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ABSTRACT. An organic stilbazolium derivative of (E)-2-(4-chlorostyryl)-1-methylpyridin-1-ium iodide hydrate 
(CMPI) crystal was grown from the methanol-acetonitrile mixed solvent by slow evaporation technique at room 
temperature. The crystal system and cell parameters of the grown crystal are verified by single crystal X-ray diffraction 
analysis. The functional groups of CMPI were identified from FTIR spectrum. The optical behaviour of the grown crystal 
was analysed by UV-vis-NIR studies. The mechanical stability of the grown crystal was investigated by Vicker’s 
microhardness tester. The third-order nonlinear optical property of the grown crystal was elucidated by employing the 
single beam Z-scan technique. 

 

Introduction. The nonlinear optical (NLO) properties of organic molecular materials have been the 
object of intense research due to potential applications in various photonic technologies. Organic 
molecules with significant NLO behaviour originate from a strong donor-acceptor intermolecular 
interaction with high chromophore density and delocalised π-electron system [1]. Normally organic 
chromophores exhibit high and fast nonlinearities than their inorganic counterparts. The stable 
packing of chromophores in organic crystals, which in turn results in high thermal, mechanical and 
photochemical stability [2]. Stilbazolium derivatives are found to be the interesting groups of organic 
materials because their molecular nonlinearity can be easily preserved by varying the counter-ions to 
achieve the desired physical and chemical properties [3]. Among them, the organic stilbazole crystal, 
4-N,N-dimethylamino-4’-N’-methylstilbazolium tosylate (DAST) is of wide interest owing to its 
outstanding NLO properties and electro-optical properties [4]. The variation of counter-ions in 
stilbazolium salt is a simple and highly successful method to create new materials with macroscopic 
optical nonlinearities [5]. These points motivated us to design and synthesis stilbazolium crystals 
having a π-conjugated system with the good nonlinear response. Though the information about the 
X-ray crystallographic structural data of (E)-2-(4-chlorostyryl)-1-methylpyridin-1-ium iodide 
hydrate (CMPI) is available, there is no report on the growth of this material for NLO applications. 
Hence, we report in this present investigation synthesis, growth, spectral, optical, mechanical, and 
third-order nonlinear optical properties of the organic stilbazolium derivative, CMPI. 

Material synthesis and crystal growth. CMPI was synthesized by the Knoevenagel condensation 
of 1, 2 dimethyl pyridinium iodide and 4-chloro benzaldehyde taken in equimolar ratio and dissolved 
in methanol (10 ml) in the presence of piperidine as a catalyst. The resulting mixture was refluxed 
for 8 h until it crystallizes as yellow salt. The product was purified by successive recrystallization 
from methanol. CMPI single crystals of size 6x2x1.5 mm3 were grown from the saturated solution of 
CMPI in methanol: acetonitrile (1:1) mixed solvent by slow evaporation technique over a period of 
30 days (Fig. 1).  

                                                
© 2017 The Authors. Published by Magnolithe GmbH. This is an open access article under the CC BY-NC-ND license 
http://creativecommons.org/licenses/by-nc-nd/4.0/ 
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Fig. 1.Photograph of CMPI crystals. 
 

Results and Discussion. 
Single crystal X-ray diffraction analysis. The XRD study confirmed the monoclinic crystal 
structure of CMPI with centrosymmetric space group P21/C. The lattice parameters obtained are a = 
7.1043(1) Å, b=9.7805 (2) Å, c=21.0801 (4) Å, β= 95.279 (1) o and V= 1460.24 (5) Å3. The obtained 
results are in concurrence with the literature [6] and thus confirm the identity of CMPI.  

FTIR Spectral analysis. The FTIR spectrum for CMPI crystal was recorded in the KBr pellet phase 
in the frequency region of 4000-400 cm-1 shown in Fig. 2. The spectrum confirms the formation of 
CMPI crystal and the characteristic frequencies and the corresponding assignments are given in 
Table 1. 

  
Table 1. Spectral data and their assignments for CMPI. 

Wavenumber (cm-1) Assignments 

3500.80 and 3383.14 O-H stretching 

3070.68 and 3041.74 Aromatic C-H stretching 

2945.30, 2916.37 and 2791 Alkyl C-H stretching 

1616.35 Olefinic C=C stretching 

1568.13 and 1514.12 Aromatic ring vibrations 

1489.05, 1458.18 and 1409.96 CH2 bending 

1338.60, 1284.59 and 1269.16 C-N stretching 

1083.99 Olefinic =C-H bond 

1000-1200 and 850-1000 Aromatic C-H inplane and out of plane bending 

731.02, 769.60, 815.89, 833.25 C-Cl stretching 
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Fig. 2. FTIR spectrum of CMPI. 
 

UV-vis-NIR spectral analysis. The optical absorption spectrum of CMPI as recorded for the 
wavelength range of 220–1000 nm is depicted in Fig. 3. The spectrum shows two absorption peaks, 
one at 260 nm corresponds to n-π* transition and the other at 340 nm corresponds to the π-π* 
transition of the stilbazolium chromophore. Moreover, negligible absorption can be seen in the entire 
region of 341-1000 nm suggests that the grown crystals of the title material are suitable for various 
nonlinear optical applications.  

 

 
Fig. 3. Absorption spectrum of CMPI. 
  

Vickers microhardness studies. Microhardness measurement was carried out on CMPI single 
crystals using Vickers microhardness tester fitted with a diamond pyramidal indenter. The diagonal 
length of the indentation in μm for various applied loads in kg was measured for the constant 
indentation time of 10 s. The Vickers hardness number (Hv) was computed using the formula, 
Hv=1.8544 P/d2. The variation of Hv with load (P) Fig. 4 shows that Hv increases with increase in P 
due to reverse indentation size effect. The Meyer index ‘n’ is estimated from the graph plotted against 
log P vs. log d (Inset of Fig .4). Thus, the ‘n’ value of 4.26 shows the softness nature of the grown 
crystal satisfying Onitsch results [7].  
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Fig. 4. Variation of Hv with load P and Meyer’s plot of CMPI(inset). 

 
Z-scan studies. The third-order NLO property of CMPI crystal was measured by the single beam Z-
scan technique with the laser light 632.8nm from He-Ne laser was used. The open and closed aperture 
Z-scan methods were used for the measurement of nonlinear absorption coefficient (β) and nonlinear 
refractive index (n2) for optical materials. The output beam has a Gaussian intensity profile and was 
focused, using a convex lens of 30 mm focal length, to a waist of radius (ωo) 12.05 μm, which 
corresponds to a Rayleigh length of 0.72 mm. The sample thickness of 0.60 mm was less than the 
Rayleigh length (L<ZR) and hence it could be treated as a ‘thin medium’. The sample is translated in 
the Z-direction along the axis of a focused Gaussian beam using a motorized translation stage. The 
transmittance change through a small aperture at the far field position (closed aperture) can determine 
the amplitude of phase shift. The intensity dependent absorption is measured by moving the sample 
through the focus without placing an aperture at the detector (open aperture). In the open aperture 
pattern (Fig.5a), the decrease in transmission near the focus is an indicative of reverse saturable 
absorption (RSA) with a positive nonlinear absorption coefficient. In the closed aperture pattern 
(Fig.5b), the valley-peak configuration implies that the sign of refraction nonlinearity is positive 
(n2>0) i.e. self-focusing effect. The third order nonlinear optical parameters of CMPI crystal are 
calculated according to the reported literature [1,8]. Table 2 lists the experiment results of the third-
order NLO parameters of the CMPI crystal. Here the nonlinear optical response arises due to strong 
delocalization of π-electrons within the molecular structure of CMPI.  

 

 
Fig. 5. Open aperture and Closed aperture Z-scan plot of CMPI crystal.  
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Table 2. Third-order NLO parameters of CMPI. 

Nonlinear absorption coefficient (β) 3.04 x10-5 m/W 

Nonlinear refractive index (n2) 4.63 x10-12 m2/W 

Third-order nonlinear optical susceptibility (χ (3)) 4.90 x10-5 esu 

 
Summary. Single crystals of organic stilbazolium derivative, CMPI was grown by slow evaporation 
technique and characterized using single crystal XRD, FTIR, UV-vis-NIR studies, microhardness and 
Z-scan studies. The results of the above studies reveal that the CMPI crystal might be a potential 
candidate for NLO applications.  

References 
[1] Dhanaraj, P. V., Rajesh, N. P., Vinitha, G., & Bhagavannarayana, G. (2011). Crystal structure and 
characterization of a novel organic optical crystal: 2-Aminopyridinium trichloroacetate. Materials 
Research Bulletin, 46, 726-731. DOI: 10.1016/j.materresbull.2011.01.013. 
[2] Yin, J., Li, L., Yang, Z., Jazbinsek, M., Tao, X., Günter, P., & Yang, H. (2012). A new 
stilbazolium salt with perfectly aligned chromophores for second-order nonlinear optics: 4-N,N-
Dimethylamino-4′-N′-methyl-stilbazolium3-carboxy-4-hydroxybenzenesulfonate. Dyes and 
Pigments, 120-126. DOI: 10.1016/j.dyepig.2011.12.004. 
[3] Yang, Z., Jazbinsek, M., Ruiz, B., Aravazhi, S., Gramlich, V., & Günter, P. (2007). Molecular 
engineering of stilbazolium derivatives for second-order nonlinear optics. Chemistry of materials, 19, 
3512-3518. DOI: 10.1021/cm070764e. 
[4] Adachi, H., Taniuchi, T., Yoshimura, M., Brahadeeswaran, S., Higo, T., Takagi, M., & Nakanishi, 
H. (2004). High-quality organic 4-dimethylamino-n-methyl-4-stilbazolium tosylate (DAST) crystals 
for THz wave generation. Japanese journal of applied physics, 43, L1121. DOI: 
10.1143/JJAP.43.L1121. 
[5] Yang, Z., Aravazhi, S., Schneider, A., Seiler, P., Jazbinsek, M., & Günter, P. (2005). Synthesis 
and Crystal Growth of Stilbazolium Derivatives for Second‐Order Nonlinear Optics. Advanced 
Functional Materials, 15, 1072-1076.DOI: 10.1002/adfm.200500036. 
[6] Chanawanno, K., Chantrapromma, S., & Fun, H. K. (2008). 2-[(E)-2-(4-Chlorophenyl) ethenyl]-
1-methylpyridinium iodide monohydrate. Acta Crystallographica Section E: Structure Reports 
Online, 64(10), o1882-o1883. DOI: 10.1107/S1600536808027724. 

[7] Jagannathan, K., Kalainathan, S., & Gnanasekaran, T. (2007). Microhardness studies on 4-
dimethylamino-N-methyl 4-stilbazolium tosylate (DAST). Materials Letters, 61, 4485-4488. DOI: 
10.1016/j.matlet.2007.02.033. 
[8] Nivetha, K., Kalainathan, S., Yamada, M., Kondo, Y., & Hamada, F. (2016). Investigation on the 
growth, structural, HOMO–LUMO and optical studies of 1-ethyl-2-[2-(4-hydroxy-phenyl)-vinyl]-
pyridinium iodide (HSPI)–a new stilbazolium derivative for third-order NLO applications. RSC 
Advances, 6(42), 35977-35990. DOI: 10.1039/c6ra02544g. 
 

Cite the paper 

K.Nivetha, W.Madhuri (2017). Synthesis, Growth, Spectral, Optical and Mechanical Properties of an Organic 
Single Crystal: (E)-2-(4-Chlorostyryl)-1-Methylpyridin-1-Ium Iodide Hydrate. Mechanics, Materials Science 

& Engineering, Vol 9. Doi 10.2412/mmse.28.97.639 

 


