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Synthesis of Magnetic Hypermaterials

Dept. of Mater. Sci. & Tech., Tokyo Univ. of Science, Res. Inst. for Sci. & Tech., Tokyo Univ. of Science’ ,
Ryuji Tamura®, Kazuki Inagaki, Fumiya Aya, Takafumi Tsugawa, Shintaro Suzuki , Asuka Ishikawa?

te-mail: tamura@rs.noda.tus.ac.jp

Tsai-type quasicrystals and approximants, a family of hypermaterials, have been
a target of growing interest in view of magnetism because they contain magnetic rare-
earth (R) icosahedra. Up to now, various magnetic orders such as antiferromagnetic (AF),
ferromagnetic (FM) and spin-glass (SG) states have been observed in Tsai-type 1/1
approximants. However, observation of long-range magnetic order is scarce in literature
for higher-order approximants[1,2]. For 1/1 approximants, it has now been well
established that the magnetic ground state is well controllable by the average electron-
per-atom (e/a) ratio, as shown in Fig.1[3]. It is now of great interest to investigate whether
the same rule also applies to higher order approximants and quasicrystals. To this end, it
is favorable to find a route to synthesize higher order approximants starting from known
magnetic 1/1 approximants.

In this talk, we will presnt one route to obtain higher order approximants, which
is accomplished simply by substitution of different atomc species in a Au-based 1/1
approximant. We found that substituion of Cu for Au in the Au-based 1/1 approximant is
effective to stablize a 2/1 approximant. The reason for this is not clear at the moment but
is likely related with preferential occupation of different atomic species at different
crystallographic sites. If this is the case, such a phenomenon is unique to complex
compounds such as hypermaterials that have a number of nonequivalent crystallographic
sites. As a simple test, we successfuly synthesized a 2/1 approximant at an e/a ratio that
falls inside the FM region of 1/1 approximants. The FM 2/1 approximant also has a nealy
same ®, value as that of the corresponding FM 1/1 approximant, which suggests that the
magnetism of 2/1 approximants is also controllable by thg e/a ratio.

40 =
o ®
20 @ E
o | Spin Glass |
5;‘-‘ 0 ® —=
Ferromagnetic
- e Fig.1 The magnetic ground state as a
[ e T— 1 ° function of e/a obtained for the 1/1
Antiferromagnetic ® X
o B Au-Al-Gd approximant.[3]
s 16 1.7 18 19 2 21
Electron concentration (e/a)
Referrences

[1] Yoshida et al., Phys. Rev. B 100, 180409(R) (2019).
[2] So et al., J. Phys.: Conf Ser. 1458, 012003 (2020).
[3] Ishikawa et al., Phys. Rev. B 98, 220403(R) (2018).
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Modulations in Tsai-type: the problems can be solved but could not be solved

Toyota Physical & Chemical Institute, T. Ishimasa
e-mail: ishimasa@toyotariken.jp

TZSF0 11, YERS S B AE 26 — IS ER T2 DICA & T 5. Ziud, RER
MEA LN B CE D, R O A T mR e iE s S A & L TR RH DT,
phason 72 8 ORFE DR LT D HHAELD.

IRIE TR IIR o7 7 A% —ORAIRE LR D> THY, B8 RRF13ZEnEh
&2 _NEGETICEE S ofiE] , T7205 TR0 BRICEWIERE RS 21V
HL T 7ZDDOFHNITRD. &5, FHITE > TiE, FHAEE O DI HERK
T DEATNEDLZ LSS, O A7 61%, Al-Cu-Fe X° Zn-Mg-Ho & & YRS CTRD
N5 F MR Tho. IE 20 ERMER L, T OEWICEST PHEWD, F(HEO), 1
(L) B 3 FERIHICFETED D, SHIZR A 7T AZ =B AR DENIZE 5T Mackay,
Bergman, Tsai BUZ/3FATES. 6T, BT 3x3=9 FEHOMERESENHFIET HI1XT 7203,
BLEIZIT TR T 616 72 <, Mackay-P, Mackay-F, Bergman-P, Bergman-F, Tsai-P ¢ 5 f&}H
DIE 20 FFRYERHHE I PHRSNATWD. ZORED—>HD FE v 271%, KITED

TW5 X IICRZD Tsai-F ROHEREBIZET 200 TH 5.

— 05, BN, AHZER (T =AY 22 F M OENEEL DG G, ZANVDMBERZINEL,
BN RS 7O S S~ DOFREIE LA LD, 1990 FARITIE, HERE SO 22 B AL
LR L C, Mackay-F !, 37255 Al-Cu-Fe X° Al-Pd-Mn @ 750°CLL FOARAENTEFE I
WrgES iz, LinL, 22 THUD BN A DS T LR b ~ DB HY72 T RPIRE THDH D
D3, HHNNT—DDOLERIETHLONHIRELIRNEETHD. IHIZ, 2000 AN DI E
o7 Tsai BUUEREFAATTEIC BV TE, BAREROE TSN THD. ZHAZOWE D
ZOBDORN I THS.

—OHD MY 7 L LT, WEEEMED S Tsai-P RO IE 20 HARUER AN RS
% Zn-Mg-Sc B4 BT D FRIER O JKEIC >V Tk =%, 750°CC 100 REFBERL L 7=
Zng0.5Mg4.2Sc15.3 HLYERS it A FH W2 BURDEEI TS8R CIE, fied TH5W F RS RIS -
FABEN TS D, I FREE 7 BE T O BAS T ATl s - b oo,
ZO LD IR A Ty bR TOT N THD. ZDOX I, Zn-Mg-Sc RIZHIT
% F RIS ORI RO EETH D.

T OHDONYZIE, HERER Cu-Al-Sc 1E 20 FAAER I T2H0THD. 7T—2F T
VAMRUEE[E X H 72 Cud6.0A138.08¢16.0 B4 1, Tsai-PHUYERE LN A CAELD. Zhasbhic,
774°CC 61 FEIRFFLIZ30EHTE, &7 T CILIE 20 M FREAHERFL CUD A3, 3 (Rl
TN AN =2 % EoTU . 804°CT 5 RERAJBVMLBEL7230RHTIE, 1E 20 A PR3k
TR, FrED 3 BT AT FA NS AT, ZOBIRITANRZS T EBEL T
HEEDONDLD, RO EETHS.

1) S. Francoual, Doctor thesis, Université Grenoble I - Joseph Fourier (2006) p.80.

HHEE: AHFFEIL ISPS BHFE: 19H05818 DBk %521 T=b DT,
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Search for semiconducting quasicrystal

and high-performance thermoelectric material I & 11

Univ. Tokyo, NIMS4, IMR Tohoku Univ.®
K. Kimura®, Y. Iwasaki, T. Takahashi, K. Kitahara, Y. Katsura, Y. Takagiwa®, J.T. Okada®

*e-mail: bkimura@phys.mm.t.u-tokyo.ac.jp

The question of whether insulating or semiconducting quasicrystals exist has been a basic
problem for solid state physics since the award of the Nobel Prize in 2011, which confirmed
quasicrystal as being a solid-state structure on the same level as crystal and amorphous. There
have been two approaches by which to realize them. One is using boron-based systems. Boron
(B) is often classified as a non-metallic element, and it has various crystal structures constructed
from icosahedral or pentagonal clusters, some of which are classified as quasicrystalline
approximants. The other approach involves aluminum—transition metal (AI-TM) icosahedral
quasicrystals, in which metallic—covalent bonding conversion (MCBC) has been found to occur
depending on whether a central atom inside the icosahedral clusters exists or not [1].

We attempted to preparing the structural model of quasicrystalline B. B-rhombohedral type 1/1
approximate crystal and quasicrystal are considered to be metastable, because their total energies
are almost the same as that of metastable a-tetragonal boron. We melt B, B-Sc or B-Y by using
the electrostatic levitation method [2]. We succeeded to supercool it from the melting point by 50
K or more, and then rapidly quench the liquid to obtain semiconductor quasicrystals as B, B-Sc
or B-Y metastable phase. In the electrostatic levitation method, a high power laser is applied to
the sample levitated by Coulomb force. This method can melt the sample in a non-contact state.
As a result, it was possible to melt B which has high melting point (exceeding 2,000 °C) and
highly reacts with many crucible materials, and realize a large supercooling.

The icosahedral AI-Pd—TM (TM: Re, Mn) quasicrystals are considered to be an intermediate
state among the three typical solids: metals, covalently bonded networks (semiconductor), and
molecular solids. Using this picture, we propose a guiding principle of weakly bonded rigid heavy
clusters to increase the thermoelectric figure of merit (Z7) by optimizing the bond strengths of
intra- and inter-icosahedral clusters. Through element substitutions that mainly weaken the inter-
cluster bonds, a dramatic increase of ZT from less than 0.01 to 0.26 was achieved. To further
increase ZT, materials should form a real gap, i.e. semiconducting quasicrystal, to obtain a higher
Seebeck coefficient [1]. Our calculation showed that the Al-Cu—Ir 1/0-cubic approximant had a
semimetallic band structure, which should be qualitatively equivalent to a semiconducting one
[3]. We discuss the mechanism underlying the formation of valence bands in terms of molecular-
like orbitals of clusters, and reveal what orbitals compose such valence bands. We succeeded to
explain the magic electron count in Mackay-type A1-TM icosahedral quasicrystals. Furthermore,
we have found that an Al-Si—Ru cubic quasicrystalline approximant has a semiconducting band
structure from the viewpoint of orbital analysis based on density functional theory. Indeed, the
semiconducting transport has been confirmed in experimentally synthesized sample [4].

Acknowledgements: This work was supported by KAKENHI Grant Number
JP19HO05818.

[1] Y.Takagiwa, K.Kimura, Sci. Tech. Adv. Mater. 15 (2014) 044802.

[2] J.T. Okada, P.H.-L. Sit, Y. Watanabe, B. Barbiellini, T. Ishikawa, Y.J. Wang, M.
Itou, Y. Sakurai, A. Bansil, R. Ishikawa, M. Hamaishi, P.-F. Paradis, K. Kimura, T.
Ishikawa, and S. Nanao, Phys. Rev. Lett., 114, (2015) 177401.

[3] K. Kitahara, Y. Takagiwa, and K. Kimura, J. Phys. Soc. Jpn. 84 (2015) 014703.

[4] Y. Iwasaki, K. Kitahara, K. Kimura, Phys. Rev. Mater. 3 (2019) 061601 (R).
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4-dimensional Structure Model of the Ti-O-Ba Quasicrystalline Thin Film

Tokyo Univ. of Science, Tsunetomo Yamada

Ye-mail: tsunetomo.yamada@tus.ac.jp

Ti-O-Bal 2/ JEYEfE S, 2013 4RI Foster HITk > THESN-HID TOER L)
R THY . PL(111) Hfk FICAEBESE- Ti-0-Ba % 1170 K UL EOIRE T =— /L4528
T T 5[1,2], EEBN FVBESISTMIZEY, —i4 6.85 A @ Niizeki-Gihler #AYJ>
7 (1) ([T DI BRI TOD S, BB IS X R T D, — 7, W
KOOV S EIE S SN TRY, 2055 TLOBay IH{EL iSOV CiE, £
X BREHTEEZE W TR AR E S R E S TWAL3, 4], AlEl, TiOw0Bay LS 55 0 vk ot
GRS LD TINERE T D,

Xl1a I Niizeki-Gahler Z AV 7 DTESEYANTHY, T =AY L BERHEBANTHI LI
X0 Bk 2RSSR A AV 7 DI ENTED (K1b-d), X 1b 1% TisO0Bas YT {EUFE A I
KT HHAV 7 THY, THRF AN Ti AT 5, KG#BE, Ba & O 1Mo <H HAH
L DOV S 2 AV I OW TR 5,

IEE: AHFS21T ISPS B 19H05818 DB A= 1 T-H DT,

[1] S. Forster, et. al., Nature, 502(7470), 215-218 (2013).[2] S. Forster, et. al., Annalen der
Physik, 529(1-2), 1600250 (2017). [3] S. Forster, et. al., PRL, 117(9), 095501(2016). [4] S. Roy,
et. al., Z. Kristallographie, 231(12), 749-755 (2016).
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Element descriptors and compound maps from the crystal structure database

Univ. of Tokyoa, RIKENB, Yukari Katsuraa,s, Yuki Inadas, Masaya Kumagais, Kaoru Kimuraa

#e-mail: katsura@phys.mm.t.u-tokyo.ac.jp

In searches for new materials, high-throughput prediction of the crystal stability is useful to
pick up candidate new materials out of millions of hypothetical crystal structures. Generally,
crystal structure stability is evaluated by the smallness of the energy above the hull 4E. This is
the difference between the energy of the crystal structure Esw, and the energy of the convex hull
at the composition Emin. It has been attempted to predict Esw by machine learning, but sufficient
accuracy has not achieved yet. Improvements in the descriptors of atomic properties and the
machine learning processes are needed.

To generate atomic descriptors reflecting the properties of the atoms in the crystals, we
modified Atom2vec technique developed by Zhou. Q. et al. They generated atomic descriptors
automatically from thousands of reported atomic compositions by using singular value
decomposition (SVD) on a matrix of the existence of compositional patterns [1]. We extended
this technique by applying SVD also onto the data of the coordination polyhedra: the
coordination atoms and the polyhedral topology.

The data for 128,175 crystal structures and their formation energy were retrieved from
Materials Project [2]. The data included 35,746 stable crystal structures. Their coordination
atoms and topology of coordination polyhedra were determined by ToposPro [3]. To predict the
formation energy (Esr) of a crystal structure, we modified the Graph Convolution Neural
Network (GCNN) developed by Xie. T. et al., which represents crystal structures as graph
network structures[4]. We predicted AE of hypothetical crystals from the difference between the
Esr and Emin, by using another neural network (NN) to predict Emin from the composition.

We generated three descriptors named Composition, Coordination and Topology. These
descriptors were light-weighted (~90 kB), and showed less than a half of the mean absolute
error (MAE) than the pymatgen's empirical descriptors. The smallest MAE was achieved when
we combined the three descriptors. By using these combined descriptors, we achieved MAE of
the prediction of AF as low as 0.082 eV/atom. The two-step prediction of 4E was more effective
than the direct machine learning of AE. This will accelerate the rough filtering of stable
compounds out of millions of candidate hypothetical crystal structures.

[1] Q. Zhou. et al., Proc. Natl. Acad. Sci. 115, E6411-E6417 (2018).
[2] A. Jain. et al., APL Materials, 1, 011002 (2018).

[3] V. A. Blatov et al., Cryst. Growth Des., 14, 35763586 (2014).
[4] T. Xie et al., Phys. Rev. Lett. 120, 145301 (2018).
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BE £ TOAMFRRTIX, HERSR O SRuRHRZ WA T Y v IVRIZ X 53 FEHA
IZDWTHRARTE 72, @5,?:?5 T3 Bloch & # X Brillouin 3455k Bloch & & —fi%4k Brillouin
ﬂz (GBZ) TEZ#ib 5, & Z DFH % Quantum Espresso(QE) (2559 2B mNE 0 —

DEFHE, THETI L_’\fcﬂb‘ﬁ 7 HERE S O total energy DFIRIZDWTHRRS, [1]

QE“C X HU(x) DEHESEFIZFFT 2209 %, ¥R TIEFFT I35, 6 Rou0Wz > A%,
fitw 73w 7 —IZIE 5. 6 IRTCHRAMFAET 5, LU GPU Z W CEIRZ EiELd 212132 D
GPUMMDPBETH 5, cuft[3| ITIEZDL I RH DR > 72D THFAE Lz, E-BEEAZ
N7z PPCG EIT & % iterative eigensolver @ GPU iz ¥ TH 5, [2]

4ElE, total energy DEHAEIZ B E 7 Ewald energy DEHRIEIZDOWTIEN S, 22 Ewald
% (4] Z WS D, BRI T 5 REEFH o N TV o7z, THIERITRT LD,
fEm DI TR % 5 2 5 2 DO A (OD) OWNEZEM (internal space) TODEZR O FHIK
DR DIUTEHREEK S,

Z; Zyerfe(n| AXS, |)
EEwald = 5 Z |AX /l‘ l (szz/l)

'l

G| , .
QQL@P (’>§7@%@%mmﬂm)

G#0

T
- Z20u(0) = —= > Zvi(0
WQHO; F0is(0) ﬁ; Fuis(0)

Z 2 Tuw(AXl,) & Dij(AGH) 280D O Y #5 DREE L 0% D Fourier M43 ThH 5,
DEFE X Monte-Carlo #4373k 5, OD D&% D #4> D Fourier B3 213 Z OIIR %2 K1 5 ah B2
Nd5, ZOROBMEGEIZFE/NEEDFEDORG TIE R\, REEEIT 5720
HLUWHEEAWS, 22Tl OD OIEADEBECHOESRR T MLz 1 & b OEHEET
LU (Z08%E QW5 LR | FHHIIETEROATIT >, ZHUl k> THUEFAED T
7 —I3E< 725, TN% fortran9s TIT D ITIEH L WEIF ORI ZEHR L TENITH T 2 HE T
DEF (overload) 2175 Z & TR D, Z D kI 20 ARG ERE B 5 10 A HERE I
HHTE 5, VEDRDLVIZV2VIEZHWSZ LT, 8K, 12 fAERTICEEHTRS,
Q(WW5) B W= 0D OEE VN Z2HET Y 7 2%t TH 5.

[1] R. M. Martin, Electronic Strucrure, Cambridge (2010) Appendix M.
[2] https://gitlab.com/QEF /q-e-gpu. [3] https://developer.nvidia.com/cufft. [4] E. Vecharyn-
ski, C. Yang and J. E. Pask, J. Comp. Phys. 290, (2015) 73-89.
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[HEIRETHD Mg 413 PC I AT EINBRIZERESC H BY O S TR HE
CND, HERE R DRES AR, SO72 MERS SR 2 43 18- AT 972 28 C Mg B4 DR Y
PEE 2o b TX, Zn-Mg-Y YRGS, Mg-Cd-Yb Y5> 1728 4 O - MR AL 2 B Mg &
EIPFFESILTND, FFIZ Mg-Cd-Yb %= TIHEO AW LR &L P T HERE S WL B ITFET AT
& ORI E Mg O R FE AR R< WABIZRRE D AR AH L @miRICEs
DRI PEE D ) EFIR RSN TVD, ZD5R TITRIRME AL 2/ CHEVLE 52 L
CRSG72 YEEAE i 36 L OVWERE S BLR 28 Mg FIUCEHT 57290 TEM Z W T DRk 1%
EHEBIREL, ZNHOHTH - R DA = X LERRRELT,

[ F28R ] i D JFUEFE MgosCdasYbos DFLAICTHELL | &8 A i F 2 W CREA @2
L7, Ar TATHRBELUI- A B IR E AL, BRIFE HT 520°C 3 R O A4k
WLPRZ UT-1%  KBEE ANEAT o7, YIWr - AFEENN T2 4% CRlBl 2 (b L, /47T
INT.LT TEM BlEsslkt e L=, BEH OBV Z —% T, TEM (JEOL JEM-2000EXIT)
NT 300°CHLLIT 240°CTHNEAL 72 A3 ARk 2B 22 L7, WRfsGRIZ2 4T H A O REL AR 0 AT 1
JEOL JEM-ARM200F % F\ 7=,

[#5 R EZE]300°CTHMENL 72456, INE Sy THT 3 B, 9 1 FERETC 200~500 nm 2

FEVZRR R LT, AR BT 2 — U B YERE S T DT L3RRS AL, YERE Sh[2-11& Mg a-ill,

- ZE VEITAT 72 EREERO 7 A BIFRDSFR O H AL, 240°CTMEAL 7255 G 13T A0
RFERLNTHY IR LR > TS T 2R Bl S U7, YERE S O G X R
— DI EFF ST DRINFE S L TERINDEB Z DD, —H TITINERI 5 M
sa DIEIRZE LIAT S D 07280 Wih B & ORZEMICH BRI FF 2D, #UE O
T CIEMEAL TH 10 nm LA F ORRHRZAT P L2 B2 WIEE 6 | ML T DRk
. Cd LT YD BRMESNIRICTHDZEN 3D o7, B RREIPT 2 — 2 DEALIRE D
O, TRRIEHBRHIUL~ N 7 AZEIRL T2 Cd 28 Mg-Yb ZHUbICEMfiSNDZET
Mg-Cd-Yb ¥R S B SN D LHELR SN D,

[1] A. Singh, M. Nakamura, M. Watanabe, A. Kato, A.P. Tsai, Scripta Mater. 49 (2003) 417.
[2] S. Ohhashi, K. Suzuki, A. Kato, A.P. Tsai, Acta Mater. 68 (2014) 116.
[3] R. Tanaka, S. Ohhashi, N. Fujita, M. Demura, A. Yamamoto, A. Kato, A.P. Tsai,

Acta Mater. 119 (2016) 193.
[4] KA, 2%, iR, Ye)Il, Singh: H A48 72 2015 A HIER R S L EE SR 313.
[5] KA, 25, DR, 75k A ARAJE 74y 2018 AR HIRR I R A B4R ST & 5 43.
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Carrier doping effect on thermoelectric properties of
Al-Si-Ru quasicrystalline approximant
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TR =0 BFEIE A AR ERE A - UTRURE b SR IR SR A 2 LW BRI R AR
ZEDDEVEM B ~OIS AN IRFESINTE, L, ZRVE TR RSN TE KR IT VT
MO RF v T HRF2720 2 | Seebeck £75L S 73 4 100 uV/K FREETHY, ﬁfﬁ(ﬁ:ﬁ
#Ei}%%%f‘ 0.26 IZEEFESTND Y, Ko T, HEfE A W SR ZVEM B OB T
D T _/\“/F‘ﬂe“ﬁvﬂ%ﬁ#éﬁ’f*aa#éikrfﬁm#%ﬁ:z/Eﬂ% AL, Jmi’(

(2, MERE &G - TS il B8 R TSR SN TR BT, TNBTEET DN EINITE IR B S0
ﬁzzﬁéﬁfﬁ“ﬁ HD—D>ThHD, RWFFEDORISE ThHD Al F& 1/0 Il 5L, BB 4R O1E
HIE AR T A —OWERIZ Al 28 9-11 fH& Te(Fig. 1)NikZ TAX —%H D, T4,
Mihalkovi¢ HIZEDFHEDFER, Al-Ir & 1/0 YT 5 AV E OFLAR G i E 2 - L= &
=z, 40 meV FREDNURX vy 7% T D8RR D rTREME D R STz 2, Ll 3
BREOIZIE, Wiks T AZ—D Al DR RABIZED FERIGITFEBLL TR0, A58 T
/\/bﬂw/7 DRIV TS Al-Ir SR 1/0 TPl f & 5L, B — R RIZED vy
DREZSZEHIETDIEE A FENLL | T DOFEEHZIESY \TﬁUﬁ%#ﬁ%w%ﬁl ML FHZL%
HEE LT F7-. (ERIU - U S B8R DX v U 7B B A e b L BVERES A& ¢
HZEERHEMELT,
55— R BREH A DM E A Eis(VBM)EAR A T oi(CBM) 24 B3 o8liE % Al i k352
LT, AlDO—E% Si TEHLL, Ir & Ru TEHLL-, Al-Si-Ru %725 0.3 eV BREDX vy 7%t
OLERIZ /25 P REMEZR R U7, Alsr6SisoRuos s ITEE DA B FLRL T T — 7 IR fRIZ I BE

AL 1% , BB CRONTCEE B A% 1373 K C 72 h BULEE 4524 T,
1/0 i b 0 HARGRUBI M ERL CE D L0V Do T, HARREI O BB MM E )5, Al-Si-
Ru SR ITELAE i A3 -8R A 72 B 27~k L 200 pV/K BL EDOFEHMEHCICH D k&7 S %
oL mmot, F—JREHEA L EZRIMEO LD, NURE vy 713 0.15 eV BETH
BHEBZ B, IO THT RS i -8 R % EER I T/ERL - 5 2 LTk B LTz, @ &7, Al-Si-Ru
AU IZR L T, IEFLR—7 L LT Al A M Cu @ L7-30EE, BLOVE R —7"L LT
Ru %A+ Rh,Pd EHLL 7= BHZ B W TRy U 78 B2 HIE 2 LIS Eh LT,

HBE: ABFJEIT ISPS BHIFE: JP16H04489, JP19J21779, JP19H05818 DBIALE %2 T 7-H, DT
K

1) Y. Takagiwa et al.: J. Appl. Phys. 104 73721 (2008).

2) M. Mihalkovi¢ et al.: Phys. Rev. B 88 64201 (2013).

3) Y.Iwasaki et al.: J. Alloys Compd 763 (2018) 78—84.

4) Y. Iwasaki et al.: Phys. Rev. Mater. 3 061601 (R) (2109).
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Tsai BV A7 —iEEEH 15 Au-Al-Yb EES L, 1L 20 EAROTASIZE TS Yb A
AL YbT & YT OREEECHRREICH DA SR TV D[, 2], IREIZDFRIZEBLT,
— R LA BT A TERRBETS, EHEVUNEFRARENHBSN &
B&EH 53], tnEFERAIREOERFEIL T Yh 14 DmEdEE O RO EEMY:
PRI N TS —F, ZHLI-RESMD Av-Al-Yb ZEFEOIRE THLIO) HEIZE
RS ML THIRTDIRE THDLNIASIN 2o TR,

AL TR, Au-Al-Yb FREFIAROD Tsal I FAY —EEEF > Zn-Au-Yb RIZEFEH L,
FNOOEFRES LCRIFFEZ T, [ 112, Zn-Au-Yb &R -2/1 T EFERICES
D YLy VRN SR R OB UL AT Wb amd, WD hundd YhTE YRR 35S
MRENDHT LS, FREEERRELCHDLIFEN 2D, AL, Au-Al-Yb FRiZHE < EH %
2 M, K2 12, SRR EDOREOBRETFEL T, BERKIIBOTL E0E
TELZBUVD TR ED 0 LR F BB SN =Xl 2/1 X1/ R EEESRIZB D
TR T—EBAED, ZOZEE, Zn-Au-Yb BT, EfERIBICBNTOR, B
FEARENRN THNDHIEEFEEL TS, (B, YhO. ARXIZERE T2 Mt 7 Sk
BRIZE S TIEARWY) ,, TREOFERIZ, EFEAREDN Av-AlYDb EFERSFEF OLOTIIL
NZEERT— K Yb OFEhED 2 i (BRE | B SimL ) REETHRBIR T2 L
i, B RARDRIREFE ST EETRIEL TG,

—_ © Zn-Au-¥h ; ' ' ' .
Z Ylh L LAF zn-Au-Yb = 8]
= IERFI>XAS | "= 12t 2IAC 5
E N =300 K ~
f: ° 5 El 1.0r v
; e 5 ;
= () - L
g $s 08 Y;f/
= mac 8 = 0.6t
__";34 4# ’ E
= = 04
= : =02f 7
Z QC R
2 . ‘ ‘ 0.0 :
8930 8940 8950 8960 0 1 2 3 4
Incident x-ray Lnergy (cV) (KD
.1: Zn-Au-Yb HEiELE-2/1 TSR $.2: Zn-Au-Yb fEbdL-2/1-1/1
BT FLE — S REER T AT L R FE SR ORISR ~ 0.4)

[1] T. Ishimasa et al., Phil. Mag. 91, 4218 (2011).

[2] T. Watanuki et al., Phys. Rev. B 86, 09210 (2012).

[3] K. Deguchi et al., Nat. Matter., 11, 1031 (2012).

BIEE: AEACIL ISPS #HEFE JP19K03715 By E = =0T,
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YEHE St 13 B A S YE T B vE (B BB Tl VB R R O R A)) 26 6 | il dl TIERFS
W EHEFE (5 [BIRFR7RE) 26 W Th o, HEREROE IREIX, fEmeT7 'L
7 ADE A IRIELITEWN IR DRI TOD A, RIS TR, T2 134y 48
TLHFREEFTe Tsai M7 TAY —%FEOUERE i - T PRSI DWW C R 7 iE SR Bl - it - R
DOWFFEEST>TEIZ, FFIZ Au-Al-Yb HERE S Tt Yb DML RfR T2 bbbk
e B TR B SB LU TSN T IE7 2 AR 28 2R 97(1,2], £/, EH
T AR EIE T I3 AL S L O R FZERD . Au-Al-Yb HEfE 5 D BB R 81T Ek
JEEIINS L TR THADIZRTL ., Au-Al-Yb IR S 3D E /) T D I TRl R 5
TR ZENEE RENTZ[1,3], HIT T, Yb OO IREEN F7RD Tsai By T AL —%Ff>

UL {ELE i (41507 TJEAY Ce DITIRE RN DUV TH AL - BeMEI 2 B L7oAFZEs D B,

BREIZEIL Tid Bergman M 7T AKX —%Ff> Al-Zn-Mg G EL T/ V7 DB RE )RR H]
THZERFALNNTI2oT=[6],

AMFZETIL, Au-Al-Yb R L OSSRl Au & Al ORI A2 (b E 52 8T
&0 Yb OH OMtE A2 2B (b3 B R BR R OEIR SRS R A O IRBIZ DWW T
FRHZEZ BRELTCFERAAT oo, T ORGSR MAIICE ST, Yb OAfE NIRRT 2
e RoNTe, £z, ENENOREOBALR, B BRI RE LR, IS %
FENCZEALTHZ L5 R LT, MRS OB TR R BLGICOWTELR D R AESDHT-01Z,
Au-Al-Yb YERE S DORENEAZ D Yb Z IR EAT T Lu TEML TR 52T, Yb [
O EAERZHIEIL, YRS GO & TRABLEOMWE AR DR AT,

AHFF21E ISPS B2 JP18HO01174., JP19H05821 ., JP19H05817 DBk %% 1 F -1, DT,

[1] K. Deguchi et al., Nature Materials 11, 1013 (2012).

[2] K. Deguchi et al., J. Phys. Soc. Jpn. 84, 023705 (2015).
[3] S. Matsukawa et al., J. Phys. Soc. Jpn. 85, 063706 (2016).
[4] M. Hayashi et al., J. Phys. Soc. Jpn. 86, 043702 (2017).
[5] K. Imura ef al., J. Phys. Soc. Jpn. 86, 093702 (2017).

[6] K. Kamiya et al., Nature Communications 9, 154 (2018).
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YR B DFE LK, YEE I G2 RO T2 I DR M E B ST, I Th,
Au-Al-Yb O BFEEAHZ OB L], BRI D58 BN RIS BR ) E £ T
WD, ZORDEEBER) THERBBE O —2I2, BRAHRRBICR I D HEFEIIE E O R DB DD,
AMFFETIE, LU T, = RS ZH AT A D BT, SOICHEE HitEEE L
TR —=REANEERZ D, o= REA)IRDEA S T 4 T RN I 1T 58 IR
RRITLSTHARBNTEY, v 7R LA RIR B DMFAE T 2L mb i Tno[2-4], £
DIz AR EAEMICEVE R R A O G2 R SRR IRE A BT 2 R BifF s
[5-Tle ABFFETIE, N—R—=T 4y 7R R0F T I viEa FIO T T 24TV YR
Ko g DT 70 2N EDSRIT T AZZE DINTHNDDNI DWW TE LT L, Fio, HEL
LTZ R ST AR G 22N~ v 7 5288 JOFEMICRERR T,

BEE: AAFS2IT ISPS BHFE JP19HO05821, JP18K 04678, and JP17K05536.DBh %A% 1T 7-%
DTT,

[1] K. Deguchi et al., Nat. Mat. 11, 1013 (2012).

[2] M. Kohmoto and B. Sutherland, Phys. Rev. B 34, 3849 (1986).

[3] H. Tsunetsugu et al., J. Phys. Soc. Jpn. 55, 1420 (1986).

[4] M. Arai, T. Tokihiro, T. Fujiwara, and M. Kohmoto, Phys. Rev. B 38, 1621 (1988).
[5] A. Koga and H. Tsunetsugu, Phys. Rev. B 96, 214402 (2017).
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Critical Behaviors in Quantum Spin Cantor Lattice 11

Takanori Sugimoto' and Takami Tohyama'
! Department of Applied Physics, Tokyo University of Science, Tokyo 125-8585, Japan

Recent experimental studies on Tsai-type quasicrystals and approximants including rare-earth ions have
shown new exotic phenomena, e.g., superconductivity [1] and various magnetic orders [2]. Particularly,
quasicrystals of Au-Al-Yb have received extensive attention because of a robust quantum criticality [3]. The
family of Au-Al-Yb includes not only quasicrystals but approximants, which are different in Au concentration.
The approximants have the same local structure as the quasicrystals, while the approximants are not
quasiperiodic but crystals. Interestingly, the robust quantum criticality, that is magnetic susceptibility diverging
at zero temperature in a wide range of applied pressures, is observed only in the quasicrystals of Au-Al-YDb,
except for the approximants. Thus, it is expected to originate from the quasiperiodicity.

Here we investigate a one-dimensional quantum spin chain with quasiperiodicity, a spin Cantor lattice, to
clarify the relation between critical behaviors and quasiperiodicity. In this model, strength of Heisenberg-type
antiferromagnetic interaction on nearest-neighbor bond is introduced by the Cantor set, which has a fractal
structure corresponding to a quasiperiodicity. Moreover, self-similarity in this model can be used as a real-space
renormalization to obtain the low-energy effective model. We use this advantage to calculate correlation
functions and entanglement entropy at zero temperature. Additionally, to successively connect the quasiperiodic
model with periodic one, we introduce a model parameter, which we call the fractal strength. In this mode, we
have numerically calculated first excitation gap and entanglement entropy and clarified those dependences of
the fractal strength by using the variational matrix-product state method [4].

Based on these analyses, we have found a robust quantum criticality in the spin Cantor lattice. In the strong
limit of the fractal strength, the envelop of correlation function decreases in a power law as the correlation
length increases. Furthermore, the increase of entanglement entropy is in proportional to logarithm of system
size, which is the same behavior as the Tomonaga-Luttinger liquid in the uniform spin chan. Our numerical
analysis has shown a continuous change of these critical behaviors form the quasiperiodic model to the periodic
one. Since these behaviors are robust with respect to an anisotropy of spin interaction and long-range
interactions as compared with the criticality in the uniform chain, and therefore, we claim that robustness of the
quantum criticality is enhanced by the fractal structure. Our model and analyses should show an intuitive picture

to understand the origin of the robust quantum criticality in the real materials.

References:

[1] K. Kamiya et al., Nature Comm. 9, 154 (2018)
[2] A. Ishikawa et al., Phys. Rev. B 93, 024416 (2016).
[3] K. Deguchi et al., Nature Mater. 11, 1013 (2011).
[4]

4] T. Sugimoto and T. Tohyama, in preparation.
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Thermodynamic properties and entropy production on Cantor lattice Ising model
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AT IZ = v 0 — XT3 % 5 TH B 5, %L ofiFofEodticiy, 7772 %2R 5 C
EBTES, 777 2 0DYFUCOVTOMNERIIE LS L OHFEET L. LiL, FXDObONT 77 Xk
WEEOEAICE D XS YHEICHIREME AR LN E DRI ONTIEHE VLI I NT
Wi, BEER B ZOMEZDOLDICT T EAAERD D720, 7T 7 Z AT RO T ORI Y
BErHL2ICT 2 2B TENE, EFEROMRICHFLG T8 TErb0LBbhs. 22T, Aif
22T, BOEARMNLA VY P —ARTICE T, 777 ZAMEERL 5 287 A =X ZREL 72\,

AV b =UGETIE, 300RE YL RS [H TR L 1R 3o M RBMEAENER 2 CHALE
42 M52 18] AR INE. chid, Xo1c—Ric [EIR] L Bk 3 o2 AR A 1EH
A CHEFERT 2 [Hk+ 1R 2K 2 28T, BRRIEAL TV 2 &R TE L. Tz R
DIRL7ZbDBH Y P =T THY, 42V 7R THNTEETY & RO L CHicBER 2
EBTED,

Halx, COMTICHET 2YHIEE 22 70c, {FoNENEErb 1 Ay Y ehoy
e v = FICERT 2 [ E (A-conjugate) | #FH <7z, FHkROALKE A, OEEIL, Hkit
Rolzavvb7z Y oHHEZ ALY — f, DM EHATRIN, ARBETO7 727 2 EERLT
wpEEzZOLNS, Frig, B3 HIcovwTozy b - b AREOMHEEZRL 2D DA 2 TH
2. K2IcRdnsd Lo, 2oL EIHLT Iy buav—»2n7 77 2Ahichicd 2 A5L50& 1T
L COEAEBAAD A FF2Z L 3b b o 7z, 05

-0.3-0.2-0.10.0 0.1 0.2 0.3
A-conjugate
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Hore 13, HER b OREE B O R ST LS B L 7o R AR AR & i R 238 1 D BL BV 12
B2 st 2t Thsh | A% Tl BUREODILTODIFEAUER A S T 5,
EREHEE

Engel HODIE 20 HAER: L (-QC)DEIEET A [1]1&2 W T, ilEiBfED 5y 18 /1773
a2l —ar w2715 TWD, RS RT3 60000, NVT 72327 LC i B il
Nose-Hoover 1% V=, T/ Tm =0.78, 0.81, 0.84, 0.88, 0.92 ( Tm:fl 2 D 45 15 Tt v AR E
MHD i-QC DR IEFRA G~ T, & BRE O IZ3L T phason displacementw (1) K}
phason fluctuation(w?) = ((w(r) — (W())|>)Z 7L 7=, X 1IE4IEE TO(w?)E i-QC D
AR(L)DBERE RS, AKIR3DIZ W TI(W?) 2 L O KIZEL 72> THE KL TWDHD 2%t
LT, @2 TIH AT —EE Lo TN D, 65T, 153 TILRIREEEJE BT O TR
HHNTND, ZIHDIRE TORE EEE TW2)OGFHEFEE R T, TR (wi)iE
i-QC ORI TIXFIZKEL WEIIZADIZE/NEL 2o TNDIEN Do Tz, THUE, i-
QC R IZH 722D TR 7 DOECF 1 phason O disorder &< & #x, Dk, FE 3 T2
DTV NERT phason FEFINEEZHZEEZRL TND, # R, EDEH72 VI NEHITD
phason % 1753 HEE fih 0D 5 B BMEYE B IR P U B B e e B % e T 2R bk Te o Tz,
B E

Al-Cu-Ru 1E 20 HA%ERS i (QC) DD, Hlset 82 LT 1/1 TS (AP), Al-Ru & D
&EMIEEY AlisRus Z/ERIL  REEREEES (DSC) ZHWTEEEEZRE L, &
T X AR AT E o TR L 72 R B AR AR AR & ST O (R R 28 4 FH O T JFE BB
DAL ERELEVEX 1 1278 F, QC 2% Dulong-Petit DfEHILT Iz K& b B EH %
IRLTCWBZERDND,
SEE: AHTS2IE ISPS BHF 2 JP19H05821 DB A5 1T 7= DT,
[1] M.Engel et al., Nat. Mater. 14, 109-116 (2015).
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Physical properties of aperiodic crystals and super-space
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Aperiodic crystals are long range ordered structure, which lack translational
invariance and encompass incommensurately modulated phases, incommensurate
composites and quasicrystals [1]. They are found in a very large number of
systems ranging from single elements to proteins crystals. Whether the aperiodic
long-range order brings in new physical properties is still a challenging question. In
this presentation I will review results where the high dimensional super-space
approach can be used for the study of physical properties of aperiodic crystals.
Whether the simulation is done in direct or reciprocal space, the pseudo Brillouin
zone and special point and their influence on properties [2; 3] will be discussed.
The notion of phason modes, which is a diffusive type of excitation characteristic
of the aperiodic long range order [1], will be introduced, together with some
experimental results.

1 . Janssen T, Chapuis G and de Boissieu M, Aperiodic Crystals. From modulated
phases to quasicrystals (second edition), 560 pages (Oxford University Press,
Oxford,2018)

2 . Niizeki K and Akamatsu T 1990 J. Phys: Cond. Matter 2(12) 2759.

3 . Niizeki K and Akamuatsu T 1990 Journal of Physics: Condensed Matter 2(33)
7043.
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Magnetic properties of Icosahedral quasicrystals and their cubic
approximants in Cd-Mg-RE (RE = Gd, Tb, Dy, Ho, Er, Tm) systems

Farid Labib?, Daisuke Okuyama?®, Nobuhisa Fujita?, Tsunetomo Yamada®,
Satoshi Ohhashi?®, Taku J. Sato*", An-Pang Tsai®

anstitute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku

University, Sendai 980-8577, Japan

bFaculty of Science, Department of Applied Physics, Tokyo University of Science, Katsushika-ku, Tokyo,
Japan

ABSTRACT

A systematic work was performed to investigate effects of Rare-Earth (RE) type and local atomic
configuration on magnetic behaviors of icosahedron quasicrystal (iQC) and their cubic approximants
(2/1 and 1/1 ACs) in ternary Cd-Mg-RE (RE =Gd, Tb, Dy, Ho, Er, Tm) systems. At higher temperatures
(100 K <7< 300 K), all the samples follow Curie-Weiss law. The estimated effective moments (iefr)
are close to the calculated value for free RE*. The Weiss temperature (6,,) values are negative
indicating that RE-RE exchange interactions are dominantly antiferromagnetic (AFM). At lower
temperatures, iQC and 2/1 ACs exhibit spin—glass-like anomalies for the RE atoms except Tm and Er.
The 1/1 ACs exhibit either spin—glass-like freezing or AFM ordering depending on their constituent
Mg content. The freezing temperatures (77) appear to roughly follow the de Gennes scaling.
Interestingly, the 77values show increasing trend from iQC to 2/1 and 1/1 ACs in each Cd-Mg-RE
systems. In contrast, |6,,| values for iQCs are larger than those in 2/1 and 1/1 ACs, respectively,
indicating that the total AFM interactions between the nearest-neighbor spins are larger in aperiodic,
rather than periodic systems. The frustration parameter of |0, /T;|, an empirical indicator for quanting
competition, yielded 3 — 8 times larger values for iQCs than ACs. Such a competed spin configuration
along with chemical disorder of Cd/Mg ions presumably account for the observed spin-glass-like

behavior in Cd-Mg-RE iQCs and ACs. The spin-glass-like behavior of the samples is discussed by

considering interspin distance dependency of the Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction.

Moreover, the composition-dependent magnetization of the 1/1 ACs in a series of Cdgs+xMgroxTbis (X
=0, 5, 10, 15) alloys was investigated in detail. AFM to spin-glass transition is noticed with increasing
Mg concentrations. The transition is associated with the order/disorder of the tetrahedrons located in

the center of so-called Tsai type RTH clusters.

Keywords: Quasicrystals; Magnetism; Spin glass; Antiferromagnetism; Magnesium alloys
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Dodecagonal oxide quasicrystals in real, perp, and reciprocal
space

Stefan Forster, Sebastian Schenk, Eva Zollner, Wolf Widdra*
Institute of Physics, Martin-Luther-Universitit Halle-Wittenberg, 06120 Halle, Germany
*e-mail: wolf.-widdra@physik.uni-halle.de

Six years ago, the class of two-dimensional oxide quasicrystals have been discovered [1].
They exhibit long-range order with a sharp dodecagonal quasicrystal diffraction pattern.
Examples are BaTiO3- and SrTiO3-derived thin films on Pt(111), which form self-similar
triangle-square-rhomb tilings [2]. In addition, periodic triangle-square-rhomb tilings are
also found, known as quasicrystalline approximants [3,4].

Atomically resolved STM images allow to analyze the tiling. The irrational abundance of
8000 experimentally resolved tiling elements and their connectivity will be explained by
an ideal quasicrystal [5]. Higher-order deviations in the statistic are explained based
atomic site flips due to frozen-in phason waves. The real space STM observation are
complemented by low-energy electron and surface X-ray diffraction measurements. The
latter confirm the structure as well as the existence of coherent phason excitations. In
addition, the tiling decoration by individual atoms will be discussed, as analogous to the
atomic unit cell decoration in periodic systems.

[1] S. Forster, K. Meinel, R. Hammer, M. Trautmann, and W. Widdra, Nature 502, 215
(2013).

[2] N. Niizeki and H. Mitani, Journal of Physics A: Mathematical and General 20,
L405(1987); F. Gihler in Quasicrystalline materials, C. Janot ed. (World Scientific,
Singapore, 1988) p. 272.

[3] S. Forster et al., Phys. Rev. Lett. 117, 095501 (2016).

[4] S. Schenk et al., J. Phys. Cond. Matter 29, 134002 (2017).

[5] S. Forster et al., physica status solidi (b) 1900624 (2019).
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The thermoelectric properties (the electrical conductivity o, the Seebeck coeffi-
cient S and the thermal conductivity k) are the most basic transport properties
in solids. To wunderstand the thermoelectric properties of quasicrystalline ap-
proximants is the first step to understand transport properties of hypermaterials.

We experimentally measured the

thermoelectric  properties of an L e e e L L N

Al-Cu-Ir approximant and compared

them with those calculated using 50

some empirical approximations [1]. 10
Among the approximations, the
constant-diffusivity =~ approximation 30
was the best fit to the experimental
data (Fig. 1). However, the constant- 20

diffusivity approximation has severe

Seebeck coefficient, S (nVK™1)

problems if it is used in the Boltz-

mann theory (e.g. divergence of the

O 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1
Hall conductivity). It indicates that 300 400 500 600 700 800 900 1000 1100
Temperature, 7' (K)

we need to go beyond the Boltzmann
theory to understand the thermoelec- Fig. 1 (colour online) Experimental (open
tric properties of the approximant. circles) and theoretical (solid line is the

tant-diffusivit imati Seebeck
Importance of the Non-Boltzmann constant-diffusivity approximation) Seebec

coefficients of the Al-Cu—Ir approximant [1].
contribution to ¢ had already been
pointed out by Mayou and de Lais-
sardiere [2]. In this study, we extended their theory of quantum diffusion to cover all the

thermoelectric properties and applied the theory to the Al-Cu—Ir approximant.

Acknowledgements: This work was supported by JSPS KAKENHI Grant Number
JP19K15274.

[1] K. Kitahara, Y. Takagiwa, K. Kimura, Mater. Trans. 60 (2019) 2490.
[2] D. Mayou, G. Trambly de Laissardiére, in Quasicrystals ed. by T. Fujiwara and Y.
Ishii (Elsevier, Amsterdam, 2008), pp. 209-265.
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i DA ST IENTED Tsai ALTERE M - HERS LIV T, 2O EE ML E T HERIC
BLER2NRF 7240, Ce,Yb 728 % AW =88 A0 BATE 1R ST AR FE OIS TN D, FEIZ Au-
AlYb SRUERERBIZB W T RO X LD DEALND & T RE R B G A BIS -2 81T
REREHZEDTEY[1,2], ZOERIREAEE HMEOBIRIZIRV B LAFF 21TV 5,

ZHLTZH, Ce & AW RIS & - ERE SR I DUV T Ag-In-Ce 5% 1/1 TELREEb I2dC
FEERBBIZAL L ST RERDE DD, BEE 6 T mol/K* LIEF I KE R BT STZ[3],
INEZZT, Au-Ga-Ce & 1/1 Tl da DIER AT o 7o, RIFIRWEFAGIRZ FFD 2 & D3
RSN DD | WAL D BFED DIV A IR T — A N, TAARED Au/Ga X,
Ce/(Au,Ga)lb D ZEAVIZ K L B2 Z T HIZH B DT, 2O B DR BRI TR AT 42<
AV LIRNWZERNAB o T, SBIT, 2O DR ERAFMI I A THIZE TH D Ag-In-Ce
F 11 ERAEREFIE B L72[4-7], ISWHEAFEIR A FF O Z L3 A ME O T FE A TR
LOBZEERT T2, ZHOLTEAE U T T AR IRD IR T R DAL F I ELAVICE R T 55 D &
E 25D,

DO A ITHHIZ Au-Ga-Ce ABELD Au-In-Ce RDOERAITHT2, ZHHRIL Au-
Ga-Ce SR LB L TRV A BEI A Hi o, F72, BLRIE XY 2-300 K OIEEHFHICTRIT
WA Z RSIR N eI, A EIOFE TIX, T OVERLEBALRIE DR FIzo
WT, KD E 21T,

BIRE: ANFIEIL JSPS BHF#E TP 19H05818, 19K 14663 DBkZ 2T 7-bDTH, £z, —H#E
BEALTEIZBIL C BORBLR R plE T2 1O TR O AR R B 8 4 s
fEDNEL ST, RS L BT T

[1] K. Deguchi et al., Nature Mat., 11 (2012) 1013.

[2] S. Watanabe et al., J. of Phys. Soc. of Jpn., 82 (2012) 083704.

[3] K. Imura et al., J. of Phys. Soc. of Jpn., 86 (2017) 093702.

[4] i BEafd i, A ARY B F 5 74 R RS 15pE202-3.

[5] $nA (FORER ML, B AN ELFE A5 74 [AIEERRE 15pE202-4.

[6] JtoE WEmkd L, H A EE 72 2019 4EFKF= K4 11pD12-9.
]

[7] 857K 1ERRE fl, B AMEES2 2019 4FFKFR RS 11pD12-10
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Functional Quasicrystals?
- Harnessing the complexity of aperiodic intermetallic

compounds
Cesar Baban Pay Gomez *

Department of Chemistry — Angstrém Laboratory, Uppsala University, Ligerhyddsvigen
1, SE-751 21 Uppsala, Sweden.

*e-mail: cesar.paygomez@kemi.uu.se

The Swedish Functional Quasicrystals project will be introduced, with project team,
infrastructure and funding. The team members are associated with different project
components which aim at producing novel compounds, elucidating their physical
properties, understanding their nuclear and magnetic structures as well as modelling
magnetic spin interactions. For the scientific part, we will discuss our new achievements
concerning synthesis and characterization of a new family of Au-based approximants
composed of Pseudo Tsai clusters (Fig. 1) with additional moment bearing atoms
affecting several physical properties. A new synthesis approach to produce bulk single
crystals which are several millimeters in size of both Tsai and Pseudo Tsai approximants
has been developed and the samples have been characterized with respect to structure and
magnetic properties.!*) The approximants in the same systems composed of different
clusters have been compared in detail with respect to their structures and physical
properties.

Acknowledgements: We acknowledge the kind financial support of the Knut och Alice
Wallenberg foundation and the Swedish research council (VR), Dnr: 349-2014-3946

[1] G. Gebresenbut, N. Quershi, O. Fabelo Rosa, P. Beran, M. Andersson, C. Pay
Gomez*, in manuscript.

[2] G. Gebresenbut, D. Eklof, T. Shiino, A. Rydh, R. Mathieu, U. Haussermann, C. Pay
Gomez*, in manuscript.

Tsai cluster

PseudoTsai cluster

Fig.1: Cluster shells of Tsai and Pseudo Tsai clusters.

29



S7-02

BEOEMIELRIKSICERT S p REAEFRRIFRD 550 K TORERIE
NIMS, $USCHBIR A, UK B, BB #18, U 19 A gk A A KK # 8

Possible structural change originating from structural complexity
and ambiguity of B-rhombohedral boron around 550 K

NIMS., Tokyo Univ. of Science?,Univ. Tokyo®, Takanobu Hiroto* Kaki Lyu”, Kohei Soga?,Kaoru Kimura®
#e-mail: HIROTO. Takanobu@nims.go.jp

The reliable structural model on B-rhombohedral boron (hereafter, -B) is proposed by Slack et
al., in1988. The main structure is explained by the Bi, icosahedral cluster located on the
vertexes and on the edge center of the rhombohedral unit cell, and two By clusters consist of 3-
fold trios of Bi» clusters with single B atom, are symmetrically aligned along the main diagonal
axis of the rhombohedral unit cell. First structural model is proposed in 1963, however, actual
density is inconsistent to the model. Slack et al. solved this inconsistency by considering
partially vacant B13 site with about 75 % site occupancy and interstitial B16—B20 site with
small site occupancy ranging from 3 to 27 %. Thus, actual structural formula of B-B should
become Biosg!!!. This means that B-B have the structural complexity as well as ambiguity.

Hoffmann and Werheit suggested that the possibility of a structural transition near 550 K!?.
Moreover, this structural transition is explained by considering the local site hopping of boron
atoms from interstitial B16-B20 sites to vacant B13 site. However, this hypothesis has not been
validated yet. In this paper, we perform the powder X-ray diffraction experiment on the B-boron
with a wide temperature range of 270 K—873 K to investigate the possible structural change
around 550 K. The summary is as follows:

1. Up on heating, the temperature dependence of lattice parameters changes around 550 K.
2. The rhombohedral angle and axial ratio also changes at this temperature, showing a structural

change that opens like umbrella. (@ PRSI ® - AR~
Considering with the temperature Yol _ 2 :

dependence of By, cluster volume and
site occupancy of interstitial sites, an
irreversible structural change takes
place at 550 K, and which is a result to
support the atom hopping at higher
temperatures. Besides, up on cooling,
structural change remains as the huge
thermal hysteresis. Additionally,
structural changes still remain at room
temperature more than 4 months in dark
place. These results are not clearly .
reported to date. In this presentation, we \t/
will discuss more detailed mechanism '
on this structural change of [-B
originating from structural ambiguity.

References: 1) G. A. Slack et al., J. Solid State Chem., 76 (1988) 52.
2) S. Hoffmann and H. Werheit, Solid State Sciences 14 (2012) 1572.

(5]

BI19 L,
(6.8 %)

a=b=¢
10.1427(16) A

Figure 1: Crystal structure of p-Bl!)

Acknowledgements: This work was supported by JSPS KAKENHI Grant Number 19H05818.
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Experimental Investigation of the Local Atomic Structure in
Decagonal Quasicrystals by X-Ray Fluorescence Holography

Jens. R Stellhorn *

Department of Applied Chemistry, Hiroshima University, Higashihiroshima 739-8527
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We explore the possibilities to experimentally determine the atomic scale structure of
quasicrystals by x-ray fluorescence holography (XFH) [1]. This method can selectively
investigate specific elements and their local atomic environment in a comparably wide
range (up to around 2 nm). In this study, we compare two different decagonal Al-Co-Ni
quasicrystals with compositions of Al;3Co0;sNij> (Co-rich) and Al7;2CogNij9 (Ni-rich),
which exhibit distinctively different levels of structural disorder (as determined by x-ray
diffuse scattering).

As an example for the experimental data, a hologram of Al;;,CogNi,g is shown in Fig. 1
(drawn in an orthographic projection). The strong lines in the hologram are the so-called
x-ray standing wave lines, which are created under Bragg conditions. From the
holograms, the average 3D local environment around the specific emitter atom (e.g. Co
and Ni atoms) can be reconstructed by a Fourier transform-like algorithm. An example
is shown in Fig. 2, which is the result of a simulation of a set of holograms from an ab-
initio model and subsequent real-space reconstruction around the Ni atoms in
A172C09Ni19.

0°

30°

90°

Fig.1: Experimental data for a Ni Ka Fig.2: 3D-reconstruction from Ni
fluorescence hologram for the holograms of an approximant structure
Al7,Co9Nijg quasicrystal. obtained by ab-initio MD.[2]

[1] K. Hayashi et al., J. Phys.: Condens. Matter 24, (2012) 093201.
[2] M. Mihalkovic, M. Widom and C.L. Henley, Phil. Mag. 91 (2010) 2557-66.
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TR BRGSO T 2 s T U (LRGBS < FE LS T& T, Fox 130l BT RRmME R
FREERR P 2R Au-Al-Tb 1/1 SR SO RPE - RIEIHT 2B ATV BLER TR IE L A
TR R BRT A MR LT[ 1], ZORKHEEICB W TR E— AV MNIB B LZ M 5 [mldh
(ZHEE R M Z VTS, — 5T il EOR G ITIC LD LA S lhiI%E 5 [aldh
M THHEDRENGHH[2], ZOR—B AR 570, Fx IXEBEERFEZ 7T Au-Si-
Tb 1/1 YT S O BEKME & fRAT &G b il SEBRZ1T V) #E— W7 B iR 2 157D T
35[3],

T S Y AT L B iy P M - [T I 2 K0T o 72, FEBRIE ORNL (ZE%[E &7 HB-3A [A]
P -, 4 SR (2T TP T IR B EL 21T o 70, EBRIT J-PARC/MLF (2% &
A7z HRC 43 Y688 % F -, SEBROFERIEY H 835,

L IR R R Bl e A TR S AT I Z0 D72 Au-Si-Tb 1/1 IRlfE s OET /L
R EZ RS, O 7D [RIRF I SORBE AT 2783 Au-Al-Th 1/1 TS S OB
HEED R T, EDDONDIEY | 8 OB E I3RS THEEIL T, ZHUIBR R T TEN
MH CTHIBTHHIEEZRIRBLCND, —FH T, 1E 20 EIROMRT T HTEHADAL DOt
B SR CIEBRBEMER % E CIIREIER THHZ LN RKELRENTHY, 2D, Au-
Si-Tb TIXZ T AL — Nl T — A M FFD, £72, Au-Si-Tb X bee MM IESOZED
KE/L2FENTHD,

FEFMERGEL O SIL T 0 — R 22 S R i v — 7 2 B U7, (bR ELMES 2R AN T8
T NVHEETSILEZA, ZOT O —RRARBEBLEZMI T, ZOFENLELNZ
SRR Shimid e 5 [RlEHIFIERE THY, BEARE G ORE RER W —E AR L
7
[1] Sato et al., Phys. Rev. B 100, 054417 (2019); [2] Jazbec et al., Phys. Rev. B 93, 054208
(2016); [3] Hiroto et al. arxiv: 1912:13180

X.1: PESNT-REAAEE, (a) Au-Si-Tb (present work), (b) Au-Al-Tb [2]
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Magnetic properties of Au-SM-RE(RE = Eu,Gd,Tb) approximatnts

Tokyo Univ. of Science, A. Ishikawa, S. Suzuki, K. Inagaki, F. Aya, and R. Tamura

1984 A= (2 HERE 2338 L TRk 723 YE 8 HARC 51| L 7= i 1 2B WO R B R S Rk
FRIXFEBLID DN BEIZ KL TREZRB LA FRE LI TEIZ, T Tsai BAERS I
ZEBAEIEE A T 51 20 MK T7AY —% RFTE ISR S . ARV E 20 iR EIZRTES
BHENIREIE RS A RO Z LI DRI ZREVERFIE DM T oA TETomd | K72 R FEBERE <Rk
FrORBUTIE STy, —J7 | GG &R U R P b2 B o (EUR b 2 B8 WV T
CdeTb 1/1 FT{ELfE 5L T AOHRMEMERN . Au-SM-Gd (SM = Si, Ge,Sn) 1/1 Tl Sz BV T
BREEPEBNE NN SN R B SRT OFTER BB Ee o TEY, SHIT Au-Al-
Gd 11 RIS S 2B TIE Au T EE OB IR, AE L 7T AMS a8 67 L C R gRRg
NERGYED AL T D L DR BL T DR A HIE 2 2 &b FIREIC/RD D Odh D, FT-, i
FETIEER OIS TH D, Au-Ga-Eu 2/1 ITEURE IV CTH SORBE N EHLLT, #E
i ml 23U AR BEBERE SR F O BLL IIFF S D, AFES T ETHMIICIThi
T&72 Au-SM-RE(SM = Al, Ga, RE = Eu,Gd, To)IZH T DREMERF TEORE RAWELT-% . &
I3 LS Au-Cu-Al-In-Gd 2/1 YT {EURG dil DBEHEIZ DWW T THE 375,

BEE: AMFF2IT ISPS BHFE / JP 19H05818 DBk AT -1 D T4

[1] D. Shechtman, et al., Phys. Rev. Lett. 53 (1984) 1951.

[2] R. Tamura, et al., Phys. Rev B 82 (2010) 220201(R).

[3] T. Hiroto, et al., J.Phys. Condens. Matt. 25 (2013) 426004.
[4] T. Hiroto, et al., J.Phys. Condens. Matt. 26 (2014) 216004.
[5] A. Ishikawa, ef al., Phys. Rev B 93 (2010) 220201.

[6] A. Ishikawa, ef al., Phys. Rev B 98(22) (2018) 220403.

[71 S. Yoshida, et al., Phys. Rev B 100 (2019) 180409.
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I BEFO 3TeERE da A SR EL TV, ZHUCER TR A A T HIETHILRD A
NI D UEE MRS E DI NG5 TS, 720 T, Tsai ! Ag-In-Yb #ERESLIZ Pb, Bi &
AL R CIEL A OFREERR30E | BEUR 181 H72 2 BT R UERS fl B IO MERL AL
DIL TS [1,2], ZHHDFRTIE, Wb 25 T8 (56 MRS B 73 B RS i O
L TRREL T DZEDRHLNIR>TODN, iEIBRRIT RS, Pb TIXIILHIZ,
UL CHIMrS Iz Tsai 77 AZ O JE P00 9A FRIEDOSA T CBE1E) BSIS -,
TNERO T IO — RV REZREAD IS ILD, ZO%RE OSAIIT, #im R DOHE N
(RO TE RS 5 A SV TIREHIITIZI0O A RIC R T2 (55 2) . 785 t# LT B2
WAL E BT 02 9A OS5AETHDHM, R E R OJF THEEL 954 Bi 05
fIEIL Pb OSATEITHRTL T 72 FERIERL7ZALE IZHAE L TWDIER DS TS, Bi Tl
FNTZOFE1IEOSAEOTAROM (Pb OF1EEF—F A B 2oND) D EHAESIND
2, FERIR10A YIRS ITBINSN TR L, EAEME T ML FEBRTIIET
R5earpr 7 (= H AAERE) LU TRV,

ARAFFETIE, BEPLEBGEIC LA HE — R B I L > T Ag-In-Yb ¥R e m _LickiT
% Bi DL TEWEREEZIRR L, EERTEHELILTWS STM SR LUZR3D Bi BT R YERS &
RO B ORI Z B FL CT5,

Bi 18 AV A Ol <, EBRCBIHISNZEY Pb H 1N E AT L5/ A1
DOTE SN, BIDOS SO L EWE A e RN ZENTED, L, ZOVARN HEAES
Ni=HEt Pb H1BDO5 DY A MDY A MEIT R —HN M2 ST A L TR
B ZNHDIH TN HE SIS LW FERRE RA AT 57-011%, AR 7B
FETITEHEN TRV B AFET AV END D, fHH TlL, 2N ETITELNI-HE R
EHEIZ, BALNDHY VA EER T D,

BEE: AWFZRIX ISPS BHFE: TP17K05059. JP18KK0390 33K T8 JP19H05820 D Bh R A% 1+
7-HDTY,

[1] H. R. Sharma, K. Nozawa, J. A. Smerdon, P. J. Nugent, I. McLeod, V. R. Dhanak, M.
Shimoda, Y. Ishii, A. P. Tsai and R. McGrath, Nat. Commun., 4, 2715(2013).

[2] S. S. Hars, H. R. Sharma, J. A. Smerdon, S. Coates, K. Nozawa, A. P. Tsai and R. McGrath,
Surf. Sci. 678, 222(2018).
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Atomic nets and packings in hypermaterials

IMRAM Tohoku Univ.  Nobuhisa Fujita®*
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WA, IREVIEOH L EAER A DA RL T RO FE )17 2 —arilis
W, ARDELTE 20 HRYERS Sl OTE SRS ST [1, 2], AWFFEO B I, ZHhnOE R
IRYERE RS DD WNIF DL AT =R b ikam T 5 T B ERDHGRAL LT, Zhblc
KT DAORIE 20 [HRKERS T 28R T 52 Thd. LinL, HASCmH LA OIE 20 H
TRAERS 3B 4 R 1E 20 TR YERS S OREE DO BRI L L TRAEN RSN TE =0 &3 IR
MLz, PRLRIIE 20 HERTERS 11 OUW T BRI R DN SR E A T C oo 7.

ALILTE 20 HEARYERS 13, 6 IRTTOIRLALIE 20 A4S+ IR % Hi (atomic surface)
ZEMACEEL, 3 RTEZEHE UL L ChE 2 bN5. (B, FHFREDOE
WIFFE—BTHDI=D, (0O T IETHEEMICIETD2MLERSHD. LUTF T, B
FIGMEE LT, JR PR IX5ER72E 20 mAFREAE A 32 B2 2 mik GE T RUVY)
THLERETDH. €D LT, ¥R FERERIORALLIZEEIZ, 520N i/MET R
] R BIE (diin) 12X U TR 2R 1 O ARFE (o A& 1 R ) 3 R &7 DI 1R E LT,

X (a) B L ONbNZZIZE I dimin=1.126 (// 3 [E1H) F3 LN 1.236 (// 5 [E1Hil) (2% L THRESHL
TR REERT. ZAUDIZED ARSI AR IE 20 M AR YERS 7 D24 1 MU E LD dinin
ORAERZELE D&, (RFEFESE () IXTNZEI f=0.3538 B5L1N0.2672 £72D. ZbD
EIE, FAROTTIECHERRS - BEAIRLIE 20 M RTER 7 ORI (f = 0.5535 BLO
0.6281; [X(c) [3]FB L) [412 1) DAL, Fe, B BIEATIZED, Zhbofk
DRYER N ENZE I 0~9 BUAZB LY 0~3 FALOARENL Ry N — 7 ThHZ LS55 73-
2 TENFEL Al — U a KV B SNA IR O RIERE f I, AR BRI ST AR B RE
DL A U i I A LS DD (R E ~ @B ) ZENFIDALTVOD[]. dinin=
1.126 \Z%) 3 D UER 1 I E B E AU T 203, dmin= 1.236 (2R DYER 13K ERL LD
HELITHE A RE LDV NS, — T, RO RORIUER -2 e i D2 HERS - D 1)
TAREERER T HUES 2L — FENTEE RS R —TEH LM SN 5.

(@ o (b) & (c) (d)
. .
-\ . . Y - 3 = e
f=0.35380 f=0.26715 f=0.55351 f=062808

R AWFS2IT ISPS BHFE JP19H05819 DBhY A5 17~ DT,

[1] M. Engel, P. Damasceno, C. Phillips, et al., Nature Mater 14, 109—-116 (2015).

[2] P. F. Damasceno, S. C. Glotzer & M. Engel, J. Phys.: Condens. Matter 29, 234005 (2017).
[3] C. L. Henley, Phys. Rev. B 34, 797 (1986).

[4] C. Oguey & M. Duneau, EPL 7,49 (1988).
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Empirical Rietveld analysis using COMBO

RIKENA, the Univ. of Tokyo.B, NIMSC,
Masato Sumita®®, Ryo Tamura®C, Koji Tsuda*®-€, Takanobu Hiroto€, Yoshitaka Matsushita®

*e-mail: MATSUSHITA Yoshitaka@nims.go jp

SR ITCVE CIITFHRDE ., BRI Thho T . Z DhE b & O BEAI AN IE S W) M B
BEAE O ZHEL & FITEE LV, IEF, a0 m 2RI e S S ErEE IC R
WTCELSRENDHE fhalBl O K& ST, B EE RTINS TH (EEY) - £ 8 % TRIEE
Frar)  WEERAT A ATREE S THRTUND, UL, ZEE O EM:, K5k B IRO RS 72
EOBLEND, BUEIZB W THREITT — 4 +Rietveld %% W -4 S FRAT TIEDME L
FEIZBWTHWOIL TS, ZOFIEFFEHERIC B W CHE A BT D LB HELS
T —AWERIEL I TIEH D0, DM T B R BIPHEIIARR IR T Lz Eldr R4, 1
WICITEIRIA LT T —H UIUEE TE AW , ST (WD T — X OIS FEME D B
FEEE AR TR EICE DA FICEENLETHD, AT, Rietveld HEIZOIHIHEETT L
RN R R F — T oo NETHY, 74 NEfTORT A= — N IEFITZ DT, &%
HeAt RIS T T VARTE M, AT BIEO FIERIFERIER IR E W, 20 F| fikoan
<L IRTTICEAFIAENTZT —Z THDREUS, R (BRI D OF B E2 L) DY E
1T KD INEES A LS,

ZDOEBRTFIEOFESNG M RIETHDD OGO T — 5% F\THE S A & AT 53
S SN BB W TREN TR TWDRTHH, BIEIZB W TH, LT ISR R E S
AT HRERNDATRIN TS,

1. FEBLEMNZME T ER BER T BEE Akl

2. FHEICEESNTTA=F— (FALE, i HA R BER 77 E)

ZRSIEAS . Rietveld IENTT AKTE CHA EAELD L AKOREELITRDET L
THHARE T v MR TLUEERRME (FIIIHEEET L3R5 TV, ADRIZE HIAA
TUWD) D TWDHHERIBL TS,

T ek, 2OMBESEEDLTHRED1 D kLT, XA AR S r—
COMBO % Rietveld {EIZHEHL ., Z280H 57 1 MR E A LB T A—2—DFHEIZ R
B, F3T A2 — (G B¥OY) O Rl fiiaE8E H 4 AR E T,

SHEE: AHTZ21E JSPS BHFE 19H05819 DB Y A2 1T 7-H D Th 5,
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Bragg coherent X-ray diffraction imaging at QST

National Institutes for Quantum and Radiological Science and Technology (QST), Tetsu Watanuki

Ye-mail: watanuki.tetsu@qst.go.jp

7T/ ae—L b X BRETA A= 7 (BCDI) X, 2t —L b X BRI LD 7Ty /T
BIESNDARY I N RF = B RGL ZNENARRIE G RICE > THREGEESEDITIETH D,
AAREHEFHE C X MR ORI TR L DI R 2 LT 52 L1280 FEZIZE NA ONF
REMIr, B RREBI A RHLTED, Ho, XBROBIE HEIENL T, WIENEETD 3K
TLBERE AREL T DL DO TH D, Fo, /IMATEI O —L Uk X BRETA A= 7 Ll
C. BCDI 3R 7SN B3 22 NI AMBELNDF AR HY | BIEET RN DR AL A
1 WIEREOBIELATREE 70D, FEBE, Fox 1L KA e fitiF% SPring-8 ¢ BL22XU T BCDI
DRV NT T EREEL FBIRT R DB EET> T[],

A7y 7T, R BB LI ONEEE S IZ oW T, 7ab~rad i ThH A A —
NNOREEBIZETFBE LT BCDIELZFIH L, AR 81T D A A — WA E D EAL A2 D
T DHIEREETELCND, BUROEY T 7T, 10 nm OZE[H] /3 fEHE TORIEL )N il 6E
THDHMN, BlZIE, Cd-Yb HEREF D v-inflated cluster D8 12 nm F2ETHY[2]. LA
LORF—ZTE I FTRETH D,

BI/E, BCDI I EBR BE 8 2 SHIHED TNDHEZATHY | ficilt Tik, BCDI Il E D x5

LI B  ARFE DL T OWU IR B O IR W BR B i & U CL oy R MR A

AL, ZHUTERY | B INRIAEEL O REE - IBHR S FTREL 72 51F7>, OFF line TOK

B O KIE DR HIAEND, £7-. BCDI JIE LRI R A ESNDRE 5

FREMNAA=D LT OT AN HRETIT 272, 220 RREIE 200 nm FREE THLE DD,

BCDI DI EH A XDHIBRA 2L £, UTIHA DDA A= T INA[RETH D, W
ZETliE, ZNHBLROIEFIR I SN TR T2,

BBE: AWFZEIL ISPS BHIFEE JP19H05819 DBIfliA % F7=b ¢, £z, B KFn Gk
TR, ITHRBER, BREANR, RERBK, WS HRE, KERFOLZMAIER, B
FFLER, ALK RO REPRURARE, B —RRER, M EEROH I ObEFEMEL TOET,

[1] K. Ohwada et. al. JJAP 58, SLLAOS (2019).
[2] H. Takakura et al., Nature Materials, 6, 58 (2006).
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Summary of previous studies and future plan of spin and lattice dynamics in
quasicrystals
CROSS, Masato Matsuura

fe-mail: corresponding m_matsuura@cross.or.jp

ARB AT TE T, ERE S ICR DAY VB RO 2 AT I/ ADORIEEH S LT
b\é YERE SR DT 4 /o R0T =AY DRFZEIL 1990 ERFIEED SRS AT, AR 228

B LFRED ARG IR BT 4 ) 0N T 4 ) IS S U CE T2, HERE L I T A 7 & L
fiéézﬂw/7ff%:_75)%*ﬁénﬂ\t7bx 2000 FARUTIZEBRAVCHEE v 7 D ELHIS L, £
DREINTFETINT = RO EIRAFT HZENHBILTWA[L], 72720, Bl
NI v TS BT+ ) T T /DT vy 7 ThY | BRERANC Tl S U7 iy 2o
m Splky TRRAEIE FE I B S T e, RIFIE TR ETO M s & b~ THT#E

Z S/N 3@ 0107, @ F—43 e (CpeV) THRIAWS A FIv 7L Y (~meV)

%iﬁﬂif%éqﬂ@%ﬂﬁ“@i% LB DNA Z FV T, YRS 5 AI-Pd-Mn O 7 % /2 BT D15 R
WG ORIEL L T\, A04 BEOR) 2B 2 a kL CIEE ., 1 A ICEBRAIE
EATSTT ., BT+ /) DIH DT —FEIKIT -7 O dip S 2 BLHIL 7= (X 1), F3R
TIEZD Al-Pd-Mn 7 4/ 2 BRI E Ol AR5,

Al-Pd-Mn O BB S OPRRITINZ T, ABFFETIEL, A0L B, A02 BE, A04 BED /)

HNE | A AA I R — BT DT =AYV DIRZRSC, B iR %751 Au-Al-Yb DA
EIAELX | RIS BT AT Au-Al-Tb 728 O HPE T HELC. Al-Cu-Ru @ X #IEm
PERELA R ETL TR, ZOA B OB OV TR LT, B RETEXV,

HiEE: AHFIE13 ISPS BHFE JP19H05819 OBk ZE 321 7=H DT,
[1] Marc de Boissieu et al., Nature Materials 12 (2007) 977.

Run no: 13340
00008

00307

OL000G

{
i b
H{HH{T‘H Tt

0.0003

£

818 (L0 - 1350)

E I 02 (1] (%3 ]
Energymay)

B.1: - HEELCHIE L7z Al-Pd-Mn #5550
EIRICBITDT7 4 ) RBEEE, REIC/RLTZ
TR —DIRFEE ENEHIAA TS,
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Al-Pd-Co % 1/1 E1iE&(F EHEHEME) DR ERHIEAEHN
SOKE, HORHTAEIG *, 18T 012, S0 B, LR 2h— *, Ak #

Thermoelectric Properties of Al-Pd-Co 1/1-cubic Quasicrystalline Approximants

(Candidate of Semiconductor)

Department of Materials Engineering Univ. of Tokyo, Department of Advanced Materials Science Univ. of
Tokyo!, Tomoyuki Kashimura®, Yutaka Iwasaki®, Koichi Kitaharai!, Kaoru Kimura”

fe-mail: kashimura@phys.mm.t.u-tokyo.ac.jp

YERE B A IR B R 7 T AR D, BVRE R HVNE
WD, BVEMEI~OIS AR S, LL, 7= T
FNFR =T IRREED AR R vy 7 (R~ B
% ke, MOXHEEZE TEL T 6ksT LA ENEELNESND)EFFTZ7R
W, B 2R B NSNENI B N5 . EAEMRE
O DT DI TILYERS S EAR DO AN M THY, ZIBTFAE
ERAYR koz) X E R LA DR e D — o L7
TWD., ZIVETIH & I UERS S B R O R R I ERT ¢, #E
AERmER— DI TAR—HH L, TIDEIRIZEY L 7= P
Bl B W CORER DR R 2R A TET-. 2019 4F, Twasaki B34
O TALFR V0PRSS CHEARE T L7 [1128, KVEmko 1/1
UG T CEBRANZH-ER L EE R 2h>o T, AIPdCo
F 11 UL SR (F AR D EER CHRL A E L L LA %) -
FT V() BACRF Yy T aRF O ZLITIATHIEDOFEIZE w1 AlPdCo % 1/1 FFU
DIRSILTWD[3]. EZTAMIIE T, M RFEIICELSE /S E O 2]
7= PO BRI R AR, MM E T 220 C, ERC P LTNEEMELIZAR)
AR L IR AAREET BT HiE LT, EAdt]

SEATIFFEIC LU, 940°CIZEU T AlpPdiCois T ORAEL T F AHNGFAET H[4]. K%%ﬁ
TlE, ZOFHEDFRLT Al Pd, Co MRZREG [TEMLIZ Ly T — 7R3 5281
STERLEZE 4% ArFHEICBNT 950001 48h LL EfRFFLIZDE, ¢ 7kfé%\u‘_
Z D% T FNX = B X ARy He oy i [ 2 5 # U 7= A A AL 1 BRI BE(SEM-EDX) & X
BRIEHTE(XRD)E W, #BlofR Hﬂ:%ﬁof:. 3017 F AHOBAEFE, F FEEHEL O
fl b 2 RO EFE T D U AHO HEAREEE, F AL U MHOERREHZ SWT, Z2VEMME
E(FEXIZERE g, S, )ERTEL, MRITIEGERREL ZT=S2cTi! 23l L7=. Fiz, EMEwIEM

ELUT, MSERE, Fl, TR, BT EERETIE L.

HAHFEHE ) EEFEEHE+U F)TEBIZ, o 1RRE LRI BN 2 2R
L7z, F72, § Ot e, 155 L5 :ﬁﬁb\iiﬁiﬁ/}?‘é@rﬁ@%bk. ZNDHOFERID, F
FHOE TSI L A2 SR TlEel, OB v 7 2RO EDRIBE LT,

BBE: AHFS2I% ISPS BHFE: JP19H05818 DB A2 1T -6 DT

22 3CHR: [1] Yutaka Iwasaki et al., Phys. Rev. Materials 3, 061601(R) (2019). [2] K. Sugiyama
et al., Acta Physica Polonica, A 126 588 (2014). [3] M. Kraj¢i and J. Hafner, Phys. Rev. B 68,
165202 (2003). [4] M. Yurechko et al., ChemInform 33 (2010).
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B—REFRICED Al-Zn-Mg B LR R D E FRE
VRSB L 2/1 B0 & 0 HBR
FRREAR, FRREA
WEE FER, B i, K¥p O/ES
Electronic states of Al-Zn-Mg approximants appearing superconductivity
based on the first-principles calculations
- Comparision between 1/1 approximants and 2/1 approximants

Niigata Univ. M. Saito , T. Sekikawa, Y. Ono

1984 FFIZY T bV HIZE 5T Al-Mn &4 HHUFE L I MERE S (1113 AR oD Ja IS i L TR Bk
IR OBLH] (HE R HARIEC ) %0 5 [FI7RE D[RRI FMEZ £ 5, T DBk ZHERE RN FE R INDRETEF
ITHFFE SNV T /2, RHIT 2018 4RI 4 B R FDIEREEA S D7)V — 12 &V, Bergman #1275 22— %
R Al-Zn-Mg #4554 3 J OV O UK 4123V T Te~0.05K D7 IV 7B AR ED R CHID TR X,
EHIEFESTND,[2]

Bergman #1275 A4 — K& & H D Al-Zn-Mg $E4E ST 9588 — LG RUE, 1/1 a0 SIS LT T
HONTEY[3], 7V IMEM T BT DT vy 7 L MRS RO LM IZE T MR T O TV DAY,
LR DRBARIE DN H 7 HERE T AT LS ) BB OGRS I N TN, ZOWE I, HERE L 21
DL A | iiﬁﬁi%%iiﬁ%(mﬁ T.EL, NSO ELIPTOMEE MR ET V1B LSS OEDEIFI RS

EVOREN DD, £/ /1 AR F O BE SRR IR T AN ’iofﬂ“l[ﬁ?}“éa\iwﬁéﬁo z
ZTH~ stﬁ’{z%b%ﬁ*mmﬁ;ﬂatté £ Al-Zn-Mg IO SO TIRFE%E /1 RIS D% & & 2/1

EEE S OGE TRz, TOFEE, 7o)V IMEALEET 11 5L E 2/1 ﬁ(&%aaffﬁmﬂwxwpm\
4%—%@&\9& DOMWEERTH, TRIVF =NV ROIREBEENRLLIRDEENERTZEN 0>
7Z(F ),

[1] D. Schechtman, I. Blech, D. Gratias, J. W. Chan, Phys. Rev. Lett. 53, 1951(1984).
[2] K. Kamiya et al., Nat. Commun. 9, 154 (2018).
[3] H. Sato, T. Takeuchi, U. Mizutani, Phys. Rev. B. 64. 094207 (2001).
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Ultrasound Measurements of Elastic Constants in Yb-based Quasicrystal and Approximants

Grad. Sch. of Sci. and Tech., Fac. of Sci.* Niigata Univ.,Grad. Sch. of Sci. Nagoya Univ.®
T. Iwase, H. Sato, M. Akastu”, Y. Nemoto, Y. Hirano®, T. Okamoto®, Y. Yoneyama®, K. Deguchi®, N. K. Sato®

YERE B AusiAlsaYbis 13, Tsai 27724 — A3 UEFE ARG C B A L 7 MRS OREIE 2 FF > T8V, 5 [RI%FR
POV Bt 7 EYERE W RRR O Z AL TV D, BRIRPUL, HRO DR T2 BE R THD
23,59 20 K DL T CHAIR 7R EE R FME CHVIET = VIR DIEA B A 73, B ClE, 100K LY
R DOFE RS IR T — AR YB2(0 ug) & Yb™ (4.54 pg) DFFIOEBIT pg) HAESIT
B KIE TITRE D 0.51 FDRAFMEZRL, Mk IZ ) > TRV IRD B WE R T, Fio,
I C/T 28 3 K LT C-logT (ZHBIL . RERFERE T bt =035 2508, 70 mK FTIIRRFAH
TR EINTELT . LRI & FIEAMEZ RL VB EEZBNTWD, —F Ik ShIX, Tsai
T 25— D JE B ZELY | LTS THY TN U T 1/1 R0 2/1 Vo703 8n3o<, 1/1 el
ih AusiAlssYbig 1L ¥ERESL S RIC IO BB 2~ 37, Ll BRIPULT 2 VIR IRA 72 IR 2 8T

HY | EEEIIR I TN L 72O BIRE K S/ —
EMEETe D, Tz, BALRITHE R TS > CHIRMEZ L5
M, X512, BALRIIENEMZ5EH) 2 GPa € 100 mK 3T
V\BOTRBENEAR IS R — L TR T X0 2P vt 230 2 os 5761,
PLEDIS 70 P E OB T E MO F BRI L5 25
TIY, YRS L &R S o2 ek 5 22 lc ko THYE
it A DML CE L LIS D,

AW FE CIIERS i O BPE I PEE 2 B 5T 57212
AEdh AusiAligYbys & 1/1 RS SE AusiAlssYby OB e
Wk T COMMEEROIRERFELZRIELZBY, B 1 (12HE
i B ORER M EEL CL OIRFERIFMEZ7~:T, 300 K~15 K
FCTHFNTHEIML 15 K~4.5 K FTHEHEXOHEMERLZ%.
45K~0.4K T 0.059%DY 7 MbARLT=, X212 1/1 3Tl
fa D CL DR FERIFIER 78T, 300 K~250 K FCHFHIZ M
L72%%. 35 K £T 4.7%DY7MbER LIz, £D%%, 35 K~4
K ECTHEFITHEML, 4K~04K TO0.11%DY 7 MbZR~LT=,

YEfE AL L 1/1 TP S OB E D 10 K~0.4 K £TOHE
DENT, WTIG logT OIREKRGFENRSY, BRHEKD
SO R FITHEE DO BMERI M E A S TOND DD R 23 00 B
THD, IHIT, /1 IS CIEEERTICbEE DR EM
PIFETDZENHLNI 572, IRIETOY 7 MENE TR
EIRMNZ D72 | A RE A2 T KRR O F2 5
Je O35 TR FEBRAATO MR B D,

K. Deguchi et al. Nature Material 11 (2012) 1013.

S. Matsukawa et al. J. Phys. Soc. Jpn. 85 (2016) 063706.
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[1]

2]

BURAE—Mh, AAPREFRE 75 BEER RS (2020) 445 B KF, 16aB21-9
[AVETRE M R A ¥ —, BARMFSEEE 75 BHER KRS (2020) 4 &R K5, 17pPSB-89
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Al-Cu-Ru R IE 20 AR RO BB H 2

O FERT, WORARERS A, AT 275, 18 SN, 3R W3, A Aifc, M B A, Bl E=—

High-temperature specific heat of Al-Cu-Ru icosahedral quasicrystals

1IS, Univ. of Tokyo, NIMS*, S. Tamura, K. Fukushima, J. Zhang, Y. Tokumoto, Y. Takagiwa,”, K. Edagawa

e-mail: tam-3104@iis.u-tokyo.ac.jp

HERE AL, 1) MEREIAONEHERR T & i) 5 [EI%IFR 10 [a15%FRze &G fh I FFS AR Bl FR
TGRS DD IR FESIRR T2 b T2 Ch D, 22T, 1) OHERFR IR ERL 1L, 2K
LHNITELZER (3 RTT) K0 B R ST S FE SRS Tdh D, 1984 FEDIE RLLISE,
= D Rk IR VE TR P 2 SR U 7= YRS S A O W 2 B SN2 5 B B9 TR - FEBR o W 17
IELDRFFEN IR ENTETZ, UIFFEE TIZLLRIIC, KO0 DUERE S0 B | SRk T
Dulong-Petit DfiEl, 37205 1 JAFH720 3k (ki RV~ EE) DOIT T TSk FREOK
EREE R T MAEL[1], ZAIVUTYER S OYEF VL, 37200 S Roeo It Frits
FBRL TAC TS ATREMEDR D DD, ZDFEMI7 AT = X AT DN /25 TR,

AHFZECIX, FEBRE 3781 1% (MD) §tHEAZHAWTIRERALNICTHIEEHIEL, 45
FIZDEBRDOIE LB ERE LT =AY AT OWTHEERT D, BARMED BUEE 24 DAL
@ Al-Cu-Ru 1E 20 EAYERE S (QC) DIFA, el 5L T 1/1 ST S (AP). Al-Ru 2D
ERMIEEY AlisRus ZERIL, REEREER (DSC) 2 AW CTEEEZERIE LT, &
T X RRETRE N2 oo TR U 7o AR BARZ R AR Ji & STRRAIE oD AR FE LI 3R 2 F Y B JE D)
AU EREEEEX 11277, ) 1 D QC-2 LW Halhod b B 3 ) IR I Fil g & 13
AT a— R — 7 B ST, ZOE— R OREE 1073, 1273 K $THIELTK
HUTZABHZ DWW T R X R EIHTRIE O a8 (FWHM) OFHiliZ1T - 7o/ R4 2 12
9, 1273 K OFEIO HENRIC G L ~DRAFDR TR FEA T, i LA o TT =AY
DHIMU7=Z EPRIBE T, Y HIZZNDIZ DWW THRE T 5,

WEE: ARFZ2IE ISPS BHFE JP19H05821 DBk A5 1T 7-4,D T 7,

[11K. Kajiyama and K. Edagawa, Mater. Sci. Eng. A 294 (2000) 646.
10 — T T T T

0.025
s —aQc-1 | @ 1273K ®
—QC-2 | © 1073k
a0 L —QG-3 0.020
——aQc-4 [ ]
f— - AP ——
&7 - -AllsRu T sk e o3
\;50 | perees Cu “S_ . Y [ ]
2l L 8
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AIIGqu__‘
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.1: Al-Cu-Ru 5RO & DHDILBBERR  y mmwie—2s0 FWHM 0 G, 1M
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Excitonic condensation in the two-orbital Penrose-Hubbard model
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T & I3 PEAE 2 I3 EREIc BT, REFOET LiE T O IEL23 51 148
HEMIC X W =T A7 DTH 5. Ebi.?’f@ﬁ’%ﬁi T O BT EHIkETH Y,
AT DL IS 0 RIS T b v Cw B, AR, HE LR ooz itk b,

Ham, KEILICHUEHZ2RD T2, *ﬁfﬁnm IEFTIE T v I RS T
FERNR RO o 72720[1], T I RMEEREEROFEEDIHFF I T 5, HEELR
IR FER I N2 0[2], BIEED Cooper <7 & 72T DA A % o il 1
B XL O Z OEHEIRAE T H 2 bl T A o HER b WIfFc & 5. SEl, A 1T HERS &
DIEHE 7 /L "C % . RJC Penrose 1% D —#ii& Hubbard € 7 V%% 2, [ THHOWF
& AT - 72[3].

TRJC Penrose 1§ F COEFDER T ORI L L T Vertex €7 /L[4]& Center €7
NS5O FEEH ALY FIF 3. Vertex £ 7 4TI E[6][7]%° KRG8 72 & %
DHEHZE R ITON TS, EDBHDETAICEWTD tight-binding €7 LD %M
EEICIE~ 7 v il iR O B Y — 7 BEEAET 5. T D Penrose I T 03 O FFE %
WL =R tH O T AR & 72 5.

S A E T HEDO T A F - LB IR 2T A -2 =L L ZRITD
il FHHX % Vertex €T L & Center €T MICEWTER L 2. % DK b~ 7 aifi
BRECIXEL» B FIEILRBI I CH R FHEBEL 2 2 &b o7z, Center 7T
NOEFREFE T~ 7 offBIRE L ZcHive — 2 235 E L, BEFHM T
Z DIRFEICHE S 5950 X 2T OFEE S B o N7, ARG <3 ok
FFPEB D 2D 720 T <, %R~y 712 o0 THEE L, Penrose #&1IC RN
ZRFAR I O W CHER T 5.

[1]Y. Iwasaki, K. Kitahara and K. Kimura, Phys. Rev. Materials 3, 061601(2019)
[2] K. Kamiya, T. Takeuchi, N. Kabeya, N. Wada, T. Ishimasa, A. Ochiai, K. Deguchi, K. Imura,
and N. K. Sato, Nat. Commun. 9, 154 (2018)
[3] K. Inayoshi, Y. Murakami and A. Koga, arXiv:2002.05870(2020)
[4] M. Arai, T. Tokihiro, T. Fujiwara and M. Kohmoto, Phys. Rev. B38, 1621(1988)
[5] T. Fujiwara, M. Arai, T. Tokihiro and M. Kohmoto, Phys. Rev. B37, 2797(1988)
[6] S. Sakai, N. Takemori, A. Koga and R. Arita, Phys. Rev. B95, 024509(2017)
]
]

[7] S. Sakai and R. Arita, Phys. Rev. Research 1, 022002(2019)
[8] A. Koga and H. Tsunetsugu, Phys. Rev. B96, 214402(2017)
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Effect of Cr substitution on the phase stability of icosahedral quasicrystal
in the Al-Pd-Ru system

IMRAM Tohoku Univ., T. Fukushima, N. Fujita , S. Ohhashi

[#S] MRS OARZ E M B L OREE I AL = X LM BA 1T HERE 5 0 T89S FIC B
THERN BETIZHD. A, Fex 2375 B LTZ Al-Pd-Ru RICEBWTE, EEikiE
fmh e EHIZZERM B Im3 X° Fm3 (28 328 7 EH00 15A 2882 1/0 Il sl D=, Pa3 12
BT DR TEHCK 40A D 2/1 SRS & P3RS X T0VD. ABFSETIE, Al-Pd-Ru SR YER
B L ONE LRSS D Ru % Cr ICEH#RL TWOE, MHIBRO B ZiE 752 & THERE S O
ZEMBIOREERE AT =X LT 25 A E5852 2 HELT-.

(B 71E] FECHD ALPA,Cr LU Ru A FF &%, Ar 50 R C7 — 27 RIZED &4

fb&SB ATy MGz, SOIEE A 3B ArEFA L% BRIFE AWV CHTEDIRE,
RFR O R CEMAERZATV N, $AER D) — (LA DT AR LTz, MERLL 72 30H IR LTy
K X REIPTE (XRD), EARE - BEIEE (SEM), T3/ —3H X #5556 (EDX).
WA —7~A7a7 7% (EPMA), ZiaE - BMEE (TEM)Z T, AHO[E
TE . AERAE DR KOS A& I DWW TR Z T o 72,

[#5 5] AloPdaCr.Ruio(x=3,5,7) D 3 ikEHIXI 9% SEM-EDX Dt R, 2 b a3 ks
A ZE TR THY, W T NOREHTB W THUERE AT Cr 2 [RIFLE (x~1%) & A TV
HZEDTGoT, K 11T AlPdaCrRuioy (x=0,3,5,7,10) O XRD ORNERERZRT, Cra
G ER x=0 DFEFE LR L THERS 5D XRD B — 2 MEA R~ 7L T2 E
M5, Ru M Cr Ty EHASN D Z NIV HERE 13T A= RO T NI KU EDVRIBS
2o 23U Cr 23 Ru KDH/NESWE 2L D2 e — R JEL QD7 ZDRIK K
POV ERH D, 2/1 ISR (Pao) 12FUWNT Cr B H#AA 1T 572 AlaPdi64CrioRuios D
T ATEBNT, XRD & TEM OfE RGOSR L TWDZEIREEI T, Fe,
ZOREHZ BT, R OBLEEC 1mm FE O HfE S AR RSN 7=2E0° 5, Ru% Cr C
1 at%E AT DL, I RFE SN LD R/ D ZE N /RIB ST,

1) K. Sugiyama et al., Mater. Sci. Eng. 345 (2000) 294-296.
2) D. Pavlyuchkov et al., J. Alloys Comp. 469 (2009) 146-151.
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Ferromagnetism in the Double Exchange Model with Quasiperiodicity
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2012 EIZHEJE IMEE A D Au-Al-Yb YRS CRE LR O e B 7 i B G2 23 FEBR AL
SHCTLLK[1]), MR ORER PRI 2 B BMEE- TS, L LS, BRI 72 k0 AL
VER 29T 7 DS ERE S T2 B X 2B 12 >V TiE e <H&%n1w@w-%:
TARMFECIL, HEJE WIS L COMMEAREMEDOREE DO REHOLMZT D01, Kk
JERra— Rk D T E A HARRI[2]12 “Tﬁﬁ%/Tﬁwﬂﬁ%%wA@H@%L#
ED IR B A 52 D03 i~ T2, AT ZHEH AW O NIV =T Th o,

H=—t Z (cmcz,-(, — h.c?.) +.Jy Z S;Cf{__lo“-r_,ar_?.;_,-_g
S A e iox, 3
FERT ORGSR, ARIRIZB O TILEE OIEBMHRENLE TH Y | mEMRIEORER
Fiﬁﬂ@%kﬁﬁ®ﬁ%%/7k@iné% EEEOELNENDD, HEL L
FCHBEMIRIBICT D LEX Y v TR D Z b oTz, 72, Rl &
U%%ﬁ%&ﬁ® I B W TR E DR O RA LN, b L
P> B IBIEREME 361 D UEE HIME D BB 2B SN 5 Z LN T -,

HIEE ARWFIEIX OB FH EILO —ERIMEF DA — /R —as B a—H—% >, JSPS £
WF #  JP19H05821,JP18K04678, JP17K05536 (A.K.),JP16H02206, JP18H0422,
JP19K03742, JPMJPRI9LS, JST PREST JPMJPRI9LS (J.N)DE AT -6 DT,

T=0(TB)
T=0.03
— T=0.07
T=0.10

2=1

n| |4
oy
(=]

1 CREFE Y 2L XF—0R, KEoORBE

HTRREREDRY v v THBRNA TV EIH X2 FiZERCBT S (a) RATRLR S (b) &
A TIRIBE LTV 3, EEOEEILDE

[1] K. Deguchi et al., Nat. Mat. 11, 1013 (2012).
[2] C. Zener, Phys. Rev. 82, 403 (1951).
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Growth of C phase in the Al-Si-Ru system from self-fluxes
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1984 AIZHERE AN 1SV TRk, TN E TR A4 72 T B ERE 233 anC& T,
LU, YERE LS ER D 3 DAL L THENZSHLTUVVDS H Ty, B R0ff %A
DHERE EHIIRTEFE ARSI TR, FICh B8R YERS i 1 XA ITHOBLR 72T T Bl v
F—ZER TV X — I CHELAHRT HEEM BIE L TOICHBEIfFFS TV,

BT Iwasaki 523, LT OEEER AN HEIRIC 725 & T RISIL T Al T EUAS B [2] D
Al DO—% SilZ, Ir &2 Ru (CEH#LL 7= Al-Si-Ru PG 5 C FE N B AT DS L 72 D2 b
ZEEERAVIC THIL , )& 72 5 - AT ELE i D FEBR A B ARIZ B LT [3], LL72 i35,
C FHORE A ECTE RS IR TZ B TR,

AWFFED H L, B S S AT 0 B fh 2 W EZATH 72012, FEAAHEAR
ROBILEL A AL STV T 7T s AR O B EA1TH 82X, CHO B
BB RS AT T DLl Al-Si-Ru B COYERE AL SO T LVFEAE T 952 Th
%)o ;/\Iil E{EIEI:I%: \ bi\ 77‘—74\')5'(1/155}2[/7%_ A174,0+xSi16Ru10.x (X = 0, 2 at.%)ifdi Al74,0.ySi16+yRu10
(y=0,5, 10 at.%) OO REBET AT HIMIIE AL, K 13 [ED Ar L3LITH &
\ZEI AL BERN CIEBIREEL L= 0% -2K/h THEL, D% 950, 1000 £721% 1050°C T
BERIFPOEO ML, 2008, KFPICRMmTH2ETIT o7, ZOFEFR., CHEBXLNDLHE
Fr iRt (1) &, =7 bR atin(.2)0 2 FREEOKE O R B S e T 7=, iR
(1000 ‘CLA L) TIZE 7 fb Rk s A3, AKIRAA] (1000 “CLLTF) Tk =5 S-m i B R LT,
A B DFEFNE . Al-Si-Ru RICHBWTH LT 7597 ZAEIC LA G ENEZ ChhH T
LMLy DT,

[1] D. Shechtman, 1. Blech, D. Gratias, J. W. Cahn, Phys. Rev. Lett. 53 (1984) 1951.

[2] M. Mihalkovic and C. L. Henley, Phys. Rev. B 88, 064201 (2013).
[3] Y.Iwasaki, K.Kitahara, K. Kimura, Phys.Rev. Materials 3, 061601(R) (2019).

.2: =75 i R e
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JAMFERIC BT 2R HIE, BTV BT 2 VNI B TERE S O
BICL-TEBREIND, ZOWEIT, — BTV —BEICHNDE 1L - TEEERE DO
KERED 7 —) T TH D, JEHIEDIWERE I IZB W T, 2O X 7o R EAE 13 E 7%
TERNWD, ZOEBEZEMSCT7 2 AMH EFR TER,

— 7 BEE O AP T D Bardeen—Cooper—Schrieffer (BCS)B R TIX, 7 =/L30d k-
WD E DL A Hb ST 2B DRIZ TR T D2 808, BAREITRHEI ek« 72
WM E T D R R &7 D,

PLE? 2 SiEB2E5DEDE, YRS TOBILERENE D L7 E 3t Z kL T
BHOD, FoEDLVBRE R Z R T O, EVORTEIT RGO, JEEHRELTE, —
ERDOT FINT 7 AR EZ R T ENBEIC ST, MRS E DL - B S AR
%, 7RI E RN H DD RS AT — VTHERENH DI LB L TRY, BEFEDOBI
ERLIIAREMIC R DB IREBICHDO TIIRV N EE LN,

Fox X, ERHEAMECEEE LN 2 BEA T AN BBl L T e —XH
AV DB TJ SR — R ZEAE RN~ ZOBRIAMEGIR CHEERICBIEZ /R, B
BN ZERINZ FE—RRIZAe DT &2 AL LTz, $70, 895 & IR IV T, ZERIBIC A
T2 RN L DBIRERAER R LTz, 5100~ S —RER O 5545 A fE3k 1 @ % . BCS Bllim
(L DEEN B2 R i L CHMIES DAY, T DIEEN B 22 W 2N EFH TR W HER R IZB W
THXNZEIENT LD > TNDZ ST BIEZE Y, [2]

oo IXHIC, s T OBIRELREZ T~ BRFP AL DO 5 0322 R L DR E0R RE
RHELU-, Zhud, B R 128 T Fulde-Ferrell-Larkin—-Ovchinnikov (FFLO) fRBESFEIX AL
TWVDELDO LRI OIEIZ L > TEU TNWDEE 2 BIND, 12721, Z O/ 5 EFREE T~ m
— ARG LHE S UT-FE B S C L IO T I Lo TEORREREZE 2.5, FFLO KT
IF—AXITELAUTEINZ ED DAL TS DS, HEJEHIEE - RILZ D IH72 I A et G2 D 2
LIZED | B R C FFLO B72iREZ ZEL LG &5 2.5, [B]ZNHdifs Feit,
WERE LIS T VIS D772 85 LIS D Z LA TRIB L TN,

[1] K. Kamiya et al., Nature Commun. 9 (2018) 154.
[2] S. S, N. Takemori, A. Koga, and R. Arita, Phys. Rev. B 95 (2017) 024509.
[3] S. S and R. Arita, Phys. Rev. Research 1 (2019) 022002(R).
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ZINETIZELDOBFZEN/ 23N TET= Al-Pd-Mn & - Al-Pd-Re SR UERESL 1L, 7 = /LIYENLIC
RWEES vy 72T L TODZEDVURIBINTEY, L8R EE R T2 mbN T
W5, FTo, BHE RS RS A T A2 LI T AN AR BB SR A R § 2 LD | Y
BN FAFIE U CEVE MBS GTS LT[ 1], K 1127795912, Quandt-Elser £
W T — JRBE R R ORE R 7 2 VYN BH IR OB v 7 O A RIB S, 3
B CELND SOUV/K(RIR) &) B W — o 7R 5 L b G5, Fi2, BVEmME%
AT (ela)l et U CHEEFE L7555 . Al-Pd-Mn %3 LY Al-Pd-Re R AR b & &6 1A L
L= B —_o MR D ela AFNER TR T ZEDN 5oz, Y 2— LV ICERETAER
K71 200°CLL N ORI THREREZRT 28, |IRICHBITHERE RN 1-1.5W/m-K
THHILITRER LT, HERITIERRFEEL 2Tma 13 0.20 AR ELLERYE WV, AFEER TIE, EIC
Al RYEFRE AR R LN E TOWF e A LD THIET D,

et |
= ba
i B EF
[l

2

o NI
sHEsEsIEEE3

BX vy @ _
— RERANT—T7H4E L]

0
40 A0 &0 100 120 140
Mean atomic weight (p'mal)

1 AR BY72 MR Al d6 KON LR i D BAEE A 1

EE: AR RIL. MRARIERL DRI LD D THhD, £72. ISPS FHifFE
JP19HO05821 DBk A5 T LR IEAZITL CD, ZZIZHEE R T 5,

[1] 5l 21X, Y. Takagiwa and K. Kimura, Sci. Technol. Adv. Mater. 15 (2014) 044802.
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The real space structure solution of the P-type Bergman
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The icosahedral quasicrystal (i-QC) is a quasiperiodic crystal exhibiting an icosahedral
symmetry of the diffraction pattern. Its main feature is the presence of the 5-fold
rotational symmetry forbidden by the classical crystallography. The state-of-art of the i-
QC structure solution is the cluster-based model. The model, proposed for the i-CdYb
Tsai quasicrystal, resulted in an excellent agreement with the X-ray diffraction pattern
[1]. The Bergman i-QC, was never successfully refined with the cluster approach, neither
the detailed structure model exists. ZnMg alloys are extensively studied for their
mechanical properties. Recently, the superconductivity in i-AlZnMg was observed [2].
That discovery signifies the importance of understanding the structure of QCs in ZnMg-
based alloys. Without it, further advances in the research can be ceased.

The existing hurdle for the structure model of the Bergman i-QC in a cluster approach is
that it does not uniquely determine the atomic decoration of the golden rhombohedra,
which is a local environment dependent [3]. To find the structure of i-ZnMgTm we
exploit the Ammann-Kramer-Neri tiling. By the use of Supeflip software we were able to
obtain an ab initio structure solution with an R-factor= 14% for unique 3010 Bragg
reflections. Decoration of two golden rhombohedra with an edge length of 21.7 A was
found. Bergman-type cluster still exists in the structure but is no longer a fundamental
building unit of the present model. The refinement concluded with R (F)=9.8% [4].
What is extraordinary, the atomic clusters can be shown to link along 5-fold direction.
This linkage, called the a-linkage occurs along b- and c-linkage, known for the cluster
model with the cluster environment given by the Henley prototype unit. Within the new
approach the segregation of atoms into two groups: the interstitial atoms and cluster atoms
is redundant.

Acknowledgments: The authors are grateful to Mr. Y. Kaneko for his help in single
crystal growth and Dr. T. Matsumoto, Rigaku oxford diffraction, for his help in single
crystal X-ray intensity data collection. This work was supported by JSPS Grant Number
19K 04982 and by Polish National Science Center under grant 2016/21/N/ST3/00287.

] H. Takakura, et al., Nat. Mat., 6 (2007) 58.

] K. Kamiya, et al., Nat. Comm., 9 (2018) 154.

] H. Takakura and A. Yamamoto, Phil. Mag., 87 (2007) 2713.
]

[
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[
[4] I. Buganski et al., to appear in Acta Cryst. Section A.
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The atomic specimens in the structure of the BaTiO3; dodecagonal quasicrystal [1] are
arranged following the Niizeki-Gahler tiling (NGT) [2, 3], built out of three prototiles:
square, equilateral triangle and a rhombus with an acute angle of 20°. It can be obtained
by projecting a 4D periodic lattice onto the 2D physical space by choosing a proper
occupation domain (OD), which in general is not canonical.

In our work we aimed to derive a mathematical formula for the structure factor of the
arbitrarily decorated NGT that can be used for the structure solution of the oxide
quasicrystal structure using the X-ray diffraction technique. Such a model requires the
knowledge about the distributions of reference vertices of each prototile inside of the OD.
The Fourier Transform of those distributions, when sum up over all possible orientations
of tiles, is the geometrical part of the structure factor that is a decoration independent.

In addition to the structure factor calculation of the perfect NGT we have found the
corrective term incorporating random phasons in the quasilattice. It is an additive
correction, assuming each flippable vertex of the NGT contribute to one act of phason
flip. The flippable patch, composed of one rhombus, two triangles and one square (Fig. 1
mid) has a 3-fold symmetry and its distribution in the OD has the kite-like shape (Fig. 1

right). The formula was implemented in a software that allows for the structure refinement.

[1] S. Forster et al. Nature 502, (2013) 215

[2] F. Gahler, (1988) Quasicrystalline Materials Proceedings of the ILL/CODEST
Workshop, p .13. Singapore: World Scientific

[3] N. Niizeki and H. Mitani, J. Phys. A Math. Gen. 20 (1987) L405
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Fig. 1: The OD subdivided into regions for triangles (red), squares (blue) and rhombuses
(green) (left); flippable patch (middle) and the distribution of ‘A’ (right).
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EROTELI 7 ATILEHEENRRINERLELLFRASATLS, LML, %
HRICBIT2REMORSEIEETHY .. EHERBICEVTEBMENRIRT 50BN
BRA -5, Tsai B 1/1 BEEERICH VO TIE, Au-Al-In-Gd RZ (X LHZHDRIC
HVWTHBMHEBEOBEN LI TINSG, —A., EREEEZSHLYESROELEESRIC
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DBEREFEEZEZTT, 30K KYBKRICTHEWVEIEEDRBELENSASIN, /-, A
BETHRIZE—ONRESNSE I EH D Au-Cu-Al-In-Gd % 2/1 B EE R (X ERF8
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[1] A.Ishikawa, Phys. Rev. B 93,024416 (2016)
[2] Junqing Guo et al Jpn. J. Appl. Phys. 39 L770(2000) [3] Angew, et al.,Chem. Int. Ed (2001)
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We aim at a better understanding of the dynamical properties of
aperiodic crystals, in particular the phason modes which are
characteristic of the aperiodic order, and their relationship with the low
thermal conductivity.

The Rb,ZnCls phase displays a crystal structure where the
orientation of its ZnCl, tetrahedrons is incommensuratly modulated
between Ti=303 and Tc=195K. This modulation ranges from harmonic to
anharmonic, allowing us to probe the effects of the nature of the
modulation. Its dynamical properties have been investigated by inelastic
neutron scattering both on a powder sample on IN6-SHARP at the ILL,
and on a single-crystal on 1T at the LLB. Those samples were studied at
temperatures ranging from 350K to 190K, through the two phase
transitions delimiting the incommensurate phase.

Powder scattering data reveals an excess of modes near and
below the lock-in phase transition. With the single-crystal, the evolution
of a transverse phonon dispersion and its lifetime has been observed
around the position of a satellite reflection. This phonon mode was found
to persist above the incommensurate phase, even though there is no
satellite anymore, but a large diffuse elastic signal.

Those features seem counterintuitive as they doesn‘t differ much
when going from the high temperature periodic phase to the
incommensuratly modulated one.
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