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a b s t r a c t

Pure and La3+ doped single crystals of L-arginine acetate (LAA) have been grown well from through slow
evaporation method in aqueous environment. The Crystalline nature can be confirmed by powder X-Ray
Diffraction (XRD) Analysis. The function groups with possible stretching/bonding were identified through
FTIR (Fourier Transform Infrared Spectroscopy) and Fourier Transform Raman Spectroscopy (FT-Raman)
analysis. The good optical properties of La3+ doped LAA crystals were found through UV–Visible spectral
analysis. Nonlinear optical (NLO) behavior through Kurtz’s method reveals that the dopant has increased
the efficiency. Further, grown crystals has examined for thermal (TGA, DTA), mechanical (Vicker’s),
dielectric (LCR) and photo conductive (picoammeter) properties enhanced with La3+ dopant and the
results are interpreted and discussed.
1. Introduction

In recent times, the non-linear optical (NLO) materials having
attracting the attention towards to formation of active and func-
tional devices. The organic NLO materials with higher harmonic
generation properties leads to the new development in modern
engineering optic and semiconducting, photonic and optoelec-
tronic devices, etc., used in opto-electronic, photonic and many
areas because of the property of optical second harmonic genera-
tion (SHG) [1–4]. Mostly amino acids having SHG properties due
to their chiral carbon with non-centro symmetric nature. Present
day Arginine crystal attracts much attention towards the optical,
thermal, mechanical, dielectric behavior and etc., and better choice
for device applications [5–8], in polyhedron (1 0 0) face [9,10]. The
LAA was found higher SHG efficiency than that of KDP [11]. The
optical materials which exhibit centrosymmetric behavior exhibit
NLO and ferroelectric property [12].

The molecular hyperpolarizability (b) is the backbone of second
harmonic generation response. In general, organic molecules exhi-
bit large b values rather than inorganic molecules and suitable for
photoconductive property [13–16]. Amino acids contain a proton
donor carbon carbonyl acid (COO�) group and the proton acceptor
(NH2

+) itself [17–20].
And there is a need of ferroelectric materials having nonvolatile

memory and so the scientific society demandingmaterials dual nat-
ure of modern with ferroelectric and piezoelectric properties. Opti-
cal materials with rare earth dopant such as La3+, Cu2+, Mg2 + and
etc, are enhancing the Photoconductive properties [21–23].

The present investigation deals with the formation of LAA and
La3+metal doped LAA crystals through evaporation method. The
content of the dopant was determined by Inductively Coupled
Plasma analysis. The grown crystals are investigated with many
spectroscopic techniques and are presented the following section
2. The findings and results of these investigations are interpreted
and discussed in Section 3 and 4.

2. Synthesis and solubility

TheARgrades chemicalwerepurchased fromS.D. Fine chemicals,
India. The synthesis of LAA through the standard procedure [9].

The pure LAA is synthesized and the product was allowed to
evaporate and collected as salt. The LAA with metal dopant La3+

of 2 mol % is added with same procedure. The solubility of both
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Fig. 1. Solubility (a) LAA, (b) La3+ doped LAA crystal.

Fig. 2. LAA and La3+ doped LAA crystal.

Fig. 3. Powder XRD pattern LA
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pure and doped LAA was measured at various temperatures from
30 to 55 in steps of 5 �C with an accuracy of ±0.01 �C. Fig. 1, plots
of temperature vs concentration shows that the solubility is always
increases with temperature for both samples. The dopant La3+

added in the parent solution as prepared in pure form and the
grown crystals free from defect is shown in Fig. 2.

3. Characterization

The Powder XRD analysis of both crystals are carried out
through Rich Seifert, XRD 3000P with Cu Ka (k = 1.54056 Å) radia-
tion. Wt. percentage of samples studied through inductively cou-
pled plasma (ICP) analysis. The FTIR spectra are recorded using
MAGNA 550 model spectrometer. The stretching and function
groups, chemical nature carried out through FTIR and FT-Raman
spectral analysis. The thermo-gravimetric analyses performed
through STA 409C set up with temperature from 23 to 1200 �C
under nitrogen environment. The micro-hardness study carried
out through Vickers’s hardness test. The SHG analysis carried out
through Nd:YAaG laser with an input pulse of 6.2 mJ. The dielectric
analysis carried out through LCR meter. The photoconductive mea-
surements carried out through Keithley 485 picoammeter [30].

4. Results and discussion

4.1. Powder XRD studies

The XRD patterns of grown samples of pure and La3+ doped LAA
were depicted in Fig. 3. The lattice constant were presented in the
Table.1, The lattice parameters indicate that both type of crystals in
monoclinic with P21 space group and these are well agreed with
standard values [9,11]. Slight variations observed in both crystals
and so the presence of dopant causes small changes in their
properties.

4.2. Inductively coupled plasma analysis

The weight percentage of La3+ doped LAA crystal about 10 mg in
100 ml distilled water. Further the samples were subjected to
Inductive coupled plasma (ICP) analysis, the results shows 1.03%
of La3+ existed in the solution. It confirmed that the presence of
the amount of La3+ metal ion dopant is less than 2%.
A, La3+ doped LAA crystal.



Table 1
Lattice parameters for pure and La3+ doped LAA crystal.

Lattice parameters LAA La3+ + LAA LAA [11,13]

a (Å) 9.209 9.122 9.220
b (Å) 5.201 5.252 5.185
c (Å) 13.101 12.801 13.100
a(�) 90 90 90
b(�) 108.91 107.54 109.6
c(�) 90 90 90
Crystal System Monoclinic Monoclinic Monoclinic
Space group P21 P21 P21
Volume (Å3) 586.20 581.38 587

Table 2
FT-IR spectral assignments of LAA, and LAA + La3+ Crystal.

Wave number (cm�1) Assignments

Pure LAA La3+-LAA

3750–2300 3750–2300 NH and CH stretching vibration
1532 1531 COO� asymmetric stretching
1400 1400 COO� symmetric stretching
1228, 1197 1229, 1196 COO� vibration
1093 1089 C-N stretching
928 929 CH2 rocking
890 891 C–C stretching [3]
670 669 NH2 out of plane
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4.3. FT-IR analysis

The middle infrared spectra of pure and doped L-arginine acet-
ate are shown in Fig. 4. Both doped and pure crystals shows
absorption at 1620 cm�1 shows the existence of presence of amino
group, the absorption at 1550 cm�1 show cyclic –NH stretching
and O–H stretching. The FT-IR Spectra LAA confirms the structural
aspects.

In addition, there is not much difference are observed in the
presence of dopant. The percentage changes of transmittance are
worth noting. More absorption near 3000 cm�1 indicates the pres-
ence of both C@O stretching and O–H stretching. The IR spectrum
indicates that the absence of water and there is no existence of OH
stretching at 3400 cm�1 (Table 2) [21,24].

4.4. FT-Raman spectra

The FT-Raman spectra of LAA and LAA+ La3+ crystals are shown
in Fig. 5. The observed peaks confirm the existence of dopant in the
LAA crystal. The N–H stretching found at, and from 3100 cm�1 to
2600 cm�1 form a wide strong bond with many peaks. The band
at 1579 cm�1 is indicating asymmetric N–H deformation. The
absorption at 3065 cm�1 indicates N–H stretching by amino group.
The spectra further shows the peaks at 1415 cm�1 and 1626 cm�1

are due to the C@O stretching of carboxylic group [9,21]. The La-
Fig. 4. FT-IR spectrum of pure a
LAA spectra shows that absence of peak at 2125 cm�1 which may
be responsible for metal linkage with N of amino group. The peak
at 543 cm-1 is ascribed COO� wagging mode of vibrations [24]. The
FT-Raman spectral assignments are shown in Table 3.

4.5. UV–Vis-NIR spectral analysis

Fig. 6, shows the UV–Visible absorption spectra of LAA and LAA
+ La3+ dopant and it reveals 265 nm and 249 nm is their cut off
wavelengths respectively [25,26]. There is no absorption in visible
region, and it is general for amino acids [37]. Interestingly the
doped crystal has reduced absorption and reduced cut-off wave-
length. This further showing the dopant improved the transparent
property. These properties are improved in the doped crystal
rather than pure one is suitable for producing second harmonic
generation well [24].

4.6. Micro-hardness studies

Micro-hardness analysis is one among the main study for mak-
ing components, machine and etc., [27]. Through the Vickers
instrument the hardness measurements for both crystals taken
from 10 g to 50 g. Fig. 7. shows the hardness vs load along (1 0 0)
plane The plot of variations of Vickers hardness number with
nd La3+ doped LAA crystal.



Fig. 5. FT-Raman spectrum of LAA, and La3+ + LAA crystal.

Table 3
FT-Raman spectral data of LAA, and La3+ + LAA crystal.

Wave number (cm�1) Assignments

Pure LAA La3+-LAA

2965 2964 Aliphatic CH3

2930 2930 Aliphatic CH2

2125 – C@C stretching vibration
1626 1626 Asymmetric C@O stretching
1579 1578 N–H asymmetric deformation
1415 1417 Symmetric C@O stretching
1330 1344 CH3 symmetric deformation
549 543 COO– wagging mode

Fig. 6. UV–Visible spectrum of LAA pure and La3+ doped LAA crystal.
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applied load for (1 0 0) plane. The decrease in hardness from the
graph is indicates that decrease in micro hardness with load is
agreement well with size effect. After compare both HV is more
in doped crystal [28,29,39].

4.7. Thermal studies

The thermo gravimetric analysis for LAA taken from 23 �C and
1200 �C under N2 environment heated in steps of 10 K/min. The
resulting TG/DTA traces are shown in Fig. 8. Both the pure and
doped crystals show two stages of weight loss, 76.42% and
77.92% in the first stage and 23.72% and 19.21% in the second stage
for pure and doped crystal respectively [10]. The decomposition
starts at 232.9 �C and 228.1 �C respectively for pure and doped
samples. The single melting point is the evident for complete crys-
tallinity of crystals [30]. Both the thermogram show negligible
Fig. 7. Hv vs applied load of LAA and LAA + La3+ crystal.



Fig. 8. TGA/DTG curves of LAA, and La3+ + LAA crystal.
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residue. The decrease in decomposition temperature of the doped
crystal is due to the decrease, because of bond energy given by
the dopant [24]. The non-existence of addition peaks confirming
the absence of water molecules [28].

4.8. NLO studies

The NLO analysis taken for both crystals Kurtz and Perry pow-
der SHG test was carried out on pure and doped LAA single crystals
Fig. 9. Dielectric constant, dielectric lo

Fig. 10. Photo conductivity and dark conductivity
[31]. Nd:YAG laser is the source 1064 nm wavelength, photomulti-
plier with the reference of Urea crystal [29]. The SHG confirmed
green signal of 830 mW, 980 mW and 275 mW were found for
LAA, La3+ doped LAA, with reference KDP Crystals respectively.
So, the SHG efficiency of LAA crystal is 3.0, LAA + LA3+ crystal is
3.6 time than KDEP crystal. And it indicate that La3+ dopant
enhanced the NLO properties of LAA the pure one [9,32,39]. Fur-
ther, the enhanced optical NLO properties due to relatively larger
in size [33].
ss vs LAA and La3+ + LAA crystal.

vs applied field of LAA and La3+ + LAA crystal.
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4.9. Dielectric studies

The capacitance of the crystal was found for the applied fre-
quency that varies from 100 Hz to 5 � 106 at room temperature.
Fig. 9 shows the plot of dielectric constant vs. frequency (logarith-
mic) of both crystals. The dielectric constant is higher in lower
region and higher in high frequency region, further the same trend
with temperature [32,34]. The space charge polarization depends
on purity and the perfectness of the samples. The movement of
ion from equilibrium state is due to dipole nature due to charge
of ions [34,35]. The dielectric loss and the frequency are com-
pletely depends with each other, and the plot of these two are
shown in Fig. 10, suggesting their dependency [11]. The low loss
in dielectric strongly indicates both crystals have lesser defects.
The crystals which exhibiting lower dielectric constant to more
region of frequency is need for SHG applications, due to their low
dissipation in energy which reflects in efficiency [35,36].

4.10. Photoconductivity studies

The dark current of the sample was measured using DC power
supply and picoammeter. The Photo current of the crystals was
measured using halogen lamp. DC supply is increased step by step
from 10 V to 100 V and the photo current was measured. Fig. 10
shows the photo current and dark current vs field applied for both
crystals. It shows that the photocurrent >dark current and so both
crystals possess the photoconductive nature, but doped increased
enormous [37,38,40].
5. Conclusions

The single crystals of LAA and La3+ metal ion doped LAA are
grown by slow solvent evaporation process. The monoclinic struc-
ture confirmation for both crystals by XRD analysis. The existence
of La3+ has altered slightly the lattice parameters and there is no
change in basic structure of crystals. In the FT-Raman studies of
doped LAA, changes are observed in the peak positions, which con-
firm the presence of dopant in selective site of LAA crystal. The
optical transmission spectral analysis shows doped LAA crystals
having more optical transparency rather than pure one. The SHG
analysis revealed that doped LAA has more NLO properties better
than pure LAA crystal. The TG/DTA of pure LAA revealed the
decomposition of the sample starts at 262 �C. Both crystal having
reasonable hardness resulted from Hv values. The dielectric con-
stant and dielectric loss of the doped samples show marginal
changes when compared with pure LAA. The photoconductivity
investigations of pure and doped LAA reveal the positive photocon-
ductivity nature.
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