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Photochromic compounds have gained intense interest owing
to their novel photochemical and photophysical reactions as
well as their various potential applications such as in
sunglasses and optical memories.[1] An appreciable number
of photochromic families have been reported to date;[2]

however, those based on an electron-transfer (redox) chem-
ical process, especially for metal–organic compounds, are
rare.[3] We present herein a hydrothermally synthesized 3D
complex [Cd2(ic)(mc)(4,4’-bipy)3]n·4nH2O (1Y; ic = itaco-
nate, mc = mesaconate) which exhibits reversible radical-
based redox photochromic behavior. This compound also
merits attention for its unusual five-connected Archimedean-
type topological structure and unexpected “capture” of
isomeric ic and mc ligands that are generated in situ from
trans-propene-1,2,3-tricarboxylic acid (H3L, Scheme 1).

Yellow prismatic crystals of 1Y accompanied by a few
colorless block crystals of [Cd3L2(H2O)6]n (2 ; Figure S1 in the
Supporting Information) were obtained by the hydrothermal
reaction of CdCO3, 4,4’-bipy, H3L, and deionized water in a
molar ratio of 1:1:1:1111 at 120 8C for 12 h. Powder X-ray
diffraction (PXRD) verified the purity of a mechanically
separated sample of 1Y (Figure S2 in the Supporting Infor-
mation). Thermal analysis and PXRD data show that com-
pound 1Y still keeps its metal–organic framework at 200 8C
after the elimination of lattice water molecules (Figure S2 and
S3 in the Supporting Information).

A single-crystal X-ray diffraction study of 1Y revealed a
3D structure based on a network of seven-coordinated CdII

centers linked by three kinds of bridging ligands. As shown in
Figure 1, the central Cd1 atom is located in a pentagonal-

bipyramidal coordination environment with N41 and N42
atoms of crystallographically independent 4,4’-bipy ligands
acting as the two pyramidal apexes. An important feature of
1Y is the simultaneous “capture” of isomeric ic and mc
ligands that originate from the in situ pyrolysis of H3L.[4]

In situ ligand synthesis under hydro(solvo)thermal conditions
has received intense interest in the past years.[5] Like 1Y, one
compound capturing two in situ generated ligands from the
same precursor was rarely reported in the literature.[6] The
vinyl bonds of the ic and mc ligands have lengths of 1.296(7)
and 1.316(3) ?, respectively, which are comparable to those
reported in the literature.[7] The torsion angle of the two
carboxylate groups in each ic ligand is 67.1(3)8, while that in
each mc ligand is close to 1808.

Both ic and mc ligands in 1Y serve as two-connecting
ligands by linking Cd1 atoms to yield an arch-bridge-like 1D
chain along the [1̄10] or [110] direction (Figure 2a). The
Cd···Cd separation between each ic ligand is about 1.942 ?
shorter than that between each mc ligand. The 1D chains are
connected by 4,4’-bipy ligands through the N31 atoms to form
a bilayer of 8210 topology (Figure 2b), which is similar to that
of [Co(4,4’-bipy)3(NO3)4]n·4nH2O.[8] Furthermore, these
bilayers are cross-bridged by 4,4’-bipy ligands through the
N41 and N42 atoms to generate a 3D Archimedean-type
network with a 426682 topology built upon five-connected CdII

metal centers (Figure 2c,d). The long topological (OCKeeffe)
vertex symbol of this 426682 net is 4.4.6.6.63.63.63.63.84.85.

[9] To
the best of our knowledge, this structural topology has not

Scheme 1. Carboxylic acids relevant to this work.

Figure 1. ORTEP drawing with 20% thermal ellipsoids of the coordina-
tion environment of the Cd center in 1Y. Symmetry codes: a: �x +3/4,
�y +3/4, z ; b: �x +1/4, �y +5/4, z ; c: �x +1/2, y�1/4, z+1/4. SOF
(site of factor): C13, 0.5; C23, 0.5.
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been reported in the literature.[10] The known 3D five-
connected 4664 and 4466 nets are characteristic of stacking
2D (6,3) nets in parallel, which do not occur in the 426682 net.
The 3D metal–organic framework in 1Y has a void space
which accommodates lattice water molecules and corre-
sponds to 13.7% of the unit cell volume (Figure S4 in the
Supporting Information).

Compound 1Y undergoes an interesting photochromic
transformation from yellow to blue upon irradiation by light
with l� 460 nm (Figure 3). The blue sample 1B is stable in air
in a dark room for two weeks, after which it turns slowly to
yellowish green and further reverts to 1Y. The decoloration of
1B can be achieved by heating at 80 8C for several hours. The
infrared spectra of 1Yand 1B are unchanged (Figure S5 in the
Supporting Information), but variation of the UV/Vis spectra

and ESR signals occurs. As shown in Figure 4, compound 1Y
exhibits a p–p* absorption peak centered at 271 nm and a
charge-transfer peak at 354 nm that is responsible for the
yellowish appearance of 1Y. After coloration, three new
shoulder peaks (593, 662, and 727 nm) appear in the red-light
range. In ESR studies sample 1Y exhibits no signal, but a
single-peak radical signal (g= 2.0020) emerges after irradi-
ation (Figure 3). Thus, the three new peaks in the UV/Vis
spectrum of 1B should be ascribed to the radicals. Irradiation
of 1Y under strictly anaerobic conditions has no effect on the
photochromism, which indicates that the photochromism is
due to a solid-state transformation and that coloration–
decoloration is not the result of a surface oxidation reac-
tion.[3g] The spin density of a powdered sample irradiated by
UV light for 25 min, using 1,1-diphenyl-2-picrylhydrazyl
(DPPH) as a reference, is about 1.59 K 1020 spinsmol�1.

The structures of the same single crystal before (1Y) and
after (1B) irradiation were determined at room temperature
to study the origin of the radical. As shown in Figure 3, an
obvious structural variation occurs in the ic and mc ligands.
The largest change is observed in the vinyl C�C bond (C22�
C23) of the ic ligand, which is elongated by 0.031(8) ?. A
theoretical calculation carried out at the B3LYP level (see the
Supporting Information) shows that after irradiation the
electronic transition mainly occurs in the ic and mc ligands
and the transferred electron is located mainly on the ic ligand
(Figure 5), which is in good agreement with the structural
variation. Moreover, a population analysis of 1Y shows that
its HOMO is mostly dominated by the 2p and 3p orbitals of

Figure 2. a) 1D arch-bridge-like chain in 1Y. b) 2D bilayer in 1Y.
c,d) Schematic representations of the 3D 426682 net. Rods in (c) and
(d): green: 4,4’-bipy ligands with N31 atoms; red: carboxylate ligands;
yellow: 4,4’-bipy ligands with N41 atoms.

Figure 4. UV/Vis spectra of 1Y and 1B. The inset shows an enlarge-
ment of the signal for 1B.

Figure 5. HOMOs for 1Y and 1B.

Figure 3. Photochromism and ESR spectral and structural variations
between 1Y (a) and 1B (b). For clarity, only the bond lengths of the ic
and mc ligands are shown (in J). Other bond lengths are shown in
Figure S7 in the Supporting Information.
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the O11, O12, O21, and O21 atoms. Hence, the radical
originates from the lone pair of electrons on the O atoms in
the carboxylate groups, and then results in the elongation of
the vinyl C�C bond of the ic ligand owing to the increase in
electronic density (Figure 5).

In summary, we have prepared a 3D CdII complex with
two in situ generated isomers under hydrothermal conditions.
This complex also exhibits the unusual five-connected 426682

topology and reversible redox photochromism. Research on
other photochromic compounds is ongoing in our group.

Experimental Section
Experimental details can be found in the Supporting Information.

Crystal data for 1Y: C40H40Cd2N6O12, Mr = 1021.58, orthorhom-
bic, space group Fddd (no. 70), a= 15.433(3), b= 28.552(6), c=
36.861(8) ?, V= 16242(6) ?3, Z= 16, 1calcd = 1.671 gcm�3, m =

1.118 mm�1, 68� 2q� 51.008, T= 293(2) K, R1 = 0.0463 and wR2 =
0.1110 for 3671 observed reflections (I> 2s(I)) of 3779 (Rint =

0.0316) unique reflections and 298 parameters. GOF= 1.158. Crystal
data for 1B : C40H40Cd2N6O12, Mr = 1021.58, orthorhombic, space
group Fddd (no. 70), a= 15.416(1), b= 28.641(2), c= 36.813(2) ?,
V= 16254(2) ?3, Z= 16, 1calcd = 1.670 gcm�3, m = 1.117 mm�1, 68�
2q� 51.008, T= 293(2) K, R1 = 0.0583 and wR2 = 0.1388 for 3705
observed reflections (I> 2s(I)) of 3785 (Rint = 0.0389) unique reflec-
tions and 298 parameters. GOF= 1.262. The methyl and ethylene
groups of the mc and ic ligands in 1Y and 1B are twofold disordered.
CCDC-604820 and CCDC-675753 contain the supplementary crys-
tallographic data for 1Y and 1B, respectively. 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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