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Synthesis, Structure and Properties of Two Lanthanide-Based
Coordination Polymers {(H,prz)[Ln,(pzdc),(H,0),]-5H,0}, (Ln=Eu, Tb)

LU Wen-Guan® LIU Hong-Wen
(Department of Chemistry, Shaoguan University, Shaoguan, Guangdong 512005)

Abstract: Two novel two-dimensional lanthanide-based coordination polymers {(Haprz)[Ln,(pzde),(H,0),] - 5H,0},
(Ln=Eu(1), Tb(2)) were obtained by the hydrothermal reactions of Ln(NO,);, 2,3-pyrazinedicarboxylic acid (Hypzdc),
and piperazine (prz) with 1:1:2 mole ratio. Single-crystal X-ray diffraction analysis reveals that 1 and 2 are
isostructural, and its crystallizes in triclinic, space group P1. For 1, a=0.85039(5) nm, b=1.032 08(5) nm, c=
1.158 97(8) nm, a=66.913(5)°, B=84.216(5)°, y=81.259(4)°, V=0.92391(9) nm®, Z=1, D,=2.125 Mg-m~>, F(000)=
582, the final R,=0.028 1, and wR,=0.0505 for 3 137 observed reflections with />20(I). For 2, a=0.845 59(4) nm,
b=1.029 51(6) nm, c¢=1.15552(7) nm, a«=66.781(6)°, B=84.243(4)°, y=81.170(5)°, V=0.912 62(9) nm®, Z=1, D=
2.177 Mg-m~, F(000)=586, the final R;=0.0279, and wR,=0.051 1 for 3 120 observed reflections with I>20(I).
Two coordination polymers display a two-dimensional anionic layer structure of [Ln,(pzdc),(H,0),]*". The adjacent
two-dimensional anionic layers are further linked by hydrogen bonding interactions between the Hoprz*, coordinated
water molecules and lattice water molecules to form three-dimensional supramolecular structures. 1 and 2 exhibit

intense corresponding characteristic luminescence for Eu(ll) and Th() in the solid state at room temperature.

CCDC: 752631, 1; 752632, 2.
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Table 1 Crystal structure parameters of 1 and 2

1

Empirical formula CosHayEuN, 0o
Formula weight 1 182.57
Crystal system Triclinic

Space group P1

2

CosHyThoN 0o
1 196.49
Triclinic

P1
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a/nm 0.850 39(5) 0.845 59(4)
b / nm 1.032 08(5) 1.029 51(6)
¢/ nm 1.158 97(8) 1.155 52(7)
al (%) 66.913(5) 66.781(6)
B/ 84.216(5) 84.243(4)
y 1 (°) 81.259(4) 81.170(5)
Volume / nm’ 0.923 91(9) 0.912 62(9)
Z 1 1
Density (calculated) / (Mg-m™) 2.125 2.177
F(000) 582 586
Crystal size / nm 0.38x0.33x0.21 0.18x0.14x0.12
6 range for data collection / (°) 3.04 to 26.00 3.04 to 26.00
Absorption coefficient (Mo Kat) / mm™ 3.473 3.954

Reflections collected / unique (R..)
Data / restraints / parameters
Goodness-of-fit on F”

Final R indices [I>207(1)]

R indices (all data)

7703 / 3 586 (0.037 6)
3586 /0 /289

0.982

R=0.028 1, wR=0.050 5
R=0.035 2, wR=0.051 7

7890 /3 575 (0.041 2)
3575/07/289

0.960

R=0.027 9, wR,=0.051 1
R=0.035 6, wR,=0.052 4

Largest diff. peak and hole / (e-nm™) 750 and -657 617 and -646
2 HEEEF Fe E BT T 2, AEI{L LAY 1 H%5 I 1E
TR A, BCOLER G 1 P8I & 1 R C A7 P15
21 BEEN ], [Lina(prde)(HA0) P — 4k J22:0k 25 44 P A — 4 J2 2
B XS R AT A I E AR R BC A 1 R A SRR DR B =4 S A5 R TR 43 R
M2 2R JE =R R, S RIBEY PL MK TR E 2 FIE 3,
x2 MEVIM2HBIERETIEZEAR
Table 2 Selected bond distances (nm) and bond angles (°) of 1 and 2
1
Eu(1)-O(4a) 0.231 3(3) Eu(1)-0(7c) 0.236 2(3) Eu(1)-N(1) 0.263 8(3)
Eu(1)-0(8b) 0.234 6(2) Eu(1)-0(5) 0.236 9(2) Eu(1)-N(3) 0.265 3(3)
Eu(1)-0(1) 0.235 0(2) Eu(1)-0(1W) 0.241 8(3)
0(4a)-Eu(1)-0(8b) 138.32(10) 0(4a)-Eu(1)-0(1) 86.08(9) 0(4a)-Eu(1)-0(1W 75.339)
0(5)-Eu(1)-N(1) 154.18(10) 0(8a)-Eu(1)-0(1) 103.81(9) 0(8a)-Eu(1)-0(1W 72.52(9)
O(1W)-Eu(1)-N(1) 80.29(10) 0(4a)-Eu(1)-0(7c) 146.43(9) 0(1)-Eu( 1)-0(1W) 142.28(10)
0(4a)-Eu(1)-N(3) 76.36(10) 0(8b)-Eu(1)-0(7c¢) 74.53(9) 0(7¢)-Eu(1)-0(1W) 133.90(9)
0(8b)-Eu(1)-N(3) 145.17(10) 0(4a)-Eu(1)-0(5) 92.66(9) 0(4a)-Eu(1)-N(1) 75.86(10)
0(7c)-Eu(1)-N(3) 71.80(9) 0(8b)-Eu(1)-0(5) 103.35(8) 0(8b)-Eu(1)-N(1) 73.20(9)
0(5)-Eu(1)-N(3) 64.06(8) 0(1)-Eu(1)-0(5) 140.05(9) O(1)-Eu(1)-N(1) 63.28(9)
O(1W)-Eu(1)-N(3) 127.74(9) 0(7¢)-Eu(1)-0(5) 82.97(9) 0(7c)-Eu(1)-N(1) 119.27(10)
N(1)-Eu(1)-N(3) 132.38(9)
2
Th(1)-O(4a) 0.228 0(3) Th(1)-0(5) 0.233 7(3) Th(1)-N(1) 0.261 5(3)
Th(1)-0(1) 0.231 6(3) Th(1)-0(7c) 0.233 7(3) Th(1)-N(3) 0.262 4(4)
Th(1)-0(8b) 0.231 9(3) Th(1)-0(1W) 0.239 4(3)
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O(4a)-Th(1)-0(1) 86.37(10) O(4a)-Th(1)-0(8h) 138.46(10) O(4a)-Th(1)-0(1W) 75.20(10)
0(7¢)-Th(1)-N(1) 119.63(10) O(1)-Th(1)-0( 103.76(10) O(1)-Th(1)-0(1W) 142.33(10)
O(1W)-Th(1)-N(1) 79.84(10) O(4a)-Th(1)-0(5) 92.43(10) O(8h)-Th(1)-O(1W) 72.59(10)
O(4a)-Th(1)-N(3) 76.12(10) O(1)-Th(1)-0(5 140.44(10) 0(35)-Th(1)-0(1W) 74.02(10)
O(1)-Th(1)-N(3) 76.66(10) O(8b)-Th(1)-0(5 103.05(9) 0(7e)-Th(1)-0(1W) 133.95(10)
O(8b)-Th(1)-N(3) 145.27(9) O(4a)-Th(1)-0(7c 146.37(11) O(4a)-Th(1)-N(1) 75.97(10)
0(5)-Th(1)-N(3) 64.76(10) O(8b)-Th(1)-0(7c 74.50(10) O(8h)-Th(1)-N(1) 73.15(10)
O(1W)-Th(1)-N(3) 127.89(10) 0(5)-Th(1)-0(7c 83.15(9) 0(5)-Th(1)-N(1) 153.39(10)
N(1)-Th(1)-N(3) 132.36(10)

Symmetry transformations used to generate equivalent atoms: a: —x, —y+1, —z+1; b: a1, y, z; ¢: —x+1, =y, —z+2.

(®)

Symmetry codes: a: —x, —y+1, —z+1; b: x=1, v, z; ¢t —x+1, -y,

—z+2, Thermal ellipsoids are drawn at the 30% level

K1 TEBCAY 1 B S T A T FR85E (a) ABC 7
L)
Fig.1 Coordination environment (a) and coordination

polyhedron of Eu(ll) ion (b) in 1

IV TEE 7/ Wit TR INE AR LN
Fig.2  Polyhedral representation of the two-dimensional

network structure of 1

(a) Symmetry codes: d: x+1, y, z; f: —x+1, —=y+2, —z+1; g x, y+1,
z; h: x=1, y—1, z; it x, y—1, z, Hydrogen bonds shown as dashed li
nes
L3 T4 5 2 Iy 6 2 (o) R i
VB FHIE I =48 73 S5 44 18 (b)
Fig.3 Hydrogen-bonded network between adjacent two-
dimensional layers (a) and the three-dimensional

supramolecular structure (b) in 1
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Table 3 Hydrogen bonds distances and angle for 1 and 2

D-H---A d(D-H) / nm d(H-A) / nm d(D-+A) / nm £ (DHA) / (%)
1
0(2W)-H(2B) ---0(3d) 0.085 0.191 0.276 6(4) 175.5
02W)-H(24)---0(5g) 0.085 0.197 0.280 5(3) 166.6
O(1W)=H(1A)--0(3Wh) 0.086 0.187 0.272 9(4) 176.3
O(1W)-H(1B)---O(4Wi) 0.086 0217 0.276 6(7) 1262
0(3W)-H(34)---0(6g) 0.086 0.195 0.279 4(4) 168.2
0(3W)-H(3B)--0(2d) 0.086 0.196 0.279 0(3) 164.4
N(5)-H(5A)---0(2d) 0.092 0.194 0.283 9(5) 165.4
N(5)-H(5B)---0(2Wd) 0.092 0.179 0.270 6(4) 174.6
0(4W)-H(4B)---0(3WI) 0.086 0.235 0.304 3(7) 137.6
2
0(2W)-H(2B)--(3d) 0.083 0.194 0.276 4(4) 173.8
0(2W)-H(24)---0(5g) 0.087 0.194 0.279 3(4) 166.1
O(1W)-H(14)---O(3Wh) 0.086 0.187 0.273 6(4) 176.4
O(1W)-H(1B)---O(4Wi) 0.088 0.215 0.276 0(7) 1262
0(3W)-H(3A)---0(6g) 0.086 0.195 0.279 0(4) 168.1
0(3W)-H(3B)--0(2d) 0.085 0.195 0.278 3(4) 164.2
N(5)-H(5B)---0(2d) 0.092 0.193 0.283 5(4) 165.7
N(5)-H(5A)---02Wd) 0.092 0.178 0.269 9(5) 1734
0(@4W)-H(B)---(3Wf) 0.086 0.234 0.303 5(7) 1383

Symmetry transformations used to generate equivalent atoms: d: x+1, v, z; f: —=x+1, =y+2, —z+1; g x, y+1, z; h: =1, y=1, z; 1: %, y—1, 2.
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Fig4 As-synthesized PXRD patterns of 1 and 2, and
simulated PXRD pattern of 1
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Fig.5 Solid-state emission spectra and luminescence decay curves of 1 and 2 at room temperature

1
| *D—'F,
3| A=332mm 617 nm
e’/ —
2z
é
3
B *D—'F,
2 593 nm
=
Q
[
1 1 1 1 1 1
500 550 600 650 700 750
Wavelength / nm

2
2 [ 2.=307nmm *D,~'F,
o 544 nm
2z
g
£
)
=
Q
[

450 500 550 600 650
Wavelength / nm
S 2

[1] Mahata P, Ramya K V, Natarajan S. Dalton Trans., 2007:
4017-4026

[2] Chen B L, Yang Y, Zapata F, et al. Adv. Mater., 2007,19:
1693-1696

[3] Yang J, Yue Q, Li G D, et al. Inorg. Chem., 2006,45:2857-
2865

[4] Chen B L, Wang L B, Zapata F, et al. J. Am. Chem. Soc.,

2008,130:6718-6719

[5] Chen B L, Wang L B, Xiao Y Q, et al. Angew. Chem., Int.
Ed., 2009,48:500-502

[6] Thibon A, Pierre V C. J. Am. Chem. Soc., 2009,131:434-435

[7] Bao S S, Ma L F, Wang Y, et al. Chem. Eur. J., 2007,13:
2333-2343

[8] Aillaud I, Collin J, Duhayon C, et al. Chem. Eur. J., 2008,
14:2189-2202

[9] Devic T, Serre K, Audebrand N, et al. J. Am. Chem. Soc.,



1456 M

e

E ¢

#

2
¥

2005,127:12788-12789

[10)Jia J H, Lin X, Blake A J, et al. Inorg. Chem., 2006.45:
8838-8840

[11]ZHUO Xin(H ), GUO Cui-Lian (58 % ), XU Gui-Lin
(V8 H: k), et al. Chinese J. Inorg. Chem. (Wuji Huaxue
Xuebao), 2009,25(6):962-967

[12]ZHOU Xia-Ying(J8 2 %), HUANG Yong-Qing (¥ /K %),
SUN Wei-Yin (#8 K #2). Chinese J. Inorg. Chem. (Wuji
Huaxue Xuebao), 2008,24(11):1733-1737

[13]ZHANG Zai-Chao (5K % # ), BAO Song-Song ( fif) #3 ¥4 ),
ZHENG Li-Min (¥ T f0). Chinese J. Inorg. Chem. (Wuji

Huaxue Xuebao), 2007,23(11):1851-1856

[14]GU Jin-Zhong(Ji 4x &), GAO Zhu-Qing(# 777 ), DOU Wei
(52 fh), et al. Chinese J. Inorg. Chem. Wuji Huaxue
Xuebao), 2009,25(5):920-923

[15]Fang Q R, Zhu G S, Xue M, et al. Cryst. Growth Des.,
2008,8:319-329

[16]Tian Y, Cai C, Ji Y, et al. Angew. Chem., Int. Ed., 2002.41:
1384-1386

[17]Pan L, Huang X Y, Li J, et al. Angew. Chem., Int. Ed.,
2000,39:527-529

[18]Liu Q Y, Xu L. Eur. J. Inorg. Chem., 2005:3458-3466



