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Abstract—The 2-thioxo-1,3-dithiole-4,5-dithiolato  (dmit)
complexes exhibits very large and fast third-order NLO
response and may be promising candidates for the
applications in the field of nonlinear optics. An organo-
metallic complex, ethyltriphenylphosphonium bis(2-thioxo-
1,3-dithiole-4,5-dithiolato)aurate(I11) (abbreviated as
TPEtAu) is synthesized and the third-order nonlinear optical
properties of TPEtAu dissolved in acetonitrile are
investigated by Z-scan technique with 20 ps pulse width at
1064 nm and 532 nm, respectively. The TPEtAu sample
solution exhibits strong self-defocusing effect both at 1064
nm and 532 nm, the negative nonlinear refraction
coefficients n, are estimated to be as high as -8.48x107'* esu
and -8.26x10™"? esu, respectively. In additon, a reverse
saturable absorption has been found only at 532 nm and the
absorption coefficient B is 1.88x10"" m/W. All the results
suggest that TPEtAu has potential for the application of all-
optical switching.
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L INTRODUCTION

There has been a large need for nonlinear optical (NLO)
materials that can be used for applications such as optical
switching, optical bistability, optical limiting and ultrafast
optical communications [1-4]. Currently, nonlinear media
possessing large nonlinear refractive index (np) at the
operating wavelength; minimal absorption; and ultrafast
nonlinear refractive index response and relaxation times
are of much interest for the application of all-optical
switching [5-7]. The 2-thioxo-1,3-dithiole-4,5-dithiolato
(dmit) complexes, in which electron donor and acceptor
moieties are attached to the extremes of a m-conjugated
structure, are generally used as important building blocks
for organic, organometallic and coordination complex
electrical conductors and superconductors [8]. In recent
years, some investigations to the metal-dmit complexes
have shown this class of organo-metallic complex exhibits
very large and fast third-order NLO response and may be
promising candidates for the applications in the field of
nonlinear optics [9-11].

Previously, Our group has studied systematically the
third-order NLO properties of dmit complexes by Z-scan
technique at 1064 nm and 532 nm laser duration [12-14].
The results have presented that many materials possess
large third-order NLO coefficients at the operating
wavelength. In this work, an organo-metallic material of

© 2014. The authors - Published by Atlantis Press

1303

Yikun Zhao
Engineering College
South of China Agriculture University
Guangzhou, P. R. China 510640
e-mail: zhaoyikun@scau.edu.cn

the Au(dmit), salts, ethyltriphenylphosphonium bis(2-
thioxo-1,3-dithiole-4,5-dithiolato)aurate(IlI) (abbreviated
as TPEtAu) has been synthesized and the NLO properities
of its acetonitrile solution were studied by Z-scan
technique [15] with 20 ps pulse width at 1064 nm and 532
nm, respectively. This material shows strong self-
defocusing effect both at 1064 nm and 532 nm, and reverse
saturable absorption at 532 nm. The negative nonlinear
refraction coefficients n, and the absorption coefficient 8
were obtained respectively.

II.  EXPERIMENTAL

Fig .1 shows the chemical structure of TPEtAu
molecule. The synthesis of TPEtAu is a modification of
literature methods [16]. To degassed dimethyl formamide
(DMF, 48ml), CS, (24ml) was added and the mixture was
cooled to 0 C. Sodium (1.45 g) was added to the solution
and the mixture under an argon atmosphere was vigorously
stirred with cooling until the reaction was completed.
Several ml of MeOH was slowly added. To the solution,
separate solutions of (i) NaAuCly*2H,0 (6.21 g) dissolved
in 25-28% NH; (40 ml), and (ii) C4HPBr (5.80 g) in
water (30 ml) were added consecutively with stirring at
room temperature. The mixture was stirred overnight, and
then the product was isolated by filtration and washed with
water and MeOH, to afford brown polycrystals of TPEtAu.
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Figure 1. Molecular structure of TPEtAu.

The linear absorption spectrum of TPEtAu dissolved in
acetonitrile was recorded by using a UV-vis—NIR
scanning spectrophotometer (Hitachi U-4100, Japan) with
the wavelength region 300—-1100 nm at room temperature
using acetonitrile solvent as reference.

The third-order NLO properties of the acetonitrile
solution of TPEtAu with concentration 1x10~ mol/L were
determined by the Z-scan method [15]. This technique is
based on the principle of spatial beam distortion and offers
simplicity as well as very high sensitivity for



distinguishing the contribution of the real part (nonlinear
refraction) and the imaginary part (nonlinear absorption) of
third-order nonlinear susceptivity . In our measurements,
a mode-locked Nd:YAG laser provides picoseconds (both
full width at half-maximum, FWHM) pulses at 1064 nm
and 532 nm with a repetition rate of 10 Hz. The sample is
moved along the optic axis (the Z-direction) through the
focus of the lens, which has a focal length of 150 mm,
while the energy transmitted through an aperture in the far-
field is recorded as a function of the sample position. The
the beam waist radius (w,) was measured to be 43.2 and
20.6 pm, respectively. Accordingly, the corresponding
Rayleigh lengths, zy, were calculated to be 5.5 and 2.5 mm.
The thickness of a quartz cell containing the sample is 1
mm which is less than the Rayleigh lengths of the laser
beam. The reference beam and the on-axis transmitted
beam energy through a closed-aperture (CA) or an open-
aperture (OA) was measured by an energy ratiometer
simultaneously. The CA curve includes both the third-
order nonlinear refraction and absorption, while the OA

curve only includes the latter. Before measuring this
sample, the system was calibrated using CS, in a quartz
cell as reference. Measurements on the pure solvent
(acetonitrile) in the cell were also performed under the
same measuring condition to verify that the Z-scan curves
originated from the material, not from the solvent or the
quartz cell.

III. RESULTS AND DISCUSSION

Fig .2 is the UV-Vis-NIR absorption spectrum of
TPEtAu in acetonitrile solution with the wavelength region
200-1100 nm at room temperature. TPEtAu solution
exhibits four peaks at 224, 290, 348 and 465 nm in the
UV-Vis region. The first peak at 224 nm is confirmed with
n-i* transition of phenyl, while those at 290 and 465 nm
are ascribed to the m-n* transition of dmit. The peak at
348 nm is due to the S—Au interaction. The linear
absorption  at 1064 nm is  very  small

Figure 2. UV-Vis-NIR absorption spectrum of TPEtAu in acetonitrile at room temperature.

Fig .3 shows the far-field OA and the division of the
CA by OA Z-scan curves for the material at 1064 nm and
532 nm, respectively. For 1064 nm outside resonant
absorption, the OA curve is shown as a horizontal straight
line. This demonstrates that no nonlinear absorption occurs
at this wavelength. For 532 nm, the OA curve presents a
valley at the focus position that is regarded as the reverse
saturable absorption (RSA) for the near-resonant
absorption at 532 nm. To take out the effect of the

absorption, we used the CA Z-scan curve divided by the
OA Z-scan curve. The peak-to-valley configuration of the
CA/OA Z-scan curves suggest that the sample exhibits
self-defocus and the NLO refractive index coefficients are
negative both at 1064 nm and 532 nm. In order to assess
the possible contribution of the solvent nonlinearity, we
conducted the Z-scan experiments on neat acetonitrile
under the same conditions. The results show that there is
no effect of the laser beams on the cuvette and acetonitrile.

Figure 3. OA and CA/OA Z-scan curves of TPEtAu sample solution illuminated by 20 ps laser pulses at 1064 nm (a) and 532 nm (b). The solid lines
are the curves fitted to the experimental data using Eq. (1) and Eq. (2).
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The nonlinear absorption coefficient 3 (m/W) can be
measured by fitting the experimental data with the

equation [15]:
2 [=BlL, I(1+2°/z)]"

(m+1)

TOA
m=0

(1)

Toa is the normalized transmittance for the OA Z-
L, =(0-exp(—a,L))/

scan  curve, eff ( p( 0 )) O is the

effective thickness of the sample with L the sample length

Where

and %o the linear absorption coefficient, and I, is the on-
axis irradiance at focus.

The NLO refractive index n, can be obtained by
fitting the experimental data with the equation [15]:

4AD ,x
+

(x* +9)(x* +1)
AD, = kn,I,L

Teqron =

2
3

T ) ) )
C4/04 is the normalized transmittance for the

eff

Where

CA/OA Z-scan curve and x=z/z0. AD, is the on-axis
nonlinear phase shift at focus caused by NLO refractive.

k=2r/A is the wave vector. I is the on-axis irradiance
at focus.

Accordingly, the real and imaginary parts of the x* of
the sample can be calculated by the following equations
[17,18]:

2
cn,
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where ny is the linear refractive index of the sample and ®
is the angular frequency of the light field. N, is the
molecular number density in cm™ and L is the local-field
correction factor which may be approximated by

[(n; +2)/3]"

All the nonlinear absorption coefficients of TPEtAu
are listed in TABLE I with an estimated error of £5%.

TABLE I: NONLINEAR ABSORPTION COEFFICIENTS OF TPEtAu

Sample Py Pulse I 1y B Y

solution (nm) | width | (Gw/em?) | (x107% esu) (x10™" m/W) (x107" esu)
TPEtAwn | 1064 5.50 -8.48 0 7.81
acetonitrile | 332 | 20ps 2.05 -8.26 1.88 7.97

The results exhibit that TPEtAu possesses a large
third-order NLO properties, which can be understood
from its structure. The extended electronically delocalized
core comprising the central Au®* ion, four S atoms and the
adjacent C = C units is possessed of the striking physical
characteristics of TPEtAu. Au’" takes the place of group
12 metal ions (Zn**, Cd** and Hg2+), the electron
delocalizations are enhanced due to the unfilled d electron
shells of Au**(5d® electronic configuration) that allow the
possibility of low-energy charge-transfer transitions. In
addition, the 3p orbitals of S and 5d orbitals of Au** can
overlap to form a highly delocalized system. The
delocalization will strongly enhance the
hyperpolarizability and the nonlinear susceptibility, and
lead to large third-order NLO properties.

To evaluate the suitability of a material for all-optical
integrated devices, we often use two figures of merit:

W=n,l/ayA and T = fA/n, . Since this sample

solution exhibits very small linear absorption

throughout the near infrared region, the W values are ideal,

i.e., W>>1. Due to the slight nonlinear absorption at 1064
nm, the value of T is very small approximately as 0. Both
the W and T values satisfy the requirements for the
application of all-optical switching.
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IV. CONCLUSIONS

An organo-metallic material, TPEtAu is prepared and
the NLO properties of its acetonitrile solution with a
concentration of 1x10~ mol/L are investigated by the Z-
scan technique at 1064 and 532 nm with 20 ps laser
duration. The third-order nonlinear refraction coefficient n,,
RSA  coefficient  and  molecular  second
hyperpolarizability y are obtained, respectively. Two
figures of merit, W and T values well satisfy the
requirements for the application of all-optical switching at
1064 nm. The large nonlinear refractive index; small linear
and NLO absorption at 1064 nm, make TPEtAu a
promising candidate for the applications in all-optical
switching at near infrared region.
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