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PHASE EQUILIBRIUM IN A
ONE-COMPONENT SYSTEM



7.1 Introduction

Temp. of a sys
= a measure of the potential at intensity of heat in the system.

Pressure of a sys
= a measure of its tendency toward movement

Chemical potential of a sys
= a measure of its tendency toward of the spec to leave the phase.

G —T—P to examine the equil’'m



7.2 The Variation of Gibbs Free Energy with T at Const. P

P=1 atm T=0°C, ice and water equil’'m




7.2 The Variation of Gibbs Free Energy with T at Const. P

dG = =SdT + VdP + X pdn; (5.25)

atconst. T, P dG=> pidni

Integrate for min G’

G' = 2 it

- For the ice & water sys.

G = ppo, fuo, T Bao, Mao, (7.3)
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G" = nyo.0n0,., * "wo,0n0,,
, —_—
G' = B0, M40, T By.0, M40,
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Figure 7.2 Schematic representation of the variation of the molar
Gibbs free energy of melting of water with temperature at

Figure 7.1 Schematic representation of the variations of the molar constant pressure.
Gibbs free energies of solid and liquid water with cOonstant pressure.
ftemperature at constant pressure.



7.2 The Variation of Gibbs Free Energy with T at Const. P

dAG
slope (—) = —AS the energy change in rxn
aT Jp
The slope = negative - means S0, = Sh.0,,

- For the state in which the solid and liquid phases of a one-comp. sys are in equil’'m
w/ one another

G=H-T5 Gy = Hy — TS
G{.\] = H{'r:l o TS[“

For the rxn s=> |.
II.-‘l'':I:-:;I'.'-—ml':- = 'IlH-ls—-n'I - T‘igl.'.—t!'l

Since AG ) =0atT,.
&Htj_&” - Tﬁjﬂ‘?{i—}f} (74)



7.2 The Variation of Gibbs Free Energy with T at Const. P

For H,O figure 7.3 (a, b) for convenience H ,53= 0
AH,, = AH,,_,, = 6008 joules a1 273 K
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Sh,om, sk = TO08 VK
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Figure 7.3 The variations, with temperature, of the molar (s).1 J pdl m pAz)
enthalpies of solid and liquid water at | atm pressure 2O 273

The molar enthalpy of hquid water at 298 K 1s

arbitrarily assigned the value of zero. _ ?5.44{2?3 _ 293} - HHIE + HE{:T — 2?3}}
(7.4)
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Similarly AS, 5, 1=S ) 1= S 1

- Cp(l)
S, 7= ), 208 T)pog ~7 AT

_ T cp(s)
S(s), 7= Ss), 208 T)ygg —7 AT

Above Tm, the S contribution outweighs the H contribution to AG
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7.3 The Variation of Gibbs F. E. with P at Const. T

* Mixture of ice and water at 0°C, 1 atm as P than 1 atm the sys. try
to be w/ less ice at 0°C that has a larger molar vol. than water,

r-ll::;:.'l ‘f-”jrc'.
— | =V, and — 1 =V,
o Sy o M T '

e |.e., the rate of increase of G with increase in P at
const. T = the molar V of the phase at T and the P



7.3 The Variation of Gibbs F. E. with P at Const. T

e For the change of the state solid =>liquid

L — — 'Il.l" " constant temperature, 0°C
APy =

oS

* AV, for H,O at 0°C is negative,
the ice melts when the P is increased

1 atm p—>
Fi 7 Sche sentation of the variations I
ibbs fi of solid and liquid
pressure >mperature.
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7.4 Gibbs Free Energy as a Functionof T& P
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7.4 Gibbs Free Energy as a Function of T & P
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7.4 Gibbs Free Energy as a Function of T & P
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0e*C. 1 alm

Figure 7.8 Schematic representation of the equilibrium surfaces of the
solid and liquid phases of water in -7-P space.
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7.5 Equil’'m Between the Vapor Phase and a
Condensed Phase
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7.5 Equil’'m Between the Vapor Phase and a
Condensed Phase
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7.5 Equil’'m Between the Vapor Phase and a
Condensed Phase
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Chapter 8

The behavior of Gases.
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8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES
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8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

As no absolute values for Gibbs free energies (only AG can be measured), it is
convenient to choose an arbitrary reference state.

This reference state called “the standard state”: the state of 1 mole of pure gas at
1 atm and the T of interest.
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8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

(A) Mixtures of Ideal Gases

(1) Mole fraction

: The mole fraction, X;, of the component i defined as the ratio of the number of moles of j in the system to
the total number of moles of all of the components in the system.

1y

X, =—— =~ —
ngy +ng+ npe XA +XB +XC =1
Ny
Xg =
Ry T Ng T He
”(‘
X( =

Hy + ng + ne



8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

(2) Dalton’s law of partial pressures.

The P exerted by a mixture of ideal gases = the sum of the pressures exerted by each of the individual
component gases.

P =py+ pg+ pc
Consider a fixed V', at T, with n, moles of an ideal gas A.

n RT
1{”‘

If, to this const. V containing ny moles of gas A, ng moles of ideal gas B are added,

(8.11)

Ll
P=py+tpg=in,~ ”H'F (8.12)



8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

From (8.11) & (8.12)

A - M4

Pa -+ P M oA + My

thus, for the gas A in the mixture,

2y or PA=XaP B

Eqg. (8.13): Dalton's law of partial pressures.



8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

(3) Partial molar quantities

The molar value of any extensive state property of a component of a mixture is called
“the partial molar value of the property.




8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

the partial molar Gibbs free energy of a component in a mixture equals the
chemical potential of the component in the mixture.
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8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

G, a state function: the order of partial differentiation-no influence on the result

| o (EJG’) | i (EJG’) i
l_ ﬂ”.l (" ‘P ,f',\,'n|‘|'i|1 dT.P.n L r“ P H”r T ,f’.f?,J T.c

( dG, )
‘:'“D Tl.comp

Hence G, .y
0P Jrcomp dG = —SdT + VdP + Y p.dn; (5.25)

omp

which is simply the application of Eq. (5.25) to the component i in the system.

Thus, for the ideal gas A in a mixture of ideal gases,

dG, = V,dP
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AND MIXTURES OF IDEAL GASES

The partial molar volume, V,, in a gas mixture is
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8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

* The Heat of Mixing of Ideal Gases

each component gas in a mixture of ideal gasses
=G+ R In X, = RTIn P
where P is the total pressure of the gas mixture at T.

Dividing by T and differentiating with respect to T at const. P and composition

HGIT)  a(GIUT)

But, from Eq. (5.37) ol il
HGIT) ] Hi (a"ﬁif ?') H (8.17)
' l == dan ~Tne —
ol Jl FP.comp dT F.comp T



8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

And thus
H = H° (8.18)

i.e., the partial molar H of ideal gas i in a mixture of ideal gases = the molar H of pure|,

the H of the gas mixture = the sum of the H of the component gases before mixing, i.e.,

AH'™ = Ear,H, : EJI,H,: =10 (8.19)
H, = f(T), # f(comp), # f(P) | |

The zero heat of mixing of ideal gases: from the fact that the particles of an ideal gas
do not interact with one another.



8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

 The Gibbs Free Energy of Mixing of Ideal Gases




8.6 THE THERMODYNAMIC PROPERTIES OF IDEAL GASES
AND MIXTURES OF IDEAL GASES

AG™X depends on n; and p; for each gas.

If, before mixing, p;=p;=pk=-.. and mixing is carried out at total const. V such that
Pmix = the initial pressures of the gases before mixing, then, as pi/ptotai=Xi,

AG™ = > nRT In X, (8.21)

As X; <1, AGix <0, the mixing of gases is a spontaneous process.
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AND MIXTURES OF IDEAL GASES

* The Entropy of Mixing of Ideal Gases

32
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