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data are given in Tables S1 and S2). Single-crystal X-ray analysis

ABSTRACT: A new entangled metal—organic framework reveals that 1 crystallizes in tetragonal noncentrosymmetric
shows reversible structural dynamics and luminescence space group I4,cd with a Flack parameter of 0.098(13). The
changing in response to the loss of guest H,O molecules. three-dimensional (3D) framework of 1 is built from linking Zn**
Furthermore, an intense and sensitive luminescence turn- metal centers with L bridging ligands. The asymmetric unit of 1
on sensing was observed by the naked eye for 1 upon contains one L ligand and half of one Zn®* ion. As shown in
detection of the volatile organic solvent molecule CH;CN, Figure la, the independent Zn>' ion adopts a distorted

accompanied by reversible structural transformation.

M etal—organic frameworks (MOFs) are a class of materials
that can be well-designed and contain active functional
components with potential applications in catalysis, gas storage,
chemical sensing, biomedical imaging, etc.' For chemical sensing,
luminescent compounds act as highly sensitive and simple
chemical sensors, which do not require extensive devices and can
be detected by the naked eye. Luminescent MOFs are of great
interest, are suitable for chemical sensing because of their tunable
fluorescence, and have been widely studied in sensing ions,”
gases,3 solvents,” explosives,5 etc. Dynamic MOFs are especially
of interest because they readily undergo structural trans-
formation that tends to enhance host—guest interaction,
resulting in distinct luminescence signals.6 The most common
sensing in luminescent MOFs is quenching, or occasionally
enhancement.” It is still less developed in sensing with
luminescence shifts of MOFs upon analytes,” which is inherently
more attractive than luminescence quenching (turn-off sensing).
The analytes can be fexactly Ije%d out, resulting fromA the fold-entangled diamond topology framework for 1. Symmetry codes: A,
appearance of a new shifted emission band (turn-on sensing). 1= —y,1—2B,2—x—y, 1 —2; C, x — 1,z (H atoms are not shown
Thus, there is an urgent demand to develop luminescence turn- for cl’arit;r). Y e Y e
on sensing MOFs.

Iridium complexes,9 with intense and tunable visible-light

Figure 1. (a) Coordination environments of the Zn" ions. (b) Double-
stranded helix chain in 1. (c) Diamond topology framework for 1. (d) 2-

emission, are considered to be suitable for constructing MOFs tetrahedral coordination geometry and is coordinated by four
with sensing properties. Our group recently reported an iridium- carboxylate O atoms from four differenot L ligands [Zn-O
based MOF, which exhibits intense yellow-orange luminescence, distances range from 1.947(6) to 1.949(6) A]. Notably, there is a
providing us with a visual luminescence change in the detection double-stranded helical chain assembled by two left-handed
of trace amounts of nitroaromatic explosives.” In this paper, we helices in 1 along the ¢ axis (Figure 1b), and the helical pitch is
report an iridium-based two-fold-entangled MOF, [Zn(L),]- 49.069 A. In addition, there are left- and right-handed helices

4H,0 [1; L = Ir(ppy),(dcbpy), ppy = 2-phenylpyridine, and corllstructed by the Zn** ions and L ligands along the b axis
dcbpy = 2,2/-bipyridine-S,5’-dicarboxylate], which undergoes a (Figure S2a).

dynamic structural transformation and shows discernible Considering each L ligand to be one conr;ecting rod, an
luminescence turn-on sensing on a volatile organic solvent, adamanti.ne cage unit is form.ed by the link (_’f Zn™ me2t+al centers
CH,CN. and L ligands, with the distance of adjacent Zn“" ions at
The iridium unit was prepared according to the literature'’

and reacted with Zn(NO,),-6H,0 in hydrothermal conditions to Received: March 26, 2015
give red stick crystals of 1, as shown in Figure S1 (detailed crystal Published: September 10, 2015
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14.9651(1) A (Figure S2b). The 3D network of 1 is a diamond
framework assembled by the cage units (Figure lc). The
framework with considerable void space readily accommodates a
second framework via intergrowth, leading to a 2-fold-entangled
structure for 1 (Figure 1d). Even with 2-fold entanglement, 1
exhibits large open channels that are filled with solvent molecules
(Figure S2c). The H,0 molecules lie in the void space. Such an
entangled structural feature is favorable to producing structural
transformation, as reported by others.™

The powder X-ray diffraction (PXRD) patterns of the as-
synthesized sample obtained match well with the simulated
patterns, indicating that the compound is phase-pure (Figure
S3). TGA data show that the guest H,O molecules are released in
the temperature range of 35—135 °C and the dehydrated sample
is stable up to 280 °C (Figure S4). Notably, reversible structural
transformation was observed for 1 upon desolvation. The
dehydrated sample 1a was obtained by heating the as-synthesized
sample at 100 °C in a vacuum oven for 3 h. The PXRD patterns
of 1a changed upon removal of the H,O molecules and then
recovered to the original pattern of 1 after the sample was
exposed to moisture in air (Figure SS), indicating that a distinct
structural transformation occurs upon removal of the guest H,O
molecules.

Interestingly, 1 exhibits a luminescence color change in
response to the removal of H,O molecules, and the color tuning
from red to orange can be distinguished by the naked eye. 1
displays a strong emission band at 620 nm excited at 500 nm
visible light in the solid state (Figure S6), similar to that of the
iridium unit with the maximum emission peak at 628 nm,
indicating that the luminescence of 1 is generated by the iridium
unit arising from metal-to-ligand charge transfer (*MLCT). The
luminescence decay is well fitted by a biexponential curve to give
a lifetime of 6.8 us for 1 (Figure S7). The desolvated sample 1a
exhibits orange luminescence at around 592 nm, which displays a
distinct 28 nm blue shift from the red luminescence of 1 (Figure
2).
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Figure 2. Solid-state emission spectra of 1 (blue) and 1a (black). The
inset photograph shows the reversible emission color change of 1 upon
dehydration and rehydration under a UV lamp (365 nm).

The luminescence shift is attributed to changes in the energy
levels of the iridium unit caused by enhancement in its secondary
packing forces such as -7 and C—H---7 interactions between
the neighboring entangled frameworks upon structural trans-
formation."! Remarkably, the luminescence emission returns to
the original red emission of 1 when the sample was exposed to
moisture in air.

Considering the dynamic structural transformation of 1, we
immersed the samples in several volatile organic solvents. As

8873

expected, 1 exhibited instant sensitivity to acetonitrile, with a
visual color change from red to orange, while other solvents failed
to induce evident color changes discerned by the naked eye
(Figure S8), which agreed with the experimental luminescent
spectra (Figure S9). In luminescence spectra, there was about a
30 nm blue shift of the emission band induced by acetonitrile.
Moreover, the intensity of the maximum emission increased by 5
times that of the original sample under the same test conditions
(Figure 3), and the quantum yield increased to 1.2% from 0.46%

Intensity
1

Figure 3. Top: Solid-state emission spectra of 1 with the CH;CN
molecule (black) and 1 with CH;CN volatilization (red). Bottom:
Luminescence change process of 1 with gradual CH;CN volatilization
(from left to right).

(Figure S10). As a result, an obviously enhanced brightness was
observed by the naked eye, featuring the rare luminescence turn-
on sensing of the volatile CH;CN molecule. It was difficult to
collect single-crystal data for 1 containing acetonitrile, so PXRD
pattern changes were adopted to testify the structural trans-
formation as reported by others."™* Shifts of some peaks to
lower angles were observed (Figure 4). The 'H NMR spectra
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Figure 4. Simulated and experimental PXRD patterns of 1.

testified the existence of CH;CN in 1 (Figure S11). Notably,
after the acetonitrile-immersed sample was exposed to air, the
luminescence immediately recovered to red via the release of
acetonitrile molecules (Figure 3), accompanied by the structure
recovered. The turn-on sensing signal is due to the fact that the
triple bond in CH3;CN molecules can affect the HOMOs and
LUMGOs of the iridium unit via intermolecular interaction, which
provides efficient electron transfer to give rise to the enhanced
emission,'” and the dynamic structural transformation of the
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entangled framework strengthens the host—guest interac-
tions.” "

In summary, an entangled MOF functionalized by embedding
the iridium—organic unit has been synthesized. It shows
reversible structural dynamics and luminescence change in
response to the loss of guest H,O molecules. Moreover, an
interesting luminescence turn-on sensing was observed by the
naked eye for 1 upon detection of the volatile organic solvent
molecule, CH;CN. The dynamic structural transformation
benefits the luminescence shift and turn-on sensing. This work
will offer some insight into the structure—property relationships
for the host—guest interaction responsive dynamics.
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