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SECTION - ENTHALPY CHANGE, AH — EXOTHERMIC AND ENDOTHERMIC REACTIONS

Q1 ¢ Easy 9701/22/F/M/24/Q3(c)(i)

2 marks

(c) The Haber process involves the reaction of N, and H, to form ammonia, NH,.

A catalyst is used, which allows the process to be carried out at a lower temperature and
pressure.

N,(9) + 3Hy(g) == 2NH,(9) AH = -92kJmol’

(i) Use the information in (c) to complete Table 3.1.

Table 3.1
enthalpy change of
compound formation, AH,/kJ mol™
N,
H,
NH,

[2]
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SECTION - ACTIVATION ENERGY, EA

Q2 ¢ Hard 9701/22/0/N/18/Q2/bii 3 mar

(b) SClI,is formed in the following reaction.

S,CL(I) + Cl(g) = 2SCL(l) AH=-40.6kJmol"

(ii) Complete and fully label the reaction pathway diagram for the reaction between S,Cl, and
Cl,. Include labels for activation energy, E,, and enthalpy change of the forward reaction,
AH.

S,CLy(l) + Cl,(9)

energy

progress of reaction

[2]
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SECTION - REACTION PATHWAY DIAGRAMS

Q3 ¢ Easy 9701/21/0/N/21/Q3(a)(ii) 1 mark

(ii) Red phosphorus (P) forms when white phosphorus (P,) is exposed to sunlight.

IP,(s) —> P(s) AH = -17.6 kJ mol™
white red

Use this information to draw a reaction pathway diagram to show the formation of red
phosphorus (P) from white phosphorus (P,).

A

enthalpy P,

\

progress of reaction

[1]
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SECTION - REACTION PATHWAY DIAGRAMS

Q 4+ Hard 9701/22/F/M/21/Q1(c)(i)

2 marks

(c) Krypton reacts with fluorine in the presence of ultraviolet light to make krypton difluoride,

KrF,(9).

Kr(g) + F,(g) — KrF,(9)

activation energy for the reaction, E, = +385kJ mol™’

enthalpy change of formation of KrF,, AH, = +60.2 kJ mol™

(i) Use this information to complete the reaction profile diagram for the formation of KrF,.

Label E, and AH; on the diagram.

Assume the reaction proceeds in one step.

A

energy reactants
/kJ mol™

progress of reaction
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SECTION - STANDARD CONDITIONS

Q5+ Easy

9701/22/0/N/21/Q1(b)

2 marks

(b) The standard enthalpy change of formation, AH¢, of HI(g) is +26.5kJ mol™".

Define the term standard enthalpy change of formation.

Q6 * Hard

9701/21/M/)/24/Q4(b) (i)

2 marks

(b) Iron is made when iron(I1l) oxide is heated with carbon monoxide, as shown by reaction 2.

reaction2  Fe,O5 + 3CO — 2Fe + 3CO,

Table 4.1 shows enthalpy change of formation data measured at 298 K and 101 kPa.

Table 4.1
substance equation value for AH?/kJ mol~?
Fe,O, —824.2
CoO -110.5
CO, C(s) + O,(g) > COL(9) -393.5

(i) Complete Table 4.1 by adding equations with relevant state symbols to represent:

standard enthalpy change of formation for Fe,O,
standard enthalpy change of formation for CO.
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SECTION - ENTHALPY CHANGES OF REACTION, FORMATION, COMBUSTION AND NEUTRALISATION

Q 7+ Easy 9701/21/0/N/21/Q1(b)(i) 2 marks
(b) The enthalpy change of combustion of CS,(l) is represented by the following equation.

AH,
CS,(l) + 30,(g) —— CO,(g) + 2S0,(g)
(i) Define enthalpy change of combustion.
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SECTION - ENTHALPY CHANGES OF REACTION, FORMATION, COMBUSTION AND NEUTRALISATION

Qg ° Hard 9701/23/M/)/24/Q3(a)-(b) 4 marks

3 (a) Write an equation to show the reaction for the standard enthalpy change of formation of H,O.
Include state symbols.

(b) Water is one of the products in the reaction of B,O, and NH,, as shown in reaction 2.
reaction 2 B,O5 + 2NH; — 2BN + 3H,0

Table 3.1 shows information about the standard enthalpy change of formation, AH?, of some

substances.
Table 3.1
substance AH2/kJmol~!
B,0, 1264
NH, _46
BN -134
H,O 286

Calculate the enthalpy change, AH, for reaction 2 using the data from Table 3.1.

AH= e, kJ mol~! [2]
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SECTION - EXACT AND AVERAGE BOND ENERGIES

Q9 ¢ Hard 9701/21/0/N/23/Q1(e)(ii) 2 marks

(e) POCI,(g) forms when PCl;(g) reacts with O,(g).
2PCl4(g) + O,(g) — 2POCL(9)

Table 1.3 gives some relevant data.

Table 1.3
process value/kJ mol™’
enthalpy change of formation of PCl;(g) —289
enthalpy change of formation of POCL;(g) -592
0,(g9) — 20(g) +496

(i) Calculate the bond energy of P=0 in POCI, using the data in Table 1.3.

Show your working.

bond energy of P=O = ..o, kJ mol™’
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SECTION - BOND ENERGY CALCULATIONS

Q 10 ° Easy 9701/22/M/)/22/Q3(b) 2 marks

3 (a) 0.025mol of HI(g) is added to a closed vessel and left to reach dynamic equilibrium. The total
pressure of the vessel is 100kPa.

equation 1 2HI(g) = H,(9) + L(9)

(b) Use equation 1 and the bond energy values in Table 3.1 to calculate the change in enthalpy,
AH, for the thermal decomposition of 1 mole of HI(g). Show your working.

Table 3.1

bond bond energy/kJ mol™

H-H 436
I-I 151
H-I 299

AHZ oo, kdmol' [2]
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SECTION - BOND ENERGY CALCULATIONS

Q11  Hard 9701/22/M/)/25/Q3(c) 2 marks

(c) Hydrocarbon Y contains two C=C groups. There are no other functional groups present.

Y reacts with an excess of H,(g) to produce hexane, CH,,.

Table 3.1
bond energy/kJ mol™’
Cc-C 350
C=C 610
C=C 840
H-H 436
C-H 410

Use Table 3.1 to calculate the enthalpy change per mole of C;H,, produced in this reaction.

enthalpy change = .......c..ccceveeeveevenennn kdmol~" [2]

AS Level Chemistry - Chemical Energetics Paper 2 | ChemBridge



SECTION - CALORIMETRY CALCULATIONS — Q = MCAT AND AH = —MCAT/N

Q 12+ Easy 9701/21/M/)/23/Q2(a)-(b)(ii) 6 marks

2 Aneutralisation reaction occurs when NaOH(aq) is added to H,SO,(aq).
equation 1 2NaOH(aq) + H,S0,(aq) — Na,SO,(aq) + 2H,0(l)

(a) Define enthalpy change of neutralisation, AH__ ..

(b) An experiment is carried out to calculate AH
H,SO,(aq).

eyt fOr the reaction between NaOH(aq) and

100cm?® of 1.00moldm= NaOH(aq) is added to 75cm? of 1.00moldm= H,SO,(aq) in a
polystyrene cup and stirred. Results from the experiment are shown in Table 2.1.

Table 2.1
initial temperature of NaOH(aq)/°C 20.0
initial temperature of H,SO,(aq)/°C 20.0
maximum temperature of mixture/°C 27.8

(i) Use equation 1 to calculate the amount, in mol, of H,SO,(aq) that is neutralised in the
experiment.

amount of H,SO,(aq) neutralised = .............ccccceniinnns mol [1]

(ii) Calculate AH, , using the results in Table 2.1. Include units in your answer.

Assume that:

« the specific heat capacity of the final solution is 4.18 Jg~' K™
*  1.00cm3 of the final solution has a mass of 1.00g

* there is no heat loss to the surroundings

+ full dissociation of H,SO,(aq) occurs

e the experiment takes place at constant pressure.

Show your working.
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SECTION - CALORIMETRY CALCULATIONS — Q = MCAT AND AH = —MCAT/N

Q13 * Hard 9701/22/M/)/24/Q2(b)(ii) 3 marks

2  Separate samples of Na,CO5 and NaHCO, react with HCI(aq) to produce the same products, as
shown in Table 2.1.

Table 2.1
reaction equation AH/kJmol™"
1 Na,CO, + 2HCI - 2NaCl + H,0 + CO, AH,
2 NaHCO, + HCI— NaCl+ H,0 + CO, AH, = +27.2

(b) The value for AH, is determined by experiment using the following method.

e 50.0cm? of 2.00moldm=3 HCI(aq) is added to a polystyrene cup.

*  The initial temperature of the acid is recorded as 19.6 °C.

0.0400mol of Na,CO, is added and the mixture is stirred.

All the solid Na,CO, disappears and a colourless solution is produced.

The maximum temperature recorded during the reaction is 26.2°C.

(ii) Calculate the value of AH, in kJmol".

Assume the specific heat capacity of the reaction mixture is the same as for water and
no heat is lost to the surroundings.

Show your working.

AH{ = oo kdmol-! [3]
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SECTION - HESS’S LAW AND ENERGY CYCLES

Q 14+ Easy 9701/21/0/N/22/Q3(d)(ii) 2 marks

(d) Sulfur, S, reacts with chlorine to form several different chlorides. The most common are S,Cl,
and SCI,. SCI, forms when sulfur reacts with an excess of chlorine.

reaction 1 Sg(s) + 4Cl,(g) — 4S,Cl(1) AH. = -58.2kJmol™
reaction 2 S,ClL,(I) + Cl,(g) = 2SCL(l) AH, = -40.6 kd mol™

(ii) Calculate the enthalpy change of formation, AH,, of SCI,(I). You may find it useful to use
Hess’s Law to construct an energy cycle.

enthalpy change of formation of SCI,(I), AH; = .......ccccccoviiiiiinnnn kJ mol™'
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SECTION - HESS’S LAW AND ENERGY CYCLES

Q 15« Hard 9701/22/M/J/24/Q2(b)(iii) 2 marks

2  Separate samples of Na,CO5 and NaHCO, react with HCI(aq) to produce the same products, as
shown in Table 2.1.

Table 2.1
reaction equation AH/kJmol™"
1 Na,CO, + 2HCI - 2NaCl + H,0 + CO, AH,
2 NaHCO, + HCI— NaCl+ H,0 + CO, AH, = +27.2

(iii) Thermal decomposition occurs when NaHCO, is heated.
reaction 3 2NaHCO,; —» Na,CO; + H,O + CO,

Calculate the enthalpy change for reaction 3, AH,, using the data in Table 2.1 and the
value of AH, calculated in (b)(ii).

(If you were unable to calculate a value for AH, in (b)(ii), assume the enthalpy change is
—38.4kJmol~". This is not the correct value.)

AHE M ...o................ kJmol=! [2]
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SECTION - HESS’S LAW CALCULATIONS — INCLUDING BOND ENERGY DATA

Q 16+ Easy 9701/22/M/)/23/Q4(a) 2 marks

4 Inindustry, ethanol is made by reacting ethene with steam in the presence of H,;PO,.
reacton 1 C,H,(g) + H,0(g) = C,H;0H(g)

(a) Use the bond energy values in Table 4.1 to calculate the enthalpy change, AH,, for reaction 1.

Table 4.1
bond bond energy/kJ mol~"
c-C 350
C=C 610
C=C 840
C-H 410
c-O 360
Cc=0 740
O-H 460

AH = kdJmol=! [2]
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SECTION - HESS’S LAW CALCULATIONS — INCLUDING BOND ENERGY DATA

Q 17 » Hard 9701/23/M/)/22/Q3(a)(ii)

3 G belongs to a group of compounds called ethers.

G
LT
H—C—C—O—C—C—H
|| ||
H H H H
Fig. 3.1
(a) When G, C,H,,0O, is heated, thermal decomposition occurs.

C,H,,0(g) — C,H.(g) + CO(g) + CH,g) AH=-7.00kJmol"

(i) The atoms in a molecule of CO are held together by a triple covalent bond. One of these
bonds is a coordinate (dative covalent) bond.

Draw a dot-and-cross diagram to show the arrangement of outer electrons in a CO
molecule.

Use e to represent electrons from an oxygen atom.
Use x to represent electrons from a carbon atom.

[1]

(ii) Calculate the bond energy of C=0 using the bond energy values in Table 3.1 and the
enthalpy change, AH, for the thermal decomposition of G. Show your working.

Table 3.1
bond bond energy/kJ mol~'
c-C 350
C-0O (in G) 360
C-H 410
bond energy (CZ0) = ......c.ccoiiiiiiiiinen kJ mol™'
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MARKING SCHEME

Ql e Easy 9701/22/F/M/24/Q3(c)(i) 2 marks
3(c)(i) 0 for both AH: of N2 and H2 1
—46 for AHr of NHs 1
Q 2° Hard  9701/22/0/N/18
2(b)(ii)
[ &
mergy | 550+ Ck W
AH
v ( i
reaction pathway
M1 profile for exothermic reaction [1]
M2 identification of AH and E, [1]
Q 3 ¢ Easy 9701/21/0/N/21/Q3(a)(ii) 1 mark
3(a)(ii) 1
3
enthalpy

{red / (4)P)

progress of reaction
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MARKING SCHEME

Q 4+« Hard 9701/22/F/M/21/Q1(c)(i) 2 marks
1(c)(i) Encrgy 2
b products
:':'_:':':""I" } amhalpy change
resctamts LLg | AH is positive)
Progress nl'r:-.ulinn
M1: end higher than start AND ‘hill’ for E,
M2: E; AND AH labelled
Q 5+ Easy 9701/22/0/N/21/Q1(b) 2 marks
1(b) (enthalpy / energy change) when one mole of a compound is formed 2
from its elements in their standard states
Q g°* Hard 9701/21/M/)/24/Q4(b)(i) 2 marks
4(b)(i) 2
2Fe (s) + %Oz(g) — Fex0s(s)
C(s) +502(9) — CO(9)
Q 7+ Easy 9701/21/0/N/21/Q1(b)(i) 2 marks
1(b)(i) M1 (enthalpy/energy change when) 1 mole of a compound 2
M2 burns/combusts/reacts in excess oxygen/O;
OR
completely burns/ completely combusts/completely reacts in oxygen/O:
Q8 ¢ Hard 9701/23/M/)/24/Q3(a)-(b) 4 marks
3(a) Hz(g) + %202(g) — H20(1) 2
M1 correct equation only
M2 correct state symbols based on this equation
3(b) AH = —(—1264) — (2 x —46) + (2 x—134) + (3 x —286) = (+)230 kJ mol-’ 2

M1 correct expression in terms of all 4 enthalpy changes of formation AND correct stoichiometry (as described in given

equation)
M2 correct calculation based on figures given
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MARKING SCHEME

Q9 ¢ Hard 9701/21/0/N/23/Q1(e)(ii) 2 marks
1(e)(ii) | 2(-592) = 2(—289) + (496) — 2(P=0) ]
OR
(2) P=0O = 2(—289) + (496) + 2(592)
Ep= 0 =12(1102) = +551 (kJ mol~) 1
Q 10° Easy 9701/22/M/)/22/Q3(b) 2 marks
3(b) evaluation, to give a value, based on calculation using: 2

e all three correct bond energies [HI = 299, H, = 436, I, = 151]
e correct use of stoichiometry to calculate AH for 1 mol HI
x=1andy="%
e calculate a value for AH correctly
i.e. x(299) — y(436 + 151)
AH = (+)5.5 kJ mol-'
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MARKING SCHEME

Q 11° Hard 9701/22/M/)/25/Q3(c)

2 marks

3(c)

method 1 — breaking all bonds in molecules
(2 x610) + (2 x 436) + (10 x 410) + (3 x 350) — (14 x 410) — (5 x 350)

e energy involved when all bonds are broken = (7242)
e energy involved when all bonds are made = (7490)
e energy to break bonds — energy to make bonds

= (7242 — 7490) = —248

method 2 — ignore any bonds that do not change from reactants to products
(2x610) + (2 x 436) — (4 x 410) — (2 x 350)

e energy involved when all bonds are broken = (2092)

e energy involved when all bonds are made = (2340)

e energy to break bonds — energy to make bonds

(2092 —2340) =248

Q 12 - Easy 9701/21/M/)/23/Q2(a)-(b)(ii)

6 marks

2(a)

M1 (enthalpy change) when 1 mole of water is formed
M2 from an (aqueous) acid and an alkali/ (aqueous) base

2(b)(i)

0.05 mol

2(b)(ii)

M1 correct volume and correct temperature change

M2 calculation to calculate Q based on M1 volume and temp and Q = mcAT
Q=mcAT =175 x4.18 x (27.8 — 20) = (=)5705.7

M3 energy change when 0.1 mol H-0 is made with appropriate unit and sign
AH = M2 /0.1 =-57.1 kdmol~' OR -57100 J mol-’

Q 13 ¢ Hard 9701/22/M/)/24/Q2(b)(ii)

3 marks

2(b)(ii)

M1 calculate Q from = 50 x 4.18 x (26.2 — 19.6)) = 1379.(4)

M2 Use M1 to find energy change when 1 mol Na;CQO3s/2 mol HCl reacts
M1 = 0.04 = 34485

M3 express Q as AHy in kJ moF? = — (value for M2) + 1000

=-34.5kJ mol

Alternative method

M1 evidence of use Q = mcAT =50 x 4.18/1000 x (26.2 — 19.6) = 1.3794
M2 Use M1 to find energy change when 1 mol Na2CQOs/2 mol HCl reacts
M1 = 0.04 = 34.485

M3 express Q as AHy in kJ mol =" = — (value for M2) (expressed in kJ)

= -34.5kJ mol™’!

Q14 * Easy 9701/21/0/N/22/Q3(d)(ii)

2 marks

3(d)(ii)

Correct use of enthalpy values / correct direction / use of arrows (with or without an energy cycle)
M1 ((-58.2) + (—40.6)) OR (-98.8)

M2 [(-58.2 + 4(—40.6) = 8AH)]

Correct calculation and correct stoichiometry

AH: = —=27.6 (kd mol™)
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MARKING SCHEME
Q 15 Hard 9701/22/M/)/24/Q2(b)(iii) 2 marks
2(b)(iii) | Using answer from 2(b)(ii) 2
() 2AH2 — (AHM)
(=) 2 x 27.2 — (2b(ii))
2 x 27.2 — (-34.50) = (+) 88.9 kd mol!
All three correct (2 marks) or two correct (1 mark):
e (27.2) —(-34.5) OR (27.2) — (2b(ii))
e 2 x27.2and1 x 2b(ii)
e calculate correctly their expression
Using alternative value of AH;=-38.4 kJ mol’
AH. = (+)92.8 kJ mol~' = 2 marks
Q 16° Easy 9701/22/M/)/23/Q4(a) 2 marks
4(a) Method 1 2
e identification of number and type of bonds when all are broken
20-H +4C-H + C=C OR (2 x 460) + (4 x 410) + 610
e Identification of number and type of bonds when all are made
O-H + 5C-H + C-C + C-O OR (460 + (5 x 410) + 350 + 360)
e calculation of energy to break bonds — energy to make bonds
3170 — 3220 = - 50 (kJ mol-")
Two correct for one mark, three correct for two marks.
OR
Method 2
e identification of number and type of relevant bonds broken (including the new C-H only)
20-H + C=C OR (2 x 460) + 610
e identification of number and type of relevant bonds made (including the new C-H only)
O-H + C-H + C-C + C-O OR (460 + 410 + 350 + 360)
e calculation using energy to break bonds — energy to make bonds
1530 — 1580 = —50 (kJ mol-")
Two correct for one mark, three correct for two marks.
Q17 » Hard 9701/23/M/)/22/Q3(a)(ii) 2 marks
3(a)(ii) M1 expression OR value derived from using all bond energy values and AH correctly, ignoring stoichiometry 2

~7 = (n350 + m360 + p410) — (g410 + r350 + sC=0).

M2 correct calculation based on correct expression AND stoichiometry
[-7 = 2(350) + 2(360) + 10(410) —10(410) =350 —x] = (+)1077 kJ mol-"
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