Topic 1 - Atoms, molecules and stoichiometry 9701 Paper 2 - Questions

(a) Define the term relative molecular mass.

(b) Tis an alcohol, C,H,O. A gaseous sample of T occupied a volume of 20cm® at 120°C and
100kPa.

The sample was completely burned in 200cm® of oxygen (an excess). The final volume,
measured under the same conditions as the gaseous sample, was 250 cm?.

Under these conditions, all water present is vaporised. Removal of the water vapour from the
gaseous mixture decreased the volume to 170cm?.

Treating the remaining gaseous mixture with concentrated alkali, to absorb carbon dioxide,
decreased the volume to 110cm?®.

The equation for the complete combustion of T can be represented as shown.

CHO + 20, > %GO, + 2H,0

(i) Use the data given to calculate the value of x.

(if) Use the data given to calculate the value of y.

© UCLES 2017 9701/21/MJA7
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If you were unable to calculate values for x and y then use x =4 and y = 10 for the remaining
parts of this question. These are not the correct values.
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(iii) Complete the equation for the complete combustion of the alcohol, T.

(1]
(iv) Give the skeletal formulae for two possible structures of T.

Name each alcohol.

(2]

(v) Use the general gas equation to calculate the mass of T present in the original 20cm?
gaseous sample, which was measured at 120°C and 100kPa.

Give your answer to three significant figures. Show your working.

[Total: 10]

© UCLES 2017 9701/21/MIJA 7 [Turn over
4

May/June 2017 9701/21 - Q1 (a), (b)(i), (b)(ii), (b)(iii), (b)(iv), (b)(v) (cont.)

Prepared by Mr Narendra Khaire & the ExamsPath Team | examspath.com | Page 2
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

Topic 1 - Atoms, molecules and stoichiometry

9701 Paper 2 - Questions

(b) Boron occurs naturally as a mixture of two stable isotopes, '°B and "B. The relative isotopic
masses and percentage abundances are shown.

isotope relative isotopic mass abundance/%
1B 10.0129 19.78
"B to be calculated 80.22

(i) Define the term relative isotopic mass.

(if) Calculate the relative isotopic mass of "B.

@ UCLES 2017
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(iii)

May/June 2017 9701/23

Q1 (b)(i), (b)(ii)
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Give your answer to six significant figures. Show your working.

Give the molecular formula and the empirical formula of P.

molecular formula of P

empirical formula of P

- Q1 (b)(iii)

(2]

[Total: 6]
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(ii) Calculate the amount, in moles, of Cg, that reacted.

amountof Cgy = ..o mol [1]

(iii) Calculate the amount, in moles, of hydrogen gas that reacted with the Cy,.

amount of hydrogen gas = ..........cccccoeiiiiennn. mol [2]

(iv) Use your answers from (ii) and (iii) to deduce the molecular formula of the hydrocarbon,
CooHos-

If you were unable to calculate the amount of hydrogen gas, assume that 0.00240 mol of

hydrogen gas reacted. This is not the correct value for the amount of hydrogen gas that
reacted.

molecular formula = .........cccoeeiiiiienn. [2]
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(iii) Calculate the amount, in moles, of manganate(VII) ions that reacted.

(iv) Calculate the amount, in males, of Fe?' ions in the sample of the salt.

amount = ... mol [1]

© UCLES 2018 9701/22/M/J118
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(v) Calculate the relative formula mass of (NH,),Fe(SO,),*xH,O.

relative formulamass = .......ccooiiiiiiiiiie.

May/June 2018 9701/22 - Q2 (d)(iii), (d)(iv), (d)(v)
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(e) If X is treated with ammonia and the product hydrolysed, a compound, Y, is obtained that
contains 51.3% C, 9.40% H, 12.0% N and 27.3% O by mass.

(i) Show that the empirical formula of Y is C.H,;NO..

(2]
(ii) The empirical formula of Y is C;H,,NO, and the M, of Y is 117.
Deduce the molecular formula of Y. You must explain your reasoning.
molecular formula = ...
(1]
[Total: 16]
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(d) Interhalogen compounds, such as BrCl or IF,, contain two or more different halogen atoms
that are covalently bonded.

D is an interhalogen compound that contains only chlorine and fluorine.
At 0°C and 101325Pa, 1dm?® of D has a mass of 4.13g.

(i) Use the general gas equation to calculate the relative molecular mass, M, of D.

(ii) Use your answer to (i) to determine the molecular formula of D.

If you were unable to calculate the M. in (i), assume that the M, is 130.5. This is not the
correct value.

molecular formulaof D= ...l
[Total: 25]
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Question 3 starts on the next page.
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March 2019 9701/22 - Q2 (d)(i), (d)(ii) (cont.)
(iv) The organic product of reaction 3is Y.
Y can be hydrolysed using excess aqueous H,SO, to form Z.
The molecular formula of Z is C,H,0,.

Draw the structure of Z.

(2]
© UCLES 2019 9701/22/F/M/19 [Turn over
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March 2019 9701/22 - Q4 (c)(iv)
(c) When Y reacts with cold, dilute, acidified manganate(VII) ions, compound Z is produced.
Z
OH
CI\)\/OH
(i) State the molecular formula of Z.

....................................................................................................................................... [1]

May/June 2019 9701/21 - Q4 (c)(i)

(ii) Use the graph to find the concentration of butane and methylpropane in the mixture at

equilibrium.
concentration of butane = ... moldm™
concentration of methylpropane = ...........cc........ moldm™

(1]

May/June 2019 9701/22 - Q1 (c)(ii)
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(c) The equation for the complete combustion of ethene is shown.
C,H, + 30, » 2CO, + 2H,0

Calculate the volume, in dm?, of carbon dioxide formed in the complete combustion of 1.00g
of ethene at room temperature and pressure.

volume of CO, = oo, dm?® [3]

© UCLES 2019 9701/22/M1J/19 [Turn over
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(b) A sample of sulfur contains only two isotopes, *S and *S. The relative atomic mass of this
sample is 32.09.

isotope isotopic mass
23 32.0
#S 34.0

Calculate the percentage abundance of the isotopes present in this sample.

% abundance 2SS = ...

% abundance *S = ...

© UCLES 2019 9701/23/M/JI19
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6 (a) Three alkenes, X, Y and Z, have the same molecular formula.

(i) Describe what is seen when aqueous bromine is added to X.

X, Y and Z are reacted separately with hot, concentrated, acidified manganate(VII) ions until
no further reaction occurs. The carbon-containing products are shown in the table.

alkene carbon-containing products
X CO, + (CH,),CO
Y CO, + CH,CH,COH
z CH.,CO_H

(ii) Draw the structures of X, Y and Z.

X Y Z
(3]
(iii) Deduce the molecular formula of X, Y and Z.
-1
(b) The structures of V and W are shown.
CH,(CH,),CH,OH (CH,),COH
\' w
(i) Name the class of compound that V and W each belong to.
LTSS TSP U TR P PP U PO U PR PU SRS
ettt A e a bt ettt es et b h bt be et et ettt ean
(2]
(ii) V and W both react with sodium metal.
Write an equation for the reaction of V with sodium metal.
....................................................................................................................................... 1]
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(iii) Name a reagent used to distinguish V from W. Describe any observations.

(2T To <1 o | G OO TS OSSP USSR RS U SR VSUUP PRI
0bSErvations WIth Vet et e e e e e e b e e e e e e
observations With W . et e e et e e e e e e e e e
(3]
[Total: 11]
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(a) Hydrocarbons with low relative molecular mass, M,, are used as fuels in industry, in the home
and for transport.

There is a high demand for the hydrocarbons with low M.

(i) Name the process by which long-chain hydrocarbons are broken down into shorter-chain
hydrocarbons.

(ii) Give one reason why hydrocarbons with low M, are suitable for use as fuels.

(iv) Identify an analytical technique that can be used to monitor the levels of CO in the
atmosphere.

Outline how this analytical technique may be used to monitor the levels of CO.

....................................................................................................................................... [2]
(b) Thiophene, C,H,S(l), is an organic compound that is found as a contaminant in crude oil.
(i) Construct the equation for the complete combustion of thiophene, C,H,S(l).
Include state symbols in your answer.
....................................................................................................................................... [2]

Oct/Nov 2019 9701/21 - Q3 (a)(i), (a)(ii), (a)(iv), (b)(i)

(ii) State what further information is needed to calculate the relative atomic mass of gallium.

May/June 2020 9701/21 - Q1 (a)(ii)
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(d) But-1-ene reacts with steam in the presence of concentrated phosphoric acid to form two
isomers of molecular formula C,H,,0O.

Each reaction occurs via a different intermediate ion.

(i) Draw the structure of both intermediate ions.

(2]

May/June 2020 9701/21 - Q5 (d)(i)
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(a) Explain what is meant by the term relative atomic mass.

(b) Calculate the relative atomic mass of gallium in this sample. Give your answer to 4 significant
figures.

Show your working.

relative atomicmass = .........cccccoveeeeeee [2]

(ii) Suggest an equation for the reaction between gallium oxide and NaOH(aq).

[Total: 12]
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2 (a) Explain what is meant by the term relative isotopic mass.

(b) A sample of copper contains two isotopes, **Cu and ®*Cu. The relative atomic mass of the
copper in this sample is 63.55.

Calculate the percentage abundance of each of these isotopes. Show your working.

percentage abundance of %*Cu = ..o %
percentage abundance of Cu = ...........cccccceveeiennene. %
(2]

(c¢) (i) Name the type of bonding within a sample of solid copper.
....................................................................................................................................... [1]

(ii) Draw a labelled diagram to show the bonding within a sample of solid copper.

(2]

May/June 2020 9701/23 - Q2 (a), (b), (c)(i), (c)(ii), (d)(i), (d)(ii) (continued -)
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(d) A studentis provided with a sample of hydrated copper(I1) sulfate, CuSO,*xH,O, and is asked
to determine the value of x.
The student dissolves a sample of the hydrated copper(Il) sulfate in water and adds it to an
excess of aqueous potassium iodide to make a total volume of 250.0 cm? of solution.
2CuSO, + 4KI — 2Cul + I, + K,SO,

The amount of iodine produced during this reaction is found by titrating a sample of this solution
with sodium thiosulfate solution.

25.0 cm? of the iodine-containing solution requires 20.0 cm? of 0.10 moldm sodium thiosulfate
solution.

I, + 25,0 — S,0% + 2I

(i) Calculate the amount, in mol, of copper(Il) sulfate present in the original sample of
hydrated copper(Il) sulfate.

Show your working.

amount of copper(Il) sulfate = ...........c.ccoeeie mol [2]

(ii) Atotal of 7.98g of CuSO, is present in 10.68g of CuSO,*xH,0.
Complete each row of the table to calculate the value of x, where x is an integer.

[M: CuSO,,159.6]

amount of CuSO, in
10.68g of CuS0O,*xH,O0
.............................. mol
amount of H,O in
10.68g of CuSO,*xH,0
.............................. mol
value of x
X =
(3]
[Total: 13]
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May/June 2020 9701/23 - Q2 (a), (b), (c)(i), (c)(ii), (d)(i), (d)(ii) (cont.)

(iii) Determine the empirical formula of fructose.

May/June 2020 9701/23 - Q3 (b)(iii)

(b) LiAIH, cannot be used in aqueous solution because it reacts with water to produce LiOH(aq),
H,(g) and a white precipitate which is soluble in excess sodium hydroxide.

Identify the white precipitate.

Oct/Nov 2020 9701/21 - Q3 (b)
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(iii) Use the information in (d) to deduce the molecular formula of L.

molecular formulaof L= ... [1]

[Total: 17]
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(a) (i) Explain whatis meant by the term relative molecular mass.

(iii) Calculate how many atoms of carbon are presentin 0.18 g of ethanedioic acid, HO,CCO,H.

Show your working.

atoms of carbon present = ...l [3]

(ii) Identify the type of reaction which occurs when CaC,0, is heated.

May/June 2021 9701/21 - Q1 (a)(i), (a)(ii), (a)(ii), (b)(ii)

(b) Compound V is found in naphtha. It has a molecular formula C,,H,.

When V is heated at high pressure in the absence of air, an equal number of moles of ethene,
propene and W are made. W is a compound made of straight chain, saturated molecules.

(i) Name the process that describes this reaction.

May/June 2021 9701/21 - Q5 (b)(i)
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4 (a) The table shows the structural formulae of four compounds, A, B, C and D, with molecular
formula C H;.

(i) Complete the table by giving the systematic name of A, B, C and D.

structural formula name
A CH,CH,CH=CH,
H H
B C=C
H,C CH,
H.C H
C Cc=C
H/ CH,
D CH,=C(CH,),

(4]

May/June 2021 9701/22 - Q4 (a)(i)
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(c) Tungsten oxide, W,0,, is used to give colour to ceramic materials.
A sample of W,QO, contains 79.29% tungsten by mass.
Calculate the empirical formula of W,0,.

Show your working.

empirical formula = ...
[3]

[Total: 11]
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May/June 2021 9701/23 - Q3 (c)

(d) The flowchart shows some reactions of CaC,.

reaction 5

CaC, —— > CaCN, ———— = CaCO, + NH,
N, H,O
NaCl and C

NaCN

(i) Reaction 5 can be used to prepare NH,.
CaCN, + 3H,0 — CaCO, + 2NH,

Calculate the minimum mass, in tonnes, of calcium cyanamide, CaCN,, that is required to
produce 1.50 x 10° tonnes of NH,.

Show your working.

1 tonne = 1.00 x 10°g

minimum mass of CaCN, = ...........cccooiiein. tonnes

(2]
Oct/Nov 2021 9701/21 - Q2 (d)(i)
(d) The hydrogen halides dissolve in water to form strong Br@nsted—Lowry acids.
The concentration of a strong acid can be determined by titration.

(i) State what is meant by strong Bragnsted—Lowry acid.

March 2022 9701/22 - Q3 (d)(i)
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(e) A sample of magnesium contains three isotopes, Mg, Mg and X.

The percentage abundance of the three isotopes is shown in Table 1.1.

Table 1.1
sotope of Mg | mass/amu. | FECENEN,
]
X 78.99
Mg 24.99 10.00
25Mg 25.98 11.01

(i) The relative atomic mass, A, is calculated by comparing the average mass of the isotopes
of an element to the unified atomic mass unit.

Define the unified atomic mass unit.

May/June 2022 9701/21 - Q1 (e)(i)

(a) Calculate the molecular formula of V. Show your working.

molecular formulaof V= .........ccooviiiiiiiinnnnnn. [3]

(ii) State the formula of the yellow precipitate produced when X is added to alkaline I,(aq).

May/June 2022 9701/21 - Q4 (a), (c)(ii)

(c) Solid Ra and Ca show similar reactions with H,O, but the reactions occur at different rates.

Separate samples, each containing a single piece of solid Ra or Ca, are added to equal
volumes of cold water.

Each sample contains equal numbers of moles of solid and the H,O is in excess.

(i) Construct an equation for the reaction of Ra with H,O.

May/June 2022 9701/22 - Q2 (c)(i)
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(b) Use equation 1 and the bond energy values in Table 3.1 to calculate the change in enthalpy,
AH, for the thermal decomposition of 1 mole of HI(g). Show your working.

Table 3.1
bond bond energy/kJ mol™
H-H 436
I-I 151
H-I 299

AHZ oo, kJmol-' [2]

May/June 2022 9701/22 - Q3 (b)
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(b) Table 6.2 shows the percentage by mass of each element present in Z.

Table 6.2
element percentage by mass/%
carbon 41.38
hydrogen 3.45
oxygen 55.17

Using the data in Table 6.2, demonstrate that the empirical formula of Z is CHO.
Show your working.

© UCLES 2022 9701/22/M/J/22
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May/June 2022 9701/22 - Q6 (b)

(iv) Deduce the molecular formula of D1.

Oct/Nov 2022 9701/22 - Q3 (a)(iv)

Prepared by Mr Narendra Khaire & the ExamsPath Team | examspath.com | Page 33
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

Topic 1 - Atoms, molecules and stoichiometry 9701 Paper 2 - Questions

(ii) Define relative atomic mass.

(iii) The relative atomic mass of gallium, A, is 69.723.
The relative isotopic masses of ®°Ga and "'Ga are:

%Ga, 68.926; "'Ga, 70.925.

Use this information to calculate the percentage abundance of %Ga in elemental gallium.
Show your working.

Assume that the element contains only the #Ga and "'Ga isotopes.

Give your answer to four significant figures.

percentage abundance of ¥Ga = ... %
(2]
© UCLES 2022 9701/23/0/N/22
3
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(ii) Deduce the empirical formula of Z.

© UCLES 2023 9701/21/M/J123
9

(c) Q contains the elements carbon, hydrogen and oxygen only. It is a saturated molecule with
no branching in its carbon backbone.
Q contains only one functional group.
The relative molecular mass of Q is 88.
No effervescence is seen when Na,CO, is added to Q.
Effervescence is seen when sodium is added to Q.
Q reacts with alkaline I,(aq) to form a yellow precipitate.

Draw the structure of Q in the box.

Q
[2]
[Total: 8]
® UCLES 2023 9701/21/M/J/23 [Turn over
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10

May/June 2023 9701/21 - Q4 (b)(ii), (c) (cont.)

(b) The relative isotopic masses and natural abundances of the two isotopes in a sample of
copper are shown in Table 1.1.

Table 1.1
isotope relative isotopic mass % abundance
83Cu 62.930 69.15
85Cu 64.928 30.85

(i) Define the unified atomic mass unit.

(ii) Define relative atomic mass, Ar, in terms of the unified atomic mass unit.

(iii) Calculate the relative atomic mass, A., of copper in this sample using the data in
Table 1.1.

Show your working.

© UCLES 2023 9701/23/M/J123
3
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(iiif) Calculate the concentration of I, present in the reaction mixture at equilibrium.
Show your working.

concentration of I, = ... mol dm=3 [3]

© UCLES 2023 9701/23/M/J123
9

May/June 2023 9701/23 - Q4 (b)(iii)
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(e) NaBiO, can be used to determine the concentration of Mn2*(aq). The ionic equation for the
reaction is shown in equation 2.

equation 2 2Mn?* + 5BiO,~ + 14H* — 2MnO,~ + 5Bi3* + 7H,0

A student uses the following procedure in an experiment.

+  Add 100.0cm? of a saturated solution of MnZ*(aq) to a volumetric flask.
*  Add distilled water to the flask to make a 1.00dm? diluted solution.

+  Titrate a 25.00 cm3 sample of the diluted solution with 0.100 moldm~3 NaBiO,(aq).

The 25.00cm?® sample of the diluted solution of Mn2*(aq) reacts completely with exactly
21.50 cm3 of 0.100 moldm=3 NaBiO,(aq).

Calculate the concentration, in moldm=3, of Mn2+(aq) in the saturated solution.

Show your working.

concentration of Mn?*(aq) in the saturated solution = ..............c.cccccooeeecivcucnee., mol dm—2 [3]
[Total: 16]
© UCLES 2024 9701/22/F/IM/24
5
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March 2024 9701/22 - Q1 (e)

(ii) Deduce which sodium halide, NaCl, NaBr or Nal, produces the largest percentage yield
of hydrogen halide when concentrated sulfuric acid is added. Explain your answer by
considering the relative reactivity of the halide ions as reducing agents.

identity of SOAIUM NANAE ... e e

EXPIANGHION oo e e e e e aeaees

[3]

[Total: 10]
© UCLES 2024 9701/21/MIJI24 [Turn over
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(iii) Deduce the molecular formula of V.

May/June 2024 9701/21 - Q6 (a)(iii)
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(a) Describe and explain the change, if any, to the percentage yield of NH,(g) produced in B
compared to A.

(b) (i) Describe and explain the change, if any, to the percentage yield of NH,(g) produced in C
compared to A.

(ii) Describe and explain the change to the rate of the forward reaction that occurs to
establish the equilibrium in C compared to A.

You do not need to refer to the Boltzmann distribution in your answer.

© UCLES 2024 9701/23/M/J124
5
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(i) Outline how NO and NO, may contribute to the formation of photochemical smog.

..................................................................................................................................... (2]

[Total: 14]
© UCLES 2024 9701/23/M/J/24
7
May/June 2024 9701/23 - Q2 (a), (b)(ii), (d)(ii) (cont.)
(iii) In step 3, X reacts with reducing agent Z to produce Y.

Complete the equation for the reaction of X with Z.

Use a molecular formula to represent the organic product.

Use [H] to represent one atom of hydrogen from Z.

...... CgH, O+ oo HI = e [1]

May/June 2024 9701/23 - Q5 (d)(iii)
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(i) Use Table 1.2 to calculate the relative atomic mass, A, of iridium in the alloy.

Give your answer to two decimal places.

relative atomic mass of iridium = ...l [2]

© UCLES 2024 9701/21/0/N/24 [TUITI over I
|
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(iii) Asample of pelopium contains 90.9% by mass 3;Nb and 9.1% by mass '91Ta.

Calculate the theoretical relative atomic mass of pelopium based on these data and
Table 1.1.

Give your answer to two decimal places.

Show your working.

theoretical relative atomic mass of pelopium = ...
(2]

[Total: 9]

© UCLES 2024 % 9701/22/0/N/24 [Turn over I
|
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(i) Suggest the role of reagent G.

[Total: 17]

Important values, constants and standards

molar gas constant R=28.31JK "mol"

Faraday constant F = 9.65 x 10* Cmol™’

Avogadro constant L =6.022 x 1028 mol~!

electronic charge e=-1.60x10""°C

molar volume of gas V,, = 22.4dm*mol~" s.t.p. (101kPa and 273K)
V. = 24.0dm3mol~" at room conditions

ionic product of water K, = 1.00 x 10~"*mol?dm (at 298K (25°C))

specific heat capacity of water c=4.18kJkg K1 (4.18Jg 1K)

I ©® UCLES 2024 ﬁ 9701/22/0/N/24 I
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(i) Use Table 1.2 to calculate the relative atomic mass, A, of iridium in the alloy.

Give your answer to two decimal places.

relative atomic mass of iridium = ...l [2]

© UCLES 2024 ' 9701/23/0/N/24 [Turn over I
[ |
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Oct/Nov 2024 9701/23 - Q1 (c)(ii)

(iii) The third compound of phosphorus and chlorine, W, has a relative molecular mass, Mr,
between that of PCI, and PCI,. The compound contains 69.6% by mass of chlorine.

Determine the molecular formula of W.

molecular formula of W = ... [2]

March 2025 9701/22 - Q1 (a)(ii)
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(b) Fig. 2.1 shows the mass spectrum of the sample of iron.

100, 91.9
80-

abundance 601

1%
40+

20+

sig 22
54.0 55.0 56.0 57.0
mle

Fig. 2.1
(i) Use Fig. 2.1 to calculate the relative atomic mass, A,, of iron to one decimal place.

Show your working.

Arofiron= ...

© UCLES 2025 ' 9701/21/M/J/25
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(c) Reaction 2 shows the equilibrium reaction between X(g) and Y(g) to produce Z(g) in a sealed
container.

reaction 2 ax(g) + bY(g) = cZ(g)

Fig. 3.3 shows the effect of changing pressure on the percentage yield of Z(g) at two different
temperatures, 300K and 350 K.

601 300K
50+
401
yield/%  30- 350K
201
107
0 100 200 300
pressure/atm
Fig. 3.3
Deduce two conclusions about reaction 2 using Fig 3.3.
............................................................................................................................................. [2]
[Total: 10]
© UCLES 2025 9701/21/M/J/25 [Turn over I
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(a) Deduce the empirical formula of vitamin C.

(b) The concentration of vitamin C is found by titration with I,(aq).

vitamin C Q
OH OH
I, + HO 0 __0 —— HO O _-0 + 2I" + 2H*
HO OH O 0
Fig. 4.2

A vitamin C tablet is dissolved in water to produce 200.0 cm? of vitamin C solution.

5.00cm? of this vitamin C solution is added to a flask with approximately 150cm? of water
and an indicator.

Exactly 28.40cm? of 5.00 x 10~*moldm=2 I,(aq) reacts with the sample of vitamin C solution
in the flask.

[M,: vitamin C, 176]

(i) Calculate the amount, in mol, of I,(aq) added to the flask in this titration.

amount of [,(aq) = ........c.ccceeeeeeeeomol 1]

© UCLES 2025 9701/21/M/JI25
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(i) Use your answer to (b)(i) to calculate the mass, in g, of vitamin C in the tablet. Show
your working.

(If you were unable to calculate a value for the amount of I,(aq) in (b)(i), use the value
2.64 x 10~4mol. This is not the correct value.)

mass of vitamin Cintablet= ............................. g [2]

(iii) Deduce the role of I,(aq) in the reaction in Fig. 4.2.

May/June 2025 9701/21 - Q4 (a), (b)(i), (b)(ii), (b)(iii) (cont.)
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(a) (i) Define relative atomic mass.

(ii) Table 2.1 shows the abundances of two of the isotopes present in the sample of iron.

Table 2.1
isotope relative isotopic mass abundance /%
SFe 53.9 6.0
%6Fe 55.9 91.9

Use Table 2.1 to calculate the relative isotopic mass of the third isotope of iron in the
sample. Show your working.

relative isotopic mass = ..., [2]

(b) Deduce the number of pairs of electrons in the 3d sub-shell in an iron(II) ion.

............................................................................................................................................. [1]
(c) Sketch the shape of the lowest energy orbital in the shell with principal quantum number
n=2.
(1]
© UCLES 2025 9701/22/M/1J/25
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(d) Complete Table 2.2 to show information about particles in one ion of 56Fe3*.

Table 2.2

particle

number of particles present in
one ion of *6Fe3*

electrons

30

(e) The atomic radius of iron is 1.26 x 1071m.

(2]

Suggest the change to the radius, if any, after an iron atom reacts to produce an Fe3* ion.

Explain your answer.

© UCLES 2025 %
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(b) H,(g) and nickel are added to alkene X. Fig. 3.2 shows how the concentration of X changes
with time.

1.0

0.8 \
concentration 0.6 \
of X/moldm= 4 4

N

0.2 S~
0.0
0 200 400 600
time/s
Fig. 3.2

(i) Use Fig. 3.2 to identify the limiting reagent in this reaction. Explain your answer.

May/June 2025 9701/22 - Q8 (b)(i), (c) (continued -)
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(c) Hydrocarbon Y contains two C=C groups. There are no other functional groups present.

Y reacts with an excess of H,(g) to produce hexane, C;H,,.

Table 3.1
bond energy/kJmol™!
c-c ‘ 350
C=C 610
c=C | 840
H-H 436
C-H 410

Use Table 3.1 to calculate the enthalpy change per mole of C;H,, produced in this reaction.

enthalpy change = ................ccceece.....kdmol=" [2]

© UCLES 2025 % 9701/22/M/JI25 I
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(b) The mass of vitamin C present in 150.0g of lemon is found in an experiment.

stage 1 All the vitamin C in 150.0g of lemon is extracted and dissolved in water to make

100.0cm?® of solution L.

stage 2 A 25.0cm?® sample of solution L is titrated with 5.00 x 10~*moldm™ I,(aq).

vitamin C M

HO HO
0 0
HO. O HO O

H OH 0

Fig. 5.2

+ 217 + 2H*

Exactly 36.65cm? of 1,(aq) reacts with the 25.0cm® sample of solution L.

[M;: vitamin C, 176]

(i) Calculate the amount, in mol, of I,(aq) added in the titration.

amount of I,(aq) =

©® UCLES 2025 @ 9701/22/MIJI25

T —

L

(i) Use your answer to (b)(i) to calculate the percentage by mass of vitamin C present in

150.09g of lemon.

(If you were unable to calculate a value for the amount of I,(aq) in (b)(i), use the value

7.65 x 10~*mol. This is not the correct value.)

percentage by mass =

May/June 2025 9701/22 - Q5 (b)(i), (b)(ii)
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(a) (i) Use Fig. 4.1 tofind the average rate of change of concentration of HCI(aq) in this reaction
between 0—100 seconds and between 400-500 seconds. Include units in your answers.
0—100 SECOoNdS .....cccvviiiiiiiiiee e UNIES Lo
400-500 SECONAS ...eoviiiiiiiiiie e UNIES e

(2]
(if) Use Fig. 4.1 to identify the limiting reagent. Explain your answer.
..................................................................................................................................... [1]
(ii) Use Table 4.1 to predict the strength of the dipole moment of SO,, if any, compared to
that of H,O. Explain your answer.
Table 4.1
H O S
electronegativity 21 3.5 2.6

© UCLES 2025

4

[Total: 11]

9701/23/MIJ/25 [Turn over I

"
e

May/June 2025 9701/23 - Q4 (a)(ii), (b)(ii)

Prepared by Mr Narendra Khaire & the ExamsPath Team examspath.com Page 60

RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

Topic 1 - Atoms, molecules and stoichiometry

9701 Paper 2 - Questions

5 (a) Wis a colourless liquid.

OH

Fig. 5.1

(i) Deduce the empirical formula of W.

(i) Two different reagents are each added to separate samples of W as shown in Table 5.1.

Complete Table 5.1.

Table 5.1

reagent and
conditions

observation when reagent is
added to W

structural formula of organic
product when reagent is
added to W

solid Na

Br2 in absence of
ultraviolet light

© UCLES 2025
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(i) W reacts with LiIAIH, to produce Y.

Draw the structure of Y.

(1]

(iii) Identify the role of LIAIH, when it reacts with W. e

..................................................................................................................................... [1]

(iv) Suggest the reagent and conditions required when W is converted into Z.

..................................................................................................................................... [1]
® UCLES 2025 % 9701/23/M/J/25 [Turn OVLI
1T . |
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(@) Inexperiment 1, H,(g) and I,(g) are combined.
Water is then added to the equilibrium mixture to produce 1.00dm? of solution A.
The amount of I,(aq) present in 1.00dm? of solution A is found by titration with Na,S,0,(aq).

Exactly 32.90cm? of 0.200 moldm~ Na,S,0, reacts with all of the I, in a 25.0cm?® sample of
solution A.

I,(aq) + 25,0,27(aq) - 2I(aq) + S,042(aq)

(i) Calculate the amount, in mol, of 82032‘ that reacts in the titration.

amount of $,0,27 = ... mol [1]

(ij) Use your answer to (a)(i) to calculate the amount, in mol, of I, present in 1.00dm? of
solution A.

(If you were unable to obtain an answer in (a)(i), then use 9.42 x 10~mol. This is not the
correct answer.)

amount of I, in 1.00 dm?3 of solution A= ........coeeviiiiiecne, mol [2]

(b) In experiment 2, 0.100 mol of H,(g), 0.200mol of I,(g) and 0.300 mol of HI(g) are combined.
At equilibrium 0.154 mol of I, is present.

Calculate the amounts, in mol, of H2 and HI in the equilibrium mixture produced in
experiment 2.

amount of H, in equilibrium mixture = ... mol

amount of HI in equilibrium mixture = ...........................

mol
[3]
I ©® UCLES 2025 9701/24/M/1J125 I
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(i) Describe and explain the relative thermal stabilities of the hydrogen halides HCIand HIL.

..................................................................................................................................... [2]
May/June 2025 9701/24 - Q3 (a)(i), (a)(ii), (b), (d)(ii) (cont.)
(a) State the molecular formula of E.
............................................................................................................................................. [1]
(b) Name E
............................................................................................................................................. [1]
(iif) CH,OH is used to make CH,CN in a two-step process, as shown in Fig. 4.2.
step 1 step 2
CHOH —» CH,Cl —» CH,CN
Fig. 4.2
State the reagents and conditions required for steps 1 and 2.
5] =7 o Tt ST
] =Y o 12 ST TRRRRURRt
[3]
[Total: 11]
© UCLES 2025 9701/24/M1J/25 [Turn OVLI
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(a) (i) Define empirical formula.

..................................................................................................................................... [1]
(ii) Hydrocarbon P contains 85.7% by mass of carbon.

Calculate the empirical formula of P.

Show your working.

empirical formulaof P= ...l [2]

(iii) Molecules of P have straight chains.

Name the homologous series to which P belongs.

..................................................................................................................................... [1]
(ii) Use Fig. 6.1 and your answer to (c)(i) to deduce the molecular formula of R.

..................................................................................................................................... [1]
(iii) Suggest the molecular formula of the fragment of R with m/e = 57.

..................................................................................................................................... [1]

[Total: 10]

I © UCLES 2025 % 9701/24/M/JI25 I
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ST |

Important values, constants and standards

molar gas constant R=28.31JK "mol™’

Faraday constant F=9.65x 10*Cmol™!

Avogadro constant L =6.02 x 102mol™’

electronic charge e=-1.60x10"1°C

molar volume of gas V,, = 22.4dm3mol~" at s.t.p. (101kPa and 273K)
V,,, = 24.0dm3mol~" at room conditions

ionic product of water K, = 1.00 x 10-*mol2dm~® (at 298K (25°C))

specific heat capacity of water c=4.18kJkg™' K" (4.18Jg7TK™)

I © UCLES 2025 ﬁ 9701/24/M/J/25 I
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(iv) Atoms of 52Cr, 58Cr and %#Cr make up more than 95% of naturally occurring chromium
atoms. The A, of naturally occurring Cr is 51.996.

Suggest what these statements imply about the relative isotopic mass of the fourth stable
isotope of chromium.

Oct/Nov 2025 9701/21 - Q1 (a)(iv) )
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(a) Define empirical formula.

propagation 1 CH o+ ... = CgHge + oo
propagation 2 CgHge + .o e
(2]
(iii) The final step is shown.
C,Hg» + CI» —» CH,CI
Give the name for this step in the reaction.
..................................................................................................................................... [1]

© UCLES 2025 @ 9701/21/0/N/25

S L

(d) Fig. 3.2 shows a reaction cycle involving cyclopentane, cyclopentene and C;H,CL.

O

L

AH,
reaction 1 reaction 2
H, Cl
AH, = -53kJmol™" cl
@ reaction 3 Q/

Fig. 3.2

(i) Identify a suitable reagent for reaction 3.

Oct/Nov 2025 9701/21 - Q3 (a), (c)(ii), (c)(iii), (d)(i)
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(iii) A sample of manganese from the Moon is found to contain manganese-53 in addition to
manganese-55.

State the two pieces of information needed to determine the relative atomic mass, A,, of
manganese in this sample.

Oct/Nov 2025 9701/22 - Q1 (a)(ili)

(c) Alkanes with low relative molecular mass, Mr, are more useful than those found in heavier
crude oil fractions.

Name the process that is used to obtain alkanes with low M, from heavier crude oil fractions.

............................................................................................................................................. [1]
Oct/Nov 2025 9701/22 - Q3 (c)
(iii) The final step is shown.
CgHgs + Cl» —» C,H,CI
Give the name for this step in the reaction.
..................................................................................................................................... [1]

© UCLES 2025 % 9701/23/0/N/25
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(iii) V reacts with propan-2-ol in the presence of a catalytic amount of H,SO, to form organic
compound W.

Complete Table 4.1 to give details of this reaction.

Table 4.1

reaction of V with propan-2-ol

type of reaction

functional group formed

molecular formula of organic product W

(3]

[Total: 16]

I © UCLES 2025 @ 9701/24/0/N/25 I
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ST |

Important values, constants and standards

molar gas constant R=28.31JK "mol™’

Faraday constant F=9.65x 10*Cmol™!

Avogadro constant L =6.02 x 102mol™’

electronic charge e=-1.60x10"1°C

molar volume of gas V,, = 22.4dm3mol~" at s.t.p. (101kPa and 273K)
V,,, = 24.0dm3mol~" at room conditions

ionic product of water K, = 1.00 x 10-*mol2dm~® (at 298K (25°C))

specific heat capacity of water c=4.18kJkg™' K" (4.18Jg7'K™)

I © UCLES 2025 % 9701/24/0IN/25 I

Prepared by Mr Narendra Khaire & the ExamsPath Team examspath.com Page 75
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

9701 Paper 2 - Questions

Topic 1 - Atoms, molecules and stoichiometry

16

- - - - - - - - - - - 0'8EE 0LEE 0ZEE -
WINIOUEINE] wneEgou WinnejapuaL wniuwuey NEENE LT wnung 1oL " " wniuemn winugoeosd winuoLy wniugoe
1 ON PN w4 s3 10 39 wo wy nd dN n Ed uL Y splounoe
0L 201 Lot (] 66 86 L6 96 G6 6 €6 6 L6 06 62
0sLL L'ELL 6891 Ei9L B9l oyra: 18 6851 ELSE sk ¥ 051 - Fy 4 60FL LovL 68EL
winEn| wingiagh wingnyy winigia wniwjoy wrisoudsdp wingiay 1 o L 1 1 1A p wnuad wnuByUE|
m A | wi | 13 oH Aa qL PO n3 | ws | wd | PN 1d ) | el SplouEyuE|
LL 04 69 29 19 a9 59 +9 £9 9 19 09 65 ki i
" L " " wninouay wnuogu o " i " wissey wnuyogq wniBiogeas wnugnp wnipiepsgn wrepes winjouesy
6o sL M| oW 14 UN u | by s@ W SH ug bs | aa | sewe | BY i
BLL LLL :190 Sl il £LL Zhl Ll oLl 601 801 401 a0l S0 0L £01-68 B8 18
- - - 0’602 2L0E 02 9002 0461 L'S6L zE6l Z06L 98l FEBL 608L S8LL ELEL BEZEL
uopes BuE|sE wnsuojod yanwsig pes| wneEy funasa pjof winuged wnipa [T, wnusy umshun wnjEjuE] winiuyEy wnueq LINISSED
Uy W od 'q qd IL BH ny id I SO oy M el H sprousyu ed SO
98 58 ¥8 £8 Z8 5] 08 L7 BL L 8L L7 L EL L Li-i5 a5 55
ELEL 6921 9LZL Iz L8l ¥l YELL 6401 +90L 6201 L'LOL - 666 B'Z6 -] 688 oig 568
uousx auipol wnunga; fuownue up wnipu wnwpes FEUTE wripeped wnipow 1l " wnigoi wnuoaE wnugk wnnuos Wi
X I el qas us uI P2 By Pd ud < Si O anN iz A 18 94
¥5 £5 5 L5 0s Ly B iy af St r £t it 024 or GE BE iy
wes B6L 6L BFL 9zL L'g9 +'59 GEQ 188 685 965 EFG 0Es 605 &Ll 'St Lot L'6E
uoyding T | wnjuaes JJUSEIE winjueuwust wineb oz Jaddos [CE =1 Heqoy uosl 1 I ey WNIpUess wnoEs wussejod
D4 19 o8 sY 29 eO uz no IN 00 o4 U 10 A L 98 ed A
9g 5€ ¥E £E Ze LE 0g (i1 BE 2 9z LA e £Z ZZ |74 0z Gl
BBE §6E L'ZE oLe L'8E 042 £¥E 0Ez
uobre BULOYY inyns sruoydsoyd unais LN N r F _‘ O F m w N w m .W m winssufiew wnipes
Y 1o S d IS v By eN
gl Ll al Sl ¥l €l zl 3
oz 06l gL ol ozl 0L SSEW JIUOIE aAnE]ad 06 69
uoau BsuLony uabifxo uaboum UoqIED uniog BlEY iy Aieg g
N 4 o) N 0 g joquiAs ojwoje og n
oL 6 8 L 9 S JAqLUNU JIWI0JE t €
o ok
wnijay uabioiphy hmv__
oH H
4 L
et | o | o | a | n | e | z !
dnoig

SjusWa|3 40 3|qe] J1PoLdd YL

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download

at www.cambridgeinternational.org after the live examination series.

I ® UCLES 2025

Oct/Nov 2025 9701/24

9701/24/0IN/25

. Q4 (b)(iii) (cont.)

Page 76

examspath.com

RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play

Prepared by Mr Narendra Khaire & the ExamsPath Team


https://examspath.com/

