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ACIDS AND ALKALIS

VWater ionises as foll ows:
HO = H+ + O+

Due to the reverse reaction, very fewions are actually present.
The mi xture contains nostly H,O nol ecul es. Since the rate of
ionisation is equal to the rate at which the two ions reconbine,
the concentrations of H-, O+, and H,Oremain constant with tine.
We say that the concentrations have reached equilibrium

Water is NEUTRAL: the concentrations of H* and O+ are equal.

In an ACIDI C solution the concentration of H- is greater than the
concentration of O+. A common household acid is vinegar.

In an ALKALINE sol ution the concentration of OH is greater than
than the concentration of H. A commpbn household al kali is Ammoni a

sol uti on.

THE pH SCALE

To nmeasure whether a solution is acidic, alkaline or neutral we use
the pH scal e which ranges frombelow O to above 14.

Sol ution pH

Acidic | ess than 7

Al kal i greater than 7
Neut r al 7

The hi gher the conc. of H* in an acid the | ower the pH.
The higher the conc. of O+ in an alkali the higher the pH

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Acid Neut r al Al kal

Conc. of HT increasing H = H Conc. of OH increasing

Diluting an acidic solution therefore |Iowers the conc. of H, reduces
the acidity and rai ses the pH

Diluting an al kaline solution |owers the conc. of OH, reduces the
alkalinity and | owers the pH
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FORMATION OF ACIDS

Mbst non-netal oxides, which dissolve in Water, form aci ds.

Exanple 1 : Sul phur dioxide

Thi s gas, produced on burning fossil fuels, reacts with rain water:

S0, + HO > SO,

Sul phurous acid
The Sul phurous acid is further oxidised by the Oxygen in the air to
Sul phuric acid H,SO,.
Exanple 2 : Nitrogen dioxide

This gas is produced in the car engine. N, and Q, in the air, heated
by the spark, react to formNQ,. The NG, then reacts with rain water
t hus :

NO, + HO > O,

Nitric acid
Bot h Sul phuric and Nitric acids are therefore present in rain water
making it acidic - acid rain.

Acid rain danages buil dings, netal structures, soils, plant and
animal life.

FORMATION OF ALKALIS

Most netal oxides, which dissolve in Water, formal kal i s.
Exanmple : Cal cium oxide

CaO + H,O -> Ca(H) ,
Cal ci um hydr oxi de

STRONG AND WEAK ACIDS

Acids are proton (HY) donors.

A strong acid dissociates conpletely in Water
e.g. Hydrogen chloride (Hydrochloric acid)

HA -> H* + d -

I f we dissolve 1000 nol ecul es of Hydrogen chloride in water we get
1000 Ht ions !

Sul phuric acid H,SO, and Nitric acid HNQ, are al so strong acids.
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A weak acid only partially dissociates e.g. Ethanoic acid

0 0
V. V

H-7 = H- + HY
N No

Dissociation is difficult. The two ions have a tendency to
reconbine. If we dissolve 1000 nol ecul es of Ethanoic acid in water

we only get 4 Htions !!

Consequently, a solution of Ethanoic acid has a higher pH | ower
el ectrical conductivity and a sl ower reaction with Magnesi um :

My + 2H* -> M2+ + H,
than a solution of Hydrochloric acid of equal concentration.
STRONG AND WEAK BASES

Bases are proton acceptors.

Strong bases (e.g. the oxide ion ) accept protons readily
e.g. oxides react with Water formng al kalis:

- + HO  -> 2 O

There is little reversal ; solutions are strongly al kaline (pH 13-14)
and good conductors of electricity since there are so nmany ions.

Weak bases (e.g. Amonia NH;) accept protons less readily
e.g. Amonia reacts with Water formng an al kali:

—

NH, + H,O — NH, * + O
There is a tendency for the two ions to reconbine. Mst of the OH
reconbine so the solution is only weakly al kaline (pH 9-12) and a
poor conductor of electricity since there are so few ions.
There are two ot her inportant bases :

Hydr oxi de i on O

Car bonat e ion Qo2

Reaction of bases with Acids

In general the reactions are :

- + 2 Ht ->  HO
oH + H+ -> HO
Q0,2 * 2 H > G * KO
NH, + H+ > NH*

Ammoni a reacts nore slowy than the other three because it is a
weaker base.



| NTERVEDI ATE2 4 Acids and al kalis
Exanple 1

Caz2+Ce- + 2 H*NOy- -> Ca2+( NGy ) , + H,0
Calciumnitrate

Calciumnitrate is a useful fertiliser.

Ca2+ and NO;- ions take no part in the reaction. They are called
'spectator ions'.

The equation, witten without spectator ions, is just:

Ce- + 2 Ht+ -> H,0
Example 2
2 Na+tOH + (HY) 28042- -> (Nat) 28042- + 2 HO

Sodi um sul phat e

The equation, witten without spectator ions, is just:

O + Ht+ -> H,0
Example 3
NH, + H*NG;- -> NH, *NQ;-

Amoniumnitrate
Amoniumnitrate is a useful fertiliser.

The equation, witten wi thout spectator ions, is just:

NH, + Ht+ -> NH, +

Exanple 4

Caz+Q0,2- + 2 HJ - -> Caz+(d-), + aQ, + H,O
Cal ci um car bonat e Cal ci um chl ori de

Acid rain attacks rocks containing |Iinmestone and buil di ngs made from
mar bl e, both inpure forns of Cal cium carbonate.

The equation, witten without spectator ions, is just:

00,2 + 2 Ht -> Co, + H,O
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EXPERI MENT

Prepare Calciumchloride by the reaction in exanple 4.

Cal ci um car bonat e

added till no nore

reacts

di lute Hydrochloric
aci d —

Wen the reaction is over (no nore bubbles of Carbon dioxide) the
excess Cal cium carbonate can be filtered off since it is not soluble
in Water. The Calciumchloride is obtai ned by evaporation of the
filtrate

NEUTRALISATION

In the above four reactions, the H-ion in the acid is renoved and
the pH noves up towards 7. We call this type of reaction
"neutralisation'. Everyday exanples are the treatnent of acid

i ndi gestion wi th Magnesi um hydroxi de tablets and the use of Cal cium
hydroxi de to reduce acidity in soil and | ochs.

A 'salt' is the conpound forned by replacing the H ion in an acid by
anot her positive ion. The salts in the above four exanples are naned:
Calciumnitrate, Sodium sul phate, Amoniumnitrate and Cal ci um

chl ori de.

MOLARITY

A solution's nolarity, or concentration, is the nunber of noles of
di ssol ved substance per 1000 cn® of solution e.g.

A 2M sol ution of Sodiumfluoride contains 2 noles of Sodium fluoride
in every 1000 cn® of sol ution.

1000 cn® of this solution would be prepared by
first dissolving 2 noles of Sodiumfluoride (84 g)
inalittle Water and then nmaking up the volune to

1000 cn® in a volunetric fl ask.

PROBLEM

Cal cul ate the nunmber of noles of Sodiumfluoride in 25 cn® of
a5 mol |-1 solution.

Answer :
No. of noles of Sodiumfluoride in 1000 cn® = 5 nol
] .. .. .. .. .. .. .. 25 cn?d = 5 x 25
1000

0.125 nol
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| n gener al No. of moles = MV
1000
wher e M = concentration (nol [|-1)
V = vol une (cn®)

PROBLEM

Cal cul ate the weight of d ucose present in 200 cn® 3 nol |-1 solution

Answer :
No. of noles of ducose = W = 3 x 200 = 0.6 nol
1000 1000
W. of 1 mol e of @ ucose GH,,Q; = 180 ¢
O .. ..0.6 = 180 x 0.6 = 108 g
PROBLEM

20 cn® 0.1 ol 1-1 Hydrochloric acid were required to neutralise
25 cn® Sodi um hydr oxi de.

Cal cul ate the nolarity of the Sodi um hydroxi de sol ution.

Answer :
H+d - + Na+OH -> Na+Cd - + H,O
No. of nol es HtJ - = w
1000
= 0.1 x 20
1000
= 0. 002 nol
O No. of noles NatOH = 0. 002 nol
0 W = 0. 002
1000
O M = 0.002 x 1000
V
= 0. 002 x 1000
25

= 0.08 mol [-1
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TITRATION

The precise volumes required for this | ast problemwoul d have been
obtained by 'titration'.

Burette
0.1 nol ' Hydrochloric acid
25 cn? Sodi um hydroxi de sol ution +
Coni cal 5 drops Phenol phthal ein indicator (turns from
flask PINK to COLOURLESS at the neutral point)

PRECIPITATION REACTIONS

If we try making Lead(l1) sul phate by the neutralisation nethods
described above .... it does not work! Lead(ll) sulphate is insoluble
in water. Insoluble salts cannot be prepared by the nethods of
neutralisation described above : the salt woul d coat reactant
surfaces and prevent attack by the acid.

| nsol ubl e salts are prepared by PRECI PI TATION. Two solutions are
m xed to give an insoluble product called a precipitate.

Lead(I1) sul phate can be prepared by m xi ng solutions of Lead(ll)
nitrate and Sodi um sul phat e:

Pb2+(NGO;-) , + (Na+) ,S0,2 > Pb2tSQ2  + 2 Na*NOj

REACTION OF METALS WITH ACIDS

Metal s neutralise acids formng a salt and Hydrogen e.g.

Fe + (H),S0,22 -> Fe2+S0,2- + H,
lron(ll) Hydr ogen
sul phat e gas

H+ ions are converted into H;: 2H  + 2e -> H,

Structures nade fromlron are rapidly attacked by acid rain.
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Experinment : Prepare Iron(ll) sul phate.

& «— [ron wool

w
W
dilute
Sul phuric acid —_—

The Hydrogen burns with a "POP. This is the test for Hydrogen

Wien the reaction is over (no nore bubbles of Hydrogen) the

excess netal can be filtered off and the Iron(ll) sul phate obtained
by evaporation of the filtrate.



