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Syntheses, Structures, and Magnetic Properties of Three Isostructural
Coordination Polymers Based on Quinoline-8-oxy-acetate
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Abstract: Three isostructural coordination polymers, namely [Ni(8-qoac)Cl], (1, 8-Hqgoac=quinoline-8-oxy-acetic
acid), [Fe (8-qoac)Cl], (2), and [Mn (8-qoac)Cl], (3) were synthesized under solvothermal reaction conditions.
Single-crystal X-ray diffraction studies showed that 1~3 crystallize in the same space group Pbca, in which the
octahedral metal ions are first bridged by two chloride ions to form a dinuclear building blocks, and then each
dinuclear building block is connected to four adjacent neighbors via four carboxylate groups with the anti-anti
coordination mode, giving a two-dimensional layered (4, 4) network considering the dinuclear building blocks as
4-connected nodes and the carboxylate groups as linkers. Magnetic measurements revealed spin-canting-like
behaviors for compound 1, while 2 and 3 only exhibit simple antiferromagnetic properties, which can be
explained by the different magnetic anisotropic behaviors of the transition metal ions. CCDC: 977316, 1; 977314,
2; 977315, 3.
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Fig.1 Coordination mode of 8-qoac ligand
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[Ni(8-qoac)Cl] (1) : ¥ 8-qoacH(0.100 g,0.5 mmol),
NiCl,+6H,0(0.119 g,0.5 mmol), = & 5% (5 %) F1 H
BE(10 mL)R-S W FE 5] 8T 15 mL AR
TS I BN 42 v AR 140 CIf PR+
3d,RJGLL5 C-h! B EEVR A E 50 °C, T H ARBE
MBI =, U IT R AT B A o PR A R
77% ., TG 7 53 H1 (C, HgCININO,) 8 (%) : C 44.58,
H 2.72,N 4.73; S5 {8 (%) : C 44.60,H 2.67,N 4.66.
FT-IR data (ecm™):1 646s,1600s,1 508m,1 416 m,1
321m,1 120w, 1 121s,827m,773m, 582w,

[Fe(8-qoac)Cl] (2): 7E 5 (1) AH [7] B9 & B 46144 T,
(1) 9 NiCl,-6H,0 44 FeCl,-4H,0(0.149 g,0.5
mmol) , 753 B RAS 2L A HUR ik | 72 R 2 65% ., TR
53 BT (CHgCIFeNOy) B2 & {8 (%).C 45.02,H 2.75,N
4.77; L 551A(%) . C 45.05,H 2.79 N 475, FT-IR data
(em™):1 647s,1 600s,1 508m,1 472w, 1 417m,1 382
m,1 321m,1 259m,1 184w,1 121m,1 071w,9%lw,
827m,773m, 569w,

[Mn(8-qoac)Cl] (3): 7E 5 ()M A 9 & W &1,
¥ (1) i NiCly-6H,0 #:°5 MnCl,-4H,0(0.149 ¢,0.5
mmol) , 753 3| V& 2 (A Ok B K 77 R 2 58%, JTLER I
B (C,HCIMnNO,) HLiE{H (%).C 45.16,H 2.76,N
4.79; SEHAH (%):C 45.19,H 2.71,N 473, FT-IR
data (ecm™):1 647s,1 600s,1 507m,1 472w,1 418m,
1 382m,1 32Im,1 259m,1 184w,1 121m,1 071w,
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Table 1 Crystal data and structure refinement of 1~3

1 2 3

Formula €, HyCINNiO; € HCIFeNO; . HyCIMnNO,
Formula weight 296.34 293.48 292.57
T/K 293(2) 293(2) 293(2)

Space group Pbca Phea Pbca
a/nm 0.791 4(1) 0.789 2(1) 0.785 1(2)

b/ nm 1.425 0(1) 1.469 0(1) 1.499 3(4)

¢ /nm 1.902 8(2) 1.913 9(2) 1.933 9(6)
V / nm’® 2.145 9(4) 2218 9(3) 2276 5(11)
z 8 8 8

D,/ (g-cm™) 1.835 1.757 1.707

o/ mm™ 2.049 1.592 1.387

Data collected / unique 7912/2 281 10 604 /2 182 9185 /2422
R, (>20 / all data) 0.032 8/ 0.040 2 0.033 2/ 0.039 4 0.0450 / 0.0509

wR, (>20 / all data) 0.074 9/0.077 9
GOF 1.063
-0.224 / 0.495

Residues / (e-nm™)

0.078 0/ 0.081 1 0.104 2/ 0.107 1
1.054 1.197
-0.351/0.327 -0.239/ 0.336

R=SNEJ-IFN S IE); wR=[ S w(F~FY S w(EP)".
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Symmetry code: A: —x, 2—y, 1-z; B: 0.5+«x, 1.5-y, 1-z
K2 (2 fbBW 1 &R TR, (b) e A 1B 42855 (3 0 08 g0 ),
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Fig. 2 (a) Coordination environments of the metal atom and (b) layer structure of 1 viewed down the ¢ axis
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Table 2 Selected bond lengths (nm) and angles (°) for 1, 2, and 3

1
Ni(1)-N(1) 0.205 2(2) Ni(1)-0(1) 0.205 3(2) Ni(1)-0(2) 0.204 2(2)
Ni(1)-Cl(1) 0.249 9(1) Ni(1)-CL(1)#1 0.232 4(1) Ni(1)-0(3)#2 0.205 7(2)
N(1)-Ni(1)-0(3)#2 85.80(7) 0(2)-Ni(1)-CL(1) 90.21(6) 0(2)-Ni(1)-N(1) 156.30(7)
0(1)-Ni(1)-0(3 /42 84.83(8) N(1)-Ni(1)-CL(1) 88.83(6) 0(2)-Ni(1)-0(1) 77.52(7)
0(2)-Ni(1)-CL(1)#1 103.21(5) 0(1)-Ni(1)-CL(1) 88.42(6) N(1)-Ni(1)-0(1) 78.78(7)
N(1)-Ni(1)-CI(1)#1 100.45(6) 0(3/#2-Ni(1)-C1(1) 172.08(5) 0(2)-Ni(1)-0(3/#2 92.36(7)
O(1)-Ni(1)-CI(1)#1 177.14(6) CI(1)#1-Ni(1)-CI(1) 88.81(2)
O(3/#2-Ni(1)-ClI(1)#1 97.88(6) Ni(1)#1-C1(1)-Ni(1) 91.19(2)
2
Fe(1)-N(1) 0.215 2(2) Fe(1)-0(2) 0.204 9(2) Fe(1)-CI(1)#1 0.234 6(1)
Fe(1)-0(1) 0.220 1(2) Fe(1)-CI(1) 0.262 4(7) Fe(1)-0(3/#2 0.212 6(2)
0(2)-Fe(1)-0(3)#2 91.27(7) 0(2)-Fe(1)-CI(1)#1 112.02(5) N(1)-Fe(1)-CI(1) 88.77(5)
0(2)-Fe(1)-N(1) 146.48(6) O(3)#2-Fe(1)-Cl(1)#1 99.03(6) 0(1)-Fe(1)-CI(1) 87.00(5)
0(3)#2-Fe(1)-N(1) 86.27(6) N(1)-Fe(1)-C1(1)#1 101.36(5) CI(1)#1-Fe(1)-CI(1) 89.43(2)
0(2)-Fe(1)-0(1) 73.20(6) 0(1)-Fe(1)-C1(1)#1 173.62(5) Fe(1)#1-Cl(1)-Fe(1) 90.57(2)
0(3)#2-Fe(1)-0(1) 84.26(7) 0(2)-Fe(1)-CI(1) 88.64(6) N(1)-Fe(1)-0(1) 73.30(6)
03)#2-Fe(1)-Cl(1) 170.89(5)
3
Mn(1)-N(1) 0.224 5(2) Mn(1)-0(2) 0.213 2(2) Mn(1)-Cl(1)#2 0.241 7(1)
Mn(1)-0(1) 0.227 0(2) Mn(1)-CI(1) 0.264 2(1) Mn(1)-0(3)#1 0.212 8(3)
0(3)#1-Mn(1)-0(2) 90.5(1) O(3)#1-Mn(1)-Cl(1)#2 98.47(8) N(1)-Mn(1)-Cl(1) 88.95(7)
O(3)#1-Mn(1)-N(1) 87.86(9) 0(2)-Mn(1)-CI(1)#2 114.95(7) 0(1)-Mn(1)-CI(1) 86.88(7)
0(2)-Mn(1)-N(1) 142.59(9) N(1)-Mn(1)-CI(1)#2 102.24(7) CI(1)#2-Mn(1)-CI(1) 88.42(3)
O(3)#1-Mn(1)-0(1) 86.1(1) O(1)-Mn(1)-CI(1)#2 171.62(6) Mn(1)#2-C1(1)-Mn(1) 91.58(3)
0(2)-Mn(1)-0(1) 71.85(8) O(3)#1-Mn(1)-C(1) 172.89(8) N(1)-Mn(1)-0(1) 70.76(8)
0(2)-Mn(1)-CI(1) 88.18(8)

Symmetry code: #1: —x, —y+2, —z+1; #2: x+1/2, —=y+3/2, —z+1 for 1;

—y+1/2, —z+1; #2: —x, -y, —z+1 for 3.

e, T B/ TR 8 T A7 ) 700 (R B A R L3R 2), fk
AW PR ClLIR TR A ERA 72 4 R
T 2 A0 KRR 58 B9 BT R UAZ 254 . XU

HOTH Ni,ClL, 362 F 1A F AN Ni---NiA &R
0.345 nm,Ni-CI-Ni & 91.2°, XUZHIci#id 4 -

SBEA AL AR R (Ni---Ni 0.589 nm)5 4 1> 2, #H
SRR I8 A ) BUA% BT 3 422 TE be “FTRINTE I 1
fum&ﬁ%ﬁ%mm@:ﬁ?ﬁ#ﬁ%mkﬂ
R — R R B W 3% 5 5K B — B Fy A 22 /0

b e A ) 4 T T ) P R X 1 DR — S0l
()55 B P 58 e HED 6 48 )2 (T T, DAAH B4 5 1Y)

#1: —x, —y+1, —z+1; #2: x+1/2, —y+1/2, —z+1 for 2; #1: x+1/2,

T2 TG T Y 7r-ar A FFE AR AR 00 79 J2 3% Bl = 4E 45
g, Horp 2 B] 5 45 9 Ni-+-Ni BE 2550 0.910 nm(& 3),
EEW 1 Y R S5 H L mT LU AR Ry f - R
PR 2 110 0 M T A 30 o UG 3 2 T R 1Y) M
W b BEEAR WREE Sy b FhHATKEE(1.425 nm), BEAYIR
mﬁ%ﬁ%Aﬁ%UﬁﬂKHﬁm HEE 2B HES
X FPAS [ R [ 2 7 26 B BE A RH AT A R AR 3,
a2 M35 1 &5 BRSPS, B4
JB BT IR G W R A R R AR
W BT MLCL B0 F — AP 1H P, M-+ M B
BAE 1N 0.345 nm, 2 OH 0.354 nm, 1 3 TN
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Insets in (b) show the magnified loop at lower fields (upper-left) and field-cooled magnetization curves at different fields (lower-right) for 1
B4 LA HREEETE ) 1000 Oe AT T M2 (b) BHE 128 1 16 57 1 K
Fig.4  xuT-T plot at 1 000 Oe (a), and hysteresis loop at 2 K (b) for 1
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Fig.5 x.T-T and 1/x-T plots of 2 (a) and 3 (b)
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Table 3 Fiting results using two different model for 1~3

1 2 3
1D fisher chain model J=-11 J=-3.12 J=0.79
zJ=1.7 zJ=3.45 zJ=-1.0
=227 £=2.16 &=1.69
R=3.74x10"° R=1.59x10° R=1.52x10"°
Spin-only dimmer model J=-3.47 =201 J=-0.99
zJ=-0.46 zJ=1.16 zJ=-0.26
£=2.99 £=2.16 £=1.69
R=1.32x10"° R=1.38x10" R=1.30x10"°
R=% (xwTeaxnT ) OxnT )
TATT 2 ML T 3 A 5 R I A 0 4, )10 2 J22 1534-1538

Be &9 AT F 4 )8 B8 7 10 22 5 S BT W &R
SISk, R B2 PR T i L % S 8 S AR 55 114
PEAS AT | T DL LA 5 4 25 0 b (9 B [ VR A A5
FAPh A A A AR MERT T, T/ B A 8 R B A2 Ak
SRR P AR K S e, 3 A A I 4 e
BT B O R A A W R S A5
PR FA R0 O 22 B 5 AFLRT IR M |

Sk

[1] Kurmoo M, Kumagai H, Akita-Tanaka M, et al. Inorg. Chem.,
2006,45:1627-1637

[2] Ruben M, Rojo J, Romero-Salguero F ], et al. Angew. Chem.
Ini. Ed., 2004,43:3644-3662

[3] Kitagawa S, Uemura K. Chem. Soc. Rev., 2005,34:109-119

[4] Zheng Y Z, Xue W, Zheng S L, et al. Adv. Mater., 2008,20:

[5] Wang X Y, Wei H'Y, Wang Z M, et al. Inorg. Chem., 2005,
44:572-583

[6] Escuer A, Cano J, Goher M A S, et al. Inorg. Chem., 2000,
39:4688-4695

[7] Cheng X N, Zhang W X, Chen X M. J. Am. Chem. Soc.,
2007,129:15738-15739

[8] Cheng X N, Xue W, Huang J H, et al. Dalion Trans., 2009:
5701-5707

[9] Koelsch C F. J. Am. Chem. Soc., 1931,53:304-305

[10]Christopher J C, Carrell H L, Jonah E, et al. J. Am. Chem.
Soc., 1988,110:8651-8656

[11]Lefebvre J, Trudel S, Hill R H, et al. Chem. Eur. J., 2008,
14:7156-7167

[12]LIU Zhong-Yi(X| & ), LIU Jing(X] %), YANG Na(#% %),
et al. Science China(*F B %44 5), 2013,43:1251-1261

[13]Fisher M E. Am. J. Phys., 1964,32:343-351

[14]Bai S Q, Gao E Q, He Z, New J. Chem., 2005,29:935-941





