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Two new polymeric Mn! complexes, {[Mn(1,2-BDC-F4)(H,0)3](EtOH)}, (1) and [Mn(1,2-
BDC-F4)(H,0),(DMF)],, (2), have been prepared from the reaction of Mn'! acetate with 3,4,5,6-
tetrafluoro-benzene-1,2-dicarboxylic acid (1,2-H,BDC-F,) using different solvents, and character-
ized by elemental analysis, IR spectroscopy, thermogravimetric (TG) analysis, and single-crystal X-
ray structure analysis. Both complexes crystallize in the triclinic space group P1 and have similar
one-dimensional double chain structures, consisting of a unique arrangement of 8-membered and 14-
membered rings. The effects of solvent as ligand and/or guest on the self-assembly processes of the
supramolecular networks and on their photoluminescence properties in the solid state are discussed.
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Introduction

In the past decade, the design and synthesis
of coordination polymers involving transition metal
ions and organic ligands have become one of the
most active research fields in coordination chemistry
and crystal engineering for achieving new materi-
als [1—3]. Suitable organic ligands favoring structure-
specific self-assembly are the basis for the construc-
tion of coordination architectures. In this respect, aro-
matic dicarboxylate ligands [for example, benzene-
1,n-dicarboxylates (1,n-BDC, n=2, 3, and 4)] [4—11]
and their substituted derivatives [12—17], which ex-
hibit diverse coordination modes, have been widely
used in the preparation of various polymeric metal
carboxylates. It is well-known that electron-donating
or -withdrawing groups on the aromatic backbone
can significantly affect the formation of crystalline
networks and result in different coordination poly-
mers with unique physicochemical properties [18].
In this context, fluorous molecules are of particular

interest, and fluorinated bridging benzenedicarboxy-
late ligands such as 2,3,5,6-tetrafluoro-benzene-1,4-
dicarboxylate [19-21], 2,4,5,6-tetrafluoro-benzene-
1,3-dicarboxylate [22, 23] and 5-fluoro-benzene-1,3-
dicarboxylate [24], have been employed to build ex-
tended networks with metal ions. Advantages mainly
result from the following two factors: the first is
the significant enhancement of acidity because of the
strong electron-withdrawing effect of fluorine sub-
stituents, which can lead to the complete deprotona-
tion of the carboxylic group upon its reaction with
metal ions. The second is the steric hindrance ef-
fect that the fluorine atoms have on the torsion an-
gle by which the carboxylate groups are twisted out
of the plane of the benzene ring. Moreover, host-
guest C—H---F and O-H---F contacts can be as im-
portant as C—H---O/C-H:--N and O-H---O/O-H---N in-
teractions in stabilizing a specific structure [25, 26],
and can be applied in crystal design. Encouraged
by all that was mentioned above, we have chosen
3.4,5,6-tetrafluoro-benzene-1,2-dicarboxylic acid (1,2-
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EtOH/H,0
F {{Mn(1,2-BDC-F,)(H,0);)(EtOH)}, (1)
F. COOH
Mn(OAc), - 4H,0
F COOH DMF/H,O/EtOH
F ——————— = {Mn(1,2-BDC-F,)(H;0)(DMF}} , (2)
1,2-H,BDC-F,
Scheme 1.

H;BDC-F4) to construct AgI and Cd! coordination
architectures exhibiting interesting antibacterial activ-
ity and luminescence properties [27, 28]. As a con-
tinuation of our work, herein, we wish to report
the solvent-regulated self-assembly of two new Mn!!
tetrafluorophthalate coordination polymers {[Mn(1,2-
BDC-F4)(H,0)3](EtOH)}, (1) and {Mn(1,2-BDC-
F4)(H2,0)2(DMF)},, (2) (Scheme 1). In addition, the
spectroscopic, thermal and luminescence properties of
both complexes are presented and discussed.

Results and Discussion
Synthesis and general characterization

It is well-known that the selection of solvent sys-
tems plays an important role in governing coordina-
tion arrays and the final supramolecular architectures.
Among the widely used organic solvents, DMF was
proved to be a reliable binding guest molecule par-
ticipating in coordination networks of Mn'! and Cu!!
ions [29, 30]. Its coordinating ability is better than that
of EtOH, MeOH and the aqua ligand in mixed sol-
vent media. In this study, we choose 1,2-H,BDC-F4
as a rigid bridging ligand to synthesize Mn!' coor-
dination polymers in two different solvent mixtures,
namely, EtOH-H,O and EtOH-H,O-DMF. The two
Mn!! complexes could be isolated independent of the
counteranions through the same procedure when alter-
nating the starting metal salts using Mn(OAc);, MnCl,
or Mn(ClOy4),. Both complexes are stable under am-
bient conditions and insoluble in water and common
organic solvents, which is consistent with their poly-
meric nature. In the IR spectra, the broad bands cen-
tered in the 3500 — 3000 cm ! region indicate the O—H
stretching of the solvents. The absence of characteris-
tic absorption bands at ~1740 and ~1715 cm ™! of the
carboxyl moiety in 1 and 2 suggests complete depro-
tonation. As a result, the antisymmetric and symmetric

carboxylate stretching vibrations are found in the range
of 16051615 and 13901440 cm™!, respectively.

Crystal structures of 1 and 2

X-Ray diffraction analysis revealed that complexes
1 and 2 crystallize in the triclinic space group P1 and
have chain structures. The basic coordination frame-
works of 1 and 2 are similar and consist of dou-
ble chains of the composition [Mn(1,2-BDC-F4)],,, ex-
cept that the coordinated guest molecules are H,O
in 1 and H,O and DMF in 2. So, only the molec-
ular structure of 1 will be described in more detail.
The asymmetric unit of 1 contains one Mn! ion, one
1,2-BDC-F; dianion, three HyO ligands, as well as
one non- coordinated EtOH molecule. As shown in
Fig. 1, the octahedral environment of the Mn! cen-
ter is provided by three carboxylate oxygen atoms
(01, O3#1 and O4#2) from three 1,2-BDC-F,4 dian-
ions and three oxygen atoms (O5, 06, and O7) from
three terminal HO molecules with the Mn-O dis-
tances in the range of 2.115(2)-2.238(2) A. The O-
Mn-O bond angles vary from 85.6(1) to 177.5(1)°
(see Table 1 for detailed bond parameters). Each 1,2-
BDC-F;4 ligand adopts a u3-bridging fashion with one
carboxylate group in a p-n':n'-bridging mode and
the other one in a p;-n' : n%-monodentate mode to
connect with three Mn! ions to generate a double
chain featuring a unique alternating arrangement of 8-
membered and 14-membered rings (Fig. 1). The suc-
cessive Mn---Mn separations are 4.690 and 6.598 A, re-
spectively. It should be noted that such an arrangement
of a double chain is different from that of the reported
Mn!" and Cu'' ortho-phthalate complexes [31, 32],
where one carboxylate group shows complete depro-
tonation, and the other one is assigned to the mono-
deprotonation fashion, thus forming a double chain
possessing a continuous arrangement of 14-membered
rings.



S.-C. Chen et al. - Manganese(II) Coordination Polymers with Tetrafluorophthalate Ligands

279

Table 1. Selected bond lengths (A) and angles (deg) for 1 and
2 with estimated standard deviations in parentheses?.

1 2
Bond lengths Bond lengths
Mn1-0O1 2.150(2) Mnl1-0O1 2.130(3)
Mn1-03#1 2.204(2) Mn1-O3#3 2.221(3)
Mn1-04#2 2.115(2) Mnl1-O4#4 2.147(3)
Mn1-05 2.195(2) Mn1-05 2.236(3)
Mn1-06 2.197(2) Mnl1-06 2.180(3)
Mn1-07 2.238(2) Mn1-07 2.175(3)
Bond angles Bond angles
O1-Mn1-03#2 91.5(1) 01-Mn1-03#3 90.4(1)
01-Mn1-04#2 166.6(1) O1-Mn1-04#4 171.2(1)
01-Mn1-05 85.0(1) 01-Mn1-05 85.2(1)
01-Mn1-06 97.3(1) 01-Mn1-06 99.6(1)
01-Mn1-0O7 79.5(1) 01-Mn1-07 85.1(1)
O3#1-Mn1-04#2 101.8(1) O3#3-Mnl1-04#4  98.1(1)
03#1-Mn1-05 93.5(1) O3#3-Mn1-05 169.9(1)
03#1-Mn1-06 85.6 (1) O3#3-Mn1-06 83.8(1)
O3#1-Mn1-07 168.6 (1)  O3#3-Mnl-O7 89.9(1)
04#2-Mn1-05 93.6(1) 04#4-Mn1-05 86.7(1)
04#2-Mn1-06 84.3(1) 04#4-Mn1-06 83.6(1)
04#2-Mn1-07 87.1(1) 04#4-Mn1-07 92.7(1)
05-Mn1-06 177.5(1) 05-Mn1-06 89.0(1)
05-Mn1-07 92.7(1) 05-Mn1-07 98.8(1)
06-Mn1-07 88.4(1) 06-Mn1-07 172.1(1)

4 Symmetry codes. For 1, #1: —x+1, —y+1, —z+ 1; #2: x+ 1, y+1,
zfor2, #3: —x+ 1, —y+1, —z#:x—1,y+1, 2.

Although both 1 and 2 show a similar 1-D coordi-
nation array, the introduction of DMF into the solvent
leads to a change of the solvate molecule and formation
of a different supramolecular framework for 2. There
exist diverse hydrogen bonding motifs in the crystal
structure of 1. Strong intramolecular O7-H7A---F1 in-
teractions (see Table 2 for details of hydrogen bond-
ing) have been found to stabilize the double-chain mo-
tifs. With respect to the EtOH molecule, it works as

0a#2 %
2#2 o2 0'5 » ot ©° 2
O2#1
’ 03#1 N
O4#1

) m
— L —— ¥
L)

Fig. 1 (color online). Views of: (top) the coordination envi-
ronment of the Mn!! center in 1 (for symmetry codes see Ta-
ble 1), and (bottom) the polymeric double chain of 1, high-
lighting the alternating arrangement of 8- and 14-membered
rings by turquoise and pink bonds, respectively.

a linker to fabricate a supramolecular layer by con-
necting two neighboring parallel coordination chains
through intermolecular O-H:--O hydrogen bonds (07—
H7B---O8 and O8-HS8---05, see Table 2) with the coor-
dinated H,O ligands, as illustrated in Fig. 2. However,
in 2, these adjacent 1-D arrays are connected through
strong direct O—H---O hydrogen bonding interactions

Complex D-H--A H-A D--A D-H-~A Symmetry code Table 2. Hydrogen bonding geometries in
A A (deg) the crystal structures of 1 and 2.

1 0O5-H5A---02 1.95 2.751(33) 167 xy+1,z

O5-H5B---06 2.07 2.881(3) 170 x—1,y,z

06-H6A---03 2.00 2.771(3) 156 x+1,y,z

06-H6B---02 1.83  2.640(3) 168 —x+2,—y+1,—z+1

O7-H7A---F1 2.16  2.981(3) 178

O7-H7B---08 1.92  2.721(5) 166 x+1,y,z

O8-HS8---05 2.16  2.883(4) 146
2 06-H6A---02 1.81 2.654(4) 174 —x, —y+1, —z

06-H6B---03 1.93  2.750(4) 161 x—1,y,z

O7-H7A---02 1.87  2.711(4) 171 x,y+1,z

O7-H7B---06 221 3.018(4) 160 x+1,y,z

C9-H9---07 248  3.402(6) 169 x—1,y,z
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Fig. 2 (color online). Views of: (top) the supramolecular layer
structure in 1 constructed via O-H---O interactions (blue
dashed lines) between the coordination chains, and (bottom)
the supramolecular layer structure in 2, showing the direct
O-H---O hydrogen interactions (blue dashed lines) between
the coordination chains.

(see Table 2 for details of hydrogen bonding) to afford
a supramolecular layer array (Fig. 2).

Thermal stability of 1 and 2

Thermogravimetric analyses (TG) were carried out
for complexes 1 and 2 (Fig. 3). In the case of 1, the
weight loss of 24.7 % occurring from 45 to ca. 235 °C
corresponds to the removal of the coordinated aqua lig-
ands and ethanol guests (calcd. 25.6 %). Then, a sharp
weight loss occurs with an onset temperature of ca.
360 °C for degradation of the residual fragment, fol-
lowed by continuous slow weight loss up to 800 °C.
Complex 2 is stable up to 150°C and displays two
consecutive steps of weight loss below 260 °C, indi-
cating the elimination of coordinated H,O and DMF
molecules (observed: 26.3 %; calcd. 27.2%). Subse-
quently, pyrolysis of the residual coordination frame-
work is observed and further heating to 800 °C reveals
a gradual weight loss of the sample.
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Fig. 3 (color online). TGA curves of complexes 1 and 2.

—1
—12

600 4

1,2-H,BDCF,

500

400 4

300

Intensity (a.u.)

200

100 +

0 T T T ¥ T T T T T
460 480 500 520 540
Wavelength (nm)

Fig. 4 (color online). Solid-state fluorescence emission spec-
tra of complexes 1, 2 and the free ligand 1,2-H,BDC-F,.

Photoluminescence properties of 1 and 2

The emission spectra of complexes 1 and 2 as
well as of the organic ligand 1,2-H,BDC-F4 were
investigated in the solid state at room temperature
(Fig. 4). Upon excitation at 336 nm, the free ligand ex-
hibits the maximum fluorescence emission band cen-
tered at 478 nm, which can be ascribed to the 7—*
and/or n — m* transitions. For complexes 1 and 2,
the maximum emission bands are similarly observed
at 477nm for 1 and 479 nm for 2 (Aex =336 nm),
and are tentatively attributed to ligand-centered tran-
sitions. Furthermore, the emission intensities of 1 and
2 are significantly weaker than that of the free lig-
and, which is likely related to their complicated struc-
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1 2 Table 3. Crystal structure data for 1 and 2.

Formula C10H12F4Mn03 C11H11F4MnNO7

M, 391.14 400.15

Crystal size, mm? 0.24 x 0.22 x 0.20 0.24 x 0.20 x 0.18

Crystal system triclinic triclinic

Space group P1 P1

a, A 6.148(1) 6.218(1)

b, A 7.613(1) 7.605(1)

¢, A 15.720(2) 15.562(3)

o, deg 100.142(2) 84.365(4)

B. deg 92.918(2) 89.384(4)

7, deg 98.723(3) 81.325(4)

v, A3 713.6(2) 723.9(3)

Z 2 2

Degied.» g cm ™ 1.82 1.84

u(MoKg), cm™! 1.0 1.0

F(000), e 394 402

hkl range —T<h<+7 —T7<h<+6
—6<k<+49 —-7<k<+49
—-19<I<+19 —18<I<+18

Refl. measured / unique / Rjp 4294 /2764 /0.0207 3877 /2506/0.0193

Param. refined 210 219

R1* / wR2" (all data) 0.0390/0.1410 0.0638 /0.2046

GoF (F?)° 1.029 1.053

Apjin (max / min), e A~3 0.50/ —0.79 0.94/—-1.08

* RL=X|IF| — |Fe|l/ZIFs|: © wR2 = [Sw(Fy — F2)*/Sw(F3)*)'/2,

w = [02(F2) +

(AP)? +BP]™!, where P = (Max(F2,0) 4 2F2)/3; ¢ GoF = [Zw(F2 — F2)?/(1ops —

nparam)] 1/2

tures as well as the decay effect of high-energy C-H
and/or O-H oscillators of lattice and coordinated sol-
vent molecules [33].

Conclusion

In summary, solvent-regulated assemblies of the
Mn"! ion with the perfluorinated phthalate ligand 1,2-
BDC-F4 lead to the formation of two new coordination
polymers. The solvent media used in the preparations
play a significant role in the buiding of the final host-
guest supramolecular networks that are co-stabilized
by intermolecular O-H---F hydrogen bonding interac-
tions. These results will prompt us to make a further
systematic study on the coordination chemistry of flu-
orinated aromatic carboxylate ligands, which will en-
rich the scope of crystal engineering for supramolecu-
lar hybrid solids.

Experimental Section

All reagents and solvents were commercially available
and used without further purification. Infrared spectra were
recorded with a Nicolet ESP 460 FT-IR spectrometer on KBr

pellets in the range of 4000—400cm~!. Elemental analy-
ses were performed with a PE-2400II (Perkin-Elmer) ele-
mental analyzer. Thermogravimetric analysis (TGA) experi-
ments were carried on a Dupont thermal analyzer from room
temperature to 800 °C (heating rate of 10 °Cmin~', nitro-
gen stream). Fluorescence spectra of the solid samples were
recorded with a Varian Cary Eclipse spectrometer at room
temperature.

Synthesis of {[Mn(1,2-BDC-F4)(H>0)3 (EtOH)} (1)

In a 25 mL vial, a mixture of Mn(OAc),-4H,0 (300 mg,
1.2 mmol) and 1,2-H,BDC-F4 (288 mg, 1.2 mmol) was dis-
solved in EtOH-H,O (3:1, v:v; 18.0 mL) with stirring for
ca. 30 min. The resulting solution was filtered and left to
stand at room temperature. Colorless block-shaped crystals
of 1 suitable for X-ray diffraction were obtained by slow
evaporation of the filtrate in 52 % yield (244 mg, on the basis
of 1,2-H,BDC-Fy). — Anal. for C;oH2F4MnOg (%): calcd.
C 30.71, H 3.09; found C 30.63, H 3.11. — IR (KBr pel-
let): v=3261.7 bs, 2978.5 m, 2927.2 m, 1608.3 vs, 1516.4
s, 1466.7 s, 1425.0 s, 1392.8 vs, 1282.1 m, 1188.6 m, 1072.3
w, 1044.5 w, 949.6 5, 762.6 m cm ™.

Synthesis of [Mn(1,2-BDC-F4)(H>0)(DMF)],, (2)

The procedure was the same as that for 1 except that DMF
(4.5mL) was added to the mixted solvent EtOH-H,O, giv-
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ing colorless block-shaped crystals of 2 upon slow evapora-
tion after one week in 78 % yield (375 mg, on the basis of
1,2-H2BDC-F4). — Anal. for C]]H]]F4MHNO7 (%)Z calcd.
C 33.02, H 2.77, N 3.50; found C 32.86, H 2.78, N 3.54. —
IR (KBr pellet): v=3229.2 bs, 2965.8 m, 2936.4 m, 1612.6
vs, 1509.5 s, 1465.6 s, 1425.4 5, 1390.2 vs, 1119.4 5, 1101.9
m, 1064.4 w, 949.7 s, 8322 m, 761.4 m, 703.8 m cm ™.

Crystal structure determinations

Single-crystal X-ray diffraction data for complexes 1 and
2 were collected on a Bruker Apex II CCD diffractometer
with Mo Ky, radiation (1 =0.71073 A) at room temperature.
A semiempirical absorption correction was applied (SAD-
ABS [34]), and the program SAINT was used for integration
of the diffraction profiles [35]. The structures were solved
by Direct Methods using SHELXS and refined by full-matrix
least-squares calculations on F2 using SHELXL [36—239]. All
non-hydrogen atoms were refined anisotropically. C-bound

H atoms were placed in geometrically calculated positions
and refined using a riding model. O-bound H atoms were lo-
calized by difference Fourier maps and refined in subsequent
refinement cycles. Further crystallographic details are sum-
marized in Table 3, and selected bond lengths and angles are
listed in Table 1.

CCDC 920052 and 920053 contain the supplementary
crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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