
Adventures in Stoichiometry:Adventures in Stoichiometry:
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WhatWhat’’ s In Store?s In Store?

The MoleThe Mole
The Meaning of Chemical EquationsThe Meaning of Chemical Equations

Group ProjectsGroup Projects
Reaction StoichiometryReaction Stoichiometry

Composition StoichiometryComposition Stoichiometry
Dimensional AnalysisDimensional Analysis(A Tool!)(A Tool!)

SummarySummary



Marie & Antoine LavoisierMarie & Antoine Lavoisier John DaltonJohn Dalton

People Who Helped Us toPeople Who Helped Us to
Understand More About StoichiometryUnderstand More About Stoichiometry



What IS Stoichiometry?What IS Stoichiometry?
Can you define it?Can you define it?

Stoichiometry Defined:Stoichiometry Defined: Stoichiometry is the branch Stoichiometry is the branch 
of chemistry and chemical engineering that deals of chemistry and chemical engineering that deals 
with the with the quantitiesquantitiesof substances that enter into, and of substances that enter into, and 
are produced by, chemical reactions.are produced by, chemical reactions.Stoichiometry Stoichiometry 
provides the quantitative relationship between provides the quantitative relationship between 
reactants and products in a chemical reaction.reactants and products in a chemical reaction.

http://http:// www.chemistry.co.nz/stoichiometry.htmwww.chemistry.co.nz/stoichiometry.htm

Discussion!Discussion!



The Law of Conservation of MassThe Law of Conservation of Mass

The Law of Constant CompositionThe Law of Constant Composition

The Law of Definite ProportionsThe Law of Definite Proportions

The Law of Multiple ProportionsThe Law of Multiple Proportions

These laws that govern chemical reactions and comThese laws that govern chemical reactions and com--
pound composition allow us to do stoichiometricpound composition allow us to do stoichiometric
calculations.  They were all well known by calculations.  They were all well known by 18031803whenwhen
John DaltonJohn Dalton put forth his atomic theory of matter.put forth his atomic theory of matter.
This theory was able to This theory was able to ““ explainexplain”” why these laws thatwhy these laws that
govern chemical reactions were true.govern chemical reactions were true.

Based on the following Laws of Chemical ReactionBased on the following Laws of Chemical Reaction::

LavoisierLavoisier
And And 

OthersOthers



CC22HH66OO

CHCH33CHCH22OHOH
The Law of Definite ProportionsThe Law of Definite Proportions

The Law of Constant CompositionThe Law of Constant Composition

http://upload.wikimedia.org/wikipedia/commons/thumb/2/26/Ethanol
_-_Space_filling_model.png/800px-Ethanol_-_Space_filling_model.png



StoichiometryStoichiometry

Composition Composition 
StoichiometryStoichiometry Reaction Reaction 

StoichiometryStoichiometry



Pair:  Pair:  A group containingA group containing 2 2 items or objects.items or objects.

Dozen:  Dozen:  A group containing A group containing 1212 items or objects.items or objects.

Gross:  Gross:  A group containing A group containing 144144 items or objects.items or objects.

Mole: Mole: A group containing A group containing 6.0221 x 106.0221 x 102323

items or objects.items or objects.

One Mole = the amount of substance One Mole = the amount of substance (element or(element or
compound)compound)that contains the same number of particlesthat contains the same number of particles
as there are atoms in as there are atoms in EXACTLYEXACTLY 12 g of 12 g of 1212C.C.

6.0221 x 106.0221 x 1023  23  =  Avogadro=  Avogadro’’ s Numbers Number
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http://bcb706.blogspot.com/2007/03/conservationhttp://bcb706.blogspot.com/2007/03/conservation --ofof --vanvan --zylszyls --goldengolden --mole.htmlmole.html



Atomic MassesAtomic Masses

www.astronomy.org/astronomy-survival/period.html



Formula Masses:  Formula Masses:  The relative mass of a compound isThe relative mass of a compound is
equal to the sum of the atomic masses of the elementsequal to the sum of the atomic masses of the elements
forming the compound.forming the compound.

Calculate the formula masses for NaCl, HCalculate the formula masses for NaCl, H22O, andO, and
HH33POPO44 --

NaClNaCl HH22OO

1 Na @ 22.989 77 u = 22.989 77 u1 Na @ 22.989 77 u = 22.989 77 u
1 Cl @ 35.453 u       = 35.453 u1 Cl @ 35.453 u       = 35.453 u
1 NaCl                 = 58.443 u1 NaCl                 = 58.443 u

2 H @ 1.007  94 u = 2.015 88 u2 H @ 1.007  94 u = 2.015 88 u
1 O @ 15.9994 u   = 15.9994 u1 O @ 15.9994 u   = 15.9994 u
1 H1 H22OO = 18.0153 u= 18.0153 u

HH33POPO44
3 H @ 1.007  94 u = 3.023 82 u3 H @ 1.007  94 u = 3.023 82 u
1 P @ 30.973 76 u = 30.973 76 u1 P @ 30.973 76 u = 30.973 76 u
4 O @ 15.9994 u   = 63.9976 u4 O @ 15.9994 u   = 63.9976 u
1 H1 H33POPO44 =  97.9952 u=  97.9952 u



Molar Mass:  Molar Mass:  The mass in grams of one mole of anyThe mass in grams of one mole of any
substance.  The molar mass is numerically equal to thesubstance.  The molar mass is numerically equal to the
formula mass.formula mass.

SubstanceSubstance FormulaFormula MolarMolar
MassMass MassMass

HH22

FeFe

HH33POPO44

SOSO33

NaClNaCl

2.015 88 u2.015 88 u 2.015 88 g2.015 88 g

55.847 u55.847 u 55. 847 g55. 847 g

97.995297.9952uu 97.9952 g97.9952 g

80.06 u80.06 u 80.06 g80.06 g

58.443 u58.443 u 58.443 g58.443 g



MolesMoles

# of Particles# of Particles Soln. VolumeSoln. Volume

MassMass P, V, TP, V, T
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““ When in doubt, calculate moles!!When in doubt, calculate moles!!””



““ When in doubt, calculate moles!!When in doubt, calculate moles!!””

How many atoms of carbon are in 2.6 moles of C?How many atoms of carbon are in 2.6 moles of C?

(2.6 mol C) (6.0221 x 10(2.6 mol C) (6.0221 x 102323 atom C)atom C)
mol Cmol C = = 1.6 x 101.6 x 102424 atom Catom C

MolesMoles# of Particles# of Particles

AvogadroAvogadro’’ s Numbers Number

How many moles of water are present when 2.673 x 10How many moles of water are present when 2.673 x 102525

molecules of water are present?molecules of water are present?

(2.673 x 10(2.673 x 102525 molecules Hmolecules H22O)O) (1 mol H(1 mol H22O)O)

(6.0221 x 10(6.0221 x 102323 molecules Hmolecules H22O)O)
=  =  44.39 mol H44.39 mol H22OO



MolesMoles# of Particles# of Particles

AvogadroAvogadro’’ s Numbers Number

MassMass

Molar MassMolar Mass

““ When in doubt, calculate moles!!When in doubt, calculate moles!!””

How many moles of carbon are in 26.78 g of C?How many moles of carbon are in 26.78 g of C?

(26.78 g C) (1 mol C)(26.78 g C) (1 mol C)
(12.011 g C)(12.011 g C)

=  =  2.230 mol C2.230 mol C

How many grams of water are in 32.6 moles of water?How many grams of water are in 32.6 moles of water?

(32.6 mol H(32.6 mol H22O) (18.015 g HO) (18.015 g H22O)O)
(1 mol H(1 mol H22O)O) =  =  587 g H587 g H22OO



The The ““ MeaningMeaning”” of a Chemical Equation:of a Chemical Equation:

4 CO (g)    +      3 O4 CO (g)    +      3 O22 (g)(g) ��� ���� � 4 CO4 CO22 (g)    +      O(g)    +      O22

4 molecules          3 molecules4 molecules          3 molecules 4 molecules4 molecules 11
moleculemolecule

4 moles4 moles 3 moles3 moles 4 moles4 moles 1 mole1 mole



The The ““ MeaningMeaning”” of a Chemical Equation:of a Chemical Equation:
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Interpreting Chemical Equations:Interpreting Chemical Equations:

2 Al (s)  +  Fe2 Al (s)  +  Fe22OO33 (s)(s) AlAl 22OO33 (l)  +  2 Fe (l)(l)  +  2 Fe (l)
DDDDDDDD

2 atoms     1 formula2 atoms     1 formula 1 formula1 formula 2 atoms2 atoms
unitunit unitunit

2 moles2 moles 1 mole1 mole 1 mole1 mole 2 moles2 moles

53.964 g53.964 g 159.69 g159.69 g 101.96 g101.96 g 111.69 g111.69 g

26.982 g26.982 g 79.845 g79.845 g 50.980 g50.980 g 55.845 g55.845 g

Chemical equations express the quantitative relationChemical equations express the quantitative relation--
ships among the reactants and products in a chemicalships among the reactants and products in a chemical
reaction.reaction.



Building Blocks of StoichiometryBuilding Blocks of Stoichiometry



Building Blocks of StoichiometryBuilding Blocks of Stoichiometry



Building Blocks of StoichiometryBuilding Blocks of Stoichiometry



How many grams of LiHow many grams of Li33N (s) are formed when 73.6 g ofN (s) are formed when 73.6 g of
Li (s) react with an excess of NLi (s) react with an excess of N22 (g)?(g)?

Problem:Problem:
Equation:Equation:
FormulaFormula
Masses, u:Masses, u:

6 Li (s)  +  N6 Li (s)  +  N22 (g)(g) 2 Li2 Li33N (s)N (s)
73.6 g73.6 g ? g? g

6.941 6.941 34.83034.830

moles ofmoles of
knownknown

moles ofmoles of
unknownunknown

(73.6 g Li)(73.6 g Li) (1 mol Li)(1 mol Li)
(6.941 g Li)(6.941 g Li)

(2 mol Li(2 mol Li33N)N)
(6 mol Li)(6 mol Li)

(34.830 g Li(34.830 g Li33N)N)
(mol Li(mol Li 33N)N)

= = 123 g Li123 g Li33NN







Thank you for flying with us today.  We knowThank you for flying with us today.  We know
you have a choice of carriers so we areyou have a choice of carriers so we are
delighted that you chose delighted that you chose 

Stoichiometry AirlinesStoichiometry Airlines

When you plans call for air learning in theWhen you plans call for air learning in the
future, we hope you will join us again!  future, we hope you will join us again!  

Have a great day and a GREAT future inHave a great day and a GREAT future in
Chemical calculations!Chemical calculations!


