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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 4p 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.  
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Fig.1 The magnetic ground state as a 
function of e/a obtained for the 1/1 
Au-Al-Gd approximant.[3] 

S1-01

10



�(z�³ÖQoF��L�Àp�`±Zw¥¼²±H\°K7�¼×¡½³Ö)��@

2$®(
$±���¼×QoF²&�±³�N�oF±/¥¼(z®£¬�»=�²Ö

phason°¯�1²oF²(z®³^°¼T·[¤¼× 
@2$(z³�+¸ÄÏÆÈÓ²u��r®�¿ª¬�»ÖD��eWBL
�)�)

�R(!�KX�~s�)�e}����*��%'lV�{�irae}�+8'

>�����#�Y\	'��(��&��KD�%�� �v@~s��#�QJ

+²ÈÂÎ�(¿¼¡®·�¼×§²�$`°�³ÖAl-Cu-Fe¸ Zn-Mg-Ho��QoFtº
½¼ F $QJ+�¼×O 20 ��QoF³ÖQJ+²��±¹ª¬ PÔ�lÕÖFÔ�5ÕÖI
Ô�5Õ$² 3 h�±���¼�Ö¢º±�+ÄÏÆÈÓ¸��k²��±¹ª¬ Mackay, 
Bergman, Tsai $±���¼×4ª¬Ö�� 3×3�9 p��ira
MG�( ��
�
kO� IH 39$���Mackay-P, Mackay-F, Bergman-P, Bergman-F, Tsai-P� 5p�
�f 20 �7ira�
oz�)��(���JE�3�n�01/- �[t�
��(%��u�( Tsai-FH�ira���($���(� 

�CÖ(z�Ösj�ÔÍÃÂÇÒj�ÕC�²(
À[¤¼&�ÖÈÂÑ²n¶G��[¤Ö

(
$�J+¸�	oF´²L�(��[¤¼×1990 3�±³ÖQoF²-.�ML!
�®��£¬ÖMackay-F $, ¥°¿© Al-Cu-Fe ¸ Al-Pd-Mn ² 750℃��²X:�P_±
di¢½¨×£�£Ö¡¡[¤¼(
$�J+��	oF´²�g`°��X:�¼²

�Ö�¼�³�«²-.X:�¼²��U®£°�µµ�¼× ¢º±Ö20003¡¾�º*µ
ª¨ Tsai$QoFdi±��¬³Ö(
$(z²vT³6½º½¬�¼×¡½�¡²% ²
�«a²ËÌÉÄ�¼× 
� 3�n�01/-���� e}N=U��� Tsai-PH�f 20�7ira
TW� 
( Zn-Mg-ScD���( FHTW�;:����|!(�750℃� 100`�j���
Zn80.5Mg4.2Sc15.3Aira+m��]Q<FZO�� �d#�S� FHv@cLC
Q
xh�)��( 1)�?�w��LFZg�$v@cLCQ xP�)�$���

��%���I y^,2./05�*�	��(���%���Zn-Mg-Scq��
( FHira�TWb6 4_�""��(� 

�«a²ËÌÉÄ³ÖQ-.° Cu-Al-ScO 20��QoF±�¥¼·²�¼×ÁÓÄS
Rw�#¢¦¨Cu46.0Al38.0Sc16.0��±³ÖTsai-P$QoF��b[¤¼× ¡½À¢º±Ö
774� 61E�?£¨xB³Ö�+">³O 20��/f9Àq?£¬�¼�Ö 3"�
C�±ÆËÐÓÄÀ�ª¬�¨×804� 5 E�V�Z£¨xB³ÖO 20 ��/f9³'
½¬�»ÖW.² 3 "�C�±ÅÊÏÂË�0�[¤¨×¡²Y}³(
$(z®��£¬�
¼®8¿½¼�Öym�D²µµ�¼× 

1) S. Francoual, Doctor thesis, Université Grenoble I - Joseph Fourier  (2006) p.80. 
{�: Idi³ JSPSed~ 19H05818²�;À� ¨·²¥� 

            Tsai������������
����	��  

|]Z�,di<� cA� � 

  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 

S1-02

11



12

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 (Al–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. ȕ-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 Į-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 Al–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 (ZT) 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 Al–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 
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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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[1] S. Förster, et. al., Nature, 502(7470), 215-218 (2013).[2] S. Förster, et. al., Annalen der 
Physik, 529(1-2), 1600250 (2017). [3] S. Förster, et. al., PRL, 117(9), 095501(2016). [4] S. Roy, 
et. al., Z. Kristallographie, 231(12), 749-755 (2016). 
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In searches for new materials, high-throughput prediction of the cr\stal stabilit\ is useful to 
pick up candidate new materials out of millions of h\pothetical cr\stal structures. Generall\, 
cr\stal structure stabilit\ is evaluated b\ the smallness of the energ\ above the hull ΔE. This is 
the difference between the energ\ of the cr\stal structure Estr, and the energ\ of the conve[ hull 
at the composition Emin. It has been attempted to predict Estr b\ machine learning, but sufficient 
accurac\ has not achieved \et. 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 cr\stals, we 
modified Atom2vec technique developed b\ Zhou. Q. et al. The\ generated atomic descriptors 
automaticall\ from thousands of reported atomic compositions b\ using singular value 
decomposition (SVD) on a matri[ of the e[istence of compositional patterns [1]. We e[tended 
this technique b\ appl\ing SVD also onto the data of the coordination pol\hedra: the 
coordination atoms and the pol\hedral topolog\.  

The data for 128,175 cr\stal structures and their formation energ\ were retrieved from 
Materials Project [2]. The data included 35,746  stable cr\stal structures. Their coordination 
atoms and topolog\ of coordination pol\hedra were determined b\ ToposPro [3]. To predict the 
formation energ\ (Estr) of a cr\stal structure, we modified the Graph Convolution Neural 
Network (GCNN) developed b\ Xie. T. et al., which represents cr\stal structures as graph 
network structures[4]. We predicted ΔE of h\pothetical cr\stals from the difference between the 
Estr and Emin, b\ using another neural network (NN) to predict Emin from the composition.  

We generated three descriptors named Composition, Coordination and Topolog\. These 
descriptors were light-weighted (a90 kB), and showed less than a half of the mean absolute 
error (MAE) than the p\matgen's empirical descriptors. The smallest MAE was achieved when 
we combined the three descriptors. B\ using these combined descriptors, we achieved MAE of 
the prediction of ΔE as low as 0.082 eV/atom. The two-step prediction of ΔE was more effective 
than the direct machine learning of ΔE. This will accelerate the rough filtering of stable 
compounds out of millions of candidate h\pothetical cr\stal structures.  

[1] Q. Zhou. et al., Proc. Natl. Acad. Sci. 11�, E6411±E6417 (2018). 
[2] A. Jain. et al., APL Materials, 1, 011002 (2018). 
[3] V. A. Blatov et al., Cr\st. Growth Des., 1�, 3576±3586 (2014). 
[4] T. Xie et al., Ph\s. Rev. Lett. 120, 145301 (2018). 
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લճ·ͰͷຊڀݚձͰɺ४݁থͷݩ࣍ߴදݱΛ༻͍ٖͨϙςϯγϟϧ๏ʹΑΔόϯυࢉܭ
ʹ͍ͭͯड़͖ͯͨɻ४݁থͰBlochఆཧBrillouinҬ֦ுBlochఆཧͱҰൠԽBrillouin

Ҭ (GBZ)Ͱஔ͖ΘΔɻࠓճ͜ͷํ๏ΛQuantum Espresso(QE)ʹ࣮͢Δࡍඞཁͳίʔ
υͷมߋͱɺ͜Ε·Ͱʹड़ͳ͔ͬͨ४݁থͷ total energyͷࢉܭʹ͍ͭͯड़Δɻ[1]

QEͰHΨ(x)ͷࢉܭʹ FFTΛଟ༻͢Δɻ४݁থͰ FFT 5ɺ6ݩ࣍ͷΛ͕͏ɺ
fftwύοέʔδʹ 5ɺ6ݩ࣍൛͕ଘ͢ࡏΔɻ͔͠͠GPUΛ༻͍ͯࢉܭΛߴԽ͢Δʹͦͷ
GPU൛͕ඞཁͰ͋Δɻcufft[3]ʹͦͷΑ͏ͳͷ͕ແ͔ͬͨͷͰ։ൃͨ͠ɻ·ͨۙ࠷ಋೖ͞
Εͨ PPCG๏ʹΑΔ iterative eigensolver ͷGPU൛Λ։ൃதͰ͋Δɻ[2]

ճɺtotalࠓ energyͷࢉܭʹඞཁͳEwald energyͷࢉܭ๏ʹ͍ͭͯड़Δɻ͜ΕʹEwald

๏ [4]Λ༻͍Δ͕ɺ४݁থʹର͢Δࢉܭ๏ΒΕ͍ͯͳ͔ͬͨɻ͜Ε࣍ʹࣔ͢Α͏ʹɺ४
݁থͷڑؒࢠݪΛ༩͑Δ 2ͭͷ༗ྖҬ (OD)ͷ෦ۭؒʢinternal spaceʣͰͷॏͳΓྖҬ
͕͔Εࢉܭग़དྷΔɻ

EEwald =
1

2

′∑

ii′l

ZiZi′erfc(η|∆xe
ii′l|)

|∆xe
ii′l|

vii′(∆xi
ii′l)

+
2π

Ωn0

∑

G "=0

1

|Ge|2 exp
(
−|Ge|2

4η2

)∑

ii′

ZiZi′Dii′(G
i) exp(iG ·∆xii′)

− π

2η2Ωn0

∑

i

Z2
i vii(0)−

η√
π

∑

i

Z2
i vii(0)

͜͜Ͱ vii′(∆xi
ii′l)ͱDij(∆Gi)͕ODͷॏͳΓ෦ͷମੵ͓Αͼͦͷ FourierੵͰ͋Δɻ͜

ͷମੵMonte-Carloੵग़དྷΔɻODͷॏͳΓ෦ͷ Fourierੵʹͦͷܗঢ়ΛΔඞཁ
͕͋Δɻ͜ͷܗঢ়ͷࢉܭුಈখԋࢉͷࠩޡͷͨΊ༰қͰͳ͍ɻࠩޡΛආ͚ΔͨΊ
৽͍͠ํ๏Λ༻͍Δɻ͜͜ͰODͷͷ࠲ඪ໘ͷਨઢϕΫτϧΛ 1ͱ

√
5ͷ༗ཧഒͰ

ද͠ʢ͜ͷΛ Q(
√
5)ͱݺͿʣɺࢉܭશͯͷΈͰ͏ߦɻ͜ΕʹΑͬͯࢉܭͷΤ

ϥʔແ͘ͳΔɻ͜ΕΛ fortran95Ͱ͏ߦʹ৽͍͠ࣈͷܕΛఆٛͯͦ͠Εʹର͢Δԋࢠࢉ
ͷఆٛ (overload)Λ͜͏ߦͱͰୡग़དྷΔɻ͜ͷํ๏ 20໘ମথ४݁থٴͼ ʹ४݁থܗ10֯
ద༻Ͱ͖Δଞɺ

√
5ͷΘΓʹ

√
2,
√
3Λ༻͍Δ͜ͱͰɺ8֯ܗɺ12֯ܗ४݁থʹద༻ग़དྷΔɻ

Q(
√
5)Λ༻͍ͨODͷॏͳΓ෦Λ͢ࢉܭΔιϑτΛ։ൃதͰ͋Δɻ

[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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䜰䝹䝭䝙䜴䝮基正二十㠃体準結晶䞉㏆似結晶䛿䚸⦰㏥半導体的䛺物性䛸低䛔熱伝導率䜢示䛩

䛣䛸䛛䜙熱㟁材料䜈䛾応用䛜期待䛥䜜䛶䛝䛯䚹䛧䛛䛧䚸䛣䜜䜎䛷発ぢ䛥䜜䛶䛝䛯準結晶䛿䛔䛪

䜜䜒䝞䞁䝗䜼䝱䝑䝥䜢持䛯䛺䛔䛯䜑䚸SHHbHcN係数 S䛜㧗䚻100 ȝV/K程度䛷䛒䜚䚸無次元性⬟
指数䜒最㧗䛷 0.26䛻䛸䛹䜎䛳䛶䛔䜛 1)䚹䜘䛳䛶䚸準結晶䜢用䛔䛯㧗性⬟熱㟁材料䛾㛤発䛻䛿䚸

䛭䛾㟁子構㐀䛻䝞䞁䝗䜼䝱䝑䝥䜢有䛩䜛準結晶半導体䛾探索䛜必㡲䛷䛒䜛䚹䛧䛛䛧䚸䛣䜜䜎䛷

䛻䚸準結晶䞉㏆似結晶半導体䛿確ㄆ䛥䜜䛶䛚䜙䛪䚸䛭䜜䛜存在䛩䜛䛛䛹䛖䛛䛿固体物理学䛾

基本的䛺問㢟䛾一䛴䛷䛒䜛䚹本研究䛾対㇟物㉁䛷䛒䜛 AO基 1/0㏆似結晶䛿䚸㑄移㔠属䛾作
䜛正二十㠃体䜽䝷䝇䝍䞊䛾内㒊䛻 AO 䜢約 9±11 個含䜐(FLJ. 1)内殻䜽䝷䝇䝍䞊䜢䜒䛴䚹㏆年䚸
MLKaONRYLþ 䜙䛻䜘䜛ィ算䛾結果䚸AO-IU系 1/0㏆似結晶䛜特定䛾組成䛸結晶構㐀䜢満䛯䛧䛯䛸
䛝䛻䚸40 PHV 程度䛾䝞䞁䝗䜼䝱䝑䝥䜢有䛩䜛半導体䛸䛺䜛可⬟性䛜指摘䛥䜜䛯 2)䚹䛧䛛䛧䚸実

㦂的䛻䛿䚸内殻䜽䝷䝇䝍䞊䛾AO䛾原子欠損䛻䜘䜚半導体化䛿実現䛧䛶䛔䛺䛔 3)䚹本研究䛷䛿䚸

䝞䞁䝗䜼䝱䝑䝥䛜確ㄆ䛥䜜䛶䛔䜛 AO-IU系 1/0㏆似結晶䜢基䛻䚸第一原理ィ算䛻䜘䜚䚸䜼䝱䝑䝥
䛾大䛝䛥䜢制御䛩䜛指㔪䜢確立䛧䚸䛭䛾指㔪䛻基䛵䛔䛶㏆似結晶半導体䜢創〇䛧䛩䜛䛣䛸䜢

目的䛸䛧䛯䚹䜎䛯䚸作〇䛧䛯㏆似結晶半導体䛾䜻䝱䝸䜰密度䜢最㐺化䛧䚸熱㟁特性䜢上昇䛥䛫

䜛䛣䛸䜢目的䛸䛧䛯䚹 
第一原理ィ算䛛䜙価㟁子帯上端(VBM)䛸伝導体下端(CBM)䜢構成䛩䜛㌶㐨䜢可ど化䛩䜛䛣
䛸䛷䚸AO䛾一㒊䜢 SL䛷⨨換䛧䚸IU䜢 RX䛷⨨換䛧䛯䚸AO-SL-RX系䛜 0.3 HV程度䛾䜼䝱䝑䝥䜢䜒
䛴半導体䛻䛺䜛可⬟性䜢ぢ出䛧䛯䚹AO67.6SL8.9RX23.5㏆傍䛾仕㎸䜏組成䛷䜰䞊䜽溶ゎ䛻䜘䜚母

合㔠䜢作〇䛧䛯後䚸㏻㟁焼結䛷得䜙䜜䛯㧗密度焼結体䜢 1373 K 䛷 72 K熱処理䛩䜛䛣䛸䛷䚸
1/0 ㏆似結晶䛾単相ヨ料䛜作〇䛷䛝䜛䛣䛸䛜分䛛䛳䛯䚹単相ヨ料䛾熱㟁物性測定䛛䜙䚸AO-SL-
RX 系㏆似結晶䛜半導体的䛺特性䜢示䛧䚸200 ȝV/K 以上䛾実用材料䛻匹敵䛩䜛大䛝䛺 S 䜢
持䛴䛣䛸䛜分䛛䛳䛯䚹第一原理ィ算䛸実㦂値䛾比㍑䛛䜙䚸䝞䞁䝗䜼䝱䝑䝥䛿 0.15 HV 程度䛷䛒
䜛䛸⪃䛘䜙䜜䚸初䜑䛶㏆似結晶半導体䜢実㦂的䛻作〇䛩䜛䛣䛸䛻成功䛧䛯䚹4) 䜎䛯䚸AO-SL-RX
系㏆似結晶䛻対䛧䛶䚸正孔䝗䞊䝥䛸䛧䛶 AO䝃䜲䝖䜢 CX⨨換䛧䛯ヨ料䚸䛚䜘䜃㟁子䝗䞊䝥䛸䛧䛶
RX䝃䜲䝖䛾 RK,Pd⨨換䛧䛯ヨ料䛻䛚䛔䛶䜻䝱䝸䜰密度䜢制御䛩䜛䛣䛸䛻成功䛧䛯䚹 
 
ㅰ㎡: 本研究䛿 JSPS科研㈝ JP16H04489, JP19J21779, JP19H05818䛾助成䜢受䛡䛯䜒䛾䛷
䛩䚹 

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

 Al-Si-Ru系近似結晶における熱電特性の䜻䝱䝸䜰䝗䞊䝥効果  

東大新㡿域, 岩㷂 祐昂, 北原 功一, 木村 ⸅ 

 
Carrier doping effect on thermoelectric properties of 

Al-Si-Ru quasicrystalline approximant 
GSFS UTRk\R, YXWaka IZaVaki#, KRichi KiWahaUa, KaRUX KimXUa 
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[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). 
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Nozomu HiraokaB, Hirofumi IshiiB, Tsutomu IshimasaC, Noriaki K. Sato 

#e-mail: imura.keiichiro@a.mbox.nagoya-u.ac.jp 
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準⤖晶䛿原子㓄列䛜準周期性䠄周期的䛷䛿䛺䛔特殊䛺つ則䛾㓄列䠅䜢䜒䛱䚸⤖晶䛷䛿チ䛥

䜜䛺䛔回㌿対⛠性䠄5 回対⛠䛺䛹䠅䜢䜒䛴物㉁䛷䛒䜛䚹準⤖晶䛾㟁子状態䛿䚸⤖晶䜔䜰䝰䝹䝣

䜯䝇䛾㟁子状態䛸䛿㉁的䛻異䛺䜛䛸期待䛥䜜䛶䛔䜛䛜䚸未䛰ゎ明䛥䜜䛶䛔䛺䛔䚹我䚻䛿希土㢮

元⣲䜢含䜐 Tsai 型䜽䝷䝇䝍䞊䜢持䛴準⤖晶䞉㏆似⤖晶䛻䛴䛔䛶㔞子⮫界現㇟䞉☢性䞉㉸伝導

䛾◊✲䜢⾜䛳䛶䛝䛯䚹特䛻 Au-Al-Yb 準⤖晶䛷䛿䚸Yb 䛾価数揺䜙䛞䛻㛵係䛩䜛䛸思䜟䜜䜛㠀

従来型㔞子⮫界現㇟䛚䜘䜃䚸䛭䜜䛻㉳因䛩䜛㠀䝣䜵䝹䝭液体的挙動䜢♧䛩[1,2]䚹䜎䛯䚸圧力

下䞉極低温下䛻䛚䛡䜛㏆似⤖晶䛸䛾対照実㦂䛛䜙䚸Au-Al-Yb 準⤖晶䛾㔞子⮫界現㇟䛿㟼水

圧印加䛻対䛧䛶㕌感䛷䛒䜛䛾䛻対䛧䚸Au-Al-Yb ㏆似⤖晶䛿䛒䜛圧力下䛾䜏䛷㔞子⮫界現㇟

䜢♧䛩䛣䛸䛜発ぢ䛥䜜䛯[1,3]䚹最㏆䛷䛿䚸Yb 䛾価数䛾状態䛜異䛺䜛 Tsai 型䜽䝷䝇䝍䞊䜢持䛴

㏆似⤖晶[4]䜔希土㢮䛜 Ce 䛾㏆似⤖晶[5]䛻䛴䛔䛶䜒価数䞉☢性䛻着目䛧䛯◊✲䛜㐍䜑䜙䜜䚸

㉸伝導䛻㛵䛧䛶䛿 Bergman 型䜽䝷䝇䝍䞊䜢持䛴 Al-Zn-Mg 準⤖晶䛷䝞䝹䜽䛾㉸伝導䛜発現

䛩䜛䛣䛸䛜明䜙䛛䛻䛺䛳䛯[6]䚹 

本◊✲䛷䛿䚸Au-Al-Yb 準⤖晶及䜃㏆似⤖晶䛻対䛧 Au 䛸 Al 䛾⤌成比䜢変化䛥䛫䜛䛣䛸䛻

䜘䜚 Yb䛾価数及䜃☢性䜢変化䛥䛫䚸㔞子⮫界現㇟䛾㉳源䛸準⤖晶特有䛾㟁子状態䛻䛴䛔䛶

ㄪ䜉䜛䛣䛸䜢目的䛸䛧䛯実㦂䜢⾜䛳䛯䚹䛭䛾⤖果䚸⤌成比䛻䜘䛳䛶䚸Yb 䛾価数䛸☢性䛻⣔⤫変

化䛜ぢ䜙䜜䛯䚹䜎䛯䚸䛭䜜䛮䜜䛾ヨ料䛾☢化率䚸比熱䚸㟁気抵抗䜢測定䛧䛯⤖果䚸物性䜒⣔

⤫的䛻変化䛩䜛䛣䛸䜢ぢ出䛧䛯䚹準⤖晶䛾㔞子⮫界現㇟䛻䛴䛔䛶䛥䜙䛺䜛知ぢ䜢得䜛䛯䜑䛻䚸

Au-Al-Yb準⤖晶䛾☢性䜢担䛖 Yb䜢㠀☢性希土㢮元⣲ Lu䛷⨨換䛧䛶希㔘䛩䜛䛣䛸䛷䚸Yb㛫

䛾相互作用䜢制御䛧䚸準⤖晶䛾㔞子⮫界現㇟䛾性㉁䜢ㄪ䜉䜛䛣䛸䜢ヨ䜏䛯䚹 

本◊✲䛿 JSPS⛉◊㈝ JP18H01174䚸JP19H05821䚸JP19H05817䛾助成䜢受䛡䛯䜒䛾䛷䛩䚹 

 

[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 et al., J. Phys. Soc. Jpn. 86, 093702 (2017). 
[6] K. Kamiya et al., Nature Communications 9, 154 (2018). 

 
蔡型䜽䝷䝇䝍䞊䜢䜒䛴準結晶䞉近似結晶䛻お䛡䜛 

磁性䛸元素置換効果 
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出口和彦䚸岡本⛱彦䚸平㔝由真䚸⡿山♸樹䚸廣川慎之介䚸井村敬一㑻䚸佐⸨憲昭䚸▼政勉 A䚸 

山本⩏哉 B䚸川井拓真 B䚸水木⣧一㑻 B䚸山岡人志 C䚸平岡望 D䚸▼井啓文 D 

 
Magnetism and substitution effect of Quasicrystals and Approximants  

with Tsai-type ctusters 
NagR\a UQiY., TR\RWa RikeQ A, KZaQVei GakXiQ UQiY.B, RIKEN/SPUiQg-8 C䚸NSRRC D 
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‽⤖ᬗ䛾Ⓨぢ௨᮶䚸‽࿘ᮇᵓ㐀䜢ᣢ䛴᱁Ꮚ䛻䛚䛡䜛≉␗䛺≀ᛶ䛜ὀ┠䛥䜜䛶䛔䜛䚹୰䛷䜒䚸

Au-Al-Yb䛾㔞Ꮚ⮫⏺⌧㇟䛾ほ 䛻䜘䜚[1]䚸‽࿘ᮇ⣔䛻䛚䛡䜛ᙉ┦㛵ຠᯝ䛻⯆䛜㞟䜎䛳䛶

䛔䜛䚹䛣䛾⣔䛾ᇶ♏ⓗ䛷㔜せ䛺ၥ㢟䛾୍䛴䛻䚸⛛ᗎ≧ែ䛻䛚䛡䜛‽࿘ᮇᵓ㐀䛾ຠᯝ䛜䛒䜛䚹

ᮏ◊✲䛷䛿䚸➨୍Ṍ䛸䛧䛶䚸䝝䝞䞊䝗ᶍᆺ䜔㔜ᶍᆺ䜢ྲྀ䜚ୖ䛢䚸䛥䜙䛻‽࿘ᮇᵓ㐀䛸䛧

䛶䝨䞁䝻䞊䝈䝍䜲䝹䜢⪃䛘䜛䚹䝨䞁䝻䞊䝈䝍䜲䝹≧䛾䝍䜲䝖䝞䜲䞁䝕䜱䞁䜾ᶍᆺ䛻䛚䛡䜛㟁Ꮚ≧

ែ䛿䜘䛟ㄪ䜉䜙䜜䛶䛚䜚䚸䝬䜽䝻䛻⦰㏥䛧䛯᮰⦡≧ែ䛜Ꮡᅾ䛩䜛䛣䛸䛜▱䜙䜜䛶䛔䜛[2-4]䚹䛭

䛾䛯䜑䚸┦స⏝䛻䜘䜚‽࿘ᮇ⣔≉᭷䛾ᵓ㐀䜢ᣢ䛴⛛ᗎ≧ែ䛜ฟ⌧䛩䜛䛣䛸䛜ᮇᚅ䛥䜜䜛

[5-7]䚹ᮏ◊✲䛷䛿䚸䝝䞊䝖䝺䞊䝣䜷䝑䜽㏆ఝ䜔䝰䞁䝔䜹䝹䝻ἲ䜢⏝䛔䛯ゎᯒ䜢⾜䛔䚸‽࿘ᮇ⣔

≉᭷䛾䝣䝷䜽䝍䝹ⓗ䛺ᵓ㐀䛜⛛ᗎ䝟䝷䝯䝍䛻䛹䛾䜘䛖䛻⌧䜜䜛䛛䛻䛴䛔䛶⪃ᐹ䛩䜛䚹䜎䛯䚸ฟ⌧

䛧䛯ᒁᡤ⛛ᗎ䝟䝷䝯䝍䜢⿵✵㛫䛻䝬䝑䝥䛩䜛䛣䛸䛻䜘䜚䚸䜘䜚ヲ⣽䛻㆟ㄽ䛩䜛䚹 

 

ㅰ㎡: ᮏ◊✲䛿 JSPS⛉◊㈝ JP19H05821, JP18K04678, and JP17K05536.䛾ຓᡂ䜢ཷ䛡䛯䜒
䛾䛷䛩䚹 

 

[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). 
[6] S. Sakai, N. Takemori, A. Koga, and R. Arita, Phys. Rev. B 95, 024509 (2017). 
[7] K. Inayoshi, Y. Murakami, and A. Koga, in preparation. 
 

 䝨䞁䝻䞊䝈䝍䜲䝹ୖ䛾ᙉ┦㛵㟁Ꮚ⣔䛻䛚䛡䜛⛛ᗎ≧ែ  

ᮾᕤ ྂ㈡ᫀஂ 

 
Ordered states in the strongly correlated electron systems on the Penrose tiling 
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CULWLcaO BeKaYLRUV LQ QXaQWXP SSLQ CaQWRU LaWWLce II 
 

TDNDQRUL SXJLPRWR1 DQG TDNDPL TRK\DPD1 

1 Department of Applied Ph\sics, Tok\o UniYersit\ of Science, Tok\o 125-8585, Japan 

 

RHFHQW H[SHULPHQWDO VWXGLHV RQ TVDL-W\SH TXDVLFU\VWDOV DQG DSSUR[LPDQWV LQFOXGLQJ UDUH-HDUWK LRQV KDYH 

VKRZQ QHZ H[RWLF SKHQRPHQD, H.J., VXSHUFRQGXFWLYLW\ >1@ DQG YDULRXV PDJQHWLF RUGHUV >2@. PDUWLFXODUO\, 

TXDVLFU\VWDOV RI AX-AO-YE KDYH UHFHLYHG H[WHQVLYH DWWHQWLRQ EHFDXVH RI D robust TXDQWXP FULWLFDOLW\ >3@. TKH 

IDPLO\ RI AX-AO-YE LQFOXGHV QRW RQO\ TXDVLFU\VWDOV EXW DSSUR[LPDQWV, ZKLFK DUH GLIIHUHQW LQ AX FRQFHQWUDWLRQ. 

TKH DSSUR[LPDQWV KDYH WKH VDPH ORFDO VWUXFWXUH DV WKH TXDVLFU\VWDOV, ZKLOH WKH DSSUR[LPDQWV DUH QRW 

TXDVLSHULRGLF EXW FU\VWDOV. IQWHUHVWLQJO\, WKH UREXVW TXDQWXP FULWLFDOLW\, WKDW LV PDJQHWLF VXVFHSWLELOLW\ GLYHUJLQJ 

DW ]HUR WHPSHUDWXUH LQ D ZLGH UDQJH RI DSSOLHG SUHVVXUHV, LV REVHUYHG RQO\ LQ WKH TXDVLFU\VWDOV RI AX -AO-YE, 

H[FHSW IRU WKH DSSUR[LPDQWV. TKXV, LW LV H[SHFWHG WR RULJLQDWH IURP WKH TXDVLSHULRGLFLW\. 

HHUH ZH LQYHVWLJDWH D RQH-GLPHQVLRQDO TXDQWXP VSLQ FKDLQ ZLWK TXDVLSHULRGLFLW\, D VSLQ CDQWRU ODWWLFH, WR 

FODULI\ WKH UHODWLRQ EHWZHHQ FULWLFDO EHKDYLRUV DQG TXDVLSHULRGLFLW\. IQ WKLV PRGHO, VWUHQJWK RI HHLVHQEHUJ -W\SH 

DQWLIHUURPDJQHWLF LQWHUDFWLRQ RQ QHDUHVW-QHLJKERU ERQG LV LQWURGXFHG E\ WKH CDQWRU VHW, ZKLFK KDV D IUDFWDO 

VWUXFWXUH FRUUHVSRQGLQJ WR D TXDVLSHULRGLFLW\. MRUHRYHU, VHOI-VLPLODULW\ LQ WKLV PRGHO FDQ EH XVHG DV D UHDO-VSDFH 

UHQRUPDOL]DWLRQ WR REWDLQ WKH ORZ-HQHUJ\ HIIHFWLYH PRGHO. WH XVH WKLV DGYDQWDJH WR FDOFXODWH FRUUHODWLRQ 

IXQFWLRQV DQG HQWDQJOHPHQW HQWURS\ DW ]HUR WHPSHUDWXUH. AGGLWLRQDOO\, WR VXFFHVVLYHO\ FRQQHFW WKH TXDVLSHULRGLF 

PRGHO ZLWK SHULRGLF RQH, ZH LQWURGXFH D PRGHO SDUDPHWHU, ZKLFK ZH FDOO WKH IUDFWDO VWUHQJWK. IQ  WKLV PRGH, ZH 

KDYH QXPHULFDOO\ FDOFXODWHG ILUVW H[FLWDWLRQ JDS DQG HQWDQJOHPHQW HQWURS\ DQG FODULILHG WKRVH GHSHQGHQFHV RI 

WKH IUDFWDO VWUHQJWK E\ XVLQJ WKH YDULDWLRQDO PDWUL[-SURGXFW VWDWH PHWKRG >4@. 

BDVHG RQ WKHVH DQDO\VHV, ZH KDYH IRXQG D UREXVW TXDQWXP FULWLFDOLW\ LQ WKH VSLQ CDQWRU ODWWLFH. IQ WKH VWURQJ 

OLPLW RI WKH IUDFWDO VWUHQJWK, WKH HQYHORS RI FRUUHODWLRQ IXQFWLRQ GHFUHDVHV LQ D SRZHU ODZ DV WKH FRUUHODWLRQ 
OHQJWK LQFUHDVHV. FXUWKHUPRUH, WKH LQFUHDVH RI HQWDQJOHPHQW HQWURS\ LV LQ SURSRUWLRQDO WR ORJDULWKP RI V\VWHP 

VL]H, ZKLFK LV WKH VDPH EHKDYLRU DV WKH TRPRQDJD-LXWWLQJHU OLTXLG LQ WKH XQLIRUP VSLQ FKDQ. OXU QXPHULFDO 

DQDO\VLV KDV VKRZQ D FRQWLQXRXV FKDQJH RI WKHVH FULWLFDO EHKDYLRUV IRUP WKH TXDVLSHULRGLF PRGHO WR WKH SHULRGLF 

RQH. SLQFH WKHVH EHKDYLRUV DUH UREXVW ZLWK UHVSHFW WR DQ DQLVRWURS\ RI VSLQ LQWHUDFWLRQ DQG ORQJ-UDQJH 

LQWHUDFWLRQV DV FRPSDUHG ZLWK WKH FULWLFDOLW\ LQ WKH XQLIRUP FKDLQ, DQG WKHUHIRUH, ZH FODLP WKDW UREXVWQHVV RI WKH 

TXDQWXP FULWLFDOLW\ LV HQKDQFHG E\ WKH IUDFWDO VWUXFWXUH. OXU PRGHO DQG DQDO\VHV VKRXOG VKRZ DQ LQWXLWLYH SLFWXUH 

WR XQGHUVWDQG WKH RULJLQ RI WKH UREXVW TXDQWXP FULWLFDOLW\ LQ WKH UHDO PDWHULDOV.  
 

RefeUeQceV: 

>1@ K. KDPL\D et al., NDWXUH CRPP. 9, 154 (2018) 

>2@ A. IVKLNDZD et al., PK\V. RHY. B 93, 024416 (2016). 

>3@ K. DHJXFKL et al., NDWXUH MDWHU. 11, 1013 (2011).  

>4@ T. SXJLPRWR DQG T. TRK\DPD, LQ SUHSDUDWLRQ. 
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カントール格子イジングモデルの༙限温ౕでの೦ྙ学とエントロピーਫ਼ 

౨京ཀྵ科学ཀྵ学෨一෨応༽ཀྵ学科 

橋༺一，ੁຌ貴ଉ 

Thermodynamic properties and entropy production on Cantor lattice Ising model 
 

Tokyo University of Science Department of Applied Physics 
Yoichiro Hashizume, Takanori Sugimoto 

 
 ఱ型దにはペンローズ格子がそうであるが，ଡくの準結晶の構ଆのには，フラクタル構ଆを見るこ
とができる．フラクタルのཀྵについての研究は古くからଚ在する．しかし，系そのものがフラクタル構
ଆを持つ場合にどのようなཀྵྖに興ັ深い振るいがみられるのかについてはあまりらかにされて
いない．準結晶はその構ଆそのものにフラクタルがあるため，フラクタルな系の上でのಝదなཀྵ
ྖをらかにすることができれば，準結晶の研究に寄༫することができるものと思われる．そこで，ຌ研
究では，最も基ຌదなカントール格子において，フラクタルをൕ映しうるパラメータを案したい． 
 カントール格子は，3 つのスピンからなる「１େ」と１େ３つがେ間૮互作༽ ߣ で૮互作
༽する「 2େ」が構される．これは，さらに一ൢに「𝑘େ」と𝑘େ 3つがେ間૮互作༽ 
 で૮互作༽する「𝑘ߣ  1େ」を構することで，શ次拡していくことができる．これをໃ限回繰
りศしたものがカントール格子であり，イジング系であればૻ行とಋ༹の๏๑でഓ関਼をಚるこ
とができる． 
 我々は，この格子におけるཀྵద質をべるために，ಚられたഓ関਼から１スピンたりのエン
トロピーと以下にఈ義する「ߣ共ༀྖ（ߣ-conjugate）」をべた．𝑘େのߣ共ༀྖ Λ のఈ義は，𝑘
େの 1スピンたりの自༟エネルギー 𝑓 のߣඏを༽いてなされ，༙限温ౕでのフラクタルを示して
いると考えられる．ಝに， 3 େについてのエントロピーとߣ共ༀྖの૮関をනしたものがਦ 2 であ
る．ਦ 2に示されるように，系のゆらぎに૮するエントロピーがフラクタルにଲ応するߣ共ༀྖにଲ
してඉ自なාを持つことがわかった． 
  

ਦ１：カントール格子の 1େと 2େ ਦ 2：エントロピーとߣ共ༀྖの૮関 
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我䚻䛿䚸準結晶䛾構㐀秩序䛾㧗次元性䛻㛵㐃䛧䛯成㛗機構䛸㧗温域䛻䛚䛡䜛比熱異常䛻

㛵䛩䜛研究䜢㐍䜑䛶䛚䜚䚸本発表䛷䛿䚸現状得䜙䜜䛶䛔䜛研究成果䜢報告䛩䜛䚹 

成㛗機構 

EQJHO 䜙䛾正 20 㠃体準結晶(L-QC)䛾数値䝰䝕䝹>1@䜢用䛔䛶䚸成㛗㐣程䛾分子動力学䝅䝭
䝳䝺䞊䝅䝵䞁䜢行䛳䛶䛔䜛䚹ィ算条件䛿䚸粒子数 60000䚸NVT 䜰䞁䝃䞁䝤䝹䛷䚸温度制御䛿
NRVH-HRRYHU法䜢用䛔䛯䚹T/ TP =0.78, 0.81, 0.84, 0.88, 0.92 (TP:融点)䛾各温度䛷㐣冷却状態
䛛䜙䛾 L-QC 䛾成㛗㐣程䜢ㄪ䜉䛯䚹各瞬㛫䛾構㐀䛻対䛧䛶 SKDVRQ GLVSODFHPHQW𝐰ሺ𝐫ሻ䛚䜘䜃
SKDVRQ IOXFWXDWLRQ〈𝒘𝟐〉 ൌ 〈|𝒘ሺ𝐫ሻ − 〈𝒘ሺ𝐫ሻ〉|𝟐〉䜢ホ価䛧䛯䚹図䠍䛿各温度䛷䛾〈𝒘𝟐〉䛸 L-QC䛾䝃
䜲䝈(L)䛾㛵係䜢示䛩䚹低温䠏䛴䛻䛴䛔䛶䛿〈𝒘𝟐〉䛜 L 䛾増大䛻䛸䜒䛺䛳䛶増大䛧䛶䛔䜛䛾䛻対
䛧䛶䚸㧗温䠎䛴䛷䛿䚸䜋䜌一定値䛸䛺䛳䛶䛔䜛䚹従䛳䛶䚸後者䛷䛿㛗㊥㞳準周期秩序䛾形成䛜

䜏䜙䜜䛶䛔䜛䚹䛣䜜䜙䛾温度䛷䛾成㛗㐣程䛷〈𝒘𝟐〉䛾場所依存性䜢ㄪ䜉䛯䚹䛭䛾結果䚸〈𝒘𝟐〉䛿
L-QC 䛾表㠃㏆傍䛷䛿常䛻大䛝䛟䚸内㒊䛻入䜛䜋䛹小䛥䛟䛺䛳䛶䛔䜛䛣䛸䛜䜟䛛䛳䛯䚹䛣䜜䛿䚸L-
QC表㠃䛻新䛯䛻䛴䛔䛯粒子䛾㓄列䛿 SKDVRQ䛾 GLVRUGHU䜢多䛟含䜏䚸䛭䛾後䚸成㛗䛜㐍䜐䛻
䛴䜜䛶䝞䝹䜽内㒊䛷 SKDVRQ 緩和䛜㉳䛣䜛䛣䛸䜢示䛧䛶䛔䜛䚹結局䚸䛭䛾䜘䛖䛺䝞䝹䜽内㒊䛷䛾
SKDVRQ緩和䛜準結晶䛾㛗㊥㞳準周期秩序形成䛻㔜せ䛺役割䜢果䛯䛩䛣䛸䛜明䜙䛛䛸䛺䛳䛯䚹 

比熱異常 

 AO-CX-RX 正 20 㠃体準結晶 (QC) 䛾䜋䛛䚸比㍑対㇟䛸䛧䛶 1/1 ㏆似結晶 (AP)䚸AO-RX 系䛾
㔠属㛫化合物 AO13RX4 䜢作製䛧䚸示差㉮査熱㔞ィ (DSC) 䜢用䛔䛶定圧比熱䜢測定䛧䛯䚹㧗
温 X 線回折測定䛻䜘䛳䛶算出䛧䛯線熱膨張係数䛸文献値䛾体積弾性率䜢用䛔䛶定圧比熱䛛
䜙変換䛧䛯定積比熱䜢図 1 䛻示䛩䚹QC䛜 DXORQJ-PHWLW䛾値䛛䜙䛿䛪䜜䛯大䛝䛺比熱上昇䜢
示䛧䛶䛔䜛䛣䛸䛜䜟䛛䜛䚹 

ㅰ㎡: 本研究䛿 JSPS科研㈝ JP19H05821䛾助成䜢受䛡䛯䜒䛾䛷䛩䚹 

[1] M.Engel et al., Nat. Mater. 14, 109-116 (2015).  

 
 

 準結晶の成長と比熱におけ䜛高次元性  

東大生産研 枝川圭一 

 
High dimensionality in growth and specific heat of quasicrystals 

IIS, UQiY. Rf TRk\R,  K. EdagaZa  

e-mail: edagawa@iis.u-tokyo.ac.jp 
 

図.1: Phason fluctuation 䛾䝃䜲䝈依存性 図.2: Al-Cu-Ru 系䛾種䚻䛾相䛾比熱測定結果 
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Physical properties of aperiodic crystals and super-space 
 

M. de Boissieu1 
 

1Univ. Grenoble Alpes, CNRS, SIMaP, F-38000, Grenoble, France 
 

Marc.de-boissieu@simap.grenoble-inp.fr 
 

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 Labiba, Daisuke Okuyamaa, Nobuhisa Fujitaa, Tsunetomo Yamadab, 
Satoshi Ohhashia, Taku J. Satoa*, An-Pang Tsaia  
aInstitute 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 < T < 300 K), all the samples follow Curie–Weiss law. The estimated effective moments (ȝeff) 

are close to the calculated value for free RE3+. The Weiss temperature (ߠ୵ ) 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 (Tf) appear to roughly follow the de Gennes scaling. 

Interestingly, the Tf values show increasing trend from iQC to 2/1 and 1/1 ACs in each Cd-Mg-RE 

systems. In contrast, |ߠ୵ | 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 |ߠ୵/ ܶ|, 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 Cd65+xMg20-xTb15 (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 Förster, Sebastian Schenk, Eva Zollner, Wolf Widdra # 

 
Institute of Physics, Martin-Luther-Universität 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. Förster, 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. Gähler in Quasicrystalline materials, C. Janot ed. (World Scientific, 
Singapore, 1988) p. 272. 
[3] S. Förster et al., Phys. Rev. Lett. 117, 095501 (2016). 
[4] S. Schenk et al., J. Phys. Cond. Matter 29, 134002 (2017). 
[5] S. Förster et al., physica status solidi (b) 1900624 (2019). 
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�HĜ*mĜA`系近似結晶の௺電ற性
新ຬ域，ඐ原功一，村薫

h?2`KQ2H2+i`B+ S`QT2`iB2b Q7 �HĜ*mĜA` Zm�bB+`vbi�HHBM2
�TT`QtBK�Mi

:a6a lhQFvQ- EQB+?B EBi�?�`�#- E�Q`m EBKm`�
#2@K�BH, FBi�?�`�!T?vbXKKXiXm@iQFvQX�+XDT

h?2 i?2`KQ2H2+i`B+ T`QT2`iB2b Ui?2 2H2+i`B+�H +QM/m+iBpBiv �- i?2 a22#2+F +Q2{@
+B2Mi S �M/ i?2 i?2`K�H +QM/m+iBpBiv V �`2 i?2 KQbi #�bB+ i`�MbTQ`i T`QT2`iB2b
BM bQHB/bX hQ mM/2`bi�M/ i?2 i?2`KQ2H2+i`B+ T`QT2`iB2b Q7 [m�bB+`vbi�HHBM2 �T@
T`QtBK�Mib Bb i?2 }`bi bi2T iQ mM/2`bi�M/ i`�MbTQ`i T`QT2`iB2b Q7 ?vT2`K�i2`B�HbX
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希土㢮䜢含䜐䛣䛸䛜䛷䛝䜛 TVai 型㏆似⤖晶䞉準⤖晶䛻䛚䛔䛶䚸䛭䛾準周期性䛸㟁子相㛵䛻
⯆味䛜持䛯䜜䚸Ce,Yb 䛺䛹䜢用䛔䛯強相㛵㟁子⣔䛜㏆年⢭力的䛻研究䛥䜜䛶䛔䜛䚹特䛻 AX-
Al-Yb ⣔準⤖晶䛻䛚䛔䛶䚸価数揺䜙䛞䛻䜘䜛䜒䛾䛸䜏䜙䜜䜛㔞子⮫界現㇟䛜ほ測䛥䜜䛯䛣䛸䛿
大䛝䛺注目䜢㞟䜑䛶䛚䜚[1,2]䚸䛭䛾㉳源䛸準周期性䛾㛵係䛻強䛔㛵心䛜持䛯䜜䛶䛔䜛䚹 
䛣䛖䛧䛯中䚸Ce䜢用䛔䛯㏆似⤖晶䞉準⤖晶䛻䛴䛔䛶䜒 Ag-In-Ce⣔ 1/1㏆似⤖晶䛻䛚䛔䛶䚸

基底状態䛿䝇䝢䞁䜾䝷䝇䛸䛺䜛䜒䛾䛾䚸䛚䜘䛭 6 J mol/K2䛸㠀常䛻大䛝䛺比熱䛜確ㄆ䛥䜜䛯[3]䚹
䛣䜜䜢受䛡䚸AX-Ga-Ce ⣔ 1/1 ㏆似⤖晶䛾作〇䜢⾜䛳䛯䚹⣔䛿広䛔単相㡿域䜢持䛴䛣䛸䛜確
ㄆ䛥䜜䛯䜒䛾䛾䚸磁化率䛛䜙ぢ積䜒䜙䜜䛯有効磁気䝰䞊䝯䞁䝖䚸䝽䜲䝇温度䛜 AX/Ga 比䜔䚸
Ce/(AX,Ga)比䛾変化䛻対䛧影㡪䜢受䛡䜛䛻䜒㛵䜟䜙䛪䚸䛭䛾比熱䛾温度依存性䛿⤌成䛻全䛟
変化䛧䛺䛔䛣䛸䛜明䜙䛛䛸䛺䛳䛯䚹䛥䜙䛻䚸䛣䛾比熱䛾温度依存性䛿先⾜研究䛷䛒䜛 Ag-In-Ce
⣔ 1/1 ㏆似⤖晶䛸䜋䜌一⮴䛧䛯[4-7]䚹広䛔単相㡿域䜢持䛴䛣䛸䛿䝃䜲䝖㛫䛾元⣲⨨換䜢チ容
䛧䛖䜛䛣䛸䜢示䛩䛯䜑䚸䛣䛖䛧䛯䝇䝢䞁䜾䝷䝇的䛺振䜛⯙䛔䛿⣔䛾化学的乱䜜䛻㉳因䛩䜛䜒䛾䛸

⪃䛘䜙䜜䜛䚹 
䛭䛾䛯䜑我䚻䛿新つ䛻 AX-Ga-Ce ⣔䛚䜘䜃 AX-In-Ce ⣔䛾作〇䜢⾜䛳䛯䚹䛣䜜䜙⣔䛿 AX-

Ga-Ce ⣔䛸比㍑䛧䛶狭䛔単相㡿域䜢持䛴䚹䜎䛯䚸磁化測定䜘䜚 2-300 K 䛾温度⠊囲䛻䛶⣔䛿
磁気㌿移䜢示䛥䛺䛔䛣䛸䛜明䜙䛛䛸䛺䛳䛯䚹今回䛾発⾲䛷䛿䚸䛭䛾作〇䛸磁化測定䛾⤖果䛻䛴

䛔䛶䚸䜘䜚ヲ⣽䛺報告䜢⾜䛖䚹 
 

ㅰ㎡: 本研究䛿 JSPS科研㈝ JP 19H05818, 19K14663䛾助成䜢受䛡䛯䜒䛾䛷䛩䚹䜎䛯䚸一㒊
磁化測定䛻㛵䛧䛶䚸東京理科大学基礎工学㒊㟁子応用工学科䛾常盤和㟹教授䛻⨨䜢䛚

借䜚䛔䛯䛧䜎䛧䛯䚹深䛟感ㅰ申䛧上䛢䜎䛩䚹 

 

[1] K. Deguchi et al., Nature Mat., 11 (2012) 1013. 
[2] S. Watanabe et al., J. of Phys. Soc. of Jpn., 82 (2012) 083704. 
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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.[1,2] 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 
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Fig.1: Cluster shells of Tsai and Pseudo Tsai clusters. 

Tsai cluster 

Pseudo Tsai cluster 
RE 
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The reliable structural model on ȕ-rhombohedral boron (hereafter, ȕ-B) is proposed by Slack eW 
aO., in1988. The main structure is explained by the B12 icosahedral cluster located on the 
vertexes and on the edge center of the rhombohedral unit cell, and two B28 clusters consist of 3-
fold trios of B12 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 eW aO. solved this inconsistency by considering 
partially vacant B13 site with about 75 % site occupancy and interstitial B16䠉B20 site with 
small site occupancy ranging from 3 to 27 %. Thus, actual structural formula of ȕ-B should 
become B106.6

[1]. This means that ȕ-B have the structural complexity as well as aPbigXiW\. 
Hoffmann and Werheit suggested that the possibility of a structural transition near 550 K[2]. 

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 ȕ-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. 

Considering with the temperature 
dependence of B12 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 
will discuss more detailed mechanism 
on this structural change of ȕ-B 
originating from structural aPbigXiW\. 
References: 1) G. A. Slack eW aO., J. SROid SWaWe CheP., 76 (1988) 52.    

        2) S. Hoffmann and H. Werheit, SROid SWaWe ScieQceV 14 (2012) 1572. 
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Figure 1: Crystal structure of ȕ-B[1] 
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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 Al73Co15Ni12 (Co-rich) and Al72Co9Ni19 (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 Al72Co9Ni19 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 
Al72Co9Ni19.  
 

 

 

 

 

 

 

 

 

 

[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. 

Fig.2: 3D-reconstruction from Ni 
holograms of an approximant structure 
obtained by ab-initio MD.[2] 

Fig.1: Experimental data for a Ni KĮ 
fluorescence hologram for the 
Al72Co9Ni19 quasicrystal. 
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(a) (b) pseudo 5f-axis

FIG. 7. (a) Magnetic structure proposed in the present study. The spin configuration of the domain 1 is illustrated on the
icosahedral spin cluster at the body center position. (b) Magnified view of the single cluster with the emphasis on the three
rectangular planes on which the spins have uncompensated ferromagnetic components. Each rectangular unit has net moment
along the crystallographic a-, b- or c-axis, resulting in the net ferromagnetic moment of the icosahedral cluster along the [111]
direction for this domain. One of the (pseudo) 5f -axis is depicted by the dashed lines. It may be noted that all the axes from
the center of the (pseudo) icosahedron to the vertices are (pseudo) 5f -axes.

TABLE III. Refined parameters for the magnetic structure
at T = 5 K. Number of magnetic Bragg reflections used in
the refinement was 100 (I > 2σ), whereas number of refined
parameters was 8. The conventional R-factor is R = 0.049,
whereas weighted χ2 = 0.26.

Parameter Refined value

Moment size 6.9 (µB)

Domain 1 population 0.22(4)

Domain 2 population 0.30(4)

Domain 3 population 0.24(4)

Domain 4 population 0.24

Coefficient for IR7:1 6.67(11) (µB)

Coefficient for IR7:2 -2.63(34) (µB)

Coefficient for IR7:3 0.84(25) (µB)

Coefficient for IR7:4 -0.19(68) (µB)

Coefficient for IR7:5 0.44(19) (µB)

dered magnetic moment being in the local mirror plane at
the Tb3+ sites. Hence, we can conclude that the ordered
magnetic moments are dominantly in the local mirror
plane.

The refined magnetic structure in one icosahedral clus-
ter at the body-center position is illustrated in Fig. 7.
As noted above, the dominant components of the or-
dered moments are in the local mirror planes, which is
depicted by the semi-transparent rectangular planes in
the figure. Ordered moment direction is tilted from the
crystallographic axis (either !a,!b, or !c, depending on the
Tb3+ site) due to the finite !Ψ7,2 component, and tilt-
ing angle is estimated as ∼ 22◦ from the corresponding
(nearest) crystallographic axis. Or, if we measure the
angle between the moment direction and the pseudo 5f -
axis, which is the axis passing through the origin and the
Tb3+ site, then the moment direction is approximately
80 degrees away from the axis. Hence, we can conclude
that the moment direction is nearly perpendicular to the
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1984年䛻準結晶が発見さ䜜䛶以来[1]、原子が準周期配列し䛯結晶䛻おい䛶長距離磁気秩

序䛿実現しう䜛䛾か䛸いう問題䛻対し䛶大き䛺関心が寄䛫䜙䜜䛶き䛯。中䛷䜒 Tsai型準結晶䛿
多重殻構造䜢有䛩䜛正 20面体䜽䝷䝇䝍䞊䜢局所構造䛻持䛱、䝇䝢䞁が正 20面体上䛻局在䛩
䜛䛸いう構造的特徴䜢持䛴こ䛸か䜙積極的䛻磁性研究が行䜟䜜䛶き䛯が、未䛰長距離磁気秩

序䛾発現䛿報告さ䜜䛶い䛺い。一方、準結晶䛸同䛨局所構造䜢持䛴近似結晶䛻おい䛶䛿

Cd6Tb 1/1近似結晶䛷反強磁性[2]が、Au-SM-Gd (SM = Si, Ge,Sn) 1/1近似結晶䛻おい䛶䛿
強磁性[3,4]が䛭䜜䛮䜜報告さ䜜長距離磁気秩序䛾存在が明䜙か䛸䛺䛳䛶お䜚、さ䜙䛻 Au-Al-
Gd 1/1近似結晶䛻おい䛶䛿 Au濃度䛾増加䛻伴い、䝇䝢䞁䜾䝷䝇か䜙強磁性䛭し䛶反強磁性
䜈䛸磁性が変化䛩䜛[5,6]こ䛸か䜙発現䛩䜛磁性䜢制御䛩䜛こ䛸䜒可能䛻䛺䜚䛴䛴あ䜛。䜎䛯、近

年䛷䛿高次䛾近似結晶䛷あ䜛、Au-Ga-Eu 2/1近似結晶䛻おい䛶䜒反強磁性が実現し[7]、準

結晶䛻おけ䜛長距離磁気秩序䛾発現䜒期待さ䜜䜛。本研究会䛷䛿こ䜜䜎䛷田村研䛷行䜟䜜

䛶き䛯 Au-SM-RE(SM = Al, Ga,  RE = Eu,Gd,Tb)䛻おけ䜛磁性研究䛾結果䜢報告し䛯後、最
近発見さ䜜䛯 Au-Cu-Al-In-Gd 2/1近似結晶䛾磁性䛻䛴い䛶併䛫䛶報告䛩䜛。 

 

謝辞: 本研究䛿 JSPS科研費/ JP 19H05818䛾助成䜢受け䛯䜒䛾䛷䛩 
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  ㏆年䠈振動型䛾中心力相互作用䜢䜒䛴単成分粒子系䛾分子動力学䝅䝭䝳䝺䞊䝅䝵䞁䛻䛚

䛔䛶䠈体心型正 20㠃体準結晶䛾形成䛜報告䛥䜜䛯[1, 2]䠊本研究䛾目的䛿䠈䛣䜜䜙䛾仮想的
䛺準結晶構㐀䛒䜛䛔䛿䛭䛾安定化䝯䜹䝙䝈䝮䜢㆟ㄽ䛩䜛土台䛸䛺䜛理ㄽ模型䛸䛧䛶䠈䛣䜜䜙䛻

対応䛩䜛体心型正 20㠃体準格子䜢構成䛩䜛䛣䛸䛷䛒䜛䠊䛧䛛䛧䠈単純型䜔㠃心型䛾正 20㠃
体準格子䛜合㔠系正 20㠃体準結晶䛾構㐀䛾理ㄽ模型䛸䛧䛶㛗年研究䛥䜜䛶䛝䛯䛾䛸䛿対照
的䛻䠈体心型正 20㠃体準格子䛻䛴䛔䛶䛿理ㄽ的䛺研究䛜殆䛹⾜䜟䜜䛶䛣䛺䛛䛳䛯䠊 
  体心型正 20㠃体準格子䛿䠈6次元䛾体心型正 20㠃体格子上䛻原子⾲㠃䠄atomic surface䠅
䜢周期的䛻㓄⨨䛧䠈 3 次元物理空㛫䛷切䜚出䛧䛯断㠃䛸䛧䛶与䛘䜙䜜䜛䠊但䛧䠈原子⾲㠃䛾形
状䛿㠀一意䛷䛒䜛䛯䜑䠈何䜙䛛䛾方法䛷演⧢的䛻決定䛩䜛必せ䛜䛒䜛䠊以下䛷䛿䠈⮬然䛺制

約条件䛸䛧䛶䠈原子⾲㠃䛿完全䛺正 20㠃体対称性䜢有䛩䜛単㐃結䛺多㠃体䠄㠀凸䛷䜒Ⰻ䛔䠅
䛷䛒䜛䛸仮定䛩䜛䠊䛭䛾上䛷䠈準格子定数䜢㛗䛥䛾単位䛸䛧䛯䛸䛝䛻䠈与䛘䜙䜜䛯最小格子点

㛫㊥㞳䠄dmin䠅䛻対䛧䛶原子⾲㠃䛾体積䠄䌱格子点密度䠅䛜最大䛸䛺䜛原子⾲㠃䜢決定䛧䛯䠊 
  図(a)䛚䜘䜃(b)䛻䛭䜜䛮䜜 dmin = 1.126䠄// 3回㍈䠅䛚䜘䜃 1.236䠄// 5回㍈䠅䛻対䛧䛶決定䛥䜜
䛯原子⾲㠃䜢示䛩䠊䛣䜜䜙䛻䜘䜚生成䛥䜜䜛体心型正 20㠃体準格子䛾全格子点䛻直径䛜 dmin

䛾剛体球䜢㓄⨨䛩䜛䛸䠈体積充填率䠄 f 䠅䛿䛭䜜䛮䜜 f = 0.3538䛚䜘䜃 0.2672䛸䛺䜛䠊䛣䜜䜙䛾
値䛿䠈同様䛾方法䛷構成䛥䜜䛯単純型正 20 㠃体準格子䛾体積充填率䠄f = 0.5535 䛚䜘䜃
0.6281; 図(c) [3]䛚䜘䜃(d) [4]参照䠅䛾半分程度䛧䛛䛺䛔䠊䜎䛯䠈㓄位数ゎ析䛻䜘䜚䠈䛣䜜䜙䛾体
心型準格子䛜䛭䜜䛮䜜 0䡚9 㓄位䛚䜘䜃 0䡚3 㓄位䛾低㓄位䝛䝑䝖䝽䞊䜽䛷䛒䜛䛣䛸䜒分䛛䛳
䛯䠊分子動力学䝅䝭䝳䝺䞊䝅䝵䞁䛻䜘䜚ほ察䛥䜜䜛体心型準結晶䛿䠈相互作用䝟䝷䝯䝍䜢変化䛥

䛫䜛䛸格子点密度䜢㐃⥆的䛻変化䛥䛫䜙䜜䜛䠄低密度䡚㧗密度䠅䛣䛸䛜知䜙䜜䛶䛔䜛[1]䠊dmin = 
1.126䛻対䛩䜛準格子䛿㧗密度型䛻対応䛩䜛䛜䠈dmin = 1.236䛻対䛩䜛準格子䛿低密度型䜘䜚
䜒䛥䜙䛻格子点密度䛜小䛥䛔䠊一方䠈二種㢮䛾体心型準格子䜢㐃⥆的䛻䛴䛺䛠準格子䛾䠍䝟

䝷䝯䝍族䜢構成䛩䜜䜀䝅䝭䝳䝺䞊䝖䛥䜜䛯構㐀族䛜䜹䝞䞊䛷䛝䜛䛸期待䛥䜜䜛䠊 

 
ㅰ㎡: 本研究䛿 JSPS科研㈝ JP19H05819䛾助成䜢受䛡䛯䜒䛾䛷䛩䚹 

[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). 

 䝝イ䝟䞊䝬䝔䝸ア䝹における原子結合網と空間充填  

東北大学多元物㉁科学研究所     ⸨田伸尚# 

 
Atomic nets and packings in hypermaterials 

IMRAM TRhRNX UQiY.      NRbXhiVa FXjiWa# 
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䠏ḟඖ≀㉁䛷䛿ㄽ䛾䚸㧗ḟඖ≀㉁䛷䛒䛳䛶䜒䚸䛭䛾⤖ᬗᵓ㐀䛾ヲ⣽䛜↓䛔䛸≀ᛶⓎ⌧

ᶵᵓ䛾ゎ᫂䜢᥎䛧㔞䜛䛿㞴䛧䛔䚹㏆ᖺ䚸᳨ฟჾ䛾㧗ຠ⋡䛻క䛔䚸༢⤖ᬗᅇᢡ⨨䛻䛚

䛔䛶せồ䛥䜜䜛⤖ᬗヨᩱ䛾䛝䛥䛿䚸㐣ཤ䛸ẚ䜉䛶䠍᱆ᑠ䛥䛟䛶䜒䠄↓ᶵ≀䞉㔠ᒓ⣔䛷యᩘ

༑䝭䜽䝻䞁䠅䚸ᵓ㐀ゎᯒ䛜ྍ⬟䛸ᡂ䛳䛶᮶䛶䛔䜛䚹䛧䛛䛧䚸⨨䛾⡆౽ᛶ䚸ᐇ㦂⮬య䛾ᐜ᫆ᛶ䛺

䛹䛾ほⅬ䛛䜙䚸⌧ᅾ䛻䛚䛔䛶䜒⢊ᮎᅇᢡ䝕䞊䝍䠇Rietveldἲ䜢⏝䛔䛯ᵓ㐀ゎᯒᡭἲ䛜ᖜᗈ䛔
ศ㔝䛻䛚䛔䛶⏝䛔䜙䜜䛶䛔䜛䚹䛣䛾ᡭἲ䛿ヨᩱస〇䛻䛚䛔䛶༢⤖ᬗ䜢⫱ᡂ䛩䜛ᚲせ䛜↓䛟䚸

䝕䞊䝍㞟ἲ䜒⡆౽䛷䛿䛒䜛䛜䚸䛭䛾᪉䚸⢊ᮎᅇᢡἲ䛿ᮏ᮶䠏ḟඖ䛻ศᕸ䛧䛯ᅇᢡⅬ䜢䚸䠍

ḟඖ䛻␚䜏㎸䜣䛰䝕䞊䝍䛧䛛㞟䛷䛝䛺䛔䛜ᨾ䛻䚸ᵓ㐀ゎᯒ䛻⏝䛔䜛䝕䞊䝍䛾ಙ㢗ᛶ䛜༢

⤖ᬗἲ䛸ẚ䜉䛶᱁ẁ䛻ⴠ䛱䜛䛻ὀព䛜ᚲせ䛷䛒䜛䚹ຍ䛘䛶䚸Rietveld ἲ䛿ึᮇᵓ㐀䝰䝕䝹
䜢ᇶ䛻䛧䛯ᅇᢡ䝟䝍䞊䞁䞉䝣䜱䝑䝖ἲ䛷䛒䜚䚸䝣䜱䝑䝖䜢⾜䛖䝟䝷䝯䞊䝍䞊ᩘ䛜㠀ᖖ䛻ከ䛔䛾䛷䚸᭱

⤊⤖ᯝ䛻䛿ᵓ㐀䝰䝕䝹౫Ꮡᛶ䚸ゎᯒᡭ㡰䛾᪉ἲ౫Ꮡᛶ䛜㠀ᖖ䛻䛝䛔䚹䛭䛾ୖ䚸๓㏙䛾ዴ

䛟䚸䠍ḟඖ䛻␚䜏㎸䜎䜜䛯䝕䞊䝍䛷᭷䜛䛜ᨾ䛻䚸ᑐ⛠ᛶ䠄≉䛻ᑐ⛠ᚰ䛾᭷↓ุᐃ䛺䛹䠅䛾Ỵᐃ

䛻䛿ከ䛺䜛ᅔ㞴䛥䛜⏕䛨䜛䚹 
䛭䛾ᐇ㦂ᡭἲ䛾⡆౽䛥䛛䜙䚸⢊ᮎἲ䛷䛒䜛䛜ᨾ䛾ప⢭ᗘ䛾䝕䞊䝍䜢ᇶ䛻⤖ᬗᵓ㐀ゎᯒ䛜

ᖜᗈ䛔ศ㔝䛻䛚䛔䛶䛺䛥䜜䛶᮶䛶䛔䜛ヂ䛷䛒䜛䛜䚸⌧ᅾ䛻䛚䛔䛶䜒䚸௨ୗ䛻♧䛩ᵝ䛺ၥ㢟Ⅼ

䜢᭷䛩䜛⤖ᯝ䛜බ⾲䛥䜜䛶䛔䜛䚹 
䠍䠊 㠀⌧ᐇⓗ䛺᱁Ꮚᐃᩘ䚸 ᗘᅉᏊ䚸⤖ྜ㛗䞉ゅ䛺䛹 
䠎䠊 ⏝ព䛻ᅛᐃ䛥䜜䛯䝟䝷䝯䞊䝍䞊䠄ཎᏊ⨨䚸ᖍ༨᭷⋡䚸 ᗘᅉᏊ䛺䛹䠅 
䛣䜜䜙䛿ᮏ᮶䚸Rietveld ἲ䛜䝰䝕䝹౫Ꮡ䛷䛒䜛Ⅼ䜢㚷䜏䜛䛸䚸ᮏ᮶䛾ᵓ㐀䛸䛿␗䛺䜛䝰䝕䝹

䛷䜒ᡈ䜛⛬ᗘ䝣䜱䝑䝖ฟ᮶䛶䛧䜎䛖༴㝤ᛶ䠄ึᮇᵓ㐀䝰䝕䝹䛜ㄗ䛳䛶䛔䜛䚸ഇ䛾ゎ䛻ⴠ䛱㎸䜣

䛷䛔䜛䠅䜢⛎䜑䛶䛔䜛䜢♧၀䛧䛶䛔䜛䚹 
䛭䛣䛷䚸ᡃ䚻䛿䚸䛭䛾ၥ㢟Ⅼ䜢ᑡ䛧䛷䜒ῶ䛨䜛䠍䛴᪉ἲ䛸䛧䛶䚸䝧䜲䝈ⓗ᭱㐺䝟䝑䜿䞊䝆

COMBO 䜢 Rietveld ἲ䛻㐺⏝䛧䚸ከᩘ᭷䜛䝣䜱䝑䝖㛵ᩘ䛸ྛኚື䝟䝷䝯䞊䝍䞊䛾┦㛵䜢ぢ䛺䛜
䜙䚸ྛ䝟䝷䝯䞊䝍䞊䠄ྵ䜐㛵ᩘᙧ䠅䛾᭱㐺ゎ䜢ᑟ䛝ฟ䛩᪉ἲ䜢ᥦ䛩䜛䚹 

 

ㅰ㎡: ᮏ◊✲䛿 JSPS⛉◊㈝ 19H05819䛾ຓᡂ䜢ཷ䛡䛯䜒䛾䛷䛒䜛䚹 
 

 COMBO䜢⏝䛧䛯⤒㦂ⓗ䝸䞊䝖䝧䝹䝖ゎᯒἲ  

RIKENA, ᮾ B, NIMSC , 㝮⏣┿ே A, B䚸⏣ᮧு B, C䚸ὠ⏣ᏹ A, B, C䚸ᘅᡞᏕಙ C䚸ᯇୗ⬟Ꮥ C 

 
Empirical Rietveld analysis using COMBO 
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ブ䝷ッグコヒ䞊䝺䞁ト X線回折イ䝯䞊ジ䞁グ(BCDI)は、コヒ䞊䝺䞁ト X線によるブ䝷ッグ回折で
観察されるスペック䝹パタ䞊䞁を取得し、これを位相回復計算によって実像を得る手法である。

位相回復計算で X線の結像光学系による制限を回避することにより、実効的に高 NAの光学
系を組み、高分解能観察を実現できる。且つ、X線の透過力を活かして、物体内部までの 3次
元観察を可能とするものである。また、小角領域のコヒ䞊䝺䞁ト X 線回折イ䝯䞊ジ䞁グと比較し
て、BCDI は原子配列に関するコ䞁ト䝷ストが得られる利点があり、観察対象内部のド䝯イ䞁構
造、内部歪の観察が可能となる。実際、我々は大型放射光施設 SPUiQg-8のBL22XUでBCDI
のセットアップを構築し、誘電体ナノ粒子の観察などを行っている[1]。 
本プ䝻ジェクトでは、準結晶および近似結晶について、䝭ク䝻と䝬ク䝻の間である䝯ゾスケ䞊

䝹の構造観察手段として BCDI法を利用し、相転移などに伴う䝯ゾスケ䞊䝹構造の変化を明ら
かにすることなどを予定している。現状のセットアップで、10 QPの空間分解能での観察が可能
であるが、例えば、Cd-Yb準結晶の Ĳ3-iQÀaWed cOXVWeUの半径が 12 QP程度であり[2]、それ以
上のスケ䞊䝹に適用可能である。 
現在、BCDI測定環境整備をさらに進めているところであり、最近では、BCDI測定の対象
となる䝭ク䝻䞁程度以下の微小粒径試料の取扱い環境整備として、高分解能光学顕微鏡を

導入した。これにより、観察微小粒径試料の特定䞉追跡が可能となるほか、OFF OiQe での試
料調整の大幅効率化が見込まれる。また、BCDI 測定と相補的な利用が想定される結像光
学系を用いたイ䝯䞊ジ䞁グのテストも併せて行った。空間分解能は 200 QP程度であるものの、
BCDI のように試料サイズの制限がなく、また、䝸ア䝹タイ䝮のイ䝯䞊ジ䞁グが可能である。研
究会では、これら現状の整備状況について紹介する。 

 

謝辞: 本研究は JSPS 科研費 JP19H05819 の助成を受けたものです。また、量研の大和田謙
二氏䠈町田晃彦氏䠈菅原健人氏䠈上野哲朗氏䠈河野秀俊氏䠈広島大学の安部友啓氏䠈黒岩

芳弘氏䠈山梨大学の上野慎太郎氏䠈藤井一郎氏䠈和田智志氏の協力のもと実施しています。 

 

[1] K. Ohwada et. al. JJAP 58, SLLA05 (2019). 
[2] H. Takakura et al., Nature Materials, 6, 58 (2006). 

 䝤䝷ッグコ䝠䞊䝺䞁ト X線回折イ䝯䞊ジ䞁グ技術開発の現状  
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本新学術㡿域研究䛷䛿䚸準結晶䛻䛚䛡䜛䝇䝢䞁䛚䜘䜃格子䝎䜲䝘䝭䜽䝇䛾測定䜢担当䛧䛶

䛔䜛䚹準結晶䛾䝣䜷䝜䞁䜔䝣䜵䜲䝌䞁䛾研究䛿 1990 年代初㢌䛛䜙盛䜣䛻行䜟䜜䚸周期的䛺物

㉁䛸同様䛾明瞭䛺㡢㡪䝣䜷䝜䞁䜔光学䝣䜷䝜䞁䛜観測䛥䜜䛶䛝䛯䚹準結晶䛻特徴的䛺性㉁䛸䛧

䛶擬䜼䝱䝑䝥構㐀䛜予想䛥䜜䛶䛔䛯䛜䚸2000 年代䛻䛿実㦂的䛻䜒擬䜼䝱䝑䝥䛜観測䛥䜜䚸䛭

䛾大䛝䛥䛿擬䝤䝸䝹䜰䞁䝌䞊䞁境界䛾位置䛻依存䛩䜛䛣䛸䛜知䜙䜜䛶䛔䜛[1]䚹䛯䛰䛧䚸観測䛥

䜜䛯擬䜼䝱䝑䝥䛿㡢㡪䝣䜷䝜䞁䛸光学䝣䜷䝜䞁㛫䛾䜼䝱䝑䝥䛷䛒䜚䚸理論的䛻予測䛥䜜䛯特異㐃

続䚸Spiky 䛺状態密度䛿観測䛥䜜䛶䛔䛺䛔䚹本研究䛷䛿䛣䜜䜎䛷䛾中性分光器䛸比䜉䛶桁㐪

䛔䛻 S/N 比䛜㧗䛟䠄>105䠅, 㧗䜶䝛䝹䜼䞊分解能䠄~PeV䠅䛷幅広䛔䝎䜲䝘䝭䝑䜽䝺䞁䝆䠄䡚meV䠅

䜢測定䛷䛝䜛中性子背㠃反射装置DNA䜢用䛔䛶䚸準結晶Al-Pd-Mn䛾䝣䜷䝜䞁䛻䛚䛡䜛特異

㐃続構㐀䛾測定䜢目指䛧䛶䛔䜛䚹A04 班䛾枝川教授䛻試料䜢合成䛧䛶㡬䛝䚸1 月䛻試㦂測定

䜢行䛳䛯所䚸㡢㡪䝣䜷䝜䞁䛾䜏䛾䜶䝛䝹䜼䞊㡿域䛻幾䛴䛛䛾 dip構㐀䜢観測䛧䛯䠄図 1䠅䚹発表

䛷䛿䛣䛾 Al-Pd-Mn䝣䜷䝜䞁試㦂測定䛾結果䜢紹介䛩䜛䚹 

Al-Pd-Mn 䛾特異㐃続構㐀䛾探索䛻加䛘䛶䚸本研究䛷䛿䚸A01 班䚸A02 班䚸A04 班䛾協力

䜢仰䛞䚸䝯䝌䝇䝁䝢䝑䜽䝇䜿䞊䝹䛻䛚䛡䜛䝣䜵䜲䝌䞁䛾探索䜔䚸㔞子臨界䜢示䛩 Au-Al-Yb 䛾䝇

䝢䞁揺䜙䛞䚸㛗㊥㞳磁気秩序䜢示䛩 Au-Al-Tb 䛺䛹䛾中性子散乱䜔䚸Al-Cu-Ru䛾 X線㠀弾

性散乱䜢検討䛧䛶䛚䜚䚸䛣䜜䜙今後䛾計画䛻䛴䛔䛶紹介䛧䛶䚸意見䜢㡬䛝䛯䛔䚹 

 

ㅰ㎡: 本研究䛿 JSPS科研㈝ JP19H05819 䛾助成䜢受䛡䛯䜒䛾䛷䛩䚹 

[1] Marc de Boissieu et al., Nature Materials 12 (2007) 977. 
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Summary of previous studies and future plan of spin and lattice dynamics in 
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図.1: 中性子散乱䛷測定䛧䛯 Al-Pd-Mn準結晶䛾

室温䛻䛚䛡䜛䝣䜷䝜䞁状態密度䚹矢印䛷示䛧䛯

䜶䝛䝹䜼䞊䛾状態密度䛜落䛱㎸䜣䛷䛔䜛䚹 
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準結晶は縮退半導体的な電子物性を持ち䠈熱伝導率が小さ

いことから䠈熱電材料への応用が期待された䠊しかし䠈フェ䝹䝭エ

ネ䝹ギ䞊近傍に十分な大きさのバ䞁ドギ䝱ップ(ボ䝹ツ䝬䞁定数
を kB䠈絶対温度を Tとして 6kBT以上が望ましいとされる)を持たな
いため䠈ゼ䞊ベック係数が小さいという弱点がある䠊熱電性能を

高めるためには準結晶半導体の創製が必須であり䠈これが存在

するかどうかは固体物理学における基礎的な問題の一つとなっ

ている䠊これまでに我々は準結晶半導体の探索に先駆けて䠈準

結晶と同一のク䝷スタ䞊を有し䠈それが周期的に配列した近似結

晶において半導体の探索を試みてきた䠊2019年䠈IZDVDNLらは初
めてAO系 1/0近似結晶で半導体を発見した>1@が䠈より高次の 1/1
近似結晶で実験的に半導体はまだ見つかっていない䠊AOPGCR
系 1/1近似結晶(F相)の実験で得られた構造を単純化した有効
䝰デ䝹䠄図 1䠅がバ䞁ドギ䝱ップを持つことは先行研究の計算によ
り示されている>3@. そこで本研究では䠈組成を系統的に変化させ
たF相の単相試料を作製し䠈物性を測定することで䠈実際にF相
が半導体となるか検証することを目的とした. 
先行研究によれば䠈940ႏにおいて AO72PG10CR18付近の組成で F相が存在する>4@䠊本実験
では䠈その付近の組成で AO䠈PG䠈CR 粉末を混合䞉圧粉したぺ䝺ットをア䞊ク溶解することによ
って作製した母合金をAU雰囲気において 950ႏで 48 K以上保持したのち䠈冷水で急冷した䠊
その後エネ䝹ギ䞊分散型䠴線分光分析装置を搭載した走査型電子顕微鏡(6EM±ED;)と ;
線回折法(;RD)を用いて䠈試料の相同定を行った䠊得られた F 相の単相試料䠈F 相と類似の
結晶構造を持つ隣接相である 8相の単相試料䠈F相と 8相の複相試料について䠈熱電物性
値(電気伝導率 ı, S, ț)を測定し䠈無次元性能指数 ZT=S2ıTț-1を評価した䠊また䠈基礎物性値

として䠈かさ密度䠈音速、分析組成䠈格子定数を測定した䠊 
単相試料(F 相)と複相試料(F+8 相)でともに䠈ı は温度上昇に伴い単調増加する傾向を示
した䠊また䠈S の絶対値は䠈温度上昇に伴い単調減少する傾向を示した䠊これらの結果から䠈F
相の電子構造は単純な金属的ではなく䠈深い擬ギ䝱ップを持つことが示唆された䠊 
謝辞: 本研究は JSPS科研費 JP19H05818の助成を受けたものです. 
参考文献� >1@ <XWDND IZDVDNL et al., PK\V. RHY. MDWHULDOV 3, 061601(R) (2019). >2@ K. 6XJL\DPD 
et al., AFWD PK\VLFD PRORQLFD, A 126 588 (2014). >3@ M. KUDMþt DQG J. HDIQHU, PK\V. RHY. B 6�, 
165202 (2003). >4@ M. <XUHFKNR et al., CKHPIQIRUP 33 (2010). 

 Al-Pd-Co系 1/1㏆似結晶(半導体候補物質)䛾熱㟁特性解明  

東大工, 東大新領域 A, 樫村 知之, 岩﨑 祐昂 A, 北原 功一 A, 木村 薫 A 

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

(Candidate of Semiconductor) 
Department of Materials Engineering UniY. of Tok\o, Department of AdYanced Materials Science UniY. of 

Tok\oA, Tomo\uki Kashimura#, Yutaka IZasakiA, Koichi KitaharaiA, Kaoru KimuraA 
#e-mail: kashimura@phys.mm.t.u-tokyo.ac.jp 
 

図䠍 AlPdCo系 1/1近似
結晶(F相)の結晶構造[2]
とそれを単純化した有効
䝰デ䝹[3] 
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第一原理計算による Al-Zn-Mg近似結晶の電子状態

-1/1近似結晶と 2/1近似結晶の比較
新潟大院自然,　新潟大理 A

齋藤　雅樹,　関川　卓也,　大野　義章 A

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. Ōno

1984年にシェヒトマンらによってAl-Mn合金中に発見された準結晶[1]は、従来の周期結晶にはない特殊

な規則の配列（準周期的配列）や 5回などの回転対称性をもち、その後様々な準結晶が発見されるなど活発

に研究されてきた。特に 2018年に名古屋大学の佐藤憲昭らのグループにより、Bergman型クラスター構造を

持つ Al-Zn-Mg準結晶およびその近似結晶において Tc~0.05Kのバルク超伝導が世界で初めて発見され、

注目が集まっている。[2]

Bergman型クラスター構造を持つ Al-Zn-Mg準結晶に対する第一原理計算は、1/1近似結晶に対して行

われており[3]、フェルミ準位近傍における擬ギャップと準結晶の安定性に関する議論などが行われているが、

上記の超伝導が出た準結晶とは組成比が異なり、超伝導の議論もされていない。この物質は、準結晶と 2/1

近似結晶は超伝導転移温度 Tcが近く、これらの電気抵抗の温度依存性は 1/1近似結晶のものとは異なる

という特徴がある。また 1/1近似結晶の超伝導転移温度 Tcが組成比によって変化するという特徴をもつ。そ

こで我々は超伝導が発見された組成比を含む Al-Zn-Mg近似結晶の電子状態を 1/1近似結晶の場合と 2/1

近似結晶の場合で調べた。その結果、フェルミ準位近傍で 1/1近似結晶と 2/1近似結晶で擬ギャップやスパ

イキー構造という共通の性質も示すが、エネルギーバンドや状態密度が異なる振る舞いを示すことが分かっ

た(下図)。

[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).

図：Al-Zn-Mgの 1/1(a)および 2/1近似結晶(b)のエネルギーバンドおよび状態密度
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超音波に䜘䜛 Yb系準結晶お䜘䜃近似結晶䛾弾性定数測定 
 

新潟大㝔⮬然, 新潟大理 A, 名大㝔理 B 
岩瀬智也 , 佐⸨晴⪔ , ㉥津光洋 A, 根本♸一 

平㔝⏤┿ B , 岡本⛱彦 B , ⡿山♸樹 B , 出口和彦 B , 佐⸨憲昭 B 

 

UOWUaVRXQd MHaVXUHPHQWV RI EOaVWLc CRQVWaQWV LQ Yb-baVHd QXaVLcU\VWaO aQd ASSUR[LPaQWV 
 

GUad. Sch. Rf Sci. and Tech., Fac. Rf Sci.A NiigaWa UniY.,GUad. Sch. Rf Sci. NagR\a UniY.B 

T. IZaVe, H. SaWR, M. AkaVWXA, Y. NemRWR, Y. HiUanRB, T. OkamRWRB, Y. YRne\amaB, K. DegXchiB, N. K. SaWRB 
 

準⤖晶 AX51AO34YE15䛿䚸TVDL 型䜽䝷䝇䝍䞊䛜準周期ⓗ䛻㓄列䛧䛯準⤖晶䛾構㐀䜢持䛳䛶䛚䜚䚸5 回対⛠
性䜔準周期性䛺䛹準⤖晶特有䛾性㉁䜢有䛧䛶䛔䜛䚹㟁気抵抗䛿䚸室温䛛䜙減少䛩䜛䛣䛸䛛䜙㔠属ⓗ䛷䛒䜛

䛜䚸⣙ 20 K 以下䛷⥺型ⓗ䛺温度依存性䛷䛒䜚㠀䝣䜵䝹䝭液体䛾振䜛⯙䛔䜢♧䛩䚹☢化率䛷䛿䚸100K 䜘䜚
㧗温側䛾⤖果䛛䜙有効☢気䝰䞊䝯䞁䝖䛜 YE+2 (0 𝜇䠅䛸 YE+3 (4.54 𝜇䠅䛾中㛫䛾値(3.91 𝜇䠅䛜報告䛥䜜䛶
䛚䜚䚸低温䛷䛿温度䛾 0.51乗䛾依存性䜢♧䛧䚸⤯対㞽度䛻向䛛䛳䛶Ⓨ散ⓗ䛺振䜛⯙䛔䜢♧䛩䚹䜎䛯䚸比熱
䛿 C/T䛜 3 K以下䛷-ORJT䛻比例䛧䚸大䛝䛺残␃䜶䞁䝖䝻䝢䞊䛜䛒䜛䜘䛖䛻ぢ䛘䜛䛜䚸70 PK 䜎䛷䛻⛛序┦
䛿報告䛥䜜䛶䛚䜙䛪䚸上グ䛾物性䛿㔞子⮫⏺性䜢♧䛧䛶䛔䜛䛸⪃䛘䜙䜜䛶䛔䜛䚹一方䚸㏆似⤖晶䛿䚸TVDL
型䜽䝷䝇䝍䞊䛜周期ⓗ䛻㓄列䛧䛯構㐀䛷䛒䜚䚸㏆似度䛻応䛨䛶 1/1 䜔 2/1 䛸䛔䛳䛯分数䛜䛴䛟䚹1/1 ㏆似⤖
晶 AX51AO35YE14䛿䚸準⤖晶䛸同䛨䜘䛖䛻価数揺動䜢♧䛩䚹䛧䛛䛧䚸㟁気抵抗䛿䝣䜵䝹䝭液体ⓗ䛺振䜛⯙䛔䛷

䛒䜚䚸比熱䛿低温䛻向䛛䛳䛶増加䛧䛯䛾䛱温度䛻依䜙䛺䛔一

定値䛸䛺䜛䚹䜎䛯䚸☢化率䛿⤯対㞽度䛻向䛛䛳䛶有㝈値䜢䛸䜛
>1@䚹䛥䜙䛻䚸☢化率䛿圧力䜢加䛘䜛䛸⣙ 2 GPD 䛷 100 PK付㏆
䛻反強☢性体䛜䝛䞊䝹点䛷♧䛩䜘䛖䛺折䜜曲䛜䜚䜢♧䛩>2@䚹

以上䛾䜘䛖䛺䚸物性䛾㐪䛔䛿周期性䛾有無䛜原因䛰䛸⪃䛘䜙

䜜䛶䛚䜚䚸準⤖晶䛸㏆似⤖晶䛾物性䜢比㍑䛩䜛䛣䛸䛻䜘䛳䛶準

⤖晶特有䛾物性䜢◊✲䛷䛝䜛䛸期待䛥䜜䜛䚹 
本◊✲䛷䛿準⤖晶䛾弾性ⓗ性㉁䜢明䜙䛛䛻䛩䜛䛯䜑䛻準

⤖晶 AX51AO34YE15 䛸 1/1 ㏆似⤖晶 AX51AO35YE14䛾常圧䞉䝊䝻

☢場下䛷䛾弾性定数䛾温度依存性䜢測定䛧䛯>3,4@䚹図 1 䛻準
⤖晶䛾⦪波弾性定数 CL䛾温度依存性䜢♧䛩䚹300 K䡚15 K
䜎䛷単ㄪ䛻増加䛧 15 K䡚4.5 K 䜎䛷傾䛝䛾増加䜢♧䛧䛯後䚸
4.5 K䡚0.4 K䛷 0.059%䛾䝋䝣䝖化䜢♧䛧䛯䚹図 2䛻 1/1㏆似⤖
晶䛾 CL䛾温度依存性䜢♧䛩䚹300 K䡚250 K䜎䛷単ㄪ䛻増加
䛧䛯後䚸35 K 䜎䛷 4.7䠂䛾䝋䝣䝖化䜢♧䛧䛯䚹䛭䛾後䚸35 K䡚4 
K䜎䛷単ㄪ䛻増加䛧䚸4 K䡚0.4 K䛷 0.11%䛾䝋䝣䝖化䜢♧䛧䛯䚹 
準⤖晶䛸 1/1㏆似⤖晶䛾弾性定数䛾 10 K䡚0.4 K䜎䛷䛾振

䜛⯙䛔䛿䚸䛔䛪䜜䜒 ORJT 䛾温度依存性䛜䛒䜚䚸㟁子⣔⏤来䛾
䜒䛾䛛局所構㐀䛾弾性ⓗ性㉁䜢反映䛧䛶䛔䜛䛾䛛検ウ䛜必せ

䛷䛒䜛䚹䛥䜙䛻䚸1/1 ㏆似⤖晶䛷䛿㧗温㒊䛻䜒構㐀䛾不安定性
䛜存在䛩䜛䛣䛸䛜明䜙䛛䛻䛺䛳䛯䚹低温䛷䛾䝋䝣䝖化䛜㟁子⣔

㉳源䛛䜢ㄪ䜉䜛䛯䜑䚸希㔘冷凍機䜢⏝䛔䛶䚸䜘䜚低温䛾実㦂

及䜃☢場中実㦂䜢⾜䛖必せ䛜䛒䜛䚹 
 

>1@ K. DHJXFKL eW al. NDWXUH MDWHULDO 11 (2012) 1013. 
>2@ S. MDWVXNDZD eW al. J. PK\V. SRF. JSQ. 85 (2016) 063706. 
>3@᰿ᮏ♸一他, ᪥ᮏ≀⌮学会➨ 75回年ḟ大会㸦2020㸧名古屋大学, 16DB21-9 
>4@岩ℨᬛ也他 ポスター, ᪥ᮏ≀⌮学会➨ 75回年ḟ大会㸦2020㸧名古屋大学, 17SPSB-89 

 
図 2 1/1㏆似⤖晶䛾⦪波弾性定数 CL 
䛾温度依存性 

 
図䠍 準⤖晶䛾⦪波弾性定数 CL 
䛾温度依存性 
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準⤖晶䛿䚸L) 準周期的並㐍⛛序䛸 LL) 5 回対⛠ 10 回対⛠䛺䛹⤖晶䛻チ䛥䜜䛺䛔回㌿対⛠
性䛷特徴䛵䛡䜙䜜䜛原子㓄列⛛序䜢䜒䛳䛯物㉁䛷䛒䜛䚹䛣䛣䛷䚸L) 䛾準周期的並㐍⛛序䛿䚸数
学的䛻䛿物理✵㛫 (3 次元) 䜘䜚㧗䛔次元䛾並㐍対⛠性䛸同➼䛷䛒䜛䚹1984 年䛾発ぢ以来䚸
䛭䛾特殊䛺構㐀⛛序䜢反映䛧䛯準⤖晶特有䛾物性䜢明䜙䛛䛻䛩䜛目的䛷理ㄽ䞉実㦂䛾両㠃

䛛䜙多䛟䛾◊✲䛜䛺䛥䜜䛶䛝䛯䚹当◊✲室䛷䛿以前䛻䚸幾䛴䛛䛾準⤖晶䛾比熱䛜䚸㧗温域䛷  
DXORQJ-PeWLW 䛾値䚸䛩䛺䜟䛱 1 原子䛒䛯䜚 3 N (N: 䝪䝹䝒䝬䞁定数) 䛛䜙䛿䛪䜜䛶 5 N ⛬度䛾大
䛝䛺値䜢♧䛩䛣䛸䜢報告䛧䛯[1]䚹䛣䜜䛿準⤖晶䛾準周期性䚸䛩䛺䜟䛱㧗次元䛾並㐍対⛠性䜢
反映䛧䛶生䛨䛶䛔䜛可⬟性䛜䛒䜛䛜䚸䛭䛾ヲ⣽䛺䝯䜹䝙䝈䝮䛿明䜙䛛䛻䛺䛳䛶䛔䛺䛔䚹 

本◊✲䛷䛿䚸実㦂䛸 分子動力学 (MD) ィ⟬䜢用䛔䛶䛣䜜䜢明䜙䛛䛻䛩䜛䛣䛸䜢目的䛸䛧䚸今
回䛿䛭䛾実㦂䛾䛖䛱比熱測定⤖果䛸䝣䜵䜲䝌䞁䛻䛴䛔䛶㆟ㄽ䛩䜛䚹単┦性䛾Ⰻ䛔✀䚻䛾⤌成

䛾 AO-CX-RX 正 20 㠃体準⤖晶 (QC) 䛾䜋䛛䚸比㍑対㇟䛸䛧䛶 1/1 ㏆似⤖晶 (AP)䚸AO-RX ⣔䛾
㔠属㛫化合物 AO13RX4 䜢作〇䛧䚸♧差㉮査熱㔞ィ (DSC) 䜢用䛔䛶定圧比熱䜢測定䛧䛯䚹㧗
温 X ⥺回折測定䛻䜘䛳䛶⟬出䛧䛯⥺熱⭾張係数䛸文献値䛾体✚弾性率䜢用䛔䛶定圧比熱䛛
䜙変換䛧䛯定✚比熱䜢図 1 䛻♧䛩䚹図 1 䛾 QC-2 䛸䛔䛖ヨ料䛾比熱䛻䛿㧗温域䛻⼥ゎ䛸䛿異
䛺䜛䝤䝻䞊䝗䛺吸熱䝢䞊䜽䛜ほ察䛥䜜䛯䚹䛣䛾䝢䞊䜽前後䛾温度 1073, 1273 K 䜎䛷昇温䛧䛶水
冷䛧䛯ヨ料䛻䛴䛔䛶⢊末 X ⥺回折測定䛾半値全幅 (FWHM) 䛾ホ価䜢⾜䛳䛯⤖果䜢図 2 䛻
♧䛩䚹1273 K 䛾ヨ料䛾半値幅䛻 G䎹 䜈䛾依存䛜強䛟ㄞ䜏取䜜䚸温度上昇䛻伴䛳䛶䝣䜵䜲䝌䞁

䛜増加䛧䛯䛣䛸䛜♧唆䛥䜜䛯䚹当日䛿䛣䜜䜙䛻䛴䛔䛶報告䛩䜛䚹 

ㅰ㎡: 本◊✲䛿 JSPS⛉◊㈝ JP19H05821䛾助成䜢受䛡䛯䜒䛾䛷䛩䚹 

 

[1] K. Kajiyama and K. Edagawa, Mater. Sci. Eng. A 294 (2000) 646. 

 

 Al-Cu-Ru 系正 20 㠃体準⤖晶䛾㧗温比熱  

東大生産◊, 物材機構 A,  田村 哲史, ⚟島 健人, 張 晋嘉, 徳本 有⣖, 㧗㝿 Ⰻ樹 A , 枝川圭一 

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

IIS, Univ. of Tok\o, NIMSA, S. Tamura, K. Fukushima, J. Zhang, Y. Tokumoto, Y. Takagiwa,A, K. Edagawa 

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

図.2: QC ┦ 1073䚸1273 K 焼㕌ヨ料䛾
X ⥺回折䝢䞊䜽䛾 FWHM 䛾 G䎹 依存性 図.1: Al-Cu-Ru ⣔䛾✀䚻䛾┦䛾比熱測定⤖果 
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 ྯ起子とはൔରまたはൔ金において，ఽଵのు子と価ు子ଵのਜ਼孔が引ྙ૮
互作༽によりペアをૌんだものである．ྯ起子ઊ縁ରはྯ起子のྖ子凝क़য়ସであり，
ൔ紀以にోりཀྵ研究が行われている．近೧，候ึ質が見つかったことにより，
ཀྵ，実験共に再びを集めている．一๏で६結ধのではアルミ系近似結ধで
ൔରが見つかったため[1]，アルミ系६結ধൔରのଚ在も期ଶされている．६結ধ
ఽରも見されたため[2]，ఽの Cooperペアと似た形の仕ૌみを持つྯ起子
およびその凝क़য়ସであるྯ起子ઊ縁ର૮のड़現も期ଶできる．今回，我々は६結ধ
のཀྵモデルでる್次元 Penrose格子の್軌ಕ Hubbardモデルを考え，ྯ起子૮の研
究を行った[3]． 

 ್次元 Penrose格子でのు子のษྼు子のໝ型として Vertexモデル[4]と Centerモデ
ル[5]の್種ྪを取りげる．Vertex モデルではఽ૮[6][7]やൕ強磁૮[8]などଡく
のཀྵ研究が行われている．どちらのモデルにおいても tight-bindingモデルのు子য়ସ
ືౕにはマクロなक़ୂを示すδ関਼ピークがଚ在する．この Penrose格子が持つಝを
ൕ映した૮の解ੵが॑གྷとなる． 

 今回我々は್軌ಕのエネルギー差とు子ਜ਼孔間引ྙをパラメーターとした್次元の
ྯ起子૮ਦを Vertexモデルと Centerモデルにおいて作した．その૮ਦからマクロक़
ୂয়ସではᷰかなు子ਜ਼孔間引ྙでもྯ起子૮がਫ਼じることがわかった．Center モデ
ルのు子য়ସືౕではマクロक़ୂয়ସとはพに鋭いピークがଚ在し，ྯ起子૮ਦでは
そのয়ସにう弱い引ྙによるྯ起子૮の現も見られた．ຌ講演ではྯ起子૮の
ร਼の空間ාだけでなく，ึ空間マップについてもๅ告し，Penrose 格子にಝద
なྯ起子૮について議する． 
[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) 

 二軌道 Penrose-Hubbard䝰䝕䝹䛻䛚䛡䜛励起子凝縮  

東工大理，稲吉 健，村上 雄太，古賀 昌久 

 
Excitonic condensation in the two-orbital Penrose-Hubbard model 

DeSW. Rf PK\VLcV, TRN\R IQVWLWXWe Rf TecKQRORJ\, KeQ IQa\RVKL#, YXWa MXUaNaPL, ANLKLVa KRJa  
#e-mail: k-inayoshi@stat.phys.titech.ac.jp 
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䛆緒ゝ䛇㻌 準結晶䛾相安定性䛚䜘䜃構㐀制御䝯䜹䝙䝈䝮䛾ゎ明䛿準結晶䛾工学的応用䛻䛚䛔

䛶㔜せ䛺位 置䛵䛡䛻䛒䜛䠊今回䠈我䚻䛜着目䛧䛯 AO-PG-RX 系䛻䛚䛔䛶䛿䠈 正二十㠃体準
結晶䛸䛸䜒䛻空㛫 群 IP3 䜔 FP3 䛻属䛩䜛格子定数約 15c 䜢持䛴 1/0 ㏆似結晶 1)䜔䠈PD3 䛻
属䛩䜛格子定数約 40c 䛾 2/1 ㏆似結晶 2)䛜報告䛥䜜䛶䛔䜛䠊本研究䛷䛿䠈AO-PG-RX 系準結
晶䛚䜘䜃㏆似結晶䛾 RX 䜢 CU 䛻置換䛧䛶䛔䛝䠈相形成䛾変化䜢ㄪ査䛩䜛䛣䛸䛷準結晶䛾相
安定性䛚䜘䜃構㐀制御䝯䜹䝙䝈䝮 䛻㛵䛩䜛知ぢ䜢得䜛䛣䛸䜢目的䛸䛧䛯䠊 

䛆実㦂方法䛇㻌 原料䛷䛒䜛 AO,PG,CU及䜃 RX䜢秤㔞後䚸AU㞺囲気下䛷䜰䞊䜽溶ゎ䛻䜘䜚合㔠
化䛥䛫䜲䞁䝂䝑䝖䜢得䛯䚹䛥䜙䛻ヨ料䜢石ⱥ管䛻 AU封入䛧䛯後䚸㟁気炉䜢用䛔䛶所定䛾温度, 
時㛫䛾下䛷熱処理䜢⾜䛔䚸組成䛾均一化䛸平⾮相䛾形成䜢促䛧䛯䚹作〇䛧䛯ヨ料䛻対䛧䛶粉

末 X線回折法 (XRD)䚸㉮査型㟁子㢧微㙾 (SEM)䚸䜶䝛䝹䜼䞊分散型 X線分光法 (EDX)䚸
㟁子線䝥䝻䞊䝤䝬䜲䜽䝻䜰䝘䝷䜲䝄 (EPMA)䚸 ㏱㐣型㟁子㢧微㙾 (TEM)䜢用䛔䛶䚸相䛾同
定䚸生成相䛾組成䛚䜘䜃結晶構㐀䛻䛴䛔䛶ㄪ査䜢⾜䛳䛯䚹 

䛆結果䛇㻌 AO70PG20CU[RX10-[([=3,5,7) 䛾 3ヨ料䛻対䛩䜛 SEM-EDX䛾結果䛛䜙䚸䛣䜜䜙䛜準結
晶相䜢含䜐混相䛷䛒䜚䚸䛔䛪䜜䛾ヨ料䛻䛚䛔䛶䜒準結晶相䛿 CU䜢同程度䠄[a1䠂) 含䜣䛷䛔
䜛䛣䛸䛜分䛛䛳䛯䚹図 1䛻 AO70PG20CU[RX10-[ ([=0,3,5,7,10) 䛾 XRD䛾測定結果䜢示䛩䚹 CU䜢
含䜎䛺䛔 [=0䛾ヨ料䛸比㍑䛧䛶準結晶䛾 XRD䝢䞊䜽䛜低ゅ側䜈䜟䛪䛛䛻䝅䝣䝖䛧䛶䛔䛯䛣䛸
䛛䜙䚸RX䛜 CU䛻㒊分置換䛥䜜䜛䛣䛸䛻䜘䜚準格子䝟䝷䝯䞊䝍䛜䜟䛪䛛䛻増大䛧䛯䛣䛸䛜示唆䛥
䜜䛯䚹䛣䜜䛿 CU䛜 RX䜘䜚䜒小䛥䛔原子半径䜢䜒䛴䛣䛸䛸一ぢ矛盾䛧䛶䛔䜛䛯䜑䚸䛭䛾原因䜢検
ウ䛩䜛必せ䛜䛒䜛䚹2/1㏆似結晶相䠄P40䠅䛻䛚䛔䛶 CU置換䜢⾜䛳䛯 AO72PG16.4CU1.0RX10.6䛾䝃

䞁䝥䝹䛻䛚䛔䛶䚸XRD䛸 TEM䛾結果䛛䜙㏆似結晶䛜形成䛧䛶䛔䜛䛣䛸䛜示唆䛥䜜䛯䚹䜎䛯䚸
䛣䛾ヨ料䛻䛚䛔䛶䚸短時㛫䛾熱処理䛷 1PP程度䛾単結晶䛜形成䛥䜜䛯䛣䛸䛛䜙䚸RX䜢 CU䛷
1 DW䠂置換䛩䜛䛸䚸㏆似結晶相䛜䜘䜚安定䛻䛺䜛䛣䛸䛜示唆䛥䜜䛯䚹㻌   㻌 㻌  

1䠅 K. SXJL\DPD HW DO., MDWHU. SFL. EQJ. 345 (2000) 294-296.㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌     㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌   
2) D. PDYO\XFKNRY HW DO., J. AOOR\V CRPS. 469 (2009) 146-151. 

㻌

 

 
Al-Pd-Ru 系正二十面体準結晶の相安定性に対する 

Cr 置換の影響 
 

東北大学工 1䚸東北大多元研 2㻌 䕿福島㻌 武䠄M1䠅1䚸⸨田㻌 伸尚 2䚸大橋㻌 ㅍ 2 
 

EffecW Rf CU VXbVWiWXWiRQ RQ Whe ShaVe VWabiliW\ Rf icRVahedUal TXaVicU\VWal  
iQ Whe Al-Pd-RX V\VWeP 

 IMRAM TRhRNX UQiY., T. FXNXVhiPa, N. FXMiWa , S. OhhaVhi 

図㻚㻝㻌 AO72.0PG16.4CU[RX11.6-[ ([=0,1,3)䛾 XRD 図㻚㻞㻌 AO72.0PG16.4CU1.0RX10.6 (1000 ႏ, 48 K)
䛻䛚䛔䛶形成䛥䜜䛯単結晶 
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2012 年に準周期構造䜢䜒つ Au-Al-Yb 準結晶で磁化率の特異な臨界現象が実験的に観測

さ䜜て以来[1]、準周期系の磁気的側面に注目が集䜎ってい䜛。しかしなが䜙、磁気的な相互

作用䜢担う電子が準結晶格子䜢動き䜎䜟䜛遍歴磁性について䛿全く調䜉䜙䜜ていない。そこ

で本研究で䛿、準周期構造上での磁性と伝導性の結合の効果䜢明䜙かにす䜛た䜑に、二次

元䝨䞁䝻䞊䝈格子上の二重交換模型[2]において古典䝰䞁䝔䜹䝹䝻法䜢用い、準周期構造が

どの䜘うに磁性に影響䜢与え䜛か䜢調䜉た。以下が二重交換模型の䝝䝭䝹䝖䝙䜰䞁であ䜛。 

 

 準周期構造䜢もつ二重交換模型の磁性  

東工大理, 横国大工 $, 竹内 勇輝, 古賀 昌久, 那須 譲治 $ 

 
Ferromagnetism in the Double Exchange Model with Quasiperiodicity 

TRN\R IQVWLWXWe Rf WecKQRORg\, YRNRKaPa NaWLRQaO UQLY.A Y. TaNeXcKL, A. KRga, J. NaVX A 
#e-mail: takeuchi@stat.phys.titech.ac.jp 
 

ゎ析の⤖果、低 においては㏻常の強☢性≧態が安定であり、強☢性≧態の≧態密

度は‽周期構㐀≉有の擬ギャップと呼ばれる≧態密度のⴠちが⌧れるが、 度を上

げて常☢性≧態にすると擬ギャップがᾘえることがわかった。また、局所☢化およ

び局所㟁子密度の分布において‽周期⣔≉有の振る⯙いがみられた。これらのこと

から㐢Ṕ☢性における‽周期性の影㡪を明らかにすることができた。 

謝辞: 本研究䛿の数値計算䛿の一部䛿物性研の䝇䞊䝟䞊䝁䞁䝢䝳䞊䝍䞊䜢用い、JSPS 科
研 費  JP19H05821,JP18K04678, JP17K05536 (A.K.),JP16H02206, JP18H0422,  
JP19K03742, JPMJPR19L5, JST PREST JPMJPR19L5 (J.N.)の助成䜢受けた䜒のです。 
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1984 年に準結晶が発見[1]されて以来、これまで様々な系で金属準結晶が発見されてきた。

しかしながら、準結晶が固体の第 3 の分類として確立されている今日でも、半導体や絶縁体

の準結晶は未だ発見されていない。中でも半導体準結晶は学術的観点だけでなく、熱エネル

ギーを電気エネルギーに直接変換する熱電材料としての応用も期待されている。 

最近 Iwasaki らが、以前から理論的に半導体になると予測されていた Al-Ir 近似結晶[2]の
Al の一部を Si に、Ir を Ru に置換した Al-Si-Ru 近似結晶 C 相が半導体近似結晶となること

を理論的に予測し、世界初となる半導体近似結晶の実験的合成に成功した[3]。しかしながら、

C 相の結晶構造や形成条件は未だ明らかではない。 

本研究の目的は、単結晶構造解析や単結晶を用いた物性測定を行うために、母合金組成

や熱処理を変化させてセルフフラックス法を用いた単結晶成長を行うことにより、C 相の単結

晶育成条件を調査することと、Al-Si-Ru 系での準結晶相も含めた新しい相を発見することであ

る。結晶育成は、アーク炉で作成した Al74.0+xSi16Ru10-x (x = 0, 2 at.%)または Al74.0-ySi16+yRu10 
(y = 0, 5, 10 at.%) の組成の母合金をアルミナ坩堝に挿入し、約 1/3 気圧の Ar と共に石英管

に封入後、電気炉で溶融状態としたものを-2K/h で冷却、その後 950, 1000 または 1050℃で

電気炉から取り出し、遠心分離、水中に急冷することで行った。その結果、C 相と考えられる直

方晶系結晶（図.1）と、三方晶系結晶(図.2)の 2 種類の結晶の成長が確認できた。高温側

（1000 ℃以上）では直方晶系結晶が、低温側（1000 ℃以下）では三方晶系結晶が成長した。

今回の結果から、Al-Si-Ru 系においてもセルフフラックス法による単結晶成長が有効であるこ

とが分かった。 

[1] D. Shechtman, I. 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). 

 自己フラックス法による Al-Si-Ru 系近似結晶 C 相の結晶成長  

北大工, 北大工 A, 柴田 涼誠, 高倉 洋礼 A 

 

Growth of C phase in the Al-Si-Ru system from self-fluxes 
Graduate School of Engineering, Hokkaido Univ., Faculty of Engineering, Hokkaido Univ.A 

Ryosei Shibata#, Hiroyuki TakakuraA 
#e-mail: sho-gibu611@eis.hokudai.ac.jp 
 

図.2: 三方晶系結晶 図.1: 直方晶系結晶 
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周期結晶䛻䛚䛔䛶䝣䜵䝹䝭㠃䛿䚸一㟁子䜾䝸䞊䞁㛵数䛜䝣䜵䝹䝭準位䛻䛚䛔䛶極䜢䜒䛴波

数䛻䜘䛳䛶定義䛥䜜䜛䚹䛣䛾波数䛿䚸一㟁子䜾䝸䞊䞁㛵数䛻現䜜䜛㟁子生成䞉消滅演算子䛾相

対座標䛾䝣䞊䝸䜶変換䛷䛒䜛䚹周期性䛜無䛔準結晶䛻䛚䛔䛶䛿䚸䛣䛾䜘䛖䛺相対座標䛿定義

䛷䛝䛺䛔䛯䜑䚸䛣䛾㐠動㔞空㛫䜔䝣䜵䝹䝭㠃䜒定義䛷䛝䛺䛔䚹 

一方䚸超伝導䛾基本理論䛷䛒䜛 Bardeen-Cooper-Schrie䡂fer (BCS)理論䛷䛿䚸䝣䜵䝹䝭㠃上

䛻䛒䜛逆向䛝䛾波数䞉䝇䝢䞁䜢䜒䛳䛯䠎㟁子䛜対䜢形成䛩䜛䛣䛸䛜䚸超伝導䛻特徴的䛺様䚻䛺

物性䜢説明䛩䜛出発点䛸䛺䜛䚹 

以上䛾 2点䜢考䛘合䜟䛫䜛䛸䚸準結晶中䛾超伝導状態[1]䛜䛹䛾䜘䛖䛺㟁子対䜢形成䛧䛶䛔

䜛䛾䛛䚸䜎䛯䛹䛾䜘䛖䛺超伝導特性䜢示䛩䛾䛛䚸䛸䛔䛖問㢟䛿興味深䛔䚹㠀周期系䛸䛧䛶䛿䚸一

㒊䛾䜰䝰䝹䝣䜯䝇䛜超伝導䜢示䛩䛣䛸䛜既䛻知䜙䜜䛶䛔䜛䛜䚸準結晶構造䛾䜒䛴自己相似性

䛿䚸䝭䜽䝻䛺㠀一様性䛜䛒䜙䜖䜛㛗䛥䝇䜿䞊䝹䛻拡大䛥䜜䛖䜛䛣䛸䜢意味䛧䛶䛚䜚䚸既存䛾超伝

導体䛸䛿本質的䛻異䛺䜛㟁子状態䛻䛒䜛䛾䛷䛿䛺䛔䛛䛸考䛘䜙䜜䜛䚹 

我䚻䛿䚸準周期性䛸超伝導䛸䛔䛖 2要素䜢取䜚入䜜䛯単純䛺理論模型䛸䛧䛶䚸䝨䞁䝻䞊䝈䝍

䜲䝹上䛾引力䝝䝞䞊䝗模型䜢数値的䛻調䜉䚸䛣䛾模型䛜低温䛷実㝿䛻超伝導䜢示䛧䚸秩序

変数䛜空㛫的䛻㠀一様䛻䛺䜛䛣䛸䜢見出䛧䛯䚹䜎䛯䚸弱結合㡿域䛻䛚䛔䛶䚸空㛫的䛻広䛜䛳

䛯㟁子対䛻䜘䜛超伝導状態䜢見出䛧䛯䚹引力䝝䝞䞊䝗模型䛾弱結合㡿域䛿通常䚸BCS理論

䛻䜘䜛㐠動㔞空㛫対䛻䜘䛳䛶理解䛥䜜䜛䛜䚸䛭䛾㐠動㔞空㛫䛜定義䛷䛝䛺䛔準周期系䛻䛚䛔

䛶䜒対䛜空㛫的䛻広䛜䛳䛶䛔䜛䛣䛸䛿興味深䛔䚹[2] 

我䚻䛿更䛻䚸磁場下䛾超伝導状態䜢調䜉䚸秩序変数䛾符号䛜空㛫変化䛩䜛超伝導状態䜢

見出䛧䛯䚹䛣䜜䛿䚸周期系䛻䛚䛔䛶 Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) 状態䛸呼䜀䜜

䛶䛔䜛䜒䛾䛸㢮似䛾機構䛻䜘䛳䛶生䛨䛶䛔䜛䛸考䛘䜙䜜䜛䚹䛯䛰䛧䚸䛭䛾符号変調構造䛿䝨䞁䝻

䞊䝈構造䛸整合䛧䛯㠀自明䛺構造䛷䚸磁場䜔㟁子数䛻䜘䛳䛶䛭䛾模様䜢変䛘䜛䚹FFLO状態

䛿一般䛻乱䜜䛻弱䛔䛣䛸䛜知䜙䜜䛶䛔䜛䛜䚸準周期㟁子系䛿䛣䛾䜘䛖䛺㠀自明䛺構造䜢取䜛䛣

䛸䛻䜘䜚䚸周期性䛜無䛔状況䛷 FFLO的䛺状態䜢安定化䛧得䛯䛸言䛘䜛䚹[3]䛣䜜䜙䛾結果䛿䚸

準結晶䛜䜶䜻䝌䝏䝑䜽超伝導䛾新䛯䛺舞台䛸成䜚得䜛䛣䛸䜢示唆䛧䛶䛔䜛䚹 

 
[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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䛣䜜䜎䛷䛻ከ䛟䛾◊✲䛜䛺䛥䜜䛶䛝䛯 Al-Pd-Mn ⣔䞉Al-Pd-Re ⣔‽⤖ᬗ䛿䚸䝣䜵䝹䝭‽䛻

῝䛔ᨃ䜼䝱䝑䝥䜢ᙧᡂ䛧䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛶䛚䜚䚸༙ᑟయⓗ䛺≀ᛶ䜢♧䛩䛣䛸䛜▱䜙䜜䛶

䛔䜛䚹䜎䛯䚸」㞧䛺⤖ᬗᵓ㐀䜢᭷䛩䜛䛣䛸䛻䜘䜚䜺䝷䝇୪䜏䛻ప䛔⇕ఏᑟ⋡䜢♧䛩䛣䛸䛛䜙䚸‽

Ỵ䛾ᛂ⏝䛸䛧䛶⇕㟁ኚᮦᩱ䛜᳨ウ䛥䜜䛶䛝䛯[1]䚹ᅗ 1䛻♧䛩䜘䛖䛻䚸Quandt-Elser䝰䝕

䝹䜢⏝䛔䛯➨୍ཎ⌮ィ⟬䛾⤖ᯝ䚸䝣䜵䝹䝭‽㏆ഐ䛻῝䛔ᨃ䜼䝱䝑䝥䛾ᙧᡂ䛜♧၀䛥䜜䚸ᐇ

㦂䛷ᚓ䜙䜜䜛 80μV/K(ᐊ )䛸䛔䛖ẚ㍑ⓗ㧗䛔䝊䞊䝧䝑䜽ಀᩘ䛸䜒ᩚྜ䛩䜛䚹䜎䛯䚸⇕㟁≀ᛶ䜢

౯㟁Ꮚ⃰ᗘ(e/a)䛻ᑐ䛧䛶ᩚ⌮䛧䛯⤖ᯝ䚸Al-Pd-Mn⣔䛚䜘䜃 Al-Pd-Re⣔‽⤖ᬗ䛸䛸䜒䛻㢮ఝ

䛧䛯䝊䞊䝧䝑䜽ಀᩘ䛾 e/a౫Ꮡᛶ䜢♧䛩䛣䛸䛜ศ䛛䛳䛯䚹䝰䝆䝳䞊䝹ฟຊ䛻┤⤖䛩䜛㟁Ẽฟຊ

ᅉᏊ䛿 200䉝௨ୗ䛾 ᗘᇦ䛷䜒䛝䛺್䜢♧䛩䛣䛸䚸ᐊ 䛻䛚䛡䜛⇕ఏᑟ⋡䛜 1-1.5W/m-K

䛷䛒䜛䛣䛸䛻㉳ᅉ䛧䛶䚸↓ḟඖᛶ⬟ᣦᩘ zTmax䛿 0.20 ๓ᚋ䛸ẚ㍑ⓗ㧗䛔䚹ᮏⓎ⾲䛷䛿䚸䛻

Al⣔‽⤖ᬗ䜢ᑐ㇟䛸䛧䛯䛣䜜䜎䛷䛾◊✲ᡂᯝ䜢䜎䛸䜑䛶ሗ࿌䛩䜛䚹 

ㅰ㎡: ᮏ◊✲ᡂᯝ䛿䚸ᮾᮌᮧ◊✲ᐊ䛸䛾ඹྠ◊✲䛻䜘䜛䜒䛾䛷䛒䜛䚹䜎䛯䚸JSPS ⛉◊㈝ 

JP19H05821䛾ຓᡂ䜢ཷ䛡䚸ඹྠ◊✲䜢㐙⾜䛧䛶䛔䜛䚹䛣䛣䛻ㅰព䜢⾲䛩䜛䚹 

 

[1] 䛘䜀䚸Y. Takagiwa and K. Kimura, Sci. Technol. Adv. Mater. 15 (2014) 044802. 
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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 Å 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(𝐹ሻ=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 
19K04982 and by Polish National Science Center under grant 2016/21/N/ST3/00287. 
 
[1] H. Takakura, et al., Nat. Mat., 6 (2007) 58.  
[2] K. Kamiya, et al., Nat. Comm., 9 (2018) 154. 
[3] H. Takakura and A. Yamamoto, Phil. Mag., 87 (2007) 2713. 
[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 
 

 
Fig. 1: The OD subdivided into regions for triangles (red), squares (blue) and rhombuses 
(green) (left); flippable patch (middle) and the distribXtion of µA¶ (right). 
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⤖晶やアモルファスでは強☢性がⓎぢされ⏘ᴗ上広く利⏝されている。しかし、‽

⤖晶における強☢性の報告はⓙ↓であり、‽⤖晶において強☢性がⓎ⌧するか否かに

⯆味が持たれる。Tsai型 1/1㏆似⤖晶においては、Au-Al-In-Gd⣔をはじめ多数の⣔に
おいて強☢性┦の報告[1]がなされている。一方、‽⤖晶を含めより㧗ḟの㏆似⤖晶に

おける強☢性┦の報告はᮍだない。そのため㧗ḟの㏆似⤖晶において強☢性をぢ出す

ことで、‽⤖晶における強☢性Ⓨぢの㊊掛かりとなることが期待される。先⾜◊✲に

おいて、Cd-RE⣔ 1/1㏆似⤖晶に Cdと価数が同じMgをῧ加することにより新つハイ
パーマテリアルを作〇した例がある[2]。ᮏ◊✲では強☢性 Au-Al-In-Gd⣔ 1/1㏆似⤖晶
に Auと同価数の Cuを㒊分⨨換することで新つ 2/1㏆似⤖晶を作〇し、2/1㏆似⤖晶
において初となる強☢性┦をⓎぢしたので報告する。 

 㧗⣧度㔠属原料を⛗㔞し、Ar㞺囲Ẽ下でアーク⁐ゎによってẕ合㔠を作〇した。得
られたẕ合㔠を、600 ℃で 50時㛫⇕処⌮を⾜いᵓ㐀Ⰻ㉁化を図った。⢊ᮎ X⥺回折 
定により┦同定を⾜い、☢化 定は SQUID、ẚ⇕ 定は PPMSを⏝いて⾜った。 

 まず、図 1に Au54Cu9Al9.5In13.5Gd14の⢊ᮎ X⥺回折図形およびᵓ㐀が既▱の Cd-Ca
⣔ 2/1㏆似⤖晶のᵓ㐀モデルからィ⟬した X⥺回折図形[2]を♧す。既▱の 2/1㏆似⤖晶
における回折図形とのẚ㍑から、Au54Cu9Al9.5In13.5Gd14において 2/1㏆似⤖晶が得られ
ていることがわかる。また、図 2に Au-Cu-Al-In-Gd⣔ 2/1㏆似⤖晶の☢化⋡ χとẚ⇕
の 度依存性を♧す。30 Kより㝆 に伴い☢化⋡の急⃭な上昇がほ され、また、同
 度でẚ⇕にピークがぢられることから Au-Cu-Al-In-Gd⣔ 2/1㏆似⤖晶は強☢性㌿⛣
を♧すことが判明した。これは、2/1㏆似⤖晶における初めての強☢性┦の例である。 
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Au54Cu9Al9.5In13.5Gd14 

図 1:   Au54Cu9Al9.5In13.5Gd14ヨ料

の⢊ᮎ X⥺回折図形 

 

図 2:   Au54Cu9Al9.5In13.5Gd14ヨ料の☢化

⋡とẚ⇕(inset)の 度依存性 

(ZFC:ゼロ☢場冷却, FC:☢場中冷却) 
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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  Rb2ZnCl4 phase  displays  a  crystal  structure  where  the

orientation  of  its  ZnCl4 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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