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8. Acids, bases and salts

8.1 The characteristic properties of acids and bases

Core

« Describe the characteristic properties of acids as
reactions with metals, bases, carbonates and effect
on litmus and methyl orange

« Describe the characteristic properties of bases as
reactions with acids and with ammonium salts and
effect on litmus and methyl orange

« Describe neutrality and relative acidity and alkalinity in
terms of pH measured using Universal Indicator paper
(whole numbers only)

« Describe and explain the importance of controlling
acidity in soil

Supplement

« Define acids and bases in terms of
proton transfer, limited to agueous
solutions

« Describe the meaning of weak and
strong acids and bases

8.2 Types of oxides

Core

« Classify oxides as either acidic or basic, related to
metalic and non-metallic character

Supplement
* Further classify other oxides as neutral
or amphoteric

8.3 Preparation of salts

Core

« Demonstrate knowledge and understanding of
preparation, separation and purification of salts
as examples of some of the techniques specified
in section 2.2.2 and the reactions specified in
section 8.1

Supplement

« Demonstrating knowledge and
understanding of the preparation of
insoluble salts by precipitation

« Suggesta method of making a given salt
from a suitable starting material, given
appropriate information
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8.4 Identification of ions and gases

Core

« Describe the following tests to identify:
aqueous cations:
aluminium, ammonium, calcium, chromium(IIT,
copper(ID, iron(II, iron(II1) and zinc (using aqueous
sodium hydroxide and aqueous ammonia as
appropriate) (Formulae of complex ions are not
required.)
cations:
use of the flame test to identify lithium, sodium,
potassium and copper(ll
anions:
carbonate (by reaction with dilute acid and then
limewater), chloride, bromide and iodide (by reaction
under acidic conditions with aqueous silver nitrate,
nitrate by reduction with aluminium, sulfate (by
reaction under acidic conditions with aqueous barium
ions) and sulfite (by reaction with dilute acids and then
aqueous potassium manganate(VII) )
gases
ammonia (using damp red litmus paper, carbon
dioxide (using limewater), chiorine (using damp litmus
paper), hydrogen (using lighted spiint), oxygen (using
a glowing splint), and sulfur dioxide (using aqueous
potassium manganate(VII) )
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7.3 Notes for use in qualitative analysis

Tests for anions

anion test test result

carbonate (CO;’ add dilute acid sffervescence, carbon dioxide
produced

chloride (CI) acidify with dilute nitric acid, then add white ppt.

{in solution] aqueous silver nitrate

bromide (Br) acidify with dilute nitic acid, then add cream ppt.

{in solution] aqueous silver nitrate

iodide (I acidify with dilute nitric acid, then add yellow ppt.

{in solution] aqueous silver nitrate

nitrate (NO, ) add aqueous sodium hydroxide, then ammonia produced

{in solution] aluminium foil; warm carefully

sulfate (0,7} acidify, then add aqueous barium nitrate | white ppt.

[in solution]

sulfite (507} add dilute hydrochloric acid, warm gently | sulfur dioxide produced will tum

and test for the presence of sufur dioxide | acidified aqueous potassium

manganate(VII) from purple to
colourless
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Tests for aqueous cations

cation

aluminium (AZ**)

effect of aqueous sodium hydro;

white ppt., soluble in excess giving a
colourless solution

effect of aqueous ammo;

white ppt., insoluble in excess.

ammonium (NH,")

ammonia produced on warming

calcium (Ca™)

white ppt., insoluble in excess

no ppt. or very slight white ppt.

chromium(mm) (Cr**)

green ppt., soluble in excess

arey-green ppt., insoluble in
excess

copper (Cu™)

light blue ppt., insoluble in excess

light blue ppt. soluble in excess,
qiving a dark blue solution

iron(m) (Fe™)

green ppt. insoluble in excess

green ppt., insoluble in excess

iron(III) (Fe™)

red-brown ppt., insoluble in excess

red-brown ppt., insoluble in excess

zinc (Zn™)

white ppt., soluble in excess, giving a
colourless solution

white ppt., soluble in excess,
giving a colourless solution

Tests for gases

gas

ammonia (NH;)

test and test result

turns damp, red litmus paper blue

carbon dioxide (CO,)

tuns limewater milky

chiorine (CL)

bleaches damp litmus paper

hydrogen (H,)

‘pops’ with a lighted splint

oxygen (0

relights a glowing splint

sulfur dioxide (SO,

tums acidified aqueous potassium manganate(VII) from purple to colourless

Flame tests for metal ions

metal ion flame colour

lithium (Li*) red
sodium (Na') yellow
potassium (K') lilac
copperll) (Cu*) blue-green
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2 Describe how to separate the following. In each example, give a description of the procedure used
and explain why this method works

(@

®)

(e)

(a@)

Copper powder from a mixture containing copper and zinc powders.

procedure

explanation

&)

Nitrogen from a mixture of nitrogen and oxygen.

procedure

explanation

&)

Glycine from a mixture of the two amino acids glycine and alanine. Glycine has the lower R,

value

procedure

explanation

@

Magnesium hydroxide from a mixture of magnesium hydroxide and zinc hydroxide.

procedure

explanation

31
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& Acid-base reactions are examples of proton transfer.
(a) Ethylamine is a weak base and sodium hydroxide is a strong base

(i) In terms of proton transfer, explain what is meant by the term weak base.

@
(ii) Given aqueous solutions of both bases, describe how you could show that sodium

hydroxide is the stronger base. How could you ensure a ‘fai’ comparison between the two
solutions?

&)

(b) Ethylamine reacts with acids to form salts

CH,CH,NH, + HCl — CH,CH,NH,CI

ethylammonium chiorde.

(i) Complete the equation for the reaction between sulfuric acid and ethylamine. Name the
salt formed.

CH,CHNH, + -
name of salt 3]
(ii) Amines and their salts have similar chemical properties to ammonia and ammonium salts.

Suggest a reagent that could be used to displace the weak base, ethylamine, from its salt
ethylammonium chioride

m
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1 (a) Match the following pH values to the solutions given below.
13 7 10 13
The solutions all have the same concentration.
solution pH
‘aqueous ammonia, a weak base
dilute hydrochloric acid, a strong acid
‘aqueous sodium hydroxide, a strong base
‘aqueous sodium chloride, a salt
dilute ethanoic acid, a weak acid

5]

(b) Explain why solutions of hydrochloric acid and ethanoic acid with the same concentration, in
mol/dm, have a different pH

(¢) Measuring pH is one way of distinguishing between a strong acid and a weak acid.
Describe another method.

method

results
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4

In the Periodic Table, the elements are arranged in columns called Groups and in rows called

Periods.

(a) () Complete the table for some of the elements in Period 3.

valency electrons

group number ! wlwm | wv | v v ow
symbol Na | Mg | AL | si| P | s |c
number of

valency

2

(i) Whatis the relationship between the group number and the number of valency electrons?

(iif)  Explain the relationship between the number of valency electrons and the valency

for the elements Na to AL

for the elements Pto CL

() Across a period, the elements change from metallic to non-metallic.

(i) Describe how the type of oxide changes across this period.

U]

4

2

(i) Describe how the type of bonding in the chiorides formed by these elements changes.

across this period.
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6 Ammonia is a compound which only contains the elements nitrogen and hydrogen. It is a
weak base:

(a) (i) Define the term base.

Given aqueous solutions of ammonia and sodium hydroxide, both having a
concentration of 0.1mol/dm?, how could you show that ammonia is the weaker
base?
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7  The hydroxides of the Group | metals are soluble in water. Most other metal hydroxides are
insoluble in water.

(a) (i) Crystals of lithium chioride can be prepared from lithium hydroxide by titration

burette filed with
hydrochloric acid of
concentration 2.20mol/ dm®

conical flask

25.0cm® of aqueous lithium hydroxide
C———— and indicator

25.0c® of aqueous lithium hydroxide is pipetted into the conical flask.
Afew drops of an indicator are added. Dilute hydrochloric acid is added slowly to the
alkali untilthe indicator just changes colour. The volume of acid needed to neutralise
the lithium hydroxide s noted.

Aneutral solution of lithium chloride, which still contains the indicator, is left. Describe
hhow you could obtain a neutral solution of lithium chioride which does not contain an
indicator.
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(ii) You cannot prepare a neutral solution of magnesium chloride by the same method
Describe how you could prepare a neutral solution of magnesium chioride

Bl

(b) The concentration of the hydrochloric acid was 2 20 mol/dm?. The volume of acid needed

to neutralise the 25.0c of lithium hydroxide was 20.0c. Calculate the concentration
of the aqueous lithium hydroxide:

LIOH + HCI - LiC1 + H,0

@

() Lithium chioride forms three hydrates. They are LICZH,0, LiC12H,0 and LICZ3H,0.
Which one of these three hydrates contains 45.9% of water?
Show how you arrived at your answer.

Bl
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(@)

(b)

1G]

Match the following pH values to the solutions given below.

1.3 7 10 13
The solutions all have the same concentration.

solution pH
‘2queous ammoria, weak base 10
dilute hydrochloric acid, a strong acid 1
‘aqueous sodium hydroxide, a strong base 13
‘aqueous sodium chioride, a salt 7
dilute ethanoic acid, a weak acid 3

Hydrochloric acid strong acid or ethanoic acid weak acid
OR: hydrochloric acid completely ionised or ethanoic acid
partially ionised

hydrochloric acid greater concentration of/more H* ions (than ethanoic acid)
Rate of reaction with Ca, Mg, Zn, Fe

Strong (hydrochloric) acid bubbles faster or more bubbles or dissolves faster
OR: rate of reaction with (metal) carbonate

strong (hydrochloric) acid faster or more bubbles or dissolves faster (only if
carbonate insoluble)

OR: electrical conductivity
strong (hydrochloric) acid better conductor

51

m

m

m
m
m
m

Q]
U]
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(a) @

(b) @

Group 1 n wojvo|v Vi v
number

symbol Na |Mg [Al |si P s cl
number of 1 2 3 |4 5 6 7
valency

electrons.

valency 1 2 3 |4 3 2 1

(1) for each line
number of valency electrons = the group number (1)

for Na to Al
the valency is the same as the number of valency (outer) electrons (1)

(because) this is the number of electrons lost (for full energy level) (1)
for Pto CI

the valency is 8 ~ [number of valency (outer) electrons]

or valency + valency electrons =8 (1)

(because) this is number of electrons needed (or to be gained) (for full
energy level) (1)

Assume change is from L to R unless clearly stated:

basic to amphoteric to acidic (2)

ionic (metal) chlorides on the left (1)
covalent (non-metal) chiorides on the right (1)

2
m

2

2
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(a) (i) proton or H" acoeptor

i) (measure) pH or (use) Ul indicator
note: can be implied need not be explicit
sodium hydroxide has higher pH / ammonia(aq) has lower pH
(this sentence would score 2 marks)
or
‘appropriate colours with Ul / appropriate numerical values
‘ammonia is closer 1o green, blue-green, turquoise or ighter blue
‘sodium hydroxide is darker biue / purple / violet
or
measure electrical conductivity
be implied need not be explicit
‘ammonia (aq) is the poorer conductor/ sodium hydroxide is the better conductor

m
m
m

m
m
m
m
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(@) 3orlil

(b) good conductor and it is a metalias delocalised (free) electrons

(c) NorP orAs orsb
accept Bi

(@ SOl
accept: Ga:(S0.):

(€) it would react with/dissolves in a named strong acid
it would react with/dissolves in a named alkali
it shows both basic and acid properties =1
it rects with both acids and bases/alkalis =1

m

m

m

m

5}
gl

g}
[max 2]

[Total: 6]
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(a) (i) add carbon /animal charcoal
fitter

OR

repeat experiment without indicator
using same quantity / volume of acid

‘add magnesium metal /

to (hot) (hydrochloric) acid

‘cond: until in excess or no more dissolves or reacts.

onate / oxide / hydroxide

‘cond: fiter (to remove unreacted solid)

5}
m

g}
"
m
m
m
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(b) number of moles of HCI= 0.020 x 2.20 = 0.044
number of moles of LIOH = 0.044
‘concentration of LIOH = 0.044/0.025 = 1.769 (mol/dm’)
accept 1.75t01.77 need 2 dp
comect answer scores = 2

(€) (for LiCL2H:0)
mass of one mole = 78.5
percentage water = 36/ 78.5 x 100
459 508 LICL2H,0
only award the marks if you can follow the reasoning and it gives 45.9% of water

note: if comect option given mark this and ignore the rest of the response

m
m

5}
gl
"

allow: max 2 for applying a correct method to anather hydrate, [1] for the method and [1] for

the comrect value, working essential
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