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Two Lead-Based Coordination Polymers with 2,3,5,6-Tetrafluoroterephthalic Acid:
Synthesis, Crystal Structures and Luminescent Properties
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Abstract: In the present of 4-Ml/triazole, Two lead(Il) coordination polymers, {[Pb(tfbdc)(Htfbde)ys] - (4-MI) - (H,0)},,
(1) and {[Pb(tfbdc)(H,0),]}.(2) (tthdc=tetrafluoroterephthalate, 4-MI=4-methylimidazole) have been synthesized and
characterized by elemental analysis, IR spectra, thermogravimetric and X-ray single crystal structure analyses.
Structure analyses reveal that 1 has monoclinic crystal system and space group of P2,/n, and 2 has triclinic crystal
system and space group of P1. In 1, each Ph(Il) ion is coordinated with seven oxygen atoms via the normal Pb-O bond
and the sencondary bond Pb---O; tfhdc> anion and H,tfbdc ligands are bridged to Ph(Il) ions in different coordination
fashion, resulting in the formation of a 3D structure with channels. 4-MI and free water molecules are clathrated in
the channels via hydrogen bonds interactions.The existence of -7 stacking interactions further enhance the
stabiltity of 1. In 2, each Ph(I) ion is surrounded by eight oxygens, and tfbdc> coordinates with Pb(Il) ion in chelating
and bridging fashion, constructing a 2D layer structure. The thermal stability and solid-state luminescent properties

of 1 and 2 have also been studied. CCDC: 977618, 1; 977147, 2.
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0 Introduction

Coordination polymers and especially their
porous congeners, which are frequently termed metal-
(MOFs) ™2, have received more

and more attention in recent years, owing to their easy

organic frameworks

synthetic accessibility and potential applications in
storage and separation media for gases, catalysis,
lithium-ion batteries, optic and electric materials and
biomedical imaging ®'". To improve these properties,
MOFs with fluorinated linker molecules are receiving
1221 For MOF with 2,3,5,6-
(Hstfbde) as a linking

ligand, superior H, adsorption properties have been

increasing attention

tetrafluoroterephthalic acid

predicted by theoretical investigations . However,

compared to  their  nonfluorinated  analogues,

terephthalic acid  (Hjbdc), only some coordination
polymers or MOFs employing tfbdc?~ ion have been

6213331 However, due to the presence of

reported
fluorine atom with high electro-negativity, 2,3,5,6-
tetrafluoroterephthalic acid (Hytfbde) may adopt more

varied coordination modes and provide more
opportunities for creating supramolecular arrangements
via weak intermolecular interactions. On the other
hand, as is well known, mainly because of Ph(Il) ion
itself bearing a stereochemically active electron lone
pair and large ionic radius, it can adopt variable
coordination number and geometry, and thus adding
the possibility of constructing novel MOFs. Besides,
many Pb (I-MOFs reported have shown potential
applications in the electroluminescence, fluorescent
sensors and organic light-emitting diodes™ .
Considering outstanding characters of Ph(Il) ion
and our group’ s interest in the MOFs containing
tfhdc> 162227300 e tried to synthesize new Ph(Il)-based
coordination polymers with Hatfbde Luckily, we obtained
two new compounds {[Pb (tthdc)(Hstfbde)ys] « (4-MI)
(H,0)},(1) and {[Pb (tfbdc) (H,0),]},(2) (tthbdc =tetraflu-
oroterephthalate, 4-MI=4-methylimidazole). Herein we
report their synthesis, crystal structures and properties
such as IR spectra, thermal decomposition, and

luminescent properties.

1 Experimental

1.1 Materials and methods

All commercially available solvents and reagents
were used as received without further purification
unless otherwise noted. The ligand Hotfthde was
prepared according to the literature PY. The elemental
(C, H and N) was performed on a Perkin-
Elmer 2400 Series II element analyzer. FTIR spectra

analysis

were recorded on a Nicolet 460 spectrophotometer in
the form of KBr pellets. The luminescent spectra of
the solid samples were recorded on a Varian Cary
Eclipse spectrometer. Thermogravimetric — analysis
(TGA) experiments were carried out on a Dupont
thermal analyzer from room temperature to 800 C
under N, atmosphere at a heating rate of 10 “C +min™.
Single-crystal X-ray diffraction measurement of the
complexes 1 and 2 were carried out with a Bruker
Apex 1I CCD diffractometer.
1.2 Synthesis
1.2.1  Preparation of {[Pb (tfhdc)(Hatthdc)ys] - (4-MI) -
(H0)}, (1)

To the solution of H,tfbde (0.20 mmol, 0.047 6
g), 4-MI (0.10 mmol, 0.082 0 g) in 2 mL of H,0 and
MeOH (1:1, V/V) was added a solution of Pb(NOs),
(0.2 mmol,0.066 2 g) in 2 mL.  (1:1, V/V) of H,0 and
MeOH under oscillation by the ultrasonic-wave reactor
(100 W). After 30 min, the solution became turbid
slightly, then filtered, and the filtrate allowed to stand
at ambient temperature for 3 weeks to afford colorless
block crystal 1 (41 % yield based on Pb). Anal.
Caled. for CsHoFPbN,O; (%): C, 29.01; H, 1.37; N,
4.23. Found (%): C, 29.00; H, 1.36; N, 4.21. IR data
(em™, KBr pellet): 3 438 (m), 3 139 (m), 1 721(m), 1 629
(s), 1 475 (s), 1 389 (s), 1 312 (s), 1 225 (s), 994 (s),
713 (s).
1.2.2  Preparation of {{Pb(tftbdc)(H,0),]}, (2)

Hottbde  (0.10 mmol, 0.023 8 g), triazole (0.25
mmol, 0.017 2 g), Pb (NO;), (0.10 mmol, 0.033 0 g)
was dissolved in HO (4 mL) and EtOH (6 mL) to give

a colorless solution and it was allowed to stand at

ambient temperature for one week to afford colorless

rod-like crystal 2 (56% yield based on Pb). Anal.
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Calcd. for CgH,FPbOs (%): C, 20.05; H, 0.84. Found
(%): C, 20.01; H, 0.81. IR data (cm™, KBr pellet):
3 440 (m), 1 673(s), 1 620 (s), 1 476 (s), 1 381 (s),
1277 (s), 1 151 (s), 991 (s), 743(m).
1.3 X-ray crystallography

Single-crystal X-ray diffraction measurements of
1 and 2 were carried out with a Bruker Smart Apex
CCD diffractometer at 293(2) and 291(2) K, respec-
tively. Intensities of reflections were measured using
graphite-monochromated Mo Ka radiation (A =0.071
07 nm) with the ¢-w scans mode from 1.70°<6<25.99°
(1) and 2.05°<6<26.00°(2). The structure was solved
by direct methods using Olex 2 for 1 and SHELXTL-

97 for 2 and refined by full-matrix least-squares on F*
with the SHELXTL-97 program

tropic thermal factors were assigned to all the non-

package”. Aniso-

hydrogen atoms. Hydrogen atoms were included in
calculated positions and refined with isotropic thermal
parameters riding on the parent atoms. H atoms
bonded to O or N were first located in difference
Fourier maps and then placed in calculated sites and
included in the refinement. Crystallographic data and
experimental details for structural analyses are
summarized in Table 1. The selected bond lengths and
angles for 1 and 2 are listed in Table 2.
CCDC: 977618, 1; 977147, 2.

Table 1 Crystals data, experimental conditions and structure refinement parameters of

complexes 1 and 2

1 2
Empirical formula C16HoF¢N,O-Ph CsH.F,04Pb
Formula weight 662.44 479.30

Crystal size / mm

Temperature / K 293(2)
Wavelength / nm 0. 071 073
Crystal system Monoclinic
Space group P2,/n
a/nm 1.617 3(11)
b/ nm 0.699 9(3)
¢/ nm 1.647 9(3)
al (%)

B/ 93.724(3)
¥/

V /o’ 1.861 4(5)
Z 4

D./ (g-em™) 2.364
F(000) 1244
(Mo Ka) / mm™ 9.168

0 range for data collection / (°) 1.70 to 25.99
Independent reflections (R;,) 3 661

0.12x0.11x0.10

0.13x0.11x0.08
291(2)

0.071 073
Triclinic

Pl

0.733 53(10)
0.880 64(12)
1.043 5(14)
76.449(2)
73.946(2)
68.036(2)
0.594 29(14)
2

2,679

436

14.268

2.05 to 26.00
2282

Refinement method
Data / restraints / parameters
Goodness-of-fit on F*

Ry, wR, (I>20(D)

Largest diff. peak and hole / (e-nm™)

Full-matrix least-squares on F?
3 661/0/293

1.059

0.038 7, 0.091 4

2 511 and -4 441

2 282/0/188
1.095

0.052 8, 0.137 2
1289 and -1 192
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Table 2 Selected bond lengths (nm) and angles (°) of complex 1 and 2
Complex 1
Ph(1)-0(1) 0.249 6(4) Ph(1)---0(1) 0.289 6(5) Ph(1)-0(2)B 0.268 4(5)
Ph(1)---O(4)A 0.283 6(5) Ph(1)-0(3)A 0.245 4(5) Ph(1)---0(2) 0.283 0(5)
Ph(1)-0(6) 0.240 2(5)
0(1)-Pb(1)-0(2)B 170.03(13) 0(6)-Pb(1)-0(3)A 76.41(19) 0(3)A-Ph(1)-0(1) 83.10(16)
C(1)-0(1)-Ph(1) 140.8(4) 0(3)A-Ph(1)-0(2)B 87.78(14) C(1)-0(2)-Ph(1)D 130.3(4)
0(6)-Pb(1)-0(1) 78.29(15) C(8)-0(3)-Ph(1)A 103.0(4) 0(6)-Pb(1)-0(2)B 103.49(16)
C(9)-0(6)-Ph(1) 111.9(4)
Complex 2
Ph(1)-0(1)A 0.257 6(8) Ph(1)-O(1WA) 0.265 9(8) Ph(1)-0(3)B 0.260 1(8)
Ph(1)---0(2) 0.281 1(8) Ph(1)-02WA) 0.264 3(9) Ph(1)---0(2)A 0.277 5(8)
Ph(1)-0(1) 0.265 6(8) Ph(1)---0(4) B 0.278 4(8)
O(1)A-Ph(1)-03)B 86.5(3) 0(3)A-Ph(1)-O(1WA) 73.5(3) O(1)A-Ph(1)-02WA) 97.6(3)
O(2WA)-Ph(1)-O(1WA) 171.2(3) 0(3)B-Ph(1)-0O2WA) 112.23) 0(1)-Ph(1)-O(1WA) 81.7(3)
O(1)A-Pb(1)-0(1) 64.0(3) C(1)-0(1)-Ph(1)A 143.8(7) 0(3)B-Ph(1)-0(1) 145.5(3)
C(1)-0(1)-Ph(1) 97.1(7) O(2WA)-Ph(1)-0(1) 90.2(3) Ph(1)A-O(1)-Pb(1) 116.0(3)
O(1)A-Pb(1)-O(1WA) 75.6(3) C(8)-0(3)-Ph(1)C 98.3(7)

Symmetry code: A: —x+1, —y+1, —z+1; B: x, y—1, z; C: —x+1.5, y =0.5, —z+0.5; D: x, y+1, z for 1; A: —x+2, —y, —z+2; B: x, y—1, z+1; C: x, y+

1, z—1 for 2
Table 3 selected hydrogen bond distances and angles in the complex 1
D-H---A d(D-H) / nm d(H---A) / nm d(D-+-A) / nm ZDHA / (°)
N(1)-H(1)---F(3) 0.086 0.245 0.306 4(6) 128.0
N(1)-H(1)---0(4) 0.085 0.195 0.275 3(7) 154.0
0(7)-H(F)---0(5) 0.085 0.199 0.283 7(7) 173.0
0(7)-H(G)---0(6) 0.085 0.199 0.280 0(7) 159.0
C(15)-H(B)---O(7) 0.093 0.252 0.328 3(10) 139.0

Results and discussion

2.1 Synthesis and IR spectra characterization
Complex 1 was synthesized by adding H,tfhde,
Pb(NO3), and 4-MI in a molar ratio of 2:1:2 in MeOH-
H,0; complex 2 was synthesized by slow evaporation
of EtOH-H,0 solution including Hatfhbde, Ph(NO;), and
triazole in a molar ratio of 1:1:2. 4-MI and triazole
may play a role of base/template. 1 and 2 are stable
and insoluble in water and common organic solvents.
The IR spectra were determined using KBr pellet
method. A strong and broad absorption peak around
3 600~3 000 ¢cm™ in 1 and 2 should be attributed to

the stretching vibration of OH, indicating that the

Both complexes all include water molecules, and the

moderate absorption peak at 3 139 em™ in 1 shows

that it should contain NH from 4-MI®"\. For 1, there is
a moderate strong peak at 1 721 em™, indicating that

some carboxylic groups are still protonated. For 2,

1
”

there are no absorption peaks around 1 730 cm -
indicating that all carboxylic groups are deprotonated.
The strong peaks in the range of 1 620~1 673 cm™
and 1 312~1 476 ecm™ of 1 and 2 can be attributed to
v,,(CO0") and v,(COO") stretching vibration of tfbdc?”

[38-41] 1

respectively ** and strong peaks at 713 c¢m ™ and

991~994 cm™ for both complexes are attributed to &
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Scheme 1 Coordination modes of the Hytfhde (1a) and tthde ligand (1b)

(OCO) bending vibration of tfbdc* P". Those assign-
ments are supported by the X-ray crystal structure
analysis.
2.2 Crystal structures of 1 and 2

Single-crystal X-ray diffraction analysis showed
that complex 1 crystallized in the monoclinic space
group P2,/n. The coordination sphere of Ph(Il) cation is
shown in Fig.1. The asymmetric unit of complex 1
contains one Pb(Il) cation, one and a half tthdc>", one
free water molecule, and one free 4-MI. The Ph(Il)

cation, adopting  seven-coordination mode, is

surrounded by seven oxygen atoms: two are from two

tfbdc®™ anions respectivly (O(2)B and O(1)), the tfbdc*
is connected with the other Ph(I) cation in the bridge
form with O(1)B/O(2) to form a chain(the angel of O(1)
-Pb1-0(2)B is 170.03(13)°, close to 180°), four separ-
ately from bidentately chelating carboxyl groups of two
tthde* (0(3)A, O(4)A, O(1)C and O(2)C), and one from
monodentately carboxyl groups of Hytfbde (O(6)). The
Pb-O bond lengths are in the range of 0.2402 (5) ~
0.268 4(5) nm (Table 2), close to the values reported in
the literature!>*. Tt is worth mentioning that the bond
distances of Pb---O(4)A, Pb---O(1)C and Pb---0(2)C
lie in the range of 0.277 5 (8)~0.283 6(5) nm, belonging
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A
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Broken lines represent the secondary bands/7-7r interaction; Symmetry code: A: —x+1, —y+1, —z+1; B: v, y—1, z; C: —x+1.5, ¥ 0.5, —z+0.5

Fig.1

Coordination environment of Ph(Il) in complex 1 with thermal ellipsoid at 30% probability level
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to the secondary bonds ™

. The bond angles around
Pb(Il) cation are 76.41(18)° to 170.05(15)° (Table 2).
Besides, the separation of 0.372 3 nm between the
centroids of the two benzene rings, indicates the
existence of the significant 77-7r interactions of offset
face to face (Fig.1). The tfbdc>™ and Hitfbde ligands of
take different coordination fashions
(Scheme 1la and 1b). Via fashion 1b, tfhdc*"

chelates one Pb(Il) ion by one carboxyl group, and

complex 1

anion

chelates and bridges three Pb(Il) ions with another
carboxyl group, resulting in the formation of a 2D
layer structure, as shown in Fig.2. The shortest Pb---

Pb distance is 0.425 1 nm. These layers are connected

-
7‘73

-3

Z

R

further by Hotfhde in fashion la (namely amphimono-
dentate coordination mode) to construct a stable 3D
architecture (Fig.3). The free water molecule and 4-MI
are clathrated in the channels, via hydrogen bonds (N
(D)-H(1)---F@3), N(1)-H(1)---0(4), O(7)-H(7B)--- O(6),
Table 3), as listed in Fig.3.

However, owing to the different molar ratio of Pb
(II) cation and tfhdce>,

the reaction conditions, complex 2 crystallized in the

the types of auxiliary ligand and

triclinic space group P1, completely different from the
complex 1. Complex 2 employs eight-coordination
mode, in its asymmetric unit, one Ph(Il) cation connect

one tfhdc*

and two lattice water molecules. As shown

—a*y

Ly

.q:..'u'- PR Y '-"‘30’ -‘.‘-&%’ -'v"‘o%'
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‘v'v -‘v" ~‘9 Ay A »}' At "1
* ‘ l

D R A B!

#q*’f i
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‘." W
o“ -.Q.'

wix‘-‘

S8

Fig.2 2D grids of complex 1

Channels in the structure are filled with the 4-MI and free H,O guests; Dashed lines represent hydrogen bonds

Fig.3 3D grids of complex 1
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in Fig.4, the Pb(I) cation is surrounded by O(1W)B
and O(2W)A atoms from two lattice water molecules,
0(), 0(2), O(3)B and O(4B) separately from biden-
tately chelating carboxyl groups of two tfhdc?~, and
0 (DA, O (2)C from another two tfhdc?

. Similar to

complex 1, the Pb---O(2), Pb---O(2)C, Pb---O(4)B are
also secondary bonds™. The Pb-O bond lengths are
0.257 6(8) ~0.265 9(8) nm (Table 2), close to the values
The bond angles

reported in the literature>*¥,

around Ph(I) cation are 64.0 (3)° to 171.2 (3)° (Table
2). In 2, tfhdc? anion coordinates with Ph(Il) cation in
fashion 1b (Scheme 1b), resulting in the formation of a
(Fig.5). The shortest Pb --- Pb
distance is 0.443 7 nm. The 2D layer structure is

2D layer structure

similar to that of complex 1 (Fig.2), but different from
the reported compound [Pb (tfbdc) (MeOH)], with 3D

structure™.

Broken lines represent the secondary bands; Symmetry code: A: —x+2, —y, —z+2; B: x, y—1, z+1; C: —x+1, -y, 2—=z.

Fig.4 Coordination sphere of Ph(Il) in complex 2 with thermal ellipsoid at 30% probability level

.j,’ a

Fig.5 2D grids of Packing diagram of complex 2

2.3 Thermal analysis

In order to examine the thermal stabilities of
complexes 1 and 2, thermal gravimetric (TG) analyses
were carried out from room temperature to 800 °C
under nitrogen. For complex 1 (Fig.6), the TG analysis
shows that a weight loss about 2.66% from 24 to 161
C , corresponding to a water molecule loss (the

theoretical value calculated 2.72%). Then a greater

mass loss of 12.25% from 160 to 190 “C maybe give
the credit to the loss of the free 4-MI (Calcd.
12.39% ). Above 190 C,
decomposed gradually and the final residue (31.97%)
should be PbO (Caled. 33.66%). For complex 2 (Fig.
6), it shows a mass loss of 7.6% between 35 and 120

°C, corresponging to the loss of water molecules. A

the residual subatance

theoretical mass loss of two lattice water molecules is
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Fig.6 TG curves of complexes 1 and 2

7.5%, consistent with the experimental result. Above
120 °C ,the complex 2 is destroyed gradually. The
final residue of 43.7% is in agreement with the
percentage of PhO (Caled. 46.5%).
2.4 Luminescent properties

Luminescent complexes are currently of great
interest because of their various applications in
chemical

sensors, photochemistry, and

electroluminescent 34

display Herein,  the
luminescent behaviors of ligand Hotfhde, complexes 1,
and 2 were investigated in the solid state at room
temperature owing to excellent luminescent properties
of d" Pb" complexes (Fig.7). Upon excitation at 331
nm, the strongest emission peak for the ligand appears
at 362 nm, corresponding to the n-7*/m-m*transitions.
Complexes 1 and 2 all exhibit a emission peak
centered at 362 nm, resembling that of the ligand.
Therefore the

origin of the main emissions of

1 000
—Ligand
——Complex 1
800+ ——Complex 2
g
2 600
1]
8
g
© ]
é 400
|- ;
g
=200+
0 T T T T
350 400 450 500 550 600
Wavelength / nm

Fig.7 Solid-state emission spectra of the ligand,
complexes 1 and 2 under excitation wave-

length at 331 nm

compounds 1 and 2 may be attributable to the internal

charge transfer of the ligand.
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