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Ẏ ↑ Ẏἶ ἶ   ╣ Ẏἶ ›ἶ  ὄ  Ẑ  р ƲⅎῬẎἶ ᾑϽ ἶ

ȹɱȽɶ ̯  ˴ р Ʋ ἃẎἶ Ẏἶ ›ἶ  ₳῎ ʝ Ȑǵ ȮɩɶɕǶƲɪȠȠ

ɶȷӓֻ ǵȢɁɄɩɑȤɞ ̊ʤ Yb ȢȨɱǵ͔ Ǔל ǲẀӓǠȒ͔ 1 ǵ˿ Ȇș

ȐǒǲǠȒǦȈǲƲ ↓ȵɱȭɫɆɫɱ ᾑϽ 2 ș ǋǦ ѝ ↓ѝ Ͻ ἧѝϽὕ  

 3 ș ǋȅǞǦƳ 

Ǥǵ Ʋ̟ᾚ ἧǯ Yb 4f ἧ 4 Ǔ ἧҘἶ ǲ ǝȑֻǍ ἧș ǠȒǚǯǲ ҚǞȅǞ

Ǧ ᶫ 1 Ƴ̟ᾚ ἧǓ͔ ǵ ǱȒ YbȢȨɱǵ Ǯ ἧș֞ǘ ǞǭǋȒ ǯǞǭƲ͔ ș

ǠȒ ҘǱɟȩɉȸɞǲǱȑȅǠƳǚȓȐǵ ǶƲḨ ἶǲǑǘȒ Ǳ ǮǉȑƲɪ

ɶȴɶȋ Ͻ̱Ǳǰǲ ǜȓȒ ǞǋϽἶ ǵ ǿǵ ǲǱȒǯ ♅ǜȓȅǠƳ 

ǱǑƲ ǵ ǶƲ ᶮ ἶ̝ǓѠ ǠȒἶ ƼPhysical Review Researchƽǲǭ 9 15

ӫѼ 0 ǲȨɱɧȢɱ ǜȓȅǞǦƳ 

 

 

ɪȠȠɶȷӓֻ ǮǶƲȢȨɱǵ͔ ǓלǲẀӓǠȒ͔

ǯᴀǷȓȒ ǵ˿ ȆǓ ǮǞǦƳ ǲƲɪȠȠ

ɶȷӓֻ ǵ YbInCu4 5 ǮǶƲYbȢȨɱǵ͔ ǲ

ǯȉǱǋ ȋר ̟ᾚרǓẀȖȒǚǯǓ 1986₴ ǲḸף

ǜȓǭǋȅǞǦǓƲ͔ ǵ ⱲǯǱȒ Ϸ ǵ ἧ

ǶȖǒǪǭǋȅǢȚǮǞǦƳǤǚǮƲ ȮɩɶɕǶƲ

᷈ ǒǫ ↓ǵ YbInCu4Ӵ șֻ ǞƲ ↓ȵɱȭ

ɫɆɫɱ ᾑϽǯ ѝ Ǳ ↓ѝ Ͻ ἧѝϽ ș

ȆֻȖǢǭ YbInCu4ǵ ἧ șѝ ǞȅǞǦƳ 

Ǥǵ Ʋ͔ Ǔ ǠȒɜȢɈȷ 231ħ ᾍ ↓ 42K

ȏȑ̭ǋ ↓ǲǑǋǭƲ̟ᾚ ἧǯ Yb 4f ἧǓ▌ǖ

6 ǠȒ ἧș ǠȒǚǯǲ ҚǞȅǞǦƳǚȓǶƲ

̟ᾚ ἧǵʝ Ǔ Yb 4f ȢȨɱǿ ҲǠȒǚǯș Ǟǭװ

ǑȑƲ͔ ǵ ǱȒ YbȢȨɱǵ Ǯ ἧș֞ǘ ǞǭǋȒ

ǵǶ̟ᾚ ἧǮǉȒǯ ǏȐȓȅǠƳǚǵȏǍǱ̟ᾚ ἧǵ

̎˺ɕɫȹȷǶƲ ₴ ǜȓǭǔǦ͔ ǵ˿ Ȇ

ǵΒ ǲǱȑƲḨ ἶǲǑǘȒ Ǳ ǯǋǏȅǠƳ

ǚȓȐǵ ǶƲɪȠȠɶȷȢȨɱǵ͔ ǵẀҲș

ǞǦ ǞǋϽἶ ǵ ǿǵ ǲǱȒǯ ♅ǜȓȅǠƳ 

 

レアアース化合物に価数の異なるイオンを 

仲介する電子を発見 
〜基礎物理学における重要な成果！価数転移現象の仕組みを解明〜 

 

 

 
 

 

ᶫ 1 a YbInCu4 ǵᶭ̱ʴș ҲǠȒ ἧǵ

ȦɋɩȬɶǯ Ҳ ѝ⁹șȦɋɩȬɶ ׄǲ

˘ ⱨѝǞǦ Ƴ b Ǯ˔ ǜȓȒ 

c-f ǞǦɎɱɇѝ Ƴ 
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Ƕ 2020 ₴ 9 15 ӫѼ 0 ǲƲ ᶮ ἶ̝ǓѠ ǠȒἶ ƼPhysical 

Review ResearchƽǵȨɱɧȢɱ ǮЏ ǜȓȅǞǦƳ 

 

׀  

Physical Review Research 9 15 ӫѼ 0 Џ  

ȽȢɆɩ  

Abrupt change in hybridization gap at the valence transition of YbInCu4 

 

ὄ Ẑ Ʋ ԍ ẞƲʢ Қ Ẏ ↑ Ẏἶ Ʋ̯ ˴Ʋ ᾓֶ ⅎῬẎἶ ƲTao ZhuangƲ 

₳῎ ʝ ἃẎἶ  

DOI ֵ  

DOI: 10.1103/PhysRevResearch.2.033408 

 

SDGs ǿǵ  

Ẏ ↑ ẎἶǶ ɵ Ҳș ǟǭ SDGs17ǵ ǿǵ  

ǑȏǺ᷂ Ћ̱ǵ ֯ Ǳ ᾽ǲ ǞǭǋȅǠƳ 

Ƕ SDGs17ǵ ǵǍǨƲƼ7 ȦɋɩȬɶșȆȚǱǲǤǞǭȭɨɶɱ

ǲƽǯƼ9 ǯ ǵḨ șǫǖȔǍƽǲ ǞǭǋȅǠƳ 

 

Ҟ  

ǶƲⅎῬẎἶ ᾑϽ ἶ ȹɱȽɶǵВֿ Ỗᴣ̝ǲȏȑ ǜȓǦ ǵȉǯὕ

Ǔ ȖȓȅǞǦƳȅǦ ǶƲẎ ↑ Ẏἶ ὑ ˗ ǵ ș֞ǘǭ ȖȓȅǞǦƳ 

 

Кὦ  

ȢȨɱǵ͔ Ƕ ǵ șר Ǡ ǵʝǫǮƲǤǵΙǶ ș ǠȒϷ ǵ ἧ ǲȏȑẀӓ

ǞȅǠƳ ӓἶǲǑǋǭƲ͔ Ƕ ΙǮ ǋȅǠƳ͈ǏǷƲ Ag Ƕ ȋᶭ̱ǵʴǮǶ ἧș

ʝǫ їǞǭὄὑǱ 1͔ Ag+ ǯǞǭἭ᷀ǞȅǠƳʝ ƲɪȠȠɶȷǵ YbǶƲ ἧș˘ǫ їǠȒ 2͔

Yb2+ ǯʢǫ їǠȒ 3 ͔ Yb3+ ǵȢȨɱǓᶭ̱ʴǲВἭǞƲ͔ ș₳᷈ǠȒǯ ǲǱȑȅǠƳ

ȅǦƲYbǶ 2͔ȢȨɱǯ 3͔ȢȨɱǵȦɋɩȬɶǓᾛǜǖƲ ↓ȋᶿҘǱǰǵẆ Ǳ ᶦǮ͔ ǓẀ

ҲǠȒ ⱪș ǨȅǠƳ 

˹ᶥ ǞǦ YbInCu4ǵ YbȢȨɱǶƲὙ ǮǶȂȃ 3͔ǮǠǓƲɜȢɈȷ 231ħȅǮлȋǠǯƲ3͔ǵ

ʝ Ǔ 2 ͔ǲ ǔ ȖȑƲ₳᷈ǠȒǯ 2.8 ͔ǲǱȑȅǠƳǚǵȏǍǲ͔ ǓלǲẀӓǠȒ Ƕ͔

ǯᴀǷȓǭǋȅǠƳYbInCu4ǮǶƲ͔ ǲǯȉǱǋ ȋר ̟ᾚרǓẀȖȒǚǯǓ 1986

₴ ǲḸףǜȓȅǞǦƳǤǵ˿ Ȇș ǔ ǒǤǍǯ ẉǖǵ Ǔ ȖȓǭǔȅǞǦǓƲ͔ ǵ

ⱲǯǋǏȒ Ϸ ǵ ἧ ǶȖǒǪǭǋȅǢȚǮǞǦƳ 

₡ƲɪȠȠɶȷӓֻ ǵ ἧ ǶƲǉǨǚǨҲǔᶥȒ Ǳ̟ᾚ ἧǯƲԍἧ ǵ ǖǲǖǪǫ

ǋǭҲǔǲǖǋᾯ᷀ Ǳ 4f ἧǓƲ ἧҘἶ ǲ ǝȑֻǪǦ c-f ǯǋǍ ǲǉȑȅǠƳǤǵ
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ἧǶɎɱɇѝ 7 ǵ◐ȋȦɋɩȬɶǲ ȓȅǠƳ ǲȏȒǯƲ̟ᾚ ἧǯ 4f ἧǓ Ǟ

ǦḹֻƲh ǵɎɱɇѝ ǵ˧ ǲȦɋɩȬɶɵȬɡɁɕǓ̸ȐȓƲ▌ǖ ǠȒǯȬɡɁɕǓẎǔǖǱ

Ȓǯ˔ ǜȓȅǞǦƳYbInCu4ǮǶɎɱɇѝ Ǔ ǜȓǭǑȐǡƲȬɡɁɕǓǉȒǵǒǱǋǵǒ Ǯ

ǔǱǋ ǮǞǦƳ 

ǚǵ ș ǠȒǦȈǲƲ ȮɩɶɕǶȅǡƲ ₡ǲ᷈ Ǯ ↓ǵ
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ǚǯǓǉȑȅǠƳǚǵȏǍǱӓֻ ǶƲ ↓ȋᶿҘƲ ḹǱǰǵẆ ᶦǲȏȑȢȨɱǵ₳͔᷈ ǓẀӓ

ǠȒ ⱪș ǨȅǠƳ ₡ǶƲẆḹǵẀӓǲֻȖǢǭ͔ Ƕ ȋǒǲẀȖȑȅǠƳȅȓǲƲǉȒ ὑǵ

↓ȋᶿҘǮ͔ Ǔʥ ǲẀȖȒǚǯǓǉȑȅǠƳǚǵȏǍǱ ș͔ ǯᴀǺȅǠƳ 

 

2 ȵɱȭɫɆɫɱ ᾑϽ 

ἧșϽǵ ↓ȅǮқ ǞƲ ǵҘǮǤǵ ׄș ǙȒǯƲ ׄǲ Ǫǭ Ǔ їǜȓ

ȅǠƳǚǵ ǵǚǯșȵɱȭɫɆɫɱ ᾑϽǯᴀǺȅǠƳȵɱȭɫɆɫɱ ᾑϽǶƲ ₡ǲ ȒǋϽ 

↓ ǮǉȑƲ Ẇ ǒȐ X ǲǋǦȒ₦ⅎǋ Ǔ♬ȐȓȒ ⱪș ǨȅǠƳ ѝ ȋ

Ʋ ἧ Ǳǰǵὕ ǮȵɱȭɫɆɫɱ ᾑϽǓ ǜȓǭǋȅǠƳ 

 

3 ↓ѝ Ͻ ἧѝϽ 

ǲϽș ᾑǠȒǯƲϽ ҧ ǲȏȑ К ǵ ἧǓ șǵȑǚǏǭẆ ǲ їǜȓȅǠƳ ↓

ѝ Ͻ ἧѝϽǮǶƲϽ ἧǵȦɋɩȬɶǯ ї ↓ș ὑǞƲȦɋɩȬɶͪἭѸǯ Ҳ ͪἭѸș ǋ

ǭ К ǵ ἧǵȦɋɩȬɶǯ Ҳ ș ὑǞȅǠƳ ἧǵȦɋɩȬɶǯ Ҳ ǵ ͜ǶɎɱɇѝ

ǯᴀǷȓǭǑȑƲ ↓ѝ Ͻ ἧѝϽὕ Ǯ ǲ ǠȒǚǯǓǮǔȅǠƳɎɱɇѝ ǵ◐ȋȦɋɩ

ȬɶǶ ǵר ș֚ ǞǭǋȒǦȈƲɎɱɇѝ ș ↓ȏǖ ѝ ǲ ǠȒǚǯǓ ǲǱȑ

ȅǠƳǚǵȏǍǱ ǒȐƲʫ ʴǮ ѝ Ǳ ↓ѝ Ͻ ἧѝϽ ǵ Ǔ ȈȐȓǭǔȅǞǦƳ 

 

4 ̟ᾚ ἧǯ 4f ἧ 

ἧǵ ǱⅎǓȑ Ҳ ǲǶƲs Ʋp Ʋd Ʋf ǯǋǍ ǓǉȑȅǠƳs

ȋ p ǵ ἧǶƲɰ ̱ǵК șǉǨǚǨҲǔᶥǪǭ ș̟ǏȒ ⱪș ǨȅǠƳʝ ƲɪȠȠɶȷ

ǵ Ce ̊ ǵϷ ǶƲ Ẇ ǵ ȏȑȉКζǲ ἧǮ ǦǜȓǭǋǱǋʥὈЋǱ 4f ș Ǟǭǋȅ

ǠƳǚǵ 4f Ƕԍἧ ǵ ǖǲѝ⁹ǠȒ ⱪș ǨȅǠƳɪȠȠɶȷӓֻ ǮǶƲԍἧ ǵ ǖǲǖ

ǪǫǋǭҲǔǲǖǋᾯ᷀ Ǳ 4f ἧǯᶭ̱КșҲǔᶥȒ Ǳ̟ᾚ ἧǓ˛ǋǲ◙ ǞֻǋƲ͔

ȋ ̟ᾚǱǰǵ Ǟǋ ș ǠǚǯǓ ȐȓǭǋȅǠƳ 

 

5 YbInCu4 

 YbInCu4ǶƲ1986₴ǲȢȷɧȦɩǵ ȮɩɶɕǓֻ ǞǦӓֻ ǮǠƳǚǵ ǵ ⱪǶƲɜȢɈȷ

231ħ ᾍ ↓ 42K ̂ Ǯ YbȢȨɱǵ₳͔᷈ ǓלǲẀӓǠȒ͔ ș ǠǚǯǮǠƳ͔ ǵ

ẀǲǯȉǱǋל ȋר ̟ᾚרƲ ἧὑ ȉẎǔǖẀȖȑȅǠƳYbInCu4ǵ ̊ Ʋ͔ ǵ˿

Ȇș ǔ ǒǤǍǯ ẉǖǵ Ǔ ȖȓǭǔȅǞǦƳ 

 

6  

ἧǵ ǶƲ ǯǋǍ ǱⅎǓȑ Ҳ Ǯ ⱪǬǘȐȓȅǠƳԍἧ Ǯ ἧșВ ǠȒ

ӓἶ ֻǶƲ ἧ Ǔ ǱȑֻǍǚǯǮ ǜȓǭǑȑƲ ἧ Ǔ ǝȑֻǪǦ ǵǚǯș

ƲȅǦǶӴǲ ǯȉᴀǺȅǠƳɪȠȠɶȷӓֻ ǲǑǋǭǶƲ̟ᾚ ἧ conduction electron ǯ 

4f ἧ 4f electron ǵ ǵ ǯǞǭ c-f ǯ ǠȒǚǯǓǉȑȅǠƳ 
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7 Ɏɱɇѝ  

Ӵ ǵԍἧǲ ǟ ȈȐȓǦ ἧǶƲ ǱȦɋɩȬɶ ǲǉȑȅǠƳʝ Ʋ ʴǵ ἧǶƲ

Ѹ ǲʱȚǧԍἧǓ̸Ȓק ɛɄɱȵɡɩǵ◙ ș֞ǘǭǑȑƲ ἧǵȦɋɩȬɶǶ Ҳ șẀǏȒǯ

ǉȒ ᶪǮ ǲẀȖȑȅǠƳǚǵǯǔƲ ἧǵȦɋɩȬɶ Ƕₑ Ɏɱɇ ǲⅎǓȒǚǯǒȐƲ

ἧǵȦɋɩȬɶǯ Ҳ ǵ ͜ǶɎɱɇѝ ǯᴀǷȓǭǋȅǠƳ ἧ ǶƲɎɱɇѝ ǵ◐ȋΉ Ʋ

ȦɋɩȬɶ̬ Ǯ ȅȒǦȈƲ ǵר ș ǠȒǍǏǮɎɱɇѝ ș ȀȒǚǯǶ ǲǱȑȅǠƳ 

 

ϼ  

ƨẎ ↑ Ẏἶ Ẏἶ ›ἶ   

р  ὄ  Ẑ ǉȚǝǋ ǹȔǉǔ  

 Tel 072-254-9489 Email anzai[at]pe.osakafu-u.ac.jp 

 

ƨⅎῬẎἶ ᾑϽ ἶ ȹɱȽɶ 

 р  ̯  ˴ ǜǯǍ ǹǯǞ  

 Tel 082-424-6293 Email jinjin[at]hiroshima-u.ac.jp 

 

ƨ ἃẎἶ Ẏἶ ›ἶ  

  ₳῎ ʝ ǹȐǑǒ ǚǍǋǨ  

 Tel 089-927-9885 Email hiraoka.koichi.mk[at]ehime-u.ac.jp 

 

 Ħʣ ǵ[at]ǶȠɁɆɜɶȭǲẀ ǖǧǜǋƳ 


