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DEMONSTRATION:

Introduction

When hydrochloric acid is added to calcium carbonate a fizzing reaction takes place as carbon dioxide is produced. This reaction will be used to introduce the ability to change a reaction rate by changing variables in the reaction.

2HCl (aq) + CaCO3 (s) ( CaCl2 (aq) + CO2 (g) + H2O (l)
Materials:
Safety Glases

3 250 ml beakers

3 150 ml flask

2 x 150 mL dilute HCl solution

150 mL strong HCl solution

2 x 2g Calcium Carbonate Marble Chips (Ca2CO3)

2 g Calcium Carbonate Powder

Preparation:

Using the three 150 ml flasks prepare two identical 150 ml dilute HCl solutions and one 150 mL of strong HCl solution. Weigh out two 2 g portions of marble chips and one 2 g portion of CaCO3 powder and place into the three 250 ml beakers. 

Presentation: 

Show your students one beaker of marble chips and the beaker with the powder. Tell them that there is the same mass of the same substance (calcium carbonate) and you are going to add exactly the same liquid (dilute HCl). Do they expect the same reaction to take place? Add the dilute HCl to the two beakers. Ask the students if they see the same thing happening in both beakers. They should notice that it is the same reaction but the powdered calcium carbonate is reacting much more quickly.
Get students to consider what is reacting, what are the products and aan equation that represents this process.

Bring out the other beaker with marble chips and let your students know that this beaker also has the same mass of calcium carbonate. Pour the strong HCl solution into the beaker and have the students observe the reaction. Ask them why they think this reacted faster than the other beaker with marble chips. It must have something to do with the liquid. 
Ask students to consider how the rate of reaction might be measured, that is, the way in which we might measure the journey of molecules from reactants to products and how  we can compare the speed of this journey accurately.

Allow students to consider how this process might be measured before moving to the investigation that follows.
What they have seen is a manipulation of the reactants (surface area, concentration) to purposefully change the rate of reaction. This will be the concept they will explore in the investigation that follows.
INVESTIGATION:
Investigation Set-Up

· Have the HCl solutions labeled and ready for use. Indicate that only 15 mL are needed for each trial.

· Have all the materials accessible for student use.
Measurement of CO2 Produced

If the students are having trouble coming up with a way to measure the production of CO2 (g) they might use one of the following methods:
1. 
Measure the volume of the gas as it displaces the water in an inverted measuring cylinder. 
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2. 
Place the flask or a beaker on an electronic balance while the reaction takes place and measure the loss of mass. A balance showing three decimal places would be best but one with two decimal places would also work. 

Alterations to the Investigation

Rather than have each group of students perform all of the three mini-investigations have each group perform one investigation and present their findings to the class in a small presentation. The Data Analysis could be done during or after the presentations.
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INTRODUCTION:

Hydrochloric acid and calcium carbonate react to from calcium chloride, carbon dioxide and water according to the following reaction: 

2 HCl (l) + CaCO3 (s) ( CaCl2 (l) + CO2 (g) + H2O (l)
In this activity you will need to set up three mini-investigations to measure how the rate of reaction (how quickly a reaction proceeds) is influenced by concentration, temperature and surface area. 
For each of these mini-investigations the rate of reaction can be determined by measuring the production of CO2 (g) over time.
INVESTIGATION PLAN:
Materials Available:

	· 0.1 M HCl (15 mL/trial)
	· Bunsen Burner
	· Tubing

	· 1 M HCl (15 mL/trial)
	· Ring Stand
	· Ice Bath

	· 5 M HCl (15 mL/trial)
	· Thermometer
	· Measuring Cylinder

	· CaCO3 (powder)
	· Pail
	· Electronic Balance

	· CaCO3 (marble chips)
	· Rubber Stoppers 
	· Flasks & Beakers


· If you would like additional supplies ask your teacher if they are available!
Initial Set-Up
	1. 
Before you begin your investigations you will need to decide how you will measure the CO2 gas produced accurately for each trial using the materials available:



	2.    You will also need to be consistent with your time increments so you can compare the 

       graphs of your findings. How will you consistently measure the gas production over time?



	3.   How are you going to record your data and observations for each trial in the three mini-investigations (keep in mind that you will need to create a graph from this data later)? Draw a sample of your proposed method:



Mini-Investigation 1: The Effect of Temperature on Reaction Rates

	1.    How are you going to change the temperature to create three different trials?

Trial 1:
Trial 2: 

Trial 3:



	2.   To create a “fair test” for this investigation everything but the temperature must remain exactly the same for each trial. 

       What needs to be kept the same in this investigation and how will you control each one to make it a fair test?


	What?
	How will it be kept the same?

	
	


Mini-Investigation 2: The Effect of Concentration on Reaction Rates

	1.    How are you going to change the concentration to create three different trials?

Trial 1:

Trial 2: 

Trial 3:



	2.   To create a “fair test” for this investigation everything but the concentration must remain exactly the same for each trial. 

       What needs to be kept the same in this investigation and how will you control each one to make it a fair test?



	What?
	How will it be kept the same?

	
	


Mini-Investigation 3: The Effect of Surface Area on Reaction Rates

	1.    How are you going to change the surface area to create three different trials?

Trial 1:

Trial 2: 

Trial 3:



	2.   To create a “fair test” for this investigation everything but the surface area must remain exactly the same for each trial. 

       What needs to be kept the same in this investigation and how will you control each one to make it a fair test?



	What?
	How will it be kept the same?

	
	


DATA ANALYSIS:
PART A: Graphical Analysis

** Complete these questions for each of the three Mini-Investigations **
1. Use the data you collected to plot the CO2 gas produced in each trial on the graphs provided.
2. If the same amount of calcium carbonate was used in each investigation trial, should the amount of gas produced be the same? 
3. Do the graphs indicate that the amount of gas produced is the same? If it is not the same, explain why this may be the case.
PART B: Rate of Reaction
4. Calculate the average rate of reaction for each of the three trials in Mini-Investigation 1: Effect of Temperature on Reaction Rates.
5. Look at how the three average rates of reaction compare to the three graphs of the trials. WITHOUT CALCULATING the rates for the three trials in Mini-Investigation 2: The Effect of Concentration on Reaction Rates identify the: FASTEST RATE OF REACTION, the MIDDLE RATE OF REACTION and the LOWEST RATE OF REACTION. Write these terms beside the graphs.
6. Repeat Question 5 for Mini-Investigation 3: The Effect of Surface Area on Reaction Rates.
PART C: Particulate Analysis

2 HCl (l)        +             CaCO3 (s)              (                   CaCl2 (l)        +        CO2 (g)         +      H2O (l)
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7. What happens to particles as temperature increases? How can this information be used to explain why more CO2 gas is produced per unit of time at a higher temperature?
8. In Mini-Investigation 2: The Effect of Concentration on Reaction Rates you found that more CO2 gas was produced with higher concentrations of HCl. Draw a particle diagram showing an approximate comparison between the 0.1 mol/L, 1 mol/L and 5 mol/L concentrations of HCl. 
9. Use the particle drawings from Question 8 to help you explain why more CO2 gas was produced when a higher concentration of HCl was used.

10. Which of the three trials in Mini-Investigation 3: The Effect of Surface Area on Reaction Rates had the highest production of CO2? How did the grain size (grain of CaCO3 powder, grain of CaCO3 marble) compare to the other trials?

11. Use the diagrams below to help you explain why the trial with the most available surface area had the fastest reaction rate.

Each cube has six sides of equal surface area (one cube will be one “grain” – big or small).  
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Compare the total surface areas if we have the same volume (or mass) of both types of grains:


         
PART D: Summary

12. In a sentence or two describe how you could maximize the production of CO2 gas in this reaction, or more generally how you could maximize the rate of reaction for all reactions. 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	





	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



inverted measuring cylinder filled with water





bucket filled with water





rubber tubing





glass tubing





rubber stopper





 flask where      


  reaction occurs





CO2 Gas Production Over Time at _____OC





MINI-INVESTIGATION 1: EFFECT OF TEMPERATURE ON REACTION RATES


Make sure to label the units and increments of each axis!!
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MINI-INVESTIGATION 2: EFFECT OF CONCENTRATION ON REACTION RATES


Make sure to label the units and increments of each axis!!





CO2 Gas Production Over Time at _____ mol/L
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CO2 Gas Production Over Time





Surface Area Description: _______________





CO2 Gas Production Over Time





Surface Area Description: _______________





MINI-INVESTIGATION 3: EFFECT OF SURFACE AREA ON REACTION RATES


Make sure to label the units and increments of each axis!!





CO2 Gas Production Over Time
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Total surface area of the same volume of small grains (in this case we need 8 small grains)
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