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Abstract 

A polycrystalline neodymium doped lithium aluminum borate (Li

synthesized by simple solid-state technique. The obtained Nd:

diffraction and second harmonic generation efficiency measurement. The second harmonic generation efficiency of the 

polycrystalline material was obtained by the classic Kurtz and Perry powder technique

1064 nm of Nd:YAG laser in comparison with potassium dihydrogen phosphate.
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Introduction 

Recently, several new nonlinear optical (NLO) 
category have been developed. The grown NLO crystals 
required to have high NLO coefficient, non-hygroscopic nature, 
high transparency at wavelength of interest, moderate 
birefringence for phase matching, high laser damage threshold 
and good mechanical stability1-3. As per the literature survey, 
grown NLO crystals are of choice from borate based two 
families- beryllium borates and alluminium borates. 
 
Belonging to these families, Sr2Be2B
Ba2Be2B2O7 (TBO)7, BaAl2B2O7 (BABO)
(KABO)10-15) and Na2Al2B2O7 (NABO)16-18 have been reported 
as promising NLO crystals. KABO has excellent NLO 
properties with a wide spectral transparency range and large 
birefringence. Ye et al. were first to reported KABO
Thereafter, many researchers have reported the crystal structure, 
linear optical and NLO properties of KABO crystal
 
The crystal structure and other properties of NABO have been 
studied by many researchers16-18. Ahman et al.
phase LiAl7B4O17 and recently Palaspagar et al.
photoluminescence properties of Eu3+ doped Li
(LABO) phosphor. Dagdale et al.21 have reported the synthesis 
and optical properties of polycrystalline LABO.
 
In this study, the Li2Al2(1-x)Nd2(x)B2O7 with x = 0 (LABO) and 
0.03 (Nd:LABO) polycrystalline have been synthesized by 
solid-state technique.  
 
The phase has been confirmed using powder X
(XRD) analysis and second-harmonic generation (SHG) study 
has also been presented.  
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A polycrystalline neodymium doped lithium aluminum borate (Li2Al2(1-x) Nd2(x)B2O7, Nd:LABO) with x=0 and 0.03 has been 

state technique. The obtained Nd: LABO polycrystalline was characterized by powder X

diffraction and second harmonic generation efficiency measurement. The second harmonic generation efficiency of the 

polycrystalline material was obtained by the classic Kurtz and Perry powder technique using a fundamental wavelength 

1064 nm of Nd:YAG laser in comparison with potassium dihydrogen phosphate. 

ray diffraction, Second harmonic generation. 

Recently, several new nonlinear optical (NLO) crystals in borate 
The grown NLO crystals 

hygroscopic nature, 
transparency at wavelength of interest, moderate 

birefringence for phase matching, high laser damage threshold 
. As per the literature survey, 

grown NLO crystals are of choice from borate based two 
beryllium borates and alluminium borates.  

B2O7 (SBBO)4-6, 
(BABO)8,9, K2Al2B2O7 

have been reported 
as promising NLO crystals. KABO has excellent NLO 
properties with a wide spectral transparency range and large 
birefringence. Ye et al. were first to reported KABO10. 

researchers have reported the crystal structure, 
linear optical and NLO properties of KABO crystal11-15.  

The crystal structure and other properties of NABO have been 
. Ahman et al.19 reported the 

and recently Palaspagar et al.20 have reported 
doped Li2Al2B2O7 

have reported the synthesis 
and optical properties of polycrystalline LABO. 

th x = 0 (LABO) and 
0.03 (Nd:LABO) polycrystalline have been synthesized by 

The phase has been confirmed using powder X-ray diffraction 
harmonic generation (SHG) study 

Materials and Methods  

Analytical grade chemicals lithium carbonate (Li
neodymium oxide (Nd2O3) were purchased from LOBA 
Chemie, India, Aluminum oxides (Al
(H3BO3) were purchased from s d Fine
chemicals were used as it is as received without further 
purification.   
 
The aluminum borate material Li2Al
and 0.03 were prepared by solid-state reaction technique. The 
appropriate amounts of starting chemicals Li
Al2O3 and H3BO3 were taken and mixed thoroughly by grinding 
to make homogeneous mixtures. The homogeneous mixtures 
were transferred to platinum crucibles and kept in resistively 
heated muffle furnace.  
 
Firstly, it was heated at 550oC for 5h to decompose the 
carbonate and boric acid. After that the samples were crushed to 
make powder and for proper mixing. Then it was heated at 850 
oC in air atmosphere for 10 h with intermittent grinding. Since, 
the LABO compound decomposes at high temperatures, the 
reaction temperature was carefully controlled. 
 
The expected reaction takes place is given below. 
Li2CO3 + (x-1)Al2O3+(x)Nd2O3+ 2H
Li2Al2(1-x)Nd2(x)B2O7 + CO2↑ + 3H2O
 
The phase and crystallanity of the polycrystalline samples were 
confirmed by powder XRD. Powder XRD measurement was 
carried out on a X-ray Diffractometer (Rigaku, Miniflex
Japan). SHG measurement of powdered samples was carried out 
by using Kurtz and Perry powder technique
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, Nd:LABO) with x=0 and 0.03 has been 

LABO polycrystalline was characterized by powder X-ray 

diffraction and second harmonic generation efficiency measurement. The second harmonic generation efficiency of the 

using a fundamental wavelength 

Analytical grade chemicals lithium carbonate (Li2CO3) and 
) were purchased from LOBA 

Chemie, India, Aluminum oxides (Al2O3) and boric acid 
) were purchased from s d Fine-Chem, India. The 

chemicals were used as it is as received without further 

Al2(1-x)Nd2(x)B2O7 with x = 0 
state reaction technique. The 

e amounts of starting chemicals Li2CO3, Nd2O3, 
were taken and mixed thoroughly by grinding 

to make homogeneous mixtures. The homogeneous mixtures 
were transferred to platinum crucibles and kept in resistively 

C for 5h to decompose the 
carbonate and boric acid. After that the samples were crushed to 
make powder and for proper mixing. Then it was heated at 850 
C in air atmosphere for 10 h with intermittent grinding. Since, 

nd decomposes at high temperatures, the 
reaction temperature was carefully controlled.  

The expected reaction takes place is given below.  
+ 2H3BO3 →  

O↑  

of the polycrystalline samples were 
confirmed by powder XRD. Powder XRD measurement was 

ray Diffractometer (Rigaku, Miniflex-II, 
Japan). SHG measurement of powdered samples was carried out 
by using Kurtz and Perry powder technique22. 
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Results and Discussion    

Powder XRD study: The crystals structure of the material was 
studied by recording and analyzing powder XRD data. Powder 
XRD patterns of the LABO and Nd: LABO powders were 
recorded using a CuKα (λ =1.504 Å) radiations over a range 10-
90o for 2θ at a scan rate of 10o/min. The software PowderX23 
was used to analyze data and index obtained peaks. Obtained 
powder XRD patterns are shown in Figure-1. The LABO 
crystallizes in the trigonal crystal system and the unit cell 
parameters are a = 15.723 Å, c = 10.596Å and α = β = γ = 90o 
21. 

 

 
Figure-1 

Powder XRD pattern of LABO and Nd: LABO 

  

SHG study: The LABO and Nd: LABO polycrystalline 
materials were subjected to the SHG study to decide the SHG 
efficiency in comparison with potassium dihydrogen phosphate 
(KDP) by using an analogues experimental setup as Kurtz and 
Perry powder technique22. The setup consists of a Q-switched 
Nd: YAG laser emitting fundamental wavelength at 1064 nm. 
The pulse rate of Nd: YAG laser was 10 Hz, pulse diameter was 
6 mm and pulse energy was 120 mW. A laser beam was passed 
through an iris diaphragm to shaping beam and removing flash 
lamp component around it.  Interference filter was used to 
remove other wavelengths present with laser beam.  The laser 
beam was made to incident on a sample surface and output 
signal was collected at an angle 90o after passing through 532 
nm interference filters to filter out IR components. The collected 
signal was fed to optical fiber based UV-vis spectrophotometer 
to measure intensity. The experimental setup for SHG 
measurement was reported in our previous publication21. The 
intensities of light at 532 nm for samples and KDP 
polycrystalline material were measured and compared. The 
SHG in the powder samples was confirmed from green radiation 
emission24. The SHG efficiencies of polycrystalline LABO and 
Nd:LABO were 1.3 and 1.4 times higher as compare to standard 
material KDP as shown in Figure-2. 

 
Figure-2 

Spectra for KDP, LABO and Nd:LABO after SHG 

 

Conclusion 

In the present report, polycrystalline material LABO and 
Nd:LABO were successfully synthesized by a simple solid-state 
technique. The phase of the LABO and Nd:LABO was studies 
by powder XRD analysis. The SHG test was carried and it is 
found that the LABO and Nd: LABO has ~1.3 and 1.4 times 
more SHG efficiency as compare to KDP. 
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