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Suppression of the structural phase transition in CeCy by pressure and Au doping
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The heavy fermion compound Cegdisplays a structural phase transition from an orthorhombic to a
monoclinic crystal structure af,,~220 K. Substituting larger Au for Cu atoms leads to an increase of the
unit-cell volume at room temperature and a rapid suppression of the transition. On the other hand, a decrease
of the unit-cell volume by the application of hydrostatic pressure reduces the transition temperature, too. To
reveal the mechanism of the phase transition and to find an explanation of the different volume dependencies,
we have investigated the dependence of the transition temperature on hydrostatic pressure and Au content
(x=0.0, 0.05, 0.1, and 0)3wvith a high-resolution dilatometer. The transition temperature drops linearly with
increasing Au contenx and vanishes at~0.14. In CeCy the thermal expansion and specific heat point
clearly to a second-order transition. For Au contentg60.0, 0.05, and 0.1 we obtain a pressure dependence
dT,,/dP of —17.0 K/IGPa,—20.0 K/GPa, and-26.2 K/GPa, respectively. The volume change by Au
doping of CeCy or by substituting Ce by a different rare-earth atBmresults in clearly different,, decreases
for T, [V(R)] andT,[V(x)]. However, if instead of the volume change, the change in the excess volume of
the Cu2) site is used, we obtain a uniforify, decrease of 320 K/A [S0163-182009)03741-4

[. INTRODUCTION slightly softer longitudinal elastic constants in comparison to
the orthorhombic phase.

CeCy transforms from a high-temperature orthorhombic  The transition is not only found in Ceguut is a com-
(Pnmag to a low-temperature monoclinicP@,/c) phase mon feature of the homologous serR€ug.!**~1"Yamada
with a very small distortion angle.Within experimental et all! calculated with the thermal-expansion values of
resolution, neutron and x-ray diffraction measuremeniiea-  CeCy the unit-cell volume for severaRCus compounds
dicate a second-order transition with the monoclinic strairwith R=La, Ce, Pr, Nd, and Sm at the respective transition
abcosy as order parametér.Ultrasonic investigatio®  temperature of each material and found a rapid decrease of
have revealed a change in all measured elastic constants, with decreasing unit-cell volum&. The authors sug-
(ci; i=1,...,6) and, especially, a complete softening of gested that in CeGuthe pressure dependenceTof may be
the transverse elastic constany at the transition tempera- transformed to this volume dependenicg(V) by using the
ture, which is also seen by a softening of the correspondin§ompressibility data of Oomgt al.**

TA phonon (100 measured by neutron scatterihdgn the A decrease ofT,, was also observed on Au-alloyed
few available specific-heat measureméatshigher tempera- samples, although the lattice parar_neter are !ncreased by Au
tures no transition is visible and up to now the phase transidoPing at room temperature. For instance, in Ggfuo

tion was not observed in the magnetic susceptibilioptical the transition temperature is reduced to about 7QRKf. 18

conductivity® thermoelectric powet,and Hall coefficient? ~ @nd in parallel at this Au content the heavy-fermion system
y P CeCy_,Au, is found to be between the Kondo- and

The electrical resistivity shows only a very small peak of les . i ) .
than 0.3 cm 310 y y y P SRuderman—Kltt'eI_-Kallsuya-Yo_S|da governed regions, leading
' : . . to a non-Fermi-liquid behavidr’
The values of the transition temperaturg found in the To determineT,, and its dependence on pressure, we in-

literature scatter around 220 K, but show also signiﬁcan(/ : : _
estigated CeCGyu ,Au, with an Au content ok=0.0, 0.05,
lower temperaturef230 K (Ref. 2, 227 K (Ref. 11, 220 K 0.1, and 0.3 by measuring the thermal expansion at ambient

(Refs. 3,12, and )6 218 K (Ref. 5, 212 K(Ref. 13, 198 K 54 higher pressures. In order to elucidate the order of the

H 13 1
(Ref. 6, and 16? K(Ref. 13]. Suzukiet al,™ Nodaet al, transition we have also performed a specific-heat measure-
and Webeet al.” argue that these deviations are most probment on CeCy

ably caused by internal stress and impurities.

Ultrasonic measurements under hydrostatic pressure on a
Ce(?us sample wiphTmz 168 K .show that external hydro- Il SAMPLE PREPARATION
static pressure shifts the transition temperature to lower tem-
peratures with a rate of about20 K/GPa®® This result was Single crystals of CeGu,Au, with x=0.0, 0.05, 0.1,
further confirmed by compressibility measurements at highand 0.3 were grown by the Czochralski method under high-
quasihydrostatic pressut® which showed the monoclinic purity argon atmosphere. After an orientation of the grown
phase to have a higher compressibility associated witlerystals at room temperature using Laue diffraction, samples
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were spark cut to obtain oriented crystals. Their typical di- 250
mensions along the crystallographic axes range from 1 mm A Finsterbusch et al.
to 3 mm. 200 © this work
IIl. EXPERIMENTAL METHOD < 150 4

In order to measure the length changes of the samples ~ 100 i
generated by pressure and temperature variation we have E N
miniaturized a usual capacitive dilatometer and mounted it in 50 i
a gas-pressure cell. The movable capacitor plate is attached T
to a parallel spring suspension to enable a nearly frictionless
length change and to preserve a parallel orientation of the 0 T | T | T
capacitor plates to one another. Inevitably, the springs gen- 0.00 0.05 0.10 0.15
erate a small uniaxial pressure of about 0.1 MPa on the X

samples(for a sample area of approximately 0.5 R)m
Normally, this uniaxial pressure contribution can be ne- FIG. 1. The temperature of the structural phase transition of
glected against the applied hydrostatic pressure of sever@eCy_,Au, as a function of Au content together with the values
tens of MPa. from Finsterbusclet al. (Ref. 18.
The temperature was changed by using a continuous
helium-flow cryostat. The minimal achievable temperature ismore detailed description of the experimental setup will be
about 10 K due to the large heat transfer through the pressupblished elsewher@.
tubes. The maximal pressure is limited to about 1.0 GPa and
to the melting pressure of the pressure-transmitting medium IV. RESULTS AND DISCUSSION
because the free motion of the sample and of the movable
capacitor plate is only guaranteed if the medium is gaseous The structural phase transition is clearly visible in the
or liquid. Since helium cannot intercalate the crystal latticethermal-expansion coefficient along the three crystallo-
of CeCuy_,Au, we have used it as pressure-transmitting me-graphic axes of the investigated CCyAu, samples with
dium to expand the temperature and pressure range as far®s 0.0, 0.05 and 0.1 and is found to occur at 222 K, 146 K,
possible. and 64 K, respectivelysee Fig. 1L The measured transition
Typical thermal-expansion measurements were carrietemperatures of CeGuand CeCyggAugy; are in agreement
out in a temperature range from 10 K to 300 K along thewith the values obtained from most of the auth@se Intro-
three axes of the orthorhombic crystal structure neglectingluction and from Finsterbusclet al.,'® respectively. With
the very small monoclinic distortion. The temperature wasincreasing Au content the transition temperature drops lin-
varied continuously at a constant rate ©f7f mK/s. The early with dT,,/dx~—15.8 K/at. % Au. Extrapolating to
pressure dependence of the transition temperature was olower temperatures, the transition vanishes at an Au content
tained by several subsequent thermal-expansion measuref about 0.14. Accordingly, we could not observe any phase
ments at distinct constant pressures between 0.1 MPa arnidnsition in CeCyl-Aug 3 between 10 K and 300 K.
maximal 0.35 GPa. In CeCy the transition is manifested by a mean-field be-
The relative temperature control is better than 2 mK.havior in the linear thermal-expansion coefficie(gge left
Length changes of abottl./L =102 could be resolved and part of Fig. 2. We could not observe any hysteretic effects
the pressure is measured with a precision of 0.02 MPa. Ar discontinuous length changes. Additionally, we performed
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FIG. 2. The linear thermal-expansion coefficient of CeCuu, in the vicinity of the structural phase transition along &é, andc axis
as a function of temperature for Au content 0.0, 0.05, and 0.1 at ambient pressure. ¥o10.3 no signature of the transition can be found
above 10 K.
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a specific-heat measurement on Cg@om 15 K to 250 K. 15 4
Within the experimental resolution of 0.5% no anomaly ;’—: : lpa
could be detected &, against the large lattice background. —~ ® 10+
These features point clearly to a second-order phase transi- o © 1
tion. The anisotropy of the unit cell is reflected by the dif- wz D 1
ferent signs of the jump of the linear thermal-expansion co- o 15—
efficients  Aaj=a(T>T,)—ai(T<T,) with i - 2 ] lp
=a, b, c along the three crystallographic axes. The o (>é b
jumps in theb and c axis with highere; values above the g & 10 -
transition are opposite to that of tleeaxis. They are obvi- @© )
ously larger in thea and b axis direction, where the distor- n 104
tion evolves. In addition, the linear thermal-expansion coef- S @ ] Pe
ficients along these directions showlgt anomalies, that are (>é 5
caused by fluctuations. Independent of the Au contentbthe & ]
axis exhibits in all samples the largest anomaly. 0

In CeCuy gsAug o5 the signature of the transition is much VN
larger than in CeCy(see middle part of Fig.)2out a clear 40 60 80
indication of a positive or negative sign of the jumpr is T (K)
lost in comparison to CeGu For this Au content hysteretic
effects were found to be absent as in CgCu FIG. 3. The thermal-expansion coefficient of CgGAu, , along

An even more diverse behavior is seen in the measurghe three orthorhombic axes with an increased uniaxial pressure
ments on CeCGyuAU, 1, Where, in particular, along tHeaxis ~ generated by the spring suspension of the dilatontegser curves
remarkable discrepancies between different measuremerf@ the a andb axis direction and by the additional CuBe spring
were observed and further anomalies occur well below théhowed in Fig. 4lower curves for thea andb axis direction and
transition. These measurements show a hysteresis betwegve forc axis direction.
the heating and cooling curve. To test whether these effects
were caused by the small uniaxial pressure contribution o$tructure recorded by thermal expansféi® Neutron-
the spring suspension we reduced slightly the small uniaxiadiffraction studies have revealed that the monoclinic phase is
pressure contribution from our experimental setup by intwinned with (100) as a common plane. Consequently, the
creasing the initial distance of the capacitor plates, which isevolution of the twin domains influences predominantly the
however, traded off against a poorer experimental resolutiorthermal expansion along tHedirection. Unfortunately, for
The right-hand side of Fig. 2 shows the thermal expansion oén ideal detwinning of CeGu,Au,, the uniaxial pressure
CeCuy 0Aug 1, which has been taken with such an extremelyshould be applied along one of th&10Q] directions. In our
small uniaxial pressure contribution. restricted experimental space a measurement with such a

To show the effect of the uniaxial pressure contributionspring is impossible. Since the uniaxial pressure generated
generated by the usual initial distance of our capacitor platedyy the CuBe spring has only a small shear contribution to
we plot a typical result of such a measurement in Fighg  support one direction of the distortideee Fig. 4 the effect
upper curves along tha and b axis. The jump and the of our spring is difficult to estimate, but it can apparently
anomaly along the axis have vanished and in thedirec-  suppress hysteretic effects and remove the anomalies at
tion the size of the anomaly has dramatically decreased witHpwer temperatures. The high sensitivity of the twin structure
again, additional anomalies well below the transition. to stress application can also explain the increased ultrasonic

In order to apply a really high uniaxial pressure, we haveabsorption in the monoclinic phase, which is most probably
introduced an additional CuBe sprigee Fig. 4, which has caused by a coupling of sound waves to the twin
been used in an earlier study to untwin a;LgrCuO  boundaries?
single crystaf! The spring and our dilatometer are made of ~The influence of the twin formation seems to increase
the same material, which allows us to ignore additionalwith growing Au concentration. In CeGu and
thermal-expansion effects from the spring. We used thisCeCuy osAug o5 we could not observe such effects and, fur-
simplein situ technique to generate a high uniaxial pressurehermore, the signature of the transition in Cg@udicates
of about several tens of MPa along the three orthorhombithat in this case the transition is most likely not controlled by
axes of CeCgAuy 1 and measured in the same directions
where the uniaxial pressure was applisge Fig. 4 With
the sample in this configuration the anomaly and the jump of
the transition vanish along the and c axis, while in theb
direction a small but clearly visible anomaly is presé&sge
Fig. 3. The direction of the cusp at the transition is inverted,
the anomalies at lower temperatures have disappeared, and
no longer have hysteretic effects been found upon thermal
cycling.

For other substances the extreme sensitivity on small FIG. 4. The CuBe spring to generate a higher uniaxial pressure
uniaxial-pressure components has been reported by other ash the CeCugAu, ; crystal. Here, as an example, a measurement
thors, too. They are characteristic of the evolution of a twinalong theb axis is illustrated.

CuBe spring

direction of
measurement
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phase is stabilized under pressure and our measurements of
the hydrostatic pressure dependencelgf show that with
increasing pressure the transition is shifted towards lower
temperatures for all investigated Au concentratiGsee Fig.

6). For Au contents ofk=0.0, 0.05, and 0.1 we obtain a
pressure dependencgT,,/dP of —17.0 K/GPa, —20.0
K/GPa, and—26.2 K/GPa, respectivelysee the insets of
ortho- Fig. 6. With increasing Au content the transition tempera-
rhombic ture is suppressed more strongly under pressure.

As shown by Yamadat al.*! Vrtis et al.'® and Nakazato
L 117 the structural phase transition is typical for the ho-

mono-
o | clinic

45 —

et a
150 200 250 300 mologous serieRCu; (R=La, Ce, Pr, Nd, and SjnYa-
T (K) madaet al. reported a very fast drop of,, with decreasing
unit-cell volume!! which was estimated from the thermal
FIG. 5. The volume-expansion coefficient of Ce&ersus tem- ~ €xpansion of CeCGuas mentioned in the Introduction. Fol-
perature in the vicinity of the phase transition. The inset shows dowing the idea of Yamadat al. we replot this curve, but
schematic view of the resulting volume change. Below the transiowing to the more recent data of Vrtit al,'® Nakazato
tion the unit-cell volume of the monoclinic phase is larger than theet all” and Endolet all® we are able to use the experimen-
volume of the extrapolated orthorhombic phadashed ling tally determined values of the unit-cell volume right at the
transition. Figure 7 gives the transition temperatiirg of
the twins. On the other hand, our thermal-expansion meaRCus and the investigated CeguAu,(x=0.0, 0.05, 0.1
surements of CeGuAU, ; along thea andb axis are, at the samples as a function of the unit-cell volurieat the tran-
phase transition and below, influenced by the twins. In prinsition temperature. In the rare-earth sef®Suy; the transi-
ciple thec axis should not be affected by the twins. How- tion temperatureT [ V(R)] grows linearly with increasing
ever, the orientation of the crystals with the Laue method iginit-cell volume with a rate of about 12.7 KPA Appar-
not precise enough to completely avoid in a measuremergntly, the transition does not occur RCug with a unit-cell
along thec axis minor contributions of tha or b axis. volume smaller than 400 & Consequently, no such transi-
The volume-expansion coefficiept==,_, , c«; derived tion has been reported for Gdg;uwhich has already at room
from our measurementsee Fig. 5reveals a smaller thermal temperature a unit-cell volume of only about 400°. &
expansion of the monoclinic phase resulting in a larger unit- In order to determine the influence of pressure on the
cell volume compared to the volume of the unstable orthotransition via the unit-cell volumd ,[V(P)] we use the
rhombic phase at low temperatu&his relative volume be- unit-cell volume of the CeCGu ,Au, samples as determined
havior is shown schematically in the inset of Fig. 5 asby x-ray’*and neutron-diffraction studi&sat room tempera-
observed by Gratet al®) Consequently, the orthorhombic ture. With our thermal-expansion measurem&htge then
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FIG. 6. The raw data of the thermal-expansion measurements under pressure gf @eCwith x=0.0, 0.05, and 0.1. The data include
the pressure and temperature dependence of the dielectric constant of the pressure-transmitting medium. For clarity only three different
measurements are displayed in each plot. The presented data @0 are taken aP=0 GPa, 0.053 GPa, and 0.105 GPa,xer0.05 at
P=0 GPa, 0.142 GPa, and 0.313 GPa, andfe0.1 atP=0.043 GPa, 0.185 GPa, and 0.280 GPa. The derived pressure dffegdP
for x=0.0, 0.05, and 0.1 are 17.0 K/GPa,—20.0 K/GPa, and-26.2 K/GPa, respectively.
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500 measurements could reveal these dependencies via the
Ehrenfest relation:
400 4 dTm Aai(Tm) .
dpi — V'mol mACp(Tm)Y |—a,b,C. (1)
& 300 - Unfortunately, the twin formation makes a proper deter-
~ ] mination of Aq;(T,,) difficult. In addition a specific-heat
|_E anomaly is not detectable as mentioned above. However, our
200 - ] value for the hydrostatic pressure dependedd@g,/dP al-
@'CeCumAum lows us to calculate the anomaly in the specific heat
A
100 - P -1
Smu,  g9CeCu, AU, ACH T =TwVimo| g | 2 Aai(Tw), (2
‘6 pi i=a,b,c
0 ' J T J and hence the stress dependendds,/dp;. This method
410 420 430 can be used for Ce@lbecause the thermal-expansion mea-
V (A3) surements are apparently not influenced by twin domains for

this compound. The resulting specific-heat anomaly
FIG. 7. The transition temperaturel, of RCu; and ACy(T,)~—0.35J mol'! K1 for CeCy is indeed far be-
CeCy_,Au, as a function of the unit-cell volume &,. The low the resolution of our specific-heat measurement. We de-
Tm(V) values of LaCy, NdCu;, PrCy, and SmCy are obtained  rive a uniaxial pressure dependence along the orthorhombic
from the data of Vrtiet al. (Ref. 16, Nakazatcet al. (Ref. 19, and a, b, and c axis of 48.6 K/GPa,—43.5 K/GPa, and
Endohet al. (Ref. 15. —22.1 K/GPa, respectively. This large anisotropy cannot be
understood by simply considering the change of lattice pa-

calculate the unit-cell volume at the transition temperature af@meters. To get an idea of the origin of thg changes we
ambient pressure. The volume at higher pressures is detef@ve to discuss the internal changes of the unit cell with Au
mined by using our measured bulk modulus vattesT, of ~ andR subsUtg’gon.
93 GPa, 97 GPa, and 97 GPa for 0, 0.05, and 0.1, respec- Ruck et al=* reported that the Au atoms occupy exclu-
tively ’ ' R ' sively the Cui2) site’® in CeCuy_,Au, for x<1.0, because

In .contrast to the suggestion of Yamagaalll the this site has the largest interatomic spacing, i.e., a large ex-

X i ; i o1 16

pressure-induced volume effect on the transifioffV(P)] €SS volume if occupied by a Cu atom. Vrésal:™ found
of CeCy, does not follow theT,[V(R)] curve but shows a that the C@), which is a nearest neighbor to the @usite, .
clearly smaller slopdésee the arrows in Fig.)7 This slope shows _the Iarggst displacement at t'he orthorhomblc-
dT,,/dV(P) rises significantly with increasing Au content monoclinic transition and may be triggering the transition.
frornr]1 37 K/A2 over 4.7 KIAR to 6.1 K/A® for x=0.0 The Cuy2) site is the only Cu site that is surrounded by the
0.05, and 0.1, respectively, which is not an effect of a chang[nax"fnum tnumbe_r of fouR ?t?hms. Ltz_argerR ator‘g_s I(ta_ad,
ing bulk modulus because the bulk modulus remains almogf'€refore, o an increase of the entire (Bucoordination
constant. polyhedron and, conseqently, to a larger excess volume. On

; ; . the other hand, replacing the @ by a larger Au atom
entT E)qg/s)sg:érnea:rll\ézsitégﬁgd 7C g)(léttlﬁgtg(az?gg Iﬁ;daet\/%?eb; reduces this volume. The correspondence of the dependence

: f the transition temperature on Au content d&gn radius
even more drastically from tHE,[V(R)] curve. Already the  © .
pure CeCy sample h)z:\s a sm;léITé['rm( V\)/;ﬂch is thought )t/o be suggests that the excess volume at th€2Csite causes the

a consequence of a Ce valence slightly larger than #rae. transition, giving the system a possibility to minimize its free

similar valence change of Ce was observed in the isostrucs eI 9y by a distortion. With this assumption it would be

tural seriesRCuSn 2 With Au doping the unit-cell volume evident that the unit-cell volume is not the decisive param-

of CeCl_.AL. is increased at room temperature from abouteter and that a change in the excess volume by introducing
1P\ b larger Au atoms in the Q@) site will dramatically reduce

420.06 A to 421.44 B for x=0 to 0.1, respectively. . : - P
However, due to the sharp drop of the transition temperaturggdgﬂngrgi ﬁﬁg"éﬂelg gﬁ‘ d gﬁ?&?ﬁf%ﬁ%&ftﬁe d

with Au doping and the thermal expansion, the resultmgto estimate the excess volume per(8uwsite by subtracting

unit-cell volumeV(x) at the transition temperatufg,, de- . . )
: 3 the volume of the ion occupying the QU site from the free
creases very slightly from 418.6 3&o 417.02 & for the volume of the C(@) site itself, i.e..

Au concentration &x=<0.1. From this observation it is
gleel;s\\r/(t)klll?;rg is definitely not determined simply by the unit- AVeyay=(4/3) 7T{<f<:u(2)>3—[Xfiu—(l—x)f%u]}- 3)

Up to now we have not considered the anisotropy of thesélere,(r ¢, () is the mean distance between the center of the
compounds. To get better insight into the anisotropy ofCu(2) or Au ion and its neighbors, andis a typical ion
CeCuy_,Au, We try to evaluate the uniaxial pressure depen+adius of Cu or Au ions in metals with 1.278 A and
dencies of the transition temperature. To our knowledge, uf.442 A, respectively® The size of theR ions was esti-
to now no literature data about the uniaxial pressure depemnated with a valence of three with eightfold coordination.
dencies are available. In principle, our thermal-expansiomhis may only be a crude estimate, but fortunately the abso-
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500 of the Cu2) site will form a less compressible structural
180 dTe/d(AVou(P)) element within the unit cell, which results in a smaller de-
(KIA%) LaCu, crease of the excess volume under pressure compared to the
lattice parameters. Hence, we expect a smaller slope of
T [V(P)] for CeCy in comparison toT,[V(R)] and
T[V(X)] as is indeed found in the experimgisee Figs. 7
and 8. If the coordination polyhedron of the Q) site ex-
pands upon the introduction of the large Au atom the pre-
stress will be reduced, resulting in a more uniform compress-
ibility within the unit cell. Indeed, with increasing Au doping

5 05AUg o the slope ofT,[ AV¢y2(P)] increases, as may be seen in the
P inset of Fig. 8. Surprisingly, a simple extrapolation of the
CeCu, AU, , concentration dependence of the slapg,/d[AV¢y2(P)]

for an Au content ofx=1.0 gives approximately a slope of
— 349 K/A3, which is almost the same value as found For
90 95 100 105 substituting or Au doping.

AV, (A%

460

400 -

300 4

T (K)

200

100 -

T 'U\

V. SUMMARY

FIG. 8. The transition temperaturel, of RCus and In conclusion, we have determined the transition tempera-
CeCuy_,Au, from Fig. 7 as a function of the excess volume at thetyre of the monoclinic to orthorhombic phase transition of
Cu2 S|_te. I_n the inset the excess volur_ne dependend’enaferlved CeCy_,Au, in dependence of the Au content and higher
by application of hydrostatic pressure is shown as a function of the+ic pressure. The transition temperatlifefalls linearly
Au content, with increasing Au content and vanishes at an Au content

of approximately 0.14. In CeGuhe thermal-expansion mea-
lute value of the excess volume is not important, since wesurements point clearly to a second-order transition, as does
consider only the relative changes &V, ,. In Fig. 8 the  the lack of an anomaly in the specific heatTaf. With
transition temperatures from Fig. 7 are plotted as a functiorincreasing Au content the influence of the twin domains be-
of the AV, values calculated by this method. gins to dominate the thermal expansion but can be mini-

Surprisingly, our simple calculation &fV ¢, yields vol- ~ mized by application of a small uniaxial pressure. For Au
ume dependencies of the transition temperafifgV(R)] contents ofx=0.0, 0.05, and 0.1 we obtain a pressure de-
andT,[V(x)] as a function oAV, Which coalesce very pendencedT,,/dP of —17.0 K/GPa,—20.0 K/GPa, and

well on one line with a slope of about 320 KFfAsee Fig. —26.2 KI/GPa, respectively.
8). This supports the idea that the excess volume of the The volume change by substituting the rare-earth afom
Cu(2) site is a key factor of this transition. or by Au doping CeCg results in clearly different,, de-

In contrast, the external pressure dependenge/(P)] creases foll [ V(R)] and T, [ V(X)]. However, if instead of
as a function ofAVc,,) shows significant deviations. This the volume change the change in the excess volume of the
has to be expected because we have no information on tHeu(2) site, AV, is used, we obtain a unifornfi,, de-
true changes oAV, but could only estimate values from crease of 320 K/AR. We interpret the difference between
the unit-cell contraction under pressure. Any nonhomogethe volume dependence of, by dopingT,[V(R or x)] and
neous changes of the relative atom positions of thé2Cu pressure applicatiofi,[ V(P)] as a consequence of a non-
coordination polyhedron under pressure will result in a erro-uniform compressibility within the unit cell. With increasing
neous estimation of the pressure dependenc®\&f, ). Au concentration, the compressibility becomes more uniform

The existence of the excess volume at thé2Tsite sug- because the large Au atom softens the initially almost incom-
gests that the surrounding atorfi® Cu and 4R ions) have  pressible C(2) coordination polyhedron and the volume de-
no possibility to come closer to this atom, which will lead to pendence of [ AV 2(P)] andT [ AV, (R or x)] con-
prestressed bondings. Therefore the coordination polyhedrorerge.
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