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Introduction

Research of organic materials that can be potentially used in fabrication
of nonlinear optical devices is currently an interesting subject of investigation
| 1-3]. Particular interest presents the nonlinear optics have been observed in
molecules with highly delocalized 7 electrons, in which the chain of conju-
gated bonds facilitates the polarization of the molecule in external electro-
magnetic field. The organic conjugated molecules can possess large third-
order nonlinearities which are advantageous for nonlinear optical applica-
tions. Experimental and theoretical investigations have revealed that the or-
ganic materials exhibit large third order optical nonlinearities and low optical
losses as well as a fast time response.

In the present paper, we report experimental investigations of the third-
order nonlinear optical susceptibility ¥ of two octupolar molecule using the
standard degenerate four wave mixing (DFWM) technique at A = 532 nm.

In this paper, we report on a systematic study of the third order nonlinear
optical properties of two new octupolar molecules with different numbers of
1 conjugated bonds. |

The chemical structure of the studied compounds 1s shown in the Fig. I.
They were synthesized using a method that described in Ref. [4].
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Fig. 1 A-B. The chemical structure of the octupolar molecules
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Experimental method

The absolute value ¥ for CgsHosS3, CeoHooS3 was estimated using the
DFWM method. The idea of The DFWM 1s shown in Fig. 2.
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Fig. 2. Schematic diagram of the geometry to the light beams in an four wave mixing
experiment

E*'> and E** designate the exactly counter-propagating pump waves and
E*” designates the probe wave, which makes a nonzero angle 8 with respect
to the pump wave (E*'”). Phase matching requires that the «phase conjugate»
signal wave (designated by E<**) is propagated in a direction opposite to the
probe wave. In our setup experiment the incident wave intensities satisfy the
conditions: I; (z=0) =L (z=L)and Iy = 10 * - I,.

Fig. 3. Experimental setup: S — sample; Fr — neutral filter; R, — R; delay lines; G — glan
prism; V., V. — control photodiodes; PM — photomultiplier tube; BS — beam
splitter 3
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The angle 6 between the beams <I1> and <3> in air is 12° and the thick-
ness of the cell containing the sample is L = 1 mm. The incident beams have
linear polarization xxx [5,6]. A Q-switched mode-locked Nd :YAG laser with
30 ps pulse width, 1 Hz repetition rate and 532 nm wavelength was used.

Two main physical mechanisms contribute to the nonlinearities in iso-
tropic materials interacting with radiation pulses of this duration: deforma-
tions of the electronic cloud and reorientation of the molecule. The much
slower (> 1 ns) thermal and electrostricted effects can be neglected. From the
nonlinear intensity dependent transmission at A = 532 nm and using the theo-
retical formula, we evaluated the values of the TPA coefficient (B). The non-
linear intensity dependent transmission is described by expression [7]:

=I(L)___ a-exp(-a-L) (1)
100) o+ pI0) (1—exp(-a-L))
where L is the thickness of the sample, [ is the non-linear absorption
coefficient, ¢ is the linear absorption coefficient.
The important characteristic of the DFWM process is its efficiency de-
fined as:

_I*®(z=0) (2)

To interprete the experimental results and determine the third-order sus-

ceptibility one compares the measured values of R with those calculated in the

frame of a model based on the nonlinear propagation Equations. The laser
waves propagating in the medium are taken as plane waves:

E<I>(r,t)= E(f)gi(kir—w,-{) (3)
Using the slowly varying amplitude approximation and assuming that all

three incident waves are linearly polarized along the x axis, one obtains the
following equations describing the waves propagation in the medium:
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n is the linear refracitve coefficient of the material, A is the wavelength of the
laser light and o i1s the linear absorption coefficient. The intensity of the beam
IS NOW : [l g
2-m
The DFWM efficiency (R) was calculated from the propagation equation
of the four beams in interaction and took into account linear and nonlinear
absorption:
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where p°=K* = (W /2)*and q=ip
The imaginary part x<3> is related to the nonlinear absorption coefficient:
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n

Results and discussion

The estimated nonlinear intensity dependence transmission as a function
of the incident light intensity is shown in Fig. 4.
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Fig. 4. The transmission T as a function of the incident beam intensity I,. for (0) A and () B
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The solid line in Fig. 4. shows the best fit with Eq. (1). The values of the
TPA coefficient () extracted from dependencies of Fig. 4. and theoretical
formula (1) are presented in Table 1.

Table 1.

<3>
Molecules e 1 <3> v o
& [em-] B b X lesu] [esu-cm]
A 52 13 24 x 10" 46x 107"
B 4.1 0.1 1.6x 10" 3.9x 10"

We measured two compounds A and B [see Fig. 1] possessing different
number of conjugated chemical bonds. The studied compounds were in a form
of powder dissolved in the THF (2.5 g/L). For each compounds we studied the
absorption and the output DFWM process. This study is made in order to de-
termine the influence on the third order nonlinear properties versus the num-
ber of bond in the case of A and B compounds.
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Fig. 5. DFWM reflectivity R with respect to the pulp intensity I,. The (0) and (X) represent
experimental data, respectively, for C¢HosS3 (A), CeoHooS3 (B)
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Figure 5 presents of these results: R versus I' in the case of vertical po-
larization of incident beams for the compounds A and B. A good agreement
between experimental results and theoretical curve given by Eq. 5. is observed
in these cases.

Both the compounds studied possess the nonlinear optical properties of
the third order much higher with comparison to materials known for their ele-
vated nonlinearites of the third order [8].

The value of the xd} clearly increases with the increasing number of
doubled m conjugated bonds of the molecule (from three to five). At the same
time the value of B increases also. It is important fact that the figure of merit
xd” / o increases also with increasing number of m-conjugated bonds that is
very important for their application as optical limiting materials. The obtained
values of figure of merits comparing with other materials opens a possibility
of their application in optical limiters.

Conclusions

An experimental study of third-order nonlinear optical properties of oc-
tupolar organic materials has been presented. We have evaluated the third-
order susceptibility ¥ for two octupolar compounds with different number
of the conjugated chemical bonds. We concluded that the number of double
bonds in the molecular structure favors increasing optical limitation effect as
well as the nonlinear optics in general. The increase of the number of double
bonds facilitates the delocalisation of the electrons, and thus allows the in-
crease of ¥, what is in a good agreement with the known theoretical data
[9]. Organic materials are good modeling subject for investigations of the
third-order nonlinear optical susceptibilities, because they possess high level
of the m-conjugated charge transfer. The value of the ¥ of the compound
A is higher than that of the compound B and is due to the larger number of
n conjugated bonds. The values of corresponding figure of merits 3.9 x 10"
and 4.6 x 10" [esu - cm] allow to apply them as effective optical limiters.
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Third-order nonlinear optical susceptibilities in octupolar molecules

Summary

We report measurements of the third-order susceptibilities and two-photon ab-
sorption in new synthesized CgsHosS3, CeoHooS3 compounds, using degenerate four
wave mixing (DFWM) technique at A = 532 nm in picosecond regime. We have found

<3>

that increasing number of double bonds favors increasing ™.

The values of figure of merit are equal to 3.9 x 10" [esu-cm] and 4.6 x
x 10" [esu-cm], respectively. That is sufficient for their application as optical
limiting materials.

Keywords: two-photon absorption; third order nonlinear optical susceptibility; organic
materials.



