
Soft 
ondensed matter physi
s, spring 2010Exer
ise 4The answers are to be returned no later than Tue 16.2.2010 at 16:00. The answers aredis
ussed in the exer
ise session Thu 18.2.2010 at 16:00, room D115.Phase transitions1. The phase behavior of a 
ertain liquid mixture 
an be des
ribed by the regular solutionmodel (see Jones, 
hapter 3), in whi
h the free energy of mixing 
an be written as
Fmix
kbT

= φA ln φA + φB ln φB + χφAφB ,where φA, φB are volume fra
tions of 
onstituents A and B. The intera
tion parameter isbeing given by χ = 600/T , where T is the temperature in Kelvin. Cal
ulate the followingquantities:a) The temperature at the 
riti
al point.b) The volume fra
tions of the 
oexisting 
ompositions at 273 K.
) The volume fra
tions on the spinodal line at 273 K.2. Di�usion in a 1D phase-separating mixture 
an des
ribed by the Cahn-Hilliardequation
∂φ

∂t
= Mf ′′

0

∂2φ

∂x2
− 2Mκ

∂4φ

∂x4
,where φ is volume fra
tion of one of the 
onstituents, Mf ′′

0
is an e�e
tive di�usion
oe�
ient De�, and M , f ′′

0
and κ are 
oe�
ients 
hara
teristi
 to the spe
i�
 mixture.With the assumption that M , f ′′

0
and κ are 
onstants, show that one solution forCahn-Hilliard equation is

φ(x, t) = φ0 + A cos(qx) exp[−De�q2(1 +
2κq2

f ′′

0

)t].3. The solution for Cahn-Hilliard equation shown in previous problem in
ludes a term
alled the ampli�
ation fa
tor
R(q) = −De�q2(1 +

2κq2

f ′′

0

).Sket
h an illustrative �gure of R(q) and explain it's physi
al relevan
e (see e.g. Jones).4. A light-s
attering experiment is 
arried out on a phase-separating polymer mixture.Values of intensity are re
orded as a fun
tion of time at a variety of s
attering angles q.The data is shown in table 1.a) Plot the s
attered intensity as a fun
tion of time for q=1.21 µm−1. Explain the shapeof the 
urve.b) Use the data to extra
t values for the ampli�
ation fa
tor, R(q), as a fun
tion ofs
attering waveve
tor q. Hint: It is to be expe
ted that I(q, t) ∝ exp[2R(q)t].
) How, a

ording to Cahn-Hilliard theory, do you expe
t R(q) to vary with q? Plot yourvalues of R(q) in a way that tests this this theory and 
omment on the degree ofagreement.d) Use your graph to estimate a value of the e�e
tive di�usion 
oe�
ient De�.TURN PAPER



5. For some phase transformation having kineti
s that obey the Avrami equation
y = 1 − exp(−ktn),where k and n are time-independent 
onstants and y is the fra
tion of transformation,the parameter n is known to have a value of 1.7. If after 100 s, the rea
tion is 50%
omplete, how long it will take for the transformation to be 99% 
omplete?Re
ommended reading on the subje
ts at handRi
hard A.L. Jones, Soft Condensed Matter, 
hapter 3.William D. Callister, Jr, Material s
ien
e and engineering, 
hapter 10.Table 1: Data from the light-s
attering experiment of problem 4.


