Q C An Ice—-cube Tray Is Filled With
75.0g Of Water. After The Filled Tray
Reaches An Equilibrium Temperature

Q C An Ice-cube Tray Is Filled With 75.0g Of Water. After The Filled Tray
Reaches An Equilibrium Temperature is a common scenario in thermodynamics and
heat transfer studies. Understanding the processes involved when an ice-cube
tray containing water reaches thermal equilibrium provides insight into
fundamental concepts such as heat transfer, specific heat capacity, phase
changes, and temperature regulation. This article explores the detailed
mechanisms behind this process, the calculations involved, and the practical
implications in various real-world applications.

Understanding the Initial Conditions and Setup

The Quantity of Water and Its Significance

The scenario begins with an ice-cube tray filled with 75.0 grams of water.
The mass of water is a critical parameter because it determines the amount of
heat energy required to change its temperature or phase. Since water has a
specific heat capacity of approximately 4.18 J/g°C, the energy needed to
raise or lower its temperature is directly proportional to its mass and the
temperature change.

Initial Temperature of the Water and Environment

Prior to reaching equilibrium, the initial temperature of the water is a key
factor. Typically, water might be at room temperature (around 20°C) or cooled
to a lower temperature, such as just above freezing point. The surrounding
environment's temperature (ambient temperature) influences the heat exchange
process, dictating whether water heats up or cools down until equilibrium is
achieved.

The Concept of Thermal Equilibrium

Thermal equilibrium occurs when the water's temperature stabilizes and there
is no net heat transfer between the water and its surroundings. In practical
terms, this means the temperature of the water matches the temperature of the
environment, resulting in a steady state. The process involves heat flowing
in or out until the system reaches this balance.

Heat Transfer Mechanisms in the Process

Conduction, Convection, and Radiation

Heat exchange occurs through three primary mechanisms:



e Conduction: Transfer of heat through direct contact, especially between
the water and the tray.

e Convection: Movement of heat within the water as warmer regions rise and
cooler regions sink, promoting uniform temperature.

e Radiation: Emission or absorption of infrared radiation between the

water surface and surroundings, typically less significant in this
context.

The dominant mechanisms depend on the specific conditions, such as the
material of the tray and the environment.

Factors Affecting Heat Transfer Rate

Several factors influence how gquickly the water reaches equilibrium:

e Temperature difference between the water and environment

Thermal conductivity of the tray material (plastic, metal, etc.)

Surface area of the water exposed to surroundings
e Convective currents within the water

e Presence of insulation around the tray

Understanding these factors helps in designing systems that optimize heat
transfer for desired outcomes, such as rapid freezing or controlled cooling.

Calculating the Heat Exchange and Temperature
Change

Determining the Final Equilibrium Temperature

To analyze the process quantitatively, one can use the principle of
conservation of energy. Assuming the environment's temperature remains
constant (e.g., room temperature at 20°C), the heat lost or gained by water
equals the heat exchanged with the surroundings:

\[ O {lost} = Q_{gained} \]

Where:

- \( Q = mc\Delta T \),

- \(m \) is the mass of water,

- \( ¢ \) is the specific heat capacity,

- \( \Delta T \) is the temperature change.

If the initial temperature of water is known, and the ambient temperature is



given, the final equilibrium temperature can be calculated using:

\[ m_{water} c_{water} (T_{initial} - T_{final}) = h A (T_{final} -
T {ambient}) \]

where:
- \( h \) is the heat transfer coefficient,
- \( A \) is the surface area.

In many cases, the simplified assumption is that the water eventually
stabilizes at the ambient temperature, especially if the environment acts as
a large thermal reservoir.

Example Calculation

Suppose:

- Initial water temperature: 25°C

- Ambient temperature: 20°C

- Mass of water: 75.0 g

- Specific heat capacity of water: 4.18 J/g°C

The heat the water must lose to reach 20°C is:

N[ Q =m c \Delta T = 75.0\, \text{g} \times 4.18\, \text{J/g°C} \times (25°C
- 20°C) = 75.0 \times 4.18 \times 5 = 1567.5\, \text{J} \]

This energy is transferred to the surroundings via conduction and convection,
gradually cooling the water to the ambient temperature.

Phase Change Considerations: Freezing and
Melting

Impact of Freezing Point and Latent Heat

If the water cools sufficiently and reaches 0°C, it begins to freeze,
releasing latent heat of fusion (~334 J/g). This process can significantly
affect the temperature dynamics:

e Water remains at 0°C during freezing until all liquid turns to ice.

e The release of latent heat can slow down further cooling.

e Understanding this phase change is vital in processes like ice-making
and cryopreservation.

Reaching Equilibrium with Ice Formation

When ice forms within the tray, the system reaches a different kind of
equilibrium involving both temperature and phase composition. The final
temperature typically stabilizes near 0°C, with the mixture of ice and water



coexisting until all water freezes or the temperature increases again.

Practical Implications and Applications

Ice Production and Refrigeration

Understanding the thermal dynamics of water in an ice-cube tray aids in
designing efficient ice-making processes. For example, rapid freezing
requires maximizing heat transfer through good insulation, optimal tray
materials, and controlled environmental conditions.

Temperature Regulation in Food Preservation

Freezing water in containers is a fundamental step in food preservation,
preventing microbial growth and spoilage. Knowledge of heat transfer rates
allows for better control over freezing times and energy consumption.

Scientific and Educational Contexts

Laboratory experiments often involve measuring temperature changes in water
to verify thermodynamic principles. Accurate calculations of heat transfer
and phase changes deepen understanding of physical laws.

Conclusion: The Significance of Heat Transfer
in Reaching Equilibrium

The process of a water—-filled ice-cube tray reaching an equilibrium
temperature showcases essential concepts in thermodynamics, including heat
transfer, specific heat capacity, phase change, and thermodynamic
equilibrium. By understanding how heat moves between water and its
environment and the factors influencing this transfer, scientists and
engineers can optimize processes such as freezing, heating, and temperature
regulation. Whether in industrial applications, food preservation, or
educational demonstrations, mastering these principles provides valuable
insights into the fundamental behaviors of thermal systems.

Key Takeaways:

— The mass of water (75.0 g) directly impacts the energy required to change
its temperature.

— Heat transfer mechanisms include conduction, convection, and radiation.

— The final equilibrium temperature depends on initial conditions and
environmental factors.

- Phase changes, such as freezing, involve latent heat, complicating the
temperature dynamics.

— Practical applications span ice production, refrigeration, and scientific
experiments.

Understanding the detailed thermodynamic processes involved in reaching
equilibrium helps improve efficiency, safety, and quality in wvarious
technological and everyday contexts.



Frequently Asked Questions

What is the significance of reaching an equilibrium
temperature in an ice-cube tray filled with water?

Reaching an equilibrium temperature means the water and ice are exchanging
heat until they stabilize at a common temperature, typically close to 0°C if
ice is present, indicating thermal balance.

If an ice-cube tray is filled with 75.0 g of water,
how does the heat transfer affect the temperature
after reaching equilibrium?

The heat transfer causes the water to cool down or warm up until it reaches
the same temperature as the ice, resulting in no further net heat exchange
once equilibrium is achieved.

What factors influence the final equilibrium
temperature of water in an ice—cube tray?

Factors include the initial temperature of the water, the amount of ice
present, the surrounding environmental temperature, and the heat capacity of
the water and ice.

How can we calculate the temperature change of water
when it reaches equilibrium with ice in the tray?

By applying the principle of conservation of energy and using specific heat
capacities, you can set the heat lost by warm water equal to the heat gained
by melting ice and warming the resulting water.

What is the typical equilibrium temperature when
water in an ice—-cube tray reaches thermal balance
with ice at standard conditions?

The equilibrium temperature is typically around 0°C, assuming the ice is at
melting point and the environment is not significantly warmer or cooler.

Why does the mass of water (75.0 g) matter in
determining the equilibrium temperature in this
scenario?

The mass affects the heat capacity, meaning more water requires more heat
exchange to change temperature, influencing how quickly and to what
temperature the system reaches equilibrium.

Can the equilibrium temperature of water in the tray
be below 0°C? Why or why not?

It cannot be below 0°C if ice is present and the environment is at a higher



temperature because the presence of ice maintains the temperature at or near
melting point; below 0°C would imply supercooling or the absence of ice
melting.

Additional Resources

Q C An Ice-cube Tray Is Filled With 75.0g Of Water. After The Filled Tray
Reaches An Equilibrium Temperature

Introduction

Imagine you’re preparing for a summer gathering or simply craving a cold
beverage, and you reach for your trusty ice-cube tray. But have you ever
paused to consider what actually happens from the moment you fill that tray
with water to when the ice cubes are fully frozen? Understanding this process
not only enhances your appreciation for everyday kitchen tools but also
offers insights into the fascinating principles of thermodynamics, heat
transfer, and phase change.

In this detailed exploration, we analyze the scenario where an ice-cube tray
is filled with 75.0 grams of water. We will examine what it means for the
tray to reach an equilibrium temperature, what factors influence this
process, and how the physics of heat transfer and phase change come into
play. Whether you're a culinary enthusiast, a science student, or a curious
mind, this comprehensive review aims to inform and deepen your understanding
of a seemingly simple task-—making ice.

Understanding the Basic Principles
The Nature of Heat Transfer and Equilibrium

When water is placed into an ice-cube tray, it initially exists at room
temperature or some ambient temperature, which is typically higher than 0°C.
The tray itself is usually at room temperature or maybe even colder if stored
in a refrigerator. Once the tray is placed in a colder environment, heat
begins to flow from the water to the surroundings and the tray, gradually
reducing the water’s temperature until a state of thermal equilibrium is
achieved.

Thermal equilibrium is the state where the temperature of the water, the
tray, and the environment stabilize; that is, no net heat transfer occurs
among them. In the context of the ice-cube tray, reaching equilibrium often
means the water’s temperature approaches that of the freezer
environment—usually around -18°C in typical household freezers.

Phase Change: From Water to Ice

A key aspect of freezing water is the phase change from liquid to solid.
During this process, heat is removed from the water, known as the latent heat
of fusion. For water, this is approximately 334 Joules per gram. This energy
removal is necessary for the molecules to slow down enough to form a
crystalline, solid structure—the ice.

The Significance of the 75.0 g of Water



The mass of water—75.0 grams—is crucial because it determines how much heat
must be removed to reach the desired freezing point and complete the phase
transition. The larger the mass, the more heat needs to be extracted, and the
longer the process takes.

Factors Influencing the Freezing Process

Before exploring the detailed process, it’s important to understand the
factors that influence how water in the tray reaches equilibrium temperature
and ultimately freezes:

1. Initial Temperature of Water

— The starting temperature of the water affects how much heat must be
removed.

- Water at room temperature (~20°C) requires more cooling than water already
near freezing.

2. Ambient Temperature and Environment
— The temperature inside the freezer, typically around -18°C, drives the heat

transfer.
The efficiency of heat removal depends on the temperature gradient.

3. Material and Thickness of the Tray

— Common materials include plastic, metal, or silicone.

- Metals (like aluminum) conduct heat better, speeding up cooling.

— Plastic and silicone are insulators, slowing down heat transfer.

4. Surface Area and Shape of the Tray

- Larger surface area exposes more water to cold air, facilitating faster
heat loss.

— Thin trays cool more quickly than deeper ones.

5. Air Circulation and Freezer Conditions

— Proper airflow enhances heat transfer.
- Frozen air circulation and door opening frequency impact the cooling rate.

The Step-by-Step Process of Reaching Equilibrium and Freezing
Step 1: Filling the Tray

When you fill the tray with 75.0 g of water, it is typically at room
temperature, say approximately 20°C. The initial state is:

- Water temperature (T_initial): ~20°C
- Tray temperature: approximately room temperature
- Surroundings (freezer environment): ~ -18°C

Step 2: Heat Transfer Begins

Upon placing the tray into the freezer:



— Heat flows from the water to the tray and then to the freezer environment.
— The rate of heat transfer depends on the temperature difference (AT) and
the thermal conductivity of the tray material.

Step 3: Cooling of Water
The water’s temperature gradually drops:

— Conduction: through the tray material
- Convection: from the water surface to the cold air in the freezer
- Radiation: negligible but still a minor factor

As the water cools, it passes through several temperature zones:

— Supercooling region: where water cools below freezing without forming ice
(rare in this context)

— Nucleation point: where ice crystals begin to form

— Freezing process: where the entire volume transitions to ice, releasing
latent heat

Step 4: Reaching Equilibrium Temperature

Eventually, the water’s temperature stabilizes at a point just above or at
0°C, depending on the conditions. In an ideal, perfectly insulated and
controlled environment, the water would cool uniformly to 0°C before
freezing. However, in practical home freezers:

- The water often cools to just below 0°C.

— Ice formation begins once nucleation occurs.

— During freezing, the temperature remains relatively constant at 0°C until
all water becomes solid, due to the latent heat of fusion being released.

Step 5: Complete Freezing and Final Equilibrium

Once all water has frozen:

— The ice cubes are at the freezer temperature (~ -18°C).
— The temperature of the ice tray and the ice cubes stabilize at this low
temperature.

— The process reaches a new equilibrium, with no further net heat transfer
occurring unless the environment changes.

Quantitative Analysis: Calculating the Energy and Time
Energy Required to Cool Water from 20°C to 0°C

Using specific heat capacity of water:

- Specific heat capacity (c): 4.18 J/g°C

- Mass (m): 75.0 g

- Temperature change (AT): 20°C - 0°C = 20°C

The heat (Q) removed:

\[ 0 = m \times c \times \Delta T \]

\[ O 75.0\,g \times 4.18\,J/g°C \times 20\, °C \]



\[ Q = 75.0 \times 4.18 \times 20 \]
\[ Q \approx 75.0 \times 83.6 \]
\[ Q \approx 6270\,J \]

Thus, approximately 6,270 Joules of energy must be extracted to cool the
water from 20°C to 0°C.

Energy Required for Complete Freezing

The latent heat of fusion:

\[ O_{fusion} = m \times L_f \]

\[ Q_{fusion} = 75.0\,g \times 334\,J/g \]
\[ Q_{fusion} \approx 25,050\,J \]

Total energy removal:

N[ Q_{total} = Q_{cooling} + Q_{fusion} \]
N[ Q_{total} \approx 6,270\,J + 25,050\,J \]
N[ Q_{total} \approx 31,320\,J \]

This is the approximate energy that must be transferred from the water to the
environment for complete freezing.

Time Estimation

The actual freezing time depends on:

— The freezer’s cooling rate (heat transfer coefficient)
- Tray material and surface area

— Temperature difference

Suppose the freezer can remove heat at a rate of 50 Joules per second (a
rough estimate) :

N[t

\frac{Q_{total}}{\text{rate}} \]

\[ t

\frac{31,320\,J}{50\,J/s} \]

\[ t \approx 626\,s \]

\[ t \approx 10.4\,minutes \]

In reality, due to inefficiencies, insulation, and other factors, the actual

time to fully freeze the water might be 1-4 hours, especially for larger
volumes or less efficient trays.

Practical Considerations and Tips

Optimizing Freezing Efficiency



— Use metal trays: They conduct heat better, speeding up the freezing
process.

— Pre-chill trays: Placing trays in the freezer prior to filling can reduce
freezing time.

— Increase surface area: Thin, shallow trays freeze faster than deep ones.
— Ensure proper airflow: Avoid overcrowding, and don’t block vents.

Recognizing When Freezing Is Complete

— Visual cues: Ice cubes are fully solid and may be slightly distorted.
— Feel: Ice is hard and cold to the touch.

— Time: Based on typical freezer cycles, plan for at least 2-4 hours for
complete freezing.

Final Thoughts: The Science Behind Ice in Your Kitchen

The simple act of filling an ice-cube tray and waiting for it to freeze hides
a complex interplay of heat transfer, phase change, and thermodynamics. From
the initial cooling of water to reaching an equilibrium temperature, to the
energy exchanges during freezing, understanding these processes enhances our
appreciation for everyday appliances and tasks.

In essence, the process involves:
— Efficient heat removal from the water

— Overcoming the latent heat of fusion
— Achieving a stable, low-temperature state where
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