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A novel cluster WCu,S4(dppf),-4DMF was synthesized by
the reaction of (NHy4), WS, with CuCl and 1,1’-bis(diphenylphos-
phino)ferrocene (dppf) in the solid state, and its crystal structure
has been characterized by X-ray diffraction. The cluster has a
novel new skeletal structure with five metal atoms nearly in a line.
Investigation of third-order optical nonlinear z-scan shows that it
exhibits good nonlinear optical properties in a 1.2x
10~* mol-dm~— DMF solution.

Mo(W)-Cu(Ag)-S clusters are important part in heterothio-
metallic clusters, we have studied them for several years and
found that many of these clusters have good nonlinear optical
(NLO) properties.' In the view of remarkable non-linear optical
effects of various structural types of Mo(W)-Cu(Ag)-S clusters,
they include linear, cube-like, incomplete cube, butterfly, planar,
prism and cage etc..*® In searching for new clusters with
interesting structure and good non-linear properties, we firstly use
dppf as ligand to synthesize Mo(W)-Cu(Ag)-S clusters. In this
article, a novel cluster WCu,S4(dppf),-4DMF is reported on the
synthesis, crystal structure and nonlinear optical studies. The
cluster is firstly found to have a novel new skeletal structure with
Fe-Cu-W-Cu-Fe nearly in a line. Investigation of third-order
optical nonlinear z-scan shows that it exhibits strong self-
focusing and good nonlinear refractive properties with ¢, value
of 4.2 x 10~ m-w~! and n, value of 6.1 x 10~ 8 m2.w~!.

The cluster was synthesized by reaction of CuCl (0.198 g,
2mmol), (NH4),WSs (0.348 g, 1mmol) and dppf (1.108¢g,
2 mmol) in a reaction tube. A dark red solid was generated by
heating the mixture at 100 °C for 10 h under pure nitrogen. The
red solution obtained by extracting the product with DMF (25 ml)
was allowed to evaporate in air. After several days, 0.45 g (24.5%)
of red prismatic crystals suitable for X-ray crystallographic
analysis was collected after washing with ethyl ether. Found: C,
52.04; H, 4.68; N, 3.06%. Calcd for C80H84CUQF62N404P4S4WZ
C, 52.21; H, 4.60; N, 3.04%. In IR spectra (KBr), the v(W-S)
stretching vibration appears at 455.6cm™'. The elemental
analysis and IR spectrum confirmed the formula of the cluster.

The crystal structure of the cluster consists of four discrete
DMF solvent molecules and one WCu,S,(dppf), molecule as
shown in Figure 1, which contains a pentanuclear molecule that is
symmetric with W as the center. W atom is coordinated by four
M,-S atoms and two Cu atoms. As expected, the Fe atom is
sandwiched by two staggered cyclopentadienes. The interesting
aspect of the structure is that Fe-C;-P;-Cu;-P,-C¢- constitutes a
distorted hexagon, and the bite angles are distorted by steric
bulkiness of dppf. The Cu-S bond length [2.3094(12) A] is longer
than those observed in compounds [PPh4]2[(CuNCS), WS.41,7

Figure 1. Diagram of the titled crystal structure.
Selected bond length (A) and angles (°): W1-Cul
2.7649(6), W1-S1 2.1918(11), W1-S2 2.2010(11),
Cul-P1 2.2824(12), Cul-P2 2.3055(12), Cul-S1
2.3094(12), Cul-S2 2.3139(12); S1-WI1-SI1A
108.52(6), S1-W1-S2 108.03(4), S1-WI1-Cul

54.05(3), SI1-Cul-S2 100.50(4), P1-Cul-P2

112.48(5), Cul-W1-CulA 172.92(2).

[PPhy],[(CuCl), WS,4].8 It seems that the two Cu atoms are pulled
outward in order to release the strain of the Cu-P-C-Fe-C-P- ring.
To our best knowledge, the structure of WCu,S4(dppf); is the first
one with Fe-Cu-W-Cu-Fe nearly in a line.

The UV spectrum shows its two big absorption peaks at
262nm and 414 nm and relatively low linear absorption in the
visible and near IR region. The NLO properties of
WCu,S4(dppf),-4DMF was determined by using a z-scan
technique.” A z-scan measurement of the cluster is shown in
Figure 2. This clearly illustrates that the absorption increases as
the incident light irradiance rises since light transmittance (7) is a
function of the sample’s z position. Equations (1) and (2) describe
the typical and pure absorptive behavior of a hypothetical third
order NLO process, where () is the linear absorptive coefficients
index, T is the time and L is the optical path length. The effective
nonlinear absorptive index & is 4.2 x 10~ m-w~!,
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An effective nonlinear refractive index n, can be derived
from the difference between normalized transmittance values at
valley and peak positions(ATy_p) by using equation (3), where /
is the peak irradiation intensity at focus and A is the wavelength of
the laser.!?
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Figure 2. Z-scan measurement of the title compound in a
1.2 x 107*mol-dm™ DMF solution in a 2mm-thick
cuvette. The linear absorption spectrum of the solution is
UV spectrum. The optical pass lengths are 2 mm for Z-scan.
The repetitive rate is 1 Hz. (a) The data were collected with
an open aperture configuration. (b) The data were obtained
by dividing the normalized z-scan measured with a closed
aperture configuration.
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The data show that the cluster has a positive refractive
nonlinearity and self-focusing. The nonlinear refractive index n;
was calculated to be 6.1 x 1078 m?.w~!. A good fit was found
between theory and experiment. The n; value of the titled cluster
is comparable with those of many best known third-order NLO
materials in neat solid form, such as SiO, (2 x 1072 m?>-w~!)and
CdS (2.5 x 1078 m?>.w~1),'! and also comparable to that of the
known cluster WCu,0S3(PPhs), (8 x 107 m2.w~1).* A much
larger n, value may be expected with more concentrated
solutions.

Ty_p 3)

np

This research was supported by the National Natural Science
Foundation of China (No.20171020) and Department of
Education of P. R. China.

References and Notes
1 C.Zhang, G. C. Jin, J. X. Chen, X. Q. Xin, and K. P. Qian,

10

11

12

509

Coord. Chem. Rev., 213, 51 (2001).

H. W.Hou, Y. T. Fan, C. X. Du, Y. Zhu, W. L. Wang, and X.
Q. Xin, Chem. Commun., 1999, 647.

S. Shi, W. Ji, S. H. Tang, J. P. Lang, and X. Q. Xin, J. Am.
Chem. Soc., 116, 3615 (1994).

S. Shi, H. W. How, and X. Q. Xin, J. Phys. Chem., 99, 4050
(1995).

G. Sakane, T. Shibahare, H. W. How, X. Q.Xin, and S. Shi,
Inorg. Chem., 34, 4785 (1995).

H. G.Zheng, W.Ji, M. L. K. Low, G. Sakane, and X. Q. Xin, J.
Chem. Soc., Dalton Trans., 1997, 2357.

J. M. Manoli, C. Potvin, F. Secheresse, and S. Marzak, Inorg.
Chim. Acta, 150, 257 (1988).

F. Secheresse, M. Salis, C. Potvin, and J. M. Manoli, Inorg.
Chim. Acta, 114, 19 (1986).

M. Sheik-Bahae, A. A. Said, T. H. Wei, and D. J. Hagan, J.
Quantum Electron, 26, 760 (1990).

—aoL

27
Ady = e Ang(t) ATy, = 0.406] ADy|

(o)
Al’lo = n21
From above equations, we can obtain the formula:
)\ao
= AT,_,
0.8127wI(1 — e—L)

J.L.Bredas, C. Adant, P. Tackx, and A. Persoons, Chem. Rev.,
94, 243 (1994).

Crystal data for the cluster CgoHgsCu,Fe,NyO4P4S4W,
M, = 1840.26, prismatic, space group P432,2, a=
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