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(e.g. SiO2)
Strong and high Tg, Tm

(e.g. CKN)
Fragile and high Tg, Tm

(e.g. Ni-Zr-Cu)
Fragile and high Tg, Tm

(PMMA)
Fragile and medium Tg, Tm

(OTP)
Fragile and low Tg, Tm
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S = k logW



Tg
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( ) = F exp ( t / )[ ]{ }

3-bromopentane

( ) =
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1+ i (T )[ ]{ }
HN equation

KWW equation

VTF 

T0



W. Kauzmann 1948

TK 
TK 

S = Sm ( CpT

Tm /T)dT

TK



NMR



Strong : network liquids (e.g. m = 20 in SiO2)
Fragile : molecular liquids, polymers, molten salt (e.g. m = 80 in OTP)

m = d log /d(Tg/T )[ ]T=TgFragility:

(Angell 1984)
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Thermal swich control  system
      & separate cooling 

Radiation shields        10 K head
Cell (at VD)        4 K head
Cell (at lowest T)        He vessel (1.5 K)

    Long VD period (> 1 month)
Wide measurement  range (4-100 K)

Tube control  system
    Separation of VD and meas. parts

Low VD temperature: 10 K





VD temp. 7 K
VD rate 10 μm/h
Sample thickness 100 μm



CCl4

Anneal effect

Low-energy 
excitation



Anneal effect

Low-energy 
excitation





Propane Propene 1-Butene 1-Pentene 3-Methylpentane 

Tg / K 45.5 56.0 60.0 71.7 77.0 

TK / K 38.0 49.8 49.3 55.9 59.8 

T0 / K 38.0 49.8 49.4 70.1 70.3 

Sres / JK-1mol-1 9.35 6.09 13.1 18.1 20.4 

ZCRR(0) 4.43 7.17 4.71 3.76 3.34 

Cp Tg TK  

T0 

Cp 



Adam-Gibbs Cp CRR

Cooperatively
Rearranging
Region

Low-T High-T

Sc(T ) = fusS [Cp
liq

T

T fus (T ' ) -Cp
gl (T ' )] /T ' dT'

[Cp
gl

0

T fus (T ' ) -Cp
cr (T ' )] / T ' dT'

Sc(T ) = sc *NA A / T2

z *(T) = sc * NA / Sc(T)

Configurational entropy

Extrapolation to T = 

Size (mol. no.) of CRR



TK

Sc Rln2



Cooperative Rearranging Region

CRR 

(Adam-Gibbs Theory)

Propene

1-Butene

1-Pentene
3MP

Propane



CS2

60 K 70 K



Q 

Q 



Sm (Q) = Sm
u (Q) + Sm(Q)

Sm
u (Q)

Sm (Q)

Sm
u (Q) = F1(Q) + Fu (Q)[Sc

u (Q) 1]
F1(Q)

Fu(Q)

Sc
u (Q)

Sc
u (Q) 1 = (Shs (Q) 1) exp( hs

2 Q2 / 2)

Shs (Q)

Sm (Q) = nc[( b ) 2 b b exp(iQ(Rc + r r ))

exp( 2 Q2 / 2) Fu (Q)(sinQRu / QRu )

exp( Ru
2Q2 / 2)]

CCl4 Misawa 1989

= c Rc + r r

Ru = uRu

: structure factor for uncorrelated molecules

: structure factor of hard sphere having an 
effective mass  and packing factor 

: correction term from preferred orientation

: intramolecular structure factor

: intermolecular form factor

: molecular center structure factor

nc: no. of correlated molecules
c: fluctuation of preferred orientation



CCl4 



CCl4 

nc 5





TA
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(1)  CCl4, CS2, propene, propane 

(2)  CS2 Tg 

(3)  CRR 

(4)  Cp  Tg TK  T0 

CRR

TA



(1) 
      (TVD = 5 K, Tmin = 2 K)

(2) 
 (CS2, CO, N2, ... )

(3) J-PARC
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(b) OTP DSC Cp

(c) OTP
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