
Investigation of third-order optical nonlinearity of complex
1, [C6H5N-R][Ni(mnt)2] where R= p-nitrobenzyl, mnt = maleo-
nitrile-1,2-dithiolate, with 7 ns laser pulses at 532 nm shows
that it exhibits negligible nonlinear absorption, but considerable
nonlinear refraction. In terms of two calculated figures of merit
W and B resulting from one-photon and two-photon absorp-
tions, complex 1 may be used for all-optical signal processing.

Third-order nonlinear optical materials with low nonlinear
absorption but large nonlinear refraction have attracted consid-
erable attention because of their potential uses in all-optical sig-
nal processing devices.1 Metal dithiolenes are of interest based
on a number of reasons:2-4 (i) excellent photostability under
laser irradiation; (ii) in the presence of molecular stacking,
near-IR and IR absorption occurs, which is essential for a num-
ber of electro-optic applications. Salts of metal dithiolene
anions offer more structural tunability than the neutral metal
dithiolenes with easy incorporation of a variety of cations
including NLO chromophores as counter ions.5-7 Recently we
have initiated a program to study the coordination complexes in
third-order optical nonlinear applications.8-10 Herein we report
the crystal structure and third-order optical nonlinearity of com-
plex 1, N-p-nitrobenzylpyridinium bis(maleonitrile-1,2-dithiola-
to) Ni(III), i.e. [C6H5N-R] [Ni(mnt)2]. 

Complex 1 was synthesized by refluxing Na[Ni(mnt)2]11

with N-p-nitrobenzylpyridinium bromide in good yield in
ethanol. Anal. Found: C, 43.2; H, 2.4; N, 15.3%. Calcd. for
C20H11N6NiO2S4: C, 43.3; H, 2.0; N, 15.1%. Single crystals
suitable for X-ray analysis was obtained by evaporation of a
CH3CN solution. The structural diagram of complex 1 was
shown in Figure 1.12 The mean bond length of 2.1473 Å of S-Ni
bonds is comparable with those reported for other [Ni(mnt)2]

-

salts.13-15 The monoanions [Ni(mnt)2]- are weakly associated
with each other and give rise to a typical column structure, sep-
arated by the stacking cations which are arranged in a cen-
trosymmetric way as shown in Figure 2; in the column the

neighboring monoanions form a diad with the closest interpla-
nar distances of Ni· · ·Ni of 3.825 Å and S· · ·Ni of 3.607 Å and
S· · ·S of 3.889 Å , a bit longer than the corresponding sums of
van der Waals radii of 3.26 Å, 3.48 Å and 3.7 Å, respectively.14

The electronic spectrum of complex 1 in Figure 3 shows
that it exhibits diagnostic absorption of monoanion [Ni(mnt)2]

-

with maximum at 872 nm (absorption coefficient 5600 dm2

mol-1).

A DMF solution of complex 1 was contained in 1-mm
quartz cell. The sample was irradiated by 7-ns (FWHM) laser
pulses  at a repetition rate of 10 Hz and placed at the focus
where the spot radius of the pulses was 32 ± 5 µm for the 532-
nm pulses.8 The NLO property of the sample was determined
by performing the Z-scan measurements. The sample was
mounted on a translation stage that was controlled by the com-
puter to move along the Z-axis with respect to the focal point.
For determining both the sign and magnitude of the nonlinear
refraction, a 1.0-mm diameter aperture was placed in front of
the transmission detector and the Z-axis (closed-aperture Z-
scan). For measuring the nonlinear absorption, the Z-dependent
sample transmittance was taken without the aperture (open-
aperture Z-scan). 

Complex 1 is very stable toward air and under laser irradia-
tion and the NLO property is dominated by nonlinear refrac-
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tion. The nonlinear absorption is negligible, as illustrated in
Figure 4. The valley-peak pattern of the normalized transmit-
tance curve obtained under closed aperture configuration
shows characteristic self-defocusing behavior of the propaga-
tion light in the sample. Accounting for the input energy of 25
µJ, beam waist of 32 µm, optical path of 1mm and linear
absorption coefficient, α0 of 2.1cm–1 at 532 nm and by fitting
Figure 4 with the Z-scan theory,16 we calculated the nonlinear
refractive index coefficient, n2 and two-photon absorption
coefficient, β to be -2×10-13 cm2/W and 1.6×10-9 cm/W, respec-
tively. Experiments with varied I show that n2 so measured is
indeed independent of I, consistent with the notion that
n=n0+n2I and the observed NLO phenomenon is third-order in
nature where I is the on-axis irradiation; n, no is the nonlinear
refractive index and linear refractive index, respectively. If we
ignore the contribution of the NLO absorption, the third-order
NLO susceptibility χ(3) of complex 1 in DMF solution can be
calculated from the n2 value according to the following equa-
tion  (no=1.429):  

It should be noted that the nonlinear optical signal observed for
the DMF solvent was negligible. Thus, we confirmed that the
nonlinear contribution was by complex 1.

For a material to be used for all-optical signal processing,
two figures of merit W and B should satisfy the conditions (1)
and (2)17,18

In our case the Idam is the sample damage threshold and
assumed as 3 GW/cm2 due to excellent photostability of com-
plex 1, then the calculated W and B were 5.4 and 1.2, respec-
tively. Therefore the result is interesting for all-optical signal
processing though the response time is not on a picosecond
scale as complex 1 admits of full potentials for structural modi-
fications and is very stable under laser irradiation. Further work
is in progress as to the picosecond optical nonlinearity to be
investigated.
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