
j
'-'-

\..

J

,
.~)

'. '

SPECTROSCOPY OF DISORDERED MATERIALS

•

.'

By

ZHIBING HU

A Thesis

Submitted to the School of Graduate Studies

in' Partial Fulfilment of the Requirements

for the Degree

Doctor of Philosophy

J
McMaster University

April 1988

~ Copyright by Zhibing Hu 1988

.;

"



'.

•

J

, "

~

. ..

)

SPECTROSCOPY OF DISORDERED MATERIALS
.)
:~.

, .

r

p.
",



B.Sc. (Tsinghua University~

)
. I

! DOCTOR OF PHILOSOPHY (1988)

,.

(
McMaster un1ve~S1:~

amilton, Ontario~, .(Physics).. .". "

~~~le: Spectroscopy of Disordered

Author: Zhibing Hu

M.Sc. (McMaster University, Hamilton)

Supervisor: Professor D. Walton

Number of Pages: xiii, 160
..

,

•.0; ~ •

. ,

11



"

ABSTRACT

Mixed crystals of (~~r)l~x(KCN)x show a complicated

structural behavi.or at low temperatures which. includes an

intriguing orientational glass state. Better understanding

of these relatively simple disordered systems may improve

our understand~ng of the glassy state in general.
~

We have used ~he Brillouin spectroscopy to measure

the acoustic phonon properties in the KBr-KCN alloys. All

aspects of the spectra, such as Brillouin shift, linewidth

and ~~tensity, were found to qualitatively agree with

Michel's microscopic theory. From the frequency and the

width of the acoustic phonon, we determined the

reorientation rate of CN- quadrupoles as a function of

temperature, which ~an ·be described by an Arrhenius law.

Quasi-elastic light scattering in (KBr)l_X(KCN)x was

measured using a high resolution tandem Fabry-Perot

interferometer. The width of the quasi-elastic peak was

found to have a strong temperature dependence. We suggest

that this peak is dynamic in origin and is related to the

reorlentation of the cyanide dipol~s.

We observed the appearance of symm~try forbidden' .

scattering peaks in the Brillouin spectra of (KBr)l (KeN)'-x x
in the presence of-a uniaxial stress. This effect cah be
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explained qS a stress-induced birefringence altering the

. polarization state of the scattering light. There are no

observable changes in Brillouin shift and width induced by

such a stress.

The dielectric loss and capacitance of an x=O.5

sample was determined using a high precision bridge-. Only

one loss peak appears at ~30 K in the temperature interval

from 1.2 K to 294 K, which indicates that there is no

coupling between quadrupole and dipole moments at arpund

quadrupolar freezing temperature (-SO K).

A calorimetric technique was used to investigate

thermal properties of (KBr)O.5(KCN)0.5 at T~l K. The

specific heat of the sample is in good agreement. with

reported values. Samples which have undergone different

thermal treatments show different heat drift behavior.

Analysis pf the time-decay of temperature after appll~ation

of a heat pulse reveals that the decay curve follows a,
stretched exponential form.

Finally, the

was studied using a

\ _.,.
,/ I

acoustic sound wave in"p'ropylene
(/ ,

Brillouin scattering t·;~hn{qUe.

glycol

The

relaxation rates obtained in the gigahertz frequency range

were compared with the low frequency specific heat data in

terms of the Vogel-Tamman-Fulcher law and the scaling law.

"The latter was predicted by recent hydrodynamic theories

for the glass transition.
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Introduction

\l
For an amorphous solid the essential aspect in which

its structure differs from that of crystalline solid is the

absence of long-range order. Some typical disordered

systems are shown in Fig.' 1.13 (c) amorphous silicon

(positional disorder), (E) liquid crystals (orientational

order but positional disorder), (d) polymers (both
\

orientational and positional disorder). Despite tremendous

theoretical 'and experimental efforts, understanding the

behind ~nderstanding

. ,
can no longer use

. . ~

properties of amorphQus solids is far
. \

.."
those of ~rystals. This '1s because oneJ
powerful tools such as >'-Briliouin zones, Bloch states,

,
etc., which accompany periodicity ~n the crystals ~for a

~review, see Ref. '1).

Recently an unusual type of disordered system,
.

(KBr)I_X) (KCN)x' .has attract~d a .great deal of attention.

Upon cooling the, mixed crystal with CN- concentration

O.01<x<O.6 will freeze into an orientational glass state in

which eN axes are randomly orientated as shown in Fig .
.~. .

..

1.1(b). Mor~ detailed stru~ture can be seen in Fig. 1.2
\.

( afte~ Ref. 2) .• As this state is derived from a
\ \

crystalline parent phase, the exp~~i~edtal and theoretical

(
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(c)

'v

-
f.I tJ

"- I'\.
\oJ ""

(b)

Fig. 1.1 Schematic comparison of ordered and

disordered materials: (a) K~ Crystals, (b)

(KBr)l_X(KCN)~.mixedcrystals. (c) amorphous silicon,
~.

(d) polymers, (e) liquid cry~tals.
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0 . K+

,@ Br
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Fig. 1.2 Crystal structure of cubic, (KBr)l_x(KCN)x

(after Ref. 2).
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description should be easier than that of conventional

glasses. It is. hoped that studying this system may

contribute to a better understanding of glasses in general.

For this reason (KBr)l (KCN) systems were cited by. -x x

. Physics Today as one of the five most interesting new

to~ics in conden~ed matter physics in 1985. 3 There are

several excellent review articles on this subject. 2 ,4-6

Fig. 1.3 shows the phase diagram of.(KBr)l (KeN) 6
~ -x x

which reveals three main regions: (1) paraelastic or cubic
.

high temperature phase, (2) the ferroelastic non-cubic

state for x>xc (NO.57) and T<Tc(X}, (3) an orientational

glass state for x<xc and T<Tf(x). This phase diagram is

analogous~to that of dilute magnetic systems where the

three regions are referred to as paramagnetic,

ferr'omagnetlc and spin glass respectively. 7

At high temperatures, one finds a NaCl-like cubic

structure for all CN concentrations , where CN ions perform

fast reorientation. At 168 K pure KCN undergoes a first

order phase transition into an orthorhombic structure with

CN- elastic quadrupoles aligning along <110> directions.

As the temperature reaches 83 K, KCN will become

1

NO.~7 is reached.

transition temperature Tc

Br ions in the KCN lattice

e electric dipole interaction.being

until a critical CN-

will decrease on

antiferroelect ically ordered due to the CN, NC degeneracy



Fig. 1.3

Ref. 6).

The phase diagram of (KBr)l_X(KCN)x (after

Q DTf and Tf are the quadrupolar and dipolar

glass freezing temperatures respectively: both are

dependent on the probe frequency and the CN

concentration.
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