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Introduction

If A Gas Has A Volume Of 1.25 L At A Temperature Of 300 K, What Will The Volume Change To If The

Container undergoes a temperature variation, understanding the principles that govern this change is

essential in thermodynamics and gas laws. The behavior of gases under different conditions can be

predicted accurately using fundamental gas laws, primarily the Ideal Gas Law. This law relates

pressure, volume, temperature, and the amount of gas, allowing us to determine how the volume of a

gas will change when temperature varies, assuming other factors remain constant. In this article, we

will explore the core concepts behind this problem, analyze the relevant equations, and demonstrate

step-by-step calculations to determine the new volume of the gas under different scenarios.

Fundamental Concepts in Gas Laws

The Ideal Gas Law

The Ideal Gas Law is the cornerstone for understanding the behavior of gases:

Equation: PV = nRT



Variables:

P = pressure of the gas (in atm, Pa, etc.)

V = volume of the gas (in liters, m³, etc.)

n = number of moles of gas

R = universal gas constant (8.314 J/mol·K or 0.0821 L·atm/mol·K)

T = temperature in Kelvin (K)

When the amount of gas (n) and pressure (P) are held constant, the relationship simplifies to the

combined gas law, which relates volume and temperature directly.

The Combined Gas Law

The combined gas law states:

Equation: (P₁ V₁) / T₁ = (P₂ V₂) / T₂

Assumption: Pressure remains constant during the process, simplifying to Charles's Law:

If pressure is constant, the relation reduces to:



V₁ / T₁ = V₂ / T₂

This indicates that the volume of a gas is directly proportional to its temperature when pressure and

amount of gas are constant.

Applying the Law to Determine Volume Change

Scenario 1: Temperature Increase or Decrease at Constant Pressure

Suppose we are given an initial volume (V₁) of 1.25 L at an initial temperature (T₁) of 300 K, and we

want to find the final volume (V₂) at a different temperature (T₂). The key is to use the relation:

V₁ / T₁ = V₂ / T₂

Rearranged to solve for V₂:

V₂ = V₁ × (T₂ / T₁)

This formula provides a straightforward way to compute the new volume if the temperature changes.

Scenario 2: Specific Temperature Change

Let’s consider an example where the temperature increases to 350 K:

V₂ = 1.25 L × (350 K / 300 K) = 1.25 L × 1.1667 ≈ 1.458 L

Similarly, if the temperature decreases to 250 K:



V₂ = 1.25 L × (250 K / 300 K) ≈ 1.25 L × 0.8333 ≈ 1.042 L

These calculations demonstrate how the volume varies proportionally with temperature.

Factors Affecting the Volume Change

Assumption of Constant Pressure

The above calculations assume the pressure remains constant during the temperature change. In real-

world situations, pressure may vary, affecting the volume change:

If pressure increases, the volume decreases for a given temperature.

If pressure decreases, the volume increases for a given temperature.

Amount of Gas (Number of Moles)

The calculations assume the amount of gas (n) remains constant. If gas is added or removed, the

change in volume will also depend on the amount of gas involved.

Real Gas Behavior

While the ideal gas law provides a close approximation, real gases deviate from ideal behavior at high



pressures or low temperatures. Corrections such as Van der Waals’ equation may then be necessary.

Practical Applications and Considerations

Industrial Processes

Understanding how gases expand or contract with temperature changes is crucial in designing

equipment such as:

Pressure vessels

Gas storage tanks

Engines and turbines

Environmental and Atmospheric Science

Studying how atmospheric gases respond to temperature variations helps in climate modeling and

weather prediction.

Laboratory Experiments

Accurate predictions of gas volume changes are essential for experimental setups involving gases at



different temperatures.

Summary and Key Takeaways

The volume of a gas at constant pressure varies directly with its absolute temperature, as per

Charles’s Law.

Using the relation V₂ = V₁ × (T₂ / T₁), we can calculate the new volume after a temperature

change.

Assumptions of constant pressure and gas amount are critical in these calculations; deviations

require more complex models.

Real-world applications emphasize the importance of understanding gas behavior under varying

conditions for safety, efficiency, and scientific accuracy.

Conclusion

Predicting the change in volume of a gas when temperature varies is fundamental in thermodynamics,

with practical implications across scientific, industrial, and environmental fields. Starting from the initial

conditions—such as a volume of 1.25 L at 300 K—and applying the principles of Charles’s Law, we can

accurately determine the new volume at any other temperature, provided pressure and the amount of

gas remain unchanged. Mastery of these concepts not only aids in solving theoretical problems but

also enhances our understanding of real-world systems where gases play a vital role.



Frequently Asked Questions

What is the main principle governing the change in gas volume with

temperature at constant pressure?

The main principle is Charles's Law, which states that the volume of a gas is directly proportional to its

temperature (in Kelvin) when pressure and amount are constant.

If a gas has a volume of 1.25 L at 300 K, what will its volume be at

330 K assuming pressure remains constant?

Using Charles's Law: V2 = V1 (T2 / T1) = 1.25 L (330 K / 300 K) = 1.375 L.

How does an increase in temperature affect the volume of a gas in a

sealed container?

An increase in temperature causes the gas particles to move faster, resulting in an increase in volume

if the pressure remains constant.

What assumptions are made when applying Charles's Law to this

problem?

It is assumed that the pressure and the amount of gas remain constant, and that the gas behaves

ideally within the temperature and pressure ranges involved.

Can the volume change be calculated if the temperature drops instead

of rises? How?

Yes, using the same formula: V2 = V1 (T2 / T1). If temperature decreases, T2 will be lower, resulting

in a decrease in volume accordingly.



What is the significance of using Kelvin temperature in this

calculation?

Kelvin temperature is used because Charles's Law relates volume and temperature in Kelvin, where

temperature is an absolute scale, ensuring proportional relationships are accurate.

Additional Resources

Understanding the Behavior of Gases: Volume Changes Under Variable Conditions

The behavior of gases under different conditions of temperature and pressure has long fascinated

scientists and engineers alike. Whether designing a chemical reactor, calculating the capacity of a gas

tank, or understanding atmospheric phenomena, predicting how a gas's volume responds to changing

parameters is fundamental. The question at hand — "If a gas has a volume of 1.25 L at a temperature

of 300 K, what will the volume change to if the container..." — exemplifies the core principles of gas

laws. This article aims to explore the underlying physics, mathematical relationships, and practical

implications involved in such calculations, providing a comprehensive overview for students,

professionals, and enthusiasts.

---

Fundamental Principles of Gas Behavior

The Ideal Gas Law

At the heart of predicting gas volume changes lies the Ideal Gas Law, a mathematical relationship that

correlates pressure (P), volume (V), temperature (T), and the amount of gas in moles (n):

\[ PV = nRT \]



- P = pressure (in atmospheres, Pa, or other units)

- V = volume (in liters, cubic meters, etc.)

- n = number of moles

- R = ideal gas constant (8.314 J/(mol·K))

- T = temperature (Kelvin)

This law assumes that gas particles are point masses with no intermolecular forces, an approximation

that holds well under many conditions but can deviate at high pressures or low temperatures.

Charles's Law: Volume-Temperature Relationship at Constant Pressure

One of the most relevant laws for the question is Charles's Law, which states:

At constant pressure and amount of gas, the volume of a gas is directly proportional to its temperature

in Kelvin.

Mathematically:

\[ \frac{V_1}{T_1} = \frac{V_2}{T_2} \]

where:

- \( V_1 \) and \( T_1 \) are the initial volume and temperature,

- \( V_2 \) and \( T_2 \) are the final volume and temperature.

This relationship provides a straightforward way to predict volume changes when temperature varies,

assuming pressure remains unchanged.

---



Conditions Influencing Gas Volume Changes

Before applying the laws, it is crucial to understand the conditions under which these laws are valid

and how different factors influence gas behavior.

Constant Pressure Scenario

If the pressure remains constant, Charles's Law applies directly. A change in temperature causes a

proportional change in volume, making the calculation simple and reliable under ideal conditions.

Variable Pressure Conditions

In real-world situations, pressure may change alongside temperature, requiring the combined gas law:

\[ \frac{P_1 V_1}{T_1} = \frac{P_2 V_2}{T_2} \]

which accounts for simultaneous changes in pressure and temperature.

Amount of Gas (Number of Moles)

The amount of gas (n) must remain constant for Charles's Law to apply directly. If gas is added or

removed, the calculation must consider this change, often necessitating the use of the ideal gas law in

its full form.

Non-Ideal Conditions

At very high pressures or low temperatures, gases deviate from ideal behavior, and corrections using

equations like Van der Waals' equation are necessary. For most practical purposes involving moderate

conditions, ideal assumptions suffice.



---

Applying the Law: Step-by-Step Calculation

Suppose we are given the initial state:

- Initial volume, \( V_1 = 1.25\, \text{L} \)

- Initial temperature, \( T_1 = 300\, \text{K} \)

and asked to find the new volume, \( V_2 \), at a different temperature, \( T_2 \).

Scenario Assumption: The question implies a change in temperature or other parameters, but since

the user’s prompt is incomplete, we will explore various typical scenarios and their calculations.

---

Case 1: Temperature Change at Constant Pressure

If, for example, the temperature changes from 300 K to 400 K, and pressure remains unchanged, then:

\[ V_2 = V_1 \times \frac{T_2}{T_1} \]

\[ V_2 = 1.25\, \text{L} \times \frac{400\, \text{K}}{300\, \text{K}} = 1.25\, \text{L} \times \frac{4}{3}

\approx 1.666\, \text{L} \]

Interpretation: The volume increases by approximately 33.3% when temperature increases from 300 K

to 400 K.

---



Case 2: Decrease in Temperature

If the temperature drops to 250 K:

\[ V_2 = 1.25\, \text{L} \times \frac{250\, \text{K}}{300\, \text{K}} \approx 1.25 \times 0.833 \approx

1.041\, \text{L} \]

Interpretation: The volume decreases proportionally with temperature, illustrating the direct relationship.

---

Case 3: Involvement of Pressure Changes

Suppose the initial state at 300 K and pressure \( P_1 \), and the pressure is increased or decreased

during the process. The combined gas law becomes necessary:

\[ V_2 = V_1 \times \frac{P_1}{P_2} \times \frac{T_2}{T_1} \]

For example, if the pressure doubles (\( P_2 = 2 P_1 \)) and temperature increases to 400 K:

\[ V_2 = 1.25\, \text{L} \times \frac{P_1}{2 P_1} \times \frac{400\, \text{K}}{300\, \text{K}} \]

\[ V_2 = 1.25\, \text{L} \times 0.5 \times \frac{4}{3} \approx 1.25 \times 0.5 \times 1.333 \approx 0.833\,

\text{L} \]

Implication: An increase in pressure reduces volume, but an increase in temperature counteracts this

to some extent.

---



Practical Applications and Real-World Examples

Understanding how gas volumes change with temperature or pressure is crucial in numerous

industries and scientific fields. Here are some common applications:

Aerospace Engineering

Designing spacecraft and aircraft fuel systems requires precise knowledge of how gases expand or

contract with temperature fluctuations at high altitudes and varying atmospheric conditions.

Chemical Manufacturing

Reactor designs often rely on calculations of gas volume changes to optimize reaction conditions,

ensure safety, and maximize yield.

Environmental Science

Modeling atmospheric gases and predicting the behavior of greenhouse gases under temperature

variations is vital in climate science.

Medical Applications

Medical gases stored in pressurized containers—like oxygen cylinders—must be accurately

characterized to ensure safe and effective delivery.

---



Limitations and Realistic Considerations

While the ideal gas law provides a foundation for calculations, real-world gases often deviate from

ideality, especially under extreme conditions.

Limitations include:

- High Pressure: Gases become non-ideal due to intermolecular forces.

- Low Temperature: Gases tend to liquefy or solidify, invalidating ideal assumptions.

- Complex Mixtures: Real systems often involve mixtures where interactions complicate behavior.

Corrections and advanced models such as Van der Waals' equation or real gas equations are used to

account for these deviations, but for many practical purposes, the ideal gas law remains sufficiently

accurate.

---

Conclusion: The Significance of Gas Law Calculations

The question of how a gas’s volume changes with temperature exemplifies fundamental principles in

thermodynamics and physical chemistry. By understanding and applying laws such as Charles's Law,

scientists and engineers can predict and manipulate gas behavior in diverse contexts. These

calculations are not only academically interesting but also practically essential across industries

ranging from aerospace to healthcare.

In summary, if a gas's volume is 1.25 liters at 300 K, increasing the temperature (assuming constant

pressure and amount of gas) will proportionally increase its volume. Conversely, decreasing the

temperature will result in a proportional decrease in volume. Recognizing the assumptions and

limitations underpinning these calculations ensures accurate, safe, and efficient application of gas laws

in real-world scenarios.



---
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