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Understanding the final temperature of a gas sample when it undergoes a
change in volume is a fundamental concept in thermodynamics and chemistry.
Specifically, when dealing with ammonia gas, which is widely used in
industrial applications, refrigeration, and scientific research, accurately
determining the final temperature after a change in conditions is crucial. In
this article, we will explore the principles involved in calculating the
final temperature of ammonia gas that initially occupies 250 mL, examining
the relevant laws, formulas, and factors that influence the outcome.

Fundamentals of Gas Behavior and Thermodynamics

Before delving into the specifics of ammonia gas, it’s important to
understand the foundational principles governing gas behavior. Gases tend to
expand and contract based on temperature, pressure, and volume, following
well-established physical laws.

Ideal Gas Law
The ideal gas law is the cornerstone in predicting the behavior of gases
under various conditions:

Formula: PV = nRT

Variables: P = pressure, V = volume, n = number of moles, R = universal
gas constant, T = temperature in Kelvin

This law assumes gases behave ideally, meaning their particles do not
interact and occupy no volume themselves. While real gases deviate slightly,
ammonia often behaves close to ideal under many conditions.

Charles’s Law
This law states that at constant pressure, the volume of a gas is directly
proportional to its temperature:



Formula: V1/T1 = V2/T2

It allows us to predict how the volume will change with temperature if the
pressure remains unchanged.

Boyle’s Law
This law states that at constant temperature, the volume of a gas varies
inversely with pressure:

Formula: P1V1 = P2V2

In this article, our focus will primarily be on Charles’s law, assuming
constant pressure and moles of gas.

Scenario Overview: Ammonia Gas Volume and
Conditions

Let’s define the initial conditions and the problem's parameters:

Initial volume (V1): 250 mL

Initial temperature (T1): To be specified or assumed

Final volume (V2): To be specified or assumed

Pressure: Assumed constant unless stated otherwise

Number of moles (n): Remains unchanged

To accurately determine the final temperature, we need to know either the
change in volume or the final volume after some process, such as compression
or expansion.

Note: Since the problem statement appears incomplete ("A"), we will assume a
typical scenario where the ammonia gas undergoes a volume change at constant
pressure and the initial temperature is known. For illustrative purposes,
let’s assume the initial temperature is 25°C (298 K), and the volume changes
from 250 mL to a new volume. We will explore calculations based on different



volume changes.

Calculating the Final Temperature of Ammonia
Gas

The primary method for calculating the final temperature involves using
Charles’s law, provided the pressure remains constant. The law relates
initial and final states:

V1/T1 = V2/T2

Rearranged to solve for T2:

T2 = V2 × T1 / V1

This formula indicates that if the volume increases, the temperature also
increases proportionally, assuming constant pressure.

Step-by-Step Calculation

Suppose:

- Initial volume, V1 = 250 mL
- Initial temperature, T1 = 25°C = 298 K
- Final volume, V2 = 500 mL (for example)

Applying Charles’s law:

V2: 500 mL

T1: 298 K

Calculate T2:

T2 = (V2 × T1) / V1
T2 = (500 mL × 298 K) / 250 mL
T2 = (149000) / 250
T2 = 596 K

Convert back to Celsius:



T2°C = T2 - 273.15 ≈ 596 - 273.15 ≈ 322.85°C

Result: The final temperature of the ammonia gas would be approximately 323°C
if the volume doubles from 250 mL to 500 mL at constant pressure and initial
temperature of 25°C.

Important: This illustrates that an increase in volume at constant pressure
leads to a proportional increase in temperature.

Factors Affecting Final Temperature

In real-world scenarios, several factors can influence the final temperature
of ammonia gas during volume change:

1. Pressure Variations
If pressure is not held constant, Boyle’s law no longer applies directly.
Additional calculations involving combined gas laws are necessary:

Use the combined law: (P1V1)/T1 = (P2V2)/T2

2. Heat Exchange with Environment
In many practical situations, the gas may exchange heat with surroundings,
resulting in temperature changes not solely dictated by volume.

3. Non-Ideal Gas Behavior
At high pressures or low temperatures, ammonia may deviate from ideal
behavior, requiring corrections using real gas equations like Van der Waals.

Real-World Applications and Implications

Understanding the final temperature of ammonia gas has numerous applications:

Industrial Refrigeration: Ammonia is widely used as a refrigerant.
Knowing how temperature varies with volume helps in designing efficient
cooling systems.

Chemical Manufacturing: Precise control of temperature and volume



ensures safety and efficiency during chemical reactions involving
ammonia.

Laboratory Experiments: Accurate calculations of gas behavior are
essential for research and educational purposes.

Furthermore, safety considerations are paramount. Ammonia is toxic and
corrosive; knowing its temperature and pressure conditions helps prevent
accidents.

Summary and Key Takeaways

- The final temperature of ammonia gas during a volume change can be
predicted using Charles’s law, assuming constant pressure and number of
moles.
- The fundamental formula relates initial and final states: T2 = V2 × T1 /
V1.
- An increase in volume at constant pressure results in an increase in
temperature proportionally.
- Real-world factors like pressure changes, heat exchange, and non-ideal
behavior can influence the outcome.
- Accurate calculations are vital in industrial, scientific, and safety
contexts involving ammonia.

Conclusion

Determining the final temperature of a sample of ammonia gas as it undergoes
volume changes is an essential aspect of thermodynamics and chemical
engineering. By understanding and applying the principles of the ideal gas
law and Charles’s law, scientists and engineers can predict how ammonia will
behave under various conditions, ensuring safety, efficiency, and precision
in applications ranging from refrigeration to chemical synthesis. Whether
dealing with laboratory experiments or large-scale industrial processes,
mastering these calculations enables better control and understanding of
ammonia’s physical properties.

If additional information, such as the final volume or specific initial
conditions, is provided, more precise calculations can be performed. Always
consider environmental factors and real gas behaviors for complex scenarios
to ensure accurate and safe operation.



Frequently Asked Questions

What is the final temperature of ammonia gas if its
volume changes from 250 mL under constant pressure?
To determine the final temperature, additional information such as the
initial temperature, initial pressure, and the final volume is needed. Using
the ideal gas law (PV = nRT), if the amount of gas and pressure are constant,
the temperature is directly proportional to volume. Without these details,
the final temperature cannot be precisely calculated.

How does the volume change of ammonia gas relate to
its temperature?
According to Charles's Law, the volume of a gas is directly proportional to
its temperature (in Kelvin) at constant pressure and amount of gas. So, if
the volume increases, the temperature increases proportionally, and vice
versa.

What additional data is needed to find the final
temperature of ammonia gas in this scenario?
You need the initial temperature, initial volume (which is given as 250 mL),
initial pressure, and the final volume after the change. With these, you can
apply gas law equations to find the final temperature.

Can the final temperature of ammonia gas be
calculated without knowing the initial temperature?
No, the initial temperature is essential because the relationship between
volume and temperature depends on the starting point. Without the initial
temperature, it’s impossible to determine the final temperature precisely.

If the ammonia gas's volume increases from 250 mL to
500 mL at constant pressure, what is the final
temperature?
Assuming initial temperature T₁ and applying Charles's Law: V₁/T₁ = V₂/T₂. If
V₁=250 mL, V₂=500 mL, then T₂ = (V₂/V₁) T₁ = 2 T₁. Without the initial
temperature T₁, the exact final temperature cannot be found, only that it
doubles.

What is the ideal gas law formula used to calculate



changes in temperature related to volume?
The ideal gas law is PV = nRT. When pressure (P), amount of gas (n), and gas
constant (R) are constant, the relationship simplifies to V/T = constant,
which can be used to relate initial and final states: V₁/T₁ = V₂/T₂.

How does pressure affect the final temperature
calculation of ammonia gas with volume change?
If pressure is not constant, then Boyle's law and other gas laws would need
to be applied, making the calculation more complex. The most straightforward
calculations assume constant pressure; otherwise, additional data about
pressure changes are required.

Why is it important to convert temperatures to
Kelvin when solving gas law problems?
Because temperatures in gas law equations must be in absolute terms (Kelvin).
Using Celsius or Fahrenheit can lead to incorrect results since these scales
do not start at absolute zero, which is essential for proportional
relationships.

What assumptions are typically made when calculating
the final temperature of a gas sample in these
problems?
Assumptions include that the gas behaves ideally, the pressure remains
constant, the amount of gas does not change, and the temperature changes are
uniform throughout the sample.

Can real-world deviations from ideal gas behavior
affect the calculation of the final temperature?
Yes, real gases can deviate from ideal behavior, especially at high pressures
or low temperatures. These deviations can cause the actual final temperature
to differ from the calculated value based on ideal gas laws.

Additional Resources
Understanding the Final Temperature of Ammonia Gas: A Detailed Exploration of
Thermodynamic Principles and Practical Calculations

In the realm of chemistry and thermodynamics, predicting the final
temperature of a gas after a series of changes is a foundational yet complex
task. When examining ammonia gas—a compound with significant industrial and
scientific applications—determining its final temperature after a process



involving volume change is crucial for safety, efficiency, and theoretical
understanding. This article delves into the key factors, principles, and
calculations involved in ascertaining the final temperature of ammonia gas
when its initial volume, temperature, and other conditions are specified or
can be estimated. Through an analytical approach, we will explore the
underlying physics, relevant equations, assumptions, and practical
implications to provide a comprehensive understanding of this thermodynamic
problem.

---

Introduction to Ammonia Gas and Thermodynamic
Processes

What Is Ammonia Gas?
Ammonia (NH₃) is a colorless, pungent gas composed of nitrogen and hydrogen.
It is widely used as a fertilizer, refrigerant, and in chemical syntheses.
Due to its properties, ammonia exhibits significant vapor pressure and is
highly reactive under certain conditions. Its behavior under changing
temperature and pressure is governed by the ideal gas law under many
circumstances, though deviations occur at high pressures or low temperatures.

Thermodynamic Processes Involving Gases
The behavior of gases during thermodynamic processes depends on the nature of
the change—whether it is isothermal (constant temperature), adiabatic (no
heat exchange), isobaric (constant pressure), or isochoric (constant volume).
Understanding these processes is key to predicting how the final temperature
of a gas changes when its volume or other parameters are altered.

---

Fundamental Principles and Equations

Ideal Gas Law
The ideal gas law provides a baseline for relating pressure (P), volume (V),
temperature (T), and amount of substance (n):

\[ PV = nRT \]

where:



- \( P \) = pressure,
- \( V \) = volume,
- \( n \) = number of moles,
- \( R \) = universal gas constant (8.314 J/mol·K),
- \( T \) = temperature in Kelvin.

This equation assumes the gas behaves ideally, which is a valid approximation
for ammonia under many typical conditions.

Relationship Between Volume and Temperature
For a fixed amount of gas undergoing a process at constant pressure
(isobaric), the volume and temperature are directly proportional:

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

Similarly, during an adiabatic process, the relationship becomes more
complex, involving the specific heat capacities and the adiabatic index (\(
\gamma \)):

\[ TV^{\gamma - 1} = \text{constant} \]

Understanding which process occurs is essential for accurate calculation.

Assumptions for Simplification
In practical calculations, the following assumptions are often made:
- The gas behaves ideally.
- The process is either isothermal or adiabatic unless specified otherwise.
- The amount of ammonia remains constant.
- External influences such as heat exchange or phase change are negligible
unless explicitly considered.

---

Scenario Analysis: Determining the Final
Temperature

Suppose we are given the initial conditions of the ammonia gas sample but not
the final temperature explicitly. A typical problem might involve the gas
initially occupying 250 mL at a certain temperature and undergoing a volume
change—either expansion or compression—leading to a new volume, from which we
need to find the final temperature.

Let's define a common scenario:



- Initial volume \( V_1 = 250\, \text{mL} \)
- Initial temperature \( T_1 \) (say, 300 K for illustration)
- Final volume \( V_2 \) (say, 500 mL, implying expansion)
- The process occurs at constant pressure (for simplicity)
- The amount of gas remains unchanged

Given these, the goal is to calculate the final temperature \( T_2 \).

---

Step-by-Step Calculation Approach

1. Convert Volumes to Consistent Units
Typically, volumes are converted into liters for compatibility with SI units:

\[ V_1 = 0.250\, \text{L} \]
\[ V_2 = 0.500\, \text{L} \]

2. Apply the Ideal Gas Law Relationship
Under constant pressure and amount of gas, the relation between initial and
final states is:

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

Rearranged to find the final temperature:

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

Plugging in the numbers:

\[ T_2 = 300\, \text{K} \times \frac{0.500\, \text{L}}{0.250\, \text{L}} =
300\, \text{K} \times 2 = 600\, \text{K} \]

This indicates that if the gas expands from 250 mL to 500 mL at constant
pressure, its temperature doubles from 300 K to 600 K.

3. Validating the Assumptions and Conditions
- This calculation assumes an ideal gas behavior.
- It presumes the process is isobaric (constant pressure).
- No heat exchange or phase changes occur.
- The process is quasi-static, allowing thermodynamic equations to be applied
accurately.



---

Real-World Considerations and Complexities

While the simplified model provides a clear pathway for calculation, real
systems often involve complexities that require more nuanced approaches.

Non-Ideal Gas Behavior
At high pressures or low temperatures, ammonia exhibits deviations from
ideality due to intermolecular forces and molecular volume. The Van der Waals
equation can be used to account for these effects:

\[ \left( P + \frac{a}{V_m^2} \right) (V_m - b) = RT \]

where:
- \( V_m \) = molar volume,
- \( a \) and \( b \) are substance-specific constants.

Applying Van der Waals corrections would modify the relationship between
volume and temperature, often requiring iterative numerical methods.

Heat Exchange and Non-Adiabatic Processes
In realistic scenarios, heat exchange with surroundings can significantly
influence the temperature change. For example:
- If the process is adiabatic, no heat is exchanged, and the temperature
change depends purely on the volume change.
- If heat is exchanged with the environment, the final temperature will
depend on the heat transfer rate, process duration, and thermal properties.

Phase Changes and Chemical Reactions
Ammonia can liquefy or react under certain conditions, complicating
temperature predictions. Ensuring the process remains in the gaseous phase is
critical for the validity of ideal gas assumptions.

---

Practical Implications and Safety
Considerations

Understanding the final temperature of ammonia gas has tangible safety and



operational implications in industrial settings:

- Refrigeration Systems: Ammonia is a common refrigerant; knowing temperature
changes during expansion or compression is vital for system design.
- Chemical Manufacturing: Temperature predictions guide reaction conditions
and safety protocols.
- Storage and Transportation: Maintaining appropriate temperature and
pressure limits prevents leaks or explosions.

Operators and engineers must account for thermodynamic principles when
designing equipment, setting safe operating parameters, and troubleshooting
processes involving ammonia gas.

---

Conclusion: The Broader Significance of
Thermodynamic Calculations

Determining the final temperature of ammonia gas after a volume change
exemplifies fundamental thermodynamic principles that underpin chemical
engineering, environmental science, and safety engineering. While simplified
models like the ideal gas law enable quick estimates, real-world applications
demand consideration of non-ideal behavior, heat transfer, and phase
stability. Mastery of these concepts ensures that scientists and engineers
can predict, control, and optimize processes involving ammonia and other
gases, balancing efficiency with safety.

In sum, the calculation of the final temperature hinges on understanding the
initial conditions, the nature of the process, and the physical properties of
ammonia. Whether for academic purposes or industrial applications, these
insights form the backbone of responsible and effective chemical process
management.
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