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Introduction

Amorphisation

Normal Melting v Pressure induced Melting

Glass Transition

Clapeyron's Equation

dT/dP = AV/AS = TAV/AH
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....... amorphisation results from instabilities,
usually volume decreases and entropy increases
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Introduction

Zeolite Collapse - Microscopy
temperature induced amorphisation — T<Tg

amorphised

Na ze-_'.t:
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Zeolite Collapse — Microscopy

Zeolites & Amorphisation
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Introduction

polyamorphism &
amorphisation

Ponyatovsky Model

EG Ponyatovsky and Ol Barkolov, Pressure-induced amorphous phases,
Materials Science Reports 8, 147-191 (1992)

s Instabilities triggering amorphisation relate to the presence of two
amorphous phases: a high density amorphous phase (HDA) and a low
density amorphous phase (LDA).

s»Clapeyron crystalline melting curve replaced by free energy maximum
for 50/50 mixture, with boundaries determined by the spinodal turning
points.

G(c) = (AU - TAS + PAV).c + U_...c.(1-c) + RT[c.Inc + (1-c).In(1-c)]
AS is difference in configurational entropy between HDA and LDA
phases
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introduction polyamorphism and zeolite
collapse

Which vibrations promote polyamorphism
and trigger zeolite collapse?
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T-P diagram: AU, AS, AV and Umix

parameterised from experimental T-P results

E. Rapoport, J. Chem.Phys. 46, 2891 (1967); ibid 48, 1433 (1968)
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Anomalous Specific Heat
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Low frequency Modes in
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S.R. Elliott, Physics of Amorphous Materials (Longman, New York, 1990)
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Floppy Modes

Rigid Unit Modes
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M.T. Dove, et al, Phys. Rev. Lett.78, 1070 (1997)
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K.D. Hammonds, H. Dong, V.Heine and M.T.Dove, Phys.Rev. Lett. 78, 3701 (1997)



Low temperature
dynamics

W.A. Phillips, Amorphous
Solids: Low Temperature
Properties (Springer-Verlag,
Berlin, 1981)

ential energy

Two Level Systems
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Librational Modes

1 meV < v< 3meV (b

U. Bucheneau, et al, Phys. Rev. B 34, 5665 (1986)
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Zeolites and Amorphisation

Zeolite Structure and
Secondary Building
Units

density 1.5 gcm-3 224 7.

NB density of glass 2.5 gcm3 7
AV, ~ 40% ; N f
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26-hedron (xcage)  supercage ~11A
diameter
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Zeolite A: Na,,Al;,S1,,0,4
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Zeolites and
Amorphisation _ _
X-ray Diffraction and

Small Angle X-ray Scattering SAXS
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Evidence for Low and

Zeolites & High Density Phases

Amorphisation

Modelling 3 phases from SAXS & XRD
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Dynamics of T -induced amorphtsation
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Amorphisation temperature depends on the rate at
which temperature is applied
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P (GPa)

Amorphisation pressure depends on the rate at
which the pressure is applied
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Zeolite collapse —

Zeolites & _ _ _
Amrophisation T & P —induced amorphisation
Limits for zeoli L R L R L R L R L
str;bgﬁtyor w te% _
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Temperature and Pressure-induced Amorphisation are equivalent

P,AV, ~ 3RT,



Zeolites and Amorphisation
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Universal curve for
zeolite collapse

X = exp-(t/ty)"
Avrami-like n~4

(3D nucleation, 1 process)

temperature and pressure
Induced amorphisation are
eguivalent processes
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Slopes of viscosity TP E—
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Zeolite collapse —

Zeolites & _ _ _
Amrophisation T & P —induced amorphisation
Limits for zeoli L R L R L R L R L
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Zeolite Collapse -

Zeolites &
Amorphisation

T-P relationships
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prologue  POlyamorphism and zeolite
collapse

Which vibrations promote polyamorphism
and trigger zeolite collapse?
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T-P diagram: AU, AS, AV and Umix

parameterised from experimental T-P results

E. Rapoport, J. Chem.Phys. 46, 2891 (1967); ibid 48, 1433 (1968)
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Inelastic neutron scattering

Low frequency _
Zeolite modes relate to Secondary

modes Building Units SBUs
low frequency mode
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Low frequency

modes

both sound
propagating
and localised
modes are
anharmonic

Inelastic Neutron Scattering
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Low frequency Decrease in S(Q,E) with amorphisation
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1 Si and Al are ordered in zeolites and Si NMR is structured
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2 Si and Al are disordered in HDA glass and Si NMR comprises a single peak

3 Conversion of zeolite spectrum into glass spectrum through

amorphisation is not linear and gitermediate states are structured

*Si NMR / Arbitrary Units
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Zeolite amorphisation is a catastropﬁf'
and irreversible order transition
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