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Paper 1 Inorganic and Physical Chemistry

Time allowed: 1 hour 30 minutes

Materials

For this paper you must have: For Examiners Uss
= the Periodic Table/Data Sheet, provided as an insert (enclosed)

= a ruler with millimatre measuraments
= a scientific caloulator, which you are expected to use where appropriate.

Mark

:
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Instructions

= Uze black ink or black ball-point pen.

= Fill in the boxes at the top of this page.

= Answer all qguestions.

= You must answer the questions In the spaces provided, Do not wrile oulside
the box around each page or on biank pages.

= |f you nead extra space for your answer(s), use the lined pages at the end of
this book, Write the quastion number against your anawer(s),

= All working must be shown.

= Do all rough work in this book. Cross through any work you do not
want to be marked,

Information TOTAL
= The marks for questions are shown in brackets.
= The maximum mark for this paper is 80,

Advice
You are advised to spend about 65 minutes on Section A and 25 minutes on Section B,
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Sectlon A

Answer all quastions in this saction.

| -l] |_"_I_| Thiz guestion s about atomic struciure.

[0]4 ][9] Figure 1 s a model prepesed by Rutherford to show the structurs of an atom.

Figura 1

- Positive nucleus
j -~ Negative electron

State two features of the current model that are not shown in the Rutherford model.
[2 marks]

Feature 1 of the cument model | he  (uprreat wnde)l  Gadudeg
e Mg made upd- prvens and Aewdrans

Fealture 2 of the current model [ Lg. {,_L,L.tfﬁ.l"l_}' wodel }Q‘ELJE, I

-Ll%hm_mma,_d_ ke enemh levaly

o2

Bl 1T a0

Do no wike
s Ma



o doundente = Joo— (22 41+ 1394+ 4.9

03

The sample Is jonised by electron impact to form 1+ ions.

Table 1 shows data aboul the four paaks in this spectrum,

Table 1
miz Percentage abundance
112 2241
114 11.78
117 34 .67
120 To be determinad

Give tha symbaol, including mass number, of the kon that reaches tha detector first,

Calculate the ralative atomic mass of tin in this sampls.
Give your answer to 1 decimal place.
[4 marks]

9
i

Symbal of jan Sﬂ

= A X%,
|
p(r Sﬂ 5 @111{ 't.“_l”c'ID ‘t"(_”"[' I'H.Tﬂ_}q.. ﬂ!:}.‘-}rﬂ:’.‘) T'ﬂ-ﬂ!lﬂ-%
| e
= \l6.5
Relative atomic mass } I 'E' ,5_

Tum over »
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| This guestion is aboul magnesium and s compounds. o
| DI_| 2|[T_| State one observation when magnesium reacts with steam.
Give an equation, including state symbals, for this reaction,
[2 marks]
ovsorvaion gk wibiite. light apan off
Equation
| M(j ey T HT._D (oy) = M&ﬂuﬁ He () -
F_II‘I@ Describe the bonding in magnesium, [
[2 marks]
%m o held 1—051.11;5(‘ bu e aMrodic
behueen s mekala lubwe mﬁ) M:.J” LN
b o Sa(randing Jeen d delocalised
m& Explaln, in terms of structure and bonding, why magnesium chloride has a
high melting point.
[3 marks]
Mally . made wp ol o Gank ronw.
kggtl_z & M&” and (T jon. Refween Vhese
g elmdion . Tlhese roftes  fequife o Lk C;;—
Wb:)}o ovellome | _lﬁmbmb’tn SIS
| _i_‘,;z,n‘k‘
| .E' Give one medical use for magnesium hydroxide. : :
1 mark] |
Sadbgesion telief.
I
T
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This guestion is about redox reactions,

State, in terms of alectrons, the meaning of the lerm oxidising agent.
[1 mark]

FPra _ﬁ-”{?d._-'hsfh:) ::u&e.ml‘ hcepls elerevns

CryOr*- can oxidise S0O4* in acidic conditions 1o form Cr¥* and 50,3
Deduce a half-equation for the cxidation of 503 1o S04
Deduce a hall-equation for the reduction of Cra0y*- to Cr**

Deduce the overall equation for the oxidation of S0 by Cra04-
[3 marks]

Half-equation for the oxidation of S0.* to S0,

= == -
XOx + ho—> Oy zutr 2L

Half-equation for the reduction of Cr:0:% to Cr*

(6095 + Y+ b — 203 + M, 0

Owarall squation

S04 U,.,_D;'rJr SHT +—> 350" r2er

o v wanite
R A
fas

+4+ H, O

Turn over for the next question

Tum over b
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| IE This guestion is abaut the dentification of ions in unknown solutions.

A student complates a number of tesi-tube reactions on solutions A, B and C.

Table 2 shows the student's obsarvations.

Table 2
ER— Ly = ~ ,
Test 1 Test 2 Test 3
Add Hz504{ag) Warm with NaOH(ag) Add acidified AgNOs{ag) | |
A white precipitate no visible change no visible change
a gas is formed that turms

B effervescence damp red fmus blue effervascence
c no visible change no visible change off-white precipitate

| 0 l-i”il Suggest the identity of the positive ion in solution A,

Give the simplest ionic equation for the formation of the white pracipltata in
Test 1 for solution A,

[2 marks]
R ™"
Identity of positive ion in A e, —
lonic equation
=T ey I e
| LR T gy F Sy B dOy gy
El Differant gases are formed when solution B reacts in Test 1 and in Test 2.
Suggest the identity of each gas.
Give the simplest ionic eguation for the formation of the gas in Test 2.
, [2 marks] :
Gas formed in Test 9 f:..D,
[
Gas formed in Test 2 HH -
o

lonic equation for the formation of the gas in Test 2

N+ b’rl'miﬁ
TN

EhTatvuuirc 177401

0 &
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B
dmian the
[0]4][3] The student thinks that solution € contains sither chiaride lons or bromids lons, =

Describe a further test, or tests, to show whether solution € contains chlaride or

bromide lons,
[3 marks]

The Student  Sheld ndd o dilike smonia
~Soluken o h,iumpu 8 Solubin €. and

MmLM_BkLM;h&_gm
Sﬁ#'\i)l{r .l‘\'th DLL'EQI.MN_ Hen I;_Lgm-c.l.ﬂ. Towvs

MLprm.nk S tree. © bubkor Chrange
L-mide  feny m_pimm -

Tum over for the next question

i

Turn over
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| | 1] [ -] | This question s about chlorine. Mﬁim
|_|"'._|._.5_|'m Chiorine has a low boiling point because the forces between the malecules are weak,
Explain how thasa forces arlse betwaen maolecules of chlorine,
[3 marks])
Londom  movmanks o) Hhe eledvan cleud
g cmml:l» e Ohlorine ko will (eake
Connse imﬂ'uwi«?j El.e-c;fm doads o ditet,
Fremse s Lmas @E_J:.,LugwegL
o e th(g.'r ’?LL;,L ﬁulw.ul Lgpsm E:,r
o altackien behueen Hheir
P Y %%_Mﬂéﬁ ends % Fhﬁkhwmj
Adxpdes.
El Sive an equation for the reaction of chlorine with water.
Give a reason why chiorine is added to drinking water.
[2 marks]
Equation
M0+ (L, = Hl+ RAo
reason Al martfo-oagnimt om bhe woukeC
|g E§_|E| Chilorine reacis with cold, aguecus sodium hydroxide in the manufaciure of bleach,
Give an equailon Tor this reaction.
[1 mark]
L, + 70wl —F Nu o+ pad+ By o 6

i
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Calcium sulfide reacts with calcium sulfate as shown.
CaS + 3CaB0y — 4Ca0 + 450,

2.50 g of calcium sulfide are heated with 9.85 g of calcium sulfate until thers is no
further reaction,

Show that ealelum sulfate is the limiting reagent in this reaction.
Calculate the mass, in g, of sulfur dioxide formed.
M, (Cas)=T2.2

M- (CaS0y) = 136.2
[5 marks]

NladS= E22 - 6 o366 wdes

3ot
_ 4.85
4l (rusc’\'\' — e = .0923 nndes

N Loy = NS o temdon (0 D}L‘}zf:‘sﬁfﬁ.t‘.}'}ﬂ

Ca Oy 1y prathing oo gank
H.&%:?hukﬁ_: 'E}-Dt‘l'{'f-[‘ M&.E.ﬁ

oss = 0- 06X 64.1= 6. 15,

Mass of sulfur dioxide E‘“ | E q

Turn over for the next question

Turn avar
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o nod weile
mAEme the

| i | T | This question Is aboul combustion. il

[0]7][1] state the meaning of the term standard enthalpy of combustion.

LA, E..Ju'ck alk l'E.MJrMh b ‘nl;ur__';’rmd.n;sk

__.a.l"  Mandera JXM\{LGEJCJ& etk
F"!--E’Erwﬁ?r

0 *[l"] A sludent does an experiment to determine the enthalpy of combustion of propan-1-ol
(CHaCH:CH:OH, M. = 60.0).

Combusfian of 0.497 g of propan-1-ol Increases the temperature of 150 g of water
from 21.2°C fo 35.1 °C —==E

Calculate a valua, in kJ mal, for the enthalpy of combustion of propan-1-ol
in this experiment.

The specific heal capacity of water is 4 18JK-"g™*
[3 marks]

Cl;MLbT }: 150 xb£l 3¢ ( 25, | — 242D

EF15- B
A e s b
- W = C.00% 1 wades
0. 00 KK = I|.|‘3|.5rIr lﬁijfﬂ-ﬂ
e J [:"5?_ bl—‘) Mgi- -
Enthalpy of combustion ;I,. D5 l__ kJ mol-!

- i~

IR S TR D4



‘ [0[7][3] The enthalpy of combustion determined experimentally is lass exothermic than that

H

11

£ i W

oulmn s
L
calculated using enthalpias of formation,
Give ane possible reason for this, other than heat loss.
- [1 mark]
o’ ' et
been Cone Fi.e_h?, 6
Turn over for the next question
Turn over I-
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A student is provided with a 5.60 g sample of ethanoic acid (CHsCOOH) contaminated
' with sodium ethanoate (CHIGOWNE).

The student dissolves the sample in deionized water and makes the volume up
to 200 em?
The student removes 25.0 cm?® samples of the solution and titrates them with
0,350 mal dm-* sodium hydroxide solution.

——

Table 3 shows the resulis of these titrations,

Tabile 3
Rough 1 2 3
Final volume / cm? 20.85 41.10 20.50 40,80
Initial volume / e 0,00 20.85 0.00 20.50
Titre f om? 20.85 20.25 20.50 20.30

[0]8].[1] Use the results in Table 3 to calculate the mean titre value.

LIse the mean tiire fo calculate the percentage by mass of sodium ethanoate in the

original sample,
[6 marks]
2028 + Lo A0
Meo = _— — = R - W i e
Mean fitre value 0. 215 crm?

1l Mmﬁu = N LH@DH

T

B IunZ 17 andiy
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o ok A
Didsige Ui

|
i
| n NaoH = O-35¢ ZE:WE, = 0-00Fo4625 mdes

‘ N Ebbonsic fd = 0. 06764615 mdes e 25 cnd
= 0. 056 FF wales n 200 cand

MRS Eb s B
Eﬁiﬂﬂht i b0 0. 056FF = Tqotr.,

o G
M"-&.-; MMM /L = lsfé_agﬁ'lm

= 5.6- 1-45{115 Percentage by mass EH]—_Z:

= 21938 o

| 0 |ﬂ[€| The student rinses the burette with deionised water befare filling with
sodium hydroxide solution.

State and explain the effect, If any, that this rinsing will have on the value of tha titre,
[2 marks]

The bt pedot  would  Sncrease  an Mo

Turn over for the next question

Turn ovar b

M .



T 4

The reaction s done at a temperature of 800 *C and a low pressure of 300 kPa in the
presence of a nickel catalyst.

Explain, in terms of equilibrium yiekd and cost, why these conditions are used.

_Pf_inampﬁfquhm cﬁ,— 8ot % ned lbecouge He

Tempelrates ko (ompentde for Hre Wcremsed -

k& oL
BT & (hoter oa o Conrpiamlle Deiudeen.

14

Hydrogen can be prepared on an industrial scale using the reversible reaction
batwaan methane and steam.

CHalg) + H20(g) = CO(g) + 3 Hx(g) AH = +206 kJ mal™!
A=~ endobhalmic

— T g

[6 marks]

S akk dovents e prdudks ok Wighec

%_‘t‘rﬂhhw@a nSe Coddy hautever S

W baed s '-k_t'._&\ib:_faeﬁm.f. e equilbivams

..}c::a_PILMJ T € becaumse Tha préch.n.oﬂr-ﬁ’-l«l_
o) Yre equilbiivn~ Comkains 4 mdles ¢l

= oMo less expensive ko provondaom fﬂ—_‘
nCreons yoeld _
P Ca?ml@( 3 added Yo allew o lowes Yemper
to ke woed , Prongn dues ntt affeck b

geld 6 the process. D a»ll&wvzj a lowef

?
:

Jrie

_chax:auk*w&h bamauﬁj; T Fedmees Capks,
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0 Sulfur dioxide reacts with axygen to form sulfur trioxide.

2505(g) + Ozlg) = 250:(g) AH = —196 kJ mol ™!

E] Glve an expression for the equilibrium congtant (K.} for this reaction.

(3oat*
(30, (o)

[1 mark]

El A mixture of sulfur dioxide and oxygen is allowed lo reach equilibrium in a container of
voluma 1800 cm® at temperatura T,

At equilibrium, the mixture contains 0,176 mol of sulfur dioxide and
0461 maol of sulfur trioxide.

Al temperature T the equilibrium constant, K. = 15.0mol™" dm?

Caleulate the amount, In moles, of oxygen al squilibrium. [3 marks]
6. 461N
5= Ln LE'F‘ J @—i{i‘jt
: = -8
©. G\~ KD{'L; _'JL:F
(T.s x [02) @%3 e

n= 0.-453x 1.50

= . EBL3 N\..hﬁ

Armount of oxygen ©.- ‘E‘L:l mal

| “l!ll |II MR 1T A0

2y
a
Egi
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| [_‘_l | 0 |*E| Al a different temperature, a mixture contains
I 0.025 mol of sulfur dioxide

0.049 mol of oxygen
| 0,034 mol of sulfur trioxide.

The total prassure of the mixture In a 3500 cm? reaction vessel s 256 kPa

Usa the data to calculate the temperature, in *C, of the mixturs,

The ideal gas constani, B = 8.31 J K™ mol™!

N = —-_ pV

Nz 0.05+ 0.0%4 + o o3t

- ©.|of¥

o gt
U= 300 o _ P

l’?-:_ 5% Iq:lm rrvmg Z_EE,DE&“'F@

T= 155000 x 0.0035
o-108 x B3l

= 994 J
-1 Ve

Temperatura -:?' 2-1

[5 marks]

Turn over for Section B

LU

Turn over &
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Saction B
Answer all questions in this section.
Only one answer par question is allowed. \,
For-each answar completely fill In the circle alongside the appropriate answer,
cORRECT METHOD | - | weons uetieos oo | o || o]
if you want to change your answer you must cross out your orlginal answer as shown, ]EI
If you wish to return to an answer previously crossed oul, ring the answer you now wish 1o select
as shiown,
You may do your working In the blank space around each question bul this will nol be marked.
Do not use additional sheets for this working. /
[EIl In a time of fHght mass spectromeler, molecule ¥ is ionised using
electrospray lonisation,
What |s the equation for this ionisation?
[1 mark]
A X))+ e — X'(g)+ 28 [=]
B Xig)+e — X'g)+2e- |‘:'|
C X))+ H — XH"(g) |_i_|
D Xig) + H* — XH'(g) =
E@ What Is the electron configuration of V¥ in the ground state?
[1 mark] |
A 1s? 252 2p* 387 3p® 3c? -]
B 15?252 2p" 352 3p0 3d" 457 El
C 15?27 2p° 3% 3pH 3d 457 =S
D 1s* 25 2pf 3s% 3pF 3d 4a7 =
e .

T
Egg
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T Dl weite
aulie jhe
[1]3] Which molecule is not able to form a co-ordinate bond with another species? ox
[1 mark]
A BH; [=] |
B CHa =
C NH; [=]
D H:O | jﬁ'
Which species has a square planar shapea?
[1 mark]
A Ny =]
B SF, [=]
C XeF, [=]
D PCLs* | o |
[1]5] Which bond has the most unsymmetrical electron distibution?
[1 mark]
A H-O [
B H-5 |m 1
C H-N [=]
D H-P [=]
Turn over for the next question
Turn over
LD o
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Do i wrdda
oulzie i

Which compound contains a chiorine atom with an exidation state of +47
[T mark]

]

A KCIO4

B CCl,

0

C ClO;

D ClO:F o

EEF Which alement is classified as a d block element?
[1 mark]

A Antimony
B Malybdenum

C Strontium

o] [o] [o] [o]

D Uranium

Which element in Period 3 has the highest melting point?
[1 mark]

A Aluminium
B Silicon

C Sadium

o] o] [o] [o]

D Sulfur

i

I 1/ 4o



[1]8] Which pair of solutions, when mixed, reacts to form a dark brown solution?
[1 mark]

A NaF(ag) + Clag)
B MNaCl{aq) + Br:{ag)
C NaBriag) + Cla{aqg)

D Nal{aq) + Bra{ag)

2] [o] [o] [s]

|__!_ !E_| Some solid sodium halides are reacted with concentrated sulfuric acid.

Which solid sodium halide doas not produce a sulfur-containing gas as one of the
producis?

[1 mark]

A NaCl
B NaBr

C Mal

[o] (o] [o] [¢]

D NaAt

Turn over for the next guestion

Tum over k&

£
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Which atom has one more proton and two more neutrons than ?EP‘F

A Tp

Vhat is a use for barium sulfate?

A In agriculture io acl as a fertilisar
B In agricufture to neutralise acidic soil
C In medicine to produce an X-ray image

D In madicine as an antacid to treat indigestion

Which ion has the largest radius?

A F-
B Mg*
C MNa*

D O*

[1 mark]

[o] [o] [o] o]

[1 mark]

[o] o] [o] [s]

10T R PP E e Tl
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