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Experiment 19 – The Cooling and Warming Behavior of a                 
Pure Substance 

 
 In this experiment, you will monitor the temperature of a liquid substance as it 
cools and freezes. You will be using sodium thiosulfate, which is solid at room 
temperature. Since it is a solid, the first step is to melt the sodium thiosulfate. You will 
work with a partner, so that one person can take temperature readings and the other 
person can keep track of the time. 
 In Part 1, you will first melt the solid, and then you will monitor its temperature as 
it cools. You will then make a graph showing how the temperature changes as time goes 
on. In Part 2, you will heat up a sample of sodium thiosulfate, monitor its temperature, 
and make a graph of temperature vs. time for the heating process. In this part, you will be 
warming it up in a warm water bath. In Part 3, you will create a supercooled sample by 
melting it and then cooling it in an ice bath to around 15°C. You will then cause the 
sample to freeze, and monitor its temperature as it does so.  
 
 
Safety Precautions: 
• Wear your safety goggles. 
 
Waste Disposal: 
• Use the same sodium thiosulfate sample for parts 1, 2, and 3.  After part 3, re-melt the 

sample and put it in the beaker in the hood marked “used sodium thiosulfate.” Do not 
put it in the sink! 

 
 
Procedure  
 
Part 1 - Cooling of Sodium Thiosulfate 
1. Fill a 400-mL beaker (or a 250-mL beaker) about 3/4 full of tap water. Set up a 

ring stand with an iron ring supporting a piece of wire gauze, and put the beaker 
on top. 

2. Get a clean, dry test tube, and put enough sodium thiosulfate in it so that it is 
about 3/4 full. Use a test tube holder (a spring clamp) to hold the tube, and stand 
the tube up in the water bath. Make sure the level of the solid in the tube is below 
the level of the water in the beaker. Start heating the water with a Bunsen burner. 

3. Meanwhile, get a second 400 mL beaker of tap water (about 3/4 full) and adjust 
the temperature of this water to about 30-35°C. Have it ready for step 6. 

4. When some of the sodium thiosulfate has melted, put a clean, dry thermometer 
into the test tube, and use it to gently stir the melting sodium thiosulfate. 

5. When the sample is entirely melted, and its temperature has reached 70-75°C, 
turn off the burner and use the clamp to remove the test tube from the hot water 
bath. Avoid overheating the sample.  Place the tube in an empty beaker or a test 
tube rack, and leave the thermometer in the tube. When the temperature comes 
down to about 70°C, proceed to step 6. 

6. Read and record the temperature of the melted sodium thiosulfate. (The time 
corresponding to this temperature will be 0 minutes.) Immediately transfer the test 
tube into the 30°C water bath and start timing. 

7. Take the temperature of the sodium thiosulfate every 30 seconds. Record the 
temperatures and times on the report sheet. Stir the contents of the tube gently and 
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frequently. (The sample will remain in the 30°C water bath for the rest of the 
measurements.) 

8. At some point, the sample will start to solidify. Note when this process starts on 
your report sheet. Keep taking the temperature every 30 seconds. You may stop 8-
10 minutes after the sample starts freezing. When the substance solidifies, you 
will no longer be able to move the thermometer around – don’t force it! Leave the 
thermometer in the sample, and use it for part 2.  

9. Make a graph of temperature vs. time for the cooling data on a piece of graph 
paper. 

 
Part 2 - Warming Behavior of Sodium Thiosulfate 
10. Exchange jobs with your partner.  
11. Remove the test tube from the water bath. 
12. Dump out the 30°C water from the beaker. Check the temperature of the hot water 

in the other beaker – you will need a 70°C water bath for this part of the 
experiment. Adjust the temperature of the water in the beaker until it reaches 
about 70-75°C. (Either by heating it up again over a Bunsen burner or by adding 
some cold water and stirring.) When the bath has reached about 75°C, turn off the 
burner, but leave the beaker in position on the ring stand. (If at any point in this 
part of the experiment the temperature of the water bath drops below 65°C, warm 
the beaker with your burner so that the temperature remains at about 65-70°C.) 

13. Record the temperature of the solid sodium thiosulfate in the tube. Immediately 
put the tube into the 70°C water bath and start timing. Take the temperature of the 
sodium thiosulfate every 30 seconds until the temperature is about 60°C. Record 
your data on your report sheet as you take it. 

14. Make a graph of temperature vs. time for the warming of sodium thiosulfate.   
 
Part 3 - Supercooling a Liquid 
15. Make sure the sample is melted. If it has solidified again, re-melt it as you did in 

Part 1. 
16.  Take the thermometer out of the tube. Put the test tube containing the liquefied 

sample (without the thermometer in it) into an ice bath (a beaker filled with ice 
and water). Leave it in the ice bath for 5 minutes. Make sure it is totally 
surrounded by slush. 

17. Take the sample out of the ice bath. It should still be liquid. If it is not, then re-
melt it and cool it again. 

18. If the sample is liquid, feel the outside of the tube. It should be cold. Put a clean 
thermometer into the sample, but be careful not to stir or shake the tube. Record 
the temperature – it should be lower than the freezing point that you determined in 
part A. This liquid that exists below its normal freezing point is called a 
supercooled liquid. 

19. Stir the supercooled liquid with the thermometer. This should cause freezing to 
occur. (If freezing does not occur by stirring, add 1 small crystal of solid sodium 
thiosulfate to the tube to initiate the freezing process.) Watch what happens to the 
appearance of the liquid and to the temperature of the liquid. Record your 
observations on the report sheet.  

 The temperature should shoot up when the substance solidifies. In order to raise 
the temperature of a substance, an input of heat is needed. In this case, the heat 
was generated by the freezing process. (A process that generates heat is said to be 
“exothermic.”) Any time any liquid freezes, the process of freezing produces heat. 
In a home freezer, that heat is carried away by the machinery of the freezer and 
ejected through the coils at the back of the freezer or refrigerator. 
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20. Re-melt the sample to free the thermometer. (Do not try to pull it out of a solid 
block, as it could break.) 

21. Wash the thermometer, dry it, and return it. Pour the tube of melted sodium 
thiosulfate into the waste beaker in the hood marked “used sodium thiosulfate.” 
Do not pour it in the sink. 

 
 
 
 
Questions 
 
1. Explain the errors inherent in this experiment. 
2. In this experiment, why does the temperature reach a point where it remains 

constant as time goes on? Explain at the molecular level. 
 
 


