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8.1.1Brensted-Lowry Acids & Bases

Brensted-Lowry Acids & Bases

= The Brgnsted-Lowry Theory defines acids and basesinterms of protontransferbetween
chemicalcompounds

= ABrensted-Lowry acidis aspecies that gives away aproton(H*)

= ABronsted-Lowrybaseis aspeciesthataccepts aproton(H*) usingits lone pairof electrons

The diagram shows a Bronsted-Lowry acid which donates the proton to the Bronsted-Lowry base that
accepts the protonusing its lone pair of electrons

= TheBronsted-LowryTheoryis notlimited to aqueous solutions onlyand canalso be applied to
reactions thatoccurinthe gas phase
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Example of a Brensted-Lowry acid and base reaction in the gas state

@ Worked example
Identifythe correctrole of the species inthe followingreaction:

HoPO 4~ (aq) + HoO(l) - HPO 42 (aq) + Hz0*(aq)

Answer:

The correctoptionis A.
= HoPOy4 isdonatingaprotonto HyO,so HyPO4 must be anacid and HoO mustbe abase

O ExamTip

Anatomofhydrogencontains Iproton,lelectronand O neutrons. Whenhydrogenloses an
electronto become H* onlyaprotonremains,whichis whyaH*ionis also called aproton.
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8.1.2 Conjugate Acid-Base Pairs

Conjugate Acid-Base Pairs

= ABreonsted-Lowry acidis aspecies thatcandonate aproton
ABrensted-Lowry baseis aspeciesthatcanacceptaproton
= [nareactionequilibriumthe products are formed at the same rate as the reactants are used

CHzCOOH(agq)+H,O() = CHzCOO-(aq) + HzO*(aq)
acid base conjugate base conjugate acid

= Thereactant CHzCOOHis linked to the product CHzCOO~-bythe transferofaprotonfromthe
acid to the base
= Similarly,the H,O moleculeis linked to HzO*ion by the transferofaproton
= These pairs are therefore called conjugate acid-base pairs
= Aconjugate acid-base pairis two species thatare different fromeach otherbyaH*ion
= Conjugate here meansrelated
= |notherwords,the acid and base are related to eachotherbyone protondifference

Amphiprotic Species

= Speciesthatcanactbothas protondonors and acceptors are called amphiprotic
= Eg.wateras aBrgnsted-Lowryacid

The diagram shows water acting as a Brensted-Lowry acid by donating a proton to ammonia which
accepts the proton using its lone pair of electrons

Page 3 of 11
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

The Lewis diagram for the reaction of water withammonia to show how wateracts as a Bronsted-Lowry
acid and ammonia as a Brensted-Lowry base

= Eg.wateras aBrgnsted-Lowrybase
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The diagram shows wateracting as a Bronsted-Lowry base by accepting a proton from hydrochloric acid
proton using its lone pair of electrons

The Lewis diagram for the reaction of water with hydrochloric acid to show how wateractsas a
Bronsted-Lowry base and ammonia as a Brensted-Lowry acid
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Whatisthe difference between amphiprotic and amphoteric?

= Acompound thatis amphoteric means ithas bothbasic and acidic character
= Whenthe compound reacts withanacid,it shows thatit has basic character
= Whenitreacts withabase,itshows thatit's acidic
= Anexample of thisis aluminum oxide whichreacts with both hydrochloric acid and sodium
hydroxide:

Al,Oz(s) + 6HCI(agq) — 2AICIz(aq) + 3H2O()

Al203(s) + 2NaOH(aq) + 3H2O(l) — 2NaAl(OH)4(aq)

When acompound is amphiprotic,it meansitcanactas aprotondonorand as aproton
acceptor
Aluminium oxide is not amphiprotic,eventhoughitis amphoteric

Amphiprotic versus Amphoteric Table

@ Worked example

Inthe equilibriumreactionshown below, which species are aconjugate acid-base pair?
CH3zCH,CH2COOH (aq) + H20O (I) = CH3CH2,CH,COO~(aq) + HzO*(aq)

A. CH3CH2CH,COOHand H,O
B. H,Oand HzO*
C. Hzo and CH3CH2CH2COO_

D. CHzCH;CH,COO-and HzO*

Answer
The correctoptioninB
= Aconjugate acid-base pairdifferonlybyanH*ion
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8.1.3Characteristic Reactions of Acids

Characteristic Reactions of Acids
Metalsand acids
= Thetypicalreactionofametaland anacid canbe summarized as
acid + metal — salt + hydrogen
= Forexample:
2HCl(aq) + Zn(s) —» ZnCl,(aq)+ H,(9)
hydrochloric acid +zinc — zinc chloride +hydrogen

= Clearly,the extentofreactiondepends onthe reactivity of the metaland the strengthof the
acid
= Veryreactive metals would react dangerouslywithacids and these reactions are not usually
carried out
= Metalslowinreactivity do notreactatall,forinstance copperdoes notreactwithdilute acids
= Strongeracids willreact more vigorously with metals than weak acids.What signs of reaction
would be expected to be different between the two?
= Fasterreaction,seenas
= more effervescence
= the metaldissolves faster

= More exothermic
Metalsand oxides
= Thereactionof anacid withametal oxide forms two products:
acid + metaloxide — salt + water
= Forexample:
2HCI(ag) + CaO(s) — CaCly(aq) + H20(l)
hydrochloric acid +calciumoxide — calciumchloride + water

Metalsand hydroxides

= Thereactionwithametalhydroxide and anacid follows the same patternas anoxide:

acid + metalhydroxide — salt + water
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= Asuitable example might be:
H2504(aq) + Mg(OH)2(s) — MgSO4(aq) + 2H0())
sulfuric acid +magnesium hydroxide — magnesium sulfate + water
Metalsand carbonates
= Thereactionbetweenametal carbonate and anacid produces three products:
acid + metalcarbonate —salt + water + carbondioxide
= Forexample:
2HNO3z(aq) +CuCO3(s) — Cu(NO3z)2(aq)+H20 (1) +CO2(g)
nitric acid + coppercarbonate — coppernitrate + water+carbondioxide

Metalsand hydrogencarbonates

= Thereactionbetweenametalhydrogencarbonate and anacid is the same as the carbonate
reactionwithaslightdifferenceinstoichiometry:

acid + metalhydrogencarbonate —salt + water + carbondioxide
= Anexample of this would be:
HCl(aq) + NaHCOgz(s) — NaCl(ag)+H,O()+CO,(9)

hydrochloric acid +sodiumhydrogencarbonate —sodiumchloride + water+carbondioxide

O Exam Tip

Make sure youlearnthe formulae of the commonacids and bases and that you canwrite
examples of balanced equations of theircharacteristic reactions
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Making Salts

= Theacids and bases needed to make different salts canbe deduced using the principles
coveredinthe previous section
= The table below summarises thesereactions

Making Salts Table

= Note thatalthoughsome metals canbe used to make salts,theyare not classified as bases as
wateris notaproductofthereaction
@ Worked example
Which are the products of thereactionbetweenzinc oxide and hydrochloric acid?
A.zinc chloride and carbondioxide
B.zinc chloride, hydrogen gas and water
C.zinc,hydrogengas and water

D.zinc chloride and water

Answer:

The correct optionis D.

= Metaloxides whenreactingwithacids produce asalt and wateras the onlyproducts
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8.1.4 Neutralization

Neutralization

= Aneutralisationreactionis oneinwhichanacid (pH <7) and a base/alkali(pH >7) react togetherto
formwater(pH=7)and asalt

= Theprotonofthe acid reacts with the hydroxide of the base to formwater

= The spectatorions whichare notinvolved inthe formationofwater,formthe salt

The diagram shows a neutralisation reaction of HCl and NaOH and the two individual reactions that take
place to form the waterand salt

= The name of the salt produced canbe predicted fromthe acid that has reacted

Acid Reacted & Salt Table
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O Exam Tip

The enthalpyof neutralisationis the enthalpy change that occurs whenanacid reacts withabase
to formone mole of water.Since the reactionbetweenstrongacids and strongbases is the

sameregardless of the acid orbase, it should be no surprise the enthalpy change is the same and
is approximately -57 kJ mol!
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