Stoichiometry

ATOMIC MASSES AND ISOTOPES:

1 'C or Carbon 125 In 1961it wasagreedhatthis isotopeof carbonwould serveasthe standardisedto
determineall otheratomicmassesindwould bedefinedto havea massof EXACTLY 12 atomicmass
units(amu). All otheratomicmassesremeasuredelativeto this.

1 massspectromete® adevicefor measuringhe massof atomsor molecules
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What happensrin aimass Spectrometer:

atoms or molecules are passed into a beam of tsigbed electrons

this knocks electrons OFF the atoms or molecules transforming thensatitns
apply an electric field
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send the accelerated cations into a magnetic field

the amount of deflection is proportional to the mass; heavy catideidect little
ions hit a detector plate where measurements can be obtained.
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We compare all other elements to the known mass of Carbdto determine their masses. We
can use a mass spectrometer to compare masses based on how far they deflect wittt tespe
carbonl12

For example:
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What makes isotopeslifferent masses?

Carbon Carbon-13 Carbon-14

& o Protons & 6 Protons & o Protons

» 6 MNentrons » 7 Meutrons » 5 Meutrons
Muclear number Muclear number Muclear number
=b+ 0 =6 +7 =H +8
=12 =13 =14

Different Notations that you may see isotopes/elements written:

Isotope Notations

Hyphen Notation Nuclear Notation
Mass Number‘ NMlass Number
N\
] 3 —
Helium - 3 2He/ Abbreviation
/ ~
Name or Atomic Number

Abbreviation

Exercisel: Use the following information provided to fill in the missing pieces of the table:

Abbreviation |  Element # Protons | # Neutrons | # Electrons Mass Hyphen | Nuclear
Name Number Notation | Notation
Al Aluminum| 13 27
Ca 21
CH Chloride 19
N3 15
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When we say we have a pure
Sample of chlorine what we
Are really saying is that we have
A sample of chlorine that contain
Both isotopes 0O Kt 2 NR y' S
Chlorinec¢ 35
Chlorineg 37

CHLORINE

CAUSES BURNS
SEVERE EYE HAZARD
MAY BE FATAL IF INHALED

Now lucky for us we can use mass spectrometry to determine the amount of each isotope present so that we c:
calculate an average mass of chlorared takeinto account that there are not equal amounts of each

This average mass is based on tblative abundanceof each isotope (it is a weighted average)

This simplifies our lives tremendously'SNB A a 6Kl G 6S 62dzZ R 4SS FNRBRY (K
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Converting Relative abundance to a percentage

Well anytime we need a percentage the formula is ALWAYS the same:
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Most of the time you will be given your relative abundance as a percent abundance!

So now how do we calculate a weighted average?
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You will take your amount and multiply it by the Grade | Weight
Then add all of the values together 0.75 "t 050 = 0.375
0.87 % 0.25 =0.2175
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chlorine based on theelative abundances of the two chlorine isotopes

Exercise2: Calculate the average atomic mass of chlorine based on the following percent abundance:
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Exercig 3:
An unknown element hatsvo common isotopes. The first isotope has a mass of 85 amu and a relative abunda|
72.2%. The mass of the second isotope is 87 and has a relative abundance of 27.8%. Calculate the average

mass of the unknown element.




Exercise 4:
Calculate the average atomic mass of Magnesium based on the following isotopic compositior|

Isotope Mass (amu) Relative abundance
Mg-24 23.985 78.70%
Mg-25 24.986 10.13%
Mg-26 25.983 11.17%
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Average atomic mase
1. Average mass of all the isotopes

a. Weighted average basath the relative abundancef isotopes(the more abundant an isotope is
the more it contributes to the average)
2. Has numbers after decimal because it is calculated
3. The atomic masses on the periodic table are average atomic masses

One step farther:

Formula masstotal mass of a compound
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Exercise 5:
Calculate the formula mass for each of the following compounds:

a.) CaO d.) Al(NOs)s

b.) N2Os

e.)Fg(PQ):

c.) HaSOy




Introducing...

MOLE: is the amount of a
substance that contains the
same number of particles
as there are atoms in
12.00g of carbon-12.

This number of atoms is
6.022 x 10?3 and is called
the Avogadro’s Number.
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We discussed earlier that the masses of all of the elemert® relative to the mass of a Carbdg atom
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Consider 1 atom of @2

6 protons x 1.67 x #6g/proton =1.002 x 1839
6 neutrons x 1.67 x #dg/neutron =1.002 x 1839
6 electrons x 9.11 x #0g/electron =5.446 x 18%g

2.010 x 13 g/atom  — ¥V
g O \

| Why not use the average

./ » . . A

I / atomic mass that is already on /"

".\ the periodic table? It is already |

7~ arelative mass, right? Why", ~ /
| remvent the wheel?

.

2.010 x 1023 g/atom is a very small amount. N :
Scientists cannot measure small quantities like this in () \_
the lab. Scientists want (NEED!) to be able to work () - e

with a useable quantity such as 10 grams or 50 grams.

Is there a convenient way to measure larger quantities
of atoms?




Let’s review what we already know..... ...

@&~ We already know that 1 atom of C-12 has a mass of
2.010 x 10-23 g. (This 1s also equal to 12 amu!)

@&~ We also want the atomic mass of 12.0 amu to become 12.0 g.

So, the problem becomes this........

2.010x 102 g/atom C-12 X 22222 atoms = 12.0 g C-12

This quantity 1s called a MOLE.

Mole = 6.02 x 143
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Stoichiometry

Everything that we have discussed up to this point in this set of notes has led us here

What we are looking for isaway to quagtif KS Y a8& k | Y2dzyd «k ydzyYo SNJ 2
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Derived from the Greek
To do this we will use Stoichiometry "stoicheion" or element and
"metron" or measure.
This is the term we use to refer
to all quanititative aspects of
chemical composition and reaction

Stoichiometry is basically just dimensional analysis with a specific set of terms:
1 mole =22.4 L ofgas @ STP
1 mole = 6.02 x 18 particles

1 mole = Formula Mass ()
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Let me prove it to you:

Exercise 6: Using Dimensional Analysis/ert the following:

a.) 23 grams of NaCio moles of NaCl

b.) 5g of NaClto molecules of NaCl

c.) 4.32 x 16*atoms of Aluninum to moles of Aluminur




For my visual learners here is another way to look at it:

| Particles B

/
Formula Mass A Molar Ratio Formula Mass B
<= s ) [ [ qunss |

4

| Liters B

MULTIPLY [by the conversion factor on the arrow] when OO OA O ANITHE C 6
o

-

DIRECTIONOFTHE ARROWand obviously, divide when O O O A O Adaifist
an arrow.

Simply reproducehis mapon your scratchpaperuntil you nolongerneedto sincetheimagewill beburned
into your brain!

Exercise 7:

Jugloneadyeknownfor centuriesjs producedrom the husksof blackwalnuts.It is alsoa naturalherbicide
(weedkiller) thatkills off competitiveplantsaroundthe blackwalnuttreebut doesnot affectgrassandother
noncompetitiveplants[a conceptcalledallelopathy. Theformulafor jugloneis C1oHgOs.

(a) Calculate themolarmassof juglone.

(b) Asampleof 1.56x 10 2 g of purejuglonewasextractedrom blackwalnuthusks.Calculate the numberof
molesof juglonepresenin this sample




Exercise 8:
CalciumcarbonatéCaCQ), alsocalledcalcite is the principalmineralfoundin limestonemarble chalk,
pearls andtheshellsof marineanimalssuchasclams.

(a) Calculatethemolarmassof calciumcarbonate.

(b) A certainsampleof calciumcarbonateontains4.86moles.Calculate themassn gramsof thissample.
Calculate themassof theCO:* ionspresent.

MOLAR MASS AND FORMULA WEIGHT

1 molar mass MM --thesumof all of theatomicmasse# agivenchemicalformulain unitsof g/mol.
It is alsoequalmassin gramsof A v 0 g a dumbeffanoleculesj.e.themassof amole

1 formula weight--sameasmoleculaweight,justalanguageroblemF A mo | e anpliescavalent
bondingwhilei f o r nmpliesiamic bonding{just considerthisto bea giantconspiracydesignedo
keeptheuneducatedrom everunderstandinghemistry kind of like thescoringschemen tennis}.
Justusefi mo Imaars foraall formula masses.

1 AWORD ABOUT SIG.F | Ga& lbiscorrectto i p uftomn the periodictabletheleastnumberof sig.
figs for your M M 6 asarein your problend juststick with 2 decimalplacesfor all MM 6 & much
simpler!

STOICHIOMETRIC CALCULATIONS: AMOUNTS OF REACTANTS AND PRODUCTS

Stoichiometry i The study of quantities of materials consumedand producedin chemicalreactions.
Stoichiometry is the mostimportant thing you canlearn asyou embark upon AP Chemistry! Getgoodatthis
andyouwill dowell all year. ThisNEVER goesaway!



For example:

NaPQ + 3KOHA 3 NaOH +KsPQ

We would write the molar ratio for thabove reaction as 1:3:3:1
The molar ratio tells us how many moles are needed to completely react and the ratio that they react

So another way to read this would be that 1 mole of sodium phosphate will react with 3 moles of potassium
hydroxide to produc& moles of sodium hydroxide and 1 mole of potassium phosphate

Some more examples:
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. “ GHg + 50, 3CO, + 4H,0 + Heat
=N ’ — and

@ e
= - D@
2Hz2 + O, 2 H0 +“O

~

. AN Propane Oxygen Carbon  Water light
gas dioxide

Another way to write the ratios:
2 moles H=1 mole @

2 moles H=1 mole KO

1 mole Q=2 moles kD
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Exercise 9:

Use the following equation for the questions below No+3HA 2NHs
(a) How many moles of NHill be formed if 4.3 moles of Nreact?

(b) How many moles of hydrogen do | need to react with 3 moles of nitrogen?




ELEMENTS THAT EXIST AS MOLECULES
Purehydrogennitrogen, oxygemandthe halogengxistasDIATOMIC moleculesunder normakonditions.
MEMORIZE!! Be sureyoucomputetheirmolarmassessdiatomicsWelovingly refertothemasthefi g e n's 0,

i Hy den oxygen,nitrogen& thehalogers ! 0

Othersto be awareof, butnotmemorize:
1 P40 tetratomicform of elementaphosphorousanallotrope
1 S0 s ul felamebtaform; alsoanallotrope
1 Carbo® diamondandgraphiteF covalentnetworksof atoms

Now we will look at usingtoichiometry AND a balanced chemical equation to convert from one type of molecule
G2 FYy20KSNJ F O0O2NRAY3I G2 | Y2t NI NraGAaAzX

Don®forget about our easy to use Stoichiometry mdp
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Exercise 10:

Solidlithium hydroxideis usedin spacevehicleso removeexhaledcarbondioxidefrom the living
environmentby formingsolidlithium carbonateandliquid water. What massof gaseousarbondioxide
canbe absorbedby 1.00kgof lithium hydroxide?

2LIOH + COe LkCQ + HO

/ |




Exercise 11:
Bakingsoda(NaHCQ) is oftenusedasanantacid.t neutralizeexcessydrochloricacidsecreted

by the stomach according to the following balanced equation:
NaHCQy(s) + HC1(ag) Y NaCl@qg) + H20(l) + CO(g)

How many moles adcid will 12.3 grams of baking neutralize?

What volume of gawill bereleased after all of the acid is neutralized above (this is why antacids cause burping

PercentComposition (by mass) The Law of ConstantCompositionstateghatany sampleof a pure
compoundalwaysconsistof thesame elementombinedn thesame proportionby massRememberall

. : part
percentalculationsaresimply 3100%
whole

% comp=massf desirecelement x 100%
total mass oEompound

Considerthanol C;HsOH

_ g _
Mass% of C= 2mal x 12.01—=— =24.02
° mel g
g
Mass% of H=6moalx 1.01= = 6.06
° el g

Mass% of O = Traal X 16.001I = 16.00g
mol.

Mass ofl mol of CoHsOH =46.08g



NEXT, THE MASS PERCENT CAN BE CALCULATED:

Masspercentof C= 24.02gC x 100% = 52.14%
46.08¢g

Repeafor theH andO present.

Exercise8 Calculating MassPercentl

Carvones asubstanc¢hatoccursin two formshavingdifferentarrangementsf theatomsbutthesame
molecularformula(C10H140) andmass Onetype of carvonegivescarawayseedsheir characteristismell,and
theothertypeis responsibldor the smellof spearminbil. Calculate the masspercenbof eachelementin
carvone.

C =79.96%
H =9.394%
0 =10.65%

Exercise9 Calculating MassPercentll

Penicillin, thefirst of anowlargenumberof antibiotics(antibacteriahgents)wasdiscoveredaccidentallyby
the ScottishbacteriologistAlexanderFlemingin 1928,but hewasneverableto isolateit asapurecompound.
Thisandsimilar antibioticshavesavednillions of livesthatmighthavebeenlostto infections.Penicillin F has
theformulaC14H20N2SQu. Calculatethe masspercenof eachelement.

C =53.82%
H=6.47%
N=8.97%
S=10.26%

0=20.49%




DETERMINING THE FORMULA OF A COMPOUND

Furnace

CO,. H,0. O,. and other gases

0, and
other gases

0, ;
- CO, absorber

H,O absorber such as NaOH

such as Mg (C10,),

Whenfacedwith ahydrocarborcompoundffi u n k n formulagoneof the mostcommontechniquess to
combusit with oxygento produceoxidesof thenonmetalsCO, andH>O which arethencollectedand
weighed.

9 Calculating empirical and molecular formulas: empiricalformulasrepresenthesimplesior smallest
molar ratio of elementsvithin a compoundvhile molecularfformulasrepresentheactualnumbersof
elementswvithin a compound Theempiricalmasss theleastcommonmultiple of themolarmass.

Example: CH-O is theempiricalfor acarbohydraté getit? i c a rwbact e r s 0 .

Anyway, glucoses a perfectexampleof a carbohydratéa sugarto be exact)with anempiricalmolar
massof 12+ 2(1) + 16 = 30 g/mol andsinceglucoses 6 unitsof CH>O whichis equivalento (CH20)e
or CsH120s; theempiricalmassof 30is alsomultiplied by 6. ThustheMM of glucoses 180g/mol.

Other twists and turns occurring when calculating molar massesnvolve:

1 hydratesd watersof hydrationorii d w & t e Theyoountin thecalculationof molarmassesor
hydratesandusedto i ¢ e m erystalstructuresogether

1 anhydrousd meanswvithoutwate® justto completehestoryd justcalculatehemolarmassesf
anhydrousubstanceasyou would anyothersubstance
We can al so use percent composition data to deter
makes thigechnique and information very applicable.

Think about it é. When was the | ast ti me t ha

Deducing Empirical formulas:

Really, an empirical formula is just an experimentally determined formula.

An emprical formula is often calculated from elemental composition data. The weight percentage of eac
of the elements present in the compound is given by this elemental composition.
The trick to making empirical formul as easyé.

Understand that you wilieed to convert everything to moles and then create a molar ratio!



1 Makeyourproblemsolvinglife easyandassumea 100gram sampleif given%06 s

A thatwayyou can convertthe percentgivendirectlyinto gramsandsubsequentlinto molesin
orderto simplify your life!

Exercisel0
Determingheempiricalandmolecularformulasfor acompoundhatgivesthefollowing analysisn mass

percents:

71.65%C1 24.27%C 4.07%H

Themolarmasdgs knownto be 98.96g/mol.

Empirical formula = CH2 C1
Molecular formula = C2H4C1»

Exercisell
A white powderis analyzedandfoundto contain43.64%phosphorusnd56.36%o0xygenby mass.The

compoundhasa molarmassof 283.88g/mol. Whatarethec o0 mp o emptidagndmolecularformulas?

Empirical formula = P-Os
Molecular formula = (P20s)2 or P4O10




Exercisel2
Caffeine,astimulantfoundin coffee,tea,andchocolatecontains49.48%carbon 5.15%hydrogen,
28.87%nitrogen,and16.49%oxygenby massandhasa molarmassof 194.2g/mol. Determinethemolecular

formulaof caffeine.

Molecular formula = CgH1gN4O>

Gaining a deeper understanding of empirical formulagAP level question)

Example:

A compound 1s composed of carbon, nitrogen and hydrogen. When 0.1156 g of this compound is reacted with
oxygen [a.k.a. “burned in air” or “combusted”], 0.1638 g of carbon dioxide and 0.1676 g of water are collected.

Determine the empirical formula of the compound.



BALANCING CHEMICAL EQUATIONS

Chemicalreactionsaretheresultof achemicalchangevhereatomsarereorganizednto oneor morenew
arrangementsBondsarebroken[requiresenergy andnewonesareformed[releasesnergy. A chemical
reactiontransformslementsandcompoundsnto newsubstancesA balancedchemicalequationshowsthe
relativeamountsof reactantgon theleft] andproductgon theright] by moleculeor by mole.

Subtledetails: State Symbol
1 s,l,9,a00 statesymbolsthatcorrespondo solid, liquid, gas, f{"iqi (7)
. o
aqueousolution i Ig’)

Dissolved in water (in aqueous solution) (aq)

T NOTIME is alludedto!

1 AntoinelLavoisier(174317949p TheLaw of Conservatiorof Matter: mattercanbeneithercreatednor
destroyedF thismeans/ouhavingtoi b a | eaq c @&t id entirelyhis fault!!

BALANCING CHEMICAL EQUATIONS

Beginwith themostcomplicatedlooking thing (oftenthescariest{oo).
Savetheelementathing for last.

If you getstuck,doublethemostcomplicatedookingthing.

MEMORIZE THE FOLLOWING:

metalst halogen®#y MaXp

CHyand QA COx(g) + H20(g)

H,CO; [anytime formed!]A CO: + H20O; in otherwords,neverwrite carbonicacidasa
product,it spontaneouslgecomposepn anopencontainerlo carbondioxideand water
1 metalcarbonateg, metalOXIDES+ CO;

= =448 -4_-4-9_-2

Letbs try some simple examples together:

N2 + He@ Y NH CHig) + Qg A COxg + HOg

Whenever you are given a chemical equafibhiVAY S
check to see if it Is balanced before using it in a problen



Exercisel3

Chromiumcompound®xhibitavarietyof bright colors.Whensolidammoniundichromate(NHa4).Cr.0Oy,

avivid orangecompoundjs ignited, a spectaculareactionoccurs. Althoughthe reactionis actuallysomewhat
morecomplex,| e aséusnénerethatthe productsaresolid chromium(lll) oxide, nitrogengas(consistingof N2
molecules)andwatervapor.Balanceheequatiorfor thisreaction.

(NH2)2Cr207(S) Y Cr203(s) + N2(g) + 4H20(g)
4x2)H (4x2)H
http://www.youtube.com/watch?v=CW4hNOdY nki

Exercisel4d
At 1000°C . ammoniagas,NHz(g), reactswith oxygengasto form gaseousitric oxide,NO(g), andwatervapor.
Thisreactionis thefirst stepin the commercialproductionof nitric acidby the OstwaldprocessBalancethe

equatiorfor thisreaction.

4 NH3(g) +502(g) Y 4NO(g) + 6H20(g)



http://www.youtube.com/watch?v=CW4hN0dYnkM

CALCULATIONS INVOLVING A LIMITING REACTANT

Evernoticehow hotdogsaresoldin package®f 10 while thebunscomein package®f 8? Wh a upwgh
that?! Thebunis thelimiting reactantandlimits thehotdogproductionto 8 aswell! Thelimiting reactanfor
reagentjs theoneconsumednostentirelyin thechemicalreaction.

L e tugeafamousprocesgmeaningonethe AP examlikesto askquestionsabout!],theHaberprocess.
Thisreactionis essentiallymakingammonigor fertilizer productionfrom thenitrogenin theair reactedvith

hydrogengas. Thehydrogengasis obtainedrom thereactionof methanevith watervapor. This proces$as
savednillions from starvation!! Thereactionis shownbelow.

Plan of AttackFirst,y o ukindwlyouwhenyou evenneedaplanof attack! IF everyou are facedwith TWO
starting amountsof matter reacting, you haveenteredfi T hLand of Limiting React ant 0.

1.) Convert one of the amounts to the other given.
a. If the calculated amount is MORE than the given then that is the limiting reactant

b. If the calculated amount is LESS than the given then the other is limiting

c. If they are theSAME then neither reactant is limiting



