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Understanding the behavior of gases and liquids under various conditions 1is
fundamental in chemical engineering, physical chemistry, and thermodynamics.
One key concept in this domain is the virial equation of state, which
provides a more accurate description of real gases than the ideal gas law by
accounting for intermolecular interactions. Among the virial coefficients,
the second virial coefficient (B) plays a significant role in determining the
deviation of a gas from ideality. The Pitzer correlation offers a practical
method to estimate this coefficient based on temperature and other
parameters, which in turn can be utilized to find the molar volume of
substances. This article delves into the methodology of using the Pitzer
correlation for the second virial coefficient to calculate molar volume,
providing comprehensive insights into the process, relevant equations, and
practical applications.

Understanding Virial Equation of State and The
Second Virial Coefficient

The virial equation of state is a series expansion that relates pressure,
volume, and temperature of a real gas:

\[ PV =RT\left( 1 + \frac{B(T)}{V.m} + \frac{C(T)}{V m™2} + \dots \right)
\1

Where:

- \( P \) = pressure

- \( V\) = volume

- \( R\) = universal gas constant

- \( T \) = temperature

- \( V.m\) = molar volume

- \( B(T) \), \( C(T) \), ... = virial coefficients dependent on temperature

The second virial coefficient \( B(T) \) accounts for pairwise interactions
between molecules and is crucial for understanding deviations from ideal
behavior. Accurate estimation of \( B(T) \) allows for better prediction of
molar volume under specified conditions.



The Pitzer Correlation: An Empirical Approach
to \( B(T) \)

Developed by Kenneth S. Pitzer, the Pitzer correlation provides an empirical
formula to estimate the second virial coefficient as a function of
temperature:

\[ B(T) = a + \frac{b}{T} + \frac{c}{T"2} \]

Where:

- \( a, b, c\) = substance-specific parameters obtained from experimental
data

- \( T \) = temperature in Kelvin

This quadratic form allows the calculation of \( B(T) \) at temperatures
where experimental data might be sparse, making it a practical tool in
thermodynamic calculations.

Determining Parameters for the Pitzer Correlation

The parameters \( a, b, ¢ \) are typically derived from experimental
measurements of \( B(T) \) at various temperatures. They are obtained through
regression analysis of the data points. Once these parameters are known, the
correlation can be used to estimate \( B(T) \) across a range of
temperatures.

Common sources for these parameters include:
- Thermodynamic property databases

- Published literature

- Experimental measurements

For example, for a specific gas such as carbon dioxide (CO:2), the parameters
might be listed as:

| Parameter | Value | Units |
[nmee RERESEREE RERERERE |
| a | -160.0 | cm3/mol |

| b | 2000.0 | cm3-K/mol |

| ¢ | -50000.0 | cm3-K?/mol |

(Note: These are illustrative values; actual parameters should be obtained
from reliable sources.)

Calculating the Second Virial Coefficient Using



Pitzer Correlation

To compute \( B(T) \), follow these steps:
1. Identify or obtain the parameters \( a, b, ¢ \) for the substance of
interest.
2. Input the temperature \( T \) in Kelvin.

3. Calculate \( B(T) \) using the Pitzer correlation formula:

\[ B(T) = a + \frac{b}{T} + \frac{c}{T"2} \]
For example, if \( T = 300\,K \) and the parameters are as above:

\[ B(300) -160 + \frac{2000}{300} + \frac{-50000}{300"2} \]
\[ B(300) = -160 + 6.67 - 0.556 \]
\[ B(300) \approx -153.89\, \text{cm}"3/\text{mol} \]

This value indicates the extent of molecular interactions at 300 K.

Using \( B(T) \) to Find Molar Volume

The virial equation can be rearranged to solve for molar volume \( V.m \):
\[ PV.m=RT\left( 1 + \frac{B(T)}{V_m} \right) \]

When considering only the second virial coefficient, the equation simplifies
to:

N\[PVm=RT+RTB(T) /V.m\]

Rearranging:

\[PVmM2-RTVm-RTB(T) =0 \]

This quadratic equation in \( V.m \):

\[ V.m"2 - \frac{R T}{P} V.m - \frac{R T B(T)}{P} = 0 \]
can be solved using the quadratic formula:

\[ V.m = \frac{\frac{R T}{P} \pm \sqrt{\left( \frac{R T}{P} \right)"2 + 4
\times \frac{R T B(T)}{P}}}{2} \I



Choosing the positive root (since volume must be positive):

\[ V.m = \frac{\frac{R T}{P} + \sqrt{\left( \frac{R T}{P} \right)"2 + 4
\times \frac{R T B(T)}{P}}}{2} \I

Example Calculation:

Suppose:

-\(P 10\, \text{atm} \)

- \( T = 300\,K\)

0.082057\, \text{L-atm/(mol:K)} \)

(T) = -153.89\, \text{cm}"3/\text{mol} \) (from previous calculation)

- \(R
-\(B
First, convert \( B(T) \) to liters:

\[ -153.89\, \text{cm}"3/\text{mol} = -0.15389\, \text{L/mol} \]

Calculate:

\[ \frac{R T}{P} = \frac{0.082057 \times 300}{10} = 2.4617\, \text{L/mol} \]

Calculate discriminant:

\[ \left( 2.4617 \right)~2 + 4 \times 2.4617 \times (-0.15389) \]
\[ = 6.059 + (-1.512) = 4.547 \]

Square root:
\[ \sqrt{4.547} \approx 2.134\, \text{L/mol} \]
Finally, molar volume:

\[ V.m = \frac{2.4617 + 2.134}{2} = \frac{4.5957}{2} \approx 2.2979\,
\text{L/mol} \]

This molar volume reflects the behavior of the gas at the specified
conditions, incorporating intermolecular interactions via \( B(T) \).

Practical Applications and Considerations

Using the Pitzer correlation to estimate the second virial coefficient and
molar volume is invaluable in various fields:

e Design of Chemical Processes: Accurate molar volume calculations aid in
reactor design, fluid flow analysis, and equipment sizing.

e Thermodynamic Property Estimation: Helps in predicting phase equilibria,
densities, and compressibility factors.



e Simulation and Modeling: Enhances the accuracy of computational models
involving real gases.

Important considerations include:

- The accuracy of \( B(T) \) depends on the quality of the parameters \( a,
b, c\).

- The Pitzer correlation is empirical; deviations may occur at extreme
temperatures or pressures.

- For high-precision applications, experimental data or more complex models
may be required.

Limitations and Advanced Topics

While the Pitzer correlation provides a straightforward means of estimating
\( B(T) \), it has limitations:

- It is primarily valid within the temperature range of experimental data
used for parameter fitting.

- It does not account for higher-order interactions explicitly.

- For complex or associating molecules (e.g., water, alcohols), more
sophisticated models or additional virial coefficients may be necessary.

Advanced topics include:

- Incorporating higher virial coefficients (C, D, etc.) for better accuracy.
- Extending models to high-pressure regimes.
- Using molecular simulation data to refine empirical correlations.

Conclusion

The methodology of using the correlation for the second virial coefficient,
specifically the Pitzer correlation, is a powerful tool in thermodynamics for
estimating molar volumes of gases and liquids under various conditions. By
determining the parameters \( a, b, ¢ \) from experimental data, engineers
and scientists can accurately calculate \( B(T) \), which then feeds into the
virial equation to find the molar volume. This process enables better design,
optimization, and understanding

Frequently Asked Questions



What is the purpose of using the Pitzer correlation
for the second virial coefficient?

The Pitzer correlation provides an empirical method to estimate the second
virial coefficient, which helps in predicting the molar volume and behavior
of gases and liquids under different conditions, especially where
experimental data are limited.

How is the correlation between the second virial
coefficient and molar volume established?

The correlation involves relating the second virial coefficient to molar
volume through equations derived from thermodynamic principles, often using
empirical parameters fitted to experimental data, such as the Pitzer
correlation formula.

What parameters are typically needed to apply the
Pitzer correlation for the second virial
coefficient?

Parameters include temperature-dependent coefficients, interaction parameters
specific to the substance, and sometimes critical properties like critical
temperature and pressure, which are used in the empirical correlation
formulas.

How do temperature and pressure influence the
calculation of molar volume using the Pitzer
correlation?

Temperature and pressure directly affect the second virial coefficient;
through the Pitzer correlation, these variables influence the estimated molar
volume by modifying the empirical parameters to account for thermal and
pressure effects on molecular interactions.

Can the Pitzer correlation be used for all gases and
liquids? Why or why not?

While versatile, the Pitzer correlation is most accurate for gases and
liquids within the temperature and pressure ranges for which it was
developed. Its applicability may be limited for complex or highly non-ideal
systems outside these ranges.

What are the typical steps to find the molar volume
using the Pitzer correlation?

The steps include calculating or obtaining the second virial coefficient



using the correlation equations, then applying the virial equation of state
to solve for molar volume, often iteratively if necessary.

How does the second virial coefficient relate to
molecular interactions in a substance?

The second virial coefficient quantifies the pairwise interactions between
molecules—positive values indicate repulsion dominates, while negative values
suggest attraction—affecting the volumetric behavior of the substance.

What are common challenges when using the Pitzer
correlation to find molar volume?

Challenges include accurately determining the empirical parameters, ensuring
the temperature and pressure are within valid ranges, and accounting for
deviations in highly non-ideal systems or mixtures.

How does the Pitzer correlation improve the
prediction of thermodynamic properties over ideal
gas assumptions?

By incorporating molecular interactions through the second virial
coefficient, the Pitzer correlation provides a more realistic estimate of
molar volume and other properties, especially at non-ideal conditions,
improving upon the ideal gas law's limitations.

Additional Resources

Using The Correlation For The Second Virial Coefficient (Pitzer Correlation):
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Understanding the thermodynamic behavior of gases is fundamental in chemical
engineering, physical chemistry, and related fields. Among various
parameters, the second virial coefficient plays a crucial role in describing
deviations from ideal gas behavior, especially at moderate pressures and
temperatures. The correlation for the second virial coefficient (Pitzer
correlation) provides a practical means to estimate this coefficient based on
temperature and molecular properties. Leveraging this correlation allows us
to determine the molar volume of gases under specific conditions, which is
vital for designing processes, calibrating instruments, or understanding gas-
phase phenomena. In this guide, we will explore how to use the Pitzer
correlation for the second virial coefficient to find the molar volume of a
gas, step by step.

Introduction to the Second Virial Coefficient



The virial equation of state expresses the pressure (P) of a real gas as a
power series expansion in terms of molar volume (V m):

\[ PV m=RT + B(T)P + C(T)P"2 + \dots \]

Alternatively, it can be written as:

\[ \frac{PV_m}{RT} = 1 + \frac{B(T)}{V._m} + \frac{C(T)}{V m"2} + \dots \]
where:

) = pressure

\) = molar volume

= universal gas constant

= absolute temperature

\) = second virial coefficient
\)

= third virial coefficient, etc.

1
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The second virial coefficient \( B(T) \) accounts for pairwise interactions
between molecules. Its value indicates whether the gas exhibits attractive or
repulsive interactions. For ideal gases, \( B(T) = 0 \). For real gases, \(

B(T) \) varies with temperature, and knowing it helps predict deviations from
ideality.

The Pitzer Correlation for the Second Virial Coefficient

The Pitzer correlation offers an empirical or semi-empirical method to
estimate \( B(T) \) based on temperature and molecular properties. It is
particularly popular for non-polar gases and has been extended for various
substances.

General Form of Pitzer Correlation

The typical form of the Pitzer correlation for \( B(T) \) is:

\[ B(T) = b 0 + \frac{b 1}{T} + \frac{b 2}{7T72} \]

where:

-\(b® b1l b2\)=-empirical constants specific to each gas
- \( T \) = temperature in Kelvin

Alternatively, more detailed formulations may include additional parameters,
but the core idea remains to relate \( B(T) \) to temperature via fitted
constants.

Obtaining the Constants

Constants \( b 0, b 1, b 2 \) are typically obtained from experimental data



or literature values. They are tabulated for many gases, often in
thermodynamic reference texts or scientific papers.

Step-by-Step Guide: Using the Pitzer Correlation to Find Molar Volume
Step 1: Gather Required Data

Before starting calculations, you need:

- The temperature \( T \) at which you want to find the molar volume.
- The pressure \( P \) of the gas.

- The empirical constants \( b 0, b 1, b 2 \) for the specific gas.

- The ideal gas constant \( R \) (8.314 J/mol-K).

Step 2: Calculate \( B(T) \) Using the Pitzer Correlation

Insert the temperature into the correlation:

\[ B(T) = b 0 + \frac{b 1}{T} + \frac{b 2}{T"2} \]

Ensure units are consistent; typically, \( B(T) \) will be in units of m3/mol
or L-mol\(~{-1}\).

Step 3: Use the Virial Equation to Find Molar Volume
The virial equation relates pressure, molar volume, and virial coefficients:
\[ PV m=RT + B(T) P \I

Rearranged to solve for \( V.m \):

\[ V.m = \frac{RT + B(T) P}{P} = RT/P + B(T) \]
Thus:
\[ V.m = \frac{RT}{P} + B(T) \I

This approximation assumes that higher-order terms (like \( C(T) \)) are
negligible at the conditions considered, which is valid at moderate pressures
and temperatures.

Step 4: Calculate Molar Volume

Plug in the known values:

- \( R \): universal gas constant

- \( T \): temperature in Kelvin

- \( P \): pressure in consistent units (Pa, bar, etc.)
- \( B(T) \): from Step 2



Ensure units are compatible; typically, if \( P \) is in Pa and \( R \) in
J/mol-K, then \( V.m \) will be in m3/mol.

Step 5: Interpret the Result
The calculated molar volume reflects the deviation from ideality due to

molecular interactions. Comparing it to the ideal molar volume \( V_{ideal} =
RT/P \) reveals the extent of real gas behavior.

Practical Example: Calculating Molar Volume of Methane at 300 K and 10 MPa

Suppose you want to find the molar volume of methane (CHs4) at 300 K and 10
MPa pressure.

Step 1: Known Data
- Temperature \( T = 300\,K \)

- Pressure \( P = 10\,MPa = 10"7\,Pa \)
- Constants for methane (example values):

-160\, \text{cm}"3/\text{mol} \)
= 120\, \text{cm}”3 \cdot K/\text{mol} \)
-30\, \text{cm}"3 \cdot K™2/\text{mol} \)

1
~ - -
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Convert constants to SI units:

- \( 1\,\text{cm}"3 = 1 \times 107{-6}\,\text{m}"3 \)

Thus:

-\( b 0 =-160 \times 10°{-6} = -1.6 \times 10~{-4}\, \text{m}"3/\text{mol}
\)

- \( b 1=120 \times 10"{-6} = 1.2 \times 107{-4}\, \text{m}"3 \cdot

K/\text{mol} \)
-\( b 2= -30 \times 10"{-6}
K~2/\text{mol} \)

-3 \times 107{-5}\, \text{m}"3 \cdot

Step 2: Calculate \( B(T) \)

\[ B(300\,K) = -1.6 \times 10"{-4} + \frac{1l.2 \times 10"{-4}}{300} +
\frac{-3 \times 107{-5}}{(300)"2} \]

Calculate each term:

( \frac{1.2 \times 10"{-4}}{300} = 4 \times 10~{-7} \)

-\
- \( \frac{-3 \times 107{-5}}{90000} = -3.33 \times 107{-10} \)

Total:



\[ B(300\,K) \approx -1.6 \times 10°{-4} + 4 \times 10"{-7} - 3.33 \times
107~{-10} \approx -1.596 \times 10~{-4}\, \text{m}"3/\text{mol} \]

Step 3: Calculate \( V.m \)

Using:

\[ V.m = \frac{RT}{P} + B(T) \]
Where:

- \( R =8.314\, J/(mol \cdot K) \)
- \( T = 300\,K \)

- \( P =10"7\,Pa \)

Calculate ideal molar volume:

\[ V _{ideal} = \frac{8.314 \times 300}{10"7} = \frac{2494.2}{10"7} = 2.494
\times 10~{-4}\, \text{m}"3/\text{mol} \]

Add \( B(T) \):

\[ V.m= 2.494 \times 107{-4} + (-1.596 \times 10"{-4}) = 8.98 \times
10~{-5}\, \text{m}"3/\text{mol} \]

Result:

The molar volume of methane at 300 K and 10 MPa is approximately 8.98 x
10\ (~{-5}\) m3/mol, or about 89.8 mL/mol.

Considerations and Limitations

- Accuracy of Constants: The precision of your molar volume estimate depends
on the accuracy of the empirical constants \( b 0, b 1, b 2 \). Always use
the most reliable data sources.

- Applicability

Using The Correlation For The Second Virial Coefficient Pitzer
Correlation Find The Molar Volume Of

Using The Correlation For The Second Virial Coefficient Pitzer Correlation Find The Molar Volume
Of


https://sip.evo9x.com/ma28/using-the-correlation-for-the-second-virial-coefficient-pitzer-correlation-find-the-molar-volume-of.pdf
https://sip.evo9x.com/ma28/using-the-correlation-for-the-second-virial-coefficient-pitzer-correlation-find-the-molar-volume-of.pdf

Related Articles

e A 0.0780 Kg Lemming Runs Off A 5.36 M High CIiff At 4.84 M/s. What Is Its Kinetic Energy
When It's 2.00

e What Uac Mode Allows For A Program To Prompt For Permissions And Extensive Access When
Required, While

e Which Absolute Value Function, When Graphed, Will Be Wider Than The Graph Of The Parent
Function, F(x)

Back to Home


https://sip.evo9x.com/ma28/a-0-0780-kg-lemming-runs-off-a-5-36-m-high-cliff-at-4-84-m-s-what-is-its-kinetic-energy-when-it-s-2-00.pdf
https://sip.evo9x.com/ma28/a-0-0780-kg-lemming-runs-off-a-5-36-m-high-cliff-at-4-84-m-s-what-is-its-kinetic-energy-when-it-s-2-00.pdf
https://sip.evo9x.com/ma28/what-uac-mode-allows-for-a-program-to-prompt-for-permissions-and-extensive-access-when-required-while.pdf
https://sip.evo9x.com/ma28/what-uac-mode-allows-for-a-program-to-prompt-for-permissions-and-extensive-access-when-required-while.pdf
https://sip.evo9x.com/ma28/which-absolute-value-function-when-graphed-will-be-wider-than-the-graph-of-the-parent-function-f-x.pdf
https://sip.evo9x.com/ma28/which-absolute-value-function-when-graphed-will-be-wider-than-the-graph-of-the-parent-function-f-x.pdf
https://sip.evo9x.com

