30

p-Sulfonatocalix[6]aren#: |F 4 Cucurbit[6]uril — —
AR

51427251



3.1

Lt S e —————— e e 3
0 OSSOSO 3
1.2 et 5
1.3 Calix-S62%; |1 CB[6]— — - A{vov .6

2. p-Sulfonatocalix[6larene ||| mat b o7 B+ — — s 9
2.1 e et 9
2.2 et 12

2.2.1 e 12
2.2.2 et 14

2.3 S e 16
2.3.1 MB< Calix-S6— e 16
2311 -1 % |- - = e 16
2.3.1.2 — L BHPIOL oo 21
2313 21, 24
2314  m 21 e 28
2315  m 21 e 31
2.3.2IL< Calix-S6— s 37
23.2.1 — % | — S IR 37
2322 21, 44
2323  m 21 e 46
23240 »fi 22« gofi<— — L4 "FNMR .50
2.3.25: pfi 43 = gofi<— | AN ....55
2.3.26: »fi 4D = gaofi<— - oA 57
2.32.7L < Calix-S6s — — — e 60
2.3.2.8IL £ CalixS6— = Ao HOofi— 66

3. Cucurbit[6]uril- |F{ = © o £ — - Hfi — —
.................................................................................................................... 71



.......................................................................................... 73
.......................................................................................... 75
S e
3.3.2 — L e, 77
3.3.3 e —————————————— s



11

< | 3V | % == # %V — - Owm
g— =V ozd 4 5 — 1 < # Nef 4 34 L, o
Ny L 4 5 Ly o) < 4 s e Ly o)
% afisz 4] & < 1
— — 34| 1949 — Schlenk~ | M o Ly
® < -= ™/R'hofi — 2N [1] / — Cramer| o <. ¢ «
o, ' fid = — (1951 ) « ' 1952 - =
™= ~V[2 c -. ¢« ® ' fi | Bacillusamylobacter ™Me  ~ |F{ w
v — < -= 1891 ~ Villiers ~ t 4 1903 ~ Schardinger
b = ol v #Nf 1% =V — # Nef|
1967 ~ | Pedersefs L= 0 < o= pfi 0w
i [B8]« Lehn Cramlf- |ff = 1 o ° @Yt - v el
> o - 4 =V F3% 1981 ~ & - 0
LA - < o 4t 2z AL oV 1<%
%o 4 fis<oH - a1 - Ay
>[ 4 - == — — | o L
Fd{ ferof=%Y ves” s el %™ v @) — +
- - W - - %9 == %4 40 fi oz2-—
feo - L A cHzH|orzoo «'ia  —ve
J | 4 o= @v” ovd—|en
— - el <% %4
| n w1 %00 - %1 < o= A
T
L oA -V —«fise i % ~od 1 -—Je
0 | 1953 — Cramerftr |f{ - -. ¢« @ fidv o) < V.
-— . fi — - 34[5] 1967 — o -. ¢« @) fid ™y p



Al. hvai — 6] %+ 1977 — wufull |- | «' i o

== = s m=™ 3y 4 - - 0z
Lazge =™ 1 —fe-r | — L sy
4 AL -V 4 - ™4 A% #Ne
b | = se=lho mB=m s
r < bfiz L 5 F3V. acnfi| - %
T - < o= - sof=m™@ -
- - e A g=my
Z | d — m2m= L 4 : 4| = mﬂ _|__
< -=| 1984 -~ # Vo= —k. @a-"' fi ofi —
™M= oL e @) five 4V L ALsHm 1

\/[9] l—||'eO°'“" OJifi '_”"" - | -

—q 0 [ — o2 o— %[ 10 +s5
I A .
Lok d — %Ne| 1+ — e~ |
- | rEV] =% — L kweadis|

— ~ 2/ T™M= — SQJ’ETM_”



1.2 —

~ 2/ TM= | , — - — syl _ ¢ — ¢ ™mL__
= — — — 4L < o= TM-” .
(1) p-Sulfonatocalix[6]arene || =k 5 &7 B+ wmo fi —
- A
Calix[njarene| © #™ fi # tdvn —hvwvtoi ael - |
4V # Nej - * e=mvE <=
AL AA| z | — p-sulfonatocalix[6]arenéCalix-S6} v o |
< o = ™ 6 — mmbF b 7 i | (- o fi

1-ethyt3-methylimidazoium cHoride (emimCl), 1-butyl-3-methylimidazolium chloride
(bmimCl)  1-butyl-3-methylimidazolium tetrafluoroborat€bmimBF,;), 1-butyl-3-
methylimidazolium hexafluoroptsphate (bmimPF), 1-hexyl3-methylimidazoium

chloride (hmimCl), methyt3-n-octylimidazolum cHoride (omimClx — L
h vi k= Ofi # Nof methylene BIUGMB) 4 wufi ¢ = * D> 23 < o= ™
.|| | < # =-|| oopfiade gaofi o Wofi
L = Calix-S6— - & - el <4 < o= ™

(2) Cucurbit[guril ~ | = @ o % — R fi —

Cucurbithjuril | n —=T «2i »! i° gp) %20 —o k" fi #
PV - ANl - A -
- % V=] £ | - 2 % ™
Cucurbit[6]uril (CB[6])L = i o £ 0ol onofizgdV
Ly d v cBlelc 4 — » I fi p-phenylenediamine dihydrochloridEDA),
p-toluidinium chloride (TD), p-xylylenediamine XDA), benzyl viologen dichloride
(BV)< — L = wiol — 1 CB[6]— - 4
el <d < o= ™



1.3 Calix-S6% |F 4 CB[6]— — r A{vo>ovw
| — =—edyr-r=m= L gy
1 CalixS6r || =k b o' »r — —

Py mO fi

— Calix-S6dtv @ < - ™ 6 —mt b

emimCl bmimC|l bmimBF;, bmimPF, hmimCl, omimCl< —

dh vt we ofi ZNof MBLumfioe *d2d< = ™| <2 =
J
MBL uafi ¢ = *> 203 < o= ™|V k- Calix-S6< MB— - =
™= =vV<IlT MB-— ed-.,id ™y Jobox "WNMR |
4 Calix-S6< MB | 1:1— AL c=™| 1<% W[V 3V
-0 At D # Calix-S6< MB — Kve 2 MB — od -
) Wl LV Kue | - % o~ ™
- — L A E(30) - = ™ L oy ¢ |-
Calix-S6< MB — - A — -= ™= =V< | T —
< - Kws | =V - A R'o>=>4L L
[V Calix-S6< MB — -%™= | «fi 41 HD — Yo ™|
<% %[ Vv CalixSes MB— - A — ~= = |
S S %44 Und 1
U
- L Vo ™Meb b ol pE < Calix-S6— Ki 2
Lyv k- MmBL 13 . A
- e MB— Yo |- mat 5 o1 B+ < Calix-S6— K 2
Lf v. 6 —wmtbol pr — Ke| MB— <~
- % A ™ - — L A E(30) - -
= ™ L LV CalixS6< mat b 5 BE  — - A —
-x M= =y <= — < - 6 —wmkbdl BE —
K =V - A R' 0224  Ljy Calix-S6
Sumtk bl b — 2™z L fi 40 H> — % %™ <%



Y%f v 3V emimCl bmmCl hmimCl<= i «i % oo04r-=-
% A% 1 f-si i % ™omimCl- = ™= | - 0
{ = ™e ™ 3% |kd v ¢ [~ 1-butyl-3-methylimidazolium <
Calix-S6—  ~ %t — %o wfiade gofir A
< ™™g ™ L \/

-k bl pr < CalixS6— - pAowfiade sofi— &
FvsrA{V Er emk 5 ' B+ < CalixS6<— — -1 F
NMR &L [ Calix-S6< o »fi 242« mofi BF, PR ~ |

% %=™| 1<% 14V FNMR ~F{he = hs |
4« sofi < CalixS6s — — Kadt - —
= ™= =y opfiade gofirc ||f = 4 AL 1SV
— — % of=%{ /4| caixses— — - o= ™
{i<s% 14 v owfiads msofi— L s~ -V Y
t— % -~ | CalixS6~ A{ o wfi=ads g0fi—
<o Hofi— - # {H|¢s£ A I A-||
_ Lo Ly

o pfi 4D gofi— ¥s0 ™ emimCl bmimCl hmimCl omimCl— 4

— kbl BE < Cdix-S6— -~ A —  ~2%M™M=| MBS

- 0 L ov o1 |- L A1 <2 cCalixS6
— - = ™M= _ s |k - o
2 CB[6]— —
CB[6]— - = ™M= %4 HNMR
- | L [V el -l 4 - ki (PDA, TD,
XDA, Bv) & ™y #| =io! £ CB[l<= i of
-0 fi % 1:1 2 (CB[6]M™) 4 o= AL sd oV
CB[6]< » ®. < — -4 o —  ~ |4 cBd]|

PDA TD XDA#% |4 Bvs/ 4. 4 11—

L

A L < %%



4 74 - AL -~V CB[6]s PDA%|d TD—

™= — gV < %— K| CsS Na° K'— # 0
4L o= ™| | < %FE%] o el %  #No = L CB[6]—
—V k- Af=i ol — s = % A1 <%
Yf v 3V - A ol -0 fi — | e ol
-0 fi — %1 | % o @ < CB6] «V=iol
-0 fi < — - A v 14V 1 |- CBl[6]-
—k. Jfi—"HNMR®Q-1i —c hJ Ylai ol o fi & 5
w1 SR ANE | S
=i gl O fi # — CBI[6]< - Ffi o~ A
~ ™M= o



2. p-Sulfonatocali6larene~ ||| wak & &' »Fr — —

2.1.!>fi<3vi=|o-uocoJ‘fi£ ™./ % 014
v k- o 3-— <es=ol pPe@ " 2five 14 =
< pfi DY | ¥ fioC Dmmd =" BEJE o e 60 @) fi|
— pesz  tdl=™|% ol e-@ " Ofi|hvidi—" gse
) # v ol v w2 # Ny — & o=m| 1044 -
Zinke |~ |Ff =h vt D - =M= %o td -
# - ™ — Yo 1 V—%o' e- @7 2fir A
— 39 %N - ] S
o Y%[ V% 1978 ~ Gutschel~ |4 "HNMR~ |} - % 31
/ - % — - =™ 1<%l o — (Calix)—
(arene) < ™e 2ol p e @« O fi (Calixarenex t 4 v [10] / —
Ungaro Pochinift~ |Ff = X % 4 p-tert-butylcalix[4]arenes |
i 4fivslil— o L A% 14V ol e- e
=" ofi|hvtoisvipeaiogyd # o= oV L—
# Nof| % L A=z — — L4 - s
Yo Y | h vt o % 20— Calix[20Jarene— 3 # t 4 =
™ [12] 3V 1 - - | - % # Nef
1984 ~ Ungarolf| #b. « i & A{hvidiz td =™ o
'e. @ " 2fi— — (owerrimfoi Weoi L A<~ |
[= k= ol pe @ 2fim - =V [13] 3 V Shinkai
| hwtoi* saes — p (upper rimy @i v fi 2k .

e - ®= " O fi #Ne| p-sulfonatocalix[n]arene (Cakgn)t =V [14] 14

- |F — % 4 A AL - AL <%
{lerorv aogr ~ - AL - A s+
- tY{is% <ol V—#N| / — £ 0 —
L Afi=swn 14 0o— % 4 =™



- 2@ T™M=

=]

<

Nishikubo [F - |

@El

%4 1 <k D <oz ™|i<—2%]o e- @
"o fi — —  [15] 3V Habulr o’ e - @ " Ofi =
At <4 —  [16lo = %Ne| 1 —|fe
o™ g v d = - Ly ol pe @™ Dfis
- |90 - tf=mem - - a
= —  |sd=%fn ~ = o
| [Fd=™o™ veils el - 34 ™= | L4
ed# - o 3V - r o R' ©2 22 # Nej
[17-19]% «fi =i H0> 4 «fi . HD <™ Y — R' 0>
4D - = — t Y |k - A % <0 0 ™M—3%
zNe| 35V CalixSn| = mof N v E omofi— ~=m™
=— % -~ o9o0td=™% « a0fics— -= ™= |
<F> td=™o™ Ho i 4L A i< mofi AL
[Vvolee@ " 2fie tdl=] ™% - <o —|- =
ofi—qgzomofir=™=| <> t 4 = ™a ™[20,21] =54
LY Yoummo fi =54 | - % — & eV o i 4D -
ofive T A | Neo% - Ao pfi ) o fi— = ™=
Y
O fi | ocwofi<= aofi< - % [= &
o= ™| o fi S L cmofi — -
L = - 4 t Y2 /s =-Lb— % <o AL
Alterof b-%Ng 1+ —freo - | < rdd
— - A | = & JvowofigV |« sofiz
T L N BT e - -
= L Lo # L = | -
3V | wmo fi < rd=™] wmofi | ~"ofi*Fes' >
< o= td V% ¥% 0 22— 4 ™%  #Nef < ™e



INd 7 = %  rFotd=™|s| ™Maa™ 1 —|eo

1992 ~ Wilkes |F[22]~ | J = t 4 v l-ethyk3-methylimidazolium
tetrafluoroborate (emimBF4) 2L 4 el <%z % O O fi
#No / — — 0] i i kbl pEoHofis
1 —= aofisd 4 FIV mmofi s tdd Fer-od
Hbe=m=s = 4 coa % e = s
- - 3 = fi - - |H - Y%= o= -
Yo |- mmo fi L 4 o 1o - % sofi=s%n
9 = ™ [26] mmo fi - - A [ —fecmod
- 4 - =l £F0D - %1 O fi —
4 mmo fi — 3V | - o2 - L

sis% - o3 b

z | S A LN Ry -0 fi

< Calix-S6— L MB < Calix-S6— L oafi #0 *D 2D < ==

™= = - 4 v - A ™= Calix-S6 < wat b 7
Poer — m 3t - L =v 152
'p.e@ " 2fi— - pAowfiads gofi— | - ot
= ™Mpn ™ 1 | ~%™M= ol p @ D fi — - rAo»fi o
draofi— L Ve f¥%re 3v /- L o ol rloe
" ) fiSumk b BE — — AL o

11



2.2
2.2.1
- ™Y L Figure1~ A

vV &)

p-sulfonatocalix[6]aren€Calix-S6):

—VE ®¢um L <=t 27 100mL
20 mL~ || AL 4 - L24 %BLo™ oV
L (V% [ - — # Nef| 3000 #
L | #%0%f v 'HNMReQ-. i % | <q [Fal 4 H> -
| td 0%V

¥
Methylene BlugMB) : Chroma Gesellschaft SchmigfltCo 4t <=4 > i #
TM\/

1-ethyl3-methylimidazorium cloride (emimC) : SigmaAldrich Y —33 ™
\/
1-butyl-3-methylimidazoliumchloride(bmimCl) : SigmaAldrich AL eo 2D o

> =24 ez ™y

1-butyl-3-methylimidazolium tetrafluoroborat@mimBF,) : ==

TM\/

¢ *D3d r =24 o
1-butyl-3-methylimidazoliumhexafluorophosphat@mimPFg :
TM\/

L eo r2ad =24 -
1-hexyl3-methylimidazorium cloride (hmimCl) : Fluka AL/ —33 ™/
1-methyt3-n-octylimidazorium choride (omimCl) : AL/

_=1 =1 TM\/

i (1=0.1,pH = 6.9):

# Nef ' fi N nyloer

12



# =V 0.0241 mol drif KH,PQ, + 0.0253 mol drii Na,HPQ,

“FNMR
HexafluorobenzengHFB) : Ly —55 ™y
N
N
| ® ~© |
MB OH
6
/= N@\ Calix-S6
/N\7 N~ NS
S © ©
Cl or BF, or PFq F
bmimCl
bmimBF, F F
bmimPFR
K K
(N F
N
7N "R Cle HFB

R = GHs :emimCl
R = GHiz: hmimCl
R = GH17: omimCl

Figure 1. Chemical formulaandabbreviation ofcompound
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2.2.2

CalixS6— ~ e MB— Q- i | U-3200
i ™= = i — - 1 - dL Y
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(Schemel) - ZKkafid ™ =V | Heise Bourdon gauge

=

Scheme 1. Schematic diagram for spectrophotometric measurex(iem view) and
inner cell.

A High pressure vessel and experimesyatem:
a: spectrophotometel; water jacketc: sapphire window,
d: optical fiver

B Teflon inner cell:
e: samplef: piston,g: sapphire
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Figure 2.  Absorption spectra of MB iwatermethanol mixture:
[MB] o= 8.83 10° mol dm™, [methano] = (1) 0, (2)10, (3)20, (4)30, (5)40,
(6) 50, (7) 70, (8) 90, (9) 100%(Vv/v)
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0.8
0.6
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oL

0.8 \ \ \
655 660 665 670

Wavelength / nm

Absorbance

600 650 700 750
Wavelength / nm

Figure 3. Absorption spectra of MB iwatermethanol mixture (6 : 4 (v/v))
containing differenCalix-S6 concentrations at 298 K : [MBE 1.33x 10° mol dm?
and [Calix-S6p = (1) 0, (2) 1.79, (3) 3.57,(4) 5.36, (5) 7.14, (6) 8<9B0* mol dm?.
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H CH3

(a)
WWWWWWWWWMWW —J .
T T 7I_6 T T 6_8 < T T 2I_8 T d (ppm)
—»
_" " (b)
T 76 68 . " 28  d(ppm)

Figure 5. 'H NMR spectra of MB (IMB} = 4.57>< 10* mol dm?) : [Calix-S6] = (a)0
and (b)4.68x 10° mol dm?®.

Figure 6. Plausible sucture oftheinclusion compleof MB with Calix-S6.
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(a) 1/\
@ 0.9
(&) 0.9/—\
- O 0.84 . . .
] 655 660 665 670
O Wavelength / nm
| -
5 0.
3
< O.

0.

)

600 650 700 750
Wavelength / nm

A
=
0.0

\

=

10°[Calix-S6], / DE

[

2 4 6 8 10
10'[Calix-S6}, / mol dmi®

Figure 7. (a) Absorption spectra of MB imatermethanol mixture (6 : 4 (v/v))
containing differenCalix-S6 concentrations at 298:kMB], = 1.33 x 10 mol dm®
and[Calix-S6p = (1) 0, (2) 1.79, (3) 3.57,(4) 5.36, (5) 7.14, (6) 8<9B0* mol dm>,
(b) Determination of inclusion equilibrium constant accordingémesiHildebrand
equation(Eq (6)) in watemmethanol (6 : 4 (v/v)) mixture at 298 [MB], = 1.33 x10°
mol dmi® and[Calix-S6}, = 0 ~ 9.03 x 19 mol dm°.
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Figure 8. Absorption pectrum ofN-phenolpyridiniumbetainén watermethanol
(6 : 4 (v/v)) mixture

Tablel. E( 3 @Galuesof watermethanol mixtures

Solvent | max / nm E+(30) / kJ mot
H,O-MeOH (7 : 3 (VIV)) 478.0 250.3
H,O-MeOH (6 : 4 (VIV)) 485.0 246.7
H,0-MeOH (5 : 5 (VIv)) 489.6 244.0
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t { MB< Calix-S6— Kugt — BH plotdt ™= vV (Table 2)
Er(30) — =34 - % %= Kue% == ™
| <% Y- (Figure 9)

Table 2. The equilibrium constantsyg for the inclusion complexation of
MB with Calix-S6 at 298 K

Solvent 10° Kyg / dr® mol? E1(30) / kJ mof*
H,0-MeOH (7 : 3 (VIv)) 6.13 0.05 250.3
H,O-MeOH (6 : 4 (VIV)) 290 0.02 246.7
H,O-MeOH (5 : 5 (Vv)) 2.00 0.02 244.0
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207 244 246 248 250 252
E+(30) / kJ mol*

Figure 9. Plots of InKy for theinclusion complexation of MB againEgt(30).
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Table 3. The equilibrium constantsyg for the inclusion complexation of ME
with Calix-S6 inawatermethanol (6 : 4 (v/v)) mixturat various terperaturs

103 Kme / dn13 mol'l

288K 298K 308K

6.28 0.04 290 0.02 2.05 0.03
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Figure 10. Plots of InKyg against 1T for theinclusion complexation of MB
with Calix-S6in a watermethanol mixturd6 : 4 (v/v)).
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Table 4. The equilibrium constantsyg for the indusion complexation of MB
with Calix-S6 atvarious pressures

10° Kyg / dn?® mol?
Solvent

1 bar 196 bar 490 bar 784 bar

H,O-MeOH (7 : 3 (v/iv)) 6.13 0.05 6.89 0.34 7.84 0.39 9.22 0.31
H,O-MeOH (6 : 4 (viv)) 2.90 0.02 3.13 0.18 3.43 0.16 3.81 0.26

H,O-MeOH (5: 5 (v/v)) 2.00 0.02 1.98 0.10 1.93 0.13 1.88 0.11
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Figure 11. Pressure effeston the equilibrium constasfor inclusion complexation
MB and Calix-S6 in watermethanol mixturest 298 K:H,O-MeOH (7 : 3 (viv){u ),

H,O-MeOH (6 : 4 (v/V)}6 ), H,O-MeOH (5 : 5 (V/V)}é ).
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Figure 12. Plots of In(A¢/A) againsi in a watermethanol mixture(6 : 4 (v/v)).
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Table5. TheDV and g values ofwatermethanol mixtures

Solvent DV/cm®mol! 10° 47/ bar? e 10" gp / bar*

H,O-MeOH (7 : 3 (viv)) -13.5 0.3  3.48 0.09 77.49"® 469 0.19
H,O-MeOH (6 : 4 (v/v)) -9.44 0.16 3.79 0.05 73.21* 540 0.17

H,O-MeOH (5:5 (W)) 059 0.10 4.66 013 67.95° 7.14 0.21
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(16) ) =394 o £ A Inedt P# -V ¥%» <0
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— = o= AV %o ™ /oL o# z | % —
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™= gp 4 vV (Table 5)[48]
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Figure 13. Plots of A V againstg, for theinclusion complexation of MB

with Calix-S6 at 298 K.

Table 6. Reaction volumefor the inclusiorcomplexation of MB with CalikS6 at 298 K

Solvent DVgeson/ €M Mol DViney +#DVeons/ cm® mol™
H,0-MeOH (7 : 3 (viv)) 270 0.3 405 0.1
H,O-MeOH (6 : 4 (VIv)) 311 0.2 405 0.1
H,0-MeOH @ : 5 (Vv)) 411 0.1 405 0.1
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Figure 14. 'H NMR spectra ofbmimCl ([bmimCly = 2.99 x 10° mol dm?®) :
[Calix-S6] = (a)0 and (b)2.97x 10% mol dm?,

Figure 15. Plausible structure @gheinclusion complexof bmimClwith Calix-S6.
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Figure 16. Absorption spectra of MB and MEalix-S6 inwatermethanol (6 : 4
(v/v)) mixturecontaining differentoncentrations of bmimGit 298 K: [MB} =

1.04 x 10° mol dm?, [Calix-S6}, = 5.77 x 10* mol dm®, [bmimCl]o = (0) 0, (1)
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Figure 17. Determination otheinclusion equilibrium constant in waterethanol
(6 : 4(v/v)) mixture at 298 K :[MB} = 1.04x 10° mol dm?, [Calix-S6}, = 5.77x 10*
mol dm?, [bmimCl]o = 051, 118, 1.69 2.36 3.38x 10° mol dni®.
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Table 7. The equilibrium constants,_ for the inclusion complexation ®f with
Calix-S6 at 298 K

102K,/ dn? mol* Ex(30) /
Solvent emimCl bmimBF, bmimPFRK bmimCI hmimClI omimCl kI md*
H,O-MeOH
10.3%* 0.10 12.94t 0.17 13.62 0.46 12.8% 0.23 12.2G: 0.10 12.1# 0.21  250.3
(7 : 3 (vIv))
H,O-MeOH
8.03t 0.06 9.40+ 0.03 10.0G: 0.15 9.03t 0.17 9.40t 0.12 9.04+ 0.09 246.7
(6:4(vIv)
H,O-MeOH
6.30t 0.16 9.02+ 0.27 9.13+ 0.21 8.56+ 0.10 7.49+ 0.16 8.52t 0.09 244.0
(5:5 (V)

—~ 1.2
S
- 7k
=
— 6.8
7
— 6.6~
<

o4

242 244 246 248 250 252
E+(30) / kJ mal"

Figure 17. Plots of IrK,. for the inclusion complexation of IL agains
Er(30); : emimCl, ;. bmimBF,, : bmimPF;, : bmimCl,
hmimCI, : omimCI.
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2323 %1

-0 At D (6:4 (vlv)) ~ 25™= o # IL < Calix-S6—
Ky 2 -V (Table8) | — I — o MA=Z —
Fool »r < Calix-S6— Ki¥%s =™ 1<% %q{ 2314
< ~ vami Hoff— (8) )» ™ 1T~ o= InKyLk. 1 A<
% |Fd (Figure19) / — %%t | - %1 «fi 41 H>
DHC4 Yol | «fi s HD BSES L v (Table 9

Table 8. The equilibrium constants,_ for the inclusion complexation &f
with Calix-S6 inawatermethanol (6 : 4 (v/v)) mixturat various temperatuse

102K,/ dn? mol*

Temperature
emimCl bmimBF, bmimPFR bmimClI hmimCl omimCl

288K 1060+ 0.10 12.8% 0.12 13.9G- 020 1251+ 0.11 14.02+ 0.13 13.01+ 0.60

298K 8.03t 0.06 9.40t 0.03 10.0¢: 0.15 9.03t 0.17 9.40t 0.12 9.04t 0.09
308K 6.68+ 0.02 7.02+ 019 7.8% 0.6 6.774 0.09 6.88t 0.13 6.62+ 0.08
i 74'
S
c 7.2
s Ir
~~
= 6.8
A’
 —
(- 66'
6.4+
1 1
3.2 3.3 3.4 3.5
-1 -1
10°TH/ K
Figure 19. Plots of IrK_ against 1T for theinclusion complexation of IL with Calt66
in a watermethanol mixture (6 : 4 (v/iv) :emimCl, :bmimBF,;, :bmimPF;,
bmimCIl, :hmimCl, :omimCI.
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Table9. The thermodynamic parameters for the inclusion complexafidnvwaith Calix-S6

IL DH°/ kJ mol* DS’/ JK'mol*  TDS 95/ kJ mol*
emimCl -17.2+ 1.0 -1.78t 3.35 -0.53t 1.00
bmimBF, -22.2+ 0.1 -17.7+ 0.1 -5.27 0.02
bmimPF -21.2+ 1.0 -13.4t 3.4 -4.0Qt 1.00
bmimCl -22.6t 0.2 -19.2+ 0.8 -5.74¢ 0.23
hmimCl -26.3t 0.8 -31.2+ 2.5 -9.30t 0.75
omimCl -24.9 0.4 -27.0 1.4 -8.06 0.41
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Figure 20. Plots ofDH® againstDS’ for the inclusion complexation o

IL with Calix-S6 in awatermethanol (6 : 4 (v/v)) mixture .
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4= gofi< CalixS6— ~ o [F¥%— Yo ™= o o pfi o

—he —Hd<% hiAad]| Nz N ~ bmimBF,3
o] |Fe - Calix-S64 - FNMR ed -

D= gof
vV | bmimPR— - ¥
Joid =V AL Figures 21,22~ A

3)

(2)
(1)
TmeTﬂ'ﬂTrmeTmTrmeTmTﬂ'ﬂTrmeTmTﬂ'ﬂTﬂ'
d(ppm) -147.65 -147.70 -147.75 -147.80 -147.85 -147.90-147.9¢

Figure 21 '*F NMR spectraof bmimBF, in D,O-CDsOD (6:4 (v/v)) mixture
containing different corentrations of CalixS6: [bminBF4]o = 3.72x10° mol dm?®

and[Calix-S6b= (1) 0, (2)6.82, (3) 23.1x1F mol dm?.

(3)Jk Jk
o | |

d(ppm) -68.5 -69.0 -69.5

Figure 22. '*F NMR spectra of bmitFg in D,O-CD3;OD (6:4 (v/v)) mixture
containing different concgrations of CalixS6: [bmimPFg]o = 2.88<10° mol dm?

and[Calix-S6h= (1) 0, (2)8.77, (3) 25.2x10° mol dmi®.
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Figure 23. Dependence ofF Chemical shifts of fluorineatoms of bmimBE on

concentration of Calb86: [bmimBF,]o = 3.06x10° mol dm?® and [Calix-S6) = 0 ~
32.0x10° mol dnri®.
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21 ==k b¢! BF < Calix-S6— Kadk 2324 % =V
e~ “"FNMR  ~ |4 <V (Table 10)

Table 10. The equilibrium constants, for the complexatin of
counter anions of ILwith Calix-S6 at 298 K

Ka / dm® mol™
Solvent E+(30) / kJ mot*
bmimBF;, bmimPRK

H,O-MeOH (7 : 3 (viv))  9.01 138 250.3
H,O-MeOH 6: 4 (viv))  26.2 106 246.7
H,O0-MeOH G:5(viv))  53.7 52.4 244.0
BF,< Calix-S6— Ka| Er(30) — =34 - % %
{r=4 =v PR< Calix-S6— Ka| Er(30) — =
3 - % %{-=1 o owpfiade gofir |f =
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Figure 24. Plots of IrKa for thecomplexation otounter anions of ILs
againsttr(30);, :bmimBFsand : bmimPFs.
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Table 11. The equilibrium constantsa for the complexation ofounter anions of ILs
with Calix-S6 inawatermethanol (6 : 4 (v/v)) mixturat various temperatuse

Ka / dm® mol™
Temperature
bmimBF, bmimPFR
288K 23.5 122
298K 26.2 106
308K 31.1 90
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Figure 25. Plots of IrKa against 1T for thecomplexation otounter anions of ILwith
Calix-S6 in a watemethanol mixture (6 : 4 (v/v) bmimBF,; and bmimPF.
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Table 12. The thermodynamic parameters for the complexatfon d chuinter
anionwith Calix-S6

IL DH®/ kJ mol* DS/ J K mol? 7D 595k / kJ mol?
bmimBF, 10.3+ 12 61.8 3.8 18.4+ 1.1
bmimPR -11.0+ 0.4 1.93+ 1.44 0.58t 0.43

(a) (b)

Figure 26. Plausible structures of inclusion complexs of,Bf) and PE (b) counter
anion withCalix-S6.
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