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ABSTRACT

In this dissertation, five new Ln(IlI)-Cu(Il} complexes containing
2,6-pyridinedicarboxylic acid or Iminodiacetic acid have been synthesized under
hydrothermal conditions at 140°C. All these complexes were characterized by X-ray,
chemical analysis, infrared spectra and TG In addition, magnetic properties of
compounds 1 and 4 have also been analyzed. This dissertation is divided into four
chapters as following:

In chapter 1, the concepts, methods and histories of coordination polymers
containing polycarboxylic acid are concisely introduced, as well as the cutrent survey,
research significance and the results.

In chapter 2, three coordination polymers constructed with rigid
2,6-pyridinedicarboxylic acid (H2pydc) and the lanthanide(I1I) as well as copper (1) ions
by controlling pH value under hydrothermal conditions have been described.
Single-crystal X-ray diffractions of complexes 1-3 show that they are isomorphous with 1
D infinite chain. The magnetic property of compound 1 was characterized.

In chapter 3, synthesis of two coordination polymers with flexible iminodiacetic acid
(H;1dad) and Sm(III) as well as Cu(ll} ions are described. The compounds 4 and 5 are
isomorphous, nanoporous 3D open framework Cu(IT)-Ln(11I) coordination polymers with
high thermal stability. Temperature-dependent magnetic susceptibilities of the
coordination polymer 5 were studied.

In chapter 4, the tesults reveal that: 1) The structures of 3d(Cu™)-4f coordination
polymers containing 2,6-pyridinedicarboxylic acid or iminodiacetic acid have been
affected by the rigidity/flexibility of polycarboxylic acid in the experimental condition of
this thesis; 2) We have further found that structures of 3d(Cu")-4f coordination polymers
are correlated with the pH value and temperature of the reaction system.

Key words: Lanthanide-copper, 2,6-pyridinedicarboxylic acid (H;pyde), iminodiacetic
acid (H;Idad), Synthesis and Characterization, Crystal Structures
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2. 1 55

AFASHLEBATL™ YT AEBNELH(G-13), KE/LAHR LH
gAY, RERENREEYE, ARG L-JEEEESYRANFRLE
SRBETCHONRLEMEDE FEREMHTHTREANBRFHREZ—
US%), @ ERNmt— RS ENFRINGEE, EERT AR 3d-4f fiid
REAWERETS, 2, R - FREAHTHTFHSE N BT, X8H O
BF, BRENGTER 34 ZEERRMNREY. A—HE, HT 2, 6-At0
“HREENRA RN, SRR ERER, AREBRBIENRE.
R, @, . EFFAAARHENANMENRT R =4 RK-FH
ERZEHESY. RETER, IMEFXT 2, -t _FRAKBLERSTE
SR (83 Mn, Co,Ni, Zn %) HWRAERENEEWORENILH,. HE 2, 6-ntm
“RMNAL SR SHETHREE S LRE.

FETENAE IR 2, 6-0E Z P B(Hpydo) 5FRINB L ERE T
WAL ESREE FOVERAEGETERT 3 A SEREN-SEER
E&¥: [{LnyCuylpydc)s(Hr0)s}-18H,0], (Ln = La (1); Pr(2); Nd(3)).

2. 2 EH5E
2.2.1 HLERH
#& £ 4 &
2,6-4% — P B AR 235
La, 05 cp E#
Pr;04 cP B #

B#
CuO AR B %

=

Nd;O,
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222 KRS
EeiBE B EFIEK
EFEF BSNOS AEESFNE
BAomBEEE 79-1 ENE R BARAT
EER CKW-1100 Ey 851 E-ERAVE 3
EARRT RS 101 ARAXNAT
7. k274X (CHNS-0) FlashEA 1112 %[ Thermo Electron
A AW Bruker Wquinox-55 4% B Bruker
HERRMNEZ S MPMS XL-7 % 5 Quantum Design
¥ BTRR Bruker ApexIl % 5 Bruker

2. 3 fhEWHtl%

% 0.25mmol LnyO3+ 0.5mmol CuO+ 1.0 mmol Hzpyde. 20ml H,0 & 1 molL
LB HEH HBH pH=5.6-59 BT 25ml MENFZHEANBHRNEP,
BRANEEEFEREENRET, £ 60 TAKPENEEAZT 140°C, ER
72 /pf, BEE 24 PRAKEREZEREEHE.

2.3.1 BE&Y [{LayCuy(pydc)s(H20)s) -18H,0) (1)

MAREEFBHKBRESARRAEEG, mEAH 63%. LERN
CseHsoNsOssCwiLaze TTEMHT(%) (FESHAHEE): C, 29.08 (28.90); N, 4.50
(4.82); H, 3.61 (3.44). LL5h 1% (KBr JEH) : v = 3452:0(s), 3224.0 (s), 1628.1 (vs),
1576.0 (vs), 1454.2 (m),1407.7 (vs), 1322.4 (m), 1115.5 (m), 1030.2 (m), 947(m),
728.3 (m),540.1 (m) cm™'.

232 AW [{Pr:Cuspyde)s(H20%!) -18H,0] (2)
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i, BRALX, AEAIBREEGE, AN 36 %. LELH
CssHgpoNsOssCuglay, TTEA(%) FESANHHEE): C, 2021 (20.57); N, 5.64
(6.00);H, 3.29 (3.00). ZL4Fti% (KBr EH): v=3407 (br, vs), 3094 (s), 1621 (vs),
1585 (vs), 1434 (s), 1385(vs), 1280 (s), 1185 (m), 1084 (m), 771 (m), 732 (m), 689 (s),
593 (m) 443 {m) cm™,

233 ESY [{Nd,Cupydc)s(H:0)s}-18H;0] (3)

. BERRTEEATERER, —BEAREGRK, mEHN 26 %.
R CsHeoNsOssCuyNdy LR A H1(%) (355 W A HE{H): C, 28.68 (28.79); N,
4.66 (4.80);H, 3.58 (3.43). ZLAHILi% (KBrEH): v=3407 (br, vs), 3094 (s), 1621
(vs), 1585 (vs), 1434 (s), 1385(vs), 1280 (s), 1185 (m), 1084 (m), 771 (m), 732 (m),
689 (s), 593 (m) 443 (m) cm’.

2. 4 RESGHNE

AEFHRBNZAREREY 1, 2, 3 HERME AKEHRE Bruker
Apexll CCD FH#RBI L. KHEAENMILE, H AB REEENSL
L, REEFHHEL. EZREVBKMEET, MMoKa)=0.71073A, AH S
BER, U 020 MEESHEERE. BEQLRER SANT BFE"R), B
WekX IE (£ SADABS B2, 2R BHE RANHCRBRE, FdREs
RBAE. FTE K& REREIRT A SHELXYT BAAPIRER, HEEER
ERTHERL, REMEEMLHEIRESBIAET S5, ARERTRIR0E
RITEmMA, ENEEFNEEE LM BP ki, AR RENERETRE.

KPR =Z | Fold FeVZ | Foly wRe = [Z [w (F-FORVE w (Fnl'?, w =
U[S™(Fo)’ + (0.1(max(0, F.}) + 2F2)3)'}

ENMEMESY L2, 3 NEARREKEEIBAIER 2.1 8 23 294, FEfpR KR
fFlfE& 24 B 2.5 2,
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% 2-1.Crystallographic data and data coliection parameters for complex 1

Complex 1

Molecular formula CssH74CusLa;NgOss
Molecular weight 2319.21

Color and habit deep blue block
Crystal system Monoclinic

Space group C2/e

a(A) 21.060(4)

b(A) 17.305(3)

c(A) 15.150(3)

B 131.239(2)

V(AY 4151.8(13)

VA 2

p(cald.) (mg m?) 1.855

o (m") 2.132

F(000) 2320

Crystal size (mm) 0.30x0.25x0.18
Brange for data collection (°) 2.35t027.54

h/k/l (max, min) -27,25/-22,17/-17,19
Reflections collected 8126

Independent reflections 4197 [R (int) = 0.0215]
Refinement method Full-matrix least-squares on F*
Data/restraints/parameters 4796/13/291
Goodness-of-fit on F° 1.071

Final R1*,wR2 ® indices [ /> 20 (1)) 0.0413, 0.1128
R1,wR2 indices (all data) 0.0503,0.1185

Largest diff. Peak and hole (¢ A7) 0.965/-0.854

*R=2||F|-iF15|F,|.

bR = [ S| 12 L F, | PP, D", w= W[ G(F 21HO.076TPY+0.0000P]
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# 2-2.Crystallographic data and data coliection parameters for compound 2

Complex 2

Molecular formula CeeHagCusPraNgOsg
Molecular weight 2323.20

Color and habit blue block

Crystal system Monoclinic

Space group Cl/e

a(A) 21.008(4)

b(A) 17.104(3)

c(A) 15.041(3)

B0 131.081(3)

V(A% 4073.9(13)

z 2

p{cald.) (mg m?) 1.894

u(m?) 2.320

F(000) 2328

Crystal size (mm) 0.38 x 0.26 x 0.12
@range for data collection (°) 1.81t027.74

h/k/I (max, min) 25,25/ 21,12/-19,13
Reflections collected 6372

Independent reflections 3708 [R (int) = 0.0220]
Refinement method Full-matrix least-squares on F*
Data/restraints/parameters 4438/13/291
Goodness-of-fit on F° 1.037

Final R1*,wR2 ® indices [ > 20(])) 0.0439, 0.1188
R1,wR2 indices (all data) 0.0528, 0.1246

Largest diff. Peak and hole (¢ A ) 0.948/-0.706

r=zilFl-IFls|F,).

bR = Iw( | F, |2 ) F PR F PP w= MH(F D 8.0719PP+ 43531P) P=(F,A + 2 F. 3.
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# 2-3.Crystallographic data and data collection parameters for compound 3

Complex 3

Molecular formula CssH3oCuyNd;zN3Oss
Molecular weight 2329.87

Color and habit blue and prism
Crystal system Monoclinic

Space group Cle

a{A) 21.100(3)

b(A) 17.236(3)

c(A) 15.208(2)

B 131.301(2)

V(A% 4155.2(11)

z 2

p(cald) (mg m™) 1.862

u(m™") 2.351

F(000) 2332

Crystal size (mm) 0.30 % 0.25 x 0.08
Grange for data collection (°} 2.36 t0 27.59

h/&/1 (max, min) -27,25/-22,17/-17,19
Reflections collected 7026

Independent reflections 4796 [R (int) = 0.0257]
Refinement method Full-matrix least-squares on P
Data/restraints/parameters 4438/20/317
Goodness-of-fit on F* 1.079

Final R1°,wR2 ® indices [ 1> 20 (J)] 0.0382, 0.1169
R1,wR2 indices (all data) 0.0434, 0.1207

Largest diff. Peak and hote (¢ A™) 0.823/-0.733

S EPARVARYAVIVAR

bwi = [ Ew( | F, |- F 2P Em(F 2. w= V[ (F,2y+{ D.0BISPY:+ 4.8577P) P= (F,2 + 2 F2)3.
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1

Cui-O1 2.223(18) 05-Cul -Oi 90.4(7) 09-Lal-O8b 76.3(T
Cui-02 2.26%(19) 05-Cul-01 94.1(7) 08b-Lal-Q8c 78.9(9)
Cul-03 2.109(16) 01-Cul-06 89.5(7) O8c-Lal-09 75.6(7)
Cul-06 2.141(16) 06-Cul-02 96.1(7) 07-1a1-07a 80.8(8)
Cul-Nl 1.95(2) N2-Cul-0O1 106.1(T) 07a-Lal-010a  75.2(6)
Cul-N2 1.930(18) N2-Cul-05 79.2(1 010a-Lal-O7 73.9(6)
Lal-07 2.501(15) N2-C1-06 78.2(7) 09-Lal-07 71.3(6)
Lal-08 2.465(17) N2-Cul-02 99.7(7T) O8c-Lal-010a  144.6(6)
Lal-09 2.533(16) N1-Cul-01 T1.0(7) 08b-L21-07a  139.6(6)
Lal-010 2.527(1%) N1-Cul-05 100.3(7) O10-Lal-0%  117.5(6)

NI-Cul-06  10247) NicCule:N2e  176.8(8)
NI1-Cul-02 77.2(8)

2
Cul-01 2.211{19) 05-Cul-02 90.8(7) 09-Pr1-08b 76.0(7)
Cul-02 2.254(19) 05-Cul-01 93.6(7) O8b-Prl-O8c  79.5(9)
Cul-05 2.094(16) 01-Cul-06 90.1(7) 08¢c-Pr1-09 76.3(7)
Cul-06 2.125(17) 06-Cul-02 95.6(7) 07-Pr1-07a 81.1(8)
Cul-N1 1.94(2) N2-Cul-01  106.4(7) O7a-Prl-Ol10a  74.3(6)
Cul-N2 1.918(18) N2-Cul-05 79.3(7) 010a-Prl-07  73.5(7)
Prl-07 2.481(15) N2-C1-06 78.1(7) 09-Pr1-07 71.0(7)
Pr1-08 2.444(17) N2-Cul-02 99.4(8) 08c-Pr1-O10a  144.5(6)
Pr1-09 2.521(16) N1-Cul-O1 76.7(8) O8b-Pr1-O7a  139.2(6)
Pr1-010 2.518(18) NI-Cul-O5  1002(7) O10-Pri-09%  M7.6(7)

N1-Cul-06 102.5(7) Nle-Culec-N2e  176.%(8)

N1-Cul-02 77.5(8)

Symmetry transformation used to generate equivalent atoms: (a), (b) and (c) 1-x, y, 1/2-z.
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3
Cul-O1 2.205(12) 05-Cul-02 90.7(7) 09-Nd1-08b 75.9(6)
Cu1-02 2.257(14) 05-Cul-01 94.1(6) O8b-NdI-O8  77.1(8)
Cul-0S 2.113(13) 01-Cul-06 89.2(6) 08¢-Nd1-09 76.5(7)
Cul-06 2.146(14) 06-Cul-02 96.6(6) 07-Nd1-07a 81.5(7)
Cul-N1 1.92(2) N2-Cul-O1  105.3(6) 07a-Nd1-010a  74.0(5)
Cul-N2 1.923(13) N2-Cul-0$ 80.1(6) 010aNd1-0T  732(5)
Nd1-07 2471(13) N2-C1-06 77.9(6) 09-Nd1-07 70.8(5)
Nd1-08 2.441(12) N2-Cul-02 99.5(6) O8c-NdI-Ol0a  144.1(5)
Nd1-09 2.519(12) N1-Cul-O1 77.3(6) O8b-NdI1-O7a  138.9(5)
Nd1-010 2.515(13) NICul-05  101.0(6) 010-Nd1-0%  117.9(5)

N1-Cul-O6 102.8(6) Nlc-CuleN2e 177.4(7)
N1-Cul-02 1187

Symmetry transformation used to generate equivalent atoms: (a), (b) and (c) 1-x, y, 1/2-z.
#2-6 RUREYWINAXLRERGRE

D-H-A D-H H-A DA ZDH-A
O2w-H2wB--01 0.361 2.073 2.739 125.41
O10-HI10A-O2w 0823 2.045 2.865 177.49

O2w-H2wA--Olw 0.827 2.168 2.348 139.46
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2. 5 Z£R51

2.5.1 ESUNEHK

EAYW 1, 2, 3 RESHLELY. 2, cHE_FESHEARER _MEL
# 140°C KAEH T REBEIN. R 2, MR _PRE=HNELHL).
THEHBCORSYEERBHRME AT, Bl AWREEN oH &, B3
MR—HEREOBENIAE. FRPNASRENESY. Bl TERXH
REMBAYONA, DAXAFERGREFROAMERFECRERS
X SR MANE SO EK, BAK#BENIEPES T — M RMEESN
o, FERBRATESMNEK. Hit, ROEFHERAEREERKZEARNE,
&3t # Ln,Os, CuO, Hypyde and H,O X PIFPBUEHERBE/R b 1:2:4:300 B &
140°C T ARKARMBHT=ABHESY 1, 2, 3, FBATRREHET
BRAE .

2.5 2 &V RBERNiR

2. 5. 2. 1 [{La,Cuy(pydc)s(H,0)s} - 18H,0] (1) H3

B & Y[ {La;Cuy(pydc)s(H,0)} - 18H,01 (NGB TFRARR, THIER
Clc. WHE 2-1 B, RAREHERLEY 1 ER—EBREH, HHBNESR
BT R—ATAE, NERAMFEANTASNNFED L RFED Co, Tlian
SHRHIA 2,6-0t — RMEFER, K (PHENER L™ -Cul P OE
BB 2 6.130A(H 2-1). M&R Cu?' P LEAMFE ARG pyd PR~
RU—MREFN #N)Rk AFRRARETHH MR TFO2. 05 01, 06)
H=h AR GRE TR, HEANUMBENAAEESR, ER—A T BEFF
OO RTXEMNESKRMRX TR Y 81.0°. XHEPLER COHETFHR
¥ 6, RAENBEAHRAILA (B 22) . HFFEA N BTN M N)RE
MREAE, FHREK Cu-N b 1.939A, &% N1-Lal-N2 % 176.46°, 1iT-FIH)
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R2% WERAK2 LR-TRBLNERELRE DN ERIRAE

Cu-O @K 2.180A (FIEBHREKAEA LK 2-9). B pyd? RAKEIMRE
FB T U4 0 BF(02. 05, Ol, OSBRI S, HHOT B
09)7 HIFESMFE A L™ B FRAL, MTIMHANAK Cu-La-Cu-La BRI,
BEHTHRNMEFO, I ONRAAEAEBREERL. MBIyl
# 0-H-O B =B R R SR LRk,

M 22E&Y 1 PR Cu™ MAEHREILA
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MTFHL LSBT REANFA pyd EANNAMRERR T ST O
R, BAUAMRLABRNANKS T &8, BHEBL L ETFRERT —1M
i R XU = B R A AL (LA 2-3) .

B 23 &A% 1 P&R L RB =R AL

Mt mE 2-1 B, BE&Y 1 BATEERNAMEAFAT Culpydcy, B
BT La(H,0) MEIAART AHBETERL . AFAHTIA L™ KN ARHF
EHATH. 1D ERERTI-SERLREY, HS0HMNYAEARELAT
IJF K 49.8° La-O, Cu-N, Cu-O R34 K4 514 2.502, 1.939, 2.189A —3
F3omk EIREM TR~ ZEA Lo™, Cu Bl AR 4f-3d B S DHAR
R k=B, 25, BeW1+PBEN La-La, La-Cu, Cu-Cu Z BIKE
% 7.981,6.130 1 9.723 A.

HTRAKSF. SERKSTF. KRR 2, - _FRREARFUR
MR AKFE, AESY 1 PHEEEARNS FRISMHEERW. AR O--H-0,
n-nEEUER (R 2-6)%. Bl XEFHER, MEVPIN 1D XREERT AR
R (wave-like) BREH, #—L, HTZR O-H--0 (010--04 2.962A, X5
BAEDN: x,v,2-1/2; 0904 2.872A, XFRRAEA: x+1/2, y+1/2,2+1/2) )
BAFAT In i 25 (6] ) -t AR FE A (B R R P O RIBISE RS A 3.545A) AL
TARAHARRTH—RARLEH GLAAD: 0.46 nm x 1.86 nm), —HfLFAFPAT
F 1D BeRGEHMEMN (B2 . i BH cHIiMbEEEEET IDE
a0 E (FLATK/D: 0.66 nm x 1.26 om) (& 2-5) , JLiBESDEAK
SFRBRE EMERTFHERE.
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%2 MHEEA2N%

A AH 1D BEEMEEE

24 S 1 B, BE01H

FEH IDBENERRE

K25 & 1, wE00NF
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Pl KERLEM X e Mk

2.5, 2. 2 [{Pr2Cuy(pydc)s(H.0)s} -18H,0] (2)KI 4 ¥

K& {PrCu(pydc)s(H,0)} -18H,0] Q)M G R T # R &R, ZEFH
Cle, AKEY 1 M4 HURER—BRXRBREHNAE 2-6).

B 2-6 B A (Pr.Culpyde)s(H:0)) - 18H,0) M — B T REER LK
ERANERETEEREETHEREDER. o ERHHRRIRE
9, JFERE 1D HKEHN 3D REEH, K692 5REY ) FEf—&Z
PR B TRHRL P EFER EMEFTSIEN. FIEENREY 2 HRKA
RAWFIER 244 F.

2. 5. 2. 3 [ {Nd,Cuy(pydc)s(H:0)s) -18H,0] (3)1 4 ¥

B A {Nd:Cuy(pydec)s(H;0)) - 18H,0] M MBETRARR, THEA
Clle, ARG —HERER % “o” EREREHWE2L-T). LER
K&9R, MEFNEAPINRKARAKFIER2-SP.

@ e @ o @ O @

2-7 BAP[{N,Culpydc)s(H;0)} - 18H,0] (M1 — “o0” TRHBIREH

FERTH T HEENCHMER)
3



K28 MEEAKLMZ-VRAL-MIARAR S U SR LRE

2.5.3 AW 1[{La,Cupydc)(H,0)} - 18H 0] F RIE

EEES-IO0KTEEA, MER10k0AER T, KBS RBEEEN,
B2-SFT R BT AR A6 - TR i T-TH . I TR L L> B F RN, Mg

104 fm....(?.
0'000........
g o |
5 -
33
2§ .,
P
¢
024
\ n
004 IS SENENAEERNUBNRDE S

6 % W ®w W ™ W
K28 RAPIEIOH n-T (VE o I-T ()

AVIMESEHR, gSRERPCHICT BT RIBAEERN 2R,
BE2-8HT7R, 300KH, xuT40.852 emuK-Kmol®, LA RBMIN . HHE
FIRERC e 4k Fl Cu® RO 2B 4£0.907 emu K-Kmol 'R — £, XRAXE ST,
ATABHCH BT RIS ARBEERN, Ki#RMTER—ERET
P, Co-ColZ BIRIFERES.723 AR B . BEABEREMNEH TR, H Ml
AT K, E24K0 53R L FHE R B A (E1.091 emuK-Kmol' SR 5 N E B &R
R E tEHTR/D, 7ESKEf pTE 4 1.032 emu-K-Kmol™,

-

8
]

X, mollemu
g 3
ii

LN
-,

.8 8

Bl2.9 AS Y1 10kOeffI1/ - TH
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WE2-9FR, B/ - THERES-300KEFEAEFER- SN ERMm=CI(T-
&), AR 6= 6.069K, C =1.30790emu-K-mol”, X %WEAWIHFH R
T A,

MEEY2A3H TREAMAMHORD, WRERITREEEHIR.

2.5.4 5 11{La,Cuy(pydc)(H,0)! -18H,0) 1 A 58 2 HE 47

B TESYA3H FRENAN~SHRD, AN =ARaYNEHXER
ML, BYLARC & Y91 B FISR T #4 E £ H7(Thermogravimetric analyses (TGA))K i
—PEREIEFI-SREMREDNABEY.

KA1 8L 952°C KE, B 127°C KILKE 13.99%, K 18 MERKSD
THEBGERESN 13.95%). G ERFERAE, B 280°C RIFHXE, B 310°C
BH3ERE 554%, % 8 MEAAKSFHAR GRIREN 5.52%). FPRHKK
19.53%, HATESY 1 & 310°C K EFHEMKDF. RIGH 350°C HEAY
FHRs R, B 450°C Emk. BFARBZRREAENTE, HHIESERA
B, K3TH 127CHAREEEL, RHEMNSHASTFREROIREE, &
FAKFTRIGER, X— S REEDNRALSHTER.
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2. 6 BEUM

[75]

{76}

{7

{78]

(79

(80

(81]
(82)
[83]

D.M.J. Doble, C.H. Benison, AJ. Blake, D. Fenske, M.S. Jackson, R.D. Kay, W.-8. Li, M.
Schro™ der, Template Assembly of Metal Aggregates by Imino-Carboxylate Ligands,
Angew. Chem., Int. Ed. Engl. 1999, 38, 1915-1918.
Y.-C. Liang, R. Cao, W.-P. Su, M.-C. Hong, W.-). Zhang, Syntheses, Structures, and
Magnetic Properties of Two Gadolinium(III}-Copper(il) Coordination Polymers by a
Hydrothermal Reaction, dngew. Chem., Int. Ed. Engl. 2000, 39, 3304-3307.
L. 1. Lu, A. Mondal, B. Moulton, M.J. Zaworotko, Polygons and Faceted Polyhedra and
Nanoporous Networks , Angew. Chem., Int. Ed. Engl., 2001, 40, 2171-2174.
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PhA¥RALER R 4 ERX

FIF FMEGTISE_CRBT-HEBEN
REaMNS I REIE

3. 1 HiE

BT AARREHRBEAAEANILAL N 3D HH-SRELEAYR
RN A NHE AR AHER RN SN, TEENRMIEAER.
AT, BFLHSELSRESEE LR ZOARM, Wik, FERHR
£ XGKRILIAM ID A H-S BT A WHRES O 9%, R i e R
Bld S BAS, BRRHP BT 3046 REHN-SRELELY
BRSSO, EEAkE, FRRE. RIEREYN, FME 3d TESRA
HBEEREARI - HFHE, FEFES, BNBRELIRREHS N,
O. S ZHHMKRRINAET, RETTREAFLHER. BAER 304
REEN-SREARAVNAT. BETELS - SANTHEREELENR
BHA, 2 AR HHER. |

ETFRAGFIFROSRRS 2, 605 = TR 3d-4f REAH-SBA
HBEAMOHRTHORLM L, 3T Flt— S HH. AT EX— SR
THFETR, RITUTE T3 TR T EE = Z M 30-4f 2B H -2 REL
REVMTR. &SN HEL TR S TR MMl 5 FRINHE L
SRETF(Lo™ )Rl & RAE OO ERRNAREGFERT 2 P=480.
AH—ENKEESHNTH-SEEMNESY: [{LnCuo(ldad)s) -8H;0}, (Ln =
Sm (4); Gd(5)).

3. 2 W5

3.2.1 fLEFRN
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K3k SURAKEAE-IMBLIMERARERSY &R I RE

B ) 3 I 3
FRE-TH AR B
Sm;04 CP &%
Gd,0, cP B #
CuO AR & #

322 LRH
LR F yy EFIR
EFXYP BSOS AXES 28
mAmhHHE 79-1 EHE S BHRAT
B#ER CKW-1100 AEBBE LR AT
BT R 101 EAXAT
7t % 2 #{3 (CHNS-0) FlashEA 1112 %0 Thermo Electron
BENERE MOMS XL-7 % & Quantum Design
» B HTRL Bruker Apexll # 5] Bruker

3. 3 LAYNEIE

# 0.25 mmol LnyO3+ 0.5 mmol CuO. 1.0 mmo} Hzldad. 20 ml HyO & 1 moV/L
AL AR BB E R pH=5.6-59 BT 25 ml MENKZEREH RN ED,
BN HEREFEFRETHMED, £ 60 MoAHPENTRAE 140°C, iR
2/00, BE24PHHAREEEEREZR.

3.3.1 BLE&Y [{SmyCus(ldad)st -8H20]. (4)

MENEFBIKBREGORREE, FEADH18%. LEXN
CoaHsNeO32CusSmye JTTEMT(%) FES AN HEE): C, 2021 (20.25); N, 5.94

(5.91); H, 3.29 (3.23).
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3.3.2 BE&Y [{GdCuy(Idad)s} -8H,0], (5)

. BRER, —FERIRECRE, RANR 36 %. LFERN CyuHy
Ng03;CusGdae TTE D H1(%) (F55 A a3 EAH): C, 20.08 (20.00); N, 4.94 (5.00); H,
2.95 (3.00).

3. 4 MEEHHIE

FERBRIAN-ARMESY 4, 5 HASHTH SBEFRE Bruker
ApexIl CCD HHFMX bW . £HESEXNIIREH, F AB KEEEHHL
E REETHAHNE. EERQIBK)MEET, MMoKa)=0.71073A, AGS
HER, Ul 020 HEERRKERE. $BALEFH SANT'EBRES, &
WK TF i SADABS 2 aM, FRBHERENMCRERE, HHkEs
RRiF. FENGEEHRRTSER SHELX? BRaPke ik, hEEks
ERTHEME, RAEAEEBIHERESBEAETFLE, AIAETFAFHRE
BHEMA, THEARTAEEB@SI 0B RE, A8 Zfik &,

RFER =X || Foll FoVZ | Fol, wRy = [T [w (F-FIRVE w (Fon]'%, w =
V[o*(Fo) + (0.1(max(0, F.2) + 2F2)/3) 1.

EARMESY 4,5 % AMREERIETIER 3-1 29, FEFNRKH
RAFIEE 32 P.

K1)
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2 3-1. Crystallographic data and data collection parameters for complex 4

Complex 4

Molecular formula C2H4sN6O3;Cu;38m;
Molecular weight 1421.99

Color and habit deep

Crystal system Trigonal

Space group P 3cl

a(A) 13.377(1)

b(A) 13.377(1)

c(A) 14.462(2)

B 120.00

40N 2241.2(4)

zZ 2

£ (cald) (mg m™) 1.855

#(mm™) 4.087

F(000) 1308

Crystal size (mm) 030x0.25x0.18
Orange for data collection (°) 1.76 to 27.53

h/&/1 (max, min) -27,25/-22,17/-17,19
Reflections collected 8126

Independent reflections 1731 [R (int) = 0.0378]
Refinement method Full-matrix Jeast-squares on F°
Data/restraints/parameters 1731/4/113
Goodness-of-fit on F° 1.091

Final R1*wR2 " indices [ /> 20/ (])) 0.0274, 0.0734
R1,wR2 indices (all data) 0.0442, 0.0918
Largest diff. Peak and hole (¢ A?) 0.891/-0.957

TP ARTARIAVIVAR

PR = [ W Fo | 2| F | D Em(F )2, w= 103 (F,2YH0.0415P)49.8485P)
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ik . 2.F.

% 32 Selected bond lengths (A) and bond angles (°) of complex 4

Bond distances Bond angles
Cu(1)-0(1) 2.411(3) N(B-Cu(1)-0(1) 73.18(14)
Cu(1)-0(3) 1.954(3)  N(1)-Cu({1)-O(IF) 106.82(14)
Cu(1)-N(1) 2.015(4) N(1)-Cu(1)-0(3) 94.43(15)
Sm(1)-0(1) 2.388(3)  N(1)-Cu(1)-O(3F) 85.57(15)
Sm(1)-0(2) 2.707(4)  O(1)-Ca(1)}-0(3) 90.67(14)
Sm(1)-0(4) 23313)  O(IF)-Cu(1)-0(3) 89.33(14)
O(1A)-Sm(1)-0(2A) 68.5%(12)
O(1A)-Sm(1)-0(4C) 81.96(13)
O(2A)-Sm(1)-0(4C) 79.56(12)
O(1)-Sm(1)-0(4D) 81.96(13)
O(1B)-Sm(1)-O(4E) 84.96(13)
0(2)-Sm(1)-X1B) 124.82(12)
0(2)-Sm(1)-O(4E) 152.06(13)
O(4C)-Sm(1)-0(4D) 82.83(15)
0O(1)-Sm(1)-0(2B) 68.59(12)
O(2B)-Sm(1)-0(4D) 79.56(12)
O(1)-Sm(1)-0{1A) 80.96(13)
O(2A)-Sm(1)-0(2B) 115.43(5)
# 3-3. Hydrogen bond distances (A) and angles (°) for complexes 1
Complex Hydrogen bond Distance Angle Symmetry Code
4 NI-H1---02 2.936 151.61 x-y, x-1,-z
05-H5a---03 3.150 162.35 -X+2, -y-1, -z
05-H5a---04 3.238 149,28 X, x-y-2,z-1/2
06-H6b---05 3.213 129.97

)
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3. 5 &R5iTie

3.5.1 BEYR&EEHNHR
3. 5. 2.1 [{SmyCuy(Idad)s} -8H0] » ()T H

AL A& {SmyCus(Idad)s) -8H0) 5 (4) ISR T Trigonal BAR, FRIEN
P 3cl. BAGHIRY . BT REMFET SmCus (secondary building unit, SBU)
(B 3-1 A1 3-2), SHFBREE dad" kR, a4 SRHEH gk
BEM =LA (B 3-5) « B 32 iR, KEWEETKBEEHFHA

32 AW 4 PETERBIET SmyCus BEEMKEHH KT (SBU)



PUA¥RTERRX fE# ARE

it sSm"BTFA=N OO ETHARNAS GHA=AXGELH, T4 Sm*
BFRIGLEFIETL, =4 O'ETRIFART ZAEN=AFm.
Sml--Cul, Smla--Cul Z[B]FIFEE TR 6.166(4)F 4.559()A.

&1 Sm™EFRHARMAY [ BERMNAEETRELCS Sn-0
2481(HA), IR 9, ER=R=HHRRM/LH, HPATREERT:
01, 01a, O1b 1 04, Oda, O4b HIIR=HiHE, HRAMAREEFR TN =tH
=4 Gl 33 iR .

34 Cul' BRI/ AL G L
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NIk FERAEAE-ZRBLMLNAEAREANSRAME

MEANCO B TS AFHIMEAENN M REEERET BMRR TR, 2K
FCul-01 2.411(5) A, Cul-03 1.954(3)A, Cul-N12.015(4) A. BAO01-Cul-03
# O1-Cul-N14+51289.3(2)°, 90.7(1)° 1 73.3(1)°, 106.7(1)°, X K6 £ ICu®*
BFR 25 M E R iR E N\E AR LA, XTEEERRRE
B(FE3-4).

X FEAN= AN ESmCus A B TTHIA KA R B =4 K8 Sm1-04-C3-03-
Cul (FHISm~Cufi B %6.166(6)A)H1 = £ H345m1-01-Cul (FHSm-CufE B 3
4.559(3)A), ZIH=ATHESmCuE £ AT E T AL K dad2-ER, FHEB—4
AR CHRIIE[SmCus(Idad)s), BRI MEBRTT LB — M ARBWHAET.
HmE3-28 R, RITWATCLABHES, E=HIESmCu, AL THAE, 3t
TEEMAEZY. BEEHATREN=AHESmCo, A 8T, BEEHN
ZATESmCulE AT E R E-MER L. RAERE, FM=HAE
SmCu R X B RH A MERER, EREABENAIFERNEASRT. X
REEFREFE=EZREE ST BAREAT —MBEFATHAZ XA/,
H1124 & (6 Sm™ 6 Cu) BB AL IDE B R B = 4 FFME R 450 (H

B35 AH-SEEN=gARERSH
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3-5). BETHANGKAIFRRE LNRREFELIARTEE (FXNERE
BR%33) . EABMBEHABNAMEBEFCHE, BRTAEEFRANG
RO F. IDBERAHRTSRANERAN48 A MELRFFETFHT
BILER, EANARRAERINEHRANT.S A, ERYaghi et i ERMHHE
HEREPANRES, THREARSBAINZRERLS102%. BRLBENKS
FHUEE, THEARMNIBMERN272%, XRVEFN. REHAEHE
HEELo-Cu A HL- & BRAR A Y LUt BA%TE B t—BHak
W, AEE120&RAIDAEENEA S4TSR B LT Q(nE3-2H3-5), NS
BTRAXEXEEN. S8Ln-Co =SB ERLEH.
LU B ERATUERBESR, E4YIPARREERGEEHRA
FREIAMERRE. BHCNKHE BB TSBUsEZM. FENEEYRER
HPRERN, #MATRITRN. SDEREH. XMHUNRIHATER
fIRR T SBUSMER M Rl AR ST EMEHOER, BEEN
REBIRHET —#8d REFHRARMSRF IDEHA AR A KEERID
FRAL AR ER. RNHESPMHEARISG SRR O T3d47

SR ERE S FHAREEEHH.
3.5.2.2 [{Gd,Cus(1dad)s} -8H,0) , (S H3
BEet s, RNEBARSY 4 AENHFESHREH, X-HRETHHELH

RS E R 7P FHRENRAY Gd-Cu 28, X-HA LS ITH%ER
AERE. IHEL X-HEGHERETAR, HEEMERISMHRGET
AnER.

3.5.3EY 5 MBERE

FE— BRI La(UD-Cu(IDEEYH, GI"E — S KB ARES, 3 H
REE—SMBBE. RN ZERESYSH4 PR AW HLE, Frulsm
ERAGIIN-Cu(IDA S5k MR XSV e, RERESYSH % BE
X[ PEFRE, ERFHEREMRARE.

BEE2-300KEEA, SHANTHERT, REYSHETRMAEER. H3-6
A ARSI m-T TR -TE . AB3-671481, BEESWSE mIEMN
300KFISKEE LRFE—FE, FUED173 emuKimol, REEISKUT
RREH . ZBT, REYSHImTEH17.25 emu K/mol BT & T Bib i+ ¥ 1H16.87
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K3k RURAFEAE-—ZRHLNLARLEREGUAERARE

emu-K/mol(BI M GA(IIN A=A Cu(ID)). FrotZR IRy BE AL 2 S M <F & B-Shi e
#t (Curie-Weiss Law) yy=C/(T- 6, HSM0TEHO=0.5245K, C = 17.3628emu-X-
mol’, XRHR S E HO BT H.

A
254 &
A
. 27 { ]
EEE’— ! e S |
'ggg 15 /‘
} L
1T d
E® 10
Exr /
::E 1 %
6 ",/'/
-
1 U]
o e et e bt b B8

0 W 0 150 20 30 M0
T —
B3-6 ESYSEITHR-TA) Um-TQRI-TE
20K, BLAYISHIRALIREMFIRESF MBS RIL XAt sM, 2

TAEE3-TH,

-2 IABMANS [N SN S Seae S S R S S

¥ ¥ T ¥ 1 M L
~10000 O 10000 20000 30000 40000 50000 60000 70000 80000
H/ O

B3-7 BEYSEKERE T HM-HE



il K ERLEHBX Lz i 5.5

ME3-TAIEH, 20KBETESS=1T)RIEHF, HIBRLREMB
7 Hb ¥ A\ A0 B 30 B 2 (the Brillouin function), 83 T ZECu(I) A Gd(I)Z [BIFELE
—FE AR, XM ARTRISOIR b th R BT,

3.5.4 RAD 4B BERSH

ACS Y400 45 S & B E 4 H7(Thermogravimetric analyses (TGA)) 2k B
AP, B AE22.7TH1120.5°CH Kk E11.543%, HETRESMENK
AFERIH10.14%), FEREREEI8°CHISO0°CH], IKE44.181%,
MTENMREYIMERS BBBIT.

RN RIEARS YAN R EE1200CER REBHAKS TIE, BREEET
MERTPRERKE, FHEHRNTEMHXROE, RITEAKEWIITFK
FERLHRR, BEMERKS FRIXTUBERMEZ, RERERKDT—
ERE. ERAEESY4D, FHKI TN BLNIDELR A1 DIEE %
W%, EAURERERRZ, MARHE M ADIERLEH.
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3. 6 ZEUM

[84]

{85]

{86]

[87]
[88]

[89]

[90]
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