
4. Aqueous Solutions

SolutionSolutionSolutionSolution
homogeneoushomogeneoushomogeneoushomogeneous    mixturemixturemixturemixture
ofofofof    twotwotwotwo    componentscomponentscomponentscomponents    

ManyManyManyMany    chemicalchemicalchemicalchemical    reactionsreactionsreactionsreactions    occuroccuroccuroccur    inininin    solutionsolutionsolutionsolution

SolutionsSolutionsSolutionsSolutions    inininin    waterwaterwaterwater    calledcalledcalledcalled    aqueousaqueousaqueousaqueous



SoluteSoluteSoluteSolute    component(s)component(s)component(s)component(s)    inininin    smallersmallersmallersmaller    amountamountamountamount
2222    types:types:types:types:    electrolyteselectrolyteselectrolyteselectrolytes    &&&&    nonelectrolytesnonelectrolytesnonelectrolytesnonelectrolytes 

SolventSolventSolventSolvent    componentcomponentcomponentcomponent    inininin    greatestgreatestgreatestgreatest    amountamountamountamount
dispersesdispersesdispersesdisperses    reactantsreactantsreactantsreactants    sosososo    theytheytheythey    cancancancan    reactreactreactreact

Definitions

PrecipitatePrecipitatePrecipitatePrecipitate    excessexcessexcessexcess    solutesolutesolutesolute    thatthatthatthat    fallsfallsfallsfalls    outoutoutout
ofofofof    solutionsolutionsolutionsolution    asasasas    aaaa    solidsolidsolidsolid



Electrolytes

dissociate in solution to form ions
conduct electricity
may be strong or weak

Definitions

strong:  HCl    H 2SO4  NaOH   {ionic} 
weak: CH 3COOH  NH3  HF   tap water



Hydration
NaCl (s)   ¸̧̧̧    Na+ (aq)  +  Cl - (aq)         
           

Ions surrounded by H 2O & dissolve



Why do salt and water mix?
Both are polar substances
NaCl (s)  ¸̧̧̧  Na+ (aq)  +  Cl - (aq)            
        

Oil and water DON’T mix?
Oil is non-polar

Polar & Nonpolar substances



Precipitation
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Precipitation
Reactions



Precipitation
Reactions



Solubility Rules

1.1.1.1.    CompoundsCompoundsCompoundsCompounds    ofofofof    GpGpGpGp    1111    metalsmetalsmetalsmetals    andandandand    NHNHNHNH4444
++++    

soluble

2.2.2.2.    CompoundsCompoundsCompoundsCompounds    ofofofof    NONONONO3333
----,,,,    acetate,acetate,acetate,acetate,    ClOClOClOClO4444

----

soluble

3.3.3.3.    CompoundsCompoundsCompoundsCompounds    ofofofof    hydroxidehydroxidehydroxidehydroxide

insoluble 
Exceptions: 
Gp 1 metals, Ba2+ Sr2+ Ca2+ (slightly)



4.4.4.4.    MostMostMostMost    compoundscompoundscompoundscompounds    ofofofof    ClClClCl----    Br     Br     Br     Br ----    I    I    I    I----                                        

soluble     Exceptions:  Ag+ Pb2+ Hg2
2+

5.5.5.5.    CompoundsCompoundsCompoundsCompounds    ofofofof    carbonate,carbonate,carbonate,carbonate,    phosphate,phosphate,phosphate,phosphate,                    
     sulfide     sulfide     sulfide     sulfide

insoluble   Exceptions: group 1, NH4
+

6.6.6.6.    MostMostMostMost    compoundscompoundscompoundscompounds    ofofofof    sulfatesulfatesulfatesulfate                

soluble
Exceptions: Ba2+ Pb2+ (Ca2+ Ag+ slightly)

Solubility Rules



Will precipitate form?

AgNOAgNOAgNOAgNO3333    (aq)(aq)(aq)(aq)    ++++    NaClNaClNaClNaCl    (aq)(aq)(aq)(aq)    ¸̧̧̧        

AgNOAgNOAgNOAgNO3333    (aq)(aq)(aq)(aq)    ++++    NaClNaClNaClNaCl    (aq)(aq)(aq)(aq)    ¸̧̧̧        NaNONaNONaNONaNO3333    (aq)(aq)(aq)(aq)    ++++    AgClAgClAgClAgCl    ((((s)s)s)s)

allallallall    nitratesnitratesnitratesnitrates    solublesolublesolublesoluble insolubleinsolubleinsolubleinsoluble

molecularmolecularmolecularmolecular    equationequationequationequation

AAAAgggg++++    (aq)(aq)(aq)(aq)    ++++    ClClClCl----    (aq)(aq)(aq)(aq)    ¸̧̧̧        AgClAgClAgClAgCl    ((((s)s)s)s)         ionic equation



Will precipitate form?

PbClPbClPbClPbCl2222    (aq)(aq)(aq)(aq)    ++++    KKKK2222SSSSOOOO4444        (aq)(aq)(aq)(aq)    ¸̧̧̧        KClKClKClKCl    (aq)(aq)(aq)(aq)    ++++    PbPbPbPbSSSSOOOO4444    ((((s)s)s)s)    2222

solublesolublesolublesoluble insolubleinsolubleinsolubleinsoluble



Will precipitate form?

PPPPbbbbCCCCllll2222    (aq)(aq)(aq)(aq)    ++++    KKKK2222SSSSOOOO4444        (aq)(aq)(aq)(aq)    ¸̧̧̧        KClKClKClKCl    (aq)(aq)(aq)(aq)    ++++    PbPbPbPbSSSSOOOO4444    ((((s)s)s)s)    2222



Acids and Bases

Acids:Acids:Acids:Acids:    vinegar,vinegar,vinegar,vinegar,    lemons,lemons,lemons,lemons,    gastricgastricgastricgastric    juicejuicejuicejuice

Bases:Bases:Bases:Bases:    ammonia,ammonia,ammonia,ammonia,    bakingbakingbakingbaking    soda,soda,soda,soda,    dranodranodranodrano

Salts:Salts:Salts:Salts:    tabletabletabletable salt



Acids and Bases

PropertiesPropertiesPropertiesProperties

Acids:Acids:Acids:Acids:    1.1.1.1.  sour              sour              sour              sour            

             2.  change color of dyes             2.  change color of dyes             2.  change color of dyes             2.  change color of dyes

             3.  dissolve metals to form hydrogen             3.  dissolve metals to form hydrogen             3.  dissolve metals to form hydrogen             3.  dissolve metals to form hydrogen
             4.  react with carbonates to form CO             4.  react with carbonates to form CO             4.  react with carbonates to form CO             4.  react with carbonates to form CO2222

                 5.5.5.5.  neutralizeneutralizeneutralizeneutralize    basesbasesbasesbases

waterwaterwaterwater    solublesolublesolublesoluble acidsacidsacidsacids    formformformform    hydrogenhydrogenhydrogenhydrogen    ionsionsionsions



Acids and Bases

PropertiesPropertiesPropertiesProperties
Bases:Bases:Bases:Bases:    1.1.1.1.  bitter  bitter  bitter  bitter

              2.  change color of dyes              2.  change color of dyes              2.  change color of dyes              2.  change color of dyes

              3.  soapy feel              3.  soapy feel              3.  soapy feel              3.  soapy feel
              4.                4.                4.                4.  neutralizeneutralizeneutralizeneutralize    acidsacidsacidsacids

InInInIn    water,water,water,water,    solublesolublesolublesoluble basesbasesbasesbases    cancancancan    formformformform
OOOOHHHH----    orororor    COCOCOCO3333

2222----    orororor    OOOO2222----    ionsionsionsions
TheseTheseTheseThese    ionsionsionsions    reactreactreactreact    withwithwithwith HHHH++++ ions

NNNNHHHH3333    anotheranotheranotheranother    commoncommoncommoncommon    basebasebasebase



Acid-Base Theory

DavyDavyDavyDavy    (1811)(1811)(1811)(1811)

allallallall    acidsacidsacidsacids    containcontaincontaincontain    hydrogenhydrogenhydrogenhydrogen



Acid-Base Theory

ArrheniusArrheniusArrheniusArrhenius    (1884)(1884)(1884)(1884)

acid:acid:acid:acid:    formformformform    HHHH++++    inininin    waterwaterwaterwater
base:base:base:base:    formformformform    OHOHOHOH----    inininin    waterwaterwaterwater



Acid-Base Theory

  Bronsted                                           Lowry  Bronsted                                           Lowry  Bronsted                                           Lowry  Bronsted                                           Lowry
                                                                                                                                                        (1923)(1923)(1923)(1923)

Acid:Acid:Acid:Acid:  lose or donate H  lose or donate H  lose or donate H  lose or donate H++++    
Base:Base:Base:Base:    gaingaingaingain    orororor    acceptacceptacceptaccept    HHHH++++        



Acids and Bases

AcidAcidAcidAcid    Definition:Definition:Definition:Definition:
substancesubstancesubstancesubstance    thatthatthatthat    producesproducesproducesproduces    hydrogenhydrogenhydrogenhydrogen    ionsionsionsions    inininin
waterwaterwaterwater    calledcalledcalledcalled    aaaa    Lowry-BronstedLowry-BronstedLowry-BronstedLowry-Bronsted    acidacidacidacid

HClHClHClHCl     H     H     H     H2222SSSSOOOO4444     HNO     HNO     HNO     HNO3333     H     H     H     H3333PPPPOOOO4444     CH     CH     CH     CH3333COOHCOOHCOOHCOOH    



Dissociation

AcidsAcidsAcidsAcids    andandandand    basesbasesbasesbases    dissociatedissociatedissociatedissociate
orororor    ionizeionizeionizeionize    inininin    waterwaterwaterwater

HClHClHClHCl    (aq)(aq)(aq)(aq)            6666  H  H  H  H++++    (aq)(aq)(aq)(aq)    ++++  Cl  Cl  Cl  Cl----(aq)(aq)(aq)(aq)    

KOHKOHKOHKOH    (aq)(aq)(aq)(aq)            6666  K  K  K  K++++    (aq)(aq)(aq)(aq)    ++++    OHOHOHOH----    (aq)(aq)(aq)(aq)    



The Hydronium Ion

HHHH3333O
+

self ionization of water



Some Reactions

InInInIn    general:general:general:general:

acidacidacidacid  +  base     +  base     +  base     +  base   6666     salt salt salt salt   +   H   +   H   +   H   +   H2222O

HClHClHClHCl     +  NaOH  +  NaOH  +  NaOH  +  NaOH 6666 NaCl NaCl NaCl NaCl   +   H   +   H   +   H   +   H2222O

2222    HClHClHClHCl   +  Na   +  Na   +  Na   +  Na2222CCCCOOOO3333        6666  NaCl  + CO  NaCl  + CO  NaCl  + CO  NaCl  + CO2222  +  H  +  H  +  H  +  H2222O

Both are neutralization reactions



Salts

ProductProductProductProduct    ofofofof    acidacidacidacid    ++++    basebasebasebase    reactionreactionreactionreaction

HClHClHClHCl     +  NaOH  +  NaOH  +  NaOH  +  NaOH 6666 NaCl NaCl NaCl NaCl   +   H   +   H   +   H   +   H2222O

when an acid reacts with a
base a salt and water form

carbonatecarbonatecarbonatecarbonates s s s 6666CCCCOOOO2222 gas



Polyprotic Acids

HHHHCl:Cl:Cl:Cl: monoprotic acid

HHHH2222SSSSOOOO4444    :::: diprotic acid

HHHH3333PPPPOOOO4444    :::: triprotic acid

HHHH2222SSSSOOOO4444  (aq)   (aq)   (aq)   (aq) ºººº   H   H   H   H++++    (aq)(aq)(aq)(aq)   +   H   +   H   +   H   +   HSSSSOOOO4444
----    (aq)(aq)(aq)(aq)

HHHHSSSSOOOO4444
----   (aq)    (aq)    (aq)    (aq) ºººº   H   H   H   H++++    (aq)(aq)(aq)(aq)   +      +      +      +   SSSSOOOO4444

2222----    (aq)(aq)(aq)(aq)



Common Acids

HHHHClClClCl cleans metals, brick, cement

HHHH2222SSSSOOOO4444    car batteries, fertilizers,
industrial chemicals,
nitroglycerin

HHHHNNNNOOOO3333    fertilizers, dyes, plastics,
explosives

All are corrosive



Common Bases

NaOHNaOHNaOHNaOH drain cleaner,
soap manufacture

CaCaCaCa(OH)(OH)(OH)(OH)2222 lime, mortar, plaster,
cement

NNNNHHHH3333    cleaner

MMMMgggg(OH)(OH)(OH)(OH)2222    milk of magnesia

ManyManyManyMany    drugs:drugs:drugs:drugs:    cocaine,cocaine,cocaine,cocaine,    morphine,morphine,morphine,morphine,    nicotinenicotinenicotinenicotine



Oxidation & reduction Reactions

ElectronElectronElectronElectron transfer reactions

2222    MgMgMgMg    (s)(s)(s)(s)  +  O  +  O  +  O  +  O2222    (g)(g)(g)(g)        ¸̧̧̧  2 MgO (s)  2 MgO (s)  2 MgO (s)  2 MgO (s)

reallyreallyreallyreally    twotwotwotwo    reactionsreactionsreactionsreactions

oxidation:oxidation:oxidation:oxidation:    losslosslossloss    ofofofof    electronselectronselectronselectrons

reduction:reduction:reduction:reduction:    gaingaingaingain    ofofofof    electronselectronselectronselectrons

BreakBreakBreakBreak    intointointointo    2222    halfhalfhalfhalf    reactionsreactionsreactionsreactions



Oxidation & reduction Reactions
OxidationOxidationOxidationOxidation   Loss of electrons   Loss of electrons   Loss of electrons   Loss of electrons
                     Mg oxidized                     Mg oxidized                     Mg oxidized                     Mg oxidized

Half-reaction:Half-reaction:Half-reaction:Half-reaction:  Mg     Mg     Mg     Mg   ¸̧̧̧     Mg Mg Mg Mg2222++++  + 2 e  + 2 e  + 2 e  + 2 e----

ReductionReductionReductionReduction   Gain of electrons   Gain of electrons   Gain of electrons   Gain of electrons
                       O                       O                       O                       O2222    reducedreducedreducedreduced

Half-reaction:Half-reaction:Half-reaction:Half-reaction:    OOOO2222   + 4 e   + 4 e   + 4 e   + 4 e----    ¸̧̧̧    2 O2 O2 O2 O2222----        

Overall:Overall:Overall:Overall:  2 Mg   +  O  2 Mg   +  O  2 Mg   +  O  2 Mg   +  O2222            ¸̧̧̧     2 Mg 2 Mg 2 Mg 2 Mg2222++++OOOO2222----    



Oxidation & reduction Reactions

Overall:Overall:Overall:Overall:    2222    MgMgMgMg   +  O   +  O   +  O   +  O2222            ¸̧̧̧     2 Mg 2 Mg 2 Mg 2 Mg2222++++OOOO2222----    

reducingreducingreducingreducing
agentagentagentagent

oxidizingoxidizingoxidizingoxidizing
agentagentagentagent



Oxidation & reduction Reactions

Overall:Overall:Overall:Overall:    2222    MgMgMgMg   +  O   +  O   +  O   +  O2222            ¸̧̧̧     2 Mg 2 Mg 2 Mg 2 Mg2222++++OOOO2222----    

magnesiummagnesiummagnesiummagnesium    oxidizedoxidizedoxidizedoxidized

oxygenoxygenoxygenoxygen    reducedreducedreducedreduced

oxidation numbers



Oxidation Numbers

KeepsKeepsKeepsKeeps    tracktracktracktrack    ofofofof    electronselectronselectronselectrons

UsesUsesUsesUses
namingnamingnamingnaming    compoundscompoundscompoundscompounds
classifyingclassifyingclassifyingclassifying    reactionsreactionsreactionsreactions
writingwritingwritingwriting    formulasformulasformulasformulas        



Oxidation Numbers

SummarySummarySummarySummary    ofofofof    rulesrulesrulesrules

1.1.1.1.  free elements = 0  free elements = 0  free elements = 0  free elements = 0

2.2.2.2.  monatomic ions = ionic charge  monatomic ions = ionic charge  monatomic ions = ionic charge  monatomic ions = ionic charge

3.3.3.3.  F = -1              O = -2  F = -1              O = -2  F = -1              O = -2  F = -1              O = -2

4.4.4.4.  H = +1          (with nonmetals)  H = +1          (with nonmetals)  H = +1          (with nonmetals)  H = +1          (with nonmetals)
      H = -1      H = -1      H = -1      H = -1         (with metals)        (with metals)        (with metals)        (with metals)



Oxidation Numbers

SummarySummarySummarySummary    ofofofof    rulesrulesrulesrules

5.5.5.5.  some elements >1 oxidation number  some elements >1 oxidation number  some elements >1 oxidation number  some elements >1 oxidation number
      N,S,P,Cl;N,S,P,Cl;N,S,P,Cl;N,S,P,Cl;    transitiontransitiontransitiontransition    metalsmetalsmetalsmetals

6.6.6.6.  Neutral compounds:  Neutral compounds:  Neutral compounds:  Neutral compounds:
      sum of oxidation numbers = 0      sum of oxidation numbers = 0      sum of oxidation numbers = 0      sum of oxidation numbers = 0

BeBeBeBe    ableableableable    totototo    assignassignassignassign    oxidationoxidationoxidationoxidation    numbersnumbersnumbersnumbers
totototo    elementselementselementselements    inininin    aaaa    compound.compound.compound.compound.
UseUseUseUse    aboveaboveaboveabove    rules.rules.rules.rules.



Oxidation Numbers

Examples:Examples:Examples:Examples:     NaF      H     NaF      H     NaF      H     NaF      H3333PPPPOOOO4444

NaF:NaF:NaF:NaF:    FFFF    alwaysalwaysalwaysalways    -1-1-1-1

NaNaNaNa    mustmustmustmust    bebebebe    +1+1+1+1

HHHH3333PPPPOOOO4444    ::::            O = -2            O = -2            O = -2            O = -2;;;;   H = +1    H = +1    H = +1    H = +1  

{3{3{3{3    xxxx    (+1)}(+1)}(+1)}(+1)}    ++++    PPPP    ++++    {4{4{4{4    xxxx    (-2)}(-2)}(-2)}(-2)}    ====    0000    

PPPP    ====    +5+5+5+5



Oxidation & reduction Reactions

Overall:Overall:Overall:Overall:    2222    MgMgMgMg   +  O   +  O   +  O   +  O2222            ¸̧̧̧     2 Mg 2 Mg 2 Mg 2 Mg2222++++OOOO2222----    

magnesiummagnesiummagnesiummagnesium    oxidizedoxidizedoxidizedoxidized

oxygenoxygenoxygenoxygen    reducedreducedreducedreduced



Oxidation & reduction Reactions

Overall:Overall:Overall:Overall:    2222    MgMgMgMg   +  O   +  O   +  O   +  O2222            ¸̧̧̧     2 Mg 2 Mg 2 Mg 2 Mg2222++++OOOO2222----    

oxidationoxidationoxidationoxidation

reductionreductionreductionreduction

oxidation:oxidation:oxidation:oxidation:    increaseincreaseincreaseincrease    inininin    oxidationoxidationoxidationoxidation    numbernumbernumbernumber

reduction:reduction:reduction:reduction:    decreasedecreasedecreasedecrease    inininin    oxidationoxidationoxidationoxidation    numbernumbernumbernumber



IfIfIfIf    elementelementelementelement    AAAA    isisisis    moremoremoremore    reactivereactivereactivereactive    thenthenthenthen
elementelementelementelement    B,B,B,B,    itititit    cancancancan    displacedisplacedisplacedisplace    elementelementelementelement    BBBB
fromfromfromfrom    aaaa    compoundcompoundcompoundcompound

MgMgMgMg   +  2 HCl     +  2 HCl     +  2 HCl     +  2 HCl  ±±±±      MgCl  MgCl  MgCl  MgCl2222   +  H   +  H   +  H   +  H2222    

Activity Series

magnesiummagnesiummagnesiummagnesium    displacesdisplacesdisplacesdisplaces    hydrogenhydrogenhydrogenhydrogen



FigFigFigFig    4.144.144.144.14
describesdescribesdescribesdescribes    orderorderorderorder    ofofofof    displacementdisplacementdisplacementdisplacement
reactionsreactionsreactionsreactions    

MgMgMgMg   +  2 HCl     +  2 HCl     +  2 HCl     +  2 HCl  ±±±±      MgCl  MgCl  MgCl  MgCl2222   +  H   +  H   +  H   +  H2222    

Activity Series

magnesiummagnesiummagnesiummagnesium    higherhigherhigherhigher    thanthanthanthan    hydrogenhydrogenhydrogenhydrogen



orderorderorderorder    ofofofof    reactivityreactivityreactivityreactivity

mostmostmostmost    reactivereactivereactivereactive    atatatat    toptoptoptop



orderorderorderorder    ofofofof    reactivityreactivityreactivityreactivity

mostmostmostmost    reactivereactivereactivereactive    atatatat    toptoptoptop



orderorderorderorder    ofofofof    reactivityreactivityreactivityreactivity

mostmostmostmost    reactivereactivereactivereactive    atatatat    toptoptoptop



seeseeseesee    figfigfigfig    4.144.144.144.14



MeasureMeasureMeasureMeasure    amountamountamountamount    ofofofof    solutesolutesolutesolute    inininin    aaaa    solutionsolutionsolutionsolution

Concentration

weightweightweightweight    ////    volumevolumevolumevolume    %%%%
volumevolumevolumevolume    ////    volumevolumevolumevolume    %%%%
weightweightweightweight    ////    weightweightweightweight    %%%%
molaritymolaritymolaritymolarity



Saline:Saline:Saline:Saline:    0.90.90.90.9    wt/volwt/volwt/volwt/vol    %%%%            

Concentration

AlcoholAlcoholAlcoholAlcohol    inininin    wine:wine:wine:wine:    6666    vol/volvol/volvol/volvol/vol    %%%%            

FatFatFatFat    inininin    ham:ham:ham:ham:    3333    wt/wtwt/wtwt/wtwt/wt    %%%%    
                                                                                        (or(or(or(or    97%97%97%97%    fatfatfatfat    free)free)free)free)        

Molarity:Molarity:Molarity:Molarity:    nononono    consumerconsumerconsumerconsumer    useuseuseuse
                  used by chemists                  used by chemists                  used by chemists                  used by chemists            



molaritymolaritymolaritymolarity        ====         moles solute           moles solute           moles solute           moles solute                          
                     volume of solution                     volume of solution                     volume of solution                     volume of solution            

Concentration

volumevolumevolumevolume    inininin    litersliterslitersliters

symbol:symbol:symbol:symbol:    MMMM               units: mol/L               units: mol/L               units: mol/L               units: mol/L          

AAAA    1111    MMMM    ====     a  a  a  a oneoneoneone    molarmolarmolarmolar    solutionsolutionsolutionsolution

[[[[    ]]]]    meansmeansmeansmeans    molarmolarmolarmolar   eg [NaCl] = 2.0 M   eg [NaCl] = 2.0 M   eg [NaCl] = 2.0 M   eg [NaCl] = 2.0 M



Molarity Calculations

CalculateCalculateCalculateCalculate    thethethethe    molaritymolaritymolaritymolarity    ofofofof    aaaa    2.02.02.02.0    LLLL    solutionsolutionsolutionsolution
containingcontainingcontainingcontaining    10.010.010.010.0    molesmolesmolesmoles    ofofofof    NaOHNaOHNaOHNaOH

molaritymolaritymolaritymolarity        ====         moles solute           moles solute           moles solute           moles solute                                  
                     volume of solution                     volume of solution                     volume of solution                     volume of solution            

MMMM    ====    10.010.010.010.0    molmolmolmol    NaOHNaOHNaOHNaOH    =    5.0 M    =    5.0 M    =    5.0 M    =    5.0 M
                 2.0 L                 2.0 L                 2.0 L                 2.0 L



Molarity Calculations

CalculateCalculateCalculateCalculate    thethethethe    molaritymolaritymolaritymolarity    ofofofof    2.02.02.02.0    LLLL    ofofofof    aaaa
solutionsolutionsolutionsolution    containingcontainingcontainingcontaining    18.2318.2318.2318.23    gggg    ofofofof    HClHClHClHCl    

NeedNeedNeedNeed    molesmolesmolesmoles    HClHClHClHCl       Use formula weight       Use formula weight       Use formula weight       Use formula weight

F.Wt.F.Wt.F.Wt.F.Wt.    (HCl)(HCl)(HCl)(HCl)   = 1.008 + 35.34  = 36.46   = 1.008 + 35.34  = 36.46   = 1.008 + 35.34  = 36.46   = 1.008 + 35.34  = 36.46

molesmolesmolesmoles    (HCl)(HCl)(HCl)(HCl)    = = = = massmassmassmass    = = = = 18.2318.2318.2318.23    gggg    ====    0.500.500.500.50    molmolmolmol
                         F.Wt.                          F.Wt.                          F.Wt.                          F.Wt.      36.4636.4636.4636.46

molaritymolaritymolaritymolarity    (HCl)(HCl)(HCl)(HCl)    = = = =     0.500.500.500.50    molmolmolmol    ====    0.250.250.250.25    MMMM
                                 2.0 L                                 2.0 L                                 2.0 L                                 2.0 L



Molarity Calculations

molaritymolaritymolaritymolarity        ====         moles solute           moles solute           moles solute           moles solute                          
                     volume of solution                     volume of solution                     volume of solution                     volume of solution            

MMMM        ====        molmolmolmol
           V           V           V           V

molmolmolmol  = MV  = MV  = MV  = MV



Molarity Calculations

molaritymolaritymolaritymolarity        ====         moles solute           moles solute           moles solute           moles solute                          
                     volume of solution                     volume of solution                     volume of solution                     volume of solution            

MMMM        ====        molmolmolmol
           V           V           V           V



Making Solutions

SolutionsSolutionsSolutionsSolutions    areareareare    preparedpreparedpreparedprepared    inininin    twotwotwotwo    ways:ways:ways:ways:

WeighingWeighingWeighingWeighing    properproperproperproper    amountamountamountamount    ofofofof    solutesolutesolutesolute
andandandand    dilutingdilutingdilutingdiluting    totototo    volumevolumevolumevolume

Note:Note:Note:Note:    waterwaterwaterwater    mixedmixedmixedmixed    withwithwithwith    concentratedconcentratedconcentratedconcentrated
solutionsolutionsolutionsolution    makesmakesmakesmakes    aaaa    diluteddiluteddiluteddiluted    (less(less(less(less
concentrated)concentrated)concentrated)concentrated)    solutionsolutionsolutionsolution 



Making Solutions

HowHowHowHow    wouldwouldwouldwould    youyouyouyou    prepareprepareprepareprepare    100100100100    mLmLmLmL
ofofofof    aaaa    0.50000.50000.50000.5000    MMMM    NaClNaClNaClNaCl    solutionsolutionsolutionsolution    ????

FirstFirstFirstFirst    calculatecalculatecalculatecalculate    molesmolesmolesmoles    ofofofof    NaClNaClNaClNaCl    neededneededneededneeded

molmolmolmol        ====    MVMVMVMV    ====    0.50000.50000.50000.5000    xxxx    0.10000.10000.10000.1000    LLLL
         = 0.05000 moles NaCl         = 0.05000 moles NaCl         = 0.05000 moles NaCl         = 0.05000 moles NaCl 
Next,Next,Next,Next,    findfindfindfind    massmassmassmass    ofofofof    NaClNaClNaClNaCl    neededneededneededneeded

massmassmassmass        ====    molmolmolmol    xxxx    F.F.F.F.    Wt.Wt.Wt.Wt.    ====    0.50000.50000.50000.5000    xxxx    58.4458.4458.4458.44
            = 2.922 grams NaCl            = 2.922 grams NaCl            = 2.922 grams NaCl            = 2.922 grams NaCl



Making Solutions

ToToToTo    makemakemakemake    solution:solution:solution:solution:
WeighWeighWeighWeigh    outoutoutout    exactlyexactlyexactlyexactly
2.9222.9222.9222.922    gggg    drydrydrydry    NaClNaClNaClNaCl
TransferTransferTransferTransfer    totototo    aaaa
volumetricvolumetricvolumetricvolumetric    flaskflaskflaskflask

FillFillFillFill    aboutaboutaboutabout    1/31/31/31/3
withwithwithwith    purepurepurepure    waterwaterwaterwater
ShakeShakeShakeShake    totototo    dissolvedissolvedissolvedissolve
DiluteDiluteDiluteDilute    totototo    100100100100    mLmLmLmL    markmarkmarkmark



Dilutions

solutionssolutionssolutionssolutions    cancancancan    bebebebe    easilyeasilyeasilyeasily    diluteddiluteddiluteddiluted
bybybyby    addingaddingaddingadding    moremoremoremore    solventsolventsolventsolvent    (water)(water)(water)(water)

MMMM1111VVVV1111        ====    MMMM2222VVVV2222

wherewherewherewhere    1111    isisisis    initialinitialinitialinitial    solutionsolutionsolutionsolution

             2 is diluted solution             2 is diluted solution             2 is diluted solution             2 is diluted solution

cancancancan    useuseuseuse    anyanyanyany    volumevolumevolumevolume    orororor    concentrationconcentrationconcentrationconcentration
unitunitunitunit    asasasas    longlonglonglong    asasasas    samesamesamesame    unitsunitsunitsunits    onononon    bothbothbothboth
sidessidessidessides    ofofofof    equationequationequationequation



Dilutions

WhatWhatWhatWhat    isisisis    concentrationconcentrationconcentrationconcentration    ofofofof    aaaa    solutionsolutionsolutionsolution
producedproducedproducedproduced    bybybyby    dilutingdilutingdilutingdiluting    100.0100.0100.0100.0    mLmLmLmL    ofofofof    aaaa
1.51.51.51.5    MMMM    NaOHNaOHNaOHNaOH    solutionsolutionsolutionsolution    totototo    2.0002.0002.0002.000    LLLL    ????

MMMM1111VVVV1111        ====    MMMM2222VVVV2222

MMMM1111    ====    1.51.51.51.5    MMMM       V       V       V       V1111    ====    100.0100.0100.0100.0    mLmLmLmL

MMMM2222    ====    ????????            V            V            V            V2222  =    2000 mL2000 mL2000 mL2000 mL   
  
MMMM2222  = (M  = (M  = (M  = (M1111VVVV1111)/)/)/)/    VVVV2222  =   =   =   = 1.51.51.51.5    MMMM    xxxx    100.0100.0100.0100.0    mLmLmLmL        
                                               2000 mL                                               2000 mL                                               2000 mL                                               2000 mL
       = 0.075 M       = 0.075 M       = 0.075 M       = 0.075 M
                                                                                                



Titrations

AAAA    reactionreactionreactionreaction    betweenbetweenbetweenbetween    twotwotwotwo    reactantsreactantsreactantsreactants
wherewherewherewhere    thethethethe    amountamountamountamount    ofofofof    oneoneoneone    reactantreactantreactantreactant    isisisis
unknownunknownunknownunknown

Often,Often,Often,Often,    oneoneoneone    isisisis    anananan    acidacidacidacid    andandandand    oneoneoneone    isisisis    aaaa    base:base:base:base:
acid-baseacid-baseacid-baseacid-base    titrationtitrationtitrationtitration

BothBothBothBoth    reactantsreactantsreactantsreactants    needneedneedneed    totototo    bebebebe    inininin    solutionsolutionsolutionsolution

ReactantsReactantsReactantsReactants    mustmustmustmust    bebebebe    carefullycarefullycarefullycarefully    measuredmeasuredmeasuredmeasured
andandandand    mixedmixedmixedmixed    togethertogethertogethertogether



Titrations

SolutionSolutionSolutionSolution    ofofofof    knownknownknownknown    concentrationconcentrationconcentrationconcentration
calledcalledcalledcalled    titranttitranttitranttitrant    andandandand    placedplacedplacedplaced    inininin
buretburetburetburet
SolutionSolutionSolutionSolution    ofofofof    unknownunknownunknownunknown
concentrationconcentrationconcentrationconcentration    measuredmeasuredmeasuredmeasured    withwithwithwith    aaaa
pipetpipetpipetpipet    andandandand    placedplacedplacedplaced    inininin    aaaa    flaskflaskflaskflask    withwithwithwith
anananan    indicatorindicatorindicatorindicator 

TitrantTitrantTitrantTitrant    addedaddedaddedadded    totototo    flaskflaskflaskflask    untiluntiluntiluntil    indicatorindicatorindicatorindicator
changeschangeschangeschanges    colorcolorcolorcolor    ====    equivalenceequivalenceequivalenceequivalence    pointpointpointpoint



Titrations



Titrations

Indicators:Indicators:Indicators:Indicators:    dyesdyesdyesdyes    thatthatthatthat    changechangechangechange    colorcolorcolorcolor
atatatat    endendendend    ofofofof    reactionreactionreactionreaction    phenolphthaleinphenolphthaleinphenolphthaleinphenolphthalein

InInInIn    acid:acid:acid:acid:    colorlesscolorlesscolorlesscolorless         In base:           In base:           In base:           In base:  pinkpinkpinkpink



Titrations

Indicators:Indicators:Indicators:Indicators:    dyesdyesdyesdyes    thatthatthatthat    changechangechangechange    colorcolorcolorcolor
atatatat    endendendend    ofofofof    reactionreactionreactionreaction    phenolphthaleinphenolphthaleinphenolphthaleinphenolphthalein



Titration Calculations



Titration Calculations

DetermineDetermineDetermineDetermine    thethethethe    volumevolumevolumevolume    ofofofof    0.10.10.10.1    MMMM    HClHClHClHCl
thatthatthatthat    mustmustmustmust    bebebebe    addedaddedaddedadded    totototo    completelycompletelycompletelycompletely
reactreactreactreact    withwithwithwith    250250250250    mLmLmLmL    ofofofof    2.52.52.52.5    MMMM    NaOHNaOHNaOHNaOH 

HCl  +  NaOH   HCl  +  NaOH   HCl  +  NaOH   HCl  +  NaOH   ±±±±   NaCl   NaCl   NaCl   NaCl  +  H  +  H  +  H  +  H2222OOOO

StepStepStepStep    1111   calculate the moles of NaOH    calculate the moles of NaOH    calculate the moles of NaOH    calculate the moles of NaOH 



Titration Calculations
StepStepStepStep    1111   calculate the moles of NaOH    calculate the moles of NaOH    calculate the moles of NaOH    calculate the moles of NaOH 

HaveHaveHaveHave    250250250250    mLmLmLmL    ofofofof    aaaa    2.52.52.52.5    MMMM    NaOHNaOHNaOHNaOH    solutionsolutionsolutionsolution

molmolmolmolNaOHNaOHNaOHNaOH    ====    MxVMxVMxVMxV    ====    0.250.250.250.25    LLLL    xxxx    2.502.502.502.50    mol/Lmol/Lmol/Lmol/L        
                     = 0.625 mol                     = 0.625 mol                     = 0.625 mol                     = 0.625 mol



Titration Calculations

StepStepStepStep    2222   calculate mole of HCl    calculate mole of HCl    calculate mole of HCl    calculate mole of HCl 

HCl  +  NaOH   HCl  +  NaOH   HCl  +  NaOH   HCl  +  NaOH   ±±±±   NaCl   NaCl   NaCl   NaCl  +  H  +  H  +  H  +  H2222OOOO

1 mole HCl needs 1 mole NaOH

ThereforeThereforeThereforeTherefore    needneedneedneed    0.6250.6250.6250.625    molmolmolmol    HClHClHClHCl



Titration Calculations

StepStepStepStep    3333   calculate volume of HCl    calculate volume of HCl    calculate volume of HCl    calculate volume of HCl 

VVVV    ====  mol/M  mol/M  mol/M  mol/M

====                0.6250.6250.6250.625    molmolmolmol      = 6.25 L      = 6.25 L      = 6.25 L      = 6.25 L
   0.100 mol/L   0.100 mol/L   0.100 mol/L   0.100 mol/L



Titration Calculations

DetermineDetermineDetermineDetermine    thethethethe    molaritymolaritymolaritymolarity    anananan    HClHClHClHCl    solutionsolutionsolutionsolution
ifififif    150150150150    mLmLmLmL    ofofofof    thethethethe    HClHClHClHCl    neutralizesneutralizesneutralizesneutralizes
50.050.050.050.0    mLmLmLmL    ofofofof    aaaa    0.1500.1500.1500.150    MMMM    NaOHNaOHNaOHNaOH    solutionsolutionsolutionsolution 

HCl  +  NaOH   HCl  +  NaOH   HCl  +  NaOH   HCl  +  NaOH   ±±±±   NaCl   NaCl   NaCl   NaCl  +  H  +  H  +  H  +  H2222OOOO

StepStepStepStep    1111   calculate the moles of NaOH    calculate the moles of NaOH    calculate the moles of NaOH    calculate the moles of NaOH 

molmolmolmolNaOHNaOHNaOHNaOH    ====    MxVMxVMxVMxV    ====    0.0500.0500.0500.050    LLLL    xxxx    0.1500.1500.1500.150    mol/Lmol/Lmol/Lmol/L
                           = 0.0075 mol NaOH                           = 0.0075 mol NaOH                           = 0.0075 mol NaOH                           = 0.0075 mol NaOH 



Titration Calculations

StepStepStepStep    2222   calculate mole of HCl    calculate mole of HCl    calculate mole of HCl    calculate mole of HCl 

HCl  +  NaOH   HCl  +  NaOH   HCl  +  NaOH   HCl  +  NaOH   ±±±±   NaCl   NaCl   NaCl   NaCl  +  H  +  H  +  H  +  H2222OOOO

1 mole HCl needs 1 mole NaOH

ThereforeThereforeThereforeTherefore    needneedneedneed    0.00750.00750.00750.0075    molmolmolmol    HClHClHClHCl



Titration Calculations

StepStepStepStep    3333   calculate molarity of HCl    calculate molarity of HCl    calculate molarity of HCl    calculate molarity of HCl 

MMMM    ====  mol/L  mol/L  mol/L  mol/L

====                0.00750.00750.00750.0075    molmolmolmol   = 0.050 mol/L       = 0.050 mol/L       = 0.050 mol/L       = 0.050 mol/L    
      0.150 L      0.150 L      0.150 L      0.150 L



Titration Calculations

CautionCautionCautionCaution        whatwhatwhatwhat    ifififif    molemolemolemole    ratioratioratioratio    notnotnotnot    1:11:11:11:1    ????

HHHH2222SSSSOOOO4444  + 2 NaOH     + 2 NaOH     + 2 NaOH     + 2 NaOH   ±±±±   Na   Na   Na   Na2222SSSSOOOO4444  + 2H  + 2H  + 2H  + 2H2222OOOO

1 mole HHHH2222SSSSOOOO4444  needs 2 mole NaOH



Titration Calculations

    InInInIn    general:       aA  +  bB  general:       aA  +  bB  general:       aA  +  bB  general:       aA  +  bB  ±±±±     products products products products

     When A and B both in solution:     When A and B both in solution:     When A and B both in solution:     When A and B both in solution:

                                                        1111    x Mx Mx Mx MAAAAVVVVAAAA  =    =    =    =  1111    x Mx Mx Mx MBBBBVVVVBBBB    
              a                    b              a                    b              a                    b              a                    b



Titration Calculations

WhenWhenWhenWhen    AAAA    isisisis    solidsolidsolidsolid    andandandand    BBBB    inininin    solution:solution:solution:solution:

                                    1111     x  x  x  x     massmassmassmassAAAA   =     =     =     =  1111    x Mx Mx Mx MBBBBVVVVBBBB    
         a       F. wt.         a       F. wt.         a       F. wt.         a       F. wt.AAAA      b      b      b      b



End of Chapter 4


