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(d) Emissons of ane of these pallutants have been controlled by reaction with calcum ovide. dentiy
this pollutant and writ an equation fo the eaction with calcum ode:

(€) Identiy the polutants tha come primariy rom motor veices and descibethe bassfor their
production.

50 () Describe the diference in dispersion between chy acid depasitn and wet acd depositn
(b) Explin the physical and chemica processes invalved in the development of et acid depositon.

51 Identiythe free radical involved i theformation ofsufric acid and nitsic aid in acid rain and
plain how it formed.

Practice questions

1 TheK, value for a base is 5.0 x 10~ mol dm™ at 298 K. What is the K, value for its

conjugate acid at this temperature?

A 50x107 B 20x10¢

2 Which combination willform a bufer solution?

A 100 am? of 0.10 mol dn- hydrochlorc acd with 50 am? of 0.10 mol d= sodium
ydroride

B 100 cm? of .10 mol d ethancic acid with 50 ar? of 0.10 mol d sodium
ydroside

50 an? of 0.10 mol dn hydrochlorc acid with 100 cm? of 0.10 mol dm sodium
ydroride

D50 an? of 0.10 mol din ethanoic acid with 100 a? of 0.10 mol d socium
ydroride

C 20x102 D 20x10°%

3 Equal volumes and concentrations of hydrochloric acid and ethanoic acid are titrated with
sodium hydroride solutions of the same concentration. Which statement is correct?

A Theinitial pH values of both acids are equal.
B Atthe eqivalence points, the solutions of both titrtions have pH values of 7.
€ The same volume of <odium hvdroxide is needed to reach the eauivalence noint.
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48 (2) Explainwhy natural rai has a pH of around 56, Give a cherical equation ta support yaur

(b) Acid ain may be 50 times more acidic than natural rain. One of the major acids present n acid
fain originates mainy from burning coal Stte the name of the acid and gie equation to show
howit s formed.

(©) The second major acid responsibe or acid rain originates mainly fram interal combustion
engines Stte the name of tis cid and state wa different ways inwhich s production can be.
reduced.

(@) Acid ain has caused considerable damage to buikings and statues made of marble (C2C0).
Wrte an equation o represent the reacton of acid rain with marble.

(@) Statethree consequences of acid ain.

) Suggesta method of contrallng aci rain, not invalving a chemical reation or educing sulfur
dioxide emissions rom power stations.

49 The tabe ges some substances found inai

sulfur diaxide 50;
nitrogen manaxide NO

particulates -

(a) Identiy the pollutants) which contributefs) to acid ain

(b) Identiy the pollutants) which come(s) mainy from pawer sations.

(€) The presence of one of these polltanis makes the i efects of the others warse.Identiy the
pollutant and explain why it has this effect
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pH = 8.22; [H] = 6.0 x 10 mol cm™® 47 (@) Strong acid-strong base and strong acid-
R weak base

(b) PK, = 4.6 (midway in endoint range)
HF is the st d.
19 the stronger aci () Yellow at all pHs below 3.8

PK, ON-= 4.79; pK_ F- = 10.83
N is the stronger base.

48  (a) Contains dissolved carbon dioxide which
reacts with water to form carbonic acid:

(a) pK, CH,CO0 = 9.24 COy(g) + H,00) = H,CO4aq)

(b) Methanoic acid is a stronger acid than (b) Sulfuric acid:
ethanoic acid from its lower pK,. Therefore, S65) + O0) — SO,GV250,0) + O4a) —
its conjugate base is weaker. 25049)

B 8 B H,0() + SO4(g) — H,S0,(aq)

() Because it has a higher concentration of the (¢) Nitric acid:
acid and its conjugats base. reduced by s of catalytic converters,
reciroulation of exhaust gases

(@) equalto? (b) lessthan 7
(d) CaCOyfs) + H,SO,(aq) > CaSO,fac) + H,00)

(©) lessthan7 (d) greater than 7

+CO0)
B; salt of strong base and weak acid (e) Effects on materials, plant life and human
@ less than7 () greater than 7 health (see text for details).
(©) equalto? () Use alternative energy source to fossil fuels

or use coal with a low sulfur content.
D (i only)

49 (@) SO,and NO
(b) SO, and particulates

(c) Particulates act as catalysts in the
production of secondary pollutants.
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(b)

SO,(g): CaOfs) + SO,(g) — CaSO4(g)
NO: formed from the combination of
nitrogen and oxygen at the high temperature
of intenal combustion engines.

Dry acid deposition typically occurs close to
the source of emission.

Wet acid deposition is dispersed over a
much larger area and distance from the
emission source.

The acid is formed in the air from suffur
dioxide (SO,) and nitrogen oxide (NO) which
are emitted by thermal power stations,
industry and motor vehicles. A major source
is the burning of fossil fuels, particularly in
coal-fired power stations. Pollutants are
carried by prevaiing winds and converted
(oxidized) into suifuric acid (H,SO,) and nitric
acid (HNO). These are then dissolved in
cloud droplets (rain, snow, mist, hail) and
this precipitation may fall to the ground as
dillute forms of sulfuric acid and nitric acid.
The dissolved acids consist of sulfate ions,
nitrate ions and hycrogen ions.

51 The hydroxyl free radical ‘OH.
Itis formed by the reaction between water and

ither nzan:

r atomic coxuaen:

15

Herramientas

Do not award merk if square brackets are

omitted or are incorrect.

) @

(i) K,

(i)

@ O

(PK, =(14.00 - 7.52 =) 6.48 and) K, =
(10549 =33 x 107 9]
Do ot award mrk if answer just left as
10545,
[HOCIOH] __ x
oo 705
[OH] = 4.8 x 10 (ol dm™)
Award [2] for correct value of [OH].

OCF only partially hydrolysed /
X negligible (compared to [OCH) /
OWTEE @
Accept [HOCI] = [OH].

Oy o K 100X 10
MOV =5 = 78 x 10+
21x 10"

pH = (-log, [H,0*}~log, JH] =

—log,,2.1 x 10" =)10.68 2]
Award [2] for correct final answer.

Acid: protorvH donor and Base:
proton/H* acceptor

Do ot accept OH- for base.

Weak base: (base/electrolyte) partially

dissociatec/ionized (in solution/
iater)
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industry and motor vehicles. A major source
is the burning of fossil fuels, particularly in
coal-fired power stations. Pollutants are
carried by prevaiing winds and converted
(oxidized) into suifuric acid (H,SO,) and nitric
acid (HNO). These are then dissolved in
cloud droplets (rain, snow, mist, hail) and
this precipitation may fall to the ground as
dillute forms of sulfuric acid and nitric acid.
The dissolved acids consist of sulfate ions,
nitrate ions and hycrogen ions.

The hydroxyl free radical *OH.

Itis formed by the reaction between water and
sither ozone or atomic oxygen:

H,0 + 0" - 2'0H
0,+0" - 0,0,+HO— 20H+0,

- Practice questions

For advice on how to interpret the marking below
please see Chapter 1.

D 2 B 3 c 4 C

B 6 C 7 C 8 B

c 10 D 1 A 12 A

c

(@) (K, =IHadlOH (ac)] U]

Do not penalize if (aq) not stated.

15

(i)

@ O

(ii)

Accept [HOC] = [OH .
1.00x 104
1810

H.OY[H = -
HOYIH = oy =
21107

pH = (-log  [H,0°Y-log JH] =
—log,,2.1 x 101 =10.68 2
Award [2] for correct final answer

Acid: protorvH donor and Base:
proton/H* acceptor

Do ot accept OH- for base.

Weak base: (base/electrolyte) partially
dissociatec/ionized (in solution/
water) and Strong base: (base/
electrolyte assumed to be almost)
completely/100% dissociated/ionized (in
solutionvwater) / OWTTE

NH, / CH,CH,NH, €]
Allow either name or formu or other
stitable example.

sfurous acid/H,S0,

corrodes marble/limestone buidings/
statues / leaching in sois / hams/kils
plants

OR

nitrous acid/HNO,

corrodes marble/limestone buidings/
statues / leaching in sois / hams/kils
plants

OR
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