
Ses sion XI - Friday, September  4 - morning

PL10

 LATTICE DYNAMICS IN THE APPROXIMANT-CRYSTAL o-Al13Co4 

P.-F. Lory1,2, V. Giordano3, P. Gille4, M. R. John son1, M. Mihalkoviè5, L. P. Regnault1, 
H. Schober1 M. de Boissieu2-6, 

1Institut Laue-Langevin 71 Av e nue des Mar tyrs, 38000 Grenoble, France
2Université Grenoble Alpes, SIMAP, 38000, Grenoble, France

3ILM, UCBL, CNRS, UMR-5586, F-69622 Villeurbanne, Lyon, France
4Crys tal log ra phy sec tion Lud wig-Maximilians-Universität München Theresienstrasse 41 80333 Mu nich, 

Ger many
5In sti tute of Phys ics, Slo vak Acad emy of Sci ences, 84511 Bratislava, Slovakia

6CNRS, SIMAP, Grenoble 38000 France
lory@ill.fr

 

Com plex me tal lic al loys are long range or dered ma te ri als
which of ten have char ac ter is tic clus ters and are char ac ter -
ized by large unit cells [1]. Nu mer ous com plex phases can
thus be de scribed as pe ri odic or quasiperiodic pack ing of
atomic clus ters [2]. The lat tice dy nam ics of CMAs have
been the sub ject of both the o ret i cal and ex per i men tal in -
ves ti ga tions [3], the main ob jec tive be ing to undertsand
their low ther mal con duc tiv ity. 

In this con text, we pres ent a com bined ex per i men tal
and atomistic sim u la tion study of the lat tice dy nam ics of
the com plex me tal lic al loy Al13Co4 phase [4], which is a pe -
ri odic ap proxi mant to the decagonal phase. In elas tic neu -
tron and X-rays scat ter ing mea sure ments car ried out on a
sin gle grain are com pared to sim u la tions, both in terms of

dis per sion re la tions and mode in ten sity of S(Q, w). These
sim u la tions use DFT meth ods and em pir i cal os cil lat ing
pair po ten tials ex tracted from DFT re sults [5]. 

Our in ves ti ga tions re veal the struc ture-dy nam ics re la -
tion. Cou pling of acous tic and local ised, op tic modes in the
clus ter struc ture is ob served along high sym me try di rec -
tions and gives rise to phonon broad en ing. Lim ited phonon
life times are also ob served near Brillouin zone bound aries
in low symmetry directions. 

Em pir i cal po ten tials al low large scale mo lec u lar dy -
nam ics sim u la tions to be per formed and there fore the ef -

fects of atomic dis or der and the tem per a ture de pend ence of 
anharmonicity, giv ing ad di tional in sight into ex per i men tal
data. Ad di tion ally ther mal con duc tiv ity can be de ter mined
from the Green-Kubo re la tions, revealing a weak
anisotropy [6]. 

Our in ves ti ga tions show that the low ther mal con duc -
tiv ity of the ap proxi mant o-Al13Co4 is due mainly to the
clus ter-based struc ture and the atomic dis or der. 
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For scat ter ers ar ranged on a quasiperiodic lat tice that can
be em bed ded into a higher-di men sional pe ri odic
hyperlattice, a sim ple and ef fi cient al go rithm for nu mer i cal
sim u la tion of the dy nam ics of par ti cles mov ing through
such quasiperiodic struc tures has been con structed [1].
Em ploy ing this al go rithm, we have per formed sim u la tions
in a two-di men sional quasicrystal and ob served three dif -
fer ent cases of mo tion, namely dif fu sion, weak super -
diffusion in the pres ence of chan nels with in fi nite ho ri zon,
and mo tion with ex tended re gimes of subdiffusion at in ter -
me di ate times. This last case does not oc cur for pe ri odic ar -
range ments of scat ters [1]. The di rec tions along which such 
subdiffusion oc curs are called chan nels with lo cally fi nite
ho ri zon.

We ex plore what type of chan nels ex ist in such sys -
tems. For mo tion within the chan nels, we de ter mine the

free path length dis tri bu tion, nu mer i cally and an a lyt i cally.
In the case of chan nels with in fi nite ho ri zon, we find that
the dis tri bu tion of path lengths is a power law with ex po -
nent -3, as ex pected from pe ri odic Si nai bil liard [2]. For the 
chan nels with lo cally fi nite ho ri zon that oc cur only in
quasicrystals, we find an un ex pected power law with ex po -
nent -5, which, as far as we know, has not pre vi ously been
found ei ther in pe ri odic or ran dom environments.
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Fig ure 1. 2D quasiperiodic Lo rentz Gas em bed ded in a 3D cube.
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The unique struc tural prop er ties of quasicrystals re sult in
un usual elec tronic prop er ties. Tight bind ing mod els on the
Fibonacci chain have been ex ten sively stud ied since un der -
stand ing the prop er ties of this one di men sional 
quasicrystal is an im por tant first step to wards un der stand -
ing the phys ics of more com plex quasicrystals in higher di -
men sions. 

We con sider a pure hop ping Hamiltonian with near -
est-neigh bor hop ping am pli tudes t1 and t2 ar ranged ac cord -
ing to the Fibonacci se quence. The re sult ing Fibonacci
chain can be par ti tioned into atomic and mo lec u lar sites.

The chain of at oms and the chain of mol e cules are again
Fibonacci chains, of smaller length. This geo met ric prop -
erty al lows one to build a renormalization group for the
Fibonacci Hamiltonians. In the limit of small t1/t2, this
renormalization group can be used to con struct the spec -
trum [1, 2]. In ter est ingly, each en ergy level can be la belled
by its renormalization path [2,3], the path it has fol lowed
through the renormalization pro ce dure. In the pres ent work 
we ex tend this relabelling pro ce dure to the sites of
Fibonacci chains. We ex hibit a nat u ral correspondance be -
tween the renormalization path of a site and its la bel ling in
per pen dic u lar space, or co-num ber ing [4].

As an il lus tra tion, we plot (Fig. 1) the lo cal den sity of
states. Its fractal struc ture is made ev i dent by the
relabelling.

Us ing the relabelling, we ob tain ex plicit ex pres sions
for the fractal di men sions of the spec trum and the
wavefunctions. We also ob tain a sim ple re la tion be tween
the fractal di men sions of the wavefunctions, and of the lo -
cal and global spec tral mea sures. Ex ten sions of this re sult
to other quasiperiodic mod els such as the Harper model
will be discussed.
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Fig ure 1. Lo cal den sity of states as func tion of the en ergy la bel
and of the re or dered po si tion along the chain (co-num ber label).
The fractal struc ture of the lo cal den sity of states is made ev i dent

by the re or der ing.
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Re cent ad vances in het er o ge neous hy dro ge na tion ca tal y sis
have iden ti fied few Al-Co com plex intermetallic com -
pounds as prom is ing can di dates for the de vel op ment of ef -
fi cient cheap cat a lytic ma te ri als [1]. The per for mances of
these cat a lysts have been as cribed to their spe cific sur face
struc ture, made of small, sta ble, and well-sep a rated atomic
en sem bles con tain ing gen er ally a unique ac tive tran si -
tion-metal el e ment. 

To elu ci date the re ac tiv ity of the Al-Co com plex
intermetallic cat a lysts, an in ves ti ga tion at the atomic scale
is man da tory. Here, we fo cus on the low-in dex sur faces of

Al5Co2 (P63/mmc, a = b = 7.67 C, c = 7.61 C). The
intermetallic com pound Al5Co2 plays an im por tant role in
the un der stand ing of the elec tronic struc ture and the atomic 
in ter ac tions in Com plex Me tal lic Al loys (CMAs), i.e.,
intermetallic phases with com plex crys tal struc tures. It was 
shown that it is an ap proxi mant of the quasicrystalline
decagonal phase with the short est pe ri odic stack ing se -
quence along the ten fold axis [2]. 

In the pres ent work, three low-in dex sur faces are in ves -
ti gated -(001), (100) and (2110) – by an ap proach com bin -
ing both sur face sci ence tech niques un der ul tra-high
vac uum and cal cu la tions based on the den sity func tional
the ory. In all cases, the sur face ter mi nates at spe cific bulk

lay ers where var i ous frac tions of spe cific sets of Al at oms
are miss ing, lead ing to dif fer ent sur face re con struc tions,
also de pend ing on the sur face prep a ra tion con di tions [3].
Such re con struc tions are non usual in the case of me tal lic
sur faces. The pres er va tion of the clus ter sub struc ture up to
the sur face, along with the spe cific chem i cal bond ing net -
work pres ent in Al5Co2  [4], are iden ti fied as key fac tors at
the or i gin of the ob served re con struc tions. Fi nally, the sur -
face elec tronic den sity of states has been cal cu lated for the
three low-in dex sur faces in ves ti gated so far. The re sults are 
dis cussed in light of the cat a lytic be hav iour of Al5Co2 .
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Fig ure 1. Al5Co2 crys tal struc ture. 


