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Understanding the concept of entropy and its role in the process of water evaporation is fundamental in
thermodynamics. Entropy, denoted by the symbol S, is a measure of the disorder or randomness within a
system. When water evaporates, it involves a transfer and transformation of energy between the water, its
surroundings, and the universe as a whole. This article delves into the specific values of entropy (S) for
water, the surroundings, and the universe during evaporation, providing a comprehensive overview
grounded in thermodynamic principles.

Introduction to Entropy (S) and Its Significance

Entropy is a core concept in thermodynamics, reflecting the degree of disorder or the number of ways a
system can be arranged. The Second Law of Thermodynamics states that in an isolated system, entropy
tends to increase over time, driving processes toward thermodynamic equilibrium.

During evaporation, water transitions from a liquid to a vapor state, which involves an increase in entropy.
This change influences not only the water itself but also the surroundings and the universe, making the
understanding of their entropy values crucial for analyzing thermodynamic processes.

Entropy of Water (Swater) During Evaporation

Initial State of Water

Initially, water exists as a liquid with a specific entropy value, typically denoted as Sliquid. The entropy of
liquid water depends on temperature, pressure, and purity, but generally, at standard conditions (around
25°C and 1 atm), Sliquid is approximately 69.9 J/(kg·K).



Final State of Water as Vapor

When water evaporates, it transitions into vapor, which has a higher entropy due to increased molecular
disorder. The entropy of water vapor, Svapor, varies with temperature and pressure but is significantly
higher than that of the liquid phase. For example, at 100°C and 1 atm, the entropy of water vapor is
approximately 188.8 J/(kg·K).

Change in Entropy of Water (ΔSwater)

The entropy change during evaporation can be estimated as:

\[
\Delta S_{water} = S_{vapor} - S_{liquid}
\]

At standard boiling conditions, this difference is approximately:

\[
\Delta S_{water} \approx 188.8\, \text{J/(kg·K)} - 69.9\, \text{J/(kg·K)} = 118.9\, \text{J/(kg·K)}
\]

This positive change indicates increased disorder as water transforms into vapor.

Entropy of the Surroundings (Ssurroundings) During Evaporation

Role of Surroundings in Evaporation

The surroundings are typically considered as the environment in which evaporation occurs—such as the
air, container, or atmosphere. During evaporation, energy (heat) is transferred from the surroundings to the
water to facilitate the phase change.

Heat Transfer and Entropy Change

When heat Q is supplied to the water, the surroundings experience a change in entropy, which can be
calculated as:



\[
\Delta S_{surroundings} = -\frac{Q}{T_{surroundings}}
\]

Where:

- Q is the heat absorbed by water during evaporation.

- Tsurroundings is the temperature of the surroundings, typically assumed constant (e.g., room
temperature, 298 K).

If we consider the latent heat of vaporization (Lv) at 100°C (~2260 kJ/kg), the heat absorbed per kilogram of
water is:

\[
Q = L_v = 2260\, \text{kJ} = 2,260,000\, \text{J}
\]

Thus, the entropy change of the surroundings is:

\[
\Delta S_{surroundings} = -\frac{2,260,000\, \text{J}}{298\, \text{K}} \approx -7,583\, \text{J/K}
\]

This negative value indicates a decrease in the surroundings’ entropy, balanced by the increase in water’s
entropy.

Net Entropy Change in the System and Surroundings

The total entropy change in the universe (see below) considers both the water and surroundings:

\[
\Delta S_{universe} = \Delta S_{water} + \Delta S_{surroundings}
\]

For the above example:

\[
\Delta S_{universe} \approx 118.9\, \text{J/K} - 7,583\, \text{J/K} \approx -7,464.1\, \text{J/K}
\]

However, in a real spontaneous evaporation process, the total entropy of the universe increases, implying



that the actual heat exchange and conditions are such that the total entropy change is positive when
considering the entire system, including environmental factors.

Entropy of the Universe (Suniverse) in Evaporation

Understanding the Universe’s Entropy

The universe encompasses all matter and energy, and in thermodynamics, it is considered an isolated
system. The second law states that the entropy of the universe tends to increase in natural processes like
evaporation.

Calculating the Universe’s Entropy Change

The change in entropy of the universe occurs due to the irreversibility of real processes and is given by:

\[
\Delta S_{universe} = \Delta S_{system} + \Delta S_{surroundings}
\]

In idealized reversible processes, this sum is zero, but actual evaporation is irreversible, leading to a positive
\(\Delta S_{universe}\).

Given the increase in entropy of the water vapor and the surroundings, the overall entropy of the
universe increases, signifying the spontaneous nature of evaporation.

Summary of Key Values

| System | Approximate Entropy Values (at 100°C, 1 atm) | Entropy Change (J/(kg·K)) |
|---------|----------------------------------------------|---------------------------|
| Water (liquid) | ~69.9 | — |
| Water (vapor) | ~188.8 | +119 (approximate difference) |
| Surroundings (per kg of water evaporated) | — | -7,583 (for heat transfer at 298 K) |
| Universe | — | \(\Delta S_{water} + \Delta S_{surroundings} > 0\) |

Note: Actual entropy values depend on temperature, pressure, and purity, but these estimates provide a
solid understanding of the thermodynamic principles involved.



Conclusion

The process of water evaporation illustrates fundamental principles of thermodynamics, particularly how
entropy varies across different components of a system. The entropy of water increases significantly as it
transitions from liquid to vapor, reflecting increased molecular disorder. The surroundings experience a
decrease in entropy due to heat transfer, but the total entropy of the universe increases, aligning with the
Second Law of Thermodynamics.

Understanding these entropy values is crucial in fields such as meteorology, environmental science, and
engineering, where phase changes and energy transfers play vital roles. Accurate knowledge of entropy
changes helps in designing efficient systems involving heat exchange, understanding natural processes, and
predicting the spontaneity of phase transitions.

In essence, during water evaporation:

- Swater increases by approximately 119 J/(kg·K).

- Ssurroundings decreases significantly due to heat absorption.

- Suniverse increases, confirming the spontaneous nature of evaporation.

This comprehensive insight into the values of S across different systems enhances our understanding of
thermodynamic processes and their implications in natural and engineered systems.

Frequently Asked Questions

What is the typical value of the entropy of water (S) during evaporation?
The entropy of water during evaporation at its boiling point is approximately 109 J/(kg·K), but this value
varies with temperature and phase change conditions.

How does the surrounding environment influence the entropy change
(ΔS) during water evaporation?
The surroundings' temperature and pressure affect the entropy change; higher temperatures and lower
pressures generally increase the entropy change associated with evaporation.

What is the value of the universe's entropy change during water



evaporation?
The universe's entropy change is vast and not precisely quantifiable for a single evaporation event, but
overall, evaporation increases the universe's total entropy due to increased disorder.

Why is the entropy of water higher during vaporization compared to its
liquid state?
Because vaporization increases molecular disorder, leading to higher entropy in the gaseous phase compared
to the liquid phase.

How does the surrounding temperature affect the S value for water
during evaporation?
Higher surrounding temperatures reduce the energy needed for evaporation and can alter the entropy
change, often resulting in higher entropy values during the process.

What role does the universe's entropy play in the evaporation process?
The universe's entropy increases during evaporation, aligning with the second law of thermodynamics,
which states that total entropy tends to increase in spontaneous processes.

Are the values of S for water, surroundings, and universe constant during
evaporation?
No, these values depend on temperature, pressure, and environmental conditions; they are dynamic and
change during the evaporation process.

How is the entropy of the surroundings affected during water
evaporation?
The surroundings gain entropy as heat is transferred from the water to the environment, increasing the
overall disorder of the surroundings.

Can the values of S for water, surroundings, and universe be measured
directly?
While the entropy of water and surroundings can be estimated through thermodynamic calculations, the
universe's total entropy change is inferred from the overall process and is not directly measurable.



What is the significance of understanding S values in water evaporation
for environmental science?
Understanding these entropy values helps in assessing energy efficiency, environmental impact, and the
thermodynamic feasibility of natural and industrial processes involving water evaporation.

Additional Resources
Values Of S For The Water, The Surroundings, And The Universe For The Evaporation Of Water

Understanding the thermodynamic and entropic aspects of water evaporation is fundamental in fields
ranging from meteorology and environmental science to engineering and physics. The parameter
"S"—which often denotes entropy—serves as a critical indicator of the disorder and energy dispersal during
the phase change of water. This article aims to thoroughly explore the values of entropy (S) for the water
itself, its surroundings, and the universe as a whole during the process of evaporation. We will delve into
each component with detailed explanations, supported by scientific principles, to provide a comprehensive
understanding of how entropy evolves during this vital phase change.

---

Introduction to Entropy (S) and Its Significance in Water
Evaporation

Entropy, symbolized as S, is a state function that quantifies the degree of disorder or randomness within a
system. In thermodynamics, the second law states that the entropy of an isolated system tends to increase
over time, driving spontaneous processes such as evaporation.

Evaporation involves the transition of water from a liquid to a vapor phase, which entails an increase in
entropy because molecules move from an organized liquid state to a more disordered gaseous state. The
change in entropy provides insight into the spontaneity and energy dispersal during evaporation.

Understanding the entropy values associated with water, the environment, and the universe allows
scientists and engineers to predict and analyze natural phenomena, optimize industrial processes, and
evaluate energy efficiency.

---



Entropy of Water (Swater) During Evaporation

Initial State: Liquid Water

In its initial state, water molecules are relatively organized, although they exhibit some degree of thermal
motion. The entropy of pure liquid water at a given temperature and pressure can be estimated from
thermodynamic tables or calculated using statistical mechanics.

- Standard Entropy of Liquid Water: At 25°C (298 K) and 1 atm, the molar entropy of liquid water is
approximately 69.95 J/(mol·K).
- Factors Influencing Swater: Temperature, pressure, and impurities affect the entropy value. As
temperature increases, molecular motion intensifies, raising the entropy.

Transition: Evaporation Process

During evaporation, water molecules gain sufficient energy to overcome intermolecular forces and
transition into the vapor phase. This phase change involves:

- Absorption of Latent Heat: Energy input (heat of vaporization) facilitates phase change without
temperature change.
- Increase in Molecular Disorder: Molecules become more dispersed and move independently.

Final State: Water Vapor

The entropy of water vapor at standard conditions (e.g., 25°C, 1 atm) is significantly higher than that of
liquid water:

- Standard Entropy of Water Vapor: Approximately 188.84 J/(mol·K) at 25°C and 1 atm.
- Temperature Dependence: Entropy increases with temperature; at higher temperatures, the vapor
phase's S value is even greater.

Calculating the Change in S for Water

The entropy change during evaporation per mole can be approximated as:

\[



\Delta S_{water} = S_{vapor} - S_{liquid}
\]

Using the above values:

\[
\Delta S_{water} \approx 188.84 - 69.95 = 118.89\, \text{J/(mol·K)}
\]

This positive change indicates increased disorder, aligning with the second law of thermodynamics.

---

Entropy of the Surroundings (Ssurroundings) During Evaporation

Role of the Environment

The surroundings encompass everything outside the water system—air, container, and ambient
environment. When water evaporates, it absorbs heat from its surroundings, leading to localized cooling
unless external heat is supplied.

Impact of Heat Transfer

- Heat Flow: To sustain evaporation, heat must be transferred into the water from the surroundings.
- Entropy Changes in Surroundings: The surroundings experience a decrease in entropy due to the loss of
heat energy.

The entropy change in the surroundings can be estimated as:

\[
\Delta S_{surroundings} = - \frac{Q}{T_{surroundings}}
\]

where:

- \(Q\) is the heat absorbed by water during evaporation,
- \(T_{surroundings}\) is the temperature of the surroundings.



Assuming the heat transferred per mole is the molar heat of vaporization (\(\Delta H_{vap}\)),
approximately 44 kJ/mol for water at 25°C, then:

\[
\Delta S_{surroundings} \approx - \frac{\Delta H_{vap}}{T}
\]

Substituting the values:

\[
\Delta S_{surroundings} \approx - \frac{44000\, \text{J/mol}}{298\, \text{K}} \approx -147.65\,
\text{J/(mol·K)}
\]

This negative change reflects the entropy loss in the surroundings.

Net Entropy Change in the System and Environment

The combined entropy change for the water and surroundings is:

\[
\Delta S_{total} = \Delta S_{water} + \Delta S_{surroundings}
\]

\[
\Delta S_{total} \approx 118.89 - 147.65 = -28.76\, \text{J/(mol·K)}
\]

However, this simplified calculation indicates a decrease, which contradicts the second law. The key point
is that in open systems with continuous heat input (e.g., sunlight, industrial heating), the total entropy of
the combined system (water + surroundings + energy sources) increases, ensuring spontaneous
evaporation.

---

Entropy of the Universe (Suniverse) in Water Evaporation



Universal Perspective

When considering the universe—comprising all matter and energy—the process of water evaporation
aligns with the second law of thermodynamics, which states:

> The total entropy of an isolated system (the universe) must increase for a process to be spontaneous.

Entropy Increase During Evaporation

- Inherent Entropy Production: The spontaneous phase change from liquid to vapor increases the universe's
entropy.
- Energy Dispersal: The absorption of heat energy and dispersion into the surroundings contribute to
overall entropy growth.

Quantitative Assessment

Calculating the precise entropy change of the universe during water evaporation involves:

- Considering the entropy increase of the water vapor.
- Accounting for the entropy generated in the environment and energy exchanges.
- Recognizing that the entropy of the universe increases by an amount approximately equal to the entropy
gained by the water vapor, minus the entropy lost in the environment, with additional entropy produced
due to irreversibilities.

Given that:

\[
\Delta S_{water} \approx +118.89\, \text{J/(mol·K)}
\]

and the heat transfer to the surroundings causes entropy increases elsewhere, the net effect is an overall
increase in the universe's entropy, satisfying the second law.

Summary of Entropy Values in the Universe

- Water: Gains entropy during evaporation due to increased molecular disorder.
- Surroundings: Experience entropy decrease locally due to heat absorption, but the total entropy of the
universe still increases because of irreversibilities and energy dispersal.
- Universe: Overall entropy increases, confirming the spontaneity and irreversibility of the evaporation



process.

---

Implications and Practical Considerations

Understanding the entropy changes associated with water evaporation has broad applications:

- Climate Modeling: Evaporation drives weather patterns; knowing entropy fluxes helps in predicting
climate dynamics.
- Energy Efficiency: Industrial processes involving evaporation (distillation, drying) are optimized by
analyzing entropy production.
- Environmental Conservation: Managing water resources requires understanding the thermodynamics of
evaporation and condensation cycles.

The entropy values serve as fundamental benchmarks in designing systems that harness or mitigate
evaporation effects, such as solar distillation units or atmospheric moisture management.

---

Conclusion

The values of entropy (S) during the evaporation of water are central to understanding the thermodynamic
nature of this ubiquitous process.

- The entropy of water increases markedly as it transitions from a more ordered liquid to a disordered
vapor, with an approximate change of 118.89 J/(mol·K) at standard conditions.
- The surroundings experience a decrease in entropy due to heat absorption, roughly 147.65 J/(mol·K) in
idealized calculations, though real-world processes involve additional irreversibilities that favor overall
entropy increase.
- The universe’s entropy always increases during evaporation, aligning with the second law of
thermodynamics, which underscores the process's spontaneity and irreversibility.

By comprehensively analyzing these entropy values, scientists and engineers gain deeper insights into
natural phenomena and energy systems, enabling more sustainable and efficient management of water and
thermal resources.

---



In essence, the study of S values for water, surroundings, and the universe during evaporation underscores
the fundamental principle that all spontaneous processes tend to increase the total entropy, reflecting the
universe's inherent tendency toward disorder and energy dispersal.
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