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Abstract

The synthesis and crystal structure of a new one-dimensional mixed-ligand Cu(I) coordination polymer, [(PPh3),Cu,(p-T),(u-4,4'-
bpy)], (4.4'-bpy =4.,4'-bipydine) are reported. The neutral polymer consists of (PPh3),Cu,(p-1)2(p-4,4’-bpy) units bridged by 4.4'-
bpy to construct an infinite chain architecture. Crystal data: Cy3HjoCuINP, M, = 530.80, Triclinic space group (PI, No. 2),
a=92279(8) A, b=9.4014(8) A, c=13.3663(12) A, x=107.445(2)°, p=106.707(2)°, y =93.479(2)°, V =1045.8(2) A3,
Deaic = 1.686 gm~3, Z = 2. The solid state of the complex is luminescent with a peak maximum at 535 nm, upon excitation at 300—
400 nm at room temperature. The emission is assigned to Copper(I) to 4,4'-bpy charge transfer (MLCT).
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1. Introduction

The self-assembly of large inorganic architectures has
rapidly become one of the most exciting area in supra-
molecular chemistry. The crystal engineering of coor-
dination polymers is becoming an increasing popular
field of research, and offers the promise of deliberately
designing new materials with novel electronic, optical,
magnetic and catalytic properties [1-6]. While a larger
number of copper(I) complexes have been found to be
photoluminescence with different emitting excited state
[7,8], luminescent Cu(I) polymers are less common
[9,10]. 4,4'-Bipyridine (4,4'-bpy) is well-known used as a
linear ligand to bridge metal centers to form one-, two-
and three-dimensional polymeric networks. [11-15] We
report herein the synthesis and crystal structure of a
new one dimensional mixed-ligand Cu(I) complex
[(PPh3),Cuy(p-1)2(p-4,4'-bpy)], with photoluminescent
properties.
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2. Experimental
2.1. General

The chemicals and reagents for syntheses were ob-
tained commercially and used without further purifi-
cation. Infrared spectra were recorded in the range of
4000400 cm~! on a Nicolet Magna 750 spectrometer.
Elemental analyses were carried out using a Perkin-
Elmer 2400C instrument. Ultraviolet and photolumi-
nescence analyses were performed on a UV-1100
spectrometer and a Perkin—-Elmer LS 55 luminescence
Spectrometer, respectively.

2.2. Preparation of [(PPh;),Cuy(u-1);(u-4,4'-bpy)],

Crystals of the title complex were prepared by multi-
layer diffusion method. To a dichloromethane solution
(10 ml) of [CulPPhs]4 (0.45 g, 0.25 mmol) in a glass tube
was carefully added a buffer layer of THF/CH,Cl, (20
ml). A solution of 4,4'-bipyridine (0.23 g, 1.2 mmol) in
THF (10 ml) was introduced dropwise to form a third
layer. Yellow block crystals suitable for X-ray diffrac-
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tion analysis were obtained on interdiffusion of the
reactants in 2 weeks. Polycrystalline [(PPh;),Cu;
(n-D)2(p-4,4'-bpy)], was synthesized by the direct reac-
tion of Cul with PPhs; and 4,4-bpy. To a suspension of
Cul (0.19 g, 1 mmol) in 10 ml CH,Cl, were added PPh;
(0.53 g, 2 mmol) and 0.20 g 4,4'-bpy (I mmol). Yellow
precipitates were formed rapidly. Solid [(PPhs3)Cu(u-I);
(u-4,4'-bpy)], was obtained by filtration after washing
with diethyl ether and dried in vacuo. Anal. Calcd for
Co3HsCuINP: C, 52.12%; H, 3.40%; N, 2.60%. Found:
C, 52.04%; H, 3.61%; N, 2.64%. IR(KBr pellets), v/
cm~': 519s, 694vs, 749vs, 1093s, 1433vs, 1481s (PPhs);
810s, 1000m, 1047w, 1219s, 1406s, 1599s (4,4'-bpy).

2.3. X-ray structure determination

A yellow crystal (0.43 mm x 0.34 mm x 0.13 mm) was
chosen for X-ray crystallography determination. Crystal
data: CyHjoCulNP, Mr = 530.80, Triclinic space
group (P1, No. 2), a=9.2279(8)A,b = 9.4014(])A,
c=13.3663(12) A, o=107.445(2)°, B=106.707(2)°,
7 =93.479(2)°, V = 1045.8(2) A3, Deac = 1.686 g m~3,
Z = 2,6637 reflections collected, 4988 unique, (Rj, =
0.0219), Final R indices [I > 26(I)] R; = 0.0325,
wR, = 0.0935. Data collections (4.43 < 0 < 28.28) were
performed at 293 K on a Siemens R3m diffractometer
with graphite-monochromated Mo-Ka (4 = 0.71073 A)
radiation. The structure was solved with direct methods
and refined by full matrix least squares (SHELXTL)
[16].

3. Results and discussion

Single crystal crystallography has revealed the title
complex is a neutral compound that consists of
(PPh3),Cuy(p-I); units (Fig. 1) bridging by 4,4'-bpy to
construct an infinite chain architecture (Fig. 2). Selected
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Fig. 1. lllustration of (PPh3), Cuy(p-I)2(p-4,4’-bpy) unit of the polymer.

Fig. 2. View of the infinite chain architecture.

Table 1
Selected bond lengths (A) and angles (°) for [(PPh;3);Cuy(p-I)y(p-4,4'-
bpy)l.

Cu(1)-N(1) 2.079(2)
Cu(1)-P(1) 2.2434(8)
Cu(1)-I(1A) 2.6650(5)
Cu(1)-I(1) 2.7393(5)
I(1)-Cu(1A) 2.6650(5)
N(1)-Cu(1)-P(1) 120.04(7)
N(1)-Cu(1)-I(1A) 103.75(7)
P(1)-Cu(1)-I(1A) 114.74(2)
N(1)-Cu(1)-I(1) 101.15(7)
P(1)-Cu(1)-I(1) 107.13(2)
I(1A)-Cu(1)-I(1) 108.91(1)
Cu(1A)-I(1)-Cu(1) 71.10(1)

bond distances and angles are listed in Table 1. It is
compared well with its chloride analogues [(PPhj),
Cuz(p-Cl)2(p-4.,4'-bpy)], and [(PPhs )2 Cus (n-Cl)2(p-pyz)],
(pyz = pyrazine) reported by Lu et al. [15] and Henary
et al. [9], respectively, as well as a Ag(I) analogue
[(PPh3),Agy(p-1)2(n-4,4'-bpy)], by Vittal et al. [17]. The
two pyridine rings in the title complex are almost co-
planar, similar to those in [(PPh3),Cu,(p-Cl),(p-pyz)ls
[9]. The four-coordination Cu(I) was completed by one
N from 4,4'-bpy, one P from triphenylphosphine and
two iodine atoms to form a distorted tetrahedron ge-
ometry. Unlike the short Cu-Cu distances of 2.65-2.88
A in Cul4Ly (L =nitrogen containing heterocyclic li-
gands) cubic clusters [8], the Cu- - -Cu distance in the title
polymer is 3.143 A indicating no Cu-Cu interaction
existing.

The N(1)-Cu(1)-P(1) and averaging values of N(1)-
Cu(1)-I are 120.04(7)° and 102.45°. The P(1)-Cu(1)-I(1)
and P(1)-Cu(1)-I(1A) are 107.13(2) and 114.74(2), re-
spectively. The Cu(1)-N(1) distances of 2.079(2) A and
Cu(1)-P(1) of 2.2434(8) A are comparable with those in
its chloride analogues [14,16]. The Cu-I distances of
2.6650(5)-2.7393(5) A are slightly longer than those of
2.499(3)-2.565(3) A in the related chain complex
[CUQIQ(PPh3)2(C4H5N3)]n (C4H5N3 = 2-aminopyrimi-
dine) [18].

The solid state of the polymer is luminescent upon
excited with UV light. Fig. 3 illustrates the emission
spectrum of the complex with a peak maximum at 535
nm, upon excitation at 300-400 nm at room tempera-
ture. We have reported that the emission (A, = 483
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Fig. 3. Emission spectrum excited at 350 nm of the solid polymer at
room temperature.

nm) of [Cup(PPh;)s(CH3CN)y(p-4,4"-bpy)|(BF4), origi-
nates from phosphine-intraligand transition, a red-shift
of free triphenylphosphine (A, =450 nm) [19].
Therefore emission of the polymer from phosphine can
probably be ruled out. Intraligand emissive excited state
has also been found in complexes with nitrogen-con-
taining heterocyclic ligands [20,21], but this is not the
case in our polymer for 4,4-bpy does not emit at room
temperature. Emission bands of various polynuclear
CuX systems (X represents the halogen) were shown to
depend on (CuX), core structure [8]. Extensive experi-
mental studies and molecular orbital calculations have
been carried out on the CuylyL, system with Cu-Cu
bonding [22,23]. These cubic complexes displays two
different emission bands, e.g., 438 and 619 nm for
L = pyridine. The higher energy band has been ascribed
to a halide to ligand charge transfer (XLCT) excited
state and lower energy band to a cluster-centered excited
state (a combination of copper d-s transition and iodide
to copper charge transfer XMCT). Likewise, excited
states involving Cu—Cu interactions can be eliminated
because of the distance between the copper atoms in the
title polymer. The lowest excited state in the Cu(I)
polymer is assigned as a Cu(I) to 4,4-bpy metal-to-
ligand charge transfer (MLCT) excited state in com-
parison with a dimeric complex [(PPhj3),Cu;(u-Cl),
(pyridine);] [9] with emission peak maximum at 510 nm.
Similar assignment was also made in the [(PPh;),Cu,
(n-Cl)2(p-pyz)], polymer on the basis of resonance Ra-
man experiments [9].

Supplementary material

Crystallographic data for the title complex have
been deposited at the Cambridge Crystallographic

Data Centre with the deposition number of CCDC
200365. Copies of this information may be obtained
free of charge from The Director, CCDC, 12 Union
Road, Cambridge, CB2 1EZ, UK (fax: +44-1223-
336033; e-mail: deposit@ccdc.cam.ac.uk or http://
www.ccdc.cam.ac.uk) or from the corresponding au-
thor on request.
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