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Abstract

Of late well-known unique semi-organic NLO (nonlinear optical) material L-tyrosine zinc acetate (LTZA) single crystal 
was synthesized and its importance single crystals developed from aqueous solution by slow evaporation technique. The 
grown crystals LTZA were characterized using single crystal XRD and confirmed by powder XRD. Using FT-IR spectroscopy 
the functional groups and the modes of vibrations of LTZA were identified. The UV-Vis- NIR transmittance spectrum shows 
that good transmittance in the visible region with the lower cutoff wavelength at 235 nm. The energy band gap value is 
5.289eV. The thermal decomposition process was examined by TGA and DTA. The surface features are examined by SEM. The 
mechanical strength of LTZA was estimated by micro hardness studies. The dielectric response of the crystal with different 
range of frequencies and temperature were studied. The frequency dependence of ac conductivity for various temperatures 
was studied. Photoconductivity study was carried out to analyze the response of LTZA crystal to the incident visible light. 
The Kurtz powder SHG test shows that the LTZA crystal is an efficient applicant for optical SHG. The conversion efficiency is 
around 3 times that of KDP and also one of the highest values in L-tyrosin family of the properties information that the present 
material may be an effective applicant for optoelectronic devices. 

Keywords: Single crystal growth; XRD; FTIR; Optical absorption spectrum; TG-DTA analysis; Dielectric studies; SHG

Abbreviations: NLO: Nonlinear Optical, LTZA: L-Tyrosine 
Zinc Acetate, TGA: Thermo Gravimetric Analysis, DTA: 
Differential Thermo Gram Analysis, SHG: Second Harmonic 
Generation.

Introduction 

In the world of recent optical technologies a NLO 
materials plays a vital role particularly in the field of 
harmonic generator, colour displays, medical diagnostics, 

optical switching, optical communication and optical 
computing [1-4]. Most of the amino acid organic crystal 
exhibit NLO property because of non- centrosymmetry, 
dipolar nature due to the presence of protonated amino group 
and deprotonated carboxylic group. It is coordinated with 
metallic ions provides a compound with owing mechanical 
and thermal properties. Crystals of amino acids combining 
with inorganic salts to yield materials taking higher chemical 
stability, wide transparency collection in the visible and 
ultraviolet spectral region, weak Vander Walls and hydrogen 
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bond, high resistance to laser induced damage, enormous 
nonlinearity, low angular sensitivity and zwitter ionic 
nature of the molecule which favors mechanical hardness 
[5-8]. With these knowledge most of the researchers tried 
to develop hybrid materials, the described crystals are 
l-leucine nitrate, l-valine cadmium bromide, l-tyrosine 
doped KDP, l-alanine alaninium picrate, l-tyrosine sodium 
nitrate, [9-15]. In the present work, we report the bulk 
growth of single crystal L- tyrosine zinc acetate (LTZA) and 
its characterization were studied by single crystal/ powder 
XRD, FTIR, UV-Vis-NIR analysis, thermal, dielectric, AC and 
DC conductivity, morphological, mechanical, hardness and 
SHG of the compound.

Experimental Techniques

Materials, Synthesis, Solubility, Crystal Growth 

L-tyrosine zinc acetate (LTZA) were synthesized via 
mixing L-tyrosine and zinc acetate dehydrate in Millipore 
water of resistivity 18.2 MΩ cm in a molar ratio of 2:1. 

The chemical reaction was characterized schematically in 
Scheme 1.

The solubility being the key factor for bulk crystal growth, 
it was determined for the temperature range of 32 to 50ºC in 
steps of 5ºC by gravimetric technique. Also high solubility is 
not satisfactory for the growth bulk single crystals. Also low 
solubility restricts the dimension and speed of development 
of the crystals. So, neither a flat nor a steep solubility curve 
cans modification the growth of bulk crystals since solution. 
If the solubility gradient is extremely tiny, slow evaporation 
of the solvent is that the higher option for crystal growth 
to attain the super saturation within the solution. Solvent 
with less viscosity is superior for slow evaporation. The 
solubility curve of LTZA is presented in Figure 1. It’s seen 
in the graph, it is observed that the solubility increases 
linearly with temperature. The solubility of LTZA at 50ºC is 
valued to be 8g/100ml in Millipore water is suitable to allow 
the development of virtuous importance single crystals of 
reasonable size. 

Figure1: Solubility curve of LTZA.

Figure 2: Grown crystal of LTZA. 
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The prepared solution was allowed to dry at room 
temperature and the salts were obtained via slow evaporation 
technique. The clarity of the synthesized salt was further 
improved by successive recrystallization process. After re-
crystallisation a transparent single crystals of dimensions 
9mm x 7mm x 7mm was attained within 40 days. Figure 
2 shows the developed crystals of LTZA and confirms 
without any additions and imperfections which is one of the 
fundamental needs for the materials to be used for the device 
fabrications. 

Characterization Techniques 

The crystalline powders derived from the grown crystals 
of LTZA were analyzed for composition, phase, spectral, 
nonlinear optical, ac and dc conductivities and thermal 
properties whereas the cut and polished single crystals were 
utilized to characterize them for linear optical, emission, 
electrical and mechanical properties. Enraf Nonis CAD-4 
single crystal X-ray diffractometer was used to calculate 
the XRD measurements. For these measurements, graphite 
mono-choromated (MoKα) radiation was utilized with the 
wavelength λ = 0.71071Aο. The FT-IR spectrum of LTZA 
was recorded in the range 4000–400cm-1 employing Perkin 
Elmer grating infrared spectrophotometer by KBr pellet 
technique. An optical absorption spectrum of LTZA in the UV-
Vis- NIR was recorded in the wavelength range 200- 800 nm 
employing VARIAN CARY 5E spectrophotometer. The grown 
LTZA crystals were subjected to SEM analysis using JD-2300 
analysis system with resolutions 1 µm. To study thermal 

properties, TG/DTA analysis was carried out by NETZSCH 
STA 409 C/CD using alumina crucible as a reference in 
the range of temperature between 0 and 1000ºC with a 
heating rate of 10ºC min-1 in protected nitrogen atmosphere. 
Photoconductivity and dielectric studies of LTZA crystals 
were studied using Keithley 485 picoammeter and HIOKI 
MODEL 3532-50 LCR HITESTER, respectively. The SHG 
efficiency was measured for the grown crystal LTZA using 
Kurtz and Perry powder technique.

Results and Discussions

Single Crystal and Powder XRD 

The grown LTZA crystals were exposed to single crystal 
XRD studies by Enraf Nonis CAD-4 diffractometer. The wave 
length of X-ray used was 0.71073 Å and 293 K temperature 
was maintained during the experiment. The compound 
crystallizes in the orthorhombic, space group P21 with cell 
constants: a = 5.54Å, b = 7.72Å, c = 8.61Å, α = β = γ = 90˚, V 
= 368Å3. 
 

The LTZA crystals have been exposed to powder XRD 
using a Rich Seifert diffractometer with CuKα radiations of 
wavelength 1.5418Å. Figure 3 shows powder XRD pattern of 
LTZA. The peaks observed from XRD spectrum were analyzed 
and indexed, the grown crystals belongs to orthorhombic 
system and the calculated lattice parameters is in good 
agreement with the data obtained from single XRD. The 
crystal data have been presented in Table 1.

Figure 3: Powder XRD pattern of LTZA.

 FT-IR Spectral Analysis

FTIR spectra were recorded to recognize the chemical 
bonding and these spectral analyses also provide information 
regarding the molecular structure of the compound. Each 
and every chemical compounds make sure their own 

typical infrared spectrum [16,17]. FTIR spectrum of the 
LTZA compound noted in the range of 4000- 400 cm-1 using 
a Perkin-Elmer Spectrum RXI spectrometer by KBr. [18] 
and observed FTIR spectra are depicted in Figure 4. The 
assignments confirm the presence of various functional 
groups present in the material which is tabulated in Table 2. 
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Identification code Single crystal XRD data Powder XRD data
Temperature (K) 292 303
Wavelength (Å) 0.717 1.5418
Crystal system Orthorhombic Orthorhombic

Space group P21 P21
a (Å) 5.54 5.528
b (Å) 7.72 7.7
c (Å) 8.61 8.598

α = β= γ (0) 90 90
Volume (Å3) 368 366

Table 1: Comparative XRD data of grown LTZA single crystal.

Figure 4: FTIR Spectrum of LTZA.

Wavenumbers Assignments
3080 N-H Streching
3063 O-H Stretching
1547 C-O stretching

1424, 1397 C=C stretching
1335 CH3 deformation
1244 C-O-C streching

1017, 953 C-H in-plane bending in benzene ring

839, 689
C-H out-of-plane bending in benzene 

ring
619 NH2 vibration
575 C-C-N out of plane bending vibration

Table 2: Vibrational Assignments of LTZA.

Ring stretching vibrations are considerably imperative 
in the spectrum of aromatic compound and are highly 

characteristic of the aromatic ring itself. Bands between 
1650 and 1400 cm-1 in benzene derivatives are consigned 
to ring vibrations. For our case the different intensity bands 
are observed at 1424 and 1397 cm-1 in FT-IR and has been 
assigned to C=C stretching vibrations. The benzene ring C-H 
in-plane bending vibrations are generally weak and occurred 
in the regions 1300-1000cm-1 while the C-H out-of-plane 
bending vibrations fall in the region 900-650 cm-1 [19]. The 
in-plane bending vibrations of LTZA are observed at 1017 
and 953 cm-1 in FT-IR. The intense IR bands at 839 and 689 
cm-1 are identified as C-H out-of-plane bending of phenyl 
ring. Wavenumbers observed at 3063 and 3080 cm-1 are 
recognized as O-H and N-H stretching vibration, respectively. 
Further the strong band predicted at 619 cm-1 corresponds 
to NH2 vibration and the weak band viewed at 574 cm-1 could 
be due to the effect of C-C-N out of plane bending vibration. 

 UV-Visible Spectral Analysis  

The ultraviolet (UV)-visible spectrum provides restricted 
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information regarding the configuration of the molecule 
as a result of the absorption of UV and visible light take in 
elevation of the electron in σ and π orbital from the ground 
state to excited energy states. Transmission spectra are vital 
for any NLO material as a result of a NLO material is sensible 
use only it’s extensive transparency window. The optical 
property of LTZA was studied in the wavelength range 800-
200 nm and is displayed in Figure 5 and shows that the UV 
cut-off wavelength is 235 nm, which is sufficiently low for 

SHG laser radiation at 1064nm. The forbidden energy gap Eg 
was estimated from the relation and Eg is found to be 5.289 
eV. Figure 6 shows the Tauc’s plot of grown LTZA crystal and 
the Eg is found to be 4.8eV. The wide optical band gap of the 
material shows that the material is a typical of dielectric 
materials and it is the desirable property for SHG. 

31.243  10 /g maxE x λ=

Figure 5: UV-Vis-NIR Spectrum of LTZA.

Figure 6: Tauc’s plot of LTZA.

 Surface Morpholgy Analysis

The SEM is used for the examination and analysis 
of the micro structural characteristics of solid objects. 
The interaction of the electron beam with the specimen 
produces a variety of signals that are used for imaging and 

spectroscopy. The grown LTZA crystals were subjected to 
SEM analysis using JD-2300 analysis system with resolutions 
1 µm is displayed in Figure7 and very clear that LTZA 
possesses almost smooth surface, free from defect and 
dislocations are an essential property of NLO materials and 
for device fabrications. 

https://medwinpublishers.com/NNOA/
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Figure 7: SEM image of LTZA.

 Thermal Analysis 

In the field of optics and optoelectronics, the thermal 
properties are of important as far as device fabrications. The 
thermo gravimetric analysis (TGA) and differential thermo 
gram analysis (DTA) were carried out for the grown crystals 
and corresponding graphs are shown in Figure 8. The 
compound starts to decomposes at 135°C which proves that 
the absence of water molecule. The stage of decomposition 
from 135oC to 229oC results in the decomposition of the 
tyrosine acetate compound. The calculated mass loss (89.3 
%) is in good agreement with the observed mass loss (89 

%). The final stage of decomposition between 229oC to419oC 
corresponds to the loss of zinc atom as a residue. The 
calculated value of mass loss 11.7 % is in good agreement 
with the observed value (11%). The DTA trace reveals that 
there is a sharp endothermic peak at135°C free from the 
weight losses of TGA. The sharpness of this peak displays 
the high degree of purity and crystallinity of the sample 
[20]. The thermograph further reveals that the material is 
fully decomposed at around 229oC beyond which it becomes 
volatile. Thus, the DTA thermogram conforms to the TG mass 
loss pattern. 

Figure 8: Thermo gram of LTZA.

Dielectric Studies

The dielectric constant and dielectric loss of LTZA crystal 

was measured. The studies were carried out from 40ºC to 
100ºC for frequencies varying from 50Hz to 50MHz. The 
dielectric constant εr was calculated by the formula 
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The εr of the material is due to the contribution of 

polarization such as electronic, ionic, dipolar and space- 
charge, which depends on the frequencies [21]. Figure 9 
shows the variation of εr with the frequency ν at various 
temperatures. It is noticed that the εr is relatively high at 
lower ν and it decreases with increasing ν because at high ν 
almost all type of polarizations are active.

Figure 9: Dielectric constant of LTZA.

In the low-frequency region the dielectric constant and 
loss of ionic crystals relies on the crystal structure, electronic 
and atomic polarizability of constituent ions [22]. Generally, 
space-charge polarization is energetic at high temperatures 
with lower frequencies and indicates the perfection of the 

crystals [23]. It is very clear from Figure 10 that the dielectric 
constant εr decreases with rise in frequency for several 
temperatures. This is a typical dielectric behavior [24] that 
both εr and ε″ decrease with increasing ν. 

 Figure 10: Dielectric constant vs Temperatures of LTZA.

The dielectric loss was calculated using the relation 
  r Dε ε″ =

Where, D is the dissipation factor Figures 11, 12 shows the 
variation ε″ with respect to ν and T, respectively. In the low 
ν region ε″ depends on factors like size and defects of the 
crystal [25]. It is observed that the ε″ sturdily rely on the 

frequency of the applied field similar to what commonly 
happens in the case of dielectric constant of the ionic system 
[22,26,27]. The low value of ε″ at higher ν indicates that the 
grown crystal possess defect less good optical quality of the 
crystals which is one of the favorite effects for NLO crystals 
[28,29].
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Figure 11: Dielectric loss of LTZA.

Figure 12: Dielectric loss vs Temperatures of LTZA.

 
 AC and DC Conductivity Studies 

The grown LTZA crystal was applied for AC electrical 
conductivity measurement over a temperature range 313-
373K and the corresponding plot is shown is Figure 13. 
As seen from the graph it is noticed that ac conductivity 
increases with increase in ν which is owing to the reduction 

in space charge polarization at higher frequencies [30]. 
Figure 14 shows the plot of ac conductivity vs 1000/T and it 
specifies that the conductivity increases with T. The Arhenius 
plot of lnσacT vs 1000/T is depicted in Figure 15, from the 
graph the activation energy was noticed at 0.0821eV and the 
sample exhibits Arhenius type of conductivity. 

Figure 13: Ac conductivity vs log f of LTZA.
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Figure 14: AC conductivity vs 1000/T of LTZA.

Figure 15: Plot of ln(σac)T vs 1000/T for LTZA.

Using the conventional two probe technique the dc 
electrical conductivity measurements of LTZA were executed 
in the temperature range 313K-353K and calculated by the 
relation σdc = t/RA. The σdc values were fitted into the equation 

( ) /dc oexp Ed KTσ σ= −

The σdc values are found to increase with increaes of T 

for the grown sample. The conductivity is especially a defect 
controlled method in low temperature region. It is observed 
from the Figure 16, the conductivity of LTZA is low at lower 
temperature as a result of catching of some carriers at defect 
sites that is predominantly owing to moment of imperfections 
created by thermal activation. The value of conductivity lnσdc 
is found to rise with temperature and also the activation 
energy was noticed at 0.661 eV from the Figure 17.

Figure 16: DC conductivity vs 1000/T of LTZA.
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Figure 17: Plot of ln(σdc)T vs 1000/T for LTZA.

 Photoconductivity Studies

Photoconductivity studies of LTZA crystals were studied 
using Keithley 485 picoammeter at room temperature. 
Figure 18 shows the variation of both photo & dark current 

with the applied field. In the present study, it is observed 
that the photo current is consistently higher than that of 
dark current, hence it can be concluded that LTZA exhibits 
positive photoconductivity. 

Figure 18: Current vs applied field for LTZA.

 Micro Hardness Studies 

 The micro hardness characterization is particularly 
imperative as much as the device fabrications and this 
study of the grown LTZA crystals was performed by Vicker’s 
hardness test at room temperature. For the static indentation 
tests, a flat and smooth face of LTZA was selected. The crystals 
were indented gently at loads 10g, 25g, 50g and 100g for 
dwell period of 10s using Vicker’s diamond pyramid. The 

Vicker’s hardness number HV of LTZA was calculated using 
the relation HV = 1.8544 P/d2. As seen from Figure 19, it is 
found that the maximum value of the HV is found to be 95kg/
mm3. The work hardening coefficient value (n) is calculated 
by plotting log p against log d is shown in Figure 20. The 
slope of this line gives the value of n and it is found to be 
2.24. According to Onitsch [31] LTZA crystal belongs to soft 
material category. 

https://medwinpublishers.com/NNOA/
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Figure 19: Hardness vs load for LTZA.

Figure 20: Plot of log p vs log d for LTZA.

Kurtz & Perry Powder SHG Technique

The second harmonic generation (SHG) efficiency 
was measured for the grown crystal [32]. This method is 
extremely valuable tool for initial screening of NLO materials. 
A Q-switched Nd:YAG laser beam of wavelength of 1064nm, 
input energy 4.4mJ/pulse was allowed to strike out the 
powdered samples which packed in a capillary tube. The 
generation of the second harmonics was confirmed by the 
emission of green radiation 532nm from the crystals of LTZA. 
The KDP crystal was for the reference materials. The results 
obtained by this method shows that the SHG efficiency of 
LTZA crystal is 1.88 times more than that of KDP. The results 
of the comparative efficiency are shown in Table 3. 
 

Crystal Input power Output power Efficiency
KDP crystal 4.4 mJ 42mV 1
LTZA crystal 4.4 mJ 120 mV 2.88

Table 3: Comparative Efficiency of LTZA.

Conclusion

Optically transparent LTZA single crystals were groom 
by slow evaporation solution growth techique. Single crystal 
XRD analysis uphold that the grown crystals crystallize in 
orthorhombic system having space group P21. The presence 
of several functional groups in the LTZA crystals has been 
confirmed by FTIR analysis. The UV-Vis-NIR spectrum of LTZA 
displays that the crystals are transparent in the wavelength 
region from 260nm to 800nm with the energy gap of 
5.289eV making it a potential candidate for NLO application. 
SEM analysis exposes that the crystal have almost smooth 
surfaces. The maximum temperature up to which LTZA can 
be exploited for NLO application is limited to 2120C. The low 
dielectric loss and high dielectric constant value suggest that 
the grown crystal is almost free from defects. The activation 
energy is determined from the plots of ac & dc conductivity. 
Photoconductivity study ascertains the positive photo 
conducting nature of the crystals. The micro hardness study 
confirms that the LTZA crystal belongs to soft materials. The 
powder SHG efficiency of LTZA was found to be 2.88 times 
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greater than that of KDP. All these studies indicate that LTZA 
crystal can be considered as a potential candidate for the 
fabrication of optoelectronic devices. 
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