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The polarized optical reflectance spectra of the quasi-two-dimensional organic correlated electron system
k-(BEDT-TTF),CU N(CN),]Y, Y=Br and Cl are measured in the infrared region. The former shows the
superconductivity aff;=11.6 K and the latter does the antiferromagnetic insulator transition,at28 K.

Both the specific molecular vibration modg(ag) of the BEDT-TTF molecule and the optical conductivity
hump in the mid-infrared region change correlativelyTat=38 K of x-(BEDT-TTF),Cu N(CN),]Br, al-

though no indication of T* but the insulating behavior belowT;=50-60 K are found in
k-(BEDT-TTF),CU N(CN),]Cl. The results suggest that the electron-molecular vibration coupling on the
v3(a4) mode becomes weak due to the enhancement of the itinerant nature of the carriers on the dimer of the
BEDT-TTF molecules below*, while it does strong below;,s because of the localized carriers on the dimer.
These changes are in agreement with the reduction and the enhancement of the mid-infrared conductivity hump
below T* and T;,s, respectively, which originates from the transitions between the upper and lower Mott-
Hubbard bands. The present observations demonstrate that two different metallic states of
k-(BEDT-TTF),CU N(CN),]Br are regarded aa correlated good metdbelow T* including the supercon-
ducting state anda half filing bad metal above T*. In contrast the insulating state of
k-(BEDT-TTF),Cu N(CN),|ClI below T, is the Mott insulator.

DOI: 10.1103/PhysRevB.69.064508 PACS nun§er74.70.Kn, 78.30.Jw, 71.30h

[. INTRODUCTION in comparison with the filling controlled one in the inorganic
perovskites such as Highs copper oxide$:°

Organic charge transfer salts based on the donor molecule Recently anomalies in the metallic state of the supercon-
bis(ethylenedithig-tetrathiafulvalene, abbreviated BEDT- ducting salts af* =38 K for X=CuU N(CN),]Br and 50 K
TTF, are characterized by their quasi-two-dimensional elecfor X=Cu(NCS), have been reported in several physical
tronic properties which originate in the layer structure ofproperties; the cusp of the spin-lattice relaxation rate
(BEDT-TTF),X crystals? The BEDT-TTF molecules have (T,T) ! appears in*3C-NMR,}°~*? the velocity of sound
different possible packing patterns in the conducting layertakes a pronounced minimut;**the thermal expansion co-
The patterns are denoted by the different Greek lettersfficient indicates a reminiscent of second-order phase
Among them,« type has a unit of dimer consisting of two transitionl® and the spin susceptibility and the resistivity
BEDT-TTF molecules. Since each dimer has one fitieee  show a change of the anisotropyhe T* line seems to
electron$ because of charge transfer to the anions, the condivide the metallic phase into unconventional metal with
duction band can be considered to be effectively half-filling.large antiferromagnetic spin fluctuation at>T* and a
Therefore, x-(BEDT-TTF),X with X=Cu(NCS), and metal with a possibility of the fluctuated density wave for-
CUN(CN),]Y (Y=Br and C) have attracted considerable mation atT<T*.’ The line has been found to be terminated
attention from the point of view of the strongly correlated at the critical end point of the first order Mott metal-insulator
Q2D electron systerfr.® The unconventional metallic, anti- transition line!’~'° The nature of thelr* line (transition or
ferromagnetic insulator and superconducting phases appeearossover and these unconventional metallic regions, how-
next to one another in the phase diagrihiThe transitions ever, has not been understood well. It is important particu-
among these phases are controlled by the applied pressueely to investigate the characteristics in the metallic state at
which must change the conduction band widlthwith re-  T.<T<T* because it must be closely related to the mecha-
spect to the effective Coulomb repulsidh between two nism and the symmetry of the superconductivity which has
electrons on a dimer. Thus the(BEDT-TTF),X family has  been controversially discussed so #4f.In this point the
been considered to be the bandwidth controlled Mott systeranticorrelation of the signs of the uniaxial-pressure coeffi-
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cients atT. and T* has been pointed out from a thermody- 100 == T
namic analysié! It is noted again that suchi* anomalies I 1L
and the metallic state beloW* appear in only the supercon-
ducting salts and those have not been found in the
non-superconducting salts, for example, the antiferromag-
netic (AF) Mott insulator x-(BEDT-TTF),Cu N(CN),]|ClI,
which has the AF transition affy=28 K (Ref. 22
and the insulator-semiconductor like transition @&f,g
=50-60 K82

Optical conductivity measurements are powerful tool for I 1[
investigating the charge dynamics, electron correlation, 600 | 4k

R (%)

800 F 1F

h

and electron-phonoiimolecular vibratioh coupling in the § - T=52K

correlated electron system like the low-dimensional 40T Jr=ek| [

organic conductor& In this paper, we report the syste- 200 L / JL

matic infrared (IR) reflectance investigation of - T=12K
k-(BEDT-TTF),CUN(CN),]Y (Y=Br and C). We focus 0075000 400003000 4000 6000
on the change of a specific molecular vibration megea,) ® (em™) o (em™)

and the broad conductivity peak in the mid-IR region of the
superconductingx-(BEDT-TTF),CU N(CN),|Br and the
AF-Mott insulator x-(BEDT-TTF),CUN(CN),]Cl. The
symmetricvs(a;) mode becomes visible in the IR spectra
due to the large electron-molecular vibratiofEMV)
coupling?*~2% Thus the mode is sensitive to the electronic
state on the dimer molecules. The conductivity peak a
mid-IR has been resulted in the inter-band transitions bas
on the tight binding band calculatidA-3? In the case of
strongly correlated electron system with half-filling, how-
ever, a broad band has been expected to appear at the similar IIl. RESULTS AND DISCUSSION
mid-IR region corresponding to the energy Ofwhich is
attributed to the transitions between the lower and upper Figure 1 shows the reflectivityupper panelsand the
Hubbard band33*~°We discuss the change of the elec- optical conductivity spectra(lower panel$ calculated
tronic state and the correlation effect ef(BEDT-TTF),X by the Kramers-Kronig transformation f&i|c axis (left side
by probing such optical properties. panel$ and E|a axis (right side panels of
k-(BEDT-TTF),CuU N(CN),]Br which shows superconduc-
tivity at 11.6 K The data taken at three temperatures are
selected to be shown in the figure for clarity. The features of
High quality single crystals of «-(BEDT- both the reflectance and the conductivity spectra reproduce
TTF),CUN(CN),]Y with Y=Br and Cl were grown by the well the reported results:*"*8Characteristic features of the
standard electrochemical oxidation method. The crystalspectra arél) Drude peak appears only at low temperature,
have a slightly distorted hexagonal and diamond shapet®) the broad mid-IR conductivity peak exists at 3300 ¢m
shiny surface containing the and a axes. The polarized for E|c axis and 2200 cm' for E|a axis, and(3) the mo-
reflectance spectra were measured on dke plane along lecular vibrational modes of BEDT-TTF are superimposed
E|la axis andE| c axis with a Fourier transform microscope- on the electronic background. On the Drude behavior, we are
spectrophotometddASCO FT/IR-620 and MICRO-20The  not involved in the detail of its temperature dependence be-
mid-IR (600—6000 cm?) region was measured by use of a cause the present experiments are limited in the measurable
mercury-cadmium-telluridMCT) detector at 77 K and a frequency range down to 600 crh The tendency of low-
KBr beamsplitter. The sample was fixed by the conductiveirequency region, however, is in good agreement with the
carbon paste on the microgoniometer which was placed girevious work® As the intensity of the far-IR conductivity
the cold head of the helium flow type refrigerai@xford  has grown with decreasing temperature, the strength of the
CF1104. The temperature was monitored and controlled amid-IR conductivity has decreased. The temperature depen-
10-300 K by the gold/iron-Chromel thermocouple and diodedence of the mid-IR conductivity is discussed latter in con-
thermometers. We gave careful consideration of less streswction with a characteristic temperatdré=38 K and the
and good thermal contact to the crystals in the sample setholecular vibrational modes.
ting. The reflectivity was obtained by comparison with a gold Figure 2 shows the reflectivityupper panelsand the
mirror at room temperature. The optical conductivity wasoptical conductivity spectralower panely calculated by
calculated by a Kramers-Kronig analysis of the reflectivity.the Kramers-Kronig transformation fdg|c axis (left side
For this analysis, the reflectivity data was extrapolated to lowpanel3 and E|ja axis (right side panels of
and high frequencies. The conductivity in the measured frex-(BEDT-TTF),Cu N(CN),]Cl which shows antiferromag-
quency range was found to be insensitive to the small differnetic insulator transition at 27 & The features of both the

FIG. 1. The reflectivity(upper panelsand the conductivity
spectralower panels of k-(BEDT-TTF),Cu N(CN),]Br for E|| ¢
axis (left panel$ andE|| a axis (right panel$, respectively.

ence of the extrapolations. The Raman spectra were mea-

§ured by using a JASCO NRS-1000 with a backscattering
ometry. We used a He-Ne laser with the wavelength at
32.8 nm.

II. EXPERIMENTS
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FIG. 2. The reflectivity(upper panelsand the conductivity (right). The spectra are plotted with shifting the conductivity by
spectralower panel} of k-(BEDT-TTF),CUN(CN),]Cl for E| ¢ 400 Scm ! each.
axis (left panel$ andE|| a axis (right panel$, respectively.
from the data at the lowest temperature by 150 and

reflectance and the conductivity spectra also reproduce weff00 Scm ' each for «-(BEDT-TTF),CUN(CN),]Br and
the results which have been reporf8d’ Below about K-(BEDT-TTF),CUN(CN),]CI, respectively. The sharp
50-60 K, in contrast to the superconducting salt, the condud?€@K Structures in the spectra have been assigned to the vi-
tivity at low-frequency range decreases and the mid-IR Conbrat|ona[1 modes  as fo”o‘i‘%)-' The peaks around
ductivity and a vibrational modes;(a,) are strongly en- 1170 cm * and 1270-1290 le have been assigned t@;
hanced, which means that the mid-IR band transitions ar@nd »s modes, both of which involve the GHmotion, re-
becoming dominant at lower temperatures. spectively. The peak at 1380—1390 chrhas been assigned
The change of the electronic states in these© vas. These peaks do not change the frequency with tem-
salts is reflected in the totally symmetric internal Perature so much. On the other hand, the peaks at 1320-
vibration vs(a;) mode of the BEDT-TTF molecule 1330 forE| caxis and 1250-1270 cnt for E| a axis shift
through the EMV coupling. Figures 3 and 4 showto higher frequency below about 30-40 K in
the optical conductivity in the frequency range x-(BEDT-TTF),CUN(CN),]Br, and to lower frequency
near 1300 cm! of «-(BEDT-TTF),CUN(CN),]Br below 50-60 K in «-(BEDT-TTF),CUN(CN),]CI.
and «-(BEDT-TTF),CUN(CN),]Cl, respectively. The The former temperature corresponds * and the

plotted conductivity value of these spectra are shiftedatter Tins. These relatively broad peaks have been
assigned to thevs(ay) mode. The opposite trend of the

temperature  dependence of the peak positions

[ B in  between  «-(BEDT-TTF),CUN(CN),]Br  and
3000 - k-(BEDT-TTF),CUiN(CN),]Cl has been reported:>*-8
280K The present experiments show clearly in the first
202K time that the shift of thev;(ay) mode is not monotonic
[ 121K with  temperature  but correlated to T* in
2000 e k-(BEDT-TTF),CUN(CN),]Br, and T,s and Ty in
§ oK k-(BEDT-TTF),CU N(CN),]Cl. In concurrence with such
° 52K frequency shifts, the shape of the conductivity peaks change
i atT* andTj,. The peak becomes sharper and larger below
1000 [ 35K Tins iIn k-(BEDT-TTF),CU N(CN),]Cl, while the further
;g’ﬁ broadening seems to be observed belo® in
(21K k-(BEDT-TTF),CuU N(CN),]Br. But the latter broadening
17 1 ] cannot be concluded because of overlapping with the Fano-
Livviteu o Livitinyd type antiresonance of the GHtibrations.

1200 1300 1400 1200 1300 1400 The peak frequencyp g of the v3(a,) mode is shown in
@ (em™) © (em™) the inset of Fig. 5. The peak frequencies in both salts and
FIG. 3. The conductivity spectra near 1300¢cm of  both polarization directions increase monotonically with de-
k-(BEDT-TTF),CU N(CN),]Br for E| ¢ axis (left) andE|| a axis  creasing temperature from room temperature. This mono-
(right). The spectra are plotted with shifting the conductivity by tonic change ofw g is in accordance with the change of the

150 Scm'! each. same mode of the Raman shift frequeney. Then the
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009 tegralt imer for hopping between molecules within the dimer
_ Bre -~ is larger thanwo(= wg).2*"?°These plots support further that
- E ME the anomalous frequency shifts of thg(ag) mode atT* in
5_0'095 :—Q? . ;m ;‘ k-(BEDT-TTF),CU N(CN),]Br, and T, and TN. in
E s Tioe Lot K-(BEDT-TTF)Z_CL[I\_I(CI_\I)Z]CI are caused by_changlng not
Loo1l ol Ay R0 ] the molecular vibration itself but the electronic states on the
g i “’go LAt ] dimers through the EMV coupling.
:',’ RS N In view of such change obg of the v3(ag) mode, let us
-0.105 fTNi e §:g%g§;z£} *s then consider the relation to the electronic states. In the
e k-type BEDT-TTF system, the effective half-filling bands
012 Eja _A” T “_SA— are expected and results in the Mott insulator due to the
£ T E strong dimerizatiori=® This situation is realized beloW;,s
P S el E in k-(BEDT-TTF),CYN(CN),]Cl. Large negative fre-
S04 T, & Tee MY £ quency shift from the bare phonon frequency observed be-
Z I % P '1('»%'](3'»0'30&'4 ] low T;ns cOrresponds to the enhancement of the EMV cou-
E 016 f':f@@:"‘%-*\’ ] pling. The Iar.ge EMV couplmg' on the dlmgr system implies
o0 hay that the carriers tend to localize at the dimer and then the
C g ool N conductivity becomes small. The larger and sharper peak
T L o0 shape of thev3(ay) mode also demonstrates the localization
0 100 ) 200 300 of a carrier(one holg at each dimer. Then the system has

o became the Mott insulating state before the AF static order
frequency (r) of_ the vg_(ag) mode normalized by the same mode paan reported below abomns_so On the other hand, the
of the Raman shift ¢r) in «-(BEDT-TTF),CUN(CN),]Br (open  qjsive frequency shift below* indicates that the carriers
circles and dotted lineand k-(BEDT-TTF),CUN(CN),]CI (filed 0 dimer show the itinerant behavior in the supercon-

Cl'rdes an: )br:nnker; "rjﬁfo\zl i“' Ctaﬁs (Lrjptp?r %anelr?gdnEll a:u::z ducting salt. This metallic behavior is consistent with the
Eoower panel. Insets show he temperalure dependence ria results of the spin susceptibility which has shown that the
R density of states at Fermi level increases bel6iv’ The
resistivity also shows the quadratic temperature dependence
monotonic change abr andwg represents the hardening of below T*, which suggests the Fermi-liquid-like metallic
the molecular vibration itself by cooling. Below abolifs  behavior® The superconductivity appears from such metal-
=50-60 K, however, the peak frequency starts to shift tdic state.
lower frequency in both polarization directions of A possibility of the fluctuation of the charge density wave
k-(BEDT-TTF),CYN(CN),]CI. Then a small downward or charge localization in the metallic state bel®% has been
jump (~1.5 cm ! for E|c axis andE|a axis) appears at proposed on the basis of the anisotropic behavior of the re-
Tny=28 K. The magnitude of the jump is rather small in sistivity and spin susceptibilityA separation or distortion of
comparison with the entire temperature dependence. On th@e line shape of the;(a;) mode is expected in such in-
contrary, the samewz(a;) mode of superconducting stances. In fact the clear peak separation has been observed
k-(BEDT-TTF),CUN(CN),]Br shifts to the higher fre- in the charge ordered insulating state of #hype BEDT-
quency abruptly belowl* =38 K in both the polarization TTF systenf? where the separation width is related to the
directions. The magnitude of the shift belol¥ is rather  degree of the charge disproportionation on each molecule.
large in comparison with the change aly in  The line shape of thesz(ag) mode in this study on the
k-(BEDT-TTF),CUN(CN),]Cl. The change of the fre- x-type system, however, shows a sign of neither the separa-
quency atT. is not known because the lowest temperaturetion nor the clear distortion beloi*, although the the shape
measured does not reachTp, although the large frequency becomes somewhat broadened. It needs further experiments
changes were observed in the transverse acoustic phonamd analysis for reaching the conclusion.
mode belowT . The EMV coupling reflects the intensity of the mid-IR
The characteristic temperature dependence ofutifa,) band transition. The totally symmetrig;(a,) mode is not
mode in the IR optical conductivity can be attributed to theoriginally IR active. This mode can appear in the IR spectra
change of the electronic states through the EMV couplingby borrowing the intensity of the mid-IR band transition.
because the same vibrational mode measured by the Ram8&oich mid-IR band transition should appear as a broad con-
shift experiments shows only the monotonic temperature deductivity hump in the spectra. As has been reported on the
pendence of the frequeneyg from room temperature to 10 several k-type?®~>2 and B'-type?® BEDT-TTF salts which
K.*%41 The main panel of Fig. 5 shows the temperature dehave a strong dimer structure, a broad conductivity hump is
pendence of the relative frequency shift of tha;) mode  observed in the mid-IR region which can be seen in Fig. 2.
in the IR spectra, which is normalized lyr shown in the  The characteristic feature is that the intensity of the hump
inset. The IR frequencw g is expected to be smaller than changes with temperature but the peak frequency does not.
the bare phonon frequenay, (= wg) when the transfer in- The several possible origins of the hump have been pro-
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'é//(;(3;360éni_1') CTT T ] K is difficult to be explained by the polaron model.

We shall discuss the behavior of the mid-IR conductivity
hump and the resulting EMV coupling in view of the Mott-
Hubbard picture. The anisotropic triangular dimer Hubbard
model has been proposed by Kino and FukuyHnier de-
scribing the electronic states aftype BEDT-TTF system.
The model suggests the importance of the correlation be-
tween the effective on-site Coulomb repulsidron a single
dimer and the interdimer hopping integrals. Many of the
L essential features are well described and the criticatalue
300 | é//c;(z'zc')o'cn']—l') s i for the Mott insulating transition has been estimated to be
: UJ4t~U./W~1 in the Hartree-Fock approximation. The
I ] k-type BEDT-TTF salts may be close to the transition be-
] cause ofU~2tgmer~0.4 €V andt~0.1 eV, wherét g, is
the intradimer hopping integrat® In the optical conductiv-
ity in such Mott-Hubbard system, the broad mid-IR band
transition between the upper and lower Hubbard bands is
] expected to appear arouad- U in the insulator region. The
- ] observation of the enhancement of the mid-IR conductivity

200 | hump in x-(BEDT-TTF),Cu N(CN),]CI below T;,s can be
0 100 200 300 understood in this picture and may confirm that the insulat-
T &) ing state results in the Mott insulator.

FIG. 6. Temperature dependence of the conductivity of |n the metallick-(BEDT-TTF),Cu N(CN),]Br, the po-
x-(BEDT-TTF),CUN(CN),]Br  (open circlg and  sition of the mid-IR conductivity hump is the same with that
K-(B_EDT-TTF)ZCI.[ N(CN),]ClI (fllled circle) at 3?300 cm! for E|| in k-(BEDT-TTF),CUN(CN),]Cl, and it does not change
¢ axis (upper pangland 2200 cm for E|| a axis (lower panel. ¢ T This demonstrates that the mid-IR band transition
Eac_h frequency corresponds to the conductivity hump in the m'd'l%etween the upper and lower Hubbard bands keeps a certain
regton. amount of the intensity even beloiW without changing the
posed: the interband transition based on the tight-bindingnergy. The dynamical mean-field thed®MFT)*~>* for
calculation€%~*2the correlated Mott-Hubbard bant®and  calculating the Hubbard model predicts that a quasiparticle
the polaron absorptioff On one hand, ther-type** and ~ peak grows at the chemical potential in the metallic state
6-type?®*S salts which have regular BEDT-TTF arrangementbelow a temperatur&, which is much smaller that) and
and a quarter-filling conduction band, do not show such largéV. For temperature smaller thaf, a Drude-like response
mid-IR conductivity hump. The correlation between theappears atb~0 and the new peak forms at~U/2, which
mid-IR conductivity hump and the effective band filling, half corresponds to the transition between the coherent quasipar-
and quarter filling, suggests that the origin of the large humgicle band and the upper and lower Hubbard bands, while a
must be the electron correlation effect. broad peak forms atw~U in the insulating state above

Figure 6 shows the temperature dependence of the corfo.>>*It is interesting to compare the metallic state found in
ductivity at the broad hump frequency of 3300 chfor E|  x-(BEDT-TTF),Cy N(CN),]Br below T* to the coherent
c axis and 2200 cm’ for E|| a axis. One can find an obvious metal state expected beldly in DMFT. The expected new
correlation between the temperature dependenceefin ~ broad band, however, cannot be foundvat U/2 in the con-
Fig. 5 and the intensity of the mid-IR conductivity hump in ductivity spectra belowT*. The spectrum weight of the
both the superconducting and Mott insulating salts althougfroad hump abové* moves not to thes~U/2 position but
the conductivity values are scattering a little. The intensity ofto the Drude response at~0 at low temperature. The
the hump increases beloW,s and decreases beloW* in ~ DMFT calculations have shown also that the large phonon
k-(BEDT-TTF),CU N(CN),]Y with Y=CI and Br, respec- frequency shift takes place @, in particular phonons ab
tively. The observation of such correlation, in other words,~U/2.*® The Raman frequencywg of v3(ag) near o
confirms that the origin of the hump is the mid-IR band ~U/2, however, does not change Et, while the IR con-
transition. In addition the Mott-Hubbard picture should beductivity frequencyw g changes dramatically in line with the
considered rather than the tight-binding band model becaugstensity of mid-IR conductivity hump ab~U. It follows
the change of the band structureTgf; andT* is difficult to ~ from these points that the metallic state bel®tv still holds
be expected. The model of the polaron formatfaiso may a feature of the Mott-Hubbard picture with a certain amount
have difficulty in explaining the almost temperature indepen-of the state density ab~0. Then the state can be called as
dence of the hump intensity between room temperature anihe correlated good metalBut the intensity of the coherent
T* or T, because the thermal excitation type of the polaromquasiparticle peak may not be so strong enough to realize the
formation is expected. Further the almost constant of the spitransitions from the quasiparticle band to the upper Hubbard
susceptibility and the Hall coefficied? in relative broad band and from the lower Hubbard band to the quasiparticle
temperature range from room temperature down to about 100and. Therefore it is not clear at present whether the ob-

800

+ —0— X=h8-Cu[N(CN),]Br
—o— X=h8—Cu[N(CN),|Cl 1
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servedT* corresponds to the coherent temperatligein 80 -
DMFT. It is noted that the second-order phase transition at "112 filling bad metal"
T*1621 has been proposed while DMFT shows tfgtis a | : :
crossover temperature. L T o
IV. CONCLUSION | s S e b

We have measured the optical conductivity in the IR re- §4O Mot Insulator ”
gion of the Mott systemx-(BEDT-TTF),X. The specific - I N "correlated |
molecular vibration modevs(ay) of the BEDT-TTF mol- good metal”
ecule shows the sudden frequency shifT gt andT* where : T
the system changes to the Mott insulator and dbeelated L "AF-Mou : i C
good metalrespectively. These frequency shifts have strong Insulator” | "superconductor”
correlation with the intensity of the mid-IR conductivity 0
hump. The mid-IR conductivity hump is explained by the h—‘f}/U d-Br h-Br  h-NCS
transition between the upper and lower Mott-Hubbard or pressure
bands. The characteristic temperature®i,s, Ty, Te, FIG. 7. Phase diagram of-(BEDT-TTF),X. The horizontal

and T* are summarized as the schematic phas&cale is arbitrary for thaV/U value of k-(BEDT-TTF),X. The
diagram of «-(BEDT-TTF),X in Fig. 7. The results h-Br, h-Cl, andh-NCS denote the salts witK=Cu N(CN),]Br,
of the similar optical conductivity experiments CuyN(CN),]Cland Cu(NCS). Thed-Br represents the deuterated
in the «-(BEDT-TTF),Cu(NCS), and the deuterated X=CuN(CN),]Br salt. Thick vertical line shows a first order Mott
x-(BEDT-TTF),CU N(CN),|Br are also plotted in the transition line!’~*The filled circle indicates the critical end point
figure.“g Above T;,; andT* the system has almost the same of the transition. The dashed line terminated at the critical end point
electronic state of the so-calldthlf-filling bad metaP3%%0  divides into two region afi*,” the 1/2 filling bad metal at high
where the transitions between the upper and lower Mottiemperature and the correlated good metal at low temperature. The
Hubbard bands are dominant. In the snvlllU side, the bad ~ bad metal such aX=CU N(CN),]Cl with smallerW/U than the
metal changes to thBlott insulator at T, and then to the critica}l value resul_ts in the antiferromagnetic Mott iqsulator via the
AF-Mott insulatorat Ty. On the other hand, the half-filling MOt insulator region. In contrast, the bad metal with largéty
bad metal in the larg&V/U side is altered to theorrelated valug .can.turn out to be the superf:onductor without the first order
- . . . transition in only the case of passing through the correlated good
good metakt T*. The possible fluctuation of a density wave metal region
formatior is not conclusive in the metallic state at present. '

The superconducting state can be realized only from the . o
good metal by the second-order phase transition. the half-filling bad metal can be also understood in this pic-

The Mott insulator and the good metal at high tempera_ture. Th_e increasing oiV leads th_e bad metal to the normal
ture and the AF-Mott insulator and the superconductor ard"€t@l with less electron correlation and then the EMV cou-
separated by the contiguous first-order transition 1né®  Pling becomes weak. In fact the mid-IR conductivity hump is
The first-order phase transition line is terminated at the critiSUPPressed under pressfﬁ‘dt must be interesting to study
cal end point. The recent observation of the phaséhe optical p.ropertles near the flrst—order'transmon un_der
separatioft and the field induced phase alternaffom the ~ Pressure or in the materlal_s contro_llec_] with the chemical
system being situated next to the first-order transition may b@ressure_by way of the partial substitution of the molecular
explained by the spacial inhomogeneity consisting of thetlements’
Mott insulator and the good metal or the AF-Mott insulator
and the superconductor. The possible origin of the spacial
inhomogeneity may have the close relation to the ethylene
disorder*>*that is, the glass transitiGhdue to the freezing We thank R. H. McKenzie, J. Merino, and M. Lang for
of the ethylene motion at higher temperature in addition tchelpful discussions. A part of this work was performed at the
the competition of the free energy of each state. Spectroscopy Laboratory, the Material Design and Character-

The horizontal axis of the phase diagram can convert tdgzation Laboratory, ISSP, University of Tokyo. This work
the pressure througV. The strong pressure dependence ofwas partly supported by a Grant-in-Aid for Scientific Re-
the v3(ag) mode of k-(BEDT-TTF),Cu(NCS), at room  search(C) (Grant No. 155403209from the Ministry of Edu-
temperature has been reportédhe pressure dependence in cation, Science, Sports, and Culture of Japan.
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