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A lanthanide coordination polymer is explored as Trp sensor. The possible sensing

mechanism is the combination between Trp and Tb*>", which improves the antenna

effect.
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Based on a ligand which contains groups of methoxy and fluorine, a series of isostructural

lanthanide coordination polymers (CPs) are synthesized, and they are characterized by FT-IR
EA, PXRD, TGA and luminescence. Among these complexes, 1 is further characterized by
single-crystal diffraction, it crystalizes in the triclinic space group P-/ (No. 2), with a =
8.8577(8) A, b =12.0523(11) A, c = 13.6494(13) A, a = 114.2400(10)°, 8 = 96.3570(10)°, y =
98.6170(10)°, ¥ = 1289.5(2) A® and Z = 2. It is found that 1 and 2 are highly luminescent
materials, which show high luminescence QY of 15.45% and 17.51%, respectively. TGA
reveals that they are also highly thermostable materials. Sensing experiments reveal that 1 is a

www.rsc.org/

highly selective and sensitive tryptophan (Trp) sensor, the responsive behaviour shows
excellent linearity in 2.5x107°-2.5x10 M, the LOD is as low as 1.0x10® M. Further study
reveals the sensor is applicable in real water sensing. The possible sensing mechanism is the

coordination of Trp and Tb*", which strengthens the antenna effect of 1.

Introduction

Tryptophan (Trp) is an essential amino acid with diverse
physiological roles." It is indispensable in human nutrition for
establishing and maintaining a positive nitrogen balance.” According
to the World Health Organization (WHO),

requirement is 4 mg per kg of body per day. Unfortunately, it cannot

the tryptophan

be synthesized in human body and therefore must be taken from
food or pharmaceutical formula. Trp also serves as a precursor for
serotonin and melatonin which can improve the sleep, mood, and
mental health.> When Trp is improperly metabolized, it creates a
toxic waste product in the brain, causing hallucinations and
delusions. In general, it has been implicated as a probable cause of
schizophrenia in people who cannot metabolize it properly.
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Nowadays, many methods were developed for the determination of
tryptophan, including high-performance liquid chromatography
(HPLC),* HPLC with fluorescence detection, spectrophotometry,
liquid chromatography—tandem mass spectrometry, capillary
electrophoresis technique, infrared optical sensor,
spectrofluorometry, and so on.” Although these methods are very
useful for the determination of Trp, the majority of them suffer from
some disadvantages of long analysis time, tedious extraction process,
high costs, and requirement for complicated instruments, and in
some cases low sensitivity and selectivity that makes them
unsuitable for routine analysis, because these amino acids have the
same amino and carboxyl bonded to the same carbon, with very
small structure differences, which causes much difficulties in the Trp
determination. Therefore, development of a facile, inexpensive,
sensitive and accurate analytical method for determination of Trp is
of great significance and urgency to people’s health.

Lanthanide complexes have been widely used in the area of
sensing, electrophysics, magnetism, catalysis, magnetic resonance
imaging (MRI), time-resolved microscopy, and so on.®* During the
last decade, as an arisen type of sensing materials, lanthanide
complexes have been explored to sense many species, such as CO;>~
, OH™, HSO,™, H', Ag’, Cu*", Mg*, Zn*', acetone, halide ions,
explosives, proteins, antibiotics, and so on.'®'® But it was rarely
used to detect bio-molecules.
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Based on the above considerations, and as further and sealed in a 100 ml beaker by a filter paper. After about one
investigation on the lanthanide complex and their application as months’ evaporation at indoor temperature of about 9-32 C,
sensor.'”? In this work, ligand of colorless block crystals were got. The crystals were filtered, washed

2,4,5-Trifluoro-3-methoxybenzoic acid (TFMBA), which
contains multi-functional groups of fluorine and methoxy, was
selected to synthesize lanthanide CPs single crystal. They were
characterized by single crystal X-ray diffraction, elemental
analysis (EA), powder X-ray diffraction (PXRD), Fourier
transform infrared (FT-IR), Thermogravimetric analysis (TGA)
and luminescence. 1 was proved to be a highly selective and
sensitive Trp sensor. Further investigation indicated the sensor
is applicable in real water sensing, and the possible sensing
mechanism is suggested.

Experimental
Materials

Eu(NO3);-6H,0O was prepared by dissolving Eu,O; (99.9%) with
concentrated HNO; (68%) and then evaporated at 100 “C until the
crystal film formed. Tb(NO;);-6H,0O and Gd(NOs);-6H,O were
obtained from TbyO; and Gd,0;, respectively, with the similar
method as Eu(NOj3);-6H,0. TFMBA (98.0%) was purchased from
TCI (Shanghai, China), and used without further purification. NaOH
was purchased from Guangzhou Chemical Reagent Factory
(Guangzhou, China). Other chemicals (A.R.) are commercially
available and used as reveived.

Mother solutions of human necessary amino acids and metal ions
were 10 M water solution. Mother solution of 1 was prepared by
dissolving 25 mg 1 in 10 ml DMF (2.5 mg/ml).

Methods and instruments

Single crystal X-ray diffraction data was collected on a Bruker
SMART 1000 CCD, with Mo-Ka radiation. The structure was
refined by full-matrix least-squares methods with SHELXL-97
module.® Phase purity of bulk sample was determined by PXRD,
using a DMAX2200VPC diffractometer, at 30 kV and 30 mA.
FT-IR was obtained in KBr pellets and recorded on a Nicolet 330
FT-Irspectrometer in 4000-400 cm™. TGA was recorded on a
Netzsch-Bruker TG-209 unit at a heating rate of 10 °‘C-min™ in the
atmosphere. Luminescence was recorded on an Edinburgh FLS980,
with dwell time of 0.20 s, the scan speed was 1 nm/s, at room
temperature. Luminescence lifetimes and luminescence QY were
also collected by the same Edinburgh FLS980 which equipped with
an integrating sphere, and the QY was calculated using the equation
method reported by Prof. Melhuish.**

Synthesis of 1, 2 and 3

100 mg (0.485 mmol) TFMBA and 10 ml H,O mixed in a 50 ml
beaker, 0.1 M NaOH solution was added to adjust the pH = 6. 0.243
mmol Ln(NO;);-6H,0 (1 = Tb, 2 = Eu and 3 = Gd) was dissolved
in 20 ml anhydrous methanol. The upward two solutions were mixed

This journal is © The Royal Society of Chemistry 2012

with 6 ml CH;OH three times and air-dried.

[TbL3(H,0)], (1). Yield: 46.05% based on Tb**. Anal. Calcd
(%):C, 36.38; H, 1.781. Found (%): C, 35.97; H, 1.795. FT-IR (KBr
pellet, cm™, Fig. S1): 3444(s), 3083(w), 2965(w), 1674(m), 1578(s),
1510(m), 1456(m), 1406(s), 1290(w), 1196(m), 1108(s), 922(m),
876(w), 804(m), 771(m), 750(m), 700(w).

[EuL;(H,0)], (2). Yield: 55.29% based on Eu®". Anal. Calcd
(%):C, 36.71; H, 1.797. Found (%): C, 36.14; H, 1.813. FT-IR (KBr
pellet, cm™, Fig. S1): 3456(s), 3084(w), 2965(w), 1670(m), 1576(s),
1516(m), 1457(m), 1403(s), 1288(w), 1196(m), 1108(s), 922(m),
876(w), 804(m), 769(m), 750(m), 700(w).

[GAL3;(H,0)], (3). Yield: 53.08% based on Gd**. Anal. Calcd
(%):C, 36.46; H, 1.785. Found (%): C, 36.18; H, 1.797. FT-IR (KBr
pellet, cm™, Fig. S1): 3434(s), 3084(w), 2964(w), 1672(m), 1580(s),
1516(m), 1459(m), 1404(s), 1290(w), 1196(m), 1108(s), 922(m),
876(w), 804(m), 771(m), 750(m), 692(w).

Results and discussion
Crystal Structure

Crystallographic data (table 1) reveals that 1 featuring a 1D CPs of
[TbL3(H,0)], (HL = TFMBA). 1 crystalizes in the Triclinic space
group P-1 (No. 2), with a = 8.8577(8) A, b = 12.0523(11) A, ¢ =
13.6494(13) A, a = 114.2400(10)°, B = 96.3570(10)°, y =
98.6170(10)°, ¥ = 1289.5(2) A’ and Z = 2. 1 is constructed by
connecting second building units (SBUs, Fig. 1a) of a dinuclear
cluster (Fig. 1b), each dinuclear cluster consists two equivalent Tb**,
six deprotonated ligand and two coordinated water, which makes
each SBU an electric neutrality unit. The dinuclear cluster connects
with each other to form the 1D CPs in the oa direction (Fig. 1c).
Tb*" coordinates with eight O, one from coordinated water and the
rest seven O are from five carboxyls. Eight O around Tb** arrange in
a distorted bi-capped triangular prism, the triangular prism are
connected by solid azury line, two caps of O were connected by
purple dash line (Fig. S2). Eight bond lengths of Tb-O are in
2.276(2)-2.592(2) A, which are in the normal bond length range of
Ln-0.%?" Moreover, the Tb---Tb distance bridged by two carboxyl
O and two carboxyl is as short as 3.9452(4) A, which is much
shorter than the Tb---Tb distance of 4.921 A which bridged by

carboxyl.?!

The short Tb---Tb distance may due to the two strong
bond strength of carboxyl O, which pulls the two Tb** together and

make the whole structure more rigid.

In 1, ligands have two coordination modes (Fig. S3). The first
type is a carboxyl chelates to Tb** and bridge two Tb*" (up-n*n'),
the other is a carboxyl bridge two adjacent Tb*" that adopting the
coordinating mode of p,-n'-n'. The 1D structure is connected to
form 3D structure, by weak hydrogen bond and Van der Waals force
(VDW). More information about selected bond lengths and angles
for 1 is listed in Table S1 (ESIY).

J. Name., 2012, 00, 1-3 | 2
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Figure 1. a) SBU in 1; b) di-nuclear cluster of the SBU; ¢) 1D CPs
structure of 1 in oa direction.

Table 1. Crystallographic data of 1 (CCDC: 1408145).

Complex 1
Empirical formula CyH14F90,(Tb
Formula weight 792.28
Temperature / K 296(2) K
Wavelength / A 0.71073
Crystal system Triclinic
Space group P-1

alA 8.8577(8)
b/A 12.0523(11)
c/A 13.6494(13)
al/° 114.2400(10)
B/° 96.3570(10)
y/° 98.6170(10)
v/A 1289.5(2)

Z 2

Calculated density / mg-m™ 2.041

F(000) 768

Crystal size/mm 0.17x0.16x0.12
Data/restraints / parameters 4525/406/407
Goodness-of-fit on F2 1.065

Final R indices R1=0.0218
[1>2sigma(I)] wR2 =0.0569

This journal is © The Royal Society of Chemistry 2012
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PXRD

Experimental PXRD patterns’ peak positions of bulk sample 1-3 (1 = Tb,
2 = Eu and 3 = Gd) correspond well with each other, and also match well
with the results simulated from the single-crystal data 1, indicating the
high phase purity of powder samples 1-3, and also confirm 1-3 are
isostructural (Fig. 2).

ﬂ ~ as_synthesized 3 (Gd)

"oy
AL WA

as synthesized 2 (Eu)

as synthesized 1 (Tb)

simulated 1

T L T ¥ T ¥ T ¥
10 20 30 40 50
20 /deg.

Figure 2. PXRD patterns of simulated 1 and as synthesized 1-3.
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Figure 3. TGA of 1 and 2 in the atmosphere.
TGA

Since 1-3 are isostructures, complex 1 and 2 were selected as
representative for thermogravimetric analysis (TGA) to examine the
thermal stabilities of the three complexes (Fig. 3). 2.71% and 2.87%
weight loss before 132 and 140 °C for 1 and 2, respectively, which
is attributed to the release of coordination H,O (calculated 2.27%
and 2.29% for 1 and 2, respectively). The TGA curve reveals that 1
and 2 begin to decompose and both show two evident weight loss
from 322 °C, which corresponding to the collapsion of the structure.
TGA result implies that 1 and 2 are thermo-stable under 322 °C in

J. Name., 2012, 00, 1-3 | 3
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the air, which is more thermo-stable than another highly
thermo-stable (stable up to 290 °C) Metal-Organic Frameworks.'®

Luminescence

Luminescence of solid sample 1 and 2 were tested at the room
temperature. When fixing the strongest emission at 546 nm
(’D4—"Fs), the excitation spectrum of 1 displays a broad band
covering from 235 to 370 nm (Fig. 4), which suggests 1 is a broad
wavelength excitation material. The emission spectrum was recorded
at the best excitation of 303 nm. Narrow line emissions at 488, 546,
584, and 622 nm are the characteristic emissions of Tb*",
corresponding to the transitions of SD,—"Fg, *D,—'Fs, *D;—'Fy,
and °D,—"F;, respectively (Fig. 4).2%!
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Figure 4. Excitation and emission spectra of 1 in the solid state at
room temperature.
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Figure 5. Excitation and emission specta of 2 in the solid state at
room temperature.
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For 2, when fixing the strongest emission at 619 nm (*Dy—"F,),
the excitation spectrum of 1 displays a broad band covering from
235 to 335 nm (Fig. 5). The emission spectrum was recorded at the
best excitation of 304 nm, which has very small difference with 1
(Ex =303 nm), and this small difference may due to the error which
induced by the instrument. Narrow line emissions at 589, 619, 650
and 689 nm are the characteristic emissions of Eu**, corresponding
to the transitions of *Dy—'F,, *Dy—F,, “Dy— F; and “Dy—'F,,
respectively (Fig. 5).'®

The total luminescence QY of 1 (Tb*"-centered complex) and 2
(Eu**-centered complex), are 15.45% and 17.51%, respectively,
under the best excitations of 303 and 304 nm, and the QY of 2 is
larger than 1. The luminescence QY of Eu**-centered complex 2 is a
little lower than anther reported Eu®" based highly luminescent
materials.*”> The high luminescence QY may due to that there are
only one C-H on the benzene, other positions on carboxyl are
fluorine or methoxy, this decrease the oscillation in the complex.”’ 1
and 2 are isostructural, and the overall luminescence QY of 2 is
larger than 1, which indicates the energy transfer from the ligand to
Eu’" is more efficient than to Tb*".

Luminescence lifetimes of 1 and 2 were investigated in solid state.
The luminescence decays were monitored at 546 and 619 nm, for 1
and 2, respectively Fig. 6. 1 and 2 followed single exponential decay
law, and the equation of [, = 4y + A; X exp(-t/r) (¢ is the
luminescence lifetime, 4, and 4, are the weighting parameters) was
utilized for fitting the luminescence decay curves, lifetime values
were determined to be 0.860 and 0.507 ms for 1 and 2, respectively.

1

.« 1(Tb)
I,=12.465 + 38.866 x exp™/T ) 5 2=1.076
0.1 . 2 (Eu)
£ I,=43.236+20002.76 x exp™¥T ) 4 2=1.157
3
8
5001
()
N
©
g 1E-3
z
1E-4
| R R T T LR R
0 5 10 15 20
Time/ ms

Figure 6. Luminescence decay of 1 and 2 in the solid state at room
temperature.

To investigate the energy transfer efficiency in complex 1 and 2,
energy levels of the relevant electronic states should be estimated.
On account of difficulty in observing phosphorescence spectrum of
the ligand in 1 and 2, emission spectrum of Gd** complex (3) at 77 K
can be used to estimate the triplet state energy level. Because the
lowest excited energy level of °P,, of Gd** is too high to accept
energy transfer from the ligand, and the triplet state energy level of
ligand will not significantly affected by the Gd**. Fig. S4 shows the

J. Name., 2012, 00, 1-3 | 4
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phosphorescence of 3 at 77 K with excitation wavelength at 353 nm,
with the best phosphorescence emission at 395 nm, which
corresponds to the triplet energy level of ligand at 25 316 cm ', The
energy gap between triplet energy level of ligand and °Dy level of
Tb** (20540 ecm') is 4776 cm ', which is good news for energy
transfer through the *D,~'F; transition, because an energy gap of
3500 cm' or higher is necessary to facilitate efficient and
irreversible energy transfer for terbium complexes,'® this is
consistent with the highly luminescent QY result of 1.

Sensor

Luminescent lanthanide complexes have been used to detect many
species, such as CO;>~, HSO,~, OH™, H', Ag", Hg*', Pb*, Zn*",
Cu*, Mg*, Mn*", O,, halide ions, acetone, highly explosives,
proteins, amino acids, and so on.’>3% There are methoxyl and
fluorine in TFMBA, and they may combine with other species by
weak hydrogen bond and/or halogen hydrogen bond, which would
result in variable luminescence, thus, the sensing property of 1 was
investigated in detail.

One crucial factor effecting the sensing is the pH of the sensing
system. Hence, luminescence (at 546 nm) of the mother solution 1 at
different pH (1-13) was tested, with the pH adjusted by HNO; or
NaOH. It was found that the luminescence was the strongest at pH =
4 (Fig. 7). Therefore, the sensing was implemented at pH = 4, in the
water solution.

An effect of reaction time is the concentration of 1, thus, reaction
of different concentration 1 (0.5-4 mg/ml) and 31.2 uM Trp were
performed (Fig. S5). Results found that the luminescence intensity
increased with the concentration of 1 increasing, therefore, 2.5
mg/ml of solution was adopted in the sensing studies, because the
detecting result is not obvious when the concentration of 1 is lower,
however, longer reaction time needed while at too large
concentration of 1 is too high. Another effect for reaction is the
temperature, the real application is usually at room temperature,
hence, the temperature effect was not investigated.

1.0 1

e e e
» o -]
1 1 1

Normalized Intensity
o

N

1

V.
N—y—v

A A
N—v—v
T T T T
0 2 4 6 8 10 12 14
pH

e
o
1

vV—v—VY

Figure 7. Luminescence of the sensing solution at 546 nm, at
different pH.
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The detecting were processed at the room temperature, 0.1 ml 1
mM metal ion solutions were added into 0.1 ml 2.5 mg/ml 1 DMF
solution, and 3 ml water was added to form a 31.2 pM metal ion
solution. The mixtures were placed at the room temperature to react
for 2 h, and the sensing result can be seen in Fig. 8. It displays the
emission change of Tb*" when reacting with various metal (M) ions
(M(NO;)x or MCly) (M = AI**, Ba*', Ca*", Cd*, Co*", Cr*", Cu*,
Fe*, Mg®, Mn®*, Na*, Ni**, Zn®>" and K") and 8 human essential
amino acids (Trp, Phe, Thr, Val, Ile, Lys, Met and Leu). Among the
14 metal ions and 8 human necessary amino acids, only Trp
enhanced the Tb®" centered luminescence (about 9 times as that of
blank), other 14 ions and 7 amino acids showed nearly no effect on
the luminescence intensity. The histogram shows more obviously
about the luminescence changes, when 1 reacting with different ions
(Fig. S6).

50000
Trp
40000 -
5 Blank, AI**, Ba®*, Ca®*, Cd?*, Co™,
S 30000 cr**, cu?*, Fe**, Mg?*, Mn?", Na”,
%‘ Ni?*, zn?*, K*, Trp, Phe, Thr, Val,
E 200004 lle, Lys, Met and Leu
£
10000 -
0+ T T T T
525 550 57 600 625 650 675

Wavelength / nm

Figure. 8 The luminescence of 1 reacted with different metal ions of
AP', Ba*', Ca*', Cd*", Co™', Cr'", Cu*", Fe**, Mg®’, Mn?", Na*, Ni*",
Zn*" and K, and 8 human essential amino acids of Trp, Phe, Thr,
Val, Ile, Lys, Met and Leu.

I species +Trp
I species

30000

Intensity / a

20000

10000
2 VALZC ST,
5R* 328K %e

Figure 9. Luminescence of 1+Trp at the presence of 10 equiv. other
species.
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One disadvantage of the current luminescent sensors is that they are
easily disturbed by other species. To investigate whether sensor 1 is
specific for Trp, we measured the luminescence response of this
sensing system with 14 common ions (AI**, Ba®*, Ca>*, Cd**, Co™",
cr’’, cu®, Fe*', Mg*, Mn?', Na’, Ni*", Zn®" and K"), and 7
common human necessary amino acids (Phe, Thr, Val, Ile, Lys, Met
and Leu) mixed with Trp, under the same conditions. As shown in
Fig. 9, Trp could induce a drastic luminescence increase in the
presence of 10 equiv. 14 metal ions or 7 amino acids. The result of
compete experiment indicates that 1 is highly selective towards Trp
over other species.

LOD and Linearity

It was found that the luminescence increased obviously when
1.0x10° M Trp reacted with 1 for 2 h, the ratio of increased
luminescence to noise is larger than 3 (AS/N > 3) (Fig. 10). Thus,
the LOD is an ultrahigh sensitive value of 1.0x10° M. The LOD
value is more sensitive than a recently reported electrochemical
method (33x10° M),*® but less sensitive than the value reported by
Prof. Li (LOD = 2x10" M) and Prof. Shuang (LOD = 5x107 M).>*

6000

blank

5000 110° M

. 4000 -
AS/N> 3

3000+

Intensity / a.u

N

o

(=]

o
L

T T
575 600 650

Wavelength / nm

T
525 550 625

Figure. 10 The LOD of 1 to Trp is 1.0x10°° M.

Fig. 11 shows the luminescence intensity at 546 nm increased
obviously, when the Trp concentration was in 1.0x10 - 7.5x10™ M.
Further investigation found the luminescence intensity has excellent
linear relationship with the Trp concentration in 2.5x107 - 2.5x10™
M, they fit a linear formula of Y = -1880.6X + 14117 (X represents
the Trp concentration and Y represents luminescence intensity), the
R?is as large as 0.9909.

This journal is © The Royal Society of Chemistry 2012
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30000
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Figure 11. Luminescence (546 nm) change while the concentration
of Trp is in 1.0x10-7.5x10* M, and the insert shows the excellent
linearity in 2.5x107-2.5x10™* M.

Possible Sensing Mechanism

Among the 14 metal ions of AI**, Ba?*, Ca**, Cd*, Co™*, Cr*', Cu®,
Fe*, Mg2+, Mn*, Na*, Ni**, Zn*" and K*, and 8 human necessary
amino acids of Trp, Phe, Thr, Val, Ile, Lys, Met and Leu, only Trp
and Phe has chromophore group (potential antenna for Tb*"), Trp
contain the group of indole, the N on the indole group may
coordinate to Tb**, to act as another antenna, besides the main ligand
of TFMBA. However, the benzene on the Phe can’t act as efficient
antenna for Tb®" for two reasons, firstly, the benzene can’t
coordinate to Tb*" directly; secondly, even the carboxyl in Phe can
coordinate to Tb*', the energy transfer way is too far to form
efficient energy transfer to Tb*". Therefore, the sensing mechanism
may due to the coordination of Trp and Tb*" in 1, which strengthens
the antenna effect of 1.

7000

Blank

6000 - _—

5000 4

(2 B
(=3 (=3
o (=3
o o
1 1

Intensity / a.u.

2000+

1000

0

T T T T
475 550 575 600 625 650

Wavelength / nm

T T
500 525

Figure 12. Real water (Yao lake water) sensing when the Trp is
1.0x10° M.

Sensing in real water and in PBS buffer solution
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To evaluate whether the luminescent sensor 1 is applicable to real
water samples, Yao lake (in Nanchang City) water was analyzed by
1. The sensing results show that the Yao Lake water gives no
obvious fluorescence increase while comparing to deionized water,
and the sensing is not recovered. Nevertheless, the luminescence
increased, while 0.1 ml 2.5 mg/ml 1 was added into 3.1 ml 1.0x10°
M Trp solutions which prepared by Yao Lake water. The increased
luminescence (AS) is three times as the noise (N) (Fig. 12). The

result revealed the sensor could be used in real water sensing for Trp.

The sensing results indicate the Trp concentration is lower than
1.0x10 M in Yao lake water.

Trp is a bio-molecule and exits in the blood, interstitial fluid, in
the cell, and so on. The pH of these environments are about 7,
therefore, the sensing was further measured in PBS buffer solution
(pH = 7.4) usually applied in cell culture and molecular cloning.’
0.1 ml 1 mM metal ion or amino acid solutions were added into 0.1
ml 2.5 mg/ml 1 DMF solution, and 3 ml PBS buffer solution was
added to form a 31.2 pM metal ion or amino acid solutions, the
mixtures were placed at the room temperature to react for 2 h. The
sensing result can be seen in Fig. S7. Among the 14 metal ions (AI*",
Ba®', Ca*', Cd*", Co™, Cr**, Cu®', Fe*', Mg*", Mn*", Na*, Ni*', Zn*"
and K") and 8 human necessary amino acids (Trp, Phe, Thr, Val, Ile,
Lys, Met and Leu), only Trp effet the Tb** centered luminescence
greatly (about 9 times as that of blank), other 14 ions and 7 amino
acids showed nearly no effect on the luminescence intensity. The
result indicates that 1 is a highly selective Trp sensor in biological
PBS solution.

Conclusion

In conclusion, a series of isostructural lanthanide CPs are
synthesized based on TFMBA, they are characterized by FT-IR EA,
PXRD, TGA and luminescence. Among these complexes, exact
structure of 1 is got by single-crystal diffraction. It is found that 1
and 2 are broad wavelength absorption, highly thermostable and
highly luminescent materials. Further study reveal that 1 is a highly
selective and sensitive Trp sensor, the responsive behavior shows
excellent linearity in 2.5x107 - 2.5x10™* M, the LOD is 1.0x10° M.
More interestingly, the sensor is applicable in real water sensing.
The possible sensing mechanism is the coordination of Trp and Tb*",
which results in the strengthened antenna effect of 1. Further work to
lower down the LOD for real water sensing, and the sensing of Trp
in the body fluid is under way.
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