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There are currently over 50 million man made compounds in the world.
Aspirin, nylon and polyester in clothes, graphite tennis rackets, ires, plastics
and thousands of other products you use are all synthetic.

The number of synthetic compounds has increased exponentially over the
last century due to the increase in our knowledge of chemistry.
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So how do Chemlst muke compounds?

Well... let’s start out easy and work our way up!
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A solid, it is produced by igniting aluminum and sulfur.
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For you to produce 1 mole of Al;S3, you must know how many

grams of aluminum and how many grams of sulfur to react.
Use D.A. to calculate how many grams of each reactant is needed.
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For you to produce 1 mole of Al;S3, you must know how many
grams of aluminum and how many grams of sulfur to react.
Use D.A. to calculate how many grams of each reactant is needed.

2metAl| 26989 _ 5390, A 3melS|3206¢ _

53.96 g of Al + 96.18 g of S would produce 150.14 g of AlyS3

In the real world industry needs to make millions of kg of AlSs.
To do so they use Mole Ratio Conversion factors.
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to make 1 mole of AlsSs.
From this reaction we can make 6 mole ratio conversion factors:
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We will now use these Mole Ratio Conversion factors to do Stoichiometry!




Problem |1: If you have 245.67 g/|of|oluminum, [how much
aluminum sulfide could you/make with an excess of sulfur?
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Step 1: Set up the D.A. to convert grams of Al to moles of Al.
Step 2: Write a Mole Ratio Conversion Factor fo convert
moles of Aluminum to moles of Aluminum sulfide.

Step 3: Write a conversion factor that will convert moles of
aluminum sulfide fo grams of aluminum sulfide.

Step 4: Solve for grams of aluminum sulfide produced in the reaction.

245.67 g1 1 moetAl | | met-dzSs | 150.16g AlaSs

Problem 2: How much sulfur would be required in this reaction?
246 g Al + ? gof S — 683.7 g Al2S3

683.7 g Al;S3 - 246.67 g Al = 438.0g of S




g, Problem 2: You want to make 350.0 g of barium phosphide.
B> How many grams of each of your reactants do you need?
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Step 1: Write a balanced equation for the reaction.
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Step 1: Write a balanced equation for the reaction.
Step 2: Set up D.A. to convert your 350.0 g of BasPz fo moles.
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Step 4: Convert moles of barium to grams of barium.
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DU b 31

350.0 g BasP2, 1 mole BasPy | 3 moles Bu ; 137.33 g Bo
] '473.93 g BasP2 ' 1 mole BasP? 1 mole Ba

Step 1: Write a balanced equation for the reaction.

Step 2: Set up D.A. to convert your 350.0 g of BasPz fo moles.

Step 3: Use a Mole Ratio Conversion Factor to convert to moles of barium.
Step 4: Convert moles of barium to grams of barium.
Step 5: Solve for grams of barium needed fo make 350 g of BasP2.
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Step 5: Solve for grams of barium needed fo make 350 g of BasP2.
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Step 1: Write a balanced equation for the reaction.

Step 2: Set up D.A. to convert your 350.0 g of BasPz fo moles.
Step 3: Use a Mole Ratio Conversion Factor to convert to moles of barium.

Step 4: Convert moles of barium to grams of barium.
Step 5: Solve for grams of barium needed fo make 350 g of BasP2.

Step 6: Repeat the same steps listed above to solve for grams of phosphorus.
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| 147393 g Basz | 1-meleBashs FmoleBa ~ 030

Step 1: Write a balanced equation for the reaction.

Step 2: Set up D.A. to convert your 350.0 g of BasPz fo moles.
Step 3: Use a Mole Ratio Conversion Factor to convert to moles of barium.

Step 4: Convert moles of barium to grams of barium.
Step 5: Solve for grams of barium needed fo make 350 g of BasP2.

Step 6: Repeat the same steps listed above to solve for grams of phosphorus.
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Step 1: Write a balanced equation for the reaction.

Step 2: Set up D.A. to convert your 350.0 g of BasPz fo moles.
Step 3: Use a Mole Ratio Conversion Factor to convert to moles of barium.

Step 4: Convert moles of barium to grams of barium.
Step 5: Solve for grams of barium needed fo make 350 g of BasP2.

Step 6: Repeat the same steps listed above to solve for grams of phosphorus.
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350.0-gBasPy, 1meleBasPr | 3 melesBe; 137.33 g Ba -204.3 g Ba
| 147393 gBesP| ImoleBast? l-meleBe

Step 1: Write a balanced equation for the reaction.

Step 2: Set up D.A. to convert your 350.0 g of BasPz fo moles.
Step 3: Use a Mole Ratio Conversion Factor to convert to moles of barium.

Step 4: Convert moles of barium to grams of barium.
Step 5: Solve for grams of barium needed fo make 350 g of BasP2.

Step 6: Repeat the same steps listed above to solve for grams of phosphorus.

350.0-g-BasPs, lmele—Baell%l 2molesP |, 30.97¢P 157 o P
1 47393 gBasPs| TmeleBasPl 1 meleP 1
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Step 2: Set up D.A.
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Step 5: Solve for g 45.7 g phosphorus g of BasPa.

Step 6: Repeat the | yrams of phosphorus.
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In an ideal world you would expect to have 100% your reactants
combine fo form 100% of the product. This is the

In the real world you will get less than the expected yield due to
several factors: impurities, reactants not completely reacting, errors in
massing the reactants, ... this is called

The percent yield is determined by dividing the expected yield by the

actual yield ideal yield and multiplying times 100 to make it a percent.

Formula: actual yield x 100 = Percent Yield
expected yield




Problem 3: Methyl alcohol (CH30H) is used as a fuel, production of plastics,
paints and textiles. It can be produced by reacting carbon monoxide (C0)
and hydrogen gas (Hz). If 75.0 g of CO reacts to produce 68.4 g. of CH30H,
what is the percent yield of CH30H?
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Step 1: Write a balanced equation for the reaction.

JU (o) B2 2(0) S zatii3un

Step 2: Using a Mole Ratio Conversion Factor, calculate the
of methyl alcohol using 75.0 g of carbon monoxide gas.

75,0466, | mole€0 | | -moleCHsOH 1 32.042 9 (HiOH _ g g - s o1
1 128.0106€0" | meleld | Imolecdtt oo

Step 3: Solve for percent yield (actual yield /expected yield x 100)

68.4 g of CH30H
85.8 g of CH;0H

=0.797 x 100 =79.7% yield
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Percent Purity

Percent Purity is a measure of how pure a product is that is produced
experimentally.

Percent Purity is calculated in a similar way to Percent Yield.
(
L

The formula for precent purity:
Mass of pure product  x 100
Mass of impure product

Percent purity is especially important in the drug and food industry
where impurities in the product could cause illness or death.
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Aspirin, acetylsalicylic acid (CsHg04), is one of mankind’s oldest drugs.
Ancient Egyptians chewed on the bark or leaves of a willow tree
extracting the aspirin that was contained there.
In 1897 Felix Hoffman, working in af the

Bayer lab in Germany, synthesizes aspirin.
mericans consume 50 million aspirin tablets per day.
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A student making aspirin produces 121.2 g of product but analysis shows
that only 109.2 grams of it is aspirin. Calculate the percent purity.




Aspirin, acetylsalicylic acid (CsHs04), is one of mankind’s oldest drugs.
Ancient Egyptians chewed on the bark or leaves of a willow tree

extracting the aspirin that was contained there.

In 1897 Felix Hoffman, working in af the

Bayer lab in Germany, synthesizes aspirin.
mericans consume 50 million aspirin tablets per day.

A student making aspirin produces 121.2 g of product but analysis shows
that only 109.2 grams of it is aspirin. Calculate the percent purity.

Percent Purity = mass of pure product = 109.2.4 _ 09010 x 100 =
mass of impure product = 121.26 g4 109 i
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Stoichometry involving Gases

——In 1811, the ltalian scientist Amedeo Avegadro proposed that equal
volumes of gases at a given temperature & pressure have equal
number of molecules.

——It was later calculated that 24 dm?® (liters) of a gas at 20 ° C and
| atmosphere pressure (RTP) contains one mole of molecules.

——1S0... instead of trying to' mass a mole-of a gas (which would be
especially difficult with lighter than air gases), scientists measure out @
mole of gas by volume: 24 L @ room temperature & pressure

——When dealing with gases, 1 mole = 24 dm? at RTP.
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When carbon is burned it produces the carbon dioxide gas.
If 67.5 grams of carbon are burnt in excess oxygen,

what volume of carbon dioxide is produced at RTP?
Step 1: Write an equation for the reaction.
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When carbon is burned it produces the carbon dioxide gas.
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what volume of carbon dioxide is produced at RTP?
Step 1: Write an equation for the reaction.
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When carbon is burned it produces the carbon dioxide gas.
If 67.5 grams of carbon are burnt in excess oxygen,

what volume of carbon dioxide is produced at RTP?
Step 1: Write an equation for the reaction.

= Url(y e Oy

Step 2: Use the Mole Ratio Conversion Factor and 24 dm? = 1 mole of
(0 gas to calculate how many dm? of carbon dioxide are produced.
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Stoichometry involving Gases

When carbon is burned it produces the carbon dioxide gas.
If 67.5 grams of carbon are burnt in excess oxygen,

what volume of carbon dioxide is produced at RTP?
Step 1: Write an equation for the reaction.

< Url(ymmd CUI1)

Step 2: Use the Mole Ratio Conversion Factor and 24 dm? = 1 mole of
(0 gas to calculate how many dm? of carbon dioxide are produced.

67.5 g of C, 1 mole of C ;1 mole of (02,44.01 g of C02| 24 dm® of (0,
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Stoichometry involving Gases

When carbon is burned it produces the carbon dioxide gas.
If 67.5 grams of carbon are burnt in excess oxygen,

what volume of carbon dioxide is produced at RTP?
Step 1: Write an equation for the reaction.

&) D?S\ej) Y CO’!(Q)
Step 2: Use the Mole Ratio Conversion Factor and 24 dm? = 1 mole of
(0 gas to calculate how many dm? of carbon dioxide are produced.
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Stoichometry involving Gases

When carbon is burned it produces the carbon dioxide gas.
If 67.5 grams of carbon are burnt in excess oxygen,

what volume of carbon dioxide is produced at RTP?
Step 1: Write an equation for the reaction.

16) 2 Ui(o e CU()
Step 2: Use the Mole Ratio Conversion Factor and 24 dm? = 1 mole of
(0 gas to calculate how many dm? of carbon dioxide are produced.

67.5461€, 1-meleetC |1 mole-ot-C02 44.01 g-01-€87 24 dm’ of (0
1 112.011gof€ " 1-moleofE '1-moteof€0; ' 44.01g0f€0;

135 dm? of (07 gas
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Let's say you own a pencil tactory. A pencil is made of a graphite roc
encased in a wood shaft with a metal band holding an eraser.
An equation for the production of a pencil would look like this:
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Let's say you own a pencil factory. A pencil is made of a graphite roc
encased in a wood shaft with a metal band holding an eraser.
An equation for the production of a pencil would look like this:

1 Graphite rod + 1 Wood shaft + 1 steel band + 1 eraser — 1 penil.
Suppose your foreman comes in and says that there is a problem:

termites got into the wood shafts and destroyed all but 2000 of them.
You have hundreds of thousands of graphite rods, steel bands and
erasers - but you only have 2000 wood shafts.

How many pencils can you make?
Chemical reactions are the same. If you run out of one reagent

(reactant) but have plenty of the other reagents, the whole reaction
shuts down and you cannot produce more product.
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Limiting Reagent

In the laboratory, a reaction is rarely carried out with exactly the
required amount of reactants. In most cases one or more of the
reactants is present in excess; that is, there is more than needed.
This reactant is called the excess reagent (reactant).
The reactant(s) that run out and cause the reaction to stop is called
the limiting reagent (reactant).
To determine which of your reactants are the limiting reagent you
will use your mole ratio conversion factor to determine how much
of each reactant is required for the reaction.
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Step 1: Write a balanced equation for the reaction.
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If 37.6 g of Mg is reacted with 37.6 g of P which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

SISO (3t

Step 2: Use a Mole Ratio conversion factor to see iow many grams of
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Step 1: Write a balanced equation for the reaction.

SISO (3t
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37.6 g of Mg, 1 mole of Mg | 2 moles of P |
1 "24.31gof Mg'3 moles of Mg’




Limiting Reagent: Mg + P

Viagnesium burns bright in phosphorus to produce magnesium phosphide.

If 37.6 g of Mg is reacted with 37.6 g of P which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

SISO (3t

Step 2: Use a Mole Ratio conversion factor to see iow many grams of
Phosphorus are required when 37.6 grams of Magnesium are present.
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Limiting Reagent: Mg + P

Viagnesium burns bright in phosphorus to produce magnesium phosphide.

If 37.6 g of Mg is reacted with 37.6 g of P which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

SISO (3t

Step 2: Use a Mole Ratio conversion factor to see iow many grams of
Phosphorus are required when 37.6 grams of Magnesium are present.

37.6 g of Mg, T mole of Mg ; 2 moles of P_; 30.97 g of P =910 g of P
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Limiting Reagent: Mg + P

Viagnesium burns bright in phosphorus to produce magnesium phosphide.

If 37.6 g of Mg is reacted with 37.6 g of P which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

oI BSZEERVI 319

Step 2: Use a Mole Ratio conversion factor to see iow many grams of
Phosphorus are required when 37.6 grams of Magnesium are present.

37.6 g of Mg, T mole of Mg ; 2 moles of P_; 30.97 g of P =910 g of P
1 "24.31gof Mg'3 moles of Mg' 1 mole of P lill

Since it requires only 31.9 g of phosphorus and you have 37.9 g, you will
have an excess of 6.0 grams of P when you run out of magnesium.
So magnesium is the limiting reagent.
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Step 1: Write a balanced equation for the reaction.
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0S7(1) 0 U7(g) B2aWU () B2 o U7(g)

Step 2: Use a Mole Ratio conversion factor to see how many dm? of 0
are needed when there is 152.28 g of (S2 present.

152.28 g (59, | | |
] | I I I




Liquid carbon disulfide is extremely
flammable and burns in oxygen fo produce ”
carbon dioxide gas and sulfur dioxide gas.

If 152.28 g of carbon disulfide and 120 dm? of 07 are reacted,
which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

0S7(1) 0 U7(g) B2aWU () B2 o U7(g)

Step 2: Use a Mole Ratio conversion factor to see how many dm? of 0
are needed when there is 152.28 g of (S2 present.

152.28 g (S, 1 mole (57 | |
1 17614gCS;" | |




Liquid carbon disulfide is extremely
flammable and burns in oxygen fo produce ”
carbon dioxide gas and sulfur dioxide gas.

If 152.28 g of carbon disulfide and 120 dm? of 07 are reacted,
which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

0S7(1) 0 U7(g) B2aWU () B2 o U7(g)

Step 2: Use a Mole Ratio conversion factor to see how many dm? of 0
are needed when there is 152.28 g of (S2 present.
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Liquid carbon disulfide is extremely
flammable and burns in oxygen fo produce u
carbon dioxide gas and sulfur dioxide gas.

If 152.28 g of carbon disulfide and 120 dm? of 07 are reacted,
which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

(S 80215 0071 #2501

Step 2: Use a Mole Ratio conversion factor to see how many dm? of 0
are needed when there is 152.28 g of (S2 present.

152.28 g (Sg; 1 mole (S2 ; 3 moles 02,31.998 g 0y,
I "76149CS2" 1moleCSz' 1mole0; '




Liquid carbon disulfide is extremely
flammable and burns in oxygen fo produce u
carbon dioxide gas and sulfur dioxide gas.

If 152.28 g of carbon disulfide and 120 dm? of 07 are reacted,
which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

(S 80215 0071 #2501

Step 2: Use a Mole Ratio conversion factor to see how many dm? of 0
are needed when there is 152.28 g of (S2 present.

152.28 g (S3; 1 mole (S7 ; 3 moles 07,31.998 g 02; 24 dm® 0;

I '76149CS2' 1mole(Sz' 1mole0; '31.998 g 0;




Liquid carbon disulfide is extremely
flammable and burns in oxygen fo produce ”
carbon dioxide gas and sulfur dioxide gas.

If 152.28 g of carbon disulfide and 120 dm? of 07 are reacted,
which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

0S7(1) 0 U7(g) B2aWU () B2 o U7(g)

Step 2: Use a Mole Ratio conversion factor to see how many dm? of 0
are needed when there is 152.28 g of (S2 present.

15228665, | moleCSy | 3 moles0231.998 ¢05) 24 dm? 0;
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Liquid carbon disulfide is extremely
flammable and burns in oxygen fo produce ”
carbon dioxide gas and sulfur dioxide gas.

If 152.28 g of carbon disulfide and 120 dm? of 07 are reacted,
which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

0S7(1) 0 U7(g) B2aWU () B2 o U7(g)

Step 2: Use a Mole Ratio conversion factor to see how many dm? of 0
are needed when there is 152.28 g of (S2 present.

152.28-6C52, | moleLSs- 3 moles02,31.998 ¢ 05, 24 dm* 0; =144 dm®

I 760465 " 1mele€Ss 1-moleBr '31.998 48+ of 0




Liquid carbon disulfide is extremely
flammable and burns in oxygen to produce ”
carbon dioxide gas and sulfur dioxide gas.

If 152.28 g of carbon disulfide and 120 dm? of 07 are reacted,
which is the limiting reagent?
Step 1: Write a balanced equation for the reaction.

g\');" v 30 ] ¢ (O J ’ :30;~'!J

Step 2: Use a Mole Ratio conversion factor to see how many dm? of 0
are needed when there is 152.28 g of (S2 present.

152.28-6C52, | moleLSs- 3 moles02,31.998 ¢ 05, 24 dm* 0; =144 dm®

I 760465 " 1mele€Ss 1-moleBr '31.998 48+ of 0

Oxygen is the limited reagent since you need 144 dm? (6 moles) of 02
in this reaction but only have 120 dm? (5 moles).
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What you can now calculate-with Stoichiometry!

/7= 5k )

¥ ’ﬁ
Masses of reactants and-produ '# dhigmical reaction.
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Culculuhng the rtent P ry fucompound

Determine the Lin , sagent in a reaction.

l

Use 24dm* @RIP4E verFvolume to mass of gases.
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