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ǀ ǵɛȢɱɆǁ 

ɵɈɌȵɨȱɱ ȵɨȱɱ ἧɇɁɆ Ƕ ιɓɨɶǵ ʫ̈Ͻ  

ɵ ɵ ɵ RGB Ǯ ϽǠȒȵɨȱɱǵ ἧɇɁɆɓȡɩɞ 

ɵẐ ϽƲ 80ħ Ʋ 100 Ǯʫ ѧǵ ʿ Ƴȵɫȫȳɱʹ Ǔ  

 

ǀ ǁ 

 ȵɨȱɱǶẐ ƲȅǦȷɜɶɆɓȧɱȋ ǵ ἧ ᴜǲȉ̓ȖȓƲ ̈ ̝ǵ ℅ș

ǏȒӭᾚ̱ ǮǠƳʝ ƲȵɨȱɱǶ Ͻ̱ǯǞǭǵר ǶǉȅȑϮȓǭǱǖƲὕ ӓ

ǲǶ ǪǭǑȑȅǢȚƳǤǵ ǶƲȵɨȱɱǵ Ͻ Ẇ Ƕ ǮǶ ǏǡƲȅǦ

Ͻҧ Ƕ 0.01 ǯ̭ǖƲ Ͻ ǲǶׄǋǭǑȑȅǢȚǮǞǦƳ 

ἶ ǵẎἶ  ᵃ  ӵṲ Ѽ ʹ˓ Ʋ ἶ ἶ  ′г  Ʋ

ἶ ȹɱȽɶ ǵ βʝ Ȑǵ ȮɩɶɕǶƲϽǵʢ

ԍ ɵ ɵ Ǯ ϽǠȒɈɌȵɨȱɱ ȵɨȱɱ ἧɇɁɆ ǵֻ Ʋɓɪȫȵ

ɔɩǱ ἧɇɁɆɓȡɩɞǵ̸ Ʋ ǲǤȓȐǵқ Ҝӓ ǲ ҚǞȅǞǦƳǤǵ Ʋ

34 Ʋ 20 Ʋ 12 ǵ ǋ Ͻҧ ș ǞƲ ǲ ȵɨȱɱ ἧɇɁɆ

ǶẎẀ ǋ ʿרș ǞƲǤǵ ǋ ʿרǵ Ƕ ȵɫȫȳɱʹ Ħ1 ǲǉ

ȑȅǞǦƳЕ̱ ǲǶƲ ȵɨȱɱ ἧɇɁɆɓȡɩɞș 1 ̊ʣ ̏ Ẑ Ͻȅ

Ǧ 80ħǵ ǲ ǞǭȉƲ85 ǵ Ͻר ▌↓Ʋ Ͻҧ Ǔ ǜȓƲҜӓǶ

15 ǮǞǦƳ ἧ ᶅǵқ Ҝӓ Ƕ ↓ 85ħ ↓ 85 Ǯ ȖȓȒǚǯǓẉǋǮǠ

ǓƲ ǲ Ǳ ẏʤǮǵẐ Ͻ ᾑƲ ǿǵ ↓ 80ħƲ ↓ 100 Ǯǵ

ǮǠƳǱǑƲẐ Ͻȋ ɵ ǲᾍǠȒȵɨȱɱ ἧɇɁɆƲǤǵ ἧɇɁɆɓȡɩɞǵ

ʿרǵ ǶƲǚȓȅǮḸףǓǉȑȅǢȚǮǞǦƳǤǵ̀Ʋ6 ǵὕ ȏȑƲ ϽǵҜ

ӓǵ Ʋʢԍ Ͻǵ ἧ ǟ Ȉҧ Ħ2 Ʋ ɵ ҧ Ħ3 ȉ

ǞȅǞǦƳ 

 ἧɇɁɆș ǋǦẎḌ TVȋȽɔɪɁɆǶƲ ₴ʫ ʴǮ ṸǜȓỒȈǭǋȅǠƳʝ Ʋ

ᴜǶʺǲȢɱȶȤɞ ї᷂ḢǓ ȐȓȒ₁ᾜ ι ἧɇɁɆǮƲȅǦ ǮʺҘ
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ǓǱǖƲ ιɓɨɶǵȳȷɄɈɔɩǱ Ͻ̱Ǔʫ ʴǮ ǜȓǭǋȅǠƳȵɨȱɱǶ

ιǮǶǱǖƲǤǵԍ Ƕ ɵ ǮǠƳ̓ ♥ǵ∕ ȉ ȆƲὄЋɵὄⱲɵὄ͔Ǳ Ͻ̱ǯ

ǞǭƲɜȢȭɫ LEDƲVRƲARƲ ȑ ǙɅȡȷɕɪȢƲ Ʋ ӣἶȢɟɶȶɱȮǮǵ

ὕ ӓǓƲSDGsǵ ǒȐȉ ♅ǜȓȅǠƳ 

 

ǀ Ḹǁ 

  

Stability of Silicon Quantum Dots Against Solar Light/Hot Water: RGB Foldable Films 

and Ligand Engineering 

 ׀

Keisuke Fujimoto1, Toma Hayakawa2, Yuping Xu1, Nana Jingu3, and Ken-ichi 

Saitow*1-4 
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ǀ ǁ 

 ἧɇɁɆǯǶƲẎǔǜǓ ɈɌɟɶɆɩǵ Ͻרǵӭᾚ̱ɈɌ ǮǉȒƳ̊ʤǲƲǤ

ǵ̈ ș ǠƳ1) ἧȳȢȸǲȏȑɓɩȩɧɶ ϽƲ2) ҧ Ͻ ȩɇɝȤɞ

ȋɘɫɔȷȩȢɆ ἧɇɁɆǮ Ẏ 100 ǵ Ͻ ἧ֛ Ħ4 Ʋ3) ǋ Ͻ

₦ 20-40 nm Ǯ EL ǵ 3-4 Ίǵ Ḣ Ʋ4) ɕɫȹȷ Ħ5 ǲȏȒ̭ ɵẎ

ᶿǮǵɅɎȢȷ Ʋ ƲȭɨɶɱɩɶɞǓʥ Ƴ Ʋ ἧɇɁɆǵẎ TV

ȋȽɔɪɁɆǓƲ⁸ḹǲїᶥȑỒȈǦƳǚȓȐɅɎȢȷǶƲ ἧɇɁɆș ѝἧɓȡɩɞǲ

ѝ ǞƲ Ʋ ǵ ϽɓȡɩɞǯǞǭѫ ǜȓǭǋȒ LEDǯ ǣɓɩȩɧɶșП Ƴ 

 ἧɇɁɆǶẌǵϽ ǯȏǷȓƲȠȶȠǱȐǺǲ ᶮǮǵ Ὅἶǵ֓ЊǓלṔǞǭ

ǋȒƳʝ ƲǤǵ ֗ǲǶƲ ǠȀǔ 3ǫǵ ǓǉȒƳ❶ ר ᵀᴜȅǦ

ǮʺҘǵ ἧɇɁɆǶƲȢɱȶȤɞ ɪȠɟȽɩ ƲȩɇɝȤɞ (CdSeƲ CdSǱǰ)Ʋ

ɘɫɔȷȩȢɆ Ǳǰǵ ιș ǋǭǋȒƳ➋ Ͻǵ ҧ ӓ Cd ȋ

ǵ ἧɇɁɆǶ Ẏ 100 ǵ Ͻ ἧ֛ ș Ǡ ǲȉƲ ṑ ǯרֻ ҧ ǵר

֚ ͜ǯȉǋǏȒ ƳǞǒǞƲ Ͻ ἧ֛ 70 ș ǏȒ Si ἧɇɁɆ(SiQD)ǓƲ ₴Ʋ

ǱȐǺǲ Ƶǵ ȮɩɶɕȏȑḸףǜȓǦƳǚǵΙǶƲӴ ȵɨȱɱǵ Ͻ ἧ֛

0.01 ǯ ǠȒǯƲͬǟǓǦǋ ǋƳ 

 ƵǶǚȓȅǮ 17 ₴ǵȵɨȱɱ ἧɇɁɆ(SiQD) ǲǑǋǭƲʢԍ ϽǠȒ SiQD

2009 ₴ Ʋ ϽǠȒ SiQD 2012 ₴ Ʋ SiQD LED 2015 ₴ Ʋ1/380 ǵ

ȱȷɆǮǵ SiQDǵ 2020₴ Ʋ Ẏ 80 ș ǏȒ Ͻ ἧ֛ ș ǫ SiQD

2022₴ 1 ƲȉȆ șԍ ǯǞǦ ɵȨɪɱȶ Ͻǵ SiQD LED 2022₴ 2 Ǳ

ǰƲșḸףǞǭǔǭǋȒƳǚǵ↓Ʋʢԍ ϽǠȒ ѝ Ḍǵ SiQD șֻ ǞƲǤȓȐǵ

ἧɇɁɆɓȡɩɞǵ̸ Ʋқ Ҝӓ ș ǋƲ ǲ ϽǯҜӓǵ ș ǞǦƳ 

https://pubs.acs.org/doi/10.1021/acssuschemeng.2c03791
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ǀ ǵКὦǁ 
 ʢԍ ɵ ɵ ϽǠȒ ѝ Ḍ SiQD șƲǤȓǥȓ ǱȒ Ǯӓἶֻ ǞǦ

ᶫ 1 Ƴ♬ȐȓǦ SiQD șƲǤȓǥȓ ѝἧɓȡɩɞǲѝ ǞƲẎǔǜ 40 mm ƲԌ

ǜ 0.5 3 mmǮƲ ɵ ɵ ϽǠȒɓɪȫȵɔɩ SiQDɓȡɩɞș♬Ǧ ᶫ 2 Ƴ 

 SiQD ɓȡɩɞșƲ ẏʤǮẐ Ͻǲ 8 Ʋ80ħǵ ↓ 100 ǲ 12

ǞǦƳǚȓȐ ̏ʤǮǵὕ ǶƲ ἧ ᶅǵқ Ҝӓ Ħ6 ǲ ►ǠȒƳ

ʴǵʝὑ ǛǯǲƲ ἧɇɁɆɓȡɩɞǵ ϽȷɘȭɆɩƲ Ͻ ἧ֛ ὑƲ Ẇ֛ט

ȷɘȭɆɩș ὑǞǦƳֻ 6 ǵ ǲȏȒӓἶ Ʋ ǵѝ ȏȑƲ Ͻ

ǯҜӓǵ ș ǞǦƳ̈ Ǳ ș̊ʤǲ ǠƳ 

 ʢԍ ϽǠȒ ѝ Ḍ SiQD șֻ ǞǦƳǤȓǥȓǵ Ͻɒɶȭǵ ǶƲ

660 nm Ʋ 530 nm Ʋ 400 nm ǮǉǪǦ ᶫ 1 Ƴ 

Ͻҧ Ͻ ἧ֛ ǶƲ 34 Ʋ 20 12 ǮǉǪǦƳ 

SiQD ǵ Ƕ ǱȒὍ ḨǮӓἶʹ ǜȓƲ ӓ Ḩ Ʋ ȠɝɌḨ Ʋ

ȵɫȫȳɱḨ Si-O-Si ֻ ǮǉȒƳ 

ʢԍ ϽǠȒ SiQDɓȡɩɞǶƲɓɪȫȵɔɩǮ̤ șר ǠȒ ᶫ 2a Ƴ 

ɵ Ͻǵ SiQD ɓȡɩɞǶƲẐ Ͻǲ ᾑ♥ 6h Ǯ Ͻ▌↓Ǔל ǵ♥Ʋὄὑ

ǞǦ ϽǲǱǪǦƳ ȵɨȱɱ ἧɇɁɆǶ 8 ǵẐ Ͻ ᾑǲᾍǞƲ Ͻ▌↓

Ͻ ἧ֛ ǵҜӓǶᾜǱǖƲ80 ǓͪǦȓǦ(ᶫ 2b)Ƴ 

SiQDɓȡɩɞș 80ħǵ ǲ 12 ǞǭȉƲ Ͻ▌↓Ƕ 85 ǜȓ

ǦƳ ǲᾍǠȒҜӓǶ 15 ǮƲ Ǳ ʿרǮǉǪǦƳ 

SiQDǵ ǋ ʿרǶƲ ǵ▌ᶭǱȵɫȫȳɱ ֻ Ħ1 ǯₒιǜȓǦƳ 

SiQD ɓȡɩɞș 80ħǵ ǿ ǠȒǯ Ͻ ἧ֛ Ǔʣ ǞǦƳǚǵ

ǶƲ ֚ꜘǵ Ὅ Ḩǵ♥ ֚ꜘǲȏȒȵɫȫȳɱ ֻǵṔқǲȏȒǯₒιǜȓǦƳ 

ʿר ǲǑǋǭƲȵɨȱɶɱȦɧȷɆɜɶ ȏȑɓɁ ɛɨɜɶǮ

ǋ ʿרǓ ǜȓǦƳ 

10 Ẑ Ͻ ᾑǿǵ ʿרǶƲ ἧɇɁɆǯ ѝἧɓȡɩɞƲǤȓǥȓǵϽ֛ט ǲȏר

ȒǚǯǓ ǜȓǦƳҜӓǵɟȩɉȸɞǶƲӓἶʹ Ḩǵ ֻў ǯₒιǜȓǦƳ 

11 ǯ Ͻ ǵ ǒȐƲ ϽɟȩɉȸɞǶ SiQDǶ ἧ ǟ Ȉҧ

Ħ2 Ʋ SiQDǯ SiQDǶ ̬ἧҧ (Ħ3)ǯₒιǜȓǦ ᶫ 3 Ƴ 

 

 ̊ʣƲϽǵʢԍ Ǯ ϽǠȒ SiQDɓȡɩɞș̸ ǞƲẐ Ͻ ᾑƲ ǿ ↓ 80ħƲ

↓ 100 ǵқ Ҝӓ Ǯ ͔ǞǦƳǚȓȅǮǵ Ǯ SiQDɓȡɩɞǵҜӓ Ẑ

ϽƲ Ʋ ǵḸףǶǱǒǪǦǦȈƲὕ ӓǲ ǱɅɶȽǯѨ ǜȓȒƳ˹♥Ʋὄ

ЋɵὄⱲɵὄ͔Ǳ Ͻ̱ǱȐǺǲɓɪȫȵɔɩ ϽɓȡɩɞǯǞǭƲɜȢȭɫ LEDƲVRƲ

ARƲ ȑ ǙɅȡȷɕɪȢƲ Ʋ ӣἶȢɟɶȶɱȮǮǵѫ Ǔ ♅ǜȓȒƳȅǦƲ

ǵКὦǶƲὄⱲɵὄЋǱ ș ǋǦ ǯ∕ ǲǑǋǭƲSDGs ǵ 12 ǫǖȒ

̑ƲǫǒǍ ̑ Ʋ Ͻ̱ǵ ȦɋӓǲǑǋǭƲ 7 ȦɋɩȬɶșȆȚǱǲǤǞǭȭɨ

ɶɱǲ ǲẎǔǖ ȖȒƳ 

 

ǀ˹♥ǵ᾽ ǁ 

 ȏȑⅎ Ǳ ɵ Ʋ Ͻҧ ǵʣ ƲǱȐǺǲʢԍ SiQD ǵ LED ǿǵ ș

ǋǦǋƳ ǲ ʿרȉʣǙǦǋƳǤǞǭƲὕ ӓǲǫǱǓȒḨ ș ǋǦǋƳ ᶮǵ

̝ ȮɫɶɎɩȢɱɓȧɟɶȵɥɱ ǲȏȒǯƲ ἧɇɁɆǵ⁸ḹ Ƕ 2026₴ǲ

86 ϤɇɩǲѮ ǯ ǜȓǭǋȒƳȉǞƲ ǵȏǍǱ ἧɇɁɆɓȡɩɞǓ SDGs ǵ

̀ǵ Ʋ͈ǏǷ 8 Ʋ 9 ǯ ǵḨ ș̸ȔǍ ǲȉ ȖȒ

ǚǯǲǱȓǷƲǤȓȉ ẆǵᵗǺǯ ǏȒƳ 
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ᶫ 1. (a)ʢԍ Ǯ ϽǠȒ ѝ Ḍǵȵɨȱɱ ἧɇɁɆ(
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ᶫ 3. SiQD ǵ Ͻǯ ἧȳȢȸǵ ͜Ƴʣ ɅɶȽ ṄȑǫǽǞ ǯʤ ɅɶȽ ǔ ǮǶ
ϽɟȩɉȸɞǓ ǱȒƳʣ ҧ ǲȏȒ ϽƳʤ ἧ ǟ Ȉҧ ǲȏȒ ϽƳ

Ƕ ҧ ̧ Ƴʣ Ƕ F(fast)ɎɱɇƲʤ Ƕ S(slow)ɎɱɇǯȉᴀǷȓǭǋȒƳ 

 

 

ǀ ǁ 
Ħ1 ȵɫȫȳɱʹ Ǔȵɫȫȳɱ ֻ Si-O-Si ֻ Ǯ ȖȓǦ ș ǠƳȵ

ɫȫȳɱ ֻǶ▌ᶭǱӓἶ ֻǮǉȑƲȅǦ˘ ϷɋɁɆɭɶȭ ș ǠȒƳǚǵ

ֻǶƲ ̱ǵȱɶɄȡɱȮ ǲȉ̓ȖȓǭǋȒƳ 

Ħ2 ἧ ǟ Ȉҧ Ƕᶭ ǵ Ͻ șʦǏȒƳǞǒǞƲӭᾚ̱ǵ ἧǵẎǔǜ

ǓɈɌɟɶɆɩȳȢȸǲǱȒǯƲֿǟ Ǯȉ Ͻ ǓẀȖȒ Ǔ ǠȒƳ 

Ħ3 ҧ ἧɇɁɆǵ ǲ ֻǞǦὍ Ḩ ̬ἧ ǓƲ Ǟǋ Ͻ ̬ș̸

ȒǚǯƳɎɱɇ ǲȏȒ ἧ ǟ Ȉҧ ǯǶ ǱȒ ϽɟȩɉȸɞƳ 

Ħ4 Ͻ ἧ֛ PLQY Ͻǵҧ ș Ǯ Ǡ Ƴ50 ǵ Ͻ ἧ֛ ǯǶƲט

֛ǞǦϽǵ 50 ș ϽǲẀ ǮǔȒǚǯș ǠƳ 

Ħ5 ɕɫȹȷ LED ȋẐ ǵ ǲǶƲȭɨɶɱɩɶɞƲ Ʋ1000ħ ǵ

Ǔⱳ ǯǜȓȒƳ ɕɫȹȷǶẎ ᶿʤǮǵ ǵṄ⁹Ʋ̭ ₡ 100ħ

Ǯ ǏȒ ǵǦȈƲ ρ ȉᾜǱǖƲὄ͔ǱɅɎȢȷ ǮǉȒƳ 

Ħ6 қ Ҝӓ ἧ ᶅ Ƕ ǯǯȉǲר ǓҜӓǠȒƳǤǵ ₴Ҝӓș

Ǯ ͔ǠȒǦȈǲ ̏ʤǮ ʿ ș ǍƳ ↓ 85ħ Ʋ ↓ 85 ǵ ̏

Ǯǵқ ș ǍǚǯǓẉǋƳǤȓșὕ ὙǮ ͛ǲ ǍǦȈǲ 80ħǵ ↓Ʋ

100 ǵ ↓ǮǉȒ ǲ SiQDɓȡɩɞș ǜǢǭ ǪǦƳẐ Ͻ ᾑǶƲ ẏ

ʤǮǵ̓ ș ὑǞ ǪǦƳ 

 

ǀǑᵂǋֻȖǢϼǁ 

ⅎῬẎἶ ἶ ȹɱȽɶ ἶ  

ⅎῬẎἶ Ẏἶ ϼ › ἶ  Ḩ ӓἶ ̿̑   
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