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8.2.1 Acid-base Titrations

Acid-Base Titrations

The steps invo lved in perfo rming a titratio n and titratio n calculatio n are o utlined in To pic 1.2.9

T itratio ns

Acid-base titratio ns  fo llo w the same steps and are used to  �nd the unkno wn co ncentratio ns o f

so lutio ns o f acids and bases

Acid-base indicato rs  give info rmatio n abo ut the change in chemical enviro nment

They change co lo ur reversibly depending o n the co ncentratio n o f H  io ns in the so lutio n

Indicato rs  are weak acids and bases where the co njugate bases and acids have a di�erent

co lo ur

Many acid-base indicato rs  are derived fro m plants, such as litmus

Co mmo n Indicato rs Table

A go o d indicato r gives a very sharp co lo ur change at the equivalence po int

In titratio ns  is it no t always po ssible to  use two  co lo ur indicato rs because o f this limitatio n, so

fo r example litmus canno t be used successfully in a titratio n

When pheno lphthalein is used, it is usually better to  have the base in the burette because it is

easier to  see the sudden and permanent appearance o f a co lo ur (pink in this case) than the

change fro m a co lo ured so lutio n to  a co lo urless o ne

Exam T ip

Make sure yo u learn the co lo urs o f the co mmo n acid-base indicato rs

+
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8.2.2 pH & [H⁺]

pH & [H⁺]

The acidity o f an aqueo us so lutio n depends o n the number o f H  (H O ) io ns in so lutio n

The pH is de�ned as:

where [H ] is the co ncentratio n o f H  in mo l dm

The pH scale is a lo garithmic scale with base 10

This means that each value is 10 times the value belo w it. Fo r example, pH 5 is 10 times mo re acidic

than pH 6.

pH values are usually given to  2 decimal places

The relatio nship between co ncentratio n is easily seen o n the fo llo wing table:

pH & [H+] Table

+
3

+

+ + –3
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Worked example

10.0 cm o f an aqueo us so lutio n o f nitric acid o f pH = 1.0 is mixed with 990.0 cm  o f distilled

water. What is the pH o f the �nal so lutio n?

A.  1

B.  2

C.  3

D.  10

Answer:

The co rrect o ptio n is C.

The to tal vo lume after dilutio n is 1000.0 cm  so  the co ncentratio n o f H  has been reduced  by

a facto r o f 100 o r 10 , which means an increase o f 2 pH units

The �nal so lutio n is therefo re pH 3

Exam T ip

Make sure yo u kno w ho w to  use the antilo g (base 10) feature o n yo ur calculato r. On mo st

calculato rs it is the 10  butto n, but o n o ther mo dels it co uld be LOG , ALOG o r even a two -butto n

sequence such as INV + LOG

3 3

3 +

-2

x -1
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8.2.3 Interpreting pH

Interpreting pH

The pH scale is a numerical scale that sho ws ho w acidic o r alkaline  a so lutio n is

The values o n the pH scale go  fro m 0−14 (extremely acidic substances have values o f belo w 0)

All acids have pH values o f belo w 7, all alkalis have pH values abo ve 7

The lo wer the pH then the mo re acidic the so lutio n is

The higher the pH then the mo re alkaline the so lutio n is

The pH scale showing acidity, neutrality and alkalinity

pH of  acids

Acidic  so lutio ns (stro ng o r weak) always have mo re H  than OH  io ns

Since the co ncentratio n o f H  is always greater than the co ncentratio n o f OH  io ns, [H ] is always

greater than 10  mo l dm

Using the pH fo rmula, this means that the pH o f  acidic so lutio ns  is always belo w 7

The higher the [H ] o f the acid, the lo wer the pH

pH of  bases

Basic  so lutio ns (stro ng o r weak) always have mo re OH  than H  io ns

Since the co ncentratio n o f OH  is always greater than the co ncentratio n o f H  io ns, [H ] is always

smaller than 10  mo l dm

Using the pH fo rmula, this means that the pH o f  basic so lutio ns  is always abo ve  7

The higher the [OH ] o f the base, the higher the pH

T he pH of  wat er

+ -

+ - +

-7 -3

+

- +

- + +

-7 -3

-
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Water at 298K has equal amo unts  o f OH  and H  io ns  with co ncentratio ns o f 10  mo l dm

To  calculate the pH o f water, the fo llo wing fo rmula sho uld be used:

pH       = -lo g (10 )

               = 7

Thus, water has a pH o f 7 at 298 K

- + -7 -3

-7

8.2.4 The Ionic Product of Water

The Ionic Product of Water

pH of  wat er

An equilibrium exists in water where few water mo lecules disso ciate into  pro to n and hydro xide

io ns

H O(l) ⇌ H (aq) + OH (aq)

The equilibrium co nstant fo r this reactio n is:

K x [H O] = [H ] [OH ]

Since the co ncentratio n the H  and OH  io ns is very small, the co ncentratio n o f water is

co nsidered to  be a co nstant, such that the expressio n can be rewritten as:

K  = [H ] [OH ]

Where K (io nic pro duct o f  water)      =         K x [H O]

 =         10 mo l dm  at 298K

The pro duct o f the two  io n co ncentratio ns is always 10 mo l dm

This makes it straightfo rward to  see the relatio nship between the two  co ncentratio ns and the

nature o f the so lutio n:

[H ] & [OH ] Table

2
+ -

c 2
+ -

+ -

w
+ -

w c 2

-14  2 -6

-14  2 -6

+ -
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Worked example

What is the pH o f a so lutio n o f po tassium hydro xide, KOH(aq) o f co ncentratio n 1.0 × 10  mo l

dm  ?K  = 1.0 × 10 mo l dm

  A. 3

B. 4

C. 10

D. 11

Answer:

The co rrect o ptio n is D.

Since K  = [H ] [OH ] , rearranging gives [H ]  = K  ÷ [OH ]

The co ncentratio n o f  [H ] is (1.0 × 10 ) ÷ (1.0 × 10 ) = 1.0 × 10 mo l dm

So  the pH = 11

−3

−3
w

−14 2  -6

w
+ - +

w
-

+ −14 −3 −11 −3
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8.2.5 Acid-Base Calculations

Acid-Base Calculations

Using the relatio nships between pH, [H⁺] and [OH⁻] a variety o f pro blems can be so lved

pH = - lo g [H ]    and    K  = [H ] [OH ]

Test yo ur understanding o n the fo llo wing wo rked examples:

Worked example

�. The pH o f a so lutio n o f pho spho ric acid changes fro m 3 to  5. Deduce ho w the hydro gen io n

co ncentratio n changes

�. Water fro m a po nd was analysed and fo und to  have a hydro gen io n co ncentratio n o f 2.6 x 10

mo l dm . Calculate the pH o f the po nd water.

�. Determine the pH o f a so lutio n made by disso lving 5.00 g o f po tassium hydro xide in 250 cm

o f distilled water

Answers:

Answer 1: The initial pH o f the pho spho ric acid is 3 which co rrespo nds to  a hydro gen io n

co ncentratio n o f 1 x 10  mo l dm  :

[H+] = 10

[H+] = 1 x 10 mo l dm

The �nal pH is 5, which co rrespo nds to  1 x 10  mo l dm

Therefo re, the so lutio n has decreased in [H ] co ncentratio n by 10 o r 100 times

Answer 2: The po nd water has [H ] = 2.6 x 10  mo l dm .

pH = - lo g [H+] =   -lo g(2.6 x 10 ) = 4 .58

Answer 3: Po tassium hydro xide (M = 56.10 g mo l ) is a stro ng base so  the co ncentratio n o f

[OH ] is the same as the co ncentratio n o f the so lutio n as it fully disso ciates:

KOH (s)  →    K (aq) + OH (aq)

+
w

+ -

-5

-3

3

-3 -3

-pH

-3 -3

-5 -3

+ 2 

+ -5 -3

-5

-1

-

+ - 
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The co ncentratio n o f KOH is

Using K  = [H ][OH ], and then rearranging  [H ] = K /[OH ]

pH = - lo g (2.80 x 10 ) = 13.55

w
+ - +

w 
-

-14

8.2.6 pH Meters & Universal Indicator

pH Meters & Universal Indicator

The mo st accurate  way to  determine the pH is by reading it o � a pH meter

The pH meter is co nnected to  the pH electro de  which sho ws the pH value o f the so lutio n

The diagram shows a digital pH meter that measures the pH of a solution using a pH electrode

A less accurate metho d is to  measure the pH using universal indicato r paper

The universal indicato r paper is dipped into  a so lutio n o f acid upo n which the paper changes

co lo ur

The co lo ur is then co mpared to  tho se o n a chart which sho ws the co lo urs co rrespo nding to

di�erent pH values
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The diagram shows the change in colour of the universal indicator paper when dipped in a strong (HCl)

and weak (CH COOH) acid. The colour chart is used to read o� the corresponding pH values which are

between 1−2 for HCl and 3−4 for CH COOH
3

3
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8.2.7 Strong & Weak Acids & Bases

Strong & Weak Acids & Bases

St rong acids

A stro ng acid is an acid that disso ciates  almo st co mpletely  in aqueo us so lutio ns

HCl (hydro chlo ric acid), HNO  (nitric acid) and H SO  (sulfuric acid)

The po sitio n o f the equilibrium is so  far o ver to  the right  that yo u can represent the reactio n as an

irreversible reactio n

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

The so lutio n fo rmed is highly acidic  due to  the high co ncentratio n o f the H /H O  io ns

Since the pH depends o n the co ncentratio n o f H /H O  io ns, the pH can be calculated if the

co ncentratio n o f the stro ng acid is kno wn

pH is the negative log of the concentration of H /H O  ions and can be calculated if the concentration of

the strong acid is known using the stoichiometry of the reaction

Weak acids

A weak acid is an acid that partially  (o r inco mpletely) disso ciates  in aqueo us so lutio ns

3 2 4

+
3

+

+
3

+

+
3

+
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Eg. mo st o rganic acids (ethano ic acid), HCN (hydro cyanic acid), H S (hydro gen sul�de) and

H CO  (carbo nic acid)

The po sitio n o f the equilibrium is mo re o ver to  the lef t  and an equilibrium is established

The diagram shows the partial dissociation of a weak acid in aqueous solution

The so lutio n is less acidic  due to  the lo wer co ncentratio n o f H /H O  io ns

Finding the pH o f a weak acid requires using the acid disso ciatio n co nstant, K but this no t

required at Standard Level, but o nly at Higher Level and is co vered in To pic 18

Acid & Equilibrium Po sitio n Table

2

2 3

+
3

+

a 
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St rong bases

A stro ng base is a base that disso ciates almo st co mpletely in aqueo us so lutio ns

E.g. gro up 1 metal hydro xides such as NaOH (so dium hydro xide)

The po sitio n o f the equilibrium is so  far o ver to  the right that yo u can represent the reactio n as an

irreversible reactio n
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The diagram shows the complete dissociation of a strong base in aqueous solution

The so lutio n fo rmed is highly basic due to  the high co ncentratio n o f the OH  io ns

Weak bases

A weak base is a base that partially  (o r inco mpletely) disso ciates  in aqueo us so lutio ns

NH  (ammo nia), amines and so me hydro xides o f transitio n metals

The po sitio n o f the equilibrium is mo re to  the lef t  and an equilibrium is established

The diagram shows the partial dissociation of a weak base in aqueous solution

-

3
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The so lutio n is less basic  due to  the lo wer co ncentratio n o f OH  io ns

Base & Equilibrium Po sitio n Table

-
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Conjugate Pairs & Acid-Base Strength

The co njugate base o f HCl is the chlo ride io n, Cl , but since the reverse reactio n is virtually no n-

existent the chlo ride io n must be a very weak co njugate base

HCl (g) → H (aq)  +   Cl (aq)

acid                          co njugate base

In general stro ng acids  pro duce weak co njugate bases  and weak acids  pro duce stro ng

co njugate bases

A stro ng base is also  fully io niz ed and is a go o d pro to n accepto r

Fo r example the hydro xide io n is a stro ng base and readily accepts pro to ns:

OH (aq)+  H  (aq)  ⇌  H O (l)

The co njugate acid o f the hydro xide io n is water, which is a weak co njugate acid

In general stro ng bases  pro duce weak co njugate acids

Exam T ip

Hydro gen io ns in aqueo us so lutio ns can be written as either as H O  o r as H ho wever, if H O  is

used, H O sho uld be included in the chemical equatio n: HCl(g) → H (aq) + Cl (aq)   OR HCl(g) +

H O(l) → H O (aq) + Cl (aq) So me acids co ntain two  replaceable pro to ns ( called 'dibasic') – fo r

example, H SO  (sulfuric acid) has two  io nisatio ns: H SO  acts as a stro ng acid: H SO  → H  +

SO HSO  acts as a weak acid: HSO  ⇌ H + SO The seco nd io nisatio n is o nly partial which is

why the co ncentratio n o f 1 mo l dm  sulfuric acid is no t 2 mo l dm in H  io ns Also , do n't fo rget

that the terms stro ng and weak acids and bases are related to  the degree o f  disso ciatio n and

no t the co ncentratio n.The appro priate terms to  use when describing co ncentratio n are dilute

and co ncentrated.

-

+  - 

- +
2

3
+ + 

3
+

2
+ -

2 3
+ -

2 4 2 4 2 4
+

4
-

4
-

4
- +  

4
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-3 -3 +
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8.2.8 Comparing Strong & Weak Acids

Comparing Strong & Weak Acids

Stro ng and weak acids can be distinguished fro m each o ther by their:

pH value  (using a pH meter o r universal indicato r)

Electrical co nductivity

Reactivity

pH value

An acid disso ciates  into  H  in so lutio n acco rding to :

HA → H  + A

The stro nger the acid, the greater the co ncentratio n o f  H  and therefo re the lo wer the pH

pH value o f  a Stro ng Acid & Weak Acid Table

Elect rical conduct ivit y

Since a stro nger acid has a higher co ncentratio n o f  H it co nducts electricity better

Stro nger acids therefo re have a greater electrical co nductivity

The electrical co nductivity can be determined by using a co nductivity meter

Like the pH meter, the co nductivity meter is co nnected to  an electro de

The co nductivity o f the so lutio n can be read o � the meter

+

+ -

+

+
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The diagram shows a digital conductivity meter that measures the electrical conductivity of a solution

using an electrode

React ivit y

Stro ng and weak acids o f the same co ncentratio ns  react di�erently with reactive metals

This is because the co ncentratio n o f H  is greater in stro ng acids co mpared to  weak acids

The greater H  co ncentratio n means that mo re H  gas is pro duced in a sho rter time

+

+
2

The diagram shows the reaction of 0.1 mol dm  of a strong acid (HCl) with Mg. The reaction produces a

lot of bubbles and hydrogen gas due to the high concentration of H  present in solution

-3

+
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The diagram shows the reaction of 0.1 mol dm  of a weak acid (CH COOH) with Mg. The reaction

produces fewer bubbles of hydrogen gas due to the lower concentration of H  present in solution

Similar o bservatio ns wo uld be made in the reactio n between stro ng and weak acids with

carbo nates  and hydro gencarbo nates, altho ugh the gas given o � this time is carbo n dio xide

With o xides  and hydro xides, there may no t be a lo t o f visible changes altho ugh it is likely that they

wo uld disso lve f aster in a stro ng acid than in a weak acid

These reactio ns are also  likely to  pro duce larger enthalpy changes  which co uld be seen in higher

temperature rises

Exam T ip

The abo ve-mentio ned pro perties o f stro ng and weak acids depend o n their ability to  disso ciate

and fo rm H io ns.Stro nger acids disso ciate mo re, pro ducing a greater co ncentratio n o f H io ns

and therefo re sho wing lo wer pH values, greater electrical co nductivity and mo re vigo ro us

reactio ns with reactive metals.

-3
3

+

+ + 
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