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TEE Chemistry 1999 Solutions

Part 1
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6. .d il. a i6. ¢ 21, d 26, d
7. d 12. b 17.-4 22. ¢ 27. b
8 ¢ 13, a 18. ¢ 23. d 28. ¢
9 a 4, b 19. ¢ 24 ¢ 29. a
10. d i5. d 20. a 25. d 30. b

For Parts 2 and 3, the answers have been prepared according 10 the following guidelires:

We have tried to prepars a set of model answer.

As sich we have not atlempted to cover all possibilities and ilius
clutter the document with qualifications. The aim bas been to produce one set of answers that & good student could
aspire 10. ' .

In most cases, only oneanswer has beca given even when other answers are correct.

in the calcudations, a method of working has been used which emiphasises reasoning. The answers given heic—uc
modelled on approaches-adopted by students where their schools have been conspicuously successful in public

- examinalions,

Part 2

@) Pb* (@) + 21 (g) —  Pbi,(s)
Yeilow (or while or cream) precipitate forms.

o) NH, () + O (¢) — NH, (@) + B0
Pungent odour is produced.

© AKOH), (s) + OH (g} — [ANOHLT (@)
, Wihiite solid dissolves to give a colourless solution.

@ KLCO (s + 2H' (@) — 2K'(g) + CO, (g} + O

White solid dissolves 0 give a colourless solution and a colourless,
odouriess gas is produced.
@ 1s* 25*2p°

] 157 2s22p° 3¢°

Species Structura) formula Shape ]
earben distfide .. = linear
€S, S=C=§
phosphorus . :'i . pyramidal
trichloride L I‘S
PCl, : Q—‘ :
G
. . - " e 1 - X . -
azide ion [ =N=N | : linear
Ny- P j :

:




(@ Acetic acid, since in solution it exists mainly as CH COCH molecules, while the other solutions contain

completely ionised or dissociated species.

(b) Sodium. hydroxide. since it is the anly one of the sinstances which produces OH ions in'water and
therefore a high pH.
) Sulfuric acid, since it dissociates compietely tnio B and H50," as well as partly into H" and SO,

Carborr dioxide is stighily soluble in water, producing an acidic solution of carboric acid:
CO, + H,0 — HCO, + H

The sedubility of carbon dioxide in water decreases as the temperature increases, so as the sotution is boiled, the gas
begins to leaves the solution and the solution becomes less acidic (the pH increases). When the solution is cooled,
the carbon dioxide gradually dissolves back into the solution, causing the pH to drop again.

(@ AddNaCl solution.
With AgNO,, a white precipitate would form: Ag™(g) + Cl'(g) — AgCl{s)
With NaNQ;, there would be no visibie reaction.

(b) Pass the gases through limewater.
With Ar, there would be no visible reaction.
- With CQ;, the limewater would become milky:
CO, gy + Ca () + 20H (&) — CaCO; () + HO D

[AgINH,) I, [CuNH,), P or [ZnNHLP etc.

ALO,: {aluming)

2-propanol etc. {any secondary alcohol)
CCH,CHNH, (ethanamine)

Ca(OH), {calcium hydroxide)

Cu" {copper(l) ion)

NH, {anm:monia)

H,C,O, {oxalic acid)

Note: there are many different possible answers for question 7.

Oxidation: [CHOH + H,O — CO, + 6H + 6¢7] x5
Redhuction: MO, + 8H + 5S¢ — Mn* + 4 H0| x 6

Overall: 6 MnCG,” + 5CHOH + 18 H* — 6Mn* + 5C0O, + 19H,0
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Part 3
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B, T,
T B
_ 00026 x 0.460)‘ 273.1
2731100 1
8.754 *x 10 L,

V at STP

8.754x107*

o 2241

-3.966 x-16°° mol
0.0033

T 3906x107
84.5°g mol™

n

M(CH,0) = 12,0t +2 x 1.608 + 16.00 = 30.026 g mol™ .
84.5/30.026 = 2.8 =3 ;

. Molecular formula is C;H0,

an alcohol

cHrcl:H-cQOH or (IZHrCHZ—COOH
© " OH OH i

V{Cl; at STP) =

2
_L00x500 2731

S iet0 1
= 4823 L

432.3

2241

21.5 mol

2 x u(Cly)

43.0 mol

4340 x 9,65 x 10°

415 % 10°C .
4.15x10°

T 60 % 60x24.0
481 A -

wCl) =

® o)

q

LCJE O 1R R

© - n(OH)

mol L

L}

2 x n{Cl) = 430 mol[OH 1=

43.0
1000

= 430 x 107



d o(Cl™ reacted)

2x n(Cl) = 43.0 mol

a(HC needed) = i’ 43.0 moi
V(HCi at 25°C) = 43.0 x 2447
: = L0 x ¥ L
(e) i = 48.1 x 100/90 = 534 A
3. @ .0 Ca{CH), = Ca0 + H,(Xii) CaCO, -+ CaD + CO,
®) m{Cal) = 453 mg
M(Ca0) = 40.08 + 16.00
= 56,08 g mol™
@ mHOreleased) = 527485
. =-4.2mg
~ 42 %107
o, released) = et

18.016

2.331 » 107 mol

n{(Ca) which absorbéd water) a(H,)

2331 x 107 mol

2.331 x 10 x 56.08
1.307x 107 g

m{Cal} which absorbed water)

now

© 1307 x107?

% of a0 which absorbed water = -5 x 100
. 453x10
= 28.9%
(it m(CO), released) = 48.5--45.3
= 32mg

3.2 %107
44 01
7.271 x 10°F mot

it

n{CO, released)

n(CO,)

7271 x 13 mot

won

n(CaQ which absorbed CO,)

7271 x 107° x 56.08
4078 x 107 g

m{Ca0 which ahsorbed CO.)

R TI|

4078 % 107
453%107
= 9.00%

% of CaO which absorbed CO, =

x 100
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©
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2.5 mol

n{(MrO,")

n{Na, SOy

M(Na,SOs)

m(Na,80;)

0.1917 g in 1.O0 kg

0.020623 x 0.03003

= 6.085 x 107 mol

2.5 x a{(Mn0,)
2.5 % 6,085 > 107

©1.52 % 107 mot

= 2% 2299+ 32,00 + 3 x 1600

126.04 g mol”

1.52 % 1073 % 126,04
0.1817 ¢

192 ppin

To ensure al! the sulfite is converted to suifur dioxide,

Colourless o pink.

n(lotal H,Y)

n{excess H,Y)

n(reacted H,Y)

n(PbSG)

Fertilisers

01000 x 2500 % 107
2.500 x 10 mol

= n(PH(NO.})

0.1006 » 8.26 x 107

= 8.26x 107 mol

= n(total H,Yj ~ n(excess H,Y)

2.50 x 107 - 8.26 x 107°

= 1.67 x 107 mol

= nfreacted H,Y)
= 167 x 1 mai

1.67 %107

10.0
1.67 x 10°* mo! L*



- Part 4
flnclude introduction to Part 4 from last yéar;s STAWA solutions here}
1. The fnlibw'mg points could be made:

. Define the Arrhenius model
i.e. ucids produce H' in water, and bases produce OH™.
" Give examples with equations
. Define the Brpnsted-Lowry model
i.e. acids are proton donors and bases are proton acceptors
Give more examples with equations

. Compare the two models .
. Describe the acid-base behaviour of water
" ‘Water can act as an acid or as a base, or both {(e.g. self—mmsatxon)
. Describe how HCI dissolves in water to give an acidic solution
Give examples of reactions of HCl with bases, and relate them to the two models

. Describe how NaOH dissalves in waler to give a basic solution :

' Give examples of reactions of NaCH with acids, and relate them to the two models
x Give examples of salts that are neutral, acidic and basic in sotution; with equations
2, The following pointscould be made:

. - Describe the common reactions of alkanes, e.g. with halogens
i Give equations, and nofe that UV light if often needed and the reactions are slow

. Describe (with equations) the reactions of more reactive compoumnds
K .- eg . addition reactions of alkeaes/ falkynes with hydrogen aed nalogens
J reactions of alcohols with sodium, MnO,7Cr,0:% or carboxylic acids
.oxidation of alechols to form ketones, atdehydes or carboxylic acids
reactions of carboxylic acids and alcohuls o form esters

polymer formation

3. The following poi'ms could be made:
. Describe the characteristics of an equilibrium

¢.g. equal forward and reverse reactions, and constant macroscopic propemes
. Describe Le Chiitelier’s Principle, with examples
. Describe the effect of changes on'an equilibrium

€.g. changes in (emperature, concentration, pressure, mass or catalysts
. Give examples of equilihrium systems

¢.g.'the Contact process, weak acld/base equilibrium, equilibrium mvolvmg‘CO2





