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ABSTRACT 
Effect of uranyl on the growth and properties of L-alanine (LA) single crystals has been studied. Single 

crystals of pure and uranyl doped LA was obtained with well-defined morphology. The as grown metal doped and 
pure single crystals were characterized using single crystal XRD technique which confirmed that the incorporation 
of metallic dopants has not changed the basic structure of the parent crystal. The pure and doped LA crystals have 
good transmission range extending from the ultraviolet into the infrared region. Fourier transform infrared (FTIR) 
spectroscopy were carried out to investigate the molecular vibrations of these crystals and to confirm the 
incorporation of the dopants. The thermal properties have been studied by TGA/DTA curves. The EDAX 
measurement and surface morphology was studied for pure and metal doped LA crystals. The second harmonic 
generation (SHG) study shows the nonlinear optical efficiency of the crystals. The laser damage threshold was 
measured for pure and metal doped LA crystals and also tested by using a Q-switched Nd: YAG laser with 21.1 
MW/cm2 for LA and 32.39 MW/cm2 for uranyl doped LA crystals showing enhanced LDT value for metal doped 
uranyl LA crystal compared to pure LA crystal due to the metallic substitutions thus proving their useful 
candidature for nonlinear optical applications.  
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1. INTRODUCTION 

Amino acid family has over the years been subjected to extensive investigations due to their non-linear 
optical properties for their possible applications in various fields like telecommunication, optical computing, optical 
data storage and optical information processing. The generation of coherent blue light through second harmonic 
generation (SHG) from near infrared (NIR) laser sources is an important technological problem that has attracted 
much attention in the last few years. Potential applications lie in the fields of high density data storage, high-
resolution printing and spectroscopy. L-alanine (LA) is the smallest, naturally occurring chiral amino acid with a 
non-reactive hydrophobic methyl group (-CH3) as a side chain. LA has the zwitterionic form (+NH3-C2H4-COO-) 
both in crystal and in aqueous solution over a large range of pH. L-alanine (CH3CHNH2COOH), the simplest 
acentric member of the family, was first crystallized by Bernal and later by Simpson, and Destro, who refined the 
structure (a = 6.032 Å , b = 12.343 Å, c = 5.784 Å; α=β=γ= 90°) and assigned it the P212121 space group. The 
growth and characterization of L-alanine crystals were reported by many authors earlier. Already growth and 
characterization of L-alanine crystal was reported by Caroline. Amino acids mixed with inorganic acid and salts 
produce outstanding material for NLO applications. Recently bulk size cobalt doped L-alanine was reported by 
caroline. In this paper, attempts were made to grow bulk size crystals of L-alanine with metal dopants with good 
transparency to find more suitable for optical characterization. Our present work deals with growth of LA crystals 
with metallic dopants and their characterization by single crystal XRD, FTIR, thermal, optical and NLO studies. 
The laser damage threshold measurement for pure L-alanine and uranyl doped L-alanine crystals is reported in this 
present work.  
 
2. EXPERIMENTAL   
Crystal growth: L-Alanine has good solubility of 19.0 g/100 ml in water at 45.0 ◦C according to solubility data. 
Pure LA crystals and uranyl doped crystals were grown using good quality seed crystals from aqueous solution by 
slow evaporation method. The seed crystals were obtained by slow evaporation technique of the respective 
solutions in aqueous solution after a growth period of 6-10 days which were used for the growth of bulk crystals. 
Transparent single crystals of L-alanine and uranyl doped LA with dimensions up to 12.0mm×7.0 mm×1.3 mm 
and 6.0mm×2.0 mm×1.0 mm with well-defined morphology were harvested after a typical growth period of 2 
weeks. One of the grown bulk transparent single crystals pure LA, uranyl doped LA is shown in (Fig. 1 & Fig. 2).   
 
3. RESULTS AND DISCUSSION    
3.1. Single crystal X-ray diffraction: The single crystal X-ray diffraction of pure L-alanine (LA) and uranyl doped 
LA single crystals were carried out using an Enraf Norius CAD4 diffractometer with MoKα     ( = 0.7170 Å). The 
pure L-alanine crystal is orthorhombic with unit cell parameters a = 6.022(8) Å, b = 12.323(8) Å, c = 5.779(2) Å, 
V=428.9(3) Å3; α=β=γ=90° and assigned to P212121 space group which is recognized as noncentrosymmetric, thus 
satisfying one of the basic and essential material requirements for the SHG activity of the crystal. The observed 
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lattice parameters are consistent with reported values. The crystallographic parameters were determined as a = 
6.036 Å,    b = 12.313(8) Å, c = 5.845 Å, V=434.41 Å3; for uranyl doped LA. The uranyl doped L-alanine crystals 
show a slight change in unit cell parameters retaining the same crystal system. Thus the variations in lattice 
parameters and increase in cell volume clearly indicates that uranyl could be incorporated into the pure LA crystal 
lattice. 
3.2. FTIR spectral analysis: In the Fourier Transform Infrared Spectroscopy recorded in the KBr phase in the 
frequency region 450 cm-1– 4000 cm-1 using a BRUKER 66V FT-IT spectrometer is shown in Fig.3 cobalt doped 
LA single crystals. The assignments of the fundamental vibrational modes due to COO-, NH3

+, CH2, CH groups 
were made. The carboxylic group is found to exit as the COO-, in the crystal. It is well known that an ionized 
carboxylic group (COO-) has characteristics wavenumbers in the regions 1680-1540 cm-1 (strong asymmetric 
stretching), 1410 cm-1 (weak symmetric stretching) and 660 cm-1 (symmetric deformation). The peak at 1412 cm-1 

is assigned to the symmetric stretching mode. The O-C-O bending mode at 772 cm-1 has been identified and 
assigned.  The COO- scissoring modes appears at 649 cm-1. Also peak at 486 cm-1 is assigned to COO- rocking 
mode.  Thus the ionisation of the carboxyl group is confirmed from the absorption bands observed at 539 cm-1 and 
at 1412 cm-1. In amino acids containing NH3

+ group, the stretching and bending vibrational wavenumbers are 
expected in the regions 3150-3000, 1660-1610 and 1550-1480 cm-1 .  The observation of IR bands at 3082, 1620 
and 1519 cm-1 is indicative of the presence of NH3

+ group in the crystal. Thus it is confirmed that each of the three 
hydrogen atoms in the NH3

+moiety participates in hydrogen bonding, which weakens the N-H bond. The band 
around 1152 cm-1 in IR spectrum is also an indicative rocking mode of NH3

+. The asymmetric mode of NH3
+ group 

(1620 cm-1) and its torsional oscillations (i.e. at 486 cm-1) appear as sharp peak at 2113 cm-1.  The presence of 
asymmetric and symmetric stretching mode of the methylene group have been identified with its deformation 
modes.  For the material under study the asymmetric stretching mode of the methylene group is observed at around 
2960 cm-1 in the IR spectrum. The strong peak at 1362 cm-1 and 1236 cm-1 indicates the region of deformation 
stretching of CH3 and CH2 wagging modes in the crystal lattice. The stronger CH2 stretching vibrations overlap the 
CH stretching vibrations below 3000 cm-1. The vibrational bands of the C-C-N have been identified and assigned. 
The absorption bands arising from C-N and C-C stretching vibrations are observed in the wavenumber region 850-
1150 cm-1. IR band corresponding to the observation at 918 and 849 cm-1 are assigned to C-C-N symmetric 
stretching vibration. Thus it is concluded that in the zwitterionic structure of amino acids, the NH3

+ group is a good 
hydrogen bond donor and carboxylic group is an excellent acceptor and strong hydrogen bonds are formed between 
these groups in the crystal lattice of L-alanine.  The influence and incorporation of the metal dopants is usually 
ascertained from the wavelength assignments at low frequency regions. The observed shift in vibrational 
wavenumbers pure L-alanine (LA), uranyl doped LA confirms the incorporation of metal dopants in the pure L-
alanine crystal structure which also has support from the EDAX analysis. 
3.3. Thermal analysis: Thermogravimetry (TG) and differential thermogravimetric (DTA) analysis were carried 
out for L-alanine powder sample using a SDT Q600 V8.0 thermal analyzer in the temperature range from 28ºC to 
1200ºC at the heating rate of 27ºC/min in nitrogen atmosphere. The TGA trace of pure L alanine (LA) with the 
DTG (Differential thermogravimetric analysis) shown in the same figure (Fig.4) and uranyl doped LA is shown in 
Fig.5a & 5b. In the thermogram for pure and doped crystals, there is a single major weight loss starting at about 
295 ºC (LA), 236 ºC (uranyl doped LA). But below these temperatures, there is no weight loss; hence, the crystals 
are completely free of any entrapped water. The sharp endothermic peak at 297 ºC is due to the melting of the 
sample agrees well with reported value for L-alanine  and a sharp endotherm starting at about 297 ºC (LA). Also it 
is seen that a sharp peak at 243.6 ºC (uranyl doped LA), which coincides with the decomposition in TG analysis 
shows the crystal of metal doped LA is stable up to their melting points with good degree of crystallinity and purity 
of the crystals. It is seen that at different stages various gaseous fractions like CO,CO2, NH2, etc., are liberated, 
leading to bulk decomposition of the pure and doped compounds before 600 ºC. Based on this analysis it is to be 
said that these materials can be exploited to NLO applications up to its melting point.  
3.4. Optical transmittance and nonlinear optical studies: To find the transmission range of the as grown crystals, 
optical transmission spectrum was recorded in the range 200 to 1200 nm.  Transmission spectra are very important 
for any NLO material because a nonlinear optical material can be of practical use only if it has a wide transparency 
window. A good transmittance in the entire UV region and lower cut off wavelength at 245 nm and at 240 nm for 
LA and doped LA crystals makes it valuable for those applications requiring blue/green light (Fig 6a & Fig 6b).  
 The NLO property of the crystal was confirmed by the Kurtz and Perry technique [26] to identify the 
materials with noncentrosymmetric crystal structures. Pulse energy of 3.0 ± 0.2 mJ/pulse and pulse width of 8 ns 
and repetition rate of 10 Hz is used. 90o geometry was employed. The second harmonic wave of 532 nm generated 
from the sample was detected by a photomultiplier tube (Hamamatsu-R 2059) and converted into electrical signal. 
The SHG efficiency of the sample which was confirmed by emission of green radiation from the respective samples. 
KDP crystals grounded into identical size were used as the reference material. The powder SHG efficiency of L-
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alanine single crystal was found to be 0.33 times that of KDP and metal-doped LA crystal is comparable to that of 
parent crystal. 
3.5. Laser Damage Threshold (LDT) Studies: One of the decisive criteria for a NLO crystal to perform as a 
device is its resistance to laser damage, since high optical intensities are involved in nonlinear processes. In the 
present study, an actively Q-switched diode array side pumped Nd: YAG laser was used for the Laser Damage 
Threshold (LDT) studies on the pure LA and metal doped LA crystals. The experiment set up used for laser damage 
studies is shown in Fig. 7. The beam energy of 6.4mJ/s with pulse width 8ns and the repetition rate 10 Hz 
respectively, at 1064 nm radiation was employed to study the LDT of LA and metal doped LA. For this 
measurement 8 mm diameter beam was focused onto the sample with 42 cm focal length lens. The beam spot size 
on the sample was 8mm. The energy density was calculated using the formula, viz,  

)cm(GW/ 2

A

E
densityEnergy 

 
where E is the input energy measured in milli-joules and A, the area of the circular spot. The laser damage 

threshold was found to be 21.1 MW/cm2 for LA and 32.39 MW/cm2 for uranyl doped LA crystals respectively. The 
inclusion of dopants in the parent crystal could be the reason for enhanced LDT value and also their usefulness in 
the field of NLO applications.  
3.6. Edax analysis: Energy dispersive X-ray analysis (EDAX) used in conjunction with all types of electron 
microscope has become an important tool for characterizing the elements present in the crystals. In the present 
study, the crystal was analysed by KV: 30.00 AMPT: 102.4 DETECTOR SUTW-SAPPHIRE RESOLUTION: 
129.35 energy dispersive micro analyzer equipped with LED steroscan scanning electron microscope. The result 
obtained in EDAX of doped crystals is shown in Fig. 8 and this confirms the presence of uranyl in the doped 
samples. The presence of uranyl-ions as the doped specimen has been confirmed by EDAX spectrum and the 
concentration of the incorporated dopants into the LA crystalline matrix can be clearly seen in same figure.  
3.7. SEM analysis: HR–SEM analysis has been carried out for the grown crystals to study the nature and surface 
morphology. The surface morphology of the LA and doped LA crystals was studied using JEOL JSM-6360 
scanning electron microscope. SEM acceleration voltage was 20 kV and the sample was kept in high vacuum. 

The transparent regions of the crystals were cut into few mm for examining the surface morphology. The 
SEM micrographs of pure and doped crystals taken in the same magnification are presented in Fig.9a, 9b, 9c & 
Fig. 10a, 10b, 10c respectively. The micrograph of pure L-alanine (Fig. 9a, 9b, 9c) shows that the surface is smooth 
and continuous. The surface is free from an inclusions and it shows the purity of the compound. But the micrograph 
of the metal doped (uranyl) shows the presence of some visible inclusions deposited on the surface of the crystals 
(Fig. 10a, 10b, 10c). This may be due to the presence of metal doped in the crystalline matrix and temperature 
fluctuations during the growth process.   

 

  
Fig.1.Shows as grown L-alanine single crystals 

by slow evaporation technique at pH value of 2.0 

Fig.2.Photograph of uranyl doped L-alanine 

 

  
Fig.3.FTIR Spectrum uranyl doped LA single 

crystal 

Fig.4.TG-DTG of LA single crystals 
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Fig.5a.TG of uranl doped LA Fig.5b.DTA of uranyl doped LA 

  
Fig.6a.UV–Vis spectrum of L-alanine Fig.6b.UV–Vis spectrum uranyl doped LA 

 
 

Fig.7.Laser damage measurement experimental set 

up 

Fig.8.The EDAX spectrum of cobalt doped L-

alanine 

   

Fig.9a, 9b & 9c. SEM photographs of PURE LA 

   

Fig.10a, 10b & 10c.  SEM photographs of uranyl doped LA       

 

4. CONCLUSION 

Good transparent single crystals of L-alanine and uranyl doped L-alanine crystals have been conveniently grown 

from by slow cooling technique. Single crystal XRD studies proved that the pure and metal doped LA belongs to 

orthorhombic system. The presence of dopants has marginally altered the lattice parameters without altering the 

basic structure. FTIR analysis to confirm the functional group present in the crystal. The thermal study of pure and 

metal doped crystals proved their suitability to withstand the high temperature encountered in laser experiments. 

Also the NLO behavior of the pure and metal doped LA crystals has been observed by Kurtz-Perry powder 

technique by the emission of green light radiation and Nd: YAG laser as source. The laser damage threshold 
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measurement on pure and uranyl doped crystals clearly reveals that the doped LA crystals show enhanced LDT 

value which could be a primary NLO material as far as damage threshold is concerned. These crystals possess 

excellent transmittance properties combined with nonlinear optical behaviour. The presence of uranyl as the doped 

specimen has been confirmed by elemental analysis and the concentration of the incorporated dopants into the LA 

crystalline matrix. From the SEM analysis, we observe from the pure and metal doped crystals, that in the micro 

level the crystal surface is very smooth which shows that it can add more molecules to grow in to a large crystal. 

Analysis of the surface at different sites reveals that the incorporation of uranyl-ions is non- uniform over the whole 

crystal surface. It has been concluded that the synthesized crystals are having good LDT value that can be further 

studied and extended to frequency doubling and possible applications in lasers. 
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