
ChemicalChemical StoichiometryStoichiometry

StoichiometryStoichiometry -- TheThe studystudy ofof quantitiesquantities ofof
materialsmaterials consumedconsumed andand producedproduced inin
chemicalchemical reactionsreactions..



AtomicAtomic MassesMasses
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ElementsElements occuroccur inin naturenature as as 
mixturesmixtures ofof isotopesisotopes

CarbonCarbon == 98.89% 98.89% 1212CC

1.11% 1.11% 1313CC

<0.01% <0.01% 1414CC

CarbonCarbon atomicatomic massmass = 12.01 = 12.01 
amuamu

Mass spectrometer



TheThe MoleMole

TheThe numbernumber equalequal to to thethe numbernumber ofof carboncarbon
atomsatoms inin exactlyexactly 12 12 gramsgrams ofof purepure 1212C.C.

1 mole 1 mole ofof anythinganything = = 6.022 6.022 ×× 10102323 unitsunits ofof
thatthat thingthing



Avogadro’sAvogadro’s numbernumber
equalsequals

6.022 6.022 ×× 10102323 unitsunits



MolarMolar MassMass

A A substance’ssubstance’s molarmolar massmass ((molecularmolecular
weightweight) ) isis thethe massmass inin gramsgrams ofof one mole one mole ofof
thethe compoundcompound..

COCO22 =  44.01 =  44.01 gramsgrams per moleper mole



PercentPercent CompositionComposition

MassMass percentpercent ofof anan element:element:

For For ironiron inin ironiron (III) (III) oxideoxide, (Fe, (Fe22OO33))

mass Fe%
.
.

.= × =
111 69
159 69

100% 69 94%

mass
mass of element in compound

mass of compound
% = × 100%



FormulasFormulas

molecularmolecular formulaformula =  (=  (empiricalempirical formula)formula)nn

[[nn = = integerinteger]]

molecularmolecular formulaformula =  C=  C66HH66 =  (CH)=  (CH)66

empiricalempirical formulaformula =  CH=  CH



EmpiricalEmpirical FormulaFormula DeterminationDetermination

1.1. BaseBase calculationcalculation on 100 on 100 gramsgrams ofof
compoundcompound..

2.2. DetermineDetermine molesmoles ofof eacheach element element inin 100 100 
gramsgrams ofof compoundcompound..

3.3. DivideDivide eacheach valuevalue ofof molesmoles by by thethe smallestsmallest
ofof thethe valuesvalues..

4.4. MultiplyMultiply eacheach numbernumber by by anan integerinteger to to 
obtainobtain allall wholewhole numbersnumbers..



ChemicalChemical EquationsEquations

ChemicalChemical changechange involvesinvolves a a 
reorganizationreorganization ofof thethe atomsatoms inin one one oror

moremore substancessubstances..



ChemicalChemical EquationEquation

A A representationrepresentation ofof a a chemicalchemical reactionreaction::

CHCH44 +  H+  H22O  O  →→ CO  +  3HCO  +  3H22

reactantsreactants productsproducts



ChemicalChemical EquationEquation

CHCH44 +  +  HH22OO →→ COCO +  +  3H3H22

TheThe equationequation isis balancedbalanced..

1 mole 1 mole ofof methanemethane reactsreacts withwith 1 mole 1 mole ofof waterwater

to to produceproduce

1 mole 1 mole ofof carboncarbon oxideoxide andand 3 3 molesmoles ofof
hydrogenhydrogen



CalculatingCalculating MassesMasses ofof
ReactantsReactants andand ProductsProducts

1.1. BalanceBalance thethe equationequation..

2.2. ConvertConvert massmass to to molesmoles..

3.3. Set Set upup mole mole ratiosratios..

4.4. UseUse mole mole ratiosratios to to calculatecalculate molesmoles ofof
desireddesired substituentsubstituent..

5.5. ConvertConvert molesmoles to to gramsgrams, , ifif necessarynecessary..



LimitingLimiting ReactantReactant

TheThe limitinglimiting reactantreactant isis thethe reactantreactant
thatthat isis consumedconsumed firstfirst,, limitinglimiting thethe

amountsamounts ofof productsproducts formedformed..



LimitingLimiting ReactantReactant

Let’sLet’s start start fromfrom thethe same same reactionreaction::

CHCH44 +  H+  H22O  O  →→ CO  +  3HCO  +  3H22

reactantsreactants productsproducts



HowHow doesdoes itit workwork??
03_1522 03_1524

But, if one reactant is in
excess (H2O) not all
molecules reactNo problem, if they are

mixed in stoichimetric
ratio 03_1525



SolvingSolving a a StoichiometryStoichiometry ProblemProblem

1.1. BalanceBalance thethe equationequation..

2.2. ConvertConvert massesmasses to to molesmoles..

3.3. DetermineDetermine whichwhich reactantreactant isis limitinglimiting..

4.4. UseUse molesmoles ofof limitinglimiting reactantreactant andand mole mole 
ratiosratios to to findfind molesmoles ofof desireddesired productproduct..

5.5. ConvertConvert fromfrom molesmoles to to gramsgrams..
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