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ABSTRACT 
Nanoparticles of GaP have been prepared using yellow 

P and a mild aqueous low temperature synthesis followed 
by ultrasonication. The resulting nanocomposites yielded a 
bright luminescence at room temperature in a broad band 
with the maximum ranging between 2.5-3.2 eV and 
showing pronounced quantum confinement effects.  

Using an improved technology for the preparation of 
GaP nanoparticles and methods for fabricating 
GaP/polymer nanocomposites we expect to create a 
framework for novel light emissive device structures. 
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1 INTRODUCTION 
 
This work continues our efforts to advance GaP/ 

polymer nanocomposites for light emissive devices based 
on GaP nanoparticles. The components of these 
nanocomposites demonstrate complementary behavior and 
each is a candidate for use in light emitters, waveguides, 
converters, accumulators and other planar, fiber or discrete 
micro-optic elements. While bulk and thin GaP films have 
been successfully commercialized for many years, its 
application in device nanocomposite structures for 
accumulation, conversion and transport of light energy has 
only received attention recently.  

Nanoparticles of GaP have been prepared on the basis 
of yellow P using mild aqueous low temperature synthesis 
[1]. The spectra of photoluminescence (PL) and Raman 
light scattering (RLS), X-ray diffraction (XRD) and 
electron microscopy (TEM) of the nanoparticles prepared 
under different conditions have been compared with each 
other as well as with those from bulk single crystals. After 
the relevant investigation of different regimes and 
components for hydrothermal reactions this type of the 
synthesis has been chosen as an optimal one. In preparation 
of the nanocomposite we used the fractions of uniform GaP 
nanoparticles having after a thorough ultrasonic treatment 
and a number of other operations improving the quality of 
the nano-suspension a bright luminescence at room 

temperature in a broad band with the maximum, 
dependently on the concrete synthesis conditions, between 
2.4 – 3.2 eV, while the value of the forbidden gap in GaP at 
room temperature is only 2.24 eV. Note that according to 
our investigations of these conditions and data on 
nanoparticles characterization, only a combination of low 
temperature synthesis, using yellow P and thorough 
ultrasound treatment of the reaction products leads to the 
maximum broad band and UV shift of luminescence. 

This paper and a companion paper [1] discuss light 
emissive sources on the base of transparent robust 
fluoropolymer and GaP nanoparticles.  

2    EXPERIMENTAL PROCEDURE 
AND DISCUSSION 

 
The details of preparation by mild aqueous synthesis [1, 

3] suitable for light emissive nanocomposites GaP 
nanoparticles as well as the influence of different 
temperatures, modifications and compositions of the 
reacting components on quality of the particles can be 
found in [1]. 

The dried powders were characterized using standard 
methods of XRD, TEM, Raman scattering and 
photoluminescence. For comparison we used also industrial 
and specially grown and aged GaP single crystals [1-11]. 
Polyglycidyl methacrylate (PGMA), polyglycidyl   
methacrylate-co-polyoligoethyleneglycol methacrylate 
(PGMA-co-POEGMA) and biphenyl vinyl ether (BPVE) 
polymers were used for preparation on GaP 
nanocomposites. Thickness of the polymer composite film 
was within 250-300 nm defined from AFM scratch 
experiment. The next procedures have been used in 
fabrication of the nanocomposites: 

1) GaP powder was ultrasonicated in methylethylketone 
(MEK) using Branson 5210 ultrasonic bath. Then, PGMA 
was added to the MEK solution. GaP to polymer ratio was 
less than 1:10.  Films were deposited via dip-coating;  

2) GaP powder was dispersed in water-ethanol mixture 
(1:1 volume ratio) and ultrasonicated using Branson 5210 
bath for 120 min. Then, polyglycidyl methacrylate-co-
polyoligoethyleneglycol  methacrylate (PGMA-co-  
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Figure 1 : AFM topography images of the GaP/PGMA (Fig. 1a) and GaP/ PGMA-co-POEGMA (Fig. 1b) nanocomposites. 
 

POEGMA) was added in form of water-ethanol mixture 
(1:1 volume ratio) solution. GaP to polymer ratio was less 
than 1:3.  Films were deposited on quartz slides via dip-
coating;  

3) GaP powder was dispersed in the biphenyl vinyl 
ether/dichloromethane (BPVE/DCM) solution, then the 
solution was stirred and filtered from the excess of the 
powder. A few mL drops of the settled solution were casted 
onto silicon wafer.  

Surface morphology of the films was studied with 
AFM. AFM was performed on a Dimension 3100 (Digital 
Instruments, Inc.) microscope.  We used the tapping mode 
to study the surface morphology of the composite films in 
ambient air.  

Luminescence of the nanocomposites was excited by 
the N2 laser nanosecond pulses at wavelength 337 nm and 
measured at room temperature. 

Figure 1 shows the AFM topography images of the 
GaP/PGMA (Fig. 1a) and GaP/ PGMA-co-POEGMA (Fig. 
1b) nanocomposites. Note that thoroughly washed, 
ultrasonicated and dried nanopowder obtained by mild low 
temperature aqueous synthesis from yellow P may be used 
for fabrication of quite good blue light emissive 
nanocomposites (Fig. 1a and Fig. 2, spectrum 2), but the 
best quality can be obtained only in fabrication of the 
nanocomposite from similarly prepared nanoparticles, but 
stored as a suspension in a suitable liquid (Fig. 1b and Fig. 
2, spectrum 1).  

Figure 2 shows spectra of luminescence from GaP/ 
PGMA-co-POEGMA nanocomposites. GaP nanoparticles 
have been prepared using yellow P by mild aqueous 
synthesis at decreased temperature, stored as the suspension 

in a liquid (spectrum 1) or the dry powder (spectrum 2).  

 
 

Figure 2 : Spectra of luminescence from GaP/ PGMA-
co-POEGMA nanocomposites. GaP nanoparticles have 

been prepared using yellow P by mild aqueous synthesis at 
decreased or temperature and stored as the suspension in a 

liquid (spectrum 1) or the dry powder (spectrum 2). 
 
The maximum UV shift of the luminescence, app. 1 eV has 
the nanocomposite prepared on the base of the suspension 
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(spectrum 1), so, one can assume that the mostly uniform 
and small high quality nanoparticles with pronounced 
quantum confinement effect are stored in the suspension. 
 

 
 

Figure 3 : Luminescence spectra from perfect, long-term 
ordered GaP single crystals (1) in comparison with the 

spectra of GaP nanoparticles and nanocomposites, prepared 
in 2005 – 2006 (2) and now (3).  

 

 
 

Figure 4: X-ray diffraction from GaP nanoparticles of 
the best to the moment performance (spectrum 1) in 

comparison with the diffraction from not thorough prepared 
GaP nanoparticles and perfect GaP bulk single crystal  

(spectra 2 and  3 relatively). 
 
Figure 3 presents the luminescence spectra of our 

perfect, long-term (up to 50 years) ordered GaP single 
crystals in comparison with the spectra of GaP 

nanoparticles and nanocomposites, prepared in 2005 – 2006 
and now. As we note earlier [3, 6, 8, 11], the luminescence 
was absent at room temperature in newly-made industrial 
and in our freshly prepared crystals, but it was bright in the 
same our 40 years aged crystals and shifted to UV up to 2.4 
eV  at the 2.24 eV forbidden gap for GaP bulk single 
crystals  (Fig. 3,  spectrum 1). Our first attempts to prepare  
GaP nanoparticles, dated by the years 2005-2006 [3], gave 
their room temperature luminescence with maximum 
shifted only to 2.4 eV (Fig. 3, spectrum 2) that in 
comparison with the new maximum at 3.2 eV (Fig. 3, 
spectrum 2) confirms serious achievements in technology 
of GaP nanoparticles and GaP based nanocomposites. 

Considerable changes in quality of GaP nanoparticles 
due to improvement of their preparation are shown in 
Figure 4, where one can see X-ray diffraction from GaP 
nanoparticles of the best to the moment performance 
(spectrum 1) in comparison with the diffraction from not 
thorough prepared GaP nanoparticles and perfect GaP bulk 
single crystal (Figure 4, spectrum 2 and 3 respectively). 
One can see very narrow and intense XRD lines from GaP 
nanoparticles and bulk single crystals of high quality 
contrary to broad diffraction lines from not thoroughly 
prepared GaP nanoparticles (spectra 1, 3 contrary to 
spectrum 2). 
 

 
 

Figure 5 : Luminescence spectra of 2 GaP/BPVE 
nanocomposites produced on the base of 2 parties of GaP 

nanoparticles prepared using different conditions.  
 

Recently we started investigation of the GaP/BPVE 
nanocomposite as a prospective light emissive device 
structure. Figure 5 shows the luminescence spectra of 2 
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nanocomposites produced on the base of 2 parties of GaP 
nanoparticles obtained under different conditions 
(temperature, modification of P, etc.). The details and 
results of this work will be published in the nearest future.  

In this paper we note that in the GaP/BPVE 
nanocomposite the position of the luminescent maximum 
can be changed between 2.5 – 3.2 eV and the brightness is 
20-30 more than in the PGMA and PGMA-co-POEGMA 
matrixes. 

 
3    CONCLUSIONS 

 
Using an improved technology for preparation of GaP 

nanoparticles and methods of fabrication of the GaP/ 
polymer nanocomposites we can change within the broad 
limits the main parameters of luminescence. 
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