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Evaluation of Proton Transfer Reactions in an Ionic Plastic Crystal
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Proton transfer reactions of various photoacids in 1-methylimidazolium triflate ((HMIM][TfO]) have been studied by steady-

state fluorescence spectroscopy and time-resolved fluorescence spectroscopy. The fluorescence spectrum of 2-aminopyridine showed
a large red-shift in solid and plastic crystal (PC) phases of [HMIM][TfO], which suggests a high acidity of [HMIM][TfO]. Similarly,

the fluorescence spectrum of 6-hydroxyquinoline (6HQ) indicated that 6HQ took a cationic form even in a solid phase. The fluorescence

spectrum of trisodium 8-hydroxypyrene-1,3,6-trisulfonate (HPTS), a proton donor, showed unique dependence on the concentration of
1-methylimidazole or water added to [HMIM][T{O]. In pure [HMIM][TfO], no proton transfer from HPTS to [HMIM][TfO] was

detected. With increasing the amount of water, the fluorescence from the anionic form of HPTS became strong. By adding 1-

methylimidazole (MIM), the excited state proton transfer from HPTS to MIM also occurred. However, in this case, the fluorescence

excitation spectrum obtained by monitoring the fluorescence of the normal species was different from that obtained by monitoring the

fluorescence of the anionic species. The fluorescence dynamics indicated that the site selective proton transfer occurred in solid

[HMIM][TfO]. In a PC phase, such an unique process was not observed. This result suggests that the rotational dynamics in PC was

similar to that in liquids phase.
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Fig. 1. Chemical structure of [HMIM][T{O], 2-aminopyridine

(6HQ),
hydroxypyrene-1,3,6-trisulfonate (HPTS). 6HQ takes several

(2AP), 6-hydroxyquinoline and trisodium 8-

forms due to protonation and deprotonation.
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Fig. 2. Fluorescence spectra of 2AP under various

conditions. The spectra in solution were measured at RT.

(43)

165

3.2 BHODHEAARY FILEBRLMEBARY FIL

2AP TIX[HMIM]|[TfO]/» 56D 7 v ki H 3
ZoTWDL I ENyHoT. ZoTa R
L3 2 BT O AR BE TAE U TV 2 DDy, Ykt
DEFFIERETEL TWDONTEELMET
HbH. ZNEHLICT DITITEEIR AT F v
ZME L, AEREOWIN AT hL b g4 T
TV L L2y s 2AP 13RI AN E R BICAFET
LIz, EEBR EROEEN A7 R L ORIE KN EET
Hole. £2T, 6HQ #zd 7w —7 &L LT
[HMIM][TfO]2> 5D 7 ks o EE N Yo X 5 12l
2D DRt i T,

Fig. 3()lZ A % / —/V3 L OVHCI Z 30 L TRtk
[Z L7 A X ) —)UIZ 6HQ % 1AfiE S ¥ 7= TOWRIYL
LAY NVEIRT. A X ) —)LH T 6HQ
VXD Normal 78 & U CHEE L, 330 nm T2
IWE—27 &L, #%I1E 370 nm fHTlc e —2 &2 4
D, — 5 TR CITEERREIC T e B
B3 Z 0, Cation /R & 72> TR T X 91257
DU AT kv~ 1D, F 7= Cation KDt

L (a) ! " ! -& —— Normal
&4, -(-+, —=— Cation
lA e —
3
©
I=
= b
) () - -, === RT
% —Fxcnatlon <7, = 92 °cH
Q S e, ]
7 I P .
o f E‘ Emisson
S L : n
- ¢ ) [
L | ey ]
-
5 | |
300 350 400 450 500 550

Wavelength / nm

Fig. 3. (a) Fluorescence (solid curves) and absorption
(broken curves) spectra of 6HQ in methanol (with triangles)
(b)

Fluorescence (solid curves) and fluorescence excitation

and pHI HCI/MeOH (with circles) solutions.

(broken curves) spectra of 6HQ in [HMIM][TfO] at

different temperatures.
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Fig. 4. Fluorescence peak (vp) shift of 6HQ(C) against the
temperature in [HMIM][TfO].
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Fig. 5(a). Fluorescence spectra of HTPS (a) in MeOH and
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different amount of water at RT. The bottom pictures
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[HMIM][TfO] with different amount of MIM at RT.
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different temperatures and (Lower) Temperature
dependence of the fluorescence excitation spectra of HPTS

in [HMIM][T{O] monitored at two different wavelengths.
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Time profiles of Normal and Anion fluorescence intensities
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50wt% water. Time profile of fluorescence intensity is

normalized by the intensity of Normal form at t = 0.
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of HPTS in [HMIM][TfO] of 1 wt% MIM at (c) RT and (d)

105 °C. Time profile of the fluorescence intensity is

normalized by the intensity of Normal form at t = 0.

JELIEFH 2 38U T (Fig. 12(a)), JANEEIE 7% |2 Normal {4
FBEO Anion FIZHSRT 28063 RAR< Bl
5. ZORIIKOGEELEFRILTH L2, MIM % i
MMUT=854, BRORE & & bIcT =4 ko v
RRE 358 < 72 D AR MBI S 47z

FIFE DG L RERIZ oy D AT Mz sy
L, ZOmELLE T vy NI 5 & (Fig. 12(c)),
JNEEH O Anion EDNLH B30 & GbE T, il
IRAEIZH51T B Normal {725 Anion E~Dp-< Y
L7 (11 ns) BBIHIS Lz, L LR s
Normal {EDHHFFMIL 2.9 ns & WRINP A 72V VIRAE
DFFIEF UL, Anion KD FAy (5.7ns) &K
TR D LD DR AE T O IEASL LT
AT AN

— 5 TIREE % 105°CIC _BF T kb Mfb AR I+ %
&, EHEEIEORMEZEL TR 5472 K 9 1Z Anion &
DAERRERA K & D L, Wi O EHmE 3 Hl
WD LT < BB & U7 (Fig. 12(b)).
Normal (% 0.8 ns & 4.3 ns DSy, 7 =4 K%
0.8 ns & 5.1 ns DS DIBUA| S 4172 (Fig. 12(d)).
MIM %A1 L 72 R RB D b 22 kL(Fig. 8)
THRSNZ LD, FEMETIIREORED MIM

(48)

B ORA

DRUSIZEE G- LT % . IR 3 il E CRLHN S vz
I E % DN RNV ILZ ORFE DT O KIGIC
X2b0EEZLND. —HTHRRORKE E & i
Fri=7¢ Anion EAVER L TV D 2 & I BLBREEV . &
FIFFC 8 b AFRREEEEED BN D Y, B OE
&L BTG Bl 2R D X 7o 1 UG L
TWDATREME A2 /RIBR 5. — 7 kPR Sa ke I,
A HHAEETE %72 MIM & HPTS Cid)7e
BlEZEY, ISP EATHLI W IZEZBND
28, FEFLIZIX Normal (KOH A ETH Y, Anion (&
OENITH F VEP I TR, EFEZORER
METIEEZL T 5 & Anion E0a0ET4 < Bl
SN, ThbbEMIM O b T T A —
ELTCORNITENIZEEL 2L, EEDO~ MY v
7 AR THREEDEIMBARFFSND Z L2 K> TE
CHTHPTS 22607 v h U BEINAETH Y, 3
FEMERE S AE Ty IR B BIZR 5728, KL%
BPRPZoTHDO LT LE-ZEEZDLND. 20O
Z T HMIM AR L 7'r horarm b Ui
PED 7 7 —743F2APR 6HQ)IZ S5 L Tno Z &
EEBEZDHDEZDERIRLTHLENVZD.
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F kb T & % [HMIM][TO] H I Kk & 728064 E
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SNWTHREEIT- 7. 7a Ny RED T —74y
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OEmWT e N BB SN, — T e b
5D 7 —7 5% (HPTS) L3O F £ Tk
FOGBEEZ BN &N g ool Ta b7 7
72— L TR LLIEATFAALILY — L
(MIM) &L &Nz % L EFRRETIET 7 F Bl
DAEUTR, KE MM TiE, 2HROTNFTITEND
Mool MIM OY6, [EF TIEFE DR M T
HPTS LEfL LTz T Ly 7 AREO RN 1
FoBEIZG R LTWD Z ERnShoT-. IBE
Z B TR ARIC T B &, T EEROBFRIC
I zoarrvy s 2AngEn, 7a h BEIOR)
BNTFNRDLZEBHLMNE T2, LER-T, &



A F FHERS R T 7T N R UL ORI

HitEfSf O EIZT LA T 7 b U BEIOREE T
FoRERL o 7o, AR —FEEOFTHMME R TL
IR TNIRND T, 5N DD R THEEL T
WS ZENKETHS.

AW OHEREIZ B> 7= > TUX, FRHF BR e AL
A ([FFEA KRB L) d6 L OV e R A fil 24

([FEARFE L) I E 2 Wiz, £z,
AMFFEILR B KT U 2B AR AT Bh Rl 12
Yo Tirolz., ZZICH L CHELZETS.
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