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       Abstract— The single crystals of pure and strontium metal 

ion doped L-alanine cadmium chloride, a semi-organic 

compound was grown by slow evaporation solution growth 

technique at room temperature. The grown crystals were 

subjected to various characterization techniques such as single 

crystal and powder XRD, scanning electron microscopy (SEM), 

energy dispersive X- ray spectrum (EDX), FT-IR and UV-

Visible spectroscopy. The presence of various functional groups 

has been identified by FT-IR spectral analysis ranging between 

4000 and 400 cm−1 and the UV–vis–NIR spectroscopic study 

revealed that the grown crystal has good optical transmittance. 

Its nonlinear optical property has been studied by Kurtz powder 

method. Electrical parameters such as dielectric constant and 

dielectric loss have also been studied from 100 to 1 MHz. The 

low dielectric constant and dielectric loss suggested that this 

material is a good candidate for opto-electronic applications. 

Keywords: Sr doped L-alanine, Single crystal XRD, Dielectric 

constant, NLO. 

I.  INTRODUCTION  

Semi-organic crystals attracted the scientific 

community very much due to their large nonlinear optical 

coefficients, high resistance to laser induced damage, low 

angular sensitivity and excellent mechanical hardness. Also 

advanced opto-electronic technology requires nonlinear 

optical (NLO) materials for frequency conversion, optical 

modulation and optical switching [1]. The recent 

development in optical fiber communication has motivated 

the scientists to search for new NLO materials that are 

capable of fast and efficient processing of optical signals and 

hence the researchers are always in search for new NLO 

materials [2]. Recently, amino-acid based materials have 

been proved to be attractive materials for NLO applications, 

because they contain a proton donating carboxyl group as 

well as proton accepting amino group in them. Owing to the 

excellent results of amino acid based semi-organic materials 

such as l-alanine cadmium chloride [3], l-asparagine thiourea 

monohydrate [4] and l-valine cadmium chloride [5], they are 

considered as best materials for NLO applications. Inspired 

by these results, in this present work Sr
2+ 

ion doped LACC 

crystals were grown and subjected to different 

characterization in order to know its suitability for NLO 

applications. 

II. EXPERIMENT 

The strontium ion doped LACC was synthesized 

using L-alanine, cadmium chloride and one mole percent of 

strontium chloride. At first the parent LACC compound was 

synthesized from the equimolar ratio of L-alanine and 

cadmium chloride, according to the following reaction:   

                                                                       

CH3CHNH2COOH + CdCl2   CH3CHNH2COOH.CdCl2 

 

Along with the compound solution, one mole 

percentage of strontium chloride was added to get the Sr
2+

 ion 

doped LACC crystal. The calculated amount of the reactants 

were thoroughly dissolved in double distilled water and 

stirred well for 2 hours using a magnetic stirrer to obtain a 

homogeneous mixture. Then the mixture was evaporated to 

dry the material. The temperature was kept to below an 

optimum temperature of 60 
o
C, to prevent the possible 

decomposition. It was then dissolved thoroughly in double 

distilled water to form a saturated solution. The solution was 

filtered well to remove the suspended impurities and allowed 

to crystallize by slow evaporation of solvent at room 
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temperature of about 30 
o
C for four weeks. Well defined 

single crystals (size up to 20 x 15 x 4 mm
3
) with good 

transparency were collected in four weeks. The size of the 

pure crystal is about 12 x 7 x 2 mm
3
 [Figure 1]. 

 

 

 

   

 

 

 

Figure 1: The single crystals of undoped and Strontium ion doped L-alanine 

cadmium chloride single crystal. 

The LACC crystal was subjected to single crystal 

XRD using a computer controlled Enraf Nonius–CAD4 

single crystal diffractometer with Mo-K radiation ( = 

0.71073 Å) to determine the unit cell dimensions and 

morphology.  

Phase analysis of the grown crystals has been done 

using powder XRD (Philips X’pert Pro) equipped with an 

X’celerator and a mono-chromator at the diffracted beam 

side. The X-ray scans were made in 2θ and at 0.01 

degree/step for all the samples. Scans were done using CuKα 

radiation with a tube voltage of 40 kV and current 30 mA by 

exposing a constant area of the sample. The phase 

identification of the samples was performed using X’pert 

High score software in support with the ICDD-PDF-2 data 

base.  

The surface morphology of the samples have been 

observed using a scanning electron microscope (SEM) JEOL-

JSM 5600 LV model, in back scattered mode and is operated 

at 20 kV. The elemental analyses of the samples were carried 

out using JEOL JSM 5600 LV equipped with EDAX.  

The FTIR spectrum of the sample was recorded with a 

Fourier transform infrared spectrometer in the range of 400–

4000 cm
-1

 by KBr pellet technique.  The optical transmittance 

range determine the suitability of strontium ion doped LACC 

single crystals for optical applications, the UV-Vis–NIR 

spectrum was recorded with a Varian Cary 100 Bio UV-Vis 

spectrophotometer in the range 200-2500 nm. The powder 

SHG measurements were performed using the Kurtz and Perry 

powder technique. The fine powdered sample was densely 

packed between two transparent glass slides. A fundamental 

laser beam of 1064 nm wavelength (8 ns pulse width with 10 

Hz pulse rate) from an Nd-YAG LASER was made to fall 

normally on the sample cell and the incident beam was 

measured using a power meter. The input laser energy 

incident on the capillary tube was 5.3 mJ per pulse, an energy 

level optimized not to cause any chemical decomposition in 

the sample. The KDP crystal was used as the reference 

material in the SHG measurement.  The well grown crystals 

were polished in proper size and the graphite coating was 

applied on the opposite faces of the samples for good 

electrical contact. Agilent 4284 A, Precision LCR meter was 

used for the measurement of the capacitance and dielectric 

loss in the frequency range of 100 Hz -1MHz at the 

temperature range of 30 – 110 
o
C along the b-axis of the 

crystal. 

III. RESULTS AND DISCUSSION 

 

There are lot of reports on growth and characterization of 

LACC single crystals with some dopants. The statues of 

dopants are still dispute [6]. In order to reveal the dopants, 

the single crystal XRD was carried out. The unit cell 

dimensions of pure LACC obtained from single crystal X-ray 

diffraction analysis are a = 16.33, b = 7.31, c = 8.00 Å, cell 

volume V = 854 Å
3
,  =  = 90° and β =116.44°. Similarly 

for strontium doped LACC crystals, the unit cell parameters 

obtained from the single crystal X-ray diffraction analysis are 

a = 16.352 (± 0.011) Å, b = 7.303 (± 0.005) Å, c = 7.978 (± 

.006) Å, cell volume V = 851.7(± 1.7) Å
3
,  =  = 90° and β 

=116.62 (± 0.03)°. The powder XRD pattern of pure and 

strontium doped LACC crystals are shown in Figure 2 (a) and 

(b), which consists of peaks, corresponds to LACC, and no 

other peaks of other phase or element are detected within the 

detection limit of the instrument. The unit cell dimensions 

calculated from the powder XRD data for pure LACC are a 

=16.275 (± 0.002), b = 7.265 (± 0.002) and c = 7.97 (± 0.002) 

Å, cell volume V = 843.786 (± 0.002) Å
3
,  =  = 90° and β 

=116.44°. For strontium doped LACC, a = 16.325 (± 0.004), 

b = 7.331 (± 0.002) and c = 7.947 (± .005) Å, cell volume V 

= 850.26 (± .05) Å
3
. It agrees with the reported values [7]. 

The grown crystal belongs to the monoclinic system with 

space group C2 and the number of molecules per unit cell (Z) 

is 4. It shows that the dopant Sr
2+ 

ion does not alter the crystal 

structure, but it enters into the crystal lattice of pure LACC. 

 Figure 3 shows the SEM images of pure and 

strontium chloride doped LACC crystals. From the SEM 

images it was observed that due to strontium chloride doping 

there is a slight improvement in the alignment of grains and it 

may be due to the bunching of small grains around the 

impurity atom. Figure 4 shows the EDX images of pure and 

strontium chloride doped LACC crystals. From the EDX 

analysis it was observed that the Sr
2+ 

ions are successfully 

doped into the crystal lattice of LACC.  
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 Figure 2: (a) The powder X-ray diffraction pattern of pure 
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Figure 2(b): The powder X-ray diffraction pattern of Strontium ion doped L-
alanine cadmium chloride. 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
Figure 3: The SEM image of pure and one mole percentage strontium ion 

doped L-alanine cadmium chloride single crystal. 

 

 

 
 

 

 
 

 

 
 

 

 
Figure 4: The EDS image of pure and one mole percentage strontium ion 

doped L-alanine cadmium chloride crystal. 

 Figure 5 (a) and (b) shows the FT-IR spectrum of 

pure and strontium ion doped LACC single crystals. The NH2 

group of L-alanine is protonated by the COOH group, giving 

rise to NH
3+

 and COO
-
 groups. The broad envelope in the 

higher energy region 3044–3250 and 3425–3500 cm
-1

 in pure 

and 3076–3228 and 3400–3525 in Strontium doped LACC is 

due to NH
3+

 symmetric and antisymmetric stretching 

vibrations, and the absorption peak at 1616 cm
-1

 in pure and 

1595 cm
-1

 in Strontium doped LACC is assigned to NH
3+

 

bending degenerate mode [8]. The region of absorption bands 

from 3044 to about 2500 cm
-1

 in pure and 3076–2599 cm
-1

 

for Strontium doped LACC single crystals is due to multiple 

combinations of overtone bands.  

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 5:  (a) The FTIR spectrum of pure L-alanine cadmium chloride 

crystal. 

 

 

 

 

 

 

 

  

                                                                                                                                              

 

 

Figure 5:  (b) The FTIR spectrum of strontium ion doped L-alanine                

cadmium chloride crystal. 

The strong absorption at 1412 cm
-1

 in pure and 1417 

cm
-1

 in doped LACC single crystals corresponds to COO
-
 

symmetric stretch [9]. The COO
-
 bending and rocking 

frequencies occur in the normal positions at 762, 622 and 536 

cm
-1

 in pure and for Sr doped LACC single crystals, which is 

at 766, 631 and 544 cm
-1

. Also the absorption at 1343 and 

1001 cm
-1

 in pure and 1347 and 1012 cm
-1

 in doped LACC 

single crystals are due to CH3 symmetric bending and rocking 

mode. The absorption peaks at 923 and 841 cm
-1

 in pure and 

923 and 848 cm
-1

 in Sr doped LACC are assigned to C–C–N 

symmetric stretching vibrations. These vibrations prove the 

presence of expected functional groups in the compound. 

The UV-Vis–NIR spectrum of pure and LACC 

single crystals doped with one mole percentage of strontium 

chloride is shown in figure 6. From the figure it was noticed 

that there was no significant absorption after 200 nm. The 

lower cut at 200 nm along with good optical transparency 

enhances the usefulness of these crystals for optoelectronic 

applications and it is an essential parameter for NLO 

applications.  The NLO property of the crystal was confirmed 

by the Kurtz and Perry powder technique. The transmitted 

fundamental wave was passed over a monochromator which 

separates 532 nm (second harmonic signal) from 1064 nm 

and absorbed by a CuSO4 solution (which removes the 1064 

nm light). The green light was detected by a photomultiplier 

tube and displayed on a storage oscilloscope. The powder 

SHG efficiency of the crystals are compared with KDP and it 

was found that the pure and LACC doped with one mole 

percentage of strontium chloride was 0.57 and 0.82 times that 

of KDP. Thus it was observed that the SHG efficiency of 
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strontium chloride doped crystal increases with respect to 

pure LACC single crystals. The results are given in Table 1. 
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Figure 6:  (a) The UV - Vis - NIR spectrum of pure L-alanine cadmium 

chloride  

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

Figure 6:  (b) The UV - Vis – NIR spectrum of one mole percentage 
strontium ion doped L-alanine cadmium chloride                               

 

 

Table 1: Comparision of SHG signals energy output. 

Figure 7 (a) and (b) shows the variation of dielectric constant 

with respect to frequencies at different temperature for 

undoped and strontium ion doped LACC single crystals 

respectively. The dielectric constant increases with decrease 

of frequency and increase of temperature. The variations of 

dielectric constant with frequency suggest the presence of 

higher space charge polarization of the material decreases 

with increase of frequency, which leads to the reduction of 

dielectric constant [10]. Also the increase of dielectric 

constant with increase of temperature was due to the presence 

of space charge polarization near the grain boundary 

interfaces which depends on the purity of the sample. Again 

as compared with pure LACC single crystals, a slight 

increase of dielectric constant in the doped crystals is due to 

the increase of polarisability of the dipoles caused as a result 

of the improvement in grain alignment.  
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Figure 7: (a) Variation of dielectric constant with frequencies for different 

temperature of pure and (b) Strontium ion doped L-alanine cadmium 

chloride. 

 Figure 8 (a) and (b) shows the variation of dielectric 

loss with respect to frequencies at different temperature for 

undoped and one mole percentage strontium chloride doped 

LACC single crystals respectively. The nature of the curves 

show that the dielectric loss decreases with increase of 

frequency and decrease of temperature. Generally dielectric 

crystal can be represented by the circuit analog of resistance 

in parallel with capacitor. At higher frequency the capacitor 

offers low reactance to the sinusoidal signal, which 

minimizes the conduction losses in the resistor. Hence the 

value of dielectric loss decreases at higher frequencies.  

Again the material with low dielectric constant will have less 

number of dipoles per unit volume. As a result it will have 

minimum loss as compared to the material with high 

dielectric constant [11]. It suggests that the dielectric loss 

strongly depends on the frequency of the applied field which 

is similar to the dielectric loss in the ionic system. Again, 

figure 8 (a) and (b) shows that the dielectric loss of doped 

crystal increases slightly at lower frequencies. It may be due 

to higher relaxation time of the dipoles at lower frequencies 

and hence consume much power than that at higher 

frequencies. 

 

Input 

power 

   mJ/pulse 

KDP 

mV 

LACC 

        mV 

LACC + 1 

Mole SrCl2 

     mV                                    

       5.3      17         9.7                         14 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181

www.ijert.orgIJERTV4IS010347

(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Vol. 4 Issue 01,January-2015

763



0.0

0.1

0.2

Frequency (Hz)

 

 

 

 

D
ie

le
c
tr

ic
 l

o
s
s

PURE LACC:

 AT 313 K    AT 353 K

 AT 323 K    AT 363 K

 AT 333 K    AT 373 K

 AT 343 K    AT 383 K

100 1000 10000 100000 1000000

0.0

0.1

0.2

0.3

(b)

(a)

 

  

 

D
ie

le
c
tr

ic
 l

o
s
s

LACC + 1 Mole SrCl
2
:

 AT 313 K    AT 353 K

 AT 323 K    AT 363 K

 AT 333 K    AT 373 K

 AT 343 K    AT 383 K

 
Figure 8:  (a) Variation of dielectric loss with frequencies for different 

temperature of pure and (b) one mole percentage strontium ion doped L-

alanine cadmium chloride. 

CONCLUSIONS 

The single crystals of pure and strontium chloride 

doped L-alanine cadmium chloride were grown by slow 

evaporation technique and characterized by both single 

crystal and powder X-ray diffraction studies, which showed 

the presence of Sr in the LACC single crystals. SEM study 

shows that the alignments of grains are improved in strontium 

doped single crystals and the presences of strontium ions in 

the crystal lattice of LACC crystals are also confirmed by 

EDS analysis. The FT-IR spectral analysis confirms the 

presence of functional groups in the compound. The material 

has good optical transparency in the entire visible region with 

a lower cut of wave length at 200 nm. The higher space 

charge polarization present in lower frequency region 

increases the dielectric constant at lower frequency and it is 

further increased due to the incorporation of Sr
2+

 ion into the 

lattice of pure LACC. The NLO property is confirmed by 

SHG measurement and its value is 0.82 times the value of 

KDP where as for pure LACC single crystals it is only 0.57 

times. The second harmonic efficiency is remarkably 

enhanced by the Sr 
2+

 ions and hence the strontium ion doped 

LACC crystals are used along with laser devices for 

frequency conversion and also the low values of dielectric 

constant and dielectric loss at higher frequency suggests that 

this material is a good candidate for opto electronic 

applications. 
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