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Stoichiometry #2
Reactions of Carbonates

The law of conservation of mass requires that matter is not created or destroyed in chemical reactions. In other words, the mass of the products must equal the mass of the reactants. Chemists express the outcome of reactions using balanced chemical equations that are consistent with this law.  Balanced chemical equations contain information about the relative amounts of reactants (experimentally determined last week) and products involved in the reaction. In this experiment, an important practical aspect of will be explored.

Reactions of acids with the polyatomic ions HCO3- or CO32- produce CO2 as a product, as shown below. The initial product carbonic acid, H2CO3, is unstable and decomposes to water and carbon dioxide.
(1)  HCl (aq) + NaHCO3 (s) ( H2CO3 (aq) + NaCl(aq) ( H2O (l) + CO2 (g) + NaCl(aq)

(2)  2HCl (aq) + K2CO3 (s) ( H2CO3 (aq) + 2KCl(aq) ( H2O (l) + CO2 (g) + 2KCl(aq)

The water and salt produced in the reaction remain dissolved in solution but the gas bubbles out of the solution. Therefore, the amount of CO2 produced is easily determined using mass loss. In this experiment, you will explore the relationship between amount of starting material and the amount of CO2 produced in the reaction.
I. Data collection

Circle your assigned mass (in grams) of NaHCO3   
0.60,  0.75,  0.90,  1.05,  1.20,  1.35,  1.50,  1.65,  1.80, 1.95,  2.05,  2.15
1.
Dry your 100 mL beaker and record its mass (EMPTY BEAKER MASS) using all the decimal places shown on the balance. After recording the empty beaker mass, leave the beaker in place and tare the balance.
2.
Into the tared beaker, weigh out an amount of sodium bicarbonate (NaHCO3) that is close to your assigned mass and record the exact mass on your report sheet as the SOLID MASS. Remember to include all the decimal places shown on the balance.
3.
Using your 10 mL graduated cylinder, measure out 5.0 mL of 6.0 M HCl, weigh the graduate and acid and record the total mass (FULL CYLINDER MASS)

4.
Transfer the 5.0 mL of HCl to your 100 mL beaker. NOTE: If the solution bubbles over the sides of the beaker during this step, you will need to start over. Therefore, add the acid 1.0 mL at a time and swirl the beaker and let the fizzing stop before adding more. When your entire solid sample has reacted, swirl the beaker to remove any bubbles trapped in the beaker.
5.
After the reaction is complete, measure and record the FINAL MASS of the reaction mixture. 
6.
Record the mass (EMPTY CYLINDER MASS) of your graduated cylinder. 

7.
Repeat steps 1-6 two additional times.

Circle your assigned mass (in grams) of K2CO3       
0.60,  0.75,  0.90,  1.05,  1.20,  1.35,  1.50,  1.65,  1.80, 1.95,  2.05,  2.15
8.
Dry your 100 mL beaker and record its mass (EMPTY BEAKER MASS) using all the decimal places shown on the balance. After recording the empty beaker mass, leave the beaker on the balance and tare the balance.
9.
Weigh out an amount of potassium carbonate (K2CO3) that is close to your assigned mass and record the exact mass on your report sheet as the SOLID MASS. Remember to include all the decimal places shown on the balance.

10.
Using your 10 mL graduated cylinder, measure out 5.0 mL of 6.0 M HCl, weigh the graduate and acid and record the total mass (FULL CYLINDER MASS)

11.
Transfer the 5.0 mL of HCl to your 100 mL beaker. NOTE: If the solution bubbles over the sides of the beaker during this step, you will need to start over. Therefore, add the acid 1.0 mL at a time and swirl the beaker and let the fizzing stop before adding more. When your entire solid sample has reacted, swirl the beaker to remove any bubbles trapped in the beaker.

12.
After the reaction is complete, weigh the beaker and its contents and record the FINAL MASS.

13.
Record the mass (EMPTY CYLINDER MASS) of your graduated cylinder.

14.
Repeat steps 8-13 two additional times.
15.
Clean your glassware and dispose of your waste reaction mixtures as directed by your instructor.
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II. Calculations

16. For your first trial, determine the mass of HCl added.
17. Determine the REACTANT MASS.
18. Calculate the mass of the solution after the reaction is complete.
19. Calculate the MASS LOST for the reaction.

20. Repeat these calculations for all of your trials.

III. Data Analysis

21. From other students in the class, gather MASS LOST versus SOLID MASS data for the other initial amounts of NaHCO3 and K2CO3. Record these values on your report sheet.
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22. Using LoggerPro, enter the data in an x,y file and make plots of MASS LOST (y-axis) versus SOLID MASS for NaHCO3 and K2CO3 on the same page. Determine the best fit line for each plot and calculate the slope for each best fit line.
QUESTIONS
a. Describe the relationship between MASS LOST and SOLID MASS for 

(i) NaHCO3
(ii) K2CO3
b.
Describe how the data for NaHCO3 compares to that for K2CO3. What are the slope values for these two plots?
c.
Convert your assigned mass of NaHCO3 and K2CO3 into moles of NaHCO3 and K2CO3, respectively. Show your calculation here.
d.
Perform the same calculation (as in Question C) on the rest of the class data using “New Calculated Columns” in LoggerPro and plot MOLES LOST versus MOLES of SOLID. Determine the best fit line for each new plot. Calculate the slope for each best fit line.

e.
Which set of plots contains more useful information? Why?

IV. Prediction and Testing
23.
Weigh out three samples of NaHCO3 with different masses (by at least 0.25 g) between 3.0 g and 4.0 g
PREDICTION. The MASS LOST when my new mass of NaHCO3 reacts with 5.0 mL of 6.0 M HCl will be _______________________________________________________________.
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V. Analysis, Part 2
A. Were your predictions correct? If not, why not?
B.
How would you change the experimental procedure to ensure that your predicted amount of MASS LOST would be achieved?
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1.
What is the relationship between SOLID MASS and MASS LOST observed in Part I?

2.
(a) What were the differences between the MASS LOST vs SOLID MASS plots for NaHCO3 and K2CO3? 
    
(b) Explain why the plots are different.

3.
For your given masses of NaHCO3 and K2CO3, calculate the exact amount of HCl required so that both reagents are completely consumed in the reaction. 
LAB PRACTICAL QUESTIONS


1.  Are any of the chemicals used today listed as possible unknowns on the LAB PRACTICAL assignment sheet?  If not, skip questions 2-4 this week.  If yes, proceed to question 2.

2.  Which chemicals used this week are possible unknowns?

3.  Do these chemicals have any unique characteristics that could be used to distinguish them


(a)  from chemicals in other groups?  Explain how.

(b) from other chemicals in the same group?  Explain how.
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