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Templating Synthesis and Structures of Microporous Lanthanide
Supramolecular Complexes Based on 2-Carboxycinnamic Acid
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School of Chemistry and Biological Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Two microporous lanthanide supramolecular complexes [Ln(CCA)(OH)(phen)(H,0)], - n(phen) -nH,O
(Ln=Yb, 1; Er, 2; H,CCA=2-carboxycinnamic acid; phen=1,10-phenanthraline) were obtained through hydrothermal
reaction and characterized by elemental analysis, IR and single-crystal X-ray diffraction. The results show that
the two complexes are isostructural and in the two complexes, dinuclear Lny(OH), units are linked by CCA*
ligands to form 1D infinite double-stranded chains. There are two kinds of phen ligands. One adopts a chelating-
bidentate coordination mode, the other is not involved in the coordination and acts as templating ligands, which

leads to the formation of supramolecular networks with microporous structures. CCDC: 917027, 1; 917028, 2.
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RNl BTN R TR i | A R e X
Nicolet Avatar 360 FT-IR £I4ME %4 (KBr J& A ,cm™
ALY, b ARG R E ] Bruker SMART 1000
CCD B S A7 SHACHE # W WCR AT 5 80ai 5 oo R 4 i
& H Elementar Vario EL JTCZR /1A% ; #F 2 MR
JH TGA-SDTA 851e #H 43 H7 A (25 KA, FHR
10 C-min™),
1.2 EEYHER

¥ YbCly-6H,0(0.039 g,0.1 mmol), H,CCA(0.020
g,0.1 mmol), phen-H,0(0.042 ¢,0.2 mmol), NaOH 7K
W (0.15 mL,0.65 mol - L)l 5 mL & F /KRG,
T 25 mL F PR LM A IE I 5 R B RO A2
HL7E 100 CR A 3 d 5 Mg R 2 ER RS 2
PR A, 0 LB TR B, B A
THE ASECAY 1775 0.021 g(27.0%), TCER /Tt
FAH CyuHyN,0.Yb (%):C,52.53;H,3.48;N,7.21;
FEAE(%):C,52.66;H,3.52;N,7.23, EEM LI IL
W (KBr JER ,em™):3 449 (m),1 644 (w),1 581(s),
1 544 (m),1 518 (m),1 482 (w),1 426 (s),1 413(s),
1 348(m),1 284(w),1 135(w),1 080(w),972(m),842
(m),764(m),729(s).,

BeG 2 6t B S5 EA Y 1AL, R
ErCly-6H,0 % YbCly-6H,0, 158 Btk i id | =
i 0.020 g (25.9 %), JCE I HIFEAE CyHLN,OEr
(%):C,52.95;H,3.50;N,7.27; M 2 {8 (%) : C, 52.87;
H,3.64;N,7.32, EZ ML AIMRILIE (KBr R, em™):
3 549 (m),3 449 (m),1 647 (w),1 579(s),1 544 (m),
1 512 (m),1 485(w),1 425(s),1 391(s),1 350 (m),
1 286(w), 1 138(w),1 083 (w),975 (m),841 (m),769
(m),727(s).
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Table 1 Crystallographic data of complexes 1 and 2

1 2
Chemical formula CxH»N,0,Yb CxH»N,0/Er
Formula weight 776.64 770.86
Crystal system Triclinic Triclinic
Space group Pl P1
a/ nm 1.174 4(1) 1.174 8(1)
b/ nm 1.215 5(1) 1.214 9(1)
¢/ nm 1.273 6(1) 1.280 5(1)
al(°) 106.368(1) 106.587(2)
B/ 111.032(1) 110.981(2)
v/ (°) 104.658(2) 104.562(2)
V / nd® 1.495 4(2) 1.502 2(3)
Z 2 2
F(000) 772 766
D./ (g-em?) 1.727 1.704
©/ mm 3.185 2.851
0 range / (°) 1.88 t0 26.39  1.87 to 26.40
Reflections collected / unique 8500/6015 8527/6 036
GOF 1.061 1.054
Ry 0.016 8 0.019 9
Final R indices R=0.0251 R.=0.029 9
(I>20(1)) wR»=0.062 1 wR»=0.072 6
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Table 2 Selected bond distances (nm) and bond angles (°) of complexes 1 and 2

1

Yh(1)-0(1) 0.236 9(3) Yh(1)-0(5) 0.232 103) Yh(1)-N(1) 0.253 2(3)

Yh(1)-0(2) 0.244 8(2) Yh(1)-0(6) 0.220 9(2) Yh(1)-N(2) 0.253 3(3)

Yh(1)-0(4)#2 0.228 0(2) Yh(1)-0(6)#1 0.222 0(2)
0(1)-Yh(1)-0(2) 54.18(9) 0(5)-Yh(1)-0(1) 78.71(11) 0(6)-Yh(1)-N(1) 80.80(9)
O(1)-Yh(1)-N(1) 72.19(9) 0(5)-Yh(1)-0(2) 74.83(10) 0(6)-Yh(1)-N(2) 140.07(9)
O(1)-Yh(1)-N(2) 97.54(10) 0(5)-Yh(1)-N(1) 142.84(10) 0(6)#1-Yh(1)-0(1) 149.31(9)
0(2)-Yh(1)-N(1) 104.68(9) 0(5)-Yh(1)-N(2) 143.36(10) 0(6)#1-Yh(1)-0(2) 149.81(9)
0(2)-Yh(1)-N(2) 73.77(9) 0(6)-Yh(1)-0(1) 90.07(9) 0(6)#1-Yh(1)-0(4)#2 80.89(8)
0(d#2-Yh(1)-0(1) 129.40(8) 0(6)-Yb(1)-0(2) 137.68(8) 0(6)#1-Yh(1)-0(5) 119.31(10)
0@/#2-Yh(1)-0(2) 77.12(9) 0(6)-Yh(1)-0()#2 124.46(9) 0(6)#1-Yh(1)-N(1) 80.14(9)
O(@)#2-Yh(1)-0(5) 75.84(10) 0(6)-Yb(1)-0(5) 76.57(9) 0(6)#1-Yb(1)-N(2) 82.02(9)
O(4)#2-Yh(1)-N(1) 141.08(9) 0(6)-Yh(1)-0(6)#1 72.31(10) N(1)-Yb(1)-N(2) 64.76(9)
O(@)#2-Yb(1)-N(2) 79.17(10)

2

Ex(1)-0(1) 0.238 5(3) Ex(1)-0(5) 0.234 0(3) Ex(1)-N(1) 0.255 0(3)

Ex(1)-0(2) 0.247 0(3) Ex(1)-0(6) 0.223 2(3) Ex(1)-N(2) 0.254 5(3)

Ex(1)-0(@4/42 0.229 3(3) Ex(1)-0(6)#1 0.224 5(3)
0(1)-Ex(1)-0(2) 53.75(10) 0(5)-Ex(1)-0(1) 79.13(12) 0(6)-Ex(1)-N(2) 139.74(11)
0(1)-Ex(1)-N(1) 72.47(10) 0(5)-Ex(1)-0(2) 74.86(12) 0(6)-Ex(1)-N(1) 80.68(11)
O(1)-Ex(1)-N(2) 96.65(12) 0(5)-Ex(1)-N(1) 143.10(11) 0(6)#1-Ex(1)-0(1) 149.43(10)
0(2)-Ex(1)-N(1) 105.07(11) 0(5)-Ex(1)-N(2) 143.64(12) 0(6)#1-Ex(1)-0(2) 149.46(10)
0(2)-Ex(1)-N(2) 73.83(11) 0(6)-Ex(1)-0(1) 90.84(11) 0(6)#1-Ex(1)-0(4)#2 81.10(10)
O(4)#2-Ex(1)-0(1) 128.91(10) 0(6)-Ex(1)-0(2) 137.84(9) 0(6)#1-Ex(1)-0(5) 119.67(12)
0(4#2-Ex(1)-0(2) 77.01(10) 0(6)-Ex(1)-0(4)#2 124.14(11) 0(6)#1-Ex(1)-N(1) 79.50(10)
0(4)#2-Ex(1)-0(5) 75.38(11) 0(6)-Ex(1)-0(5) 76.62(11) 0(6)#1-Ex(1)-N(2) 81.65(10)
O(4)#2-Ex(1)-N(1) 141.35(11) 0(6)-Ex(1)-0(6)#1 72.52(11) N()-Ex(1)-N(1) 64.35(11)
O(4#2-Ex(1)-N(2) 79.99(11)

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

#2: —x+1, —y, —z+1.
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Table 3 Hydrogen bond geometry in complexes 1 and 2
D-H--A d(D-H)/nm d(H---A) /nm d(D---A) /nm Z/DHA / (%)
O5-HS5A---N4#1 0.085 2 0.195 6 0.275 9 156.53
05-H5B---03#2 0.085 6 0.186 8 0.271 2 168.71
O7-H7A---03#2 0.085 2 0.212 1 0.295 4 165.88
07-H7B---02#2 0.085 4 0.209 5 0.291 7 161.46

Symmetry codes: #1: x+1, y, z; #2: —x+1, —y, —z+1.

Symmetry codes: #1: —x+2, —y+2, —z; #2 —x+2, —y+2, —z+1;
Thermal ellipsoids were drawn at the 30% level; All hydrogen
atoms and free phen and crystal water ligands were omitted for

clarity

1 AW 1 YhUDHE 1/ B R85
Fig.1 Coordination environment of Yh(Il) ion in

complex 1
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Fig.2 1D double-stranded chains in complex 1
PO, SR 1, 10-3FE Mk 5 B A B SF- TR AH L F
fr, HEIEEE S 0.370 nm, Won T ar-r HERUE TG
AR, CCATRC A B R B AU 5 T A3 7K 73 5 2 1]
ERERE,05--03#2 HES O 0.271 2 nm,, 1EJE X4
SN gr-ar HERUE DR — 4R SR E B T — 4ERALE
oy TR Litl (WK 3), ECAY 1 A PR
1, 10-FEW k7, — Rl LB & X0 2 S5 B, 75—
MAZ HEAL, 5 kKo TR AT AL, Ui
ESEY 1, 10-TE MRy 5 B A 1 AR 47, Hof
[B]# 0.351 nm, YR AFAE - HERBUEH EA]
XF T AL 701254 B G B T BRI S
Py iR B AU T F 1, 10~ IR 280501 2 o
TE W S SZ A BE A K R R A 7K 43 1R 2 T E 1 &
ik S EEMTS ST S, 07---02#2

B A 0291 7 nm,07---03#2 H5 4 0.295 4 nm,
05---N4#1 FEE H 0.275 9 nm,, I 26 S5 (1K) T R fifi
R T EE M e sE TR A RS T 3% 3.

Viewed along the b axis, the space-filling diagram representing

free phen and water molecules
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Fig.3 3D microporous network of complex 1
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