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1.1 43 FREMEAR~D IR

ERFEFOdEBETERIEIEL. HDWVITART OV ERRIE T EE TS T
PEALEWIE, RIE LICEF AV ATHRT D2 R 2 & DN B AL, o FReE
BREFEINTWA[L], 57 FEMEERDZ < 1, &REHATH U | Bl B L OE R
DRI LD SRS EZT T AT HZ LB TEDH2D, AkIEOMLE &
HIZELS MO EE L AR ENTEZ[1,2], #ERICBW T, N E B HicEh<
EEE FIORERT 22 T RS R CGen, MM EMEE L TIEEL T
XM, R, WHEROWRATY —FHOLDIC, AV hr=J A5 Fx
L7 ha =7 A EBEICBWE B THA 213 U &5 0 TR IR O A2
BB I TWD[3], FRRE, B EONGIC L DD A A
vF U T HEREED TV DLHEO—D>TH H[4-7],

AW TIE, BT DOYUTEVICERBRAE U ZHOFMEAY 7 T A X —(T
EFHL, ZFHEOY T ) BESEIR D R v R ORI AAERIZ DUV T E A
EIGD DMK EBRENE LT 21T o7z, S HIT, e E L LT, B
BREERTH LTIV T T —EHWT, T EZICLD2BALDAA v
F o TR IR T A FR L 2 0@ EA R LT,

1.2 WSS

FFNICEANI UG SN T2 B OEBR SRR T 2 5 Lk 2 2 ER S B IEE &
MRS, 2 < OHEEBRCRBISKIT. EBERFETO d BEFOARAEIHEKT S
FRAME A2 R TN, A FICB W TEB O B REE T LR L TV A EBAITIE, A
B — A UM A BN TAT (RBEVERY) F 73RO T (OTREBEERY) 1B
T DRI B 72 B EAE A MEN < 729012, AR L 1T B DR B 2 R
ZEMHMBITWS[L,

WWMEA Y 7 7 AKX —[8-18]1%., WHLMEH.O &R DR A A DJE 0 D RE
BN I LD BONTMEO SR TH Y, 7 7 A X —OERENE W=,
P ORER AR EAER B — RN E R B, Z DT KR O
B CIR R BB KR F N E CIZ S < PO A E O LRHFEAAEH O
HCAEHBEZROV R DEBMEZTRTZERMBINTND[19], -,
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1993 (2 1L, o SR TH D Mni 7 7 A Z — (Mn12012(CH3CO00)16(H20)42 *
2CH3COOH) 7% 4 K L FIZB W THMERER e A7 U U A &R T 2 LA S
. TIVETONNVT AL R (BRRIZBWTEDR) 5 — 2> CTla &
LTS5 F ) 1A (SMM) & L THDYEZIBRTUT2[20], Mniz 7 7 A X% —(%,
450 Mn(IV)A A2 LIEFEDPOHERSILD F 2 /S U HEDJE D 12 8 2D Mn(lI)
AT U PRI T2 U CEAL L7-EE T, 4 DD Mn(IV)A 7 > D3gRpMERIIC
FHAAER L. 8 2O Mn(ll)A 4> BZFUTHR U CRBBEMERIZH BE/ERT 5 2
IR, DFEREDIEEAE N ST=10 & K& 2D, AVVRKREL, A
DRERP G NHENEZ D200, AU NEREEENKE <720, SMM FF
PERBND Z ERH LN >TWND, ZOWEE 51T, RERKIEALY U2 FH
THERR I TAZ—%EGHRTH I &L, MIESBHICBITL—20EE 725
TEY ., SMM R OREKFERN Z 7~ T #H1AR[15,16]° SMM TIE72 WA ELK 72 FLJE
AV EHT DY T AX—[13,14,17 2113 WF5EE 12 L 0 Bl &, & ORKRHE
(CBLER SRR - T D, RIFETIE, HRMEAE L 7 T A X —|ZBITH A —
AV U ORI EERZA NI T 57D, BRARENE & Z O
kD7 e —F Rl AT,

2E BARAE
21 BRBODER LBANFHE L DREFR[22-24]

ARET. WEOIREN LK LR T20IE) 23X —DB(bETH D, =
DIREZACITHE D TR X —DELE L V) DIE, K —E D% TIIWNHEET %
NE—U, EHN—EDOZRTIET L XN E—H OB EICHY T 5, KE—ED%R
TN LT —U OIRELETH D EBEAREC, = (QU/IT)y >, £/)—1E
DR TIET 2NV E—H DIREEITH 2 EEARREC, = (0H/0T), N EFHE S
b, B OBEENETIE, EN—ETHEEITI -, =X L E—%ilE
ORI L LTHEL., EEAERC,Z/(D 2 LI 5,

BRENELANEL, ZI0OROT U ZLE—H, = b E—S LU HEL
NFEFEERETDHENTE D, m 2k, EEAFEOERNND, ELE
RECHFZRET KN T KETHEL, BRERESTHE, =X LE—%1
AH G565,

T
AH = H(T,) — H(T,) =f deT

T,
$72C, =T(0S/0T), 72D T, WE T1 K25 T KIZBIF 5T e —21k
AS 1%

Tz C TZ
AS = S(T,) — S(Ty) = f FPdT = f C, dInT

T T;
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ERODHZLEMWTE D,

BLERNZ L2, = b —b  REWRT 2008 L0 O DR 72K EE
B(BHE) X, AvYy <~ OFRBIZE > T TFO X ) ICBEMtTF 5T,
S = kgTlnW
Lo T, IRENK, LKIZEBWTED S DREENZNEN W, W2 Th

HETDHE,
W,
AS = S(T,) — S(T,) = kgTln—
Wi
MK LD, ZORNG, HAHIREFK O b o v — DL &% EE &1 E
IZE D RDIUL, BERADIREBROZ LA EHGEGR TE 5 2 &b b,

211 FEHARIZ K DBAFEFEDOIY HV[22,24,25]
BURBERETHRLE L TWDEDIE, 7TARY R E NalF R OR+ %
72X T OEAIRTH L7200, BN 58158, IMNL LRS- 0+ oM
ZOHLOTIEL . TNONEEIREL R A DOBEMRMN RS D U % Bk
LCW5b, 2O X5 EMRNZBAEZ ., RO - 50 E/ERT 5
L OB RRIE L U CEE R E M X BT 5 2 LI RRETS A, Feit
ERAWDHZ LT, ~ 7 a2 RO HHREOHHEE LY i1« 01D 7 o lpBig
IZEDSWTHEFETHZ LN TE D,

FROEY HBHEFVF—EHIREEZTXTHIZEL, FIREEX1=1,2,3, &4
i, RETi O XV —EGMEN E & T DEE. 7 =N EBEENT,

Z=) exp(~Ei/ksT)

CEREIND, = ANVSEEE Z L ZDOFD 1 mol H7-0 A~V LKLY TR
VX —FIZIXBL T D X 9 22 BfRA Ak Y SEo,
F = —NAkBTan

LMo T, ~IVARLVLY =R —2 AL, = brbE—S, A= x/L
X—U, TEARECYy LU TO X IR L BE T A Z N TE S,

oF
S=- (ﬁ)v
5 dlnZ
UzNﬂﬂ’(mJV
ou
b= (ﬁ)v



ZOXIT, REMRT DIRAEZEIDFOHLOHBEICHIET D= FRLF—
EAHEN B ThIE, AR ERS IO FHENFIR TE 52 8005,

212 BEEREDORK

BVEREDRE RO —2I, /meik & B0 BUZ K 5 = /L — it
(IR 22D, 5O N 2BVERR L OB FRERIIR MR T 220
WEDbLOH bW HHHAEDHFGZRM LIZETH 5 A72[22],

7o & ZIE FEERTPORT O FRENC BRI 2 BVE B 248 T BV B Clatice &
FFOY, EDEERTHBII SN D bEANRRERETH D, TEARE C, 2|l
ELIESGAEIC, b LAESROWEN AR TE T AL 2 b 058103, A
EUHHEICHKRLIEY g v PR —BERR EOBMKEVE R Cug 15, HFEE
H Cuattice & FEZEALIZ X DIZIEIE Coxpand (Cp-CyH1E) 1 ZJ2E LA DY THIE
sNho,

Cp = Qattice T Cexpand + Cmag

F 7RG T S DR DML Z A AT IS H R L7l R s &
Cus B, [BEETNHET LR TILEFARENBHSND Z L1225, HIE
L7ZEEBRREN S KO H 5 HHEICHET 2R BELZEUICHBETE N
X, T2 o3 T D= R UX —ENIEEICE T MR AR/ N TED L
MrEsid, —H. oW HAREOTEN —RICBI SN TLE S 72HIT,
B 2 B HEHROBKF & L ZNLS (TR E) L ORBERREETH 5
ZEbEabhb, Ebbiv, HHEICKT ARRENRNE WD B D7D
2. BUEENEIT, AR TR F D MR EZ D, #Kdh. &maof. &S
T ERGT. BT I v AR ESHEMDOTHWONLHEEE o TN
5

BRENEORBE LTH ) —2FF o b Dk, EEENTITOKT R
X —fHIR B D RENE W £ TH D, DEREEKOXOEN S| /HELRIEkE
FOZE ORISR IAEEICHT HHFGDEZRLF—THHITEREL
RHZEIZHEBTHA O, EDI | 57 FRMERD X O 225l /e = L % — HEAL
BEE AT 2RI L TARENETE L7 Ve —FThdLEER D,



2.2 HHRMEZEEEORIBARE

221 HKIBAEELIT
BIRXEOHMRE—A Y PG LIEAREL F & O TR E Chag & FE5,
RDOELOAY VHBEISHIE L o kL X — RS A ROk L =BV R BT hH
D WHEA Y 7 T A2 —DGEITIE, AV — A B ORI BA/ERIIC
Bk 2y ay A —BFENBHISND (222 H) , b RICrER
FHAEAER N R SEAIIE, WA 2 & T R — R P AR R
EREABAREE—7 L LTRIETE 5[22],

222 vay hF—BEERE

A CHENLD J DN, RV T —YEN OB A RIRICH KT 5 BRF =I1T, HEIR
BN REE R D FERE L ITRERFENRES BRIV gy M —EARE
FEBRRENBHI SN D,

OB TITE TR OHER HENROY g v hF—EARFRICOWTHRT 5,

MR DY 5[22]

M B wo D FLEEIENL & | FREEHENL > & o 1)L 23— D3 ey 1 O B w, O b AL
MOAERL SN D ZYENCRICH KT 23 3 v P —BREEOBGRNZ R,
ZOZYEN b O F OB EHET D &

1
7 = 2 wiexp(—¢&;/kgT) = wy + wiexp(— &, /kgT)

i=0

L%, Lo T, FBIEENZ & DHERpy X

Po = Wy + wiexp(—&,/kgT)
JhCIRAE 2 & D Fp, 1T
w,exp(— &, /kgT)
P1 =

 wp + wyexp(— & /kgT)

LERIND,

L7=BoT, 204070 1mol H7-0 ONERT R /LF—1X, =R LF—DHFHE
BT A Rz AT, UITFTOXIICHETE 5,



1
Yico€iwiexp(—&;/kgT)  Nagywiexp(—e;/kgT)

U=N, z &pi =N, =
A ipi A i1=o w;exp(—¢&;/kgT) wo + wexp(— &, /kgT)

i=0
BNEIL, ROTRLF—DIREZETH D20, EEBERIL,
C = (6_U) _ NAglzﬂ exp(e; /kgT)
Y aT /)y kgT wq[1+ (wo/w,)exp(e/kgT)]?
_a (g)z wo exp(6/T)
T/ w;i[1+ (wo/w1)exp(8/T)]?

EREIND, T T, 6 =g /kpld. BJEWEN & FHELHENL D T RV F— e % keK
TRLIEMTHD, Vay N —BREOREKRGFEEZEN T/ olcxt L Tr 1
v M U7z (Figure 1-1) , Z 2 TlE, AEREER L OURAIREEDOME EE Db wo /
0L TNV TN D DFIERT, FHR SN BB EOIRERGFEICER TS &
WD wol 01 IZBNWTH, T/I6~0FHETIHIFEA L 0SB EN, T/
OENMNZAENEIIZHE R L, Z0B P00 LTERZ 0 1I2ffing LTl
ZEmbnd, ROV a3y X —EEEORIEME (T - 0) & &k
(T - o0) IZHIT DML, UTOXTERT L2 08 TE S,
2

L8
Cy(T = 0) = RZ—O(T) exp(=8/T)

2
Cy(T = ) = Rwow; (wg + wy) 2 (%)
va v bF—EAERIL, KIEMIR Cliexp(—=8/T)/T?IZAFI LT 0 1242 =
&L EIROMRIR TIIT 2B L 0 IZHna 325 Z &3 bnd,
ZOEIRTORREORDIT, 2 LR 52 B 0LAREN ZOEEERA D5 D
FWNWTHDH, TOIRY ELREHNARTEOZ XL —EAMIZ ERRSH 5
e, TOmiETIE T X TOREBNRTIARZITHBLT 5 L2257, NET
FNAF—PIEE—E L 2D, BVEEIT, BEENMICHE) =3 VX —DB(LETH
DTz, AREMARTIEIEIRICZAIFEAREIT 0 IS5 ke n, &
BRUCBIH SN O2MEORAREIT, WEOSEIERHAHAEND OFEN K S
NDT=0, B 72 A REN RITIFIE L7\ [25], A B MG 7 A TRE O =3 v
F—RELNPENDRVABHERNGFET 2WEOEITFAREZHET D L, IRE
L BITHIMT AR FEERED BIZ, 2509 TYa vy FF—AKEEN
B ., HomEmETIEZEOFEIR UT2IZHE LT LTn,



ST HENLROT L b B —(,

Np& w exp(— &, /kgT)
T(wo + wyexp(— & /kgT))
ERIN, REBIWEHEROWBTOZ b E—|ZLLTFTO L D ITHEETE 5,

U
S = kgNjInZ + T= RIn[wy + wiexp(— &, /kgT)] +

S(T - 0) = Rlnw,

S(T -» ©) = RIn(wy + w4)
CHIFFESICANLVY = DFEFZOLEOTHY, = ba = BEIRA AR
RROBDHFOLND Z L ZRLTWD, EEEMIHKE L THRWIGA (0 =1) .
S(T - 0) = 0L B =R R Y 72, = b B —21kIZAS = RIn(w, +
w) ETRD, —h, BEENOMENMR-NOGAICIEIT=0K TER= tu
E—Rlnw 3% 5 Z &7 %, MR LD QEMENZ N RIZHOWVWT Y, %
T 2N O XNV —FEEEPBEA ThIVUL, B FHEZE T L
MAEETH 5,

PR RN W
WN R R

JEEEE
(1 I | R | I |

Cy/R

Figure 1-1 Schottky heat capacity of a two-level system for several values of wo / w1.

vay hRF—ERFEIL, BFAVYVELIIBAY A2 OR TEILLBHIESN
526, 27, BoNT=va v X —EAEEIIXNT 5 H B EOUENAEE 2 KL
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TWAHTD, WYUNMENT 21T 5 2 & THMEIEZIRET 57 A —4—%155
TENTED, HHMEAY V7 T AX —ORKREEREZTE LT CX X, X
EUEN ZRET H A ORI EIER N7 A — 2 —J o8 v iR
DREESERETEDHAREMERD L7720, BALRAE L & bITiThbn b Z &N
2], FTEAEVETED S OFHERLOAE CEMICHKT S 3 v X
—WREAEENBI SN HE BERESHHERL CWRITE, A ZEE
25+1 (kT Ay b E—RINRS + D)ME 5N D LHIFF SN D,

2.3 BARHIEFIER22,23]

AREITIE, AU THW AR ENETE (WEER JORERE) 1I2o0 T
B IRSR

231 BEVEICX2BREBAEORE

EEBEEOEFR

C. = (aH)
P \ar/,

MO LN LY, EEAREIZT VXL E—DIREMSTHD, Lo
T, HHEE TK IZBITAEFAREIT, =LV E—ZREOBEBTELE
A R R 2 VT,

oo (HTHAT) —HDY _AHY L AQ
P~ 4 AT ) = Ao (E)p = ATS0 (E)

ERINDDT, ATHHRITHWSTIUEL, LU RO ALY 32,

AQ
&~ (a7)
L7eino> T, R EZRDDHTZDIZIE, HOBEHORE IO RIVX—AQ &
REHS KO Wc B 2 BRI, ENTETRENZILT 50 (AT ZHET T
X, 27 LRBHZ B 2 bl 2 L — 35k & BV DR E EFIZ DA H
&, A8 & OBEDO 0 BLD H3EE Z 5 72 WL R T AuE 72 5 7e vy, ik
(X, BB L OB ZHERF L 22N D, —EEOE 5 2 | IMEFTH% ORELE
fbzEt=4—925FETHD,
BOEHRRIED B VA 62006 & — F — R TMEVE B4 U, R 1 2INEVE & T
L. FOBCEERREEIC 72 5 & CRET 256 25 2 5, MEGT & INEEIZBT 5
BV OIREZACE INERER (¢ + t) /20 R E THISN T D Z & T, INEBHRRF D
I T & NEVE TIRFDIREE Tr 2R E L, AT 2155, IEUC LV 52 b 8VE
AQ 1T, REHZH-Z b7z AQ 1F, E— X —HUCEER I M LI=%H6. £EUz

8



EEE V., B LM EZAt=t,—t; T DHE.AQ=1-V-AtTH D, LT=
Mo T, SEERRET = (Ty + Tp) /210 381F 2 LB 8C, (T,
1-V-At

C,(T") =

AT

EFDHLENTE D,

Figure 1.1 The procedure to determine the temperatures before T; and after T heating in
adiabatic calorimetry.

FERRIZIE, BB A o T e L 2R OBE &2 JIE L, BlaHE L2stke L
DHDOBEREDFHE2FZ LI 2L d, T0D, AEEZE ¢ BELS
SLABRTIWTEENRKREL RS> TLEIORT AV v R ThDH, L, RibdT
LREANE 7 I EE T, BB OBVREME NI ER I EL 52 CLE
9 DITKE L, NSRSV TECEERIREE 2 ) E T 5 WriBE 2132 OB 7RV,
AN, WIBMED R b EMERBREENEOND VI TH S, F 72 IR
REIZE D £ THIBVRIEN R - COIUE, — R OB HIE TE 5, Wi
BB TR O EE 2O, BV NICEHRE LB L3+ 45 5 O IRERE D 24
S EG T L O IIRERIET S Z L TH D, BAOE, B, sfEmz 57
DI, BVEFHIIF S ESERTLRBBRINTWD N, 2 2 TIHZOFEMITEI =T
5[] ABFETIL, PrBAFsEBERR OW BB EE 2 O CIEZ{To 72, 2D
BEFH IR, BB VICIRPUREF 2 0 1T 520 Tidde <, B LR TIREIZ
flfEniz7ay 7 OIREZIET 5 (RERXEE) LT, ke ro/h il
AP L TR, Mkt v 408 (<100mg) THE L BAREZHE
THIENARETH S,



232 BRFEIZ K AEEERIEDRE22,23]

BREIL, 3Rt E Z DA 0 OBURPENCES < fEE SETIREET, B R T —v
e —F—THEAL, RELEZDME 0 OBBOMICHOTNCREEZE L S8
oG E, INEGTOE FAREED D INEVR I EFIRBICE D £ TOBRORARER
JOBUBHRE ORI L (BEf) Z3RMICllET 5 2 & T, REIOBFENE S
NWOHREETH D,
BURDIREN To, REIB L ORE AT —VOREN T T, BMzER kK TEIH
AV T HEE. BEE Cld, EDKRME(LE B2 bNT-8EQ ZHWT
dTr

%(E)=Q—HT—R)
EREND, Lo T, B OIREE ORI Z L 2 25 lETHIE, BE &
KDHZ ENTED, B, ZNEERBEHERET AL THY | B LB AT —
P OB IR EONG AL, X0 B RIS R D,
FEFmEIL, UhgE B mg) OREBIOEEARERENFETH D Z ENAKRE A
AUy FTHDH, HIETIE, Quantum Design £ PPMS 7 & i il 0D HE & A3 J
LCnb70, BFEREZHM & L2WEE bfiEICHlE T, K< NS
NTNW5, He 7 74 A A% v hEHAWIUE, 035 K ETHIERRETHD Z &,
FHSE T CORENEIIITZAD Z ENnD, BEROBABAEENTICE
WTREERITH 5,

3F ARFSCOHFFEHEE

KAFZETIE, BWIEAE 7 T 22 —0 A WG RS I T OREKER 1 O
ZRH, LFOMEE T o7z, B2 TIX, ERBRAVUMEREEL b8k 42 %
T 7 ZEAE 8 IR [{Fe" (hydrotris(pyrazolyl)borate)(CN)s}2s{Fe"'(H20)-}e{Fe"'(1,3-
di(4-pyridyl)propane)(H20)}12(CFsSOs)s] * 46H,0[1] (LAF Fear $51K)  (Fesr $5H1A)
&L OS8R 14 BT ) BRIESER (Few $f(K) DAV U ENREEL I
PICT DD NG DWREAEEZRE LT, Zb 2 o08RiL, EH66 1
A UMREEPBD TREWVWRMEEER T, ERR= bt —2NG L7ty
g v hF—HOMKBRELBN Lz, FIHHRAE U HOBKEIMHEE/E- O
BHTAEUHENNFIRTEDLEEZ, AVUAIN =T U EHFEDORT F L
EFETNVEHANT, va vy MR —BREARE L WALROE T VRN 23 A T,
FIETIE, EROT gy bR KR END AV REBEE~D, TV
(ZARAF L 72 WS e 3k A iz, 26 2 S CHUD ] D KR E LR D X 9 IZ R34k
TETIVOFIRNHE L DIGA . BT V& AW TN 5B O R 21 B 12 Hfdifb
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LTLEW, BONTEHERNETNVOREZZITTLEIZ N Z2bD, 2
ORJEZEfRT 5725, MEM (\gKkT> hbu b —ik) 27030 X AZEHAL
TEBRZ Fea $ERDOBEREE B HIRIEE E~OBEELEBEZITV, T MK
fFL7a\ “FERO” A RREEEZG5 22 BRE L,

AT, SRS EDR AT Y —~DISH 2 &I, #6537 ) BAES R
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52 &
A 7 TR Y —ERDBKBRR L+
DFFEHT

4E  Fim

4.1 2 HOBIE

B2 TR, _mEOEBMEAY Y2 T X2 — L LT,
[{Fe"(hydrotris(pyrazolyl)borate)(CN)s}2s{Fe""'(H.0)-}s{Fe""(1,3-di(4-
pyridyl)propane)(H20)}12(CF3sSO3)s] + 46H.0[1] ( LA T Fesw 8 K ) &
[Fe''(Tp)(CN)s]s[Fe (dimethylsulfoxide)(H20)]2[Fe''(dimethylsulfoxide)(H20)]s (LA T
Feis $51K) OREREE ERTE & OATIZOW TN T 5, #1442 CN T
BAIZEG S NTCE R — VRO LA TH O | WHMETLICHRT 2EKR
AV URREEZ S o TV D, RBFETIE, 85RO R ¥ A LUKt
B2 E T BREFENE & ALREZ1T 57,

42 FEERYY S=45% b0k 2T ) BEIEEEER]
421 Fen LD
FPIATHIE TS STz Feg $EIR O & 2 ORI HOW T 5 [1],
Fes SEMIZ, 42 [EDEA A 28 CNIE CEANIZUE ST, FED @V ERIR D
AV TAL =TS (Figure2-1(a)) . £HIE, HEOEKD 6 FLALEEA
{Fe"'(Tp)(CN)s}  (Tp = hydrotris(pyrazolyl)borate (Figure 2-1(b)) ) &
Fe''(CFsS03)2. 1,3-di(4-pyridyl)propane (LLF dpp (Figure 2-1(c)) ) % /K¥&EH
THOEMNT THOERBSE D Z L T FendE2 AR Lz, W= Tp Bchi+
X, &RV 7 AZ—IZ L Wb s =R 1[2,3] (Figure 2-1(b)) T
H 0 {Fe"(Tp)(CN)s} £&K D 3 2D CNHEIT AT cis HFLE & 72> T D,
B ONTALEMITAKTNAKEK 50 77 F& A TEB Y . SEITHFZETlE, 12 R EIR
THEZZH% D 18 KFNIT SV TR 21T > TUW A [1],
X BRAE S ERENT OFE R, 42D 5> B 28 HOEA A 1%, TpBchr v (3fD
A7) & 3-25MD CN D C RuH TR S 7= {Fe(Tp)(CN)s}~ = MIH KT
%o FED 18D H B, 6 HDOEA A 1E 2 >DEIK H0 & 450 CNFEDO N
K] TR S TE Y ({Fe(H20)2(NC)s}) . %Y 12 {EIX dpp Bdhz 1 (1 A
) & 15D H0, BELO 459D CN o> N Rl THIAL
({Fe(dpp)(H20)(NC)a}) Eiv. WFHOEA > bbb A B A\ 6 il
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frL7poTWa, ZEMBERL PR3N TH Y | D TRHMER EW T — B D5y 7

Thd, F1nFELY EOEBRBTLEGZTLOX, ZhETOTT /R

&7 7 AX—DOFRTHLEBTLOE L TIERKE > TWD[4-6], 81 A
ELL EDOENL T TN SV D Fegr F/ r—13, E+6 D74 ThbH 7=

b, BAIGM AT DI, 6 DD CFsS0s 7 =4 3 [Fes]™ 7 — T D JE D |
EET %,

(@)
A
b S Pss
Bl N A T
LA K
— IR P e
=S
D (S a8
»
(b) (c)
.. H
EN/\ o~ /N
N—B—N
= | \N/ —
:N/N - p—
\

N/

Figure 2-1 (a) Structure of single [Fes.] nanocage. Fe'' and Fe'" ions as green and violet balls,
respectively; (b) chemical structure of hydrotris(pyrazolyl)borate (Tp); (c) chemical structure of
hydrotris(pyrazolyl)borate (dpp); (d) Structure of {Fe(Tp)(CN)s} unit[1].

422 Fen8EEo 2 v iREE

£ 513, Fes * 18H0 FHADBA Al & 2 & REEICOW TR ZG 5720, #
KD e A ZANT U =27 bz FRICEB W TIE L2 [1], 557 A AN
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DU — AT fUE, RAE REE (S=0) DFe'" A A EEmAE L IREE (S =
5/2) © Fe" A A HRD “FIEOWNEMSRELIZF T Ly NI TE, 20
SREEHE s O SRRl D HeAs Fe'™tS: Fe'™MS = 055 : 0.45 ~ 24 : 18 & RAEH H T,
24 {ED{Fe(Tp)(CN)s} == MDA A 21X, CN ED C KB X T
WA=, CN EOTHLUE~DEEA 42 O d B OWHEIZ LY ty BENZE
FELURAE U RRER & 0T W e, 24 fEO{Fe(Tp)(CN)s}= = F DFk
AT NIEAE L REE (S=0) D Fel' A A, #%% 18 > CN KD N KAl
NLTZ8A A ITm A IREE (S=52) @ Fe'" A 4 ThD ERTESNT,
Fes SEIRD X BRBUL AT RV, KA REE (S=0) O Fe' 4 A %25
Ko[Fe"S(Tp)(CN)s[IZFEEL L T2 Z & RO —2 L L THEITF LTV D

ZOERITE T, & EREOOIIIETH D, ATHIE THAE ST Fes
A DORML B % Figure 2-2 128 L7z, BANERIME T, mm&%%k%<&é
[ZOFUEAL AR L, B=5T TIIRERfgfbzZ R LT\ 5, ZOHIKRIC
wTM@%EO@iB@@mXE/%%(S5m<D%m4ﬁ/T%D @ﬁ
WAk DL g =2 & LTo8a O BMERAL O @S 3BT 2 RIRME (-~ 90us) &
I —FHT 3, LML, S=5R DA LDOT ) 27 LA 18 1% L7 HEE T
I3 RS ek fé@%@@%@fi%ﬁﬁf%@wf“?w \ZAF(ET 5 18
B D S=52 DAY NI AER L, 0+ 2 CTHRIEA Y 5 Sr=45
IR DEREMED A Y U HERN A AET D & %ﬂﬁ%i<ﬁﬁ?%é*&ﬁ%i
SINTWVD (J=0.047kseK) . ZOLEMEFEEI LT T/ BERALE S T Th
5 Fe'Fe" 77 o T —id, o) —IRE T <42KIZBWT, CNHEDO N R
SN EINL S 7= A B L ARRED Fe(l) A A > (S=5/2) 73 gk ErI AR BAEH
USRBSTHE &2 7~ [7]e X A sa & AT 70 | Fea $HIRICZ I 1T 2 Blr B2 D Fe(1N)
A F U ORBEN T VT TN —IZ BT S RIFRE TH 5720, Fea &K
IZBWTH Fe(lll) A A BUTIERBEMERIMH BAERAMEI < Z & idbo b b LN
FATHIFE CEIRENTWB[L], £7- Aravena H1E, Z OFEDGFRMEN S, A E
VOB BRI A 2 FEO/RT A —F — (J1...{Fe"(H20)2(NC)4} &
{Fe"(dpp)(H20)(NC)s} @ Fe(lll) 4 A > ] © ZHH BAEH | J..2 DD
{Fe"'(dpp)(H20)(NC)a} > Fe(lll)A A L IO AAERH) TRITEX D EE X,
DFT #5217V, ILBEEOREEIC ) b 5T, B bNT-/3T A — & — | I5hkirt
BITHDHERELTNDH[B], HEA LM Sr=45 LW IH T, L E TIolmE
ENT 0 FREMEIRIC B W CBIER KDE TH 5[9-15],
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wb /[

208/ o O observed in Fe,,

1 —— Brillouin (isolated S = 45)
—— Brillouin (eighteen S = 5/2)
— fitting(J = 0.047 kgK)

0 1 2 3 4 5
B/T

Figure 2-2 Magnetization versus external magnetic field curve for Fes-18H,O complex at 2
K[1].

4.3 r—URIG AT T ) BRIES AR
43.1 FeuSEERDOEE L A REE[16]

Feq $SAD —[m 0 /NS IELULA & LT, 8143 T ) G S58E k% L
0 &HIF D, Feudliihix, 14 HOEA 4 M CN A 42 TG S-S 1%kik
T, D LB RO r — 0RO 51T 5[16] (Figure 2-3(a)) . Fes $f
RERUL, TUNKRFZOEBIE O NER LT-FBE TH 0 . B X i
fEMT D 14 B OEKA A D H B, FendkiREF U<, BEDOED 6 Bifrghik
{Fe(Tp)(CN)s} == R[2]8 N7 — P DTESICNAE LTV D, ED D 6 DDk
A A%, CNEED N K & Bk, B8 EOXDMSO (dimethylsulfoxide) OfigE
JEAAIZENL S 7U72 {Fe(H20)(DMSO)Y(NC)3} = = h DJE TH — ¥ O 1H O M LML
EIFET D, raelRe LT, S HER S — o oxt Mgt B =nla] 5%
HhoTW5D (ZMEER3)  (Figure 2-3(b)) , FHELL7=mL N FRO 7 —2 D 14
BaBEHERE LT, SHOKAE L RIED Fe(lll) A 4> (S=1/2) & 6D
Cu(l)A A (S=12) OB EINT=U T /484 14 85K
[(Tp)s(H20)6Cu'lsFe's(CN)24](C104)4-
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12H,0-2(CH3CH,)20 NS SN TWA[LT7], D4 Fi. 14T _RToLED
DRAE U EH T, %maw@m&% WCHAEEHT D Z & TRIEAE VN Sr=
7T DR Z RS, F T EBREV « W& TSI RFRIC TN oy s (28
RE Immm) T 51 %ﬁﬁb%T ﬁXE/h B Fe(lID)A A I ZHIEE
EPFIET D T2 OITHER R T ENTFE L. T<3 K TOARFBLRREIZ L0 i
SERMPBHI S TND [17],

A A DA LA IREEZ N D T2 O12, 1R D 1L Fers $5IKRD 2 A
N T —=ZA_X7 MVERIE LT, 100K BLTIZ kmfﬁgmtx~7kw
ﬁXEV%%(&w)®%mMﬁV'%Xt/ﬁ%(S2)@RmMﬁv
A IRIE (S=5/2) D Fe(l)A AL HERDOE — 7 I CE . TOHEL
MOEEA A DB, §EITEAE REE (S=0) D Fe(ID)A A2, 2 @i A
EREE (S=2) D Fe(ll)A A2, 555 4 HD Fe(ll)A A4 > IidmA B REE (S
=52) THHZLEVNHLMNIR o=, ZORENDL, CN D C RIANBNL
SIFLTVD 8 fH D {Fe(Tp)(CN)3} == FHMEARE RRE (S=0) D Fe(I)A A
Vo MBFEOEDIZE, 2HOEmAE L RE (S=2) @ Fe(I)A 4 & 4 HDE
AEREE (S=5/2) @ Fe(ll)A A PET D EBZXHNTWD (Figure 2-
3(a) .

(@) (b)

Figure 2-3 (a) Structure of single [Fe1s] nanocage. 2 high-spin Fe' (S = 2) and Fe!"' (S = 5/2) ions were
expressed as blue balls. 8 low-spin Fe!' ions (S = 0) were expressed as violet balls; (b) Structure of single
[Fe14] nanocage viewed along the 3-fold rotoinversion axis.

44  HFFEBH - BHFFOEE

Fes SERDREME A0 5 DIE, 18 HDE A B L ARHED Fe(lIl) A 4> (S=5/2)
THDHNE, FendlRII AV U MEEEN(2S + 1) ~ #9100 JK & Hizsb TR E WK
MEERTHY, KBTI ZOAE U HENIZHEKT DV a v hF—TROKE 722
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WRBEENPHFEND, 72 Fen iR L —EID /NS 2B OERTT 7 5846
PR TH D Feudtith s, 2HORmAE L D Fe(I) A A (§=2) & 4fHDOEA
B D Fe(lI)A A (§=52) IZHRKRTDHRERAL AEEE (52X6*
=32400) b O, K& a v P —HEKARENBHISND EE XD
Nice Feqa 7 T AX— LG LT-5GED, 7T AX—DW A XI5 L OVE M H
DOFEWPHEREEIZ & 9 B Z 5 2 2 70MT DV T BBRZEN,

AAFFE Tl Fes $5IK L Few $EAD A v AT IS K ORERAFIEZ B B 2T
R WL OO & T TR EZJIE LTz, £72 Feus SERIZDOWNT
ITH T, SQUID BRGHI L AMKMEL B I /o7, HFoNlova v b¥
— RS I L UL OIREE - SR FEMEZ | SR A B W ORI
HAERH OB ZEE LT VTN L. T DiEimaiT o7,
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S5E  EFRESEEEOBIETIFEOETFIE
5.1 Heisenberg-Dirac-Van Vleck ®EA BN\ )V h =T
DI HE ISR A T DEEATAET D SR DL PR BT &7 &
BNFREROV I ab—ya UEIT O TR, B2 L7c A e Ut ok
SHFEHEAERZET UL LAY NIV h=T U R RE . AE VMO xR
NEX—[EEEEZELZEDBNEL IND,
EFHH RS AR O TAE CHEN SR T X 55/ 1213%, Heisenberg-
Dirac-Van Vleck (HDVV) B2 I h=7 RN LiFLiFHVWLNS
[18,19].

Hypyy = -2 zjijgi -5

(i)

TS, GIEENENEBA A0, jOAY U AEHBEEE T THY | J;134
BA A 0, jOAE KM OZBMHEFEHORE IZRT XTI A—F—Th
Do Jij <072 BIEA B RIS b SHEAEH S RREEVERY, J; > 072 B1E
PREEMER R AAERNIZTE 6V TWnWA Z LR L TW5, N ofik, MHALE
FCHIEN -, @EITRBED A % (i, WL CHESND,

52 MFEETI

A HEN DT RNV —EHAEEGDL O, —fRIITAE AL =T
VESHAA LIRS MR B A0, WL ONDEAITIL, EORY MLVEESE
FANHEHTE 5, MAETILR021]TIL, ZEERDO A 7 T A X — %2k
BT AKAE DR MLVFIZIER E > T, F0O FHETH HDVV A B2
SN F=TUEATHHZ EERHA LT, NIV =T U EEERIC kAL
THZERUICHS Z &N TE D, BEMICW S D0 0flE &I T, £DOFIE
ZoHL X 9,

52,1  EREERLRZODHE
RSB TLE “ob oo EEIKIZOWT,
BN O LT —EFEZ KO L 5 (Figure2-4)
2 ODFEWNEEBA A DAY A EBEEE A& % ]
WENS; (ZIUTHIET 5 A o fMAET s s,
ZITi=12) REFHEAERANT A—F —% J LR T
E. HDVWV AU NIV R=T U FO X5 I8k D
HiliZzzniebz & b,

Figure 2-4. Configuration of

2 spins s1 and s2.

Hypyy = —2/8; - 8,
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O OIZ, ZOEBITFEE TH D, TRDbs;. 088 bICs ThdHET
SR
($1°8) =s(s+1)
($2°8) =s(s+ 1)
N AIVASN
$, L 8,08 %
S

3 +3,
EERTDE. TOFRIL
S2=(8,+58,)%=2s(s+ 1) +2(5;-%)

DEIIFHETE D,
L7zBo T, NIV =T UICEENDZEEEEA 1-S2 L5l s 2o Tk
DEICRETHZENTE D,

Aupyy = —J[$% — 25(s + 1]
T5HE, AV VN O RV —EHEIX

E(S) = —J[S(S+ 1) — 25(s + 1)]
LB D, ZIT, ARV VE TSI

S=s51+5,8+s;—1,--+,[s; —s| = 25,25 —1,-++,0

Th b,

TODHAF LU DAE L DOREENE BITs =1/2THDHHEAITIE, S EAE
% K OEER T DA YN IT A B ZEHIERAE (-ﬂ)kXHV—E@%
HE(S=0)ICRHL, EHELNREERRETHL20LI OFFICL VKRBT 5,
Z DORITHNERREYS B ZEUIN L72GE1iE, BRI A Z ihihm & i —~
VINFAZ LD A UHENNBIENL A~ E R AT NIV =T 0T

H = gugS;B —J[S?* — 2s(s + 1)]
ThHH, TXXF—EHAEEIZUTO LI IELNS,
E(S,Sz) = gusSzB —J[S(S+1) — 2s(s + 1)]

DX, NINM=T UEEERBE AT LR LI TORE
WENOTZ RN X —% ZHHANEH ST A—F—] Zflio TEHHTH LN TE
oo ZORE AWV, HEREHE L O EOWIFHE (=L —F 721301 b)
DOFHEY %2 ) TRIZENTE D10, EHOMKERESCHILEZ Y I 2L
—Yaryl,. xkbELTZIEZRODDLZENAEEE 2D, - BT, fiHEOT=D
WAV EABPELNVRICOWTRLEDN, AV UEFENRELR D K
DLGZETHLRILLY FEmH TE 5,
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6 (b)

Jj<0 J>0
1 - 3
E(L+1) = -] +gusB 5=0 EQ0) = +3)
S=1 1
E(1,0) = _E]
_ 1 -2/ 1
— ) EL-D=—3/~omb [ E(L,+1) = —=] + gugB
' -2/ 2
1
, nS=1 E(10) = 5]
LS5=0 3 "
! E(0,0) = +5J EQ1,-1)= —51 - gugB
exchange external exchange external
interaction magnetic field interaction magnetic field

Figure 2-5. (a)Energy-levels for a pair of s = 1/2 ions undergoing antiferromagnetic exchange (J < 0); (b)
Energy-levels for a pair of s = 1/2 ions undergoing ferromagnetic exchange (J > 0).

522 HWEERLR=Z-SO0HE
AN R L7e K912 HAERA TRIIN A B U B 08513, A X HO
R HAEHREEE A 1 80 72D T, AV UHEADORT MFEEZM> THED
IR —EEEERDO BN D, LLARNS, WEMETLA 3 2L kD%
BEEEIRIIR, O AJERBRE SRS D720 IRPUTOCEHE L 70 D, 7
T, 20X RGATH, AL UVHEFONRT MRS ZFH L TAE WL E
ROLNDILERDDHZ L ER LT,
FF. SR D 3 DR L O A VU AEBBERE T2 FNENS (Fh
IZXIGT D A AEE EE s, 22 Ti=123) . AV i & joo
RPN NN T A =2 —% ] (2 2TG0) =(1,2),(23),(31) EEHKT D &,
HDVV A E 3L b =7 T —fRIC

ﬁHDVV = —2J12851 82 — 2J2382 - $3 — 23183 51
LD,
Figure2-6 ® LK 512, 3 ODAE UV EFESHAEHORE S 2 - UDESELT
“AEERL & HAERRE O Z Kk L CAREL =AF, %0 =
. E=ARO =8 NG, NELD A (Figure 2-6()) O X5
(2. 3ODZHAR BN IEFM T, J; N T RN TRRDEE & DHAIC
X, AV UHETFORY MAFERICLI NIV =T U2 Z LT TER
W LU, Jip =J31 =P SEOGE (2L =ATRICHEY  (Figure 2-
6(b)) ) . DEVAELAINL =T N

Hupyy = =2J (8182 + 83 81) — 2/538, - 83
ThoGEIL, BOoMAC V HEFBIOEA Y U HET

S23 =8, + 85
S=§+5+5;

EERTDHILET, ZXVXF—BHEZELZENTE D,
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THEE R DA LRIFRIT, $38 SO T RAEET D L
8237 = (3243802 = 8," + 85" + 2(5, - 53)
= 52(82 + 1) + 53(83 + 1) + 2(§2 - §3)
§2 = (§1 + 3‘2 + §3)2

= §12 + §22 + §32 + 2(§1 ) §2) + 2(§2 ' §3) + 2(§3 ' §1)

= 51(51 + 1) + 52(52 + 1) + 83(53 + 1) + 2(§1 - §2) + 2(§2 " §3) + 2(§3 " §1)
b, LMo T, NINWM=T U ORAERE “RFHE - CRET D &

ﬁHDVV = _](52 - §12 - 5'232) _]23(5?232 - §22 - §32)
CHEEPITEX D, LEEN-> T, =RV —EHMEIL
E(s33,8) = —=JS(S+ 1) + (J — J23)S23(S23 + 1) +J51(s1 + 1)
+ J23ls2(s2 + 1) + s3(s3 + 1)]

LROBINLD, ZI T,

523 = SZ +S3,SZ +S3 - 1,’”,'82 _S3|

S =53+ 51,53 +51— 1, ]85 — 54
Thb,
EHIT, 3ODAEURHOMAMERANT R CEMTEZAILEIRD. Jip =] =
Jo1 = JBRROSEOEAITIE, AU AL =T U

ﬁHDVV = _2](§1 S+ 3838, +3; §3)
L) ABUNINR=T UL
ﬁHDVV = _](5“2 - §12 - §22 - §32

Tho, LEN->T, =xAF—EAMEL, UTOLI /LD,
E(523,S) = _]S(S + 1) + 51(51 + 1) + 52(52 + 1) + 53(53 + 1)

(@ (b) (©
51 S1 51
J12 Ja1 J ] Ji ]
S S
S 5 s o 2 3
Ja3 >3 Jiz=Js=J51=]
J12 =J31 =]

Figure 2-6. Configurations of 3 spins s1, Sz and Ss.
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ZOFID L ST, FHEERREORFENREWGAE THILIX, AT AL b=
T U %%ﬁﬁ%ﬁL_Izw% BEAMHEZEDZENARETHD, 20X
IIZLTHDVV AE NV b =T Uinh T RVX —[EAEE 15D Tt & 24
FOR7 kviEA 1 (Kambe’s vector-coupling scheme) & L < (37 €5 L
(Kambe model) &9,

ARG TIE, Feq $EIK L Few $EIRDA AR &R L OWMLRDOEAT D 7= D1
HDVV A NI )V =T v EMEET L& -,

6FE Fen $EBEDHMKERE & T DFENT
6.1 SEBBRET V&2 Fea $EARD R v HENEEDFRE]
6.1.1 Feq$EEDE{HA L L S DT XL F—EHFE EST)

Fes $5AICIBWN T, BatEAH - TV D Fe(lll) 1 4> OFEFIRAEIL A & #lEHHE
ZHIZRNWZ ERF BTN D, F 7 Feg $EIRIIM D THRFMED mOERIR D43
FTHY ., SLHRFRE B (H“Fa'ﬁﬁ? Pn3n) 72912, Fe(ll)A 4> HE 1L O
BhHMZ G E) b TORBMEICL VAR IND EMFTE D, LiEnrb,
Fea SEIRICB W TCIIMA R DO T 542 H L DIZEBEET, A HO%ELT
IR EAERTE T CAY U A RBLITE 5 L& 2. LU T D Heisenberg-
Dirac-Van Vleck A &> NI L k=7 2[18,19]

Hypyy = —2 Z]ijgi " Sj

(L,j)

ERWTHNT 21T 272, 2 2°CS;, SjIIHET 28R A 4 DAY U AiER) &
Ji TR Lo @B A A i, jORE RO GBI A/ DORE S TH D,
FHAAERRE Z L OMBAEHORE SNRABTHHDO T, T 2 TSGR
2TV X TORE DN EMICHASEH L TV 5D ERE LT, Fesn $HIRIZ
G END 18MHD Fe(ll)A A > DAY v B+ ETNENS,S,, -+, 81 (K& &
S=52) . KYHHAAERH T A—2—%J RT &, KT

Hupyy = =2J[(S1$2) + (S5 +85) + -+ (S16 - S17) + (S17+ Sis)]
LRIND,
RIS AT - T2 721, im0 hVETV[20,21] (5.2 i) AN T
X, A= 7/%ﬁ%m¢é Ll E ZENTE D,
BRI, FAE U AEfEZ s fLr e LTy, 2fko A&7
¥Sr %
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Sr=81+8,+S3+ S, 4S5+ 86+ S, + S5+ S+ S10+S11 +S12 + S13+ S14 + S5
+ 816+ 517+ Sie
CEFRL, TO_REEHETLHEUTOLIIIRD,
Sr=185(S+ 1) +2(8;-S;) +2(S5 - S3) + -+ 2(S16 - S17) + 2(817 - Sis)
XEHIUT., AP UL R T LIS EN AR EHA BT 2 - LN TX
<.

Aoy = —J {$1° — 18s(s + 1)}

CEXRBTIENTED, LERST, FAVUVEMOT RLX—(Z
E(St) = —J{S:(Sr + 1) —185(S + 1)}
ZZTS=0,1,---,45 Th D,
EROOLND, BT T RTORE CHEMNICHET D ERER DT, HEHE
W% b DB T S 2 LA TE B0, R ALF—EAE ES)IE
E(Sp) = —JSt(Sp+1)  Sp=0,1,--, 45
EERBTED,
W% T CliE, 1K Zeeman ZhRICK Y . AV B STITHHGT D A B HERL
(X, (St+ DENC= R ¥ —23%9 2% (Figure 2.7)
Sy *B

0 e 4

x /
S yu—
e v v o
3 s 4 < 2 "\‘Q-.
b -
A C VAT N 5 gusB
« ¥
. e
'\
B A : Zeeman splitting of a state Sy into

(257 + 1) separate energy levels

45
Mean-field approximation

Figure 2-7. Spin states with resultant spin St for the isotropically-coupled 18-spin system.
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6.1.2 FenSSEDE R L HENL ST DEEE o(S1)[1]

ST Fe(lll)A A O AAER LB THH DT, J>0 THH, KL
A B YUENL ST=45 O BITIZ St=44 705 St=0 12\ = 5 2 H D it A & v HENL
FAET Do 45 STITHHET 2 A B UENL 1T 18 fH D Fell' f A2/ (S = 5/2) D3 2 1 kH
HEHLTAL D7D, 18O AL DWW OHICHIGTHLEELZ O L
E7eb, 18D Fe" £ A (S=5R)NPZHMHEERATHZ LICL VAT D Sr(5
0,1,...45DLZEE o(ST)IX., ~HEHZH T

18 45-5t7
o(Sp) = z(_l)j (1]_8) (18 + (45 - ig)_—lj(s +1) - 1) _ 2 W(Sp+ 1)
j=0 i=1

ERIND, HEAEUMENL Sr=45 X, TXTORE U PIREMERIZEESF
HIETHELDTED, TOLEE 0@b) 131 L7225, FlE LT, AL UHENL St
=43 DL EE o) EFHHET D &

0(43) = (-1° (D) (1)) - (0449 + 0(48)) = 224 — (17 + 1) = 153

2117!

LB, ZHUIXBITE D 18 AOFHHIH LT 2EDOAR—% 1 AH72D 5%
KREBEETHITEHEZLHEOKREFLTHD, EHWTEE L% Sricxht
T HAEUYEN DL EE o(ST)% Table 2-1 12/~ L7,

Table 2-1. Number of state «(Sr) with resultant spin St for the isotropically-coupled 18-spin system.

S (ST) St (ST) St w(ST) St (ST)

45 1 33 29078874 21 27774443277 10 392676859413
44 17 32 63453690 20 40181908509 9 426695558393
43 153 31 132207606 19 56618016741 8 449899657801
42 969 30 263914902 18 77736752533 7 459101687319
41 4845 29 506210445 17 104041015784 6 451692915687
40 20349 28 935234397 16 135767946600 5 425968480377
39 74595 27 1667784813 15 172766272776 4 381394804041
38 244851 26 2875873629 14 214380777864 3 318779108505
37 732717 25 4802666175 13 259362685197 2 240310404873
36 2025533 24 7777835631 12 305826233565 1 149456538666
35 5224525 23 12229269345 11 351270075813 0O 50720602314
34 12671613 22 18686998161
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Table 4-1 CTHEAEINZA STIZHIGT 22 EEIL, 1 IRE—~ 2 ZRICL - T,

—DODLEMIZOX | +gusBSz H*H-gusBSz DSt + EIZHET 5, Li=dio

T, B=0T BT 2RIVEN %2 & D724 StITxind 5 A B REEEL (S
g9(St) = 257 + Dw(St)

ThHH, AVCHBHEIZRTHDLHI-D,

45
ZQ(ST) =618
s=0

D, RaEHWTEHE L g(ST)IE Table 4-2 DY Th 5, FHLET LT
BT, ST=43 xS T DAL UM OE—~ U RO TB XD o(ST) &
g(ST) D BIE % Figure 2-8 [ZX7s L 7=,
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Table 2-2. Density of state g(St) with resultant spin St for the isotropically-coupled 18-spin system.

St 9(S7) St 9(S7) St 9(S7) St 9(S7)
45 91 33 1948284558 21 1194301060911 10 8246214047673
44 1513 32 4124489850 20 1647458248869 9 8107215609467
43 13311 31 8329079178 19 2208102652899 8 7648294182617
42 82365 30 16098809022 18 2876259843721 7 6886525309785
41 402135 29 29866416255 17 3641435552440 6 5872007903931
40 1648269 28 53308360629 16 4480342237800 5 4685653284147
39 5893005 27 91728164715 15 5355754456056 4 3432553236369
38 18853527 26 152421302337 14 6217042558056 3 2231453759535
37 54953775 25 244935974925 13 7002792500319 2 1201552024365
36 147863909 24 381113945919 12 7645655839125 1 448369615998
35 370941275 23 574775659215 11 8079211743699 0 50720602314
34 874341297 22 840914917245
degeneracy
' _ S,=43 w(Sy) N
[—— S;=42 w(Sy)
degeneracy :
g(Sy) W(S)
w(Sy) 87 separate
WSy energy levels
w(Sr)
w(St)
w(43)=153
§(43) = 87 x 153 = 13311
Zeeman splitting of a state S;into
(28 + 1) separate energy levels
Figure 2-8 Spin states with resultant spin St = 43 for the isotropically-coupled 18-spin system.
6.1.3 AEVEEMIZHR T IMIBERBELEIDOV I —Ta Yy
18 fH D S=5/2 DAE DL ANEH/NT A =5 —% 3 (CEHGEE) &L

Te8%a. SRl BEE T

Z(p) = Z w(Sp)e FLE(STSz.B)
i
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ERIND, ZZTRITWIRE (B=1/kgT) . w(SHIFNTROIZAEY L E
JE. AE(St, Sz, BYIFEIEEMND D= KL F—7ET
AE(St,Sz,B) = E(St) — gugSzB — Enin

AHETE S,

E(St) = —JSp(St+ 1)
HIEAE N S=45 ThHIUL, B—~ o nHaeBET 5L, Bl BIZBT 5K
JEHENL 0D T )L F—Epmin 1

Enin = E(45) — 45gugB
ERIND,
A CENIT T D BL B EHR T E AU, MRER & Cmeg 1T

_ 2 0°BF _ 2B (2B

Cmag - kBﬁ a'BZ - NAkBB {Z(ﬁ) Z(ﬁ)

CHETE D, ZZ2TZ(B) = (0Z(B)/3B). Z"(B) = (0%Z(B)/aB>)TH D, K
e CliE. XEH W T Fen iRADMAEARED VI 2 L—a U&7V, FEHI
EIZxt U CHERIER/ D “FiEABA L, T A—X—J %R,
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6.2 EBR

6.2.1 #E
[{Fe'"(hydrotris(pyrazolyl)borate)(CN)s}24{Fe"(H20)-}s{Fe""'(1,3-di(4-pyridyl)
propane)(H20)}12(CF3S0s)e] * 46H20 D ¥y A7kl 2 7=,

ZOFEHZ, UK S8R FIERT 2 RUTAE (BRI B R KT
Ve TREAENDRRMIEL TWeZZ2Web D THhH D, (b7 &, TRHoho
AR T om®mY Th D,

b2 CasoHsasB24F 18Fe42N240085S6

471 E: 13866.19 g mol™!

JCHE AT

Calcd. C, 38.98; H, 3.98; B, 1.87; F, 2.47; Fe, 16.92; N, 24.24; O, 10.15; S, 1.39
Found C, 39.17; H, 3.88; N, 23.93

622 WBEGEIZL D FendbhnEERAREHIE

6.2.2.1 6221 ¥ SV

BR BRI, AFZEE CER L2 WrBVERRIE /L (MC17 BlEs KOV MC9
W) Z T2, [7 DB ARKaEHT DUV T 28R KIS K Ak Fn7e L (MC17 BVERTD) |
EHH (MCY BAER) o lEl, WEEB I o7, T, BRAFHIKFIK
PEBEEL TO TR R EIR L2720 Th D, TICY 7Y v 7 OFE
AN B

IR IN AL

O ELVDOEEREB L OHE

BT, FRNCT O — % — 2 HWTEZEGREZITV, BARKES L —Li
AR, AP LBOEEZHE LT,

B & 5 B BRRIE T, BB & R L O BB A SRR T B 7201, B
(GHEBER L LT Y U LA AREASHIZRIETE AL 2 EHT 2 LEDB D 5.
Z 2T, LTFTOQO~@DEEIEANY 7 LT ANy 7 TiTo 72,

@ vA~OBEKRBEIOY TSV T
TV ERREIZ I 7 0 ANRTF 2T TAN, FOFEEEALEZRBIRET~Y ¥
LT ANy F RO/ NIT o — 2 — 12 LT,

® BREDAFT (MC9 &L TORIED )
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F I — 2 —NIZEKE KK 20 mL DNiX\W o 7234 TS 2 A= Rie T, /Al
T —A—% B LT, K3 B, REE AREKAEHAFEIET-, 1L, Fea
FEAR D KFRDIRAFN AN —EBAK L7-FTREME A BB L TR 2o 77,

@ FEAD L DEH

MARREZ DNV EEZ3mm OA VU ARERWTER L, 1YY
LR ECNERRKE BV DST-DT T v D SIER I Z I, LD 5T & RN
BEHINA LR LE FTAN—THOLZ LIV A T AR LOS
SNEHTE D, BT — IV ENT-BLEANY LT ANy 7060 H L,
HERIANR—=ZHANT, AL LEED LEDICER LT,

® BFE

REEEO-EVOEEEZ K CHE L, BER, ¥LE2T V7 —4—T 30
DEEGERLT-OLIZ, BFEELVOEEATEL, R 2 VN V2RO &
& LT, BEZEEE T AN EBICRE LI RER K EZ RO RS =D Th Db, £2
BHIZH RS CTHEXITHI 2 & T, BANRTFHICEHEIN TV A DA HEND S
ZENTEL, SEOY T U AIZBNTIE, Y 7 AT ZADRIVIHR S
IRhoi-,

©® REIOEEDRE

OTHE L7220/ OBEEGTHE LIZREA Y OARIKOE &5k
WRAHFTE B, FMERNEICHE O TEN R RO AL X < B
ET DO, EOBEREZ ELLBOILENRHDH, £ 2 CHERFOIREE &3
BB 2 W TR EZ1T > 72,

@ HIE
HONTZRAEIDO Ao T2 L WEVRIZVESHZ & 0 DiF, 4-4-2-2 B THIE
1T o7,

6.2.2.2 6.2.2.2 WrBYEIZ X D Fen k0 ERAEHE

WrEWEIZ X D Fear SEIR D E B EHIE T, AMFZE=EBERR O W BV EVEF[20] T
1To72, AKFn7p LooiEHE, Series 1: 9-300 K, Series 2: 50-100 K @ 2 3V — X|Z
DWW THIE U7, BIECHEH L7230k IE, 0.08028 g (5.79 pmol) (7 I E T
) THD,

KFtE OFREHT, BHETEXI2BRET — X550, UFTD 6 v —X|T
BWTHIEZFT-7= (Series 1: 7.5-300 K, Series 2: 147-300 K, Series 3: 270-300 K,
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Series 4: 95-161 K, Series 5: 241-300 K, Series 6: 101-245K) ., HIEICfHEH L 7=k
&iE, 0.03811 g (275 umol)  (FEJIHIEH#) ThH D,

6.23 FEFIBIZ KD Fen B0 BERREHIE

FEFNEIZ K D Fear 85RO EEBSF ERE L, ARUFFEEBER OfF A2 &

(PPMS, Quantum Design) T{T->72, HIINW:Y 0,0.1,0.2,0.5,1,2,5,9T C\_Ob\
T, EEEREIK 1.85 ~ 150 K 1% *He M EIT A7 A, 0.36 ~20 K (FEAEFHTE D
SHe i HIV AT A HWTHIEZIT> 72, HWTEHEBIEIZZNZ4 2.5123 mg
(181 nmol) & 1.1031 mg (79.6 nmol) CTH 5, 7Zeiall&EIT, 22D DSC /3 &k
B2 D72 DSC R OB ELY I 7 v RETHIE L, B0 # E & B = HllE K
DIREE 2 T E 2T WVIRGE LT,

R BAPET, WENEIC X 2B EHIE & Rk, £93 AR, &K EIfFEE
MARRE 2~y MIRICUTHIE L7z,
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6.3 MREBE

6.3.1 FenlStEDEEBEE

6.3.1.1 6.3.1.1 WrEJEIZ X 5 Feu $EEDEEREERE

JKFNETIZHIE L7z Series 1 38 KO8 Series 2, /KFIf4IZIHIE L 7= Series 1 205 6 F
TOETEG &% Figure 2-9 |28 L7z, KFIRTE CHMEZEVIZA G727
7o

KFNZIZBE B2 JE LTalB 2 e ot L7 & 2 A, KRRt GUEFO g1
RE) 1T RFBICHT DHARFEOEE N DT NN L, X0 BEEREICT SV
7o

JKFNET @ C,39.17; H, 3.88; N, 23.93 (H/C =0.099, H/N=0.162, C/N=1.64)
JKFIf% : C,38.58; H,3.93; N, 23.63 (H/C=0.102, H/N=0.166, C/N=1.63)
Caled. C, 38.98; H, 3.98; N, 24.24 (H/C=0.102, H/N=0.164, C/N=1.61)
PLEDFERING . KFNHTH T Fear SER ORI TIZIETEA L L2 A3, AKFI% DO
Bt 575 X0 BAERHAIZ IV & B 2 . TR IR OFUEHT DWW THIIE %
BIlhol,

(@) (b)
20 - - - 20 -
Before hydration | | After hydration
! ! ! ! ! & :
o 15+ B - 15t
i )
E 5
vo10L 0 & E 10 . ——
2% NN Series 1
S 2% Series 2
S oy  |—&— Series 3
Sp g —o— Series 4
—A— Series 1 ‘ —— Ser!es 5
—A— Series 2 i —6— Series 6
0 4 | ] 0 L | n n 3
0 50 100 150 200 250 300 0 100 200 300

T/K

Figure 2-9 Temperature dependence of heat capacity of Fes, complex (a) before and (b) after
hydration measured by the adiabatic method.

6.3.1.2 6.3.1.2 FEFIEIZ L D Fen kD EEREEHE

WrEEIC K D RER & D bl

Feq SEIRDWiENE LAEFIIEIC L D B=0T CTOELEELR E% Figure 2-10 |2/~ L
Too FETRANETHE SN EEESE (PPMS(0T)) 1, WrEWETHIE S
TERBEE L LT 2 A, BEAEOHERERKICBSWTRIER T 7 7 v
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RSN, FEAEICBWTIE, a7y b LB o — S8 [ E iR
BB AENG ST, BAFENNISHIESNDHGERD D, SEELR
ToARRFNEIC K DR BT — X 1%, BURBEOHRHE 2K E L < IRETE S WEE
DT —H XL —H LT, BREOMIMEICE L TEHTE B 26N
%

\z
\z

20

sk

-
o
|

C,/IK mol”
x10°

3 | |—@— PPMS(0T)
L Series 1

| 1 | -=— Series 2
—o— Series 3
—o— Series 4
——— Series 5
—&— Series 6

| |
0 50 100 150 200 250 300

T/K

Figure 2-10 Temperature dependence of heat capacity of Fes> complex measured by the adiabatic method.
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Fea SEIE D E LA B DOIE - BEG KA

WIZ, FEFRUBVESE (PPMS) ZHWTCHIE L7z, Fesn KO ELEEREDIR
FE « B IKATE % Figure 2-11 (233, FUNBES OEE2ZE 2 CTHIEEIT-oT2 & 2
A, EiRfEE (T>40K) TSI R A LT, EITKFARENBIH S
NTWDZ ERLNnd, —J, KEER (T<40K) 2B\ T, HUNEES O
{RIZHE Y AR B OFHE I BN A BTz, Ziud, BESEIINCEE 9 A & o WL
D=~ R EKMLTCEFBHTHY | RIEER T, S FREEICNZ, #
SERENMBNENTWDHZ L EREBL TV,

4

10

=
Ped
103_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
w0t
=]
E
o1
= 10"
‘(}.
o— rrrrrrrrrrrr
10 027
— 05T
Co : : — 1T
AL A S Lo |—2T
10 . | | —>5sT
— 9T
Pl A ; = = = Ciati
o2l il vl il
0.1 1 10 100

T/IK

Figure 2-11 Temperature dependence of heat capacity of Fes2 complex under magnetic field Bof0to 9 T.

R D~ E R BIS A WA AR RO REES Y

WREAEEICOWT I VFEMICEREITO oI, KRTFEEELZAELY, E
BOEERENGZ LG T & THRIABEBFED BRI, Fen ikl
WTHEMEZ D DX 18D Em A B L REE (§=5/2) @D Fe(ll) A 4> ThHT72D
2. BONHMKEERIZ, 18RIN6=268JK moltbd— b —% NG
L7evay N—HEBRELEEZEZ N, R~y ha b —DEICERL
T, TR EZRMEL Y, MKBAREL L7 (Figure2-12) , ZZ T
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X, v a v FEF—EAREITEHEMBIZBNT T2ICHRAIT 2 L &, KB
TERBITREDORFHANREOMBTISREINDZLEEBEL, B=0TIZBIT
LEEBARED 19K 0T —&ZIZxt LT,
Cp = A;T? + AT + AsT7 + A,T® + AsT 2
Z WO i/ Z3RIEIC K D RE AR E LT, 15 DR 500 & ARR AR
(T<195K) DR EIT,
Clattice = A1 T3 + AT + AsT7 + A,T?
LRIND,
EEfl (T>195K) (£B=0T OELEFEDMEN D AT 2% 72 LW fED
FEARELIZFFELVWEEZZDOND, NTRELTAZHNWT, B=0T D7
—AMHYay hER—OFHGERWZT ey MIxt LT, BEOREHE Tt
REIT- 7,
Ciattice = Bo + B1T + B,T? + B3T3 + B,T* + BsT?

AWML CTHWT S TR EOREIILL T OMEY Th 5,
T<19.4808 K

BN T

A; = 0.24235, A, = —0.00058088,

A; = 78776 x 1071°, A4, = —4.4729 x 10710
19.4808 K < T'< 42.5696 K

BN T

B, = —201.03, B, = 7.3957, B, = 3.8888, B; = —0.10605,

B, = 0.0014559, B = —8.7346 X 107°
42.5696 K < T<93.93205 K

RV SIANE

B, = 723.71, B, = —35.787, B, = 3.6395, B; = —0.058329,

B, = 0.00043099, B = —1.2273 x 10~
T>93.93205 K

RV SIANE

B, = —66696, B, = 3008.4, B, = —51.436, B; = 0.44424,

B, = —0.001904, B = 3.2409 x 107
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Fep SERDMAAEE L o B —

13 DAV RN B Cnag DIRE - WG IKAFE % Figure 2-12 (7”7, £3 B=0
TIZBWTIE T=53K#HRETHTn— Rt —r NG oz, £7-HNE
GOWKIZHEW, =27 by IREIBANCY 7 LR b e — 7 m I NE kT
LAEMPBIR SN, ZAUIBHEIINCE 2 A8 L OB —~ o 2l &
D, FLERVENZEUEL LT & X OFKMEN ORI IS E /2 3L — 2380 L
TERERIEEEZOND, ZOLE, ATy b bE—% 036 Kb DRET
frE—tLCrry bT5E, EIRICBWCTEDORS T THHEmE (268K
"mol™) (ZITWMEZRL TV (Figure 2-13) . 20 Z SIRIREO RS k%
AW IBAREORBEL VRO IREELWI EE2RBLTND, EOmE
ZBWTHAh Loy hr E—REEREL VNSV, b HAAKTERED
ALY OREOREL H D0, FREE T TR LN T-EKEEENHIE L
FIREO TR (T=036K) IZBWTHELAROEEZLSZ ENEBEDO—DT
boHrEEZOND, FTEMRERFEOREKRFEZT R Ty h45HE, B=
5T & 9T DEREAEEICEWT, T<1K OIRERIC Z SR OBR G 23R S
A7z (Figure 2-12(b)) . Z OEEF OO —21%, $ouFEOFRINIK Fe i1
DAY CEMIZHKT DV 3 y FEF—BERETH D, “FeJfl IR U I=
12 %#8H5H, BRUIFET D80 2.2%03 Fe TH D E MBI TUV5H[22], Fen
BEARICE 41D 'Fe DA B MENL DY NS & SN 12 L 0 = L& —
NELY gy h—BEENENINDZ EIEHoHY 5D, LrL, SO
HETHR SN ZSE, T=1KETH Y, BREGHS R BT 2 5D IERE
LD HEW[23], TFe A AN T =AY fLE T~1.0K THIETHIE, #
AN [=12 DERNF—HRAOREIDHFELI, ERTELHEE20N
DN, AR TIZTINLLEF K LR,
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Figure 2-12 (a) Magnetic heat capacity of Fes> complex under magnetic field B of 0 to 9 T; (b)
Magnetic heat capacity of Fes» complex under magnetic field B of 0 to 9 T as log-log plot.
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Figure 2-13 Magnetic entropy of Fes, complex under magnetic field Bof0to 9 T.
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632 YEHBEFTALEHWEZY 3 v bR —EKEASERT

Fep A D A B MEN IS LAY VMO ZEMH BE/ERICOWTHREZE D T2
WIZ, v a v X —BREREOMNT 2 AT, Fen kDT a v b F—RX
R EICK LT, 8Tl 7B iR A W 2 IR s IR A A LR
% Figure 2-14 (27 L7z, FUNEEES B=0,0.1,0.2,0.5,1,2,5,9 TIZBW THIE &
NTEBRAREIZOWT, [RRF7 4 v T 4 T & Tolc e T A, gll1 &AM
MHEAER T A =2 —=J1IZFNE g=2.06, J=0.080 kK 5 ON7-, FFiTE
Wt (B=5T,9T) IZB\T, FEZ LI HELTWDLZ D05,

200

g=2.06
J =0.080 kgK

150

-1

-1

Crnag / I K~ mol
[N
o
o

50

Figure 2-14 Simulated and measured magnetic heat capacity of Fes, complex under magnetic
fieldBof0to 9 T.

L OREL < EBPE L BT B72010, FHRED A% Figure 2-15 (07 kL
72,
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Figure 2-15 Simulated magnetic heat capacity of Fes, complex under magnetic field Bof 0to 9
T.

AR SN TBRAREDOIRMEIZB VT, B=0T TiX, T=59K ZTHSA & T
L7 v— R —7 BESNT-, & L CHIMES ORIV, SRR B
BEOE—7 My N7 b LT, ZORE S NZEE EOTE R O E Ot
i, BLOEOBEGHRFHEILERIEZ X < FE L7z,

FIHREENTAREORMIG BT 5 — 7 @SB LT, FrICEmS;
IZHBWT, MxHEIX S E D FEHEEL BB TE TORWA, BERAEMEIL XL < F
Bl L7z, Figure2-151Z/R73N72 L 912, HIMESG OENRE <R HI220 T,
0-0.5 TIZEBWTIIE —2 @I DBEINEG & & BITHE R LI-olIZkt L, £l k
TREE—7@mSBED LTS, ZOzEE)E, Figure 2-12(a)lZor L 72 FERIE O
B - B T2 L BT T 5,

FERME & PG T VIC L DA TR ELS B L0, RSB T 285K
BOMIKIE (I'<2K) OZXF#THD, B=0T OEMOMKEARE L EHEET
NZ X DEHR SN MKER EOREKFYEL Figure 2-16 |27 v v kL7, 52
BOBFFEIL, AW THIE L7 BARIEE T=036 K IZBWTHLHROEEZ B
S TEY | Fen $EED R & AMENL O FLJEAEN AT UL AN S 72 = RV X —1F T
LTWHZEERBELTWS, —F, RSN MKEREIX, BEK T7<0.6
K CIXIEE 0 THY, EIEEZHFHR TE WAL, Zhuk, EHEHEET AT
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%, RHHHANER J ORE—MZ2ED AN TRNWZ0HIZ, 0TIZEWT Sr=45
DIEJEA B HEN Q25+ 1) =91 ME L7REZKE L TWH 2 LICERT S
EEZBNS (Figure2-17) . ZD L 51T, FHGET LV EZHWFRIZ X

D MR EOIRE - BIGERFEZ KRENICHBLT 2 2 LR TE 20, KK
YENIAHED AV N Z IEMEICRBLT D Z LR TE o7, BET > Y LiE
BrRER L, ST B X CHEFEAREORE)—EEZR D IADITET
IVOUCGENTRETE B 26D,

200 - T
—@— Experimantal B=0T
g =2.06,J=0.080 kgK| _
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Figure 2-16 Simulated and measured magnetic heat capacity of Fes, complex under magnetic
fieldB=0T.
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Mean-field approximation Actual spin states
he=hs=he= =] Tz #Jis £ Jsa % 2]
+B degeneracy +B
I — 5;=45 w(Sy) . S,=45
— S,=a4 w(Sy) S;=44
degeneracy P /
g(S) e
T . w(S) == s =1
o Y7 ! w(S;) L 91separate — ‘
— s 570 " energy levels — : Sz=0
S,=45 | ~—— §,=-1 w(Sy) -— S;=-1
s;=44 WIS Vi S7=-44
S;=-45  w(Sy) ' 5= -45
w(45)=1

g(45)=1%x91=91

Zeeman splitting of a state Sy into
(2S+ + 1) separate energy levels

Figure 2-17 Spin states with resultant spin St = 45 for the isotropically-coupled 18-spin system.

WHGET NV ERWEREND, Bon-JBL P gEZHWT, B=0TIZ
BT D4 St BT HARKESRL g(St) (Table 2-2) % JLJEUENL )N DT R L —
AESHIZXT LT e > h L7 (Figure2-18) . Ziud, AV HHEEIIXT S
RHEH L g(E)NZHT20 . K160 keK & D= F VX —HiHIZHTo > T, A
MAFEL TS Z ERRENTVND,

(@) (b)

10

g (E)
x10™

0 40 80 120 160

E /KK

0 40 80 120 160 10
E / kgK

Figure 2-18 (a) Density of states with resultant spin St for the isotropically-coupled 18-spin
system; (b) density of states with resultant spin St for the isotropically-coupled 18-spin system.
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6.4 6 FEDWKRTE

6 FTIL, Fen SEERDEILAFBEDOIRE « WIGKFAMHZREL, 68 bDRA
EMICHKT DV a v hF—RIOBKBARELZBHI L, @A RED
Fe(ll)f 4> (S=5/2) 18D A OS2 ZHAF AAEH DA TAE
NI ARBTX AL LIREL, HDVV AU NI L F=T7 U2V THSES &
DT 21T > 72, 22 TIE, AV — AV U HOZHEAAFHRE O R E S 73
FTRTCEMIRNT A—F—J ThHDHEWVIPEGEPUO T T, NIV =T
EMEETVTCHRE, X VF—EAHEL JORBEKE L TRk, Honl=
INF—[EHEMEESACEMOLZEEZHNT, BROBKEIRELZ VI 2
L— kL& 2 A, BMREEREDIRER X OMIHKFEEZ RENCHBET 5 Z
T LT (g=2.06, J=0.080 kgK) . FR&RN HERE INZBREIL, K
WGIZB T D ENOMKAREZHFE Y HHE TEX TV, FRCB=0TIZE
T AR (T<1K) IZBWT, ZOEWIHETHY ., U EHSEET L
TITIREAREN AT DO A & EN 2 EREICRBLTE TWRWEH T, KHHAALE
RNT A =5 —] DAL= A2 BATILET VOBEENREE B BILD,
ST, 6FETITo72L 912, MBELDETVEHWTHEEE CIRBEEE) 4k
W, TOM Y TEAEEEZ T I 2 b— M5 FEE, ffETCHLI DT K
SHWHNAD, AEIO X HITET/LOFIRNEE LA, T L8
HMEL7ZbDIZ 0 BNH T, Kb SNTZET NN T A —F — L By E
DZLNHEDIZ2>TLENRELETHD. £ THXIT, ETMITKGF LR
RO A NRIEBRE RS D -0, HIE LB AR B DRI E ~D
WEBOFIELRF Lz, ZORNEIZOWTIX, B2 TR T 5,
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7E  Feu SR DRRBEE L T DORENT
71 fREATHIE
71.1 HDVV RV UNIN =T v LEFTNEH N Fers 2 B HERNDORE

Feu $EMICHB W TR AR S DI, 2 oD@ A L REE (S=2) @ Fe(I)A 4
EAODFEBAE LRIE (S=52) D Fe(l)A 4> TdH D, FeudEiRD r— Uk
YERSLHRICRANE T8RS, FEO 6 DO A IS HF RO RLAET 5,
D 8 DDA A NIEAE LIREE (S=0) D Fe(IhA A TH Y, SLHKD
HAIZHTZ D, T 2T, Fen kL FMRIC, MKRETEOTFG X HLDICE
BT, A CHOFETRZHAM AT TAE M 2RI TE D LR
FELT, HDVV AU ALV h=T > (5-1 i) ZHW TR 21772,
2ODEAL IREE (S=2) D Fe(I)A A > DAY U AEEREZZNENS,.
Sy. 4ODEAE L IREE (§=5/2) D Fe(ll)A 4> DAY fiEE&E2 T NE
NS5, Syu Ssu Seb T, TD 6 DDA U ENFIKOE M IEIZE S BE
12, 220D Fe(IDA A DfdEIX, QLo dbolz—o20mb LIiE, @
BT ZOOHDMAELD 8 ) ONERRNE X 5N D, EBRD Fe $5KICE
7% Fe(I)A A > OELEN EFEO 1B D2 HEL L TH D NIFE ST
RV, MHEREVQODOEREN =R LXF —MIICLETH DL EE X, 22 TiX
QDAY UEE A RE L T 21T > 72 (Figure 2-19)

Figure 2-19 Structure of Feis complex and configuration of 6 spins with isotropic exchange
intaractions Jy.iir and Jy-ni.
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ZZTUE, Feadfhk LRI UL, AV U RO%E L2 WA HAFH TA B YE(L

BRIZENTEDHLE L, HDVV AE UL =7 [18,19]1% =,

K AE X ORZWFE AAEARRE ORE Z1X, Fen $5ARDOGA LR, KA

ThHD, FeudbKIZHBIT D2 A HMOERE G, SLHERORmICAET D

Fe(Il)f A > Al 1D A & RO AAEMITZE DIZNICHER TS EH TS &

EZ bbb, £ T, Fe(l)f A & Fe(lll)A A DAY %I & Fe(Ill)A 4>

Ao 2 e xtflo ZREO LB AAFEH N7 A—%— (UnnB X O Jum) T

A UHENNRILTE D LR L, HREETS,

Fe(I) A # > & Fe(ll) A F > DAY O LA AAFH /ST A —F — % Ji,

Fe(Il) 1 A Al =D A B M ORZHF AAER /NT A —F —% Jum & T 5 &

HDVV AU NIV =T Uid, BLTFO XY IcE£END,

Hupyv = —2im-m[ (S5 - 85) + (S3+86) + (8- S5) + (S4- S6) |

_2111—111[(~§1 ) 53) + (~§1 '~§4) + (~§1 §5) + (~§1 '~§6) + (SAz -§3) + (~§2 '§4) + (gz .§5)
+ (8- S6)]

= —2Ji-m(Ss + $4) - (S5 + S6) = 2Ju—m(S1 + $2) - (S5 + 4 + S5 + $5)

712 FEORZ MVEFAZE AR VX —BEHEOHE
=T C. Fen bk & FEEIC DY MLEFL[20211% HN T, B A

BNV =T VRS, GRAY A EREY
St=85+8,+5;+85,+5:+ S

-§12 = §1 +§2
§34 = §3 +§4
Ss6 = S5 + Ss

S3456 = S3+ S, + S5 + S
EEFRTIIL,
A UNIN =T L, PO X YIRS Z LN TE D,

—~ A 2 A 2 ~ 2 A 2 ~ 2 ~A 2
Hypyy = J33 [534 + Ss6 — S3as6 ]"‘]23 [512 + S3456 — St ]

ZZTANLKADERIZIE, LTOAMAE v AiEdiED _FOHENALH
Y

§122 = (gl + SAz)Z = SAlz + SZZ + 2(5"1 ' SAz)
§342 = (§3 + 54)2 = 532 + SA42 + 2(§3 - §4)

s = (Ss+386)° = 85" + 58> +2(Ss - S6)
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P 2 A A A P 2
S3456 = (53 + S4 + 55 + 56)

A 2 A 2 A 2 A 2
=S3 +S4 +55 +S6
£ 2{(S5S2) + (S5 S5) + (S5 S6) + (5a-5) + (B - 86) + (S5 - $0))
Sr' = (S1+ 5, + 85+ S84+ 55 +55)°
= §12 + §22 + §32 + §42 + §52 + SA62
+2{(§1-§2)+(§1.§3)+(§1.§4)+(§1.§5)+(§1.§6)+(§2.§3)+(§2.§4)

+(85-85) + (S2-S6) + (S5-84) + (S5-S5) + (S5 S6) + (S4- Ss)
+ (54_ ) 56) + (55 ' 56)}

L7eRoT, ZORIZBWTH, MfiFET LEHEAL, A UNAILV =TV
ERDIIHLS ZEMAETHY . AEVHEMOT RV X —EAEIZLLTO X
WZhE 265,
E(Stotal S12 S34» Ss6) S3a56) = J33[S34(S34 + 1) + S56(Ss6 + 1) — S3456(S3456 + 1]
+/23[S12(S12 + 1) + S3456(S3456 + 1) — Sp(S7 + 1)]

BACCBEFEDEVELEIZLUTOED TH 5D,
Si2=(05+5,),(5;+S,—1),-,1|5 — S,| =4,3,2,1,0
Sss =(S3+8,),(S3+S,—1),-+,185 —S,] =5,4,3,2,1,0
See = (Ss+S¢), (S5 + S —1),-++,18Ss — S¢| =5,4,3,2,1,0
S3as6 = (S34 + Ss6), (S34 + Ss6 — 1), -+, [S34 — Ss6| = 10,9,-++,1,0
St = (S12 + S3456), (S12 + S3a56 — 1), [S12 — S3456| = 14, 13,--+,1,0

KZ))% 5 Eﬁfoﬁct 5 GC\ 2 OO)&@*HEVE%/\Oﬁ A *57’—]11_111\ ]Ill_lll@fﬁbzi D
T, BAEUEFHSHTHIET D A EN O =R F—FEHHEOEHN K E <
AT D70, BEACCOELETDH, ZONINV =T TRINLDHT
FNX—HEN DI A OME%E J_mns Jn—m & L7 a v b L7z (Figure
2-20)
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Figure 2-20 Simulated ground spin states of Fei4 complex. Ji.ii is the exchange integral between
Fe'"11S jon and Fe"!S ion, and Jum is the exchange integral between Fe'''!'S jons.

ZDXRD Z EhF AN B Z#HUIN L 72858121%, F—REBE—~ 2 RIC K
DAY UYENITHHT D, ST T D A AR, (257 + DfEICc= xR /L¥
— DT DD, BIKOANINV F=T

H = gupSzB + J33[S34(S34 + 1) + Ss6(Ss6 + 1) — S3456(S3456 + 1]

+/23[512(S12 + 1) + S3456(S3456 + 1) — S(St + 1)]

LIb, 2T, S;=80,Sr—1,57—2,-S;—1,-S: T 5,
713 ETNVEAVTEBIEAER X OB DM@
7131 7131 —XVX—EFEEHAWSEEROHE
RO VX—EHAMEEHWVIUL, X TORAE U BHBEEICKINT 2 57E R
IX. Fen $EIRDGE & FIERIC,

Z(B) = z e ~PBAE(ST,512,534,556,53456/52)

L
LREND, TIT, FEAEUHENOILEAEN S DT RILF —FEAE T,
AE(ST' Ser S34: SS6: S3456: SZ) = E(STr SlZv 534r 556: 53456) - g.uBSZB - Emin
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Thon, T T, BEENOZ RV —EHMEEL L. D DOIRZHFAAAFH X
FA—=F =S BE R I DMEIZ LY, EO R HEN N ILEAELL T 5 003
BIp D728, R A AFE R OB A2 BLRE U CIEIRE T & 7220y (Figure
2-20) . &2 T, FeudBROMKER RIS L OBALEOMITIZ I TIEMIE
NEFEREAT BRI, R EFER AT A =2 —DfEE2 2 b S E LT
12, 0TIZBIT DAL HEN. DT F VX —[EGMEE (ST, S12, S34, Ss6) S3456) DK
XX L, RO/ RGN —% L DU FLEHEL E L TR LT,

7.1.3.2 7.1.3.2 BRBABEBDORENT
Fes SR DA EIX. Fen $EIRDIGE L RIERIZ, BT MIESW =R v
HENTAEIE L D |

2 n ’ 2
Coas = ~k* G = Mok’ {Zz<(5>) -(z) }

LRIFETE B,
WA S N VR ThIUE, FHUINEES: B 1B W CTHRIE S v E
BB Cop(B)IBEHTARAT L7\ B B & W5 ok L CRAE 7 28 b & o 1
KEEBEIIDBECX A B OLNS,

Cp (B) = Clattice T Cmag(B)
ZOWGEIZHS E | AL TIZLL T O ZFEO HFIE T F R BEO T 5 %2 B
x| BEREE BT 21T o 72,
—DOHDOFETIE, ETEUNOELERARE Cp 0 DI TR E Catice ¥ AFED
D, ZLBIKZ LT, AV UVHEMICHRT 2K ERELZ LT, Fohk
WRAREDIRE « BRI LT, EER/D “REZEA LT, Zh
X Fen 85K TIT o HIELERIUTH D, & O —DOHFETIE, B BIZBWT
HE SN EERSE L B D0 BICB W THE SHIZEERAREDAELZE
BT 2D &L THRIFAREDTE 2R\, XY roBA IR, 3o kLo
KRR BEDOEIIH D720, NEFKAE BN O 2L —FEAGEZHW
NWIEHET D Z ENARETH D,

AC,(B) = C,(B) — C,(B")

= Cmag(B) — Cmag(B")
AT TIx, EFeo “FEO FIE TN 247, NT A —%— (gfHl. Jiu.
Jum) ERE LT,
7.1.33 7.1.3.3 RiLSEOMENT
Fei4 S O g4k Hh #R O AT

48



AV BEFHS OFBMARO FERENER I, HUIRES: D RIS GBI SN
L., ABVETHS & gETRINDMIRIE gS T 5 Z L85 TWH
%o FE T PMENERGAY Maia I ZAENEREALZR yaia (<0) 1TSS B 20T 7oA TR S
N5, LTeno T, TBMHEERD KENMED T 56 5 O T AR OBAE My IXETINEE
%5 B O RITHE, ARBES AT ILE BB Y Mpara D EIFI O ZF 523 KR E W2
(ZRROBAITHE R U, RGN ERAL 233 CIZ i U7 e iaik T, BoietE
WAt Maia DBESHEAFIEIZ & 0 2RO Mr 2375,
M (B, T) = Mpara(B» T) + Mgia(B) = Mpara(B' T) + xaiaB

WVE O RBEMERAL 281X, Pascal HIIZNG BAFES 5 Z E R AEETH 528, Rax HW
AUR, FEROBAL MR HRTANCE 2 Z L N A[EETH D,

ARG CTlL, WML E g B L O 2 DO ANER/XT A —F —% HW
7= Van-Vleck =

AE(St,S15,S24, Sce, Saace, S
ZSTr512:S34;556:S3456,SZg#BSZeXp(_ (T 12 ?(‘;T56 3456 Z)>
MVV(B’ T) - AE(ST' 512153415561 S34S6ISZ)
25T15121534:556153456ISZeXp - kBT
TE L,

T=2KIZBWTHIE S N EEROBAE My 23

Mr(B, 2 K) = Myy(B, 2 K) + xgiaB
TREENAE L, RN _FT7 4T 40270280 gfE. Juans Jnnis
ydia ZRTE LT,

Fea SR DAL R Ol FE K AFIE

Fes 85 R DIGAL R DI ERIFIEIC OV T B, LR & RIRE I TRt b &
Van Vieck & HWTENT 21T 5 72, E/VBAEER ymlemu mol™'] &I DFE %1k
JEIZR LT 2y b LTz ymT-T 70 v B3,

Napg x 1073 X (Myy(B, T) + x4iaB) o

T
B x 104

XmT(B, T) =

ERINDEL, RN _RT 4 v T 4 T EAToTe, T2 T, B[TIZA]
RS, TIKNXIEE ., NalZ7 RA R @ (= 6.022140857 x
1023 mol™) | w IR —T T (=9.274009994 x 1072* JT™1) TH 5,
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72 EB

721  RAe

AHFFEDORE X, [{Fe"(hydrotris(pyrazolyl)borate)(CN)s}2a{Fe"'(H20)-}s{Fe"'(1,3-
di(4-pyridyl)propane)(H20)}12(CFsSO3)e] + 46H20 DRy ARakF A4 Fv iz,
ZOFRBHZ, JUNKRT SSEME L EITERT ERE TR GRREEL TV
Wb DO Th D, LFR, 2 FEIFLLTO®Y Th b,

{55 CrosHi2sBsFe1aN72012S6
5y -1 3687.4244 g mol!

722  FRFAMEIZ X B EEEEERIE

FEFNEIZ K % Few 85RO EEBR ERIEIL, Fean BHAFERIZ, AMFIEELR
DOFEFIRIEEEF (PPMS, Quantum Design) T1T-> 7=, EINELS 0, 0.01, 0.02,
0.05,0.1,0.2,0.3,0.4,0.5,1,2,5,9 TIZDW\WT, B=0T Ti%, IREEFEK 0.36-200
K. FHLS DRI\ TILIRJEFER 0.36-100 K ICBWTHIEEZ B Z 72 -
7o 7RBIRFEREIK 1.85 ~200 K 1% *He MEIT A7 A, 0.36 ~20 K IFEAEF B
D 3He BHIV AT L HWCTHIEEZIT- T2, HWEREIREIZZNEI 2.5347
mg (687.4 nmol) & 1.1031 mg (2992 nmol) TH Y, T b DT~ A 7 v KFET
LI LTI EZITWDIRE LT, ELLOMEIZBNTH, TE
T 7Y —RERENMIZORTZIREET Addenda HIE 2T 72D HIZ, XL v b
WizLizidBt 2o bic~o v b LARNEZIT> 72,

723 SQUID BERFHT X A RMLERHIE

Fei4 SR DAL DIEIGRATNEIL, RFEPIFTER AT 1 E =P © SQUID
W Et (MPMS XL7AC, Quantum Design) TiT-o72, ikEHI, "YU A I KA
TIVZEEDTIREE CHEKBIEH DA e —o Yy Z@EE L, wxBliEH o3 o
Zay RiZE Do, MEZIT->7c, HWEBE. FRNHEE LzZ2Eo
7NV OERE (37418 mg) ZRAEBIAY OA T NVOEEZZELSIWT, &k
& (14010 mg (3.79 umol) ) ZRD7=,

Feus $EIR DR L h#R 2, IRE T=2K, FIINBS#E B:0-7T CHIE L7=, 7=
WAL R DR ERIFIEIL, B=1 T IZBW THESHH AR L O a BGmAEI 2470,
JEFERESE T7:2-300 K THIE L=, &612, A UREHE AW CTEEROY (B:

0.05,0.1,0.5,1 T) ICBWTREERICHIEZTT> T,
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7.3.1

Feu$aE D a v b X —HIBAAR L KRIMHEE

7.3.1.1 73.1.1 BBREIC K B Feu bl DRRSBAERE

Fers 851K D EJEBE

EOBGIRITE

Figure 2-21 (T Feis 85RO B EER B OWMGIKFEE R LTc, £ 3THIIIEY B=
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Figure 2-21 Temperature dependence of heat capacity of Feis complex under magnetic field B

of 0to 9 T.
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AL THW B EORBRBIILL To@EY Th 5,
7<19.5295 K

AUZFBNT

A, = 0.081346, A, = —0.00028725,

A; =5.826x 1077, A, = —4.8707 x 10710

19.5295 K < T'< 39.7007 K
AUZFBWNT
B, = —16.056, B, = —4.4979, B, = 1.6537, By = —0.059103,
B, = 0.0010689, B; = —7.8331 x 10~°

39.7007 K < T<71.167 K
BN T
By, = —671.02, B, = 75.223, B, = —2.3743, B; = 0.049213,
B, = —0.00050626, Bs = 2.0421 x 107°

T>71.167K
AT T
B, = 11849, B, = —775.71, B, = 20.88, B; = —0.27205,
B, = 0.0017535, Bg = —4.4814 x 107

FeudbhDBAAE &L fo b —

B OHNT-BEREEE % Figure 2-22 IZ/k L7z, 7B B=0T COBKAREIC
XLT, fST 2 bt —2 T=0K b OBRET bob'—L LCEE
T2 &L Smag(0T) = 82.0 K "mol '3 F 541, A BHHEICHIET kKT
YRR E—IGEVMETH 572 (Spag = RIn(5% x 6*) = 86.4JK *mol ™)

B=0T ODMARAREIZBWT, T=35KMTIZBH S —27 %, BGH
IMZHENE—7 by 7N RKE < ERMNZ> 7 L7z (Figure 5-5(a)) . Z AU,
Fea SR THBIAI S N7cD & RIFRIZ, AV EMICHRT 5 3 v b —HRSR
BRBETHD EEZDND, BHEIINCEE S @iEMl~D T 7 ME, A B HENL
DE—< 3 ZUEN, KV BN RIN X —DAE NN E L RoTc Z 2T
*ed %, —7F, B=0T TOMKBAREDKIEM (T=08K) O—7ITHF
HI 2L, 08KUTIZBITALH ENORTRIZHAILTWDZ ENbND
(Figure 2-22(b)) . TREEMEMR, SORBLIMEAR, 7 = VBRI BT 2 KRBk R
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FRFEDNMREE EFICEW R B BN ELN D 5E 1. BMRIRIZE 1T D A BV &
DOIRERFMEIZ, AV VHEOFEEE LTHY ZEnTE, T d: BEET
DWIL, n: REEPERE 1L 7 = VMR TIEn =2, RKIRBEMEARTIEn=1) 2
92 2 E R BILTUWD[24], Few $ER DRSS EE ) B ITARRTTHED - 6
NIRNT2D | 3 RGTI e RBEMEAIIE R O FTREME SRR DL, L L, RIRM (T
=08K) O —71%, DT NREGEHIINCE-T, B—2 by 72MEGIERMANC

WaIZV 7 LG, ©—27 hy TOEPBEIICED L, B>05T TIXIZIE
HIR L7- (Figure 2-22(c)) . Z ORGGEKANEIL, SBATHIIE TS S 7 iR
PSRRI Z B 1T 2 BVE EDZE b & L < —&T 5[25],

WA 7 T 22 —1%, — K2, KA BER D 0N OB
FHAAEANZ AR THIXAIZ /N S Wbz, JER S Cldsy v RFH BEH I X
5 RMBERRFAED B SN WG E NV, TFE, 7T AX =D DN
BWT, WM E—T RN AR oW MM E— S R N S T D

[23,26], ZNHD T T AL —DWRFEEBEOJRIK & LT, RO — AR
A AEH[26] £ 72135+ OBAT IR BAEH[23] TH D & FEENT WD, Feu
BEIRICBWTEI SN T=08K MDD — 71T, TOMBKGEEE2EE 25
&AL B D5y 1R RBIFE BAERNIC & 2 SRR R S AR 2 Rt T 5 Al REME
INTEN, FER DT D121, MBIRE COBKMENLHETH Y . SHBITWVIZ0,
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Figure 2-22 (a) Magnetic heat capacity of Feis complex under magnetic field B of 0 to 9 T; (b)
Magnetic heat capacity of Fe14 complex under magnetic field B of 0 to 9 T as log-log plot; (c)
Field dependence of magnetic heat capacity at low temperatures.
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D Jim < 0. DJnm< 0 732 Jim< 0 D 4380 BNE 2 Hivbd, FESER/N 3
EIATIME DGR DOINRB KOG ON DI KRESEET L7120, o~
EOEIZHWHIEEZ HN D ERH 505, BIRER TIHE Jin & Jum DEO
FEIXZHLHEALZEDHF I ZBARMMTHD, =2 CTlum & JumZEH LT, U
TO 48 OYMEZ AW TR 28472, £7- gEICBE L TE, g=2 ICEE
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NIZNT A—=Z—Z L PITR LT,

O #WHEME (Jnm=+0.3 ksK. Jim=+0.3 ksgK, g=2)
g=2 ZHELIHE

Jum = 0.113 kgK, Jim=0.643 ksK, g=2 (FEE) (* =16240.8)
g=2 IZ[HE LiaW 4 (Figure (a)

Jim = 0.123 kK., Jim = 0.670 ksK., g=1.85 (y*=15766.2)
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g=2 ICHEELLHEE
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g=2 IZ[HE LiaW8 (Figure (b))

Jim = -0.238 kgK. Jum= 0.508 kgK. g=2.77 (*=20740.4)
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g=2 ZHELHE
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Jim = 0.719 kK. Jurm=-0.710 ksK. g=2.43 (> =15486.1)

@ #WHEME (Jnm=-0.3 ksK, Jum=-0.3 ksK, g=2)
g=2 \ZJHE L2 e

Jim = 0.801 kK, Jmm=-0.921 kK, g=2 ([EE) (*=20817.3)
g=2 \CHE L2245 (Figure (d))

Jiem = -0.323 kK, Jum=-0.325 ksK, g=2.37 (> =213345)

ULEOO~@DTF A —Z =533 2 b— F SNTFER (g lEZEE LRV
Be) & E, AIE S TR EVS & A 5L C Figure 2-23 1278 L72,
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Figure 2-23 Simulated and measured magnetic heat capacity of Feis complex under magnetic
field B of 0to 9 T. We used as the initial value of the exchange parameters Jyi.ii and Jyi-ui () Ju-
m = +0.3 keK, Jii.im =+0.3keK; (b) Jim = -0.3 keK, I =+0.3ksK; (€) Ji-n = +0.3 keK, Jurm
=-0.3|(BK; (d) J||.||| =-0.3 kBK, J|||.||| =-0.3kBK.
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1,2,5T) NZELWERE LT, &2 HW TN 217> 72,

72 BR AR B ORNT & FREIZ. AC, (0 DIZOWTIE, BRFEMHOESRNEHNLD
KRR DT — 21T DE N, BABRETITo70OLFRL 4189 OYHIHEE Ji

mBE NI & LTHWE, 560737 A—F—% LI FIZRd,
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g=2 ZHELIHE

Jum = 0.137 kgK, Jmm=0.776 ksK, g=2 (FEE) (*=10343.9)
g=2 2 E LG4 (Figure (a)

Jim = 0.179 kK. Jurm=0.786 kK. g=1.71 (4> =7070.35)

@ #WHEME Unm=-0.3 ksK, Jim=+0.3 kgK. g=2)
g=2 ICHEELLHEE
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2=2 IZ[HE LieW 4 (Figure (b))

Jim = -0.492 kgK. Jum= 0.0669 kgK. g=2.89 (y*=15456.7)
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g=2 ICHEELLHEE
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g=2 \ZHEE L7754 (Figure (d))
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Jim = -0.493 kgK., Jum= 0.0660 ksK. g=2.89 (4> =15456.9)

e BN B O &[RRI, WIHIEIC K> TRARSEISF 672, Figure 2-24
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LR (O~@lE glBZEE LRWGE, @ik g=2 ICEELEA) &%
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Figure 2-24 Simulated and measured AC,, of Feis complex under magnetic field Bof0to 9 T.
We used as the initial value of the exchange parameters Jy.ii and Jui-i () Ji-m = +0.3 kK, Jui-
m =+0.3keK; (b) Ji- = -0.3 keK, Jii-m =+0.3keK; (€) Ji-m = +0.3 keK, - =-0.3keK; (d) Jii-m

=-0.3 kBK, J|||.||| =-0.3|(BK.
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Table 2-3. Fitting parameters of magnetic heat capacities and ACp of Fe1s complex.

OJimn> 0, Jum>0  @Jum<0,Jum>0  OJum<0,Jum>0 @DJum<0, Jum<0

Cinag Jim = 0.123 kgK Jum = -0.238 ksK Jim = 0.719 kgK Jim = -0.323 kgK
Jim = 0.670 kgK Jim = 0.508 kgK Jurm = -0.710 kgK Jurm=-0.325 kgK
g=1.85 g=2.717 g=243 g=2.37

AC, Jim = 0.179 kgK Jir = -0.492 kgK Jim = 0.729 kgK Jim = -0.516 ksK
Jurm = 0.786 ksK Jurm= 0.0669 kK Jim=-0.737 ksK Jim = -0.511 ksK
g=171 g=2.89 g=2.59 g=2
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HOEITK L CRERICHRNT LT/ ICB NI T A—F —2E b7/ T A
— X —% Table2-3 |Z/R L7z, EHLLDEEL, &/ HEIZHO 2 HIHED
EIZ LV B DN S BT,

Table 2-3 725, #FIHIED & @ % AW THE LG AT T g R XU
AN A =2 —1F, Cuaag 0D OENT. AC, D OfEHTE BT, ZNEN
FEFITHENZ ENbNd, FELLOMITICENTH, PIHEOE 10 %
AWy Iab—ra R, IR X U0@% AW -5t RS R I~ SEH)
EExLVHFERTIZZLENTEE, 202D, OFEFRIFOOFER (W=
ETMZEBNT) BONT A= —DEIZEWVE B X B0, LRORRE
AT OFRER DB TEL LN —EICRET D Z IR TH -7, £ T, A4
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Jin-n = 0.0872 keK
ydia=-0.00680 T
BB, FERIOREZ X< FEL L,
@ FHHE (Uim=- 0.3 ksK, Jim=+0.3 kK. g=2. ydia =-0.008 T1)
ZOHEIE, FHREBIUR L7220 o7,

® WIHME (i =+0.3 ksK, Jim=-0.3 ksK, g=2. xdgia=-0.008 T?)
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Figure 2-25 Magnetization versus external magnetic field curve for Fei4 complex at 2 K .
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7.3.22 7.3.2.2 FeuS&EDOBLEDOREKFNE

Fei4 SR DR R DR E R AFM: % Figure 2-26 (2~ L=, £ THUNMEGS B=1T
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Figure 2-26 Field-cooled (FC) and zero-field-cooled (ZFC) magnetization of Feis complex
under magnetic field Bof 1 T.
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KIZBWTHRKESY &5, T<3K TIHREN TR DT, T D30T I
ML TWD, B=01TI(X0.05T LIZIER CREKRGFMEEZ RIS, B=051T &
FIUINESS DMEA R E < 2518240, MR E 72 DIRENEIRMANZ 7 F Len
O, ymT DIEPMEREZ LN Le, 20 yT-T 71 > kS OIRE I X O
BKEMEIH L TCREHNT T 4 v T 4 P 2T o T2, BRBAEIOBITICIT. %
W BV CTREE 3-100 K O F — & & iz,
O FIHME (Jum = +0.3 ksK., Jim=+0.3 ksK, g=2)
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Ji-n = 0.00152 keK
Jin-m = 0.588 keK
ydia=-0.00878 T1
BBV, FROBALROIR A EZ X< BB L (Figure (2)

@ #WHEME (Jnm=-0.3 ksK, Jim=+0.3 kgK, g=2)

g=213
Ji-m = 0.00152 ksgK
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DS, ZIUIHHEIEOIC B W THAE SN ZE LS IZIEF—EL T\ 5,

@ #WHME (Jnm=+0.3 ksK. Jum=-0.3 kgK. g=2)
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Figure 2-27 ymT-T plot of Feis complex under magnetic fields B of 0.05 to 1 T. Simulated curve
We used as the initial value of the exchange parameters Jy.i and Jui-i () Ji-m = +0.3 kK, Ju-
m =+0.3keK; (b) Jiiin = +0.3 keK, Jji.im =-0.3keK; () Jiin = -0.3 kK, Jiiin =-0.3ksK.
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Feis $ERDRALIIAR & ymT-T 7" > NMIKIT 2R "' 7 4 T 4 7
MG HNTZ/RT A —H —% Table 2-4 (27~ LT, BALHFROBENT 25 1%, 4]
WHEIZ DD BT, —BD DONRTA—F— (g=198, Jum=0.103 kgK. Jum=
0.0872 keK) 3% 5 iv7z, Z OfERIL, Fe(ll)A 4> & Fe(lll)A 4 > [ DA HarH
HAFR & Fe(I) A A [ALEOREWAH BN ED L bR TH Y | TDOK
XINFAFERETHHLZ EEZRLTND,

ZHIUZKF LT, ymT-T 70y NOENT AT 5 &, FIFMEIC X 0 272 5 FER 5
bivle, 20955, FIIMEOQZHW2SE (g=2.130 Jum= 0.00152 kK. Jm
m=0.588 kgK) @& HWI-HAEIELNTZNNT A—F— (g=2.13, Jum=
0.702 ksK., Jmm=-0.413 ksK) MHEREZ L HHR L, LrLRRL, Zh
51X T=2K CORALEFROIT OB/ ONTNTA—F— L RE B D,
PIEMEDOZ AW 72858 OFE R, Fe(Il)A 4> & Fe(Il)A A > W D A #arl AAFEFH
(3D CT/hNE < Fe(II)A A > [l £ D FRIENER) 72 A2 AR HAEA BN X TdH
%e @FAWIZEAX. Fe(I)A 4> & Fe(llh)A A4 > M IXEREEMERD . Fe(IID)A
A& Fe(ID)A 7 > NCIZRORIBEMER) 72 A8 HUE AAE R M8 < &V 9 R0
iz, FEERZ, ZlY ONRTA—F —E WAL ZHFE L CAE D
A, Wb A2 FE T Z ENTE 20 o772 (Figure 2-28)

Table 2-4 Fitting parameters of M-H curve and yT-T plot of Fe1s complex.

OJpmn> 0, Jum>0 @Jum<0,Jum>0  OJum<0,Jum>0 @DJum<0, Jum<0

M-H Jim = 0.103 ksK Jim = 0.110 ksK

T=2K  Jmm=0.0872 ksK Juem = 0.0769 ksK
g=198 g=1098

yol-T  Jim=0.00152 ksK Jim=0.702 ksK  Jim = -2.56 ksK
Jitm= 0.588 ksK Jim=-0.413 ksK  Jurm=-0.988 ksK
g=2.13 g=2.13 g=391
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Figure 2-28 Magnetization versus external magnetic field curve for Fe1s complex at 2 K.

733 FeuSEEOBIEBEREL L OMIEEDORBITOE L

i TIT o 7o R B B3 L OBERURFME O MRHTHSE R 24 Table 2.5 ICF & iz, 3
BB OS LTE B ARNEMITICB TR b FEBRMEEZHH L7237 A —%—(C
Hlesd, MREAREB IO ml-T 72y MIOWT, 4189 OFHEZ HWT
T %217 o728 2 A, OJum> 0 2> Jiem > 0 DA & @Ju—m > 0 2> Jyem <
0 DEFAEITEREZ LI X < BT T A—F—RNEhEhGoni, £
7o T=2 K THIE S N7t R O > 5 1%, OJu—m> 0 2> Jim > 0 D35
BICDORT 4 T 4 TR LIz, ZORREZHEFE LD L. SRIOET VI
BT, Jiiw> 0202 Jum >0 THHON b EHELZHH TETEBD, X
B MO BAEH DS MEEMER 72 L HERI S D, LinL, &7 — X O T
BONTERBIAENEANRT A= —1THFED —EH L TR, wml-T 712>k
22 BIE, Fe(IDA A2 & Fe(ll)A A > O BAEAIT Fe(Il) A A Rl £IT A~
TIFZEN T W EHERI S D 23, WAL BRFR DRENT 2> B 13X Jiem & Jienn VIR
BEORE EVELNTZ, ZiUux, ARIOET NV TITEREO R v G L
FRICHEEENFHTICB W TRBE TETW AW E EEZBND, D),
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T=2K CTHIE SV BELRIRR O MRAT 70 D1, FEERENLAFIT O A & YR % L <
Bk UTe/RT A =2 =G 7, BREE B X O DOIR AR FMHED
fRMT 2N DI A B EMIE 2R 2 LK RTANTA—F =N EENTEBEZA BN
Zaxs
A BEIOMMNT TIE, BRETHEZBEETICAE UG Z2 A B RO T 708
HAEHOAR TR TE S E LT, HDVV AL AL =T v & W THEL
IToTWDEH, ERICIIWKRE T EEZBET NEZLEERIOND, Feu ik T
Wtk 20> TV D DI E A B LRRED Fe(ll) A A4 (S=52) L@ AE L RKE
D Fe(I)A A (S=2) OZFEFT, £D 55 Fe(IDA 4> OEFIKREIX T T
B DT OBIBEDE 1K > T\WD, F72 T=0.8 K T THXAHERE MBI = 1
TWDZEnbb, BRBEITMEDFIET DI ENIDN AL, A%, BKET
P2 B[ L CTHEMT 21TV Ion e BTV D,
Table 2-5 Fitting parameters of magnetic heat capacity, M-H curve and ymT-T plot of Fei4 complex.
OJew> 0, Jum>0  @Jum<0,Jum>0 OJum<0,Jim>0  @Jim<0, Jim<0

Crag Jimr = 0.123 kgK Jim = -0.238 ksK Jimr = 0.719 ksK Jimn = -0.323 kgK
Jiurm= 0.670 ksK Jim= 0.508 kgK Jurm = -0.710 kgK Jurm = -0.325 kgK
g=1385 g=2.77 g=243 g=237

AC, Jim = 0.179 kgK Jir = -0.492 kgK Jim = 0.729 kgK Jim = -0.516 ksK
Jurm = 0.786 ksK Jurmr = 0.0669 kK Jim=-0.737 ksK Jim=-0.511 igK
g=171 g=2.89 g=2.59 g=2

M-H Jim = 0.103 kgK Jim = 0.110 ksK
Jurmr = 0.0872 ksK Jimm= 0.0769 kgK
g=1098 g=1098

ymT-T Jim = 0.00152 ksK Jimm = 0.702 ksK Jim = -2.56 kgK

Jurmr = 0.588 ksK Jmm = -0.413 kgK Jin=-0.988 kgK
g=2.13 g=213 g=3091
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Figure 3-1 Schematic diagram of Inverse heat capacity problem.
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Figure 3-2. (a) Temperature dependence of heat capacity under the Einstein model; (b) Phonon density of
states under the Einstein model.
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Figure 3-3 (a) Temperature dependence of heat capacity under the Debye model; (b) Phonon density of
states under the Debye model.
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1 vy NSO
G8) =~z (55) = Nakot { 7 ( Z(ﬁ)) } 9.7)

&%, ZZTRICET DBLRA% D 2 BHMRERIEZ"(B) = (0°Z(B)/0B*) & M
Ay
Z(B) = [ePEG(E)AE LV |

07

Z'(B) = % =— J Ee PEg(E)dE (9.8)
07

Z"(B) = aﬁ(f) = sze‘BEg(E)dE (9.9)

ThHhoHd, REEE gB) 2B LN AR T, EEPRBLEIXTILNT

& D,
Cy(B) = NpkgB? {Z ®) <Z ('B)) }

z(B) \z(B)

[E2ePEg(E)AE (- [ EePEg(E)dE\’
[ePEg(E)dE _< [ePEg(E)dE >

- RﬁZ{ (9.10)

B BIEL LAREEE E O BRI ((9.2)) B L UBEE L IREEE OBIRK
((9.1002) ZHWT, BHER D= DD SO A5 % 7=,
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0.2 WEBRDOEMN
92.1 SyECEAED B IREREE BE~ D EHL D BRI

WHREE B (= 1/keT) OBIETH 2 0B B Z(B)IE. =RV X—E OB TH D
RIEEE g(E) e 777 AEBOBMRIZH 5,

Z(B) = f ePF g (E) dE 9.2)

Divoiud, FEROBEEN LB G O IE. Fh a7 7T A
T 52 LT, HAERHOZEMZIE LIZE T VITIKIE LRV, “FERI 07K
ERGELND EFEM L, TOFIEITILLTO®EY Th D,

O FEROE LB B 5l B & 2 Sy
FTHE SN EEREREND, MAAEERELZRELY, vay A4
BB B Crnag(D 155 6
Cmag(T) = Cp (T) — Qlattice (T) (9-11)

<DAWAfwyz*w¥—m@D%%M
ﬁMT@@ PR BT LTI RBEO 5 NZIE R CE 50T, R
AR Cmag(n@ﬁmfhﬁ/\ L0t T AL ARALY TR =R T
i?uﬁﬁf%ép%

Fmag(T) = Umag(T) - TSmag(T) (9.12)
ZZ7T
Unag(T)~ | Crag(T") T (9.13)
0
Smag(T) = | (Cmag(T/T") dT” (9.14)
0
b5,

@ VARV TRV —Fnao( T B 77 ECEEIER Z(B) % 51
QO THEOLINTZA~ VARV TRV X —Fra(T % OV, Z0BCBEEE
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Z(B) = exp (_BFmag(T)) (9.15)

EHETE B21],
@ ECREEL Z(B)) B A B LIRBEERE g(BE)~T 7 T A
SBonT-mBEEAE AT —2 LT, AV RBEEEZROIUIT IV,

Z(B) = f ePF g (E) dE 9.2)

922 Vay bF—HIBEERDOIRBEE~DHLH

ZoRE vay PR BREEE L REEEOBRAE T O FH NI L
. REBBEEZROLTETH D,
O FEROEEBR ') b BKENE & % o7

Cmag(T) = Cp (T) — Qlattice (T) (9-16)

@ WEAREVR B B ARRBE A~ D i 2
HiTHl~= L9z, EEAEREIL, KBREEZHVW T L iIckshs e
N

[ E2ePEg(E) dE <— [ EeF% g(E) dE)Z} (9.10)

Cmag(B) = NAkBﬁz{ [ePEG(E) dE JeFEg(E) dE

L7203 T, EHOMERARELS AT, 9.10) &I IDIREEE NS SN
%o SEBIEN D OO A L FRRIC, IRIROMKEVE &I 5 R FEHA
DG A WA LT,

9.3 ZODERKED B

FEROSEEE E2MEIAKENLRD D (O~0) DI, Bl M7 2 55
HY 7 FEHOWHIERS Th D, BiTh_=L o, @F 7T AWEROHIE
FRIEIZFEEUIREE CH H T2, TOFE TITMS T ENTE RV, Bl E
—fl 7 L RRNVLHFRNTH L7720, BHEfRERNL S TWD, g

2. 1O BICIRE LT BLRIE N b A RIBE EE ~ O WA HE, 5y KB A
R EEZ Tz, 7275 a3y M —EEENBIH S5 IR 1 EIREIRICF
SFV IOl E . DEEERAIEEE OO ELIRD D Z EE LV
EEZLND,
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FRUTKE L, BEREVA & &ORIEEE ORRZ W T, BRI~ T
52 O0HOEIETIX, AT —ZITRARFETHL, LROL I RGATH,
M7 EHFTRELE B2 DN D7D, LinL, BARE & IREBEE O
DIFRERIE, WS ObFENEBRNE ENT-EMELRXTHY, LOFEREELNY
EEZBND,

Z TR TIE, MFOT a7 T AEER LT, WTILLIEEEUIFETSH 5
TR EMMERNDH D, £ TAMETIE, 7T U X AELTRKRT
v hrE—E (MEM) 8 L7-WE#Rm T 0 77 AaElk LT,
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108 HRTYy bbb —EEAWEEERT 0 75 AOIER
10.1 HKRx=Y huv v —ik (Maximum Entropy Method (MEM))

AW TIE, EROBKEE RS A B REEBE~DESELEWEIT O -0
2, T3V RXAE LTHRRTZY br—iE (MEM) 28 L7z, HIERET
BONTERERRT =20 G, BOA A=V EHEET 5 X5 7, IR
DIRED—> L LTHL, IR0 TLE > BEEO IS X ORas hisk i
M B85 Bz i it &N 72 W e B B E AR OFHE 7 SISV B CH
WHALTWD, 10 FETIE MEM OJFELZ DWW T L7z B, AR CTIERR
LT a7 5 Ny b,

10.1.1 XA XDOEHE XA AHEE[17-19]

MEM (ZBWT, L R2> TV DEDIERA XMEEDE L FTHDH, 2T
%, R EFERICOVWTEE LIZ0bBIZ, | XA AOTHE L O XHEE
WZOWTEEAT %,

S AT X A
FRANKLZ DHEREZP(A)., FRBNEZHDMEREZPBYETDH, DL X,
FRBVEZDFMHDOL L TERADEZ DHEFP(AIB)IL. T84, BIE D
IZHE Z HHERP(ANB) = P(A,B) % AW,
P(4,B)
P(B)

P(A|B) = (10.1)

EERIN., FEFEHELFIND (7272 LP(B) >0)
FTEFRAVEILEMOE & THEG BB Z HHEFRP(B|AIZONT H DAL
DNL>DT, P(A B)IE

P(4,B) = P(A|B) - P(B) = P(B|A) - P(4) (10.2)

ERIND,

XA ADEH

MEM O EREL 725 TWDDRAA ZHEDEZ FTh D, EPT_A ADE
BUZOWTHAT 2, HDHEBREITH & EITFR By, By, BN DN AWIZHER (A
BRICEEZ D Z E07\0) THY., OFERBL B, " BNINEFRTHIGAELEE
25, EEOFERA (Z7ZLP(A)>0) LT, FRANEZ oL TH
%8B (i=1,23,,N) I HiERIT
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P(A|B;) - P(B;) _ P(A|B;) - P(B;)

P(B;|A) = P = Zj-vflP(AIBi) (10.3)
EERIND,
KRz N=2 OE, RUTLL T X 91275,
__P(A|B)-P(B) _ P(A|B) - P(B)
P(Bl4) = P(4) " P(A|B)-P(B) + P(A|B) - P(B) (10-4)

AV 5729 2 THEG BB Z HMEHEP(BIAIL. F5 B M Z HME=P(B).
FRBMKE - 5WeEP(B), FEBMEZ 5729 2 THG A B - DR
P(AIB). F4BMIEZ 5129 A THB AN Z DHERPAIB)IC L~ THZ BN
DT EBOND, TaA ADEH[] &S,

A ZHETE
HHFER (FERA) NEZD., TOFRKERMNES B, By, BNOWTNNTH DY
BaERD, A RA0EH () 2HOHIE, FLBIZHONT (=
1,2,3,,N) . QIFK &7 5FHGB,OE Z DR (FaifER) P(B) L QKK &
ROFEZRBNEZ T LA H LR (FLR L) PEELHERE (BE) 160
boOHRER (FEB) DEZSTZLAEICEORKNFELRB, Th LR (Fkik
) P(BlA)ERIATE 2,

DHG By, By, BNICOWTHERERLZFE LIZGEEIT, A XHEE T,
[FBHEEP(B|ADP RO RENVERE N, R AEZHWERKTHD Z LML
HH LW EHERIT D, o, ZokE, THZONIERR A ORKITFEEB;
Thd| LT HMMPIRD THOLOMRLIHETE D7D, Zofmn LT
HSRIBIND LD THDLNNDLND,

10,12 ARV hbrv—% (MEM) OJRE[18,19]

i HIRMBTEIE g(E) % BOWE LT PR Z(F) (7= & X BB R RLBIR0 73
ISR bOT—HZ(R) (M) & LTHRLISAEERS (=
1,2,3,,L) .

oo & GBI O T — 5 Z(B)0 b AT BRI g(B) 2R D,
oA AN HES L &
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P(glZ,1) : FEBRTZ(B) (BEMERA0) SEERIH S TEEIT, SRl I
DFT, IREFEN g & 72 DR LR
MO REL LD E D70 g ZROAT I,

P(glZ DIFSE-> RO ER ((10.1)70) 76,

P(glZ,1) = PIS‘?'Z_’Z_I')D (10.5)
LRIND,
$7-P(g,Z,1) = P(Z,9,D»>P(Z, g, 1) = P(g,]) - P(Zlg, D L v . (10.5)=1%
iz =SR-S AT TEE aoo
EERIND,

S5, P(g,D=PM)-P(gIDEPZD =PI -PZIDEHANTEHI12(10.6)=\%

BT 2HELUTOEIITRD,

P(g,D)-P(Z|g,) _P()-P(glD)-P(Zlg,D) P(Zlg,D)-P(gID
P(Z ) B P - P(Z|D) B P(Z|D

P(glZ,1) =

L7 o T,
P(glZ,1) < P(Z|g,1) - P(gID) (10.7)

ThodIEnbhrd,

Wz IZ, P(GIZ, DR ERD g & BT 72D,

P(Z|g,D) : FRIFGRI DO TN T, REBEEN ¢ THLLGAIC, BoNdDT —F N2
Th DR (L)

P(glD) : FATEFR T O F T, IREBEEDN g &7 HMREERE (FrifERsE
B0

Ze R AU L,

2T, WEESNTZZ(B) B ENIMANL T, BEOWEEZ(B)DJE Y IZ5/5Hke,? T
ERSALTWD LT L

o _Ee-ze)’ 1 .
P(Z|g,D) = e 20 =——— ¢ 24 (10.8)
9,
I_1 21o;?

I, v/2ma;?
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Lw
2

X

l

_ 2
Z (Z(ﬁl) - Z(ﬁz)) (10.9)
Y

=1

EERIND, LIenoT, BERBRKPZ|g DI,

B 1
P(Zlg,]) « e 2X° (10.10)

Thd, ZDOLE, FHHMERP(gIDEZ—EEELREL. P(Z|g D&KL, D
FO P iMET %5 g RO LD ERNTFRIETH %,

—7J7. MEM TiX, FaifEEP(g|DIX. FAMER IO T T, REEEN g L7225
HeRBEBEBTH LD, FIMERIOL L Tg DRHENS (BERFICBIT S
Ty hBbt—) BiRRERDIOHAEBETIVWEE 2D, 2T, FATHHRI
AR LU= ho B —IHA2 S &9 5 &

P(g|l) x e*s (10.11)

EREIND, ZIZT, alIT7 7TV aDORERBTH D,
L7223 - T, WEREEREP(gZ,Dix. (10.7)20 6

_ 1
P(g|Z,1) « e 2X *4S (10.12)

ERED, . Lo T, MEEERMEP(|IZDZRKRIZT H72DITIE,

1
F=sx*-as (10.13)

w/NET D KD g RGET XLV, EERITIE, HOERKaZBNT, = b
nE—SE R KRIL LoD, y2am/MEL T, bo& bFI/NS L 72D gh g
LD, FledIT 7TV aDORERKMTH L0, PQIZDEHRRETHD
(iR Ra% . EAEMEOBENOGIRET S, AN MEMO Fik & 72
Do

HHRACRB T 2= b v — &, FAMEHRIOL & T G556 ORI LIRE
SNDHH, FAMERICK VBT 2= b =0T 5,

AR TIX, AREMRICHKRT 23 3 v M —28RFED DIREEE LS
Vo REBEEITFICOUL EDOEZ &V, B FVF—HIRTHI T L, &
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i CROBHEW) X725 EHfFEND, DIT, REFEEg(E)X
g(E) =0 (10.14)

fmg(E)dE =W (10.15)
0

2729,

FERTRD SN DIREEBEE X, #Hpe I 72 B8 TldZe < BB 72 B IRE OfE & L
THEON5, REEE >izw%~&c£w1m@)@m%&é¥~&(n=
1,2,3,,N) ¢ LTELNDLETDE, KOBIIMOE TEEETILNT
X

Z g(En) =W (10.16)

FAMERE L TR EXNLY SEOR T, FHR= b E—HELTOLH I
EFT UL L [22,23],

9(En)
s = z<g(En) m(E) — g(Ein ( (En)>>AEn (10.17)

ZTC, mY hu I, REEEE gE)YDET VR TH D mE)TRE S
6 m(E)(% default model & FETAL, FHAIHEER ((10.16) g &) Ziid 9 5%
OORBIBMNEIR SN D GAE 1L, RS TIE, AR m(E)E LT, BB
D DT R —FPITBO T, (10.16)R &0 B9 25 LU T O/ % v
oo DT FINVKX—E BT DET VEEmM(E,) %

w (En+1 ; En—l)

(Ey — E1)

m(E,) = (10.18)

ErE L mE) =W (52)/(By — ), m(Ey) =W (22522 /(By — Ey)

2
& L7z, ZOK, m(E)IF(10.16) AT ET 5, 2B T, HHE W OXR
T, B/MEE D S B RKIBEY D= )L X —#iHIC T X TOIRERFET D & 48E
L7z,
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HAMERA R LIz mE)E WD Z & T, e LTR LIS g(E)ZHIRZ #i)
DT ENTE D,

102MEM 273 Y b e LTHWBE#R T 1 7F5 LAOER
10.2.1 ZDEEBEENO A REBBE~DT ST AL

RS R B Conag T RS 2 S ELBIEOS LB ORI 727 — 2 L L TR
T 5, BROMIRERIZET 20 EEOMEAZB) (1=12,-,L)THDE
X, ZB)EASIT—% L LT, NEOHN 21T — % O TAE L RRER
FE RO DPA R B D, THNLX—ENTBIT D A E L REEES FE O
9(E,) (n=12,-, N)Thix, ik

260 = ) K(BuEg(En) (1019)

b, 22T, HWEEREIIUTO®Y,

L: AT —2Z(B)D %k

,81 : ﬂﬁ{ﬂ%’l};ﬂjﬁl (]\7‘75“*&>

Z(B) : WHRERIZ IS DBl Ol (N7 —4)

o(By) : WHREERIZ I T 2 BB DEITHE S /3 (AT —4)

N : 7 —%g(E,)D5%k

E,: =Tx/VX—E, (WhF—%)

g(Ep) : TRNVX—E BT A A REBEEOM (W17 —4#)

K(BLE,) : HkE (= e Fibn)
ZBDIFHEN R LT FIE CMRBR &S AW CRHA Lz, WEER X, BVEEN
HESNEFIREICH L THE L, ZB)D b omEe(B)IE. HIET —&
HIRE TEDEAITIEERE 2 WAL LWV, AFZE Tl _XToT —# 5
IZBWT—EEAZRE LT,
FHREAEITORNS, HOT—2 DS N & FRICHIGT D TRV X—E, ZIRTE
TOMENRD D, BERLOVPFEELIT) TR VX —HEETH D, A REE
JEAZ O MOIERKE TR —Ix L THESTIE. A CHHE WG5S

(J, g(EYAE = W) . EBOFETIE, =3 LF—MERE TR HF 2 L1t
RARETH D10,

Emax
f g(E)dE =W (10.20)

Emin
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MO SEOF RO =R X —HiH (FKRME Enaxs 5/ME Enin=0) R ET D
VERNH D, FATHESCET AN FHIT 50, =X —H®EOEEEE 2
TRUT =Xk L TERRBHAEZITY) 2839075, T —%%N
X, ENFETFERR T 0 7 7 A VRKETH DML LT, = /X —HiPH &
EBICRET RETH LN, M L VT ED LELAOMIINKbI, HER
RBRZEELRDOTHERET S, FLUMEICBNTE—&IZ, LEOAFIRE
DANT =206 NEOH DT — 5 2 RET HHEITIE. N<LTHDHZ &N
PFE LV, BREBARETIE, AT —XIX STHEM A THR— LIV HFK -7,

ARFFEDBE ., BB 2R BE B £ 723§ 2 R B O EZBR ) 6 . B
B A REEBELAHET 52 LD, AV VIREEEIL, ST RL
F—FEBIC BV THADMEE & LRV & IR E 2 Ao L X —fH T
NUTESE—ElE (A CEHEW Mo SN D Z End, FHa]
BEHRIL, 101281 R LD ERIEL, UTFD LI D,

g(Ey) 20

im&>=w

REEEDORET RV —MEHIE COMN—E LW FEE2mT-T 72D, RET
LTy hrE—Id,

S = z (g(En) —m(E,) — g(Ex)In <i((]2';))>> AE, (10.17)

THY ., TFVEEIIZ0.18) RO ER /A 2 vz (10.1.2 8) .
FIoEATE OFRZED " Fexy?iX, (10.19) & HWWT

 _\ <Z(ﬁz>—2ﬁ=11<(ﬁl.En>g(En>>2
X = a(B1)

(10.21)

EREND, LEN->T, MEM I IZBW TR gld, LFD Fiai/Mbd
AUE L V[18,19],

F=2y’—aS
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L N. 2 N
— 1 Z(ﬁl) B anl K(ﬁl' En)g(En) g(En)
= E; < (B > -—a Z <9(En) —m(E,) — g(Ep)In m)

n=1

(10.22)

ADNEHEE D720, LU T
Kin = K(B1, En)
In = 9(En)
m(Ey)
=Z(B)
=a(B)

N
i

Q
Il

LRI L LT D,
(1022) RO/ MR Z Z D E £/ Z LITHEL W=D, Fag, TR L.

oF

—=0 (10.23)
a9;

IS SO g A KD HAERE L LTHRW RS>, Z 2T,

(%) _ i(zl - ZZL Klngn> _ <_Kli)
29i ag; ) 0,

ThHIED,
DU O IERRIE HRE A R T v,
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L0

N L L
KK K;;Z i
3 (5 0 8) S oo oz
4] my =1 0] m;
xn = B2 FuE, Sl
mn

2
(N Kiin - KiZ
Z Z > muexp(x,) — Z —+ax; =0 (10.26)
= 01 =~ 0y

n=1 \l=1

CERTE D, ZOIBIESI TR Ex, \[COWTIRE . B DT T ILEEm,
Z T
In = mpexp(xy,) (10.27)

ERHRE UIRRERR T g 2TE LTz, x (3T /VE%m, L IRRER E g, DA KT
IRTGRA—H =TV | 2T ONTIRLS 2 & T, gp = 0% 5k & L THLAAT =
LATES (727 Lm, >0) .

1022 HMIERENOLAVVRBEE~DEEL#H

Sa vy b F TR R Cnag(B) B A B IRREE E ~DOE LR Z 2 5,
MEAEENER SN IREICB T, REEOESNEHTEX5 L Z2 5
& BEREE B Cra(f)lE. A B IRIEEE o(E) & HV T,
Tw><zwvz
Cinag(B) = NpkgB? -
o) = Nkl {Z(ﬁ) Z)

[E2ePEg(E)AE (- [ EePEg(E)dE\’
[ePEg(E)dE _< [ePEg(E)dE >

(10.28)

:R'[gZ{

10-2-1 §i & FERIC, &R OWRER BT 2R EDENC, (1=1,2,-+,L)TH
WHoxboTELNIZEE, LIEOCEAT)T—4% & LT, NEOBESR 721 7)
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T =D TAL UVIKEBEELZRODLGEEZE XD, THRILX—EIBITH A
EREEE EDED g, (n=12,--,N)Thix
BREOER A B LI cEXRT L, (10.28)ix

2
g:lEnzKlngn . <Zg=1 EnKlngn> }

(10.29)

C, = RB*
! ﬁl { 211’\11:1 Klngn Zﬁ:l Klngn

EERIND, T THRERLEIE
L: AT —%C(B)D5SE
m:ﬁﬁﬁm(lﬁ?~&)
C, : WRERIZHB T HMREEEDE (N7 —4%)
o, WRER I IT DREREE BEOMEIZIE S i (ANJ17—4)
N : 7 — &g(En)@,ﬁ%z
E,: “x)V¥—E, (HHTF—%)
n : THNF—EAIBIT DA IREBEEOE (W7 —4%)
Kingn : B (= e Fibn)

DEY TH D, DEEBEBOHEROLGAE LRI L <. MEMIZBWTEDL S LW
fit g 1ZLLTF OBEF % b5 2 & THELN 5,

F=ox?—as

BB ECH Doz b THLNEET DL, YT, BT —ZRIZBT 5%

EnOFMTH Y,
L 2
1 2 ZTI\II=1 EnzKlngn Zgzl EnKlngn
—|c, - rRp2 {22 e (10.30)
01 n=1 Klngn Zn=1 Klngn

5

=1 =1

Thbd, TV F—EIlBITOREEEg, (i=1,2, ,N) THMHTLHE

2
a)(l a 1 2 =1 E 2Klngn Zﬁ:l EnKlngn
dg.) _ 9g; o= Rpy K N_ K
gdi gi Ul Z mYn Zn:l mYn
1 2 B2 Ky Yo Kingn — Ki Yn-1 Ei* Ky 9
=—1—Rp N 2
(Zn:l Klngn)
2 Zn=1En’Kingn EiKii Yn=1 Kingn — Kii Xn=1 EiKligi}
glelngn (Zrl\lllelngn)z

+ 2R,
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_RB’

o (10.31)
EJ
oS 9i
(agi) = lnE (10.32)
THHID
L
JdF Jd /1 Jd (1
-_ —_ - 2 _
09 agl (ZX aS) 09 (2;)(1 aS)
6)(1 as
Z 2% (0gl) (Ogl) (10.33)
ey, KLY, FemMed 5 gld
L 2
oF 1 ¥n=1En"Kingn <2N=1E King ) RB/’
— =Y 12—|[c, - RB? — = +ainZt
ag; ;{ 0y : g { Zx=1 Kingn Zg=1 Kingn g m;
=0 (10.34)
Z NEOIERIE S A E LTS Z & TRO BN D,
Z 2T, gn = muexp(In(g,/my)) & i
i 2_ _ R,B Zg=1EnZKlnmneXp(ln(gn/mn))
1=1 l Zrl\llzl Klnmnexp(ln(gn/mn))
_ (211\{:1 EnKlnmneXp(ln(gn/mn))>2 . R.Bl + aln—i -0
Zrl\llzl Klnmnexp(ln(gn/mn)) 01 m;
LB AR T BT

ELREER D T 7T A w?ﬁc‘: [FARIZ. x, = In(g,/m)EHNTLTFDL I
T X 5,

% 1 {2 1 [Cl _ Rﬁlz {Zg=1 Epn” Kinmnexp(xn) _ (2%:1 EnKlnmneXp(xn))z}] . Rﬂlz} + ax; =
= O_l L

Zg=1 Kipnmpexp(xn) Zg=1 Kinmpexp(xyn) 4]

0 (10.35)
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10.3 Newton £
MEM Z 7 /LY XL & LTHWeEE T v 75 A Clk, 7 —2% N E
DIEFRIENT TREX AR BT D D, ABFE Tl FERIE RO BB 1k
D—>Tdh 5 Newton =% 7~
Newton {E1%, FERIE 2B TH > THEDOEO+ /7 < Tk, 1JEHIE &l
LCHRBERR2NZ EE2FHA L FETH D, PIHEDS LBk~ T
X, KT A 2L B2V, RN —BEE ISR ORI
UKk 2 H ek & LT BTV 5[24,25],
FPE L 1| Z2EIERIE TR

f(x)=0 (10.36)

% Newton 15 CE < FiEZ R T 5,

y=f(x)%& xy FHlZ7 vy h L7z &2, xfihe ORENRZDOHFEKD—>oD
fRCHDH, ZOfEx=al 35, PIOIZ, OELIZH D ETRINDHH]
ftix = x@O L x = xOZBIT 5 f () OERES (x@) & AEFIIE L,
F/(xE x =xOITBIT 5y = F()DOEMOBEE TH S,

f'(x@) £ 0ThHIUE, ZOBRIL x il L & H D, HRRO x Y Hx = 2@
ThHi,

oy _ (=)

f O (10.37)

DEHRHEL O N2, FIHUME DS TR AUEE A, x = xWide = x@ L1
Hitfx = alZTWVEEZBND, Lo T, RaHWTHE S - i Plfifx =
xWVEE5Z N TE% (Figure 3-5)

)
@ = 50 _ % (10.38)
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slope = £ (x°)

Figure 3.5 Newton’s method for finding a real root.

HonTrPligx = xWE2FMEE LT, FBEOHEZITAIE, L EOMx =
TSV B = xR S, 2 OEREE BREINKE TIUZE Offx =
a’MfF oD EWFFESND, ThEXNTRTLLUTOLIITRD,

k+1) _ L) _ F(x®)
X =X 1)

k=0,1234,-- (10.39)

EEEOFHBEIZBWNTIE, 2 OKEHRFEIZED » x O L2255 T, FEEITZ
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Newton {£1%, ZEOHENIEEK FRANICHEHTE S, LLNO nJt ndLFE
TSIy 5=

fi(x1, %2, Xn_q, %) = 0

f2(x1, %3, X1, %) = 0 (10.40)

fn(xll X2,y Xn—1 xn) =0

IZDOWTEZ D,
INHDOHFBRRIITINEZ NS Z LT, LFOLHICEBETE 5,

f(x)=0 (10.41)
I T,
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Thd, ~EREOEGE LFERRIZE 2N, ZOHTBRXZ/H 2D DRIERA
N

&+ = (K _](x(k))—lf(x(k)) k=0,1,2,3,4,-- (10.42)
L%, TZTI)E aXn DY I EITHITH Y |
/aﬁ (x®) . 0A(D)
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JE®) = S (10.43)
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EHWCEHELE, (i=1,2,+,n j=1,2,-,n)

ZZThIZTHITNERERTH 5,

10.4 MEM I X 32 HEHOFHEN

104.1 MEM Z W= SEREE N D A L IRBEBE~DT 7T A WL
10-2-1 §ik v, EHOMKARENLFE L0 A IREREEICT 7T A
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<
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X, = InZZoVT Newton £ (10.3 ) THEV=,

mp

105 7uZI IV ICHWE@TY 7 bk
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FFEL. TNnEANT—H L LTHW: (Figure 3-6(a)) .

H AT — % auem(E) D > b & HIHUE m(E,) DYERK

TERR L7 Zie(B)7> 5> MEM % FAWNC T 77 AMEHEITV, IRREEE A2 RO 5
ZEEEZEZXD, BONDREEEIX, T —ZE N (=6D)EDBE 72 17 —
4 guem (En) (n=1,2, =, N)yTh 5, IREEEEZ RO DRI 2 =RV X —E, D
2B, RANDTXNVF—% E1=0, KNIELZ Ev=6 &EFE L. £ OHIHEZ %M
BB L, 50 O E, Z1ER LT,
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Figure 3.6 (a) Partition function Ziue(B) of the 10-levels system (Zirue(B) =€° + 4e” + 3" + 2e"%), compared
with the simulated one Zmem based on the density of states gmem(E) obtained by the MEM technique; (b)
Density of states of the 10-levels system. The giue(E) was assumed for calculating the Zirue(f), while the
gmem(E) was deduced by the inverse transformation of the partition function with MEM technique; (c)
Number of states of the 10-levels system, which was obtained by integrating the density of states gmem(E)
(red) and gire(E) (black).
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3HENREWVI RO L ETHEAET DL, E=0,0267,3.12meV ICE—7 & §
DIRREZE T avem(E) 3G H 7= (Figure 3.7(c)) . ZDOE—7 b v 7 OMLEL,
BEHR DFEMTHE SR gmodal(E) & A+ Z LT —F LTz,

& B — 7 \TRIIGT DR RS & RS MEM BB ITIRAE STV D D3

BIobIT, IRIEFE gusm(E) & TE4Y L. RIEH Quem(E)(= [ guem(ENAE) % 3

B L7- (Figure3.7(d)) . MKEEH Ovem(E)IE, E=0IZBWT 1 THoTZDN,| E
=0.267,3.12 meV IZZNZENUITIBNT, K1 T2, 3.12meV LA ETIEIZE
IE 3 ICIEVMEDMS DTz, WA L VS 572 guem(E)DICEB W T, E =0,
0.267,3.12meV O E— 27 121X 1 ¥ELL 3 Oxtis L7,

avaM(E)D> 5 3L BEIER Zvuem(B) B L OBAE & Cuem(DERHHE LT 2 A, WT
NbHEMOME L FEH L7z (Figure 3.7(a) (b)) D7RHR) .
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Figure 3.7 (a) Experimental excess heat capacity Ce of partially-deuterated 2,6-
dichorolotoluene (—CHzD), compared with the simulated one Cvewm based on the density of states
gmem(E) obtained by the MEM technique; (b) Experimental excess heat capacity Cex Of partially-
deuterated 2,6-dichorolotoluene (—-CH2D), compared with the simulated one Cwvem based on the
density of states gmem(E) obtained by the MEM technique; (c) Density of states of hindered
rotation levels in partially-deuterated 2,6-dichorolotoluene (~CH2D). The gmogel(E) Was obtained
by model fitting to the hindered rotation Hamiltonian, while the gmem(E) was deduced by the
inverse transformation of the experimental heat capacity with MEM technique; (d) Number of
states of hindered rotation levels in partially-deuterated 2,6-dichorolotoluene (—-CHD), which
was obtained by integrating the density of states gmem(E).
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FHBEE M(=3)F, a 2/ S LARLHEZB KT OITLED, HEES A
DAL, OB TIRICIZIZIE I IR S TWA, 3R &V D SR
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Figure 3.8 The iteration of MEM calculation with o and total number of stetes W in the inverse
transformation from partition function to the density of states.

FREOFEE, HDT—2 O HE N=128,150 LA F L TIT\, N=100 & Lk
L7 (Figure3.9) , SO REEEE X, BT —XDOEBENBKEL 2D

IFE E=3meV fHEOE—7 O@EmI N L7en, B —27 OALEIZHOWTXIE
[ UAS R0 b7z (Figure 3-9(c)) . 7R AZ =X LF—IZxf L TR

v hL7zE 2 A R R X —MICEB N TURIEER U ENE SN, E=3 meV
R DR DB O ST NSO/ 5 DT> 7= (Figure 3-9(c)) ., MEM
DB IVIIRIEEE avem(BE) 2 W CHORCBS B L OBEELAFHRE LT- L &

Ay WTNOEA S EREZ B < HEL L7 (Figure 3-9(a)(b)) .
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Figure 3.9 (a) Experimental excess heat capacity Cmeasuea Of partially-deuterated 2,6-
dichorolotoluene (—CHzD), compared with the simulated one Cvem based on the density of states
gmem(E) obtained by the MEM technique. The calculations were performed three kinds of the
number of output data N = 100, 128, 150; (b) Experimental partition function Zmeasured Of
partially-deuterated 2,6-dichorolotoluene (—CH:D), compared with the simulated one Zmem
based on the density of states gmem(E) obtained by the MEM technique; (c) Density of states of
hindered rotation levels in partially-deuterated 2,6-dichorolotoluene (—CH2D). The gmodel(E) Was
obtained by model fitting to the hindered rotation Hamiltonian, while the gumem(E) was deduced
by the inverse transformation of the experimental heat capacity with MEM technique; (d)
Number of states of hindered rotation levels in partially-deuterated 2,6-dichorolotoluene (-
CH:D), which was obtained by integrating the density of states gmem(E).
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Figure 3.10 The iteration of MEM calculation with a and total number of states W in the inverse
transformation from excess heat capacity to the density of states.
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Figure 3.11 (a) Experimental excess heat capacity Cmeasured Of partially-deuterated 2,6-
dichorolotoluene (-CH2D), compared with the simulated one Cuem based on the density of states
gmem(E) obtained by the MEM technique. The calculations were performed three kinds of the
number of output data N = 100, 128, 150; (b) Density of states of hindered rotation levels in
partially-deuterated 2,6-dichorolotoluene (-CH2D). The gmodel(E) Was obtained by model fitting
to the hindered rotation Hamiltonian, while the gmem(E) was deduced by the inverse
transformation of the experimental heat capacity with MEM technique; (c) Number of states of
hindered rotation levels in partially-deuterated 2,6-dichorolotoluene (—CH;D), which was
obtained by integrating the density of states gmem(E).
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Figure 3.12 (a) Experimental excess heat capacity Cmeasured Of partially-deuterated 2,6-
dichorolotoluene (-CHD>), compared with the simulated one Cvem based on the density of states
ogvem(E) obtained by the MEM technique; (b) Experimental partition function Zmeasured Of
partially-deuterated 2,6-dichorolotoluene (-CHD;), compared with the simulated one Zmem
based on the density of states guem(E) obtained by the MEM technique; (c) Density of states of
hindered rotation levels in partially-deuterated 2,6-dichorolotoluene (—CHD,). The gmodel(E) Was
obtained by model fitting to the hindered rotation Hamiltonian, while the gmem(E) was deduced
by the inverse transformation of the experimental heat capacity with MEM technique; (d)
Number of states of hindered rotation levels in partially-deuterated 2,6-dichorolotoluene (-
CHDy), which was obtained by integrating the density of states gmem(E).
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Figure 3.13 (a) Experimental excess heat capacity Ce of partially-deuterated 2,6-
dichorolotoluene (-CHD-), compared with the simulated one Cuem based on the density of states
gmem(E) obtained by the MEM technique; (b) Density of states of hindered rotation levels in
partially-deuterated 2,6-dichorolotoluene (—CHD>). The gmoegel(E) Was obtained by model fitting
to the hindered rotation Hamiltonian, while the gmem(E) was deduced by the inverse
transformation of the experimental heat capacity with MEM technique; (d) Number of states of
hindered rotation levels in partially-deuterated 2,6-dichorolotoluene (—CHD,), which was
obtained by integrating the density of states gmem(E).
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Figure 3.16 Simulated density of spin states of Fes, complex for the isotropically-coupled 18-
spin system.
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Figure 3.17 (a) Experimental magnetic heat capacity Cinput OF Fes2 complex under magnetic field
B = 0 T, compared with the simulated one Czmem based on the density of states gzmem(E)
obtained by the MEM technique; (b) Experimental partition function Zinpu of Fes, complex,
compared with the simulated one Zuem based on the density of spin states gzmem(E) obtained by
the MEM technique; (c) Density of spin states in Fes, complex. The gmoedel(E) Was obtained by
model fitting to the HDVV spin Hamiltonian, while the gz mem(E) was deduced by the inverse
transformation of the experimental partition function with MEM technique; (d) Number of spin
states in Fes, complex, which was obtained by integrating the density of spin states gz mem(E).
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Figure 3.18 The iteration of MEM calculation with a and total number of states W in the inverse
transformation from partition function of Fes, complex to the density of states.
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Figure 3.19. Density of spin states of Fes2 complex under magnetic fields B = 0-9 T obtained by the MEM
technique.
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Figure 3.20 (a) The model function mcs(E) of the density of spin states in Fes, complex for the
MEM technique. The gmodel(E) Was obtained by model fitting to the HDVV spin Hamiltonian;
(b) The model function mcs(E) and gmedel(E); (C)Experimental magnetic heat capacity Cinput Of
Fes2 complex under magnetic field B =0 T, compared with the simulated one based on the model
function mcs(E) for the MEM technique and the density of spin states gmodel(E) .
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Table 3-1. Density of state gmodel(E) With resultant spin St for Fes, complex obtained by model fitting to

the HDVV spin Hamiltonian (g = 2.02 , J = 0.080 kgK).

St E / keK gmocel(E) St E / keK gmocel(E)
45 0 91 20 131.427 1647458248869
44 7.16874 1513 19 134.613 2208102652899
43 14.1782 13311 18 137.64 2876259843721
42 21.0283 82365 17 140.507 3641435552440
41 27.7191 402135 16 143.215 4480342237800
40 34.2506 1648269 15 145.764 5355754456056
39 40.6228 5893005 14 148.154 6217042558056
38 46.8358 18853527 13 150.384 7002792500319
37 52.8894 54953775 12 152.455 7645655839125
36 58.7837 147863909 11 154.367 8079211743699
35 64.5186 370941275 10 156.119 8246214047673
34 70.0943 874341297 9 157.712 8107215609467
33 75.5107 1948284558 8 159.146 7648294182617
32 80.7678 4124489850 7 160.42 6886525309785
31 85.8656 8329079178 6 161.536 5872007903931
30 90.804 16098809022 5 162.491 4685653284147
29 95.5832 29866416255 4 163.288 3432553236369
28 100.203 53308360629 3 163.925 2231453759535
27 104.664 91728164715 2 164.403 1201552024365
26 108.965 152421302337 1 164.722 448369615998
25 113.107 244935974925 0 164.881 50720602314
24 117.089 381113945919
23 120.913 574775659215
22 124,577 840914917245
21 128.081 1194301060911
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Figure 3.21 (a) Experimental magnetic heat capacity Cinput OF Fes2 complex under magnetic field
B = 0 T, compared with the simulated one Ccmem based on the density of states gcmem(E)
obtained by the MEM technique; (b) Density of spin states in Fes, complex. The gmogel(E) was
obtained by model fitting to the HDVV spin Hamiltonian, while the gc mem(E) was deduced by
the inverse transformation of the experimental heat capacity with MEM technique. The mcs(E)
was used as the model function of the density of the spin states for MEM technique.
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Table 3-2. Density of spin states gc,mem(E) of Fes2 complex obtained by the inverse transformation of the

experimental heat capacity with MEM technique in the low-energy region.

E/keK gemem(E) E/ksK gemem(E) E/keK gemem(E)
0 10.5282 9.94256 8.1191e-240 19.8851 4.32514e-44
0.828544 5.21462 10.7711 1.1061e-136 20.7137 1.38291e-39
1.6571 70.6436 11.5997 6.51217e-60 215422 9.64875¢-34
2.48564 0 12.4282 1.03212¢-14 22.3708 2.47439¢-27
3.31419 0 13.2568 22922.1 23.1994 5.8984e-21
4.14274 0 14.0853 21896.5 24.0279 5.00133¢-15
4.97129 543.844 14.9138 2.51547e-06 24,8564 8.36295¢-10
5.79983 480.039 15.7424 1.44839¢-19 25.685 2.06733e-05
6.62838 2.4834 x 10220 16.571 8.97505¢-32 265135 0.0710391
7.45692 0 17.3995 1.16956e-40 27.342 37.3204
8.28544 0 18.2281 1.89104e-45 28.1706 3635.35
9.11404 0 19.0566 2.36967e-46 28.9992 84015.2
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Figure 3.22 Density of spin states in Fes2 complex. The gmedel(E) Was obtained by model fitting
to the HDVV spin Hamiltonian, while the gc.mem(E) was deduced by the inverse transformation
of the experimental heat capacity with MEM technique. The mcs(E) was used as the model
function of the density of the spin states for MEM technique.
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Figure S1 (a) Experimental magnetic heat capacity Cinpue Of Fes> complex under magnetic field
B =5 T, compared with the simulated one Czmem based on the density of states gzmem(E)
obtained by the MEM technique; (b) Experimental partition function Zinpue of Fes, complex,
compared with the simulated one Zuem based on the density of spin states gz mem(E) obtained by
the MEM technique; (c) Density of spin states in Fes, complex. The gmedel(E) Was obtained by
model fitting to the HDVV spin Hamiltonian, while the gz mem(E) was deduced by the inverse
transformation of the experimental partition functon with MEM technique; (d) Number of spin
states in Fes, complex, which was obtained by integrating the density of spin states gz mem(E).
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igure S2 (a) Experimental magnetic heat capacity Cinput Of Fes2 complex under magnetic field
=9 T, compared with the simulated one Czmem based on the density of states gzwmem(E)

obtained by the MEM technique; (b) Experimental partition function Zinpu of Fes» complex,
compared with the simulated one Zuem based on the density of spin states gz mem(E) obtained by
the MEM technique; (c) Density of spin states in Fes, complex. The gmedel(E) Was obtained by
model fitting to the HDVV spin Hamiltonian, while the gzmem(E) was deduced by the inverse
transformation of the experimental partition function with MEM technique; (d) Number of spin
states in Fes, complex, which was obtained by integrating the density of spin states gz mem(E).
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AlElE, EBRIE (2-1-1 §i) & RO FIE - 1L T ITO FE EIZFHE L 7= PB
I (B2 70°C T 3 REMMLAKLER) 12l z, EfZICEIR CHARLEBESE
Tkt o “FEEAHIE LT,

PB #/ED XRD JIE 1%, AFEER PRI O X #RIET4E  (Rigaku,
SmartLab ) % T, #RRIEL CuKoff (1=1.5405A) TIT-7=, Z2B4EIE,
ITO FEt kDI D HH- 2 2 572D, HiFEE Q0 AF v ) THEZTT-
72,

1542 XEBEEFHNE (XPS) 12L& 5 PB EKEDSK R FilKHAR D AR
AL CTlE. PB & BT VIS AaA Z EJEEIINC X 0 8RR o i
kb, £ Z CTETHEL 7= PB HEIRO IR AE DO SRR Tl & X #RE
Tk (XPS) (2 &V EkHm L7,

15.4.2.1 XN EBEFH5HEE (X-ray Photoelectron Spectroscopy)
X BOLE A5 ETE (XPS) DA
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WVEIZERAN FE 121 X IO 2 IR T 5 Z Lo L . B E 2k
SNAHBIINEIRE LTHONTWD, HEFOIEET, EEREHC—*
X —PEEROIEN N F 7o 1F X M E B L2 BRIC, BRI L 03B B ik
HENTHEB ORI — kiU%ﬁ“ﬁ%ﬂm#é%&f%éoEmW%
THRK L7 K E ORI IEBMMERELOMMERELIC L = v X — %K 9,
L7=Ro T, REFDRIETITAEMREO = 2L F— 2o 7= F B EmD D
SN HE T O —B L ORESMICE R T 5700, BERmEE

DIFREFFH Z LN TE 5H[32,33], AWFETI, I E LT X #RE AW X7
JEFHIE (XPS) W, XHEHICEY, WEPIZEENLETFON
BET DB LTSNS, B X O 2L X¥—h RBEM THIIT
HEFDOEH TRV —E ZRETDHZEICEY, =X F—RFE 5, &
BHZ B EN DR FOWNEE DO RS RV F —Eg ZRETE D (Ex = hv —
Eg — @, Ol tan ot FREE (—EM) ) o, WEEFORMET 3%/ F—(3o0
FRTLICBRRDETHDI=DIZ, XPSIZX Y, HEFOFRET L X— % Ehr
FINZRDDH Z & T, MEICEEND LFEOEN - EEINTDAREE 2D,

F72 XPSHIEIZBWTIX, [F—tETH., TOILENENIL TV DLFIREE
MBI D LB SN DNHEFORET XL F—IZENEL DT ENFMHNT
W5, ZORBT R —E%2{F 7 b (chemical shift) & FEOX, £< O
B, AT MO I fIE LS T B TREN ED L O KBS H D D)
ZRIET D ENTE D,

XPS \Z L DRGSRk &4 O v oA

XPS Tl%., IBRE E%ﬁmA%$T%Lm TEMTH LN R LB E D
DTN T, XPS T STEEL7- B — &7%%%%52:3911#&%5 T
7T — KFem[FeH(CN)6] H,O (Z2WTHiE, 1971 412 Wertheim &
Rosencwaig 78 XPS HIEEZ1T-> Tk Y, £ 5eV OFFET - DOFEIHD Fe2p B—
INRHLDLND I EERELTND[34], ZNHDHH, —HOD Fe2pip B
O 2p3p DHFEH T RV F — 1T E MM KaFe'(CN)e O H D2, b H — O
NN T r X =0 E <, BILEk a-FerO3 D HHET R /L F — 2TV 2 &)
%RWWSsayﬁm@t 7 ERBOBINT, ZORENS PBITIE Fe™S &
S NEFNTND Z EMNFEH STz,

INHDZ ENG, ARFZETHREL L 7= PB IO SElIRRE S XPS 1T LY
M cEx A LB BND,
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15422 XBAEETFHIEE (XPS) 1K % PB D SRR 7MKL D -
XPS MIE X, ARFPEER LI O N E oo oiriEE (&R ERT,
AXIS-165X %) Z W T, #RIFIE MgKafk TITo 72, £7-EBRHE (2-1-1 &) &
[FERED FNE « J735 T ITO Fof B PB IR ZERL L 72 O %25 7x10 mm? O K &
SIZOr L, Bkt e LT,

1543 HEEET T XA~ 0E (ICP-AES) (2K % PB #EEHIZEENSD
KA A & Feb W A A2 D EEGHT

PB ARSI L VMR N A D Z e BN TR, — a7kt E L

T, REMEPB (Fey[Fe"(CN)s]s) & AI¥EME PB (KFe[Fe(CN)e]) 231 H 40T

%, PB MEICEEND Fe' W M4 & KA A OWEEDORTEDT-D, ICP-

AES JIE#1T o 7=,

15.43.1 BEEET T XA~5XmHrE (Inductively Coupled Plasma-Atomic
Emission Spectroscopy)

TR, BEHZESRM - BV =X VX —% 525 Z L2 X 03t
S, BN SN EITLERE DAY MV L, AT RO F
MO EMESHTZ, BENSEERSTEZITO FIETH DL, FEMEET 7 X0k
SiriE (ICP-AES) 1%, JEIRICERER AR 77 X~ 283 28050
HriEToH 5, 6000~ 10000 K (23 L SENROWELR Th 25 EME A L 72\ R
DT T A= Lo T, EREERNORREER 73 L O A 2Rk - i S
. FBAELSHELKRET S, ICP-AES WEDKH L LT, OLHEICL Y EITdH
5 HDODEK 72 5THEIZE LT ppb 205 ppm A —F — D EEE O3NS AIHEZR
L, QE—&HTEL OB AL TE, BEROTHEERFHIENE - EEY
WcEszZl, ORMEBROBEREGHNILS, XA v 7 LUy TR
ZERFETOND, SOOI, BENARZ YT 2L ER D D
D, ZILDOFED G, ICP-AES 1%, B, @Bt OMEM T 5TV T
2 T b7 WiEEE 2 5,

15.43.2 BHEREES T T XA~HNo4E (ICP-AES) Ik % PB BEHIZEEN
5 KA A v e Felb W A 30 DERSHT

ICP-AES HIE X, A% TSRS L ZERBEB TR O ICP I oirikE (5
AERUERT, ICP-7510 ) # W TIT - 72, A RIORIE TId, ERERK L VR L
TR B RRRIR 2 AV L BEGHRE & R E O BRI (BEHR) 2Bk T 25 2 & T,
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PB A B LER I K 0 IR S B BN G N D KA A4 v & Fet g F o D
AR T=,

PB AR O i
9 PB A A S B Bt R OV TR R B,

PB [ % B L7 1TO JEbK 3 #c% —ARORBRE IZ AL, 69 Y%ol2fblie (Fnithisk,
ARERER) K 2mL 2N TH 5, 120°C DA A LR AT RN L=, 556
TR % . MilliQ 7K & 69 %ifiFiie (Fnyeiizk, BU3ERR) MO L7z 0.1 M
Al C 20 mL IZAIR L7c, 2 Ok E —fik & L, Z 2§ L7 (PB-solutionl,
2) o IRBRIRICO T, PB IR 3 Moy & iR L 72 D1, ICP-AES HIFEIZB1T %
KA F 2 OB HRE NMRN 2D TH D,

ERRTAIR O 7 Y
AR, SRERYENR (Fe 1000, FOGHIEE) & U o AEHERR (K 1000, F1

JEAIHE) % 01 M AHEE CAR L, DL O 3 FEZRE L7,

O KA AP0 ppm, Fe' A A R0 ppm

@ KA A JEFE---0.50 ppm, Fe'' 1 A 2 ---2.00 ppm

@ K'A A L REE---1.25 ppm, Fe'' f A LR FE--- 5.00 ppm

LI o 3 SO B EMEROWERE R DR ER (Figure4-3) % {ERL L, PB-
solutionl, 2 (\ZF1F % KA A B LN FeM A F L DREZRTE LT,
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@ (b)
A

K:766.491 nm A Fe : 250.940 nm

Intensity (a.u.)
Intensity (a.u.)

0.0 0.4 0.8 1.2
c/ppm

1 2 3 4 5 6

c/ppm

Figure 4-3. (a) Cyclic voltammogram of the intact PB film in 0.1 M KCI aqueous solution; (b)
the amounts of charge (Q) corresponding to the partially redox processes of PB versus
potential(E) plot obtained from the integration of the current with respect to time.

72% ICP-AES |2\ 7= PB IR H L O s ORI L= _XToh
T Age A%, BN O A A DR AERS T2, FRISKI 0.1 M D
FREERTAIR B UL EIRIE S H 7205, MilliQ /K CTHIZHEW IR I LEE 21T -
77,

1544 PBEBEDY A7V I7HRNEZL AR — (CV) HIE

CV HIE L, AP PR P R B R E TR O EXL AR T v a A ¥
> & (Keithley, 2450-ECY) ZHW\WTiTo7-, fEHEME LT, FEHRIE (2-1-1
i) & FEOFIE - FiET PB HIRA TR L7 ITO &Mk, *iRL L THESEM
(f 22— IR 4t, CPT0.5) . ZHUEMR & L THREEES lEM (BAS,
RE-1B) #ZNZNH Wz, 2o DOEME 0.1 M O[T U 7 AKEIRIZIRIE
SHTZIRRET, -1.0V 22 5H+1.2 V vs Ag/AgCl OEN 2 fmo 3 40 mV s T
FlL.BONT-EREZRE Lz, 2B L0FERIT=EICBW B IR o7,

15.5 PB EEEHEZN DL T

PB R E A& L O E % Figure 4-4 (27~ L7,
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77 7 O ITO &g FIZ 10 mm OFFEZIBWTA 7 h 7 —7(EX 35um, IE
S5mm)%a A—H—& LTS L, Aiiifiioo FNET FellFe'-PB 52 B8 L 72xf1m)
ITO &% 7 7 > 7 O 1TO B EICERTRETIHMUNS BT b T — 7 T/
ELTco BBl A A IR Z BRSNS A — )L By b & VTl LiAZ,
PB {#sEM L 2 ER L7- (Figured-5) . BV OMIE BV TWDH DL, &V
NOGEZ RN T DO TH D,

Figure 4-4 Schematic cross section of PB-film
electrolysis cell.

ITO substrate PB

» y 4 » Ay
7 Ay
Kapton tape
lonic liquid

"/"i"ﬁ‘

Figure 4-5. Schematic diagram of fabrication of PB-film electrolysis cells.

B, SRV A F kIR,
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N,N-diethyl-N-methyl-N-(2-methoxyethyl)ammonium
bis(trifluoromethanesulfonyl)imide (DEME-TFSI) (B bk att) TH D,

HaCH,C._ _CHs

N* (CF3S0,),N”
HyCH,C™  CH,CH,OCH;

DEME #z1%, EDLC 3% 7% & FIH L 7=/ K KTaOs ~DZEDO X+ U 7 K
— I L HEEERBIBS|OBRIC O SN FIEOH 54 A RIEKTH S,
DEME 52 DA A ARAKIFHER N B H BTV DA A U RIRIZ R TIAWEN
EETDHONEEMT, TNETISKHOWLNTELZEMICE Y V=g A Y
DFHFENFR T T F 2 DB T TOEBEXACTFHILENIZS D DIZxt L, DEME %
DA F RIS B RIBE IR RN W OBE TSI <. EEE
DEBTNA AHERELE L TEL TS EEZ BN TUVWA[27], DEME-TFSI
X & AERREETH 7 REBIRE LIRS, XA T AEMOOBIZHAILTHT
PNA AR LI, BERT LY MLy MEBKT D LGSR,

15.6 PB EHEBMIBZFOTL 7 rura I XA
15.6.1 PB EREBMBTFOAHEBENRINART FNVDNSA T ABEEGHE

{ERL L 7= PB MEM 2 /VICERE L2 HIMNT 5 2 L2k v, PB HEOSKE
Tl A HIE FTRE DR T 2 72012, PB IR EME L O A LERSNIN A~ v
DA T ZBEARFMEZ B L7,

T PBEEEM L E SmmEDOH 7 h T —F THE T — LTSN Em D
YT NARNEDORALZ—=IZ LoV EFE L, V77 L AANZIE, Eot'v

(ITO/Air/ITO) %717 k7 —7 TEHE L THW iz, PBEREM /LTI
AT ABEZHMTEL L1, MEEOHITBWTZNHY —AA—F—
(Keithley #, 2400 &) 22U =027V v 7 DOfh 7=V — R CTE L7- (Figure
4-6) , WIEIZHT=»> TiL, PB HIKEME /L O PB HIEMIC, Bt/ A 7 AEE
Z4+0 H+40V ETHIM L2, B, HAXT bViE, 40V, 0.1V, +0.2V:--
EHUMEED /NS WIBIZRIE 21T > 72, SWIERHUNBG S 5 55 OFRFEREH % 3
W R IZHE 2 BGA L, IED D 0 RE ., FINNEEDEALER T 28 /EE2#0
W UAT - 72, ERHZIE, UV/VISINIR 7036 (B AR, V-570 &) %
VY, 200-1000 nm O EAEIE THIE 21T - 72, FIEERTNZIX 200 nm (238N TA
— M aEEIT> 7=, KL TIX, 300-1000 nm DO EMELIZ BT D5 AT b
DO ERT,
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PB-film side... +
lonic liquid side... —

Ki;jk PB-film

electrolysis cell

Figure 4-6. Schematic drawing of the measurement of DC bias dependence of UV/Vis absorption spectra
of a PB-film electrolysis cell.

15.6.2 PB BB L O AHEENRIN AT NIVDENA T AELEHINC &
72 9 RRFEAL

PB R EME L /L O RN AT )L DSA T AEEELEM (2-6 Hi)
& RIERD T LT, PB B L O AN AR T MV DGENA T A EE
UMz & & 72 9 BIGFE b 28 LTz, JEICHTZ-> T, 'L PB AN

B NA T AEEEZ+3.0 VHIN L=, EEHINEZEZ tisov=0min & L. t3ov
=200 min ¥ T, FREFICBWTRIEZIT 72, 2JEFHTIE. UV/Vis/NIR 436k
B (BARZE, V-570 1) Z >, 200-1000 nm O3 K fEIL CHIE 217 - 72,
PIEERTZIL 200 nm (2B W TA— MERMIEZIT> 70, Aiw Tk, 300-1000
nm O EMFEIKIZEITH AT MO ERT,

15.7 SQUID BZREHTZ X 5 PB EIEEMR /LD in situ BEFIMBEKEIE

PB 7 58 fif & /L D RGN E 13 AW SR 2 ATk @ SQUID 1% 3R # (Quantum Design
ff, MPMS-1S ) 8 X OJUNKRF D SQUID HZHFF (Quantum Design £,
MPMS-5S ) Z W T DC 5l &Kk E1EIZ L VITo 7, £ PBEEEM /L~
DEE/ A 7 ABEHINCIE, L Y — A A —%— (Keithley £f, 2400 %) % F
AV
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15.7.1 SQUID u—7 D&ifE

AWFIETIZBIEEIM LU 72223 GHALFRE LT O 7edlic, 7rn—7 2 8ELT
(Figure 4-7(a)) , PUSi 11512 K - T PB MIEEMAEE CHIN S LTV D E S
AT ABEDOHEZHER LN OHET 2 BT, o7 vey KE 75 s
(4M% 3.0mm, WA 2.0mm, £ & 110cm) (28 ) =F L 8RR (02 mm ¢ )
4 RervaEbE¥l-borz —AF v 72—/ (Oxford Instruments ff, A1-101
A Z#m L CTHEAL (Figure4-7(c)) . SQUID 7 74 A X% v MANZIZT VY
VRV — 2D £F1F 72 (Figured-7(b)) . F72/3A 7 AEJR & B
T 5700, —ulZ Y 7 b+ (Oxford Instruments £, A1-106 %43 LN A1-107 5Y)
WO AT T2 —T7 NV EER LT (Figure 4-7(d))
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Figure 4-7. The sample rod for in sifu magnetic measurements of PB-film electrolysis cells under
DC bias: (a)The photograph of the whole brass sample rod equipped with a four-terminal
feedthrough connector; (b) The sample holder and ; (¢) The hermetic seal of the sample rod; (d)
The cable for connecting the sample rod to a source measurements unit.
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15.7.2 SQUID BEREHT K % PB BIEEME L D in situ BJEFIIMBEKEIE

PB I EEfE /L 1X SQUID ' i — 7 omdlfly o 7 v KOS E Y i+
F=T ) B TV E =T N T =T TEEL, N ATF v T
—LEVEA LY — R 4 RER—2 ~ ERILEEEHE, D-550) T,
PB A & A A AR ORI 2 AT O L7z, ZOYRRET, SQUID RER
FPICHEA L, SMBOEFERIC L PB AN A 7 AEELHM L, R
HWE %17 > 7= (Figure 4-8) .

PB-film side...+

lonic liquid side...-

1 "~ PB-film electrolysis cell

Figure 4-8. Schematic drawing of in situ magnetic measurements of a PB-film
electrolysis cell under DC bias.

ARl PB R L OB E) OILERAFIE, BRI, T=300K (25
T D HUNBEARFEIZ DWW TRIE 21T o 72, FHEIZ DWW TLLFIZEEL <
60

PB JEEEAE &L O EJEFIINI L 5 Bk 75 OIR R

F7 SQUID WHFHIHE 4t b L, BEEEI(Vbe=0 V)D PB HIEEMR
B OHRT— A 2 M OREKRIFNE (A 01T (FC) IREHIRH 30-4K) &
FIInRESHE A E (b5, ) Z2HE L7,

DONT, BIEAIINRF(Vbc=22V,24V,2.6V,28V, 3.2 V)D PB #Efit
NOWRTE—A L FOIRERIFEZ L FOFIRTHE Le, A 3 ARIEDO T Z
AR LD T EOEETH D T=1300 K TXA T AEE Vpc ZEIIIL T 10
DEORE%., TOEERE L. FIIIES 01T (FC) | (R 30-4 K THIE
ZATV, FIBEZ 300K IZR L, NA 7T AEEZZL ST 58 EEZEY K LT

7,

PB R L DK EE) O BSRIFEN
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IREEARAFEORIE & [ CREHI B W T, FBIERINEI(Vbe=0V) & | AIEI@?EIJE
TORKEBEVpe=32 V) TORKTE— A > b OIRERIFHEDORER TH%IZ
B L ORI TE— A v N OHIIBSSHK 2. RE T=4K, Eﬂbnﬁn%
ST-+5T THIE L,

R IR BRI (T = 300 K)IZ 351 5 PB iR E MR )V DRELEE 0 DS T A
'ri

=300 K |Z81F % PB EIREM /L DA 7 ZAEEOMEOEINT & b 72 9
%é%ﬂ@fz{{h%uwr DIFETHIE L=, # L\ PB #REM /L% SQUID kLR
FHcey L. IEE T=300K TR 1 T 2HINL7=, F9EERRI(Vpe=0
V)? PB #REMREMZONT 2 [E DC AF ¥ VHIEEITV, raw T — & % iodk
L77e FEWTANA T AEE Voe ZHIINL TH D 3 S BIEICFEREDORIE 2170,
BEEZZCIEL8EE Vpe=40V £ TV IR LT 72,

S [
N &
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168 R EEE
16.1 PB ERDHIHIIK TR DM
16.1.1 X #EHr (XRD) 12X 5 PB HEEDFEE

ITO Fat FIZFRHL L 7= PB > XRD DO JIEHE % Figure 4-9 (2777, 77
D, EAERICEIR CHRESE7- PB K, H2%70°C T3 R EZEE LT
PB #f50D XRD /X% — 2 Th 5D, EZZHEE LT3k XRD /X4 — 2BV T
1%, 29=17.5°24.9°,35.5°,39.9°I/ BT H &— 7 BBl N, ZhbDE—
7%, PB D feec #EEHRDET & FIE S, HFEHIL 1018 A & HAES &
. WMELCHESNTNDEDE X —FHLE[B6], 2O &b, HEFT
TENT 7 ARSI Z RGO PB WKL TWA Z Ll biot-, —J7,
BRI L0 K U723 XRD 23 — 2B W TIE, B I, o
T7u— R —7BNBlls iz, ZIUTEZEGEIC I D PB OfiKD AT
EEZLND,

PB OFEA M AL, PBEFD = Re xRy U — 7 I —YIDKRKMEHR 72
AYEME PB (Fey[Fe''(CN)o]3) ThH M, EEEIZITEREY A hOo—#HoRHv Iz
IKDBENE LTe RIGDFAET D 2 & D30, JEATIFIEICE W T, PB 38 LUV PBA
DR XRD /R — BHAKIZE D mAMICS 7 M52 ERHEIIL TS
2. ZHUL PBIEFDO—HER AR L CW BN KDOIAKIZE Y . PBEFNEA
T 72 LB STV D[37-40], F-REES T, JBEZSLIZEE D PBA DR
{bDZEA%Z XRD XZ — 2 HoETHlE LT . BERDIZHEV XRD O F
— I BEAMNCY 7 bTAEEBICTa— UL TWAZ EnATEND
[38],

AHFFE T S 7z XRD 784 — B WTIIBAKICEE Y B — o OE Ay 7

MIFER SN T2D, AL T SN — 27 07 v — NMuiL, Bk
D FLBEZ N PB S 1D fee fEN —HEATL Z LICEKT D EE 2B D,

THLIBEOERTIL, BTN TOKOERDREINZ D120, BAEKRICH

7K L7z PB {5 a U =,
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— —— drying in air at room temperature

Intensity (a.u.)

0 10 20 30 40 50 60 70
26/ degree

Figure 4-9. XRD patterns of PB films on the ITO substrate with CuKa radiation (A= 1.5405 A).
Red and blue lines are the patterns of the film after drying in air at room temperature and in a
vacuum at 70°C for 3 h, respectively.

16.1.2 X#BAEFHNHE (XPS) 1 X 5 PB DB FAlikE AR O FF A

ITO #:AHx D PB D XPS OHIERE R 4 Figure 4-10 [Zx L7z, BT RLE
FEH A7 FViE, S. Tougaard D HIEMAINZ LD . HOEL L OETRILTX—HK
SYDIEFMEENC L DN 7 7T REE LWL D TH D, Hkkirix.
v — 7 # & U CIERIFRE A2 & & L 7= Doniach-Sunjic BI%k[42]% VN, 6 AD
—ERELTCTarRY a—var LEEERET, F. K Er7ohiiizs
BESNI-BE— 270 Th D, FATHIZE THE S4L72 PB @ Fe2p A7 KL
[34] L bl L, Fe' A A (F) L Fe'A A2 (R) ov—7HES &k L7
LA, F"AF L FN A Ao — 7 EENEIE L2 LN,
S(Fe""'2p3n) : S(Fe"' 2p30) = 4007.7 : 7992.0 ~ 1 : 2.0

S(Fe"2p1) : S(Fe" 2p1) = 1419.0 : 2678.8 ~1: 1.9

Z OFEFIL, AN PB O — I 2k Fe"4[Fe''(CN)e]3 2> B HIFF S 41 2 Ak
3:4 L ARG EAMOEIE N L, A LN EROPIERE (5%, A
T AEEILE B STV REER) 1%, BRABKEER D PB 23— BB flIc il &
NI-RETHD EEZBND,
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Figure 4-10. Fe2p photoelectron spectrum of a PB film on the ITO substrate.

5-1-3 BEFBEE T 7 A~ iiE (ICP-AES) 12Xk 3% PB BEEFIZEEND
KA 2> & Felt M A F 2 DERDH

FHEES T T A<y HriE (ICP-AES) 1[2X 5, PBHIEICEEND
KA A & Fe A F 2 D E BT OFER % Table 1 27~k L7-, PB-solutionl, 2
X, TN 4-6-2 filCFE L= )73 T, PB MR A0y 2 AR S B 7= A i K IR
K 20mL ThH D, L7z -> 7T, HEZI7z PB-solutionl, 2 d K ¥ L T Fe Ji+
DIFE ck. cre D, PBEE 1 BUZEEND KA A B LU Fe™M A F D)
B E k., nre ZLL FONXTEETE 5,

ck[mg L™1]-1073[g mg™1]-20[mL]- 1073[L mL™1]
n[mol] = 39.10[g mol-1]
cre[mg L71]-1073[g mg™1]-20[mL] - 1073[L mL™!]

55.85[g mol1]

Nge[mol] =

Z 2 CK IR D&% 39.10 gmol ™, Fe Ji-1 O i1 &I% 55.85 g mol! % H
W, REHWEER LV | PB EIE—#H7= 0 K A A4 1349 250 nmol, Fe A
21389 500 nmol & F 45 EREL b,

PBHIEICEEND KA A L FeM A F o DIk EFHHLIZEZ A, F1:2 L
KoL, KAA N FM A F LRI CA—F—TEHEENTND Z LG
MmeE7RoT,
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Table 1 Concentrations of K* and Fe' """ jons in PB film on the ITO substrate.

3 PB films 1 PB film (average)
Fe!" Fell
K+/ 11 K+/
/ | ny
m nmo
PP ppm nmol
PB-
solution1? 1.57 4.53 268 541
PB-
solution2! 134 3.75 228 447

! Three intact PB thin-films on ITO substrate each are dissolved in PB-solutionl and 2(20 ml).

16.1.3 PBEBEDIF A7V v I7RNLVEZ LAY — (CV) HIE

0.1M KCI1 /K¥EHEH @ PB D CV HIE DOfEF % Figure 4-11 |2~ L7,

CV #i#R™+0.15V L +0.86 V vs Ag/AgCI H‘L I, FENEN OO — 7 03l
M7= (Figure 4-11(a)) . AiIFEIL. PB T%) CN % C K| Ok A &
kA T DR IL([Fe'(CN)s] 3/[Fe'“(CN)e] N, HBFIT N KA O® A E
#Aa A omfbiE (Fe"Fe") 23S LT\ 5 [14,17,43],

CV HIE TH OB | ZJE R t 12k LT L, B RIGIC B -
L7-BREQZHE L, HEISNIZQAEBMEICKH LTIy FLZEZ
A, AT v TROT v T 7 A DE G (Figure 4-11(b)) . C REwfHI DK A
v kA A OmibiE T ([Fe"(CN)6]3/[Fe"(CN)e]™) (ZxfIind™ 2 FEfir i 12
mC (124 nmol) . N KEHMUOEEA A > OER{LEITCIC KIS 5 Bl 6.7 mC

(70nmol) & RFEH BT,

t L CV HIEITH VT, PB N 524 Fe''Fe'PW 7205 Fe''Fe''BB % T2k
WIS TS 51E, CV /ElJmfﬂ?Wb%)im B 5 L7z b —X VOB &
Qcv~19 mC (200 nmol)i%, PB &I EEND Fe A A DWEEE —ET 5 &
Mff &5, ICP-AES IIEIZ LV AR S HAU7-fE (500 nmol) & b4 25 & |
Qcv DEIF/INE L, PB R D Fe A A OWE & A/ NI L T\ 5 & B 2
bivd,
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@ (b)

0.1 MKCl aq. 0.1MKClag. |
40 mVisec 40 mvisec  Fe'Fe'BB

I/ mA

| 3 o Fe' 'Fe"'BB
i ; Fe're'PB
oL l I I l
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Figure 4-11. (a) Cyclic voltammogram of the intact PB film in 0.1 M KCI aqueous solution; (b)
the amounts of charge (Q) corresponding to the partially redox processes of PB versus
potential(E) plot obtained from the integration of the current with respect to time.

16.1.4 BREBITERE»OGTFHEINS PBEEREOYMEEDEH

AWFFETHW TS PB R IL, Fe'' £ 4 L[Fe™(CN)6]> A A BIFET DA
T, EEREMET (120 pA, 2min) 2179 2 & TITO &M HICHHR LT
W5, ED7, ITO B FICHRM S 7z PB IO E BIXEMIE CICTE L
TEMENOMETEEEIOND,

BARRICICH G Lo EBAT R 1L, EIE TORENG
Q =120 x 107°[A] x 120 [sec] = 1.44 x 1072 [C]
77 T —EMF = 96485 [C mol | ZHW5D &,
1.44 x 1072 [C]
~ 96485 [C mol 1]

=1.49 x 10~ [mol]~150 [nmol]

52 5N EBRMOTRTH Fe' £ 426 Fell £ 4 ~DigETeIZfEbind &K
ETHE, PBHEHIEICEEND F' 1M A OWEEL . 150 nmol kfotéo

16.1.5 ITO T EIZ3HEL L 72 PB EEOIEMIZHOWVTE L ®
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EARIEICIZ L VRS L 72 PB M OFEM & LT, PB D XRD /34— & |
ELZEZA, BT EE a=10.18 A O fec & IZHKET 2 B — 27 BRI S,
PB B’ TE T\ D Z &R STz, F£7- PB KD KCl /KR THIE X
= CV BRI, e THE STV 5 PB ORI 72 — BEPE O R b o5
MR S,

PB EIHOMEEB L OE TN H2WEEOFN E LT, XPS T XL 285 ALk
DOFFli & ICP-AES IC LD KA A & Fe A AV DEESHNTEITHoT-L Z A Fell:
Fe'~1:2 (XPS) . K':Fe™~1:2 (ICP-AES) &£ HiL7=, ICP-AES HIEIZ X
0. PB4 7 0 ICE D Fell o A 2 2ROWE &I13#) 500 nmol & F,
b o720, XPS OfEH 6, PB EREKO SR kLA Fe' : Fe'~1:
2THDHETDHE, Fe' A NI PB K720 170 nmol & F115 L& %
Hivb, ZIUE, BRI OFHE SN F' £ A oW E & (150nmol) & X
<—E L7z, CV #6150 EBRE Qov DfEIX, ICP-AES HIE THRIEED
N7z Fe A A OWEEDK-DTHY . IE0ORERBRLE L Ty, =
O/ Nl OFLH & LT, CV HlE Tl PB HiEO — D A DR L& T #3238
HENTT2DE EBIEBLEL TWD,

FI KA T D FeM A F NS DIEELREICEENTND Z EHL
e ol AEO ICP-AES HIE TIE, UL G O A 4 DR A% B
STOIZ, HTABRBOEEMEE L MilliQ KT K HWEEAITV, BRI
MilliQ K Z=HW =72, BEEmINTZ KA AT (D7 L ZEDKRERIIL) PB
MRk IZEEX BN D, PB O —KERMENDO—>TH % niEtE PB
(KFe"[Fe"(CN)s]) 1Z. K':Fe™M ~1:2 THH7-D KA A7 PBHFRICELE
WCEENHZZ LT ZVES,  (Fe':Fe"~1:2 8BLOK :FeM~1:2 NIEL
WET 5L PBAIKRTOHRMESIEAN7- 9121, PBHERRICT SO 7 =4 )3
GEENDVENDH D, PBEFEHRTHWZRENS, B2 6N T7 =4 3k
{EWA A2 DI, ARBFGETIEZ OFE &I T - TV 72y, )

ULORREEHFEETELODLELUTOLIITRD,

¥ E$ a=10.18 A (XRD)

Fe'': Fe"~1:2 (XPS)

K" :Fe™~1:2 (ICP-AES)

KA 4 OWE & ~270 nmol, FeM A4 # > O¥E & ~ 500 nmol (ICP-AES)

FISE TSl L7~ PB #ilEZ W T, PB MIEEME L A/ERL . L TOERE
1T-77,
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16.2 PBEBEBMRFOTL 7 rura I XL
16.2.1 PB EREMR T OFHREBENRINA T MDA T ABEKTHE

PB MIEMFE O L7 hu 2 a I X L% Figure 4-12(a)lZR L7z, Vpc =
OV I H4+4.0 V OENESA 7 AEE %2 PB EEMICEIINL TWLW 223, 1l
IR AT R L ® 700 nm {2 & % InterValence Charge Transfer (IVCT) W
W OFREN R E Pl Lz, Zhiud, BHCEEEZRNT 52 & T, Fel'a
F o DO—EA Fe', 5% v Fel'Fe"PB 78 Fe'Fe!"BB Ik & iv7- 2 & 2/ LT
W5, ICP-AES HIEDFEEN G, PBEEOHHIREIZZ & KA A 25T
ZEBHABNTHY, Zox LT buva v EFENX, PBETFMHLO KA
I DESALFR LB IS T 5 & 2 bivd, EIINEE 0-2.4 V Tl 508
nm VTR SN R S, FNLL EOEEER Tk, BRI S 2R
STRWEFENIZ L LT, Z OREEHEE T IVCT BRI OFERI R Z & > TE
b+ 228, BERICRESNL TS PBEEOEMIZE b7 ) FEE k< —
B L72[17],

FIoNA T AFBEDO T TO PB EROEAGIBIRIZOWTHI R ZHB 57201
Tﬁﬁ%XA7bw®&Mﬁﬁ(DMM3%mﬂ@WW@FW@$%7D/
F L7= (Figure 4-12(b)) . FIIIFEIE 1.6 V LA F TIRIZIEZALA R S 720 A8,
T EHZ TE F%Lﬂéﬁék%ﬁﬁgm%rbto_m%mﬁ%#% +
JLS~DSA T ZAEJEFIINZ LV . PB MO 8RR D B MY 72 6481 23 "] AR
HoHZIENRINT,

SEHIZA40V ETEEZHML- BV ZEEHESEZLED, A7 hL
DIaE 28 2B L 7= (Figure 4-12(c)) . FIMEE OV £ 40V DL XD IVCT
@W%®WM%lk¢6k\R@T%Wmﬂ8%ﬁguﬁé®; i i FE B A

MO 260 3% L, SERICIEEIE Lo To, ERREZREORERZ., 73
A ADA A ARIENIC im<o#1ﬁ#ﬁ%h T34 2 DOl D ZE KU filAL
TWDE DR AIZEE LT (Figured-13) , 26O Z Enn, &EL
TEIL ClL., BN TARATMREBEICDEZ > TEBY, EANE A =T %2017
TWHHLDEEZ LD,

B2 VN TORA R EMS DN T, BIRIIZE 2 b5 KIS0 —D
X, PBEREANG L I3A A RENICE ENHKOER D THDH, KR FT
HAREL I S 7- PB M L | L2 LA A ik z VW CERL L 7= PB J#IRE
K LT, Vpe =+3.0 VZHIINL TH 6 8 43 1% DT % Figure 4-14 |27
L7z, BEEIMZ LY PB 2 BB~k 5 L FRIKHZ, AN TRIENKEIS
FAELTNWD, SHIZ, PBEROEIRESEME, A 4 A RIEKOREREFOEE &
HIZ, BENEOBLNORIBOBNELT D ZENHLNER-TND, =
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D EMEH, BANIZEENDKOBEBLDRIC I D RERFEAE L, 42‘%@%@&%
HLOTONKIENELTZEEZ DD, £BALOZERITHIL TV D E Y
TADOHFRESED B HX A —=URRKREL, FHig%D BB » %PB/\E&O“(%?@EIN
NG, BRPOBBFETZIIKT EDORA W K DFIENRE I ND
(Figure 4-13) .
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Figure 4-12 Electrochromism of PB-film electrolysis cells: (a) DC bias dependence of UV/Vis
absorption spectra on PB-film electrolysis cell; (b) DC bias dependence of representative two
bands at 720 and 385 nm; (c) Recovery of UV/Vis absorption spectra after short-circuiting the
PB-film electrolysis cell.
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Figure 4-13 Photograph of PB-film electrolysis cell after measuring the recovery of UV/Vis
absorption spectra (see Figure 4-11(c)).

Figure 4-14 Photograph of PB-film electrolysis cell using the air-dried PB film and DEME-
TFSI without purification about 8 min after applying Vpc = +3.0 V.
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1622 PB EREME N DOFHRENRINAZA T MIVDENA T ZAEEMT &

b 72 9 AL

PB MIE MR L0 PB HRHIZ, E/NA T ABIEA3.0V ZHIN L 72 B0 TR
SEIMRUL AT S L DRERFAAL Z Figure 4-15(a)l27R L7z, [EiL/ A 7 AT
+3.0 V % PB HIRMANCEIINT 2 & R ORI, AIREEANA AT R LD
700 nm fFIATIZ 8 5 IVCT WH OFREN K X < Wb Lz, Ziud, mificnL
fexb 7 ba2r7uaIXLERUEL, B ~OBELEEINZEV, Fe' £ A2 D—
N Fe' A A, DF VD PBABBICbINZ 2R LTS, ZOKH
TEALDNEEFIT 5 DITHI 200 73 2B L, PB 75 BB ~DER{LIEFE 13D T - <
DLEHEITLTWDZ ENHALMNE o7, Z O {kiEfLX, PB #EiENH O K
AF L DPoL Y L LA E BRI I Y IR Eh Tnb E&Ex2bhb,
Figure 4-15(b)/% Figure 4-15(a)® 500 nm 1L Z LK L7=b D TH D, W DOFE
WP, FERIPEAE R T 2B N oz, ZAUIHINEE3.0 V Tl
T TV TR RISHEITL, BADRTA—U2ZF TNDH I L &R
LTW5sh,

ST AR & [FARIZ, PB O LR O RF 2k DU THI AL
EIFHTOIT, APERN AT SV ORIARK (751 nm, 394 nm) D RFEMEAT
Pz 7w h L7z (Figure 4-15(¢c)) . BEHEFVINBALG D HRFFE A 72212240,
UL AT SV DEAGINTE A TE AR DNT I > TV EEN R CENL S, 751 nm
DOWMFREE DORRREFZEAIL, BH—DOfRBEIEH ORE CTHIEL TE - (FRRFH
7~2000 s) .

EBIZHER DT N, A HEE ST & & DAY ML olaliE 258, 2 8]
M L7 (Figure 4-15(d)) ., TEEFIINAT & EERIINS 201 3% D &£ XD IVCT
WA D2 LA 1 &35 & IVCT RIE DS 7.5 BIFREEIZ R D DITH) 260 43 % 2
L. FERICIEEE Ligh o fe, A 7 RBERFEORER L FfRIC, EEER
INZ &0 AN TORRH R BRESUE S EIT LTZ T2 72 L B 2 B, TSRS}
AT NIV DA T AEFARAFHE TEIH S 2 FERIR O R E ) Ly
(Figure 4-12(a)) .

A2 M VOREEIZEAL & RARIZ, [7] U4 R L 72 PB &M £ /VICHE
A T AETEA3.0V & PBEREANCEINL T, =0 EfibaBlst L
(Figure 4-16) ., EJEFIIIATICIE T ®7Z -7 PB & (Figure 4-16(a)) 7%, &
JERVIMBAAA> 559 20 73 B I3 2R3 T < 2k L7z (Figure 4-16(b))
BEIERTINZEES PB 226 BB ~OB{ENA B CHERTHZ N TE T,
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(@)

Absorbance (a.u.)

Absorbance (a.u.)

Figure 4-15 (a) UV/Vis absorption spectra of PB-film electrolysis cell under Vpc = +3.0 V; (b)
Time evolution of UV/Vis absorption bands of PB-film electrolysis cell under Vpc = +3.0 V at
751 and 394 nm; (c) Recovery of UV/Vis absorption spectra after short circuit of PB-film

ITO/DEME-TFSI/PB/ITO
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ti30v = 20 min
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— lé 777777777 — t+30v= 201 min
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Alnm

400 600 800 1000

Alnm

electrolysis cell.
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Figure 4-16 Photographs of PB-film electrolysis cell (a) before electrolysis and (b) about 20
min after applying Vpc = +3.0 V
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16.3 SQUID &R FHIZ X 5 PB BIEEM /L D in situ BJEFINEKEIE

16.3.1 PB EEEM ¥ ORBALHES OEERTNE

BBIE In=12K L FIZEWT T = VMEZ T 720, SEE L7Z 430K O
JEFEIRIZ B TIE PB IR~ IEFLIEAIZ & 72 9 B b DR AR S 5[20],
Figure 4-17 (%, 4-6-2 fiDO 5 CHIE L7z PB HIEEME L OBKE—A L D
BEKRGETHY . FNEEOELE EHICKREI LTS Z b E)o

EIEFIINC £ % PB #EEEME L OBALDZEL 203 5720

EEFVINAET(Voe= 0 V)IZHIE L 72 PB B & /L O T — x/%@mﬁwf
PWoFT —4 % EEHNEVbe=22V,24V,2.6V,28V, 32 V)IIZHIE L/ PB
HIEEM T L ORE— A > FOIREKRFEDOT =2 b2 LWt (EE
Fnic & ?6726 IS > AM) ZIREICKRI LT ey N LT,

WAL 85y AM DR FEMAFMEDFE K% Figure 4-18(a)lZ < L7=, HUINEE 22V
LR TR TNRETHLH, HINEEOMEARKE < 7‘@5 22T, Ez&ﬂ:tﬁ'@'

S DEKRBACDIERT 2R NN Sz, E-&HNE kwfmm
@4%LW@%@W%’TLT%@L\%%htx@ﬁ%x~wmgk

% & HIINBEDOHE KIS R—/VIREO EANBH S 7z (Figure 4-19)
X, PBEREEME A ~OBEEEINCHE S PB EBE~OIESLIFEAIZLY . PB
KU HHENRKRE L, BEBALOA T DR —/VIREN XV &V BB ~R{E S
T2l eEZ NS, ZOHINELEDEACIZAE S B biE s D58k, PB &
JE~DEMIENICIE, HDEMED A 7 AELEHINNMLETHH Z L aErm LT
518@ IVCT /N2 ROHNEEKFEDORE R (Figure 4-12) & —%+ 5, 2o
X 91z, PB#REEMREE /L A~DOELEFIINC XL 25 B R OB RSB < 47,
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ITO / DEME-TFSI / PB / ITO. |* Voc=0V
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Long moment / emu
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T/K

Figure 4-17 Temperature dependence of magnetization of PB-film electrolysis cell under DC
bias Vpc of 0 to +3.2 V on the PB-film side.
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AM (Vo) (a.u.)

T/K

Figure 4-18 Low-temperature magnetization AM induced by Vpc upto +3.2 V. Magnetic field
of 0.1 T was used.

13

11

10

Tn (Vo) /K

7 e l l l l l
2.2 2.4 2.6 2.8 3.0 3.2

Figure 4-19 DC bias dependence of Néel temperature Ty of PB-film electrolysis cell under DC
bias Vpc of 0 to +3.2 V on the PB-film side with 1000 Oe magnetic field. Tn(Voc) are defined as
T-values of x-intercept of the tangent line at inflection point of the rapid increase of
magnetization difference AM as shown in Figure. 4-18.

174



163.2 PB EEEM L ORKEEOREEIKTENE
PB HIREM /L OBIKTE — A > N OBGIRTMEDORE T % Figure 4-20 |28 L
2o Voc=0VEBIO Vpc=432V IZBWTH., HIIIEE OEOHE KIZ L
AR PN Lﬁ@%na‘é*%ﬁbﬁéﬁiﬁu EN=N, B AT U RFBRIS R o7,
F72 B= +5 T IZBIT 2 fEA T — A > s OMEIZ S EBEHINE & BERNE
i%’%ﬁhiﬁ%ﬂﬁbvﬁg

100 F— F— e

Long moment / emu (a.u.)
x10°

) N b L b L

B/T

Figure 4-20 Field dependence of magnetization of PB-film electrolysis cell under DC bias Vpc
=0V and +3.2 V on the PB-film side at 4 K.

1633 HREMEIREESIR(T =300 K)IZB!T % PB BEEMR L ORI DAL
7 A BREKFE
BT, WRAERAGIEEfEE C©H D T=300 K (23T PB R EME /1D
WAt DA 7 ZEEARAFEORERE R 279, 7272 L T=300K TlI PB #ED
BRI LRI T/ E < JIE Si7z PB B L OBRTE— A 2 b
X, BFOERRIZHW SN ITO BB 7~ o7 —7 . U — N & EfEE L
D H N gRAN—Z e & PB EIELSA DR BERHIC R E < Fh57
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HZElleb, ZOHA, SQUID 7 FADEIEHhEEmS T e T 7 A VTR E

Eﬁ%ébfaﬁﬁ/&~uyﬁm%W¢étbm\E%@%ﬁ%fﬁ%m
T-htAbZ2 F=OF FHRAE T, raw T — X ITOWTLL T O 21T > 7=,

W% SQUID BED Y 7 7w FaAf Ui 1:2:1 OB SR OERE ERE A
BEAANANNSRDTEC TV —THDLDT, 5l &HXIEICL D DCHIET
X, FEEBENOF U TNAE T H T ey b BlEREEI TR T A
V) VEOIZIROATEH 2 5 5[44],

Vx) =X(1)+X(2) -x+X(3)
27-3/2

. {2 [Rz +(x + )((4))2]_3/2 - [RZ + (A +(x+ X(4))) ]

-3/2
__h2+(—A+(x+XODD1 } (17.1)
RIFMH A NVDHEE (=097 ecm) | AT = A L OHLHBAMUID = A
NETOHEE (=1519cm) 2R LTS, 20777 A LOREIEX(3)IX
B D OB TE— A > MTEEI L,
X(3) - longitudinal regression factor

Long Moment(emu) =
& ( ) SQUID cal. factor - sensitivity factor - correction factor

DEAFRDNEL Y SLo[44],
Z ZTAENE, T=300K IZ81F % PB #EIEEM /L OBLEHIC E b7 5 Bk
DEACIZ DWW TS 572012, BIEHINRT(Vpe = 0 VIZHIE L 7= PB {E 5 E
BADraw 7T —F VOVY& Ny 7 757 RELT, BERIIZVbe=0.1~4.0
WIZHIE L7z PB EREEME /LD raw 7 — % V(Vpo)0rH 22 LW TR Lz
127 7 AV AV(Vpc) = V(Voe) — V(0 V) (FBJIERIINC & & 72 5 8 E ) O Z&A4b)
ZR(1T)TT 4 T 47 L, RESINTIREX(3) ZwfbyE sy & LT, E
BEZEICTry b LT, EERIC, EERIIZ (Voe=4.0V) (ZHIE L7- PB
%ﬁ%M?W®mw?*$@ﬁCOWT@%%W%E@W4MK?Lko
T=300 K \Z51F 5 AV(Voc)DHINE LML AT % Figure 4-22(a)lZ~ L7z,
V UL EIZEB W CRINEE ORI, Awmmwhwﬂﬁwﬁﬁw@mWéMto
ZDETT T 7 ARG L IV ORI E K 74 % Figure 4-22(b)(C
R LT, FUINEE Vo DEERITHE, BHEEE /> AM OBEMABH S -, Zh
iPB%ﬁﬁﬁﬁw“@ BIEFIMCEE S . PB #E~DIEFLIEAIZ L > T PB A%
IS/ Z & T, AV UEDBHER L, HHREMERALA T DEIN L7272
tk%z%ﬂéo_®;9u\£m ZBEWTHEERINC L 2 b DK %28
N s I SN/ S =S
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| T=300K lTO / DEME-TFSI/PB /ITO
. T =300 K :

3 3
< .
> 2
—— Vpe =0V | ® Vpe=4.0V
B — Vpc =40V T | i[ = The bestii
{ |
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Figure 4-21 (a) The sample position dependence of the raw induced voltage applying Vpoc = 4.0
V and Vpc = 0 V; (b) The difference of raw induced voltage applying Vpoc = 4.0 V and Vpc = 0
V. Pink curve is the best-fit to the response function in eq. (17.1).

a) ‘ :
‘ ‘ ‘ A
— A
~ A
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3| ) A
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?io’i g A
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0 1 2 3 4 0 1 2 3 4
x/cm Vpc !V

Figure 4-22 (a) The sample position dependence of the raw induced voltage applying Vpoc = 4.0
V and Vpc = 0 V; (b) The difference of raw induced voltage applying Voc = 4.0 V and Vpc =0
V. Pink curve is the best-fit to the response function in eq. (17.1).
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178 #5i&

in situ TBHFIINC X > T PB EICESILFH R ELLFEAZITHY) 2L TV =
UMME RSS9~ . A AU ikiK (DEME-TESI) &g L LTHY, —hHd
A 12 PB I 2 /A AT PB IR - AR L 7=,

WAEMIZ D . XBNEF50E (XPS) 1THD < BRE-Flka s bt Fe''
Fe'~1:2, FEFEAE T T X~ HriE (ICP-AES) 726 K :Fet M~ 1:2 ™
HETKA A E2EL EHERI S D PB 5% ITO B EIC/ERTx /72, 2o
PB 5 % T PB IREAE R 2 L7z, B0 UV/Vis A7 MLDIE
TANA T AEBERFHEZRE LI ZA, =LY a2 o I XADNHER S,
FIINEEE DAEILC & - TEFERI 728 mfl A S R T 5 Z & S iz,

I B2, SQUID Gt A T, PB MlEEMEE T D in situ B FEIINRE M
ExEAToTo & T A, BEERINT L 2B ORI LR —/WRE O EH-H
BR =Tz, Fl=, T=300KIZEBWTHEERNIC K 2 FHEMER L ER OB KA
BRI 3L, FEFOREIEDHR I NI,

AWFFECliE, FINEEOMIC X 2Bt O HIE 3 K ONE Sk o S fiF ki ipiE <
ZNEECTo o T2BERFTNTO [ ZDOIGENIE] 23 RE7R BG-GB T 3 A
A FETET,
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