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Abstract—Single crystals of 4-methoxy benzoin (4MB), an organic
nonlinear optical material have been synthesized by a slow evaporation
technique at room temperature. The crystalline nature was confirmed by
single crystal X-ray diffraction analysis. The chemical composition of
grown crystals was determined by FTIR spectra. Optical absorption
studies have shown that UV cut off wavelength of the grown crystal is at
400nm and it has a wide transparency window. The second harmonic
generation (SHG) efficiency of the grown crystal was confirmed by the
Kurtz and Perry powder technique.

Highly nonlinear materials are capable of fast and
efficient processing of optical signals in the fast growing
development of optical fiber communication systems. The
nonlinear crystals have proved to be interesting
candidates for a number of applications, such as second
harmonic generation, frequency mixing, electro-optic
modulation, optical parametric oscillation etc. [1]. Due to
the technological importance of these nonlinear crystals
the needs for high quality organic crystals have grown
dramatically in the last decade. With rapid progress in the
crystal growth technology, crystals having attractive
nonlinear properties are being discovered. This has
enabled the commercial development of single crystals
with promising nonlinear optical properties. An organic
molecule with significant nonlinear optical activity
generally consists of a m-electron conjugated moiety
substituted by an electron donor group at one end of the
conjugated structure and an electron acceptor at the other
end, forming a "push—pull” conjugated structure. The
conjugated m-electron moiety provides a pathway for the
entire length of conjugation under the perturbation of an
external electric field. Functionalizing both ends of the
conjugated m bond system with an appropriate electron
donor and acceptor group can increase the asymmetric
electronic distribution in either or both the ground and
excited state, thus leading to increased optical
nonlinearity [2]. Organic molecules should have high
second order hyperpolarizability (B) to exhibit effective
NLO properties in many cases, an order of magnitude
smaller than widely known inorganic materials [3].

4-methoxy benzoin is a new potential candidate for
second order NLO applications. The molecular design of
4-methoxy benzoin, containing one electron donor
(methoxy) and one electron acceptor (carbonyl) moiety,
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provides it with a push-pull configuration, which is a
well-known way of enhancing optical nonlinearities. In
this paper we report the growth, structural, vibrational,
optical and second harmonic generation (SHG) properties
of single crystals of 4-methoxy benzoin(4MB).

The title compound was synthesized by benzoin
condensation using 4g of KCN dissolved in 75cc of water
in a one litre flask. To this was added 6.8g (0.05mole) of
p-anisaldehyde, 7g (0.05mole) of benzaldeyde and 75cc
of 95% ethanol. The mixture formed a solution at the
boiling temperature and was refluxed for one and half
hours. Steam was then passed through the solution until
all the alcohol and nearly all the unchanged aldehyde was
removed. The condensed water was decanted from the
product and later set aside for crystallization. The product
was then pressed as free as possible from oily material on
a suction funnel and washed with cold alcohol. In this
way about 8.1g (yield was 65%) of crude product was
obtained. The crude mixture was dissolved in alcohol and
allowed to crystallize slowly. The 4-methoxy benzoin
crystallized out as lumps of long needles. The melting
point of the compound was found to be 110°C .

Fig.1.Single crystal X-ray diffraction.

The synthesized compound was purified by a
successive recrystallization process. The melting point of
the compound was found to be 110+1-C. In order to
improve the purity of the synthesized compound, the
basic material was purified thoroughly. The purification
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of 4MB was done by repeated crystallization and the
purity of the material was monitored by measuring its
melting point each time. After 4 weeks, single crystals
with dimensions 10mmx3mmx2mm were harvested from
the mother solution by a solvent evaporation method with
a growth rate of 0.4mm/day. Then the purity of the crystal
was improved by the successive recrystallization process.
The single crystal of 4MB is shown in Fig. 1.

Single crystal X-ray diffraction data were recorded using
a BRUKER AXS KAPPA APEX (ll) CCD X-ray
diffractometer with MoKo radiation (A=0.71073A) to
identify the structure of the grown crystal. The structure
was solved by a direct method and refined by the full
matrix least square technique using the SHELXL
program. The calculated lattice parameters are presented
in Table 1. It is observed from the XRD analysis that the
4MB crystal has as orthorhombic structure with the space
group pca2;.

Table 1. Single crystal XRD data of 4MB crystal

a=14.4691(10) A
b = 14.0978(10) A
¢ =5.8468(4) A

Unit cell dimensions

o=p=y=90°.
Volume 1192.64(14) A®
Z, Calculated density 4, 1.349 mg/m®
Crystal  system,  space Orthorhombic, Pca2l
group

Full-matrix least-squares on

Refinement method FAo

The FTIR spectrum of the title compound shows the
presence of a secondary alcoholic group with broad band
around 3500cm™ attributed to the O—H stretching modes.
The bands around 2970cm™" in FTIR are assigned to the
aromatic C-H stretching modes. The aliphatic -CH
stretching vibration is assigned to the band at 2681cm™
and 2613cm™ in FTIR with weak intensity. The
symmetric stretching mode of the carbonyl group appears
at 1710cm™ with very strong intensity in the FTIR
spectrum. The aromatic C=C symmetric stretching
vibrations appear at 1621cm* as a very strong intensity in
FTIR. The in-plane deformation of C-OH appears around
1300-1297cm * as a medium band in the FTIR. The OH
out of plane deformation is observed as strong bands
around 1000cm* in FTIR. The band at 1082cm™ and
1078cm ™ in FTIR is assigned to the benzene ring
deformation. The band at 702cm™ in FTIR established
the presence of a disubstituted benzene ring. The resulting
spectrum is shown in Fig.2. The presence of various
absorption in the FTIR of the grown crystal is in very
good agreement with those of parent benzoin [4].
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Fig. 2. FTIR spectrum of grown crystal.

The optical absorption spectrum of a good quality
grown crystal was recorded in the wavelength range 200—
1000nm using a Cary 5E UV-vis-NIR spectrometer. The
obtained absorption spectrum is shown in Fig. 3, where
the lower cut off region is obtained at 240nm. The UV
spectra show the presence of a wide transparency window
lying between 400nm and 1000nm with Anpa,=400nm.
Hence, from the analysis of the absorption spectrum, it is
evident that the grown crystal is transparent in the entire
visible region without any absorption peak within the
range, which is the key requirement for any nonlinear
optical crystal.

absorbance (a.u)

Fig. 3. Absorption spectrum of 4MB crystal.

In order to confirm the NLO behaviour in the title
compound, powdered samples were subjected to the
Kurtz and Perry powder technique [5]. A Q-switched
Nd:YAG laser beam of wavelength 1064nm and 10ns
pulse width with an input rate of 10Hz was used to test
the NLO property of the sample. A grown crystal SHG
signal of 100mV was obtained while the KDP gave an
SHG signal of 25.6mV (4 times that of KDP) for an input
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beam energy of 6.1mJ/Pulse. The second harmonic signal
generated in the crystalline sample was confirmed from
the emission of green radiation from the crystal. Hence,
it can be used for applications in photonic and
optoelectronic devices.

In conclusion, bulk size transparent single crystals of
4AMB were successfully synthesized by a slow solvent
evaporation method at ambient environment. The unit cell
parameters were found by single crystal and powder XRD
analysis. The presence of various functional groups of the
grown crystal was confirmed by FTIR. The UV-vis-NIR
absorption spectra showed that 4MB crystal was
transparent in the entire visible region with lower cut-off
at 240nm, making it a potential candidate for NLO
applications. The relative SHG conversion efficiency of
the grown crystals is about 4 times higher than that of
KDP sample, which indicates the suitability of 4MB
crystals for photonic and NLO applications.
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