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Abstract: Four lanthanide-organic frameworks (LOFs), [LnL,;s(DMA)], (Ln=Eu (1), Gd (2), Tb (3), Dy (4); H,L.=
2,2" -dinitro-4,4" -biphenyldicarboxylic acid, DMA =N,N-dimethylacetylamide), have been prepared by the solvo-
thermal reaction of H,L. and Ln(NOs);+6H,0. Their structures have been characterized by elemental analyses, IR,
TGA, single-crystal and powder X-ray diffraction (XRD) studies. Crystal structure analyses show that LOFs 1~4
crystallize in the monoclinic system with C2/c space group. LOFs 1~4 are isomorphous and possess a binodal
(3,8)-connected three-dimensional (3D) topology network. All the LOFs exhibit high thermal stabilities (7;>322 C).
Furthermore, 1 displays characteristic luminescence of Eu(lll) ion while 3 only shows the emission peak of the L*

ligand. CCDC: 1549595, 1; 1549593, 2; 1549596, 3; 1549594, 4.
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1.1 RFIAEE

Ln(NO5);-6H,0(Ln=Eu,Gd, Th,Dy) N, N-_ 1 3&
T B (DMA) ) 2 17 85 43 B 23X ) | ok 480k — 2 4l
b, 2,2"- -4 47 IR IR (HLL) B (A AR 4 5C
Wk A 7, LOFs #8H1 ¢,H Al N JT &K 43 B & 78
Thermo Finnigan Flash 1112A %! 7T % 4 #r 4 | I
JE 5 2L (KBr Fe A7) FH VECTOR 22 Bruker
LLHMEIEUAE 4 000~400 em™ T8 B NI 22 A4 FE 43
B R F NETZSCH STA 449C B #H 73 AU AE N, <
S TR FE R 10 °Comin™ BZAF T IE ; #oK
XRD tH Bruker D8 Advance % X 526 177 5 400 %2 |
K H Cu 8 Ka(A=0.154 06 nm) > 5 5 I8 | 45 HL & 40
kV B HUL 40 mA, FHEFE R 50~500, %GR H
Hitach F-700 %% 35300 % |

1.2 LOFs 1~-4 &K
1.2.1 [EuL,s(DMA)], (1)F G 1%

¥ Eu(NOs); -6H,0 (22.3 mg,0.05 mmol) il H,L
(24.9 mg,0.075 mmol) 73 il A 5 VU # & s N IR
B 15 mL AN E T, FauimA 0.5 mL
DMA F1 2 mL H,0, FH & F 130 CHYBER I hi
48 h Ji (A H EE W RT), & 38515 % 26.3 mg
BHOR AR 135 T Eu B9 %R 71.6%), 205N 15
(KBr,em™):3 066(w),2 939(w),1 667(s),1 593 (vs),
1529 (s),1 409 (vs),1 351 (s),788 (s), JCEHE /M :
CosH gFuN,0y5, T3 {H (%) : C,40.89; H,2.47;N,7.63;
SR H(%):C,41.01;H,2.32;N,7.48
1.2.2  [LnL,s(DMA)](Ln=Gd (2),Tb (3), Dy (4))) & B

LOFs 2~4 (5075 12800, R0
Gd(NO3); - 6H,0 \ Th(NOs);- 6H,0 1 Dy(NOy);-6H,0 1L,
B Fu(NOy);-6H,0, 2 B H K 61.9%, LLAMGIE
(KBr, cm™):3 065(w),2 939(w),1 670(s),1 593(vs),
1529 (s),1 410 (vs),1 351 (s),788 (s), JCE W :
CosHisGAN,O 3, TH51H (%) : C,40.59;H,2.45;N,7.57;
SEE (%):C,40.82;H,2.32;N,7.44, 3 W= F N
76.9% , £LAMEHE (KBr,em™):3 064 (w),2 935(w),
1 671(m),1 593(s),1 528(s),1 409(vs), 1 350(s),789
(8)o TE 43T : CosHisThN,O 5, T34 (%) : €, 40.50; H
2.45;N,7.56; L5 {H(%):C,40.72;H,2.33;N,7.34 . 4
177 #H 68.5%, £LAM T (KBr,cm™):3 064(w),
2 938 (w),1 673(s),1 593 (vs),1 528(s),1 410 (vs),
1 350(s),787(s). JT % 43 BT : CosHisDyN,O 5, 3 5 {H
(%):C,40.31;H,2.44;N,7.52; S 5 {H (%) . C,40.51;
H,2.25;N,7.38,
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CCDC 1549595, 1; 1549593, 2; 1549596, 3;
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Table 1 Crystallographic data of LOFs 1~4

1 2 3 4
Empirical formula CosHisEuN,O 5 CosHisGAN,O 5 CasHisThbN,O 45 CosH sDyN,O)5
Formula weight 734.39 739.68 741.35 744.93
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group C2/c C2/c C2/c C2/c
a/nm 2.449 9(6) 2.443 3(6) 2.443 1(7) 2.433(3)
b/ nm 1.533 9(4) 1.530 1(4) 1.529 0(4) 1.525 8(18)
¢/ nm 1.600 8(4) 1.595 7(4) 1.590 7(4) 1.589 2(19)
B/ 112.293(2) 112.169(3) 112.239(3) 112.548(16)
V / nm? 5.566(2) 5.524(2) 5.500(3) 5.449(11)
A 8 8 8 8
D,/ (g-em™) 1.753 1.779 1.790 1.816
©/ mm 2.328 2.476 2.647 2.819
F(000) 2 888 2 896 2 904 2912
Crystal size / mm 0.16x0.12x0.10 0.16x0.14x0.10 0.15%0.12x0.10 0.16x0.14x0.12
0 range / (°) 1.60~25.00 1.61~25.00 1.61~25.00 1.61~25.00
Reflection collected 18 955 18 625 18 771 18 455

Unique reflections

Reflection observed (I>207(1))
Dala, restraints, parameters

Goodness-of-fit on F*

Ry, wR, (I>20(1))
Ry, wR; (all data)

4 909(R;,=0.036 6)
4432

4 822, 168, 445
1.096

0.032 5, 0.074 5
0.0357,0.075 6

4 861(R,=0.045 6)
3912

4 825, 171, 446
1.120

0.041 7, 0.097 1
0.055 6, 0.101 2

4 838(R;,=0.037 4)
4099

4747, 159, 446
1.120

0.040 1, 0.085 4
0.049 1, 0.088 3

4 878(R;,=0.097 9)
3205

4 696, 171, 446
1.040
0.0533,0.113 1
0.092 4, 0.123 6

(AP) s (AD)uin / (1) 1 454, -633 1 536, -933 1 657, -898 1 405, -1 021
%*2 LOFs1-4 HEZEEKOmFERA(C)
Table 2 Selected bond lengths (nm) and angles (°) for LOFs 1~4
1
Eul-015 0.233 7(2) Eul-03" 0.236 92(19) Eul-02* 0.235 7(2)
Eul-04' 0.234 1(2) Eul-01 0.237 74(19) Eul---Eual" 0.439 22(11)
Eul-09 0.234 7(2) Eul-010" 0.238 0(2) Eul---Eul® 0.464 5(2)
015-Eul-04' 80.23(8) 015-Eul-01 78.51(8) 01-Eul-010" 73.40(7)
015-Eul-09 77.46(8) 04-Eul-01 37.98(8) 04-Eul-03 122.34(7)
04-Eul-09 78.99(8) 09-Eul-01 154.25(7) 09-Eul-03¥ 79.45(7)
015-Eul-02 80.62(8) 02-Eul-01 91.62(8) 02-Eul-03" 72.92(7)
04-Eul-02 160.53(7) 03"-Ful-01 126.06(8) 09-Eul-010" 122.28(8)
09-Eul-02 93.46(8) 015-Eul-010" 141.22(8) 02-Eul-010" 125.73(8)
015-Eul-03" 143.48(8) 04-Eul-010" 72.68(8) 03"-Eul-010" 75.30(8)
2
Gd1-015 0.232 6(2) Gd1-01 0.236 78(18) Gd1-02° 0.233 6(2)
Gd1-09 0.232 9(2) Gd1-03" 0.236 05(19) Gd1---Gd1* 0.437 7(2)
Gd1-04' 0.233 0(2) Gd1-010" 0.236 8(2) Gdl---Gdl" 0.463 8(2)
015-Gd1-09 77.63(7) 04-Gd1-02* 160.10(7) 015-Gd1-03* 143.92(8)
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015-Gd1-04' 79.60(8) 015-Gd1-01 78.34(7) 09-Gd1-03" 79.64(7)
09-Gd1-04i 79.06(8) 09-Gd1-01 154.43(7) 04-Gd1-03" 122.80(7)
015-Gd1-02 80.82(8) 04-Gd1-01 88.14(7) 02i-Gd1-03" 72.92(7)
09-Gd1-02° 93.34(8) 02-Gd1-01 91.34(7) 01-Gd1-03" 125.65(7)
015-Gd1-010" 140.91(8) 04-Gd1-010" 73.01(7) 01-Gd1-010 73.50(7)
09-Gd1-010" 122.34(8) 02°-Gd1-010" 125.77(8) 03%-Gd1-010" 75.17(7)
3

Th1-015 0.231 1(2) Th1-01 0.235 02(17) Th1-04" 0.231 8(2)

Th1-02! 0.231 4(2) Th1-03" 0.234 97(18) Th1---Th1’ 0.435 9(2)

Th1-09 0.231 85(19) Th1-010" 0.235 62(19) Th1---Th1" 0.464 7(2)
015-Th1-02’ 80.85(8) 02-Th1-01 90.93(7) 01-Th1-03" 124.64(7)
015-Th1-09 78.04(7) 09-Th1-01 155.35(6) 015-Th1-010" 140.53(7)
02-Th1-09 92.80(8) 04°-Th1-01 88.61(7) 02-Th1-010" 125.86(7)
015-Th1-04° 79.36(8) 015-Th1-03" 144.50(7) 09-Th1-010" 122.70(6)
02-Th1-04 159.88(6) 02-Th1-03" 73.05(7) 045-Th1-010" 73.08(7)
09-Th1-04" 79.67(7) 09-Th1-03" 79.62(7) 01-Th1-010" 73.19(6)
015-Th1-01 78.52(7) 04i-Th1-03" 123.00(7) 03%-Th1-010" 74.97(7)

4

Dyl-015 0.228 5(3) Dy1-09 0.231 3(3) Dyl1-03" 0.233 4(3)

Dy1-02' 0.230 6(4) Dyl1-01 0.233 0(3) Dyl--Dyl’ 0.434 0(2)

Dyl1-04 0.230 7(4) Dyl1-010" 0.233 4(3) Dyl---Dyl" 0.465 6(2)
015-Dy1-02' 80.86(13) 02-Dy1-01 90.26(13) 01-Dy1-010" 72.94(11)
015-Dy1-04 79.26(13) 047-Dy1-01 89.22(12) 015-Dy1-03" 144.78(10)
02-Dy1-04 159.85(9) 09-Dy1-01 155.63(9) 02-Dy1-03" 73.15(13)
015-Dy1-09 77.64(12) 015-Dy1-010" 140.42(11) 047-Dy1-03" 123.17(12)
02-Dy1-09 93.38(12) 02-Dy1-010" 125.93(11) 09-Dy1-03" 80.55(10)
04%-Dy1-09 79.21(11) 04"-Dy1-010" 72.93(11) 01-Dy1-03" 123.43(11)
015-Dy1-01 79.17(12) 09-Dy1-010" 122.58(13) 010"-Dy1-03" 74.80(10)

Symmetry codes: ' 1/2—x, 3/2-y, 2-z; " 1-x, y, 5/2—z; " x+1/2, 3/2—y, z+1/2; * %, y+1, z, * 1-x, 1=y, 2—z for 1 and 2; ' 1-x, y, 5/2-z;
T 1/2-x, 32—y, 2-z; " x+1/2, 32—y, z+1/2; ¥ x, y+1, z; ¥ 1-x, 1=y, 2—z for 3 and 4.
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1 0.5)(F 1a), Eu()E ¥ h-LECAL B HIE =4 A
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Thermal ellipsoids at 50% probability level; Hydrogen atoms and the nitro groups are omitted for clarity;

Symmetry codes: ' 1/2—x, 3/2-y, 2-z; " 1=x, y, 5/2—z; ™ x+1/2, 3/2-y, z+1/2;" x, y+1, z

K1 (a) LOF 1 BARXFREATT; (b), (c): Eall)iy Bc A 7 5
Fig.1 (a) Asymmetric unit for LOF 1; (b), (c): View of the coordination environments of Eu(lll) ions in 1

@

Nitro groups are omitted for clarity in (b)

K2 (a) RENE EuIE Y 1D JENL 4 )8 5[ Eul'(u-CO,)Eul (p-CO,)Euli),; (b) LOF 1 19 3D H 4,
(c) LOF 1 " ECH 1204 7% 4% 07 =0
Fig.2 (a) One dimensional inorganic chain [Eul*(u,-CO,),Eul(u,-CO,)Eulf], formed by the carboxyl groups and Eu(ll) ions;

b) Three dimensional framework of 1; (c) Two types of configurations of 1> ligands in 1
yp g &

BT RECN , 7E LR ERCIR LA TE 2 RIS 87.9°,
2o (1) MM B ) R 2) BT, R -5 B 2.2 tHEEEMBIRE M
) (El 4y, HAIBAEERR A I A 53 5 R 60.8°F J T BAE KBS B LOFs 1~4 B4l KA
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K3 (a) NEFH Bul) 19 SR Ak (b) =3 AYBCAR L2705 SR, (o) AU RE(3,8)-1% 35 1Y 3D W &%
Fig.3 (a) Simplification of 8-connected Eu(ll) node; (b) Simplification of 3-connected ligand 1> node;

(¢) View of two-nodal (3,8)-connected 3D network in 1

O

bis(bridging bidentate): syn-syn

@

bis(bridging bidentate): syn-anti

P4 LOF 1 e LAY i i e £ 445
Fig4 Two types of coordination modes of ligand L* in LOF 1
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K5 LOFs 1~4 BT 47
Fig.5 TGA curves of LOFs 1~4
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AP 3,
2.3 LOFs 171 3 B3R

M T AT 4 BB B BT B R 48 B R
KRR L LOFs 9864 REBE N FH T4k
AL DKM KGR 1 AL W) B 2 AR S
B e RN E T LOFs 181 3 DL & A i Fd ik
HLL B S PEOE R FHEHE . 76 465 nm FDGEA T,
LOF 1 23 Eu(l) & F 1R AE 2800 & 4 63 (&

%3 LOFs 1-4 WHESH
Table 3 TGA for LOFs 1~4

LOFs 1 2 3 4
No weight loss RT~277 C RT~282 C RT~278 C RT~282 C
First loss (-DMA) 277~329 C 282~322 C 278~323 C 282~322 C
Found (Caled.) for the first loss / % 12.9(11.9) 12.7(11.8) 12.6(11.8) 13.0(11.7)
Decomposition of the network >329 C >322 C >323 C >322 C
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Fig.6  Photoluminescence emission spectrum of 1
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Fig.7 Photoluminescence emission spectra of free ligand

H,L and LOF 3
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