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Temperature dependence of the polarized reflectance spectra have been measured on single crystals of
0-ET,MM’(SCN), (abbreviated ag-MM'; MM'=RbCo, RbZn, and CsZnThe reflectance spectra of the
#-RbCo and 6-RbZn salts exhibit drastic change around 190 K for the samples cooled slaiid{
~—0.1K/min). This spectral change disappears for the samples cooled radi@igtt- —1 K/min). The
reflectance spectra of theCsZn salt exhibit Drude-like features down to 20 K. Charge-ordering patterns on
these salts are deduced from the spectral analysis using the mean-field calculations.

I. INTRODUCTION #-MM’ salts(M=Rb, Tl, Cs,M’=Co, Zn) are a series
of molecular conductors intensively studied by Mori and

Optical spectra of molecular conductors contain a lot ofcoworkerss™® These salts have crystal structures similar to
information such as electron-electron correlation effectsg-ET,l,, which exhibits superconductivity below 3.6 K un-
electron-phonon interaction, etc. However, the interpretatiogjer ambient pressur@.Although C&* in the M’ =Co salts
of the optical spectra is not straightforward. Among all, thehas the local magnetic moment wig+ 3/2, the interaction
coexistence of metallic conduction and the midinfrared banghetween the local magnetic moment and conduction elec-
(intense absorption band appearing in the midinfrared regrons derived fromz-MO of ET is quite weak:® Therefore,
gion) in one-dimensional molecular conductors has puzzledhe electrical behavior of the Co salt is essentially the same
many researchersln order to explain these phenomena, theas that of the corresponding Zn-substituted salts where no
following hypotheses were recently proposed by Yamamotqocal magnetic moment is includédFigure 1 shows the
etal.? crystal structure of the»-RbCo salt at room temperatute.

(i) In some one-dimensional conductors, the original crysyyjithin a framework of the tight-binding model, the band
tal symmetry is broken even at room temperature due to spitructures of the-type molecular conductors are determined
polarization(or charge orderingresulting from the Coulomb  py the two transfer integral, andt., where the subscripts
repulsion. “p” and “ c” denote the overlapping mode shown in Fig. 1.

(i) The symmetry breaking due to the Coulomb repulsionThe shape of the Fermi surface given by the tight-binding
is followed by domain formation. Electric current is carried ¢cgjculation is reported to be a tube having an elliptical cross
by charged domain walls rather than by single particles.  gection foro-MM’ salts(M=Rb, Tl, Cs,M’=Co, Zn).%°

(i) The symmetry breaking at around room temperature Electrical resistivity of thet-RbCo and¢-RbZn salts is
is in most cases not detected by magnetic resonance studies

such as NMR, since the motion of the domain wall exceeds a R (Q
speed limit coming from the resonance frequency. @ { )

(iv) The midinfrared band is essentially the interband ) ] )
transition within spin-polarizeéor charge-ordergddomains. Y

To examine these hypotheses, the authbT.) calculated O\O 7 oA
the optical conductivity spectrum of a one-dimensional “@ ! =
quarter-filled molecular conductor by the use of the mean- X P 10, ./p' )
field approximation, and showed that the mean-field approxi- ™~ 539
mation gives a qualitative but comprehensive interpretation . > N A
of the midinfrared band. vﬁYﬂA,p/' P Q

The midinfrared band is not restricted to quasi-one- D) )
dimensional conductors. Some of two-dimensional molecu- c

lar conductors, which fall into an insulating state at a low
temperature, also exhibit this bah@iThus, it is of interest to @ Q@

examine whether or not the same procedure of the analysis ) 1 \@

is applicable to two-dimensional molecular conductors.

In this context, we have done spectroscopic study FIG. 1. Crystal structure of thé-RbCo salt at room temperature

for 6-ET,MM’'(SCN), (abbreviated as6-MM'; MM’ (Ref. 9. The two kinds of overlapping modes between neighboring
=RbCo, RbZn, and CsZn molecules are denoted lpyandc in the figure.
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almost constantmetallic) from room temperature down to
190 K. Below 190 K, the resistivity abruptly increases, and
the salts fall into an insulating statethe magnetic suscep-
tibility below and above 190 K is almost continuous and
does not exhibit any anomalous feature related to the phase
transition® On further lowering the temperature, the
m-electron system of thé-RbCo and#-RbZn salts falls into

the spin-Peierls state below 20°kX-ray crystal structural
analysis has revealed that the metal-insulator transition
around 190 K is accompanied by the dimerization along the
c axis® Interestingly, the above-mentioned behavior below
190 K disappears, when samples are cooled rapidil/qt

=1 K/min): the magnetic susceptibility of the samples
cooled in this condition exhibits the Curie-Weiss tail below
90 K and does not indicate any symptom of the spin-Peierls
transition! In the following, we refer this state below 190 K
as the quenched stat® state, and the other state below 190
K—the dimerized state reached when samples are cooled
slowly—as the relaxed staf® state.

The electrical resistivity of the#-CsZn salt is metallic
down to 20 K and then increases. In this salt an increase of » .
susceptibility below 20 K is observéd? The principal axis 10 30
of the EPRg tensor W%S recently reported to rotate with Wavenumber (10° cm™)
lowering the temperature€.The spin-density-wave formation
is sugggsted as gn origin of this metal—inZuIator transition by FIG. 2. Reflectance spectra of tt@ ¢-CsZn, (b) ¢-RbZn, and

o (c) ¢-RbCo salts at room temperature.
the specific-heat measuremetts.

In this paper, we describe the results of the reflectivityy,e mayimum and the minimum values. These directions co-
measurements for theRbCo, ¢-RbZn, andf-CsZn salts and i, qige with thea andc axes for all the three salts as expected

show the conductivity spectra experim_entally obtained. The'i'rom the crystal symmetry. The dispersion around 1300
we present the conductivity spectra given by the mean-field -1 i ariributable tea, molecular vibration mode induced
calculation. FlnaII_y, by comparing the features of the Ob'by the electron-molecular-vibration coupling. The sharp peak
served spectra with those of the calculated spectra, we d%’round 2100 cm' is attributable to the €N stretching
duce the charge-ordering patterns of #&bCo, 6-RbZn, mode of SCN. The reflectance spectra of ti#eRbCo and
and ¢-CsZn salts. 6-RbZn salts are quite similar to each other. This similarity is
consistent with the unified phase diagram proposed by Mori
II. EXPERIMENTAL for the ¢-type salt€ By applying the Drude-Lorentz model

) to the observed spectra, we have found that the spectra of the
Single crystals of thé-RbCo, RbZn, and CsZn salts were g.cszn salt contains the Drude contribution, which comes

synthesized by the method described elsewﬁ%rﬁef!ec- from electronic transition having zefor very small excita-
tance spectra were measured by the use of a Fourier trangon energy, while such contribution is abséat negligibly
form infrared (FTIR) m|crospectroqhotomete(r]asco FTIR  smal) in the spectra of th&-RbCo and¢-RbZn salts.

890Qu) from 650 to 5000 cm’, and the Olympus Figure 3 shows the optical conductivity spectra obtained
MMSP-RK  microspectrophotometer from 5000 to 25000fom the reflectance spectra shown in Fig. 2 through the

cm *. Samples were cooled by a cryostat manufactured &ramers-Kronig transformation. As expected from the shape
Oxford Ltd.(CF1104. For thef-RbCo ands-RbCo salts, the  of the reflectance spectra, the optical gap is absent in the
two different cooling rates—0.1 and 1 K/min—were chosengpectra of thef-Cszn salt. On the contrary, the conductivity
between 200 and 180 K to bring them into tReand Q  spectra of the%-RbCo andé-Rbzn salts take a broad maxi-
states, respectwely. The effect of the heating c_yqle on th?num around 2500 cit. Here we should note that the only
spectra was examined and concluded to be negligible in thigjowed electronic transition in the simple tight-binding
experiment. The Kramers-Kronig transformation was peryodel of the 6-type salts is the intraband transition which
formed by extrapolating the reflectance data to zero wavgives the Drude contribution to the spectr&. Thus the de-
number. The shapes of the obtained conductivity spectrgiation from the Drude-type shape of the spectra in the
were little affected by the method of extrapolation except forg.RpCo andg-RbZn salts indicates breakdown of the simple
the spectra of thé-CsZn salt below 200 K. tight-binding picture. This will be discussed in the later sec-
tions.
IIl. RESULTS Figure 4 shows the temperature dependence of the reflec-
tance spectra of th&-RbCo salt. We have obtained the two
Figure 2 shows the reflectance spectra of thRbCo, kinds of spectra—the spectra in teand R states—below
6-RbzZn, and#-CsZn salts on thé010) crystal surface at 190 K. The spectral features of th@ state are similar to
room temperature. In these measurements, we have chostose of the metallic state above 190 K, but completely dif-
the directions of the polarization where the reflectivity takesferent from those of th® state. Thus we conclude that tQe
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FIG. 3. Conductivity spectra of th@) #-CsZn,(b) -RbZn, and 200 ?'Rbco. E//.c r
(c) 8-RbCo salts at room temperature, obtained from the reflectance R-State
spectra shown in Fig. 2 through Kramers-Kronig transformation. 100 | 20KR) 4
0k

state is a supercooled state of the high-temperature metallic
phase, while th& state is a different phase. This conclusion
is consistent with the EPR experiments by Nakaniral 1*
Figure 5 shows the optical conductivity spectra obtained
through the Kramers-Kronig transformation from the reflec-
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tance spectra of Fig. 4. The spectra in Qestate and the j/\/* Q
Or A 150 K(Q)
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0 1 4 t t : y : Wavenumber (10> cm™)
40F |Q-State| L I&State| . {b)
FIG. 5. Temperature dependence of the optical conductivity
20F i 7 spectra of theg-RbCo salt for thea) E||a and(b) E||c polarizations.
g 20K (Q) The notationgQ) and(R) indicate theQ andR states, respectively.
o OF - B Note the scale offset between different spectra.
§ 150 K (Q)
Q
e o 200K i M metallic state above 190 K exhibit a single broad absorption
= band around 3000 cht. On the other hand, the spectra in
or 250K i ] the R state exhibit three absorption bands above 2000'cm
250K Figure 6 shows the temperature dependence of the reflec-
or 290K i ] tance spectra of thé-CsZn salt. The spectral shape exhibits
290K a feature of metallic dispersion down to 20 K. This salt is
00 ! é ) "‘ 0 ' é ' "‘ reported to undergo a metal-insulator transition at 20 K.

Wavenumber (10° em™)

Wavenumber (103 cm'l)

However, we could not cool the sample below 20 K in the
present measurements. Therefore, spectral chéhgmy)

FIG. 4. Temperature dependence of the infrared reﬂectan(;aSSOCiatEd with this metal-insulator transition has not been

spectra of thep-RbCo sallt for thea) E||a and(b) E||c polarizations.
The notationgQ) and(R) indicate theQ andR states, respectively.

Note the scale offset between different spectra.

investigated in the present study.
Figure 7 shows the optical conductivity spectra obtained
through the Kramers-Kronig transformation from the reflec-
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FIG. 6. Temperature dependence of the infrared reflectance (@) Wavenumber (10° cm™)
spectra of thef-CsZn sallt for thea) E|ja and(b) E||c polarizations.
Note the scale offset between different spectra. j c 2
200 | 0-CsZn
Elle
tance spectra shown in Fig. 6. Although the conductivity 100 F 4
spectra below 200 K have been affected a little by the ex- 20K

trapolation used in the Kramers-Kronig transformation, the
conductivity spectra do not exhibit a gap for any attempted
extrapolations. This is consistent with the Drude-like feature
of the reflectance spectra. Therefore, we conclude that there
exists an intense absorption band with extremely sruall
zerg excitation energy, although we cannot assign whether
or not this band is due to the intraband transition. Another
important feature of the conductivity spectra is a broad ab-
sorption band around 2000 ¢th This band is obscure
around room temperature and becomes intense with lowering
the temperature. A similar absorption band is also observed ot
in 6-ET,l5.*° However, the spectral intensity of the absorp-
tion band in this salt is much larger than that of the corre-
sponding band ir-ET,l5. Later in this paper, we will dis-
cuss the origin of this transition in detail.

(=}
T

Conductivity (Q'1 em!)

o

| e

(b) Wavenumber (103 cm'])
IV. DISCUSSION FIG. 7. Temperature dependence of the optical conductivity
. ) - spectra of thef-CsZn salt for thea) E||a and(b) E||c polarizations.
A. Theoretical calculation of the conductivity spectra Note the scale offset between different spectra.
One of the problems in the mean-field approximation is
multivaleny of the self-consistent-fiel(SCFH equation. In  observed optical conductivity spectra. Once the SCF solution
the normal mean-field procedures, a SCF solution which hais determined by this method, we can find out the charge-
the lowest energy is chosen as the most plausible solution fardering patterns, degree of spin-polarization, etc., because
a given sets of parameters. However, the choice of the SCsuch information is included in the SCF solution. Here we
solution in this procedure is often a subtle problem, since theshould note that the spectral calculation based on the mean-
energy differences between different SCF solutions are ndield approximation has been previously carried out for one-
always large enough. This problem becomes serious as wdimensional quarter-filled conductors by the auttierT.).3
increase the number of the mean-field parameters. The calculated conductivity spectra are consistent with those
In this paper, we propose that the SCF solution appropriexperimentally obtained, although the spectral change asso-
ate to the observed state may be determined by the specti@hted with the phase transition from an antiferromagnetic
analysis. The point of this method is to derive some relatiorstate to a charge-ordered state has been found to be negligi-
between the spectral feature and a certain SCF solution biyly small in the case of the one-dimensional quarter-filled
calculating the optical conductivity spectra on the basis oftonductors.
the mean-field approximation. With the help of the relation In this calculation, we assume an extended Hubbard
thus obtained, we deduce the SCF solution appropriate to theéamiltonian,
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Vs 2)HS. (3)AF.
H= 2 (tijpgCipeCiao™ C-C)+ 2 VijpqNipNiq (@) 8-() 5%

iipqo iipq - 8)/ o+ /l/
\g'k @ SN ~ g 3
+UZi NiptNip) 5 1 é@ 8-

- &+

c

4
wherec;\,,., Cip, are creation and annihilation operators for Lo Ny & @ N R

an electron with spimr (=1 or |) on pth molecular site in the (b)l.O S
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in a similar manner reported by S8@nd Seo-Fukuyams.

: . . O 2 ; Sa i Sh
The choice of the unit cell is crucial in this calculation. For ® or T @
the ¢-type molecular conductors, Seo has derived many "4 L Isd d154 08 _

kinds of SCF solutions by assuming a unit cell containing > 2T 254 -3 0678

eV

eight molecules. In our present calculation we assume 2 g 04 224 /,2./_)-'4/’,. -~2:Zf‘___‘_ e T 5
xa and XX (c+a) unit cells, both of which contain four S SN I ol 347 04g
molecules. The assumed unit cell are enough for the spectral £02 (3547734 | TP : 402 ¢
analysis, although some of the SCF solutions appearing in 00 b—m—1 10 1 NI IR
Seo’s study are missing in our calculation. 00 01 02 00 01 02 03

V. (eV) V. (eV)

This calculation is essentially a band structure calculation
where the unit cell contains four molecules. Therefore, the [~ o symmaries of the mean-field calculations for the 2

highest occupied molecular orbital, which forms the conduc-, 5 |attice. In this calculationt,= —0.033 eV, t,=0.099 eV, U

tion band, splits into four.bands in this approximation. We_ggey, andv,=0.1eV are assumeda) the schematic charge-
number them from 1 to 4 in the order of energy, i.e., band lygering patterns in the SCF solutioris) net spin on the site@)
has the lowest energy and so on. and() [see the definition shown i)]; (c) degree of charge trans-
After we evaluate the mean-field parameters by means Gér from site®® to site@; (d) the intensity of the absorption band in
the SCF calculation, we calculate the optical conductivitythe E|la conductivity spectrafe) the intensity of the absorption

spectra by using band in theE||c conductivity spectra(f) the peak positions of the
n—4 (n=1,2,3) optical transitions in th&||a conductivity spectra;
1 E o 2[HmeanPalon HmeanPalno (g) the peak positions of the—4 (n=1,2,3) optical transitions in
= R —A ! " ! i
o) 02 o (02— w2y~ wl) the E||c conductivity spectra.

@) of U—-V,=0.7eV is consistent with) .s(=U—-V)=0.7 eV,
which was obtained for E'HgBr; based on optical

HereP is a dipole operator, defined as measuremente
Figure 8a) shows the schematic patterns of charge order-
p— ez RC iyt 4y Ingin the SCF solutions obtained for the>2a structure.
I

The solutions are denoted 1Y) VS (vertical stripe, (2) HS
(horizontal stripg, and (3) AF (antiferromagnetic In the
andT is the relaxation rat&!® present sets of parameters, the AF solution is metastable and
In the following calculation, we assunieto be 0.1 eV, the most stable SCF solution i€l) VS for 0eV<V,
and use transfer integraldz=—-0.033eV and t, <0.13eV, and(2) HS for 0.14e\KV <0.3eV. However,
=0.099 eV—which were obtained for théRbCo salt at the energy differences among these solutions are quite small.
room temperaturé.We assume the Coulomb-repulsion pa- Thus we consider the possibility that the AF state is realized
rametersJ=0.8eV,V,=0.1eV, andV, to be a adjustable in the actual system. In the following calculations shown in
parameter ranging fronv.,=0eV to V.=0.3eV. (As for  Figs. 8b)—-8(g) and Figs. 1(b)-10(g) we only show the re-
subscripts ‘p” and “ ¢,” see the overlapping mode of mol- sults of the calculation for the most stable SCF solutions,
ecules shown in Fig. 1We have determined the Coulomb- while the spectral calculation for the metastable AF solution
repulsion parameters so that a phase transition occurs in thvll be described in Fig. 11.
calculation. Although some ambiguity is inevitable in the Figures 8b) and &c) show net spin &, on the two sites
above choice of the parameters, it is not serious in thé(), @), and degree of charge disproportionati@rFigures
following discussion. Here we should note that the value8(d) and &e) show the total spectral intensityrzp defined by
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FIG. 9. A schematic explanation for the spectral difference be- 0.4
tween the HS and VS states. The possible excitation configuration 02
is only one for the VS ground state), while it is three for the HS “t
ground stateb). (d?'o
> Q
o 60 I
w§=8j o(w)dw, (5) 40 =
0 = 2
3 5
and its fraction due to then—n interband transition for the ol ) 0 S
El|la and E||c polarizations, respectively. FiguregfBand o | ' 1" (@
8(g) show the peak positions of the—n interband transi- > o6 | T ’1:"4 08
tion for the E||a and E||c polarizations, respectively. The in- - 5 2544067
traband transition does not appear in b@hVs and(2) HS ST Rl e P PR
solutions. So2 b s T e P -]
As can be seen from the spectral intensity shown in Figs. L 34 3pd 354 J02°
8(d) and 8&e) the spectral shape in thd) VS solution is 00 bt 1 o L 0.0
almost determined by the-24 interband transition for the 00 0‘1V (ev(;‘z 00 OI',I (ev)o,z 03

E||a polarization, and the 3:4 interband transition for the
Ellc polarization. [See the left half of Figs. (@) and

FIG. 10. Summaries of the mean-field calculations for tlee 2

8(e).] Thus the single-peaked shape is expected for the opx (a+c) lattice. In this calculationt.=0.033 eV, t,=0.099 eV,

tical conductivity spectra in thél) VS solution. On the con-
trary, the spectral line shape in tf® HS state is determined
by a combination of the 3:4, 2—4, and 1-4 interband
transitions[See the right half of Figs.(8) and &e).] There-

U=0.8eV, andv,=0.1eV are assumedk) the schematic charge-
ordering patterns in the SCF solutiorfb) net spin on the site@)

and(® [see the definition shown i@)]; (c) degree of charge trans-
fer from site(®) to site(®); (d) the intensity of the absorption band in

fore, the triple-peaked line shape of the conductivity spectrdhe Ella conductivity spectrafe) the intensity of the absorption

is expected for th€2) HS solution.

band in theE||c conductivity spectra(f) the peak positions of the

Figure 9 shows a schematic explanation for the spectrd}—4 (n=1,2,3) optical transitions in thé|a conductivity spectra;
difference between the HS and VS states. The point of thi§9) the peak positions of the—4 (n=1,2,3) optical transition in

explanation is to neglect the transfer integral aloraxis, t.. .

the E||c conductivity spectra.

Under this assumption, the possible excitation configuration

is only one for the VS ground staf€&ig. 9a)], while it is
three (A~ C) for the HS ground statgFig. 9b)]. Therefore,

intensity of the 3-4, 2—4, and 1-4 interband transitions
are comparable to each othg&ee the right halves of Figs.

the conductivity spectra in the VS state exhibit single-peaked 0(d) and 1@e).] Thus the spectra exhibit triple-peaked fea-
feature, while the spectra in the HS state exhibit triple-ture likewise the spectra of th@) HS solution in the 2

peaked feature.

X a lattice.

Figure 10 shows the spectral feature calculated for the Figure 11 shows optical spectra for the typical SCF solu-
2cX (a+c) lattice. In this choice of lattice, we obtain three tions given by the mean-field calculations. Here the solution
SCF solutions corresponding to the ordering patterns denotedknoted by “normal metal” is the state where neither charge

in Fig. 10a) by (4) VS, (5) DS (diagonal stripg and(6) AF.

In the E||a spectra of the€4) VS solution, the spectral inten-
sities of the 3-4 and 2-4 optical transitions are compa-
rable.[See the left half of Fig. 1@).] However, the peak
positions of the two transitions are close to each otfieee
the left half of Fig. 10f).] Therefore, peak splitting does not
occur unless the spectra have narrow line widths. Inghe

spectra of theg4) VS solution, the spectral feature is deter-

mined by the 3-4 transition[see left halves of Figs. 16
and 1@g)] as well as in theE||c spectra of the&1) VS solu-

ordering nor spin polarization exists. The spectra shown in
Figs. 11d) and 11h) are the optical spectra for the AF so-
lutions in the ZXa and XX (a+c) lattices[solutions(3)
and(6) in Figs. 8a) and 1@a), respectively. These solutions
are metastable in the calculations of Figs. 8 and 10. For these
solutions, the Fermi surface still exists as well as the normal
metal solution. Therefore, the Drude-type intraband transi-
tion appears. Figure 18) shows the optical spectra calcu-
lated for the HS-type solution derived from the transfer inte-
grals of thefd-RbCo salt at 7 K. The spectra exhibit triple-

tion in the ZXa lattice. Therefore, single-peaked shape ispeaked feature similar to the spectra shown in Figgc)11

expected. In the spectra of tli®) DS solution, the spectral

and 119).
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LA B B B B T quarter-filled conductor, the exciton effect becomes large as

—
a) Normal Metal T ¢) 3«:"32\/ } the degree of charge separation incredses.
C= o€

600

400 _ 2. -RbZn and 6-RbCo salts (T>190 K)
200 I The spectral features of these sdlisttom of Fig. 5 are
0 quite similar to those of Figs. 1) and 11f). Thus we con-
600 clude thatthere is VS order in these salts above 1900%e
may consider that this conclusion is inconsistent with the
400 electrical behavior, in which the resistivity is almost constant
~200 above 190 K, because the_ F_ermi s_urface d_oes not exists in
g A | the VS state. However, this inconsistency is solved by as-
=0 RS W suming the hypothesés) and(iii ) described in the introduc-
$600 8-DS. (5) tion. We would like to emphasize that there are two degen-
g‘ V=03eV 1 erate charge-ordered states with the VS order inéitge
5400 |- T T structure, and such degeneracy is necessary for the domain
'§ motion assumed in the hypothesis.
3 If we accept the above-mentioned conclusion described

for the -RbZn and#-RbCo salts, the metal-insulator transi-
tion around 190 K is accompanied by the change of charge-
ordering patterns from the VS order to the HS order. Since
the freedom of the spin is conserved in both the VS and HS
stategsee 5, in Fig. 8b)], we may expect that the suscep-
tibility is approximately continuous below and above the
phase-transition temperature. We consider that this scenario
well explains the phase transition at 190 K in h&bZn and

0 2 4 6 0 2 4 6 8

Wavenumber (10°cm™) 6-RbCo salts.
FIG. 11. Optical conductivity spectra calculated for the typical 3. ¢-RbZn and 6-RbCo salts (K190 K: Q state)
SCF solutions given belowa) “normal metal” solution(the solu- .
tion where neither charge ordering nor spin polarization exiéts From the spectral featur@ig. 5, we conclude thathere

VS solution in the 2xa lattice; (c) HS solution in the 2xalat- 1S VS order in this state as well as=190K Although the

tice; (d) AF solution in the Zxa lattice; (€) HS solution in the VS St?te deduc?d in this study h_as not been r_epo_rted in other
dimerized@ structure;(f) VS solution in the 2x (a+c) lattice;(g) ~ €Xperiments, this may be explained by considering that the
DS solution in the 2X (a+c) lattice; (h) AF solution in the 2 dynamical motions of the stripe prevent the detection of the

X (a+c) lattice. In this calculationi,=—0.033eV,t,=0.099eVv, VS order.

U=0.8eV, andv,=0.1eV are assumed except {@. In the case

of (e), the transfer integrals determined for thgRbCo salt at 7 K 4. 6-CsZn (T=20 K)

are assumedRef. 9. The optical conductivity spectra of this salt exhibit the

Drude-like feature and a broad absorption band around 2000
B. Charge-ordering patterns in the é-type salts cm L. The latter component becomes remarkable with low-

In the following, we deduce the charge-ordering patternser_ing the temperature. These spectral features are consistent
by comparing the conductivity spectra experimentally ob-With the calculated spectra shown in Figs(dland 11h).
tained and those calculated by means of the mean-field ag-"us we conclude thatharge disproportionation ir¢-CsZn
proximation. Although our calculations do not consider thelS @0sent (or negligibly smaljind thatthe broad absorption
exciton effects, a qualitative discussion is still possible beand around 2000 cnt originates from the fluctuation of
cause spectral difference between the VS and HS is quitd!€ AF order This seems to be consistent with anomalous
large. temperature dependence d@f; ' observed in H-NMR

experimentg?

1. -RbZn and #-RbCo salts (K190 K: R state)

. . .. V. SUMMARY AND CONCLUSION
Three peaks appear in the optical conductivity of these

salts(top of Fig. 5. This feature is consistent with the spec- In the present study, we have measured the reflectance
tra shown in Figs. 1), 11(e), and 11g). Since the DS order spectra of thes-type ET salt. We have found) the optical

is not plausible in the dimerized state below 190 K, we con-conductivity spectra of thé-CsZn salt is Drude-like down to
clude thatthere is HS order in the R state of tl#eRbZn and 20 K; (ii) the spectra of thé-RbZn andfd-RbCo salts exhibit
#-RbCo salts A similar conclusion has been obtained by a drastic change around 190 K, when samples are cooled
Chibaet al. on the basis of NMR experimert$ Although ~ down slowly; (iii) the spectral change described (in) is
consistency between the calculated and the observed spectihsent for samples cooled down rapidly. We have calculated
is not complete, this may be attributable to the exciton ef-optical conductivity spectra on the basis of the mean-field
fects, which have not been considered in the present studgpproximation applied to the extended Hubbard Hamil-
According to similar calculations for a one-dimensionaltonian. By comparing the calculated and observed spectra of
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the optical conductivity, we have deduced the chargeanalysis as that described in this article. Such studies are now
ordering patterns of thé-RbZn, ~-RbCo, and¢-CsZn salts. in progress.

We have concluded that the phase transitions around 190 K
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