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18.1.1Lewis Theory

Lewis Theory of Acids & Bases

= Amore generaldefinitionofacids and bases was givenby G.N.Lewis who defined them as:
= Alewisacidisanelectronpairacceptor
= Alewisbaseisanelectronpairdonor

General mechanism for Lewis acids and bases

= This enabled awiderrange of substances to be classed as acids orbases
= This canbe showninthe following examples inwhichahydroxide ion, OH-,and ammonia, NHs,
donate apairofelectrons to ahydrogenion

The OH™ jon and ammonia act as Lewis bases in both examples by donating an electron pair

Bronsted-LowryAcids and Bases

= ABronsted-Lowry acidis aspecies thatcandonate aproton
= Forexample,hydrogenchloride (HCl)is aBrensted-Lowryacid asitcanlose aprotonto form
ahydrogen(H*) and chloride (Cl")ion

HCl(aq)—H* (aq)+ Cl-(aq)

= ABronsted-Lowrybaseis aspeciesthatcanacceptaproton
= Forexample,ahydroxide (OH")ionis aBrensted-Lowrybase asitcanacceptaprotonto
formwater

OH- (aq)+H* (aq)—=H20 (l)
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Weak acids dissociating

= |nanequilibriumreaction,the products are formed at the same rate as the reactants are used

= This means that at equilibrium,bothreactants and products are presentinthe solution

= Forexample,ethanoic acid (CH3COOH)is aweak acid that partiallydissociates insolution

= Whenequilibriumis established there are CHzCOOH,H,O,CHzCOO~and HzO*ions presentinthe
solution

LewisAcid, LewisBase, Brensted-Lowryacid or Brensted-Lowry base

Apointto considerwhenthinkingabout Lewis acids and bases as wellas Breansted-Lowryacids and
basesis the donatingand acceptingof protons

= Brgnsted-Lowryacid and base theoryconsiders acids as protondonors only
= Thisdoesnotofcourseoccurineveryreaction
= Forexample:
= Thelone paironthe nitrogenatominammonia,NHz,canbe donated to the boronatomin
borontrifluoride, BF3, creatingamolecule of NHzBF3
= Inthis case,neithercompoundreacts as anBrgnsted-Lowryacid orBrgnsted-Lowrybase as
no protons (H*ions) are beingdonated oraccepted
= Onlyelectronpairs are beingdonated and accepted

Ammonia donates a lone pair of electrons to form a coordinate bond

= Here boronforms three sp? hybridised orbitals leaving a vacant 2p, orbital which allows the lone
paironthe nitrogenatomto formadative covalentbond
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Hybridisation of the boron atom

= The followingmolecules canbehave as eitherLewis bases and Brensted-Lowrybases
= |ewis bases astheycandonate anelectron pair
= Brgnsted-Lowrybase as theycanacceptaproton

Examples of molecules that can behave both as Lewis bases and Brensted-Lowry base
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Identifying Lewis Acids & Bases

= Inthe caseofacomplexion,suchas hexaaquacopper(ll), the watermoleculeis acting as aLewis
base and the metalionis actingas alLewis acid
= Copper(ll),like othertransition metals,canformacomplexdue to a partiallyoccupied d
subshell
= Cu?*(aq)+6H20 (I) - [Cu(H20)¢]%* (aq)

Hexaaquacopper(ll) complex

= GiventhatlLewis acids canacceptapairofelectrons,theycanbe classed as electrophiles
= Anelectrophileis aelectron-deficient species that canacceptalone pairfroma
nucleophile,inthe same waythe Cu?*ionaccepts electron pairs fromwater

= The cyanideion,"CN,water,H,O,ammonia,NHz,are examples of Lewis bases and theycanalso
actasnucleophiles
= Nucleophiles are electronrichspecies withatleastonpairoflone electrons
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@ Worked example

Identifythe Lewis acid and Lewis base inthe followingreaction

Methanoate ion reacting with water

Answer

= The Lewis acid is water,H,O
= The hydrogeninthe watermoleculeis acceptingapairofelectronsleavingan OH ion

= The Lewis baseis the methanoateion,HCOO"~
= Thelone pairofelectronsinthe methanoateionforms acoordinate bond withone of the
hydrogens from the watermolecule
We have seenpreviouslythat watercanactas aBrgnsted-Lowryacid orbase,so it should be no
surprise that watercanactas bothalewis acid orbase dependingonhowitis interactingwith other
species
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18.1.2pH Curves

pH Curves

= Duringatitration,apHmetercanbe used and apH curve plotted
= ApHcurveis agraphshowinghow the pHofasolutionchanges as the acid (orbase)is added

The features of a pH curve

= AllpHcurves show ans-shape curve
= pHcurvesyield usefulinformationabout how the acid and alkalireact togetherwith
stoichiometric information
= The midpoint of the inflectionis called the equivalence orstoichiometric point
= Fromthe curvesyoucan:
= Determine the pHof the acid bylooking where the curve starts onthe y-axis
= Find the pH at the equivalence point
= Find volume of base at the equivalence point
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= Obtaintherange of pHatthe vertical sectionof the curve
FourTypesof Acid-Base T Titrations

= There are fourcombinations of acids and alkalis that you should know about:
= strongacid +strongbase
= weakacid +strongbase
= weakbase +strongacid
= weakacid +weakbase

Strong Acid + Strong Base
= |Inthis example,sodiumhydroxide,NaOH (aq),is beingadded to hydrochloric acid,HCI(aq)
HCl(aq)+ NaOH (ag)—NaCl (aq) + H,O (1)

= The pHinterceptontheyaxis starts atalow pH,roughly1,due to the relative strength of the
hydrochloric acid
= Asthe NaOH(aq)is added,thereis agradualrise in pHuntil the titration approaches the
equivalence point
= |nthis case,the pHatequivalenceis?
= The equivalence pointisinthe middle of the vertical sectionof the pH curve

= Onceallofthe acid has beenneutralised, the curve flattens out and continues to rise gradually
= Atthe end of the titration, the pH will be high due to the relative strength of the sodiumhydroxide
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Strong acid - strong base pH curve

WeakAcid + Strong Base

= |nthis example, strongsodiumhydroxide,NaOH (aq),is beingadded to weak ethanoic acid,
CH3COOH (aq)

NaOH (aq) + CH3COOH (ag)— CH3COONa (aq) + H20 (1)

= The pHontheinterceptonthe yaxis starts atroughly 3 due to the relative strength of the ethanoic
acid
= TheinitialriseinpHis steep as the neutralisation of the weak acid by the strong base is rapid
= Ethanoateions(conjugate base to ethanoic acid) are formed whichthencreates abuffer
= Abufferconsists of aweakacid and its conjugate base oraweak base and its conjugate
acid

= At this point, the bufferformed willresist changes in pH so the pHrises graduallyas shownin the
bufferregion
= The half equivalence point is the stage of the titration at which exactly half the amount of weak
acid has beenneutralised
= [CH3COOH (aq)] =[CH3COO™ (aq)]
= Atthis point,itisimportantto note thatthe pK;of the acid is equal to the pH
= pK, =pH at half equivalence
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= Theequivalence pointinaweakacid - strongbase titrationis above 7

Weak acid - strong base pH curve
WeakBase + Strong Acid
= |nthis example,stronghydrochloric acid,HCl(aq),is beingadded to weak ammonia, NHz(aq)
NH3z (aq) + HCl (ag) - NH4Cl (aq)

= The pHontheinterceptonthe yaxis starts atroughlyl1due to the relative strength of the
ammonia
= The pHwillfallas the ammoniabegins to be neutralised and the conjugate acid,NH4*(aq),is
produced
= This againcreates abufferregionso the pHwill onlyfall gradually
= The half equivalence point is the stage of the titration at which exactly half the amount of weak
base has beenneutralised
* [NH3(aq)] =[NH4"* (aq)]
= Atthis pointitisimportantto note thatthe pK,of the baseis equalto the pOH
= pKp=pOH at half equivalence

= The pHatequivalence foraweak base-strongacidisbelow?7
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Weak base - strong acid pH curve
WeakAcid + WeakBase
= [nthis example,weak ethanoic acid, CH3COOH (aq),is beingadded to weak ammonia, NHz(aq)
NH3z (aq) + CH3COOH (aq)— CH3COONH4 (aq)

= The startingpHofroughlyTlforthe weak base will fall as it begins to neutralise
= The changeinpHforthis titrationis very gradual
= Note the that the vertical section of this pH curve is not steep as withotherthree so the
equivalence pointis difficult to determine
= Therefore this titrationis not performed

= ThepHatequivalence foraweakacid -weak base isroughly 7 but is difficult to determine
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Weak acid - weak base pH curve
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18.1.3Indicators

Indicators

= Anacid-baseindicatoris aweakacid whichdissociates to give ananionof adifferentcolour
= Consideraweakacid,Hin:

Hin(aq) + H2O (I) 2H30* (aq) +In~ (aq)
colourl 2 colour2

= Hlnand its conjugate base In~are different colours
= Thecolourofthe solutiondepends onthe relative concentrations of the two species
= [fthe solutionis acidic, the above equilibrium will be shifted to the left and more Hinwill be
present
= Colourlwilldominate

= |fthe solutionis alkaline, the above equilibrium will shift to the right and more In~will be present
= Colour2willdominate

= Thecolouroftheindicatordepends onthe pHof the solution
= Thecolourdoesnotchange suddenlyat acertain pH, but changes graduallyoverapHrange
= The colouroftheindicatordepends ontheratio of [HIn]to [In7]

= The pHatwhichthese transitions willoccurdepends onthe K, of theindicator

= Theendpointofthereactionis where thereis abalance between[HIn] and [In7]. At this point these
two concentrations are equal:

= Takingnegative logs of bothsides:
pK,; =pH

= This means the pK;of anindicatoris the same as the pHofits endpoint
= Thecolourchange formostindicators takes place overarange of pH=pK;*1
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Weakbasesasindicators
= Anindicatorcanalso be aweakbase:
BOH (aq)=B* (aq)+ OH" (aq)
colour1 =« colour2

= Forsuchindicators:
= Colourlis observed inalkaline conditions
= Colour2isobservedinacidic conditions

Choosing a suitableindicator

= Around the equivalence point of atitration, the pH changes veryrapidly

= Indicators change colouroveranarrow pHrange, approximately centred around the pK,of the
indicator

= Anindicatorwillbe appropriate foratitrationif the pHrange of the indicatorfalls within the rapid
pHchange forthat titration

Commonlindicators and their colours table

Strongacid - strongbase

= |nstrongacid - strongbase titrations, the pH changes from4 to 10 at the end-point so a suitable
indicatormust change colourwithinthis range

= Methylred and phenolphthalein are suitable indicators forthese titrations
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= Methylorangeis notidealbutitshows asignificant enough colourchange at the end point
soiswidelyused

Weak acid -strongbase
= |nweakacid - strongbase titrations, the pH changes from7 to 10 at the end-point so a suitable
indicatormust change colourwithin this range
= Phenolphthaleinis the onlysuitable indicatorforweak acid - strong base titrations thatis
widelyavailable

Strongacid -weakbase
= |nstrongacid - weak base titrations, the pH changes from4to 7 at the end-point so a suitable
indicatormust change colourwithin this range
= Methylredis the mostsuitable indicatorforthese titrations
= However,methylorangeis oftenused since it shows asignificant enough colourchange at
the end-point and is more widely available than methylred

Weak acid -weakbase

= |nweakacid -weak alkali titrations, there is no suddenpH change at the end-point and thus there
are no suitable indicators forthese titrations
= The end-points of these titrations cannotbe easilydetermined

The overlay on the graph shows that both phenolphthalein and methyl orange would change colour
outside the point of inflection in a weak acid-weak base titration so they would not be able to show the
equivalence point of the titration
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18.1.4 Buffers

Buffers

= Abuffersolutionis asolutionwhichresists changes inpHwhensmallamounts of acid orbase
are added
= Abuffersolutionisused to keep the pHalmostconstant
= Abuffercanconsistof weakacid - conjugate base orweakbase - conjugate acid

Ethanoic acid &sodiumethanoate asabuffer

= Acommonbuffersolutionis anaqueous mixture of ethanoic acid and sodiumethanoate
= FEthanoic acid is aweak acid and partiallyionisesinsolutionto formarelativelylow concentration
of ethanoateions

CH3;COOH (aq)=H* (aq)+ CH;COO" (aq)
ethanoicacid = ethanoate
highconc = lowconc

= Sodiumethanoateis asalt which fullyionisesinsolution
CH3COONa + aqg —»Na* (aq) + CH3COO~- (aq)

sodiumethanoate — ethanoateion

lowconc. — high conc.

= There arereserve supplies of the acid (CH;COOH) and its conjugate base (CHzCOO")
= The buffersolutioncontains relativelyhighconcentrations of CH;COOH (due to the partial
ionisationofethanoic acid) and CHz;COO~ (due to the fullionisationof sodiumethanoate)

= Inthe buffersolution,the ethanoic acid is inequilibriumwith hydrogen and ethanoate ions
CH3COOH (aq)=H* (aq)+ CH;COO" (aq)
highconc. highconc.

AddingH* ions to abuffer solution:
= The equilibrium positionshifts to theleft as H*ions react with CH3;COO~ions to formmore
CHzCOOH untilequilibriumis re-established
= Asthereis alargereserve supplyof CHzCOO-, the concentrationof CHzCOO~insolutiondoesn’t
change muchas itreacts withthe added H*ions
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= Asthereisalargereserve supplyof CHzCOOH,the concentrationof CHzCOOHinsolution
doesn’tchange muchas CHzCOOHis formed fromthereactionof CHzCOO~with H*
= Asaresult,the pHremains reasonably constant

When hydrogen ions are added to the solution the pH of the solution would decrease. However, the
ethanoateions in the buffer solution react with the hydrogen ions to prevent this and keep the pH
constant

Adding OH  ions to abuffersolution:
= The OH reacts withH*to formwater

OH™ (aq)+H* (aq)—H>0(l)

= The H*concentrationdecreases
= The equilibrium position shifts to the right and more CHzCOOH moleculesionise to formmore
H*and CHzCOO™until equilibriumis re-established

CH3COOH (aq) =H* (aq) + CH3COO" (aq)

= Asthereis alargereserve supplyof CH;COOH, the concentrationof CHz;COOH insolution
doesn’tchange muchwhen CHzCOOHdissociates to formmore H*ions

= Asthereisalargereserve supplyof CHzCOO™, the concentrationof CHz:COO ™ insolutiondoesn’t
change much

= Asaresult,the pHremains reasonably constant

When hydroxide ions are added to the solution, the hydrogen ions react with them to form water; The
decrease in hydrogenions would mean that the pH would increase however the equilibrium moves to the
right to replace the removed hydrogen ions and keep the pH constant
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Q Exam Tip

Rememberthat buffersolutions cannotcope withexcessive additionof acids oralkalis as their
pHwill change significantly.The pH will onlyremainrelatively constant if smallamounts of acids or
alkalis are added.

The Buffer Region

These are seenonapH curve and represent the regionwhere smalladditionsinacid orbase
resultinlittle change inthe overall pH of the solution

Foraweakacid - strongbase titrationbetweensodiumhydroxide,NaOH (aq),and ethanoic acid,
CHzCOOH (aq)

NaOH (aq) + CH3COOH (aq) - CH3COONa (aq) + H2O (1)

The initialrise in pHis steep as the neutralisation of the weak acid by the strong base is rapid
Sodiumethanoate is thenformed which creates a bufferthat will resist changes in pH so the pH
rises gradually

= Abufferconsists of aweakacid and its conjugate salt

This sectionofthe curve is known as the bufferregion
OnlysmallincreasesinpHare seenwhenthe strongbase is added in this part of the titration curve
At this point,the acid is in equilibriumwith the saltion

= CH3zCOOH(aq)+H20 (l) = CH3COO-+H3z0*(aq)

Continuing to add the strong base will 'use up'all of the acid so the forward reaction willthenbe
favoured

Bufferregion shownis a weak acid - strong base titration curve
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Abufferregionis also observed duringaweak base - strong acid titration
= Ammonia,NH3z(aq),and hydrochloric acid,HCI(aq),is acommonexample

NH3 (aq) + HCl(aq) —» NH4Cl(aq)

The starting pH of the weak base will fall as it begins to be neutralised and the conjugate acid,
NH4*(aqg), willbe produced

Thisresults inabufferthatresists change in pH

Due to this, the pHwill only fall gradually

Bufferregion shown is a weak base - strong acid titration curve
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18.1.5 Salt Hydrolysis

Salt Hydrolysis

= Anionic saltis formed fromthe neutralisationreactionofanacid and base

Neutralisation

= Theionic salt,MA,formed willdissociate inwater
= Hydrolysisis where wateris used to break abond withinacompound, whichresults in the
aqueousions foranionic salt

= Thereactionofthe salt willvarydependingonthe strength of the acids and bases used inthe
neutralisationreaction

= Theuse of the differingstrengths of the acids and bases will directlyinfluence the type of salt
hydrolysis and the pH of the final solution

Strong Acidsand Strong Bases

= Acommonexample of thisis the reactionbetweenhydrochloric acid,HCI(aqg),and sodium
hydroxide (aq):

HCl(aq)+ NaOH (aq)—NaCl(aq) + H,O
= The Na*and Clions do notact as Brensted-Lowryacids or bases as they can not

release oraccept H* ions
= Therefore, they do not affect the pH

Strong Acid and WeakBase

= Thesaltformedbyastrongacid suchas hydrochloric acid,HCl(aq),and aweak base suchas
ammonia, NHz(aq), will forman acidic solution:

HCl(aq)+ NH3z (aq)—>NH4Cl (aq)

= |nthisreaction,the conjugate acid of ammoniais formed,NHs*,and canreact withwaterto
produce HzO*
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NH4* (aq) + H20 () > H30* (aq) + NHz (aq)

Therefore, the solutionbecomes more acidic
The hydrolysis of this salt demonstrates why the equivalence point of astrongacid - weak base
pHcurve is below 7

Strong Base and Weak Acid

The saltformed byastrongbase suchas sodiumhydroxide,NaOH (aq),and aweak acid suchas
ethanoic acid, CHzCOOH (aq), will form an alkaline solution:

NaOH (aq) + CH3COOH (aq) » CH3COONa (aq) + H,0O (l)

Inthis reaction, the conjugate base of ethanoic acid is produced, CHzCOO~ (aq), and this will
react withwaterto formhydroxideions, OH- (aq)

CH3zCOO-(aq)+H20 () > CH3COOH (aq) + OH- (aq)

Therefore, the solutionbecomes more basic
The hydrolysis of this salt demonstrates why the equivalence pointof astrongbase - weak acid
pHcurve is above 7

Weak Acid and WeakBase

Inorderto determine the pH of the resulting solutionof areactionbetweenaweakacid and
weak base we must take into account the K, and K, values
Using the reactionbetweenammonia, NHz(aq), and ethanoic acid, CH;COOH (aqg), as anexample:

NHz (aq) + CHzCOOH (aq)— CH3COONH, (aq)
Boththe cation(positive ion) and anionion (negative) produced will have acid-base properties
CH3zCOO~ (aq)+H,0 () > CH3COOH (aq) + OH~ (aq)

NHz* (aq) + H,0 () »H30* (aq) + NH3 (aq)

How to calculate the vales for the values of K, (cation) and K, (anion)

Page 20 of 21
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

= [fthe Kjis larger, the solutionwillbe acidic
= |fthe Kpis largerthe solutionwillbe basic
= If K;=Kp, thenthe pHwillbe 7

Metals

= Smallmetalions that have a high charge will exhibit a high charge density
= Anexampleis Al3*

= This makes the highlycharged metalions idealforformingcomplexes as theycancoordinately
bond withligands

= Thecomplexformed canthenactasaweakacid byreleasinghydrogenions whenhydrolysed, H*

= The highcharge densityofthe metalionincreases the polarity of the watermolecule pulling the
electrons towards itself, until the O-Hbond finally breaks

[AI(H20)¢]** (aq) — [Al(H20)s5(OH)1?* (aq) + H* (aq)

= The metalionmusthave ahighenough charge and smallradius forthis to occur,consequently, 1+
and 2+ions willnotrelease H*ions and therefore decrease the pH of asolution

The [Al(H20)s]** (aq) releases an H+ ion decreasing the pH of the solution
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