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Brensted-Lowry Acid & Base Theory 4

Your notes

Brensted-Lowry Acids & Bases

The Brensted-Lowry Theory defines acids and bases in terms of proton transfer
between chemical compounds

ABrensted acidis a species that can donate a proton

= Forexample, hydrogen chloride (HCI)is a Brgnsted acid as it canlose a protonto
formahydrogen (H*) and chloride (CI") ion

HCl(aq) - H* (aq) + Cl™ (aq)
ABrensted base is a species that canacceptaproton

= Forexample, ahydroxide (OH")ionis a Brensted base asit canaccept a protonto
form water

OH™ (aq) + H* (aq) - H,O (I)

Conjugate acid-base pairs

Conjugate acid-base pairs are a pair of reactants and products that are linked to each
other by the transfer of a proton

Inareaction equilibrium, the products are formed at the same rate as the reactants are
used

CHzCOOH(ag)+H,O () = CHzCOO (ag) + HzO"(aq)
acid base conjugate base conjugate acid

Thereactant CHzCOOH s linked to the product CHzCOO™ by the transfer of
aproton from the acid to the base

Similarly, the HoO molecule is linked to HzO* ion by the transfer of a proton
These pairs are therefore called conjugate acid-base pairs
= Conjugate here meansrelated

= |notherwords, the acid and base are related to each other by one proton difference
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pH

pH - Introduction

The acidity of an aqueous solution depends on the number of H* ions in solution
The pHis defined as:

pH = -log[H*]
where [H*]is the concentration of hydrogenionsin mol dm™3

Similarly, the concentration of H* of a solution can be calculated if the pHis known by
rearranging the above equation to:

[H*]=107PH
The pH scaleis alogarithmic scale with base 10

This means that each value is 10 times the value below it. For example, pH 5is 10 times
more acidic than pH 6.

pH values are usually given to 2 decimal places

The relationship between concentrationis easily seen on the following table

pH & [H+] Table
(1
0.1 107 1
0.01 1072 2
0.001 1073 3
0.0001 [0 4
- 105 X

pH - Calculations
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pH and H* calculations ,
Question 1: Find the pH when the hydrogen concentrationis 1.60 x 10-4 mol dm™3 Your notes
Question 2: Find the hydrogen concentration when the pHis 3.10
Answer
Answer1:
The pH of the solutioniis:
pH =-log[H*]
=-log1.6x104
=3.80
Answer 2:

The hydrogen concentration can be calculated by rearranging the equation for pH

PH =-log[H"]
[H*]=10-PH
=10-310

=7.94x10"4moldm™3

o

Worked Example

Powers of 10

10.0 cm3of an aqueous solution of an acid of pH = 1.0 is mixed with 990.0 cm? of
distilled water. What is the pH of the final solution?

A1

B.2

C.3

D. 10

Answer

The correct optionis C.

= The total volume after dilutionis 1000.0 cm?3 so the concentration of H* has
beenreduced by a factor of 100 or10-2, which means an increase of 2 pH units

= The final solutionis therefore pH 3
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Acid Strength ,

Your notes

Acids - Dissociation

Strong acids
= Astrongacidis anacid that dissociates almost completely in agueous solutions
= HCl (hydrochloric acid), HNOz (nitric acid) and H,SO4 (sulfuric acid)

= The position of the equilibriumis so far over to the right that you canrepresent the
reaction as anirreversible reaction

IRREVERSIBLE REACTION ’

e» - @ -
HYDROGEN IONS FORMED
STRONG ACID] FROM THE ALMOST COMPLETE
DISSOCIATION OF THE
STRONG ACID

The diagram shows the complete dissociation of a strong acid in aqueous solution

Weak acids

= Aweakacidis an acid that partially (orincompletely) dissociates in aqueous solutions

= Eg.mostorganic acids (ethanoic acid), HCN (hydrocyanic acid), H2S (hydrogen
sulfide) and H,COz (carbonic acid)

= The position of the equilibriumis more over to the left and an equilibriumis established

EQUILIBRIUM REACTION '

» -0 ©»
TR
/ [ ]

» WEAK ACID WEAK ACID 1S ONLY SLIGHTLY

DISSOCIATED THEREFORE THERE ARE
MANY MORE MOLECULES OF WEAK
ACID THAN H" AND A" IONS

The diagram shows the partial dissociation of a weak acid in aqueous solution
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Acids - Ka Expressions

= Forweakacids as thereis an equilibrium we can write an equilibrium constant expression
forthereaction

_ [HT 1A ]
¢ [HA]

= This constantis called the acid dissociation constant, K, and has the units mol dm™3
» Values of K, are very small, for example for ethanoic acid Ky = 1.74 x 10~ mol dm™3

= Whenwriting the equilibrium expression for weak acids, the following assumptions are
made:

= The concentration of hydrogenions due to the ionisation of wateris negligible
= Thevalue of K, indicates the extent of dissociation
= The higherthe value of K, the more dissociated the acid and the strongeritiis
= Thelower the value of K, the weaker the acid
pK.

= Therange of values of K, is very large and for weak acids, the values themselves are very
smallnumbers

Table of K.values
Methanoic, HCOOH 177 x107*
Ethanoic, CH,COOH 1.74 x107°
Benzoic, C6H5COOH 6.46 x107°
Carbonic, H,CO, 4.30 x 107

= Forthisreasonitis easier to work with another term called pKj,

= The pKj, is the negative log of the K, value, so the conceptis analogous to converting
[H*]into pH values

pPK; = -logK,

= |Looking at the pK,values for the same acids:

Table of pK,values
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Acid Kq/mol dm-3 pKa

Your notes
Methanoic, HCOOH 177 x107* 3.75
Ethanoic, CH;COOH 1.74 x107° 4.75
Benzoic, C;H;COOH 6.46 x 107° 4.18
Carbonic, H,CO, 4.30 x10”7 6.36

= Therange of pK,values formost weak acids lies between 3and 7
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pH Calculations of Acids

Acids - pH Calculations

Strong acids

= Strong acids are completely ionised in solution

HA (aq) —» H* (aq) + A™ (aq)

4

Your notes

= Therefore, the concentration of hydrogenions, H*, is equal to the concentration of acid,

HA

= The number of hydrogenions formed from the ionisation of wateris very small relative to
the [H*] due toionisation of the strong acid and can therefore be neglected

= Thetotal [H*]is therefore the same as the [HA]

o

Worked Example

(

What is the pH of 0.01mol dm™3 hydrochloric acid?
Answer
[HCl]=[H*]=0.01Tmoldm™
pH =-log[H"]

pH=-10g[0.01]=2.00

\
The pH of dibasic acids

= Dibasic ordiprotic acids have two replaceable protons and willreactin al:2 ratio with

bases

= Sulfuric acidis an example

H2SO04 (aq) + 2NaOH (aq) — Na;SO4 (aq) + 2H20 (1)

= You might think that being a strong acid it is fully ionised so the concentration of the

hydrogenis double the concentration of the acid

= This would mean that 0.1mol dm™3would be 0.2 moldm=3in [H*] and have a pH of 0.69

» However, measurements of the pH of 0.1moldm™sulfuric acid show that itis actually

about pH 0.98, whichindicatesitis not fully ionised

= Theionisation of sulfuric acid occursin two steps

H2S0O4—HSO4™ + H*

HSO4™ =S042" +H*

1, SaveMyExams
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= Although the first stepis thought to be fully ionised, the second stepis suppressed by ,

the abundance of hydrogenions from the first step creating an equilibrium
Your notes
= Theresultisthat the hydrogenion concentrationis less than double the acid

concentration

Weak acids

The pH of weak acids can be calculated when the following is known: The concentration of
the acid The K, value of the acid From the K; expression we can see that there are three
variables:

_ [H 1A ]
[HA]

a

= However, the equilibrium concentration of [H*] and [A-] will be the same since one
molecule of HA dissociates into one of eachion

= This meansyou can simplify and re-arrange the expression to
Kax [HA] = [H*]?
[H*12= K, x [HA]

= Takingthe square roots of each side
[H*] = V(Kax [HA])

= Thentake the negative logs

pH = -log[H*] = -logV(K, x [HA])

o

Worked Example

pH calculations of weak acids
Calculate the pH of 0.100 mol dm-3 ethanoic acid at 298 K.
K;=174 x10->mol dm=3
Answer
Ethanoic acid is aweak acid which ionises as follows:
CH3zCOOH (aq) = H* (aq) + CH3COO" (aq)
Step 1: Write down the equilibrium expression to find K,

[H*] [CH,CO0"]
[CH,COOH]

Ky =
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Step 2: Simplify the expression ,

= The concentration of H*and CHzCOO- ions are therefore the same
= The expression can be simplified to:
[H*]?
Ka= [CH,COOH]

Step 3: Rearrange the expression to find [H*]

[H*]=,/K X [CH,COOH]

Step 4: Substitute the values into the expression to find [H*]

[H*]=+/(1.74% 1075) X [0.100] =1.32x1073 mol dm~3
Step 5: Find the pH
pH = -log[H*]

pH = -log(1.32x10-3) = 2.88

o

Examiner Tips and Tricks

Assumptions

Sometimes exam questions will ask what assumptions are made in calculating the pH
of aweak acid. There are two being made in these calculations.

1. We assume the concentration of the anion, [A7], is the same as [H*] when
dissociation occurs, which is why we can simplify [H*][A] to [H*]2

2. We assume the concentration of [HA]gqm is the same as [HA], 44, Since the
degree of dissociationis very small. In other words we say the dissociation of [HA]
is negligible or so smallit can be ignored.
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lonic Product of Water A,

Your notes

lonic Product of Water, Kw

= |nallaqueous solutions, an equilibrium exists in water where a few water molecules
dissociate into protons and hydroxide ions

= \We canderive an equilibrium constant for the reaction:
H,0() = H(aq) + OH (aq)

THE EQUILIBRIUM CONSTANT FOR THE REACTION IS,

[HT1IOH™]
Ke= —— o™
[H,01

Ke x [H,01 = [H"1[OH "]

THE CONCENTRATION OF WATER IS CONSTANT,
SO THE LEFT SIDE BECOMES:

Ky = [H'TIOH™1 = 1 x 10 " mol’dm=6 AT 298K

= Thisis a specific equilibrium constant called the ionic product for water
= The product of the twoion concentrations is always 1x 10~ mol2 dm-¢é

= This makesit straightforward to see the relationship between the two concentrations
and the nature of the solution:

[H-] & [OH-] Table

Type of solution

0.1 1%x107" acidic
TG 15407 acidic
1107 1x407° acidic
1x1077 1x1077 neutral
1x407° 1x107° alkaline
1x40™" 1x1073 alkaline
1510 3 0.1 alkaline
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The relationship between K,,and pK,, is given by the following equation: ,

pPKw = -logKy Your notes

pH Calculation of a Strong Base

= Strongbases are completely ionised in solution
BOH (aq) — B* (aq) + OH" (aq)

= Therefore, the concentration of hydroxide ions [OH] is equal to the concentration of
base [BOH]

= Evenstrong alkalis have smallamounts of H* in solution which is due to the ionisation
of water

= The concentration of OH~in solution can be used to calculate the pH using the ionic
product of water

= Oncethe[H*]hasbeendetermined, the pH of the strong alkali can be founding using pH

=-log[H*]
K
H'l= —=
[OH"]
x —14
H"1= %
[OH™]
1x107™
H=-loglH"1 = —log|[————
P - Og( [OH 1 )

= Similarly, the ionic product of water can be used to find the concentration of OH ionsin
solutionif [H*]is known, simply by dividing K, by the [H*]

o

Worked Example

pH calculations of a strong alkali

Question 1

Calculate the pH of 0.15 mol dm~® sodium hydroxide, NaOH
Question 2:

Calculate the hydroxide concentration of a solution of sodium hydroxide when the pH
is10.50

Answer

Sodium hydroxide is a strong base which ionises as follows:
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NaOH (aq) — Na* (aq) + OH~ (aq) ,

Answer: Your notes

The pH of the solutioniis:

[H*] =Ky +[OH]

[H*1=(1x107%)+0.15=6.66 x10714

PH = -log[H’]

=-log 6.66x1074 =13.17

Answer 2
Step 1: Calculate hydrogen concentration by rearranging the equation for pH

PH = -log[H’]

[H*]=10-PH

[H*]=10-10.50

[H*]=3.16x10""moldm-3

Step 2: Rearrange the ionic product of water to find the concentration of hydroxide
ions

Kw=[H*1[OH]
[OH 1=Ky + [H*]

Step 3: Substitute the values into the expression to find the concentration of
hydroxide ions

Since Ky is 1x 1074 mol2 dm-¢,
[OH1=(1x1014) = (3.16 x10-1)

[OH]=3.16 x10"4*mol dm-3
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Analysing pH Data A,

Your notes

Analysing pH Data

Strong and weak acids

= Therelative strengths of different acids can be determined by measuring the pH of
equimolar aqueous solutions of the acids, at the same temperature

= The higher the value of the pH, the weaker the acid

pH of 0.100 mol dm-: Aqueous Solutions of Various Acids at

298K
pH of 0.100 mol
Formula of dm~—3 aqueous
acid solution
HCL 1.00
CHCL,COOH 114
CH,CLCOOH 1.93
HCOOH 2.38
CH3COOH 2.87
CH3CH,COOH | 2.93
Strong and weak bases

pH of 0.100 mol dm-3 Aqueous Solutions of Various Bases at
298K
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pH of 0.100 mol

Formula of dm~3 aqueous
base solution

NH 3 11.13

CH3NH > 11.82
(CH3)oNH 11.83
CH3CHZ;NH> 11.84
CH3CHLCHoNH, | 11.86

NaOH 13.00

= The higher the value of the pH, the stronger the base

Salts

pH of 0.100 mol dm-: Aqueous Solutions of Various Salts at

298K

= NaCland KNOzboth have pH's of 7.00 as they are made from a strong acid and a strong

base

= CH3;COONais alkaline asitis made of aweak acid (CH;COOH) and a strong base

(NaOH)

= NH,Clis acidic asitis made of a strong acid (HCI) and a weak base (NH=)

1, SaveMyExams

pH of 0.100 mol

Formula of dm~3 aqueous
salt solution
NaCl 7.00

KNO; 7.00
CH3COONa 8.88

NH,CL 518
CH,COONH, 7.00
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= CH3zCOONHy4is neutral asitis made from a weak acid (CHzCOOH) and a weak base
(NHz) which both have similar relative strengths

Effect of dilution on the pH of aqueous solutions of

acids

Strong acids

= Asconcentration decreases by a factor of 10 the pHincreases by one unit

pH of Aqueous Solutions of Hydrochloric Acid at Different

Concentrations at 298K

Concentration

/ mol dm=3 pH

1.00 x 10° 0.00
1.00 x 107" 1.00
1.00 x 1072 2.00
1.00 x 1073 3.00
1.00 x 107* 4.00

= Following this logic we would expect a concentration of .00 x10-8 moldm=3to have a

pHof 8

= This makes no sense as it would mean our acidic solutionis alkaline

= Howeverwhen we have solutions that are this dilute we canno longerignore the
contribution of hydrogenions from the dissociation of water

= The hydrochloric acid with a concentration of 1.00 x 10-8 mol dm-3would have a pH close
to 7 as the contribution of hydrogenions from the wateris greater than that from the acid

Weak acids

= Asconcentration decreases by a factor of 10 the pHincreases by a factor of around 0.5

pH of Aqueous Solutions of Ethanoic Acid at Different

Concentrations at 298K
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4

Your notes

Concentration

/ mol dm™3 pH

1.00 x 10° 2.38

1.00 x 1071 2.88

1.00 x 1072 3.38

1.00 x 1073 3.83

1.00 x 107* 4.33
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Titration Curves

4

Your notes

Titration Curves - Interpretation

= During a titration a pH meter can be used and a pH curve plotted

= ApHcurveisagraphshowing how the pH of a solution changes as the acid (or base) is

added

= Theresultis characteristically shaped graph which canyield useful information about
how the particular acid and alkalireact together with stoichiometric information

/N

14

pH

pH AT
ENDPOINT

1

EQUIVALENCE
POINT

EQUIVALENCE
POINT VOLUME, V

25.0

50.0

VOL, BASE ADDED (cm®)

The features of apH curve

= AllpH curves show an s-shape curve and the midpoint of the inflectionis called the
equivalence or stochiometric point

= Fromthe curvesyoucan

= Determine the pH of the acid by looking where the curve starts on the y-axis

= Find the 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

= There are four combinations of acids and alkalis that you should know about:

1, SaveMyExams
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= strongacid +strongbase ,

= weakacid + strong base Your notes
= strongacid +weakbase

= weak acid + weak base

[STRONG ACID + STRONG BASE| \STRONG ACID + WEAK BASE
N\ N
14 14
pH pH
7 7
0 > 0 >
0 25.0 50.0 0 25.0 50.0
VOL, BASE ADDED (cm?) VOL, BASE ADDED (cm®)
[ WEAK ACID + STRONG BASE | WEAK ACID + WEAK BASE
N\ N\
14 14
pH pH
7 7
0 > 0 >
0 25.0 50.0 0 25.0 50.0
VOL, BASE ADDED (cm?) VOL, BASE ADDED (cm?)

pH curves for the four types of acid-base titrations

= Without titles for the graph you can easily recognise which combination is shown by
looking at the starting and ending pH and deducing whether the acid and alkali are
strong or weak

= Sometimes you may see pH titration curves which show pH plotted against volume of
acid added

= This produces the mirrorimage graph fromwhich you can get all the same information
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IVOLUME OF BASE ADDED lVOLUME OF ACID ADDED ,

Your notes
N N
14 14
pH pH
7 7
0 > 0 >
0 25.0 50.07 0 25.0 50.07
VOL, BASE ADDED (cm?) VOL, ACID ADDED (cm?)

Comparing different versions of pH titration curves

Choosing an Indicator
= Notallindicators are suitable for every type of titration

= |ndicators behave like weak acids and form an equilibrium between two coloured
species:

HA(colour1) = H* + A (colour 2)

= The equilibrium constant, K, forindicators, is known as K|, and is normally expressed in
the logarithmic form, pKj,

= The working pHrange of anindicatoris arange of pH on either side of the pKj, value
= Forexample, the pKj, of methyl orangeis 3.7

= Below pH 3.7 the dominant colouris colour1(red for methyl orange) and above itis
colour 2 (yellow for methyl orange)

= Therange of change foraweak acid-strong base titrationis around pH 8-10

= Using methyl orange for this titration won't work because the range of change s fartoo
high

= Youwould see the indicator changing to yellow before you reach the end-point

= |nthiscase, youneedtouse anindicator with a high pHrange such as phenolphthalein

=

Examiner Tips and Tricks

The word base and alkali are being used interchangeably here, but you should know
analkaliis a soluble base.Since we are dealing with titrations here, the bases are
alwaysin solution so they are also alkalis.
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Titration Curves - Application 4

6_ I
- 1
4‘/*—/ |
pH 3 51 : ’\E
INTERCEPT ] 2

, . . o , Your notes
In this example, strong sodium hydroxide, NaOH (aq), is being added to weak ethanoic
acid, CHzCOOH (aq)
NaOH (aq) + CH3zCOOH (aq) —» CH3COONa (aq) + H,O (I)

The pHontheintercept on they axis starts at roughly 3 due to the relative strength of the
ethanoic acid

The initialrise 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 oraweak base and its
conjugate acid

At this point, the buffer formed will resist changes in pH so the pH rises gradually as
shownin 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)]
= Atthis point,itisimportant to note that the pKj, of the acid is equal to the pH
= pK, = pH at half equivalence

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

14

12
10 EQUIVALENCE POINT
- -~~~ T~ T TT—~° H>7
. p
pPH - {Evz EQUIVALENCE POINT]

BUFFER REGION |
I

1
I
| | T | | | | | |

0 5 10 15 20 25 30 35 40 45 50

VOLUME OF NaOH ADDED (cm?)

Weak acid - strong base pH curve
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Buffers ,

Your notes

Buffer Solutions - Action

= Abuffer solutionis a solution whichresists changesin pH when small amounts of acids
or alkalis are added

= Abuffersolutionis used to keep the pHalmost constant

= Abuffercan consists of weak acid - conjugate base or weak base - conjugate acid

Ethanoic acid & sodium ethanoate as a buffer

= Acommon buffer solution is 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 ethanoate ions

CH,COOH (aq) = H* (aq) + CH,COO" (aq)
Ethanoic acid ethanoate ion

(high conc.) (low conc.)

= Sodium ethanoate is a salt which fully ionises in solution

CH,COONa (s) + aq — Na* (aq) + CH,COO" (aq)
Sodium ethanoate ethanoate ion

(low conc.) (high conc.)

= There arereserve supplies of the acid (CHzCOOH) and its conjugate base (CHzCOO")

= The buffersolution contains relatively high concentrations of CHzCOOH (due to
partial ionisation of ethanoic acid) and CHzCOO™ (due to fullionisation of sodium
ethanoate)

= |nthe buffer solution, the ethanoic acidis in equilibrium with hydrogen and ethanoate
ions

CH,COOH (aq) = H* (aq) + CH,COO" (aq)

(high conc.) (high conc.)

= WhenH*ions are added:

= The equilibrium position shifts to the left as H*ions react with CHzCOO-ions to form
more CH3COOH until equilibriumis re-established

= Asthereisalargereserve supply of CHzCOO™ the concentration of CHzCOO~in
solutiondoesn’t change much as it reacts with the added H*ions
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= Asthereisalargereserve supply of CHzCOOH the concentration of CHzCOOH in ,
solution doesn’t change much as CH3COOH is formed from the reaction of
CH3COO- withH* Your notes

= Asaresult, the pHremainsreasonably constant

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

= When OH" ions are added:
= The OH reacts with H* to form water
OH" (aq) +H* (aq) > H20 (1)
= TheH*concentration decreases

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

CH3COOH (aq) —» H* (aq) + CH3COO™ (aq)

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

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

= Asaresult, the pHremainsreasonably constant

EQUILIBRIUM MOVES TO REPLACE
THE REMOVED HYDROGEN IONS

X\

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

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

{ S
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V4
Worked Example Your notes

Which of these mixtures would form a buffer solution with a pH below 7?

O A NaOH (aqg) and excess HCl (aq)

O B NaOH (ag) and excess CHzCOOH (aq)

O C excess NaOH (ag) and HCl (aq)

m| D excess NaOH (ag) and CHzCOOH (aq)

Answer:

= B/NaOH (aq)and excess CHzCOOH (aq)
Thisis because:

= Abufferwith a pHlowerthan7 canbe made from aweak acid and its salt or by
partial neutralisation of a weak acid

= Bcontains aweak acid thatisin excess and NaOH, so the weak acid willbe
partially neutralised leaving a solution that contains a weak acid and its conjugate
base - thisis a buffer solution

= Allof the otheroptions are incorrect because the solutions would not form a
buffer

L
Buffer Solutions - Applications
Controlling the pH of blood

Inhumans, HCOz™ ions act as a buffer to keep the blood pH between7.35and 7.45

Body cells produce CO; during aerobic respiration

This CO, will combine with waterin blood to form a solution containing H* ions
CO2(g) +H20 () = H* (aq) + HCO3™ (aq)

This equilibrium between CO, and HCO3™ is extremely important

If the concentration of H*ions is not regulated, the blood pH would drop and cause
‘acidosis’

= Acidosis refers to a condition in which there is too much acid in the body fluids such
as blood

= This could cause body malfunctioning and eventually lead to coma
If thereis anincrease inH* ions
The equilibrium position shifts to the left until equilibrium s restored
CO2(g) +H20 () = H* (aq) + HCO3™ (aq)

This reduces the concentration of H* and keeps the pH of the blood constant
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= IfthereisadecreaseinH*ions ,
= The equilibrium position shifts to the right until equilibrium is restored Your notes
CO2(9) +H20(I) = H* (aq) + HCO3™ (aq)

= Thisincreasesthe concentration of H* and keeps the pH of the blood constant

Buffersin food

= Acombination of various factors such as light, heat, oxygen and various kinds of
microorganisms can spoil food

= We try toreduce this by keeping food in airtight containers and/or in refrigerators
= Microorganisms spoiling food depends on the pH value of the food.

= Most microorganisms thrive when the pH of their surroundings is around neutral (oH 6.6 -
7.5)

= Most bacteria cansurvive at pHvalues aslow as 4.4 and as highas 9.0
= Animportant factorin whetherfood spoilsis its buffer capacity

= The buffer capacity of foodis a measure of the amount of acid or base required to
significantly change the pH of the food

= The more protein thereisin the food, the higher the buffer capacity
= Thisisbecause the amino acids present have both acidic and basic properties

= This meansit takeslonger for the pH of the food to change enough for the bacteria
to begin to multiply
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Buffer Calculations

Buffer Calculations

The pH of a buffer solution can be calculated using:
= The K, of the weak acid
= The equilibrium concentration of the weak acid and its conjugate base (salt)

To determine the pH, the concentration of hydrogenions is needed which can be found
using the equilibrium expression

_ [salf] [H'] hich b dio H1 = K lacid]
.= —[acid] which can be rearranged to [H] = K, x [salf]

To simplify the calculations, logarithms are used such that the expression becomes:

[acid]

-log,, [H'] = -log,, K, x -log,, [salf]

Since -logio [H*] = pH, the expression can also be rewritten as:

[salt]
[acid]

pH = pK, + logio

This is known as the Hendersen-Hasselbalch equation

o

Worked Example

Calculate the pH of a buffer solution containing 0.305 mol dm™> of ethanoic acid and
0.520 mol dm~?® sodium ethanoate.

The K, of ethanoic acid =1.74 x 10~ moldm=at 298 K
Answer
Ethanoic acid is a weak acid that ionises as follows:
CH3COOH (aq) = H* (aq) + CH3COO™ (aq)

Step 1: Write down the equilibrium expression to find K,

[CH,CO0 ] [H"]
K= —[cH,Co0H]

4

Your notes
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Step 2: Rearrange the equation to find [H*] ,

[CH;COOH] Your notes

H1=K.x 1cH,c00 ]

Step 3: Substitute the values into the expression

0.305
0.520

[H*] = 1.74 x 105 x

=1.02x10-° moldm-3

Step 4: Calculate the pH

pH = -log[H+]
=-log1.02x10-%
=4.99

How to make a buffer solution with a required pH

= Tomake abuffer solution with a pH of less than 7, you need to use a mixture of a weak

acid andits conjugate base

= Conversely, you can make a buffer solution with a pH greater than 7 by using a
mixture of a weak base and its conjugate acid

Imagine we want to make a buffer solution with a pH of 5.00 at a temperature of 298K
This would require a hydrogenion concentration of:
[H+(@g)]=1.00x10"5>moldm=3

The hydrogenion concentration of a buffer solution of a weak acid and its conjugate
baseis calculated using the formula:

" K [acid]
[ (aCI)]— aX [base]

We will use ethanoic acid as our weak acid of choice, with a K, value of 1.74 x 10-° moldm-
3

Substituting our known values into the equation we get:

[acid]
[base]

1.00x107°=1.74x10"5x

This gives a value for the ratio of the concentrations of acid and base needed in our
buffer solution:

[acid]

[base] =0.575
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Mixing an equal volume of ethanoic acid with a concentration of 0.575 moldm-3and a ,

sodium ethanoate solution of 1.00 mol dm-3would allow us to make this buffer solution
Your notes

This would give a solution with an acid concentration of 0.2875 mol dm-3 and a salt
concentration of 0.500 mol dm-3

0.2875
0.500

=0.575
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