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The high-pressure behavior of the cubic C-type Yb,0; was investigated by '"°Yb Mdssbauer spectros-
copy and energy-dispersive x-ray diffraction. The room-temperature x-ray-diffraction data show that C-
Yb,0; transforms to the monoclinic B-type structure above 13 GPa. The equation of state of both C- and
B-type phases was derived from these experiments. Mdssbauer measurements up to 20 GPa were carried
out at 4.2 K using a Merrill-Bassett-type anvil cell. They confirm the occurrence of a pressure-induced
phase transition. The pressure (volume) dependence of the lattice and 4f contributions to the electric-
field gradient at the Yb>" ions in the C phase is discussed.

I. INTRODUCTION

Since the introduction of diamond anvil cells (DAC),
Mossbauer spectroscopy has been proved to be a power-
ful technique for high-pressure studies. Various problems
have taken advantage of its great efficiency: structural
transformation,! metal-insulator transition,> enhance-
ment or collapse of magnetic ordering,' 3 amorphiza-
tion,* etc. Recently Sterer, Pasternak, and Taylor® de-
scribed a miniature cell well suited for low-temperature
measurements in a standard Mossbauer cryostat. This
Merrill-Bassett-type DAC shows very good performances
for its small size (¢~22 mm), as it can reach 50 GPa,
when using reduced diamond culets. These authors have
achieved successful experiments for several Mossbauer
isotopes '!°Sn, 3'Fe, %I, '>'Eu.® The aim of the present
work was to make use of this facility for the "°Yb iso-
tope, ytterbium being one of the anomalous rare-earth
elements for which numerous of interesting experiments
may involve very high pressures.

Some high-pressure measurements with ytterbium have
been already performed using B,C anvil cells, up to 15
GPa.”® In the present work we wanted to obtain more
than 20 GPa, checking the results with a simple known
compound Yb,0;, which belongs to the rare-earth
sesquioxide series of recent interest for high-pressure
structural studies,”!! as well as for quadrupole hyperfine
interaction investigations.!>” !> A parallel structural
study under pressure on a synchrotron radiation
diffraction setup was carried out to determine the equa-
tion of state for this oxide, in order to compare the pres-
sure variation of the hyperfine data with volume contrac-
tion.

II. STRUCTURAL DATA

Yb,0; belongs to the rare-earth sesquioxides R,O;
series which is known to exhibit polymorphous crystallo-
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graphic structures.!® Three phases have been observed
below 2000 °C: Cubic (bcc) denoted as C, space group Ia3
(no. 206) with 16 formula per unit cell; monoclinic denot-
ed as B, space group C2/m (no. 12) with 6 formula per
unit cell; hexagonal denoted as A4, space group P3m1
(no. 164) with 1 formula per unit cell. A4 to B and Cto B
transformations are reversible at high temperature. For
each oxide only one form is stable: A-type for light rare-
earths elements; B-type for Sm to Gd; and C-type for the
heavy rare-earth elements. Increasing temperature above
2000°C is not sufficient for the heaviest rare-earth ele-
ments to reach the B structure.

As a matter of fact, the R,0; monoclinic phases have
been obtained from cubic phases by Hoekstra!” when ap-
plying pressure between 1 and 5 GPa at temperatures
ranging from 550°C to 1450°C. For Yb,0j3, conditions
were, e.g., 1000°C and 3 GPa. The B phase is metastable:
when heating at 1000 °C, the C phase is recovered. Con-
sidering the thermal phase diagram versus ionic rare-
earth radius (see also Fig. 28.2 of Ref. 16), Hoekstra
showed that increasing pressure would create a whole
displacement towards the lower radii, that is, a lowering
of the transition temperatures between B and C phases.

The B phase can also be obtained using a vapor
quenching method described by Coutures et al.!® The
lattice parameters for Yb,0; (B) obtained by the two
methods are, a =13.73(1) 10\, b =3.425(3) A,
c=8.452(8) A, and B=100.17(5)° (Ref. 17); and
a=13.72 A, b=3.428 A, ¢ =8.437 A, and f=100.18°
(Ref. 18).

Notice that similar phase transitions under shock wave
compression have been found in rare-earth sesquioxides,
which show C-type— A-type transition and A4-type— B-
type reverse transition during shock loading and unload-
ing, respectively.” On the other hand, in contrast to our
results, Fujimura et al. reported that under static condi-
tion at room temperature, C-Yb,0; transforms to a
high-pressure phase with A-type structure at 15 GPa.'°

12 187 ©1995 The American Physical Society



12 188

It is interesting to compare the volume per formula
unit for the C and B phases. Taking a =10.4342(4) A
for the cubic structure,'® we obtain V=42.74 cm3/mol
to be compared to ¥z =39.25 cm*®/mol for the monoclin-
ic structure which represents a volume contraction of
8%.

We show in the present paper that applying very high
pressure induces C to B transformation at room tempera-
ture. The comparison with structural data may check the
performances of our !"°Yb Mdssbauer high-pressure ex-
periment.

III. LOCAL SYMMETRY FOR YTTERBIUM

In the cubic phase the Yb ions occupy two octahedral
sites, 1/4 in 8a positions with a three-fold inversion sym-
metry C;;, and 3/4 in 24d positions with a two-fold sym-
metry C,. These two sites can be viewed as the center of
an oxygen cube: for the C;; site two oxygen atoms are
missing across the body diagonal while for the C, site
they are missing across a face diagonal.

On the other hand in the monoclinic structure, the Yb
ions occupy three equally populated sites, sitting all in 4i
positions with a mirror plane. Two of them are seven
coordinated, with the seventh oxygen atom pointing
along [111] directions out of the faces of a trigonal
prism, while one site is octahedral. The relationship be-
tween the C and B structures is not simple because the
ytterbium atoms are displaced with respect to the oxygen
basic array going from the cubic to monoclinic phase.
The C-type to B-type transformation is classified as a
reconstructive transition (i.e., there is extensive breaking
of bonds).?’

Concerning the hyperfine interactions measured by
Mossbauer spectroscopy, it is anticipated that they must
be very sensitive to any structural change because the five
sites involved have rather different local symmetries.

IV. EXPERIMENT

Moéssbauer spectroscopy

The small size of the DAC described by Sterer et al.’
for Mossbauer spectroscopy, is well suited for low-
temperature experiments required by the 84.3-keV transi-
tion energy of !°Yb. However the main problem for a
high-energy Mossbauer transition is the collimation of
the ¢ rays which cannot be achieved through the gasket
itself, even made of heavy element alloys such as
Tay oW ;. For example a 50-um-thick gasket, which cor-
responds to usual requirement for pressure above 10
GPa, only absorbs 50% of the '°Yb y rays. As a conse-
quence, an external Ta collimator has been added and
placed as close as possible to the entrance diamond. A
thickness of 0.5 mm is enough to stop 99.9% of the pho-
tons. In this way we were able to increase by a factor of 2
the absorption area of the Mdssbauer spectrum. The
small volume (~10~¢ cm®) available inside the pressure
chamber could be a serious problem for 7°Yb which is
only 3% abundant in natural ytterbium. However, for a
50-um-thick gasket and a 300-um hole, an isotopic en-
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richment of 50% may be generally good enough for any
Yb compound. Either argon or a methanol-ethanol mix-
ture were used as a pressure medium. Pressures were
measured at 77 K with the ruby-fluorescence method.
Uncertainties in pressures did not exceed 0.3 GPa.

A small size "°Tm !'B,, source?! has been worked out
in order to improve the source-absorber diameter ratio.
A TmB;, chip of 2-mm diam has been irradiated in a 10'*
n/cm?s neutron flux during five days resulting in an ac-
tivity of about 35 mCi. In order to get rid of the subse-
quent defects, an annealing at 1100°C during 5 h has
been performed. Two such sources have been successive-
ly prepared. The small grain was then embedded in a
source holder which is allowed to run at less than 2 mm
from the cell. Both source and absorber were cooled
down to helium temperature. The quality of the sources
was checked using a single line YbB¢ absorber. The ex-
perimental linewidth I" was found to be typically 3.25(5)
mm/s to be compared with the natural linewidth of 2.02
mm/s. This significative broadening can be explained by
the high specific activity giving rise to defects difficult to
eliminate even with the annealing process. Natural Yb
absorbers containing 300 mg Yb/cm? were taken for
standard measurements. For high-pressure experiments
70% enriched ytterbium oxide was used. The 84.3-keV y
rays were counted with an intrinsic Ge detector and typi-
cal count rates through the DAC were about 2000 counts
per second.

Synchrotron radiation energy-dispersive
x-ray-diffraction (EDXRD)

The diffraction experiments were carried out on the
EDX station for high pressure at LURE. It is located on
the DCI wiggler beamline DW11. The energy range
available is 10-50 keV. The orientation of the germani-
um detector is possible in the 26 range of —5° to +25°.
The DAC has been described elsewhere.?? The pressure
increase is monitored by applying helium gas pressure on
a membrane which compresses the diamonds. Silicon oil
was used as an hydrostatic medium. The dimensions of
the pressure chamber are 200 um X 50 um. The pressure
was measured with the shifts of the fluorescence lines of
ruby chips introduced in the chamber. The laser equip-
ment is running in the reflection geometry. Experiments
were performed up to 25 GPa. The error on the pressure
reading is less than 0.1 GPa. In most cases it is typically
0.05 GPa. The large energy domain covered allows the
analysis of good quality peaks from 15 keV up to 40 keV
corresponding to interplanar distances in the range 4—-1.5
A, for a chosen 6 value of about 6°. On the other hand,
the Yb fluorescence lines (Ka at about 52 keV and Kf3 at
about 60 keV) are not troublesome in the diagram. A
standard counting time is 10 mn. The analysis of the dia-
grams is performed with a program, fitting the positions
Ey; (keV) of the peaks with Gaussian line shapes. The
error on the calculated positions is 5X 107 to 1073 keV
corresponding to 107° A in dj;.



51 MOSSBAUER AND ENERGY-DISPERSIVE X-RAY-. ..

V. RESULTS

Mossbauer experiment data

Ytterbium sesquioxide orders antiferromagnetically at
2.3 K.2>2* Therefore only a quadrupole split spectrum is
expected for each of the two Yb sites present in the cubic
structure at 4.2 K. The reference 4.2 K zero-pressure
Moéssbauer spectrum has been measured on a standard
natural Yb,0O; absorber (out of the HP cell) and is
represented in Fig. 1(a). The counting time was 5 days.
Table I(a) displays the values of the hyperfine parameters
A=eQV,, and 1 derived from a fit assuming two subspec-
tra in the 3:1 intensity ratio and same linewidths. In ad-
dition, for the less populated site of C;; point symmetry,
a zero asymmetry parameter 7 is assumed. These values
are in agreement with those reported in the literature.?>2%

Figure 2 displays the Mossbauer spectra obtained be-
tween 4.2 and 20.5 GPa at 4.2 K. The spectra were col-
lected during 11 days for most of them. At 4.2 and 12
GPa the spectra are basically the same as for zero pres-
sure and a fit in the same conditions is satisfactory [Table
I(a)]. At 13.6 GPa, however, some broadening appears,
but at 16.8 and 20.5 GPa a completely different spectral
shape is observed. No good fit is obtained with the above
assumptions. This shape is conserved after releasing the
pressure as represented in Fig. 1(b), showing large
differences with the previous zero-pressure data, Fig. 1(a).
This nonreversible change is attributed to a crystallo-
graphic phase transition from C to B structure as
confirmed by x-ray-diffraction study (see below). In this
framework a fit with three equally populated sites should
hold. This was successfully done and the results are re-
ported in Table I(b). Note that the strong broadening of
the lines at 13.6 GPa may be attributed to coexistence of
the two phases.

Energy-dispersive x-ray-diffraction data

Figure 3 shows three of the EDXR diagrams for O, 12,
and 18.5 GPa. Up to 13.8 GPa the peaks can be indexed
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FIG. 1. Zero-pressure '"°Yb Mgssbauer spectra at 4.2 K for
Yb,05: comparison between the spectra (a) before (C-type) and
(b) after (B-type) applying 20 GPa.

in the cubic lattice. At 13.8 GPa an outer line starts to
appear in the vicinity of the (321) peak while at 15.5 GPa
the diagram is completely altered. The new phase can be
indexed with the monoclinic structure denoted as B.
After releasing the pressure, the compound is maintained
in its high-pressure phase. The pressure variation of the
lattice spacings is shown in Fig. 4. The transition pres-
sure is tentatively positioned at P =13+1 GPa. The full
width at half maximum (FWHM) of the peaks is typically
0.6 keV. When increasing pressure a significant broaden-
ing of the peaks is observed reaching 1 keV around 15
GPa. However, this does not affect the resolution.

TABLE L. '"°Yb Mdssbauer hyperfine parameters at 4.2 K for Yb,0; as a function of pressure (a) cu-
bic structure and (b) monoclinic structure. V/V,(P) is calculated using the analytical expression de-
rived from the Murnaghan law (see text). All values are referred to the cubic unit cell volume

Vo=1136 A« , after pressure release.

(a)
C;; site (8b) C, site (24d)

P (GPa) V/Vy A (mm/s) A (mm/s) n ' (mm/s)
0 1 11.1(3) 25.1(1) 0.10(4) 3.71(5)
42 0.977(2) 11.0(4) 23.8(2) 0.25(3) 4.02(7)
12 0.945(2) 10.2(6) 23.0(2) 0.29(5) 4.26(9)
13.6 0.940(2) 10.0(8) 23.0(2) 0.39(5) 4.6(1)

()]
site (47) I site (4i) II site (47) IIT

P (GPa) V/Vy A (mm/s) n A (mm/s) n A (mm/s) n ' (mm/s)
16.8 0.841(2) 9.5(4) 0.8(2) 19.7(4) 0.73(9) 26.8(4) 0.1(1) 3.5(1)
20.5 0.826(2) 9.0(4) 1.00(4) 19.1(3) 0.59(9) 26.4(4) 0.37(8) 3.6(1)
o* 0.918(3) 12.5(4) 1.00(3) 20.8(3) 0.6(1) 27.3(4) 0.38(9) 3.7(1)
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FIG. 2. Pressure dependence of the "°Yb Mdssbauer spectra
for Yb,0; at 4.2 K.

20000 [T

N
ﬁ’ P= 0 GPa
15000

LI B e S S e

10000

COUNTS

5000

T T T T T T T T T

s 12 GPa
8000 |

s o g

6000 F

Ll

COUNTS

4000 F

2000

T T T T T T T T T

18 GPa ]

100000 F
80000

60000 |

COUNTS

40000 F

20000 F

O||n.||||nlnnnnlnn;xljn|-
35 E(keV)
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at room temperature.
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FIG. 4. Lattice spacings (hkl) as a function of pressure show-
ing the transition from cubic C to monoclinic B structure be-
tween 12 and 14 GPa.

In the case of a cubic lattice the determination of the
equation of state V/¥V, vs P does not require the
knowledge of the exact value of the diffraction angle 6.
What is used are the ratios (E,/E)® for different (hkl)
reflections, E being the position of the peak at zero pres-
sure. However, for the monoclinic lattice, four parame-
ters are involved and it is not possible to relate the
volume ratios easily to energy ones. Independent values
of a, b, ¢, and B have to be derived from the EDXR dia-
gram. The diffraction angle 6 is then calculated from the
zero-pressure data, taking a =10.4342 A for the lattice
parameter of the C phase. We obtain 6=6.292(2)".

In the cubic phase, volume compression was investigat-
ed selecting four of the most intense peaks, namely the
(hkl) reflections (222), (400), (440), and (622). This al-
lowed us to evaluate the V /¥, value as a function of
pressure, relative to the zero-pressure diagram according
to V/Vy=(E,/E)? where V,=1136 A is the cubic lat-
tice volume and refers to 16 molecules per unit cell (Fig.
5). The data have been fitted to the Murnaghan equation
of state:
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FIG. 5. Pressure variation of the lattice volume contraction
referred to the cubic phase of Yb,0; at room temperature and
atmospheric pressure. Upper curve is a Murnaghan fit of the
(400) reflection experimental data for the cubic phase. The data
for (222), (440), and (622) reflections are also shown. Lower
curve is a Murnaghan fit of V' /V,, derived from 10 lattice spac-
ings of the monoclinic B phase.
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TABLE II. Observed and calculated lattice spacings dj;; of

monoclinic Yb,0O; at zero pressure, after pressure release, using
the lattice parameters determined by Hoekstra (Ref. 17).

hkl dops (A) deae (A)
202 3.286 3.292
111 3.015 3.038
401 2.952 2.954
402 2.890 2.883
003 2.785 2.773
310 2.735 2.726
112 2.698 2.651
600 2.232 2.252
511 2.129 2.128
313 2.057 2.057
313 1.857 1.848
801 1.721 1.716
712 1.649 1.650
711 1.603 1.601
802 1.478 1.477
—1/B

V/Vy=[1+P(Bj)/B,)] ,

where B is the isothermal bulk modulus and By its pres-
sure derivative at ambient pressure and temperature. ¥V,
was allowed to vary, as the zero pressure a value may be
submitted to some uncertainty. The calculated curve
(Fig. 5) represents the Murnaghan equation of state ob-
tained from the fit of the (400) reflection. The selected
set of B, By, and V|, values are

B,=181(1) GPa, B}=17.3(2),
and
V,=1133.5(3) A3 .

Taking advantage that the high-pressure B phase is re-
tained after releasing the pressure, a detailed analysis of
this phase was performed at atmospheric pressure using a
different diffraction angle in order to get a better resolu-
tion. This allowed us to deconvoluate most of the over-
lapping peaks. The results of this analysis are presented
in Table II, where the d,;, values are compared with
those calculated using the lattice parameters determined
by Hoekstra (see above). The agreement is rather good.
The initial lattice volume of the B-phase is noted OV{) as
the zero (ambient) pressure reference: Vj=391(1) A%,

On the other hand, the fit of the 15 lattice plane spac-
ings dy,, given in Table II leads to the following parame-
ters:
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a=13.707(7) A, b=3.432(1) A, c=8.504(3) A ,
B=100.526(3)°, and V{=393.3(4) A’ .

Similar fits have been done for d spacings of the B phase
at 15.5, 18.5, 20.7, and 25 GPa, taking into account only
the best defined peaks among the 15 selected at zero pres-
sure, i.e., 10, 12, 11, and 8 peaks, respectively. The corre-
sponding lattice parameters as well as the relative volume
V /Vy, are given in Table III. Note that V| refers to six
molecules per unit cell. A fit to the Murnaghan equation
of state has been performed for the B phase too, however
with less accuracy, considering that only the ambient
pressure data are available in the low-pressure range.
Furthermore there is some correlation between the values
of B, and By, a smaller B, value giving a larger B, value
and vice versa. The most probable solutions may be
those involving B, values higher or equal to the one
found for the cubic phase, thus leading to small B,. The
fit displayed in Fig. 5 was obtained after normalization of
the molecular volume for the two phases and assuming
equal B, for the two structures. It corresponds to

B,=181 GPa, B{,=1.3, and V,=1043 A®.

The calculated values of V /¥, according to these laws
are reported in Table I for the two phases. Note that the
volume jump is 8% at the structural phase transition.

VI. DISCUSSION
Structural phase transition

The in situ high-pressure measurements performed at
room temperature with EDXRD and those at 4.2 K with
170Yb MGossbauer spectroscopy agree quite well. Both
sets of data provide clear evidence for a structural trans-
formation from a cubic C-type phase to a monoclinic B-
type phase when applying pressure above about 13 GPa.
Furthermore they show that the high-pressure B phase is
retained after releasing the pressure, as expected for a
reconstructive phase transition. It should be emphasized
that the transition pressure we found (13 GPa) is
significantly higher than those known (2.5-3.5 GPa)
from static high-pressure experiments which were, how-
ever, carried out at high temperatures (550-1450°C)."”
Nevertheless the C-B phase boundary in Yb,0; is expect-
ed to occur at about 5 GPa by extrapolating the high-
temperature Hoekstra data to room-temperature. This
suggests, following Atou et al.’ that the pressure-induced
C to B transition, observed in Yb,0;, proceeds via the 4
phase. It is worth noticing that Fujimura et al.'® report-

TABLE III. Pressure variation of the lattice constants of monoclinic Yb,0O; derived from the high-
pressure x-ray diagrams. ¥ was derived from the zero-pressure diagram (V=393.3 A"). V/V, refers
to the cubic lattice unit cell volume and corresponds to experimental data of Fig. 5.

P (GPa) a A b (A) ¢ (A) B (deg) V/V V/V,
15.5 13.26(2) 3.41(2) 8.13(4) 98.6(2) 0.92(1) 0.853(8)
18.5 13.15(1) 3.380(1) 8.126(2) 98.67(3) 0.908(2) 0.838(1)
20.7 13.04(4) 3.395(5) 8.10(3) 98.0(3) 0.903(8) 0.833(7)
25.0 12.91(7) 3.364(7) 8.02(3) 97.3(2) 0.88(1) 0.81(1)
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TABLE IV. !"Yb zero-pressure lattice quadrupole splitting
parameters in Yb,0; (cubic phase) calculated in a point-charge
model approximation (PCM). Comparison with values derived
from '5°Gd Mdssbauer data in Gd,O; and !''Cd PAC results in
Yb,0; using: Qyp,=—2.14b (1—7 )y, =81 and (1—%¥ ,)ga@ca
=121b. The lattice parameters of theOC-type Gd,0; and Yb,0,
were taken to be 10.8122 and 10.4342 A, respectively.

A (Cyy) A, (Cy) 1 (Cy)
(mm/s) (mm/s)
PCM —16.99 7.78 0.51
155Gd —17.11 8.41 0.66
licgq —14.40 9.07 0.75

ed in their room-temperature high-pressure x-ray-
diffraction experiments a C to A phase transition occur-
ring at 15 GPa in Yb,0;. Thus it seems that slightly
different experimental conditions tend to favor either the
B or the A phase. The B— A4 or A — B transition re-
quires little energy because it is a displacive-type trans-
formation (the B phase is a slight deformation of the A4
phase). This is further demonstrated by extensive shock
compression or static pressure experiments on rare earth
sesquioxides which showed C-type— A-type transition
during loading and A-type— B-type transformation on
unloading.’

Volume dependence of the hyperfine
interaction parameters

In the following, we try to evaluate the correlation be-
tween the volume contraction with pressure and the vari-
ation of the hyperfine data derived from Mdssbauer spec-
tra, namely the quadrupole splitting. The isomer shift
(=0.1 mm/s) is in our case (0—2 transition) irrelevant
because it is smaller than the Mdssbauer linewidth (I'j=2
mm/s).?’

The electric field gradient (EFG) tensor V;, which in-
teracts with the nuclear quadrupole moment Q of the yt-
terbium nucleus, leads to the so-called electrostatic quad-
rupole interaction, which is commonly characterized by
A=eQV,, and 7. The EFG has two significant sources.?®
The first of these arises from the asymmetry of the lattice
charge distribution (V,-G) and the second is provided by
the nonspherical 4 f valence shell (V})):

Vi=(—y  V,+(1—Ry)V} , (1)

where y , is the Sternheimer antishielding factor, and R,
a shielding factor to account for the polarization of the
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initially symmetric core orbitals. Equation (1) assumes
that the systems of principal axes coincide as is normally
the case.

The lattice contribution is generally estimated using a
point-charge model summation over the lattice. The
determination of the pressure dependence of the lattice
parameters as deduced from our EDXRD data allows us
to extract the A; vs P relationship, assuming no change in
the atomic positions. Hence the volume dependence of
the 4f contribution A, to the quadrupole interaction can
be evaluated. This latter contribution is of special in-
terest because it is related to the electronic structure of
the Yb’" ions in the lattice (A, and 7, are thermal aver-
age over the wave functions of the crystal-field levels).

We made several attempts to evaluate the lattice con-
tribution A, at 'Yb in Yb,0;, using successively a
point-charge model (PCM), 1*>Gd Mdssbauer quadrupole
interaction data in the isostructural Gd,O; com-
pound,?®3° and finally, ''Cd perturbed angular correla-
tion (PAC) data for Yb,O; and the whole R,0;
series.!”>”!* These evaluations for the cubic C phase are
compared in Table IV.

In the following we will restrict our discussion to the
behavior of the C phase only. In order to estimate the
pressure (volume) dependence of A; it is tempting to as-
sume that it should scale linearly with a ~3, where a is the
lattice parameter at a given pressure. However !''Cd
PAC data for the C-R,0; series (including In,0; and
Sc,0; with smaller a parameter than the rare-earth
sesquioxides) evidence more complex behaviors. Shitu
et al.'? found a nearly linear dependence of A;(C,) with
a 3 and a nearly constant value of A;(C;;). On the other
hand, 7(C5;)=0 for the whole series and 7(C,) increases
with the lattice constant. These behaviors were attribut-
ed to changes of the position of the atoms in the unit cell
in the different R,0; compounds.!> Thus the pressure
(volume) dependence of A; in C-Yb,0; was estimated
from the PAC data (Fig. 8 of Ref. 12) assuming that the
pressure effect is equivalent to a decrease of the size of
the R atoms in the R,0; series. The results of this
analysis, which allow us to evaluate the volume depen-
dence of the valence contributions to A and 7, are report-
ed in Table V. The main effect of the pressure is to de-
crease A, for the C, site. Notice that A, values are con-
siderably smaller than the free ion (|J,)=|+7/2)) value
of about 46.4 mm/s, as expected for a crystal-field ground
state of predominant IJZ Y=|%1/2) character. The lead-
ing term, BY, of the crystal-field Hamiltonian is positive

TABLE V. Pressure dependence of the lattice quadrupole splitting in cubic Yb,0; derived from
""'Cd PAC results in the R, 0, series. Computed corresponding valence contribution. Notice that the
negative 7 values indicate an interchange of the x and y EFG axes.

P vV, @ A€ A M (C) A (C) A (C) m, (€
(GPa) (107* A ) (mm/s) (mm/s) (mm/s) (mm/s)
0 1 8.8(1) —14.4(2) 9.0(2) 0.75(2) 25.5(5) 16.1(3) —0.26(9)
4.2 0.977 9.0(1) —14.3(2) 9.6(2) 0.75(2) 25.3(6) 14.2(4) —0.09(8)
12 0.945 9.3(1) —14.5(2) 10.3(2) 0.73(2) 24.7(8) 12.7(4) —0.1(1)
13.6 0.940 9.4(1) —14.5(2) 10.5(2) 0.72(2) 24.5(9) 12.5(4) 0.1(1)
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for the C, site and increases with pressure as shown by
the volume dependence of A,;(C,).

VII. CONCLUSION

In this work we have reported a very-high-pressure
MGJssbauer study with the high transition energy !7°Yb
isotope, using a diamond anvil cell. We demonstrated
that the use of DAC is not restricted to low energy (<30
keV) Mdéssbauer isotopes when special care is taken for
the collimation of gamma rays.>">3? The accuracy of the
hyperfine parameters of Yb,0; measured under these
conditions is quite satisfactory and the Md&ssbauer results
can be compared with the structural data in a coherent
way.

The occurrence of a pressure-induced structural transi-
tion from cubic (C) to monoclinic (B) Yb,0; has also been
observed at room temperature. Application of a pressure
of about 13 GPa is sufficient to complete the C — B trans-
formation. The transition is of reconstructive type, the
monoclinic phase is retained after releasing the pressure.
The pressure (volume) dependence of the lattice EFG for
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the C-type Yb,0; phase was estimated from PAC data
for the rare-earth sesquioxide series. This allowed us to
evaluate the 4f contribution to the EFG and its volume
dependence.

Finally we want to emphasize that high pressure '7°Yb
Mossbauer spectroscopy is a unique tool for the study of
ytterbium-based heavy fermion materials of current in-
terest today.3> This technique is unique in the sense that
it is so far the only method well suited to study their
magnetic properties at pressure above 10 GPa. Further-
more the small size of the pressure cell is well suited for
measurements below 4.2 K or even 1.5 K often required
for the studies of heavy fermion or Kondo systems.
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