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Heinemann Chemistry 2 5e

Unit 3 Area of Study 1 Review

Multiple-choice questions

1 B Afuelis a chemical that undergoes reaction in a way that provides useful energy. This
includes chemical fuels and nuclear fuels. Instead, a wind turbine converts the kinetic
energy of wind.

2 C Reactionsinvolving fuels release energy to the surroundings, so the enthalpy stored in the
products will always be lower than that in the reactants.

3 D Carbon dioxide and water are the products of complete combustion of any carbon-based
fuel.

4 B Hydrogen combustion produces no carbon dioxide (hence |) and the energies per unit mass
are, for hydrogen % =141 kJ g™', and for methane % =50kJ g' (hence Il). The energy
per unit volume will be proportional to the molar energies, which favour methane.

5 A Biodiesel molecules possess a slightly polar ester group that can bond to water. Also,
biodiesel can contain glycerol and partially converted triglycerides possessing hydroxy and
carboxy groups.

6 D Biodiesel molecules contain polar ester groups, allowing for stronger intermolecular
attractions between them than exist between the purely hydrocarbon petrodiesel
molecules. At low temperatures this causes the viscosity of biodiesel to increase
significantly.

7 A The carbon released by combustion of fossil fuels derives from underground deposits and
adds to the existing levels of CO,. The carbon released by combustion of biodiesel derives
from carbon dioxide absorbed by plants during photosynthesis so there is no net addition
to existing levels from the combustion.

8 C The negative AH value indicates an exothermic reaction. Bond breaking absorbs energy
and bond forming releases energy, and in an exothermic reaction there is a net release
of energy.

9 C Anexothermic reaction involves an energy conversion from enthalpy (chemical energy) into
heat, but no energy is created or destroyed.

10 C The negative AH value indicates a decrease in enthalpy overall, but bond breaking is
necessary for initiation so there will be an initial increase (i.e. an activation energy barrier).

11 B n(CH,) = 425 =2.27 mol

energy released (exothermic) = 22120 x 2,27 =5.05x%x103KJ
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12 B 1 MJ=1000 K|

n(CO,) = 5990 x 3 = 1.35 mol

UCO,) =nxV_=135x248=335L

13D d= =251

n p nxm_ P p*xM
pV=nRT= ;= px7 henced=—"——=px7 XM="5%T

-3 0 +2 +5

14 A NH5 N, NO, NO;

4 2

15 D Thisis the only case where the oxidant (Pb?*, E° = -0.13 V) has a lower E° than the reductant
(I-, E° = +0.54 V).

16 C A spontaneous reaction will occur with the half-equations Sn**(aq) + 2e~ — Sn#*(aq) and
H,(g) — 2H*(aq) + 2e". The products of the reaction include H*(aq), which will increase the
acidity of the mixture (lower pH).

17 A The strongest oxidant will be the species gaining electrons (i.e. on the left-hand side) with
the highest E° value. The strongest reductant will be the species losing electrons (i.e. on the
right-hand side) with the lowest E° value.

18 C The anode is, by definition, the site of oxidation in any cell. In a galvanic cell this is the
electrode labelled negative.

19 D The half-cell reactions will be as follows.

At the positive cathode: Cu*(aq) + 2e” — Cu(s). Hence, Cu*(aq) is consumed and the blue
colour of the solution will fade.

At the negative anode: Ni(s) — Ni**(aq) + 2e". Hence, Ni(s) is consumed and mass of the
nickel electrode will decrease.

20 D The source of energy in both cases is the high enthalpy stored in the fuel/oxygen
combination. Direct combustion converts the available enthalpy into heat, whereas the
reaction in a fuel cell converts it directly into electrical energy.

21 A No catalyst affects the energy output or product composition of a chemical reaction (except
by changing the balance of side reactions that may occur). Fuel cells are efficient energy
converters but if the reactions do not occur at an adequate rate, then current and power
output are limited compared to, say, combustion reactions where the energy is converted
very quickly.
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Short-answer questions

22

23

24

25

a

a

Q 0

A fuel is a chemical that undergoes reaction in a way that provides useful energy.
This includes chemical fuels and nuclear fuels.

The methane found in natural gas, like all fossil fuels, derives from the decomposition of
ancient biomass largely as a result of the action of heat and pressure in the Earth’s crust
and is tapped from underground reserves where it is normally associated with coal and oil.
It is non-renewable because it takes millions of years to form by natural processes. Since
its carbon comes from underground reserves, its combustion adds to current levels of
atmospheric carbon dioxide.

The methane found in biogas derives from the anaerobic digestion of biomass by
microorganisms. It is renewable because the biomass can be produced as needed. Because
the carbon in the source biomass is absorbed from the atmosphere during photosynthesis,
its re-release upon combustion of the biogas has relatively little net effect of atmospheric
carbon dioxide levels.

Petrol, petrodiesel, LNG, LPG
Methanol, ethanol, biodiesel

Generally, the higher the proportion of oxygen in a fuel, the lower the available energy.
The presence of oxygen means that the fuel is already partially oxidised.

Methanol and ethanol are renewable fuels that are relatively easy to produce, store and
transport in large quantities. As fossil fuel reserves diminish, they are becoming increasingly
cost-effective.

For example, air transport

For most forms of ground-based transport, the storage volume is more limiting than mass
considerations.

75.6 x 9.82 = 742 M|

Heat losses occur in the boiler due to imperfect insulation. Heat is also lost through friction
in moving parts within the turbines and generator.

A non-renewable energy resource is one that cannot be replaced or regenerated as fast as
it is consumed. Thus non-renewable resources are eventually exhausted.

Biogas is a renewable energy source, whereas existing coal supplies (which remain large)
are non-renewable and would eventually be consumed. Because biogas carbon is derived
from absorption of atmospheric CO, in photosynthesis, its use as a fuel has relatively little
effect on net levels of atmospheric CO,. Biogas can be produced from waste biomass that
would otherwise require disposal.

Equation 1 doubled. Hence, AH = 2 x (+181) = +362 k] mol™’
Equation 1 reversed. Hence, AH = -181 k] mol™

Equation 2 halved and reversed. Hence, AH = % x (+114) = +57 k] mol™
Equation 1 + Equation 2. Hence, AH = (+181) + (-114) = +67 k] mol™
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26 a The equation has combustion of 2 mol of butane, hence AH = 2 x (-2876) = -5752 k] mol™"
b

activation energy

Enthalpy

reactants
,,,,,,, enthalpy change,

2mol CH, + AH = -5752 kJ mol™!

47710

13 mol O,

products

8 mol CO, +
10 mol H,O

¢ Some initial input of energy is required to allow some reactants to overcome the activation
energy barrier (associated with breaking bonds in reactants) to initiate the rapid reaction.

d Heat of combustion = % =49.6 kg™

e Energyreleased =3.00 x49.6 =149 k]
= energy absorbed by water = 30 x149=446 k] =4.46 x 104

100
Using g=m x ¢ x AT
g _ 446x10% _ _
AT= e = Ts0xa18 = /1.2°C

= final temperature = 20.0 + 71.2 =91.2°C

27 a n(CH)="T =102 = 62,5 mol
= energy released = 62.5 x 222 = 5,01 x 104 k] = 50.1 M|

b n(CO,) =g x 1=1.25mol

= WCO,)=nV_=1.25x248=309L
c 2CH,(g) +30,(g) — 2CO(g) + 4H,0(g) AH = -1042 k] mol™

OR
CH,(g) + %Oz(g) — CO(g) + 2H,0(g) AH =-521 k] mol~
(AH is calculated as follows: energy released when 1 mol CO is formed = 18.6 x 28 =
521 kJ, etc.)
d i 802k
i (5 x521) + (£ x 802) = 746
iii 521Kk

28 a Heatenergy absorbed =m x ¢x AT=(224 x 1000) x 4.18 x (70 - 14) =5.24 x 107 ) =52.4 MJ
energy from fuel = ?2—2‘51 =41.9 M) kg™
b Imperfectinsulation may allow some heat losses; some of the energy released is absorbed
by the container; incomplete combustion of the fuel will reduce energy released
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29a i p=2%-163am
ii p=163x760=1.24 x 10° mmHg
b n(He)=2YL =16200%250 _ 425

RT 8.314 x 288
m(He)=nM=172x4.0=689 g
¢ V(He)=nV =172x248=427x103L=427m3
nRT _ 172 x8.314 x 303

d total UHe) =) 308 =4.02x10°L
3
= number of balloons = % =618

30 a Advantages include: very high energy per unit mass; water is the only product of
combustion; renewable

Disadvantages include: hydrogen is difficult and dangerous to transport and store; requires
energy for production; relatively expensive

b Advantages include: no recharge time; range is potentially greater; one of the reactants
(oxygen/air) doesn't need to be carried with the cell; doesn't incorporate toxic materials
such as heavy metals

Disadvantages include: hydrogen is difficult and dangerous to transport and store; relatively
expensive; lower power output

¢ Advantages include: greater efficiency of energy conversion so potentially longer range; quieter

Disadvantages include: lower power output; expensive

31 a Anode: CH,OH(g) + H,0(l) — CO,(g) + 6H*(aq) + 6e"
Cathode: O,(g) + 4H*(aq) + 4e~ — 2H,0(l)

b n(CH,OH) = 3; = 355 =0.0313 mol
= maximum energy = 0.0313 x —— 1453 =22.7k
1.00

¢ WCH,0H)=—5=g=1.27mL
900 mL produces 1 kWh = 3600 k|

= energy obtained from fuel cell = 19'55 x 3600 = 5.1 KkJ
d Percentage efficiency = 25217 x @ =22%

e Incomplete reaction of the fuel (methanol) is likely. Some may be incompletely oxidised or
pass into the electrolyte waste without reacting at all. Also, a significant amount of heat is
generated in most fuel cells, further reducing efficiency.

32 a Oxidation number changes: | (+5 — -1)and S (+4 — +6).
The oxidant is HIO,. The reductant is SO,
b Notredox
¢ Oxidation number changes: Fe (+2 — +3) and O (0 — -2).
The oxidant is O,. The reductant is Fe(OH), (or Fe*).
d Oxidation number changes: H (-1 — 0) and H (+1 — 0).
The oxidant is H,O. The reductant is NaH.
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33 a Oxidation: Al(s) - AlP*(aq) + 3e”

Reduction: Br,(aq) + 2e” — 2Br(aq)
Overall: 2Al(s) + 3Br,(aq) — 2AP*(aq) + 6Br(aq)

b Oxidation: S,0,%(aq) + 5H,0(l) — 250 ,*(aq) + 10H*(aq) + 8e~
Reduction: CIO~(aq) + 2H*(aq) + 2e- — Cl*(aq) + H,0(l)
Overall: 4ClO~(aq) + 5,0,>(aq) + H,0(l) — 250,*(aq) + 4Cl(aq) + 2H*(aq)

¢ Oxidation: H,0,(aq) — O,(aq) + 2H*(aq) + 2e~
Reduction: MnO,~(aq) + 4H*(aq) + 3e” — MnO,(s) +2H,0(l)
Overall: 3H,0,(aq) + 2Mn0O,(aq) + 2H*(aq) — 30,(aq) + 2MnO,(s) + 4H,0(l)

34 a Cadmium; the anode is the site of oxidation (the negative electrode in a galvanic cell)

The equations indicate alkaline conditions in the cell, hence a hydroxide compound such as
KOH or NaOH

¢ For effective recharging of a cell, the discharge products must remain in electrical contact
with the electrodes. Because the products in this cell are solids, they remain on the
respective electrode surfaces allowing the cell reactions to be reversed.

d These are simply the reverse of the reactions occurring during discharge.
At the positive electrode (the anode during recharging):
Ni(OH),(s) + OH*(ag) — NiOOH(s) + H,O(l) + e
At the negative electrode (the cathode during recharging):
Cd(OH),(s) + 2e7(aq) — Cd(s) + 20H(aq)
Overall:
2Ni(OH),(s) + Cd(OH),(s) — 2NiOOH(s) + Cd(s) + 2H,0(l)

e Enthalpy (chemical energy) — electrical energy

35 a E°(Sn*/Sn)=-0.14V and E°(Fe*/Fe) = -0.41V

i cellvoltage =(-0.14) - (-0.41)=0.27 V
ii Fe?/Fe
iii Sn?"(aq) + Fe(s) — Sn(s) + Fe?*(aq)

b E°(Fe3*/Fe*)=+0.77 V and E°(APF*/Al)=-1.71V
i cellvoltage = (+0.77) - (-1.71) = 2.48 V
i AP/Al
iii 3Fe3'(aq) + Al(s) — 3Fe?*(s) + Al**(aq)

¢ E°(H*H)=0VandE°(l/I)=+0.54V
i cellvoltage = (+0.54) - (0)=0.54 V
i HY/H,
iii 1(aqg) + H,(g) — 2I"(aq) + 2H*(aq)
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36 a A
b O, is the oxidant, which enters the 'air space' from outside.
c 4Al(s) + 30,(g) + 6H,0(l) — 4AF*(aq) + 120H7(aq)

d The cathode is the site of the reduction reaction involving oxygen/air, which must be in
contact with the electrolyte. A porous electrode will allow a large surface area for this
reaction and thereby maximise the rate of reaction and hence the current/power output of
the cell.

e From the electrochemical series:
cathode reaction: O,(g) + 2H,0(l) + 4e” — 40H(aq) E°=+0.40V
anode reactions: Zn(s) — Zn%(aq) + 2e- E°c=-0.76 V
Ag(s) > Ag*(aq) + e~ E°=+0.80V
Since E°(Zn*/Zn) < E°(0,,H,0/0H") a spontaneous cell reaction will occur.
Since E°(Ag*/Ag) > E°(O,,H,0/0H") a spontaneous cell reaction will not occur.
f smaller, since E°(Zn%*/Zn) > E°(AIF*/Al).
E°(0,,H,0/0H") - £°(Zn**/Zn) = (+0.40) - (-0.76) = 1.16 V
E°(0,,H,0/0H") - E°(AB*/Al) = (+0.40) - (-1.71) = 2.10 V
g With an acidic electrolyte the cathode reaction becomes:
cathode reaction: O,(g) + 4H*(aq) + 4e~ — 2H,0(1) E°=+1.23V
anode reactions: Zn(s) — Zn?*(aq) + 2e- E°=-0.76 V
Ag(s) —» Ag'(aq) + e” E°=+0.80V
Since E°(Zn**/Zn) < E°(O,,H*/H,0) a spontaneous cell reaction will occur.
Since E°(Ag*/Ag) < E°(O,,H*/H,0) a spontaneous cell reaction will occur.

Essentially, O, becomes a stronger oxidant in acidic conditions, and is capable of
spontaneous reaction with the relatively weak reductant, Ag.
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Area of study 2 How can the yield of a chemical
product be optimised?

Multiple-choice questions

1 C Therecharging of a secondary cell involves reversing the spontaneous reactions that occur
during discharge.

2 D The AH is the difference between the initial enthalpy (reactants) and the final enthalpy
(products). The value is positive here because there is a net increase (endothermic).

3 B The activation energy is the difference between the initial enthalpy (on the right for the
reverse reaction) and the maximum enthalpy on the curve. It is always positive.

4 D Thereis no consistent connection between the enthalpy changes in a reaction and the
activation energy.

5 B The activation energy represents the minimum energy required for a ‘fruitful’ collision to
occur between reactant particles. The area under the curve represents the total number of
particles and the shaded area represents the number of particles with energy higher than
the activation energy.

6 A Increasing the temperature raises the average speed/energy of the particles, increasing
the numbers of particles with higher energies. A catalyst reduces the activation energy,
lowering the energy required for fruitful collisions.

7 C Acatalyst does not affect either the initial or the final states in a chemical reaction. It
provides an alternative intermediate pathway with a lower activation energy threshold.

8 D For2H,0(g) + 2Cl(g) = 4HCl(g) + O,(g) K=4.0x10"M

For the equation

4HCl(g) + O,(g) = 2H,0(g) + 2Cl(g)
1

reversing the reaction inverts K = K= @ox109 - 25x 103 M7
For the equation 2HCI(g) + %Oz(g) = H,0(g) + Cl,(g)
-1
halving coefficients gives square root of K = K=+25%x103=50M 2
9 B Forany chemical reaction aA + bB + ... — xX + yY + ... the equilibrium constant
_ IXIFIYP..
- [A°[BY ...
. . [YP? x [Z] .
10 D For this reaction K = [WE * [X[ and hasthe unitM2. Hence (2 +n)-(2+2)=2=n =4,

11 C Inthe normal course of a reaction, the concentrations of the products increase and the

concentrations of the reactants decrease as the reaction approaches equilibrium. In this
increase in [products] _ 0.4 _ 1

decrease in [reactants] 0.8 2

instance the ratio:
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12 B Lower temperatures give higher K values, and hence higher yields, for exothermic reactions

13

14

15

16

17

18

19

20

(negative AH).

Higher pressures will drive an equilibrium towards the side with fewer particles, so higher
pressures will increase the yield of NO, here.

The reduction in volume will increase concentrations of all species and hence increase the
net concentration of particles, inducing an equilibrium shift to the side with fewer particles.
Hence a net back reaction occurs, reducing the amount of products NO and Cl,. However,
this loss of Cl, does not completely offset the increase in concentration resulting from the
initial volume change, so there is a net increase in the concentration of CL,

The equilibrium constant gives us information only about the extent of a reaction. It tells us
nothing about the activation energy and hence tells us nothing about the rate of a reaction.
All we know about this reaction from the extremely high K value is that when equilibrium is
reached the mixture will comprise almost exclusively products, but we cannot say whether
this will take milliseconds or millions of years.

Since these equations share a common species, H,CO,(aq), changes that affect one will have
a consequent effect on the other. Decreasing the pH means raising [H,0*(aq)], which will
induce a shift left in the second reaction. The consequent increase in [H,CO,(aq)] will induce
a shift left in the first reaction also, resulting in the loss of CO, from the solution.

All other changes listed will induce a shift right in the first equation and lead to more
dissolved CO,,.

The very small value of the equilibrium constant K implies a very low ratio of products to
reactants so that the products will generally be in a very small minority.

In an electrolytic cell, the negative terminal of the external power supply sends electrons to
the cathode, causing reduction of the strongest available oxidant, in this case Ag".

n(Ag) =M = 1070 = 2.1 x10™ mol
= n(e”) = T x n(Ag) = 5.1 x 10 mol

= 0Q=(5.1x10")x96500=49 C

1= 3 =52 =0.12A

n(e’)
charge on metal ion
corresponding ion with smallest charge.

n(metal) = = amount of metal deposited will be greatest for

I: Zinc is a stronger reductant than tin and so will displace Sn?* from solution.
lIl: Copper is a weaker reductant than tin and so will not displace Sn?* from solution.

1, IV: Sn?* ions will be the strongest oxidant in both cases and so will undergo reduction at
the cathode.
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Short-answer questions

21 a

22 a

23 a

The concentration of sodium thiosulfate is higher so there will be more frequent collisions
between reactant particles. While the probability of any particular collision being fruitful is
unchanged, the higher frequency of collisions overall will increase the frequency of fruitful
collisions and hence the rate of reaction.

The higher temperature means the particles in the mixture will be moving faster and hence
colliding more frequently. Also, and more significantly, having faster-moving particles
means there will be a higher proportion of collisions that are fruitful, since there is a greater
chance of a collision having energy greater than the activation energy. These two factors
combine to give a higher frequency of fruitful collisions and hence a higher rate of reaction.

Apart from changing concentration and temperature, reaction rates can be affected by:
+ changing reactant pressures for gases
+ the presence of a catalyst

+ changing the available surface area for reactions involving solids or for non-
homogenous mixtures.

The function is to act as a catalyst and lower the activation energy, giving a higher
reaction rate.

Il platinum catalysed

/

| enzyme catalysed

Enthalpy

1 mol O,+ 2 mol H,0

System | would be faster. The lower activation energy requirement means that there is
a greater probability of any given collision having sufficient energy to meet it, so fruitful
collisions will occur more frequently.

The rates are equal up until time T.

The addition of reactant W increases the frequency of collisions between left-hand side
particles so the rate of the forward reaction increases initially.

Because the forward reaction is now the faster, there will be a net forward reaction. This
will consume the left-hand side particles so the forward reaction will slow down, and
generate right-hand side particles so the reverse reaction speeds up. When the two rates
become equal again, equilibrium has been re-established and no further change occurs.
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i  Adding Y: This accounts for the initial increase in the rate of the reverse reaction; the
subsequent changes reflect the inevitable re-establishment of equilibrium.

ii Adding a catalyst: Both rates increase equally and this is the characteristic effect of a
catalyst.

Note: It doesn’t apply here, but another case that would produce this change is that
where a gas-phase reaction is compressed (volume decreased) and there are equal
number of reactant (left-hand side) and product (right-hand side) particles in the
equation.

iii Adding an inert gas: This does not affect the concentrations of reactants or products
and so affects neither the frequency of collisions between reacting particles, nor the
probability of a collision meeting the activation energy requirement. Hence, it does not
affect the rate of either reaction.

Lowering the temperature means the particles in the mixture will be moving slower and
hence colliding less frequently, and there will be a lower proportion of collisions that meet
the activation energy requirement and are fruitful. Hence, there will be a lower frequency of
fruitful collisions and a lower rate. This is true for both forward and reverse reactions.

Because the forward reaction is faster (the reverse reaction has slowed to a greater extent),
there will be a net forward reaction.

Exothermic. Lowering the temperature will always induce a shift in the exothermic direction,
which in this case must be the forward reaction since that is the direction of the shift.

Because there is a net forward reaction, the equilibrium constant, K, has increased. An
increase in K resulting from a decrease in temperature is characteristic of an exothermic
reaction.

Ais NO,. Bis N,O,.
From the equation:
[NO,J?

[N,O,]
Final concentration will be unchanged but reached in less time.

change in [N,0,]
change in [NO,]

change in [B] ]
changein[A] ~ 2

=% and from the graph:

0104  ,e=====

0.05

0.0

Time
[NO,I*  0.1002
[N,O,] = 0.050

[NO,] =0.100 M; [N,0,] = 0.050 M = K = =0.20 M
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exothermic reaction = decrease K

shift right = decrease amount of 1,O,

no temperature change = no change to K

shift left = decrease amount of |,

shift right (to side with more gas particles) = increase amount of CO,

initial volume increase = decrease concentration of CO, (not offset by increased amount)
shift left = decrease amount of CO,

catalyst does not affect equilibrium = no change

no temperature change = no change to K

lodine (1,) has been added, followed by a net forward reaction to re-establish equilibrium.

The temperature has been increased, resulting in a net back reaction (because the forward
reaction is exothermic).

Equilibrium exists when the concentrations are constant (see diagram).

Doubling the volume will halve all 1
concentrations. Because there are equal |

numbers of reactant (left-hand side) and s HI i
product (right-hand side) particles, the mixture £ | I

remains at equilibrium and there is no shift g —
(see diagram). S | H, T

times system is at equilibrium
— — — .

Time

| CH,(8) + H,0(g) = CO(g) + 3H,(g)
Il CO(g) + 2H,(g) = CH,OH(g)
i Itis a catalyst, to allow the reaction mixture to reach equilibrium more quickly.

ii Theyield would be poorer. Because the reaction is exothermic, increasing the
temperature would lower the equilibrium constant.

iii High pressure will increase the reaction rate so products form faster. Also, because
the number of product particles (1 on the right-hand side) is smaller than the number
of reactant particles (3 on the left-hand side), high pressure will favour the forward
reaction and increase yield.

i  Exposure to CO will drive the first reaction to the right. This lowers the concentration of
free haemoglobin, Hb,, which drives the second reaction to the left, removing Hb,.O,.

il High O, pressure will drive the second reaction to the right. This lowers the
concentration of free haemoglobin, Hb,, which drives the first reaction to the left,
removing Hb,.CO.

CH,OH(g) + O,(g) — CO(g) + 2H,0(g)
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28 a i Positive electrode (anode): 2l (aq) — l(aq) + 2e~
Negative electrode (cathode): 2H,0(l) + 2e” — H,(g) + 20H"(aq)

ii  Brown I, forming at the positive electrode; bubbles forming at the negative electrode
and increasing pH of electrolyte if tested with indicator

b i Positive electrode (anode): 2H,0(l) = O,(g) + 4H*(aq) + 4e~
Negative electrode (cathode): Pb2*(aq) + 2e~ — PDb(s)

ii Bubbles forming at the positive electrode and decreasing pH of electrolyte if tested with
indicator; lead solid/crystals deposited at the negative electrode

c i Positive electrode (anode): Cu(s) — Cu?(aq) + 2e-
Negative electrode (cathode): 2H,0(l) + 2e- — H_(g) + 20H(aq)

ii Copper positive electrode getting smaller, and appearance of blue colour (Cu?) in the
electrolyte solution; bubbles forming at the negative electrode and increasing pH of
electrolyte if tested with indicator

29 a i Anode: reductant strength is H,O > CI7, so
2H,0(l) = O,(g) + 4H*(aq) + 4e~
ii Cathode: oxidant strength is Sn* > H,0 > Mg*, so
Sn?*(aq) + 2e” — Sn(s)
b When Sn?*is consumed, oxidant strength is H,0 > Mg, so
2H,0(l) + 2e” — H,(g) + 20H(aq)

¢ At high concentrations of Cl~ ions, chlorine gas is usually formed as it is able to effectively
compete with water to react at the anode:

2Cl(aq) — Cl,(aq) + 2e~

30 a The coating will appear at the spatula. Nickel metal is produced by a reduction reaction:
Ni%*(aq) + 2e~ — Ni(s)

and reduction always occurs at the cathode (negative electrode in electrolysis).

b Positive electrode (anode): 2H,0(l) — O,(g) + 4H*(aq) + 4e~
Negative electrode (cathode): Ni?*(aq) + 2e~ — Ni(s)
¢ Q=/t=25x(15%60)=2250C
Q _ 2250

= n(e’) = F=96500 " 0.0233 mol

1
= n(Ni) = X% n(e”)=0.0117 mol
= m(Ni)=nM=0.0177 x58.7=0.68 g



PEARSON ALWAYS LEARNING

31 a

32 a

33 a

Heinemann Chemistry 2 5e

Li*(l) + e — Li(l)
2CI(l) = CL(1) + 2e”

Water (H,0) is a stronger oxidant than Li* and would be preferentially reduced at the
cathode, producing hydrogen gas rather than lithium metal.

A mixed electrolyte will have a lower melting temperature, making the process safer
and less expensive. Potassium chloride is appropriate because K* will not be reduced in
preference to Li*.

Like sodium, lithium is a very reactive metal. It must not be allowed to come into contact
with air because it will be spontaneously re-oxidised. Also, it will react very quickly with
water to produce hydrogen gas with the potential for explosion, so it must not be allowed
to come in contact with water.

Both types of cell contain a pair of electrodes (anode and cathode) and an electrolyte.

In a galvanic cell, high-energy reactants undergo spontaneous reaction to generate
electricity. The energy transformation is:

chemical energy — electrical energy.
Heat energy is also produced, reducing the efficiency of the cell.

In an electrolytic cell, electricity is used to drive non-spontaneous reactions to produce
useful chemical products (often very reactive ones). The energy transformation is:

electrical energy — chemical energy.
Heat energy is also produced, reducing the efficiency of the cell.

Electrons always flow from the site of oxidation (the anode) to the site of reduction (the
cathode).

In a galvanic cell, the electrons flow spontaneously from the oxidation reaction at the
anode, which is therefore designated negative.

In an electrolytic cell, the electrons are driven through the cell from the negative terminal of
an external power source to its positive terminal. Thus, the electrode designated negative
in the electrolytic cell receives electrons from the power source and is the site of reduction,
making it the cathode.

A galvanic cell employs a spontaneous redox reaction (favourable oxidant-reductant
combination) to produce an electron flow. If the reactants come into direct contact,
electrons flow directly between them and no current is produced.

In an electrolytic cell, there are no favourable oxidant-reductant combinations and instead
non-spontaneous reactions occur by forcing a current through the cell, forming reactive
products that would react spontaneously if allowed to come into contact.

i For example, sodium (and other group 1 metals), magnesium, aluminium
ii  For example, NaOH, H,, Cl,

The following is an example of the answers for aluminium.

i C(s)+20%(l) » CO,(g) + 4e”

i APBY() + 2e” — Al(l)

ili For example, molten cryolite (Na,AlF)) is used as a solvent; graphite electrodes are
used; anodes are consumed as cell operates; molten aluminium collects beneath the
electrolyte
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The following is an example of the answers for NaOH.
i 2CI(aq) — Cl(g) + 2e~
il 2H,0(l) + 2e” — H,(g) + 20H7(aq)

iii For example, high NaCl(aq) concentration are used so Cl-(aq) oxidised at anode;
semipermeable membrane prevents mixing of CI- and OH~ ions in electrolyte while still
allowing Na* ions to migrate

Water can itself act either as an oxidant or a reductant. Electrolysis from an aqueous
solution is only possible when the desired reaction involves a stronger oxidant or reductant
than water, otherwise water will react preferentially. In that case, the desired reaction can
only be achieved in the absence of water, either in an alternative solvent or in a molten
electrolyte.

Graphite is a good electrical conductor, relatively inexpensive, relatively inert and has a high
melting temperature.

Metallic cathodes are always inert as the electrolytic process ensures only reduction can
occur at their surface. However, the iron in a steel anode would likely be a better reductant
than the target species so that the outcome would be the oxidation, and hence the
consumption, of the electrode itself rather than the desired electrode reaction.

Anode: 2H,0(l) = O,(g) + 4H*(aq) + 4e"
Cathode: 2H,0(l) + 2e” — H,(g) + 20H(aq)
Anode: 2Cl(aq) — Cl(g) + 2e-

Cathode:  2H,0O(l) + 2e” — H,(g) + 20H(aq)
Anode: 2CI(l) = Cl(g) + 2e~

Cathode: Na*(l) + e= — Na(l)

(+) electrode: 2Ni(OH),(s) + 20H(aq) — 2H,0(l) + 2NiOOH(s) + 2e~
(=) electrode: Zn(OH),(s) + 2e” — 20H(aq) + Zn(s)

As in all forms of electrolysis, an external power source is used to drive a current through
the cell to force non-spontaneous reactions to occur. In a secondary cell, the non-
spontaneous reactions are the reverse of the spontaneous reactions that occur during
discharge.

For recharging to be possible, the discharge products must remain in electrical contact with
the electrodes. Any discharge products that migrate away from the electrode will not be
available to participate in the reaction reversal during recharging, so that less reactant will
be available on the next discharge cycle.

Likely explanations include the following.

+ Discharge products are more soluble and mobile at higher temperatures, and hence
more readily migrate away from the electrodes.

* At higher temperatures, side-reactions are more likely to occur, reducing the amount of
active material.

Apart from the two points mentioned in part d, the following are other possibilities.

* Some of the discharge products become coarse and resist current flow.

* Impurities may be present in electrodes or half-cell chemicals.

*  Build-up of products may reduce contact between the electrolyte and the electrodes.

* Mechanical vibration can dislodge reactive materials from the electrodes over time.
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Unit 4 Area of Study 1 Review

Multiple-choice questions

1 D Higher flashpoint reflects lower volatility due to stronger intermolecular bonding, which in
turn implies the likelihood of higher viscosity. At room temperature each is below its flash
point, which represents the minimum temperature required for ignition.

2 D Thereareno C—CorSi—Sibondsin TMS, and C—H bonds are relatively strong.

3 A The C—Cbond energy (348 k] mol™) is higher than that for C—Si bonds, implying that
C—C bonds are stronger. Hence, more energy will be required to break the C—C bonds in
diamond than the C—Si bonds in silicon carbide.

4 C Etheneisthe smallest alkene; there is no such thing as ‘methene’.

5 B Thelongest continuous chain is 5 carbons and there are no double bonds present, so the
molecule is a derivative of pentane. An additional methyl (CH,) substituent is attached at
carbon 2.

6 D Non-polar alkanes have only weak dispersion forces, which are weaker for smaller alkanes
as the presence of functional groups such as —Cl and —OH introduce some additional
dipole-dipole attractions. Smaller alkanes have weaker dispersion forces, and hence lower
boiling points, than larger ones.

7 C Hydroxyl groups are not significantly acidic or basic.

8 A CH,CH, (ethene)is unsaturated and undergoes an addition reaction with bromine, where
one Br atom adds to each side of the double bond.

9 (C Reaction | involves the addition of HCl across the double bond in ethene. Reaction Il
substitutes a hydroxyl group (— OH) for a chloro group (—Cl). Reaction Ill converts a primary
alcohol to a carboxylic acid, which involves oxidation.

10 C Acidified dichromate (Cr,0,*/H*) is an oxidant typically used to convert a primary alcohol
into a carboxylic acid. Heating ensures that conditions are forcing enough to ensure that
the intermediate aldehyde, ethanal, is completely oxidised.

11 D The"-oate’ component of an ester derives from the carboxylic acid used, so this ester
derives from ethanoic acid. The -ylI' component derives from the alcohol used, which must
be methanol.

12 C [IVisthe only structure where the hydroxy group is not highest ranked, because of the
carboxy group.

13 D The fingerprint region of the IR spectrum is typically unique to a particular compound.
Small differences between structural isomers affect the energies of bond vibration.
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14 C The base peak in a mass spectrum corresponds to the strongest signal, and therefore arises
from the most commonly detected fragment. The peak corresponding to the unfragmented
molecule is called the molecular ion (or parent ion) peak.

15 C More surface area means more frequent adsorption-desorption and leads to better
separation.

16 A The retention time results from the interactions of individual component molecules with
the stationary and mobile phases. It depends on the nature of the particles, not on how
many of them there are.

17 A Peak height can give a reasonable estimate provided the peaks are very sharp, but peak
area is the true measure of quantity.

18 C AllH atoms are in an oxidation state of +1 throughout.

19 B Generally, smaller atoms bond more strongly and require higher frequency/energy for
vibration. Multiple bonds are stronger than single bonds and likewise require higher
frequency/energy.

20 A The expected peaks are two hydrogen environments and three carbon environments.

Short-answer questions

21 a i CH, i e.g. CH,CH,CH,CH(CH,)CH,CH,
b i CHO ii e.g CH,CH,CHOHCH,
c i CHJO, ii e.g. CH,CH,COOH
d i CH,OC ii e.g. CH,CI(CH,),OH
e i CH, ii e.g. CH,CH,CHCHCH,CH(CH,),
f i CH,,O ii e.g. CH,CH,CH(CH,)CH,CHO
g i CH, ii e.g. CH,CCCH,CH,CHCHCH,
h i CH,O ii e.g. CH,CHCHC(OH)(CH,)CH,
i i CHNO, ii e.g. CH,COCH,CONH,
22 a Heptan-3-ol, 1 chiral centre
b 3-Fluorobutanoic acid, 1 chiral centre
c trans-Pent-2-ene, no chiral centres
d 4-Ethylhexan-3-amine, 1 chiral centre
e T1-Aminopropan-2-ol, 1 chiral centre
f 5-Chlorohexan-3-ol, 2 chiral centres
g 6-Hydroxyoctanoic acid, 1 chiral centre
h 2-Bromo-3-methylpentane, 2 chiral centres

Methyl butanoate, no chiral centres
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Acidified dichromate (Cr,0,>/H*) or acidified permanganate (MnO,/H?)
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25
a Cl, (or Br,) KOH Cr,0>
CH,CH,CH, ————— CH,CH,CH,C| — CH,CH,CH,OH —————— CH,CH,COOH
UV light H*
Cl (or B
b CH, _ GhlorBy) | CH,CI CH,OH
UV light ’ ’ H.SO
*— CH,COOCH,
H,O Cr,0.>
H,C — CH, CH,CH,OH —————— CH,COOH
H,PO, H*
c HCOOH CH,CH,COOH
H,0 K
HCOOCH,CH,CH, heat/catalyst Cr0 ~ H
H,S0,
CH,CH,CH,0H CH,CH,COOCH,CH,CH,
26 a CH,CH,COOH + NaHCO, — CH,CH,COONa + CO,+ H,0
b CH,CH,CH,OH+H,0 - CH,CH,COOH + 4H* + 4e~
¢ CH,CH,COOH + CH,CH,OH — CH,CH,COOCH,CH, + H,0
d CH,CH,COOH + CH,CH,NH, » CH,CH,COO™ + CH,CH,NH_*
e 2CH,CH,COOH +70, — 6CO, + 6H,0
27 a Viscosity is a measure of the resistance to flow. Low viscosity liquids are ‘runnier’.

i Viscosity increases from methanol to ethanol to propan-1-ol because larger molecules
have stronger dispersion forces between them, tending to restrict movement.

ii  Water solubility decreases from butan-1-ol to hexan-1-ol because additional —CH,—
groups reduce the polarity of the molecules, increasing the effect of the hydrophobic part
that cannot form hydrogen bonds to water molecules.

iii Ethane-1,2-diol has one more hydroxyl group than ethanol. The additional hydrogen
bonding that this allows accounts for the higher viscosity and boiling point of
ethane-1,2-diol.

iv. Benzene has a comparable molecular mass to butan-1-ol but is non-polar and can only
form relatively weak intermolecular dispersion forces. Weak bonding between benzene
molecules results in low viscosity, and the inability to form strong bonds to water
molecules results in relatively low water solubility. A comparison of propanone and
propan-1-ol also illustrates the point.

28
H H H H
H,C C H C CH C CH H C CH
N S CH P CH N, S 3 P 3
T 7 \CHZ/ 2\CH3 \C/ \CHz/ 2\CH3 H3C/ C/ \CHZ/ \C/ \CHz/
H CH, H /CH2
H,C

trans-hex-2-ene cis-hex-2-ene trans-hex-3-ene cis-hex-3-ene
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29 a Radiowaves (radio frequencies)

b The changes associated with this are nuclear magnetic dipoles switching between low and
high energy states corresponding to alignment with the external magnetic field.

c Itisused as an internal standard for determination of chemical shifts.

i  B. High chemical shift is characteristic of an aldehyde and the quartet results from three
adjacent H atoms.

ii D.Singlet suggests no neighbouring H atoms. Chemical shift is consistent with an
adjacent C=0 group.

iii E. Quartet shows three neighbouring H atoms. Moderately high chemical shift is
consistent with an adjacent O atom.

iv C. Singlet because all H atoms in the molecule are equivalent so no splitting is observed.
Chemical shift is consistent with an adjacent halogen (Cl) atom.

v F. Triplet shows two neighbouring H atoms and low chemical shift is consistent with no
adjacent heteroatoms.

vi A. Doublet shows one neighbouring H atom and chemical shift is consistent with an
adjacent C=0 group.

30 a CH,NO,

6 13
b 131
c OH CH,
| ,1,5,},,,
C “STCH 4, CH
2N A9 T
0 H " CH,
|
NH,
d i CHS
i CH.'
i C,H*
e i The base peakis the strongest signal in the mass spectrum, that is, the most abundant

fragmention.
ii 131 - 86 =45 mass units lost. This is most likely to be CO,H.

31 a M(CHCl,)=119.4 g mol™ M(CH,) =16.0 g mol™ M(Cl,) = 70.9 g mol™
molar mass of product
total molar mass of reactants

b n(CH)=" = 1009 - 62.5 mol

(CHCI ) =n(CH,) = 62.5 mol; this is the maximum yield
(CHCI, )—nM 62.5x119.4=7.46x103g=7.46 kg
yIe,d(CHCI )= 2 100 x 7.46 kg = 5.60 kg

¢ Sodium hydroxide and sodium ethanoate

Atom economy = x 100 = x100=52.2%

16.0+3x70.9

max

max

M(CHCL,) = 119.4 g mol™’ M(CH,COCH,) = 58.1 g mol™ M(NaOCl) = 74.4 g mol™
B molar mass of product _ 119.4 _ 0 cli
Atom eConomY = & o mass of reactants < 100 = 55753 x 744 * 100 = 42:4%; slightly

lower
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e Addition reactions of alkenes have an atom economy of 100%, since in addition reactions
the atoms of a small molecule add across a C—=C double bond and there are no other
products formed.

32 a Spectrum A: ~3000cm™is C—H, ~1700 cm™is C=0
Spectrum B: ~3000 cm™ is C—H, ~3400 cm™ is O—H
b Spectrum A is propanone; spectrum B is propan-2-ol.

Because of the symmetry of the molecule, all six hydrogens are in the same bonding
environment and are 'equivalent'.

d Again, because of the symmetry of the molecule the two terminal carbon atoms are in
identical environments and hence absorb and emit the same frequency.

e 'HNMR: three peaks as there are three different H environments (—CH,, —CH(OH)—
and —CH(OH)—)
3C NMR: two peaks as there are two different C environments (—CH,, —CH(OH)—)

f i 58
ii It provides the molecular mass from which the molecular formula can be deduced.
iii  [CH,COJ"

33 a Taurine, glycine

Viewing under UV light or applying a stain
_distance travelled by spot g
f~ distance travelled by solvent ~ 50 ~ 0.12
Taurine is bonded least strongly. Strong interactions with the mobile phase will favour
desorption and result in higher R_values since molecules will spend less time adsorbed to
the stationary phase. Taurine has the lowest R_value and so does not desorb readily into
the mobile phase.

34 a Sorbic acid adsorbs most strongly. Its longer retention time indicates that it spends a
relatively long time adsorbed onto the stationary phase.

b Only benzoic acid, for which there is a peak in the sample spectrum with the same
retention time. There are no peaks in the sample with retention times corresponding
to the other two.

¢ 4.74mg/100 mL

d Mass of preservative in 10.0 mL solution =% x10.0=0.474 mg
Concentration of preservative in sauce = 01'45704 x100=31.6 mg/100 g

35 n(NaOH)=cV=0.350 x0.017 48 = 0.006 12 mol
n(C,H O, = % x n(NaOH) = 0.003 06 mol in 10 mL aliquots

8 6 4
Neoea(CHO,) = % x 0.003 06 = 0.0306 mol in original sample.

m(C,H.O,) =nM =0.0306 x 166.1 =5.08 g

8 6 4
Percentage = 0552068 x 100 =96.6%
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Unit 4 Area of Study 2 Review

Multiple-choice questions

1 B Two amino acids are required to form a dipeptide.

2 A \Vlisglycerol; Vand VIl are fatty acids but only VIl is saturated (C H

n 2n+1

COOH).
3 B Aglycosidic link forms from two hydroxyl groups.

4 B Asaturated fatty acid has the formula C H,, ,,COOH, or CH, O_; in this case C,,H,.0, would
be the formula of the saturated fatty acid. Each double bond reduces the number of

hydrogen atoms by two; hence C,,H,,0, must possess one double bond.

5 A The reaction involves formation of peptide links between the carboxy group of one amino
acid and the amino group of another.

6 A The bond between C=0 and N—H groups on nearby, regularly spaced peptide links
causes the helical shape.

7 A Acid disrupts the weaker bonding maintaining secondary and tertiary structure of the
protein. Harsher conditions result in the acid hydrolysis of the peptide links, destroying the
primary structure.

8 C Aerobicrespiration requires oxygen and results in complete oxidation of the glucose to
produce carbon dioxide (and water), releasing the maximum available energy. Aerobic
respiration does not require oxygen; instead the glucose is partially decomposed to release
a small portion of its available energy.

9 B (165+ 131+ 149)- (2% 18)=409. Two water molecules are formed as by-products of the
condensation.

10 B 3x + 92(glycerol) = 878 + 54. Three water molecules are incorporated in the hydrolysis step.

11 D Links between monosaccharides result from condensation of hydroxyl (—OH) groups. This
results in a type of ether linkage (—O—), which when it occurs between carbohydrate units
is called a glycosidic link.

12 B All are composed of glucose. Differences are in the stereochemistry of C-1 (a- in starch and
glycogen, B- in cellulose) and the chain size and extent of branching.

13 A Essential nutrients (fatty acids or amino acids) are those that must be obtained from
external sources in the diet because the body is unable to synthesise them biochemically.

14 A Antioxidants act as ‘sacrificial reductants’, intercepting and reacting with oxidising agents.
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15 B High Gl foods are digested quickly, leading to a more rapid and early increase in blood
sugar; typically, this means higher levels of amylopectin which is more quickly digested than
amylose.

16 B Carbohydrates (mainly glucose) provide the bulk of the body’s day-to-day energy needs.
Fats store more energy per gram and so are ideal for longer term energy storage. The
energy content of fats is higher as their oxygen content is lower; this makes them ideal for
longer term energy storage but not for rapid turnover. Carbohydrates, with more oxygen,
are already partially oxidised so their further oxidation yields less energy, but glucose
respiration is the fundamental source of energy for the body.

17 A Vitamins do not contribute directly to the energy value of food but need to be presentin
small amounts for the normal progress of a variety of essential processes (such as the
normal function of many enzymes). Because they cannot be synthesised in the body (except
for vitamin D) they must be obtained in the diet.

18 C Artificial sweeteners work because their shape and the spatial arrangement of certain
key atom groups allows them to interact with taste receptors in the same way that sugar
molecules naturally do.

19 C The only benefit of artificial sweeteners is that their higher sweetness means that less
needs to be used (compared to natural sugars).

20 A Energy released = (0'0315 x 3120) = 2.34 k] = 2340 J; calibration constant = —ZiAT'O = —23_4(1)0

Short-answer questions

21 a,c, d See diagram.

peptide links

terminal

carboxy
terminal

amino
@\ * N %
CH CH, CH, CH CH
CH, H,C CH,
\ /
CH
H.C

b Tyrosine, glycine (x 2), phenylalanine
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22 a i A C
i B
ii D
b All of them
¢ Energy

Starch in food undergoes hydrolysis (A) during digestion to form glucose, which is absorbed
into the bloodstream. Some glucose is used to derive energy in cellular respiration (D).
Some excess glucose undergoes condensation (B) to form glycogen for temporary storage,
which is later hydrolysed (C) to release its stored glucose when needed.

e Humans lack the enzyme necessary for hydrolysis of cellulose to glucose (cellulase),
so cellulose passes though the digestive tract mostly unreacted. The different spatial
orientation of atoms on the glycosidic links in cellulose compared to starch means that no
strong interaction can form between the active site of amylase (the enzyme that catalyses
starch hydrolysis) and cellulose.

f i Fatty acids (and glycerol)
ii  Amino acids
23 a Essential amino acids cannot be synthesised in the body and must therefore be obtained
from the diet.

b Histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan,

valine
c.d OH OH
C C
72N YZZIRN
o 2 CH o 2 CH
NH, NH,
valine aspartic acid

e Atlow pH (acidic) the amino group becomes protonated and hence positively charged.
At high pH (basic) the acidic carboxyl groups become deprotonated and gain a negative
charge. Aspartic acid possesses two carboxyl groups, and at sufficiently high pH both can
become deprotonated.

T " T !
C CH C CH, OH C CH C CH, o
O/ \CH/ \CH3 O/ \CH/ \C/ O/ \CH/ \CH3 O/ \CH/ \C/
valine ‘ aspartic acid ‘ H valine ‘ aspartic acid ‘ H
H— N*\\ u H— N+\\ u O NH, NH, (0}
H H
at low pH at high pH
f (0] (6] (0] (0]
HN C—NH C C— C
NS DN N RN
CH CH OH CH CH OH
_ CH “ CH, CH, CH
H,C CH, | | H,C 7N CH,
PN PN
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24 a The primary structure of a protein relates to the formation of peptide linkages between
the amino acids as they are linked together in a specific sequence; because this is a
condensation reaction between carboxyl and amino functional groups, water is produced
as a by-product. Secondary and tertiary structures do not involve condensation reactions.

b These are features of the secondary structure of proteins, maintained by hydrogen bonding
between the regularly spaced peptide linkages along the backbone of all protein chains.

¢ The secondary and tertiary structures of proteins are largely maintained by non-covalent
bonding interactions such as hydrogen bonding, ion-ion/ion-dipole attractions, and
dispersion forces, which are generally weaker than the covalent bonding in the peptide
linkages maintaining the primary structure.

d The bonding that maintains the tertiary structure of a protein includes types of widely
varying strength, including some strong covalent bonding in the form of disulfide bridges.
Proteins with higher proportions of the stronger bonding types involved in their tertiary
structures will tend to be more stable.

e Even before the disruption to bonding becomes sufficient to permanently denature
an enzyme, changes that affect the functional groups at the active site can significantly
interfere with the substrate interactions and reduce activity.

25 a, bSee diagram. Other bonding locations are possible. H atoms on water molecules can bond
to any of the six oxygen atoms in glucose. O atoms on water molecules will only bond to the
hydroxyl (-OH) hydrogen atoms in glucose.

;o
H
H\\C/O\H \
| _0O—H
o
C 0
H/| \o/
7w |
JULI V— H
U
H 0.
/ o H H
H
o
26 a C,H,,0.aq)+60,(g) - 6CO,(g) +6H,0() AH=-2.83 M) mol™ =-2.83 x 10° K] mol™
b M(CH,O,)=180g mol
-m_10.0 _
n(CH,,0 _M_@_O’OS%mOl

Energy = 0.0556 x 2.83 =0.157 M) = 157 K/
0.500 , ¢ _
c nO,) 583 x 6 =1.06 mol
VO,)nV_=1.06x%248=263L
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127 22711

a
b Yes, both have the molecular formula C,_H, O.. but clearly have different structures.
¢ Glucose and fructose

d

Some humans lose the ability to produce lactase and so are unable to digest/hydrolyse
lactose, which results in irritation in the gut, among other symptoms.

28 a, b e~ OH e oH
2 2
H C (0] H H C o H
) N
PC OH H H OH H H C* H
SN A
C o C C e o
v b Vo

¢ The hydrolysis of starch (amylose) is catalysed by the enzyme amylase, whose active site
is specific for binding to the amylose structure. Altering the stereochemistry on even one
atom, as in the case of cellulose, changes the spatial configuration of key atoms and groups
and prevents binding to the enzyme’s active site.

d Normal chain formation involves formation of glycosidic links at carbons 1 and 4 as shown
in the diagram. Branching results when glycosidic links form via hydroxyl groups at other
centres on the glucose molecule.

e Starchis the primary form of storage of excess glucose in plants, while glycogen performs a
similar function in animals. Cellulose is a structural material produced by plants for making

cell walls.

291 a C,H,0,C,H,,COOH b Polyunsaturated ¢ Omega-6
N a C,H,O, C_H, COOH b Polyunsaturated ¢ Omega-3
ma CH,O, CH,,COOH b Saturated ¢ Neither
Iva (CH,0,CH,,COOH b Monounsaturated ¢ Neither

30 a,b ﬁ

0 — C j— (CH,),— CH — CH — (CH,);/— CH,
HC 0

2

HC — 0 — C 5— (CH,),— CH == CH — (CH,,— CH
| 0
HC |

0— C4— (CH),— CH == CH — (CH,),— CH

3

3

¢ Fatty acid Ill. The double bonds in unsaturated fats cause kinks in the hydrocarbon
‘tails’ that tend to prevent them from packing tightly and forming strong intermolecular
attractions. Saturated fats tend to have higher melting temperatures.

d Fatty acid lll. The double bonds in unsaturated fats are reactive and susceptible to attack by
oxidants such as oxygen.
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31 a C.H,,0,aq) + 60,(g) — 6CO,(g) + 6H,0(I)
b C,H,,0,,(aq)+ H,0()— 2C,0,,0,(aq)
¢ 3C,,H,,COOH() + C,H,0,(aq) — C,,H,,O(1) + 3H,0()
d C,,H,,COOH()+170,(g) — 12CO,(g) + 12H,0()

32 a Water molecules should only be bonded to hydroxyl (-OH) hydrogens.

H
H—oO._
H\O
5 \
0
\ RN 0
O---.. H O —_ /CH\HC C&
n H, \
/N
H\O_,' H—o0 O\H __ O/H
/ \
H H

b Vitamin C has several polar hydroxyl groups that allow it to form strong hydrogen bonds to
water molecules. Vitamins A and D lack these and are non-polar, allowing them to dissolve
only in non-polar solvents such as oils.

33 a Coenzyme (or cofactor)

The ‘active site’ of an enzyme is the region on its surface responsible for its catalytic
activity. This region has the ability to bind to a specific molecule, or part of a molecule. This
molecule is called the ‘substrate’ and binding to the active site of the enzyme alters the
substrate in a way that lowers the activation energy of a reaction in which the substrate
participates.

¢ Like all catalysts, enzymes increase the rate of reaction but are unchanged after the
reaction is complete, so that a single enzyme molecule can catalyse a reaction many times
over. A reactant is changed and consumed in the course of a reaction.

d Inthe lock-and-key model the active site has a fixed shape that only the substrate, or a
close mimic, can fit into and bind. The induced fit model holds that the enzyme and the
substrate are altered by the binding process, with the enzyme’s active site undergoing some
deformation that helps maximise the bonding interaction.

e Coenzymes usually attach to the active site of the enzyme (or sometimes the substrate) and
are necessary for the ‘fit' between substrate and active site that allows effective binding to
occur.
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34 a 70s
Exothermic (temperature increases)

The temperature decreases due to loss of heat to the surroundings. Better insulation for
the calorimeter would reduce this loss.

d ~21.7-16.0=5.7°C

e Energyreleased=5.7x486=277x10%)=277Kk

0.833

n(Zn) = 654 - 0.0127 mol
2.77

Heat released per mole of Zn = 00127 =218 N]
Hence AH =-218 k] mol™

35 a E=Vit=5.00%x3.00x120=1800]

Calorimeter constant = 118%) =973)°CT

b E=973x268=261x10%]=2.61k|
Energy content = % =119kl g™

¢ Generally, the energy measured by calorimetry is higher because the food is completely
combusted, whereas in human metabolism some parts of the food are not completely
digested or converted into products that can be completely oxidised for energy.
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Chapter 1 Fuels

Section 1.1 Types of fuels

1.1 Key questions

1

A non-renewable fuel cannot be replenished at the rate at which it is consumed. Renewable fuels are those that can

be replenished at a rate at which they are consumed.

Renewable: bioethanol, biogas, biodiesel. Non-renewable: coal, oil, LPG, natural gas, coal seam gas.

Coal has the longest expected lifespan based on reserves and current rates of use. Carbon dioxide emission issues

may reduce long-term dependence on coal.

a The rate of global energy use is more than can be supplied by wood. Wood has a relatively low energy density and
is unsuitable for many portable/transport applications.

b Using a non-renewable energy source cannot be sustained indefinitely but moderate and careful use now can
increase the likelihood that it will meet the needs of future generations.

Crude oil consists of a range of hydrocarbons with different boiling temperatures. The use to which a fraction is put is

influenced by its boiling temperature and so fractional distillation is needed to separate them.

Section 1.2 Fossil fuels and biofuels

1.2 Key questions

1

Coal is excavated, crushed and dried. Coal is added to a furnace. Energy released from coal is transferred to water.
Steam is produced. Steam turns a turbine. Electricity is generated.

a Advantage

b Disadvantage

¢ Advantage

d Advantage

e Disadvantage

Source Composition of source Extraction process
Crude oil Mixture of alkanes Fractional distillation
Coal seam gas Gas adsorbed on solid Fracking

Sewage Organic matter Anaerobic digester
Gas well Mainly small alkanes Drilling

a Energy will be absorbed by the evaporation of the water. The energy content per gram will be less than that for coal

with a lower water content.

Removal of some water by drying and/or crushing

Use of off-peak (e.g. night time) electricity to dry the coal would reduce the cost.

d Potential atmospheric pollution from oxides of sulfur require either pre-treatment and/or post-treatment to remove
or reduce sulfur from the brown coal and post-treatment to remove or reduce it from exhaust gases.

o T
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Section 1.3 Petrodiesel and biodiesel

1.3 Key questions

1 D. Petrodiesel is about 75% alkanes and 25% aromatic compounds. Most molecules contain 10-15 carbon atoms.
2 Transesterification

3 a True

True

False

True

False

True

-~ 0 Q O T

4 Some CO, is consumed in the production of the triglycerides that biodiesel is made from.

CHAPTER 1 REVIEW

TYPES OF FUELS

1 Apart from the difficulties in daily travel, lack of crude oil and natural gas will make transport of manufactured
goods difficult and costly. It will also stop the production of all the products that are derived from crude oil—plastics,
synthetic fibres, dyes, paints, solvents, detergents and pharmaceuticals.

2 a Coal
b Coal, oil, natural gas, nuclear energy, hydraulic power, new technologies, hydroelectricity

3 The formation of fossil fuels is a process that occurs over millions of years. The organic matter produced by plants
and animals undergoes complex changes as it is subjected to heat and pressure under tonnes of mud and sand.
Once the current reserves of fossil fuels have been used, they will not be replaced in the foreseeable future.

4 a Black coal
Peat
Black coal

b

c
5 a Methane and carbon dioxide

b The composition of biogas depends on the original material from which it is sourced and the method of
decomposition.

6 Soybean, canola and palm oil
7 When coal is burnt, energy is used to vaporise this water, reducing the amount of heat released.

FOSSIL FUELS AND BIOFUELS

8 Natural gas. Australia has a large supply of natural gas, but globally other fuel resources will last longer based on
current patterns of usage.

9 The term ‘energy efficiency’ is used to describe the percentage of energy from a source that is converted to the form
of energy desired.

10 Heat losses to the surroundings, friction, release of light and sound.

11 a Petrol, bioethanol, biogas
b B
12 Photosynthesis uses six molecules of carbon dioxide to produce one molecule of glucose:
6CO,(g) + 6H,0() = C,H,,0.(aq) + 60,(g)
Fermentation of glucose produces ethanol and two molecules of CO,:
C¢H,,0,(aq) — 2C0O,(g) + 2CH,CH,OH(aq)
Combustion of ethanol releases heat and four molecules of CO,:
2CH,CH,OH(l) + 30,(g) — 3H,0(g) + 2C0,(g)
Therefore, all of the carbon dioxide released into the atmosphere by the fermentation and combustion of ethanol has
been taken in by plants in the process of photosynthesis.
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13 Biogas is formed through the action of anaerobic bacteria on organic matter. Anaerobic bacteria operate in the
absence of oxygen. Methane is the most abundant component of biogas, followed by carbon dioxide and then a mix of
other gases in low percentages.

14 a E10 petrol is a mixture of 10% ethanol and 90% conventional petrol.

b Use of E10 petrol will extend the availability of petrol as a fuel and will allow more of the larger fractions from crude
oil to be used as a feedstock for other uses rather than being burnt as a fuel.

15 All of the points are inter-related. Many other valid responses are possible.

a Polar ice caps are shrinking, causing sea levels to rise worldwide. Local effects on the wildlife adapted to polar
conditions. Melting ice adds cold, fresh water to the ocean with the possibility of altering the major ocean currents,
resulting in climate changes, e.g. to Western Europe.

b Changed weather patterns causing droughts, floods, hurricanes and resulting in changed growth patterns in plants
that might lead to both plant and animal extinctions.

¢ The changed weather patterns can result in crops failing, affecting the economy and driving some people to
starvation.

d Some plants and animals that are dependent on particular weather conditions for propagation or for key parts of
their life cycle may become extinct.

PETRODIESEL AND BIODIESEL

16 C. The general formula of an alkane is CH, ... C, H,, can be identified as an alkane from its formula. It has 11 carbon

atoms in the molecule, placing it in the diesel fraction.
17 Advantages = a, b, ¢, ¢, f, g; disadvantages = d, h
18 a Biodiesel
b Petrodiesel
¢ Biodiesel
d Biodiesel
Biodiesel has stronger intermolecular forces due to the presence of dipoles within biodiesel molecules. This leads to
the cold flow issues and the higher absorption of water. Its shelf life is also shorter due to its higher biodegradability
than petrodiesel.

CONNECTING THE MAIN IDEAS

19 a Biochemical fuels are derived from renewable resources such as plants. Ethene, the feedstock used for the
industrial production of ethanol, is derived from the distillation and cracking of crude oil, a non-renewable resource.
b Ethanol can be produced from the fermentation of sugar by yeasts. Sugar may be derived from sugar cane or by
the hydrolysis of starch from grains such as maize.
20 Individual student response required.
21 a Burning coal to generate electricity produces greenhouse gas emissions, which would not help Australia meet
its Paris Agreement obligations. However, the cost of electricity could rise if other energy sources are required to
replace coal, which is relatively abundant and cheap.
b Biofuels could potentially be carbon neutral—the carbon dioxide produced from the combustion of the fuels
is offset by the carbon dioxide absorbed to grow the crops which are used to make the fuels. This would help
Australia meet its Paris Agreement obligations.
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Chapter 2 Energy from fuels

Section 2.1 Exothermic and endothermic reactions

2.1 Key questions

1 D. Combustion reactions result in a production of heat; therefore, energy is lost to the surroundings and the reaction
is exothermic.

2 a 180KkJ
b 1.5x10%kJ
¢ 0.0100 kJ or 1.00 x102 kJ
d 20x10°kJ

3 In chemistry, the system is usually the chemical reaction, whereas the surroundings refer to everything else; for
example, the beaker or test tube in which the reaction takes place.

4 In any reaction, the total amount of chemical energy of the reactants is made up of the bonds between atoms within
the reactants. If the total amount of chemical energy within the reactants is less than the total amount of chemical
energy within the products, energy must be supplied to the system, the reaction is said to be endothermic.

Section 2.2 Thermochemical equations and energy profile diagrams

Worked example: Try yourself 2.2.1
CALCULATING AH FOR ANOTHER EQUATION

Carbon reacts with hydrogen according to the equation:
6C(s) + 3H,(8) = C,H () AH = +49 kJ mol*!
Calculate AH for the reaction represented by the equation:
3C,H(g) — 18C(s) + 9H,(g)

Thinking Working

The reaction has been reversed in the second equation, AH for the second equation will be negative

so the sign for AH is changed to the opposite sign.

Identify how the mole amounts in the equation have The mole amount for C,H, has changed from 1 to 3,

changed. H, has changed from 3 to 9 and C has changed from 6 to
18. They have all tripled.

Identify how the magnitude of AH will have changed for The mole amounts of the chemicals have all tripled, so

the second equation. AH will also have tripled.

Calculate the new magnitude of AH. (You will write the 3 x49

sign of AH in the next step.) =147

Write AH for the second equation, including the sign. AH = -147 kJ mol!

2.2 Key questions

1 A negative AH value indicates a reaction is exothermic. This is because the enthalpy of the reactants is greater than the
enthalpy of the products. Energy is being released to the surroundings.

2 CH,(g) +20,(g) — COL(g + 2H,0() AH = -890kJ mol!
It would be lower because the change of state of the H,0 from liquid to gas will require energy to be absorbed.

w

4 a Endothermic
b The total enthalpy of the product (HI) is greater than that of the reactants (hydrogen gas and iodine gas)
¢ The activation energy is greater than the AH value.

5 6C0,(g) + 6H,0()) - C,H,,0.(aq) + 60,(8)  AH = +2803 kJ mol*
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Section 2.3 Energy from combustion

Worked example: Try yourself 2.3.1
WRITING EQUATIONS FOR COMPLETE COMBUSTION OF HYDROCARBON FUELS

Write the equation, including state symbols, for the complete combustion of hexane (C,H_,).

Thinking Working

Add oxygen as a reactant and carbon dioxide and water CH,,+0,—- CO,+ H,0
as the products.

Balance carbon and hydrogen atoms, based on the CH,,+0,— 6CO,+ 7H,0
formula of the hydrocarbon.
Find the total the number of oxygen atoms on the Total O
product side. =b6x2)+7
=19
If this is an odd number, multiply all the coefficients in 2CH,,+0,— 12C0O,+ 14H,0

the equation by two, except for the coefficient of oxygen.

Balance oxygen by adding the appropriate coefficient to 2CH,,+190,— 12CO, + 14H,0
the reactant side of the equation.

Add state symbols. 2CH,, () + 190,(g) — 12C0,(g) + 14H,0(l)

Worked example: Try yourself 2.3.2
WRITING EQUATIONS FOR COMBUSTION REACTIONS OF ALCOHOLS

Write the equation, including state symbols, for the complete combustion of liquid methanol (CH,OH).

Thinking Working

Add oxygen as a reactant and carbon dioxide and water CH,0H+ 0, - CO, + H,0
as the products.

Balance carbon and hydrogen atoms, based on the CH,0H+ 0, —» CO, + 2H,0
formula of the alcohol.

Total the number of oxygen atoms on the product side. Total O on product side
Then subtract the one oxygen atom in the alcohol =(1x2)+2x1)
molecule from the total number of oxygen atoms on the =4

product side. Total O on product side — 1 in alcohol

=4-1=3

If this number is an odd number, multiply all of the 2CH,0H + 0, —» 2CO, + 4H,0
coefficients in the equation by two, except for the
coefficient of oxygen.

Balance oxygen by adding the appropriate coefficient to 2CH,0OH + 30, — 2CO, + 4H,0
the reactant side of the equation.

Add state symbols. 2CH,OH(l) + 30,(g) — 2C0,(g) + 4H,0()
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Worked example: Try yourself 2.3.3
WRITING EQUATIONS FOR INCOMPLETE COMBUSTION OF FUELS

Write an equation, including state symbols, for the incomplete combustion of liquid methanol (CH,0OH) to form carbon
monoxide and water vapour.

Thinking Working

Add oxygen as a reactant and carbon monoxide and CH,0H +0, - CO + H,0
water as the products.

Balance the carbon and hydrogen atoms, based on the CH,0H + 0, - CO + 2H,0
formula of the hydrocarbon.

Balance oxygen by adding the appropriate coefficient to CH,0H + 0, - CO + 2H,0
the reactant side of the equation

If oxygen gas has a coefficient that is half of a whole CH,0H + 0, - CO + 2H,0

number, multiply all of the coefficients in the equation

by two.

Add state symbols. CH,OH(l) + O,(g) — CO(g) + 2H,0())

Worked example: Try yourself 2.3.4
CALCULATING ENERGY RELEASED BY A SPECIFIED MASS OF A PURE FUEL

Calculate the amount of energy released when 5.40 kg of propane (C,H,) is burnt in an unlimited supply of oxygen.

Thinking Working
Calculate the number of moles of the compound using: m
. n(C;Hy) = I
_ m(in grams)
B M 5.40x10°
T T a0
=122.7 mol
Multiply the number of moles by the heat of combustion Energy =nxAH,
per mole. =122.7 x 2220
=272 x10%kJ

2.3 Key questions

1 2CH.(l) + 150,(g) — 12CO,(g) + 6H,0()
-2220

2 Propane: heat of combustion = 20 - -50.5 kJ g'!
_ -5450
Octane: heat of combustion = 120 — -47.8 kJ g!

Propane releases more energy per gram; therefore, propane releases more energy per kilogram.
3 C,H,OH() + 20,(g) — 2C0O(g) + 3H,0())
m 250

4 a n= = Teo =15.6 mol
Energy =nxAH_=15.6 x 890 = 1.39 x10* kJ
m  9.64x10°
bn—ﬁ— 220 =219 mol
Energy = nxAH_= 219 x 2220 = 4.86 x10° kJ
m 403x10°
e — o 3
CnN= = "o =8.76 x 103 mol
Energy =nxAH_ =876 x10%x 1367 = 1.20 x 107 kJ

d Energy =mxAH_=573 x106x30 = 1.7 x 101 kJ
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Section 2.4 Determining the heat of combustion of fuels

Worked example: Try yourself 2.4.1

CALCULATING THE AMOUNT OF ENERGY REQUIRED TO HEAT A SPECIFIED MASS OF WATER USING

SPECIFIC HEAT CAPACITY

Calculate the heat energy, in kJ, needed to increase the temperature of 375 mL of water by 45°C.

Thinking

Working

Change the volume of water, in mL, to mass of water, in g.
Remember that 1 mL of water has a mass of 1 g.

1 mL of water has a mass of 1 g, so 375 mL of water has
a mass of 375 g.

Find the specific heat capacity of water from the
Table 2.4.1.

The specific heat capacity of water is 4.18 J g* °CL.

To calculate the quantity of heat energy in joules, use the
formula:

g=C{g!°CHxm(g xAT (°C)

q =4.18x 375 x 45
=7.05 x 10% J

Express the quantity of energy in kJ. Remember that to
convert from J to kJ, you multiply by 103.

g =7.05x10%x 1073
=70.5kJ

Worked example: Try yourself 2.4.2

CALCULATING THE HEAT OF COMBUSTION OF A FUEL FROM EXPERIMENTAL DATA

of ethanol in kJ mol-.

0.295 g of ethanol (C,H,0OH) undergoes complete combustion in a spirit burner. The heat energy released is used to
heat 100 mL of water. The temperature of the water rose from 19.56°C to 38.85°C. Calculate the heat of combustion

heat released by sample

Heat of combustion = amount of sample (in mol)

Thinking Working
Calculate the temperature change of the water. AT = 3885 -19.56
=19.29°C
Use the specific heat capacity of water to determine the g =4.18 x 100 x 19.29
energy used to heat the water. Use the formula: = 8063 J
g=CxmxAT
(m in this formula is the mass of water.)
Express the quantity of energy in kJ. Remember that to g =8063 x 103
convert from J to kJ, you multiply by 1073, = 8.063 kJ
Calculate the amount, in moles, of methanol using the 0295
formula: n= 60
n= m = 0.00641 mol
M
Determine the heat of combustion of methanol, in kJ ) . 8063
mol-L. Heat of combustion combustion = 000641

=-1.26 x 103kJ mol!

(Note: The negative sign indicates the reaction released
energy, causing the temperature to rise.)
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Worked example: Try yourself 2.4.3
WRITING A THERMOCHEMICAL EQUATION USING HEAT OF COMBUSTION DATA

Write a thermochemical equation for the complete combustion of ethane (C,H)).

Thinking Working

Add oxygen as a reactant and carbon dioxide and water C,Hq(g) + 0,(8) = COL(g) + H,O()
as the products in the equation.

Balance the carbon, hydrogen then oxygen atoms. 2C,H,(g) + 70,(g) — 4C0O(g) + 6H,0())

Add states.

Obtain the heat of combustion, in kJ mol, from the data The heat of combustion of ethane is 1560 kJ mol-!.
in Table 2.4.2.

Determine AH for the thermochemical equation by AH =2 x-1560 = -3120 kJ mol*!

multiplying the heat of combustion by the coefficient of
the fuel in the balanced equation.

Write the thermochemical equation. 2C,H (g) + 70,(g) — 4C0O,(g) + 6H,0(1)
AH =-3120 kJ mol*!

2.4 Key questions

1 g=CxmxAT
=4.,18 x 1000 x 25.0
=1.0x10%J
=1.05x%x10%kJ
2 Itis assumed that all of the energy released by the combustion of the fuel is used to heat the water. In reality, some of
the energy will be used to heat the steel can as well as being lost to the surroundings.
3 g=CxmxAT
=418 x300x1.78
=223x10%J
=223 kJ

AH =2

n
223
1.00x107
=-2.23 x 103kJ mol™?
(Note: The negative sign indicates the reaction released energy, causing the temperature to rise.)
4 g =CxmxAT
=418x500x11.5
=24035J

=24.035 kJ

AH =2
c n
24.035

0.500
=-48.1kJ g!
(Note: The negative sign indicates the reaction released energy, causing the temperature to rise.)




PEARSON ALWAYS LEARNING

Heinemann Chemistry 2 5e

5 a CH,(g) +20,(g) — CO,g) +2H,0(l) AH =-890 kJ mol*
b g =CxmxAT
=4.18 x 500 x 80.0
=167 200J
=167.2 kJ

=0.1879 mol
m=nxM

=0.1879x 16.0

=301g

CHAPTER 2 REVIEW

EXOTHERMIC AND ENDOTHERMIC REACTIONS

1 221 kJ

152 J

1.89 MJ

125 kJ

Exothermic, because heat and light energy are released to the surrounding environment by the combustion

of wood.

Endothermic, because thermal energy is absorbed from the surrounding environment to melt the ice.

Endothermic, because electrical energy is consumed from a power supply as the battery is recharged.

d Exothermic, because heat energy is released to the surrounding environment as organisms in the compost heap
decompose the plant material. The temperature of the heap rises as a consequence.

0 o 0 T o

o T

3 Luminescence is the ability of chemicals to give off light, or glow. Chemiluminescence results from exothermic
reactions where the energy given off to the surroundings is in the form of light energy. Glow sticks are produced
when two chemicals are mixed together once a reaction vessel is broken, allowing them to mix. When they mix, the
energy is released to the surroundings as light energy. Bioluminescence describes living things that are luminescent.
Glow-worms are able to control the amount of luminescence they give off by taking in more or less oxygen for the
reaction system in which light energy is released.

THERMOCHEMICAL EQUATIONS AND ENERGY PROFILE DIAGRAMS

. Some energy is always absorbed to break bonds in the reactants.
True
False
False
True
Exothermic because AH is negative.
The value of AH would now be doubled as the amount of all of the reactants and products is also doubled.
AH =-5238 kJ mol!
7 If a chemical equation is written for an endothermic reaction, AH is positive, telling you that energy is absorbed as the
reaction proceeds. The enthalpy of the products must be higher than the enthalpy of the reactants.

o o0 oY O

If this reaction is reversed, the enthalpy of the reactants is now higher than the enthalpy of the products. The reaction
releases energy as the reaction proceeds, so is exothermic. AH becomes negative.
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8 a Higher energy in bonds of reactants

b
Activation energy
)
5 [N Y A W |
o | 2C,H, (2) x
+130,(g)
AH = —5172 kJ mol™!
8CO( + 10O®)
ENERGY FROM COMBUSTION

9  C,H,0H(g) + 60,(g) — 4CO,(g) + 5H,0()
10 2C,H,(g) + 90,() — 8CO(g) + 10H,0(l)

m
IIH—M

5000

T 160
=312.5 mol
Energy =n x AH,
=312.5x 890
=278 125 kJ
=278 125%x 103 =278 MJ

12 a i nCH, = 3

1000

T 1140

=8.772 mol
Energy =8.772 x 5450
=4.781 x 10* kJ

" m
it n(CH,) =4

1000

58

17.241 mol

Energy = 17.241 x 2886
=498 x 10* kJ

iii n(H,) =

5 |3

000
= 200
= 500 mol
Energy = 500 x 286
=143 x10°kJ
b H, CH,, CH

4" 7107 78" 18
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DETERMINING THE HEAT OF COMBUSTION OF FUELS

13 These questions use the formula relating specific heat capacity and energy. It is important to use the correct units.
As the density of water is 1 g mL™!, 1 mL of water weighs 1 g. Remember to convert kg to g. As the temperature is
only a difference, the unit is not important.

The formula is: energy = specific heat capacity X mass of water x temperature rise, which can be rewritten for

water as:

E=4.184 xm x AT

a £=4.184 %100 g x 60.0°C
=25104)
=25.1 kJ

b £ =4.184 x250gx 75.0°C
=78450J
=785kJ

¢ E=4.184x1500gx 10.0°C
=62 760 J
=628 kJ

d £ =4.184 x 2300 x 82.0
=789 000 J
=789 kJ

e E =22x300gx82.0°C
=54120J
=54.1kJ

q
Cxm

_ 10000
4.18 x 200
12.0°C
The increase in temperature was 12.0°C, so the temperature reached by the beaker was 21.0 + 12.0 = 33.0°C

15 g=CxmxAT

=4.18 x 300 x 6.67

=8364 J

=8.36 kJ

14 g = Cx m x AT. Therefore, AT =

AH, =

o 3o

.36

0.254
=-329kJg!
(Note: The negative sign indicates the reaction released energy, causing the temperature to rise.)
16 H,(g) + 120,(g) — H,0() AH = -286 kJ mol*!
Or
2H,(8) + 0,(g) — 2H,0()) AH =-572 kJ mol!

CONNECTING THE MAIN IDEAS

17 a 1 mol of CO(g) and 0.5 mol of O,(g)
b i As the coefficients are twice those in the given equation, AH will also be doubled.
AH =2 % (-283) kJ mol!
=-566 kJ mol!
ii As the coefficients are twice those in the given equation and the equation is reversed, AH will also be doubled,
and have the opposite sign. AH = +566 kJ mol.
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18 g =CxmxAT
=4.18 x 100.0 x 5.52
=2307J
=2.307 kJ

m
n(CH) = o
0.0450

30.0

=0.00150 mol
q
AH = e

2307
~ 0.00150

1.54 x103 kJ mol!
(Note: The negative sign indicates the reaction released energy, causing the temperature to rise.)
C,Hq(g) + 3120,(g) — 2C0,(g) + 3H,0()) AH =-1.54 x103 kJ mol!
Or
2C,H(g) + 70,(g) — 4C0,(g) + 6H,0()) AH = -3.08 x103 kJ mol!
19 a g =CxmxAT
=4.18 x 500 x 22.9
=47 861J
=479 kJ

479
A, = 3.00

=-16.0x10%kJ g!

=-16.0 x10% MJ t1
(Note: The negative sign indicates the reaction released energy, causing the temperature to rise.)

b The heat of combustion calculated would be lower.

Some of the heat released by the burning wood would be used to heat the beaker holding the water and to heat
the air surrounding the beaker. Not all of the energy will be used to heat the water so the temperature rise will be
lower than it should be, making the heat of combustion of the fuel seem lower than the actual value.
Also, the combustion of the wood may have been incomplete, with some carbon and carbon monoxide formed
instead of carbon dioxide. As a consequence, less energy would have been released and the temperature rise
would be lower.
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Chapter 3 Combustion of fuels

Section 3.1 Introducing gases

Worked example: Try yourself 3.1.1
CONVERTING VOLUME UNITS

A gas has a volume of 700 mL.

What is its volume in:
a cubic centimetres (cm3)?

b litres (L)?

¢ cubic metres (m3)?

Thinking Working

Recall the conversion factors for each of the units of a The units of mL and cm?3 are equivalent.
volume. Apply the correct conversion to each situation. 1mL=1cm?

700 mL =700 cm?3
b 1000mL=1L

Divide volume in mL by 1000 to convert to L.

700

700 mL = 1000

=0.700 L
c 1x10°mL=1m3
Divide volume in mL by 1 x 10° to convert to m3.

700
700 mL = X 10°

= 0.000700 m?3

Worked example: Try yourself 3.1.2
CONVERTING PRESSURE UNITS

Cyclone Yasi was one of the biggest cyclones in Australian history.

a The atmospheric pressure in the eye of Cyclone Yasi was measured as 0.902 bar. What was the pressure in
kilopascals (kPa)?

b What was the pressure in the eye of Cyclone Yasi in atmospheres (atm) if it is known to be 677 mmHg?
¢ If the atmospheric pressure in the eye of Cyclone Yasi was 0.891 atm, what was the pressure in kilopascals (kPa)?
d The atmospheric pressure in the eye of Cyclone Yasi was 677 mmHg. What was the pressure in bars?

Thinking Working
a To convert bars to kilopascals, use the conversion 0.902 bar =0.902 x 100
relationship: =90.2 kPa

1 bar = 100 kPa
To change bar to kPa, multiply the value by 100.

b To convert millimetres of mercury to atmospheres, use the 677
relationship: 677 mmHg = 225
1 atm = 760 mmHg =0.891 atm

To change mmHg to atm, divide the value by 760.

¢ To convert atmospheres to kilopascals, use the conversion 0.891 atm =0.891 x 101.3
relationship: = 90.2 kPa
1 atm = 101.3 kPa

To change atm to kPa, multiply the value by 101.3.
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d This can be done in two steps. First, convert millimetres of 677
mercury to atmospheres. Use the conversion relationship: | 677 mmHg = 222
= 677
760 mmHg = 1 atm 677 mmHg = — x 1013
To change mmHg to atm, divide the value by 760. Keep the 760
answer in your calculator and proceed to the next step. =0.902 bar

Next, convert atmospheres to bar. Use the conversion
relationship:
1 atm =1.013 bar

To change atm to bar, multiply the quotient from the
previous step by 1.013.

3.1 Key questions

1

a Molecules of gases are in constant, rapid, random motion and the forces between molecules are negligible.
They continue to move outwards until stopped by the walls of the container, filling all the space available.

b Most of the volume occupied by a gas is space, so compression can be achieved by reducing the space between
the particles.

¢ The molecules in a gas are spread much further apart than those of a liquid. A given mass of gas would occupy a
much greater volume than the same mass of the liquid phase. Therefore, the density of the gas is less.

d Gases mix easily together because of the large amount of space between the molecules.

e The pressure exerted by a gas depends on the number of collisions of gas particles and the wall of the container.
The pressure is independent of the type of gas involved. The total pressure exerted by a mixture of gases will
depend on the total number of collisions each gas has with the container.

a Tyres have a recommended maximum pressure to give a comfortable ride as well as good traction on the road.

If the pressure in a tyre is too high, the gas inside cannot be compressed as easily and passengers will be more
aware of bumps on the road.

b During a long journey on a hot day, the air in a tyre warms up. This means the air molecules have increased
kinetic energy, and collisions with the walls of the tyres will increase in frequency and exert more force, and so the
pressure will increase.

¢ Particles from the cooking food escape the pot and move randomly through the house. If the food has an odour,
and if there are enough particles in the air, you will detect the odour as you enter the house.

d As air is pumped into a balloon, air molecules collide with the rubber of the balloon, forcing it to expand. If too
much air is pumped in, the balloon reaches a stage where it cannot stretch any further. If the number of collisions
by molecules per given surface area is increased still further, the rubber will break.

a As temperature increases, the average kinetic energy of gas molecules in the can will increase. This will lead to an
increase in the frequency and force of collisions of gas molecules with the inside walls of the aerosol cans. This will
cause an increase in pressure.

b As the syringe is compressed, the inside surface area of the syringe will decrease. The number of collisions of
molecules per unit area per second with the inside walls of the syringe will increase. This will cause a pressure
increase.

These conversions should be applied as needed: 1.00 atm = 760 mmHg = 101.3 kPa = 1.013 x 10% Pa = 1.013 bar

a 140 kPa = 140 x 1000 Pa = 1.40 x 10°Pa

92000
b 92 000 Pa = — 555~ kPa =92 kPa

¢ 1.00 atm = 760 mmHg
So 4.24 atm = 760 x 4.24 mmHg = 3.22 x 10®* mmHg
1.00 atm = 1.013 x 10° Pa
So 4.24 atm = 1.013 x 10° x 4.24 Pa = 4.30 x 10° Pa
d 101.3 kPa = 760 mmHg

So 120 kPa = TR 120 kPa = 900 mmHg
101.3 kPa = 1.00 atm

1.00
So 120 kPa = Toi3 < 120 atm = 1.18 atm

101.3 kPa = 1.013 bar

1.013
So 120 kPa = To13 x 120 atm = 1.20 bar
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e 760 mmHg = 1.00 atm
So 1400 mmHg = 1.00 %

1400
760

760 mmHg = 1.013 x 10°% Pa
So 1400 mmHg = 1.013 x 10° x

= 1.84 atm

1400
760

760 mmHg = 1.013 bar
1400

Pa=1.87 x10°Pa

So 1400 mmHg = 1.013 x 760 bar = 1.87 bar
f 1.013 x 105 Pa = 1.00 atm
80000
So 80 000 Pa = 1.00 x To13x10° atm = 0.790 atm
1.013 x 10% Pa = 760 mmHg
S0 80 000 Pa = 760 X —=22X_ imHg = 600 mmH
0 a= 1013 x10° '"MAE = mmrig
1.013 x 10° Pa = 1.013 bar
80000
So 80 000 Pa =1.013 x T3 10° bar = 0.800 bar

Heinemann Chemistry 2 5e

5 These conversions should be applied as needed: 1 mL=1cm?, 1 L =1000 mL = 1000 cm?,

1m3=1x10°cm3=1x10°mL=1000 L
a 2L=2x1000mL=2x10>mL
45
= — = -3 3
b 45L 1000 45x%x103m
2250

¢ 2250 mL = 1000 - 2250 L

120
d 120 mL = 1000 =0.120 L

5.6
= — = -3
e boemL 1000 56 x 103 L

f 3.7m3=3.7x1000=3.7 x 10 L

g 285 mL=285cm3= X105 285 x 10% m?
h 470 x 10°m3 =4.70 x 10 x 1000
=470L
=4.70 x 1000

=470x%x 103cm?

Section 3.2 Universal gas equation

Worked example: Try yourself 3.2.1

CONVERTING TEMPERATURES FROM CELSIUS TO KELVIN

What is 100°C on the kelvin temperature scale?

Thinking

Working

T (in K) = T (in °C) + 273

T (in K)

=T (in °C) + 273
=100 + 273
= 373K
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Worked example: Try yourself 3.2.2
CALCULATING THE VOLUME OF A GAS FROM ITS AMOUNT (IN MOL)

Calculate the volume, in L, occupied by 3.5 mol of oxygen gas at SLC. Assume that oxygen behaves like an ideal gas.
Thinking Working
1 ) v
Rearrange n = A to make volume the subject. n=--
V=nxV_
Substitute in the known values where V= 24.8 L mol™ V=nxV_
(at SLC) and solve. =35x%x248
=86.8L
Consider the units and significant figures. V=87L
The answer should be given to the smallest number of
significant figures in the measurement.

Worked example: Try yourself 3.2.3
CALCULATING THE VOLUME OF A GAS USING THE UNIVERSAL GAS EQUATION

Calculate the volume, in L, occupied by 13.0 mol of carbon dioxide gas (CO,) if the pressure is 250 kPa at 75.0°C.
Thinking Working
Convert units, if necessary. Pressure is in kPa and P = 250 kPa (no conversion required)
temperature in K. T=750+273=348K
Rearrange the universal gas equation so that volume, V, PV = nRT
is the subject. V= nRT
==
Substitute values for pressure, amount, temperature and _ 13.0x831x 348
the gas constant, R, then solve for V. Express the answer V= 250
to the correct number of significant figures. =150 L

3.2 Key questions

1 Remember to convert temperatures by using: T =t + 273, where T is the absolute temperature (in kelvin), and t is
the temperature on the Celsius scale. It is also conventional not to use the degree symbol when writing the absolute
temperature. For example, 25°C would be written as 298 K.

a T=100+273=373K
b T=175+273=448K
¢ T=-145+273=128K
2 Remember that, under standard laboratory conditions (SLC), 1 mol of any gas has a volume of 24.8 L.

% . . . . : .
Use the formula n = v where n is the amount, in mol, V is the volume, in L, and V_ is the molar volume in, L mol™.

To calculate V, the formula is rearranged to V=n x V_.
a V(Cl)=248x14=3472L=34L
b V(H)=248x10x102L=00248 L =25mL

¢ Sincen= % and the molar mass of nitrogen is 28.0 g mol:

248 x 1.4
VIN) = =5~ =124L=12L

3 Remember, that under standard laboratory conditions (SLC), 1 mol of any gas has a volume of 24.8 L.
These questions involve three steps:
1 Calculate the amount, in mol, of gas at SLC.
2 Find the molar mass (M) of the gas.

3 Usen-= % to find the mass by reorganisingas m =n x M.
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2.80
a n(Ne) = 18 - 0.113 mol
m(Ne) = 0.113 x 20.2 = 228 g
0.0
b n(0,)= 2,4 = 2016 mol

m(0,)=2.016 x 320=645g
¢ V=140mL=0.140 L

0.140

n(CO,) = ;= = 0.005645 mol

m(CO,) = 0.005645 x 44.0 = 0.248 g
4 The universal gas equation needs to be used: PV = nRT. Temperature should be in K, pressure in kPa and volume in L.

R =8.31JK!moll.

p - NRT _ 0.25x831x(5+273)
v T 5.0
=115.5 kPa
= 1.2 x 102 kPa

5 The universal gas equation needs to be used: PV = nRT. Temperature should be in K, pressure in kPa and volume in L.
R =831J K!mol.
nRT 0.20 x 8.31 x (40 + 273)

a V:T: 15 =45L
_ NRT _ 125x831x (150 +273) _
b V= P 5x101.3 =868L

¢ Sincen= % and the molar mass of hydrogen sulfide is 34.1 g mol™:

nRT 850 x 831 x (27 + 273)
p 34.1x100

V= =621L

6 The universal gas equation needs to be used: PV = nRT. Temperature should be in K, pressure in kPa and volume in L.
R =831JK1!mol

. m
The second step involves use of n = e

The molar mass of helium is 4.0 g mol.

PV 95 x 100
nHe) = o5 = 831x@73+0)
=4.19 mol
m(He) = 4.19 x 4.0
=17¢

7 The universal gas equation needs to be used: PV = nRT. Temperature should be in K, pressure in kPa and volume in L.
R =831J K1 molt

Since n = — and the molar mass of nitrogen is 28.0 g mol:

M
_ PV 102x10.0 x 280
T pR T 113x831

=304 K

=31°C
8 The universal gas equation needs to be used: PV = nRT. Temperature should be in K, pressure in kPa and volume in L.
R =831J K!mol.

These conversions should be applied as needed: 1.00 atm = 101.3 kPa = 1.013 bar.
_ PV _ 12x10°x32  _
nN) = o = 831 x (25 + 273) 0.16 mol
PV 12x1013x25

n(He) = o = s31x@3r273 ~ O-12 mol

. There is a greater amount of nitrogen.
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Section 3.3 Calculations involving combustion of fuels—Part 1

Worked example 3.3.1: Try yourself
USING MOLE RATIOS

in oxygen?

How many moles of carbon dioxide are generated when 0.50 moles of butane (C,H, ) are burned completely

Thinking

Working

Write a balanced equation for the reaction.

2C,H,,(8) + 130,(g) » 8CO,(g) + 10H,0(g)

Note the number of moles of the known substance.

n(C,H,,) = 0.50 mol

Write a mole ratio for:
coefficient of unknown

coefficient of known

Calculate the number of moles of the unknown substance
using:
n(unknown) = mole ratio x n(known)

n(CO,) = 2 x 0.50
= 2.0 mol

Worked example: Try yourself 3.3.2
SOLVING MASS-MASS STOICHIOMETRIC PROBLEMS

Calculate the mass of carbon dioxide produced when 3.60 kg of butane (C,H,,) are burned completely in oxygen.

Thinking

Working

Write a balanced equation for the reaction.

2C,H, (&) + 130,(g) —» 8CO(g) + 10H,0(g)

coefficient of known

Calculate the number of moles of the known substance _ 360x10°

using: nC,H,0) = 580

n=1" = 62.07 mol
M

Find the mole ratio: n(CO,) 8

coefficient of unknown n(C,Hy,) T2

Calculate the number of moles of the unknown substance
using:

n(CO,) = g x 62.07

n(unknown) = mole ratio x n(known) = 2483

Calculate the mass of the unknown substance using: m(CO,) = 2483 x 44.0

m=nxM =10924 g
=109 kg

3.3 Key questions

1 a n(CHOH) _ 2
n(0,) 3
b n,) _ 3
n(H0) 4
c n(CHOH) _ 2 -1
n(Co,) 2
2 « Write a balanced equation for the reaction.

e I|dentify the known and unknown substances in the question.

m

e (Calculate the amount, in mol, of the known substance using n = E
¢ Use mole ratios from the equation to calculate the amount of the unknown.
e Calculate the mass of the unknown substance using m = n x M.
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3 The balanced equation shows that 25 mol of oxygen reacts with 2 mol of octane, producing 16 mol of carbon dioxide.
The amount of each is found using n = K where m is the mass in grams and M is the molar mass. A periodic table is

used to calculate the molar masses of CO, = 44.0 g mol™, O, = 32.0 g mol* and C;H,, = 114.0 g mol™.

a - (2(3)) - 22_5
nCH,g) = Za= = 1.754 mol
- n(0,) = % x 1.754 = 21.93 mol
- m(0,)=21.93 x 32.0 = 702 ¢
b ey =5 78
nCoH,o) = 12t = 1.7544 mol

n(CO,) = 8 x 1.7544 = 14.035 mol
~-m(CO,) =14.035x 44.0=618¢

4 a The balanced equation shows that 1 mol of propane produces 3 mol of carbon dioxide. The amount of each is
found using n = % where m is the mass in grams and M is the molar mass in g mol-!. Use a periodic table to
calculate the molar masses. M(C,H,) = 44.0 g mol, M(CO,) = 44.0 g mol}, M(H,0) = 18.0 g mol™ and
M(0O,) = 32.0 g mol™.

n(co;) _ 3
(CHy) 1
6.70
n(C,Hy) = 0 - 0.152 mol

n(CO,) produced = 3 x 0.152 mol = 0.457 mol
- m(CO,) produced = 0457 x 44.0=20.1¢g

n(Oz) _5
b e T 1
6.70
n(C,Hg) = 20 - 0.1522 mol

n(0,) consumed = 5 x 0.1522 mol = 0.7610 mol
m(0,) consumed = 0.7610 x 320 =244 g

n(H,0) 4
¢ hchy 1
6.70
n(CH