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Abstract

2-fluorobenzoic acid and 5,5'-dimethy-2,2'-bipyridine were used to construct two novel isostructural lanthanide complexes
[Ln(2-FBA);(5,5'-DM-2,2"-bipy)], (Ln=Eu(1), Tb(2); 2-FBA =2-fluorobenzoate; 5,5'-DM-2,2'-bipy =5,5'-dimethy-2,2'-
bipyridine) by conventional solution method. They were characterized by infrared spectroscopy (IR), elemental analysis and
single-crystal X-ray diffraction. The crystal description based on single-crystal X-ray diffraction data revealed that both of
the complexes gave the triclinic crystal structure, belonging to the P1 space group. The two complexes were an infinite one-
dimensional (1D) chain by hydrogen bonding (C—H'F) interactions to give a 2D supermolecular structure. Additionally,
thermal behavior of the complexes was investigated by TG-DSC/FTIR technology in detail. The molar heat capacities of the
two complexes in the temperature range of 278.15-423.15 K were determined by a DSC instrument, and their thermodynamic
functions (Hp-H,gg 15 k) and (St-S,9g 15 k) Were calculated. Beyond that, the fluorescence spectra and fluorescence lifetime
of the complexes 1 and 2 were also evaluated.
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Introduction

In recent years, the structures and properties of lanthanide
complexes have been the focus of attention. This is mainly
due to its superior functional properties and extensive
applications in magnetic materials [1, 2], catalysts [3-5],
luminescent materials [6, 7], biology [8—10] and so on. In
particular, trivalent lanthanide ions have become attractive
light sources due to their excellent luminescent purity and
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long excited state lifetime [11]. For instance, Eu(IIl) and
Tb(IIT) complexes have evoked considerable attention since
they emit strong red or green luminescence under ultraviolet
light, respectively [12]. However, the f-f electron transition
between configurations is forbidden, which makes it difficult
for lanthanide ions to directly absorb light [13, 14]. In order
to make up for this deficiency, the introduction of organic
ligands plays an important role in improving the emission
efficiency of lanthanides. The reason why the absorbed
energy can be effectively transferred to the central lantha-
nide ions is that they greatly enhance the absorption of light
[15, 16]. This process, created by Weissman, is later called
the antenna effect [17]. On the other hand, due to the unique
structure of 4f electrons, Ln(IIl) ions have a high affinity
for hard donor atoms such as carboxyl oxygen atoms, and
the ligands containing carboxyl groups have various coor-
dination modes [18], including single-tooth, double-tooth
chelation, bridging three teeth, bridging four teeth, etc.
Apart from that, the addition of auxiliary organic ligands
such as 5,5'-dimethyl-2,2'-bipyridine not only saturates the
coordination of lanthanide ions but also allows the lantha-
nide complexes to have higher thermal stability and stronger
luminescence [19].
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In recent years, the thermodynamic properties of com-
plexes, such as kinetic mechanism of thermal decomposition
and heat capacity, have been crucial in estimating thermal
stability and heat release [20-23]. Among them, the heat
capacity is an important thermophysical quality, which not
only provides a good theoretical basis for the study of ther-
modynamics, but also plays an important role in the design
of chemical processes [24]. The heat capacity value can be
determined using numerous methods with different calorim-
etry instruments, of which the differential scanning calorim-
eter (DSC) is one of the most important research methods
[25]. Many results, the DSC can provide molar heat capaci-
ties over the wide temperature range, enthalpy, entropy and
Gibbs free energy can be received [26]. Consequently, heat
capacity has very significant guiding role in the theoretical
research and application development of the complexes.

Two lanthanide carboxylic acid complexes [Ln(2-
FBA),(5,5'-DM-2,2"-bipy)], (Ln=Eu (1), Tb (2)) are suc-
cessfully synthesized by a mixed ligand synthesis strategy
of 2-fluorobenzoic acid (2-FBA) and 5,5'-dimethyl-2,2'-
bipyridine (5,5'-DM-2,2"-bipy). The crystal structures of the
two complexes are determined by single-crystal X-ray dif-
fraction. And they are characterized using elemental analysis
and IR. Simultaneously, TG-DSC/FTIR is used to analyze
the thermal decomposition of the two complexes, and the
heat capacities of the two complexes are determined by dif-
ferential scanning calorimetry method. The luminescence
studies indicate that complexes 1 and 2 exhibit fluorescence
centered on lanthanide ions.

Experimental
Chemicals and materials

The Ln(NO;);-6H,0, 2-FBA and 5,5'-DM-2,2"-bipy are all
purchased from Beijing Innochem Science & Technology
Co., Ltd, and can be used directly without further treatment.

Characterizations

X-ray diffraction data are obtained on the Bruker AXS
single-crystal diffractometer with Mo-ka (0.71073 A) and
Cu-ka (1.54178 A) rays monochromized by graphite as
the incident light source. The structures are analyzed by
direct methods and refined on F? by full-matrix least-square
method in SHELXS-97 program package. An elemental
analysis apparatus (Elemental vario EL cube) is used to
analyze the C, H, N of the complexes and the metal content
is obtained by complexometric titration with standard EDTA
solution. The IR analysis is recorded as KBr pellets using a
Bruker TENSOR 27 spectrometer, which spans from 4000
to 400 cm™.
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A NETASCH STA 449 F3 instrument with a Bruker
TENSOR 27 Fourier analyzer is used to conduct thermal
analysis and the three-dimensional infrared (FTIR) with a
continuous heating rate of 10 K-min™' under a simulated air
atmosphere.

Over the temperature range from 278.15 to 423.15 K, the
heat capacities of the complexes are measured in dynamic
nitrogen atmosphere by indirect method with a linear heat-
ing rate of 10 K-min~!. Before determining the heat capaci-
ties of the complexes, the temperature and sensitivity of the
instrument are adjusted by measuring the melting points
of six standard solutions. The heat capacities of reference
standards, namely sapphire and a-Al,O,, are determined
simultaneously. The result shows that the relative deviation
between our calibration data and the NIST recommended
values is less than 0.3%. Fluorescence spectra and fluores-
cence lifetime are measured with an Edinburgh instruments
FS5 spectrofluorophotometer.

Synthesis

2-FBA (0.6 mmol) and 5,5'-DM-2,2'-bipy (0.2 mmol) were
dissolved in 7 mL 95% ethanol. Slowly add 1.0 mol L~!
NaOH solution, carefully adjust the pH value of reaction
mixture to about 5-6, and then add 3.5 mL Ln(NO3);'6H,0
aqueous solution. Stir continuously for 7 h, then let stand for
12 h. Finally, the mother liquor can be collected through fil-
tration, and the ideal crystals can be obtained after one week
at room temperature. Anal. Calc. for CgcH gEu,FcN,O,, (%):
C, 52.60; H, 3.21; N, 3.72; Eu, 20.17. Found: C, 52.54; H,
3.21; N, 3.61; Eu, 19.75. Anal. Calc. for Cc¢H,gFsN,O,,Tb,
(%): C,52.23; H, 3.19; N, 3.69; Tb, 20.90. Found: C, 52.20;
H, 3.16; N, 3.65; Tb, 20.87.

Results and discussion
Infrared spectroscopy

IR spectra of the two complexes and ligands have been
recorded in the region of 4000—400 cm™'. From the results,
two complexes have similar spectra, indicating that they
have the same configuration [27]. Here, only complex 1
is used as an example for analysis. The important infrared
data of ligands and prepared complexes at characteristic
frequencies are listed in Table 1. In ligand 2-FBA, a strong
absorption band is found at 1697 cm™', which is assigned
to the stretching frequency of the carboxylate group (Ve—q)
(Fig. 1). For complex 1, antisymmetric v,ycoo ) and sym-
metric Vg (coo ) Stretching vibrations appear at 1569 and
1430 cm™!, respectively. Another new absorption peak in the
complex appears at 416 cm™! is attributed to the formation
of Ln—O bond. All these changes indicate that the oxygen
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Table 1 IR bands of ligands

and their lanthanide complexes Ligands/complexes Ve=N Oc.i vc=o Vas (c00) Vs (coo) Vn-0)
(values in cm™) 5,5'-DM-2,2"-bipy 1467 827 736 - - - -
2-FBA - - - 1697 - - -
1 1457 810 679 - 1569 1430 416
2 1458 811 679 - 1570 1432 417

™

L DL L DL L DL L |
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm=1

Fig. 1 IR spectra of complex 1 (1), complex 2 (2), 5,5'-DM-2,2"-bipy
(3), 2-FBA (4)

atoms of the carboxylate groups are engaged in the bond
with the central metal ions [28]. In addition to the above
characteristic bands, the characteristic absorption peak of
5,5'-DM-2,2"-bipy, C=N (1467 cm™), is blue-shifted to
1457 cm™!, indicating that the nitrogen atoms have been
coordinated with the central Eu(III) ions [29].

Crystal structural descriptions

A summary of the complexes crystallographic data and
structure refinement are provided in Table 2. Selected
major bond lengths (A) in the structures of 1-2 are shown
in Table 3. The single-crystal X-ray crystallography indi-
cates that 1-2 are isostructural complexes with dinuclear
structures, crystallizing in P1 space group of the triclinic
system. Hereby the structure of complex 1 is selected as a
representative example for detailed description.

As displayed in Fig. 2a, the molecular structure of [Eu(2-
FBA);(5,5'-DM-2,2'-bipy)], is composed of two Eu(III)
ions, six 2-FBA ligands and two 5,5'-DM-2,2'-bipy neutral
ligands. The coordination number of Eu(Ill) is 9. In this
coordination sphere, three of the seven oxygens are from
two bridging tridentate 2-FBA ligands (O1#, O1 and 02),
two oxygen atoms (O3 and O4) originate from two bridg-
ing bidentate carboxylate groups of 2-FBA ligands, the rest

are the chelating bidentate group of 2-FBA ligand (O5 and
06), and the chelating bidentate ligand 5,5'-DM-2,2'-bipy
provides two N1 and N2 atoms, forming a distorted triangu-
lar prism configuration (Fig. 2b). Additionally, the length of
Eu-O bond is 2.370-2.623 A with an average of 2.455 A
and the important bond lengths of Eu-N bonds are 2.588 and
2.660 IOA, with an average of 2.624 IOA, which are consistent
with previous studies [30]. It should be noted that the Eu-N
bond is slightly longer than the Eu—O bond, which may be
due to the fact that lanthanide metals are easier to coordinate
with oxygen atoms.

As shown in Fig. 3a, two adjacent 2-FBA ligands pass
through weak hydrogen bonds (C—H'F) form a one-dimen-
sional chain supramolecular structure along the a-axis direc-
tion. We also note that the weak hydrogen bond distance
between the fluorine atom of bridging tridentate 2-FBA and
the carbon atom of bridging bidentate 2-FBA is 3.222 A.
Interestingly, these 1D chains are connected by the weak
hydrogen bond interaction between 2-FBA ligand and
5,5'-DM-2,2"-bipy with the C-H~F distance of 3.556 A,
thereby generating a 2D network (Fig. 3b).

At 2018, Zhu Min-Min et al. have reported the com-
plex [Eu(3,4-DMBA);(3,4-DMHBA)(5,5'-DM-2,2'-bipy)l,
[31]. The complex is binuclear, each Eu(IIl) ion is nine-
coordinated with a distorted monocapped square antipris-
matic coordination geometry. Moreover, the structure also
contains two nonprotonated 3,4-DMHBA ligands. The
main ligand 3,4-DMBA adopts three coordination modes
with the Eu(IIl) centers: monodentate, bridging biden-
tate and bridging tridentate. While the complex 1 [Eu(2-
FBA);(5,5'-DM-2,2'-bipy)], is binuclear and each Eu(III) is
nine-coordinated with a distorted triangular prism configu-
ration. The 2-FBA ligand adopts three coordination modes:
bidentate bridging chelating bidentate and bridging triden-
tate. The thermal stability of the complexes is also affected
by the structures. Because [Eu(3,4-DMBA);(3,4-DMHBA)
(5,5'-DM-2,2'-bipy)], begins to decompose at 317.15 K,
while the molecular structure of complex 1 begins to decom-
pose at 462.15 K. Not only that, the fluorescence property
of complex 1 is stronger than that of complex [Eu(3,4-
DMBA);(3,4-DMHBA)(5,5'-DM-2,2"-bipy)],, according to
the experimental results of fluorescence lifetime. At 2019,
Li Ying-Ying et al. have reported the complex [Tb(2,3-
DMOBA);(5,5’-DM-2,2"-bipy)],-C,HsOH [32]. The com-
plex is binuclear and each Tb(III) ion is nine-coordinated
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Table 2 Single-crystal data and
refinement details for complexes

1-2

Complexes

1

2

Formula

Formula weight/g mol ™!

T/K
Wavelength/fA
Crystal system
Space group
alA

bIA

clA

al®

pl°
y°
Volume/A3

Z, calculated density/Mg m™>

Absorption coefficient/mm™

Fooo
Crystal size/mm’

1

6 range for data collection/°

Limiting indices

Reflections collected/unique

Completeness to §=25.02°

Max. and min. transmission

Data/restraints/parameters
Goodness-of-fit on F?

R,

wR,

R, (all data)
WR, (all data)

Largest diff. peak and hole/(e A3

CeeHygEu,FeN,O
1507.00

CosHagFsTbN,O
1520.92

298(2) 298(2)

0.71073 0.71073
Triclinic Triclinic

P1 P1

11.2590(11) 11.2301(12)
12.1769(12) 12.0848(11)
12.8701(13) 12.7843(14)
103.511(3) 103.213(2)
114.032(4) 114.301(4)
99.102 (2) 99.1840(1)
1501.8(3) 1475.2(3)

1, 1.666 1, 1.712

2.155 2.465

748 752
0.40%x0.27x0.15 0.37x0.20x0.16
2.70 to 25.02 2.72 t0 25.02
-13<h<8 -7<h<13
-12<k<14 -14<k<14
-14<I<15 -15<I<L15
7685/5224 7576/5130
[R(iny=0.0268] [R (i =0.0405]
98.3% 98.4%

0.7381 and 0.4794 0.6938 and 0.4624
5224/187/432 5130/168/425
1.020 1.021

0.0361 0.0406

0.0877 0.1035

0.0446 0.0491

0.0936 0.1111

1.567 and -0.622

1.742 and -1.152

Table 3 The main bond lengths (A) for complexes 1 and 2

Complex 1 Bond length//()\ Complex 2 Bond length/;\

Eu(D-O(@)#1  2.3703)
Eu(1)-O(1) 2.377(3)
Eu(1)-0(3) 2.390(3)
Eu(1)-O(5) 2.438(3)
Eu(1)-0(6) 2.487(3)
Eu(D-O)#1  2.503(3)
Eu(1)-N(2) 2.588(4)
Eu(D-O(1)#1  2.623(3)
Eu(1)-N(1) 2.660(4)

Th(1)-OQ2)#1  2.330(3)
Th(1)-O(3) 2.343(3)
Tb(1)-O(1) 2.356(4)
Tb(1)-0(6) 2.401(4)
Tb(1)-0(5) 2.457(4)
Th()-O(@)#1  2.462(4)
Tb(1)-N(2) 2.546(4)
To()-O3)#1  2.597(4)
Th(1)-N(1) 2.619(4)

with a distorted monocapped square antiprismatic coordina-
tion geometry. The 2,3-DMOBA ligand adopts three coor-
dination modes: bidentate bridging, chelating bidentate and
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bridging tridentate. Among them, the reason the complex
[Tb(2,3-DMOBA);(5,5’-DM-2,2"-bipy)],-C,HsOH begins
to decompose at 354.15 K is that it contains a free ethanol
molecule. And the luminescent lifetime of the complex is
reported to be 1.175 ms. By comparison, we find that these
acidic ligands generate a specific base for the formation of
the whole structure, which may be due to the difference
in substituents and steric hindrance in the carboxylic acid
ligands Therefore, the thermal stability and fluorescence
properties of the complexes are directly affected.

Thermal analysis

The thermal properties of luminescent materials, espe-
cially the stability and volatility, are of great significance
for the practical application of luminescent materials.
Hence, under the conditions of a simulated air atmosphere
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Fig.2 a The asymmetric unit
of complex 1. b Coordination
environment of the Eu(III) in
complex 1

Fig.3 a View of the 1D chain of complex 1 along the a axis. b 2D
structure of complex 1 view from the ac direction

and the heating rate of 10 K min~', the TG-DTG-DSC
curves of the complexes have been investigated in the tem-
perature range of 300-1223.15 K (Fig. 4). The obtained
thermal decomposition data are collected and tabulated in
Table 4, and the three-dimensional infrared diagram of the
gases escaping from complexes 1 and 2 is shown in Fig. 5.
The strongest infrared absorption spectrum of escaping gas
at different temperatures is presented in Fig. 6. Since the
TG-DTG curve shows that the decomposition steps of the

two complexes are similar, complex 1 is as a representative
of the detailed discussion.

The first mass loss of 24.36% (calculated =24.25%) that
occurs at 456.15-595.15 K, attributes to the loss of two
5,5'-DM-2,2'-bipy ligands. At this time, the DSC curve
gives a small endothermic peak (T = 536.75 K, AH =
135.2 7 g71). The signal peak at 540.97 K is the strong-
est in the infrared spectrum of the corresponding escaping
gas product. Among them, the characteristic absorption
bands of H,O (3565-3745 cm™!) and CO, (2310-2388,
654 cm™') are detected. Besides, the absorption peaks of
some small organic molecule fragments are detected. For
example, ve_y (1471 em™), ve (1132, 1216 cm™), ve_c
(1558, 1600 cm™), ve g (2933-3014 cm™), y_c 4 (1060,
1031, 825 cm™"). The second mass loss from 595.15 to
1216.55 K is 49.77%, which is consistent with the loss of
all 2-FBA ligands (calculated =52.20%). And an exother-
mic peak (T=740.75 K, AH=3484 J g!) is observed on
the DSC curve. Meanwhile, the absorption band of H,O
(3587-3735 cm!) and the characteristic absorption peak
of CO, (2268-2391, 669 cm™') are found in the infrared
spectrum of T=741.70 K. Therefore, the remaining residue
is Eu,03, with the total mass of 74.13%, which is in good
agreement with the theoretical mass of 76.65%.

Heat capacities of complexes

When determining the molar heat capacities of the com-
plexes, there is no thermal anomaly within the range of
278.15-423.15 K, indicating that the two complexes have
stable thermodynamic properties. The average molar heat
capacities data are listed in Tables S1 and S2 and plotted
in Fig. 7. As seen in Fig. 7, the complexes have similar
molar heat capacities, indicating that they have the same
crystal structure. Furthermore, with the increase in tem-
perature, the values of C,, , of the two complexes increase
gradually, and the curves are smooth in the whole tem-
perature segment, which means that there is no phase

@ Springer
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Fig.4 TG-DTG-DSC curves of complexes 1 a and 2 b at a heating rate of 10 K-min™"

Table 4 The thermodynamic data of the synthesized complexes

Complexes Steps Temperature range/K DTG T/K Mass loss rate/% Probable expelled groups Intermediate and residue
Found Calcd
1 I 462.15-553.15 533.95 24.36 24.45 2(5,5'-DM-2,2"-bipy) [Eu,(2-FBA)g4]
I 553.15-1206.15 735.05 49.77 52.20 6(2-FBA) Eu,0,
74.13 76.65
2 I 458.15-581.15 532.95 24.53 24.23 2(5,5'-DM-2,2"-bipy) [Tby(2-FBA)g4]
II 581.15-1216.55 755.35 48.06 51.19 6(2-FBA) Tb,0,
72.59 75.42
Fig.5 Stacked plots of the (a) L 14 (b)
evolved gases for complexes '
la and 2 b as observed on an L1.2 0.8

online TG-DSC/FTIR system

transition in this region. The polynomial equation of the
two complexes can be obtained by fitting the experimen-
tal molar heat capacity of the two complexes with the
reduction temperature (x) using the least-square method.
(x=[T- (Tmax + Tmin)/z]/[Tmax - Tmin)/z] [33], Tmax is
the upper limit temperature (423.15 K), and T, is the lower
limit temperature (278.15 K)).

Complex 1 [Eu(2-FBA);(5,5'-DM-2,2'-
bipy)l, T=(278.15-423.15) K.

Cpm/J-K ' -mol™" = 1457.31206 + 296.09243x
—9.85364x” +6.27545%°.

R?=0.99995 SD=1.32461.

@ Springer

Complex 2 [Tb(2-FBA);(5,5'-DM-2,2'"-
bipy)], T=(278.15-423.15) K.

C,m/J-K™"-mol™" = 1486.32269 + 284.89958x
—8.80717x*+ 14.6715x°.

R?=0.9999 SD = 1.86495.

In the fitted polynomial equation, R? represents the cor-
relation coefficient, and SD is the standard deviation of the
fitted curves of the complexes. After that, using the fitted
polynomial equation and the following thermodynamic
equation, the smooth molar heat capacities and thermo-
dynamic function of the complexes 1-2 with an interval
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Fig.6 FTIR spectra of the
evolved gases for complexes 1
aand2b

(a)
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Fig.7 Molar heat capacities of the complexes 1 and 2 varying with
temperature (K) measured by DSC
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o/cm™!

of 5 K are calculated [34]. (298.15 K as standard reference
temperature)

T
Hp — Hygg 15 = / Cp,de
298.15
T
Sp = Sx8.15 = / Cp,mT_ldT
298.15

Excitation and emission spectra

The solid-state fluorescence spectra of complexes 1 and 2
are measured on the crystalline samples at room tempera-
ture, and the results are shown in Fig. 8a, b. The broad emis-
sion bands of both complexes are located in the range of
240-360 nm. As for complex 1, upon excitation at 337 nm,
the impressive characteristic Eu(IIl) emissions are obtained
in the visible region. Besides, there are a few weak excitation
peaks in the range of 360—420 nm, which are created by the
transition of f-f configuration of Eu(IIl). These results indi-
cate that 2-FBA ligand can sensitize the emission of Eu(IIl).
As described in Fig. 8a, all expected characteristic emission

Fig.8 Solid-state emission and (a) (b)
excitation spectra of complexes
laand2b 5 A B 5 A
B g g
> ' )
c c
Q [)
S E S E
3 g
8 220 260 300 340 380 420 8 240 270 300 330 360 390
) Wavelength/nm o) Wavelength/nm
S IS

LI L
570 600 630

660
Wavelength/nm

L DL | R L L L L
690 720 470 500 530 560 590 620 650
Wavelength/nm
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peaks of Eu(Ill) complex are observed: the correspond-
ing electronic transitions: °Dy— "F, (581 nm), Dy — 'F,
(593 nm), °Dy—'F, (615 nm), Dy— "F; (651 nm),
D, — "F, (699 nm) [35]. The emission intensity of 615 nm
(°D,— "F,) is higher than others, so complex 1 emits red
light [36]. And it is obvious that the emission intensity at
593 and 615 nm is stronger, which is caused by the 5DO—>7F1
and 5D0—>7F2 transitions, respectively. The former is mag-
netic dipole, which is not sensitive to the coordination envi-
ronment, while the latter is electric dipole, whose strength
increases with the decrease in the symmetry of the site. The
spectra of Eu(IIl) complex show that the former is weaker
than the latter, indicating that Eu(III) is located in the low
symmetry position without inversion center [37].

Figure 8b shows that the maximum excitation wavelength
of complex 2 is 332 nm, the maximum emission value is
546 nm, and the monitoring range is 230-400 nm. Tb(III)
complex exhibits four characteristic peaks at 490 nm,
546 nm, 587 nm and 621 nm, and the corresponding tran-
sition is D, — 'F; (J =6-3) [38]. Obviously, °D, — F; at
546 nm occupies almost the entire emission spectrum, giv-
ing the most intense green luminescence output for Th(III)
complex.

Fluorescence lifetime

Moreover, the fluorescence lifetime of lanthanide complexes
is of great significance. In order to gain fluorescence life-
time, fluorescence decay curves of complexes 1 and 2 are
surveyed at room temperature. The attenuation curves and
fitting curves for the two complexes are shown in Fig. 9.
And the fluorescence decay curves of the complexes are
fitted to the double exponential decay law, which satisfies
the equation: I(f) = B, - exp(—t/1,) + B, - exp(—t/1,) [39].
Where I(t) represents the relative intensity, the decay time
is T, 7, and B, B, as constants. The fluorescence lifetime
values of complexes 1 and 2 are calculated by using the
equation 7 = (B, 7} + B,73)/(B, 1, + B,7,) [40]; their values
are 1.471 ms and 0.609 ms, respectively.

In-depth luminescence studies have shown that both com-
plexes have good fluorescence and the Eu(IIl) complex are
better than that of Tb(III) complex, according to the experi-
mental results of fluorescence lifetime, which indicates
that aromatic carboxylic acids can sensitize Eu(III) ion of
complex 1 more effectively. Therefore, the title complexes
can be used for further research in the field of luminescent
materials, and the former is better.

Conclusions

In summary, in the mixed solution of sodium hydroxide,
water and 95% ethanol, lanthanide ions (Ln**) react with
two ligands to obtain two nine-coordinated dinuclear com-
plexes [Ln(2-FBA);(5,5'-DM-2,2"-bipy)], [Ln=Eu (1), Tb
(2)]. Structural analysis indicates that both complexes are
structurally analogous to each other. In addition, the binu-
clear molecules are further connected by hydrogen bonding
to form one-dimensional and two-dimensional supramo-
lecular structures, and their structures are comprehensively
characterized by IR and TG-DSC/FTIR. The results show
that the two complexes have high thermal stability. The
molar heat capacities of the two complexes are investigated
by a DSC instrument and their thermodynamic functions
(H1-Hygg 15%) and (S1-S,9g 15 ) are calculated. Furthermore,
fluorescence studies show that the luminescence behavior of
1 and 2 is mainly from the characteristic emission of Eu(IIl)
and Tb(III) centers, and their lifetimes are 1.471 ms and
0.609 ms, respectively. Based on the good fluorescence and
thermal stability of complexes 1 and 2, they can be expected
to have potential applications in the field of materials.

Supporting Information

The number of two complexes (CCDC 2019557 (1), CCDC
2019558 (2)) contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge
from the Cambridge Crystallographic Date Centre via www.
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ccde.cam.ac.uk/data_request/cif. The experimental and
smoothed molar heat capacities of complexes 1 and 2 are
shown in Table S1, and thermodynamic functions of com-
plexes 1 and 2 are shown in Table S2.
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