‘Note: This is a draft of a paper submitted for pubhcatlon Contents of thxs paper should not

orfa)

be quoted or referred to without permission of the > author(s).

ALV VO S )

Inelastic Neutron Scatterihg Measurements of Phonon
Dispersion Relations in Andalusite and Sillimanite,
. ALSiO;

- P. Goel', M. N. Rao', N. Choudhury’, S. L. Chaplot", S. Ghose?, and M. Yethiraj®

| lSohd State Physics D1v131on Bhabha Atomic Research Centre Trombay, Mumbai 400
: 085, India
'DeBpartment of Geological Sciences, University of Washington, Seattle, WA 98195
Sohd State Division, Oak Ridge Nauonal Laboratory, Oak Ridge, TN 37831

—_—_—— e : = :
o ' Submitted to

The Solid State Physics Symposium
Bilaspur, India

| " | ' December 27-31, 2000 |

"The submitted manuscript has been authored
by a contractor of the U.S. Government under
contract No. DE-AC05-000R22725.
Accordingly, the U.S. Government retains a
nonexclusive, royalty-free license to publish or
reproduce the published form of this
contribution, or allow others to do so, for
U.S. Government purposes.”

prepared by
SOLID STATE DIVISION
OAK RIDGE NATIONAL LABORATORY
. Managed by
UT- BATTELLE, LLC
| under _
Contract No. DE-AC05-000R22725
with the
U.S. DEPARTMENT OF ENERGY
Oak Ridge, Tennessee

April, 01

R R



M@W%AM?

e MM}:M ﬁq«c}ab}h
C2'7“ 3\ Dee 200b> {5. fem@ar

Inelastic neutron scattering measurements of phonon dlspersmn relations in
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. _ Abstract ‘
This paper reports inelastic neutron scattering (INS) measurements of the phonon dispersion relations of the
aluminium silicate minerals andalusite and sillimanite, Al;SiOs. The single crystal INS measurements were
undertaken using the Triple-axis-spectrometer at the Dhruva reactor, Trombay for andalusite and at the Oak Ridge

" National Laboratory, U.SA for sillimanite.

The phonon dispersion relations (upto 50 meV) along various high

symmeltry directions have been measured and have been analyzed on the basis of lattice dynamics shell model
calculations. The calculated structure factors based on the model calculations were used as guides for planning
these single crystal measurements and were used lo identify regions in reciprocal space with large cross-sections.
The calculated structure factors have been very useful in the planning, execution and analysis of the experimental
data. The calculated phomm dispersion relations are found lo be in good agreement with the measured data.

Introductlon .

Andalusite, sillimanite and kyanitc arc the thrce
important  polymorphs of the geophysically important
aluminium silicate minerals ALSiOs. Earlier, we -had
undertaken detailed lattice dynamical studies involving
experimental inelastic neutron scattering measurements
of the phonon density of states and theoretical shell
. model calculations of the wvibrational and
_thermodynamic properties of these minerals/1,2/. In

this* paper, we report inclastic neutron scattering -
measurements of the phonon dispersion relations ‘of -
andalusite and sillimanite and their interpretations based ..

on these shell model results. Measurement of the
phonon dispersion rclation using the inclastic nentron
scattering technique and theorctical calculations. using
" interatomic potentials form an ideal combination for a
microscopic study of the vibrational properties and
thermodynamic properties of minerals /1-3/.

The importance of the three aluminium silicate

polymorphs andalusite, sillimanite and kyanite is well

known in mineralogy /4/. They share a common feature

in their crystal structure, i.e. chains of edge-shared AlOs

octahedra  running parallel to the b-axis. The
transformations amongst the three AL SiO;s polymorphs
involve a change in primary coordination of one of the
Al atoms which is in tetrahedral coerdination in
sillimanite,: five-coordination in andalusitc and .in
octahedral coordination in kyanite. Both andalusite and
sillimanite have orthorhombic structures with space
groups Prnm and Pnma, respectively and Z=4. There
are 96 phonon branches
correspondmg to the 32 dtoms/umt cell.

Meedo g/
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The shell model developed earlier /1,2/ was used to

‘compute thc onc-phonon ncutron cross-section for

scattering {rom a single crystal for each phonon mode
to identify the regions in reciprocal space with large
cross-sections for andalusite and sillimanite. These
were used as guides to plan the experiment while from
the actual INS mcasurements, the mode frequencies
wcre ascertained. The calculated phonon dispersion

 relations are found to be in good agreement with the

measured data.
Experimental details

The measurements of the phonon dispersion relations
of andalusite were carricd out on the Triple-Axis-
Spectrometer (TAS) at ambicnt pressure - and room
temperature at the Dhruva reactor, Trombay. This TAS
uses a Cu (111) monochromator and pyrolytic graphite
(PG) (0002) analyser. A PG filter was used to remove
the sccend order contributions. A natural smgle crystal
(with a volume of about 10 cm®) of andalusite was used

for - the experiments. The measurements were

undertaken using the constant Q mode with E; , the
scattered neutron energy fixed at 14.8 meV. The phonon
measurements were made in the (100) direction and
phonons upto 40 'meV energy were measured using
incident neutron energies varying from 15 to 55 meV.
The measurcments of the phonon dispersion relations
of sillimanitc werc undertaken along three high
symmetry directions using the triple-axis spectrometer
at the Oak Ridge National Laboratory.
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 Results S - Andalusite (TAS - Dhruva)
The typical neutron groups associated with a few - > p

- phonons in andalusite obtained from inelastic neutron B0 s 1
swttermg measurements  at the Dhruva reaclor, are

shown in Fig. 1.. The group theoretical representations : /’/—'———==<

to which the phonon belong are as indicated by the,

‘Greek letters. The numbers in parentheses indicate ihe- 404

. coordinates of the wave vector transferred in the neutron - . - = ]

scattering process in units of reciprocal lattice vectors. : L”——\I:::‘:

The ordinate is neutron energy in arbitrary units as the - ’ . _
neutrons are counted for varying periods of time
The calculated and measured phonon dxspersxon
relations in andalusite and sillimanite are as shown in
Figs. 2 and 3. The agreement between the experimental

" data and theoretical predictions is quite satisfactory. A’
compurison of the neutron group intensities associated
with each phonon mode with the calculated. one-phonon -
cross-section indicates that the agreement between the 10 : 4 =
two is quite satisfactory. The calculated cross-sections =~ '
have played a vital role in the planning, execution and
analysis of the experimental results and emphasize the
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role of theoretical models in the analysis of the complex - 0 S — R .
experimental data . ' *= 0.0 04 02 03 04 05 04 0.3 0.2 0.1 0.0
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Fig1: Typical phonon groups in andalusite oo F lg 2 Ca‘lCUIated (SOIld hnes) and

measured using the TAS at Dhruva.

) measured phonon dispersion relations
in andalusite and sillimanite.



