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1.2.1.9-bromo-10-(5-pyrimidyl)anthracene (1)
9-(5-pyrimidyl)anthracene

1.2.2.9,10-bis(5-pyrimidyl)anthracene (2)
9 10 2

1.2.3.9,10-bis(5-pyrimidylethynylanthracene (3)
2

Cu(hfac)s



1.2.4 bis(5-pyrimidyl)acetylene (4)

Tt
4
NAN
J
NN PN
NTSN s Il W)
| _ =
AN
900 90 O I
-
Br Z | || N~ IN
NQ/N ~
A
NQ/N
1 2 3 4

Figure 1. The bidentate ligand 1, and tetradentate ligands 2-4
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2.
2.1.

2.1.1. 9-bromo-10-(5-pyrimidyDanthracene (1)

Scheme 1 Synthesis of 9-bromo-10-(5-pyrimidyl)anthracene (1)

PO

N \N NTSN
1) n-BulLi B(OH)2 5- Brpynmldlne(?) 7
2 B(OMe)3 PPh3)4 PVH+BT3
“‘ GO G o OO0
Br
5 6
Overall yeild 68%
Scheme 1 9-bromo-10-(5-pyrimidyl)anthracene (1) 68%
9-bromoanthracene (5) n-Buli (B(OMe)s)
9-anthraceneboronic acid (6) 6) 6
5-bromopyrimidine (7) 9-(5-pyrimidyl)anthracene (8)
7 8 10
PyH*Brs 9-bromo-10-(5-pyrimidl)anthracene (1) 68%



2.1.2. 9,10-bis(5-pyrimidyl)anthracene (2)

Scheme 2 Synthesis of 9,10-bis(5-pyrimidyl)anthracene (2)

Br ) B(OH),
1) n-BuLi

5-Br-pyrimidine (7)

COO e (U0 —2— T
——

63%
Br B(OH),

9,10-bis(5-pyrimidyl)anthracene (2)

9,10-anthracene diboronic acid (10)
9,10-dibromoanthracene (9)
(10)

n-Bulia

6 10 10  30%

1.2
6 10° 10 %

Br B(OH)2

64%

Overall yeild 40%

Scheme 2

10 2.4
10

n-Buli 2
10 63%

B(OH),

5 6

Br

10

Figure 2. Byproducts in this reaction.



9,10-bis(5-pyrimidyDanthracene (2)
7 10 2

60

50

Table. 1 Suzuki coupling reaction of 7 with 10

THF

6)

(Table. 1)

64%

yields (%)

Entry Solvents Base Conditions 2
1 Toluene NaOH 50 ,24h 29
2 Toluene NaOH 60 ,24h 10 50
3 Toluene NaOH 70 ,24h 8 83
4 Toluene NaOH 50 ,48h 30 62
5 Toluene NaOH 40 ,24h trace 0
6 THF and Ethanol KsPOq 50 ,24h 64 trace

a) Used 10 equiv. as 2 M aqueous solution




2.1.3. 9,10-bis(5-pyrimidylethynylanthracene (3)

Scheme 3 Synthesis of 9,10-bis(5-pyrimidylethynyl)anthracene (3)

TMS-A(L1)
Pd(PPh3),Cl,
N Cul, TEA N KE N
</:\>—Br . ~</\:TMS—></\:H
N— 92% N=— (69%) N=—
7 12 13
Pd(PPh3).Cl, Q
N N —N
7 N— o+ 9 _ Cul.TEA _ y N\_— 7/ \_— /T
= = = /
12 - 3(2 steps)
50%
13 3
Overall yeild 46%
5-pyrimidyl-TMS-acetylene (12) 8
7 TMS-acetylene (11)
15
2
5-pyrimidylacetylene (13)
12 8)
(TBAF) (KF)
12 KF
1
13
69% IH-NMR 12
9 13

9,10-bis(5-pyrimidylethynyl)anthracene (3)
13 9




2.1.4. bis(5-pyrimidyl)acetylene (4)

Scheme 4 Synthesis of bis(5-pyrimidyl)acetylene (4)

TMS-A(11)
Pd(PPhj3),Cl,
N N N
Cul, TEA KF
</:\>7Br - ¢ HY—=—s —— ¢ Y=
N= 92% N=— (69%) N=
7 12 13
N Pd(PPh;),Cl, N
Cul, TEA _ -
¢ N — 4 + 7 - - ¢ N —= S )
= (95%) N= N
13 12 - 4 (2 steps) 4
55%
Overall yeild 60%
bis(5-pyrimidyDacetylene (4)
4 4
12 13 80 4
13 7



2.2.

2.2.1. [M(hfac): Ligandl, (M = Cu, Mn, Co)

Scheme 5 Synthesis of the [M(hfac); Ligand].(M = Cu, Mn, Co)

F3C\n/\[‘rCF3
_|_

O O

F3CWCF3

O. .O
OHy,—M<—=H,0

(CHCOO),M

azertropic distillation

F3CWCF3
O O
OHZ_,M\_Hzo
i
NS
FsC Ck;
M= Cu
M= Mn
M= Co

Ligand solution
g » Metal complexes

7%
NS
FsC CF;

[M(hfac)s 1], M = Cu(1a), Mn(b), Co(1c))

M(hfac): 2H20
1
(M = Cu (1a), Mn (1b), Co (1c))

[M(hfac), 2], (M = Cu (2a), Mn (2b), Co (2c))

M(hfac): 2H20
1
(M = Cu (2a), Mn (2b), Co (2¢))

[M(hfac)s 3], M = Cu (3a), Mn (3b), Co (3c))

M(hfac): 2H20
1

3]n (M = Cu (3a), Mn (3b), Co (3c))

[M(hfac)s 4], M = Cu 4a), Mn 4b), Co (4c))

M(hfac)2 2H20
1
(M = Cu (4a), Mn (4b), Co (4¢))

M(hfac)s
1 [M(hfac)z 1]a

M(hfac)s
1 [M(hfaC)Z 2]n

M(hfac)2
1 [M(hfac)s

M(hfac)2
1 [M(hfac)2 41,



2.2.2. [Cu2(OAc)s Ligandla

Scheme 6 Synthesis of the copper acetate complexes

Cu(OAc), as ethanol solution -
80

Ligand as ethanol solution Metal complex

[Cux(DAC)s Ligadl, (Ligand =1 (1d), 2 (2d), 4 (4d))
80

15 80
1d 2d

4d

15

10



3. X
3.1.

X
1], (1a) [Cu2(0Ac)s 1], (1d) X

3.1.1. 9-bromo-10-(5-pyrimidyl)anthracene (1)

9,10-bis(5-pyrimidyDanthracene (2)

0.1-0.2 mm

[Cu(hfac)s

11



3.1.2. [Cu(hfac): 2].(2a), [Mn(hfac): 2].(©@b)

2.2.1. 2a 2b
3.1.1. - 2a 2a
2a 1
2a
2a
0.1 mm 2a
Cu(hfac)s
10 mm
Cu(hfac)s
1:1
Cu(hfac)
2-3 2a
2b Mn(hfac)2
Mn(hfac)s Mn(hfac)2
2b
2¢ 2b 2¢ Co(hfac)s
Co(hfac)s X
Co(hfac)s

12



3.1.3.[Cu2(0Ac)s 2].(2d)

2a 2b
1:1)

2d

2d

10 mm
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3.2.

3.2.1. 9-bromo-10-(5-pyrimidylanthracene (1)

X
ORTEP Figure 3-1.

Figure 3-1. ORTEP drawing of 1 with thermal ellipsoids at 50%
probability. All hydrogen atoms are omitted for clarity. The atom

numberings for x-ray crystallographic reports were used.

(C11-C2-C8-C4) 71.78(2s) °
(Figure 3-2.)
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T /7’-
T A @

Figure 3-2. View along the pyrimidine to anthracene bond.

Table 3-1. Crystal data for 9-bromo-10-(5-pyrimidyl)anthracene (1)

Chemical formula
Formula weight
Crystal system

Space group
a (A)
b (A)
c (A)
a (deg)
b (deg)
g(deg)

CisH11N:Br
335.2
monoclinic
P2:/a #14)
8.145(8)
17.14(2)
10.02(1)
90
101.89(4)
90

V (A3 1368(2)
Z 4
Deate. 1.627 g/em3
Radiation MoKa (I =0.71075 A)
20max 54.9
No. of observations 3107 (all reflections)
No. of variables 202
R [all reflections] 0.034
Ry [all reflections] 0.046
GOF 0.791

15



3.2.2. 9,10-bis(5-pyrimidyl)anthracene (2)

X
ORTEP Figure 3-3.

Figure 3-3. ORTEP drawing of 2 with thermal ellipsoids at 50%
probability. All hydrogen atoms are omitted for clarity. The atom

numberings for x-ray crystallographic reports were used.

Figure 3-4. Symmetry expanded drawing of 2. Symmetry code for ‘, -x, -y, -z.

77.71° (C1-C4-C3-C9) 1

16



Table 3-2.

Crystal data for 9,10-bis(5-pyrimidyl)anthracene (2)

Chemical formula
Formula weight
Crystal system

Space group
a (&)
b (A)
c (d)
a (deg)
b (deg)
g(deg)

Co2H 14Ny
334.38
monoclinic
P2i/c #14)
5.957(5)
18.09(1)
7.787(7)
90
97.02(3)
90

V(49
Z
Deate.
Radiation
20 max
No. of observations
No. of variables
R [all reflections]
Ry [all reflections]
GOF

832(1)
2

1.333 g/cm3
MoKa (I =0.71075 A)

55.0

1901 (all reflections)

126
0.043
0.090
1.017

17



[Cu(hfac): 1].(1a)

3.2.3.

200 K

la

la

Figure 3-5. Crystal packing of 1a viewed along a-axis.

Figure 3-6. Crystal packing of 1a viewed along b-axis.

18



Cu-Cu: 6.37

9.64 &) ¢

Figure 3-8. Crystal packing of 1a viewed along a-axis.

la Cu(hfac)s 1:1 a
b Cu(hfac)s

19



9.6 T

Table 3-3. Crystal data for [Cu(hfac): 1], (1a)

Chemical formula  CasH1sBrN:O4F12Cu V(A9 1933
Formula weight 812.03 Z 2
Crystal system triclinic Deate. 1.397 g/cm?3

Space group P-1#2) Radiation MoKa (I =0.71075 A)

a (A) 12.13 20 max

b (A) 12.70 No. of observations

c (A) 14.83 No. of variables
a (deg) 103.45 R 0.30
b (deg) 106.85 R.
g(deg) 110.30 GOF
200 K la

la la
la
X

20



3.2.4.[Cu(hfac): 2].(2a)

2a X 2a

Figure 3-9. ORTEP drawing of 2a with thermal ellipsoids at 50%
probability. All hydrogen atoms are omitted for clarity. The atom

numberings were used for x-ray crystallographic reports.

Figure 3-10. Symmetry expanded drawing of 2a. Symmetry code : -x, -y, -z.

Figure 3-10, 3-11. Cul-02
2.219(3)

21



Table 3-4. Crystal data for [Cu(hfac): 2], (2a)

Chemical formula C32H16N4O4F12Cu V (A3 797(1)
Formula weight 812.03 Z 2
Crystal system triclinic Deate. 3.379 g/lcm?
Space group P-132) Radiation MoKa (I =0.71075 A)
a (&) 6.194(7) 20max 55.0
b (A) 11.33(2) No. of observations 3625 (all reflections)
¢ (A) 12.35(1) No. of variables 249
a (deg) 111.92(4) R [all reflections] 0.074
b (deg) 95.88(4) R. [all reflections] 0.219
g(deg) 91.38(5) GOF 1.006
2a Cu(hfac)s 1:1
69.00° (C5-C7-C1-C12) 3.2.1.
Cu(hfac): Cu(hfac)s

Figure 3-11. Crystal packing of 2a viewed along a-axis.

13.28(2)
6.19(4)

22



Figure 3-12. Crystal packing of 2a viewed along b-axis.

Figure 3-13. Table 3-5.

Figure 3-13. The structure of 2a around copper ion

23



Table 3-5. The interatomic distances around copper ion

atom atom distance ( )
Cul 01 2.005(3)
Cul 02 2.219(3)
Cul N1 2.042(3)
2a
Cul-02
3d,2 3dy2-y2

3dy2.y2

24



3.2.5. [Mn(hfac): 2].(©2b)
X 2b

2b

c14

Figure 3-14. ORTEP drawing of 2b with thermal ellipsoids at 50%
probability. All hydrogen atoms are omitted for clarity. The atom

numberings for x-ray crystallographic reports were used.

Figure 3-15. Symmetry expanded drawing of 2b. Symmetry code : -x, -y, -z.



Table 3-6. Crystal data for [Mn(hfac): 2], ©2b)

Chemical formula  Cs2H16N4sO4F12Mn V (A3 828(1)
Formula weight 812.03 Z 1
Crystal system triclinic Deate. 1.610 g/cm?
Space group P-1#2) Radiation MoKa (I =0.71075 A)
a (&) 6.203(7) 20mas 54.9
b (A) 11.25(1) No. of observations 3744 (all reflections)
¢ (A) 12.80(1) No. of variables 249
a (deg) 111.02(4) R [all reflections] 0.045
b (deg) 95.49(4) Ry [all reflections] 0.088
g(deg) 90.94(3) GOF 1.060
2b 2a 2 Mn(hfac)e 1:1
71.6(4) ° (C10-C2-C7-C6) 2a
Mn(hfac)2

.{

i

Figure 3-16. Crystal packing of 2b viewed along a-axis.
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6.20(3)

Mn1-N1

Figure 3-17. Crystal packing of 2b viewed along b-axis.

13.67(8)

Table 37. 2b

Table 3-7. The distances around manganese ion

atom atom distance ()
Mn1 01 2.138(2)
Mn1 02 2.134(2)
Mnl N1 2.264(2)

Figure 3-18. The structure of 2b around copper ion

2a

27



3.2.6.[Cu2(0Ac)s 1].(1d)

X

1d

Figure 3-19. ORTEP drawing of 1d with thermal ellipsoids at 50%

probability. All hydrogen atoms are omitted for clarity. The atom

numberings for x-ray crystallographic reports were used.

Table 3-8. Crystal data for [Cuz(OAc)s 1], (1d)

Chemical formula
Formula weight
Crystal system

Space group
a (A)
b (A)
c (A)
a (deg)
b (deg)
g(deg)

C26H23CusN2OsBr
698.47
tetragonal
I4:/a #88)
14.25(1)
14.25(1)
53.17(4)

90
90
90

V(43
7
Deate.
Radiation
20max
No. of observations
No. of variables
R [all reflections]
Ry [all reflections]
GOF

10798(14)
20
2.148 g/cm?
MoKa (I =0.71075 A)
54.9
6187 (all reflections)
375
0.057
0.117
0.997

28



Figure 3-20. Symmetry expanded drawing of 1d.

1d 1:2 1d
(CO0O) cage
cage 9 1d

1d
83.16 ° (C8&C7-C15-C1)

T-Shape(CH-p)

Figure 3-21. CH-pstacking

29



cage 2.58(3) Cul

1d
7.32(2)

- Cu2 6.17(8) 1d
Cu-N SOMO  3dx2,2

1d
9)

Table 3-9. The distances around copper ions

atom atom distance
Cul Cul@ 2.583
Cul Cu2 6.178
Cu2 Cu2® 2.619

Symmetry code : @ -x, -y, -z; P -x, -y+1/2, z

cage



3.2.7. [Cu2(0Ac)s 2].(2d)

X 2d

C13

C15

Figure 3-22. ORTEP drawing of 2d with thermal ellipsoids at 50%
probability. All hydrogen atoms are omitted for clarity. The atom

numberings for x-ray crystallographic reports were used.

Figure 3-22. Symmetry expanded drawing of 2d.

31



Table 3-10. Crystal data for [Cuz(OAc)+ 2], 2d)

Chemical formula C30H26Cu2N4Os V (A9 2954(5)
Formula weight 697.65 Z 4
Crystal system monoclinic Deate. 1.578 g/em?
Space group C2/c #15) Radiation MoKa (I =0.71075 A)
a (&) 24.89(3) 20mas 55.0
b (A) 7.800(7) No. of observations 3364 (all reflections)
¢ (A) 18.95(2) No. of variables 213
a (deg) 90 R [all reflections] 0.059
b (deg) 126.54(3) R. [all reflections] 0.087
g(deg) 90 GOF 0.963
2d cage 1:2
2d 2a
73.7(4) °
(C9-C6-C11-C1)
2d 7.532
3.857 P

Figure 3-22. Interchain distances of 2d.
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2d  cage 2.5967(5) 1d
9) Table 311.
1d 2d cage

Cul-N1
SOMO 3dy2.y2

Table 3-11. The interatomic distances around copper ion

atom atom distance
Cul Culw 2.5967(5)
Cul 01 1.972(3)
Cul 02 1.977(3)
Cul 03 1.960(2)
Cul 04 1.956(2)
Cul N1 2.183(2)

Symmetry code : @ -x+1,7y,"z

33



4,
4.1. [M(hfac): 1]a

4.1.1. [Cu(hfac): 1].(1a)

la X m X mT Figure 4-1.
la 20 K X mT
3.2.3. la

Figure 4-2.

0.300 : : — 0.600

T J S— e R —

ISR E— S A S i4 0.550

0.200 E ----------- R e

"X

0.500

X/ emumol™
o " o
[ =
o a1
o o
o
5 li

! o
: n

: m

H m
R
Loom

: L

' ]

: ]
o
i |

; |

! n

: ]

: -

: u

| =

i |

5 »
R I

' |
- owynue /|

OSSNSO RSSO — -~ 0.450
0.0500 [-&------- b R— A

0.00 o.fu.mm@:0900$0009_9:;9_9_04_i_e_a_@_a_d:)_ 0.400
0 50 100 150 200 250 300

T/ K
Figure 4-1. The temperature dependences of cm(e ) and cwT(m ) for la. The

theoretical fitting by the Pade series expansion (eq.1)19 are shown by solid lines.
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A

Ry
B

Figure 4-2. The schematic structure model of 1a. Pyrimidine and bromoanthracene

rings are expressed and , respectively.

Weiss q
Heisenberg H=- 2.]5_ S-S

10)

35



Ng’my” €10+ Ax+ Bx®+Cx’+ Dx"* + EXSQ%

= A
Mo(T-0q)& 10+Fx+GR+HC+IX' § (ea.1)
where
=J
X AkBT
A = 57979916 F = 27979916
B = 1690263 G = 7.0086780
C = 29376885 H = 86538644
D = 29832959 | = 45743114
E = 14.036918
J/kp = +0.54 K g
g=221 g=-0.26 K
-
Cul(t )-N1(1 )-C(+ )-N2(1 )-Cu2(t )
(Density Functional Theory = DFT) 11-12)
(@) (b)
N N N N

Cu T T Cu Cu T T Cu
Figure 43. Magnetic interaction pathways. (a) Spin polarization mechanism via
pbonds. (b) Direct interaction between N — N.
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4.1.2. [Mn(hfac): 1], 1Db)

1b Figure 44. X mT
1b 1b
50 K Curie-Weiss (eq.2)
Curie C = 4.88 emuKmol1 Weiss g=-0.752 K g=2.11
1b Mn( ) S S=5/2
4.375 emuKmol! (g = 2) Mn g
C
=— 2
o (ea2)
2.00 | | 7 5-50
' | 5.00
1.50
. >
| : : : ' : : 3
o | S i —— AR e B 4.50 —
2 I D T |
@ 1.00 [gfF-rdomm Poneemmee e CBD
~ | | ; s | | =
e S e e a K-
>< : : i : . : _|
01500
; ’ ' g : i+ 3.50
909!5 ; ; :
0.00 i 90040800 4000000e0si0000s 3.00
0 50 100 150 200 250 300

T/K

Figure 4-4. The temperature dependences of cm(e ) and cwT(m ) for 1b. The

theoretical fittings by Curie-Weiss law (eq.2) are shown by solid lines.
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dyz

dy2-2

dZX

1b

dy2-y2

dz2

(

)

la
dxy
la

DFT
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4.1.3. [Co(hfac)z 1].(1c)

1c

0.800

0.700

0.600

0.500

/ emumol™
(e»]
-
o
(e»]

=

0.300

X

0.200

0.100

Figure 4-5.

Figure 45.
lc

X wl
1b

1c

.................................

®

®. | :
006 H H
"Oog ' :
it SALLL LLEP

$0909$0009;
0 50 100 150 200 250 300
T/ K

3.50

3.00

N
a1
o

2.00

1.50

1.00

w
owynws 7 1 X
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4.2. [M(hfac): 2]n

4.2.1. [Cu(hfac): 2].(2a)

2a Figure 4-6. 3.2.4. 2a Cu(hfac)s
1:1
2a 10 K
2a Curie-Weiss (eq.2)
Curie C=0.418 emuKmol! Weiss g=-0.0894 K
2a
0.250 | | — 0.500
0.200 ' |
0.450
5 >
— =
o 0.150 —
g N
1<
= 0.400%
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=0.100 g
> ' -
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Figure 4-6. The temperature dependences of cm(e ) and cwT(m ) for 2a. The
theoretical fittings by Curie-Weiss law (eq.2) are shown by solid lines.
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4.2.2 [Mn(hfac): 2].(©2b)

2b Figure 4-7. 2b Mn(hfac)s 1:1
2b 5 K
2a 2Db
Curie-Weiss (eq.2) C =5.40 emuKmol!
q=-0.145 K 2b
3.00 I I — 6.00
7V NSRRI S S S S— —
o 2.00 i 5.50 >
'_ : R =
) mm® —
5 : | ~
~ ; i =
= : i : ' : ' g
><1.00 f} b e i .45.00
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0.00 | oee0etepo 000pos0sb0000be00adp 4.50
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Figure 4-7. The temperature dependences of cm(e ) and cwT(m ) for 2b. The
theoretical fitting by Curie-Weiss law (eq.2) are shown by solid lines.
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4.2.3[Co(hfac): 2].(2¢)

2¢ Figure 48 2¢ 2a  2b 150 K
5K X mT
2¢c X mT 1lc 2a 2b
2¢ 2a 2b
2¢c
2(3 X mT
lc 2¢c
lc p
! . ! — 3-00
0.600 |
2.50
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5 >
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5 0.400 2.00 —
g N
: i : ' : : @D
o ! : ; | ; i 3
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0.00 0.500

150 200 250 300
T/K

Figure 4-8. The temperature dependences of Cm(e ) and c,T(m ) for 2c.
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4.3. [M(hfac): 3ln

4.3.1. [Cu(hfac): 3].(3a)

3a Figure 4-9. 3a X mT
X mT 0.319 emuKmol!
S=1/2 0.375 emuKmol! 3a
3 mg
3a eq.1l
Jlkp = +4.4 K q=-5K
0.25 I I — 0.55
b 1 0.50
0.20 :
0.45
. >
= 0.15 ——
o -
. 0.40
= i N
. . c
~ ; ; 0.35 =
= 0.10 . : (@]
=< ; § -
e - 0.30
0.050 5
0.25
0.0 0.20

Figure 4-9. The temperature dependences of Cm(® ) and c,T(m ) for 3a.

theoretical fittings by the Pade series expansion (eq.1)10 are shown by solid lines.

The
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4.3.2.[Mn(hfac): 3].(3b)

3b Figure 4-10. 3b
10 K X mT X mT
2b 3b Mn(hfac): 11
3b Curie-Weiss
Curie C =4.36 emuKmol! Weiss g=-0.175 K
2b  Weiss 3b 3b 0.04 K
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Figure 410. The temperature dependences of cu(e® ) and c,T(m ) for 3b.

theoretical fittings by Curie-Weiss law (eq.2) are shown by solid lines.

The
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4.3.3.[Co(hfac): 3].(3c)

3c Figure 4-11. 3c 100 K X mT
2c
X mT
3C X mT
0.800 | | I
0.700
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o
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o
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Figure 4-11. The temperature dependences of cm(e ) and ¢.n'T(m ) for 3c.

3c
100 K

3.50

3.00

1 X

2.00

_-jouynue 7

1.50

1.00

45



4.4. [M(hfac)s 4]a

4.4.1. [Cu(hfac): 4].(4a)

4a Figure 4-12. 4a
X mT
4da X T 2a
4a Cu(hfac)es 1:1
4a CurieWeiss Curie
emuKmol! Weiss g=-0.0457K 2a
0.05 K 2a
0.300 | I I
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Figure 412. The temperature dependences of cu(e® ) and c,T(m ) for 4a. The

theoretical fittings by Curie-Weiss law (eq.2) are shown by solid lines.
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4.4.2 [Mn(hfac)s 4].(@b)

4b Figure 4-13. 4b
X mT
4b X wT 2b  3b 4b
Mn(hfac)s 1:1
4b Curie-Weiss Curie C = 4.82
emuKmol! Weiss g=-0.218 K 4b  Weiss 2b  3b
4b 2b  3b
3.00 ! ! 1 5-50
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Figure 413.

theoretical fittings by Curie-Weiss law (eq.2) are shown by solid lines.

The temperature dependences of cm(e ) and cnT(m ) for 4b.

The
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4.4.3[Co(hfac)s 4].(4c)

4c Figure 4-14. 4c X uT
4c X mT
4dc Co(hfac)s 1:1
2C X mT
4c 2¢c
4c 2¢c
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Figure 4-14. The temperature dependences of cm(e ) and ¢.nT(m ) for 3c.
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4.5. [Cu2(0Ac)s Ligand].(Ligand =1, 2)

4.5.1. [Cu2(0Ac)s 11.(1d)

1d Figure 415. 1d X uT
70 K 3.2.6.
1d cage
13) X m
0.9 x 104 emumol (T = 255 K) 1d 300 K
8.00 10~ : ! : — 0.250
7.00 107
0.200
6.00 104
><
. 5.00 10 s
> 0.150 —
£ ~
5 4.00 107 %
h 0.100 =)
= -4 - o
s 3-00 10 2
[
2.00 107°*
. | 0.0500
1.00 10 f i | |
I
0.00 10° wi i i i L1 0.00
0 50 100 150 200 250 300
T/ K

Figure 415. The temperature dependences of cm(e ) and cnT(m ) for 1d. The
theoretical fittings by Single-Triplet model (eq.3) are shown by solid lines.
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H=-2038"S
_ Ng’m®  3exp(2J/kgT)

Crp = (€9:3)
™ 3Kk, (T - q) 1+3exp(23 / k,T)
Singlet-Triplet model(S-T model)(eq.3) J/ks
=-248K q=-43K J/ks
J/kg =-204 K 13)
cage

-40K

Figure 4-16. The intrachain magnetic pass way of 1d.
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4.5.2.[Cu2(0Ac)s 2], (2d)

1d Figure 417. 2d X uT
2d X m 250 K 60 K
3.2.7. 2d  cage 2d 1d
p cage
2d Singlet-Triplet model(eq.3) J/kg=-270K
8 =-15K x TIP = 7.70
104 emumol! 50 K-200 K 200 K
3.00 10°° : ! , — 0.50
2.50 107 | - 0.40
><
—
! =
= 0.30 —
£ 2.00 10°° ~
= ®
(D) =
~ =
= 0.20 3
>< 1.50 107 —
[
0.10
1.00 1073
0.0
0 50 100 150 200 250 300
T/K

Figure 417. The temperature dependences of cm(e ) and cnT(m ) for 2d. The
theoretical fittings by Single-Triplet model (eq.3) are shown by solid lines.
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4.5.3.[Cu2(0Ac)s 4],(4d)

4d Figure 417. 4d X T
50 K 100 K Cm

Cm 1.42
104 emu mol! 1d 2d
4d
cage
1d 2d Singlet-triplet model(eq.3)
p
4d
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Figure 4-18. The temperature dependences of cm(e ) and c.,T(m ) for 4d.
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4.6.

Table 4.

Table 4. Magnetic properties of the complexes prepared in this study.

Curie const. J/ks Weiss temp.

Complex emuKmol! K K model magnetism
la 0.54 -0.26 1) FM
1b 4.88 -0.752 2) AF
1c N/D AF
1d -248 -4.3 3) AF
2a 0.418 -0.0894 2) AF
2b 5.4 -0.145 2) AF
2¢ N/D AF
2d -270 -1.5 3) AF
3a 4.4 -5 1) FM
3b 4.36 -0.175 2) AF
3c N/D AF
4a 0.403 -0.0457 2) AF
4b 4.82 -0.218 2) AF
4c N/D AF
4d N/D AF

N/D : not determined

model : 1) 1D Heisenberg chain; 2) Curie-Weiss law; 3) Singlet-Triplet model

magnetism : FM = Ferromagnetism; AF = Antiferromagnetism
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5. 14)

5.1. [Cu(hfac): 2].(2Db)

X Figure 51.

2a
X
026-Cul-09 apical 08-N10-025-N27 equatorial

UBSLYP/6-31G(d)

apical

Figure 5-1. Structure of the calculated model. The structural coordinates determined
by the x-ray crystallographic study were used. The atom numberings were used for
calculation package report. Inset: The schematic drawing for this model. The orange

arrow indicates an apical direction (026-Cu1-09).
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Single point SCF Figure 5-2.

3.2.4. 2a 3dy2-y2

equatorial

3dx22

2a

i

J

Table 5-1.

J 9

Figure 5-2. Surface of SCF spin density.

Table. 5-1. Calculated spin densities of this model

number atom spin density

1 Cu 0.757354

8 0) 0.055146

9 0) -0.000057
10 N 0.059946
11 N 0.00526
25 0 0.055253
26 0 0.003414
27 N 0.062268
34 N 0.015572
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Figure 5-3.
HOMO Dz
(Figure 5-3(d).)

2a

2a
2a

(b)

(©

Figure 5-3. Molecular orbitals (a) SOMO; (b) HOMO; (¢c) HOMO-1; (d) HOMO-2. The

arrows show two p; orbitals of nitrogen atoms.
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5.2. [Cu20Ac)s 2].(2d)

2d X Figure 5-4.
cage X
Figure 5-4. N7-Cul-C25-N33 apical
02-03-04-05 028-029-030-031
equatorial

UB3SLYP/6-31G(d) Multiplicity = 3

04 /03 03 02
N7 Cul\ Cu25\ N33
O5 02 031 028 apica| 9

Figure 54. Model structure submitted for the DFT calculation. The structural
coordinates determined by the xray crystallographic study were used. The atom
numberings were used for calculation package report. Inset: The schematic drawing for

this model. The orange arrow indicates an apical direction (N7-Cul-C25-N33).
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N-Cu-Cu-N

J

Figure 55.

X apical
3dx22

3dx22

Figure 5-5. Surface of SCF spin density.

Table 5-2. Calculated spin density of this model
number atom  spin density | number atom  spin density | number atom  spin density
1 Cu 0.727555 11 C -0.004005 30 O 0.059657
2 O 0.05963 12 C -0.000564 31 0 0.057358
3 O 0.057348 13 C 0.007193 32 N -0.007434
4 O 0.065896 14 C 0.013309 33 N -0.005273
5 O 0.072072 15 C 0.012881 34 C 0.006536
6 N -0.007361 25 Cu 0.727367 35 C -0.000488
7 N -0.005302 26 C -0.004027 36 C -0.000613
8 C 0.006449 27 C -0.003995 37 C 0.007222
9 C -0.004027 28 (0] 0.065932 38 C 0.013309
10 C -0.000471 29 (0] 0.07213 39 C 0.012879
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Figure 5-6. SOMO1 SOMO2

cage (Figure 56. (a), (b))
HOMO 3d,2 P
(Figure 56.(c) HOMO-7
Pz (Figure 56.(d)
Pz
(a) (b)

(© (d)

Figure 5-6. Molecular orbitals (a) SOMO1, (b) SOMO2, (c) HOMO, (d) HOMO-7
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9-bromo-10-(5-pyrimidyl)anthracene (1)
9,10-bis(5-pyrimidyl)anthracene  (2)
9,10-bis(5-pyrymidylenthynyl)anthracene (3) bis(5-pyrimidyl)acetylene (4)
M(hfac): M = Cu, Mn, Co) [Cu(hfac): 1], (12)

[Mn(hfac)s 1], (1b) [Co(hfac)e 1], (1c) [Culhfac): 2], (2a) [Mn(hfac): 2], (2b)
[Co(hfac)e 2]n 2c) [Cu(hfac): 3], (Ba) [Mn(hfac)s 3], B3b)  [Co(hfac): 3]. (3c)
[Cu(hfac): 4], (4a) [Mn(hfac): 4], (4b) [Co(hfac)z 4]n (4c)

[Cu2(0AC)s 1], (1d) [Cus(OAc)s 2], (2d) [Cuz(OAc)4 4], (4d)

15 la 1d 2a 2b 2d
X 1d 2a 2b 2d
la
2a 2b M(hfac)s 1 :1
1d 2d cage

15
15 la 20K
la p
la m- ”polymer
approach”
2a-c 3a-c 4a-c
p
1d, 2d 4d cage
1d cage
2d 4d
2a 2d
Pz
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(Figure 6-1.(a))

(Figure 6-1.(b))

@ (b) ~
| = =
RO
SOSW
7
NN

R = hexyl or dodecyl

Figure 6-1. New ligand designs for (a) better solubility and (b) spin transfer.

9-(5- )
9-(5- ) 10
1d
1d

Figure 6-2. New radical-ligand designs for hybrid complexes.
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