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bipyridine-/NV,/NV'-dioxide
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Four coordination polymers of the bidentate ligand 2,2'-dimethyl-4,4'-bipyridine-N,N'-dioxide (L),
[La(L)(NO3)3(H20)], (1), {[Gd2(L)3(NO3)6]-6H,0},, (2), {[Sm(L)>(H;0)4]-3ClO,4-2L-4H,0}, (3)
and {[Nd(L),(H,0),4]-3C104-2L-4H,0}, (4) have been synthesized by the diffusing solvent mixture
method. Results of X-ray diffraction analysis reveal that 1, with a Ln/L stoichiometry of 1:1, dis-
plays a rare 3-D three-fold interpenetrating diamondoid framework, while 2 has a Ln/L stoichiome-
try of 1:1.5 and exhibits a polycatenane network with a {8%,10} topology and large channels
accommodated by water. Complexes 3 and 4, with Ln/L stoichiometry of 1:2, have 3-D two-fold
interpenetrating diamondoid structures and large voids. Nonlinear optical property of 2 and lumi-
nescence of 3 were also investigated.

Keywords: Lanthanide complex; Diffusion solvent mixture; Metal-organic framework; Nonlinear
optical property; Photoluminescence property

1. Introduction

Design and synthesis of metal-organic frameworks (MOFs) have interest in materials sci-
ence as new strategies to achieve solid-functionalized materials with potential applications
in catalysis, gas storage, magnetism, and optics [1-6]. Various MOFs with interesting struc-
tures and specific topologies such as cage, honeycomb, and interpenetrating networks have
been obtained by assembly reactions of transition metal salts with rigid or flexible ligands
[7]. Lanthanide ions, with higher coordination numbers and more variable coordination
geometries, provide opportunities to develop unique frameworks [8,9]. The unique lumines-
cence properties are advantageous in applications such as fluoroimmunoassays, light-emit-
ting diodes, laser systems, and optical amplification for telecommunications [10—13].

Metal complexes having N-oxide ligands have value as magnetic materials [14-16] and
show interesting host-guest chemistry [17]. There are a variety of applications of 4,4'-
bipyridine-N, N'-dioxide [18-22] in both lanthanide and transition metal complexes. Com-
pared with 4,4'-bipyridine-V,N'-dioxide, the bidentate ligand 2,2'-dimethyl-4,4'-bipyridine
N,N'-dioxide (L) possesses two methyls, increasing steric hindrance. It can also serve as a

*Corresponding author. Email: 002205@nuist.edu.cn

Journal of Coordination Chemistry
ISSN 0095-8972 print/ISSN 1029-0389 online © 2013 Taylor & Francis
http://dx.doi.org/10.1080/00958972.2012.762975



Downloaded by [Renmin University of China] at 10:51 13 October 2013

510 J. Xu and M.-D. Chen

linear ligand to bridge metal centers forming different networks. For example, twofold V-
type connectivity affords 1-D chain, threefold T-type and fourfold square planar connectiv-
ities lead to 2-D nets, while fourfold tetrahedral and sixfold octahedral connectivities give
3-D frameworks. L not only presents suitable donors for lanthanides, but its limited steric
hindrance offers potential for higher coordination numbers and homoleptic coordination
spheres. Herein, we present the syntheses, structures, and luminescence of four lanthanide
complexes based on L formulated as [La(L)(NOs)3(H>O)], (1), {{Gd»(L)3;(NO3)¢]-6H,O},,
(2), {[Sm(L)2(H20)4]-3Cl104-2L-4H,0}, (3), and {[Nd(L)>(H,0)4]-3C104-2L-4H,0}, (4),
which were obtained by a layering diffusion method.

2. Experimental

2.1. Materials and methods

All commercially available solvents and starting materials were used as received. FT-IR
spectra were recorded on a Bruker Vector22 FT-IR spectrophotometer using KBr disks.
Elemental analyzes were obtained on a Perkin-Elmer 240C elemental analyzer. Second-
order nonlinear optical (NLO) intensity was estimated by measuring a powder sample of
80—150 um diameter as a pellet relative to urea. A pulsed Q-switched Nd/YAG laser at a
wavelength of 1064nm was used to generate second-harmonic-generation (SHG) signal.
The backscattered SHG light was collected by a spherical concave mirror and passed
through a filter that transmits only 532 nm radiation. The luminescence spectra for solid
samples were recorded at room temperature on an Aminco Bowman Series 2 spectropho-
tometer with xenon arc lamp as the light source. In the measurements of the emission and
excitation spectra, the pass width was 5.0 nm. Powder X-ray diffraction (XRD) measure-
ments were performed on a Bruker D8 Advance X-ray diffractometer using Cu Ko radia-
tion (1.5418 A), and the X-ray tube was operated at 35kV and 20mA. The data were
collected in the 20 range of 5.00°-60.00° with a step size of 0.02°.

2.2. Synthesis of 2,2'-dimethyl-4,4"-bipyridine-N,N'-dioxide (L)

About 54g (574mmol) of commercially available H,O,/urea adduct and 8.5g
(57.4 mmol) of phthalic anhydride were suspended in CH,Cl, (60 mL). After 15min, 2.3 ¢g
(12.8 mmol) of 2,2'-dimethyl-4,4'-bipyridine [23] was added and stirred for 3 days. The
resulting suspension was poured into a saturated solution of aqueous NaHCO;3 (200 mL)
and continuously extracted with CHCl;. Removing the solution and recrystallizing from
H,0 afforded 2.21 g (yield: 80%). IR (KBr, cm™'): 1257 (s), 1245 (vs) (NO). Anal. Calcd
for C,H1,N,0,: C, 66.65%; H, 5.59%; N, 12.95%. Found: C, 66.63%; H, 5.61%; N,
12.96%.

2.3. Synthesis of complexes

2.3.1. [La(L)(NO3)3(H20)|n (1). La(NO;3);-6H,O (0.05mmol, 21.6 mg) placed at the
bottom of a glass vial was covered with CHCl; (8 mL), over which a solution of L
(0.10 mmol, 21.5mg) in CH;0H (8 mL) was layered. About two weeks later, the solid
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Table 1. Crystallographic data for 1-4.

Complex 1 2 3 4
Chemical formula C12H13N5012La C35H48N12030Gd2 C43H56C13N8023Sm C43H56C13N8023Nd
M 558.18 1443.27 1449.65 1443.53
Crystal system Orthorhombic Orthorhombic Monoclinic Monoclinic
Space group Pnma P2,2,2 C2/c C2lc

a (A) 11.0015(8) 19.030(3) 33.813(4) 33.912(2)
b (A) 22.1926(2) 37.337(6) 23.079(3) 23.1782(2)
c (A) 7.5027(5) 7.9153(13) 24.287(5) 24.3984(2)
L) - - 134.116(1) 134.02
Vv (Az) 1831.8(2) 5624.0(16) 13607(4) 13789.6(15)
zZ 4 4 8 8

T, K 293 293 293 273

M (Mo Ka), em ! 24.09 24.36 10.63 9.52
Dearea (g cm73) 2.024 1.690 1.408 1.383

2 (A) 0.71073 0.71073 0.71073 0.71073
Rint 0.0776 0.1475 0.0932 0.0883
Ri[I> 2a(D]* 0.0529 0.0722 0.1308 0.0702
WR,[I > 2(;(])]b 0.1488 0.1851 0.3479 0.2180

"Ry = ZFol = [FVEIFo). "wRy = [Ew(Fof’ - [FL)EWw(Fo)?, where w = 1[o*(Fy’yH(@P +bP), P = (Fy +
2F2)3.

metal salts gradually dissolved in the solvent mixture with concomitant formation of color-
less block crystals on the wall of the vial. The yield of 1 was 40% based on La. Anal.
Caled for C1,H3N50,La (1): C, 25.82%; H, 2.35%; N, 12.55%. Found: C, 25.85%; H,
2.31%; N, 12.53%. IR (KBr pellet, cm™'): 1637 (m), 1476 (s), 1388 (s), 1317 (m), 1232
(s), 1189 (m), 1036 (s), 840 (s), 730 (m), 566 (m).

2.3.2. {{Gd,(L)3(NO3)¢]-6H,0},, (2). Complex 2 was produced by a similar procedure
to that for 1 but with Gd(NO3)3;-6H,O (0.05 mmol, 22.5 mg) instead of La(NOj3);-6H,0.
About two weeks later, colorless block crystals were obtained on the wall of the vial. The
yield of 2 was 35% based on Gd. Anal. Calcd for C3¢H4gN1,030Gd, (2): C, 29.96%; H,
3.35%; N, 11.65%. Found: C, 29.92%; H, 3.33%; N, 11.67%. IR (KBr pellet, cmfl):
1635 (m), 1478 (s), 1385 (s), 1316 (m), 1230 (s), 1183 (m), 1030 (s), 842 (s), 563 (m).

2.3.3. {Sm(L),(H,0)4]:3C104-2L-4H,0},, (3). Sm(ClOy4)3-6H,O (0.05 mmol, 27.8 mg)
and L (0.20 mmol, 43.0 mg) were separately dissolved in CH;0H (4 mL) and added to two
branches of a U-tube, the bottom of which contain CH,Cl, (6 mL) as a solvent buffer. Yel-
low block crystals appear at the interface between CH,Cl, and the metal salt solution over
two weeks. The yield of 3 was 25% based on Sm. Anal. Caled for C4gHs56Cl3NgO25Sm
3): C, 39.77%; H, 3.89%; N, 7.73%. Found: C, 39.73%; H, 3.91%; N, 7.75%. IR (KBr
pellet, cm™'): 1647 (m), 1473 (s), 1385(s), 1310 (m), 1229 (s), 1184 (m), 1030 (s), 845
(s), 568 (m).

2.3.4. {INd(L),(H,0),4]-3C104-2L.-4H,0}, (4). Complex 4 was produced by a similar
procedure to that for 3 but with Nd(ClO4);-6H,O (0.05mmol, 27.5mg) instead of Sm
(ClOy4)3-6H,0. Lavender block crystals appear at the interface between CH,Cl, and the
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Table 2. Selected bond lengths (A) and angles (°) for 1-4.

J. Xu and M.-D. Chen

1 a

La(1)-0(1)
La(1)-O(6)#2
0(6)#2-La(1)-0(2)
O(1)-La(1)-O(5)
O(7)-La(1)-0(5)
O(1)-La(1)-N(2)
0(6)#2-La(1)-N(2)
0(2)-La(1)-N(2)
O(7)-La(1)-N(2)
0(4)-La(1)-N(2)
N(2)-La(1)-N(2)#1
2b

Gd(1)-0(1)
Gd(1)-0(3)
Gd(1)-0(9)
Gd(1)-0(15)
Gd(1)-0(8)
Gd(1)-N(8)
0(3)-Gd(1)-N(9)
0(9)-Gd(1)-N(9)
0(15)-Gd(1)-N(9)
0(13)-Gd(1)-N(8)
0(2)#1-Gd(2)-0(22)
0(18)-Gd(2)-0(22)
0(19)-Gd(2)-0(22)
0(5)-Gd(2)-0(21)
30

Sm(1)-0(1)
Sm(1)-O(2)#2
0(2)#2-Sm(1)-O(8)
0(5)-Sm(1)-0(8)
O(4)#1-Sm(1)-0(6)
0(3)-Sm(1)-0(6)
0(8)-Sm(1)-0(6)
O(4)#1-Sm(1)-O(7)
0(3)-Sm(1)-0(7)
O(8)-Sm(1)-0(7)

4

Nd(1)-0(3)
Nd(1)-O(1)
Nd(1)-0(5)
Nd(1)-O(8)
0(3)-Nd(1)-0(2)#1
O(2A) #1-Nd(1)-O(1)
OQ)#1-Nd(1)-O(4)#2
0(3)-Nd(1)-0(5)
0(1)-Nd(1)-0(5)
0(2)#1-Nd(1)-0(6)
O(4)#2-Nd(1)-0(6)
0(7)-Nd(1)-0(6)

2.465(5)
2.528(1)
67.77(3)
140.11(2)
40.9(3)
70.8(2)
90.84(2)
24.1(2)
74.86(2)
24.2(2)
147.0(3)

2.289(1)
2.348(9)
2.479(1)
2.485(1)
2.501(1)
2.901(1)
82.0(4)
157.5(4)
25.3(4)
724(3)
78.4(3)
72.0(4)
122.1(3)
76.3(4)

2.312(1)
2.365(1)
80.9(5)
136.1(4)
68.5(4)
76.9(5)
129.2(5)
79.8(5)
134.5(4)
68.6(4)

2.344(6)
2.411(5)
2.485(6)
2.508(6)
84.8(2)
95.9(2)
157.8(2)
135.6(2)
67.43(2)
82.6(2)
76.8(2)
128.5(2)

La(1)-O(2)#1
La(1)-0(7)
O(1W)-La(1)-0(2)
O(6)#2-La(1)-O(5)
O(4)-La(1)-O(5)
O(1)#1-La(1)-N(2)
O(1W)-La(1}-N(2)
0(2)#1-La(1)-N(2)
O(4)#1-La(1)-N(2)
0(5)-La(1)-N(2)

Gd(1)-0(4)
Gd(1)-0(13)
Gd(1)-0(10)
Gd(1)-0(12)
Gd(1)-N(9)
Gd(1)-N(7)
0(13)-Gd(1)-N(9)
0(10)-Gd(1)-N(9)
0(12)-Gd(1)-N(9)
0(9)-Gd(1)-N(8)
0(6)-Gd(2)-0(22)
0(16)-Gd(2)-0(22)
0(24)-Gd(2)-0(22)
0(2)#1-Gd(2)-0(21)

Sm(1)-O(4)#1
Sm(1)-0(3)
0(3)-Sm(1)-0(8)
O(1)-Sm(1)-0(6)
0(2)#2-Sm(1)-0(6)
0(5)-Sm(1)-0(6)
0(1)-Sm(1)-0(7)
0(2)#2-Sm(1)-0(7)
0(5)-Sm(1)-0(7)
0(6)-Sm(1)-0(7)

Nd(1)-0Q)#1
Nd(1)-O4)#2
Nd(1)-0(7)
Nd(1)-0(6)
0(3)-Nd(1)-0(1)
0(3)-Nd(1)-O(4)#2
O(1)-Nd(1)-O(4)#2
0(2)#1-Nd(1)-0(5)
O(4)#2-Nd(1)-0(5)
O(1)-Nd(1)-0(6)
0(5)-Nd(1)-0(6)
0(8)-Nd(1)-0(6)

2.592(6)
2.618(1)
114.72(2)
75.2(4)
85.42(2)
142.2(2)
91.03(2)
135.6(2)
142.3(2)
74.30(2)

2.333(8)
2.460(1)
2.483(9)
2.492(9)
2.892(1)
2.915(1)
25.5(4)
95.1(4)
99.6(4)
84.9(4)
76.5(3)
116.8(4)
51.03)
75.9(3)

2.318(1)
2.365(1)
66.0(4)
82.3(5)
136.3(4)
68.4(4)
67.8(4)
77.9(5)
129.7(5)
137.8(5)

2.348(6)
2.434(6)
2.492(5)
2.511(6)
156.2(2)
95.0(2)
93.12)
79.6(2)
85.2(2)
136.3(2)
69.4(2)
137.6(2)

“Symmetry transformations used to generate equivalent atoms: #1: x, —y+3/2, z, #2:x+1/2, y, —z+5/2. bSymme-
try transformations used to generate equivalent atoms: #1:x—1/2, —y+3/2, —z+1. “Symmetry transformations
used to generate equivalent atoms: #1: x, —y+1, z— 1/2, #2: x+1/2, —y+1/2, z+1/2. Symmetry transformations
used to generate equivalent atoms: #1: x, —y, z+1/2, #2: x —1/2, —y+1/2, z—1/2.

metal salt solution over two weeks. The yield of 4 was 27% based on Nd. Anal. Calcd for
C4sHs6C13NgO2Nd (3): C, 39.94%; H, 3.91%; N, 7.76%. Found: C, 39.93%; H, 3.89%;
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N, 7.78%. IR (KBr pellet, cm™"): 1639 (m), 1473 (s), 1386 (s), 1308 (m), 1227 (s), 1181
(m), 1032 (s), 840 (s), 560 (m).

2.4. X-ray structure determination

Crystallographic data of 1-3 were collected at 293 K (4 was collected at 273 K) on a Bru-
ker SMART CCD system equipped with monochromated Mo-Ka radiation (1=0.71073 A)
using ®-¢ scan technique. The data integration and empirical absorption corrections were
carried out by SAINT [24]. The structures were solved by direct methods using SHELXS
97 [25]. All nonhydrogen atoms were refined anisotropically on F> by full-matrix least-
squares methods [26] and hydrogens (except HIW in 1 and those on —CH; of L in 3) were
generated geometrically and refined isotropically using the riding model. HIW in 1 and
those on —CHj3 of L in 3 were located directly from the Fourier map. HIW in 1 has a site
occupancy factor of 0.5. The reported R factors of 3 are a little higher due to disorder of
solvent water. Details of the crystal parameters, data collection and refinements for 1-4 are
summarized in table 1. Selected bond lengths and angles for 1-4 are listed in table 2.

3. Results and discussion

3.1. Preparation of the complexes

The traditional layering method is achieved by putting methanol solution of metal salts
over the halogenated solution of the ligand [27-30], with both L and lanthanide salts being
soluble in methanol and slightly soluble in CHCl; or CH,Cl,. Thus, solid metal salts are
put in the bottom of the vessel, then covered by CHCIl; or CH,Cl, solution, and then
finally layered by methanol solution of L.

3.2. Description of the crystal structures

3.2.1. The crystal structure of 1. The results of X-ray crystallographic analysis reveal
that 1 crystallizes in orthorhombic space group Pnma (table 1). The asymmetric unit of 1
consists of one La(Ill), one L, three coordinated nitrates and one coordinated water. As
displayed in figure 1(a), each La(Ill) is nine-coordinate with distorted tricapped trigonal
prismatic coordination geometry with a nine-oxygen donor set formed by two oxygens
from two different L, four oxygens from two bidentate nitrates, two oxygens from two
monodentate nitrates, and one water. The two 2,2'-dimethyl-4,4'-bipyridine-N,N'-dioxide
ligands form a “V-type” at La(Ill) with a La---La---La angle of 108.26°; neighboring La
(IIT) centers are connected by a bridging nitrate to form a zigzag ladder (figure 1(b)), with
each La(IIl) connecting four other La(Ill) ions. When viewed along the a direction, the
structure contains large channels (ca. 10 x 10 A) as illustrated in figure 1(c); each La(III)
is a four-connected node and the network forms a 3-D structure of 6° topology.

There are large voids in 1 as mentioned previously and interpenetration occurs. There
are three individual 3-D dia nets interpenetrating due to the large void in the single net
(figure 1(d)). Threefold interpenetrating networks based on four-connected centers are
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Figure 1. (a) Coordination environment of La(IIl) in 1 with ellipsoids drawn at 50% probability; hydrogens are
omitted for clarity. (b) Neighboring La(Ill) centers connected by a bridging nitrate form a zigzag ladder. (c) A
single fold structure of 1. (d) 3-D three-fold interpenetrating dia topological framework in 1.

scarce, especially for lanthanide complexes [31], although a few examples of two-fold or
four-fold interpenetrating structures have been reported [32,33].

3.2.2. The crystal structure of 2. Complex 2 crystallizes in the orthorhombic noncentro-
symmetric space group P2;2,2 (table 1). The asymmetric unit of 2 contains two Gd(III),
although both are nine-coordinate, the coordination environments slightly differ as depicted
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in figure 2(a). The Gd1(III) and Gd2(III) in 2 both have distorted tricapped trigonal prismatic
coordination geometry with the three L forming a “T-type” at Gd(III); the remaining coordi-
nation sites are occupied by three bidentate nitrates. The difference between Gd1 and Gd2 is
the coordination of three nitrates. Three nitrates of Gd1 adopt a “T-joint” structure with two
nitrates para: those of Gd2 have a “Y-joint” structure with each nitrate on a different direc-
tion. Such connections lead to neutral double-zigzag chains constructed by z,-connection of
L and interlaced connection of Gd1 and Gd2 from the a direction (figure 2(b)).

From the ¢ direction, 2 has an infinite net structure (figure 2(c)), both Gd1 and Gd2 are
3-connecting nodes, while each L is linear linking two Gd(IIl) with a Gd—Gd separation
from 12.79 to 13.43 A; thus, it exhibits a 2-D network with {8%,10} topology which is sel-
dom reported [34]. The three-connected nodes of the net are equivalent, and each is con-
nected to another node through a direct bond. There are large channels in the single net
and interpenetration occurs as shown in figure 2(d); it could well be considered as a poly-
catenane. There still is free space which is calculated by PLATON analysis as 21.0%
(1179.6 A? per unit) filled by water [35].

3.2.3. The crystal structures of 3 and 4. To investigate the impact of anions on the struc-
ture of the assembly reaction product, Ln(ClO,); instead of Ln(NO5); was used to react with
L. ClO,4 does not coordinate with Ln(III), acting only as counteranions to give 3 and 4. XRD
analyzes indicate that 3 and 4 are isomorphous and isostructural (table 1), and thus, only the
structure of 3 is taken as an example to describe here. Complex 3 crystallizes in the mono-
clinic space group C2/c, and the asymmetric unit of 3 contains one Sm(III) located at a spe-
cial position, two L, four coordinated waters, three Cl1O, , two uncoordinated L and four free
waters. As shown in figure 3(a), each Sm(III) is eight-coordinate by four oxygens of four L
and four waters. The coordination geometry of Sm can be described as a distorted dodecahe-
dron with Sm-O bond distances from 2.312(1) to 2.506(1) A and O—-Sm—O bond angles of
66.0(4)°—157.4(5)° (table 2), which are all in the normal range and similar to those observed
[36,37]. Among 1-4, the average Ln—O bond lengths decrease with increasing atomic num-
ber of the lanthanide, which reflects the lanthanide contraction.

In 3, each L is a two-connector linking two Sm(III) using its two oxygens and each Sm
(IIT) is linked to four adjacent metals at distances of 13.407-13.483 A through four L to
form a 3-D four-connected framework structure (figure 3(b)). The topology can be
described as dia net with the Schlifli symbol of 6°. The structure of 3 consists of cationic
diamondoid frameworks, two independent dia nets interpenetrate within the whole struc-
ture as shown in figure 3(c). Large voids form, although it has two-fold interpenetration
(figure 3(d)). The effective free volume of 3 calculated by PLATON analysis is 69.1%
(9397.1 A3 per unit) filled by ClO,, L and water [35].

3.3. NLO property of 2

A noncentrosymmetric structure may have second-order NLO effects, and due to the
advantage over pure organic or inorganic compounds, NLO properties of organic—inorganic
complexes is of interest [38,39]. Complex 2 crystallizes in the orthorhombic space group
P2,2,2, and thus, quasi-Kurtz SHG measurements were studied on powder sample of 2 to
confirm acentricity as well as to evaluate its potential application as a second-order NLO
material [40]. Preliminary results show the bulk materials of 2 display modest powder
SHG activity with a response of approximately 0.6 times that for urea.
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(a)

(b)

-

Figure 2. (a) Coordination environment of Gd(IIl) in 2 with ellipsoids drawn at 50% probability; uncoordinated
waters and hydrogens are omitted for clarity. (b) Neutral double-zigzag chains constructed by L along the a axis
of 2. (c) Gdl and Gd2 are 3-connecting nodes in a single 2-D layer from the ¢ axis of 2. (d) Polycatenane of
{82,10} topological network in 2.

3.4. Visible luminescent properties

Taking account of the excellent luminescence of lanthanide complexes, solid-state luminescent
properties of 1-4 were investigated at room temperature. No detectable luminescence was
observed for 1, 2, and 4 under the experimental conditions. Complex 3 displays red lumines-
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Figure 3. (a) Coordination environment of Sm(IIl) in 3 with ellipsoids drawn at 50% probability, C1O, , unco-
ordinated L; hydrogens and solvent water are omitted for clarity. (b) A single fold structure of 3. (c)
3-D two-fold interpenetrating dia topological framework in 3. (d) The space filling mode of a two-
fold interpenetrating structure in 3.
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Figure 4. Phosphorescence emission spectra of 3 in the solid state at room temperature.

cence (figure 4) upon excitation at 392 nm with emissions at 561, 594, and 643 nm attributed to
characteristic emissions of *Gs, — °H, (J=5/2, 7/2, and 9/2) transitions of Sm(III) [41].

3.5. Powder XRD patterns

Powder diffraction patterns of 1-4 are in agreement with those calculated on the basis of
their structural data (figures S1-S4), which means complexes have been obtained as pure
crystalline phases.

4. Conclusion

We have reported structures of four complexes generated from lanthanide salts and 2,2'-
dimethyl-4,4'-bipyridine-N,N'-dioxide (L) [42,43]. In 1 and 2, the NO3 coordinate with L,
occupying six (five in 1) sites and leaving the remaining sites available for N-oxide coordi-
nation, which lead to a rare 3-D three-fold interpenetrating dia framework (1) and polycat-
enation with a new {8210} net (2). For 3 and 4, ClO, does not coordinate with Ln(III),
which form a 3-D two-fold interpenetrating dia framework with large voids filled by
ClO,, L and water. Complex 3 shows strong luminescence in the solid state, which makes
it a possible candidate for a new type of luminescent material.

Supplementary material

Figures S1-S4 denote the PXRD patterns for 1-4. Crystallographic data for the structures
reported in this article have been deposited with the Cambridge Crystallographic Data Cen-
tre as Supplementary Publication No. CCDC-844345, CCDC-844346, CCDC-844347 and
CCDC-844348 for 1-4, respectively. Copies of the data can be obtained at http://www.
ccde.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road, Cambridge CB2
1EZ, UK; Fax: +44 1223336033; Email: deposit@ccdc.cam.ac.uk).
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