Problem 2.
Van der Waals equation of state

The main Idea of this
problem iIs to express
all  properties  of
gaseous and liquid
states of matter In
terms of just two
constants a and b.




Question A1

P(V —b) =RT

A1l Estimate b and express it
in terms of the atomic diameterd .

Alternative!
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b = Nymd®




P
Bl Question A2
L
(P+5%)(V—b)=RT
% ; P.V® — (RT. + bPOV? +aV —ab =0
- P(V—-V.)> =0
A2 Express the van der Waals constants (I and |
i
. 27R*T? b —

64P, |

Alternative!
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Questions A2-A3

(1)
A3 For water T, = 647K and P. = 2.18- 10" Pa. 64P. 8P,

Calculate @y and by, for water. -

6.
a,, = 0.560 23

mole”

_ 27R’T¢ p — R

m

b, = 3.08-107°

A4 Assuming that the water molecule

is spherical in shape, estimate its diameter d.




Part B. Properties of gas
and liquid




Part B. Properties of gas
and liquid. But...
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Part B. Properties of gas...

(P +%)(V—b) — RT
a 2
(pﬂ + V—%) Ve =RT




Question B1

Ve>b

B1 Derive the formula for the volume V'

and express itin terms of R, T, p, and d.
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Question B2

B2 Evaluate in percentage the relative decrease in the gas volume
AVe _ Veo—Vg
due to intermolecular forces, v ., —

Vo

p, RT

apg ) RT

ReT?

AV Vieg—V ap
GO G0




Question B3

B3 Find and evaluate how many times the purified gas can be
reduced in volume, V;/Vimiy to assure that it remains in

a metastable state.

P

2"’

0

[V b) V3 -




Part B. Properties of... liquid

(P +%)(V—b) — RT

P <« a/V? ==

= (Vy—b) =RT
Vi




Question B4

B4  Express the volume |/}

in terms of @, b, R and T.

LT ORT
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Questions B5-B7

B5S E iqui i N S
! xpress the liquid water denélty 2, — T —5 83
in terms of 1, a,b,R and evaluate it. b{1+
. q— L& _ DR DR
B6 Express the volume thermal expansion TV, AT  atbRT @
1AV .
coefficient a = Ve AT in terms of a, b, R and evaluate it. — 45810 4K 1

4 1 1
_L}'J, fvaadv_ (l—’__lr’_)
B7  Express the specific heat of water vaporization L L G
in terms of [, @, b, R and evaluate it. VeV, ==> -

_ 106 1
= 1.01-10 =




Question B8

B8 Considering the monomolecular layer of water, estimate the
surface tension (F of water.

a 3# 2 _ 6781028
2b2 o[ 47N, |




Part C. Liquid-gas system
Question C1

$=85,

Inp, :A+g

C1 Find A, B and express

them in terms of u, a,b, R

[“Pyav = p,(v, -7,)




Question C1,C2

[ Pryav = RTIn e=b L
V1 V. —-b

) =
VL
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Question C3

C3 Find a small change in pressure App of the saturated vapor
over the curved surface of liquid and express it in terms of the vapor

density Ps, the liquid density PL, the surface tension - and the

radius of surface curvature 7.

Eh = Py, T Pclil
ﬂ h — il
Pn -- (pL—ps)gr

= Do +PLH@




Question C4

evenin P, =const=DP
of 7, =20°C the water vapor in the air was & rapor f—t °

saturated, but in the morning the ambient
temperature has fallen by a small amount of
Ar=5,0°C . Assuming that the vapor
pressure has remained unchanged. estimate
the minimum radius of droplets that can
grow.

C4 Suppose that at the evening temperature

Morning P, = const =

I=t, —AT

:Pe

.SEII = P APEH + AP
Pﬂpﬂ?‘ .S‘fII .S‘fII + AP




Question C4

evening

F—

morning

EﬂI_P A'PS(II—I_AP
SQI+AP

apor sa:




Question C4




