HAXFHLFEEL #HE

O6i. 662

m
%ﬁ@%%%?ﬁ%ﬂﬁ%%ﬁ%%%%Iﬁ%%%ﬁﬁ%%%ﬁ%ﬁ%

s
A TR FE, AWICENA TEER BB RKE RSV
FRZHAT BAEBEARER, SMT 4 DHES I r B BB 2 K 8
BRI ARRESY: DXEREEYEETREYRE T HEERT 41 7
REMRAZERSY: ERATEMN. W50, BT, MELRE.
EFR . ERBAEETFRMESMHT TREMERFT: B X HEHHE
L ABY T 2 AEEYWHNREEH, T T ARESYMtE. BT R
TSGR E Y, B KR TR IR B R A W i 3 B K R S Ak BE M ARUE Cu(D)
LA, AT CuDELA: WEBR ERBT RS S RESWH BT,
WS IR . BB, AT . WSS TEN. ATEMZRMER,
85— A BRI, X SOURET R REE 4 TR B e
g & (B KR T Bl n-n M AR AR AR TLAE A MO AT REME . SR 4 Dk
FHUMESM S METHETRARASHREBBSONAEHARESNST
FHBEY )—eA___
EMASTRERTFE, AR CHRFALSTHBERRET 4 AEHH
AR ANES TREY: HAMHARNESY AR T & - EENE
W%, A RERK-RATRE SR RERE, hRE SRS TFREH
BATRBET —HFHEE: URTHRIHEYRERE FHET —~RH
B A BL- TN AT = S LS O L A R S B K SRR & ) 4
T GRS NES FRAESY, RILT CRHOREBRER A

o
-d. T

i ZTHESY., NHEREY. Wk, i, BEEH, BHFL¥E, Bk
15

|



i B RFHLFLERL

Abstract

The design and molecular magnetism of polynuclear complexes and the crystal
engineering of coordination supramolecular compounds are two focuses in the fields of
coordination chemistry. To extend the magnetic studies on oxamido-bridged polynuciear
complexes to the field of macrocyclic complexes, four new copper(ll) complexes of
macrocyclic oxamides have been synthesized, characterized and used as complex ligand.
A total of forty-one new polynuclear complexes have been synthesized and characterized
by means of elemental analyses, IR, ESR, electronic spectra and variable-temperature
magnetic susceptibility measurement. The structures of thirteen momo- and polynuclear
complexes have been determined by X-ray crystallographic methods. Electrochemical
studies on the mononuclear macrocyclic complexes demonstrated, for the first time, that
the macrocyclic ligands incorporating both oxamido and imine groups can stablized both
the Cu(l) and Cu(lll) oxidation states, and the correlations between spectroscopic,
electronic properties and molecular structures have been discussed. The electronic spectra,
ESR spectra, and magnetic behaviors of some selected polynuclear complexes have been
theoretically analyzed, and related to their molecular and electronic structures. The
possibility for mediating magnetic interactions via n-7t interactions has been discussed
for the first time. Nine complexes with high spin ground states were obtained, four of
which are based on ferromagnetic interactions and the other five of which are based on
antiferromagnetic interactions with 1rregular spin  state structures. Four unique
supramolecular architecture containing transition metal complexes have been constructed
and characterized by single crystal X-ray diffraction technique. By using two different
complexes with complementary hydrogen bonding capacities as building blocks, a new
type of 3-D hydrogen-bonded networks with 1-D channels has been characienized, X-ray
powder diffraction studies reveals that the microporous networks are very robust and can
undergo reversible water inclusion. A new bridging coordination mode of the perchlorate
ton was found in an unusual supramoiecular coordination polymer incorporating sodium

perchlorate and a macrocyclic complex.

Keywords: polynuclear complexes, macrocyclic complexes, magnetism, spectral

properties, crystal structures, supromolecular chemistry, crystal engineering
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Yk —Fh & R FHTEEACHE, BEBERPIE F[O,C,(NR),"(R = H BLEAMER)GESR
YORAEBIREE T2 RNETHER, E2TFRERRTIEERERLY. RERNK
Y7 & BERZ B B F[O,C,(NH), " IR & B KE, mMENE THEESFN, HE
WARPEESSHEMETH, BTFAFREMNESHN, REYREELE XK
RE, EIERESENIARERTUMERLEENE. LT ERET FEIAES
&8 N. O SEMETH NN-ZEAEBERASZHE)ESYS, #ARK/LFW
% 2-1 B

m O.__N /o
[\ O~...N O I

0] N NH, NS / U

O 0

/
/N N/CQNH o“>N o 5
NH; \_<0

N NH,
[Cu(oxpn))] [Cu(oxae)] {Cu(obze)]* {Cu(obbz)]*

Fig. 2-1. Several examples of mononuclear N,N'-substituted oxamido-Cu(II) complexes
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1. AEREWARFETEMAN, 250FREEHIE. BT HBEEETR,
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BRI E T KR ERA P OREHMINEE, TERFTEERFERNERAE
ZME B ARMYREENSSRE, BRFHEENIIE. B IMFRIEZH
KR HESYRANGBESY, I 2-BENFE_RBERFUEDE “HKEZE
HAESBIANZBUAREGATSSBE TERAAARERERRTRSHTY,
HlmE 2-2a. RARBENRERANEZESVEERSMIE, W (Culoxpn)
Ni(rac-cth)](CIO). (& 2-2b).

Y N
=N == N\ N _NH;
' &,NI j Cf;
o PN
Me O O Me LN l N NH,
e /<,,\
-

Fig. 2-2. Chemical structures illustrating two types of polynuclear macrocyclic complexes
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N/
=
S N\_/
2

-

BZAKAERESYREKF LEH
4 ) BT B 19 K 2 % 40 B 44 B TE B Q\f
BRaY. BRE 23 FRHEEEEY Ox N N\ /NH
B WL 2K B B A ) R OIN/M \I H
k. Bz b, B 1976 £ Black A
e T X LB KR AL S [ 2-3a,
R'=H, R*=(CHy),, (CHy);, CHy, M = Fig. 2-3. mononuclear complexes of
Ni (II). Cu (II). Co (II) %Y, macrocyclic oxamides

UEXREARTELH NIUDEESY [E 2-3a, R’ = COOR &, CONHR, R? = (CH,),,
(CHy),, CHJWN. FEME, REFEAFERME-FINESYE ZHES S &RE
SYIRERE, BRAEMBEKESY -HEFW%E . 1990 F Christodoulou ¥ UL KK E
BLEE-NI(IDALE& Y (& 2-3a, R' = Me, R* = 4,5-Me,CH,) N RIS AL T BF UL AL
S, BT XHF NIDAFIRETF, HNREHEITHXBRAR. 1997 FiL,
ERBHERTRT KAERRERESN S FHREMNFR. 1999 & Robertson %
RIE T & 2-3b i K BEBRE AL & Y1 X A & WA T R = B &

EEESMMRIET 4 MM EBREK-FRAESY(E 2-3a, M = Cu), RECEF
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CARIE T W E S THRESBREENAIRSYIHEATRIER, BX TR LR
BB EMRAIRESY, XRTFERLEXMRE, REBRIIFRTERESDN
FARERRERSGE. SRNHEXN, BT LREESR. UXERERS
WHEAEERT 33 NEREAY, FAEN#T T 40, ik BUSrmemsa
AT BB R STEE B S A FHRMERIRY REIASMGR. RINEWET 45
M(TERESRETHRAAE. BRGNS TEMERENRESYWRBER
B, HEESFROUFRETHENMERNRERERE.

BN XM EBRBASMAIDESWHER.
ik JEMBCRLERTI

MATATR, XMPERETABAPHN KA ERRIEEBRESY, BETX
#WaE NIDEESY, MEWHE X HETiEX 2T AN NidDE S R —1 &
TRIER Cu(DEEEHY. AV ERMERMLET 4 MHHNAXHEBE-FEEEY, KT
“ PRSP X HEREESMTRALSGYRE NN - RS T4,

TEXR, AAEHERFEHEAIESRE SR TRRAXRE, KAFRENE
EEFEMaEAFERAEFERBIEELEY, REFIFRNENE
R TN, IRERRBERN—NFHHAR T M EZH — ELF IR FE TN
BEY (0 Cu 5 salen HFALUFRBEAMEEY)) AEGHIZRE SR DNA
WERF. ERENAF, EUCEFEEEREEER. ¥ T -MEERNERE
7, REEUTERERNTIEEZEESRER FRABRMREFHOMRMEE (RE
Aofrsg) UARBAHHEMERRE R, NEREGSMAMNIMYE, DENTFRMAE.
ERBEEF, AMNEIAGERBEUNZEFREREAE B (FEEER C=N)
AeiasE Cu(DEALEDY, Cu(IUDHBAIE-14 ~ -03 V Z[H], MiFE&EHFUEBREE
% AECE, WERK. EMiE. EERERE, @nTEE Cud) . [, §&K
FUBRERERNZEARNAR KA REEIEE Co(UDEALDE, Co(lVIDBAL 5 AR
KAERPE, A, FitEEEERE. BRENAATREHERRIEE Cul)M Cudll)
FAAR? BRI, E5MEXBRPERBXHEHTFR. BIIEHEKHE
SR - RIS A E XA AR, BRBRIIA T ILESWHEE RN
i, B TEARRERESEH. ez BMExHE, 887 -SFHNGER.
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K F L REHR L %
1 KEEWPIER

KEEFTIE NN - —QR-ZE8EZ —BEF ) EBIIE T EE Y. B &Y
[CuL'] (1) [CuL?] (2). [Cul’®] 3)FI[CuL*]-H,0 HBE L &RBFERFTEEKR WHE

QW/COOB @Ycooa
|

2-4,

O NH O H,N He)aN O N N
I + CU(OAC) HO + ;“R G I ;c:,j/ >R2
\
07 >NH O HN C2H;0H 07NN
@Amo& ©/Lcooa
CuL' (1) Cut? (2) cul® (3) Cul* (4)
R ~(CHy)s -(CHz)s | ~CH(CH3)CH3~ ~CgHq~

Fig. 2-4. Template Syntheses of Mononuclear Cu(II) Complexes 1 ~ 4

FEBRETR NN-ZQ-ZEEZ — B R HEF)EMM(10 mmol, 44 g) 7£ 100 mL
LEPHEBFBEFAEKIMAKE ZEES (10mmol, 2.0g). =2 (3.5mL) 1 1,3-
R (80 12-Z20F&. 1,2- 2R, 4B "M, 10 mmol), ZENRW TR 4 h 5,
AHFITEE, BEMRTR, RSN ZHESR. BREeYI1-~3NZIEBHREZET
EBE R, BIES X LML ARG,

WEYHTE, B, TEANEELBERBFITR 2-1. AREERARLS
YRR IARSYAB T /K, BETZEMEY, 53T ZEF DMF.

Table 2-1. Analytical Data and General Properties of Complexes 1 ~ 4

Corml Colour® Yield Found (Cacld.) % A"
omplex olou (%) C H N Q' em?mol™")
[CIJLi] (I) greenish yellow 73 55.25 4.37 10.56 7.5
brown (55.60) (4.48) (10.37)
2 54.41 4.12 10.67
{CuL?] (2) brown 84 (54.80) (4.22) (10.65) 6.8
3 55.49 421 10.43
[Cul’]1(3) red brown 76 (55.60) (4.48) (10.37) 7.3
56.31 4.16 9.89

* The colors refer to polycrystalline samples obtained directly or by grounding single-crystals. All the
single-crystals are red. ®in 10~ mol-L~3 acetonitrile solutions.
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2

LAWY EER

2.1 [CuL')(1)

HIEER 2-2 1

FX X SRATH TSR EAM . BEWE. SHBTNEETEURAKFE
B . 3R 2-3 FIH AR KR A

Table 2-2. Crystal data and structure refinement for 1

, Empirical formula

Formula weight
Temperature
Measurement instrument
Wavelength

Monochromator
Crystal system
Space group

Unit cell dimensions

Volume, Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

& range for data collection
Limiting indices

Reflections collected
Independent reflections
Oberved reflections

Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [ >20(])]

R indices (all data)

[argest diff. peak and hole
Weighing scheme [P = (F,*+2F?)/3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing structure solution
Computing structure refinement

CsH2: CuNO,

540.02

293(2) K

Siemens P-4 diffractomeier
0.71073 A (Mo-Ko)
Graphite

Monoclinic

C2/c

a=24.85903) A, b=13.2164(10) A
c=7.0968(6) A, F=96.19(2)°

2318.0(4) A3, 4
1.547 Mg/m’
0.993 mm"’
1116
0.4 x0.3>x0.12 mm
1.65° to 25.00°
-1€£h<29,-1<k<15,-8L/<8
2411
2048 [R(int) = 0.0428]
1369 [I>20(])]
Empiral
0.7837 and 0.6745
Fuli-matrix least-squares on F*
2048 /0/ 167
1.066
RI=0.0578, wR2=0.1331]
Rl =0.0626, wR2 =0.1537
0.366 and -0.456 ¢. A"

w =1/[cH(F,})+0.0684P)]
Direct
Difmap
geom
'SHELXS-86'
'SHELXL-93'
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K FHE LR L ¥-¥

a1 % C2lc FIAE, W T4 2 IR RO B, K& C7 M
SRS C-C BT, BRESYS FERMTRT C, aBFXRE. B 2-5
FHHER AR M. 15 RATEME Ll A EREERIR F R X mT1LH
SR EEFR CuDEAL, Cu(IDEFIESF & T M4 B AR 7 H R aI &/ 23
t, BRAT EFIRE T E K EE S5 810240 A (N1,N1a) 1+£0.254 A (N2,N2a), A
. CuN, #3544 BH B i V0 i KB 3E . Cu-N2(amido)$® (1.923 A) B{ 25 T Cu-N1(imine)
B (1965 A), FEHTEURERFHEL, R FUABEKRERRFAETREN
MFAFEEH . KRR EREANERSNE N, PERORUMEFR, X5FEE5 N, FHE
2RI TERR 264°%,

rl

Fig. 2-5. An ORTEP drawing of compiex 1 with the atom numbering scheme.

Table 2-3. Selected bond lengths (A) and angles (°) for [CuL'] (1)

Cu-N(2) 1.923(4) Cu-N(1) 1.965(4)
Cu---O(3b) 2.986(4) Cu---Cub 5.0339(13)
O(1)-C(2) 1.308(6) O(1)-C(3) 1.444(6)
N(1)-C(1) 1.290(6) N(1)-C(6) 1.474(6)
N(2)-C(5) 1.355(6) N(2)-C(8) 1.397(6)
0O@3)-C(5) 1.211(6) C(5)-C(5a) 1.575(10)
N(2)-Cu-N(2a) 87.4(2) N(2)}-Cu-N(1) 92.7(2)
N(2a)-Cu-N(1) 165.3(2) N(1a)-Cu-N(1) 90.9(2)
N(2)-Cu--O(3c) 89.6(2) N(1)-Cu---O(3¢) 101.12(14)
N(2)-Cu---O(3b) 93.60(14) N(1)-Cu---O(3b) 75.7(2)
0O(3c)---Cu---0O(3b) 175.54(14) C(H)-N(1)-C(6) 121.1(4)
C(1)-N(1)-Cu 126.1(4) C(6)-N(1)-Cu 112.6(3)
C{(5)-N(2)-C(8) 121.3(4) C(5)N2)-Cu 112.2(3)
C(8)-N(2)-Cu 126.4(3) N(1)-C(1)-C(9) 124.0(5)
N(H-C(1)-C(2) 119.7(5) C(9)-C(1)-C(2) 116.3(4)

Symmetry transformations: a =-x, y, -z+3/2; b= -x, -y+1, -z+2; ¢ = X, -y+1, z-1/2.
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4 - CERE 2 T IrET S d

Bat 1 ha FHRBRAFRBER A ERRTEINEEYHTH CuN, B
FREFEA “27 MR ERAASHN > TR EBRESIRT(03b M 030)h
¥, Cu--O FEER 2986 A, R T HBRIRAISE 2-6), BEHFARTHEMAER
a7 LUHE IR AR RE R K N,O, N4k, FH480F B KXFHSH AL AL E S T ¢ S5 M
HERR, TR —RERRIRE —RBOT. MBS TREY c BBEX, -y+, 2-1/2)f
KRB AN FR 2 (Bl T EA R 17.9°, FHEEEN 4.045 A (K 2-6a), HHBAGFE
n-nHERFE L (E AP, BB Cu--Cu BEE R 5.034 A,

L

Fig. 2-6. Projections of the quasi-1D chain in the crystal structure of complex 1: (a) down
the b axis and (b) down the a axis.

2.2 [CuL?](2)

FHx X SEATHEINERES. BIEWE. SRETHBIETEURREFE
HIEER 2-4 PFIH., F2-5FHESBRMBA.

o4 2 MERBHRE C2c, BET CuDALTFRHERMNE, 7 F5FHEN C,.
K 2-7a RHLZEE YR A T, 14 ARFRE LU REFELRRE, SR
FIREBR/D _RFEMEZH+0.084 A, th1 /)%, B FRERMETA
0.048A, B H & + 4 TF S A § P 5 F IR BL AL 335 . Cu-N(imine)F Cu-N(amido)
VEIBK T FIA 1.947(5) A 1.917(5) A, 51T 1 PHENREAR, #HEH2 Fid
fEspiRig. L VRGE: & )8 & TR AT L AR 2 & A <N2-Cu-N4 4 85.9°, /MTHC
A1 PH - URBEFERNESE A (<N1-Cu-Nla, 90.9°), HEe=/%&fA51F
MK AREEANEYS, SERK. BRAYUERBEEN4NEEY 2 P HIECA 2 K /D
F{ISIN,Ee Y1 PHEE. BE4AFHRANANEZES M N, B FENA —
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Table 2-4. Crystal data and structure refinement for 2

Empirical formula
Formula weight
Temperature
Measurement instrument
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

& range for data collection
Limiting indices

Reflections collected
Independent reflections
Oberved reflections

Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [/>20(])]

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F*+2F %)/3)
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Extinction correction method
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution
Computing structure refinement

CpH;CuN,Og

526.00

293(2) K

Siemens P-4 diffractometer
0.71073 A (Mo-Ka)
Graphite

Monoclinic

C2/c

a=238713) A, a=90°.

b =8.0074(12) A, B= 115.663(8)°.

¢ =25.77503) A, y=90°.
4440.8(10) A3, 8
[.573g/cm™

1.030 mm*

2168

0.15x0.22 x0.32 mm

1.75° to 25.00°
1<h<26,-1<k<8,-28</<25
3906

3094 [R(int) = 0.0452]

17241 >20()]

Semi-empirical from psi-scans
0.8662 and 0.8162

Full-matrix least-squares on F*
3093/0/316

1.001

RI1=0.0492, wR2 = 0.0817
RI=0.00618, wR2=0.1062
0.306 and -0.336 e A"
w=1/[o*(F,)+(0.0459P)%)
Direct

Difmap

geom

none

'Siemens XSCANS'

‘Siemens XSCANS'

'Siemens SHELXTL"
SHELXS-86'

'SHELX1.-93'
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Mg (5SEEFRETRAER), C7AEERF C13 fiEERS N, FilsHy @
F4 0% 9.5°80 17.5°, /NF 1 hEAEN AR, RBAN4N, KT n BEEER K.

Fig. 2-7. ORTEP drawings of complex 2: (a) the molecular structure with the atom
numbering scheme and (b) the quasi-dimer formed via weak coordination bonds.

Table 2-5. Selected bond lengths (A) and angles (°) for [Cul?] (2)

Cu-N(1) 1.915(5) Cu-N(3) 1.919(5)
Cu-N(2) 1.943(5) Cu-N(4) 1.951(5)
Cu~-O(5)#1 3.096. Cu--Cu#l 6.220,
O(1)-C(1) 1.212(7) 0(2)-C(2) 1.214(7)
C(1)-C(2) 1.553(9) N(1)-C(1) 1.360(8)
N(3)-C(2) 1.353(8) N(1)-C(7) 1.396(8)
N(3)-C(13) 1.392(8) N(2)-C(3) 1.479(8)
N(2)-C(5) 1.275(7) N(4)-C(6) 1.288(8)
N(4)-C(4) 1.466(8)

N(1)-Cu-N(3) 87.0(2) N(1)-Cu-N(2) 93.9(2)
N(1)-Cu-N(4) 172.1(3) N(3)-Cu-N(2) 177.8(3)
N(3)-Cu-N(4) 93.5(2) N(2)-Cu-N(4) 85.9(2)
N(1)-Cu-O(5)#1 $6.2(2) N(3)-Cu-O(5)#1 96.0(2)
N(2)-Cu-O(5)#1 97.0(2) N(4)-Cu-O(5)#1 122.8(6)

Symmetry transformations used to generate equivalent atoms: #1: -x+2, -y+2, -z+1.

BaY2 P FHRATRS 1 AR, E&EP, A MEERENEEY Y F (B
i1 RE RO ARR) PRIBRRERIEF (05) 4RiERXT FMEF, Cu--O5#] §E
%59 3.095A, ATLUAATERL T —MSsBcii . X8, R4 FRIBE RS E
b, eI “HE” ik (i 2-7b FiaR), B Cu-Cu BEE N 6.220 A,

18



f A RFEEFERL #-%

2.3 [CuL’](3)
H¥ X SEHHSMERAeS. BRlE. SHBRANEENEURBEFE
HHEEE 2-6 FF|H. F2-7FIHEBTREENEBA.

Table 2-6. Crystal data and structure refinement for 3

Empirical formula
Formula weight
Temperature
Measurement instrument
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

@ range for data collection
Limiting indices
Reflections collected
Independent reflections
Oberved reflections

Completeness to 8= 26.46°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/ > 20(])]

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F,+2F2)/3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing structure solution
Computing structure refinement

C25H24CuN406
540.02

298(2) K

BRUKER SMART 1000
0.71073 A

Graphite

Monoclinic

CZic

a=25.605(4) A, b=9.2298(17) A,
c=22.105(4) A,B= 111.749(4)°

4852.2(15) A3, 8

| 1.478 Mg/mm®

0,949 mm"'!

2232

0.28 x 0.24 x 0.15 mm

1.98 to 25.03°
30<h<25,-10<ks9,-21 <1526
6969

3487 [R(int)= 0.0419}

2747 [1> 206(])]

81.4 %

SADABS

0.8707 and 0.7770

Full-matrix least-squares on F*
3487 /0/ 325

1.060

RI =0.0681, wR2 = 0.1666
R1=0.0854, wR2 =0.1783
0.621 and -0.866 ¢ A"

w =1/[6*(F D)+ 0.1076P) +8.4848P]
Direct

Difmap

Geom

'SHELXS-97'

'‘SHELXL-97'
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b
Fig. 2-8. An ORTEP drawing (left) and the unit cell (right) of complex 3

BE3 52 L. B
AR ERRE T IRE /DN SR FREAERE A10.011 A,

—

1

a4

2-8 BHEEEY 3 MHTEHWERSKRE. BamHl
AR T B
2 HiF, B Cu()B P FEMNMEEA (0.124 A). HAEKMA N, FHEF—
MR (SEAETFREFEARR), N, FHESRAER T2 R

LT L

il /933 4 10.1

N 13.4. " URIEESH (<N2-Cu-N4) 4 84.1, Cu-N(imine)f Cu-N(amido)F 1%
RIS, 521

K- 4391128 1.932(5) A f11.907(5) A, XLy Eigug /T 21

WAL, 7 3 BEER, Bl RETOHOBNHESRE S s T ZEETH

AR BHEES S, ERE—METZER (K
A, Cu-Cu#l JEE X 6.54 A,

Table 2-7. Selected bond lengths (A) and angles (°) for [Cul.’] (3)

2-8), "Bk Cu-06#1 BEE 4 3.02

Cu(1)-N(1) 1.918(5) Cu(1)-N(3)
Cu(1)-N(2) 1.921(5) Cu(1)-N(4)
Cu(1)-O(6)#1 3.020(4) Cu(1)-Cu(1)#1
O(1)-C(1) 1.240(7) 0(2)-C(2)
C(-C(2) 1.516(8) N(1)-C(1)
N(1)-C(8) 1.384(7) N(2)-C(6)
N(2)-C(4) 1.472(10) N(3)-C(2)
N(3)-C(14) 1.408(8) N(4)-C(5)
N(3)-Cu(1)-N(1) 87.21(19) N(1)-Cu(i)-N(2)
N(3)-Cu(1)-N(2) 173.0(2) N(3)-Cu(1)-N(4)
N(1)-Cu(1)-N(4) 171.8(2) N(2)-Cu(1)-N(4)
N(3)-Cu(1)-O(6)#1 100.90(17) N(1)-Cu(1)-O(6)#1
N(2)-Cu(1)-O(6)#1 85.89(19) N(4)-Cu(1)-0(6)#1

1.897(5)
1.942(5)
6.535

1.233(7)
1.364(7)
1.318(9)
1.367(7)
1.281(8)

93.80(19)
93.9(2)
84.1(2)
95.08(17)
92.69(18)

Symmetry transformations used to generate equivalent atoms: #1 -x+3/2

20
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Bfr EEAE .. RERSTZENETHREMBER_RiE. BESH 1 F Cull)
KRR M BV B B V0T AT T, T B F AR SRR R — AR . IXFhE
2T R B F XA DARFBIEB. 15 AKHEHE L HEAETREKR, LIRS
FiIFfFAF N, FHFEEA, ERZTFEAFRMEE T A “Z” £, TLRNER
A BRME, RRENDFIUUSRMNMESS TERE, B RKE— 4R,
i 14 BAHERE LA L B8/, A8 FfrETRYE, RMEnTEZFED
—) CREFREN—M) Hasmis, HmRaEEs_REk. 55, 14 ZXH
B0k SR B FRA S ERE FARE AR 5-6-5-6 BIFIRRER, IMARKEARREHT
A RIS R EEFHIEN Cu(l)BFRETFHEBCAI . T 15 AKXHA
RTEHTE T RABEE A 5-6-6-6 RMAER, ENAFFREAMLT =170 B E&FHEEHE
AR KRSk, ATPRREMNESHPFRMKNENERER AR, FEiwal Ul
it DU i A T SRR TR T
3 KWK

3.1 45k
ASH 1 ~ 3 BILEAMYEIEAE 1750 ~ 1600 cm™ TEE A HER =/ Iamp g, 44

LT LW A S PR LG AT X CmRP Y, BATH 1730 cm™ M gye
YR K 3R b 2R 2 R B0 I BE SR B v(C=0)TR I, 7E 1650 ~ 1660 cm™' 73 Bl {1
Wi a] LA R O R R B A RS W(C=0)R3l, e 1620 cm™ MY B K3 £ H WL
B (C=N) HgEiRs). &Y 4 BvC=0{RZIFE LATERR, BEZEBENK
HE MR, FEIFRAVCN)RE, KHEEBRIIRF 1520 cm™ L8 — 5@ R ETE
TKAVC=N). L&Y 4 BIvVIC=NRERN T R = MLaPHv(C=N)yE ¥ B FIK 40
¥, XEHT 4 P8 C=N BRI SHANESILE, BRTEHEEET AL
PR, RS, BEY1 ~ 4 NLLINGERE 1660 ~ 1100 cm™ JEF RILH — 28"
MR (kR 2-8), AIRERH C-N. C-O RENERMIRS) LMY, REHADER
IR .

=
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Table 2-8. Selected IR bands (cm™) for complexes 1 ~ 4

Complex v(C=0) v(C=0)> v(C=N) Others

1 1730 1655 1635 1554, 1488, 1450, 1320, 1195, 1170
2 1730 1650 16135 1545, 1470, 1445, 1310, 1195,1160
3 1735 1660 1620 1543, 1475, 1440, 1310, 1200, 1165
4 1720 1655 1523 1555, 1465, 1435, 1366, 1315, 1160

1 Ester carbonyl. ® Oxamido carbonyl.

3.2 BTGl

EERTHETESY 1 ~ 4 WARAEHR TR, FEBEFITE 29, F
HEL A YRR IR IRAT WK (500 nm BUF) 2RI —/RBHAREH, THE
FRLAK A im—sn BT RIS R BIMA R AT (MLCT) BT, XM A YW 540 ~
650 nm 7 B P B0 98 S5 IR AT LSRR P 3R Cu(IDI F 1Y d-d SRIEDN. ded BRIT i
R T L R R MR BT, EAY 1 ~ 3 HINI d-d BT AR T E it
SERVBNES, STREHTRAVERE, BEAETSHARTRNBRM
RWHIR, BRI MM SBURE T ERALH AR N, R EPE dap
RTIE, d-d BOTEMA. TILAY 4 MBS AR FRGESE RO, Th
LTS FE SR, SEFENNRAHHTS.

Table 2-9. Electronic spectral data (A, /nm) for complexes 1 ~ 4

—

Complex MeCN solution (¢ / M cm™) Solid state

*1 286 (22600), 374 (13400), 415 (8400), 636 (150) 371, 440, 505sh, 647
2 287 (21500), 376 (12700), 420 (7600), 542sh (185) 366, 443, 555sh

3 287 (21100), 372 (11500), 420 (8100), 540sh (200) 365, 439, 547sh

4 312 (26100), 357 (35900), 388sh (23700), 455 (10500), 596 (485) 367, 446, 582sh,br

FEr, MR 29TTUEH, BEW 1 ~4 8 d-d BEHMERAEN KM 1<4<2~
3. MBBRAEHRELERE, 2 03 BEWMEE, LSS EMHEL. SRS
YAELL, 1 Cu(IE FHRMHAEEASKINEEERE, Cu-N #8«K, THHRE
HFHANERFRA, Em 1 FREH RAAIHERSEY, ddKTesb. 52, 3%
W, BEY 4 PREFIRESAN, KR, FRVHCuN,) AL 8 o A,
HATRRBENBRAZ, 2 4 PREKREBRE 5 EEHE, XY@ T
SR FRIBPE, W\M{FEEAI5XSE. LARMHERMENAEERS, HEH, 3t
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I i e AT gy
EEEMERFESY 4 6 dd BOEHRAT 1 f0 2 206, BTREREKEY 4
R, Likgth REEEMER.

3.3 ESR i#

ZEATMETRESY 1 ~3 BEEFLNZBERNY X KB ESRE, £77K T
WET =ARSYEZETHAEERE. B 29 SHAEY 1 NBEBRAFRH
ZIEHEVEAUEER ESR #, LIk 1012 ZEBHNATR ESR i#. 2 M3 IERIES 1
KA, T3 MAGEBES 2 Bl AoxEsEEGaT U EH g g0 A ATFN
g2, FlTE 2-10.

|
V

[ c

W b d

1 ¥ L) L3 3 L)
3011}0 32]00 34100 SGIOD 33‘(}9 2600 2800 3000 3200 3400 3600
H Asauss H fGauss

Fig.2-9. X-band ESR spectra of (a) a polycrystalline sample of 1 (9.486 GHz), (b)
acetonitrile soution of 1 at room temperature (9.775 GHz), (c) acetonitrile soution of
1 at 77 K (9.425 GHz), (d) acetonitrile soution of 2 at 77 K (9.430 GHz).

Table 2-10. ESR spectral parameters for complexes 1 ~3

Solid state (RT) MeCN solution (RT and 77 K)*

Complex
Ei g1 L G Eiso Aiso Bl A A, ° £:°

1 2.169 2.038 2.082 4.4 2.084 81.3 2175 164 40.0 2.038
2 2.145° 2035 2072 4.1 2078 887 2.156 183 416  2.039
3 2.146 2.031 2069 4.7 2.077 88.8 2.155 187 397  2.038

=gyt 2g,)/3; °G = (gu -2) g, -2);°Ain 10*cm’; dAJ, =34 - A;|)f2= ng. = (38is0 - 82

K& E A RIS R, g > g, > 2,02, REMETREL THAHK
HRRIRE, KRB TFRT d,, S0l b, BAGEAY 2B, 5, FEHXTHET

—
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=% & A K F 48 L
B G = (g, ~ 2/ g, — )T LLAIRIET Cu(ihE F 2 RERABE/EA ¥, [Cul'Cl))
FI[CuL'(NO,),]i) G EH KT 4, FTEAMAR A ER o] LLZES.

TRBBERNY Cu()ERRSYIFANNEBHAS R, SNENERERS
HYNSNRLEE, XEHTRUMBET (ZAES=1) SIEMEBRATHR (ays
13G). FERTHREMGETR MR T & mREABRBE T,

W FURMKAIESY, g AFMA SSYPATEEENLERER. BB
SHT R, KEADE SRR IR ) U ARG AR, g {EIE K, T AAD
A, HEANP, AT 2-10 FATLLER, BA4N, L4 2 3 KL ESBEEHE
W, E[ISIN,BEAY 18 g HBEK, AN A, EHER/D, XRFMRER SR
FHEET, 19 CuN, MENERANEEAHE, X588 X HEoTE 2N,

ST REY 1~3, SERAASEEFLT D, B+, REBTFHIEM ESR
HiE, B CEAEFEP, ATLURAE S REEVBIENENRSE. B
3R UBTid PO <]

o = A /P+ (g, —2)+3(g, - 2)/7+0.04 (2.1)
g, = g — 8K ’Ay/ AE(B,;—B,,), K, =of (2.2)
g, =g ~2K,*A,/ AE(B,,»E), K, =0ap, (2.3)

AP P=0036cm', YEH Cu(IDFEFHRERMEAI, A, =-828cm” B H
CulDEFHIENBEESR, BBohBEHE b, 7 THEFER d,, SVE
VA, EREHEFSERAZ oMM, =18, /EETE, 52
ESMS, MHa? = 0.5 B, Aastig. K M K AREALEH, pHB,
SR AR FEIE e, M b, PEMPUEM AR, o HIARC S0P B Ao
e () RS, EREW L ~ 3BT A EPNRER—4 dd
pLAT i, kR bR = A MEMIEAKENR M, ATl hAEB, —»B,,) =
AE(B,—E,) = AE, #E{hit, 20%MRITRIRER FB SR ELHPHMB, RE.

AT REARREESFBARTFERASN, BEREHR P EAXBAE,
W H2-4)R K Rk, B PAAEER, NBHEFHME 0036 cm™, A
DRAQSRTEEREF LHBREEpy. B, BFERALS FREBEREB, &
A1, FBP=0036cm”, AL HQ-6)5 1 H Fermi Bailx, —MNET 0.3
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£ AP,

P=- (A -A) (g ~2)- 58— 2)/14 - 6/T)" (2.4)
pu = 0.03 + 7/6[(AH-AL)XP +(g —2)-5(8.— 2)/14] (2.5)
k= -A_/(PB.2) + (g, — 2)/B) (2.6)

% 2-9 F0FE 2-10 PHIEBGEHIFBERANQ-4)-2-6)X, BHNSHI TR
2-11. EABRESYWHCH 0.7 EH, MNFXMPHREHKXEZH CuN, (AEER
FALEIBERE BR AR ) & CuN,O, A Ao EPY, W Cu" B FS5EBZHEFEKX
HEEMERSY, X5EMTHABKBBOETATROIEX. B AP HHE
R 1, HHRRTRENMR. RSPHp, 8/, P HE 002 cm” AH,
KEAKNTFAHEFRHPE, hFXEF CuN,O, & RR P {E7EH(0.022 ~ 0.029
em )P, W ARFERBEERAK, XtBEHT &R 5E &SR0
MR, «HAR 0.3, 5XEEHRR,

Table 2-11. Calculated bonding and other parameters for complexes 1 ~ 3

Complex AE (cm™) o p? B,* P(cm') py K
1 15700 0.68 0.50 0.61 0.018 0.60 0.31
2 18400 0.71 0.58 0.61 0.020 0.65 0.32
3 18500 0.73 0.55 0.59 0.021 0.67 0.31

4 KEYRBMFERER

E-15~1.5VEERME TR 1 ~3ELERHRTHBARKZERLIENH
Kk (SCE) AZthik]. i T=MeaPmEA Rz &S B, HkE 2-
10 R G 1 Btk . FXEHEITFXK 2-12.

SARESYERN BRI RRRNMETTENEILLIREE, LT R
PEANF AR, BRIVAMREIEREERETMARKEE™ LR, RER M.

(1) REXEEBS “Bl” HAARSEHL, EHLHEEENN-ZQ-ZE8E L
IEEE ) BB AE X RIKHBE K (W salen) 7[R -GV B R A RN

HEUERES; 2) MRESYNILERIRELE bR EF-48, Ba=1E&
VBN EIERNZEEHERX R, EA=MEETENEWCEREEEL (F
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% —% kgl FAEH L
BtRy, BHWREE) RHEFELFEeA. MELE, AR2-2FAUER, BES
)1 KRB ERRTF 2 3. Fit, BIE CuDB AR, BRAITA N S8
i) -— 3 EALE B N T Cu(QUDE R (E,, =-1.02~-1.13V vs. SCE). TIiEBMH—
LR ERIE (E,,=0.976~1.036V vs.SCE) AJY3REF Cu(I/UD)HXT, PHA™ B[R] Y
S HS HETT S AR RE, R EARIN 58 R 0T AL B B ERD T R T RO KA A
A RERBTERE Cu(DF Cu(ID)RFEAE

i | P/, 1 i i 1
150 125 100 075 -075 ~1.00 -125 -150
E N vs SCE

Fig. 2-10. Cyclic voltammogram for complex 1 in acetonitrile at 100 mV s™.

Table 2-12. Electrochemical data for complexes 1 ~ 3

Complex Cu(1/1) Cu(II/HI)
E,/V AEJmMV i En/V AE/mV  igliy
1 ~1.015 102 0.78 1.036 98 1.62
2 ~1.130 117 0.62 0.976 92 1.44
3 ~1.125 92 0.83 0.986 85 1.47

Scan rate = 100 mV s, E,,, values (vs. SCE) were taken as the averages of the anodic peak

potentials (£,,) and the cathodic () peak potentials, AE, = |E,, — E,|.

MF2-12 A AR, (a2 M3 EAERBAEAMHER, BE &4 1 5 Cu(ll)
Ft Cu(IVIIN AL BR B & T 2 A1 3 MM AL, R\ AL BRAE TR TR S AR
YA SRE T2 EE VTR NEFTERILERE, aJLlteBEHREE &
REH . A CuIl) (PYERF] Cu(l) ('), BEHEREFEEWMA, it BEKRENL
MAMNFENAE R EEAER. BERFLAEMELER, &Y 1 T 15 AXEH
Aol = fs R, T ERENNEARTR, BHENTRERREER Cu)ENA, B
L& 1 8 CuUDBARE. H—FE, WA Co(IDF LB Cull), BHFHITHRH
%3/, ME Co(lll) (@Y FXRBFEIGHEM#AE, 51915 i KARIEEL
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- K AL
S, 2 M35 14 RAHRNEMATER/D, AT REREFNFEY, Hita
# FiEE Cu(ll), FrLL 2 #0131 Cu(IVIIDNBALBIK.

g EEd, RN &4 UERANBREKERMERN A RABRRIRE Cu)FL,
AT Cu(IiDSF4LA, T HERAYREEFEE R S5t E M LR B 451 2 1H]
ERFRMERME. BT AANRMETERDAGEAR, S4E% 2 10 3 Mk, 14
&4 1 8 d-d BRTEWHERLE, ESR BT gl AN A B/, Cu(lVDREAL
I Cu(IVIDEEAL B .

B_¥ KAEREMNTESR-AAEKESY

AHATRERM=/ 81 CulDEEEY 1 ~ 3 AaiHe (BMEAE &BECE)
&T 18 NMCu,MBE (M = Mn", Ni', Co", Fe', Fe", C'") R IIEE/EE
&Y, FHHEATT R, TREASFRPERIE, KP[CuCIEEYTFESKEMEL
#H, AMEEHRBEES. RINEBETARGERNMESY S TRIENEW, HMNA
a5 LU e, Ao FRIEBRLHREE—LSHERNER.

Fe(IIEF5 Mn(IDB AR BAE (S = 5/2), EBEFFER CuDMn(DE W 2
W R, (BERESFEN CuDFeDESWMK D ATHRIE. XTfEHT
Fe(IIN AR 3R K AR IX KA S WH & IR B HE: DU By F RO R M B -4 (1) 5 4% B 3
FHETK, ABTENER, BREZESYNEHRIAGEKERTH#T, ®EM
4T Fe(IDW G KE. T ELWHRABRLN AN ERE-FHA)REZRESYAHBK, M
BTCEE. ZIEERIERN. X8 UERANT AEIFKER T &S &Y,
I 1T 388 T Fe(TIT) 4 7K 8 1) B . 6 4% B 48 [R] B BE$6 0 4549 89 Cu(IHMn(IH A Cu(Il)Fe(111)
BAaVHHRES, TN, TSR -EWEHLERNEE.

1 BAWRIE R

[(CuLH,M )(C10,),-:3H,0 [i=1. 2. 3, M= Fe(IlI). Cr(IID], (CuL);M }(C10,),.-nH,0
[i=1. 2; M=NiI). Co(Il). Fe(I)» Mn(I)}: #+FrE[ Cul’] (0.3 mmol)fE Z
B H B Q0ml) FIA—FILEESR B E RO 1 mmo)) LEFER, /£ 80°C
LA RIS 3~4h, AEEE, BEINBEABIESLE-LBRSHENES R, Hf
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@ R FREFERX

Baim. T M=

. EENTRNL

Fe(IDRIER, ERNBRERF
RN E £ g AR

0TS A /D BAUA I BR DABH 1R
R ESARY

[(CuL®),M }(C10,), [M = Ni(II)s Co(II). Fe(II)s Mn(I)]: & BJ7i% ‘ﬁt:diﬁ{f%lé‘u

{8z EVR-& W 2 fa A

2 EAYRRME
2.1 —REAE

x

H

Hr=y), 7R %E R

PO SRR 1) Z BEAE LI BT 1

FARSYHTEINTEENBSRTTE 2-13. TEMLRERSIRA

2

R, ESEMNERHESYAN 12M A-ME A 13M A=ZNE TR B®

i

Table 2-13. Analytical data and general properties of complexes § ~ 22

Yield Found (Cacld.) % Al
No.
Complex Colour (%) C H N Q! em? mol™)
[(CuL'),Mn](CIO,), 4767  3.78 8.96

5 (CL.H,N,OLCLCuMn) &0 75 ugony  (387) (897 135

p [(CuL?*);Mn}(C1O,), yellow 79 47.31 3.69 9.64 145
(CrHe N ,0,CLCUMn)  brown (4726) (3.64)  (9.19)
[(CuL*);Mn](CIO,), 47772 3.53 8.67

7 (CoHoN,OCLCuMn)  OFOWR 65 4go7y  (3.87)  (8.97) 128

g [(CULONI(CIO), o 752 367 8.66 -
(CysHyoN,,0,Cl,Cu,Ni) ~ BFeen (47.98) (3.86)  (8.95) 3

g [(CURNICIO) 4692 355 8.91
(CrH N ,0,CLCu,Ni) ~ brown (47.11)  (3.62)  (9.16) 138

1o [(CUL)NIK(CIO,), red 418 3.56 9.21
(C15H,,N,0,.CLCU;Ni)  brown (47.98) (3.86)  (8.95) 140

;g [(CULYCaKCIO,), o 4157 3.94 8.92 "
(C,sH,,N,,05Cl,CusCo)  8reen 4797) (3.86) (8.9%)

12 {(Cul.»),CoJ(CIO,), brownish o5 46.66 3.44 9.01 130
(CrHN,;0,CLCu,Co)  yellow (47.16) (3.63)  (9.17)
[(CuL?),Co}(CIO,), 4777  3.78 9.13

13
(CoHoNL,O,CLCu,Co) O™ 78 4797y  (3.86)  (8.95) 137

14 LCUL)Fe)(CIOY, 30 darkred 4460 362 8.28 "
(CysH4N,05;,CLCuyFe) brown (44.41)  (3.88) (8.29)

CuL2),Fe](CIO,),-3H,0 43.14  3.26 8.19

5 [( 3 4)3 2 d k d

(CHN,O,CLCuFe) daKred 84 354 (365  (8.46) 232
CuL?),Fe)(CiO,);3H,0 4429  3.60 7.87

16 LCULDs 9530 4ok red

(CoH NL,OxCLCuFe) 2T 76 4441y (3.88)  (8.29) 251
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Table 2-13. Analytical data and general properties of complexes § ~ 22 (continued)

[(CuL"),Cr(C10,)s-3H,0 44.56 3.94 8.15

17 (CLHN,O,.CLCu,c B 91 450 (3.88)  (830) 233

18 [(CuL?),Cri(Cl0,)s-3H,Q brownish 26 43.73 3.53 8.33 .y
(C'?ijzN 12033C13CU3CF) yellﬂ'w (43 .62) (3 .66) (8 4 8)

19 [(CuL*),Cr](ClO,);-3H,0 brownish 2 44.34 3.81 8.08 ,18
(CpsHygN,05,CLCu,Cr)  yellow (44.50) (3.88)  (8.30)

50 [(CuL)sFel(ClO,); 47.61 4.13 8.71
(CrsHN;;0,CLCU,Fe)  Breen 85 4805y (386)  (8.95) 162

11 [(CuL?),Fe](ClO,), greenish 46.84 3.28 8.86
(CrHeeN1,056C1,CusFe)  yellow 82 4718 (3.63) (9.7 180
[(CuL?),Fe)(C1O,), _ 47.90 4.21 8.83

22 (C3sH7N;04ClyCuske) g]l:; zﬁih /1 (48.05)  (3.86) (8.95) 154

2 in 1072 mol-dm™ DMF solutions

2.2 LMtk

A NGRS ESHEN AR RAERLLE R ERM. FRGERE

IE7EF 2-14 FH . BRAZGTEEOINEEGR 2-8), TUEE, EXRIRIRIE
X%, PUALE S Y HIVW(C=0)(3R B E) A v(C=N) IR e i ¥ 451 3 55 Ay 0K 4 7 48 B /Y 3
FRBAREARR, B3N TvwC=0)#3)TREEH B RRE T LS, Xk
R A ERREINEERA R FRERE TRA. IEUKESYE
1080—1100 cm” FWEAWE — T RBHBHFRE, AHERBRE THFLERE. 8
S EEYIFE 3400 cm™ FHE A SRR H)BOBUA K 4 F RO RO .

23 HFRHR

B VU R BC & 0 00 (48 2 5 B 7 Y i 1 2 30 o4 18 5 ) I A IR i Bl R i 6 B TR MK
(% 2-14). B% B ATIRRIEHE, [((Cul');M ]™ 7 620—640 nm &L R[(Cul’),M |
FI[(CuL®),M 1™ 7 510—540 nm 4 F B &, a7Y3)& A4 F i WA HEF Cu(ID)E T 4-
d BKiE. Mn(IDF Fe(lIDEFARBIE &£ B8, H dd KT ABREEME. 74[Cu,Co)
M{CuFe(DIEAYFHRANEER Co(IDE Fe(IDRETH) d-d BT, LM T/\H
(KRBT d-d BT —REES, WA Cu(IDBEF d-d W&y 5l 5 58 fy Bo 4 TR ORI B £y
BRI . #E[(Cul?),Ni)(C10,),-(8)FI[(CuL’),Ni[(CIO,),-(NHIF-F X i& . 750
nm P35 XL 2% B — AR 55 R W WL, BT V3R b \E AT & Ni(ID B F#1°A,,— T (F)
Kit. 7E[(Cul?),Cr)(ClO,);-3H,0 (17)FI[(CuL’),Cr](Cl0,);:3H,0 (18)R BT L%,

—
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d A K FRETFLERK

[ d-d &7

715 nm iz WE B —AIRS
‘A, T BRIE o 1
B AL, Ni(IDAR Cr(IIDH)
METTHEA dd BRTEE A THER, RELTELHM

SRR, BTU3E AT
G AE[(CuL"),Ni](C1O,),-(HF[(CuL"),Cr}(C10,),-3H,0 (16)+, i T Cu(ll)
- R B . NiQDEL Cr(JID&E T
X 1§ MEZE

AR ES Cr(IDE T/

‘Table 2-14. Important IR and electronic absorption spectral data for complexes 5 ~ 22

IR bands

(cm™)

] Complex  Metal __¥(C=0) w(C=0)" ¥(C=N) v(CIO,) Hen (011)

5 Cu,Mn 1735s 1580s 1630s 1100s 627,413

6 Cu;Mn 1730s 1570s 1615s 1080s 530sh, 418

7 Cus;Mn 1735s 1580s 16235s 1090s 520sh, 421

8 Cu;Ni 17355 1585s 1630s 1100s 629, 492sh, 410

9 Cu;Ni 1730s 1570s 1620s 1080s 749sh, 536sh, 420

10 CusNi 1730s 1575s 1620s 1080s 750sh, 538sh, 420

11 Cu,Co 1735s 1580s 1630s 1100s 630br, 495sh, 411

12 Cu,;Co 1730s 1572s 16225 1085s 538sh, 415

13 Cu,Co 1730s 1575s 1620s 1090s 535sh, 406

14 CusFe(Ill) 1730s 1575s 16255 1100s 625br, 500sh, 415s

15 Cu,Fe(Ill) 1730s 1572s 1625s 1090s 530sh, 420s

16 CusFe(1ll)  1735s 1578s 1625s 1090s 532sh, 410s

17 Cu,Cr(ll)  1735s  1600s  1630s  1100s 629, 4055

18 Cu,Cr(lll) 1728s  1588s  1620s  1090s 715, 535sh, 410

19 Cu,Cr(Ill)  1730s 1595s 1620s 1080s 714, 530sh, 405

20 Cu,Fe(1l) 1730s 15755 1627s 1085s 630, 494sh, 415

21 Cu,Fe(il) 1730s 1570s 1620s 1090s 663sh, 542sh, 456, 420

22 Cu,Fe(ll) 17355 1575s 1624s 1090s 660sh, 536sh, 412
*Ester carbonyl. ® Oxamido carbonyl.

ERAFM, XMPXTFMMIBESRKRFRKYZESYNREFRAZ, WA

FARF/EERLEH. ERMNAERS, RERTHMNZE, GRAFIET X

HER TR R R, RIBASRS . HERIEURT X ERT, HFESEERU
WEY— A ERBHREAINLCIR SR SE LY, BATANXELEYRE I

K 2-11 FIREH, Hr
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i X F i FERX 4
J\EABEALAE, BAEE F[(Cul)M
1™ AR FRYE A D;o

2.4 ESR i

7E 110K T8E T H2NiEY)
) ESR #¥% . BC-&¥[(Cul");Mn (CIO,),
) ESR #7E g = 2.03 EH—MBEH
FIHE S ) R 15 5, & 83 Cu(ID)FI Mn(II)
EFRFEEAEERN. EMERE

T, A2 MERBEAYEHE, Fig. 2-11. Proposed structure for the
’ tetranuclear complex cations
AT 3 B — A S H IR L o

3 BEPR
3.1 [Cu",Mn "] &R

% 2 ~ 300 K fEE#E T [(CuL*»);Mn ](CI0,), (6) HIZFBBAE (B 2-12). &K
S ERB S b = 6.22BM, KT EBE[CuMn]E RN BMREHE 6.63BM, TE
EERE PR, ue EEWE/D. R ARPERE THEE T EFE R KA
AfEf. 20~ 8K BENEN, u  TEBERH—TMFEE, u,~27~28BM., X
NF=FBEE (S, =S — 38, = DR BIEMHE (2.83 BM). BESEREEN, uq
BEXRARITR. IHARTEEHTERKRBET, o TEMELEMTRKEEH.

F

0 ' 00 200 | 300
TIK

Fig. 2-12. Temperature dependence of magnetic susceptibility for complex 6
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Sy 3

dF A FHEEFAEEL

FRYE % [0 AT Heisenberg B HERS B A = -2JS,,(Scu +Seus +Scus) » AT LA
2 tH[Cu,Mn B FR(Sq, = 172, Sy, = S/2)RI BE /R B R RIE

1 = (Ng'B°/kT) (4/B) + Na

(2-7)

A = 2 + 10exp(dJ/kT) + 20exp(7J/kT) + 28exp(10J/kT) + S6exp(13J/kT) + 60exp(18J/kT)
B =173 +5 exp(4J/kT) + 10exp(THkT) + Texp(10J/kT) + 14exp(13J7kT) + 9exp(18J/kT)

Heh T A cu(ujfu Mn(ID) B F 6] KA B8R 9, Nok 5185 G < FINRELIR(E 2 N
450x10° cm* mol™), HMBSHEEF G X . H AR EXTLURFHALS 8K LLEHR
LRHYE, B 8 K UTHRIGERMRE. ATEBNEECEANHETRENS,
BNERT A TRAMAEER, £ ERAREM E#TH FFHEURIER, B

v =2y N1 -22]"%,, / Ng*B’]

(2-8)

KRR FRIZ RS, FREAR (2-7) F (2-8) £ 2 ~ 300K 7GR AN#ETH
&, BIRIFNGR, mE2-12Hirn. EXBHAJI=-198cm’, g=2.15, zJ'=-
Lalem”s REHETF =) (Wopa = Loata) | D Hopa = 1.9x10%, XEBHRHSTA

oy F R FE R KM EER .
3.2 {Cu,Fe &R

g
o

ty ! 107 cm® mol”
n

-
o

i

W .-

()%
xuT / €m’ mol” K

l

1

100 150 200

T/K

| A A
250 300

Fig. 2-13. x, versus T and ,,T versus T plots for complexe 14

£ 77 ~ 300 K @EGERKNAE T 48 YW[(Cul),Fel(ClO,),-3H,0 (14) #

1{CuL?),Fe}(C10,),:3H,0 (15) 3@ il 3,

-y
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# I K F L FER L 5o
dgk, VR SR Ry, FOBE T TRy T E R 3.8 ~ 3.9 em’ mol” K, T X
{84 [Cu,Fe]#& & HX B E{E 4.9 cm’ mol' K, PEFE MR, ZRPBIF TR, X&E
A4 B Cu(ll)-Fe(IIDEI FEE R kB & . [Cu,Fel S[Cu,Mn)H HHRIK B 45 M, £
AAR (2-7), WLUBFHERISSBEE. M NaflEH 400x10° cm’ mol”’, 1§
FEH Y. e 14, J=-28Tcm’, g=1202, R=174x10"%; L&MW 15, J=-
308cm" , g = 200, R = 204x10*, HFwERHT R WE XK N
R=Y (Hopsd = Heaia) 1D Horwa - BRBEER S, LRUEBFEFHRD FHEHELIE

. J R REX RN R EAE A

3.3 [Cu,Co AR

7E 77 ~ 300 K FEE WM E T [(Cul"),Co)(CIO,),» (11) M[(CuL*),Col(CIO,), (12)
AT LR, 11 L RERERTIE 2-14 BiR. g REKZREL KR 3.0
cm’ mol! K, PEFEFMRE, ZRBEH TE, KU Co(ID Co(ID 2 Blif J EBERZ
P8 R KA BLAE A

20 4
(b)
13
31.5 F}d
E ke
ﬂE 4 E
Q) ﬂE
o1l °
-‘-_..1'0 b~
3| 113
0-5 i 1 " | i L L | " 0
100 150 200 250 300
TIK

Fig. 2-14. y,, versus T and y,,T versus T plots for complexe 11

TNEEEBIE CoDB FHRZERARIBE L BER. XEHTHIERH
1T, BERARBXNNERAZE, PEAZEAARITERST D] BREHI T,
NH & SBMUENEAIERNERAE, R RELTOLEEKE FAGE
1% @ R Heisenberg AKX BREIME . HE, HRRHAFE CoDEEYE 77K
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¥ % HF X FHEFEAL
L ERI 3/2 BIERIBEIT A, TE Co(l)B FHyELbrBCAI M 4 R B B IE/\
Tk, MTEEMREHE G M. EH(CuL,ColERE 77 K LU EMBAT A8 LR
7] Heisenberg (8R4 R, #RIE & HERs B4R H = 2/ ¢oScu +ScoScw +ScoScus) -
[Cu,ColfA R B BE/RMALFE R RN A.

= (Ng'B/kT) (/B) + Na (2-9)

A = g [2 + 10exp(4J/kT) + 28exp(10/&T)] + 4g,%exp(8J/&T) + 20g,exp(7J/kT)

B = 3 + exp(-2J/kT) + Sexp(4J/kT) + Texp(8J/kT) + 6exp(3J/kT) + 20exp(7J/kT)

He g = (ge,+ 202, 8= (58co- 8e)dr 8= Bgcot 8o V4., ¥ Nalfl A 300x10° e’
mol”’, F ERFZEAIEY 11 MLREGEHTUE, BEEXBEN J = 283
cm”, go.=2.30, g, =2.05, F=4.51x10° XTHEY 12 #ITHEMER A =275
cm”, go=2.34, g, =203, F=276x10% g, HAKT g, RAGENEADNRY
—~HTTHR .
3.4 [Cu,Ni] #HR

£ 2 ~ 300 K 7@ ATIE TH89I[(Cul’),Ni)(CIO,), RZEMUE, B 2-15
R, -T Ay, T-T . LESYRNRERIT A SHN[CuMI)EEEWEMU. E
Bt v, T LR E(1.68cm® mol'K)& F X 18 & [Cu,Ni]4E £ K11 B BE{H(2.12cm’ mol”
K), BEEERIMME, » T EEHEAD, 30 ~ 62 K BEAZMA—MEVBTE
X, #uT =040 ~ 042 cm’ mol'K, ZEXMN T BRENESHEIL{E, £#62 KUT
LA HIRT, T {ERE T B,

0 50 100 150 200 250 0
T/K

Fig. 2-15. y\ versus T and y,,T versus T plots for [(CuL?),Ni}(ClO,), (9)
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HFRKEHLEFEHL £ -%

R4 Heisenberg [ HEMS R A = 2JS,,(Seu + S +80)r [CuNiMERS,=
1/2, Sy = DEIEEIREALE R
7 = (N’ B/kT) (4/B) + Na | (2-10)
A = 1/2 + 6exp(3J/kT) + 10exp(6J/kT) + (35/2)exp(8/KT)
B = 2 + 8exp(3J/kT) + 8exp(6J/kT) + 6exp(8J/&T).
EiCu,Mn/#F £, HTHEAL 6.2 K UTFHERBHIT A, HN17E LAZM RIS
5 FIHE PR 2-8)]. BERESBANSE N J=-53Tcm", g.,=2.19, 2J'=-2.64
em', F=1.1x10"%

R RAE[CHNI|[ERS, 4FA Cul)-Ni(ID)ia) iy & A8 T 1E R Ko 1 (818
M EAER A R
3.5 [Cu,Cr] # &K

7E 2 ~ 300 K S8 E A ASE T [(Cul?),Cr)(C10,),-3H,0 (I8 B ALK ( 2-16).
I TR ZEEL R 3.3 em’ mol” K, BT EBES[Cu,CriE RN BIEEGO cm’
mol' K), BEEHMEMEE, ZPREHEAK, FH Cu(DM Cr(D BT BB HFE
BB EER . T EA 7K HXBBAE (5.4 cm’mol’K), 77K UITEIE
AL XMERITARBTEH AR AN T A S A BAEHE 4.

3
| Y
B 20 -
5 -
o }
g &
= =
0 -
-!._ ¢ | 3 | 1 1 § i N 4 i | . k
O 50 100 150 200 250 300
T/K

Fig. 2-16. 3 versus T and y,,T versus T plots for complexes 18
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— B K FHEFERL
T CrDE Co(IDBARRIM B ME, [Cu,Crlik R BE/REIAL BT IH(2-9)AR
i, (B8R THEBUEBEIT N, EARFMASES IR ZRUMN, B
v, = NBYKT - 6)] x (A/B) + Nax (2-11)
Heh A f1 BEERE (29 RPHRFE. ¥ NafElEH 300<10~° cm’ mol”, JHLE
17 18 B LR BIEHITHES, BAF XS J=67cm’, go=1.99, g,,=2.05, 6=-1.0
K, R=7.72x10",
7F 77 ~ 300 K SEE A E 7 [(Cul"),Cr)(ClO,),;:3H,0 (I B A E (K 2-17),
HARQ-9)BHTHEAL, BINSHAJ=63cm’, g,=1.97, g.=2.04, R=772x10"

6 4
S ' X
rj._ B "J31—
O j -
£ 4 =
ﬂE i o
G 37 12 E
o : O
O B a8
:2~ -1'_5
= >
*x 17
0- | ] 1 | IO
100 150 200 250 300

Fig. 2-17. yy versus T and yT versus T plots for complexes 17

3.6 [CuMIZERF AR LSRN FSWNFZ MMAL RN RS2

W% Kahn ZARMI0 B RMAEER, o FBEIHFEREEROFHN GRS
7, HRESRETHLARNSRENT, SIeRETFREN n ARRITHT
HARAETLUR #n ALLGRBIE R0, 5558 FE RS ER S L RS T
W, 0 EARBIEEA, SRETZNEAEEERNFHASRETFHE R
R . BASBET AR B (H0H n, Al ny MRBHET) ZEHGE
i A RARE 2% J TTURRY A 1 n, MGG, A1 B # ny MRESIE G, 2
A AR T A, B

J=-] ZZJH (2-12)

ORG: u=1  v=i
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# A K F R L ¥

ERERT, BOEZRPEEERRS (5¢R-ERZ BB IERMED,
fA4B-SRAEMEBHSHRRY, TURBEISHEESHHEEER, [ J,
AR R R AP Z A

o= 2~ 28,048,787 (2-13)
R BIETRBIES, S, RENHIIE,, Mo, RABERRY, 5, RFH U
BRREEE, AR A-B BRRPENHNEERE RPN G0 FHIELZETIEE
o

J A SBRT LR EBAHEAN KD, B 2, 8D, EL8AEE, FHNT
WSS BIIM-2S,4,7 - 8, ) ARE, BHTREBMBES. JAERRY S.F
FF (BB FER) REEER, J,=2,>0 NEBBEFZRE#EMEEEHANR
BROUBRHETE . ¥ S, ARBRAN, BIWARE, J, <0, X JHREKEENTH.
T 27, 8/, 7E A B n, MHESLIEY,, A B B ny MBI, P EDH X AR IFEH,
X A F AT BB () 4 AR AR A S B TR — AR B TR A B FR B AR A Y BE P
KR E, FTLLARIRSHIANS J<0, AFIB Z R ARBHAMEIE.

S FRATEGHEE CuM RHKUZERSEY M = Cr(lll), Mn(II), Fe(Ill), Co(Il),
NI}, §T J,,  REHE—MREFES M ZEDEIHERMEEER, B Esas
FrE— PR S, B M(O,C,N,)Cu (1 2-18), RolLIRAMHEEER
IR RADAERT K/ . RSB R B IEAR W LL#

i %5 22 i $h 18 7 B BX 4 R P 8 3 PR 1 Sk A 0 N\ L

7, BFREKE SR EX R AR LA E Cu M\ I Cu X
HERUFERT, SESRETH 3d 5 0 N
(RABRFIRERNE ) M BRIE N b, (d,,). a)(d2),  Fig. 2-18. The oxamido bridging
(), ay (@), by (do)0 by (d,), HIFTAEL o

BTN T N EESTFE DR e B8, FEANPEXNET NEFELFEFE ¢ $iE. Cudl)
HE-ANRBEFET, G b, #HE, TEBENLALARK, M-Cu BRI
BBHAIRTA:

I
IMcu =;““Zpr1 (2-14)
M u
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e Bk FHE AR
R pER M B BB BGE R R

5 F CuMn F1 Cu,Fe BL&4, B E i Ma(IDF Fe(UN)BE T HI LA RMXT BT &
R T BEEINE, Jyy, = e F Jan + Jasn + Jazm + Jon)/Se KT F Cu,Co L&,
Co(INB FII=A KX BT E 38 a, (dp), by (dHHHE N\EFIRTH e, HE)
AR =AEEBE \EEFERE L, 008 Z— Jye = on +Jam T Jogn)/3» X3
F Cu,Ni BE&5 9, Ni(IDE TR KRB B F 51 a,(dp), by (dBEHIE, Jyo, = o
o S V2o

BB EE, BARATARSHNESAHATEELR, iUl ER 1 MEEHR J,,
PR S 5 T B REBTRR (S, 20), HEH J,, WHEKEAM (S, =0),
HFHEA b, (@ )EHLTHETE, HRANERAGRET, A UBRBEHIE R
ENEEEERK, BMEREZ RNEERSBEKR, BERGKEFTRSAE M 5
Cu(IDZ B AR R BRRIAHEER, X5LRER .

R 2 s EATSERB AT, SFHEYFHLBBEMUA Jyeu = Jn/5 (M=
Mn(ID), Fe(ID)): Jeey = Join/3: Jnice = Join/2e BB AFHLEYIF H) S, A AEZE,
5 Sopen ® Veeey ® Wooew ® 2hicr THEREMHBHLRUSERS LBXRRFTHK
AN, LR EN 3Vecd < SMuncal LMuicel < SWrecale XFHERIFRRE R 2 FHEIH:

(1) Jyee F R T BHEH TR J,, B KT RKFHED: M-Cu (5, M= Fe(llD),
Mn(1I)] > Co-Cu (3) > Ni-Cu (2} > Cu-Cu (1) (FEES AR AKERMIANEE, B oo, -
Ayanied REAR [FIAE IR PRI R

2) AEERETFH b, BBIES Cu(IDH b REHENERF S AR, XHE
WEESRAEMER: (a) BF¥E Mndl) > Co(I) > Ni(ll) > Fe(IIl), M-O & —
WA W TIRFE: MadD-O > Co(Il)-0 > Ni(ID-O > Fe(1l1)-0; (b) &R BT 3d $hid ke
ARG R IR R AR MadD) > Co(l) > Ni(ll)) > Fe(Illl). M-O BEE#E, X J FLEEE
WA, BEFT J ENERAFHENS FREMER, BHE B 5
FUEEK, 5 Cu(IDMIUERMERRS BN, REBIEHBR. HHE SVl < 2Wed
xR, REBRIE () T8 SWucd = 15 < 2Vaicd» BT Fe(IID-0 L HE M-O 5
%, TH FeQINE T d BUEREMBIK, FTU e AW BIX.

3) eord FISBMERTTDT Spedr TEREBT Co(lDEFEH KHINER T
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R s ke AT

$-¥

B, MEmREEEKR, TLAESEENLSRAENAREREETSIREML

e, BB ABK.

$tF Cu,Cr BB&Y), CrdINE TR =R BT HEr R EIE a, (). 9, (d,)

fl b, (d) (ST NAEEKREFH o, 8, =APNEHS CuDR b, HHPUEIE

2, B Joc, = G + Jan + San)/3 > 00 Cr(IID5 Cu(IZ B A BRBEAR BLAERT
Mz, FIFEEARMPOEEE, RESEE TR TR LB E W

SN R & R B T 2 E AR ELAE R R RBURAR S Kb e 1RYE

-k BT B IR B RIE

B BATATLATRE, anRAeEHIBRLUG(Cu,Cu), BT ZRBIRXBRIRTNERX, Ve

> 2|‘]NiCu| °

B=1 SHAMURRATRERN SR UEESY

—

5,7,7,12,14,14-7~ R 8E-1.4,8,11-[1

&z —1, REXZHUAKRKAKE

(1D WA+ NN, B4—RAERE \\/\(

FFEBGE RSP E R AR, cth BIIMNEbE Nt
/

H BN
FHIE (raccth) W8 (1) BEEY [ NI\ j
NH HN

[Ni(rac-cth)]** (B 2-19)i8 3% 58 1 XA M”
BESRAR, KHAREATTLUHTEHE,

it @A ERE FRA, NTIEHEMN

[Ni(rac-cth)]**

EATFHIUE (cth) B E4 B A S & AL

v

Ni
(i

\\“‘.k/tw”

INi(meso-cth)}?*

XL/

MR AL B LGB, BATLL  Fig. 2-19. Chemical structures of the

FE TR KA ER - HEEY
[Cul] (1 ~ 4) AESAEHE, SNi(rac-cth))* kN, 82

™

two isomeric species

18 = A [CuL'Ni(rac-
cth)](C10,),S (S REBF A PN RIEFRERSY, N TXERKNEHRMAR T

BERAERBENZEESY, XBPFEIRE. RINMETHTRIM RSN ZEE
P, HBR T el REsl, FRRITGEESWER i 8 MHEc SRt
. HABECLLBAZH T EIANMREYS LTWH[CuNI|E S A LT 5 IEH &
MR A R R S ERA LR RN ERER, RE T ES R RB-f X

RHEME B
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% - B X FHEF X

1 EAWerR

[Ni(rac-cth))(C10,), ¥ SL#R 7 & .

[Cu(LYNi(rac-cth)}(Cl0,),H,0 (23)HRI[(CuL)Ni(rac-cth)}(Cl10,),-0.5C,H,OH (24)
& rR: [ 20mL ZE (95%) FMmA 0.30 mmol [Ni(rac-cth))(CIO,), 5¥ B KI[CuL']
si[Cul?], FRERZEMEREIR 3 h GiTiE, BIAZHEHEK BRBABTLE-L
82T (2:1:1) BEWEHN, EERTEBELR, 420 KEEEHRE.

[Cu(L*)Ni(rac-cth)](C10,),H,0 (25) R [(CuL*)Ni(rac-cth)|(C10,),H,0 (26)¥1 &
BR: 523, 2 MEHFTERELANMR, HEERERE.

2 WA 23 24 MGG
2.1 kil
X X SRR TREN. BERE. SHBITNEETEUREBER
HirE R 2-15 FAK 2-16 FF|H.
2.2 K49 23 MR as KR

WEYREANBRRERN P2/m THEE, REEHWUPRERVERER TR
[Cu(LYNi(rac-cth)]**. CIO MBERIKSF, B 2-20 AHPIEEMRTCH S T4/
MEREFHRS. B2-17H—SEENRBKORA.

Fig. 2-20. ORTEP view of the binuclear complex cation in 23
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Table 2-15. Crystal data and structure refinement for complex 23

Empirical formula
Formula weight
Measurement instrument
Temperature

Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

£ range for data collection
Limiting indices
Reflections collected
Independent reflections
Oberved reflections

Completeness to 8= 26.46°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices {7/ >2 ()}

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F,24+2F *)/3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution
Computing structure refinement

C.H,N:O,CLCuNi
1100.14

298(2) K

BRUKER SMART 1000

0.71073 A (Mo-Ka)

Graphite

Monoclinic

P2/n

a =15.2129(15) A, b =16.0215(15) A,
c =21.820(2) A, B =103.081(2)°
5180.2(8) A?, 4

1.411 Mg/mm’

0.947 mm’

2300

0.30 x (.22 x (.12 mm

1.49° to 25.03°

-I5<h <18, -15 <k <19, -25 </ <25

18149

9026 [R(int) = 0.0687]
4310[1 >2o(1)]

98.7 %

SADABS

0.8949 and 0.7643
Full-matrix least-squares on /°
9026 / 15 / 613

0.948

RI = 0.0661, wR2 = 0.1570
RI = (.1532, wR2Z = 0.2069
0.760 and -0.560 ¢ A”
w=1/{ o (F,)+(0.1075P)]
Direct

Difmap

geom for C-H and difmap for N-H
'BRUKER SMART
'BRUKER SMART
'BRUKER SAINT
'SHELXS-97'

‘SHELXL-97
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Table 2-16. Crystal data and structure refinement for complex 24

Empirical formula
Formula weight
Temperature
Measurement instrument
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

d range for data collection
l.imiting indices
Reflections collected
Independent reflections
Oberved reflections

Completeness to &= 26.46°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/ >20(J)]

R indices (alf data)

Largest diff. peak and hole
Weighing scheme [P = (F *+2F /3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution
Computing structure refinement

CHe CLCUNNIO 50

1091.13

293(2)K

BRUKER SMART 1000

0.71073 A (Mo-Ka)

Graphite

Triclinic

P1

a=12.4504(8) A, a = 90.2520(10)°
b=13.8719(8) A, B=111.9910(10)°
¢ =15.8657(9) A, = 102.2900(10)°
2471.9(3) A%, 2

[.466 Mg/mm’

0.991 mm"!

1140

0.35 % 0.25 x 0.20 mm

1.51°to0 25.03°
12<h<14,-16<k<16,-155/< 18
10334

8652 {R(int) = 0.0298]

6836 [1>2a()]

99.5%

SADABS

0.8265 and 0.7231

Full-matrix least-squares on F*
8688 /3 /638

1.024

RI =0.0542, wRZ2 =(.1528
RI1=0.0689, wR2 = 0.1682

0.913 and -0.726 ¢ A3

w=1/[ P(F,)+(0.1044P)+2.2179P]
Direct

Difmap

geom for C-H and difmap for N-H
'BRUKER SMART'

'BRUKER SMART"

‘BRUKER SAINT'

'SHELXS-97

'SHELXL-97'
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Table 2-17. Selected bond lengths (A) and angles [° ] for complex 23

Cu(1)-N(3) 1.936(5) Cu(1)-N(1) 1.937(5)
Cu(1)-N(4) 1.955(6) Cu(1)-N(2) 1.958(5)
Ni(1)-O(2) 2.089(4) Ni(1)-N(7) 2.098(5)
Ni(1)-O(1) 2.115(4) Ni(1)-N(5) 2.122(6)
Ni(1)-N(6) 2.142(6) Ni(1)-N(8) 2.149(5)
N(1)-C(1) 1.311(7) N(3)-C(2) 1.318(8)
O(1)-C(1) 1.251(7) 0(2)-C(2) 1.243(7)
C(1)-C(2) 1.541(8) Cu(1)-0(7) 2.586(6)
N(3)-Cu(1)-N(1) 86.2(2) N(3)-Cu(1)-N(4) 93.1(2)
N(1)-Cu(1)-N(4) 166.1(2) N(3)-Cu(1)-N(2) 153.6(2)
N(1)-Cu(1)-N(2) 95.0(2) * N(4)-Cu(1)-N(2) 91.9(2)
N(3)-Cu(1)-0(7) 106.7(2) N(1)-Cu(1)-O(7) 84.3(2)
N(2)-Cu(1)-0(7) 99.7(3) N(4)-Cu(1)-0(7) 82.6(2)
O(2)-Ni(1)-N(7) 166.96(19) O(2)-Ni(1)-0(1) 77.26(16)
N(7)-Ni(1)-0(1) 89.76(19) O(2)-Ni(1)-N(5) 91.7(2)
N(7)-Ni(1)-N(5) 101.3(2) O(1)-Ni(1)-N(5) 168.5(2)
O(2)-Ni(1)-N(6) 89.2(2) N(7)-Ni(1)-N(6) 91.3(2)
O(1)-Ni(1)-N(6) 97.5(2) N(S)-Ni(1)-N(6) 85.8(2)
O(2)-Ni(1)-N(8) 95.74(19) N(7)-Ni(1)-N(8) 84.8(2)
O(1)-Ni(1)-N(8) 87.77(19) N(5)-Ni(1)-N(8) 89.9(2)
N(6)-Ni(1)-N(8) 173.5(2)

WEYPEBFATERHNBARARE, EBMEENHIMRERET (01, 02)
M rac-cth KIFNEIRTF (NS, N7) MRERIEYE, minail®Ed rac-cth #1750
MERF (N6. N8) H#E, Ni BRTEALTHEFE L, #iM Ni-N K CFA
2.146 A) KFBSMUNR CEEIA 2106 A). FETFLTEBRREKAHUNMEETF
BRAFLRF, Cu-NEBEEEEF, NI, N)KMRKLAA 1.936 A, BEHE T Cu-N(ER
HEEEF N2, N4y CEHEK N 1.957 A, B 55z F1Cu(LY] (HAEE, #5% Cu-N
BNBKEER/N, FEFHECHENTFEHNAEMNEAZR, Cul-N1-N3
SEEAD Cul-N2-N4 FHEFEAN 31.8° (FRNGESH 0°, EIIEAEF A 90°),
NN RE FRE MR/ R FRMEE D514 0.3430 A (N1). -0.3196 A (N2).
-0.3496 A (N3) F10.3262 A (N4), FIWERN 0.3348 A, HE T WE % T HHIIE
2401089 A, HEZE A 1L, SXNBEEEYF CaN, #8843 i MU i 4% F B {5 1
FREHERK. AERRSREEREFIRAERY 2.586 A (Cul-07), AILLANTH
Z S — SR, ERBIEERS CON, EXE, HPRMARTFmIFfE
B/NZRFHBPIEERE H-0.0741 A (N3). -0.0698 A (O1). 0.0679 A (N1). 0.0645 A

—

[

| —
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fFF K FHEFELL

(02), Cul FINil AT ¥ 55 1 A9 R — 10, 0 B8 12T T 1 FE 5 43 5l 4 -0.346 A F1-0.342
A, Ni1-01-02 F# & Cul NI-N3 FH SHEFEARA DA A 12.8°H 14.4°,Cu-Ni
B 5292 A. S[Cull] (1) M, BEBERARFEEXRKEHERML, &
LIS BAARRILA: (1D CORBPEBERTK: (2) CNEN C-CRIHEYME;

(3) Cu-N (Bifd) #FK. XEHTESKEANER FRUE R FEHE RR
goCEER (N 2-21 FTR), HERE C-O BRNBHHHKIT, C-NERM C-C 8
WeRvkE, MBRERRTFEPEFZ RIMEMNRESS. IMENSOIIER

Ty, — 3
R R
L 8‘ &5
o ) NS
NN //}ff\\
l /Cu T NI\ (I;. /CU
C ,.Cao.
o7 \ri: - g/ T&
R R

Fig. 2-21. Scheme illustrating the charge transfer on coordination

2.3 BEEW 24 MAESHHREISKEW 23 R

BEY 24 MBHASHRENPIZNE, REEHTEEFIKEEFET
[Cu(LH)Ni(rac-cth)}**+ CIO,MELFHE M5+ EtOH, B 2-22 A FH R BUAELI 8T

E B KRA.

MO FERRIBETIFS. F2-18 5| —LE

X4
& )c23

L Y

022

rhl 15

"*i

g3 ° a N
oL
NEaNS
i
Cut P)C25

02

cap C40
C3l & »

: (,f_ cao
m
- e
g“
027 2 4

{Q‘ 35

Fig. 2-22. ORTEP view of the binuclear complex cation in 24
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Table 2-18. Selected bond lengths (A) and angles [° ] for complex 24

Ni(1)-0(1)
Ni(1)-N(5)
Ni(1)-N(6)
Cu(1)-N(3)
Cu(1)-N(4)
0(2)-C(2)
N(3)-C(2)
N(4)-C(6)

N(7)-Ni(1)-N(5)

Ni(1)-0(2) 2.075(3)
Ni(1)-N(7) 2.088(3)
Ni(1)-N(8) 2.153(4)
Cu(1)-N(1) 1.935(3)
Cu(1)-N(2) 1.939(3)
O(1)-C(1) 1.246(4)
N(1)-C(1) 1.331(5)
N(2)-C(5) 1.278(5)
C(1)-C(2) 1.536(5)
O(2)-Ni(1)-0(1) 77.70(9)
N(5)-Ni(1)-0(1) 166.89(13)
O(2)-Ni(1)-N(7) 167.63(12)
O(1)-Ni(1)-N(6) 96.72(12)
O(2)-Ni(1)-N(8) 94.98(13)
N(5)-Ni(1)-N(8) 91.33(14)
N(7)-Ni(1)-N(6) 91.71(15)
N(8)-Ni(1)-N(6) 173.54(15)
N(3)-Cu(1)-N(1) 86.79(13)
N(1)-Cu(1)-N(2) 95.00(14)
N(1)-Cu(1)-N(4) 172.01(14)

N(7)-Ni(1)-0(1)
O(2)-Ni(1)-N(5)
O(1)-Ni(1)-N(8)
N(7)-Ni(1)-N(8)
O(2)-Ni(1)-N(6)
N(5)-Ni(1)-N(6)

N(3)-Cu(1)-N(2)
N(3)-Cu(1)-N(4)
N(2)-Cu(1)-N(4)

2.130(2)
2.107(3)
2.159(4)
1.923(3)
1.945(3)
1.251(4)
1.327(5)
1.278(6)

103.12(15)
89.94(12)
89.24(12)
88.60(13)
84.84(14)
89.56(14)
84.13(13)

177.52(14)
92.38(14)
86.09(15)

WEY PR EFHEMTIESLSY 23 BAL.: ERERENFEANEERETF (01,

02) M rac-cth &P

FRESFE B, iR Ni-N #1K G

R T R AL T FE B K

ML, Co-N(EUERERET,NLNHHREK (~1.929A) &K, 5 Co-NE
‘F,N2,N4) 8K (P 1.942 A) HIEEZ/N.
U A R FEAR D,
—. I PR ER E H+0.0816 A (N1,

F RIECL A B G F T
m.

)

L

ar, M
MR FRE TR/
(N3, N4), FEHRERX 0.0825 A, #E T IREi%S

MRURT

e (3

al

MEURF (NS~N8) Mmg—METR ) /\EE, Ni RFERLT
2341 2.156 A) KT B ML
F R L7,

21414 2.000 A).
58 N B B AZ I A [Cu(LY]

RiiE: S W5

5489 23 AFERIE, 24 PHIE
B M B [Cul?)(2) E A 4
N2)#1+0.0834 A

FIEEES 4 0.0516 A. B #(ES

WESRFZRAEREMVR. SHEY 23 K8, EREFESS C,ON, E4HK
W, KPR REFERN

0.0698 A (N1). 0.0633 A (02), Cul 1 Nil Hi{i7 FHrEFi

THRE TR T REFFET

e {1 B ER B 4-0.0845 A (N3).
7 )
18R B 43 71 4-0.575 A §1-0.464 A,

—{il,

-0.0785 A (01).

B &) 24

HEXFULEY
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23 FEAEMNEER, Nii-01-02 ¥ @& K Cul-N1-N3 Fill SHE&-F R EH 250 16.6°
242°, BHEKFHEY 23 PHMAERMA. Co-NiEEENR 5177 A, HAAHF
MISEES4E 0.1A 2. 523 MEA AL, EREENMEETFTERERRETHDE (A
B 2-21), 1F8B4LEY 24 HRERBKAEN T RZK R 2 MAHENBRKARBHAER
Ay, B C-O 8 CuN (BifE) BFK, C-NBMC-CRY%E.

g FRTR, AW 23 M U AESTEHBLEMNENEERTRATLEH, —RWAT
RA R TE R B AR, —REMFEES (CuN,C,ONI) BFERGHEH, L
HEGERETREFETEMENAZAR. XHMTEMEELEKER, HEHLY, W
& EmIEAYHAERRNERE T Z R

3 KAYRIRE
3.1 REEWRIEE

REWHSHEREIITR 2-19. tEITHNLREREHEER 8, BRE
FHRIRERVEESYH N 1.2 BEER.

Table 2-19. Analytical Data and General Properties of the Complexes

Complex Colour® Yield Found (Cacld)) % ) AP ]
(%) C H N (' em?mol™)
23 green 70 (jﬁg) (g:gg) (:g::g) 233
24 red brown 73 (ﬁ:g) (2:2;) (}g:g% 224
25 yellow brown 86 (ﬁig é) (g :gg) (11%.2193) 244
26 dark brown 87 (32 ég) (2;5;;) l(ggg) 218

* The colors refer to polycrystalline samples obtained directly or by grounding single-crystals. Both the
single-crystals of 23 and 24 are red.  ®in 10~ mol-L™ acetonitrile solutions.

3.2 EWRasiii

B E ER LS BEE 5 T 3R 2-20,

S BRI EL SN NEER 2-8), ERREISBRWXEA, BEW 23 ~ 24
v(C=0)(FR Bk H ) Rl v(C=N) T I 44 11 4B 28 55 7 SR 44 P AR R Y 3w 3 R U AR e B AR ]
{Bv(C=0)W 0 ig: B & 3 P (RS 0 T I A2 88, X% B B A AT IR 4418 i EE MR AR & T RO 3K
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b R EREFEBX A

EEETHSBEFRA. BAWE 1080 HHLE —MERK R HBE, A EEEKR
B ER M. 7 3225 ~ 3250 cm” SEREAE - NP HFREHRLE, FIIEIR VA
{& rac-cth BIVIN-H)IRZHHRH. BESYIE 3400 cm™ KB5S 3 IR IBCA Al or

FRV(O- )RS

Table 2-20. Important IR and electronic absorption spectral data for complexes 23 ~ 26

Complex IR bands (¢cm™) A /nm (/M em™)

v(O-H) Vv(N-H) v(C=0)* v(C=0)* v(C=N) v(CiO,) d-d CT or intraligand
23 3400w,br 3250m 1735s  1576s  1630s  1085vs ggg gi)s) ;‘325(*'7 gz)m),
24 3400w,br 3225m 1730s 15755 16225 1075vsbr ggg;ﬁga 0 ;ﬁgs(hl ggggg);
25 3400w,br 3225m 1740s 15755 1615s  1075vs,br gigs(r?gbco ;;25(111 (()3;3%‘;)*
26 3400wbr 3240m 1730s 15825 1615s  1080vs ggg Eg%) §§3 g;ﬁgg}

*Ester carbonyl. ° Oxamido carbonyl.

3.3 AR TGN

G ZEERTAETREY 23 ~ 26 B FREOLE. R 2-20 FIHEEKED
E 300 ~ 1000 nm 70 Bl P B K IR OB GL B AV L R 2.

RCEY7E R SNX o] WX B 36 5 0 R B S R a3 A 618 2R 1B 7E 500 nm BLF
EIIRERAAC A A n-n* BRIER Cu(dl)-»L BT HBERE, W& 530 ~ 630 nm WHA
(B AR BT 38 A SF i DU ECAL A B 4 Cu(ID & F /T d-d BRiE. ABXT T & [14]N, BBt
f KA &4 24 1 25, F[ISIN, EBUEAA RS 23 #7 Cu(l) d-d BRiEHH
BUH. SRZANBENELRL, ZFERHET 23 & Co(I)EAL A RH KA
DENEAEE, HNRAHESS. 23 124 MREEHSELTIX— A,

EEL K, FrEERESYE 930 nm AR —PMRIGHRECE (¢ < 1000, B[R
I R AL\ T A RC AL IR S R Ni(IDE 789 A, (ND) — *To,(NDEKIE . &4 T/\ 4% Ni(If)
BEYH d-d BRIERAREE, R AE RXE 54 B M AT 2 Al S
FEBKIT (BRECEAERIE) M Cu(IDB) d-d BRITHE R .
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% WA REEEF R

4 BEESWFIER ESR ¥

4.1 FFE

#H2~300K JeEAWME TEREY 23 M1 24 MZEBEAE, B2-2348HFME
W) - T Flly\ T-T BER « 7 EIR AT 23 124 B, T{E 554 1.25 e’ mol* K F1 1.20 cm’
mol' K, 1&FLiE& Cu(l)NI(IDNH R AL B BE{E(1.38 c’ mol ' K), BEIRE ) FE1{K,
T EEFRD, 2 40K DLTFRB—PMaMFEX, 5,7 =047~ 0.49 cm’mol” K,
XA HEPEAT R BE Cu(IDFN NidD 2 8] /77E R SRR AR

e [

0.25 &
020
©
rﬁaw
-
2 010
-
b
0.05
0.00 ’
| I L N ] " L X L . i f 1
0 50 100 150 200 250 300
T/K
0.25 49 12
0.20 M 1.0
] N
T%ow 08 "5
] ] O
E 06 E
E ‘ [ap)
Eom 045
= ] S
= 0.05 02 3
0.00 - 4 0.0
’ 1 i |

0 50 100 160 200 250 300
T/K

Fig. 2-23. yq versus T and x,T versus T plots for complexes 23 (2) and 24 (b)

{EH & mFPER Heisenberg BNECIHRMMB H =-2JS,.8.,, TURTFRBI S LR
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A K F L Fiak L %%

KHE, WHhew 23, BREIKEXSH A I=-639cm’, g,=2.23,8,=2.11,R=2.72 %
104, FiXT4Le24, J=-674cm’, gy =2.19, go, = 2.10, R =2.60 x 10,

4.2 AWK ESR #

EZEERTMETEEY 23 ~ 26

WX BBERESR # @220, | |
MEAN ESR MR, &\

=

J

st g =215 WHEH BB .\
RIS, fg=496~550% PR
BlE - RBOERE. BXSHE \/ 9
Tk 2-21. RIEEAMEBESH Kambe s
SBEBRM, CyID-NIDZ HB R o0 W0 400 S
BRBL E HERT B Al MBS (S=

\ B Fig 2-24. ESR spectra of complexes
12) EWER (8§ =3/2), =& 23 (a) ~ 26 (d)

Z B REZ A3 ~ 200 cm”, 5ER

kT{E (4205cm™) B, BHER THRANBEESWFEARE, WESF AFEKILN2,
/22012, +1/2>8 g =~ g, FHEFA— A& REERIRES, MUBRSREFTSR
2, SHFEA Kramer EL, 80372, £3/2>F13/2, +1/2>, BREFHIRRHMAR
1, SOWEKIE32, -1/2>-[372, +I/2>H=AERAN&RREES: T g =g K
fi(g), BT g>4 HRFAUE (). FHEEY 23 ~26 W ESR BETEBHES
BEHNELEMNESKETEL, KAHESENESFHLIEME.

—

—

Table 2-21. ESR parameters for complexes 23 ~ 26
Complex 23 24 15 26
g 2.17,5.02 2.15,5.40 2.17, 5.50 2.17,4.96

4.3 H-BXRSHT

42 RIS EREN, KBS 23 § 24 & Cu(I)F0 Ni(ID)Z. 6] S 8k 4 FLAE
HEIK/ADNERAK. #R3E Kahn R B SRBHOEREL), Co)F Ni(II)Z (4] 8 )k
BHMATERAERTARNERE TR SIE d. MEARRTERO#EEZ EF
FEER, RNEERBBA, REMALERABKE. £ N(DRMSEHELHERIKE
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AT, MAEABKENFELHRT Cu()BRMSHWEHTEES (CuN,C,0,Ni) £
ZHIAE. REQELEHNEER, 54 24 MLk, 23 Cu(DEECALFFHXTF
HHEARERK, MERETRERETEAOEREDN. {EANT 23 F Cull
dop PUEREE FFEMRE 08, ERANTRGEEEELER, EEEN
FRESE RN B AR KA E A, BT ERRAHR NN LHL . 48
FES, FRRMRESYNBITAENIKR, XRERRF~HARBLIRS.

T PR EIAPMHEBREEGHFEMN Ci(DNIAD X Z B & 9P,
[Cu(oxpm)Ni(cth)][(C10,), ¥, ZLEME X HHINA G RE RERFFEMN
MIRIEG Ni(IDBER AL A8, {H CuD)-Ni(DEBABEERABSE (J = -53ecm™). ZFEH
FEXBT CuDEMAEHAR. 7E[Culoxpn)Ni(cth)](Cl0,), #, Cu()5FH E
BRI MANERERN, MEATREYE, Cul)s KA EMEREALAA
AR M. RERERE o BME, Cu(ll)-NH,R ZBREMRAC R,
TR EE A Re RBE (BERETFLHIBFHHIE) 4, EFHEE (C=-N &
ARG iE). Cu(l) BFn BB (d, K 4,) SRR HIEZ H R RMR
n & BRTLBEFABNIBFER, d BFREERRES, FR0ZBHEEX,
d 8 (BREENT do50E) BREBRER, ATTRKET 4 UESHES THEZE
e B E, R Kahn MBRBMERE, CuDESNERFENESEBEEA, &
M Cu(DREEE S NIIDPUEZ R ER MK, HATHBIERGAE.

LA A 24 AR YA NZESY 9, o URH Cu(D)-Ni(l){H @A B ER K
NEHBENI24) = -67.4 cm’, J9) = -53.7 cm'], XFFEFIR B Ni(IDE LK
RE: §E N NINO, FEN NiO,. EFFEXMTARANEMIBRTRAR
B KRR F, SR (A58, £ — &5 NNi(ox)NIN, 1 ON,Ni(ox)NiN,O
EEYPHRILTX—IWR, FEid EHMO B Rk,

MY URNKRBRE =N EREAN KA ARERHAGIBRERESY

EFURRBBE . LERE - Z=HAmBERAE, UXAEBRKR-Cu)SEE
WA ElE T A Cu(DNI(IDAZEC &Y, NESYHTHERIE, HllETHS
MRS R .
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B I K Fi§ 4 A6 L ¥ -

1. BEAaWRIER
[Cu(L)Ni(pmtn)(NCS)|CIO, (i = 1 ~ 4): ZEHF T A Ni(ClO,),:6H,0 (0.3 mol)

H1ZREEM (10 ml) FHA pmtn (NNN N N"-FLHE = Z=F;, 0.3 mol) HLE
R (10mD, REMA—FEE Cu(DRTRE (BEE4 1 ~4, 0.3 mol), HH 30 min
5, BMA NH,SCN (03 mol) HIZEHMW, 1E 60—70°C M#ARN 1.5 h. W5
Mot Sy, AZE-FARRSANELESR. BBV 28 BT - TRESEN,
EEE TERER, BIEES X-HELIMERMEM.

2. KAWHRI

2.1 EEWN4 R
AR EIEN TR 2-22. TEMNHNLEREGRESHHLER -3, B/RA
SHBERARSYIYA 1:1 BEER.

Table 2-22. Analytical Data and General Properties of for Complexes 27 ~ 28

No. Complex Colour Yield Found {Cacld.) % ) A; .
(%) C H N (€' cm*mol™)

27 [Cu(LYNi(pmin)(NCS)ICIO,  green 87 (j‘s"g) (g'jé) (i;:gg) 125

28 [CuL)Ni(pmt)NCS)ICIO, redbrown 7 (:j_'gg) (ﬁg) (g:g) 136

29 [Cu(L?)Ni(pmtn)(NCS)]CIO, red brown 86 (ﬁ:g) (gzig) ({gzg;) 139

PR 47.15 4.52 11.84
30 [Cu(L.YNi(pmtn)(NCS)]CIO, dark brown 87 4737 (471) (11.63) 118

*in 10~ mol-L~ acetonitrile solutions.

2.2 6%

SCNB T iIv(C=N) B B H % 15 0 HECAL 7 AR HER: N BCRr By w(C=N)
HILAE 2050 om”! P BN R BEHY, S BAfr it idRaiab T 2100 cm' Ffifif, WOLABRE A
AEAI AT EREE. EAYW 27 ~ 30 B4/ 6IEAE 2050 om™' BEA IR — AN B 98
IR E R, Fit SCNUREFEA . SeTWHRKIARREY 23 ~ 26 KL, BE
Yh BB RE R A V(C=0) HIRTE 1575cm™ M, B3 BR T B aT AT AE N RS
W, Tv(C=0)(RIEFMVC=N)RBZA K. Ki&kd 1080cm’ FtifL i i%iE %
CIO, R AER . — LT EMLLSM U 51 % 2-23.
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Table 2-23. Important IR and electronic absorption spectral data for complexes 27 ~28

Complex IR bands (cm™) A/ (6/M cm)

V(SC=N) (C=0)* W(C=0)" W(C=N) v(CIO,) d-d CT or intraligand
27 2050s 17285 1575s  1618s  1075vs éggiggﬁg ;ﬁﬁ?;ﬁi;ﬁ?*
28 2075s  1730s  1575s  1620s  1070vs ;ggfgﬁégg) §§§i2§§%3§”
29 2050s 1730s 1573s  1620s  1080vs ;gggh(g %37) ;ggs(l} %g;?)
30 2075s  1730s  1585s  1510s  1086s ;ggiégg} ;ﬁﬁﬂ;ﬁﬁﬁﬁ;

aEster carbonyl. ® Oxamido carbonyl.

2.3 TNl

LAY 27 ~ 30 EZIEERPHE T HIE ST RMLL. £ 500 nm EUFRIRIY
Be 4 P9 BT AT MLCT BKiE, 78 520 ~ 625nm JEEARRKCA Cu(DE T/ d-d BRiT,
VL0 AN X B I BUNEEFRES Ni (D) BFHKE. BEEXEREYT
Ni (D) d-d BRTEEIBRUE K (1030 nm) BAE KT 23 ~ 26 BIHM K (940 nm),
R A 27 ~ 30 P Ni (ID FEMEAIHESS. SEREVREXREAE REHE
NHEREF T & 2-23.

2.4 ESR i}

ERERTRETEESY 27, 28 1 X IKEXZ & ESR & (K 2-25). BCs¥ 27 &
g =226 (HIEHE —NIMEENKRET,

T
11

MEEHEKE - Bk, HREAEL r,fﬂahﬁ\ .
Fg = 541. BL&Y) 28 HPLRERE PNy e -
L, BEESLL g=2.27 AL, K5 — \ s
SERAMLT g = 485 4. REL N
Witig, XEESRHBARRES o w0 0 W0 a0 500
MNUEA~4LM: B5 EFHLAR s

oML, 27. 28 BMEIH S S MY Fig. 2-25. ESR spectra of complexes
27 d28 (b
KHEBK. X-HAREHFE—TH @meB®

F)

S
Il o



& 7 K F i FaR L

- ek

3 KA 28 RAEgW
3.1 #lNE

X X HETHMHOTRAMSE. BOEKE. SHBRTNEIETEURBREF

BARTER 2-24 P HH,

Table 2-24. Crystal data and structure refinement for [Cu(L*)Ni(pmtn)(NCS)]CIO, (28)

Empirical formula
Formula weight
Measurement instrument
Temperature
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Hrange for data collection
Limiting indices
Reflections collected
Independent reflections
Oberved reflections

Completeness to €= 26.46°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [/ >2o(])]

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F 2+2F /3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing data collection
Computing structure solution
Computing structure refinement

C,,H,:N,0,,SCICuNi
915.54

BRUKER SMART 1000

298(2) K

0.71073 A (Mo-Ka)

Graphite

Monoclinic

P2/c

a=19.632(2) A, b =15.3969(17) A,
c=13.2888(13) A, £=94.658(2)°
4003.6(T)Y A’, 4

1.519 Mg/m®

1.185 mm"

1900

0.20 x 0.20 x 0.15 mm

1.68° t0 26.46°
24<h<24,-16<k<19,-16</<14
23308

8220 [R(int) = 0.1369]

3600 [ >20(])]

99.3 %

SADABS

0.8423 and 0.7975

Fuli-matrix least-squares on #*
8228/0/505

0.922

RI =0.0615, wR2 = 0.0896
Ri=0.1700, wR2=0.1138
0.544 and -0.634 ¢ A~

w =1/[a(F,2)+(0.0270P)]

Direct

Difmap

geom

'BRUKER SMART"
'SHELXS-97'

‘SHELXL-97"
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d A X FHEFL® L

3.2 EiR

&4 28 B AUZEC B T 8 76 [Cu(L)Ni(pmtn)(NCS)* FIFFACAL ) CIO, Ak, X
W TGN E 2-26 i, BHRBEKMNEMAT| TR 2-25.

Fig. 2-26. ORTEP view of the binuclear complex cation in 28

ESYTHETATTEA

AERFREN, B/D ZFKFEK
3 0.003 A), 58 [Cul?](1)FEEL, 48 7§84

MERIRETF, NI, N3)FPFRKD 1.924, BEE T Cu-N(TEERERR T, N2, N4)  (F¢

Al

)

B KA HIFLIXA,

J

r-ll

AR RUR T E A 3L,

CBE B A+0.113 A, R TFREL T EFE AUR

o7 A SEE R 1) U T A B2 . Cu-N(BR

WRKA 1.94A), XELEHBH S RN A [Cul’ 1kl BEERRSHETH&RE
BRE# A 2.75 A (Cul-07), ATRLAAZEZEFER—FSsichite, B A AHE

F4bF 4+1 R

F

FHERAAE., BRRMERFEFETREBERALRA. &

SRR THRDNEBREIRT. pmtn B =D RUE TR KBRMRAE R T KR

J\ARBCAL IR E, = {58048 pmtn REL
N6 IR fE, Ni-NE8KL 2.014 A, 1

FACHL, Ni-N Rk h 2.157 A, SCNAL
i Ni-O Ei8K 4 2.11 A, FFrEE4 C,0,N,

HAHE, RPEMEBEFREFER /D ZFFEAIIESZA-0.0553 A (N3). -0.0535 A
(01). 0.0518 A (N1). 0.0507 A (02), 5 &% 23 124 AFHIL, 28 F Cul
RN AL 872 m A PR , JR B 1% T A 2R 3 437 4-0.396 A $110.175 A, Ni1-01-02
032 53 54 6.5°F0 16.6°. Cu-—~Ni FEE A 5.345

K H B Cul-N1-N3 I

g

A, 5L-FTECEY 23, 24 254, BEE4 28 1
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f A RKFEHEFEAL

% -%

BTk 2 (B RE—1), BEERN C-O #EK, C-NBNC-CRYEHME.

Table 2-25. Selected bond lengths [A] and angles [] for complex 28

& T RESY,. U

Ni(1)-N(8)
Ni(1)-N(7)
Ni(1)-0(1)
Cu(1)-N(3)
Cu(1)-N(2)
Cu(1)-0(7)
O(1)-C(1)
N(1)-C(1)
N(1)-C(7)
N(4)-C(6)
N(4)-C(4)
S(1)-C(34)

N(8)-Ni(1)-0(2)
N(8)-Ni(1)-N(5)
N(6)-Ni(1)-N(7)
O(2)-Ni(1)-0(1)
O(2)-Ni(1)-N(7)
N(3)-Cu(1)-N(1)
N(1)-Cu(1)-N(2)
N(1)-Cu(1)-N(4)
N(3)-Cu(1)-0(7)
N(2)-Cu(1)-O(7)

2.014(5)
2.160(4)
2.118(3)
1.919(4)
1.936(4)
2.749(5)
1.245(5)
1.339(6)
1.418(6)
1.279(6)
1.480(6)
1.630(7)

93.25(17)
92.9(2)
83.60(18)
76.42(12)
166.32(16)
87.07(16)
94.76(17)
173.47(17)
106.23(16)
80.70(16)

Ni(1)-N(6)
Ni(1)-N(5)
Ni(1)-0(2)
Cu(1)-N(1)
Cu(1)-N(4)
C(1)-C(2)
0(2)-C(2)
N(3)-C(2)
N(3)-C(13)
N(2)-C(5)
N(2)-C(3)
N(8)-C(34)

N(8)-Ni(1)-0O(1)
N(8)-Ni(1)-N(7)
N(6)-Ni(1)-N(5)
O(1)-Ni(1)-N(5)
N(8)-Ni(1)-N(6)
N(3)-Cu(1)-N(2)
N(3)-Cu(1)-N(4)
N(2)-Cu(1)-N(4)
N(1)-Cu(1)-O(7)
N(4)-Cu(1)-0(7)

2.119(5)
2.193(5)
2.103(3)
1.920(4)
1.941(4)
1.527(6)
1.245(5)
1.328(5)
1.418(6)
1.294(6)
1.470(6)
1.154(7)

90.64(18)
91.7(2)
83.5(2)
163.55(17)
173.18(19)
172.96(17)
93.13(17)
85.82(17)
86.01(17)
87.67(17)

BEYH KAERRAOBLSN-RO)LBEESY

X, HBt-JESREEESYRNEMR. RIEEXBHERRF IR THLFRN
WRME, BT GAIHMELRTPUEASIE, BIETBOIRR, BHitd Gddil)

L GAUDCuW(IDZZESYEITERA ZHR. Xk

HFEHRIE T A A B RGBT GAIIDCu(ID Z ZE ST, HFaFEIE. =%,
WIER HBAR. KEBEERD GAUIDH Cu(Dz. b ARk EEB S, TH X
SHBEEHATREAK. ETBEBRKFTES L-ARE SV RY BRI KK 5

Ll 8 KRR S WI[CuLY Q)N R AWRA, 5% -

S FHER DB EY
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[(CuL?),Ln](ClO,),nH,0 [Ln = La. Pr. Nd. Sm. Gd. Dy. Er], #

TR .
1 BEWHEKR

B T E[Cul?] (0.6 mmol)fE ZEFx

TR R(10 mL) ©

LRF 9T T [Cu,Gd]BC

PIA— MK ER L &R

EAERER(0.15 mmol) Z. AW (5 mL), 7E 80°C AGEIA 3 ~4 h, A H, I8,
SR AHZE-RRERGENES &, BIB4%&. = Lo = Gdv Dy, Sm #,

EmRNESET AL 10 mL ZE, {Fre9H.

2 EWNRE
2.1 HR%

FEREYNTESTEIENEFEITR 226 tRIMLRERERTA
-8, RERVERGEEYH 13 HEBR.

Table 2-26 Analytical data and general properties of the complexes 31 ~ 37

No Complex Colour Yieid Found (Cacid.) % e
(%) C H N (€@ 'cm’mol™)

31 {(CuL?,La}{CIO,),-3H,0 redbrown 86 (ﬁig) (ggg) (32(35) 222

32 [(Cul?),Pri(ClO,),3H,0 redbrown 84 (jj:;‘g) (gjgg) (gzgg) 240

33 [(CuL})NACIO):3H,0 redbrown 80 (jj:;i) éjﬁj} (g';‘;} 218

34 {(Cul}),Sm)(CIO,);3H,0 red brown 76 (ﬁ;g) é:zg) (g:gg) 231

35 [(Cul?),Gd}(CIO),3H,0 redbrown 72 (ﬁ:fg) g:gg) (2:2,}) 228

36 ((CuL),Dy[(CIO,),2H,0 brown 75 (jj:;’g) (g’:gj) (g:gg) 246

37 [(CuL®Ef(CIO,),H,0 redbrown 82 (j::gg) é:g) (g:gg) 210

*in 107 moi-dm™~? DMF solutions

2.2 BRI

BLS9 31 ~ 37 (40 4R 6k

AL, ZHEBARESY 2 fkE, hEEEYF

gb-F 1725cm™ F1 1620cm™ MY B9 38 M4 6] 43 Bl 5 A v(C=0)RIv(C=N), T 1585

em” KSR T3 8 EBEG R
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A X FHEFLEEX

=%

SETHERAY, XEREBMKEERR:

B T RIS R . TH

h B & VT

1080cm! M — 280, % CIO, WIS ERM, 7E 3400 cm™ M) FE AR B I K

S FHIVO-H)#agh. —4EE

i E {4 RS T 3R 2427,

Table 2-27 Important IR and electronic spectral data for complexes 31 ~ 37

IR bands (cm™)

Complex oy~ WC=0F _ wCN)__wCIog___ "™ (nm)
31 17255 1580s 1620s 1080s 540sh, 410, 367
32 1728s 1580s 1620s 1085s 535sh, 410, 370
33 1730s 1585s 1620s 1090s 545sh, 415, 375
34 1730s 1585s 1620s 1080s 540sh, 410, 365
35 1730s 1580s 1625s 1080s 540sh, 410, 370
36 1730s 1580s 1620s 1075s 540sh, 410, 360
37 1730s 1580s 1615s 1080s 545sh, 410, 360

EZIEBRTNE T AR RT A, FXREEN TR 2-27. ikt
5[Cul?] (2) #okiEfl. 7 500nm LTS AR A A IKIEE Cu-L HIHBEX
F: 7E 520nm MHEAETTIAEA Cu D BFH d-d KT BENEIR/RLHE T
BT IR

ERBTRET CuGd BE&Y 35 1 X BB A ESR i, &MREWAE g = 2.0
HE 2T —PNHFREEEES . 1B Kambe KEBER, 4 A CuDH 1 4 GdIINZ
W A EEERTE 16 MBEEE. THRETRGRS (AT, EFER TKEE
I BEAYEARE, RKRA~E—-PREH.
3 ESW 35 TR

72 ~ 300 K A AHE TR &Y 35 PR EBE (B 2-27). ¢ REHER
{E#94 9.9 cm’ mol! K, MFHBEEREK, %IHESIH A, R Cu(IDF GdIDZ (4
BT E R RS A AT I SRR LR o %, T 7648 25 K Bk B 8 K18 (10.9 cm®mol*
K), HERBERETEERD, IHEBITANTRELE T TR REKBBEE
.

- 4 - ~ "
AR & mEME R Heisenberg H IR TR A =205 Scw =293 ScuSey + FTEA

j=i i f
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8 H[Cu,Gd YEFR(Se, = 7/2> Sq = 1/2)KIEE/REEM B RIXK:

e = (Ng’B/KT) (4/B)
A4 = 858 + 495exp(-11J/kT) + 252exp(-20J/kT) + 105exp(-27/kT) + 30exp(-32J/kT) +

1485exp(-TH/kT+ -4J /kT) + 756exp(-16J/kT + -4 /kT) + 315exp(-23J/kT + - 4J/kT)
+504exp(-144T + -6.J /kT)

B = 6 + Sexp(-11J/kT) + 4exp(-20J/kT) + 3exp(-27J/kT) + 2exp(-32J/kT) + 15exp(-7J/kT +
AT 7kT) + 12exp(-16J4T + -4J/kT) + 9exp(-23J/kT + -4J7kT) +8exp(-14J/kT + -
6J /kT)

£ J A48FAW CoDF GAIIDE Flal X8R, JAaFA Cu)F Cu(IDE T

BHEHRS, HMASHEBES Y. ALRREAZER 25 K BLERSEREIE (B

2:27), BEIFEXBHANI=076cm?, J'=-038cm”, g=2.07, R=6.75x 10"

1

N
o
—
X

M

o
Yo
[
—
O

T &: T Y
'

%, /cm’mol ' K

1 i ] i | i I 1 i L i A i 0

0 50 100 150 200 250 300
TIK

Fig. 2-27. s versus T and y 1 versus T plots for complexes 23 (a) and 24 (b)

ER JR 8 F B Cu(IDFN GA(IN & F B FAESS kA B AR, T Cu(IDAI Cu(ll)
ZIFAEEFHNREMATAR. Cud)M GA(ID)E F |8 ¢ gk AE LAER KD S5
ROEHMTREWEMXM, BIE Kahn SREFEFTEBIIED), Co@)H kK
R 3d EFRER GIDK 5d Slig, A SR-SRBEWTEBTAHD
41'5d(Gd)3d%(Cu), EMBRASERHL 4 5(GAB3PACHZBMHEERERZ
REBBEES (B2-28), AMSBEHEAS.

38
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5d B0 T
A : ._‘_..-—:-
LN SN N N R e Y
4f 3d :'
R R T §
U
_*i__

=0 4 | g=4
244 galeatlogy 824 o,
Af d oAl

Aia A 5=4

Fig. 2-28 The orbital mechanism based on the 3d(Cu)-»5d(Gd) charge transfer (f
is the transfer integral between two orbitals)
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B A K FREFEHL F=¥

B=% HERRBREBEECWN
£/, il GRERK

% BEFHBRSYBRRCESYNS THRER AT, BRKHRERERRACE H
T H M AR RT3 2 %D, 1976 4 Nonoyama#4RiE T 3 — P A E
MR A Y—I1, 3-TREN(ERER)EH, [Cuppba))” (B 3-1), XFRZAH
BFEENAKRMN “BHK” BE, RAmoLENREYES, BTEHRE%
ey, THETERRERESY. B TXEFHMAE, 1986 £ Kahn FAMIET
B A RE A MTNES FEKEA (CuMn(pbaOH)H,0),] ¥, IS Ak Xk
WIRE T — AU - EaRE R T E SN EY, #3)T o TEEE
F4r T RE2E R AR

m 12+ '/"\’ Q T2+
N
O N\ /N O O . /N O 0 N N 0
Cu Cu \C /
/N / N\ J U,
O O O O O~ 0 o 0

[Cu(pba)]* [Cu(pbaOH))* [Cu(opba)]®

—

Fig. 3-1. Three mononuclear Cu(ll) precursors containing two oxamato groups

FIEEZE 1986 4, Kahn Z A F[Cu(pba) " MIRFFAFIE, WA THR=HKES
#7[Mn(rac-cth)],[Cu(pba)](CF,S0,),2H,0, Ek3at LR H T &t & B s T/ —f
FHHE, MRTHECIHERSEHNNRERREMBSHTE. 5 EXRE L
BHRERKOBE B, XHAFEENEY, ENEE ZHH. 24
THEFOHRET AEALHAEFEFMBRASHAREEHESZESY, B
BT 4N, ST ERIEAHVERBENFHEFIREEERBESERNESYNE
~— @ A JTRIE®, B0 {[Ni(bapa)(H,0)],Cu(pba)}(CIO,), (bapa = —H# =), EFH
FRIHRIET 5 MXHBHEMRE=ZZEEY, RETHY 3 MUEYRREEH,
HRAT IR B R. B, RITEAFRT | SRUEEEY. | TEHELN
ZREESFEEYN | MUIEEFREE TR THEMRESY, M THESS
MR ER, FERE 7l r-nAE 77 (&3 BAE B /R R A REfE.
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$£—% AHEEMBEESRN Ni"Cu'Ni' &K&W

S TETFRERSEHMERERS FRITTHEENE, FWLU=ZMIERKRBRR
SHEREY IR EDHTREE, 14 KA ERL rac-cth (B 2-18) B N,N’-Z(2-l
e )R R (bispictn, & 3-2) AWEERMASK T 5 4 NidDCu(IDNIID 7+ — %A
&Y, METHS 3 MEEYKBESH, Bt

REHTNEEBEEES (S = 32). EEHRERK ¢r4£:>
ReaydEd, RINEIHEIT —FHEAZES <C:

1, AT T RABSWMBHERA. ERINFTM, N{%Ci>
4y E STRR SR SRS T — 0 5 R AR B B 6 U \_7
BE &4, [Cu(pba)Ni(bapa)(H,0)]-2H,0 ¥, T A®H Fig. 3-2. bispictn
CEIRN Yo

1 KAWHIAR

1.1 [BE R

B A& Na,[Cu(pba)]-6H,0%, Na,[Cu(pbaOH)]-3H,0%]. Na,[Cu(opba)]-3H,0""
FOECAK bispictn!"'HE SR /7 VR & k.
W 1% BC & ¥ Ni(bispictn)(CIO,),H,0 K& R AT EW T : MEH 10 mmol
Ni(ClO,),-6H,0 (3.84 g) M /KZBHE WM (10 ml) FHEFIAE 10.5 mmol bispictn
(270 g) M KLZBEER (10mD), FEKREHRBREZE TEEELR, BRAWM,
iy, KIKALCEZERNZEBEER, TATHR, X 80%. L5MGE S k"2,
& MFERKEK.

1.2 ZBREEESWNE R

{[Ni(rac-cth)],Cu(pbaOH)}(CI0,),]- H,O0 (38) ## 0.6 mmol [Ni(rac-cth)](CIO,),
(0.33mg)¥ET 10 ml ZiE 10ml FEEP, ERHE T HBRPERMAE 0.3 mmol
Na,[Cu(pbaOH)]-3H,0 7KW (10ml), FEHHE 20 min, FIBRBEEEBBREER
NRIBER, A—TAEREKBEARE, AWPHREHET X W&ok S
fho o 93%.
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{[Ni(rac-cth)],Cu(pba)}(C10,),(39). [ L% #l&, F Na[Cu(pba)]-6H,0 L&
Na,[Cu(pbaOH)]-31,0, BEBE R, FF 90%. ET X HEATH IV R &R
5 tHNi(rac-cth)}(C10,), &1 Z.F§- B BE ¥R Na,[Cu(pba)]-6H,0 HIZKHEH (BEIREE 2:1)
7 HEH 287 7B 3.

{[Ni(rac-cth)],Cu(opba)}(Cl10,),]-H,0 (40)R1{[Ni(rac-cth)|Cu(opba)}-CH,OH (41).
# [Ni(rac-cth)](C1O,), &1 Z.f§- F RE# ¥ fl Na,[Cu(opba)]-3H,0 HIZK¥#FM (EE/REL 2:1)
21T HENHE, SBTVHEKEeA A, APHERES X HEaatTiiih, &
MMERPAVZRSY 4, EHKKENLWIMGEPE Clo, /SR, U
BATAAN ER T EEINENE-ZEREY. AHEAN=ZEEY 40, H
Na,[Cu(pba)]-6H,0 1% Na,[Cu(pbaOH)]-3H,0 #x#l& 38 M FE#E4T, {B[Ni(rac-
cth)](CIO,), FEit B (0.66 mmol), BEEEHMA, X 81%. NHIFZHAMIIIKE S
Wl 41, TEBEPE T4 0.34 mmol [Ni(rac-cth)}(ClO,), BB (20 ml) ZEiEMA
B4 0.35 mmol Na,[Cu(opbaOH))-3H,0 HIZK K (10 mD) 7+, B FHLEHFF 30 min,
SEEAEATRE. BREAHMENK, KKHAKMPERE, 4568 FPEL CIO, &
Kig, TEISNMERERRUESER B, ™F 86%.

{Cu(pba)|Ni(bispictn)],}(Cl10,),-2.5H,0 (42). #f 0.4 mmol Ni(bispictn)(ClO,),-H,0
VT 8 miK, BT, MZBRPEMMAE 0.2 mmol Na,[Cu(pba)]-6H,0 KK
B (5 ml), EEEBHE 10 2 ETE, BREERTREER, —_HAEBAER
B, T, KRAZEBMZEBNE, F 76%. BB ToRK-ZER
SHEF, EEERTEBER, BAET X HEaHTthiBoR %,

{Cu(pbaOH)|Ni(bispictn)],}(Cl0,),H,043). 5 42 WM& FTEEL, BEREZH
ET X ST RE, ™ 80%. |

2 EESWRIRHE
2.1 AR

BCSY) 38 ~43 K E NS {E MBI ES T% 3-1. BE&5Y) 38 ~40 A5 TK,
HABETZEMPRE, 41 AET/K. 8B, MRBTZE, 42 71 43 BmFK. FiE. 4L
MR IEE T
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Table 3-1. Analytical Data and General Properties of Complexes 38 ~ 43

Complex Colour

Found (Cacld.) %

C H N

38 blue (gg fg) (2:'51'2) (: i :;g)
39 biue (33;;2) (2133) (:;:32)
40 blue (j : ?5;) | (gi’l]) (1]1{?5?3)
a bl 46.97 6.21 12.44

(47.21) (6.46) (12.23)
42 blue violet (gg;g) (:ig) (1122'.3166)
43 blue violet (gggg) (jgi) (]122;.1278)

2.2 LLAMEH

FEERLIMHERS TR 3-2, ZBHAEY 38-40 K 42, 43 7£ 1080 cm™ fffiE
WEH-MRBHTE, A ClIOBE FRFFMERE; £ 3250 cm™ 8¢ 3300 cm’ fiiiEf —
MNEIREIRE, 4B NBCK rac-cth BY, bispictn FIvOINHYRWL: #F 1600 cm’ MHiEM £
F g Ny B REERAR IV C=OYfF IR ™. EHNMBRERSYIWE AT, v(C=0)R i

& HINAE 1620~1645 cm™, TI=EEEW-

Fv(C=0)R K& HIRE 1590~1630 cm,

BEHRSIRWHNVBEREBATREREME, WEBTEHES, XE5EEEEHAIENEE
— (RFX). AFE=ZE S 3400~3500 c” AR AR, dT1H/8 KK
4 F iR pbaOH"IV(OH), & —EHBIN. ALY 42 F1 43 7F 1570 cm” il

R & 790 cm'.
SRR B V(C=0)185% . FTER&WTE 1500 ~ 1200 cm™ F5F

o] AYT B A B R ERAR o I v(C-O0)RIv(C-NY B E 115 8(0=C-O)Z & & #r 3R U 1),

760 cm’' &b R4RbE AR BE SR RTRFAE TR, PHBEIATE 1610 cm™ B

N EIE TR,

NEEEY 41 E==EEEY 40 P45 EETFTERLAER: (1) BEEYW44a K
f ClO,Thik. (2) BL&Y 41 WpvINH)IES (KA, RBIEEN 80 cm'. (3)

L5 40 EBRERWIR R A —L R, REGE

HES, ZRET 41 FRANEE

AT FIRERBF R AR R . (4) AUI{E[Cu(opba) P RI=ZEE -S4 40 H¥E 1350
A28 Ve 5, T 7E 1340cm™ M1 1400 cm”!

cm” AFH —RHA
IR A B R
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Table 3-2. Selected IR bands (cm™) for complexes 38 ~ 43

IR bands (cmm™")

Ao /nm (e/M1em™)

Complex T wNH)  v(C=0) W(CI0,) W(C-O) +V(C-N)
38 3430mbr 3230m  1640~1590s 1080s,br {;“;g::: g:’!gﬁ 3?3(24783)6)570(166)’
39 3250m  1640~1590s 1080s,br }gggg }"2’3?,‘;‘ 3?25?3205)70(133),
40 3400mbr 3250m  1630~1600s 1080s,br {;gg&h 1350m, 332(36033)63)87 (250,
41 3370m  3170m  1645~1590s - }‘;332 %3232: 233533033)5(203%
42 3450mbr 3240m  1620~1590s 1080s,br :;—;’gg 1352m, gggg%o-‘;“(zos),
43  3420mbr 3290m  1630~1600s 1085s iiigﬁt :31"2(5’:;’] gﬁgggl)a)ﬂo(lﬁﬁ),
2.3 HTFHIHN
ELEBRETRETRSY 38 ~ 43 B FREOLE. R 3-2 5 300 ~ 1000 nm
HENNERRREEABEREERE. FIARGYHEEERA=TRiHF. (1D

ZEEAMX 305 ~ 325 nm 78

BH B RB TR A b& B Cu(IE 7 7 Ao 44 B H 7oy 3%

BT (MLCT) REFEARSYHRA A BRE, ATREZENRM. (2)

ALK, S/ EEWHE 565 ~ 587 nm EKE

HNEH —BBB, TR E

BEFHERAY d-d KT, £ CuDF Ni(IDEFI{M BRI AEE D, M O,

i

Y d-d BKiT IR 8 — R LD
K1 d-d BRiE. (3) 44N

F

AL B Cu(ID)BC &89, FrLIIX —il
X 850 ~ 980 nm B J

5 IR LT

5 % 2B,(Cu)—>*B,(Cu)# *A,(NI)—*T(F) Ni)# & . BF NidD)FIN\EHES

TR -
¥, ATFRIR A\ A RS A AT

EETEK & Cu(l)

Ni(IDE F /) *A,»°T, Kit. #sh, A 38 M 39 4HTE 794 M1 796 nm LbF —H
SEMR ML, BILATRIRA Ni(DE TR *A,-'E BT, KT R BiEsEER, EZ2HZES

Ay ef ol i — 4 B EAT B L T R

d-d FRIEB KRB ERBT $RETE
g, REMAMELER, iS5 38. 39, 42 1 43 KA I
2ok B Cu' i d-d FRIEOAERT T 40.41 FAENRIKH B9 B #9155, 75 8 B (¥ [Cu(opba)]”
FI[Cu(pba) " FHMER T HLME"M!, XRAE[Cupba)* & 38. 39. 42 F1 43

RAECL RIS ET, Mk 3-2 aJLLE
X B CaipTiR, E
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Cu(l) AR KA B RER. EHEHNEHTEERTERRRAIBAEAF.
[Cu(pba)P &1 38, 39, 42. 43 &, ZBUREAWMYERER 2-REVRE, &
[Cu(opba)*F1 40, 41 o, EZEAREAFEHNTEERE. THEAAHETHEIUAM,
BaR T BA AR AR SRS B FRE D . T R B LR N 5 v 58 BR AR Bt FU1E A
N i [Cu(pba) 1 38. 39. 42. 43 F Cu(IDBE FRAEBMEMHE®R. H—F AT
EEE, FTRMBAEZERRMESRAER, ATIEARBEME. THRE
i 2-35 R EABE pba*fl pbaOH*" 5 Cu(IDE FEE, 7F Cu(DEFRABEM 5-6-
5 R BRI AE R, T I B AR K opba* 7E Cu(ID)E B 5-5-5 BB SRR £ 5-5-5
k&, BKHKAIEESABRRKEEBRE 90°, 10 5-6-5 BRKNB/D, EER
IR 90°, Cw(IDE FRABRAKIE 90°, FRTEMNETEERE FRIRNoREIER,
I R FER R FcRshiE (JIRFXHE) 5 CaDE T d,., WERIKNES, A
P BRI % . B8RSR, d-d BRITREE K. MAEEHAE (AT 3X) REA
A&4) 38, 39. 42 1 41 1) Cu-N FHRKAXEREVCEAKREHEERN, M
TAREYF CilDE TFTHBERA AN 84.53)96.83)°, 41 FHNBE AN
83.25(13)~108.25(12)°. (Rt fR kLt $im S F728 MR .

Fah, G3NEEZ[Cu(opba)]* (535 nm) F[Cu(pba)}* (560 nm) Lk, A&
1 39, 40, 41 F1 42 W] REXBARWRELRE. XA R B T EKBRIRAHS,
HFEFEH N RFRHERERR FREREERTFRE, Cu()E TR BRI HE
59, d-d BRiEREm/)

5 EL R BB rac-cth FI{L& 4 38~41 FuR AR AN bispictn FILEY) 42, 43
Rl 4K d-d (NDERIE, ATRARIR 42, 3 HiEFEHENER. XEHT 42, 43
T NI(IDBFRABEERIMESZEEMN, TREEEGYTHEANGENERE. 58E
fEE, atese B —Miginiea (TSR B, mHEERK&EGIH, EW d-
d BRITHEE K

3 AW RN
3.1 JEREAW[Cu(opba)Ni(cth)|(CI10,),-CH,0H (41)

AR X HEMTH I LR R B, SHEHRNEFETRURGBKER
JLfER 3-3 P, R34 HHHRKARA.
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Table 3-3. Crystal data and structure refinement for 41°

Empirical formula
Formula weight
Measurement instrument
Temperature
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

& range for data collection
Limiting indices
Reflections collected
Independent reflections
Oberved reflections

Completeness to 8=26.46°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F°

Final R indices [/ >2c(])]

R indices (all data)

Largest diff. peak and hole
Weighing scheme {P = (F,>4+2F )/3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution
Computing structure refinement

C,sHNO,CuNi

686.93

293()K

BRUKER SMART 1000
0.71073 A (Mo-Ko)

Graphite

Monoclinic

P2,/n

a=12.159(4) A, b =15.210(5) A,
c =17.271(6) A, £=90.622(7)°
3193.8(19) A3, 4

{.429 Mg/mm’

1.307 mm"'

1444

0.35x0.30 x0.15 mm

1.78° t025.02°

-14<h<14,-12<k<18,-20</<19

12950

5632 [R(int) = 0.0568]
3852 [1 >20(1)]

100.0 %

SADABS

0.8281, 0.6577

Full-matrix least-squares on F”
5632/1/379

1.030

R1=0.0508, wR2 =0.1287
RI=0.0832, wR2=0.1502
0.971 and -0.569 ¢ A"*
w=1/[*(F, 5+ (0. 08562 ]
Direct

Difmap

geom for C-H and difmap for N-H
'BRUKER SMART"
'BRUKER SMART"
'BRUKER SAINT'
'SHELXS-97

'SHELXL-97'
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Table 3-4. Selected bond lengths (A) and angles [° ] for 41

Cu(1)-N(2) 1.899(4) Cu(1)»-N(1) 1.901(3)
Cu(1)-001) 1.990(3) Cu(1)-0(4) 1.944(3)
Ni(1)-0(2) 2.149(3) Ni(1)-0(3) 2.074(3)
Ni(1)-N(3) 2.141(4) Ni(1)-N(4) 2.086(3)
Ni(1)-N(5) 2.163(4) Ni(1)-N(6) 2.105(4)
O(1)-C(1) 1.268(5) O(2)-C(1) 1.240(5)
0(3)-C(2) 1.250(5) N(1)-C(2) 1.303(5)
C(1)-C(2) 1.542(6) 0(4)-C(3) 1.297(5)
O(5)-C(3) 1.207(5) O(6)-C(4) 1.245(5)
N(2)-C(4) 1.319(5) C(3)-C(4) 1.556(6)
N(1)-Cu(1)-0(1) 83.90(12) N(1)-Cu(1)-O(4) 167.85(13)
N(1)-Cu(1)-N(2) 83.25(13) N(2)-Cu(1)-O(1) 166.45(13)
N(2)-Cu(1)-0O(4) 84.61(13) O(@)-Cu(1)-O(1) 108.25(12)
0(3)-Ni(1)-0(2) 78.87(11) O(3)-Ni(1)-N(3) 87.95(13)
O(3)-Ni(1)-N(4) 168.68(13) O(3)-Ni(1)-N(6) 89.58(12)
N(4)-Ni(1)-N(6) 101.50(13) N(4)-Ni(1)-N(3) 90.79(14)
N(6)-Ni(1)-N(3) 84 44(15) N(4)-Ni(1)-0(2) 90.30(12)
N(6)-Ni(1)-0(2) 167.30(12) N(3)-Ni(1)-0(2) 100.23(14)
O(3)-Ni(1)-N(5) 97.92(13) N(4)-Ni(1)-N(5) 84.54(13)
N(6)-Ni(1)-N(5) 89.95(15) N(3)-Ni(1)-N(5) 171.86(14)
O(2)-Ni(1)-N(5) 86.49(13)

et 41 RIREEHPEE R FHEREA 2 F 2 5[Cu(opba)Ni(rac-cth) | R4,

EENFET T, B

3-3 REXEZE BT TEHRIRTFIRS. WEYIS

R

SR TFERA/NEGEMRE, EREREBHNHIERT (02, 03) M raccth ]
PANEUE T (N4, N6) W REFE, THmAEH rac-cth BRI EIREF (N3,
235 1.151 A) kF

N5 538, ZRFFIN=AEAE (Ni1-NS, Nil-02 i Nil-N3, I

B CABAIRE P 2.088 A). BB -FHNERBARACE opba*KIPI B £

AR T AT RE

RERFEAL, 4T FESHBEMTE, Cu-N BKLN 1.90 A,

$5-F Cu-O0 CEHEKH 197 A), BA<OI-Cul-04 (108.7°)Bf & KT <NI1-Cul-N2

-

(83.25°). P

A (01, 04), FEFREZEmMAFER R 0035 A, N, FHEERKS:
¥[Cu(opba) " BT HF FEBHNTEAMENERKERIRER, BE LAY

2.3°, R
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AN EREEARERNF. Cul 0 Nil {7 FHEFEMOE—W, W5 R AR o5
% 0.053 A 10322 A, Nil-03-02 @K Cul-N1-O1 S1H 55 2 [H /9 3% # 72 5l
4 11.9°F0 2.3°, Cu-NiBEE 4 5.328 A.

o
Weizs)
cun

\-") 2
*lmm

Cl24)
&/ D
| CﬂBl

9® cio

mw Mcusi
oi6) cm: mmt \T
o
i NIB) £ "
“.&i!.ﬁh;NMMI ) mu ,nn
0&‘”’ cn“.‘.'

: ANI4)
0(41 lr ci1) r \
ol 0(2) g
N3} "‘ CHSI
,' A ‘
cti) 1
q- & Ci23)

Ci12)

/.J

C(Z'Zl Y

P

Ci21)

Fig. 3-3. ORTEP view of the binuclear complex molecule in 41

&Y RSN AR ERRREANBSHERAR, RERIN: (1)
BAFE CNO, S FHEAEEE, HEERRRSR-FIWEER/D PR &K
BEE 4 0.038 A (N1), MIFHFEREREBIRTFRERB /N —RFEHARKERN
0.021 A (N2); (2) HFERBRRP C1-02 B B K TIEHFERBRR P MHENE C3-05
g, C1-01 BHBE THNE C3-04 &, i H O1-Cul BT 04-Cul 8. XEH
7 02 | Ni(IDE FEAJERFEEH Ol | 02 ##, HERE Ol B fife HEsS,
FHT C1-02 BB AIGE, C1-01 BN E, SRMATHRERIBMLL,
RN C-O KBTSk, (3) AHE, SEFEERRERINAENS AL, s
R MR B BERE B8 C-0 B, C-N #54, Cu-N 85K, BEHE /.

3.2 =HE4W{[Ni(rac-cth)],Cu(pba)}(ClO,),(39)
HREWEMLREM. SHBTTEG FEAEUERREEEEER 3-S PHH.
#3645 H—EHEMBEKHEM.
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Table 3-5. Crystal data and structure refinement for 39

Empirical formula
Formula weight
Temperature
Measurement instrurnent
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crysta) size

B range for data collection
Limiting indices
Reflections collected
Independent reflections
Oberved reflections

Completeness to §=26.46°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [/>20(])]

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F,*+2F *)/3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Extinction correction method
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution
Computing structure refinement

Cy5H;5CLCUN pNi, O
1162.97

298() K

BRUKER SMART 1000
0.71073 A (Mo-Ka)
Graphite

Orthogano!

Pna?,

a =35.376(4) A, b =10.7433(11) A,
¢ =14.3949(14) A

5470.8(10)A° 4
1.412 Mg/mm’
1.230 mm*

2452

0.30 x 0,24 x 0.18 mm

2.30° t025.03°
42<h<41,-7<k<12,-11 1517
18723

7773 [R(int) = 0.1041)

3849{ >2o(1)]

99.4 %

SADABS

0.8089 and 0.7092

Full-matrix least-squares on F?
7773/15/613

0.946

R1=0.0623, wR2=0.1294
RI1=10.1458, wR2 = 0.1591

0.53]1 and -0.323 e A*

w=H[cH(F )+(0.0680P)]

Direct

Difmap

geom for C-H and difmap for N-H
none

'BRUKER SMART

'BRUKER SMART’

'BRUKER SAINT
'SHELXS-97
'SHEL.XL-97'
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Table 3-6. Selected bond lengths [A] and angles [°] for 39.

1.917(9)
1.957(8)
2.094(9)
2.135(10)
2.153(10)
2.074(7)
2.117(8)
2.163(8)

1.238(12)

1.277(11)
1.219(11)
1.273(11)
1.506(14)

Cu(1)-N(1) 1.896(8) Cu(1)-N(2)
Cu(1)-0(2) 1.951(7) Cu(1)-0(1)
Ni(1)-0(4) 2.062(7) Ni(1)-N(6)
Ni(1)-N(4) 2.102(9) Ni(1)-N(5)
Ni(1)-0(3) 2.152(8) Ni(1)-N(3)
Ni(2)-N(8) 2.072(8) Ni(2)-O(6)
Ni(2)-N(10) 2.113(8) Ni(2)-0(5)
Ni(2)-N(7) 2.157(8) Ni(2)-N(9)
O(1)-C(1) 1.243(12) O(3)-C(1)
N(1)-C(2) 1.315(12) O(4)-C(2)
0(2)-C(7) 1.264(11) O(5)-C(7)
N(2)-C(6) 1.308(13) 0(6)-C(6)
C(1)-C(2) 1.542(14) C(6)-C(7)
N(1)-Cu(1)-N(2) 93.3(3) N(1)-Cu(1)-0(2)
N(2)-Cu(1)-0(2) 85.5(3) N(1)-Cu(1)-0(1)
N(2)-Cu(1)-O(1) 171.8(5) 0(2)-Cu(1)-0(1)
O(4)-Ni(1)-N(6) 170.5(3) O(4)-Ni(1)-N(4)
N(6)-Ni(1)-N(4) 101.5(4) O(4)-Ni(1)-N(5)
N(6)-Ni(1)-N(5) 89.5(4) N(4)-Ni(1)-N(5)
O(4)-Ni(1)-0(3) 80.5(3) N(6)-Ni(1)-0(3)
N(4)-Ni(1)-0(3) 166.5(3) N(5)-Ni(1)-0(3)
O(4)-Ni(1)-N(3) 99.3(3) N(6)-Ni(1)-N(3)
N(4)-Ni(1)-N(3) 90.9(4) N(5)-Ni(1)-N(3)
O(3)-Ni(1)-N(3) 85.8(3) N(8)-Ni(2)-O(6)
N(8)-Ni(2)-N(10) 102.6(4) O(6)-Ni(2)-N(10)
N(8)-Ni(2)-0(5) 89.3(3) O(6)-Ni(2)-0(5)
N(10)-Ni(2)-0(5) 168.0(3) N(8)-Ni(2)-N(7)
O(6)-Ni(2)-N(7) 89.003) N(10)-Ni(2)-N(7)
O(5)-Ni(2)-N(7) 97.2(3) N(8)-Ni(2)-N(9)
O(6)-Ni(2)-N(9) 96.5(3) N(10)-Ni(2)-N(9)
O(5)-Ni(2)-N(9) 88.9(3) N(7)-Ni(2)-N(9)

178.6(4)
84.5(3)

96.8(3)

87.2(3)
87.6(4)
84.7(4)
91.2(3)
100.0(4)
84.5(4)
171.7(4)
168.0(3)
89.2(3)
78.8(3)
90.2(3)
84.0(4)
85.5(3)
90.9(3)
172.5(3)

wEY 39 NEEEHF AT N'CQGN" ZBEEEF R T |[(rac-
cth)Ni{Cu(pba)}Ni(rac-cth)}* HAR RN KV HEEIREF, B 34 A _BREMBR T
FEMRIEFRS. BB FPEE FREE 72 b8 BT, R R R
Aok pba* IR N EBEREEERF (NI, N2) AIFARBEBEET (01. 02) 54

DS FERLPCEHE K Cu-0, 1.954 A; Cu-N, 1.906 A], HERH

| -

(6 i A T FF
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I PU 5 R AL RS,  DUANECASL SR T 0 B8 P 34 - T ) BE B 3949 5 £0.0701 ~ 0.0750 A,
M F5ZPEMERN 00607 A. FMKEE FHLTREKN/\EERAMAFE,
SRR N EIR TR rac-cth RN EE FHIRFREFE, TR A&/ rac-cth
WRSIFENEET SE, EREBIRA Nil. Ni2 8124 f<03-Nil-04 f<05-Ni2-06
794 80.5°F0 78.8°; Ni2 A BRI ERAMR N FEFEHRRER D, BRWEA
0.035 A, T Nil Fr#EfI75EFEF — € 1 EEARRrin, BAoRTHRE AN
+0.073 ~+£0.093 A, BHMEBTEAL T & EWAFREFEA, Cul RAEAFES Nil.
Ni2 ARBEFEZ | EASHA 7.2°50 8.9°, i&E#H: Cul # Nil FIERERFEER
HRGHFEME, Cl. C2 4RRE B/ —FFE-0.0120 A f-0.0183A, EMRT
¥R A 0.0063 ~ 0.0093 A, Cul. Nil & THEFEHAHR, REZFHRAESS
W4-0.0279 M 0.0316 A, TWiiERE Cul 1 Ni2 MEKRBBHETLTEERE, ARE
FRIBRKIREH 0.0771 A (02), Cul. Ni2 & FZFHEAIE—MW, W% FEmriES
P34 0.0951 1 0.0737 A, BANHFEFES Cul BEAYFEHZERAZ A 3.3°8
6.4°. ZEHITH SRR FZEIMIER 2 A Cul--Nil: 5312A. Cul-Ni2: 5.291 A,
Nil-Ni2: 10.602 A.

=

Fig. 3-4. ORTEP view of the binuclear complex molecule in 39

ERETHERBEANMEBE FOAE=EEMREFZE, M=% 08
1A ECAK rac-cth ERIfFRcE: (NH) 5N S EEIBEREA#: N4---011, 2.948 A;
N10---08,2.894 A.
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5 ER R i A% R & W [PPh, ], [Cu(pba] 2H,O AHLL, L&Y 39 hERBRE
E SR EHFAR, BRI AR EFEF C=0 BE&K, EERRBikE C-N
BAREER C-O BERAN. XBT I SERKRER ST ERRIKMEEL, £
T 3SR FHREALE 0% B F AU A S MO MU YE G IS8, 70 C-N 23 C-O0 8
AR 5

3.3 =HES W {[Ni(rac-cth)},Cu(pbaOH)}(Cl10,),]-H,0 (38)
B Y HABWEN TR &M . SHRBHHE EAEURREZERIELER 3-7 DIH.
FISAH—HEENRBKINEA.

Table 3-7. Crystal data and structure refinement for 38

Empirical formula
Formula weight
Temperature
Measurement instrument
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Scans mode

08 range for cell refinement
Method for cell refinement
8 range for data collection
Limiting indices
Refiections collected

Independent reflections
Oberved reflections
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters

C3oHgCLCUN gNi,O 4
1197.00
299(1) K

Enraf-Nonius CAD-4 diffractometer

0.71073 A (Mo-Ko)

Graphite

Monoclinic

P2/n

a=9.856(2) A, b= 16.867(3) A,
c=174913) A, B=102.24(3)°
2842(1) A® 2

1. 399 Mg/mm’

1.1910 mm™*

1262

0.50 x 0.20 x 0.20 mm

©/28

7.92° to 12.08°

Least-squares fit of 25 reflections
4.5° 1t025.0°
-11gh<11,0<k<20,-0<7<20
5316

4101

1796[1> 3a(])]

Empirical (DIFABS)

0.883 and 1.271

Full-matrix least-squares on F
1796/ 0/ 296
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Goodness-of-fiton F

Final R indices [/>3o(])]

R indices (all data)

Largest diff. peak and hole

Weighing scheme

Primary method of solution

Secondary method of solutioon

Method of locating and refining H atoms

Data collection and cell refinement
Structure solution and refinement

1.61

RI=10.1255,wR = 0.1335
RI =0.2354, wR=0.1806
0.80 and -0.87 e A”
w=1/[c*(F,)+0.0001F?]
Direct

Difmap

Added theoretically,
refined with riding model

'‘CAD4'
Siemens SHELXL-PC program package

Table 3-8. Selected bond lengths [A] and angles [°] for 38.

Ni(1)-N(11) 2.080 (12)
Ni(1)-N(12) 2.150 (10)
Ni(1)-N(13) 2.074 (11)
Cu(1)-N(1) 1.971 (14)
Cu(1)-0(3) 1.986 (12)
C(1)-0(2) 1.289 (17)
C(1)-0(3) 1.637 (19)
C(1)-N(2a) 1.291 (20)
C(1)-C(2) 1.414 (16)
N(ID-Ni(1)-N(12)  91.7(4)
N(11)-Ni(1)-N(13)  103.9(5)
NO12)-Ni(1)»-N(13)  84.2(4)
N(11)-Ni(1)-N(14)  83.8(4)
N(12)-Ni(1)-N(14)  171.7(5)
N(13)-Ni(1)-N(14)  90.0(4)
N(11)-Ni())-O(1) 88.0(4)
N(12)-Ni(1)-0(1) 101.3(4)
N(1)-Cu(1)-0(3) 85.0(5)
N(D-Cu(1)-N(2)  90.7(6)
N(2)-Cu(1)-0(3)  175.8(6)

Ni(1)-N(14) 2.172 (10)
Ni(1)-0(1) 2.076 (10)
Ni(1)-0(2) 2.090 (12)
Cu(1)-N(2) 1.882 (12)
Cu(1)-0(4) 1.974 (13)
C(2)-0(1) 1.252 (18)
C(2)-N(1) 1.362 (18)
C(2)-O(4a) 1.507 (18)
Cu(1)...Cu(la) 1.251 (7)
N(13)-Ni(1)-0(1) 166.8(5)
N(14)-Ni(1)-0(1) 85.5(4)
N(11)-Ni(1)-0(2) 167.0(5)
N(12)-Ni(1)-0(2) 85.4(4)
N(13)-Ni(1)-0(2) 88.4(4)
N(14)-Ni(1)-0(2) 100.6(4)
O(1)-Ni(1)-0(2) 80.3(4)
N(1)-Cu(1)-0(4)  174.4(6)
0(3)-Cu(1)-0(4) 98.6(5)
N(2)-Cu(1)-O(4) 85.6(5)

symmetry operations:

&Y 38 B Elr
{ Cu(pbaOH) }Ni(rac-cth)" MARBRM K HHBRET. &

a=-x,-y, -z

1AL A Ni"Cu'™Ni" = # B & F B T [(rac-cth)Ni
3-5 A=RZEALREITHIST

B RIR TS . NERKBRRANRNEREERETNL. N2) IR RERE
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bR E AR 2%

¥ (03, 04) S5HIDHE FEM[EHREK Cu-0, 1.98 A; Cu-N, 1.93 A}, MRFER
kO T 4 i 3R P TR VO 5 FEBC AL 3R 8, TOANRCAL R F R B H P E PR B3940 4
£0.026 ~0.029 A, BT 5% FHERIEER 0.054 A. FmAEE Tl KR
FOMEK, BMRE AT RN TGRS, ERBIBEAE 2R FH rac-cth
MR RIRFHARREFE, MM ER rac-cth BRI EEREFHE, EkK
MR RBE FRESHA<OI-NII-02 K 80.3°. “HRATHEE R FZBIHEER 4S84
Cul--Nil: 5.401 A. Nil--Nila: 10.619 A,
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Fig. 3-5. ORTEP view of the binuclear complex cation in 38

Fig. 3-6. A drawing showing the orientational and position disorders in 38

£ 38 Math P, GETENREMGCELF, WE 3-6 FiR. FREEMHRT
OHEFAEREMRE CuNO, BAIMI A (B 2-8%-13-TRE), 5H2%Y%
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50%. BT Kaizaki F'HRIE T —MH LSRRG H(E 12
3-7)B AL & 1 [Ni(edo){Lu[HB(pz),),} » AEC& IR G & OIN /N I0
0 0

§ i Z, B NiN, TR EE 38 JFH KL Ahdl]
ANXHEFNEANTEZENBRLAFHES NN

AN, TR 38 FAINMESHEAARRE, B

Mm% 90.7°, EURITANZAEFAR SEafmA  Fie 37 Niedo®
NAEEEXR, MERAERE, FRATFISE R AR S 5T MR
FIERIZE—. 7 38 HIdik+, REMHREER=ZA LT REENFPL, BE
3.5 R 3-7 FiRl FEMPRAREEMREP O, X—FEEER LRI N RIELH
MEFRS . BEMHKERNSHFEMEX, TRRTERIEG S TRAEEE
BETR (EERE. FREREEES), BT IRNEBERERE, B
AR N 4 GRS T 54 F X AR YEAR 0 R Ak 5544

3.4 =HRA%{Cu(pba)[Ni(bispictn)],}(C10,),-2.5H,0 (42)

A ABERENLR &M, EHBNTNEETEURBEZEEIRER 3-9 T4
He R3-10AH - LEENBKMEA.

&Y 42 MRAEEHTAES Ni"-CuNi" = # & & F 52 j [(bispictn)Ni{Cu
(pba)}Ni(bispictn)**. FFEALMHEERE THREN KD T, B 3-8 A=FZBE N HIT
o FEMRETIRS .

AL
010 ,m’,}f

-
. P! 08
P 97 w /

C34

Fig. 3-8. ORTEP view of the trinuclear complex cation in 42
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Table 3-9. Crystal data and structure refinement for 42

Empirical formula
Formula weight
Temperature
Measurement instrument
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

& range for data collection
Limiting indices
Reflections collected
Independent reflections
Oberved reflections

Completeness to 8= 26.46°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [/ > 20(])]

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F,*+2F.%)/3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution
Computing structure refinement

C;39H5,CLICuNiN1,O 4.5

1151.74

293(2) K

BRUKER SMART 1000
0.71073 A (Mo-Ka)

Graphite

Triclinic

P1

a=11.7769(18) A, a=101.071(3)°
b=13.955(2) A, #=103.473(3)°
c=18.041(3)A, r=114277(3)°
2486.0(7) A3, 2

1.539 Mg/mm®

1.357 mm™’!

1188

0.15 x0.10 x 0.05 mm

1.69° to 25.03°
-12<h<14,-16<k<16,-21 /<21
10327

8671 [R(int) = 0.0326]

4214 [I> 20(])]

98.9 %

SADABS

0.9353 and 0.8224

Full-matrix least-squares on F?
8671/0/630

0.936

R1=0.0629, wR2 =0.1489
RI1=0.1414, wR2 =0.1907
0.858 and -0.441 e A

w =1/[6H(F,)H 0.0950P)]
Direct

Difmap

Geom

'BRUKER SMART

'BRUKER SAINT

'BRUKER SAINT'

'‘SHELXS-97'

'‘SHELXL-97'
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LERDE TR, MERE R
CE IR B A H10.048 A, HET 5%
IK[Cu-0, 1.972(4) A; Cu-N, 1.932 AJHE KT &4 39 ©
TR EREERCA I8, R RCALY

345

5 8 b T =B B

78

Table 3-10. Selected bond lengths [A] and angles [°] for 42.

Cu(1)-N(2)
Cu(1)-0(2)
Ni(1)-N(4)
Ni(1)-N(3)
Ni(1)-N(5)
Ni(2)-0(6)
Ni(2)-N(8)
Ni(2)-0(5)
O(1)-C(1)
0O(4)-C(2)
C(1)-C(2)
O(2)-C(7)
O(6)-C(6)

N(2)-Cu(1)-N(1)
N(1)-Cu(1)-0(2)
N(1)-Cu(1)-O(1)
N(4)-Ni(1)-O(3)
O(3)-Ni(1)-N(3)
0(3)-Ni(1)-N(6)
N(4)-Ni(1)-N(5)
N(3)-Ni(1)-N(5)
N(4)-Ni(1)-O0(4)
N(3)-Ni(1)-0(4)
N(5)-Ni(1)-0(4)
O(6)-Ni(2)-N(8)
O(6)-Ni(2)-N(10)
N(8)-Ni(2)-N(10)
N(7)-Ni(2)-0(5)
N(10)-Ni(2)-0(5)
N(7)-Ni(2)-N(9)
N(10)-Ni(2)-N(9)

1.931(5) Cu(1)-N(1) 1.934(5)
1.964(4) Cu(1)-0(1) 1.981(4)
2.067(7) Ni(1)-0(3) 2.077(4)
2.087(6) Ni(1)-N(6) 2.087(5)
2.089(6) Ni(1)-0(4) 2.093(4)
2.065(4) Ni(2)-N(?) 2.077(6)
2.091(6) Ni(2)-N(10) 2.098(6)
2.116(5) Ni(2)-N(9) 2.118(7)
1.256(7) O3)-C(1) 1.257(7)
1.268(7) N(1)-C(2) 1.296(7)
1.530(9) C(6)-C(7) 1.544(9)
1.278(7) O(5)-C(7) 1.252(7)
1.270(7) N(2)-C(6) 1.295(8)
96.6(2) N(2)-Cu(1)-0(2) 85.0(2)
177.7(2) N(2)-Cu(1)-O(1) 176.1(2)
84.30(19) O(2)-Cu(1)-0(1) 94.27(18)
169.1(3) N(4)-Ni(1)-N(3) 80.0(3)
91.9(2) N(4)-Ni(1)-N(6) 96.4(3)
91.83(19) N(3)-Ni(1)-N(6) 97.5(2)
96.5(3) O(3)-Ni(1)-N(5) 91.9(2)
175.7(2) N(6)-Ni(1)-N(5) 80.3(2)
91.8(3) O(3)-Ni(1)-0(4) 81.02(16)
91.47(19) N(6)-Ni(1)-O(4) 168.7(2)
91.2(2) O(6)-Ni(2)-N(7) 93.1(2)
169.9(2) N(7)-Ni(2)-N(8) 79.0(3)
93.7(2) N(7)-Ni(2)-N(10) 96.6(2)
93.4(2) O(6)-Ni(2)-0(5) 81.44(17)
91.9(2) N(8)-Ni(2)-0(5) 92.5(2)
170.5(2) O(6)-Ni(2)-N(9) 90.3(2)
176.4(2) N(8)-Ni(2)-N(9) 97.8(3)
81.9(2) O(5)-Ni(2)-N(9) 89.8(2)

GEEY 39 KL, NERRIREANA T EBRKERR TR RBRERT

[

1 AR 1) S 1] VY 5 FE BT 3R 3

)

—

MNECAL R TR

NHIEE A 0.0176A, ER{TREE
PRI K., BEBRE
CERETHE, BANNE
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a5 G E FHREEE SR 2.845 A F12.959 A, AILLUAREET5HEAER
BT R T BEAIER, B 7R RS A S B AT DA A R R RIR B
k. PSS EFLTRUNERABARMSE, ERERRNANERT. &
{4 bispictn B~ EUR T N4, N8 — /Mt og B BUR T (N6, N10) L FRiE Y-,
o &b ()47 B et bispictn M BAEAEET S, FEEEAEX Nil. Ni2 #9786 f1<03-
Nil-O4 F1<OQ5-Ni2-06 4> lA 80.0°#1 81.4°; W NMEE FRERFAERALIYEHER
) DY A AR A R, N1 A AR AC A R X AR B D R IR R Al O
+0.134(3) A (N4, N6), £0.154(3) A (03, 04), Ni2 H)FRIERAL IR F X 7718 [ 1)k &
5+71345£0.133(3) A (N8, N10), £0.149(3) A (05, 06), B MEE FEALT & BRIFE
FEA, Cul MAECAFHES Nil. Ni2 FEFHEHZEE ZdmAasnn 12.8°/ 6.1°,
R BRI R S AT RN FEYE, SRR T4 THEFmAMAN, Cul. Nil
{55 LT 25 T 1R A FE B 4> 51 4-0.176(6) F1 0.026(6) A, Cul. Nil {k& AV
BB 0.117(6) M1 0.131(6) A. FWAHEFE S Cul AL FER A A A
8.4°F 4.0°. = BTN IERIER Cul-Nil. Cul--Ni2 ¥4 5.296 A.

s R E R T EERNERE S KK F (016, O17) H—AHHBEFKS

(015, 5HEH 05,016 Bt 5ERBRBH—PMRR 4 5(016---01, 2,808
A), O17 MEiTE#E Ol6 &4 (016---017,2.832 A).

HT SBEY 39 BUURASFERMMN, hEY 42 PHE oI BEE KA
F BB &YI[PPh,),[Cu(pba]-2H,0 BT X, C-N 8B C-O #EH4H, HEHLA
KHH& .

4 KEWHIREYS ESR B9
4.1 ZEHEMHES B
4.1.1 XA S 41

£5~300 KEEARE TRAYHZBEAE, SR H H AR CuI)-Ni(l)
[RGB ERAPNTREEITAN. B 39 ST ApI-T k. BEEVNERLT
HZ % 1.3 cm’ mol” K, KT EBE Col)Ni(ID)F RN B HRE{E(1.38 cm’ mol” K),
WEIRE AL, T EEERAD, EA3SK UTRB—NEMFEEX, pnl=046~
0.44 cm’mol” K, XTN-TIEHREZ (§=1/2) ML BERIRE.

19
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{8 HE T Heisenberg ﬁﬁ'—ﬂl:}:-ZJS’Mg@ RIBIAL R o2, STSER#IEF T UM,

BRKEXSEHN J=-54.0 cm™, gy, = 2.23, g0, = 2.19, R=1.96 x 107,

0.10 4
0.08 1.2
_ Ve
€ 0.06 1.0 'E
= 0.8
S 004 | B
3 06
! o<
0.02 0.4
0.00 0.2

0 50 100 150 200 260 300
T/IK

Fig. 3-9. y versus T and y,,T versus T plots for the binuclear complex 41

4.12 =AW 39, 40 1 42

£ 5 ~ 300 K EEARETRESYHTRENEE 3-10), = MEYIRIRIRG
ITRHBAM, BENTEAKR 221 ~225cm’®mol' K, FEEBKIMK, T EFHE
gk, £ 100 K EEEB—MB/ME, T =181~ 185 c’mol’ K, RBFHRE
PEAEES, T ENEXEK, 7£ 16 K AAEB—PMRKREEAN 2.1 cm’ mol” K), it
Jei it S HE o, T EBHR ML T R

1y T/em® mol™ K

S
T e e T T,
WAl T el e S Y= ) ey mmy gl ey gromy. gty gt

0 50 100 150 200 250 300
T/K
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Fig. 3-10. y vs. T and 7T vs. T plots for complexes 39(a), 40(b) and 42(c)

LRMATARA =MW ARBK AR
EFMBRESEHMHERE=ZER. REHBRRB
&) Kambe K B8R, Ni(dD)-Cu(D)-Ni(Il) (S, =
s Se, = 12 R BIRBE=ER PN UES (S=
3/2). BARMEA (S=1/2) FI—ARES (5=
512), HT2S, > Se, + 172, HFEESKERAR
MERERAEWL, BERAGFEMBRESS
f, EABERE TEAREKEBE (U <0)
BEWnm& BB TRALERARDMIELT, #R

VE,/(-2J)
3......
2
1-..
0
S
172 312 5/2

Fig. 3-11. Spin state structure
for Ni'"Cu"Ni" species (J <0)
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MEANATREARMNES, REESEHNE 3-11 fix. ERHEENHE
EREAKN RIS TR, MERBRE, BREERS. REREH/NNESNMERCD,
Fitky, T E T, AHZE-BEN, NEABRATEEE, WHREEERER, B
ERENEASGERM, TKERESABEED, Eity, T GfFF, ARRIT
HEBEAT R SEEEWRN, REESMARE, EXNFES FHMEFERREFST
B U, T EIER—FE. ESR BAA (RT3 FH Ni(II)-Cu(ll)-NidlI)
hEZ2THEESHSE, FRHBITRERER T ® TERARTESHNTZ TR

BT GEEBEFERMTHBRBEAI AN, RAAEESSNUNEARE
i Hamiltonian & £7U

A = =208y -Scu +Sniz -Se)+ DISE = Y, S(S + )]+ Blgw(Sun +Sna) + 8o S 1H

RPRELZEFNHERETRNMAEER, 28 D ATHIRBE, HRREST
B4 REMMNHRN. MRAET ERANEREBAEERREIN, NEMULEHHNTR
B iTR e, BERZE3 TR 3-11.

Table 3-11. Magnetic parameters for complexes 39 ~ 42

Complexe Magnetic Measurements ESR
JemY)  gu Zeu DmY) R0 2 2 B
39 -54.6 2.13 2.15 +1.58 4.82
40 -52.1 2.13 2.18 +3.85 7.86 2.07 5.40
41 -54.0 2.23 2.19 - 9.6 2.20 5.55
42 -53.6 2.15 2.19 +3.31 7.08 2.10 5.44

Kahn B TEAY 39 MM, AREF/IBRREEHET, MiIBEMNESE N
J=-623 cm’, gy = 2.24, go, = 2.18. Vicente i@ T sl MM RIFHIPY, AR
FRARFFERE) Ni(ID-Cu(ID-Ni(IDFI BB BCR) Cu(ID-Ni(IDEC &P, & NiN,O, 7~
AR B TR Jogg (45~55em™) N TFE NiN,O, LM BB THRE Joo (55
~60cm™), NGRS TaI—HEA.

4.2 ESR i#%

FERTRHETRESY 40 ~ 02 (1 X HEL M ESR i (B 3-12). HXEHI T
# 3-11, NEEMEY 41 K ESR ITAH R —HEHARNER &Y 2326 BRALL, &35
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Sy MERESANEERETE, BRHESRENESHEGIRE. —ZKEESY 40,
2 WEAHAIARENLRES, ERGESTRTAEBES. NIID-Cu(D)-Ni(ID) 1+
EFARBE4BANES. BIMNESH-AANES, I NESE ¢ ~ g Mt
EEE—AMREREEREES, MUESHANESRETHIR, WER M = £1/2
() Kramer E A, MEFHrHEMEIRN, 818, £1/2> (S =3/2,5/2) Kramer XX
FEAFLBANEAENES. BIER3-11, BEE5ESERAZIBKEENS) ~250
em”, SEEH AT EGE 205 em)HEY, BEESE TS BRESYENE, BEY
40, 42 \EZESRAAHERASRRFTAN, RBESVNENESNANESZTY D
HWER. HF NdAD-Cu(D-NiIDNRREFIEEMERESEH, BAAMEREESN
MEA, AREBESER (AEARTESIATERBESHRER).

—

M

—

—

AN

1000 2000 3000 4000 5000
HiGauss

—
——
—
i
—
i

Fig. 3-12. ESR spectra for complexes 41(a), 40 (b) and 42 (c).

BN AAHRERN L =5 S RHRY
RIS WRIE S TR

AL NN NNV 3 Z — f(tmen) AR BB & AL T IR KRR BRI &
i Bic B F 9 ¥ B ST RS AL 2R A 0 Cuy(pbaOH)(tmen),(H,0)(C10,)]CI0,-H,0 (44)F1i8
41 -F XL B 48 [Cu,(opba)(tmen),(H,0),][Cu,(opba)(tmen),(H,0),}(C10,),-3H,0 (45), #t 1T
TR, EHUENEEHR. ENAFTTRNGEEH, LEY 4 P =#2
EE BRI LR BEER PSRN — SR RECEEY, HKEY 45
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h, BEAZEATZ EEdn-ril EEAER S FURE. BRI TAES
IR EEYE S IR R, T T B n-nkl B 4 P45 B AH B4 F I AT BE A
1 BEAWHERR

EHET, mE 0.3 mmol Cu(ClO,), 6H,0 KK (5 mL) A S%EER tmen
TKEH® (5 mL), REZRBMAE 0.5 mmol X(EREER)EHai AR KEH (10
mL), EEHKPE 10 min, TEBRLETREARKTRE, BREZETEEER, AW
MHEBBEERERE. FFRA 75% (44) F169% (45) STTEMTE R A 44, C, 25.50
(25.75); H, 4.65 (4.55); N, 9.41 (9.48) %; 45, C, 28.41 (28.05); H, 4.58 (4.71); N, 9.16

(8.92) %

2 REWRGIRRE

ECEY) 44 M 45 MEBEAINGBEEEAK ARSI TR 3-12, FERERIRARD I
IERESE—THENREESYEAHER. EZEERPRE TREYHEFRIOEIE.
CAISET ANX 2R —MBEHABREHE, BEERAFRSE R (FEESDY 7%
) Cu(IDK) d-d BRIERWK BN, BERXFE—WHHEANAKEDH Cull)d-d B
(FiEHr, 44 FESNX BRI LLFEIR b MLCT #84, 45 7R 5X BT R opba* I AL
AR 2 BRIEME R Cu(lDBIRAENBE¥ERTET (MLCT) &M, ®EKXT 4
g SN X IR .

Table 3-12. Selected IR bands (cm™) for complexes 44 and 45

‘ IR bands (cm™)
Complex
P o) v(C=0) V(CIO)  W(C-O) +%(C-N)  “ma/0M (€) 8
44 3400s, 3250sh  1635s, 1110s, 1460m, 610 (442), 2.10
1600s 1050sh 1320m 340 (5620)
45 34000s,br 1620vs, 1100s, 1460m, 1425m, 625 (534), 2.10
1595vs 1080s 1355m, 1275w, 320(28900)

3 KW RALSH
3.1 4% 44

HR X WA TTREREFMH. SlE. SGHETHE IEEURGBEER
PR 3-13 HFH. RI3-4GHEEENRKARMA.
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Table 3-13. Crystal data and structure refinement for 44

Empirical formula
Formula weight
Measurement instrument
Temperature

Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

# range for data collection
Limiting indices
Reflections collected
Independent reflections
Oberved reflections

Completeness to 8= 26.46°
Absorption correction

Max. and min, transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I >20()]}

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F 4+2F.1)/3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution
Computing structure refinement

C1gH((Cl,CusNO5

886.09

BRUKER SMART 1000

293(2)K

0.71073 A (Mo-Ku)

Graphite

Orthogonal

Pca?,

a=21.2818(11) A, a=90°, b =12.8206(7) A,
B=90° ¢=12.6462(7) A, y=90°
3450.5(3)A°, 4

1.706 Mg/mm’

2.065 mm™

1812

0.25 x0.20 x .20 mm

1.85° t025.03°
-18<h<£25,-15<k<13,-15<1<11
13935

5353 [R(int) = 0.0368]

4552[1 >2a(])]

99.6 %

SADABS

0.6829 and 0.6263

Full-matrix least-squares on F*
5353/1/424

1.038

RI =0.0403, wR2 = 0.0989
RI1I=0.0516,wR2=0.1069

0.990 and -0.332 e.A"?

w =1/{dA(F,}) + (0.0668P) + 0.1306P]
Direct

Difmap

geom

'BRUKER SMART"

'BRUKER SMART

'BRUKER SAINT

'SHEL XS-97'

'SHELXL-97'
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Table 3-14. Bond lengths [A] and angles [°] for 44

Cu(1)-N(1) 1.930(4) Cu(1)-N(2) 1.933(4)
Cu(1)-0(1) 1.973(4) Cu(1)-0(2) 1.989(5)
Cu(1)-0(9) 2.684(6) Cu(2)-0(4) 1.961(4)
Cu(2)-0(3) 1.998(4) Cu(2)-N(3) 2.027(5)
Cu(2)-N(4) 2.028(4) Cu(2)-0(8) 2.285(5)
Cu(3)-0(6) 1.964(4) Cu(3)-0(5) 1.984(4)
Cu(3)-N(5) 2.004(5) Cu(3)-N(6) 2.009(5)
Cu(3)-O(7A) 2.453(4) C(1)-C(2) 1.538(7)
O(1)-C(1) 1.250(7) 0(3)-C(1) 1.231(7)
0(4)-C(2) 1.273(6) N(1)-C(2) 1.299(7)
0(2)-C(7) 1.253(7) 0(5)-C(7) 1.242(7)
O(6)-C(6) 1.287(6) N(2)-C(6) 1.288(7)
C(6)-C(7) 1.541(7)
N(1)-Cu(1)-N(2) 94.84(18) N(1)-Cu(1)-O(1) 85.07(17)
N(2)-Cu(1)-0(1) 179.6(2) N(1)-Cu(1)-0(2) 178.0(2)
N(2)-Cu(1)-0(2) 85.32(17) O(1)-Cu(1)-0(2) 94.75(16)
N(1)-Cu(1)-0(9) 91.49(18) N(2)-Cu(1)-0(9) 90.4(2)
O(1)-Cu(1)-0(9) 90.0(2) 0(2)-Cu(1)-0(9) 90.5(2)
0O(4)-Cu(2)-0(3) 83.99(16) 0O(4)-Cu(2)-N(3) 92.90(18)
0(3)-Cu(2)-NG3) 166.8(2) O(4)-Cu(2)-N(4) 167.61(19)
O(3)-Cu(2)-N(4) 92.91(17) N(3)-Cu(2)-N(4) 87.39(18)
0(4)-Cu(2)-O(8) 91.59(19) 0(3)-Cu(2)-0(8) 91.5(2)
N(3)-Cu(2)-O(8) 101.4(2) N(4)-Cu(2)-0(8) 100.5(2)
0(6)-Cu(3)-0(5) 84.30(16) O(6)-Cu(3)-N(5) 92.1(2)
O(5)-Cu(3)-N(5) 159.3(2) O(6)-Cu(3)-N(6) 171.8(2)
O(5)-Cu(3)-N(6) 92.54(19) N(5)-Cu(3)-N(6) 88.1(2)
O(6)-Cu(3)-O(7A) 91.60(17) O(5)-Cu(3)- O(7A) 104.47(19)
N(5)-Cu(3)- O(7A) 96.0(2) N(6)-Cu(3)- O(7A) 96.52(19)

Symmetry transformations used to generate equivalent atoms: A = -x+1, -y+1, z+1/2.

& 4 BALEHSPRTERKBERFEEN =ZFRE 75 5T
[(H,0)(tmen)Cu{Cu(pbaOH)(CIO,)}Cu(tmen)]®’ . & HERHR & F R KB {78 FIK 4y
1, B 2-13 AZBEMRTHTFERER IS BEETPEANERETEAX
R Sl =MD E FIL TR MR RS, Cul FHEAEH
AWERGFRIRACE pbaOH MR NEBRRE R R (N1, N2) M REBRBEIRE T
(01. 02) &H#E[Cul-0, 1.981(4) A; Cul-N, 1.932(4) A], O1. 02. Ni. N2 =4
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EEE RS A 10014 A, —NFBEALK ClO, 8 F & 5 H 4l 1= A7 B [Cul-09,
2.684(6) A], FBEFRMERMAHE 0.021 A. —PMEEKERR R IMRERRT (03,

04) F1—A tmen FEAKKIBE AN EE T (N3, N4) #R% Cu2 KI4ER[Cu2-0, 1.980(4)
A: Cu2-N, 2.028 (5) A], BCALIE TR 2 HE & (H #9258 410.008 ~ 0.009 A, HETUL &
=KD F HIE[Cu2-08, 2.285(5) A], &€RBEFRIET FAME 0222 A. Cu3
FIAE R BT 5 Cu2 MR [PEUEK: Cu3-0, 1.974(4) A; Cu3-N, 2.006(5) A], {B
HIRMTFENRE, 2EVNHBHENNEAZE, UNMCARTREERH T
A PR B 440.106 A (NS. N6). +0.112 A (05, 06), HETNACALAL B HAESHIEN 2,
RN E AR AN =TS pbaOH AL BRI EE IR TACAL (Cu3-07A),

2.453(4) A], HRFH ERBEHEE, TS AR 0.248 A. Cul H#EFE S Cu2.
Cu3 f4ER P 2 [al B9 —E A4 Bk 8.6°M 24.3°, BNEERIRHTAE C1-C2-N1-01-
03-04 I C6-C7-N2-01-05-06 ¥ A FBIFHFEtE, 4R AN R
B ARE 34 0.046 A (03) #10.057 A (N2), EATS N1-N2-01-02 FEA ~HA
S50k 2.7°F1 3.0°, FAHREFEZBM-HEAN 3.7° Cul # Cu2 X4 T &K
Z IR, 4511R%-0.008 A 0.010 A, Cul i Cu3 {R&E F—MHrETI
RIBEE 4 B4 0.037 A F1 0.266 A, Cul-~Cu2 1 Cul--Cu3 BEE A% 5.180 A Al
5.161A.

Fig. 3-13. An ORTEP view of the trinuclear cation in 44

RS, Cud 55— BITPRE pbaOR"HIFRE: 2 8] F A 0 o AL B AH 4T
R 2, SRR R R BT ERR K, RIS ¢ 5875 Jo PR SEfH 1
R FERACAI R &8, Wl 3-14 Fin. REMHKS THRERIRE 7L TIREH
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A 3 P St ek AT

), BIES Cu2 MEMI/KAYFZEFRER (08---017, 2.666 A), RN 55—
b5 Cul BAK—NEEFERESE (02---017, 2903 A), MRS FEEERK

R R T ERME

Fig. 3-14. Side views of the one-dimensional coordination polymer structure in 44

32 BEW 45

BX X WEATH O REREF. SEEE. SHBITANE ETEU RnEFEL
WAER 3-15FFH. RI-16HGHLEZNRBKNEA.

WEY 45 MERAEPESHHAEHREZEZRI)E S T £ L[(H,0)(tmen)Cu{Cu
(opba)(H,0)} Cu(tmen)(H,0))* (LA 48a & 7<) H [(H,0)(tmen)Cu{Cu(opba)} Cu(tmen)
(H,O)]" (L 45b &), HERIRE FROREMMBBERKDF, B 3-15 AR =%
AR TS TEMERTHRE, BARBE TP =EASREFHERMREK TP
HES . #F 45a B, BB =ZAFEIE FL TR TR,
I BRI K 2T HHE[Cu(1)-0(7), 2.321(4) A; Cu(2)-0(8). 2.392(4) A; Cu(3)-009),
2.324(4) Al. WHPERABECHE opba® B E BRAGE: BUR TIPS R IR R T 8 Al
' [a) 8 B F [Cu(D]BIHEE [Cu(1)-0, 2.005(3) A; Cu(1)-N, 1.924(4) A], BAF M
F[Cu()F Cu3)|HHEEM B & HERERRAA TR T HESE tmen BIPIEUE
JHFEE[FHEK: Cu2)-0, 1.981(3) A; Cu(3)-0, 1.986(3) A; Cu(2)-N, 2.018(4) A;
Cu(3)-N, 2.004(4) A]l. =FAEFHHERBHEEUNBEAEREFRED ZFFHE, &
' R ALK 4 F 5 AL 0.137 A[Cu(1)]. 0.165 A[Cu(2)]F1 0.200 A[Cu(3)]. Cu(1)H)
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Table 3-15. Crystal data and structure refinement for 435

Empirical formula
Formula weight
‘Temperature
Measurement instrument
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

@ range for data collection
Limiting indices

Reflections collected
Independent reflections
Oberved reflections
Completeness to 8= 26.46°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices {I> 2&({)]

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F,24+2F 2)/3)
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution
Computing structure refinement

'SHELXL-97

C44H88CI4Cu6N12036

1884.30

293(2) K

BRUKER SMART 1000

0.71073 A

Graphite

Monoclinic

P2,/n

a=202579(13)A, a =90°

b=17.1410011HY A, B =102.6130(10)°

c=22.1609(14) A, y =90°

7509.5(8) A> 4

1.667 Mg/mm’

1.905 mm"™’

3864

0.35 x 0.25 x 0.20 mm

1.54 to0 25.03°

24<h<22,-205k<20,-1851<26
30423

13088 [R(int)= 0.0308]

8736 [I> 20(D)]

98.5 %

SADABS

0.7019 and 0.5553

Full-matrix least-squares on #°

13088 /0/919

1.014

RI =0.0509, wR2 = 0.1321

RI1=0.0828, wR2 =0.1560
0.986 and -0.535 e A~

w =1/[oH(F )+ 0.0898P) +2.6795P]

Direct

Difmap

Geom

‘BRUKER SMART

'BRUKER SAINT

'BRUKER SAINT

'SHELXS-97'
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Table 3-16. Selected bond lengths [A] and angles [°] for 45

Cu(1)-NQ2) 1.923(4) Cu(1')-N(1") 1.916(4)
Cu(1)-N(1) 1.925(3) Cu(1)-N(2") 1.917(4)
Cu(1)-O(1) 2.005(3) Cu(1')-0(1") 1.967(4)
Cu(1)-0(2) 2.005(3) Cu(1)-0(2) 1.974(3)
Cu(1)-0(7) 2.321(4)
Cu(2)-O(4) 1.969(3) Cu(2')-0(4") 1.987(3)
Cu(2)-0(3) 1.993(3) Cu(2)-0(3") 1.990(4)
Cu(2)-N(3) 2.016(4) Cu(2')-N(3") 2.016(4)
Cu(2)-N(4) 2.020(4) Cu(2)-N(4") 2.018(4)
Cu(2)-O(8) 2.392(4) Cu(2)-0(8") 2.276(4)
Cu(3)-0(6) 1.977(3) Cu(3)-0(6") 1.980(3)
Cu(3)-0(5) 1.996(3) Cu(3)-0(5) 2.005(3)
Cu(3)-N(5) 2.002(4) Cu(3')-N(5") 2.015(4)
Cu(3)-N(6) 2.006(4) Cu(3')-N(6") 2.029(5)
Cu(3)-0(9) 2.324(4) Cu(3")-0(9") 2.288(4)
N(2)-Cu(1)-N(1) 82.21(15) N(1)-Cu(1')-N(2)  82.88(16)
N(2)-Cu(1)-0(1) 163.43(15) N(I)-Cu(1)-0(1)  84.74(15)
N(1)-Cu(1)-0(1) 83.61(13) N)-Cu(1)-0(1)  167.57(15)
N(2)-Cu(1)-0(2) 84.05(14) N(I)-Cu(1)-0(2)  166.98(15)
N(1)-Cu(1)-0(2) 165.19(14) NE2Y-CH(1)-0(2)  84.49(14)
O(1)-Cu(1)-0(2) 109.02(12) O(1)-Cu(19-0(2)  107.81(14)
0(4)-Cu(2)-0(3) 84.27(12) O(4)-Cu(2)-0(3)  84.28(14)
O(4)-Cu(2)-N(3) 92.16(14) O(4)-Cu(2)-N(3)  93.04(15)
0(3)-Cu(2)-N(3) 169.80(15) O(3)-Cu(2)-N3)  167.52(18)
O(4)-Cu(2)-N(4) 170.81(17) O(4)-Cu(2’)-N(4)  168.27(18)
O(3)-Cu(2)-N(4) 94.18(15) O(3)-Cu(2)-N(4")  92.80(16)
N(3)-Cu(2)-N(4) 87.83(16) N(3)-Cu(2)-N@4)  87.37(17)
0(4)-Cu(2)-0(8) 90.81(16) O(4)-Cu(2)-0(8)  91.39(15)
0(3)-Cu(2)-O(8) 89.36(15) O(3)-Cu(2)-0(8")  91.76(16)
N(3)-Cu(2)-O(8) 100.26(16) N(3)-Cu(2)-0(8)  100.51(17)
N(4)-Cu(2)-O(8) 98.24(18) N(4)-Cu(2')-0(8")  100.07(18)
O(6)-Cu(3)-0(5) 84.52(12) O(6')-Cu(3)-0(5")  84.01(13)
0(6)-Cu(3)-N(5) 91.88(14) O(6')-Cu(3)-N(5")  91.91(16)
O(5)-Cu(3)-N(5) 168.76(17) O(5)-Cu(3)-N(5")  167.16(16)
0(6)-Cu(3)-N(6) 167.95(17) O(6')-Cu(3)-N(6")  166.9(2)
0(5)-Cu(3)-N(6) 94.00(14) O(5)-Cu(3)-N(6")  93.46(17)
N(5)-Cu(3)-N(6) 87.30(16) N(3)-Cu(3)-N(6)  87.77(19)
0(6)-Cu(3)-0(9) 90.71(15) O(6')-Cu(3)-0(9")  93.41(18)
O(5)-Cu(3)-0(9) 89.80(15) O(5)-Cu(3)-0(9")  92.25(15)
N(5)-Cu(3)-0(9) 100.91(16) N(5')-Cu(3)-0(9")  100.16(17)
N(6)-Cu(3)-0(9) 101.26(17) N(6)-Cu(3)-0(9)  99.5(2)
N(2)-Cu(1)-0(7) 98.45(16) O(1)-Cu(1)-0(7) 92.83(15)

N(1)-Cu(1)-0(7) 101.87(16) 0(2)-Cu(1)-O(7) 85.60(16)
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Fig. 3-15. An ORTEP view of the two trinuclear cations in 45

HIEFES Cu2). Cu@)RAER- FHEZ B AN A 17.94°F0 3.17°. BIERK
ARHTE C(HCRINO(1)OBYOHF CB)C4)N(2)0(1)YO(5)0(6)¥ R A B HIF
M, BOEERBFBRGRANERE T4 THEFRNR R, Cu)F Cu2)7 7
(RS EAFEFiH 0.235 A #10.182 A, Cu()A Cu3)& HlRE EFFEFHE 0.212 A A
0.107 A, Cu(1)--Cu(@)H Cu(1)~-CuQ)EEE DA 5.179 AM5.191 A, H—F=KHE
JC 45b BIGME 45a FHAEM, EPREMHEE T ANV, Co(l')REELET &
/N Fe - RO BE B5(0.040 A)BHE/MTF Cu(l), T B EAIEEESEFE[Cu-0, 1.970(4) A; Cu-
N, 1.916(4) A].Cu(2") Cu(3") | BCA7 /K 53 F S 48 B4 TN B 73 PIAL % 0.209 A 10 0.224
A, ClNPEMNFHE Cu@). Cu3)MHERE FHE BB ZHEA 74 9.49°A
27.98°, KT 45a FHIMHNAE. 450 PHBEEIMUEHES 452 PFHRAF,
Cu(1')(C,N,0,)Cu(2)&B4r Cu(I)yEHEIE, CuH)B{UREHERE 0.032 A, M
Cu(1)F Cu(3")4r 3l HHrEFEmE R —RIwm= 0.217 A 5 0.305 A, Cu(l’)--Cu(2)H
Cu(l'y~Cu(3)PEE 4512 5. 188 A #1 5.143 A,

B BT H 9 [Cu(opba) " BIF B HFEIYE: opba" FE KR TAEDTRERT
BE =A% TFaidE R #EE 360°. 45a 3 Cu(1)A BB N(HNQ@)O(DHOR)ES
{1 H SRR T AL 3.55° (45b RN HAER 3.23°), EXEHRIMFEFEZ

==
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$=¥% A A WA e L

IR E LA S5.12°H1 5.07° (45b 0 4.13°H1 4.86°), BIBIXEEEIE, TaTLLA R
{F[Cu(opba)] N 77 BB B K HnIt ik R

Fig. 3-16. Drawings showing the packing and interaction between trinuclear cations

%l 3-16 LB 45 M4 FHEARE, fERET 45a M 45b ZREAXMNHI, B
BRERN = ZETEERIE, RE Cu()M Cu(1NZBREHBEEFHER, B
HZRIMER (4122 A) b= B B oo AR I K RRAR BB BT Cu(ID BT 2 8]
PR S /DMRE . St PERRIMANE —5 =A% 8T (8| B A B 4T, AFE opba®
T CH N RTEANB/D_—RFEMEBERREN 0072 AH)Z B _EHNH
0.9°, FEZERFHEFEREN 3.44 A, BIVANEFR D =ZZE T2 G ERnE
HER. RERANERRNRAR, AHEEEAZ BEn-nERER, ERANRTHMN
TR AXRERATER, N~ ErntlHER. BTFXMHBLFHLER, F5EH
THEMFRENH BB TFRTESE R, BR—HES T “RHK”.

4 EEWEIHEEF ESR ¥
4.1 ZEBYE

f£5 ~ 300 KTERAWETEEY 44 T 45 FEBBALE, B 3-17 Ly, T H
i T-T %, BLSYRERy, T E25H 0.60 1 0.58 cm’ mol' K, BBBKFLIBL
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Cu', {& & WY B HEFR (113 cm®mol ' K), BRI, %, T EEREA, 110
K ATy, T MR ERETRDIBERERSE, LEFEH—IFE, £110 ~20 K
X J8), ¥ T M 0.40 cm® mol” K /P 21#7 0.38 e’ mol ' K, 784 20 K LAF 44848 200
o T ESLRE RN . 20 K LA ERIBAIT ARARSY 44 F1 45 ARBHHEERRT
3R R KRB SR 1/2-1/2-12 BIRGR, FPERx,T EXNTEERER, ERE
B Tl HIRRER B =& eyr FE R EEAAELER.

8
0.6
A 6 :
o
E x
“ 0
Ng 4 0.5 =
o =
= K,
-
2 2 0.4 ':3
0 h
] N | 2 ] 4 | 4 i 3 1 . | 03
0 50 100 150 200 250 300
T/IK
0.6
e
(S 0.5*.'¥
® ©
5 =
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~ 0.4 >~
1 L | N i " 1 4 03

0 50 100 150 200 250 300
T/IK

Fig 3-17. py vs. T and p, T vs. T plots for the binuclear complex 44(a) and 45 (b)

AT VA EERKKAD, EH-Z#EERA Heisenberg B HEAC # AR £
ﬁ = _2J(‘§Cul "§(,‘u2 +‘§L‘u1 "§Cu3)"'J"§ru2 '§(ru3 (K J TR ARBERE T
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HE RS BETFZANTERS), A>T HEURE
v =g, =227, / Ng* BV R IE 5 F AR BLAE R @) XHRBAT A KW, AT
&R SR B HATRIE . RIAEREP AR ERERERY JRELRABE,
Fnxt FESY 45, % J7TE 0~ -30 e EE MG EF R B/NTF 7 10°, fHFE
K EAMSHEARE (NJ=176 ~ 179 cm™), HEHARERBRTTERN JE. EREH
o HBETANS, BRGNS N 4, J=-1672cm’, g=2.08,2z)'=-13, R=9.89 x
10%; J=-1783 cm®, g=2.08,2J'=-0.72, R = 5.28 x 107,

BLa4 44, 45 RISREP =B ITRAHRE, HEEEE T Cu(l)-Cu2)Z A
Cu(1)-Cu(3) 2 B AR EE HaT 8s B BT AR, AFEMEN, 7 LBRER AP ELim A
M Jesicn = Jeaea = Jo SHTEEY) 45, LA T Hf =AZ BT AR E 1 L
HEAERRZER.

4.2 WiE-ARxRiITE

FREESVEH A TAMSSREE FREBERNREBMAEER, =
Rt MM EERIRSS. fE RS TR 74T 0907 e i 00 5 B A2 A 35
¥ BES A TR EHERFEEN d,, MHEKRIBFTFEEESSEAREEI
i, EmEHERFENEEEERER HEERETHRIIELZ HHERR K.
Wi RGN EER, AV M FEFEAFLHN=ZREEY), TR =%
fr B2 (BT AL & pbaOH* L2 EME AL T BLH — T — 4B R SY). BHEH
T [Cu(pbaOH)" FEEA S SRAL, Z¥ATHNERZENEBIEE N, FEE
MR, BRSNS FRA, A TREAKRENEIE (B dy, AP0
AEEHBREEE, MR TFRENEARRENRAT-EFTERFER, Hit
ATLLA RS = A T2 BRI 2-BRERN — UREASECREMAEER, i
WElE, REVRANSIN=ZBHR, MHEITABINS THHEELIERZ
¥ SEEMBEMHRAEERLR.

FlEE, ZARAY 45 B, RE=ZRnzEEdr-tHEEHER MBS X
Rk, 85 FHE Cu-ColBEEZR/NTHFRES, B TXMHAEL/EHREBRA,
i HAN R cPEMCREFHNNEAR, FFUASHBHIEZRANFTRNES. &I
A, MRFANREFRRMRFRDAEFRAEE CEEIF[Re,CLIP R ERHT),

—
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BAMYE Y MATRERE—ERREAR, ANSBRKEES, TMHELER
0 F[Re,CLPF NEE T 6E, AREHBL. BiiCBABIRIESE LA
KE, SHEENEZEGESY BFREE 4F (REF) ZRBTn-nidH 1
Al (REARSSMAEER) BRNSTREME, TH™En-ntl B IR HE RN &

SHE TREATE.

4.3 ESR i#

FEETHE TSN X EREZHESR (B 3-180) . AWML EYE g=2.10

G- EAE MR EIRES, T Cu(ll) BFEFERALEH. =1 s=122
) Cu(lDEFREER BRNE

|

) KT BE 2 K|3J) ~ 500 cm™, BHE KT

=BV kT {H (» 205 cm™), HIEZER

SHESENT, NEARERR, | ;
R Kambe A, NEASEEZ ‘f—i
b

THEAHWHRERLD, BRREER T T T :
1000 2000 3000 4000 5000
] ESR 55 XEXRBNES, BB H1 Gauss
MEINNESNZEILSIUEE. Fig. 3-18. ESR spectra for 44 (a) and 45 (b)
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B K FHLEFERL Fo¥

HBNE SEAWRAENES T RANMRSHR

£V RN IFHRARAWATHEES AEE RN

BEEEEST (RET) A¥ERAF 4RSS EEHNNNT TREGCEBD T
RETEEHENBH —NMEERRFTEL. EEERAARESHOBTTHERT,
SEARBEERTBHEREL FPERKSIAEE, XML FHRALT
HEFBENTH., 2EAEAEARSEFEAAEEENNAME. 0 Munakata
ZRBETILHEEFEETRANERREFRSZAHEEAREr FROESY
[Cu(Hemp),JX (Hemp = 3-FFE-6-F &-1-F4-2(1H0)-M %, X = CIO,, BF,, PF,
CF,80,), X&EWhEP, ATERATEMAANHEE T, BENRKNELHESR
areh & RAFE AT IHET. Wuest EHR T HEHZAH=HIEMKZRID TR
¥, MMNRIMEIHNEN T FREARNEE, dJUREMEPNEEHE:. £-FE
LANEENBNARULEYRET, BN TFHEM 16 MER, dRERZ4HMNE
AFRBHREN, MEREXEIEERS T, MRERFERSILEHHNTEE,
Beer ZAEHIAR F HA(TC-TTFY (URBEINRNE &S FYFKE Co(IDF FiBd
ABArrHEAHAKPFU - T RULE D 7L 5 T M & [Co(H,0) ] [H(TC-
TTF)]2H,0 FEAEKHK-BRKIRPRELEWEH, ERFENSSHFXURn-n
HAERHRERN, BHERFSESNEAMLY. BRIW, HHHFAREKCEY
YGRS R L AL R FRSEIER LCERRIRE. ATLUFHRBFTRRMEE T
[Ni(meso-cth)]** fl[M(opba)]* [M = Cu(iD), Ni(IDJA MR HEHET —KETHF —4HEE
M NEEESTHRE, Bl X HENTEMAESREHTEHRTHKS THEES
WH. EREFARXMELTER. BT M-l EERELEE MY RE Z L%
AR AGT R EHRERT, THAFRAEWARENE, sRESAHEST
MR Sk TIRR Mt T —H g e.

1 @&t

MR THFREEET O THE:

(i) K% A EP[Ni(meso-cth)? & FH NP HA(NH-), dTLELRFET
i, BRERESYMopba) MIEEANERE ST (HRT), BHXFAME

r-'!
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AFzZ HFA AL ERE S,

(i) RS i AR Ni(rac-cth)|* AT L 5 B S BB U B T ARMESREZ
EE = & 2-19), EHT AR LFREZ AR, P IHBERI[Ni(meso-cth)]”
A ge LR RREAL, REEEABIE A F4E NiN, Vi B0 5 R4k bl ik 77 U RcfE
19, & {M(opba)* I EUE T 2O AL 2R S NidD)E T BCALTG W SR K FE Ak

(iii) ACE F[Ni(meso-cth)]* F[M(opba) " A H R M7, TTLIEBARN 11 &
e . BTFRTZENEFR S SEREEERS, Tar-dBERERESMT.,

(iv) [M(opba) " HFEBEHR, B REFErtHEEH. REKS, nntHiH/EH
EEE 2 B S WA P ERBI1EA .

2 L EPHERE BRI

A2 & ¥ [Ni(meso-cth)}(CIO,), & L #k 77 & L. Nay[Ni(opba)]-3H,0 #Z & B
Na,[Cu(opba)]-3H,0 #IXCHER A ES K'Y, LL Ni(NO,),-6H,0 & Cu(NO,),-6H,0.

[Ni(meso-cth)][Cu(opba)]-2H,0 (46): & 0.3 mmol [Ni(meso-cth)](Cl0,), (163 mg)
) ZBEE I (20 mL) R4 %R Na,[Cu(opba)]-3H,0 (123 mg)fI/KE#H (20 mL) &
MEF H EENEE, PRDZEERE, BE, ARMABBERRRLE RN
gEHOR, RKAKMZEYE, ETKFP TR, =F: 96%. TESTEERERN:
C, 45.50; H, 6.75; N, 12.41%. WH®EFEA: C, 4520, H, 6.42; N, 12.16%. EEHK IR
R H# (em™): 3400 (m, br), 3050 (s), 1660 (s), 1620 (s, br), 1570 (s), 1470 (m), 1400 (m),
1285 (m), 1155 (m), 1050 (m), 1030 (m), 860(m), 770 (m), 740 (s).

[Ni(meso-cth)][Ni(opba)]-2H,0 (47) : L Na,Ni(opba)]-3H,0 1% &
Na,[Cu(opba)]-3H,0 & LES /K, BRBUB&ENE, FER: 90 %. TESNMELRGER
#: C,45.74; H, 6.67; N, 12.56%. t+HELERA: C, 4552, H, 6.46; N, 12.25%. BEEH]
IR IR KA (ecm™): 3400 (m, br), 3040 (s), 1660 (s), 1625 (s, br), 1570 (s), 1475 (m), 1406
(m), 1285 (m), 1150 (m), 1048 (m), 1026 (m), 875(m), 775 (s), 736 (s).

PR AL SR LA i LR 522 4E), 3400 cm™ AL B S K 4 FHITRMBL, 3050
em” M A BRI A Kk NH ZEEMHEIIRsIRIK, 1600 ~ 1670 cm™ JGIH AN
19T W AT YA BB F B R BRI Rk B PR 5

B LSBT YEER, wk. . AN. 20E. DMEF. DMSO %,
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Table 4-1. Crystal data and structure refinement for compound 46

Empirical formula
Formula weight
Temperature
Measurement instrument
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

frange for data collection
Limiting indtces

Reflections collected
Independent reflections
Oberved reflections

Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*°

Final R indices [/ >20(])]

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F +2F_%)/3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution
Computing structure refinement

C,eH 4 NgOyCuNi

690.92

293(2) K

Siemens P-4 diffractometer
0.71073 A (Mo-Ka)

Graphite

Triclinic

P1

a =10.0630(9) A, a = 92.240(6)°
b =12.4015(9) A, = 110.244(6)°
c=12.8640(9) A, y=99.344(8)°
1478.3(2) A3, 2,

1.552 Mg/m’

1.414 mm™

726

0.19 x 0.22 x 0.4 mm

1.67° to 25.00°
-ish<11,-14€k<14,-155/< 14
6239

5202 [R(int) = 0.0380]

3453 [I>20(1)]

semi-empirical from psi-scan
0.786, 0.325

Full-matrix least-squares on F*
5201/0/391

0.960

RI1=0.0454, wR2 = 0.1082
RI=0.0598, wR2=0.1173
0.460 and -0.567 ¢ A

w=1/[ A F.2+(0.1000P)*]

Direct

Difmap

geom

'Siemens XSCANS'

'Siemens XSCANS'

'‘Siemens SHELXTL

'‘SHEL XS-86'

'SHELXL-93'
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Table 4-2. Selected Bond distances (A) and Angles (deg) for compounds 46 and 47

46 47

Ni(1)-N(3) 1.938(4) Ni(1)-N(3) 1.947(2)
Ni(1)-N(4) 1.956(4) Ni(1)-N(4) 1.957(2)
Ni(2)-N(6) 1.946(5) Ni(2)-N(6) 1.951(2)
Ni(2)-N(5) 1.961(5) Ni(2)-N(5) 1.961(2)
Cu-N(2) 1.889(4) Ni(3)-N(2) 1.8159(19)
Cu-N(1) 1.896(5) Ni(3)-N(1) 1.819(2)
Cu-0(2) 1.934(4) Ni(3)-0(2) 1.8790(18)
Cu-0O(1) 1.958(4) Ni(3)-0(1) 1.8935(18)
O(1)-C(2) 1.285(8) O(1)-C(2) 1.293(4)
02)-C(3) 1.310(8) 0(2)-C(3) 1.293(4)
0(3)-C(4) 1.223(7) 0(3)-C(4) 1.237(3)
0(4)-C(3) 1.221(7) O(4)-C(3) 1.219(3)
O(5)-C(2) 1.226(7) O(5)-C(2) 1.226(3)
O(6)-C(}) 1.235(7) O(6)-C(1) 1.228(3)
N(1)-C(1) 1.332(7) N(1)-C(1) 1.325(3)
N(2)-C(4) 1.340(7) N(2)-C(4) 1.325(3)
C(1)-C(2) 1.557(9) C(1)-C(2) 1.539(4)
C(3)-C(4) 1.554(9) C(3)-C(4) 1.549(4)
N(3) -Ni(1)-N(3A) 180.0 N(3)-Ni(1)-N(3A) 180.000(1)
N(3)-Ni(1)-N(4) 93.6(2) N(3)-Ni(1)-N(4) 93.79(9)
N(3)-Ni(1)-N(4A) 86.4(2) N(3)-Ni(1)}-N{4A) 86.21(9)
N(4)-Ni(1)-N(4A) 180.000(1) N(4)-Ni(1)-N(4A) 180.000(1)
N(6)-Ni(2)-N(6B) 180.0 N(6)-Ni(2)-N(6B) 180.00(16)
N(6)-Ni(2)-N(5) 93.6(2) N(6)-Ni(2)-N(5) 93.68(9)
N(6)-Ni(2)-N(5B) 86.4(2) N(6)-Ni(2)-N(5B 86.32(9)
N(5B)-Ni(2)-N(5) 180.0 N(5B)-Ni{2)-N(5) 180.00(11)
N(2)-Cu-N(1) 83.9(2) N(2)-Ni(3)-N(1) 86.54(9)
N(2)-Cu-0(2) 85.8(2) N(2)-Ni(3}-0(2) 86.58(9)
N(1)-Cu-O(2) 169.0(2) N(1)-Ni(3)-0(2) 173.10(9)
N(2)-Cu-O(1) 168.6(2) N(2)-Ni(3)-0(1) 172.77(9)
N(1)-Cu-O(1) 84.9(2) N(1)-Ni(3)}-0(1) 86.25(9)
0(2)-Cu-0(1) 105.1(2) O(2)-Ni(3)-0(1) 100.62(9)
N(1)-C(1)-C(2) 109.6(5) N(1)-C(1)-C(2) 108.8(2)
O(1)-C(2)-C(1) 117.3(5) O(1)-C(2)-C(1) 116.0(2)
0(2)-C(3)-C(4) 116.8(5) 0(2)-C(3)-C(4) 115.3(2)
N(2)-C(4)-C(3) 109.8(5) N(2)-C(4)-C(3) 109.0(2)

Symmetry transformations used to generate equivalent atoms: A = -x+1, -y+1, -z+1; B = -x,-y,-z.
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3.1 [Ni(meso-cth)}{Cu(opba)]-2H,O (46)

ByEfER 4-1 1

FX X HEGAHSTHOLBREME. H
G . R 42 I EENRKNRA.

EWEE. MBI REETEU Lais

46 [ A G H TP A B T SR A 45 & B [Ni(meso-cth) " FHE F.  [Cu(opba)]*FH
BFRBERIKTF .
TG EBEFHRS. BEF[Culopba))”

BrREIERR T (N1,
FUEF (01. 02) BEEAI[Cu-0, 1.946(4) A;
Cu-N, 1.893(5) A], ¥IkE R VT H &

A ) F
2k
WE T 5%
5% FEZEHZHEHAAN 1.7°. @RF

—

1 P

=1

o

H B AR,
35T A EE B KA 0.012 A,
R A 0.060 A, I

X 4-1 BN HIFHE

4R B T 5 R LR R AL & opbat! BN E

N2) M EBRIR

—

TECALIR

A
F

ff

7 % 1 & 4 % b A B 3 AL #) [Ni(meso-
cth)*BEF, BMNEEF Nil. Ni2 25
REARFH & EEREF O, T U

KIFEE meso-cth HI[

Y F

L, &BETE

8] 8 1

—

Fig. 4-1. ORTEP diagram of the building
blocks for 46

AMeh e R T B ) Rl 9 U 7 FE B A 34 53

JUA™BAr IR 7™ 4%

L 1]

, HTRETLAT R

» Nil. Ni2 Befz ¥

/4 Ah 57.0°81 73.2°. BAFHEFHH) Ni-N K H

5 Cul BofiFliZ
=5, Nil-N 821

TAYBRKNT NN &, XTEE o FHA NS TRIRN 7 2 R,

ZUEYE R ETEMER

BT Z RFISSAEEER. [E-FRITTRIAE NH

EANPE TRCPHRFERTHS 58BN, R 43 FIHHXERER K

BAE. Nil TEMARTHRITET
(Cu---Nil, 4.564 A), Ni2 FrmHIFE FRcH TN RS
T4 6 (Cu---Ni2C, 7.637 A, Cu---Ni2D, 6.537), EIfg—4
A L SHRECALREIER T (01,02) 55—~ Nil B jTH

F

MR 5 B/ [Cu(opba)

|

"HErFRTHES
AN [Cu(opba))* THE F
S By - B sl il B R
IR N EENN3A, N4A)TE K,
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DD=AA ## A E S8 N---0, 2.925(5) A). TR RESIR 703, 06) 5
FAAR Ni2 8 oo (B B (NGC, NSD)E A8 4~ 8 2 58(03---N6C, 2.888(5)A; 06---NSD,
2.962(5) A). iXLLZ B [Ni(meso-cth)]” BB F F[Cu(opba) B FIEERM—F 5<

110> EFATHR RS RE

TS T ERME, W

4-2 P78,

Table 4-3. Hydrogen Bond Distances {(D---A, A) and Angles (<D-H--A, deg)

46 47 symmetry code

O(1)-NGA) 2.921(7 2.955(4) A -x+1, -y+], -z+]
Q(2)-N(4A) 2.927(N 2.918(4) - A; -x+l1, -y+1, -z+1
O(3)--N(6C) 2.892(7) 2.897(4) C:-x+], -y+l, -z
O(6)--N(5D) 2.959(7) 2.944(4) D: x+1, y+1, z+1
Ow(1}--O(5) 2.872(8) 2.917(6)

Ow(2)---0O(4) 2.820(8) 2.855(6)

Ow(2°)---0(4C) 2.857(8) 2.881(6) C: -x+1, -y+l1, -z
Ow(1)-Ow(1E) 2.805(1D 2.77(8) E: -x+2, -y+1, -z+2
Ow(1)-Ow(2F) 2.800(10) 2.836(8) F:-x+2, -y+1, -z+1
Ow(1)}-Ow(2’F) 2.945(11) 2.904(8) F:-x+2, -y+1, -z+1]
Ow(2)-Ow(2C) 2.831(12) 2.788(9) C: ~x+1, y+li, -z
Ow(2*)-Ow(2’C) 2.781(12) 2.734(8) C: -x+1, -y+l1, -z
O(1)--H-N(3A) 161.5(6) 158.6(3) A:-x+], -y+], ~z+]
O(2)-H-N(4A) 176.3(5), 174.6(3) A:-x+1, -y+], ~z+1
O(3)-H-N(6C) 147.5(6) 145.0(4) C: -x+1, -y+l, -z
O(6)--H-N(5D) 155.9(N) 152.6(3) D: x+1, y+1, z+]
O(5)-H-Ow(1) 146.8(4)

Fig. 4-2. Projection of the heterobimetallic hydrogen-bonded sheet in 46 down

1G2

the g axis. Water molecules are omitted for clarity.
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XS -EET, EdARERNTANHE TR TMLNHEETRIUE
B—NER. ST c A HNRNREER 6.63 A [04---05G (x, ¥, z-1), 1&IEIEE],
B M RNR/EEN 7.09 A [04--05A, ¥iAIEE]. BSEBZIEW o HJ7 HHER,
BT —HE o BAmERN—4EE, wE 43 fios. BEFRTEHNKDTT

(Owl, Ow2), Hi ow2 HEHENEFLIE . FiE Ko F 5 (Culopba)F HIFRIE
FETF(04, O5)FEREEE (Ow---O FHIFEE N 2.860(8) A), NME&EEER L.
s, EIE T EANKDFESHENRNKS FRAEAR (Ow---Ow FHFEE 2.80
R, T T B I M S 1 — R R AURBER M — 4K & 788, 0l 44 PR, X
W RKS FRAEES Bz BRI KS FERER, ER—M_gIRE8r 7M.

~—

Fig. 4-3. Top view of the water-filled channel in 46 down the a axis.

SRAEMH-SERERI, EAMBZEAEAMBEE FRITPHESHELF
1T, ¥ a SRR RN, KEFHEHBERD 3294 (BA) #13.28A (EED,
ALUAN R Er-ns FHEER, REXMHEEZERARRBRTERNAEE T, Wk
4-5 FT7R. fE[Cu(opba)]* BILP AT H 5 N,O, FI FHEi 2 K AL A 1.7°, #
A ERNEEERANN-SHER, BHEArHEERFIINRRTERZE, o
iR ALER - PR T &Y 46 I =B T 444,
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Table 4-4. Crystal data and structure refinement for compound 47

Empirical formula
Formula weight
Measurement instrument
Temperature
Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)

Absorption coefficient

F{000)

Crystal size

6 range for data collection
Limiting indices

Reflections collected
Independent reflections
Oberved reflections
Completeness to 8= 25.03°
Absorption correction

Max. and min. transmisston
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [/ >2a(])]

R indices (all data)

{_argest diff. peak and hole
Weighing scheme [P = (F +2F2)/3]
Primary method of solution
Secondary method of solutiocon
Method of locating and refining H atoms
Computing data collection
Computing data reduction
Computing cell refinement
Computing structure solution
Computing structure refinement

C,6H sNgNi, Oy

686.09

298(2) K

BRUKER SMART 1000

0.71073 A (Mo-Ka)

Graphite

Triclinic

Pi

a =10.0460(8) A, a =92.488(2)°,
b=12.4964(10) A, B=110.247(2)°,
¢ =12.7901(10) A, y=99.408(2)°
1477.5(2) A3, 2

1.542 Mg/mm’

1.333 mm’'!

724

0.30 x 0.15 x .10 mm

1.66° 1025.03°
-11<h<8,-14<k<14,-10<{<15
6157

5173 [R{int} = 0.0150]

4408 [/ >20())}

99.3 %

SADABS

0.8783 and 0.6906

Full-matrix least-squares on F>
5173757411

1.043

R1=0.0322, wR2 =0.0870
RI1=0.0398, wR2 = 0.0913

0.430 and -0.250 ¢ A

w = V[oX(F,)+(0.0545P)+0=3612P]
Direct

Difmap

geom for C-H and difmap for N-H
'BRUKER SMART!

'BRUKER SAINT

'BRUKER SAINT

'SHELXS-97

'SHELXL-97'
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Fig. 4-4. (left) Side view of the hydrogen-bonded helix-like chain of water molecules
included in a channel of 46. For clarity, [Ni(meso-cth)]*" is omitted.

Fig. 4-5. (right) Side view of the n-m stacking interactions between the [Cu(opba)]*
anions in 46, drawn down the ¢ axis.

3.2 [Ni(meso-cth)][Ni(opba)]-2H,0 (47)

47 B RARTEBIRAE Bruker Smart 1000 CCD EHRATH AL LS. FRLR%
. EHBITNEGESTEURREEREER 44 PIH. TFRRFLOART
owl ER—NEETHEEMITSRAENBRTFzEEETHE, IEKRET
ERIBURT XA LT AT %

WEY 47 5 46 R, REHK
1) B & F [Cu(opba)]* 4% [Ni(opba)]*
B, BB FRTzEERESKS
TZREREENTAE 46 T2AH
Rl ATEFHE, —SHEHENREK
REARE (BEEIR) 5 TR 42
M 4-3., B 4-6 25 HAFHFRITH
SGFEUMRTHRS, BTHRETH

FRBDMIRE T (Ni3) AR, B Fig 4-6. ORTEP diagram of the building
blocks in 47
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ST SRR AL T B, Ni3-0 CERIH 1.886 A)FI Ni3-N (P54 1.817 A)
B2 N ARG Cu-O B Cu-N 2, Ni3 MNARALRFILFE™%ikE, WM
Fe 7 T B R 2 AT 0.001 A, Ni3 {URBI%FE 0.01 A, ZFHSHFIZAE
G % 2.6° 5 Nil. Ni2 BArPEM —EASHN 58.8°8 72.4°. 8 4-7 &5 iy
CEER T ESEMERE, UEEET, SHBKDE 692x671 A, B 4-8 fHHIE
ERME RN E R K FiE. naS ERBPERNTSER, BRANZERZFAFH
MBS R A 3.3 A 324 A

Fig. 4-7. Packing diagram of the hydrogen-bonded network of 47, drawn down the g axis.
Water molecules are omitted for clarity.

’;:"'“Tf ,
N #_
{; i f‘;-k’-u"
S — .
s ~
Zor 1
Y f L r

Fig. 4-8. Diagram drawn down the the c axis, showing the n-n stacking interactions and the
helix-like linkage of water molecules in 47.
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4 FEHSPR X HEMAKRATN BT

Al WCT-1 BERKFIHLEY 46 #H1T T HE . HEYITE 90 ~ 100 °C 7R
Mk EKSTF, SEFAR, HE 300°C EAMEINHBHRERR, RYKR/KHE
B R EHHRIEEN,

A X SHEATHBEARTTEY 46 AT TVIREMR. BILEW 46 £ 120°C XN
# 3 h, BEAFEATHBRARES, ERTHEAKEREKTRE 4 h, F2HRK.
BB RTBIRE . TRKEER (BHERP). 88 FRBEAK-BAMEASERZH#ITT X
SR ANTHHE, EEWE 49 Fis. NEBFETLAES, =S NE--WH.
5 iR

REBLENEES TENRBELEHN S TREASUN TITRFHZIAMEE
FEEN. —#ki, HTERES, HZHFEEEWE (nmHi. BRlE, &
SEBAKN T TFRERLZIMB RS FHAE A E L ERTE R A R
B E, (L&Y 46 1 47 R¥E T 835 DMF. DMSO SRR M 5 FI7E R B B,
BIEMAATH 7, HLEY 46 BT KB K, BMEKSTFREKE, iRk
FHEAMAFEHNTE. XEERRZARMURBTZRNESRER, ik
RIS TRESGHARRERNREME.

EHREHETERBRNATETZRBE NNARNFAEH. EHETR
THFRK GRS, BEEANEERNRASTIME, —&KRHE, B HRTZE P
FEMAKREBr R EBBEDREN. ERAMRBETE S, FEENRETHMHR
TG mEREEE, NTEARAEEIN. dhEFRTHRBAE
ZF, BFHREANEELEEASTIMN, —BKRE, FMETZEFEMG XS
B A IR Ma. ELEY 46 F1 47 B, [Ni(meso-cth)” L& IF BATIEE T H 45
FHEE (NH) #93EEME, fi[M(opba)l* LHIFBH IR 7 1EAS R ZHEIR 71
ER, SHAERRNERHEFR T BMERERImE GEX T gtz
FEE). FHEF R, BFRAEaSREAHI0RE, OIRBTLIRIE AL E
FrIFBERRMT —MiEidge, FERRBTRH.

n-n HRERNILEY 46 1 47 FE T TEHHMHABEEREH, RITYZL
H 5 [M(opba)]* 2 B B AR & 3F i) [Cu(pba) | B, [Cu(pbaOH)* (B RE ~&E) 5
[Ni(meso-cth)]* B FELESHARNIFHG T RN, RAEBHEAES~Y, RNESERE

-
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Fig 4-9. XRPD patterns for (a) a sample before dehydration, (b) a de- and rehydrated

' tape
sample, (c) a dehydrated sample protected with a tape, (d) the tap
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1BIER, W4 BATHFEMERRERARE. XNEREASLED 46 M 47 LLH
1B K844 & M) [Ni(meso-cth)][Cu(pba) ] % [Ni(meso-cth)][Cu(pbaOH)| N BEFR SE 77 7E, &P
AT LS ETIREREE KT RNY, FEAT LA A X R E - EERNIEE#E D T
&4 46 M 47 MRS REEREENEM. REr—= HEERX[M(opba)]”
Fl[Ni(meso-cth)"' 2 B4 & R B HERR, BXHAFH RENGEEHS5HEN
1 i 8 AR AR 8 [M(opba) P BE B F o2 [RIAR L IR A, FF LU 7 VK.

B THRBREEANRR TS FRMEEER, HBRTHHATHIREN . Beer
% ARIE HFI[Co(H,0)][H,TC-TTF)]-2H,0 &% L. HESH U RS TR A E
SERWHIFAMCEWEERL, BHTKE Cll)EFREHEMNIIEENE, ED
ERK-BATFEPRATMHEMEHEA, MERBEHRIK, 4 80°C LA EH
SEAIKIE, GHREATENTN, REREEEHR. LEY 46 F1 47 FHF
HAABABRKPNEREEE, RRNERRNERNSEKR, ERK-BKEREBPRER
&, MERREER®.

B2, B8, BFREE NN RSl TERNZ AL TME, HEAME,
FRMREEFHES RN =4S A%ES TMNE. XA IR
KA FREWHR, 1A LBHRIEMNERENE, ERK-TKIREFSERRFTENYE.
REFLBEA, BHFABINSE RN SIS THH I BA TRREMET —H
BHIRTE .

B AH-TAIRUA =R EARES TREW

HFHEERE>TRRERTIALESREFAETRAEHMAL. B, BMEH
R, EEXREGTIESBESYEFEISRULSYHERES 75 T ERIIH
=71, 3t RS BN AR THE - TN A0SR Mg L FRERECT, HE
P KBS ERBENESY (FH&RUEY) MEFREIHEEFHUKR, S8
S FRTHESYAEFRERULE D LM, EFRAZHRFEFTELEAR
W TARBIESZ AR NH BEHE, RICHE—F& -4 K8 U BB & B HL- THL A&
R B F A6 & YI[H,(meso-cth)] [Fe(CN)]-3H,0 (48) HI&RMBELER . Z L&Y
1 [Fe(CN) " BETREH R T HMPNIERE 5,7,7,12,14,14- 75 F #-1,4,8,11-JU I IR+

—
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DU 42 8 F [H,y(meso-cthy* |2 BLET SRR S8 5 T4W, TKSTRERTER
F1L S EIM -4 T,
1 {hEWa R

WY HE 5,7,7,12,14,14-75 F %-1,4,8,11-
A

ZEHHE T 5 0.3 mmol meso-cth BIZAKREM (20mL) FEBMA 36%H) ZEEK
B, HELSUHMR (B8 ZBAEEN, TUNET—PRNTHEAE~LRE
) HCN1); HHL 0.3 mmol K [Fe(CN) & T 20 mL K; # LABGERIMET H
BHFE, TRUEKER, B, TRAKE, 420 REAIRAEHAR. &
¥ ERRTERERRS, MWAHERRAHAKA, HXEMTSERMUSME
58 G—H.
2 —RE

&Y 48 M EDHER (%) k: C48.14 (47.73), H 8.32 (8.19), N 25.57 (25.30),
¥ By R 34 A H, (meso-cth)][Fe(CN))-3H,0 (C,,H,FeN,,0,) it H K& R .

5 B8RRI, HEAEYWAIEED 2100 cm™ ALRIRIRERFFILH]
w(C=N)IRHL, 3300 cm™ fifE B 38 38 A AR I K o F B IREIB UL, 3200 cm™ 4t
() FE LB BT VA J& S A BE Bv(NH)IE S, 3000—2700 cm™ K 55 SR & FEM8 2] 2300 cm™' Y
% BB N R AL EEBOVONE, YR YL (RBERE& C—H TSR, T 1610 cm’
' Rh B SRS T I /8 S NH, B39 R B0

AL YEE THERN, Wk, B B, B, —FXPEE. —PETHSE.

r-ll

B AT VU5 [(meso-cth) I SLBR T 6

.

3 AWM REEN

3.1 HlEie

) 48 BRI HT S BEETE Bruker Smart 1000 CCD HEIHTHAX bikgE. HX
LKA GHBRTMEETEURBEEBREER 45 TR, EREREFLY
SRFHEEBIIHERTEANRTFZEERSTHE, IEKERT LHARFXH
JLETME T ER L. R4-6FIHBIRK. BAENEREBNSEHEE.
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Table 4-5. Crystal data and structure refinement for [Hy(meso-cth)][Fe(CN),]-3H,0 ) (48)

Empirical formula
Formula weight
Measurement instrument
Temperature

Wavelength
Monochromator

Crystal system

Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

@ range for data collection
Limiting indices
Reflections collected
Independent reflections
Oberved reflections

Completeness to 8= 26.46°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [>2o(])]

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F,+2F,2)/3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution
Computing structure refinement

Cy;H 5N, oOsFe

553.53

BRUKER SMART 1000

293(2) K

0.71073 A (Mo-Ka)

Graphite

Triclinic

Pl

a=9.3097(9) A, a=101.077(2)°
b=10.5160(11) A, # =90.860(2)°
c=16.3847(17) A y=111.671(2)°
1456.43) A3, 2

1.262 Mg/m’

0.558 mm™

594

0.25x0.20 x0.15 mm

2.36° to 25.03°

-11<h<8,-12<k<12,-19</< 19

7462

5065 [R(int) = 0.0368)
3753 [/>2(D))

98.3 %

SADABS

0.9210 and 0.8731
Full-matrix least-squares on F2
5065/10/368

1.010

R1=0.0415, wR2 =0.1003
RI=0.0625, wR2 =0.1098
0.389 and -0.302 ¢ A’
w=H[*(F )H0.0617P)]
Direct

Difmap

geom for C-H and difmap for N-H
'BRUKER SMART'
'BRUKER SMART
'BRUKER SAINT
'‘SHELXS-97
'SHELXL-97'

11
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Table 4-6.
Selected bond lengths (nm) and angles (°) (including hydrogen bonds) for 48
Fel-C17 0.1929(3) C10-N1 0.1470(3)
Fel-C19 0.1939(3) N1-N2 0.2811
Fel-C18 0.1942(3) N3--N7 0.2829
Fe2-C21 0.1944(2) N4---N9 0.2868
Fe2-C20 0.1947(3) N4-N10a 0.3029
Fe2-C22 0.1954(3) N2--01 0.2761
CI1-NI 0.1477(3) N3---02 0.2714
C3-N2 0.1536(3) N5a-+02 0.2833
C4-N2 0.1499(3) N6--03 0.2843
C5-N3 0.1495(3) N8--0O3 0.2803
C6-N3 0.1504(3) O1--02b (.2708
C8-N4 0.1518(3) 02--03¢ 0.2583
C9-N4 0.1503(3)
C17-Fel-C19 87.93(11) C5-N3-Cé6 117.3(2)
C17-Fel-C18 87.24(11) C9-N4-C8 117.43(19)
C19-Fel-C18 89.99(11) N2-H:-N1 134.52
C21-Fe2-C20 92.12(10) N3-H--N7 173.40
C21-Fe2-C22 94.20(10) N4-H--"N9 161.27
C20-Fe2-C22 91.34(11) N4-H--N10a 172.01
C10-N1-C1 113.2(2) N2-H:-O1 165.05
C4-N2-C3 118.8(2) N3-H--02 177.24
Symmetry codes: a(x+l,y, 2), b(2-x, -y, 1-2), ¢ (x+1, y+1,2)
3.2 &g
WEYRREEHPEEHD R FULRNE R [H(mesocth)]* . ARAE )

A BA & T [Fe(CN) P F1 =4 K 43-F
g 4 DMRURFE AL

%

4-10 FHMRETHEHERTRS . KA

7, SPMRBRTFRER/D -FFEAKERESHH 0.0079 nm

(N1). -0.0074 nm (N2). 0.0049 nm (N3)#1-0.0054nm (N4). N1 5#H4f C RF Ziul

Y18 (F34 0.147 nmy/hFKIFH

T HE C-N 8K

CH9% 0.151 nm), XFhEH| A

fERMHT NI ®REEFL, MEE 3 AMRRETHEHR 4. N1 M N2 ZBERD T

NEEE, B N1 REMVEEE 4. 54k
B {&[Fe(CN) ] "B F, Fel-C 1 Fe2-C 99

112

U R RR AL TE AN R dR R SRR L B A
2R K490 0.194 1 0.195 nm.
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Fig. 4-10. ORTEP view of the building blocks of 48

MR RTZ HRNEREEFARES TRELEMATPHER. a8+,
[Fe(CN) > FRIEUR F o] LME A B R Z 15, ARS8 NH Z2H 0 LUME SRS T
th. REBEHWMERY, Fel IBHAREKEFEHSHRANRA LIS #MEE
[N3---N7], T Fe2 FiREIARMAHKE FE5MAMN 4 M KA LIZBHE [N4--N9.
N4---N10a], HEENKAE 3 NMFe(CN) P ERERE, XEABBEARTEEWR

FE<O>ZEYT RO GBS TREREN, WE 411 Fix, BRKEREFZRAE

FEE 4 0.931 nm (Fel-Fel Al Fe2-Fe2). 0.898 nm (Fel-Fe2). B¢ L& s, #
KR 5K FN2--01, N3-—-02]. AR HKE T 5K F[N8---03. NSa--02).

N6---03]1LL BIK 4 F 57K 2 F[01---02b, 02---O3c]Z )£ a8, XEHE/ER
MBRTEARMEFATHNES (B 4-11), FREHEASHEERERX, ER=4%
MERMLE, WK 4-12 Fizc. HBE 4-12 ATUERW o AR T —4EE, &
EEE ARG SR RI. [Fe(CN)F RIK 3 FHIM. B a1k R T2 HHEER 4 1.052 nm
(Fel-Fel #l Fe2-Fe2). 1.077 nm (Fel-Fe2).

5 LR G 46 0 47 KL, WEY B =4H? TEMENTE T
RITZ RN NERIEFERNGR. B TBEmRE T &+ mFp R TRy thél,
MR ATRMNEENEERBE FRIMFEMAETIEMN, MAREHFRICZ A
MG E&RF T EEMERE. H—Jvil, KERFIUAHRIEDAEET NH &
ISR, MMERRRE THMIMRE. X8R 78] ) 2 8 09 R 4E
FE8o THHUAFRRNREEN, BEUKBEFLATBIR.
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Fig. 4-11. Top view of a hydrogen-bonded sheet in 48 (left)
Fig. 4-12. A diagram down the g axis showing the linkage of the sheets in 48 (right)

B= — RGN 8 DL ARG I R T 2 — R AR 59

S4B THRERZEESY (FEEEY) Hi, UERMLBIGEE NS
SRBREFHNENRESHEERMERN SR ERMESYET LGRS
MEFBAL. B, WEEL. BNEYWEUERTR, HFRFEIIE S TR
T EigR, EMfERAFTRKEHNECREYNARIIETILZETEEN
g, Hal, HidESRESWHERY —%., "€ 4R/ REYC
ERBXBNIE, MHTEIEEBEFNERMEARSS, UEESRE FHELT
LZ R ESYERRNMARDDS, EXEERERP, REFTEKESBRETFAS
AR ThEetE — R BEF EEN TR, AEIINEeRE4EUREREEREATTHR
D, BERTITEREFE RSN RS S EEREHERMESE, AT
Hol Rl bt I D aetE. EFRREN EKR-TESRBREEYP, HTHES
MR, FEEBOGEABSHANBRKNEARFRAY, BERTPUIKEEEREAR
kh g BO AT BB YR B B T R RE A — 1

EEMBEFR—FREHOESE, BEFEFR THTULEE FRREN, ©
RAE AR GRNENRERGS NS RENM, ZEREWEY T RE T EE1E N
REASHARBE ML LS RE FRA. BRI, B AXMRENBE
MRS A I F LA, 1 (0:0') pp-(0:0,0). 1,~(0,0":0",0"). 1,-(0:0:0")
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Fig. 4-13. The bridging coordination modes of the perchlorate ion

A E R K FR-RIDER AY[Cul?] (F_EE—77) M NaClo, RIAER
B — ¥ &5 ¥ 3 F B AT B & 9 {[CuLNa(CIO))]-H,0}, (49). B REHRERNA, B
S [CulliEid Na' B FiEER—F Na,Cu, TR BT, XFHRRETTEL CIO &
FEER—F—48%, 582 RE I - THEERNBRMLRYESTHFBR—
WIS _EBS FER, KPR BRIRE 7L —FFHE8F KT A [1n,-(0:0,0"),
&) 4-13, f, M = Na)BtfiL.

by ]

1 REWHHE5—BRRIE

W B R AC & 6 A [Cul?] 5 NaClO, & 0.5 mmol BT 10 mL ZE+, EER
THRBER, —MAEBALBERE, &, 718%. LESTNMERERA: C, 43.02; H,
3.72; N, 8.67%. #% C,,H,,CICuN,NaO, fIi+EH &R K: C, 43.25; H, 3.63; N, 8.41%.
FEM IR TS Cem™): 3370 (br), 1730 (s), 1645 (s), 1620 (s), 1550 (m), 1440 (s), 1375
(m), 1335 (m), 1305(s), 1195 (s), 1090 (vs), 745 (m).

WEY 49 ML ARk S BB SW[CuL )R A M, {B7E 3350 ecm™ &bFH —A4
LRERRT, 71090 cm” F —NMEBRHIRE, RIoaEARAKS FHBRHIER
L0k a8

2 EAWHRESN
2.1 HM¥sE

RRELBFH. GHENTNBIENEURRELHIRER 4-7 PHIH. K487
SRR HEA
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Table 4-7. Crystal data and structure refinement for {{CuL’Na(Cl0,)]-H,0}, (49)

Empirical formula
Formula weight
Temperature
Measurement instrument
Wavelength
Monochromator

Crystal system

Space group

Unit cel]l dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

@ range for data collection
Limiting indices
Reflections collected
Independent reflections
Oberved reflections

Completeness to &= 26.46°
Absorption correction

Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/>20(])]

R indices (all data)

Largest diff. peak and hole
Weighing scheme [P = (F >+2F ?)/3]
Primary method of solution
Secondary method of solutioon
Method of locating and refining H atoms
Computing data collection
Computing cell refinement
Computing data reduction
Computing structure solution

Computing structure refinement

C,H,,CICuN,NaO,,

666.45

298(2) K

BRUKER SMART 1000
0.71073 A (Mo-Ko)

Graphite

Triclinic

Pl

a=9.0213(19) A, a=115.358(4)°,
b=12.612(3) A, S=101.782(6)°,
c=14.182(3) A, y=97.325(5)°
1384.6(5) A%, 2

1.599 Mg/m’

0.968 mm"'

682

0.05 x 0.1 x 0.15 mm

2.63° t025.03°
-10<h<10,-15<k<15,-16 <1512,
7209

4801 [R(int)= 0.1033]

1751 [7> 20(D)]

98.3 %

SADABS

Full-matrix least-squares on F2
4801/0/374

0.875

RI =0.0698, wR2 = 0.0931
RI=0.2051, wR2=10.1202
0.387 and -0.451 ¢ A3

w=1/[ 6X(F 2)+(0.0150P)]
Direct

Difmap

geom

'BRUKER SMART'
'BRUKER SMART"
'BRUKER SAINT
'SHELXS-97"

'SHELXL-97'
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Table 4-8. Selected Bond Distances (A) and Angles (deg) for 1

Cu(1)-N(1) 1.913(5) Cu(1)-N(2) 1.943(6)
Cu(1)-N(3) 1.939(5) Cu(1)-N(4) 1.927(6)
O(1)-Na(1) 2.327(6) O(2)-Na(1) 2.271(6)
O(7)-Na(1) 2.543(7) Na(1)-O(10a) 2.349(6)
0(9)-Na(1) 2.707(7) Na(1)-O(6b) 2.417(6)
N(1)-Cu(1)-N(4) 175.1(2) N(1)-Cu(1)-N(3) 93.5(3)
N(4)-Cu(1)-N(3) 85.5(3) N(1)-Cu(1)-N(2) 88.2(3)
N(4)-Cu(1)-N(2) 93.3(3) N(3)-Cu(1)-N(2) 174.0(2)
O(2)-Na(1)-0(1) 69.06(19) O(2)-Na(1)-0(10a) 154.3(2)
O(1)-Na(1)-O(10a) 85.5(2) O(2)-Na(1)-0(6b) 97.6(2)
O(1)-Na(1)-O(6b) 92.0(2) O(10a)-Na(1)-0(6b) 87.0(2)
0(2)-Na(1)-0(7) 101.0(2) O(1)-Na(1)-0(7) 139.2(2)
O(10b)-Na(1)-0(7) 95.6(2) O(6a)-Na(1)-O(7) 128.8(2)
0(2)-Na(1)-O(9) 86.9(2) O(1)-Na(1)-0(9) 154.7(2)
O(10a)-Na(1)-0(9) [18.8(2) O(6b)-Na(1)-0(9) 83.1(2)
O(7)-Na(1)-0(9) 51.1(2)

Symmetry codes, a: -x,-y~1,-z-1; b: -x+1,-y,-z.

2.2 GiR#HREITIR

BE X MEyat i RRAESY 49 A5 EBEARRA) P piE & YI[Cul ]
Fl NaClO,. & 4-14 S-S TUEATHNERTRTHRS. SR 8L

r-

@ (1D BT 4T RAEERE

AMEUE T AR E AP B Ui R R SR R, F

) Cu-N 8KH 1931 A, BVEFRE N, B/ph R FImpHEXIERA 0.09 A,
SR FRE L FHKIER A 0.006A. CuN, B FEESHRAESREARILET, HFRE -

HAA 3.28% 3.32 and 3.98°, XEXHUEXAFEESYWPHFLEBEKAR

H {3

L A I AE

. SR ANRRRL, HoPEAMEUR TR M KRB B BT Na—O, 230
Ry —~ANEET K E R —A KRB GRS ENa—O6B, 2.42 A), BH=A
5L [ T4 BUOK: B B MR HEAR 26 0 5 SRR (P4 Na—0, 2,53 A) . S4BT
KGR A T\ AR 6 B HE(O6B R FHETZ ). SYBS TR L3R4 7 S8 8 5

NMCul VB &Y 4 FiEREXR, TR --MIUZARB T (18 /i Na,Cu, &J8EF= ),

mE 4-15 Fim. FAAERBEFZRNEER: Cu-Na, 5.56A; Cu-Cu, 5.19A
Na-~Na, 10.02 A. AN [Cul’ ] Fh i tY AR F4T, M 3.50A, BILLAN

fFEn-rABEAER .

i17
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Fig. 4-16. Views of the 1D chain along the [111] direction in 49

MWE 4-16 FA[LLEER], BEERRBREFUAFEFEARME TR, XMHH
(FIFF IR RC AL 7 3BT RN A pp-(0:07,0"). HFXFIFERAVBCAL T, AR ATl
A BEERERER, BR—-MEMNTRERBTRE —4%. SEBRRET
FrEXRI PP EE T Z [ B FEE 4 4.70 A,

P HERRIMKNARWER T U EM R EE R T — R EEERERR 72

™
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Sl AN AN RS FERA S, B— 08 L ZEEE R T(O3)E L8 848
BB F[Na(-x, -y, -2)]f “&” HNEMEE (BERAABNER), Na-OERN
3.197(7) A, ATLLAKERT BAAIR. WE 4-17 FoR, XFSEHEEERBE o 4

A R R, R T —M¥E<0l>&l
R B-E Y A R R SEBE AR AR LS

X FpeE ] () SEACALME R Ab, AR BES

MRy BRI TH. BRT

3T, Y iHfe]

PR 3.54 A, RUISEBIMFEEr—nEBUER . B8R A n—nAH ILAE HAE 18 [Cul’]

Wi ¥y o BF RGN 4R, WE

4-18 Fi7N,

Fig. 4-18. A diagram showing the n—n stacking in 49

LR ERTE, thaW 49 MBIIRR T —FIIFKE 3

E R G R AL ER A T

A EENHES T4, HEBRBRIRE 7 XIp,-(0:0,0") B 7 HIE -1

o
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A XESEMALFEFHIBIARAA—Z RS TRENES
BN aE IR ART 49MREY, ERHTESN. A506%. BFIXE,
WL IR, B RE. TEBAEE. X H§&WANH. AESNFFERIE
ST T REFMEFMAR, AERAERE TR EUHESELERS
i, B X fE&RRATSRAENT 16 TMEEYIK REEH, it T &R
xR, FRXHEETRRAT:

. RASBETHERFEERT 4 M"HNBAERE- KA ERKESY, &

SEMBE. HERTNBAEMALEMR TR T ZRIRSUHNE. &
ik B RS &2 B RHEXME, &RRILFE & BRI RKE KA
EAcFEE Cu(DE4E, e E CuliDE/E, AEYESYHILEEIE
gt T HOAREENER.

2. BEBKRHEBEREEYHEEART RIAEBRKXAGR, RHLEX
REBEESDARSYESE, RIUTEMRT 33 MHFNEREFEKA R L ZE
a4, HPH 4 M UMELPANEERIRAAAAREFEHNZEEH23 ~
26); REBEBESEKYN C'Mn" EEYWEFKERE, BFMARERSEHR
Cu'Fe"BEEM RN FFHRE, HMNEBAET 34 Cu'"Fe"' UEEESY, AHATHR
VLR IR AL T LRI

3. REBEMBHFKNRE=RBESYES THEART I FEEM, H
YR RALEHBERIERL (NEF—F, BNBHT 3 MEREK
Ni(IDCu(IDNI(IDER S EH, HE-HRXETAHRBHET LR HH.

4. BETHEANEHHRMW —ZH “HEZB” CuDEEY. (1) K& 45
FRAZHR TESY BOREARZ QK n-ndd EERE R —FHEHED
FUERE: 2) Y 44 =B 5 o2 [a] 8T Koo 68 % 42 A — Foh e K O R B %
RIS L.

5. EEMRMEAZEEHEEM L, EFEARRENEESY, EAVR
TRSYPSRETZIHNEERER, 24T A AR&EEBR F58INHE 7

—
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% it bR F LG ERL
M BRER R LNE, SN THRXGBERSS TEHEMLHE. FEKE
). BFEHGERBTHNETHE. BERETHRANE. WERERHBET
ZHE)ZEIKAERE, BT SENENGERNGER, WHEBSHIERAM
WS FRITE —ERIEN.

6. SMTEMHREEY 44. 45 HBE-HXR. BRHET T ELn-nil B4
4% 13 B AT ¥ 18 F B0 TT BEAE .

7. BEHE ONEEFREKEESNESY, RP 3NN ETHRRBSNEINE
FARHEE, | METHREBANEREBELY, S M ETREMBSHIEER
FliEA4dH. AR FRERN T FREBAEARTAEEE

8. AISEHEHAERYGHIAFAMHREFTHNARESYWABGRTANARK
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