A Flask Is Filled With 1.56 L (L= Liter) Of A
Liquid At 99.2 C. When The Liquid Is Cooled
To 13.4 C,

A Flask Is Filled With 1.56 L (L= Liter) Of A Liquid At 99.2 C. When The Liquid Is Cooled
To 13.4 C, the process involves various physical changes, primarily related to temperature and
volume change, which are fundamental concepts in thermodynamics and fluid mechanics.
Understanding what happens during cooling can be crucial in fields such as chemistry, physics,
engineering, and even practical laboratory procedures. This article explores the scientific principles
underlying the cooling of a liquid in a flask, focusing on volume changes, thermal expansion, phase
behavior, and related calculations.

Introduction: The Significance of Temperature Changes
in Liquids

Temperature plays a vital role in determining the physical properties of liquids, including their
volume, density, and phase state. When a liquid is heated or cooled, it undergoes thermal expansion
or contraction, respectively. These changes are governed by the material's coefficient of thermal
expansion, a parameter that quantifies how much a substance's volume changes with temperature.

In practical scenarios, such as in laboratories and industrial processes, understanding how liquids
behave under temperature variations ensures safety, accuracy, and efficiency. For example, when
measuring liquids, accounting for thermal expansion prevents errors. Similarly, in chemical
reactions, temperature-dependent volume changes can influence reaction rates and yields.

In this context, consider a flask filled with 1.56 liters of a liquid at 99.2°C. When cooled to 13.4°C,

the liquid's volume and other properties will change. Analyzing these changes provides insights into
the thermodynamic behavior of liquids.

Understanding Thermal Expansion of Liquids

What Is Thermal Expansion?

Thermal expansion refers to the tendency of matter to change in volume in response to temperature
variations. For liquids, this is typically expressed by the volumetric thermal expansion coefficient (B),
which indicates how much the volume expands per degree Celsius (or Kelvin).



Mathematically, the change in volume (AV) due to a temperature change (AT) can be expressed as:
\[ \Delta V =V 0 \times \beta \times \Delta T \]

where:

-\(V_0)) is the initial volume,

-\(\beta \) is the volumetric thermal expansion coefficient,

-\(\Delta T'\) is the change in temperature.

Typical Coefficient of Thermal Expansion for Liquids

The value of \( \beta \) varies among different liquids, but for many common liquids like water,
alcohol, or organic solvents, it ranges approximately between \( 5 \times 10~ {-4} \) and \( 5 \times
10"~ {-3}\) per °C.

For example:

- Water: \( \beta \approx 4.8 \times 10"~ {-4} \, “\circ C™{-1} ),

- Ethanol: \( \beta \approx 6 \times 10~ {-4} \, ~\circ C*~{-1} ),

- Benzene: \( \beta \approx 9.4 \times 10~ {-4} \, "“\circ C~{-1} ).

Knowing the specific liquid's thermal expansion coefficient is essential for precise calculations.

Calculating Volume Change During Cooling

Given the initial volume, initial temperature, final temperature, and the thermal expansion
coefficient, the change in volume can be computed.

Given Data

- Initial volume, \(V 0 = 1.56\) liters,
- Initial temperature, \( T i = 99.2"\circ C ),

- Final temperature, \( T f = 13.4"\circ C ),



- Temperature change, \(\Delta T=T f-T i=13.4-99.2 = -85.8"\circ C),

- Assume a typical \( \beta \) for a liquid, say water, \( 4.8 \times 10~ {-4} \, “\circ C~{-1}\).

Calculating Volume Change

Applying the formula:
\[ \Delta V =V 0 \times \beta \times \Delta T \]

\[ \Delta V = 1.56 \times 10" {-3} \, \text{m} "3 \times 4.8 \times 10"~ {-4} \, "“\circ C™~{-1} \times
(-85.8)™\circ C \]

(Note: 1 liter = \( 1 \times 10™{-3}\, \text{m}"~3))

Calculations:

\[ \Delta V = 1.56 \times 10" {-3} \times 4.8 \times 10"~ {-4} \times (-85.8) \]
\[ \Delta V \approx -6.42 \times 10"~ {-5} \, \text{m} "3 \]

Converting back to liters:

\[ -6.42 \times 10~ {-5} \, \text{m} "3 \times 10~ {3} = -0.0642 \, \text{L} \]

Result: The volume decreases by approximately 0.0642 liters upon cooling from 99.2°C to 13.4°C.

Implications of Volume Change in Practical Settings

1. Laboratory Measurements and Accuracy

In laboratory contexts where precise liquid measurements are critical, accounting for thermal
expansion ensures accuracy. For example, if a scientist measures a volume at a higher temperature,
they must correct the measurement to a standard temperature to compare results reliably.

Key points:

- Use correction formulas based on the thermal expansion coefficient,

- Measure temperature accurately,

- Adjust volumetric readings accordingly.



2. Safety Considerations

Rapid cooling can lead to volume contraction, which might cause pressure differences inside sealed
containers. Understanding these changes prevents accidents such as implosions or leaks.

3. Industrial Processes

In chemical manufacturing, cooling processes are often used to precipitate solids or to control
reaction rates. Knowledge of volume changes aids in designing appropriate equipment and
protocols.

Other Factors Affecting Volume During Cooling

While thermal expansion is the primary consideration, other factors may influence the behavior of
liquids during cooling:

1. Phase Changes

If cooling leads to the liquid reaching its freezing point, phase change from liquid to solid occurs.
This dramatically alters volume and properties.

- For water, freezing occurs at 0°C under standard conditions,

- Volume expansion during freezing is approximately 9% for water.

2. Supercooling

Sometimes, liquids can be cooled below their freezing point without solidifying, leading to
supercooling. This phenomenon can cause unexpected volume changes when crystallization finally
occurs.

3. Impurities and Additives

Impurities can depress or elevate freezing points and affect thermal expansion behavior.



Real-World Examples and Applications

1. Thermodynamic Calculations in Chemical Engineering

Engineers routinely calculate volumetric changes in liquids during temperature variations to design
reactors, pipelines, and storage tanks.

2. Calibration of Instruments

Volumetric glassware and sensors are calibrated considering thermal expansion to maintain
measurement accuracy.

3. Climate and Environmental Studies

Understanding how water and other liquids behave with temperature changes is essential in climate
modeling, especially in studying oceanic and atmospheric processes.

4. Material Science and Research

Studying thermal expansion coefficients helps in developing materials resistant to temperature
fluctuations.

Summary and Key Takeaways

- When a liquid is cooled from a high temperature to a lower one, its volume decreases due to
thermal contraction.

- The amount of volume change depends on the initial volume, temperature change, and the liquid's
thermal expansion coefficient.

- For common liquids like water, cooling from 99.2°C to 13.4°C results in a volume contraction of
roughly 0.064 liters for a 1.56-liter sample, assuming typical expansion coefficients.

- Accurate understanding of these changes is crucial in laboratory measurements, industrial
applications, and safety protocols.

- Additional phenomena such as phase changes and impurities can significantly influence the
behavior of liquids during cooling.



Conclusion

The process of cooling a liquid in a flask from 99.2°C to 13.4°C involves a measurable decrease in
volume primarily governed by the liquid’s thermal expansion properties. Recognizing and calculating
these changes are essential in ensuring measurement accuracy, safety, and efficiency in various
scientific and industrial contexts. By understanding the principles of thermal expansion, scientists
and engineers can better predict and manage the behavior of liquids under temperature variations,
leading to improved processes and outcomes.
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Frequently Asked Questions

What is the primary concern when cooling a liquid in a flask
from 99.2°C to 13.4°C?

The primary concern is understanding the temperature change's impact on the liquid's volume,
potential phase changes, and ensuring the flask's integrity during cooling.



How does cooling a liquid from 99.2°C to 13.4°C affect its
volume in the flask?

Cooling the liquid typically causes it to contract, reducing its volume due to decreased thermal
expansion at lower temperatures.

What are the possible physical changes when a liquid is cooled
from 99.2°C to 13.4°C?

The liquid may experience a decrease in volume, and if it reaches its freezing point, it could solidify.
Otherwise, it remains liquid but contracted.

How can we calculate the change in volume of the liquid
during cooling?

By using the thermal expansion coefficient of the liquid, we can estimate the change in volume with
the formula AV = Vo X B x AT, where B is the coefficient of volumetric expansion.

What is the significance of the initial temperature (99.2°C) in
this scenario?

The initial temperature indicates the liquid is likely near or above its boiling point, affecting its state
and volume before cooling begins.

Could the cooling process cause pressure buildup inside the
flask?

Yes, if the liquid approaches its freezing point and solidifies or if the vapor pressure increases,
pressure may build up inside a sealed flask.

What safety precautions should be taken when cooling a hot
liquid in a sealed flask?

Ensure the flask is not sealed airtight during cooling to prevent pressure buildup, and use proper
protective equipment to handle temperature changes safely.

How does the specific heat capacity of the liquid influence the
cooling process?

The specific heat capacity determines how much energy is needed to change the liquid's
temperature; a higher specific heat means it takes longer to cool down.



Additional Resources

A Flask Is Filled With 1.56 L Of A Liquid At 99.2°C. When The Liquid Is Cooled To 13.4°C, several
interesting physical and thermodynamic phenomena occur. This scenario provides a practical
context for exploring concepts such as thermal contraction, phase change, specific heat capacity,
and the behavior of liquids under temperature variation. Whether you are a student delving into
thermodynamics, a researcher analyzing experimental data, or an enthusiast curious about the
science behind cooling liquids, understanding what happens when a liquid cools from a high
temperature to a much lower temperature is fundamental.

In this article, we will dissect this situation step by step, exploring the physical principles involved,
calculating relevant parameters, and discussing the implications of temperature change on volume,
pressure, and phase state. Let’s begin by understanding the initial conditions and what they imply.

Initial Conditions and Basic Assumptions

The scenario involves a flask filled with 1.56 liters of a liquid at 99.2°C, which is just below the
boiling point of water at standard atmospheric pressure. When cooled to 13.4°C, the liquid’s
properties change, leading to a new volume and possibly phase considerations.

Assumptions:

- The liquid is water (or a similar liquid with comparable properties), unless specified otherwise.

- The flask is rigid and does not deform during cooling, meaning volume changes are due solely to
the liquid’s thermal contraction.

- The process occurs at atmospheric pressure unless otherwise specified.

- The cooling is conducted slowly enough that the system remains in thermal equilibrium at each
step.

- No phase change occurs during cooling if the initial and final temperatures are within the liquid
phase.

Understanding the Impact of Cooling on Volume: Thermal Contraction

Thermal Expansion and Contraction

Most liquids exhibit thermal expansion: their volume increases with rising temperature and
decreases when cooled. The extent of this change can be approximated using the volumetric thermal
expansion coefficient (B), which quantifies how much a material's volume changes per degree
Celsius.

For water, the volumetric thermal expansion coefficient near room temperature is approximately:

_B =207 x 107-6 /°C

However, this value varies slightly with temperature, but for the purpose of this analysis, it provides
a good estimate.



Calculating the Volume Change

Step 1: Determine the initial volume

Given:

- Initial volume, V1 = 1.56 L

- Initial temperature, T1 = 99.2°C

- Final temperature, T> = 13.4°C

Step 2: Calculate the change in temperature
AT =T2-T1 = 13.4°C - 99.2°C = -85.8°C
The negative sign indicates cooling.

Step 3: Apply the volumetric thermal expansion formula
The approximate change in volume:

AV =V1 x B x AT

Plugging in the values:

AV =1.56 L x 207 x 10™-6 /°C x (-85.8°C)
Calculating:

AV = 1.56 x 207 x 10™-6 x (-85.8)

= 1.56 x 0.000207 x (-85.8)

=~ (0.0000429 x (-85.8)

=~ -0.00368 L

Step 4: Find the final volume

V2=V1+ AV =156 L-0.00368 L = 1.5563 L

This indicates that cooling from 99.2°C to 13.4°C causes the liquid’s volume to decrease slightly
(~3.7 mL), assuming no phase change and negligible other effects.

Phase Considerations: Is the Liquid Still in the Liquid State?

While the volumetric contraction is minor, it is essential to consider whether the liquid remains in
the same phase throughout cooling. For water:

- The melting point is 0°C.
- The boiling point at 1 atm is 100°C.



Since the initial temperature is 99.2°C and the final is 13.4°C, the water remains in the liquid phase
during cooling, assuming atmospheric pressure.

However, if the pressure inside the flask is not atmospheric, or if impurities or dissolved gases are
present, the phase behavior might change slightly, which we will explore later.

Implications of Cooling on Pressure: The Vapor Pressure Perspective

Vapor Pressure and Boiling Point

At high temperatures, water’s vapor pressure approaches atmospheric pressure (~1 atm). When
cooling, the vapor pressure decreases, leading to potential condensation of water vapor within the
flask if vapor and liquid are in equilibrium.

Is the system closed or open?

- Closed system: The vapor can condense back into the liquid, maintaining equilibrium.
- Open system: Vapor escapes, resulting in mass loss.

Assuming a closed system, the vapor pressure at 13.4°C is approximately 9.2 kPa (from water vapor
pressure tables). Since the initial temperature is 99.2°C, the vapor pressure is about 101.3 kPa
(standard atmospheric pressure).

Thus, during cooling:

- Vapor pressure drops from ~ 101.3 kPa to 9.2 kPa.

- The vapor condenses into the liquid, increasing the liquid’s volume slightly, but since the volume
contraction is minimal, the main effect is the phase equilibrium shift.

Effect on pressure inside the flask

If the flask is rigid and sealed:

- As temperature drops, the vapor pressure drops.

- The vapor condenses, maintaining pressure equilibrium.
- The internal pressure remains close to vapor pressure at the current temperature.

Phase Change Possibility: Is There Supercooling or Freezing?
Given the temperature range:

- The initial temperature is well above freezing.
- The final temperature (13.4°C) is above freezing point.

Therefore, no freezing occurs unless the system is supercooled or contains impurities.

Note: If the temperature drops below 0°C and the liquid is pure water, freezing could occur, leading
to a phase change and significant volume expansion (~9%).



Practical Applications and Experimental Considerations

1. Thermal Contraction in Laboratory Settings

Understanding how liquids contract upon cooling is critical in designing precise experiments,
particularly in calorimetry or thermometry. Small volume changes can impact measurement
accuracy.

2. Phase Equilibrium and Vapor Pressure

The vapor pressure at different temperatures informs us about evaporation loss, pressure buildup,
and condensation within sealed containers. This is important for:

- Chemical storage
- Industrial processes
- Climate control systems

3. Material Selection and Container Design

Since liquids contract when cooled, choosing materials that accommodate volume changes prevents
stress or breakage. For example:

- Flexible materials for seals
- Allowance for thermal expansion/contraction

4. Calculating Energy Changes During Cooling

The heat removed during cooling (Q) can be computed:
Q=mxcxAT

Where:

- m = mass of the liquid

- ¢ = specific heat capacity (for water: ~4.18 J/g°C)

- AT = temperature change

Given:

m =V X density = 1.56 L x 1 g/mL = 1560 g

Q =1560¢g x 4.18 J/g°C x 85.8°C = 560,000 ]

This energy removal is substantial and illustrates the cooling process’s energetic aspect.

Summary of Key Points



- Cooling from 99.2°C to 13.4°C causes a slight contraction (~3.7 mL) in the volume of 1.56 L of
water.

- The process involves thermal contraction governed by the volumetric thermal expansion
coefficient.

- Vapor pressure decreases with temperature, leading to potential condensation if the system is
closed.

- No phase change (freezing or boiling) occurs within this temperature range for water at
atmospheric pressure.

- Energy removal during cooling is significant (~560 kJ), relevant for thermodynamic calculations.

Final Thoughts

Understanding the behavior of a liquid as it cools from a high temperature to a lower temperature
involves an interplay of thermal physics, phase equilibria, and material properties. This scenario
underscores the importance of precise measurements and calculations in experimental science and
industry. Whether in designing cooling systems, conducting calorimetric experiments, or simply
understanding everyday phenomena, the principles explored here form the foundation of
thermodynamic analysis.

By appreciating these concepts, scientists and engineers can predict system behavior, ensure safety,
and optimize processes involving temperature changes and fluid behavior.
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