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Four group 12 metal halide/N-donor organic ligand hybrid
materials, ZnCl2(AEC)2 (1), ZnI2(AEC)2 (2), CdI2(AEC)2 (3),
and HgI2(AEC)2 (4) [AEC=N-(2-aminoethyl)carbazole] were
synthesized and characterized. Single crystals of ZnCl2-
(AEC)2·CH3CN (1·CH3CN) and ZnI2(AEC)2·CH3CN
(2·CH3CN) were obtained from solutions. Single-crystal X-
ray diffraction analysis revealed that 1·CH3CN and 2·CH3CN
form quasi-1D structures of (ZnCl2)n and (ZnI2)n chains. The
two AEC ligands in one hybrid molecule are dissymmetric
due to the steric hindrance effect of the AEC moiety and the
hydrogen bonding of the CH3CN guest molecules. The UV/
Vis spectra of compounds 1–4 were measured, and the op-

Introduction

Organic–inorganic hybrid materials based on metal ha-
lides and organic N-donor ligands have drawn much atten-
tion because of their tunable crystal structures[1] and optical
properties.[2] The organic ligands (amines or nitrogen-het-
erocyclic compounds) play an important role in hybrid sys-
tems, as they have tremendous configurations and different
numbers of the coordinate sites[3] that affect the crystal
structures and properties. Generally, hybrid materials con-
taining π-conjugated organic ligands are photolumines-
cent,[4] but most of the organic ligands used have large en-
ergy gaps and poor charge-transport properties.[5] As a re-
sult, the energy gaps of the hybrid materials are mainly
tuned by the inorganic metal halides, and the emission spec-
tra of the hybrid materials are also changed with different
metal halides.[6]

Herein, we chose N-(2-aminoethyl)carbazole (AEC) as
the organic ligand, because the carbazole ring is considered
to be a good charge-transport group[7] and some new prop-
erties can be anticipated by introducing the AEC ligand
into organic–inorganic hybrid systems. We obtained a new
type of hybrid material, namely, ZnCl2(AEC)2 (1),
ZnI2(AEC)2 (2), CdI2(AEC)2 (3), and HgI2(AEC)2 (4). The
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tical energy gaps (Eg) of compounds 1–3 are very close to that
of AEC; the value of Eg for compound 4 is a little smaller.
Steady and transient photoluminescence studies revealed
that the emissions of compounds 1–3 are attributed to the
AEC ligands, whereas compound 4 does not emit light owing
to the heavy-atom effect. Theoretical studies of the electronic
structures confirmed that the optical energy gaps and emis-
sions of the hybrid materials are almost confined by the AEC
organic ligand rather than the metal halides.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

crystal structures of 1·CH3CN and 2·CH3CN were deter-
mined and both have quasi-1D structures of (ZnCl2)n and
(ZnI2)n chains. The UV/Vis spectra, IR, transient photolu-
minescence, and emission spectra of 1–4 were measured.
The results reveal that the energy gaps and emissions of
these hybrid materials are more likely to be determined by
the organic AEC ligand instead of the metal halides. Molec-
ular orbital calculations were also performed to investigate
the emission mechanisms of these hybrid materials.

Results and Discussion

Synthesis of Hybrid Materials 1–4

The synthesis of compounds 1–4 is outlined in Scheme 1.
The AEC ligand was prepared by a phase-transfer catalysis
reaction,[8] and the product was purified by vacuum subli-
mation. ZnCl2, ZnI2, CdI2, and HgI2 were treated with
AEC in a 1:2 ratio in acetonitrile. Single crystals of
ZnCl2(AEC)2·CH3CN (1·CH3CN) and ZnI2(AEC)2·

Scheme 1. Synthesis of the hybrid materials and their labels.
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CH3CN (2·CH3CN) were obtained by slow evaporation
from the acetonitrile solutions with uncoordinated guest
CH3CN molecules. Both compounds crystallize in the mo-
noclinic P21/n space group. The powder samples of 1–4 do
not contain guest CH3CN molecules after being dried in
vacuo.

Crystal Structures of 1·CH3CN and 2·CH3CN

Compounds 1·CH3CN and 2·CH3CN were analyzed by
single-crystal X-ray diffraction. Selected bond lengths and
angles are listed in Table 1. The perspective drawings of
1·CH3CN and 2·CH3CN are shown in Figure 1. Packings
of the molecules are shown in Figure 2. Typically, hybrid

Table 1. Selected bond lengths [Å] and angles [°] for 1·CH3CN and
2·CH3CN.

1·CH3CN

C1–C2 1.396 (4) C1–N2 1.384 (4)
C25–C26 1.519 (4) C26–N1 1.468 (3)
Zn1–Cl1 2.235 (1) Zn1–Cl2 2.266 (1)
Zn1–N1 2.022 (2) Zn1–N3 2.031 (2)
C1–C2–C3 117.1 (4) C25–C26–N1 114.0 (2)
Cl1–Zn1–Cl2 107.9 (1) N1–Zn1–N3 108.3 (1)
Cl1–Zn1–N3 110.3 (1) Cl1–Zn1–N1 112.1 (2)

2·CH3CN

C1–C2 1.394 (7) C1–N2 1.389 (6)
C25–C26 1.518 (6) C26–N1 1.476 (5)
Zn1–I1 2.582 (1) Zn1–I2 2.604 (1)
Zn1–N1 2.050 (4) Zn1–N3 2.030 (4)
C1–C2–C3 116.8 (5) C25–C26–N1 114.2 (4)
I1–Zn1–I2 111.7 (1) N1–Zn1–N3 111.0 (2)
I1–Zn1–N3 108.5 (2) I2–Zn1–N3 107.4 (1)

Figure 1. ORTEP drawings of compounds 1·CH3CN (a) and
2·CH3CN (b) with 30% probability ellipsoids.
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systems consisting of metal halides and organic N-donor
ligands that are small, such as pyridine, belong to the C2v

point group.[9] Xiao et al.[10] found that for the relatively
large ligand 1,1�-(1,5-pentanediyl)bis-1H-benzimidazole
(pbbm), there was no symmetric plane for the hybrid
{[ZnCl2(pbbm)]·(H2O)1/8}n, which had a 1D helical struc-
ture. Compounds 1 and 2 belong to the C1 point group,
and the absence of symmetric planes in the molecules also
indicate the steric hindrance caused by the AEC ligand. Hy-
drogen bonding of the guest CH3CN molecules may also
cause distortion in the crystal structures of compounds 1
and 2.

Figure 2. Hydrogen bonds and π–π stacking in compounds 1 (a)
and 2 (b) (guest CH3CN molecules are omitted for clarity); thin
dashed lines represent hydrogen bonds and the thick dashed lines
represent π–π stacking interactions.

Both crystal structures have slightly distorted tetrahedral
coordination geometries with the Zn atoms. For compound
1·CH3CN, the bond lengths Zn1–Cl1, Zn1–Cl2, Zn1–N3,
and Zn1–N4 are 2.235, 2.266, 2.022, and 2.031 Å, respec-
tively. The bond angles around the Zn1 atom are in the
range 107.9 to 112.1°. Compound 2·CH3CN has longer
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Zn1–I1 and Zn1–I2 bond lengths (2.582 and 2.604 Å) and
similar Zn1–N3 and Zn1–N4 bond lengths (2.050 and
2.030 Å). The bond angles around the Zn1 atom in com-
pound 2·CH3CN vary from 107.4 to 111.7°. The guest
CH3CN molecules are linked to compounds 1 and 2 by hy-
drogen bonds as shown in Table 2.

Table 2. Hydrogen-bond geometries for 1·CH3CN and 2·CH3CN.[a]

D–H···A d(D···A) / Å �(D–H···A) / °

1·CH3CN

N1–H1A···N5 2.314 161.0
N1–H1B···Cl2# 2.685 157.6
N3–H3C···Cl1# 2.777 133.5

2·CH3CN

N3–H3B···N5 2.312 156.2
N3–H3C···I2# 2.938 151.6
N1–H1B···I1# 3.007 135.7

[a] Symmetry code for 1·CH3CN and 2·CH3CN: # x – 1, y, z.

The molecular packings of compounds 1·CH3CN and
2·CH3CN extend in the linear direction, and the distances
of the nearest Zn···Zn atoms are 5.021 and 5.153 Å, respec-
tively. Hydrogen bonding and π–π stacking of the hybrid
molecules are important for maintaining the 1D structures
of compounds 1·CH3CN and 2·CH3CN (shown in Fig-
ure 2). Both interactions were affected by steric hindrance
of the AEC ligand. The bond lengths and angles of Cl1(x –
1, y, z)···H4B–N4 and Cl2(x – 1, y, z)···H3B–N3 are not
identical due to the distorted coordinate configuration of
the Zn atom (as shown in Table 2). The π–π stacking in
compounds 1 and 2 are parallel along the a axis. The closest
interatom distances are C1···C4(x + 1, y, z) and C3···C12(x
+ 1, y, z) with distances of 3.545 and 3.619 Å for com-
pounds 1 and 2, respectively. The π–π stacking between the
two carbazole rings on each side of the Zn atom are also
different for compound 1·CH3CN (3.406 and 3.505 Å). The
distances of the adjacent carbazole rings in compound
2·CH3CN are close to those of compound 1·CH3CN (3.340
and 3.530 Å), although the distances of the nearest Zn···Zn
distances are larger in compound 2·CH3CN, which indi-
cates that the π–π interactions are almost independent of
the inorganic frameworks.

UV/Vis Spectroscopy

The UV/Vis spectra of AEC and the hybrid materials are
shown in Figure 3. The structured peaks below 310 nm and
a weak broad peak around 320–350 nm in AEC and com-
pounds 1–4 are consistent with the absorption spectra of
previously reported carbazole-containing compounds own-
ing to the π�π* transition of the carbazole chromo-
phore.[11] In the former report,[6] the energy gaps of the
metal halide/organic N-donor ligand systems typically de-
crease according to the order Zn � Cd � Hg and Cl � Br
� I as a result of the increasing ratio of the covalent/ionic
bonding. However, the absorption spectra of compounds 1–
4 are almost the same to that of AEC thin films (as shown
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in Figure 3). The energy gaps of AEC, ZnCl2(AEC)2,
ZnI2(AEC)2, and CdI2(AEC)2 were determined to be 3.48,
3.46, 3.50, and 3.49 eV, which were obtained by the linear-
fit process[12] of (αhν)2 versus hν (α is the absorption coeffi-
cient). The energy gap of a thin film of HgI2(AEC)2 is a
little smaller (3.41 eV, as shown in the inset of Figure 3),
which may be due to the small energy gap of HgI2.[13] These
results indicate that the absorption of this type of hybrid
material is correlated with the organic N-donor ligand
rather than the inorganic metal halides. Comparison of the
energy gaps of the metal halides ZnCl2 (insulator), ZnI2

(tetragonal, 4.05 eV), CdI2 (polytype 4 H, 3.2 eV), and HgI2

(tetragonal, 2.13 eV),[13] it can be concluded that the energy
gaps of ZnCl2(AEC)2 and ZnI2(AEC)2 are much smaller
than those of ZnCl2 and ZnI2.

Figure 3. The UV/Vis spectra of the thin films of AEC (closed
circles), ZnCl2(AEC)2 (open circles), ZnI2(AEC)2 (closed triangles),
CdI2(AEC)2 (open triangles), and HgI2(AEC)2 (closed cubes). In-
set: the absorption edge in the range 325–400 nm.

Photoluminescence Spectroscopy

The emission spectra of these compounds were carried
out at room and liquid-nitrogen temperatures (as shown in
Figure 4). At room temperature, the AEC spectrum consists
of emissions centered at 377, 389, 416, and 437 nm (excited
by 307 nm light), which are characteristic emission peaks
for carbazole, and it also includes structured monomer
fluorescence below 400 nm and broad excimer fluorescence
in the range from 400 to 600 nm.[14] ZnCl2(AEC)2 has a
strong emission with emission peaks centered at 372, 407,
and 430 nm (excited by 310 nm light) at room temperature,
which are very similar to the emission peaks of AEC.
ZnI2(AEC)2 and CdI2(AEC)2 also have similar emission
spectra with peaks centered at 370, 405, and 430 nm (both
excited by 310 nm light) at room temperature, but the emis-
sion intensity from CdI2(AEC)2 is a little lower than that
of ZnI2(AEC)2. In comparison to AEC, the ZnCl2(AEC)2,
ZnI2(AEC)2, and CdI2(AEC)2 hybrid materials exhibit very
weak emission at the wavelengths over 400 nm. This is be-
cause the emission from 410 to 440 nm for AEC is more
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likely to be quenched by the intramolecular heavy-atom ef-
fect.[15] Therefore, the AEC organic ligand gives blue emis-
sion, whereas ZnCl2(AEC)2, ZnI2(AEC)2, and CdI2(AEC)2

show deep-blue emissions. At liquid-nitrogen temperatures
(77 K), AEC gives intensified excimer emission (over
400 nm), whereas ZnCl2(AEC)2, ZnI2(AEC)2, and
CdI2(AEC)2 have a new emission peak at 356 nm, which is
also from carbazole.[14] HgI2(AEC)2 is optically inert and
no emission was detected at either room or liquid-nitrogen
temperatures.

Figure 4. The photoluminescence spectra of AEC (closed circles),
ZnCl2(AEC)2 (open circles), ZnI2(AEC)2 (closed triangles), and
CdI2(AEC)2 (open triangles) in the solid state at room temperature
(a) and at liquid-nitrogen temperature (b). Note that the intensities
of the peaks in the spectra of ZnI2(AEC)2 and CdI2(AEC)2 were
multiplied by a factor of five at low temperature.

The time-resolved radiative decays of AEC and com-
pounds 1–3 were also measured (shown in Figure 5). The
detected wavelengths are at 437 nm for AEC and 430 nm
for ZnCl2(AEC)2, ZnI2(AEC)2, and CdI2(AEC)2. The decay
curve of ZnCl2(AEC)2 is monoexponential with a lifetime
of 18.64 ns, whereas the decay curves of AEC, ZnI2-
(AEC)2, and CdI2(AEC)2 are biexponential. The lifetime is
9.12 (46.54%) and 21.6 ns (53.46%) for AEC, 9.42 (77.23%)
and 19.1 ns (22.77%) for ZnI2(AEC)2, and 4.10 (37.29%)
and 8.58 ns (62.71%) for CdI2(AEC)2. The order of the life-
times is ZnCl2(AEC)2 � AEC � ZnI2(AEC)2 � CdI2-
(AEC)2, which is indicative of the existence of the heavy-
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atom effect in ZnI2(AEC)2 and CdI2(AEC)2.[15] This result
also indicates that the lack of luminescence of HgI2(AEC)2

is due to the heavy-atom effect of the Hg and I atoms.

Figure 5. The photoluminescence spectra of AEC (closed circles),
ZnCl2(AEC)2 (open circles), ZnI2(AEC)2 (closed triangles), and
CdI2(AEC)2 (open triangles) in the solid state at room temperature
(a) and at liquid nitrogen temperature (b).

In previous reports,[6] the mechanism of emission of
metal halide/organic N-donor ligand hybrid systems was
commonly attributed to charge-transfer processes, and ap-
parently, the emission wavelengths changed with different
metal halides. Only the CdCl2/3,5-bis(pyrid-2-yl)-1,2,4-tri-
azole system[16] was reported to have similar emission to
that of the organic ligand, and the emission was assigned
to intraligand fluorescence emission. Herein, compounds 1–
3 also give emission similar to that of the AEC organic
ligand. In order to explain the mechanism of emission, we
carried out theoretical calculations on the electronic states
of compounds 1 and 2 on the basis of their single-crystal
structures (the guest CH3CN molecules were omitted). The
highest occupied molecular orbitals (HOMOs) and lowest
unoccupied molecular orbitals (LUMOs) of compounds 1
and 2 are illustrated in Figure 6. It can be found clearly that
the HOMOs and LUMOs of both compounds are mainly
located on the carbazole rings of the AEC organic ligand,
which is indicative of intraligand π–π* transition of the car-
bazole rings.[17] That is quite different from most other
metal halide/organic N-donor ligand hybrids, in which the
HOMOs are located on the halide atoms.[6,10]

Figure 6. The surfaces of the frontier molecular orbitals of com-
pounds 1 and 2 obtained at the B3LYP level. All the MO surfaces
correspond to an isocontour value of |ψ| = 0.03 a.u.
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TD-DFT calculations were also employed to confirm the

mechanism of emission (as shown in Table 3). Selected ex-
cited states with the greatest oscillator strengths of com-
pounds 1 and 2 are designated to be the transition from the
HOMO (or the degenerate energy level HOMO-1) to the
LUMO, which is consistent with the absorption spectra.
The calculated energy gaps of compounds 1 and 2 are also
similar (4.10 and 4.03 eV), which are also in good agree-
ment with the experimental energy gaps from the absorp-
tion spectra.

Table 3. Selected calculated excitation energies (E), oscillator
strengths (f), and dominant excitation characteristics for low-lying
singlet states for compounds 1 and 2.

State Main contribution Ecalcd. / eV f

1 1 HOMO-1 � LUMO (0.46) 4.10 0.0507
2 HOMO � LUMO (0.47) 4.10 0.0226
6 HOMO-2� LUMO (0.40) 4.56 0.2096

2 1 HOMO � LUMO (0.47) 4.03 0.0586
2 HOMO-1 � LUMO (0.46) 4.03 0.0174
3 HOMO � LUMO+2 (0.70) 4.41 0.0056

Conclusions

We synthesized and characterized the organic–inorganic
hybrid materials ZnCl2(AEC)2 (1), ZnI2(AEC)2 (2),
CdI2(AEC)2 (3), and HgI2(AEC)2 (4). This study has shown
that the crystal structures of ZnCl2(AEC)2·CH3CN
(1·CH3CN) and ZnI2(AEC)2·CH3CN (2·CH3CN) form
quasi-1D structures by hydrogen bonding and π–π interac-
tions. The distorted monomeric structures are due to the
steric hindrance of the AEC ligand and the hydrogen bond-
ing with the guest CH3CN molecules. The energy gaps of
this type of hybrid material are independent on the metal
halides for ZnCl2(AEC)2 (1), ZnI2(AEC)2 (2), and
CdI2(AEC)2 (3), whereas HgI2(AEC)2 (4) has a little
smaller energy gap. The photoluminescence spectra, tran-
sient photoluminescence, and theoretical calculations prove
that the emission of ZnCl2(AEC)2 (1), ZnI2(AEC)2 (2), and
CdI2(AEC)2 (3) can be assigned to intraligand fluorescence
emission mainly from the carbazole rings of the AEC li-
gand. HgI2(AEC)2 (4) is optically inert due to the strong
quenching effect of the Hg and I atoms.

Experimental Section
Materials and Method: All chemicals are available from commercial
sources and were used without further purification. ZnCl2 (98%),
ZnI2 (99.5%), CdI2 (99.5%), HgCl2 (99%), KI (98.5%), sodium
hydroxide (90%), and tetrabutylammonium bromide (99.0%) were
purchased from Beijing Chemical Reagents Co.; carbazole (99.9%)
was purchased from Tianjin Chemical Reagents Co.; and 2-chloro-
ethylamine monohydrochloride (98%) was purchased from Acros
Organics.

C, H, and N analyses were carried out with an Exeter Analytical
CE-440 elemental analyzer. The infrared spectra (KBr pallet) were
recorded with a Perkin–Elmer spectrum GX FTIR spectrophotom-
eter. UV/Vis spectra were recorded with an Agilent 8453 spectro-
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photometer. Photoluminescence spectra were taken at room tem-
perature (298 K) and liquid-nitrogen temperature (77 K) with a
Jobin Yvon FluoroMax-3 spectrofluorometer with a xenon arc
lamp as the light source. Time-resolved fluorescence decays were
measured with a time-correlated single-photon counting (TCSPC)
system on Edinburgh Instruments FLS920 and analyzed by the
software provided by the supplier.

N-(2-Aminoethyl)carbazole (AEC): The organic ligand was synthe-
sized by following a literature procedure.[8] The product was puri-
fied by gradient-temperature sublimation. Yield: 66.2%. IR (KBr):
ν̃ = 3483 (w), 3284 (m), 3239 (m), 3140 (m), 3050 (m), 2947 (m),
2885 (s), 1595 (s), 1485 (s), 1454 (s), 1325 (s), 1004 (s), 745 (s), 724
(s), 642 (m) cm–1. C14H14N2 (210.27): calcd. C 79.97, H 6.71, N
13.32; found C 80.17, H 6.57, N 13.14.

ZnCl2(AEC)2 (1): A solution of ZnCl2 (0.272 g, 0.002 mol) and
AEC (0.840 g, 0.004 mol) in acetonitrile (60 mL) was stirred and
heated at reflux for 1 h. The clear solution was then filtered and
slowly cooled to room temperature. White-needle crystals of 1
(0.741 g, 66.6%) were obtained after drying in vacuo for 12 h. Slow
evaporation of the filtrate over 7 d yielded colorless, cubic crystals
that were suitable for X-ray measurement. IR (KBr): ν̃ = 3287 (m),
3230 (m), 2940 (m), 2880 (m), 1572 (s), 1483 (s), 1453 (s), 1324 (s),
1238 (s), 988 (s), 747 (s), 722 (s), 640 (m) cm–1. C28H28Cl2N4Zn
(556.84): calcd. C 60.39, H 5.07, N 10.06; found C 60.18, H 5.19,
N 9.87.

ZnI2(AEC)2 (2): Compound 2 was synthesized by following a pro-
cedure similar to that of compound 1. Yield: 67.6%. Slow evapora-
tion of the filtrate over 3 d yielded colorless, cubic crystals that
were suitable for X-ray measurement. IR (KBr): ν̃ = 3557 (w), 3302
(m), 3235 (m), 3047 (m), 2935 (m), 1580 (s), 1484 (s), 1454 (s),
1325 (s), 1230 (m), 1008 (m), 745 (s), 723 (m) cm–1. C28H28I2N4Zn
(739.75): calcd. C 45.46, H 3.82, N 7.57; found C 45.48, H 3.77, N
7.56.

CdI2(AEC)2 (3): Compound 3 was synthesized by following a pro-
cedure similar to that of compound 1. Yield: 69.9%. IR (KBr): ν̃
= 3524 (w), 3309 (m), 3245 (m), 3048 (w), 2936 (m), 1593 (m),
1484 (s), 1453 (s), 1325 (s), 1238 (s), 983 (m), 745 (s), 722 (s) cm–1.
CdI2C28H28N4 (786.77): calcd. C 42.74, H 3.59, N 7.12; found C
42.53, H 3.47, N 7.07.

HgI2(AEC)2 (4): HgI2 was obtained by mixing water solutions of
HgCl2 and KI. HgI2 was then purified by recrystallization (2�)
from ethanol. Compound 4 was synthesized by following a pro-
cedure similar to that of compound 1. Yield: 60.7%. IR (KBr): ν̃
= 3417 (m), 3320 (m), 3260 (m), 3049 (m), 2922 (m), 1594 (m),
1485 (s), 1451 (s), 1326 (s), 747 (s), 722 (s) cm–1. HgI2C28H28N4

(874.95): calcd. C 38.44, H 3.23, N 6.40; found C 38.24, H 3.40, N
6.23.

Calculation Details: Calculations on the ground and excited elec-
tronic states of compounds 1 and 2 were carried out by using den-
sity functional theory (DFT) and time-dependent DFT (TD-DFT)
at the B3LYP level.[18] “Double-ξ” quality basis sets were employed
for the C, H, and N (6-31G*) atoms and the Zn, Cd, Hg, Cl, I
(LANL2DZ) atoms. The initial ground-state geometries were di-
rectly obtained from the X-ray crystal structures. The geometries
were fully optimized with C1 symmetry constraints. All calculations
were performed with the Gaussian 03 software package by using a
spin-restricted formalism.[19] The electron density diagrams of the
molecular orbitals were obtained with the ChemOffice 2002 graph-
ics program.

X-ray Crystallography: Crystals of compounds 1·CH3CN and
2·CH3CN with the same dimensions of 0.4�0.1�0.05 mm were
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selected under a microscope and attached to the end of a quartz
fiber. The room temperature (294�1 K) single-crystal X-ray ex-
periments were performed with a Bruker P4 diffractometer
equipped with graphite-monochromatized Mo-Kα radiation (λ =
0.710 73 Å) by using the ω scan technique. Direct phase determi-
nation yielded the positions of the Zn, Cl, I, N, and most of the C
atoms. The remaining atoms were located in successive-difference
Fourier syntheses. Hydrogen atoms were generated theoretically
and rode on their parent atoms in the final refinement. All non-
hydrogen atoms were subjected to anisotropic refinement. The
structural solutions and refinements were performed by using the
SHELXTL NT v 5.10 program package (Bruker, 1997).[20] A sum-
mary of the refinement details and the resulting factors are given
in Table 4.

Table 4. Crystallographic data for 1·CH3CN and 2·CH3CN.

Parameters 1·CH3CN 2·CH3CN

Empirical formula C30H31N5ZnCl2 C30H31N5ZnI2

Molecular mass 597.87 780.77
Color colorless colorless
Crystal system monoclinic monoclinic
Space group P21/n P21/n
a / Å 5.021 (1) 5.153 (1)
b / Å 15.425 (3) 15.955 (3)
c / Å 37.902 (8) 37.609 (8)
β / ° 92.20 (3) 92.16 (3)
V / Å3 2933.3 (1) 3089.9 (1)
Z 4 4
Dcalcd. / g cm–3 1.354 1.678
Absorp. coeff. (µ) / mm–1 1.047 2.820
R1, wR2 [I�2σ(I)][a] 0.0615, 0.1272 0.0444, 0.1000
R1, wR2 (all data)[a] 0.1461, 0.1556 0.0599, 0.1068

[a] R1 = ∑�Fo�–�Fc�/∑�Fo�; wR2 = [∑w(Fo
2 – Fc

2)2/∑(Fo
2)2]1/2.

CCDC-673277 (for 1·CH3CN) and -673278 (for 2·CH3CN) contain
the crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.
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