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Back ground 

 By Fukushima nuclear power plant accident, radionuclides were 
released into surroundings and lots of radioactive wastes were made. 
 

 Among them, Strontium is contained with high concentration, and 
emit strong β-ray. 
 

 Clean decontamination method without production of secondary 
radioactive waste is necessary. 

Experimental 

4-bromo-1,8-naphthalic 
anhydrous 

4-bromo-N-phenyl-1,8- 
Naphthalimide(BPN) 
 
 

synthesis Aniline + 

Problems & Objectives 

 In-situ detection of Sr2+ complex in ScCO2 is 
difficult, because of its non-color property. 
 

 General crown ethers showed low solubility to 
ScCO2 without using fluorine. 
 

 Use of fluorine is not suitable because it is non-
environmental friendly element. 
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 Synthesis new crown ether extractant BPN-DCE 
which has chromophore unit(color), high 
affinity to ScCO2, and size selectivity to Sr2+ ions. 
 

 Characterize new crown ether extractant. 

Problems 

Objectives 

N,N-Bis(N-phenyl-1,8-naphthalimide)-4,13-diaza-
18-crown-6 ether(BPN-DCE) 

Result3: Elemental analysis 

Crown ether extractant 

 Direct extraction of ionic species is 
energetically unfavorable. 
 

 Extractant which can form complex 
with object metal cation is needed.  
 

 Crown ethers are promising because 
these form complexes with similar-
sized cations. 

Crown ether derivative 

 To raise solubility of crown ether 
extractants to ScCO2, fluorinated 
crown ether extractant was 
introduced. 
 

 Fluorinated 18-crown-6 ether 
extractant could extract Sr2+ ion 
selectively. 

Previous study 

Back ground 
Supercritical carbon dioxide (ScCO2) extraction 

ScCO2 

4,13-Diaza-18-crown-6 
Ether (DCE) 

N,N-Bis(N-phenyl-1,8-naphthalimide)-
4,13-diaza-18-crown-6 ether(BPN-DCE) 

4-bromo-N-phenyl-1,8- 
naphthalimide(BPN) 

+ 
synthesis 

Synthesis process 

purification purification 

 Expected hydrogen ratio of 
DCE part : BPN part was 24 : 20. 
 

  The NMR data showed 24 : 
20.59, very similar value with 
expected hydrogen ratio. 
 

 Assign was successfully done. 

Conclusion & Future work 

(1) Synthesis of BPN-DCE was performed. 
 
(2) Characterization of BPN-DCE was done by NMR, FT-IR, and Elemental analysis. 
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Dibenzo-18-crown-6 ether 

N,N-Bis(pentafluorobenzyl)-10-
diaza-18-crown-6 ether 

18-crown-6 ether 

Perfluoro-1-octanesulfonic acid 
ammonium salt 

Sr2+ 

Sr2+ 

Mechanism of ScCO2 extraction 

 Supercritical state: Fluid state 
above critical temperature and 
pressure. This state has 
solubility of liquid and 
diffusivity of gas.  
 

 CO2: Has mild critical condition 
and high safety; non-polar, 
non-flammable, inert. 

No secondary radioactive waste 
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*Reference: master thesis of Ito ryosuke 

Ideal Result Error 

C 71.64% 71.47% 0.17% 

H 5.47% 5.37% 0.1% 

O 15.92% 16.177% 0.257% 

N 6.97% 6.876% 0.094% 

Result2: FT-IR data 

DCE part BPN part 

(1) Perform strontium ion extraction experiment and evaluate the result. 

Conclusion 

Future work 

 The ideal element ratio was calculated from 
molecular formula of BPN-DCE, C48H44O8N4. 
 

 Result data showed very similar value to ideal, 
and maximum error was 0.257%. 
 

 BPN-DCE was successfully synthesized with fine 
purity. 

M 

: Strontium ion 
: other metal ion 

Sr 

DCE 

BPN 

C-Br 

N-H 

BPN-DCE 

 N-H peak of DCE and C-Br peak of BPN were disappeared. 
 

 FT-IR results showed that reaction between BPN and DCE was successfully done. 

Polluted soil Polluted wood 
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