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The organic metal a-[bis{ethylenedithio} tetrathiofulvalene1 213 shows a large third-order 
optical nonlinearity around 650 nm, as observed by forward degenerate four-wave mixing. 
Nonlinear susceptibilities of IxO)1 ~ 5 X 10- ~ esu are observed along the direction of maximum 
conductivity. The frequency dispersion of the nonlinearity points to a plasma effect due to the 
conduction electrons. 

Third-order optical nonlinearities have received much 
attention over the past years due to their considerable poten
tial in optical signa! processing, optical computing, and 
phase conjugation. I Among the organic materials which 
possess large nonlinearities the most promising ones seem to 
be conducting polymers,2 such as polydiacetylenes, poly ace
tylenes, and poiyphenylenes. In these polymers the conduc
tivity stems from a delocalized 1T-electron system which also 
gives risc to the optical nonlinearity. 

In organic metals, the conductivity is usually due to a 
partially fined conduction band formed by iT-orbital overlap 
in stacked molecular structures. Thus organic metals are 
frequently one dimensional. In contrast, radical salts of 
BEDT-TTF [bis(ethylenedithio) tetrathiofulvalenel often 
show two-dimensional electrical conductivity due to the 
somewhat nonplanar donor structure. This results in strong 
intermclecular contacts and exchanges in more than one di
rection,3 distantly reminiscent of semiconductor multiquan
tum well structures. Typical examples are the a and f3 phases 
of (BEDT-TIF)2I~ of which the,Bmodification has attract
ed considerable interest recently as it is a superconductor at 
ambient pressure.4 Thin platelets of the electrochemically 
prepared Cl modification show a brown color under the mi
croscope which corresponds to an optical transmission win
dow from 550 nm into the infrared, part of which is depicted 
in Fig. 3. An absorption minimum between 1.3 and 2.3 eV 
can be observed in most organic mctals5 and is attributed to 
the plasma edge and charge transfer excitations on the low 
energy and the onset of intramolecular absorption in the 
high-energy side. Both carrier density and de1ocalization are 
high in organic metals which have led us to investigate the 
third-order optical nonlinearity in (1- (BEDT -TTF) 213 in 
analogy to our recent studies in po[ydiacetylenes. I> If a non
linearity is caused by the conduction electrons it will relax 
with the collision time of the free carriers, Le., _ 10- 14_ 

10- 15 s. To the best of our knowledge this is the first report of 
optical nonlinearity in an organic metal. 

The experimental setup for forward degenerate four~ 
wave mixing is similar to the one described in Ref. 7. ADeM 
dye laser (PRA LN107 pumped by '" LN 1000 N2 laser) 
produced 500 ps pulses of 0.5 A spectral width and 80l1J 
typical energy. The laser output was split into two equally 

strong beams, sent through variable delay lines to ensure 
temporal overlap, and then focused through a 50-em focal 
length convex lens inte the sample. At the sample each beam 
had a nearly Gaussian cross section with a - ZOO-pm radius. 
The angle between the beams was kept small ( < 2°). The two 
beams interfere in the sampie and set up a laser-induced grat
ing from which the remaining parts of the beams are diffract
ed off. 

The input and diffracted energies were measured with 
calibrated photodetectors. The samples used were thin crys
talline platelets of 3 ,um thickness, mounted on a rotation 
stage. The c'" axis was oriented parallel to the incident beam 
direction. From the diffraction efficiency fl of the input pulse 
intensity I, the nonlinear susceptibility X(3) may be calculat
ed? 

0) 

Here n is the refractive index ( 1.9 ± 0.3 nearly constant over 
the wavelength range of interest, along the b axis), a the 
absorption coefficient [see Fig. 3 (a)], T the sample trans
mission, and (j) the laser angUlar frequency. 

Equation (1) predicts a square dependence of the dif
fraction efficiency on the laser intensity for a material-de
pendent constant nonlinear susceptibility. This has been 
verified for various excitation wavelengths as shown in Fig. 
L There is no deviation from the square law indicating the 
presence of a Kerr-like susceptibility. Sample damage is ob
served at intensities :;;;50 MW Icm2

• 

The maximum absorption in the visible is found for light 
polarized paraHe1 to the a axis, i.e., the stacking direction. 8 

The electrical conductivity is maximum along the b axis, 
however. By linearly polarizing the dye laser output and ro
tating the crystal around the c* axis, the dependence of the 
diffraction efficiency on the laser polarization was studied. 
In contrast to the electrically nearly isotropic behavior a 
strong unidirectionality is found as depicted in Fig. 2. The 
maximum diffraction occurs along the b axis which indicates 
a direct relation of the nonlinearity to the electrical conduc
tivity--similar to the results obtained in single crystalline 
polydiacetylenes. 9 The optical nonlinearities along the stack 
axis were found to be in the range of 5 X 10- g esu depending 
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FIG. 1. Laser-induced grating diffraction efficiency vs incident pump pulse 
intensity for three different wavelengths. Sample thickness 3 ;tffi. 

on the laser wavelength as shown below. In the direction 
perpendicular to b, i.e., the a direction, the nonlinearity was 
a factor of > 3 less. This dependence allows us also to rule 
out thermal effects which are proportional to the absorption 
coefficient and should hence show the opposite behavior. 

Figure 3 depicts the dependence ofthe third-order opti
cal nonlinearity on the incident laser wavelength together 
with the linear absorption coefficient a(A.) oftlle sample, for 
polarization parallel to the b axis. The frequency dispersion 
of the nonlinearity is rather weak with some relation to the 
absorption coefficient. UjiharalO has derived an expression 
of i 3

) for an electron plasma in a metal. Inserting Eq. (4) 
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FIG, 2. Valiation of the diffraction efficiency with crystal orientation rela
tive to the direction of polarization. An angle of 70' corresponds to the di
rection of the b axis. Laser wavelength A = 660 mn. 
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FIG. 3. (a) Wavelength dependence of the crystal absorption coefficient a. 
(b) Wavelength dependence of third-order optical nonlinearity X"l. Inci
dent light polarized along the b axis. 

from Ref. 10 into the expression of degenerate four wave 
mixing derived in Ref. 11 gives an expression for the nonlin
ear susceptibility (in esu) 

1 
(3)1 = 2,u'.ln

4), 2 (j}r(~)2 n2 + 1 . 
X 4 P * ' 1 c m I n--

(2) 

Here (Up is the plasma frequency of the metal (~6 X 1016 

S - 1), r the collision time of the free carriers, and m * the 
effective electron mass. 

Using the values for rand m* given in Ref. 8 yields a 
value of i 3

) = 3 X 10 - 8 esu in the wavelength range studied. 
This is in remarkable agreement with the measured values. 
Equation (2') also predicts a wavelength dependence ofy(3) 
which under the experimental conditions is dominated by 
the A. 2 term. Over the small tuning range of the dye laser this 
predicts a nearly constant susceptibility as observed. Fur~ 
thermore, it should be noted that Eq. (2) also predicts the 
observed polarization dependence (Fig. 2) originating in the 
anisotropy of the effective mass tensor m*.R 

In this letter we have reported a large optical nonlinear
ity in an organic metal a~(BEDT-TTF)21l' This nonlinear~ 
ity has features similar to those of conducting single crystal
line polymers, originating however from the electron plasma 
of the metaL In order to determine the temporal response of 
the nonlinearity precisely further experiments will be neces
sary, e.g., measuring the decay time of the laser-induced 
grating using femtosecond lasers. Further interesting direc
tions of study may be the metal-semiconductor transition 
around 135 K in the material, the influence of crystal modifi~ 
cations and of other anions such as CI04 , Re04, N03 , Br2I, 
12B,12 and the influence of applied electric and magnetic 
fields. The phase transition from the a to the f3 modification 
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by annealing at 350 K may also be investigated directly. Fin
any, it should be noted that (BEDT-TTF) is electrochemi
cally deposited. This opens the way to electrical preparation 
of active integrated optical devices by using suitably pre
pared conducting substrates and indicates the great promise 
this and similar materials may have in high-speed nonlinear 
optical applications, 
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