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ABSTRACT

The possible non-crystallographic point group of the
decagonal quasi-crystal phase of Al-Mn alloys has been shown

by Bendersky to be either cl or D, . For the physically
irreducible representations g’ thcllotroqn. we derive the
extended integrity basis, Clebsch-Gordan products, stability
spaces, and tensorisl covariants. The point groups which
cen arise in phase transitions sre determined. It is shown
that equilibrium temsori: ' properties whose components
transform as the componen.. " the electrogyration or
electrostriction tensors can aistinguish between the C

and Dth point group symmetry of the decagonal phase. 108

The decagonal or T-phase quasi-crystal is a
quasi-crystal with one-dimensional translational symmetry
and ten-fold rotational symmetry. Bendersky has nhovn(l'z)
that the non-crystallographic point group symmetry of this
mli-cryptnl is either cmh(lol-) or th(lol-). Ve
exsmine here the group theoretical properties of the
physically irreducible representations (PIR) of the point
groups cth and Dth and their implications on phase
transitions and tensorial properties of quasi-crystals with
such point group ly-trie..

The physically irreducible representations (PIR) of the
point groups Dm and cm are given in Table 1. The
irreducible representations of Dw are PIRs snd denoted by
Di’ 1=1,2,...,8. The PIRs of (:!o are denoted by

p.,1°1,2,5,6,7,8. This nonstandard indexing has been chosen
. ’ [}
to explicitly show the relationship between the PIRs of C,,
and D¢ The PIRs D,, 1=5,6,7,8 of the point group D .
subduced onto the point group clo are the PIRs Di’
4=5,6,7,8. The PIRs of C o =C,0 X fad "10h - ”;_o x 1 are
denoted, as 1s customary, by the symwbols l)1 and Di’
1-1,2.....8.

for the PIRs of the point grou](»; Cion and Dth we have
derived the Clebsch-Gordan products ', extended integrity
mu““’ snd stability mcu.(n These tables are
published eleevhere.®

Central to the application of group theorstical
criurh("u) to determine the possible sysmetries which
can arise via a phase trensition is the calculation of
subduction frequencies. These subduction frequencies are
the dimensions of the stability spaces of the PIRs with
respect to subgroups of Dlm‘ and cth' snd consequently are
deternined from the tables of stability spaces.

In Table 2 we list for each PIR of °1oh snd Dyon those
subgroups which satisfy the chain subduction
criterton. 9712)  These are the possible symmetries which
cen arise vis a phase tramsition where the transitiom order
parameters transform as basis functions of the corresponding
PIR. Ve have also determined that all PIRs of cth and
Dion® oxcOPt the identity representation, satisfy the Landsu
stability criterion,and all PIRs satisfy tho(lg.i{;l;it:
homogeneity criterion for phase transitioms. *

Ve have aleo derived the temsorisl covariaats for a
wide variety of temsors snd the PIRs of the point groups
Cone and D, . 8018015) 4o hove found that only two types

10h 10h° bat

of tensors among those comsidered are such that their
oquilibrium form csn distinguish between the point groups

ensors which transform as the
°1oh and nth‘ These are t s
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electrogyration and electrostriction effect tensors.
Gyration G is the magnitude of rotation of the plane ¢
polarization when a plane polarized beam moves through a

crystal: (16)

€= 8yyledy + Ay Blely

vhere 1,3,k = 1,2,3, ¥ 16 an electric field and I the
distance transversed through the crystal. The gyration
tensor g vanishes for both point groups cth and nth' and 2
is the electrogyration temsor.

For Dth we have

G = 2A (B0 - E1 1)

and for th’

G~ 2Ax(yz) [!xlylz - !ylxl:l +

* 2 (B, - ELL]e

2 2 2
+ )[1521‘l + E:I,] + A E 1:

A!(n z(zz) z

The experimental determination of, e.g. the A:(u) component
of the electrogyration tensor can determine which of the two
point groups, cth or th. is the point group of the
decagonal T-phase quasi-cryetal studied by lcndctaky.(l'z)
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Point Group "10 Point Grouwp clo
10 Cax o
D, 1 1 D, 1
D, 1 -1 D, -1
l)3 -1 1
D, -1 -1
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Table 1: Matrices of generators of the physically
irreducible rcpreunntio!‘qm of the point
groups "10 and cm. a=e

10h 10h
I+ Doy * Con
2¢ € 0n 2 ¢,
3+ n;:)
“ o) |
3+ "gi?' cgiin) 3+ Cop
6+ U o) 6+ Gy
. -
1- D10 - €
2- €100 - ¢
3- ngh’f)
4- 104
5- cPoc, - ¢,
6- cg).c2 - ¢
7- c.g-” ,cgj) .C, - ¢,
8- c.g” .cg’v‘” ., - ¢,
Table 2: For each PIR of the point groups C and

ve list those subgroups vhichl%tisfy

Dy on
tgg chain subduction criterion.
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