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CHEMISTRY

Paper 1 Inorganic and Physical Chemistry
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Monday 18 May 2020 Morning Time allowed: 1 hour 30 minutes

Materials
Far this paper you must have: For Examiner's: Lise
« (he Periodic Table/Data Sheet, provided as an insert (enclosed) "
« a ruler with millimetre measurements

« a scientific caleulatar, which you are expected to use where appropriate, 1

Cluestion Mark

instructions
» lUse black ink or black ball-point pen.
« Fill in the boxes at the top of this page. .
» Answer all questions.
« You must answer the questions In the spaces provided. Do not write outside
the box around each page or on blank pages.
s If you need extra space for your answer(s), use the lined pages at the end of
this book. ‘Write the question number against your answer(s).
= All working must be shown. | Saglion B
« Do all rough work in this book. Cross through any work you do nat
want to be marked. e
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Information
« The marks for questions are shown in brackels.
» The maximum mark for this paper s 80,

Advice
You are advised to spand about 65 minutes on Section A and 25 minutes on Section B.
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Section A

Answer all questions in this sectlon.

This guastion is about stomic structure.

There is a general trend for an increase In konisation energy Across Pericd 3.
Give one example of an element that deviates from this trend.

Explain why this deviation occurs.
[3 marks]
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Give an equation, including state symbois, to represent the process that occurs when |

the third lonisation enargy of sodium is measurad,
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IEI Figure 1 shows the successive ionisation snergies of & Period 3 element, X.

Figurae 1
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Identify element X.
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Turn over for the next quastion
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| [0]2]  This question is about a titration,

A student dissolves an unknown mass of sodium hydroxide in water o make
Eﬂﬂ em® of an agueous solution.

| A 25,0 cm® sampla of this sodium hydroxide solutlon is placed in a conical flask and Is
Utrated with 0,150 mol dm™ sullurh:'. acid.

The egquation for this reaction is shown.
2NaOH(aq) + H:504(agq) — Na:S04(aq) + 2Hz0(l)

Table 1 shows the results of tha titrations.
Table 1
Titration Rough 1 2 3
Final reading / cm? 20,75 40,35 21.05 40,60
Initial reading / em® 0.00 20.75 1.20 21.06
Titre { cm? 2075 19.60 19.85 18.55

' El Calculate the mass of sodium hydroxide used to make the original solution,
AN =2n H Sox, 18 marke]

\FH"LQJH [ngH 55 )4 535 cus’

3  A.535
F"\‘I‘\IEQT = Covt ¥ Ndwme = (5. 150 x —ant
— 297356 w07 pdle

NNEDU G 25 = 2 RS T 2 = 5 B 5= mbles
A NACH o, 28 = 5-3:1:-:“‘;1?{5 = 0.6 wbley

Mass = O, b HO = | 8&ey
Mass of sodium hydroxide ] " E& "
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| [0]2][2] The student uses a funnel to fill the burette with sulfuric acid before starting the |
| titration. After filling, the student forgets to remove the funnel from the top of the
| buretie,
|
Suggest why this might affect the fitre volume recorded. |
[1 mark] |
Addhiowal iiqlLMkj_'ym s
l’_lmnm e ke e ELg_hA (e H.E_‘;_D_‘f aan Ho@ :
|
_Ltéﬂkﬂﬂ_ |
DE E State one sdvantage of using a conical flask rather than a beakar for the titration,
[1 mark]
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Turn over for the next question
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gk Me
m This question is about time of flight [TCF) mass speciromeiry.

m Define the term relafive atomic mass, i

/e Wipue AsS cﬂf A AN dsl pn
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Lo bon- 12

EI A sample of krypton Is ionised using electron impact,
The mass spectrum of this sample of krypton has four peaks.

Table 2 shows data from this spectrum.

Table 2

miz B2 83 84 88

Ralative intensity B 1 28 8

Calculate the relative atomic mass (A) of this sample of krypton.

i wer lo 1 decimal place,
Give your ans p N——
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| B
EEHE In & TOF mass spectrometer, ions are accelerated o the same kinatic energy (KE). | g

The kinetlc energy of an ion is given by the equation KE = % mv®

Where:

KE = kinatic energy / J

m=mass kg

v=speed /ms”

In a TOF mass spectrometer, each “Kr' ion is accelerated to a

kinetic energy of 4.83 x 107 J and the time of flight is 1.72 x 10%s

Bt
Calculate the length, in metres, of the TOF flight tube.
The Avogadro constant, L = 8,022 » 10 mel™
[4 marks]
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Length of flight tube \ . Ljr:i m g
' Turn over for the next question
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This question is about enthalpy changes.

State the maeaning of the tarm anthalpy change as appliad to a chamical reaction.
[1 mark]

Heal enefpn  Chonae ak
) L
o S, FJ( L .
A student determines the enthalpy change for the reaclion between
calcium carbonate and hydrochloric acid.
CaClh(s) + 2HCl{ag) — CaCl:lag) + COg) + HaO{l)

The student foliows this method:

« measure out 50 cm? of 1.00 mel dm~ aqueous hydrochloric acid using a measuring |
eylinder and pour the acid into a 100 cm? glass beaker

= weigh out 2,50 g of solid calclum carbonate an a watch glass and tip the solid into
the acid ,

= stir the mixture with a thermomeler

= racord the maximum temperature reached.

The sludent uses tha data to determine a value for the enthalpy change.

Explain how the axperimental method and use of apparatus can be improved to
provide more accurate data, .

Describe how this data from the Improved method can be used to determing an
accurale value for the lemperature change.

[6 marks]
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Question 4 continues on the next page
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|[0[4].[3] i adiferent experiment 50.0 cm?® of 0.500.mol dm™ aguecus hydrochlonic acid are

ﬂMCI: nMLDH: 50 x . 500 = h.0258 mies

10

reacted with 50.0 cm” of (3.500 mol dm~ agueous sodium hydroxide.

NaOH(aq) + HCl(ag) — NaCl(aq) + HgO{l) AH = -57.1 kJ mot™

e ———

The initial temperature of each solution is 18.5"C

Calculate the maximum final temperature of the reaction mixture.

Assume that the specific heat capacity of the reaction mixture, c=4.18 J K g™

Assume that the density of the reaction mixture = 1.00 g cm™

| ooes

a'.?-
A= 8 -, = |45

o xS &)

= RH2 L

Conel Temp= 1964 Tt =21.47¢

Final temperature &) H

[5 marks]

"C

[0[a][&] suggesthow, without changing the apparatus, the experiment in Question 04.3 could
be Improved to reduce the parcentage uncertainty in the temperalure change.

[1 mark]
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This question Is about Group 2 elements and thelr compounds.

Explain why the melting point of magnesium is higher than the melling point of
sadium, i3 i |

mulz* it ot e bighet Uiome ko
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Give an eguation to ghow how magnesium is used as the reducing agent in the
extraction of titanium.

i of oxidation states, magnesium Is the reducing agent.
Explain, In terms of o why e

Equation

TNy + T
rzm@'{f 1 f,lr-t "Zﬂ’l& Lz'_
MHEWCLM% Lakon  Stobe blo
M Sl g e ate o o
Uﬁ rar L l.lr 14 [EL:'E;A-\"'H. 14 e&et}rrm"«_a

Question 5 continues on the next page
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e ot = w e - | it o
| m State what iz observed when dilute aqueous sodium hydroxide is added to separate Lo
. solutions of magnesium chloride and barum chioride,
‘ [2 marks]
Obsarvation with magnesium chioride — L*:J“‘—v e Lxﬁlgfntﬁr—
N b
Observation with barium chioride 13> UTGiale. Crevreye g
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This question is aboul shapes of molecules and ions.

Draw the shape of NCla and of NCL™
Include any lone palrs of electrons that influence the shape.

Mame the shape of NCla

State and expiain the bond angle in MCL'
Shape of NCl; Shape of NCL*

N
i %;"'LL o &’%

[5 marks] |

Name of shape of NCls Pt.ﬂ‘ o Mn;l:d;"-._
Bond angle in NCL' 1%, g°

Explanation of bond angle In NCly* M.l Ele.nk'w DAL S v

T\LCL"-'I“ L&E"L E;-L_-;lr\ﬁiie( -E—ﬂat—c-tb-ll Lﬂ

b M%&_gp@—d- Mjc:s:;&l_n_

Turn over for the next question
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This question is about Group 7 elements and their cormpounds.

Chlorine is used to treal water even though it is toxic to humans.
Give one reason why water is treated with chiorine.
Explain why chiorine is added to water even though It s toxic.

Give an equation for the reaction of chlorine with cokd water,

te Eﬁh’&a ke poedel

[2 marks]

Reason

e Tk by smed o Lo Concankibion
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ble b _

Equation
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[0]7]).[2] Solid sodium indide reacts with concentrated sulfuric acid to form lodine and sulfur in

M

a redox reaction.
Glve a half-equation 1o show the conversion of iodide ions Lo ioding.
Glve a half-eguation to show the conversion of sulfuric acid 1o sulfur,
Give an overall equation for this redox reaction,
Identify one other sulfur-containing reduction product fermed when solid sedium iodide
reacts with concentrated sulfuric acid.
[4 marks]

Half-equatien for the conversion of ledide lons lo iedine

Y w=—2>T 49

Half-equation for the conversion of sulfuric acid to sulfur

- WMesq tBHT+ be — S+ AR,

Overall aquation

BUY 4+ 637 4V Sog—> BT, + SHGHL0

Other suffur-containing reduction product
o,

Question T continues on the next page
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A student completes an axperiment o determine the percentage by mass of
sodium chlorde in a8 mixture of sodium chloride and sodium iodide.

The student uses this method.

« 500 mg of the mixiure ara dissolved In water (o form a salution.

« An axcess of aquecus silver nitrate is added 1o the solution, This forms a
precipitate containing silver chloride and silver [odida.

+ Excess dilute ammonia solution is then added to the precipitate. The silver chioride |
dissolves.

« Thea silver iodide is filtered off from the sofution, and is then washed and driad,

The mass of the silver lodide abtained is 315 mg
——

[0]7].[3] siver nitrate is added to the selution,

Suggest why an excess s used,
[1 mark]

Tx} g Y M mﬂ%@ L\-:LL[IJ-L e

: m Calculale the amount, in moles, of silver iodide obtained.

M (Agl)=234.8
i ]-“"'"_" [1 mark]

0. M5 -
NRal = Sz = Lk ™ e

| S

Amount of silver lodide
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@ Calculate, using your anawer to Question 07.4, the mass, in grams, of sodium iodide
in the mixture,

M.(Nal) = 149.9

[1 mark]
NG = ). Rebfs ™
r : XD wallex
-5
wiss = |- 0Fxls "X 1HT.9 = ool
Mass of sodium lodide - Lol .

|
|
- Calcutate, using your answer to Question 07.5, the percentage by mass of |

sodium chloride in the mixture. —
mar |

Mess Nl = OO —2el = 3 anoy
Iaacl = Tsiee = 6654

6H

Percentage of sodium chioride

Op nad wride
owteite Ihe
braw

Turn over for the next question
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) . | |
- This question is about a volatile liquid, A. -

@EE] A student does an experiment 1o determine the relative molecular mass M) of
liquid A using the apparatus shown in Figure 2.

The student injects a sample of A into a gas syringe in an aven. |
At the temperalture of the oven, liquid A vaparises. |
Figure 2

Heated oven

Fine neadle \
syTinge

\

\

Gas synnge

Table 3 shows the student's results.

Table 3
Mass of fine needle syringe and contents befora injecting 11.295 g—l
Mass of fine needia syrings and contents afler injecting 108359
Volume reading on gas syringe before injecting 0.0 em?
Violume reading on gas syringe after injecting 178.0 o’
Pressure of gas in syringe 100 kPa
Temperature of oven 120°C

M —
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Caleutate the M, of A, | g
Give your answer to 3 significant figures. Pﬂ =L I:?:T
The gas constant, R= 831 J K~ mal™
e — [4 marks]
= P%T no  10000x | )& [ %
A x (TF3t o)
= B HGxS nles
M o —-M—-""_ - m___i—é-:—{:i'
S 5 45N
= M4
W S4.4
ELT_HE] The student noficed that some of the liquid injected into the gas syringe
did not vaporise.
Explain the affect that this has on the M, calculated by the student.
[2 marks]
Do Laladakel Me ol be Righec
Woon Mee adeanl o8 o Lysel Oduowe |
SRITTARY Il'n_LLL-\!L e e @L&Fdﬂ.tl v SOTOP.N
Question B continues on the next page
- - Turn over b
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Table 3 is repealed here.
Table 3

—
Mass of fine needie syringe and contents before injecting | 11.295g
Mass of fine naedle syringe and contents after injecting 10.835¢g
Volume reading on gas syringe before Injecting 0.0 em*
Volume reading on gas syringe after Injecting 178.0 cm?
Pressure of gas in syringe 100 kPa

—
Temperature of oven 120 "C

-[E Each reading on the balance used to record the mass of the fine neadie syringa and

contents had an uncertainty of £0.001 g

Calculate the percentage uncertainty in the mass of liquid A injected in this
expariment,

[1 mark]
o . O
Z s Cockand o Zir&i& Xeo
- 1 o435/
Percentage uncertainty O ":{‘1’; ZJ ~
| o o = === = m—
lmzﬂnlll B End U0
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Section B

Answer all questions In this section.

@lr one answer per question is allowed,
For each answer completely fill in the circle alongside the appropriate answer.

CORRECT METHOD [_-_I WRONG METHODS !EE_I o |{EJ||£|

asMﬂ.@

\{rinut u=se additional sheets for this working.

If you want to change your answer you must cross oul your original answer as shown. M

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

You may do your working in the blank =pace around each question but this will not be marked.

N

| 0 [ ] | Which atom has the smallest number of neutrons?
A H
B 9He
C "He
D Li

[1]0] Which species contains bonds that have different polarities?

& MHS
B CCly
C CHyCH

D H.O*

[1 mark]

o] [o] o] [o]

[1 mark]

ojofola
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Which compound has hydrogen bonding? _
[1 mark]
A MNaH EI
B MHa El
C HI [=]
D SiHs =]
Which reaction has an enthalpy change equal to the standard enthalpy of formation of
fithium fluoride?
[1 mark]
A Lig) + 2F2(g) — LIF(s) (=]
B LiY(g) + F{g)— LiF(s)
C Li*(ag) + F-{aq) — LiE(s) (=]
D Lifs) + %Fz[g}—r LiF(s) (=]
N0, jone can be reduced in acidic solution to NG
How many electrons are gained when each NOy” lon is reduced?
[1 mark]
A1 | - |
B2
C3 (=]
D 4 =]
18 M e T T
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O o Wil
LITE
Em Which Is the electron configuration of an alom with only two unpaired electrons? o
[1 mark]
A 1s2s2p® [=]
B 1s2s*2p’ [=]
C 1?25 2p® 357 3p" EI
D 1s?2s?2pt3s* 3pt4s’ 3d" |
E@ Which represents the correct arder of increasing radius of the lons?
[1 mark]
A F O- L Be™ [=]
B L" Be* 0" F [=] ,
C Be* LU F OF [=]
D O+ F LU Be” |i_|
Em Which compound contains a co-ordinate bond?
[1 mark]
A HF D‘:“-
B NH;
C CHCly [=]
D NH:Cl =

Turn owver b
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E!II Which property Increases down Group 77

[1 mark] |
A ability to oxidise a given reducing agent | = |
B boiling point =
C electronegativity | = i
D first ionisation enargy | = |
Which of these elaments has the highest melting paint?
[1 mark]
A Argon 1'5- |
B Chloring [=]
€ Silicon [ ]
D Sulfur r_—l‘_"
EE Which statement is not always correct for a reaction at equilibrium?
reaclants = products
[1 mark]
A The concenirafions of the reactants and products are equal. Fﬂ
B The equilibrium an be achieved starting from the reaclants. [=]
C The equilibrium can be achieved starting from the products. | = |
D The rate of the forward reaction is equal to the rate of the [=]
reverse reaction,
|
|mz|n.:.ln MM LN T4
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= e | naf wnin
NLAETD N
Two reactions of Iran with oxygan are shown. -
[
Fa(s) + 5 Oalg) — FeO(s) AH = =272 kJ mol
2Fe(s) + 20x(g) — FeiOxls) AH = —822 kJ mot!
What is the enthalpy change, In kJ mal™!, for this reaction?
2Fe0(s) + ; Ox(g) -+ Fe:0u(s)
[1 mark]
A +550 =]
B -278 [=]
C —1094 [=]
D 1372 [=]
Which compound contains chlorine in an oxidation state of +17
[1 mark]
A ClLO [E
B KCIO; [=]
C ClFa |E|
D CClL =]
|
Turn over for the next quastion
- ) Turn over &
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EEI Which equation shows & redox reaction that does not ocour?

A Bry{ag) + 2K|(ag) — l{ag) + 2KBr(aq)
B Clag) + 2Ki{aq) — lz{aqg) + 2KCl{aq)
C Clig) + 2KBr{ag) — Brz{aq) + 2KCl(aq)

D lx{ag) + 2 KBr{aq) — Bralaq) + 2Kl{aq)
E‘El Which molecule has a permanent dipola?

A CFs
B PCls

c COy

D ClLO

END OF QUESTIONS

[1 mark]

0] (o] o] [of

[1 mark]

o] [o] [o] [o]
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