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Syntheses, Characterization and Crystal Structure of a Novel
Polymeric Complex {[Cu(malate)(2,2'-bipy)] * 3H,O}.. (malate=
malate dianion) with Ladder-Shaped Double Chains Structure
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Abstract Copper(ll) maate polymeric complex with 2,2-bipy, {[Cu(maate)(2,2'-bipy)]*3H.0} -, has
been synthesized and characterized by means of elemental analysis, thermal analysis, IR and UV-vis spec-
troscopy. The single crystal X-ray diffraction study shows that the complex is monoclinic, with space group
P2(1)/c, a=0.70132(10) nm, b=1.9730(3) nm, c=1.18998(16) nm, S=94.551(3)°, Z=2 and R=0.0483.
Each Cu(ll) atom is coordinated by two nitrogen atoms from 2,2-bipy and three oxygen atoms from two
different malate dianions with a distorted trigona bipyramidal geometry. The malate dianion adopts an R
conformation bridging two copper centers, giving rise to a 1-D polymeric chain aong the crystallographic
axis a, and two paralel 1-D chains are constituted to form a novel ladder-shaped double chain structure
through TeTT interactions between the pyridine rings and Cpyrigine—H***Ohyaroxy WeaK interactions. On the
other hand, the neighboring double chains are extended into a 3-D structure with channels via intramolecul ar
Ohydroxy—H***Ocarboxyl Nydrogen bonds in the direction of axis a.

*

E-mail: wyaoyu@nwu.edu.cn
Received June 15, 2004; revised September 29, 2004; accepted November 23, 2004.
[ %K B AR 42 (No. 20471048) . #5525 IR 7575 AR BB RHTF AL il v R A0 BG4 15 SR 2% 564 (Nos. 2001H01, 2002B21) % i H .



No. 6 ZEARTFEE B — RO E 7 2R A W0{ [Cu(mal ate) (2,2'-bipy)]»3H0} - i Al A AR &4 5 R AL 551

Keywords copper(ll) malate; polymeric complex; crystal structure

PO SR G R OB 73 IR D 258 RRAEDG . WL,
il BT A, BRSNS R, —H
SRR AR MR i — 0 sy
T, WIEZIRIR R0 2R A WS R A
W) £ s AR R O, SRR A B T SR Bk L
B MBS 2 M R e G OCILE I ANIEH, e A
JlH — RN G R IRR ) — A . RN = AR SRS,
CARIERZE PR DRI —TRREC AW, H K
FAFE L2 SRR A W I 5 U3 32 /089,

BMEZITTRBURIE T M. 2,3 RE T mM
-5 56-1,2.3- N =R A ) AR T K RAVE fn ik R,
FEAEAE A I Bl P P T A (610 R R AT PR
FCAL AR IR LA 5545 5, % 5 frJt & Mn, Fe, Cu 5B
FRICALZR G, 2 BARM A BB, Bl & L 54
i A b IR T iy 0 3R NG TRCAR TR U 2 TS )
I I RITERE, XA SR L JURIR A K4
G HA EE RIS IE RIS R . T, 3RAN
15 A WA DL 55 58 40 55— O A AR B A i 2 Al
IO R AL T AR 2,2 R i SN A T
— FhFT B R A B IR RURE 45 R — AR AW
{[Cu(malate)(2,2-bipy)]*3H,0} -, & BLBEIR XUk 45 Ky S
FE P4 PAT BE I LI P12 ) (¥ rerobf] B F R e 35 C
375 5 — s T TR B BIREE O JR T g9AH
FAEFIHEDIT R, oAb, EOAT IR £ B 25 1 i) S AH
HAER LRI T KA BEIE ) =48 > TR R, B
K> BARZS 5L, FSRAE T IR R AL
FR5E O Jst L B K Ay FAH A I A M, I AE —
Yeob R PR B E . R IE 2 SO A Ak
TE 473X S 70— A Aofs DR UL 45 ) TR TGN 5 45 0 0
AR,

1 SLIgEy

1.1 RS

di-FRFE T R BN . 2,2tk & IL e
FI¥I R 4y M4l PE-2400 TG0 4311, BRUKER EQI-
NOX-55 FT-IR ZLAMGEEA (K Br JE /), PE-40P 48 4hn]
W43 66T, NETZSCH STA-449C R4 Hr X (1B
HE 10 Cemin b # & 24), BRUKER SMART
APEX-1000 7 CCD PU [51 5 fT S
12 EEUMHEN
121 Cu(dl- malate),*2H,0 #4946

F ¥ Cu(OH),COz Fl dI-FRAE | 4% 10 211

PEIRHGAE CRERUK(L 2 1, Vo V)RSV in 4 ml
48 h, B4 yE. BEUE. BEVE. TIRMEONR, o
83%. Anal. calcd for CgH14.CuO4o: C 26.27, H 3.85, Cu
17.38; found C 26.30, H 3.86, Cu 17.93.

1.2.2 {[Cu(malate)(2,2-bipy)]*3H;0} - 44 A%,

30 mL & 1 mmoL (£ 0.37 g) Cu(dl-malate),e
2H,0 %, 5 10 mL &4 2 mmoL (£ 0.32 g)
2,2 IECALEE 1) F VA O e IR TR 2 h, &
IR, JHERAT CaCly I T5eds h sl T i
BB R, AT AT I, A 49%.
Anal. calcd for Ci4H1gCu N,Og: C 41.43, H 4.44, N 6.90,
Cu 15.66; found C 41.40, H 4.42, N 6.88, Cu 15.59.
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Tablel Crystallographic datafor the complexes

Empirical formula
Formulaweigh
Crystal system
Space group

Unit cell dimensions

Volume, Z

Density (cal cul ated)
Absorption coefficient
F(000)

Brange for data collection
Limiting indices
Reflections collected
Independent reflections
Absorption correction
Refinement method
Data/restraints/parameters
Goodness-of-fit on F2

Ry, WR, [1>20(1)]

Ry, WR, (all data)

C14H18CUN,Og

405.86

Monoclinic

P2(1)/c

a=0.70132(10) nm
b=1.9730(3) nm, 5= 94.551(3)°
¢=1.18998(16) nm
1.6414(4) nm?, 2

1.642 gecm 3

1.377mm*

836

2.00° to 28.26°
—9<h=<9, —25<k<3
—13<I<15

9894

3757 [R(int) =0.0829]
None

Full-matrix |east-squares on F2
3757/6/298

0.758

R;=0.0483, wR,=0.0817
R;=0.0938, wR,=0.0916

F2 AWK 107 nm) S (°)?
Table2 Selected bond lengths (X 10 nm) and angles (°)

Cu—O0(1)
Cu—O(5)#1
Cu—0(3)
Cu—N()
Cu—N(2)
O(1)—Cu—N(1)
N(1)—Cu—O(G)#1
N(1)—Cu—N(2)
O(1)—Cu—0(3)
O(5)#1—Cu—O0(3)
O(1)—Cu—O(5)#1
O(1)—Cu—N(2)
O(B)#1—Cu—N(2)
N(1)—Cu—0(3)
N(2)—Cu—0(3)

1.943(2)
1.992(2)
2.209(3)
1.984(3)
2.001(3)
168.40(12)
94.26(11)
80.82(12)
78.33(10)
92.31(10)
94.83(11)
94.73(11)
150.15(11)

94.12(11)
117.31(11)

& Symmetry transformations used to generate equivaent atoms: #1: x—1,y, z
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Figurel Molecular structure of the complex
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Figure2 Ladder-shaped double chains structure of the complex along axis a

Bl 3 WaWuT afilidsmm =4e4h i
Figure3 3D structure of the complex viewed along the axis a

JHJE T v(OH )44 20 ey, A& il TR A 72
$E 2 50T RN ¥R S 22 1R R T G 0 P AT A 1Y) U I
1 7 608.62 Fl 1393.59 cm AL FrIBRIL L 43 5 UH & T
BRI (AN BRI GE vas(COO ™) KA FR A4 v(COO ) HiE 3,
Alv(COO ) —v(CO0 )] ~215 cm ™!, Y4, &M
1750~1700 cm ' XIRAAT WML, X R IIFRIE T IR
PSR HT UL A 15 TR R S 5 P2,

[ AR TC B P IR A T AE 220~800 nm yi [ H B —
Ak Y S WACY , 282 nm A IRSC S VA R AR A S ) R
W ERIT, 369 nm Ak R CAA—~Cu(ll) d FIUE I HL A 4 7%
(LMCT), 765 nm Ak JIj 2 Wi A2 1 = i XUHERS B4 e Cu T HE
IS RFAE. RO RO 37 h F RS BRI
FR (e > dye 2 >0 >de™dy), ERHH N de™
dy,— d (HL T BRITP2 E IR i 0 4 B 5 A gk
R s R —
2.3 EEYIRMBIEENM

B A0 TG ik 4> 51 4E 200~ 250 i1 260~380 C

JUFE A BT, MINAE DSC 2k EAK K BLIGE Ay
213.2 ‘CHIWHUEFRT 224.2, 318.8 “CIrHlg, Bk
78.9%, S ErEMl CuO BRI THH(E (80.4%)V) A
AR S 56 A AR HE I VRN 0 AR AR, (R e R &
WIREAE 213 CAARZFE K7, mT—RimkK
ST RIS BE, B K 5 USSR R G XA AE T bk
.
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