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Did you know that sodium metal reacts very violently with water, to the point that an explosion is
most likely to occur when they come in contact with one another? Meanwhile, chlorine gas can
cause poisoning which leads to nausea, vomiting, and pulmonary problems like violent cough
and asthma. Combine them together, and voila! You will have NaCl, more commonly known as
table salt.

Can you believe that two very dangerous elements, when combined together, can add flavor to
the food you eat? Well, it's all thanks to what we know as chemical reactions. Learn more about
chemical reactions in this module.

Definition of Chemical Reactions

Chemical reactions are processes in which a substance (or substances) is changed into one or
more substances.

In a chemical reaction, everything that is written on the left side of the arrow is called reactants,
while everything that is written on the right side of the arrow is called products.

All chemical reactions obey the law of conservation of matter proposed by Antoine Lavoisier in
the 18th century. It states that “matter can neither be created nor destroyed.” This implies that
mass is conserved in any chemical reaction. For example, if a 10 g reactant/s undergoes a
reaction that proceeds to completion, then the product/s formed should weigh exactly 10 g.
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Types of Chemical Reactions

1. Combination Reaction

Combination/Synthesis Reaction

A type of reaction wherein at least two types of elements (or compounds) combine to form a single product
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Also known as the synthesis reaction, the combination reaction is a type of reaction wherein at
least two types of elements (or compounds) combine to form a single product.

2. Decomposition Reaction

Decomposition Reaction

ction in which a single compound breaks down to form at least two types of products
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A decomposition reaction is a type of reaction in which a single compound breaks down to form
at least two types of products.

3. Single Displacement Reaction

Slngle Dlsplacement Reaction

A type of re element in a compound is substituted by another element
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Also known as the single replacement reaction, this is a type of reaction wherein one element in
a compound is substituted by another element.

4. Double Displacement Reaction

Double Displacement/Metathesis Reaction

A type of reaction wherein the two reactan atom with o
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Also known as metathesis reaction, this is a type of reaction wherein the two reactants
exchange one atom with one another.

5. Redox Reaction
This is a type of reaction that involves the transfer of electrons between two species.

Redox reaction, a shorthand term for reduction-oxidation reaction, always occurs in pairs as
there should be a species that will receive the electron/s lost by the other to maintain
electroneutrality. An example of a redox reaction is shown below.

2A|(5) + 3CU2+(aq) — 2A|3+(aq) + 3CU(S)

You can see that the oxidation state of Al changes from 0 to +3 (rules in assigning oxidation
states were discussed in a previous article), which means that Al loses electrons (oxidation). On
the other hand, the oxidation state of Cu changes from +2 to 0, which means that Cu gains
electrons (reduction). It is confusing to recognize which species undergoes reduction and
oxidation, but there are two simple mnemonics that can help you:

GEROA (Gain of Electron/s, Reduction, Oxidizing Agent)
LEORA (Loss of Electron/s, Oxidation, Reducing Agent)

As we know, electrons are negatively charged. Therefore, you will recognize the gain of
electrons if the oxidation number decreases. In contrast, you will recognize the loss of electrons
if the oxidation number increases.

ROD (Reduction, Oxidation number Decreases)

In some instances, only one species undergoes both oxidation and reduction. Such reaction is a
special type of redox reaction more commonly known as disproportionation reaction. An
example is shown below. Note that the oxygen atom undergoes both reduction (from -1 to -2)
and oxidation (from -1 to 0).
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2H2_C)2(aq) — 2Hz—O(l) + Oz(g)

Meanwhile, some redox reactions have reactants containing the same element with different
oxidation states but form a product wherein the same element involved has the same oxidation
number. Such a reaction is known as a comproportionation (or synproportionation)
reaction. An example is shown below. Note that two Ag atoms with different oxidation states
react with each other to form a single Ag atom with an oxidation state of +1. Furthermore, Ag
undergoes both reduction (from +2 to +1) and oxidation (from O to +1).

+1

A92+<aq> + Ag(s) — 2Ag+(aq)

6. Combustion Reaction

A combustion reaction is a reaction in which flammable compounds (usually organic
compounds) react with oxygen from the atmosphere.

If the atmosphere is oxygen-rich, complete combustion occurs, and the sole products are
C0O2, and H,O, for organic compounds containing only C and H (also known as
hydrocarbons). If the atmosphere is oxygen-deficient, incomplete combustion occurs, and
CO, and C also form in addition to CO,,) and H,04.

Furthermore, nitrogen-containing organic compounds form oxides of nitrogen, mainly NO,,
upon combustion; sulfur-containing organic compounds form SO,,; while halogenated organic
compounds form gaseous HX, where X can be F, Cl, Br, or |. Some examples are shown below.

CGH14 + 19’202(9) — 6C02(g) + 7H20(g) + heat
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7. Precipitation Reaction

This is a reaction in which the mixing of two solutions results in the formation of solids, which is
known as a precipitate. An example is shown below:

PB(NO5)yeq) + 2NaCl g = PbCly) + 2NaNO; .,
8. Neutralization Reaction

Also known as an acid-base reaction, a neutralization reaction is a reaction between an acid
and a base. Such reactions always result in the formation of water and salt. An example is
shown below:

HCI(aq) + NaOH(aq) — NaCI(aq) + HQO(/)

You should have noticed by now that precipitation and neutralization reactions are special types
of double displacement reactions.
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Balancing Chemical Reactions

Balancing a chemical reaction is one of the fundamental tasks that you need to do in chemistry.
Some reactions are relatively easy to balance, while others are more challenging. Let us work
with some examples to demonstrate how to balance chemical reactions.

Sample Problem 1

Balance the following chemical reaction.
KCIO; — KCI + O,

Solution

All chemical reactions follow the law of conservation of matter which states that matter can
neither be created nor destroyed. Hence, the number of atoms of a certain element in the
reactant and product side must be the same. With this, it is only logical that the first step in
balancing any chemical reaction is to first count the total number of distinct atoms on the
reactant side and the product side.

For beginners, it is a good idea to construct a table like what is shown below.

Atom Reactant Product
Side Side
K 1 1
Cl 1 1
) 3 2

You can immediately see that the reaction is not balanced since there are only 2 oxygen atoms
on the product side, while there are 3 on the reactant side.
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Most references will recommend that you do trial and error until you find the right combination of
coefficients. However, during an examination where time is of the essence, doing that can be
counterproductive and time-consuming, especially if the reaction is quite complicated. A faster
way to balance reactions like this is to use fractions at first to balance the atoms that are not
equal on the reactant and product side. In this example, | can use 32 as the coefficient of O, on
the product side as follows:

KCIO3 — KCI + Q)QOZ

Reconstructing the table above, we’ll see that the reaction is balanced already.

Atom Reactant Product
Side Side
K 1 1
Cl 1 1
O 3 (32)(2)=3

However, you will rarely see fractions as numerical coefficients of chemical reactions simply
because there’s no such thing as 1.5 oxygen gas (just like there’s no such thing as 2 human).
To eliminate fractions, what you can do is multiply all the coefficients with the |east common
multiple of all the denominators.

In our example, we can multiply all the numerical coefficients by 2.
2 [KCIO; — KCI + 320,] 2
2KCIO; — 2KCI + 30,

As you can see, we were able to balance the chemical reaction without actually going through
the laborious process of trial and error!

Sample Problem 2
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Shown below is the reaction for the complete combustion of butane. Write the balanced
chemical reaction.

C4H10 + OZ(g) — COz(g) + Hzo(g) + heat
Solution

Following the steps given in the first problem:

Atom Reactant Product
Side Side
C 4 1
H 10 3
) 2 2

Even without constructing the table, it is very evident that the reaction is not balanced. For
cases like this, you should balance first the atoms that appear only once both on the reactant
and product side. For example, C appears only once in the reactant (in C,H,,) and product (in
CO,). The same is true for H which appears only in C4,H,, in the reactant and in H,O in the
product. Hence, we should balance these atoms first, giving us the reaction below:

C4H10 + OZ(g) —> 4C02(g) + 5H20(g) + heat

We can now balance the O atom, which appears twice on the product side (in CO, and H,0). So

far, we have 2 O atoms on the reactant and a total of 13 O atoms on the product side. What we
can do to balance the O atom is to assign 13/2 as the coefficient of O, on the reactant side,
which gives us the balanced reaction shown below. Take note that heat is a form of energy, so it
can never be balanced in the manner we’ve discussed.

1C4H10 + 13/202(g) — 4002@) + 5H20(g) + heat
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If in case the coefficient above (printed in red) is nowhere to be found in the choices, what you
can do is to convert all the coefficients to whole numbers, which can be done by multiplying all
the coefficients by 2. Doing so will give the following balanced chemical reaction:

2C4H10 + 1302(9) — 8C02(g) + 1OH20(Q) + heat

Again, as much as possible, NEVER waste your time doing trial and error in balancing chemical
reactions. Instead, use fractions first, then just do the multiplication later to convert fractions to
whole numbers, like what we’ve done.

Unfortunately, some reactions are really hard to balance using the traditional method of counting
the atoms. This is especially true for redox reactions. Furthermore, there are cases wherein you
will consider the pH of the reaction matrix because the balanced chemical reaction of a certain
redox reaction may vary depending on the medium’s pH.

As a result, special methods are usually used to balance redox reactions, namely the
half-reaction method (also known as the ion-electron method) and the change in oxidation
number method.

Sample Problem 3

Balance the redox reaction shown below under acidic and basic conditions.
MNO;~(ag) + C204" (ag — MN*" ) + COqq)

Solution

What makes balancing redox reactions slightly challenging is aside from the number of atoms,
you also need to ensure that the charges and the number of electrons lost and gained are
balanced.

In using the half-reaction method, the following steps must be followed:
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Step 1: Assign oxidation numbers and separate the oxidation half reaction (OHR) from the
reduction half reaction (RHR). Write the species that undergoes oxidation as the OHR, while the
species that undergoes reduction must be written as RHR (recall our mnemonics earlier).

+6 +3 +2 +4
MNO4™ (ag) + C204° (aq) — MN**(ag) + CO2g)
A
oxidation
reduction
OHR C2042_(aq) i COz(g) RHR: Mn04_(aq) — Mn2+(aq)

Step 2: Balance all the atoms other than O and H.

OHR: C,0,% oy — 2COy RHR: MnO, ) — Mn*

Step 3: Balance oxygen first by adding H,O.

OHR C2042_(aq) — 2002(9) RHR: MnO4_(aq) — Mn2+(aq) + 4H20(l)

Step 4: Balance hydrogen by adding H*.

OHR: C2042_(aq) — 2002(9) RHR: Mn04_(aq) + 8H+(aq)—> Mn2+(aq) + 4H20([)

Step 5: Balance the charge by adding e™.

OHR: C,0,> sy — 2C0sy+  RHR: MNO, () + 8H" ) + 56~ — Mn?* ) +

28_ 4H20(/)
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Step 6: Combine OHR and RHR by multiplying both half reactions by a certain factor that will
allow the cancellation of electrons on both reactions.

OHR: 5 [02042_(aq) — 2C02(g) + 23_] 5
RHR: 2 [MNO, ) + 8H" gy + 56— — Mn?* o) + 4H,0,,] 2

Overall rxn:  5C,0,% (o) + 2MNO, (5 + 16H" o) — 2Mn** ;) + 10CO,, + 8H,0,

At this point, you already obtained the balanced reaction under acidic conditions. To obtain the
balanced redox reaction under basic conditions, simply multiply both sides of the overall
reaction by “OH equal to the number of moles of H*. That will give:

16—0H [5C,0,2 ) + 2MNO, ) + 16H" o) — 2Mn2* ;) + 10C0O,, + 8H,0,,] 16-OH
5C,04* (o + 2MNO,~ gy + 16H,050 — 2Mn? ) + 10C0,, + 8H,0,, + 16~ OH sy,

Since there are 16 H,0 in the reactant side and 8 H,O in the product side, the reaction can be
further simplified as follows:

5C,0.% 12y + 2MNO, o) + 8H;0 ) — 2Mn?* o) + 10CO,) + 16~OH

And there you have the balanced redox reaction under basic conditions. You can check if the
reaction really is a balanced redox reaction by counting if the number of atoms of all the
elements on the reactant side is equal to the number of atoms on the product side. Another
method that you can use is the change in oxidation number method.

Sample Problem 4

Balance the following redox reaction using the change in oxidation number method.

Fe:056 + CO — Feg + COy
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Solution

The first step in balancing redox reactions using this method is to assign oxidation numbers and
identify which species undergo oxidation and which species undergo reduction. Then, we can
connect these species by drawing an arrow.

+3 +2 0 +4
Fe203(5) + CO) — Fe) + COzg)

!

oxidFtion

reduction

Now that we have identified the reaction that undergoes reduction and oxidation, the next step
is to count the number of electrons lost in the oxidation reaction and the number of electrons
gained in the reduction reaction. Then, we multiply it by a certain factor so that the number of
electrons lost will be equal to the number of electrons gained.

+3 +2 0 +4
FeOz3) + CO) — FAE(S) + COyy)
2e” X 3|= 6e”
3ex 2 = 6e”

Then, place the multiplier as a coefficient of the species that undergoes oxidation and reduction
reaction, but make sure to inspect if the number of atoms is the same on the reactant and
product side. There are cases wherein affixing the multiplier as a numerical coefficient is not
necessary, like the example below.

F6203(5) + 3(:0(9) — ZFE(s) + 3C02(g)
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As you can see, there is no need to put 2 in front of Fe,O; since there are 2 Fe atoms on the
reactant side already. The last step is to check if the number of atoms on the reactant side is
equal to the number of atoms on the product side.

Also, please bear in mind that although the change in oxidation method is relatively faster to do
than the ion-electron method, you might find it difficult to use in some reactions, like what was
given in the previous sample problem. So make sure to use appropriate methods to balance a
given redox reaction.

Reaction Stoichiometry: Limiting and Excess Reactants

When chemical reactions take place, it is not always the case that the amount of the reactants
involved are equal such that at the end of the reaction, no reactants will be left out. More often,
one reactant will be used up first (the limiting reactant), and the others will remain unreacted
(the excess reactant/s) since one of the reactants necessary for the reaction to proceed is
already depleted.

Let us work with some examples to learn how to determine limiting and excess reactants.

Sample Problem 1

Exactly 8.00 g Fe,O; (MM = 160 g/mol) reacts with 5.40 g Al (MM = 27 g/mol) to form Al,O; (MM
=102 g/mol) and Fe (MM = 56 g/mol), according to the reaction

Fezos(s) + 2AI(S) g A|203(S) + 2Fe(s)

From this information, identify the limiting and excess reactant and calculate the mass of Al,O,
and Fe formed.

Solution

When you are presented with a chemical reaction, always check if the reaction is balanced as
written. If not, you will need to balance it before calculation. Lucky for us, the reaction is
balanced as written, so we can proceed with the calculation.
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Always bear in mind that to answer these kinds of problems correctly, you should deal with

moles, not grams. Hence, the first crucial step is to convert the given mass to moles using the
substance’s molar mass.

mass 1'7&3203 8.00g F€203
moles FeZOS = MMFeo, T 160g/molFe0. 0.05 mol FeZO3
_ massAl _ 540 g Al _
moles Al = MMAL = 27 g/moldl = 0.20 mol Al

Next, considering the balanced chemical reaction, determine which reactant is excess and
which one is limiting. In this example, 1 mole of Fe,O; reacts with 2 moles of Al. Hence, a 0.05
mole Fe,O; will require 0.10 mole Al for it to be used up completely.

Since the amount of Al present is 0.20 mole, then there is more than enough Al to react with
Fe,O;. Hence, the limiting reactant is Fe,O; while the excess reactant is Al. This is despite the
fact that there are 8.00 g Fe,O;and only 5.40 g Al. So don’t let the mass fool you! Always
work with moles.

Now, to compute the mass of the products formed, we can use either the moles of Fe,O; or
moles of Al consumed. That will be:

_ 2mol Fe 56 g Fe _
mass Fe = (0.05 mol FeZOS)( 1m01F8203) (Gmolpe) = 560 gFe

lmoiAf203 102 g AL O

23 _
= 5.10gALO,

mass A.!ZO3 = (0.05 molFezos)( TmotFe,0,) (Tmolaio,

You will arrive at the same answer even if you use the mol Al consumed in your calculations.
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2mol Fe 56 g Fe _
ZmGIAI)(lmoIAI) - 5609F€

1molALO, 102 gALO,
2 mol Al lmUIAIZOS) = 5.10g4L0,

mass Fe = (0.10 mol Al)(

massA1203 = (0.10 mol Al)(
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