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Virtual Lab

Determining the Limiting Reactant
PROBLEM  
In a chemical reaction, one reactant is generally used up fully. This reactant is known as the 
limiting reactant. This reactant therefore limits the amount of product in the reaction. The 
substance that is not used up completely is the excess reactant. 
 The concept of a limiting reactant is easy to see in action in our everyday lives. For 
example, image that you are making some omelets for your family. Each omelet requires 2 
eggs and 1 ounce of cheese. You have one dozen eggs and 5 ounces of cheese. How many 
omelets can you make? You can make 5 omelets. In this case, the cheese is the "limiting 
reactant" because it will run out before you run out of eggs. However, if you had 6 ounces of 
cheese but only 10 eggs, you would still only be able to make 5 omelets. In this case, the eggs 
are the limiting reactant. 
 Industrial manufacturers and other companies are interested in learning what the 
limiting reactants are in the chemical reactions they oversee. Knowing the right amounts of 
reactants to use can help these companies control material costs and avoid releasing too much 
waste product into the environment. 
 In this virtual lab simulation, you are challenged to determine which is the limiting 
reactant when silicon dioxide and carbon react to produce silicon. 

Background 
Silicon dioxide, or quartz sand, is available naturally in abundance. Silicon dioxide reacts 
with carbon, in the form of the type of coal known as coke, at high heat to produce 
metallurgical-grade silicon. A waste product of this reaction is carbon monoxide. 
Metallurgical-grade silicon is used in the metal and chemical industries. Metallurgical-grade 
silicon has to go through further reactions before it is pure enough for use in the electronics 
and computer industries. 

PLANNING
Goal
Determine the limiting reactant in a chemical reaction. 

Objectives
Explain how chemical equations show the mole ratios needed for a reaction. 
Calculate the molar mass of an element or compound. 
Calculate the mass of a substance given the amount of a substance in moles present. 
Calculate the amount of a substance in moles given the mass present. 
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Materials
This virtual lab requires:

• A computer capable of running the simulation
• A sound card with speakers to play the audio
• An Internet browser with Adobe Flash Player 10 or above installed

Reality Check 
The workings of an arc furnace have been simplified for the purposes of this lab. An 
advantage of the virtual lab is that the process can be redone over and over without running 
out of samples.
 The procedures shown in this lab are not suitable for a real-world experiment. An arc 
furnace is an industrial piece of equipment that requires training to use. Given the high 
temperatures involved, there is no equivalent classroom procedure for obtaining silicon from 
silicon dioxide and carbon. 

Plan
a. Choose reactant amounts. Record the amounts chosen. 

b. Run the reaction in the arc furnace. Record the mass of silicon 
product obtained. Repeat for other reactant amounts. 

c. Convert the masses of each reactant into amounts in moles. Using 
mole ratios, determine the limiting reactant for each set of 
reactants. 

d. Determine the amount in moles of carbon monoxide produced, and 
then convert those amounts into masses in grams.

e. Calculate the percentage yield for a reaction. 

OBSERVATIONS (PERFORM)
2. Organizing Data For each set of reactant masses used in the reaction, record the mass of 
silicon (Si) product obtained in the table below. 

Silicon Product Obtained

Trial 1 2 3 4

SiO2 (g) 380 560 680 820

C (g) 820 640 520 380

Si (g)
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ANALYSIS AND INTERPRETATIONS
3. Converting from Mass to Moles For each set of reactant amounts used in the reaction, 
convert the masses of the reactants into amounts in moles. Record your results in the table 
below.  
 

(x g SiO2) x (1 mol / 60.09 g SiO2) = x mol SiO2 
(x g C) x (1 mol / 12.01 g C) = x mol C 

Show Work:

Summary Table: Reactant Masses to Amounts in Moles

Trial 1 2 3 4

SiO2 (g) 380 560 680 820

SiO2 (mol)

C (g) 820 640 520 380

C (mol)

3



4. Applying Mole Ratios Using the mole amounts you determined above, multiply by the 
mole ratio to determine the moles of Si produced per moles of reactant. You can use the 
equations shown below. Substitute your numbers for the x's. Record your results in the table 
below. Then determine which reactant is the limiting reactant in each case. 

(x mol SiO2) x (1 mol Si / 1 mol SiO2) = x mol Si
(x mol C) x (1 mol Si / 2 mol C) = x mol Si

Show Work:

Summary Table: Moles of Si Produced Per Mole of Reactant

Trial 1 2 3 4

SiO2 (mol)

Si (mol)

C (mol)

Si (mol)

Which is the 
Limiting 
reactant?
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5. Converting from Moles to Mass Using the amounts of silicon you calculated above, 
determine the amount in moles of carbon monoxide, CO, produced. Then convert the 
amounts of CO in moles into masses in grams. You can use the equations shown below. 
Substitute your numbers for the x's.  Record your results in the table below.

(x mol SiO2) x (2 mol CO / 1 mol SiO2) = x mol CO
(x mol CO) x (28.01 g CO / mol CO) = x g CO

Show Work:

Summary Table: Amounts and Masses of Carbon Monoxide

Trial 1 2 3 4

Amount (mol)

Mass (g)
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SUMMARY AND CONCLUSION 
6. Results Is the same reactant always the limiting reactant? Explain why or why not. 

7. Reflections Can you determine the limiting reactant just by comparing the masses of the 
reactants? Explain your reasoning. 

8. Conclusions Why is it helpful to know how much carbon monoxide (CO) was produced, 
even though silicon is the product being collected for industrial use?  

 9. Determining the Percentage Yield In the Perform section, you determined that reacting 
380 g SiO2 with 820 g C produces a theoretical yield of 242 g Si. Imagine that the actual 
yield of silicon is 225 g. What is the percentage yield for these results? Show your work. 

6


