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We proposed a conceptual model of the basic structure and the rearrangement of molecules
in liquids and glasses; 1) a liquid/glass is an aggregate of the regions within each of which the
molecular arrangement possesses some short/medium-range order due to the mutual interaction
of molecules, 2) both the o and  processes are the rearrangement motions of a molecule (or
of part of the molecule) and the construction of the rearrangement units is essentially independent
of temperature, 3) the o process is the rearrangement of a molecule present inside the regions,
and the B one in between the regions, and 4) the non-Arrhenius property of the a-relaxation
times is due to the development of the ordering inside the regions, namely to the increase in
the activation energy for the rearrangement of the molecule, with decreasing the temperature.
Based on this model, a) the enthalpy-relaxation functions were characterized in terms of the
non-Arrhenius property of and the presence of the distribution in the relaxation times, b) a
homogeneous-nucleation-based crystal growth process was discovered, c) the generation/extinction
of crystal embryos/nuclei at much lower temperatures than the glass-transition temperature was
detected, and d) presence of plural phases in a liquid was pursued.
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Fig.1 Diagram representing a conceptual model of liquid
structure and its relaxation/ordering: Particle-like
objects stand for the regions within which
molecules are arranged in some ordered way.
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Fig.2 Non-Arrhenius behavior of the a-relaxation
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Fig.3 Enthalpy relaxation at constant temperature after
temperature jump AT in dibutylphthalate.!?
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Fig.4 Dependence of the non-exponentiality parameter

B normalized by Sy on the magnitude of
temperature jump normalized by 7.
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Fig.7 Temperature dependence of the rates of crystal
growth:10 above 250 K, ordinary growth process;
below 250 K, crystal-nucleation-based growth
process.
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Fig.8 Comparison between the powder X-ray diffraction
patterns of the crystals grown at 297 K and 248
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Fig.9 Diagram representing the situations of the growth
of the spherical crystal-embryos formed at
distances [ from liquid-crystal interface.l®
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Fig.10 Gibbs energy of formation of the spherical
crystal-embryos (nuclei), as a function of their
radii r, generated at distances / from the liquid-
crystal interface.!0)
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Fig.11 DSC procedure taken to examine the generation
of crystal nuclei during low temperature aging
after rapid cooling in salol.!®
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Fig.12 DSC curves obtained in the measurements of the
heating process D in Fig.11.'®
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Fig.14 Presence/absence of crystal nuclei in salol as
represented by @ /0O and regions (2, 3)/1,
respectively, on the surface spanned by the aging
temperature and the aging period.'® Half-filled
circle represents the situation where the crystal
nuclei were found in some of the measurements
and not in others. @ in regions 2 and 3 indicate
crystal nuclei were formed immediately after the
rapid cooling and in the period of long aging,
respectively. Broken and dotted lines represent
the boundaries separating the corresponding three
regions 1-3 found in 2-benzophenone.!?
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Fig.15 Glass transition behaviors of the water confined
within MCM-41 nano-pores:2 the pore diameters
are written in the respective figures.

LC, BAOZGEHETIRFEE, HLOREHEE IR
RSB S NG o 2 ORI ARG T 7 AT OfF
EERL, FEAEERIAT ks & 72 B 7T AMERIRIE I3 HEERA
(2D TIRITHUR O RS IR & 72 B & LTk
E L7z MHLEZEAT1.2, 1.6, 1.8 nm DFTNTOHEIZ115
KAHEIZH T AR S D, T AUTHIFLEE (B
LREARIZND T AERETH S, MFLOHLERICH B
HAKIZ 1.2 nm TIX 165 K TH I ARfET 575, 1.6 nm Tl
165 KIZHNZC210K TH # T AMBAHIEL, 165K DV
T ARERGI PR ) FEEL - BRI E B 1.8 nm T
165 KO T E A LHEL, 210 KTH T AT 5,
2.2 nm TIREEAET 20 25 OFERIZPERKOREE A
LEFRIHGELTEILT A28, LeAoT, KITIZRLR
% 2 FH O BHER S SEAE T AU e A TRIE T 5, S 512,
ML R L TR AHE L3 2RI TIE210 KT
KT AR U722 L, KSFDE M EARIRI K EZR S L
TR R LD, NV OKRTIEA T AERIZ210 KIZH D
C L ENET b,
ZOZEIZEELT, Figd6 IR X912, MFLAOK
DEFTEAHY233 K THMAKZRT Z L IZHIRE Y, Ok
&, RIRICZR D IZONTRER G Yy P T =7 0%56%ET 5
CEHEDCBDEHRT B I EATE D, HOKIREE I
FLEIHAFE T, BMRIFHFLEOHERIZONTRE 25,
FAE T~V Y a VIREBICH 2 Bum OKEOME R % £
L, 25 MfLNOIR D ZEEIAALEEDIH R L & b IZZ Tk
OB DEIFTE L, TV a Y OFREENT 52
EI2X D, 228 K TR~ AL AEZ 5 2 L8
R STV EA, AWFERIRIIE A TR SN L AEED

re®:1.6nm
re:1.8 nm
100f-+:2.2 nm
[ © :emulsion

°
o
o
o
J
&

50

Cpm / J K~ mol !

PRI T B M
?60 200 240

T /K

280

Fig.16 Heat capacities of the water confined within
MCM-41 nano-pores: open circles represent the
results of the water droplets formed by
emulsification.

HRAH233 K CHETAZ L ERIEL TV,
6. HBhH)I(Z

S TEAEIRAE O RER | IS RERE R & R L — (9 flTR
WEETHL L FbND, MNP 5D EIFH—FII
HECTH DD, BRI 4250 TREROME & JSEN 2 m~
BT, BIRE LT, X% AWz EEN 26
FERRATCIEEE L v, B, R OIREEICK S $ 805
e FOREELE, X5 IPHIED  EE 2 ERICS
2B FML, DFEEREDE, F72, WEZ(LICHE
) RBZEILIZOWCTEERERE D725 T, TORKICE
WC, BIE IR TR R OIS C IR IS R
EIZH 5D,

RHFFETIE, 2% - BUllEOME S, s ENEE -
NI ADHEICET AMEMETVERURL, EF VI
DWTC, TRREERA OREAL, FEEIE (%) AiciRs
ol L AR & TR © OS5, TR~ A iERE O E
HADERZBIR L7720 LA L, DT REDERT 2RI
DWTIE, ZOHARMEREORFEAL b K72+ i L7z &
V) BRI IE v BRI S Rl L CATR DT
FEEPRWZENL b0 Liiffeshs, £/, ThFEFTH
W2 ENTRFERBIGI A HOBNI OV TORENIZITE E
BV WEEST OB SN TWEDT, ZOWEN
8% O FRAHE/ER ORI E DV THF SN S Z L8
LIEND, TOMFROLMELHET L TIHO T, Fealdsm
TEERE EIDIRTHE AR TE /-2 L0 %,

OO

FEHOI T AGRBOMTEIL, Kbt & LR
PARTZEEE T 7 A S OBUE DR e S 2 2 722 &
WIRE D, EIEENEAR - 7T A DML E I8 E TR

Netsu Sokutei 36 (1) 2009



B U O B E R B e & E R AR L 72 2 L ITHK B

THRIEN272W B B, R, AR BRI
SRR\ SR DR & il To v KOFFEIE =T 2 —
KEFAngell f7EE T~V Y a3 Y B O DSC HI%E % #E5%

L7=Z LICiiT 5. BI7T V) U HVRFC. A, Angell d%

’iz"é(’ﬁ‘ﬁﬁi‘f bo F 7z, KBRS AT TERF TR
L, WHEEEAL  DRME, FEDOFIIEHT 5,

X ®

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

2) S. Capaccioli, G. Ruocco, and F. Zamponi, J. Phys.
Chem. B 112, 10652 (2008); N. Giovambattista, S.
V. Buldyrev, F. W. Starr, and H. E. Stanley, Phys.
Rev. Lett. 90, 085506 (2003).

3) C. Alba-Simionesco and C. A. Angell, J. Chem.
Phys. 110, 5262 (1999).

4) M. Oguni, J. Non-Cryst. Solids 210[2,3], 171 (1997).

5) K. Nishikawa and Y. Murata, Bull. Chem. Soc.
Jpn. 52, 293 (1979).

6) G. P. Johari and M. Goldstein, J. Chem. Phys. 53,
2372 (1970); G. P. Johari and M. Goldstein, J. Chem.
Phys. 55, 4245 (1971).

7) T. Kyomen, M. Oguni, K. Kitayama, and M. Itoh,
Phys. Rev. B 52, 3177 (1995).

8) H. Vogel, Z. Phys. 22, 645 (1921); G. Tammann
and G. Husse, Z. Anorg. Allgem. Chem. 156, 245
(1926).

9) O. V. Mazurin, Yu. K. Startsev, and S.V. Stoljar,
J. Non-Crvst. Solids 52, 105 (1982).

10) H. Fujimori and M. Oguni, Solid State Commun.
94[2], 157 (1995).

11) H. Fujimori and M. Oguni, J Non-Cryst. Solids 172-
174, 601 (1994).

12) M. Mizukami, H. Fujimori, and M. Oguni, J. Phys.:
Condens. Matter 7, 6747 (1995).

13) C. Williams and D. C. Wats, Trans. Faraday Soc.
66, 80 (1970).

14) C. A. Angell, J. Non-Gryst. Solids 73, 1 (1985);
C. A. Angell, J. Non-Cryst, Solids 131-133, 13
(1991).

15) H. Fujita, H. Fujimori, and M. Oguni, J. Phys.:
Condens. Matter 8[49], 10293 (1996).

16) T. Hikima, Y. Adachi, M. Hanaya, and M. Oguni,
Phys. Rev. B 52, 3900 (1995).

17) M. Hatase, M. Hanaya, and M. Oguni, J Non-
Cryst. Solids 333[2], 129 (2004).

18) F. Paladi and M. Oguni, J. Phys.: Condens. Matter
15, 3909 (2003).

Netsu Sokutei 36 (1) 2009

BUF B Rsial & R O BAITE

19) F. Paladi and M. Oguni, Phys. Rev. B 65, 144202
(2002).

20) Y. Katayama, T. Mizutani, W. Utsumi, O.
Shimomura, M. Yamakata, and K. Funakoshi, Nature
403, 170 (2000).

21) O. Mishima, L. D. Calvert, and E. Whalley, Nature
314, 76 (1985).

22) C. A. Angell, J. Phys.: Condens. Matter 19, 205112
(2007).

23) C. A. Angell, W. J. Sichina, and M. Oguni, J. Phys.
Chem. 86, 998 (1982).

24) M. Sugisaki, H. Suga, and S. Seki, Bull. Chem. Soc.
Jpn. 41, 2591 (1968).

25) E. Mayer and P. Brueggeller, J. Phys. Chem. 87,
4744 (1983).

26) M. Oguni, S. Maruyama, K. Wakabayashi, and A.
Nagoe, Chem. - Asian J. 2[4], 514 (2007); M. Oguni,
Y. Kanke, and S. Namba, AIP Conf. Proceedings
982, 34 (2008).

2 F

WAL 77T ZADRANER & 451 HEE B 2 &) €
FNERIRT B, Thbb, 1) ZROISEEEERITEZ L
THIROBEARTH 5, 2) aBLOBHEBRITLHIZ, 5T
FEEOR/NEALE LTD 1 50T-5 50 i%@ﬁﬁﬂ)ﬁﬁﬂ

EWEECH D, HARMITHEE KT L v, 3) RIS
o LIRS O 5 T, BRI Eﬂz@[@r"i@
STOHEEBETH D, 4) omFBEEMEEEOIET L=
APEGRBEORT & & b ITRE I & SISNRRE A8 E S

B, ZOETNVEIRLEC, a) BEREGEET % H
Wi, —ERET OIS 5V E—FABRR ORI, b) B
G R F AR R OSSR, o) H T AEBIRE LY
T ARIRD, WmICIEFEOSRMET IS B 28588 (%)
B 2HEAMD

DEREEBIRRORA, d) HHRATERIC
HAEDOTHENE,

BT BHFEE RIS %o

/NE IERS Masaharu Oguni

FRU T KA R Be B T 22 A 58 2,

Graduate School of Engineering, Tokyo

Institute of Technology, TEL.&FAX.

03-5734-2222, e-mail: moguni@chem.

titech.ac.jp

T —~ BRI E A S B RO
EIC L BHTE

BR  THCEH IHERL, B2k





