The compressibility factor (Z) is a dimensionless quantity used to describe how much a real gas
deviates from ideal gas behavior. It is a useful parameter in the equations of state for real gases
and helps in understanding the extent to which real gases differ from the ideal gas model.

Definition:

The compressibility factor is defined by the following equation:
Z=PVmMRTZ = \frac{P V_mH{R T}Z=RTPVm

Where:

e PPP = Pressure of the gas

e« VmV_mVm = Molar volume of the gas (Vn\frac{V}{n}nV, where VVV is the volume
and nnn is the number of moles)

e RRR = Universal gas constant

e TTT = Absolute temperature

Interpretation:

o ldeal Gas Behavior: For an ideal gas, ZZZ is equal to 1. This is because the ideal gas
law (PV=nRTPV = nRTPV=nRT) assumes that gases behave perfectly without
intermolecular forces and that gas molecules occupy no volume.

o Real Gas Behavior: For real gases, ZZZ typically deviates from 1. The value of ZZZ
indicates how much the gas deviates from ideal behavior:

o Z>1Z>1Z>1: The gas is less compressible than predicted by the ideal gas law.
This usually occurs at high pressures where repulsive intermolecular forces
dominate.

o Z<1Z < 1Z<1: The gas is more compressible than predicted by the ideal gas law.
This typically occurs at low temperatures and/or high pressures where attractive
intermolecular forces are significant.

Use in Equations of State:

The compressibility factor is used to correct the ideal gas law when dealing with real gases. It is
often incorporated into equations of state (EOS) to provide more accurate descriptions of gas
behavior.

Examples of Compressibility Factor Use:

1. Van der Waals Equation: The Van der Waals equation incorporates the compressibility
factor implicitly:

(P+an2V2)(V—nb)=nRT\left(P + a \frac{n"2}{V"2}\right) \left(\/ - nb\right) =
NRT(P+aV2n2)(V—nb)=nRT



Here, aaa and bbb are constants related to intermolecular forces and molecular volume,
respectively.

2. Generalized Compressibility Chart: The generalized compressibility chart plots the
compressibility factor against reduced pressure (PrP_rPr) and reduced temperature
(TrT_rTr). This chart is used to find ZZZ for a specific gas at given conditions.

Calculating the Compressibility Factor:

The compressibility factor can be determined using the generalized compressibility chart or from
more complex equations of state. For practical purposes:

1. Using Generalized Charts:
o Determine the reduced temperature (TrT_rTr) and reduced pressure (PrP_rPr) of
the gas: Tr=TTcT_r = \frac{T}{T _c}Tr=TcT Pr=PPcP_r = \frac{P}{P_c}Pr=PcP
o Locate TrT_rTr and PrP_rPr on the compressibility chart to find ZZZ.
2. Using Equations of State:
o Plug in the gas's specific parameters and conditions into the equation of state to
solve for ZZZ.

Example Calculation:
Assume you have a gas with the following properties:

e P=10atmP =10\, \text{atm}P=10atm

e Vm=0.5L/molV_m= 0.5\, \text{L/mol}Vm=0.5L/mol

e R=0.0821 L\cdotpatm/mol\cdotpKR = 0.0821 \,
\text{L-atm/mol-K}R=0.0821L\cdotpatm/mol\cdotpK

e T=300KT =300\, \text{K}T=300K

Calculate ZZZ:

Z=PVmRTZ = \frac{P V_m}{R T}Z=RTPVm

Z=(10 atm)(0.5 L/mol)(0.0821 L\cdotpatm/mol\cdotpK)(300 K)Z = \frac{(10 \, \text{atm}) (0.5,
\text{L/mol})}{(0.0821 \, \text{L-atm/mol-K}) (300 \,
\text{K})}Z=(0.0821L\cdotpatm/mol\cdotpK)(300K)(10atm)(0.5L/mol) Z=524.63Z =
\frac{5}{24.63}2=24.635 Z~0.203Z \approx 0.203Z~0.203

In this example, Z<1Z < 1Z<1, indicating that the gas is more compressible than predicted by the
ideal gas law under these conditions.



