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Reversible mechanochromic and thermochromic
luminescence switching via hydrogen-bond-
directed assemblies in a zinc coordination
complex†

Rui Zou,a Jie Zhang,*a Shuzhi Hu,a Fei Hu,a Haoyu Zhanga and Zhiyong Fu *ab

A bifunctional luminescent switch is constructed by introducing a

terpyridyl derivative into a hydrogen-bond-assisted layered assem-

bly structure. It exhibits interesting mechanochromic and

thermochromic luminescence behaviors with reversible color

changes visible to the naked eye from pink to blue-purple upon

mechanical grinding and from pink to blue upon heating.

Mechanochromic and thermochromic materials sensitive to
mechanical and thermal stimuli have attracted extensive
interest for their promising applications in mechanical and
thermal sensors, deformation detectors, security systems, and
memory devices.1 These complexes exhibit reversible
modification of the emission wavelength in response to
external stimuli such as light, mechanical force, heat and
pH.2 The origin of the mechanochromism has been
attributed to structural changes of the constituted units,
especially the molecular packing associated with
intermolecular interactions such as π–π, hydrogen bond, and
hydrogen bonding interactions, which influence the emissive
states.3 Reverse luminescence changes can be achieved under
solvent fuming or thermal stimulus if the mechanical force
only weakens the intermolecular interactions without causing
any bond breakages.4 Crystal engineering is an important
part of materials science, which establishes a rapid gateway
to govern the assembly of functional units and thus gain
better understanding of the structure–property relationship of
mechanochromic materials.5 Nowadays, most of the

reversible mechanochromic examples reported so far are
based on organic complexes.6 By comparison with the topical
research on them, the exploration of mechanochromic
materials based on metal–ligand complexes is still limited.7

Since metal coordination provides a facile way of combining
different components and increases the thermal stability of
the constructing motif,8 it may give an opportunity to
construct multifunctional chromic materials. Concerning
nitrogen-containing heterocycles that are well known as light-
sensitive components9 and electron-deficient heterocyclic
rings that have been proven to be well suited to give rise to
strong π–π interactions because of their low π-electron den-
sity,10 herein a terpyridyl derivative molecule, 4′-(4-pyridyl)
2,2′:6′,2″-terpyridine (PYTPY), with a conjugated aromatic ring
system and strong luminescence emission at 375 nm (Fig. S1,
ESI†) is selected as a ligand to build new stimuli-responsive
metal–ligand complexes with intriguing properties. According
to Kitaigorodskii's close-packing principle11 and Etter's first
hydrogen-bond rule,12 two useful concepts for the prediction
of reversible mechanochromic materials,13 the structure of
compound 1 [ZnĲPYTPY)ĲBDC)]·3H2O (BDC = 1,3-
benzenedicarboxylate) is designed and constructed to incorpo-
rate these two strongly demanding factors for molecular pack-
ing, a planar aromatic core and multiple hydrogen-bonding
sites. At room temperature, its crystals exhibit a significant
change in solid state emissions from pink to blue-purple
upon mechanical grinding and also show modification in
thermochromic luminescence properties from pink to blue.
This compound recovers its original crystalline phase and
emission properties upon exposure to water vapor. These opti-
cal characteristics and PXRD data before and after the grind-
ing process suggest that the mechanochromic behaviour is as-
sociated with the modification of molecular packing and the
influence of fragmental interactions.

Pink crystalline powder of 1 was obtained by mixing
ZnCl2, PYTPY, H2BDC and water at 160 °C under hydrother-
mal conditions. Single-crystal X-ray diffraction analysis indi-
cates that the luminescent switch contains a one-
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dimensional coordination polymer chain [ZnĲPYTPY)ĲBDC)]n
and solvate water molecules. The ZnĲII) ion has a distorted py-
ramidal environment with three chelated PYTPY nitrogen
atoms and two carboxylate oxygen atoms of the BDC ligand
(Fig. 1a). The carboxylate arms of the BDC ligands connect
the adjacent ZnĲII) ions to form a one-dimensional coordina-
tion polymer. The nitrogen-containing heterocyclic PYTPY
molecules are attached to the main chain as side groups
(Fig. 1b). The hanging PYTPY side groups of the
neighbouring chains are arranged in a face-to-face mode with
the distance varying from 3.446(2) to 3.857(1) Å (Fig. 1c),
showing close packing with strong π–π interactions between
the aromatic rings. Solvent water molecules are located be-
tween the layers of the coordination polymers, which form
multiple hydrogen bonds with neighbouring water molecules
and the uncoordinated nitrogen atom of the PYTPY ligand
(Fig. S2, ESI†). The weak interactions extend the final struc-
tural motif of 1 to a 3D supramolecular motif. These struc-
tural features satisfy the requirement of Kitaigorodskii's
close-packing principle and Etter's first hydrogen-bond rule
for the construction of mechanochromic materials.

The mechanochromic luminescence properties are re-
vealed by grinding the solid sample in a mortar for 30 min.

Compound 1 gives pink emission at room temperature upon
365 nm UV irradiation. It is converted into much more
intense blue-purple emission after grinding (Fig. 2). Upon ex-
posure to steam, the compound reverted to its initial pink
emissive phase. The process can be reproduced when the
solid is ground one more time, indicating a completely re-
versible phenomenon. The modification of thermochromic
luminescence properties is similar to its mechanochromic
phenomenon. After heating above 120 °C for 30 min, the lu-
minescence of 1 changes from pink to blue emission. The
process is also reversible when the sample is treated upon ex-
posure to steam. In addition, the sample after grinding can
tune its luminescence emission from blue-purple to blue
upon heating above 120 °C for 30 min, showing an interest-
ing luminescence changing cycle. To further study the influ-
ence of grinding and heating on the crystal structure and the
luminescence reversible switching behaviours, photo-
luminescence spectra, excited-state lifetimes, solid state UV-
vis spectra, powder X-ray diffraction (PXRD) patterns and in-
frared spectra before and after grinding are obtained at room
temperature.

It is known that electronically saturated transition metal
centers coordinated with rigidity conjugated ligands can form
highly emissive materials due to bond vibration or electron
transfer.14 The terpyridyl derivative (PYTPY) chelating with
the zinc cation exhibits pink luminescence due to the dual
emission with a strong peak at 391 nm and a weak peak at
605 nm upon 345 nm excitation in the crystalline state
(Fig. 3). The emission peak of 391 nm may be assigned to the
π–π* intraligand emission of PYTPY ligands, and the emis-
sion band at 605 nm is related to the intramolecular charge
transfer emission.15 After grinding, the emission band at 605
nm disappeared, while the emission peak at 391 nm red
shifted to 393 nm is due to the enhanced π–π* intraligand
emission of PYTPY ligands, which results in the lumines-
cence color changing to blue-purple. The peak is restored to
the initial state after the sample is treated with water vapor.
The UV spectra, PXRD data and IR spectra all indicate the
same trend of changes as that of fluorescence spectra. As

Fig. 1 The crystal structure of 1: (a) the asymmetric unit, (b) view of
the polymeric chain with PYTPY side groups and (c) the packing
diagram.

Fig. 2 Photographs of crystalline powder of 1 at different treatment
conditions under UV irradiation at 365 nm (UV lamp) at room
temperature.
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shown in Fig. 4, the solid state diffuse reflectance spectrum
of 1 shows two absorption bands at 350 nm and 565 nm. The
band that appears at 350 nm can be assigned to the π–π*
transitions of the pyridine moieties, while the absorption at
565 nm contributed to the charge transfer band. After grind-
ing, the characteristic broad band at around 565 nm
disappeared, and the color of 1 turned to white. This phe-
nomenon can be attributed to the disruption of crystal pack-
ing and the changes of hydrogen bonding interactions be-
tween the water molecules and the PYTPY ligands. The
recovery of the peak at 565 nm is observed accompanied by
the reverse reaction. The phase purity of the as-synthesized
bulky sample was verified by the powder X-ray diffraction
(PXRD) data (Fig. 5). No new diffraction peak appears, indi-
cating that no new crystalline phase is formed during the
grinding process. However, the intensities of the diffraction
peaks decrease and their widths increase, suggesting the de-
formation of the crystal lattice and a phase conversion from
the crystalline to the amorphous phase. After water vapor
treatment, the identical diagram of the initial phase confirms
the reversibility of the switching properties. FTIR analysis

suggests that the stretching peak of 3421 cm−1 red shifts to
3400 cm−1 after grinding, indicating the strengthening of O–
H⋯O intermolecular hydrogen bonding connections involv-
ing water molecules (Fig. S3, ESI†).

The peaks in the IR spectrum also revert to the initial
state after vapor treatment.

The thermochromic luminescence properties of 1 are asso-
ciated with the existence of the lattice water molecules. After
heating above 120 °C, the emission bands at 605 nm disap-
pear and a new shoulder peak is distinctly observed around
475 nm accompanied by the luminescence color changing to
blue (Fig. S4, ESI†). The changes in the UV and PXRD data
are similar to that of mechanochromic behaviors (Fig. S5 and
S6, ESI†). The diffraction peaks move towards high angles,
indicating the structural shrinkage after the guest units leave.
IR spectra show that the O–H stretch vibration band at 3421
cm−1 disappears due to the removal of water molecules (Fig.
S7, ESI†). The changes in luminescence, UV, PXRD and IR
data all can be restored to the initial state, showing the re-
versibility of the thermochromic luminescence behaviours.
Emission lifetimes have been determined at room tempera-
ture. The initial emission lifetime value is 0.9572 ns, which is
related to the π–π* interaction of PYTPY. It changes to 1.6625
ns and 1.5852 ns after grinding and heating, respectively,
due to the weakening of multi-interactions (Fig. S8, ESI†). Af-
ter dehydration, the luminescence emission color of the
ground sample turns from blue-purple to blue. Its PXRD pat-
terns correspond to those of dehydrated ones (Fig. S9, ESI†),
confirming that no changes occur in the structural packing
with the removal of water molecules. The emission band
changes are caused by the structure collapse of the hydrogen-
bonding network. TG data of the intact sample indicate that
the first weight loss of 7.88% happened at 80 °C which corre-
sponds to the loss of lattice water (calcd 7.81%) (Fig. S10,
ESI†). By comparison, the leaving of water molecules takes
place above 110 °C for the ground sample. This can be as-
cribed to the close packing after grinding, which increases
the leaving temperature of water molecules. The second
weight loss occurs at 410 °C and 340 °C for the intact sample

Fig. 3 Solid state fluorescence spectra of 1 before and after grinding
and after being treated with water vapor. Inset: the CIE chromaticity
coordinates: (a) initial sample (0.2645, 0.1461) and (b) ground sample
(0.1663, 0.0814).

Fig. 4 UV-vis diffuse-reflectance spectra of 1 before and after grind-
ing and after being treated with water vapor.

Fig. 5 PXRD data of 1 before and after grinding, simulation and being
treated by water vapor.
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and the ground sample, respectively, accounting for the final
collapse of the coordination framework. The higher collapse
temperature of the intact sample is due to its better crystal-
line structure. Stable reversible cycles are observed for this bi-
functional stimuli-responding luminescent switch, which do
not show any decay for at least four rounds (Fig. S11, ESI†).

Conclusions

A new reversible luminescence switch presenting both
mechanochromic and thermochromic behaviours has been
synthesized and characterized. Its stable photoactive frame-
work is built via attaching the nitrogen containing heterocy-
clic units to a zinc benzenedicarboxylate chain. The struc-
tural arrangements provide close packing and multi-
interactions between the adjacent groups. The luminescence
origin of the MOF-based switch has been established based
on the experimental data. The modulation of the photo-
luminescence properties by means of external stimuli is par-
ticularly attractive for constructing photo-responding mate-
rials. Although many examples of mechanochromic
compounds have been reported, the system based on simple
coordination polymers has rarely been reported.
Mechanochromic compounds built in this way avoid the te-
dious synthesis of organic systems. In view of the previously
successful preparation of numerous mixed-ligand metal–or-
ganic frameworks, it is applicable to design and construct a
large variety of mechanochromic and thermochromic
switches by using crystal engineering principles.
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