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A new TPE-based tetrapodal ligand and its Ln(III)
complexes: Multi-stimuli responsive AIE
(aggregation-induced emission)/ILCT (intraligand
charge transfer)-Bifunctional Photoluminescence and
NIR emission sensitization

Yi-Xuan Zhu®, Zhang-Wen Wei“, Mei Pan“’*, Hai-Ping Wang®, Jian-Yong

R

Zhang®, and Cheng-Yong Su

Tetrapodal zwitterionic-type ligand featuring both AIE (aggregation-induced emission) and
ILCT (intraligand charge transfer) properties, namely 1,1',1",1"'-(4,4',4",4""-(ethene-1,1,2,2-
tetrayl)tetrakis(benzene-4,1-diyl))tetrakis(methylene)tetrapyridin-4(1H4)-one (TPE-4PO) has
been designed and applied to the assembly of lanthanide complexes LIFM-21(Ln) (Ln = Sm,
Eu, Gd, Tb and Dy). Apart from sensitization of NIR emission of Sm*" and Dy’", the
resulting ligand and complexes show both AIE and ILCT-related
photoluminescent behaviors. The photo-response of this system to different aggregation

lanthanide

states, solvents’ polarity and mechanical grinding was demonstrated by distinguishable
emission intensities and colours.

Introduction

AIE (Aggregation Induced Emission) has aroused great
attention in recent years, and is finding potential applications
in chemical sensors, bio-probes and imaging labels, organic
light emitting devices (OLED), and so on.'? Among which,
tetraphenylethylene (TPE) based molecules are most
intensively studied, which show aggregation-enhanced
photoluminescence compared with their basically non-
luminescent or weakly luminescent solution state.*> The
mechanism is often related with the rigidity of C-C single
bonds on the backbone of TPE in aggregated system, which
are freely rotatable in the solution state and will bring
photoluminescence quenching due to nonradiative transitions.®
Simultaneously, some TPE-based AIE molecules also perform
solid state mechanochromism, in which the materials can emit
photoluminescence with different colors upon mechanical
forces,”® and therefore, can find wide applications in sensors,’
memory chips'® and anti-counterfeiting labels.'' However, the
inherent reasons for such mechano-fluorochromism are still
not clear, although the phase transition from crystalline to
amorphous state is generally believed to have some
effects.'>'? On the other hand, organic ligands having ILCT
(intraligand charge transfer) potentials tend to perform
specific photophysical and photochemical properties, such as

This journal is © The Royal Society of Chemistry 2013

large Stokes shift, solvent-responsive emission, and so on, and
are also attracting great attention in fabricating novel
photoluminescent materials with good performance. In our
earlier reports, we have designed a series of zwitterionic type
ILCT ligands showing versatile absorption bands and very
wide excited states comprising both ILCT and ligand-based
singlet/triplet states. Therefore, highly efficient visible and
NIR emissions of the whole Ln*" series can be sensitized by
these ligands, and meanwhile, tunable color and single phase
white light emission can also be easily achieved in the
afforded lanthanide complexes.'*!” Combining the above two
factors together, we anticipate a new class of AIE/ILCT bi-
functional luminescent molecules, whose photoluminescence
can be stimulated by multiple external environments,
including aggregation states, mechanical forces, solvent
polarities. Simultaneously, these molecules can also serve as
efficient antenna to sensitize the emission of lanthanide ions.
Furthermore, these combined properties can be integrated into
the fabrication of various kinds of novel assemblies, such as
macromolecule polymers, organo-inorganic hybrid materials,
metal-organic coordination supramolecules, and so on,
bringing attractive  photochemical  and
photophysical properties. '*'* However, up to now, such kinds

specifically

of explorations are still quite limited.
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Herein, we report a new tetrapodal organic ligand (TPE-
4PO) comprising both AIE and ILCT components and
characters, which is further applied to coordinate with Ln(III)
ions. Combined multi-stimuli responsive AIE/ILCT-related
visible emission and highly ligand-sensitized Ln(III)-NIR
emission are observed in this new type of organic ligand and
its lanthanide coordination polymers.

Experimental
Materials and methods

All the experimental materials were of AR grade and used as
purchased without further purification. The C, H, N elemental
analyses were measured on a Perkin-Elmer 240 elemental analyzer.
'H NMR spectra were recorded on Bruker Avance III 400 NMR
spectrometer using TMS as the internal standard. TGA curves were
performed on a NETZSCH TG 209 instrument in N, atmosphere
with a heating rate of 10 °C min™. IR spectra were measured on a
Nicolet 205 FT-IR spectrometer with KBr pellets (400-4000 cm ).
Powder X-ray diffraction (PXRD) data were recorded on a Rigaku
SmartLab X-ray powder diffractometer (Cu-Ka, A = 1.54056 A).
UV-Vis absorption spectra were recorded using a Shimadzu UV-
250PC  spectrophotometer. Photoluminescence spectra and
photophysical data were measured on EDINBURGH FLS980
spectrophotometer. The absolute quantum yield measurements for
the visible emission (400 to 800 nm) were performed in a quartz
sample holder using an integrating sphere attached to the
equipment. The overall quantum yield @,,,,,,; is calculated by

sample ,_ reference
S(Em) f%[l em (e8] I em (D]d/l

overall = S(Abs) = (1)

referencey_ sample
f%[[ ex ® I ex (}‘)]di

where S(Abs) is the number of photons absorbed by the sample and
S(Em) is the number of photons emitted from the sample, A is the
wavelength, 7 is Planck’s constant, ¢ is the velocity of light, Iy,
ey aNd Lorrence o) are the integrated intensities of the excitation
light with and without a sample, Lampie @em) a0 Lieference emy are the
photoluminescence intensities with and without the sample,
respectively.

Crystallography

The single-crystal diffraction data of Tb(III) coordination
complex from TPE-4PO (LIFM-21(Tb)) were collected on an
Agilent SuperNova diffractometer with the Enhance X-ray Source
of Cu-Ko radiation (A = 1.54184 A) at 173 K. Absorption
corrections were applied using multiscan technique. The structure
of the coordination complex was solved by direct method of
SHELXS and refined against F* using the SHELXL programs.”’
All the non-hydrogen atoms were treated with anisotropic
parameters. The crystallographic data and structural refinement
information for the complex are listed in Table S1, and the selected
bond lengths and bond angles listed in Table S2. Crystallographic
data for the structure have been deposited with the Cambridge

2| J. Name., 2012, 00, 1-3

Crystallographic Data Centre as supplementary publication no.
CCDC 1425305.

Computational methodology

DFT theoretical calculations were performed with Gaussian 09
software to optimize the ground state geometrical configuration of
TPE-4PO ligand applying B3LYP method (6-31G* basis set for
atoms C, H, O, and N).

Synthesis of the ligand

1,1'1",1'""-(4,4',4",4'""-(ethene-1,1,2,2-tetrayl)tetrakis(benzene-
4,1-diyl))tetrakis(methylene)tetrapyridin-4(1H)-one (TPE-
4PO):

Peparation of 2 (1,1,2,2-tetrap-tolylethene): 1,1,2,2-tetrap-
tolylethene was synthesized according to a modified literature
method®': Zinc powder (1.0 g, 15.3 mmol) was added into a 100
mL double-neck flask. Under N, atmosphere, 25 mL dry THF was
added, which was cooled to -10 °C, and then TiCl, (1.1 mL, 10
mmol) and pyridine (0.05 mL, 0.6 mmol) were added dropwisely.
The mixture was refluxed at 85 °C for 2 hours, cooled to 0 °C, and
20 mL THF solution of di-p-tolylmethanone (1, 1.05 g, 5 mmol)
was added. The solution was stirred at room temperature for 10
minutes and further refluxed at 85 °C for 12 hours. Upon
completion of the reaction, the solution was cooled to room
temperature and poured into 40 mL 40% water solution of K,COs,
which was stirred strongly for 5 minutes and then filtered. The
filtrate was substracted with CH,Cl,, washed successively with
water, brine, and dried with MgSO,. Light yellow solid was
obtained by rotary evaporation, and purified by column
chromatography (silica gel, petroleum ether) to result in white
product of 2. Yield, 89%. 'H NMR (400 MHz, CDCl;, 25 °C): &
6.92 (s, 16H), 2.28 (s, 12H).

Peparation of 3 (1,1,2,2-tetra-kis(4-(bromomethyl)phenyl)ethene):
388.54 mg (1 mmol) 1,1,2,2-tetrap-tolylethene (2) obtained in the
previous step was added into a 50 mL round bottom flask, and then
NBS (711.96 mg, 4 mmol), AIBN (15 mg), benzene (15 mL) were
added. The mixture was reacted at 85 °C for 3 hours, cooled to
room temperature, and filtered. The clear filtrate was evaporated to
get yellow solid, which was purified by column chromatography
(silica gel, ethyl acetate/petroleum ether, v:v=1:15) to result in pale
yellow product of 3. Yield, 61%. '"H NMR (400 MHz, CDCl,,
25 °C): 8 7.21-7.12 (m, 8H), 6.98 (d, J = 8.2 Hz, 8H), 4.45 (s, 8H).

Peparation of TPE-4PO: A mixture of 4-hydroxypyridine (125.5
mg, 1.32 mmol) and K,CO; (331.7 mg, 2.4 mmol) was refluxed
in ethanol (15 ml) at 95 °C for 4 hours, and then 1,1,2,2-tetra-kis(4-
(bromomethyl)phenyl)ethene (3, 211.2 mg, 0.3 mmol) was added.
The mixture was further refluxed at 95 °C for 48 h and then filtered.
The filtrate was evaporated to get brown solid, which was purified
by column chromatography (silica gel, MeOH) to result in the final
pale yellow product of TPE-4PO. Yield: 55%. 'H NMR (400 MHz,
CD;0D, 25 °C): § 7.82 (d, J = 7.5 Hz, 8H), 7.06 (dd, J =19.7, 8.3
Hz, 16H), 6.46 (d, J = 7.5 Hz, 8H), 5.08 (s, 8H). *C NMR (101
MHz, CD;0D, 25 °C): § 179.42, 143.41, 141.85, 140.78, 134.35,

This journal is © The Royal Society of Chemistry 2012
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131.61, 127.15, 117.20, 59.35 (Fig. SI). IR (cm’, KBr):

3393.45(m),

1638.70(s),

1544.28(s),

1399.91(m),

1114.74(w), 1019.32(w), 854.48(m), 699.37(w).

o

Jegot-"

N2-OH. K,CO,

Scheme 1 Synthetic route for the ligand TPE-4PO, showing the
transition between Keto-

tautomeric

il NBSAIBN
85°C, 12h - 85°C '3,‘
2

o

TPE-4PO

Y Y

= oY, TR0

Keto-form

Enokform

combination of AIE and ILCT characters.

Syntheses of Ln-complexes

LIFM-21(Tb) — {[Tb(TPE-4PO)(NO;),(H,0)]'NO;-2H,0},: A
solution of TEP-4PO (11.4 mg, 0.015 mmol) in MeOH (1.5 mL)
was added into a solution of Tb(NOs);-3H,0 (8.0 mg, 0.02 mmol)
in acetone (1 ml) at room temperature. A large quantity of white
precipitates were resulted, into which 1.5 mL DMF was added
under ultra sonification. The white precipitates were dissolved and

and Enol-form,

1181.13(m),

(Vai

then filtered. Slow diffusion of acetone into the clear filtrate over 3

days afforded block crystals suitable for X-ray diffraction. Yield:

34-39%. EA for Cs,HygN,0,Tb: calc. C, 51.78, H, 4.00, N, 8.45%;

Found, C, 52.01, H, 3.918, N, 8.38%.

The complexes of Sm, Eu, Gd, and Dy (LIFM-21(Sm), LIFM-
21(Eu), LIFM-21(Gd), LIFM-21(Dy)) were obtained using the
CsoHg4N7015Sm
4PO)(NO3),(H,0)]'NO5-H,01,): cale. C, 52.99, H, 3.91, N, 8.65%;
Found, C, 52.63, H, 3.825, N, 8.67%. EA for Cs5oHyN;0;5Eu
({[Eu(TPE-4PO)(NO3),(H,0)]'NO5-H,0},): cale. C, 5292, H,
391, N, 8.64%; Found, C, 52.61, H, 3.926, N, 8.55%. EA for
Cs5oHysN;015Gd ({{Gd(TPE-4PO)(NO;),(H,0)]-NO5-H,0},): calc.
C, 52.67, H, 3.89, N, 8.60%; Found, C, 52.60, H, 3.913, N, 8.48%.
({[Dy(TPE-
4PO)(NO3),(H,0)]'NO5-2H,0},): cale. C, 51.71, H, 3.899, N,

similar  pr

EA

ocedure.

for

EA for

CsoHgsN;06Dy

8.29%; Found, C, 51.62, H, 3.99, N, 8.43%.

Results and discussion

Structure of TPE-4PO ligand and lanthanide complexes. As
shown in Schemes 1 and 2, TPE-4PO possesses both AIE-related
tetraphenylethylene core, and charge-separated pyridone ends with
ILCT characters. Although we did not get the single crystal of
TPE-4PO ligand, its optimized ground state geometry was

This journal is © The Royal Society of Chemistry 2012

({[Sm(TPE-

and

illustrated by DFT theoretical study. As shown in Fig. la, the
ligand is stabilized in keto-form on the ground state, with terminal
C=0 bonds of 1.23-1.24 A, typical of keto bonding rather than enol
one. The HOMO and HOMO-1 orbitals of TPE-4PO are mainly
contributed by m orbitals from terminal pyridone rings, and
LUMO/LUMO+1 orbitals are comprised of n* orbitals from the
central TPE backbone. The energy gap between the HOMO and
LUMO orbitals is 0.13 a.u. (3.5 eV). Therefore, ILCT (intraligand
charge transfer) can happen between the frontier orbitals of TPE-
4PO to result in charge-separated enol-formation.

- @
MECHANO-
CHROMIC

ILCT

T*

Sm,Eu,Gd \

Tb,Dy
\Sm,Dy
NIR

ANTENNA
ET

Scheme 2 Multifunctional photoluminecent properties of TPE-4PO
ligand and its assembled lanthanide complexes.
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Fig. 1 (a) Diagrams of optimized geometrical structure and frontier
orbital energy levels, (b) UV-Vis absorption in ethanol (1X 107
mol L), and (c) solid-state photoluminescence spectra (Ex: Aem =
487 nm, Em: A., =397 nm) of TPE-4PO ligand.

UV-Vis absorption (ethanol, 1X 10 mol L") and solid state
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excitation/emission spectra of TPE-4PO ligand were shown in Figs.
1 b and c. As we can see, TPE-4PO manifests two absorption peaks
at 268 and 314 nm in ethanol solution, corresponding to n—x*,
n—n* and ILCT transitions in the molecule. Solid state TPE-4PO
powder sample represents structured excitation bands from 300 to
450 nm, and shows a broad emission centered at 487 nm by the
excitation of 397 nm. The skyish-blue emission of TPE-4PO has a
decay lifetime (t) of 1.76 ns and an absolute quantum yield (@) of
28.3%, with CIE coordinate at (0.19, 0.21). The quantum yield of
this ligand is comparable to other reported TPE-based molecules.**

The assembly of TPE-4PO ligand with Ln(NO;); (Ln = Sm, Eu,
Gd, Tb, Dy) results in a series of isomorphous lanthanide
complexes, LIFM-21(Ln). The solid products of these Ln-
complexes are apt to effloresce in air to lose the single crystallinity.
However, the powder X-ray diffraction (PXRD) analyses manifest
some comparable major peaks, indicating these Ln-complexes form
similar coordination frameworks (Fig. S2). We chose LIFM-21(Tb)
as a representative to collect the single crystal diffraction data and
analyze the crystal structure. LIFM-21(Tb) crystallizes in the
orthorhombic Pban space group, in which, the extending modes of
the TPE-4PO ligand are basically similar to other reported
coordination frameworks from TPE-based ligands.4 However, due
to the semi-flexible character of the methylene-linked pyridone
ends and the coordination potency of lanthanide ions, the resulted
framework structure in LIFM-21(Tb) is unique. In detail, the Tb*"
ion is 10-coordinated with four TPE-4PO ligands through terminal
pyridone groups, two NOj3™ anions in chelate manner, and two water
molecules (Fig. 2a). Each Tb*" ion serves as a four-connecting
node, such is also the case with TPE-4PO ligand, linking into a
one-dimesional (1D) loop-and-chain structure. In the crystal lattice,
such 1D chains are interdigitated in parall to form a 2D layer via -
n interactions (Fig. 2b). The TG curve of complex LIFM-21(Tb)
indicates thermal stability up to 400 °C, when the coordination
framework starts to collapse (Fig. S3).

4| J. Name., 2012, 00, 1-3

Fig. 2 (a) Crystal structure of LIFM-21(Tb) showing the
coordination environment of central Tb®* and TPE-4PO ligands.
Pink for Tb, red for O, blue for N, orange and grey for C on two
different TPE-4PO ligands. (b) Crystal packing viewed along
different directions. The solvent molecules and hydrogen atoms are
omitted for clarity.

AIE effect of TPE-4PO ligand. As discussed before, TPE-4PO
ligand shows skyish blue emission in the solid state. In order to
detect the aggregation effect on the emissive property of the
molecule, we dissolve TPE-4PO in good solvent DMSO by adding
different ratio of poor solvent CH,Cl,. As we can see, when the
fraction of CH,Cl, (fw) is lower than 70%, the solution of TPE-
4PO is weakly emissive due to the free rotation of C-C single
bonds of the four benzyl rings around the ethylene skeleton. The
fraction of CH,Cl, higher than 70% results in the aggregation of
TPE-4PO molecules in the solution state and leads to abrupt
enhancement of its emission, showing obvious AIE effect (Fig. 3).
Compared with solid state sample, the emission maximum of TPE-
4PO in solution is basically blue-shifted. Furthermore, with the
increase of CH,Cl, fraction, the emission profiles become more
structured and the resulting CIE coordinates move steadily towards
dark blue region. This may be due to the adding of more CH,Cl,
results in the weaken of solvent polarity, and the ILCT process of
TPE-4PO molecules is restricted to some extent, leading to energy

rise of the emission states.?

1000000

— 0%

800000

600000

400000

Intensity/a.u.

200000

350 400 450 500 550 600 650 700

Wavelength/nm
b)

Fig. 3 (a) Fluorescent photographs (left, fw = 0, 10, 20, 30, 40, 50,
60, 70, 80, 90%, from left to right, crpg4po = 1 X 10° mol L) and
CIE coordinates (right) of TPE-4PO in CH,Cl,/DMSO mixtures
under 365 nm irradiation. (b) Emission spectra of TPE-4PO in
CH,Cl,/DMSO mixtures (Ao = 375 nm), and the inset shows
diagram of luminescent intensity vs. CH,Cl, fraction.

This journal is © The Royal Society of Chemistry 2012
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TPE-4PO also shows mechanofluorochromic performance,
another feature of the AIE-related molecules. As we can see in Fig.
4, the skyish blue fluorescence (0.19, 0.21) of TPE-4PO orginal
samples is changed to cyan color (0.20, 0.25) after grinding.
Emission spectra (Fig. 4b) manifest the red-shift of the emitting
center from 487 to 500 nm. Upon exposure to MeOH (methanol)
vapor, the red-shifted fluorescence returns to the original color and
this reversible process can be repeated for more than ten cycles
(Fig. 4b shows the first five cycles as an example). In order to
probe the mechanism of the mechanofluorochromic behavior of
TPE-4PO, PXRD were measured for the original and
ground/MeOH treated samples. As shown in Fig. 4c, although
some diffraction peaks disappear after grinding, we can not detect
an obvious transition from crystalline to amorphous state, since the
major diffraction peaks still protrude sharply. And upon MeOH
vapor-treatment, most of the disappeared peaks are restored. From
this result, we propose that the mechanofluorochromic behavior
observed in TPE-4PO may be related with the slight changes in
packing states of the aggregated molecules before and after
grinding/MeOH treatment, instead of the total transition between
crystalline and amorphous phases.

Grinding
—
oo -
MeOH Vapor

— Origin

Ground 1
Methanol Vapor 1
Ground 2
Methonal Vapor 2

0.4

Intensity/a.u.

0.2

0.0 4

y T T T y
400 500 600 700 800
Wavelength/nm b)

Intensity

Origin

Ground 1
Methanol Vapor 1
Ground 2
Methanol Vapor 2

o T T T
10 20 30

2theta/degree C)

This journal is © The Royal Society of Chemistry 2012
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Fig. 4 (a-c) Fluorescent photographs, emission spectra (A, = 375
nm), and PXRD patterns of the original, ground and MeOH
(methanol) vapor treated TPE-4PO samples.

Antenna effect of TPE-4PO ligand: AIE in visible emitting
Eu®*, Tb®" complexes, and sensitized NIR emitting in Sm>*,
Dy*" complexes. As a ligand with lower energy ILCT states, TPE-
4PO is coordinated with Ln®" ions to explore its sensitization
ability for the characteristic lanthanide /' — f emissions, especially
those in the near infrared (NIR) region. Firstly, the
phosphorescence spectrum of LIFM-21(Gd) was detected at 77 K
to determine the triplet energy level of TPE-4PO. As we can see in
Fig. S4, LIFM-21(Gd) manifests broad phosphorescence centered
at ~486 nm, therefore, the tripet energy level of TEPE-4PO is
estimated to be ~20 576 cm’!. This energy level may be too lower
to efficiently sensitize the visible emission of Eu*" (°Dy, 17 277 cm’
") and Tb** (°Dy, 21 000 cm™).** However, it can be applied for the
sensitization of NIR emissions of Sm*" and Dy*" in this series of
complexes.

As expected, LIFM-21(Eu) and LIFM-21(Tb) present mainly the
blue emission of the ligand TPE-4PO, rather than the characteristic
red and green emission of Eu®* and Tb**. However, after lanthanide
coordination, the quantum yield of the blue emission from TPE-
4PO in LIFM-21(Tb) is obviously increased, reaching 45.6%. This
may be partly due to the further solidification of the C-C single
bonds after coordination, and represents another manifestation of
AIE phenomenon.* Differently, apart from the major broad
emission from TPE-4PO ligand, there are also some weak
emissions from Eu®" appearing in LIFM-21(Eu), and the total
quantum yield in the range 400-800 nm is 10.2%, lower than that of
the pure ligand. This shows that there is partly energy transfer
happened from TPE-4PO to Eu®" (the triplet energy level of TPE-
4PO is higher than the accepting level of Eu’’, so the energy
transfer can happen), but the efficiency is not good enough. This
may be firstly due to the triplet-metal emitting level mismatch in
the energy state, and secondly, we can see there are water
molecules directly connected to the lanthanide ions’ first
coordination sphere, and this may lead to nonradiative energy
dissipation progress to quench the luminescence. For LIFM-21(Sm)
and LIFM-21(Dy), the luminescence spectrum in visible region is
also dominated by ligand-based broad emission (Fig. S5), except
that several small peaks relating to Sm*" *Gs, — 6H5/2, 72, 92
emissions can also be observed for LIFM-21(Sm). In comparison,
sensitized NIR emission characteristic of lanthanide f — f
transitions can be detected clearly in these two complexes. For
LIFM-21(Sm), the NIR emissions at 902, 944, 1070, and 1190 nm
can be assigned to *Gs), - °F; transitions (J = 3/2, 5/2, 7/2, and 9/2,
respectively) of Sm’*. While for LIFM-21(Dy), NIR emission
peaks are observed at 940 nm, which is corresponding to the *Fo, -
SHs), transition of Dy**. The decay lifetime for the NIR emission in
these two lanthanide complexes are 26 ps (944 nm, *Gs), for Sm®")
and 5.2 us (*Fop, for Dy, detected at 940 nm), showing rather good
energy transfer efficiency from the ligand.”

J. Name., 2012, 00, 1-3 | 5
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Aex= 397 nm, A, = 487 nm), LIFM-21(Tb, A= 395 nm, A, = 485
nm), LIFM-21(Sm, A= 395 nm, A, = 944 nm) and LIFM-21(Dy,
Aex =465 nm, A, = 829 nm).

Although complexes LIFM-21(Eu) and LIFM-21(Tb) do not
represent good ‘“antenna ligand” examples, the luminescence
behaviour is still rather intriguing. Apart from the increased
quantum yield observed in LIFM-21(Tb) described before, the two
complexes also show solvofluorochromic phenomenon. As shown
in Fig. 6, the emission of complex LIFM-21(Eu) in solution shows
eye-detectable changes with the increase of the solvent polarity,
spanning different colours from blue, cyan to green (Fig. 6a).
Detailed luminescence spectra and calculated CIE coordinates
(Figs. 6b and c) manifest the photophysical properties are
simulateneously controlled by solubility/aggregate formation and
solvent polarity. Genearlly, in good solvents such as DMEF,
methanol and DMSO, LIFM-21(Eu) is weakly emissive, similar to
the situation in pure TPE-4PO ligand as discussed in Fig. 3. While
in other relatively poor solvents, the emission colours of LIFM-
21(Eu) are basically tuned by the solvent polarity monotonically.
When dispersed in solvents with low polarity such as hexane,
toluene and benzene, the emission colour of LIFM-21(Eu) is dark
blue; in solvents with medium polarity such as iso-butyl acetate
(iso-BA), ethyl acetate (EA), chloroform and dioxane, the emission
colour becomes light blue to cyan; while in solvents with high
polarity such as acetonitrile and glycol, the emission is further red-
shifted to the green region. The fact that the weaken of solvent
polarity will lead to energy rise (blue-shift) of the emission is also
similar to that observed in the CH,Cl,/DMSO mixture solvent of
TPE-4PO ligand, in which the ILCT emitting states are modified.
The solvent responsive emission of LIFM-21(Tb) and pure TPE-
4PO ligand show basically similar tendency (Figs. S6-7).
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Fig. 6 (a-c) Fluorescent photographs (in hexane, toluene, benzene,
iso-butyl acetate, ethyl acetate, chloroform, dioxane, acetonitrile,
DMEF, methanol, DMSO, glycol, water, for which the polarities are
increased steadily from left to right, respectively), emission spectra,
and CIE coordinates of LIFM-21(Eu) dispersed in different
solvents.

Conclusions

In general, a tetrapodal zwitterionic type ligand TPE-4PO was
designed and applied to coordinate with Ln(III) ions Sm*",
Eu*, Gd**, Tb*", Dy’". Both the ligand and lanthanide
complexes AIE/ILCT-dictated
photoluminescence, which is multiple stimuli-responsive,
including mechanofluorochromism, solvofluorochromism, and
aggregation-inducive changes in the emission intensity and
colors. Besides, the coordination with Tb*>" ions brings further
rigidity to the TPE backbone, leading to intensified quantum
efficiency. On the other hand, TPE-4PO can also serve as
efficient antenna ligand to sensitize the NIR emission of Sm**
and Dy**. Further studies on the application of this system for
sensor devices and optoelectronic materials are undergoing.
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