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PART A: Introduction
RATE is a measurement of how quickly something happens PER UNIT OF TIME. 
The rate at which you might drive down the road is determined by these signs:
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60 miles per hour
        30 kilometers per hour
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                  …..1 hour
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Speed is a specific type of rate that measures distance traveled per unit of time. Rates can also be expressed in different units. In the above example the distance traveled can be measured either in miles or kilometers but both rates are expressed per unit of time, in this case per hour. Consider that if your speed increases the distance traveled increases. You are covering a greater distance per interval of time. If your speed is constant you are covering the same distance per interval of time.
In this laboratory activity you will be observing a few chemical and physical changes. What does rate of change or rate of reaction mean in chemistry?  In both cases physical and chemical changes are occurring to substances at the molecular level and these changes can be observed at the macroscopic level. When the changes are occurring slowly visually the molecular changes from reactants to products are slow. Conversely, when the rate of change is visually much faster the changes occurring at the molecular level are faster. Your focus will be on examining simple methods of measuring reaction rate, determining whether the rates are constant and understanding what is occurring at the molecular level when these changes are occurring. 

PART B: Rate Measurement Activities
You will need to use the stopwatches provided or a wall clock with a second hand for the following activities. With your partner(s) follow the instructions for each rate determination, record your results and answer the questions that follow. 
1:  Rate of Combustion:
You will need:
a candle on a watch glass

a match

a digital balance

1. Tare the balance.

2. Place the candle in its watch glass on the digital balance.

3. Record the mass of the candle in the table below.

4. Light the candle and record the mass of the candle every 10 s for at least 4 minutes.

	Time (s)
	Mass (g)
	Change in Mass (g)
	Time (s)
	Mass (g)
	Change in Mass (g)

	0
	
	NA
	140
	
	

	10
	
	
	150
	
	

	20
	
	
	160
	
	

	30
	
	
	170
	
	

	40
	
	
	180
	
	

	50
	
	
	
	
	

	60
	
	
	
	
	

	70
	
	
	
	
	

	80
	
	
	
	
	

	90
	
	
	
	
	

	100
	
	
	
	
	

	110
	
	
	
	
	

	120
	
	
	
	
	

	130
	
	
	
	
	


5. Use the recorded values to determine how much the mass of the candle is changing for every 10 s.

6. Write a balanced chemical reaction for the combustion of wax (C25 H52).

7. With reference to the reactants and products above, explain at a molecular level where and how this reaction is occurring (you may wish to illustrate the candle burning process).

8. Look at the change of mass of the candle over the 3-4 minutes. 

a. At the molecular level, what is the change in mass representing?

b. Is the candle burning at a constant rate? Explain.
c. Is there a time when the candle is burning at a faster rate? Circle this time in the chart.

d. Is there a time when the candle is burning at a slower rate? Circle this time in the chart.

e. Calculate the rate of combustion (per minute) for this reaction:

I) For the first minute.

II) For the second minute.

III) For the overall burning time.

f. In the space below draw a rough graph that represents the change in mass of the candle during the burning time. On the graph circle the area which represents 1) slowest burning 2) fastest burning 3) constant rate of burning.
9. Normally, this combustion reaction occurs at a constant rate. The candle might start off burning slowly but then speeds up and eventually begins to burn at a constant rate until the candle is consumed. Explain in a well-written paragraph with mention of  the particle (molecular) level and with reference to the equation what is happening when the candle is burning slowly at the start and then begins to burn more rapidly until it burns at a constant rate.
10. When a flask is inverted and placed upside down and placed over the candle the lit flame begins to decrease in size and goes out. Again explain in a well-written paragraph with mention of the particle (molecular) level and with reference to the equation what is happening when the candle starts to burn slowly until it eventually goes out. 

2:  Rate of Evaporation (Best Done in a Fume Hood):

You will need:
A digital balance

A Petri dish

Volatile liquid (e.g., ethanol or hexane)

5 mL measuring cylinder
1. Place the Petri dish on the balance.

2. Add 5 mL of ethanol to the petri dish.

3. Record the mass of the alcohol and dish in the table below.

4. Record the mass of the alcohol and dish every 10 s for at least 3 minutes.

	Time (s)
	Mass (g)
	Change in Mass (g)
	Time (s)
	Mass (g)
	Change in Mass (g)

	0
	
	NA
	140
	
	

	10
	
	
	150
	
	

	20
	
	
	160
	
	

	30
	
	
	170
	
	

	40
	
	
	180
	
	

	50
	
	
	190
	
	

	60
	
	
	200
	
	

	70
	
	
	210
	
	

	80
	
	
	220
	
	

	90
	
	
	230
	
	

	100
	
	
	240
	
	

	110
	
	
	250
	
	

	120
	
	
	260
	
	

	130
	
	
	270
	
	


5. Use the recorded values to determine how much the mass of the ethanol is changing for every 10 s.

6. Write an equation for the evaporation of the alcohol (C2H5OH).

7. Explain at a molecular level where and how this phase change is occurring when the alcohol is evaporating (you may wish to illustrate this process).
8. Look at the change of mass of the ethanol over the three minutes. 

a. What is this change of mass representing?

b. Is the ethanol evaporating at a constant rate?

c. Is there a time when the ethanol is evaporating at a faster rate? Circle this time in the chart.

d. Is there a time when the ethanol is evaporating at a slower rate? Circle this time in the chart.

e. Calculate the rate of evaporation (per minute) for this physical change for:

i. For the first minute.

ii. For the second minute.

iii. For the third minute.

iv. For the overall evaporating time.

f. In the space below draw a rough graph that represents the change in mass of the alcohol per time over the 3 minute interval. On the graph circle the area which represents 1) slowest evaporating 2) fastest evaporating 3) constant rate of evaporating.
9. Normally, this evaporation occurs at a constant rate. Explain in a well-written paragraph with mention of  the particle (molecular) level and with reference to the equation what is happening when the ethanol is evaporating at a constant rate.

10. If there was a sudden increase in room temperature explain at the particle level why the rate of evaporation might be expected to increase.
3:  Rate of Reaction (Calcium Carbonate and Hydrochloric Acid):

You will need:

A balloon

A plastic ruler 
A piece of string

Chips of calcium carbonate 
A measuring cylinder

Dilute hydrochloric acid

A conical flask.

1. Place 50 mL of dilute acid in the flask.

2. Stretch the balloon to ensure that when gas accumulates in it, it will expand in all directions equally. You may need to blow it up several few times to ensure this.

3. Draw a line with a ruler and pen across the width of the widest part of the un-inflated balloon.

4. Measure the diameter of the balloon along this line. Measure this by either placing the ruler against the balloon and measuring the diameter or measure the circumference of the ballo0n and wrapping the string around the balloon along the widest point line and measuring the string length against the ruler.
5. Read this next instruction carefully before performing it. Place 5 pea-sized marble chips in the flask and immediately place the balloon over the flask. Once the balloon begins to inflate measure the diameter or circumference of the balloon every 10 seconds until the marble chip has dissolved and the reaction stops. Record these diameters in the chart below.
	Time
	Diameter (mm)
	Change in Diameter (mm)
	Time
	Diameter (mm)
	Change in Diameter (mm)

	0 s
	
	
	
	
	

	10 s
	
	
	
	
	

	20 s
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


11. Write a chemical reaction for this reaction.

12. Look at the change of the diameter of the balloon during the reaction. 

a. What does the change of diameter represent at the molecular level in terms of the reaction occurring?

b. Is the reaction occurring at a constant rate? Justify your answer.
c. Is there a time when the reaction is occurring at a faster rate? Circle this time in the chart.

d. Is there a time when the reaction is occurring at a slower rate? Circle this time in the chart.

i. Calculate the reaction rate (per minute) for this chemical change for the first minute.

ii. For the second minute.

iii. For the third minute.

iv. For the overall reaction time.
e. In the space below draw a rough graph that represents the change in diameter of balloon per time over the reaction interval. 
13. Write an equation for the reaction between the calcium carbonate and hydrochloric acid.

14. Explain in a well-written paragraph with mention of  the particle (molecular) level and with reference to the equation what is happening when the reaction is occurring explaining why the reaction does not occur at a constant rate.
15. If there was a sudden increase in the acid concentration explain at the particle level why the rate of reaction might be expected to increase.
Summary:
In this laboratory activity you have been observing a few chemical and physical changes. Specifically you have been investigating rates of reaction. Reaction Rate is a measure of the change in the concentration of reactants to products per interval of time. The physical and chemical changes occurring to substances at the molecular level can be observed at the macroscopic level. For example, we see gases being formed or solids dissolving or disappearing as they burn.  When the changes are occurring slowly visually the molecular changes are slow. Conversely, when the rate of change is visually much faster the changes occurring at the molecular level are faster. The reaction rate can be measured by monitoring these observable changes to the reactant or product. 
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