SUGGESTION ANSWER SCHEME
COMPILATION PSPM 2P SEMESTER
TOPIC: THERMOCHEMISTRY

PSPM 2003/2004 SK027 (1b, 1c & 5b)

1 (a) State Hess Law.

The change in enthalpy is the same whether the reaction takes place in one step or

a series of steps.

[2 marks]
(b) Determine the enthalpy change, AH; for the reaction.
C(graphite) + 2H,(g) — CHa(9),
Given:
C (graphite) + 0O,(g) — CO2(g) AH; = —393.5 kJ
2H,(g) + O.(g) > 2H0 () AH; = —571.6 kJ
CHs(g) + 20,(g) — CO2(g) +2H0(l) AHs =-890.4k]
[3 marks]
AH; = X AH product - X AH reactant

—74.77 kJ @

AH; - (AHl + AHz)
-890.4 — [-3935 + (-571.6) ]
using algebraic method

2 Draw the Born-Haber cycle for the formation of magnesium chloride, MgCl, from
magnesium metal and chlorine gas. Calculate the enthalpy of formation of MgCl..

Given:

Heat of sublimation of magnesium, AH; = + 149 kJ mol™

First ionization energy of magnesium, AH, = + 740 kJ mol™
Second ionization energy of magnesium, AHj = + 1456 kJ mol™
Heat of atomization of chlorine, AHs = + 240 kJ mol™

Electron affinity of chlorine, AHs = — 369 kJ mol™

Lattice energy of MgCl,, AHs = — 3933 kJ mol™
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+

[8 marks]
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AH; = AH; + AH, + AH; + AH; + AHs; + AHg
149 + 740 + 1456 + 2(240) + 2(~369) + (—3933)
— 1846 kJ mol™

PSPM 2004/2005 SK027 (1a, 1b, 6a & 6b)

3 FIGURE 1 shows an energy cycle for the dissolution of halogen, X,. X represents bromine
or iodine.

AH;
Y X, (standard state) X (aq)
AH, AHy
AHj3
X (9 X (9)
FIGURE 1
(@ 1.  What is the phase for bromine and iodine at their standard states?

Phase for bromine — liquid
Phase for iodine — solid

ii.  Name the enthalpy change for AH,, AH3 and AHj.
AH; = enthalpy of atomization
AHjz = electron affinity
AH,4 = enthalpy of hydration

[5 marks]

(b) TABLE 1 shows values of AH,, AH3 and AH, of the above data processes for bromine

and iodine.
TABLE 1
Bromine lodine
(kJ mol™) (kJ mol™)
AH; +112 + 107
AHs3 — 342 - 295
AHy - 351 - 307

i. Calculate AH; values for bromine and iodine.
Hess Law, AH; = AH, + AH; + AH,

For bromine, AH; = 112 + (- 342) + (- 351)
= - 581 kJ mol™



4 (a)

(b)

For iodine, AH; = 107 + (-295) + (-307)
= — 495 kJ mol™

ii.  What can be deduced from b(i)?
AH1 Bromine 1S more exothermic than AH; jodine.
This indicates that Br” (aq) is formed more easily than I" (ag) or bromine
dissolves more easily than iodine.

[5 marks]

Define standard enthalpy of formation, AH®;.
The heat change when one mole of a compound is formed from its elements in
their stable states under standard condition (25 °C and 1 atm).

The combustion of 4.6 g of ethanol has evolved 136.7 kJ heat at 25 °C and 1 atm.
Calculate the standard enthalpy of formation of ethanol.
[AH% CO,(g) = —393.5 k] mol™ and AH® H,0 (I) =—285.8 kJ mol™]

CH3CH,OH (g) + 30,(g) — 2CO;(g) + 3H,O(I) AH® = —136.7 kJ mol™
Mr ethanol = 4.6 g/mol

N ethanol = 4.6 g /46 g mol™
= 0.1 mol

0.1 mol CH3CH,OH released 136.7 kJ
1.0 mol CH3CH,0OH released = —136.7kJ /0.1

= — 1367 kJ mol™
AH® 1y, = X AH product - X AH reactant
_1367 = [2(~3935) + 3(=285.8)] - AH{ CHsCH,OH

AH{ CH3CH,OH = —277.4 kJ mol*
[9 marks]

The following equations show the combustion reactions of ethyne and propane.

2 CoH, (g) + 50, (g) — 4CO, (g) + 2H,0 (|) AHP°
CsHg (g) + 50, (g) - 3CO, (g) + 4H,0 (|) AHP°

—2598.8 kJ
—2220.0 kJ

A mixture of 5.0 mol gases consisting of ethyne and propane is burnt and 7647.8 kJ of
heat is evolved. What is the mole ratio of ethyne to propane in the mixture?

Let:
X

y

moles of C,H,
moles of C3Hg



Total mole:
X +y=5
X =5y oo (1)
Enthalpy of combustion 1 mol C;H, = —2598/2
1299.4 kJ

Enthalpy of combustion 1 mol CsHg = —2220.0 kJ

Total heat released:
1299.4x + 2220.0y = 7647.8 ---------- 2

Solve the simultaneous equation:
X = 3.75
y = 1.25

. MolerationC,H, : nC3sHg = 3.75: 1.25
=3:1
[6 marks]

PSPM 2005/2006 SK027 (1a & 1b)

5 (@

I. Define standard enthalpy of formation.

Energy/heat/enthalpy change when 1 mole of substance is formed from its
elements in their stable state under standard condition (1 atm and 25°C).

ii.  Calculate the heat of combustion of methane using standard heats of formation

below:

AH; CO,(g) = —394 kJ mol™

AH; H,O0 () = —286 ki mol™

AH; CHs(g) = —75kimol™

[5 marks]

C(s) + 2Hy(g) > CHq4(g) AH; = — 75 kJ mol™
C(s) + O2(g) — CO2(9) AH; = — 394 kJ mol™
[Ho(g) + 20,(@ —> H,O00] x 2 AHf = —286 kI mol™ x 2
@

AH; = X AH product — X AH reactant
CHs(g) + 202(g9) — COz(9) + 2H0(I)

AH; CH, (9) -394 + (-572) + 75

— 891 kJ mol*



) i

AH;
AHs

Name the enthalpies AH,, AH4 and AHs in the following Born-Haber cycle for
sodium chloride, NaCl.

AH, = atomozation energy of sodium

AH, = ionization energy of sodium

AHs = electron affinity of chlorine

Calculate the lattice energy, AHg for NaCl.

Na" (g) + Cl (g)
AH4 =495.4KJ AHs = — 348.8 kJ
Na(g) + Cl(9) Na+ (g) + CI (9)
AHz = 121.3 k]

Na(g) + %Cl2 (9)

A

AHZ =107.8kJ AHG

Na(s) + %2Clz(g)

AH; =-411.3KJ

NaCl (s)

AH, + AH; + AH; + AH; + AHg

AH; — (AH, + AH; + AH; + AH5) @
(-411.3 - 107.8 — 121.3 — 495.4 — 348.8) kJ

— 787 kJ or kJ mol™

[5 marks]

PSPM 2006/2007 SK027 (1a & 1b)

6 (a) The enthalpies of formation of Fe;O, (s) and H,O (g) are — 1120 kJ mol™ and — 242 kJ
mol™ respectively.

Write the thermochmical equations for the formation of both Fe;O;4 (s) and
H20 ()

3Fe(s) + 20,(g) — Fes04(s) AH = —1120kJ

Ho(g) + L0, — H0(g) AH = —242 kJ}
@

2H,(g) + O,(g — 2H,0(g) AH = — 484 kJ



ii.  Calculate the enthalpy of the following reaction:
3Fe(s) + 4HO(g) — FesOs(s) + 4H2(9)

AH; = X AH product - X AH reactant
[-1120 + 4(0)] — [3(0) + 4(-242)]
—152 kJ

iii.  Which of the reaction involved in (i) and (ii) is most easily be made reversible?
Give your reason.
Reaction: 3Fe(s) + 4H,O(@) — Fe304(s) + 4H,(g) @
reaction in (ii) because less exothermic
[6 marks]

(b) Calculate the heat released when 0.75 g of nitrogen dioxide, NO, is produced in the
thermochemical reaction below.

2NO(g) + O,(@) — 2NO2(9) AH®° = —114.1 kJ
From equation:
2mol of NO, =~ —-114.1kJ
1 mol of NO, = —-57.05kJ

Mr NO, = 46 g/mol
nNO, = 0.75g/46 g mol™
= 0.016 mol

0.016 x —57.05kJ
—0.9128 kJ

ern

[4 marks]

PSPM 2007/2008 SK027 (1a & 1b)

7 (a) The enthalpy of combustion of fructose, C¢H1,0s, is 21.2 kJ mol™. An amount of 2.63 g
of C¢H1206 was completely combusted in a bomb calorimeter at 25.0 °C.
i.  Write the thermochemical equation for the reaction.
CeH1206 () + 60,(y) » 6CO,(g) + 6H,0() AH = —vekJ mol

ii.  Calculate the final temperature if the calorimeter contains 225.0 mL of water.

N fructose = 2.63 0
180.18 g mol™*

= 0.0146 mol

From equation:
1 mol CsH120g = —21.2 kJ
0.0146 mol CsH1205 = —0.3096 kJ



Qmxn = mcAT
AT = 0.3096 mol _x_ 1000
2259 x 4.18Jgtect
= 0.33°C

Téina = 25.0 + 0.33

= 25.33°C [5 marks]
(b) The industrial process for the production of sulphuric acid has three steps.

S(s) + 0,(g) — SO»(g) AH = —296.83K]
2805(9) — 0,(g) + 2S0:(g) AH = —198.20 kJ
SOs3(g) + HO(I) — HS04 () AH = —227.72 K]

Using the above data, calculate the enthalpy of the reaction,

2S(s) + 30,(g) + 2H0(I) — 2 H,S04 ()

2S(s) + 20,(g) = 2S0,(g) AH; = 2 (- 296.83) kJ
O2(@ + 2S0O,(g) — 2S0O;3(g) AH; = 198.2 kJ
2505(g) + 2H0(l) — 2H,504(1) AH3 = 2 (- 227.72) kJ

AH = AH; + AH, + AHj;
= —850.9 kJ
[5 marks]

PSPM 2008/2009 SK027 (5)

8 Calcium fluoride, CaF», is a stable compound in the solid state. The enthalpy of solution is
affected by the lattice energy and the hydration energy of the ionic solid. Using CaF, as an
example, define standard enthalpy of solution and lattice energy.

Standard enthalpy of solution is the heat change when 1 mole of CaF; dissolves in water
to form a solution of infinite dilution at 25°C.
CaF,(s) + H,O() — Ca’*(aq) + 2F (aq)

Lattice energy is the heat released/evolved when 1 mole of an ionic solid CaF; is formed
from its gaseous ions, Ca®* and F".

Ca’*(g) + 2F (g) — CaF(s)



Construct a Born-Haber cycle for CaF; in the solid state by using the data below. Calculate
the lattice energy of CaF,.

AH° (kJ mol™)
First ionization energy of Ca +590
Second ionization energy of Ca + 1150
Standard enthalpy of atomization of Ca +178
Bond energy of F-F bond + 158
Electron affinity of F —328
Standard enthalpy of formation of CaF, — 1220
—-1220
Ca(s) + F2(9) ——>CaF;(s)
+178 4
i1l +158
Ca(9)
+590 2F (9) AH e
v
Ca’ (9)
—328 x 2
+ 1150
v
Ca’(g) + 2F(g)

Hess’s Law:
178 + 590 + 1150 +(—328x2) + X
X

— 1220
— 2640 kJ mol™*

What would you expect the lattice energy of calcium chloride, CaCl,, compared to that of
CaF,? Explain your answer.
In terms of solubility in water, CaF; is less soluble than CaCl,. Explain this observation.

The lattice energy of CacCl, is expected to be lower (less exothermic or more
endothermic) than that of CaF,. This is because the ionic radius of Cl" ion is larger than
F ion. Hence the ionic bond of CaCl, is weaker and the solubility of CaF; is less than
that of CaCls,.

[15 marks]



PSPM 2009/2010 SK027 (1)

9 Ata constant pressure, the decomposition of 1.0 mol of methanol, CH3OH, in the aqueous
phase requires 90.7 kJ of heat to produce carbon monoxide and hydrogen gases.

(@)

(b)

(©)

(d)

Write the thermochemical equation for the reaction.
CH;OH (@) — CO.(g) + 2H,(g) AH = 90.7kJ

Calculate the amount of heat required when 1.60 kg of gaseous methanol decomposes.

no of mol of CH;OH = 1.6 x 10° g/ 32 g mol™

50 mol

1.0 mol of CH3OH required 90.7 kJ
50.0 mol of CH3OH required 90.7 x 50 = 4535 kJ

The enthalpy change for a given sample of methanol for the above reaction is 64.7 kJ.
Calculate the mass of hydrogen gas produced.

90.7 kJ of heat produced from 1.0 mol of CH3;OH
64.7 kJ of heat required (64.7 kJ /90.7 kJ) x 1.0 mol = 0.7133 mol CH3OH

1.0 mol CH3;OH = 2.0 mol H,

no of mol of H, = 2.0 x 0.7133 mol
= 1.4266 mol

1.466 mol x 2 g mol™
=285¢g

mass of H,
Calculate the amount of heat released when 32.0 g of carbon monoxide reacts
completely with hydrogen to form methanol under constant pressure.

CO(g + 2H;(gy — CH30H (g AH = -90.7 kJ

no of mol of CO = 32.0g/28 g mol™
= 1.143 mol

.. Amount of heat released = (1.143 mol /1.0 mol) x —90.7 kJ

—103.670 kJ

[10 marks]



PSPM 2010/2011 SKO027 (1a & 1b)

10 (a) The thermochemical processes involved in the formation of lithium fluoride, LiF, are

(b)

given below. Write a complete thermochemical equation for each process.

Process Enthalpy, AH (kJ mol™)
Atomisation of lithium + 155
Atomisation of fluorine gas + 150
lonisation of litium atom + 520
Electron affinity for fluorine atom — 382
Formation of lithium fluoride —594
Li(s) — Li(g) AH; = + 155 kJ
Fo(9) — 2F(@Q) AH, = + 150 kJ
Li(g) — Li'(g) + e AH; = +520 kJ
F@ + e - F (g AH; = —328 kJ

Li(s) + %F,(g) — LiF(s) AHs = —594kJ

[5 marks]

100.00 cm® of 2.0 mol dm™ hydrochloric acid and 100.00 cm?® potassium hydroxide
solution, both at initial temperature of 30.0 °C are mixed in a calorimeter. The
maximum temperature of the solution is 41.0 °C. Calculate the enthalpy of
neutralization for the reaction.

HCl(aq) + KOH (ag) — KCl(ag) + HxO(l)

Heat of reaction = MgonCsoinAT

200.0g x 4.184Jg*°C? x 11.0°C
9204.8 J

No. of mol of acid = (2.0 mol dm™ x 100) / 1000
= 0.2 mol

0.2 mol produced 9204.8 J

1.0 mol produced = (1.0/0.2) x 9204.8J
= 46024 J mol™
= 46.024 kJ mol™

:. Enthalpy of neutralization = —46.024 kJ mol™
[5 marks]

10



PSPM 2010/2011 TK027 (2a & 2b)

11 (a) Standard enthalpies of formation for H,O, CO, and methanol, CH3;OH are — 285.8 kJ
mol™, — 393.5 kJ mol™ and | — 238.6 kJ mol™ reapectively.

Write the thermochemical equation for the formation of CH3;OH.
C(s) + 2Hz(9) + %02() — CH30H ()

Calculate standard enthalpy of combustion for CH3;OH.
AH® i = 2AH% (product) — 2 AH® (reactant)
= [(~393.5) + 2(-285.8)] - [(~238.6) + (0)]
= —7265kJmol* @ algebraic method

(b) Anamount of 120.0 mL of coffee in a well-insulated cup at 82 °C is too hot to drink.
What volume of cold fresh milk at 15 °C need to be added to the coffee in order to
achieve a temperature of 65°C? Assume specific heat capacities and densities of coffee
and milk are the same as water.

heat absorb by cold milk

Mmiik X 4.18 X (65—15)

Qcold milk = Qhot coffee
heat release from hot coffee

Mmik X ¢ X AT = Meofree X ¢ X AT
= 120 x 4.18 (65-82)
Mmilk = 40.89

.. Volume of cold milk = 40.8 mL

[6 marks]

PSPM 2011/2012 SK026 (2 & 5b)

12 (a)

Define standard enthalpy of combustion.
Heat released when 1 mole of substance/compound is completely combusted
in excess oxygen at standard condition (25 °C and 1 atm).

The enthalpy of combustion of benzoic acid is — 3226.8 kJ mol™. When 3.2 g
benzoic acid, CgHsCOOH is completely combusted in a bomb calorimeter
cointaining 2.0 kg of water, the temperature of the water increased by 3.8 °C.
Calculate the heat capacity of the calorimeter.

CeHsCOOH (I) + 17/20,(g) — 7CO,(g) + 3H,0 (I) AH = —3226.8 kJ mol®

no of mol of CgHsCOOH = 3.2 g/ 122 g mol™
= 0.0262 mol

1.0 mol C¢HsCOOH released 3226.7 kJ
0.0262 mol CsHsCOOH released = 0.0262 mol x —3226.7 kJ
1.0 mol
= —84.63 kJ

11



Qrn = Qsoin + Qcal

84.63
Ccal

PSPM 2011/2012 TKO025 (2 & 5b)

[2000g x 4.184Jg*°C? x 3.8] + [Cea X 3.8]
1.39x 104 J °C™

[6 marks]

13 To determine the enthalpy change of reaction between zinc and copper (1) sulphate, a
student placed 100.0 cm?® of 0.200 mol dm™ copper (11) sulphate solution into a polystyrene
beaker. After two minutes, 1.20 g of zinc powder was added. The solution was stirred and
the temperature recorded every half minute. The results obtained were then plotted to give
the graph as shown in FIGURE 1.

Temperature/“"C

FIGURE 1

(@) Write an equation for the reaction taking place in the polystyrene beaker.

Zn(s) + CuSO4(ag) — ZnSO,4 (aq) + Cu(s)

[2 marks]

(b) What is the highest temperature? Explain what is happening in the system at this point.
32.80 °C. The reaction reacted vigorously and released heat; and the rate of

reaction increases/maximum at this point.

[2 marks]



(c) Calculate how much heat was evolved during the reaction in this experiment.
Heat released = Heat absorbed

Qreaction = Qsolution

MsoincAT

100 g x 4.18 Jg'K™ x (305.8 - 298.2 )K
3176.8J @

3.177 kJ

[2 marks]
(d) Calculate the enthalpy change for this reaction. If the accepted value for the enthalpy
change of reaction is — 218 kJ mol™, suggest two reasons for these differences.

No of mole of Zn =1.2 g/ 65.4 g/mol
=1.835x 10? mol (limiting reagent)

No of mole of CuSO,=0.2Mx0.1L
=2.0x10% mol (excess reagent)

1.835x 10”2 mol released 3.177 kJ

= 1.0 mol released = (1.0 / 1.835 x 10)mol x 3.177 kJ
=173.1 kJ mol™

Reasons:

- Heat lost to the surrounding

- Reaction do not complete

- All reactant not pure

[Specific heat capacity of solution = 4.18 Jg™'K™] [4 marks]

14 The heat evolved on combustion of 1.0 mol C;Hg (g) and 1.0 mol C;H,4 (g) are 1559.8 kJ
and 1410.8 kJ respectively. Write the balanced equation of the combustion reactions and
calculate enthalpy of hydrogenation, x for the reaction below.

CHi(9) + H2(@ — CoHe (9) AH = X

Given:
Hz (9) + 20, (g) — H0 (1) AH = —285.7 kJ

CoHg (@) + 7/202(g) — 2CO2(g) + 3HO() AH = -1559.8 kJ
CoHi(g) + 30,(g) — 2CO,(g) + 2H,O()  AH = —1410.8kJ

C:Hs (9) + 7/20,(9) — 2CO2(g) + 3HO() AH = —-1559.8 kJ - (1)
CoHa(g) + 302(9) — 2CO2(9) + 2HO ()  AH = -14108kJ --- (2)
Hz (9) + 202(9) — H20 (1) AH = -285.7kJ - (3)

Rev. eq (1):
2C0O,(g) + 3H,O() — CoHg(g) + 7/20,(y) AH = +1559.8kJ

13



Maintain eq (2) :
CoHsi(g) + 302(g — 2CO2(g) + 2H,0 (D) AH = —1410.8 kJ

Maintain eq (3)

Hz(g) + %L 02(g) — HO(I) AH = —285.7 kJ

[5 marks]

PSPM 2012/2013 SK026

15 Calculate the enthalpy of hydration of CI" in the dissolution process of LiCl in water using
energy cycle method.

Given:
Lattice energy of LiCl = — 846 kJ mol™
Enthalpy of solution of LiCl in water = — 37 kJ mol™
Enthalpy of hydration of Li* = —510 kJ mol™

AH® g =
— 846 kJ mol™
Li* (g) + Cl'(yy —— NaCl (s)

[6 marks]

o — -1
kJ mol™ kJ mol™ AH® = - 37 kJ mol

Na(aq)  + Cl (aq) <

AH° g LiCl = AH°pyqLi* + AH°4yq CI" + AHCgn
—846 = (-510) + x + (+37)
AH®qyq CI" = - 373 k] mol™

PSPM 2012/2013 TKO025 (2a & 2b)

16 (a) Given the enthalpies of reactions below:

CH;OH (aq) + 3/20,(g) — CO.(g) + 2H,0(l) AH = —726.4 kJ mol™
C@s) + 0,(g) — CO;(9) AH = —393.5 kJ mol™
H,(g) + % 0,(y) — HO () AH = —285.8 kJ mol™

I.  Write the equation for the formation of CH3OH from its elements.
C(s) + 2H2(9) + £ 02(g) — CH30H (aq)

14



ii. Calculate the enthalpy of formation for CH3;OH.

Rev :CO2(g) + 2HO() — 3/20,(g) + CH3OH (aq) AH = -726.4kJ
Maintain: C (s) + O,(g) — CO2(9) AH = —393.5kJ
X2 :2H2(g) + O2(9) — 2HO() AH = -285.8 kJ
C(s) + 2Hz(g) + L02(g) — CH30H (aq) AH = -238.7 kJ

mol™*

[5 marks]

(b) Construct an energy cycle diagram from the following data:

Lattice energy for NaCl — 776 ki mol™
Hydration energy for Na* —390 kJ mol™
Hydration energy for CI — 380 kJ mol™
AH® g =
— 776 k mol™
Na® (g) + Cl'(g — > NaCl (s)
AHCyg = — 390 AHCpyq = — 380
kJ mol™ kJ mol™

Na(agq)  + Cl (aq)

15

AH° = + x kJ mol™

[5 marks]



