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Ionic Liquids from the Viewpoint of Thermal Phenomena :

Unique Thermal Behaviors on Melting and Crystallization

Keiko Nishikawa, Takatsugu Endo, and Ken-ichi Tozaki

(Received January 29, 2009; Accepted March 8, 2009)

We studied melting and crystallization behaviors of some imidazolium-based ionic liquids

using a laboratory-made differential scanning calorimeter (DSC) with nano-Watt stability and

sensitivity. In addition to common behaviors for many ionic liquids such as pre-melting over a

wide temperature range and excessive super-cooling, we observed unique thermal phenomena:

reversible phase transitions of domains in the pre-melting region, rhythmic crystallization and

melting, and intermittent crystallization. The last two phenomena of them were observed in the

experiments at extremely slow heating/cooling rates. It is considered that they occur because

an imidazolium-based cation is capable of taking plural stable conformations and the conformational

changes occur linking with melting and crystallization. We interpret these curious phenomena

as the phase changes of the locally melted domains composed of different conformers, which

significantly hinders the phase changes.
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Fig.1 Schematic drawing of the laboratory-made DSC

with super-high sensibility and resolution. TM:
a thermal module, TS: a thermal sensor of Pt
register, B: a base made of copper, H: a heater,
C: a cap to make adiabatic circumstance, V:
sample cell. The sample and the reference are
set on TM1 and TM2, respectively.
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Fig.2 The structure of [Cymim]+ ion and numbering

for atoms.
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Fig.3 DSC traces of [C4mim]Br. Process (i) of cooling

from 360 K to 225 K (broken line) and Process
(ii) of heating from 225 K to 360 K (solid curve).
The cooling and heating rates are 1 mK s L
Trans-trans (TT) and gauche-trans (GT) isomers
for the [Cysmim]+ ion coexist in the liquid and
supercooled liquid states, while GT isomer exists
in the crystalline state.
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Fig.4 The magnified DSC curves for [bmim]Br around

the melting point. The broken curve show the
trace where the sample is cooled down on the

way of the pre-melting process. The heating

and cooling rates are 1 mK s~
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Fig.5 (a) DSC trace of [Cymim]Br near the melting

point. The heating rate is 0.02 mK s—!. Five
divisions are selected and numbered as (1)-(5).
(b) Expanded figure of the division (3). (c)
Expanded figure of the division (5). Dots in
(b) and (c) refer to the measuring points of every
4s.
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around 334 K in the cooling run.

[C4mim|Br I22WT3.2 Tik_72 X 912, ) X LR Rbf -
BEFEBS A SN B, 340.5 KAFEOHE KX % Fig.9(b) 12
?To 130, FEEE ORI X DIREHS ) =L 7
CRMRLZF AL Y HDVIEFOREIDSERLL, AR
i%@%ﬁﬁéﬂ%ﬂfitﬂﬁ%kwoﬁ%@ﬁbgé
nTnwb,

5. #&

A VRO EERE - FfF ﬁv% ZBIG (g

'ﬂ%,UxA%&ﬂ% e, RS L) 2R
L72o INHIETNT, HEA 4 > O ARBLEE D HIZAL &
R L TREI > TWwhzn gz bhb, HZELT 012
1%, FEWICE DA F 2 T W RIS T 50
BNh b, TDH, A0—FAF3Iv 7 ATRIAHL

=

ELTHIORDZENHRIZESZ 5,
3ODBIRUL, RPN ENELR LY, $XTLER

L 723 ARBLRE D R & ARERS & DBl 12 2 DI A&
ENBTHS ). INLOBRPBM SN L0120, 5

Netsu Sokutei 36 (2) 2009

103

Fig.9

RlERE —
T T T
(a)
M t
— 20
g endo.
g 2 mK/s —»
S
~ or L - | 1
™ -
< <— 0.05 mK/s
TN N SN I I TN TN Y Y S T T T [ T
335 340 345
T/ K
(b) ~4—— 0.05 mKI/s
Z
= -100
3
Ql
Z
150 2005 t6nw
. o .
340.51 340.52 340.53
T/ K

DSC traces of [i-Czmim]Br in the region of the
premelting process. The curves indicate traces
of the sample heated from room temperature to
346.5 K at 2 mK s~! (Process (1)), and then
cooled down at 0.05 mK s—! (Process (2)). (a)
Full-scale drawing and (b) magnified drawing
around 334 K in the cooling run.

WIE EOHEHEI S N A 2L, HE koY F L E -,

WAL= AV F =, SARBOER O T4 )L F —

7%, JHRD 5

DB, B W B ARREDOEE & F DR E
) BASEIHELTHDES R b,

A % PHARIZB T, WA F ¥ DD ST ARELRE % F5

DI LD TH B o 20 VARELEDLARERS,

f@ﬁﬁ(mﬁﬂﬁ<@ﬁmmtu<w:
BWCHIBEREEED
;ﬂ%@ 4¢/m¢®$

(a) fEiH %
&, (d) P
EO—RNER->TWAEEDNE,

EECHD-oTWAEZETH

, DAREDGECTDHEND ETH45, A+
v O)Eﬂiﬁﬂ@@ SIMEDIEINTH 5 LR SN Do

1) J. S. Wilkes,
2) H. Hamaguchi and R. Ozawa, Adv.

X ®

Green Chem. 4, 73 (2002).
Chem. Phys.

131, 85 (2005).
3) Hl 2 1¥ J. F. Wishart and E. W. Castner, Eds.

"Physical Chemistry of Ionic Liquids"

, The special



issue of J. Phys. Chem. B 111, No.18 (2007).

4) B ZIXR. D. Rogers and G. A. Voth Eds. "lonic

Liquids", The special issue of Acc. Chem. Res. 40,
No.11 (2007).

5) T. Welton, Chem. Rev. 99, 2071 (1999).
6) R. D. Rogers and K. R. Seddon Eds. "lonic Liquids

- Industrial Applications for Green Chemistry" A.
C. S. Symposium series 818, Am. Chem. Soc.,
Washington (2002).

7) P. Wasserscheim and T. Welton, Eds. "lonic Liquids

in Syntheses" VCH-Wiley, Weinheim (2003).

8) H. Ohno Ed. "Electrochemical Aspects of Ionic

Liquids" John Wiley & Sons, Hoboken (2005).

9) N. V. Plechkova and K. R. Seddon, Chem. Soc. Rev.

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

37, 123 (2008).

T. L. Greaves and C. J. Drummond, Chem. Rev.
108, 206 (2008).

S. Wang, K. Tozaki, H. Hayashi, S. Hosaka, and
H. Inaba, Thermochimica Acta 408, 31 (2003).

S. Wang, K. Tozaki, H. Hayashi, and H. Inaba, J.
Therm. Anal.Cal. 79, 605 (2005).

fisss i, RIGE—, K H1-, £ W, 2llE 32,
77 (2005).

K. Nishikawa, S. Wang, H. Katayanagi, S. Hayashi,
H. Hamaguchi, Y. Koga, and K. Tozaki. J. Phys.
Chem. B 111, 4894 (2007).

S. Tsuzuki, A. A. Ayusawa, and K. Nishikawa, J.
Phys. Chem. B 112, 7739 (2008).

J. D. Holbrey, W. M. Reichert, M. Nieuwenhuyzen,
S. Johnston, K. R. Seddon, and R. D. Rogers, Chem.
Commun., 1636 (2003).

R. Ozawa, S. Hayashi, S. Saha, A. Kobayashi, and
H. Hamaguchi, Chem. Lett. 32, 948 (2003).

S. Saha, S. Hayashi, A. Kobayashi, and H.
Hamaguchi, Chem. Lett. 32, 740 (2003).

S. Hayashi, R. Ozawa, and H. Hamaguchi, Chem.
Lett. 32, 498 (2003).

C. P. Fredlake, J. M. Crosthwaite, D. G. Hert, S.
N. V. K. Aki, and J. F. Brennecke, J. Chem. Eng.
Data 49, 954 (2004).

M. Imanari, M. Nakakoshi, H. Seki, and K.
Nishikawa, Chem. Phys. Lett. 459, 89 (2008).

T. Endo, K. Tozaki, T. Masaki, and K. Nishikawa,
Jpn J. Appl. Phys. 47, 1775 (2008).

K. Nishikawa, S. Wang, and K. Tozaki, Chem. Phys.
Lert. 458, 88 (2008).

T. Endo and K. Nishikawa, J. Phys. Chem. A 112,
7543 (2008).

K. Nishikawa and K. Tozaki, Chem. Phys. Lett. 463,
369 (2008).

104

26) R. W. Berg, Monatsh. Chem. 138, 1045 (2007),

and references cited therein.

=
=]

£3

AIF) T LA T VAROEE - plfFEEY, 3 nW

DLENEFFO BEOEEEEDSC & v CRElIc g L
7oo ZORER, A A VIR T—HEAICI S N5 BiBRELF
FREVIIGEHIREEDMIZ, UTIORT LI v 200

L

S BB E R IR L, © AibREEEEIC B 5

AR B - B, @ ) X LR RhR - BEEERE, O
EEEE L. @ KUY @ oBZIE, FEFIID-hEL
7 AR EE DS T TOMEIS & o THIENTHEL 22 o

720 SINHORFR

BEEENE, 4 35V T LhTFA Y

PEEOME RS, < OMEZALH R - Sl &Ry L
TRIBZEEERCHERLTYS Z LAVRIRE NIz, e
BINSOBGRE, A+ BEPICEEAFIET B N AL~
REEOBERE - AIC X 5 b 072 LfE T 72,

THJIREF-  Keiko Nishikawa
THRFARERM G FAV7ER, Grad.
School of Advanced Integration
Science, Chiba Univ., TEL. 043-290-
3939, FAX. 043-290-3939, e-mail:
k.nishikawa@faculty.chiba-u.jp
WiseT —~ | SRR O L )
e

T MR AR LD S & (FRCEEL)

HERMER]  Endo Takatsugu
THRFRERERE T FER, Grad.
School of Advanced Integration
Science, Chiba Univ., TEL. 043-290-
3951, FAX. 043-290-3951, e-mail:
tsuguendo @graduate.chiba-u.jp

WFET —= | A 4 RO 250
R © I/,

HWfd#—  Ken-ichi Tozaki
TIERFHE S0, Faculty of Education,
Chiba Univ., TEL. 043-290-2595, FAX.
| 043-290-2595, e-mail: tozaki@faculty.
chiba-u.jp

WrgeT —~ | MRS O & 2
2 28 OIS, PBSEBREH DT —
~ - Fik L HEOR%

Mg o<, #ok

Netsu Sokutei 36 (2) 2009





