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Two supramolecular isomers of [Ni(4-bpd)2(NCS)2] (4-bpd =

1,4-bis(4-pyridyl)-2,3-diaza-1,3-butadiene) with 2D 4
4
square-

grid and 3D 6
5�8 frameworks are co-crystallized in a one-pot

reaction, both of which exhibit interesting luminescence proper-

ties and reversible adsorption–desorption with respect to guest

solvents.

Supramolecular isomers1 in coordination polymers have re-

ceived much attention, mainly due to their structural diversity

and hence their topologies. These are governed by either

specific building units1,2 or other perturbation factors, such

as the conformational flexibility of ligands,1c and the influence

of guests and solvents. Among these factors, the effect of

solvent has been demonstrated in numerous examples,1,2 in

which different coordination polymer species could be selec-

tively afforded from the same components using different

solvents. Frameworks based solely upon square-planar nodes

can have several topologies: the 2D 44 square-grid,3 the 3D 64�
82 NbO,4 the 65�8 CdSO4,

5 the ‘‘dense’’ 75�9 6 and the unusual

42�84.7 However, only few exquisite examples have been re-

ported of supramolecular isomers based on square-planar

nodes.2 For instance, in the self-assembled ‘‘Cu(Pyac)2’’ fra-

mework with a square-planar node, two structural topologies

of 2D 44 square-grid and 3D 64�82 NbO are crystallized

separately from different solvents.2a Another example of su-

pramolecular isomerism is the coordination polymer of

[Zn(nicotinate)2], possessing 2D 44 and unusual 42�84 topo-

logies under different solvent systems.2c Evidently, new supra-

molecular isomers among these topologies are emergent and

worth further exploration.

In this contribution, we conduct the synthesis of supramo-

lecule [Ni(4-bpd)2(NCS)2] (4-bpd = 1,4-bis(4-pyridyl)-2,3-dia-

za-1,3-butadiene) with a square-planar node (see Fig. 1), and

report the first prototype of 2D 44 square-grid and 3D 65�8
frameworks co-crystallized in a facile one-pot reaction. The

variation in structural topology results from the conforma-

tional freedom of the 4-bpd8 ligand through rotation of the

diaza group R–CQN–NQC–R (Fig. 1), which renders upon

them intriguingly different luminescence properties, spatially

resolved by confocal microscopy. Both isomers possess rever-

sible solvent (EtOH/H2O) uptake properties, making them

suitable for gas molecule storage.

The reaction of NiCl2�6H2O with KSCN and 4-bpd in a 1 : 1

: 1 molar ratio in H2O/EtOH (1 : 1) solution leads to the

formation of two kinds of crystal with distinct differences in

color, purple and light-yellow. As revealed by X-ray single-

crystal analyses, the structures of the purple and light-yellow

crystals are ascribed to supramolecular isomers, namely [Ni(4-

bpd)2(NCS)2]�3(EtOH)�(H2O) (1) and [Ni(4-bpd)2(NCS)2]�
(EtOH)�(H2O) (2), respectively (see Fig. S1 for ORTEP

viewsw).9 For both compounds 1 and 2, statically-identical

hexacoordinate environments are found at the NiII centers,

which are bonded to two NCS� and four 4-bpd ligands. Four

4-bpd ligands form a square-planar arrangement at the metal

center as the basic building unit for constructing their metal–

organic frameworks. As shown in Fig. 2(a), compound 1

reveals a two-dimensional 44 square-grid framework with a

grid size of 15 � 15 Å. Adjacent independent layers are then

arranged in an orderly manner as ABAB-alternating stacking

patterns, creating 1D channels, in which solvent (guest)

Fig. 1 (a) Square-planar node of [Ni(4-bpd)2(NCS)2]. (b) The con-

formation flexibility of 4-bpd, with the dihedral angle of diaza group

R–CQN–NQC–R for 2 (1801, left) and 1 (901, right).
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molecules, such as ethanol and water, form hydrogen-bonded

aggregates (Fig. 2(b)). The Ni–Ni separations through the 4-

bpd bridges are 15.44 and 15.51 Å, and the nearest interlayer

Ni–Ni distance is 8.93 Å. In sharp contrast, compound 2

reveals a 3D 65�8 framework, as shown in Fig. 3(a). The much

larger intra-framework spaces are occupied by two other

identical but independent networks, which interpenetrate the

first and each other, as shown in the schematic representation

of Fig. 3(b). The Ni–Ni separations through the 4-bpd bridges

are in the range 15.52–15.54 Å, and the nearest inter-frame-

work Ni–Ni distance is 9.12 Å. Despite this interpenetration,

compound 2 also retains 1D channels, which are filled with

aggregated solvent molecules (ethanol and water) (Fig. 3(c)).

With the same chemical formula and solvent system, the

factor that governs the choice of topology is thus of great

interest. More careful examination indicates that the most

salient feature of the structural differences between 1 and 2 lies

in the conformational freedom, through single bond rotation

of the diaza group R–CQN–NQC–R, of the 4-bpd ligand. In

1, the dihedral angles between the two aza groups are 89.4(5)

and 105.4(5)1 (right-hand structure in Fig. 1(b)), while in sharp

contrast, the dihedral angles between two aza groups are 180

and 148.0(8)1 in 2 (left-hand structure in Fig. 1(b)). Such

conformational flexibility of the 4-bpd ligand may account

for the supramolecular isomerism of 1 and 2 with different

MOFs. To the best of our knowledge, no similar type of

isomerism has been previously reported. Moreover, desolvated

TGA analyses10 reveal that their 2D (1) and 3D (2) frame-

works are thermally stable up to 160 and 190 1C, respectively.

In particular, the TGA studies revealed that the guest ethanol

solvents in the pores of 1 and 2 could be desorbed by heating

them to 120 and 140 1C, respectively, and re-adsorbed by

exposing the material to ethanol vapour upon cooling to room

temperature. These procedures were repeated for several cycles to

establish the reversibility of the process (see Fig. 4 and Fig. S2w).
The different colors of the crystals, viewed with the naked

eye, implies that the electronic transition should be subject to

the structural variation, particularly of the diaza group

R–CQN–NQC–R in different configurations (vide supra), in

combination with the associated structural topologies. In

solution (THF), the characteristic absorption band for com-

plexes 1 and 2 atB290 nm can reasonably be assigned to an S0
- S1 (p–p*) transition of the 4-bpd ligand due to its resem-

blance as a spectral feature to free 4-bpd. Fig. 5 also depicts

the emission spectra of complexes 1 and 2 as single-crystals

acquired using a confocal microscope at room temperature.

The corresponding photophysical data are listed in Table 1.

For both crystals, the confocal images (B10–12 mm in dia-

meter) used to acquire the emission spectra are also shown in

the inset of Fig. 5. Clearly, 1 and 2 exhibit green-yellow

Fig. 2 2D square-grid framework of [Ni(4-bpd)2(NCS)2]�3(EtOH)�
(H2O) (1). (a) View of one square-grid layer. The Ni atoms are shown

in green; the NCS� and solvent (ethanol and water) molecules are

omitted for clarity. (b) The ABAB stacking pattern of four layers (red

and blue), showing the orientations of the 1D channels filled by EtOH

and H2O guest aggregates.

Fig. 3 (a) 3D 65�8 CdSO4 framework, (b) schematic representation of

the triple interpenetration and (c) 1D channel in the 3D triply-

interpenetrated CdSO4 framework of [Ni(4-bpd)2(NCS)2]�(EtOH)�
(H2O) (2). Note, for clarity in (a), the NCS and solvent (ethanol and

water) molecules are omitted.

Fig. 4 (a) The TGA measurements of cyclic ethanol desorption and

absorption processes for 1 were repeated three times. (b) The TGA

measurements of cyclic ethanol desorption and absorption processes

for 2 were repeated three times. The variation of weight loss with time

is shown as a red line. The variation of temperature with time is shown

as a black line.
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emission, with peak wavelengths at 505 and 528 nm, respec-

tively. Since the same emission spectra were obtained through-

out the different probing areas of the crystals, the possibility

that the resulting emission originates from crystal defects can

be discarded. Accordingly, the spectral differences between 1

and 2 in single-crystals are intrinsic, and could plausibly be

due to the aforementioned structural variation. The red shift

of emission in 2 can tentatively be rationalized by its tighter

molecular packing (see Fig. 3(c)) than in 1. Indirect support of

this viewpoint is rendered by the higher TGA depicted in Fig.

S2,w in which 2 has a higher TG (190 1C) than 1 (160 1C). In a

qualitative manner, these features of the molecular arrange-

ment may be reminiscent of a J-aggregate-like configuration

for 2. In contrast, such interactions are greatly reduced in 1

due to the alternating slab arrangement (Fig. 2(b)). This

viewpoint is also supported by the great difference in the

observed lifetime (tobs) of 210 and 63 ps for 1 and 2, respec-

tively (see Table 1). Upon dissolution in ethanol/water, both 1

and 2 exhibit very weak but nearly identical emission spectra

maximized at B475 nm. This, in combination with the same

absorption spectral features (Fig. 5), implies that the topolo-

gies of 1 (2D) and 2 (3D) may have collapsed in solution.

In summary, based on a facile one-pot synthetic route, we

have demonstrated for the first time the versatility of 4-bpd

bridges for building up a new type of supramolecular isomer

with 2D 44 square-grid and 3D 65�8 frameworks. While the

configuration of 4-bpd (see Fig. 1) seems to govern the

dimensions of the frameworks, the hydrogen-bonded aggre-

gates among the guest solvent molecules play important roles

in stabilizing the pores of both MOFs. For both 1 and 2, the

thermally stable properties of the structures and the reversible

adsorption–desorption process with respect to the guest sol-

vents may find potential applications in gas molecule sto-

rage.12 These new topology isomers, made in a one-pot

reaction, may spark a broad spectrum of interest in the field

of supramolecular chemistry.
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Fig. 5 The absorption and emission spectra of 1 (black) and 2 (grey)

in THF. The emission of 1 (&) and 2 (n) in single-crystals. Inset:

Confocal images of complexes 1 and 2. The scale bar is 3 mm.

Table 1 Photophysical properties of complexes 1 and 2

lmax/nm
a lmax/nm

b tobs/ps
c

1 478 505 210
2 475 528 63

a Emission was detected in THF (B1.2 � 10�5 M) at 298 K. b Emis-

sion was detected in a single-crystal at 298 K. c Lifetimes were

detected in single-crystals. Note: Lifetimes for both 1 and 2 in THF

were beyond the system limit of 50 ps.
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