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1. 3.

Which statement about the standard enthalpy change of formation of carbon dioxide is correct? The following energy cycle represents the enthalpy changes in the formation of carbon dioxide

from its constituent elements in their standard states.
A ltis equal to the standard enthalpy change of combustion of carbon.

What substances are present at level Y in this diagram?
B ltis equal to twice the bond energy of the C=0 bond. B 2

C |t is the energy released when one mole of carbon dioxide is formed from carbon at the
temperature of combustion of the carbon. level Y —

D ltis the same for carbon dioxide produced from graphite and from diamond.

[2002 M/J (8)] _

2.
Use of the Data Booklet is relevant to this question. gl
Hydrazine was used as a fuel for the Messerschmidt 163 rocket fighter in World War II and for the energy
American Gemini and Apollo spacecraft. It has the following formula. AHP
|
5 H A Y r
N—N
N A C(g) + 20(g)
H H
B Clg) + O,g)
What is the enthalpy change of atomisation of 1 mol of gaseous hydrazine? C C(s) + O,g)
A 550k D COja)
N—— [2002 O/N (9)]
C 1970kJ 4
D 2554kJ At 60C °C oxides of nitrogen react with unburnt hydrocarbons in a catalytic converter in a car
exhaust. The equation using methane as representative of a hydrocarbon molecule would be as
[2002 M/J (9)] follows.

4NO + CH, — 2N, + CO, + 2H,0
Which statement is likely to ba true about the energy change of this reaction?

It is endothermic as heat energy is converted into chemical energy.
It is exothermic as a high temperature is required.

Itis exothermic as the triple bond N = O is broken.

o 0O W P

It is exothermmic as the products have large negative enthalpy changes of formation.

[2002 O/N (10)]
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5.
Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichlorice and
chlorine by healing. The table below gives lhe bond energies.

bond bond energy /kJ mol~
P-C1 (in both chlorides) 330
CL-Cl 240

What is the enthalpy change in the decamposition of PCI; to PCI; and CL,?

B -90kJmol-1 C  +90kJmol- D +420kJmol-
[2003 M/J (7)]

A —120kJmal-!

6.
The ‘flash’ produced by nineteenth century photographers to take indoor pholographs was
obtained from the following reaction.

3Mg + KCIO, + 3BMgO + KCI

The standard enthalpy changes of formation are given helow.

AHE /ol
MgO 602
KCi 437
KcIo, 301

Whazt is the standard enthalpy change of lhe ‘llash’ reaclion?

A —3(-602) + (-437) — (~391)
B (-602) + (—437) — [-391)

C 3(-602) + (—437) — (=391)
D

(~802) + 3(—437) — 3(—391)
[2003 O/N (11)]

7

Why does the exothermic reaction

not occur spontaneously?

8.

The standard enthalpy changes of formation of iron(ll) oxide, FeO(s), and aluminium oxide
AlLOs(s), are—266 kJ mol™' and —1676kJ mol™' respectively.

What is the enthalpy change under standard conditions for the following reaction?

A

9.

The conversion of graphite has only a small positive value of AH.

However, the production of synthetic diamonds using this reaction is very difficult.

Which statements help to explain this?

2 An equilibrium exists between diamond and graphite.

3 Only exothermic reactions can be made to occur readily.

C(diamond) ———— C(graphite) AH = -3 kJmol™!

A tetrahadral configuration is always more stable than a planar one.

Diamond has only strong covalent bonds whereas graphite has both covalent bonds and van
der Wazls’ forces.

The change from diamond to graphite has a high activation energy.

The density of graphite is less than that of diamond.
[2003 O/N (12)]

3FeO(s) + 2Al(s) —» 3Fe(s) + AlO4(s)

+878kJ B -878kJ C -—-1942kJ D -2474kJ
[2004 M/J (8)]

AH=+2.1kJ mol ™

C (graphite) — C (diamond)

The activation energy of the reaction is large.

[2004 M/J (32)]
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10.
The diagram illustrates the energy changes of a set of reactions.

AH=—134 kJ mol ™!
R » g

AH=+92 Jmol™

Y AH=—75kdmol™’ Y
T - U

Which of the following statements are correct?
1 The enthalpy change for the transformation U—— Ris +42 kJ mol™" .
2 The enthalpy change for the transformation T—— § is endothermic.

3 The enthalpy change for the transformation R —— Tis —33 kJ mol™ .
[2004 O/N (31)]

11.
lodine trichloride, 1CL, is made by reacting iodine with chlorine.

Io(s) + Ch(g) —» 2ICIs) ; AH®= +14kJmol
ICKs) + CL(g) — ICk(s) ; AH®=-88kJmol '

By using the data above, what is the enthalpy change of the formation for solid iodine trichloride?

A -60kJmol’

B —74kJmol'
C -81kJmaol'
D -162kJmol’

[2005 M/J (7)]

12.

Which of the enthalpy changes of the following reactions can only be obtained by application of
Hess' Law?

1 The hydration of anhydrous copper sulphate to form crystals of CuS0..5H,0.
2 The formation of methane from its elements.
3 The combustion of glucose, CeH120s.

[2005 M/J (33)]

13.
Given  S(s)+ O4(g) - SOAg), AH®= —297kJmol !
and S(s) + H0,(g) —» SO4(a) AH® = —395kJ mol

what is the enthalpy change of reaction, AH ©, of 25304(g) + Qa(g) —» 250s(g)?
A -196kdmol ' B -98kdmol' C +98kimol' D +196kJmol '
[2005 O/N (6)]

14.

The table shows the enthalpy change of neutralisation per mole of water formed, AH, for various
acids and bases.

acid base AH/kJmol
hydrochloric acid | sodium hydroxide -57.0
P sodium hydroxide —54.0
hydrochloric acid Q -52.0
nitric acid R -57.0
What are P, Q and R?
P Q R
A ethanoic acid ammonia potassium hydroxide
B ethanoic acid sodium hydroxide ammonia
C sulphuric acid ammonia potassium hydroxide
D

sulphuric acid sodium hydroxide ammonia

[2005 O/N (7)]
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15.
In the conversion of compound X into compound Z, it was found that the reaction proceeded by
way of compound Y, which could be isolated. The following steps were involved.

X — Y AH, positive
Y — Z; AH, negative

Which reaction profile fits these data?

A B c D
Y
> Y, > > Y >
< < o Z o X
7] @y @ 0]
5 |x - > /\ {RAWN
z z X
progress of progress of progress of progress of
reaction reaction reaction reaction
[2006 M/J (8)]

16.

Soadium ions can be formed from sodium atoms.
Na(s) — Na'(g)

Which quantities are required to calculate the enthalpy change of formation of gaseous sodium
ions?

1 enthalpy change of atomisation of sodium

2 firstionisation energy of sodium

3 enthalpy change of formation of sodium
[2006 M/J (32)]

17.
For which equation is the enthalpy change correctly described as an enthalpy change of

formation?

2NO(g) — N{g) + Oq(g)

B 2CO(g) + 04(g) — 2C04(g)
C H.0()+ NaCls) - NaClaq)
D K(s)+ Mn(s) + 205(g) - KMnO,(s)

[2006 O/N (8)]

18.
Given

what is the change in enthalpy, AH®, for the following reaction?

A -525kJmol

19.

An exothermic chemical reaction proceeds by two stages.

The activation energy of stage 1 is 50 kJ mol '. The overall enthalpy change of reaction is

CO(g) + 7 0O2(g)

Ha(g) + 1 Os(g)
H0O(g)

COq(g) + Hx(g) — CO(g) + HO(g)

reactants —————— intermediate ——— products

—100kJmal *.

Which diagram represents the reaction pathway for this reaction?

B —41kJmol

- COg)
- HO()
- HO()

stage 1

AHF=-283 kdmol
AH? =-286 kJmol
AH® =—44 kJmol !

C +1kimol' D +525kImol’

[2006 O/N (9)]

stage 2

A B C D
1001 100 1004 100
75 o+ 7o 754
504 504 504 504
254 J.\ 254 J 254 254

0- 0 0 04 —
o5 |reactants 55 _|reactants 55 | reactants 25 |reaclants
50 -20+ products -20+ -50+ products
-754 -75 -754 -754
-1004  products -1004 -1004 products -1004
progress progress progress o progress o
of reaction of reaction of reaction of reaction

[2007 M/J (7)]
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20.
Skiers trapped by snowstorms use heat packs to keep warm. The heat may be generated by the

reaction below.

4Fe(s) + 30,(g) —» 2Fe;04(s) ; AHS=-1648kJ

What is the standard enthalpy change of formation of iron(I1I) oxide?

OkJmol '
B —824kJmol
C -1648kJmol '
D -3296kJmol’
[2007 M/J (8)]
21.

Slaked lime, Ca(OH)., may be made from limestone, CaCO.,

On heating in a lime kiln at 1000°C, limestone decomposes as follows.
reaction 1 CaCOs(s) — CaO(s) + COz(g)

Water is then reacted with calcium oxide, Ca0, as follows.
reaction 2 Ca0(s) + H;O(l) —» Ca(OH).(s)

What are the enthalpy changes of these reactions?

reaction 1 reaction 2
A endothermic endothermic
B endothermic exothermic
C exothermic endothermic
D exothermic exothermic

[2007 M/J (14)]

22.
The standard enthalpy changes of formation of HCI and HI are —92 kJ mol ' and +26 kJ mol
respectively.

Which statement is most important in explaining this difference?

A Chlorine is more electronegative than iodine.

B The activation energy for the Ha/C b reaction is much less than that for the Ha/ 12 reaction.
C The bond energy of HI is smaller than the bond energy of HCL
D

The bond energy of 1. is smaller than the bond energy of Cl.
[2007 M/J (16)]

23.
Which equation represents the standard enthalpy change of atomisation of bromine?

A Bry(l) - 2Br(g)
B Bry(g) — 2Br(g)
C  1Bral) - Br(g)

D 1Brag) > Br(g)
[2007 O/N (8)]

24,

For which equation does the enthalpy change correspond to the enthalpy change of atomisation
of iodine?

A 2l(s) — I(s)
B %L(s) - I(g)
C  Lyg)—2I(g)
D

Iz(s) —» 21(g)
[2008 M/J (9)]
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25.

Titanium occurs naturally as the mineral rutile, TiO,. One possible method of extraction of
titanium is to reduce the rutile by heating with carbon.

The standard enthalpy changes of formation of TiO.(s) and CO(g) are —940 kJ mol™ and
—110kJ mol~" respectively.

What is the standard enthalpy change of this reaction?

A

B
c
D

~830kJ mol™
~720kJ mol™
+720kJ mol™
+830 kJ mol™

26.
Red lead oxide, Pb30s4, is used in metal priming paints. It can be made by heating PbO in air.

TiOy(s) + 2C(s) — Ti(s) + 2CO(g)

6PbO(s) + Oa(g) — 2Pb04(s)

[2008 M/J (10)]

Which two values are needed to calculate the enthalpy change for this reaction?

b -]

enthalpy change of combustion of lead and enthalpy change of formation of Pb;0,

enthalpy change of combustion of PbO and enthalpy change of formation of PbiOs

enthalpy change of formation of PbO and enthalpy change of atomisation of O

enthalpy change of formation of PbO and enthalpy change of formation of Pb;O4

[2008 O/N (8)]

27.
The diagram represents the reaction pathway for the following reaction.

Wig) + X(g) — Y(g) + Z(g)

energy

reaction pathway

What statement can be made about the reverse reaction, Y(g) + Z(g) —» W(g) + X{(g)?
A ltwill have a larger activation energy and a positive AH.
B Itwil have a larger activation energy and a negative AH.
C Itwill have a smaller activation energy and a positive AH.
D

It will have a smaller activation energy and a negative AH.
[2008 O/N (9)]
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28.

Hydrogen peroxide slowly decomposes into water and oxygen. The enthalpy change of reaction
can be calculated using standard enthalpies of formation.

AH?(hydrogen peroxide(l))= —187.8 kJmol™
AH(water(1)) = -285.8 kJmol™

Using a Hess cycle, what is the enthalpy change of reaction for this decomposition?

2H,0,(1) — 2H,0() + 0,(g)

A +98kJmol
B -98kJmol"
C -196kJ mol™
D -947.2kJmol™
[2009 M/J (8)]
29.

For which reactions does the value of AH® represent both a standard enthalpy change of
combustion and a standard enthalpy change of formation?

1  C(s)+ Ozg) — CO:(g)
2  2C(s)+ Oz(g) —» 2C0O(g)

3 CO(g) + 1 0x(g) — COyg)
[2009 M/J (33)]

30.

The first stage in the industrial production of nitric acid from ammonia can be represented by the
following equation.

4NH;(g) + 502(g) = 4NO(g) + 6H,0(g)

Using the following standard enthalpy change of formation data, what is the value of the standard
enthalpy change, AH®, for this reaction?

compound AHE/kJmol™
NH;(g) -46.1
NC(g) +90.3
H,0(g) 2418

A +905.2kJmol!

B —1054kJmol™

C -9052kJmol”

D -1274.0kJmol™

[2009 O/N-11 (6)]
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31.

Four rezctions of the type shown are studied at the same temperature

X(gl+ Y(g)— Z(9)

Which is the correct reaction pathway diagram for the reaction that would proceed most rapidly

and with the highest yield?

A

energy /

reactant

energy

/\;

-
product

4/\

\_,

reactant

32.

Given the following enthalpy changes,

Io(g) + 3CkL(g) — 2ICk(s)

product

Lo(s) - 12(9)

energy

energy

B

reactant procuct
D

reactant procduct

[2009 O/N-11 (10)]

AHF = 214 kJmol™

AH® = +38kJmol™

What is the standard enthalpy change of formation of iodine trichloride, 1Ck(s)?

A +176kJmol™’
B —88kJmol™
C —176kJmol™
D -214kJmofl™

[2010 M/J-11 (5)]

33.

Some bond energy values are listed below.

bond

bond energy/kJmol™

CH
C-Cl
CICI
Br—Br

410
340
244
193

These bond energy values relate to the following four reactions.

Br: — 2Br
2Cl - ClL

CH, + Cl—> CHACI
CH; -+ CH;+H

w X 07T

What is the order of enthalpy changes of these reactions from most negative to most positive?

A P-Q->R-S
B Q->R-»>85-P
C BRo0P8
D SP-5Q->R

34.

Equations involving four enthalpy changes are shown.

Na(g) - Na'(g) + &

Na(g) —» Na®'(g) +2e” AH=X
Na(s) —» Na(g) AH=Y
Na(s) —» Na*(g) +2e~ AH=Z

AH=W

What is the second ionisation energy of sodium?

A 2W B X-W

cC Y-w

[2010 M/J-13 (5)]

D Z-¥

[2010 O/N-11 (3)]
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35.

Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The
following equation represents the enthalpy change of formation of butane.

4C(s) + 5Ha(g) — C4H1o(9)

By using the following standard enthalpy of combustion data, what is the value of the standard
enthalpy change of formation, AHY, for this reaction?

compound AHEkJ mol
carbon -394
hydrogen —286
butane —2877
A -5883kJmol™
B —129kdmol™
C +129kJmol™’
D +2197kJmol™
[2010 O/N-11 (8)]
36.

In a calorimetric experiment 1.60g of a fuel is bumnt. 45% of the energy released is absorbed by

200g o1f w?ter whose temperature rises from 18 °C to 66 °C. The specific heat capacity of water is
42Jg K.

What is the total energy released per gram of fuel burnt?

A 252004 B 56000J C 896004 D 143 360J

[2010 O/N-11 (9)]

37.

Which equation reprasents the change corresponding to the enthalpy change of atomisation of
iodine?

A 1L(g) 1(g)
B lg) — 21(g)
C  1h(s)—>I(g)
D Iyfs) - 2i(g)
[2010 O/N-11 (11)]

38.
Methanol may be prepared by the reaction between carbon monoxide and hydrogen.

CO(g) + 2Hz(g) — CHaOH(g)

The relevant average bond energies are given below.

E(C=0) 1077kJmol”

E(C-0) 360kJmol™
E(C-H) 410kJmol™
E(H-H) 436kJmol”
E(O-H) 460kJmol™

What is the enthalpy change of this reaction?
A -537kJmol™
B -101kJmol”
Cc +101kJmol™
D +537kJmol™
[2010 O/N-12 (4)]

39.

The reaction pathway diagram below illustrates the energies of reactants, products and the
transition state of a reaction.

transition state

EZ
energy

products

reaction coordinate

Which expression represents the activation energy of the forward reaction?

A Ei—E; B E -E; C E-E D (Ei1-Ez)—(E:—Es)

[2010 O/N-12 (6)]
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40.
Use of the Data Booklet is relevant to this question.

The enthalpy change of formation, AH;, of hydrated calcium ions is the enthalpy change of the
following reaction.

Ca(s) + ag — 2e” — Ca*(aq)
The following enthalpy changes are not quoted in the Data Bookiet.

Ca(s) — Cal(g)
Ca**(qg) + aq — Ca’*(aq)

AH, = 177kJmol™
AHnye = —1565kJmol™

What is the enthalpy change of formation of hydrated calcium ions?
A -1388kJmol™

B —798kJmol”

C —238kJmol™
D

+352kJ mol™
[2010 O/N-12 (8)]

41.

The equation below represents the combination of gaseous atoms of non-metal X and of
hydrogen to form gaseous X:Hs molecules.

2X(g) + 6H(g) —» XoHs(g) AH =-2775 kJ mol™
The bond energy of an X—H bond is 395kJmol™.

What is the bond energy of an X-X bond?
A —405.0kJmol™
B -202.5kJmol™
C +202.5kJ mol™
D +405.0kJmol™

[2011 M/J-11 (8)]

42.

Titanium occurs naturally as the mineral rutile, TiO,. One possible method of extraction of
titanium is to reduce the rutile by heating with carbon.

TiOa(s) + 2C(s) — Ti(s) + 2CO(g)

The standard enthalpy changes of formation of TiO.(s) and CO(g) are —940 kJ mol™! and
—110kJ mol™ respectively.

What is the standard enthalpy change of this reaction?
A —830kJmol
B —720kJmal™
C +720kJmol™
D +830kJmol”
[2011 M/J-12 (7)]

43.

Which reaction has an enthalpy change equal to the standard enthalpy change of formation of
propane?

A 3C(g) + 4Hy(g) —> CsH(g)
B 3C(g) + 8H(g) > CaHa(g)
C 3C(s)+ 4Hy(g) — CiHg(g)
D 3C(s)+ 4Hz(g) — CaHs(l)
[2011 M/J-12 (8)]
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44,

45,

[2011 M/J-12 (9)]

[2011 O/N-11 (6)]

46.

47.

[2011 O/N-12 (10)]

[2011 O/N-12 (32)]
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48.

49,

[2012 M/J-11 (3)]

[2012 M/J-11 (7)]

50.

51.

[2012 M/J-12 (12)]

[2012 O/N-11 (4)]
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52.

53.

[2012 O/N-11 (5)]

[2012 O/N-11 (10)]

54.

55.

[2012 O/N-11 (11)]

[2012 O/N-13 (5)]

14 P age




56.

57.

[2012 O/N-13 (10)]

[2013 M/J-11 (7)]

58.

59.

[2013 M/J-11 (12)]

[2013 M/J-12 (2)]
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60.

61.

62.

63.

[2013 M/J-12 (10)]

64.

[2013 M/J-12 (11)]

[2013 M/J-12 (12)]

[2013 M/J-13 (11)]

[2013 M/J-13 (33)]
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65.

[2013 O/N-11(11)]

66.

67.

[2014 M/J-11 (3)]

[2014 M/J-11 (5)]
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68.

69.

70.

71.

[2014 M/J-11 (31)]

72.

[2014 M/J-12 (3)]

[2014 M/J-12 (8)]

[2014 M/J-12 (11)]

[2014 M/J-13 (3)]
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74.

75.

76.

[2014 M/J-13 (9)]

77.

[2014 M/J-13 (11)]

[2014 O/N-11 (3)]

[2014 O/N-11 (7)]

[2014 O/N-11 (8)]
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78.

79.

[2014 O/N-11 (32)]

[2014 O/N-13 (5)]

80.

81.

[2014 O/N-13 (10)]

[2014 O/N-13 (11)]
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82.

[2014 O/N-13 (34)]
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