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ABSTRACT

The pure and metal ion (Cu2?, Zn2? and Mg2?)-doped LAAN single crystal was

developed by slow evaporation technique under ambient temperature. Cell

parameters of the grown crystal were identified using single crystal X-ray

diffraction analysis and found that the material crystallizes in orthorhombic

crystal system with space group of P21.The presence of functional groups and

the spectral properties were assessed by FTIR analysis. Transmittance spectrum

reveals that the crystal has a low UV cut-off of 360 nm and has a good trans-

mittance in the entire visible region. The band gap energy of LAAN and doped

(Zn, Cu and Mg) LAAN crystals were estimated to be 3.38, 3.22, 2.75, and

3.13 eV by Tauc plot. Prevention of the recombination process of electron–hole

pair was also confirmed by photoluminescence spectra analysis. The dielectric

constant of pure crystal was found to be less than that of doped crystals. The AC

conductivity was found to increase after doping and with the increase in tem-

perature. Second harmonic generation efficiency of the grown crystal has been

measured by Kurtz and Perry technique and it was found that Cu-doped LAAN

is 3.2 times higher than that of KDP and 2.1, 1.5, and 1.8 times more prominent

than pure, Zn, and Mg-doped LAAN crystals, respectively.

1 Introduction

In recent years, nonlinear optical (NLO) materials

have attracted considerable attention due to their

applications in laser technology, optical communica-

tions, optical switching, data storage, optical mixing,

and electro-optic applications. The development of

organic materials suitable for nonlinear optical devi-

ces is of interest because of high nonlinearity when

compared to that of conventional inorganic materials.

A considerable interest has been shown recently in

studying the effect of impurities (both inorganic and

organic) on the nucleation, growth, and physical

properties of some hydrogen bonded crystals like

potassium dihydrogen phosphate (KDP), ammonium

dihydrogen phosphate (ADP), magnesium sulfate

heptahydrate (MSH), ammonium oxalate monohy-

drate (AOM), and zinc tris (thiourea) sulfate (ZTS)
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[1–9]. The presence of impurity molecules even at

lower concentrations in the parent solute may have

considerable effect on growth kinetics and other

properties.

Several interesting results have already been

reported on several properties of doped KDP [1–3],

AOM [4, 5], MSH [6, 7], and ZTS [8, 9] crystals. Some

reports are also available on doped ADP single

crystals [1, 10]. Ananda Kumari and Chandramani

[11] have found that the KDP crystals containing

alkali halides such as potassium chloride (KCl)/so-

dium chloride (NaCl)/potassium bromide (KBr)/so-

dium bromide (NaBr)/potassium iodide

(KI)/sodium iodide (NaI) show appreciable increase

in second harmonic generation (SHG) efficiency

compared to pure KDP crystals. Deepa et al. [12],

have showed that the alkali halide (NaCl/NaBr)

addition reduces the DC conductivity of KDP single

crystals. Anne Assencia and Mahadevan [10] have

observed the DC conductivity of ADP single crystal

increases with the increase in impurity (urea/

thiourea) concentration. Mahadevan [13] has found

that the DC conductivity does not vary systematically

with impurity concentration in the case of KCl-added

MSH single crystals. However, the conductivity is

larger for impurity-added crystals than the pure

crystals. Meena and Mahadevan [1] have reported

that l-arginine (C6H14N4O2) addition leads to reduc-

tion of electrical parameters of KDP and ADP single

crystals. Considering the above, it can be understood

that impurity (various types) addition to L-alanine

alaninium nitrate (LAAN) is expected to make it a

more interesting material. Therefore, understanding

the effect of different kinds of impurities on the

physical properties of this material needs more

investigations. The L-alanine alaninium nitrate

(LAAN) belongs to the family of organic nonlinear

optical material and is grown from its aqueous

solution by slow evaporation technique at room

temperature. The characterizations of the grown

single crystals were investigated by many researchers

[14–19]. The L-alanine alaninium nitrate (LAAN) was

first crystallized by Manuela Ramos Silva [20], which

belongs to the monoclinic crystal system with space

group P21 with cell parameters a = 7.8578 (5) Å,

b = 5.4516 (6) Å, c = 12.8276 (7) Å , and b = 94.73 (4)�.
We report the optical, dielectric, electrical, and NLO

properties of divalent metal particles (Cu2?, Zn2? and

Mg2?)-doped LAAN single crystals grown by slow

evaporation method. To date, there is no report about

metal-doped LAAN single crystals and their physical

and chemical properties. The characterization results

suggest that Cu-doped LAAN single crystal show

outstanding dielectric, electrical, and NLO properties

than other dopants.

2 Experimental

2.1 Crystal growth

The single crystal of LAAN was synthesized from L-

alanine and nitric acid taken in the stoichiometric

ratio of 2:1. lved in double-distilled water. In order to

synthesize the doped LAAN, the calculated amount

of CuCl2, ZnCl2 and MgCl2 additives were added to

the solution of LAAN separately. The solutions of

pure and doped LAAN were prepared separately

and stirred well using a magnetic stirrer for about

2 h. The solutions were heated at 50 �C until the

synthesized salts of pure and doped LAAN were

obtained. The synthesized LAAN was purified by

repeated recrystallization process before growth to

improve the purity of the material. The high-purity

material (purified material) yields good quality

crystals. The solution of recrystallized LAAN was

prepared at 40 �C using water as a solvent. The bulk

single crystals of L-alanine alaninium nitrate were

harvested after 2 weeks. The photographs of pure

and doped LAAN single crystals are shown in

Fig. 1a.

2.2 Characterization techniques

The cell parameters of the grown crystal were

determined from the powder X-ray diffraction pat-

tern using standard software. The optical transmis-

sion spectrum was recorded in the range

200–1100 nm using Lambda 35 UV–Vis-NIR spec-

trometer for a crystal of thickness 1 mm. The micro-

hardness of the crystal was measured using a

microhardness tester (HMV-2) fitted with a Vickers

diamond pyramidal indenter and attached with an

optical microscope. Dielectric measurements were

carried out using HIOKI 3532–50 LCR meter in the

frequency range 100 kHz–2 MHz. The coordination

of L-alanine with nitric acid was confirmed by FTIR

studies using BRUKER 66 V FT-IT spectrometer in

the range 4000–400 cm-1 following KBr pellet tech-

nique. The photoluminescence spectrum was
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recorded for LAAN single crystal using Perkin Elmer

LS 55 luminescence spectrometer. The excitation

wavelength used for the present study is 390 nm.

Dielectric studies were carried out on (010) faces of

the grown crystals using Hioki 3532-50 LCR Hitester.

Microhardness measurements were carried out using

Shimadzu tester. Second harmonic generation (SHG)

of the samples was measured by Kurtz powder

method. A Q-switched Nd:YAG laser beam of

wavelength 1064 nm was used within an input

energy of 5.02 mJ/pulse and the pulse width of 8 ns,

with the depletion rate being 10 Hz. The SHG radi-

ation of 532 nm (green light) emitted was collected by

a photomultiplier tube (PMT-Philips Photonics

model 8563) and the optical signal incident on the

PMT was converted into voltage output at the CRO

(Tektonic-TDS 3052).

3 Result and discussions

3.1 ICP and XRD analysis

The collected grown doped LAAN single crystals

were converted to powder format and the powder

was tested to the presence of dopant material per-

centage value analyzed by ICP technique. The doped

LAAN crystal fine powder 10 mg was taken and

mixed with 50 mL D.I water and tested to ICP mea-

surement and the result confirms that the doped

material presents at 3–5%. The sum of dopant solid-

ified into the doped precious stone is less than the

concentration of the dopant inside the comparing

arrangement. Figure 1b shows the XRD results of

bare and doped LAAN single crystals. These results

include crystallographic order and structural perfec-

tion of grown crystals. The lattice parameter of both

crystals like a = 7.851 Å, b = 5.441 Å, c = 12.806 Å,

b = 94.75�, and volume of V = 547 Å3 belong to space

group P21. The presence of all units of crystal values

is confirmed by already reported woks [21]. The

comparison of bare and doped LAAN crystal lattice

parameters and volume are summarized in Table 1.

The dopant material does not influence of crystal

structure of LAAN. The presence of dopants in

LAAN crystal may produce lattice strain which leads

to change in unit cell parameters of the doped

samples.

3.2 FTIR analysis

The FTIR spectral analysis of pure and doped LAAN

crystals was carried out in the middle IR region

between 400 and 4000 cm-1 to analyze the presence

of functional groups in the crystals. Figure 2 shows

the Fourier transform infrared spectrums of pure

LAAN crystal. In the higher energy region, there is a

broad intense band due to N–H stretch of NH3?.

There is a fine structure in the lower energy region of

the band due to hydrogen bonding of NH3? with

COO– in the crystal lattice for pure LAAN. The

observed bands due to the fundamental vibration are

in good agreement with the available literature data

[22–24]. The sharp intense peaks which were

Fig. 1 a Photograph of grown

crystals; b X-ray diffraction

pattern of pure and doped

LAAN crystals

Table 1 Unit cell parameters of pure and doped LAAN crystals

Crystals a (Å) b (Å) c (Å) b (o) Volume Å3

Pure LAAN 7.851 5.441 12.806 94.05 544.81

Cu-doped LAAN 7.867 5.455 12.889 95.31 553.12

Zn-doped LAAN 7.854 5.408 12.742 94.15 541.21

Mg-doped LAAN 7.835 5.434 12.809 94.28 545.34
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observed in the range 2110.19–2112.12 cm-1 were

assigned to the hydrogen bonding of NH3? and

COOH group. The bending modes of CH3 are

resolved in the region 1359.86–1361.79 cm-1 and

1503.38–1510.31 cm-1. The peaks at 1411.94 cm-1 are

due to C–O stretch and the O–H bend of COOH

group observed at 1232.55–1234.48 cm-1. From the IR

spectrums, it is clear that the COO– of pure and

doped LAAN are protonated by nitric acid. The

comparison of IR spectrums of pure and doped

LAAN show slight shift in absorption bands which

may be due to presence of doping. The vibration

values of bare and doped LAAN single crystal are

depicted in Table 2.

3.3 UV–Vis spectral analysis

The UV–VIS–NIR spectrum gives information about

the structure of the molecule since the absorption of

UV and visible light involves the promotion of elec-

tron and orbitals from the ground state to higher

energy states. The UV–Vis spectrum of pure and

doped LAAN crystals was recorded using Perkin–

Elmer UV–Vis spectrophotometer in the range of

250–900 nm. The transmission spectra are very

important for any NLO material because a NLO

material can be of practical use only if it has a wide

transparency window. The UV–Vis transmission was

carried out by bare and doped LAAN crystals and

the resultant plot is shown in Fig. 3a. The percentages

of transmission in doped samples were found to be

more when compared to the pure LAAN. From the

UV spectral study, it can be concluded that both pure

and doped LAAN crystals have good transmission in

UV as well as in visible region which is an added

advantage for the crystals to be used in optoelectronic

applications. Transmittance spectrum reveals that the

crystal has a low UV cut-off of 360 nm for pure

LAAN, after incorporating the metal ions the band is

shifted toward higher wavelength side. A consider-

able red shift is due to the decreasing the optical band

gap energy of the crystals. The band gap energy of

LAAN and doped (Zn, Cu and Mg) LAAN crystals

were estimated to be 3.38, 3.22, 2.75, and 3.13 eV by

Tauc plot (Fig. 3b) [25].

3.4 Photoluminescence spectral analysis

The instrument of Photoluminescence spectra was

handled by 5 mW Ar? ion laser operated at 490 nm

region and power density as 0.125 Wcm-2 under

room temperature. The photoluminescence spectra

were carried out 300–650 nm regions for bare and

doped LAAN single crystal shown in Fig. 4. The

protonation of amino groups to the carboxyl groups

as large concentrate and it’s located at 425 nm region.

It was clearly evident that the PL emission intensity

of pure LAAN was relatively high compared with

doped LAAN crystals. The PL emission intensity was

gradually reduced with the presence of dopants.

Especially, a significant reduction of PL intensity was

found in the Cu-doped LAAN single crystals. This

could be due to the prevention of electron–hole pair

Fig. 2 FTIR spectra of a pure LAAN b Cu-doped LAAN; c Zn-

doped LAAN; and d Mg-doped LAAN

Table 2 Vibrational

assignments of pure and doped

LAAN crystals

Pure LAAN Cu-doped LAAN Zn-doped LAAN Mg-doped LAAN Vibrations

3430 3446 3441 3435 OH stretching

3090 3107 3088 3086 NH stretching

2112 2121 2108 2107 NH3? and COOH group

1595 1614 1599 1590 COO– vibration

1410 1424 1412 1409 C–O stretching

1235 1238 1232 1228 COOH stretching

955 959 945 947 NO3- group

857 862 841 855 NO3- group

3982 J Mater Sci: Mater Electron (2021) 32:3979–3988



recombination process. Hence the UV and PL results

suggest that Cu-doped LAAN could effectively

improve the absorption property and suppress the

recombination process of electron–hole pair, which is

positive role to significantly improve the SHG

efficiency.

3.5 Microhardness studies

The Microhardness studies were carried by bare and

doped LAAN single crystals. Fig. 5 shows the graph

of microhardness studies plotted at various loads

versus hardness number. The equation of Hv =

1.8544 9 (p/d2) was used to calculate hardness

numbers of growth crystals [26–28]. The expansion of

above equation followed as Hv is the Vickers hard-

ness number, p is the applied load, and d is the

average diagonal length of the indentation mark. The

Indentation size effect (ISE) was reversed for

increasing the load and its clearly seen in graph plot

[29]. Above the reasons to Cu-doped LAAN, single

gem has located at tall hardness esteem compared to

other gems. In this tall tackle esteem of the Cu-doped

LAAN, precious stone esteem demonstrates more

prominent push required to create separation, hence

affirming more noteworthy crystalline flawlessness.

3.6 Dielectric studies

A rectangular specimen of pure and doped LAAN

crystals was subjected to dielectric studies. Both

Fig. 3 a Transmittance spectra and b (ahm)2 vs photon energy plot of pure and doped LAAN crystals

Fig. 4 Photoluminescence spectra of pure and doped LAAN

crystals

Fig. 5 Vickers hardness vs load of pure and doped LAAN crystals
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surfaces of the samples were coated with silver paste

to make contact between the crystal and the copper

electrodes. Figure 6 shows the plots of dielectric

constant versus frequency for pure and doped LAAN

crystals. It can be observed that as the frequency

increases the dielectric constant decreases and for

high-frequency region it remains almost constant for

pure and doped LAAN crystals. This can be

explained on the basis of polarization. The electronic

exchange of the number of ions in the crystals gives

local displacement of electrons in the direction of the

applied field, which in turn is expected to give rise to

the polarization. As the frequency of the applied field

increases, a point will be reached where the space

charge polarization cannot sustain and complies with

variation of the external field and hence the polar-

ization decreases. The dielectric constant and dielec-

tric loss values were as calculated by previous

published work [30]. Figure 7 shows the variation in

dielectric loss with frequency for pure and doped

crystals. From this figure, it can be seen that the

dielectric loss decreases as the frequency increases for

all samples. It can also be seen that, the dielectric loss

is higher at lower frequencies for doping crystals

when compared to the pure crystal. The characteristic

of low dielectric loss with high frequency for a given

sample shows that the sample possess good optical

quality with lesser defects and this parameter is of

vital importance for nonlinear optical materials in

their application.

3.7 AC conductivity and photoconductivity
studies

Fig. 8 shows the conductivity behavior of bare and

metal-doped LAAN single crystal and this experi-

ment of electrical conductivity conducted by tem-

perature range between 30 and 90 �C. From Fig. 8a) it

can be seen that the AC conductivity for all the

samples increase with increase in temperature and

the AC conductivity was found to increase after

doping at all temperatures. The AC conductivity

values for pure and doped crystals measured at room

temperature with fixed frequency at 1 kHz. The

defect concentration will increase exponentially with

temperature and consequently the electrical conduc-

tion also increases. The measurements show that the

Cu-doped LAAN crystals have larger conductivity

than pure LAAN crystals. Under room temperature

the electric conductivity delivers as 1.4, 5.2, 2.3, and

3.2 Xm-1 for bare LAAN, Cu-, Zn-, Mg-doped LAAN

single crystal, respectively, as shown in Fig. 8a. The

Arrehenius relation used to found the activation

energy by plot of 1000/T versus log conductivity [25].

Fig. 8b shows activation energies calculated by slope

of 1000/T versus In r plot. From Table 3, it can be

seen that the activation energy was found to decrease

after doping. When LAAN crystals were doped with

the impurities, the lattice defects increases and this

enhances the conductivity and hence there is

decrease in activation energy. Keithley 485 picoam-

meter and resultant without the light used to analyze

the photoconductivity calculations for Cu-doped

LAAN single crystal and the dim current was

Fig. 6 Dielectric constant vs log frequency measured at 40 �C of

pure and doped LAAN crystals
Fig. 7 Dielectric loss vs log frequency measured at 40 �C of pure

and doped LAAN crystals
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measured for all the growth crystals. In Fig. 8c)

shows the variety of both dull current (Id) and pho-

tocurrent (Ip) with the connected electrical field. The

Plot clearly shows connect to the electric field and Id

and Ip current test straightly increased. The plot

above plot denotes dim current is continuously

important than the photocurrent, and its confirm

presence of negative photoconductivity. The etching

studies were carried out on the grown crystal (Cu-

doped LAAN) using Carl Zeiss High resolution

optical microscope. Ethanol, methanol and water

were used as etchants. The photographs were taken

with a maximum etching time of 60 s. The etch pat-

tern of Cu-doped LAAN is shown in Fig. 8d). It is

observed that etch pits are formed to the etching time

of 60 s. A number of carve pits have been recognized

with indistinguishable shape. By expanding the

carving time, the design remains the same, but the

measure of the carve pits has expanded. It is

observed that the less number of disengagements

appears the quality of the crystal.

Fig. 8 a AC electrical conductivity versus temperature for pure and doped LAAN crystals; b variation of ln (r) with 1000/T of pure and

doped LAAN crystals; c field-dependent photoconductivity of Cu-doped LAAN; d etching photograph of Cu-doped LAAN

Table 3 AC conductivity and

activation energy values of the

pure and doped LAAN

crystals

Crystals AC conductivity (Xm)-1 Activation energy (eV)

Pure LAAN 1.4 0.55

Cu-doped LAAN 5.2 0.21

Zn-doped LAAN 2.3 0.38

Mg-doped LAAN 3.2 0.27
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3.8 SHG efficiency test

The SHG conversion efficiency of pure and doped

LAAN crystals was estimated using modified setup

of Kurtz and Perry. A Q-switched Nd:YAG laser

beam of wavelength 1064 nm was used with an input

power of 2.15 mJ and pulses width 10 ns with a

repetition rate of 10 Hz. The crystals were powdered

and then packed in a micro-capillary of uniform bore

and exposed to laser radiations. The output from

each sample was monochromated (monochromator,

model Triax, 550) to collect the intensity of 532 nm

component. The second harmonic radiation gener-

ated by the randomly oriented microcrystals was

focused by a lens and the green light was detected by

a photomultiplier tube (PMT, Philips Photonics,

model 8563) and displayed on a cathode ray oscillo-

scope (CRO) (Tektronix-TDS 3052B). A green radia-

tion of 532 nm was observed from the pure and

doped LAAN crystals confirming the second har-

monic generation (SHG). The efficiency of bare and

doped LAAN crystal is better than standard effi-

ciency of KDP. The SHG efficiency of bare and doped

(Cu, ZN and Mg) LAAN crystals values are 2.1, 3.2,

1.5, and 1.8 times, respectively (Fig. 9). In the result,

Cu-doped LAAN single crystal has 3.2 times large

efficiency for other growth crystals. The improved

SHG may be concluded that the protonation of the

amino group in the L-alanine molecule is the key

factor in increasing the relative SHG efficiency of

LAAN. SHG output enhances considerably with the

Cu doping which is one of the most important find-

ings of the present investigation. Moreover, the

metallic nature of Cu could provide higher electrical

nature of pure LAAN. In addition, the optical

absorption is significantly improved in the visible

light region and the band gap energy by Cu doping is

narrowed compared with other dopants and pure

LAAN. The effective prevention of the recombination

process of electron–hole pair is another crucial factor

to improve the SHG efficiency. The overall results

suggest that Cu-doped LAAN crystals show high

optical, mechanical, dielectric electrical, and NLO

properties.

4 Conclusions

The single crystals of pure LAAN and doped with

Cu, Zn, and Mg were grown by slow evaporation

technique at room temperature. Single crystal X-ray

diffraction analysis was carried out to calculate the

lattice parameters of the grown crystals. The lattice

parameter of both crystals like a = 7.851Å
´
, b = 5.441

Å
´
, c = 12.806 Å

´
, b = 94.75�, and volume of V = 547 Å3

belong to space group P21. The FTIR results are used

to confirm formation of LAAN single crystal. Espe-

cially, Cu-doped LAAN crystal UV–Vis spectrum of

red shift was absorbed at * 450 nm. The trans-

parency of single crystals of bare and doped LAAN

crystal exhibited 55–60% and 80–90%, respectively.

The good transmission property of the pure and

doped LAAN crystal in the entire visible region

ensures its suitability for SHG applications. A sig-

nificant prevention in the electron–hole recombina-

tion process of PL emission is another key factor to

improve the SHG. The low value of dielectric con-

stant and dielectric loss at higher frequencies sug-

gests that the crystals possess enhanced optical

quality which has significant role in the NLO appli-

cations. The AC conductivity result reveals that the

electric conductivity delivers as 1.4, 5.2, 2.3, and 3.2

Xm-1 for pure and Cu-, Zn-, Mg-doped LAAN single

crystal, respectively.

References

1. M. Meena, C.K. Mahadevan, Growth and electrical charac-

terization of larginine added KDP and ADP single crystals.

Cryst. Res. Technol. 43, 166–172 (2008)

2. P.S. Ramasubramanian, C. Mahadevan, Growth kinetics and

electrical properties of KCl doped single crystals grown from
Fig. 9 SHG efficiency of pure and doped LAAN crystals

3986 J Mater Sci: Mater Electron (2021) 32:3979–3988



aqueous solutions. Indian J. Pure Appl. Phys. 29, 285–287

(1991)

3. T. Chithambarathanu, C. Mahadevan, T. Josephine Rani,

Refraction equivalent measurements on K2CrO4 and K3Fe

(CN)6 doped KDP single crystals. J. Opt. 22, 21–22 (1993)

4. K. Sangwal, E. Mielniczek-Brzôska, Effect of impurities
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