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Abstract

Resulls of experimental investigations on the optical phase conjugation in iodine solu-
Lions are reported in this paper. Degenerate four wave mixing is performed at two different
wavelengths - one within the resonant regime and the other away from it. The third-order
susceptibility x(¥ shows an enhancement by two orders of magnitude in the resonant regime.
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Introduction

lodine, a simple acceptor molecule forms charge transfer (CT) complexes with many
donors (Mulliken 1969). CT complex of iodine in the solvent 1,2 dibromoethane is studied
here for its nonlinear optical (nlo) behaviour, by Degenerate Four Wave Mixing (DFWM)
experiments.

Theory

The nonlinear polarization Py, generated in a four wave mixing experiment is given by
(Fisher 1983).

ﬁNL(wd) = €0,\’(3)(‘4’4;wl 5("-"2.,WS)E‘I(WI)E‘Q(W?)E‘a(wa) (1)

,\(3) is the third order susceptibility tensor and € is the permittivity of free space.

A fourth wave is generated (E;) at wy due to Py, The energy and momentum conset-
vation conditions are represented by:

Wy =W twy twy (2)



114 R. Vijaya et al.

El-i-i:g—ga-—fn:q:{} (3

where w; and .h are the respective angular flequency and propagation veclors of the four
waves with electric fields By referred to above, El,Eg and Ey are the electric fields associated
with Lhe input waves, Two of the input waves are called pump waves and the third is the
probe. The output Fy that is generated is the phase conjugate replica of the probe. In the
case of DFWM experiment, all the {requencies wy are equal {w) and Lg —kl So I‘,l = ka,
i.e., the phase conjugate beam travels in a direction opposite to that of the probe. The phase
conjugate reflectivity R is the ratio of the intensities of the conjugate to the probe (I;/ly).
In the resonant part of the spectrum, the third-order susceptibility x® is estimated [rom the
plase conjugate refllectivity R by the following expression {Caro & Gower 1982)

3 _ 42 near R A
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X

ITere L is the thickuess of the sample, @ is the angle between pump 1 and the probe beam, ¢
is the velocity of light, o is the absorption coeflicient, n is the refractive index of the material,
and I is the intensity of pump 1,

When the absorption coeflicient o — 0, this expression gets modilied to

dcinley  RU/2
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Experiment

The experimental setup is the same as given in (Vijaya et al, 1990), Two laser wave-
lengths are employed here - (1) second harmonic of a Nd: YAG laser (532 nm) and (ii)
fundamental of a Ruby laser (694 nm). The solvent used is 1,2 dibromoethane, The con-
centration range studied is 1 x 1073 to 1 x 10~% moles/litre. The iodine solution exhibits a
visible absorption spectrum consisting of a band peaking at 490 nm. There is considerable
absorption at 532 nm and practically no absorption at 694 nm, This study thus enables us
to find the resonance contribution to .

The intensity of the phase conjugate beam () is measured as a function of (i) pump
beam intensity and (ii) concentration of iodine solution at the two wavelengths of study. The

pump and probe intensities (I1,I; and I) are measured for determining the reflectivity and
A3)
X,

Results

‘All the samples give good phase conjugate reflectivities R varying between 0,1% and
0.3%. A reflectivity of 0.14% is obtained af a concentration of 3.9 x10~% moles /litre of -
iodine solution at 532 nm. The pump and probe energics for this reflectivity are 7.6 mJ and
0.9 mJ respectively with a pulse width of 40 ns and a beam area of 0.314 cm?,
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Figure 1, Phase conjugate reflectivity as a function of pump beam energy at 532 nm.
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Figure 2. Variation of phase conjugate reflectivity with pump beam energy at 694 nm,
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Fig. 1 shows the variation of phase conjugate reflectivity as a function of pump energy
for this sample. The value of oL is 0.65 (« is taken at 532 nm). This is observed Lo be
the optimum molar concentration that gives the maximum phase conjugate reflectivity, Tor
concentralions that are either more or less than this concentration, the phase conjugate
reflectivity is found to be lower.

A reflectivity value of 0.28% is obtained at a concentration of 6.5 x 107> moles/litre at
694 nm for pump and probe energics of 185 mJ and 13.5 mJ respectively, the laser pulse
width being 20 ns and the beam area is 0.196 em?. Tn Fig. 2, we depict the variation of phase
conjugate reflectivity for this sample al various pump encrgies, In contrast to the results at
532 i, it is seen [rom these measurements that the reflectivity increases with increase in
the concentration of Lhe solution.

Discussion

In the calculation of v from equations {4) or (5), the data of R'/? vs I} are fitted to
a straight line using a least squares method. For the studies at 532 non, Equation (1) is used
and Equation (5) is the appropriate one at 694 nm. The values of ) thus obtained are
listed in Table 1.

From Table 1, we may compare the values of v of iodine in 1,2 dibromocthane at
the two wavelengths, Clearly the resonance contribution enliances the & by two orders of
magnitude at 532 nan, in comparison to that at 694 nm which lies in a nonabsorbing region.

One may also note that Equation {4) predicts a maximum reflectivity for ol = 0.7
(Basov 1988), which agrees well with our result (0.65).

Table 1. Third-order susceptibility of Iodine

Laser Concentralion B m? v
Wavelength (nm) (moles/litre)

532 1 3.9 x1073 117 x10-17
694 6.5%1073 941 x107%
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