heat of fusion of ice lab answer key

Heat of fusion of ice lab answer key is an essential topic in thermodynamics and physical chemistry that
explores the amount of energy required to change a substance from a solid to a liquid at its melting point.
In this article, we will delve into the concept of heat of fusion, the laboratory procedures to determine this
value for ice, the theoretical background, typical results, and common sources of error in the experiment.
This comprehensive guide aims to provide a rich understanding of the heat of fusion of ice, along with an

answer key for a typical laboratory exercise.

Understanding Heat of Fusion

The heat of fusion, often denoted by the symbol AH_fus, is the amount of energy needed to convert a unit
mass of a solid into a liquid at constant temperature and pressure. For ice, this process occurs at 0 degrees
Celsius (32 degrees Fahrenheit). The heat of fusion is crucial for various natural processes and industrial

applications, including climate studies, cryogenics, and food preservation.

Theoretical Background

1. Definition: The heat of fusion is defined as:
\[

\Delta H_{fus} = \frac{Q}{m}

\]

where:

- \(Q\) = heat absorbed or released,

- \(m\) = mass of the substance.

2. Units: The heat of fusion is typically expressed in joules per gram (J/g) or calories per gram (cal/g). For
ice, the heat of fusion is approximately 334 J/g.

3. Phase Changes: The heat of fusion is particularly significant because it takes energy to overcome the
intermolecular forces holding the solid together. During the phase change from solid to liquid, the
temperature of the substance remains constant until the entire solid has melted, despite the continuous

input of heat.

Laboratory Procedure to Determine Heat of Fusion of Ice



To experimentally determine the heat of fusion of ice, a calorimetry method is often employed. Below is a

step-by-step outline of a typical laboratory procedure:

Materials Required

- Ice

- Calorimeter (preferably a simple coffee cup calorimeter)
- Thermometer

- Balance (for measuring mass)

- Distilled water

- Stirring rod

- Stopwatch

Procedure

1. Preparation:
- Measure a specific mass (m1) of ice and record it.

- Measure a specific volume of warm water (m2) at a known temperature (T1) and record its mass.

2. Initial Temperature Measurement:

- Use the thermometer to record the initial temperature of the warm water (T1).

3. Mixing:
- Add the ice to the warm water in the calorimeter.

- Stir the mixture gently until the ice melts completely, ensuring uniform temperature throughout.

4. Final Temperature Measurement:
- Once the ice has entirely melted, record the final equilibrium temperature (T_f) of the water-ice

mixture.

5. Calculations:

- Calculate the heat lost by the warm water using the formula:

\

Q_{water} = m_{water} \cdot c_{water} \cdot (T_{final} - T_{initial})
\

where:

- \(c_{water}\) = specific heat capacity of water (approximately 4.18 J/g°C).

6. Energy Balance:
- Assuming no heat is lost to the surroundings, the heat gained by the ice is equal to the heat lost by the



water:
\[
Q_{ice} = -Q {water}

\

7. Calculating Heat of Fusion:

- The heat gained by the ice can also be expressed as:
\

Q_{ice} = m_{ice} \cdot \Delta H_{fus}

\

- Rearranging gives:

\

\Delta H_{fus} = \frac{-Q {water}}{m_{ice}}

\]

Typical Results and Answer Key

In a well-conducted lab experiment, students can expect to find results that are close to the accepted value
of 334 J/g for the heat of fusion of ice.

Here is a sample of typical data and calculations:

- Mass of ice (m1): 50 g

- Mass of water (m2): 200 g

- Initial temperature of water (T1): 50°C
- Final temperature (T_f): 25°C

Calculations:

1. Calculate the heat lost by water:

\

Q_{water} = m_{water} \cdot c_{water} \cdot (T_f - T_1)
\]

[

Q {water} = 200 \, g \cdot 4.18 \, J/g°C \cdot (25°C - 50°C)
\

\

Q_{water} = 200 \cdot 4.18 \cdot (-25) = -20900 \, J

\]

2. Calculate heat of fusion:

[



\Delta H_{fus} = \frac{-Q_{water}}{m_{ice}} = \frac{20900 \, J}{50 \, g} = 418\, J/g
\

This result indicates that while a common experimental outcome might vary, the heat of fusion of ice can

be reasonably approximated, and students should reflect on variations due to experimental errors.

Common Sources of Error

Several factors can contribute to discrepancies between experimental results and the accepted value of the

heat of fusion of ice. Recognizing these can be vital for improving accuracy in future experiments.

1. Heat Loss to the Environment: If the calorimeter is not insulated effectively, heat may escape, leading to

an underestimation of the heat absorbed by the ice.

2. Inaccurate Temperature Measurements: Errors in reading the thermometer or fluctuations in

temperature can skew results.

3. Incomplete Melting of Ice: If not all the ice melts, the calculated heat of fusion will be lower than the

true value.

4. Assumptions in Calculations: The assumption that no heat is lost to the surrounding environment may

not hold true under certain conditions.

5. Calibration Errors: The balance or thermometer may not be calibrated properly, leading to incorrect mass

or temperature readings.

Conclusion

In conclusion, understanding the heat of fusion of ice is fundamental to the study of thermodynamics and
physical chemistry. The laboratory experiment designed to measure this property provides students with
hands-on experience in calorimetry and energy balance principles. By analyzing the heat absorbed by ice
during melting and considering the theoretical background, students can appreciate the significance of
phase changes in both natural and industrial contexts. With careful attention to experimental protocols and
an awareness of potential errors, students can obtain results that contribute to their understanding of

thermal processes.



Frequently Asked Questions

‘What is the heat of fusion of ice?

The heat of fusion of ice is the amount of energy required to change ice at 0 degrees Celsius to water at the

same temperature, which is approximately 334 joules per gram.

Why is the heat of fusion of ice important in experiments?

It is important because it helps in understanding phase changes, energy transfer, and is essential for

calculating the thermal energy involved in melting processes.

How can the heat of fusion of ice be experimentally determined?

It can be determined by measuring the temperature change of water as it absorbs heat from ice until the

ice melts completely, using calorimetry to calculate the energy absorbed.

What equipment is typically used in a lab to measure the heat of fusion of
ice?

Common equipment includes a calorimeter, a thermometer, ice, water, and a heat source to provide

controlled heating.

‘What factors can affect the accuracy of the heat of fusion of ice lab results?

Factors include the precision of temperature measurements, heat losses to the environment, and ensuring

complete melting of the ice.

‘What is the significance of the heat of fusion in climate science?

It is significant because it helps to understand the energy dynamics in melting ice caps and glaciers, which

are crucial for climate change studies.

How does the heat of fusion of ice compare to the heat of vaporization of

water?

The heat of fusion of ice (334 J/g) is considerably lower than the heat of vaporization of water (2260 J/g),

indicating that phase changes from liquid to gas require much more energy.
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