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Acid-base Reaction Thermodynamics in Protic lonic Liquids
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A subclass of room temperature ionic liquids (RTILS) is protic ionic liquids (PIL) that are composed of onium
salts. Acid-base reaction thermodynamics in PILs have been investigated by means of potentiometric and calorimetric
titrations. In a typical PIL, ethylammonium nitrate (EAN), autoprotolysis was found to be established, which is
generally observed in amphoteric molecular solvents such as water. The thermodynamic parameters of autoprotolysis
revealed a drastic change in the reaction mechanism in comparison to that in water. This also affects on the
acid-dissociation reaction mechanism of CH;COOH in EAN, while pK, of CH;COOH in EAN is not so largely
different from that in water due to the enthalpy-entropy compensation. In water-EAN mixtures, thermodynamic
parameters of autoprotolysis vary depending linearly on the mole fraction at moderate molar ratio. This might be
concerned with nearly ideal mixing of water and EAN. In case of PILs consist of a weak acid and a weak base, the
species distribution formed in the mixture was estimated by calorimetric titration. It was revealed that less than a half
of Mim (N-methlyimidazole) and CH3;COOH are ionized in an equimolar mixture, forming HMim* and CH;COOQO".
This combination cannot be classified into a PIL.
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Fig.1 Ethylammonium nitrate (EAN).
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Fig.3 Potentiometric titration curve in EAN
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Fig.4 Calorimetric titration curves in EAN. Open symbols are

for data obtained by a conventional calorimeter, closed symbols
are for data obtained by an improved one.
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Table 1 Thermodynamic parameters of autoprotolysis.

pKs  AG®  AH° AS** TAS®
Water™ 14 79.9 558  -80.8 -24.1
EAN 9.83 56.1 81.6 85.5 25.5

%Ks is equivalent to pKy in water, or pKgay in EAN,
Pobtained by AG® = —RT In Kg, ‘obtained by AS° = AH°/T +
Rin Ks.
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Fig.5 Thermodynamic parameters of autoprotolysis in EAN-
water mixtures depending on Xgan-
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Fig.6 Calorimetric titration curves in mixing Mim (N-methy-
limidazole) and CH3COOH: Closed squares are data for Mim
addition; opened squares are data for CH;COOH addition.
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Fig.7 Excess enthalpy of mixing Mim (N-methylimidazole) and
CH3;COOH: Closed squares are data for Mim addition; opened
triangels are data for CH;COOH addition.
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Fig.8 Potentiometric titration curve of CH;COOH in EAN. The
dashed line shows the theoretical curve for that in an aqueous
solution.
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Fig.9 The volume-reduced calorimeter cell.

EEAESHNE L CWER, AEBTRY—FEY2— L%
B b EIRRE - OfIcHEA, BB EOBREEEZRHL
TW5, REET, HEAIT LI 0L 0REHTET S Z
LT, PIHMAREIL 4 mLIIRIET 5 2 LA TE 72, EAN
OfFnE (H CAEBEEATOAHC) ZHIET D L, LAioT
— #1383 kiimol (o =2 kiimol) Th-o7-7%, ALEE T
81.6 kJ/mol (o= 0.3 kd/mol) &R UEAHEL, FEE LMW
kL7, 72k, filoEE (UTC) T, LWAPERTHET
EHELDLH B, R T A, KU OEEETOREN
B TRWZ ERRISELHOREIOE (KFE, BE) %
FRTERNI L, BIORBENKEZ T T TGEFCTE
WAREDRMERHY, SEOBCEATHZ ENTE R
Mol

3.3 EAN FRIZH 1T B EFER D ERARBE G

EAN HUZI T DR OBEMRRER IS O Y A MY —|Z
X amEME Fig.l0 (TR d, B A & M IAIR =
C3H;NH, # &% EAN A CIHE L7 b DT, Mlhix 1 -
Cw/Ccracoor, FEHIIZAHp® T D, FEHRL, FEALAME T
BoHT pK B L ORKBNCIRE L - BER Ol > 2 L
B —AH;° = 37 ki/mol |2 & 2 BEa iR TH 5, KSR OEE
BROfRBET AN E— 3% OWMEENRH Y, "ToE I
b5 HEODLE LKMol Th D, D F7bbkEEik T T
X, Wi ofEEEEIT, 1BIEn Ly et —B kDT Lo
THREMTONTNDEOTH D, ZhizxtL, EAN 28
LB XNV E—ERE VR TH -T2, F2, K&
T hve i, KERFP TIERERADIE (TAS® = -27.2
kilmol) THZDIZx L, EAN Tt Lo k&<, /N
SWIEDfE (TAS° =6kd/mol) TH-o7=,

INHEEIR LSO % Figll (2777, EAN H1C pKa
DAL EITWZ, AGPIZT 5 & 3.9 ki/mol DT L
27N, ZHUTH L, EAN F1TIEAH,°, TAS,°H:(Z 35 ki/mol

0

-3
'
Ny
o
T
>

o
AHaplu / mol dm
& A
o o

.
-80 j
0.0 0.5 1.0 15 2.0

1- CH ! CCHZCOOH
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