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S u m m a r y  
T h e  t i m e  d e p e n d e n t  o r d e r  p a r a m e t e r  c o n c e p t  o f  t h e  

g l a s s  t r a n s i t i o n  i s  u s e d  i n  a d e s c r i p t i o n  o f  t h e  r e l a x -  
a t i o n  b e h a v i o u r  o f  t h e  g l a s s f o r m i n g  m a t e r i a l .  T h e  c o n -  
n e c t i o n  b e t w e e n  t h e  m a c r o s c o p i c  t h e o r y  a n d  t h e  m e a s u r e d  
g l a s s  t r a n s i t i o n  t e m p e r a t u r e  h a s  b e e n  d e t e r m i n e d .  I t  h a s  
b e e n  f o u n d  t h a t  i n  a c a s e  w h e n  t h e  P r i g o g i n e - D e f a y  r a t i o  
i s  g r e a t e r  t h a n  u n i t y ,  d i f f e r e n t  v a l u e s  o f  t h e  r e l a x -  
a t i o n  f u n c t i o n s  o f  e n t r o p y  a n d  v o l u m e  o b t a i n e d  b y  d i f -  
f e r e n t  e x p e r i m e n t s  ( e . g . ,  i s o b a r i c  d i l a t o m e t r y  a n d  i s o -  
t h e r m a l  c o m p r e s s i o n )  s h o u l d  b e  u s e d  i n  o r d e r  t o  o b t a i n  
t h e  i d e n t i c a l  T g .  T h e  P r i g o g i n e - D e f a y  r a t i o  i s  f o u n d  t o  
b e  a d e c r e a s i n g  f u n c t i o n  o f  t h e  o b s e r v a t i o n  t i m e  
r e a c h i n g  v a l u e s  b e t w e e n  u n i t y  i n  t h e  l i m i t  o f  i n f i n i t e  
t i m e  a n d  a l i m i t  w h i c h  c o r r e s p o n d s  t o  e x t r e m e l y  s h o r t  
e x p e r i m e n t  s .  

I n t r o d u c t i o n  
R e c e n t  p r o g r e s s  i n  t h e  m a c r o s c o p i c  d e s c r i p t i o n  o f  

g l a s s  t r a n s i t i o n  h a s  b e e n  m a d e  p o s s i b l e  b y  a p p l y i n g  t h e  
o r d e r  p a r a m e t e r  c o n c e p t  a n d  b y  t r e a t i n g  t h e  g l a s s  t r a n -  
s i t i o n  a s  a f r e e z i n g - i n  p r o c e s s .  Q u a s i s t a t i c  a p p r o x i -  
m a t i o n  b r o u g h  a f i n d i n g  t h a t ,  w h e n  t h e  P r i g o g i n e - D e f a y  
ratio 

~ - A B A C  / T V ( A ~ )  2 > 1 ( 1 )  
P 

(where &a, AB and AC D are discontinuities in the tempe- 
rature expansion coefficient, isothermal compressibility 
and isobaric heat capacity and T and V respectively are 
the temperature and volume at the glass transition), 
then it holds that (i) the number of independent order 
parameters n > i (DAVIES and JONES 1953), (ii) excess 
entropy AS and excess volume AV are non-zero along the 
transition line (GOLDSTEIN 1975), but AV differs from 
zero more importantly than AS (HAVLICEK 1981), and (iii) 
surfaces of the Gibbs free energy of glass Gg and of 
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liquid G e are not tangent over an area (GUPTA and MOYNI- 
HAN 1976) and their deviations are quadratic in the 
first approximation in T and P (HAVLICEK 1981). 

In the region of linear relaxation, a set of order 
parameters can always be transformed into a new set in 
which separately each Z i relaxes exponentially with a 
relaxation time r i (BERG and COOPER 1978, MOYNIHAN and 
GUPTA 1978). In this representation relationships have 
been found for the relaxation functions of entropy and 
volume, in the case of constant T and P (MOYNIHAN and 
GUPTA 1978) and in a general case (BERG and COOPER 1978). 
ROE proved in 1977 that the temperature and pressure 
experiments do not give the same relaxation time. Also, 
the relaxation spectra of the S(T), V(P) and V(T) ex- 
periments differ for ~ > l, while the V(T) and S(P) ex- 
periments give identical spectra (BERG and COOPER 1978 , 
MOYNIHAN and GUPTA 1978). Relationships between positive 
functions of the relaxation times and their average 
values in these experiments were derived and summarized 
by MOYNIHAN and GUPTA 1978, and by LESIKAR and MOYNIHAN 
1980). 

In this contribution the findings reported above 
are correlated with the glass transition temperature de- 
termined at a certain experimental time. 

Theory 
Let Q designate the volume or entropy of a system 

which can undergo the glass transition. Q is a function 
of some applied force X (temperature T, pressure P and 
the like) and of the set of order parameters Z. 

1 

Q = QEX, Zl(X,t) ..... Zn(X,t~] (2) 

The order parameters are assumed to include the whole 
time (relaxation) dependence of the property Q. 

Let it be that at a time t = 0,X changes jumpwise 
by AX for a brief moment; then for a changeAQ of the 
property Q it can be written, while limiting oneself to 
the first term of the Taylor expansion, that 

~Q A Zio(AX) (3) 
1 

for t = O, where A Zio(AX ) = (@Zi/OX)AX is the deviation 
of Z i from equilibrium immediately following the jump 
in the applied force X, and 

8Q AZi(AX,t ) (4) = 

1 

fort> 0. 
The time dependence of Q tending towards new equi- 

librium is expressed in terms of the relaxation function 
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$QX(t) : AQ(AX, t)/AQo(AX) (5) 

In  the approx imat ion  of  the  l i n e a r  r e l a x a t i o n  of  o r d e r  
p a r a m e t e r s ,  we have f o r  the r e l a x a t i o n  f u n c t i o n  (BERG 
and COOPER 1978, MOYNIHAN and GUPTA 1978) 

CQX(t) = ~. WQxi e x p ( _ t / t i )  (6) 

i 
where wQX is the relaxation spectrum corresponding to 
the QX experiment. 

The shape of the time dependence (6) guarantees that 
at sufficiently long times Q sufficiently approaches 
the new equilibrium value. On the other hand, however, 
the real experiments proceed in finite time intervals, 
let it be said At. At the end of the experiment, two 
limiting eases may be met: 

o (Ta) 
CQX(At) ~ { 

1 (7b) 

(7a) obviously refers to an equilibrium liquid, while 
(7b) corresponds to glass. The range of ~QX values 
between the two extremes represents the glass transitio~ 
The sign Z in equations (7) is related to the accuracy 
with which we want or are able to distinguish the re- 
spective state. In practical deterninations, a graphi- 

value 0 < ~X~ < 1 is usually chosen cally si~nifi eant 
which implicitly defines the ~lass transition tempera- 
ture T : 

g 
g =~ i 

r i wQx(Tg ) exp [ -At /T i (Tg  )1 (8) 

u 

Obviously, if two different experiments QX and QX are 
performed (e.g., ST and VP or VT) so that W~x fl w~ 
(i.e. N >l) and we want to obtain the same glass tran- 

g 
sition value (TgQX = Tg~), it must hold that r /~" 

Let us now search for the connection between 
g 

concrete ~QX" At Tg, it can be written that 

AV(AT,At) = - VgA~(At)AT 

AV(AP,At) = V AB(At)AP 
g (9/ 

AS(AT,At) : - AC (At)AT/Tg 
P 

AS(AP,At) = V Aa(At)AP 
g 

Hence, Eq(5) gives 
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(~VT g = AB(At)/ABo 

r g = ACp(At)/ACpo 

(io) 

where Aao, AB and AC are related to At = 0 By com- 
bining Eq.O(10) po we obtain that 

( i i )  

where W is the Prigogine-Defay ratio at At = O. The 
o 

Prigogine-Defay ratio ~(At) corresponding to At > 0 is 
a monotonically decreasing function of At 

(At) (12) 
o 

Since the left-hand side of Eq.(ll) approaches ~o for 
At--~ ~ , equality appears, in this case, on the left- 
-hand side of relation (12). 

Discussion 
In the case of genuine phase transition the stab- 

ility criteria in the transition point hold for all the 
phases present. Unlike this, the glassforming liquid 
meets the stability criteria only in the range of its 
equilibrium; in the glass region some degrees of free- 

dom (e.g., translational, rotational etc.) are frozen 
and the system remains deviated from the state of 
thermodynamic equilibrium which in this case too would 
be given by the stability criterion of the liquid phase. 
The relaxation times required by glass for the attain- 
ment of equilibrium are incomparably longer than the 
time available in the observation. Under such circum- 
stances it becomes difficult, if not impossible, to 
define the point or the range of glass transition other- 
wise than by means the experiment used in its determi- 
nation. Practical determinations of the glass transition 
temperature are usually based on some kind of graphic 
approximation, e.g., on the inflexion in the course of 
the temperature dependence of Cp or a. The choice of a 
certain graphic method for one of the ~g values is 
rather arbitrary, and Tg is then implicitly defined by 
Eq.(8). If, however, we want to obtain the same Tg by 
employing the other two independent methods, the remain- 
ing two $g are given unequivocally and their magnitude 
is predicted by Eqs (i0). According to Eq.(ll), the 

g 
differences between $ increase with increasing At. 

Already the approximation At-~ 0 has demonstrated 
the extraordinary position occupied by the Prigogine- 
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Defay ratio for glassforming materials as aids in dis- 
tinguishing two completely different cases, i.e. W o = 1 
and 7 o > 1 (DAVIES and JONES 1953, GOLDSTEIN 1975, 
GUPTA and MOYNIHAN 1976, HAVLICEK 1981). This paper 
shows that the results of the approximation At-*0 can 
be applied also to the results of experiments carried 
out on a real time scale. Inequality (12) also shows 
that the experimentally determined ~(At) is smaller than 
the theoretical criterion T o. If experience shows (el., 
e.g., GUPTA and MOYNIHAN 1976, HAVLICEK et al., 1980) 
that W(At) > i, the more so ~o > i. 

The sense of this study consists in providing a 
closer connection between the theoretical and exper- 
imental results. The introduction of a certain (exper- 
imental) time interval At leads to a new Prigogine- 
Defay ratio and to Eq.(ll) describing the mutual re- 
lation between the relaxation functions, more general 
than similar equations obtained by BERG and COOPER 1978 
and MOYNIHAN and GUPTA 1978. 
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