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Novel (3,4)- and (4,5)-Connected Lanthanide Metal-Organic Frameworks

Xian-Wen Wang,*14l Xing Li,® Jing-Zhong Chen,'”! Guang Zheng,*!l and Han-Lie Hong!?!
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The three-dimensional lanthanide noninterpenetrating
metal-organic frameworks formulated as [Ln(3,5-pdc)-
(C204)0.5(H20)2]'H,O (Ln = Lu', Gd™, Tm™ and Yb'™ for
complex 1-4, respectively; 3,5-pdc = 3,5-pyridinedicarboxyl-
ate) were synthesized by hydrothermal reactions of 3,5-
H,pdc with lanthanide oxide and perchloric acid. Compound
1 shows (3,4)-connected (4.8%)(4.8°%) dmc-type topological

network, and complexes 2-4 display the novel (4,5)-con-
nected (4*.6.8)(4%.62.8*) xww-type topology. The lanthanide-
mediated transformation of CO, to oxalate under hydrother-
mal conditions was observed. The fluorescence properties of
complexes 1-4 were investigated.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Introduction

Great interest has been focused on the rapidly expanding
field of crystal engineering of higher dimensionality metal—
organic frameworks (MOFs)!!! due to their intriguing net-
work topologies as well as their potential application as
functional materials in many areas such as separations and
catalysis,[? gas storage,’] and magnetism.[*! Carboxylate
groups display a variety of binding geometries, such as,
monodentate terminal, chelating, bidentate bridging, and
monodentate bridging, in coordination chemistry and the
active sites of metalloenzymes.’l A significant number of
highly symmetric carboxylate bridged MOFs have been ob-
tained and well characterized because of their fascinating
structures of metal-carboxylate clusters, underlying appli-
cations, and novel topological networks.[>”] Many higher
dimensional MOFs represent themselves as realistic targets
of inorganic compounds or minerals in nature based on
highly symmetric building blocks with the basic connectiv-
ity of 3, 4, or 6 and topologies such as srs, ths, cds, nbo,
dia, pts, pcu, and so on.®?! Recently, particular attention
has been attracted to the use of unsymmetrical building
blocks with different connectivities to generate unique to-
pological nets. For example, nets containing both three- and
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four-connected nodes form such networks as (3,4)-con-
nected characteristic tfa net, dmc net, boracite net, ReOs,
and Pt;04, and other nets consisting of mix-connected
nodes form such topologies as (3,6)-connected rutile net,
(4,6)-connected a-Al,O; net, and (4,8)-connected CaF,
net.®19 However, only two examples of (3,4)-connected
(4.8%)(4.8%)-dmc net are observed in the literature up to
date: the inorganic compound Ag,HgS, and the coordina-
tion compound [H,N(CH,),NH,]y 5»ZnHPO5.[834:111 The
(4,5)-connected topological net is scarcely described. The
inorganic compound ThCr,Si, exhibits the (4,5)-connected
tes net,'23 and Batten described one hydrogen bonding ex-
tended metal-organic cluster compound displaying the
(4,5)-connected interpenetrating topology.l'?°! In this con-
tribution, we present unique mixed-node topological nets
of the (3,4)-connected (4.8%)(4.8%) dme-type and (4,5)-con-
nected (4*.6.8)(4*.6%.8%) topological noninterpenetrating po-
rous metal-organic open frameworks constructed from lan-
thanide ions and 3,5-pdc and oxalate: [Ln(3,5-pdc)(C>04)0 5-
(H,0),]'H,O (Ln = Lu™, Gd"™, Tm"" and Yb" for com-
plex 1-4, respectively; 3,5-pdc = 3,5-pyridinedicarboxylate).

Lanthanide ions possess fascinating coordination geome-
tries and interesting luminescent and magnetic properties,
and they can be used to construct unprecedentedly intri-
guing structures with special properties in material science.
For example, they can serve as superconductors, magnetic
materials, luminescence probes, or catalysts.'3! In contrast,
the progress of the analogous chemistry towards lanthanide
metals has been slow,'*! which may be attributed, at least
partially, to the tendency of these ions to possess high coor-
dination. This favors the formation of condensed structures,
which makes it difficult to control the synthetic reactions.
Although variety in the coordination sphere of lanthanide
ions makes design difficult, this flexibility makes the f-block
metal ions fascinating for the discovery of new and unusual
network topologies.!'4d!
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Results and Discussion

Preparation of the Complexes

We carried out the reactions of 3,5-pyridinedicarboxyl-
atic acid with lanthanide oxides, perchloric acid, and
Mn(ClOy), under hydrothermal conditions to synthesize
3d-4f species, and we isolated a small quantity of crystalline
products. Single-crystal X-ray analyses and ICP experimen-
tal results indicate that all the complexes consist of only
Ln"" ions, 3,5-pdc anionic ligands, and unexpected oxalate
ligands. The reaction of 3,5-H,pdc with lanthanide oxides
and perchloric acid in the absence of Mn(ClO,), under the
same hydrothermal conditions resulted in the successful iso-
lation of [Ln(3,5-pdc)(C,04) 5(H>0),]'H,O (Ln = Lu™,
Gd"™, Tm™, and Yb™ for complex 1-4, respectively) and
the previously reported [Ln(3,5-pdc)(C>04).5(H>0),]"H,O
(Ln = Dy, Sm'™, Ho'", Eu', La', Nd", and Er'" for
complex 5-11) complexes. The transformations of CO, to
oxalate have been reported through chemical, photochemi-

HO,C._~_ CO,H .
(1) U *C, 7Y 200
N N/
Ln**— mediated -
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Scheme 1.

Table 1. The selected bond lengths (A) and angles (°) for 1 and 2.4
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cal, and electrochemical syntheses.['%134 Recently, the lan-
thanide-mediated in situ transformation of CO, to an oxal-
ate ligand under hydrothermal conditions has been obser-
ved.[15¢-15¢l Although the origin of the reductive coupling
remains unclear, one possibility is that the oxalate ligands
result from the coupling of CO, molecules released from
the H,pdc ligands (Scheme 1).[15f151]

Description of the Crystal Structures

Although all the complexes have a common chemical for-
mula and they all pertain to the monoclinic system, com-
pound 1 crystallizes in the P2,/c¢ space group and com-
pounds 2-4 crystallize in the P2,/n space group. In addition
to the structural data of 1, we will describe only the struc-
ture of 2 in detail because complexes 2-4 are isostructural.
Tables 1 and 2 give selected bond lengths and angles for 1—
4, whereas Table 3 summarizes the important crystal data
for 1-4.

[Lu(3,5-pdc)(C,04)4.5(H,0),]-H,0 (1)

The asymmetric unit of compound 1 contains one Lu
atom, one 3,5-pdc ligand, one-half of an oxalate group, two
coordinated water molecules, and one lattice aqua. As
shown in Figure 1, the Lu™® atom is surrounded by eight
O atoms, of which two come from the coordinated water
molecules, two come from one oxalate group, and the rest
come from three 3,5-pdc ligands; the eight-coordinate Lu'!
atom adopts a square antiprism geometry. The Lu-O bond

111

1

Lul-02 2.241(4) 02-Lul-O1*! 77.99(15) 07-Lul-06*3 77.27(14)
Lul-O1*! 2.259(4) 02-Lul-07 74.16(14) 03#2-Lul-06*? 128.05(13)
Lul-O7 2.292(4) O1#! Lul-07 86.57(14) 08-Lul-06*3 74.36(13)
Lul-03#2 2.300(4) 02 Lul-03*? 80.30(14) 02 Lul-05 143.11(15)
Lul-08 2.312(4) O1#_Lul-03* 79.33(14) O1#'-Lul-05 70.46(13)
Lul-06% 2.327(4) 07-Lul-03* 152.90(14) 07-Lul-05 85.15(14)
Lul-05 2.347(4) 02-Lul-08 76.54(15) 03#2Lul-05 111.17(14)
Lul-04# 2.447(4) O1#!-Lul-08 147.98(13) 08-Lul-05 139.24(13)
032 Lul-04* 55.05(13) 07-Lul-08 104.65(14) 06%-Lul-05 69.39(13)
08-Lul-04# 78.24(15) 03*2Lul-08 77.53(13) 02-Lul-04* 132.37(14)
063 Lul-04* 76.83(14) 02 Lul-06*3 131.94(14) O1#1_Lul-04* 105.82(15)
05-Lul-04* 75.98(14) O1#_Lul-06*? 137.66(14) O7-Lul-04* 152.01(13)
2

Gd1-03 2.3095(15) 03-Gd1-04#! 101.29(6) 02%-Gd1-05 71.34(6)
Gd1-04*! 2.3115(16) 03-Gd1-02% 88.71(6) 01%-Gd1-05 75.50(5)
Gd1-02#2 2.3356(16) 04#1-Gd1-02#2 149.92(6) 03-Gd1-07 68.64(6)
Gd1-01%3 2.3678(15) 03-Gd1-01%3 149.27(5) 04#1-Gd1-07 75.77(6)
Gd1-05 2.4422(16) 04#1-Gd1-01*3 84.11(6) 02%2-Gd1-07 81.84(6)
Gd1-07 2.4642(17) 02#2-Gd1-01*3 101.71(6) 01%-Gd1-07 141.01(5)
Gd1-08 2.4658(16) 03-Gd1-05 80.80(6) 05-Gd1-07 139.57(5)
Gd1-06" 2.4772(16) 04#1-Gd1-05 137.94(6) 03-Gd1-08 138.22(6)
04#1-Gd1-08 78.25(6) 07-Gd1-08 70.91(6) 01%-Gd1-06** 78.04(5)
02%2-Gd1-08 75.58(6) 03-Gd1-06™ 74.54(5) 05-Gd1-06™ 65.91(6)
01%-Gd1-08 72.50(5) 04#1-Gd1-06** 74.15(5) 07-Gd1-06™ 125.87(6)
05-Gd1-08 127.32(6) 02#2-Gd1-06** 135.89(5) 08-Gd1-06™ 141.25(5)

[a] Symmetry transformations used to generate equivalent atoms are as follows: 1: #1 = x, -y + 3/2, z + 1/2; #2 =-x, -y + 2, z + 1; #3
=x+1,y+2, z+2;#4=Xx,y+32,2-12. 2. #l = x,y+ 2, z+ I, #2=-x+ 112, y- 172, z+ 1/2; #3 =x, y - 1,7, #4 =

X+ 1, —y+2, z+ L #5=x,p+ 1,z
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Table 2. The selected bond lengths (A) and angles (°) for 3 and 4.

3

Tml-O3#! 2.2521(19) 03#1_Tm1-04* 100.84(7) 023 _Tm1-05** 70.92(7)
Tm1-04*2 2.2569(19) 03#1-Tm1-02% 87.91(7) O1-Tm1-05** 75.48(7)
Tml-02#3 2.2956(19) 04*2-Tm1-02% 149.97(7) 03*1-Tm1-08 137.92(8)
Tml-Ol 2.3128(19) 03#-Tm1-0O1 149.57(7) 04*2-Tm1-08 78.59(7)
Tml-O5%* 2.386(2) 04*2-Tm1-01 84.20(7) 02%-Tm1-08 75.89(7)
Tm1-08 2.404(2) 02%-Tm1-01 102.72(7) O1-Tm1-08 72.50(7)
Tml-07 2.415(2) 03#1-Tm1-05** 81.46(7) 05*Tm1-08 126.60(7)
Tml-06 2.442(2) 04#2-Tm]-05** 138.49(7) 03*1-Tm1-07 68.85(8)
04*2-Tm1-07 75.74(8) 08-Tm1-07 70.36(8) 01-Tm1-06 78.45(7)
02**Tm1-07 80.96(7) 03#1-Tm1-06 74.41(7) 05*-Tm1-06 67.16(7)
01-Tml1-07 140.47(7) 04*2-Tm1-06 73.57(7) 08-Tml1-06 141.36(7)
05*+Tm1-07 139.62(7) 02**Tm1-06 136.29(7) 07-Tm1-06 125.75(7)
4

Ybl-03#! 2.240(3) 04*2-Yb1-0O1 84.25(11) 04*2-Yb1-07 78.76(11)
Ybl-04%2 2.249(3) 02**-Yb1-O1 102.72(11) 02**-Yb1-O7 75.97(11)
Yb1-02#3 2.287(3) 03*1-Yb1-O6* 81.65(12) 01-Yb1-07 72.08(9)
Ybl-Ol 2.303(3) 04*2-Yb1-06* 138.36(10) 06*+-Yb1-07 126.44(12)
Ybl-06# 2.389(4) 02%3-Yb1-06#4 70.98(11) 08-Yb1-07 70.30(10)
Ybl-08 2.406(3) 01-Yb1-06#+ 75.57(10) 03#1-Yb1-05 74.47(10)
Ybl1-07 2.407(3) 03#1-Yb1-08 68.86(11) 04#2-Yb1-05 73.52(10)
Ybl-05 2.440(3) 04*2-Yb1-08 75.95(12) 02*3Ybl-05 136.21(11)
03#1-Yb1-04#2 100.72(12) 02*3-Yb1-08 80.63(12) 01-Yb1-05 78.80(10)
03#1-Yb1-02# 87.70(11) 01-Ybl-08 140.11(10) 06*+-Ybl-05 67.09(11)
04#2-Yb1-02# 150.08(10) 06*+-Yb1-08 139.64(11) 08-Ybl-05 126.01(11)
03#1-Yb1-01 150.01(10) 03#1-Yb1-07 137.89(10) 07-Yb1-05 141.39(9)

[a] Symmetry transformations used to generate equivalent atoms are as follows. 3: #1 = x, y - 1, z; #2 = —x, vy + 2, z+ |; #3 = x +
12,y =112, z+ 1/2;#4 = x+ 1, v+ 1, z+ L& #l =x,y-L,z;#2=-x, y+ 1, z+ ;#3=-x+ 172,y - 1/2, z + 1/2; #4 =

—x+1, -y -—z+1

Figure 1. ORTEP drawing of the coordination environments
around Lu ions in 1 with thermal ellipsoids at the 40% probability
level. The isolated water molecules and H atoms are omitted for
clarity.

lengths range from 2.246(1) to 2.447(4) A, and they are sim-
ilar to those found in other Lu' complexes.['®] Noticeably,
the pyridyl nitrogen atom of the 3,5-pdc ligand is absent in
the coordination, and the 5-positioned carboxylate group
coordinates in a bidentate chelating mode, whereas the 3-
positioned carboxylate group coordinates in a syn—syn
mode with the two oxygen atoms linking two distinct metal
atoms, respectively. As a result, each of the 3,5-pdc ligands
acts as a ps-bridge joining three metal atoms, and each of
the metal atoms also joins three 3,5-pdc organic groups
100
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(Figure 2a). The Lu atoms are bridged by the 3,5-pdc li-
gands into two-dimensional sheets parallel to (100). Along
the [001] direction, there exist n—n stacking interactions be-
tween the neighboring pyridyl rings and the contacting
centroid distance is 3.494 A (Figure 2a). The sheets are fur-
ther bridged by the oxalate ligands into a 3D metal-organic
framework, in which the lattice water molecules fill the
channels along ¢ axis (Figure 2b).

From a topological viewpoint, the sheets can be consid-
ered as the 3-connected subunits with a topology of 4.82
(Figure 2¢). The oxalate ligands can be represented simply
as links between the Lu nodes. Thus, from the above analy-
sis, the network topology of 1 can be simplified by consider-
ing only the (3,4)-connected topology. Relative to the
known (3,4)-connected nets such as the uniform nets (1,3)
(n = 6-9) and other nonuniform (3,4)-connected nets, for
example, the idealized structure of GesNy, a number of
complex oxides (Be,GeOy, Be,SiO4, Zn,SiOy4, LioMoO,,
and Li,WO,), and boracite,[>!”! the topology of 1 is novel
because the 3- and 4-connected nodes do not alternate. The
pdc and Lu act as 3- and 4-connected centers with the
Schlifli symbol (4;8%) and (4;8°),1'8 respectively. Thus, com-
plex 1 shows a (3,4)-connected (4.8%)(4.8%) topological net-
work (Figure 2d) with the vertex symbol or long symbol of
(4.85.85)(4.8,.8,.85.8,.83) and coordination sequences of (3,
8,17, 30, 48, 69, 90, 119, 157, 183, 725) for the 3-connected
nodes and (4, 8, 18, 33, 47, 68, 95 120, 150, 191, 735) for
the 4-connected nodes.'” The inorganic compound
Ag,HgS, and coordination compound [H,N(CH,),NH>], 5*

Eur. J. Inorg. Chem. 2008, 98-105
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Figure 2. (a) The two-dimensional sheet parallel to (100) of 1 constructed by 3,5-pdc ligands and metal atoms (the dashed lines suggest
n—m stacking interactions between the neighboring pyridyl rings); (b) 3D structure of 1, showing the lattice water occupying the channels
along the ¢ axis; (c) 3-connected 4.8% subnet of 1; (d) perspective view down from the ¢ axis showing (3,4)-connected dmc topology for
1 (the gray spheres represent 3,5-pdc ligands; the black balls indicate Lu atoms, and the black solid lines are oxalate groups).

ZnHPO;!'!T also possess (3,4)-connected (4.8%)(4.8°) to-
pological networks; the topology was defined with a
three-letter code of (4.8%)(4.8%)-“dmc” by Proserpio and
O’Keeffe,[8¢-8d.20]

Within the crystal structure, the channel water molecules
accept hydrogen atoms (H7B) from the coordinated water
molecules (O7) and donate hydrogen atoms (H1A) to car-
boxylate O4 atoms to form O7-H7B--Olw' strong hydro-
gen bonding interactions and Olw—H1A--O4 weak hydro-
gen bonding interactions, respectively [d(O7--Olw') =
2.629(1) A, £(O7-H7B--Olw') = 160° d(Olw--Od4il) =
3.237(1) A, £(Olw-H1A--04i) = 147.5°; symmetry codes
i:x,y 1 +zii: 1 +x,y, z]. The coordinated water molecules
(O8) donate hydrogen atoms to oxalate O5 and the uncoor-
dinated pyridyl nitrogen atoms to form OS8-H8A--
OS5 and O8-H8B-*N1! strong hydrogen bonding interac-
tions, respectively [d(O8-+-05il) = 2.846(5) A, £ (O8-H7A--
05'i) = 145.83° d(0O8+N1V) = 2.883(6) A, 2 (O8B-H1B--
NI1V) = 154.88°; symmetry codes iii: x, y, -1 + z;iv: | + x, y,
z]. The hydrogen bonding interactions and the n—r stacking
interactions play a key role to stabilize the crystal structure.

Eur. J. Inorg. Chem. 2008, 98-105
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Figure 3. ORTEP drawing of the coordination environments
around Lu ions in 2 with thermal ellipsoids at the 40 % probability
level. The isolated water molecules and H atoms are omitted for
clarity.
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[Gd(3,5-pdc)(C,0,)9.5(H0),]-H,0 (2)

The asymmetric unit of compound 2 contains one Gd™
atom, one 3,5-pdc ligand, one-half of an oxalate group, two
coordinated water molecules, and one lattice aqua. In 2,
each Gd"! atom exhibits a square antiprism geometry, sur-
rounded by eight O atoms, where two come from the coor-
dinated water molecules, two come from one oxalate ligand,
and four come from four 3,5-pdc ligands (Figure 3), and
the Gd—O bond lengths fall in the range of 2.3095(15) A to
2.4772(16) A; these values are comparable to those in the
related Gd—carboxylate complexes.[*! Different from 1, the
3,5-pdc ligand in 2 acts as a pu-bridge linking four metal
ions through its four carboxylate O atoms, and each metal

(b)

ion connects four ligands to form a square lattice layer (Fig-
ure 4a). The layers are interlinked by oxalate ligands into a
porous 3D metal-organic framework, and the lattice water
molecules fill the channels along the b axis (Figure 4b).
Topological analysis shows that the MOFs consist of 4-
connected subunits with a topology of 4*.6.8 (Figure 4c).
After simplifying the oxalate ligands as links between the
metal nodes, the 4-connected subunits are held together by
the p,-oxalate bridges to generate a novel (4,5)-connected
topology (Figure 4d), where the py-bridging pdc ligands act
as 4-connected nodes and the metal atoms serve as 5-con-
nected nodes. The topological network can be described by
the Schliifli symbol of (4*.6.8)(4*.6%.84),[18] the vertex sym-
bol or long symbol of (4.4.4.4.6.85)(4.4.4.4.6.6.8.8.84.8,),

(d)

Figure 4. (a) The 2D layer of 2 generated from 3,5-pdc ligands and Gd"! atoms; (b) 3D structure of 2, showing the lattice water molecules
occupying the channels along the b axis; (c) the 4-connected topological subunit of 2; (d) the xww topology of 2, showing 4-connected
nodes (black balls) and 5-connected nodes (gray balls) (the black solid lines are oxalate ligands).

102 www.eurjic.org
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and coordination sequences of (4, 12, 27, 45, 73, 111, 139,
187, 255, 288, 1142) for the 4-connected nodes and (5, 12,
26, 49, 73, 103, 149, 191, 235, 307, 1151) for the 5-con-
nected nodes.!'”! This topology represents a novel (4,5)-con-
nected topology that has never been described in the litera-
ture. O’Keeffe proposed the (4*.6.8)(4*.6%.8%)-“xww” three-
letter code to define the topology. The xww net and the
common tcs net have the same layers, but they are dif-
ferently linked.[!?4]

In the crystal structure, the lattice water molecules serve
as hydrogen bonds donors, contributing hydrogen atoms to
coordinated water O7 and carboxylate Ol atoms, to form
Olw-HI1A--O7 and O1w-—HI1B:+-O1% hydrogen bonding in-
teractions, respectively [d(Olw--O7) = 3.152(3) A,
/(01lw-H1A-+O7) = 158.59°; d(Olw--Ol) =
2.827(2) A, £(O1w—H1B-+01%) = 173.96°; symmetry codes
=12 -x, -1/2 + yp 1/2 -z ii: -1 + x, -1 + y, z]. The
coordinated water molecules (O7) also act as hydrogen do-
nors, donating hydrogen atoms to oxalate O6 atoms and
lattice water molecules to form O7-H7A--O6' and
O7-H7B-Olw strong hydrogen bonding interactions,
respectively [d(O7--06') = 2.842(2) A, £(O7-H7A--06')
= 162.81° d(O7-+Olw) = 2.707(3) A, £(O7-H7B--Olw')
= 171.35°% symmetry code iii: —1 + x, y, z]. There exists
O-H:-**N strong hydrogen bonding interactions between the
uncoordinated pyridyl nitrogen atoms and the coordinated
water molecules (O8), by H8B to N1, with d(O8--N1) =
0.8539 A and £ (O8-HI1B--N1) = 171.54° (symmetry code
iv: —1/2 + x, 512 =y, -1/2 + 2).

Thermal Stability of Compounds 1 and 2

Thermogravimetric analyses (TGA) for complexes 1 and
2 were measured under a flow of nitrogen gas from room
temperature to 600 °C at a heating rate of 10 °Cmin!.
Complex 1 loses free water molecules and coordinated
water molecules in the range 50 °C-280 °C; the observed
weight loss of 11.58% is close to the calculated value of
12.33% for release of one free H,O molecule and two coor-
dinated H,O molecules per formula unit. Over 370 °C, the
sample then further loses weight with increasing tempera-
ture. Differential thermal analysis (DTA) shows two strong
endothermic reactions at 185 and 460 °C, respectively,
which indicates that the framework collapses at 460 °C. For
2, the first weight loss of 12.60% from 55 to 288 °C corre-
sponds to the loss of two coordinated water molecules and
one free water per formula unit (caled. 12.84%) along with
three endothermic peaks at 88, 185, and 274 °C. Upon heat-
ing over 360 °C, the sample then begins to further lose
weight. DTA curves display that one strong exothermic re-
action occurs at 403 °C because of the collapse of the
framework of 2.

Fluorescence Properties

The solid-state fluorescent spectra of 1-4 at room tem-
perature are depicted in Figure 5. All the complexes exhibit
stronger fluorescence compared to that of the free ligands
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(a weak emission at ca. 415 nm in the solid state). When
excited at 370 nm at room temperature, 1 emits a strong
luminescence with the maximum wavelength centered at
430 nm, which would likely originate from intraligand
m —n* transition emissions (LLCT). Different from 1,
compound 2 shows significant strong-green luminescence
with a broad emission maximum peak centered at ca.
510 nm and a relatively weak luminescence with the emis-
sion maximum peak at ca. 400 nm upon excitation at A =
340 nm. Complexes 3 and 4, displaying similar photolumi-
nescent properties, emit significant strong-green lumines-
cence with a broad emission maximum peak centered at
ca. 500 nm and a strong luminescence with the emission
maximum peak at ca. 420 nm. The strong-green lumines-
cent emission of complexes 2-4 would be assigned to the
ligand-to-metal charge transfer (LMCT) and/or metal-to-
ligand charge transfer (MLCT). The luminescent emission
at ca. 410 nm would be attributed to intraligand m;—m *
transitions emission (LLCT). The fluorescence enhance-
ment of 1-4 may be due to the coordination interactions
and 3D framework structures, which effectively increase the
rigidity of the ligand and reduce the loss of energy by radia-
tionless decay of the intraligand emission excited state.[?!
Thus, complex 1 may be used for blue-fluorescent materials
and 2-4 may be suitable as a candidate of green-fluorescent
materials.

complex 1

Intensity

complex 2

350 400 450 500 550 600 650 700
Wavelength [ nm ]

Figure 5. The photoluminescent emission spectra for 1-4 in the so-
lid state at room temperature.

Conclusions

Four rare topological net MOF's were prepared by hydro-
thermal reactions of 3,5-H,pdc with lanthanide oxide and
perchloric acid. Compound 1 shows uncommon (3,4)-con-
nected (4.87)(4.8%) dme-type topological network, and com-
plexes 2—4 display a novel (4,5)-connected (4*.6.8)(4*.62.8%-
“xww” topology. Furthermore, this contribution confirms
the feasibility of the lanthanide-mediated in situ transfor-
mation of CO, to oxalate under hydrothermal conditions.
The results are not only important for the understanding of
the in situ CO, coupling mechanism under hydrothermal
conditions, but they also afford valuable information for the
generation of photoluminescent materials and contribute to
the discovery of new and previously unrecognized topologies.
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Experimental Section

General: All chemicals of reagent grade were commercially avail-
able and used without further purification. Elemental analysis was
performed with a Perkin—Elmer 2400 CHNS/O analyzer. The infra-
red spectrum of KBr pellets in the range 4000-400 cm~' was re-
corded with a Nicolet AVATAR-370 spectrophotometer. Thermo-
gravimetric analyses (TGA) were carried out with a NETZSCH
STA449C instrument. Fluorescent properties of 1-4 were measured
with an Edinburgh Instruments analyzer model FL920. X-ray pow-
der diffraction was performed with an X'Pert PRODY2198 dif-
fractometer with Cu-K,, radiation (1 = 1.5418 A).

[Lu(3,5-pdc)(C104)9.5(H,0),]-H,O (1): The hydrothermal reaction
of 3,5-pdc, Lu,Os, perchloric acid and water in a molar ratio
1:1:4:500 at 200 °C for 2 d, then at 190 °C for 3 d, afforded beige
crystals of 1. Yield: 0.11 g (25%). IR (KBr): ¥ = 3399 (m), 1687
(s), 1604 (s), 1545 (s), 1442 (s), 1405 (s), 1317 (m), 1124 (w), 1031
(W), 941 (w), 837 (m), 806 (m), 771 (m), 692 (m), 531 (w) cm .
CgHoLuNO, (438.13): caled. C 21.91, H 2.05, N 3.20; found C
21.85, H 2.09, N 3.18.

[Gd(3,5-pdc)(C,04)0.5(H20),]-H,0 (2): This complex was prepared
as above by using Gd,Oj; instead of Lu,Os. Yield: 0.10 g (23%)).
IR (KBr): ¥ = 3440 (s), 3142 (m), 1692 (s), 1604 (s), 1537 (s), 1465
(s), 1407 (s), 1371 (m), 1150 (w), 849 (w), 806 (m), 765 (m), 723
(m), 698 (m), 610 (w), 536 (m) cm . CsHoGdNOy (420.41): caled.
C 22.83, H 2.14, N 3.33; found C 22.85, H 2.10, N 3.32.

[Tm(3,5-pdc)(C,04) 5(H20),]-H,0 (3): This complex was prepared
as above by using Tm,Oj; instead of Lu,Os. Yield: 0.09 g (20%)).
IR (KBr): ¥ = 3546 (m), 3440 (m), 3317 (m), 3087 (m), 1682 (m),
1606 (s), 1560 (s), 1439 (m), 1393 (s), 1321 (m), 1151 (w), 804 (m),
769 (m), 719 (m), 612 (w), 538 (w) cm™'. CgHoNOyTm (432.09):
caled. C 22.22, H 2.08, N 3.24; found C 22.27, H 2.13, N 3.28.

[YDb(3,5-pdc)(C,04).5(H20),]-H,0 (4): This complex was prepared
as above by using Yb,0; instead of Lu,05. Yield: 0.09 g (20%). IR

Table 3. Crystal data summary for 1-4.

(KBr): v = 3547 (m), 3444 (m), 3317 (m), 1687 (m), 1605 (s), 1565
(), 1439 (m), 1395 (s), 1322 (m), 1150 (w), 804 (w), 768 (w), 721
(m), 612 (w), 538 (m) cm'. CgHoNO,Yb (435.19): caled. C 22.01,
H 2.06, N 3.21; found C 22.05, H 2.10, N 3.26.

[Ln(3,5-pdc)(C,04)0.5(H20),]-H,0: (Ln = Dy"!, Sm'!!, Ho'!!, Eu'!,
La'™, Nd"™, and Er' for complex 5-11, respectively): These com-
plexes was prepared as above only by using different lanthanide
oxides with yields ca. 20% (based on the initial Ln,O5 input).

X-ray Crystallography: Single crystals of complexes 1-4 with di-
mensions  0.32X0.28X0.26 (1), 0.22X0.18x0.16 (2),
0.38 X 0.35X%0.29 (3), and 0.33 X 0.31 X 0.29 mm (4) were mounted
on glass fibers for their respective crystal structure analysis. Data
collection for 1-4 were performed with a Bruker SMART-CCD
diffractometer equipped with a graphite monochromated Mo-K,
radiation (1 = 0.71073 A) at 293 K. The structures were solved by
direct methods, the metal atoms were located from the E-maps,
and other non-hydrogen atoms were derived from the successive
difference Fourier Syntheses. The hydrogen atoms were located
from the difference map and refined isotropically. The structures
were refined by full-matrix, least-squares minimizations of X(F, —
F.)? with anisotropic thermal parameters for all non-hydrogen
atoms and all calculations were performed by using the
SHELXTL-97 program package.>*l Complexes 5-7 are confirmed
by X-ray single crystal structural diffraction analyses, and 8-11 are
only confirmed by the lattice parameters by the X-ray single crystal
structural diffraction analyses. Table 3 summarizes the important
crystal data for 1-4.

The experimental XRD patterns (Supporting Information) agreed
well with the simulated ones generated on the basis of single-crystal
analyses of 1-4, suggesting the phase purity of the products.

CCDC-649010, -649011, -649012, and -649013 for 1-4 contain the
supplementary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

1 2 3 4

Formula CgHgLUNOQ CgHngNOg CgHngNO:; CgHngNOg
Formula weight 438.13 420.41 432.09 435.19
Description block block block block
Temperature [K] 293(2) 293(2) 293(2) 293(2)
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group P2/c P2i/n P2i/n P2,/n
a[A] 13.310(3) 7.6435(15) 7.5716(7) 7.6026(10)
b [A] 12.825(3) 9.840(2) 9.7891(9) 9.7798(13)
¢ [A] 6.6008(13) 14.785(3) 14.6702(13) 14.6423(19)

° 103.63(3) 98.27(3) 97.9330(10) 98.075(2)
Volume [A3] 1095.0(4) 1100.5(4) 1076.94(17) 1077.9(2)
z 4 4 4 4
D yica. [gem™3] 2.658 2.537 2.665 2.682
F(000) 828 800 820 820
u [mm'] 9.063 6.073 8.286 8.724
0 Range [°] 3.15-27.47 3.20-27.47 2.51-28.38 2.51-28.29
Size [mm] 0.32x0.28 X0.26 0.22%x0.18 X0.16 0.38X0.35%X0.29 0.33x0.31x0.29
Total data 10587 10554 9732 9685
Unique data 2509 2516 2681 2642
Parameters 173 173 196 172
Rin 0.0333 0.0189 0.0712 0.1175
R\[I>2c(D)] 0.0210 0.0138 0.0200 0.0314
WR,[I>20(D)]®! 0.0584 0.0285 0.0402 0.0733
R(all data) 0.0234 0.0153 0.0243 0.0347
wR(all data) 0.0746 0.0288 0.0414 0.0748
GOF (S) 1.294 1.155 1.007 1.039

[a] Ry = X(|Fo| — [FD/ZIF,|. [b] wRy = [Ew(Fo? — F2PZw(F?)".
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Abbreviations for 3D nets have been taken from Reticular Chemis-
try Structure Resource,? and the vertex symbol calculation was
used TOPOS4.?%1

Supporting Information (see footnote on the first page of this arti-
cle): The simulated and experimental PXRD patterns of com-
pounds 1-4.
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