STOICHIO



By combining our abilities to
balance equations and do simple
unit conversions, we can Now

complete simple stoichiometry
ems (mole to mole) and more
: ass to mass)

STOICHIOMETRY /



Mass, Particle and Mole Relationships

formed by a chemica

« Stoichiometry is based on the law o
conservation of mass.

V4



efry problems consist of:
oroduct if you know

A

ACTANTS
10N

LEFT OVER AMOUNTS OF
REACTANT PRODUCTS AFTER



As an example, let's consider a ham
sandwich

To make a ham sandwich, here is the
equation:

> 2 B(read) + 1 L(eftuce)>1 HB2L
yndwich)

STOICHIOMETRY

-



If you had 4 slices of ham, é pieces of lettuce,
and 7 slices of bread, how many ham
sandwiches could you make?¢

>mber 1H+2B+ 1L ->1HB2L)

STOICHIOMETRY



How about how many pieces of bread would
you need to make 14 ham sandwiches?

STOICHIOMETRY



Using Stoichiometry




Relationships
Derived from a
Balanced Chemical Equation

4Fe(s) 30,(9g) 2Fe,05(s)

4 atoms Fe 3 molecules 0, 2 formula units Fe,03

+
iron + oxygen iron(l11) oxide
-
-

4 mol Fe 3 mol 0, 2 mol Fe,0;
2234gF  + 96.00 g 0, 319.4 g Fe,05

319.4 g reactants 319.4 g products




Step 1
Start with a balanced equation.
Interpret the equation in terms of moles.

no direct conversion

Step 2 _|E ' Step 4
Convert from grams il _ Convert from
to moles of the 2 : males of unknown
given substance. Use = o to grams of
the inverse of the unknown. Use the

molar mass as the
/ «&7_ conversion factor.

molar mass as the

] ‘moles of unknown
conversion factor, e T

moles of given

Step 3

Convert from moles of the given substance
to moles of the unknown substance. Use the
appropriate mole ratio from the balanced -
Moles of given substance chemical equation as the conversion factor. Moles of unknown substance




Particle and Mole Relationships (cont.)

A mole ratio is a ratio between the
numbers of moles of any two substances in
a balanced equation.

efer to coefficients in the balanced
etermine the mole ratio.




Using Stoichiometry (cont,)

1. Complete Step 1 by writing the balanced
chemical equation for the reaction.

note the unit of the given substance.

 If mass (in grams) of the given substance is the
starting unit, begin your calculations with Step 2.

2. To determine where to start your calculations, /

 If amount (in moles) of the given substance is t
starting unit, skip Step 2 and begin your
calculations with Step 3.



Using Stoichiometry (cont,)

completing S

 If the answer must be in gre
completing Step 4.



We will solve these problems using the factor
label method, which we've used for other
CcOonversions.

STOICHIOMETRY



4Fe(s) + 302(g) > 2Fe203(s)

nany moles of iron lli
Juced if 11




4Fe(s) + 302(g) >
= O3(S)

How many mc

oxide will be pr ed i

112 grams of irghy/feacts
en?

with excess &

SAMPLE
PROBLEM



4Fe(s) + 302(g) —> 2Fe203(s)

grams o
producede

Vi

SAMPLE PROBLEM



Let’s return to the ham sandwich example.
(remember 1 H+ 2B+ 1L -> 1HB2L)

If you have 4 pieces of ham, 6 pieces of lettuce,
ices of bread, how many leftover pieces
e will you havee

actant problem

LIMITING AND EXCESS
REACTANTS



Here's another example:

.

ala

plus 16 tires
EXCEeSS

00000000
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-339)
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& car bodies i
LIMIT

e
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Neor

ING AND EXCESS
REACTANTS



Why do reactions stop?

FeacCle
eXCess.

* The limiting reactant limits the e
reaction and, thereby, determines the amoul
of product formed.

* The excess reactants are all the leftover /
unused reactants. /



» Determining the limiting reactant is
important because the amount of the
product formed depends on this reactant.

Before Reaction After Reaction

%
@8 * ¢ = @p

Three nitrogen molecules Three hydrogen molecules Two ammonia molecules Two nitrogen molecules
(six nitrogen atoms) (six hydrogen atoms) (two nitrogen atoms, six hydrogen atoms) (four nitrogen atoms)




Once the limiting reactant has been determined,
you can use it to calculate how much of the
other reactants will be consumed, and how

much of the products will be produced.

etermine how much will be left over, simply
med/produced amounts from

LIMITING AND EXCESS
REACTANTS



Calculating the Product when a Reactant
is Limiting
o Sg(l) + 4Cl2(g) — 4S2Clx(1)

« 200.0g Ss and 100.0g Cl»

ich is the limiting reactant




Calculating the Product when a Reactant
Is Limiting (cont.)




Calculating the Product when a Reactant
Is Limiting (cont.)




Calculating the Product when a Reactant

Is Limiting (cont.)

* Using an excess of a rec
reaction to completion.



How much product? (cont,)

* The theoretical yield is the maximum
amount of product that can be produced
from a given amount of reactant.

* The actual yield is the amount of product
actually produced when the chemical reaction
out in an experiment.

uct is the ratio of



MENGIZNI R ISED)

actual yield
theoretical yield

percent yield =



Percent Yield in the Marketplace

Percent yield is important in the cost
offectiveness of many industrial
INg processes.

Laboratory reactions do not alwe
the calculated amount of products.

Reactants stick to containers.

« Competing reactions form other products.



