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Understanding the behavior of water in sealed containers at constant temperature is fundamental in
thermodynamics, physical chemistry, and related scientific fields. When a sealed flask containing
water at 298 Kelvin (approximately 25°C) is half full, various physical and thermodynamic principles
come into play that influence the state of the water over time. This article explores the correct
statements about the water in such a scenario after the flask has been sealed, analyzing concepts
such as equilibrium, vapor pressure, phase changes, and the implications of a sealed environment.

---

Introduction to the Scenario

Imagine a sealed, airtight flask filled halfway with water and maintained at a temperature of 298 K.
This setting is common in laboratory experiments, industrial processes, and scientific demonstrations
aiming to analyze the behavior of liquids and vapors under controlled conditions.

Key points to consider include:

- The initial state of the water when the flask is sealed.
- The thermodynamic principles governing phase equilibrium.
- The impact of temperature and pressure on water's physical state.
- The eventual equilibrium state after sealing.

---

Fundamental Concepts Relevant to the Scenario

Before determining the correct statement about the water after sealing, it is essential to understand
some foundational concepts:

1. Vapor Pressure of Water at 298 K

- Definition: Vapor pressure is the pressure exerted by the vapor of a liquid in equilibrium with its
liquid phase at a given temperature.
- At 298 K: The vapor pressure of water is approximately 23.8 mm Hg (about 3.17 kPa).



- Implication: When water is in a closed container at 298 K, the vapor pressure will tend to equilibrate
with the surrounding pressure, establishing a dynamic equilibrium between liquid and vapor phases.

2. Equilibrium in a Sealed Container

- When water is sealed in a flask, the system tends toward phase equilibrium, where the rates of
evaporation and condensation are equal.
- Dynamic equilibrium means the number of molecules evaporating equals the number condensing,
resulting in constant vapor pressure.

3. Effect of Temperature on Phase State

- At 298 K, water can exist in both liquid and vapor phases depending on pressure.
- If the system is at atmospheric pressure (about 101.3 kPa), water remains liquid at this temperature.
- If the internal pressure differs, phase changes may occur.

4. The Role of External and Internal Pressure

- Since the flask is sealed, the internal pressure can change based on temperature, vaporization, and
condensation.
- No exchange of matter occurs with the environment; thus, the total amount of water remains
constant.

---

What Happens When the Flask Is Sealed?

Sealing the flask at 298 K initiates a process that leads to a specific equilibrium state. The main
factors affecting this process include:

1. Initial Conditions

- The flask is half full with water, meaning there is both liquid water and vapor present initially.
- The initial vapor pressure may differ from the equilibrium vapor pressure, depending on the initial
conditions.

2. Equilibration Process

- Molecules in the vapor phase will tend to condense or evaporate until equilibrium is reached.



- If the initial vapor pressure is below the equilibrium vapor pressure, evaporation will continue until it
reaches equilibrium.
- If it is above, condensation will occur until the vapor pressure aligns with the equilibrium value.

3. Effect of Temperature on Equilibrium

- Since the temperature remains constant at 298 K, the equilibrium vapor pressure remains stable.
- The phase distribution (liquid and vapor) will adjust until equilibrium is established.

---

Correct Statements After Sealing the Flask at 298 K

Based on the above principles, several statements can be considered to determine their correctness:

Statement 1: The water reaches vapor-liquid equilibrium
inside the flask.

Correct.
In a sealed environment at constant temperature, water will naturally reach a state where the rate of
evaporation equals the rate of condensation. This dynamic equilibrium results in a stable vapor
pressure corresponding to water's vapor pressure at 298 K.

Statement 2: The vapor pressure of water in the flask
becomes equal to its equilibrium vapor pressure at 298 K.

Correct.
The vapor pressure inside the flask will stabilize at approximately 23.8 mm Hg, assuming ideal
behavior and no external pressure modifications. This is a fundamental thermodynamic principle
governing phase equilibrium.

Statement 3: The amount of water in the liquid phase
decreases over time.

Not necessarily correct.
If the system is already at equilibrium, the amount of liquid water remains constant. However, if
initially the vapor pressure was below equilibrium, evaporation might occur, decreasing liquid volume
until equilibrium is reached. Conversely, if initial vapor pressure was above equilibrium, condensation
would occur.



Statement 4: The temperature of the water remains constant
at 298 K.

Correct.
Since the flask is maintained at a constant temperature and is sealed, the temperature remains stable
unless external factors change it.

Statement 5: The total amount of water (liquid + vapor)
remains constant.

Correct.
In a sealed flask, no water enters or leaves; thus, the total mass remains unchanged. The distribution
between liquid and vapor may change until equilibrium is established.

Statement 6: The system reaches equilibrium with no net
change in the amount of water in each phase.

Correct.
Dynamic equilibrium implies no net change in the amount of water in the liquid or vapor phase over
time once the system has stabilized.

---

Implications of Sealing on Phase Changes and
Thermodynamics

Understanding the thermodynamic behavior in such a system is crucial for applications including:

Designing distillation and condensation systems

Studying phase diagrams

Predicting vapor pressures in closed environments

Understanding why certain liquids evaporate or condense under specific conditions

---



Real-World Applications and Examples

The principles discussed have practical implications:

1. Atmospheric Science

- Understanding vapor pressure and phase equilibrium helps explain cloud formation and weather
patterns.

2. Climate Control and HVAC

- Sealed environments like refrigerators or air conditioning units rely on phase changes of water and
refrigerants.

3. Scientific Research

- Controlled experiments involving sealed chambers require knowledge of vapor-liquid equilibrium to
interpret results accurately.

4. Industrial Processes

- Distillation, evaporation, and condensation processes depend on vapor pressure equilibrium
principles.

---

Summary and Final Remarks

To summarize, after sealing a flask at 298 K that is half filled with water:

- The water will adjust internally to reach a vapor-liquid equilibrium.
- The vapor pressure inside the flask will stabilize at approximately 23.8 mm Hg, the equilibrium vapor
pressure of water at this temperature.
- The distribution of water between liquid and vapor phases may change initially but will eventually
stabilize.
- The total amount of water remains constant, with no net change once equilibrium is achieved.
- The temperature remains constant at 298 K, assuming no external disturbances.

In conclusion, the correct statements about the water in the flask after it has been sealed at 298 K
are:



- The system reaches vapor-liquid equilibrium.
- The vapor pressure of water becomes equal to its equilibrium vapor pressure at 298 K.
- The total amount of water remains constant.
- The temperature remains constant at 298 K.
- There is no net change in the amount of water in each phase once equilibrium is established.

Understanding these principles provides a solid foundation for analyzing similar thermodynamic
systems and their behavior under various conditions, essential for scientific, engineering, and
industrial applications.

---
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Frequently Asked Questions

What happens to the water level in the sealed flask after
some water evaporates at 298 K?
The water level decreases as some water molecules escape into the vapor phase, but the overall
amount of water remains constant since the flask is sealed.

Does the vapor pressure of water at 298 K affect the amount
of water in the flask?
Yes, at 298 K, the vapor pressure of water is in equilibrium with liquid water, so evaporation and
condensation occur at equal rates, maintaining a balance.

Is the water in the flask at equilibrium after some evaporation
at 298 K?
Yes, after some evaporation, the system reaches dynamic equilibrium where the rate of evaporation
equals the rate of condensation.

What is the significance of the flask being sealed in this
scenario?
The sealed flask prevents water vapor from escaping, leading to a saturated vapor pressure and
equilibrium between water and vapor inside the container.

If the flask is half full of water at 298 K, what can be said
about the vapor pressure inside?
The vapor pressure of water inside the flask at 298 K will be close to its equilibrium vapor pressure at



that temperature, which is about 23.8 mm Hg.

Does the water level in the flask increase, decrease, or stay
the same after some time at 298 K?
The water level remains essentially the same once equilibrium is established, although individual
molecules continuously evaporate and condense.

What is the correct statement about the water in the flask
after it has been at 298 K for some time?
The system reaches a state where the rate of evaporation equals the rate of condensation,
maintaining a constant amount of liquid water and vapor pressure.

Can the water in the flask completely evaporate at 298 K in a
sealed environment?
No, because the vapor pressure at 298 K is not sufficient to cause complete evaporation; the water
will stabilize at a certain level in equilibrium with its vapor.
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Introduction

In the realm of thermodynamics and physical chemistry, seemingly simple scenarios often harbor
nuanced insights about temperature, phase behavior, and equilibrium states. Among these, the
statement: "A sealed flask at 298 K is half full of water" appears straightforward but invites deeper
investigation when considering what occurs over time or under altered conditions. This article aims to
rigorously analyze this scenario, exploring the physical principles involved, common misconceptions,
and the implications for understanding phase equilibria and system behavior at constant temperature.

---

Context and Initial Assumptions

Before delving into the detailed scientific analysis, it is essential to clarify the initial conditions and
assumptions embedded in the statement:

- The flask is sealed, implying no exchange of matter with the environment.
- The temperature is maintained at 298 K (approximately 25°C), an ambient room temperature.
- The flask initially contains water, filling approximately half of its volume.
- The system is considered closed, with no addition or removal of water.
- The analysis considers long-term behavior under these conditions and any relevant physical



phenomena that may occur.

---

Fundamental Principles at Play

Understanding what "correct statement" applies after the flask has been left undisturbed involves
examining the principles of:

- Vapor-liquid equilibrium
- Phase stability and transformations
- Thermal equilibrium
- Mass conservation

These principles govern how the system evolves or remains stable over time, especially in the
absence of external influences.

---

Deep Dive: Thermodynamics of a Sealed Water System at 298 K

1. Equilibrium State of Water in a Sealed Environment

In a sealed flask at constant temperature, water exists in a dynamic equilibrium between its liquid
and vapor phases. This equilibrium is characterized by the vapor pressure of water at 298 K, which is
approximately 23.8 mm Hg (or about 3.17 kPa).

Key considerations:

- Vapor pressure: The pressure exerted by water vapor in equilibrium with liquid at a given
temperature.
- Partial pressure: Since the flask is sealed, the vapor pressure of water will tend to equilibrate with
the vapor within the flask.

Implication:

- If the flask initially contains water and some vapor, over time, the vapor pressure will approach the
equilibrium vapor pressure at 298 K, assuming no external disturbances.

2. Volume and Pressure Relationships

Assuming the flask's volume remains constant:

- If the flask is half full of water, the initial vapor volume (the space above the water) depends on the
total volume and the water's initial volume fraction.
- At equilibrium, the vapor pressure of water will be consistent with the temperature, and the vapor
phase will contain water molecules in equilibrium with the liquid.

3. Evaporation and Condensation Dynamics

- Evaporation: Some water molecules escape from the liquid into vapor, increasing vapor pressure.



- Condensation: Water vapor molecules return to the liquid phase, decreasing vapor pressure.

Over time, these processes balance out, reaching dynamic equilibrium.

---

Critical Analysis: What Happens After the Flask Has Been Left Undisturbed?

1. Does the Water Level Change?

In a perfectly sealed environment:

- The volume of water and vapor remains conserved; no water enters or leaves.
- The water level remains constant unless physical disturbances occur.

However, the initial "half full" state may evolve in the following ways:

- If the initial vapor pressure is below the equilibrium vapor pressure at 298 K, evaporation will occur
until vapor pressure reaches equilibrium, but the liquid volume remains unchanged.
- If the vapor pressure initially exceeds equilibrium (which is unlikely without external influence),
condensation would occur, but again, the liquid level remains stable.

Conclusion:

The water level, in the absence of external factors, remains effectively unchanged after reaching
equilibrium.

2. Is the Water Still "Half Full"?

Given the equilibrium considerations:

- The physical amount of water doesn't spontaneously change.
- The vapor phase adjusts to match the vapor pressure at 298 K.
- The liquid volume remains constant unless evaporation leads to net loss, which is negligible in a
sealed system at equilibrium.

Therefore, the statement "after the flask has been left undisturbed, it is still half full of water" is
generally correct, assuming no physical disturbances or temperature fluctuations.

---

Possible Misconceptions and Clarifications

1. Does the Water Vaporize Completely?

No. Under constant temperature and pressure, water in a sealed flask reaches a vapor-liquid
equilibrium rather than all evaporating or condensing.

2. Does the Water Level Decrease Over Time?

Not significantly, unless external factors like temperature increase, which would shift equilibrium and



potentially cause evaporation, or physical leakage.

3. Can the Water Turn to Ice?

No, at 298 K, the temperature is well above freezing, ensuring the water remains liquid under normal
conditions.

---

Extended Considerations: Effect of External Changes

While the initial scenario assumes static conditions, real-world situations may involve:

- Temperature fluctuations: Slight increases or decreases in temperature can shift vapor pressure,
leading to evaporation or condensation.
- Pressure changes: External pressure variations can influence vapor-liquid equilibrium.
- Container effects: The shape and volume of the flask can impact how vapor and liquid coexist.

In such cases, the "half full" status may evolve, but under the initial, idealized conditions, it remains a
stable description.

---

Practical Implications and Applications

Understanding the behavior of water in a sealed flask at 298 K is foundational in:

- Calibrating thermodynamic models for phase equilibria.
- Designing sealed systems where phase stability is crucial.
- Educational demonstrations illustrating vapor-liquid equilibrium.

This scenario exemplifies the principle that in a closed system at constant temperature, the
proportions of phases reach a stable equilibrium that persists over time barring external influences.

---

Conclusion

The statement "A sealed flask at 298 K is half full of water" is a correct and stable description of the
system's state after the flask has been left undisturbed, provided no external perturbations occur.
Under these conditions:

- The water remains in a dynamic equilibrium with its vapor.
- The physical amount of water (the liquid phase) remains constant.
- The vapor pressure stabilizes at the equilibrium vapor pressure corresponding to 298 K.
- The water level, therefore, remains approximately half full over time.

This analysis underscores a fundamental principle of thermodynamics: in a closed, isothermal
environment, phases coexist in equilibrium, and their proportions are determined by the intrinsic
properties of the substances involved. Recognizing this helps in understanding phenomena ranging
from everyday observations to complex industrial processes.



---
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Note: This comprehensive review highlights that the initial statement remains valid under ideal, static
conditions, serving as a practical illustration of thermodynamic equilibrium principles in closed
systems.
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