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ABSTRACT

Nonlinear optical single crystals of Ethylene Diamine Tetra Acetate (EDTA) doped lithium sulphate monohydrate are
successfully grown by using slow evaporation technique at room temperature with double distilled water as solvent. In
order to know its suitability for device fabrication, different characterization analyses have been performed. The single
crystal X-ray diffraction (XRD) and powder X-ray diffraction methods are used for identifying the structural parameters
of grown crystals. It is found that the addition of dopant doesn’t change the crystal structure. The range and percentage
of optical transmission as well as absorption are ascertained by recording UV-Vis-NIR spectrum. No absorption in the
entire visible region implies that it is a potential candidate for optoelectronic applications. The modes of vibration of
different groups present in the crystals are identified by FT-IR technique. To understand the thermal properties, thermo
gravimetric and differential thermal analyses (TGA & DTA) were carried out. The melting point was confirmed by dif-
ferential scanning calorimetric (DSC) analysis. The amount of dopant included into the crystals was estimated by col-
orimetric method. The second harmonic generation efficiency measured by Kurtz powder technique is 0.53 times that of

potassium dihydrogen orthophosphate.
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1. Introduction

The ideal material that could have potential applications
in non-linear optical (NLO) devices should possess the
combination of large non-linear figure of merit for fre-
quency conversion, high laser damage threshold, fast
optical response time, wide phase matchable angle, ar-
chitectural flexibility for molecular design and morphol-
ogy, optical transparency and high mechanical strength
[1-4]. Compared with inorganic NLO materials, organic
materials may fulfill many of these requirements, but
there are also some drawbacks with organic NLO mate-
rials such as environmental stability, poor chemical and
mechanical stability, red-shift of the cut-off wavelength,
low laser damage thresholds and poor phase matching
properties [5-7]. In order to overcome these drawbacks
and improve the properties, the growth of semi-organic
crystals has nowadays come into prominence. The semi
organic crystals have some advantages such as higher
second order optical non-linearities, short transparency
cut-off wavelength and stable physio-chemical perform-
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ance over the traditional inorganic and organic crystals
[8,9]. For greater Second Harmonic Generation (SHG)
efficiency, one requires highly polarizable molecular sys-
tem having asymmetric charge distribution in the mole-
cule [10,11]. Since there is a large demand for crystals
because of the revolution in electronic industries, it is
required to synthesize new NLO materials and improve
the properties of the existing materials. Considering all
the above mentioned facts, ethylene diamine tetra acetate
(EDTA) doped lithium sulphate monohydrate single crys-
tals have been synthesized and grown moderately at low
cost.

Nearly hundred years ago, Groth (1908) had described
the lithium sulphate monohydrate Li,SO4-H,O, with its
monoclinic point group 2 [11]. It has remarkable piezo
electric and electro-optic properties. The crystal is also
having high pyroelectric coefficient among the group of
non-ferroelectric polar crystals [12,13]. The dopant EDTA
is an artificial amino acid and it usually binds to a metal
cation through its two amines and four carboxylates, that
is, (4 oxygen atoms from carboxylate groups and 2 ni-
trogen atoms from amino groups) [14,15]. In this work,
the growth and characterization of EDTA doped lithium
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sulphate monohydrate crystals by slow evaporation tech-
nique are reported, as no reports are available on the growth
and characterization of the title crystal. Hereafter, the
grown semi organic crystals are named as ELSMH
(EDTA doped Lithium Sulphate Monohydrate).

2. Experimental Technique
Selecting a Template

EDTA doped lithium sulphate monohydrate (ELSMH)
single crystals were grown from analar grade lithium
sulphate monohydrate and ethylene diamine tetra acetate.
Using doubly distilled water, the super saturated lithium
sulphate monohydrate was prepared. The parent and
dopant (lithium sulphate monohydrate, EDTA) were
added in the ratio 1:P, where P = 0.01, 0.02, 0.03, 0.04
and 0.05 with pH = 5.0, 5.3, 5.6 and 5.9 and respectively.
The pH variations were carried out using dilute sulphuric
acid. The solution was filtered using filter paper and
tightly closed for controlled evaporation of the solvent.
Slow evaporation of the solvent produced ELSMH crys-
tals in a time span of 27 - 30 days. Good transparent
harvested single crystals are shown in Figure 1.

When the solution is at pH 5.0 and parent dopant mo-
lar ratio is 1:0.01, it is observed that the crystal growth
rate and the quality of the crystal are much better. It is
found that pH value of the solution has a strong effect
on the formation of ELSMH crystals [16]. The minute
amounts of EDTA can effectively suppress the impurities
and promote the crystal quality. Higher dopant concen-
tration may lead to the formation of structural grain
boundaries, which in turn may lead to deterioration of
crystal perfection. The observed results are in good agree-
ment with the reported observations [17-20].

I(cps)

3. Results and Discussion
3.1. X-Ray Diffraction Studies

The BRUKER NONIUS CAD4 single crystal X-ray dif-
fractometer was used to find the lattice parameters of the
grown crystal. Powder XRD pattern was recorded using
Rich-Seifert powder diffractometer with Cuk,, radiation
(A = 1.5405 A) and it is shown in Figure 2. The single
crystal XRD result confirms the grown ELSMH crystal
belongs to the monoclinic system with the lattice pa-
rameter values are: a = 5.457(3) A, b = 4.874(1) A, ¢ =
8.149(3) A, V=216.74 A*, p=107.32".

The lattice parameters from the powder XRD pattern
were calculated with the help of the computer program,
TJB Holland and SATRED FERN 1995. The lattice pa-
rameters of both powder XRD and single crystal XRD of
the grown ELSMH are shown in Table 1. The observed

Figurel. Asgrown ELSMH crystal.
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Figure 2. Powder XRD pattern of ELSMH crystal.
Table 1. Lattice parameters of ELSMH crystal.
XRD a(A) b (&) c(A) a B v Volume (A%
Single 5.457 4.874 8.149 90 107 90 216.7
Power 5.443 4.863 8.150 90 107.3 90 215.7
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26, d and calculated hkl indices of the corresponding
reflecting planes are shown in Table 2. G. E. Ziegler in
Chicago, has investigated the structure of Li,SO4-H,O as
monoclinic system with space group C; (Part 2.1) [11].

3.2. FT-IR Spectral Analysis

The FTIR spectrum of ELSMH is recorded in the range
400 - 4000 cm ™' using Perkin-Elmer spectrometer (KBr
pellet technique) is shown in Figure 3 and its frequencies
are compared with that of pure lithium sulphate
monohydrate [20] and EDTA. It is seen that the recorded
ELSMH spectrum is having the same absorption peaks as
LSMH with some additional peaks. The peak at 3467
cm ' is assigned to O-H symmetric stretching vibration
of water molecule. The bending vibration of H,O is ob-
served at 1616 cm™'. The prominent peaks near 1136 and
485 cm™ are attributed to SO, stretching. It is also ob-
served that there are some more extra peaks which are
absent in pure LSMH. A sharp peak at 1365 cm™' is due

Table 2. X-ray powder diffraction data of ELSMH crystal.

20() d(A) hkl
11.280 7.8378 001
16.940 5.2296 100
17.520 5.0578 101
21.580 4.1145 011
22.840 3.8903 002
23.220 3.8275 101
24.940 3.5673 102
25.080 3.5477 110
29.320 3.0436 012
30.420 2.9360 112
32.980 27137 201
33.700 2.6574 103
37.600 2.3902 112
38.540 2.3340 113
41.180 2.1903 121
47.360 1.9179 202
50.100 1.8192 221
59.140 1.5609 124
59.300 1.5429 131
59.640 1.5490 130
59.900 1.5429 131
62.480 1.4852 015
62.660 1.4814 132
69.060 13589 106
70.540 1.3340 115
70.760 1.3304 206
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to COO stretching. Hence, they confirm the inclusion of
the dopant and the formation of ELSMH compound. The
FTIR vibrational frequencies are given in Table 3. Thus,
the observed frequencies are in good agreement with the
available data [20-26].

3.3. UV-Vis-NIR Spectral Analysis

The transmission spectrum plays a vital role in identify-
ing the potential of a NLO material because a given NLO
material can be of utility only if it has a wide transpar-
ency window without any absorption at the fundamental
and second harmonic wavelengths. The UV-Vis-NIR
spectrum of the grown crystal was recorded in the wave
length range of 190 and 1100 nm using Lamda 35 UV-
Vis-NIR spectrophotometer in order to determine the
transmission range and hence the suitability of the crys-
tals for optical applications. It is also useful for obtaining
information about the structure of the molecule because,
the absorption of UV and visible light involves promotion
of the electron in the ¢ and & orbital from the ground state
to higher states [26,27]. The UV-Vis-NIR transmission
spectrum is shown in the Figure 4 and it is noted that the
UV transparency cut off is around 200 nm. It can be seen
from the transmission spectrum that the lower cutoff
wavelength lies nearly at 240 nm [20] and 200 nm for
LSMH and ELSMH crystals respectively. Thus lower
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Figure 3. Therecorded FTIR spectrum of ELSMH.

Table 3. Functional group assignment of ELSMH.

Wave number in cm ™' Assignments
3467 OH symmetric stretching
1616 Bending vibration mode of H,O
1365 COO stretching
1136 SOy stretching
645 SOy stretching
485 SO, stretching
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cut off value decreases due to EDTA doping in LSMH
crystal. The absorption is negligible in the entire visible
region of the electromagnetic spectrum. The transmission
extends nearly from 200 nm to 1100 nm, makes it suit-
able for the applications requiring blue/green light. It is
also an important requirement for NLO materials having
nonlinear optical applications [28].

3.4. Thermal Analysis

Thermo gravimetric analysis (TGA), differential thermal
analysis (DTA) and differential scanning calorimetry
(DSC) were carried out, using universal V4-5A-TA in-
strument at a heating rate of 20°C/min, recorded in the
same chart are shown in Figure 5. Thermo gravimetric
analysis (TGA) is a technique in which the weight of a
substance is recorded as a function of temperature. In the
present case, the TGA and DTA are carried out between
30°C and 400°C in the nitrogen atmosphere which pro-
vide an inert environment. The thermo gravimetric re-
sults are governed by the weight and particle size. In
practice, a small sample weight is desirable for thermo
gravimetric results [14] and hence the weight of the sam-
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Figure 4. Transmission spectra of ELSMH.
8 80
DTA
8 f A
Q —~
e DSC 60 £
5 4 o E
& < <
<) = 95i 2
2] .20 [
g2 2 g
Q
i 40 &
90,
S0
/’ TGA
_ 20
00 50 100 150 200 250 300 350 400

Temp ("C)
Figure5. Therecorded TGA, DTA and DSC of ELSMH.
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ple taken for investigation is 6.2870 mg. The loss of wa-
ter molecule is observed at 125°C. This is inferred from
the exothermic peaks observed near 125°C in DTA and
DSC. This ensures the suitability of the material for pos-
sible device application in lasers. In DTA, the endother-
mic peak at around 174°C represents the melting point of
the sample.

DSC is a technique by which phase transitions or
chemical reactions can be followed by observation of the
heat absorbed or liberated: Fusion, change in the crys-
talline state and other physical changes of the sample
while heating give sharp endothermic peak. Dehydration
is indicated by a broad endothermic peak. Certain che-
mical changes such as oxidative degradations are aided by
exothermic peaks [29]. The endothermic peak at ~174°C is
indicative of the melting point of the sample.

3.5. Colorimetric Estimation of EDTA in
ELSMH SingleCrystal

Using a deep vision colorimeter, operating at 540 nm, the
inclusion of dopant is confirmed by colorimetric estima-
tion method. At lower concentrations the colorimetric
method will often give more accurate results. It is desir-
able, particularly when minute amounts of substance are
to be determined, then the colour reaction be highly sen-
sitive. The reaction product absorbs strongly in visible
region. The strong absorption may be enhanced by the
presence of groups like —OH, NH, and CH;, called
auxochromes. The colour produced should be sufficiently
stable to permit an accurate reading to be taken. The
colours arise from 1) d — d transitions within the metal
jon and 2) n — " transitions within the ligands. Ninhy-
drin is having the capacity to bind with EDTA and im-
parts stable colour (pale yellowish green) to EDTA,
therefore it is added with our sample. The colour inten-
sity (optical density) is measured by DEEP VISION
COLORIMETER (digital) at 540 nm [30]. Initially, the
colorimeter is adjusted for null value with zero concen-
tration (Blank) of EDTA. Then, our sample added with
ninhydrin is introduced. The measured optical density is
0.082. With the help of standard graph, the amount of
EDTA, dopant present in our crystal is found to be ~196
pg/mL, which is less than the amount of EDTA present
in the solution.

3.6. Second Har monic Generation Study

The SHG property of ELSMH is determined by the
modified version of powder technique by Kurtz and
Perry [31]. The microscopic origin of non-linearity in the
NLO materials is due to the presence of delocalized
n-electron systems, connecting donor and accepter groups,
which enhance their asymmetric polarizability. Each type
of constituent chemical bond is regarded as one part of
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the whole crystal that has contributions to the total non-
linearity. The distribution of valence electrons of the
metallic elements is an important factor that strongly af-
fects the linear and nonlinear properties of each type of
constituent chemical bond [32]. The fundamental beam
of 1064 nm from Q-switched Nd:YAG laser was used to
test the SHG property of the grown crystal. The input
pulse with energy 3.5 mJ/pulse and pulse width of 10 ns
with a repetition rate of 10 Hz was used. The fundamen-
tal beam was filtered by using IR filter. A photo multi-
plier tube (Philips photonics) was used as detector of the
optical output signal emitted by the sample. Potassium
dihydrogen ortho phosphate (KDP) [36 mV] was used as
the reference material. The second harmonic generation
was confirmed by the emission of green light having the
wavelength around 532 nm and the output is 19 mV
(0.53 times that of KDP).

4. Conclusion

EDTA doped lithium sulphate monohydrate single crystals
have been grown by slow evaporation technique at room
temperature. The lattice parameter values of ELSMH were
determined by single crystal XRD. The sharp well de-
fined Bragg’s peak confirms the crystalline nature of
grown crystal. The presence of carboxyl functional groups
was identified by FTIR analysis. The optical transparency
and the lower cut-off wavelength were identified from
the UV-Vis-NIR spectrum. Thermal analyses reveal that
the grown crystals are thermally stable up to 125°C. The
peak observed at 174°C in the DSC corresponds to the
melting point of the material. The inclusion of the dopant
was confirmed by colorimetric estimation method. The
concentration of EDTA in the grown crystal is ~196
pg/mL. The Kurtz powder second harmonic generation
test shows that the crystal is a promising candidate for
optical second harmonic generation applications.
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