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Paper 1 Inorganic and Physical Chemistry

Tuesday 13 June 2017 Afternoon

Materials

For this paper you must have:

¢ the Periodic Table/Data Booklet, provided as an insert (enclosed)
o a ruler with millimetre measurements

¢ a calculator, which you are expected to use where appropriate.

Instructions

e Use black ink or black ball-point pen.

¢ Fill in the boxes at the top of the page.

o 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.

¢ All working must be shown.

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

Information
e The marks for questions are shown in brackets.
o The maximum mark for this paper is 105.

Time allowed: 2 hours
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PMT

Do not write
2 outside the
X

Answer all questions in the spaces provided

This question is about . _. (HCX QJ) M W g\
nn . III T " ~theterme ' c W/‘W 2 arks]
9 M AN W e wudle ok

&Wwwvwwﬂww

. |Z| Somee " aare shown in Table 1.
Table 1
- / kJ mol™’
' 4 A
w | Agl(s) — Ag'(aq) + I(aq) +112
Ag'(g) - Ag'(aq) ~464
I"(9) — I'(aq) -293
Use the data in to ' " ‘2thee o 1 of
A 1_{‘ S r \’Lﬁ}j [2 marks]
%\,\3;/\/\/\/“/"\' /\\ R CVO
4ot l L_mz | Cw =
AR ((atrrAL

Hrb*ca@ y L) \
FUL T latgAY oA

ﬂa}lcgt

APLe +(G02) :-q@u&—uﬂ o a(h MN\M—(
B\ p - -y ¥ (- V) - U’“y
Enthalpy of lattice formation - 660] \/ kJ mol™
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PMT

Do not write
3 outside the

[ 3] Acalculation of the e ..., w1 wcn o e based on a

[T I
R L ST T OTR IV B} PR g|VeS acs A~ vnliin ~alanlatad in

Queston 12 W ko o W dA)Crtmas
i this difference. ?XLMW/W

Suver dads s ot o plday Lo
ik (wwn yovne)| verend/ured
Thartfere | M \(JQ’V"{)U/\//\“, WM JRL |altine
. IZ' Identify a reagent that could be used to indicate the presence of iodide ions in
an aqueous solution and describe the observation made.

[2 marks]

[2 marks]

Reagent ‘QW W N LA ¥ NOBE/
Observation \4@0\/ / W\w W '

ot A, e AU ot ’5(1(%

Turn over for the next question

(dsplorammk WMO’}WW

I
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4 e
This question is about acidic solutions.
. The acid dissociation constant, = ' 'd is given by the expression
(0]2]
K. — [CH3COO™][H*]
® " [CH3COOH]
The value of  ‘or ethanoicacidis .= ..~~~ 7 '°8°C
At =~ ___ witha, "was prepared using
godlinims At . Inthe b “solution, the ! --s
was .. ... .
C~'- " thec. of the el. - on.
Give your answer to - " 5 ]
- marks
_ ‘ s
PH :4(9‘/}\\(.\'\"% S W /S :&0 /1\/
331 -
DTSRRI B T AR LA
CCATY In b W)I& A
Tl Cov §i K
- + -
_ gt K\i& S (R o) = —=
S CH (0 " K r
0436 % L3WB R LD /- \:03¥36Wm
(o 00 = TS 7
-3
. \-05 A v QM)
Concentration of acid \ 06 \/ mol dm™

0 4
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Do not write
outside the

5 box
C X 3(,()0 H
) IZ| Inac n, the ¢ ofe. was .
e ciier .. 2 and the ‘ons was ( i
(/\'\5 Co0-" NVt

A7°" "~ ' sample of ¢ swas¢  toE: D
k-~ solution.

.eaiae the "' "*Jne... thes "7 ide was
Give your answer to 1 - "7 ozes.

) [6 marks]

- 3

AU m 500 > ¥ - Q%W \/WMVKL'SSOOVV\A,
30T sk A = oosdam

o OW

. - 260 = 0-13
v X O w (Chg LO0H) =J 95X | :
nEV (cos T)wowuwmwbxw*{?

L 0.5x 0-lLL=0- Obosvvvs\/\/

CO0” ™ + 1, D

4

n (O 3)L()O’MWL\
N o© W kU’\bumﬁ - Q\/\a

‘ _ NN
Bore  + ()vuv’b - M -
E(Ng%\? b - LR 00 fen coqu Repcnen)
-0 - B v oo\ =0. 007 WARA -

a\% V\('CHSQQQH) W W/\,} Na O - o 130 — 9-0011 = 0.\7_3%
abr o iy C00 NT (WW‘?«A Wt )

N —_—
L Co o (L (00 NaT HADED) < 0. 007 MM

(ony@I T = K

Turn over »

0 S IB/M/Jun17/7405/1

g - ' _D-0665 + 0°607=066715
n (L4, o0 N RETEN NaOuk = D W\y/
o Nl I ok X_CHS(,OO\'\}

o = _
(et OV AS

(, ) ‘_(/\'\ (,00\'\;& 3
W l"lstb*étl)ls v O3 (m/\\/\/gL WMM
o A — 00

006 ’5)

= = -\ <_\5(*:& ’--\MU)'\"“‘LD
¥ :g'(qll\th - H VU}\O
() FP\* e
pH of buffer solution \-\' ‘SOV/ (,10\/\0)
9




[0]3].[2]

K= (pA(ou] ’WW NYVRIS

W (_H’XL I3 le O h\ul«l wu/m
"-\l’\;\ - ,\r_vo .
TETTO = 6 42910 M

-t e ) = oo 5 RYE).
B kb =127 ()

[o]3].[3]

Lwr) =

- W)

ot

Do not write
6 outside the
X

H e it A L f S 2 46 L an O
The i ~t o~ =Z

Which is the correct = __ for Ky? |

Tick (v) one box.
W\{/M by ¥ [1 mark]

_ [H,0]
" [H]OH]

B K,=[H][H,0]

C K,=[H']OH]

u%uu

[H'][OH]

D Ku=
[H,0]

the lof| o at '
Give your answer to
[2 marks]

pH of water —l ' Z’7/
V4

vhy this pu.. ..awiat v Cis e.

vmd\ o U WR/MMAMDM M, 04
({WE Cow) ) v/

At M(KQ)H
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7 oZtZgiV%tee
[0]3].[4] «  sther sfal.. SRR EL
Give your answer to { ’ '
2y - [3 marks]
(o (oM, g Dot = iy + 250 g
3
S TewA =0 0131 X\’L/ZQ‘OM’Q ad e
K = YVOH'X
- + =
I/\w'—i‘)ﬂ « Lou) [+ 3
&\A;X - o0l LWM W 'OH’) '
Ty = ’kM')lo U'\\&’(\Dllg
P]A’ - '( 9”"}\0 i\/}
oM = 1L AS = \L -5
pH of solution \2' al CJ \/(/’LOU‘DB .
(0]3].[5] TheC_.._.. T it solytion at 10 °C was a
Astudenta~~- '~ _.... . . _ o to ar at
< and stir __.e until no more solid dissolved.
F whetherthe, . ..C ... . . ccciiiiiyuieaae coecaformed at 10 °Cis
lar~== - ’ i the 1° T
solution at 10 °C
ke " your answer.
[2 marks]

pH of magnesium hydroxide compared ’Eo calcium hydroxide

Lt (o alhaliny)

Explanation {\$ At MAMJ.UO\?’ V\/m Og\/wl

g v/
%)@Q‘WW\JMW -
WAl D LSy M <

I
07
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PMT

not write

8 outside the

A sample of ti*~=*~ was i~ . o

Moo <peewwinown . INformation from the mass spectrum about the -
m in the sample is shown in Table 2.

r

m/z 46 47 48 49
Abundance / % 9.1 7.8 74.6 8.5
UGl 16 -6+ 5S =100 )
. |I| cC- _ther ) 1in this

Give your answer to

[2 marks]
y o 2 x o danat) o >
o o Y4689
-6 )+ (K11
a )+ W x7d) Wb e T
o = e 1)+ /
\Qb -/
Relative atomic mass of titanium in this sample L\’7 ‘ 8 /&\M)
Vv
. IZ' ' _ " inc!“:jci:?gndg s the nls’ ° ‘howen thatwould re 5
e [2 marks]

. - .+ - - -+
Equation TL Uv +e - {b ("}) y(L(// oX T\.lo))—)rb “,n*._

m/z value L\‘\?/LWU{%'V’Q wwdh e dl WA \wento
Ww\& LS Mua NISZ 2 NI
E C  °  her s,in

The Avogadro constan = =(C..__ -

[1 mark]

-

o = e "S’W‘/\d\ T L
v Y| on ainvg (P = Tgr- T e v’

= 81566 X107 o
= 1000

O},_) e owm = 6'13%;“0_%&\'}

206
Mass % l x (O k

LsA o duka b pon bp thg:rxmﬂ

0 8
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o
El Ina’ icee op——w-.... 2rthe time of flight, * ofan” is shown by the
equation
n G
t=d |~ 9 L= rﬂ
2E % /
In this equation sthelc = °7 _ . 2, isthen ~ ofanion
and .sthek’ & - _ oftheions.
I‘n‘thiAsseehc_z’Erqometer,the",,v o '_,|s ~
W‘V’ W/:\quis 1
Thet-~ = _itofa’” iSC._._. .. g, “\N\W W‘\
- o , / oMY LY
o et _..ofthe® .. _ . \el K®
Give your answer tothe |, eSS .
. [3 marks]
(SQ’(MWMWY&/M\ t(‘”ﬁ”} t&qﬁ"cf\)
A ) - (G o —
AT = (R Fhae  §7iE /
A
- ‘%\5*\0
- s (YT -
— ‘) /Q_K\-Q\(S*\b
IERZR R
-7 o’q
4 bcpﬁq _ a-§l6 xi0 (= b 30ES ¥l
51 3\ 155 -9
1) W3S x0T X161 3|
b-'l
g __o\.g|331 D 0 B
-1
g9 A-6 KD s
=7
, L
Time of flight °\ 6“0 \/L M) s
8

I
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Do not write
1 0 outside the

[ ~ 2canber fosiefUT 35 shown in the

equé;tion.‘
TiOy(s) + 2C(s) + 2Cl, (g) > 2C0O(g) + TiCly(l) L

. II| Some er*-~~ “'=* are shown in Table 3.

Table 3
Substance TiOx(s) C(s) Cly(9) CO(g) TiCly(1)
Sz ! 50.2 5.70 223 198 253
Use the e~ andthed © =~ = 3toci
change for this reaction &’
Give your answer to the a L 5.

Use your answer to ev=" *
AG= &0 =TS/
-
s ’(QQ'OK.)V\/\M |
T = a3y°C — +213 = 1262 K Q\u)abo ngﬂw)
NS = 6_6 L?VM)- ig (,MM}’-LD
AT % B (W BTN [ G %

[6 marks]

o k. S bt b e (3 ok )er S+ H
)y - b6 e\ w107 ) K ™
A= 69 — [1262x lLH'Lu\mlﬂﬂ‘— =23 ?3'&%—6?
Ab= -13b ket P MQ?@W
(384
Gibbs free-energy change -273% Y / kJ mol”?
Explanation K.W lo 4//&//\/\0&-@ L% EG
v v dhon g - /
DGLO >/ AG >0 X AG=0 O]

box

N

PMT
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Do not write
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12 outsézithe
This question is about some F o ‘s and their
Iil Writean -—— ©  forthere_. _ _
[1 mark]
Y\(M Fq + 50, -5 00w
OISL [ (oo otina e st
S and e pro Hestn Bt 504 0 [3 marks]
(Mk \- @MLV\AU—-P I Ny 0 /ﬂ&Om(VV\A\MC&
\+
3 sy = wiam N, 0 amd
~A v P00 /
(VNRLD :M) ()l‘i‘b\‘b - W\/
E - xthet,, ‘=" ‘ureshown in ~"~~n dinvide gand in s **
[2 marks]
(WB Silicon dioxide 6% W\/WMJ \/
Sulfur trioxide <t\/\/V\)\/Kl; V\I\W
E - .why si._ e has a hig" Racu o ic int than su. '
[4 marks]
JARA WA, 8&0—,_ \W WVWFW Ao
i dor Was v o wvbﬁwﬂO/
j}’\ S() adamks  howd, WVLW
hu/v» vw/\,okﬂ/r Wuaks upmole e
A NIV -

PMT
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. Write ar ‘onforther-- ~ ’ a ©t g
[5]

solution.
[1 mark]

(o) 80, 4 2Kob = Ke§0« + W,0 /
o §0y WO = KHSo

Ty,
. E Write an r 1 for the re L=+ wer wALESS UI INAGNESIUN uaae With

e
PQ;_(_ ?y A r V.Y -) M [1 mark]

H%’Lk 3MV})O - 2\)\300\_{_ — Ha};3(?0§{-\4\

N

. “‘35U,0*\'l \// i—fﬂg{}b
. Drav.v_t_rle « a ' ?f the " “ormed when

\ [1 mark]
N gk (B
Wonho wa S. /

=)
Turn over for the next question
°0, + b N — 1 00,

PMT

Do not write
outside the
box

I
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Do not write

14 outsl;'dethe
, . 1’ AN A

0|7 contains the compound 0
tate the t, B 1the o 1 in this compound.
NM)CVV‘ XU\) [1 mark]

\ ’-\/
g alnk ke

[0]7].[2] < thech’ " ° inthis compound are y
_ [1 mark]

SRy, (ke oot )

%-_W/m WA U,«:l‘", (M—g/—m‘(’ o A Jd‘%PMf
W

U Jevvma o- -
ks B ¢ )
W X W‘M)a)\ M
[0]7].[3] Ane S "awas )asa.
. Write an ic° for the that occurs when ¢ * ~
W‘/"L C Jand s T
2+ [2 marks]q+
Equation {UL(,H')_O) (:/\ + l"" N H} —) [QL (NHZ)!- (-H'LO) 1‘1
oL | Hewo L
Wk\;"ki( Colour Oew L Wmvy -/ CW)
4] © ~~*~wasa 5 another se ‘o form
. at
‘?KKWW\A | 1e blue-green solic
W‘/’ [1 mark]
o 3 /
SN
. E ' . was added to another sampleof ¢ ©~ = " toform a- "g“n )
’ solution. [ O.L(HLU)JQ+ L [.(ALQQ ‘f-]l—
W - Identify and write an® *~ for the reaction that occurs when
W the yellow-green solution is formed from soluuon A.
Identity of reagent D H u—- ‘/
) - -
Equation [UL(Hflove z ! t+ Ll- e ~ [UJ»U.LR'
+ 64,0

1 4
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(A/m W _ (XWWV‘ R Do not write
Y G dutzwuma pomembudLon outside the
/ @ box

Q‘- [6] Explair , c.o..._.. ..o we used to determine the concentration of
solutions contamlr I
J" In your answer refer to tr . wulllilguia. N Of th on.

e O =29 - L% 25 2p6 3¢t %PL £Y: S PR (fx;wdw)mu“ [2 marks]
L) ot - 1sh2st 2‘0‘='3$1 Sp* 3"

Full o ekl (3'°) for UnTvom , doainliby,
Celorn @U%w\q (e ‘(- algebo wnM(i
k- _

Turn over for the next question

I
15
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[o]8].[1]

R, =
AL Ao

(rtoonn)

[0]8].[2]

(L)

16

o0 L—Wﬂo Observation with KNO3(aq) [MMNMVJ W\/’ J/

16

This question is about©~ = ~*~~
D - ""-howastudentcould " " _ " oo Lo - of
aiifie “  ANOz,and - v \2804 using simple
MU S e Ba(0k), Ko (M)

S 2, hba 31 [3 marks]

Reagent KQ//W/VV\ WM/V’(J) &L(L /

Observation with K,SO4(aq) V\A’V‘M WM* \/

=

__how a stidantcould . _ ... coiveon aquseae oo s of
r_  __..cowus, MgCly, and 2" ALCl;, using imple

- (W W\M W L MA/VLM)X ‘/M) [3 marks]
Reagent QW\/, l'\/\/]/o(mbu Na 0(+ /
Observation with MgCl,(aq) M}/VL& W’(/Mﬂ\b‘/{l /

Observation with AlCly(aq) W MM M/V\A/{/{’\
s M exem NALOH S/

Do not write
outside the
box
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Do not write

17 outsl/)'githe
There are in the ir
09 .1 Thef ° ° involves a g "~ tween the re
(n ~ C ta o - Fo "~ show
the p~ ‘ Tt 0T ‘Jto the ¢ sts unaer
AiffAarant rAnAitinne A AAcsililei vee
[—— F
100- 100+
Percentage 801 Percentage 801
conversion 60+ conversion 60+
of methane of methane
atc  _...it ] ater ° ]
il re 204 t- & 9.
0 T T 1 G T T T 1
600 700 800 900 1000 2000 3000 4000 5000
Tornaraturg [ °C P: -2 [/ kPa
L = =thec, . _—.wmuonio TOr the in i > and
gto~— "ot thn mmmnAe o ‘5.
E .« your deductions.
[6 marks]

Frgmt L on Tompnadint it | i,
\M}MMWW A for o
mmkﬁvw{’ (M\MM%%(,) u/m’%zwlw
WM W"/b\w QMWVCV,V\AQ O;M
LLM&}—“\MMAMLM—M_—
Yld, dtants. Thatfont | tas ofermuss,

i = 730—880°C .

dtrtain . HW NN, V%\?r (o/w
W/V\/\ ™ {bo/»o M
T o
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. IZ| The equation shows the fi. 2inthep

CO(g) + 2Hx(g) = CHsOH(g)

and .
. An¢ 1 was established
_. 2 contained =
- ne ¢ ~in moles, of ¢

Wg: 20\ Ly %

PMT

Do not write
outside the
box
P SR Ay |
were placed in a
The ~~uiililrinim
,andofh .in the
[2 marks]

RadTA (AP
04 1 )

(i Oy + LMy =— C“JOH‘%W
ok é ’:)'_O-.\L-:\’f-q“— L-l6 J l‘(gm WM/t
(M)
242 (¥ 1L-16)
=\ 8%

L’lc\/ mol

Amount of carbon monoxide
35N g dakh

V\ ‘ o\\/ mol

W e 3543 Amount of hydrogen

Question 9 continues on the next page

19

Turn over »

IB/M/Jun17/7405/1



PMT

Do not write

20 outségithe
. El A " sofcar ** “'=~~-n was allowed to reach
equilibrium at =~
Ate .1, the mixture contained _.. . ... vi caivuit e, 5,2 7 ! of
o randl. .. ..oic. .. _.._.._.The! was(
B ~..av = orthe equilibrium constant,  for this reaction . ind
state its -
[6 marks]
D .
CO(%) g r)\.")?’(o)/) < C’H@OHU)-) FF’;W
ng =: 17 G -S) 0360 it
A
T (co) X (JQU\Q MAA- L

ToAr wrr (W)= Lo+ L1+ © 360= 1:63 /
2.7(= < 690 (o ’)__’Lv' 0 lfa

pp (CO) =77 1305 o //
) 58639 o = IOTE
b ‘Ho'5 o L3k 2972 ke PP i
%Ox o kT o Mg .
N, Od) =
wu 1 Bg

_ Y
vaeofk, -4l X L0 ! / uis Rfou

- T
\(9 117 Qo x (377- 385 W«ﬁg
Kp =\ 056 <ol e e

2 0

IB/M/Jun17/7405/1



PMT

Do not write

21 outségithe
Te _ showssome =~ =~ =~ = 7 1s and their =—* ' ' ~'notendg
Table 4
0 \(( Lok Electrode half-equation E°IV
B Cly(g) + 26" — 2CL" (aq) +1.36
L ¢ _ NO; (aq) + 4H"(aq) + 3e” - NO(aq) + 2H,0(aq) +0.96
K AR Fe¥*(aq) + e > Fe*'(aq) +0.77
s Cu?(aq) + 2e” — Cu(s) +0.34
Q) AN S04%(aq) + 4H*(aq) + 2e” — SO,(g) + 2H,0O(aq) +0.17
CV\ ¢ 2H'(aq) + 26” — Ha(9) 0.00
Fe®'(aq) + 2e” — Fe(s) -0.44
. |I| Deduce the cof =7
" 24 (3x-D) = [2 marks]
3 1 +s 6
:7.2 Nitrogen in NO3" + /
o Nitrogen in NO v+ S
NO a6 L a s+l
[1]0].[2] statethev in Table 4.
W a o [1 mark]
MCQE@(L/LWWM(}MMW«MV\%
wavf —
SAIN Lo OhASANL)
.[3] Writethec S ofthe  thathasan ..
[2 marks]
')__‘\'
Qk(&) \ LW[T\// “ ‘Lf' MD pt m,‘(\ LT(S)
S 2
Fe wmq) + % K A norc O ¢8 u)/ﬂuy"e?
— r&An
O ¥ e )+ 0-3LV e (
W\/ T+ a9 e
kL;) CJU\(& — Ve * )
= sl s (o
5-11 - (034D = +0-4 3V J}/(,swd% W
u;/ww/ WVW/QAL M,W'O ‘

L
2 1
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Do no

W(WWN RAAMTRA (Lon)-

(W)(‘u R M) CNL (M\ +Zb

Chamar o~ (%M Lam oA W’)!]
PN

59 :\10;0»\) + 8H+C“t3 1—(96- —) QNO(M\\ 4—%449_0(“_’/)

TOW ) ~ 30\3*@13 ot QJ

Ww(zm

X3

o)) lf\\by%) ¥ the ) P30y LNOwa)d L\*HLOLMD‘F?/Z*

e
LM o i = molt @) — | \
EMP - 2046 - (034

—
—

2 2

IB/M/Jun17/7405/1

€% =10V 0 ) Pl (4, Fle ?3 NOg) + ZH,Qrayy (rf’/L)

ZNO (24 + v ccu\/H’\N\ 3(M¢s)"52NOGML3 +4H 6,,1) k3(k&¢a@31§g\

PMT

t write

22 outségithe
. El from Table 4 toic’ " "~ that will 0eee oo
e -6
Eoianl ur choice of acid. L)"\jS)ob;' %\,U/f &A _ Ban
Use thesedatatost__ . .ccc... 7 nforthe reaction.
C " TMC Af the cell that has the s n.
[4 marks]
R VY 1¢ = E® - +0 3¢V
Al (R r L £ < D) =
&%ﬂ* AUAMA_M\%/ UNO, by do mank MW/
w‘g‘bggk F%MWW%MMM(M
o U3V,

_LM,)
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Do not write
23 outside the
box
|I|I| This question is about compounds containing ¢ fonts inne
IIEE Av iis a of s¢ T D),
o ~Jandanir Avc’ . contained
400 fthis SO|Id mixture . ) I
P 'ifferent \._. 1s were carried out using this solution.
In the f % of the were 7
1 a conical flask. The .._._ s were I > and then
@ o .. When
22 EN - %~ . fomm mAaAnAANnA~ R AWAIAY had been ) the (4 T Uad
Cuioul. . /
n = VXC Wy g Ao ¢ -
Thee ~ for this reaction is MA B2 VO
z S ULW) r i G4 e

2MNOL™ -+ 5C,0,% + 16H" —> 2Mn* +8H,0 + 1000, by, = M N

@Inthes S ‘®ofthec. 1were’” ° ‘witha

£ oA~ - 3

J T T -~ n
7 i= " or. Their™ " rafterthec” "™ - n” of

(3 e VoA hvAdrassi At i N
W - W haA solution. ’L_) WWW

| PO RPN S

<1009 The for this reaction is " ok ats wmilh
- \ . .
% H,CaOu + 20H > C0& +2Hp0 T A7 oudd
C 2the g ' St oo ool —
Give your answer to the a,, e
Show your v P
[8 marks]
16 S0 -\
) v (M/\OL(\ L 2E50 x0-0200 = o3 ¥ Wv%v\\/
A (L0 25 3)<\DL¥3¢ o = -31S fslbwm%\/
) o 2O
N B
C Ao _
LS = g0 = (0% SYLD
@WQQH)—'\DOA\ﬁO
%_!,

L W Y WS E\D L
V\(NRLQLD\(_/\ &3 AN fub3> & ’L’LS?‘\D W %

v ") &
n(NaLQLOO\mqu W ERY ,\ua/\ W,’oa%l\%
(NO\—,,(,LOL\. - n ¥ My bty %\3\+ fes 1\3\{/

\ - 03S
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Do not write
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box
Percentage by mass of sodium ethanedioate 66 ’ () %
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Question 11.2

Indicate the value of the C _e.
State the t - 1 shown by the i(r)on complex.
¢ 57
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Bond angle q 0 \/ (\%0 3 ’
Type of isomerism W \/
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