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Experiment 16 - Changes of State 

 

EQUIPMENT NEEDED CHEMICALS AND CONSUMABLES 

 Science Workshop Interface 

 temperature sensor 

 graduated cylinders, 100 mL (3) 

 apron and safety goggles 

 glass and rubber tubing 

 250 ml Erlenmeyer flask 

 

PURPOSE  

In this laboratory activity, you will determine the phase change behavior, the heat of fusion (Hfusion) and 

the heat of vaporization of water (Hvaporization). 

 

THEORY  

A substance's melting, freezing, vaporizing, and condensing behaviors are characteristics that are unique to 

that substance and are often used to identify pure substances. When a substance experiences a phase 

change, the temperature does not rise or fall during the phase change. For example, as energy is added, pure 

solid water (ice) at 0°C changes to liquid water at 0°C. When the substance reaches its melting (or freezing 

point), energy that is added (or removed) is used to generate the phase change instead of raising (or 

lowering) the temperature. This energy is either released when intermolecular bonds form (freezing or 

condensation), or is used to break intermolecular bonds (melting or vaporizing). 

 

The freezing point of a substance can be related to a property called the Heat of Fusion. The Heat of Fusion 

is the amount of heat necessary to change one gram of solid to one gram of liquid at the freezing point. To 

calculate a heat of fusion you must measure a T of a surrounding material since there is no change in 

temperature for the melting process. In this experiment, you will measure the temperature change of water 

in a coffee cup calorimeter as the ice in the beaker melts. To calculate the heat of fusion, you can use the 

relationships 

 

Equation 1 

 

   − q (lost by water) = q (to melt ice) + q (to heat melted ice at 0°C) + q (gained by  calorimeter) 

  distilled water 

  ice cubes 

where q is heat flow, c is specific heat, m is mass in grams, C is the heat capacity of the 

calorimeter, Hf
  
is the enthalpy of fusion in Joules/gram, and T is the change in temperature. For 

water, c is 4.18 J/g°C, and for the calorimeter, C was determined in a previous experiment. 
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Since the magnitude of heat gained by the calorimeter and the heat needed raise the temperature of the 

melted ice to the final temperature are small, neglecting these terms will not cause serious error. 

 

Boiling point is a physical property, which can be related to the substances' Heat of Vaporization. 

The Heat of Vaporization is the amount of heat necessary to change one gram of liquid into one 

gram of vapor at the boiling point of the liquid. Exactly the same amount of heat must be 

removed from one gram of steam to condense it to one gram of liquid water at the boiling point. 

The lower the Heat of Vaporization, the lower the boiling point and the more volatile the liquid. 

SAFETY PROCEDURES 

Follow all safety directives given by your teacher. Be careful not to burn yourself with the steam. 

 

PROCEDURE: Heat of Fusion 
 

For this activity, the temperature sensor measures the temperature change of the water as it is cooled by 

the melting of the ice. The Data Studio program records and displays the data. 

 

PART I: Computer Setup 
 

1.  Turn on the interface, and turn on the computer.  

2. Connect the DIN plug of the temperature sensor to Analog Channel A on the interface. If  a lab 

mate needs share the computer, you may also plug another temperature sensor into Channel B. 

 

3. Open the necessary file on the computer 

 If you have a temperature sensor with a box attached that says RTD, open the folder RTD 

on the desktop and then the file RTDVC12ICE.ds  

 

 If you have a temperature sensor that has a blue end (model CI-6605A), open the folder 

BLUE on the desktop and then the file BLUEVC12ICE.ds 

 

 If you have all black temperature sensor (model CI-6505B), open the folder BLACK on the 

desktop and then the file BLACKVC12ICE.ds 

 

 The document will open with one Table and one Digits display. 

 • Data recording is set for one measurement each second. 
 
PART II: Equipment Setup 
 

1. Use a base and support rod, a burette clamp and a slit stopper to support the temperature sensor 

as shown. 

 

2. Weigh the Styrofoam cup, pour 100.0 mL of water at about 60.0ºC into the cup and reweigh. Record 

these weights in your data table. 

 

3. Place a Styrofoam cup into a 250 mL beaker. 
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4. Obtain  ice cubes. 

5. Lower the temperature sensor into the warm water (to about 1 cm from the bottom). 

 
PART III: Data Recording: 
1. Click the "START" button to begin recording temperature data. 

 

2. Wait until the temperature reaches a maximum (it will take a few seconds for the sensor to reach 

the temperature of the warm water). This maximum will determine the initial temperature, T1, of 

the water. Record the maximum temperature, T1, in your data table. 

 

3. As soon as this maximum temperature is reached, fill the Styrofoam cup with ice cubes.  

4. IMPORTANT Shake excess water from the ice cubes before adding them (or dry with a 

paper towel).  

5.  Use a stirring rod to stir the mixture as the temperature approaches 4°C. 

When the temperature reaches about 4°C, quickly remove the unmelted ice (using tongs). 

7. Continue stirring until the temperature reaches a minimum (and begins to rise). This minimum 

temperature is the final temperature, T2, of the water. Record T2 in your data table. 

 

8. Click the "STOP" button to stop recording data. 

 

9. Weigh the Styrofoam cup and its contents to the nearest 0.0001 g. 

 

 Important: As the ice melts, add ice cubes to keep the mixture cooling. 

6. 

Temperature
Sensor

Clamp

Slit stopper

Beaker

Styrofoam cup
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ANALYZING THE DATA 

1. Use the Statistics tool ( in the Table display to check your minimum and maximum 

temperature values. 

2. Subtract T2 - T1 to determine ∆T, the change in water temperature. 

3.      Determine the Mass of water initially in the Styrofoam cup and the mass of ice melted. 

4. Calculate the energy (in joules) released by the 100 g of liquid water as it cooled 

(q = m•c•∆T). 

5. Now calculate the heat of fusion, the energy required to melt one gram of ice (in J/g H2O). 

6. Use your answer to Step 5 and the molar mass of water to calculate the molar heat of fusion 

for ice (in kJ/mol H2O). 

 

7.      Use your answer to Step 5 and the molar mass of water to calculate the molar heat of fusion 

for ice (in kJ/mol H2O). 
 

DATA TABLE: HEAT OF FUSION 

Item Value 

Initial water temperature, T1 (°C) °C 

Final water temperature, T2 (°C) °C 

Change in water temperature, T (°C) °C 

Mass of 100.0ml of water + Styrofoam cup g 

Mass of Styrofoam Cup g 

Mass of melted ice + 100.0 mL of water and + 

Styrofoam Cup 

g 

Mass of ice melted g 

Mass of water in the Styrofoam cup g 

Heat released by cooling water (q = m•c•T)  

AHf  in J/g ice melted (heat of fusion) J/g 

Hf in kJ/mol ice melted (molar heat of fusion) kJ/mol 

Percent difference from accepted value. % 
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PROCEDURE: Heat of Vaporization 

For this activity, the temperature sensor measures the temperature increase of the water as it is heated by 

the phase change of the steam. 

PART I: Computer Setup 

1. If not already on, turn on the interface, and turn on the computer. 

 

2. Connect the DIN plug of the temperature sensor into Analog Channel A of the interface 

3. Open the necessary file on the computer: 

 If you have a temperature sensor with a box attached that says RTD, open the folder RTD 

on the desktop and then the file RTDVC12STEAM.ds  

 

 If you have a temperature sensor that has a blue end (model CI-6605A), open the folder 

BLUE on the desktop and then the file BLUEVC12STEAM.ds 

 

 If you have all black temperature sensor (model CI-6505B), open the folder BLACK on the 

desktop and then the file BLACKVC12STEAM.ds 

 

 The document will open with a Graph display of Temperature (° C) versus Time (sec). 

4. The "Sampling Options..." for this experiment have been set to 10 per second  (10 Hz). 

5. The vertical axis of the Graph is scaled from 20 to 60
0
C. The horizontal axis of the Graph is 

scaled from 0 to 150 seconds. 

PART II: Equipment Setup 

1. Weigh the coffee cup calorimeter and pour 100.0 ml of water into the coffee cup and reweigh. Cover   

coffee cup with a cardboard lid having two holes in it. 

2. Put about 200.0 ml of distilled water into a 500 ml Florence flask and seal with a one hole stopper 

having a fire polished three-inch glass tube inserted in the hole. 

 

3. Attach a 12-18 inch rubber hose to the glass tube and insert a five-inch piece of glass tubing into the 

other end of the hose. 

 

4.  Begin heating the water in the Florence flask over a high flame.  

 

PART III: Data Recording 

 

1. After the water in the Florence begins to boil, insert the temperature sensor into one of the holes of the 

calorimeter lid and lower the temperature sensor into the Styrofoam cup (to about 1 cm from the 

bottom and below the water level).  

 

2. Click on the "START" button to begin data recording 

 

3.     Record the temperature for 2 minute before going to step 4. Stir for the whole experiment by gently 

swirling the cup. 



 
16-6 

 

4. When handling the rubber hose, use tongs to avoid burning yourself. Insert the glass tube on the end of 

the hose into the water in the calorimeter. Be sure the glass tube is close to the bottom of the 

calorimeter and under water. 

5. Continue collecting data until the 

temperature has increased by 

approximately 30
0
C. 

6. Your graph needs to look similar to 

the graph to the right. Figure out how 

to do this by adjusting the axis. 

7 .      Find the weight of the coffee cup 

and all the water. 

8.      Do an experiment to answer post 

lab question 3. Collect experimental 

evidence to include with post-lab 

question 3 by printing the graph. 

ANALYZING THE DATA 

 

1. Use the DataStudio tools to determine the exact change in temperature from your printed graph. 

DATA TABLE: HEAT OF VAPORIZATION (Essential data) 

CALCULATIONS 
You are on your own here. Look up the value of C for the coffee cup calorimeter 

from a previous lab. Determine Hv and look up the accepted value. You will need 

to use the energy conservation statement below. 

Item Value 

Mass of Calorimeter g 

Mass of calorimeter and water 

before condensation of steam 

g 

Mass of calorimeter and water 

after condensation of steam 

g 

Mass of water condensed. g 

Final temperature of water T2  

Initial temperature of water T1  

 

Equation 2 

   − (q (condensation) + q (lost by water at 100°) ) =  q (gained by water) +  q (gained by calorimeter) 
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Post-Lab Assignment - Experiment 16   Name__________________ 
 

1.  Calculate the heat (in kJ) released when 50.0 grams of water at 25 ºC is cooled to form ice at 

−8.0 ºC.  Draw a heating curve of water (see prelab #2) and “map” out each step that will release 

heat before you begin your calculations. 
 

 

 

 

 

 

 

 

2.  What is the percent error for your experimental heat of fusion?  Give 3 reasons for this error. 

 

 

 
 

3.  Assume excess ice is placed in the calorimeter and allowed to set for an extended period of 

     time beyond the 4°C limit. Sketch the temperature vs. time graph with specific values on the 

     axes. Explain why the temperature stabilizes. Show evidence for your answer.  

 

 

 

 

 

 

 

 

4.  What is the percent error for your experimental heat of vaporization?  Give 3 reasons for  

      this error. 

 

 

 

 

5.  Assume that the steam is allowed to flow into the calorimeter for an extended time.  Sketch the 

     temperature vs. time graph with the specific values on the axes.  Explain why the temperature 

     stabilizes.  Show evidence for your answer. 

4. 'What is the percent error for your heat of vaporization? Give three reasons for this error. 
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Pre-Lab Assignment - Experiment 16     Name____________ 

 

Use the back of the Prelab or attach a separate sheet of paper to show all calculations clearly! 

 

1.  Look up the following values: 

 

Specific heat capacity of water: _____________ J/g ºC 

 

 Specific heat capacity of ice:  ______________J/g ºC 

 

 Specific heat capacity of steam:  _____________J/g ºC 

 

 Enthalpy of fusion:  _______________ kJ/mol 

 

 Enthalpy of vaporization:  ___________kJ/mol 

 

 

2.  Calculate the heat (in kJ) needed to change 3.50 kg of water at 25.0 ºC to steam at 100.0 ºC.  

Use the following heating curve of water to “map” out your calculations.  Recall:  q = mc∆T for a 

substance undergoing a Temperature Change; q = ∆H ∙ mol for a substance undergoing a Phase 

Change (no temp. change). 

 

 
 

 

 

 

3.  What will result in the greatest change in temperature of water at 50 ºC:  adding 1 g of ice at     

0 ºC OR adding 1 g of steam at 100 ºC?  Explain your answer clearly. 

 

 

 

 

 

4.  0.10 g of steam condensed on 1 cm
2
 of your skin and heated up your flesh to a depth of 1 cm.  

What temperature will this chunk of flesh heat up to?  Will your flesh cook?   

(Hints:  heat released by steam = heat absorbed by skin, assume the density of your flesh to be 1 

g/cm
3
 in order to find mass of flesh in g, look up initial body temperature in ºC) 


