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Chemical Reactions

‘What is a chemical reaction?
- if you forgot, look back in your notes

Aword equation is a chemical reaction represented by the names of reactants and products
- reactants go on the left side (what we start with)
- products go on the right side (what we get)
- all reactants and all products are separated by a plus sign (+)
- an arrow points from the reactants to the products

The reactants are the chemicals that go in to a reaction
The products are the chemicals that come out of a reaction

Chemical reactions are written like this: N
(€ &
all the reactants — all the products \ < S. .
Reactants Products %O
A + B —_— C + D
reactant 1 reactant 2 product 1 product 2

E.g., When iron is exposed to oxygen, it rusts and the product is iron(IIT) oxide
The word equation for this reaction is:

iron + oxygen —— iron(III) oxide

Reactants/Products

Practice with word equations
1. Write word equations for the following reactions:
a) Sodium reacts with chlorine to form sodium chloride.
b) Magnesium burns in oxygen to form magnesium oxide.

c) Calcium sulfate can be decomposed to calcium and sulfur.

(P, D) 2. Write word equations for the following reactions:
a) CaCl, and Na,SOj react to form CaSO, and NaCl.
b) BaCO; reacts when heated to produce BaO and CO,.
¢) AgNO; reacts with KCI to produce AgCl and KNOs.

(P, D) 3. Write word equations to represent the following chemical reactions:

a) Carbon dioxide and water are produced in human cell respiration. The reactants are
sugar and an important gas that humans need to survive.

b) Stalactites form in caves when calcium bicarbonate reacts to form calcium carbonate,
water, and carbon dioxide gas.
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‘Why are word equations important?
‘Word equations let us summarize what we observe.

a) Aluminum resists corrosion because it reacts with a gas found in air to form a
protective coating of aluminum oxide.

+oxygen — inum oxide
b) Zinc metal, used as a coating in galvanized iron, also reacts with air to form a coating
that resists further corrosion.

zinc + oXygen — zinc oxide

¢) When aluminum foil is placed in a solution of copper(II) chloride, copper metal and

another solution are formed. de\j' “k{ g
/ B}

aluminum + copper(II) chloride — copper + aluminum chloride

d) When sodium sulfate and calcium chloride solutions are mixed, a precipitate of
calcium sulfate and another substance is formed.

sodium sulfate + calcium chloride — calcium sulfate + sodium chloride

Why are word equations important?

Word Equations Questions

1. When you have a BBQ, the propane burns in oxygen to cook those delicious burgers. The
word equation looks like this:

propane + oxygen — carbon dioxide + water
a) List all the reactants.

b) List all the products.

¢) What does the arrow tells us?

2. Write word equations for the following reactions:

a) Table salt (sodium chloride) can be made by reacting sodium with chlorine.
b) Magnesium burns in oxygen to form magnesium oxide.

¢) Calcium sulfate can be decomposed to calcium and sulfur.

P, D) 3. Write word equations for the following reactions:
a) CaCl, and Na,SO; react to form CaSO; and NaCl.
b) BaCOs reacts when heated to produce BaO and CO,.
¢) AgNO; reacts with KCl to produce AgCl and KNO;.

P, D) 4. Write word equations to represent the following chemical reactions:
a) Carbon dioxide and water are produced in human cell respiration. The reactants are
sugar and an important gas that humans need to survive.
b) Stalactites form in caves when calcium bicarbonate reacts to form calcium carbonate,
water, and carbon dioxide gas.

Word Equation Practice

‘Word Equations Questions

1. This is the word equation for burning propane: propane + oxygen — carbon dioxide + water
a) List all the reactants in this reaction. propane & oxygen

b) List all the products in this reaction. carbon dioxide
¢) What is the purpose of the arrow in the word equation?  to divide the reactants & products

water

2. Write word equations for the following reactions:
a) Table salt (sodium chloride) can be made by reacting sodium with chlorine.
sodium + chlorine — sodium chloride

b) Magnesium burns in oxygen to form magnesium oxide.
magnesium + oxygen — magnesium oxide

¢) Calcium sulfate can be decomposed to calcium and sulfur.
calcium sulfate — calcium + sulfur

3. Write word equations for the following reactions:
a) CaCl, and Na,SO; react to form CaSO, and NaCl.

calcium chloride + sodium sulfate — calcium sulfate + sodium chloride

b) BaCO; reacts when heated to produce BaO and CO,.

barium carbonate — barium oxide and carbon dioxide

¢) AgNO; reacts with KCI to produce AgCl and KNO;.

silver nitrate + potassium chloride — silver chloride + potassium nitrate

4. Write word equations to represent the following chemical reactions:
a) Carbon dioxide and water are produced in human cell respiration. The reactants are sugar
and an important gas that humans need to survive. sugar + oxygen — carbon dioxide + water

b) Stalactites form in caves when calcium bicarbonate reacts to form calcium carbonate, water,
and carbon dioxide gas. calcium bicarbonate — calcium carbonate + water + carbon dioxide

Answers

Word Equation Questions

Measuring Mass in Reactions

Measuring Mass in Reactions
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Where did all the wood go?

Szt

MASS OF REACTANTS = MASS OF PRODUCTS

Law of Conservation of Mass:
—_—

(starting materials) (the materials produced)
E.g., methane + oxygen ~——— water + carbon dioxide What would happen if a
10 g before reaction 10 g after reaction gas was produced?
- the mass of products
would appear to be
o o lighter because the gas

o° “ ‘@’ escaped
©®

‘Would you agree that the atoms on both sides are the same? - no new atoms were made

- the atoms were just rearranged
Mass is determined by the number of atoms in a reaction.
This is why we have to make sure the number of each type of atom is the same on both sides.

- this is called balancing the chemical equation

Conservation of Mass

Chemical Reactions - Skeleton Equati
emical Reactions - Skeleton Equations CMQ(NDD

skeleton equation - shows the reaction represented by formulas instead of names D
CuNOs

E.g., copper + silver nitrate —— silver + copper (II) nitrate

Cu+ AgNO; — Ag+ Cu(NO3]Z

magnesium + oxygen — magnesium oxide
Mg + O1 — MgO
zinc + hydrogen chloride— hydrogen + zinc chloride
Zn + HCI — H, + ZnCl,
hydrogen + oxygen ——water vapour

H, + 0, — H)0
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Finding the Missing Mass

Can the Law of Conservation of Mass be applied to a chemical reaction in which a gas is
produced?

Watch the demonstration carefully. The test tube contains 10 mL of hydrochloric acid. The
beaker contains one scoop of sodium bicarbonate.

1. Make a table to record your observations of masses during the investigation. Include a
column in your table for your qualitative observations.

2. Write a hypothesis about how the mass of the products will compare to the mass of the
reactants.

3. As the demonstration proceeds, complete your data table.

4. Calculate the difference in mass between the reactants and the products and record it in
your table.

5. Did a chemical reaction occur in the beaker? Justify your answer.

6. What might account for any difference in mass you observed?

7. Write a word equation to represent the chemical reaction.

8. Which of these products remained in the beaker? Justify your answer.

9. This demonstration seems to violate the Law of Conservation of Mass. How would you
modify the procedure so that the demonstration could be used to prove the law?

(P, D) 10. A grade nine student is working on her science assignment and needs your help. The
teacher showed a video in which some magnesium was burned. The mass of the
magnesium was 3.0 g and the mass of the ash remaining after it burned was 5.0 g. The
poor little niner is completely lost and needs help with the questions on the assignment.

a) The reaction has two reactants and one product. Write a word equation for the
reaction.

b) How do you explain the apparent gain in mass?

Finding the missing mass

Skeleton Equation

Chemical Reactions - Balanced Equations
Remember our methane burning example.
methane + oxygen — carbon dioxide + water

Write a skeleton equation.
Before balancing  Afier balancing

CH, +0; — CO; + H,O [Reactants |Products

Count the atoms on each side [carbon 1 1 T

of the arrow. =
lhydrogen 4 2 4 4

Sce the problem? loxygen 2 3 s T 4

What we have. Q R “

. PP 0O G

[How do we get what we want?
CH,+0;— CO; + H:0
CHi+0:+0; — CO;+ H,0 + H:O

CH,+20; — €O, + 2H:0 +—— Balanced

- balanced chemical equation is a skeleton equation with the same number of each atom on
each side

- we use coefficients in front of reactants and/or products to even out the atoms

~inabal ion:

mass of reactants ~ mass of products

Balanced Equation

Law of Conservation of Mass Questions

1. State the Law of Conservation of Mass. How would you explain this Law to a friend in
terms of atoms?

2. When a log burns in a fire, the ashes have a much lower mass than the log. This seems to
violate the Law of Conservation of mass. Explain why it does not.

3. When methane burns, the reaction is
CH, + 0, + 0y = H;0 + H,0 + CO» Number of atoms |Reactants |Products
a) Use the table to record the number of atoms of carbon
each type in the reactants and the products.
b) What do your results tell you about the Law of oxygen
Conservation of Mass?
hydrogen

4. A solid has a mass of 35 g. When it is mixed with a solution, a chemical reaction occurs. If
the final total mass of products is 85 g, what was the mass of the solution?

5. Solution A has a mass of 60 g. Solution B has a mass of 40 g. When they are mixed, a
chemical reaction occurs in which gas is produced. If the mass of the final mixture is 85 g,
what mass of gas was produced?

P, D) 6. A friend is working on a science fair project that involves weighing herself
immediately before bed at night and immediately after getting up in the morning. She
noticed that she always weighs less in the morning. Use the Law of Conservation of
Mass to explain her observation.

Questions

Balancing Chemical Equations

Steps to writing balanced chemical equations:

1. If you have a word equation, write the skeleton equation.

2. Count the number of atoms of each type in the reactants and the products.
3. Multiply each formula by coefficients to balance the number of atoms.

Use trial and error. You'll get better with ... PRACTICE! Aﬁ ’I—-Cl L
A 15(‘\
NOTICE: coefficients > subscripts
When can you change subscripts? N {/V e/\() e V t ( ) e \I e ()_e Vﬂr)
SARASTALARNATIA el
ot -

Balancing Chemical Equations
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How do we count atoms?

Some rules:
1. The symbol of an element means one atom of that element.

eg.Ca=

2. A subscript tells us how many atoms of the atom with the subscript.

3. A subscript outside a bracket applies to all the atoms inside the brackets.

e,z_lszhu’r)/ﬂ-1 36& ) QPJ %0

4.2) A coefficient in front of an atom applies to that atom.

g, 4Fe=

b) A coefficient in front of a compound applies to all atoms in the compound

eg.INaCl= Y ,Jaj’)(]

©) A coefficient i front of a bracket applies to all atoms in the brackets

.g.. 3Mg(OH), = %nfl) QO, Q’H

Practice
Type of atom| # of atoms
o hydrogen 4 ( 6& J(
oxygen 2
iron 3
3Fes0, sulfur 3
oxygen 12
e 4
4CuNOL): 7 nitrogen s
oxygen 24
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Counting Atoms

[Type ofatom [ of atoms
v 2
NaxCO; T c o
2 s
— A
K.CrO, - o
s -
N 7
mu o
NHCHO: —
7o 2
w0
Pb(NO5): PN 2
o 7
7 s
Ca(POL), e 2
7o s
A
3BaCl, T
A s
4AL(COy): - 7
o 36
. _
! 7 u e
N
o a

Let's try one.
When exposed to oxygen, copper turns into copper(Il) oxide.

1. Write the word equation and the skeleton equation.

)

copper + oxygen ——— coppenoxide

Cu+0, —— CuO

2. Count the number of atoms of each type in the reactants and the products.

Atom |Reactants |Products
a [
o 2

3. Multiply each formula by coefficients to balance the number of atoms.

2Cu+0, ——NCu0

Atom

Reactants |Products

Cu

I 2

(0]

Q|

Chemical Equations

Balancing Questions

1. Write a balanced chemical equation for each of the following:
a) hydrogen + oxygen form water

b) nitrogen + hydrogen form ammonia (NH;)

©) hydrogen sulfide forms hydrogen + sulfur

d) magnesium + oxygen form magnesium oxide

) calcium + water form calcium hydroxide + hydrogen gas

(P D) f) copper(Il) oxide + hydrogen form copper + water

(P. D) g) lead(I]) nitrate + potassium iodide form lead(II) iodide + potassium nitrate

(P D) h) lead(l) sulfide + oxygen form lead + sulfur dioxide

2. 2) How can you tell the following equation is not balanced?
N+ Hy — NH;

b) Imagine a friend tried to balance the equation as shown below. What would you say is
wrong with the way it is balanced?

Na+H; — NoHy

3. Nitrogen oxides are a group of air pollutants produced by internal combustion engines in
automobiles. These pollutants are formed by the reaction of atmospheric nitrogen (Ny) and
oxygen (0) to form various combinations, including NO, NO2, N20x, N;Os, and N:Os,

a) Write balanced chemical equations to show the formation of cach of these compounds.

b) By using a catalytic converter and keeping engines properly tuned so that the right amount
of oxygen enters the combustion cylinder at the right temperature, the formation of nitrogen
oxides (NOx) can be greatly reduced. Why do you think this is important?

(P. D) 4. Imagine that you are an engineer trying to determine how much air has to be
supplied to burn gasolin in a car engine. Assuming that gasoline is heptane (C;Hi), the word
equation is

heptane + oxygen —carbon dioxide + water vapour

a) Write the skeleton equation for the reaction.

b) Balance the equation by adding coefficients as necessary.

) How many molecules of oxygen are required for every molecule of heptane that burns?

Counting Atoms

Tets practice!

L+ ClL—QHCl

©

HgO — Hg+ O,

w

Na+ Cl,— NaCl

s

HO0— H:+ O,

@

Al+ Br;— AlBry

B

Hf+ N, > HEN,

7. CnO;— Cr+ O,

8. Cu0+ Hy— Cu+ H0
9. NoHi+ O,— H0+ N,
10. F»+ H,0— HF+ Oy

1. HPO;+ NaOH — Na;PO;+ H,0

=

2. Cu+ AgNO;— Cu(NOy),+ Ag

. Ca(NO;),+ KOH — Ca(OH)+ KNO;

14. Al+ PbNOy, — AINOs):+ Pb

P, D) 15. sodium reacts with water to produce sodium hydroxide and hydrogen gas

P D) 16. chlorine and sodium bromide react to form bromine and sodium chloride

P,D) 17. copper combines with sulfur to form copper(l) sulfide

Balancing Practice

Balancing Questions

Balancing Reactions Quiz
If you're sitting on the left, answer the odd-numbered questions. If you're s
answer the even-numbered questions.

Gold

1.Na+F, — NaF

2.Li+ Cl— LiCl

3K+ 0, - K0

4.H;+ 0, - H0

5.C0+ 0,—CO;

6.Na+ 0, — Na,O

7. Cly + NaBr — Br, + NaCl

8. Te + H,0 — TeO + H,

ting on the right,

Platinum, Diamond

1. Re+Br, — ReBrs

3.Fe+ HCl— FeCl+ H,

4.Zn+ CrCly — CrCly + ZnCly

5.Ga+ HyS0s — Gax(SO9); + Hy

6. PdCI, + HNO; — PA(NO), + HCI

7. copper (11) sulfide and oxygen react to produce copper(Il) oxide and sulfur

8. aluminum and iron(IIoxide produce iron and aluminum oxide

Balancing Quiz
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There are five main types of chemical reactions:

1. Combustion

"the explosive relationship"

[ fuel |+ [oxygen] — [oxides | + [ energy]

- usually called burning
- a very rapid reaction of a substance with oxygen to produce oxides
- energy is produced, mainly in the form of heat and light

- when hydrocarbons burn (i.e., react with oxygen) they always produce carbon dioxide and
water .5, ‘3"

- when oxygen is a reactant and the products are carbon dioxide and water, it is a
combustion reaction

-eg,C3Hg + 50, —» 3CO, + 4H,0 Is this balanced?

Types of Reactions

3. Decomposition
"the break-up"

- opposite of synthesis reactions.
- a larger compound breaks into elements or smaller compounds

2
Py v

Decomposition

5. Double Displacement
“the full switcheroo"
- two elements switch places with each other

- the cation of one pairs up with the anion of the other

+> (€
In double replacement Joe and Mery and Josh and Sue are togehter but they switch off

S0 now JGZ and SuZare together and Josh and Mary are together

Ad o
.+°_’ .+°
L% o,

+ = = he d h d ji
e, Pb(NO3); + 2KI — Pbl, +2KNO; e and -in cach compound just

switcl

How do we know which ones

- \'W\ag\‘aw C}Q@? g0 together?
- M‘M\“a

- ‘Qx)anoe
~ spoi]

Double Displacement

2. Synthesis
"the hook-up"

- two or more smaller compounds combine to form a larger compound

eg,2H, + 0O, — 2H,0

Synthesis

4. Single Displacement

"the semi-switcheroo"

- one element trades places with another element in a compound.
- a metal switches with the other metal or the nonmetal switches with the other nonmetal

In a gingle-replacement reaction thig girl leaves her guy for Joe.
Poor Frank

Now Joe and Mary are together

How do we which one Mg
— goes with?
°:0-0:0

eg, Mg+ 2AgNO; — 2Ag + Mg(NOs), Mg becomes + so it goes

with the -

eg,Br, + Cal, > 1, + CaBr, How do we which one Br
goes with?

Single Displacement

Let's Practice

1. Identify the type of reaction for each of the following:

a) sodium iodide — sodium + iodine

b) bromine + sodium iodide — iodine + sodium bromide

¢) hydrogen + oxygen — water vapour

d) zinc + hydrogen chloride — hydrogen + zinc chloride

¢) calcium + magnesium chloride — magnesium + calcium chloride
) sodium bromide + calcium iodide — sodium iodide + calcium bromide
g) calcium + water — hydrogen + calcium hydroxide

h) aluminum + copper(II) chloride — copper + aluminum chloride
i) zinc carbonate — zinc oxide + carbon dioxide

j) iron + oxygen — iron(III) oxide

k) copper + silver nitrate — silver + copper(II) nitrate

1) lithium nitrate + sodium hydroxide — lithium hydroxide + sodium nitrate

2. Write balanced skeleton equations for each of the equations in question 1.
(Gold group do a-g)

Practice
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Let's Practice

a) sodium iodide — sodium + iodine (D)

2Nal — 2Na + I,

b) bromine + sodium iodide — iodine + sodium bromide (SR)
Br, + 2Nal — I, + 2NaBr

¢) hydrogen + oxygen — water vapour (S)
H, + 0, — H,O

d) zinc + hydrogen chloride — hydrogen + zinc chloride (SR)
Zn +2HCI — H, + ZnCl,

¢) calcium + magnesium chloride — magnesium + calcium chloride (SR)

Ca +MgCl, — Mg + CaCl,

) sodium bromide + calcium iodide — sodium iodide + calcium bromide (DR)
2NaBr + Cal, — 2Nal + CaBr;

g) calcium + water — hydrogen + calcium hydroxide (SR)

Ca+ 2H,O — H, + Ca(OH),

h) aluminum + copper(II) chloride — copper + aluminum chloride (SR)
2Al + 3CuCl, — 3Cu + 2AICI;

i) zinc carbonate — zinc oxide + carbon dioxide (D)
ZnCO; — ZnO + CO,

j) iron + oxygen — iron(IIl) oxide (S)
4Fe + 30, — 2Fe,0;3

k) copper + silver nitrate — silver + copper(II) nitrate (SR)
Cu +2AgNO; — 2Ag + Cu(NOs),

1) lithium nitrate + sodium hydroxide — lithium hydroxide + sodium nitrate (DR)
LiNO; + NaOH — LiOH + NaNO;

December 20, 2018

Practice Answers

Reaction Types Questions

1. Consider the five types of reactions we've studied. They all involve elements and
compounds as reactants. Which type of reaction is described by each of the following?
a) Two reactants that are compounds.

b) One reactant is an element and one is a compound.

¢) The reactants are a fuel and oxygen.

d) Both reactants are elements.

¢) The single reactant is a compound.

) These two reaction types seem to be the opposite of one another.

2. Identify each of the following reactions as one of the types of reactions we studied:
a) sodium iodide — sodium + iodine

b) zinc carbonate — zinc oxide + carbon dioxide

¢) barium + sulfur — barium sulfide

d) bromine + sodium iodide — iodine + sodium bromine

¢€) Sodium bromide + calcium iodide — sodium iodide + calcium bromide
) iron + oxygen —» iron(I1I) oxide

g) calcium + water — hydrogen + calcium hydroxide

h) barium nitrate + sodium sulfide — barium sulfide + sodium nitrate

1) lithium carbonate — carbon dioxide + lithium oxide

) lead(IT) oxide — lead + oxygen

3. Write a balanced skeleton equation for each of the reactions in question 4. (Gold group
write balanced skeleton equations for a-¢ only.)

(P, D) 4. a) What is the meaning of the term “combustion™

b) During a combustion reaction, if there is not cnough oxygen present, a substance cannot
burn completely. This s called incomplete combustion. One of the products is carbon
monoxide - a deadly, odorless, tasteless, colorless gas. Knowing this, why should
automobiles and gas barbecues never be operated in enclosed spaces like garages?

(P, D) 5. Polymers are long-chain molecules that are made up of many smaller repeating units

called monomers. For example, polyethylene (used to make plastic bags, containers and
bottles) is made up of hundreds of cthylene molccules linked together. What kind of reaction|
is polymerization? Use a word equation to explain .

Reaction Types Quiz
If you’re sitting on the left, answer the odd-numbered questions. If you’re sitting on the right,
answer the even-numbered questions.

Name the type of reaction (from the five types we learned) and balance the equation.

Reaction Types Quiz

Predict the Products Practice

Predict the products o write balanced chemical equations forcach of the following.
(Gold group complete 1-16)

1. Magnesium is bumed n oxygen.
2. Zinesulfide i hated n the presene of oxygen.

5 Nirogen ind hydrogen eset o form smimonia (NHy)
4. Sulfr rioxide decomposes

. Silve racts with oxygen

6. Bromine reacts with potassium iodid,

7. Silver oxide decomposes.

. Potasium bromide decomposes,

9. Potassium and nicogen fent together

10, Calcium chloride reaes with sodium sulfide.

1. Magnesium oxide decomposes.

12, Aluminum s reacted with sulfr

13, Aluminum s oxidized by oxygen.

14, Coal(assume C) s burmed 0 prodce eat.

15. Steel wool (Fe) is bumed

16, Aluminum rects with fluorine.

17, Barium chloride reacts with sodium sulft.

15. 1ron and silver acetate resc,

19, Magnesium hydroxide and calcium phosphate react
20, Ammonium slfde rescts with ron1) it

21 Al Ifate and calcium phosphate are togeth

22, Barium carbonate and hycrogen choride ract.
23.Siver acetate is mixed with potasium chromate

24. Ammonium phosphate reacs with barium hydroxide.
25, ron(I bromide decomposes.

26.Silver and copper() nitate ract

27, Potassium and ine it react

28, Lead( sulfae and potassium fdide reset.

29, Aluminum resets it ron(1)oxide

30. Lead(l) nitrte i escted withsodium carbonte.

31, Lead(l) chloride is reacted with lithium sulfte

32, Aluminum it racts with sodium hydroxide,

33, Aluminum and copper() hloride resct

34. Copper pipes react with chlorine in drinking water.

Practice

Reaction Types Questions

[T e —p—
[ —
2 it e o
e
[ ——
Whichrscion e

encis e bt cemens (gl

Chlrin s st with s i
s nclemen ad oo sl and coupe)
it ocmin

Whih st pe i
somcting s bunig

ony on e (o couple)
it domposton

Jem—y

[ T———
Whih st e

Predicting products

Predicting Products Quiz

If you're sitting on the left, answer the odd-numbered questions. If you're sitting on the right,
answer the even-numbered questions.

‘Write balanced chemical equations for each reaction.

Gold

+ Barium reacts with sulfur.
. Magnesium and oxygen react.

Lithium oxide and calcium sulfide react.
Lithium bromide reacts with calcium.

Sodium chloride decomposes.

Sodium sulfide and magnesium chloride react.
Hydrogen chloride and magnesium react.
Potassium fluoride decompos

RN

Magnesium is burned in oxygen.
10. Sodium is burned in oxygen.

Gold

Platinum, Diamond

1. Copper(l) sulfide and oxygen react.

2. Iron(1) sulfide is mixed with hydrogen chloride.
3. Sodium sulfate and calcium chloride mix.
4. Sodium and sulfur react.

5. Calcium oxide decomposes.

6. Silver and copper (I1) nitrate react.

7. Potassium and bromine react.

8. Sodium is burned in oxygen.

9. Magnesium is burned in oxygen.

10. Sodium chloride decomposes.

Platinum, Diamond

Quiz
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