
combined gas law example problems
combined gas law example problems are essential for understanding the relationship between
pressure, volume, and temperature in gas systems when the amount of gas remains constant. This
fundamental principle in chemistry and physics allows for the prediction of how a gas will behave
when subjected to changes in its environment. The combined gas law integrates Boyle’s Law,
Charles’s Law, and Gay-Lussac’s Law into a single formula, making it a versatile tool for solving real-
world problems involving gases. Throughout this article, various combined gas law example problems
will be explored to enhance comprehension and application skills. Readers will gain insight into
solving these problems step-by-step, ensuring clarity in the use of the formula and units. Additionally,
the discussion will include common mistakes to avoid and tips for accurate calculations. This
comprehensive guide will serve students, educators, and professionals seeking a deeper
understanding of gas laws and their practical implementations.
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Understanding the Combined Gas Law
The combined gas law is a fundamental equation in thermodynamics and physical chemistry that
describes the behavior of a fixed amount of gas under varying conditions of pressure, volume, and
temperature. It combines the three individual gas laws: Boyle’s Law (pressure-volume relationship),
Charles’s Law (volume-temperature relationship), and Gay-Lussac’s Law (pressure-temperature
relationship). The formula is expressed as:

(P₁ × V₁) / T₁ = (P₂ × V₂) / T₂

where P represents pressure, V represents volume, and T represents temperature in Kelvin. The
subscripts 1 and 2 refer to the initial and final states of the gas, respectively. This equation assumes
the amount of gas (number of moles) remains constant. Understanding this law is crucial for
predicting how gases respond to changes in environmental conditions and for solving related
quantitative problems.

Key Variables in the Combined Gas Law
Each variable in the combined gas law plays a specific role:

Pressure (P): The force exerted by gas particles on the walls of the container, typically
measured in atmospheres (atm), pascals (Pa), or millimeters of mercury (mmHg).



Volume (V): The space occupied by the gas, usually expressed in liters (L) or milliliters (mL).

Temperature (T): The average kinetic energy of gas particles, measured in Kelvin (K). It is
crucial to convert temperatures from Celsius to Kelvin before calculations by adding 273.15.

When to Use the Combined Gas Law
The combined gas law is applicable when the amount of gas is constant but two or more of the
pressure, volume, and temperature variables change simultaneously. It is especially useful in
scenarios where direct measurement of one state is missing and must be determined based on initial
conditions. Typical applications include gas behavior in syringes, balloons, car tires, and weather
balloons.

Step-by-Step Approach to Solving Combined Gas Law
Problems
Solving combined gas law example problems requires a systematic method to ensure accuracy and
clarity. The following steps outline the process:

Identify the Known Variables: Determine the initial and final pressures (P₁, P₂), volumes (V₁,1.
V₂), and temperatures (T₁, T₂). Ensure temperature values are in Kelvin.

Write the Combined Gas Law Equation: Use (P₁ × V₁) / T₁ = (P₂ × V₂) / T₂ as the working2.
formula.

Substitute Known Values: Plug the known variables into the equation. Leave the unknown3.
variable as a symbol.

Rearrange for the Unknown: Algebraically solve the equation to isolate the unknown4.
variable.

Calculate the Result: Perform the arithmetic carefully to obtain the value of the unknown5.
variable.

Check Units and Reasonableness: Verify that all units are consistent and that the result6.
makes logical sense.

Example of Unit Conversion
Before solving any problem, convert all temperatures to Kelvin by adding 273.15 if given in Celsius.
For instance, 25°C becomes 298.15 K. Similarly, ensure pressures and volumes are in consistent units
for comparison.



Common Mistakes to Avoid

Failing to convert temperatures to Kelvin before calculations.

Mixing pressure units without converting them to the same system.

Incorrectly rearranging the equation for the unknown variable.

Neglecting to verify if the amount of gas is constant before applying the combined gas law.

Common Combined Gas Law Example Problems
This section presents several practical combined gas law example problems with detailed solutions to
illustrate the application of the formula in different contexts.

Problem 1: Calculating Final Volume
Problem: A gas has an initial volume of 2.0 L at a pressure of 1.0 atm and temperature of 300 K. If
the pressure increases to 2.0 atm and the temperature rises to 400 K, what is the final volume of the
gas?

Solution:

Identify variables: P₁ = 1.0 atm, V₁ = 2.0 L, T₁ = 300 K, P₂ = 2.0 atm, T₂ = 400 K, V₂ = ?1.

Apply combined gas law: (P₁ × V₁) / T₁ = (P₂ × V₂) / T₂2.

Rearrange for V₂: V₂ = (P₁ × V₁ × T₂) / (P₂ × T₁)3.

Substitute values: V₂ = (1.0 atm × 2.0 L × 400 K) / (2.0 atm × 300 K) = (800) / (600) = 1.33 L4.

The final volume of the gas is 1.33 liters.

Problem 2: Determining Final Pressure
Problem: A 5.0 L gas container at 300 K has a pressure of 1.5 atm. The gas is heated to 450 K, and
the volume decreases to 4.0 L. What is the final pressure?

Solution:

Identify variables: P₁ = 1.5 atm, V₁ = 5.0 L, T₁ = 300 K, V₂ = 4.0 L, T₂ = 450 K, P₂ = ?1.

Apply combined gas law: (P₁ × V₁) / T₁ = (P₂ × V₂) / T₂2.

Rearrange for P₂: P₂ = (P₁ × V₁ × T₂) / (T₁ × V₂)3.



Substitute values: P₂ = (1.5 atm × 5.0 L × 450 K) / (300 K × 4.0 L) = (3375) / (1200) = 2.81 atm4.

The final pressure of the gas is 2.81 atmospheres.

Problem 3: Finding Final Temperature
Problem: A balloon initially has a volume of 3.0 L at 1.0 atm and 290 K. It is compressed to 2.0 L, and
the pressure increases to 1.5 atm. What is the final temperature of the gas?

Solution:

Identify variables: P₁ = 1.0 atm, V₁ = 3.0 L, T₁ = 290 K, P₂ = 1.5 atm, V₂ = 2.0 L, T₂ = ?1.

Apply combined gas law: (P₁ × V₁) / T₁ = (P₂ × V₂) / T₂2.

Rearrange for T₂: T₂ = (P₂ × V₂ × T₁) / (P₁ × V₁)3.

Substitute values: T₂ = (1.5 atm × 2.0 L × 290 K) / (1.0 atm × 3.0 L) = (870) / (3.0) = 290 K4.

The final temperature remains 290 Kelvin, indicating that despite changes in pressure and volume,
the temperature did not change in this scenario.

Tips and Best Practices for Accurate Calculations
Achieving precision and accuracy in combined gas law example problems requires adherence to
several best practices and careful attention to detail throughout the problem-solving process.

Maintain Consistent Units
Always convert temperature to Kelvin and ensure pressure and volume units are compatible. Mixing
units can lead to incorrect results. For example, do not combine atmospheres with millimeters of
mercury without proper conversion.

Double-Check Calculations and Algebraic Manipulation
Carefully rearrange the combined gas law formula to solve for the unknown variable. Errors in
algebraic manipulation are common and can compromise the solution. Reviewing each step helps
prevent mistakes.

Use Significant Figures Properly
Report answers with the correct number of significant figures based on the precision of the given
data. This practice ensures the scientific integrity of calculations.



Verify Results for Physical Plausibility
Check whether the computed values make sense in the context of the problem. For example, if
pressure increases, volume should typically decrease if temperature remains constant, according to
Boyle’s Law.

Convert all temperatures to Kelvin before substitution.

Use consistent units for pressure and volume.

Rearrange the equation methodically to isolate the unknown.

Calculate carefully and check for arithmetic errors.

Interpret results in the context of physical gas behavior.

Frequently Asked Questions

What is the combined gas law formula used in example
problems?
The combined gas law formula is (P1 × V1) / T1 = (P2 × V2) / T2, where P is pressure, V is volume,
and T is temperature in Kelvin.

How do you solve a combined gas law problem when given
initial and final pressures, volumes, and temperatures?
Use the formula (P1 × V1) / T1 = (P2 × V2) / T2. Substitute the known values, convert temperatures
to Kelvin, and solve for the unknown variable.

Can you provide a simple example problem using the
combined gas law?
Sure! If a gas has P1 = 2 atm, V1 = 3 L, T1 = 300 K, and changes to V2 = 6 L, T2 = 400 K, find P2.
Using (2 × 3)/300 = (P2 × 6)/400, solve for P2 to get P2 = 1 atm.

Why must temperature be in Kelvin when solving combined
gas law problems?
Temperature must be in Kelvin because the gas laws are based on absolute temperature, which starts
at absolute zero (0 K). Using Celsius or Fahrenheit would give incorrect results.



How do you handle combined gas law problems when
pressure is given in different units?
Convert all pressures to the same unit before using the formula. Common units are atmospheres
(atm), pascals (Pa), or mmHg.

What is a real-world example where the combined gas law is
applied?
The combined gas law can be used to predict how a balloon's volume changes with altitude as
pressure and temperature vary.

How do you check your answer in a combined gas law
example problem?
Check that all units are consistent, temperatures are in Kelvin, and that the final value is reasonable
given the changes in variables.

Can the combined gas law be used if the amount of gas
changes?
No, the combined gas law assumes a constant amount of gas. If the amount changes, use the ideal
gas law instead.

How do you approach a combined gas law problem with
missing temperature values?
If temperature is missing, you cannot solve the problem directly with the combined gas law. You must
be given or calculate the temperature to apply the formula correctly.

Additional Resources
1. Mastering Combined Gas Law: Problem-Solving Strategies
This book offers a comprehensive collection of example problems focused on the combined gas law,
helping students understand how pressure, volume, and temperature interact in gaseous systems.
Each chapter provides step-by-step solutions, making it ideal for learners who want to reinforce their
grasp of gas laws through practice. It also includes real-world applications to demonstrate the
relevance of these concepts in everyday scenarios.

2. Combined Gas Law Workbook: Practice Problems and Solutions
Designed as a hands-on workbook, this title presents a wide range of combined gas law problems with
varying difficulty levels. Students can work through problems that cover theoretical concepts and
practical applications, with detailed solutions to aid self-study. The book is perfect for high school and
introductory college chemistry courses.

3. Applied Gas Laws: Combined Gas Law Examples and Exercises



Focusing on the practical use of gas laws in chemistry and physics, this guide provides numerous
examples that integrate the combined gas law with related principles. It includes exercises that
challenge readers to apply formulas in different contexts, enhancing problem-solving skills. The
explanations emphasize conceptual understanding alongside mathematical calculations.

4. Gas Law Problem Solver: Combined Gas Law Edition
This problem solver book is tailored for students seeking quick and clear solutions to combined gas
law problems. It breaks down complex questions into manageable steps and explains the reasoning
behind each calculation. The book also covers common pitfalls and tips to avoid mistakes in solving
gas law equations.

5. Understanding the Combined Gas Law Through Examples
Aimed at beginners, this book introduces the combined gas law with straightforward examples and
illustrations. It explains the relationship between pressure, volume, and temperature in gases,
followed by practical problems to reinforce learning. The clear, accessible language makes it suitable
for students new to the subject.

6. Combined Gas Law in Chemistry: Worked Examples and Practice
This text provides a focused approach to gas law problems encountered in chemistry courses,
emphasizing the combined gas law. It includes worked examples that demonstrate key concepts and
encourage critical thinking. Practice sections allow students to test their understanding and prepare
for exams.

7. Step-by-Step Combined Gas Law Problems for Students
Offering a methodical approach, this book guides readers through solving combined gas law problems
one step at a time. It highlights the importance of unit conversions and formula rearrangements in
finding solutions. The book is ideal for learners who benefit from detailed explanations and
incremental problem difficulty.

8. Real-Life Applications of the Combined Gas Law: Example Problems
This book connects theory with practice by presenting combined gas law problems based on real-life
situations, such as weather balloons and scuba diving. It helps students see the practical significance
of gas laws beyond the classroom. Each problem is accompanied by thorough explanations and
solution strategies.

9. Advanced Combined Gas Law Problems and Solutions
Targeted at advanced students, this book contains challenging combined gas law problems that
require higher-level reasoning and integration of multiple concepts. The solutions are detailed and
encourage analytical thinking, making it suitable for those preparing for competitive exams or
advanced coursework. It also includes tips for efficient problem-solving techniques.
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