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Syntheses, Crystal Structures and Properties of Lanthanide Coordination
Polymers Based on 2,4-Dinitro-benzoic Acid and 1,10-Phenanthroline

YU Mei-Hui HU Ming* FENG Zhan-Yu XUE Feng
(Inner Mongolia Key Laboratory of Chemistry and Physics of Rare Earth Materials,
School of Chemistry and Chemical Engineering, Inner Mongolia University, Hohhot 010021, China)

Abstract: Seven one-dimensional chain lanthanide coordination polymers based on 2,4-dinitro-benzoic acid (HL)
and 1,10-phenanthroline  (phen) as ligands were successfully synthesized with rare earth metal salts by
hydrothermal method, namely, [Ce,L¢(phen),], (1) and [LnL;phen], (Ln=Sm, 2; Eu, 3; Gd, 4; Th, 5; Dy, 6; Er, 7). The
compounds have been structurally confirmed by single-crystal X-ray diffractions and characterized by magnetic

and fluorescent properties. CCDC: 883735, 1; 946599, 2; 883736, 3; 883836, 4; 883837, 5; 883838, 6; 946598,
7.
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AL 28
T R 3 R 43 B gl 2140 5635 R NEXUS-
670 4 FT-IR J&i{X ( KBr J& F,200~4 000 cm™)il
JE 5 EaRZE R A Bruker SMART APEX 11 CCD %!
X-ray Ff iy A7 S A7 AR AW s B 4 B R T
EXSTAR TG/DTA7300 SII Nano technology # H /)
B AR %€ 5 556 70 R T FLS 920 B %< 5% 73 #r
ACHEAT I 2
1.2 HBiREBEYHER

[Ce,Lg(phen),], (1) #1[LnLsphen], (Ln=Sm,2;Eu,
3,Gd,4;Th,5;Dy,6;Er, 7)1 A B HEH FRE LnCly-
6H,0 (Ln= Ce,Sm,Eu,Gd,Th,Dy,Er,0.1 mmol), ic
TR 2, 4- A B 28 HH R HIL(0.3mmol) Fl 1, 10-45 JF 1%
Wk phen (0.1mmol), A 10 mL 2% # F /KAl 3 mL
NaOH ¥ (0.1 mol - L), it A 23 mL VU5 £ M N

1.1

JE A 5 30 min, 2 ATKISN & 7 160 CHY
TR MER 72 h 5, BL 5 C-het B B R E) 30
°C, feJa 13 238 A B A AT B R A IR (KBr pellet)/
em™:3 431(m), 1 649(s),1 604(s),1 531(s),1 410(s),
1 349(s),1 059(m),835(s) cm™, Elem. anal. for 1,
Caled. C 44.52,H 1.78 N 11.74;Found:C 44.60,H
1.82,N 11.79, IR (KBr pellet)/em™:3 434(m),1 694
(s),1 602(s),1 532(s),1 410(s),1 349(s),1 059 (w),
835(m), Elem. anal. for 2, Caled.(%) C 41.08,H 1.76,
N 11.62;Found(%):C 41.1,H 1.82,N 11.79,
1.3 BRAUREY 1~7 REERNE

Be 7 R 5 ¥ 1~7 & R ECHE R | BRUKER
SMART APEX II %Y X S 5L  7E S T, %
21 BRI ALY Mo Ko 314 (A=0.071 073
nm)fEAGFOG IR, 2 28 56 WO 1E R ) SADABS 2
¥, 1 SHELXS-97'# #4544 , 1l SHELXTL-97 X fit
A AR ST AR AR RN A 1) S A S ORI AT A B
/N IRERHE AR RS N A, I RA WY
1~7 0 SRS S0 1 o0 IAE R 1 s, FEE 4

wEW 17 MR EFHEE

1
Tab 1 Crystal

Compound 1 2 3
Formula CeH3N 1603Ce, C33H7NgO 1sSm C33HsNgOsEu
Formula weight 1907.33 963.91 965.52
T/K 296(2) 293(2) 293(2)
Space Group P1 Pl P1
a/ nm 1.488 38(6) 0.972 8(4) 0.969 75(3)
b/ nm 1.709 38(8) 1.324 7(5) 1.319 36(4)
¢/ nm 1.738 48(7) 1.495 1(6) 1.492 76(5)
al(°) 114.987 0(10) 102.246(5) 102.147 0(10)
B/ 113.936 0(10) 105.970(5) 105.903 0(10)
v /() 90.109 0(10) 90.258(5) 90.347 0(10)
vV / nm’ 3.583 2(3) 1.806 1(12) 1.791 56(10)
A 2 2 2
D./ (grem™) 1.768 1.773 1.79
p/ mm™ 1.365 1.72 1.846
F(000) 1 892 954 956
Ry 0.021 4 0.018 6 0.014 4
GOOF 1.014 1.161 1.043
Ry 0.029 0 0.018 3 0.020 2
wRy (I>20(I)) 0.064 8 0.050 5 0.047 2
R, (all data) 0.043 5 0.019 7 0.022 8
wR; (all data) 0.072 3 0.051 4 0.048 6

data for 1~7

4 5 6 7
C33HiNgO15Gd C33HiNgO s Th Cs3HnNsO4sDy CsHpNsOsEr
970.80 972.48 976.05 980.81
293(2) 293(2) 293(2) 293(2)

PL PL PL PL

0.970 20(9) 0.963 0(3) 0.963 57(8) 0.962 05(11)
1.320 24(13) 1.316 9(4) 1.316 84(12) 1.316 83(16)
1.493 61(15) 1.487 7(4) 1.489 49(13) 1.490 18(18)
102.283(2) 102.139(4) 102.069(2) 102.048 0(10)
105.712(2) 105.839(4) 105.769 0(10)  105.707(2)
90.363(2) 90.421(4) 90.434(2) 90.473(2)
1.795 4(3) 1.770 2(9) 1.774 5(3) 1.773 1(4)

2 2 2 2

1.796 1.824 1.827 1.837

1.942 2.094 2.201 2.463

958 960 962 966

0.014 1 0.021 9 0.020 7 0.030 0
1.186 0.953 1.091 1.084

0.020 2 0.032 0 0.033 4 0.038 3
0.058 8 0.107 9 0.103 5 0.113 7
0.021 6 0.034 6 0.038 2 0.039 3
0.061 1 0.114 9 0.1115 0.115 6

*R=NEAFIE); P wR=[[w(F2=F 2 hw(F2?
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2.1 EREREYHSEHREIR
211 BALREW 1 SR

BCEY 1 A iR)E T =Rt R, SR PL,
ERAY 1 ST | A 24 Ce*,6 4 LAd
2 A phen, MBI EE #] 1a s AW
11 Cel F Ce2 B2 9 MY, B 14> —1F
AR U R b iy 7 AL A B LR
1y R B AT i B (Cel:016,016A,017,019,020,
022 Ml 023;Ce2:014,018,021,034,035,032A,,
034A) 73 5h 2 A AL s H K A T ECAK phen (9 %05
F-(Cel ;N8 Fl1 N9;Ce2:N12 Fl N13) i 45, 7EBL AW
Hh LA DL A B E A 2 (1) 1 MR ESR T =14
EEAMEREA R 2 4 Ce* BT 52) 73 1 MREER
FHEARCOT B I B AL 35 45 2 4> Ce™ BT, Ce-O MK

T8 /& 0.235 5~0.282 2 nm, £ 0CeO #1975 Bl h
65.85°~108.96°, 1fif HLECAH 1 FC AR ARG R 5K |
SIRE A EAE ALY Ce™ B TRk B
B 1D FEARZE R (B 1b), E5E L AHAB I CerCe Z
[] 9 B 2 0.403 5 1 0.564 5 nm,
2.1.2 BUALRAW 2~7 LR iR

S X B AT I A R TSR G
2~7 SRR ) T AR R A R PL, BTL
HE ARG 2 ML Ak, 7ERC &Y 2
HIAKTFRELTTH A 2 A4 Sm™, 6 A4 L ELfA, A 2 A4~
phen, WAl 2a Fi7R , Sm1*Hl Sm2* 2 4~ &5 134 /\
BCAL, B4 Sm* i 6 Ak A TEAK L iR 0 I
F(Sm1:03,033,031,027A,09;Sm2:08,012,028,
029,030 F1 034A) L4 K2 2 4> 1,10-4BIEME 0k 19 N i
F(Sm1:N11 Fl N12;Sm2:N4 F1 N5)ZH B, Be {4 (12
FEHRR T ORI 2 A4 s r B A X L
B Sm BT 1 ANHLER I =+ ik fy A Hod
Sm-O FY 5 0 il 2 0.235 83(17)~0.243 34(17) nm;
Sm-N B #K T FEJE 0.261 8(2)~0.262 9(2) nm, B+

Thermal ellipsoids were drawn at the 30% level; Symmetry code: A: —x+2, —y+1, —z+1
B 1 (a) FCAZREGW 1T Ce MICAI ARG, (b) 1 19— 4EREIR S5 1y

Fig.1 (a) Coordination environment of Ce in complex 1; (b) 1D chain structure of complex 1
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Thermal ellipsoids were drawn at the 30% level; Symmetry code: A —x+1, —y+1, —z+1

K2 (a) FCAZR G 2 1 Sm IR ALFREE; (b) 2

B — AR S5 1

Fig.2 (a) Coordination environment of Sm in complex 2; (b) 1D chain structure of complex 2

F Sm-0 MK, Sm B Fl Bk L LRI O
SR A1 A —EESS R, W& 2b TR, Sm-
Sm AYHE M 0.458 F10.595 nm,
22 HEHT TG

TE 25 2| 800 CIEE N, XF 1 #4717 #5347
WEE 1 R, 858 330 CAEARESRTT RIS | £
600 CHF &40, KA AEIEIL, KERH
80.69% (LI (A 82.79%) , FIA YN Ce,0;.

H T R A 2~7 S R i LUAA R 23 #

SERIEAT Y I AT AW o A R, X

HHEAY 2 1 TG #h 8k i BH X JFL AL R & W1
A, WME PR, A 2 1 TG Mk B
N BEE IR R A 2 B 310 cAEA I,
BHESR I 46 40 M, 51 710 CCRF 43 o il | 2k TR
1 79.7%(HAH 81.9%) , TRV Sm0;, P 43 Hr

TR R AW 1~7 HA B et
23 WHSH

EERT e TR REY 2,3,5,7 BE K
9t B3 RERAY 2,3,5,7 WHOGERE, 1F 450
nm IR T, BEAEW 24 4 MRS, 20h
559,591,621 11 696 nm, 5 1% % §F 1% 559 nm 4b
XF R R SmIDES T (1 FFE 4Gsy—H 5, BRAT L B9 19 &
FHIETE 591,621 A1 696 nm Ak (4 7T LA PR A Sml)
BT 4Gl 12+ G5y Hop, *Gs—H 1, R BR
ﬁ[m}o

B A9 3 7E UK R 394 nm (930K OG0 &

T, 5% 3 7€ 550~690 nm BN 1Y & 561 1
HWTE 591 612,618,650 F1 690 nm &b 45 5 ASF#AIE
KT AR JE T Eu B 1 SD—'F, SDy—F,
SD—"Fy 1 SD—"F, Bk, Hodr i i (1 BRFE  SDy—
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Fy, SR R AW KL 5Dy F, BRAT (H A A BR
i) He SDy—F, BRI (G 8  BR AT B 754 22 | R 5 L ok
ICD—"F)ICD—"F)=1.86 , % B Eu 1Y L {37 #1558 &
JEXFFR fom i 5 IR A — 3, 7E 612 nm 11
FRSER 14 618 nm WIJE g, ke &4 T 5o
MR, T 2 A, JEPUR EuE TR E
(jAO BB J T I RS, £ IR E R | J e gn]
RES A2 3 2L D MM <2j+1), 1K
B 2 R BC & W AR V8 T R TR] AN )02

FEPE AR 440 nm BE T, ELAY) 5 MRk
SHETE 544 nm, AJE T Th*1) SD,—7F, BRiT | i H &
B AR A s Z A 20, HAB I & A 616,585
A1 620 nm 53514 J& F Th* & ¥ D, —F,,’D—"F, Fil
SDTF; BERIEOS FEA Y 7 B BRI LL A0 50,
WOR WK S 374 nm B | BUOL R AW 7 W IR K 5T
WELE 1 500 nm 4k, ATREZ A F EX B T 15—
B2 (i) BT (T 5 Y BRI 0417
2.4 WS

£ 2~300 K 1 1 kOe #5758 & F W& T B A

Y4 AR IREEALER ) IR H T X T Sy X T 4E
B WE 4 frs, 7E 300 K B oy, T 8 5.55 em?
mol ™K, 53N 38, WA AW G & TS
i 7.87 em® -mol ™ -K A FL &M B 25 IR ) %
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Fig.4 Plots of yyT vs T and yy™ vs T for 4
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WIAF A Curie-Weiss A, FFrIR i €=5.34 cm®-
mol - K Ml 9=-5.26 K, #h ] Gd* & T Z [ (Gd---Gd
FE 25 0.456 78 F1 0.592 83 nm) 17 7E Bk 4 A6 B.AF
.

3 & it

TER AR 1, 4- R 525 FHRR AN 1,10-45
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Supporting information is available at http://www.wjhxxb.
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