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J
Paper 1 Inorganic and Physical Chemistry
Tuesday 4 June 2019 Afternoon Time allowed: 2 hours
Materials T
For this paper you must have: Rop LI
e the Periodic Table/Data Sheet, provided as an insert (enclosed) Question Mark
e a ruler with millimetre measurements
S : . 1
¢ a scientific calculator, which you are expected to use where appropriate.
2
Instructions 3
e Use black ink or black ball-point pen. 4
» Fill in the boxes at the top of this page. T
e Answer all questions.
¢ You must answer the questions in the spaces provided. Do not write outside 6
the box around each page or on blank pages. 7
o All working must be shown. 8
¢ Do all rough work in this book. Cross through any work you do not
want to be marked. °
TOTAL
Information

The marks for questions are shown in brackets.
The maximum mark for this paper is 105.
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| Do not write

Answer all questions in the spaces provided. ourstigi "
Figure 1 shows an incomplete Born—Haber cycle for the formation of caesium iodide.
The diagram is not to scale.
Figure 1
+ -
Cs(@) te +T(3) W2
A
* s M., T--3%
A\'\( Cs- +3% Cs(g) + I(g) ea ty-
T Cs*(g) +17(9)
“_ 1 v
¥t T, Cs(g) + 3 15(5)
| AW, CsT- -<gC
ARak Cs =419 k. LAl s=
& Cs(s) +5Tals) K
Csl--3%)
Avhp Cs ! Csl(s) '
Table 1 gives values of some standard enthalpy changes.
Table 1
| Name of enthalpy change AH°I kJ mol™
| Enthalpy of atomisation of caesium +79
| First ionisation energy of caesium +376
Electron affinity of iodine ~314
| Enthalpy of lattice formation of caesium iodide 585
i Enthalpy of formation of caesium iodide -337
|
E Complete Figure 1 by writing the formulas, including state symbols, of the appropriate
species on each of the two blank lines.
[2 marks]
| @ Use Figure 1 and the data in Table 1 to calculate the standard enthalpy of
atomisation of iodine.
__ [2 marks]
Al = ot Cs+ At T, +0W; ¢s+ Mo T + Al CsT
23272 479 + OHtT, + 276 4 (-3n)+ (-<8S) "
Aot Ty 2 -337-79-376 +314 +58S
Standard enthalpy of atomisation of iodine t | 07 kd mol" | M-
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Do not write
outside the
‘ box
| @ The enthalpy of lattice formation for caesium iodide in Table 1 is a value obtained
by experiment.
The value obtained by calculation using the perfect ionic model is =582 kJ mol™
Deduce what these values indicate about the bonding in caesium iodide.
[1 mark]
Valueg Clese
Nogt(y ] pureld 10nic
S R
E Use data from Table 2 to show that this reaction is not feasible at 298 K
Csl(s) > Cs(s) +31(s)  AH° =+337 kJ mol”
Table 2
Csl(s) Cs(s) Ix(s)
S°/J K" mol™ 130 82.8 17
- [4 marks]
A= 2a(p)-=80R)
- -
= [Ro.2 + '/.l(n’t)l- 130 = (130 k™' weol™'| K1
AGg - AH - TAS KA
-3)
= 237 - (998 < 1.2 %10 T
_ - w3 (gonves DTN )
= 5 gL{- kT wol Vﬁ My
(Pos‘t\\.c( vadue . ndk ﬁm.m\)\e) 9

M

|
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Time of flight (TOF) mass spectrometry can be used to analyse large molecules such
as the pentapeptide, leucine encephalin (P).

P is ionised by electrospray ionisation and its mass spectrum is shown in Figure 2.

Figure 2

Abundance

0 556
m/z

[0]2].[1] Describe the process of electrospray ionisation.

Give an equation to represent the ionisation of P in this process.

[4 marks]

Description

. _Dissolved M a  Solvenk

g 4 ¢sod W\ a € it

a_high yaltege aplied

.« Gaune a t\)mk)h

Equation

BT = P

L
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[ I —— ) Do not write
| outside the
| [0]2][2] Whatis the relative molecular mass of P? box
; Tick (v') one box.
é [1 mark]
555 v 556 5657
- A molecule Q is ionised by electron impact in a TOF mass spectrometer.
| The Q" ion has a kinetic energy of 2.09 x 107'°J
This ion takes 1.23 x 107 s to reach the detector.
The length of the flight tube is 1.50 m
Calculate the relative molecular mass of Q.
KE = %mv‘* where m = mass (kg) and v = speed (m s ™)
The Avogadro constant, L = 6.022 x 10*° mol™
[5 marks]
be: Lwv? . = QveE
>
o
\
V = d i ’ o
= = 15 = 12198] wms ML
t POE % le” s
il -25
T 8 .-Q.Ool)(;o"g = L,L.li‘sxlo = B0 :?D"
- '___________——- -
10
(lg\o\g\)l k8T x)10
; - N
| W TR Je Ve W L
L (¥4)
& o
Ne = 281 % 1D ng().oglxlog; 0- 169 HL!"
3
= 0'\69% 10
|
1 Relative molecular mass l 6(7 Ns 10
Turn over b
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Do not write
outside the
n This question is about periodicity, the Period 4 elements and their compounds. hex
E State the meaning of the term periodicity.
[1 mark]
| (e Pea hrg ﬁ)a’r\@rn !keu\o(
| ~J
1
El Identify the element in Period 4 with the highest electronegativity value.
[1 mark]
bromine l‘ Rr
- Identify the element in Period 4 with the largest atomic radius.
Explain your answer.
[3 marks]
Element Dd+a§Sf U } k W
l L
Explanation
. lowest nuwbss Pm}nm lgmllgg*' nucleas Cclache na
. similier lsqw& shieldirg W3
| E The equations for two reactions of arsenic(lll) oxide are shown.
As,0O; + 6HCL — 2AsCl, + 3H,0
As;O;+ 6NaOH — 2NasAsO; + 3H,0
Name the property of arsenic(lll) oxide that describes its ability to react in these two
ways.
[1 mark]
| A w l")\r\ otecic
E Complete the equation for the formation of arsenic hydride.
[1 mark]
‘ As,0,5 + 6 Zn + lQ HNO; — Q AsH; + 6 Zn(N03)2 + 3 H,O 7

L
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’ Figure 3 shows some reactions of aqueous iron ions.
| Figure 3
Reaction 2 Reaction 1
) Concentrated HCl(aq) Na,COs(aq)
Solution « [Fe(H,O)g]3* » Precipitate J
containing

Complexion L

Reaction 3 - Cedusc how

[Fe(H,0)el2*

Reaction 4
| Concentrated NH3(aq)

Y

Precipitate M

E Give the formula of Precipitate J and state its colour.
Give an equation for Reaction 1.

Formula of J Lpt (OH 33 (HQO)?']

Colour bﬂ) W

[3 marks]

Equation
‘;Fe (H;0)313+1' 3(0;— 2 (FC (0“;)(“;0)3] ¥ 3(03+§HJO

@ Give the formula of L and an equation for Reaction 2.

o [2 marks]
Formula of L D:e C [ q_]

Equation

[ e (ugo)e]g++ LCL”— > [&u%]'} 6H,0

| El Suggest a reagent for Reaction 3.

[1 mark]

Zn\‘HC(

Turn over »
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IZI Give the formula of Precipitate M and state its colour.

Formula of M___[Fe okt 5 e

Colour dreen

[2 marks]

[o]4][5]

Transition metal complexes have different shapes and many show isomerism.

Describe the different shapes of complexes and show how they lead to different
types of isomerism.
Use examples of complexes of cobalt(ll) and platinum(ll).

You should draw the structures of the examples chosen.
[6 marks]

wrth e &‘C[uewt‘

G omn]*ﬁ,\fe ¢

. Square planas

li@a.,rcl(’ Shows (‘vs“-rcms qeome{-nc 1SoMeris m
Pt Pt
o’ ey SN
cis - platin hrass - pla B
« Octa ed.ral complevet wih bdestale oc
Mo\lﬂdeu.l‘afe f{amw §how OPWL@J \SameriSm
=< N
. . V.
!/ Co \Co( >
N N~ | N
N N

0 8
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This question is about some Group 7 compounds.

Solid sodium chloride reacts with concentrated sulfuric acid.

Give an equation for this reaction.
State the role of the sulfuric acid in this reaction.

[2 marks]
Equation
NaCt + H So, > NaHSO, + By
Role 11 TD]'DY\ (’lOf\cN‘
Fumes of sulfur dioxide are formed when sodium bromide reacts with
concentrated sulfuric acid.
For this reaction
e give an equation
e give one other observation
e state the role of the sulfuric acid.
[3 marks]

Equation
INaR + W, S0, > Na,So, + So, 4 Kr, 4+ AY,0

Observation

nfm@ Mc |Cuw\9Q

Role Jﬁ@%@&f—

Chlorine reacts with hot aqueous sodium hydroxide as shown in the equation.

3Cl; + 6NaOH — NaClO; + 5NaCl + 3H,0

Give the oxidation state of chlorine in NaClO; and in NaCl
[1 mark]

NaClO, + 5

NaCl - |

10
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| Do not write
outside the
E State, in terms of redox, what happens to chlorine in the reaction in Question 05.3. aoK

[1 mark]

oxidused @d feﬁiur,eo(

e

undee ¢ cdoeﬁ dus Pm{)m' fona hon

E Solution Y contains two different negative ions.

To a sample of solution Y in a test tube a student adds
¢ silver nitrate solution

¢ then an excess of dilute nitric acid

¢ finally an excess of concentrated ammonia solution.

The observations after each addition are recorded in Table 3.

Table 3

Reagent added to solution Y Observation

cream precipitate containing compound D

silver nitrate solution
and compound E

excess dilute nitric acid cream precipitate D and bubbles of gas F

excess concentrated ammonia solution colourless solution containing complex ion G

Give the formulas of D, E and F.
Give an ionic equation to show the formation of E.

Give an equation to show the conversion of D into G.

[6 marks]
Formula of D 'Pﬂ\" El’
Formula of E %A COgz
Formula of F CO;\_

lonic equation to form E
+ 2- _ M
2hat - €Oy 5. P,
Equation to show the conversion of D into G

o
PR + ANH, > {-M(NHg)J“{" Br e
N S 0 i

Turn over »
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A student does an experiment to determine the percentage of copper in an alloy.

The student
» reacts 985 mg of the alloy with concentrated nitric acid to form a solution
(all of the copper in the alloy reacts to form aqueous copper(ll) ions)

¢ pours the solution into a volumetric flask and makes the volume up to
250 cm® with distilled water

¢ shakes the flask thoroughly

e transfers 25.0 cm® of the solution into a conical flask and adds an excess of
potassium iodide

e uses exactly 9.00 cm?® of 0.0800 mol dm™ sodium thiosulfate (Na,S,03) solution to
react with all the iodine produced.

The equations for the reactions are
2Cu* + 41" 2Cul + |

282032* + Iz - 217+ 84052_

m Calculate the percentage of copper by mass in the alloy.

| Give your answer to the appropriate number of significant figures.

Mg g all03 - O-T‘?CSS

. 3 )
n S0 = 0.08x x0T = T-2%107”
1 - 5 7'9~><|0'”/g - 3610 Y
~n G = B Eeio b T2AxI0

[6 marks]

mo G2t - 7.Qxlohl’t>< 63'S - 0-04-57-'1:] ‘N ASewd

WA C.'LQ-"" - OOQ—S—IQ x %_S:(E) ~ OL{-S_,DJ l‘f\ Qgﬂcws
2S
‘lo wage = 04572 s TS B ué-u'/.
0.985
% copper Z{-é . l.!.
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Do not write
? outside the
@ Suggest two ways that the student could reduce the percentage uncertainty in the e
: measurement of the volume of sodium thiosulfate solution, using the same
apparatus as this experiment.
[2 marks]
1 _Riagoc mass of alloy
Jd J
2 _hower  Concentrahon oﬂ oo !pLoLFe
or  lower wae8 to  make sduhon
[0]6].[3] State the role of iodine in the reaction with sodium thiosulfate.
[1 mark]
Oxidisq  adent
= U
i : . i .
E Give the full electron configuration of a copper(ll) ion. £ o
[1 mark]
2n. 2 2 9
" D¢™ " S5 Op
[0]6].[5] Copper(l) iodide is a white solid.
Explain why copper(l) iodide is white.
[2 marks]
-+ o)
&t hoo o Luld 24 shek (=4 £
Not able fo absorb visible I\GIW s
Question 6 continues on the next page
|
Turn over »
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— e O ir . Dotmz; write
outside the
' @ lodine vaporises easily. box
Calculate the volume, in cm®, that 5.00 g of iodine vapour occupies
at 185 °C and 100 kPa
The gas constant R =8.31 J K™ mol™
Give your answer to 3 significant figures.
[4 marks]
nl, = S = 0:0197 wsl M
2558
T 72 = 4S8’k
| - 1S+ 815 = MO
¢ = 100 % 0% = 100,000 Pa
PN = ART
" (Bl R \
8 = 3 3 HS
= 0.0 %= $:3l.x ¥58 = T I8 <1077 M
o (00, 20O ¢
¥ [0
Volume i S O M L cm?® 16
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Sulfur trioxide decomposes on heating to form an equilibrium mixture containing

sulfur dioxide and oxygen.
280;(g) = 2S0,(g) + O2(9)

A sample of sulfur trioxide was heated and allowed to reach equilibrium at a given

temperature.
The equilibrium mixture contained 6.08 g of sulfur dioxide.

Calculate the mass, in g, of oxygen gas in the equilibrium mixture.

N SOQ - GO& - (')~0qu-0,
by
N0y = 0.0%1 - 0-o4Y
3.
MOy = o-o4T x 32

Mass l : 6.'1

[2 marks]

Question 7 continues on the next page

M

Turn over »
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; @ A different mass of sulfur trioxide was heated and allowed to reach equilibrium
[ at 1050 K

i 2S05(g) = 2S0,(g) + Oa(g)

The amounts of each substance in the equilibrium mixture are shown in Table 4.

Table 4
Substance Amount at equilibrium / mol
sulfur trioxide 0.320
sulfur dioxide 1.20
oxygen 0.600

= a2
For this reaction at 1050 K the equilibrium constant, K, = 7.62 x 10° Pa

Calculate the mole fraction of each substance at equilibrium.
Give the expression for the equilibrium constant, K|

Calculate the total pressure, in Pa, of this equilibrium mixture.
S0y %3 /g m & 645

SOJ: l-;)ef 202 = 067

[4 marks]

O, 06 | 0112 = 028
Mole fraction SO, 0-1%
Mole fraction SO, 0-671
Mole fraction O, 0-28

ko= (2%0)7 (p9)
(Pgoa)n
PP - wale faxhon x P
li? - (Me)\ frox 303)2 fln (w\fv&to_’,}‘)
(wol foe S0,)? 0%
- 7.62 x10° x ©0.225 _|gq207 fa

03249 x 0:2F
: Total pressure l- 8“? > !OS_ Pa

(Mow 1188 »i0S to |- Tgx I(Jg)

| Do not write

outside the
box

M
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H3
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[0]7][3] Forthis reaction at 1050 K the equilibrium constant, K, = 7.62 x 10° Pa
For this reaction at 500 K the equilibrium constant, K, = 3.94 x 10*Pa

Explain how this information can be used to deduce that the forward reaction is
endothermic.

[2 marks]

: Pﬂ(ﬂ\u L@MW&J‘M pewduﬂ endathermic

reoukom — m\\bvfum sk o nach
\t e ¢ ( 'S

more o the HSM- Msfd@

- Use data from Question 07.3 to calculate the value of K, at 500 K, for the equilibrium
represented by this equation.
Deduce the units of K

S04(g) = S04(g) +302(9)
o= (30) (19,) 5o (esa)(p0Y> . [y
(¢ go;)l (pSO)
|3 xior = 19849
Un\\‘s = | u’/z

e

[2 marks]

k, 198-S

¥a
Units ?Q

Turn over for the next question

Do not write
outside the
box
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Do not write

outside the
This question is about structure and bonding. KoK

- III Draw a diagram to show the strongest type of mteractlon between two molecules of
ethanol (C,HsOH) in the liquid phase.

Include all lone pairs and partial charges in your diagram.

[3 marks]

o ds MLz L lone ?wgu
W ord WO Thee O aow
"c‘\of) eatin ¢-H
/%"\\,\%"' M2 -~ doted lmf
QV\Q %wovd

o B s

M2 2 e O-H

g\‘*fu..ﬂ-M‘ line

@ Methoxymethane (CH3;OCHS,) is an isomer of ethanol.

Table 5 shows the boiling points of ethanol and methoxymethane.

Table 5
Compound Boiling point/°C
. ethanol 78
' methoxymethane =D

In terms of the intermolecular forces involved, explain the difference in boiling points.
[3 marks]

l\uflm@om bOY‘dg bej"kfw &M‘ wolexifes | MY

: \ro.v\ Aef Waals' or rUpd\t (LJD()\'Q ficcan MO
bg*l-weo.m MQ’JW\OX\{\MQMAe

: NMQ@» bond§ o€ slrmv\gﬂf Inkes maleeuor (LICS
Qmw

18
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Extra space

L . Draw the shape of the POCl; molecule and the shape of the CIF, ion.

Include any lone pairs of electrons that influence the shapes.

In a POCl; molecule the oxygen atom is attached to the phosphorus atom by a

double bond that uses two electrons from phosphorus.

Name each shape.

Suggest a value for the bond angle in ClF,;~

Shape of POCl;

?:S o

8‘—‘2_: \\
== ¥

S clxi(s bl g \\(’,\

s Q)

\ U\')\t

= I ol

Name of shape of POCl;
Name of shape of CIF,~

Bond angle in CIF,~

Shape of ClF,~

ez i
= £ ﬂ
ton = | N
— 4

bl 7
6 pours F O
i bordur |
o r\-\whahg

Yetva hedral

[5 marks]

e

E
»

Sq yosfe P\cmox

16

Turn over for the next question
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There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED
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This question is about different pH values.
[0]9][1] For pure water at 40 °C, pH = 6.67

A student thought that the water was acidic.

Explain why the student was incorrect.

Determine the value of K,, at this temperature.

[4 marks]
Explanation P\U‘Q N(L‘"Q,(' [\,\,‘1“] - [\BH’J
= Dl low] = [we]?
[wr) = Y L e
P 3
| Cw = (:1-\3'&><|0'-’)
‘ K k-S| = Ak mol® dm™

Question 9 continues on the next page

L

Turn over »
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| e T o Do not write
| oulside the
[0]9]:[2] Sodium hydroxide solution was added gradually from a burette to 25 cm?® of .

0.080 mol dm™ propanoic acid at 25 °C
The pH was measured and recorded at regular intervals.

The results are shown in Figure 4.

Figure 4

14 T e

W L S i1

pH 7+E

q 10, 12 14 16 18 FZO 22 24
15
Volume of NaOH/cm3 19-9

NI
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Do not write
tside th
Use Figure 4 to determine the value of K, for propanoic acid at 25 °C hor

Show your working.

?\ia -~ P\'\r ek M(—- &q\)'\\la(we [3 marks]

i volome hall- epvilence > 195 - 915w

e
pit ha\f-equivalence - L9 (= P\“)

| i
| ka = |0 A
" >
Ka 1245 % 10 mol dm
- Suggest which indicator is the most appropriate for the reaction in Question 09.2?
Tick (¥v') one box.
[1 mark]
Indicator pH range Tick (v') one box
methyl orange 31-44
bromothymol blue 6.0-76
cresolphthalein 82-98 v
indigo carmine 11.6-13.0
Question 9 continues on the next page
- |
Turn over »
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E A student prepared a buffer solution by adding 0.0136 mol of a salt KX to

100 cm® of a 0.500 mol dm™ solution of a weak acid HX and mixing thoroughly.
The student then added 3.00 x 10~ mol of potassium hydroxide to the buffer solution.

Calculate the pH of the buffer solution after adding the potassium hydroxide.

For the weak acid HX at 25 °C the value of the acid dissociation constant,
K,=1.41 x 10°mol dm™.

Give your answer to two decimal places.

[6 marks]
i = WY 4850

ke = Curllx] oo (wl: kaDwx e sl
Tl S Gk

n Naott odded = 300x 10°7  reaeks Wit axdd - reduees
SWlE eqm - solk horesues

S ‘"“\““'3 = 0'Sxicoxlo = BB
a WX afler = 0-05 — - 0010~ = 0-ouq7
AKX afler = 0.0136+ 3.00x107%= g. 0139

[\'\ﬁl % leliree 16" % 0-049 = Q'OLf-KlO_S

O.0139

PH; - lod S.oyeio”®

pH Lg=30

MWL
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Do not write

tside the
|E_| A buffer solution has a constant pH even when diluted. " box
Use a mathematical expression to explain this.
[1 mark]
\n L PresSion \-:val = \ﬁa G'\x-l
bl
ko is o consbout
Cobio (Ul sewmods ahmost (onsho.d 15

£

END OF QUESTIONS
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