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Understanding entropy and phase changes is fundamental to thermodynamics and physical
chemistry. Entropy, often viewed as a measure of disorder or randomness in a system, plays a
pivotal role in determining the spontaneity and direction of various processes. When analyzing phase
changes—such as melting, vaporization, condensation, and solidification—it's essential to recognize
how entropy varies during these transitions.

This article explores the intriguing question: If you begin with the highest amount of available
entropy in a system, which phase change would represent a decrease in entropy? To answer this, we
will delve into the concepts of entropy, the nature of phase transitions, and the thermodynamic
principles governing entropy changes. We will also discuss real-world implications and provide
examples to illustrate these phenomena.

Understanding Entropy in Thermodynamics

What Is Entropy?

Entropy (denoted as S) is a thermodynamic property that quantifies the degree of disorder or
randomness within a system. It reflects the number of microscopic configurations that correspond to
a system's macroscopic state. The Second Law of Thermodynamics states that in an isolated system,
entropy tends to increase over time, leading to greater disorder.

Key points about entropy:

- It is a state function, meaning its value depends only on the current state of the system, not on how
it arrived there.

- It increases in spontaneous processes, indicating a natural progression toward disorder.

- It can decrease in certain localized processes, but only if compensated by an overall increase
elsewhere, maintaining the second law.

Entropy and Energy Dispersal

Entropy is often associated with the dispersal of energy. When energy is spread out over a larger
number of microstates, entropy increases. Conversely, processes that concentrate energy or reduce
the number of microstates lead to a decrease in entropy.



Phase Changes and Their Impact on Entropy

Common Phase Transitions

Phase changes involve a substance transitioning between different states of matter, typically:
- Solid to liquid (melting)

- Liquid to gas (vaporization or evaporation)

- Gas to liquid (condensation)

- Liquid to solid (freezing or solidification)

- Solid to gas (sublimation)

- Gas to solid (deposition)

Each of these transitions involves an exchange of energy and a change in entropy.

Entropy Changes During Phase Transitions

Generally, phase changes can be characterized by their entropy variations:

- Melting (solid to liquid): Entropy increases because the molecules gain freedom of movement.

- Vaporization (liquid to gas): Entropy increases significantly as the gas phase has much higher
disorder.

- Condensation (gas to liquid): Entropy decreases as the molecules lose freedom and become more
ordered.

- Freezing (liquid to solid): Entropy decreases due to increased order in the solid phase.

- Sublimation (solid to gas): Entropy increases drastically because the molecule transitions directly
to a highly disordered gaseous state.

- Deposition (gas to solid): Entropy decreases as molecules become more ordered in the solid form.

Starting with the Highest Available Entropy

Imagine a scenario where a system begins with a state of maximum possible entropy. This could be a
high-energy, highly disordered state, such as a gas at high temperature and pressure, or a mixture
of particles with maximal randomness.

Questions to consider:

- Which phase change would lead to a decrease in entropy when starting from this high-entropy
state?

- Under what conditions can a process result in a net entropy decrease?

Understanding these questions requires examining the thermodynamics of phase transitions in high-
entropy states.



Which Phase Change Represents a Decrease in
Entropy?

Condensation and Freezing as Entropy-Reducing Processes

In the context of starting with maximum entropy, phase changes that decrease entropy involve
transitions from more disordered phases to more ordered phases:

- Condensation (gas to liquid): Molecules in the gaseous phase, with high disorder, transition to a
liquid with less disorder, resulting in a decrease in entropy.

- Freezing (liquid to solid): A liquid's molecules become more ordered in the solid state, decreasing
entropy.

Therefore, if the system begins in a high-entropy state such as a vapor or a hot plasma, the
processes that involve cooling and transitioning to a less disordered phase will decrease entropy.

Implications of These Transitions

- Condensation reduces entropy because it involves the transition from a high-entropy gaseous state
to a lower-entropy liquid.

- Freezing reduces entropy because solidification orders molecules into a crystalline structure,
decreasing randomness.

In summary: The phase changes that convert a high-entropy phase (gas or plasma) into a lower-
entropy phase (liquid or solid) are the processes that decrease entropy.

Thermodynamic Principles Governing Entropy Decrease

Second Law of Thermodynamics

While the second law states that entropy of an isolated system tends to increase, it is important to
recognize that local decreases in entropy are possible if compensated by greater increases
elsewhere, maintaining the overall increase in the universe's entropy.

In practical terms:

- During condensation or freezing, entropy of the system decreases.

- These processes are often exothermic, releasing heat to the surroundings, which increases the
entropy of the environment more significantly, ensuring total entropy increases in the universe.



Reversibility and Entropy

- Reversible processes: Entropy remains unchanged.

- Irreversible processes: Entropy increases.

- Partially reversible processes involve entropy decrease locally but are offset by entropy increases
elsewhere.

Thus, phase changes like condensation and freezing can reduce the system's entropy but typically
result in an overall entropy increase when considering the surroundings.

Real-World Examples and Applications

Condensation in Nature and Industry

- Formation of dew or fog involves water vapor condensing into liquid droplets, decreasing the
entropy of the water molecules.

- In refrigeration cycles, vapor condenses into a liquid, decreasing the entropy of the refrigerant
within the system.

Crystallization and Solidification

- The formation of snowflakes or ice crystals involves liquid water freezing into a crystalline solid,
decreasing entropy.
- This process releases latent heat, increasing environmental entropy.

Technological Implications

- Understanding entropy changes during phase transitions is crucial in designing efficient thermal
systems, such as engines, refrigerators, and condensers.
- Managing entropy flow enables energy conservation and process optimization.

Summary and Conclusions

- When starting with the highest available entropy, the phase change that results in a decrease in
entropy is one that moves toward a more ordered state.

- The primary phase transitions that decrease entropy are:

- Condensation (gas to liquid)

- Freezing (liquid to solid)

- Deposition (gas to solid)



- These processes involve energy release (exothermic) and lead to increased order at the
microscopic level.

- In real-world scenarios, entropy decreases in the system are often offset by entropy increases in
the surroundings, in accordance with the second law of thermodynamics.

Understanding these principles helps in fields ranging from meteorology to chemical engineering,
enabling better control and prediction of thermodynamic processes.

In conclusion, if a system begins with maximum entropy, phase changes that produce a more
ordered state—such as condensation and freezing—represent decreases in entropy. Recognizing
these processes is essential for comprehending the thermodynamic behavior of materials and the
universe itself.

Frequently Asked Questions

What does starting with the highest amount of available
entropy imply in a phase change process?

It implies that the system begins in a highly disordered state, such as a gas, and transitions to a
more ordered phase like a liquid or solid, resulting in a decrease in entropy.

In thermodynamics, which phase change from a high-entropy
state results in a decrease in entropy?

The condensation of a gas into a liquid or the freezing of a liquid into a solid decreases entropy
because the system becomes more ordered.

Why does the transition from gas to liquid or solid represent a
decrease in entropy when starting with high entropy?

Because gases have high entropy due to their disorder, and transitioning to liquids or solids reduces
randomness and molecular freedom, decreasing entropy.

If you begin with the highest available entropy, which phase
change would most likely reduce entropy?

A phase change from gas to liquid (condensation) or from liquid to solid (freezing) would most likely
reduce entropy.

How does the concept of entropy help determine the direction
of spontaneous phase changes from a high-entropy state?

Entropy tends to increase spontaneously; hence, starting from a high-entropy state, the system will



tend to undergo phase changes that decrease entropy, such as condensation or solidification, when
conditions favor them.

Can the phase change from gas to solid occur directly from a
high-entropy state, and does it decrease entropy?

Yes, sublimation from a high-entropy gas directly to a solid decreases entropy because it bypasses
the liquid phase, leading to a more ordered state.

What practical examples demonstrate a decrease in entropy
when starting from a high-entropy phase?

Examples include water vapor condensing into liquid water or freezing into ice, both processes
reducing entropy from a high-entropy gaseous state to a more ordered solid state.

Additional Resources

Entropy: Unlocking the Secrets of Phase Changes from a State of Maximum Disorder

When venturing into the fascinating world of thermodynamics, entropy is often regarded as a
fundamental measure of disorder or randomness within a system. It’s a concept that underpins many
natural processes, from the melting of ice to the combustion of fuels. But what happens when a
system begins with the highest possible entropy? Specifically, which phase change would then
represent a decrease in entropy? This question is more than academic—it offers deep insights into
the nature of matter, the second law of thermodynamics, and the energetic and informational
transformations that govern our universe.

In this comprehensive review, we’ll explore the concept of starting a system at maximum entropy,
analyze how phase changes operate within this context, and identify which transitions would
represent a decrease in entropy. We’ll dissect the thermodynamic mechanisms involved, discuss
real-world examples, and clarify the implications of these phenomena for scientific understanding
and practical applications.

Understanding Entropy: The Foundation

What is Entropy?

Entropy (symbolized as S) quantifies the degree of disorder, randomness, or the number of possible
microstates in a system. In thermodynamics, it reflects the dispersal of energy and the level of
molecular chaos. Higher entropy equates to greater disorder, whereas lower entropy indicates a



more ordered state.

In natural processes, the second law of thermodynamics states that the total entropy of an isolated
system will tend to increase over time, favoring more disordered states. This principle underpins the
irreversibility of many processes, such as the melting of ice or the expansion of gases.

Key points about entropy:

- It is a state function, meaning it depends only on the current state of the system, not on how it
arrived there.

- It tends to increase in spontaneous processes.

- It can be decreased locally within a system if offset by an increase in the surroundings’ entropy.

Starting at Maximal Entropy: What Does It Mean?

Imagine a system in a state of maximum entropy. This implies the system is as disordered as
physically possible given its constraints. For example, consider a gas that is evenly distributed
throughout a container, with molecules moving randomly at high velocities, or a mixture of particles
in thermal equilibrium.

In such a state:

- The distribution of particles is uniform.
- Energy is spread out evenly.
- Any microstate is equally probable within the constraints.

Starting from this point raises an intriguing question: which phase change would lead to a reduction
in entropy? In other words, which transition would shift the system toward a more ordered state,
decreasing its entropy?

Phase Changes and Entropy: The Fundamentals

Common Phase Changes and Their Entropy Profiles

Phase changes involve transformation from one state of matter to another—solid, liquid, or
gas—each with characteristic entropy levels.

| Phase Change | Typical Entropy Change (AS) | Notes |

I | I |

| Melting (solid to liquid) | Positive | Increased molecular disorder |

| Freezing (liquid to solid) | Negative | Decreased disorder, molecules become more ordered |
| Vaporization (liquid to gas) | Large positive | Significant increase in entropy |

| Condensation (gas to liquid) | Negative | Loss of entropy as molecules condense |




| Sublimation (solid to gas) | Large positive | Direct transition, large increase in entropy |
| Deposition (gas to solid) | Negative | Direct transition to a more ordered state |

Note: Entropy change magnitude depends on temperature, pressure, and the specific substance
involved.

Key Point: Under typical conditions, phase changes from more ordered to less ordered states (solid
- liquid - gas) involve increases in entropy, while the reverse transitions involve decreases.

Starting at the Highest Entropy: Which Phase Change
Represents a Decrease?

When a system begins at maximum entropy, it is in the most disordered state allowed by the
constraints. Any transition to a more ordered phase will involve a decrease in entropy, aligning with
the principles of thermodynamics.

The Candidate Phase Change: Condensation

Condensation—the process of a gas transforming into a liquid—is the quintessential phase change
that decreases entropy when starting from a high-entropy state.

Why?

- Gases exhibit the highest entropy among common states of matter because their molecules are
widely spaced and move randomly.

- When a gas condenses into a liquid, the molecules become more closely packed and constrained,
reducing the number of microstates and thus decreasing entropy.

Implications:

- If a system initially contains a high-pressure, high-temperature gas at maximum entropy, then
inducing condensation (via cooling or pressure increase) reduces the molecular disorder.

- This process is entropy-decreasing because the transition involves an increase in order.

Other Phase Changes and Their Relation to Entropy Decrease

While condensation is the most direct example, other phase transitions can also involve entropy
decreases, but their feasibility depends on initial conditions.

| Transition | Starting State Conditions | Entropy Decrease? | Explanation |

| Freezing (liquid to solid) | From a liquid at high entropy (e.g., heated) | Yes | Molecules become
more ordered in the solid state |

| Deposition (gas to solid) | From a high-entropy vapor or gas | Yes | Direct transition to an ordered
solid state |



| Sublimation (solid to gas) | Usually increases entropy | No | Typically increases entropy; not a
decrease |
| Melting (solid to liquid) | Usually increases entropy | No | Increases disorder; not a decrease |

Summary: Starting from maximum entropy, the phase change that most effectively decreases
entropy is condensation—the transition from gas to liquid.

Thermodynamic Considerations and Practical
Implications

How does the Second Law of Thermodynamics Influence These
Transitions?

The second law states that in an isolated system, entropy tends to increase. However, by applying
external work or changing environmental conditions, entropy can decrease locally within the system.
For example, cooling a high-pressure gas can induce condensation, decreasing the system’s entropy.

Practical considerations:

- Energy Input & Removal: Achieving phase changes that decrease entropy generally requires
energy removal (e.g., cooling) or application of pressure.

- Reversibility & Irreversibility: Real processes are often irreversible, so decreasing entropy locally
comes with entropy generation elsewhere, adhering to the overall increase in total entropy.

Engineering and Scientific Applications

Understanding how phase transitions operate from high-entropy states is critical in various fields:

- Refrigeration & Air Conditioning: Leveraging condensation to remove heat and decrease entropy
locally.

- Condensation in Power Cycles: Enhancing efficiency by condensing exhaust gases into liquids.

- Atmospheric Science: Cloud formation involves water vapor condensing, reducing entropy locally
within the atmosphere.

- Material Science: Controlled solidification from molten or vapor states to achieve desired material
properties.

Real-World Example: Cloud Formation

Clouds are a natural illustration of condensation reducing entropy:



- Warm, moist air contains water vapor at high entropy.

- When cooled (by altitude change or contact with cooler surfaces), water vapor condenses into tiny
liquid droplets.

- This phase change reduces the local entropy of water molecules, creating the structured, ordered
appearance of clouds.

Conclusion: The Logical Choice—Condensation as the
Entropy-Reducing Phase Change from Maximal
Disorder

Starting a system at the highest available entropy places us in a state of maximum molecular chaos,
energy dispersal, and disorder. Under these conditions, the phase change that most effectively
represents a decrease in entropy is condensation—the transformation of a high-entropy vapor into a
more ordered liquid.

This process exemplifies fundamental thermodynamic principles:

- It aligns with the second law, as entropy can decrease locally if offset by an entropy increase
elsewhere.

- It highlights the importance of external energy exchanges, such as cooling or pressurization, to
facilitate such transitions.

- It underscores the natural tendency for matter to move toward more ordered states when
conditions favor such transitions.

In understanding these mechanisms, scientists and engineers can better harness phase changes for
practical benefits—be it in climate control, energy efficiency, or material fabrication. Recognizing
the scenarios where entropy decreases provides a deeper appreciation of the delicate balance in
thermodynamic systems and the elegant simplicity of phase transitions at the boundary of order and
disorder.

In essence, if you begin with the highest amount of available entropy, the phase change most likely
to represent a decrease is condensation, as it transitions matter toward a more ordered, lower-
entropy state.
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