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Abstract

Cyano-bridged assemblies, in which two or more kinds of metal ions are bridged
by cyanido ligands to assemblies, are a versatile class of compounds to synthesize
functional materials, because their properties or functionalities can be designed rationally
by choosing suitable transition metal ions and ligands. Furthermore, octacyanometalates,
[M(CN)g] (M = Mo, W, Nb), have flexibility in their coordination geometry around the
metal ions, and therefore, variable crystal structures can be constructed. In this context,
we have developed many functional molecular-based materials using octacyanometalate,
such as photo-induced magnets, chemical-sensitive magnets, and so on. In my master
thesis, I reported the photo-induced magnetization effect in an octacyano-CoW bimetal
assembly, Cos[W(CN)s]2(4-methylpyridine)2(pyrimidine).7.5H20. In this doctor thesis,
I draw my attention to humidity responsivity in an octacyano-CoW bimetal assembly.

Phase transition materials accompanied by large thermal hysteresis are not only
useful for the study of cooperative effects in solids, but also attractive due to their
potential for applications such as sensors, displays, or memory devices. In this
context, porous coordination polymers and metal-organic frameworks are good
targets because their physical properties are often affected by chemical environment,
and when they exhibit thermal phase transition, the transition temperature and thermal
hysteresis can be tuned by the chemical environment. In this study, a porous octacyano-
CoW bimetal assembly, Cos[W(CN)s]2(4-methylpyridine)2(pyrimidine)27.5H.0 was
synthesized, and the humidity dependency of its phase transition behavior was
observed.
Synthesis and characterization

The powder-form sample of the target material was synthesized by mixing
C0"Cl2'6H20, 4-methylpyridine, pyrimidine, and Cs's[WY(CN)s]2H20 in H20 at 40 °C
for 30 minutes. Elemental analysis by inductively coupled plasma mass spectrometer and
the standard micro analytical method confirmed that the present compound has a chemical
formula of Cos[W(CN)s]2(4-methylpyridine)2(pyrimidine).7.5H20 at 60% RH: calcd.:
Co12.26, W 25.50, C 29.96, H 2.57, N 21.36; found: Co 12.23, W 25.48, C 29.87, H 2.47,
N 21.40. The humidity dependence of the sample weight and the Infrared (IR) spectra
indicated that the present compound absorb (or desorb) water molecules depending on
the ambient humidity, i.e., the number of the water molecules contained in the present
compound was 8.0 at 80% RH, while it was 5.3 at 5% RH.

The crystal structure was determined by powder X-ray diffraction (XRD) and
Rietveld analysis. The present compound has triclinic P-1 symmetry with lattice constants
of a=7.610(1) A, b =14.980(2) A, c =20.897(8) A, o= 90.90(8)°, 5 = 98.34(2)°, and y




= 90.55(2)° at 80% RH. In the structure, Co and W ions are bridged by CN ligands, and
forms two-dimensional grid layers in the crystallographic ab-plane. These layers are
bridged by different Co ions and construct three-dimensional network structure. 2.0
H20 molecules are coordinated to Co ions, and the remaining 6.0 H.O molecules are
contained in the voids between the grid layers as zeolitic water and forms hydrogen bond
networks with the other H,O molecules or non-bridging CN ligands. XRD patterns
were also measured at 60% RH, 40% RH, 20% RH, and 5% RH. As the humidity
decreased, some XRD peaks shifted to higher angles, while the others did not shift, which
indicates an anisotropic contraction of the crystal lattice. Rietveld analysis revealed that
the contraction occurs in a- and b-axes, and c-axis did not contract; the lattice constants
at 5% RH were a = 7.588(1) A, b = 14.949(2) A, and ¢ = 20.837(7) A, showing the
contraction of 0.20%, 0.18%, and 0.00%, respectively, compared to those at 80% RH.

Phase transition and its humidity dependency

In my master thesis, | reported that the present compound shows thermal phase
transition between high-temperature (HT, 3Co''ns-2WV) and low-temperature (LT, Co''hs-
2Co"s-2W'Y) phases. In this study, the product of magnetic susceptibility and
temperature (ymT) versus temperature (T) plot (ymT-T plot) was measured at variable
humidity of 100% RH, 80% RH, 60% RH, 40% RH, 20% RH, and 5% RH. At 100% RH,
amT value abruptly decreased around 150 K with decreasing temperature, and conversely,
the value abruptly increased around 240 K with increasing temperature. The phase
transition temperatures (T12; and Ti21: the temperatures at which half of the compound is
in HT or LT phase), Tp (= (Tizy + Ti21)/2), and AT (= T2y — Ti2y), were Tipp = 147 K,
Tiz, =242 K, Tp = 195 K, and AT = 95 K. As the humidity decreased, Tp value increased
from 195 K at 100% RH to 218 K at 5% RH, and AT value decreased from 95 K at 100%
RH to 54 K at 5% RH.

Thermodynamic analysis

Differential scanning calorimetry (DSC) measurement was conducted in N»
atmosphere for decreasing and increasing temperature. Sharp peaks, which is
characteristic in first-order phase transitions, appeared at 183 K and 238 K, which
corresponds to the transition temperature observed in ymT-T plots. Tp was 211 K, and
the transition enthalpy (AH) and the transition entropy (AS) were calculated as 25.6 kJ
mol™ and 116 J K™ mol™, respectively. Then, thermodynamical simulation using
Slichter-Drickamer mean-field model was conducted based on the obtained AH and AS
values. In this model, Gibbs energy (G) is expressed as G = e AH + ya (1 — a) + T{R[«




Ina+ (1—a)lIn (1 - )] — aAS}, where « is the fraction of the HT phase, y is the
interaction parameter, and R is the gas constant. The DSC measurement was conducted
in N2 atmosphere, and therefore, the obtained AH and AS were close to those of 5% RH.
When y was 9.0 kJ mol ™2, the energy minimum disappeared at 189 K and 244 K with
decreasing and increasing temperature, respectively which well explains the phase
transition behavior observed in the ymT-T plot.

Conclusions
In this work, humidity dependency of the phase transition behavior of an
octacyano-CoW bimetal assembly, Cos[W(CN)g]2(4-

methylpyridine)z(pyrimidine)>’7.5H.0, was investigated. The observed humidity
dependency is mainly attributed to the change in the cooperative effect due to the
absorption (or desorption) of water molecules in the interstitial sites of the pores of
the present material.
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Chapter 1:

Introduction
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Te[Fe'(dithiocarbamate)s]&51A (Cambi, 1931 4-)Th v 17l 2 i B & 72 2 W& 1T, Fe" & & e,

[Fe'(1,10-phenanthroline) ]&8{A (Baker, 1964 ) Th - 7= U] Z i 6 OWEITHN T, FEF
IZE L OMEN, A 7 A4 —N"—%mTWEHE L THEINLTND I,

W T, V7 /B RIEREZ AN T, AV 7 B A — " — &S| Bix el
PG OB L C& 7=, Blz1X. Fes[Nb(CN)s](3-pyCH20H)s4.6H,0 (21T 5, A
V7 B AN RIS M BAOBFBIRE AT DAY T B A= A=A TH
% . Fe2[Mo(CN)s](3- pyCH20H)g3H, 07 & A5 L T 5, F72, 2011 4FIi%, HHRT
TUOTORIL 72D, AT B AF— /=T HD < HFHEIREMEBIG % | Fe2[ND(CN)s](4-
pyridine-aldoxime)s2H,0 {2V T#HE LT 5 076l Z ik, B TH 5 Fel'is(S=0) %1
RS, ERREHC X 0 EFEIE 2 B U EisfE (light-induced excited spin state trapping; LIESST) % 4=
U, Fe'n(S=2) 7252 LIk pBI5TH D,

1.3.2 BB ENELG: 18]



%< OEBERIL., HEEROZEREMRELALTEBY ., Fl2iXFe X Co A A4 3+2 flid
HWNIH3 OBARECLETH D, €I T, 29 LEEBERA 40075 285K
[ZBWTIE, A™-B™ I LU AMDE-BM O Ol T OMRFEN L ERIE L L TIFEL 9 256
Bo% (A BXLD B 11EB&REA A 2£T), 9 LIzsiEoE&E & LT, Creutz &
Taube 23BHFE L7=, RUB LY RUMM S 725 S5 (Creutz-Taube A AR H 5 (X
1.13) 80l AREEARIL, Ru A A [AEDOR TOEFBECER~T, £z, BMBENICHES<
—WRFIERRE BG4 E. 2001 4F, (n-CsH7)4N[Fe"Fe'!(dithiooxalate)s]iZ W\ T, /NS HIZ Xk > T
WD THE SN 7=, AsEKIL, dithiooxalate 1= & ¥ 2846 S 7= Fel'dls L O Fe"O [ T E A
BanZ D AHIEB BSR4 42 U 2 Beed,

7 BRERL & R EE R IT BT, KosCows[Fe(CN)e]5H20M8] | Cuz[Mo(CN)g]R81 <> |
RbMn[Fe(CN)g] 1821890 Z 35\ N C | EEATAS BV OFIEB B G NBIH S N TWD, ZILHb D H b,
Ko4Co13[Fe(CN)6]5H20 1%, BEMBENIFWTAE VB OA UL, ERBEIMNZ v ini
(Charge-transfer-induced spin transition; CTIST)% . RbMn[Fe(CN)s] CTlE. EBENIHV TV
— T T —FERHREEL D, BWBEY— T 7 —E 7 (charge-transfer-induced Jahn-Teller
distortion; CTUT) & = 97,

FHERE D R EK

R D HIED—2IZ, TRE) D, ZihiX, Ehrenfest DEFRICE L2 DT, HH
TRAF =D, WEH D WITENNT LD n oS NEke R 263 5 80 B4, nik
DR & S B0 — R OFEEREIZIEL, BFE - M - KA OIS SC, Jelcik~7- X9 72,
FEAMEICB T D, A7 0 2 —"—REMBIESHERIE L E EN 5, —k
DOFHEERBIITIE DM, — XIS, IRIRICEIT 21020 6 miRIZ I 1T D ~DEEBITEE LT,
RN U, 30T, @RI T 2 A BARIRIZ BT DA A~DIEB IR LT, BEADBA L 5,
TIROMERBIZI, KBS, WKIEA~Y U AOBIREREE 2 ERRIT o5, Ik
FEOMEERBIZIE, BEDMEDRN oD, FEEB OB, FECHREVIBIN S,

1.3.3 tHERRE DO EXGET L
FRERRS B G & ) PRI #2572 D7 /L & LT, Slichter-Drickamer (SD)E 7 /b & BRI/
IHET AN, LIXUITHW G B2, REF7)1(3, 1972 4£(Z, Slichter 35 X U Drickamer
WCEVIRRERESNEETLTHY, A VEBEZEL HRICH L TIRES N,
A B EE LD RICONT, @A L REE (HS) LA B REE (LS)2S, R x B LW
AX)TRAL WD EE, ZOTr haE— Sm)lE. LFTOXTEEIND,

Smix= KININ(N) = XNIn(XN) — (1-x)NIn{(1-x)N}]
L KIEANLY = VER N ITRICEEN L0 FOHTH SH, Z 2T, N=Na (=6.02x10%;
TARTReE)THD L&, kNa=R(ZEEH)THLDOT, ZhadHWT EXEEET 2
k.



Smix= —R[xInx + (1-x)In(1-x)]
L%, BRERDOX T AT AR~ EAL L REB LKA L REDO X7 22 2L ¥
— (GusB LW Grs) & AW T,
G = XGus + (1-X)GLs —TSmix
LRIND, 1L, TIRHREZERT, ERECSWTE, KIS, o FHOMAEEHR %
BRI 22N TERWD, HAEFEHAOEZINZ 503038 %, Slichter 35 X U* Drickamer
X, FHEERHOBRI ZRT NI A—FyEHNT, Thxyx(-xX) B\, 372bb, ¥7
AT X,
G =XGhs + (1-X)GLs —TSmix + yX(1-x)
Thod, HIZ, G=H-TS OB ZHNT, EAZREHT L5, T7hbb,
G =X(Hhs — TShs) + (1-X) (His — TSis) =TSmix + y X(1X)
& LT, Smix=-RxInx + (1-X)In(1x)]Z&EL. XKxELHd L,
G =xAH + yx(1-x)+ T{R[x In x + (1-x) In (1x)] — XAS} + Gs
b, 122U, AHAS IFEEBT Z L — (EHus —His) B X O T b 17 B'—(=Sps —
SLs) Th %, LETHANZLDIT, KET/MTEBNTUL, HAEFEHOKRE S, $2b5, HF
BRORKE S, p2LoTEIN, ZOEBKEWVITE, RN HRIZVEMEIN TN D Z &
(272 %,

1.4 SNGIENE 2122

HRCBY . Wi, EJ1, ALFBREE L W o T AMGIC Ko T B O - EROHE O EE
YOI % BHETAFFEIT. TFEOLS: - MEEOFFICIN T, FERICEE R L 72
S TWD, ZAUT, T2 BBRICIN 2 T, AM5IT K D O FIE A Fea RO o —
T A AT VLA 72 O TIEHEBICEN S A REMEZ D TN D72 Th 5 16l

1.4.1 eI 2

HRFHC L > THEOIRIEEZEZ 2WE L LCiE, 74 b e v s Eidhsmg
HALMONTWVWD, 74 M7 a3y 7 FORRIFIEFICES, K<mbhl7+ ~7
By I ThLT YN UE, 1834 DG P 1937 FDOIEIGHIC X 5 a4 b
DOWE RO Y | FREINTENIEEMESTTH D,

ZOXE T, HRHFHIEE L TOREEZEZ D L9 0y FICBET 2878, RWELZH LT
WD, I, FTETEAICHFENMTDONA TV D, ZHUE, JEIC & 5 OGE -~y
AIBLER, T LWV F a2 G L £ 5 &V L FPRBLER SO FRERA BE 72 &~ )ik B~ W7
mE, SEIERBERICESC LD THY | FERRMIEIITONTWDFTLLE VR D, 5
B ARTeT I RUBAIARSFTHY . HRINTSE L T AKRE b T o AR Z B



DLWV NEERRTN, MR WE L, SRR, B, G L. FEFICSIRITE
STRY, o, TOMELIEIETHD, LTI, W OMBlERT,

T RTFT IRV p-7 0T =)L (TTE-CANE., FEFITREANHFGE STV D KD

AT ToH DA IR EFRGELE LTHEIT 2T F I F 7 70 L (TTRHEMLE .

BIZRERE LTHERT 57 17 =L (CAEMLNGRY | ERFHNIISZE LT, EREENIT

S - A iR (N BB 2 £ TS P, Z o, IEFICEETH D &0 ) FF
Hofth, E-MEFEEETHLH D &V FHEEHZ T 0, TTF-CA I, FEHICHBERE L
ISENE e R ESITWD, £o, TTF 2w+ LTE, ey TTR-7 h 737

JF¥ )AL (TTR-TCNQ)R®, B AT F L PF A-TTF(BEDT-TTR) AR ENR BN TEY .
INHDRFIZONTS, FBAITHIZENTHOIL TV D,

Fio, F~v=U A bHFE BLOT VARG DET 3 0ROE®RIL, fidk-7ELT

7 AFHE COMEES 24 U 5 P, KWEIX, 7 Vv— L AT 4 A7 OFEEMEHI AW HT
BY. BOALRNIEEEDEDO—D>ThDH L E XD,

SBESERIZBWTIE, KiFR A B Uiis® (light-induced excited spin state trapping; LIESST) 73
BEANTRFR SN T WD, 208 BT, KA B AREED S & A B RBE~D YIRS & 521k

THV, 1984 (2, Decurtin 23, AE U7 B AF— \—ZRTEAKTH 5[Fe'(1-propyl-
tetrazole)s](BFs) Z# W CTIX U o T L 7o B, F 72 1996 FI1T, BA L IX
Ko2Co14[Fe(CN)e]ICFWV T, SEMUHIC L5, WKIEBIRE DM E, B LU, BbOHEKEZ#E]
HIU/- 08— oHGuE, SEREIZ LY CoMis(S=0)-Fe's(S=0)7>5 Co''ns(S=3/2)-Fe'"'is(S=1/2)
~O CTIST BAELTZZ LI D bDTH D, BIFRETIE, &7 EEHEEEAZ A
TEMBINCE S HIGEB G2 LHMRE L THBY  FTH FeoswMnos[Cr(CN)s]7.5H20 (&
BT D MR (1997 4F)BI°. Fez[Nb(CN)g] (4-pyridinealdoxime)s2H20 (Z451F %5 LIESST
(ZHD < BREEVE (2011 ARl &N o Te BB T, A AR & LT AU SRERT TH
HEINELOTHD, T, UHZEETIE, 2010 FIC, SRMBHFHISE L CTHERE &R
T BILT ¥ o OFATHTH HA-TisOsZ A LT D, Ziuk, Bk e L C=IRTHhAl

WEZRTHID TOFIE LT, HHEZBO TV SRl

1.4.2 AL BRI E M [Ha22]

% < OEEMEHZIBW T, ZOWBRAEE L, BEEROINT O FRIBRE DR EEZZIT 720,
T A F R FE Vo TR, EEONIICE TEAT L Z ENTERWNZDHT
bb, —H, WERICHAEZET 2 L2 2WEIL. 290 LIALFEIMENSICBEAT S Z
LTEDD, TOYMEMEFEREIISET D AlREME L2 A L T\ 2,

AL AT D EUREN, BIERTIZA R0 1 o TR 2 B AT &0 D BIZ T,
18 AL DKV EIZIE, PA T A+ (A2nO-AlLOsy SiO2wWH20, A IZ 7 /v H U I F A )T H
WS STz 2l SRR 51T DAL RO W NLICEI T 2RI, B EBEAT A b
ZHWTITOILTE 223, 1980 4F R A > Thvh, Flanigen 512X > T, U Vigb7r v =



T LAPBER SV CLARE, BB RS & R o 72 ) (open-framework inorganic materials) 3
MZERRSIND X 21720 B = b & WIS S AT D K D272 o7, — 5,
LD TIX. T ADYCERHER ST~ >72b DD, 1959 HiTid, %L
PEOHEERTH % . [Cu(NOs)(adiponitrile)]n PRI E STV D, ZAIEDSERD T AW
Rt 7 1, 1979 4212 PBA 128\ T NoXv Ar 72 EOE RN S Siviz 2 & 2 JeBiT &
LT, 1990 FRICAS THLEAIITOND L DIl o7, OIS &, Robson 5
X % Cu'[4,474” 4 tetracyanotetraphenylmethane] BF s XCeHsNO, 0 7 = A o Az #a [22d] ) &5 (2
& % [Cd" (4,4 -bipyridine) 1D fitiEAEH 22e1 0 JEJI1 512 K % {[M2(4,4"-bipyridine)3(NO3)4]}xH20
(M: Co, Ni, Zn)D 77 A 75 22072 B3 | MRV TS Sz, 29 L7eWERHT, BIfETIE %
FLPEREZ E 4y (porous coordination polymer; PCP) & FEIZN D L 9 Ic72 > TWb, LinL, =
9 LIZMIEICBW T, 7 L — AT — 7 Th HBREANROYIEDZEAIZ OV TIE, #EimSh
T I ol

—J5. kRO X 57, MOF & HWHF5E L i3Blic, o FREMIRD S T, BRAR Y
(magnetic sponge) & FEIEAL 2 WVEREIC ISV T, BERFFED K 3 F D IIZ & & 72 - TS
HREFNERE S TR Y 2 (R & LT 1997 4RI A & 7z [CoCu(N,N*-bis(2-carboxy-
phenyl)oxamido)(H20)4]2 H20 23281F 541 5 122N,

IO LW ROP T, 2004 FIZHFRENS, ZHAMO S THIEERTH 5 PBA,
Co[Cr(CN)e]zH20 (ZFW T, WEICISE T HREMEBIG 2w U7z B, Z ik, sEikhoze
BUZAK D S 4, Co A A v DENIENAENTHZLIZED | TeBIUBIbORE &
WAL LT, LW OBMETH D, AHFFRICKHE T, YRR T, ZiE2 b o7 T /446
TG BEE IR A VT IR A M (Co2[ND(CN)s] 8H20)R1 77 )L o — )L ZK UG B hd it
(Cus[W(CN)s](pyrimidine),-8H,0)[15¢1 % # 15 | T & 7=,

PCP @438 Clix. {Fe(pyrazine)[M"(CN)4]} (M: Ni, Pd, P23 T, CS2X° COp, B 7z
EDIREMEDNHE S TR Y P2 AV PR BN EMEIL R IZRE A RFFERRE & 72 > T D,

1.5 CoW $5{RIZ F6 1T 2 BB ENE 2 &' 52 D < FHERE Bl G 210-21d]

VTV BERERSEROT TS, AT X VT ) BT AT UWY(CN)gP & Co'EFLAG D
WA, LIXUIE CTIST IZESHEER Z/R T, Ziud, HAEIREN TZE TH
%, Colns-WY B 72 548 (miRAE) & IR CLE ThH 5 Co'lls-WVr 572 548 (KR
DO COMIBBEHRTH S (THEZDhsBLWIs i, ZNENEA L REER LKA
EURREER R T), Tt UTOLIRAI=XLTEL D, £7. @iEMA»SEIEMD
HLREAZ DWW TR IREDK FIZ LV (1 DDETD Co'lrs 2> D WY~ LBl L (charge transfer),
Collhs-WVDEIREBIZ 2 D, T DR, COMTEAE L DHENLETHDH DT, AL VG
(spin transition) 23 2E U, CoMis-WV & 72 %, 2, (KIRFED & SR~ OB IZ BV TR, 1R
FEDEFIZ LT, Coisr b WVA~DEFBEI L. £HIZfHi< Colisnrb Collis~D AL
R NAE L2 (X 1.14), H¥AF7E= L Y 2003 4412, Co' & [WY(CN)s]* IZ 3-cyanopyridine % #H



KA HE TR CsCo[W(CN)s](3-cyanopyridine)H20 (X 1.15 35 L 8 1.16)15K 3 i X ¢
LIk, 2006 421X, pyrimidine & #l7xA >t 7= Cos[W(CN)s]2(pyrimidine)s6H.0 (X 1.17
LU 118)PWIAHE L TVWD, IBHIZ, ThbDA 7 X7 /7 CoW g8kI%, KR T, Y
FRSRHT 0 FEREMER D B IRBEMERIZZEAb T 5 . HFHRBBEMBIS 2~ T, Zaud, (RIRAEIC
BT, WG Cois~D MMCT Zihie 3 26232 2 &2k b, CTIST Z4 U %,
HFFE CTISTICE D LD TH 5,

A7 2T ) CoW & @SR Cos[WY(CN)s]2(4-methylpyridine), (pyrimidine),-xH,Ol2la.211]
EHT, ELERROMRICBWT, #7437 / CoW &J@EslA Cos[WY(CN)s]2(4-methyl-
pyridine)z2(pyrimidine)2 xH20 % &% L. + OIREMEREZE OFHIE J OEREHR S O#H
EATo T, AREEERIT., WEORSICEI Y, mEM (3C0"hs(S=3/2)-2WVY(S=1/2)) & Xk
(C0'"ps(S=3/2)-2C0'""5(S=0)-2W"V(S=0)) DE] TP, CTIST (25D < FHERBBIS 2 7~ 3 (X 1.19),
Z OAEIRAT. FRIEATEH D3, 2KITBWT, 785nm DA REK 5 L ARSI
FE (Tc)48K, fRRET) (He) 27000 Oe &7, GREEMEIA L 72D (X 1.20), ZHH D TcB LW
Held, Wi btttk s L Qi EiRmofficd 5,

1.6 HEY

AT T, 7/ 2ET 4 B S5 Cos[WVY(CN)s]2(4-methylpyridine),(pyrimidine)2xH,O %
HWT, Z ORISR O EISENEC OV TR, BN RBLE D 2 OS2
WCOWTEELL T H L2 AL LTHIEAED T,
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1.3 PBA Oiffiibt#iE. (2) Ma"[Me"'(CN)slas. B LT, (b) AMA'[Ms"(CN)s]. (a)F5 & T¥(b)
DIRFFEREIL, ENENZE R 4f 3 LOBE R 49 1I2H5<,

Reprinted with permission from T. Matsuda, H. Tokoro, M. Shiro, K. Hashimoto, S. Ohkoshi, Acta
Cryst., E64, i11-i12, (2008). Copyright International Union of Crystallography 2008.

Reprinted with permission from S. Ohkoshi, S. Saito, T. Matsuda, T. Nuida, H. Tokoro, J. Phys. Chem.
C, 112, 13095-13098 (2008). Copyright 2008, American Chemical Society.
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Square antiprism

1.4 &7 227 7 $EKOEY 9 2RI,
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150 Jotr 7 A% —EER Mnl'g[WV(CN)g]s(C2H50H)2412C2Hs0H.
Reprinted with permission from Z. Zhong, H. Seino, Y. Mizobe, M. Hidai, A. Fujishima, S. Ohkoshi,
K. Hashimoto, J. Am. Chem. Soc., 122, 2952-2953(2000). Copyright 2008, American Chemical

Society.
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2,2 -bipyridyl

_______ ' ” | ”"

Vi

NRES R RN

1.6 1 ITHUREER Mn"2[W'V(CN)s](2,2°-bipyridyl)>'10H,0.
Reproduced with permission of the International Union of Crystallography. Copyright 2008,

American Chemical Society.
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(b)

1.7 2 R iR EE R SmIW(CN)s]5H20. (a) a filiz» 5 FL7=X, L, (b) ¢ filids 5 J7=[X.
Reprinted with permission from T. Hozumi, S. Ohkoshi, Y. Arimoto, H. Seino, Y. Mizobe, K.
Hashimoto, J. Phys. Chem. B, 107, 11571-11574(2003). Copyright 2008, American Chemical Society.

16



(a)

1.83 Wtk v b U — 27 4kEE AR Mn'3[WVY(CN)s]2(pyrimidine)s6H20. (a) a il & .72 X,
BEW, (b) c il & R 7.

Reprinted with permission from T. Kashiwagi, S. Ohkoshi, H. Seino, Y. Mizobe, K. Hashimoto, J. Am.
Chem. Soc., 126, 5024-5025(2004). Copyright 2008, American Chemical Society.
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-, PYrimidine

19 R 7 v A A —=—N"—H{E L2+ 3 KRty Y — 27 REK

Cu"'s[WVY(CN)s]a(pyrimidine)s-8H20. FREDAHRE THEV 7= F %, i

BAENDELEET.

-
—

H. Tokoro, N. Ozaki, S. Ohkoshi, Cryst. Growth Des.,

12, 2013-2017(2012). Copyright 2008, American Chemical Society.

Reprinted with permission from R. Yamada
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1

propanoll

1

pyrimidine

3k xy U — 7 KK

PE LM B & & R

S
=

VIS

Cus[W(CN)sg]2(pyrimidine)2-8H20.

110 7 b 2 —

, T. Hozumi, M. Shiro, K.

Y. Tsunobuchi, H. Takahashi

Hashimoto, J. Am. Chem. Soc., 129, 3084-3085(2007). Copyright 2008, American Chemical

Society.

Reprinted with permission from S. Ohkoshi
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Fe",s Fe”,,s
warming
— — | = | + +
H A |
S=0 cooling S=2
low spin state high spin state

LI2Fe"f e BIFAAY 7 v A4 —3—,
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NH NH
HsN |{ ;_N |( iIH
sN—Ru' — — Rul'— NHg
| M
AN NHg AN N,

1.13 Creutz-Taube A 4.
Reprinted with permission from C. Creutz, H. Taube, J. Am. Chem. Soc., 91, 3988-3989(1969).
Copyright 2008, American Chemical Society.
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HT phase

ook W cob W
—_ li —
4 = e |4 =
| |
| -H- -H- _H_ | charge transfer -H- -H- + +
I S= S=0 I S=3/2 S=1/2
‘ spin transition f spin transition
h e T
N - 1 s - I
— ; 1 R— I
- — warming ! - + — :
+H +H + +H charge transfer : +H H —f— :
S=0 S=0 1 S=1/2 S=1/2 1
LT phase

1.14 CoW ERIZEB 1T 5 CTSIT D A B =X A,
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(b)

115 #27 %7 7 CoW #E{& CsCo[W(CN)8](3-cyanopyridine), Dt i, (a) ¢ #ih, B &
O, (b) b #2572 X,

Reprinted with permission from Y. Arimoto, S. Ohkoshi, Z. J. Zhong, H. Seino, Y. Mizobe, and K.
Hashimoto, J. Am. Chem. Soc., 125, 9240(2003). Copyright 2008, American Chemical Society.
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116 427 %27 7 CoW #1K CsCo[W(CN)s](3-cyanopyridine)2 (23517 5. (a) {EEFHERR .
BLO, (b) SemetEBis.

Reprinted with permission from Y. Arimoto, S. Ohkoshi, Z. J. Zhong, H. Seino, Y. Mizobe, and K.
Hashimoto, J. Am. Chem. Soc., 125, 9240(2003). Copyright 2008, American Chemical Society.
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117 F27 %7 7 CoW $E{K Cos[W(CN)8]2(pyrimidine)46H,0 Dt i, (a) a fifl, ¥ &
WY, (b) ¢ il & HL 7= [X].

Reprinted with permission from S. Ohkoshi, Y. Hamada, T. Matsuda, Y. Tsunobuchi, and H. Tokoro,
Chem. Mater., 20, 3048(2008). Copyright 2008, American Chemical Society.
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118 A7 %7 7 CoW (A Cos[W(CN)s].(3-cyanopyridine)2 (2517 5, (a) TEEFERR .
BLOL (b) SemetEBis.

Reprinted with permission from S. Ohkoshi, Y. Hamada, T. Matsuda, Y. Tsunobuchi, and H. Tokoro,
Chem. Mater., 20, 3048(2008). Copyright 2008, American Chemical Society.
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120 150 180 210 240 270 300
Temperature / K

119 #7 % 27 7 $EK Cos[WY(CN)s]2(4-methylpyridine) (pyrimidine) > xH20 (2 81F % .
FRERREHISR.

Reprinted with permission from N. Ozaki, H. Tokoro, Y. Hamada, A. Namai, T. Matsuda, S. Kaneko,
and S. Ohkoshi, Adv. Funct. Mater., 22, 2089(2012).
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1.20 #7 %27 7 $EK Cos[WY(CN)s]2(4-methylpyridine) (pyrimidine) > xH20 (2 81F % .
GBI, () W T ARG h#R, B KON (b) 2 K23 1T 2 Webh-Refb s

Reprinted with permission from N. Ozaki, H. Tokoro, Y. Hamada, A. Namai, T. Matsuda, S. Kaneko,
and S. Ohkoshi, Adv. Funct. Mater., 22, 2089(2012).
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Chapter 2:
Humidity dependent thermal phase transition in

an octacyano Co-W bimetal assembly

A U H =3y MARICHEHT 2 _FBALBORIEIHFLNTWRNWIZD | AREIZOW T,

NG
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Chapter 3:
Thermodynamical study of the phase transition in

an octacyano Co-W bimetal assembly

A U H =3y MARICHEHT 2 _FBAEBORIEI LN TWRWIZD | AFEIZOW T,

NG

59



Chapter 4.

Summary and prospective

AT TIE, 7 7 R & EEIRTH 5. Cos[WY(CN)s](4-methylpyridine).-
(pyrimidine)2xH20 Z 5 L, & OWREESEME A Gt L7z,
BEICBWLTE, AEEEROGHRBLOF v 77 X UV E— 3 VRV, GRS X OHEER
ZEOW LSBT~ Tz, REEERIL, 3oty hU—ZROWEEZ A LTV | ik
HIZIFZEILBTFAE L, MK EENTND LWV Z E¥bh oz, ZOREEKIT, BEIC
JE U TBRBLE Au, 2SR, ARSI T Tl Adbks 1% ab SElE H G 3 5, i
WT, IR O EINEVEZ R~ & RIS T Cld, BEE X7 U 2 ZDHE/N95 K
(100% RH) — 54 K (5% RH)). 3 X OHIEEBIRE D 5 (195 K (100% RH) — 215 K (5%
RH) 2Bl STz,
f;u< F_F T, RIS L TEUI P RBLE D IEB X OBERE MR T, mEER
A2y Bl E S KO8 Slichter-Drickamer €7 /L&A W I 2 b—3 a3 T KD | KRESERDH
$B$%’7 BT DB 2L E—(AH), EiB= 2 b r B —(AS)., B L OFHAIERH ST A —% ()
L. AH=25.6kImolt, AS=116J K mol?, L, y=9.0kImoltt:kE-7, THIZ
AREEARIZ D TR S BB EMERS, 1B U2k - OB L 5t lRIgh R o2
BIZHESLS DO THHZ EEHLMNIT LT,
PALED X 512, RWFFETIE, SERNERICE < HFENRLPEB T Fr B — s W o T8 7N
TFA—KIZEH L, MEZELSEDLZLICE 2T, ZNHDORT A= EHIE L, Bl
ZEOHIBNILEI L TV D
EF L, BELERROMRICBWTIE, ERoA 7 ¥ 2T ) CoW SEEERDK~DIEME
et U GBI AL D OB Ml R 2 o E L TR 0 | AREEIRIT. B DGR
WAOISEMZRT, 29 LTEANG~DINENET, A7 227 7 SREEAN S £ S E kb
’f%if%:ﬁiﬁi‘fé ZENTEDLA, T, BTICERMEEZA L WD RUCHEEKLTRY, o7
ZEBI & R SR ORRFHED B S BNIEDLSINTFITH D L2 D,
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A

ARG ED HITHT= 0 FoFE LT F2BE & P EIRBREE 2 2 T2 & 0,
THREIHREAG Y £ Lo RBE—Z0RITES BILA B L BT E3, RABREMEY: - 8%
WCHLRZ R D FERICHEE LM RAETEEZ B D2 LN TEX DX, LAENDIEFIZRON
DNDOH LM T —~ & G52 TNk T, £/, ZZILRBxoH, SEIC
HODONLMFTE~DOBE, ZIIZHWE RO 23, FUZETH IWHl#E 720 £ LT,
Xz, HNIOFRICBITAREOMEE 52 T\l E, BEEARRETLHZLENT
TFE L, ERTUEHWZLET,

LFEFEE CTH D FIERFOIHR FHEBFIZIE, FREOZ OmET, D0
MR THREE W EE LT, B2 OWFSEIEENCB W TR, FERICEL TOLEZN G,
FEERO TR, T DOFELOIRELHZTIHEE LT, 70, FERERIIHIZ-T
IFFEATVER OB E LTV & E Lz, Hx BBV, REFH LT £7,

HOAREE ZBhE I, Bx OERR SICEH LT, BIgE b THk STzl
TENEL, REBMEEICRV E L, £lo, MIREOA L AN—DHRBRIEIZH, KEB
WERIZZ2 0 F Uiz, ARSI IR EZ. ool KRR TBI . ML & e,
VEY R T VBT L W o PR E O ETT IR, B2 OFERICB W T 7
B CIWEZ W EE L, 2, HuhZEi2id, B2 DWFEIZONTOT R/3A X
REFEBOMENST R EZ2HZ TV EE Lic, ABMIREZZEETHZENTELDOL, 5
EHFORBEThH T ERGHH L TEBY £,

A CHoTmmB R Ald, EERE2AET D E L LICHF L., MmAFREEIC
BEaBLE LN, KETOEREFIZTHICo0, KR&ERALe LT,

MRBO®RETHD, HHE <A, HFHEEV XIS A, RAEARB A, BEAREA
SHUBARE LS A, BIRFES A, KAERRS A, MBI < Ay BRI A, /N
<h, REFEELS Ay REFHIS A, PBFE—-< AL BTEFERS A, AR AL a7k
S ADOTL BT HRIE, FUTE > TRWHIMIZAR Y £ LTz,

Fio. SRRSO AN TH D8R < AR KT /NSIFEE), MTEER
< AVHEFRT: BHFESR), Bk AOUNRT: KRBIFER). KITF— < AGUEHRS
AENZERZEENTIL, SR T RS AR FRICB T 2 RESCT A Ay a vy #i@L
TR L, RERFIMIZR D £ LT,

% DY T IVD TR & LTI 720 T2 UK H R R R A BT B T
FEO RGN LET,

&%IZ, HOWAHE TIE X 2, InEL Tz, 12, #HEE R, #2100
ELT, XA TLEE o722 TONTEH L ET,

Rk 26 4E 12 A RIR -
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