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2 Most car air bags contain a capsule of sodium azide, NaN,. In a crash, the NaN, decomposes into

its elements.

(a) Write an equation for the decomposition of NaN,.

ZNANSCS) ____________ > le(s) +..3 N;,C's\ ____________________________________________ [1]

(b) Complete the ‘dot-and-cross’ diagram for the azide ion, N,~.

Use the following key for the electrons.

e electrons from central nitrogen atom
x electrons from the other two nitrogen atoms
o added electron(s) responsible for the overall negative charge

-6

(c) Lattice energies are always negative showing that they represent exothermic changes.

[3]

(i) Explain what is meant by the term lattice energy.

(ii) Explain why lattice energy represents an exothermic change.

BB

(iii) Use the following data and any relevant data from the Data Booklet to calculate the
standard enthalpy change of formation, AH, of NaNy(s). + N 5 Ney
Include a sign in your answer. Show all your working. > 3

—732kJmol’
+107 kJ mol™*

lattice energy, AH},, of NaN,(s)

standard enthalpy change of atomisation, AHS, of Na(g)

standard enthalpy change, AH*®, for 13N,(g) + e — N,(g) | +142kJmol™
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AHE of NaN,(s) = ...+ ”r[\}m( kdmol [3]
(iv) The lattice energy, AH},. of RbN,(s) is —636kJmol-".

Suggest why the lattice energy of NaN,(s), —732kJmaol™, is more exothermic than that of
RbN,(s).

[Total: 11]



(d) Use the data below, and other suitable data from the Dala Booklet, to calculate the lattice
energy of sodium oxide, AHE, Na,O(s).

energy change value/kJmol-*
standard enthalpy change of formation of sodium oxide, AHT Na,O(s) -4186
standard enthalpy change of atomisation of sodium, AHS Na(s) +109
electron affinity of O(g) -142
electron affinity of O-(g) +B844
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AHE, Na,O(s) = itd S—( )—- kJmol-* [4]

+ 2- 2- = - .
(e) State how AHY, Na,S(s) differs from AHE,, rJaEDr;s}. S s > Of&"’s
Indicate this by placing a tick (v ) in the appropriate box in the table.

AHp, Na,S(s) is more AH, Na,5(s) is the AH, Na,S(s) is less
exothemmic than AHE, Na,0(s) same as AH, Na,O(s) exothermic than AH}%, Na.O(s)

v

Explain your answer.
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(b) Magnesium(I) chloride, MgCl1, is an unstable compound and readily decomposes as shown.
2MgCl(s) — Mg(s) + MgCi,(s)
Use the following data to calculate the enthalpy change of this reaction.

AH? MgCl(s) =-106kJmol™
ﬂ.Hﬁ MgCl,(s) = —642kJ mol™
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- »MBD enthalpy change = )’\Sb e Kdmol™ [1]
{c) (i) The equation for which AH is the lattice energy for MgClis shown.
Mg*{g) + Cl7(g) — MgCli(s)

Use the equation, the following data, and relevant data from the Data Booklet to calculate
a value for the lattice energy of MgCL You might find it helpful to construct an energy cycle.

electron affinity of Ci{g) = —349kJ mol™’
enthalpy change of atomisation of Mg(s) = +147 kJmol-
enthalpy change of formation of MgCl(s) = —106 kJ mol-
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(ii) Suggest how the lattice energies of MgCI, and NaCi will compare to that of MgCL
Explain your answers.
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8 Entropy is a measure of the disorder of a system. (b) Place one tick (v ) in each row of the table to show the sign of the entropy changes, AS.
(a) Assume the entropy, S, for H,O is zero at OK. AS is negative AS is positive
Sketch a graph on the axes to show how the entropy changes for H,O between 0K and 300K. solid dissolving in water /

water boiling to steam /

[1]
/

SIJK " mol™

| T 1
0 100 200 300
temperature /K

[2]
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(a) Calcium metal reacts with chlorine gas to form calcium chloride, CaCl,.

(i) Write an equation, including state symbols, to represent the laltice energy of
calcium chloride, CaCl,.

(i) Complete a fully labelled Born-Haber cycle that could be used to calculate the lattice
energy, AH}, for calcium chloride.

I S A P g P

G\
\K/\«(‘:\ é%u- (_j(\,\)f\glf ﬂCa 11\ 5&" EA (CﬁB
e #2045
VJ N s\_ "_ t \ o
G200 [ 74" 4 Cleya 20
U U
24 81 1Y)
(a(.\\ 4 C-ls(
d, e () il
Ca(s) + Cl.ig)
AHY
¥ CaCly(s) |

> [2]

(iii) Use your answer to (ii) and the following data, together with relevant data from the
Data Booklet, to calculate a value for AHE, for calcium chlornde.

standard enthalpy change of formation of CaCl,(s), AH? | =796 kJmaol’
standard enthalpy change of atomisation of Ca(s), AHZ | +178kJmal

electron affinity of chlorine atoms -349 kJ mol-
790 L 1 2(L0)s STe 1iSo+ 2(- 31 4 bYW
©
BT S2s
AH?, = ”225% ........ - kJmol (3]

(b) Entropy is a measure of the disorder of a system.

Describe and explain what happens to the entropy of a gas when the temperature is increased.

s )fw,&b nleodes A TS Indeares The ﬁisdgo( VA oA e\

() The table shows four reactions.

(i) For each reaction, predict the sign of the entropy change, AS®. If you predict no entropy
change, write 'no change' in the table below. The first one has been done for you.

reaction sign of AS*®
CD[Q} + Gz[gj = EG:(Q] negative
Mais) + +0.(g) — MgO(s) nen Ve
CuSO,(s) + 5H,0{l) — CuSO,5H.0(s) ke
NaHCO,(s) + H'(aq) - Na'(aq) + CO,g) + HOM) | ,U:)ive
T [2]
(i) Explain why the entropy change for the first process is negative.
....... M DLD%(}»A‘&J@M&
...................................................................................................................................... - [1]
(d) Calculate the standard entropy change, AS®, for this reaction.
N.(g) + 3H,(g) — 2NH,(g)
Standard entropies, S*°, in JK-'mol are given.
Nig) | Hdg) | NHg)
+192 +131 +193
AS® - 21 - 3)(\&\) 92 - -
:_'.S"ﬁo( ............ -JK- mol [2)

{e) Whether or not a chemical reaction is spontaneous (feasible) can be deduced by calculating
the change in free energy, AG*, at a given temperature.

AH® = +11 7kl mol
AS*= +175J K- 'mol!

MgCO,(s) — MgOi(s) + CO,g)

(i) Calculate the value of AG* at 208K for the above reaction,
pG_ (T~ 2aa (7S xlo'B)
= yEHBS - enA KT el 2]
(i) Use your answer to (i) to explain whether or not this reaction is spontaneous at 298 K.



(c) (i) Silicon tetrachloride can be prepared according to reaction 1.

reaction 1 Si(s) + 2CLJg) — SICL(l) AS®=-=2257JK'mol"

standard entropy of silicon, 5S¢ Si(s) 18.7 JK-*mol-*

standard entropy of silicon tetrachloride, S* SiCIL () | 239.0JK-"mol-

Calculate the standard enlrnpy of chlorine, S* Cl,{(g). Show all your working.

,OD J’s —Yemc,o'wl"?
925T. 13 @7 + 2*‘5

(ii) Explain why the entropy change for reaction 1 is negative.
......... )cc(embc\f\mf»éﬂje»

(d) The standard enthalpy change of formation of silicon tetrachloride, AHTSICL{l), is =640 kJ mal .

Reaction 1 is spontaneous at lower temperatures, but it is not spontaneous at very high
temperatures.

Calculate the temperature above which reaction 1 is not spontaneous.

o < —C:L\o IT(’ZZS 7%(5}

T FEHe o7 28356
/)),S7 \o

temperature = .. K [2]

[Total: 13]

(c} Some values for standard enthalpy changes of formation, AHY, and standard entropies, 5=, are
given in the table.

AHSIKJmol' | §*/JK-'mol”

NHCI(g) +80.1 +241
NH;(g) -459 +198
M,H,(g) +95 4 +237
HClI(g) -923 +187

(i} Define the meaning of the term entropy.

/_[\' ! /ﬂ.c \eadile 06 ﬂwLa o} Fogs»uxe a«ro«\aan\evﬁgé(‘
Pﬂk(/{%w&)du(@/\wj\% _____ T m»fJ\\foﬂSJ‘s\r&N\ .................. [1]
Hydrazine, M_H,, can be produced from chloramine and ammonia as shown.
NH,Ci(g) + NH,(@) — MN.H,(g) + HCI(qg)
(if) Calculate the standard entropy change, AS®, for this reaction.
S: 1074+ 257 (224l 5 1%8)

- n\S —
AS*= . =\D JK-"mal! [1]

(iii) Calculate the standard enthalpy change, AH*, for this reaction.
NH,CI(g) + NHJ(g) — N,H,(g) + HCI(g)

1201 —hsa\\ /’ms H-a2.3
}_

s H ¥ N‘ 4%’01’

L

A}/ﬁ= 4a12259 4950 -3 P 1

.. kJmol' [1]

(iv) Calculate the standard Gibbs free energy change, AG*®, for this reaction at 298K.
- -
AGT- AW - TAS
.- ?,"(?CJS)(\S”}

- 26 .65 S 2.6 0 L e [2]

(v) Explain, with reference to AG* why this reaction becomes less feasible at higher
temperatures.

oS!‘ﬂ\/C \{mQUC .-.LCL, w‘\( \fa\g\lﬁ O oslj‘\“lé A(J i
"\'M\Uko\)‘eﬂ\{e%ewu& [1]



