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Section 12 - Preparing and Analysing Salts
Preparing Salts

Acids are neutralised by reacting them with either bases, alkalis, metals or carbonates to prepare crystalline examples of salts. The method adopted depends on the solubility of the reactants and the salt. 
It is helpful to know some general rules about solubility:


Soluble substances
Insoluble substances


all common acids
most metal oxides and hydroxides*


all Na+, K+ and NH4+ compounds
most metal carbonates*


most metal chlorides
AgCl, PbCl2

most metal sulphates
PbSO4, BaSO4, CaSO4 (slightly sol)


all metal nitrates




              * except Na+, K+ and NH4+ 

The difficulty in making salts is to obtain a pure sample of the salt, which is not contaminated by excess reactant. 

Making Soluble Salts

(a)      Acid  +  insoluble substance
(  SOLUBLE SALT + gas or water
The insoluble substance may be a reactive metal, a metal carbonate (not Na+ or K+), or a metal oxide (not Na+ or K+).


e.g. 
 
H2SO4(aq) + CuO(s)
(  CuSO4(aq) +  H2O(l)

· A suitable volume of acid (e.g. about 40 cm3, not measured exactly) is placed in a beaker. 
· Small amounts of the insoluble solid are added, stirring and warming if necessary, until some remains (i.e. no more can react – this is called an excess of solid). 
· The solution is then filtered to remove the solid, and crystallised by heating in an evaporating basin until half the water has evaporated, then leaving to cool.

(b)     Acid  +    soluble substance 
(  SOLUBLE SALT + gas or water
The soluble substance may be a soluble carbonate (sodium, potassium or ammonium), or an alkali (NaOH, KOH or ammonia solution).

e.g.   H2SO4(aq)  +  2NaOH(aq)
(   Na2SO4(aq) +  2H2O(l)

· Titration is used. 25 cm3of acid is placed in a conical flask, using a pipette. 
· Indicator is added (e.g. methyl orange).

· Then the solution of alkali is added slowly from a burette (a graduated tube fitted with a tap at the bottom). 
· The total volume (V cm3) of alkali needed to change the colour of the indicator is noted. 
· A fresh 25 cm3 sample of acid is measured out, and V cm3 of alkali is added, without any indicator. 
· The solution is now neutral and can be crystallised as before.

Making Insoluble Salts

     (c)     metal nitrate + sodium salt ( INSOLUBLE SALT + sodium nitrate
The principle here is that two solutions are mixed to form the insoluble substance. Since all nitrates and all sodium compounds are soluble, the salts suggested will always be suitable, but others could be used (e.g. any soluble silver salt, and any soluble chloride).
e.g. AgNO3(aq) +     NaCl(aq)       (  AgCl(s)         +     NaNO3(aq)

· The two solutions are mixed, then boiled to help coagulate the precipitate. 
· It is filtered hot, and the residue rinsed on the paper with distilled water. 
· The paper is then spread out to dry. 

We can write an ionic equation by just including the aqueous ions which form the precipitate here:

Ag+(aq)    +    Cl–(aq)

(  AgCl(s)

Other examples:

Barium sulphate: 
from barium nitrate and sodium sulphate solutions

ionic equation:
Ba2+(aq)    +    SO42–(aq)
(  BaSO4(s)


Calcium carbonate: 
from calcium nitrate and sodium carbonate solutions

ionic equation:
Ca2+(aq)    +     CO32–(aq)
(  CaCO3(s)

Analysing Salts
Tests for Cations

One test that can be used to identify the presence of positive ions (cations) in compounds is the Flame Test, which identifies some metals ions by the characteristic colour emitted on heating their compounds in a bunsen flame.

· A small sample of the compound is placed on a watch glass with a few drops of concentrated hydrochloric acid. 

· A little of the resulting paste is then applied to the clean platinum or nichrome wire, and the colour is noted when the wire is heated in a non-luminous bunsen flame.

The table below lists some common metal ions that give characteristic flame colours:

	Metal ion
	Flame colour

	K
	lilac (mauve)

	Na
	yellow

	Li
	red

	Ca
	brick red


The second test for the presence of positive ions (cations) in compounds uses a precipitation reaction with sodium hydroxide.

The four tests which you need to know are;

	Ion
	Colour of solution
	Adding NaOH solution

	Cu2+
	usu. blue 

(occ. green)
	light blue ppt. of Cu(OH)2, insoluble in excess

	Fe2+
	pale green
	dirty green ppt. of Fe(OH)2, insoluble in excess

	Fe3+
	red/orange
	red/brown ppt. of Fe(OH)3, insoluble in excess

	NH4+
	colourless
	no visible change; ammonia gas given on warming (recognisable smell, turns red litmus blue)


Note

· If no precipitate is formed, the metal ion is either sodium or potassium. These can be distinguished using a flame test. 

· Ammonium ions also do not give a precipitate with sodium hydroxide. If a flame test on the solid shows no colour and there is no precipitate with sodium hydroxide solution then the positive ion is probably ammonium NH4+. 

· If the solution is heated, ammonia gas will be produced.

Equations for cation tests
The reactions below are shown with the metal chloride but any soluble compound could be used. The ionic equation is also given.


copper(II) chloride  + sodium hydroxide  ( copper(II) hydroxide + sodium chloride


CuCl2(aq)     +    2NaOH(aq)  (  Cu(OH)2(s)     +     2NaCl(aq)

The ionic equation is     Cu2+(aq)  +  2OH-(aq)  (  Cu(OH)2(s) 

                  Copper(II) hydroxide is blue.


iron(III) chloride + sodium hydroxide ( iron(III) hydroxide + sodium chloride


FeCl3(aq)       +     3NaOH(aq)  (   Fe(OH)3(s)    +    3NaCl(aq)

The ionic equation is    Fe3+(aq)   +   3OH-(aq)  (  Fe(OH)3(s)

      Iron(III) hydroxide is brown.

Testing for transition metal ions
	ION
	Colour
	Addition of NaOH(aq)
	Excess NaOH(aq)
	Addition of NH3(aq)
	Excess NH3(aq)

	Fe2+
	Pale green
	Dirty green ppte  →  turns brown as oxidised by air to Fe(OH)3
	Ppte remains
	Dirty green ppte
	Ppte remains

	Fe3+
	Yellow/brown
	Brown-red
	Ppte remains
	Brown-red
	Ppte remains



	Cu2+
	Pale blue
	Blue ppte
	Ppte remains
	Pale blue ppte
	Deep blue solution


Tests for Anions
The negative ions (anions) have specific tests as described below. In the tests for chloride, bromide, iodide and sulphate the chemical principle is that when two ions which form an insoluble substance are brought together they will form a precipitate. 
Chloride, bromide and iodide tests (Cl–, Br–, and I–)

Dissolve some of the substance in distilled water. Add a little dilute nitric acid, and then some silver nitrate solution. 

If substance is a chloride, a white precipitate of silver chloride is formed.



e.g.  MgCl2(aq)     +  2AgNO3(aq)  
(  Mg(NO3)2(aq)  +  2AgCl(s)

Ionic equation:
  Ag+(aq)   +    Cl–(aq)  
(  AgCl(s)

If substance is a bromide, a cream precipitate of silver bromide, AgBr, is formed.

If substance is an iodide, a pale yellow precipitate of silver iodide, AgI, is formed.

· To help distinguish the colours, the AgCl precipitate will dissolve if shaken with excess dilute ammonia solution. 

· The AgBr precipitate will only dissolve in concentrated ammonia solution.

· AgI is not soluble even in concentrated ammonia.

Sulphate test (SO42–)

Dissolve some of the substance in distilled water. Add a little dilute hydrochloric acid and then barium chloride solution.

If substance is a sulphate, a white precipitate of barium sulphate is formed.



e.g.   BaCl2(aq)        +   Na2SO4(aq)
(  BaSO4(s)  +  2NaCl(aq)

Ionic equation:
Ba2+(aq)       +     SO42–(aq)  
(  BaSO4(s)  

Carbonate test (CO32–)

Add some dilute nitric acid to solid substance in a test tube. 

If substance is a carbonate, it will fizz immediately, and give off a gas which turns limewater milky. Acid + a solution of a carbonate will also work, fizzing in the cold, but few carbonates are soluble.



e.g.       CuCO3(s)  +  2HNO3(aq)
(  Cu(NO3)2  +  H2O(l)  +  CO2(g)

Tests for Common gases
	gas
	test
	result

	H2
	lighted splint
	Burns with squeaky pop

	O2
	glowing splint
	Relights

	CO2
	bubble through limewater
	limewater turns milky

	NH3
	smell
damp litmus
Conc HCl at mouth of bottle
	pungent
red litmus turns blue
white smoke forms

	Cl2
	smell
damp litmus
	swimming pool smell
blue litmus turns red then is bleached























