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M. BESOIREEIC K-> TERELT A RREN F—= v 7 L ADEEE

1. YA 7 7 b—=v 7 VADEEMNi(cyclam)CL] DAL & WK N ZEED
—BE~r=a TV ERER—

1-1. By

AT CHRESCREICI > TENENT 2=y Lk E LT
[Ni(acac)(tmen)|B(CsHs)s DA ACIEIEZ DU Tik~7=, [Ni(acac)(tmen)|B(CeHs)s 11
P DB AR 3 % 2 & T, acac & tmen DOEMIAFENEAL L cis B D
[Ni(acac)(tmen)Xo P $E(ARIZ LT 5, ZDOFETIL, N4 BIBRIRENL - THL A 7 T A

(1,4,8,11-tetraazacyclotetradecane: cyclam) (Figure 1) D = - /L(IDEER[Ni(cyclam)Cl,]
(1) (trans-dichloro(1,4,8,11-tetraazacyclotetradecane)nickel(I11)], [NiClo(CioH24N4)] = 329.92)
DERLEARBEETIZIBT 2 —F 7 1 I X5 (B | BRI FEDOEIRNEE)
[ZOWTERD, ZHBIE, BRI RFEEIERER AR CREE N ER, YL
T AT O TH D,

1-2. RIRENL TV A 7 T b—= v 7 VADSEENi(cyclam)CL] (1) DA K

b= 7 nA)KF (0.15g) #1550 CIZiRD7==% /—/L (10ml) (50ml
E—h—) NPl A7 T 45 (013g) ZEnrLiz=s /7 —/ (10ml) RIS
2%, 10 53HAy AKX —F—F ($)80°C) Tilid7-th, Kb+ oL, HMOHFERE
DEEPHTIHT 2, ZNEATEER L, BT 5, RIGOFREEE COMDOELEZBIEL
7RI,

1-3. [Ni(cyelam)CL] () D FIHEEKIN (BF) A7 b
BFoNI=YA 7T h—=v RO 0.01 M KERZ1EYD (33.0mg/10ml) |
AEERRIL (BT A7 FAERIE LR S, BT AT MUEEAREE
O LRI TNE DN FTo, 1ED R OIFHGE S ONEELZ LRIV,

1-4. [Ni(cyclam)CL] ()DH A 27V v 7RV ZETZ A (CV)

FEDO13THERA LY A7 T 5—=v r VGEARKIERE 5ml &V 25ml A A7 5
AT AND, ZHUZ, KCl (MW: 74.56) 0.19 g 2012 TR E CTHKZ N2 T
—ERLET D, ZOWEDYA 7V v 7 RVEZET T 5 (CV) (0~+1.0V,100mV/s)
ZRE L, NN OB GETEMNEZRD D, ZOFEBRIT2 N1 AT,
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P 0 (1) CV OHEN B ZB BN TE LA LI,
Q) ERRDOCVIZE D LTHD L D 72 50 EF L7 S0,

l\/l Figure1  Structural formula of cyclam

[Ni(eyelam)|(CIO,),

Figure2 [Ni(cyclam)Cl;] and [Ni(cyclam)](ClOs)2 in solid state and in an aqueous

solution

1-5. PRNEEE) (BCAr )
[Ni(cyclam)CL] (1) Cl&, BRIREBLAL 7T 5 cyclam 73 N4 BZJH-1-C - (equatorial)
=y T (I)A A 2B A, 20 LT 50 (apical) 7226 2 EDOHE A A D
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=TI A F AATEL LT trans TEOBNEEIZ /2> TV D, FERIREETIZS T
o (BRE) THDHMN, KIS 5 &, BOOKEKRE 725 (Figure2), Z DGOE
fbiZ, 2 BB LTS A A D3KEsiEH Clfiif L <. il = &
JVADSER (GEfR) DEKT D720 Th D, ZORHD, BRI CdH 27K 1053 —
EROPUBAII = » 7 VEEARIZEAL L CLL T O K 9 72 PUB T —SELAL O BN T 23
RYAG VAN

[Ni(cyclam)]*" + 2H,0 [Ni(cyclam)(H,0),]**

[Ni(cyclam)Cl] (1)K D I RLERIIL A~ 7 kL% Figure 3 1277, 450nm 13T
(ZPUBCAITY = < A7 V(DS Z FE 9~ 2 5RO RIAS 23 BLHI S AU, 330nm, 530nm, 600~
700nm fHTIZASEN L DOGHNIUAF B S D, T DY AT R VI AR 72
AR Uz, R ERACEOTUEAT R OWLIN S OWRINIT5E < 72 0 REARLC
RLR T2 WIGREEITH8 < 72 0 . AW Le, £, WE TRICEVio 2~
MV R LT, ZHUD OFERIZ AT BUA A SRS LT Z & 2R LT
% (Figure4), 7¢35. [Ni(cyclam)](ClOs), lEEACRAE CTIEFmPUENIE = » &7 VDS
& GE) ThY ., KERIZT D &L $EIR®1) & FRRIZK Sy T OB % > 7o PUEL
— NELOBEN VT & 722 (Figure 2),

2 EDKGy 1 DEL LT SEIRY A 7 T h—= v 7 VADEERIL, EE DIZL -
THIDTHEE, #EERE SN2 [1]. [Ni(acac)(tmen)|B(CeHs)s (I1-3 BEZSMR) Tid,
2 {EDKGY D3 cis BUZENLT 2 D% LT, [Ni(cyclam)(H,0)]* Tl 2 fEDEMLAK
DX trans T L > T2 (1,
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Q1115 174417 Paga 1 of 1

VIS-Absorption Spectrum of
8| [Ni(cyclam)]|Cl, in Water
BEZFLEITHE FHIT
| R A L, WA B
| D b
¢

D_n [ - - ey . | . 1
a0o 400 ang 00 100
Wavelength (nm)

Figure3 Vis-absorption spectrum of [Ni(cyclam)Cl] (1) in water

I
Cooled
\Ni/ + 2H,0 ———
/ N\ .
HUH
Figure 4
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1-6. Y127V v 7 RAEEST T 5 (CV)
Figure 5 {Z[Ni(cyclam)CL]/KEE (2 mmol dm™) DHA 7 U v 7 ARV HE 7 Z A (CV)
%9, WL, Electrochemical Analyzer ALS/chi (Figure 6) % T, —#iill (&

Current/ le-5A

2’4:II“II“IIII“I“-II-.jEI“”I””I””I””I“” o, ¥ 9001 1 1:40:80
20| eEeEp | B Cyelic 3=
16] ML BT ER ,1" Voltammogram | meg=o
'ZHOME @’} Nt s
08  EEE | e Soan Ree (V)= 01
04 Teeel —___F Smp Interval (V) = 0,004
] 1 Cedal Time (5) =2
"}E / e —— — -T Senditivity (A7V) = 18-
04 4 - L Segmani 1:
 _F i,
08 ] o . ¢: cathodic g bt
129 - Segmant 2.
] : a: anodic Ep =0.582V
161 | | P = 2BETESA
_ZDE"‘_‘H._\ f X i [ | Ah=2002850
24 NiCL(cyclam)]: |
251 [ PR | Ragiagty
2] N B KCIL 0.1 M s C Pt wire
'alﬁ‘:""l""l""1""|""I"'I"'I"“I'”'I""':“:Gimr
19 09 08 07 06 05 04 03 02 01 o Carbon
P, = 100 mV/s
=78 R potential/ v

Figure5 Cyclic voltammogram of [Ni(cyclam)Cl,] in water

Figure 6

[
| ALS/chj
| Blectrochemicat Angiys,
il
i

Electrochemical Analyzer ALS/chi for CV measurements
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ARG « SRt VEREM, FFEM : 7T v o—h—R, Xk A4, B
0.1 mol dm™ KCl, HIFEHPH : 0~1.0V, F513HE : 100mV/s T{To 72, Ni/Ni'l Ofig(l,
BEICICH T D a[iE O BB S 2 T CV DMBLHRI S 7=, +0.659 V IZER(LIK

DE—7 (B, +0.582V ITIETLK DO E— (Ey) MBS, En(NI/NiM)E, +0.621
Tl CV ORFHIREEBROGNEICO T, FEE ORI GHEEEESE SN0 [2),

1-7. ZE3TER

[1] Mochizuki, K., and Kondo, T.:
Isolation and Vis-Absorption Spectrum of Trans-[Ni(OH,)(cyclam)|ClL, * 4H,O. Inorg.
Chem., 34, 6241-6243 (1995).

2] LAKE  BRETNIRFERT AT/ VAT ARV EER T B R Rrm
I FEEEEL
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2. [Ni(cyclam)]**® DFT & & ATHEEKIN AR L

2-1. BRY

BRELAL 7 cyclam 2SEIAL L 7= DU FL AL = » A L (I S& 1K DB A A > %
[Ni(cyclam)]**® DFT 15 & AU A~ 7 MV ORREZITV, FHRE & SEE &
DI AW ET D, Fiz, IRABMLF-= > 7 /VI)EE{R[Ni(acac)(tmen)]" (II-2 ) D
it LR A 2 E I E Lz,

2-2. FHEFIE

AR 1 7T A E LT Gaussianl6W [1]2 WV, /=Y la s Ba—H—%
MWTERZAT o T, WG L LT, = 7LD A F AT HEAAEE, cyclam
I N4 BUBIAT, 2 fED7SE S L— FERIZ chair Y, 2 6O L BERIT gousche i, 72>
5. trans-IIl FLD[Ni(cyclam)* % Sartan16 [2] TARL L TV, W& b L OMRE)
FHRA1T 72, DFT 3R O4M: & L T, B3LYP/GENECP (aug-cc-PVTZ (C,N,0), SDD
(Ni), cc-PVTZ (H), SDD (ECP)). #&Efii+2, singlet & H\ 7z, 15 b 7o mm bk
X, ADRINIBIN S oTe, BEFAT MLVOFERIL, Hafb Siv7-m
1% W TR B DS C TD-DFT (n=25)3t H 217> 7=,

= VSRR O & KR OF 5T % Figure 1 (RE) 1”7,

2-3. fER
(1) FHHEREFRA Table 1 L9, F72, IREIA~Z ML (R) % Figue2 @9 B) (T 9

Table1l Results of the calcualation

Zero-point correction 0.364023
Thermal correction to Energy 0.378295
Thermal correction to Enthalpy 0.379239
Thermal correction to Gibbs Free Energy 0.323991
Sum of electronic and zero-point Energies -784.897394
Sum of electronic and thermal Energies -784.883122
Sum of electronic and thermal Enthalpies -784.882178
Sum of electronic and thermal Free Energies -784.937426

b) Hartree/Particle
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Figure 1 Structure of [Ni(cyclam)]?+ and numbering for atoms

(2) Table 2 |2, FHRUZ X o TEDNZZERIEIZ OV T, KA1 ERRE &
FARE DA E KT 7=, [Ni(cyclam)* $5&121%, C1-Ni39-C35 O#fIZ i - THIHE MY
HY | N3 (TR D D, FHRIC K Bt S A= L ERE OS5
1L, 2 HOA ZABREX L— FMRE 2 HOT—2 2B A EX L— MR O
% . FITel trans-IIT BUAEE 2 B> Cu iz,
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Table2 Selected bond lengths (A) and angles (°) for [Ni(cyclam)]**

Ni39-N10 1.97174 Ni39-N12 1.97174 Ni39-N26 1.97169
Ni37-N28 1.97169 NI10-Ni39-N12 93.62061 N26-Ni39-N28 93.64638
N10-Ni39-N26 86.36651 NI12-Ni39-N28 86.36651 N10-Ni39-N28 179.98687
N12-Ni39-N26 179.98688

IR Spectrum

E00 — 350
450 — !
- 200
400 iy
T_ 350 - 250 ©
5 200 — L 000 B
250 0
5200— 1508
R
50 e 35
il N A ok
T A R T R e e R
0 500 1,000 1500 2000 2500 2,000 3500

Frequency (cm™)
Figure 2 Calculated IR spectrum of [Ni(cyclam)|*

() s 1iuE

Figure 3 |ZFHE OFEFAS 5 1172 LUMO, HOMO,$ . O HOMO-4 O#iE % 7~57, il
EDENE 610735 K 91 LUMO 1 doy DRFEGMIENE S L TW\D, —7,
HOMO (X d.» 23R8 2 SEAMERLE & B 2 Hid, F70. HOMO-4 [ 3FEEAYED dy
WiEEBEx HND GEED X, y, 2 iR JZOWTIE, 112 % Figure 4 25H),

(M @) (€)
Figure 3 Orbitals: No. 65 LUMO (1), No. 64 HOMO (2), and No. 60 HOMO-4 (3)
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@) BEEBLE AT hL

TD-DFT 5565 FD— (IR B 5 & WiIFF & 415 Exited State 4 & C) % Table
31Z7RT, & I Excited State 1-4 |22V CEMIRL 4 Multifwn [3]% FWCTRFHRE L
T AR % Table 4 |2" 9, ZHUDRERND, —FHEBIREDHEAKEV State 4 ~D
EIZOUW T, hole & electron ~D% MO DEEZ#HE L7-#55%.%4 Table 5 IR L
72o T B OREFITHEANIZ, No. 60 MO (HOMO-4)7>5 No. 65 MO (LUMO)~DE
FEBDEICEE TSI EEZRLTND, 20 state4 ~DiER (447.65nm) DFH
DS AR CBIZL S AL, TA 1> A (dxy(bog) 2 o2 (bi WXTE LTV D EE 2 B (B
F11-2 @ Figutrd /), FHAO AT AT R VITIE, 452 nm (ZHR A 5Ol
WSy RO S 4L, FHREIRSERRE A B < HELL TUve,

[Ni(acac)(tmen)]"® TD-DFT FtH5 & [AIERIZ, SEBRRS R A B < BB A5 R S
bz, o T, ZOFREIL, OB = > 7 VADSERIC DN T HE AT
M OTFRNFIHATE L ARty d 5,

Table 3 Excitation energies and oscillator strengths

Excited State  1:  Singlet-A 2.1877eV  566.72nm =0.0000 <S**2>=0.000
64> 65 0.70700
64<- 65 -0.10232

Excited State  2:  Singlet-A 2.5000eV  49594nm £=0.0000 <S**2>=0.000
63> 65 0.70647

Excited State  3:  Singlet-A 2.5388 eV 48836nm {=0.0000 <S**2>=0.000
62-> 65 0.70771
Excited State  4:  Singlet-A 27696 eV  447.65nm £=0.0000 <S**2>=0.000

54> 65 0.20750
57> 65 0.18019
60-> 65 0.64536
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Table4 Oscillator strengths

State Strength

1 0.0000000
2 0.0000000
3 0.0000000
4 0.0000017

a) Calculated by Multiwfn (ref 3)

Table 5 Contribution of MO to hole and electron distribution for the state 4

MO Occupation Hole Electron
54 2.00000 0.08611 0.00000
57 2.00000 0.06494 0.00000
60 2.00000 0.83298 0.00000
65 0.00000 0.00000 0.98403
SUM 0.98403 0.98403

b) Calculated by Multiwfn (ref 3)

2-4. BEER

[1] Gaussian 16, Revision A.03, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M.
A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, G. A. Petersson, H. Nakatsuji, X. Li,
M. Caricato, A. V. Marenich, J. Bloino, B. G. Janesko, R. Gomperts, B. Mennucci, H. P.
Hratchian, J. V. Ortiz, A. F. Izmaylov, J. L. Sonnenberg, D. Williams-Young, F. Ding, F.
Lipparini, F. Egidi, J. Goings, B. Peng, A. Petrone, T. Henderson, D. Ranasinghe, V. G.
Zakrzewski, J. Gao, N. Rega, G. Zheng, W. Liang, M. Hada, M. Ehara, K. Toyota, R.
Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, K.
Throssell, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. J. Bearpark, J. J. Heyd, E. N.
Brothers, K. N. Kudin, V. N. Staroverov, T. A. Keith, R. Kobayashi, J. Normand, K.
Raghavachari, A. P. Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, J. M. Millam,
M. Klene, C. Adamo, R. Cammi, J. W. Ochterski, R. L. Martin, K. Morokuma, O. Farkas,
J. B. Foresman, and D. J. Fox, Gaussian, Inc., Wallingford CT, 2016.

[2] Spartan 16 for windows, Wavefunction, Inc. [3] T. Lu, F. Chen, Multiwfn: A
Multifunctional Wavefunction Analyzer, J.Comp. Chem. 2012, 33, 580.
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3. KFEHARIZX BBRENF—= v 7 ILVADSERD T ¥ 7 MATECAL I

3-1. BHY

BRIRBLNL ¥ cyclam  (1,4,8,11-tetraazacyclotetradecane) (T 6 f[El0D A F/VIEDNE A X4
7= meso-Meg[14]ane (7R(S),14S(R)-5,5,7,12,12,14-hexamethyl-1,4,8,11-
tetraazacyclotetradecane) @ = v 7 /L (IDSEREALIL 2 701 DKEE TN
¥ ([Ni(meso-Meg[14]ane)|CL-2H,0) & L CHBESILD Z &3 5TV 5 (Figure 1)
[1]e ZO8ERIE, AL P THLO = 7 /W IDSERIIK MR Ch 5, F
7o, 2 O LA A 3=y T /WZEAL L TE BT, 2 HoKS 1 & 4T, meso-
Meg[14]ane D N-H EKRFEREEREEHEL TWD (Figure 1) [2], AL P ad
[Ni(meso-Me[ 14]ane)|CL-2HO A MENT 5 & BGIK T3 EE L T, kA 4>
D= 7 V(DA A NZEL L 72 28 G D ASENLRSE AR B L35 Z L BT
% (Figure2) [1].

3 51, [Ni(meso-Meg[14]ane)]Cl-2H,0 CEWHI S 7= L 5 Ak FEEER AR L
TeBRAREEAL = » & /W(ADEEIRD T & T AL OBACHIEN ZBR 2R D, FAEFHRO T —
<2725 TV [Ni(eyclam)CL]IZ DWW TRk & 72/t 58 & ORI AERRIZ DU TR
2o TOWFRET, 7un vy /—/u (1,3,5-trihydroxybenzene) & [Ni(cyclam)ClL]23
BURTR MR 2R D 2 L 2 R LT,

O-H--X
H i
NH HN ; H
X--H-0
NH HN H H
N—Ni—N
X=CI, Br
meso-Meg[14]ane Hydrogen bonding network

Figure 1 Structural formula of meso-Mes[14]ane and hydrogen bonding network
observed in [Ni(meso-Meg[14]ane)] X, 2H,O
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A .
[Ni(meso-Meg[14]ane)]X,» 2H,0 —— > [Ni(meso-Meg[14]ane)X,] + 2H,0

Violet
Pseudo-octahedral
Six coordinate

Orange
Square-planar
Four coordinate

Figure 2 Structural change of [Ni(meso-Mes[14]ane)]X;-2H>O upon heating

32. TauZy ) =AM Lz =y 7 NSk
(1) [Ni(cyclam)CL][Ni(cyclam)]Cly-2(CsHeO3) (1) D&%

OH
v OL
A4 HO OH
“Ni~¢| ~ [Ni(cyclam)Cl,][Ni(cyclam)]Cl,

[Ni(cyclam)Cl,]

Ni(cyclam)CL 0.083g (0.25mmol) %7 2 uR/LA Sml 2N LTz, £2I2, 7R
a7y — 0.035g (028 mmol) #T4 /—/L 3mlZIEN L TNZ T, ZDF
FHARNRMET 5 2 & CHREBEAORE (Figure 3) 21572,
¥4 0.076 g (0.17 mmol)

R 72 %

Figure 3 Crystals of [Ni(cyclam)CL][Ni(cyclam)]CL-2(CsHsO3) (1)
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(2) [Ni(cyclam)]Br2-(CsHsO3) (3) D E k.

NH NH
2 /7 CesHeO3 NH\ /NH Br
\Ni"Br Ni B
/7 \ /7 N\ OH
NH NH NH NH
Br
HO OH
Ni(cyclam)Br; [Ni(cyclam)](CgHgO3)Br-
fw: 418.83 fw: 544.94

Ni(cyclam)Br, 0.077g (0.18 mmol) %2 B uR/L A 10 mlZiELTc, 22, 7
a2/ Uy /—/1 0021g (0.17mmol) Zx# /—/L3mlIEn L TNz, £
FFHREMET D Z & TREAOR TS,

W& 0.026 g (0.04 mmol)
IR 26 %
JFRFORE SR 2 < UL S 7z 7z b, PERDME,

33. IR A7 pv

Figure 4 |Z[Ni(cyclam)CL]$& /&, Figure 5 |ZZ D7 aw 7 )L ) — VAR
[Ni(cyclam)CL][Ni(cyclam)]Cl-2(CsHsO3) (1) IR A7 R~V %&7~9, F 7=, Figure 6 |
[Ni(cyclam)Br,] (2) . Figure 7 (&2 % @ 7 v v 7 v ¥ J — )b ff N K
[Ni(cyclam)]Br,(CeHsO3) (3)D IR AT kM VERT, WTNOEE AR /25 =
ET, Tunr Ny ) — VRO E— 7 53 1600~1625 em™ BRI S 417z,
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1000 —
xT ]
. 513,
750 L|3649.I
7359
8535
500 — MEI
250 —
w77
40000 30000 20000 15000 10000 5000
Testscan Shimadzu FTIR 8000 series 1/em

Figure 4 IR spectrum of [Ni(cyclam)Cl,]

1000

40000 30000 20000 1500.0 1000.0 5000
Testscan Shimadzu FTIR 8000 series 1fem

Figure S IR spectrum of [Ni(cyclam)Cl][Ni(cyclam)]|Cl,-2(CsHsO3) (1)
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00 — — ]
40000 30000 20000 15000 1000.0 5000
Testscan Shimadzu FTIR 8000 series 1/em
Figure 6 IR spectrum of [Ni(cyclam)Br;] (2)
100.0
®T a5
750 — 1] [Klop2
A if
b1 1 8318 A937
| 4p1.1 |
153/ hoge 3
500 — '.|-;-1, hognb hifio2 |Isgu_5
298| h10fl3 7078
3887 lss05
4658 llgg'.',l
15540183
250 — 16008
’ 6239 hi379
00 ——————— ———
40000 30000 20000 1500.0 1000.0 500.0
Testscan Shimadzu FTIR 8000 series 1/em

Figure 7 IR spectrum of [Ni(cyclam)|Br;:(C¢HsO3) (3)
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34, FHEERINANY bV
[Ni(cyclam)X,] (X=CL B3 7 v a 7Ly ) — AR EZ S5 &, A

vt K& < ZEAb L7z, Figure 8 & Figure 10 (2. % U #U[Ni(cyclam)CL] &
[Ni(cyclam)Br] DILHUS ST A2 hv (HIELERE © Figure 12) Z-d, EHHMD AN
7 BV ANEALNE AR = 7 VDRI RPA 7RIS RSB S vz, —5,
Tuanu gy ) —=MMIIMRIZe H & BAEEEATIE, RO RHE T 5 'V
WOEARIIDI R Z VRIS 485 nm (ZHLAL, [RIRFI . B /VIOGAREL D/ N S 22 S R oD
e (340 nm, 650 nm f3ir) HBLH S 7 (Figure 9) . Z O R IL,
[Ni(cyclam)CL][Ni(cyclam)]Cl-2(CeHgO3) (1) Trr 415 L 912, BN = » 7 /1L(1)
BEIR & SENT = » 7 VIDEEARDNBIEL TWAH Z E 2R LTV, —J7, BAtD
7w 7y ) — A Ni(cyclam)[Br (CeHgOs) (3) Tl PUBLAIA = » & /L(1)EH
IRICHRT % 474 nm ORI ROBMEI S 47z (Figure 1),

T T T T T T T T T
| 346 nm
0.1 -
520 nm

=
X

0 §

300 400 500 600 700 800

Wavelength[nm]

Figure 8 Diffuse reflectance spectrum of powder of [Ni(cyclam)Cl;]

57



MBI (SIRESRRBR) ] ot

0 s | N 1 . | . - "
300 400 500 600 700 800
Wavelength[nm]

Figure9 Diffuse reflectance spectrum of powder of Ni(cyclam)CL][Ni(cyclam)]Cl-2(CeHsO3) (1)

04

0.3
=
> 0.2

0.1

0 1 | A | L | 1 | 1
300 400 500 600 700 800

Wavelength[nm]

Figure 10 Diffuse reflectance spectrum of powder of [Ni(cyclam)Br] (2)
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K/M

300 400 500 600 700 800
Wavelength[nm]

Figure 11 Diffuse reflectance spectrum of powder of [Ni(cyclam)|Br;:(CsHsO3) (3)

Figure 12 Spectrophotometer equipped with an integrated sphere
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3-5. FEARHEE

Table 1 {Z[Ni(cyclam)CL][Ni(cyclam)]Clo-2(CeHsOs) (1) DfE S RN — & &7~ 7,

Table 1 Crystal data of [Ni(cyclam)Cl;][Ni(cyclam)]Cl;: (CsHeO3): (1)

Empirical Formula
Formula Weight
Temperature
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group

Z value

Dealc

F0oo

1(MoKa)

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: Ry (1 >2.00c(1))
Residuals: R (All reflections)
Residuals: wR; (All reflections)
Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

C372HgCl4gNgNirOg

912.09
298 K

0.280 X 0.220 X 0.120 mm

triclinic
Primitive

a= 8791(4)A
b= 9263(4)A
c= 13.866(5)A
a=107.48Q2)
B=103.272(18)°
7=96.473(16)°
V'=1028.0(7)A3
P-1 (#2)

1

1.473 g/em?
480.00

12.264 cm-!
4705

241

19.52

0.0353

0.0411

0.0899

1.040

0.000

0.81 /A3

-0.86 ¢7/A3
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Figure 13  Structure of [Ni(cyclam)CL][Ni(cyclam)]CL,-2(CsHsO3) (1)

Hydrogen atoms were omitted for clearness.

BEIR 1T BN = » 7 V(DSEIR & 2 B DA A D3BUAL L 7= NELE
INIHRRL = o 27 VIDEER I HAE LTz (Figure 13), P PUECNIR = » &7 L (1)dk
{RH D Ni2-N fE AR L 1.973~1.980A T ¥ | [Ni(cyclam)](ClOs), (FISKEX)[3] Tkt
BEINTODAE 1.93~1.99A L B~ L TW5, PENHEL= > 7 /LA 4> Nil
5 29727 BENTALEITHEAIIA A CR 3D, ZOCRIZTZTra 7Ly ) —)LD
028 L/KEREA LTV AH(CR—-028: 3.0609)A) &z, &9 1 D7 o /iy ) —
D027 & HKEREG LTS (C12--027: 3.057(2)A)  (Figure 14, 15), ANEIH=
7 IDEEAR T O Nil-N F5 A Rk 2.060~2.074A & DUBCATTRL D Nil-N #5AFEEE L v
HEVY, 2450 Nil-N #EAFERES Nil-Cl1 #54 FEEE (2.5404(11)A) 13, [Ni(cyclam)Cly]
(TAZDNCOD[4]D#4E  (Ni-N: 2.066(1) A, 2.067(1)A, Ni-Cl: 2.5101(4)A) & B\ —E%
AL TWD,
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Figure 14 Hydrogen bonding network found in
[Ni(cyclam)CL][Ni(cyclam)]Cl-2(CsHsO3) (1)

Figure 15 Packing diagram of (1), View along a-axis
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Table5 Selected bond distances (A) and angles (°) of [Ni(cyclam)CL][Ni(cyclam)]Cl-2(CsHqO3) (1)

Nil N3 2.0598(18) Nil N6 2.074(2) Nil Cl1 2.5404(11)
Ni2 N10 1.9733(19) Ni2 N13 1.9793(19)

N3 Nil N3# 180.0 N3 Nil N6# 94.72(8) N3 Nil N6# 85.28(8)
N3 Nil Cl1# 94.02(6) N3 Nil Cl1 85.98(6) N6 Nil Cl1 91.65(6)
N6 Nil Cl1# 88.35(6) CI1 Nil Cl1# 180.0 N10 Ni2 N10## 180.0
N10 Ni2 N13 85.87(8) N10 Ni2 N13## 94.13(8)

#:l-x,-y,1-z. #:2-x,1-y,-z

Table 6 Hydrogen bonds (A) of [Ni(cyclam)CL][Ni(cyclam)|Cl,-2(CsHsO5) (1)
Cl1---O26#  3.078(2) CL2---028##  3.069(2) C12---027  3.057(2)

Symmetry operation: # -1 +x,y,z. ##x,-1+vy,z

Figure 16 Laue photo (Deutsches Museum 1994/03/03)
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Table 7 (Z[Ni(cyclam)Bra] (2)Df& S fENTT — 2 &7~ 7,

Table 7 Crystal data of [Ni(cyclam)Br;] (2)

Empirical Formula
Formula Weight
Temperature
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group

Z value

Dealc

Fooo

1AMoKa)

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: Ry (1>2.00c(/))
Residuals: R (All reflections)
Residuals: wR, (All reflections)
Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

CioHp4BroNgNi
418.83
298 K

0.600 X 0.070 X 0.060 mm

monoclinic
Primitive

a= 6963(6)A
b= 12.659(9)A
c= 8.784(5)A
B=109.017(10)°
V'=732.0(10)A3
P2y/c (#14)

2

1.900 g/em3
420.00

67.864 cm1
1675

79

21.20

0.0329

0.0368

0.0810

1.070

0.000

0.49 /A3

-0.97 /A3
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Table 8 (Z[Ni(cyclam)]Brz:(CsHeOs) (3) D& bfiT T — % %7~

Table 8 Crystal data of [Ni(cyclam)]Br,:(CsHeO3) (3)

2t
PH

ELS

Empirical Formula
Formula Weight
Temperature
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group

Z value

Deale

F000

1(MoKa)

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: Ry (1>2.00c(1))
Residuals: R (All reflections)
Residuals: wR; (All reflections)
Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

C16H30BroNgNiO3
544.95

298 K

0.350 X 0.210 X 0.130 mm
orthorhombic
Primitive

a= 16331(9)A
b= 12952(NHA
c= 9.722(6)A
V'=2056(2)A3
Pnma (#62)

4

1.760 g/cm3
1104.00

48.650 cm1
2451

139

17.63

0.0352

0.0474

0.1189

1.038

0.001

0.61 e/A3

-0.83 e/A3
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Figure 17 Structure of [Ni(cyclam)Br;] (2)

Figure 17 IZ[Ni(cyclam)Br,] Q) Dt 1EZ T, = v 7 /VADSERIIANE A G A2 & >
T2, BRIRENL T cyclam 13 N4 EH CT= v 7 V(1D A A UAZENL L, 2 EDORAL)
A F BT EINANLIZENL L T2, Ni-N AEABREENIT-N3 2.063(3)A, Nil-N13
2.063(3)A)i%. [Ni(cyclam)CL][Ni(cyclam)]Cl-2(CsHsOs) (1)HIZF31F 5 /SEALE NidIT)
PEIRD Ni-N FESEEREE \FIZFRI L ThH o7z, F72, Ni-Br fEEEEHEIT 2.6936(16)A T

&)Of:o

SALMSERQ) L, SR OSE LRAMRC 7 mr 7 vy ) —L & OFRINEE T
% U7z, 153572 AIMARNi(cyclam)|Bry (CsHeOs) (3) DA% 1 % Figure 18 12779, AN
KA 5 Z & CTOAENTL = 7 ) V(DEEAED S 2 (D BALIA A DL <
PUBCATTL =« 7 WEEIR D A LTz, Ni-N AS S EEEENIT-N3 1.947(3)A, Nil-N13
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Figure 18 Structure of [Ni(cyclam)|Br;:(CsHsO3) (3)

1.949(3) A)iZ, MBI = 7 /VIDSEARTIZ /L& 5 IR 72 Ni-N fE S IERECH
5o Flo 2 HOEALA A X, = TV A DT EIAAALUALE L TV D
23, A5 O Ni-Br [HEEEE L 3.268A TH VY . = A A ATHL L TWRNWT &
R LTS,

INLDOEMA A ETua Iy ) — KBRS SR Yy BT —72 (Table 6)
IR L5 (Figure 19), SALOFHINANI(cyclam)|Bry (CeHsOs) 3)iE, ALY
OFFIMER ) EFERY | PUENTL= > 7 VAN R D I %5 AT D,

Table 6 Hydrogen bonds (A) of [Ni(cyclam)|Br,:(CsHsO3) (3)

Brl---O26#  3.237 Br2---O27##  3.196 Br2---O28###  3.212

Symmetry operation: # 1 —x, -1/2+y, 1 —z. #2-x,-12+y,1-=z
#HH1.5-x,1-y,-12+z
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Figure 19 Hydrogen bonding network found in [Ni(cyclam)]Br;-(CsHsO3) (3)

3-6. MBI L BAHIMEN D7 aa 7y ) — )L Ok

Zuan J )y ) — ORI Ni(cyclam)CL][Ni(cyclam)]Cl-2(CeHsO3) (1)35 L Y
[Ni(cyclam)|Br, (CsHeOs) Q)M 5 &, Tmm 7Ly ) — /il d 5 2 & 23
BN ot ZORKC, Tau sy ) —EOKBREETHIET, =viL
(DA A AAZENLDNG T BIVTNoo~a oAb A A2 3= & V(DA A BN
L CABNATRSEARNI(cyclam)Xo] (X = CL, BOIZ R D Z & ¥biro 7z,

[Ni(cyclam)CL][Ni(cyclam)]Cl-2(CsHgO3) (1)33 & UY[Ni(cyclam)]Brz (CsHeO5) (3) % E
281 200°CC 1 REfIINEA L, Bk, IR AT MLROE A7 MVEHIE LT,
PIFIZ Eh b OfERERT,

[Ni(cyclam)CL][Ni(cyclam)]Cly-2(CsHeO3) (1) & MZEA L 72 42 I7E L 7= IR A~ R LI
% (Figure20), 7a a7y /) —)VEEOIREE— 7 FHE L TEBY, TDARY
kU [Ni(eyelam)ClL]D A~22 kb (Figured) & —E LTz, £, $5HAQ)DINEL
1% DIEE I A7 R /W(Figure 21) 4. [Ni(cyclam)CL]D A7 kL (Figure8) & —
FLTWe, ZHUHORERIE, T XY | s 7 av 7y 2 — ik
L. JLORENITL v 7 AUSERIC R 5 $5% 7~ LT %, [Ni(eyclam)]Bry (CsHeOs3)
QFEROMEIERE | $5IR1) & [FERefER 2157 (Figure 22,23),
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Figure20 IR spectrum of the heated sample of [Ni(cyclam)CL][Ni(cyclam)|CL-2(CsHqOs) (1)
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Wavelength[nm]

Figure 21 Diffuse reflectance spectrum of the heated sample of
[Ni(cyclam)CL][Ni(cyclam)]CL-2(CsHeO5) (1)

00 —~—————7 .

—TT — T T T T T T T T
40000 30000 20000 15000 10000 5000
Testscan Shimadzu FTIR 8000 series 1fem

Figure 22 IR spectrum of the heated sample of [Ni(cyclam)]|Br;:(CsHsO3) (3)
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0.3 v T T T ' T T T
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K/M

0.1
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300 400 500 600 700 800
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Figure23 Diffuse reflectance spectrum of the heated sample of [Ni(cyclam)|Br,(CsHsOs) (3)

EHELOATH IR TiX7un 7 vy /) —/LVERTHHE 1600 cm™, 1625 cm™ D
E— I BN TWAESD, 7aa iy ) —ANFELRNI L ER L, F-.
AR A7 ML Tl T7aa 7Ly ) — LN NRRED A7 R L —F LT
/Y

3-7. BT (TG/DTA HIZE)

7 awua sy ) — )b AFINEE IR [Ni(cyclam)CL][Ni(cyclam)]Cl-2(CsHeO5) (1) &
[Ni(cyclam)]Br,+(CsHeOs) 3) 22T TG/DTA HIEAETTV, BVHr 2177 (Figure
24, 25), BEIRQ) & EEARG)ITEN T 285°C & 257 CTH U 7LD 25%D'E EJgi)
NS, Z ORI, $EEREN TOZRWERET D E2nEh7an 7L
2 ) — VOB Y T 5 E B T o 7, RALPISEIRS3) D7 D b sE i) X
DL Tra sy ) —VORBERENMEO O, Tra vy ) — ST kERE
B RV EACEE R TIEEE R L D b5V T2d LB 2 B b,
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Figure 24 Thermal analysis of [Ni(cyclam)CL][Ni(cyclam)]CL-2(CsHeO3) (1)
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1000
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Figure 25 Thermal analysis of [Ni(cyclam)|Br;:(CsHsO3) (3)

3-8. R X MEIE

[Ni(cyclam)CL][Ni(cyclam)]Cl-2(CsHgO3) (1) DA Z IR THIE L7 X
X, SERQ)O B XBMEERTOT — 2 DD TRl S 7 — & —F LTz

(Figure 26) .,

MEHT S5 —

ZOMERE 37SCTHIET 5 & X2 —137aa /iy /—u

%G IR WINENL I L EE (A [Ni(cyclam)ClL] D/ % — > L BB L& —E L T\ =

(Figure 27), ZHLHDFER S | BT

TEDONBUNIHEA LSRR D Fa R LTV 5,
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Figure 26 X-ray diffraction pattern of the sample of [Ni(cyclam)CL][Ni(cyclam)]ClL2
(CsHs05) (1) measured at room temperature (black) and pattern predicted
by single crystal of [Ni(cyclam)CL][Ni(cyclam)]CL-2(CsHsO3) (1) (gray)

1500

1000

500

F

—_
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20 30

N
S

Figure 27 X-ray diffraction pattern of the sample of [Ni(cyclam)](CsHsO3)Cl, heated
at 375°C(gray) and the pattern of [Ni(cyclam)Cl,] (black)
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39 £¢®

A7 TR ~a T A A A BEAL L T2 NEAL R = L (D) 5 IR
[Ni(cyclam)Xo] (X=CLBn)IZ OH & b o7 u 7Ly ) — &2 ClfbmT 5 2
LTrmu I Ny ) = MPIMRDRE R b, ENEOREEIX, 7rr 7Ly
J—)v® OH & ~a P U NKEREGETRR L TN e, ZD7ed = 7/ A F 2 h
ST AA F DB . UENIREEIZ 22> Te, Eio, ERER OSSR
BB DZ L crma v ) — i CnO#SANi(cyclam)X,] (X = Cl, Br)iZ
RHZENIR AT LB I OEF A7 bL, TG/DTA JIE, ¥R X #RElTIC X
STHLMNIT/ T,
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