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We separate the electronic and nuclear contributions to the third-order
nonlinear optical susceptibilities XS’Z, using degenerate four wave mixing.
This method allows to know the physical origin of the optical nonlinearities
of new soluble tetrathiafulvalene derivatives and deduce the values of the
second-order hyperpolarisabilities v. The values of v for the studied com-
pounds are about 10° greater than for CS..

PACS numbers: 42.65.Ky, 78.66.Qn, 42.70.Nq

Organic molecules characterised by large w-electron systems over an ex-
tended and conjugated framework are of interest for their strong nonlinear op-
tical properties {1-3]. The molecular structure of various series of tetrathiafulva-
lene (TTF) derivatives makes them suitable candidates to reveal large third-order
nonlinear optical susceptibilities [3]. In this paper we present a relatively sim- '
ple method, based on degenerate four wave mixing (DFWM) measurements, to
distinguish different physical mechanisms contributing to the third-order suscepti-
bilities. We study and compare some ethylenic and p-N, N’-dimethylaniline TTF
derivatives. The chemical structure of the studied molecules are presented in Fig. 1
and their UV spectra in Fig. 2. The measurements of transmission for the range
of intensities used (0-1 GW/cm?) show that the molecules present only linear
absorption. '
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Fig. 1. Chemical structures of (a) ethylenic of TTF derivative, (b) and (c)
p-N, N'-dimethylaniline of TTF derivatives.

The DFWM experimental arrangéement is illustrated in Fig. 3. The excita-
tion is provided by 30 ps laser pulses at A = 532 nm generated by an amplified
mode locked Quantel Nd:YAG laser operating at 1 Hz repetition. Two of the inter-
acting waves are strong counterpropagating pumps travelling in the forward and.
backward directions. Their intensities verify the relation I;1(z = 0) = I(z = ).
The third input beam is a weak probe (Is, Iy < I;) which makes an angle 12°
with respect to the pump. Phase matching requires then that the signal wave be
radiated in a direction backward to the probe. The thickness of the cell containing
the solution of the powdered organic molecules is 0.1 cm. :

Using Maxwell nonlinear equations one can obtain the DFWM efficiency in
the form [4]: '
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IM0) ) pesenrg P =0 (1)
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where p? = (%xg’,)c,) I (0)? exp(—al) — "Tz, g= ip and [ is the cell length. The
DFWM efficiency R with the subscripts ij&! indicates that the polarisation states
of the waves (4), (1), (2) and (3) are 4, j, k, ! respectively which take values z
or y. Xi-?,c, values can be obtained by adjusting the theoretical curve given by (1)
to the measured values of R.

We measured If4) versus the concentration of molecules in the solution in
order to determine the optimal concentration Copt at which I {4} is maximum.
All the compounds investigated displayed a single maximum in I{4). An example
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Fig. 2. UV spectra of studied compounds: (a) ethyleric of TTF derivative, (b) and
(c) p-N, N'-dimethylaniline of TTF derivatives. These spectra measurements were per-
formed with a cell of 1 cm thick at very weak concentrations (= 10~° mol/dm?).
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Fig. 3. Experimental setup. (1) and (2) — pumps beams, (3) — probe beam, (4) —
fourth beam, S — sample, Fr — neutral density filter, G — Glan prism, V; — control
photodiodes, V; — ¢ photodiode, Ri23 — delay lines, BS1,2,34 — beam splitters and
PM — photomultiplier tube.

of these results (for compound (b)) is presented in Fig. 4. Copt values and the
absorption coefficients at Copt are collected in Table I.

We measured the DFWM efficiency R at Copt as a function of wave (1) in-
tensity for various polarization states of waves (1), (2) and (3). Figure 5 shows
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Fig. 4. Dependence of degenerate four waves mixing efficiency on solution concen-
tration C. A typical curve is shown for the ethylenic TTF derivative (a) dissolved
in chloroform. The polarization state of incident wave (1), (2) and (3) is vertical
(zzz) and their intensities satisfy the relations: I‘)(z = 0) = I®(z = 1) and
Iz =0) = 10721 (2 = 0).

Fig. 5. Degenerate four wave mixing efficiency versus intensity of the pumps (1) for
the compounds (a) (e), (b) (*) and (c) (o). The polarization state of incident waves
(1), (2) and (3) is vertical (zzz) and the continuous curve corresponds to the theoreti-
cal formula (1).

TABLE I

Parameters M, Copi, o represent respectively molar
weight, the optimum concentration and linear absorption
coefficient at Copt respectively.

Molecules M Copt o
[g/mol] | [mol/dm?] [cm—1]
(a) 312 3 x10-2 214
(b) 584 |1.3x 103 16.8
(c) 784 10.7x 10°8 20.6

the results for the three compounds studied in the case of vertical polarization of
the incident beams. The adjustment of the theoretical curve given by (1) to exper-
imental data leads to the third-order susceptibility for the compounds (Table II).
From the results, we can conclude that the following relationships are verified:

for molecule (a): Xonzs N 2Xoywy N 2X oy R 10X§)§§,3, (2a)
for molecule (b):  xgih, ~ 2.3x53%, ~ 2.3x50 . ~ 8.8xP - (2b)
for molecule (c):  xgih, ~ 2.Tx5h, & 2.TX00, ~ 4.1x5F . (2¢)
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TABLE II

x® components deduced from degenerate four wave mixing experiment
for the new TTF derivatives (a) and (b) studied at their optimum

- concentration.
Molecules | |x$iE., X555y IX$5%y XS5 Yzzwo
%1020 %1020 %1020 %1020 %1045
[V2m=2) | (V2m=?] | [V2m~?] | [V2m~?%] | [m® V-2
(a) 8.0 4.1 4.0 0.8 1.1
(b) 9.5 4.1 4 1.1 18
(c) 114 4.2 4.1 2.8 71
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In the DFWM experiences, we have used a laser delivering 30 ps pulses so the
thermal and electrostrictive effects could be neglected, because they are very slow.
In this case two essential local effects contribute to the nonlinearities in isotropic
materials excited by such laser pulses: electronic cloud deformation and nucleus
reorientation (translations, rotations, and vibrations). As a consequence, one can
consider x(3) as consisting of two contributions corresponding to the mentioned
mechanisms: x,(-?;c, = xfﬂ?l -+ xff,)cr,m One can show that for isotropic media the
electronic and nuclear tensorial components satisfy the relations [5]:

(22 = 3343 = 3243 = 342,

4
(B = 8xfiln = 8x {3 = (3)

Using the experimental results described by (2a, 2b, 2¢) and the relations (3), one
can deduce the following:

(3)nu

= 8X - g’Xymzy .

for molecule (a):  x&,., ~ 164xSP | Xzzzz = —0.64X5002 (4a)
for molecule (b):  x%,., ~ 1.53xSP | Xzezr ~ —0.93Xgrwes (4b)

exp

for molecule (¢):  x&zp & 1.2xSE. ., zoe

X:rz);::c:c ~ '—0'2X:c:c:c:c' (40)
Hence, we can conclude that the electronic contribution is larger than the nuclear
contribution for the molecules of interest and it is negative. For molecule (c) the
electronic contribution is larger than for molecules (a) and (b) which probably
due to the fact that molecule (c) has more an extended and conjugated structure
which favours a high n-electron delocalisation. Moreover, the (¢) molecule pos-
sesses the biggest molar weight, which causes smaller rotation, vibration effects
and in turn gives a relatively small nuclear contribution. To establish the sign of
the nonlinearities, we performed additional experimental test which has showed -
that the studied solutions are defocussing. This fact allows us to conclude that the
x '3 is negative. Hence, the electronic component of x{3 is negative.

Second-order hyperpolarisability characterizing an individual molecule is re-
lated to the third-order susceptibility by [2]:

X(3) = F4N‘)’solution + Xgigvent’ (6)
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where F' = (n? + 2)/3 is the Lorentz field factor correction, N = No-C/M is the -
number of solution molecules per unity of volume; Ny is the Avogadro number. In
our case, ngent can be neglected because it is very small compared with Xiigution
at the concentrations used. The second-order hyperpolarisabilities are presented
in Table II. '

By DFWM and by changing the polarisation states of the interacting beams,
we are able to determine the origin of the third-order optical nonlinearities by
separation of electronic and nuclear contributions to xg%ution. For all the molecules
studied, we found that the electronic component of x{3 is dominant and its sign
is negative. For molecule (¢) the electronic third-order susceptibility is larger than
for molecules (a) and (b). This can be due to a more extended and fully conju-
gated structure which favours a m-electron delocalisation. The molecules investi-
gated possess large third-order nonlinearities compared, for example, to polyazine
derivatives [6]. The second-order hyperpolarisabilities are about 10° times greater
than in CSj [7], which is a reference material for DFWM measurements.
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