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Chesapeake Campus – Chemistry 111 Laboratory 

LAB #4 – STOICHIOMETRY/REACTIONS OF CALCIUM 

  

Objectives  
 

 Convert between units of mass, mol, and between substances using stoichiometry. 

 Predict and balance a reaction of calcium.   

 Utilize proper laboratory techniques. 
 

Introduction 
 

 Stoichiometry is the study of the mathematical relationships between chemicals.  These relationships 
are set up as dimensional analysis problems where the units cancel until you are left with the unit of the 
answer.  For example, in lecture you have discussed the conversion of grams to mol using molar mass.  If you 
were to weigh out 5.0 grams of Ca, it is possible to convert it to mol using the molar mass found on the periodic 
table.   
 

5.0 𝑔 𝐶𝑎

 
     

1 𝑚𝑜𝑙 𝐶𝑎

40.08 𝑔 𝐶𝑎
= 0.12 𝑚𝑜𝑙 𝐶𝑎 

 
 Notice the answer is given to the correct number of significant figures.  You have also investigated the 
conversion between mol and either atoms or molecules using Avogadro’s number in lecture.  It is possible to 
convert between mol of one substance and mol of another using the coefficients in the balanced equation.  For 
example the balanced equation between sulfuric acid and NaOH is given below. 
 

H2SO4 +  2 NaOH → Na2SO4 +  2 H2O 
 

This balanced equation indicates that 1 mol of sulfuric acid reacts with 2 mol of sodium hydroxide to 
produce 1 mol of sodium sulfate and 2 mol of water.  It is possible to derive from this that every time 1 mol of 
sulfuric acid reacts, 2 mol of sodium hydroxide are needed.  Using this we can determine how many mol of 
sodium hydroxide are needed to react with 24.0 g of sulfuric acid.  We will have to convert first to mol sulfuric 
acid using the molar mass sulfuric acid, then to mol sodium hydroxide using the coefficients in the balanced 
equation. 

 

   g H2SO4  → mol H2SO4 → mol NaOH 
 

24.0  g  H2SO4

 
   

1 mol  H2SO4

98.09 g  H2SO4
   

2 mol NaOH

1 mol  H2SO4
= 0.489 mol NaOH 

  
 
 Figure 1 summarizes some of the stoichiometric relationships that are used this semester.  These 

relationships are investigated in detail in this lab as we look at reactions of calcium.  Students will look at how 
calcium reacts with water and hydrochloric acid.  Students will also evaluate the reaction between hydrochloric 
acid and sodium hydroxide.  The stoichiometric relationship between hydrochloric acid and calcium will be 
determined both graphically and experimentally.   
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Figure 1 

 
 
 

Materials 
 

 Student tray containing the following: 

o 3 test tubes (1 small for Part A, 2 large for Part C)  
o 1-10 mL graduated cylinder 
o 1-250 mL beaker 
o 1-400 mL beaker (labeled “Waste”) 
o 2.5M NaOH (~10 mL needed per group) 
o 5.0M HCl (50 ml needed per group) 
o Methyl orange indicator 
o Calcium turnings 
o DI Water 
o Beaker with disposable items: pipettes, scoopula, small 

weigh boat, Parafilm 
o Container of glassware soap and a brush 
o Label tape 
o Litmus Paper 
o White paper 
o Test Tube rack OR large beaker 

 Balance 
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Safety and Notes 

 It is important to follow the safety guidelines below while performing this lab.  
 

 Always review MSDS (Safety Data Sheet) information for all chemicals you will be working with 
before coming to class. 

 Sodium hydroxide is caustic.  If it gets on your skin, flush with copious amounts of water and 
inform your instructor.   

 HCl is a strong acid.  If you get any on your skin flush the area immediately with water and 
inform your instructor.   

 All chemicals must be capped tightly when not in use.   

 Use appropriate equipment to handle acids, bases, and wear safety equipment.  

 Make sure you properly label (chemical name, concentration, date prepared & initials of 
preparer) all prepared solutions with labeling tape and sharpie even if you will be disposing of 
solutions.  

 Do not stand directly over any reaction.  Do not inhale any vapors released from reactions.   

 All waste may be disposed of in container labeled “ Chem 111 Waste”.  

 Return all materials to trays and drawers in a clean orderly condition for the next class. 
 

Experimental Procedure: 
  

A. Combining Calcium and Water 

1. Fill a 250-mL beaker ½ full of water.  
2. Obtain 1 small piece of calcium. Observe the appearance of calcium metal.  
3. Record your observations in the data section. 
4. Obtain a small test tube, fill with water, cover its mouth with your finger, and invert the filled test tube 

into the beaker. Remove your finger when the mouth of the test tube is below the water level in the 
beaker. The objective is to invert the test tube without having any air bubbles.   

5. Drop the small piece of calcium into the beaker.  
6. Move the test tube so that it is directly over the piece of calcium.  
7. Record your observations.   
8. Test the resulting solution with litmus paper.  

a. Blue litmus paper turning to red indicates the presence of H+ (acid). Red litmus turning to blue 
indicates the presence of OH- (base).  

9. Record your observations in the data section.    
10. Use your observations to predict the reaction between calcium and water.  Balance the reaction using 

correct chemical formulas.   
11. Discard the contents of the test tube(s) as directed by your instructor, clean all glassware used thus 

far and place it back in the corresponding numbered tray! 
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B. Calibrating the Pipettes 

1. For the next part of the experiment it is necessary to find the number of drops per 1mL for each 

of your disposable pipettes.    

2. Obtain an empty, clean 10 mL graduated cylinder and two disposable pipettes.  

3. Label 1 pipette “A.”  This pipette will be used ONLY with HCl for this lab.  

4. Label the other pipette “B.”  This pipette will ONLY be used with NaOH for this lab.  

5. Fill each pipette with its designated solution.  Close the bottles of chemicals when not in use. 

6. You will perform several trials with each pipette.  Choose one pipette and do all trials.  Before 

switching to calibrate the second pipette the graduated cylinder needs to be rinsed and dried.   

7. Hold the pipette exactly vertical over the graduated cylinder.  Slowly and without letting the 

drops hit the side of the graduated cylinder count the drops until you have exactly 1 mL of 

solution in the graduated cylinder.  (Make sure you are measuring from the bottom of the 

meniscus.) 

8. Repeat this process 3 times.  Recording your results in the data section.  Repeat with the other 

pipette after cleaning and drying the graduated cylinder. 

9. Make sure you record the molarity of both the HCl and the NaOH in your data table (use ALL 

the significant figures from the bottles—there should be 3 significant figures minimum).   

10. Use the average number of drops per mL (round to a whole number if necessary) for Part C of 

the procedure.   

 
C. Stoichiometric Relationships of Calcium, HCl, and NaOH 

1. Obtain two test tubes (or two 50 mL beakers), and the disposable pipettes from part B. 
2. Make sure the test tubes and beaker are rinsed and dried.   
3. Label the test tubes 1 and 2 for trial 1 and trial 2 respectively.   
4. Make sure to use the dropper labeled “A” for the acid solution and the one labeled “B” for the base 

solution. 
5. Tare a small weigh boat on an analytical balance (must be read to 0.001).   
6. Weigh out between 0.05___ and 0.20___grams of calcium turnings in the weigh boat.  Record the 

mass in the data section 
7. Transfer the calcium to the first test tube.  Repeat for the second test tube.   
8. Return to your lab station with your test tubes.   
9. Add the 5.__M HCl dropwise to the beaker containing calcium until you have added 2mL.  

a. Swirl the test tube until all evidence of a reaction has ceased. In the data second, calculate the 
number of moles of HCl you have added. 

10. Add 1 drop of methyl orange to the test tube.  Record the color in the data section.   
a. A reddish orange color indicates the presence of acid (H+).  
b. Yellow indicates a more neutral solution.  
c. You may need to put white paper under your beaker to clearly distinguish the color.  

11. Add 2.5__M NaOH dropwise to the test tube, counting and swirling after each drop.  Record the 
number of drops needed to cause the color to change to yellow.  

12. Calculate the number of moles of NaOH required to react with the excess reactant. 
13. Repeat the above procedures for 1-2 additional runs (ask your instructor if there is time for a third trial). 
14. On the board, record the mass of Ca, the mol HCl added, and mol NaOH added.  Do NOT put any 

additional information on the board.    
15. Record the class data before you leave.  Make sure you calculate ALL missing data in the table.  This 

will provide practice with stoichiometric calculations.   
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Name ____________________________________________ Date ________________ 
Lab Partner Name___________________________________ Bin #________________ 

Pre-lab Assignment/Questions  

N o t e – this pre-lab must be finished before you come to lab. 
1. Calculate the molar mass of calcium hydroxide and calcium chloride.  (Make sure you have the 

correct chemical formula).   
 
 
 
 
 
 
 
 
 

2. Write the balanced chemical reaction between HCl and NaOH. 
 
 
 
 
 
 
 
 
 

3. If the reaction between water and calcium produce a basic solution, what products must be 
formed.  (You may need to use your textbook to evaluate this if you have not covered reactions 
in lecture).   
 
 
 

 

 

 

 

4. Why is it important to calibrate each pipette? 
 
 
 
 
 
 
 
 

5. When calibrating the pipettes, why should the pipettes be held vertically? 
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Name ____________________________________________ Date ________________ 
Lab Partner Name___________________________________ Bin #________________ 

Experimental Data and Results: 
A.  Combining Calcium and Water 

 Observations of the calcium: 
 
 
 
 
 
 
 Observations of the reaction between calcium and water:  
 
 
 
 
 
 
 Results from litmus test: 
 
 
 
 
 
 Predicted (balanced) chemical reaction between calcium and water. 
 
 
 
 
 
 
 
 
 Use the above to write the predicted (balanced) reaction between calcium and hydrochloric acid. 
 
 
 
 
 
 

B. Calibration of Pipettes 

 

Trial Number of Drops Pipette A Number of Drops Pipette B 

1   

2   

3   

Average drop/mL (
𝑛1+𝑛2+𝑛3

3
) =   

Molarity of solution to be used  M HCl M NaOH 

Mol/drop    
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Name ____________________________________________ Date ________________ 
Lab Partner Name___________________________________ Bin #________________ 

Experimental Data and Results  

Stoichiometric Relationships of Calcium, HCl, and NaOH 
Color of the solution after HCl and Ca have reacted (but before NaOH is added).   

 
 
 

Drops of NaOH added after the 2mL of HCl were added: 
 
 
 

 

_____   _____   _____ 
Trial 1   Trial 2   Trial 3 

 

 mass Ca mol Ca 
Drops HCl 

Added 
mol HCl 
added 

mol HCl 
excess 
after Ca 
reaction 

mol HCl 
used in Ca 

reaction 
mol NaOH 

Trial #1   
 

    

Trial #2   
 

    

Class Data   
 

    

Class data   
 

    

Class data   
 

    

Class data   
 

    

Class data   
 

    

Class data   
 

    

Class data   
 

    

Class data   
 

    

Class data   
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Name ____________________________________________ Date ________________ 
Lab Partner Name___________________________________ Bin #________________ 

Results, Discussions and Post –Lab Questions 
 

1. In Part C, you added HCl to Calcium.  From your observations, which reactant was in excess?  
Explain how you know.   

 
 
 
 
 

2. What are the mol to mol relationships below?   (Hint:  write the balanced equation for each to 
find these) 

 
 

____ mol Ca :  _____ mol HCl 
 
 
    ____ mol HCl : _____ mol NaOH 
 
 
 
 

3. In the space provided,  attach a graph of the relationship between mol HCl used to react with 
Ca (NOT the total HCl added) vs mol Ca.  Use the slope to evaluate the experimental  
relationship between mol Ca and mol HCl.  Attach the graph to this report.   
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Name ____________________________________________ Date ________________ 
Lab Partner Name___________________________________ Bin #________________ 

Results, Discussions and Post –Lab Questions 
 

4. Does the slope confirm or disagree with the relationships from #2?  Explain?  
 
 
 
 
 
 
 

5.  What (be specific) errors could have contributed to the fact that your slope is not exactly a 

whole number ratio.  Consider carefully which errors would contribute to your slope (is your 

slope too high or too low compared to the theoretical value.   
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