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Written response questions

5
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The enthalpy change for the production of 1 mol

of glucose is +2826 kJ.

(a) Is photosynthesis an exothermic or an
endothermic process?

(b) What is the molar mass of glucose?

(c) What is the enthalpy change associated
with the formation of 6.0 g of glucose by
photosynthesis?

How much energy is released by the

transformation of 10.0 g of glucose during

respiration?

Why is it that a match does not ignite

spontaneously when the combustion of the match

materials is exothermic?

Beryllium nitride (Be;N,) has a enthalpy of

fusion of 129 kJ mol-1,

(a) How much energy is required to melt
5.51 g of beryllium nitride at its melting
point?

(b) From the size of the enthalpy of fusion
would you expect beryllium nitride to have
a high or a low melting point?

The human body can cool itself by the
evaporation of perspiration. If during a period of
heavy exercise such as a football match 3000 kJ
of surplus heat energy is produced what volume
of water would have to be evaporated from the
skin to maintain constant body temperature. The
enthalpy of vaporisation for water is 41 kJ mol-1.
1.0 mL of water has a mass of 1.0 g.

The “thermite” reaction is an highly exothermic
reaction between aluminium powder and iron
oxide. The reaction produces white hot molten
iron and aluminium oxide,

2Al(s) + 3/20, (g) > ALO3 (s) AH=-1676KJ
2Fe(s) + 3/20, (g) > Fe;03(s) AH=-824 kJ

(@) Write the balanced equation for the
thermite reaction.

(b) Calculate the heat produced for the
production of
(i) two mole of iron
(ii) 5.59 g of iron

(¢)  The thermite reaction is used to heat 500 g
of water in a calorimeter. How much would
the temperature of the water rise for the
production of 5.59 g of iron? The specific
heat of water is 4.2 J g-1 K-1,

33 1.0 L of a gaseous straight chain alkane at 25°C
and 101.3 kPa burns completely to carbon
dioxide and water. The energy released is used to
heat 1000 g of water in a calorimeter. The
temperature of the calorimeter increases by
21.5°C. The specific heat of water is 4.2 J g-1
K-l
(a) Calculate the heat absorbed by the

calorimeter.

(b) Calculate the number of moles of gas
burned.

(c) Calculate the heat of combustion of the
gas.

(d) By reference to the table of heats of
combustion identify the alkane.

34 Examine the water solubility curves below.

Water solubility curves for ammonium nitrate
sodium nitrate and potassium nitrate
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' Temperature
? (@) What is the water solubility of potassium
nitrate at 30°C?

(b) What mass of water would be required to
dissolve 200 g of sodium nitrate at 40°C?

(¢) 100 mL of a saturated solution of
potassium nitrate at 70°C is allowed to cool
to 20°C. What mass of potassium nitrate
will crystallise out?

(d) Is the dissolving of these three salts an
exothermic or endothermic process.
Explain.
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Set 6 Written Response Answers

5 (@ endothermic
(b) 180 g mol-1 ©) 933KkJ
7 158.3KkJ
8 Thermal energy is less than the activation energy
required.
30 1.3L
31 (@) 2AX(s) + Fey05 (s) — 2Fe(s) + Al)O5 (s)
® @()-8521J (i) 42.6 kJ
©) 203°C
33 (@ 903Kk () 0.041 mole
(©) 2212KImol! (d) propane
34 (a) 50-55 g/100 g of water
(b) 200g
(¢ 100g
(d) endothermic. As the solubility increases
with increase in temperature.
37 (a) CgHyz06(s) + 60, () — 6CO, (g) + 6H0 (1)
{b) 5.3 mole of glucose, 955 g
(c) 780L of oxygen, 3900L of air
38 (@ 542k () -542kJ mo'l.
40 (a) -634kJmol!
®
2(NH,),CO (s) + 30, (g) = 2N, () + 2CO, (g) + 4H,0 (1)
() 60.7°C
43 -92K)

45 (@)

R
E
0 a
Relative I
energy

||
|

-4803

Reaction path

(b) 100: 1760
© CHjs

CH; — CH— C—CH;

CH; CH,

(d) Attemperatures above 40°C petrol
vapours may ignite in the presence of a
flame.

(¢) Insufficient oxygen for complete
combustion

49 (@) 2Mg(s)+ O, (g) > 2MgO (s)
(b) 494]
(¢) 1mL

50 The rag acts as a catalyst lowering the ignition
temperature.
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37 The average daily energy requirement of an

active person is 15 000 kJ. 45 The combustion of fuel in cars is a major source
In the bodyglucose is oxidised to provide our of several types of air pollutants: hydrocarbons,
energy requirements. The enthalpy of combustion nitrogen oxides, carbon oxides
for glucose is -2826 kJ mol1.
(a) Write the balanced equation for the Complete burning of 2,2,3-trimethylbutane
combustion of glucose. (C7H6 (1)), present in petrol produces carbon
(b) How many mole of glucose would be dioxide and water according to the equation:
needed to supply the daily energy needs for
an active person? What mass is this? C7His (1) + 110, (g) = 7CO, (g) + 8H,0 (1)
(¢) 'What volume of oxygen would need to be AH = 4803 KJ

absorbed daily by the lungs to provide this
energy requirement? What volume of air
would need to be inhaled to provide this? mol-L.
38 A test tube containing a sample of 10.0 g of
cyclohexanol (CgH;70) at 25°C is placed in 2
calorimeter of water 100 g at 0°C. The
cyclohexanol freezes and the temperature of the
calorimeter rises 10 12.9°C.
(a) Calculate the heat energy absorbed by the

The activation energy for this reaction is 340 kJ

(a) Draw a reaction profile showing the energy
changes over the reaction path. Clearly
indicate the values of the energies given
above for this reaction.

(b) If the percentage of oxygen in the air is
20%, calculate the ratio of the mass of air

calorimeter. to the mass of 2,2,3-trimethylb fi
(b) Calculate the heat of melting (fusion) for 0 e A " = - Moy ouane for the
cyclohexanol complete combustion of 2,2,3-
. ] trimethylbutane.
40 12.01g ““‘f(‘) ?‘;Hkgﬁodvgsgbg ;n::cﬁessid (c) Draw the constitutional formula of 2,2,3-
oxygen at 101.3 kPa an orm hiqu trimethylbutane.

water, nitrogen gas and carbon dioxide gas.

The chemical energy liberated as heat was

126 8 k.

(@) Calculate the value and give the sign of
AH?® for the combustion of one mole of

(d) Petrol has a flash point of -40°C. What is
the significance of this?

() What conditions lead to the presence of
carbon monoxide in car exhausts?

urea. 49
(b) Write the equation for the reaction giving

the physical states of all the components.
(¢) When the 12.01 g of urea was burnt all the

The formation of 1 mole of magnesium oxide
from its elements releases 601 kJ of energy. A
photographic flash bulb contains 0.0020 g of
magnesium wire. ’

energy released was transferred to 500 g of (a)  Write the equation for the reaction giving
water. What is the temperature rise in the the physical states of all the components.
‘5‘010881 VI?:ﬁ;:’l) (Heat capacity of water = (b) How much energy would be released by
. the combustion of 0.0020 g of magnesium
43 Ammonia (NH;) is made by the reaction of wire?
nitrogen and hydrogen. What volume of oxygen at 25°C and 101.3kPa
N3 () + 3H; (g) — 2NH;3 (g); would need to be present in the photographic
Determine the enthalpy change for the reaction flash bulb?
given:
50 Explain why it is difficult to ignite kerosene in a
N, (g) - 2N (g); AH = +946 IJ beaker with a match while a rag soaked in
H, (g) - 2H (g); AH = +436kJ kerosene ignites readily.

N(g)+3H(g) >NH; (g); AH=-1173KJ
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The following information refers to questions 8 and 9

The heat of vaporisation is the enthalpy change
. associated with the vaporisation of a liquid at its
boiling point and at atmospheric pressure. The
enthalpy of vaporisation for water is the enthalpy
change for the following process:
H,0 (1) > H,0 (g) AH = 41 kJ mol!

8 What is the enthalpy change when 36.0 g of
water, is evaporated at 100° C?

(a) +82K
b -82K
c) H4l1KJ
@ -41K

9 What is the enthalpy change when 3.60 g of
steam condenses at 100° C?

(a H41K
®) 41K

(c) +8.2KkJ
dy -82kJ

10 When one mole of hydrogen reacts with one
mole of chlorine there is an increase in
temperature because
(@) more energy is released in the formation of

two H-Cl bonds than is required to break
one H-H and one Ci-Cl bond.

(b) less energy is released in the formation of
two H-Cl bonds than is required to break
one H-H and one CI-Cl bond.

(c) the products have more chemical energy
than the reactants

(d) the gas pressure increases.during the
reaction

11 A common toxic pollutant from the combustion
of petrol in cars is
(@) ammonia
(b) carbon monoxide
(c) hydrocarbons
(d) water vapour

12 A major product of the combustion of petrol in
cars that contributes to the ‘greenhouse’ effect is
(a) carbon monoxide
(b) carbon dioxide
(c) water vapour
(d) nitrogen oxides

Energy kJ mol™!

Energy kJ mol !

46

13 The energy source that can’t be traced back to

our sun is
(@ oil
(b) natural gas

(¢) hydroelectricity
(d) uranium

The following information refers to questions 14, 15,
16 and 17

Each diagram below shows the energy change for
four different reactions.

A - B
400 5 400
E
300 - 300
XX
200 & 200
b X
< Y
100 W 100
X Y
0 0
Reaction Path Reaction Path
c - D
400 5 400
€
300 - 300
X x Y
200 3 200
[]
d:-' 100
100
Y X
0 0
Reaction Path Reaction Path

14 'Which reaction X — Y would give the highest
yield of products

@ A
(b) B
) C
(d D

15 An endothermic reaction is

(@ A
® B
) C
d D
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SET 6

Chemical energy and the states of
matter

The enthalpies of combustion for common fuels

acetylene C;H, (2)
butane C4Hyp (8)
carbon C(s)

carbon monoxide{ CO (g)

ethane C;Hq ()
ethanol CH;3CH,0H (1)
ethylene CoHy (8)
glucose C6H1206 (s)
heptane CqHig ()

- hexadecane C16H34 ()]
hexane CeHig (1)
hydrogen H; ()
methane CH; (g)
methanol CH;0H (1)
octadecane CigHssg (s)
octane Csng )
pentane CsHiz (D
propane C3Hg (8)
propene THHg ()

Multichoice questions
The following information refers to questions 1 to 3.

The complete combustion of a small candle of mass
2.5 g raises the temperature of 50 g of water from
18°C w0 32°C,

The specific heat of water ¢ = 4.18 J. g-1. °C-1

1 What would be the rise in temperature if 100 g of
water were heated by the candle?
@ 7°
®) 14°
(c) 28°
@ 32°

2 Iftwo 2.5 g candles were used to heat 50 g of
water the temperature rise would be:
@@ 7° ©) 28°
) 14° @ 32°

3 The heat absorbed by the water per gram of
candle is:
(@ 170K
() 1170]
(© 7315
(d 7315J

The following information refers to questions 4 to 6
The volume of 1.0 mole of gas at 0°C and 101.3 kPa
is224L

The volume of 1.0 mole of gas at 25°C and 101.3 kPa
is245L

4 How much energy is released by the combustion
of 0.10 mole of butane?
(a) 2874k
(b) 28.74kJ
(c) 2874KkJ
(d) 28741

5 How much energy is released by the combustion
of 11.2 L of acetylene at 0°C and 101 kPa?
(@ 1299k
() 1299kJ
© 5938k
(d)y 6495Kk]

6  How much energy is released by the combustion
of 11.2 L of acetylene at 25°C and 101 kPa?
(@ 6495k
(b) 5938KkJ
(c) 1299kJ
(d) 1188k

7 How much energy is released during respiration
when 18.0 g of glucose is transformed into
carbon dioxide and water?

(a) 2826kJ
(b) 2826KkJ
(c) 2826k
@ 1413k
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16 The reaction with an enthalpy change of about The following information refers to questions 25 and 26

-200 kJ mot! is: NaHCO, (s) + H* (ag) —
@ A Nat (aq) + CO, (g) + H,O (1); AH=+30kJ
® B :
© C 25 The enthalpy change occurring when 0.10 mole
@ D of NaHCO; (s) dissolves in excess dilute acid is
(a) +30Kk © +30K
17 The reaction with the highest activation energy is ® 30K @ -30K
@ A ,
(®» B 26 0.50 mole of NaHCO; (s) is added to 1000 g of
© C 1.00 mol L-! hydrochloric acid in a calorimeter.
(d D The initial temperature is 18.0°C. The final
temperature is:
20 Consider the following reaction @) 144°C © 21.6°C
H, () + I (s) — 2HI (g); AH = 52 kJ mol-! (b) 18.0°C (@ 3.6°C
When two mole of hydrogen react with two mole
of iodine

(@) 52 kJ will be released
(b) 52KkJ will be absorbed
(¢) 104 kJ will be released
(d) 104 kJ will be absorbed

The following information refers to questions 21-24

2INO(g) + O5 (g) > 2NO, (g) AH = -114 KJ

21 The energy change resulting from the reaction of
1.0 mole of nitrogen monoxide (NO) is

(@ -114KJ
(b) +114KJ
(c) -228KJ
d 57K

22 The amount of energy released by the formation
of 0.10 mole of NO; is

(@ 57K
b 114K
© 574
@ 114K

23 The complete reaction of 1.00 L of nitrogen
monoxide (NO) at 0°C and 101.3 kPa releases

(@ 114Kk
(b) 10.18kJ
() 254K
@ 509Kk

24 The reaction of 0.2 mole of nitrogen monoxide
with excess oxygen is carried out immersed in a
water calorimeter containing 1000 g of water.
The initial water temperature is 18°C. The final
water temperature is: (¢ = 4.18 J.°C-1.g1)

(a) 18.0°C
(b) 18.7°C
() 20.7°C
(d 23.7°C
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The following information refers to questions 27 to 30:

CH;-CH,-OH (1) + 30, (g) - 2CO, (g) + 3H,0 (I);
AH=-1364 kJ
C()+0,2(®) —»COy(g); AH=-3%4KkJ
H, (g) + 0.50, (g) — HyO (I); AH = 286 KJ

27 The enthalpy change resulting from the
' combustion of two mole of carbon and three
mole of hydrogen is:

(a) -680kJ

(®) -1646KJ
(© -134W
d -1754K

28 The enthalpy change resulting in the formation of

one mole offg and three mole of oxygen
from carbon dioxide and water is

@ 13641 CH3CHoCH4
(b) +1364KkJ

(© -2728W

(d) +2728kJ

29 The equayion for the the formation of ethanol
from its elements is:
2C (s),+ 0.50, (g) + 3H; (g) — CH3-CH,-OH (1)
The enthalpy change for this reaction is:
(@ -141kJ
) +141KJ
() +282KkJ
d) -282kJ

30 The enthalpy change asssociated with the
formation of 2.5 g of ethanol in the reaction:
2C (s) + 0.50; (g) + 3H; (g) —» CH5-CH,-OH (1)
is:

(@ -153kJ
(b) +153Kk
© -306KkJ

d +306K




image5.png
16 The reaction with an enthalpy change of about The following information refers to questions 25 and 26

-200 kJ mot! is: NaHCO, (s) + H* (ag) —
@ A Nat (aq) + CO, (g) + H,O (1); AH=+30kJ
® B :
© C 25 The enthalpy change occurring when 0.10 mole
@ D of NaHCO; (s) dissolves in excess dilute acid is
(a) +30Kk © +30K
17 The reaction with the highest activation energy is ® 30K @ -30K
@ A ,
(®» B 26 0.50 mole of NaHCO; (s) is added to 1000 g of
© C 1.00 mol L-! hydrochloric acid in a calorimeter.
(d D The initial temperature is 18.0°C. The final
temperature is:
20 Consider the following reaction @) 144°C © 21.6°C
H, () + I (s) — 2HI (g); AH = 52 kJ mol-! (b) 18.0°C (@ 3.6°C
When two mole of hydrogen react with two mole
of iodine

(@) 52 kJ will be released
(b) 52KkJ will be absorbed
(¢) 104 kJ will be released
(d) 104 kJ will be absorbed

The following information refers to questions 21-24

2INO(g) + O5 (g) > 2NO, (g) AH = -114 KJ

21 The energy change resulting from the reaction of
1.0 mole of nitrogen monoxide (NO) is

(@ -114KJ
(b) +114KJ
(c) -228KJ
d 57K

22 The amount of energy released by the formation
of 0.10 mole of NO; is

(@ 57K
b 114K
© 574
@ 114K

23 The complete reaction of 1.00 L of nitrogen
monoxide (NO) at 0°C and 101.3 kPa releases

(@ 114Kk
(b) 10.18kJ
() 254K
@ 509Kk

24 The reaction of 0.2 mole of nitrogen monoxide
with excess oxygen is carried out immersed in a
water calorimeter containing 1000 g of water.
The initial water temperature is 18°C. The final
water temperature is: (¢ = 4.18 J.°C-1.g1)

(a) 18.0°C
(b) 18.7°C
() 20.7°C
(d 23.7°C

47




image6.png
The following information refers to questions 27 to 30:

CH;-CH,-OH (1) + 30, (g) - 2CO, (g) + 3H,0 (I);
AH=-1364 kJ
C()+0,2(®) —»COy(g); AH=-3%4KkJ
H, (g) + 0.50, (g) — HyO (I); AH = 286 KJ

27 The enthalpy change resulting from the
' combustion of two mole of carbon and three
mole of hydrogen is:

(a) -680kJ

(®) -1646KJ
(© -134W
d -1754K

28 The enthalpy change resulting in the formation of

one mole offg and three mole of oxygen
from carbon dioxide and water is

@ 13641 CH3CHoCH4
(b) +1364KkJ

(© -2728W

(d) +2728kJ

29 The equayion for the the formation of ethanol
from its elements is:
2C (s),+ 0.50, (g) + 3H; (g) — CH3-CH,-OH (1)
The enthalpy change for this reaction is:
(@ -141kJ
) +141KJ
() +282KkJ
d) -282kJ

30 The enthalpy change asssociated with the
formation of 2.5 g of ethanol in the reaction:
2C (s) + 0.50; (g) + 3H; (g) —» CH5-CH,-OH (1)
is:

(@ -153kJ
(b) +153Kk
© -306KkJ

d +306K




