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Answer all questions in the spaces provided.

0]1] This question is about lattice enthalpies.

01 . Figure 1 shows a Born—Haber cycle for the formation of magnesium oxide.

Complete Figure 1 by writing the missing symbols on the appropriate energy levels.

]

Figure 1
Mg?*(g) + O%7(g)
M @) e
[ 3 35 u 0(5) Ah‘svaco) AHL"‘EA(0>
Al P9 , Mg’y 1e+ 0
Mg"(,g) te + 0 @ A“uw>
A H\*IE C,Ma)
Mg(g) + O(g)
AHa(Mgd
Mg(s) + O(g) b
. AN (O
Mg(s) +302(9)
NG
v MgO(s) !

02

IB/M/Jun18/7405/1



3 Do not write
outside the
box

. Table 1 contains some thermodynamic data.

Table 1
Enthalpy change
/ kJ mol™
Enthalpy of formation for magnesium oxide —-602
Enthalpy of atomisation for magnesium +150
First ionisation energy for magnesium +736
Second ionisation energy for magnesium +1450
Bond dissaociation enthalpy for oxygen +496
First electron affinity for oxygen -142
Second electron affinity for oxygen +844

Calculate a value for the enthalpy of lattice formation for magnesium oxide.

ra

A—=>b AHs(,MgO) WIREHN S TUNCY FAH o e (M)
\,(,7\ +AH zﬂ‘\Ewb“ An |‘°‘EA('® ¥ AHLAEA(O) +AHLFG‘80)
o TS0 45 (MO ¥TIC 11450 ~ 12 4844 4, (MgOD
_goL: 3186 + sHWO O

AH f(-MdO) - —GUL- L %6 = -388% kd mal™
L

0,

—-}%8% kJ mol™ 6

Enthalpy of lattice formation

Turn over for the next question

Turn over »
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0|2 Nitrogen and hydrogen were mixed in a 1:3 mole ratio and left to reach equilibrium in
a flask at a temperature of 550 K. The equation for the reaction between nitrogen and
hydrogen is shown.
N2(9) + 3Hz(g) = 2NHs(9)

EZ . When equilibrium was reached, the total pressure in the flask was 150 kPa and the
mole fraction of NH3(g) in the mixture was 0.80

Calculate the partial pressure of each gas in this equilibrium mixture.

Pratich Pressece < *AfM X Mole fraction

NH3 = I50x 0.8 =120 kfa pe N, =50 x 0.05=7.5kfn
1-0.8:02 1.3 pe Hy= 150 X 0152225 kA

O.L=4=0.05 0.05.0.1%

Fe

Partial pressure of nitrogen 7.5 kPa
Partial pressure of hydrogen 21.% kPa
Partial pressure of ammonia \20 kPa

02 [2] Give an expression for the equilibrium constant (Kp) for this reaction.

Cee N"‘s)z
Ko = 3
CoeNDS (P

L. = 2NH
NL ‘\’ 76\/ r ¥ mjo((akw
ff f{o&kﬁs

- {wXie
K‘ Ce ,;k«m\'smw

'
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[0]2][3] [3] Inadifferent equilibrium mixture, under different conditions, the partial pressures of
the gases are shown in Table 2.

Table 2
Gas Partial pressure / kPa
N2 1.20 x 102
H. 1.50 x 102
NHs 1.10 x 10°

Calculate the value of the equmbrlum constant (Kp) for this reaction and give |ts units.

Cu NHY 6 \w10>)
— =299x o™
k‘ CpeNd rr“b | x (- wo) I

S e
e k2 Vel

RS

Ko /LCWY)O'} Units ke@-z

0|2 .[4] The enthalpy change for the reaction is 92 kJ mol*

State the effect, if any, of an increase in temperature on the value of K, for this
reaction.

Justify your answer. p Atk
kf okt ) !

Effect on K, LoWe»(
Justification _The Soewerh (emkion s eXobhermic
“+he  equibbrunm WL Meve el
T 15 L redwte bhe h—mru«h& (,o'frgsins khe Ohmjg)

Turn over »
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6
0]3] The equation for the reaction between ammonia and oxygen is shown.
4NHs(g) + 502(g) = 4NO(g) + 6H20(Qg) AH = —905 kJ mol™

Some standard entropies are given in Table 3.

Table 3
Gas S°/J K1mol?
NHs(g) 193
02(9) 205
NO(g) 211
H20(9) 189

. Calculate the entropy change for the reaction between ammonia and oxygen.

As:isﬁw‘s - i Srudav\ks
= (6 Q& v Y () - (5(o3d) amB
ST e

Entropy change \ 3 J K1 mol?
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0|3 . Calculate a value for the Gibbs free-energy change (AG), in kJ mol, for the reaction
between ammonia and oxygen at 600 °C

(If you were unable to obtain an answer to Question 03.1, you should assume that the
entropy change is 211 J Kt mol™. This is not the correct answer.)

A (= ANM-TAS D (= ~4035~ Csmo.m)
DH= - 905 Wdmel™ = <1063 Rymal™!
T‘i‘€w°61606 y2 K = 73K =10 ~
. a1 1600 O mal !
AG = 181K TSI ISR S 1063 kJ mol-*

ot WK

0]3 . The reaction between ammonia and oxygen was carried out at a higher temperature.

Explain how this change affects the value of AG for the reaction.

Al=ARM-1AS
v »

AG betames more Aegukive.

A_MMWﬁM

Question 3 continues on the next page

Turn over »
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0|3 . Platinum acts as a heterogeneous catalyst in the reaction between ammonia and
oxygen. It provides an alternative reaction route with a lower activation energy.

Describe the stages of this alternative route.

The (eothonts axe Wfbk b he Pl,ol’mm
Reuk\ms Wekten the M Wm.tkmks MP{M\'(:S@(M
'Ik p(M o (Aot from e ukw C()«.Sca(fh.,rb

. Deduce the change in oxidation state of nitrogen, when NHs is oxidised to NO

N My NO
=3 HYO n-2
X3

e Y2 (49)

0[3|[6] Whenammonia reacts with oxygen, nitrous oxide (N,O) can be produced instead of
NO

Give an equation for this reaction.

LUK, 450, —= YN0 +6H 0

LN, {"2.0,_ == N0 +3W,0 11
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10)4] This question is about s-block metals.

0|4 . Give the full electron configuration for the calcium ion, Ca?*

. . Co 1SS 30
) 28" 2pS3s 3p°

0 ‘ 4 . Explain why the second ionisation energy of calcium is lower than the second
ionisation energy of potassium. + F )
C&I k (-a“’ K . I

\a Cw+ \ the Volence eletkon s n o.hig‘)v eneyy ot
In (.a-t, here 1o o Ms\\w on Yhe Voleae e\evkan

0 ‘ 4 . Identify the s-block metal that has the highest first ionisation energy.
e\stktn $W\“% Ly Be ]

sty Be@l.\km (,Beb )

0]4 [ 4] Give the formula of the hydroxide of the element in Group 2, from Mg to Ba, that is
least soluble in water. Mognesi.m hydride

Mg 0 K
M&U’H)z

Question 4 continues on the next page

Turn over »
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04 . A student added ' of 3 barium chloride solution to f

sodium sulfate solution.
The student filtered off the precipitate and collected the filtrate.

Give an ionic equation for the formation of the precipitate.

Show by calculation which reagent is in excess.

Calculate the total volume of the other reagent which should be used by the student
so that the filtrate contains only one solute.

Both b No- 5ty —» BasGy 42Nl
lonic equation Bml+(,0~1) + 04¥ q)) — BosOy (D

A= XV € _
Moles o Bl T 0.28 ey = 1S X186 3 males

moles o N80y =0.15 x8_ = 1wld ales

)ood

Reagent in excess B»‘(M d\\‘"\-lo

- -3 -
Total volume of other reagent(,lvs\d(‘ b) = ((,lXU > =03 ¥\ 3'\6"6

ny w3
V="< V’-Qo_-l—s—: 0.014n% | Y0em®
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04 E A sample of strontium has a relative atomic mass of L. and consists of three
isotopes, , and

In this sample, the ratio of abundances of the isotopes #Sr:#'Sr is ?
State why the isotopes of strontium have identical chemical properties.
Calculate the percentage abundance of the 8Sr isotope in this sample.

Why isotopes of strontium have identical chemical properties

'Thea here e Some umber gt Uenkmns M‘m\'ms

l\ %GS( '. $7S( >

Réx 4+ &7 4 %%Clﬂdvz"b - Q7.7
)00

A(';- %7 7
Qo 487w B8 (J5 -2 = 4770

Qb ¥ ¥l $ 3R - 176 = Q770
—3 Y EHO = $770

Qg0 - g7 = B>

%(S = 5%
AW = \6
odondonce = V08 -2¢ = 106 -2(0)
- WO -0

= 0°I-

Percentage abundance of #Sr <0 / .

0]4 . A time of flight (TOF) mass spectrum was obtained for a sample of barium that
contains the isotopes 1*®Ba, *’Ba and **Ba
The sample of barium was ionised by electron impact.

Identify the ion with the longest time of flight.

129 &4—

%

Turn over »
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0|4 . A “ion travels through the flight tube of a TOF mass spectrometer with a
kinetic energy of
This ion takes : ; 10 reach the detector.
Cm orniy where m = mass (kg) and v = speed (m s™')
The Avogadro constant, -1

Calculate the length of the flight tube in metres.
Give your answer to the appropriate number of significant figures.

~2%
= 0‘37 = 7.‘2.75)¢ \0 kﬂ\.@
G.o0x’
! R
KE = =mV
-6
L axE | xR 31“8“0(,,@
v m 2275 x>
v = J2osene? = 5.¢696x167(D)

= Vxt = 56696 x\¢™ x 2TIxl6>= | 936 m

@ 5355” ™m

Length of flight tube l, o4 m

outside the
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El

o
(631
-]

o
6]
]

Hydrochloric acid is a strong acid and ethanoic acid is a weak acid.

State the meaning of the term

An ol which Lamfld'd:) Aissociokes wn Selwkion

1 ee ~n

1.1

In an experiment, __ 3 of * hydrochloric acid are added to
o of 3 barium hydroxiae solution.

Calculate the pH of the solution that forms at 30°C
Kw=w i ioo at 30°C

Give your answer to 2 decimal places.

= xV (,:.—%
AN 0.1%0.01035= ). 035 xl¢ .«wme

A DM, = 0.15 % 0.0 =375 410" (D)
3.7Sx\o"’ x2s nOH = 7.5+ NL _@

- - ~3
7,558 "= 16T 26 653 il xt

64632 = ) 1S melde
b~ - ‘ m
Cowd 4.05535 @

Lok Vohome
Ke = \:H”:\ Lo O ﬁ

M7y o~
Cwd - w] ;%‘; < $.0378x 10
019

g EL -l (4D
= 13.04

0

«

¢eH

. V3.09

-1y
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0|5 , The pH of water at 30°C is 6.92

Give the reason why water is neutral at this temperature.

Cw]< Low]

H,0 = WY +oH

0/5].[4] Identify the oxide that could react with water to form a solution with pH = 2

Tick (v') one box.

Al;O3

Na,O

SiO2

SO:2

ekl gxide + Wiker besic Selukivn

Sepmy Mo A , UWnfeattive WM ke

fon- pu—aL oXhe +\fureq - oL Se\wkun
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0 ‘ S , Give the expression for the acid dissociation constant (Ka) Ior ethanoic acid
(CHsCOOH). I (B!
)‘w" Y| ) |
K Crr] [ ]
a : A
Tl ool
0 E A buffer solution contains » mol of sodium ethanoate dissolved in
cow wie. Of ° ) mol dm=2 ethanoic acid at 25 °C
A sample of _ of 7~ “®hydrochloric acid is added to this buffer
solution.

Calculate the pH of the solution formed.
For ethanoic acid, Ka =2 . _ at 25°C
O z=LxV
0 (‘HL(,OGH =0.07%0.5 = 0.0>Smet
aHL = Tx 0.005= 6.0l mel —@
o (30067 = 0.025-0.01s0-015 _(D

(\(,“-bw()“ :0-0‘55 +0.00 = 0.¢415 _@
k - C\“:‘Ewsm";]_

E(,\*JOUH} =5 P e /@
b 13 10N SURROT ]
cg- Tuneed 1T ke B M
Tevhus) 0.0\S
9.5%%

pH = “\oy , [H¥] = ~Lg,, 5:2806324.28 ’6)

Y8

Turn over »
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A student set up the cell shown in Figure 2.

Figure 2
)
(V)
\;'l'r‘ N —7 s}l "
— - s = A ---.3 N -3
CuSOy4(aq) CuS0Oq4(aq)
The student recorded an initial voltage of __ . at25°C

. Explain how the salt bridge provides an electrical connection between the two
solutions.

Ib Mows Sor bhe (vement sk tong waak W

0|6 . The standard electrode potential for the Cu?*/Cu electrode is
Cu?"(aq) + 2e~ = Cu(s)
Calculate the electrode potential of the left-hand electrode in Figure 2.

0.16=03-E [T _:039-01€: 40.R8V

Patenkiole oF bt etademide
Electrode potential 10. |% \%

0|6 . Both electrodes contain a strip of copper metal in a solution of aqueous Cu?*ions.
State why the left-hand electrode does not have an electrode potential of - v.c . .

meu‘d'\-ﬂ ) { cerenre, Conwvhdl.wﬁ

03
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016} [4]

0[6 [5]

Give the conventional representation for the cell in Figure 2.

Include all state symbols. Cw ($) (Iwu, :
RIOHOIR

Ce (D) o] cw oy ) (o G5)

When the voltmeter is replaced by a bulb, the EMF of the cell in Figure 2 decreases
over timeto 0V

Suggest how the concentration of copper(ll) ions in the left-hand electrode changes
when the bulb is alight.
Give one reason why the EMF of the cell decreases to 0 V

Change in concentration of copper(ll) ions in the left-hand electrode

\ airestes

Reason why the EMF decreasesto 0V _Whe  (antenktkisns o (,Wv’
bewne %,.A« n both o the holk ol

Turn over for the next question
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When anhydrous aluminium chloride reacts with water, solution Y is formed that
contains a complex aluminium ion, Z, and chloride ions.

Give an equation for this reaction.

AL, + 6H0 - TAL YY) + 3L

Give an equation to show how the complex ion Z can act as a Brgnsted—Lowry acid
with water.

A (;H@ef” + H,0 = [ALLM)SC""')Ju+ H;{f

Describe two observations you would make when an excess of sodium carbonate
solution is added to solution Y.

Give an equation for the reaction. In your equation, include the formula of each
complex aluminium species.

Observation 1 \l\/k‘k‘ P(u'\f;z\’al‘e.
| [ ]

Observation 2 ES’S’?—(\Ib%m

Equation

3 -
LI (hg)g) ¥ 3C0 :’ > LU (o) ] 430, 36

03
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017 , Aqueous potassium hydroxide is added, until in excess, to solution Y.

Describe two observations you would make.
For each observation give an equation for the reaction that occurs.
In your equations, include the formula of each complex aluminium species.

Observation 1 \,Jk'd’e, -p(‘u,'\f'v\’ol’e
I i

Equation 1

Q\(,ﬂ,_o)a“y SOH _, EAL U"z.()), (wt D;_] + 3”,_6

Observation 2 ‘)(U«‘*f'\hlb dissowes

Equation 2

TRCORd, MY, ] 3 OH - TR 0), (o, | 3 1,0 5

Turn over for the next question

Turn over »
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This question is about sodium and some of its compounds.

0|8 . Use your knowledge of structure and bonding to explain why sodium bromide has a
melting point that is higher than that of sodium, and higher than that of sodium iodide.

3 Skoacs
1, Desurihe Whe bonding ta Noc

2. Desceibe Ve bondiry 1n Nl ok NaBe

3. Gmf,(m MC«%\CC%QA
No hes mexatic lw\zm\,\k k“'& Qunk luktice Skrndone. n Which e
Mk Wwns e Mﬂ;v’“ v dm\c‘;-bvsej« ehens,
Nw\ o NaBc hove unic W They hove o quank Loktice,
Sktadire, in W Where 1y ehedimabic etuiléan, fpilwaen O ffsdiicehny
Uk \ons, T
\otic bondies 1 Somaue Gwn i bondiog The B in s somalber
horn We | wan K e Wnic Lw“-:\ un NaBc s Strngec Khen in
Na). Thecehre Nole hes o \\'bnko( wlliey pial then heth Na)
ond Ne- ’ o
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08 . When J of sodium were added to L _ of water at a gas was
produced.

Give an equation for the reaction that occurs.
Calculate the volume, in cm?, of the gas formed at ~

The gas constant, R = € 1

Equation N"‘\' H7.0 - N“"UH 4"‘7-“&/

4o, 0104 st —()

(‘ ____1 J; ‘15\(\6 mdLr —O

- .0\
(\\'\1-00 E

: n kT
Y= < L\0v0 Po T8%= 25 1L75K 143K

nNo., = A(

P- 10\ efa
nKT 5.45x\s x% 3| X)-q%
V= Yol1600 O
~ |34xle

- 3 3
= L.3xle b.v\ad o

= DBYUYem> @

Volume \707 cm?
ol8 Calculate the concentration, in mol dm=3, of sodium ions in the solution produced in
the reaction in Question 08.2. Net o > Nagh ) L I W,
.0\o -
(=8 9% o oug man
6%

SR 3 3
!;000»««15 juoe dr’ 2054

Concentration 0 ‘ Oug mol dm=

03
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e . Sodium reacts with ammonia to form the compound NaNH; that contains the

NH, ion.

Draw the shape of the NH_"ion
Include any lone pairs of electrons that influence the shape.

Predict the bond angle.
Justify your prediction.

Shape -

]
Bond angle \0 \'l ‘S
Justification Lone, Pw\/ / (one PM (Qf‘w\r$wl\ v e ﬂ’W U ederun
(Mw"‘ ond LWJ\M‘\ fuw / lwrw\.w«\ P W e Weakeest

N
Ewkm“ P.Ms (q%k eﬁJ\ u&o(o& (o P«smbbe Pv’o"““\ be

\w‘vxﬂ*\ P,)As W(mc\w\« (olw\w\ wa ou»q(,e,

Turn over for the next question
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This question is about vanadium compounds and ions.

. Use data from Table 4 to identify the species that can be used to reduce VO 7 ionsto

VO?* in aqueous solution and no further.
Explain your answer.

Table 4
Electrode half-equation E®/V
VO, (aq) + 2H (aq) +e — VO?(aq) +H0(l) | +1.00
VO?*(aq) + 2H*(aq) + &= — V3 (aq) + H0(l) +0.34
Cly(ag) + 2= — 2Cl(aq) +1.36
Fe’*(ag) + e — Fe?*(aq) +0.77
Zn?*(aq) + 2e- — Zn(s) -0.76

U
Reagent Fc

Explanation Ee_VOZ+ > Ee- Fcu > Ee- vt

0]9|[2] Give the oxidation state of vanadium in WS)(HzO)s]2+ =v-%

34

2T vy wm=Vv P
T ‘0 =

03
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09 . The [V(H20)4Cl;]* ion exists as two isomers. One isomer is shown.

Draw the structure of the other isomer and state the type of isomerism.

 HO 1* H.0

H50.. _OH;, w0 _ \ 19

///
.

AV}

V AN
Cl/ \OHQ (,LJ \\0

Cl | W0

H

18

Type of isomerism E ‘z (4»3 - onS

09 . Heating NH4VOs3 produces vanadium(V) oxide, water and one other product.

Give an equation for the reaction. “ThemA &W«v\fos\k'wn

2 NG, = V0, + HO L 2N,

09 . Vanadium(V) oxide is the catalyst used in the manufacture of sulfur trioxide.

Give two equations to show how the catalyst is used and regenerated.

\/2_05 + 302_ %\/7_04.‘ F So}

VLOH 5’%02. —7\/105 7

Turn over »
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1]0 . A student added __ of hydrated sodium carbonate (Na>COs3.XH20) to .. of
3 hydrochloric acid in a beaker and stirred the mixture.
After the reaction was complete, the resulting solution was transferred to a volumetric
flask, made up to _ 3 with deionised water and mixed thoroughly.
Several ' portions of the resulting solution were titrated with (
aqueous sodium hydroxide. The mean titre was : 3 of agqueous sodium
hydroxide.

Calculate the value of x in Na;C0O3.XH>O
Show your working.
Give your answer as an integer.

= LYV

ALz 0250 =0 05 mak \Q
nN.{M <0. \S x (. 07.66 g ‘led ‘ML lswg

250 7)‘eq\0 S ylo=3.99xl¢” mk~m250m
-~ _-—-10

S v b= DAY e ‘“@mjow’*«s MLt NaGH= 1]

(eadkiwn (VU = 565 ~ 3-adus T < 0.0\0) mot

HOLT N0y = ) 10

a N (042 %H0 = 0.0\0\ = ~v= 5.05xlg” 3ol

n o asz.v*@_mus 0
M(Z‘T N 5,05\(\«: M(Nm(ﬂa,*k'M(H;O

M - Gy f GuK) =0€

N NL(,O B

bcM(M —nle-loes 1€ O

igle € o D
ocs Y
M(llw()
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END OF QUESTIONS

Value of X ‘
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