Acid: a substance that dissolves in water, producing H+(aq) ions - a solution of an acid turns litmus red and has a pH below 7.
Acids act as proton donors.

corrosive: a corrosive substance (e.g. an acid) is one that can dissolve or 'eat away' at other materials (e.g. wood, metals or human skin)

base: proton acceptors, a substance that neutralises an acid, producing a salt and water as the only products. Bases act as proton acceptors.

alkalis: proton acceptors, soluble bases that produce OH-(aq) ions in water - a solution of an alkali turns litmus blue and has a pH above 7.

neutralisation: a chemical reaction between an acid and a base to produce a salt and water only; summarised by the ionic equation      H+(aq) + OH-(aq) = H20(l)

Acids:
Metal oxides and non-metal oxides
solutions contain an excess of H* ions and have a pH lower than 7.0
turn blue litmus red
are neutralised by a base to give a salt and water only.

Bases:
Are the oxides and hydroxides of metals 
neutralise acids to give a salt and water only 
are mainly insoluble in water
pH greater than 7
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acidic oxides: of non-metals that will react with bases and dissolve in water to produce acid solutions.

basic oxides: oxide of a metal that will react with acids to neutralize the acid.
amphoteric compound: a compound (hydroxide or metal oxide) that reacts with both an acid and an alkali to give a salt and water.

metal + acid = salt + hydrogen

acid + base/alkali = salt + water

acid + metal carbonate  salt + water +carbon dioxide

dissociation: the separation of a covalent molecule into ions when dissolved in water.

strong acid: an acid that is completely ionized when dissolved in water - this produces the highest possible concentration of H*(aq) ions in solution, e.g. hydrochloric acid

weak acid: an acid that is only partially dissociated into ions in water - usually this
produces a low concentration of H*(ag) in the solution, e.g. ethanoic acid

Preparation of Salts

salts: ionic compounds made by the neutralization of an acid with a base (or alkali), e.g. copper (Il) sulfate and potassium nitrate.

soluble: a solute that dissolves in a particular solvent.

insoluble: a substance that does not dissolve in a particular solvent.

hydrated substance: a substance that is chemically combined with water; hydrated salts are an important group of such substances.

anhydrous: without water combined with it
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Uses of Acids

What are the uses of sulfuric acid?
Sulfuric acid is one of the most widely used acids, The mos;
of sulfuric acid are as follows. Mpor

* Manufacture of fertilisers
Sulfuric acid is an important starting
material for the production of ammonium
sulfate and superphosphate, the active
ingredients in fertilisers.

* Manufacture of detergents
Concentrated sulfuric acid is used in the manufacture

of detergents to convert hydrocarbons into organic
acids. The organic acids are then reacted with sodium
hydroxide to produce the detergent.

* As battery acid in cars
Dilute sulfuric acid is used in car
batteries. It reacts with lead plates and
lead(IV) oxide plates in the battery to
generate electrical energy, which is used

to get the car engine running.
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nical tests and the resuits of each with dilute sulfuric acid.

| 2. wnen solid X was added to solution v
copper(ll) chloride, water and carbon
dioxide gas were formed. However, when
solid Z was added to solution Y, zinc
chioride and hydrogen were produced.

| Deduce the identities of X, Y and Z.

Explain why solid citric acid does not
conduct electricity but 8 solution of citric

acid in water does.
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11.2 Bases and Alkalis
Outcomes — You should be able to:

Learning
define alkalis as substances that produce hydroxide ions o

describe what is meant by neutralisation and writ Aqueoyg g SN
te the fonic
€Quaion oron,

neutralisation reaction;
elf reactions with acids ang

describe the properties of alkalis and the
ammonium sats.

A base is any metal oxide or hydroxide that reac

a salt and water only.

This means that a base contains either oxide ions, 0 + O hydr
OH-. Table 11.2 shows some common bases. “““my

"~ v Table11.2 Common bases

sodium oxide Na,0

zinc oxide zno

copper(ll) oxide Cu0
3 magnesium hydroxide Mg(OH),
aluminium hydroxide AI(OH),

A base reacts with an acid to give a salt and water only. The general equatix
for the reaction is:

‘base + acid —» salt + water
"or example,

(l1) oxide + dilute sulfuric acid —» copper(ll) sulfate + water
) + H.S0,(aq) —» CuSO,(aq) + H.0(/

equation for this reaction is:

faq) — Cu”(aq) + H,O(/

ide nethé’
re insoluble in water. For example, copper(ll) X

dissolves in, water.

Class of Bases e
: malt is soluble in water. An example of a8t
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es hydr,
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for example,

-’mnydroxide — sodium ion + hydroxide ion
\a0H{aq) —* Na'(aq) + OH-(aq)

wnhyﬂvoxide — calcium ion + hydroxide ion
l0H),(20) —> Ca™* (aq) + 20H-(aq)

+ water == ammonium ion + hydroxide ion (

4H,0(l)-—-= NH_*(aq) + OH(aq)

serties of Alkalis
| Alkalis have a bitter taste and feel soapy.

turn red litmus paper blue.

react with acids to form a salt and water only.
al equation for the reaction is:

d — salt + water

he s, H, from (e a6
1o hydrogendonss! o ket

alisation
allo fofm

) dilute
hydrochloric acid
0) —» Nacl(@a) * 1
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Consider the reaction of sodium hydroxide with Sulfurig acig

sodium hydroxide + dilute sulfuric acid —s sodiyp, Sulfayg
2NaOH(aa) + H,50,(aa) —» Na,SO,(aq) + 2H,0() e

The ionic equation for this reaction is also:

H'(aq) + OH (aq) — H,0()

This is the ionic equation for any neutralisation reaction,
Hnmml‘aﬂlf:mxﬂmlsaneutrallsaﬂo,,,e fony

Consider the following reactions which involve reacting Pl
oxide (MnO) and manganese(lV) oxide (Mn0,) ity m
",

acid, HCI.
manganese(ll) dilute manganese(|)
oxide hydrochloric acid chloride ~ * Water

MnO(s) + 2HCi(aq) —» MnCl,(aq) + H,0(/) . . _

manganese(IV) dilute manganese(ll)
oxide ' hydrochloric acid ™™ chioride  * Yaler o,

MnO,(5) + 4HCI(aq) —» MnCl(aq) + 2H,0() + Ci,(g)

Reaction (1) is a neutralisation reaction because only the s
manganese(ll) chloride, and water are produced. Reaction (2) is
neutralisation reaction. In this reaction, chlorine is also Produ
besides the salt, manganese(ll) chloride, and water.

4. M,mnhuhdm-nnmlumunu,memmmm
The general equation for this reaction is:

alkali + ammonium salt —» sait + water + ammonia

For example, when calcium hydroxide is heated with ammonium b
ammonia gas is produced.

calcium  ammonium calcium
I o1 + ammonia
hydroxide * chioride > chiorige * Water + @

CBIOH)(20) + 2NH,Ci(s) —»- CaCl,(aq) + 2H,0() + 2NH,©
gas can be recognised by its characteristic p""@mw

ammonia gas with a piece of moist red "";";].W
the moist red litmus paper biue (Figure 11-
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Experiment 13: How
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Uses of Bases and Alkalis the laboratory”
e uses of some bases and alkalis are shown in Figure 11.6

Magnesium oxide is used as
antacid for relieving gastric pain
and for making refractory bricks.

Sodium hydroxide and potassium
hydroxide are used in the
prepa!ahon of soap.

g1
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Ammonia SOl r
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1. Abase is any metal oxide or hydroxide that re;
salt and water only.

2. An alkali is a substance which produces hy
solution.

3. The main properties of alkalis are as follows. They “a
(a) have a bitter taste and feel soapy;
(b) turn red litmus paper blue;
(c) react with acids to form a salt and water only in a ne,
(d) produce ammonia gas when heated with am o
(e) react with a solution of one metal salt to give

metal hydroxide.

4. In a neutralisation reaction between an aci

equation is: L alkal, the lonig

acts with acigg fy:
o

ydroxide iong (Ohy,
in

Monium s e e,

'© another
elal g
g

H*(aq) + OH-(aq) —» H,0())

Prest Yoursci [0

Worked Example

Which two substances react to give a salt and water only?
A Copper(ll) oxide and ethanoic acid

B Magnesium and sulfuric acid

€ Sodium oxide and water

D  Zinc carbonate and hydrochloric acid

Thought Process

A The reaction involves a metal oxide and an acid. A base reacts with &
acid to produce a salt and water. This is called neutralisation.

B The reaction involves a reactive metal and an acid. A reactive metdl

c

reacts with an acid to produce a salt and hydrogen gas.

The reaction involves a base and water. A soluble base dissolves

water to form an alkaline solution.

The reaction involves a carbonate and an acid. A carbonate €
an acid to form a salt, water and carbon dioxide.

acts Wil

, ive zinC sulfa
two bases that react with dilute sulluric acid to g

main difference between acids ond alkalis.
i o
cid. Write a chemc®

d contains dilute hydrochior L oy ik o

the neutralisation of stomac

OH),-

um sulfate in the

used to prepare ammon! e

chemical equation for the €
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Search the Internet
using keywords like ‘PH
scale’ and solutions of
acid, base and sait” for
an interactive program
to help you find the PH
values of some acidic,
basic and salt solutions.
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11.4 The pH Scale
W—Vwmwwm-mto:x
s of acids and alkalis on Universal Indicator; 2

Learning
« describe the effect:
- gescribe the use of Universal Indicator and the pH scale to test hydr
concentration and relative acidity: 0gen igy
+ describe the reasons for controlling the pH of soil and the methods yseq
10 1eg
ey

excess acidity in Soil-

The pH scale is a set of numbers from O to 14 which is useq
whether a solution is acidic, neutral of alkaline. 10 ingigy,
» Acids have pH values less than 7. Y
« Alkalis have pH values greater than 7.

« A neutral solution has a pH value of exactly 7.

The pH values of some common substances are shown in Figure 11 g
-9 belgy,

pH and Concentration of Hydrogen lons

The pH of a solution is related to the concentration of hydrog

hydroxide ions present in a solution. An acid with a lower pH v:‘e" bl

acidic. It has a higher concentration of hydrogen ions. An a\ka!«: i

with a higher pH value is more alkaline. It has a higher oonce:tr:::r‘vv
o

hydroxide ions.

pure 80 oven
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black coffee toothpaste g
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& @ G

(concentration of H* =
concentration of OH")

4 Figure 11.¢
9 pH values of some common substances
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Why is the pH of soil important?

The pH of soil can vary from 4 to 8, depending on the type of soil |1
important to control the pH of soil because this affects the growth ay
development of plants (Figure 11.12).

Most plants will not grow if
the pH of soil is below 5 or
above 9.

Most plants grow best when
the soil is neutral or slightly |
acidic. |

The pH of soil may become

unsuitable for plant growth

due to:

® too much fer! 'ser ‘
added to the <oil; ‘

o environmenta! oollution

such as acid
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11.5 Types of Oxides

Learning Outcome — You should be able to: ———
« classify oxides as acidic, basic, amphoteric or neutral based on the; ..

ﬂ ( non-metallic properties.

Many acids and alkalis are formed by dissolving oxides in y,
oxide is a compound of oxygen and another element. Most oxmes,;{:
grouped into four types: acidic oxides, basic oxides, amphoteric Onies "
% ~  neutral oxides. e

| Acidic Oxides

Most oxides of non-metals are acidic oxides. Most acidic oxides dis
water to form acids. One example is sulfur dioxide, which dissolves
in water to form sulfurous acid.

sulfur dioxide + water — sulfurous acid
SO,(g) + H,0()) — H,S0,(aq)

Other examples of acidic oxides are given in Table 11.5.

v Table 11.5 Examples of acidic oxides

Physical 3 w

Acidic oxide Formula

state Name
camonicacd | W%
50,
sulfuric acid t
phosphoric acid HPO
o oS’
Acidic oxides do not react with acids. However, they 2t with

form a salt and water. For example,

JW dioxide + sodium hydroxide —s sodium sulfite * ¢
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Formula of anhy

copper(ll) sulfate Cuso,

magnesium sulfate Mgso,
sodium carbonate Na,Co,
zinc sulfate 2ns0,

Soluble and Insoluble Salts

Although salts are ionic compounds, not all salts are
solubility of a salt must be determined before: we
method for preparing the salt. 5

Table 12.4 summarises the general rules for
in water at room temperature.

v Table 12.4 Solubility rules for saits in water
all sodium salts
all potassium salts

all ammonium salts
all nitrates

all chiorides
all sulfates

sodium carbonate, Na,C0,
potassium carbonate, K,CO,
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common. alkaline substances are shown in
8.2.

Some common alkaline substances.

too dangerous to taste a liquid to
as acidic. Chemists use substances cal
which change colour when they are
cids or alkalis. Many indicators are dyes
been extracted from natural sources,

8.1 Acids and alkalis

Methyl orange, thymolphthalein and blue and
red litmus are all indicators used in titrations.
(see p. 124). Table 8.1 shows the colours they turn
in acids and alkalis.

¥ Table8.1 Indicators and their colours in acid and alkaline
solution

Colourinacid | Colour in alkaline
Indicator solution solution

Bluelitmus | Red | Blue
| Methylorange | Pink | Yetlow

Thymolphthalein | Colourless Blue

Red litmus | Red Blue

These indicators tell chemists whether a substance

is acid or alkaline (Figure 8.3). To obtain an idea

of how acidic or alkaline a substance is, we use
another indicator known as a universal indicator.
This indicator is a mixture of many other indicators.
The colour shown by this indicator can be matched
against a pH scale. The pH scale was developed by

a Scandinavian chemist called Seren Sgrenson. The
pH scale runs from below 0 to 14. A substance with
a pH of less than 7 is an acid. One with a pH of
greater than 7 is alkaline. One with a pH of 7 is said
to be neither acid nor alkaline: it is neutral. Water

is the most common example of a neutral substance.
Figure 8.4 shows the universal indicator colour range
‘along with everyday substances with their particular
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1 strong

siightly| ightly ciiih

000, alkaline

acid

acidic

Oven cleaner,

Lime

i Water, hydroxide
oure” e il
= sz s0da, aqueous
(ethanoic Toothpaste ammonia
o

T

b Universalindicator in solution, showing the colour range
A Figure8.4

I

I

Using universal indicator allows us to determine
how concentrated one acid solution is compared to
another. The redder the colour, the more acidic the
solution is. Solutions which are very acidic contain
higher concentrations of hydrogen ions (H:(ag)).
Another way in which the PH of a substance can

be measured is by using a pH meter (Figure 8.5). The
PH electrode is placed into the solution and a pH
reading is given on the digital display.

Figure 8.5 A digital pH meter

S ———

The Brgnsted-Lowry theory
This theory defined:

»» an acid as an H on (or proton) dono
» a base as an H* ion (or proton) acceptq.

Key definitions
Acids are proton donors.

Bases are proton acceptors.

The theory explains why a pure ac_id be!\avgs
differently from its aqueous sotut|9n, since for 3
acid to behave as an H* fon donor it must haye
another substance present to_ accept‘the _H‘ ion, s,
the water, in the aqueous acid solutvqn, 1s behayi
as a Bronsted-Lowry base and accepting an K on,
Generally:
HA(aq) + H,0(1) — H,0"(aq) + A (aq)
acid base

If a substance can behave both as a proton acceptor
(base) and a proton donor (acid) then it is calleg %
amphoteric, for example aluminium oxide, ALO, ang |
zinc oxide, Zn0.

The relative strengths of acids and
bases

The relative strength of an acid is found by comparing
one acid with another. The strength of any acid
flep.ends upon how many molecules dissociate (or
wnls_e) when the acid is dissolved in water. The
relatwg strength of a base is found by comparing one
base v{ltl} another and is again dependent upon the
dissociation of the base in aqueous solution.

Strong and weak acids
A typical str.ong af:id is hydrochloric acid. It is
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water

chloride —*<— hydrogen + chloride

dis an acid that is completely dissociated

efinitio

Hydrochloric acid is a strong acid:

@)

 all the hydrogen chloride
form H* fons and Ci- ons, Any
s way is termed a strong
ind nitric acid also behave
ore also termed strong

8.1 Acids and alkalis

The == sign means that the reaction is reversible.
This means that if the ethanoic acid molecule breaks
down to give hydrogen fons and ethanoate ions then
they will react together to re-form the ethanoic
acid molecule. The fact that fewer ethanoic acid
molecules dissociate compared with a strong acid,
and that the reaction s reversible, means that few
hydrogen ons are present in the solution. Other
examples of weak acids are citric acid, found in
oranges and lemons; carbonic acid, found in soft
drinks; sulfurous acid (acid rain) (Figure 8.6) and
ascorbic acid (vitamin C).

A Figure 8.6 Sulfurous acid is found in acid rain. It is a weak
acid and is oxidised to sulfuric acid [a strong acid]. Acid
rain damages the environment quite badly

Solutions of weak acids are poorer conductors of
electricity and have slower reactions with metals,
bases and metal carbonates.

All acids when in aqueous solution produce
hydrogen fons, H:(ag). To say an acid is a strong acid
‘does not mean it is concentrated. The strength of an
“acid tells you how easily it dissncia!esv(vomses) to.

oduce hydrogen ions. The concentration of an acid_
ates the proportions of water and acid present in
bus solution, It is important to emphasise that
g acid is still 2 strong acid even when it is in
Beblution and a weak acid is stil a weak acid
3 concentrated.
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BASES AND SALTS

Neutralisation reactions Test yourself
A common situation involving neutralisation of follo
an acid is when you suffer from indigestion. This et

is caused by acid in your stomach irritating the a CH,COOH + NaOH —
b HSO, + KOH -

stomach lining or throat. Normally it is treated
by taking an indigestion remedy containing a € NH,+HBr—
substance which will react with and neutralise In each case name the acid and ¢
2 Explain the terms ‘concentrate
applied to acids
3 Write an equation to show the
strong acid nitric acid, HNO,, when i

water.
4 The carboxylic acid [see Chapt

acid, HCOOH, is a weak

show the dissociation of metha

added to water.

5 Explain what part water plays in ti

solution.

6 a Write achemical equation to r
neutralisation of sulfuric acid
hydroxide.

b Reduce this to an ionic equation
€ Account for any difference you
the fonic equation you have written
one shown on the left for the react,
_ hydrochloric acid and sodium hyd

the neutralisation reaction.
I this way are known as salts.
that has been formed when
icid have been replaced by
ium fon (NH;).
S those which are solubie
insoluble in water, The
salts are:
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ammonium chloride | hydrochloric acid white crystals fertilisers; dry cells (batteries)
ammonium nitrate nitric acid white crystals fertilisers; explosives
ammonium sulfate | sulfuric acid white crystals fertilisers

calcium carbonate
(marble, limestone,
chalk)

carbonic acid

white

decorative stonework; making
lime and cement; extracting
iron in the blast furnace:

sodium carbonate
(washing soda)

carbonic acid

white crystals or powder

in cleaning; water softening;
making glass

magnesium sulfate

(Epsom salts) sulfuric acid white crystals health salts (laxatives)

e fungicides used to kill parasitic
copper(ll) sulfate sulfuric acid blue crystals fungi or their spores
calcium phosphate | phosphoric acid white making fertilisers
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sodium salts all are soluble none
potassium salts | all are soluble | none
ammonium salts | all are soluble none
nitrates all are soluble none |
; silver chloride
chlorides most are soluble o
lead(ll) chloride
barium sulfate,
sulfates most are soluble | lead(ll) sulfate,
calcium sulfate
sodium,
potassium and | most are
carbonates ¢ :
ammonium insoluble

carbonates
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11.1 Acids

Loarning Outcomes — Y0
« define acids as substances that produce hy
« describe the properties of acids and their re
and carbonates:
o state the uses of sulfuric acid.
=

should be able to: ————————_
ydrogen ions in aqueous solut o
actions with metals, bases

occurring acids, such as citric acid in oranges, are s,
other acids called mineral acids, j. "
- MOt gf

ic acids. There are
ade, such as nitric acid and sulfuric acid.

Many naturally
known as organi
these are man-m
ids, their formulae and the jong

Table 11.1 shows some common &c
produce in aqueous solution, that is, when dissolved in water. they
Table 11.1 Common acids
Formula ‘::‘ produced in
ethanoic acid CH,COOH H*(aq) CH,C00 g
hydrochloric acid HCI H*(aq) Cheq)
nitric acid HNO, He(aq) NO{s0)
sulfuric acid H,SO, H(aq) 50, (aq)

ons. H. in aqueous

For example,
hydrochloric acid — hydrogen ion + chloride ion

HCl(aq) —» H*(aq) + Cl"(aq)

sulfuric acid —» hydrogen ion + sulfate ion
H,S0,(aq) —» 2H*(aq) + SO,*(aq)

The hydrogen ions that
of acids. are produced are responsible for the properties

Al ok contain ydrogen
Fo but
example, both ammoni N:m :I:ﬂﬂm"“ds that contain hydrogen are acids:
because they do ¥ ane, CH,, contain hydrogen but the¥ are
ot rodice hycrogen o n wter,
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X with reactive metals to form

5 a s;
gener?! equation for the reaction i, St and NYdrogen gaq
I+ acid —> salt + hydrogen
when a piece of magnesiym, ;
bubbles of hydrogen gas i l;lbbon is

added tg g;
e O dilute
en. The €quation for

oxampler
fic acid-‘
action iS:

<jum + dilute sulfuric acid —,. magnesium oyt

e ate + h
)+ H’SO‘(HQ) — MgS0,(aq) + H,(g) Ydrogen
is the salt produceq
jum sulfate is Sfirom . )
:re alled sulfates when they are formeq fror?mbosﬁf Eaction;
when formed from nitric acid, and chjori des when forunc acid;
Joric acid (see Chapter 12). med from

teSt for hydrogen gas by placing a lighted splint at the mouth of

ead does not seem t0 react with acids

A Teactive meta| gives up
eleg(rons €asily to form
Positive ions, Some
metals are more reactive
than others, Find out
more in Chapter 14,

lighted wooden spiint

o~
;’ ‘ N
L

ed splint with a ‘pop’ ::“"‘:m
acid
m sium
not react with acids? obon
with acids to give a salt and hydrogen gas. A Figure 111 Testing for
metals such as copper or silver are added to dilute ~ MVirgen gas
reaction.
react with dilute hydrochloric acid and dilute
itial reaction between lead and the dilute acid
of lead(ll) chloride or lead(ll) sulfate. This layer
and quickly forms a coating around the metal.
. the metal from further attack by the acid
layer of lead(ll) chloride
P surrounding lead
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delivery.

The general €d

carbonates and hydrogen carbonateg l“%

react with
Aciss dioxide-
r the reaction of carbonates iy,
Aciq jy,

water 2!
The general equation fol

salt + water + carbon dioxide

carbonate + acid —>

ion between calcium carbongy,

the 12 icium chloride, w ang
ici , water ang [
Carbon

mple,
ol XS0 produces ¢2

hydrochloric acid
calcium

dilute
chloride

+ pydrochloric acid
) —» CaCl,(aq) + H,0() + CO,(g)

calcium + water 4

carbonate

CaCo,(s) + 2HCI(aa
uation for the reaction of hydrogen carbonates with
gy,

d — salt + water + carbon diog

hydrogen carbonate + aci

hydrogen carbonate reacts with dilute

chloride, water and carbon doxide, ™%

For example, sodium
acid to produce sodium

0 dilute sodium
e” hydrochloric acid chloride

sodium - oa
hydrogen carbonat water +

NaHCO(s) + HCl(aq) —» NaCl(aq) + H,0(0) + CO,(g)

We can test for carbon dioxide gas by bubbling the gas thog

limewater. Carbon dioxide forms a white precipitate with limewzs
(Figure 11.3). A precipitate refers to insoluble solid particles produs:
in a liquid by chemical reactions.

Acids react with metal oxides and hydroxides to
e e Y form a salt st
The general equation for the reaction of metal oxides with acid is:

metal oxide + acid —» salt + water

z'mmmdw. Zlmf oxide reacts with dilute sulfuric acid to fom 2%

Zinc oxide + dilute sulfuric acid —» zinc sulfate + water
2n0(s) + H,80 ,(aq) —» ZnSO (aq) + H,0(/)

Mm} I equation for the reaction of metal hydroxides wih o

lute nitric acid — zinc nitrate ter




