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Understanding the physical and thermodynamic behavior of a small ice cube placed in a
controlled, vacuum environment provides fascinating insights into phase changes, heat
transfer, and material properties. In this article, we delve into the scenario where a 9.0 g
ice cube at -20°C is situated inside a rigid, sealed container from which all the air has
been evacuated. We explore the implications of this setup on the ice's temperature
evolution, phase transitions, and the associated thermodynamic principles.

Overview of the Scenario

The setup involves several critical conditions:

- Mass of ice cube: 9.0 grams

- Initial temperature of ice: -20°C

- Container characteristics: Rigid and sealed

- Environment inside the container: Vacuum (all air evacuated)

This configuration prompts questions about the behavior of the ice under these conditions,

including how it warms or cools, whether it melts or sublimates, and how heat transfer
mechanisms operate without air or other gases present.

Fundamental Thermodynamic Principles Involved

To analyze this scenario, it is essential to understand key thermodynamic concepts:

1. Heat Transfer Mechanisms

e Conduction: Heat transfer through direct contact. Since the container is rigid and
sealed, conduction occurs between the ice and the container walls.

¢ Convection: Usually involves fluid movement; absent here due to vacuum.



e Radiation: Transfer of heat via electromagnetic waves, significant in vacuum
environments.

2. Phase Changes of Water

¢ Melting (Fusion): Transition from solid to liquid at 0°C under standard pressure.

e Sublimation: Direct transition from solid to vapor, occurring below freezing point in
vacuum conditions.

3. Vapor Pressure and Sublimation

In a vacuum, the absence of atmospheric pressure allows sublimation to occur at
temperatures below 0°C. The vapor pressure of ice at -20°C is a critical factor influencing
whether sublimation occurs.

Behavior of the Ice Cube in a Vacuum
Environment

In the absence of air, the primary heat transfer mechanisms are conduction through the
container and radiation. The key factors determining the ice's behavior include:

- The initial temperature of -20°C

- The thermal properties of the container material

- The ambient temperature outside the container (if any)
- The heat exchange with the surroundings via radiation

Potential Outcomes for the Ice Cube

Depending on the specifics of the environment and container, several outcomes are
possible:



1. The Ice Remains at -20°C

If the container and surroundings are at a temperature below 0°C, and no heat is
introduced, the ice will stay at its initial temperature.

2. The Ice Warms Up and Melts

If heat is supplied (e.g., from the container walls or external environment), the ice can
warm to 0°C and then melt to liquid water.

3. Sublimation Occurs

In a vacuum at -20°C, the vapor pressure of ice (~0.17 atm or approximately 23 kPa) is
much higher than the pressure inside the evacuated container (near vacuum). This can
lead to sublimation, where ice transitions directly to water vapor.

4. The Ice Submerges into a State of Equilibrium

A dynamic balance may establish where sublimation and condensation occur at equal
rates, especially if the container is cooled or heated externally.

Thermodynamics of Ice in Vacuum at -20°C

Let's analyze the key thermodynamic processes in detail:

1. Heat Capacity of Ice

The specific heat capacity of ice (at constant pressure) is approximately 2.09 J/g-K. For a
9.0 g ice cube:

e Heat needed to raise temperature by AT: \(Q = mc\Delta T\)

e From -20°C to 0°C: \(Q = 9.0\, \text{g} \times 2.09\, \text{]J/g-K} \times 20\, \text{K}
= 376.2\, \text{J}\)

2. Latent Heat of Fusion

The energy required to melt ice at 0°C is the latent heat of fusion, approximately 334 J/g.
For 9.0 g:



e Required energy: \(Q {fusion} = 9.0\, \text{g} \times 334\, \text{J/g} = 3006\,
\text{J}\)

3. Sublimation Considerations

In vacuum, sublimation can occur at temperatures below 0°C. The rate depends on:

- Vapor pressure of ice at -20°C (~0.17 atm)
- The ambient pressure inside the container (near vacuum)
- Surface area of the ice cube

The sublimation rate can be estimated using the Hertz-Knudsen equation, which relates
vapor flux to vapor pressure and temperature.

Heat Transfer and Thermal Equilibrium

In the absence of air, the primary heat transfer mechanisms are:

1. Conduction through the Container Walls

- If the container is at a different temperature than the ice, heat flows through the
container material.
- The rate depends on the thermal conductivity and temperature gradient.

2. Radiation

- The ice, container, and surroundings exchange heat via radiation.
- The Stefan-Boltzmann law governs radiative heat transfer:

\[
Q {rad} = \epsilon \sigma A (T {surface}”~4 - T {surroundings}”~4)
\]

where:

- \(\epsilon\) is the emissivity,

- \(\sigma)) is the Stefan-Boltzmann constant,
-\(A\) is the surface area,

- \(T\) is temperature in Kelvin.

In a perfectly insulated, vacuum environment, radiation becomes the dominant heat
transfer mode.



Implications of a Vacuum on Phase Transitions

The vacuum environment dramatically alters phase transition dynamics:

- Sublimation Dominates: The ice is more likely to sublimate directly to vapor rather than
melt, especially if the temperature is below 0°C.

- No Convection: Without air, convective heat transfer is eliminated, reducing heat
exchange efficiency.

- Potential for Equilibrium: Over time, a thin vapor layer may form around the ice,
establishing a quasi-equilibrium with sublimation and re-deposition processes.

Practical Examples and Applications

Understanding the behavior of ice in vacuum has practical significance in various fields:

1. Space Missions and Cryogenic Storage

- Spacecraft often operate in vacuum; understanding phase changes of water and other
volatiles is crucial.
- Storage of ice in space requires controlling sublimation and thermal conditions.

2. Vacuum Freeze-Drying

- The process involves sublimating water from frozen material under vacuum, preserving
biological samples or food.

3. Scientific Experiments

- Studying sublimation and phase transitions helps in understanding planetary
atmospheres and surface processes.

Summary and Key Takeaways

-A 9.0 gice cube at -20°C in a vacuum will primarily undergo sublimation rather than
melting if no external heat is supplied.
- Without air, heat transfer relies on conduction and radiation, both of which can be



minimized with proper insulation.

- To melt the ice, external heat must be supplied to raise its temperature to 0°C, requiring
approximately 376.2 J.

- Sublimation rates depend on vapor pressure and temperature; at -20°C, sublimation can
occur over time, leading to gradual mass loss.

- In a sealed, evacuated container, phase transitions are governed by vapor pressure,
temperature, and heat transfer mechanisms, with sublimation being the dominant process
at temperatures below freezing.

Conclusion

Analyzing a small ice cube in a sealed vacuum environment offers valuable insights into
thermodynamics and phase change phenomena. Whether the ice remains solid, melts, or
sublimates depends on the interplay of heat transfer, vapor pressure, and environmental
conditions. Understanding these principles is essential for applications ranging from space
exploration to industrial preservation techniques, highlighting the importance of
thermodynamics in real-world scenarios.

If you want to learn more about phase changes, heat transfer, or vacuum environments,
explore our detailed guides and scientific resources to deepen your understanding.

Frequently Asked Questions

What is the initial state of the ice cube in the sealed
container?

The ice cube is at 9.0 g mass and -20°C temperature, remaining solid in a rigid, sealed,
evacuated container.

What happens to the ice cube when it is placed in an
evacuated, sealed container at -20°C?

It remains solid initially, but without air or external heat sources, it will gradually absorb
heat from the container's walls, potentially leading to melting or sublimation depending on
conditions.

How does the absence of air affect the melting or
sublimation of the ice cube?

Without air, there is no air pressure to influence phase changes, so the ice can sublimation



directly from solid to vapor if enough heat is transferred from the container walls.

What is the primary heat transfer mechanism in this
scenario?

Heat transfer occurs mainly through conduction from the container walls to the ice cube,
possibly supplemented by radiation if the container is exposed to thermal radiation
sources.

Will the ice cube melt or sublime at -20°C in a vacuum?
Why?
At -20°C, the ice cube will tend to remain solid unless enough heat is supplied to raise its

temperature or cause sublimation, which can occur in a vacuum due to direct sublimation
at low pressure.

How does the mass of the ice cube affect its thermal
behavior in this setup?

The mass determines the amount of heat required to change its temperature or induce
phase change; a 9.0 g ice cube requires a specific amount of heat to melt or sublimate
based on its heat capacities.

What is the expected final state of the ice cube after
some time in this environment?

It is likely to remain mostly solid initially but may slowly sublimate if heat flows into it,
eventually decreasing in mass as vapor escapes or deposits as frost if conditions change.

Can the ice cube reach thermal equilibrium in this
sealed environment? How?

Yes, it can reach thermal equilibrium with the container walls through conduction and
radiation, but since the container is evacuated, the process depends solely on heat
transfer from the walls.

What practical applications relate to understanding the
behavior of ice in a vacuum environment?

This knowledge is important in fields like space science, cryogenics, and vacuum
packaging, where controlling sublimation and phase changes of ice or other materials is
critical.

How would increasing the temperature of the container



walls affect the ice cube's phase change?

Raising the temperature would provide more heat, potentially causing the ice to melt into
water or sublimate into vapor, depending on the temperature and pressure conditions
inside the evacuated container.

Additional Resources

A 9.0 G Ice Cube At -20°C Is In A Rigid, Sealed Container From Which All The Air Has
Been Evacuated.

This intriguing scenario presents a fascinating intersection of thermodynamics, phase
change phenomena, and material science. When analyzing a small ice cube of 9.0 grams
kept at -20°C inside a rigid, sealed, and vacuumed container, several fundamental
principles come into play. Understanding how the ice behaves under these conditions, how
it interacts with its environment, and what implications arise from the absence of air and
the low temperature provides a comprehensive insight into physical and chemical
processes at play. This review explores the various aspects of this setup, including the
thermodynamic state, phase stability, potential sublimation or melting, and the broader
implications of such an environment.

Thermodynamic State of the Ice Cube at -20°C in
Vacuum

Initial Conditions and Material Properties

The ice cube, with a mass of 9.0 grams, is initially at a temperature of -20°C. At this
temperature, pure ice is well below its melting point of 0°C under standard atmospheric
pressure. The specific heat capacity of ice (approximately 2.09 J/g-K) dictates how much
energy is required to change its temperature, and the latent heat of fusion (about 334 ]J/g)
determines the energy needed for phase change from solid to liquid.

In a vacuum environment, the absence of air means that heat transfer modes are limited
primarily to conduction through the container walls and radiation. Convection is
essentially eliminated because there is no fluid medium for such transfer. As a result, the
temperature of the ice is likely to remain stable unless external energy sources or sinks
are introduced.

Implications of Vacuum Conditions on Thermal



Equilibrium

In a sealed, evacuated container, the thermal equilibrium is achieved primarily through
conduction and radiation. Since the container's materials and surroundings are not
specified, the analysis assumes an idealized scenario where the container is thermally
insulated or connected to a thermal reservoir at -20°C.

Because there is no air or other gases, the heat transfer is minimal unless the container is
exposed to external heat sources or sinks. Therefore, the ice remains at -20°C, and the
temperature remains stable over time, unless an external influence causes a change.

Phase Behavior of the Ice in a Vacuum
Environment

Sublimation of Ice at -20°C

In a vacuum, sublimation—the direct transition from solid to gas—is a significant process
for ice. The vapor pressure of ice at -20°C is approximately 0.16 kPa (or about 1.2 mm
Hg). Since the container is evacuated, the pressure inside is well below atmospheric
pressure, and potentially below the vapor pressure of ice at this temperature.

This means that sublimation can occur spontaneously, causing molecules of ice to
transition directly into water vapor. The rate of sublimation depends on the temperature,
the vapor pressure, and the surface area of the ice.

Key points:

- Sublimation Rate: At -20°C, sublimation occurs but at a relatively slow rate due to low
vapor pressure.

- Mass Loss: Over time, the ice will lose mass, decreasing from the initial 9.0 grams.

- Pressure Build-up: As sublimation proceeds, vapor molecules accumulate in the
container, increasing internal pressure until equilibrium is reached or the vapor escapes
(which it cannot, in a sealed container).

Pros and Cons:
- Pros: Preservation of the ice in a near-ideal environment for studying sublimation rates.

- Cons: Gradual mass loss leading to eventual disappearance of the solid phase if
sublimation continues long enough.



Potential Melting and Re-freezing Dynamics

Since the ice is at -20°C, well below 0°C, melting is not expected unless heat is
introduced. In the absence of heat transfer, the ice remains solid. However, if the
container were to be exposed to external heat, melting could occur, leading to liquid water
formation at 0°C, and subsequent vaporization if temperatures increase further.

Effects of Absence of Air and Gases

Elimination of Convection and Its Consequences

In normal atmospheric conditions, heat transfer around the ice involves convection, which
accelerates melting or sublimation when external heat is present. In a vacuum, convection
is eliminated, leaving conduction and radiation as the primary heat transfer modes.

Implications:

- Reduced heat transfer rates mean the ice is thermally isolated and remains at -20°C
unless external sources modify the environment.

- The absence of air prevents oxidation or other chemical interactions that might occur
with moisture.

Impact on Sublimation and Stability

Without air, the sublimation vapor cannot escape easily unless the container has a
permeable vent or is designed to allow vapor escape. In a sealed container, vapor pressure
builds up until equilibrium is reached, ultimately stabilizing the phase of the remaining ice
(or water if melting occurs).

Long-term Behavior and Practical Considerations

Stability of the Ice Cube Over Time

Given the conditions, the ice cube should remain largely stable over short periods. The
primary process affecting it is sublimation, which proceeds slowly at -20°C. Over extended
periods, the ice might diminish in size as molecules escape into the vapor phase.



Factors influencing stability:

- The material and thermal insulation of the container.
- External temperature fluctuations.
- Internal vapor pressure and whether it reaches equilibrium.

Implications for Scientific and Industrial Applications

Understanding the behavior of ice under such conditions is relevant in fields like
cryogenics, vacuum science, and planetary science (e.g., modeling ice on celestial bodies).
The controlled environment provides a means to study sublimation rates, phase stability,
and the thermodynamic properties of water at low temperatures and low pressures.

Summary of Key Features, Pros, and Cons

Features:

- Small ice sample (9.0 g) at -20°C.

- Enclosed in a rigid, sealed, evacuated container.

- No air or ambient gases present.

- Heat transfer primarily through conduction and radiation.

Pros:

- Controlled environment ideal for studying sublimation.
- Minimal external interference ensures stable conditions.
- Useful for simulating extraterrestrial or vacuum conditions.

Cons:

- Gradual loss of ice due to sublimation.
- Potential buildup of vapor pressure inside the sealed container.
- Long-term stability requires careful insulation and temperature control.

Conclusion

The scenario of a 9.0 g ice cube at -20°C in a rigid, sealed, vacuum environment
encapsulates fundamental principles of thermodynamics and phase change phenomena.
While the low temperature ensures the ice remains solid initially, sublimation becomes the
dominant process in the absence of air and external heat sources. Over time, the ice will
slowly sublimate, leading to mass loss and vapor pressure buildup inside the container.



This environment offers valuable insights into phase stability, sublimation kinetics, and the
thermodynamic behavior of water under low-pressure conditions. Such studies have broad
implications, from understanding planetary ice deposits to designing vacuum storage
systems, underscoring the importance of environmental control in material science and
cryogenics.
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