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Back ground

Generating Fe@C60+ 
・for contrast agents with highly sensibility for MRI 
・for quantum computing 
・40~60eV of synthesis energy
・There is no stable method generating them

In ECRIS...
・ Synthesis in gas phase
・ High yield generation

Application of Electron cyclotron resonance ion source (ECRIS) 

Atom endhedral fullerene (M@C60)
・Ar@C60：Super conducting materials
・Li@C60：Solar cell
・N@C60：Quantum computing
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Purpose

Past studies
・Improvement of 

Iron ion evaporator 
・Coexistence of  Feq+

and C60
q+ ions[1] ・ Detail identification 

of charge state distribution (CSD)

Purpose
・ Investigation of the formation   

possibility of iron endohedral fullerene
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#2020/03/06
Pressure:3.7× 10-4Pa
Support gas:Ar(0.189sccm)
VHV:2kV, Slit:8mm
IA/ IB / IC :158/109/8A
Microwavepower(in/ref):10/0W

[1] Y. Kato, Y. Tsuda, T. Watanabe, K. Onishi, K. Hamada, T. Takeda, T. Omori, and K. Okumura IIT2018, IEEE Conf. Publ, pp.172-175. (2019)
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Experimental equipment
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マ イ ク ロ 波 ： マ グ ネ ト ロ ン よ り 20W導 ⼊
引 き 出 し 電 圧 :10kV

マ イ ク ロ 波 :マ グ ネ ト ロ ン よ り 20W
引 き 出 し 電 圧 ： 2kVに 変 更

マ イ ク ロ 波 ： マ グ ネ ト ロ ン よ り 数 W程 度
引 き 出 し 電 圧 :2kV

マ イ ク ロ 波 :無 線 機 よ り 1W以 下
引 き 出 し 電 圧 :2kV

マ イ ク ロ 波 ： 無 線 機 よ り 1W以 下
引 き 出 し 電 圧 :2kV
磁 場 条 件 を フ ラ ー レ ン に 最 適 化
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C60
Crucible

2.4GHz wireless 
telegram

μw : Magnetron (20W)
Extraction voltage : 10kV

μw : Magnetron (20W)
Extraction voltage : 2kV

μw : Magnetron 
(less than 10W)

Extraction voltage : 2kV

μw : Wireless telegram
(less than 1W)

Extraction voltage : 2kV

μw : Wireless telegram
Extraction voltage : 2kV
Optimize magnetic field

Ext. voltage μw pow.
Feq+ 10kV 5~20W
C60

q+ 2kV ~1W

Suitable Extraction voltage & Microwave power 

Experimental procedure (Feq+ & C60
q+ coexistence)
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#2020/03/06
Pressure:3.7× 10-4Pa
Support gas:Ar(0.189sccm)
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IA/ IB / IC :158/109/8A
Microwavepower(in/ref):10/0W

Preheating
Fe evaporator & C60 curusible
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creteria : C60
+，C60

2+

Error evaluation with different criteria

Peak of 
spectrum

identification

Relative 
evaluation
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⇨ The spectrum of atom endohedral fullerene were
identified with the average relative error of 0.36~1.35%.

Relative error evaluation in each of the identification criteria [%]

Result of error evaluation
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Additional experiment （without iron ions）

⇨ There is no spectrum 
corresponding to Fe@C60

+

#2020/07/28
Pressure:2.0×10-4Pa
Support gas:Ar(0.183sccm)
VHV:2kV, Slit:8mm
IA/ IB / IC :158/110/5A
Microwavepower(in/ref):5/0W



Future work
・Increase the beam current of the FeC60

+

⇨ Optimization of generation and extraction conditions

・Synthesis of iron-endohedral fullerenes on ECRIS
Summary
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Summary & Future work

・Time-of-flight and chemical analyses of actual products 

・The spectrum corresponding to Fe@C60
+ is identified   

with the average relative error of 0.68%
⇨ The possibility of generating Fe@C60

+ is suggested

・Additional experiment without iron ions introduction
⇨ There is no spectrum corresponding to Fe@C60

+


