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Pure Substances

oPure substance: A substance that has a
fixed chemical composition
throughout.
oAir is a mixture of several gases, but it is

considered to be a pure substance.

Phases of a Pure Substance
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What Defines a Phase?

oA phase is considered a liquid if vaporization results from an isothermal pressure
reduction (expansion).

oA phase is considered a gas if condensation results from isobaric temperature
reduction (cooling).
o A vapor is a gas a temperature T<Tc that can be condensed either

o by isothermal compression, or

o by isobaric cooling.

oBeyond the critical point, neither condensation nor vaporization leads to phase
change, for which the phase is called a fluid.
o The region for which T>Tc is termed the supercritical region.

PvT Phase Diagram

P-v-T surface of a substance that contracts upon 

freezing.

P-v-T surface of a substance that expands on freezing 

(like water).
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PT Phase Diagram

At low pressures (below the triple-point value), 
solids evaporate without melting first (sublimation).

For water at the triple point
Ttp = 0.01°C 
Ptp = 0.6117 kPa

For water at the critical point
Tc = 373.95°C 
Pc = 22.06 MPa

For water at the normal boiling 
point
Tnb = 99.97°C 
Pnb = 101.325 kPa

Pressure-Temperature 

diagrams for water 
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Saturation Temperature and Saturation Pressure

oThe temperature at which water starts boiling depends on the
pressure; therefore, if the pressure is fixed, so is the boiling
temperature.

oWater boils at 100C at 1 atm pressure.

oSaturation temperature Tsat: The temperature at which a pure
substance changes phase at a given pressure.

oSaturation pressure Psat: The pressure at which a pure substance
changes phase at a given temperature.

Saturation P/T can be synonyms with vaporization – melting – sublimation i.e., vapor pressure 
or melting pressure or sublimation pressure all are lumped into saturation pressure.

EXAMPLE 3–1 Pressure of Saturated Liquid in a Tank 
A rigid tank contains 50 kg of saturated liquid water at 90°C. Determine the pressure in the 
tank and the volume of the tank.
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Meaning of the Equilibrium Curves

oThe slope of the vapor-liquid equilibrium (VLE) curve gives the rate of
change of the vapor pressure of the liquid with temperature.

oThe slope of the vapor-solid coexistence curve is equal to the change
of the vapor pressure of the solid (sublimation pressure) with
temperature.

oThe inverse of the slope of the liquid-solid coexistence line gives the
change of the melting temperature of the solid with pressure.

oAt equilibrium, the Clapeyron equation is:
sat
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Interpreting the Clapeyron Equation

oh, v, and s are all nonzero away from the fluid critical
point, and approach zero as the critical point is
approached.

oNone of the coexistence curves has a zero slope.
o Due to the non-zero value of both the entropy and

enthalpy changes accompanying phase transitions.

o Due to v being non-zero.

oGenerally, the heat of fusion and volume change on
melting are positive.
o Leads to the positive slope of the S-L curves.

o Water is an exception to this.
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Clausius-Clapeyron Equation I

oApplies to V-L/V-S equilibria.
o At temperatures for which the vapor pressure is not very high. Assumes the vapor

phase is ideal gas, then substitute in the Clapeyron equation

oReferred to as the Clausius-Clapeyron equation.

o The latent heat of vaporization is a function of temperature. Assume it is
independent of temperature over small temperature intervals
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Vapor Pressure Models

oClausius-Clapeyron

oAntoine

oRiedel

oHarlecher-Braun
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Estimation of hfg at Normal Boiling Point and at T≠Tn

oTrouton’s rule gives a rough estimate

oRiedel equation gives estimates to within 5% of the experimental
values

oThe Watson correlation may be used to estimate the latent heat of
vaporization of a liquid from knowledge of a single point
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Pitzer’s Acentric Factor: Definition

o The two parameter Corresponding States Theory (CST) fails to correlate data
other than these for simple fluids.

oDevelopment of the acentric factor (to deviate from spherical shape of simple
fluids)

o The Acentric factor (w)
o For simple fluids (Ar, Kr, Xe) is zero.

o Positive (greater than zero) for all other fluids.

o Exception: Quantum fluids (H2, He, Ne) which do not conform to CST unless some
effective critical parameters are introduced.

sat
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The Critical Point

oThe inflection point on the phase diagram where
the liquid and vapor phases can not be
distinguished from each other, because their
properties are the same is called the critical
point.

oThe critical point is the highest pressure and
highest temperature at which a pure chemical
species can exist in vapor-liquid equilibrium.

oThe critical condition is used to determine the
parameters of some equations of state.
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1. Subcritical ethane, liquid and gas phase 
coexist 2. Critical point (32.17 °C, 48.72 bar), 
opalescence 3. Supercritical ethane, fluid
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Critical Versus Triple Points
Critical Point Triple Point

Lies at the endpoint of the phase equilibrium 
curve

The point where the three equilibrium curves 
meet

Critical temperature is usually higher than the 
standard/reference temperature

Temperature at the critical point is usually 
lower than the standard/reference  
temperature

Critical pressure is generally higher than 
standard/reference pressure

Triple point pressure is generally lower  than 
standard/reference pressure

Only liquid and gaseous phases converge at 
equilibrium

All three phase: gas, liquid and solid coexist in 
equilibrium

Degree of freedom = 1 Degrees of freedom = 0 (invariant)

PV and TV Phase Diagrams
oLiquids have steep isotherms, on a PV diagram, since liquid volume

changes little with large changes in pressure.

oVapors have smoothly varying isotherms due to the changes of vapor
volume upon changes on pressure.
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Quality

oQuality, x : The ratio of the mass of vapor
to the total mass of the mixture.

oQuality is between 0 and 1
o 0: sat. liquid,
o 1: sat. vapor.

oThe properties of the saturated liquid are
the same whether it exists alone or in a
mixture with saturated vapor.

vapor vspor g

total vapor liquid g f
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Quality 

oQuality can be calculated from any thermodynamics property θ by
knowing the state point.

oKnowing quality enables us to find the properties of a mixture using
the formula

f f

g f fg

x
   

  

 
 


θ can be any property 

e.g., v, u, h, s. 

(1 )g f f fgx x x        

Examples on Quality
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EXAMPLE 3–4 Pressure and Volume of a Saturated Mixture
A rigid tank contains 10 kg of water at 90°C. If 8 kg of the water is in the liquid form and the rest is in the vapor 

form, determine (a) the pressure in the tank and (b) the volume of the tank.

EXAMPLE 3–5 Properties of Saturated Liquid–Vapor Mixture
An 80-L vessel contains 4 kg of refrigerant-134a at a pressure of 160 kPa. Determine (a) the temperature, (b) the 

quality, (c) the enthalpy of the refrigerant, and (d) the volume occupied by the vapor phase.

SOLUTION A vessel is filled with refrigerant-134a. Some properties of the refrigerant are to be determined.
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Reference State and Reference Values

o The values of u, h, and s cannot be measured directly, and they are calculated from
measurable properties using the relations between properties.

o However, those relations give the changes in properties, not the values of properties at
specified states.

o Therefore, we need to choose a convenient reference state and assign a value of zero for
a convenient property or properties at that state.

o The reference state for:
o water is the saturated liquid at its triple point( 0.01°C and 0.6117 kPa)
o R-134a is saturated liquid at -40°C.

o Some properties may have negative values as a result of the reference state chosen.

o Sometimes different tables list different values for some properties at the same state as
a result of using a different reference state.

o However, In thermodynamics we are concerned with the changes in properties, and the
reference state chosen is of no consequence in calculations.
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