Netsu Sokutei, 45 (3), 99-105 (2018)

IKEBEERAEDN S REBARICE TS
EHEEIRILF—DEL

Sk oA, RHE E
IINESEPNES

(ZHEH 201843 H 16 H, ZFH : 201844 A 20 1)

Variations in Activation Energy during the Glass Transition of
Hydrogen-bonding Liquids

Yukio Terashima and Kiyoshi Takeda

Naruto University of Education

(Received Mar. 16, 2018; Accepted Apr. 20, 2018)

Variations of the effective activation energy (E,) throughout the glass transition were determined for
1,2-propanediamine (12PDA), 1,2-propanediol (12PDO) and its solutions of LiBF, by applying an isoconversional
method to differential scanning calorimetry (DSC) data. For 12PDA, E, is found to markedly decrease from 660 to 188
kJ mol ! throughout the glass transition, whereas 12PDO does not show such drastic change in E,, which remains at
around 145 kJ mol™'. Although the two simple liquids are similar in molecular structure and size, the cooperative
dynamics in the glass transition can be quite different because of differences in the strength or stability of
hydrogen-bonding structure between them. We also have discovered that the addition of LiBF, significantly affects E,
for 12PDO. The glass transition dynamics are affected more by adding LiBF, at an early stage of the glass-to-liquid
transition rather than at later stages. As the mole fraction x of LiBF, increases, the value of £, initially increases, but it
decreases dramatically during the glass transition. The expansion of cooperativity and its fragmentation, which are
reflected in the abrupt change in E,, can be explained in terms of competition between the hydrogen-bond networks of
the alcohol solvent and the ionic interactions due to the added salt. The variability of £, with temperature is found to
correlate strongly with the kinetic fragility.
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1,2-propanediamine (12PDA) and 1,2-propanediol (12PDO)
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Fig. 2 Normalized heat capacity change for the glass transition of (a) 12PDA and (b) 12PDO at different heating rates.
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Fig.6 Cocentration dependence of (a) the maximum (E,
and minimum (E,™") activation energies of the glass
transition, (b) the estimated volume of CRR (V) at T, and (c)
fragility m for (LiBF,),(12PDO),_,. Broken lines are guides
for the eye.
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Fig.7 Correlation of the variability of activation energy
with fragility. The filled square and triangle represent the
data for pure 12PDA and 12PDO, respectively. The open
triangles represent the results for (LiBF,)(12PDO);-,
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and 42.

Fig.7 \ZHE SN2 LR 0 T AW 94 (2B 5 Ag
Em OEMRZE T, Agld m (2% U RIS R 70 28
fbaRL, WEOEHRE L TRABBRERIN TS, P

log(-A,)=-0.438 +0.0145m ®)

A 4% - 7= 12PDA, 12PDO *V¥ L U8 LiBE, Z %M L 7=
12PDO ¥i% 2 (2 81T DA% FigT ICEHR TR, ARG
537N By0s 721 T <, A RIO KB AERIRICB N TH
Ap & m OENTITERVEBIN L S, (8)D BRI UL LAY
WD NS> TWD, ZOHFEFET, —RICHERSHED
HENS/EONDENIRRT A—F m &, BTN oES
N5 A PEVIMCHBEBLTHNDZZ EEZRLTH

7. 18224142)
o

1. 8BHYI

AFETIE, 12PDA, 12PDO 35 X (NLiBF, Z %/l L 7= 12PDO
RIRIZOWT, DSC Z W= R Empfit s b & sz
T ZEEBIBFEDIEMAL = R L X —E, OXE A WG L=, &
B L LT, 12PDA & 12PDO T, KFJBEEHBEDOERIZ
Fi k95 B R PR & E B OB W 2 Kk LT, E, OZE kLD
EEWRLTZIVIT 4 m DRESERDZ ENGhotz,
12PDO |2 LiBF, 245 &, 7/ a—VARROKEES
WEIE IR IR ST fragile (b5 & & b, H T AR
B O E, N2 T D, 20 EJNIH T A0 LIRIK
~OEEIRFE CRIRICEA T 5, T LiX, \mRNhE
WX DR EREERH O EL, V7 AGEEBERETO
CRR DA WAL Z R L TWD, &5IC, RIS
5 E, DAL Ay & m ORI, £l 7 ATERmE &3t
W DMBIBRAER Y SEo, ZOBMRERIRE TS L, BE
HMO7 TV T 400 E,OELERETRTLHZ L, HDHWV
IEZOWOTH G FHEIC/RR Y, HT7 AEBIERICBIT D
R AL EEE O L OB XV B0/ 5 L HfES
"o,

Lt51%, MMOKERAEERIECEDIREW I EIZEB T 5
E,DZEEH LN, SHERYMBEICBWCE 7TV
7 4, CRR Y%A X & OBRNRE BN D SLoNE 9D g
WFET D Z EDBXNETH D,

Netsu Sokutei 45 (3) 2018

104



IKRFREBMEMARD T T AW T DIEFHE L= R F— D2k

#

AFEHEZED T2 E o 72 TSR F Ok H B sE%
R BT 12-7 a0 P — L OEET — X ARt
W2 72N T2 BAR KRS O B FE 2 gt L B,

X "

1) G. Adam and J. H. Gibbs, J. Chem. Phys. 43, 139-146
(1965).

2) M. D. Edigar, C. A. Angell, and S. R. Nagel, J. Phys. Chem.
B 100, 13200-13212 (1996).

3) M. D. Edigar, Ann. Rev. Phys. Chem. 51, 99-128 (2000).

4) M. Nagahama, H. Suga, and O. Andersson, Thermochim.
Acta 363, 165-174 (2000).

5) H. Kanno and Y. Maeyama, Chem. Phys. Lett. 210 107-110
(1993).

6) Y. Yoshimura, N. Khosaka, M. Kuriki, and H. Kanno,
Memoirs of the National Defense Academy, Japan 36, 1-5
(1997).

7) BT, TR, BHETE, 2HE 34(5), 194-201 (2007).

8) K. Takeda, K. Murata, and S. Yamashita, J. Non-Cryst.
Solids 231, 273-279 (1998).

9) Y. Yoshimura, A. Ohnishi, and H. Kanno, J. Sol. Chem. 28,
1127-1136 (1999).

10) Y. Terashima, K. Takeda, and M. Honda, J. Chem.
Thermodyn. 43(3) 307-310 (2011).

11) Y. Terashima, K. Takeda, and M. Honda, J. Mol. Struct.
1001, 83-88 (2011).

12) K. Takeda, I. Kubochi, Y. Fukunaka, N. Kinoshita, Y.
Terashima, and M. Honda, AIP Conf. Proc. 1518, 280-283
(2013).

13) Y. Terashima, M. Mori, N. Sugimoto, and K. Takeda, Chem.
Phys. Lett. 600, 46-50 (2014).

14) Y. Terashima, M. Mori, and K. Takeda, J. Them. Anal.
Calorim. 123(3), 1777-1785 (2016).

15) R. Bohmer, K. L. Ngai, C. A. Angell, and D. J. Plazek, J.
Chem. Phys. 99(5), 4201-4209 (1993).

16) C. A. Angell, J. Non-Cryst. Solids 13, 131-133 (1991).

17) S. Vyazovkin, N. Sbirrazzuoli, and 1. Dranca, Macromol.
Rapid Commun. 25, 1708-1713 (2004).

18) S. Vyazovkin, N. Sbirrazzuoli, and 1. Dranca, Macromol.
Chem. Phys. 207 1126-1130 (2006).

19) S. Vyazovkin, J. Comput. Chem. 22, 178-183 (2001).

20) S. Vyazovkin and N. Sbirrazzuoli, Macromol. Rapid
Commun. 27, 1515-1532 (2006).

21) Y. Terashima, Chem. Phys. Lett. 651, 72-75 (2016).

22) Y. Terashima, and K. Takeda, Chem. Phys. 497, 17-23
(2017).

23) HHA, HEES, Bt B4k, st =
T4 747 (2017).

24) C. T. Moynihan, J. Am. Ceram. Soc. 76, 1081-1087 (1993).

25) K. J. Crowley and G. Zografi, Thermochim. Acta 380, 79-93
(2001).

26) Y. Yamamura, Y. Suzuki, M. Sumita, and K. Saito, J. Phys.
Chem. B 116, 3938-3943 (2012).

27) M. L. Williams, R. F. Landel, and J. D. Ferry, J. Am. Chem.
Soc. 77, 3701-3707 (1955).

28) A. A. Abu-Sehly, M. Abu El-Oyoun, and A. A. Elabbar,
Thermochim. Acta 472, 25-30 (2008).

29) P. A. Sopade, P. Halley, B. Bhandari, B. D’Arcy, C.
Doebler, and N. Caffin, J. Food Eng. 56, 67-75 (2003).

30) J. Dudowicz, J. F. Douglas, and K. F. Freed, J. Chem. Phys.
142, 014905 (2015).

31) F. Lopez-Serrano, J. E. Puig, and E. Mendizabal, Polymer
Eng. & Sci. 54, 1900-1908 (2014).

32) M. H. Cohen and D. Turnbull, J. Chem. Phys. 31,
1164-1169 (1959).

Netsu Sokutei 45 (3) 2018

33) W. M. Haynes, D. R. Lide, (Eds.), CRC Handbook of
Chemistry and Physics, 92nd ed., CRC Press, Inc., Boca
Raton, 6-137 (2011).

34) C. Li, J. Zhang, T. Zhang, X. Wei, E. Zhang, N. Yang, N.
Zhao, M. Su, and H. Zhou, J. Chem. Eng. Data 585,
4104-4107 (2010).

35) KW, Wby — I HE & O AR —,
HIERE (1985).

36) G. E. Walrafen, J. Chem. Phys. 52, 4176-4198 (1970).

37) H. Kanno, J. Hiraishi, Chem. Phys. Lett. 83 452-454 (1981).

38) E. Donth, The Glass Transition: Relaxation Dynamics in
Liquids and Disordered Materials, Springer, Berlin, 102
(2001).

39) E. Hempel, G. Hempel, A. Hensel, C. Schick, and E. Donth,
J. Phys. Chem. B 104, 2460-2466 (2000).

40) H. Fujimori, Y. Adashi, and M. Oguni, Phys. Rev. B 46,
14501-14504 (1992).

41) S. Vyazovkin, Phys. Chem. Chem. Phys. 18, 16647-16658
(2016).

42) S. Vyazovkin, Macromol. Rapid Commun. 38, 1600615
(2017).

e w/AE
Yukio Terashima
E-mail: yterashima@naruto-u.ac.jp

HH F
Kiyoshi Takeda
E-mail: takeda@naruto-u.ac.jp

105



