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Abstract

Two bis-chalcone derivatives, 1,5-[di(4-methoxyphenyl)]penta-1,4-dien-3-one and 1,5-[di(4-chlorophenyl)]penta-1,4-dien-3-one were

synthesized. Their SHG conversion efficiencies are reported to be 6.0 and 5.0 times that of urea and hyper polarizabilities are 9.9!10K30 and

10.2!10K30 esu, respectively. The third-order nonlinear optical properties in PMMA matrix were studied by Z-scan technique using 7 ns laser

pulses at 532 nm. The nonlinear refractive index g, nonlinear absorption coefficient b, magnitude of effective third order susceptibility c(3) and the

coupling factor r have been investigated. The values obtained are of the order of 10K14 cm2/W, 1.2 cm/GW, 10K14 esu and 0.2, respectively,

which are comparable with the values obtained in stilbazoleum like dyes. The experimental investigation also shows that they are very interesting

optical limiting materials and their optical limiting behaviour is mainly due to two photon absorption phenomenon.
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1. Introduction

Photonics deals with the synergy between optics and

electronics and also provides the ties between optical materials,

devices and systems. The inventions of lasers and nonlinear

optical phenomena [NLO] have opened up many new areas of

devices and systems like frequency conversion and optical

switching that are of practical interest to mankind [1]. The

NLO effect in the organic molecules originates from a strong

donor–acceptor intermolecular interaction, delocalized

p-electron system, and also due to the ability to crystallize in

noncentrosymmetric manner. Among several organic com-

pounds reported for NLO property, chalcone derivatives are

noticeable materials for their excellent blue light transmittance

and good crystallizability. They provide a necessary configur-

ation to show NLO property with two planar rings connected

through a conjugated double bond [2]. Nonlinear optical

(NLO) materials with large intensity dependant refractive

index and absorption coefficient are very useful for optical
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device applications. These parameters determine whether an

intense laser beam will undergo self focusing or self defocusing

as it propagates in the material medium [3].

The chalcone samples cannot be used directly since they

could get degraded or bleached when exposed to strong laser

light. In order to overcome these drawbacks and for effective

use of these materials in devices they can be doped into a

polymer matrix. This is expected to increase the opto-chemical

and opto-physical stability and provide sufficient concentration

of absorptive or fluorescent centers. Doping also enhances

mechanical and thermal properties, while retaining optical

transparency and NLO effects, when compared to single crystal

chalcone chromophores [4]. Most recently, two-photon

absorption dyes are receiving special attention because of

their transmission at low incident intensity in most of the

visible spectral range.

Here, we report synthesis of two bis-chalcones namely, 1,5-

[di(4-methoxyphenyl)]penta-1,4-dien-3-one and 1,5-[di(4-

chlorophenyl)]penta-1,4-dien-3-one and the study of third

order nonlinear optical parameters of poly(methylmethacry-

late) (PMMA) in presence of these molecules with single beam

Z-scan technique [5].

Poly(methylmethacrylate) is a hard, rigid and transparent

polymer with a glass transition temperature of 125 8C. Its
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Table 1

Photophysical parameters of bis-chalcones doped PMMA in DMF solvent

Sample labs(nm)

(edge)

lmax(nm)

(peak)

Refractive

index (n0)

Mol. wt

PMMA 380 304 1.423 60,000
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average molecular weight is 60,000. It is tougher than

polystyrene. PMMA is a polar material and has large dielectric

constant. PMMA’s physical durability is far superior to that of

other thermoplastics. We have, therefore, selected PMMA as

the polymer into which the NLO samples are doped.

Sample1 in

PMMA

434 361 1.416 325 (pure

sample)

Sample 2 in

PMMA

413 306 1.425 303 (pure

sample)
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2. Experiment

The two bis-chalcones are synthesized according to the

method reported in the literature [6]. The compounds are

purified by recrystallization from ethanol. The structures of the

compounds are confirmed by analytical and spectral data. The

structures of the two compounds are given in Fig. 1. Their

conversion efficiency was measured by using 8 ns laser pulses

at 1064 nm. Urea was taken as the standard sample.

Each bis-chalcone sample and PMMA were taken in the

powder form and mixed in the proportion 12.5–87.5 wt%. This

mixture was dissolved in research grade DMF with a

concentration of 10!10K3 mol/L. The liquid samples were

taken in a quartz cell of 1 mm thickness. The Z-scan

experiment was performed using 532 nm laser pulses of 7 ns

duration. A partially closed aperture was placed at the entrance

of the detector and the detector output was monitored as the

sample translated along the beam axis (Z-axis) in the focal

region of the focusing lens. To obtain the open-aperture Z-scan

data, the aperture was removed. The optical limiting study was

performed by keeping the sample at the focus in 1 mm thick

cuvette. UV–vis spectra for the samples, obtained using UV-

160A (Shimadzu) spectrophotometer, show that they have no

linear absorption at a wavelength of 532 nm. Linear refractive

index values of the samples used in the experiment were

measured using Abbe’s refractometer. Details are given in

Table 1.
O

H3CO OCH3

O

Cl Cl

Sample 1
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Fig. 1. Structures of bis-chalcone 1 and 2.
3. Results and discussion

The Z-scan technique is ideal for measuring the change

in phase of a laser beam induced by propagation through a

nonlinear material. It gives both the sign and magnitude of

this phase change, DF, which is related to the change in the

index of refraction, Dn. Fig. 2 shows the experimental

closed aperture Z-scan data for sample1 doped PMMA for

an input energy of 0.5 mJ. The measurement of open

aperture Z-scan data shown in Fig. 3 enables the separation

of nonlinear refractive index from the nonlinear absorption

by dividing closed aperture data by open one [3]. Similar

curves have been obtained for sample 2 doped PMMA with

the same input energy.

The nonlinear absorption coefficient obtained [5] for these

two samples are given in Table 2.

Figs. 4 and 5 show normalised transmittance curves for

sample 1 and sample 2 doped PMMA, respectively, due to pure

nonlinear refraction. The nonlinear refractive indices [5]
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Fig. 3. Open aperture Z-scan data of sample1 doped PMMA.
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Fig. 2. Closed aperture Z-scan data of sample1 doped PMMA.
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Fig. 5. Normalized transmittance curve of sample 2 doped PMMA due to

nonlinear refraction.
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Fig. 6. Optical limiting behavior of sample 1 doped PMMA.
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Fig. 4. Normalized transmittance curve of sample 1 doped PMMA due to

nonlinear refraction.
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Fig. 7. Optical limiting behavior of sample 2 doped PMMA.

Table 2

Third order nonlinear optical parameters

DJ0 DF0 b cm/GW g 10K14

cm2/W

c(3) 10K14

esu

r

Sample 1

in PMMA

0.795 4.267 1.36 K3.09 5.67 0.186

Sample 2

in PMMA

0.783 4.656 1.213 K3.05 5.69 0.168
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obtained from above curves, the magnitude of effective third

order susceptibility [7] and the coupling factor [8], r, of these

materials are also given in Table 2. Though the nonlinearity is

strong donor–acceptor intermolecular interaction, there is little

or no effect on the nonlinear parameters of sample 2 when

methoxyphenyl group is substituted by chlorophenyl group.

Fig. 6 and 7 show the optical power limiting behavior of

samples 1 and 2 doped PMMA. Both show optical limiting

property may be due to two photon absorption [9]. The

coupling factor is seen to be less than 1/3 (Table 2), which

indicates that the nonlinearity is electronic in origin.

4. Conclusions

The optical SHG conversion efficiency and third-order

nonlinearity of two newly synthesised delocalized p-conjugate
systems viz., chalcone derivatives doped PMMA have been

investigated. The results demonstrate they are good nonlinear

materials and their third-order nonlinear parameters in polymer

matrix are comparable with those for stilbazolium like dye

such as trans-4-[2-(pyrryl)vinyl]-1-methylpyridium iodide

[10]. Moreover, an easy synthesis of these materials is an

added advantage over existing optical devices. Hence, these

materials may be used in optical device applications in place of

such dyes.
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