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Introduction

The rational design and construction of lanthanide metal–or-
ganic frameworks (LnMOFs) can not only lead to systemati-
cally tuned architectures, but also gives rise to multifunc-
tional properties.[1] LnMOFs with unique optical properties,
including large Stokes� shifts, high color purity, and relative-
ly long luminescence lifetimes originating from f–f transi-
tions through the “antenna effect”,[2] have been emerging as
very promising functional materials for sensing applications,
such as in the fields of fluorescent probes and luminescence-
based bioassays.[3] Such fluorescent probes appear to be ex-
tremely interesting by virtue of their simplicity, rapid re-
sponse, high sensitivity, and low cost.[4] The wide variety of
luminescent LnMOFs and their inherent synthetic versatility
seems to make them ideal for molecular recognition. Molec-
ular recognition mainly relies on interaction between the
host material and guest molecules, and this kind of interac-
tion generally depends on the solvent, hydrogen-bonding ca-
pability, p–p stacking, and electrostatic interactions.[5]

LnMOFs with high coordination numbers and various coor-
dination modes of the lanthanide ions can be considered as
promising platforms for the recognition of small molecules.[6]

In particular, NIR-luminescent lanthanide materials should
prove practically useful because of their versatile applica-
tions.[7] For example, special interest in the Er3+ ion for its
utility as a planar-wave-guide optical amplifier originates
from its 1500 nm emission, which corresponds to one of the
standard telecommunication wavelengths.[8] In vivo lumines-
cent probes based on Yb emission have diagnostic value due
to the relative transparency of human tissue at around
1000 nm.[9] To date, however, only a few examples of NIR-
luminescent LnMOFs have been successfully realized for
sensing applications.[10]

Second-order nonlinear optical materials have attracted
considerable attention due to their pivotal role in the laser
industry, optoelectronic devices, and optical microscopy in
biological and medical technologies.[11,12] Many second-har-
monic generation (SHG)-active MOFs have been investigat-
ed by rational design of well-defined geometries about the
metal centers and highly directional metal–ligand coordina-
tion bonds.[13] Lanthanide complexes have been extensively
used for their luminescent, magnetic, and catalytic proper-
ties. Investigations of the NLO properties of lanthanides, on
the contrary, remain in their infancy and only a few
LnMOFs showing NLO responses have been document-
ed.[14] Consequently, the various applications of NLO mate-
rials and the expanding demands for lanthanide materials
result in an urgent need for the rational design of lanthanide
compounds for second-order NLO applications. One of the
most fascinating and significant targets of our research is the
preparation of multifunctional materials that combine an
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ability for molecular recognition with good NLO perfor-
mance.

Previously, a family of lanthanide metal–organic frame-
works, LnL (Ln=Y, La–Yb, except Pm; L=4,4’-({2-[(4-car-
boxyphenoxy)methyl]-2-methylpropane-1,3-diyl}bis ACHTUNGTRENNUNG{oxy})-ACHTUNGTRENNUNGdibenzoic acid), was synthesized based on a semi-rigid triva-
lent carboxylic acid.[15] The compounds all proved to be iso-
structural and enhanced luminescence properties were elicit-
ed by doping Eu, Tb, Dy, and Sm into the Gd analogue;
moreover, white-light emissions were successfully achieved.
In the work reported herein, we have explored more of the
fascinating optical properties of this series of isostructural
compounds. The NIR-luminescent properties of the Er and
Yb compounds have been studied, and it was found that en-
hanced NIR luminescence could be obtained by doping. The
energy-transfer process in the compounds has been investi-
gated in detail. Furthermore, a Tb-doped compound with
excellent optical properties in the visible region and a Yb-
doped compound similarly active in the NIR region have
been utilized as fluorescent probes for solvent sensing.
Good second-order NLO performance of these compounds
has also been observed.

Results and Discussion

Structural description : Reaction of H3L and Ln ACHTUNGTRENNUNG(NO3)3·x H2O
in N,N-dimethylformamide (DMF)/H2O (7:1, v/v) at 120 8C
afforded plate-like crystals of LnL (Ln=Y, La–Yb, except
Pm). Compounds LnL with different lanthanides are all iso-
structural according to single-crystal X-ray diffraction
(XRD) analysis, and crystallize in the orthorhombic space
group Cmc21. The phase purity of the materials was con-
firmed by powder X-ray diffraction (PXRD) and thermal
gravimetric analysis (TGA). Detailed crystallographic infor-
mation was presented in our previous work.[15] The Ln3+

ions in LnL are bridged by organic linkers L to form
a three-dimensional (3D) framework (Figure 1). One-dimen-
sional channels of about 9.0 � 9.0 �2 along the c axis are

filled by free DMF molecules. The total potential solvent-ac-
cessible void volume is up to 973.4 �3 per unit cell and the
pore volume ratio is 31.8 % when the guest DMF molecules
are removed, calculated with the PLATON program. Ac-
cording to TGA data, the DMF molecules can be easily re-
moved from the pores, leaving the 3D framework intact.

Luminescence properties : Doping has been widely used in
the synthesis of new lanthanide materials. It is an effective
strategy for enhancing lanthanide-based luminescence.[16]

Since the whole family compounds are isostructural, en-
hanced performance could be achieved by doping the Gd
analogue with Er3+ or Yb3+ ions. In order to explore the
NIR luminescence behavior of the series, a variety of par-
tially substituted Gd compounds were synthesized, denoted
as LnxGd1�xL, in which Ln =Er, Yb, and 0�x�1. The lumi-
nescence lifetimes (t) of the Ln3+ ions in the doped materi-
als are given in Tables 1 and 2. The excitation spectra of

ErL and YbL are shown in Figures S1 and S2, respectively.
The excitation bands at around 290 nm are ascribed to the
absorption of H3L. The emission spectra of Er-doped com-
pounds, excited at 290 nm, are shown in Figure 2 a. The char-
acteristic emission of the Er3+ ion at 1539 nm can be seen,
which can be attributed to its 4I13/2!4I15/2 transition. Com-
pared to those of ErL, the emission intensity and the emis-
sion lifetime of Er0.08Gd0.92L were increased 2.7-fold and 2.1-
fold, respectively, the latter from 1.43 to 3.01 ms. Figure 2 b
shows the emission spectra of the series of Yb-doped com-
pounds. A prominent emission band can be observed at
983 nm, attributable to the 2F5/2!2F7/2 transition of the Yb3+

ion. Compared with those of YbL, the emission intensity of
the peak at 983 nm and the emission lifetime of
Yb0.10Gd0.90L were increased 10.5- and 18.4-fold, respective-
ly, the latter from 1.82 to 33.46 ms. The absence of the ligand
emission implies an efficient energy transfer from the ligand
to the Ln3+ ions.

It is known that lanthanide complexes can be effectively
sensitized by organic ligands through the so-called “antennaFigure 1. 3D framework structure of LnL along the [001] direction.

Table 1. Luminescence lifetimes (t) for the 4I13/2!4I15/2 transition
(1539 nm) of ErxGd1�xL.

x t [ms] x t [ms]

0.01 1.01 0.2 2.30
0.02 1.45 0.4 2.31
0.04 1.49 0.8 1.52
0.08 3.01 1 1.43

Table 2. Luminescence lifetimes (t) for the 2F5/2!2F7/2 transition
(983 nm) of YbxGd1�xL.

x t [ms] x t [ms]

0.005 9.23 0.1 33.46
0.01 18.91 0.2 25.50
0.02 24.10 0.4 9.10
0.04 26.88 1 1.82
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effect”. Based on fluorescence measurements, it is believed
that the luminescence of Ln3+ ions (Ln= Eu, Tb, Dy, Sm,
Er, and Yb) can be sensitized by energy transfer from the
triplet excited states of L. On this basis, a model is proposed
to describe the indirect excitation process (see Figure 3).
The ligands firstly absorb energy and are excited from the
singlet S0 ground state to the singlet S1 excited state. The
energy is then transferred to the triplet excited state of the
ligands by intersystem crossing, and this is followed by re-
laxation from the upper 4f levels to the first excited states
of the Ln3+ ions, resulting in the emission of the sensitized
Ln3+ ions. According to Dexter�s theory, the suitability of
the energy gap between an Ln3+ ion and the ligand is crucial
for efficient energy transfer.[17] If the energy gap is too wide,
the energy-transfer rate constant will decrease due to dimin-
ution in the overlap between the donor (ligand) and the ac-
ceptor (Ln3+ ion). In contrast, if the energy gap is too
narrow, there will be energy back-transfer from the Ln3+

ion to the resonance level of the triplet state of the ligand.
The triplet-state (T1) energy level of L is 22 600 cm�1, calcu-
lated from the phosphorescence spectrum of the GdIII com-

plex measured at 77 K upon excitation at 290 nm (Fig-
ure S3). The T1 energy level of L is thus 5300 cm�1 higher
than the 5D0 level of EuIII (17 300 cm�1), 2100 cm�1 higher
than the 5D4 level of TbIII (20 500 cm�1), 1600 cm�1 higher
than the 4F9/2 level of DyIII (21 000 cm�1), 4700 cm�1 higher
than the 4G5/2 level of SmIII (17900 cm�1), 16 000 cm�1 higher
than the 4I13/2 level of ErIII (6600 cm�1), and 12 300 cm�1

higher than the 2F5/2 level of YbIII (10 300 cm�1). According
to the luminescence theory of lanthanide complexes, the
ligand L can clearly sensitize the luminescence of the Ln3+

ions, and the energy transfer from the ligand to the Ln3+

ions follows the sequence Tb3+ > Eu3+ , Dy3+ , Sm3+ > Er3+ ,
Yb3+ .[18] This phenomenon is consistent with the results of
the PL measurements. TbL displays excellent luminescence
behavior, including the luminescence intensity and quantum
yield. The weaker PL intensities of the Eu and Sm com-
plexes may be attributed to the large energy differences be-
tween the ligand and the Ln3+ ions; on the contrary, the
small energy gap between L and the Dy3+ ion may lead to
an energy back-transfer process. Therefore, in the case of
Eu3+ , Dy3+ , and Sm3+ ions, the less efficient energy transfer
from the ligand to the Ln3+ ions results in weaker lumines-
cence compared to that of the Tb3+ ion. Meanwhile, the
energy levels of the NIR-luminescent lanthanide ions are
much lower than those of the Ln3+ ions in the visible
region. In our experiments, the Er and Yb complexes
showed much weaker luminescence compared to the visible-
region-active Eu3+ , Tb3+ , Dy3+ , and Sm3+ ions, which is the
result of less efficient energy transfer considering their
much lower energy levels. It is worth noting that Yb com-
plexes exhibit better emission intensity than that of Er com-
plexes, because the energy gap between L and the Yb3+ ion
is smaller. In addition to the ligand-to-metal energy-transfer
ability, another benefit of the organic ligand is to saturate
the first coordination sphere of the lanthanide ion, thereby
effectively protecting the central lanthanide ion from water
molecules, which may significantly quench the luminescence.

Figure 2. Emission spectra of a) ErxGd1�xL and b) YbxGd1�xL solid sam-
ples, lex =290 nm. The inset figures indicate the corresponding transition
intensities of the doped compounds as a function of doping concentration
x.

Figure 3. Left: Model for the main intramolecular energy-transfer pro-
cess. Right: energy diagram of the 4f levels of the Ln3+ ions (Ln=Eu,
Tb, Dy, Sm, Er, and Yb).
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Solvent sensing : Based on the above discussion, it is evident
that Tb0.08Gd0.92L and Yb0.10Gd0.90L possess excellent lumi-
nescent properties in the visible and NIR regions, respec-
tively. They have therefore been employed for sensing meas-
urements. Activated compounds Tb0.08Gd0.92L and
Yb0.10Gd0.90L were prepared by thermal activation of the cor-
responding compounds LnxGd1�xL (Ln = Tb, Yb) at 140 8C
in vacuo overnight. To examine the potential applications of
Tb0.08Gd0.92L and Yb0.10Gd0.90L in solvent sensing, the respec-
tive samples were immersed in various pure solvents for
three days to form stable emulsions prior to fluorescence
studies. The solvents examined were DMF (N,N-dimethyl-
formamide), methanol, ethanol, acetone, 1-propanol, 2-
propanol, phenylmethanol, acetonitrile, THF (tetrahydrofur-
an), toluene, chloroform, and H2O.

The luminescence properties of Tb0.08Gd0.92L in the vari-
ous solvents were recorded and compared. As shown in
Figure 4, the characteristic emissions of the Tb3+ ion were
observed in most of the solvents, except for acetone. Evi-
dently, the luminescence intensities of Tb0.08Gd0.92L strongly
depend on the solvent molecules, particularly acetone,
which exerted the most significant quenching effect. Further

detailed experiments were undertaken to examine the abili-
ty of Tb0.08Gd0.92L to sense acetone. Compound Tb0.08Gd0.92L
dispersed in 2-propanol was considered as the standard
emulsion, and the content of acetone was gradually in-
creased to investigate the emission response. It was found
that the luminescence intensity of the compound emulsion
gradually decreased with the addition of acetone, as shown
in Figure 5. The luminescence of the emulsion was almost
undetectable when the acetone content reached 3 % (v/v).
The decrease in the fluorescence intensity of the 5D4!7F5

transition at 544 nm of the Tb3+ ion versus the acetone con-
tent was well fitted by a first-order exponential decay
(Figure 6), implying a diffusion-controlled process for the
acetone quenching behavior.[19]

Figure 4. a) Spectra and b) the 5D4!7F5 transition (544 nm) intensities of
Tb0.08Gd0.92L in various pure solvents, lex = 290 nm.

Figure 5. a) Spectra and b) the 5D4!7F5 transition (544 nm) intensities of
Tb0.08Gd0.92L/2-propanol emulsion in the presence of different amounts of
acetone, lex =290 nm.

Figure 6. The emission intensity of the 5D4!7F5 transition at 544 nm of
the Tb3+ ion for Tb0.08Gd0.92L/2-propanol emulsion as a function of ace-
tone content.
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The influences of various solvents on the fluorescence in-
tensity of NIR-luminescent Yb0.10Gd0.90L were also investi-
gated, as shown in Figure 7. The most intriguing feature was
that the PL spectra were also dependent on the solvents, es-
pecially acetone, which exerted a significant quenching
effect on the Yb luminescence. Moreover, by taking
a Yb0.10Gd0.90L/2-propanol emulsion as a standard, addition
of acetone resulted in a significant weakening of the lumi-
nescence intensity, which almost disappeared at an acetone
content of 2.5 vol% (Figure 8). The decrease in the lumines-
cence intensity of the 983 nm emission of the Yb3+ ion
versus the volume ratio of acetone could be fitted by
a single-exponential function (Figure 9), indicating that the
luminescence quenching of Yb0.10Gd0.90L by acetone was
also diffusion-controlled.[19]

The luminescence properties of Tb0.08Gd0.92L and
Yb0.10Gd0.90L in various solvents were further explored by lu-
minescence lifetime studies of the Ln3+ ions (Ln= Tb, Yb),
and the results are listed in Table 3. The luminescence life-
times of the compounds were highest in DMF, whereas they
were undetectable in acetone. This observation of the life-
times is in good agreement with the emission spectra.

Powder XRD analysis was employed to study the structures
of the compounds infused with various solvents, and the ob-
tained patterns are shown in Figures 10 and 11. It is clear
that the basic frameworks of the compounds remain intact
after introducing the solvent molecules. To investigate the
mechanism of the quenching effect, UV absorption spectra
of the ligand H3L were measured in various solvents (Figur-
es S6 and S7). As shown in Figure S6, a broad absorption
band ranging from 250 to 300 nm was observed. Acetone ex-
hibits a wider absorption band from 230 to 325 nm (Fig-
ure S7), which covers the whole range of that of the ligand
H3L. This means that in an emulsion the acetone will absorb
most of the excitation energy and only a small fraction of

Figure 7. a) Spectra and b) the 2F5/2!2F7/2 transition (983 nm) intensities
of Yb0.10Gd0.90L in various pure solvents, lex =290 nm.

Figure 8. a) Spectra and b) the 2F5/2!2F7/2 transition (983 nm) intensities
of Yb0.10Gd0.90L/2-propanol emulsion in the presence of different amounts
of acetone, lex =290 nm.

Figure 9. The emission intensity of the 2F5/2!2F7/2 transition of the Yb3+

ion at 983 nm for Yb0.10Gd0.90L/2-propanol emulsion as a function of ace-
tone content.

www.chemeurj.org � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2013, 19, 17172 – 1717917176

Z.-M. Sun et al.

www.chemeurj.org


the energy will be absorbed by the ligand. Hence, very little
energy will be transferred through the ligand to the Ln3+

ions. This also explains why toluene and phenylmethanol
have lower quenching effects on the samples. These solvents
display similar absorption bands in the range 230–275 nm,
partly overlapping with that of the ligand (the blue and red
lines in Figure S8). In these cases, there will be a competition
for the excitation energy between the organic ligands and

the solvent molecules. It is well known that the lumines-
cence of lanthanide compounds mainly relies on sensitiza-
tion by organic ligands; the solvent molecules could thus in-
fluence the energy absorbed by the ligands, resulting in
changes in the emissions of the compounds. According to
the above discussion, the energy absorbed by the ligand de-
creases due to solute–solvent interactions between L and
the acetone molecules, leading to a decreased or even fully
quenched lanthanide luminescence. Therefore, Tb0.08Gd0.92L
and Yb0.10Gd0.90L can be used as fluorescent probes for ace-
tone sensing. Further experiments were also performed on
the quenching of Tb and Yb samples with various other ke-
tones, namely acetophenone, benzophenone, and cyclohexa-
none (Figures S8–S10). All of these ketones exerted a strong
quenching effect on both the Tb and Yb compounds (Figur-
es S9 and S10). Again, this can be rationalized in terms of
spectral overlap, referring to the UV absorption spectra of
the various ketones in n-hexane (Figure S8).

A sensor for solvent vapors would undoubtedly have
more practical relevance than one applicable to liquid mix-
tures of isopropanol/acetone.[6e] Therefore, we performed
additional vapor sensing experiments using the Tb material.
The experimental set-up is depicted in Figure S11. It seems
that in acetone vapor, however, the material does not exhib-
it such a strong quenching effect as that in liquid media. The
PL intensity decreased to 65 % when the solid sample was
exposed to acetone vapor for 12 h and there were no signifi-
cant further changes when the experiment was continued
for 1 or 2 days (Figure S12). More experiments will be per-
formed on gas-phase detection in our future work.

Second-order NLO properties : The noncentrosymmetric
structure of the isostructural compounds, Cmc21, prompted
us to measure their second harmonic generation (SHG)
properties. Taking GdL as an example, Kurtz powder SHG
measurements were made to confirm its acentricity as well
as to evaluate its potential as a second-order NLO materi-
al.[20] The results revealed that GdL displays strong SHG ef-
ficiency, approximately 6.1 times higher than that of the
technologically useful potassium dihydrogen phosphate
(KDP) at the same particle size of 150–210 mm (Figure 12 a).
Moreover, measurements made on GdL crystals of various
sizes revealed that the SHG intensities increased with in-
creasing particle size and reached a maximum saturation
value, implying type I phase-matchable behavior (Fig-
ure 12 b). It is widely accepted that ideal SHG materials re-
quire compounds with high SHG coefficient and phase
matchability. Moreover, GdL is insoluble in water and most
common organic solvents, and is air-stable up to 600 K. All
of the above attributes make GdL an attractive candidate
for use as a second-order NLO material. To the best of our
knowledge, only a few examples of three-dimensional struc-
tural EuMOFs with such a strong SHG response have hith-
erto been reported.[14c] It is hoped that this investigation will
encourage more studies devoted to SHG-active LnMOF ma-
terials.

Figure 10. Powder XRD patterns of Tb0.08Gd0.92L infused with various sol-
vents.

Table 3. Luminescence lifetimes for the 5D4!7F5 transition (544 nm) of
Tb0.08Gd0.92L and the 2F5/2!2F7/2 transition (983 nm) of Yb0.10Gd0.90L in
various solvents.

DMF MeOH 1-Prop-
anol

2-Prop-
anol

EtOH Aceto-
nitrile

Tb0.08Gd0.92L [ms] 0.51 0.46 0.44 0.42 0.44 0.39
Yb0.10Gd0.90L [ms] 12.07 5.30 5.22 5.66 5.44 7.94

PhCH2OH Toluene THF CHCl3 H2O Ace-
tone

Tb0.08Gd0.92L [ms] 0.37 0.23 0.24 0.16 – UD[a]

Yb0.10Gd0.90L [ms] – 2.45 2.87 4.41 2.90 UD[a]

[a] UD: very weak, undetectable.

Figure 11. Powder XRD patterns of Yb0.10Gd0.90L infused with various
solvents.
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Conclusion

In summary, the NIR-luminescent properties of an isostruc-
tural family of LnMOFs (LnL ; Ln= Y, La–Yb, except Pm)
have been explored and enhanced luminescence has been
achieved by doping the Gd compound with Er or Yb.
Energy transfer in the luminescent compounds (Eu-, Tb-,
Dy-, Sm-, Er-, and Yb-doped) has been evaluated, and it
was found that the Tb compound showed excellent lumines-
cence performance and the most efficient energy-transfer
process from L to the Tb3+ ion. Visible-emitting
Tb0.08Gd0.92L and efficiently NIR-luminescent Yb0.10Gd0.90L
have been employed as fluorescent probes for solvent sens-
ing. These compounds exhibited significant sensing abilities
for acetone based on complete quenching of their lumines-
cence. This can be mainly attributed to less energy being ab-
sorbed by the ligand as a result of interactions between the
host framework and the guest acetone molecules. Further-
more, GdL represents a rare example of an NLO-active ma-
terial with a strong SHG efficiency (6.1 times that of KDP).
Multifunctional lanthanide complexes that combine acetone
sensing with NLO properties have been realized, which
could potentially broaden the applications of such materials.
More research work will be devoted to such multifunctional
lanthanide materials to meet the different needs of actual
applications.

Experimental Section

Instrumentation : Elemental analyses of C, H, and N in the solid samples
were performed with a Vario EL analyzer. Thermogravimetric analysis
(TGA) was performed using an SDT 2960 simultaneous DSC-TGA from
TA Instruments, heating to 800 8C at a rate of 10 8C min�1 under an air
flow of 100 mL min�1. Powder X-ray diffraction (XRD) patterns were ob-
tained on a Bruker D8 Focus diffractometer with CuKa radiation (l=

0.15405 nm, continuous, 40 kV, 40 mA, increment=0.028). The powder
frequency-doubling effect was measured by the method of Kurtz and
Perry. The fundamental wavelength of 1064 nm was generated by a Q-
switched Nd:YAG laser. The SHG wavelength was thus 532 nm. KH2PO4

(KDP) was used as a reference. Fluorescence spectra were measured on
a Horiba Jobin Yvon Fluorolog-3 fluorescence spectrophotometer,
equipped with a 450 W Xe lamp as the excitation source, an iHR320
monochromator, and a liquid-nitrogen-cooled R5509–72 photomultiplier
tube (PMT) as detector. Time-resolved measurements were performed
using the third harmonic (355 nm) of a Spectra-Physics Nd:YAG laser
with a pulse width of 5 ns and an energy per pulse of 5 mJ as the source;
the NIR emission lines were dispersed by a Horiba Jobin Yvon iHR320
emission monochromator equipped with a liquid-nitrogen-cooled R5509–
72 PMT, and the data were analyzed with a LeCroy WaveRunner 6100
1 GHz oscilloscope. Luminescence lifetimes were calculated with the
Origin 7.5 software package. The low-temperature phosphorescence spec-
trum of GdL was measured on a Hitachi F-4500 spectrophotometer at
liquid-nitrogen temperature (77 K). The PMT voltage was 700 V, the
scan speed was 1200 nm min�1, and the slit width for excitation and emis-
sion was 2.5 nm. The strongest emission wavelengths were located at
611 nm following excitation at 290 nm. The mass of each solid sample
used for luminescence tests was 40�2 mg.

Synthesis of compounds LnL (Ln=Y, La–Yb, except Pm): According to
the our previous work,[15] a solution of LnACHTUNGTRENNUNG(NO3)3·6 H2O (45 mg,
0.1 mmol) and H3L (48.2 mg, 0.1 mmol) in DMF/H2O (8 mL; 7:1, v/v)
was placed in a Teflon-lined stainless steel autoclave (20 mL) and heated
at 120 8C for 72 h to form the desired crystals. A similar procedure was
employed to synthesize LnxGd1�xL (Ln =Er, Yb, 0�x�1) by adding the
appropriate lanthanide nitrates in the required stoichiometry. To obtain
activated Tb0.08Gd0.92L and Yb0.10Gd0.90L, the respective samples were
heated at 140 8C in vacuum overnight. TGA confirmed that there was no
further weight loss.

Fluorescence-sensing measurements: The luminescence properties of
Tb0.08Gd0.92L and Yb0.10Gd0.90L were investigated in various solvent emul-
sions at room temperature. The emulsions were prepared by introducing
Tb0.08Gd0.92L or Yb0.10Gd0.90L (4.00 mg) in powder form into DMF (N,N-
dimethylformamide), methanol, ethanol, acetone, 1-propanol, 2-propanol,
phenylmethanol, toluene, chloroform, acetonitrile, THF (tetrahydrofur-
an), and H2O (4.00 mL each). For the experiments on the sensing of sol-
vents, different amounts of acetone were added to a standard emulsion in
2-propanol, while keeping the concentration of the Ln3+ ions the same.
PL spectra of the emulsions were measured after aging for 3 days and
then vigorously agitating with ultrasound. Solvent vapor sensing experi-
ments were performed according to previously reported procedures.[6e]
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