula was used to determine how large the individual 

crystals are (D) in a polycrystalline film [9, 20]: 

  
  

       
                                                                                                                                  

The full width at half maximum (β) is a measure of the angular width of the peak in a 

diffraction pattern, expressed in radians [21, 22], and the Bragg angle (θ) is the angle at 
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which constructive interference occurs in a crystal lattice related to the diffraction of X-

ray or other radiation. Cu (ka) radiation was employed as the radiation source, with a 

wavelength of 1.5406 Å. Table 1 provides the diffraction parameters for Sn thin films 

that were prepared using different laser energies and their corresponding intensities. 

 

Table 1: The variation of XRD parameters for Sn nanostructure at different laser energies. 

E (mJ) 2θ (Deg.) FWHM(nm) C.S (nm) Av. C.S(nm) hkl 

 =532nm 

400mJ 

30.64616 0.19251 44.76  

 

21.82 

 

 

(200) 

32.01819 0.1649 52.37 (101) 

43.76879 0.473 18.86 (220) 

44.95589 0.715 12.52 (211) 

56.47776 8.33885 1.14 (301) 

63.55797 7.639318 1.28 (112) 

700mJ 

 

30.64616 0.1476 58.46 

36.22 

 

(200 ) 

32.01819 0.235 36.75 (101) 

43.76879 0.1968 45.52 (220) 

44.95589 0.3678 24.87 (211) 

56.47776 0.278 33.82 (301) 

63.55797 0.543 17.93 (211) 

 =1064nmm 

400mJ 

30.05307 0.96757 8.95 
18.17 

 

(200) 

32.01944 0.16199 53.987 (101) 

43.6325 1.79707 5.05 (220) 

44.38416 1.9 4.72 (211) 

 

700mJ 

 

30.36936 6.32485 1.36 27.91 

 

 

(200) 

32.09302 0.658 13.20 (101) 

43.76881 0.221 27.71 (220) 

44.81532 0.129 69.40 (211) 

 

3.2. Atomic Force Microscope Analysis (AFM) 

Atomic Force Microscope Analysis (AFM) is an essential instrument for the 

characterization of nanoparticles. AFM can achieve spatial resolutions of less than one 

nanometer because it images samples using electrons rather than photons [23]. Figs. 4 

and 5 illustrate AFM images obtained with pulse laser energies of 400 mJ and 700 mJ, 

respectively. In both cases, the AFM images reveal a uniform surface with strong 

adhesion to the glass substrate. 

It should be noted that the nanostructure surface exhibits variations as a 

consequence of different laser energy levels, as demonstrated in Table 2. Specifically, 

as the laser energy increased from 400 mJ and 700 mJ the granular size of the 

nanostructure increased. This indicates that higher laser energies result in a higher 

proportion of scouring, contributing to larger granules on the surface. During the 

deposition process, the migration of nanostructure layers towards the surface occurs 

through interactions with the ablation products present in the plasma. These ablation 

products comprise both ions and uncharged ablation fractions, each with distinct 

diffusion rates. Ions, characterized by their high energies or speeds, exhibit rapid 

movement. On the other hand, the velocity of uncharged fragments depends on their 

frequency of collisions with charged particles. Consequently, when the laser intensity is 

increased, leading to more pronounced excision or removal, there is an elevated 

likelihood of larger granules appearing on the surface due to multiple impacts. This, in 

turn, leads to an increase in surface roughness of the nanostructure. The observations 
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made through atomic force microscopy are in agreement with the findings reported by 

de Haan et al. [23] and Hasaneen et al. [24]. 

 

Figure 4:  3D AFM for Sn nanostructure prepared by PLA with(a) 400 mJ laser energy 

(b)700mJ and granularity accumulation distribution at  =532nm. 

 

 

Figure 5:  3D AFM for Sn nanostructure prepared by PLA with(a) 400 mJ laser energy 

(b)700mJ and granularity accumulation distribution at  =1064nm. 

a 

b 

a 

b 
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Table 2: AFM parameters for Sn films with different laser energies. 

E(mJ) Ave. Roughness 

(nm) 

Root Mean Sq. 

(nm) 

Ave. diameter 

(nm) 

Sn- =532nm 

400mJ 38.32 33.37 153.1 

700mJ 27.45 46.22 70.02 

Sn- =1064nm 

400mJ 39.02 49.69 87.56 

700mJ 109.2 134.9 79.92 

 

 

3.3. Field Emission Scanning Electron Microscopy (FE-SEM) 

Figs. 6 and 7 show the surface morphology of SnNPs. The FESEM images 

revealed the agglomeration of NPs due to their attractive forces. The FESEM images 

depict Sn thin coatings on glass substrates prepared using different laser energies, 

indicating uniform deposition, covering the entire substrate in a cauliflower-shaped 

pattern. With increasing laser energy, the particle density increased due to the merging 

of adjacent particles, leading to a more solid appearance and reduced vacancies. It is 

important to note that the merging of adjacent particles and the resulting reduction in 

vacancies may affect the optical properties of the Sn films, as observed in the analysis 

of the band gap energy values. Overall, the FESEM images provide valuable 

information on the surface morphology and changes in density and particle size of the 

Sn films with varying laser energy [25]. 

 

 

Figure 6: FE-SEM images of Sn NPs measurement at range (200nm and 1 µm) with laser 

energy (a) 400mJ and (b) 700mJ at  =532nm. 

 

 

 

 

 

 

a 

b 
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Figure 7: FE-SEM images of Sn NPs measurement at range (200nm and 1 µm) with laser 

energy (a) 400mJ and (b) 700mJ at  =1064nm. 

 

3.4. Energy Dispersive X-Ray Spectroscopy (EDS) 

Dispersive Energy X-ray spectroscopy (EDS) is a commonly used technique to 

analyze and quantify the elemental composition of a small material sample. In EDS, an 

electron beam is directed at the surface of the sample, which results in the excitation of 

surface atoms. These excited atoms emit X-rays that are specific to the atomic structure 

of each element present in the sample. By measuring and analyzing these emitted X-

rays, the elemental composition of the sample can be determined. Figs. 8 and 9 illustrate 

the presence of Sn atoms. In terms of weight % and atomic %, the compositional 

percentages of Sn, C (carbon), and O (oxygen) are depicted. 
The vertical axis of the figures represents the quantity of X-ray counts, while the 

horizontal axis represents the energy of the X-rays in keV. The figures provide insights 

into the relative amounts of Sn, C, and O elements in the sample, as determined by EDS 

analysis. 

 

 
Figure 8: EDS spectra of Sn nanoparticles prepared at laser energies of 400 and 700 mJ at 

 =532nnm. 

a 

b 

A% w% 
Elemen

t 

21.45 5.96 C 

51.21 18.95 O 

27.35 75.09 Sn 

 

A% w% Element 

16.98 5.14 C 

59.33 23.94 O 

23.69 70.92 Sn 
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Figure 9: EDS spectra of sn nanoparticles prepared at laser energies of 400 and 700 mJ at 

 =1064nm. 

 

3.5. Optical Properties 

The optical properties of Sn nanostructures on glass substrates at room 

temperature were studied at different laser energies. The optical characteristics of the 

nanostructures were then analyzed using UV-Vis spectroscopy. 

 

3.5.1. The Absorbance Spectrum (A) 

Fig. 10 presents the optical absorption spectra of Sn nanostructures at various 

laser energies ranging from 400 mJ to 700 mJ. The absorption peaks were observed 

within specific wavelength ranges, namely 280 nm to 888 nm for 532 nm laser and 

1064 nm laser. Analyzing the absorption spectrum depicted in Fig. 10, it is evident that 

the absorbance increases with the increase of the energy of the laser pulse. This can be 

attributed to a higher proportion of scraping, leading to an increased grain size rate. 

Consequently, the surface roughness increases, resulting in greater absorption of 

photons. As the wavelength increases, photons lose energy and become less capable of 

interacting with matter's atoms. Consequently, photons undergo scattering processes. 

The relationship between surface roughness and absorption is in accordance with the 

findings of Frit et al. [26]. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

A% w% Element 

8.34 23.44 C 

27.66 58.36 sn 

63.99 18.20 o 

 

A% w% Element 

5.35 16.72 C 

26.28 61.66 sn 

68.37 21.62 o 
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Figure 10: Absorbance spectra of Sn nanostructures as a function of wavelength at different 

laser energies using (a) 532nm and (b) 1064nm.  

 

3.5.2. Optical Energy Band Gap (Eg) 

The optical band gap energy, represented by the symbol Eg, is a highly significant 

optical constant in semiconductor physics. This parameter is essential in determining 

the applicability of semiconductors in a wide range of optical and electrical applications 

[27]. The value of Eg is influenced by the crystal structure of the material, which implies 

that it is sensitive to the particular arrangement of atoms within the semiconductor [28]. 

Knowledge of the absorption coefficient (A) and the incident photon's energy (hυ) is 

necessary to determine the value of Eg. When converting (αhν) 2 × 10
11

 (eV·cm
-1

)
2
 to 

energy units from wavelength units, the plotted value represents the amount of energy 

absorbed by the material per unit wavelength (cm
-1

) as a function of the square of the 

absorption coefficient. Utilizing appropriate formulas, the value of the band gap energy 

can be calculated[29]: 

 

                   
                                                                                                                   

According to the provided information, Figs. 11 and 12 were utilized to determine 

the band gap energy values for Sn films deposited on glass substrates. The laser pulse 

energy used for the deposition varied from 400 mJ to 700 mJ. The results in Table 3 

indicate that the band gap energy values ranged from (3.06 to 1.65) eV and (3.22 to 

 (nm) 

A
b
so

rb
an

ce
 

 (nm) 

A
b
so

rb
an

ce
 

a 

b 
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1.82) eV at 1064nm and 532nm, respectively. The decrease in band gap energy values 

with increasing laser pulse energy suggests an increase in the particle size of the Sn 

films. This observation is attributed to the presence of secondary levels within the band 

gap, which results in the widening of the energy difference. Consequently, more 

granules or particles are observed on the surface of the glass slide. These findings are 

consistent with the results reported by Faiadh [30]. The laser energy that excites the Sn 

nanoparticles can affect their optical properties, including the band gap energy. Higher 

laser energies can induce changes in the electronic structure of the nanoparticles, such 

as excited state transitions or energy transfer processes, which can contribute to a 

decrease in the band gap energy values. 

  

 

 

 

 

 

 

 

 

 

 

 

  
 

 

Figure 11: (αhv)
2
 of the synthesized Sn nanostructure as a function of photon energy at     

various laser energies with 532nm laser wavelength. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: (αhv) 
2
 of the synthesized Sn nanostructures as a function of photon energy at 

various laser energies with 1064nm laser wavelength. 

 
Table 3: Effect of laser energy on the optical band gap energy of the Sn nanostructure. 

Laser energy (mJ) 
Band gap energy 

 =532nm  =1064nm 

400 3.22 3.06 

500 2.62 2.91 

600 2.43 2.19 

700 1.82 1.65 
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4. Conclusions 
Se nanostructures were synthesized using laser-induced plasma employing two 

laser wavelengths of 532nm and 1064 nm with varying laser energies ranging from 400 

to 700 mJ and 200 pulses. XRD analysis confirmed that the resulting polycrystalline 

films exhibited a tetragonal structure. Furthermore, the experimental data indicated that 

the grain size increased with the laser energy, increasing average roughness. The FE-

SEM images provided visual evidence of the nanoparticle morphology and the 

agglomeration of Sn nanostructures, which appeared in a cauliflower-like formation. 

Moreover, the investigation of the Sn nanostructure's optical properties revealed that an 

increased in laser energy decreased the band gap energy. 
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بانبلازما انمحتثت  انمحضرة نهقصديرانخصائص انتركيبت وانبصريت  عهىتأثير طاقت انهيسر  

 بانهيسر
 

رغدة طلال احمد
1

فاضم احمد والاء 
2
  

 لسى انفُضَاء، كهُت انعهىو، جايعت بغذاد، بغذاد، انعشاق 1
 ، كهُت انعهىو، جايعت بغذاد، بغذاد، انعشاقانفهك وانفضاء لسى 1

 

 انخلاصت
 سكائض عهً انًخشسبت انشلُمت الأغشُت ححضُش حى. Sn انُاَىَت نهبُُت وانبظشَت تانخظائض انخشكُب دساست حى انعًم هزا فٍ

 يخخهفت طالاث يع Sn نظُع َاَىيخش 4664-532 يٍ أساسٍ يىجٍ بطىل Nd: YAG انُبضٍ بانهُضس انخشسُب طشَك عٍ صجاجُت

 حُىد ًَظ أظهش. واحذًا سُخًُخشًا لطشِ َبهغ لشص فٍ انمظذَش يسحىق ضغظ حى(. هشحض 6) انخشدد وبُفس( جىل يههٍ 466-766)

ا بهىسَت بُُت( XRD) انسُُُت الأشعت ًً  بهىسٌ حجى عٍ انُخائج كشفج(. جىل يههٍ 766-466) يخخهفت بطالت  Snيع حخىافك يخعذدة ولً

 نلأطىال جىل يههٍ 466 عُذ َاَىيخش 47.49و َاَىيخش 46.49 انحجى كاٌ بًُُا جىل يههٍ 766 عُذ َاَىيخش 86.55و َاَىيخش 65.96

 فٍ انمشَبُظ، شكم فٍ سًُا لا ، Sn وحجًع انُاَىَت انجسًُاث ظهىس عشع حى. انخىانٍ عهً( َاَىيخش 4664-532) انًعطاة انًىجُت

 وانكشبىٌ انمظذَش يٍ يخخهفت كًُاث وجىد EDX ححهُم َخائج أظهشث. FE-SEM باسخخذاو عهُها انحظىل حى انخٍ انظىس

 إنً 190 يٍ يىجُت أطىال يذي َغطٍ ايخظاص طُف باسخخذاو فُهى نكم انبظشَت انخظائض فحض حى رنك، إنً بالإضافت. والأكسجٍُ

 و فىنج( 3.2 إنً 2.4) َطالاث فٍ حمع حُث أطغش، انبظشَت انخىاص فٍ انطالت فجىة لُى سخظبح انهُضس، لىة صَادة يع. َاَىيخش 1100

 انخىانٍ عهً َاَىيخش، 4664و َاَىيخش 532 عُذ فىنج( 3.4 إنً 4.55)

 

 انًحخثت بانهُضس، انمظذَش، حُىد الاشعت انسُُُت، يجهش انمىة انزسَت، فجىة انطالت بلاصيا انمفتاحيت:انكهماث 

 

 


