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CHEMICAL CALCULATIONS IN REACTIONS 

Reaction #1: Write the balanced equation of combustion reaction of butane gas 
(C4H10).  

Balanced Equation: 

 

Mole to Mole Question:  
How many moles of butane are necessary to completely react with 10.4moles of 

oxygen gas? 

 

 

Mole to Mass Question: 

How many grams of carbon dioxide are formed if 11.5 moles of water is produced? 

 

 

Mass to Mole Question: 

How many moles of oxygen gas are needed to produce 14.4 g of water?   

 

 

Mass to Mass Question: 
Calculate the mass of carbon dioxide produced when 1.45 g of butane are burned. 

 

 

Mass to Atom Question: 
How many hydrogen atoms (from water) would be formed when 88 g of carbon 

dioxide is produced in this reaction? 

 

 

Volume to Molecule Question: 

At STP, how many molecules of oxygen react with 560 dm3 of butane (C4H10)? 

 

(1.6 mole, 404.8 g, 1.04 mole, 4.4 g, 3.01x1024, 162.5NA) 
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Reaction #2: Upon heating, solid potassium chlorate breaks down into liquid 

potassium chloride and oxygen gas. 

 

a) How many grams of potassium chloride are produced if 98 g of potassium 
chlorate decompose? 

 

 

 

b) How many moles of oxygen gas are produced by the decomposition of 6 moles 

of potassium chlorate? 

 

 

 

c) How many atoms of oxygen are produced from oxygen gas when 4.9 g of 
potassium chlorate decompose? 

 

 

d) How many grams of potassium chloride are produced if 0.21 moles of potassium 

chlorate decompose? 

 

 

 

e) How many moles of potassium chloride are formed if 2.88 g of oxygen gas are 
produced?   

 

 

 

 

(59.6 g, 9 moles, 0.12NA, 15.645 g, 0.06 moles) 
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Reaction #3:  Solutions of potassium phosphate and magnesium chloride yield 

solid magnesium phosphate and aqueous potassium chloride. 

 

a) How many moles of potassium chloride are formed if 10.48 g of magnesium 
phosphate are produced?   

 

 

 

b)How many grams of magnesium chloride are required to react with exactly 63.6 

g of potassium phosphate? 

 

 

 

c) How many moles of magnesium phosphate are produced when 4.7 moles of 
magnesium chloride react with excess potassium phosphate? 

 

 

 

d)How many grams of potassium chloride are produced if 1.3 moles of potassium 
phosphate react with excess magnesium chloride? 

 

 

 

e) How many grams of magnesium chloride are needed to produce 7.1x1023 

molecules of potassium chloride? 

 

 

 

(0.24 mole, 42.75 g, 1.57 mole, 290.55 g, 56.05 g) 



K:39, O: 16, Cl: 35.5, H: 1, N: 14, Al: 27, P: 31, Mg: 24, Cu: 64, C: 12, Fe: 56, Ca: 40, S: 32, F: 19, Li: 7, Mn: 55, Ag: 108 

Nihal İKİZOĞLU 4 

Reaction #4:   Nitrogen gas and hydrogen gas combine to form ammonia gas 

(NH3). 

 

a) How many grams of ammonia are produced if 2.96 moles of nitrogen gas reacts 
with excess hydrogen gas? 

 

 

 

 

b) How many moles of ammonia are formed if 8.4 g of hydrogen gas reacts with 
excess nitrogen gas?   

 

 

 

 

c) How many grams of hydrogen gas are needed to react with 56 grams of nitrogen 
gas? 

 

 

 

 

d) How many liters (at STP) of nitrogen gas are needed to completely react with 

2.4 moles of hydrogen gas? 

 

 

 

 

(100.64 g, 2.8 moles, 12 g, 17.92 L) 
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Reaction #5: Acetic acid reacts with copper metal to form hydrogen gas and a 

solution of copper (I) acetate. 

 

a) How many moles of hydrogen gas are formed if 12,3 g of copper (I) acetate are 
produced? 

 

 

 

b)How many moles of copper are needed to produce 0.45 moles of copper (I) 

acetate?   

 

 

 

 

c) How many grams of hydrogen gas are produced when 12.6 g of acetic acid 

reacts with excess copper? 

 

 

 

 

d)How many grams of copper are needed to produce 33.6 L hydrogen gas at STP? 

 

 

 

 

 

 

(0.05 mole, 0.45 mole, 0.21 g, 192 g) 
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Exercise: 

    _____ NH3(g)      +     _____ O2(g)        →    _____ NO2(g)      +      _____ H2O(g) 

8 moles ……… moles ………… moles ………… moles  

3.4 grams  ………… g ………… g  ………… g 

………… moles ………… moles ………… moles 5.6 L at STP  

………… moles 
2.107x1025 

molecules  
………… moles ………… g 

………… mole ………… g 36.8 grams ………… g 

………… L ………… L 22.4 L at STP  ………… L 

………… L ………… L ………… L 
30 L (all at the 

same conditions)  

 

PRACTICE  

1) When PbO2 is heated it decomposes into PbO and O2. Calculate the number of 
moles of PbO2 required for the production of   

a) 0.25 mol of O2 

 

b) 12.8 g O2   

 

 
c) 2.4 x 1023 O2 molecules 

 
 

d) 8.96 L O2 gas at STP  
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2) When propyne gas (C3H4) burns in air, carbon dioxide and water are produced. 

a) Write the balanced equation representing the reaction. 

 

b) How many males O2 are required to burn 0.5 mol of C3H4? 
 

 

c) How many moles of C3H4 must be burned to produce 1.2 mol of CO2? 

 

d) What is mass in grams of H2O produced together with 1.8 mol of CO2? 

 
 

e) How many grams of water are produced from 8 g of C3H4? 
 

 

f) How many liters of C3H4 at STP must be burned to produce 9 g of H2O? 

 

g) How many liters of C3H4 at STP must be burned to produce 3.6x1023 CO2 
molecules? 

 
h) How many grams of C3H4 can be burned with 112 L of air at STP? 

 

3) When Al(OH)3 reacts with H2SO4 under proper conditions, the products are 

Al2(SO4)3 and H2O. 
a) Write a balanced equation for the reaction. 

 

b) How many grams of Al(OH)3 are required to react completely with 6 mol of 

H2SO4? 
 

 

c) How many moles of Al(OH)3 are required to produce 34.2 g Al2(SO4)3? 

 

d) How many grams of water are produced by the reaction of 39 g Al(OH)3 with 

excess H2SO4? 
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4) How many liters of oxygen gas at STP are produced from the decomposition 

of 9 grams of water? 

 

5) Consider the balanced equation for the reaction. 

Fe2O3(s) + 3CO(g) → 2Fe(s) + 3CO2(g) + 5980cal 

How many liters of CO at STP are needed to release 1196 calories of energy in 
the reaction?  

 

 

6) What is the volume, at STP, of CO2 and SO2 gases produced by the combustion 
of 304 mL of CS2 (d=1.25 g/mL)?  

 

 

7) Under identical conditions, how many liters of each of N2 and O2 gases must 
be reacted to produce 60 L of N2O3(g)? 

 

 

8) Oxygen gas may be converted into ozone gas according to the reaction  

3O2(g) → 2O3(g). If there is a 50 L decrease in volume of gases during the 
reaction, 
a) what is the volume of O3 produced? 
b) what is the volume of O2 used?  

 

 

9) In an experiment, a quantity of NaHCO3 is placed into a test tube and heated. 
During heating the following reaction takes place. 

2NaHCO3(s) → Na2CO3(s) + CO2(g) + H2O(g) 

If the masses of the tube and its contents before and after reaction are 58.45 

g and 39.85 g respectively answer these questions: 

a) What is the reason for the decrease in mass during the reaction? 
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b) What is the mass of the NaHCO3 initially into the test tube? 

 
 

c) What is the mole number of Na2CO3 produced? 

 

d) What is the total volume of the gas products at STP?  
 

 

 

Answers: 1) a) 0.5 b) 0.8 c) 0.8 d) 0.8 e)0.6  

2) b) 2 c) 0.4 d) 21.6 e) 7.2 f) 5.6 g) 4.48 h) 10  

3) b) 312 e) 0.2 d) 27 

4) 5.6 L 

5) 134.4 

6) 336 L 

7) 60L of N2, 90L of O2 

8) a) 100L b) 150L 

9) b) 50.4g c) 0.3 mol d) 13.44 L 

 

Limiting Reagent (Reactant) – (LR) 

Limiting reagent in the chemical reactions is the reactant which, 

• controls the amt. of product formed 

• completely consumed in the rxn. 
• “runs out” first 

Example:  People on plane  

300 people; 250 seats **Seats are the limiting factor** 

Limiting Reagent Problems 

• Do mass to mass/mole to mole calculations for all reactants. 

• Whichever reactant produces the least product is the Limiting Reagent (LR). 
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Problems: 

1. If 6.4 g of hydrogen reacts with 6.4 g of oxygen to make water, which reactant 
is the LR? How many moles of H2O is produced? 

 

 

2. If 50.4g of KOH reacts with 85.2g of Al(NO3)3 by double displacement reaction:  
a) What is the limiting reagent? 

b) How many moles of KNO3 is produced? 

  

 

3. Aqueous solutions of aluminum chloride and silver nitrate combine to form 

solid silver chloride and aqueous aluminum nitrate. 
a) Write a balanced equation for this reaction. 

 

b) What type of reaction is this?  

 
 

c) If you combined 5.0 g of aluminum chloride with 7.0 g of silver nitrate, how 

many grams of silver chloride would theoretically be produced? 

 

 

d) How many grams of the excess reactant would be left over? 

 

4. Nitrogen gas reacts with hydrogen gas to form ammonia. 

a) Write a balanced equation for this reaction. 

 

b) What type of reaction is this?  
 

 
c) If you combined 84 g of nitrogen with 24 g of hydrogen, how many grams 

of ammonia would theoretically be produced? 

 

d) How many liters of the excess reactant would be left over at STP? 
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Answers: 

1. O2 is LR and 0.4 mole H2O produced 
2. a) KOH is LR b) 0.9 mole 

3. a) AlCl3 + 3AgNO3 → Al(NO3)3 + 3AgCl 

b) Double displacement rxn 

c) 5.8835 g 
d) 3.0705 g 

4. a) N2 + 3H2 → 2NH3 
b) Synthesis 

c) 102 g 
d) 67.2 L 

 

• Stoichiometric calculations allow us to calculate the amounts of reactants 

required or the amounts of products generated from a chemical reaction 
• Chemical reactions frequently do not proceed to completion.  Hence the 

amount of product recovered is often less than would be predicted from 

stoichiometric calculations. 
• The Theoretical Yield is defined as the amount of product(s) calculated using 

Stoichiometry calculations. 
• The Actual Yield is the amount of product that can actually be recovered 

when the reaction is done in a lab. 
• The Percent Yield is calculated as follows; 

Percent yield = 
actual yield

theoretical yield
x100 

Percentage Yield Problem: 

Consider the reaction: 6 Li(s) + N2(g) → 2Li3N(s) 

a) When a student mixes 4.90 g of lithium with 5.60 g of nitrogen in a lab, she 
collects 7.00 g of lithium nitride.  Calculate her percent yield.  (85.7%) 

 

 

 
 

 
 

b) Another student performs the same reaction with the same quantities of 
reactants, but his percent yield is 78.0%.  What mass of product did he collect? 

(6.37 g) 

 

 



K:39, O: 16, Cl: 35.5, H: 1, N: 14, Al: 27, P: 31, Mg: 24, Cu: 64, C: 12, Fe: 56, Ca: 40, S: 32, F: 19, Li: 7, Mn: 55, Ag: 108 

Nihal İKİZOĞLU 12 

PRACTICE:  

4) Given the reaction: 2NH3(g) +3Cl2(g) → N2(g) + 6HCl(g) 

Determine the quantity in moles of the excess reactant in each of the following 

cases. Calculate the maximum number of moles of HCl for each case for the 
amount in mole of reactants are given below. (Avogdaro’s number=6x1023) 

a) 1 mole of NH3 and 1.5 mole of Cl2 

 

 

 

b) 7 moles of NH3 and 9 moles of Cl2 

 

 

 

 

c) 6x1022 molecules of NH3 and 13.49 g Cl2 molecules 

 

 

 

 

d) 10.2 g of NH3 and 134.9 g of Cl2  

 
 

 

 

e) 1.12 L of NH3 and 4.48 L of Cl2 at STP 
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5) Balance the equation for the reaction of Mg3N2 with H2O to form Mg(OH)2 and 

NH3. If 1.00 g of Mg3N2 and 1.44 g of H2O are used for this reaction; 
a) How many liters (at most) of NH3 can be produced at STP? 

 

 

b) How many moles (at most) of Mg(OH)2 is formed? 

 

c) How many moles of which reactant is excess?  

 

 
d) Which reactant is limiting reagent? 

 

e) What is the percent yield of this reaction? 

 

 

6) How many grams of N2F4 can theoretically be prepared from 17 g of NH3 and 
38 g of F2? (Balance the equation at first) 

… NH3 + … F2 → … N2F4 + … HF 

 

 

 

7) FeS2(s) + O2(g) → Fe2O3(s) + SO2(g)   (FeS2=120, Fe2O3=160) 

Calculate the maximum mass of Fe2O3 produced when 24 g of FeS2 is reacted 
with 16.8 L of O2 at STP. Which of the two reactants is the limiting reactant? 

How much of the excess reactant is left at the end of reaction? (balance the 
reaction first using minimum whole numbers) 
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8) Given the equation   MnO2 + 4HCl → MnCl2 + Cl2(g) + 2H2O 

How many liters of chlorine gas at STP will be produced from 43.5 g of 
manganese (II) oxide and 36.5 g of hydrogen chloride?  

 

 

 

9) Equal weights of calcium and oxygen gas are reacted in a closed container to 

give 112 g of CaO. Which element and how many grams will be remaining 
excess?  

 

 

 

10) When equal weights of X and Y are reacted to give 1 mole of the compound 
X2Y3, 64 g of Y remains unreacted. If the atomic weight of Y is 16 g, what is 

the atomic weight of X? 

 

 
 

 
 

 

11) Given the equation  2SO2(g) + O2(g) + 2H2O → 2H2SO4(l) 

Calculate the maximum moles of H2SO4 produced by the reaction 4 moles of 
SO2, 2 moles of O2 and 3 moles of H2O.  

 

 

 

12) Equal moles of iron and oxygen gas are reacted in a closed container to give 

32 g of iron (III) oxide. Which element and how many grams will remain 
excess? 
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10) Lithium reacts with oxygen to form lithium oxide: 4Li(s) + O2(g) → 2Li2O(s) 
 
a) When 21.0 grams of lithium metal reacts with 32.0 grams of oxygen gas, 

which reagent is limiting, and which is excess? 

 

 

 

b) How many grams of;   
 

i. lithium oxide is formed, theoretically?     
ii. of excess reagent remain unreacted? 

 

 

 

11) Silver carbonate is an insoluble compound in water and forms according to the 

reaction: 2AgNO3(aq) + K2CO3(aq) → Ag2CO3(s) + 2KNO3(aq) 
 

a) What is the theoretical yield, in grams of silver carbonate, when 0.276 
grams of potassium carbonate is mixed with 0.510 grams of silver nitrate? 

 

 

 

b) How many grams of excess reagent remain? 

 

 

12) A common acid/base reaction is HCl(aq) + NaOH(aq) → H2O(l) + NaCl(aq).  
 
a) If 0.150 grams of hydrochloric acid reacts with 0.150 grams of sodium 

hydroxide, how many grams of water will form?   

 

 

b) How many moles of excess reagent remain? 



K:39, O: 16, Cl: 35.5, H: 1, N: 14, Al: 27, P: 31, Mg: 24, Cu: 64, C: 12, Fe: 56, Ca: 40, S: 32, F: 19, Li: 7, Mn: 55, Ag: 108 

Nihal İKİZOĞLU 16 

13) Sulfur is a fairly reactive chemical like its family member oxygen. It reacts with 

copper metal according to the reaction: 2Cu(s) + S(s) → Cu2S(s). 
 

a) What is the theoretical yield of copper(I) sulfide if 100.0 grams of copper 
metal is mixed with 50.0 grams of sulfur?   

 

 

b) How many grams of excess reagent could you plan to recover from the 
reaction vessel? 

 

 

Answers: 

1) a) No excess;   3 moles of HCl 

b) 1 mole NH3 excess; 18 moles HCl 
c) 0.04 mole Cl2 excess; 0.3 mole HCl 

d) 1 mole Cl2 excess;  1.8 mole HCl 
e) 0.125 mole Cl2 excess; 0.15 mole HCl 

 
2) a) 0.448 L 

b) 0.03 mole 

c) 0.02 mole H2O excess 
d) Mg3N2 

 
3) 20.8 g 

4) FeS2 is LR; 0.2 mole O2 is excess 
5) 5.6 L 

6) 48 g O2 excess 
7) 56 g/mole 

8) 3 moles 
9) 3.2 g O2 excess 

10) a) LR: Li  Excess: O2 
b) i. 45g;  ii. 32g 

11) a) 0.414 g 
b) 0.069 g K2CO3 excess 

12) a) 0.0675 g 
b) 3.6x10-4 moles HCl 

13) a) 125 g 
b) Sulfur 25 g excess 

 


