... Balancing Chemical Equations

OK. You know why you need to balance chemical equations, but you don't yet know how to do it. It
turns out that I'm star who knows how to explain things in a way that even the dumbest people know
how to follow. And, hey, if the dumbest people can figure it out, so can you!

Listen: There are four easy steps that you need to follow to make this work. Here they are:

1. Get yourself an unbalanced equation. | might give this to you, or | might make you figure it out.
Either way, if you don't have an equation with all the chemical formulas and the arrow and all that
other stuff, then you're out of luck.

2. Draw boxes around all the chemical formulas. Never, ever, change anything inside the boxes.
Ever!!! Really!!! If you do, you're guaranteed to get the answer wrong.

3. Make an element inventory. How are you going to know if the equation is balanced if you don't
actually make a list of how many of each atom you have? You won't. You have to make an inventory of
how many atoms of each element you have, and then you have to keep it current throughout the
whole problem.

4. Write numbers in front of each of the boxes until the inventory for each element is the same both
before and after the reaction. Whenever you change a number, make sure to update the inventory -
otherwise, you run the risk of balancing it incorrectly. When all the numbers in the inventory balance,
then the equation can balance.

An example of equation balancing:

Let's say | ask you the following thing on a test: "Balance the equation that takes place when sodium
hydroxide reacts with sulfuric acid to form sodium sulfate and water." How do we solve this using the
steps above?

1. Get yourself an unbalanced equation. Here's where you use your knowledge of formulas to help
you out. If you know what the formula of sodium hydroxide, sulfuric acid, sodium sulfate, and water
are, you'd be able to write the following unbalanced equation:

NaOH + H,SO,—> Na,SO,+ H,0

2. Draw boxes around all the chemical formulas. This is the step that people frequently don't do
because they feel that it's a stupid thing to do. Those people are morons. Ignore them. You're drawing
those boxes so that you'll be sure not to mess around with the formulas to balance the equation. While
they all suffer in the pits of academic hell, you'll be laughing from the honor roll. Here's what the
equation looks like:

NaOH|+[H, SO/~ [Na,50,+ [H,0




3. Make an element inventory. In this inventory, your job is to figure out how many atoms of each
element you have on the left and right sides of the equation. Now, if you look at the equation, you
should be able to see that on the left side of the equation there is one sodium atom, five oxygen atoms
(one from the sodium hydroxide, four from the sulfuric acid), three hydrogen atoms (one from the
sodium hydroxide, two from the sulfuric acid), and one sulfur atom. On the right side of the equation,
there are two atoms of sodium, one atom of sulfur, five atoms of oxygen (four from the sodium sulfate
and one from the water), and two atoms of hydrogen. Thus, your element inventory should look like
this:

NaOH|+|H,SO)— [Na,SO,+ |H,0

Element | Before | After
Na 1 2
5 5
3 2
S 1 1

4. Write numbers in front of each of the boxes until the inventory for each element is the same both
before and after the reaction. Now, what happens when we put a number in front of a formula?
Basically, anything in that box is multiplied by that number, because we're saying that we have that
many of that kind of molecule. So, looking at the inventory, what should we do?

Well, we can see that on the left side of the inventory, there is one atom of sodium and on the right
there are two. The solution: Stick a "2" in front of the sodium hydroxide on the left side of the equation
so that the numbers of sodium atoms are the same on both sides of the equation. When we do this,
the new atom inventory should look like this: (I'll let you figure out how this is done)

2|NaOH|+|H,SO)—> |[Na,SO 1+ H,0

Element | Before | After

Na 2 2
6 5
4 2




Now what? Well, looking at the new inventory, we can see that we now have two sodium atoms on
both the left and the right sides, but the others still don't match up. What to do?

You can see from the inventory that on the right side of the equation, there are two hydrogen atoms
and on the left there are four. Using your amazing powers of mathematics (and hopefully not needing
to use a calculator), you can see that two multiplied by the number two becomes four. That's what you
need to do. How? Put a "2" in front of the water on the right side of the equation to make the
hydrogens balance out. Now that this is done, you should make a new inventory that looks something
like this:

2|NaOH|+|H,SO,—> |Na,SOy+ 2|H,0

Element | Before | After
Na 2 2
6 6
4 4
1 1

Since both sides of the inventory match, the equation is now balanced! All other equations will
balance in exactly the same way, though it might take a few more steps in some cases.

Problems you might encounter:

Is it all as easy as | made it look above? Well, yes and no. Yes, it should work all the time. No,
sometimes you need to do some tricks to find the right numbers to add into the equation.

For example, what happens when you do the inventory, and you find that there are two atoms of
element X on the left side of the equation and three on the right. How can you make those match?

When you run into this problem, find the lowest common denominator of those two numbers, and
then put the numbers in front of those two boxes which allow the inventory on both sides to match. In
the element X example, the lowest common denominator of two and three is six, so you'd puta "3" in
front of the molecule on the left, and a "2" in front of the one on the right. Element X will then match
up, and you can use a new inventory to see what else needs to be done.

Another common problem: What happens when the only way you can get a problem to work out is to
make one of the numbers a fraction?

When this happens, go ahead and balance the equation with the fraction. After the equation is
balanced, go back and multiply EVERY COEFFICIENT by the denominator to get whole numbers. Redo
your inventory to make sure you multiplied all the coefficients correctly. Do this ONLY AS A LAST
RESORT and when it is the only way to get the last element to balance without messing up the rest.



Most importantly: Always remember to keep the inventory of the elements current! If you
try to keep it in your head, you'll screw it up. Nobody can keep a bunch of changing numbers in their
head for very long. | certainly can't, and you can't either.

Balancing Chemical Equations Using “MINOH”
One of the most useful devices for communicating information related to chemical changes is the
chemical equation. The equation contains both qualitative and quantitative information related to the
nature and quantity of the substances involved in the chemical reaction. It may also include the energy
change involved. Atoms are fundamental building blocks of all matter. For the purpose of equation
balancing we say that they can be neither created nor destroyed. Thus the number of atoms at the
beginning of a reaction (reactants - left side of the equation) must equal the number of atoms at the
end of the reaction (products - right side of the equation). Note that the number of atoms on each side
of an equation must balance, therefore, the mass (number of grams) must balance, but not the
number of molecules northe volume of gases. The subscripts in a correct formula tell the number of
atoms in one molecule. The coefficients (numbers in front of a formula) in a correctly balanced
equation tell the number of molecules involved in a reaction. There is a particular order that you can
follow in balancing. It is the MINOH method (Me know chemistry, said Tarzan as he climbed the
stoichiome-tree.)
M - metals. Balance metals such as Fe or Na first.

| - ions. Looks for polyatomic ions (such as PO473 or SO42 that cross from reactant to product
unchanged. Balance them as a group.
N - non-metals. Look for Cl or S, these are common ones.
O - oxygen and then
H - hydrogen.
Other tips:
e Often, balancing H and O will involve water on one side or the other.
o Look carefully for elements which occur in only one place on each side of the arrow. These
should be balanced before examining elements that are spread over several compounds.

e Often, either H or O will be spread out over several compounds. This is the one to leave to the
last.

e Remember, you cannot change a subscript to balance the equation, nor can you add in new
compounds.

Some practice problems:

Here are some practice problems. The solutions are in the section below this one.

1. NaCl + BeF, --> NaF + BeCl,



2. FeCl; + Bes3(POy), --> BeCl, + FePO,

3. _ AgNO3+___ LIOH-->__ AgOH+ ___ LiNOs
4, CH4 + 0, --> CO, + H,0

5. Mg + Mn,03 --> MgO + Mn

. ___ NaBr+__ CaF,> ___ NaF+___ CaBn

7. H,SO, + NaNO, > HNO, + Na,S0,4



Writing Complete Equations Practice

For each of the following problems, write complete chemical equations to describe the chemical process
taking place. Important note: There are a few physical processes on this sheet — remember, you can’t

write an equation for a physical process!
When lithium hydroxide pellets are added to a solution of sulfuric acid, lithium sulfate and water
are formed.

1)

2) When dirty water is boiled for purification purposes, the temperature is brought up to 100° C for
15 minutes.

If a copper coil is placed into a solution of silver nitrate, silver crystals form on the surface of the
copper. Additionally, highly soluble copper (1) nitrate is generated.

3)

4) When crystalline CsH1,0¢ is burned in oxygen, carbon dioxide and water vapor are formed.

5) When a chunk of palladium metal is ground into a very fine powder and heated to drive off any
atmospheric moisture, the resulting powder is an excellent catalyst for chemical reactions.



