/5 - '/ Centre Number

~t—

Rewarding Learning
Candidate Number

ADVANCED
General Certificate of Education
2025
Chem IStI'y StemUp Model Solution

Assessment Unit A2 3

assessing (]

Further Practical Chemistry
Practical Booklet B (Theory)

[ACH32] *ACH32*
FRIDAY 20 JUNE, MORNING

1 hour 15 minutes.

Write your Centre Number and Candidate Number in the spaces provided at the top of this
page.

You must answer the questions in the spaces provided.

Do not write outside the boxed area on each page or on blank pages.

Complete questions in black ink and use a dark HB pencil for drawings and graphs.

Do not write with a gel pen.

Answer all four questions.

The total mark for this paper is 60.

Figures in brackets printed down the right-hand side of pages indicate the marks awarded
to each question or part question.

You may use a scientific calculator.

A Data Leaflet, which includes a Periodic Table of the Elements, is included in this question
paper.

14558

*16ACH3201*  stemup.co.uk



https://stemup.co.uk

1 Glucose, C;H,,04, and other simple sugars are the monomers which form
carbohydrates such as starch. The structure of glucose is shown below.

O\ /H
C
H—C—OH
HO—C—H
H—C—OH
H—C—OH
CH,OH
glucose

(a) Explain why glucose is soluble in water but insoluble in hexane.

Glucose is polar with many OH groups, so it forms hydrogen bonds

with (polar) water molecules.

Hexane is non-polar, so glucose cannot form hydrogen bonds with

hexane. 2]

(b) On heating in a boiling tube, glucose decomposes to form a black solid and
droplets of a colourless liquid which are visible on the sides of the boiling tube.

(i) Suggest a name for the colourless liquid.

water [1]

(i) Suggest a name for the black solid.

carbon [1]
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(c) Two experiments were carried out using an aqueous solution of glucose.
The methods and observations for the two experiments are shown in the

table below.

Experiment | Method

Observations

Add glucose solution to acidified
1 potassium dichromate(VI) solution and
heat the reaction mixture under reflux

orange solution
changes to green

Add Tollens’ reagent to glucose
solution in a boiling tube and warm
the contents of the boiling tube in a
water bath

colourless solution
changes to form a
silver mirror

(i) Draw a labelled diagram of the assembled apparatus required to heat the

reaction mixture under reflux in Experiment 1.

open at top ——
A I\
[ —> water out
condenser
[ <—— water in
N V
/ \(pear—sloapea' flask
and acidified

glucose

anti-bumping o %o dichromate(V1) solution 3]
granules S o
HEAT
[Turn over
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(ii) The half-equation below represents one of the possible oxidation reactions
of glucose in Experiment 1.

CH,0s + 2H,0 — CgH,05 + 6H" + 6e

Using the half-equation above, write a redox equation for the reaction
occurring when glucose reacts with acidified dichromate(VI) ions.

CeH 204 + 672072— + ZH" > CsH) )05 + 203 + SH,0 [2]

(iii) Draw the structure of the oxidation product, C;H,,Og, formed in (c)(ii).

0\\ O
¢
H—i—OH
HO—i—H
H— C— OH
H— C— OH
P.
& Now 2]

(iv) Which functional group in glucose causes it to react with Tollens’ reagent in
Experiment 27?

aldehyde group (CHO) [1]
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(v) What would be observed if the glucose solution was mixed with Fehling’s
solution and warmed in a water bath?

Fehling's solution is blue at first;

a brick-red precipitate forms on warming. 2]

(d) Starch solution is used as an indicator in iodine-thiosulfate titrations.

(i) State the colour change observed at the end point when starch indicator is
used in an iodine-thiosulfate titration.

From  blue-black to colourless [1]

(i) Write an equation for the reaction of sodium thiosulfate with iodine.

2Na,S,03 + 1, = NayS,0s + 2Nal [2]

[Turn over
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2 Phenylamine (density 1.02g cm3) reacts with ethanoyl chloride
(density 1.10g cm~3) to form the solid N-phenylethanamide. The equation for the
reaction is given below.

2CgHNH, + CH,COCI — CH;CONHC H; + CgH;NH,CI
N-phenylethanamide

(a) Draw the skeletal formula of N-phenylethanamide.

Oy

(b) A 3.5cm3 sample of phenylamine was mixed with a 1.5cm? sample of ethanoyl
chloride.

(i) Calculate the number of moles of phenylamine in the 3.5cm? sample.
mass of phenylamine = 3.5 x 1.02 = 3.57 ¢

h4y of Cé’fgﬁd*fz =43
moles = 3.57 ~ 93 = 0.0334 mol

Answer 0.0384 mol [2]

(i) Calculate the number of moles of ethanoyl chloride present in the
1.5cm? sample.

mass of ethanoyl chloride = 1.5 x 1.10 = 1.65 ¢
M, of CH;COCl = 78.5
moles = 1.65 + 78.5 = 0.0210 mol

Answer 0.0210 mol [2]
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(iii) Calculate the maximum mass of solid N-phenylethanamide which may
be formed from 3.5cm3 of phenylamine and 1.5cm? of ethanoyl chloride.
Give your answer to 2 significant figures.

0.0384 mol phenylamine needs 0.0384 = 2 = 0.0192 mol
CH3COCl; 0.0210 mol is present, so CH3COCl is in excess

and phenylamine is the limiting reactant.
moles of N-phenylethanamide = 0.0389 <+ 2 = 0.0192 mol
M, = 13S; mass = 0.0192 x 135 = 2599 = 2.6 g

Answer __ 2.6 g [2]

(c) (i) Describe, giving practical details, how the solid N-phenylethanamide could
be separated from the reaction mixture and purified.

Filter off the solid from the reaction mixture by suction filtration

(Buchner funnel and flask).

Dissolve the impure crystals in the minimum volume of hot solvent.

Filter the hot solution guickly by gravity filtration (fluted filter

paper) to remove insoluble impurities.

Allow the filtrate to cool so that crystals form.

Filter off the crystals by suction filtration, wash with a little cold

solvent and dry.

[3]

[Turn over
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(ii) Describe, giving practical details, how the melting point of the solid
N-phenylethanamide could be determined.

Put a little dry solid in a capillary tube sealed at one end.

Heat slowly in a melting point apparatus.

Record the temperatures at which the solid starts to melt and

has completely melted.

[3]

(iii) State two ways in which the melting point of an impure sample of
N-phenylethanamide would differ from the melting point of a pure sample.

1. It melts over a wider temperature range.

o It melts at a lower temperature.

[2]
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3 Solid X is a hydrated iron(lll) compound.

(a)

Solid X dissolves in water to form a yellow solution. Write the formula of the
hexaaqua complex ion present in the yellow solution.

[Fe(H,0)41** [1]

(b) On addition of sodium hydroxide solution to an aqueous solution of X, a brown

(c)

precipitate is formed. Write an equation for the reaction that occurs representing
the brown precipitate as [Fe(OH),(H,0),].

[Fe(H:0)s1%" + 30H™ - [Fe(OH)3(H;0)5] + 3H,0 (1]

When acidified silver nitrate solution is added to an aqueous solution of X,
a white precipitate is formed. The white precipitate dissolves on addition of
concentrated ammonia solution.

(i) Name the anion present in the aqueous solution of X.

chloride ion (CI7) [1]

(ii) The silver ions in the white precipitate react with ammonia solution to form
a soluble complex which has a linear shape. Suggest the formula of this
complex.

[Ag(NH3) 1" [1]

(d) When a spatula-measure of sodium carbonate is added to an aqueous solution

14558

of X, bubbles of gas are observed.

Identify the gas produced and suggest what the formation of this gas indicates
about the aqueous solution of X.

The gas is carbon dioxide, CO,.

This shows that the solution of X is acidic (pH < 7).

[2]
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(e) The addition of a solution containing thiocyanate ions (SCN~) to an aqueous
solution of X resulted in the formation of a blood red solution. This is a ligand
replacement reaction in which one thiocyanate ion replaces one molecule of
water in the hexaaquairon(lll) ion. Suggest an equation for the reaction that
occurs.

[FE(H20)6]3+ + SCN™ - [Fe(Hzo)g(SCN)]2+ + H20 [1]

() 1 mole of the hydrated iron(lll) compound contains 6 moles of water
of crystallisation. The percentage of water of crystallisation in the compound
is 39.93%.

(i) Calculate the relative formula mass of the hydrated iron(lll) compound.
Give your answer to 1 decimal place.

mass of 6H,0 = 6 x 18 = 108
108 is 39.93% of M,
M, =108 + 3993 x 100 = 270.97 = 270.5

Answer __ 270.5 2]

(if) Based on your calculation in (f)(i) and the information in (a) to (e), write the
formula of the hydrated iron(lll) compound.

FeC,3.6H20 [1]

[Turn over
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4 A method for a back titration is outlined below.

14558

Step 1:
Step 2:

Step 3:

Step 4:

Weigh out approximately 2.5g of a Group |l metal oxide in a beaker.
Add 50.0cm3 of 2.00 mol dm~3 hydrochloric acid to the Group |
metal oxide in the beaker.

Make up the reaction mixture from Step 2 to form a 250 cm?3
aqueous solution in a volumetric flask.

Titrate 25.0 cm?3 samples of the solution from Step 3 against

0.100 mol dm~3 sodium hydroxide solution using a suitable
indicator.

(@) (i) Define the term back titration.

A known excess of a reagent s reacted with the sample;

the amount of unreacted (excess) reagent is then determined by

titration. 2]

(ii) Describe the practical procedure carried out in Step 3 of the method.

Transfer the reaction mixture to a 250 cm?® volumetric flask using

a funnel.

Rinse the beaker, glass rod and funnel with deionised water and

add the washings to the flask.

Make up to the mark with deionised water until the bottom of

the meniscus is on the mark.

Stopper the flask and invert it several times to mix. [4]

(iii) Name a suitable indicator for the titration in Step 4. State the colour change
at the end point of this titration.

Phenolphthalein

colourless to pink [2]
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(b) 2.44g of a Group Il metal oxide were used in the back titration and the results

obtained are shown in the table below.

1 0.0 13.3 13.3
2 13.3 26.2 12.9
3 26.2 39.0 12.8

(i) Explain why the titre value from Titration 1 should not be used in the
calculation of the mean titre.

It is the rough titre and is not concordant with titres 2 and 3

(not within 0.1 em?). [1]

(ii) Calculate the number of moles of hydrochloric acid added to the Group |l
metal oxide in Step 2.

moles HCl = 50.0 x 2.00 = 1000 = 0.100 mol

Answer _ 0.100 mol [1]

(iii) Calculate the number of moles of hydrochloric acid neutralised by the
0.100 mol dm~3 sodium hydroxide solution in Step 4.

mean titre = (12.9 + 12.8) + 2 = 12.85 cm?
moles NaOH = 12.85 x 0.100 = 1000 = 1.285 x 10~ mol
NaOH : HCl = | : |, so moles HCl = 1.285 x 1072 mol

(iv) Using MO to represent the Group Il metal oxide, write an equation for the
reaction of the metal oxide with hydrochloric acid.

MO + 2HC] - MC’Z + H,0 [1]

[Turn over
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(v) Calculate the relative formula mass of the Group Il metal oxide, MO.
Give your answer to the nearest whole number.

moles HC| left in 250 em>® = 1.285 x 1073 x 10 = 0.0128S mol
moles HC| reacted with MO = 0.100 — 0.0128S = 0.087]5 mol
moles MO = 0.0871S <~ 2 = 0.04357S mol

RFM of MO = 2.44 + 0.04357S = $6.0 = S6 (Ca0)

Answer 56

THIS IS THE END OF THE QUESTION PAPER

14558
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General Information

1tonne=10°g
1 metre = 10°nm

One mole of any gas at 293K and a pressure of 1 atmosphere (10°Pa) occupies a volume of 24 dm?

Avogadro Constant = 6.02 x 10?* mol™
Planck Constant = 6.63 x 10734 Js

Specific Heat Capacity of water = 4.2 J g1 K™
Speed of Light =3 x 108 ms™

Characteristic absorptions in IR spectroscopy

Wavenumber/cm™ Bond
550-850 C-X (X = Cl, Br, 1)
750-1100 c-C
1000-1300 c-O
1450-1650 C=C
1600-1700 C=C
1650-1800 c=0
2200-2300 C=N
2500-3200 O-H
2750-2850 C-H
2850-3000 C-H
3200-3600 O-H
3300-3500 N-H

Compound

Haloalkanes

Alkanes, alkyl groups

Alcohols, esters, carboxylic acids
Arenes

Alkenes

Carboxylic acids, esters, aldehydes,
ketones, amides, acyl chlorides
Nitriles

Carboxylic acids

Aldehydes

Alkanes, alkyl groups, alkenes, arenes
Alcohols

Amines, amides

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy

(relative to TMS)

Chemical Shift Structure
0.5-2.0 —CH
0.5-5.5 —OH
1.0-3.0 —NH
2.0-3.0 —CO—-CH
—N-CH
C,H.—CH
2.0-4.0 X—CH
4.5-6.0 —C=CH
5.5-8.5 RCONH
6.0-8.0 —-CH,
9.0-10.0 —CHO
10.0-12.0 —COOH

Saturated alkanes
Alcohols

Amines

Ketones

Amines

Arene (aliphatic on ring)
X =Cl or Br (3.0-4.0)
X=1(2.0-3.0)
Alkenes

Amides

Arenes (on ring)
Aldehydes
Carboxylic acids

These chemical shifts are concentration and temperature dependent and may be outside

the ranges indicated above.
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THE PERIODIC TABLE OF ELEMENTS

vV V Vi

VI

0

Group
1 2 3 4 5 6 7/ 8 9 10 11 12 13 14 15 16 17 18
1 4
H He
Hydrogen Helium
7 9 11 12 14 16 19 20
Li | Be B|C|N|O|F |Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
3 4 5 6 9 10
23 24 27 28 31 32 35.5 40
Na | Mg Al | Si| P | S |Cl|Ar
Sodium | Magnesium Aluminium Silicon Phosphorus Sulfur Chlorine Argon
11 12 13 14 15 18
39 40 45 48 51 52 55 56 59 59 64 65 70 73 75 79 80 84
K|Ca|Sc|Ti |V |Cr Mn Fe |Co|Ni |Cu|Zn |Ga|Ge|As | Se | Br | Kr
1P09tassium Calcium Scandium | Titanium | Vanadium | Chromium gl%nganese Iron Cobalt Nickel Copper Zinc Gallium | Germanium| Arsenic Selenium 335romine Krypton
85 88 89 91 93 96 98 101 103 106 108 112 115 119 122 128 127 131
Rb|Sr| Y |Zr [Nb Mo|Tc | Ru|{Rh |Pd|Ag|Cd|In |Sn|Sb|Te | I | Xe
Rubidium | Strontium Yttrium Zirconium | Niobium |Molybdenum| Technetium | Ruthenium | Rhodium | Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
37 38 39 40 41 43 44 45 46 48 49 50 51 52 53 54
133 137 139 . 178 181 184 186 190 192 195 197 201 204 207 209 210 210 222
Cs/Ba|La|Hf Ta| W Re|Os|Ir | Pt |Au|Hg| Tl |Pb| Bi | Po | At |Rn
Caesium Barium Lanthanum | Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
55 56 57 72 73 74 75 76 77 78 79 81 82 83 84 85 86
223 226 227 _r261 262 266 264 277 268 271 272 285
Fr |[Ra|Ac’| Rf [ Db|Sg |Bh|Hs | Mt | Ds | Rg |Cn
Francium Radium Actinium [Rutherfordium| Dubnium |Seaborgium| Bohrium Hassium | Meitnerium |Darmstadtium|Roentgenium|Copernicium
87 88 89 104 105 106 107 108 109 110 111 112
140 141 144 145 150 152 157 159 162 165 167 169 173 175
+58-71 Lanthanumseries | C@ | Pr | Nd |[Pm|{Sm| Eu |Gd | Tb Dy |Ho | Er | Tm|Yb | Lu
-I- 90 - 103 Actinium series Cerium  |Praseodymium|Neodymium [Promethium| Samarium | Europium | Gadolinium | Terbium |Dysprosium| Holmium Erbium Thulium Ytterbium | Lutetium
_ _ 58 59 60 61 62 63 64 65 66 67 68 69 70 71
= 4= {aeé)ag;\éi)atomlc mass 232 [231  [238 237 [242 [243 [247 245 [251 [254 [253 [256  [254  [257
X | x = atomic symbol Th|{Pa| U |Np|Pu|/Am|Cm|Bk | Cf | Es [Fm|Md|No | Lr
b — atomic number 9il')horium Pgritactinium 9;ranium ggptunium 9P4I.utonium 9Aénericium 96Curium 9B7erkelium 9Cglifornium Sigsteinium 1E)e(r)mium 'l\ﬁ)n‘?elevium 1l\(l)ozbelium Iiea(\)/v:;encium
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