Stoichiometry

There are four basic types of stoichiometry problems:

1. Given moles of substance "A", find moles of substance "B." (Called mole to mole stoichiometry)
which we covered in the last lesson

2. Given moles of substance "A", find the quantity (mass, volume, concentration, etc) of substance

"B".

Given a quantity (mass, volume, concentration, etc) of substance "A", find moles of substance "B".

Given a quantity (mass, volume, concentration, etc) of substance "A", find a quantity of

substance "B".

s ow

All of these types can be solved by using all or part of a single pattern or “roadmap."

Step 1. “Write a balanced equation
Step 2. Follow the comwersion steps from given “A™ to required “B."

Oiven quantity  coovente DMoles of comvartte  Doles of convert to o uired quamtity
of substance “ A7 — ™ substance™ A" —® substance™B” —®  of substance “B”

Let's look at them one at a time skipping the first since we've already looked at it:
2. Mole-to-Quantity Stoichiometry

This type of stoichiometry question involves using the mole ratio of a balanced equation to
determine the required quantity (mass, volume, concentration, etc.) of a substance, given a number
of moles of another substance.

The steps required for complete solution are:

1. Write a balanced equation
2. Use dimensional analysis to convert moles of given (A) to moles of (B) to "quantity" of (B).

The "roadmap changes slightly to look like this:

Step 1. “Write a balanced equation
Step 2. Follow the conversion steps frotmm given “A™ to required “B.”

boles of comvert to boles of convert by Eequired quantity
substance“ A” —™ substance “B ™ - of substance “B”




Example 1:

What mass of sodium chloride can be produced by reacting 0.750 mol of chlorine gas with
sufficient sodium metal?

Given: 0.750 mol of Clyg (A)
Find: _? grams of NaCl) (B)

The Balanced Equation is:

2Nai) + Clyg) - > 2NaClyg

mass of NaCl produced = 0.750 met-Glyg) x _2 melNaCl, x 58.44 g NaCl)
_ . 1 FHGI—GJQ(Q) 1 mel—NaGJ;(S)
(Note: Units that cancel are shown in the same color.)

mass of NaCl produced = 87.7 g of NaCl

Example 2:

What volume of oxygen gas at 25.0°C and 90.0 kPa can be produced by decomposing 2.75 mol of
potassium chlorate?

Given: 2.75 moles of KClO3) (A)
Find: _2_liters of Oy at 25.0°C and 90.0 kPa (B)

The balanced equation is:

2KClIO3() ------- > 2KCli) + 30y
Moles (n) of Oyg) produced = 2.75 meHKCIO5) x _3 Mol Oy = 4.125 mol Oy
2 m@l—K@l-Qg(s)
Remembering that PV =nRT
Transposing in terms of V produces:
V= _nRT
P
Therefore
V = 4.125 mol Oy x 8.314 kPa/L /mol/K x_298K

90.0 kPa
114 L of oxygen gas



Example 3:
What volume of 1.25 mol/L H,SO4(,q) is needed to neutralize 3.50 mol of potassium hydroxide?

Given: 3.50 mol KOHyq) (A)
Find: _? L of 1.25 mol/L HySO4aq) (B)

The balanced equation is:
H2SO4aq) + 2KOH(gq) —------ > KySOyaq + 2H20()
Recalling that Concentration (C) = _moles (n)

Volume (L)
Transposing in terms of V produces...

Volume in Liters = moles (n)

Concentration (C)

Substituting:

V = 1.75 mol H?SO4(aq)
1.25 mol
L
= 1.75 melH 804;q) X 1L
1.25 FF}GJ—HQSQZKaq)
= 140 L

It requires 1.40 L of 1.25 mol/L HySO4q) to neutralize 3.50 mol of KOH ).



3. Quantity-to-Mole Stoichiometry

This type of question involves converting the given quantity of one substance (A) to a number of
moles of A and then using the mole ratio from a balanced equation to determine the required
number of moles of another substance (B).

The "roadmap™ changes again to look like this.

Step 1. “Write a balanced equation
Step 2. Follow the conversion steps from piven “A" to required “B.”

Civen quantity s Moles of omvert to Maoles of
of substance “ A7 = substanoe“ A " substance“B ™

Example 1:
How many moles of water vapor can be produced by completely burning 50.0 g of methane gas?

Given: 50.0 g of CHy(g) (A)
Find: _? mol of H,0(g (B)

The balanced equation is

CHyg) + 20zg) - > COgg) *+ 2H20(g)

Moles of HOg = 50.0 §-CHu(g) x _ 1-metCHy x _2molH,0n = 3.12mol HyO(
16.05 g—G—H4(g) 1 mel—GH4(g)

Completely burning 50.0 g of methane gas will produce 6.23 mol of water vapor.

Example 2:

How many moles of calcium hydroxide are needed to completely react with 25.0 mL of 1.25 mol/L

Given: 25.0 mL of 1.25 mol/L HClg (A)
Find: _?_ mol of Ca(OH)2uq (B)

The balanced equation is: 2HCl gy + Ca(OH)zaq) ------- > CaClyaq + 2H.0(,

Since HCl,q is in solution, the "given quantity" is a concentration and a volume. The number of
moles of solute present is calculated using n = C x V. The path will look like this:

Concentration of HCl,q) X Volume HClq) ---gives---> mol HClq ---convert to ---> mol Ca(OH);



mol of Ca(OH)j(q) = 1.25 mebHC,,_ X 0.0250 £ x 1 mol Ca(OH)y(aq)
k 2 mekHCle)
= 0.0156 mol Ca(OH);(q)

Example 3:

How many moles of carbon dioxide gas are produced by burning 50.0 L of C,He g at standard
temperature and pressure (STP)?

Given: 50.0 L of CoHg(g) (A)
Find: _? moles of CO,g (B)

The balanced equation:

2C,Hgq) + 7Oy - > 4C0yg + 6H20(
Recall that one mole of any gas at STP occupies 22.4 L.

moles of CO,) = 50.0=x __ 1 mel—CoHsg x _4mol COyq = 4.46 mol COy).
22.4 2 m-@-I—GQHG(g)

(Note: Units that cancel are shown in the same color.)
Burning 50.0 L of ethane gas at STP will produce 4.46 mol of carbon dioxide.

4. Quantity-to-Quantity Stoichiometry
This type of question involves:

1. converting the given quantity of one substance to a number of moles of that same substance,
and then

2. using the mole ratio of a balanced equation to convert the number of moles of the "given"
substance to the number of moles of the "required " substance, and finally

3. converting that number of moles to the required quantity asked for by the problem.

The "roadmap" now looks like this:

Step 1. “Write a balanced equation
Step 2. Follow the conversion steps from given “A™ to required “B.”

Civen quantity  coavenre Dolesof convertte  IMoles of comvert o FeEqUITEd quamntity
of substance A7 —M substance™A™ —W aubstance™B” —  of substance “B7




You can see clearly that there are three conversions to be made to get from the given information to
the required information. Once again, dimensional analysis is the mathematical method used to
convert from one unit to the next during the solution of the problem.

Example 1:
What volume of 0.250 mol/L H3PO4,q) can be neutralized by 16.8 g of KOH,)?

Given: 16.8 g of KOHs (A)
Find: _?_mL of 0.250 mol/L H3POypq (B)

The balanced equation:

H3PO4(aq) + 3KOH(S) ------- > K3PO4(aq) + 3H20(|)
Volume of H3POyq) = 16.8 g KOH() _1 melKOH ) X _1metH:PO,_ X L
56.11-@—'49-'4(5) 3 m@l—K@H(aq) 0.250 m@-l—ngQ4(aq)

= 0.399 L or 399 mL

399 mL of 0.250 mol/L H3POuq Will be neutralized by 16.8 g of KOH).

Example 2:

If 200.0 mL of 0.100 mol/L AgNOsq reacts completely with solid copper, what mass of silver will
be produced?

Given: 200 mL of 0.100 mol/L AgNOsg (A)
Find: _?_gof Agy) (B)

The balanced equation:
2AgNO3(aq) + Cug) ------- > CU(NO3)2aq) + 2Ag(s)

Mass of Ags) = 0.100 mel—Ae}N@q(aq) x 0.200-k x _2 melAg,_  x _107.87 g Agy)
2mel-AgNO; ) -molAg

= 216g Ag(s)

200.0 mL of 0.100 mol/L AgNO3,q reacts completely to produce 2.16 g of Ag



Example 3:

What volume of 0.540 mol/L H,SO4q) is necessary to react completely with 50.0 mL of 0.650

Given: 50.0 mL of 0.650 mol/L KOH g (A)
Find: _? mL of 0.540 mol/L H;SO4pq (B)

The balanced equation:

2KOH(aq) + H2SOus(aq) - > K2S0u@q) + 2H20q)

Volume of H,SOyuq = 0.650 mebKOH,q) X 0.050-k X _ 1 metH.SO.,, X L
- ZmG-I—KQH(aq) O.540—mGI—H28@4(aq)

= 0.0301 L or 30.1 mL
50.0 mL of 0.650 mol/L KOH_4 reacts completely with 30.1 mL of 0.540 mol/L HySO4q).

Here is a summary "roadmap" that attempts to include all the possible combinations of
stoichiometry questions into one diagram:

A Stoichiometry Roadmap

Given “A™ GIYEN FIND Required “B™

Hrtep 1: Develop a balanced equation

Hrep 2; Conver given information to moles

Hep 3: Convert moles of given to maoles of required
Hrep 4: Convert moles of required to appropriate umit.

Given “A® .. gy Bp 8 les of
BRI =7 [[Hsles of given .

Hrip 2

Required “B”

e Hhee.d
Given “A* =Y ¢ Required “B”
'?' -
Cone (mol/L) Conﬂir;trat:lon
Wolume (L) Ve

A Stoichiometry problem can ask you to start at any box on the “given” side,
and convert your way to any box on the “find” side. However,

fThe maoles of given to moles of required path is referred to 2 mole-to-mole Stoichiometry

+The green path is often referred to as Gravimetric stoichiometry
+The red path is often referred to as Gas stoichiometry
+The blue path iz often referred to as Solution stoichiometry
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