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The metal-insulator phase-transition mechanisms of the radical ion salts based on the or-
ganic donor BEDT-TTF are discussed, on the basis of the crystal structure and physical prop-
erty measurements. In the case of (BEDT-TTF) 3 (C104),, the thermal rotation of the anions in
the crystal plays an important role in the emergence of the second-order structural phase tran-
sition at 171K, whereas the isomorphous (BEDT-TTF):(HSO4); shows the first-order Mott-type
transition at 126 K and the structural transition is surpressed, as the consequence of the prohi-
bition of the anion rotation by the hydrogen bonds between the anions. For the case of solvent
containing salts, (BEDT-TTF),X'TCEcs (X =ClOs, BF,; TCE = 1,1,2-trichloroethane), the emer-
gence of the structural phase transition at 25 K (C104 salt) and 60K (BF salt) is strongly re-
lated to the cooling rate around 150 - 200 K, at which the growth of the superstructure is ob-
served. The low-temperature X-ray structure analysis reveals that the origin of this superstruc-
ture for the BFy salt is the partial freezing of the thermally puckered dihydrodithiin rings at-
tached to the TTF skeletons of the donor molecules.
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Fig.2 {a) Crystal structure of TTF-TCNQ viewed along
the b-axis. (b) Crystal structure of (TMTSF),-
PFs viewed nearly perpendicular to the stacking
direction. In the both figures hydrogen atoms
are omitted for clarity.
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(8)

Crystal structures of (a) (BEDT-TTF)3(ClO4)2
(1) and () (BEDT-TTF); (HSO4); (2) viewed
along the c-axis. Close S-S contacts (ds.s=

Fig.3

3.7A) between donor columns are shown with
dashed lines. Dotted lines show the hydrogen
bonds between HSO4 ~ anions. Hydrogen atoms
of the ethylene bridges are omitted for clarity.
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Fig.4 Temperature dependence of the activation en-
ergy of 1{O) and 2 (@), calculated from DC
electrical conductivity as Ea =ksT In (co/c(T)) ,
where op is the conductivity at 190K (1) and
150 K (2), and Ea (0) is estimated at 1050 K (1)

and 950K (2), respectively.
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Fig.5 Temperature dependence of the ESR g-value of
1 ({: 112a+¢, &: Jla—2¢) and 2 (@: /7 [010],
W /2a+c, A: fla—2c).
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Fig. 6 Energy band structures and Fermi surfaces with-

in the first Brillouin zone for (a) 1 at room tem-
perature, (b) 1 at 120K, (c) 2 at room tem-
perature, and (d) 2 at 105 K. The tight-binding
approximation using the extended Hiickel Hamil-
tonian was adopted for the calculation. The ori-
gin of the vertical axes of the dispersion curves
are the HOMO level of BEDT-TTF, and the
dashed lines are the location of the Fermi
level.
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Fig.7 Two stable conformers of the dihydrodithiin ring
attached to the TTF skeleton.

Fig. 8 Cavity for the ethylene-bridge group at ring B

of 2 at room temperature viewed along two di-
rections indicated with arrows. Thick lines de-
notes intramolecular bonds, whereas thin curves
are contours drawing in sections separated by
0.05 A.
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Table 1 Cavity volumes (A3) for the ethylene-bridge
groups of the dihydrodithiin rings for 1 and 2.

1 2
RT 120K RT 105K
Molecule I
Ring A 2.43 1.98 2.72 2.07
Ring B 3.14 2.70 4.41 3.66
Molecule 11
Ring C  3.43 2.75 3.90 3.19
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Fig.9 Schematic drawing for estimating the effective
Coulomb repulsion energy for the trimer unit of
the donor molecules.
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Fig.10 Crystal structures of (BEDT-TTF),CIOsTCEq s
(3a). For the orientationally disordered TCE
molecules, only one orientation is drawn for
simplicity. Hydrogen atoms are omitted for
clarity.
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TIRIEN TIHHEETH 5,

Fig.10 (23a DFESBEELRTY, TOELRED FF
— R FHFERHED nBFEOELR ) L FFHEAHDS S
By AWT I RTM 2 Y — MEEEZ L L T b2, 3248
1,2 DIHRB-oE20E LA Bk ZEMEHEIRS
niv, FF—3— ORI A 4 > BT 3E
nTHY, Clos 14 VIR TMTSE:CIO, DERHETRS
N5 LS HEROEAY BIFELRV, —HBEHENTCES
FI RO EITE LT EA, osFid g
FELZVDFFOBEICENTE L TS (Fig. 10 T
BRFBRT (T 20, —DOOMEDAERLL), —F
FF—SFORBRIT, BEFHIIHIL420F A FD 5
30 (A, C, D) 2OV TRERTORREEAEROE
H—HEIIREILEL 2oTBY, BRY® TEER3N
TV DOERICIRERFEIELELTVE LD
Zibh5,

ZOBOERFIIER,S 25K T T, REEFEND
Wb OOEBHERRRL, BE{LEC BV TPauli B
M {5x10-4emu mol™!) AT EI L L—HLTW
b, —FIORELTOEEEEIITIE L WHENREERT
MAB SN, RELEE SKmint) Lzt Eid20E
314K FTEBHWEH LRI, HHEMEF (-5Kh 1)
THIEAITD & ABLERO LASALR DT, Ziud—
R4 2588 - HRRERBICR X 575, EBHEIOKLT
0.8 K FCHEMII—EMERT I, BIUERERIZ
28R b Pauli BRERUMERD 2R &M BT B HEDYT
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Fig. 11 Temperature dependence of the in-plane (above)

and the interplanar {(below) resistivity of 3a un-

der the rapid- (@) and slow-cooling (O) con-

ditions.

BERoTWA I EHL e | KEHIGEE ORBHTILDH
DAV, LPLEDE ) BETIRETH 221200 THE,
BENEZAGTIFIE Tl
COEBOHRRRET HDIL, BEBANOHE (@R
205 ~ 160K DIREFHTOWHRE TH 1), ZOERS 2
BEEGTHEATIIBOBEER S ES &G TH-T L
25K TS 2, F-EFENO ZOBEBETORE I
i3, ZTRTCEEENOERL D SO LA FRIEE L H
OEFUCIE - &0 L-BEFHN TS (Fig.11) ®, T4
DB 160 KTICBW TN B LAY RS, 140K
THERALRLHEBTRAICEL Tnd, CoRERERIE
H &9 E2a X b X2c OBEFIIET 2B ERSTOBEH
SRR R AREERICHICLTBY Y | KRS
BRI L DHERLICRERT 222 505, #EH
TRIATBERE LI A4 Y - BEBICLI > THESR
TWaDT, BEEICERLHIMOTEREL L Cldhy
YV S BENELTHLY, ThIEREES REL TR
T RESEREOERICL VEEY I ITRT v, iR
HRETE OB OBREEERI L ) EEETOER S v
Y UOECENT SN 505, IBFERTICL h ZoEEt
FEELTRy U FEHENRD L, BRL L URAOHA
RE|ZRILALIDEEZOND, T/190K 25 90K 2
T T Panlt HEMEBIEEROBIHEA E T 5956 |
A EIR O B FREDFEIZTE > T Fermi OEDS
RACEREURERENRLD L T o Tho EBRT
&b, LI I THRALEMIEMOBECBETORE
BRHINRALGHERKERL RS BV, 2T
LhE 25 KOMEBOBEETHL L) Z L IFBEIRATIE
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L WEEBbhib,
—HED2SKDERTH LY, FOBELLITEEE
ERIRREE TIREEM2SKOL AT VA% THEY
(Fig.11), ZOEBYP—FHMEBTH L LATRENS, T
722Dk & Pauli BRI EROE ) L REETFORHNE
BL7:Z LA hs, BIEOBLEFEET 20100
BEEHERIC L >THENTIO 2, TETI0 11467
HhiEZ b kv, ZHIZSOERICE > THERII KA AL
CHEDPSERAE LR, FA CERICL ABE
R OENBEESRY L, —HENEBII Ry ¥y
HESEL L BRI LI ENTEL, ULo#iit,
'H-NMR OBHBHEOH R L > THEMFT SR B9,
BEEHCIRBNEMILIS0K LT 1.4K ¥ TizKorringa
Hi (T =const.) 12V, ROBFHHEANCEN THS
CEERLTVEN, BB EFOEHEIZIIS0K LT CBM
T 1 OUb ESRYHELNE, THII25SKIZBI A2HE
BILLAFAM VBEOBEIIL VBERF ML 4
B, BOBHRIWR LD EBRTE | SHAEIEER
DBREFE L2V —F 150K B LBV THBHIED
Korringa 312 50 F A S1L5H, T ik ORELL
ECREE R LB, Fr—XmABB0H
SURENC L 2B - 127D E BB LT E B,
ET, TOLIRXLTFF—DTFORBROEERE TR
PHEBERRICEEZRET R L TR LR R
7208, BEOTCE R FOBRBEMTHA I e TOHIID
WTHLPIIT B2, BREEHR12-Vroony v
(DCE) (TEBHB L -3 E3c #ERL . #0H5%, P4 3a
EHEL W, BONAHOBRTTE FF—2F0R
FUITCERE —F L T 525, BT TH 1 FOF Uy
ROV, —FGENIMT 4B O FL V80
Ih, BECENAYH L0132 (BiC, D) Tahh,
TCE3a D3I L@ L T b, 72725 L3adER T
LZREEDI L, BA, DOZORBROTCESTFDEE
FEFIRELTEY, ZhSOBOREELTCE 5 F0kimh
ERCHBLTBILLABNREALELZONAE 2D,
EBOBMLENOHREE LTI LA DT TR EWN
EEbID,
IDERNETHOEEE (0.1Qcm) - HHMRILE
(5.6 10 4emumol 1) DEIFVTRD 3a L I3IT—FKL
o, SHEEEBO P~ 5FEFEULTw A D
THb, BELY TIF T L EBHEEFIRK TELMEN
TLE) &L PENSTEERIZ o 7208, ZHIEHH
HEIADPDSTEEL, $7:20E% TPauli BRI
AEEAZITE R L2275, ZOB{LAASE RO IR R
EART LG, BEE  BEORUIIEOTREL2E
BT E M - 7o —REERBII L 2L 0TH 5 LIRR



T&2, ZHIIDSCHEIZIBVTER (7.5kImol 1) ¢
XN Z o bBETELY, B8 PO -0
i (40JK mol -1=4.8R) 13121 b —Hill LK X,
ANEBOREBOREEEEL b L IREOS L LTy

FOVY—3EETLE2TIRELDDT, BEOBELAT
DEBIIKE LTS 2o TVA I EATRE NS, ik
DL H IR REBOENII3a E T3 DITH KA
Wi, BFE LIS L VEREBTF AR ESTELCLD,
REPHL T TLEI EZEZ B ENTE D, il
Mo ZOBAT, BEATE I Vo BEE PRI - T
WA DR X SEERITE CEBIIRNRL kg THE
EBbha,

3.2 (BEDT-TTF)BF4- Solys

IRETRTELLHI3a, Je W T ROMERIC v F—
FTORBROEBEEOBRFAVEELFEETE/LT
VB EARLNDH, 3a TIIBETFREDHHEEKIE D
INBNDT, GEERIC L SHEEEOBEIIDE B
BLWEFHEIND, EIANIORBER, d44 %
BFy “BETAILIZL VBRI NS,

S LBEICTCE 4a), DBE(12- Y7 UELY | 4b)
BIUDCEW)*AWTI VA NMEREARLIE IS, B
LNV G 3a LEBITCH 5, BAKTOKE
2134a (1677 A%), 4b (1666 AY), 4¢ (1655 A%) DNEIZAE
b, ZHEFH 5 Y, TCE, DBE, DCEXZFOKE S
DONEE BT B, dall BV Tid3a LA, Risdke i
72V TCE G FAREH A E L TV A 7205 TR
EADHFET B, TN F—FFOXREERD ) LEAEMTE
wELObDORKIL, 4a, 4b, dc DVTNRLIA, C, DD3
DThoTo TldadrbackILBT L & BT - Al
DFOKESHUNS L 2 BIIEBD ORI L ) BB L
TWAS, BA, CIZOWTIEHEL M REMIZED S22
ot INLE LN ERMIIERTALDIC, 1, 2085
R AERT AT L VOB N OB HEM Y EE
L, TOBELHE L/ (Table 2), WTROFEEHIOW
THRB OHHERFES M E HRTHLMIDS o

Table 2 Cavity volumes (A3) at room temperature for
the ethylene-bridge groups of the dihydrodithiin
rings for 4a, 4b and 4c.

4a 4b 4c
Molecule I
Ring A 3.18 4.24 4.68
Ring B 2.61 2.23 2.38
Molecule 11
Ring C 6.45 5.53 5.53
Ring D 3.65 4.48 4.97
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BN ER BB FORMIILIVERIRDG EELN
ITHHTE %,

4b, 4c i FNFNII0K, 100K TEE — R EEHE LR
TH, S0k BERIIETOENREES LSS, 3c¢DB
BEEBII AL OEBIIEEER A —REEBTH
BEEZOND, —FH4aDIEFIFEITIIRL Y 3a LEIREIC
2% BBENHTELIEHIE OIS (Fig.12)°), #E
8% (—1Kmin 1) L7ZBEIZEEMHI4K ITEEY
EEVERLUZA, 8% (-5Kh 1) OBAIE60KIZBNT
BHOZLULERYPRENT, 3aDBE LRI O
BELT OEROBEELIESRLECIE 2 woT, KR
HIZEEORFETIE L Ve —HEBEIEIZE, mHE
BIHUBELRERES (~160K) TLHMEOHHEERK
FHBIE-ED EBOONL LI hoT, BHEETT
IRBIRIZ 200 KATEIZ 70— FaBARFHE, 4K TTR
BETE &L IEINRIEHRICEL T 5. —FRER RS
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BETENRON L EFDHFRLN, ) —DOOWmKEY &
Sleh AR L, 60K TEBIRISL, T3R8
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Fig. 12 Temperature dependence of the in-plane (above)
and the interlayer (below) resistivity of 4a un-
der the rapid- (@) and slow-cooling () condi-
tions.
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Fig.13 Time dependence of the interlayer resistivity of
the quenched 4a at 157K.
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4. BHHIC
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