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A series of hybrids based on lanthanide ions (Eu®*, Tb®", Sm**, Dy*") activated yttrium

metallic organic framework of 1,3,5-benzenetricarboxylate (MOF-76(Y)) have been
synthesized by ion substitution under solvothermal conditions, which shows isostructure with
parent MOF-76(Y). Meanwhile, nanoscaled MOF-76(Y): Ln (Ln = Eu, Tb, Sm, Dy) can also
be prepared with assistance of moderate reagent. Structure, composition and morphology of
resulting materials are characterized by XRD, EDX, and SEM. Photophysical properties of
these hybrid systems are investigated in details and reveal that characteristic emission of
corresponding Ln*" ion is under ultraviolet radiation. In further study, the tunable emitting
color of Eu*" and Tb*" co-activated MOF-76(Y) (x mol% Eu®": y mol% Tb*" = 1: 10, 5: 10, 10:
10, 10: 5, 10: 1) are discussed. The result indicates that the tunable optical properties of MOF-
76(Y): Eu/Tb depend on the concentration of activated ions and excitation wavelength. Besides,
the polymer films, which are made of nanosized MOF-76(Y): Ln (Ln = Eu, Tb, Sm, Dy), are
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prepared in order to extend the potential application of optical device.

1. Introduction

Metal organic frameworks (MOFs) has been attracted much
attention for their variety applications, such as gas storage',
drug delivery®, chemical sensors’ and catalysis®, which are
result from the variety composition of binding ligands and
metal centers. In recent years, fluorescent MOFs raise a great
interest for their potential applications as molecule sensors’,
lighting devices®, and biological imaging’. There are several
ways to generate MOFs’ fluorescence®. Highly conjugated
organic linkers may give pure intra-ligand emission, metal to
ligand charge transfer (MLCT) emission, or ligand to metal
charge transfer (LMCT) emission. In addition, lanthanide as
framework ions emit sharp but weak luminescence, however,
luminescence intensity can be increased by antenna effect. The
entrapped guest luminescent molecules can also confer
luminescent properties onto MOFs, including exciplex
formation. In decades, lanthanide metal organic frameworks
(LnMOFs) are studied widely not only for their traditional
utilities as gas absorption material and catalyst’, but also for
their promising potential utilities in such fields as luminescent
labels, photovoltaic devices, and high-technology optics, erc'’.
Some novel methods
LnMOFs'!, whose nanoscale is of great importance to produce
interesting functional nanomaterial for physical and biological
It needs to be referred that the potential

are explored to synthesize nano-

applications.
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application of LnMOFs becomes attractive for their virtues of
high colour purity, high luminescence quantum efficiencies and
a wide range of lifetime. Unfortunately, the application of
LnMOFs is hindered by poor physical stability and low
mechanical strength. In order to overcome this shortcoming,
one solution is to immobilize LnMOFs in stable matrices, like
polymers, ionic liquid, silicon materials, efc'>'>. Embedding
LnMOFs into a polymer can lead to novel transparent organic-
inorganic hybrid materials, which can find potential
applications in the field of optical devices such as lenses, filters
and polarizers.

To date, various LnMOFs have been synthesized with different
organic linkers. It is well known that benzenetricarboxylates are
widely used in the construction of three-dimensional lanthanide
coordination compounds, because oxygen atoms on the
carboxylate can act as bridge linking to metal ions in various
coordinating modes'*. Since Yaghi group synthesized MOF-
76, in which Tb atoms are bridged by 1,3,5-
benzenetricarboxylates organic linkers to form a 3D rod-
packing structure, some analogue material on the basis of
lanthanide and 1,3,5-benzenetricarboxylates are synthesized
later'®. One of the important applications of MOF-76 (or its
isostructural MOFs) is chemical sensor such as anion sensor!”®
or small molecule sensor'®®!", Recently, Sun and cowokers!’®
also find MOF-76 can play a key role in uranium (VI) sorption.
As far as we know, most reported applications of MOF-76 and
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its derivatives is focused on gas sorption and chemical sensing,
while examples with luminescence tuning have been rarely
reported. Few years ago, You and coworkers'® realize the
synthesis of color-tunable Eu*" and Tb*>" co-doped MOF-76 on
a large amount via simple one-step precipitation method. This
demonstrate that 1,3,5-benzenetricarboxylates will be a good
candidate to sensitise Eu®" and Tb*" luminescence.

Among the lanthanide ions, Y** ions based compounds are
usually used as matrices for traditional fluorescent powders,
while Eu**, Tb*", Sm®’, Dy’" ions act as important activators.
Herein we present the rare example of microporous Y(1,3,5-
BTC)(nH,O) as matrix, which make use of Y as center metal
and benzenetricarboxylic acid (H;BTC) as linker, lanthanide
ions (Eu*, Tb*", Sm**, Dy*") as activators to obtain a series of
luminescent lanthanide metal organic frameworks. The colour-
tunable luminescence of these hybrids MOF systems were
realized by adjusting doping concentration ratio of lanthanide
ions or varying excitation wavelength. The polymer films based
on them are also prepared for the purpose of extending
application fields.

2. Experimental Section

Reagents. 1,3,5-Benzenetricarboxylic acid (H;BTC), N,N-
dimethylformamide (DMF), benzoyl peroxide (BPO),
tetrahydrofuran (THF) and ethyl methacrylate (EMA) were
purchased from Aldrich and used without further purification.
Y(NO3)3'6H20, Eu(NO3)3'6H20, Tb(NO})}GHzo,
Sm(NO;);6H,0 and Dy(NOs);6H,O  were prepared by
dissolving their corresponding oxides in concentrated nitrate
acid followed by evaporation.

Synthesis of MOF-76(Y). As a typical synthesis of Y(1,3,5-
BTC)(nH,0), Y(NO5)-6H,O (0.107 g, 0.28 mmol) and H;BTC
(0.020 g, 0.10 mmol) were dissolved in DMF (4 mL) and H,O
(3.2 mL) at room temperature. The mixture was further stirred
for 30 min in a 23-mL solvothermal vessel and was heated to
80 °C for 24 hrs. The product was collected by centrifugation,
washed several times with ethanol and dried in air for
characterization. We denote the synthesized Y(1,3,5-
BTC)(nH,0) as MOF-76(Y). FT-IR (KBr, 4000-400 cm™):
3435 (br), 2926 (w), 1670 (s), 1631 (s), 1616 (s), 1578 (m),
1541 (m), 1443 (s), 1379 (s), 1107 (w), 939 (w), 773 (m), 706
(m), 571 (w), 459 (w).

Synthesis of MOF-76(Y): Ln (Ln= Eu, Tbh, Sm, Dy) and MOF-
76(Y): x mol%Eu/y mol%Tb. A similar process was employed
to prepare Y(1,3,5-BTC)(nH,0): Ln, except for adding a
certain amount of 10 mol% Ln(NO;);-6H,0 (Ln = Eu, Tb, Sm,
Dy) into the precursor solution at the initial stage, while other
reaction parameters were kept unchanged. We denote the
synthesized Y(1,3,5-BTC)(nH,0): Ln as MOF-76(Y):Ln.
Europium and terbium doped Y(1,3,5-BTC)(nH,O) is also
synthesized by a similar procedure, except for adding a certain
amount of Eu(NO3);:6H,O and Tb(NO;);-6H,O into the
precursor solution at the initial stage, while other reaction
parameters were kept unchanged. The product was collected by
centrifugation, washed several times with ethanol, and dried in
air for characterization. We denoted the synthesized Eu®" and
Tb*" substituted MOF as MOF-76(Y): x mol% Eu/y mol% Tb,
(x mol% Eu*": y mol% Tb>" = 1: 10, 5: 10, 10: 10, 10: 5, 10: 1).
Synthesis of nanosized MOF-76 (Y): Ln (Ln = Eu, Tb, Sm, Dy).
A typical synthesis of nanosized Y(1,3,5-BTC)(nH,O):Ln was
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as follows: a mixture of Y(NO;);-6H,0 (0.107 g, 0.28 mmol),
Ln(NO,)3;-6H,O (0.028 mmol), H;BTC (0.020 g, 0.10 mmol)
and CH;COONa-3H,0 (0.027 g, 0.20 mmol) were dissolved in
DMF (4 mL), and H,O (3.2 mL) at room temperature. The
mixture was further stirred for 30 min in a 23-mL solvothermal
vessel and obtained white suspension liquid. And then, the
precursor was heated to 80 °C for 24 hrs. The product was
collected by centrifugation, washed several times with ethanol
and dried in air for characterization. We denote the nanosized
MOF-76 (Y): Ln as NMOF-76 (Y): Ln (Ln = Eu, Tb, Sm, Dy).
Synthesis of NMOF-76: Ln (Ln = Eu, Tb, Sm, Dy) polymer films.
The transparent and luminescent MOF-76(Y):Ln polymer
materials were prepared according to the procedure as follows:
10 mg NMOF-76:Ln was added into a flask with 1ml EMA and
10 mL THF. The mixture was further stirred for 30 min under
80 °C vacuum circumstances. The final luminescent polymer
materials were finally prepared from the radical polymerization
of the monomer ethyl methacrylate (EMA). Then, 0.0125 g
BPO dissolved in 2 mL THF was added into the mixture and
reacting 6 hrs. The THF was removed by rotary evaporation.
Characterization. Infrared spectra were measured within KBr
pellets from 4000 to 400 cm™” using a Nexus 912 AQ446
Fourier transform infrared spectrum radiometer (FTIR). X-ray
powder diffraction patterns (XRD) were acquired on Rigaku
D/max-rB diffractometer equipped with Cu anode; the data
were collected within the 260 range of 5-65°. Thermogravimetric
analysis (TG) was measure using a Netzsch STA 449C system
at a heating rate of 5 °C/min under the nitrogen protection. The
morphology of the samples was inspected using a scanning
electron microscope (SEM, Philips XL-30). Energy Dispersive
Analysis by X-rays (EDX) and transmission electron
microscope (TEM) is carried out on a JEOL JEM-2010F
electron microscope operated at 200 kV. The ultraviolet
diffusion reflection spectra of the powdered samples were
recorded by a B&WTEK BWS003 spectrophotometer.
Luminescence excitation spectra and emission spectra were
measured on an Edinburgh FLS920 fluorescence spectrometer.
The lifetime measurements were measured on an Edinburgh
Instruments FLS 920 fluorescence spectrometer using
microsecond (100 mW) lamp. The outer luminescent quantum
efficiency was determined using an integrating sphere (150 mm
diameter, BaSO, coating) from Edinburgh FLS920
phosphorimeter. The spectra were corrected for variations in
the output of the excitation source and for variations in the
detector response. The quantum yield can be defined as the
integrated intensity of the luminescence signal divided by the
integrated intensity of the absorption signal. The absorption
intensity was calculated by subtracting the integrated intensity
of the light source with the sample in the integrating sphere
from the integrated intensity of the light source with a blank
sample in the integrating sphere. All of the measurements were
performed at room temperature.

3. Results and Discussion

3.1 Structure, composition and morphology of MOF-76(Y)
and MOF-76(Y): Ln (Ln = Eu, Tb, Sm, Dy)

A series of MOF-76(Y): Ln (Ln = Eu, Tb, Sm, Dy) were
prepared and the typical coordination environment and
structure of synthesized MOF-76(Y) are shown in Scheme 1.
According to the reported literature'*>1¢, the structure of MOF-
76(Y) is that the central Y is seven-coordinated by six oxygen
atoms from the carboxylate groups of 1,3,5-BTC ligands to
from a tetragonal porous framework of P,322 space group.

This journal is © The Royal Society of Chemistry 2012
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Scheme 1 The coordination environment of central atom Y (viewed
from direction of (100) crystal plane) and the structure of MOF-76(Y).
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Fig. 1 XRD patterns of MOF-76(Y) and MOF-76(Y): Ln (Ln = Eu, Tb,
Sm, Dy).

The X-ray powder diffraction (XRD) pattern of pure MOF-
76(Y) exhibits several peaks in 20 ranged 5-55 ° (Fig. 1), which
matches pretty well with XRD pattern of stimulated
Y(BTC)(H,0);(DMF), ;'**.  Furthermore, the structure of
synthesized MOF-76(Y): Ln is also confirmed by XRD, which
suggests the ordered porous structure of MOF-76(Y) is
conserved after the introduction of lanthanide ions. The
consistent XRD results indicate that introduction of doping
lanthanide ions do not change the crystalline phase structure.
However, compared to MOF-76(Y), it is worth noting that a
slightly diffraction peak shift of lanthanide doping MOF is
observed towards low diffraction angle (Table S1). Moreover,
the crystalline interplanar spacing (d in Table S1) of all the
materials can be obtained by Bragg equation, and analysis
shows that the distance of crystal face of MOF increases by
introducing lanthanide ions. This consequence can be attributed
to the introduction of lanthanide into host lattice, which has
larger atomic radius than yttrium. The element analysis of

MOF-76(Y): Ln (Ln = Eu, Tb, Sm, Dy) are determined by EDX.

From the EDX element analysis, it shows that the doping ratio
of Ln (Ln = Eu, Tb, Sm, Dy) to Y are almost in accordance
with the experiment doping mole ratio (Ln: Y= 0.1) (Table S2).
We can also deduce that lanthanide ions are successfully
incorporate into host lattice.

This journal is © The Royal Society of Chemistry 2012
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Fg. 2 S ias of (A) low magnification and (a) high
magnification of MOF-76(Y):Eu; (B) low magnification and (b) high
magnification of NMOF-76(Y):Eu.

The morphology of crystals is studied by scanning electron
micrograph. The rod-like structure of MOF-76(Y) does not
change after ion substitution (Fig. S1). As shown in Fig. 2A,
the sample of MOF-76(Y): Eu consists of relatively uniform
rod-like crystals by using the solvothermal method at 80°C
without chemical additives. A higher magnification SEM image
(Fig. 2a) indicates that the crystal is regular square prism
structure with the size of 10x10x80 um?. Fig. 2B shows images
of obtained NMOF-76(Y): Eu, well-dispersed nanoparticles by
introducing sodium acetate into precursor using solvothermal
method at 80°C. Careful observation reveals that the obtained
nanomaterial is like rice shape with the length of 150-250 nm
and width of 100-150 nm (Fig. 2b). XRD patterns of resulting
nanocrystals are nearly identical, indicating the unchanged
XRD patterns of resulting nanocrystals are nearly identical,
indicating the unchanged crystalline form (Fig. S2). The size
reduction of MOF-76(Y): Eu is mainly due to the introducing
of sodium acetate leading to the completive coordination,
which is speculated to regulate the rate of crystal growth.

3.2 Lanthanide ions activated MOF-76(Y) materials with color
tunable luminescence properties

3.2.1 Photoluminescence properties of MOF-76(Y): Ln
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Fig. 3 Room temperature excitation and emission spectra of MOF-
76(Y):Ln: Ln = Eu (A, Aex = 295 nm), Tb (B, Aex = 297 nm), Sm (C, Aex
=295 nm), Dy (D, Aex = 295 nm).
The emission spectrum of MOF-76(Y) exhibits a broad peak
centered at 410 nm when it is excited by the wavelength of 315
nm (Fig. S3). Whereas, the emission spectra of ligand showed a
broad peaks centered at 361 nm. The red shift of emission peak
is probably because yttrium atom disturb the luminescence of
1,3,5-benzenetricarboxylic acid. The fluorescence excitation
and emission spectra of the MOF-76(Y): Ln is displayed in Fig.
3. It is clearly showed from the figures that all the excitation
spectra (the dashed line) dominated by a broad absorption
bands located at ultraviolet region centered at about 295 nm,
suggesting that the resulted materials can absorb the ultraviolet
light efficiently and then sensitize the emission of lanthanide by
energy transfer. The luminescence of MOF-76(Y):Ln is mainly
attributed to the organic ligand’s excited energy levels with a
subsequent transfer to the resonant excited levels of lanthanide
ions, and therefore yielding a final strong light emission.
Furthermore, the emission spectra (the solid line) of MOF-
76(Y): Ln are obtained by using appropriate wavelength as
excitation source, which display their characteristic emission
peaks. The emission lines of MOF-76(Y):Eu are assigned to
Dy—7TFy, °Dy—7F;, °Dy—'F,, °Dy—'F; and °Dy—’F,
transitions for those peaks located at about 579, 594, 615, 651,
and 702 nm, respectively. It can be observed that the emission
spectra shown in Fig.3A are dominated by a very intense
’Dy—'F, transition at 616 nm. It is well known that the
’Dy—F, transition is a typical electric dipole transition and is
very sensitive to the local symmetry of europium ions, while
the parity-allowed magnetic dipole transition °Dy—'F; is
practically independent of the ions’ surroundings. Hence, the

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

intensity ratios I(’Dy—"F,)/ICDy—"F;) (I42/Io;) can be seen as

an indicator for the local environment of ions. According to the

calculated intensity ratio for 3.6, we concluded that the

chemical environment around the europium ions is in low

symmetry. For MOF-76(Y): Tb, the emission lines depicted on

the right of Fig. 3B are assigned to 5D4—>7F6, 5D4—>7F5,

’D,—'F, and °D,—’F; transitions for those peaks located at
488, 548, 582 and 624 nm, respectively. The emission peaks of
MOF-76(Y): Sm are assigned to *Gs,—Hs), ‘Gs,—°Hy), and
4Gs,,—°Hy), transitions for those peaks located at 564, 600, and
647 nm, respectively (Fig. 3C). For MOF-76(Y): Dy, the
emission lines depicted on the right of Fig. 3D are assigned to
4Fy;—°F s, and *Fo;,—°F 3, transitions for those peaks located
at 484 and 577 nm, respectively. Furthermore, the UV—vis
diffuse reflectance spectra of MOF-76(Y): Ln is in accordance
with emission spectra. Adsorption bands observed in Fig.S4
indicate that the 1,3,5-benzenetricarboxylic acid ligands absorb
the ultraviolet light centered at 293 nm. Then, all the lanthanide
ions doped MOF-76(Y) are expected to have excellent
photoluminescence properties under the irradiation of
ultraviolet light, which has been proved in the luminescence
spectra (Fig. 3). In addition, the peaks in UV-Vis diffuse
reflectance spectra at 616 nm appearing in MOF-76(Y):Eu can
be ascribed to °Dy—'F,, and peaks at 546 nm in MOF-
76(Y):Tb can be assigned to D,—Fs.

Table 1 The luminescent efficiencies and lifetimes for MOF-76: Ln (Ln
= Eu, Tb, Sm, Dy).

Materials T (us)* N (%)"
MOF-76(Y): Eu 704 82%
MOF-76(Y): Tb 1460 91%
MOF-76(Y): Sm 14 4%
14 18%

MOF-76(Y): Dy
“ lifetimes (7) of °Dy energy level for Eu’" excited state, D, energy
level for Tb®" excited state, *Gs) energy level for Sm*" excited state,
*Hoy, energy level for Dy** excited state, respectively; ? the luminescent
quantum efficiencies are measured on an Edinburgh Instruments FLS
920 fluorescence spectrometer.

00 01 02 03 04 05 06 07 08

Fig. 4 CIE x-y chromaticity diagram of MOF-76(Y): Ln (Ln=Eu, Tb,
Sm, Dy) with different doping ratio (1 mol%, 5 mol% 10 mol%) using
the excitation wavelength of 300 nm. The insert is MOF-76(Y): Ln
under the excitation wavelength of 254 nm.

For further investigation of the photoluminescence properties,
we measure the luminescence lifetime decay curves of MOF-
76: Ln at room temperature, the resulting lifetimes are given in
Table 1. Besides, we measure efficiencies on an Edinburgh
Instruments FLS 920 fluorescence spectrometer and the
resulting emission quantum efficiencies are listed in Table 1.

This journal is © The Royal Society of Chemistry 2012
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As displayed in Table 1, MOF-76(Y): Eu and MOF-76(Y): Tb
possess much higher quantum efficiencies than MOF-76(Y):
Sm and MOF-76(Y): Dy. As illustrated in Fig. 4, the CIE
chromaticity coordinates for MOF-76: Ln fall in red-orange,
green-yellow, pink, and light green, respectively. Under 300 nm
excitation, MOF-76(Y): Eu and MOF-76(Y): Tb both show
fairly bright. However, the luminescence of MOF-76(Y): Sm
and MOF-76(Y): Dy is comparatively weak. It might be due to
unmatchable energy level between the triple excitation state of
benzenetricarboxylic acid and the excitation energy level of
Sm*®" or Dy*". Therefore, changing the doping ratio hardly
causes moving of coordinates of MOF-76(Y): Eu or MOF-
76(Y): Tb, which remain the bright luminescence of red or
green. When it comes to MOF-76(Y): Dy or MOF-76(Y): Sm,
different doping ratio (1 mol%, 5 mol% 10 mol%) causes
slightly shift of coordinates. With the decrease of doping
concentration of Sm®" or Dy*", the coordinates gradually move
towards the blue region.

3.2.2 Photoluminescence properties of MOF-76(Y): x mol% Eu/y
mol% Tb

Excitation at 297 nm 1, 'Eu

1% Eu 10% Th

5% Eu 10% Th

10% Eu 10% Th

Intensity (a.u.)

10% Eu 5% Th

10% Eu 1% Tb

420 490 560 630 700

Wavelength (nm)
Fig. 5 Emission spectra of MOF-76(Y):x mol% Eu/y mol% Tb under

the excitation of 297 nm and CIE x-y chromaticity diagram of MOF-
76(Y): x mol% Eu/y mol% Tb. (A) MOF-76(Y): 1 mol% Eu/10 mol%
Tb; (B) MOF-76(Y): 5 mol% Ew/10 mol% Tb; (C) MOF-76(Y): 10
mol% Eu/10 mol% Tb; (D) MOF-76(Y): 10 mol% Eu/5 mol% Tb; (E)
MOF-76(Y): 10 mol% Eu/1 mol% Tb.

Obtained Eu*" and Tb*" ions co-activated MOF-76(Y) has the
same morphology and crystallinity with MOF-76(Y). Fig. 5
shows the emission spectra of the co-doped MOF-76(Y): x
mol% Eu/y mol% Tb under 297 nm excitation (the maximum
excitation wavelength of MOF-76: Eu and MOF-76: Tb). The
concentration of europium and terbium are 1 mol% Eu/10
mol% Tb, 5 mol% Eu/10 mol% Tb, 10 mol% Eu/10 mol% Tb,
10 mol% Eu/5 mol% Tb, and 10 mol% Eu/l1 mol% Tb, which
giving emission of yellow-green, yellow, warm yellow, orange,
and red, respectively. Even with a minimal Eu content of 1
mol% in MOF-76(Y):1 mol% Eu/10 mol% Tb, the
characteristic emission peak at 616 nm attribute to SDy—F,
transition within Eu®" is detectable with considerable intensity.
Under 297 nm excitation, it yields the characteristic emissions
of the Eu** and Tb®" ions. When the doping concentration of
europium increases, it can be observed a significant change in

This journal is © The Royal Society of Chemistry 2012
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relatively intensity of green emission of Tb*" in MOF-76(Y),
which decreases strongly along with the raised mole ratio of
europium. Besides, the emission of Tb is almost absent while
the Eu®* concentration is 10 mol% and Tb>" 1 mol%. However,
the increasing doping ratio of Tb®>" does not have a great
influence on the emission of Eu’*. For further study of
luminescence mechanism, we investigate lifetime of Eu’'
(’Dy—"F,) and Tb*>" (°D,—’Fs) in MOF-76(Y):x mol% Eu/y
mol% Tb under 297 nm excitation (Table S3). It clearly shows
that the lifetime of Eu** (°Dy—'F,) and Tb** (°D4—’Fs) do not
change much when the concentration of Eu** and Tb*" varies.
Therefore, the results indicate that there is no energy transfer
phenomenon between Eu®" and Tb*", which may probably due
to the distance between Eu atom and Tb atom are relatively far,
leading to the difficulty to energy transfer. We also co-doped
Sm and Tb into MOF-76(Y), which is denoted as MOF-76(Y):x
mol% Sm/y mol% Tb(x: y = 1: 10, 5: 10, 10: 10, 10: 5, 10: 1)
(Fig. S5). Since the emission of samarium is comparatively
weak, the CIE coordinates of MOF-76(Y):x mol% Sm/y mol%
Tb are all located in yellow-green area, which is resulted from
dominant luminescence of terbium ions.

Tb Eu
)

Aex= 3000m )

Intensity (a.u.)
T
‘ %
2
g
H

Aex=370nm ’LJ\LL,

= 380nm
ey A

400 450 500 550 600 650 700 750

00 01 02 03 04 05 06 07 08

Wavelength (nm)
Fig. 6 Emission spectra of MOF-76(Y):10 mol% Eu/10 mol% Tb under
the excitation ranged from 300-380 nm and CIE x-y chromaticity
diagram of MOF-76(Y):10 mol% Eu/10 mol% Tb under different
excitation wavelength. The inserts shows luminescence of 10 mol%
Eu/10 mol% Tb under the excitation of (A) 300 nm, (B) 330 nm, (C)
360 nm, and (D) 380 nm.

Interestingly, the photoluminescence color of MOF-76(Y):10
mol% Eu/10 mol% can be tuned from yellow, yellow-green,
warm white to orange by changing excitation wavelength from
300-380 nm. Fig. 6 shows the corresponding CIE chromaticity
diagram of MOF-76(Y):10 mol% Eu/10 mol% Tb under
different excitation wavelength (300-380 nm). There is a little
difference between the excitation spectra monitored by 616 nm
(Ev*": °Dy—"F,) and 548 nm (Tb**: *D,—'Fs). As showed in
Fig. S6, the excitation band of Tb*" ranged from 250-350 nm is
quite broader than Eu®* from 250 to 310 nm, in the meanwhile,
there is a excitation line centered at 392 nm in the excitation
monitored by 616 nm (Eu*: °Dy—'F,). Therefore, when
wavelength changed from 300 nm to 380 nm, the different
energy absorbing trend of Eu*" and Tb**
photoluminescence color.

3.3 The luminescence of NMOF-76:Ln (Ln = Eu, Tb, Sm, Dy)
polymer film

yields various
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The SEM image of NMOF-76: Eu fabricated polymer film is
shown in Fig. 7. The film surface is smooth, continuous, and
defect free over a large area. The XRD pattern of NMOF-
76(Y):Ln fabricated in polymer film is shown in Fig. S7. Since
NMOF-76:Eu is physically dispersed in polymer host, in which
polymer host is large amount and NMOF-76:Eu is little
amount. So the broad diffraction peaks in its XRD pattern are
dominated by the amorphous state of polymer host materials
are amorphous. While the diffraction peaks for crystal phase of
NMOF-76:Eu cannot be seen very clearly for its limited
amount in the polymer host. The IR spectra of NMOF-
76(Y):Eu displays the retained peaks centered at 1610 cm™ and
1440 cm’, which means unchanged coordination form of
H;BTC and lanthanide ions (Fig. S8). The fluorescence
excitation and emission spectra of the NMOF-76(Y): Ln
polymer films are showed in Fig. S9. Excitation spectra of
NMOF-76(Y): Ln polymer films are quite similar with powder
MOF-76(Y): Ln, the absorption band of which centered at 295
nm. Since poly(methyl methylacrylate) (PEMA) acts as a
physical matrix, polymerization reaction does not change the
photoluminescence mechanism, that is, organic ligand’s excited
energy levels with a subsequent transfer to the resonant excited
levels of lanthanide ions yielding a light emission. Both
NMOF-76(Y): Eu and NMOF-76(Y):Tb fabricated polymer
films show their characteristic transition emission (red and
green color) under 295 nm excitation. The intensity ratio
between electric dipole transition and magnetic dipole
transition, I(°Dy—"F,)/I’Dy—"F,) (Ip/Io), is 3.8 in NMOF-
76(Y):Eu polymer film compared to 3.6 in the powder MOF-
76(Y):Eu. It can be deduced that coordination environment of
Eu’" does not change much after polymerization, which is also
in low symmetry coordination environment. While NMOF-
76(Y): Sm and NMOF-76(Y):Dy fabricated polymer films
present relatively weak luminescence. It can be observed that,
besides the characteristic emission lines of Sm*" and Dy’*,
there is a broad band located in 400-500 nm, which can be
attributed to the luminescence of polymer matrix. NMOF-
76(Y): Ln polymer films are transparent under the sunlight
(Fig. 7B1), while showing emission of red, green, pink and cold
white in the ultraviolet box (254 nm excitation) (Fig. 7B2).

The Si-O-H group
hing at 91Scm N

eclively corresponc

7.9mm x100 SE(M) 412372014 ' 500um

01
Fig. 7 (A) SEM image of NMOF-76:Eu polymer film; Images of the NMOEF-
76:Ln (Ln=Eu, Tb, Sm, Dy) polymer film (B1) under sunlight and (B2) in the
ultraviolet box (under 254 nm excitation).

Conclusions

Novel lanthanide (Eu, Tb, Sm, Dy) ions doped yttrium 1,3,5-
benzenetricarboxylate have been prepared via solvothermal
method. Fluorescence spectra indicates that MOF-76(Y): Ln

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

(Ln =
under ultraviolet radiation. The tunable color luminescence
property of europium and terbium co-doped yttrium 1,3,5-
benzenetricarboxylate is depending on the dopant concentration
of europium and terbium and on excitation wavelength.
Moreover, the lanthanide ions doped MOF-76(Y) polymer film
can be obtained via embedding nanosized MOF-76(Y): Ln into
PEMA. The resulting transparent hybrid materials can be used
in the fabrication of different plastic photonic devices.

Eu, Tb, Sm, Dy) reveal characteristic emission lines
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Polymer films

Y(1,3,5-BTC)(nH,0) o

Under 254 nm UV

Color-tunable materials

A series of mnovel lanthanide (Eu, Tb, Sm, Dy) doped yttrium
1,3,5-benzenetricarboxylate have been obtained via solvo-thermal method. The
synthesized polymer films of obtained materials extend the application fields in
fabricating plastic photonic devices. With varied concentration of co-doped europium
and terbium in yttrium 1,3,5-benzenetricarboxylate, the emitting colors of obtained
materials changed under the same excitation wavelength.
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