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Abstract High pressure Raman spectroscopic study
of Sm,03 poly crystal was performed up to 21.0 GPa
and room temperature using a diamond anvil cell.
Pressure induced phase transition was observed at
2.6 GPa in the pressure increasing process. This phase
transition corresponds to the monoclinic B type phase
— the hexagonal A type transformation. The A type
phase was stable up to 21.0 GPa. In the pressure
release process, the A type phase was stable above
1.8 GPa, and was completely reverted to the B type
phase at 1.1 GPa. The phase transition was confirmed
to be reversible with a hysteresis of approximately
1.0 GPa.

Introduction

The rare earth sesquioxides are known to exist in three
polymorphs denoted as A, B, and C-type by Goldsch-
midt et al. [1]. Their stability at ambient pressure and
temperature depends on radius ratio of cation and
anion [2]. The oxide of larger size cations from
lanthanum to neodymium forms the hexagonal A-type
structure with space group P3ml. An intermediate
size cation from samarium to gadolinium has the
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monoclinic B-type structure with space group C2/m.
The cubic C-type structure with space group [Ia3 is
formed by other lanthanoid ions. The density of these
three crystal structure increases in the order of the C,
B, and A-type structure accompanied by increase in
coordination number of cations, several rare earth
sesquioxides with the C-type structure were reported
to transform to the B-type structure under static high
pressure and high temperature by quenching method
[2-11]. Also, reversible B < A phase transitions were
observed for Sm,0; and Gd,O; by in situ X-ray
diffraction experiment using synchrotron radiation at
room temperature [12, 13]. The transition pressure to
the A-type structure was determined to be 2.5 GPa for
Sm,0; and 5.2 GPa for Gd,0O3 at room temperature.
Since Hyde et al. reported that a close relationship
between the A- and B-type structure [14], displacive
type phase transition mechanism has been inferred. To
clarify the nature of this phase transition, vibrational
spectroscopy using Raman scattering might be effective.

In this work, we present Raman spectroscopic study
on Sm,0O3 under high pressure and room temperature.
Structural evolution of Sm,O3 under high pressure was
followed up to 21.0 GPa by Raman spectroscopy at
room temperature, and precise phase transition pres-
sure and quantitative information on pressure variation
of the Raman shift were determined.

Experimental

Chemical reagent of the B type Sm,0O3 with purity of
99.9% was obtained from Nippon Yttrium Co., Ltd.
The sample was sintered at 1,500 °C for 10 h to
eliminate the impurities such as the C-type phase,
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hydroxide and carbonate. High pressure was generated
by a lever-arm type diamond anvil cell [15] with 4:1
methanol-ethanol mixture as pressure medium. Small
chips of ruby and powder sample were put in a hole
(200-um diameter) of a metal gasket made of the 301
stainless steel. The culet size of the anvil was 400 pm.
Pressure was measured by the shift of ruby R1 line
[16]. The 532 nm line of a laser beam from a diode-
pumped Nd:YAG laser (Coherent Inc., Compass
315M) was used for Raman exiting beam at energy of
80 mW. Raman scattering light was collected and
focused into a 400 pm core optical fiber through
camera lenses and introduced into a spectrometer
(Kaiser Optical Systems, inc., Holospec {/1.8i). The
dispersed light was detected with an intensified charge
coupled device camera (Andor Technology Ltd.,
ICCD-420). The spectral resolution is about 3 cm™.

Results and discussion
Raman spectra of Sm,O; in the pressure increasing

process from ambient pressure up to 21.0 GPa are given
in Fig. 1a. At ambient pressure, 7 lines at 247, 281, 373,
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Fig. 1 Raman spectra of Sm,O; recorded between ambient
pressure and 21.0 GPa (a), 21.0 GPa and ambient pressure (b)

405, 418, 458, and 574 cm™! were observed. The factor
group analysis for the B-type structure predicts 21
Raman active modes (14A, + 7B,). According to the
reported assignment of B-type Sm,O; [17], the
observed lines at 247, 458, and 574 cm™ were assigned
to A, modes. The lines at 281 cm™ and 405 cm™ were
assigned to B, modes, and the lines at 373 cm™' and
418 cm™! were assigned to overlapping with B, and A,
modes. The band of 247 cm™ split into two bands as
pressure increased to 2.0 GPa.

Between 2.0 GPa and 2.6 GPa, two phases coex-
isted, the initial monoclinic B-type phase and a new
phase. Above 2.6 GPa, only the new phase was present.
This new phase could be identified as the A-type
hexagonal phase of Sm,O; by comparing with the
reported A-type Raman spectrum [17]. Also, this result
is consistent with the in situ X-ray powder diffraction
experiment previously reported, in which a phase
transition pressure from the B-type to the A-type
structure was determined to be 2.5 GPa at room
temperature [13]. At 3.0 GPa, 3 lines at 188, 451, and
471 cm™ were observed in this work. The A-type
contains one formula unit per cell and the factor group
analysis for the A-type structure predicts 4 Raman
active modes (2A, + 2E,). Since the A-type Sm,0O3 can
be stabilized at ambient pressure by adding about
5 mol% ZrO,, the A-type Raman spectrum at ambient
pressure has been reported: i.e., two stretching modes
at 455 cm™' and 444 cm™ and two bending modes at
188 cm ™' and 105 cm™ [17]. By comparing the observed
3 lines with those of the zirconium stabilized A-type
Sm, O3, the observed lines at 188 cm™ and 451 cm™ can
be assigned to A, modes and the line at 471 cm ! can be
assigned to E, mode, if slight pressure variation of the
observed Raman shift is taken into account. One of the
bending modes reported at 105 cm™ was not observed
in the present experiment. The A-type Raman spectra
showed no appreciable change, revealing that the
A-type Sm,0O3 was stable up to 21.0 GPa.

On the other hand, the Raman spectra of Sm,0;
obtained from 21.0 GPa down to ambient pressure are
given in Fig. 1b. The A-type phase was stable down to
1.8 GPa, whereas the B-type phase appeared below
1.8 GPa. The A-type phase and B-type mixed phase was
observed down to 1.1 GPa. Below 1.1 GPa, only B-type
phase was present, and the spectra showed no apprecia-
ble change against pressure down to ambient pressure.

Figure 2 shows yield of the A-type phase as a function of
pressure. The yield was determined by the intensity ratio of
the B-type and the A-type phase Raman spectra. Solid
curves in the figure are guide for eyes. The B-type structure
begins to transform to the A-type structure above 2.0 GPa
in the pressure increasing process. On the other hand, when
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Fig. 2 The yield of the new phase as a function of pressure
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Fig. 3 Evolution of Raman frequencies of Sm,0O; between
ambient pressure and 21.0 GPa as a function of pressure. Open
and filled circles correspond to increasing and decreasing
pressure runs, respectively. The inset is the magnified figure
between ambient pressure and 3.2 GPa

the pressure is lowered, the A-type structure remained until
1.1 GPa. This transition is thus reversible with a hysteresis of
almost 1.0 GPa.

@ Springer

Figure 3 shows evolutions of the frequencies as a
function of pressure. Open and filled circles correspond
to increasing and decreasing pressure runs, respectively.
All of them show linear dependences with pressure. In
the pressure both increasing and decreasing processes,
they showed no appreciable hysteresis in the Raman
frequency shifts of the initial B-type phase and the high
pressure transformed A-type phase. The Raman lines
were shifted toward the higher frequencies (2-6%).
This should be related to the contraction of Sm-O
bonds under high pressures [3]. The two bands at
451 cm™ and 471 cm™' of the A-type phase at 3.0 GPa
showed different pressure dependences. The linear
pressure coefficients are estimated to be 2.0 cm™ and
3.4 cm™'/GPa for the bands at 451 cm™ and 471 cm™,
respectively.

The unit cell of the B-type monoclinic structure can
be expressed by six distorted units of the A-type
hexagonal cell [12, 17]. Thus, this phase transition can
be brought by small atomic displacements. However,
no soft mode band was observed in the pressure
increasing and decreasing processes, indicating that
this transition was first order phase transition and the
lattice vibration observed by Raman scattering did not
participate in the phase transition.

The B-type to the A-type phase transition of the
other rare earth sesquioxides is reported for Eu,O3 and
Gd,03;. The B-type Eu,05 and Gd,O3 transformed to
the A-type phase at about 4 GPa and 7 GPa, respec-
tively [13, 18]. The ionic radii of trivalent samarium,
europium, and gadolinium cations are 0.958, 0.947, and
0.938 A. The phase transition pressure increases as the
ionic radii decrease, revealing that the transition
pressure of this phase transition is mainly governed
by geometric factors determined by the ionic radius
ratio between cation and oxide anion.

In this work, we have shown the pressure effect on
the structure change of Sm,0O;. The reversible pressure
induced phase transition from the B-type to the A-type
structure was demonstrated. The B-type structure was
unstable above 2.0 GPa in the pressure increasing
process, and transformed to the hexagonal A-type
structure. The B-type and the A-type phase coexisted
between 2.0 GPa and 2.6 GPa. The A-type structure
was stable up to 21.0 GPa, and Raman frequencies
increased with pressure. The B-type structure
appeared below 1.8 GPa, and the A-type and B-type
mixed phase was observed down to 1.1 GPa in the
pressure decreasing process. The phase transition
exhibits a hysteresis of almost 1.0 GPa.

Acknowledgments The authors thank S. Oguchi for his
assistance in experiments.



J Mater Sci (2007) 42:2582-2585

2585

References

N =

. Goldschmidt VM, Ulrich F, Barth T (1925) Mat Natur K1:5
. Warshaw I, Roy R (1961) J Phys Chem 65:2048
. Husson E, Proust C, Gillet P, Ttie JP (1999) Mat Res Bull

34:2085

. Koehler WC, Wollan EO (1953) Acta Cryst 6:741
. German VN, Podurets AM, Tarasova LA (1982) Neorg

Mater 18:1736

. Salem MB, Dorbez R, Yangui B, Boulesteix C (1984) Phil

Mag 50:621

. Salem MB, Yangui B, Boulesteix C (1987) J Physique

48:1147

. Atou T, Kusaba K, Fukuoka K, Kikuchi M, Syono Y (1990)

J Solid State Chem 89:378

. Hoekstra HR (1966) Inorg Chem 5:754
. Hoekstra HR, Gingerich KA (1964) Science 146:1163

11.
12.

13.

14.

15.
16.

17.

18.

Reid AF, Ringwood AE (1969) J Geophys Res 74:3238
Atou T, Kusaba K, Tsuchida Y, Utsumi W, Yagi T, Syono Y
(1989) Mat Res Bull 24:1171

Atou T, Kusaba K, Syono Y, Kikegawa T, Iwasaki H (1992)
In: Syono Y, Manghnani MH (eds) High-pressure research:
application to earth and planetary science. Terra Pub.,
Tokyo, pp 469-475

Hyde BG, Andersson S (1989) Inorganic crystal structures.
Wiley, New York, pp 245-247

Tsuchida Y, Yagi T (1989) Nature 340:217

Piermarini GJ, Block S, Barnett JD, Forman RA (1975)
J Appl Phys 46:2774

Gouteron J, Michel D, Lejus AM, Zarembowitch J (1981)
J Solid State Chem 38:288

Stump G, Haire RG, Burns JB, Peterson JR (1994) AIP
Conf Proc 309:359

@ Springer



	High pressure Raman spectroscopic study of structural phase transition in samarium oxide
	Abstract
	Introduction
	Experimental
	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


