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* A bar of hot iron with a mass of 1.000 kg and a temperature of 100.00 °C is plunged
into an insulated tank of water. The mass of water was 2.000 kg and its initial
temperature was 25.00 °C. What will the temperature of the resulting system be
when it has reached equilibrium? The specific heat capacities of water and iron
are 4.184 J ¢ ' K and 0.4498 J g ' K'', respectively.

The heat lost by the iron is equal to the heat gained by the water.

The heat change is related to the temperature change through ¢ = mCAT where
m is the mass of the substance and C is its specific heat capacity.

For the water,

q = My,0Cu,0ATH,0 = (2.000 x 10° g) x (4.184 J g" K™) x ((T; - 25.00) K)
=(8.368 x 10° J K™") x (Tt - 25.00) K)

For the iron,

g = Mg CpoATge = (1.000 x 10° g) x (0.4498 J g™) x (T - 100.00) K)
= (0.4498 x 10° J K™") x ((7t — 100.00) K)

Hence, as gwater = - Giron:
(8.368 x 10° J K™) x (Tt - 25.00) K) = -(0.4498 x 10° J K™) x ((T; - 100.00) K)

Ty=28.83 °C

Answer: 28.83 °C
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Mark
* A mass of 1.250 g of benzoic acid, C7H¢O,, underwent combustion in a bomb 2:: s

calorimeter. The heat of combustion of benzoic acid is —3226 kJ mol™!. What is the
change in internal energy during this reaction?

The molar mass of benzoic acid is:

molar mass = (7 x 12.01 (C) + 6 x 1.008 (H) + 2 x 16.00 (0)) g mol
=122.12 g mol

The number of moles of benzoic acid in 1.250 g is therefore:

number of moles = mass / molar mass = 1.250 g / 122.12 g mol”
=0.01024 mol

As combustion of 1 mol leads to a heat change of -3226 kJ, this quantity will
generate an energy change of:

¢ = (0.01024 mol) x (-3226 kJ mol™") = -33.02 kJ

Answer: -33.02 kJ

If the heat capacity of the calorimeter is 10.134 kJ K™, calculate the temperature
change that should have occurred in the apparatus.

The heat change, ¢, and temperature change, A7, are related by the heat
capacity, C:

q=CAT

or
AT=¢q/C=33.02kJ/10.134 kJ K' =3.258 K

An exothermic reaction will lead to a temperature increase in the apparatus.

Answer: +3.258 K
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* What is the value of the enthalpy change for the following reaction?

MgO(s) + COx(g) — MgCOs(s)

Data: Compound MgO(s) COx(g) MgCOs(s)
AeH® / kJ mol™ —602 -394 —1096

Using AH° = Y A(H° (products) — > AH° (reactants), the enthalpy change is:

AH® = AH° (MgCOs(s)) — [AtH° (MgO(s)) + AtH® (COx(g))]
= (-1096 — [-394 -602]) kJ mol" = -100. kJ mol™

Answer: -100. kJ mol™

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY.
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* Consider the following reaction and associated thermochemical data?
2NOx(g) = N2O4(g)

Data:

Compound NOx(g) N2O4(g)
A¢H® / kJ mol™ 33 9
S /T K mol™ 240 304

What is the expression for the equilibrium constant, K., for this reaction?

_ [N204(g)]

[

 [NOz(g)]2

What are the values of AH° and AS® for the reaction?

Using AH° = Y A(H° (products) — > A(H° (reactants), the enthalpy change is:

AH° = 2A¢H° (products) - A¢H° (reactants)
= (9 — 2 x 33) kJ mol™ = -57 kJ mol

Using AS° = Y S°(products) — > 5° (reactants), the entropy change is:

AS° =2S5°(products) - S°(reactants)
= (304 — 2 x 240) kJ mol"' =-176 J K" mol™

AH° = -57 kJ mol

AS°=-176 J K mol

What is the value of AG® for the reaction at 298 K?

Using AG° =AH° — TAH®:
AG° = (-57 x 10° J mol™) — (298 K)(-176 J K" mol™")

=-5000 J mol! = -5 kJ mol

AG° = -5 kJ mol™

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY.

Marks
3
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* (Consider the following reaction: 3

2N>O(g) + 30a(g) — 4NOx(g)
Calculate AG®° for this reaction given the following data.
4NO(g) — 2N0(g) + Ox(g) AG° =-139.56 kJ mol '
2NO(g) + Ox(g) — 2NO(g) AG° =-69.70 kJ mol '

Using A,G° = Y A¢G° (products) — Y A(G°(reactants), the free energy changes in
the 3 reactions are, respectively:

ArG°(1) = 4A(G° (NOx(g)) - 2AG° (N20(g))
A:G°(2) = 2A¢G° (N20(g)) — 4A(G° (NO(g)) = -139.56 kJ mol’

A.G°(3) = 2A1G° (NO»(2)) — 2A(G° (NO(g)) = -69.70 kJ mol*

Mathematically, the combination 2A,G°(3) - A,G°(2) leads to A,.G°(1):
2A,G°(3) = 4A;G°(NOx(g)) — 4A:G° (NO(2))

A:G°(2) = 2A{G°(N20(g)) — 4A¢G° (NO())

2A.G°(3) - A,G°(2) = 4A;G°(NOx(g)) - 2A1G° (N20(g)) = A1G° (1)

AsG°(1) =2A,G°(3) - A,G°(2) = [(2 % -69.70) —(-139.56)] kJ mol
=0.16 kJ mol™

Answer: 0.16 kJ mol

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY.
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* Explain the following terms or concept. 3

Third law of thermodynamics

A perfect pure crystal at absolute zero (0 K) has zero entropy. It is not
possible to reduce the temperature of any system to absolutel in a finite
number of finite operations.

* The specific heat capacity of water at 0 °C is undefined. Explain why this is so.

At 0 °C, any heat transferred into or out of the system is either causing the
ice to melt or the water to freeze — there is no change in the temperature.
Specific heat capacity is defined as ¢ = ¢/mAT. As there is no change in
temperature, A7 =0 and c is undefined.




CHEM1612 2013-N-3 November 2013

. . . Marks
* (Consider the following reaction: 3

2N>O(g) + 301(g) — 4NOx(g)
Calculate AG® for this reaction given the following data.
4NO(g) — 2N0(g) + Ox(g) AG° =-139.56 kJ mol '
2NO(g) + O(g) — 2NO(g) AG° =-69.70 kJ mol '

Using A,G° = Y A¢G° (products) — Y A(G°(reactants), the free energy changes in
the 3 reactions are, respectively:

ArG°(1) = 4A(G° (NOx(g)) - 2A+G° (N20(g))
A:G°(2) = 2A¢G° (N20(g)) — 4A(G° (NO(g)) = -139.56 kJ mol’

A.G°(3) = 2A1G° (NO»(2)) — 2A(G° (NO(g)) = -69.70 kJ mol*

Mathematically, the combination 2A,G°(3) - A,G°(2) leads to A,.G°(1):
2A,.G°(3) = 4A;G°(NOx(g)) — 4A:G° (NO(2))

A:G°(2) = 2A{G°(N20(g)) — 4A¢G° (NO())

2A.G°(3) - A/G°(2) = 4A:G°(NOx(g)) - 2A:G° (N20(g)) = A1G° (1)

AsG°(1) =2A,G°(3) - A,G°(2) = [(2 % -69.70) —(-139.56)] kJ mol
=0.16 kJ mol™

Answer: 0.16 kJ mol™
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* Good wine will turn to vinegar if it is left exposed to air because the alcohol is )

oxidised to acetic acid. The equation for the reaction is
C,HsOH(I) + Ox(g) — CH3COOH() + H,O(1)

Calculate AS° for this reaction in J K~' mol™".

Data: AS® (JK ' mol™)
C,HsOH(1) 161
O1(g) 205.0
CH;COOH(1) 160
H>O(1) 69.96

Using A,S° = Y S°(products) — > S°(reactants):

AS°® = ((160 + 69.96) — (161 + 205.0)) J K" mol'=-136 J K" mol”

Answer: -136 J K mol
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. . Mark
* Explain the following term or concept. alr ’

Second law of thermodynamics

All processes occur spontaneously in the direction that increases the total
entropy of the universe.
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* Copper metal can be obtained by heating copper oxide , CuO, in the presence of Mazrks
carbon monoxide, CO, according to the following reaction.
CuO(s) + CO(g) — Cu(s) + COx(g)
Calculate AH® for this reaction in kJ mol .
Data: 2CO(g) + Ox(g) — 2COx(g) AH® =-566.1 kJ mol™"

2Cu(s) + Ox(g) — 2CuO(s) AH® =-310.5 kJ mol”!

Using A H° = Y A(H° (products) — Y AH° (reactants), the enthalpy changes in the
3 reactions are, respectively:

AcH® (1) = AiH® (COx(g)) — [AH® (CuO(s)) + AH® (CO(g))]

A H°(2) = 2A{H° (COx(8)) — 2A:H° (CO(g)) = -566.1 kJ mol™

A H° (3) = 2A{H° (CuO(s)) = -310.5 kJ mol™
Using A{H° = 0 for Cu(s) and O,(g) as these are elements in their standard states.
Rearranging (1) gives:

A H° (1) = AiH® (CO2(g)) — AH° (CO(g)) — AH° (CuO(s))
=Y (A:H°(2)) - V2 (AH° (3))
= [% (-566.1) — % (-310.5)] kJ mol™" = -127.8 kJ mol’’

Answer: -127.8 kJ mol!

* Acetylene burns in air according to the following equation:
CoHa(g) + 20x(g) — 2C0x(g) + H0(g) AH° =—1255.8 kJ mol '

The AiH° of COx(g) =-393.5 kJ mol ™', A¢H° of H,O(I) =-285.8 kJ mol ' and
AvapH® of HyO(1) = +44.0 kJ mol ', What is A¢H° of C,;Ha(g)?

Using A H° = Y A¢H° (products) — Y A¢H° (reactants), the enthalpy of combustion
of C,H,(g) is:

A compH® (C2H2(g)) = [2A:H° (CO2(g)) + AcH® (H20(g))]
— A{H° (C;Hy(g)) = -1255.8 kJ mol™

The enthalpy of vaporisation for H;O(g) corresponds to H,O(l) 2> H,0(g):
AvapH® (H,0()) = AH° (H,0(g)) - AH° (H,0(1)) = +44.0 kJ mol’
and so,

AH® (H20(g)) = AopH° (HO(1)) + AH° (H20(1))
= (+44.0 + -285.8) kJ mol " = -241.8 kJ mol™

ANSWER CONTINUES ON THE NEXT PAGE
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Substituting the data into the expression for A om»H® (C2H2(g))

A compH? (C2Ha(2)) = [(2 X -393.5 + -241.8)
- A{H° (C:Hx(g))] kJ mol' = -1255.8 kJ mol

So:

AHP (C2Ha(g) = [(2 X -393.5 + -241.8) + 1255.8] kJ mol™ = +227.0 kJ mol’*

Answer: +227.0 kJ mol™
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* A calorimeter, consisting of an insulated coffee cup containing 50.0 g of water at 3

21.0 °C, has a total heat capacity of 9.4 J K~'. When a 30.4 g sample of an alloy at

92.0 °C is placed into the calorimeter, the final temperature of the system is 31.2 °C.
What is the specific heat capacity of the alloy?

The calorimeter is heated from 21.0 °C to 31.2 °C corresponding to a
temperature increase of:

ATcalorimeter = (31.2 - 21.0) K = +10.2 K

As the heat capacity of the calorimeter is 9.4 J K™, the heat change of the
caloriometer is:

{q calorimeter = CatorimeterA Tecatorimeter = (9~4 J K-l)(lo-z K) =+959J

As this heat comes from the alloy:
Galoy = ~Gcalorimeter = -95.9 J

The alloy cools from 92.0 °C to 31.2 °C corresponds to a temperature change of:
ATaey = (31.2-92.0) K=-60.8 K

Using ¢ =mCAT,

C=q/mAT=-959J/(30.4gx-60.8)=0.052Jg"' K"

Answer: 0.052J g K




CHEMI1612 2010-N-2 November 2010

* A bar of hot iron with a mass of 1.000 kg and a temperature of 100.00 °C is plunged
into an insulated tank of water. The mass of water was 2.000 kg and its initial
temperature was 25.00 °C. What will the temperature of the resulting system be
when it has stabilised? (The specific heat capacities of water and iron are 4.184 J g
K ' and 0.4498 J g ' K™', respectively.)

The heat lost by the iron is equal to the heat gained by the water.

The heat change is related to the temperature change through ¢ = mCAT where
m is the mass of the substance and C is its specific heat capacity.

For the water,

q = My,0Cu,0ATH,0 = (2.000 x 10° g) x (4.184 J g" K™) x ((T; - 25.00) K)
= (8.368 x 10° J K™ x (Tt - 25.00) K)

For the iron,

g = Mg CpoATge = (1.000 x 10° g) x (0.4498 J g™) x (T - 100.00) K)
= (0.4498 x 10° J K™") x ((Tt — 100.00) K)

Hence, as gwater = - Giron:
(8.368 x 10° J K™) x (Tt - 25.00) K) = -(0.4498 x 10° J K™) x ((T; - 100.00) K)

Ty=28.83 °C

Answer: 28.83 °C
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* Nitroglycerine, C3Hs(NO3)3, decomposes to form N», O,, CO; and H,O according to T ®

the following equation.
4CsHs(NO3)3(1) — 6Na(g) + Oa(g) + 12C0Ox(g) + 10H,0(g)

If 15.6 kJ of energy is evolved by the decomposition of 2.50 g of nitroglycerine at
1 atm and 25 °C, calculate the enthalpy change, AH®, for the decomposition of
1.00 mol of this compound under standard conditions.

The molar mass of C;H5(NQO3); is:
(3 x 12.01 (C) + 5 x 1.008 (H) + 3 x 14.01 (N) + 9 x 16.00 (O)) g mol
= 227.1 g mol’
2.50 g therefore corresponds to:

mass . 250g

number of moles = =0.0110 mol

molar mass  227.1 g mol~1

As this amount leads to 15.6 kJ being evolved, the enthalpy change for the
decomposition of 1.00 mol is:

AH° =15.6 kJ / 0.0110 mol = —1420 kJ mol™

Answer: —1420 kJ mol™

Hence calculate the enthalpy of formation of nitroglycerine under standard
conditions.

Data: AsH° (kJ mol ™)
H,O(g) -242
COx(g) —394

The balanced reaction above is for the decomposition of 4 mol of nitroglycerine.
Hence, A;xnH° = 4 x -1420 kJ mol = -5680 kJ mol .

Using AxnH° = ZmAH®(products) - XnA¢H°(reactants), the enthalpy change for
the above reaction is:

ArnHP = [12AH°(CO4(2)) + 10AH°(H,0(2))] - [4A:H°(C3Hs(NO3)3(1)]
Hence:
-5680 kJ mol™ = [(12 x -394 + 10 x -242) kJ mol'] - [4A:H°(C3H5(NO3)3(1))]
A¢HP(C3Hs(NO3)3(1)) = =367 kJ mol™

Answer: —367 kJ mol™
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* A mass of 1.250 g of benzoic acid (C;HsO,) underwent combustion in a bomb
calorimeter. If the heat capacity of the calorimeter was 10.134 kJ K™' and the heat of
combustion of benzoic acid is —3226 kJ mol ', what is the change in internal energy
during this reaction?

The molar mass of benzoic acid is:
(7 x 12.01 (C) + 6 x 1.008 (H) + 2 x 16.00 (0)) g mol" =122.1 g mol’*
A mass of 1.250 g therefore corresponds to:

mass 1.250¢g

number of moles = = —7 = 0.0102 mol
molar mass 122.1 g mol

As 3226 kJ are released per mole, the change in internal change for this amount
is:

AU = (-3226 kJ mol™) x (0.0102 mol) = -33.02 kJ

Answer: -33.02 kJ

Calculate the temperature change that should have occurred in the apparatus.

In a constant volume apparatus like a calorimeter, the change in internal energy
is equal to the heat change, gv. Using ¢ = C,AT, the temperature change is:

AT=(33.02 kJ)/ (10.134 kJ K') = 3.528 K

As the combustion reaction evolves heat, the temperature increases.

Answer: +3.258 K
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e (Carbon monoxide is commonly used in the reduction of iron ore to iron metal. Iron 5

ore is mostly haematite, Fe,Os, in which case the complete reduction reaction is:
Fe,0s3(s) + 3CO(g) — 2Fe(s) + 3COx(g) AH® =-25kJ mol

Incomplete reduction, however, results in the formation of magnetite, Fe;O4:
3Fe,05(s) + CO(g) — 2Fe304(s) + COx(g) AH®=-47kJ mol™

Use these heats of reaction to calculate the enthalpy change when one mole of
magnetite is reduced to iron metal using carbon monoxide.

The required reaction is:
Fe;04(s) + 4CO(g) = 3Fe(s) + 4CO,(g)
The second reaction in the question is reversed so that it leads to loss of Fe3;O4(s):

2Fe;304(s) + CO,(g) > 3Fe,05(s) + CO(g) AHP = +47 kJ mol™

This reaction is then added to 3 x the first reaction:

3Fe;03(s) + 9CO(g) — 6Fe(s) + 9CO;(g) AHP =3 x —25 kJ mol!
2Fe304(s) + COx(g) > 3Fe;05(s) + CO(g) AH® = +47 kJ mol ™
2Fe304(s) + 8CO(g) > 6Fe(s) + 8CO,(g) AHP = (=75 + 47) kJ mol™"

The chemical reaction is exactly twice that required, so for one mole of Fe;04(s),
the AH® = (-75 + 47) / 2 kJ mol™' = -14 kJ mol™".

Alternatively, using the data in the next part of the question,
ArxnH® = EmAH®(products) - XnAH°(reactants),
AraH® = [4AH°(COx(g)] - [AtH°(Fe304(s) + 4A:H°(CO(g)]
A¢HP(Fe(s)) = 0 as it is an element in its standard state.
Hence using the data in the table below:

ArxnHP = ([4 x -394] — [-1118 + 4 x -111]) kJ mol” =-14 kJ mol*

Answer: A H° = -14 kJ mol™

ANSWER CONTINUES ON THE NEXT PAGE
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Another iron oxide that can be formed as an intermediate during reduction is FeO.
Use the following table of thermochemical data to show whether the formation of

FeO from Fe;04 is spontaneous or not at 25 °C.

AP (kKT mol™) | 8° (J K mol™)
FeO 272 61
Fe;04 ~1118 146
CO ~111 198
CO, ~394 214

For the reaction,

Fe;04(s) + CO(g) = 3FeO(s) + CO,(g)

ArxnH® = EmAH®(products) - XnAH°(reactants)

= (I3 x -272 -394] — [-1118 — 111]) kJ mol™" = +19 kJ mol™

ArxnS° = XmS°(products) - XnS°(reactants)
=([3 x 61 +214] — [146 + 146]) J K" mol” = +53 J K™ mol

Thus,

ArxnG® = ArxnH® -TAxnS°
= (+19 x 10* J mol™) — (298 K)(53 J K" mol™)
=+3200 J mol™" = +3.2 kJ mol”

As ArxnG° > 0, the reaction is not spontaneous.
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e A 150.0 g block of iron metal is cooled by placing it in an insulated container with
a 50.0 g block of'ice at 0.0 °C. The ice melts, and when the system comes to
equilibrium the temperature of the water is 78.0 °C. What was the original
temperature (in °C) of the iron?

Data:  The specific heat capacity of liquid water is 4.184 JK ' g .
1 -1

The specific heat capacity of solid ironis 0.450 J K™ g
The molar enthalpy of fusion of ice (water) is 6.007 kJ mol .

The heat from the iron is used to melt the ice and to warm the water from 0.0 °C
to 78.0 °C.

The molar mass of H,O is (2 x 1.008 (H) + 16.00 (O)) g mol” = 18.02 g mol ™.
Hence 50.0 g of ice corresponds to:

number of moles = mass / molar mass = (50.0 g) / (18.02 g mol ™) = 2.775 mol.
Hence the heat used to melt ice is:
¢1=6.007 kJ mol” x 2.775 mol = 16.67 kJ = 16670 J
The heat used to warm 50.0 g water by 78.0 °C is:
g2=mx CxAT=(50.0g) x (4.184 JK "' g") x (78.0 K) = 16320 J
Overall, the heat transferred from the iron is:
q=q1 +¢q2=16670 J + 16320 J =32990 J
This heat is lost from 150.0 g of iron leading to it cooling by AT
g=mx CxAT=(150.0 g) x (0450 I K" g™) x AT=32990J
AT =489 K =489 °C

As the final temperature of the iron is 78.0 °C, its original temperature was
(78.0 + 489) °C =567 °C.

Answer: 567 °C

Marks
4



CHEM1612 2007-N-2 November 2007

e Anhydrous copper(Il) sulfate is a white powder that reacts with water to give blue Mazrks
crystals of copper(Il) sulfate-5-water.
CuSO4(s) + 5SH,O(l) — CuSO45H,0(s)
Calculate the standard enthalpy change for this reaction from the heats of solution.
Compound AH c>scolution /kJ morl
CuSO4(s) —66.5
CuS04-5H,0(s) +11.7
The two reactions in the table correspond to:
(1) CuS04(s) ©> Cu**(aq) + SO (aq)
(2) CuS04.5H,0(s) > Cu*(aq) + SO (aq) + 5H,0(1)
Taking (1) — (2) gives the required reaction:
(1)  CuSO4(s) > Cu*(aq) + SO (aq) AHP = -66.5 kJ mol™
-2) Cu*(aq)+SO4*(aq)+5H,0(l) > CuS04.5H,0(s) °=-11.7 kJ mol’’
(1)-(2) CuSOy4(s) + 5H,0(1) = CuS04.5H,0(s) AHP = -78.2 kJ mol’’
Answer: -78.2 kJ mol”
e Using the given data, calculate AH® for the reaction: H(g) + Br(g) — HBr(g) 2
Data: Hy(g) — 2H(g) AHP = +436 kJ mol '
Br,(g) — 2Br(g) AHP =+193 kJ mol ™
Ha(g) + Bry(g) — 2HBI(g) AHP = —72 kJ mol ™
The reaction corresponds to the combination:
H(g) 2> 2 Hx(g) AHP = -Y; x (+436) kJ mol™
Br(g) > 2 Bra(g) AHP = -Y% x (+193) kJ mol™
% H,(g) + V:Bra(g) = HBr(g) AH® = +Y x (-72) kJ mol”
H(g) + Br(g) = HBr(g) AHP = (-218) + (-96.5) + (-36) = -350 kJ mol
AHP° = -350 kJ mol™
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e The final step in the industrial production of urea, (NH,),CO, is:

COx(g) + 2NH;3(g) — HxO(g) + (NH2).CO(s) AHP =-90.1 kJ mol™

Using the following data, calculate the standard enthalpy of formation of solid urea.
4NHs(g) + 302(g) — 6H0(g) + 2Na(g) °=-1267.2 kJ mol”
C(s) + Oxg) — COAg) AH° = -393.5 kJ mol '
2Hy(g) + 0a(g) — 2H:0(g) AH° = -483.6 kJ mol '

Using A, H’ = X mA;H° (products) — ¥ nA;H® (reactants) for the reaction,

4NH3(g) + 301(g) 2 6H,0(g) + 2N2(g)
ArnH® =[6A¢H® (H,0(g))] - [4A;H® (NH3(g))]

rxn

as AfHO (N,(g)) and AfHO (O, (g)) are both zero for elements in the standard
states. Using A, H°=-1267.2 kJ mol" and A;H°’(H,0(g))= 0.5 x -483.6 kJ

mol'l,

A H® = [6%0.5x —483.6] — [4A; H® (NH 3 (g))] = —1267.2 kJ mol !

rxn

A¢H® (NH;3(g)) = -45.9 kJ mol™

Using A, H’ = X mA;H° (products) — ¥ nA;H® (reactants) for the reaction,

CO;(g) + 2NH3(g) = H,0(g) + (NH,),CO(s)
ArnH® =[AfH® (H,0(g)) + AfH® (NH,), CO(g))]

~[AfH’(CO5(2)) + 2A¢H® (NH3(2))]

As A, ., H®=-90.1 kJ mol” and A{H°(H,0(g)), A;H®(CO,(g))and
AfH0 (NH3(g)) are 0.5 x -483.6 , -393.5 and -45.9 kJ mol™ respectively,

Ay H® =[(0.5x —483.6) + A H® (NH, ), CO(g))]
—[~393.5 + (2x —45.9)] = —90.1kJ mol !

A¢H® (NH,), CO(g)) = -333.6 kJ mol

Answer: -333.6 kJ mol™

ANSWER CONTINUES ON THE NEXT PAGE

Marks
6
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The formation of urea in the industrial process is only spontaneous below 821 °C.
What is the value of the entropy change AS® (in J K™' mol ™) for the reaction?

The reaction is spontaneous when AG® < 0. As AG° = AH° - TAS and assuming
that AH® and AS° are independent of temperature, this occurs at temperatures
below T = 821 °C

AH° - TAS <0
Using AH® = -90.1 kJ mol™ for the industrial, at T = (821 + 273) = 1094 K,

(-90.1 x 10*) — (1094)AS° =0 so AS° =-82.4 J K" mol’

Answer: -82.4 J K mol™

Rationalise the sign of AS° in terms of the physical states of the reactants and
products.

The reaction,
COx(g) + 2NH3(g) 2> H20(g) + (NH2)2CO(s)
involves the conversion of 3 moles of gas = 1 mole of gas. This corresponds to

an increase in ordering which is consistent with a reduction in entropy (so
AS° <0).
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« The specific heat capacity of water is 4.18%Kg" and the specific heat capacity of Mazrks

copper is 0.39 JGK™. If the same amount of energy were applied tdariol
sample of each substance, both initially af@5which substance would get hotter?
Show all working.

Using g = C x m xAT, the temperature change for a substance of mass amd
specific heat capacity C when an amount of heat eglito g is supplied is given
by:

N
Cxm

The atomic mass of copper is 63.55. Hence, the teempture change for 1.0 mol
of copper is

_ q I
AT (copper) = (0.39x 63.55) 24.i c

The molar mass of HO is (2 x 1.008 (H)) + 16.00 (O) = 18.016. Hencket
temperature change for 1.0 mol of water is

q 9 ¢

AT (water) = =
( ) (4.18x 18.016 75.3

Hence,

AT (copper) >AT (water)

Answer:Copper
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. . . Mark
e “Water gas” is a mixture of combustible gases produced from steam and coal a3r ®
according to the following reaction:
C(s) + H20(g) — CO(g) + Ha(g) AHP° =131 kJ mol '

The equation for the complete combustion of 1 mol of water gas (i.e. 0.5 mol CO(g)
and 0.5 mol Hy(g)) can be written as:

%CO(g) + Y2Ha(g) + %20x(g) — 2COx(g) + V2H20(g)

Calculate the standard enthalpy of combustion of water gas, given the following
thermochemical data.

AH®,,, (H,0) = 44 kJ mol '

AH°; (H,O(1)) =286 kJ mol

AH°; (CO5(g)) =393 kJ mol ™

Using A,,,H® = X mA;H® (products) — ¥ nA;H® (reactants) for the
vaporization of water (H,O(l) = H,0(g)) gives
AyapH® =[AH? (H,0(2)] - [AfH® (H,0(1))]

vap

= [AfH® (H,0(g))] - (-286) = +44
Hence A;H® (H,0(g)) = (+44) + (-286) = —242kJ mol !

Using A, H® = X mA;H® (products) — ¥ nA;H’(reactants) for the reaction,

rxn

C(s) + H,O(g) 2 CO(g) + H(g) gives
A H® =[A;H® (CO(g)] - [AH° (H,0(g))]

= [A;H® (CO(g)] - (-242) = +131

as A;H° (Hx(g)) and A;H®(C(s)) are both zero for elements in their standard
states. Hence A;H®(CO(g) = -111 kJ mol’
Using A, H* = Y mA;H® (products) — > nA;H° (reactants) for the reaction,
11CO(g) + YaHa(g) + 202(g) 2 %COx(g) + Y2H,0(g) gives
Acomp H” = [ ArH* (CO, (€)) + > ArH (H;0(2))] I ArH® (COg)]

as the enthalpy of formation of H,(g) and O,(g) are both zero for elements in
their standard states. Hence,

AcompH® = [(% x —393) + (% x —242)] — [(% x —111)] =-262 kJ mol

Answer: -262 kJ mol™

THIS QUESTION CONTINUES ON THE NEXT PAGE.
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® Anhydrous copper(Il) sulfate is a white powder that reacts with water to give the
familiar light blue crystals of copper(Il) sulfate-5-water.

CuSO4(s) + SH,O(I) — CuSO45H,O(s)

Calculate the standard enthalpy change for this reaction from the heats of solution.

Compound AH® soution / kJ mol ™!
CuSOq(s) -66.5
CuSO4-5H,0(s) +11.7

The heats of solution correspond to the reactions:

§)) CuSOy(s) - CuSO04(aq)
Q) CuSO.5H,0(s) > CuSO4(aq) + 5H,0O()

The reaction CuSOy(s) + 5H,0(1) = CuSO45H,0(s) therefore corresponds to

1)-@):
1) CuSOy(s) > CuSOg4(aq)
-(2) CuSOg4(aq) + SH,0(1) =2  CuS045H,0(s)
(1)-(2) CuS045H,0(s) 2> CuS045H,0(s)
Therefore,

ArxaH® = AgotutionH° (1) — AgotutionH® (2) = (-66.5) — (+11.7) = —78.2 kJ mol™

Answer: —78.2 kJ mol’!

e Using the given data, calculate AH® for the reaction: H(g) + Br(g) — HBr(g)
Data: H,(g) — 2H(g) AHP = +436 kJ mol™
Bry(g) — 2Br(g) AHP =+193 kJ mol™
Ha(g) + Bra(g) — 2HBr(g) AHP =72 kJ mol ™'

The reaction involves the formation of HBr(g) from H(g) and Br(g) and so
involves the combination:

v x — (1) H(g) 2> % Ha(g)

x—(2) Br(g) 2> % Bra(g)

%2 % (3) %2 Hyg)+%Bra(g) > HBr(g)

72x[3)-1)-@2)] H(g) + Br(g) >  HBr(g)
Therefore,

Avn® = V5 [AHP(3)~AHP(1)-AHP(2)] = % [(-72)—(436)—(193)]= —351 kJ mol™

Answer: =351 kJ mol™

Marks
2
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e (alculate the heat input required (in J) for the conversion of 9.0 g of water from ice at
273 K to steam at 373 K.

Data:  C, H,O(l) =75JK ' mol'
AH,,, HyO(I) = 41 kI mol™! AHjs H,O(s) = 6.0 kJ mol™

The molar mass of water is (2 x 1.008 (H)) + 16.00 (O) =18.016 g mol™”
Therefore, 9.0 g corresponds to:

mass (g) __ 902 450 mol

number of moles = —= -
molar mass(gmol—) 18.016gmol

The heat required can be broken down into 3 contributions.
(i) Heat required to melt ice (¢1)
6.0 kJ is required to melt 1 mole so:
g1 = (0.50 mol) x (6.0 kJ) = 3.0 kJ =3.0 x 10’ kJ = 3000 J
(ii) Heat required to warm water from 273 K to 373 K (¢2):
Using g =n x C, x AT,
g2 =(0.50 mol) x (75 J K ' mol™) x (373 =273 K) =3700 J
(iii) Heat required to vaporise water (¢3):
41 kJ is required to vapourize 1 mole so:
g1 = (0.50 mol) x 41 (kJ mol™) =20 kJ =20 x 10° kJ = 20000 J
The total heat required is therefore:
Grota1= q1 + 2 + ¢3 = (20000 J) + (3700 J) + (3000 J) =27000 J

As the question gives the mass and heats of fusion and vaporization to 2
significant figures, the answer is also quoted to this level of accuracy.




