If The Pressure Of Each Gas Is Increased At
Constant Temperature Until Condensation
Occurs, Which Gas

If The Pressure Of Each Gas Is Increased At Constant Temperature Until Condensation
Occurs, Which Gas

Understanding the behavior of gases under varying conditions is fundamental in chemistry,
particularly when examining phase changes such as condensation. When a gas is subjected to
increased pressure at a constant temperature, its molecules are forced closer together, which can
lead to a phase transition from gas to liquid — a process known as condensation. The question
arises: which gas is most likely to condense first under these conditions? To answer this, we need to
explore the factors influencing condensation, the properties of gases, and the principles governing
their behavior under pressure.

Fundamental Concepts of Gas Behavior and
Condensation

Before delving into specific gases, it’s essential to understand the core principles that determine
when and how gases condense.

1. Gas Laws and Their Significance

The behavior of gases under varying pressure, volume, and temperature is described by several
fundamental laws:

e Boyle’s Law: At constant temperature, pressure and volume are inversely proportional (P «
1/V).
¢ Charles’s Law: At constant pressure, volume is directly proportional to temperature (V « T).

e Gay-Lussac’s Law: At constant volume, pressure is directly proportional to temperature (P «
T).

e Ideal Gas Law: PV = nRT, where P is pressure, V is volume, n is moles, R is the ideal gas
constant, and T is temperature.

Understanding these laws helps predict how gases respond to changing conditions, especially
pressure and temperature.



2. Conditions for Condensation

Condensation occurs when a gas’s molecules are brought sufficiently close together, overcoming
their kinetic energy, to form a liquid. Key factors influencing condensation include:

e Vapor Pressure: The pressure exerted by a vapor in equilibrium with its liquid at a given
temperature.

e Critical Temperature and Critical Pressure: The temperature and pressure above which a
gas cannot be liquefied, regardless of pressure.

e Intermolecular Forces: The stronger the forces (e.g., London dispersion, dipole-dipole,
hydrogen bonding), the easier it is for a gas to condense.

In particular, gases with stronger intermolecular forces tend to condense at higher pressures and
lower temperatures.

Factors Affecting Which Gas Condenses First

When increasing pressure at constant temperature, the gas that condenses first is determined by
several key properties.

1. Intermolecular Forces

The strength of intermolecular attractions directly influences a gas’s tendency to condense:
1. London Dispersion Forces: Present in all molecules, but stronger in larger, more polarizable
molecules.
2. Dipole-Dipole Interactions: Occur in polar molecules with permanent dipoles.

3. Hydrogen Bonding: A particularly strong dipole interaction, common in molecules like water,
ammonia, and alcohols.

Gases with stronger intermolecular forces condense at lower pressures because less external
pressure is needed to bring molecules close enough for liquefaction.



2. Molecular Mass and Size

Larger and heavier molecules tend to have stronger London dispersion forces due to increased
polarizability.
e Heavier gases generally condense more readily under pressure.

 Size and shape influence how easily molecules pack together.

3. Critical Temperature and Pressure

Each gas has a unique critical temperature (T c) and critical pressure (P_c):

¢ Critical Temperature: The highest temperature at which a gas can be liquefied by pressure
alone.

e Critical Pressure: The minimum pressure required to liquefy a gas at its critical temperature.

Gases with lower critical temperatures and pressures become liquids more readily upon
compression.

Comparative Analysis of Common Gases

To determine which gas condenses first when pressure is increased at constant temperature, let’s
compare some typical gases.

1. Hydrogen (H2)

- Molecular mass: 2 g/mol

- Intermolecular forces: Very weak London dispersion forces
- Critical temperature: -240 °C

- Critical pressure: 1.3 MPa

Hydrogen has very weak intermolecular forces and a low critical temperature, meaning it requires
very high pressure to liquefy.



2. Nitrogen (N2)

- Molecular mass: 28 g/mol

- Intermolecular forces: Weak London dispersion forces
- Critical temperature: -147 °C

- Critical pressure: 3.4 MPa

Nitrogen condenses more readily than hydrogen due to higher molecular mass and stronger
dispersion forces.

3. Oxygen (0O2)

- Molecular mass: 32 g/mol

- Intermolecular forces: Weak London dispersion forces
- Critical temperature: -119 °C

- Critical pressure: 5.0 MPa

Oxygen'’s critical temperature is higher than nitrogen’s, making it condense at relatively lower
pressures at the same temperature.

4. Carbon Dioxide (CO2)

- Molecular mass: 44 g/mol

- Intermolecular forces: Van der Waals forces, with a notable quadrupole moment
- Critical temperature: 31 °C

- Critical pressure: 7.4 MPa

CO:z2 is unique because it can be liquefied at room temperature under pressure, thanks to its higher
critical temperature.

5. Chlorine (Cl2)

- Molecular mass: 70.9 g/mol

- Intermolecular forces: London dispersion forces
- Critical temperature: -34.6 °C

- Critical pressure: 4.1 MPa

Chlorine condenses more easily than lighter gases at room temperature due to its higher molecular
mass.

Summary of Which Gas Condenses First

Based on the properties discussed, the gas most likely to condense first when pressure is increased
at constant temperature is the one with:



- The highest intermolecular forces at the given temperature
- The lowest critical temperature and pressure
- The highest molecular mass among the gases considered

In practical terms, carbon dioxide (CO:z) is most likely to condense first because it has a relatively
high critical temperature (+31°C) and a moderate critical pressure (~7.4 MPa). This means that, at
room temperature, CO2 can be liquefied simply by increasing pressure.

In contrast, gases like hydrogen or helium, with very low critical temperatures and weak
intermolecular forces, require extremely high pressures to liquefy, often beyond practical limits.

Practical Applications and Real-World Implications

Understanding which gases condense first under pressure has significant implications in various
industries.

1. Liquefied Natural Gas (LNG) Production

- Natural gases primarily consist of methane, which has a relatively low critical temperature (-82.5
°C).

- Increasing pressure at low temperatures is used to liquefy natural gas for transport and storage.
- Recognizing the properties of different gases helps optimize liquefaction processes.

2. Refrigeration and Air Conditioning

- Gases like R-1344a, R-410A, and others are chosen based on their condensation points under
pressure.

- Efficient refrigeration relies on understanding the pressure-temperature relationships of these
gases.

3. Industrial Gas Handling and Storage

- Gases are stored under high pressure to maintain their liquid state.
- Correctly predicting condensation points prevents accidents and ensures safety.

Conclusion: Which Gas Condenses First?

In summary, when the pressure of gases is increased at constant temperature, the gas with the
strongest intermolecular attractions and highest molecular mass among the options will condense
first. Typically, for common gases, carbon dioxide is the most readily liquefied due to its higher
critical temperature and pressure, followed by gases like chlorine, oxygen, and nitrogen.



Understanding these concepts is vital in fields such as chemical engineering, refrigeration, and
industrial manufacturing, where controlled condensation is essential. By analyzing the properties
such as intermolecular forces, molecular mass, and critical constants, scientists and engineers can
predict and manipulate gas behavior efficiently, optimizing processes and ensuring safety.
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Frequently Asked Questions

What happens when the pressure of a gas is increased at
constant temperature until condensation occurs?

The gas molecules are forced closer together until they transition into a liquid state, resulting in
condensation.

Which gases are most likely to condense when pressure is
increased at constant temperature?

Gases with higher boiling points and stronger intermolecular forces, such as water vapor, ammonia,
and sulfur dioxide, are more prone to condense under increased pressure.

How does increasing pressure at constant temperature affect
the phase of a gas?

Increasing pressure at constant temperature can push a gas toward its condensation point,
transforming it into a liquid if the pressure exceeds the gas's vapor pressure at that temperature.

Can all gases be condensed by increasing pressure at constant
temperature?

No, only gases that can reach their vapor pressure at a given temperature and pressure will
condense; others require lower temperatures or higher pressures to liquefy.



What is the significance of the critical point in the context of
gas condensation under pressure?

The critical point marks the temperature and pressure above which a gas cannot be liquefied
regardless of pressure; below this point, increasing pressure can cause condensation.

How does the intermolecular force influence the pressure
needed to condense a gas?

Stronger intermolecular forces mean the gas requires less pressure to condense because molecules
attract each other more strongly, facilitating transition to the liquid phase.

Why is condensation at constant temperature important in
industrial processes?

It allows for the liquefaction of gases for storage, transport, and processing, making it crucial in
industries like liquefied natural gas (LNG) production and refrigeration.

What role does the vapor pressure of a gas play in its
condensation under increased pressure?

Vapor pressure determines the pressure at which a gas will condense; when the external pressure
exceeds vapor pressure at a given temperature, condensation occurs.

Additional Resources

Understanding the Behavior of Gases Under Increasing Pressure and Its Influence on
Condensation

The behavior of gases under varying physical conditions has fascinated scientists for centuries,
offering insights into fundamental principles of thermodynamics and molecular interactions. One
intriguing aspect of this behavior involves understanding what happens when the pressure of
different gases is increased at a constant temperature until they condense into liquids. This process
not only highlights the unique properties of various gases but also underscores the importance of
factors such as molecular size, intermolecular forces, and critical points. In this comprehensive
review, we analyze which gases are prone to condensation under increasing pressure at constant
temperature and explore the underlying principles dictating this phenomenon.

Fundamental Concepts: Gas Behavior and
Condensation

Before delving into the specifics of the pressure-induced condensation process, it’s essential to



establish a clear understanding of the fundamental concepts involved.

Ideal Gas Law and Deviations

The behavior of gases under ideal conditions is described by the Ideal Gas Law:

\[ PV = nRT\]

where:

-\( P\) = pressure,
\(V\) = volume,

-\(n\) = number of moles,

-\( R\) = universal gas constant,
-\(T\) = temperature.

Under ideal conditions—low pressure and high temperature—gases obey this law accurately.
However, real gases deviate from ideality as pressure increases or temperature decreases, primarily
due to intermolecular forces and finite molecular sizes.

Intermolecular Forces and Their Role

In real gases, molecules experience attractions (van der Waals forces) and repulsions. These forces
become significant at high pressures:

- Attractive forces tend to pull molecules closer, facilitating phase transitions.

- Repulsive forces prevent molecules from collapsing into each other under high pressure.

The balance of these forces determines whether a gas can condense into a liquid at a given
temperature and pressure.

Condensation and Vapor-Liquid Equilibrium

Condensation occurs when a gas transitions into a liquid, typically when the molecules' kinetic
energy is insufficient to overcome intermolecular attractions. The vapor pressure of a substance at a
given temperature indicates the equilibrium pressure at which vapor and liquid phases coexist.

Which Gases Condense Under Increasing Pressure at
Constant Temperature?

When the pressure of a gas is increased at a constant temperature, the gas approaches its vapor
pressure—beyond which it cannot remain in the gaseous phase and begins to condense into a liquid.



The likelihood and ease of this process depend on the gas's physical properties and position relative
to its critical point.

Key Factors Influencing Condensation

- Molecular Size and Mass: Larger, heavier molecules tend to have stronger intermolecular forces
and lower vapor pressures.

- Intermolecular Forces: Substances with significant Van der Waals attractions condense more
readily.

- Critical Temperature (\( T c\)) and Critical Pressure (\( P_c\)): The temperature and pressure
above which a gas cannot be liquefied by pressure alone.

General Trends and Gas Categories

| Gas Type | Propensity to Condense with Increasing Pressure | Explanation |

.

| Noble Gases (e.g., He, Ne, Ar, Kr, Xe) | Varies; heavier noble gases condense more easily. | Due to
their low polarizability and weak intermolecular forces. Heavier noble gases like Xenon condense at
relatively lower pressures. |

| Diatomic Gases (e.g., Oz, N2, Clz) | Moderate to high; dependent on molecular weight and
temperature. | Exhibiting stronger Van der Waals forces than noble gases, especially for heavier
diatomic molecules. |

| Small, Light Molecules (e.g., H2, He) | Very low; difficult to condense at feasible pressures. | Due to
low molecular mass and weak intermolecular forces, requiring extremely high pressures or low
temperatures. |

| Polar Molecules (e.g., H20, NHzs) | Easily condense at relatively low pressures. | Strong dipole
interactions facilitate phase transition under pressure. |

Detailed Analysis of Specific Gases

To understand which gases are more likely to condense under increased pressure at constant
temperature, an examination of their physical and thermodynamic properties is essential.

1. Noble Gases

Noble gases are monatomic, inert, and characterized by weak London dispersion forces, which
increase with atomic size and polarizability.

- Helium (He): Has the highest \( T c\) (~5.2 K) and \( P_c ) (~2.24 MPa). Due to its low atomic
mass and minimal intermolecular forces, it requires extremely high pressure at low temperature to

liquefy.



- Neon (Ne): Higher \( T c\) (~27 K) and \( P_c ) (~4.9 MPa), more amenable to liquefaction than
helium.

- Argon (Ar): \(T c\) (~150 K), \( P_c\) (~4.9 MPa). It liquefies relatively easily at accessible
pressures.

- Xenon (Xe): \(T c\) (~289 K), \( P c\) (~5.84 MPa). Heavier noble gases condense more readily.

Implication: He and Ne are less prone to condensation at fixed temperatures unless pressures are
extremely high, often impractical. Heavier noble gases like Xenon condense at more moderate
pressures.

2. Diatomic Gases

- Oxygen (02): \(T c\) (~154.6 K), \( P_c ) (~5.043 MPa). Under increased pressure at constant
temperature below \( T c ), O2 readily condenses.

- Nitrogen (N2): \( T c¢\) (~126.2 K), \( P_c\) (~3.39 MPa). Similar behavior as oxygen; easier to
liquefy.

- Chlorine (Cl2): \(T c\) (~291.6 K), \( P_c\) (~7.0 MPa). More prone to condensation due to higher
\(T c)\).

Implication: These gases display a clear tendency to condense when pressure is increased at
temperatures below their critical points.

3. Hydrogen (Hz2) and Helium (He)

- Hydrogen: \( T c\) (~33 K), \(P_c\) (~1.3 MPa). Despite being light, it can condense given
sufficient pressure at low temperatures.

- Helium: As discussed, requires extremely high pressures (~20 MPa or more) at temperatures
below 4 K due to its weak intermolecular forces.

Implication: The practical condensation of hydrogen and helium requires conditions that are often
difficult to achieve practically, especially for helium.

4. Water Vapor (H20) and Polar Molecules

- Water vapor: \( T c\) (~647 K), \( P c\) (~22.12 MPa). It condenses easily as pressure increases
well below this critical pressure at ambient temperatures.

- Ammonia (NHs): \( T c\) (~405.5 K), \(P c\) (~11.3 MPa). Condenses readily with increased
pressure.

Implication: Polar molecules with hydrogen bonding or strong dipole interactions are much more
susceptible to condensation at relatively moderate pressures.



Thermodynamic Perspectives and Practical
Considerations

The process of increasing pressure at constant temperature leading to condensation is governed by
the principles of phase equilibrium and thermodynamics.

Vapor Pressure Curves and Critical Points

Every substance has a vapor pressure curve indicating the pressure at which the vapor phase is in
equilibrium with the liquid phase at a given temperature. When the external pressure exceeds this
vapor pressure, the gas condenses.

- Below the critical temperature: Increasing pressure can induce condensation.
- At or above the critical temperature: No amount of pressure will liquefy the gas; it remains
supercritical.

Key Takeaway: For condensation to occur by pressure increase alone, the process must be
conducted below the critical temperature of the gas.

Practical Limitations and Real-World Applications

- Industrial Gas Liquefaction: Gases like oxygen, nitrogen, and argon are liquefied at manageable
pressures and temperatures, forming the basis for industries like cryogenics and medical oxygen
supply.

- Challenges with Light Gases: Hydrogen and helium require specialized equipment to handle
extreme pressures and low temperatures.

- Environmental and Safety Concerns: High-pressure processes demand robust containment and
safety measures due to risks like implosion, explosion, or leaks.

Conclusion: Which Gas Condenses Under Increased
Pressure?

The answer to which gas condenses when its pressure is increased at constant temperature hinges
on the interplay of molecular size, intermolecular forces, and thermodynamic properties.

Summarized insights:

- Heavier, more polarizable gases (like xenon, nitrogen, oxygen, and chlorinated compounds) are
more prone to condensation under realistic pressures.

- Light gases with weak intermolecular forces (like helium and hydrogen) require extremely high
pressures or very low temperatures, often impractical for routine applications.



- Polar molecules with hydrogen bonding or dipole interactions (such as water vapor and ammonia)
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