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STRUCTURE AND STABILITY OF MG/QUASICRYSTAL INTERFACE IN Mg-Cd-Yb
ALLOYS
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The icosahedral quasicrystal (iQc) is in equi lib rium with

ei ther (Mg, Cd)2Yb or an ~aMg phase over a wide com po si -
tion range in the Cd-Mg-Yb sys tem. High-an gle an nu lar
dark field scan ning trans mis sion mi cro scopic (HAADF-
 STEM) ob ser va tion of the iQc ver i fied the atomic po si tions 
of the Yb icosahedra and con firmed that the i-MgCdYb is
isostructural to the i-CdYb.  The for ma tion of the eutectic
struc ture is re spon si ble for the high sta bil ity of the

iQc/~aMg in ter faces be cause of good lat tice match ing; that
is co in ci dent interplanar spac ing over sev eral planes for the 

two phases. This co in ci dence in interplanar spac ing was
fur ther con firmed in the real atomic struc ture, for which the 
two-fold planes of the iQc, and the [0002] and [2-1-10]

planes of ~aMg are dom i nant fac tors in de ter min ing the sta -
bil ity of the in ter faces.  Re place ment of Cd atomic sites in
i-CdYb by Mg also con trib uted to the sta bil ity of the in ter -
faces.  The sta bil ity of in ter face be tween a pe ri odic and a
quasi-pe ri odic struc tures will be dis cussed in terms of
match ing of lat tice spac ing.
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Intermetallic phases are usu ally as sumed to have struc tures
with high rather than with low sym me try. This is ac tu ally
not the case, how ever. For in stance, there is not a sin gle
struc ture listed in the PCD [1], which has an oc cu pied or bit

(lead ing to a clus ter shell) with the high est point sym me try 
m m3   and mul ti plic ity 48. In con trast, at the low sym me try
side, there are more than 30 triclinic struc ture types. It is re -
mark able that quite a few of them show struc tures with

Fig ure 1. Some char ac ter is tic fea tures of the struc ture of aP20-NdS3 [1]. (a) Pro jec tion of the struc ture along [100] show ing the top o -
log i cal layer struc ture. There is just a sin gle type of layer with a pe riod of 1x2x3 unit cells. The layer shaded gray is de picted in (b).
Cop ies of this layer are re lated by in ver sion cen ters lo cated at the or i gin, edge cen ters, face cen ters and body cen ter of the unit cell.
The lay ers them selves show in ver sion cen ters in each square of the bands run ning through the decagons (marked in the first two
squares of the decagon at left of (b)). The atomic dis place ment needed for the for ma tion of these decagonal struc ture units is in di cated
by dot ted lines. (c) Decagon cen tered by a pseudo-cu bic unit cell re sem bling the cP4-AuCu3 struc ture type.



sim i lar fea tures: the con sti tut ing atomic lay ers cor re spond
to tri an gle/square til ings, which are pe ri od i cally dis torted
form ing decagonal struc tural units (Fig. 1). This has been
over looked so far, nei ther the top o log i cal layer struc tures
nor the decagonal fea tures have been dis cussed in lit er a -

ture. We will show sev eral ex am ples in dif fer ent inter -
metallic sys tems.
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struc ture da ta base for in or ganic com pounds 2012/2013.

2. M. L:. Fornasini, P. Manfrinetti, A. Palenzona, S. K. Dhar,
Z. Naturforsch. 58b, (2003), 521.

S1-L2

CLUSTER-BASED SOLIDIFICATION AND GROWTH ALGORITHM FOR DECAGONAL
QUASICRYSTALS

P. Kuczera, W. Steurer

Lab o ra tory of Crys tal log ra phy, ETH Zu rich, Swit zer land
qczera@gmail.com

There are still two fun da men tal ques tions open in our un -
der stand ing of quasicrystals (QCs). One is how QCs grow,
and the other re fers to their main sta bi li za tion mech a nism.
The dis cus sion about ‘en ergy vs. en tropy sta bi li za tion’ has
been on go ing ever since their dis cov ery. En ergy-sta bi lized
QCs would have a quasiperiodic ground state, while en -
tropy-sta bi lized QCs would be quasiperiodic on av er age
only, at suf fi ciently high tem per a tures (T), and trans form
into pe ri odic ap proxi mant struc tures at low T. It has been
dem on strated both the o ret i cally [1] and by MC sim u la tions 
[2, 3]  that fi nite  quasiperiodic long-range or der (LRO)
can not be achieved in 2D sys tems with lo cal in ter ac tions
only (match ing or over lap rules). The 2D lo cal-in ter ac -
tions-based sys tems are there fore in a so-called un locked
(ran dom til ing) state at any fi nite tem per a ture T. For 3D
layer mod els of DQCs based on lo cal in ter ac tions, an un -
lock ing phase tran si tion is ob served at fi nite  T [4, 5]. The
locked phase ex hib its true quasiperiodic LRO. An in ter est -
ing re sult for 2D sys tems was ob tained by mo lec u lar dy -
nam ics (MD) sim u la tions with a two-min ima ra di ally
sym met ric Lenard-Jones-Gauss po ten tial [6], which re sults 
in an en tropy-sta bi lized DQC trans form ing into an ap -
proxi mant at low T. We use a com pletely dif fer ent ap -
proach, which is based on some fun da men tal ex per i men tal
ob ser va tions: (i) DQCs show dis tinct clus ter struc tures,
with the atomic dec o ra tion of these clus ters break ing the
ten fold sym me try [7]; (ii) even rap idly so lid i fied quasi -
crystals ex hibit a good LRO, there fore it is rea son able to
as sume that clus ter-like ar range ments of at oms ex ist al -
ready in the melt close to the so lid i fi ca tion tem per a ture;
(iii) the at oms in DQCs are ar ranged on quasperiodically
spaced flat atomic lay ers par al lel to the ten fold axis [8]; (iv) 
DQCs are not (!) layer struc tures in the crys tal-chem i cal
mean ing. There fore, their struc tures should be de scribed in
terms of sys tem at i cally par tially over lap ping 3D co lum nar
clus ters in stead of a stack ing of quasiperiodic lay ers [9].

Con se quently, our coarse-grained model sys tem is based
on decagonal clus ters. We pro pose the evo lu tion of LRO in 
DQCs based in ter ac tions pro vided by the en er get i cally fa -
vour able for ma tion of flat atomic lay ers par al lel to the ten -
fold axis (‘quasilattice planes’, QLPs). Fur ther more, we
as sume that the fun da men tal clus ters form ing the DQC
have a decaprismatic shape but their atomic ar range ment
ex hib its only mir ror sym me try. This makes the in ter ac tions 
ra di ally assymetric, which is fun da men tally dif fer ent from
the ap proach in ref. [6], where the in ter ac tion po ten tial is
ra di ally sym met ric. It is worth not ing that while the in ter -
pre ta tion of DQC sta bil ity in ref. [6]  might be ap pli ca ble to 
monoatomic col loi dal DQCs, it is prob a bly not ap pro pri ate
for ex plain ing the be hav iour of intermetallic DQCs, where
the clus ter in ter ac tions are all but ra di ally sym met ric. In
our Monte Carlo (MC) sim u la tions, this leads to a
long-range or dered quasiperiodic ground state. In di ca tions
of two fi nite-tem per a ture un lock ing phase tran si tions are
ob served re lated to the two fun da men tal length scales that
are char ac ter is tic for the sys tem.
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Re cently, new bi nary icosahedral quasicrystals have been
dis cov ered in the R-Cd (R=Y and Gd - Tm) sys tem [1].
They are be lieved to be isostructural to the i-YbCd5.7

quasicrystal. One fas ci nat ing point is that these new phases
con tain tri va lent rare-earth el e ments, whereas in the case of 
i-YbCd5.7, Yb is di va lent and the Yb atom has no mag netic
mo ment. On the other hand, the chem i cal com po si tions, e.g 
i-GdCd7.88, are slightly but sig nif i cantly dif fer ent from
i-YbCd5.7, which in di cates a dif fer ent chem i cal ar range -
ment in the 3D quasiperiodic struc ture. The knowl edge of
de tails of the atomic struc ture of these new phases, es pe -
cially po si tion of the rare earth atom, are im por tant to un -
der stand the na ture of mag netic in ter ac tion in these sys tems 
[1]. 

The sin gle-grained crys tals of i-R-Cd (Gd, Dy and Tm)
were pre pared with self-flux tech nique. The sin gle-crys tal
X-ray dif frac tion has been car ried out on the CRISTAL
beamline at the syn chro tron SOLEIL and 5237 com mon
unique re flec tions have been mea sured at 120 K (CCD de -
tec tor, 24.2244keV). Data re duc tion in clud ing in te gra tion
and ab sorp tion cor rec tion has been per formed us ing a com -
puter pack age CrysAlisPRO and the struc ture anal y sis has
been performed using QUASI07 [4].

Af ter phas ing the struc ture fac tors by low-den sity elim -
i na tion method, we cal cu lated the 6-di men sional (6-D)
elec tron den sity dis tri bu tion by Fou rier syn the sis which

con firmed that i-R-Cd is isostructural to i-YbCd5.7 [2, 3].
We then car ried out the struc ture re fine ments based on the
6-D struc ture model of i-YbCd5.7 con sid er ing three main
build ing blocks: a multi-shell large triacontahedron (lo -
cated on the 12-fold ver ti ces of a 3D Penrose til ing), an ob -
late rhombohedron, and a dou ble Friauf poly he dron (DFP,
fill ing the gaps).  The re fined struc ture, with a good R-fac -
tor (e.g. Rw = 0.0724, R=0.0376 for i-Gd-Cd) shows a
mixed R/Cd oc cu pancy in side the DFP where one Yb site is 
pure R and the other is a Cd/R mix ture. We also find that the 
icosahedron site is a R/Cd mix ture with a ra tio of about
0.8:0.2. The re fined chem i cal com po si tions are GdCd7.881,
DyCd7.503 and TmCd7.283, in very good agree ment with the
ex per i men tal ones GdCd7.88, DyCd7.50 and TmCd7.28 [1].
The details of the resulting structure will be presented.
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Due to the ad di tional de grees of free dom in quasicrystals
there are prop er ties and phe nom ena that for quasi -
crystalline struc tures sig nif i cantly dif fer from their coun -
ter part in pe ri odic crys tals. For ex am ple, there are growth
modes in quasicrystals that can not oc cur in the growth pro -
cess of a pe ri odic crys tal [1]. Fur ther more, dis lo ca tions in
quasicrystals are char ac ter ized by Bur gers vec tors that in
ad di tion to their phononic com po nents pos sess ad di tional
phasonic com po nents. An other con se quence of the ad di -
tional de grees of free dom is that the the o ries of de fect me -
di ated melt ing (e.g. the KTHNY the ory) have to be
mod i fied [2]. Here, we first fol low and de scribe dis lo ca tion 
lines in three di men sional col loi dal quasicrystals. Sec -
ondly, we ex plore de fects dur ing the melt ing of a two-di -
men sional col loi dal quasicrystal.

By us ing Monte-Carlo sim u la tions of a monodisperse
col loi dal model sys tem, we study de fects of three-di men -

sional quasicrystal that grow on a sub strate [3]. We con -
sider spe cial phononic and phasonic dis place ment fields in
or der to achieve pur pose-made sub strates that con tain
phasonic flips or well-de fined point de fects like dis lo ca -
tions. While lo cal phasonic flips do not dis turb the growth
of the quasicrystals sig nif i cantly, dis lo ca tions cause de fect
lines that reach through the whole three-di men sional

quasicrystal. We find dis lo ca tion lines that bend, de fects
that fork into two de fect lines, two de fect lines that merge
into a sin gle one, or two de fects with in verse Bur gers
vectors that annihilate when they meet.

Fur ther more, we study how ther mally ex cited ex ci ta -
tions or de fects de velop in two-di men sional col loi dal
quasicrystals close to the melt ing tran si tion. Ac cord ing to
an ex ten sion of KTHNY the ory [2], the for ma tion and dis -
so ci a tion of pairs of dis lo ca tion and disclinations is ex -
pected to cause the melt ing of the quasicrystal and melt ing
should oc cur via an in ter me di ate phase termed
pentahedratic phase [2]. We de ter mine po si tional and
orientational cor re la tion func tions and ana lyse the for ma -
tion and dis tri bu tion of de fects dur ing melt ing. We com -
pare the struc ture that in cludes ther mally ex cited de fects to
struc tures ob tained by the random tiling-like growth of a
quasicrystal [1].
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Fig ure 1. (a) Sub strate with quasicrystalline sym me try. (b) Grown col loi dal quasicrystal. (c) Fork ing dis lo ca tion lines. (d) An ni hi la tion 
of dis lo ca tion lines. All fig ures are pub lished in [3].
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Alu minium quasicrystalline al loys rep re sent a novel class
of high-strength al loys. They pos sess a great po ten tial for
prac ti cal ap pli ca tions in many fields, thus they are the ob -
ject of in ten sive in ves ti ga tions [1, 2]. Nor mally, they are
pro duced by rapid so lid i fi ca tion. How ever, re cent stud ies
have shown that they can be pro duced by cast ing into cop -
per mode. It has been found that melt-spun Al-Mn-Be-Cu
can be sub stan tially strength ened by heat treat ment at dif -
fer ent tem per a tures, while the ef fect was not so pro -
nounced by the al loy cast into cop per mould [3, 4]. In or der
to re veal the rea sons for such be hav iour, a de tailed an a lyt i -
cal trans mis sion elec tron mi cros copy study have been car -
ried out us ing dif fer ent im ag ing modes (TEM, STEM,
HR-STEM), and sev eral nanoanalytical tech niques (EELS, 
EDS, EFTEM). Sam ples have been pre pared by ion-beam
thin ning (PIPS), as well as by fo cussed ion beam (FIB). It
was re vealed that the main rea son for high-strength of rap -
idly so lid i fied rib bons was pre cip i ta tion of a very large

num ber of quasicrystalline pre cip i tates within the Al-rich
ma trix, hav ing co her ent in ter faces and spe cific crys tal lo -
graphic ori en ta tion re la tion ship with Al-ma trix. This is
clearly shown in Fig ure 1. When the al loy was cast into the
mould, IQC-pre cip i tates also formed. Since of their smaller 
num ber den sity, the strength en ing ef fect was not so strong.
Ad di tion ally, at higher tem per a tures IQC-pre cip i tates were 
re placed by less ef fec tive Al20Mn3Cu2 pre cip i tates.
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4. F. Zupaniè, D. Wang, C. Gspan, T. Bonèina, Ma te ri als 
Char ac ter iza tion, ac cepted for pub li ca tion, (2015).

Fig ure 1. An icosahedral quasicrystalline pre cip i tate (IQC) within an Al-rich solid so lu tion. a) A high-res o lu tion TEM-mi cro graph, b)
A Fast-Fou rier Trans form show ing non-pe ri odic pat tern of the IQC with six-alu minium spots be long ing to a [111]-zone axis, c) a sche -
matic pre sen ta tion of the mu tual ori en ta tion re la tion ship between IQC and Al-matrix.


