
Determination of the heat of solvation of urea and calcium 

chloride & crystal growth experiments 

 

Video Tutorials 

Videos that will help you understand how to perform this experiment are posted at  

https://www.youtube.com/channel/UCJgCALLFWErQLRSvZWNT8Iw 

Look for videos with this experiment title in their name. 

 

Procedure Part 1. Crystallization of Sodium Acetate from a Supersaturated Solution 

1) Turn on your digital thermometer and record the temperature of the room in the data table. 

2) Place a small Dixie cup onto your electronic balance and press Tare. 

3) Add all of the sodium acetate you have into the small Dixie cup. Looking at the mass on the scale 

use your spoon take about one gram out of the small Dixie cup and put it back in the sodium 

acetate container for use in a later experiment.  

4) Place your 100 mL graduated cylinder onto your electronic balance and press Tare. 

5) Pour all of the sodium acetate remaining in the small Dixie cup into the 100 mL graduated 

cylinder. Record the its mass in the data table as Mass of Sodium Acetate. 

6) Calculate the volume that this mass of sodium acetate would need to be dissolved in, in order to 

prepare a 1.30 g/mL solution. It should be between 15 and 25 mL. If your calculations are outside 

this range, check with your instructor. 

7) Run the hot tap water until it does not seem to be getting any hotter. Fill a large clean ceramic 

coffee cup with this water. If you do not have one you may use the 500 mL or 1000 mL beaker. 

Place your thermometer in this water and wait one minute to record its temperature in degrees 

Celsius. If the water is not 60 C or hotter microwave it for 10 seconds and measure the 

temperature and repeat until the water is at least 60 C. 

8) Add this hot water to the graduated cylinder with swirling until you have reached the volume you 

calculated in step 5. 

9) Pour the unused warm water out of the coffee mug (or beaker) and pour the sodium acetate 

solution from the graduated cylinder into the coffee mug (or beaker).  

10) Using your spoon stir it to be make sure all the sodium acetate has dissolved. If any solid sodium 

acetate is still in the graduated cylinder pour back and forth between the coffee mug and the 

graduated cylinder to wash all the sodium acetate out into the coffee mug 

https://www.youtube.com/channel/UCJgCALLFWErQLRSvZWNT8Iw


11) If all the sodium acetate does not dissolve microwave the coffee mug containing the mixture for 

10 seconds and stir it to dissolve the sodium acetate. Repeat if necessary, until all the sodium 

acetate has dissolved. 

12) Place it somewhere out of the way for it to cool. Perform part 2-4 of this experiment and return to 

complete the parts below afterwards. This will allow the solution of sodium acetate to cool to 

room temperature. 

Note: In this part of the experiment we are hoping that when this solution cools down to the 

temperature of the room the solution it will become a Supersaturated solution of sodium acetate. This 

means more sodium acetate is dissolved than you could normally get to dissolve working at this 

temperature by stirring, shaking etc. If a supersaturated solution experiences a Seeding Event then 

dissolved material will leave the solution and form crystals. Shaking the solution, a scratch in the 

containers surface, a piece of dust or addition of a crystal of pure sodium acetate could all provide 

seeding events causing sodium acetate to crystallize out of solution. If your solution has formed 

crystals as it cooled then one of these seeding events has occurred and caused this. If this is the case 

try transferring the sodium acetate mixture to a different clean coffee mug or similar container and 

repeating the steps above. Continue with the steps below only if your solution does not contain 

crystals. 

13) Gently place the probe of your thermometer into the solution in the coffee mug and after a minute 

record the temperature of the mixture in the data table as Temperature Observed Right Before 

Crystallization. 

14) Take a single crystal of sodium acetate and add it to the sodium acetate solution in the coffee mug. 

15) Watch the solution closely for signs of crystals forming and monitor the temperature on the 

thermometer for any changes.  

16) If no crystals form, swirl the solution gently. If you do not see crystals forming, try adding another 

crystal of sodium acetate and swirling more. 

17) Consult your instructor if you cannot get any crystallization to occur. 

18)  When you do observe crystallization record your observations including the most extreme 

temperature (hotter or cooler) after adding the crystal. Record this as Temperature Observed After 

Crystallization.  

Note: After the crystals form the solution left behind is a Saturated Solution of sodium acetate at this 

temperature. 

Part 1 Observations 

 

 

 

 

 



Procedure Part 2. Growth of Single Crystal of Potassium Aluminum Sulfate KAl(SO4)2 

1) Turn on your digital thermometer and record the temperature of the room in the data table. 

2) Place 500 mL or 1000 mL beaker onto your electronic balance and press Tare. 

3) Add all the potassium aluminum sulfate you have into the beaker. Record the mass in the data 

table. It should be close to 50. grams. 

4) Calculate the volume of water required to prepare a 0.15 grams/mL solution of potassium 

aluminum sulfate dodecahydrate. It should be between 300 and 400 mL. Ask your instructor to 

check your calculation if your calculations give a volume not in that range. 

5) Use the markings on the beaker to add water while stirring with the plastic spoon until the total 

volume in the beaker is 300 mL. Add the remaining volume of water to achieve the total volume 

in your calculation, using your 100 mL graduated cylinder. 

6) Use your plastic spoon to stir the mixture until all the potassium aluminum sulfate dissolves. If 

after a few minutes you are unable to dissolve all of it add one dropper full of water and continue 

stirring to try to dissolve it all. You may repeat this step twice adding a total of three droppers full 

of water if necessary to fully dissolve the potassium aluminum sulfate dodecahydrate. If it still 

does not dissolve you may continue. The undissolved material will be removed by filtration. 

7) Filter the solution using a coffee filter and a disposable filter 

funnel on top of one of your quart containers as shown in 

Figure 1. 

8) The solution that passes through the filter is the Saturated 

Potassium Aluminum Sulfate Stock Solution. Label this quart 

container using your permanent magic marker. 

9) Obtain a 100 mL mixing container from your kit (it is a 

screw lid bottle with a blue cap) and pour 100 mL of the 

saturated potassium aluminum sulfate dodecahydrate stock 

solution into it. You may use the markings on the mixing 

container. 

10) Cover this mixing container with the piece of cheesecloth in 

your kit to prevent dust from getting in but to allow water to 

evaporate. 

 

 

After a week or more, when your instructor tells you, during lab class, continue this procedure as described 

below. 

11) Examine the saturated potassium aluminum sulfate dodecahydrate solution in the mixing container 

to see if any crystals have formed. If you see crystals filter the solution using a coffee filter and a 

disposable filter funnel. Filter the solution directly into another of your 100 mL mixing containers. 

Figure 1. Coffee filter and 

disposable filter funnel on top 

of quart. Setup used for 

filtration of saturated solution 

of potassium aluminum sulfate. 



12) The volume of solution that came through the filter into the mixing container will probably be less 

than 100 mL. Add some of the saturated potassium aluminum sulfate dodecahydrate stock solution 

to bring the level up to 100 mL using the markings on the mixing container. 

13) Split the filter at the edge where it was sealed and lay it flat so you can examine the crystals 

collected. Create a loop/knot in the dental floss provided in your kit and try to tie a knot around 

one of the larger crystals by tightening the loop around. If you catch no crystals create new 

loop/knot and keep trying until you do.  

14) Save all of the crystals by gently wrapping up the filter paper with a rubber band or stapling it at 

the edges. When the filter paper has dried label it with a pencil Potassium Aluminum Sulfate 

Dodecahydrate Seed Crystals. 

15) Take the cheesecloth and use a pencil to poke a small hole in it towards the center. Thread the end 

of the dental floss with your crystal attached through this hole.  

16) Dip the crystal tied to the dental floss into the 100 mL of solution in the mixing container. Place 

the cheesecloth over the top of the container and adjust the depth the crystal is hanging into the 

solution so that it is about in the middle of 

the solution. 

17) Place a rubber band around the mixing 

container to secure the cheesecloth and the 

dental floss in place.  

18) Leave this solution in a place away from 

extreme temperatures or changes in 

temperature. Do not place it near a radiator, 

on a windowsill etc. Placing it inside a 

kitchen cabinet is an excellent location.  

 

 

 

 

Your instructor will tell you when to continue this experiment as described below. If time allows you 

may perform the following steps several times on weeks when you have completed the scheduled 

experiment for that week before the end of the laboratory period. 

19) Check up on the crystal growth by observing how much the crystal dangling on the dental floss 

has grown. As the water evaporates a slightly supersaturated solution forms. The dangling crystal 

acts as the seeding point to allow a small amount of potassium aluminum sulfate to be removed 

from solution, being deposited as part of the seed crystal. The slower this takes place the more 

perfect and freer of defects the crystal will tend to be.  

Figure 2. 100 mL mixing container before and after 

filling with 100 mL of saturated potassium aluminum 

sulfate solution, covering with cheesecloth and 

dangling seed crystal. 



20) When you check up on the crystal growth see if the volume of solution has noticeable gone down. 

If it has, add more saturated potassium aluminum sulfate stock solution to keep the volume around 

100 mL  

21) If crystals form on the bottom of the mixing container they must be removed because they will be 

competing with the seed crystal. To remove these crystals filter the solution into another clean 

mixing container and setup the seed crystal dangling into the solution with the cheesecloth as you 

had earlier. Save and label the filtered crystal as seed crystals in case you need them later. 

22) If you did have crystals on the bottom of your container, consider storing your solution in a cooler 

place or covering part of the cheesecloth with paper to slow the rate of evaporation. Consult your 

instructor about this. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Procedure Part 3. Heat of Solvation of Calcium Chloride Dihydrate 

1) Place a large Dixie cup onto your electronic balance turn the power on and press Tare. 

2) Fill your 100 mL graduated cylinder up to approximately 100 mL. 

3) Pour the content of the graduated cylinder into the large Dixie cup. 

4) Record the mass on the balance as the Mass of Water in the data table. 

5) Place the sensor of your digital thermometer into the 100 mL of water in the large Dixie cup and 

turn on the thermometer. Make sure that it is reading in degrees Celsius. If it is not change modes 

so that it is. 

6) Place a small Dixie cup onto your electronic balance and press Tare. 

7) Add calcium chloride dihydrate until the mass is about 12.0 grams (11.9 g – 12.1 g). 

8) Pour the contents of the small Dixie cup into your mortar and pestle and grind it into a fine 

powder. 

9) Place a small Dixie cup onto your electronic balance and press Tare. 

10) Add the finely ground calcium chloride dihydrate powder from the mortar into the small Dixie cup 

until the mass is about 10.0 grams (9.9 g – 10.1 g). 

11) Record the mass on the balance as the Mass of Calcium Chloride in data table 1 for the calcium 

chloride trial. 

12) Record the temperature of the water in the large Dixie cup as the Initial Temperature (Ti). 

13) Pour the calcium chloride you just measured the mass of from the small Dixie cup into the large 

Dixie cup containing the water.  

14) Using the plastic spoon in your kit stir the mixture to dissolve the calcium chloride. 

15) Monitor the temperature as the calcium chloride dissolves. Record the highest temperature you 

observe as the Final Temperature (Tf). 

16) Calculate the number of moles of calcium chloride dihydrate dissolved and record this in the data 

table. 

17) Calculate the change in temperature for the process of the calcium chloride dissolving 

T = Tf - Ti 

18) Calculate the heat released or absorbed by the solvation of this sample size of calcium chloride 

assuming no heat escaped from or entered into the cup from the surroundings. Assume that the 

heat release or absorbed in the process simply flowed between the water in the cup and the 

calcium chloride. The specific heat capacity of water is 4.184 J/gC.  



Note: The heat (q) can be positive or negative depending on whether it is entering or leaving the 

system. Systems that release heat up causing us to observe increases in temperature are losing that 

energy and the value of q is negative for the system. Systems that cool down causing us to observe 

decreases in temperature are absorbing heat from the surroundings and the value of q is positive. 

The sign for the q of the system is opposite to the sign of the temperature change the observer 

measures because we are part of the surroundings. 

 

 

 

19) Convert the amount of heat from units of joules into units of kilojoules. 

20) Calculate the heat of solvation per mole for calcium chloride dihydrate (Hsolvation) by dividing the 

heat released expressed in kilojoules by the number of moles of calcium chloride dihydrate. 

21) Calculate the heat of solvation per mole of calcium chloride (Hsolvation) by dividing the heat that 

flowed for the sample size you used by the number of moles of calcium chloride dihydrate in that 

sample size. 

 

 

Procedure Part 4. Heat of Solvation of Urea 

Follow the same procedure described in Part 3 replacing calcium chloride dihydrate with urea. Be sure to 

clean and dry all the equipment used especially the mortar and pestle before beginning to perform this 

procedure for urea.  

 

 

 

 

 

 

 

 

 

 



Data Part 1. Crystallization of Sodium Acetate from a Supersaturated Solution 

 

Room Temperature      _________________ (C) 

 

Mass of Sodium Acetate     _________________ (g)  

 

Volume of solution to prepare 1.30 g/mL  

solution of sodium acetate     _________________ (mL) 

 

Temperature Observed Right Before Crystallization  _________________ (C) 

 

Temperature Observed After Crystallization   _________________ (C) 

 

 

 

 

Data Part 2. Growth of Single Crystal of Potassium Aluminum Sulfate KAl(SO4)2 

 

 

Room Temperature      _________________ (C) 

 

Mass of potassium aluminum sulfate dodecahydrate  _________________ (g)  

 

Volume of solution to prepare 0.15 g/mL solution 

of potassium aluminum sulfate dodecahydrate   _________________ (mL) 

 

 

 

 

 



Data Part 3. Heat of Solvation of Calcium Chloride Dihydrate  

 

Mass of Water     _________________ (g)  

Mass of Calcium Chloride Dihydrate  _________________ (g)  

Moles of Calcium Chloride Dihydrate _________________ (mol)  

Initial Water Temperature (Ti)   _________________ ( C)  

Final Solution Temperature (Tf)   _________________ ( C)  

Change in Temperature (T)    _________________ ( C)  

Heat released or absorbed (q)   _________________ (J)  

(include the sign + or -) 

 

Heat released or absorbed (q)   _________________ (kJ)  

(include the sign + or -) 

 

Heat of Solvation (Hsolvation)   

of Calcium Chloride Dihydrate  _________________ (kJ/mol) 

 

 

 

 

 

 

 

 

 



Calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Data Part 4. Heat of Solvation of Urea  

Mass of Water     _________________ (g)  

Mass of Urea     _________________ (g)  

Moles of Urea     _________________ (mol)  

Initial Water Temperature (Ti)   _________________ ( C)  

Final Solution Temperature (Tf)   _________________ ( C)  

Change in Temperature (T)    _________________ ( C)  

Heat released or absorbed (q)   _________________ (J)  

(include the sign + or -) 

Heat released or absorbed (q)   _________________ (kJ)  

(include the sign + or -) 

Heat of Solvation (Hsolvation)   

of Urea     _________________ (kJ/mol) 

 

Calculations 

 

 

 

 

 

 

 

 

 



Calculations (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Post-Laboratory Questions 

1) Was the change in temperature for the crystallization of sodium acetate from solution that you 

observed in Part 1 positive or negative? You may explain in a sentence or show the calculation. 

 

 

 

 

 

 

 

 

 

2) Based on the sign of the change in temperature you observed for the crystallization of sodium acetate 

in Part 1 do you think the heat of solvation (Hsolvation) of sodium acetate is positive or negative? 

You must clearly explain your reasoning for how the change in temperature for the crystallization 

you observed relates to the H for the crystallization process and how the H for the crystallization 

process relates to the H for solvation. 

Hints: We are outside the system so increases in temperature we observe represent energy leaving the 

system. And, the processes of crystallization from solution and solvation of the solid crystal are the reverse 

of each other. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 


