
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

www.rsc.org/crystengcomm

CrystEngComm

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

The effect of nitridation temperature on the structural, optical and 
electrical properties of GaN nanoparticles 

M. Gopalakrishnana, V. Purushothamana, V. Ramakrishnanb, G. M. Bhaleraoc, and K. Jeganathana* 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 

DOI: 10.1039/b000000x 5 

Synthesis of GaN nanoparticles by novel chemical co-precipitation method and the effect of nitridation 

temperature on the structural, optical and electrical properties have been reported. X-ray diffraction and 

high resolution transmission electron microscopy exhibit hexagonal wurtzite structure with high 

crystalline nature of GaN NPs. A strong blue luminescence was observed for all the GaN NPs at room 

temperature photoluminescence studies. Nevertheless, the red and yellow luminescence were absent for 10 

the nitridation temperature of 1000°C. The phonon frequency mode at K point of the Brillouin zone 

symmetry was observed at 271-273 cm-1 for GaN NPs by micro-Raman spectroscopy which is normally 

absent for bulk GaN. The carrier concentration and mobility of GaN NPs synthesized at higher 

temperature were calculated to be 1.36 X 1017 cm-3 and 433 cm2/V s respectively by the Raman line shape 

analysis of the longitudinal-optical-phonon-plasmon coupled mode. 15 

Introduction 

 Over the past few years, considerable efforts have been 
devoted to the research field of semiconducting nanomaterials 
due to their unique electronic, optical and mechanical properties 
which cannot be realized in their bulk counterparts that enables 20 

potential applications in sensors and optoelectronics.1, 2 III-
Nitrides (InN, GaN and AlN) are one of the important classes of 
semiconductor because of their direct band gap and their alloys 
may span a wide region in the electromagnetic spectrum from 
deep ultraviolet (UV) to infra-red (IR), which makes attractive for 25 

light emitting diodes (LEDs) and laser diodes (LDs).3,4 Among 
the group III-Nitrides, GaN has attracted a considerable attention 
as a building block for the assembly of nanodevices such as UV 
lasers, LEDs, blue emitters and detectors 4-6 due to its wide and 
direct bang gap of 3.4eV and high excitonic binding energy of 20 30 

meV. In addition, it can also be used for high power/high 
temperature electronic devices such as high-electron-mobility 
transistor and high-speed field effect transistors due to their high 
carrier mobility, electrical breakdown field, melting point, 
chemical and thermal stability.6-9 The epitaxial GaN grown on 35 

sapphire, silicon or SiC substrates have been used to fabricate the 
GaN based devices in current planar technology. A major 
problem that hinders the fabrication of high quality GaN is due to 
the lack of lattice-matched nonpolar native substrates. Thus, it is 
more essential to synthesis bulk GaN single crystal as a suitable 40 

substrate for device applications with improved luminescence 
performance and life time. GaN NPs are required as a precursor 
material for the fabrication of GaN single crystal by 
sublimation,10 high pressure solution method11 and 
ammonothermal method12 and also deposition targets for thin 45 

films. Generally, GaN NPs prepared by the reaction of Ga2O3 

with NH3 has high concentration of residual oxygen which 
increases the density of dislocation and reduces the continuous 
growth of GaN single crystal.12 Hence, the scalable and novel 
techniques are needed for the synthesis. GaN NPs have been 50 

fabricated by various methods such as direct reaction of Ga with 
NH3,

13 thermal decomposition,14 combustion method,15 reaction 
of Ga2O3 with NH3,

16 ammonolysis of Ga with NH3 using NH4I 
as a catalyst12 and soluble salt-assisted synthesis.17 However few 
reports have been seen in literature for the synthesis of GaN NPs 55 

by chemical co-precipitation method, in which the properties of 
NPs have not been analyzed instead the synthesized NPs was 
used as a source material for the growth of GaN nanowires.18 The 
chemical co-precipitation method offer several advantages of the 
large scale production, high chemical purity, low chemical 60 

processing temperature and possibility of obtaining fine particles 
with narrow size distributions along with the high yield over the 
other chemical methods. We have demonstrated the 
characterization of GaN NPs by chemical co-precipitation 
method in our previous report.19 It was essential to specify that 65 

there are few reports on the effect of ammoniating temperature on 
structural, morphological and optical properties of one 
dimensional GaN nanostructures,20-22 and no complete analysis 
on GaN NPs to our knowledge. In present work we report the role 
of nitridation temperature on the structural, optical and electrical 70 

properties of GaN NPs by chemical co-precipitation method. 
 
Experimental 
 The experimental procedure for the synthesis of GaN NPs by 
chemical co-precipitation method was followed in a similar way 75 

as described in our previous report.19 In a typical experiment, 
pure metal Ga (99.999%) was dissolved in HNO3 (70%) solution 
with molar ratio of 1:16 under ultra-sonication for 1h. The 
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resultant solution was diluted with 2-propanol with molar ratio of 
1:90 and allowed to stirring process for 30 minutes. A slow 
addition of 25% NH4OH to the solution under constant stirring 
results in white precipitate which was separated by 
centrifugation, washed in ethanol and dried at 70°C for 24 h. The 5 

products are equally divided into three parts. Nitridation process 
was carried out independently for all the three samples by hot 
wall quartz tube reactor under ammonia (NH3) flow rate of 1000 
SCCM (Standard Cubic Centimetre per Minute) for 2 h at 
different temperature of 900, 950 and 1000°C. The precipitated 10 

products dried at 70°C for 24 h before the nitridation and the final 
yellow coloured GaN powders after the nitridation process are 
subjected to various characterizations. The structure and phase 
products of the material before and after the nitridation treatment 
were identified by powder X-ray diffraction (XRD - Rigaku Rint 15 

2200V) using Cu Kα radiation (λ = 1.5406 Å). The presence of 
functional groups in the precipitated products were examined by 
Fourier transform infrared spectroscopy (FTIR-JASCO 460Plus 
FT/IR Spectrometer) in the wave number region between 4000-
400 cm-1.The morphology and chemical composition of the 20 

particles were investigated by field emission scanning electron 
microscopy (FESEM- Carl Zeiss) equipped with energy 
dispersive X-ray spectroscopy (EDX- Oxford instruments). The 
crystalline nature of GaN NPs was analyzed by high resolution 
transmission electron microscopy (HRTEM – LIBRA 200 TEM - 25 

Carl Zeiss) equipped with selected area electron diffraction 
(SAED). TEM samples were prepared by dispersing the GaN NPs 
in 2-propanol by ultrasonically and casting a drop of the 
suspension on the carbon-coated Cu-grid. The room temperature 
photoluminescence (PL) was carried out by using He-Cd laser 30 

with 325 nm wavelength as a excitation source and a charge 
coupled device (CCD) was used to detect the luminescence 
signal. The optical and vibrational modes of the GaN NPs were 
characterized by micro-Raman scattering measurements using Ar 
ion laser with an excited wavelength of 488 nm with a spot size 35 

of ~ 1.0 µm and the scattered signals were collected through 
CCD. The electrical parameters were measured by Hall 
measurement set-up (ECOPIA-HMS 3000) with a permanent 
magnet of 0.57T at room temperature. 
 40 

Results and Discussion 
 
 The XRD pattern of co-precipitated products dried at 70°C for 
24h before the nitridation process is shown in Fig.1 (a). The 
diffraction peaks are indexed to the orthorhombic phase of 45 

gallium oxide hydroxide (GaO(OH)) (JCPDS No.:73-1028 and 
26-0674). A sharp (220) peak indicates good crystalline quality of 
the precipitated products. No other crystalline or mixed phases of 
Ga2O3 and Ga(OH)3 present in the XRD pattern which evidences 
the pure crystalline phase of GaO(OH) nanoparticles. Further, the 50 

functional groups such as Ga-O stretching modes and Ga-OH 
bending modes 23-25 in the FTIR spectrum as shown in Fig.S1 also 
confirms the pure phase of GaO(OH) material. 
 XRD pattern of GaN NPs nitrided at 900, 950 and 1000°C are 
shown in Fig.1 (b-d). The XRD patterns confirm the formation of 55 

single phase hexagonal wurtzite structure of GaN (JCPDS No: 89 
– 8624) and no other crystalline phases of GaN such as cubic and 
gallium oxide (Ga2O3) peaks were found. It can be seen that the 
nitridation temperature increases from 900 to 1000°C, the 
intensity of diffracted peak also increases and attain maximum at 60 
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Fig.1. XRD patterns of (a) GaO(OH) and GaN NPs synthesized at 
(b) 900°C (c) 950°C and (d) 1000°C. 
 

Nitridation 
Temperature 

(°C) 

FWHM 
of (101) 
plane 

(arc-sec) 

Lattice 
Constants 

(Å) 

Average 
Particle 

Size 
(nm) a c 

900 2603 3.1766 5.2100 12.85 

950 2556 3.1824 5.2260 13.43 

1000 1984 3.1785 5.1495 14.80 

 
Table 1. Variation of FWHM of (101) plane, lattice parameters 85 

 (a and c) and crystallite size of GaN NPs relative to the 
nitridation temperatures (900 -1000°C). 
 
1000°C. This demonstrates that the crystallinity of the GaN NPs 
improved by the nitridation temperature. The FWHM of the (101) 90 

plane decreases with the nitridation temperature due to thermal 
induced coalescence of NPs at high temperature. Further, the 
average size of GaN NP increases with the increase of nitridation 
temperature (Table 1). The particle size of the GaN NPs are 
estimated by means of Debye - Scherrer formula,26  95 

 
 D= 0.9 λ / (β cos θ)        -------------------- (1) 
 
where λ is the wavelength of X-ray beam used (λ= 1.5406 Å for 
Cu Kα radiation), θ the peak position of the given (hkl) peak and 100 

β the corresponding FWHM in radian. The variation of FWHM 
for (101) plane, lattice parameters (a and c), and the average 
crystallite size of GaN NPs relative to nitridation temperatures 
(900 -1000°C) are shown in Table 1. 
 FESEM images of GaN NPs synthesized at 900-1000°C are 105 

shown in Fig.2 (a-c) respectively. The NPs are agglomerated due 
to the van der Waals forces of attraction between the particles 

which is consistent with earlier reports.15,19 The characteristic 
particle size histogram for the corresponding FESEM images are 
shown as insets in Fig.2(a-c). The calculated geometric mean 110 

diameter of the GaN NPs ammoniated at 900, 950 and 1000°C 
was found to be 29, 31 and 61nm respectively. Thus all the 
samples contain aggregated nanocrystallites with larger diameter 
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Fig.2.FESEM images of GaN NPs synthesized at (a) 900°C (b) 950°C and (c) 1000°C. Scale bar shows 200 nm. Inset figure shows the 
particle size histogram of corresponding FESEM images with average diameter. 
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Fig.3. EDX spectra of GaN NPs synthesized at (a) 900°C (b) 950°C and (c) 1000°C. 

as compared to the XRD analysis which might be due to the 45 

coalescence of NPs with respect to temperature. Since the 
Scherer’s formula depends on the FWHM of diffracted peaks, the 
variation in crystallite size between XRD and FESEM were quite 
common. However the growth parameters such as nitridation 
temperature and duration are playing a major role to control the 50 

size of the NPs. 
 Figure 3(a-c) shows the elemental analysis carried out using 
EDX which confirm the N-rich GaN NPs. However the 
percentage of Ga was decreased when increasing the nitridation 
temperature owing to the evaporation of Ga at elevated 55 

temperature. Further the higher flow rate of NH3 and its cracking 
efficiency may be the reason for the N-rich GaN NPs. The trace 
of O peak in the samples ammoniated at 900°C and 950°C are 
due to the unavoidable surface oxidation in NPs 17, whereas the O 
peak is absent for GaN NPs synthesized at 1000°C which reveals 60 

the high chemical purity. The Ga - vacancy is expected to be 
dominantly present for the samples annealed at 1000°C. 
 Transmission electron microscopy images of GaN NPs 
synthesized at various temperatures along with particle size 
distribution are shown in Fig.4 (a) and (b), which clearly indicate 65 

the spherical like particles. The average diameter of the particles 
is increased from 2.1 nm to 7.5 nm as the increase of the 
nitridation temperature from 900 to 1000°C. In general, the 
particle size measured from XRD is larger than the size obtained 
from TEM analysis since the X-ray analysis is relative to the 70 

average particle volume while the particle size calculated from 
TEM images correspond to the average radius. Figure 4(c) also 
display the HRTEM images of single GaN NP with clear lattice 
fringes, confirms the high crystalline nature of GaN. It should be 

noted that, the lattice spacing of 2.43Å corresponding to the (101) 75 

interplanar distance slightly increased to 2.47Å as the increase of  
the nitridation temperature from 900°C to 950°C and further the 
lattice spacing decreases to 2.39Å for 1000°C. Thus, the variation 
of d-spacing with the nitridation temperature corroborates a slight 
change in the lattice constants of the GaN NPs as shown in table 80 

1. Selected area electron diffraction (SAED) pattern of NPs are 
shown in Fig.4 (d) which confirms the hexagonal wurtzite 
structure of GaN and the additional diffracted spots are emerged 
from the collection of NPs illustrating polycrystalline nature. 
 Room temperature PL spectra of GaN NPs synthesized at 85 

various temperatures are shown in Fig.5 (a-c), which depict the  
non-existence of near band edge (NBE) emission in all the 
samples. However, in our previous report a weak NBE emission  
was observed at 3.43eV.19 TEM analysis shows that the particle 
size of GaN NPs vary from  ~ 2.1 to 7.5 nm which has low 90 

magnitudes as compared to the previous report. Further, it should 
be noted that the band gap related emission for GaN NPs 
synthesized by various techniques can be observed for particles 
with larger size.13-16 It was also observed that the NBE emission 
is enhanced for GaN NPs when the diameter of the NPs are 95 

increased to larger size.15 Hence, a detailed investigation is need 
to be carried out to understand the band gap related emission with 
respect to particle size and will be reported in the forthcoming 
article. 
 Despite the non-existence of NBE emission, all the spectra 100 

show a very strong blue luminescence (BL) band at 2.88 eV 
which is often observed in GaN NPs. It is well understood that, 
tiny nanoparticles have large surface area with unsaturated 
dangling bonds, which is saturated by bonding with neighbouring 
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Fig.4. TEM images of GaN NPs fabricated at various temperatures (i) 900°C (ii) 950°C and (iii) 1000°C. (a) TEM image (b) particle size 
Histogram (c) HRTEM image and (d) SAED pattern. 
 
impurities. Further the exposure of GaN nanoparticles to 
atmosphere leads to change or formation of the surface states that 75 

affect the optical and electrical properties of GaN. The surface 
states in the lower part of the band gap form radiative 
recombination with optical excitation in the region corresponds to 
BL band. However the BL emission in undoped GaN was 
reported to be the transition from the conduction band to a 80 

relatively deep acceptor level and the defect responsible for BL 
emission can be attributed to the VGa - related defect complex27 
and thus consistent with EDX analysis of Ga to N ratio. In 
addition to the BL band, the other defect related emission such as 
green luminescence (GL), yellow luminescence (YL) and red 85 

luminescence (RL) were also present in the spectrum at 2.66 eV, 
2.27 eV and 2.02 eV respectively for GaN NPs grown at 900ºC. 
The YL band is commonly observed for GaN around 2.2 - 2.25    

 
eV. RL band can be attributed to the surface defect related 90 

emission.27 It should be noted that the defect related emissions 
such as YL, BL and RL bands in GaN NPs were also often 
reported.15,19 However, fascinatingly we observed that the intense 
YL and RL peaks are suppressed at 950ºC while GL peak 
intensity is increased. The YL and RL bands disappear with no 95 

change in GL band as the temperature reaches maximum of 
1000ºC. It is worth to note that, GaN NPs synthesized at 1000ºC 
has good optical quality as compared to low temperature 
nitridation, which illustrates that nitridation at high temperature, 
is significant to enhance the optical properties of GaN NPs.  100 

 Group theory predict that, A1 (z) + 2B1 + E1(x, y) + 2E2 optical 
modes at the Г point of the Brillouin zone of hexagonal GaN 28,29 
in which A1 and E1 modes are both Raman and infrared active, 
two E2 modes are Raman active and the remaining two B1 modes 

  (b)   (a) 

  (c)   (d) 
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Fig.5. Room temperature PL spectra of GaN NPs synthesized at  
(a) 900°C (b) 950°C and (c) 1000°C. 
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are Raman-inactive or optically silent. The A1 and E1 modes are 
split into longitudinal optical (LO) and transverse optical (TO) 
components due to the polar nature. Fig.6 (a-c) shows the micro-
Raman scattering spectra of GaN NPs synthesized at 60 

temperatures from 900-1000°C respectively. Raman active modes 
such as E2 (low), E2 (high), A1 (TO), E1 (TO) and A1 (LO) 
symmetries are present in all the GaN NPs irrespective of 
nitridation temperature. In addition to the above Raman active 
bands, three additional modes are observed in all the samples 65 

which were not observed in bulk GaN. However, the strong E2 
(high) phonon mode in all the spectra reflects the characteristics 
of the hexagonal wurtzite structure of GaN. Further the sample 
prepared at 1000°C has a high intensity and sharp E2(high) 
phonon peak (2.5 cm-1) which exposes high crystalline quality of 70 

the GaN NPs which is consistent with the XRD results. The peak 
position of E2 (high) phonon modes shift towards the higher wave 
number side of the spectra by1 cm-1 while increasing the 
temperature from 900 - 1000°C. The variation of FWHM of E2 

(high) and A1 (LO) phonon modes of GaN NPs synthesized at 75 

different temperatures are shown in Fig.7 which is consistent with 
the XRD (Table 1). The new peaks at about 250-252 cm-1 and 
421-423 cm-1 can be assigned to the zone boundary phonons 
(ZBP).30 Further the Raman silent modes of ZnO 31 and GaN 29 
were reported at ~276 cm-1 and 320-340 cm-1 respectively. 80 

However, Raman peak at about 271-273 cm-1 for GaN NPs can 
be attributed to the phonon frequency mode at K point of the 
Brillouin zone in wurtzite GaN as evidenced by adiabatic bond-
charge model.32,19 

 It is worth to note that the peak position of A1(LO) mode 85 

(738.5cm-1) of GaN NPs synthesized at 1000°C shows a shift to 
higher frequency about 3.5cm-1 as compared to strain free GaN 
(735cm-1). The shift signifies that the increase in free carrier 
concentration with respect to the LO phonon mode couple with  
the plasmon (LOPC) through electric fields. This behaviour was 90 

exploited to estimate the carrier concentration of the material by 
an empirical formula (valid for n < 1 X 1019 cm-3),33 

 
 
 95 

 
 
 
 
 100 

 
 
 
 
 105 

 
 
 
 
 110 

 
Fig.6. micro-Raman spectra of GaN NPs synthesized at (a) 900°C  
(b) 950°C and (c) 1000°C. 
 

n = 1.1 X 1017 (ωL+ - ωLO) 0.764      ------------ (2) 115 

 
where, n is the carrier concentration, ωL+ is the frequency of the 
coupled LO phonon mode and ωLO is the frequency of the 
uncoupled LO phonon mode (ωLO= 735 cm-1).  
 However, the electrical parameters such as carrier 120 

concentration (n) and carrier mobility (µ) of the material can be 
precisely extracted from Raman line shape analysis of coupled 
LO phonon- plasmon mode. In general, electrical properties are 
measured by Hall-effect, capacitance – voltage (C-V) and 
impedance analysis. However, fabrication of electrical contacts 125 

on nanomaterials is challenging for these techniques under 
characterization and also they give the information about 
averaged transport properties of the materials over large volume 
of the samples. Alternatively, Raman spectroscopy has been 
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Fig.7.The variation of FWHM of E2 (high) and A1 (LO) phonon 
modes of GaN NPs synthesized at various temperatures. 
 
widely accepted as a non-contact and effective method for low-
dimensional materials system to analyze the electrical properties. 25 

Furthermore, the advantages of Raman spectroscopy over Hall 
and C-V measurements are non-destructive method, fast and 
reliable with electrical contacts enabling high spatial resolution 
and in-situ measurements.34 

 The carrier concentration and mobility of bulk GaN, thin films 30 

and nanowires were reported by many researchers by means of 
Raman line shape analysis of the LOPC mode based on the 
carrier scattering deformation-potential mechanism.35-40 To the 
best of our knowledge, it is essential to cite that Hall and C-V 
measurement methods have not been applied to the extent of 35 

electrical properties of GaN NPs because of the complexity in the 
preparation of electrical contact to nanostructures. For that 
reason, in the present work, we have carried out Raman line 
shape analysis for GaN NPs to calculate the carrier concentration 
and mobility. The line shape of the coupled A1(LO) mode of GaN 40 

NPs synthesized at 1000°C can be fitted with the values of 
A1(TO) = 533cm-1, A1(LO) = 735cm-1, dielectric constant ε∞ = 
5.35 and the Faust – Henry coefficient C = 0.48 as a constants 
followed the base line correction of the experimental data. The 
reproducible fitting parameters such as plasmon damping 45 

constant (γ), phonon damping (Г) and plasmon frequency (ωp) 
have been extracted from the above line shape analysis (please 
see supplementary information for details). The carrier 
concentration can be obtained from the plasmon frequency (ωp) 
by using the following relation: 50 

 
 (ωp)2 = πne2 / ε∞ m*    ------------------------ (3) 
 
where m* is the effective mass of the electron and it was 
determined to be 0.2me for GaN.38  The mobility (µ) can be 55 

estimated from the plasmon damping constant (γ) as follows: 
 
  γ = e / m*µ                ------------------------- (4) 
  
 Figure 8 shows line shapes of the experimental (black square 60 

dots) and theoretical fitted curve (solid line) of LOPC mode for 
GaN NPs prepared at 1000°C. The excellent concur between the 
experimental and calculated line shapes of the coupled mode was 
observed and  the carrier concentration (n) and mobility (µ) are 
extracted to be 1.36 X 1017 cm-3 and 433 cm2/Vs  respectively. 65 

 
 
 
 
 70 
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 80 

 
 
 
 
 85 

Fig.8. Experimental (black square dots) and theoretical fitted  
    curve (solid line) of LOPC mode for GaN NPs (1000°C) 
 
 
The carrier concentration obtained from Eqn. (2) is ~2.86 X 1017 

90 

cm-3. The carrier concentration and mobility are well consistent 
with the reported values of GaN epitaxial layer (n = 1.5 X 1017 
cm-3 for A1(LO) = 736 cm-1)37 and nanowires (n = 2.2 X 1017 cm-

3; µ = 460 cm2 /V s for A1(LO) = 739.4 cm-1)40 by Raman line 
shape analysis. Hence, our results have reliable magnitude of 95 

electrical parameters. However the fitting parameters γ, Г and ωp 
obtained from line shape analysis of the LOPC mode depending 
on the frequency of A1(LO) mode and act as a important role  to 
calculate the carrier concentration and mobility of the 
nanomaterials.  100 

 For comparison, we have also carried out the Hall 
measurement to find out the electrical properties of pelleted GaN 
NPs. The standard van der Pauw technique was used for 
determination of the resistivity of uniform sample of arbitrary 
shape by using four small contacts placed on the periphery. In 105 

addition, the doping type, carrier concentration of the majority 
charge carriers and mobility of the charge carriers can also be 
determined by means of van der Pauw method.  To facilitate the 
van der Pauw method, the sample thickness must be much less 
than the length and width of the sample and it should be 110 

symmetrical with no isolated holes. In present study, GaN pellet 
samples having 0.5 mm thick and 10 mm diameter were made by 
GaN NPs nitrided at various temperatures to characterize the 
electrical properties using Hall measurement system. Four indium 
contacts were made at the periphery of the samples in square 115 

form to ensure good Ohmic contact. The size of the contacts was 
made as small as possible to increase the precision of the 
measurements. The contacts have showed a perfect Ohmic 
behaviour (Fig.S2, Supplementary information) and the results 
are highly reproducible for various current (I). 120 

 The negative sign of Hall-co-efficient in all the samples 
confirm n-type conductivity of GaN NPs. The carrier 
concentration and mobility of   GaN sample nitridated at 1000°C 
are 1.06 X 1017 cm-3 and 37 cm2 / V s respectively. The mobility 
is considerably low as compared to Raman line shape analysis 125 

due to polycrystalline nature of GaN in which carrier scattering 
loss is dominant while the Raman scattering is localized non-
contact method.36 However, the carrier concentration of the GaN 
NPs prepared at higher temperature is comparable to that of 
Raman line shape analysis. Hence, Raman line shape analysis is 130 
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emerged as an alternative non-contact method for the 
determination of carrier concentration and mobility in GaN 
nanoparticles.  

Conclusions 

In summary, we have synthesized GaN NPs at different 5 

temperatures by chemical co-precipitation method. GaN NPs 
exhibit high crystalline quality with hexagonal wurtzite structure. 
A strong BL emission was observed for all GaN NPs irrespective 
of nitridation temperature. The defect related YL and RL bands 
disappear as the nitridation temperature increased to 1000°C due 10 

to enhancement in optical quality. The additional phonon mode at 
about 271-273 cm-1 of GaN NPs can be assigned to phonon 
frequency at K point of the Brillouin zone in wurtzite GaN which 
is not experimentally observed for their bulk counterparts. The 
calculated free-carrier concentration and mobility from Raman 15 

line shape analysis of coupled A1(LO) phonon-plasmon  mode 
are 1.36 X 1017 cm-3 and 433 cm2/Vs respectively. The results 
demonstrate that homogeneous GaN NPs is a potential candidate 
as a source material for the synthesis of GaN single crystals and 
ceramic GaN pellet as a polycrystalline substrate for nitride based 20 

device applications. 
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