
The ran der Waals equation of state

Ideal
gas law : pr

= RT where r = NAV/

is the molar volume and R =Nak = 8 .3145/mdk

is the gas constant. vdW equ of state :
Joule

(p + &)(r - b) = RT ↓ life --
where a and b are constants

, (a)=, (b) =m
The a constant accounts for long-ranged attraction
between molecules that drives condensation

,
and

b is an excluded volume accounting for hardcores.
So Umin = b .

This can be rearranged as

p(T, r=-
Q : At fixed T

,
is this monotonic decreasing in U ?

Clearly it is decreasing for r = b +gr and as
~ -> N . In between ? Consider the derivative :



=-+
Set this to zero to see if plu) turns around :

= ful

with n = r/b dimensionless. Now since

f(u)=
we see that flul = o has one solf at=3,
where fle =*

·I 127
T

U =>



We also have rc = c
*
3 = 36 and po=plicita =>

Pc=, r = 36 , To :c R
These are the coordinates of the critical cont.

Expressed in terms of the dimensionless quantities
F = + /ic , P = plpc ,

= = r/ra

we obtain the universal vdw equ of state

IF, )= -
The locrs of prints in Ir,p) plane where=
is then found by setting

==
and substituting this intovow :

p+ r)= -: -- E2
=- i

.
e.r:



purple curve is p*)

Along parl the compressibility=-
diverges , marking the boundary of themodynamic
stability. Consider the free enezy par mole

f = S - Ts . Thermodynamics says
dElv= TdS - pdV=I : TO - P

Maxwell vel- frundF = -SoT-pdV:
=-



For vdW
,
then,R

where f is the number of degrees of freedom

occurring quadratically in the Hamiltonian .

We conclude stir) : [fRT- * = c= =fR
coust

Then Isee notes equs 7 . 10, III , I
f(T

,
r) = EfRT(1-log(T/Trl)-E-RTlogIv-b) -Tso

· Spindal decomposition :f so
· Nucleation : p(T, Vi) = PITiVal=I

↑
Maxwell
construction



Maxwell construction : for Ue[r, 22),

u = (l - x(0, + x8z

f = (1-x(f, + x +z

In the vicinity of the critical point,

=,
Then find

#(i)= -

= 4t - f+t + get - 33 +24 +...
and for <o we obtain

[2
,g
= F2Ft - Et + ...

Equ of spinodal :

o= = - 6t+-E

which yields = ==El-t+ Ot


