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TEE Chemlstry 2000 Soluuons

Part 1 _
1o 6. b b, 16 b 21. 2 26. d
2..d 7.d. 0 120b 1. ¢ 22. a 27.d
-3, e 8. d - “13.a © 18, d 23, a C28. ¢
4. a 9. b 4. d 19. b 24. b 29. b ;
5. a 10. (deleted) 15.d 20. b 25.d 30.d o
* For Parts 2 and 3, the answers have been prepared according to the following guldelmes i
. We have tned to prepare a set of model answers. As such we have not atternpted to cover all .
" possibilities'and thus clutter the document with qualifications. The aim-has been to produce one set o
of answers that a good student could aspire to. : Y
. In most cases, only orie answer has been. given even when other answcrs are correct SR
-« Inthe calculations, a method of working has been used which emphasises reasoning. The answers
... given here are modelled on approaches adopted by students where their schools have been
T ‘conspmuously successful in pubhc exarmnatlons
g (a)'f"”= NaOH (s) + H*(ag) — Na*(ag)+H,0 () - \ - | o
Lo Wl’ute sohd dlssolves to give a colourless solution. ' ‘ Sy
(b) No rcacuon : |
No visible reaction. :
| ) CH CH COOH (aq) + OH (ag) — CH,CH,COO (aq) + Hp )]
' Loss of vmegary smell.
(d)  2Cr0,%(ag) + 2H* (ag) — Cr,0,* (aq) +H20 (z)
L Yellpw solution turms to orange.
SPecies ‘ ~ Structural formula B " Shape
Dlmtrogen monomde ‘ e 1 _ -. lmear
NNO - *N=EN-O: . o -
Dlﬂuorochlorme(l) T oan eees 1® S bent s
© cation, ‘. T2R2CI1ER e | o
ity ST ,.
_ Hydrogen Bonding Dipole-dipole interactions |- . Dispersion forces &

NH,, H,0, CH,COOH HS,CHCHO ~ | a




- NHC -(ammonium chloride)

: '_SO S - (sulfur dioxide)
' CH CH,COOH ' (propanoic acid)
: 'CH CHCHCH, - (2-butene) o
_ Cyclobutene . (any cyclic. compound contalmng double bond)
Propan-2-ol etc -+ (any secondary alcohol) _ A
- Hg, Br, " (rnercury, bromine) -

Note there are many d1fferent posszble answers for questlon 4

(a) | - Canbe obtamed pure and can be obtamed dry (not hydroseoplc) Stable doesnt
N decompose has hlgh molecular we1ght : R

(b) | In generai most substances do not have the above propertles The pnmary standard

provides a solution of known concentratlon and hence a starcmfr pomt for analysing
solut1ons _ : : L _ >

What is done: Coleurless odourless hqu1d added to green sohd

Observatlon - Green solid dissolves, evolution of colourless odourless gas Ieavmg green solutton.

NlCO (s)+ 2 H (ag) —> Ni* (ag) + CO (g) +H,0 (1)
(iron(II) carbonate and chrormum(IH) carbonate could also be accepted).

What is done: Excessofa SOIUUOH with pH of about 9 is added to 2 blue squt1on
Observation:  First a light blue precipitate forms.
Cu* (ag) + 2 NH, (ag) + 2 H,0 (I) — Cu(OH), (s) + 2 NH," (ag)

Observation:  Light blue precipitate then dissolves and a deep blue solutlon forms
Cu(OH)Z(s) + 4NH, (aq) — Cu(NH, )f“ (aq) + 20H (aq)

OR ~ : L

Cu(OH) 2(s) + 2NH, (aq) +2 NH; (_aq) - cu(NHgf* (aq) + 1,0 (z) |

For K =4, 8><10 B at 95°, [H] = [OH] = 6.9x107 mol L' > 1107 mol L* (equxhbnum constant
changes with temperature)

Water at 95° is neutral, since [H'] = [OH].




— OCH,CH,CH,CH, —— OOCCH,CH,CH,CO0——

(¢)  condensation polymerisation




12.  (a)
(b)

Part 3

1 (a)
(b)

2 (a)

An increase in molecular weight (or surface area or number of electrons) results in an
increase in the dispersion intermolecular forces.

The relatively high boiling point of NH, is a result of the stronger hydrogen bonding
intermolecular forces which exist between the NH, molecules.

CaCo, (s) + 2 H" = Ca + CO, + H,0

MWt of CaCO, = (40.08 + 3x16.00 + 12.01)
) = 100.09
m(CaCQ, reacted)  =0.6342-0.392
=02422 ¢
8(CaCO) _ 02422
) 100.09
= 0.0024198 mol
n(HCI) = n(H" = 2X n(CaCQO,)
= 0.0048396 mol
0.0048396
o(HED ~ 7002500

=0.194 mol L' (0.1936 mol L")

CHO, - co, + HO
1.0640 g 1.462 ¢ 0.8% g
m(C) - 1462 x 1200
44,01
=0.3990 g
m(H) — 0.894 x 221008
18.016
=0.1000 g
m(Si) = 0.832 Xgﬁl@g
60.09
~ 03889 ¢
o m(0) = 1.0640 - (0.3990 + 0.1000 + 0.3889)
= 0.1761 g




C H Si O
mass (g) | 0.3990 0.1000 0.3889 0.1761
+~ At Wt 12.01 1.008 28.09 16.00
=(mol) | 0.03322 0.09925 0.01385 0.01101
+ smallest no 3.017 9.015 1.258 1 o
(0.01101)
x4 12.07 36.06 5.03
Round 12 36 5 4 *
ie Empirical Formula = C,H,Si,0,
(b} m('A’) =0.0138¢g
n(A) _ RY_ _ 2.0x0.067
RT 8.315x(150+273)
= 3.810x10” mol
MWt (A _ 0.0138 .
3.810x10
=362 g

(c) MWt of C,H, 81,0, = (12x12.01) + (36x1.008) + (5x28.09) + (4x16)

(d)

= 384.86

= 362

.. Molecular formula = empirical formula = C,,H,Si,0,

CHy CHy CHy CH; CH,
CH;— SEi—O- Sli—O- S]i-—O— Sli""O* S;i- CH;
CH, CH,

or similar,

CH,

CH,

CH,



(a)

(b)

(©)

(d)

(e

()

(2)

(b)

©

2NiO(OH) + 2 H,0 + Cd — 2 Ni(OH), + Cd(CH),

E° =0.64 - (-0.76)
=140V
n(Cd} = 1.420
112.4
= 0.012633 mol
n(NiO(OH)) = 2Zxn(Cd)
m(NiO(OH)) = 2x 0.012633 x (58.69 + 2x16 + 1.008)
=232¢
n(e) = 2xn(Cd)
For 95% consumption:
q = n(e’) % 9.649x10*
= 0.95 x 2 X 0.012633 x 9.649x10*
=2.32x10° C
q = Ixt
. _ 232x10°
0.150

= 1.544x10* s (4.29 hours)

Cd is a toxic metal

2 Cr,0,% + 16 H" +3 CH,CH,0H — 4 Cr* + 11 H,0 + 3 CH,COOH

n{Cr,0,%) added =0.1005 % 2220
1000

=2.513 %10 mol

n(Fe*) used = 0.3005 x 2355

1000
=7.0768 %107 mol

n(Cr,0,%) excess = n(Fe™) xé

= 1.179 %10 mol



(d)

(e)

(a)

(b)

(c)

(d)

n(Cr,0,%) combined = n(Ct,0,%) added - n(Cr,0,*) excess
=2.5125 x10? - 1.179 x10” mol
= 1.3330%10” mol

n(CH,CH,OH) = n(Cr,0,%) ¢ombined x-i— ‘
= 1.9996 x10° mol ?{.
m(CH,CH,OH) = 1.9996 x10"x (2x12.01 + 6x1.008 + 16)

=0.092116 g in 1.00 mL

=9.21 g in 100 mL (0.0921><1_?.9_)

Ba* + SO, — BaSO,

n(S0,%) = n(BaSO,) |
.. 0218 |
" (137.3+32.06+4x16.00) |
=9.342 x10*mol
n(K,SO,) = n(S0,%) |
m(K,S0,) = 9.342 x10"x (2x39.10 + 32.06 + 4x16.00) |
= 0.1628 g in 25.00 mL 5
= 1.63 g in 250.00 mL (0.1628x 25 O‘OO> s
25.00 |
Pb* + SO,> ~> PbSO,
Pb¥* + 2 T — Pbl,
| !
a(PbSO,)  =n(S0.) in 25.00 mL ‘!
‘ = 9,342 x10" rriol
m(PbSO,) = 9.342 X10°X (207.2 + 32.06 + 4 x 16.00)
=02833g 5 <
m(Pbl,) = mtotal) - m(PbSO,) !
| = 0.607 - 0.2833 | |
=03237g © ‘ - }
n(KD) = n(I) © =2 % n(Pbl,) _ ’
0303 |
~ 2072+ 2x126.9) o o

=1.404 x10° mol

7 , }



Draw a suitable reaction profile (see below); In particular, note the activation energy (E,) and the
heat of reaction (AH). Relate these (0 the réaction conditions at each stage of the process.
~ State that for exothermic reactions, high temperatures will lower the equilibrium yield. However, .~
~ for reactions with a relatively high activation energy, high temperatures are required to achievea |
satisfactory rate of reaction, .~ | o e s T ST

 Recognise that, for endothermic

reac

rate.. oo

tions, high temperatures will increase both yield and reaction . -

¢ Comment ofi the effect of pressure and éatalysts for each stage. © e
¢ - 'The more reacting molecules, the less straightforward the reaction profile (this is a minor point).

*. . Comment on the effect of temperature on the solubility of NO, and NO (relevant to stages3 . -~ |

T P P S R S U S TP




Possible reaction profiles for Q1:

Stage 1

- H {enthalpy)

4NH; +50, — 1 ANO+6HO
Stage2 -

=

&

of

PR g

=

g

I

T4k

4NO+ 0, —t '_ : 2NO,




Stage 3

“H (enthalpy)

C2NO;+H O = HNORHP+ NOF -

\Stage 4

H {enthalpy)

444 kJ

3HNO, e~ H 4 NOy + H0 + 2 NO

10

¥k



The following points could be made:

Defining corrosion in metals as a redox reaction (the unwanted oxidation of metals). Recognise
that there must be a species which is reduced - the oxidant.
Explain, using reduction potentials, the tendency of most metals to corrode in air (the spontaneity

of the reactions). Can also discuss corrosion of metals with acids, or metal displacement reactions.

Describe the relative stability of metals in air
eg. Aluminium forms a protective oxide layer, hence oxidation in air is slow
Discussion of the role of water in the corrosion process, with particular reference to rust (the
corrosion of iron).
eg. the ions present in salt water and acidic water provide an environment for rapid corrosion.
Discuss ways in which corrosion may be minimised:
eg. Protective coatings
Preventing access by H,O or O, (or whichever species is the oxidant)
Sacrificial anodes and other cathodic protection
Coating with impervious metal oxide layer
More than one metal must have been discussed.

The following points could be made:

L
L

Discussion of intermolecular forces, in particular dipole-dipole and dispersion.
Explain the relative solubilities of solutes in solvents where there are different intermolecular
forces.
Note that soap and detergent molecules contain a charged region (polar) and an uncharged region
consisting of a long carbon chain (non-polar).
Describe how this allows the soaps and detergents to act as cleaning agents
eg. charged end forms strong ion-ion and ion-dipole interactions (can dissolve in water)
dispersion forces between long chain end and other non-polar substances
this allows the emulsification of fat and grease (non-polar substances)
Discuss the precipitation of the soap ions in "hard" water and the deactivation of the soap ions in
acidic solution. State that detergents do not form precipitates in hard water (include an equation)
Discuss how soaps and detergents clean (use a diagram)
Discuss the chemical composition of hard water.

The Science Teachers' Association acknowledges the support of the Curriculum Council and in
particular the TEE Examining Panel members, Mr Mark Ellison, Mrs Maree Baddock and Mr Khim
Harris.
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