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LRI 45 B LA Y 4 JRAE S 5 R B 4 AR LS % B R RN . X T RS 2 4 4 R
BB KRR IR S e AN, U R LA R L R A R A R, A
TEEBRRE . AR WA TR LIRS G B TR T — A HA & P80 AR e
P4 B A HIESAL 5

1 SR

1.1 {UEFFKF
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TIEAHE o P AR EURE A ) SRS TR T A A A (R A 2 1 [ R R O
TESSH R IR BN SE A g ATt B2 Olex2 $RALAYIEITE AL P A 78 . 659 1 F1 2 5 CCDC
2435 1551677 F1 1551678,

KA HAEL(GACL, -6H,0) 77K 5 AL (DyCl, -6H, 0) FlES AL 2 R ¥ AL 5T i LR 2 7
Wa3K 5 LI Z N NaOH (37 % (i £ W2 151 DA ] 24 42 A Ak 2 300 A R 2 w1 3 o i A 3300 38k v B 0 i
afi i FHETY AR #E— 2P alift
1.2 XWHZE
L.2.1 fesspask HEWILGd, (OH), (HOCH,CO00) (H,0),]-Cly-3H,01, (1) i5 Jil: ¥
0.185 g GdCl, -6H,0(0. 5 mmol) F1 0. 038 g ¥ Z, /% (0. 5 mmol) A 6 mL Z i .4 mL ZJEF1 2 mL 2=
BFKBIR AR, W RBEFE 30 ~ 60 min J5, ¥R G YEIA 25 mL FEPUH LA K AN 4, D
65 C/h#Z TR % 160 °C, I-HE 2880 min, Z J5 L)k 4.3 C/h MR 2 = B =P AR ig
Rpef B E R AR (1) o 2R 50% , LRI LRITE . TR oW L5 E (B {E) /% : C 9.01
(9.05) ,H2.03(2.09) , ZBFETHMEGEWE (KBr JEF) ,0/cm ™' ;3413 (s),1592(s) , 1458 (s),1426(s) ,
1373(s) ,1317(s) ,1275(s) ,1075(s) ,1008 (m) ,927(s) ,867(w) ,837(m) ,781 (m) ,709(w) ,693(m) ,
584(m) ,547(m) .

591 [ Dy, (OH) s (HOCH,CO00) ¢ (H,0),] - Cls-3H,01, (2) A& B : P 195 8 SR Mk &
P 1—3AUZHF GACL, -6H,0 4y DyCly -6H,0, 7385 % , IRHE CIRITHE . TR Hr L s (e (3
WIH) /% :C 8.92(8.90) ,H 2.04(2.05) , #/ 4T AMNFFAEIE (KBr JE ) ,0/cm ™' ;3413 (s),1592(s),
1458 (s) ,1426(s) ,1373(s) ,1317(s) ,1275(s) ,1075(s) ,1008 (m) ,927(s) ,867 (w) ,837(m) ,781 (m),
709(w),693(m) ,584(m) ,547(m) ,
1.2.2 s RAr4Eme PGP 1 2(4% 0.050 g) 735l AE pH =1 fYERAR (3 mL) \pH =14 ()
NaOH ¥ (3 mL) #1100 CHYZE 77K (3 mL) 1,12 h J5 , 38 B AR A 5 e ik HoAR e

2 HPRHINE

2.1 BREBEN

&Y 1R 2 @R R, BELME G W) 1 R B AT 450 g b G0 1R T75 5 din &, 25 B 3
P6,/m, 73550 | [ Gd, (OH){(HOCH,CO0) 4 (H,0),]-Cls-3H,01, (n Jg 5%, BOICT5 K) , WS %
Fa=b=1.21189 nm,c =1. 81058 nm, V =2.30290 nm’ (a.b.c 533K M H 3 AN, V R 5 4
B o G5 AT B AL A 1 e B -E R - B A SRR EC AR LR . WE 1A B, 7 A Gd* T Al
8 s -OH LT — AT BT Iy Be 5 BT Gd, (OH) ¢ 1°° o S 81 AN ST ot 45 4 B 0 40 5
W4~ JC JF 1) HOCH, COO™ #% % #%, J& B [ Gd, (HOCH,C00),(OH), ]"" B £ ¥ 5T, AH 48

B A1 L L BA RIT (A) TS o S =4E454 (B)
Fig.1 {Gd,(OH){(HOCH,CO0),} unit(A) and 3D structure(B) of compound 1 along c-axis
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K2 Abaw LTS o BERUS 1 =48 R 45 454

Fig.2 3D network of compound 1 along c-axis
[ Gd, (HOCH,CO00), (OH) ] * A1 803 i 35 5 S FRAHIE TE I = e 454 , G &l 1B iR 5 4~ CL 1B 2H
ST TAEE T S AERESR A FLIE P o AR R SR A AN 1 Gd* T Horp Gd1 RIS 3 A
BRI CIR FIREL  — B CIR EIREE 1 AN ERFRAR E% O F1 3 A s -OH ™ BEATE N Z miA 4 5,
1M Gd2 & LULBES AL 1720 3 MRIRAR /Y O 16 A s -OH ~ FLA7JE 1 PO A4 Y . Gd—O i
KFE 0. 2326 ~0. 2528 nm @ [FE N, Gd—O0—Gd 8 ff o 101. 4 ~113.5°, Gd++-Gd Z [A] FE & 4 0. 3420 ~
0. 3859 nm,

®1 Lawm1 2 mRERER
Table 1 Crystal data for compounds 1 and 2

Complex Compound 1 Compound 2
Formula C6Hy, Cls Gd; 04 Cy6Hy, Cls Dy, O34
Formula mass 2122.51 2159.26
/K 173 173
Crystal system hexagonal hexagonal
Space group P6;/m P6;/m
a/nm 1.211 89 (4) 1.20392 (5)
b/nm 1.21189 (4) 12.0392 (5)
¢/nm 1.81058 (9) 1.79034 (8)
V/nm? 2.30290 (16) 2.24730 (16)
A 2 2
D./(grem™3) 3.061 3.191
w/mm ! 10.329 64.800
Data/parameters 1398/116 1230/116
26/(°) 5.94 ~50.48 8.48 ~124.24
Observed reflections 1257 1106
F(000) 1954 1950.0
GOF 1.189 1.175
R [I>20(1)]* 0.0327 0.0374
wR, (All data)® 0.0822 0.0924

a.R =Y | F,) = 1F, || /3 1Fol; b.wRy ={ X [w(F>=F*)2]/Y[w(F2)*]} V2.

2.2 MRITEERITIE

R JH PXRD XPBAAE S AT A AL . 401 3 Fr7R, £ pH = 1 9 HCLIE R . pH = 14 ) NaOH /K%
/100 CoK LR RS 5 A HLEGI iR 12 h )5, (a9 1(181 34 .3C) fea¥ 2(181 3B .3D) SR 4
FARZERIUS B XRD KB As— 2. A RHIEAT TSI ALl JREK LUBOF AR B AE a3 PR 5 i 7Y, EL
AR IH RLAF o L3R W1 2 R IR B K TR LS 23 1 R B 79 P RE A AR A7 A, HAT SR 1Y
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FeI&
Fig.3 PXRD and fitting curves of compounds 1(A4,C) and 2(B,D) after treatment in HCI(pH =1) , NaOH(pH =
14) and boiling water and conventional organic solvent

A,B:a. experiment after HCI(pH =1) ; b. experiment after NaOH(pH =14) ; c. simulated; d. experiment after H, O (100 °C)

C,D:a. experiment after MeCN; b. experiment after EtOH; c¢. experiment after MeOH ; d. simulated

2.3 MEHH

G 1R 2 FE25S0UR T YR th 4 an &l 4 i 100
ARG 1 2 R G LR AR A, 3 A
IKIFFAE 250 CNB R X, KBS0 2. 48% F 90
2.44% , 5P S (H 2.23% Fl 2.85% A — F,
250 ~300 CZ[EfbLEY 1 F 2 435 &k 2 3 4
Bk F o MR EE T2 400 C, BRI 4 R % compound 2
W43 fifk 400 °C 2Z 5 PGS 6 5 10 1) R A HE B2 528 ¥ B 70f
fift, ELZ 800 C b5 1 M2 s fifoe &, TR AL
¥ Gd,0,F1 Dy, 0,43 5iI2H 62. 0% F163. 1% , 605 T 50

80 compound 1

Mass / %

1
600 800

2.4 @éi'ﬁ)ﬁ Temperature / °C
TEWREE (T) YE A 2 ~300 K F11000 Oe (14 K4 Aeaw 12 el
BT AL S 1 12 £ ke R % Fig.4 TG curves of compounds 1 and 2

ASIRREALSE Oy ) MRS SANE] SA F1SB s o fEE IR T AEW 1M 2 B2 REEIL 3505 h 55. 54 Fil
99. 04 cm’ - K/mol ,4ZiE T 7 MARFEAG ) G B0 AS IR L AL 3 55. 12 em’ - K/mol (Gd*T: S =7:2,g =2)
T AARHEE W DY’ B T I ARIRREL 3R 99. 17 em® - K/mol (Dy**:S =15:2,2 =4/3) . X FAEW 1,1
50 ~300 K J5 6 FE N o T EHZ R FREE 50. 44 em® - K/mol ,50 K 22 J5 il R[4, 76 2 K BFE 2 i /ME
30.30 em® - K/mol, b4 2 BA FLG ) 1 A8 ) ka4 0028 TR Ak 2 ih 22, HLAE 50 ~300 K i [ A
T ETR RS R R, 2 SIR /N T 50 K By, T 3G R, 76 2 K B AS1IR/ME 58. 59 em’ -K/mol, {64
Yy 1A 2 B AL TR REA SR 2 LA b B T AR SR AR B o 7 2 ~ 300 K B2 Bl P, AR S



1090

I

$ 34 %

H-AMYE A MG 1R 2 19y, -T ITZHATHLE B2 E W 1 F1 2 i Jm - 80 5o« C =
55.71 em’+K/mol 0 = —-4.34 K;C =99.21 e¢m’-K/mol,0 = —5.27 K, 719 Ja B -S4 5 0 (it —
VL TR 1 AN 2 RAETE SR BEAR EAE R AL B 1 N 2 72 2 K 8,283 (H R a3 3% 58, ) w4
fbsg e & 5C M5D fbE9 1 752 K A1 7 T B REALTEFE (M) hy 44. 84 N, (Nl Avogadro ##4(,
Wy A Bohr ) , 55 TR ANRLALSRIE 49 Ny, MALEW 2 762 KT T A9 #EALSRE N 38. 07 Ny,

AN T AN AR EE 70 Ny, O T Dy” " 2511145 ] 5P 98010
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Fig.5 Plots of temperature dependence of yy T and y, _, for compound 1(A) and 2(B) under 1000 Oe d, field
between 2 ~300 K; magnetization versus H/T for compound 1(C) and 2(D) at 2 K and indicated fields

FATEAY 1 HEAT TR . I T 1A 2 ~ 10 K2 B A A8 I 42 7 1A il f i
JE (I 64) R4 Maxwell AR :AS,, .y =) [oM(T,H)/0T ] dH" . ATAFEMEAY 1 ARG ILAE AS,, o
W& 6B PR AEMIRTERIN LS 1 IR - AS, (520 44.4 1/ (kg-K) (T=3 K,AH =7 T) , SEHiti#

50
A
40 ==
=
= 30F 20K
3 —— 25K
< —a— 30K
= 20k —— 35K
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i —— 80K
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L L L L 'l 'l 'l L
0 1 2 4 5 6 7
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B

K6 LG 1 ML TR A Ao B M2k (A) ARG A2 thh £k (B)

Fig. 6 Field dependence of the magnetization plots for compound 1 at the indicated temperatures(A) ; AS,, calculated

by using the magnetization data at various fields and temperatures(B)
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4w S AR L, oA BORAIRERI AL , (B 1 /N T BT 5AH 61. 29 1/ (kg K) o BIRTHR (I T
T APRSLI Gd™* @ A5 AS, (T) =nRIn (28 +1) =7RIn (8) = 14. 6R(Hrh R MBI UREHGS H
SIRBE T IR AEM) B R LA/ N TR, AT AL T AW 1 RO AR 500

T Dy’ B B BRI RE A5 1] e, AT DAL &) 2 94T 1 3T A e s, MR AE 2 ~ 10 K
TWHIN SN E,3 Oe S0 FHEATHY . W7 Fion A6 G 2 RS mEAL R RETE (x") B T
W] A O, DAL 5 2 LA g s BRI . 7EA1MIN 2000 Oe ELIRGTLL T LG 2 &2
TG AR M TR A TG 5 KT BAT e (DL A LB ST, RIS 3040 ) FL 1 B o o,y T
TR 2 R AR SR R A A R R AR R Hh BRI, 1R AR 19 8 RE 42 R TR s ) A B i i Bl A2 JE 2%
YAV R

30 0.6
A —— [ H B —=— | Hz
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Fig.7 Temperature dependence of the in-phase Y’ (A) and out-of phase y"(B) ac susceptibilities at the indicated

frequencies with d_ =0 Oe for compound 2
- N
3 45

ARICR S SR BE R Ao 7 5 Ak JE 45 11 WA LA A [ 44 114 e 7 2 < T A LA
2, PR SRTAS A RT A S LA 2 D Ry, SR ph - R RV DT A, LR SRR A eIk a4
FET L) = e R A HURESE . B AR AT 45 RAEW] 1% LR B R A MUE 2R HAT A i i f v A
P, RIS R A PRERL AR I RO WL o BEPEDTFE R AL G 1 BA BOR RGN, 76 3 K
T T ML 44. 4 1/ (kg K) .
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Synthesis, Structure, Magnetic Properties of Lanthanide
Cluster-Based Metal-Organic Frameworks

ZHENG Xiuying, KONG Xiangjian® , LONG Lasheng* , ZHENG Lansun
( Collaborative Innovation Center of Chemisiry for Energy Materials ,State Key Laboratory of
Physical Chemistry of Solid Surfaces and Department of Chemistry , College of Chemistry
and Chemical Engineering, Xiamen University , Xiamen , Fujian 361005 , China)

Abstract Two lanthanide cluster-based metal-organic frameworks of { [ Gd,(OH),( HOCH,COO),(H,0),]
+Cls+3H,0!},(Ln=Gd(1), Dy(2)) were obtained by solvothermal reaction. The magnetic studies indicate
that compound 1 exhibits a large magnetocalotic effect( MCE) values of 44.4 J/(kg-K) at2 K and AH=7 T
and compound 2 displays obvious frequency dependence( H,, =0) which suggests that compound 2 shows slow
relaxation. In addition, the results of powder diffraction reveals that compounds 1 and 2 display very high
chemical stability, which can be stable in acid/base solution of pH =1 ~ 14 and boiling water. These results
indicate that the lanthanide cluster-based metal-organic frameworks have the potential application in the low-
temperature refrigeration.

Keywords lanthanide organic-metal frameworks; magnetocalotic effect; frequency dependence; chemical

stability
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