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Using Henry's Law to Calculate the Solubility of a Gas

Understanding how gases dissolve in liquids has profound implications in various fields, from
environmental science to engineering and even culinary arts. One fundamental principle that governs
this process is Henry's Law. This article delves into the specifics of Henry's Law, its mathematical

formulation, and its applications in calculating the solubility of gases in liquids.

What is Henry's Law?

Henry's Law states that at a constant temperature, the amount of gas that dissolves in a liquid is
directly proportional to the partial pressure of that gas above the liquid. This relationship is crucial for
understanding phenomena such as carbonation in beverages, the behavior of gases in aquatic

environments, and the design of gas absorption systems.

The law is typically expressed with the following formula:

\[

C =k H\cdot P
\]

Where:

- \(C\) = concentration of the dissolved gas (in moles per liter, mol/L)
- \(k_H\) = Henry's Law constant (in mol/(L-atm) or similar units, depending on the gas and solvent)

- \(P\) = partial pressure of the gas above the liquid (in atmospheres, atm)



The Importance of Henry's Law Constant

The Henry's Law constant (\(k_H\)) varies for different gases and solvents, as well as with
temperature. It is essential for accurate calculations of gas solubility. The values for \(k_H\) can usually
be found in scientific literature or databases.
There are a few factors that influence the value of \(k_H\):

* Type of Gas: Different gases will have different solubility behaviors. For example, carbon dioxide

is more soluble in water than oxygen.

e Temperature: Generally, as temperature increases, the solubility of gases decreases. This is why

warm soda goes flat faster than cold soda.

» Solvent Properties: The nature of the solvent (polarity, viscosity, etc.) can also affect the

solubility of gases.

Applications of Henry's Law

Henry's Law is widely applied in various scientific and industrial fields:
1. Environmental Science: Understanding how gases like oxygen and carbon dioxide dissolve in
water bodies is vital for assessing aquatic life and water quality.

2. Chemical Engineering: Gas absorption and stripping processes are optimized using Henry's Law

to ensure efficient separation and purification methods.



3. Beverage Industry: The carbonation of drinks relies on the principles outlined by Henry's Law to

maintain desired levels of dissolved carbon dioxide.

4. Medical Applications: In respiratory therapies, the solubility of gases in bodily fluids is essential

for understanding gas exchange and diffusion processes.

Calculating the Solubility of a Gas Using Henry's Law

To calculate the solubility of a gas using Henry's Law, follow these steps:

Step 1: Determine the Partial Pressure

Identify the partial pressure of the gas above the liquid. This might be obtained from experimental data

or controlled conditions in a laboratory setting.
For example, if the partial pressure of carbon dioxide in a sealed container is 2 atm, that is the value

you will use in your calculations.

Step 2: Find the Henry's Law Constant

Consult scientific literature for the value of the Henry's Law constant for the gas of interest in the

specific solvent at the relevant temperature.

For instance, at 25°C, the \(k_H\) for carbon dioxide in water is approximately 3.3 x \(10M{-2}\)

mol/(L-atm).



Step 3: Apply Henry's Law Formula

Substituting the values into the Henry’s Law equation:

\[
C =Kk H\cdot P
\]

Using our example values:
- \(k_H\) (for COD) = 3.3 x \(10*{-2}\) mol/(L-atm)
-\(P\) = 2 atm

The calculation becomes:

\[
C = (3.3 \times 10M{-2} \, \text{mol/(L-atm)}) \cdot (2 \, \text{atm}) = 0.066 \, \text{mol/L}
\]

Thus, the solubility of carbon dioxide in water under these conditions would be approximately 0.066

mol/L.

Step 4: Consider Temperature Effects

It is essential to note that if the temperature changes, the Henry's Law constant will also change.

Therefore, recalculating the solubility at different temperatures may yield different results.

For instance, if the temperature rises to 30°C, the \(k_H\) for COD might decrease to 2.9 x \(10°{-2}\)

mol/(L-atm). Repeating the previous calculation with the new \(k_H\) gives:



\[
C = (2.9 \times 10M-2} \, \text{mol/(L-atm)}) \cdot (2 \, \text{atm}) = 0.058 \, \text{mol/L}

\

This illustrates how temperature impacts gas solubility in liquids.

Limitations of Henry's Law

While Henry's Law is a powerful tool, it does have limitations:

* Non-ldeal Conditions: The law assumes ideal gas behavior and may not hold under high

pressures or concentrations.

¢ Interactions: The law does not account for interactions between solute molecules once dissolved

in the solvent.

¢ Applicability Range: Henry's Law is primarily applicable to dilute solutions. For concentrated

solutions, deviations from the law can occur.

Conclusion

Henry's Law provides a critical framework for understanding the solubility of gases in liquids. By
utilizing the law's mathematical model and constants, scientists and engineers can predict how gases
behave under varying conditions, contributing to advancements in environmental science, chemical
engineering, and beyond. As we continue to explore the interactions between gases and liquids,

Henry's Law remains an essential principle that helps us navigate the complexities of solubility.



Frequently Asked Questions

What is Henry's Law and how is it used to calculate the solubility of a
gas?

Henry's Law states that the amount of gas that dissolves in a liquid at a given temperature is
proportional to the partial pressure of that gas above the liquid. The formula is S = kH P, where S is

the solubility, kH is the Henry's Law constant, and P is the partial pressure of the gas.

What factors affect the value of Henry's Law constant (kH)?

The value of Henry's Law constant (kH) is influenced by factors such as temperature, the nature of the
gas, and the solvent used. Generally, kH decreases with increasing temperature, meaning gases are

less soluble at higher temperatures.

How can Henry's Law be applied in real-world scenarios, such as
carbonated beverages?

In carbonated beverages, carbon dioxide is dissolved under high pressure. When the bottle is opened,
the pressure decreases, leading to a decrease in solubility as per Henry's Law, which causes the gas

to escape, resulting in fizz.

How do you determine the solubility of oxygen in water using Henry's
Law?

To determine the solubility of oxygen in water, you would measure the partial pressure of oxygen
above the water and use the Henry's Law constant for oxygen in water at the specific temperature to

calculate solubility using the formula S = kH P.



What is the significance of temperature in the application of Henry's
Law?

Temperature plays a crucial role in the application of Henry's Law. As temperature increases, the
solubility of gases typically decreases due to higher kinetic energy of molecules, which allows gases to

escape more easily from the liquid.

Can Henry's Law be used to predict the solubility of all gases in all
solvents?

No, Henry's Law is not universally applicable. It is most accurate for dilute solutions and ideal gases. It
may not hold true for gases that undergo chemical reactions in solution or for solvents that interact

strongly with the gas.
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