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Hydrothermal synthesis and crystal structure
of a new europium fumarate compound
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The complex {[Eu,F;-4H,0]-3H,0}, (HoF = fumaric acid) has been synthesized and
structurally characterized by single crystal X-ray diffration methods. The complex
crystallizes in the monoclinic system with space group P2;/n, lattice parameters
a=9.4753) A, b = 14.700(5) A, ¢ = 14.810(4) A, & = 90°, B = 91.250(5)°, y = 90°,
V =2062.1(11) A3, Z =4, Dy = 2.487 Mg/m3. The Eu(Il) center is in distorted
tricapped trigonal prism coordination environment that is coordinated by nine oxygen
atoms, seven from five F?~ groups, two from two water molecules. Eu(IIl) ions are
connected into three-dimensional coordination network structure by the oxygen atoms of
the carboxyl groups and hydrogen bonds.
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Introduction

In recent years, metal coordination polymers
have attracted more attention due to their fas-
cinating structures and potential application as
magnetic, catalyst and luminescent materials.!™*
Polycarboxylate anions are the suitable bridg-
ing ligands on construction network coordina-
tion polymers. Many metal coordination polymers
with polycarboxylates have been reported,”!?
such as on rigid ligands aromatic polycarboxylic
acids,’”’ and flexible ligands adipic acid,® oc-
taneioic acid and pentanedioic acid,” suberic
acid.'” Recently, several 2D and 3D open-frame-
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works of transition metal bipy maleates and fu-
marates have been reported.!!!? The 3D frame-
works of lanthanide coordination polymers with
fumaric acid (H,F), [MyF3-12H,0], (M = Eu,
Gd, Tb, Y, Er, Lu) have been reported.13 Europium
complexes have specific luminescent charac-
ter as luminescent materials. A europium com-
plex containing mixed-ligands displays intense
fluorescence.'*'® We have selected H,F and 2,2'-
bipyridine as ligands to construct a coordina-
tion polymer with Eu(III) ion and obtain the title
complex {[Eu,F3-4H,0]-3H,0},, the expectant
mixed-ligands complex has not been generated,
possibly because 2,2'-bipyridine is weaker to co-
ordinate lanthanide. But the structure of coordi-
nation polymer {[Eu,F;-4H,0]-3H,0},, is dif-
ferent from complex [Eu,F3-12H,0],,,)* which
belong to triclinic system with space group P1,
and 10 coordination numbers. Here, we report its
structure.
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Experimental
Complex synthesis

An amount of 1.5 mmol fumaric acid was
dissolved in appropriate amounts of ethanol and
its pH was controlled in a range of 6—7 with
2 mol dm~3 NaOH solution. Then the ethanolic
solution of 2,2’-bipyridine (0.5 mmol) and ethano-
lic solution of EuCls (0.5 mmol) were dropped,
successively. The mixture was heated under reflux
with stirring for 2 h. Single crystals were obtained
from the mother liquor after two weeks at room
temperature.

X-ray crystallography

X-ray crystal data collection for a crystal
size for complex 0.20 mm x 0.18 mm x 0.16 mm
for complex on a Broker Smart 1000 CCD
diffratometer with monochromated Mo Ko ra-
diation (» =0.71073 A) at 293 K. Semiem-
pirical absorption corrections were applied us-
ing the SADABS program. The structures were
solved by direct methods and refinement on | F|?
used the full-matrix least-squares methods of
SHELS-97.'7 All non-hydrogen atoms were re-
fined anisotropically. A summary of the crystal-
lographic data and details of the structure refine-
ments are listed in Table 1.

Results and discussion

Coordination environment of the two Eu(III)
ions in complex {[Eu,F3;-4H,0]-3H,0}, is
shown in Fig. 1. Selected bond lengths and bond
angles are listed in Table 2. The Eu(Ill) ion is
coordinated by nine oxygen atoms, seven from
five F>~ groups, two from two water molecules
(Fig. 1). A distorted tricapped trigonal prism ar-
rangent is found. Atoms O14, O3A and O13, and
atoms O2, O5 and O8A, take the tips of the up-
per and lower triangles of the prism, respectively,
and the dihedral angle between the two face is
6.6°. Atoms O1, O9 and O7A take the three cap
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Table 1. Crystal Data and Structure Refinement for
{[EuyF3-4H,0]-3H,0},

Empirical formula Ci2H20Eu019

Formula weight 772.20
CCDC 247168
Crystal system Monoclinic
Space group P2y/n

a=94753) A
b = 14.700(5) A
c=14.81014) A

Unit cell dimensions

o = 90°

B =91.250(5)°

y =90°
Volume 2062.1(11) A3
VA 4
Calculated density 2.487 Mg m~3
Absorption coefficient 6.123 mm~!

Theta range for data collection  2.53-25.01°

Limiting indices —11<h<10,-17<k <12,
-17<1<17

Reflections collected/unique 10447/3639 [ Riyy = 0.0484]

Absorption correction Semi-empirical from equivalents

Data/restraints/parameters 3639/0/298

Goodness-of-fit on F? 1.034

Final R indices [ > 20(])] Ry =0.0349, wR, = 0.0703

R indices (all data) Ry = 0.0581, wRy, = 0.0769

Largest diff. peak and hole 0.873 and —0.964 A3

Fig. 1. Coordination environment of the two Eu(IIl) ions in
complex {[Eu,F;-4H,0]-3H,0}, (all hydrogen atoms have
been omitted for clarity). Thermal ellipsoids are shown at the
60% probability level.
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Table 2. Bond Distances (A) and Angles (deg) of the {[Eu2F3 -4H,0] - 3H20},,

Eu(1)—0@3)#l 2.352(5)
Eu(1)—0(9) 2.444(5)
Eu(1)—0(5) 2.450(5)
Eu(1)—O0(1) 2.479(5)
Eu(1)—0(2) 2.618(5)
O@3)#l—Eu(1)—0(14) 77.08(18)
0(14)—Eu(1)—0(9) 70.06(17)
0(14)—Eu(1)—0(13) 78.21(18)
O@3)# —Eu(1)—0(5) 91.79(17)
0(9)—Eu(1)—0(5) 68.92(17)
O3)#1—Eu(1)—O0(8)#2 124.66(18)
0(9)—Eu(1)—O(8)#2 128.76(17)
O(5)—Eu(1)—0(8)#2 71.96(17)
0(14)—Eu(1)—0(1) 75.81(18)
0(13)—Eu(1)—0(1) 68.11(16)
O®)#2—Eu(1)—0(1) 72.14(17)
0O(14)—Eu(1)—O(7)#2 140.52(17)
O(13)—Eu(1)—O(7)#2 71.78(16)
O(8)#2—Eu(1)—O0(7)#2 52.01(17)
OB)#—Eu(1)—0(2) 154.40(19)
0(9)—Eu(1)—0(2) 66.53(15)
0(5)—Eu(1)—0(2) 84.86(15)
O(1)—Eu(1)—0(2) 50.52(15)

Eu(1)—0(14) 2.412(5)
Eu(1)—0(13) 2.448(5)
Eu(1)—O(8)#2 2.458(5)
Eu(1)—O(7)#2 2.533(5)
O3)#l—Eu(1)—0(9) 88.56(17)
O@3)#1—Eu(1)—0(13) 79.31(16)
0(9)—Eu(1)—0(13) 147.86(17)
0(14)—Eu(1)—0(5) 137.65(19)
0(13)—Eu(1)—0(5) 140.33(17)
0(14)—Eu(1)—O(8)#2 146.67(17)
0(13)—Eu(1)—O0(8)#2 81.59(17)
O3)#1—Eu(1)—0(1) 141.00(17)
0(9)—Eu(1)—0(1) 107.64(16)
0(5)—Eu(1)—0(1) 127.00(17)
OB)#1—Eu(1)—O(7)#2 72.69(19)
0(9)—Eu(1)—O(N#2 132.64(16)
0O(5)—Eu(1)—O(7)#2 68.68(17)
O(1)—Eu(1)—O(7)#2 114.24(18)
0(14)—Eu(1)—0(2) 88.38(17)
0(13)—Eu(1)—0(2) 118.58(15)
0@®)#2—Eu(1)—0(2) 78.35(17)
O(7#2—Eu(1)—0(2) 128.41(17)

Note. Symmetry transformations used to generate equivalent atoms: #1x — 1, y, z;#2 —x + 1, —y +

2,—z+ 1;#3x—1/2,—y+3/2,z—1/2;#4x+ 1,y, z;#5x + 1/2, =y + 3/2,z+ 1/2.

353

positions (Fig. 2). The Eu—O (carboxyl group)
bond lengths range from 2.352(5) to 2.618(5) A,
among them Eu—O(2) is the longest,[-14pc]
which may be due to the stronger strain in

Fig. 2. A schematic representation of the coordination
geometry of the Eu(Ill) ion in {[Eu,F;-4H,0]-3H,0},.

the O2EulC101 four-membered ring. The mean
Eu—O (carboxyl group) distance is 2.476 A.
The Eu—O (aqua) bond lengths are 2.412(5) and
2.448(5) A, respectively. They are a little shorter
than corresponding average distances found in
the [Eu,F3-12H,0],"3 complex, attributable to
the differences in coordination environment of
Eu(III) ion. In [Eu,F5-12H,0],,, Eu(II) is ten co-
ordinated by eight oxygen aroms from fumarate
ligands and two water molecules. The O—Eu—O
bond angles are in the range of 50.52(15)—
154.40(19)°. The calculated results of the least-
squares plane show that four carbon atoms of
fumarate groups are roughly coplanar, while co-
ordinated fumarate ligand are twisted. The fu-
marate groups coordinate metal in three coordi-
nation modes. (i) Two carboxylate groups of one
F?~ coordinate metal in bridging and chelating-
bridging modes, respectively, to form a pentaden-
tate bridging (Scheme 1(a)). Carboxylate group
O1—C1—02 is in a bridging-chelating mode, in
which two O atoms chelate one Eu(IIl) ion and
one of them also simultaneously links another
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Eu(Ill) ion. Carboxylate group O3—C4—04 is
in a bridging mode, in which two O atoms link
two different Eu(IIl) ions. (ii) Two carboxylate
groups of one F?>~ coordinate metal in bridg-
ing and chelating modes, respectively, to form a
tetradentate bridging (Scheme 1(b)). Carboxylate
group O5—C5—06 is in a bridging mode to co-
ordinate Eu(IIl) ion, similar to carboxylate group
03—C4—04. Carboxylate group O7—C8—08 is
in a chelating mode, in which two O atoms chelate
one Eu(Ill) ion. (iii) Two carboxylate groups of
one F?~ coordinate metal in chelating-bridging
and chelating modes, respectively, to form a
pentadentate bridging (Scheme 1(c)). Carboxylate
group O9—C9—O010 is in a chelating-bridging
mode to coordinate Eu(Ill) ion, similar to
carboxylate group O1—C1—O02. Carboxylate
group O11—C12—012 is in a chelating mode
to coordinate Eu(IIl) ion, similar to carboxyl
group O7—C8—08. The two Eu(Ill) ions are
linked together by two COO~ groups in
chelating-bridging mode and one in bridging
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(b) ©

Fig. 3. Packing diagram of {[Eu,F;-4H,0]-3H,0}, viewed
along «-axis.

to form a centrosymmetric dimer with Eu- - -Eu
distance of 4.1526(9) A. The dimeric units
as building block are connected to frame-
work through “OOCCHCHCOO” groups in
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Table 3. Hydrogen Bonds for {[Eu,F3-4H,0]-3H,0}, [A and deg]
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D—H:---A d(D—H) d(H: - -A) d(D---A) <(DHA)
O(13)—H(13B) - - - O(4)#1 0.85 2.28 2.699(7) 110.7
O(14)—H(14B) - - - O(12)#5 0.85 1.91 2.737(7) 164.0
O(15)—H(15B) - - - O(8)#5 0.85 2.16 2.806(7) 132.7
O(16)—H(16A) - - - O(1)#6 0.85 2.31 2.785(7) 115.9
O(14)—H(14A) - - - O(19)#7 0.85 2.21 2.847(8) 131.9
O(15)—H(15A) - - - O(19)#7 0.85 2.34 2.831(8) 117.3
O(17)—H(17B) - - - O(8)#4 0.85 2.26 2.783(7) 120.12
O(18)—H(18B) - - - O(17)#1 0.92 2.06 2.783(7) 133.89

Note. Symmetry transformations used to generate equivalent atoms: #1 x — 1,y,z; #2
—x+1,—y+2, —z+ L#3x—1/2,—y+3/2,z—1/2;#x+ 1, y, z;#5x + 1/2, —y +
3/2,z2+1/2;#6 —x +3/2,y —1/2, =z +3/2; #1 —x + 1/2,y + 1/2, =z + 3/2.

coordination modes Scheme 1(a—c), which above
are discussed. Three-dimensional network viewed
along the crystallographic a-axis as shown in Fig.
3. The dissociative water fills in the crystal lat-
tice and available for hydrogen bonding. Variety
hydrogen bonds exist in the crystal: between co-
ordinated water and carboxylate groups, such as
0O14—HI14B- - -O12; between coordinated water
and lattice water, such as O15—HI5A---019;
between lattice water and carboxylate groups
O(17)—H(17B)- - -O(8); in addition, between lat-
tice waters, such as O18—H18A. - -O17. Hydro-
gen bonding distances and angles are presented
in Table 3. Theses hydrogen bonds interactions
affords extra stabilization to the complex.

Supplementary material CCDC-247168 contains the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from CCDC, 12 Union Road, Cambridge,
CB2 1EZ, UK; fax: 4+44(0)1223-336033; e-mail: deposit@ccdc.
cam.ac.uk.
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