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Refinement of the pressure-temperature phase diagram of the organic superconductor
with asymmetric anions (TMTSF),FSO;
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The pressure-temperature phase diagram of the organic superconductor (THMISFis refined by per-
forming measurements of the interlayer resistariRg)(and the longitudinal thermoelectric powes,(). In
addition to refining the phase transitions previously discussed in the literature, the results show at least two new
phase changes at high pressure. The complexity of the phase diagram suggests that the finite electric dipole
moment of the asymmetric F§@nions, which gives these anions an additional degree of freedom, should be
taken into account in addition to their structural ordering.
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[. INTRODUCTION sign of superconductivity for pressures up to 24 kbar and
temperatures down to 50 mK.
Bechgaard salts (TMTSEX (X=PF;, Ask, ClO,, Additional effects due to permanent electric dipole mo-

ReQ,, etc) undergo numerous interesting phase transitiongnents residing on the anions have been studied for the salt
related to competition among various ground states, such d§MTSF),FSO,.2>~*" The tetrahedral structure of the F$O
superconductingSC), metallic, insulating spin-density-wave anion, in which the S atom lies at the center, resembles the
(SDW), and charge-density-wav€DW) states. External hy- structures of other tetrahedral anions such as,C#dd
drostatic pressure plays a major role in these phase trandReQ,. However, the asymmetric distribution of two types of
tions because changes in the pressure induce anisotroptoms with different electronegativities at the four apices in
changes in the electron transfer integral between TMTSHFSQO; causes this anion to have a permanent electric dipole
molecules. The characteristics of the phase transitions imoment. At ambient pressure, (TMTSFSO; undergoes a
Bechgaard salts and their critical temperatures also depend! transition at around 89 K with formation of the anion
on the size and symmetry of the anions, because increasirgiperstructure withy,= (1/2,1/2,1/2)*® However, the struc-
the anion size works as a negative internal pressure and theral ordering of the FSQanions can only be considered
ordering of asymmetric anions creates superlattice potentialsomplete when their electric dipole moments are ordered. No

with various periodicities. information is currently available on the ordering of dipole
The Bechgaard salts with centrosymmetric anions such asioments in (TMTSF)FSO;.
X=PFs, AsFs, SbF undergo a metal-to-insulat@!1) tran- According to the first pressure-temperatufe-T) phase

sition to the SDW state at around 12 K during coolfiiy.  diagram of (TMTSF)FSQ; to be reported, the MI transition
However, the SDW transition is suppressed at pressuregmperature decreases almost linearly with increasing pres-
higher than about 6 kbar, and the SC state appears at tersure up to 6 kbal® In the region between 5 and 6 kbar, the
peratures below .= 1.2 K.* In salts with noncentrosymmet- temperature dependence of the resistance depended on the
ric anions such as ClQ ReQ,, and NG, on the other hand, cooling rate. A superconducting transition wilfy greater

the anions usually undergo orientational ordering and form a@han 3 K, the highest in the TMTSF family, was reported for
superlattice potential with a range of periodicities. When thepressures greater than 5 kbar. Subsequently, Tateter-
ClO, salt is slowly cooled at ambient pressure, the aniormined a more detailed phase diagram of (TMT$S0;.*°
ordering(AO) with wave vectorg;=(0,1/2,0) occurs below In this phase diagram, the MI transition temperature in-
24 K (Ref. 5 and the SC state stabilizes below 1.4 Kher-  creased slowly to 94 K at 13 kbar, where the transition tem-
mal quenching of the same system leads to the insulatingerature at each pressure was identified as a change in the
SDW ground state with disordered anions below 6IK.the  slope of a plot of resistance versus temperature. In addition,
ReQ, salt, the AO withg,=(1/2,1/2,1/2)(Ref. 8 leads to an  another transition line similar to that in the first phase dia-
insulating state below 180 K at ambient pressuténder — gram was also reported over broader range from 3 to 7.5 kbar
pressures higher than about 8 kbar, another type of AO witthelow which the resistance depended on cooling rates. The
0s=(0,1/2,1/2) dominaté8 and the SC state emerges below relative simplicity of the two previously reporté®+T phase

1.3 K In the NO; salt, the planar N@anions order with  diagrams for (TMTSFE)FSQ; is somewhat surprising, given
04=(1/2,0,0) at around 45 KRef. 12; the metallic nature that FSQ anions have an additional degree of freedom as-
of this salt remains intact through this transition, and on fur-sociated with the electric dipole moment.

ther cooling a transition to a SDW state starts at around 10 In the time since the phase diagrams described above
K. The metallic state is recovered above 8 kbar without anyvere determined, a more reliable pressure generating system
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FIG. 1. Temperature depen-
dence of interlayer resistance at
pressures of from 1 bar to 15.4
kbar. Each set of data was ob-
tained with a separate sample)
Low-pressure data; plotted on a
logarithmic scale. (b) and (c)
Intermediate- and high-pressure
data, plotted on a linear scale. The
base lines of successive curves are
shifted equally for clarity. The
hysteresis observed at around 50
K at high pressure is enlarged in
the inset of (c). The pressures
cited in this figure are the room-
temperature values.
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has been developed for which the temperature characteristiegires showed that the thermoelectric power at room tempera-
of the pressure medium are better understood. So we carrig¢dre decreases by about 0.2%/K on increasing the pres-
out a new investigation of the phase diagram ofsure from 1 bar to 15 kb&P. The details of the thermoelectric
(TMTSF),FSG; through electric resistance and thermoelec-power measurements under pressure are published
tric power measurements. The two measurements provideseparately!

complementary data that could be used to identify and cross- Pressures of up to 16 kbar were generated in a BeCu
check the phase behavior. Our results reveal at least two neglamp cell with a 1:1 mixture of Daphne 7373 oil and kero-
phase transitions and refine the previously reported phassene oil as the pressure medium. This mixture was chosen
transitions. because it has several advantageous characterigtjqses-
sure does not change discontinuously through its solidifica-
tion, (2) pressure decreases approximately linearly with de-
creasing temperature and is independent of the initial

(TMTSF),FSQ, crystals were grown by electrocrystalli- pressure at room temperatdfeand (3) solidification and
zation from commercially available TMTSF molecules andmelting of the oil are so mild that the same sample can be
home-prepared tetrabuthylammonium-RS®o measure the recycled for systematic pressure studies, which greatly facili-
interlayer resistanceR;,), two 20 um annealed gold wires tates the comparison between curves at adjacent pressures.
were attached onto eadB01) surface of the samples with Because the pressure decreases continuously with decreasing
silver paste and the standard four-probe technique with &mperature, the pressure at room temperature is used to de-
lock-in amplifier was adopted. scribe theR,(T) and S,,(T) curves throughout this paper.

A novel technique was developed to measure the thermddowever, the corrected pressure at each temperature is used
electric power under pressure. The thermocouples and elefor presenting the superconducting transition and the phase
tric lead wires were directly glued to the sample ends withdiagram.

Stycast 2850 epoxy to enhance the thermal integration and to

avoid any undesirable pressure medium effects. The tem-

perature differenceXT) was maintained at less than 0.1 K ll. RESULTS AND DISCUSSION

over the entire temperature range. Even after careful arrange-
ment of the sample, the pressure medium still had an effect
on the thermoelectric power, which manifested as a very Figure 1 shows the temperature dependencR,gfmea-
small change near the solidification point of the pressureured over three overlapping pressure ranges, where a differ-
medium. However, the effect was so small compared to thent sample was used for each pressure range. The curve at
thermoelectric power signal of the sample that we consideredmbient pressure was obtained separately. First, we will fo-
thermal integration to be sufficiently accurate for this work.cus on the data below 8.3 kbar. The MI transition previously
The effect of pressure on the thermocouples is ignored in theeported to be at around 90 K is clearly observed at 89 K at
data presented hefsee below. We also ignore the effect of the ambient pressuréWe will call it transition 1) The sud-
pressure on the gold electrical lead wires used in this worklen jump in the resistance by an order of magnitude at the
because it is believed to be very snfdlThe validity of this  transition is characteristic of a first-order transitidry, is
assumption was supported by the observation of a pressuraetivated on further cooling with a gapr(kg) of ~770 K.
independent thermoelectric power of the ¥Ba;O;_, su- Interestingly, this first-order behavior disappears as soon as
perconductor below the transition temperature. In the highthe pressure is applied, but the transition is still evident at
temperature range, the effect would be even smaller becauseast up to 10.4 kbar either as a sharp upturn in the resistance
the thermoelectric power of the samples becomes large. Imsr as a change in the slope of the resistance curve. Although
deed, previous thermoelectric power measurements of golR,, increases rapidly below transition | for pressures of less

Il. EXPERIMENTS

A. Resistance measurements

014516-2



REFINEMENT OF THE PRESSURE-TEMPERATUR . . PHYSICAL REVIEW B 67, 014516 (2003

T K T i T L T % T X T " T ¥ T ¥ T ¥ T
0.5F ‘—" 4 L
L P=12.7kbar | Bt 130
0.4 —— cooling : e =
I —o— warming 5 )
—~ 0.3F 2 Q
X R
3 ool N H20,° =
5 1 S -
& Or 122kbar { =
RS - cooling = e
0.0 . " 110 o
_01 - r"‘"‘l"‘l‘\
I / 05 L4 ds T .
-0.2 - Ul XX
1 1 1 1

n I 1 1 " n L 1 O
0 50 100 150 200 250 300
Temperature (K) (@)

FIG. 2. dR,,/dT at 12.7 kbar and&,, at 12.2 kbar. The maxi-
mum of dR,,/dT corresponds to solidification of the pressure me-
dium. A sharp peak indR,,/dT separates the region where
dR,,/dT is almost linear from the region where it is a faster func-
tion of temperatureS,,(T) is linear in the same temperature inter-
val. Other transitions are also evidentdR,,/d T, as indicated with
downward arrowsd S, (T)/dT in the inset shows the good linearity
of S;(T) between 170 K and 235 K.

T (K)

than 7 kbar, it is not activated and tends to saturate as the
temperature is lowered. This behavior stands in contrast to
that of (TMTSF)ReQ,, which suffers the samél/2, 1/2,

1/2) anion ordering transition but for which the resistance
jump at the MI transition is conserved and the resistance 0.0

N

6 8 10 12 14

shows activated behavior until at least 7.7 KbiaFhis obser-

vation implies that the transition | in (TMTSK}FSO,; does (b) P (kbar)

not open a gap over the entire Fermi surface, even at very _ N

low pressure. FIG. 3. (a) Superconducting transitions of (TMTSIHSO; at

One of the new features revealed in the present study jwarious pressures. Each resistance curve is normalized by Fhe resis-
that the MI transition at 89 K splits into two transitions under 21c€ at 4.0 K. The general tendency of the superconducting tran-
pressure, as is clearly shown in Figal Although the sec- sition is continuous al_though the resistantd & varies more than

-, . - . three orders of magnitude between 4.8 and 13.0 KbaPressure
ond transition(denoted transition Jlis much less evident at d d f the superconducting transition temperature. Both
low pressures, it can be unambiguously identified either fro ‘3!;2” encﬁido perce gt P '

. A . o and T are shown. Lines are guides to the eyes only. The
the d|scont_|nU|ty in the slope of the resistance curve and/O(nset showd -V characteristics at 140 mK undBr==8.8 Kbar.
from the disappearance of hysteresis. The temperatures at
which transitions | and Il take place seem to converge ation Il looks like a Ml transition for which an energy gap is
ambient pressuresee the phase diagram presented in Fig. 6 formed over the entire Fermi surface. Instead, the two tran-
As the pressure is increased, transition Il takes place at praitions are strongly reminiscent of the behavior of NhSe
gressively lower temperatures whereas the temperature @fhich two successive CDW transitions open a gap over only
transition | remains more or less constant. a part of the Fermi surface and the resistance shows jumps at

The region between the two transitions is characterized bgach transition before recovering metallic behavior at lower
strong hysteresisR,(T) is always larger during warming temperaturé? This point will be discussed in greater detail
than during cooling under the same conditideee arrows in relation to the thermoelectric power data presented in Sec.
on the 7.2 kbar curves in Fig.).1Although transition Il Il B.
smears out above 8.7 kbar, the hysteresis clearly persists up It is well known that(1/2, 1/2, 1/2 anion ordering induces
to 9.4 kbar[Fig. 1(b)]. Below transition I, the resistance a MI transition for TMTSF salts such as (TMTSReQ,
rapidly increases at low pressures but tends to saturate as thad (TMTSF)BF,,'® and that increasing the hydrostatic
temperature is lowered further, and even decreases on furthpressure simultaneously reduces the MI transition tempera-
cooling for pressures between 7.2 and 8.3 kbar. Tattitb-  ture and the energy gap. It is very unusual to have two suc-
uted the hysteresis between transitions | and Il to incompleteessive transitions and reentrance to the metallic state after
development of order parametéowever, the clearly dis- the system has undergon®?2, 1/2, 1/2 ordering. The pre-
continuous nature of transition Il and its reproducibility rule vious low-temperature x-ray study of (TMTSPSO, was
out this possibility. Taking a closer look at the intermediate-carried out only at 87 K and at ambient pressure. Until a
pressure datée.g., 7.7 kbar neither transition | nor transi- detailed x-ray analysis is carried out under pressure and at
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P(kbar) () FIG. 4. Temperature depen-

(b) pis ' (TMT‘SF)ZFSOB‘ dence of thermoelectric power of
T = 295K (TMTSF),FSO; at various pres-

o i sures. To facilitate the compari-

son, low-pressure data are plotted

| on a logarithmic scale(a) and

5"\ high-pressure data on a linear

‘ scale(b). The base lines of succes-
ol *o\o i sive curves are shifted equally for
N clarity. Inset of(a) reproduces the

data at 5.2, 5.8, 6.5, and 7.1 kbar
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lower temperatures, we can only speculate that the additionaorrected for the effect of temperature on pressure. In this
features observed in the present study are related to the nofigure, resistance was normalized wi) (4 K) to fit all
zero electric dipole moments of the F$@nions(a kind of  data on the same ploR,/(4 K) varies from 1.4 to 135@)
ferroelectric or antiferroelectric transitinn over the pressure range of 5.7-13.0 kbar. There are two re-
Another new feature of the (TMTSE}SO; phase dia- markable features in this figure. First, the onset temperature
gram uncovered in the present study is a bumplike transitionf superconductivityT2"®, is exceptionally high compared
(transition 11l) at around 50 K for pressures above 10 kbar.to the previously reported vald€ Second, the transition is
This transition is accompanied by a well-defined small hys+very broad and incompleté'.g“d is defined as the tempera-
teresis, which grows with increasing pressure. A representaure at which the resistance drops to 50% of its normal-state
tive example of the behavior &, at transition Il is shown  yajue. As depicted in Fig. (), To™s®tis approximately con-
in the inset of Fig. ic). The resistance is again larger in the stant from 4.8 kbar to about 9 kbar and then falls very rap-
warming curves than in the cooling curves. The transitionid|y, WhereasT‘C“id has a maximum at around 8.5 kbaﬂ"d
temperature increases slowly as the pressure is increasgfb reases much faster toward higher pressures than toward
The pressure and temperature characteristics of transition bwer pressures, an—wﬂd cannot be defined above 11.6 kbar.

a.t Iqlw piref;ure a?ctjhoflt/r;lnls/lgori /”I at dh'gh 1p;r2esls;/ure are Vo all of the pressures considered, the superconducting tran-
similar to those of the1/2, . 1/2and (0, , 1/2 anion sition is incomplete; a finite resistance remains even far be-

: " 10
ordering transitions of (TMTSEReQ,."" However, we can- low the superconducting transition temperature, as shown in

%he inset of Fig. &). This agrees with the suggestion that
(TMTSF),FSQ,; is a filamentary superconductérand with
the observation of a very smdless than 2% Meissner ef-

Mact in this materiaf®

vided by x-ray diffraction measurements.

The first derivative oR,,, dR,,/dT, undergoes an abrupt
change with increasing temperature. Figure 2 shows the te
perature dependence dR,,/dT at 12.7 kbar together with
the thermoelectric power at 12.2 kbar for comparison. As the
system is cooled from ambient temperatud®,,/dT has a
maximum at a temperature corresponding to the solidifica- The thermoelectric power along tteaxis (S,,) under
tion of the pressure medium. The solidification temperaturgressures of 2.8—14.7 kbar on two sampleslow 7.1 kbar
can be unambiguously determined from the thermoelectriand abovgis presented in Figs.(d and 4b). For compari-
power measurements, as mentioned in Sec. IdR,,/dT  son, we first summarize the results of previous thermoelec-
shows a more or less linear temperature dependéeceR,,  tric power measurements by Lacaet al:'® (1) room-
is quadratic with respect to temperatuower an interval of temperature thermoelectric power increased from 22 to
about 70 K below solidificatioishown in Fig. 2. The same 28 uV/K as pressure was increased from 1 bar to 10 kbar,
temperature interval is also characterized by linear thermoand (2) thermoelectric power decreased monotonically with
electric power(see lower curves in Fig. 2 and the discussiondecreasing temperature. However, our results differ substan-
below). The thermoelectric power has a large hysteresis justially from those of Lacoeet al!® First, we found that the
below this temperature region. Although no transition isthermoelectric power at room temperature decreases more or
known to occur at this temperature, we speculate that thkess linearly with increasing pressure at a rate of
observed hysteresis may result from a weak ordering of ei—0.23 uwV/K per kbar[Fig. 4(c)], with an estimated ambient
ther anion structure or electric dipole moments because thgressure value of 25.8V/K. The overall pressure effect on
characteristics oR,(T) and S,,(T) around the transition the Chromel-AuFe 0.07% thermocouples used in the present
temperature are similar to those around (@el1/2, Q anion  work was less than 4%, and this effect alone could give a
ordering transition temperature in (TMTSBIO,.?° pressure derivative ofl SdP=-0.06 wV/K per kbar. We

Figure 3a) shows the superconducting transitions ofalso used Chromel-Constantan thermocouples to measure the
(TMTSF),FSO; under various pressures. Pressure values ardhermoelectric power of other TMTSF salts, which gave a

B. Thermoelectric power measurements
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different sign of the pressure derivatives, but we also ob- x102

served a decrease 8, with increasing pressure at room 8BS
temperature. Second, the many interesting phase transitions
observed in the resistance measurements are also evident in
the behavior of the thermoelectric power.

As shown in Figs. @) and 4b), transitions | and Il
clearly appear in the thermoelectric power data as abrupt
increases irsS,,. Transition Il is very clear irS,,, even at
low pressures where this transition is indistinct in 1Rg,
data. Transitions | and Il at 5.8 kbar are indicated with down-
ward arrows in Fig. ®). Interestingly, the thermoelectric
power remains within the same order of magnitude even af-
ter the two successive transitions and falls again at tempera-
tures below about 30 K. This falloff at low temperature is
contrary to the behavior d®,,, which continues to increase
in this temperature regime. The thermoelectric power does
not show the temperature dependence characteristic of semi-
conductors ¢ 1/T) at any of the imposed pressures. Even at
the moderate pressure of 5.2 kbar, the thermoelectric power
data indicate that the electron system remains metallic at low 5-00 —= ;f — Ell — '1'2' 6
temperature, although the resistance is strongly elevated. The
reentrance to metallic behavior at low temperature becomes P (kbar)
increasingly evident as the pressure incredseset of Fig. FIG. 5. Pressure dependence of the slope of the linear section of
4(a)]..At.7_.1 kbgr, the thermoelectric power no Ionger ShOWSiha thermoelectric power.
the significant rise observed at lower pressures; instead, only
kinks are observed at the transitions. The transition tempera-
tures obtained from the thermoelectric power data follow Between 7.1 and 9.0 kbar, the thermoelectric power
closely those obtained from thR,, data. The temperature shows only a simple kink in the slope at temperatures corre-
dependence o8,, below 8 kbar as well as that &,, sup-  sponding to transition Il. However, on further increase of the
ports the suggestion that a gap opens over only part of thpressure a new transition develops at around the same tem-
Fermi surface. Thus, the low temperature ground state is eperature. The high-pressure bumplike transition is distin-
sentially metallic although a substantial portion of the Fermiguished from the low-pressure transition by the appearance
surface is removed through two transitions. Increasing thef hysteresis, both in the magnitude of the thermoelectric
pressure gradually reduces the gapped portion of the Fernpiower and in the transition temperature. It is interesting to
surface. note that the transition begins to separate at 14.7 kbar, which

Although the thermoelectric power shows a maximum atis not the case in the resistance. The slope of the thermoelec-
around 30 K for pressures below 7.1 kbar, the resistanctric power is much steeper below this bump transition than
shows only either a slope change or a small anomaly at thigbove, which may signify a reduction of the bandwidth
temperature, depending on the sample. For pressures of 5a2ross the transition following the simplest one-dimensional
kbar and above, the thermoelectric power converges to zeright-binding band model.
with decreasing temperatuf€ig. 4(a), insef. According to The beginning of the solidification of the pressure me-
Ref. 27, 30 K corresponds to the temperature below which dium can be detected very precisely by monitoring the tem-
strong electric field can switch the insulating state to a meperature differenceT) between two heater blocks driven
tallic state whose resistance is smaller by a factor §fdt0 by alternating currents with the same amplitude but whose
4.2 K. It was suggested that the application of a strong elecehases differ by 904! Because the amount of heat loss by
tric field caused the FSQdipoles to take on ferroelectric the pressure medium changes discontinuously through the
order and that the improved uniformity of the crystal poten-liquid-solid transition, a small increase AfT is clearly ob-
tial facilitated electron conduction. In this context, the de-served when the oil begins to solidify. As already mentioned
crease in the thermoelectric power that we observed below the discussion of Fig. 2, once the solidification is com-
about 30 K can be interpreted as a decrease in the systepteted, the thermoelectric power shows a linear dependence
entropy following the loss of an orientational degree of free-on temperature, as is observed for most Bechgaard salts at
dom. Another possible explanation is that two conductionambient pressuré. The slope at 2.8 kbar is about 5.2
bands with different types of carriers form across transitions< 10~ 2 xV/K2, which is slightly smaller than the value of
| and Il. Under this hypothesis, the thermoelectric power7.0x10 2 xV/K? reported for (TMTSF)PF, at ambient
maximum would originate from the disappearance of thepressuré> The slope of the section in which the thermoelec-
conductivity contribution from a certain portion of the Fermi tric power depends linearly on temperature, increases with
surface?® and the resistance maximum below 35 K betweerpressure, and has a maximum at around 11 kbar, as shown in
7 and 8.5 kbar would reflect the completion of gap openingFig. 5. The largest slope is about &30 2 wV/K2. This

55

Slope of linear sectionin S _ (1V/K)

Cooling
Warming

ce
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T ' T the temperature of the second transitidh) decreases at a

1 rate of about—10 K/kbar. Transition | becomes difficult to
. v discern above 9 kbar, although a possible remnant of this
100 5 dep0tgy o, 9 transition persists until 14 kbar. Transition Il disappears com-
[ OO0 ] pletely above 8 kbar.
D}/:inl-n’”"” 1 (2) At pressures greater than 7 kbar, a new phase transi-

tion (l11) appears at around 35 K. Evidence of this transition
is observed in the behavior of both the resistivity and the
thermoelectric power. This bumplike transition with hyster-
esis strengthens with increasing pressure and the transition
temperature increases at a rate of about 3.1 K/kbar.

(3) A superconducting transitiofiVV) occurs at around 3
K at pressures as low as 4.8 kbar. Bafi**'andT™ are the
highest in the TMTSF family. However, the superconductiv-

T(K)

v ] ity exhibits features characteristic of a filamentary supercon-
ductor.
1 ) ) . (4) Above 9 kbar, there is a new transitioWf) accompa-
0 4 8 12 16 nied by hysteresis. The transition temperature increases and
P (kbar) the hysteresis grows with pressure. Above this transition,

dR,,/dT andS,, vary linearly with temperature.

FIG. 6. Pressure-temperature  phase diagram of (5) The maximum in the thermoelectric power observed at
(TMTSF),FSG;. The upward trianglesZ, A) represent the first  around 30 K(VI) does not reflect an anomaly in the resis-
MI transition (transition ), the downward triangles\(, ¥) the  tance. Below this temperature, the electric dipole moment
second MI transition(transition 1), the squares((;, M) the high  has previously been reported to exhibit switching behavior
pressure bump transitiditransition 11, and the circles©, ®) the  nqer a strong electric field. The source of the maximum in
limit of linear (Sy,) or quadratic R, temperature dependence. {he thermoelectric power remains an open question, because
Solid symbols are for cooling and the open ones for warming. Thqhe formation of two conducting bands with different types

stars ) stand for the superconducting transition. Crosse$} (n- of carriers may give the same result if a gap opens on one of
dicate the temperature where the thermoelectric power has a maX am

mum.
IV. CONCLUSION

result suggests either that the bandwidth is not a simple de- We have revealed that the organic superconductor
creasing function of pressure for (TMTSIFSO; or that the ~ (TMTSF);FSQ;, whose anions carry nonvanishing electric
one-dimensional tight-binding band model breaks down afliP0le moments, has a very rich phase diagram. The previ-
high pressure. It is also worth mentioning that the frequency?!S!y reported Mi transition at around 89 K at ambient pres-
of Shubnikov—de Haas oscillations shows discrete behavior!€ splits into two transitions as pressure increases. Accord-

around the pressure at which the temperature coefficient df9 {0 the thermoelectric power data, the ground state may
the thermoelectric power shows a maximéi. not be an insulating state even at low pressures. The super-

conducting transition occurs above 4.8 kbar with the highest
T. among Bechgaard salts, but the SC state is marginal. Of
C. Phase diagram particular interest is the discovery of a new cascade of tran-

Figure 6 shows the phase diagram obtained from the r sitions that develops at pressures above 8 kbar, where the

sistivity and thermoelectric power measurements. The effe pw-pressure transitions have mostly disappeared. The ap-

of the temperature on the pressure is corrected in the phaggarance of these transitions suggests that a different kind of

diagram. The absolute error of the pressure reading is leggioN ordering may be mduc_ed at high pressu_re._A d_eta|led
than 0.2 kbar, and the relative error compared to neighborin ray. stqdy of each _phqse s necessary to distinguish the
points is much less. The reliability of the data is highlighted ontribution of.glectnc dipole moments from the effept of
by the fact that we found excellent agreement between thatructural transitions .due to anion ordering and to clarify the
results obtained using two independent experimental probégressure-mduced anion ordering.
over several independent runs with many different samples.
The phase diagram of (TMTSH}SO; can be summarized
as follows. This work was supported by the Korea Science and Engi-
(1) The 89 K transition at ambient pressure splits into twoneering Foundation under Grant No. R01-2000-000-00036-0
transitions as pressure is applied. The temperature of the firahd by the Ministry of Education, Korea under BK21 pro-
transition (1) is relatively independent of pressure, whereasgram.
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