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Section 11 - Acids, Bases, Salts and Neutralisation
pH and Indicators
The pH scale measures the acidity of solutions of substances dissolved in water.

A pH of 7 is neutral: many salts (such as sodium chloride) and other substances such as sugar give neutral solutions. pHs below 7 are acidic — the lower the pH, the stronger the acid. pHs above 7, up to 14, are alkaline. For example, ammonia solution is a weak alkali (pH about 11) while sodium hydroxide is a strong alkali (pH about 14).

We can use universal indicator to measure pH: the colours vary slightly, but one sort changes as follows:
         pH = 
1
     3

7
      10
 
14



        colour   red         yellow          green             blue         purple

(pH can also be measured using a “pH meter”).
Other indicators can be used to test if a substance is acidic or alkaline.

	Indicator
	Colour in acid
	Colour in alkali

	LITMUS
	RED
	BLUE

	METHYL ORANGE
	ORANGE
	YELLOW

	PHENOL PHTHALEIN
	COLOURLESS
	PINK


Acids

An Acid can be defined as a substance containing a hydrogen atom which can be replaced by a metal, and giving a pH of less than 7 when dissolved in water.

Examples:
     Formula
Acid
Salts formed
Formulae of salts



HCl
hydrochloric 
chlorides
NaCl,  MgCl2



H2SO4
sulphuric
sulphates
Na2SO4,  MgSO4



HNO3
nitric
nitrates
NaNO3,  Mg(NO3)2

These three acids are man-made, although hydrochloric acid also occurs naturally in the stomach. Natural acids include ethanoic acid (in vinegar), citric acid (in oranges and lemons), and carbonic acid (H2CO3 – from reaction between carbon dioxide and water).

Reactions of Acids
Acids react with metals above hydrogen in the reactivity series (e.g. magnesium and zinc) to fizz and give off hydrogen (test: a test tube of gas gives a pop with a lighted splint):

reactive metal  +   acid
(    metal salt    +  hydrogen


           Mg(s)  +  2HCl(aq)
(    MgCl2(aq)   +    H2(g)



           Zn(s)   +  H2SO4(aq)
(  ZnSO4(aq)   +    H2(g)

Acids react with bases (normally metal oxides or hydroxides) to form a salt and water only. Note: soluble bases are called alkalis (e.g. sodium hydroxide, potassium hydroxide):



base    +   acid
(   metal salt    +  water

        CuO(s) + 2HNO3(aq)
(  Cu(NO3)2(aq)
+  H2O(l)

                  NaOH(aq) +    HCl(aq)
(  NaCl(aq)

+  H2O(l)

Acids react with metal carbonates at room temperature, to fizz and give off carbon dioxide (test: turns limewater milky):
metal carbonate +  acid   ( metal salt + water + carbon dioxide
               CaCO3(s)    +  2HCl(aq)
    (     CaCl2(aq) +  H2O(l)  +    CO2(g)

Acids and Ions

Acids must be dissolved in water before they can act as acids. For example, the gas hydrogen chloride (HCl) will dissolve in methylbenzene, and the resulting solution will not react with magnesium. 
Water is necessary because the acid reacts with water to form ions (charged atoms or molecules), including the hydroxonium ion, H3O+ [often written as H+(aq), and called hydrogen ions]:

HCl(g)  +     H2O(l)

 EMBED Word.Picture.8  

H3O+(aq)   +   Cl–(aq)

Pure water contains equal (but very small) amounts of hydroxonium and hydroxide ions:

2H2O(l)

 EMBED Word.Picture.8  

  H3O+(aq)  +  OH–(aq)

It is often easier to write this in the simpler form:

H2O(l)  

 EMBED Word.Picture.8  

    H+(aq)  +  OH–(aq)

A solution is neutral if it has equal amounts of H+(aq) and OH–(aq). If it has more H+(aq) it is acidic, while if it has more OH–(aq) it is alkaline.

An alternative, and more modern, definition of an acid is a substance which will form hydrogen ions when dissolved in water. 

This is the Arrhenius Definition of acids – A substance that contains H+ ions in water.



e.g. hydrochloric acid:    HCl(g)     +  water 
(  H+(aq)   +  Cl–(aq)

Alkalis and Ions

Alkalis are substances which increase the concentration of hydroxide ions, when dissolved in water. (This is the Arrhenius definition of an alkali).
Soluble metal hydroxides like NaOH and KOH are strong alkalis, since they give high concentrations of hydroxide ions (pHs around 14, depending on how much is dissolved).

Calcium hydroxide is not very soluble, and so its solutions have lower pHs (e.g. 11 in limewater).

Ammonia solutions are weakly alkaline, because of the reaction:



NH3     +     H2O  

 EMBED Word.Picture.8  

   NH4+   +  OH–
Since the equilibrium lies to the left, the pH is around 11.
Neutralisation
Neutralisation is the reaction between an acid and a base to form a salt and water only. 
When the acid reacts with an alkali (soluble base), the ionic equation is always:
H+(aq)   +    OH–(aq)
(  H2O(l)

[leaving out the “spectator ions” which do not take part in the reaction]

Ionic equations
When ionic salts dissolve in water the ions move around separately, each surrounded by water molecules. 

Any particular ion does not ‘remember’ which salt it came from, so mixing equal amounts of NaCl and KBr in 1 dm3 of water would give the same result as mixing equal amounts of NaBr and KCl in 1 dm3 of water i.e. equal amounts of Na+(aq), K+(aq), Cl–(aq), and Br–(aq). 

If two of the ions happen to react, the other ions play no part - these are called “spectator ions”. 

When we write an ionic equation, we include all ions or molecules which change in state or react, but miss out all spectator ions. 

It is essential to include a state symbol for each ion.
e.g. when barium nitrate solution reacts with sodium sulphate solution, a white precipitate of barium sulphate is formed:

Ba(NO3)2(aq) + Na2SO4(aq)
(  BaSO4(s)  +  2NaNO3(aq)

If we show all the ions and their states, we can see which ones are spectators (underlined):

Ba2+(aq)+2NO3–(aq)+2Na+(aq)+SO42–(aq)  
(  BaSO4(s) + 2Na+(aq) + 2NO3–(aq)

If we leave these out, the ionic equation becomes simply:

Ba2+(aq)     +     SO42–(aq)
(  BaSO4(s)

Some guidance to ionic equations:

· always include state symbols and omit spectator ions.

· dissolved metal compounds are always ionic: MgCl2(aq) is Mg2+(aq) + 2Cl–(aq);

· common negative ions include: NO3–, Cl–, OH–, SO42–, CO32–.

· strong acids [HCl(aq), HNO3(aq) and H2SO4(aq)] are ionic: e.g. 2H+(aq)+SO42–(aq)

· solid compounds, pure liquids or gases are not written as ions: AgCl(s), H2O(l), CO2(g).

Moles and Solutions - Concentration

When a substance is dissolved in water, its concentration is given by:


    concentration (mol/dm3) 
= 
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The concentration of a substance in mol/dm3 is called the molarity of the solution.

1.0 dm3 is 1000 cm3, so     volume (dm3) 
= 
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; hence 200 cm3 is 0.20 dm3, and

50 cm3 is 0.050 dm3. You may also come across values in Litres: 1.0 L = 1.0 dm3.

The main equation can be rearranged as:



     amount (mol) 
= volume (dm3) ( concentration (mol/dm3)


      or
     volume (dm3) 
= 
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Equation          is probably the most useful one to learn, although          is easiest, since it follows from the units.

The same general calculation method as in T3 can be used.

The steps involved are as follows :


(a) Convert the information given to moles of one substance.


(b) Use the chemical equation to find moles of other substance needed.


(c) Convert back from moles to mass (or concentration, volume etc.)

e.g. An antacid tablet contains 0.330 g of calcium carbonate.  If a sample of stomach acid contains 0.0600 mol/dm3 of hydrochloric acid, what volume of the acid could be neutralised by the tablet? 


The equation is:  CaCO3  +  2 HCl   (  CaCl2  +  2H2O


(a)
Molar mass of CaCO3 
= 40 + 12+ 3 × 16  
= 100 g/mol



Amount of CaCO3 in one tablet 
= 
[image: image4.wmf]g/mol

 

100

0.330g


=  0.00330 mol


(b) 
From equation 1 mol CaCO3 reacts with 2 mol HCl



So 0.00330 mol CaCO3 reacts with 2 × 0.00320 
= 0.00660 mol HCl.


(c) 
volume (dm3) = 
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 = 0.110 dm3


So volume     =   0.110 dm3, or 110 cm3 of stomach acid.

e.g. 62.0 cm3  of stomach acid containing hydrochloric acid is neutralised by one 290 mg tablet of magnesium hydroxide. Calculate the concentration of the stomach acid. 

The equation is:             Mg(OH)2  +  2 HCl  (  MgCl2  +  2 H2O


(a) 
 Molar mass of Mg(OH)2   =    24 + 2 × (16 + 1) 
= 58 g/mol



Mass of Mg(OH)2 in one tablet 
=   290 mg 
= 
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g  = 0.290 g

Amount of Mg(OH)2 in one tablet 
= 
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= 
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0.290


=  0.00500 mol

(b) From equation one mol Mg(OH)2 reacts with 2 mol HCl



So 0.00500 mol Mg(OH)2 reacts with  2 × 0.00500
= 0.0100 mol HCl


(c) 
Volume of acid used   =   62.0 cm3 
=   
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=  0.062 dm3


concentration of acid (mol dm–3)
=  
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=  0.161 mol/dm3
Titrations

Technique used to find the concentration of acids

e.g. finding the concentration of ethanoic acid in a sample of vinegar.

*
A pipette is used to draw up exactly 20.0 cm3 of the ethanoic acid, and this is transferred to a conical flask.

*
2-3 drops of phenolphthalein are added as indicator: it remains colourless. 

*
A burette (thin, graduated tube with a tap) is filled with sodium hydroxide of known concentration. 

*
The initial volume is read, then the tap is opened to add NaOH, rapidly at first, but dropwise near the end-point (when the colour of the indicator takes time to fade) until there is a permanent pink colour. 

*
The difference between the initial and final volume readings gives the volume added. 

*
The whole experiment should be repeated, to obtain an average value for the volume of NaOH needed — called the titre.
Titration Calculations
Use the same general method above.

e.g. If 20.0 cm3 of vinegar takes a titre of 21.6 cm3 of 0.100 mol/dm3 sodium hydroxide solution, find the concentration  of ethanoic acid.


Equation is:  CH3CO2H  +  NaOH  (  CH3CO2Na  +  H2O


(a) 
Amount of NaOH (mol) 
= concentration (mol/dm3) × volume (dm3)







= 0.100 mol/dm3 × 
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= 0.00216 mol


(b) 
From equation, 1 mol NaOH reacts with 1 mol CH3CO2H



So 0.00216 mol NaOH react with 0.00216 mol CH3CO2H


(c) 
concentration of acid (mol/dm3) 
=  
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=    0.108 mol/dm3  

e.g. A sample of rust remover contains orthophosphoric acid, H3PO4. When 10.0 cm3 of rust remover is titrated with 2.0 mol dm–3 sodium hydroxide, 16.0 cm3 of alkali is required. Calculate the concentration of orthophosphoric acid (a) in mol/dm3; (b) in g/dm3.

The equation is:   H3PO4  +  3 NaOH  (  Na3PO4 +  3H2O


(a) 
Amount of NaOH (mol) 
= concentration (mol/dm3) × volume (dm3)







= 2.0 mol/dm3 × 
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= 0.032 mol


(b) 
From equation,  3 mol NaOH react with 1 mol H3PO4


So 0.032 mol NaOH react with 
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 = 0.0107 mol H3PO4


(c) 
concentration of acid (mol/dm3)  
=  
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=    1.07 mol/dm3  — answer (a)


Molar mass of H3PO4  

=    3 + 31 + 4×16  = 98 g/mol



So mass concentration 

=    1.07 mol/dm3 × 98 g/mol 








=    105 g/dm3  — answer (b)
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