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Question 2

2.1.1 Nev (1)
212 Nzv (1)
2.1.3 diamondv (1)
2.1.4 NHsv (1)
2.1.5 NaClv (1)
2.1.6 NHsv (1)
2.1.7 N2 or diamondv (1)
2.2.1 Water or H20v (1)
2.2.2 lonv'-dipolev force (2)
2.2.3 Mg(NOz)2(s) > Mg?*v (aq) + 2v'NOs% v’ (aq) ; phase indicatorsv’ 4)
224 n=cV

= 0,15 x 0,2 v'(conversion)
=0,03v(v') mol of Mg(NO3)2
n=2x0,03=0,06v mol of NO3~ (coe from 2.2.3) (3)
225 n=cV
=0,5x0,2
= 0,1 mol of NOs" ions in total
n = (0,1 -0,06) = 0,04 mol of NOs" ions added from sodium nitrate.
(coe from Q2.2.4)
M=nxM
= 0,04 x 85
= 3,4 g of NaNOs (5)

Marks the following skills:

v'v Method to work of total mols of NOs- including conversion
v Subtraction to get NO3 ions added from sodium nitrate

v" Molar mass 85

v" Mass of NaNOs

OR
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[NO3] =2 x 0,15 = 0,3 mol.dm™ from magnesium nitrate
Added [NO31=0,5-0,3 = 0,2 mol.dm-3
Since NaNOs is 1:1
Therefore [NaNO3] = 0,2 mol.dm-®
n=cV

=0,2x0,2

= 0,04 mol
And m = nM

=0,04 x 85

= 3,49
[22]
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Question 3

3.1.1 Heat of reaction is the netv’ change of chemical potential energyv” of
the system. (2)

3.1.2 The activated complex is a temporary transition statev” between the
reactants and the products. v (2)

3.2 The colliding particles must have enough kinetic energy greater than or
equal to the activation energy. vv/
The colliding particles must have the correct orientation. v'v/ (4)

3.3.1 Zn + 2HCI > ZnCl2 + H2 (3)
reactantsv’ productsv’balv’

3.3.2 Use powdered or granulated zincv'v' (increase surface area 1 mark only)
Use concentrated hydrochloric acidv'v” (increase [ ] 1 mark only)
Heat the test-tube of reactantsv'v’ (6)

3.3.3 ltinteracts with the reactants in such a way that the reaction follows

an alternative pathv' of lower activation energyv'. (2)

341 C (1)
342 D (1)
[21]
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Question 4

411

41.2

413

421

When an external stress is applied to a system in chemical equilibriumv’, the
equilibrium point will change in such a way as to counteract the stressv'. (2)

A measure of the extent of a reactionv’, generally measured by comparing
the amount of product against the amount of product that is possible. v’ (2)

Decrease volume of the containerv’

This will increase the pressurev'which will favour the forward reactionv’

which produces less moles of gasv” (and therefore relieves the stress of high
pressure. (4)

(a) DCE is reached when the rate of the forward reaction is equal to the
rate of the reverse reaction. (1)

(b)  There is no change in the number of moles (and hence concentration)
of any of the gases after 25 s as shown by the data. (1)

Number of moles of gas (maol)

422 (a)  Graph to show the mumber of moles of gases (P. O and R) with time

OF. Graph of number of moles of gas vs time

—
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423 2P+=3Q+1R (Accept 4P+ 6Q+2R) (3)
AR
424 K. = [!}];# c.0.e. from Question4.23 (2)
r6T 21 Marks np =5mol c.o.e. from Question 42 .4
[§:| = ng = 6 mol
425 K= rsT = np = 2 mol
- l Divide by volume (5 dar’)
(gt |
K =0.6
OR
_(L2)-(0.4)
(1)
K, =069 (5)
426 Lowwield c.oe. from Question4.25 (1)
[28]
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Question 5

5.1

5.2

5.3

5.4

5.5.1

5.5.2

5.5.3

554

5.5.5

A strong acid ionises almost completelyv” in an aqueous solution, e.g. HYV
A weak acid ionises partially in an aqueous solution, e.g. H2X or HZ. (4)

A monoprotic acid is only able to donate onev” proton, e.g. HY or HZ. v
A polyprotic acid is able to donate more than one proton, e.g. H2X. (4)

HY v since it has the highest Kav" which means it is the strongest acid and
would have the highest concentration of H3O* ions. (3)

HoX +2H:0 5 2H:0" + X ions balanced

Or HX+H.05H:0 +HX  ions balanced 3)
HZ +NaOH = NaZ + H;0 (-1 per emer) )
n=cxV 3)
=0.1=0,0324 S
= 0,00324 mol or 3,24 = 10~ mol v

i = 11"1-'7_' Altemative (not recommended but will be accepted) (3)
oo EAANER
= 0,13 moLdm? CeVe g

C,=250 1

01x324 1

Ca=0,13 mol.dm™

Greater than 7v' Na* and OH- form the strong base NaOH which remains fully
dissociated. v Z- will undergo hydrolysisv" and accept protons from waterv’
leading to an excess of OH-ions. v/ (5)

(@)  Phenolphthalein. (1)
(b)  The indicator will change to the end-point or equivalence point

colour over the pH range givenv’, therefore the final pH of the solution
(in this case >7) must fall within the pH range of the indicatorv’ (2)

[31]
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Question 6
6.1 Electrolyte concentration = 1 mol-dm™ (3)
Temperature = 25°C _
Pressure = 1 atmosphere /101 kPa/1,01 = 10° Pa
6.2 CuSOs4/ Cu(NOs3)2/ CuCl2 (2)
6.3.1 Cu > Cu? +2e (2)
6.3.2 Cl2+2e > 2CI (2)
6.3.3 Cu + Cl2 & Cu?* + 2CI- (-1 for any error) (2)
64 | Efcell = Ficathode — E'anode | ¥ (4)
=136 -034 vV
=1.02V v
65 lcweu® (1 mol -dm™) #/Ct, /C(1 mol-dm™) /Pt “)
v'anode
v'salt bridge
v'cathode
v'Pt
6.6

6.7
6.8

Pt is an inert metal (must not react electrochemically in the cell)
Pt is a good conductor of electricity. (2)

Potassium chloride/Sodium nitrate (etc.) (2)

Anode — increase in concentration of cations. }
Cathode- decrease in concentration of cations 4

lonic imbalancev’

Cations move into cathode half- cell and anions move into anode half cellv'v'
OR ions from salt bridge move to each half cell to maintain ionic balance. (4)

[27]
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Question 7

7.1
7.2

7.3

7.4

7.5

Brine

To act as an ion-selectivev’ membrane which only allows Na* ions to pass

through into the cathode. v/

H;0+2¢ — Hy +20H

H20 is a stronger oxidising agent than v Na* (aq) v/

Skills to be marked:

@)
®)
®)
®)

o

®)
®)
®)

Minutes to seconds (150s) v/
Calculating Qv
Method 1

Mol of v’

Mol ratio 1:2v

Mol of Clov’
Calculating Volumev'v/

Method 2

No. of e v
Calculating mol of e v
Mol ratio 1:2v/
Calculating volumev'v'

Q=N

=4 000 = 150

Q =600 000 C

W - Cly+ 2

Method 1
1mol of e =96 500 C
00 000
Snfe )= ——
@) 96 500
Sonle )= 0,22 mol of &~
Cl.: &
1 :2
n(Cia) = 6,22

-

Sa{CE:)=13.11 mol of CE;

WV
n =
V.
V=0V
=311=224

V = 60,66 dm® of CL,

Method 2
le =1,6=107°C
600 000
16107
n(e) =3.75 = 107~

~noofe =

N
n=—
NA
=375 % 10% &
6.02 = 10™
n =623 mol

Cly- e

1 :2

n(Cly) =
=31

6,

]

3

h',h..:

ﬂ=

v,

V =1V,
=3.12x224

V = 69,80 dm’ of C
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(1)

(2)
(2)
(2)

(7)

[14]
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Question 8

811 B

8.1.2 AandF

8.1.3 C and H (must have both, no part marks)

8.2 alcohol

8.3 4 carbons in longest chain
Methyl on Cz
Double bond between C; & C; and between C; & Cy

Correct number of H's attached to each C

H ~H

H
|
O = C=E =
H H

X—H—0

8.4  2-bromo-3-ethylhexane

(2-bromo) v'-(3-ethyl) v’hexv'anev’

H

— ke

H o
| £
T T H-
[
H

8.5

—_
—

H -

L
1
o
=
T — T
[»]
T— & — =

0-H

T — € -
T —

= — 00—
I — — T
1
r— -

1

xr — 3

P

O
|
= —fr—3E

I — T —

I —0y—

Ester linkagev’

Either side of ester linkagev'v’
Reactantsv'v’

waterv’
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8.6

8.7

OME of the following:

IUPALC name
(2 marks each)

Structural formula
(2 marks each)

H
I
-C= 2-methylbutane
s
I S S - (2 1s redundant: don't
2 LI-; ? LF ? b penalise if missing)
H H H H

2, 2-dimethylpropane
(2,2- Is redundant: don't
penalise i missing)

=
I
3]
|
I-0—0—0=I
b
T

Mark Scheme

(4)

Ethanoic acid is able to form TWO hydrogen bondsv" with another ethanoic

acid molecule.

Propan-1-ol can only form ONE hydrogenv” bond with another propan-1-ol

Molecule.

TWO hydrogen bonds per molecule are collectively stronger than ONEv
More energy is needed to overcome two H-bonds compared with one H-bond

therefore, ethanoic acid has a higher boiling point.

hydrogen bond
H o S H—0 H
Y 4
H— i.l': —C / \ c— L|: —H
RN 7
H 0—H: ' 0
hydrogen bond
[Source: <hitpsiwaw.everythingmaths.co_zalsciencel/grade-12=]
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Question 9
9.1 X =methanol Y = hex-1-ene Z= ethanoic acid (3)
92 |CH,CHCH, + Br, ——» CH,BrCHBrCH, 3)

Each reactant Product

9.3 | CH:CH.CH:CH:0H ——» CHsCH:CHCH: + H:0 (3)
Reactant both Products [9]
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