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Abstract : An organic single crystal 4-N,N-dimethylamino-4’-N’-methyl-
stilbazolium iodide (DMSI) which has high third order optical nonlinearity was
successfully grown by slow solvent evaporation technique at room temperature.
The grown single crystal was subjected to different characterization analyses to
find out its suitability for device fabrication. The single crystal X-ray diffraction
(XRD) and powder XRD analyses confirmed the crystal structure. This compound
was characterized by functional groups analyses using CHN and proton NMR
spectrum. It is evident from the optical absorption study that the crystal has excellent
transmission in the entire visible region with its lower cut off wavelength is around
572 nm. The thermal stability of the compound was determined by thermal analyses
ofthe specimen. The electrical properties of the crystal are investigated by ac, dc

and photoconductivity measurements.
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1. Introduction

A wide variety of materials have been investigated for third-order nonlinear optics, among
which organic materials are advantageous because of their optical and electronic properties
which can be tuned and tailored by structural modification [ 1]. Organic materials exhibiting
strong nonlinear optical (NLO) properties one order magnitude higher than those of inorganic
materials have attracted considerable interest because of their possible applications in opto-
electronic and all-optical devices such as optical limiters optical switches and optical modulators
[2, 3]. Inrecent years, t-conjugated organic compounds have been investigated as a new
class of third-order NLO materials due to their high NLO properties and fast response time.
The NLO behavior of organic molecules originates mainly from a strong donor—acceptor
intermolecular interaction and delocalized p-electron system. Of the several organic compounds
known to exhibit NLO properties, 4’-N- N-dimethylamino-4’-N’- methyl-stilbazolium iodide
(DMS]) is known to have a high third order optical nonlinearity [4, 5] and ultrafast reponse
due to the existence of delocalized n-electrons [4-7]. Nakamura et al have incorporated
DMSTI into SiO, gel and found that the third nonlinear susceptibility * values of this dye
doped gel to be twice as large as Si0O, glass [5]. Single crystals are among the most attractive
material because of their typically large macroscopic nonlinearities, high packing densities, and
superior long—term orientational and photochemical stabilities as well as their optical quality
compared to poled polymers [8, 9]. Developing DMSI in single crystalline form would enhance
third nonlinear susceptibility ¥®. The molecular structure of DMSI is shown in Fig. 1. Therefore
we have investigated the growth of DMSI crystal by employing slow evaporation technique.
The grown crystal was characterized by single crystal XRD, Powder XRD, NMR, UV-Vis
absorption, TGA/DSC and impedance spectral analyses.

2. Experimental
2.1. Material Synthesis

DMSI was synthesized by the condensation of 1,4-dimethyl pyridinium iodide (2.35 g,10
mmol), methanol (30 ml) and 4-N, N-dimethylamino-benzaldehyde (1.79 g, 10 mmol) in the
presence of piperidine (0.2 ml) [ 10]. The above mixture was refluxed for 12 hours and cooled
to room temperature. The product was filtered and recrystallized from methanol at least three
times.
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2.2. Solubility measurement

The solubility of DMSI in methanol (solvent) was determined by adding a solute in solvent till
itis completely dissolved. After attaining the saturation, the equilibrium concentration of the
solute was analyzed gravimetrically. Using this technique, the solubility of DMSI at six different
temperatures (30, 35, 40,45, 50 and 55°C) has been evaluated. The temperature dependence
of solubility of DMSI is shown in Fig. 2. From the graph it is found that the solubility of DMSI

increases with temperature.
2.3. Crystal Growth

Crystal growth was performed by employing slow evaporation technique. A saturated solution
was prepared with 1.0 g of DMSI dissolved in 100 ml of methanol at 40°C and then stirred
for 1 hr. The beaker was sealed with a perforated lid and the solvent was allowed to evaporate
slowly. As glass beakers produced only very poor needle crystals due to multi-nucleation,
Teflon beaker was used in order to prevent the sticking of material to the side walls of the

beaker during evaporation process. After 2 1days, crystals size of 9 x 5 x 3 mm was obtained
(Fig. 3).

3. Results and discussion
3.1. Single crystal XRD

Single crystal X-ray diffraction data were collected by using ENRAF NONIUS CAD4-F

single crystal X-ray diffractometer with MoKou(A=0.71073 A) radiation. The structure was

solved by the direct method and refined by the full matrix least square technique using the
SHELXL program. It is observed that the grown crystal belongs to Monoclinic system with
space group P21/c. The single crystal XRD data of the present work is confirms the structure

ofthe grown crystal (Fig. 4- Ortep diagram). Table 1 presents the single crystal XRD data of
DMSI sample. The results obtained for the crystals grown in the present work are in good
agreement with the literature [ 11] and thus confirms the identity of DMSI.

3.2. Powder XRD study

Powder X-ray diffraction analysis (PXRD) was carried out using an X-ray diffractometer,
MODELRICH SEIFERT, XRD 3000P with monochromatic nickel filtered CuK_ (A= 0.15406
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nm) radiation. The sample was scanned over the range 10 - 55° at the rate of one degree/
minute. The input voltage and current were 35 kV and 30 mA respectively, and the slit width
was 0.1 mm. The recorded powder X-ray diffraction pattern of DMSI is shown in Fig. 5.
From the powder XRD data, the (h k 1) and lattice parameter values of DMSI were calculated.
The lattice parameters of DMSI are a = 6.3042 A, b =7.672 A and ¢ = 32.012 A and
V=1544.54 A3, The differences in the peak amplitudes can be attributed to the different sizes
and orientations of the powdered grains. The results obtained from the powder XRD for the

crystals grown in the present work are in good agreement with the single crystal XRD data.
3.3. CHN Analysis

The elemental composition of DMSI crystal was carried out by Perkin-Elmer 2400 Series
CHNS/O analyzer and the experimental result of the elemental percentage is well coincide
with the calculated values (Table 2).

3.4. NMR Spectrum study

The proton NMR spectrum was recorded using Burker AVANCE III 500 MHz FT NMR
spectrometer. The proton NMR spectrum (Fig. 6) of DMSI was recorded by dissolving the
sample in deuterated methanol. In the proton NMR spectrum of DMS], the singlets at 3.088
and 4.233 are assigned to six hydrogens of N—(CH,), and three hydrogens of N-CH,
respectively. The singlet at 4.868 is due to two hydrogens of NH, in the anion. The doublets at
6.801 and 7.62 are due to the four hydrogens of the N-(CH,),-C H, aromatic ring. The
doublets at 7.985 and 8.523 are due to the four hydrogens of the CH, N aromatic ring. The
doublets at 7.122 and 7.867 are due to the two oliphinic hydrogens (HC=CH). The multiplet
observed at 3.33 is due to the solvent (CD,0OD).

3.5. UV-Vis-NIR absorption analysis

The absorption spectrum was recorded by a SHIMADZU model UV-2450 double-beam
spectrophotometer in the wavelength range 200—1000 nm in solution form using methanol as
solvent. Absence of absorption in the region between 572 and 1000 nm is an advantage as it
is the key requirement for materials having NLO properties [ 12]. The spectrum gives two

peaks, one intense peak at 478nm corresponding to T—7* transition and another at 272 nm
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corresponds to n - T* transition (Fig. 7). Two optical band gaps were calculated forthese

transitions. The band gap corresponds to T —n* is 4.986 eV and forn - n* is 10.563 eV.
3.6. Thermal analysis

Thermal analysis (TG & DTG) was carried out using TGA Q500 V20.10 BUILD 36 N,
atmosphere at the heating rate of 20 °C/min (Fig. 8a).

The DMSI compound undergoes decomposition by two stages. The first stage is the dehydration
occurred between 30-100 °C (or below 100 °C). The 4 % weight loss occurred below 100
°C is due to the contaminated water molecule associated with the compound. The maximum
weight loss, 80 % occurred in the range 200-340 °C. The compound undergoes decomposition
and it is completely converted to gaseous products. DTG curve gives a peak temperature of
261.37 °C which is the sublimation temperature of DMSI.

DSC analysis of DMSI compound was carried out using DSC Q200 V24.4 BUILD 116, N
atmosphere at the heating rate of 10 °C/min on the temperature range of 30-290 °C (Fig. 8b).
The spectrum indicates only one endothermic peak at 261.37 °C. The sharp endothermic

point represents the sublimation energy which was found to be 12.873 kJ mol'.
3.7. Impedance spectral analysis

The ac conductivity study using complex impedance spectroscopy was performed on the
DMSI crystal using HB 4124 LCR meter. The crystalline sample was powdered and pelletized
into arectangular slab of area 35 mn? and thickness 1 mm [13]. The ac conductivity study
using complex impedance spectroscopy is performed to characterize the bulk resistance of
the crystalline material [14]. In the present case, the complex impedance parameters are
measured with HB 4124 LCR meter using silver electrodes. The crystalline sample was cut
into a rectangular slab of area 40 mm? and thickness 1 mm. The sample was polished and
silver coated to establish the ohmic contact. The ac conductivity of the sample is determined

from the real part of the impedance using the relation
o =t/RA

Where t is the thickness, A is the area of face in contact with the electrode and R is the bulk

resistance. The bulk resistance was found to be 2.486 x 10° Q. The calculated ac conductivity
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was 10.056 x 107 (Qcm) ™. The plot of Z’ and Z? for DMSI crystal at room temperature is
shown in Fig. 9 and the obtained impedance exhibits a good semicircle. The observed value is
typical for an insulating material. Interestingly, the observed low ac conductivity suggests that
the number of defects or impurities present in the slow evaporation grown DMSI crystal is

low.
3.8. Microhardness Studies

Vickers hardness indentations were made on the flat polished face of the crystal at room
temperature for loads 10, 20, 30, 40, 50, 60, 70 and 80 g using Vickers hardness tester fitted
with Vickers diamond intender and attached to an incident light microscope [ 15]. Crack initiation
and material chipping became significant beyond 100 g of the applied load and hardness test
thus could not be carried out further. The lengths of the two diagonals of the indentations were
measured and the Vickers hardness number was computed using the formulaHv =1.8544 p/
d?, where Hv is the Vickers hardness number in kg/mn?, p is the intender load in kg and d is
the diagonal length of the impression in mm. A graph was plotted for hardness versus load
(Fig. 10a) and log p versus log d (Fig. 10b). The plot of log p versus log d yields a straight line,
and its slope gives the work hardening coefficient or the Meyers index number %’. The value
of n is found to be 2.809 and since the value of% is greater than 2, the hardness of the material
is found to increase with the increase of load (Fig. 10b) which confirms the prediction of
Onitsch [16] and also the reverse indentation size effect [17, 18]. From the Meyer’s index

number it is clear that the title material belongs to soft material category [15].
4. Conclusion

The development of nearly flat DMSI crystals requires thorough investigation on the growth
procedures. Employing rapid evaporation of the DMSI-methanol solution with slow solvent
evaporation method, thin needle of DMSI crystal of dimension 9 x 5 x 3 mm’are harvested in

aperiod of 21 days. Our preliminary study indicates that through proper optimization of
growth conditions such as concentration of the solution, temperature and growth rate, it is
possible to grow good quality needle of DMSI by a simple and cost effective method. The
grown crystal was characterized by XRD, CHN, and UV-Vis absorption studies. The

microhardness test shows that the hardness value increases with load, which confirms the

reverse indentation size effects of the crystal. The ac conductivity study of the sample have
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been carried out. Owing to its transparency and centrosymmetric crystal structure, DMSI can

be used as promising material for third order NLO applications.
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Table Caption
Table 1. Single crystal XRD data of DMSI
Table 2. CHN data
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Fig. 1 Molecular structure of DMSI
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Fig. 2 Solubility curve of DMSI
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Fig. 4 Ortep diagram of DMSI single crystal
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Fig. 5 Powder X-ray diffraction pattern of DMSI
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Fig. 6 NMR Spectrum of DMSI
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Table 1 Single crystal XRD data of DMSI

Empirical Formula Ci6 Hig IN>
Formula weight 366.23
Crystal system Monoclinic
Space group P21/c
a(A) a=6.3036(2)
b (A) b=7.6547(2)
c(A) ¢ =32.0095(9)
a 90 °
B 90.3150(10) °
Y 90 °
Volume (A%) 1544.50(8)
Molecules per unit cell (Z) 4
Calculated density (Mg/m3) 1.575
Absorption coefficient (mm™) 2.063
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Table 2 CHN Data
DMSI Calculated Experimental
Formula Cis Hio IN, Cis Hio IN,
C% 80.29 80.46
H % 8 8.13
N % 11.7 11.25
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