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Two coordination polymers of mixed ligands, 2,2’-(1,3-phen-
ylenedioxy)bis(acetate) (pdoa) and 4,4'-bipyridine (bipy),
namely [Zn(pdoa)(bipy)], (1) and {[Mn(pdoa)(bipy)](bipy)}.
(2), have been hydrothermally synthesized and characterized
by single-crystal X-ray diffraction and IR spectra. Complex 1
crystallizes in the triclinic space group P1 with a =
6.8826(18) A, b = 11.202(3) A, ¢ = 12.295(3) A, a = 86.854(4)°,
f = 85.759(5)°, y = 72.629(4)° and is a novel folded-paper-
shaped coordination compound with polymeric sheets
formed by the five-coordinate Zn™ centers and bridging pdoa
and bipy. Complex 2 crystallizes in the monoclinic space
group P2;/c with a = 11.507(2) A, b = 23.254(5) A, ¢ =

9.8710(19) A, § = 96.418(4)° and exhibits a robust three-di-
mensional framework with nanosized rectangular channels
(11.627x 11.507 A). They both display blue fluorescent emis-
sion and could be considered as new luminescent materials.
In addition, the magnetic properties of complex 2 were inves-
tigated and the magnetic susceptibility data were rationally
fitted with g = 2.072(5), J = -1.11(4) cm™, and zJ' =
-0.161(7) cm™!, showing it is an unprecedented luminescent
open-framework antiferromagnet.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

In recent years, metal-organic coordination polymers
based on multicarboxylate ligands have been of great inter-
est because of their fascinating molecular topologies and
crystal-packing motifs along with their outstanding proper-
ties in spectroscopy, magnetism, and catalysis, and potential
applications as functional materials.'! Much work has been
focused on rigid ligands and flexible ligands such as
benzenedicarboxylates?? and aliphatic carboxylates,!
respectively. However, there are few examples of ligands
containing both aromatic and aliphatic features. More-
over, the combination of both dicarboxylate and 4,4’-bipyr-
idine ligands helps to assemble higher-dimensional supra-
molecular networks.’l Meanwhile, chemists have been pur-
suing multifunctional materials for molecule devices. But,
to the best of our knowledge, porous coordination networks
usually exhibit a single functionality, such as luminescence
or magnetic ordering.[%-

[a] State Key Laboratory of Coordination Chemistry & School of
Chemistry and Chemical Engineering, Nanjing University,
Nanjing 210093, P. R. China
E-mail: bjunfeng@nju.edu.cn

yipan@nju.edu.cn

[b] School of Public Health and Tropical Medicine, Southern Med-
ical University,

Guangzhou 510515, P. R. China
E-mail: hongxianlan@yahoo.com.cn

Eur. J. Inorg. Chem. 2006, 3659-3666

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

We are interested in the utilization of polycarboxylate li-
gands with characteristics of both flexibility and rigidity,
such as 2,2'-(1,4-phenylenedioxy)bis(acetate) and 2,2'-(1,3-
phenylenedioxy)bis(acetate), which were initially investi-
gated as herbicides and remained almost unexplored in the
field of crystal engineering and supramolecular chemistry
to construct coordination polymers.'%7 The -OCH,— group
makes these ligands more flexible in comparison with the
corresponding benzenedicarboxylate, whilst the existence of
the benzene ring provides a rigid element. Herein, we report
hydrothermal syntheses, crystal structures, and solid-state
photoluminescent and magnetic properties of two novel co-
ordination polymers with mixed ligands, 2,2'-(1,3-phen-
ylenedioxy)bis(acetate) (pdoa) and 4,4'-bipyridine (bipy),
[Zn(pdoa)(bipy)], (1) and {[Mn(pdoa)(bipy)|(bipy)} , (2), in
which complex 1 is an interesting 2D folded-paper-shaped
structure, whereas complex 2 is an intriguing 3D framework
structure with rectangular nanosized channels. Both, 1 and
2 display blue fluorescent emission, and complex 2 exhibits
the characteristics of a weak antiferromagnetic coupling be-
tween metal ions in the system mediated by both types
of the bridging ligands. Interestingly, to the best of our
knowledge, complex 2 is the first example of an open-
framework coordination polymer with conjugation of blue
fluorescent emission and antiferromagnetic long-range
ordering.
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Results and Discussion

Description of the Crystal Structures

The asymmetric unit of compound 1 contains one Zn>*
ion, one 2,2'-(1,3-phenylenedioxy)bis(acetate) ligand, and
two half bipy molecules (Figure la). The zinc ion is five-
coordinate in a distorted square-pyramidal environment of
asymmetry with three oxygen atoms of two different car-
boxylate groups, one bipy nitrogen atom in the basal plane
(O1, 02, 05, N2), and one nitrogen atom of another bipy
ligand at the apex position (N1). Two carboxylate groups
in the same pdoa molecule have different coordination
modes, in which one acts as a chelating bidentate and the
other serves as a monodentate ligand. The unequal coordi-
nation of two oxygen atoms (O1 and O5) from the chelating
bidentate carboxylate moiety of pdoa results from the
asymmetrical five-coordination environment. From the
crystallographic data and selected bond lengths and angles
for the title complexes (Tables 1 and 2), the lengths of Znl-
01 [2.244(2) A] and Znl1-O5 [2.131(2) A] are similar to
those, relative to the chelating bidentate carboxylate ligand,
found in [Zns(Hcit)>(H,0),], [2.318(2)-2.071(2) A]!''al and
[Zn4(OH)(fa)s(bipy),] [2.367(4)-2.089(4) AJ''P! (Hcit and
fa denote citric acid anion and fumarate, respectively).
However, the separation of Znl from O2 of the mono-
dentate COO~ group [Zn1-02 1.9369(18) A] is significantly
shorter than those relative to the chelating bidentate car-
boxylate ligand, but consistent with those referring to the
monodentate carboxylate ligand in [Zn3(u3-OH)(p,-
OH)(bipy)q s(0ba),]:0.5H,0 [1.939(4) A, oda = 4.,4"-oxybis-
(benzoate)]''e) and [Zn;(Hcit),(H,0),], [2.028(2) A],11al
implying the existence of a certain tension in the four-mem-
bered ring formed between the chelating bidentate COO~
group and the zinc ion. The Zn-N distances [Znl-N1
2.048(2) A and Znl-N2 2.090(2) A] are slightly shorter
than those in structurally related polymers [Zn(tp)(4,4'-
bipy)], [2.154(2) and 2.186 A] (tp denotes terephthalate).['2!
The Zn>" ions are linked by pdoa ligands forming infinite
straight-linear chains along the b-axis. Furthermore, such

(a)

linear chains are bridged at the point of Zn>* ions by bipy
ligands to form two-dimensional sheets (Figure 2a), which
have an interesting folded-paper-like topology as illustrated
in Figure 2b. The two pyridine rings of the bipy molecule
are almost coplanar (dihedral angle about 0.93°) and there
is an inversion center at the midpoint of the C1-C1’ bond
of each bipy ligand. The adjacent Zn--+Zn distance due to
the pdoa ligand in the same chain is 11.202(3) A and the
Zn--Zn distance between adjacent chains due to bipy is
11.170 (2) A. Furthermore, the resulting 2D wave-like
sheets superpose on each other with crest to crest, forming
a 3D supramolecular lattice of noninterpenetration by weak
C-H--O H bonds [Cl17#1-H17#1-+-020 or CI17-
H17--020#1, with a C--O distance of 3.468 A and a C—
H--O angle of 148.86°; symmetry code: #1: 1 — x, 1 — y,
1 — z] and the offset face-to-face m—m stacking interactions
between the pyridine ring of bipy and the phenyl ring of
pdoa (represented as a and f in Figure 3, respectively, with
a separation of 3.397 A from « to f5, and with an angle of
164.1° between them). These weak H bonds and n—r inter-
actions are important in the construction of supramolec-
ules, as is well documented in the literature.!3 Another
interesting feature of the structure is that the pdoa ligands
jut out and stand on the crests of folded-paper-like sheets,
filling the voids among the layers (Figure 3).

As shown in Figure 1b, the asymmetric unit of complex
2 contains one Mn>* ion, one pdoa ligand, one coordi-
nated, and one free bipy molecule. The Mn atom is in an
octahedral environment with two bipy nitrogen donors (N1,
N2#3) occupying the axial positions and four oxygen atoms
(02, O3#2, O5#4, O6#1) from four different pdoa ligands
in the equatorial plane (symmetry codes: #1: -1 + x, y, -1
+ oz #2:x, 1.5 -, 05+ 2z #3: 1 —x, 05+ 05—z
#4: -1 + x, 1.5 — y, -0.5 + z). The two pyridine rings of
each coordinated or guest bipy molecule are not coplanar,
and twisted around each other with dihedral angles 6.63(2)°
and 6.75(2)° for coordinated and guest bipy, respectively, in
contrast to those in complex 1 in which they are virtually
coplanar. The axial Mn-N distances [Mn-N1 2.386(3);

(b)
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Figure 1. Structural plots showing the asymmetric unit and the metal ion’s coordination environment for complexes 1 (a) and 2 (b);
thermal ellipsoids are drawn at 30% probability and all the H atoms are omitted for clarity (symmetry codes: #1: -1 + x, y, -1 + z; #2:
X, 1.5-9,-05+z#3:1-x,054+ 05—z #4: -1+ x, 1.5—y -0.5+ 2).
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Table 1. Crystal data and details of the structure determination for complexes 1 and 2.
1 2
Empirical formula C20H16N206Zn C30H24MHN406
Formula mass 445.74 591.47
Crystal system triclinic monoclinic
Space group P1 P2,/c
b [A] 11.202(2) 23.254(5)
c[A] 12.295(3) 9.8710(19)
a [°] 86.854(4) 90
LI°] 85.759(5) 96.418(4)
zZ 2 4
VA3 901.7(4) 2624.7(9)
deateq, [gem ™) 1.642 1.497
4 [mm] 1.405 0.557
F (000) 456 1220
Crystal size [mm] 0.30%0.30%0.20 0.32%0.22%0.18
0 range [°] 2.49-28.02 1.75-26.00
Reflections collected 5344 14053

Unique reflections
R indices [I > 2a(])]
R indices (all data)

3954 [R(int) = 0.0730]

R, =0.0442, wR, = 0.1158
R, =0.0485, wR, = 0.1182

5149 [R(int) = 0.0258]
R, = 0.0489, wR, = 0.1079
R, = 0.0742, wR, = 0.1151

Table 2. Selected bond lengths [A] and angles [°] for complexes 1
and 2.4

1

Zn1-0l 2244(2)  Znl 02 1.9369(18)
Znl1-05 2.131(2)  Znl NIl 2.048(2)
Znl N2 2.090(2)

01 Zn1-02 100.70(8)  O1-Znl1-05 59.11(8)
01 Znl N2 149.44(9)  02-Znl 05 133.92(10)
02 Znl Nl 116.57(8) 02-Znl N2 97.15(8)
05 Zn1-N1 106.05(10) O5-Znl N2 90.75(8)
01 Zn1 N1 92.71(9)  N1-Znl-N2 101.23(8)
2

Mn-O(6)#1 2.108(2) Mn OQ)#2 2.1422(17)
Mn NQ2)#3 2.164(2)  Mn-O(2) 2.2044(19)
Mn-O(5)#4 2.2379(18)  Mn-N(1) 2.386(3)
O6)#1-Mn-O3)#2  92.63(7)  O(6)#1-Mn N(2)#3  85.42(8)
O(G)#2-Mn N(Q)#3  88.25(8)  O(6)#1-Mn O(2) 174.60(7)
0(3)#2-Mn-0(2) 86.24(7)  N(2)#3-Mn-O(2) 89.27(8)
O6)#1-Mn-O(5)#4  93.08(7)  O(3)H#2-Mn-O(5)#4  172.66(7)
NQ#3-Mn-O(5)#4  87.62(7)  O(2)-Mn O(5)#4 87.65(7)
O(6)#1-MnN(1) 92.55(8)  O(3)#2-Mn N(1) 88.62(8)
N(Q)#3-Mn-N(1) 176.19(8)  O(2)-Mn-N(1) 92.70(8)
O(5)#4-MnN(1) 95.73(7)

[a] Symmetry codes: #1: -1 + x, y, -1 + z; #2: x, 1.5 -y, -0.5 + z;
#3:1-x,05+»05-z#4: -1 +x,1.5-y, 05+ z

Mn-N2#3 2.164(2)] and the Mn-O distances [Mn-O2
2.2044(19) A;  Mn-O3#2  2.1422(17) A;  Mn-O5#4
2.2379(18) A; Mn-O6#1 2.108(2) A] are comparable to
those of analogous complexes,!'¥ indicating the manganese
asymmetric coordination environment in terms of diversi-
ties of bond strength. All the carboxylate groups act as bi-
s(unidentate) ligands and each pdoa ligand links four dif-
ferent manganese ions to form an equatorial [Mn(pdoa)],
sheet (Figure 4a), in which all the phenyl rings are parallel
to each other and vertical to the crystallographic ac plane.
The Mn--Mn separation due to pdoa is 11.507(3) A, signifi-
cantly larger than that of [Mn(5-methylpyrazole),(tp)],
(9.655-9.659 A) based on a tp ligand.l'4?! It can be easily
seen, from the view of the [Mn(pdoa)], layer along the c-
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Figure 2. (a) Schematic illustration of the 2D network with all the
H atoms omitted for clarity; (b) folded-paper-like topologic dia-
gram of [Zn(pdoa)(bipy)], (gray spheres denote zinc atoms).

axis (Figure 4b), that all the manganese ions are not in one
plane, instead alternatively situated above and below the
plane between them. Interestingly, as shown in Figure 4a,
this sheet contains distinctive duplex helixes of -Mn-O-C—
O-Mn- with Mn(O-C-O-),Mn eight-membered rings; the
Mn---Mn distance relative to the bridging carboxylate
group is 4.999(2) A, similar to that of [Mn(5-methylpyr-
azole),(tp)], (4.917 A),[4"1 and shorter than that of [Mn(bi-
py)(H,0)(C,H,0,)]-0.5bipy [5.264(1) A, C4H,0, = succi-
nate dianion].['*l The analogous duplex helix was found in
Tb(bdc)NO5-2DMF (bdc = 1,4-benzenedicarboxylate).[']
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Figure 3. Perspective view along the b-axis of complex 1 showing the weak C-H--O H bonds (gray dotted lines) and the offset face-to-
face m-m stacking interactions (dark gray dotted lines) between the puckered layers. All the H atoms have been omitted for clarity

(symmetry code: #1: 1 —x, 1 —y, 1 —2).

(b)

b

Figure 4. (a) Representation of the [Mn(pdoa)], plane in complex 2. (b) View of the [Mn(pdoa)], plane in complex 2 along the c-axis.

All hydrogen atoms have been omitted for clarity.

It is noteworthy that such a uniform Mn!! carboxylate 2D
sheet with only one coordination mode of the carboxylate
moiety acting as bis(unidentate) bridging ligand to connect
four metal ions in complex 2 is unprecedented.
Furthermore, the [Mn(pdoa)], sheets are pillared by the
rigid p-4,4'-bipyridine ligands to form a 3D open frame-
work exhibiting one-dimensional rectangular tunnels along
the c-axis with dimensions of 11.627% 11.507 A (Figure 5a),
which is considerably larger than that of reported manga-
nese analogues.['414<] To the best of our knowledge, this
manganese inorganic-organic hybrid polymer with a nonin-
3662
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terpenetration three-dimensional framework exhibits the
largest channel among similar Mn" pillar-layered structures
documented to date.l'¥l

The free bipy ligands as guest molecules and templates,
like the examples,!') reside at the 1D channel (Figure 5b).
Unfortunately, removing the guest bipy molecules will give
rise to collapse of the framework and decomposition of the
whole complex, which was confirmed by thermal gravimet-
ric analyses. Moreover, there exist weak H bonds between
the guest and coordinated bipy molecules, as represented in
Figure 5b, C4#5-H4#5--N3 and C4#7-H4#7---N3#6

Eur. J. Inorg. Chem. 2006, 3659-3666
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(a)

(b)

Figure 5. (a) Projection of the 3D network showing the rectangular channels along the c-axis in complex 2. All hydrogen atoms and guest
4,4'-bipyridine molecules have been omitted for clarity. (b) A part of the side view of the 3D structure of 2 showing the guest 4,4'-
bipyridine molecules residing at the 1D channel and the weak H bonds (C-H-N, shown as gray dotted lines) between the coordinated

and guest 4,4'-bipyridine molecules (symmetry codes: #5: 1 — x, 1

(symmetry codes: #5: 1 —x, 1 —y, 1 —z; #6: 2 — x, 1 — y,
1 —z; #7: 1 + x, y, z); the C---N distance and the angle of
C-H-N are 3.30 A and 146.05°, respectively.

IR Spectrum

As well documented in the literature,l'”) IR spectra are
very helpful in diagnosing characteristic coordination
modes of carboxylate groups and determining the whole
structure of previously unknown carboxylate complexes.
The crystal structures provide us with an opportunity to
investigate the IR spectral characters of pdoa complexes
with three coordination modes [unidentate, chelating biden-
tate, and bridging bis(monodentate)]; representative data of
IR spectra for pdoa, 1, and 2 are tabulated in Table 3. Al-
though the IR spectra of both complexes are complicated
because of the overlap of the absorption of pdoa and bipy,
several strong bands can be assigned in comparison with
those of pdoa, bipy and other related complexes. The ab-
sence of the v(COOH) band at 1762 cm™' and the v(C-OH)
band at 1267 cm ! of H,pdoa in 1 and 2 suggests that all
the carboxylate groups are completely deprotonated. The
bands at 3086 and 3048 cm™' for 1 and 2 can be assigned
to the C-H stretching vibration of the pdoa ligand in con-
trast to that of Hopdoa (3083 cm™").I'81 For complex 1, the
values of Vygym,(OCO) and vy, (OCO) corresponding to the
unidentate mode are 1622 cm™! and 1380 cm™! respectively,
which are similar to those of some carboxylate complexes
with only unidentate coordination of the carboxylate group,
such as [Zn(Pht)(py)s] (Vasym: 1618 cm™!; vgym: 1390 cm™?),
[Zn(Pht)(mepy)s] (Vasym: 1622 cm™'; vy 1372 cm!; here

Eur. J. Inorg. Chem. 2006, 3659-3666
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- 1l-z#6:2-x, 1 -y 1 -z #7: 1 + x, ), 2).

Pht, py, and mepy denote o-phthalic dianion, pyridine, and
3-methylpyridine, respectively),!'*® ZnCl,(Hpipe-2)s (Vasym:
1635 cm™'; vy 1397 cm™!), ZnCly(Hpipe-3)223H0 (Vasym:
1626 cm™!, vy, = 1387 cm™!'; Hpipe-2 = pL-piperidine-2-
carboxylic acid, Hpipe-3 = DL-piperidine-3-carboxylic ac-
id)."*) However, the values of v,5ym(OCO) and vy,,(OCO)
relative to those of the chelating bidentate carboxylate
group are 1608 cm! and 1537 cm™!, respectively, similar to
those of [Zn(ip)(bipy).][Zn(ip)(bipy)]:0.25H,0  (Vasym:
1615 cm™!; vyt 1555 cm™!; ip = iosphthalate).['?! Because
the COO ™ group has only one coordination mode in com-
plex 2, the very strong absorptions at 1596 and 1407 cm™!
are assigned to V,5ym(OCO) and vyy,,(OCO), which are both
highly blue-shifted in comparison with an analogous com-
pound, [Mn(5-methylpyrazole)s(tp)], (Vasym: 1558 cm!;
Veym: 1374 cm™1).[1% Conclusively, the order of the separa-
tion between the asymmetric and symmetric stretching vi-
brations resulting from complexes 1 and 2 is A(unidentate,
242 cm™'") > A(bridging bidentate, 189 cm™!') > A(chelating
bidentate, 71 cm™!), supposing that the effects of variation
of metal ions are relatively little to the value of A(vVagym —
Vsym), Which are well in accordance with the documented
results of Deacon and Phillips.['” In addition, the IR char-
acteristics of bipy in complexes 1 and 2 are different. For
complex 1, the two pyridyl rings of bipy acting as a biden-
tate ligand are almost coplanar. Meanwhile, the bipy mole-
cule has a center of symmetry, as indicated in the X-ray
structure, and the in-plane C-H bending vibration (about
1215 cm ') loses its IR activity. However, for 2, the two pyr-
idyl rings of each free and coordinated bipy molecule are
not coplanar; the IR properties of bipy in 2 are thus similar
3663
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Table 3. The data of IR spectra for Hypdoa and complexes 1 and 2.

Hopdoa 3083 (w), 1762 (vs), 1710 (vs), 1596 (vs), 1494 (vs), 1433 (vs), 1340 (m), 1267 (s), 1248 (s), 1192 (vs), 1156 (s), 1087 (vs), 960

(m), 847 (s), 769 (s)

1 3086 (w), 1638 (vs), 1608 (vs), 1537 (s), 1418 (s), 1380 (s), 1292 (s), 1220 (m), 1157 (vs), 1068 (s), 848 (m), 810 (vs), 764 (s),
725 (s), 638 (s)

2 3048 (w), 1596 (vs), 1486 (w), 1407 (vs), 1322 (w), 1283 (s), 1181 (s), 1156 (vs), 1067 (s), 832 (m), 807 (vs), 717 (s), 626 (s),
605 (m)

to those of pyridine. The strong absorption band at
1181 cm™! can be rationally attributed to the in-plane C—H
bending vibration of bipy according to the literature.[*]

Luminescent Properties

The excitation and emission spectra for H,pdoa,
[Zn(pdoa)(bipy)],, and {[Mn(pdoa)(bipy)](bipy)}, are
shown in Figure 6. The excitation bands at 350 nm for
H,pdoa could be assigned to n—n* transitions of the O-
Cg¢H4—O group. Accordingly, the emissions spectra (Ao =
350 nm) centered approximately at 394 nm can be assigned
to the transition emission from the 7' w,n* and T n,t* to
the ground state of the —-OC4H,O— group.”!! For complex
1, the band at 358 nm in the excitation spectra, similar to
that of H,pdoa, is associated with the n—m* transition of
the O-C4H,4—O unit. The band at 473 nm with a shoulder
band at 530 nm in the emission spectrum is obviously dif-
ferent to that of H,pdoa, and accordingly may be assigned
to ligand-to-metal charge transfer (LMCT).I!1b:11e.221 The
excitation and emission spectra of 2 are very similar to
those of 1 both in shape and position and are not character-
istic of Mn?*, with 3d> electron configuration and octahe-
dral coordination sphere according to the literature,>3 thus
the excitation band at 356 nm can be assigned to the n—n*
transition of the O-C¢H4~O group, and the emission at
472 nm with the shoulder band at 535 nm to LMCT. Con-
clusively, both 1 and 2 may be used as blue-light-emitting
functional materials. Complex 2, with a combination of lu-
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Figure 6. Solid-state excitation-emission spectra of H,pdoa (a),
complex 1 (b), and complex 2 at room temperature (c).
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minescent and magnetic properties (see below), may espe-
cially be a promising candidate for luminescent molecular
magnetic materials.

Magnetic Properties

The temperature dependence of the magnetic suscep-
tibility of complex 2 is depicted in Figure 7 in the form of
the product ;T versus 7 in the range of 300-1.8 K. The
magnetic susceptibility is corrected for diamagnetism by
using Pascal’s constants. At room temperature, the product
is 4.41 emuKmol', which is the same as the spin-only
value for Mn?* (s = 5/2 and g = 2.008 determined by EPR).
As the temperature is lowered, the product yy;7 decreases
steadily in the whole temperature range to 0.4 emuKmol™!
at 1.8 K, indicating the antiferromagnetic interaction be-
tween Mn'! ions through both bridging ligands bipy and
carboxylate. Equally, a maximum was observed in the plot
of ym versus T (Figure 7), which is the nature of antiferro-
magnetic coupling between Mn'' ions. The magnetic
susceptibility data were fitted assuming that the carboxylate
bridges between Mn'" ions form a uniform chain with ex-
change constant J and then bipy and pdoa connect the
chains to form the 3D structure of this complex with an
exchange constant zJ'. Thus, the expression in the literature
can be written as Equations (1) and (2) for the magnetic
fittings,”* where u = coth[JS(S + 1)/kT] — kT/JS(S + 1).

202
_Ne'p I os+n
3T 1-u

M

chain

— lchain
1= Yo (22J'/ Ng* %)

X @

The best parameters obtained by a standard least-
squares fitting were g = 2.072(5), J = —1.11(4) cm™', and
zJ' = —0.161(7) cm ™! with R = 43%10°% [R = X|(tm)exp —
(rm)eate’Z(m)2xp]- Thus, the bipy and pdoa ligands medi-
ate the very weak antiferromagnetic interaction between the
Mn" ions in this system.

For a 3D antiferromagnetic complex, an observed maxi-
mum in the plot of yy; versus T implies the presence of a
possible long-range anriferromagnetic ordering. It is con-
firmed by the specific heat (C,) determination with a physi-
cal property measurement system (PPMS) at 10 # Torr and
zero field. The total specific heat (C,) of complex 2 at low
temperatures in the range of 1.8-8.5 K was determined ex-

Eur. J. Inorg. Chem. 2006, 3659-3666



Luminescent Open-Framework Antiferromagnet

FULL PAPER

0.25 5
0.20F Ja
| .M‘ N
o 0.15 fiting result | 5 gj
£ E]
P f..
2 010 1, E
@ X
3 005} 3
41
0.00 -

0 50 100 150 200 250 300
T/K

Figure 7. Temperature dependence of magnetic properties of com-
plex 2 in the form of yy7 (O) vs. T and yy (J) vs. T; the solid
line is the fitting of experimental data.

perimentally and the result is shown in Figure 8. It is ac-
cepted that the lattice-specific heats generally vary smoothly
with the temperature and are not influenced greatly by the
details of the structure. Therefore, we can gain insight into
the magnetic properties from the variance of the total spe-
cific heat with the change of temperature. As seen in Fig-
ure 8, a peak is observed at 1.9 K and the lambda shape is
similar to those of some one-dimensional antiferromagnetic
compounds, such as CsMnCl;:2H,0, MnF,, and (CHj3),-
NMnCl;.1 The plot of C,, versus 7 further confirms the
antiferromagnetic interaction between the Mn'! ions in
complex 2; there is long-range ordering below 1.9 K (Neel
temperature). Similar behavior was found in [Mn,(pm)],
where pm represents 1,2,4,5-benzenetetracarboxylate.[**! To
the best of our knowledge, complex 2 represents the first
example of an open-framework coordination polymer with
conjugation of blue fluorescent emission and antiferromag-
netic long-range ordering, a promising candidate for multi-
functional materials, such as luminescent molecular mag-
netic materials.
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Figure 8. Total specific heat, C,, plotted against temperature, 7, for
complex 2 between 1.8 and 8.5 K.

Conclusions

Two coordination polymers containing 2,2'~(1,3-pheny-
lenedioxy)bis(acetate) (pdoa) and 4.,4'-bipyridine (bipy)
with formulae [Zn(pdoa)(bipy)], (1) and {[Mn(pdoa)-
(bipy)](bipy)}, (2) have been synthesized and characterized

Eur. J. Inorg. Chem. 2006, 3659-3666
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by single-crystal X-ray diffraction analyses and IR spectra
and their luminescent properties and the magnetic behav-
iors have been investigated. The reactions of ZnCl, and
Mn(OOCCHj3;), with pdoa and bipy under the same condi-
tions result in strikingly different structures. Complex 1 has
an interesting 3D noninterpenetration supramolecular
structure, whereas complex 2 forms under the same reaction
conditions an intriguing 3D open-framework structure with
rectangular nanosized channels. The order of the separation
between the asymmetric and symmetric stretching vibration
is A(unidentate) > A(bridging bidentate) > A(chelating bi-
dentate) according to the IR data. Both 1 and 2 display
blue fluorescent emission, indicating that they are poten-
tially luminescent materials. The magnetic studies in the
range 300-1.8 K indicate that complex 2 displays the char-
acteristics of a weak antiferromagnetic coupling between
metal ions in the system mediated by both types of bridging
ligands between the Mn'! ions. Complex 2 is the first exam-
ple of an open-framework coordination polymer with con-
jugation of blue fluorescent emission and antiferromagnetic
long-range ordering, a promising candidate for multifunc-
tional materials, such as luminescent molecular magnetic
materials.

Experimental Section

Materials and Methods: 2,2'-(1,3-Phenylenedioxy)bis(acetatic acid)
was prepared according to a literature method;!'% other reagents
were commercially available and used without further purification.

Synthesis of [Zn(pdoa)(bipy)], (1): A mixture of ZnCl, (0.07 g,
0.5 mmol), 4,4'-bipyridine (0.078 g, 0.5 mmol), 2,2’-(1,3-phenylene-
dioxy)bis(acetic acid) (0.113 g, 0.5 mmol), methanol (10 mL), and
H,O (10 mL) was placed in a 25-mL Teflon-lined autoclave and
heated to 120 °C for 72 h. Then the solution was cooled to room
temperature and prismatic yellow crystals were obtained, which
were filtered and washed with water and air-dried. Yield (based on
ZnCl,): 0.0141 g (20.1%). Cyo0H6N,O¢Zn (445.74): C 53.89, H
3.62, N 6.28; found C 53.71, H 3.34, N 6.08.

Synthesis of {{Mn(pdoa)(bipy)](bipy)}, (2): Synthesized as brown
block-shaped crystals in an identical manner to that of 1 with man-
ganese(Il) acetate tetrahydrate (0.122 g, 0.5 mmol) in place of
ZnCl,. Yield [based on Mn(CH;COO),4H,0]: 0.020 g (16.4%).
C30Ho4sMnN,Og (591.47): C 60.92, H 4.09, N 9.47; found C 60.71,
H 3.82, N 9.23.

Physical Measurements: Elemental analyses were carried out with
a PE-2400CHN analyzer. The IR spectra were recorded with a
Bruker VECTOR?22 FTIR spectrometer in KBr pellets. Fluores-
cence measurements were performed with an AMINCO-Bowman
Series AB, Luminescence Spectrometer. EPR spectra were mea-
sured with a Bruker EMX 10/12 EPR spectrometer. Magnetic
susceptibility data on a crushed polycrystalline sample of 2 were
collected over a temperature range of 300-1.8 K using a Quantum
Design MPMS-XL superconducting quantum interference device
(SQUID) magnetometer and diamagnetic corrections were made
using Pascal’s constants. The specific heat measurements were per-
formed using a Quantum Design PPMS Heat Capacity System in
the temperature range 300-1.8 K.

X-ray Data Collection and Structure Determination: Suitable single
crystals of complexes 1 and 2 were mounted on a Pyrex fiber with
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epoxy and affixed to a brass pin for the X-ray experiment. The
intensity data were collected at room temperature with a Bruker
Smart Apex CCD diffractometer with graphite-monochromated
Mo-K, radiation (1 = 0.71073 A). The data were collected over a
hemisphere of the reciprocal space by a combination of three sets
of exposures; each set had a different ¢ angle (0°, 88°, and 180°)
for the crystal and each exposure of 30 s covered 0.3° in w. The
crystal-detector distance was 4 cm and the detector swing angle
was —35°. Coverage of the unique set was over 99% complete. The
30 initial frames were recollected at the end of data collection to
monitor crystal decay by analyzing the duplicate reflections, but no
significant decays were observed. The raw data collected were re-
duced and corrected for Lorentz and polarization effects using the
SAINT program and for absorption using the SADABS pro-
gram.”’l The structures were solved by direct methods using
SHELXS 972%41 and all the non-hydrogen atoms were refined an-
isotropically by full-matrix least squares based on F? values.[*3"]
The largest residual density peak was close to the metal atom. Hy-
drogen atoms were added geometrically and were not refined.
CCDC-294484 (for 1) and -294485 (for 2) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Center via www.ccdc.cam.ac.uk/data_request/cif.
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