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

using henrys law to calculate the solubility of a gas is a fundamental concept in chemistry and
environmental science that helps us understand how gases dissolve in liquids under different
conditions. Whether you’re studying how oxygen dissolves in water to support aquatic life or analyzing
carbon dioxide absorption in carbonated beverages, Henry’s Law provides a straightforward way to
quantify gas solubility based on pressure. In this article, we’ll dive deep into the principles behind
Henry’s Law, explore how to apply it for calculating gas solubility, and discuss practical examples and

considerations that make this law invaluable in real-world applications.

What is Henry’s Law?

Henry’s Law is a principle that describes the relationship between the pressure of a gas above a liquid
and the concentration of that gas dissolved in the liquid. Simply put, it states that the amount of gas

dissolved in a liquid is directly proportional to the partial pressure of that gas in contact with the liquid.
Mathematically, Henry’s Law can be expressed as:

\[
C =k H\times P
\]

Where:
- \(C\) is the solubility of the gas in the liquid (often expressed as mol/L or molarity)
- \(k_H\) is Henry’s Law constant (specific to the gas-liquid pair and temperature)

- \(P\) is the partial pressure of the gas above the liquid



This formula captures the essence of gas solubility: increase the pressure of the gas, and more of it

dissolves in the liquid.

Understanding Henry’s Law Constant

The Henry’s Law constant, \(k_H\), varies depending on the gas in question, the solvent, and
especially the temperature. For example, carbon dioxide has a different \(k_H\) value in water
compared to oxygen or nitrogen. Moreover, as temperature increases, gases typically become less

soluble, which means \(k_H\) changes with temperature as well.
When working with Henry’s Law, it’s important to refer to the correct constant for your specific system

and conditions. Tables of Henry’s Law constants are widely available in chemistry handbooks and

scientific literature.

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

Now that we understand the basics of Henry’s Law, let’s focus on the practical aspect: how to

calculate the solubility of a gas using this law.

Step 1: ldentify the Gas and Solvent

Before any calculation, determine the gas involved and the liquid solvent. Most commonly, water is the
solvent, but Henry’s Law applies to other liquids as well. Knowing the solvent is crucial because the

Henry’s Law constant depends on this pairing.



Step 2: Find the Henry’s Law Constant

Next, acquire the appropriate Henry’s Law constant for your gas-solvent combination. This constant
can either be given or looked up. For example, the Henry’s Law constant for oxygen in water at 25°C

is approximately \(1.3 \times 10”{-3} \, mol/(L \cdot atm)\).

Step 3: Measure or Set the Gas Pressure

Determine the partial pressure of the gas above the liquid. In atmospheric conditions, this is the partial
pressure of the gas in the air. For controlled environments like pressurized tanks or carbonated

beverages, the pressure might be higher, increasing solubility.

Step 4: Apply Henry’s Law Equation

With the constant and pressure known, calculate the solubility:

\[
C =k H\times P
\]

For example, if oxygen is at 0.21 atm (partial pressure in air) and \(k_H = 1.3 \times 10"{-3} \, mol/(L

\cdot atm)\), then:
\[
C = 1.3 \times 107{-3} \times 0.21 = 2.73 \times 10"{-4} \, mol/L

\

This means about 0.000273 moles of oxygen dissolve per liter of water under these conditions.



Step 5: Adjust for Temperature (if needed)

Since temperature affects gas solubility, it’s important to adjust the Henry’s Law constant if your
conditions differ from those at which the constant was tabulated. Many sources provide equations or

tables to calculate \(k_H\) at different temperatures.

Real-World Examples of Using Henry’s Law to Calculate Gas

Solubility

Oxygen Solubility in Aquatic Environments

Aquatic organisms depend on dissolved oxygen for survival. Environmental scientists use Henry’s Law
to estimate oxygen levels in lakes, rivers, and oceans. By measuring atmospheric oxygen pressure
and water temperature, they calculate how much oxygen dissolves in water, indicating the health of the

ecosystem.

For example, in colder water, oxygen is more soluble because \(k_H\) increases as temperature
decreases. This is why cold mountain streams often have higher oxygen concentrations than warm

tropical waters.

Carbonated Beverages and COD Solubility

Carbonated drinks are a classic example of Henry’s Law in action. Carbon dioxide is dissolved in the
beverage under high pressure. When you open a soda bottle, the pressure above the liquid drops

suddenly, causing COD solubility to decrease and the gas to escape as bubbles.



Calculating the amount of dissolved COD involves the gas’s partial pressure and Henry’s Law
constant for COD in water. Beverage manufacturers carefully control pressure and temperature to

ensure the drink has the desired level of carbonation.

Industrial Gas Absorption Processes

Many industrial processes rely on absorbing gases into liquids for purification or chemical reactions.
For instance, scrubbing COD from flue gases in power plants involves gas-liquid contact where
Henry’s Law helps engineers design efficient systems by predicting how much COD dissolves at given

pressures.

Factors Affecting the Accuracy of Henry’s Law Calculations

While Henry’s Law provides a powerful tool for estimating gas solubility, some real-world factors can

complicate calculations.

Non-ldeal Behavior of Gases and Liquids

Henry’s Law assumes gases behave ideally and that the system is at equilibrium. At high pressures or
in complex mixtures, gases might deviate from ideal behavior, requiring corrections using fugacity or

activity coefficients.

Temperature and Salinity Effects

As mentioned, temperature has a significant impact on gas solubility. Additionally, dissolved salts in

water (salinity) reduce the solubility of gases—a phenomenon known as the salting-out effect. This



means Henry’s Law constants for seawater differ from those for pure water.

Chemical Reactions with the Solvent

Some gases chemically react with the solvent, altering the effective solubility. For example, COD
reacts with water to form carbonic acid, which affects its concentration beyond simple physical

dissolution described by Henry’s Law.

Tips for Effectively Using Henry’s Law in Calculations

- Always verify the units of the Henry’s Law constant to ensure consistency with pressure and
concentration units in your calculations.

- Use temperature-corrected \(k_H\) values, especially if working outside standard lab conditions.

- Remember that Henry’s Law applies best at low gas concentrations and pressures; for high-pressure
systems, consider real gas behavior models.

- When dealing with mixtures of gases, apply Henry’s Law to each gas individually using their partial
pressures.

- Consult reliable sources or databases for accurate Henry’s Law constants tailored to your gas and

solvent of interest.

Why Understanding Gas Solubility Matters

Grasping how to calculate gas solubility using Henry’s Law is more than an academic exercise. It has
tangible impacts on environmental monitoring, industrial processes, medical applications (like oxygen
therapy), and even culinary arts. For example, scuba divers rely on understanding gas solubility to

prevent decompression sickness, while breweries control COD levels to perfect their beer.



By mastering Henry’s Law and its application, you gain insight into a vital physical phenomenon that

connects gas pressures, liquid chemistry, and temperature in a simple yet profound way.

Exploring the solubility of gases through Henry’s Law opens doors to countless practical applications

and a deeper appreciation of how gases interact with liquids around us every day.

Frequently Asked Questions

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

Henry's Law states that at a constant temperature, the solubility of a gas in a liquid is directly
proportional to the partial pressure of the gas above the liquid. Mathematically, it is expressed as C =

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

How do you use Henry's Law to calculate the solubility of a gas at a
given pressure?

To calculate the solubility of a gas using Henry's Law, multiply the Henry's Law constant (kH) for the
gas-liquid pair at the given temperature by the partial pressure (P) of the gas: C = kH * P. The result,

C, gives the concentration or solubility of the gas in the liquid.

What units are commonly used for Henry's Law constant when
calculating gas solubility?

Henry's Law constant (kH) can have different units depending on the form of the equation. Common
units include mol/(L-atm) for concentration-based constants or atm-L/mol for pressure-based constants.

It's important to use consistent units for pressure and concentration when performing calculations.



How does temperature affect the solubility of a gas according to
Henry's Law?

Henry's Law constant varies with temperature; typically, the solubility of gases decreases as
temperature increases. This means that at higher temperatures, gases are less soluble in liquids, and

this effect must be accounted for by using the temperature-specific Henry's Law constant.

Can Henry's Law be used for all gases and solvents to calculate
solubility?

Henry's Law is most accurate for gases that do not chemically react with the solvent and at relatively
low gas concentrations. For gases that react or at high pressures, deviations occur, and Henry's Law

may not accurately predict solubility.

How do you determine the Henry's Law constant for a specific gas-
liquid pair?

Henry's Law constants are typically determined experimentally and can be found in chemical reference
tables or literature. They depend on the gas, solvent, and temperature, so it's important to use the

constant specific to the conditions of your system.

What is an example calculation of gas solubility using Henry's Law?

For example, if the Henry's Law constant for oxygen in water at 25°C is 1.3 x 10*-3 mol/(L-atm) and
the partial pressure of oxygen is 0.21 atm, the solubility C = kH * P = (1.3 x 10*-3) * 0.21 = 2.73 x
107-4 mol/L. This means 2.73 x 10”-4 moles of oxygen dissolve per liter of water under these

conditions.



Additional Resources

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

Using Henry's law to calculate the solubility of a gas is a fundamental concept in physical chemistry
and environmental science that allows researchers and professionals to predict how gases behave
when dissolved in liquids under varying pressure conditions. This principle underpins numerous
applications, from understanding oxygen levels in aquatic ecosystems to optimizing industrial gas
absorption processes. By leveraging the quantitative relationship defined by Henry’s law, scientists can
estimate the concentration of a dissolved gas in a liquid phase, which is essential for both theoretical

modeling and practical problem-solving.

Understanding Henry’s Law: The Foundation of Gas Solubility

Calculations

Henry’s law, first formulated by William Henry in 1803, states that at a constant temperature, the
amount of a gas dissolved in a liquid is directly proportional to the partial pressure of that gas above

the liquid. Mathematically, this relationship is expressed as:
C=kHxP
Where:
¢ C is the solubility of the gas in the liquid (often expressed in mol/L or molarity)

¢ k_H is Henry’s law constant specific to the gas-liquid pair and temperature

e P is the partial pressure of the gas above the liquid



This straightforward equation provides a quantitative framework for predicting gas solubility, assuming

ideal conditions such as constant temperature and no chemical reactions between the gas and solvent.

The Role of Henry’s Law Constant (k_H)

The Henry’s law constant, k_H, is pivotal in calculating solubility. It varies significantly depending on
the gas, the solvent, and the temperature. For example, oxygen in water at 25°C has a k_H value
roughly around 1.3 x 10*-3 mol/(L-atm), whereas carbon dioxide has a much higher solubility, reflected

in a smaller k_H value (approximately 3.3 x 10”-2 mol/(L-atm) at the same temperature).

The units of k_H can differ based on the representation—some use mol/(L-atm), others might use
atm-L/mol—so it is critical to maintain consistency in calculations. Moreover, temperature dependence
is often described using the van ’t Hoff equation or empirical data, as solubility generally decreases

with increasing temperature for most gases.

Practical Applications of Using Henry's Law to Calculate the

Solubility of a Gas

Calculating gas solubility using Henry’s law is indispensable in many fields. In environmental science,
it helps to assess oxygen availability in water bodies, which influences aquatic life sustainability.
Industrial processes such as carbonation of beverages or gas scrubbing systems also rely on precise

gas solubility estimations to optimize efficiency and safety.

Environmental Impact and Monitoring

For aquatic ecosystems, the solubility of oxygen determines the health and viability of fish and other



organisms. By applying Henry’s law, environmental engineers can calculate dissolved oxygen levels
based on atmospheric pressure and temperature, enabling them to predict hypoxic conditions or the
effects of pollution. This predictive capacity is crucial for water quality management and regulatory

compliance.

Industrial Gas Absorption and Chemical Engineering

In chemical engineering, processes like gas absorption in solvents often use Henry’s law as a starting
point for design calculations. For example, removing carbon dioxide from natural gas streams involves
understanding CO2 solubility in various solvents at different pressures. Accurate solubility estimates
help in selecting solvent types and operating conditions to maximize absorption while minimizing

energy costs.

Factors Influencing the Accuracy of Solubility Calculations

Using Henry’s Law

While Henry’s law provides an elegant and simple relationship, its practical application requires

consideration of several factors that may influence accuracy.

Temperature Dependence

As temperature rises, gas molecules gain kinetic energy, reducing their tendency to dissolve. This
means Henry’s law constant is not truly constant but changes with temperature. Ignoring this can lead

to significant errors, particularly in processes operating over broad temperature ranges.



Non-ldeal Solutions and Gas Reactions

Henry’s law assumes the gas does not chemically react with the solvent. However, gases like carbon
dioxide can react with water to form carbonic acid, altering solubility dynamics. In such cases, simply

using Henry’s law underestimates the total dissolved gas concentration.
Furthermore, at high pressures or concentrations, deviations from ideal behavior occur. Intermolecular

interactions can cause non-linear solubility responses, necessitating more complex models or

correction factors.

Step-by-Step Guide to Calculating Gas Solubility Using Henry’s

Law

For practitioners intending to apply Henry’s law in real-world scenarios, a systematic approach ensures

clarity and accuracy.
1. Identify the gas and solvent: Determine the specific gas-liquid system, as Henry’s constants vary
accordingly.

2. Obtain the Henry’s law constant (k_H): Use reliable literature sources or databases for the

temperature of interest.

3. Measure or determine the partial pressure (P): This is usually the partial pressure of the gas

above the solution, often in atmospheres (atm).
4. Apply the equation C = k_H x P: Calculate the solubility in appropriate units.

5. Adjust for temperature if necessary: Use temperature correction formulas or data to refine k_H



values.

6. Consider chemical reactions or non-idealities: Account for possible gas-solvent interactions that

could affect solubility.

This process helps ensure that the solubility values derived from Henry’s law are as accurate and

useful as possible.

Comparing Henry’s Law with Other Gas Solubility Models

While Henry’s law is widely used due to its simplicity, other models exist that may provide better
accuracy in certain contexts. For example, the Krichevsky-Kasarnovsky equation accounts for pressure
effects beyond ideal gas assumptions, and thermodynamic models like the Peng-Robinson equation of

state can predict gas solubility in complex mixtures.

However, these models are often more computationally intensive and require additional parameters,
making Henry’s law the preferred initial tool for many applications due to its balance of simplicity and

reasonable accuracy.

Challenges and Limitations in Applying Henry’s Law

Despite its utility, using Henry’s law to calculate the solubility of a gas is not without challenges. The
assumption of ideality limits its precision in real-world systems where temperature, pressure, and
chemical interactions vary. Additionally, accurate determination of the Henry’s law constant is

sometimes difficult, especially for less common gases or novel solvents.

In environmental conditions, fluctuating temperature and pressure, combined with biological activity,



can alter gas solubility beyond the scope of Henry’s law predictions. In industrial settings, scaling up
from laboratory measurements to process scale can introduce discrepancies due to mixing

inefficiencies or impurities.

Nonetheless, the law remains a cornerstone for initial estimates and modeling, guiding further detailed

investigations when necessary.

Ultimately, using Henry's law to calculate the solubility of a gas remains a critical tool in science and
engineering. Its straightforward proportionality enables clear understanding and practical calculations
that inform decisions across diverse fields, from environmental monitoring to chemical manufacturing.
While recognizing its assumptions and limitations is essential, Henry’s law continues to provide
foundational insights into gas-liquid interactions that shape both natural phenomena and technological

processes.
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