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ABSTRACT

A new alkali metallo-organic single crystal of Lithium Sodium Acid Phthlate (LiNaP) complex has been synthesized
from aqueous solution in the equimolar ratio 3:1:2. Transparent and bulk single crystals of dimension 9 x 4 x 2 mm®
have been grown from the conventional slow-cooling technique. The crystal structure of the compound has been solved
from single crystal X-ray diffraction. The compound 2[CgH,05]* Li*'Na" crystallizes in triclinic system with a space
group of P1 having cell dimensions a = 7.5451(2) A; b =9.8422(3) A; ¢ = 25.2209(7) A; a = 80.299(2); B = 89.204(2); y
= 82.7770(10). FTIR measurement was carried out for LiNaP to study the vibrational structure of the compound. The
various functional groups present in the molecule and the role of H-bonds in stabilizing the crystal structure of the
compound have been explained. Optical absorption properties were studied for the grown crystal using UV-Vis-NIR
spectrum. Thermal measurements were carried out for LiNaP to determine the thermal strength as well as to ascertain
the hydrated nature of the crystal. Third order nonliner optical studies have also studied by Z-scan techniques. Nonlin-
ear absorption and nonlinear refractive index were found out and the third order bulk susceptibility of compound was
also estimated. The results of all studies have been discussed in detail.

Keywords: Single Crystal X-Ray Diffraction; FTIR Analysis; UV-VIS-NIR Spectroscopy; Thermal Analysis;
Nonlinear Optical Materials; Third-Order Nonlinearity; Z-Scan

1. Introduction

Crystalline Phthalic acid complexes have been subjected
to extensive investigations by several researchers so as to
study about their linear and nonlinear optical properties.
By analogy, Lithium Sodium Acid Phthlate (LiNaP), a
probable third harmonic generator has been chosen for
the present study because of its favorable optical proper-
ties. In general, Phthalate complexes are being widely
investigated for their promising electronic and optoelec-
tronic applications [1-11]. The crystallographic data for
many phthalic acid complexes exists in the literature are
the salts of Potassium Acid Phthalate (KAP), Sodium
Acid Phthalate (NaAP), Lithium Acid Phthalate (LiAP)
[12-14]. All of these compounds are stabilized by exten-
sive networks of hydrogen bonds. The influence of
strong and weak hydrogen bonds on the nonlinear be-
haviour of the crystals have already been studied earlier
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[15]. These molecular crystals are characterized by the
presence of bonds of different types viz., covalent (in-
tramolecular), ionic (cation-anion), van der Waals and as
well as intermolecular hydrogen bonds O-H O (H bonds).
The H-bonds in these crystals are very short (2.5 A) and
therefore are classified as strong H-bonds which are
characterized by the possible Fermi-resonance interac-
tions of stretching vibrations of v (O-H) with sum com-
binations of bending in-plane § (O-H) and out-of-plane y
(O-H) vibrations owing to intramolecular anharmonicity.
Phthalate samples of sodium and potassium are promis-
ing third-order NLO materials for applications in optical
devices. [16-18].

Hence, a new phthalate based alkali metal complex-
crystals of Lithium Sodium Acid Phthalate 2[C8H403]4’
Li**Na" (LiNaP) has been grown by the slow evaporation
of an aqueous solution at room temperature. The mo-
lecular units contain delocalized n-electrons and addi-
tional electron donor as well as acceptor groups. The
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compound crystallizes in the triclinic system with a Cen-
trosymmetric space group P1.

2. Experimental Procedure
2.1. Crystal Growth

Salts of Lithium hydroxide, Sodium hydroxide and Pht-
halic acid were taken in the molar ratio 3:1:2 respec-
tively in double distilled de-ionized water. The solution
was strongly stirred continuously for 24 hours and sub-
sequently heated for a homogenous mixing. The scheme
of reaction in Figure 1 shows the synthesis of Lithium
Sodium Acid Phthalate (LiNaP) for which the solution
was allowed to cool at room temperature. Platelet and
colourless crystals of LiNaP were collected from the
mother solution. Good quality LiNaP crystals have been
prepared by successive recrystallization and by slow
evaporation of the aqueous solution. Bulk & optically
quality crystals having dimensions 9 x 4 x 2 mm® were
also grown by the convention slow cooling technique
with a typical growth period of 30 days and it is shown
in the Figure 2.

2.2. Characterization Studies

The grown crystal of Lithium Sodium Acid Phthalate
(LiNaP) was subjected to single crystal X-ray diffraction
analysis for structural elucidation. A well grinded pow-
der of LiNaP was used for Fourier transform infrared
spectroscopy (FTIR), UV-Vis-NIR analyses and for the
thermal measurements. Third order nonlinear optical me-
asurements of NaAP crystal has also been studied using

OH

O

Li—Na—0

COOH
3LiOH + NaOH +2 —_— S
Li—L{ + H0
COOH
OH OH, fo

(¢]

Figure 1. Scheme for the synthesis of LiNaP salt.

Figure 2. LiNaP single crystals grown from slow evapora-
tion.

Copyright © 2012 SciRes.

a simple and versatile Z-scan technique using He-Ne
laser of wavelength 632.8 nm.

3. Results and Discussion
3.1. Single Crystal X-Ray Diffraction

The unit cell dimensions and X-ray intensity data of Li-
NaP was obtained on a Enraf Nonius CAD 4 Bruker
Kappa APEX II single crystal X-ray diffractometer
equipped with MoKa radiation (A = 0.71073 A). w/20
scan mode was employed for data collection [19]. The
dimension of the crystal used for the measurements was
0.30 x 0.20 x 0.20 mm’. A total of 34,587 reflections
were measured, out of which 6432 were found unique
and its limiting indices were -8 <=h <=8, -11<=k <
=11, and — 29 <=1<=29. The maximum and minimum
transmission factors were 0.97 and 0.92. The crystal
structure was solved by direct method using SIR92
(WINGX) [20] and refined by a full matrix least-square
method using SHELX1.97 [21]. The Li, Na atoms were
located in different Fourier maps and refined with iso-
tropic thermal parameters. Non-hydrogen atoms were
refined with anisotropic displacement parameters. Bond
distances of the hydrogen atoms are constrained around
the Fourier peak at which they appeared. The other hy-
drogen atoms were fixed at meaningful positions and
were given riding mode refinement. The refinement is
continued until max shift/esd. was zero [22]. The final
refinement R factor was 0.0492.

3.2. Crystal Structure Data

The crystal structural refinement details are provided in
Table 1. The ORTEP representation of the molecule
with 50% probability is shown in Figure 3.

The crystal structure results confirm that the LiNaP
molecule was in Centrosymmetric form. The ring struc-
tured phthalic acid molecule is bonded to Li*" & Na" ions.
The unit cell packing of the crystal shows that there is a
three-dimensional network of O "H-—O hydrogen
bonds. The alkali ions are linked to each other by H"O

Figure 3. A view of the molecular complex of the LiNaP.
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Table 1. Crystal data and structure refinement for LiNaP.

Compound Details Experiemental Results

Identification code LiNaP
Empirical formula C6H4Li3sNaOy;
Formula weight 426.08
Temperature 293(2)K
Wavelength 0.71073 A

Crystal system & space

Triclinic, PT
group

a=17.5451(2) A; o = 80.299(2)".
b=9.8422(3) A; f=189.204(2)".
c=25.2209(7) A; y = 82.7770(10)".
1831.43(9) A®

4,1.545 Mg/m’

Unit cell dimensions

Volume

Z, Calculated density

hydrogen bonds through the carboxylic oxygen. The pro-
tonation of Li and Na ion with the ring hydrogen atom
has been confirmed by the meaning-full bond lengths.
The crystal structure is composed of potassium, so-
dium cations and hydrogen phthalate molecules of crys-
tallization. The angles between the plane through the two
phenyl rings of the COO-group and its unionized COOH
group are O(18)-C(31)-0(20) 122.11(17); O(19)-C(32)
-0(17) 124.96(17); and O(15)-C(24)-O(14) 125.64(19)
and O(13)-C(23)-0(12) 125.06(18). Each carboxylate is
hydrogen bonded to a carboxylic group of the neigh-
bouring anion and a hydrogen molecule. The molecules
lie on a centrosymmetric plane. The bond lengths of the
planes Li(3)-Li(6); Li(3)-Li(4) and Li(4)-Na(2) are
3.274(5), 3.442(4) and 3.070(3) A respectively which
confirm the alkali metal ions are linear to the intermo-
lecular network. The Lithium atom is connected to the
ionized part of the ionic carboxylic group of phthalate
molecule with a bond length of 1.957(3) and the same
configuration appears for another phthalic acid molecule
with a bond length of 1.927(4) A. The ionized Carbox-
ylic group connected in the same network by the lithium
atoms of O(18)-Li(3) and O(12)-Li(3) possessing the
bond lengths of 2.096(3) and 1.963(3) A respectively.
The variation of bonds lengths of Lithium cations with
the oxgen anions in the molecular pack may be due to the
difference in the thermal parameters of the molecule.
Both sodium and lithium cation are connected to the
same carboxylic COO-groups. The Sodium cations forms
a ring structured network with Li(4)-Na(2), O(13)-Na(2)
and O(13)-Li(4) having bond lengths of 3.070(3),
2.2720(15) and 1.927(4) A respectively where as a tri-
angular structured network was formed by the lithium
cation of O(12)-Li(6), O(12)-Li(3) and Li(3)-Li(6) with
bond lengths 1.962(4), 1.963(3) and 3.274(5) A respec-
tively. This may be a one of the predominant factor for
the lowering of symmetry of the phthalic acid molecule

Copyright © 2012 SciRes.

on the incorporation of the alkali metals of Li and Na
into the crystal lattice of phthalic acid.

3.3. Morphology of LiNaP

The morphology of the Lithium Sodium Acid Phthalate
crystals is made up of various planes viz., (0 0 1) (1 0 0)
0-10)(110)(-211)and (0-23) of which(00 1)isa
prominent one and it is shown in Figure 4. The crystal
possess a platelet morphology and (0 0 1) was found to
be larger to other faces with a length to thickness ratio of
10:1 by taking be-plane as the reference one. The growth
habits of LiNaP are along the polar axis and the narrow
faces developed at the edges of (001), (100)and (-2 1 1)
are almost the same in the very initial stage of crystals
grown as seeds in the aqueous solution. Further, it also
shows that the prominent and the wider plane (0 0 1) is
optically transparent and is quite suitable for optical de-
vice applications. Since, molecule crystallizes in centro-
symmetric space group and may be much useful for the
third order non linear optical applications in the UV-
Visible region.

3.4. FTIR Spectroscopy

The Fourier Transform Infrared (FTIR) Spectrum at
room temperature in the frequency range 400 - 4000
cm ' recorded with PERKIN ELMER FTIR spectrometer
by KBr pellet method is shown in Figure 5. From the
X-ray data, in the previous discussion, it is perceived that
only four hydrogen bonds are possible in the molecular
species of LiNaP. A broad shoulder at 3415 cm ' may be
due to OH stretch-g vibrations of the water molecule.
The asymmetric and symmetric stretching vibrations of

a

(001+)

(0o1)

(100)
(0-10)

Figure 4. Morphology of LiNaP crystal.
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the ionized carboxyte group are observed at 1581 cm .
A broad envelope could be found around ~1741 cm
may be due to the overtonic vibrations of H,O. The aro-
matic ring vibraons are indicated through a peak at 1626
cm . The C-C-O stretching vibrations are indicated by
the peak at 1117 cm .

The =C-O out of plane bending and OH vibrations are
indicated by a peak at 878 cm'. The alkali metal ion
vibration is indicated at 538 cm'. The other vibrations
for the phthalic acid group and that for sodium & lithium
along with phthalate molecules are assigned in Table 2,
which agree well with the reported values for other
phthalate groups [10]. From the ORTEP representation,
it is seen that the crystal contains three water molecules.

100

80

60

40

Transmittance%

20 +

0 : : : : , :
500 1000 1500 2000 2500 3000
wavenumber cm™!

Figure 5. FTIR spectrum of LiNaP single crystal.

Table 2. FTIR assignments of LiNaP.

Wavenumber (cm™) Assignments

3415 OH-stretching

2922 OH stretching intermolecule

2852 C-H stretching

1741 C=0 Aromatic Ring + OH over tone
1581 C=0 stretching (carboxylate group)
1626 Ring structure

1420 OH bending

1117 C-C-O stretching

1018 C-O stretching (COOH Group)
858 =C-H out of plane bending
770 OH deformation out of plane
719 C=C out of plane deformation
538 Alkali metal ions

Copyright © 2012 SciRes.

The O-H...O hydrogen bonds range from 1.847 - 2.751A.
Since, there are only four hydrogen bonds in the LiNaP
crystal, the absorption band at ~2922 cm ™' in FTIR spec-
trum could be assigned to the set of all O-H...O type of
Vibrations.

3.5. UV-Vis-NIR Studies

The transmittance spectrum of the crystal has been re-
corded using a Varian Cary 5E UV-Vis-NIR spectro-
photometer in the wavelength range 200 - 1200 nm is
shown in the Figure 6. The lower UV cut-off found to
occur at 200 nm. Beyond the “A” maximum, the absorp-
tion starts decreasing and the material shows good trans-
parency (85% - 90%) from 300 nm onwards and it ex-
tends upto the maximum value of wavelength studied.
The wide transparency window of the title crystal would
be much viable for the third harmonic generation for all
kinds of laser sources available in the UV-Vis-NIR re-
gime.

3.6. Thermal Analysis

Thermal analysis of the title crystal was studied using a
NETZSCH STA 409C simultaneous TGA/DTA analyzer
and is shown in the Figure 7. In the TGA curve, the
weight loss in the temperature range 123°C - 130°C
shows the release of lattice water molecules from the
crystal and similar observation was also reciprocated in
DTA. An endothermic peak appeared at 292°C indicates
the partial decomposition of the LiNaP crystals. An exo-
thermic peak at 529°C shows the complete decomposi-
tion of LiNaP crystal with a carbon residue of 4%.

3.7. Z-Scan Technique

The Z-scan technique is a simple, but very accurate me
thod to determine both nonlinear index of refraction “n,”

3.54.201
3. 04
2. 5

2. 04
1. 04 R

200 400 600 800 1000 1200
wavelength (nm)

—
o1
1

Absorbance

Figure 6. UV-VIS-NIR spectrum of LiNaP single crystal.
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Figure 7. TG and DTA curves of LiNaP single crystal.

and nonlinear absorption coefficient “f” and hence to
fine the third order susceptibility (y3) which is complex
in nature. Nonlinear index of refraction (n,) is propor-
tional to the real part of the y; Re[w(3)] and the non-linear
absorption coefficient is proportional to Im[w(3)] [23].
We used the Z-scan technique [24] to investigate the
NLO properties of the LiNaP samples. The Z-scan ex-
periments were performed using a 632.8 nm He-Ne laser
beam. The laser beam was focused with a lens of focal
length f =20 cm lens and the beam waist radius (w,) was
measured to be 3.847 x 10~ m and the corresponding
Rayleigh length is 7.3 mm. The thickness of a LiNaP
single crystal is 0.53 mm, which is far less than the
Rayleigh length of the laser beam. The estimation of
nonlinear refractive index (n,) of the crystal was based
on thick sample approximation (Rp) and calculated using
the standard relations given below (1) [25-27].

AT, = 0.406(1- S)"”|Ag,| (1)

where S=1-exp g—rf / a)i is the aperture linear trans-
mittance (0.01), |[AJy| is the on-axis phase shift. The
on-axis phase shift is related to the third-order nonlinear
refractive index by (2);

|AG,|/ =kn,L .1, )

where k = 21/, Lo = [1 — exp(—aLl)]/a is the effective
thickness of the sample, a is the linear absorption coeffi-
cient, L is the thickness of the sample, I, is the on-axis
irradiance at focus and n, is the third-order nonlinear
refractive index.

The results obtained from a typical closed aperture
Z-scan study for the grown LiNaP are presented in Fig-
ure 8 and the inset figure represents the results of an
open aperture technique. From the inset fig., it is inferred
that the absorption coefficient nearly reaches saturation

Copyright © 2012 SciRes.
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Figure 8. Closed and open aperture Z-scan signatures of
LiNaP single crystal.

at the minimum position of Z, but absorption saturation
in the sample enhances the peak and decreases the valley
in the closed aperture Z-scan curve and results in distor-
tions in the symmetry of the Z-scan curve about Z = 0.
Since the source used to probe the nonlinear material is a
low power continuous wave laser, the origin of optical-
nonlinearity of LiKP is attributed to the thermal variation
of local refractive index in the medium. The response
time of the material as recorded by an oscilloscope is
found to be millisecond regime, which is to be expected
in the case of such thermal nonlinearity. Nonlinear ab-
sorption property of the D-n-A type m-electron system
can be related closely to the n-electron conjugate degree
and delocalization capacity of the molecule. The three
dimensional X-ray crystal structure solution of LiKP
crystal showed that the torsional angles connecting the
donor and acceptor atoms seem to have conjugated
chains with coplanar planes. These may be some of the
features that are favorable to nonlinear optical absorption,
particularly to saturated absorption. Nonlinear refractive
index (n,) of the LiNaP has been calculated as 6.6612 X
10" cm?W and nonlinear absorption coefficient was
found to be # ~9.1115 x 10~ cm*/W.

4. Conclusion

Lithium Sodium Acid phthalate single crystal has been
synthesized by slow evaporation method and the bulk
crystals of dimension 9 x 4 x 2 mm’ have slow been
grown from slow-cooling technique. The crystal struc-
ture of the newly synthesized compound was solved us-
ing single crystal X-ray diffraction analysis. The mor-
phology of the grown crystal shows that the prominent
plane (0 0 1) found to be the optically transparent one
and is quite suitable for third order nonlinear optical ap-
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plications. The presence of various functional groups has
been elucidated through FTIR analysis. The electronic
transition spectrum showed the good transparency of the
crystal in the visible & IR region and the A Occurs at
—200 nm. Simultaneous TG-DTA studies on the grown
crystal reveals that the title compound is thermally stable
up on 130°C and it is fully decomposes by 529°C. The
third order nonlinear measurement using Z-scan tech-
niques reveal the negative nonlinear (self defocusing)
property of the sample is due to thermal effect. The
nonlinear refractive and nonlinear absorption coefficient
of the LiNaP crystal at 632.8 nm have been found to be
m,=6.6612 x 10" cm?’W and # ~ 9.1115 x 10 cm*/W
respectively.

5. Supplementary Data

Full crystallographic data (cif file) relating to the crystal
structure have been deposited with the Cambridge Crys-
tallographic Data Centre as CCDC 844344. Copies of
this information can be obtained free of charge from the
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK (Fax: +44 1223 336033;
dposit@ccdc.cam.ac.uk; http://www.ccdc.cam.ac.uk).
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