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Gallium phosphide (GaP) is a wide

temperature (Wang, 2012). GaP nanostructures are promising nanomaterials for 
magneto-optical devices (Zeng,et al
synthesis of GaP nanostructures have been developed to obtain high
evaporation of GaP powder (Shen,2007)
butylphosphino) gallane in a mixture of aminestabilizers 
(Duan, 2000), sol-gel synthesis in the presen
al., 2009). 

Pulsed laser ablation in liquid (PLAL) using a fine focused laser beam has gained attention for use in 
developing new materials and detestable phases ,as well as in fabricating 
fabrication under extremely non-equilibrium conditions

Compared with classical chemical and physical techniques, the PLAL technique presents many advantages, 
which include the following: (1) chemically “simple and clean” synthesis, through which the final product is 
usually obtained withoutbyproducts and without the need for further purification; (2) extreme confined 
conditions and induced high-temperature and high
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A B S T R A C T  
Gallium phosphide (GaP) nanoparticles were synthesized through liquid
laser ablation of GaP single crystal targets immersed in deionized 
Q-switched Nd:YAG laser pulse of 532 nm were used. The GaP crystals were irradiated 
at different laser pulse energies (200 mJ and 400 mJ) for an ablation time of 10
perpendicular incident angle to study the effect of the change of 
on the photoluminescence (PL) properties of the product nanoparticles. The synthesized 
colloid from ablation process was drop-casted on p-type Si substrate and characterized 
using XRD, FESEM, and PL. XRD results show that the films 
energies have a polycrystalline structure and the crystalline size decreased when the 
laser energy increased. FESEM images show GaP films have a nanostructure and the 
grain size decreased from 24.82 to 23.34 nm at laser energies of 200
respectively. PL results show an appearance of direct and indirect emission. Also, 
improved emissions intensity properties were observed in GaP nanoparticles prepared 
at the laser power of 400 mJ, this enhancement of the PL intensity was observe
GaP nanoparticleswere successfully prepared using the simple and low
phase pulsed laser ablation method with controlling to the nanoparticles size by 
alteration the incident laser energies, this resultis very useful to use in optoelect
applications. 

INTRODUCTION 

Gallium phosphide (GaP) is a wide-bandgap semiconductor with an indirect energy gap 
. GaP nanostructures are promising nanomaterials for electronic, optoelectronic, and 

et al.,2008), (Kim,et al.,2015), (Aparna,2014). So far, several techniques for the 
synthesis of GaP nanostructures have been developed to obtain high-yield growth of GaP, such as thermal 

,2007), metalorganic chemical vapor deposition of single moleculartris (ditert
butylphosphino) gallane in a mixture of aminestabilizers (Kim,2002), laser-assisted catalytic growth method 

gel synthesis in the presence of template (Parvulescu,2011) and vapor-

Pulsed laser ablation in liquid (PLAL) using a fine focused laser beam has gained attention for use in 
developing new materials and detestable phases ,as well as in fabricating novel nanostructures, because it allows 

equilibrium conditions (Wang, 2012),(Yang,2007), (yang,
Compared with classical chemical and physical techniques, the PLAL technique presents many advantages, 

following: (1) chemically “simple and clean” synthesis, through which the final product is 
usually obtained withoutbyproducts and without the need for further purification; (2) extreme confined 

temperature and high-pressure regions, which favor the formation of extraordinary 

155 

 

Photoluminescence properties of GaP Nanoparticles synthesis by Pulsed Laser Irradiation in Liquid. 

synthesis by Pulsed 

Gallium phosphide (GaP) nanoparticles were synthesized through liquid-phase pulsed 
laser ablation of GaP single crystal targets immersed in deionized water. Nanosecond 

switched Nd:YAG laser pulse of 532 nm were used. The GaP crystals were irradiated 
mJ) for an ablation time of 10 min at 

perpendicular incident angle to study the effect of the change of incident laser energies 
on the photoluminescence (PL) properties of the product nanoparticles. The synthesized 

type Si substrate and characterized 
using XRD, FESEM, and PL. XRD results show that the films in two irradiation 
energies have a polycrystalline structure and the crystalline size decreased when the 
laser energy increased. FESEM images show GaP films have a nanostructure and the 

to 23.34 nm at laser energies of 200 and 400 mJ, 
respectively. PL results show an appearance of direct and indirect emission. Also, 
improved emissions intensity properties were observed in GaP nanoparticles prepared 

of the PL intensity was observed in the 
GaP nanoparticleswere successfully prepared using the simple and low-cost liquid-

with controlling to the nanoparticles size by 
alteration the incident laser energies, this resultis very useful to use in optoelectronic 

bandgap semiconductor with an indirect energy gap of 2.26 eV at room 
electronic, optoelectronic, and 

. So far, several techniques for the 
yield growth of GaP, such as thermal 

, metalorganic chemical vapor deposition of single moleculartris (ditert-
assisted catalytic growth method 

-phase approach (Gu, et 

Pulsed laser ablation in liquid (PLAL) using a fine focused laser beam has gained attention for use in 
novel nanostructures, because it allows 

Yang,2007), (yang, 2012). 
Compared with classical chemical and physical techniques, the PLAL technique presents many advantages, 

following: (1) chemically “simple and clean” synthesis, through which the final product is 
usually obtained withoutbyproducts and without the need for further purification; (2) extreme confined 

ons, which favor the formation of extraordinary 
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metastable phases; (3) easily controllable preparation parameters; and (4) low cost. Consequently, PLAL 
combines the merits of both chemical and physical techniques (Yang, 2007). 

GaP has an important application as light emission devices in the visible range (Jones, et al.,1993), because 
of the indirect band gap; GaP culminate  from pure  radiative emission efficiency and a small absorbance cross 
section, resulting in low PL intensity than direct band gap semiconductors , which have greatly hindered their 
applications (Guanjun,et al. 2013). 

One way to make GaP relevant as a light-emitting compound is to alleviate the indirect nature of the band 
structure via quantum confinementeffect [3]. In fact, many methods haveaim at the synthesis of GaP NPs in a 
strong quantum confinement regime (Kim,et al. 2002), (Janik,et al.1998) and (Manciu, et al.2003),the synthetic 
protocols reported thus far give rise to GaP NPs only with broad size distribution (Sungwoo,et al.2015). 

In the present study, PLAL was employed in the second harmonic using focused Nd-Yag laser at different 
laser pulse energies (200 mJ and 400 mJ)to form GaP nanostructures in deionized water.After casting, the GaP 
crystals were collided on Si substrate to study their structural and photoluminescence properties. 

 
2. Experimental: 
2.1 Synthesis of GaP nanoparticles (NPs): 

Synthesis of GaP nanoparticles (NPs) was conducted using a Q-switched Nd:YAG pulse laser source, as 
shown in Fig. 1, under the following conditions (9 ns pulse, 532 nm (second harmonic wavelength), and a 
repetition rate 6 Hz. The product was irradiated at different laser pulse energies (200 mJ and 400 mJ) per pulse, 
and the laser beam was focused using a 25 mm lens onto the GaP target, which was placed at the bottom of a 
quartz beaker filled with 30 mL of deionized water. The quartz beaker was rotated using a steeper motor 
(20 rpm) to ensure uniform irradiation on the GaP and to ensure steady movement of deionized water to enhance 
the diffusion of the ablated particles. The GaP colloid was deposited on cleaned p-type Si substrate via drop-
casting technique. After dropping on Si using a micropipette, GaP was heated at 70 °C for 30 min until the 
material was dried. The process was repeated five times to obtain the suitable thickness.  

 
2.2 Instruments: 

The structure and morphology of GaP (NPs) were observed using a field emission scanning electron 
microscope FESEM (HitachiS-4160) and X-ray diffraction (XRD) (MiniFlex II Rigaku). Photoluminescence 
Spectrometer (Perkin-Elmer, Luminescence LS55) at an excitation wavelength of 325 nm was employed to 
investigate the optical properties at room temperature. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Schematic diagram of PLAL system used to nanoparticals preparation. 
 

RESULTS AND DISCUSSION 
 
XRD patterns obtained from drop casting of GaP nanocolloids Fig. 2matched that of zinc blend (cubic) GaP 

(JCPDS Card 32-0397). No other peaks corresponding to gallium were assigned, implying that no oxides were 
present in the final product. The position of each peak was the same for all samples, indicating no change in 
lattice constant for the GaP for the two laser powers. The average size of the crystalline grain was calculated 
based on the major peak (111) using the Scherrer formula, written as follows: 

 

� =
�.� �

β �	
Ɵ
             (1) 

Lens 

 3 mm water 
level 

GaP 

Q-switched 
Nd:YAG Laser 

532 nm 
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Where D: the crystalline size, λ= 1.5406 Å, β: the FWHM, and θ: the diffraction angle. 
Given the high-plasma energy produced when GaP was irradiated, the casting film undergoes microstrain 

and a dislocation in its structure .The dislocation density is calculated using the following equation (Manoharan, 
2009): 

 

� =
�

� 
             (2) 

 
Where δ is the dislocation density, and the micro-strain (Ɛ) of the film is estimated using the following 

equation (Manoharan, 2009): 
 

� =  
β �	
Ɵ

�
           (3) 

 
As shown in Table (1), the crystalline sizes were estimated to be approximately 22 nm and 16 nm for 

200 mJ and 400 mJ laser power, respectively. Also, the dislocation density and microstrain were observed to 
increase with increasing laser power.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2: XRD pattern of GaP nanoparticles synthesised at different laser energies. 
 

Table1: Estimated structural parameters 
Laser power 
mJ 

D (crystalline  size) nm Lattice parameter 
a(A˚) 

Dislocation Density 
δ(line2/m2) 

Micro strain 
Ɛ x 10-3 

200 22 5.45 2.06 x 1015 1.42 x 10-3 
400 16  5.45  3.90 x 1015 1.69x 10-3 

 
Fig. 3 (a- b) shows the FESEM for surface morphology of GaP nanoparticles irradiated using 200 mJ and 

400 mJ laser power. Clearly, GaP crystals exhibit a semispherical shape. Also, Each FESEM image was 
accompanied by the histogram of the particle size distribution. Based on the histograms, the particle size 
distribution was narrow with an average particle size that was closed to ~23.5 nm. Since, the average grain size 
decreased from 24.82 to 23.34 nm, the thin film porosity increased with increasing laser power. Size reduction 
or reshaping of increasing amounts of nanostructures could be achieved through the laser-nanoparticle 
interaction in the liquid medium, which is called “laser fragmentation in liquid” (Fazio ,2013), and can be 
explained by the evaporation of source particles because of the high laser energy absorption. The obtained 
results are in accordance with the results of other studies (Wang, 2012). 

To assess the luminescent properties of GaP nanoparticles, PL spectra were acquired at room temperature. 
As shown in Fig. 4, multiple emission bands corresponding to violet, blue, and yellow are shown peaking at four 
distinct emitting bands, including a strong blue emission centered at around 2.62 (472 nm), weak blue bands 
centered at around 2.72 (455 nm),and two broad violet bands centered at around 3.00 (413 nm) and 3.09 eV 
(401 nm), respectively. The doublet bands at 3.00 eV and 3.09 eV can be attributed to the direct transitions. The 
doublet at 2.62 eV and 2.72 eV can be assigned to the indirect transitions (Qi-Xian, et al., ), (Long-yi,2006). 
Bulk GaP is known as an indirect-gap semiconductor, and the conduction band has a direct valley of 0.56 eV 
above the bottom of the lowest valley. In this sense, observing the direct emission transition seems to be 
impossible (Long-yi,2006). Katsuhiro and Tomioka (Tomioka,2005) conductedin depth characterization of the 
increase in the bandgap of GaP nanoparticles and also determined that the direct band gap of GaP nanoparticles 
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with the average grain size of approximately 50 nm is 2.99 eV at room temperature. Thus, the fluorescence 
emission at 397 nm to 410 nm is ascribed to the direct band-to-band radiation of the GaP film caused by 
transitions from Γc6 to Γv

8 and from Γc
6 to Γv

7. The direct bandgap of the GaP nanoparticles obtained in the 
present study is 413 nm (3.00 eV).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3: SEM images and histogram (inset) of the GaP  nanoparticles synthesized at different laser energies:                 
(a) 200 mJ and (b) 400 mJ. 

 
The presence of peak splitting deserves special mention. In most group Ш to group V semiconductor 

compounds, the valence band is split because of spin-orbit interaction. This interaction lowers one of the three 
subbands to appreciably lower energies. Consequently, in the radiative emission, a direct transition from the 
bottom of the conduct band to the top of the valence band can be accompanied by a peak at a slightly higher 
energy corresponding to a transition to the lower subband (Long-yi,2006). The emission from 401 nm to 
413 nm, shown in Fig. 4, can be attributed to transitions from Γc

6to Γv
8 and from Γc

6 to Γv
7. Also, the emissions 

at 455 nm to 472 nm, shown in Fig. 4, are due to the indirect transitions from X1- Γv
8 and X1- Γv

7 because of the 
split-off valence band. However, perfect prediction of indirect bandgap cannot be expected because of the 
difficulty in judging when the photon is emitted or absorbed to complete the transition from the valence band to 
the lowest conduction band (Qi-Xian, et al., ), (Ping Wang,2010). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.4: Photoluminescence spectra of GaP nanoparticulate synthesized at different laser energies. 
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An enhancement of the PL intensity is observed in the GaP sample (laser power: 400 mJ). As presented in 
Fig. 4, the PL intensity of the 400 mJ GaP sample is about two times stronger than that of the 200 mJ GaP 
sample. Photons are detected only if they are emitted in the direction of the detector. The number of such 
photons should be increased if they are randomly scattered over the surface of luminescent material 
(Tomioka,2005). Thus, based on the FESEM results, the grain size was decreased and the nanoparticles 
exhibited more irregular rough surface at laser power of 400 mJ, which would enhance the intensity of the 
scattered light. This phenomenon may be the reason why PL is more efficiently observed in the 400 mJ GaP 
sample compared with the 200 mJ GaP sample. 

 
Conclusions: 

GaP nanoparticles were successfully prepared using the simple and low-cost liquid-phase pulsed laser 
ablation method , Results showed that the particle size decreased with increasing laser power energy, which 
caused direct translation between conduction and valence bands this result improving the PL emission of the 
GaP which improve the optoelectronic applications of GaP , thereby decreasing the grain size to nanoscale 
length (less than 23 nm).   
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