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Magnetic Coupling Mechanism for an Oxalato — bridged Cu{ Il ) Dimer

HU Hai - Quan“'h LIU Cheng — Bu** LIU Yong — Jun® ZHANG Dong — Ju* BI S - Wei®
(*Instite of Theoretical Chemistry . Shandong University . Jinen, 250100}
(Y Physics Department ., Linocheng Teachers' Urutersity . Liocheng . 252000)

Abstract The magnetic coupling mechanism for an oxalato — bridged Cuf{ I ) dimer has been analyzed using
the density functional theory and the broken symmetry approach. The spin densities on two Cu{ I ) atoms have
the same values but with the opposite signs. The coupling between the two magnetic centers is
antiferromagnetic , and the spin delocalization from the center toward its neighbors is significant. The strength of
the coupling reduces while the environment around Cuf [I ) atom changes from planar to tetrahedral geometry or
square pyramid. The frontier orbitals are mainly composed of d — like orbitals of Cu( I ) atom and p — like
orbitals of ligand. This constitution of the frontier orbilals favors the electron transfer from the oxalato ligand to
the magnetic centers. leading to a strong antiferromagnetic coupling.

Keywords  density functional theory , broken symmetry approach , magnetic coupling , an oxalato — bridged
Cul [ } dimer

B 1986 F Milled "IRIESE -9 FHREL BETEIFRASEELRER(SCRETZM
.o TEEEHTREHERNTRILRMAE WES—HE03I~0.5m), EENHNYLELE
THEHXKE L AR L BEBUELEEN— SR OBEFEUHA(DER, RERPLH
KEMD T EXRERD EIEEPORNSESE P RRMNETFEB5EBAEN. BREEERE

* E - mal:chliu@sdu. edu.cn

Weds H #2000 - 11 - 17,4505 H 89,2001 - 02 - 01 R H 81,2000 - 03 - 23, i 3R & AR & (22000B ) I I R ¥FkEEERE
R S BT B iR

(Reeeived November 17. 2000. Revised February 1, 2001. Accepled March 23, 2001)


http://www.cqvip.com

July 2001

T F R RN ERNEASIE

1055

RO 408 LT g A 1 A 0 B T S S e o T
FH MRS LR MEE F O ERRTF
B (N EARFT TR EuEtEs
PRESTRESEN NS BEER, TE LB
HEMSVE SRR ERFE THERNE, ERE
FRM S BEESERAETS TR %, = H RN
-0 i, AR 32 T Noodleman 12~ ) 48 5 B 32
PRI K T T 4R W i 3 FR MR B e, W B AR AR AR
BT I ) R R ARG S DU AT T 50407

1 ERAESED

I Al Heisenberg #5 %Y W 4§ 10 8 7F H=-2J§-

S, AP, E(S)-E(5-1)=-2J§ (11
WNHE]VER,A .
E{§=1)-E(5=0)=-2] (2

Hep, J REBe R R, J WIERS &8 Rr ke fF
P15 RBRREME R, J BT E XD R T T fE A

s, [ R EES A RE(TOMHKE. JEN
FAMERBE SRR TEEST TR EL
REREEE D, S EHEEER MR REFER
HFHAESHEEZ — FERESENRTES(—
BAMSHFONTRERFLUE), P—HFERFZREFE
HRE EFR AR ARENEEERSERITE.
1981 1 Noodleman-'2~ "I tf T R Fi i 15 36 7 8, i
HIxEEAMNETRBEHEP RBT—ER
TS 10] STt L R A Ry b TR 9 T A A BRI L
BRCDBR . B2 T 518 Fg Rl

BT T E BRSSO ERAN RS
P, A SRR T AR AT R (E 0B s
ENEHES TRE. BBEBRET O 3T, W
BEERLE DL, Wi 150 TUBEERENHY
M. BPEEs PR SES HERLEHR
B AR T AR RERSEER THRESY
REE 4 B 0BG 3R 5 i F T 7 A
(D2, ZEHREE ) - B ey U E PR AC for ( Do R ERAE ) R
HERC G C, WAk ) il B & B B e {k

HQ) H2i H‘:f' Hi2y &
%, , e
Nty 0t1) O3 N D) on 0t3) Ni31 x
\ / \Clln/ yd .. 7 \Hm
Hil) Hity \ “in
Cull) | " | Cu2) 1
Hea) wE) N4 ce g
AN VRN ™ ~ _Huo
N2) 02y udy NIZ) Gi2) 014 Nidy
Qe‘"' \ Q\‘\ ""va,%
Hi6y  Hi% Hi&r  His Hity  HO)
4 b
1 PEERATEER R HE LT R
a—HREER —WUHER
Fig.1 The scheme of the monomer (a) and dimer ¢ bjand coordinate system
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Table 1 The <tructural parameters of the dimer
# () B ST AR
(1ol 1) 01977 Q{1 1Cu 1108 2) 84.25 HODINCEICu{1IN(2 ) 0.0
N(1 M 1) 4.2008 N(L)JCuf 1IN 87.55 H{ZINCH)Cul1 PHE T} 120.9
aLncin) 0.1242 COLYOC i1 111.52 H{3NOH) Cuf1)H(T) -120.0
ClGI2) 0.15350 C{2ICLL 01N 116.36
HE1INCT) 0.1000 HOLINCT 3Cul 1) 10950
HI2)NCD) 0.1000 HI2INCT 3Cut 1) 10950
HEIENG 0. 1000 H(3IN(T it 1) 108, 50

« AP T NIRRT EM = SR LA,


http://www.cqvip.com

1056

¥ =R

Yol .59, 2001

AW ETEERFEIEHND)
EREMBEARSFE. 28T H W ADFTHE IF ( ADF
2.0.1) 8T, Vosko VS BT T E 8 A KW &,
Becke! ' R 3 1 Perdew ®- i 805 51 F T Ar o # §H 26
TR o () FE FEFOE, A 30 B AL — 4 1k ef O
R # ), KRR A ZHE LR
F2p MEYHER R, B &R T M 1s PJUE RS,
WitE &5 BT 7 fE+8 w i #2 IE . SCF W s FR 24
10°¢.

2 HEERSESH

2.1 Eg@m(l&R

X2HBTHREERATIEEEF Mulliken H 5
HRAMETEMA.SIETEAEE Y 0.48, BiE
RROIHE(DEFHAERSER, F8RME
FHERTHEEF I HFE« ARHTE, XTHER
GRAREERAAEE LA A FE (T
FLESBMNGR . H(DEFEFEANTSHAERE
MM ENEs TRERERETF FH A 3
HIRERE, MmRET E™% 7T At

B2 EFRAERPIERFARGENEFEN
Table 2 The spin populations and gross atom charges
on nonhydrogen atoms n the monomer

BT HERRE RFHE
cinceh -0.02 0.68
0012 0. 14 -0.63
031004} 0.135 -0.%
Cu 0.36 0.48
N{1IN(2) 0.04 -0.04
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Tabke 3 The magnetic coupling constants J{em~!) and
spin populations on Cul [I ] atoms

a(7) J o
0.0 -755.3 0.4482
10.0 -732.8 0.4507
20.0 -675.1 0.4574
30.0 - 584.0 0.4670

« SR NDCIINYE 01100 2)FE N3 Cu(2INI 5
3G 204 T E 2 3 By J2 /.

Fa4 BHAESEY Jem VWAL RFAERE -
Table 4 The magnetic couplmg constants J{em™!) and
spin populations on Cul [1 ] atoms

Z () J P

0.00 -755 3 0.4182
0.010 -737.9 0.4491
0 015 -714.6 0.4498
0.020 -686.48 (1_4502
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Table 5 The spin populations amd gross atom charges on
nonhydrogen atoms in the dimer

E¥ HEWE IR~ B iy
C(11Ci2) 0.0 .83
oto) -0.07 -0.56
0(3)014) 0.07 -0.56
Cull) —0 45 0.55
Cul2) 0.45 0.55
N(1I2) -0.10 -0.02
N(3)ned) 0.10 -0.03
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Table 6 The frontier orhitals and energy levels of the dimer

B BX i
—0.2442 Oylp, ) - 0.2484 Oglp, ) + 0.2592 Cu(d,,} - 0.5680 Cupld,,} + 0.2513 Ny(p, ) + 02414 Ny(p, |
“ B + 0.2519 Nytp.! - D 2414 holp,)
a ~14.006  0.3499 Oylp,! — 0.3497 Oyip,) — D 3270 Qslp,) « 0.3369 Mhip,! + 0.6251 Cuylda} - 0.3343 Cus(dy)
a S14.185  0.3800 Oy(p,) ~ 0.2814€kip,) - 0 2700 Oy(p,) - 0.2704 Oulp, i+ 0.7075 Cu(d,) + 0.3586 Cupld,)
S 0.2440 Oy(p. | - 0.2444 Oulp, ! + 0.5680 Cugtd, ) — 0.2592 Cueldly,) + 0.2513 Nyip,) - 0 2413 Myip,)
A e + 02512 Nytp,) + 0 2104 haip,!
2 - 14,006 S0 0Oy p,) + 0.3269 0ulp, + 0.399 Gyip,) — 0.3497 O4ip,) - 0.3343 Cuyldg} + 0.6251 Cusld,)
2 S14.185  D.27000y(p,) + 0.2704 Otp, 1 - 0.2810 Os(p,) - 0.2814 Uylp,) + § 3566 Culd,) + 0.7075 Cugld )
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