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Molecular weights = atomic wt.
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Writing and Balancing Chemical Reactions
Stoichiometry

One of the major principles we will use when solving problems in environmental engineering is the con-
servation of matter. While matter is conserved, there are many transformations that can occur. Sometimes
physical processes will transport (blowing wind, flowing river) or structurally alter (evaporate, grind/erode)
a material, and you can track the location and form of the matter. During chemical reactions, there may
seem to be more permanent loss of matter, but it is just another transformation. This document will serve
as a handy reference for doing the accounting to track the atoms during chemical reactions. We call this
process stoichiometry, or just balancing chemical reactions.

Parts of a chemical equation

Before we can balance a chemical equation, we need to know the parts. A chemical reaction looks like

a AxBy + c Cz ��! d A↵C� + f B�
REACTANTS PRODUCTS
react away are produced, end product

LHS = left hand side RHS = right hand size

where

A, B, C are the symbols for elements from the periodic table

x, y, z, �,↵,� are the chemical subscripts that describe the molecular formula of the compounds
considered

a, c, d, f are the balancing coe�cients.
This is the only part you’ll change when balancing the reaction.
If they are not explicitly written, then the coe�cient is 1.

Conservation

Because matter is conserved, the number of atoms of each element must be the same on both sides of the
arrow. This means that although the molecular formula has changed, the constituent atoms that make up
each molecule are conserved. We will count these up to determine the balance. The balancing coe�cients
can then be viewed as a ratio of atoms of each type, or the number of moles of each molecule.

The easiest way to track this is to make a table and just count up the number of each element that ap-
pears in the equation. The number of atoms/moles of each element or ion can be calculated by multiplying
the balancing coe�cient by the subscript. So if we want to find the values of a, b, and c above:

ion or
element Reactants Products

A a⇥ x d⇥ ↵
B a⇥ y f ⇥ �
C c⇥ z d⇥ �

Once you have the boxes in each row equal to each other, you are done. If the two columns in a row aren’t
equal, modify the balancing coe�cients and recalculate any a↵ected rows.

Particularly as you start to deal with more complex reactions, you may want to look at grouped elements
as ions. e.g. CO3

2–

Dr. K Brown P 1 of 2

e



Specific Examples

Combustion of Methane:
a CH4 + bO2 ��! x CO2 + y H2O

Note that O is in two places on the product side.
Element Reactants Products

C a⇥ 1 x⇥ 1
H a⇥ 4 y ⇥ 2
O b⇥ 2 x⇥ 2 + y ⇥ 1

Now you can try to use algebra or a guess and check
method to try to determine the values of the coe�-
cients. The system of equations would look like:

a = x

4a = 2y

2b = 2x+ y

Since we know that a = x and that b and y must
be larger, we might start an iterative table with
a = x = 1 and b = y = 2.
Element Reactants Products

C 1⇥ 1 = 1 1⇥ 1 = 1 X
H 1⇥ 4 = 4 2⇥ 2 = 4 X
O 2⇥ 2 = 4 1⇥ 2 + 2⇥ 1 = 4 X

Our educated guess was useful, because we already
have each row balanced. Our final balanced reaction
is:
CH4 + 2O2 ��! CO2 + 2H2O
Note that the 1s in front of methane and carbon diox-
ide, initially represented by the a and x placeholders,
are implicit you don’t need to expressly write those
out. A trick if you’re writing this by ions is that
water (H2O) written structurally is actually HOH.

1. Balance the equation:

Mg + HCl ��! MgCl2 + H2

2. Write a balanced complete combustion reac-
tion for fuel oil has the molecular formula C10H20.
(Hint: Complete combustion oxidizes fuel in oxy-
gen producing only CO2 and water.)

3. What’s the molecular weight of the fuel?

4. How many moles of water (vapor) are produced
per mole of fuel burned?

Try it yourself

Getting more complex:
a NaOH+ b H2SO4 ��! x Na2SO4 + y H2O
This would be a good candidate to break down by
ions instead of elements, and I’ll show you both.
Element Reactants Products

Na 1 2 ⇥
O 1 + 4 = 5 1 + 4 = 5 X
H 1 + 2 = 3 2 ⇥
S 1 1 X

Lots of initial mismatch so let’s try to add some coef-
ficients. Let’s start by focusing on sodium (Na) since
it’s only on one spot on each side.
2NaOH+H2SO4 ��! Na2SO4 +H2O
Element Reactants Products

Na 2 2 X
O 6 5 ⇥
H 4 2 ⇥
S 1 1 X

We still have two matching rows, but now the two
mis-matched elements both show up in water. (Or
think of it as H is still mismatched but only shows up
in one place on the right.) Let’s try:
2NaOH+H2SO4 ��! Na2SO4 + 2H2O
Element Reactants Products

Na 2 2 X
O 6 6 X
H 4 4 X
S 1 1 X

So that’s our balanced reaction!
The other way to look at this is by breaking down

ions instead of elements. The starting point would
then be:
Ion Reactants Products
Na+ 1 2 ⇥
OH– 1 1 X
H+ 2 1 ⇥
SO4

2– 1 1 X

Then our balanced reaction from above would be:
Ion Reactants Products
Na+ 2 2 X
OH– 1 1 X
H+ 2 2 X
SO4

2– 1 1 X

You can see how the ionic version might be a little
smoother and easier, but requires you to be able to
dissect the molecules in that way. Sometimes these
will be written in parenthesis with their own sub-
scripts, e.g. (NH4)2SO4 ammonium sulfate, is com-
posed of NH4

+ and SO4
2– .
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Conservation of Mass
Matter can not be created nor destroyed, therefore mass can all be tracked

Tricks to track its continued existence

-
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Phases ofMatter
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Equilibrium +Henry 's Law air↳ defines the
bulk gas
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Dimensional Analysis

Steps
1. Write down all values and ratios
2. Look for "hidden" ratios
    -stoichiometry, conversion factors….can add later, too
3. write starting and ending points
4. fill in the middle with ratios such that all units cancel except the "goal” /end point
5. Multiply across top and bottom SEPARATELY. Divide top by bottom. 

Example problem
The average yard (photo)synthesizes 500 moles of glucose each day. What carbon footprint (ton/year) would ensure that 
the CO2 absorbed by your yard would equal the CO2 produced due to your activities.

6 CO2 + 6 H2O + sunlight + chlorophyl −−→ C6H12O6 + 6 O2

- create a
"word bank

"

start goal
fill in

start
may

make sure units cancel
or may not
be ratio/fraction

µ, glucose

] 4%08%882"word bank " :

500moles glucose prob
statement / moleglucose

day Gmole CO2

1,0001 1,00011 wax

1kg 1 tonne multiply¥::¥÷¥:÷÷÷÷: across ..
+bottom
separatelysolve :

" goal
moles

CO2 365 48,

500 glucose 6%8%449602 /kgcoa tonne days 1801

ooo tonsCO2

day /
mole

glucose mole 0210008 103kg yr 106
year

002 CO2
divide

top /bottom > 48 tons CO2/yr


