
Ch7
PHASE EQUILIBRIUM IN A

ONE-COMPONENT SYSTEM
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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
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7.2 The Variation of Gibbs Free Energy with T at Const. P

(7.1)

(7.2)

P= 1 atm T=0°C, ice and water equil’m

For the Sys. of ice + water w/ n moles of H₂O(s) (=n H₂O(s))
n moles of H₂O(e) (=n H₂O(l))

the free E of the sys., G’, (total G. f. e. ≠ molar)

From (7.1) at 0°C, later, the G’ is indep. of the proportion (ratio)
of the water phase & the ice phase
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(5.25)

at const. T, P dG=∑μidni
lntegrate for min G’

- For the ice & water sys.

(7.3)

7.2 The Variation of Gibbs Free Energy with T at Const. P
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(5.16) Here = G i (phase)= G i (comp),

Comparison of Eqs. (7.2) & (7.3)

μ H2O = GH2O or μ i = G i (phase)

- In a one component sys., when 1 mole of component is added, 

The chemical potential of a species in a particular state 
= the Gibbs f.e./mol of species in the particular state.

- For the ice & water sys. at p = 1 atm.  T>0°C

∆G’ = µ i

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

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

Tm > T
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(7.4)

slope the energy change in rxn

The slope = negative → means

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

For the rxn s→ l.

Since ∆G(s→l) = 0 at Tm.

7.2 The Variation of Gibbs Free Energy with T at Const. P
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(7.4)

For H2O figure 7.3 (a, b)                for convenience H(l), 298 =  0

7.2 The Variation of Gibbs Free Energy with T at Const. P
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Similarly ∆Ss→l, T = S (l), T – S (s), T

S (l), T = S(l), 298 +∫298
𝑇𝑇 𝐶𝐶𝐶𝐶(𝑙𝑙)

𝑇𝑇 𝑑𝑑𝑇𝑇

S (s), T = S(S), 298 +∫298
𝑇𝑇 𝐶𝐶𝐶𝐶(𝑠𝑠)

𝑇𝑇 𝑑𝑑𝑇𝑇

Above Tm, the S contribution outweighs the H contribution to ∆G

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

• i.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
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• For the change of the state solid liquid

• ΔV(sl) for H2O at 0°C is negative,
the ice melts when the P is increased

7.3 The Variation of Gibbs F. E. with P at Const. T
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7.4 Gibbs Free Energy as a Function of T & P

for any infinitesimal change in T and P

G(l) = G(s)

dG(l) =dG(s)

dG(l) = -S(l)dT+ V(l)dP and      
dG(s) = -S(s)dT+ V(s)dP

Equilibrium between solid & liquid by varying T & P 
together with ΔG(ls) = zero
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7.4 Gibbs Free Energy as a Function of T & P

• Thus, for equilM to be maintained between the two phases

or

• At equilM ΔG=0, and hence ΔH =TΔS, 

For ice & water ΔV(sl) < 0  and ΔH(sl)  > 0 for all materials

Thus, (dP/dT)eq < 0                 ice-skating is possible

Clapeyron
equation

(7.5)
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7.4 Gibbs Free Energy as a Function of T & P
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7.5 Equil’m Between the Vapor Phase and a 
Condensed Phase

• If (7.5) is applied to an equilM

bet’n a vapor phase and a condensed phase

ΔV=Vvapor – Vcondensed phase Vvapor >> Vcondensed phase

ΔV ≒ Vvapor

(7.5) 
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• for condensed phase-vapor equilibria,
from Eq.(7.5)

• If the vapor in equilibrium with the condensed phase behaves 
ideally,

i.e., PV = RT, then

Clausius-Clapeyron equation

(7.6)

7.5 Equil’m Between the Vapor Phase and a 
Condensed Phase
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(i) If ΔH ≠ f(T),    i.e., cp(vapor) = cp(condensed phase)
Integrate (7.6)

(ii) If Δcp ≠ 0, but ≠ f(T)
ΔHT  = ΔH298 + Δcp(T-298)

= (ΔH298 - 298Δcp) + ΔcpT

(7.7)

(7.8)

(6.9)

7.5 Equil’m Between the Vapor Phase and a 
Condensed Phase

17



Chapter 8

The behavior of Gases.
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The variation of the molar Gibbs free energy of a closed system of fixed
composition, with P at constant T,

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

For 1 mole of an ideal gas,

(8.8)

and thus, for an isothermal change of P from P1 to P2 at T,

(8.9)
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As no absolute values for Gibbs free energies (only ∆G 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.

G for 1 mole of gas in the standard state, G(P=1, T), is designated G°(T) and thus,
from Eq. (8.9), the G of 1 mole of gas at any other P is given as

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

or (8.10)

• In Eq. (8.10) notice that the logarithm of a dimensionless ratio, P/l, occurs in the 
right-hand term.
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(A) Mixtures of Ideal Gases

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

(1) Mole fraction

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

𝑋𝑋𝐴𝐴 + 𝑋𝑋𝐵𝐵 + 𝑋𝑋𝐶𝐶 = 1
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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.

Consider a fixed V′, at T, with nA moles of an ideal gas A.

(8.11)

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

(8.12)
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From (8.11) & (8.12)

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

thus, for the gas A in the mixture,

or

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

(8.13)
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(3) Partial molar quantities

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

The molar value of any extensive state property of a component of a mixture is called
“the partial molar value of the property.”
This value is not necessarily equal to the value of the molar property of the pure
component.

(8.14)

where 𝑄𝑄′ is the value of the extensive property for an arbitrary quantity of the
mixture.

�𝑄𝑄𝑖𝑖 is the rate of change of the value of �𝑄𝑄𝑖𝑖 with ni at const. T, P, and composition of
the mixture, and, being a state property, is a function of T, P, and composition. The
definition of �𝑄𝑄𝑖𝑖 can also be made as follows.

and, from Eq. (5.16), it is 
seen that
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the partial molar Gibbs free energy of a component in a mixture equals the
chemical potential of the component in the mixture.
The relationships among the various state functions : applicable to the partial
molar properties of the components of a system.
For example, the fundamental equation, Eq. (5.25), at constant T and composition
gives

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

For a variation in ni, the # of moles of component i in the system, at const.T, P, and nj,

But, by definition

(5.25), 

25



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

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

Hence

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,

(5.25)
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The partial molar volume, �VA, in a gas mixture is

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

Differentiation of Eq. (8.13) at constant T and composition gives dPA = XAdP, and hence

Integration between the limits pA = pA and pA=1 gives

(8.15)

Eq. (8.15) could also have been obtained by integrating Eq. (8.8) from the standard state
pA=pA=1, XA=1, T to the state pA, XA, T.

or (8.13)
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• The Heat of Mixing of Ideal Gases

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

each component gas in a mixture of ideal gasses

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

But, from Eq. (5.37)

(8.17)
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And thus

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

(8.18)

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

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

(8.19)
�Hi = 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.
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• The Gibbs Free Energy of Mixing of Ideal Gases

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

For gas i in a mixture of ideal gases,

and before mixing,

where pi is the partial pressure of i in the gas mixture and pi is the pressure of the
pure gas i before mixing.
The mixing process:  unmixed components (state 1) → mixed components (state 2)

(8.20)
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∆Gmix depends on ni and pi for each gas. 

If, before mixing, pi=pj=pk=… and mixing is carried out at total const. V such that 
pmix = the initial pressures of the gases before mixing, then, as pi/ptotal=Xi,

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

(8.21)

As Xi < 1, ∆Gmix <0, the mixing of gases is a spontaneous process.
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• The Entropy of Mixing of Ideal Gases

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

As ∆Hmix=0 and

then (8.22)

or, if Pi = Pj = Pk=…=P then

(8.23)

which is seen to be positive, in accord with the fact that the mixing of gases is a
spontaneous process.
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