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18.1.1Lewis Theory ,

Your notes

Lewis Theory of Acids & Bases

= Amore general definition of acids and bases was given by G.N. Lewis who defined them as:
= Alewisacidis anelectron pairacceptor
= Alewisbaseisanelectron pair donor

+ [ - °

A + OB —_— A e B

LEWIS ACID LEWIS BASE COORDINATE
(ELECTRON ACCEPTOR) (ELECTRON DONOR) BOND

General mechanism for Lewis acids and bases

= Thisenabled awiderrange of substances to be classed as acids orbases
= This canbe shownin the following examples in which a hydroxide ion, OH-, and ammonia, NH3z, donate a
pair of electrons to a hydrogenion

H+K\:OH — foX

" 7

H+K\:N iH — ril
H

The OH-ion and ammonia act as Lewis bases in both examples by donating an electron pair
Brensted-Lowry Acids and Bases

= ABronsted-Lowry acidis a species that can donate a proton
= Forexample, hydrogen chloride (HCl)is a Brensted-Lowry acid asit canlose aprotontoforma
hydrogen (H*) and chloride (CI7) ion

HCl (aq) > H* (aq) + Cl~ (aq)

= ABronsted-Lowrybaseis a speciesthatcanacceptaproton
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= Forexample, a hydroxide (OH")ionis a Bransted-Lowry base as it can accept a proton to form
water

OH-(aq) + H* (aq) = H20O (1)
Weak acids dissociating

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

= This means that at equilibrium, both reactants and products are presentin the solution

= Forexample, ethanoic acid (CH3COOH) is a weak acid that partially dissociates in solution

= When equilibriumis established there are CHzCOOH, H,O, CHzCOO~and HzO*ions presentin the
solution

Lewis Acid, Lewis Base, Brensted-Lowry acid or Brensted-Lowry base

A point to consider when thinking about Lewis acids and bases as well as Brgnsted-Lowry acids and bases
is the donating and accepting of protons

= Brgnsted-Lowry acid and base theory considers acids as proton donors only
= Thisdoesnot of course occurinevery reaction
= Forexample:

= Thelone pairon the nitrogen atominammonia, NHz, can be donated to the boron atominboron
trifluoride, BF3, creating a molecule of NHzBF3

= |nthis case, neithercompoundreacts as an Brgnsted-Lowry acid or Brensted-Lowry base as no
protons (H*ions) are being donated oraccepted

= Onlyelectron pairs are being donated and accepted

F

B + H—N—H
FF ,L

LEWIS ACID LEWIS BASE

H
|
<iN—
|
H

A\
Tl
'T'l——CD——TI

COORDINATE
BOND

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 pair on
the nitrogen atom to form a dative covalent bond
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SPACE FOR A LONE
PAIR TO FORM
COORDINATE BOND

2p |1 | 2p’

HYBRIDISE
2s > 25p° |11 |1 |1

1s [, 1s ’| [,

EXCITED STATE

Hybridisation of the boron atom

= The following molecules can behave as either Lewis bases and Bransted-Lowry bases
= |ewisbasesasthey candonate anelectron pair
= Brgnsted-Lowry base as they can accept a proton

:0—H :IC=N CH, NH,

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

= |nthe case of acomplexion, such as hexaaquacopper(ll), the water molecule is acting as a Lewis base
and the metalionis acting as a Lewis acid
= Copper(ll), like other transition metals, can form a complex due to a partially occupied d subshell
= Cu?*(aq)+6H,0 (1) - [Cu(H20)6]?* (aq)

Cu2+

LEWIS
ACID

+

[Cu(H,0),1”
6/‘0‘ —_— > (COMPLEX)
H F 4 _ 2+
LEWIS
BASE H,0
(LIGAND)

Hexaaquacopper(ll) complex

= Giventhat Lewis acids canaccepta pair of electrons, they can be classed as electrophiles
= Anelectrophileis a electron-deficient species that can accept alone pair from a nucleophile, in
the same way the Cu?*ion accepts electron pairs from water

= Thecyanideion, "CN,water, H,O,ammonia, NHz, are examples of Lewis bases and they can also act

as nucleophiles

= Nucleophiles are electronrich species with atleast on pair of lone electrons

@ Worked example

Identify the Lewis acid and Lewis base in the following reaction

0.

. Ve _

+ ‘0O —_— H—C\ + OH
H/ \H O+—>H

Methanoate ion reacting with water
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Answer

= The Lewis acidis water, H,O
= The hydrogeninthe water molecule is accepting a pair of electrons leaving an OH- ion

= The Lewis baseisthe methanoateion, HCOO-
= Thelone pair of electronsin the methanoate ion forms a coordinate bond with one of the
hydrogens from the water molecule
We have seen previously that water can act as a Brensted-Lowry acid or base, so it should be no surprise
that water canact as both a Lewis acid or base depending on how itis interacting with other species
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18.1.2 pH Curves

pH Curves

= During a titration, a pH metercan be used and a pH curve plotted
= ApHcurveisagraphshowing how the pH of a solution changes as the acid (or base) is added

/N
14
pH AT
ERERCINY EQUIVALENCE
bH POINT
.
EQUIVALENCE
POINT VOLUME, V
0 >
0 25.0 50.0

VOL, BASE ADDED (cm?)

The features of a pH curve

= AllpH curves show an s-shape curve
= pH curvesyield usefulinformation about how the acid and alkalireact together with stoichiometric
information
= The midpoint of the inflectionis called the equivalence or stoichiometric point
= From the curvesyou can:
= Determine the pH of the acid by looking where the curve starts on the y-axis
= Findthe pH at the equivalence point
= Find volume of base at the equivalence point
= Obtaintherange of pH at the vertical section of the curve

Four Types of Acid-Base Titrations
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= There are four combinations of acids and alkalis that you should know about:

strong acid + strong base
weak acid + strong base
weak base + strong acid
weak acid + weak base

Strong Acid + Strong Base

= |nthis example, sodium hydroxide, NaOH (aq), is being added to hydrochloric acid, HCI (aq)

HCI (aq) + NaOH (aq) — NaCl (aq) + H2O (1)

= The pHinterceptonthey axis starts at alow pH, roughly 1, due to the relative strength of the
hydrochloric acid
= AstheNaOH (aq)is added, thereis a gradualrise in pH until the titration approaches the equivalence
point
= [nthiscase, the pHatequivalenceis?’
= The equivalence pointisinthe middle of the vertical section of the pH curve

= Onceall of the acid has been neutralised, 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 sodium hydroxide

HIGH pH
14 -

12
10
8 (__(‘EQUIVALENCE POINT
PH 4--------mmmm - pH=7
6_
7 pH 1
4 INTERCEPT :
| I
2- :
— |
I I I [ | | [ [ | |
0 5 10 15 20 25 30 35 40 45 50
VOLUME OF NaOH ADDED (cm?)
Strong acid - strong base pH curve
Weak Acid + Strong Base
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In this example, strong sodium hydroxide, NaOH (aq), is being added to weak ethanoic acid, ,
CH3COOH (aq)
Your notes
NaOH (aq) + CHzCOOH (aq) - CHzCOONa (aq) + H20 (1)

The pH on the intercept on the y axis starts at roughly 3 due to the relative strength of the ethanoic acid
Theinitialrise in pH is steep as the neutralisation of the weak acid by the strong base is rapid
Ethanoate ions (conjugate base to ethanoic acid) are formed which then creates a buffer

= Abufferconsists of aweak acid andits conjugate base or a weak base and its conjugate acid

At this point, the buffer formed will resist changes in pH so the pH rises gradually as shown in the buffer
region
The half equivalence pointis the stage of the titration at which exactly half the amount of weak acid
has been neutralised
= [CH3COOH (aq)] = [CH3COO" (aq)]
= Atthispoint,itisimportant to note that the pK, of the acid is equal to the pH
= pK, = pH at half equivalence

The equivalence pointin a weak acid - strong base titrationis above 7

HIGH pH e~
14

12
10 - (_“EQUIVALENCE POINT
Ny H>7
g P
PH 1/2 EQUIVALENCE POINT
i
il & | KEBUFFIER REGION
INTERCEPT | 2 - | ,
7 i :
| 1 1 | | | [ | |
0 5 10 15 20 25 30 35 40 45 50
VOLUME OF NaOH ADDED (cm?)
Weak acid - strong base pH curve
Weak Base + Strong Acid

In this example, strong hydrochloric acid, HCl (aq), is being added to weak ammonia, NHz (aq)
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NH3 (aq) + HCI (aq) — NH4Cl (aq) /

= The pHontheinterceptonthey axis starts at roughly 11 due to the relative strength of the ammonia Your notes
= The pH will fallas the ammonia begins to be neutralised and the conjugate acid, NH4* (aq), is produced
= Thisagain creates a bufferregion so the pH will only fall gradually
= The half equivalence point is the stage of the titration at which exactly half the amount of weak base
has been neutralised
* [NH3(aq)] = [NH4* (aq)]
= Atthispointitisimportant to note that the pKy, of the base is equal to the pOH
= pKj = pOH at half equivalence

= ThepH atequivalence foraweak base-strong acidis below 7

pH 11
INTERCEPT

/EBUFFER REGION
ol 4 £—F1/2 EQUIVALENCE POINT

EQUIVALENCE POINT
pH <7

LOW pH

I I | | [ I I [ |
0] 5 10 15 20 25 30 35 40 45 50

VOLUME OF HCL ADDED (cm?)

Weak base - strong acid pH curve

Weak Acid + Weak Base

= |nthis example, weak ethanoic acid, CHzCOOH (aq), is being added to weak ammonia, NHz (aq)
NH3 (aq) + CH3COOH (aq)— CH3COONH4 (aq)

= The starting pH of roughly 11 for the weak base will fall as it begins to neutralise
= The changeinpH forthis titrationis very gradual
= Note the that the vertical section of this pH curve is not steep as with other three so the
equivalence pointis difficult to determine
= Therefore this titrationis not performed
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= The pH atequivalence foraweak acid -weak base is roughly 7 but is difficult to determine ,

Your notes

pH 11
INTERCEPT

8 EQUIVALENCE POINT
L R e pH=~7
6_
7 :
4 - |
|
] |
2- :
|
i

I I | I
0 5 10 15 20 25 30 35 40 45 50

VOLUME OF CH,COOH ADDED (cm®)

Weak acid - weak base pH curve
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18.1.3 Indicators

Indicators

An acid-base indicatoris a weak acid which dissociates to give an anion of a different colour
Consider aweak acid, Hin:

Hin (aq) + H,O (I) ®H;0* (aq) + In~(aq)
colour1 2 colour 2

HIn andits conjugate base In~ are different colours

The colour of the solution depends on the relative concentrations of the two species

If the solutionis acidic, the above equilibrium will be shifted to the left and more Hin will be present
= Colourlwilldominate

If the solutionis alkaline, the above equilibrium will shift to the right and more In~ will be present
= Colour?2 willdominate

The colour of the indicator depends on the pH of the solution
= The colourdoesnot change suddenly at a certain pH, but changes gradually overa pHrange
= The colour of the indicator depends on the ratio of [HIn] to [In]

The pH at which these transitions will occur depends on the K, of the indicator
+ -

_IH I
[HIn]

4]

The endpoint of the reactionis where there is a balance between [HIn] and [In~]. At this point these two

concentrations are equal:

_ [H'I0A ]

=[H"]
[HiA]

Ka
Taking negative logs of both sides:
pK; =pH

This means the pK; of anindicatoris the same as the pH of its endpoint
The colour change for most indicators takes place overarange of pH=pK,; % 1

Weak bases as indicators

Anindicatorcanalso be aweak base:
BOH (aq) = B* (aq) + OH" (aq)
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colour1 = colour2 /

L] FOI’ SUCh indicators: Your notes
= Colourlisobservedin alkaline conditions
= Colour2isobservedinacidic conditions

Choosing a suitable indicator

= Around the equivalence point of a titration, the pH changes very rapidly

= |ndicators change colouroveranarrow pHrange, approximately centred around the pKj; of the
indicator

= Anindicatorwill be appropriate for a titration if the pH range of the indicator falls within the rapid pH
change for that titration

Common Indicators and their colours table

pH range of
Indicator Colour inacid Colour in alkali pKq colour change
Thymol blue red yellow 1.7 12-2.8
Methyl orange red yellow 3.7 3.1-4.4
Bromophenol blue yellow blue 4.1 3.4-46
Methyl red red yellow 51 4.4 -6.2
Phenolphthalein colourless pink 9.3 8.3 - 10.0

Strong acid - strong base

= |nstrongacid - strong base titrations, the pH changes from 4 to 10 at the end-point so a suitable
indicator must change colour within thisrange
= Methylred and phenolphthalein are suitable indicators for these titrations
= Methyl orange is notideal butit shows a significant enough colour change at the end point sois
widely used

Weak acid - strong base
= |Inweak acid - strong base titrations, the pH changes from 7 to 10 at the end-point so a suitable
indicator must change colour within thisrange

= Phenolphthaleinis the only suitable indicator for weak acid - strong base titrations that is widely
available

Strong acid - weak base
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= |nstrongacid - weak base titrations, the pH changes from 4 to 7 at the end-point so a suitable ‘/
indicator must change colour within thisrange
= Methylredis the most suitable indicator for these titrations Your notes

= However, methyl orangeis often used since it shows a significant enough colour change at the
end-pointandis more widely available than methyl red

Weak acid - weak base

= |nweakacid - weak alkali titrations, there is no sudden pH change at the end-point and thus there
are no suitable indicators for these titrations
= The end-points of these titrations cannot be easily determined

N WEAK ACID + WEAK BASE KEY:
[] = PHENOLPHTHALEIN

[] =METHYL ORANGE

14

RANGE OF
CHANGE
COLOUBRLESS
TO PINK

pH

RANGE OF
CHANGE
RED TO YELLOW

0 >
0 25.0 50.0
VOL, BASE ADDED /cm?

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 a solution whichresists changes in pH when small amounts of acid or base are
added
= Abuffersolutionis used to keep the pHalmost constant
= Abuffercan consist of weak acid - conjugate base or weak base - conjugate acid

Ethanoic acid & sodium ethanoate as a buffer

=  Acommon buffer solutionis an aqueous mixture of ethanoic acid and sodium ethanoate
= Ethanoic acidis a weak acid and partially ionises in solution to form a relatively low concentration
of ethanoateions

CHzCOOH (aq) # H* (aq) + CH3COO~(aq)
ethanoicacid =« ethanoate
high conc = low conc
= Sodium ethanoate is a salt which fully ionises in solution
CH3zCOONa + ag —Na* (aq) + CH;COO~ (aq)

sodiumethanoate — ethanoateion

low conc. — high conc.

= There arereserve supplies of the acid (CH;COOH) and its conjugate base (CHzCOO")
= The buffer solution contains relatively high concentrations of CH;COOH (due to the partial
ionisation of ethanoic acid) and CHzCOO~ (due to the full ionisation of sodium ethanoate)

= |nthe buffer solution, the ethanoic acidis in equilibrium with hydrogen and ethanoate ions
CHzCOOH (aq) # H* (aq) + CH3COO~(aq)
high conc. high conc.

Adding H* ions to a buffer solution:

= The equilibrium position shifts to the left as H*ions react with CH;COO~ ions to form more CHzCOOH
until equilibriumis re-established

= Asthereisalargereserve supply of CH;COO-, the concentration of CHz;COO~ in solution doesn’t
change much asit reacts with the added H*ions

= Asthereisalargereserve supply of CH;COOH, the concentration of CH;COOH in solution doesn’t
change much as CHz;COOH is formed from the reaction of CHzCOO~ with H*

= Asaresult, the pHremainsreasonably constant

Page 15 of 22

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

s

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

ETHANOATE IONS IN THE BUFFER SOLUTION REACT WITH
THE ADDED H" IONS TO PREVENT THE pH FROM DECREASING

CH,CO0 (aq) + H'lag) = CH,COOH(aq)

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

Adding OH™ ions to a buffer solution:
= The OH reacts with H* to form water

OH™ (aq) + H* (aq) > H20O (1)

= The H*concentration decreases
= The equilibrium position shifts to the right and more CH3COOH moleculesionise to form more H* and
CH3zCOO™ until equilibriumis re-established

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

= Asthereisalargereserve supply of CHzCOOH, the concentration of CHzCOOH in solution doesn’t
change muchwhen CHzCOOH dissociates to form more H*ions

= Asthereisalargereserve supply of CHzCOO, the concentration of CH3COO™ in solution doesn’t
change much

= Asaresult, the pHremainsreasonably constant

EQUILIBRIUM MOVES TO REPLACE
THE REMOVED HYDROGEN IONS

el W

CH,COOH(aq) == CH,COO (aq) + H'(aq)

HYDROXIDE IONS COMBINE
WITH THESE TO MAKE WATER

When hydroxide ions are added to the solution, the hydrogen ions react with them to form water; The
decrease in hydrogen ions 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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O Exam Tip

Remember that buffer solutions cannot cope with excessive addition of acids or alkalis as their pH will
change significantly.The pH will only remain relatively constant if small amounts of acids or alkalis are
added.

The Buffer Region

These are seen on apH curve and represent the region where small additions in acid orbase resultin
little change in the overall pH of the solution

Foraweak acid - strong base titration between sodium hydroxide, NaOH (aq) , and ethanoic acid,
CH3zCOOH (aq)

NaOH (aq) + CH3COOH (aq) — CH3COONa (aq) + H2O (I)

Theinitialrise in pH is steep as the neutralisation of the weak acid by the strong base is rapid
Sodium ethanoate is then formed which creates a buffer that will resist changesin pH so the pHrises
gradually

= Abufferconsists of aweak acid andits conjugate salt

This section of the curve is known as the buffer region
Only smallincreasesin pH are seenwhen the strong base is added in this part of the titration curve
At this point, the acid is in equilibrium with the saltion

= CH3COOH (aq) +H20 () = CH3COO~+H30* (aq)

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

(_(‘EQUlVALENCE POINT
PH ____________________ PH >7

HIGH pH /

AS STRONG Your notes
BASE USED

1
|

le—i = pKa AT HALF
EQUIVALENCE POINT

VOLUME OF NaOH (aq) ADDED

Buffer region shown is a weak acid - strong base titration curve

Abufferregionis also observed during a weak base - strong acid titration
= Ammonia, NHz (aq), and hydrochloric acid, HCl (aq), is a common example

NH3 (aq) + HCI (aq) — NH4Cl (aq)

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

This results in a buffer that resists change in pH

Due to this, the pH will only fall gradually
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pOH = pKb AT 1/2 EQUIVALENCE POINT

EQUIVALENCE POINT
pH <7

LOW pH AS
ATRONG
ACID USED

VOLUME OF HCl(aq) ADDED

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

Salt Hydrolysis

= Anionic saltis formed from the neutralisation reaction of an acid and base

NEUTRALISATION

HA + MOH M'A" + H,0

PARENT PARENT SALT
ACID BASE

Neutralisation

= Theionic salt, MA, formed will dissociate in water

= Hydrolysisis where wateris used to break a bbond within a compound, which results in the aqueous
ions foranionic salt

= Thereaction of the salt will vary depending on the strength of the acids and bases usedin the
neutralisationreaction

= Theuse of the differing strengths of the acids and bases will directly influence the type of salt
hydrolysis and the pH of the final solution

Strong Acids and Strong Bases

= Acommon example of thisis the reaction between hydrochloric acid, HCI (aq), and sodium hydroxide
(aa):

HCI (aq) + NaOH (aq) — NaCl (aq) + H,O

= TheNa*and Cl ions do notact as Brensted-Lowry acids or bases as they can not release
oracceptH*ions

= Therefore, they do not affect the pH
Strong Acid and Weak Base

= Thesalt formed by a strong acid such as hydrochloric acid, HCI (aq), and a weak base such as ammonia,
NHz (aqg), will form an acidic solution:

HCI (aq) + NH3z (aq) = NH4Cl (aq)

= |nthisreaction, the conjugate acid of ammoniais formed, NH4*, and canreact with water to produce
HzO*

NHz* (aq) + H20 (1) = H30" (aq) + NH3(aq)
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= Therefore, the solution becomes more acidic ,
= The hydrolysis of this salt demonstrates why the equivalence point of a strong acid - weak base pH

curveis below7 Your notes
Strong Base and Weak Acid

= Thesalt formed by a strong base such as sodium hydroxide, NaOH (ag), and aweak acid such as
ethanoic acid, CHzCOOH (aq), will form an alkaline solution:

NaOH (aq) + CHzCOOH (aq) — CH3COONa (aq) + H2O (l)

= |nthisreaction, the conjugate base of ethanoic acidis produced, CH3COO~ (aq), and this will react
with water to form hydroxide ions, OH~ (aq)

CHzCOO~ (aq) + H20 (I) > CHzCOOH (aq) + OH" (aq)

= Therefore, the solution becomes more basic
= The hydrolysis of this salt demonstrates why the equivalence point of a strong base - weak acid pH
curveisabove?7

Weak Acid and Weak Base

= |nordertodetermine the pH of the resulting solution of areaction between a weak acid and weak base
we must take into account the K, and Ky, values
= Usingthereaction between ammonia, NHz (aq), and ethanoic acid, CH;COOH (aq), as an example:

NH3 (aq) + CH3COOH (aq)— CH3COONH, (aq)
= Boththe cation (positive ion) and anionion (negative) produced will have acid-base properties
CHzCOO" (aq) + H,O (I) » CHzCOOH (aq) + OH" (aq)

NH,4* (aq) + H,O (I) - H30* (aq) + NHz (aq)

K
Ka (CATION) = =
Ky (PARENT BASE)
K
K, (ANION) = =

Ka (PARENT ACID)

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

If the K,is larger, the solution will be acidic
If the Kpis larger the solution will be basic
If K3 =Ky, thenthe pH willbe 7

Metals
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Small metalions that have a high charge will exhibit a high charge density ,
= Anexampleis Al3+

Your notes
This makes the highly charged metalions ideal for forming complexes as they can coordinately bond

with ligands

The complex formed can then act as a weak acid by releasing hydrogen ions when hydrolysed, H*
The high charge density of the metalionincreases the polarity of the water molecule pulling the
electrons towards itself, until the O-H bond finally breaks

[AI(H20)¢]3* (aq) — [Al(H20)5(OH)]?* (aq) + H* (aq)

The metalion must have a high enough charge and small radius for this to occur, consequently, 1+ and
2+ionswillnotrelease H*ions and therefore decrease the pH of a solution

— 3+ — - 2+
H \/ H H \/ I—|\
O-
/\A/\ S /\AL/ + H'
=
\/ \/ \/ Ny

H/\H H/\H

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