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What is the Formula for the Combined Gas Law? A
Comprehensive Guide

Ever wondered how pressure, volume, and temperature of a gas relate to each other? Understanding
the combined gas law is crucial in various scientific fields, from chemistry and physics to engineering.
This comprehensive guide will unravel the mysteries of the combined gas law, providing you with the
formula, explaining its derivation, and showing you how to use it effectively. We'll cover everything
you need to know to confidently tackle problems involving gas behavior.

Understanding the Building Blocks: Boyle's, Charles's, and
Gay-Lussac's Laws

Before diving into the combined gas law itself, it's essential to understand the three gas laws that
form its foundation:

Boyle's Law: This law states that at a constant temperature, the volume of a gas is inversely
proportional to its pressure. In simpler terms, if you increase the pressure on a gas, its volume
decreases, and vice versa. The formula representing Boyle's Law is: P1V1 = P2V

Charles's Law: Charles's Law dictates that at a constant pressure, the volume of a gas is directly
proportional to its absolute temperature (measured in Kelvin). So, if you increase the temperature of
a gas, its volume will increase proportionally, and vice versa. The formula is: Vi/T1 = V2/T2
Gay-Lussac's Law: This law states that at a constant volume, the pressure of a gas is directly

proportional to its absolute temperature. Similar to Charles's Law, increasing the temperature
increases the pressure, and vice versa. The formula is: P1/T1 = P2/T:

Deriving the Combined Gas Law Formula

The combined gas law is a powerful tool because it combines the relationships described by Boyle's,
Charles's, and Gay-Lussac's laws into a single equation. It allows us to predict the behavior of a gas
when all three variables (pressure, volume, and temperature) change simultaneously.

To derive the combined gas law, we start by considering a fixed amount of gas. We can combine
Boyle's, Charles's, and Gay-Lussac's Laws mathematically:

1. Start with Boyle's Law: P1V1 = P2V2

1. Incorporate Charles's Law: Since volume is directly proportional to temperature, we can modify



Boyle's Law to include temperature: (P1V1)/T1 = (P2V2)/T2

This final equation is the combined gas law formula:
(P1V1)/T1 = (P2V2)/T2
where:

P1 = initial pressure

V1 = initial volume

T1 = initial temperature (in Kelvin!)
P2 = final pressure

V2 = final volume

T2 = final temperature (in Kelvin!)

Using the Combined Gas Law: A Step-by-Step Guide

Let's walk through an example to solidify your understanding. Imagine you have a gas sample with an
initial pressure of 1 atm, a volume of 2 liters, and a temperature of 273 K. If the pressure is increased
to 2 atm and the temperature is increased to 373 K, what will the new volume be?

1. Identify your knowns:

P1=1atm
Vi=2L

T.=273K
P2 =2 atm
T2=373K

V2 = ? (This is what we need to find)

1. Plug the values into the combined gas law formula:

(Latm2L)/273K=(2atmVz2) /373K

1. Solve for Vz:

V2= (latm 2L 373K)/(273 K2 atm) = 1.37 L (approximately)

Therefore, the new volume of the gas will be approximately 1.37 liters.



Important Considerations When Using the Combined Gas Law

Units: Always ensure consistent units throughout your calculations. Pressure is commonly expressed
in atmospheres (atm), Pascals (Pa), or millimeters of mercury (mmHg). Volume is often in liters (L) or
cubic meters (m3). Crucially, temperature MUST be in Kelvin. To convert Celsius to Kelvin, add 273.15.

Ideal Gas Assumption: The combined gas law is based on the ideal gas law, which assumes that gas
molecules have negligible volume and do not interact with each other. This is a simplification, and
real gases may deviate from the ideal gas law, especially at high pressures and low temperatures.

Constant Amount of Gas: The combined gas law applies only when the amount of gas remains
constant throughout the process. If gas is added or removed, the equation won't accurately predict
the final conditions.

Conclusion

The combined gas law is a fundamental concept in chemistry and physics, providing a powerful tool
for understanding and predicting the behavior of gases under changing conditions. By understanding
its derivation from Boyle's, Charles's, and Gay-Lussac's laws and applying it correctly, you can
confidently solve problems involving pressure, volume, and temperature changes in gas systems.
Remember always to double-check your units and keep in mind the limitations of the ideal gas
assumption.

FAQs

1. What happens if | forget to convert Celsius to Kelvin? Your calculations will be significantly
inaccurate and likely yield a wrong answer. Kelvin is an absolute temperature scale, essential
for the combined gas law.

1. Can the combined gas law be used for mixtures of gases? While the combined gas law works
well for a single gas, it becomes more complex for mixtures. You would need to consider the
partial pressures of each gas in the mixture.

1. Are there any alternative equations for describing gas behavior? Yes, the ideal gas law (PV =
nRT) provides a more comprehensive description, particularly when the amount of gas (n)
changes.

1. What are some real-world applications of the combined gas law? It's used in weather balloons,
scuba diving calculations, and various industrial processes involving gas handling.



1. How does the combined gas law relate to the ideal gas law? The combined gas law is a
simplified form of the ideal gas law, applicable when the number of moles of the gas remains
constant. The ideal gas law is more general and includes the number of moles as a variable.
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