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The equations of stat@&OS of Rb,Cgg (Xx=3, 4, and § were determined by high pressure x-ray diffraction
measurements. We focus on &, since a Mott insulator-metal transition can be induced at around 0.8 GPa.
We observed an abrupt jump in the compressibility ofi&jf3 between 0.5 GPa and 0.8 GPa which is attrib-
uted to a structural phase transition preserving the tetragonal symmetap Bytio calculations we are able
to reproduce the experimental equations of state gCgj(x=3,4). These calculations permit us to study the
pressure dependence of the internal coordinates.
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I. INTRODUCTION This means that x-ray diffraction patterns must be studied

The alkali-doped fullerene compounds@y, A4Ceoand ~ Very carefully. The measure ofa@g, and ACeo under the
AgCso (A=Rb and K) present different properties.;8q,are ~ Same ex.perlmental qondltlons permit us to determme their
metals and superconductors,@, are insulators, and &£,  contribution to experimental spectra. Moreover, this allows
are filled band insulators. us to compare the compressibility of,Bgy with compress-

The bct structured fCqo (Ref. 2 (A=K, Rb) are perhaps ibilities of the other phases. Experimental results are reported
the most interesting compounds because they are nonmaig- Sec. Il.
netic narrow-gap insulatotshat undergo a pressure-induced  In Sec. Ill, byab initio fully relaxed electronic structure
Mott insulator-metal transition at around 0.8 GPBheoret-  calculations we study the RBg, and RhCq, equations of
ical investigations invoke Coulomb repulsion, orbital degen-state. Moreover, these calculations give an insight into the
eracy, and the Jahn-Teller effétb explain their nonmag- pressure dependence of the internal coordinates and permit
netic insulating character rather than the metallic naturg@o discuss the Rl€q, insulator-metal phase transition at
expected in a band-structure pictdr&he main parameters around 1 GPa.
for describing these systems, which are close to a Mott tran-
sition, are the Coulomb interactidd between electrons on
the same molecule, the band widty and the critical value Il. EXPERIMENTAL DETERMINATION OF THE
(U/W), for the insulator-metal transitidh. STRUCTURAL EVOLUTION UNDER PRESSURE

In this article, we present a study of the crystal structure A. Experiment
of Rb,Cqo (n=3, 4, and 6 under pressure. The following ) i ,
points motivated our work: while the Ry, equation of Diffraction experiments have been perforr_ned on two
state has been measured by many groups, th€Requa- powder _samples of REBgy: one from the University of
tion of state is unknown despite its great interest due to th&lontpellier (Francg (called RRCgo-M) and the other from
Mott transition at 0.8 GP4&In this context, it is very impor- the University of NancyFrancg (called RhCg(-N). Diffrac-
tant to know if a structural transition comes with the Mott tion experiments of Ri€g, have been performed on a pow-
transition. Moreover, by changing pressure, we can modifyder sample from the University of Nancy. &, and
the band widthw, permitting a rough evaluation of the criti- Rb;Cgo powder were synthesized by first preparing the com-
cal value(U/W), around the Mott transition. pound RRC, using a vapor-transport methd8dPart of the

It is worthwhile recalling that it is not possible to prepare RbsCqq Was then used to prepare Rigg and RRCq by a
samples without traces of either fcc;®@g, or bec ACq’  direct reaction with additional stoichiometric amounts of
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FIG. 1. The Le Bail fit of
full structure of a diffraction spec-
trum of the RRCg-Montpellier
Tl sample at room pressure and
| room temperature without the
diamond-anvil cell environment,
m using a monochromatic beam
(0.3738 A. This sample contains
Rb,Cgq (lower ticky space group
[4/mmm,a=11.96 A,c=11.02 A
and two minor phases: RBg
- (upper tickg space group Im3
Rb;Cey space group Fm8
(middle ticksg. The quality of fit is
gauged by the weighted profile

| | 1 | 1 I | 1 I | 1 factor: R,,=2.7%, Rp=2.1%,
0.3 0.4 0.5 06 0.7 0.8 0.9 1.0 1.1 1.2 1.3 X2:1-4-

Intensity (arbitrary units)

1 ] 1 I 1 ] 1 ] ] [ | O B N |
R TR T N N IR S )

pure G All the samples were checked at ambient pressure B. Results
by x-ray diffraction. Figure 1 shows the patterns from 1. Rb,Cgy and RbeCao

Rb,Ce-M, which exhibits the coexistence of well-defined o ) )
Rb;Cs, and RRCy, phases in addition to RBgp*7910 The results of Le Bail fitting are presented in Fig. 1

The x-ray diffraction powder data were obtained at the!RPsCeoM) and Fig. 2(Rb,CeoN) at room pressure and
ID-30 beam line of the European Synchrotron Radiationt®Mperature, with no pressure transmitting medium. _
Facility (ESRF, Grenoble, Frangdy the angle dispersive  1he RhCe-M sample is a three phases assemblage, in-
x-ray _diffraction technique employing monochromatic ¢uding (1) RbyCeo space group [4/mmma=11.96 A
(A=0.3738 A radiation. All measurements were carried outc=11.02 A (Ref. 2; (2) RbxCq, sSpace group _Im3
at room temperature. In a glove box the samples were loadeg=11.54 A (Ref. 10; (3) RbyCqo space group Fm8,
in a membrane cell with a diamond culet of diameter 880  a=14.42+0.02 A(Ref. 10.

(RbyCe-M and RBCg-N) or 600um (Rb,Cqo-N). M The RbCerN sample is a three phase assemblage, in-

Pressure values below 5 GPa were measured by using tltuding RbCg,, Rb;Cso and RbOH-HO (space group
ruby fluorescence method with a precision of 0.05 GPaCmc2). Some traces of REs, were detected only for pres-
X-ray diffraction patterns were collected in angle-resolvedsures above 1 GPa. In the case of,&f the best quality
geometry on an image plate detectbtar345. The sample- diffraction patterngshown in the following have been ob-
to-detector distance and the image plate angles were angined on the sample from Nancy since only two fullerides
lyzed using the ESRF Fit2D softwatéand images subse- coexist in the sample. Moreover, it was possible to determine
quently integrated in conventional intensity versusahgle the equation of state of RGg, directly on the Montpellier
patterns. sample without performing further measurements on a pure

S FIG. 2. The Le Bail fit of full
structure of a diffraction spectrum
N m of the RhCg-Nancy sample at
room pressure and room tempera-
ture within the diamond-anvil cell
- environment, using a monochro-
matic beam (0.3738 A. This
sample contains Rfgy (middle
- ticks) space group [4/mmm,
a=11.96 A, ¢=11.02 A and two
minor phases: RiCqy (upper
ticks) space group Fm8 and
RbOH-H,O space group Cmg2
. “M\ﬂlf. PR TN PR S - (lower ticks. ). The quality of
- - fit is gauged by the weighted
1 1 1 1 1 1 1 1 1 1 1 profile R factor: R,,=0.92%,
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 Rp=0.58% x?=0.3.

Intensity (arbitrary units)
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FIG. 3. The RRCq equation of state as obtained by monitoring % 1.03 " ~—r M
the minor phase of the RBg-Montpellier sample. Ehsgr " —0o /\‘Lll/\"\/
W /\\—/\,\/
RbsCgo Sample, since three clear and intense bcc reflections 0.56 " e /\‘_\/\,\/
were observed at all the probed pressures. The equation of 0.46 " l
state of RRCq is shown in Fig. 3. 0.26 "
In order to detect the equation of state of,Rk, data u/\_/
were analyzed using the General Structure Analysis System DLO_/QL
(GSAS in the Le Bail configuratiod? unit-cell parameters, =3 é S g [ |
| [REPEET i AT il AR | 1 h I I

profile shape parameters, and the individual Bragg intensities
varied independently. At room temperature and at atmo-
spheric pressure, lattice parameters of,&j are in agree- FIG. 4. X-ray patterns for four peaks 200, 301, 103, and 222 of
ment with values reported by other groufpise. for RbCsp,  Rb,Cq (tetragonal structupe These peaks were used to obtain the
a=11.96 A andc=11.02 A. Since we were successful in fit- Rb,Cq, equation of state. Diffraction peaks of other phases are also
ting spectra by GSAS only at low pressures, lattice paramebserved: The solid square is thell) reflection of RbOH-HO.
eters above 0.56 GPa were obtained by fitting the position ofhe solid triangle is th€400) reflection of RRCq,. The reflection
four peaks of the RiCg, bct structure, namely th€200), with the open triangle is attributed to traces of¢Rky (reflection
(301), (103, (222) reflections. Moreover, whenever possible, (301.
other reflections were adde@02), (211), (332, (402, and
(622). This latter method is corroborated by the analysis offig. 7. Our data match nicely with those obtained by Zkbu
spectra below 0.56 GPa since it gives results identical t@l.}* and Diederich®t al® On the other hand, data by Lud-
those obtained by GSAS. The pressure dependences of thragg et al1® give a lower compressibility in comparison with
of the four peaks analyzed with this procedure are shown i@ur results, Fig. 7.
Fig. 4. At each pressure the position of available reflections
could be indexed using the tetragonal unit cell. C. Comparison of equations of state of RpCgo (x=3, 4, and 6)
The pressure depe”d?”c‘?s of the Iatt|c_e paramietensd Since the experimental bulk modulus and its first deriva-
€) of Rb,Cg are shown in Fig. 5. We notice that thepa- tive can be evaluated by different fitting procedures leading
rameter decreases almost linearly with pressure. On the othF(; slightly different values, we show in the following the

ha_nd, a _phaSt_e tra_nsition preserying the bet structure _Iead_s Bsults obtained by three methodp: by a linear fit of the
a jump in c-direction compression and to a contraction in

length between 0.56 GPa and 0.8 GPa.

I I | L L " L " L
34 35 36 37 23856 58 60 B2 64 &6 68

1 N
2. Rb3Cqg 058 - ala

In the following we will present measurements performed ' ° 3
on RICqy samples. Results will be compared with previous 086 | .
measurements obtained before by other grdtp$. Our =° (.94 ]
measurements were performed over a more extended pres- 5
sure ranggup to 13 GPa The RRCgo Sample was pure and 09zt ]
measured using argon as the pressure-transmitting medium. ok ]
Room temperature diffraction profiles for phase-pure ]
samples of RECq, (the first measurements are at 0.32 GPa U-E‘BU VR
are shown in Fig. 6. As for RiEqo, data were analyzed using Pressure (GPa)
the General Structure Analysis Systd@SAS in the Le
Bail configuration3 FIG. 5. RhCyo under pressurea/ag, c/c,, andV/V,. A struc-

Finally, we have compared the equation of state of&3p tural phase transition preserving the tetragonal symmetry is ob-
with measurements performed by other groups as shown iserved between 0.56 GPa and 0.8 GPa.
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FIG. 6. The Le Bail fit of the
full structure of a diffraction spec-
trum of the RRCgy sample at
0.32 GPa and at room temperature
within the diamond-anvil cell en-
vironment, using a monochro-
matic beam (0.3738 A. The
space group is Fm8 and the lat-
tice parametera=14.32 A. The
quality of fit is gauged by the
weighted profile R-factor: gives
Row=1.02%, Rp=0.59%, andy?
- =0.2662.

Intensity (arbitrary units)

0.73 GP&> We notice that RECq, is much less compressible
the first order Murnaghan EOS,and (iii) by the Vinet than RBCg, (see Table ). A comparison between the free
EOS!8 volume of RRCgp and RRCq is fruitful: at ambient pressure
Also theoreticaB, values were calculated using three dif- the free volume of R4, (the volume of the primitive cell
ferent methods(i) by deriving the polynomial fit of the cal- minus the volume of the molecylés large compared to
culated total energy curvE(V) shown in Figs. 8 and 9, i.e., RbsCgo, Nnamely 521 & rather than 497 A This can explain
Bo=V,(dE2/ IV3)\. The two other methods exploited the de- the large compressibility of the former compound compared
rivative with respect to the volume of tH&V) polynomial  to the latter.
curves, i.eP(V) polynomial curves. These(V) curves were The Murnaghan and Vinet formufa'® cannot be used to

fitted by (ii) the Vinet's EOS andiii ) by the first order Mur- ~ determine the equation of state of /g, because of the
naghan's EOS. phase transition at 0.8 GPa. As a consequence, in order to

Results are given in Table I. For BBy, by considering compare the compressib!lity .of the three different com-
that the cell parameter at room pressure is 14.42+0.02 Rounds and to correlate it with the free volume, we per-
(Ref. 10, we can estimate the bulk modulus betweenformed a linear fit of the low and high pressure data, below
11.7+1.5 GP4Vinet methods and 15.0+2 GPdlinear fit. ~ and above the phase transition, taken as separate(sista
We notice in Fig. 7 that our points recover data by Dieder-the first and second columns, Tabjelt turns out that at low
ichs et al. even if they found by Murnaghan EOS a bulk Pressure RiCq is the softest compound and £y, is the
modulus of 17.35+0.2 GPa. This is maybe due to the facgtiffést. Surprisingly, in spite of its large free volume, Ry

that their measurements were performed only up tdS Stiffer than RbCe, (34.9 GPa and 15.0 GPa, respectiyely
and it is softer than R§Cs, (55 GPa. Above the phase tran-

P(In V) curve at 0.0-0.5 GPa and at 0.8—1.3 GHig. By

g '1*' 0.2 T T T T
099 f ¢ a . .
Yo O Q O  Abinitio calculation
D85 %, 088 ¢ -\; . o 0.1 F\ . ]
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FIG. 7. The RRCgq equation of staté€present experimentss
compared with data obtained previously by other groups.

FIG. 8. RiyCgq, Calculated total energy versus volume. The con-
tinuous line is a fit of the calculated#) points by a fourth degree

polynomial.
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FIG. 9. (Color onling Rb,Cgq total energy versus volume. The E 2 f':_': S313 8 g ©
continuous line is a fit of the calculate®(V) points by a third S o £ =
degree polynomial. Continuous lin@islack and blugcorrespondto 3 g § =
parabolic fits of the high and low volume branchesEgV). The S ET g <
yellow dashed line is a fit of the calculat&fV) points by a third 3 ,§ g Slonoa < o
degree polynomial. a ° < e B R AN I N
3 Z m— S oo b <
. . . a 00O =
sition, at 1 GPa, R4, stiffens further(72.8 GPa. This is :ﬁ;% O fo ©
due to the sudden free volume reduction at the phase transg § °
tion, i.e. from 547.4 Rto 516.2 B. -% _éj-g T 5
In the next section we will present the results of tle 2 § = o _ 3
initio calculations performed on RBg, Since diffraction -3 2 S:{ a g : N g ; g
spectra were too complex to be analyzed by Rietveld refine2 4 & SgEIS®2Hn B 2
ment, calculations were performed in order to overcome thiss .S g o O 95
difficulty and to give an insight into the pressure dependence= gg L &
of the internal coordinates of RBg, Moreover, the band- 3 @ 3 .
width of the conduction band of RBg, was evaluated in 5 & £ o > S
. I < o (O] V= ]
order to extract the pressure dependence ofUW&/ ratio = s weg U
and discuss the insulator-metal phase transition at arouré SR | 585828 Es =
S E cll oo oB8a 27 €
1 GPa. >3 8 g =Q|EEESEwSWE
SE26| So|lggge58EE
_ _ ZIS=4 05X =25 58 2
lIl. Rb ,Ceo (x=3 and 4): THEORETICAL DETERMINATION 2835 S8lsdggscs g
OF THE STRUCTURAL EVOLUTION 5S386% % w33
[ ) [ 5
UNDER PRESSURE §5 2 g @ & =)
A. LDA Band-structure calculations < é‘ g o .
c = = S\
We obtain the electronic structures and the theoreticaf i'é 8 S 5 Zf,\ = W
equations of state of RBg (x=3 and 4 within density g 32 % § 0| e oo E § E - =
functional theory in the local density approximation, as% 8 §§ £ Tleeges ﬁ 2 E s
implemented in thePARATEC codel®?® We use norm- g2y gg NSNS §E 3= 5
conserving pseudo-potenti#lsand we expand in plane = , £ = og|dHH 52 L%TE s
waves using a 60 Ry cut off. By increasing the cut off to 2 € £ Q|5 ¥y 8228 g
SEEK: W | oL 759 &
80 Ry we found that the forces changed less thang § T & 8 NN R
1.8 10“* Ry/a.u. andstress less than 0.08 GPa. 8 S3E ™ I\
For the pseudopotential generation we use ts&2 E 2 8
valence-atomic-configuration for carbon and tfs2 4p° 4d° e o = - = =
configuration rubidium, i.e., we consides,4p, and 4 as " 8 o 233% %8 98
valence states. Within DFT-LDA both materials are metallicH E o< SddE = £
with a small conduction band dispersion of approximatelya -5 = 22288 g g
0.5 eV. However, conduction electrons represent only 1/66= 8 < < 55’,, g{ go _LQQ, go g)
of total G, valence electrons. For the BZ integration we use & @ 6 rrre o
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g /
—= 4400 -
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0 4 8 12 16 4000 | - . S 1
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FIG. 10. V(P) points calculated by Nielsen and Martin theorem ‘ (l) T Alf T é O 112 O 1I6
(open circleslie on the MP) curve obtained by the derivative of the Pressure (GPa)

E(V) curve of Fig. 8. Negative pressure calculations are obtained by

applying a tensile pressure. FIG. 11. (Color online V(P) points calculated by the Nielsen

and Martin theorengopen circleglie on theV(P) curve obtained by
a Gaussian smearing of 0.2 8\and a 2x 2X 2 Monkhorst-  the derivative(i) of the total fit of theE(V) curve(the dashed line in
Pack grid (4 inequivalentsk-pointy. The use of larger Fig. 9) and(ii) of the two E(V) branchegcontinuous lines in Fig.
k-point meshes has a very minor effect of the structurab). Negative pressure calculations are obtained by applying a tensile
parameters® pressure.

Rb;Cgo has a cubic cell, thus at a given volume the only
free parameters are the internal coordinates. For differerfRb;Ceo and RCe, respectively. In the case of RiCqo We
values of the volume we have minimized the total energyalso fitted the calculated(V) points by two different
until the forces on atoms were smaller tha0.002 Rya.u. branches, i.e. a low pressure brarohhigh volume branch
Rb,Cg, presents two kinds of free parameters at a given voland a high pressure bran@br low volume branch see con-
ume: the internal coordinates and it¥a ratio. For different  tinuous lines in Figs. 9 and 11. We notice that the high pres-
values of the volume we have minimized the total energysure branch in Fig. 9 cannot be distinguished from the total
until the forces on atoms were smaller than 0.002Z&Ry. fit curve.
and the nonhydrostatic components of stress computed using In Figs. 10 and 11 we plo¥(P) curves, obtained by the
the Nielsen and Martin theoréfmwere less than-0.1 GPa. calculation of theE(V) derivative, i.e.P=-JE/sV, and cal-

We did not include a possible merohedral disorderculatedV(P) points obtained using the Nielsen and Martin
effect82526put fixed the G, molecules in the most symmet- theorem. If minimization with respect to internal coordinates
ric configuration(standard orientatiot i.e., three double is achieved, the two coincide. An overall agreement is found
bonds are perpendicular t6100> directions and<111>  for both materials. In the case of &y, the agreement is
directions pass through centers of hexagons. In the case petter forP>2 GPa. At low pressures the double fitting pro-
Rb,Cq this choice induces an artificial orthorhombic relaxedcedure, i.e. the low and high pressures branch, seems to
structure with a small difference betweamndb parameters match better with Nielsen and Martin theorem calculated
(less than 0.04 A points. This seems to support an isostructural phase transi-

In Figs. 8 and 9 we show thi(V) curves calculated for tion, as observed experimentally.

Rb;Cso and RhCgo. The E(V) curves have been fitted by Now, we focus on the comparison between experimental
polynomials (the third and fourth degree polynomials for and theoretical results. In Fig. 12 we notice that for both

1'1 T  ; T L T 1'1 T T 1 T LI
1.05 F mf ' ' 1.05 E O  Present experiment 3
i : = Theorefical curve E
1F z 1F
> ose 2mgn 5 FIG. 12. A comparison of ex-
<095} (9 Be IZc> 0.95 2 perimental and theoretical equa-
S ool BRI > 09F tions of statei@) Rb;Cgo and (b)
i 0.85 3 Rb,Cgo. Negative pressure calcu-
085 F RbC_ I 3 lations are obtained by applying a
0.8 FO Present experiment ] 08 E tensile pressure.
===Theoretical curve 0.75 E— ) . . =
0.75 {') z" é 1'2 1I6 0 4 8 12 16
Pressure (GPa) Pressure (GPa)
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materials we obtain an overall agreement between exper
mental and calculated equations of states. Calculated bu
moduli, given in Table I, corroborate experimental findings:
at ambient pressure RBg is stiff (34.7 GPaand RRCqy is

discussed above.

B. Discussion
1. Rb,Cgq: Pressure dependence of the relaxed atomic positions

Since calculations on RBg, suggest a possible phase
transition close to ambient pressure, as observed experime)
tally, we looked at the pressure dependence of the calculatg
relaxed atomic positions in the unit cell. The reader mus
consider that a comparison with the experimental findings i
not straightforward since we did not include the possible
merohedral disorder effect that can affect the molecule dis
tortion and the Rb atoms’ position.

Concerning carbon atomshe Gy molecule lying in the
tetragonal structure is stretched by pressure to become mo
oblate. Already at ambient pressure, thg, @olecule pre-
sents an oblate shape: the difference between the(kagg ) ] ) )
the a directior) and the shortalong thec-direction) axes is _ FIG. 13. (Color onling In the standar_d orlentatlop, relative to a
around 0.03 A. At 1 GPa the difference between the Icmggwen Gso molecule, the 16 nearest-neighbor alkali atoms can be

(along thea direction) and the shortalong thec direction grouped in four groupgRef. 23. Rb atoms si(&) symmetrically
axes increases to around 0.05 A above a pentagor(p) strongly asymmetrically above a pentagon,

. . . . being much closer to one of the pentagon at trongly asym-

Conqermn_g rubldlum atomSNe_ notice that, in the stan- metr?cally above a hexagon, beigg mugch cloz(gstso twg )éf th)t/a hexa-
dard Or'ent_at'on’ relatl\{e to a givenggmolecule, the, 16 on atoms(d) weakly asymmetrically above a hexagon. Notice that
nearest-neighbor alkali atoms can be grouped in fouf, est neighbor C atoms have been numbered.
groups?’ Rb atoms sii(1) symmetrically above a pentagon;
(2) strongly asymmetrically above a pentag@8) strongly
asymmetrically above a hexagad) weakly asymmetrically
above a hexagon. In Fig. 13, we report the figures for eac
group. Two groups of Risgroups Il and I, strongly asym-
metric) only have one radial movement in front of the hexa-
gon and pentagon under pressyfég. 14). The two other

?{;gugitﬁgﬁ) ui?]Sfrlo?]tn gf lt\zen?]te;;hgr?];r\:g rzﬂ;zlgl{)%.butli)lso U at atmospheric pressure. The calculated valueJadfy
9 y 9 P T0. 9. Ppedersoret al?8 is around 1.3 eV, while Antropoet al?®

Figure 14 shows that this tangential movement is activated a(}btained lower and upper bounds of 0.8 and 1.3 eV, respec-

0.5 GPa. Thi_s phenomenon could be res_pp_nsible for thﬁvely. Lof et al.® using Auger spectroscopy, measured
abrupt jump in the experimental compressibility ofRE 1 5. > ey Brihwilleret al, ! using the same technique

betlvr\]/e(;aunr 2;&%’;2&”&2'?&2?& Rb-atoms miarate underobtained 1.4+0.2 eV for this quantity. In Fig. 16, we plot the
9 [W ratio taking U=1.3 eV, independent of the external

pressure preserving the symmetries of the space group, as the

initial Rb-position for all four groups is determined by Flem- g:gzitérel' GSI;r;ceWéhiarllnsél:(ltarl ;cg(')rl':;a!{ot?&i:ﬁlo?heofgf;se ;E
ing et al? (z,0.5,0.0a with z=0.22 at room pressure. The !

. L o .~ ~2.5 for the critical raticU/W). If we had considered that
evolution of thez-parameter is given in Fig. 15. We notice |, _ .
' . U=0.8 eV, we would have obtaindtl /W) of ~1.5. These
that at 15.0 GPa the value of this parameter is 0.195. . . . .
estimates are relevant for a comparison with recent theories
about the magnetic Mott insulator state of ,Rk.

Han et al3? and Caponet al33 have applied the dynami-

In the inset of Fig. 16 we show the evolution of the cal mean-field theoryDMFT) to understand why ACq is
t,,~derived bands as a function of the pressure. At atmoan insulator. The former study concluded that the cubic struc-
spheric pressurd/ is around 0.45 eV. At 1 GPa, close to the ture favors ACgy being a metal (U/W)c~ 2.5] while the
insulating-metal transitionW is around 0.5—-0.55 eV, in- tetragonal structure leads to ,8¢, being an insulator
creasing to 0.73 eV at 5 GPa. As expectdtl, depends [(U/W):~1.3]. Caponeet al. proposed thati) electron cor-
mainly on lattice parametera and c. Indeed, we re- relations drive the Mott insulating state, while a Jahn-Teller
calculatedW at atmospheric pressure, 0.8, 1.9, and 5 GPa bylistortion makes the ground state a singlet gindthat the
changing the shape of the molecule or the positions of RI§U/W). critical value is 0.9—1.0. As a result of our measure-

atoms(low pressure atomic positions were introduced in the
igh pressure unit cell andce-versa. The conclusion is that
the influence on the band-width of Rb-atoms positions in the
cell and the shape of theggemolecule is negligible.
The relevant quantity for the insulator-metal transition is
the U/W ratio. Other authors have measured and calculated

2. Rb,Cgp: Pressure dependence of the bandwidth
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FIG. 14. The pressure induced
displacement of four groups of ru-
bidium atoms relative to the pen-
tagon and hexagon faces. All car-
bon atoms in front of rubidium
have been numbered in Fig. 13.

ments and calculations we conclude that these valuelsrge compared to RB¢, On the other hand, it turns out
(0.9-1.3 belong to the very lower bound of critical values. that RhCg, is very stiff, in spite of its large free volume.
Indeed, if we suppose that does not vary strongly between Moreover, at around 1 GPa, an abrupt jump of the compress-
0 and 2 GPa, we have to lower its value to less than 0.7 eNbility due to a phase transition is detected. This phase tran-

in order to be consistent with the theoreti¢al/ W) critical

values.

We have determined the equation of state of, &b

IV. CONCLUSIONS

sition preserves the tetragonal unit cell symmetry.

For RCqo and RRCgo, we find a good agreement be-
tween theab initio calculated and the measured equations of
state. Moreover, calculations suggest a volume instability at
low pressures. We speculate that a rubidium atoms displace-
ment in the unit cell can be at the origin of the calculated

volume instability.

(x=3, 4, and §using high pressure x-ray diffraction. We find

that RRCgq is much less compressible than{&l,. This can
be due to the fact that the free volume ofsRp, (the volume
of the primitive cell minus the volume of the molecyiis
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onal unit cell. The Gy molecule sits at the origin.
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FIG. 16. Pressure dependence of thHW ratio taking
U=1.3 eV after calculations of the width of,-derived band(in-

FIG. 15. Atomic position of first group Rb atoms in the tetrag- sey. The U/W critical value is around 2.5 if we consider that the
insulator metal transition happens at around 1 GPa.
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