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An organic radical, 1,3,5-trithia-2,4,6-triazapentaleyTTA), exhibits a first-order phase transition be-
tween a paramagnetic high-temperat{r) phase and a diamagnetic low-temperat(f€) phase, with a
surprisingly wide thermal hysteresis loop over the temperature range 230—305 K. The crystal structure of the
HT phase consists of a one-dimensiofHD) regularw-stacking column with short-S-N and S - - S inter-
column contacts. The intra- and intercolumn exchange coupling constants are estimatedl/ficzbe
—320 K andzJ'/kg=—360 K, indicating a 3D magnetic interaction. The LT phase has a diamagnetic
property, caused by a strong alternation in the stacking column. The differential scanning calorimetry mea-
surements reveal an exothermic and an endothermic transition upon cooling and heating, respectively, with the
hysteresis in agreement with static magnetic measurements. The observed transition entropy is larger than the
maximum estimation of the spin contributioR,In 2, suggesting incorporation of the lattice system in this
phase transition. The electron paramagnetic resonance measurements also demonstrate the paramagnetic-
diamagnetic phase transition with the hysteresis. The reflection spectra suggest a change in dimensionality at
the phase transition, which is consistent with the results of the intermolecular overlap-integral calculations.

DOI: 10.1103/PhysRevB.65.064434 PACS nuni®er75.50.Xx, 75.20-g

I. INTRODUCTION so far. The neutral radicgd-NC-(CsF,)-(CN,S,) exhibits
weak ferromagnetism with a rather high critical temperature

The magnetic properties of molecule-based materials havef 35.5 K1° The cation radical salts 1,3- and
been extensively studi€ldit is characteristic that these ma- 1,4{(S,N,C)CsH4(CN,S,)][X] (X=I, Br) show semi-
terials often exhibit paramagnetic-diamagnetic phase transimetallic behavior and metal-insulator transitidhs.
tions, reflecting strong spin-lattice interactions in them.N-[(Dichlorophenylthio]-2,4,6-triarylphenylaminyl is re-
Many Fell) complexes with the ligands of intermediate ported to possess a ferromagnetic intermolecular interaction
crystal-field intensities make the so-called spin crossoveof J/kg=14 K12 Benzdbis-1,3,2-dithiazolyl is a stable bi-
transitions between the higls€ 2) and the low §=0) spin  radical whose electron paramagnetic resond&fR spec-
state?> Some specific organic radicals with quasi-one-tra are a subject of controverS¥7L°It is also interesting that
dimensional (quasi-1D crystal structures, such as unusual phase transitions associated with drastic changes in
galvinoxyl? TMPD-CIO,,* CA-K,° TCNQ-M (M=Na, K,  magnetism were observed in the thiazyl radid&re?
Rb),° etc., make spin Peierls-like phase transitons between a One of the derivatives, 1,3,5-trithia-2,4,6-triazapentaleny!
paramagnetic regular-stack structure and a diamagnetidTTA), was prepared by Wolmershser and Johann in
dimerized structure. 1989%° Recently we discovered a first-order phase transition

The heterocyclic thiazyl radicals are materials locatedn TTTA that occurs with a drastic change in magnetism and
on the boarderline between organic and inorgdnit.is  with a wide thermal hysteresis loop in the vicinity of room
characteristic of this radical family to possess chemicatemperaturé! In this paper we will describe the results of
stabilites and strong intermolecular interactions. Theirstatic magnetic measurements, EPR measurements, structural
crystals consist of face-to-facer overlaps and side-by- analyses, differential scanning calorimetiySC) measure-
side S--N and S - - S contacts similar to those in the inter- ments, and reflection spectroscopy. Based on these, we will
chain arrangements of the inorganic polymer, (SR  discuss the phase transition and the room-temperature mag-
Various interesting physical properties have been reportedetic bistability in TTTA.
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TABLE I. Crystallographic data for the HT and LT phases of = TABLE Ill. Fractional coordinates and isotropic thermal param-

TTTA. eters for the LT phase of TTTA.

Phase HT LT Atom X y z Ueq
Crystal size/mm 0.480.30x0.30 0.35¢0.25x0.22 S(1) 0.707039) 0.031817) —0.3126(1) 0.030B)
Crystal system monoclinic triclinic S(2) 0.5473@9) 0.3066%7) —0.3544(1) 0.0288)
Space group P2,/c P1 S(3) 1.102399) 0.267447) —0.2366(1) 0.032@®)
alA 9.442Q7) 7.531@5) S(4) 0.480529)  0.3758@6) 0.12181) 0.028%3)
b/A 3.71102) 10.023@8) S(5) 0.642889)  0.0993%6) 0.15241) 0.02933)
c/A 15.0621) 7.02404) S(6) 1.033239) 0.341127)  0.25951)  0.03153)
aldeg 100.598) N(7) 0.52033)  0.14722) —0.3538(4)  0.03dl)
Bldeg 104.63(B) 96.9785) N(8) 0.89893)  0.36272) —0.2825(4)  0.024)
yideg 77.638) N(9) 1.04243)  0.11742) —0.2472(4)  0.03()
VIAS3 510.61) 507.21) N(10) 0.45583)  0.21432) 0.10984) 0.0341)
Z 4 2 N(11) 0.82973) 0.43612) 0.21524) 0.0291)
w/mm? 1.315 1.324 N(12) 0.97483) 0.18962) 0.24074) 0.0311)
R(F), wR(F) 0.025, 0.065 0.026, 0.047 C(13 0.864@3)  0.13923) —0.2850(4)  0.024)

C(14) 0.78223) 0.27913) —0.3059(4) 0.024)
C(15 0.79713) 0.21013) 0.19884) 0.0231)
II. EXPERIMENTS C(16) 0.71413) 0.35073) 0.18384) 0.0231)

TTTA was prepared by a modification of the literature

method descnbed. in Re. 19. Th.e single crystals in the Shapﬁ’ection spectra were taken at room temperature by using a
of a hexagonal prism were obtained by vacuum sublimationg e cially designed spectrometer with a 25 cm grating mono-
The x-ray diffraction data collections were performed atchromator(JASCO M25-GT and an optical microscope.
room temperature with graphite-monochromated Kie ra- ;g gpectrometer has a halogen lamp and a Xe lamp as light
diation on a Mac Science DIP-3200 imaging plate systemMgq rces and Si and Ge photodiodes and a photomultiplier as
The absorption correction was applied by integration usingjetectors. Suitable light sources and detectors were selected,
the crystal shape. The crystallographic data are summariz pending on the energy region. We checked the quality of

in Table I. The structures were solved by a direct methodne sample surface after the measurements and found no
(SIR92. A full-matrix least-squares technique with aniso- damage caused by irradiation.

tropic thermal parameters was employed for the structure
refinements. The coordinates and the isotropic thermal pa-

rameters for the high-temperatuitdT) and low-temperature IIl. EXPERIMENTAL RESULTS

static magnetic measurements were carried out on a Quan-

tum Design MPMSXL superconducting quantum interfer- . " .

ence devica SQUID) susceptometer. The diamagnetic cor-tiPilities x, for a polycrystalline sample of TTTA was exam-
rection was performed using a diamagnetic susceptibility thaf’€d In the range 1.8-370 K. The results are depicted in Fig.
was evaluated by assuming that TTTA was in a nonmagneti¢®- The bold arrow in this figure indicates the valuexqf
state in the range 100-150 K. The EPR was recorded on Q" the virgin sample just after the sublimation. As the
JES RE2X spectrometer equipped with an Oxford He-gasS@mPle is cooled from room temperatuxg, shows a slight
flow cryostat. The DSC measurements were performed on decreaséopen circles At 230 K, x, begins to quickly de-

Mettler Toledo DSC 822€/200 calorimeter. The polarized recréase, becoming zero at 170 K. Below 100 K the plotg,pf
show a gradual increase, caused by the Curie spins on lattice

defects. The presence of paramagnetic lattice defects is also

The temperature dependence of the paramagnetic suscep-

TABLE Il. Fractional coordinates and isotropic thermal param-

eters for the HT phase of TTTA. demonstrated by mea_ns_of EPR_, as shov_vn later. It is consid-
ered that TTTA is intrinsically diamagnetic at low tempera-
Atom X y 7 Usq tures. When the sample is heated from the lowest tempera-

ture, x, gradually decreases and becomes almost zero over
C(2) 0.81762)  0.38626) 0.12711) 0.0311) the range of 80—300 Kopen triangles Above 120 K, x,

C(2 0.67532)  0.24887) 0.085@2) 0.0311) shows a very slight increase with a small step at 180 K, as
N(3) 0.68472) 0.32097)  0.25551) 0.0441) shown in the inset of Fig. (8).22 We experienced that the
N(4) 0.65132)  0.19486) —0.0039(1) 0.0341) samples of worse crystallinity exhibited an enhancement to
N(5) 0.90192) 0.4370Q6) 0.070%1) 0.0341) this step, together with an increase of the Curie lattice de-
S(6) 0.566366) 0.182%2) 0.160574) 0.04363) fects in number. The relation between the Curie lattice de-
S(7) 0.847307) 0.45362)  0.244464)  0.04093) fects and the anomaly at 180 K is interesting, because it
S(8) 0.802616) 0.31642) —0.03182(4) 0.037B) could be a key to an understanding of the phase transition in
TTTA, but it is hard to rationalize it now. At 305 Ky,
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FIG. 1. (a) The temperature dependence of the paramagnetic susceptikjiiyr a polycrystalline sample of TTTA on coolingpen
circles and on heatingopen triangles The inset depicts the result on heating in the range 100—-250 K in an enlarged scale. The bold arrow
indicates they, value for the virgin sample just after sublimation. The solid curve is the theoretical best fit oflEwith J/kg=
—320 KandzJ/kg=—360 K. The solid circles and triangles represent the EPR spin susceptikilig/on cooling and heating, respec-
tively. (b) The magnetic responses of TTTA to heating for the samplés awith different starting points. The bold gray curves depict the
hysteresis loop shown in Fig(d.

shows a sudden increase to a value which is almost the sanaéroom temperature. We have briefly described the structures
as the initial one. Above 365 K, TTTA exhibits an irrevers- of the two phases in a previous reptrglthough the lattice
ible transition to a diamagnetic state caused by chemical dgzarameters included rather large deviations, probably be-
composition. The magnetic measurements indicate a firstause of the mosaic character of the examined crystal. To
order phase transition with a surprisingly wide hysteresismprove the reliability, we reexamined the structures of the
loop: T¢;=230 K andT,;=305 K?* Since this loop in-  two phases in this study.

cludes the room temperatu{290 K), the material exhibits a The HT phase crystallizes in the monoclif@, /c space

magnetic bistability at room temperature. group, where one molecule is crystallographically indepen-
To make sure of the hysteresis loop, we performed thejent This structure is identical to the one reported in Ref. 19.

following experiments. On the SQUID susceptometer, Weq, ihe gther hand, the LT phase crystallizes into the triclinic
slowly cooled the HT phase and stopped the cooling just —

during the phase transition to the diamagnetic LT phase. L SPace group, where two molecules are independent. The
Then we gradually raised the sample temperature, following€!l volume of the LT phase is smaller than that of the HT
the magnetic response. The results of four runs with differenPhase by 3.4 A There is no significant difference among
starting points are depicted in Fig(kl. In every run the the molecular structures in the two phases. The atom num-
plots of x,, clearly indicate that there is little change in the bering scheme is shown in Fig. 2, where the distributions of
ratio between the HT and LT phases in the temperature rang8€ atomic charges and the spin densities, calculated by using
within the loop. This means that the two phases can stablj¢  semiempirical —molecular orbital ~calculations
coexist in this range. The hysteresis is intrinsic at least in théPM3/UHP),” are also presented. The calculations clearly
time scale of the laboratory. demonstrate the fairly localized spin densities on the -S-N-S-
moiety and the strong, electric polarization.

Figure 3a) depicts the projections of the structure of the
HT phase along thé and c axes. The structure of the HT

The HT and LT phases were isolated by annealing thephase consists of a polar 1D stacking column alongkthe
material at 40 °C and at liquid nitrogen temperature for sevaxis with strong intercolumn interactions. In the column, the
eral hours, respectively. Their crystal structures were studietholecules are related by translational relations, having a con-

B. Structural change at phase transition
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Spin densities TABLE IV. Calculated overlap integral(s><10*3) in the HT and
LT phases.
0.037 0.158
NE) -0.072 s(1) HT LT
\ /
0.063 / e \ oot p ~75 P1 ~58.3
------ S@@) ----- """/N(1) P2 —21.7
0.321 \ -0.340
—C(2)
NG 076 SE@) % —115 o 39
-0.112 ' 0.397 a2 5.2 s -22
Atomic charges Ga 3.5 Ua —27
s —2.4 s -0.3
FIG. 2. The atom numbering scheme and the distributions of thels —-3.0 Js -0.1
atomic charges and the spin densities. a; -22

stant interval. The overlap between the neighboring mol-

ecules is slightly shifted. One column is surrounded by six We calculated the intermolecular overlap integrals with
neighbors with short S -N and S - - S contacts. The dashed the singly-occupied molecular orbité6OMO) obtained by
lines in Fig. 3a) indicate the distances, which are shorterthe extended Ftkel method® The results are shown in
than the sums of the van der Waals radii in the intercolumnTable IV. The intracolumn overlap integral is large, be-

FIG. 3. The projections of the
crystal structures of TTTA for the
HT phase(a) and the LT phase
(b). The labelsp; and g; are for
the overlap integrals shown in
Table IV.
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cause the polar stacking column includes a short contact be

tween the -S-N-S- moieties on which the SOMO’s are con- 820
centrated. However, the largest overlap integral gig — 12 -1300
probably due to the short N(2)-S(1) contact = il PO
[3.128(2) AJ. The overlap® andq;, bring about a ladder- £ 1¢ -
type interaction in the structure of the HT phase. The otherg 1260 X
overlap integralsq,—qg are smaller tharp or g, but the & 8

. I B - 240
differences among them are not significant. The reflection
spectra described later are consistent with these calculation: 6 - 220
they indicate the charge-transfer interactions both parallel 4 A | A 200
and perpendicular to the stacking direction. 200 400 600 800

The HT phase has a multidimensional network, so that it .

is difficult to select a magnetic model to analyze the mag- Time (s)
netic data. In addition, the magnetic data for this phase are -4
limited to the temperature range 230-365 K. Then, to 320
roughly estimate the magnetic interactions in the HT phase -5
we interpreted the magnetic behavior of the HT phase by th%‘ -6
model of 1D antiferromagnetic chains, modified by the addi- 280 |
tion of a mean-field correlation to account for the intercol- = ~ =

umn interaction$® namely, by

3 8 240
°
X' 9
Xo= , 1) i 200
P 1-(22Y IN@ud)x’ o, ! . .
, . 200 400 600 800 1000
in which
Time (s)
22 2
r_ Ng°ug A+Bx+Cx 2 FIG. 4. The DSC curves for TTTA upon coolirig) and heating
kKeT 1+Dx+Ex2+Fx3 (b).
with phase transition. In the interdimer arrangements, there are
many intermolecular and interatomic distances shorter than
x= ﬂ ) the sums of the van der Waals radii.
kgT’ Table IV shows the calculated overlap integrals in the LT

phase. The intradimer overlap integml is so large that the

, . .
whereJ andJ" are the intracolumn and intercolumn mag- formation of a singlet radical dimer would cause the diamag-

netic coupling constants, respectively,is the number of
nearest neighborgkg is the Boltzmann constant, angs is
the Bohr magneton. The constan&—F are defined
elsewheré® The solid curve in Fig. (B is the theoretical
best fit with the parameterd/kg=—320 K andzJ'/kg=
—360 K (z=6). Although the theoretical curve reproduces
well the observed behavior, the obtained valuesJfandJ’

suggest that the 1D model is fairly inadequate and 3D effect

are compatible in strength.
The structure of the LT phase is depicted in Figb)3

where the two crystallographically independent mOIECU|e%stimated to bd/kg

are denoted byA andB. The molecular packing is crucially
different from that in the HT phase. The molecular planes ar
almost parallel in the LT phase, while the unit cell of the HT

phase includes two molecular-plane orientations. In addition,
TTTA molecules are strongly dimerized in the LT phase

netic property of the LT phase. The interdimer overlap inte-
gral p, in the stacking direction is unexpectedly intensified
compared with thg value in the HT phase. The intercolumn
interactions, represented by—q-, are much smaller thapy

or p, in the LT phase. The calculated overlap integrals sug-
gest that the phase transition in TTTA results in an enhance-
ment of anisotropy in interaction in the LT phase. We analyze
the slight increase iy, above 200 K for the LT phase with
the Bleaney-Bowers equatiéh.The intradimer exchange
coupling constant, which is half of the spin gap, is roughly
650 K. This is much larger than the

J value in the HT phase.

e

C. Thermal properties

The phase transition of TTTA was examined by means of

along the stacking direction with an eclipsed overlap beDSC. The results are shown in Fig. 4. In the cooling and
tween the molecular planes. Exactly speaking, the moleculdreating processes, we found an exothermic and an endother-
planes are not parallel in the intradimer arrangement; thenic transition at 234 and 315 onset temperaturgsespec-

distance between the -S-N-S- moieties is shorteriiy2 A

tively. The thermal hysteresis is confirmed in this measure-

than that between the -N-S-N- moieties, probably reflecting anent. The transition enthalpieAH at T, and T, are
bonding interaction between the unpaired electrons concembtained to be 2210 and 2340 J myl respectively. The
trated on the -S-N-S- moieties. This suggests that the bondifference is probably due to the fact that the HT and LT

formation would be a driving force of the

ing

phases have different heat capacities. The transition entropies
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Cooling the HT phase. The dependencexghg well agrees with that
of xp. The top, left signal in Fig. 5 shows the resonance for
the HT phase at 300 K. The angular dependence ofgthe
J\F— \ 290 K factor and the peak-to-peak linewidthH, for this HT
phase signal were studied at 300 K. The princigdiactors
260 K were determined to be,=2.0094, g,=2.0028, andgs;
] 250 K =2.0009 @=2.0043). They were typical for the thiazyl
radicals. We also examined the angular dependence of
AH,,. There were no minima at the magic angles, suggest-
ing 3D dipole-dipole and/or exchange interactions, which
200 K were consistent with the crystal structure of the HT phase
and with the results of the static magnetic measurements.
When the sample is cooled, the phase transition is found
150 K 150 K at~200 K in the EPR measurements. Below 200 K, com-
% - plicated patterns appear as shown in Fig. 5. They are caused
by paramagnetic lattice defects. The angular dependence of
the strong three linegnot shown indicates that they are
hyperfine structures of*N with a coupling constardy 1) Of
1.2 mT. This value agrees well with the reported oh&he
signal & 9 K clearly indicates the satellite signals near 315
50 K 50 K and 330 Oe. They are probably the hyperfine signal$®sf
J\/V\, whose natural abundance is 0.76%. The observation of these
hyperfine structures indicates that the paramagnetic lattice
Heating defects are well isolated in the diamagnetic lattice of the LT
phase. They are supposed to be radical monomers after the
dimerization.
In the heating process, the phase transition occurs above
— e B T T T T 1 300 K. The magnetic bistability of TTTA is further confirmed
300 310 320 330 340 350 300 310 320 330 340 350 by means of EPR. Since EPR is highly sensitive to the spin
state of organic radicals, the two phases of TTTA can be
easily distinguished by EPR rather than SQUID measure-
FIG. 5. TheX-band EPR spectra of TTTA at the representative MENtS. _ _ _
temperatures. We carefully looked for fine structures of triplet excitons
in the LT phase in the temperature range 100-300 K, be-
. _ cause this phase consisted of the radical dimers, but we could
AS are estimated adS;=AH /T, =9.44 J K'* mol™* | ;i 6 them. The absence of the triplet exciton would be

andAS;=AH; /T =7.43 J K'* mol " upon cooling and  caused by the interdimer interactions in the LT phase.
heating, respectively. The maximum estimation of the mag-

netic contribution iRIN2(=5.76 J K1 mol™%). Since the
HT phase involves strong antiferromagnetic interactions, the
real contribution would be much smaller thRrin 2. In spite It is worth mentioning the color changes at the phase tran-
of this, the observed transition entropies are larger thasition. The HT phase is dark purple, while the LT phase is
R1In 2. Cooperation of the lattice system is suggested in theark green. This thermochromism is due to a change in the
phase transition of TTTA. The presence of such excess eroptical properties at the phase transition. To clarify the elec-
tropy is similar to those in the spin crossover transitfns tronic transitions responsible for the observed color change,
and in the first-order phase transitions of the quasi-1Dwve examined the polarized reflection spectra on (@0
molecule-based magnetic materi&is®t surface of the HT phase and on t{@10 surface of the LT
phase at room temperature. They are the same surface of the
hexagonal prism of the TTTA crystal. The reflectivRyspec-
tra are presented in Fig. 6, in which the solid and dotted
We examined the temperature dependencé-band EPR  curves show the results with the electric vectorof the
on a single crystal of TTTA. The crystal was fixed with lights parallel €) and perpendicularg, ) to the m-stacking
Araldite glue®? as the crystallographib axis of the HT  axis, respectively. The small peaks at 3.2 eV for the HT
phase became parallel to the magnetic field. The EPR sughase appearing in both polarizations cause the purple color
ceptibilities ygprWere obtained by integrating the EPR lines. of this phase, while the strong band for the LT phase at 2.2
The derivatives of the EPR lines at representative temperaV in the E; spectrum makes this phase green.
tures are depicted in Fig. 5. The temperature dependence of The obtained reflectivityR spectra were converted to the
Xepr IS compared with that of, in Fig. 1, where the values optical conductivityo spectra by using the Kramers-Kronig
of xepr are normalized on the assumption thabg= x,, in relation. The energy region of thR data was limited to

315K
300 K

225 K

100 K 100 K

=% 3

H (mT) H (mT)

E. Optical properties

D. EPR and lattice defects
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0.4 T T T predominantly polarized foE, . Since this direction oE is
(a) HT phase nearly parallel to the long axis of TTTA, these bands can be
0.3 m assigned to intramolecular-7 transitions. The bands ob-
served below 2.5 eV are assignable to the charge-transfer
c 02 — (CT) bands. The energy of the CT band is a crude measure
for the on-site Coulomb repulsion energyy on the TTTA
0.1 molecule; the value ob) is roughly evaluated to be 2 eV.
Such a large value of) is considered to reflect the small
1 | | | molecular structure of TTTA. There is a crucial difference
0.0 between the CT bands in the two phases. The HT phase
0.4 T T T exhibits peak structures at 1.75 eV g and 2.1 eV forg,
(b) LT phase [Fig. 7(a)]. We can attribute the peaks fé andE, to the
03l - intra- and intercolumn CT transitions, respectively, judging

from their polarization dependence. The intra- and intercol-
umn CT's are related to the overlap integrpleind q;—Qs,
respectively. The largest one amoqg—Qg is q; so that it
would dominate the intercolumn CT observed tor. Al-
though the absolute value qf (11.5x10 9) is larger than
that ofp (7.5x 10" 3), the intensity of the CT band fdg, is
slightly smaller than that foE;. The dipole moment of the
intercolumn CT represented loy is not parallel to th€100
Photon Energy (eV) surface. This probably decreases the observed transition in-
tensity. In addition, this dipole moment has a finite compo-
FIG. 6. The polarized reflectiviti® spectra for the HT@ and  nent forE;. In fact, there is a hump structure around 2.1 eV
LT phases_{b)._The solid and the dotted curves show the result undeg, the spectrum fOEH! which we extrapolate has the same
the polarlzz_;ltlon paral_lel E)) and perpendicularg,) to the origin as the peak foE, . On the other hand, the dipole
stacking axis, respectively. moment of the intracolumn CT representedgig parallel to
the (100 surface and has only a component fy. As a
0.8-4.9 eV, so that the Roessler correction was employed ifesult, the observed intensity of the CT band Eoris not so
the transformatiori* Hereafter we will discuss the electronic enhanced as compared with that . Taking account of
transitions of TTTA in thes spectra shown in Fig. 7. Both these situations, we can consider that the intra- and intercol-
the HT and LT phases exhibit strong bands around 3—-4 e\umn CT interactions are comparable to each other. The mul-
tidimensional interactions in the HT phase suggested in the

o 0.2

0.1

0.0

1600 — T T T magnetic measurements are supported by optical spectros-
- (a) HT phase . copy.
1200 |- — After the phase transition to the LT phase, the CT band
€ i A - shows a drastic change, as seen in Fi§).7n the E; spec-
% 800 4 trum, it splits into two bands with a large intensity enhance-
~= ] ment. In contrast the CT band f&r, is only slightly inten-
© 400 3 sified. It is characteristic of the LT phase that the intensity of
the CT band depends strongly on the polarization: the inten-
o sity for Ej is much larger than that foE, . This is also
1600 consistent W|th the res_ults of the intermolecular overlap in-
tegral calculations, which suggest a strong enhancement of
anisotropy in the LT phase. The split of the CT bandEgis
1200 probably caused by the alternation: the two bands at 1.8 and
g 2.1 eV in Fig. Tb) can be ascribed to the interactions repre-
o 800 sented byp, andp,, respectively, based on their intensities.
° The structure around 2 eV fd, seems to be composed of
400 at least two bands, which would be related to the intercolumn
CT transitions represented lg—q. By comparing the po-
0 larization dependence of the intensity in the two phases, we
can reasonably conclude that the dimensionality of the LT
Photon Energy (eV) phase is decreased as compared with the HT phase.
FIG. 7. The optical conductivity spectra for the HTa) and LT IV. DISCUSSION
(b) phases. The solid and the dotted curves show the result under
the polarization parallel &) and perpendicularg,) to the In the previous section we described the room-
stacking axis, respectively. temperature magnetic bistability in TTTA that is caused by
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the first-order phase transition. Generally speaking, it is nothe gain in exchange energy overcomes the loss in electro-
easy to clear up the causes of the first-order phase transitiorstatic energy in this phase and the structure of the HT phase
but it is not very difficult to qualitatively understand them is obtained by a balance between the two kinds of energies.
based on a case-by-case discussion. In our previous paper Wge competition between the exchange and electrostatic en-
suggested incorporation of the spin-Peierls instability, be€rgies in the dimer may make a potential barrier between the
cause we observed a strong alternation along the stackirgjructures of the LT and HT phases and result in the hyster-
direction in the LT phase. Actually the overlap-integral cal- €SIS 100p. _

culations and the optical spectra indicate an enhancement of WWe suggested two possible reasons for the large hyster-
1D character in the LT phase. If the structure of the HT phas&SIS: the intercolumn interactions and the competition be-

involves instability toward the 1D lattice, this would couple WeeN €xchange and electrostatic energies. It is worth noting

with the spin-Peierls instability, resulting in lattice alterna- that the intercolumn interactions are caused mainly by the

tion. However, the calculations also indicate that both intra—s' ~-N electrostatic interactions. Therefore we believe that

column overlap intearals. ando, in the LT phase are laraer the electrostatic interactions, which are characteristic of thi-

verlap integraig; andp, p ° larg azyl radicals, would play a crucial role in the realizaion of
than the intracolumn overlap in the HT phase. This does ;

. . . ) .. the hysteresis loop.

not agree with the picture of the spin-Peierls transition in
which the centers of gravity in the dimers do not move: V. CONCLUSION
enhancement of the intradimer interaction automatically . o o
means decrease of the interdimer interaction in intensity for e studied the room-temperature magnetic bistability in
the 1D column. It is natural to conclude that the phase tran] TTA that was realized by the first-order phase transition
sition in TTTA is predominantly structural in character, and P&tween the paramagnetic HT phase and the diamagnetic LT

the spin-Peierls instability may play a secondary role assis?h@se. The EPR:and DSC measurements confirmed the pres-
ing the transition, as discussed for Rb-TCRRQ. ence of the wide hysteresis loop associated with the transi-

It is also important to discuss the causes of the large hyst-'on' Since EPR was very sensitive to the spin states of or-

teresis loop. It is notable that the HT phase consists of intr ganic radicals, the two phases were more easily distinguished

and intercolumn interactions. In the field of molecular ma %y means of EPR rather than SQUID. The polarized reflec-
. 9 tion spectra and the intermolecular overlap-integral calcula-

netism, spectacular examples of molecular bistability inCIUd‘%ions indicated the multidimensional CT interactions in the

the specific F@l) spin-crossover complexes, in which the two phases, while the anisotropy was enhanced in the LT
transitions occur with wide thermal hysteresis in the Vlcmltyphase. It was suggested that the phase transition of TTTA

of room temperatur%‘? As the Fell) sites are bridged by would be governed by structural factors, such as molecular
ligands in such specific complexes, it is believed that inter- 9 y '

site interactions bring about the hysteréZidhe strong in- pagki:"ng, eleﬁtro_static interactions, etc., rather than the spin-
tercolumn interactions in TTTA possibly cooperate with thePelers mechanism.

spin-Peierls instability and result in the first-order phase tran-
sition. Another possible cause can be seen in the nearest-
neighboring intermolecular arrangements. While the two The authors would like to thank Michio Sorai, Kazuya
molecules exhibit a slipped overlap along the shorter moSaito, Masao Ogata, Yoshio Teki, Akiko Nakao, Tatsuro
lecular axis in the HT phase, the two molecules are comimakubo, and Tokutaro Komatsu for their helpful discus-
pletely eclipsed in the LT phagé.The geometry in the LT sions. The authors are also indebted to Yasushi Ikeda and
phase maximizes the exchange energy, because of the ov&hitoshi Saeki of Mettler-Toledo K. K. for the measurements
lap between the molecular orbitals of the unpaired electronsyf the DSC data. This work was supported by a Grant-in-Aid
but it suffers electrostatic repulsion caused by encounters dbr Scientific Research from the Ministry of Education, Sci-
the polarized charges of the same sign. It is considered thance, and Culture, Japanese government.
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