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Answers to Chapter 5 Review Questions

(Student textbook pages 343-9)

 1.  b

 2.  c

 3.  b

 4.  c

 5.  c

 6.  e

 7.  a

 8.  d

 9.  b

 10.  d

 11.  a

 12.  c

 13.  c

 14.  d

 15.  Energy is the ability to generate heat or the capacity 

to move an object. !e total energy of the universe is 

constant but can be changed from one form to another.

 16.  a.  !is is an example of nuclear "ssion, in which a 

large nucleus absorbs a neutron and splits into two 

smaller nuclei. 

  b.  !ere is less mass in the product nuclei than in 

the reactant nucleus plus the neutron. !is “mass 

de"cit” is converted to energy, which can be 

determined using the equation E = mc2.

 17.  At 90.0°C, the water molecules have potential energy 

and kinetic energy. !e kinetic energy re#ects the 

degree of molecular movement and the potential 

energy is an indication of the position and attraction 

between molecules. From 90.0°C to 100.0°C, the 

kinetic energy increases as the molecular motion 

increases, mainly through the increase of the average 

speed of the molecules. At 100.0°C, the addition of 

thermal energy increases the potential energy of 

the molecules as intramolecular bonds are broken 

and molecules move farther apart. From 100.0°C to 

110.0°C, once the molecules are all in the gas state, the 

addition of more thermal energy increases molecular 

motion as the kinetic energy increases.

 18.  a.  !e system is the part of the universe where an 

energy exchange originates, which is the wax candle 

in this example. Technically, the surroundings are 

the rest of the universe. For practical purposes, the 

surroundings include anything in the universe that 

exchanges thermal energy with the system, which is 

the air and objects in the room in this example.

 b.  Any energy change in a system results in an equal 

and opposite energy change in the surroundings.

  ∆Esystem = -∆Esurroundings  

 19.  For a reaction at constant pressure, the change in 

potential energy of the system represents the change 

in thermal energy for the surroundings. Because the 

pressure is constant, the thermal energy change of the 

surroundings is equal and opposite to the enthalpy 

change for the reaction. For a reaction at constant 

volume, the change in potential energy of the system 

represents the change in thermal energy of the 

surroundings. Because the pressure changes, however, 

a correction factor would need to be used to determine 

the enthalpy.

 20.  Calorimetry is based upon the "rst and second laws 

of thermodynamics. !e "rst law of thermodynamics, 

which states that the total energy in the universe 

is constant, means that any change in the energy 

of a system results in an equal but opposite energy 

change in the surroundings. !e second law of 

thermodynamics, which states that thermal energy is 

spontaneously transferred from an object at a higher 

temperature to the one at a lower temperature if they 

are in thermal contact, ensures that the enthalpy 

change can be calculated based on the thermal energy 

change observed in the calorimeter.

 21.  !e heat capacity of a bomb calorimeter takes into 

account all the heat that all parts of the calorimeter can 

gain or lose.

  Cbomb calorimeter = 

   Cwater + Cthermomter + Cstirrer + Ccontainer 

  !e speci"c heat capacity would be di$erent for each 

component and to use these values the mass of each 

component would need to be known. It is simpler to 

determine the heat capacity of the bomb calorimeter 

as a whole, by experiment, and use that value in 

subsequent experiments.

 22.  a.  !e products have a greater potential energy.

  b.  !e reaction is endothermic. More energy is 

required to break the bonds in N2(g) and O2(g) than 

is released in the formation of bonds in N2O4(g). 

!ere are more and/or stronger bonds in the 

reactants than in the products.

 23.  a.  !e black soot is carbon, indicating that combustion 

was incomplete. Not all of the carbon in the alcohol 

was burned. Less heat was produced than would be 

expected from complete combustion. 
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  b.  !e experimentally determined enthalpy of 

combustion will be too low.

  c.  !e information needed includes: mass of water; 

mass of aluminum can; mass of alcohol; initial and 

"nal temperatures of the water (which will be same 

for the aluminum can); speci"c heat capacity of 

water and of aluminum.

 24.  For an exothermic reaction, energy is released. 

Consider the complete combustion of methane: 

  CH4(g) + 2O2(g) → CO2(g) + 2H2O(g) + 802.5 kJ 

!e total enthalpy of 1 mol CO2(g) and 2 mol H2O(g) 

is less than the total enthalpy of 1 mol CH4(g) and 

2 mol O2(g). !e enthalpy of combustion, ∆H°comb, 
is -802.5 kJ because the system releases this amount 

of thermal energy to the surroundings. !ere must be 

more and/or stronger bonds in the products than in 

the reactants, because the formation of bonds releases 

thermal energy. More thermal energy is released 

when bonds form to make CO2(g) + 2H2O(g) than is 

absorbed when bonds are broken in CH4(g) + 2O2(g). 

 25.  Sample answer: Some activities that use fossil fuels 

include: showering and cooking breakfast in a warm 

home (natural gas to heat the water and space and to 

cook food, assuming a gas range), watching television 

(coal burned to create electricity), and driving to and 

from school (gasoline for the car).

 26.  Energy output: energy delivered to consumer as heat 

or electricity; actual work done; expansion of a gas; 

movement of an object 

  Energy input: calculated energy in a fuel; energy used 

to extract and transport a fuel; solar energy used to 

create biomass; energy used to build and maintain a 

power plant

 27.  A crop such as corn is considered biomass and is 

classed as a renewable energy resource. If corn were 

the only source of biomass, there would not be enough 

available land for it to be a practical energy source. 

Nevertheless, biomass is a source of energy that can 

be useful in the big picture of energy demand. To fully 

analyze the viability of this resource you would need 

to determine the energy used to grow the corn and 

convert it to ethanol and compare it with the energy 

content of the ethanol.

 28.  !e condensation that forms on the beaker is water 

from the air. !e temperature of the solution is 

decreasing because the dissolving process is an 

endothermic reaction. !ermal energy is absorbed 

from the water in the beaker, which cools, along with 

the beaker itself. Water from the air condenses on the 

cold beaker. Eventually the water temperature drops to, 

or below, 0°C and the condensed water droplets freeze.

 29.  Standard indicates that ∆H f̊ was determined at 

standard conditions of 25°C and 100 kPa; molar 

indicates that ∆H f̊  represents the formation of  

1 mol of Cr2O3(s) (or whatever substance is speci"ed); 

enthalpy refers to the thermal energy change associated 

with the formation reaction at constant pressure; 

formation indicates that ∆H f̊  gives the enthalpy 

di$erence between the compound (Cr2O3(s)) and the 

elements from which the compound is formed (Cr(s) 

and O2(s)) in their standard states.

  Dividing the given equation by 2 and reversing it gives 

the formation reaction and enthalpy change: 

∆H f̊ = -1128.4 kJ/mol

 30.  −96.7 kJ

 31.  Since the temperature of the unknown liquid increased 

twice that of the same mass of water, its speci"c heat 

capacity must be half that of water, or 2.10 J/g°C.

32. a. Cu(NO3)2(s) + 302.9 kJ → Cu(s) + N2(g) + 3O2(g)

 b. n(Cu) = 
m

M
 = 

37.9 g

63.55 g/mol  
 = 0.596 38 mol

  
∆H

Q
 = 

302.9 kJ

Q  
=

 

1 mol

0.596 38 mol

  Q = 180.644 kJ

  !e thermal energy required to produce the copper 

is 181 kJ.

 33.  !e equation has been reversed and the sign of H°r
should now be negative, as shown. !e given value of 

H°r  was for 1 mol of N2O4(g). Since there is now 
1
2  mol 

N2O4(g), H°r  must also be divided by 2. !erefore, the 

given equation is not correct. !e correct equation is:

  NO2(g) → 
1
2  N2O4(g)                            H°r  = -28.6 kJ

 34.  a. n(Pb) = 
m

M
 = 

62.16 g

207.2 g/mol
 = 0.3000 mol

   ∆Hm̊elt  = 
Q

n
 = 

+98.1 kJ

0.300 0 mol
 = +327 kJ/mol

  b. Pb(ℓ) → Pb(s) + 327 kJ

 35. 
1
4  P4 +  

3
2  Cl2(g) → PCl3(g)

  ΔH°f  = −71.9 kJ

 36. (1) × -2: 2H2(g) + O2(g) → 2H2O(ℓ)  

  ∆H  ̊ = -571.6 kJ

  (2) × 1: C3H4(g) + 4O2(g)→ 3CO2(g) + 2H2O(ℓ)  

   ∆H  ̊ = -1936.8 kJ

  (3) ×-1: 3CO2(g) + 4H2O(ℓ) → C3H8(g) + 5O2(g)  

∆H  ̊ = 2219.2 kJ
_______________________________________________

               C3H4(g) + 2H2(g) → C3H8(g)  ∆Hr̊ = -289.2 kJ
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 37. ∆H r̊ = [∑(n∆H f̊ products)] - [∑(n∆H f̊ reactants)] 

  -159.6 kJ = [(1 mol)(∆H f̊  Ni(CO)4(g))] - [ (1 mol)  

                                 (∆H f̊ Ni) + (4 mol)(∆H f̊  CO(g))]

  -159.6 kJ = [(1 mol)(∆H f̊  Ni(CO)4(g))] -  

               [ (1 mol)(0 kJ/mol) + (4 mol)(-110.5 kJ/mol)]

  ∆H f̊ Ni(CO)4(g) = -159.6 kJ - 442.0 kJ = -601.6 kJ

  !e standard molar enthalpy of formation is  

-601.6 kJ/mol.

 38. ∆H r̊ = [∑(n∆H f̊ products)] - [∑(n∆H f̊ reactants)] 

  = [(1 mol)(∆H f̊ C4H6(g)) + (2 mol)(∆H f̊ H2O(g))  

+(1 mol)(∆H f̊ H2 (g))] - [(2 mol)(∆H f̊ C2H5OH(ℓ))

  = [(1 mol)(-391.1 kJ/mol) + (2 mol)(-241.8 kJ/mol)

  + (1 mol)(0 kJ/mol)] - [(2 mol)(-277.6 kJ/mol)]

  = –319.5 kJ

  !e standard enthalpy of reaction for the reaction as 

written is –319.5 kJ.

 39. a. Graphs should show “Enthalpy of Combustion in  

kJ/mol” on the y-axis and “Number of -OH groups” 

on the x-axis. !e shape of the graph should be a 

straight line sloping downward from le+ to right. 

!e graph should have a reasonable title, such 

as “Enthalpy of Combustion vs. Number of OH 

Groups.” 

 b.  !ere appears to be an inverse relationship between 

the number of –OH groups and the enthalpy of 

combustion. !e more –OH groups on the chain, 

the lower the enthalpy of combustion. 

 c.  Extending the straight line of the graph to the value 

of 4 on the x-axis, the enthalpy of combustion for 

C3H4(OH)4(s) is predicted to be 1450 kJ/mol. 

 

 
40.  Q = 1377.65 kJ, C = 15.6

 

kJ

C°

  Q = C∆T

  ∆T = 
Q

C

    = 
1377.65 kJ

15.6 kJ

°C
 

    = 88.3 C°

  !e calorimeter will change temperature by 88.3°C. 

 41.  a.  mZn = 1.20 g, Vdil HCl = 90.0 mL, Ti = 22.44°C,  

Tf = 24.65°C

   Heat gained by solution when Zn reacted with HCl:

   Q = mc∆T

    = 90.00 g × 4.19 
J

g · °C  
× 2.21°C    

    = 833.39 J

    = 0.83339 kJ

   Ηeat entering solution is the amount of heat lost by 

the reaction.

   ∆Hr = -Q

   ∆Hr = -0.83339 kJ

   Find the number of moles of Zn used in reaction.

    nZn =  
m

M

       = 
1.20 g

65.38 g

mol
 

       = 0.018354 mol

   Heat of reaction per mole:

    ∆Hr = 
-0.83339 kJ

0.018354 mol 

            = -45.406 
kJ

mol 

   !e enthalpy of reaction in terms of zinc is  

-45.4 kJ/mol.

  b.  A paper cup was used as a calorimeter and paper is 

not as good an insulator as polystyrene. Signi"cant 

heat would have been lost to the surroundings 

beyond the calorimeter. 

  c.  e>ciency =  
45.4 kJ

mol

155 kJ

mol

 

× 100%

 

    = 29.3%

  !e e>ciency of the experimental set-up is 29.3%.
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 42.  mH2O = 1.00 kg, ∆T = 15.5°C

   Q = 1.00 kg 
1000 g

kg  
× 4.19 

J

g · °C  
× 15.5°C    

   = 64 945 J 

 = 64.945 kJ

  ∆H = -64.945 kJ

   
1 mol CS2

-1077 kJ  
=

 

x

-64.945 kJ
 

  x = 0.06030 mol CS2(ℓ)

  m = nM

  mCS2
 = 0.06030 mol × 76.15 

g

mol
 = 4.59 g

 43.  a. 

  ∆H c̊ = [∑(n∆H f̊ products)] - [∑(n∆H f̊ reactants)] 

  = [(2 mol)(∆H f̊ CO2(g)) + (1 mol)(∆H f̊ N2(g) ] -  

                [(1 mol)(∆H f̊ C2N2(g)) + (2 mol)(∆H f̊ O2(g)] 

  -1096 kJ = [(2 mol)(–393.5 kJ/mol) + (1 mol)(0 kJ/mol)] -  

                 [(1 mol)(∆H f̊ C2N2(g) + (2 mol)(0 kJ/mol)]

  ∆H f̊ C2N2(g) = 309 kJ/mol

  b.  C2N2(g) → 2C(s) + N2(g) + 309 kJ

 44.  a.  Before calculating, ∆Hr, the limiting reactant must 

be determined and the amount, n, must represent 

the actual number of moles of limiting reactant that 

react. (Also, the sign of Q would need to be reversed 

so it re#ects the change in the system, not the 

surroundings.)

  b.  !e HCl(aq) is in excess. If the total number 

of moles of HCl(aq) is used, the value of ∆Hr 

calculated will be too small. (If the sign of Q is not 

reversed, the sign of the answer will be wrong.)

 45.  Heat lost by surroundings:

  Q = mc∆T

   = 50.0 g × 4.19 
J

g · °C  
× (-1.6 °C)    

   = –335.20 J

  Heat absorbed by system = 0.3352 kJ

  n (NH4Br)= 
1.00 g

97.95 g/mol 
 = 0.010209 mol

  ∆Hsoln = 
0.335 2 kJ

0.010209 mol 
 = 32.833 kJ/mol

  !e molar enthalpy of solution is 32.8 kJ/mol.

 46.  energy input = 41.0 kJ/g × 0.68 g = 27.88 kJ

  energy output = 8.7 kJ/°C × 2.9°C = 25.23 kJ 

  E>ciency = 
energy output

energy input 
 × 100% 

   = 
25.23 kJ

27.88 kJ 
 × 100% = 90.49%

  !e e>ciency is 90.5%.

 47.  !e enthalpy diagram should show  

“C2H6(g) + 
7
2O2(g)” on a horizontal line with 

“2CO2(g) + 3H2O(ℓ)” on a horizontal line directly 

below. An arrow points from the top line to the bottom 

line. !e arrow should have the following label:  

“∆H°comb = -1560.7 kJ.” !e y-axis should be labelled 

“H(kJ).”

 48.  Sample answer: Temperature measures the average 

kinetic energy of the particles in a sample. Heat refers 

to the transfer of thermal energy between two objects 

at di$erent temperatures. To illustrate these terms, use 

a thermometer to take the temperature of warm water 

in a beaker. Since it is warm water, its temperature will 

be greater than the air temperature. !e molecules 

of water have more thermal energy than the particles 

in the air. When the beaker is touched, it feels warm 

because heat is transferred from the beaker to the 

hand.

 49.  Sample answer:

PMI Chart for Data Regarding New Fuel Source

P M I

 

 

 50.  Sample answer: Some points to stress to make the food 

warmer seem appealing would be that it:

is compact

uses a low cost solid fuel

emits no or few harmful gases

is e>cient

 51.  ∆Hmelt for ice (snow) is +6.01 kJ/mol. !e energy to 

melt the snow comes from your body heat. !erefore 

you are going to get colder if you eat snow.
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 52.  a.  Some of the technologies could include: hydrogen 

fuel cells and the catalysts used, solid oxide fuel cells, 

bacteria and solar hydrogen stations.

  b.  Some cons include that there are problems of storage 

and transportation. Also, there does not yet exist 

infrastructure for widespread use of hydrogen 

as a fuel. In addition, on metal surfaces, H2(g) 

decomposes to atoms that can migrate into the 

metal, making it brittle.

   For the diagram, the main topic, the “backbone” of 

the “"sh”, is the use of hydrogen gas as a fuel. Pros or 

supporting points might include the safety of waste 

material produced, the lack of radioactive waste, 

and the inexhaustible supply of starting material. 

Cons include the high start-up costs and problems 

of production, storage, and transportation. !ere 

is also a lack of infrastructure for delivery to the 

consumer. In addition, on metal surfaces, H2(g) 

decomposes to atoms that can migrate into the 

metal, making it brittle.

 53.  Sample answer:

  a.  Positive aspects to emphasize: Nuclear energy 

supplies large amounts of energy for amount of fuel 

used; can meet the growing global energy demands; 

produces no greenhouse gases; nuclear isotopes 

are a by-product of the "ssion process and some of 

these are used for medical treatments and industrial 

uses that are of bene"t to society; new technology 

and innovations create new job opportunities; 

while there is a "nite amount of nuclear fuel, there 

is ample for the foreseeable future, giving scientists 

and engineers time to work on the alternative source 

of nuclear energy, which is the process of nuclear 

fusion. 

   Negative aspects to minimize: nuclear waste is 

radioactive for many years and is di>cult to 

store safely, but new technologies have improved 

storage of nuclear waste; nuclear accidents can be 

catastrophic, but new designs place nuclear plants at 

low risk for accidents.

  b.  A Main Idea Web could be used to concentrate on 

the positive aspects. Other reasonable answers are 

equally acceptable.

 54.  a.  Refer to Appendix A, page 712, for graphic organizer 

references. A Main Idea Web or a Concept Map are 

two possible ways to organize the information into 

essential and non-essential transportation needs as 

well as e>cient and less-e>cient heating methods.

  b.  !e student will need to decide on a way to compare 

“dependency.” Dollars spent on each area is one 

possibility for comparison.

 55.  Students should use a graphic organizer such as a 

Concept Map to categorize questions such as the 

following:

What does the fuel cost per unit?

What factors (transportation, recovery, technology 

required for extraction) a$ect the cost? 

What emissions come from burning the fuel?

Is the source renewable?

What is needed to use the fuel (furnace, wind 

turbine, solar panels)?

56.  Sample answer:

  !e "rst law (∆Esystem = -∆Esurrondings) tells us 

that energy released by a system is gained by the 

surroundings, and vice versa; the second law states 

that heat is always transferred from the hotter to the 

colder object when two objects are in thermal contact. 

!e heat from the hot sand is transferred to our feet 

whereas the heat from a warm body will be transferred 

to the cooler water, which is why the sand feels hot and 

the water feels cool.

Whether the day is sunny or cloudy a$ects the 

di$erence in sand and water temperature.

  Solar energy can penetrate into the water and 

therefore be dispersed more than in solid sand. !e 

surface of the sand will absorb most of the energy. 

!e temperature of this sand will rise more than the 

water because the greater volume of water can absorb 

more heat. More energy will be absorbed when the 

day is sunny rather than cloudy.

!e speci"c heat capacity is the quantity of heat that 

will raise the temperature of a substance by 1°C. !e 

speci"c heat capacity of water is 4.2 J/g°C, while sand 

is in the range of 0.2 - 0.8 J/g°C. !e quantity of 

heat gained is given by Q = mc∆T. Since sand has a 

signi"cantly lower value for c, given equal masses of 

sand and water gaining the same amount of energy, 

the ∆T will be greater for sand. 

 57.  a.  Sample answer:

  i.  Would you brie#y outline the nature of your 

alternative energy source? 

  ii.  Is this a renewable energy source? 

  iii.  In using this source of energy, are there any by-

products that are harmful to the environment? 

  iv.  Can the source of energy be obtained without 

harming the environment? 
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  v.  Is the source of energy readily available or are there 

steps in its preparation before use? 

  vi.  What type of e>ciency can be expected in the 

recovery and distribution of energy from this 

source? 

  vii.  Are there large capital costs to using this energy 

source? 

  viii.  Are there signi"cant maintenance costs to using 

this energy source? 

  ix.  What advantages are gained from using this energy 

source? 

  x.  Are there any disadvantages to using this energy 

source?

b.  Sample answer:

  i.  Earth’s geothermal energy originates from the 

original formation of the planet and from the 

radioactive decay of minerals: the inner core of 

Earth is molten and heat continues to radiate 

toward the surface. Geothermal energy is literally 

“Earth energy.” !e recovery of this thermal energy 

from Earth just 1−2 m below the surface is now a 

practical and e>cient energy industry.

  ii.  !e source is e$ectively inexhaustible but localized 

sites may cool down over time.

  iii.  Use of geothermal energy may result in low 

levels of hydrogen sul"de being released from the 

ground. !e #uid used to absorb and radiate the 

energy may contain low levels of toxins.

  iv.  Care in choosing sites and disposing of used #uid 

will minimize harm to the environment.

  v.  Recovery of this thermal energy is achieved 

through heat exchange between water or another 

#uid circulating in plastic coils buried in the 

ground. Installation of a heat exchange system is 

required in the house. 

  vi.  Data from geothermal power plants estimate a 16% 

e>ciency rate of recovery of energy. !e e>ciency 

of a house heating system has too many variables 

to accurately estimate the overall e>ciency. 

  vii.  !e capital costs include purchase and installation 

of a heat pump system, and construction costs to 

distribute the heat throughout the house. Switching 

to this system from a traditional heating system 

would incur additional capital costs. 

  viii.  For any mechanical system there will some 

maintenance. !ere are few moving parts to wear 

out and plastic parts underground will not corrode. 

!ere are therefore no signi"cant maintenance 

costs. 

  ix.  Advantages: once set up it is an inexpensive 

source; few or no emissions are produced; there 

are no transportation costs; the source has a high 

reliability; the source is unlikely to run out for a 

long time. 

  x.  !ere are no long-term disadvantages. High capital 

start-up costs are estimated to be recoverable in 10 

years. !e heat pump will rely on electricity which 

will shut down in a power interruption, just as with 

any furnace.

 58.  Student answers should include the key terms (see 

pages 278, 292, 312, and 325), as well as concepts 

shown on page 402. !e graphic organizer could be a 

main idea web, a spider map, or a concept map.

 59.  !e three oxides of iron listed are:

  FeO(s): ∆H°f  = -272.2 kJ/mol

  Fe2O3(s) ∆H°f  = -824.2 kJ/mol

  Fe3O4(s): ∆H°f  = -1118.4 kJ/mol

  !e reverse of a formation reaction is a decomposition 

reaction. !e reverse of the enthalpy of formation 

is the enthalpy of decomposition. !e greater the 

enthalpy of decomposition, the more heat is required 

to decompose the compound into its elements. !e 

greater the enthalpy of decomposition, the greater the 

thermal stability. Fe3O4(s) has the most negative  

∆H°f  and will therefore have the most positive enthalpy 

of decomposition. It is the most thermally stable.

 60.  a.  Q(CH4) = 
890.8 kJ

1 mol
 = 

890.8 kJ

16.05 g
 = 55.50 kJ/g

       Q(H2) = 
285.8 kJ

1 mol
 = 

285.8 kJ

2.02 g
 = 141.5 kJ/g

   In terms of kJ/g, methane has only 39% of the 

energy content of hydrogen.

 b.  Assume STP conditions: 

  Q(CH4) =  
890.8 kJ

1 mol
 = 

890.8 kJ

22.4 L
  = 39.8 kJ/L

  Q(H2) = 
285.8 kJ

1 mol
 = 

285.8 kJ

22.4 L
 = 12.8 kJ/L

  In terms of kJ/L, hydrogen has only 32% of the energy 

content of methane.

 61.  For a 1.00 g sample of fuel:

  n(C4H9OH(ℓ)) = 
0.30 g

74.14 g/mol 
 = 0.004046 mol

  ∆H° = n∆H c̊ 

= 0.004046 mol × (-2758.6 kJ/mol)  

= -11.1612 kJ

  n(C2H5OH(ℓ)) = 
0.70 g

46.08 g/mol 
 = 0.0151909 mol
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  ∆H° = n∆H c̊ 

  = 0.0151909 mol × (-1366.8 kJ/mol)  

= -20.762 kJ

  total heat released = (-11.1612 kJ) + (-20.762 kJ)  

= -31.9 kJ

  !e enthalpy of combustion is -31.9 kJ/g.

 62.  a.  Electrical energy input  

= 1.100 × 103 J/s × 2.00 min × 60.0 s/min  

= 1.32 × 105 J

   microwave energy output = 81.02% of 1.32 × 105 J  

= 0.8102 × 1.32 × 105 J  

= 1.0694 × 105 J

   microwave energy absorbed by water  

= 98.3% of 1.0694 × 105 J  

= 0.983 × 1.0694 × 105 J  

= 1.0512 × 105 J

   Q = mc∆T 

1.0512 × 105 J = 500.0 g × 4.19 J/g°C × ∆T 

∆T = 50.2°C

   !e temperature of the water is expected to increase 

by 50.2°C.

  b.  Some of the thermal energy absorbed by the water 

would be transferred to the Pyrex™ bowl and to the 

air inside the oven.

  c.  Some of the electrical energy is dissipated as heat in 

the electrical circuitry; also, electrical components 

transformer, the light inside the oven, the fan, and 

the rotating turntable.

 63.  All the descriptions will a$ect the calculation of the 

heat, Q, absorbed by the surroundings.

  Q = mc∆T

 a.  If the solution was not constantly stirred the 

heat would dissipate slowly and the expected 

"nal temperature would be too low or too high, 

depending on the part of the mixture measured. If 

too low, ∆T would be too small and the calculated 

value of Q would be smaller than expected. (If too 

high, the opposite would ocur.)

 b.  Using 16.9°C rather than 19.6°C as the initial 

temperature will make ∆T too large and the 

calculated value of Q will be larger than expected.

 c.  !e result of this description is that the values used 

for the mass and speci"c heat capacity are too low. 

!is will give a calculated value of Q that is lower 

than expected.

 64.  A constant volume calorimeter, such as a bomb 

calorimeter, is an isolated system calibrated to take 

into account all of the parts and contents. For an open 

system at constant pressure using a #ame calorimeter, 

there would be signi"cant heat loss to the surrounding 

air. !e data would be more reliable from a calorimeter 

at constant volume, especially if a correction factor is 

used to take the pressure change into account.

 65.  Needed information and assumptions:

  Assume that natural gas is 100% methane, CH4(g), and 

that the volume of gas is measured at SATP, giving a 

molar volume of 24.8 L/mol.

  ∆H°  comb 
(CH4) = 890.9 kJ/mol

  Express the volume of the given statistic in litres: 

  27 m3 = 2.7 × 104 L

  Amount of CH4 at SATP from the Internet statistic:

  n = 
2.7 × 104 L

24.8 L/mol
 = 1.1 × 103 mol

  Energy released = n × ∆H° comb (CH4)

   = 1.1 × 103 mol × 890.9 kJ/mol

   = 9.8 × 105 kJ or about 1 GJ

  !e statement is valid based on these calculations.

 66.  Sample answer: Pros: By using biomass, thermal energy 

is extracted from material that would otherwise be 

wasted. !is saves on the use of non-renewable energy 

sources such as coal, oil and natural gas.

  Cons: Burning of biomass fuels still contributes 

emissions that are linked to global warming and acid 

rain.

 67.  Sample answer:

  Economic advantages: better fuel economy (gas 

mileage) because less gasoline is used; e>ciencies give 

better fuel economy such as regenerative braking that 

reclaims mechanical energy and converts it to electrical 

energy to recharge batteries; electric motor boosts the 

power performance of gas engines at lower speed.

  Environmental advantages: reduced dependency 

on fossil fuel; cleaner fuel with lower emission of 

greenhouse gases

  Economic disadvantages: higher initial cost, especially 

for electric motor and batteries; lower acceleration rate; 

replacement parts more costly; repairs more costly

  Environmental disadvantages: risk of exposure to high 

voltages in case of accident

 68.  !e food would contain water. !is would lead to 

erroneous data that would give a heat of combustion 

that was too low because the water would contribute 

non-combustible mass. 
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 69.  Sample answer: 

  For wind turbines: inexpensive, renewable, no 

polluting gases, low maintenance, no waste products to 

eliminate; new job opportunities. 

  Against wind turbines: weather dependent and 

therefore unreliable; unsightly and will lower land 

value and tourism income; long exposure to emitted 

inaudible infrasound waves suspected to be harmful 

to human and animal health; not cost e>cient 

considering changes it makes to the landscape; will do 

nothing to change attitudes towards energy usage and 

conservation.

 70.  (1) ÷ 3: 
1
3  CH4(g) + 

1
3  H2O(ℓ) → H2(g) + 

1
3  CO(g) 

  ∆H°r  = 68.6 kJ

  If reaction is 80.5% e>cient, 68.6 kJ would produce 

0.805 mol of H2(g). 

 
68.6 kJ

0.805 mol H2(g)
 = 

x

1.000 mol H2(g)
 

  x = 85.2 kJ

  85.2 kJ of thermal energy is required to produce 1 mol 

of H2(g) by reaction (1).

  If reaction (2) is 49.1% e>cient, 285.8 kJ would 

produce 0.491 mol H2(g).

  
285.8 kJ

0.491 mol H2(g)
 = 

x

1.000 mol H2(g)
 = 582 kJ

  582 kJ of energy is required to produce 1 mol of H2(g) 

by reaction (2).

Answers to Chapter 5 Self-Assessment Questions

(Student textbook pages 350-1)

 1.  d

 2.  c

 3.  d

 4.  m = 10.0 g, ∆T = 1.00 °C

  Q = mc∆T

   = 10.0 g × 4.19 
J

g · °C  
× 1.00 °C    

   = 41.9 J

  !e correct answer is b.

  5.  !e mass of the sample does not a$ect the answer.

  C = 2.337 
kJ

°C
    ∆T = 3.03 °C

  Q = C∆T

   = 2.337 
kJ

°C
 
× 3.03 °C    

   = 7.08 kJ

  !e correct answer is b.

 6.  % e>ciency =
 

40.0 kJ

50.0 kJ
 

× 100%
 

 = 80.0% 

!e correct answer is c.

 7.  e

 8.  Reverse equation (1) and add equation (2) to it. 

Cancel compounds found on opposite sides of the 

equations.

  -1(1)    A + 2C → AC2                          ∆H° = -50 kJ

       (2)     AC2 + B → BC2 + A                 ∆H° = -20 kJ
_____________________________________________

                
2C + B → BC2      ∆H° = -70 kJ

  !e correct answer is a.

 9.  e

 10.  It takes 31.8 kJ to decompose 1 mol of Ag2S.

  Find the number of moles.

  n = 
m

M
 

  M = 2 × 107.8 
g

mol  
+ 31.07 

g

mol

   = 247.67 
g

mol  
 

   n = 
123.9 g

247.67 g

mol

   = 0.500 mol  

 Q = n∆Hr

   = 0.500 mol × 31.8 
g

mol  
    

   = 15.9 kJ

  !e correct answer is a.

 11.  Water molecules in the sample at 25°C have a lower 

average kinetic energy and are moving on average 

more slowly than the molecules in the 40°C sample. 

!e total energy in each sample is unknown since the 

mass of each sample is unknown.

 12.  Lawn and garden equipment using gasoline include 

lawn mowers or riding lawn mowers, edgers, 

rototillers, hedge trimmers, and leaf blowers. To reduce 

environmental impact, use the tools less frequently or 

use electric or manual models of the equipment.

 13.  n(CH4(g)) = 
2 × 106 g

16.05 g/mol 
 = 1.246 × 105 mol

  latent heat = 1.246 mol × 105 mol 

  × 802.5 kJ/mol × 0.97

   = 1.0 × 108 kJ

 14.  nAlCl3
 = 

6.85 g

133.33 g/mol 
 = 0.051376 mol
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  ∆H° = n∆Hsoln

   = 0.051376 mol × (-373.8 kJ/mol) 

   = -19.2044 kJ

  Heat absorbed by water = 19.2044 kJ = 19 204.4 J

  Q = mc∆T 

19 204.4 J = 255.0 g × 4.19 J/g°C × ∆T  

∆T = 17.97°C 

Tf - Ti = 17.97°C 

48.7°C - Ti = 17.97°C 

Ti = 30.7°C

 15.  I2(s) + 20.85 kJ → I2(ℓ)

 16.  ∆H r̊ = [∑(n∆H f̊ products)] - [∑(n∆H f̊ reactants)] 

  ∆H r̊ = [(1 mol)(∆H f̊ C2H2(g)) +

   (1 mol)(∆H f̊ Ca(OH)2(s))] -  

        [(1 mol)(∆H f̊ CaC2(s)) + (2 mol)(∆H f̊ H2O(ℓ))]

  -128.0 kJ = [(1 mol)( 227.4 kJ/mol) + 

  (1 mol)(–985.2 kJ/mol)] - [(1 mol)(∆H f̊ CaC2(s)) +  

(2 mol)(-285.8 kJ/mol)]

  ∆H f̊ CaC2(s) = -58.2 kJ/mol 

 17. ∆Hneutralization = -55.31 kJ/mol of HNO3(aq)

  n(HNO3(aq)) = 0.0500 mol/L × 0.400 L = 0.0200 mol

  ∆Hneut = 
Q

n

  -55.31 kJ = 
Q

0.020 0 mol

  Q = 1.1062 kJ = 1106.2 J

  Heat absorbed by solutions: 

  Qsoln = 1 106.2 J = mc∆T

  ∆T = 19.00°C - 18.67°C = 0.33°C

  1106.2.J = m × 4.19 J/g°C × 0.33°C

  Total mass of solutions = m = 800.028 9 g = 800.0 g

  Total volume of solutions = 800.0 g × 1.000 g/mL  

= 800.0 mL

  Volume of KOH solution = 800.0 mL - 400.0 mL  

= 400.0 mL

 18.  (1) × -1/2: 2NO(g) + 
3

2  
O2(g) → N2O5(g)   

   ∆H = -223.7 kJ

  (2) × -1: 2NO2(g) → 2NO(g) + O2(g) ∆H = 114.2 kJ
  ____________________________________________

  2NO2(g) +     O2(g) → N2O5(g)           ∆Hr = -109.5 kJ  

 

 19.  Sample answer: For snow to form, water vapour must 

change to the solid state. !is can occur in one step 

(sublimation) or it can condense "rst, then freeze. 

Energy is released when this happens. !e energy goes 

into the air, resulting in a temperature increase. You 

could more simply explain in this way: “To make ice 

melt, you add heat. !e opposite occurs when snow is 

made: water freezes. Since freezing is the opposite of 

melting, heat is given o$ into the air. !e air heats up 

and the temperature rises.”

 20.  Yes, it would because the enthalpy of formation for 

gaseous water di$ers from the enthalpy of formation 

for liquid water. 

 21.  1.245 kg = 1245 g

   Q = 1245 g × 4.19 J/g°C × 76°C  

= 3.96457 × 105J 

= 396.457 kJ 

  E>ciency = 
energy output

energy input
 × 100%

  34.5% = 
-396.457 kJ

energy input
 × 100%

  energy input from heat source = 1.2 × 103 kJ

 22.  a.  Q = C∆T 

   = 5923 J/°C × 4.17°C 

   = 24 698.91 J 

   = 24.698 kJ

   ∆H c̊ (fat) =  
-24.698 kJ

0.7450 g
 = -33.15 kJ/g 

  b.  Energy available for heat and activity =  

(100% - 9.48%) × 24.698 kJ  

= 22.36 kJ

 23.  Q = mc∆T = 5.000 × 103 g × 0.46 J/g°C × 165°C  

= 3.795 × 105 J  

= 3.795 × 102 kJ

  Heat required from burning of propane (heat output) 

= -3.795 × 102 kJ

  E>ciency = 
energy output

energy input
 × 100%

  45% = 
-3.795 × 102 kJ

energy input
 × 100% 

  energy input = -8.4333 × 102 kJ

  ∆H c̊ C3H8(g) = -2219.2 kJ/mol

  n(C3H8(g)) = 
-8.4333 × 102 kJ

-2219.2 kJ/mol
 = 0.3800 mol

  m(C3H8(g)) = 0.3800 mol × 44.11 g/mol 

  = 16.8 g or 17 g

1

2
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 24. ∆H°r  = Σ(n∆H°f  products) - Σ(n∆H°f  reactants)

  = [(2 mol)(∆H°f  Fe2O3(s)) + (8 mol)(∆H°f  SO2(g))] 

  - [(4 mol)(∆H°f  FeS2(s)) + (11 mol)(∆H°f  O2(g))]

  = [(2 mol)(-824.2 kJ/mol) + (8 mol)(-296.8 kJ/mol)]

  - [(4 mol)(-178.2 kJ/mol) + (11 mol)(0 kJ/mol)]

  = (-4022.8 kJ) - (-712.8 kJ) = -3.310 × 103 kJ

  !e reaction is exothermic; the reactants have 

3.310 × 103 kJ more potential energy than the 

products.

 25.  To determine the ∆H°comb data experimentally with 

even one alkane and its corresponding alkene, e.g. 

propane and prop-1-ene, would require a lengthy 

experiment and the availability of these hydrocarbons. 

!e data is available in the Handbook of Chemistry 

and Physics or from Internet sources.

  Draw up a table of ∆H°comb data for alkanes and the 

corresponding alkenes having a double bond between 

C1 and C2. For the alkanes and alkenes having from 

two to "ve carbon atoms, the data would be as shown 

below.

Alkane ∆H °comb 

(kJ/mol)

Alkene ∆H °comb 

(kJ/mol)

  Analysis of the results will show that the enthalpy of 

combustion for each group of hydrocarbons increases 

as the number of carbon atoms increases and that 

alkenes with a double bond have a lower enthalpy of 

combustion than the corresponding alkane. A plot of  

H°comb vs. number of carbon atoms in the alkane and in 

the alkene can be used to extrapolate to longer chain 

hydrocarbons in the same series.

Chapter 6 Rates of Reaction

Answers to Learning Check Questions

(Student textbook page 357)

 1.  Measure the change in mass of the reactant, limestone, 

over a period of time or the volume of product, 

CO2(g), generated over a period of time. !e former is 

the more practical option.

 2.  Sample answer: A balanced chemical equation does not 

give information about the rate at which the chemical 

reaction occurs.

 3.  Since the concentration increased from 0.25 mol/L to 

0.420 mol/L over time, a product was measured.

 4.  !e graph should show that the tangent is a line 

drawn so it just touches the curve at one point. !e 

instantaneous rate at the point where the tangent 

touches the curve is calculated by measuring the slope 

of the tangent. !is is done by determining the rise and 

the run of the line and dividing the rise by the run. !e 

rise is the change in concentration and the run is the 

change in time.

 5.  a.  Molecules of A that remain = 30; molecules of B 

that remain = 10

  b.  !e average rate of reaction can be determined using 

the number of molecules of A that are consumed or 

the number of molecules of B that are produced over 

a period of time. 

   
∆A

∆t
 = 

30 molecules − 40 molecules

10 s − 0 s
 

  = -1 molecule/s 

  
∆B

∆t
 = 

10 molecules − 0 molecules

10 s − 0 s
 

  = +1 molecule/s 

 c.  !e average rate of change in the number of 

molecules of A and of B is the equal but opposite.

 6.  !e manager would be concerned about the average 

rate of spoilage. It represents how long the fruit could 

be le+ on the shelf. !e instantaneous rate indicates 

only how fast the fruit was spoiling at one point in 

time.

(Student textbook page 367)

 7.  !e particles must collide with the proper orientation 

to one another and have su>cient kinetic energy to 

overcome the potential energy barrier (activation 

energy) between reactants and products.

 8.  Many collisions have the wrong collision geometry, and 

only a fraction of the collisions have su>cient energy 

to overcome the potential energy barrier (activation 

energy).

 9.  !e angle at which the reactants collide must align 

with the angle at which the new bond or bonds in the 

products will form.

 10.  Diagrams for exothermic reactions show reactants with 

a higher potential energy than the potential energy 

for the products. Diagrams for endothermic reactions 

show reactants with a lower potential energy than that 

for the products.


