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Finding Physical Properties 
(e.g., density, viscosity…) 

• Look it up
Appendix B in the text
Perry’s Chemical Engineers Handbook   
CRC Handbook
Databases (e.g., NIST)

• Estimate it (calculate it)
Semi-empirical and Empirical correlations 
based on experimental data.

• Measure it
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See diagram of next page
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We will discuss the critical point later



Phase Diagram of Water (not drawn to scale)



Densities of liquid and solid mixtures



Specific Volume

More accurate for a mixture of species with similar molecular 
structure, e.g., alkanes. It is an eq. for additivity of specific 
volume, 1/.



Ideal Gases
Assumptions 
• molecules have negligible volume.
• no interactions among molecules.
• only elastic collisions with walls.

Valid at dilute concentrations (low pressure, 
high temperature)

PV = nRTKinetic theory of gases gives:

Calculate the density of an ideal gas: 
PV = nRT = (m/MW)*RT

= m/V = P(MW)/RT

MW=mol. weight

Can apply to mixtures of 
ideal gases using avg MW



Ideal Gas Test



PV  = nRT , and ^PsVs =  RTs
PV  = nT

^PsVs Ts



Butane at 360 oC and 3 atm flowing at 1100 kg/h, find V:

Conversion from standard conditions – example 5.2-2

** Example 5.2-4 further shows how/why this is useful



Ideal Gas mixtures
( e.g.,  gases A, B, C…)

PAV = nART and PtotalV = ntotalRT
so, 

PA nA=        =    yAPtotal ntotal

or                PA =  yAPtotal

PA is the partial pressure of A in the mixture

For ideal gas mixtures only, mole% 
composition is the same as volume% 
composition.



Gas mixtures…



Example 5.2-5 : material balance on an evaporator-compressor
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The Critical Point of a Pure Fluid

Water in a closed piston-cylinder system



The Critical Temperature (Tc) is the highest temperature at 
which liquid and vapor of a substance can co-exist. For 
temperatures above Tc a substance cannot be liquefied, no 
matter how much it is compressed.

The Critical Pressure (Pc) is the pressure corresponding to 
Tc.

The Reduced Temperature and Reduced Pressure are 
defined as:

Tr = T/Tc

Pr = P/Pc

Table B.1 of textbook lists Tc and Pc values.



Non-ideal (real) gases
Theoretical

• Virial equation of state

•Cubic Equations of state:
 Van der Waals
 SRK

Semi-empirical

• Compressibility 
factor 



Compressibility factor, Z : deviation from ideality.

For ideal gases Z=1 !
PV = ZnRT

Z = 



Law of Corresponding States 

Z  =  f(Pr,Tr)

where the “reduced” pressure and temperature is

Pr = P/Pc

Tr = T/Tc

and the function f(Pr,Tr) is found from “generalized 
compressibility charts.”
Law of corresponding states: The Z values for different fluids 
exhibit similar behavior when expressed as a function of Tr and Pr:

All fluids, when compared at the same reduced temperature and 
reduced pressure have approximately the same Z value, and all 
deviate from ideal gas behavior to a similar degree.



Vr
ideal



Generalized Compressibility Charts: 
to get Z from Pr, Tr, or Vr

ideal^







 Don’t average the reduced values!



A virial equation of state expresses the quantity PV/RT as 
a power series in the inverse of specific volume:

^

B, C, D are functions of temperature and are the second, 
third & fourth virial coefficients.  

For ideal gases: B = C = D = 0
Truncating to only the second term yields:

See next page on 
how to estimate B





Cubic Equations of State



Cubic Equations of State
Soave-Redlich-Kwong (SRK)



P5.74: Methanol synthesis process




