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1. ─ ≤  

1.1  

≤│ ╕√│ ⅜ ⇔≡≢⅝√ ─ ⌐ ◘▬

☼─ ⇔√ ⌂≥╩ ╡ ╗ ─↓≤≢№╢ ╡ ╕╣╢ ╩◕☻♩

◕☻♩ ╩ ╡ ╗ ╩ⱱ☻♩ ≤ ┘ ◕☻♩ ╩ⱱ☻♩

⅜ ∆╢↓≤≢ ↕╣╢ ╩ ≤ ┬  

─ ─ ╕╡│ 1949 ─ Schlenk⌐╟╢ ♅○ ╩ⱱ

☻♩≤⇔≡ ™√Ɽꜝⱨ▫fi ─ ≢№╢[1] ∕─ Cramer│◦◒꜡♦◐

☻♩ꜞfi╩ ⇔√ ─ (1951 ) ◐ꜝꜟ 1952 ⌐≈

™≡ ⇔√[2] ◦◒꜡♦◐☻♩ꜞfi│ Bacillusamylobacter≤™℮ ⌐╟╢ⱳ

♥♩ ─ ≤⇔≡ 1891 ⌐ Villiers ⌐ ↕╣ 1903 ⌐ Schardinger⌐

╟∫≡ ○ꜞ◗ ≢№╢↓≤⅜ ⇔√ ─ ≢№╢

1967 ⌐│ Pedersen⅜ ╩╙≈ ⌂ ≤⇔≡◒ꜝ►fi◄כ♥

ꜟ╩ [3]⇔ Lehn Cram╠⌐╟∫≡ ₁⌂ ◦☻♥ⱶ⌐ ↕╣ⱱ☻♩Ί

◕☻♩ ─ ╩ ⇔√ ╠⅜ 1981 ⌐₈ ⌐ ⌂

╩∆╢ ─ ≤ ₉⌐╟╡ⱡכⱬꜟ ╩ ⇔√↓≤≢

⅜ ↄ ╣ ╢↓≤≤⌂╡ ⌐ ∆╢ │ ─ ╩√

≥∫√ ╛ ⌐ ⇔≡─ ─ │ ⇔ ╙

╠╣╢╟℮⌐⌂∫≡⅝√ ⱱ☻♩΅◕☻♩ ⌐⅔™≡ ⱱ☻♩─ ┼

─ ─ ⅜∕─ ⌐ ⅝ↄ ⇔≡⅔╡ ╛◔♩fi ⌂≥─

╟℮⌂ ─ ╩ ∆╢↓≤⅜≢⅝╢∞↑≢⌂ↄ ◐ꜝꜟ⌂ ─ⱱ☻

♩ │ ╛☺▪☻♥꜠○ⱴכ─╟℮⌂

─ ⌐ ℮↓≤⅜≢⅝╢[4]  

│ ה ∞↑≢⌂ↄ ⌐⅔↑╢ ≤⇔≡ ∆╢

↓≤╙ ≢№╢ ⌐╟╡ ─ ╩ ⇔ ─ ─ ≢

╩ ↓∆ ⌐ √ ─◖fi♩꜡כꜟ⅜ ⌐⌂╢ ↓─╟℮

⌂ │ 1953 ─ Cramer╠⌐╟╢◦◒꜡♦◐☻♩ꜞfi╩ⱱ☻♩ ≤⇔√▪

▬◦꜡fi─ ⌐ ╕╡[5] 1967 ─ ◦◒꜡♦◐☻♩ꜞfi╩ ™√ p-
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♬♩꜡ⱨ▼♬ꜟ ─ [6] ⅔╟┘ 1977 ─ Wufull ╠⌐╟╢◐ꜝꜟ⌂

╩ ≈ ─ [7]≤ ™≡™╢ ╕√ ╛ ⌐╟╢ ─ ⌂≥

╙∆≢⌐ ╦╣≡™╢ ↓─╟℮⌐ │ ─ ╩ ↕∑√

╡ ╩ ⇔√╡ ⌐ ™√╡∆╢↓≤⅜ ≢№╢  

↕╠⌐ │ ─ ≤⇔≡╙╟ↄ ™╠╣≡™╢ ⅎ

┌ ≤♄fiⱬꜟ ╩ ╖ ╦∑√꜡♃◐◘fi│ ⌐⅔

↑╢ ─ ≤⇔≡ ─ ≤⌂∫≡™╢[8] ─

⌐⅔™≡ │ ⌐ ⌂ ╩ ∫≡™╢   

≢│ ╛ ─ ⌐⅔™≡╙ ↄ ↕╣≡™╢ ┼─

≤⇔≡│ 1984 ⌐ ≢ ⅛≈ ─ⱪ꜡☻♃◓ꜝfi☺fi─

⌐⅔™≡◦◒꜡♦◐☻♩ꜞfi⅜ ╣√ ╩ ∆↓≤⅜ ↕╣

√[9] ↓─╟℮⌂◦◒꜡♦◐☻♩ꜞfi ⌐╟╢ ─ │ ─

─╖⌂╠∏ ─ ⌂≥ ↄ─ ⅛╠ ₁⌂ ┼≤

↕╣≡™╢ ╕√ ┼─ ≤⇔≡│ ┼─ ╡─ ╛ ─

╩│∂╘ ╛ ─ ⅜№╢ ↓─╟℮⌐ ≢│

─ │ ⌐╦√∫≡⅔╡ ─ ╩ ╠⅛⌐∆╢↓≤│

─ ⌐⅔™≡ ⌐ ≤⌂∫≡™╢  

 

 

 

 

 

 

 

 

 

 

 

 



    

 5   

1.2 ─  

⌐⅔™≡│, ─ ⌐ ─ ⅝™╙─≤ ─ ↕™╙──

≈─ ─ ─ ╩ ≤⇔≡™╢. 

(1) p-Sulfonatocalix[6]arene⌐╟╢▬Ⱶ♄♂ꜞ►ⱶ ▬○fi ─

⌐ ∆╢  

Calix[n]arene│ⱷ♅꜠fi ≢ ↕╣√n ─ⱨ▼ⱡכꜟꜚ♬♇♩⌐╟╡

↕╣√ ≢№╡ ─ ╩ ⇔≡™╢√╘ ≤─

╩ ∆╢ ≢│ ─ p-sulfonatocalix[6]arene (Calix-S6)╩ⱱ☻♩

≤ ⇔ ≡ ™ 6 ─ ▬ Ⱶ ♄ ♂ ꜞ ► ⱶ ( ▬ ○ fi

1-ethyl-3-methylimidazolium chloride (emimCl), 1-butyl-3-methylimidazolium chloride 

(bmimCl) 1-butyl-3-methylimidazolium tetrafluoroborate (bmimBF4),  1-butyl-3- 

methylimidazolium hexafluorophosphate (bmimPF6), 1-hexyl-3-methylimidazolium 

chloride (hmimCl), 1-methyl-3-n-octylimidazolium chloride (omimCl)≤─ ╩

ⱨ▼ⱡ♅▪☺fi ≢№╢methylene Blue (MB) ╩▬fi♦▫◔כ♃כ≤⇔≡ ™

╢↓≤≢ ═╢ ◌►fi♃כ▪♬○fi ◌♅○fi

─ ╩ ═ Calix-S6─ ─ ╩ ⌐ ℮↓≤╩ ≤⇔≡™╢  

 

(2) Cucurbit[6]uril ⌐╟╢▪ꜟ◌ꜞ ≢─ ▪Ⱶfi ─

─  

Cucurbit[n]uril│ n ⅜♩♇♬ꜚꜟꜞ►ꜟכ◖ꜞ◓─ 2n ─ⱷ♅꜠fi ≢

↕╣√♃ꜟ ─ ≢№╡ ─ ⅛╠⌂╢ ─

⌐ ⅜ √╣≡™╢ ≢│ ⌐ ∆╢ ⅜ ™

Cucurbit[6]uril (CB[6])╩▪ꜟ◌ꜞ ≢ ▪ꜟ◌ꜞ ◌♅○fi≢┤√

╩↕╣√ CB[6]≤ 4 ─ ▪Ⱶfi p-phenylenediamine dihydrochloride (PDA), 

p-toluidinium chloride (TD), p-xylylenediamine (XDA), benzyl viologen dichloride 

(BV)≤─ ╩ ═ ▪ꜟ◌ꜞ ─ ┘ CB[6]─ ─ ╩

℮↓≤╩ ≤⇔≡™╢  
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1.3 Calix-S6⅔╟┘ CB[6]─ ─ ⌐ ⱴכ♥╢∆  

⌐│ ─ ≡™≈⌐ⱴכ♥─≈ ╩ ∫√  

1 Calix-S6⌐╟╢▬Ⱶ♄♂ꜞ►ⱶ ─ ─  

─ Calix-S6╩ⱱ☻♩ ≤⇔≡ ™  6 ─▬Ⱶ♄♂ꜞ►ⱶ ▬○fi

 emimCl, bmimCl  bmimBF4, bmimPF6, hmimCl, omimCl≤─

╩ⱨ▼ⱡ♅▪☺fi ≢№╢ MB ╩▬fi♦▫◔כ♃כ≤⇔≡ ™╢↓≤≢ ═

√   

MB╩▬fi♦▫◔כ♃כ≤⇔≡ ™╢√╘⌐ Calix-S6≤ MB─ ⌐≈

™≡ ═√≤↓╤ MB─ ☻Ɑ◒♩ꜟ╩ ™√Jobôs plot≤ 1
H NMR ╟

╡ Calix-S6≤ MB│ 1:1─ ╩ ⇔≡™╢↓≤⅜ ⅛∫√ ╕√

-ⱷ♃ⱡכꜟ ≢ Calix-S6≤ MB ─ KMB╩ MB ─ ☻Ɑ◒

♩ꜟ ⅛╠ ╙∫√ KMB │ ─ ⅜ ∆╢⌐ ™

⇔ ─ ╩ ∆ ET(30) ⌐ ⇔≡ ™ ╩ ⇔√ ↕╠⌐

Calix-S6≤ MB─ ⌐ ╓∆ ─ ⌐≈™≡ ═√≤↓╤ ─

≤ ⌐ KMB │ ⇔√ ⌐ ∆╢ Ɽꜝⱷכ♃כ╩ ╙

∫√ Calix-S6≤MB─ ⌐⅔™≡│◄fi♃ꜟⱧכ ─ ⅜ ⅝™↓

≤⅜ ⅛∫√ Calix-S6≤ MB─ ⌐ ╓∆ ─ ⌐≈™≡│

─ ⌐╟╡ ⌐ ™ ⅜ ↕╣╢ ╙№╣┌ ↕╣

╢ ⌂ ╩ ⇔√  

⌐ ╩ √⌂™▬Ⱶ♄♂ꜞ►ⱶ ≤Calix-S6─ KIL╩

╙╢√╘⌐ MB ╩ ↕∑ ╩ ⇔ ▬Ⱶ♄♂ꜞ►ⱶ ─

⌐ ℮MB─ ⅛╠▬Ⱶ♄♂ꜞ►ⱶ ≤Calix-S6─ KIL╩

╙∫√ 6 ─▬Ⱶ♄♂ꜞ►ⱶ ─ KIL│ MB─ ≤ ⌐

─ ⅜ ∆╢⌐ ™ ⇔ ─ ╩ ∆ ET(30) ⌐ ⇔

≡ ™ ╩ ⇔√ Calix-S6≤▬Ⱶ♄♂ꜞ►ⱶ ─ ⌐ ╓∆ ─

⌐≈™≡ ═√≤↓╤ ─ ≤ ⌐ 6 ─▬Ⱶ♄♂ꜞ►ⱶ ─

KIL│ ⇔√ ⌐ ∆╢ Ɽꜝⱷכ♃כ╩ ╙∫√ Calix-S6

≤▬Ⱶ♄♂ꜞ►ⱶ ─ ⌐⅔™≡╙◄fi♃ꜟⱧכ ─ ⅜ ⅝™↓≤⅜
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⅛∫√ ╕√ emimCl bmimCl hmimCl ≤▪ꜟ◐ꜟ ⅜ ↄ⌂╢⌐≈╣

⅜ ∆╢⅜ ↕╠⌐▪ꜟ◐ꜟ ⅜ ™ omimCl⌐≈™≡│ ⌐ ∂

╢≤™℮ ™ ⅜ ╠╣√ ↕╠⌐ 1-butyl-3-methylimidazolium ≤

Calix-S6─ ⌐⅔↑╢ ─ ⅜◌►fi♃כ▪♬○fi⌐ ∆╢

≤™℮ ™ ╩ √  

▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─ ⌐ ╓∆◌►fi♃כ▪♬○fi─ ╩

╠⅛⌐∆╢√╘⌐▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6 ≤─ ─ ⌐⅔↑╢ 19
F 

NMR ╩ ∫√ Calix-S6≤◌►fi♃כ▪♬○fi BF4, PF6 ⌐╟╢

⅜ ⅝≡™╢↓≤⅜ ↕╣√ 19
F NMR ⌐╟╢ⱨ♇ ─ ◦ⱨ♩╟

╡▪♬○fi≤ Calix-S6≤─ ─ KA╩ ⇔ ─

⌐≈™≡ ═√ ◌►fi♃כ▪♬○fi⌐╟∫≡ ╛ ╩ ↕∑√

─ ─ ⅜ ⌂∫≡⅔╡ ∕╣│ Calix-S6≤─ ─ ⌐ ⇔≡™

╢↓≤⅜ ↕╣√ ◌►fi♃כ▪♬○fi─ ╩ ∑∏⌐ ⇔√ ⅛

↑─ ⅜ ⌐│ Calix-S6⌐ ∆╢◌►fi♃כ▪♬○fi─

≤◌♅○fi─ ─ ≢ ╣╢↓≤╩ ⇔ ▬Ⱶ♄♂ꜞ►ⱶ ⌐ ∆╢

─ ╩ ⇔√  

◌►fi♃כ▪♬○fi─ ⅜⌂™ emimCl bmimCl hmimCl omimCl─ 4

─▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix -S6─ ⌐ ╓∆ ─ ⌐⅔™≡│ MB ≤

⌐ ⌂ ╩ ⇔√ ↕╠⌐ ╩ ∆╢↓≤≢ Calix-S6

─ ⌐≈™≡ ─ ⅛╠ ⌐ ⇔√   

 

2 CB[6]─ ─  

CB[6]─ ⌐≈™≡ ⅔╟┘ 1
H NMR

⌐╟╡ ╩ ∫√ ◕☻♩ ⌐│ 4 ─ ▪Ⱶfi   (PDA, TD, 

XDA, BV) ╩ ™√ ≢│ ▪ꜟ◌ꜞ ≢ CB[6]≤▪ꜟ◌ꜞ

▬○fi⅜ 1:1 ≢  (CB[6]M
+
) ╩ ⇔≡ ⌐ ∆╢↓≤╩ ⇔√

CB[6]≤◕☻♩ ≤─ ⌐╟╡ ∂╢ ─ ⌐╟╡ CB[6]│

PDA TD XDA ⅔╟┘ BV ≤∕╣∙╣ 1:1─ ╩ ∆╢↓≤⅜╦⅛
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╡ ∕╣╠─ ╩ ⇔√ CB[6]≤ PDA⅔╟┘ TD─ ⌐

⅔™≡ ─ ╩ ⅎ√≤⅝─ K│ Cs
+

Na
+

K
+─ ≢ ⌂

╩ ⇔≡™╢↓≤⅜╦⅛╡ ◕☻♩ ⅜ ≢№∫≡╙ CB[6]─

─√╘⌐ ∆╢▪ꜟ◌ꜞ ─ ⌐╟∫≡ ⅜ ∆╢↓≤⅜

⅛∫√ ╕√ ⌐ ╓∆▪ꜟ◌ꜞ ▬○fi─ │ ▪ꜟ◌ꜞ

▬○fi─ ⅝↕⌐╟╢ ⅔╟┘◕☻♩ ≤ CB[6] ⇔√▪ꜟ◌ꜞ

▬○fi≤─ ⌐ ∆╢↓≤⅜ ↕╣√ ↕╠⌐ CB[6]─

─ⱪ꜡♩fi─ 1
H NMR ☻Ɑ◒♩ꜟ─◦ⱨ♩⅛╠▪ꜟ◌ꜞ ▬○fi╩ ╗

⌐⅔™≡ ↕╣╢ ─ ╩ ⇔√ ↓╣╠─ ⌐ ≠™

≡▪ꜟ◌ꜞ ▬○fi ≢─ CB[6]≤ ▪Ⱶfi ⌐ ∆╢ ⌐

≈™≡ ⇔√   
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2. p-Sulfonatocalix[6]arene⌐╟╢▬Ⱶ♄♂ꜞ►ⱶ ─ ─  

2.1  

◒ꜝ►fi◄כ♥ꜟ╛◦◒꜡♦◐☻♩ꜞfi╩ ™√ ⅜ ↄ↕╣╢

↓╣╠⌐ ↄ 3 ─ ⅜fiכ꜠▪☻◒♇ꜞ◌≡⇔≥ ↕╣≡™╢

◒ꜝ►fi◄כ♥ꜟ│◄♅꜠fi○◐◘▬♪─ꜚ♬♇♩≢ ◦◒꜡♦◐☻♩ꜞfi│

─ꜚ♬♇♩≢ ↕╣≡™╢⅜ ♇♬ꜚ─ꜟכfi│ⱨ▼ⱡכ꜠▪☻◒♇ꜞ◌

♩≢ ↕╣√ ○ꜞ◗ⱴכ≢№╡ ─ ╩ ⇔≡™╢ 1944 ⌐

Zinke╠⌐╟∫≡ⱨ▼ⱡכꜟ ─ ⌐≈™≡─ ⅜⌂↕╣ ⌐

≢ ─ ™ ─ ⅜ ⌐fiכ꜠▪☻◒♇ꜞ◌⅜─√╣↕ ∆╢

─ ╕╡≢№╢ ─ │ ─ ⅔╟┘ ╩ ℮⌐│ ≢│

⌂⅛∫√⅜ 1978 ⌐Gutsche╠⌐╟╡ 1
H NMR⌐╟╢ ─ ⅜ ╦╣

∕─ ⅜ ─ ⌐ ≡™╢↓≤⅛╠◑ꜞ◦ꜗ ─ (Calix)─

(arene) ≤™℮ ≥fi(Calixarene)כ꜠▪☻◒♇ꜞ◌≢ ↕╣√[10] ∕─

Ungaro Pochini╠⌐╟∫≡ X ⅜ ╦╣ p-tert-butylcalix[4]arene≤♩

ꜟ◄fi⅜ 1 : 1─ ⌂ ╩ ∆╢↓≤⅜ ↕╣√[11] ◌ꜞ♇◒☻

╩♪ⱱꜟⱶ▪ꜟ♦ⱥ≥ꜟכfi│ⱨ▼ⱡכ꜠▪ ≢ ⇔≡ ⇔√╙─

≢№╢⅜ ╩ ∆╢↓≤≢ ─ ─╙─╩ ⌐ ╢↓≤

⅜≢⅝ ≢│ⱨ▼ⱡכꜟ ⅜ 20─ Calix[20]arene─ ╕≢ ↕╣≡

™╢[12] ╕√ ₁─ ⌐╟╡ ─ ⅜ ≢№╢

1984 ⌐ Ungaro╠│ ⱥ♪꜡◐◦ꜟ ╩ ∆╢ⱨ▼ⱡכꜟ≢ ↕╣≡™╢◌

─fiכ꜠▪☻◒♇ꜞ ─ (lower rim)┼◌ꜟⱲ◐◦ꜟ ╩ ∆╢↓≤⌐╟

∫≡ ╘≡ ─fiכ꜠▪☻◒♇ꜞ◌ ⌐ ⇔√[13] ╕√ Shinkai

╠│ⱨ▼ⱡכꜟꜚ♬♇♩─ p- (upper rim)⌐☻ꜟⱱfi ╩ ⇔√ ◌

╢№≢fiכ꜠▪☻◒♇ꜞ p-sulfonatocalix[n]arene (Calix-Sn)╩ ⇔√[14] ↓╣

⌐╟╡ ─ ⅜ ╡ ∆ ╩ ⌐ ∆╢↓≤⅜

╢╟℮⌐⌂∫√ ∆⌂╦∟ ⌐ ─ ╩ ⌐ ∆╢↓≤≢

⌐ ↕∑╢↓≤⅜ ≤⌂∫√─≢№╢ ∕─ ≢ ↄ─

╩ ∆╢↓≤⅜ ↕╣ ↄ─ ≢ ↕╣≡™╢
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⌐⅔™≡ ↕╣≡™╢ ≤⇔≡│ Nishikubo╠⌐╟╢

⅔╟┘ Ί ◄Ⱡꜟ◑כ ≤⇔≡ ™╢↓≤─≢⅝╢◌ꜞ♇◒☻▪

─fiכ꜠ ─ [15] ╕√ Habu╠⌐╟╢◌ꜞ♇◒☻▪꜠כfi ╩

∆╢↓≤╩ ≤∆╢ ─ [16]⌂≥⅜№╢ ↓─╟℮

⌐ ™ ≢ ↕╣≡™╢⌐╙⅛⅛╦╠∏ ≥fiכ꜠▪☻◒♇ꜞ◌

─ │╕∞ ⌐ ↕╣≡™⌂™ ⌐ ⌐ ∆╢

≢─ ─ │↕╣≡⅔╠∏ ⌐╟∫≡ ∂╢

│ ╠╣≡™⌂™ ⱱ☻♩Ί◕☻♩ ⌐⅔™≡ │ ╩ ⅎ╢

℮ⅎ≢ ⌐ ↄ ╕√ ─ ⌐ ⌂Ɽꜝⱷכ♃כ≢№╢

[17-19]⅜ ◄fi♃ꜟⱧכ ╛◄fi♩꜡Ⱨכ ≤™∫√ ─ Ɽꜝⱷכ

⌐כ♃ ═ ─ ↕⅛╠ ⌐ ∆╢ ⅜ ⇔ↄ ⌂™─⅜

≢№╢ ╕√ Calix-Sn│▪♬○fi ≢№╢√╘ ◌♅○fi─ ⌐≈™

≡─ ⅜ ⌐ ↄ⌂↕╣≡™╢⅜ ▪♬○fi≤─ ⌐≈™≡│╒

≤╪≥ ↕╣≡™⌂™ Ⱨ꜡כꜟ ╩ ∆╢↓≤≢▪♬○fi ╩

⅜fiכ꜠▪☻◒♇ꜞ◌√∫ ↕╣≡│™╢⅜ ↓─ ≤⌂╢─│▪♬

○fi─╖≢◌♅○fi⌐≈™≡│╒≤╪≥ ↕╣≡™⌂™[20, 21] ≈╕╡ ◕

☻♩ ⅜▬○fi ≈╕╡│ ─ ≢ ─ ╩ ⇔√◌►fi♃כ▬

○fi⅜ ∏ ∆╢│∏∞⅜ ⌐ ╓∆◌►fi♃כ▬○fi─ ⌐≈™≡

│╒≤╪≥ ↕╣≡™⌂™  

▬○fi │ ◌♅○fi≤▪♬○fi≤⅜ ⌐ ⅝ ∫≡ ╩

⇔≡™╢ ▬○fi ─ ⌐│ ╩ →≡▬○fi ─ ⌐

∟ ≈ ⌐ ╩ ↕∑╢↓≤≢ ∕─╙─ ⅜ ≤⌂╡ ╩

∆╟℮⌐⌂╢╙─⅜№╡ ↓─╟℮⌂ ─ │ ≤ ┌╣╢ ↓

─ ⌐ ∆╢ │ ≡ ╩ ┘√◌♅○fi╕√│▪♬○fi≢

№╡ ─ ╛ │ ⇔⌂™ ↕╠⌐ ─ ⌐│ ⌐

⅔™≡╙ ╩ ∟ ≢ ╩ ≈ │ ⌐

╕√│▬○fi ≤ ┌╣≡™╢ ▬○fi כꜞ♩☻fi◔Ⱶכꜞ◓│

≤⇔≡ ↕╣√⅜ ⅜ ↄ ≢─ ╡ ™⅜ ≢№╢≤™℮
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╙№╡ ∕─ ⅜ ⌐⌂↕╣≡™╢≤│™ⅎ⌂™ ↓─╟℮⌂

1992 ⌐ Wilkes ╠ [22]⌐╟∫≡ ↕╣√ 1-ethyl-3-methylimidazolium 

tetrafluoroborate (emimBF4)│ ≢╙ ╡ ℮↓≤⅜≢⅝╢ ⌂▬○fi

≢№╡ ∕─ ─ ⌂╢ ─▪ꜟ◐ꜟ▬Ⱶ♄♂ꜞ►ⱶ◌♅○fi≤

₁─▪♬○fi≤╩ ╖ ╦∑√▬○fi ⅜ ↕╣╢╟℮⌐⌂╡

↓╣╠⌐≈™≡∕─ ╛ ⌐ ∆╢ ⅜ ╪⌐ ╦╣≡™╢ ∕╣≤

⌐ ⌐ ╗▬○fi ─ ⌐╟╡ ─ ⅛╠─ ⌂≥ ⌐

⅛╠▬○fi ╩ ╡ ↄ ₁⌂ ─ ⅜ ≤⌂╢↓≤⅜ ↕

╣≡™╢[26] ▬○fi ─ ⌐ ∆╢ │ ─╟℮⌂▬○fi

─ ╛ ⌐ ≈∞↑≢⌂ↄ ⌐⅔↑╢ ▬○fi ─

╛ ▬○fi ─ ╕√│ ─ ⌂≥ ─ ⌐╙

≈↓≤⅜ ⌐ ⅎ╠╣╢  

≢│ ⌐ ╩ √⌂™▬Ⱶ♄♂ꜞ►ⱶ ▬○fi

≤ Calix-S6─ ╩ MB≤ Calix-S6─ ╩▬fi♦▫◔כ♃כ≤⇔≡

™≡ ═╢ ─ ╩ ∫√ ↓─ ╩ ™≡ Calix-S6≤▬Ⱶ♄♂

ꜞ►ⱶ ─ ⌐⅔↑╢ ─ ╩ ═√ ↓╣╕≢ ◌

─fiכ꜠▪☻◒♇ꜞ ⌐ ╓∆◌►fi♃כ▪♬○fi─ │ ⌐│⌂↕╣

≡™⌂™ ₁│ ─fiכ꜠▪☻◒♇ꜞ◌≡™⅔⌐ ⌐ ╓∆◌►fi♃

─fi○♬▪כ ╩ √⌐ ╠⅛⌐⇔ ╕√ ∕─ ╩ ⇔ ◌ꜞ♇◒☻

fi≤▬Ⱶ♄♂ꜞ►ⱶכ꜠▪ ─ ─ ╩ ⇔√  
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2.2  

2.2.1  

⌐ ™√ ╩ Figure 1⌐ ∆  

ⱱ☻♩  

p-sulfonatocalix[6]arene (Calix-S6): 

─√╘ ☻●▬ ╩ ◄♃ⱡכꜟ 100 mL

20 mL⌐╟╢ ╩ ╡ ⇔ ╩ 24 ⅔↓⌂™ ⇔√

╩ ∫√⅜ [27]≤ ⌐ ─ ≢№╢ 300ϴ≢

╙ │ ≢⅝⌂⅛∫√ 1
H NMR☻Ɑ◒♩ꜟ⅛╠│ ≤╖╠╣╢Ⱨכ◒

│ ↕╣⌂⅛∫√  

 

◕☻♩  

Methylene Blue (MB) : Chroma Gesellschaft Schmidt & Co ╩◄♃ⱡכꜟ≢

⇔≡ ™√   

1-ethyl-3-methylimidazorium chloride (emimCl) : Sigma-Aldrich ╩∕─╕╕ ™

√  

1-butyl-3-methylimidazolium chloride (bmimCl) : Sigma-Aldrich ╩ ♃כ◔◦♦

כ ⌐≡ 24 ⇔≡ ™√  

1-butyl-3-methylimidazolium tetrafluoroborate (bmimBF4) : ╩

כ♃כ◔◦♦ ⌐≡ 24 ⇔≡ ™√  

1-butyl-3-methylimidazolium hexafluorophosphate (bmimPF6) : 

╩ כ♃כ◔◦♦ ⌐≡ 24 ⇔≡ ™√  

1-hexyl-3-methylimidazorium chloride (hmimCl) : Fluka ╩∕─╕╕ ™√  

1-methyl-3-n-octylimidazorium chloride (omimCl) : ╩∕

─╕╕ ™√  

 

 

ꜞfi  (I = 0.1, pH = 6.9) : 

≢№╢ꜞfi ◌ꜞ►ⱶ ┘ꜞfi ♫♩ꜞ►ⱶ╩
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≢ ⇔√ 0.0241 mol dm
-3

 KH2PO4 + 0.0253 mol dm
-3

 Na2HPO4  

 

19
F NMR  

Hexafluorobenzene (HFB) : ╩∕─╕╕ ™√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MB 

bmimCl 

bmimBF4 

bmimPF6 

Calix-S6 

HFB 

C l 

R = C2H5 :emimCl 

R = C6H13 : hmimCl 

R = C8H17 : omimCl 

Figure 1.  Chemical formula and abbreviation of compound  
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2.2.2  

Calix-S6─ ⌐ ℮ MB ─ ☻Ɑ◒♩ꜟ │ U-3200

╩ ™≡ ⇔√ ☿ꜟ─ ⌐ ↑√ ⌐ ╩ ↕∑

╢↓≤⌐╟╡ ☿ꜟ ─ ╩ ─ ⌐ ⇔√ ≢─

≢│ ☿ꜟ│ ≢ 1 cm─╙─╩ ⇔√ ╕√ ≤

╩ ⱨ□▬Ᵽכ≢ ∆╢↓≤≢ ≢ ☻Ɑ◒♩ꜟ─ ╩ ∫√

(Scheme 1) ⌐│Ⱬⱪ♃fi╩ ™ ⇔√ │ Heise Bourdon gauge≢

⇔√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1.  Schematic diagram for spectrophotometric measurements (top view) and 

inner cell. 

 

A  High pressure vessel and experimental system: 

a: spectrophotometer, b: water jacket, c: sapphire window, 

d: optical fiver. 

B  Teflon inner cell: 

e: sample, f: piston, g: sapphire. 

g 

e 

f 

B 

a 

d 

A 

b 

c 
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1
H NMR☻Ɑ◒♩ꜟ│ ≢ Varian 400-MR╩ ™≡ D2O-CD3OD

(6 : 4 (v/v)) ≢ ╩ ∫√ ◔Ⱶ◌ꜟ◦ⱨ♩│ CHD2OD (d = 3.31 ppm)╩

≤⇔√  

19
F NMR☻Ɑ◒♩ꜟ│ ⌐╟╡ 288, 298, 308 K⌐ ⇔√

≢ Varian NMR System 600╩ ™≡ D2O-CD3OD (6 : 4 (v/v)) ≢ ╩

∫√ HFB ╩ ∂√◐ꜗⱧꜝꜞכ╩ ≤ ⌐ NMR ⌐ ╣╢↓≤≢

≤⇔√ ◔Ⱶ◌ꜟ◦ⱨ♩│ HFB (d= -162.90 ppm)╩ ≤⇔√  
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2.3 ≤  

2.3.1 MB ≤ Calix-S6─ ─  

2.3.1.1 ⌐⅔↑╢ ⅔╟┘ ─ ─  

◕☻♩ ≤ⱱ☻♩ ⅛╠⌂╢ ─ │ ₁⌂ ╩ ™≡

↕╣≡™╢[26, 28, 29] ≢│ Calix-S6─ ⌐ ℮ MB ─

─ ☻Ɑ◒♩ꜟ ⅛╠ ─ ╩ ╙∫√  

MB│ ≢│ 2 ╩ ∆╢↓≤⅜ ╠╣≡™╢⅜ ╩ꜟכ◖ꜟ▪

∆╢↓≤≢ 2 ─ ╩ ∆╢↓≤⅜ ≢№╢[30] Figure 2⌐

-ⱷ♃ⱡכꜟ ⌐⅔™≡ ⱷ♃ⱡכꜟ─ ⌐ ∆╢ MB ─ ☻Ɑ

◒♩ꜟ─ ╩ ⇔≡™╢ ≢ ™╢ MB ─ │ ™⅜

⌐ ⅛∆≤╦∏⅛⌐ 2 ─ ⅜ ⅎ╢ ⱷ♃ⱡכꜟ─ 10%≢

⅜ ⇔ 2 ⅛╠⸗ⱡⱴכ┼≤ ⇔≡™╢↓≤⅜ ⅛╢ ≢ ™╢

-ⱷ♃ⱡכꜟ ≢│ ⱷ♃ⱡכꜟ─ ╙ ↄ ─Ⱨכ◒╙

≢⅝⌂™↓≤⅛╠ MB│⸗ⱡⱴכ≤⇔≡ ℮↓≤⅜ ╢  

ⱨ▼ⱡ♅▪☺fi ≢№╢ MB │ ╩ ⇔√ ≢№╡ ≤

╩ ∆╢ Calix-S6 ≤ ╩ ∆╢↓≤⅜ ↕╣≡™╢

[31] MB╩ -ⱷ♃ⱡכꜟ (6 : 4 (v/v))⌐ ⅛⇔√ ⌐ Calix-S6╩

∆╢≤ Calix-S6─ ⌐ ™ MB─ lmax = 660 nm ─

⅜ ⇔ ╦∏⅛⌐ ◦ⱨ♩⇔√ ↓─ │ ↕╣≡™╢ ≤

─╙─≢№╡ ⅜ ⇔≡™╢≤ ⅎ╠╣╢(Figure 3)  
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Figure 3.  Absorption spectra of MB in water-methanol mixture (6 : 4 (v/v)) 

containing different Calix-S6 concentrations at 298 K : [MB]0 = 1.33 × 10
-5

 mol dm
-3 

and [Calix-S6]0 = (1) 0, (2) 1.79, (3) 3.57,(4) 5.36, (5) 7.14, (6) 8.93 × 10
-4

 mol dm
-3

. 

Figure 2.  Absorption spectra of MB in water-methanol mixture: 

[MB] 0 = 8.83 10
-6

 mol dm
-3

, [methanol] = (1) 0, (2) 10, (3) 20, (4) 30, (5) 40, 

(6) 50, (7) 70, (8) 90, (9) 100 %(v/v)  
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⌐⅔↑╢ ⅔╟┘ ─ │ ─ ─

─ ⅔╟┘ⱱ☻♩ ≤◕☻♩ ─ ⌐ ↄ ─ ⌐ ≢

№╢ MB≤ Calix-S6⅜ ╩ ∆╢↓≤⅜ ↕╣≡│™╢⅜

─ │ ⌐⌂↕╣≡™⌂™ ╩ ⌐∆╢√╘⌐

≤⇔≡ ╠╣≡™╢ Jobôs plot╩ ™≡ ⇔ ─ │ MB─

ⱪ꜡♩fi─ 1
H NMR☻Ɑ◒♩ꜟ◦ⱨ♩╟╡ ⇔√  

Jobôs plot≤│ ≤ ─ ╩ ╘╢─⌐ ™╠╣╢ ≢№

╢[32, 33] ↓─ ≢│ ─ ≤ ─ ─ ╩ ⌐⇔√ ≢

≤ ─⸗ꜟ ╩ ↕∑ ⇔√ ─ ☻Ɑ◒♩ꜟ╩ ∆╢

⇔√ ─ ⌐⅔↑╢ ╩⸗ꜟ ⌐ ⇔≡ⱪ꜡♇♩⇔

╙⇔ↄ│ ╩≤╢⸗ꜟ ⅛╠ ╩ ╙╢↓≤⅜ ╢  

≢│ ⱨ▼ⱡ♅▪☺fi ≢№╢ MB ≤ Calix-S6─ ─ ╩ ≤

⇔ ☻Ɑ◒♩ꜟ─ ⅛╠ ╩ ⇔√ ─≤⅔╡ MB

│ ↕╣╢≤ ╟╡╙ ─ ≢│ ⅜ ∆╢√╘

╩≤╢⸗ꜟ ⅛╠ ╩ ╙∫√ Figure 4⌐ ⇔√ ╡

⸗ꜟ ⅜ 0.5 ∆⌂╦∟ⱱ☻♩≢№╢ Calix-S6≤◕☻♩≢№╢MB ─⸗ꜟ ⅜

1:1─≤⅝ ╩≤∫≡™╢↓≤⅛╠ 1:1─ ─ ⅜ ↕╣√  
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╕√ 1
H NMR ☻Ɑ◒♩ꜟ◦ⱨ♩⌐╟╢ ─ ╩ ∫√

Figure 5⌐ⱨꜞכ─ MB≤ Calix-S6≤ MB─ ─ 1
H NMR☻Ɑ◒♩ꜟ

╩ ⇔≡™╢ MB ≤ Calix-S6─ ⌐⅔™≡ ⱨꜞכ─ MB ≤ ↕╣√ MB

─☻Ɑ◒♩ꜟ⅜ ⇔≡™⌂™─│ MB≤ Calix-S6─ ⅜ ™√╘⌐ 2

≈─Ⱨכ◒⅜ ↕╣ 1≈─Ⱨכ◒⇔⅛ ↕╣≡™⌂™√╘≤ ⅎ╠

╣╢ ╠[34-36]│ Calix-Sn─ ⌐◕☻♩ ⅜ ↕╣╢≤

─ ⌐╟╡◕☻♩ ─ⱪ꜡♩fi⅜ ↕╣╢√╘⌐◕☻♩─◦◓♫

ꜟ⅜ ◦ⱨ♩∆╢≤ ⇔≡™╢ ╙ ⌐ MB─∆═≡─Ⱨכ

◒⅜ ◦ⱨ♩⇔≡™╢↓≤⅛╠ 1
H NMR☻Ɑ◒♩ꜟ⅛╠╙ MB ⅜ Calix-S6

⌐ ↕╣≡™╢↓≤⅜ ↕╣√ ↕╠⌐ Ⱨכ◒─ ◦ⱨ♩─ ╩

∆╢≤ C
4
-H⅜ ╙ ⅝ↄ ◦ⱨ♩(Dd = 0.45)⇔ ≈≠™≡ N-CH3 (Dd 

= 0.40) C
2
-H (Dd = 0.30)≤ ⅝ C

1
-H⅜ ╙ ↕™ ◦ⱨ♩(Dd = 0.20)╩⇔≡

™╢ ↓╣╠─ ╟╡ MB ≤ Calix-S6│ 1:1─ ╩ ⇔≡⅔╡

∕─ │ Figure 6⌐ ⇔√╟℮⌐ MB─☺ⱷ♅ꜟ▪Ⱶⱡ ⅜ Calix-S6─

⌐ ⇔ MB─ 1/3 ╩ ⌐ ⇔√ ≢№╢≤ ⇔√  

Figure 4.  Jobôs plot for the MBCalix-S6 complex formation.  
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Figure 5.  
1
H NMR spectra of MB ([MB]0 = 4.57 × 10

-4
 mol dm

-3
) : [Calix-S6] = (a) 0  

and (b) 4.68 × 10
-3

 mol dm
-3

. 

(a) 
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Figure 6.  Plausible structure of the inclusion complex of MB with Calix-S6. 

(b) 
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2.3.1.2 ─ ╙╡ BH plot  

─ ⅛╠ MB ≤ Calix-S6│ 1:1─ ╩ ∆╢↓≤⅜ ⅛∫

√ ∕↓≢ Calix-S6⌐╟╢ MB ─ ╩ ╙╢√╘⌐ KMB╩

╘√ KMB─ ─√╘⌐ MB ⌐ Calix-S6╩ ⇔√ ─

☻Ɑ◒♩ꜟ─ ╩ ⇔√(Figure 7a) Calix-S6─ ⌐ ™ 660 nm

─ ⅜ ⇔≡™╢↓≤⅜ ⅛╢ ☻Ɑ◒♩ꜟ─ ⅛╠  

Benesi-Hildebrand (BH) [37]╩ ™≡ ⇔ KMB╩ ⇔√ BH ─

│ ─≤⅔╡≢№╢  

 

 

─ ⅜ ⇔≡™╢ ⌐⅔™≡ Calix-S6⅜ MB╟╡╙ ⌐ ⇔

≡™╢ KMB│ ─╟℮⌐ ∆↓≤⅜ ╢  

 

 

Lambert-Berr─ ╟╡ ─ ≢─ Aobs│ ─╟℮⌐ ∑╢  

 

 

MB ─ ╩ AMB≢ ⇔, DE = Aobs̈́ AMB⅔╟┘De = eCompleẍ́ eMB≤∆╢≤ 

 

(4) ╩(2) ⌐ ∆╢≤ 

 

 

╩[MB] 0≢ ╢↓≤⌐╟╡  

 

 

─╟℮⌐ Benesi-Hildebrand ((6) )╩ ╢ ↓─ ⅛╠◕☻♩ ─ ⌐

╟╠∏ ╩ ∆╢↓≤⅜ ╢  

MB≤Calix-S6⅜ 1:1 ╩ ⇔≡™╢ (6) ╟╡[Calix-S6]0/ DE

⌐ ∆╢ Calix-S6─ [Calix-S6]0─ⱪ꜡♇♩(BH plot)│ ╩ ∆

KMB│∕─ ─ ─ ╩ ⅝─ ≢ ∫√ ∆⌂╦∟( ) / (

S6-CalixMB+ Complex
KMB 

(1) 

00
MB

]S6Calix])[Complex[]MB([

]Complex[
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=

-
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]Complex)[(]MB[

]Complex[]MB[

MBComplex0MB

ComplexMBobs

eee

ee

-+=

+=A

(3) 

]Complex[eD=DE (4) 
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=

D eeKE
(5) 

0
00MB

0 ]S6Calix[
]MB[

1

]MB[

1]S6-Calix[
-

D
+

D
=
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⅝)≢ ↕╣╢  

-ⱷ♃ⱡכꜟ (6 : 4 (v/v)) ⌐⅔™≡ MB ⌐ Calix-S6╩ ⇔√

─ (Figure 7a)╩ ™≡ BH plot╩ ∫√≤↓╤ ™ ⅜

╠╣√(Figure 7b) ↓─↓≤⅛╠╙ MB≤ Calix-S6│ 1:1 ╩ ⇔≡

™╢↓≤⅜ ↕╣√ ╕√ ─ ≤ ⅝⅛╠ KMB ╩ ⇔√

≤↓╤ KMB = (2.90 ± 0.20) × 10
3
 mol

-1
 dm

3≢№∫√  

↓╣ MB ≤ Calix-S6─ ⌐ ╓∆ ─ ⌐

≈™≡ ∆╢⅜ │∆═≡ BH plot⌐╟╡ ⇔√  
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Figure 7.  (a) Absorption spectra of MB in water-methanol mixture (6 : 4 (v/v))  

containing different Calix-S6 concentrations at 298 K: [MB] 0 = 1.33 × 10
-5
 mol dm

-3
  

and [Calix-S6]0 = (1) 0, (2) 1.79, (3) 3.57,(4) 5.36, (5) 7.14, (6) 8.93 × 10
-4

 mol dm
-3

. 

(b) Determination of inclusion equilibrium constant according to Benesi-Hildebrand  

equation (Eq (6)) in water-methanol (6 : 4 (v/v)) mixture at 298 K: [MB] 0 = 1.33 × 10
-5

  

mol dm
-3

 and [Calix-S6]0 = 0 ~ 9.03 × 10
-4

 mol dm
-3

. 
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2.3.1.3 ⌐⅔↑╢  

─ ╩ ∆╙─≤⇔≡ ⌂≥⅜ →╠╣╢⅜ ≢│ ₁⌂

─ Ɽꜝⱷכ♃כ─└≤≈≢№╢ ET(30) ╩ ™≡ ─

⌐╟╢ ⌐≈™≡ ⇔√  

ET(30) ≤│ N-ⱨ▼ⱡכꜟⱧꜞ☺♬►ⱶⱬ♃▬fi(Scheme 2)─ ◄Ⱡ

╡№≢כ◑ꜟ ↓╣│ ─ ╩ ∆╙─≢№╢ ─ ☻Ɑ◒♩

ꜟ─ │ ─ ⌐╟∫≡ ⅝ↄ ╦╢ N-ⱨ▼ⱡכꜟⱧꜞ☺♬►ⱶⱬ

♃▬fi│ ♪כꜗ♅▬꜠ ≤ ┌╣ ─ ╩ ═╢√╘⌐ ™╠╣╢

≢ ™╠╣≡™╢ ET(30) │ (7) ╩ ™≡ ╘╠╣ ⱬ♃▬fi─

╩◄Ⱡꜟ◑כ⌐ ⇔√╙─≢№╢(Figure 8) ET(30) ⅜ ⅝↑╣┌

⅝™╒≥ ⅜ ↄ ↕↑╣┌ ↕™╒≥ ⅜ ™ ─ ╩ ═╢

√╘ ≤ⱷ♃ⱡכꜟ─ ⌐⅔↑╢ⱬ♃▬fi─ (lmax)╩

⇔√(Table 1) ↓↓≢ ⇔√ ╩ ™≡ ⌐⅔↑╢ ─ ⌐≈

™≡ ∆╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ET (30)= h c u 

   = 119625 / lmax 

h = 6.626 × 10
-34

 J s 

c = 2.998 × 10
10

 cm s
-1
 

u = c / l 

Scheme 2.  Structure of N-phenolpyridiniumbetaine. 

  

N

O

N

O

(7) 



    

 25   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solvent lmax / nm ET(30) / kJ mol
-1
 

H2O-MeOH (7 : 3 (v/v)) 

H2O-MeOH (6 : 4 (v/v)) 

H2O-MeOH (5 : 5 (v/v)) 

478.0 

485.0 

489.6 

250.3 

246.7 

244.0 

400 500 600 700
0

0.1
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0.3

0.4

Wavelength / nm

A
b

s
o

rb
a

n
c
e

Figure 8.  Absorption spectrum of N-phenolpyridiniumbetaine in water-methanol 

(6 : 4 (v/v)) mixture. 

Table 1.  ET(30) values of water-methanol mixtures 
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─ ╩ ↕∑╢√╘ ≤ⱷ♃ⱡכꜟ─ ╩ ⅎ√ ⌐⅔

↑╢ MB≤Calix-S6─ KMB╩ ─BH plot╩ ™≡ ⇔√(Table 2.)

ET(30) ─ ≈╕╡ ─ ⅜ ⅜╢⌐≈╣ KMB⅜ ⇔≡™╢

↓≤⅜ ⅛╢(Figure 9) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solvent 10
-3

 KMB / dm
3
 mol

-1
 ET(30) / kJ mol

-1
 

H2O-MeOH (7 : 3 (v/v)) 

H2O-MeOH (6 : 4 (v/v)) 

H2O-MeOH (5 : 5 (v/v)) 

6.13 0.05 

2.90 0.02 

2.00 0.02 

250.3 

246.7 

244.0 

Table 2.  The equilibrium constants KMB for the inclusion complexation of  

MB with Calix-S6 at 298 K 

Figure 9.  Plots of lnKMB for the inclusion complexation of MB against ET(30). 
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─ ⅛╠│ ─ │ MB ≤ Calix-S6─ ─ ⌐

ↄ ╩ ⅎ≡™╢╙─≤ ≢⅝╢ √∞⇔ Calix-S6⅜ ╩ ∆

╢♪ꜝ▬ⱦfi◓ⱨ◊כ☻≤⇔≡│ ╛

- ⌂≥⅜ ⅎ╠╣≡™╢⅜ MB≤ Calix-S6

─ ⌐⅔™≡∕╣╠─ ⅜≥─ ≥─╟℮⌂ ≢ ∆╢⅛╩

─ ⅛╠ ⌐∆╢↓≤│≢⅝⌂™ ⌐⅔™≡ ─ ≤≤

╙⌐ ∆╢  
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2.3.1.4 ⌐⅔↑╢  

─ │ ◕☻♩ ⅜ⱱ☻♩ ⌐ ↕╣ ╩

╢≤™℮ 2 ⅜ 1≈─ ⌐⌂╢ ≢№╡ ↓─ ⌐≈™≡∞↑ ∆╣

┌◄fi♩꜡Ⱨכ ⌐ ⌂ ≢№╢ ⌐│ ◕☻♩ ⅔╟┘ⱱ☻♩

⅛╠─ ╛ ─ ╡⌐ ∆╢ ─ ─ ◄fi♩

꜡Ⱨכ ╩ ℮╒≥─◄fi♃ꜟⱧכ ⅜ ╠╣╢⌂≥ ₁⌂ ⌐╟╡

│ ∆╢ ⌐⅔↑╢ b-cyclodextrin (b-CD)≤ ≤─

⌐⅔™≡│ ◄fi♩꜡Ⱨכ─ ⅜ ⅝™↓≤⅜ ╠╣

≡™╢ Blanco╠│b-CD≤ 2-chlorobenzophenone─ ⌐⅔↑╢ ╩

⇔ ◑Ⱪ☼◄Ⱡꜟ◑כ⌐ ⅎ╢◄fi♃ꜟⱧכ⅔╟┘◄fi♩꜡Ⱨכ─ ⅜

≢№╢≤ ⇔≡™╢[38] Liu ╠│ b-CD≤ Acridine red─ ⌐⅔™≡

│◄fi♃ꜟⱧכ─ │╒≤╪≥⌂ↄ◄fi♩꜡Ⱨכ⅜ ≢№╢≤ ⇔≡

™╢[39] │ ⌐◄fi♩꜡Ⱨכ─ ⅜ ⅝™ ≤⇔≡ ◄fi♩꜡Ⱨכ

≤ ⅎ╠╣≡™╢ ⅜ ⌐⅔™≡ ⅝ↄ ⇔≡

™╢√╘∞≤ ↑≡™╢ b-CD≤ Calix-S6≢│ ⌐ ↄ

⌐ ™│№╢⅜ ⌐⅔↑╢ ⌂ ╩ ⅎ╢℮ⅎ≢

⌐⅔↑╢ ╩ ∆╢↓≤│ ≢№╢  

-ⱷ♃ⱡכꜟ (6 : 4 (v/v)) ⌐⅔™≡ ⌂╢ ≢ MB ≤ Calix-S6

─ KMB╩ ⇔√(Table 3) ↓─ ╟╡ ─ ⌐ ™ MB ≤

Calix-S6─ KMB⅜ ⇔≡™╢↓≤⅜ ⅛╢  

 

 

 

 

 

 

 

 

 

10
-3

 KMB / dm
3
 mol

-1
 

288K 298K 308K 

6.28 0.04 2.90 0.02 2.05 0.03 

Table 3.  The equilibrium constants KMB for the inclusion complexation of MB 

with Calix-S6 in a water-methanol (6 : 4 (v/v)) mixture at various temperatures 
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≈≠™≡ ⌐⅔↑╢ KMB─ ⅛╠ MB ─ ⌐ ⇔≡─◄fi♃

ꜟⱧכ DH
o⅔╟┘◄fi♩꜡Ⱨכ DS

o╩ ╙∫√  

 

 

◑Ⱪ☼◄Ⱡꜟ◑כ DG
o│(7) ╟╡ KMB⅛╠ ≢⅝ ◑Ⱪ☼◄

Ⱡꜟ◑כ DG
o│◄fi♃ꜟⱧכ DH

o≤◄fi♩꜡Ⱨכ DS
o╩ ™≡ ∑

╢ ╩-RT≢ ╢↓≤≢ vanôt Hoff─ ((8) )⅜ ⅛╣╢ (8) ⌐ ™ 1/T

⌐ ⇔≡ lnKMB╩ⱪ꜡♇♩∆╢≤ ⅜ ╠╣(Figure 10) ∕─ ⅝⅛╠◄

fi♃ꜟⱧכ DH
o╩ ⅛╠◄fi♩꜡Ⱨכ DS

o╩ ╙∫√≤↓╤ DH
o
 

= -40.7  3.6 kJ mol
-1
, DS

o
 = -69  12 J K

-1
 mol

-1
, TDS

o
298K = -20.6  3.6 kJ 

mol
-1

 ≤⌂∫√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(7) 

(8) 

MBlnK RTGo -=D
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H
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D
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Figure 10.  Plots of lnKMB against 1/T for the inclusion complexation of MB 

with Calix-S6 in a water-methanol mixture (6 : 4 (v/v)). 
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◄fi♃ꜟⱧכ DH
o
 ⅜ ⅝⌂ ─ ╩≤∫≡™╢↓≤⅛╠ MB ≤ Calix-S6

─ ⌐⅔™≡│◄fi♃ꜟⱧכ─ ⅜ ⅝™≤ ⅎ╢ ─b-CD─ ─╟

℮⌐ ─ ⅜ ⅝™ ◄fi♩꜡Ⱨכ DS
o│ ─ ╩ ∆

│∏≢№╢ MB ≤ Caix-S6─ ⌐⅔™≡◄fi♃ꜟⱧכ DH
o⅜ ⅝⌂ ─

╩ ∆ ≤⇔≡│ ╛ ⌂≥⅜ ⅎ╠╣╢ ⅜

↕╣╢≤∆╣┌ⱱ☻♩ │Calix-S6─ lower rim─-OH ─ ≢│№╢⅜

2.3.1.1 ⌐⅔™≡ ⇔√ ─ ╩ ⅎ╢≤ ◕☻♩─ MB ⌐

Calix-S6 ─-OH ≤ ╩ ≢⅝╢╟℮⌂ │⌂™≤ ⅎ╠╣╢  

2.3.1.1 ⌐⅔™≡ ⇔√ MB ≤ Calix-S6─ ─ ⅜ MB ─ S

⌐ ∫√ ≤ Calix-S6─ upper rim⌐ ∆╢ ╩ ⇔√ SO3

⅜ ⇔√ ≢╙№╢↓≤⅛╠ -ⱷ♃ⱡכꜟ (6 : 4 (v/v)) ⌐⅔↑

╢ ⌐│ ⅜ ⅝ↄ ⇔≡™╢≤ ⅎ╠╣╢ ⇔√⅜∫≡

≢ ═√╟℮⌐ MB ≤ Calix-S6─ ⌐⅔™≡│ ₁⌂ ⅜ ⇔≡™

╢⅜ ∕─ ≢╙ ⅜ ⅝ↄ ⇔≡™╢≤ ⅎ╠╣╢  
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2.3.1.5 ⌐⅔↑╢  

≢╙ ╣√╟℮⌐ ─ │◕☻♩ ─ ∞↑≢⌂ↄ

◕☻♩ ⅔╟┘ⱱ☻♩ ─ ╛ⱱ☻♩ ─ ⌐ ∆╢

─ ⇔ ⇔⌂≥ ₁⌂ ─ ↓╢╙─≢№╢[31, 40] ∕─√╘

⌐⅔↑╢ ╩ ╙╢↓≤│ ─ ⅜◕☻♩ ╛ⱱ☻♩

⌐ ⅎ╢ ╩ ╢ ≢ ⌂ ≤⌂╡℮╢ ╕√ ⌐╟∫≡

⅜ ∆╢─≢№╣┌ ⌐╟╢ ─ ⅜ ≢№╢ ≢│

≢─ MB ≤ Calix-S6─ KMB╩ ⇔ ∕╣╠─ ╩ ™≡

DV╩ ╙╢↓≤≢ ⌐⅔╟╓∆ ─ ⌐≈™≡ ∆╢  

-ⱷ♃ⱡכꜟ ⌐⅔↑╢ MB ≤ Calix-S6 ─ ≢─

KMB╩ ─ BH plot╩ ™≡ ⇔√(Table 4) ↓─ ╟╡ -ⱷ♃ⱡכꜟ

(7 : 3 (v/v))⅔╟┘ -ⱷ♃ⱡכꜟ (6 : 4 (v/v)) ⌐⅔™≡│

⌐ ™ KMB⅜ ∆⌂╦∟ ⌐╟╡ MB ≤ Calix-S6─

⅜ ↕╣╢↓≤⅜ ⅛╢(Figure 11) -ⱷ♃ⱡכꜟ (5 : 5 

(v/v)) ≢│ ⌐ ™╦∏⅛≢│№╢⅜ KMB⅜ ⌐ ⅎ┌

⇔√ ≢│ ≢ KMB ⅜ ∆╢≤™℮ ™

⅜ ╠╣√ ↕╠⌐ -ⱷ♃ⱡכꜟ (5 : 5 (v/v))╟╡╙ⱷ♃ⱡכꜟ─

╩ ╛⇔√ ≈╕╡ ⅜↕╠⌐ ™ ≢│ ⌐ ™

KMB ⅜ ∆⌂╦∟ ⌐╟╡ ⅜ ↕╣╢↓≤⅜

↕╣╢ ↓─ ╟╡ -ⱷ♃ⱡכꜟ ⌐⅔↑╢ MB ≤ Calix-S6

─ ╩ ⅔╟┘ ⌐╟╡ ≢⅝╢ ⅜ ↕╣√  

 

Solvent 
10

-3
 KMB / dm

3
 mol

-1
 

1 bar 196 bar 490 bar 784 bar 

H2O-MeOH (7 : 3 (v/v)) 6.13 0.05 6.89 0.34 7.84 0.39 9.22 0.31 

H2O-MeOH (6 : 4 (v/v)) 2.90 0.02 3.13 0.18 3.43 0.16 3.81 0.26 

H2O-MeOH (5 : 5 (v/v)) 2.00 0.02 1.98 0.10 1.93 0.13 1.88 0.11 

Table 4.  The equilibrium constants KMB for the inclusion complexation of MB 

with Calix-S6 at various pressures 
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™≡ Table 4⌐ ∆ KMB╩ ™≡ DV╩ ⇔√

DV│◑Ⱪ☼◄Ⱡꜟ◑כ DG
o╩ ≢ ∆╢↓≤≢ ⅎ╠╣ (7) ╟

╡ KMB╩ ™≡ ∆╢↓≤⅜ ╢  

 

 

 

 

 

↓↓≢kT│(11) ≢ ↕╣╢ ─ ≢№╢ kT─

│ ╟╡╙ⱷ♃ⱡכꜟ─ ⅜ ⅝™⅜ -ⱷ♃ⱡכꜟ ─ №╢

⌐⅔™≡ ╩≤╢↓≤⅜ ↕╣≡™╢[41-44] ≢│ MB ─

⅛╠ ╩ ⇔√ │ ⌐ ∆╢√╘ ⌐

∆╢ ≈╕╡ ≢ ⅜ ↕╣ ⅜ ∆╢≤ ⅜ ⅜╡ ≤

(10) 
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Figure 11.  Pressure effects on the equilibrium constants for inclusion complexation 

MB and Calix-S6 in water-methanol mixtures at 298 K: H2O-MeOH (7 : 3 (v/v))(ủ), 

H2O-MeOH (6 : 4 (v/v))(ỏ), H2O-MeOH (5 : 5 (v/v))(ẽ). 
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⇔≡ ⅜ ∆╢ ≢─ ╩ A0≤⇔ ∕─ ─ ╩ V0

≤∆╢≤ №╢ ≢─ A≤ V│(12) )≢ ∑╢  

 

⇔√⅜∫≡ P⌐ ⇔≡ ln(A0 / A)╩ⱪ꜡♇♩(Figure 12)∆╣┌ ∕─ ⅝⅛╠

kT╩ ∆╢↓≤⅜ ≢№╢↓≤⅜ ⅛╢((13) )  

 

 

╕√ (9) ⌐⅔↑╢ a│ (10) ╟╡ P⌐ ⇔≡ lnKMB╩ⱪ꜡♇

♩(Figure 11)∆╣┌ ∕─ ⅝⅛╠ ╘╢↓≤⅜ ╢ ↓╣╠─ ╩ ™╢↓

≤≢MB≤ Calix-S6─ ⌐⅔↑╢ DV╩ ⇔√(Table 5) -ⱷ♃ⱡ

ꜟכ (7 : 3 (v/v))⅔╟┘ -ⱷ♃ⱡכꜟ (6 : 4 (v/v)) ⌐⅔™≡

DV│ ─ ╩≤╡ -ⱷ♃ⱡכꜟ (5 : 5 (v/v)) ≢│ ─ ╩≤

∫≡™╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A

A

V

V 0

0

lnln =

( ) ( )
T

00 /ln/ln
ə

P

VV

P

AA

TT

-=öö
÷

õ
ææ
ç

å

µ

µ
=öö

÷

õ
ææ
ç

å

µ

µ

(12) 

(13) 

0 200 400 600 800
-0.03

-0.02

-0.01

0

P / bar

ln
(A

0
 /

 A
)

Figure 12.  Plots of ln(A0/A) against P in a water-methanol mixture(6 : 4 (v/v)). 
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desolvconfinclu VVVV D+D+D=D⁷

 

 

 

↓↓≢ DV╩⅔↓∆ ⌐≈™≡ ∆╢ MB ≤ Calix-S6─

⌐⅔↑╢ DV│ ─ 3≈─ ≢ ∆↓≤⅜ ╢((14) )  

(1)◕☻♩ ≢№╢ MB ⅜ⱱ☻♩ ≢№╢ Calix-S6⌐ ↕╣╢↓≤⌐╟╢

DVinclu 

(2)MB─ ⌐╟╢ Calix-S6─ ⌐╟╢ DVconf 

(3) ⌐ ℮MB⅔╟┘ Calix-S6⅛╠─ ⌐╟╢ DVdesolv 

 

↓─℮∟ DVdesolv│ MB ≤ Calix-S6⅔╟┘∕─ ─ Z

╛ r ⌂≥╩ ™≡ ─ ≢ ↕╣╢((15) )[46]  

 

 

 

 

↓↓≢ qP│ e ─ ╩ ╗ bar
-1─ ╩╙≈Ɽꜝⱷכ♃כ≢№╢

((16) ) ≈╕╡ qP ╩ ∆╢ lne ╩ P≢ ⇔√ ⅜ ≤⌂

╢ -◄♃ⱡכꜟ ⌐ ⇔≡│ Moriyoshi╠⌐╟∫≡ P⌐ ∆╢

─ ⅜ ↕╣≡™╢[47]⅜ ≢ ™≡™╢ -ⱷ♃ⱡכꜟ

─ ⌐ ⇔≡│ ↕╣√ ⅜⌂™ ∕↓≢ ≢│ ≢─

e ≤ kT╩ ™≡ ╩ ≢⅝╢Marcus─ ((17) )╩

™≡ qP ╩ ⇔√(Table 5)[48]  

Solvent DV / cm
3
 mol

-1
 10

5
 kT / bar

-1
 e 10

7
 qP / bar

-1
 

H2O-MeOH (7 : 3 (v/v)) -13.5 0.3 3.48 0.09 77.49
[45]

 4.69 0.19 

H2O-MeOH (6 : 4 (v/v)) -9.44 0.16 3.79 0.05 73.21
[45]

 5.40 0.17 

H2O-MeOH (5 : 5 (v/v)) 0.59 0.10 4.66 0.13 67.95
[45]

 7.14 0.21 
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Table 5.  The DV and qp values of water-methanol mixtures 



    

 35   

( ) PA q
r

Z

r

Z

r

Z
eNVVV

ù
ù
ú

ø

é
é
ê

è

ö
ö
÷

õ
æ
æ
ç

å
+--+=

CA

CA

MB

MB

comp

comp

confinclu ȹȹȹ
222

2

2

1

 

 

↓↓≢(15) ╩(14) ⌐ ∆╢≤ DV│ ─╟℮⌐ ↕╣╢((18) )  

 

 

⇔√⅜∫≡ ⇔√ qP ⌐ ⇔≡ DV╩ⱪ꜡♇♩∆╢≤ ─ ⅛

╠Calix-S6─ ⌐≤╙⌂℮ ─ (DVinclu +DVconf)⅜ ≢⅝╢(Figure 

13) ↕╠⌐(14) ╟╡ ∕╣∙╣─ ⌐⅔↑╢ DV ⅛╠(DVinclu 

+DVconf)╩ ⇔ ↄ↓≤≢ DVdesolv╩ ≢⅝╢(Table 6)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solvent DVdesolv / cm
3
 mol

-1
 DVinclu +DVconf / cm

3
 mol

-1
 

H2O-MeOH (7 : 3 (v/v)) 27.0 0.3 -40.5 0.1 

H2O-MeOH (6 : 4 (v/v)) 31.1 0.2 -40.5 0.1 

H2O-MeOH (5 : 5 (v/v)) 41.1 0.1 -40.5 0.1 

( ) T
PTP

k
e

ee 1
031.0057.1

ln

0,

-
°=ö

÷

õ
æ
ç

å

µ

µ
(17) 

(18) 

Figure 13.  Plots of ȺV against qp for the inclusion complexation of MB 

with Calix-S6 at 298 K. 

Table 6.  Reaction volumes for the inclusion complexation of MB with CalixïS6 at 298 K 
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⇔√ DVdesolv│ ─ ⌐ ™ ⇔≡™╢ ↓╣│

─ │ ⅜ ™≤ ↄ⌂╢√╘ ⌐ ∆

╢ ⅜ ⅝ↄ⌂∫√─∞≤ ⅎ╠╣╢ ╕√ ∆═≡─ ⌐⅔™≡

DVdesolv│ ⅝⌂ ─ ╩ ⇔≡⅔╡ ⅜ ∆╢≤ ∆╢

≤⅔╟∕ 2 ⅜ ⇔≡™╢≤ ╙╣╢ ⇔√⅜∫≡ MB ≤ Calix-S6

─ ⌐│ ─ ⅜ ⇔≡™╢≤ ⅎ╠╣╢  

╕√ MB⅜ Calix-S6⌐ ↕╣╢↓≤⌐╟╢ DVinclu╩ CPK⸗♦ꜟ

╩ ™≡ ╙∫√ ≢│ ⅜ ╦╢≤ ╦╣╢⅜ MB ─ ⅔

╟┘ ⅛╠⸗ꜟ ╩ ╙╢≤ 290 cm
3
 mol

-1≢№╢ 2.3.1.1 ⌐≡

⇔√MB≤ Calix-S6─ ─ ╩╙≤⌐⇔√ CPK⸗♦ꜟ╩ ╖

≡ MB─ 1/3 ⅜ ⌐ ↕╣≡™╢↓≤⅛╠ MB─ ╩⅔╟∕

DVinclu = -100 cm
3
 mol

-1≤ ╙∫√ ⇔√⅜∫≡ Calix-S6─ ⌐╟╢

DVconf│⅔╟∕DVconf = 60 cm
3
 mol

-1≤⌂╡ ↓─↓≤⅛╠ MB ─ ⌐╟

╡ Calix-S6─ ⅜ ⇔≡™╢↓≤⅜ ↕╣√ ◦◒꜡♦◐☻♩ꜞfi ≤

™ ⱨ▼ⱡכꜟꜚ♬♇♩─ ∞↑⅜ⱷ♅꜠fi ≢ ↕╣√ⱨ꜠◐◦Ⱪꜟ

⌂ ≢№╢ Calix-S6│ ╡ ╗◕☻♩ ⌐ ∂≡ ╩ ↕∑╢↓≤

≢ ─ ╩ ╘╢↓≤⅜ ╢↓≤╩ ⇔≡™╢ ─

╟╡ ⅔╟┘ ╩ ↕∑╢↓≤≢ MB ≤ Calix-S6─ ╩

≢⅝╢↓≤⅜ ⅛∫√  
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2.3.2 IL ≤ Calix-S6─ ─  

≢│ ꜟכ◖ꜟ▪΅ ⌐⅔™≡ MB ≤ Calix-S6⅜ ╩

⇔ ⌐╟╡ ╩ ≢⅝╢↓≤⅜╦⅛∫√

≢│ MB≤ Calix-S6─ ╩▬fi♦▫◔כ♃כ≤⇔≡ ▬Ⱶ♄♂ꜞ►

ⱶ ▬○fi IL ≤ Calix-S6─ ⌐≈™≡─ ╩ ∫√  

2.3.2.1 ─ ⅔╟┘ ─ ╙╡ 

⌐ ™√▬Ⱶ♄♂ꜞ►ⱶ │◌♅○fi≤◌►fi♃כ▪♬○fi⅛╠⌂╢

≢№╡ ↓─℮∟◌♅○fi│ ╩ ⇔√ ≢№╢√╘ MB─

≤ ⌐Calix-S6≤ 1:1─ ╩ ∆╢↓≤⅜ 1
H NMR☻Ɑ◒♩ꜟ◦ⱨ

♩⌐ ≠™√ ╟╡ ↕╣≡™╢[40] ≢│ -ⱷ♃ⱡכꜟ

╩ ™≡™╢√╘ D2O-CD3OD (6 : 4 (v/v)) ⌐⅔↑╢▬Ⱶ♄♂ꜞ►ⱶ

bmimCl─ 1
H NMR☻Ɑ◒♩ꜟ◦ⱨ♩⌐╟╡ ─ ╩ ∫√

Figure 14⌐ bmimCl≤ Calix-S6≤ bmimCl─ ─ 1
H NMR☻Ɑ◒♩ꜟ

╩ ⇔≡™╢ bmimCl─ 1
H NMR☻Ɑ◒♩ꜟ─ │ Holbrey╠≤ Cammarata

╠─ ⌐ ≠™≡ ⌂∫√[49] MB≤ Calix-S6─ ≤ ⌐ ⅜

™√╘⌐ⱨꜞכ─ bmimCl≤ ↕╣√ bmimCl─☻Ɑ◒♩ꜟ⅜ ↕╣

1≈─Ⱨכ◒≤⇔≡ ↕╣√ 2.3.1.1 ≢ ═√╟℮⌐ Calix-Sn─ ⌐◕

☻♩ ⅜ ↕╣╢≤ ─ ⌐╟╡◕☻♩ ─ⱪ꜡♩fi⅜

↕╣╢√╘⌐ ◦ⱨ♩∆╢ ╙╕√ bmimCl─∆═≡─Ⱨכ

◒⅜ ◦ⱨ♩⇔≡™╢↓≤⅛╠ 1
H NMR☻Ɑ◒♩ꜟ⅛╠bmimCl⅜Calix-S6

⌐ ↕╣≡™╢↓≤⅜ ↕╣√ ◦ⱨ♩╩ ∆╢≤ ▬Ⱶ♄♂כꜟ

─ⱪ꜡♩fi(Dd = 0.60(C
2
-H), 0.70(C

4
-H), 0.74(C

5
-H))─ ⅜Ⱪ♅ꜟ ─ⱪ꜡♩fi

╟╡╙ ◦ⱨ♩─ ⅜ ⅝ↄ ↕╠⌐Ⱪ♅ꜟ ─ⱪ꜡♩fi ╩ ═╢

≤ ⌐ ≠ↄ⌐∆╣ │ ↕ↄ⌂∫√(Dd = 0.60(C
1ô

-H), 0.50(C
2ô

-H), 

0.42(C
3ô

-H) , 0.32(C
4ô

-H)) ╕√ ▪ꜟ◐ꜟ ⅜ ⌂╢ emimCl hmimCl omimCl

⌐≈™≡╙ ─ ⅜ ╠╣ ↓╣╠─ │ Figure 15⌐ ⇔√╟℮

⌐ Calix-S6⅜▬Ⱶ♄♂ꜞ►ⱶ ─▪ꜟ◐ꜟ ⌐ ⌂ↄ▬Ⱶ♄♂כꜟ

╩ ⌐ ⇔√ ≢№╢≤ ⇔√ ⌂⅔ bmimBF4 bmimPF6≤ bmimCl

─ ⌐╙ │ ╠╣∏ ◌►fi♃כ▪♬○fi⌐╟╢ ™╙ ≢⅝⌂⅛∫√  
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Figure 14.  
1
H NMR spectra of bmimCl ([bmimCl]0 = 2.99 × 10

-3
 mol dm

-3
) : 

[Calix-S6] = (a) 0 and (b) 2.97 × 10
-2

 mol dm
-3

. 

(b) 

(a) 

Figure 15.  Plausible structure of the inclusion complex of bmimCl with Calix-S6. 
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-ⱷ♃ⱡכꜟ ⌐⅔™≡ ▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─ 1:1

⅜ ↕╣≡™╢↓≤⅜ ≢⅝√√╘ Calix -S6⌐╟╢▬Ⱶ♄♂ꜞ►ⱶ

─ ╩ ╙╢√╘⌐ KIL╩ ⇔√ ⇔⅛⇔⌂⅜╠ ▬Ⱶ♄

♂ꜞ►ⱶ │ ⌐ ╩ √⌂™√╘ 2.3.1.2 ≢ MB ≤ Calix-S6─

KMB─ ⌐ ™√ BH plot│ ≢⅝⌂™ Miskolczy╠│ ◕☻♩

≢ № ╢ 4ô,6-diamidino-2-phenylindole (DAPI) ≤ ⱱ ☻ ♩ ≢ № ╢

cucurbit[7]uril (CB[7])─ ⌐⅔↑╢ ╩ DAPI─ ─ ⅛╠

⇔√─∟ DAPI╩▬fi♦▫◔כ♃כ≤∆╢↓≤≢ ⇔⌂™▬○fi ≤

CB[7]─ ╩ DAPI ─ ─ ⅛╠ ∆╢ ╩ ⇔≡™╢

[28] ≢│↓─ ╩ ⌐⇔ ▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─ ⌐ MB

╩ ⅎ╢↓≤≢ ╩ ⇔ MB ≤ Calix-S6─ ╩▬fi♦▫

Ⱶ♄♂ꜞ►ⱶ▬≢≥↓╢∆≥כ♃כ◔ ≤Calix-S6─ KIL╩MB─

⅛╠ ⌐ ⇔√ ⌐ MB ╩▬fi♦▫◔כ♃כ≤⇔≡ ™≡ⱱ

☻♩ ≤▬Ⱶ♄♂ꜞ►ⱶ ─ KIL ╩ ∆╢√╘─ ─ ╩

∆  

ⱱ☻♩ ╩ Host ▬Ⱶ♄♂ꜞ►ⱶ ▬○fi ╩ IL ≤ ∆

MB ╩▬fi♦▫◔כ♃כ≤⇔≡ ™≡ IL ≤ Host─ KIL╩ ∆╢√╘

⌐ 3 ─ ╩ ∆╢ 1≈│ MB─╖╩ ╗ ( A)≢№╡ ↓─

─ ╩ A
0≤ ∆ 2≈╘│ MB≤ Host╩ ╗ B ≢№╡ ↓

─ ⌐⅔↑╢MB ─ ╩[MB]
Host

Host─ ╩[Host]
Host

MB ≤ Host─

─ ╩[Host-MB]
Host≤ ⇔ ─ ╩ A

Host≤∆╢ 3≈╘│

MB Host IL ╩ ╗ C ≢№╡ ↓─ ⌐⅔↑╢ MB ─ ╩

[MB]
Host, IL

Host ─ ╩[Host]
Host, IL

MB ≤ Host ─ ─ ╩

[Host-MB]
Host, IL≤ ⇔ ─ ╩ A

Host, IL≤∆╢ ⌂⅔ MB ─ │

≡─ ≢ Calix-S6─ │ B⅔╟┘ C≢ ∂ ≢№╢  

MB ┘ IL ⅜ Host≤ 1:1 ╩ ∆╢ ∕╣∙╣─ │

─╟℮⌐ ↕╣╢  

 
HostMB+ MB-Host

KMB 
(19) 
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B ⌐⅔↑╢ MB ≤ Host─ ─ │ (20) ─ⱨꜞכ─ MB ≤

Calix-S6 ─ ╩∕╣∙╣─ ≤ ─ ╩ ™≡ ⇔((23) )

∕↓⅛╠ ╠╣╢ 2 ((24) )╩ ↄ↓≤≢ ≢⅝╢((25) ) ⌂⅔

[Host]0
Host 

= 0─≤⅝[Host-MB] 0
Host

 = 0≤⌂╢─≢ 2≈─ ─℮∟ ─ ─

⅜ ≢№╢(25) ⅜ ≤⌂╢ ╟∫≡(25) ╟╡ B⌐⅔↑╢ MB≤ Host

─ │ MB ⅔╟┘ Calix-S6─ ≤ KMB╩ ™≡

≢⅝╢  

 

 

 

 

 

 

 

B ⌐⅔↑╢ MB ≤ Host─ [Host-MB]
Host≤ A B C

∕╣∙╣─ ╩ ™╢↓≤≢ C⌐⅔↑╢ MB≤ Host─

[Host-MB]
Host, IL╩ ∆╢↓≤⅜ ╢ A B C─ │∕╣∙╣

─╟℮⌐ ∑╢  

 

 

 

 

 

 

HostIL+ IL-Host
KIL 

[Host][MB]

MB][Host
MB

-
=K

[Host][IL]

IL][Host
IL

-
=K

(20) 

(21) 

(22) 

)MB][Host)([MB]MB][Host([Host]

MB][Host

Host
0

Host
0

Host

MB
----

-
=K

0[MB][Host]MB][Host
1

[MB][Host])MB]([Host 00
Host

MB
00

2Host =+-ö
ö

÷

õ

æ
æ

ç

å
++--

K

2

[MB][Host]4
1

[MB][Host]
1

[MB][Host]

MB][Host

00

2

MB
00

MB
00

Host

-ö
ö

÷

õ

æ
æ

ç

å
++-ö

ö

÷

õ

æ
æ

ç

å
++

=-
KK

(23) 

(24) 

(25) 

0MB
0 [MB]ŮA =

ILHost,
MBMBHost0MB

ILHost,
MBHost

ILHost,
MB

ILHost,

MB])[Host([MB]

MB][Host[MB]

--+=

-+=

-

-

ŮŮŮ

ŮŮA

Host
MBMBHost0MB

Host
MBHost

Host
MB

Host

MB])[Host([MB]

MB][Host[MB]

--+=

-+=

-

-

ŮŮŮ

ŮŮA

(26) 

(27) 

(28) 
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Host

0Host

0ILHost,

0

ILHost,
0

ILHost,

]MBHost[]MB[             

]MBHost[]MB[]MB[

-
-

-
-=

--=

AA

AA

ILHost,ILHost,
0 ]MBHost[]Host[]Host[]HostIL[ ---=-

╟∫≡ ─ ⅜ ↑╢  

 

 

⇔√⅜∫≡ (29) ≤(30) ╟╡ C⌐⅔↑╢ MB ≤ Host─

[Host-MB]
Host, IL│(31) ╟╡ ≢⅝╢  

 

 

C⌐⅔↑╢ⱨꜞכ─MB─ │[Host-MB]
Host, IL─ ╩ ™≡ ≢⅝╢  

 

 

 

C⌐⅔↑╢ⱨꜞכ─ Host─ │ (20) ≤[MB]
Host, IL

[Host-MB]
Host, IL─

╩ ™≡ ≢⅝╢  

 

 

C⌐⅔™≡ Host│ MB≤ ╩ ⇔≡™╢⅛ IL ≤ ╩

⇔≡™╢⅛ ⱨꜞכ≤⇔≡ ⇔≡™╢⅛─™∏╣⅛≢№╢ ⇔√⅜∫≡

C⌐⅔↑╢ IL ≤ Host─ ─ │ Host─ ≤↓╣╠─

─ ⅛╠ ∆╢↓≤⅜ ╢  

 

C⌐⅔↑╢ⱨꜞכ─ IL ─ │ [IL -Host]─ ╩ ™≡ ≢⅝╢  

 

↓↓≢(22) ╩ ⅝ ⅎ╢≤(36) ≤⌂╢  

 

 

⇔√⅜∫≡(36) ╟╡ (33) (34) (35) ╟╡ ⇔√ ╩ ™≡[IL]⌐ ⇔≡

[Host-IL]/[Host]
Host, IL╩ⱪ꜡♇♩∆╢≤ ╩ ╢ ⅜ ╠╣ ∕─ ⅝⅛╠

KIL╩ ∆╢↓≤⅜ ╢  

-ⱷ♃ⱡכꜟ (6 : 4 (v/v)) ⌐⅔↑╢ bmimCl≤ Calix-S6─

Host
MBMBHost

0Host MB])[Host( --=- - ŮŮAA

ILHost,
MBMBHost

0ILHost, MB])[Host( --=- - ŮŮAA (29) 

(30) 

(31) Host

0Host

0ILHost,
ILHost, MB][HostMB][Host -

-

-
=-

AA

AA

(32) 

ILHost,
MB

ILHost,
ILHost,

[MB]

MB][Host
[Host]

K

-
= (33) 

(34) 

]HostIL[]IL[]IL[ 0 --= (35) 

]IL[
]Host[

]ILHost[
ILILHost,

K=
-

(36) 
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KIL╩ ∆╢√╘⌐ ╩ ⇔(Figure 16) ∕╣╠─ ╩ ™≡ ─

╩ ⇔ ─ⱪ꜡♇♩╩ ∫√≤↓╤ ™ ⅜ ╠╣√(Figure 

17) ↓─ ⅜ ╠╣√↓≤⅛╠ MB ╩▬fi♦▫◔כ♃כ≤⇔≡ ⌐

KIL╩ ╘╢↓─ │ ⌂╙─≤ ╦╣╢ ─ ⅝⅛╠

KIL╩ ⇔√≤↓╤ KIL = 903 ± 17 mol
-1

 dm
3≤⌂∫√  

▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─ ⌐ ╓∆

─ ⌐≈™≡ ∆╢⅜ │∆═≡ ─ ⌐╟╡ ⇔√  
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Figure 17.  Determination of the inclusion equilibrium constant in water-methanol  

(6 : 4 (v/v)) mixture at 298 K :[MB]0 = 1.04 × 10
-5
 mol dm

-3
, [Calix-S6]0 = 5.77 × 10

-4
  

mol dm
-3

, [bmimCl]0 = 0.51, 1.18, 1.69, 2.36, 3.38 × 10
-3

 mol dm
-3

. 

Figure 16.  Absorption spectra of MB and MBCalix-S6 in water-methanol (6 : 4  

(v/v)) mixture containing different concentrations of bmimCl at 298 K: [MB]0 =  

1.04 × 10
-5

 mol dm
-3

, [Calix-S6]0 = 5.77 × 10
-4

 mol dm
-3

, [bmimCl]0 = (0) 0, (1)  

0.51, (2) 1.18, (3) 1.69, (4) 2.36, (5) 3.38 × 10
-3

 mol dm
-3

 and (6) [MB]0 = 1.04 × 10
-5

  

mol dm
-3

, [Calix-S6]0 = 0 mol dm
-3

, [bmimCl]0 = 0 mol dm
-3

.
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2.3.2.2 ⌐⅔↑╢  

─ ╩ ↕∑╢√╘ ≤ⱷ♃ⱡכꜟ─ ╩ ⅎ√ ⌐

⅔↑╢ ▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─ KIL╩ 4.2.1 ≢ ⇔√ MB ╩

▬fi♦▫◔כ♃כ≤⇔≡ ∆╢ ╩ ™≡ ⇔√(Table 7) MB ≤

Calix-S6─ ╒≥≢│⌂™⅜ ⅝⌂ KIL╩ ⇔≡™╢

↓≤⅛╠▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6⌐⅔™≡╙ ⌂ ╩ ⇔≡

™╢↓≤⅜╦⅛∫√ ╕√ MB≤ Calix-S6─ ≤ ⌐ ET(30) ─ ≈

╕╡ ─ ⅜ ⅜╢⌐≈╣ ∆═≡─▬Ⱶ♄♂ꜞ►ⱶ ─ KIL⅜

⇔≡™╢↓≤⅜ ⅛╢(Figure 17) ◌♅○fi─ ╩∆╢≤ -ⱷ♃ⱡכꜟ

(6 : 4 (v/v)) ⌐⅔™≡ emimCl bmimCl hmimCl≤▪ꜟ◐ꜟ ⅜ ↄ⌂

╢⌐≈╣ ⅜ ∆╢⅜ ↕╠⌐▪ꜟ◐ꜟ ⅜ ™ omimCl⌐≈™≡│

⌐ ∂╢≤™℮ ⅜ ╠╣√  

↕╠⌐ ≢ ⇔≡™╢ ╙№╢⅜ bmimBF4 bmimPF6

bmimCl≢ ∆╢≤◌►fi♃כ▪♬○fi⅜ ⌂╢≤╦∏⅛⌐ KIL─

⌐ ™⅜╖╠╣╢≤™℮ ⅜ ╠╣√ ↓─ 3 ─▬Ⱶ♄♂ꜞ►ⱶ ─℮∟

bmimCl⌐≈™≡│≥─ ⌐⅔™≡╙ 2 bmimBF4 bmimPF6 ─▬Ⱶ♄

♂ꜞ►ⱶ ╟╡╙ ⅜ ↕™≤™℮ ⅜ ╠╣√  

─ ⅛╠ ─ │▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─ ─

⌐ ↄ ╩ ⅎ≡™╢╙─≤ ≢⅝╢ √∞⇔ 2.3.1.3 ≢╙ ═

√╟℮⌐ Calix -S6⅜ ╩ ∆╢♪ꜝ▬ⱦfi◓ⱨ◊כ☻≤⇔≡│

╛ -

⌂≥⅜ ⅎ╠╣╢⅜ IL ≤ Calix-S6─ ⌐⅔™≡∕╣╠─ ⅜≥─

≥─╟℮⌂ ≢ ∆╢⅛╩ ─ ⅛╠ ⌐∆╢↓≤│≢⅝⌂

™ ⇔√⅜∫≡▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─ ⌐⅔↑╢ ⌐≈™≡

│ ─ ─ ≤≤╙⌐ ∆╢  
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Solvent 

10
-2
 KIL / dm

3
 mol

-1
 ET(30) / 

kJ mol
-1
 emimCl bmimBF4 bmimPF6 bmimCl hmimCl omimCl 

H2O-MeOH 

(7 : 3 (v/v)) 
10.31±0.10 12.94±0.17 13.62±0.46 12.89±0.23 12.20±0.10 12.11±0.21 250.3 

H2O-MeOH 

(6 : 4 (v/v)) 
8.03±0.06 9.40±0.03 10.00±0.15 9.03±0.17 9.40±0.12 9.04±0.09 246.7 

H2O-MeOH 

(5 : 5 (v/v)) 
6.30±0.16 9.02±0.27 9.13±0.21 8.56±0.10 7.49±0.16 8.52±0.09 244.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17.  Plots of lnKIL for the inclusion complexation of IL against 

ET(30); : emimCl, : bmimBF4, : bmimPF6, : bmimCl, : 

hmimCl, : omimCl. 

Table 7.  The equilibrium constants KIL for the inclusion complexation of IL with  

Calix-S6 at 298 K 
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2.3.2.3 ⌐⅔↑╢  

-ⱷ♃ⱡכꜟ (6 : 4 (v/v)) ⌐⅔™≡ ⌂╢ ≢ IL ≤ Calix-S6─

KIL╩ ⇔√(Table 8) ↓─ ╟╡ ─ ⌐ ™∆═≡─▬

Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─ KIL⅜ ⇔≡™╢↓≤⅜ ⅛╢ 2.3.1.4

≤ ⌐ vanôt Hoff─ ((8) )⌐ ™ 1/T⌐ ⇔≡ lnKIL╩ⱪ꜡♇♩∆╢≤

⅜ ╠╣(Figure 19) ∕─ ⅝⅛╠│ ⌐⅔↑╢◄fi♃ꜟⱧכ

DH
o╩ ⅛╠│◄fi♩꜡Ⱨכ DS

o╩ ╙∫√(Table 9)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature 
10

-2
 KIL / dm

3
 mol

-1
 

emimCl bmimBF4 bmimPF6 bmimCl hmimCl omimCl 

288K 10.60±0.10 12.81±0.12 13.90±0.20 12.51±0.11 14.02±0.13 13.01±0.60 

298K 8.03±0.06 9.40±0.03 10.00±0.15 9.03±0.17 9.40±0.12 9.04±0.09 

308K 6.68±0.02 7.02±0.19 7.85±0.26 6.77±0.09 6.88±0.13 6.62±0.08 

Figure 19.  Plots of lnKIL against 1/T for the inclusion complexation of IL with Calix-S6  

in a water-methanol mixture (6 : 4 (v/v): : emimCl, : bmimBF4, : bmimPF6, : 

bmimCl, : hmimCl, : omimCl. 

 

Table 8.  The equilibrium constants KIL for the inclusion complexation of IL  

with Calix-S6 in a water-methanol (6 : 4 (v/v)) mixture at various temperatures 
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◄fi♃ꜟⱧכ DH
o⅜ ─ ╩≤∫≡™╢↓≤⅛╠ ≢ ™√▬Ⱶ♄

♂ꜞ►ⱶ ≤Calix-S6─ ⌐⅔™≡│◄fi♃ꜟⱧכ─ ⅜ ⅝™≤ ⅎ╢

ⱱ☻♩ │ MB ─ ≤ ∂ↄ Calix-S6≢№╡ ◕☻♩ ≢№╢▬Ⱶ♄♂

ꜞ►ⱶ ╙ MB ≤ ╩ ⇔√ ≢№╢↓≤⅛╠ ⅎ℮╢

│MB─ ≤ ≢№╢ ⇔√⅜∫≡▬Ⱶ♄♂ꜞ►ⱶ ≤ Caix-S6─ ⌐⅔

™≡◄fi♃ꜟⱧכ DH
o ⅜ ─ ╩ ∆ ≤⇔≡│ ╛

⌂≥⅜ ⅎ╠╣╢ ≢ ™√▬Ⱶ♄♂ꜞ►ⱶ ─▬Ⱶ♄♂ꜞ►ⱶ ─

│ ⱨ♇ ≤™∫√ ≤─ ⌐ ╩ ∆╢↓≤⅜

↕╣≡⅔╡[50] Calix-S6─ lower rim─ OH ─ ≤ ╩ ∆╢

│№╢⅜ 2.3.2.1 ⌐⅔™≡ ⇔√▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─

─ ╩╙≤⌐ ╖ ≡√ CPK⸗♦ꜟ╩ ∆╢≤ ─ │

ⅎ⌐ↄ™ 4.2.1 ⌐⅔™≡ ⇔√▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─

─ ⅜ ▬Ⱶ♄♂ꜞ►ⱶ ─ N ⌐ ∫√ ≤ ╩ ⇔√

Calix-S6─ upper rim⌐ ∆╢-SO3 ⅜ ⇔√ ≢╙№╢↓≤⅛╠ -

ⱷ♃ⱡכꜟ (6 : 4 (v/v)) ⌐⅔↑╢ ⌐│ ⅜ ⅝ↄ

⇔≡™╢≤ ⅎ╠╣╢  

⇔⅛⇔⌂⅜╠ 2.3.1.4 ⌐⅔™≡ ⇔√ MB ≤ Calix-S6─ ⌐⅔↑╢◄

IL  DH
o
 / kJ mol

-1
 DS

o
 / J K

-1
 mol

-1
 TDS

o
298K / kJ mol

-1
 

emimCl -17.2±1.0 -1.78±3.35 -0.53±1.00 

bmimBF4 -22.2±0.1 -17.7±0.1 -5.27±0.02 

bmimPF6 -21.2±1.0 -13.4±3.4 -4.00±1.00 

bmimCl -22.6±0.2 -19.2±0.8 -5.74±0.23 

hmimCl -26.3±0.8 -31.2±2.5 -9.30±0.75 

omimCl -24.9±0.4 -27.0±1.4 -8.06±0.41 

Table 9.  The thermodynamic parameters for the inclusion complexation of IL with Calix-S6 
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fi♃ꜟⱧכ ─ (DH
o
 = -40.7  3.6 kJ mol

-1
)≤ ∆╢≤ ▬Ⱶ♄♂ꜞ►ⱶ

≤ Calix-S6─ ⌐⅔↑╢◄fi♃ꜟⱧכ ─ │∕╣╒≥ ⅝⌂ ─ ╩

⇔≡™⌂™ ↓─ ™│◕☻♩ ─ ⅝↕⌐╟╢╙─∞≤ ⅎ╠╣╢ MB

≤▬Ⱶ♄♂ꜞ►ⱶ ╩ ═╢≤▬Ⱶ♄♂ꜞ►ⱶ ─ ⅜ ◘▬☼⅜ ↕™√╘

MB ⌐ ═▬Ⱶ♄♂ꜞ►ⱶ │ Calix-S6⌐ ↕╣≡™╢ ≢╙№╢

⌐ ∆╢↓≤⅜≢⅝╢≤ ≢⅝╢ ≈╕╡ MB│ ⌐╟╡ ─⸗ⱦ

⅜כ▫♥ꜞ ⌐ ⇔≡™╢─⌐ ⇔≡ ▬Ⱶ♄♂ꜞ►ⱶ ─ ≢│⸗ⱦ

─כ▫♥ꜞ ⅜ MB ╟╡ ⅝≡™⌂™≤ ⅎ╠╣╢ ╛

⌂≥─ ⅜№╢√╘ ◄fi♩꜡Ⱨכ ⅜ ─⸗ⱦꜞ♥▫כ∞↑

╩ ⇔≡™╢╦↑≢│⌂™⅜ MB ─ ⌐⅔↑╢◄fi♩꜡Ⱨכ ─ ⅜

DS
o
 = -69  12 J K

-1
 mol

-1≢№╢─⌐ ⇔≡ ▬Ⱶ♄♂ꜞ►ⱶ ─ │ MB⌐

═⅛⌂╡ ↕⌂ ─ ╩ ⇔≡™╢↓≤⅛╠ ─⸗ⱦꜞ♥▫כ⌐ ™

⅜№╢↓≤⅜ ↕╣╢ MB─ ─╟℮⌐ ⌐╟∫≡⸗ⱦꜞ♥▫כ⅜ ⅜

╣┌ ⱱ☻♩≤◕☻♩─ ⌐ ↄ ╩ ↄ ∫√ ≢ ≢⅝╢√╘

≤⇔≡MB─ ⌐⅔↑╢◄fi♃ꜟⱧכ ⅜ ⅝⌂ ─ ╩ ∆

⌐▬Ⱶ♄♂ꜞ►ⱶ ─ │⸗ⱦꜞ♥▫כ─ ⅜ MB ╟╡╙ ⅝≡™⌂™

╦╡⌐ ⅜ ╙ ↄ ↄ ╩ ≢⅝∏◄fi♃ꜟⱧכ ⅜ ↕

⌂ ─ ╩ ⇔≡™╢≤ ⅎ╠╣╢  

↓╣│▬Ⱶ♄♂ꜞ►ⱶ ─ ⌐ ⇔≡╙ ≢№╢≤ ⅎ╠╣╢ ∕

╣│ Calix-S6≤ emimCl bmimCl hmimCl omimCl∕╣∙╣─ ⌐⅔↑╢◄

fi♩꜡Ⱨכ DS
o⌐ ⇔≡◄fi♃ꜟⱧכ DH

o╩ⱪ꜡♇♩⇔√≤↓╤ ™

⅜ ╠╣≡™╢√╘≢№╢(Figure 20) ◄fi♩꜡Ⱨכ ─ ⅜╟╡ ⅝

⌂ ─ ⌐⌂╡ ─⸗ⱦꜞ♥▫כ⅜ ∆╢≤ ∕─ ⱱ☻♩≤◕☻♩─

⌐ ↄ ╩ ↄ ≡╢ ≤⌂╢√╘◄fi♃ꜟⱧכ DH
o ─ │╟╡

⅝⌂ ─ ╩ ⇔≡™╢ 2.3.2.1 ⌐≡▬Ⱶ♄♂ꜞ►ⱶ ─▪ꜟ◐ꜟ │

Calix-S6─ ─℮∟ ⌐ ∆╢≤ ⇔√⅜ ▪ꜟ◐ꜟ ⅜ ╦╢↓

≤≢◄fi♩꜡Ⱨכ ─ DS
o⅜ ⇔≡™╢↓≤⅛╠ ▪ꜟ◐ꜟ │▬Ⱶ♄♂

ꜞ►ⱶ ─⸗ⱦꜞ♥▫כ⌐ ⇔≡⅔╡ ↓╣│∆⌂╦∟ Calix-S6─ ◘▬
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☼≤─ ⌐ ⇔≡™╢─∞≤ ⅎ╠╣╢ ╩ ╢≤▪ꜟ◐ꜟ

⅜ emimCl bmimCl hmimCl≤ ↄ⌂╢⌐≈╣ ⇔≡™╢⅜ omimCl╕≢

ↄ⌂╢≤ ⌐ ∂≡⅔╡ ╕√◄fi♩꜡Ⱨכ ─ DS
o╙ emimCl bmimCl

hmimCl≤╟╡ ⅝⌂ ─ ┼≤ ⇔≡™√⅜ hmimCl╟╡╙ omimCl─╒℮

⅜ ↕⌂ ─ ╩ ⇔≡™╢ ↓╣│ hmimCl⅜ ╙ Calix-S6─ ◘▬☼⌐

⇔≡™╢↓≤⅜ ↕╣╢  

◌►fi♃כ▪♬○fi─ ╩∆╢≤ ≢ ⇔≡™╢ ╙№╢⅜

≤ ⌐◌►fi♃כ▪♬○fi⌐ KIL ⅜ ∆╢≤™℮ ⅜ ╠

╣√ Ɽꜝⱷכ♃כ╙ ⌐◌►fi♃כ▪♬○fi⌐ ∆╢ ≤⌂∫

≡™╢ ↓╣╠─ ⌐ ≠⅝ ≢│ ⌐ ╓∆◌►fi♃כ▪♬○fi─

⌐≈™≡ ⇔ↄ ∆╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20.  Plots of DH
o
 against DS

o
 for the inclusion complexation of  

IL with Calix-S6 in a water-methanol (6 : 4 (v/v)) mixture .  
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2.3.2.4 ◌►fi♃כ▪♬○fi≤─ ─ ╙╡ 19
F NMR  

╕≢⌐ ═√╟℮⌐ ▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─ ⌐⅔™≡

─ ⅜▬Ⱶ♄♂ꜞ►ⱶ ─◌►fi♃כ▪♬○fi⌐ ⇔≡™╢

≤ ⅎ╠╣╢ ⅜ ╠╣√  

He╠⌐╟∫≡ ⱱ☻♩ ≤⇔≡ ╠╣≡™╢b-CD≤ ₁⌂ ─▬

Ⱶ♄♂ꜞ►ⱶ ≤─ ⌐ ∆╢ ⅜⌂↕╣ ─ ≢ He╠│▬Ⱶ♄♂ꜞ

►ⱶ ─◌►fi♃כ▪♬○fi⅜b-CD≤ ╩ ⇔≡™╢↓≤╩ ⇔

√[51] ∕─ Dohnal╠│ b-CD≤ He╠⅜ ™≡™√▬Ⱶ♄♂ꜞ►ⱶ ─

℮∟─ ≈≢№╢ bmimPF6─ ⌐⅔↑╢◌►fi♃כ▪♬○fi─ ╩ ╠⅛

⌐∆╢√╘ 19
F-

1
H NOESY NMR⅔╟┘ 13

C NMR╩ ™≡ ╩ ∫√[26]

╠│ ▬Ⱶ♄♂ꜞ►ⱶ ─◌►fi♃כ▪♬○fi≢№╢ PF6
-│Ᵽ◔♠ ╩⇔≡™

╢b-CD ─ ─ ™ ⌐ ∆╢ ≢ ↕╣≡™╢≤ ⇔≡™╢ ╕√

Godinez╠│ ⌐╟╡ b-CD≤ PF6
-─ │b-CD─ ─ ™ ⌐

⇔≡™╢ 3≈─ ≤ PF6
-─ⱨ♇ ≤─ ─ 3≈─ ™ ⌐╟╢

╙─≢│⌂™⅛≤ ⇔≡™╢[55] b-CD│ Calix-S6≤│ ⌂╡ ╩ ⇔≡

™⌂™ ≢№╢⅜ ─ ⌐№√╢ ⌐ ⇔≡™╢ ─

™ ⌐╟╡ ─ ⅜╦∏⅛⌐ ≤⌂∫≡™╢≤─ [52]╙

№╡ ▪♬○fi╩ ∆╢ ╙№╢  

Calix-S6│ 6≈─ ╩ ⇔√ⱱ☻♩ ≢№╢↓≤⅛╠◌►fi♃כ

▪♬○fi╩ ⇔≡™╢≤│ ⅎ⌐ↄ™√╘ ⌐⅔™≡▬Ⱶ♄♂ꜞ►ⱶ

≤─ ⌐⅔™≡│ bmim
+─╖╩ ⇔≡™╢≤⇔≡ ╩ ⇔

─ ⌐≈™≡ ⇔√ ≢│ ⅜◌►fi♃כ▪

♬○fi⌐ ⇔≡™╢╟℮⌂ ⅜ ╠╣√√╘ ▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6

─ ⌐⅔↑╢◌►fi♃כ▪♬○fi─ ⌐≈™≡ ⇔√  

▬Ⱶ♄♂ꜞ►ⱶ ─◌►fi♃כ▪♬○fi≤ Calix-S6≤─ ⌐⌂╪╠⅛─

⅜ ™≡™╢⅛╩ ═╢⌐№√╡ bmimBF4⅔╟┘ bmimPF6⅜≥∟╠╙◌

►fi♃כ▪♬○fi⌐ⱨ♇ ╩ ╪≢™╢↓≤⅛╠ ≢│ 19
F NMR ╩

∫√ bmimBF4╕√│ bmimPF6╩ ╗ ⌐ Calix-S6╩ ⇔√ ◌►fi
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≥fi○♬▪כ♃ Calix-S6─ ⌐⌂╪╠⅛─ ⅜ ™≡™╣┌ ◌►fi♃

fi○♬▪כ ─ⱨ♇ ─Ⱨכ◒⅜◦ⱨ♩∆╢│∏≢№╢ ⌐ bmimBF4╕

√│ bmimPF6─ ⌐ ⅜ ⌂╢╟℮⌐ Calix-S6╩ ⇔ 19
F NMR☻Ɑ◒

♩ꜟ╩ ⇔√ ╩ Figures 21, 22⌐ ∆  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21.  
19

F NMR spectra of bmimBF4 in D2O-CD3OD (6:4 (v/v)) mixture  

containing different concentrations of Calix-S6: [bmimBF4]0 = 3.72×10
-3

 mol dm
-3
 

and [Calix-S6]0= (1) 0, (2) 6.82, (3) 23.1×10
-3

 mol dm
-3

.  

Figure 22.  
19

F NMR spectra of bmimPF6 in D2O-CD3OD (6:4 (v/v)) mixture  

containing different concentrations of Calix-S6: [bmimPF6]0 = 2.88×10
-3

 mol dm
-3
 

and [Calix-S6]0= (1) 0, (2) 8.77, (3) 25.2×10
-3

 mol dm
-3

.  
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BF4
-│ 4 ╩ PF6

-│ 8 ╩⇔≡™╢√╘ⱨ♇ ─

│ ≡ ≢№╡ Ⱨכ◒│ 1≈⇔⅛ ↕╣⌂™≤ ↕╣╢⅜ Figure 

21, 22╩ ╢≤ │ ⌂╢⅜≥∟╠╙Ⱨכ◒⅜ 2≈ ↕╣√ BF4
-─Ⱨכ

◒⅜ 2 ≈ ↕╣√ │ ⱱ► ─ ⅜ ⇔≡™╢ ⱱ► ─

─ │⅔╟∕ 10
B : 

11
B = 1 : 4≢№╢√╘ 10

BF4
-≤ 11

BF4
-─Ⱨכ◒⅜

1 : 4≢ 2≈ ↕╣≡™╢ ꜞfi⌐ ⇔≡│ 31
P⅜ 100%≢№

╢√╘ⱱ► ─ ≤│Ⱨכ◒⅜ 2 ≈№╢ │ ⌂╢ ↓∟╠│ 19
F ≤ 31

P

─☻Ⱨfi ≢№╡ ∕─√╘⌐ PF6
-─Ⱨכ◒│ ≢ 2≈ ↕╣≡™╢

11
BF4

-⌐⅔™≡╙ 11
B ≤ 19

F ─☻Ⱨfi ⌐╟╡Ⱨכ◒⅜ ∆╢↓≤⅜ ↕

╣╢⅜ ◌♇ⱪꜞfi◓⅜ ↕™√╘⌐☻Ⱨfi ⌐╟╢Ⱨכ◒ │ ─

≢│ ↕╣⌂⅛∫√╙─≤ ╦╣╢  

Figures 21, 22⌐ ⇔√╟℮⌐ bmimBF4╕√│ bmimPF6╩ ╗ ⌐Calix-S6

╩ ⇔√≤↓╤Ⱨכ◒⅜ ◦ⱨ♩⇔√↓≤⅛╠↓╣╠─◌►fi♃כ▪♬

○fi≤ Calix-S6─ ⌐⌂╪╠⅛─ ⅜ ™≡™╢↓≤⅜╦⅛∫√ ↓─

╟╡ ↓╣╠─◌►fi♃כ▪♬○fi≤ Calix-S6⌐╟╢ ⅜ ⅝≡™╢

↓≤⅜ ↕╣√ ∕↓≢ Calix-S6─ ≤◌►fi♃כ▪♬○fi ─Ⱨכ◒

─ ◦ⱨ♩─ ⅛╠◌►fi♃כ▪♬○fi≤ Calix-S6 ─ KA ╩

Macomber─ ╩ ⌐⇔≡ ⇔√[53]  

2.3.1.1⅔╟┘ 2.3.2.1 ≢╙ ═√─≤ ⌐ ◌►fi♃כ▪♬○fi≤ Calix-S6

─ ⅜ ™√╘⌐ⱨꜞכ─◌►fi♃כ▪♬○fi─Ⱨכ◒≤ ─Ⱨכ

◒⅜ ↕╣ 1 ≈─Ⱨכ◒≤⇔≡ ↕╣≡™╢ ™╕ №╢◕☻♩

⅜ⱱ☻♩ ≤ ⇔≡ ╩ ∆╢ ⅜ ⇔≡™╢ ((37) )

↕╣√Ⱨכ◒─ ◦ⱨ♩ d│ ⌐ ∆╟℮⌐ⱨꜞכ─◕☻♩

─ ◦ⱨ♩ dG≤ ─ ─ ◦ⱨ♩ dC╩ ™≡ ∑╢((38) )

≢⅝╢─│◕☻♩ ┘ ─Ⱨכ◒─╖⌂─≢ⱱ☻♩ │↓─

⌐│ ⇔⌂™  

 

 
GuestHost+ Complex

KA (37) 
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╕√ ⱨꜞכ─◕☻♩ ─ ◦ⱨ♩ dG ┘ ─ ─ ◦ⱨ♩ dC│

∕╣∙╣ ─╟℮⌐ ∑╢  

 

 

◕☻♩ ─ │(41) ≢ ∑╢√╘ ─ ⅜ ∆╢  

 

 

 

⇔√⅜∫≡ (42)⅔╟┘(43) ⅛╠(44) ╩ ↄ↓≤⅜≢⅝ ↓↓≢ ⇔√ x

╩ ™≡ KA╩ ∆≤(45) ≤⌂╢  

 

 

 

 

 

 

(45) ╩ ⇔ ╠╣√ 2 ╩ ↄ≤ x│(48) ≤⌂╢  

 

 

 

 

 

 

(48) ╩ ∆╢≤(49) ⅜ ╠╣ ◕☻♩─ [Guest]0╩ ≤⇔ ⌂

╢ⱱ☻♩ [Host]0⌐ ⇔≡ ◦ⱨ♩ d ╩ⱪ꜡♇♩⇔ (49) ≢

╩∆╢↓≤≢ KA╩ ∆╢↓≤⅜ ╢  

0[Guest])( abGC -=-dd

0[Guest]bC=d

0[Guest]aG=d

[Complex])( abG -=-dd

[Complex][Guest][Guest]0 +=

x
GC

G ¹=
-

-

0[Guest]

[Complex]

dd
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⌐ D2O-CD3OD (6 : 4 (v/v)) ⌐⅔↑╢ KA╩ ∆╢

√╘⌐ bmimBF4 ─ [bmimBF4]0 ╩ ≤⇔ ⌂╢ Calix-S6 ─

[Calix-S6]0 ⌐ ⇔≡ ◦ⱨ♩ d ╩ⱪ꜡♇♩⇔ (49) ≢ ╩ ∫√≤

↓╤ KA│ KA = 26.2 dm
3
 mol

-1≤ ╙╠╣√(Figure 23)  

bmimCl─◌►fi♃כ▪♬○fi≢№╢Cl
-│BF4

-╛PF6
-≤ ═≡◘▬☼⅜ ⌐

↕ↄ ╕√▬fi♦▫◔כ♃כ≤⇔≡ ™√ MB─◌►fi♃כ▪♬○fi⅜ Cl
-≢

№∫√↓≤⅛╠ bmimCl≤ Calix-S6─ ⌐ Cl
-│ ⇔≡™⌂™≤ ⅎ╠╣

╢ ⇔√⅜∫≡ ≢ ™√▬Ⱶ♄♂ꜞ►ⱶ ─℮∟ bmimBF4 ⅔╟┘

bmimPF6─ ⌐⅔↑╢◌►fi♃כ▪♬○fi─ ⌐≈™≡ ≢│ ⇔√  

▬Ⱶ♄♂ꜞ►ⱶ ─◌►fi♃כ▪♬○fi≤ Calix-S6─ ⌐ ╓∆

─ ⌐≈™≡ ∆╢⅜ KA│∆═≡ ≢ ═

√╟℮⌐ 19
F NMR ⌐╟╡ ⇔√  
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G

dd
dd (49) 

Figure 23.  Dependence of 
19

F Chemical shifts of fluorine atoms of bmimBF4 on 

concentration of Calix-S6: [bmimBF4]0 = 3.06×10
-3

 mol dm
-3

 and [Calix-S6]0 = 0 ~ 

32.0×10
-3

 mol dm
-3

 . 

0 0.005 0.01 0.015 0.02 0.025 0.03

-147.8

-147.7

-147.6

[Calix-S6]0 / mol dm
-3

d
 /

 p
p

m
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2.3.2.5 ◌►fi♃כ▪♬○fi≤─ ⌐ ╓∆  

─ ╩ ↕∑╢√╘ ≤ ⱷ♃ⱡכꜟ─ ╩ ⅎ√

⌐⅔↑╢ ▬Ⱶ♄♂ꜞ►ⱶ ≤ Calix-S6─ KA╩ 2.3.2.4 ≢ ⇔√

╟℮⌐ 19
F NMR ⌐╟╡ ⇔√(Table 10)  

 

 

 

 

 

 

 

 

 

 

 

BF4
-≤ Calix-S6─ KA│ ET(30) ─ ≈╕╡ ─ ⅜ ⅜

╢⌐≈╣ ⇔√ PF6
-≤ Calix-S6─ KA│ ET(30) ─ ≈

╕╡ ─ ⅜ ⅜╢⌐≈╣ ⇔ ◌►fi♃כ▪♬○fi⌐╟∫≡

⅜ ⌐ ⌂╢≤™℮ ™ ⅜ ╠╣√(Figure 24) ↓─ │ BF4
-≤

PF6
-≤≢│ Calix-S6≤─ ⌐ ⌂ ⅜ ⌂∫≡™╢↓≤ ╕√│

─ ⅜ ⅝ↄ ⌂∫≡™╢↓≤╩ ⇔≡™╢  

─ ⅛╠ ─ │▬Ⱶ♄♂ꜞ►ⱶ ─◌►fi♃כ▪♬○fi≤

Calix-S6 ─ ─ ⌐ ╩ ⅎ≡™╢↓≤⅜╦⅛∫√ √∞⇔ 2.3.1.3

2.3.2.2 ≢╙ ═√╟℮⌐ ⌐⅔™≡≥─╟℮⌂ ⅜≥─ ≥─

╟℮⌂ ≢ ∆╢⅛╩ ─ ⅛╠ ⌐∆╢↓≤│≢⅝⌂™ ⇔√⅜

∫≡▬Ⱶ♄♂ꜞ►ⱶ ─◌►fi♃כ▪♬○fi≤ Calix-S6─ ⌐⅔↑╢

⌐≈™≡│ ─ ─ ≤≤╙⌐ ∆╢  

 

 

 

Solvent 
KA / dm

3
 mol

-1
 

ET(30) / kJ mol
-1
 

bmimBF4 bmimPF6 

H2O-MeOH (7 : 3 (v/v)) 9.01 138 250.3 

H2O-MeOH (6 : 4 (v/v)) 26.2 106 246.7 

H2O-MeOH (5 : 5 (v/v)) 53.7 52.4 244.0 

Table 10. The equilibrium constants KA for the complexation of  

counter anions of ILs with Calix-S6 at 298 K 
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Figure 24.  Plots of lnKA for the complexation of counter anions of ILs  

against ET(30); : bmimBF4 and : bmimPF6. 
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2.3.2.6 ◌►fi♃כ▪♬○fi≤─ ⌐ ╓∆  

- ⱷ♃ⱡכꜟ (6 : 4 (v/v)) ⌐⅔™≡ ⌂╢ ≢▬Ⱶ♄♂ꜞ

►ⱶ ─◌►fi♃כ▪♬○fi≤ Calix-S6─ KA╩ ⇔√(Table 11)

BF4
-≤ Calix-S6─ KA│ ─ ⌐ ™╦∏⅛⌐ ⇔ PF6

-

≤ Calix-S6 ─ KA │ ─ ⌐ ™╦∏⅛⌐ ⇔√ 2.3.1.4

2.3.2.3 ≤ ⌐ vanôt Hoff─ ((8) )⌐ ™ 1/T⌐ ⇔≡ lnKA╩ⱪ꜡♇♩∆

╢≤ ⅜ ╠╣(Figure 25) ∕─ ⅝⅛╠│ ⌐⅔↑╢◄fi♃ꜟⱧכ

DH
o╩ ⅛╠│◄fi♩꜡Ⱨכ DS

o╩ ╙∫√ BF4
-≤ Calix-S6─

⌐⅔↑╢◄fi♃ꜟⱧכ DH
o│ ─ ╩ ⇔ ◄fi♩꜡Ⱨכ DS

o│

⅝⌂ ─ ╩ ⇔√ PF6
-≤ Calix-S6─ ⌐⅔↑╢◄fi♃ꜟⱧכ

DH
o│ ─ ╩ ⇔ ◄fi♩꜡Ⱨכ DS

o│╦∏⅛⌐ ─ ╩ ⇔√(Table 

12)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature 
KA / dm

3
 mol

-1
 

bmimBF4 bmimPF6 

288K 23.5 122 

298K 26.2 106 

308K 31.1 90 

Table 11.  The equilibrium constants KA for the complexation of counter anions of ILs 

with Calix-S6 in a water-methanol (6 : 4 (v/v)) mixture at various temperatures 
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↓╣╠─ │ ≢ ═√╟℮⌐ BF4
-≤ PF6

-≤≢│ Calix-S6≤─ ⌐

⌂ ⅜ ⌂∫≡™╢↓≤╩ ⇔≡™╢ BF4
-⅔╟┘ PF6

-│

▪♬○fi≤⇔≡ ╠╣≡™╢↓≤⅛╠ ⅎ╠╣╢ ≤⇔

≡ ⅜╕∏ ⅎ╠╣╢ ╕√ │ ⅝ↄ ⌂╢⅜ Jeffery╠

│ 2 ≈─ⱨ▼ⱡכꜟꜚ♬♇♩⅜⅔ ™⌐ ⅛™ ∫√╟℮⌂ ─ ≤

▬○fi ┘ PF6
-⅛╠⌂╢ [{Cu(HL)} 2][PF6]2 ⌐⅔™≡ PF6

-─ⱨ♇ ≤ⱨ▼

ⱡכꜟꜚ♬♇♩─OH ≤─ ⌐ ⅜ ↕╣≡™╢≤ ⇔≡™╢[54]

╕√ ∆≢⌐ ═√╟℮⌐ Godinez╠│ ⌐╟╡ b-CD≤ PF6
-─ ⅜

b-CD─ ─ ™ ⌐ ⇔≡™╢ 3≈─ ≤ PF6
-─ⱨ♇ ≤─

─ 3 ≈─ ™ ⌐╟╢╙─≢│⌂™⅛≤ ⇔≡™╢[26]  BF4
-⅔╟┘

PF6
-⅜ ─ ⌐ ™ⱨ♇ ╩ ⇔≡™╢↓≤⅛╠╙ Calix-S6─ lower 

rim ⌐ ∆╢ OH ≤ ╩ ⇔≡™╢ ⅜ ™ BF4
-≤ Calix-S6

─ │ ╠⅛⌐◄fi♩꜡Ⱨכ ≢№╢↓≤⅛╠ ⌐⅔™≡

⅜ ⅝ↄ ⇔≡™╢↓≤⅜ ⅎ╠╣╢ PF6
-≤ Calix-S6─

│ ╠⅛⌐◄fi♃ꜟⱧכ ≢№╢↓≤⅛╠ ⅜ ⌐ ⅝ↄ

3.2 3.3 3.4 3.5
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Figure 25.  Plots of lnKA against 1/T for the complexation of counter anions of ILs with 

Calix-S6 in a water-methanol mixture (6 : 4 (v/v):  bmimBF4 and  bmimPF6. 
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⇔≡™╢↓≤⅜ ↕╣╢ ≈╕╡ BF4
-│ Calix-S6─ ⌐ ⇔≡

™╢─⌐ ⇔ PF6
-│Calix-S6─ lower rim ⌐ ⇔≡™╢≤ ↕╣╢(Figure 

26) ⌂− ↕╣╢─⅜BF4
-∞↑⌂─⅛╩CPK⸗♦ꜟ╩ ™≡ ⇔√≤↓╤

PF6
-│ BF4

-⌐ ═≡⅛⌂╡ ™√╘⌐ Calix-S6─ upper rim⌐ ∆╢ SO3
-

≤─ ⅜ ↑╠╣∏℮╕ↄ ⌐ ╢↓≤⅜ ⌂™√╘≤ ⅎ╠╣╢

BF4
-│ PF6

-⌐ ═◘▬☼⅜ ↕™√╘ ⌐ ╡╛∆™─∞≤ ⅎ╠╣╢

↓╣╕≢─ ⅛╠ ▬Ⱶ♄♂ꜞ►ⱶ ─◌►fi♃כ▪♬○fi≤ Calix-S6─

─ ╛ ⌐ ⅝ↄ ∆╢ ⅜◌►fi♃כ▪♬○fi─ ↕

⌐╟∫≡ ╦╢↓≤⅜ ↕╣√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IL  DH
o
 / kJ mol

-1
 DS

o
 / J K

-1
 mol

-1
 TDS

o
298K / kJ mol

-1
 

bmimBF4 10.3±1.2 61.8±3.8 18.4±1.1 

bmimPF6 -11.0±0.4 1.93±1.44 0.58±0.43 

Table 12.  The thermodynamic parameters for the complexation of ILôs counter 

anion with Calix-S6 

Figure 26.  Plausible structures of inclusion complexs of BF4 (a) and PF6 (b) counter 

anion with Calix-S6. 

(a) (b) 

 
























































