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Abstract

The title compound [Ni'(phen);],[Cu;oH5I,6] 1 (phen= 1,10-phenanthroline, C;,HgN,) was hydrothermally synthesized from a
simple reaction of Cul-NiCl,-6H,0—phen-H,O-H,0O. X-ray analysis revealed that it consists of NiN2* core cation and
decanuclear iodocuprate(I) anion together with two dissociative H™ ions. In anionic unit, the discrete decanuclear iodocuprate(I) is
formed by crystallographically independent five monovalent copper atoms and eight iodine atoms via an inversion center. There
exist two types of Cu(I) coordination sites; only one copper(l) atom is in a highly distorted triangular planar site, and the other four
copper(I) atoms display the tetrahedral geometries. It deserves to be noted that four types of bridging modes of I ions in which two
are ordinary u,- and p;-bonding modes can be found. But the other two are the rectangle planar geometry and the novel py-bridge
like an “umbrella”, and both of them are rather rare in the halocuprates(I). Compound 1 was crystallized in triclinic space group P1
with a=11.6861(17), b= 14.590(2), ¢ = 14.649(2) A, o= 76.370(2), B =70.830(2), y=281.320(3)°, R=0.075, and was
characterized by elemental analysis, IR spectrum and UV-VIS spectrum. The third-order non-linear optical property of 1 was
also investigated and the compound exhibits the reverse saturable absorption and self-defocusing performance.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Copper(I) halides can themselves form halocup-
rates(I) Cu,X]™" as well as neutral copper halide
clusters of stoichiometry [(CuX),,L,] (L=organic li-
gand) [1-10]. The structures of halocuprates(l) are
exceptionally varied, very interesting and unpredictable
due to the diversity of the Cu(I) coordination geometry
and the potential bridging capability of X~ ions. The
center ion Cu(I) is capable of attaining two-, three-, or
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four-fold coordination with linear, triangular planar or
tetrahedral geometry. On the other hand, the halide ions
can bridge two or more Cu(l) ions besides acting as the
terminal ligand. Thus, it is not surprising that halocu-
prates(I) so far determined in the structural chemistry
show a rather wide range from low-molecular-weight
units, such as the mononuclear ions [CuX>]™ [11,12] and
[CuXs]*~ [13], the binuclear ones [Cu,Xu]*~ [14],
[CusXe]*™ [15] and [Cu,Brs]>~ [16], and the tetranuclear
ones [CusXg]*~ [17] and [Cu,Ag,Xg]*™ [18], through
higher condensed units, such as [CusI;]*~ [19],
[CugBro]’~ [20]. [CugBrio]*” [21], [Cuelio]* [22],
[Cugly 11>~ [23], [CusCliol’ ™ [24] and [Cugly3]°~ [25], to
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the polymeric ones, such as one-dimensional [Cul,]™
[26]. [CusX3]™ [27]. [Cusly]™ [25], [CusBrgl~ [28],
[CusClg)>~ [29] and [Cuglg)~ [25]. Furthermore,
[Cusglse]® is the largest discrete halocuprate(I) ion to
date [30]. [CsH;N,O][CusBr,] (CsH;N,O © =2-amino-3-
hydroxypyridinium) contains the first example of a
two-dimensional Cu(I) halide anionic network [31], and
both [Cu(en),][Cu,Cly;] [32] and [Cu(en),][CusBr;] [33]
(en=ecthylenediamine) exhibit three-dimensional open-
framework copper(I) halides with occluded [Cu(en),]* "
cations. What factors on earth determine anionic
configuration, i.e., the coordination number of Cu(l)
and the tendency of the anion to form extended
structures? A series of systematic studies on halocupra-
tes(I) indicates that the size, form and charge distribu-
tion of the cations involved are more significant ones.

In 1997, Martin reported four halometalates posses-
sing mixed metal atoms in anionic frameworks in his
paper titled “A New Generation of Zeolite-Type
Materials: [HNMes][CuZnsCly5], [HoNEt,][CuZnsCl;,]
and [H,NMe,][Cu,Zng_,Cli»] (n=1,2)" [34], which
provokes our interest in the synthesis of other halome-
talates. At present, our investigation is focused on the
reactions of CuX and the other transition metal halides
with the bulky organic chelate ligands as the templating
agents, and exploration of correlative functional proper-
ties for this kind of solid material. Herein, we report the
structural information and the third-order non-linear
optical property of a novel iodocuprate [Ni'(phen)s],
[Cuy9H;l 6] coming from a simple hydrothermal reac-
tion of Cul-NiCl, - 6H,O—phen - H,O-H,O.

2. Experimental section

The synthesis was conducted using regent grade Cul,
NiCl, - 6H,O and phen-H>O from commercial sources
without further purification. Infrared spectrum of the
title compound was recorded with Perkin—Elmer Spec-
trum 1 spectrophotometer in the 4000-400 cm ™! region
using a powdered sample on a KBr plate. Electronic
absorption spectrum was obtained on a Rigaku-UV-
3100 spectrophotometer in DMF solution. The element
analysis was determined using a Perkin—Elmer 2400LS
II elemental analyzer.

A mixture of Cul (0.70g), NiCl,-6H,O (1.76¢g),
phen - H>O (1.10g) and H,O (20mL) in a molar ratio
of 1:2:1.5:300 was fully stirred at room temperature,
sealed in a 30 mL Teflon-lined autoclave and heated at
160°C for 3 days. Then the autoclave was slowly cooled
to ambient temperature. The resulting red column
crystals of 1 suitable for X-ray structural analysis were
filtered off, and dried. The yields were ca. 30% based on
the Cul. IR (cm™"): 1625 (w), 1580 (m), 1517 (s), 1494
(w), 1423 (s), 1339 (m), 1223 (w), 1142 (m), 1103 (m),
868 (m), 843 (s), 769 (m), 724 (s), 645 (w). Anal. Calcd.

for CuloNi2116C72H50N12: C, 2236, H, 130, N, 4.35.
Found: C, 23.29; H, 0.95; N, 4.69%.

3. Crystal structure determination

Crystal data and structure refinement details for 1 are
given in Table 1. Selected bond lengths and angles for 1
are given in Table 2. Data were collected with MoKa
radiation (4 = 0.71073 A) using a CCD diffractometer.
The sample selected for investigation has dimensions of
0.30 x 0.25 x 0.20mm”. A total of 6951 reflections were
measured to give 5023 independent reflections. The
structure was solved using direct methods with
SHELXTL program [35] and refined by full-matrix
least-squares techniques. The non-hydrogen atoms were
assigned anisotropic displacement parameters in the
refinement. The hydrogen atoms were treated using a
riding model. The structure was then refined on F? using
SHELXL-97. The final R value (on F) for the 3812
reflections with 7>2g(I) was 0.075.

4. Results and discussion

The cationic octahedral structure indicates that the
value state for the center nickel ion is divalent, because a
Ni(IITI) complex will show the tetragonal structural
distortion in virtue of the presence of an active Jahn-
Teller effect in the d’ electronic system. Moreover, the
presence of two hydrogen ions (probably associated
with the anion), which have not been detected during the
structure refinement, is required to balance the charges

Table 1
Crystal data and structure refinement for compound 1

Empirical formula C7,H5oN>,Cu;oNisIg

Formula weight 3866.46

Temperature (K) 293(2)

Wavelength (A) 0.71073

Crystal system Triclinic

Space group Pl

Unit-cell dimensions a=11.6861(17) A, o = 76.370(2)°
b =14.590(2) A, § = 70.830(2)°
¢ =14.649(2) A, y = 81.320(3)°

Volume, Z 2285.3(6) A3, 1
Density (calculated) 2.808 gcm™?
Absorption coefficient 8.126mm™"

Fooo 1758

Crystal size 0.30 x 0.25 x 0.20 mm*

0 range for data collection 4.1 to 23.26°

Limiting indices —12<h<10, —15<k<16, —16<I<16

Reflection collected 6951
Independent reflections 5023
Data/restraints/parameters 5273/0/502
Goodness-of-fit on F? 0.979

Final R indices [/ >20(I)]
R indices (all data)

Ry =0.0750. wR, = 0.1761
Ry =0.0929. wR, = 0.1912
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Table 2

Selected bond lengths (/0%) and angles (deg) for compound 1
Cu(1)-1(4) 2.835(4) Cu(2)-1(2) 2.580(4)
Cu(1)-1(5) 2.643(3) Cu(2)-1(4) 2.969(4)
Cu(1)-I(7)#1 2.608(4) Cu(2)-1(5) 2.620(4)
Cu(1)-1(8)#1 2.741(5) Cu(2)-1(6) 2.657(5)
Cu(1)-Cu(5)#1 2.900(4) Cu(3)-I(1) 2.632(4)
Cu(4)-1(1) 2.490(3) Cu(3)-1(2) 2.528(3)
Cu(4)-1(3) 2.520(4) Cu(3)-1(6) 3.095(6)
Cu(4)-1(6) 2.706(4) Cu(3)-1(8) 2.628(3)
Cu(4)—Cu(3) 2.583(5) Cu3)-Cu(2) 3.017(6)
Cu(5)-1(3) 2.714(3)  Ni(1)-N(1) 2.083(12)
Cu(5)-1(6) 2.780(3) Ni(1)-N(2) 2.124(11)
Cu(5)-1(7) 2.563(3) Ni(1)-N(3) 2.089(11)
Cu(5)-1(8) 2.732(3) Ni(1)-N(4) 2.077(12)
Cu(5)-Cu(4) 2.593(4) Ni(1)-N(5) 2.033(12)
Cu(5)—Cu()#1 2.900(4) Ni(1)-N(6) 2.117(13)
1(5)-Cu(1)-I(N#1 122.47(17) I(1)-Cu(4)-1(3) 141.64(16)
I(7)#1-Cu(1)-I(8)#1 110.82(13) I(1)-Cu(4)-1(6) 110.58(14)
1(5)—-Cu(1)-1(8)#1 115.11(15)  I(3)-Cu(4)-1(6) 106.61(12)
1(4)-Cu(1)-I(N#1 103.07(13) I(7)-Cu(5)-1(3) 119.42(11)
1(4)—Cu(1)-1(5) 98.39(12) I(7)-Cu(5)-1(8) 112.51(10)
1(4)-Cu(1)-1(8)#1 103.12(13)  I(3)-Cu(5)-1(8) 107.38(10)
12)-Cu(2)-1(4) 100.56(13)  I(7)-Cu(5)-1(6) 110.29(10)
1(2)-Cu(2)-1(5) 119.82(16) I(3)-Cu(5)-1(6) 99.48(9)
12)-Cu(2)-1(6) 116.05(15)  I(8)-Cu(5)-1(6) 106.36(10)
1(5)-Cu(2)-1(4) 95.67(13) Cu(3)-1(8)-Cu(5) 79.39(13)

1(6)-Cu(2)-1(4) 101.75(12)  Cu(3)-I(8)-Cu()#1  109.42(13)

1(2)-Cu(3)-1(1) 114.71(15)  Cu(5)-I8)-Cu(D)#1  64.00(9)
1(8)-Cu(3)-1(2) 121.03(14)  Cu(5)-I(7)-Cu()#1  68.23(11)
I(1)-Cu(3)-1(8) 114.7714)  Cu(2)-1(6)-Cu(4)  115.02(12)
1(6)-Cu(3)-1(1) 96.20(14) Cu(2)-1(6)-Cu(5)  107.14(10)
1(6)-Cu(3)-1(2) 103.96(16)  Cu(4)-1(6)-Cu(5) 56.39(10)
Cu(2)-1(5)-Cu(1) 81.42(13) Cu(2)-1(6)-Cu(3) 62.73(10)
Cu(1)-I(4)-Cu()#1  180.0 Cu(4)-1(6)-Cu(3) 52.36(11)
Cu(1)-I(4)-Cu(2) 72.48(11)  Cu(5)-1(6)-Cu(3) 71.08(9)
Cu(1)-I4)-Cu@#1l  107.52(11) Cu(d)-I(3)-Cu(5) 59.26(10)
Cu@)-I(@4)-Cu)#1 180 Cu(3)-12)-Cu(2) 72.41(16)
Cu(4)-1(1)-Cu(3) 60.50(13)  N(2)-Ni(1)-N(1) 79.3(5)
N(1)-Ni(1)-N(3) 170.1(5)  N(2)-Ni(1)-N(3) 94.0(5)
N(1)-Ni(1)-N(4) 92.7(5)  N(2)-Ni(1)-N(4) 89.6(4)
N(1)-Ni(1)-N(5) 94.1(4)  N(2)-Ni(1)-N(5) 94.5(5)
N(1)-Ni(1)-N(6) 92.7(5)  N(2)-Ni(1)-N(6) 169.7(4)
N(3)-Ni(1)-N(4) 79.95)  N(5)-Ni(1)-N(4) 172.6(5)
N(3)-Ni(1)-N(5) 93.6(5)  N(6)-Ni(1)-N(3) 94.8(5)
N(6)-Ni(1)-N(4) 97.3(5)  N(6)-Ni(1)-N(5) 79.6(5)

Symmetry transformations used to generate equivalent atoms: #1
—x,—y+1,—z+1.

of the crystal structure. The stoichiometry of the
complex would then be [Ni''(phen);],[Cu;oHoI ).

The title compound [Ni"(phen)3]2[Cu10H2116] consists
of NiNZ" core cation and decanuclear iodocuprate(I)
anion together with two dissociative H" ions. As for the
cation (Fig. 1), the six-fold coordination Ni(II) center in
a distorted octahedral geometry is chelated by six N
atoms from three phen ligands. The material parameters
associated with the NiNZ* core cation are comparable
with those found in complexes [Ni(bpy);]SO4
(bpy =2,2'-bipyridine) [36], [Ni(phen)s]I, [37] and
[Ni(bpy);][CdCly] [38]. The Ni-N distances vary from
2.033(12) to 2.124(11) A.

13)

Fig. 2. Anionic structural unit for compound 1.

There are no apparent bonding interactions between
the constituent atoms of the cation and the anion. As
shown in Fig. 2, the discrete decanuclear iodocuprate(I)
is formed by crystallographically independent five
monovalent copper atoms and eight iodine atoms via
an inversion center. As to the coordination environment
of copper(I) atoms, there exist two types of coordination
sites; only one copper(I) atom [Cu(4)] is in a highly
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distorted triangular planar site, and the other four
copper(I) atoms [Cu(l), Cu(2), Cu(3) and Cu(5)]
display the tetrahedral geometries. Indication of the
presence of the quite distorted geometry of Cu(4) is
the I-Cu(4)-1 angles ranging from 106.61(12)° to
141.64(16)°. The tetrahedrally coordinated Cu(I) atoms
are also quite distorted because of serious deviation
from the normal value (109.5°) of the relevant I-Cu-I
angles [95.67(13)-122.47(17)°]. All the Cu-I bond
lengths span a rather wide range from 2.490(3) to
3.095(6) A. Briefly, the anionic framework of compound
1 can also be described as being constructed by two Culj
units and eight Cul, tetrahedrons through sharing edges
and corners.

Considerable attention is paid to the bridging
geometry of the X~ ions. In anionic unit of 1, four
types of bridging modes of I ions have been found: two
are ordinary u,- and u;-bonding modes, and the other
two are the u,-bonding ones being completely different
from the tetrahedral and the square pyramidal arrange-
ments. Firstly, five I ions [I(1), 1(2), I(3), I(5), and 1(7)]
form u,-bridges, with the Cu—I-Cu angles ranging from
59.26(10)° to 81.42(13)°. Secondly, I(8) ion takes on a
us-bridge with a trigonal pyramidal geometry. One of
Willett’s viewpoints is that the X~ anion often favors
a trigonal pyramidal geometry with n Cu as the base,
when it is involved in a y,- (n = 3, 4 or 5) bridge, and so
does the 1(8) ion. The distance from the apical 1(8) atom
to the plane of the copper atoms [Cu(3), Cu(5) and
Cu(1A)] is 1.5494 A, and the Cu-I(8)-Cu angles are
64.00(9)°, 79.39(13)° and 109.42(13)°, respectively. As
for the two p,-bridging geometry, one [I(6)] exhibits a
novel py,-bridge like an ““‘umbrella”, which is just found
in complex [CsH;N,O][CusBry] [31]. It can be better
described that 1(6) having adopted the analogous
geometry with I(8) further bonds to another Cu ion
[Cu(3)] below the plane comprising Cu(2), Cu(4) and
Cu(5). The distances between 1(6) and each of these
three Cu atoms are short [2.657(5)-2.780(3) A], while
the Cu(3)-1(6) separation is considerably longer at
3.095(6) A. The other [I(4)] is involved in a rectangle
planar geometry, which is unique in the halocuprates(I),
though it is commonly observed in the Corbett-type
rare-earth halide clusters. All the atoms related to this
bridge are co-planar (no deviation from the least-
squares plane). The formation of this u,-geometry is
attributed to the special position of 1™ ion. I(4) locates
on the inversion center of the anionic unit of 1, and the
Cu-I1(4) bond lengths are slightly long [2.835(4)-
2.969(4) A]. Moreover, we can find that a majority of
acute Cu—X—Cu bridging bond angles exist widely in
anionic unit, which results in quite short Cu-Cu
separations, i.e., Cu(4)-Cu(3)=2.583(5) and Cu(5)-
Cu(4)=12.593(4) A, respectively, which are appreciably
larger than those observed in complex [Cu(PhN = NPh),]
(2.45A) [39].

Using CuBr as one of the starting materials instead
of Cul, only mononuclear [CuCl,]™ anionic unit not the
expected bromocuprate(l) is found in the structure of
the resulting product with the formula [Ni'(phen)]
[CuCl;), 2. Once the CuX is the CuCl, a neutral
copper(Il) halide coordination polymer [Cu,Cly
(phen),], 3 is separated, displaying a novel 1-D
polymeric chain linked alternately by five coordinate
and six coordinate Cu(Il) via either covalent or semi-
coordination Cu—ClI bonds.

Though the size, form and the charge distribution of
the cation involved for 1 are the same as those for 2, why
is the anionic constitution of 1 [Cu;ol,6]° " different from
that of 2 [CuCl,]~? Firstly, the halogen atom is a vital
factor, just as one of significant conclusions largely
substantiated by earlier work that there is a tendency to
form the infinite polymers from Cl through Br to I
Secondly, please see Fig. 3, where the semi-open regions
enclosed by adjacent cations because of the so-called
n—n stacking interactions between phen rings should
also be a factor. Moreover, the hydrogen-bonded
interactions existing widely among the anions and the
cations such as the various C-H---1 hydrogen bonds
should also play an important part in influencing the
anionic configuration.

Fig. 4 shows the ground state spectrum of the title
compound in DMF solution. A strong absorption peak
at ~270nm in the near ultraviolet (UV) wavelength
range is attributed to the charge-transfer excitation
between Cu’ and I~ ions of anionic segment (the
concentration of the sample, 3.40 x 10 °moldm3). In
the visible region, there is very weak linear absorption
at wavelengths ranging from ~490nm to ~900nm
(the peak at ~730nm) assigned as the d—d transfer
of the ligand to the Ni center (the concentration,
1.52 x 10"*mol dm3).

The third-order non-linear optical (NLO) property of
the title compound was investigated at 532nm with a
15ns pulse width produced by a frequency-doubled Q-
switched Nd:YAG laser in 1.29 x 10~*moldm > DMF
solution, and revealed by using a Z-scan technique
(Fig. 5). The cell being selected to place the sample is
S-mm-thick quartz one. The open and filled circles
depict the non-linear absorptive and refractive proper-
ties, respectively. The solid curves were obtained after a
reasonably good fit between the experimental data and
the theoretical curve (see Fig. 4). In accordance with
the observed «, and n, (¢, and n, are effective third-
order NLO absorptive and refractive coefficients,
respectively), the modulus of the effective third-order
susceptibility ) can be calculated by

17®] = [(9 x 103 n2eocion /87%)2 + (noemy /807212, (1)

where / is the wavelength of the laser light, ny is the
linear refractive index of the sample (r, can be replaced
by one of the solvents if the concentration of the sample
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Fig. 3. Packing diagram of unit cell structure for compound 1.
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Fig. 4. Electronic spectrum of compound 1 in DMF solution with 1 cm optical path.

is very small during calculation), & and c¢ are the
permittivity and the speed of light in a vacuum,
respectively. The corresponding modulus of the hyper-
polarizability y was obtained from |y| = |;®)|/NF*
(F*=[(n3+2)/3]"), where N is the molecular number
density of the compound in the sample and F* is the
local field correction factor.

All the calculated results are listed in Table 3. From
the results, the |y| value of 1, 9.77 x 10 >'esu, is
comparable with those of other compounds as discrete
clusters [Et4NJ[MoSsCuy(SCN)4(2-pic)] (1.29 x 1073 esu),
[EtsN[WS,Cus(SCN)4(2-pic)s] (9.42 x 10 ¥ esu) (2-pic=
2-methyl-pyridine) [40] apart from metal-acetone com-
pounds trans-[Mo(CO)4(PPh);] (3.30 x 1073 esu) and
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Table 3
Third-order nonlinear optical property of compound 1

o mWh ny (m* W % (esu) %> (esumol ™' dm?) y (esu)
[Ni(phen)sl[Cuiol 6] 0.20 x 107" —3.10x 107" 2.50x 10713 1.94 % 107° 9.77 x 103!

1.02

1.00

0.98

0.96

0.94

Normalized transmittance

0.92 4

0.90 4

Normalized transmittance

T T T T T T T T T T T T T 1
-30 -20 -10 0 10 20 30

Z Position/mm

Fig. 5. Z-scan data of 1.29 x 10™*moldm™ of compound 1: (a)
collected under the open aperture configuration showing NLO
absorption (the solid curve is a theoretical fit); and (b) obtained by
dividing the normalized Z-scan data obtained under the closed
aperture configuration by the normalized Z-scan data in (a).

cis-[IMo(CO)4(PPh)5] (1.70 x 103" esu) [41]. So, we can
state reasonably that the title compound possesses the
nicer third-order NOL property, and exhibits the reverse
saturable absorption (RSA) (x; >0) and self-defocusing
performance (n;<0). It is said that the material
containing the self-defocusing property may be an
excellent one for applications in protection of optical
sensors. With regard to the interrelation between
structure and optical property, we can owe the nicer
NLO property of compound 1 to the presence of the

larger delocalized space in the crystal structure provided
by the anionic unit, in particular the I~ bridges
containing the larger radius and the big = bond of phen
ligand around Ni(II) center in cationic part, since these
factors help the electronic free movement.

Acknowledgments

This research was supported by grants from the
National Natural Science Foundation of China (No.
20271021).

References

[1] P.M. Gragram, R.D. Pike, M. Sabat, R.D. Bayley, W.T.
Pennington, Inorg. Chem. 39 (2000) 5121.
[2] J.Y. Lu, B.R. Cabrera, R.-J. Wang, J. Li, Inorg. Chem. 37 (1998)
4480.
[3] J.Y. Lu, B.R. Cabrera, R.-J. Wang, J. Li, Inorg. Chem. 38 (1999)
4608.
[4] A.J. Blake, N.R. Brooks, N.R. Champness, P.A. Cooke, A.M.
Deveson, D. Fenske, P. Hubberstey, W.-S. Li, M. Schroder,
J. Chem. Soc. Dalton Trans. 2103 (1999).
[5] A.J. Blake, N.R. Brooks, N.R. Champness, P.A. Cooke, M.
Crew, A.M. Deveson, L.R. Hanton, P. Hubberstey, D. Fenske,
M. Schroder, Cryst. Eng. 2 (1999) 181.
[6] C.B. Aakerdy, A.M. Beatty, K.R. Lorimer, J. Chem. Soc. Dalton
Trans. 3869 (2000).
[7] C.B. Aakerdy, A.M. Beatty, D.S. Leinen, K.R. Lorimer, Chem.
Commun. 935 (2000).
[8] C. Ndther, J. Greve, 1. JeB, J. Solid State Sci. 4 (2002) 813.
[9] Satoshi Kawata, Susumu Kitagawa, Hitoshi Kumagai, Shinichiro
Iwabuchi, Motomi Katada. Inorg. Chim. Acta 267 (1998) 143.
[10] J.-H. Yu, J.-Q. Xu, L. Ye, H. Ding, W.-J. Jing, T.-G. Wang,
J-N. Xu, H.-B. Jia, Z.-C. Mu, G.-D. Yang, Inorg. Chem.
Commun. 5 (2002) 572.
[11] P.C. Healy, L.M. Engelhart, V.A. Patrick, A.H. White. J. Chem.
Soc. Dalton Trans. 2541 (1985).
[12] B.W. Skelton, A.F. Waters, A.H. White, Aust. J. Chem. 44
(1991) 1207.
[13] G.A. Bowmaker, G.R. Clark, D.A. Rogers, A. Camus,
N. Marsich, J. Chem. Soc. Dalton Trans. 37 (1984).
[14] M. Asplund, S. Jagner, M. Nilsson, Acta Chem. Scand. A 36
(1982) 751.
[15] H. Hartl, I. Brudgam, F. Mahdjour-Hassan-Abadi, Z. Natur-
forsch, Teil B 40 (1985) 1032.
[16] M. Asplund, S. Jagner, Acta Chem. Scand. A 39 (1985) 47.
[17] G.A. Bowmaker, G.R. Clark, D.A.D.K.P. Yuen, J. Chem. Soc.
Dalton Trans. 2329 (1976).
[18] S. Andersson, G. Helgesson, S. Jagner, S. Olson, Acta Chem.
Scand. A 43 (1989) 946.
[19] H. Hartl, F. Mahdjour-Hassan-Abadi, Angew. Chem. Int. Ed.
Engl. 23 (1984) 378.



158 J.-H. Yu et al. | Journal of Solid State Chemistry 175 (2003) 152—158

[20] S. Andersson, S. Jagner, Acta Chem. Scand. A 43 (1989) 39.

[21] G.-Z. Hu, E.M. Holt, Acta Cryst. C 50 (1994) 1890.

[22] D.A. Firmin, E.R. Quiland, R. Cameron, A. Pant, E.D. Stevens,
C.J. O’Connor, O. Kahn, T. Mallah, Inorg. Chim. Acta 172
(1990) 211.

[23] F. Mahdjour-Hassan-Abadi, H. Hartl, J. Fuchs, Angew. Chem.
Int. Ed. Engl. 23 (1984) 514.

[24] M. Asplund, S. Jagner, Acta Chem. Scand. Ser. A 38 (1984)
807.

[25] N.P. Rath, E.M. Holt, J. Chem. Soc. Chem. Commun. 665
(1985).

[26] B. Freckmann, K.-F. Tebbe, Z. Natureforce, Teil B 35 (1980)
1319.

[27] J.R. Boehm, A.L. Balch, K.F. Bizot, J.H. Enemark, J. Am.
Chem. Soc. 97 (1975) 501.

[28] R.P. Hammond, M. Cavaluzzi, R.C. Haushalter, J.A. Zubieta,
Inorg. Chem. 38 (1999) 1288.

[29] H. Place, B. Scott, G.S. Long, R.D. Willett, Inorg. Chim. Acta
319 (2001) 43.

[30] H. Hartl, J. Fuchs, Angew. Chem. Int. Ed. Engl. 25 (1986) 569.

[31] H. Place, B. Scott, G.S. Long, R.D. Willett, Inorg. Chim. Acta
279 (1998) 1.

[32] J.R.D. DeBord, Y. J. Lu, CJ. Warren, R.C. Haushalter,
J. Zubieta, Chem. Commun. 1365 (1997).

[33] R.P. Hammond, D.J. Chesnut, J.A. Zubieta, J. Solid State Chem.
158 (2001) 55.

[34] J.D. Martin, K.B. Greenwood, Angew. Chem. Int. Ed. Engl.
36 (1997) 2072.

[35] SHELXTL, Version 5.1; Siemens, Industrial Automation, Inc.,
1997.

[36] N.D. Phung, J.-C. Tedenac, C.F. Acad, Sci. Paris Ser. C 282
(1976) 273.

[37] R.D. Gillard, S.H. Mitcheli, W.T. Robinson, Polyhedron
8 (1989) 2649.

[38] D.J. Chesnut, R.C. Haushalter, J. Zubieta, Inorg. Chim. Acta
292 (1999) 41.

[39] P.J. Burke, K. Henrick, D.R. McMillin, Inorg. Chem. 21 (1982)
243.

[40] C. Zhang, Y.-L. Song, G.-C. Jin, G.-Y. Fang, Y.-X. Wang,
S. Shanmuga Sundara Raj, Hoong-Kun Fun, X.-Q. Xin,
J. Chem. Soc. Dalton Trans. 1317 (2000).

[41] T. Zhai, C.M. Lawson, D.C. Gale, G.M. Gray, Opt. Mater. 4
(1995) 455.



	Hydrothermal synthesis, crystal structure and third-order non-linear optical property of a discrete decanuclear iodocuprate(I) 
	Introduction
	Experimental section
	Crystal structure determination
	Results and discussion
	Acknowledgements
	References


