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MAGNETISM IN RARE EARTH QUASICRYSTALS: RKKY INTERACTIONS AND
ORDERING

S. Thiem, J. T. Chalker

The o ret i cal Phys ics, Uni ver sity of Ox ford, 1 Keble Road, Ox ford OX1 3NP, United King dom

We take a two-step the o ret i cal ap proach to study mag ne -
tism for sim ple mod els of rare earth quasicrystals by con -
sid er ing Ising spins on quasiperiodic til ings, cou pled via
RKKY in ter ac tions [1]. First, we com pute RKKY in ter ac -
tions from a tight-bind ing Hamiltonian de fined on the
two-di men sional quasiperiodic til ings. We find that the
mag netic in ter ac tions are frus trated and strongly de pend ent 
on the lo cal en vi ron ment. This also re sults in the for ma tion
of clus ters with strong bonds at cer tain pat terns of the til -
ings, which re peat quasiperiodically. In the sec ond part, we 

ex am ine the sta tis ti cal me chan ics of Ising spins with these
RKKY in ter ac tions, us ing ex ten sive Monte Carlo sim u la -
tions. Al though the wide range of in ter ac tions is of ten as so -
ci ated with spin glass be hav iour, we show that the spin
sys tem has a phase tran si tion to a low-tem per a ture state
with long-range quasiperiodic mag netic or der. Ad di tion -
ally, we find that in some of the sys tems clus ters can fluc tu -
ate much be low the or der ing tem per a ture.

1. S. Thiem and J. T. Chalker, to ap pear in EPL
(arXiv:1407.5868).
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SYNTHESIS AND MAGNETIC PROPERTIES OF Au-Al-Gd APPROXIMANTS
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Var i ous Tsai-type quasicrystals and crys tal line ap proxi -
mants have been found in a va ri ety of sys tems. These com -
pounds are made of the com mon Tsai-type icosahedral
clus ter. The Tsai-type clus ter con tains a rare-earth
icosahedron shell. Re cently, the ex is tence of a long-range
mag netic or der was re ported in Cd6Tb and Au-SM-R
(SM=Si,Ge,Sn) ap proxi mants [1-3]. There fore, it is of in -
ter est to in ves ti gate the mag netic prop er ties of other
Tsai-type com pounds that are also com posed of the same
Tsai-type clus ters. In the pres ent work, we have stud ied the
phase con sti tu tion and mag netic prop er ties in the
Au-Al-Gd sys tems.

Polycrystalline al loys of nom i nal com po si tions of
Au-Al-Gd were pre pared by arc-melt ing high-pu rity(>99.9 
wt%) Au, Al, Gd. The al loys were an nealed un der an Ar at -
mo sphere. The phase pu rity of the sam ples was ex am ined
by pow der X-ray dif frac tion us ing CuK ra di a tion. The tem -
per a ture and field de pend ence of the mag ne ti za tion were
mea sured us ing a SQUID or VSM mag ne tom e ter in the

tem per a ture range be tween 1.8 and 300 K and fields of up
to 9T.

Pow der X-ray dif frac tion stud ies have shown that a sin -
gle phase is ob tained in an ex traor di narily wide Au/Al
range with 14 at% Gd. Also, the lat tice pa ram e ter is found
to in crease with in creas ing the Au/Al ra tio. Mag netic mea -
sure ments have ex hib ited a sa lient com po si tion-driven
spin-glass to fer ro mag netic tran si tion in the ap proxi mant
crys tal for the first time. An in ter est ing fea ture for

Au-Al-Gd is that the para mag netic Cu rie tem per a ture, qp,

is clearly de pend ent on the Au/Al ra tio. qp  in creases sig nif -
i cantly from a large neg a tive value to a large pos i tive value
as the Au con tent in creases. De tailed re sults of the mag -
netic prop er ties will be re ported in the pre sen ta tion.

1. R.Tamura, et al., Phys. Rev B 82.22 (2010).

2. T.Hiroto, et al., J.Phys. Condens. Matt. 25.42 (2013).

3. T.Hiroto, et al., J.Phys. Condens. Matt. 26.21 (2014).
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1,2,3-Benzenetricarboxylic acid (hemimellitic acid) is
rather un com mon tricarboxylic ac ids with three carboxylic
units close to gether in 1,2,3 po si tions of ben zene ring. The
stud ied com pound is a in hib i tor of the ci trate car ri ers in
liver mi to chon dria and in hib i tor of pyruvate carboxylation
in small an i mals like rat, mice and rab bit [1]. It is also used
in cos me tol ogy.

Stud ied com pound was ob tained in ox i da tion re ac tion
of 1,5 dimethylnaphthalene with KMnO4 in wa ter sus pen -
sion at boil ing tem per a ture. The re ac tion is an in ter est ing
ex am ple of the dis in te gra tion of the ar o matic ring (naph -
tha lene) in a fairly mild con di tions for this type of re ac tion.
In the lit er a ture there are sim i lar re ac tions, but they oc -
curred in more dras tic con di tions (high tem per a ture, high
pres sure). The crys tals were pre pared from a so lu tion of
D2O di rectly in a test tube for per form ing NMR mea sure -
ments. The H1 NMR spec trum is consistent with the
invention and expectations.

Good quality single crystals were preselected under
stereoscopic polarization Zeiss microscope and mounted
on quartz glass capillary. X-ray diffraction measurements
were performed using Agilent Technologies SuperNova
4-circle Kappa diffractometer using both Cu and Mo
radiation. X-ray diffractometer was equipped with Atlas
CCD camera and Cryostream 700 low temperature
attachment. Studied compound crystallizes in the mono -
clinic crystal system in C2/c space group. There are
8 hemimellitic acid molecules per average unit cell. 

1. M. Shimoni, J. Azran, O. Buchman, Jour nal of La belled
Com pounds and Radiopharmaceuticals, 25 (1987), 685.
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Fig ure 1. a) Cuts thru re cip ro cal space show ing tem per a ture evo lu tion of sat el lite re flec tions and dif fuse scat ter ing. b) Cuts thru re -
cip ro cal space in logarithmic scale.
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In past de cades, a large num ber of re search pa pers have
been de vel oped both in the un der stand ing and ap pli ca tions
of aperiodic crys tals [1, 2]. How ever, many ques tions
about their phys i cal prop er ties are still with out con clu sive
and sat is fac tory an swers. In par tic u lar, the mag netic prop -
er ties of these new ma te ri als are con tro ver sial be cause
these sys tems have re vealed dif fer ent mag netic re sponses.
It is im por tant to note that the chem i cal or der is also rel e -
vant to de fine the prop er ties of quasicrystals. The case of
the quasicrystalline  i-Al64Cu23Fe13  is par tic u larly im por -
tant since a small vari a tion in the chem i cal com po si tion
form a new crys tal line (pe ri odic) struc ture like
w-Al70Cu20Fe10. More over, the nanostructuration of these
com plex sam ples give us the op por tu nity to im prove their
phys i cal prop er ties as a func tion of the grain size [3].

In the con text in di cated above, we study the for ma tion
and grow ing of a mag netic in ter sti tial re gion af ter re duc ing
the grain size of the aperiodic i-Al64Cu23Fe13 phase and the
pe ri odic w-Al70Cu20Fe10 phase. For this pur pose, sam ples
of Al-Cu-Fe were pre pared by the arc-fur nace tech nique
and then nanostructured by me chan i cal mill ing. The re sults 
in di cate that the solid sam ple shows a weak fer ro mag ne -
tism at 300K, with  a sat u ra tion mag ne ti za tion of 0.124
emu/g for the i-Al64Cu23Fe13 phase and 0.449 emu/g for the
w-Al70Cu20Fe10 phase. These low val ues in di cate that only
a small per cent age of Fe at oms carry mag netic mo ments.

The mag netic re sponse for the nanostructured
w-Al70Cu20Fe10 phase in creased up to 3.5 times more than
its solid coun ter part. Sur pris ingly, in the case of the
i-Al64Cu23Fe13 phase, this in crease is about 16 times, which 
im plies a greater mag netic in ter sti tial re gion. More over,
the rate of change of the phys i cal pa ram e ters stud ied af ter
re duc ing the grain size has been ob tained from the ex po -
nent of a power law fit of the ex per i men tal data. The val ues
of such ex po nent, cor re spond ing to the mag netic re sponse,
are slightly dif fer ent in each phase, which should be re lated 
to the dif fer ent chem i cal com po si tion and/or the type of 
long range or der. Ad di tion ally, we also search for a crit i cal
grain size. How ever, this crit i cal value has not been ob -
served in the stud ied sam ples.
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The au thors would like to ac knowl edge the fi nan cial sup -
port  pro vided by Pe ru vian Na tional Sci ence Coun cil
(Concytec) un der the Pro ject “Circulos Inc.”.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 22,  no. 4  (2015)       279


