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At oms like to or der. And al though or der ing of ten re sults in
sim ple lat tices, sur prises are fre quently en coun tered when
search ing long enough in pa ram e ter space. The dis cov ery
of the first quasicrystals was one such sur prise, the growth
of intermetallic crys tal struc tures with thou sands of at oms
per unit cell an other one. In many in stances we do not un -
der stand why na ture re sorts to com plex ity, but we may cer -
tainly be in trigued by its ob ser va tion.

In this pre sen ta tion I will show sev eral ex am ples of un -
usual pe ri odic and aperiodic crys tal struc tures that we re -

cently self-as sem bled from a dis or dered melt on the
com puter. Some of the crys tals have atomic an a logues.
Many are hith erto un known. None of them could have eas -
ily been pre dicted from the char ac ter is tics of the model
alone. Our find ings pro vide in sight into the re la tion ship of
lo cal ge om e try and crys tal lo graphic sym me try and the or i -
gin of sta bil ity of aperiodic or der.
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Bi nary so called Tsai phases Cd6RE or Sc6Zn man i fest in -
trigu ing com pe ti tion be tween icosahedral sym me try of the
outer shells of the con sti tut ing Tsai clus ter, cu bic sym me -
try of the crys tal line lat tice dec o rated by the clus ters, and
fi nally tet ra he dral sym me try of the Cd4/Zn4 tet ra he dral ar -
range ment of the in ner most clus ter shell. Us ing phys i cal
model of fully re laxed icosahedral Tsai clus ter whose
shells de form to ac com mo date the tet ra he dron at the clus ter 
cen ter, we re visit high-tem per a ture datasets of Cd6Yb,
Cd6Tb and ScZn6. Twelve pos si ble orientational states of
the tet ra he dron lead to twelve ori en ta tions of the de formed

ad ja cent shells of twenty-atom dodecahedron and 30-atom
icosidodecahedron clus ter shells, lead ing to sev eral dou bly
and tri ply splitted Wyckoff sites. The re fine ment so lu tions
im prove re li abil ity R-fac tors and re move (anisotropic)
“static” spa tial dis or der con tri bu tion to ther mal fac tors. Fi -
nally, us ing fit ted em pir i cal po ten tials, the re fined de -
formed clus ter shells can be used to fit me di ated Cd4-Cd4
(Zn4-Zn4) in ter ac tions, that can be sub se quently used for
mod el ling low-tem per a ture phase tran si tions ob served in
these phases.
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First dis cov ered in liq uid crys tals made of amphiphilic den -
dritic macromolecules [1], self-as sem bled soft quasi -
crystals – pre dom i nantly with 12-fold sym me try – have
since ap peared in a wide va ri ety of phys i cal and chem i cal
sys tems in clud ing ABC-star poly mers [2], sphere-form ing
block co pol y mers [3,4], sys tems of nanoparticles [5], and
in mesoporous sil ica [6]. In ad di tion to hav ing prom is ing
ap pli ca tions, es pe cially in the op ti cal do main, these ma te ri -
als give us the op por tu nity to study quasicrystals in ways
that were im pos si ble be fore. The main rea son for this is the
fact that their build ing blocks – rather than be ing in di vid ual 
at oms – are com posed of large syn the sized par ti cles such
as macromolecules, nanoparticles, and colloids. At these
di men sions it may be pos si ble to track the dy nam ics of in -
di vid ual par ti cles, ma nip u late their po si tions, or even ar ti fi -
cially place them at pre-as signed lo ca tions. Most im por tant 
for our cur rent dis cus sion is the fact that it might be pos si -
ble to de sign the in ter ac tion be tween par ti cles. If so, an ob -
vi ous ques tion to ask, given a particular target structure, is
how one should design this interaction to obtain the given
structure.

In this talk I shall ex plain how to do just that, as sum ing
that the par ti cles in ter act via ultrasoft iso tro pic pair po ten -
tials that al low the par ti cles to over lap. Such ultrasoft po -
ten tials are known to give rise to the for ma tion of so-called
clus ter crys tals [7], where the struc ture is com posed of
clus ters of over lap ping par ti cles rather than the in di vid ual
par ti cles them selves. More over, these ultrasoft po ten tials
can be Fou rier trans formed, which en ables us to use a de -
sign scheme, re cently pro posed to gether with Barkan and
Diamant [8,9], based on ear lier ideas from the phys ics of
Far a day waves [10]. The es sen tial in gre di ent in our de sign
scheme is the use of two length scales in the iso tro pic pair
po ten tials. Along with an ef fec tive many-body in ter ac tion
aris ing from en tropy, these two length scales can then be
used to con trol the as sem bled struc ture. This scheme was
re cently tested us ing mo lec u lar dy nam ics sim u la tions, to -
gether with Barkan and Engel [11], on a sys tem con sist ing
of a sin gle type of soft par ti cles, al low ing us nu mer i cally to

ob tain novel clus ter crys tals, in clud ing decagonal and
dodecagonal clus ter quasicrystals, as shown in Fig ure 1.
More re cently, to gether with Barkan and Mayzel [12], our
de sign scheme was gen er al ized for treat ing bi nary sys tems, 
con sist ing of two types of soft iso tro pic par ti cles. Images of 
our newly self-assembled binary cluster quasicrystals will
be shown here for the first time.
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Dif fer ent parts of the work pre sented here were car ried out
to gether with Kobi Barkan, Haim Diamant, Mi chael Engel, 
and Yoni Mayzel, to whom I owe a great deal of grat i tude.
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Fig ure 1. Five clus ter crys tals that were as sem bled spon ta ne ously in com puter sim u la tions us ing the de sign scheme of Ref. [9] for the
intermolecular in ter ac tion. Mol e cules are rep re sented by red par ti cles in the main fig ures, while the grey-scale fig ures in the cor ners
dis play the cor re spond ing struc tures, as pre dicted by mean-field the ory. From left to right: stripes, 4-fold and 6-fold pe ri odic crys tals,
and 10-fold and 12-fold quasicrystals. Re printed from Ref. [11].
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The bi nary CdYb icosahedral quasicrystal, re ferred to as
Tsai type quasicrystal, is one of the rare quasicrystalline
sys tem for which a de tailed un der stand ing of the atomic
struc ture [1] and some of their phys i cal prop er ties has been
achieved [2]. The struc ture is de scribed as a pack ing of
three clus ters: a large triacontahedron (LTR), a dou ble
Friauf poly he dron (DFP) and a prolate rhombohedron [1].
The cen tral part of the clus ter is a tet ra he dron that in duces a 
strong dis tor tion of the sur round ing shells, and breaks their
icosahedral sym me try. Stud ies of the 1/1 Zn-Sc ap proxi -
mant and the i-Zn-Mg-Sc quasicrystal, com bin ing
quasielastic neu tron scat ter ing and atomic scale sim u la -
tions have shown that at high tem per a ture the tet ra he dron
be haves as a sin gle Cd4 ‘mol e cule’ and re ori ent dy nam i -
cally with a time scale of the or der 1 ps, giv ing an ex cep -
tional dy nam i cal flex i bil ity to this sys tem [3-4]. In the 1/1
cu bic ap proxi mant this dy nam ics take place up to the tran -
si tion tem per a ture where the sys tem un der goes a tran si tion
to a monoclinic phase and an or der ing of the terahedra,
with pretransitional dif fuse scat ter ing [5]. 

Un der stand ing the mech a nisms that sta bi lise long
range quasiperiodic or der re mains one of the main chal -
lenge in the field. In par tic u lar the bal ance be tween the en -
er getic  and entropic part, in par tic u lar the one re lated to
phason fluc tu a tions (see [6]) is far from be ing un der stood.
Phason fluc tu a tions are known to give rise to a char ac ter is -
tic sig na ture in term of dif fuse scat ter ing, which has been
ob served in all icosahedral quasicrystal, al though with a
vary ing in ten sity and shape ani so tropy [6]. To tackle this
prob lem we have un der taken an atomic scale sim u la tion,
us ing os cil lat ing po ten tials and large ap proxi mant (5/3) for

the quasicrystal and large supercell (4x4x4) for the 1/1 ap -
proxi mant. The 5/3 ap proxi mant is de scribed as a ca non i cal 
cell til ing. Mo lec u lar dy nam ics at dif fer ent tem per a ture has 
been car ried out and the sim u lated Bragg and dif fuse scat -
ter ing has been fol lowed care fully. Clear dif fer ences be -
tween th periodic approximant and the quasicrystal have
been observed and will be discussed. 
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In ca non i cal-cell til ing mod els of icosahedral quasicrystals
and their ap proxi mants, the atomic struc ture is de scribed as 
a pack ing of icosahedral clus ters that are cen tered on the
ver ti ces of a til ing com posed of four ba sic poly he dra called
the ca non i cal cells [1]. This so-called ca non i cal-cell ge om -
e try has in deed been ob served in many ap proxi mants to
icosahedral quasicrystals cat e go rized as ei ther P-type or
F-type. Hence, it is highly likely that the ge om e try ap plies
also to icosahedral quasicrystals, for which the cor re spond -
ing til ing should be quasiperiodic. To date, how ever, it has
never been proved that the ca non i cal cells can tile the space 
in a quasiperiodic man ner such that icosahedral sym me try
is glob ally re tained. In this work, an in fla tion rule for the
ca non i cal cells is worked out, and the ex is tence of a

quasiperiodic ca non i cal-cell til ing is con firmed for the first 
time. In the in fla tion pro cess, each of the ca non i cal cells is
ex panded by a fac tor of tau^3 (tau: golden mean), and it is
then di vided into cells of the orig i nal sizes. It is shown that
there are sev eral dif fer ent ways to di vide ex panded cells of
the same shape, still the di vi sion rules are uniquely de ter -
mined ac cord ing to their lo cal en vi ron ments. The atomic
sur face of this quasiperiodic ca non i cal-cell til ing is re -
vealed through map ping the ver ti ces of a large patch into
the in ter nal space. It then turns out that, al though the sup -
port ing mod ule is icosahedral, the atomic sur face ex hib its
cu bic sym me try.
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