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Abstract

The synthesis, growth and structure of a novel organic third order nonlinear optical
(NLO)  crystal namely, N,N N’ N'-tetramethylethylenediammonium-bis(4-nitrophenolate)
(TMEDAA4NP) is presented. The solubility of the compound in methanol and acetonitrile
solvents is compared and the growth condition was optimized. Single crystals of TMEDA4NP
were grown in acetonitrile solvent using slow evaporation technique at 303K. The crystal
structure elucidated from single crystal X- ray diffraction analysis at 293K showed that the title
compound crystallizes in monoclinic crystal system with space group C,/c. The molecular
structure was further confirmed by modern spectroscopic techniques like FT-IR, FT-NMR,
UV-Vis-NIR and Fluorescence. The transparency in the visible region and hence the feasibility
of the crystal for NLO applications was established from UV-Vis-NIR study. Fluorescence
emission of the crystal also revealed that the title compound can serve as a photoactive material.
The protonation of TMEDA4NP was unambiguously confirmed from the NMR data. Thermo
gravimetric analysis (TGA) showed that TMEDA4NP was thermally stable up to 110 °C. The
mechanical strength of the crystal was assessed by Vickers Microhardness tester. Etching studies
were carried out on (100) plane of the as grown surface of the crystal. Third order susceptibility
was measured using z scan technique by employing picosecond Nd-YAG laser indicates that the

title compound can serve as a promising candidate for third order NLO applications.
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1. Introduction

Recent developments in ultrafast signal processing are attributed mainly to the materials
possessing higher order nonlinear optical susceptibility which is originated from the higher order
nonlinearity.'” In this context, organic nonlinear optical (NLO) materials have captured much
attention in the recent past due to their relatively higher nonlinearity and fast response. Notable
advantages of organic NLO systems over inorganic counterparts include their high electronic
susceptibility through high molecular hyperpolarizability and facile modification through
standard synthetic methods.*” It is also feasible to fine tune the chemical structure and properties
of organic NLO materials for specific applications such as optical switching, power limiting for

sensor protection and optical computing.®’

Investigation of organic NLO compounds are generally based on the nature of both
electron-donor and electron-acceptor substituents leading to the charger transfer process.'
The quest also depends on the growth of crystals containing organic ions, which in turn favors
polarization of the w electrons in its counterparts for developing NLO chromophores possessing
high nonlinearity, good thermal and mechanical stability.'""'* In this scenario, analysis by an
acid-base approach gives an efficient result for designing such donor-acceptor systems.'*'*

Crystallization of organic solids with acidic and basic characteristics is often controlled by the

difference in pKa values of precursor components.”” If the difference between pKa is greater
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than three, salts of the compound could be formed and the architecture of molecular species for
desired applications can be made quite easy. On the other hand, if the difference is less than
three, the force which controls the crystalline environment cannot be easily predictable and

often packed as a self-assembled one.'®"®

The growth of single crystals from such compounds is
dominated by both hydrogen bonding and minute dipole—dipole interactions which determines
the physical properties of the compound.'® It is reported that the para substituted donor-acceptor
systems are holding high delocalized electrons for nonlinear optical applications.*’ 4-nitrophenol
being one such compounds, with donor-acceptor m systems in its counterparts, aid to engineer
new molecules for NLO applications.21 However, it acts as an acid donor (pKa-7.16) when reacts
with bases resulting in the formation of salts. Careful selection of acceptor (base) helps to extend
the m electrons in its sub chain for increasing its nonlinearity. In this aspect,
N,N,N',N'-tetramethylethylenediamine (TMEDA, pKa = 8.97) is an interesting candidate since it
is a strong base and a double acceptor system with the possibility of adopting layer structure
when reacting with 4-nitrophenol, resulting in the formation of well delocalized, N,N,N' N'-
tetramethylethylenediammonium-bis-(4-nitrophenolate) (TMEDA4NP). Molecules with these
features generally crystallize in non-centrosymmetrical fashion and favors second order
nonlinear optical properties.”> In this paper, we report the results of a detailed systematic

investigation about the nature of crystallization, self assembled structure and the order of

nonlinearity of TMEDA4NP crystals; from synthesis to the structure-property relationship.
2. Experimental Procedures

2.1 Synthesis of TMEDA4NP
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TMEDAA4NP was synthesized by mixing analytical grade (purity 98%) 4-nitrophenol and
N,N,N',N'-tetramethylethylenediamine (TMEDA) in the ratio 2:1 in methanol medium at room
temperature. Yellow precipitate was formed within few seconds on mixing the TMEDA in to
4-nitrophenol. The resultant product was analyzed by thin layer chromatography (TLC).

The reaction mechanism of the synthesis of TMEDA4NP is depicted in Scheme 1.
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N,N,N',N'-tetramethylethylenediamine

N,N,N',N'-tetramethylethylenediammonium bis-(4 nitrophenolate)

Scheme 1: Formation of TMEDA4NP
2.2 Estimation of Solubility and pH of Solution

Solvent selection is one of the important criteria to optimize the growth conditions for
growing good quality single crystals.”” The solubility of TMEDA4NP was estimated
gravimetrically in methanol and acetonitrile solvents for five different temperatures (30, 35, 40,

45 and 50°C) ('ESI 1.1). The pH of the solution was also measured at the above mentioned
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temperatures and is tabulated in Table 1. A graph is then plotted between temperature and
concentration of the solute and is shown in Fig. 1. From the graph it is observed that the
solubility of TMEDA4NP increases with increase in temperature (positive solubility gradient) in
both solvents. A notable feature of the solubility graph is that the solubility of TMEDA4NP in
methanol medium is higher than that of acetonitrile. Also the pH of the solution prepared in
methanol medium was found to be higher than that in acetonitrile at all temperatures. This could

be attributed to the polarity difference of solvents and also the difference in pH values.

Table 1. Variation of pH of the growth solution at different temperatures

Temperature pH
°O) Methanol Acetonitrile
25 9.15 8.99
30 9.07 8.79
35 8.97 8.69
40 8.84 8.47
45 8.73 8.30

50 8.64 8.15
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Fig. 1 Solubility of TMEDA4NP in different solvents

2.3 Crystal Growth

For nonlinear optical applications, the growth of bulk single crystals with superior optical
qualities has been the subject of interest.”> Due to relatively higher solubility and pH of
TMEDA4NP in methanol than in acetonitrile; the crystal growth was attempted only in
acetonitrile solvent. TMEDA4NP was dissolved in acetonitrile solvent and magnetically stirred
for 4 hours to maintain homogeneity. The resultant solution was then filtered using Whatmann
41 filter paper and kept in a constant temperature bath (CTB) at 35 °C for slow evaporation.
Spurious nucleation was observed during the crystallization process. The fast crystallization of
the title compound can be better understood from the layer crystal structure obtained as described
vide infra. The synthesized material was recrystallized repeatedly (five times) to purify the

compound and the melting point of the material was checked every time after recrystallization.

Page 6 of 28



Page 7 of 28

RSC Advances

The melting point of the final purified compound was found to be 118 °C. A well purified

TMEDAA4NP obtained from the recrystallization is used for the growth.

The crystal growth generally depends on the supersaturation ratio (driving force for
crystallization) and the pH of the solution.”* Higher the supersaturation ratio, there is less
hindrance in the growth of the crystal. However; the size of the crystal is often restricted, owing
to the fact that there is spurious nucleation.” Initially, a supersaturated solution was prepared at
35, 40 and 45 °C. The temperature was raised at an increment of 5 °C for attaining the saturated
state and then allowed for controlled evaporation. Finally, a single crystal of 30 x 24 x 5 mm’
was harvested within 10 days from the mother solution at 40 °C and maintaining at a pH of 8.47.
However, for solutions kept for evaporation at other two temperatures (45°C and 50°C), there
were only spurious nucleation. This could be because of the faster solvent evaporation at higher
temperatures. The harvested crystal of TMEDA4NP is shown in Fig. 2(a) and its predicted

morphology is given in Fig. 2(b).

Fig. 2(a) Harvested crystal of TMEDA4NP (b) Predicted morphology
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2.4 Characterization Studies

The crystal structure of TMEDA4NP was determined using Bruker AXS Kappa
APEX II single crystal X ray diffractometer equipped with graphite-monochromated MoKa
radiation (A=0.71073A) at room temperature. A single crystal of dimension
0.35 x 0.3 x 0.25 mm’ was used for diffraction analysis. Accurate unit cell parameters were
determined from the reflections of 36 frames measured in three different crystallographic zones,
using the method of difference vectors. The data collection, data reduction and absorption
correction were performed by APEX2, SAINT-plus and SADABS programs.*® The structure was
solved by direct methods and the non-hydrogen atoms were subjected to anisotropic refinement
by full-matrix least squares on F using SHELXL-97 program.’’ The positions of all the
hydrogen atoms were identified from the difference electron density map and they were
constrained to ride on the corresponding non-hydrogen atoms. The Cambridge Crystallographic
Data Centre (CCDC No.: 900636) contains the supplementary crystallographic data. The

Morphology of the crystal was simulated from the CIF File using WinXMorph software.

The FT-IR Spectrum was recorded on a Bruker OPTIK 500200 spectrometer in the
frequency range of 4000 - 450 cm™', using KBr pellet method. FT-NMR spectra were recorded
in CD;CN solvent on a Bruker Avance III 500 MHz instrument, using TMS as an internal
reference standard. Gradient enhanced 2D COSY and HSQC spectra were recorded using the
standard pulse programs from Bruker. The UV-VIS-NIR spectrum of TMEDA4NP crystal with
thickness of 2 mm was recorded using Perkin Elmer Lambda 35 UV-VIS spectrometer.
The fluorescence spectrum of TMEDA4NP single crystal was recorded using a Jobin Yvon
Fluorolog -3-11 Spectrofluorimeter. The thermal stability of the TMEDA4NP was analyzed

using the NETZSCH STA 449F3 series Simultaneous Thermal Analyzer. The phase transition
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was studied using NETZSCH DSC 204C Differential Scanning Calorimeter. The hardness of the
crystal was assessed by MATSUZAWA MMTX Vickers’s microhardness tester attached to an
optical microscope and the experiment was carried out at room temperature. Static indentations
of diamond pyramidal intender were made on (100) plane of selected smooth and flat surface of
the crystal with various loads of different magnitude such as 5, 10,15, 20, 25 and 30g by keeping
the dwell time as 10s for each indentations and the diagonal length of each indention was
measured. In order to avoid the surface effect on the crystal, the distance between the successive
indentations was increased four times with respect to the diagonal length of the previous
indentation mark. Etching studies were made on the (100) plane of as grown TMEDA4NP
crystals using acetonitrile as an etchant and the etched surface was viewed through optical

microscope in the reflection mode.

The experimental setup used for the open aperture Z scan is described elsewhere.”®
A well cut defect free crystal of thickness 2 mm was used for the study. The second harmonic
(532 nm) of a picosecond Nd:YAG laser (Continuum Model YG601, 40 ps, 10 Hz) was
employed. The beam waist (w,) of the Gaussian laser pulse at focus is 24 um and the
corresponding Rayleigh range (Zgr) is 3.4 mm. It also satisfies the thin sample approximation
condition (i.e., Zg>> L, where L is the thickness of the sample). The crystal was mounted on the
translation disk and moved along the focal plane of 50 mm double convex lens. The entire output
transmitted light from the sample collected with a big aperture double convex lens of focal
length of 200 mm at a far field and detected with help of the photo detector containing Becker
and Hickle, PDI-400 photo diode. The irradiance dependence of the Z-scan profiles of

TMEDAA4NP crystal was recorded at wavelength of 532 nm.
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3. Results and Discussion
3.1 Single crystal X ray diffraction analysis

From the single crystal X-ray diffraction analysis, it is clear that the title compound
crystallizes in monoclinic space group C2/c. The asymmetric unit comprises of one half of
N,N,N',N'-tetramethylethylenediammonium dication and one 4-nitrophenolate anion constituting
1:2 molecular ratio. In the crystal structure, TMEDA dication and 4-nitrophenolate anion have
self-assembled themselves to form a supramolecular structure. The symmetry equivalence used
to generate the molecular system is -x+2, -y, -z+2. The ORTEP diagram of the TMEDA4NP is
shown in  Fig. 3. The 4-nitrophenolate anion is almost planar showing normal geometrical
parameters. Due to high electronegativity of the oxygen, it acts as an acceptor for the formation
of N-H...O and O-H...O hydrogen bonds which constitute the molecular network in the system.
The H2A at N2 forms a strong N2 -H2A...O3 hydrogen bond between the anions and cations in
the system as shown in Fig.4. These molecular ions are interlinked through weak C-H...O
hydrogen bonds C9-H9B...02, C8-H8B...03 and C9-HI9C...Ol. The inversion related anions
and cations are linked through N2-H2A...O3 and C8-H8B...03 hydrogen bonds to form a

% (10) motif to generate one dimensional network along [010] direction ("Fig.S1). These [010]

networks are further interlinked through other C-H...O hydrogen bond generating a three
dimensional network of anions and cations. The crystallographic data of TMEDA4NP is
tabulated in Table 2 and some selected bond lengths and bond angles are listed in "Table S1. The

hydrogen bonds present in TMEDA4NP are presented in "Table S2.

In the molecular system, the N,N,N' N'-tetramethylethylenediaminium dication and one

4-nitrophenolate anion are alternatively stacked along (100) plane. The benzene planes of the
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4-nitrophenolate anions are inclined to an angle of 60.66° with respect to the (100) plane and
offer weak ionic forces and hydrogen bonding interactions, which can significantly contribute to
lowering of lattice enthalpy.” This ultimately provides the driving force for the coexistence of
both amine cations and phenolate anions together in the crystal. Such forces can also induce fast
crystallization. The crystal structure of TMEDA4NP is comparable with that of potassium
4-nitro phenolate. However, in potassium 4-nitrophenolate,”® potassium ion is located close to
nitro group while in TMEDA4NP crystal, the protonated amine is close to the phenolic oxygen.
The phenolic groups in TMEDA4NP are oppositely oriented with respect to each other to
minimize repulsion. In order to acquire such orientation, the assistance comes from protonated
amines. The reason for the three phenolic ions together in a group is rather difficult to unravel,
but it could be plausible that more than three phenolic ions lead packing problem, while less than

three will lower the enthalpy, which eventually favors the fast crystallization.

W]
o—C
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o C& = 7
O
U D

Fig. 3 ORTEP diagram of TMEDA4NP
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Fig. 4 Packing of TMEDA4NP along b axis
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Table 2. Crystallographic data of TMEDA4NP

Identification code TMEDA4NP
Empirical formula C18 H26 N4 06
Formula weight 394.43
Temperature 293(2) K
Wavelength 0.71073 A
CCDC No 900636

Crystal system, space group

Unit cell dimensions

Volume
Z, Calculated density

Absorption coefficient

Monoclinic, Cy/c
a=23.051(5)A a=0.000(5)°.
b=5.624(5) A B=121.026(5)°.
c=17.451(5) A y=90.000(5)°.
1938.7(19) A®

4, 1.351 mg/m’

0.102 mm

Theta range for data collection 2.43 to 28.10°.

-30<=h<=30, -7<=k<=7, -23<=1<=23
10639 /2366 [R(int) = 0.0271]
28.10, 99.8 %

0.9748 and 0.8950

Full-matrix least-squares on F*

1.025

R1=0.0428, wR2 =0.1130
R1=0.0551, wR2 =0.1232

0.272 and -0.224 e.A”

Limiting indices

Reflections collected / unique
Completeness to theta

Max. and min. transmission
Refinement method
Goodness-of-fit on F*

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole
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3.2 FT IR spectral analysis

From the vibrational spectrum of TMEDA4NP ('Fig. S2), it is observed that the
characteristic N-H stretching vibration occurred at 3446 cm™. Slight broadening observed in this
region, indicates the presence of hydrogen bonding interaction between N-H protons with the
nitro and phenolic oxygen. As the phenolic O-H group is already ionized, the broad envelop
expected is not seen in this region. The phenolic ring C-H stretching vibration appeared at
3052cm™. Peaks at 2992, 2957 and 2896 cm™ were attributed to C-H stretching vibrations of the
amine. The fine structure below 2896 cm™ is due to N-H stretching vibrations involved in
hydrogen bonding. The intense broad peak at 1586cm™ was attributed to the N-H deformation.
The asymmetric and symmetric stretching vibrations of the NO, group yielded intense peaks at
1476 and 1299cm™. The peak due to phenolic C-O stretching overlapped with the peak at
1299cm™. The amine C-N stretching vibration occurred at 1103 and 1021cm™. The phenolic
ring C-H bending vibration yielded its peak at 844 cm™. The FT IR spectrum thus carries all

features expected for the amine and 4-nitrophenol.
3.3  FT NMR studies

The one dimensional 'H, °C and DEPT-135 NMR spectra of TMEDA4NP were recorded
in CD;CN solvent and the characteristic 'H and "*C resonances corresponding to phenolic and
tetramethylethylenediamine moieties were identified. The unequivocal assignments of these
signals were further made by advanced 2D NMR techniques like gradient enhanced Correlation
Spectroscopy (COSY) and Heteronuclear Single Quantum Coherence (HSQC). Two dimensional
COSY was employed to establish connectivity between all directly coupled protons. The one

bond 'H-"C connectivity between all carbons directly attached to protons was established from
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HSQC spectrum. 'H, *C, DEPT-135, COSY and HSQC spectra of TMEDA4NP are provided in
"Figs. S3 to S7. The complete assignments of both 'H and "°C signals of TMEDA4NP are given
in Table 3. An important feature of the 'H NMR spectrum of TMEDA4NP is the presence of
NH peak occurring at & 4.97 ppm ('Fig. S3). The occurrence of NH peak illustrates the

protonation of TMEDA, resulting in the formation of TMEDA4NP.

Table 3. 'H and '*C Chemical shift values for TMEDA4NP in CD;CN

Group Chemical shift (6, ppm)

H KPS

CH, 2.65 45.04

CH; 2.35 55.78
NH 4.97 -

CH (2,2') 6.77 127.32

CHO (1) 8.02 169.52

3.4 UV-Vis-NIR analysis

The UV-Vis-NIR absorption spectrum of TMEDA4NP crystal recorded in the
transmittance mode is shown in Fig.5. It is apparent that the transmittance of the crystal is almost
negligible in the UV region. At about 480 nm, a sharp rise in the transmittance is observed and
is mainly attributed to m-m* transition of the phenol ring. Above 480 nm it has sufficient
transparency and the absorption in the Visible and near IR region is negligible. For the NLO

applications the crystal must be transparent in the visible and near IR region.”'
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Fig. 5 UV-VIS-NIR Transmittance Spectrum of TMEDA4NP Crystal

3.5  Fluorescence analysis

Among the solid-state photo physical properties, fluorescence has attracted much interest
in the field of optoelectronics.’”® The fluorescence spectrum of TMEDA4NP crystal with 380
nm excitation wavelength showed the emission maximum at 530 nm (Fig. 6).
4-nitrophenolate anionic moiety in the crystal acts as a fluorophore and is initially excited to any
of the vibrational levels of the first electronic excited state, and brought down to levels close to
S, by vibrational cascade, and then made to fluoresce at longer wavelength. The relatively higher
value of the shift is attributed to the intermolecular hydrogen bonding interactions present in the

crystal. The asymmetric nature of the emission spectrum illustrates the difference in the
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interaction of the fluorescing moiety with the neighbors in the crystal, unlike in solutions.
The fluorescent nature of the title compound also demonstrates the suitability of the

TMEDAA4NP for optoelectronic applications.
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Fig. 6 Fluorescence emission of TMEDA4NP at 380 nm.

3.6 Thermal analysis

The thermogram obtained in the TGA study is illustrated in Fig. 7. The first derivative of
the thermogram is also shown. The inflection point in the thermogram corresponds to the peak
point in the derivative thermogram. From these traces, it is clear that an initial weight loss
occurs at 121.8 °C and a second major decomposition at 236.9 °C. Thus, upon heat treatment at a
heating rate of 10 °C/min, TMEDA4NP undergoes a two-step decomposition process.

Fig. 8 shows the result of the DSC study. From the DSC trace, it is evident that TMEDA4NP
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undergoes phase transition (melting) at 118.9 °C (Tpea) With an enthalpy change AH= 187 J/g.
The melting point of the crystal determined using capillary tube method is in good agreement

with the DSC results. The sharp feature of the DSC trace further confirms the absence of other

impurities associated with TMEDA4NP crystal.

| I ] ' | ' I 4
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i ~J0
80 — & - -2
i i
: 4 9
o " H
~ 60 = 121.8°C J
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= ] $
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= 40 L %] =
RN --10 =°
: L .12
20 - '_. !
236.9°C L .16
0 I I L] l L} l ]
100 200 300 400
Temperature(°C)

Fig. 7 TGA and DTG traces of TMEDA4NP
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Fig. 8 DSC trace of TMEDA4NP showing the phase transition

3.7 Mechanical studies

The mechanical strength of any material is an integral parameter for the fabrication of
devices and is strongly related to the structure and composition of the materials.”® In this aspect,
the Vicker’s hardness number (H,), was calculated from the Microhardness test using the

following equation

_1.8544P

H. i (Kg/mm?) (1)

where ‘P’ is the applied load in kg and ‘d’ is the diagonal length. The variation of hardness with

load is shown in Fig. 9. The calculated H, value for an applied load of 25 g was found to be
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32 kg/mm’ while that for an applied load of 30g, it was 34.5 kg/mm?. From the hardness plot, it
is clear that the hardness increases with the increase in load. This demonstrates that the grown
crystal exhibits ‘Reverse Indentation Size Effect’ (RISE) property. It is also observed that the
material gets damaged when the load is extended to 35g (insert of Fig.9) which is due to the
release of the internal stress generated at the walls of the intender as well as the increase in depth

of penetration of the intendentor.*

In order to study the nature of RISE more effectively, extensive set of other hardness
parameter such as work hardening coefficient has been determined. According to the concept of
Onstrich,35 if the work hardening coefficient, n < 1.6, the lattice is hard and in such situations
H, decreases with increase in the load and the material will exhibit the Indentation Size Effect
(ISE). On the other hand, in situations where n >1.6 , the lattice is soft and the material will
exhibit RISE.* In the present case, the work hardening coefficient of TMEDA4NP is evaluated

to be of 2.4, which is a clear indication of its softness.
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Fig. 9 Plot of Load with H, of TMEDA4NP
Insert: Impression of the indentation mark at 35¢g load

3.8  Etching studies

Etch pattern of (100) plane as a function of time is shown Fig. 10. Elongated, oval
shaped well defined etch pits were noticed on the surface of the crystal. The size of etch pits
increased with the increase in the etching time. The time dependence of the growth of etch pits
are attributed to the adsorption of reaction products formed as a result of the reaction between a
crystal and the reactant.**Another notable observation is the consistency between the crystal
symmetry and the shape of the etch pits. The occurrence of elongated etch pits is in well
agreement with the two fold axes with glide plane normal to the b axis’’ observed in XRD

studies.
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Fig. 10 Etch patterns of TMEDAA4NP in acetonitrile etchant at different intervals

3.9  Nonlinear optical studies

Single beam Z scan technique is the most widely used method to study the third order
nonlinear optical properties of materials because of its advantages such as high sensitivity and
simplicity.*® The open aperture (OA) Z-scan was employed to calculate the nonlinear optical
absorption of TMEDA4NP. The OA curve of TMEDA4NP (Fig.11) demonstrates a strong
reverse saturable absorption (RSA). In general, nonlinear optical absorption can be categorized
in to two kinds (i) Saturable absorption (SA), where the transmittance of the sample increases
with increasing optical intensity. (ii) Reverse saturable absorption (RSA) where the transmittance
decreases while increasing the optical intensity. The later includes two photon absorption and

multi-photon absorption.*’
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The single photon energy used in this experiment (2.33 eV) is less than that of the band
gap energy (2.58 e¢V) of the TMEDA4NP crystal but greater than that of E,/2 (Ey/2<hv<E,),
hence there is a possibility for two-photon absorption.

The normalized transmittance in the open aperture Z-scan experiment in the low
irradiation limit for the Gaussian beam is given by Eq. (2) and is exploited to fit the open

aperture curve

2 4x
T(z)=1- Ay + A
2) (x> +9)(x” +1) v (x> +9)(x* +1) ® (2)
where, Ay and A are on-axis phase shift due to nonlinear absorption and refraction respectively,

X =2/70, in which zy (= ze_ / 1) is the Rayleigh range with ®y as the beam waist at the focus, and

A is pump wavelength. Generally, for open aperture z-scan, the refraction part is negligible and

the nonlinear absorption plays a major role.

The first order nonlinear absorption coefficient () corresponding to the third-order
nonlinear process is related to Ay by

_2AY

p
LL 3)

where I, is input intensity and Leg = (1-exp(-aL))/a. a is the linear absorption coefficient and L is

thickness of the sample.

The imaginary part of the third order nonlinear susceptibility x*is related to f and is

calculated using the equation

1
i =——n36,cA8 4)
RY/4
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Here, ng is the linear refractive index of medium, gy is permittivity of the vacuum and c is
velocity of light. From the OA curve, it is noticed that, at low input irradiance I, = 1.6 GW/cm®
there is no change in the transmittance i.e., the transmittance is independent of the input
irradiance and further increase in the input intensity, at I, = 31.6 GW/cm?, there is a change in
the transmittance ie., a reverse saturable absorption was observed. It is established that at higher
input intensities there is a possibility to take either two photons (4.66 eV) or the excited state
absorption is responsible for the observed reverse saturable absorption which leads to the optical
limiting behavior.

OA Z scan profile of TMEDA4NP gives the value of imaginary part of the third order
susceptibility 1.93x10%'m?*/ V2. Generally, materials with an effective optical limiting properties
display the so-called reverse saturable absorption (RSA).*® From these observations, it is
apparent that the grown TMEDA4NP crystal is a suitable candidate for optical limiting

applications such as sensor protection (CCD, human eye efc).
3.10 Origin of nonlinear optical absorption in TMEDA4NP

TMEDAA4NP possesses 4-nitrophenolate anion and TMEDA cation. The negative charge
on the anion is delocalized by resonance over benzene and nitro group. This charge
delocalization is the ultimate cause for its non-linear optical behavior. The band gap of
TMEDAA4NP is equal to 2.58 eV (480 nm) and for the NLO characterization, Nd:YAG laser of
wavelength 532 nm was employed. Based on its NLO characteristics it is presumed that as a
result of two photon absorption, the 4-nitrophenolate is raised to its virtual state (a short lived
intermediate state) and then immediately excited to the first electronic excited state. In the
present case the virtual state arises due to the distortion of electronic cloud as a consequence of

input irradiance. This causes a large variation of the molecular dipoles upon laser excitation
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which ultimately leads to the refractive and absorptive nonlinear optical responses. The presence
of hydrogen-bonding interaction in TMEDA4NP could be the major cause for influencing the
electron density distribution, luminescence and also two photon absorption. TMEDA4NP is thus

a potential candidate for third order nonlinear optical applications.
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Fig. 11 Z scan curve of TMEDA4NP (open aperture)
4. Conclusion

This paper describes the self- assembled supramolecular structure of N,N,N’N'-
tetramethylethylenediammonium-bis-(4-nitrophenolate), a novel third order NLO crystal,
synthesized using a single step protocol and grown from acetonitrile solvent. The self-assembled
supramolecular structure of TMEDA4NP was elucidated from single crystal XRD analysis.
Advanced spectroscopic techniques like UV-Vis-NIR and Fluorescence, FT-IR, FT-NMR were
employed for determining its physiochemical properties. The crystal is transparent in the visible

region between 480-1100nm. Thermal stability of the crystal was studied from TGA and the
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phase transition was monitored by DSC. The fluorescence emission spectrum showed
characteristic features of phenol moieties carrying delocalized electronic cloud. From the
mechanical study, the softness of the material is established. Etching studies revealed the
concurrence between the growth process and the crystal structure. Imaginary part of the third
order susceptibility calculated using Z-scan studies showed that TMEDA4NP crystal exhibits
good third order susceptibility, and also suitable for optical limiting applications. From the
present investigation, it is concluded that both optical and mechanical properties of TMEDA4NP

crystal relies entirely on its structure.
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