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UNIT 3: ENERGY & RATES IN CHEMICAL REACTIONS 

 
SCH 4U1   UNIT 3: ENERGY AND RATES OF CHEMICAL REACTIONS 

 
DAY(S) 

 
TOPIC/EXPECTATION 

 
HOMEWORK 

 
1 

 
TOPIC 1: Introduction to Thermochemistry, Energy in a 
Molecule 

Read 5.1 
p.291 # 1,2,4,5,8 
 

 
1 

 
TOPIC 2: Calorimetry – define (nested cup, bomb); 
calculations q=mcΔT; qsys= - qsurr, specific heat 
capacity; molar enthalpy; assumptions made in calorimetry 
cal’ns (p. 309) 
Heat transfer and enthalpy changes.  

 
Read 5.2 
p. 297 # 1 -3 
p. 301 # 1 – 4 

Extra Practice Worksheet 

Enthalpy (Calorimetry) 
Problems 
Worksheet+Answers.docx 

 
2 

TOPIC 3: Compare heat produced through physical, 
chemical and nuclear reactions 

TOPIC 4: Representing Enthalpy Changes 
(thermochemical. Eq’ns) - 4 different methods 

 
p. 304 #1- 4 
 

 
2 

 
TOPIC 5: Bond Dissociation 

TOPIC 6: Hess’s Law + standard heat of formation 

  
 

 
Read 5.3 
p. 312 # 1- 4 
p. 313 # 1b, 2b, 4, 7-9, 12-13 
Read 5.4 and 5.5 
p. 317 # 1-3; p 318 # 1-8 
p. 323 # 1-2, p. 324 # 1-10 
 

 
3 

 
Present and future Energy Sources-5.6 (summarize) 
TOPIC 7: Rates of Reactions - definition; graphing 
Measuring rates of reactions 

 
Read 5.6 & 6.1  
p. 330 1-7 
p. 350 # 1; p. 352 # 1 
p. 356 # 1-2; p. 360 # 1-2 

 
3 

TOPIC 8: Factors Affecting Reaction Rates Read 6.2 

p. 365 # 3,4 

Extra Practice Worksheets 

Factors Affecting Reaction 
Rates Worksheets 

 
3 

 
TOPIC 9: Rate Law and determining the order of a 
reaction 
 

 
Read 6.5 
p. 380 # 1-5 
p. 382 # 1-4 

 
4  

 
TOPIC 10: Collision Theory and Rate of Reaction: 
activation energy, potential energy graphs 

Read 6.3 

p. 372 #1- 2 

Extra Practice Worksheets 

Potential Energy Graphs with AC 

Potential Energy Graphs with AC 
Key 

file:///E:/SCH4U1%20ONLINE/ENERGY%20&%20RATES/Enthalpy%20(Calorimetry)%20Problems%20Worksheet+Answers.docx
file:///E:/SCH4U1%20ONLINE/ENERGY%20&%20RATES/Enthalpy%20(Calorimetry)%20Problems%20Worksheet+Answers.docx
file:///E:/SCH4U1%20ONLINE/ENERGY%20&%20RATES/Enthalpy%20(Calorimetry)%20Problems%20Worksheet+Answers.docx
file:///C:/Users/inez_/Desktop/covid%20online%20lessons/Factors%20Affecting%20Reaction%20Rates%20Worksheets.pdf
file:///C:/Users/inez_/Desktop/covid%20online%20lessons/Factors%20Affecting%20Reaction%20Rates%20Worksheets.pdf
Microsoft%20Word%20-%20Ch%2012%20Worksheet%201-2_doc.pdf
file:///E:/SCH4U1%20ONLINE/ENERGY%20&%20RATES/Potential%20Energy%20Graphs%20Worksheets%20Key.pdf
file:///E:/SCH4U1%20ONLINE/ENERGY%20&%20RATES/Potential%20Energy%20Graphs%20Worksheets%20Key.pdf
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TOPIC 11 & 12: Explaining factors affecting rate of 
reaction using the collision theory; reaction mechanisms 

Read 6.6 

p. 386 # 1 -3; p 387 #1-9 

Extra Practice Worksheets 

Reaction Mechanisms 
Practice Worksheets.pdf 

Reaction Mechanisms 
Worksheets Answer Key.pdf 
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Review/TEST 

 
p. 407 #30, 33, 
34,37,38,40,43-56,79, 80,88 

file:///E:/SCH4U1%20ONLINE/ENERGY%20&%20RATES/Reaction%20Mechanisms%20Practice%20Worksheets.pdf
file:///E:/SCH4U1%20ONLINE/ENERGY%20&%20RATES/Reaction%20Mechanisms%20Practice%20Worksheets.pdf
file:///E:/SCH4U1%20ONLINE/ENERGY%20&%20RATES/Reaction%20Mechanisms%20Worksheets%20Answer%20Key.pdf
file:///E:/SCH4U1%20ONLINE/ENERGY%20&%20RATES/Reaction%20Mechanisms%20Worksheets%20Answer%20Key.pdf
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TOPIC 1: INTRODUCTION TO THERMOCHEMISTRY 

 
Thermochemistry is the study of ENERGY CHANGES that accompany PHYSICAL or CHEMICAL 
changes of matter. There are always 2 environments affected in an energy change: 
 

1. The chemical system (chemical reaction) 
            2.   The surroundings (all the matter that is not part of the chemical system) 

 
Three different types of systems exist.  A system is the chemical system and its surroundings. 
Open system - a system which allows both matter and energy to leave 
Closed system - a system which prevents the movement of matter.  e.g. calorimeter 
Isolated system - a system where careful measurements of mass and temperature changes are 
made. 

DEFINITIONS 
 

1. Energy:  the ability to do work, measured in kJ where 1 kJ = 1000 J and 4.184 J = 1 cal 
 

2. Kinetic Energy - EK - the energy of motion, mathematically EK= ½ mv2 
 

3. Potential Energy - EP - energy of position or stored energy EP = mgh; this energy 
increases if two objects which attract each other are pulled apart or if two objects which repel 
each other are pushed together) 

 
4. Chemical Energy - the potential energy in chemical bonds, aka as chemical potential 

energy 
 

5. Thermal Properties - physical properties of a substance that enable it to absorb heat without 
chemically changing e.g. heat capacity, specific heat capacity, molar heat capacity 

 
6. Specific Heat Capacity (c) - the amount of energy needed to raise the temperature of 1 g or 

1 kg of a substance by 1°C - measured in J/g °C or in kJ/kg °C.  
 
(Note: cwater= 4.184 J/g·°C or 4.184 kJ/kg·°C) Memorize this! 

 
7. Molar heat capacity (H) - energy needed to raise the temperature of one mole of any 

substance by 1° C; unit is J/mol°C or kJ/mol°C 
 

8. Heat Capacity (C) - the amount of energy needed or released to change the temperature of 
a substance by 1°C; unit is J/°C or kJ/°C 

 
9. Law of Conservation of Energy - energy can neither be created nor destroyed but can be 

converted from one for to another - i.e. all the energy in the universe is constant (First Law 
of Thermodynamics) 
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10. Heat- (q or Q) -the transfer of thermal energy from a warm object to a cooler object. 

Measured in J or kJ. 
 

11. Temperature (T)-a measure of the average kinetic energy of entities in a substance. 
 

12. Exothermic- releasing energy to the surroundings. Energy term is on product side of 
reaction. 
 

13. Endothermic-absorbing energy from the surroundings. Energy term would be on the 
reactant side of reaction. 

 
ENERGY IN A MOLECULE 

 
(I) Kinetic Energy - 3 types: translational, rotational and vibrational 

a)  translational: energy associated with the movement of the entire molecule through space 
(in gases) 

 
b)  rotational: energy associated with the rotation of the molecule about an axis through its 

centre - produces an end over end motion 
 

c)  Vibrational: energy associated with movement of the atoms towards and away from each 
other - atoms bonded together are pulled towards each other by attractive forces (nucleus 
attracting electrons) until the repulsive forces between the two nuclei causes them to spring 
away from each other 

   
     
 
(II) Potential Energy -energy related to the attractive forces acting between molecules (eg 
hydrogen bonding etc.)  - these forces are largest in solids, large between liquid molecules and 
small between gas molecules. Responsible for physical changes i.e. change of states 
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(III)  Chemical Bond Energy - energy associated with the chemical bond and is the direct result 

of attraction between the nuclei and the moving electrons; when forces are large EP is low 
and the molecule is more stable  

 
(IV)  Nuclear Energy - energy related to the forces holding the nuclear particles (neutrons and 

protons) together; this energy remains constant during a chemical reaction, but changes during 
a nuclear reaction 

 
***The sum of ALL of these types of energy makes up the ENTHALPY or HEAT, of a substance. 
 

TOPIC 2: ENTHALPY (H) 

              Calorimetry 
Introduction to Calorimetry 
 
(I) CALORIMETRY                                         
 

 
                                    

 
 
 
 
 
 
 
 
 
 
      bomb calorimeter     nested cup calorimeter 
 

 
          - the experimental procedure that enables the measurement of heat*** 

           - nested-cup calorimeter has two Styrofoam cups embedded into each other, air acts as the    
insulator 
- bomb calorimeter more elaborate device which consists of a steel jacket filled (insulated 
container) with a large measured quantity of water into which a reaction chamber called the 
bomb is placed.  Inside the bomb, is the sample cup, and ignition wires.  The water is 
electrically stirred and a thermometer measures the temperature of the water 

         - heat transfer occurs between the reaction chamber and the water 
 
 
 

https://youtu.be/EAgbknIDKNo
https://youtu.be/nSh29lUGj00
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      - in calculations with calorimeters three assumptions are made: 
 

1.  no heat is transferred between the calorimeter and the outside environment;  
2. any heat absorbed or released by the calorimeter materials, such as the container is 

negligible; unless otherwise stated 
3.  and a dilute aqueous solution is assumed to have a density (1.0g/mL or 1.0 kg/L) and 

specific heat capacity equal to that of pure water (4.184 J/g·°C or 4.184 kJ/kg·°C) 
 
   - the quantity of heat transferred when using a calorimeter can be calculated using: 
 

 q = CΔt calorimeter          or       q=mcΔt H2O     or     q= (CΔt) calorimeter + (mcΔt)H2O 

 
         Note: Law of Conservation of Energy; all the energy in the universe is constant   
 
                          q system(chemical reaction/substance under analysis) = -q surrounding (calorimeter+ water etc.) 

 
 

(III) CALCULATING QUANTITIES OF HEAT (Thermal Energy) 
  
      Heat is represented by the symbol, q or Q. It is positive (a reactant) when it is endothermic 

(heat absorbed), and negative (a product) when it exothermic (heat released). 
 
    E.g. Burning of ethane 
 
    2 C2H6 + 7O2  → 4 CO2 + 6 H2O   + energy   
 
 
      Burning ethane produces heat/energy therefore the system is exothermic. That means the        

surroundings absorbed the amount of heat given off. 
 
 Practice:  Simple Heat Calculations (q) 

           
E.g. 1. How much heat flows into water when 600 mL of water is heated from 20°C to 85°C? 

 
q=?                                                     q=mcΔt 
                                                             = (600 g) (4.184 J/g°C) (65°C) 
                                                             = 1.6 x 105 J or 1.6 x 102 kJ 

           Δt= 85°C-20°C= 65°C 
V= 600 mL  → m= 600g (D=m/v) 
c=4.18 J/g°C 
 
 
 

Exothermic b/c 

heat 

produced/released 

heat! 
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E.g. 2. Calculate the quantity of heat gained by a piece of aluminum foil having a mass of 50.00g 
when it is heated from a temperature 20.0°C to 350.0°C. (Note cAl=0.900 J/g°C) 
 
 
q=?            
                                                              q=mcΔt 
m= 50.00g                                               = (50.00 g)(0.900 J/g°C)(330.0°C) 
Δt= 350.0°C-20.0°C= 330.0°C                =1.48 x 104 J or 14.8 kJ 

 
 
Practice: Heat Calorimetry Calculations  

 
 
Calorimetry Calculations 
 

 
   E.g. 3 A 2.50 g sample of glucose is placed in a bomb calorimeter which contains 800 g of 

water.  The initial temperature of the calorimeter is 20.00°C.  When all of the glucose has been 
burnt, the temperature of the calorimeter is 27.50°C.  What is the quantity of heat produced 
by the glucose? 

 
           qglucose=?  (not enough info to calculate) 
                                                                                    heat 
 

        Law of Conservation of Energy:            q reaction=-q surroundings (H2O) 

 
          q surroundings (H2O)                                          =-(mcΔt)H2O 
    
          m=800g                                                                =-( 800g)(4.184J/g°C) (7.50°C) 

          c= 4.184 J/g°C                                      q reaction   = -2.51 x 104 J or -25.1 kJ 

          Δt= 27.50°C-20.00°C =7.50°C                    
                                                                                             Combustion of glucose is exothermic 
 
(III) CHANGE OF ENTHALPY, ΔH° 
 
      - all of the energy contained in a molecule is the enthalpy of the substance, but we cannot   

determine the sum of all these energies 
      - instead, the change in enthalpy can be determined from the energy changes in the 

surroundings (i.e. the law of conservation of energy is used - the value of enthalpy of the system 
equals the value transferred to the surroundings) 

 
                  (chemical potential energy of the chemicals) = - (quantity of heat absorbed/lost by surroundings) 

https://youtu.be/5Rhw18MK5v4
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                           Therefore,      ΔH°system = - q surroundings 
 
        Note:  system is the reaction or substance under analysis, surroundings may be the water, calorimeter or both 

 
 

        
                                 ΔH°system     = - (mcΔt) water     or 
                                 ΔH°system     = -  CΔt    or a combination 

                                                    ΔH°system    = - [(m c Δt) water + C Δt] 
 

 
           - ΔH° the energy absorbed or released to the surroundings when a reaction occurs 
           - ΔH° has a negative value for exothermic reactions, and a positive value for 

endothermic reactions 
           - ΔH° can be measured for physical, chemical and nuclear changes  
           - ΔH° has a small value for physical changes and an extremely large value for nuclear change   

(p. 304) 
          - ΔHo is measured at SATP (100 kPa, 25oC) 
 
                            Per mole! 
 
       (IV) MOLAR ENTHALPY, ΔH°x  (A.K.A HEAT OF REACTION) 
 
the change in enthalpy when ONE MOLE of the substance is reacted; symbol is ΔH°x where x 
indicates the type of reaction (units kJ/mol) 

- eg.  
 

Type of Molar Enthalpy Example of Change 

Solution  ΔHo
sol NaBr(s)  →  Na+ (aq)  +  Br-(aq) 

Combustion  ΔHo
comb CH4 (g)  +  2 O2 (g) →  CO2 (g)  +  H2O(l) 

Vaporization  ΔHo
vap CH3OH (l)  →  CH3OH (g) 

Freezing  ΔHo
fr H2O (l)  →  H2O (s) 

Neutralization ΔHo
neut 2 NaOH (aq)  + H2SO4 (aq) → Na2SO4 (aq) + 2 H2O (l) 

Formation ΔHo
f C(s) + 2 H2(g)  + ½ O2(g) → CH3OH (l) 
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     - if more or less than ONE MOLE of the substance is reacted than: 
 

                                     ΔH°sys = n ΔH°x   
                                                                                                               round molar mass to 2 d.p! 
                                  ΔH° – is the change in enthalpy,                                  
                                    n – is the number of moles, recall n=m/M 
                                 ΔH°x – is the molar enthalpy of the system being studied e.g. ΔHcomb  
 
        This can be combined with the equation used to solve calorimetry problems 

                                    ΔH°sys = -qsurroundings   

 
                                    
 

                                        Therefore: n Δ H°x = -( m c Δt)water  or 
      n Δ H°x = - C Δt   or 
      n Δ H°x = - [( m c Δt)water  + C Δt] 
 
Practice: Molar enthalpy Calculations  

 
e.g. 1  
Determine the enthalpy change when 1.65 mol of ammonia is vaporized and ΔH°vap is 1.37 kJ/mol 
 
 
 
 
             ΔHsys=?                                           ΔH°sys = nΔH°vap 
                                                                               = (1.65 mol) (1.37 kJ/mol) 
            n=1.65 mol                                                 = 2.26 kJ 
           ΔH°vap =1.37 kJ/mol    
                                                  
 

                          Therefore, 2.26 kJ is needed to vaporize 1.65 mol of NH3(l) 
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                                mostly carbon 
e.g. 2  
 
9.0 grams of charcoal were completely consumed in a*** bomb calorimeter. If we assume that the 
2.0 L of water absorbed all of the heat released by the charcoal, and if the temperature of the water  
increased from 20.25 to 56.04 ° C, what is the molar enthalpy of combustion for carbon? 
 
 
          ΔH°comb=?                                                       
                                                                              ΔH°sys= - q surroundings 
      Surroundings (H2O) 
       mH2O = 2.0 kg                                               ncΔH°comb= -(mcΔt)H2O 
       cH2O= 4.184 kJ/kg°C                                        ΔH°comb = -(mcΔt)H2O 
       Δt= 56.04°C-20.25°C = 35.79°C                                         nc 
         
       System (C)                                                                  = -(2.0 kg)(4.184 kJ/kg°C)(35.79°C) 
        mc=9.0 g                                                                                            9.0 g 
        Mc=12.01 g/mol                                                                                12.01 g/mol 
                                                                               ΔH°comb = -4.0 x 102 kJ/mol 
 
 

                                      Therefore, 4.0 x 102 kJ/mol will be released. 

 
e.g. 3.   

In another experiment, 10.0 g of sucrose were completely consumed in the calorimeter. The   
calorimeter had a heat absorption equivalent to 450 g of water and the 2.45 L of water in the 
calorimeter had an increase in temperature from 21.130 C to 32.450C.  Determine the heat of 
combustion for the sucrose (C12H22O11). 

 
 
          ΔH°comb=?                                                       
                                                                              ΔH°sys= - q surroundings 
      Surroundings (H2O) 
 
       mH2O = 2.45 kg + 0.450 kg= 2.90 kg               nsΔH°comb= -(mcΔt)H2O 
       cH2O= 4.184 kJ/kg°C                                        ΔH°comb = -(mcΔt)H2O 
       Δt= 32.45°C-21.13°C = 11.32°C                                            ns 
                                                                                                     
         
       System (sucrose (C12H22O11))                                     =- (2.90 kg)(4.184 kJ/kg°C)(11.32°C) 
        ms=10.0 g                                                                                            10.0 g 
        Ms= 342.34 g/mol                                                                                342.34 g/mol 
                                                                               ΔH°comb = -4.70 x 103 kJ/mol 
 

n=m 

     M 

n=m 

     M 
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e.g. 4   

In an experiment, 12.5 g of naphthalene, C10H10, were burnt.  The calorimeter jacket had a heat 
capacity of 21.8 kJ/oC.  2.50 L of water was placed in the calorimeter.  The temperature rose 
from 23.5°C to 30.6 oC.  Determine the molar enthalpy of combustion for naphthalene. 

 
 
          ΔH°comb=?                                                       
                                                                              ΔH°sys= - q surroundings 
      Surroundings (H2O+Cal Jacket) 
 
       mH2O = 2.50 kg                                                  nnΔH°comb= -[(mcΔt)H2O + CΔtcal jacket] 
       cH2O= 4.184 kJ/kg°C                                        ΔH°comb = - [(mcΔt)H2O+ CΔtcal jacket] 
       Δt= 30.6°C-23.5°C = 7.1°C                                                                nn 
       Ccal jacket = 21.8 kJ/ °C                                                                                             
         
       System (naphthalene C10H10)               =-[ (2.50 kg)(4.184 kJ/kg°C)(7.1°C) + (21.8 kJ/°C)(7.1°C)] 
        mn=12.5 g                                                                                            12.5 g 
        Mn= 130.20 g/mol                                                                                130.20 g/mol 
                                                                               ΔH°comb = -2.39 x 103 kJ/mol 
 
e.g. 5   
A 9.80 g sample of carbon was burned in a bomb calorimeter containing 3.00 L of water at 24.0°C in 
its jacket.  If the heat of combustion of carbon is -394.0 kJ/mol, determine the final temperature of 
the water. 
 
       
            Tf=? 
            Tip: Solve for ΔT first                            step1     nCΔH°comb= -(mcΔt)H2O 
 
                                                                                  Δt = -nCΔH°comb 
      Surroundings (H2O)                                                      mc 
 
       mH2O = 3.00 kg                                                   Δt  = -( 9.80 g))(-394.0 kJ/mol)                                                     
       cH2O= 4.184 kJ/kg°C                                                    (12.01 g/mol)(3.00 kg)( 4.184 kJ/kg°C)     
       Ti= 24.0 °C                                                                                                                                                          
                                                                                  Δt =     25.61  °C            
       System (carbon)                               
        mC=9.80 g                                                    step 2          Δt = tfinal-tinitial                                      
        MC= 12.01g/mol                                                    
                                                                                           tfinal = Δt +  tinitial              
                                                                                           tfinal =  25.61  °C + 24.0 °C = 49.6 °C          
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TOPIC 3: PHYSICAL, CHEMICAL & NUCLEAR CHANGES 

 
- all have heats of reaction or enthalpy changes, but the magnitude of the change varies 

greatly 
 

TYPE OF 
CHANGE 

WHAT IS CHANGED ENERGY IS USED TO… MAGNITUDE OF 
ENTHALPY 
CHANGE (kJ/mol) 

Physical 
Change 

Change of state or 
dissolving 

-energy is used to overcome 
or allow intermolecular forces 
to act 
-fundamental particles remain 
unchanged at molecular level 

10 – 102 

Chemical 
Change 

New substances with 
new chemical bonds 
are formed 

-energy changes overcome 
the electronic structure and 
chemical bonds within the 
particles 

102 – 104 

Nuclear 
Change 

New atoms with 
different number of 
protons or neutrons 
are formed 

-energy changes overcome 
the forces between protons 
and neutrons in nuclei 

1010 – 1012 

 

TOPIC 4: REPRESENTING ENTHALPY CHANGES 

 

Several ways are available to show enthalpy changes: 
 
a)  Thermochemical equations with H notation WRITTEN BESIDE 
 

2 MgO (s) → 2 Mg (s) + O2 (g)  H°  = 1203.2 kJ 

CO2 (g)+ 2 H2 (g)→  CH3OH(l) H°  = -128.6 kJ 
 

b)        Thermochemical equations with energy term WITHIN THE EQUATION 
 

2 MgO (s) + 1203.2 kJ → 2 Mg (s) + O2 (g)   

CO2 (g)+ 2 H2 (g)→  CH3OH(l) + 128.6 kJ 
 

     For endothermic reactions, enthalpy change is written on the __REACTANT SIDE____ 
 
     For exothermic reactions, enthalpy change is written on the __PRODUCT SIDE________ 
 

“+” endothermic 

“-“exothermic 
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c)  Standard Molar Enthalpy of Reaction 
 

- the energy change associated with the reaction of one mole of substance at 100 kPa and 
25oC 

 - represented by Ho 

- the value represents the change in enthalpy for the reaction, as well as the energy changes 
involved in bringing the system to standard conditions before and after the reaction 
 

- e.g. Ho
comb = -727 kJ/mol for the reaction: 

   

 2 CH3OH(l) + 3O2(g)→ 2 CO2(g) + 4 H2O(l)       Ho = -1454 kJ    
 

e.g.   Express this per mole of oxygen -- 
 
                             ΔH =-1454   = -484.7 kJ/mol O2 
                                     3 mol O2 
 
 Express this per mole of water --- 
                                                       
                                ΔH =-1454   = -363.5 kJ/mol H2O 
                                     4 mol H2O 
 

             Therefore, ΔH (substance in the reaction) = Ho
rxn 

                                                                                     n 
d) Potential Energy (Enthalpy) Diagrams 
 

- shows the enthalpy of the products and reactants in pictograph (if relative values are known) or 
graphic form (if actual values known) 

 
 
 
 
 
 
 
 
 
 
e.g.  Sketch the enthalpy graph for the following: 
 
                      2 MgO(s) →  2 Mg(s)  +  O2(g)  ∆Ho =1203 kJ 

 
 

2 mol ( -727 kJ/mol CH3OH) =-1454 kJ 

Reaction Progress 

or Reaction 

Reaction 

Progress 

E
p 

E

p 

Endothermic, the products 

have more Ep than 

reactants 
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NOTE: Start with the reactants and go to the products. 
We compare the energy of the reactants relative to the energy of the products. For exothermic 
reaction the reactants have more stored energy than the products. (Text pg. 302) 

Reaction Progress 

or Reaction Coordinates 

2 MgO (s) 

2 Mg(s)  +  O2(g)   

∆Ho =1203 kJ  Ep 

(kJ) 
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TOPIC 5: BOND ENERGY 

 
Bond Energy  
Bond dissociation energy, D 

- the energy required to break a chemical bond 
- the numerical value is also equal to the energy released when bonds form 
- the bond energy is an average of the bond within a molecule 
- multiple bonds have more energy than single bonds so multiple bonds are stronger than 

and shorter than single bonds 
 
Bond energy can be used to determine the change in enthalpy, ΔH, since in a chemical reaction, 
reactant bonds break and product bonds form 

- energy needs to be added in order to break a bond –i.e. E is positive (endothermic) 
- energy is released when bonds are formed – i.e. E is negative (exothermic) 
- the ΔH is equal to the sum of energy required to break bonds minus the sum of energy 

required when new bonds form 
 

 
ΔH° = Σ n Dbroken bonds - Σ n Dformed bonds 
                           (reactants)                     (products)                       

 

  

Eg. 1 Calculate the ΔH when H2 reacts with F2 to form HF according to the equation: 
               
                         H2(g)   +  F2(g) →  2 HF (g) 

 

    ΔH° = Σ n Dbroken bonds - Σ n Dformed bonds 
             

                      = [ 1 mol DH-H + 1 mol DF-F] – [2 mol DH-F] 
                       

                      = [ 1 mol(432 kJ/mol) + 1 mol(154 kJ/mol)] – [2mol (565 kJ/mol)] 
 

              ΔH°   = -544 kJ       this rxn is exothermic 

 
 
 
 
 
 
 

Sum of 

TABLE OF AVERAGE 
BOND ENERGIES 
WILL BE GIVEN  
(text. pg. 307) 

 

https://youtu.be/0Tm6JMeYX5g
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Eg. 2.  Using bond energies, determine the ΔH for the following reaction: 
 2 F2 (g)  + 2 Cl2 (g)  + CH4 (g) →  CF2Cl2 (g)  +  2 HF (g)   + 2 HCl (g) 
 

                     ΔH° = Σ n Dbroken bonds - Σ n Dformed bonds 
  

                          =[2 mol DF-F + 2 mol DCl-Cl + 1molx4 DC-H]- 
             
                      [1mol x 2 DC-F + 1 mol X 2 DC-Cl + 2mol DH-F + 2molDH-Cl] 

 

                          =[2 mol( 154 kJ/mol) + 2 mol (239 kJ/mol)+ 1molx4( 413 kJ/mol)]- 
                     

                     [1mol x 2(485 kJ/mol) + 1 mol X 2(339 kJ/mol) + 2mol(565 kJ/mol)  + 2mol (427 kJ/mol)] 

  
                            = 2438 kJ – 3632 kJ 

                 ΔH°     = -1194 kJ     this rxn is exothermic 

 
 
Eg. 3  Determine the ΔH of the combustion of one mol of ethyne: 
 
 C2H2 (g) + 5/2 O2 (g) →  2 CO2 (g) +  H2O (g) 
 

ΔH = Σ n Dbroken bonds - Σ n Dformed bonds 

 

       =[1 molx2 DC-H + 1 mol DC≡C + 2.5 molDO═O]-[2 molx2 DC═O + 1 molx2 DO-H] 
 

       =[1 mol x2(413 kJ/mol)+ 1 mol(839 kJ/mol) + 2.5 mol(495 kJ/mol]-[2 mol x2(799kJ/mol)+1 mol 

x2(467 kJ/mol)] 
 

           = 2902.5 kJ -4130 kJ 
      

                 = -1227.5 kJ 

   ΔH°  = -1228 kJ this rxn is exothermic 
 

 
 
  
 
 
 

 

Final answer has no decimal places because you 

are using rules of subtraction for SF’s 
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TOPIC 6 A: HESS’S LAW of ADDITIVITY OF REACTION ENTHALPIES 

 
 
Hess's Law of Summation 
-  often calorimetry cannot be used to determine the enthalpy changes so for any reaction 

that can be written in steps the Ho
rxn equals the sum of the enthalpies in each step leading 

to the overall reaction. 
 
 
Enthalpy is a state function 

- any property that does not depend upon its history is a state function 
- enthalpy depends only upon the initial and final state of the reactants and products and 

NOT on the specific pathway taken to get from the reactants to the products 
- whether on can arrive at the products via either a single step or multi-step mechanism is 

unimportant as far as the enthalpy of reaction is concerned – they should be equal 
 
 
 
 
 
 
 
 
 
 
 
 
To use Hess’s law: 
 

- the steps may be reversed to give the overall reaction, if so the Ho
f sign changes 

- if there are more or less than one mole required than a multiple may need to be used (i.e. 

Ho
f is multiplied to give correct number of mole) 

- items that are on the same side of the equation are added 
- items that are on opposite sides of the equation are crossed out as long as they are in the 

same state. 
 
 
 
 
 
 
 

HESS’S LAW – the value of the H for any reaction that can be written 

in steps (the target) equals the sum of the values of the H for each of 
the individual steps. 

H°target  = H1  +  H2  +  H3  + …… 
 

Htarget  = ΣHsteps 

https://youtu.be/FqkXKe7ZsAA
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e.g. 1 
 
Carbon monoxide is often used in metallurgy to remove oxygen from metal oxides to give the free 
metal.  This is used to obtain Fe 
 

TARGET EQUATION  -   Fe2O3 (s) +  3 CO (g)  →  2 Fe (s) + 3 CO2 (g)      Ho
rxn =? 

 

Use the equations below to determine the Ho
rxn for the target equation. 

 

CO(g) + ½ O2 (g) → CO2  (g)     Ho
rxn = -282.9 kJ/mol  x3 

 

2 Fe (s) + 3/2 O2 (g)  → Fe2O3 (s)   Ho
f =  -1118.4 kJ/mol  x-1 (flip and change sign) 

  
 

                    3 CO(g) + 3/2 O2 (g) → 3 CO2  (g)    Ho
rxn = 3 mol (-282.9 kJ/mol) = -848.7 kJ  

 

      +       Fe2O3 (s)  →  2 Fe (s) + 3/2 O2 (g)  Ho
f = -1 mol ( -1118.4 kJ/mol) = +1118.4 kJ 

 
 

                          Fe2O3 (s) +  3 CO (g)  →  2 Fe (s) + 3 CO2 (g)     Ho
rxn = 269.7 kJ 

  
e.g. 2 
 
Ethanol (C2H5OH) is made industrially by the reaction of water with ethylene, (C2H4).  Calculate the 

Ho
rxn 

 

Determine the target (overall) reaction:   C2H4(g) + H2O (l)  → C2H5OH (l)  Horxn = ?    

 

Given: 
 

C2H4(g) + 3  O2 (g) →   2 H2O (l) + 2 CO2  (g)   Ho
rxn = -1411.1 kJ 

 

C2H5OH (l) +  3 O2 (g) → 2 CO2 (g)  + 3 H2O (l)  Ho
rxn = -1367.1 kJ x -1 (flip sign) 

 
         

                  C2H4(g) + 3  O2 (g) →   2 H2O (l) + 2 CO2  (g)    Ho
rxn = -1411.1 kJ 

                     

                    2 CO2 (g)  + 3 H2O (l)  → C2H5OH (l) +  3 O2 (g) Ho
rxn = +1367.1 kJ 

                                        1 

      + 
                                       C2H4(g) + H2O (l)  → C2H5OH (l)  Ho

rxn = -44.0 kJ  
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TOPIC 6B: HESS’S LAW & SPECIFIC ENTHALPY OF FORMATION, Ho
f 

 
Hess's Law  

 
Definition – the change in enthalpy when one mole of a substance is formed from its elements in 
their natural state. (Can be found in table). One mole of any element in its natural state has a 

Ho
f  = 0 kJ/mol 

 

e.g. O2(g)  Ho
f  = 0 kJ/mol   O2 (l)  Ho

f  ≠ 0 kJ/mol 
 
e.g.  The standard enthalpy of formations are found on page 320 of text. 
 

H2 (g)  + ½  O2 (g)→ H2O (v) Ho
f  = -241.8 kJ/mol     H2 (g)  + ½ O2 (g)→ H2O (l)   Ho

f  = -285.8 kJ/mol 
  
 
 

USING HESS’S LAW & Ho
f 

 

Hess’s Law can be used with Ho
f  for any reaction. 

 

                         aA  + bB  → cC  + dD 
 

then:  ∆Ho
reaction = Σn∆Ho

f(products) – Σn∆Ho
f(reactants) 

 
 
e.g.  1  
a)  Acetone (C3H6O), is a common organic solvent, determine the heat of combustion using enthalpy 
of formation data when it undergoes complete combustion. 
           
                                  C3H6O (l)  + 4 O2 (g) → 3 CO2 (g) + 3 H2O(l)  ΔH°comb =? 
 
                                         ∆Ho

reaction = Σn∆Ho
f(products) – Σn∆Ho

f(reactants) 

 
                             =[ 3 mol∆Ho

fCO2 + 3 mol ∆Ho
fH2O ] – [1 mol∆Ho

fC3H6O + 4 mol∆Ho
fO2 ] 

 
        =[ 3 mol(-393.5 kJ/mol) + 3 mol(-285.8 kJ/mol) ] – [1 mol(-248.1 kJ/mol) + 4 mol(0 kJ/mol)] 
             products          reactants 

       = [ -2037.9 kJ] – [-248.1 kJ] 
      

  ΔH°comb    = -1789.8 kJ    exothermic rxn 

https://youtu.be/sgzwD03HzN0


 

 

 

21 

UNIT 3: ENERGY & RATES IN CHEMICAL REACTIONS 

 
b)  Sketch an enthalpy graph for this reaction including all numerical values. 
 
           Ep (kJ) 

           -248.1    C3H6O (l)  + 4 O2 (g)                                  exothermic rxn 

 
 
                                                             
                                                             ΔH°comb    = -1789.8 kJ     
 
                                                              

       -2037.9                                    3 CO2 (g) + 3 H2O(l)   

                  
 
 

                                         Rxn Progress 

 
c)  Determine the quantity heat produced if 10.0 g of oxygen was used with excess acetone. 
 
                                        C3H6O (l)  + 4 O2 (g) → 3 CO2 (g) + 3 H2O(l)  ΔH°comb = -1789.8 kJ 
 

                                                         ΔH°sys(O2) = nΔH°comb 

                                                                          = m/M (ΔH°comb) 
                                                                           
                                                                           = 10.0 g     X     -1789.9 kJ 
                                                                             32.00 g/mol     4 mol O2 
                                                                          
                                                                           = - 1.40 x 102 kJ 
 
e.g. 2 
 
Determine the quantity of heat produced when 2.55 kg of CO2 is formed in the combustion of 
acetone. 
                                    C3H6O (l) + 4 O2 (g) → 3 CO2 (g) + 3 H2O(l)    ΔH°comb = -1789.8 kJ 
 

                                                         ΔH°sys(CO2) = nΔH°comb 

                                                                          = m/M (ΔH°comb) 
                                                                           
                                                                           = 2550 g     X     -1789.9 kJ 
                                                                             44.01 g/mol     3  mol CO2 
                                                                          
                                                                           = -3.46 x 104 kJ 
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TOPIC 7: RATES OF CHEMICAL REACTIONS 

 
Reaction Rates 
 

Chemical kinetics – the study of how to make reaction speed up or slow down i.e. study of 
reaction rate 
 
Rate of Reaction – the speed at which a reactant is consumed or a product is formed relative 
to time. 
 
Measuring the Rate of a Reaction 
 
  as a reaction progresses the concentration of the reactants decrease and products increase 
  this change in concentration is relative to time 
 
  rate = -Δ[R]     or   +Δ[P]     Unit: mol/Ls 
                       Δt                 Δt    
   
  reaction rate changes with time (time frame is required – s, min, h, a, etc.);  
 
  rate is normally determined with respect to the disappearance of reactants  
   i.e. r = rate = -Δ[R]      
                                             Δt     
 

rate of reactants disappearing is negative; if the rate is determined using appearance of 
products, then the rate is positive  

 
  this rate can be expressed relative to the reactants disappearing, or products appearing – 

measured quantities can be pH (pH meter), ion formation (conductivity apparatus), colour change 
(spectrophotometer), gas formation (volume or pressure gauges), mass, etc. 
 
Ex. 1 
 During the combustion of methane, CH4, the concentration of methane was measured at various 
time intervals with the following results being obtained: 
 
Time    [CH4]               CH4 (g) + 2 O2(g) →  CO2 (g) + 2 H2O (l) 
(s)   (mol/L) 

  10    2.40                  r = rate = -Δ[CH4]  =- (0.60 M-2.40 M) 
           20    1.20                                     Δt                     (40-10)s 

30    0.80 
40    0.60                                                  =0.060 mol/Ls 
 
Determine the rate of loss of methane during this time period. 

https://youtu.be/3NjVmwQGXGs
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Using the Balanced Chemical Equation to determine Rate of Reaction 
 
Consider the reaction:  A + 2 B →  3 C + D 

- the rates for all products and reactants are in the mole ration found in the balanced equation 
- 2 mol B are consumed in the same amount of time as 1 mol of A 

 
so:  the rate of change in [B] = 2 x the rate of change in [A] 
 
or:  - rate of A = - ½  rate of B = ⅓ rate of C = rate of D 
 
 - Δ[A]  =  - 1Δ[B]  =   1Δ[C]  =   Δ[D]    

  Δ t        2Δ t         3 Δ t          Δ t 
 
Ex. 2 
 
In the following decomposition reaction, oxygen gas is produced at the average rate of 9.1 X 10-4 
mol/Ls.    The reaction is:  2 N2O5  →  4  NO2   +  O2 
 
Over the same period, what is the average rate of the following production of nitrogen dioxide 
 
                                 Δ[NO2] = 4 Δ[O2]   = 4 (9.1 x 10-4 Ms-1) = 3.6 x 10-3 Ms-1 
                                     Δt             Δt 
 
 
Average rate of reaction    Instantaneous rate of reaction 
 
 
 2 points on 

the curve 

m= Δx 

      Δt 

One point on the graph 

to find rate we need the 

slope of the tangent to 

the point 
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____________________________________________________________________________ 
 

TOPIC 8: FACTORS AFFECTING A RATE OF A REACTION 

 
Factors That Affect the Reaction Rates  

1) Nature of the Reactants 
- Involves several factors: 
a) number and type of bonds e.g.    

2 Ag+ (aq) +  Zn(s) →  2 Ag (s)  + Zn2+ (aq)  electron transfer 
2 NO (g)  +  O2 (g) → 2 NO2 (g)    bond rearrangement 
Cu2+ (aq) +  S2- (aq) → CuS (s)    electrostatic attraction 

 
Reactions which involve electrostatic attractions usually occur faster than those involving 

electron transfer which usually occur faster than those involving bond rearrangement (bond 

breakage and or bond formation) 

 b) complexity of reactants e.g.  

 C (s)  +  O2 (g) → CO2 (g) -elements 

 2 CO (g)  + O2 (g) → 2 CO2 (g)-element + compd. 

More complex substances react slower than less complex substances because – fewer 
rearrangements are necessary with simpler substances and it is more difficult for collisions 
to occur at exactly the correct spots so that the orbital overlap can occur as the reactant 
molecules become more complex (i.e. contain larger number of atoms) 

 
2) Ability of Reactants to Meet 
 

- reactions occur more quickly if reactants are in the same phase since particles are able to collide 
frequently 
- reactions can be homogeneous - all entities are in the same phase 
- reactions can be heterogeneous - here, the reaction occurs at the interphase (were the two meet) 
so the larger the surface area the greater the reaction rate 

 
3) Concentration of the Reactants 

 
- increase in concentration increases the number of particles there rate also increases 

 
4) Temperature of a System 
 

- in general, an increase in temperature results in a faster rate of reaction since the particles have 
more kinetic energy 

https://youtu.be/JpoOfrPKgmM
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5) Presence of a Catalyst 
 

- a catalyst provides an alternative pathway with a lower 
activation energy resulting in the reaction occurring faster 

 
 

Concentration, Rate and the Rate Law 
  
1) RATE LAW:  a mathematical expression which is proportional to the [ ]  of each 

reactant to a specific exponent ( determined experimentally). 
                                                                                                          

2) for a general homogeneous reaction like: aA + bB    cAB  
   

rate ∝  [A]m[B]n          rate = k[A]m[B]n 
 
3) NOTE: THE ONLY WAY IN WHICH THE RATE LAW EXPRESSION CAN BE DETERMINED 

IS EXPERIMENTALLY. 
 

4) Given that the reaction:   
 H2SeO3     +     6 I-      +    4 H+         Se   +   2 I3     +     3 H2O  
 
 has the rate law expression of: 
 

rate = k [ H2SeO3]x [I‾]y [H+]z   
 
It was experimentally found that the initial rate has x = 1, y =3 and z = 2 and that the rate law 
expression constant had a value of 5.0 X 105 L5 mol-5 s-1 at 0oC. (rate is temp. dependent)  
 
Determine the rate of the reaction at 0oC when [ H2SeO3] = 2.0 X 10 -2 mol/L, [I‾]= 2.0 X 10 -
3 mol/L and [H+] = 1.1 X 10-3 mol/L. 

 
          rate = k [ H2SeO3]x [I‾]y [H+]z   

 

                      rate = 5.0 x 105 L5 (2.0 x 10-2 mol)1 (2.0 x 10-3 mol)3(1.1 x 10-3mol)2 

                                              mol5s                L                          L                      L 
 
                             = 9.7 x 10-11 mol 
                                                  Ls 
Rate law expression:  rate= 5.0 x 105 L5 [ H2SeO3]1 [I‾]3 [H+]2   
                                                           mol5s 

  L5       x  mol  x  mol3  x mol2 

mol5s         L          L3              L2 

 

k= rate law constant 
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   ORDER OF A REACTION -is the sum of all the exponents in the rate law.  
    
        For the reaction above, the reaction overall order is 1 +3+2 =6, therefore 6th order.   
   
  For [ H2SeO3]1 rxn is 1st order; [I‾]3 rxn is 3rd order; [H+]2 rxn is 2nd order. 
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constant 

constant 

 

TOPIC 9: DETERMINING EXPONENTS OF THE RATE LAW EXPRESSION 

 
Determining Rate Law /Reaction Order from Experimental Data Method 1 
Method 2 

           Reaction Order Tips 
Eg.1  
To determine the exponents in the rate law expression, a reaction must be performed in which various 
concentrations of reactants are used. 

For example: to determine the rate law expression for the reaction A    +    B    ➔     AB 

Experimental data might be: Find the rate law expression for this reaction given the data. 
 

Trial Initial [   ] 
[A] 

(mol/L) 
[B] 

Initial Rate of Formation of Products 
(mol/Ls) 

1 0.1 0.1 0.20 

2 0.2 0.1 0.40 

3 0.3 0.1 0.60 

4 0.3 0.2 2.40 

5 0.3 0.3 5.40 

 
1. Compare factor difference for [  ] and rate for one reactant. 
 
   For [A]    pick trial 1 and 2 because [ ] it changes and the other reactant(s) stay constant. 
                   
                      [A]                                                how the rate changes 
                     Trial 2  =>   0.2 mol/L   =   2          Trial 2 =>  0.40 mol/Ls  = 2 
                     Trial 1         0.1 mol/L                    Trial 1        0.20 mol/Ls 
 
2. Equate the 2 values calculated: 
  
                                                            2m =2 ;     m=1 
 
                                            Or       m ln2 = ln2 
                                                       m =ln2 =   1 
                                                             ln2 
3. Repeat for any other reactants 

                      [B]                                                how the rate changes 
                     Trial 4  =>   0.2 mol/L   =   2          Trial 4 =>  2.40 mol/Ls  = 4 
                     Trial 3         0.1 mol/L                    Trial 3       0.60 mol/Ls 
 

                                                           2n =4;     n=2 

https://youtu.be/VXfbzwAv2Dc
https://youtu.be/liGCU9gaLcM
https://youtu.be/JAak0vJ2Ynk
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4. Find the rate law constant (k) and its units by picking a trial and substitute in. 
 
e.g. Trial 1                         rate= k[A]1[B]2 

 
                                                            k= rate     =       0.2 mol/Ls                = 200 L2 
                                                                [A]1[B]2     (0.1 mol/L)1(0.1 mol/L)2                  mol2s 
 
                    

                      The final rate law expression with k and it’s units is; rate= 200 L2   [A]1[B]2 
                                                                                                                                    mol2s 
 
E.g. 2. 
              A series of experiments is performed for the system 2A + 3B + C → D + 2E  
      ● When the initial concentration of A is doubled, the rate increases by a factor of 4. 
      ● When the initial concentration of B is doubled, the rate is doubled. 
      ● When the initial concentration of C is doubled, there is no effect on rate.  
 
          a) What is the order of reaction with respect to each of the reactants?  
            2nd order with respect to A 1st order with respect to B 0 order with respect to C  
 
          b) Write an expression for the rate equation.    
                r = k[A]2[B] 
 
 
E.g.3 
 
 
 
 
 
 
 
 
 
a) 2nd order with respect to A  used trials 1 and 2 to determine 0 order with respect to B  used trials 1 
and 3 to determine 1st order with respect to C  used trials 2 and 4 to determine  
b) r = k[A]2 [C]1  
c) k = 0.30 L2/mol2s 
d) r = 0.019 mol/(L ∙s) 
 
 
 

    

mol x   L    x L2 

Ls       mol   mol2 

 



 

 

 

29 

UNIT 3: ENERGY & RATES IN CHEMICAL REACTIONS 

 

TOPIC 10: REACTION RATES AND THE COLLISION THEORY 

 
Collision Theory 
 

The collision theory assumes that for a reaction to occur, the reactant molecules or ions  
 
must COLLIDE. 
 
The rate of reaction depends on two factors: 
 
1. frequency of collision 
 
2.  how many of the collisions are effective (lead to product) 
 
CONCENTRATION OF REACTANTS AND NUMBER OF COLLISIONS 
 
The number of collisions depends directly on [reactants] 
 
As the [molecules] increases, the frequency of collisions increases. 

 
Therefore, the number of possible collisions is  
i.e.  rate α [reactants] 
 
 
In a chemical change, reorganization of chemical bonds occurs.  The bonds of the reactant molecules 
are broken and the bonds of the product molecules are formed. 
 
The activation energy, Ea, is the minimum amount of energy required to overcome forces between 
particles, so that product can be formed. 
 
eg. H2  and O2 can be mixed at room temperature but no reaction will occur. 
 
Reason:  The H2 and O2 at RT don’t have enough energy to overcome repulsive forces. 

https://youtu.be/wbGgIfHsx-I
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Rxn2 these (orange & yellow) lead to product @ T2 (higher temp) 

 

Rxn1 only these (orange) lead to product @ T1 (lower temp) 

Note: temperature in K is directly proportional to Ek 

 
The shaded area in this Maxwell-Boltzmann curve shows the fraction of molecules with kinetic energy 
greater than the activation energy.  These molecules will produce the product. 
The collision theory assumes that only collisions between molecules having Ek ≥ Ea will produce 
effective collisions and therefore form product. 
 Therefore, the main reason hydrogen and oxygen react so slowly at room temperature is the Ek of the 
H2 and the O2 < Ea for the rxn. 
 
Activation Energy, Temperature, and Reaction Rate 
 

 
 
     
At the higher temperature (T2) there are more particles with Ek ≥ Ea ,therefore more effective 
collisions. 
(Regardless of T, the minimum EK needed for an effective collision Ea is the same.) 
 
 
So far, the reactant molecules must: 
 

1.  ____COLLIDE________________________ 2.  _____ Ek ≥ Ea ____________________  

 

These 

particles 
don’t have 

enough Ek 

Activation 

Energy Ea 

Only these particles will 

lead to product 

Note: every rxn has its own Ea value 
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The third factor is Collision Geometry (Steric Effect) 
 
A molecule possessing the Ea associated with a given reaction does not necessarily react when it 
undergoes a collision.       C2H4   + HCl   --→ 
 

                    
 
eg. H2O(l) + HCl (aq) ----> H3O+(aq) + Cl-(aq) 
 
A 
 
 
 
B 
 
In B, even though the molecules have energies greater than Ea, there is no reaction because: incorrect 
collision geometry. 
 

no attraction, no rxn Pure covalent bond 

Extra repulsion 

Non-polar bond 

No attraction for the 
H of the HCl, so no 

rxn 
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Bonds are breaking at the same time as they are forming 

 
 
 

Transition-State Theory/Activated-Complex Theory 
 
To better understand what happens during the moment of collision between reactant molecules the 
"transition-state theory" or "activated-complex theory" was developed. 
 
The ACTIVATED COMPLEX is a short-lived high energy intermediate particle that can go on to 
form product or go back to reform reactant. Whether product is formed depends on Ek of 
reactants. 
eg. AB  +  CB2  →  AB2  + CB 
 
 

 
 
When a collision occurs, the total EK decreases (reactant molecules slow down, and stop at point of 
collision) and the total EP increases, formation of new bonds. (Law of Conservation of Energy) 
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Graphically, for an exothermic reaction: 
 
 

        
 
 
 

Although energy is always needed to reach the transition state, the overall reaction may be exothermic or 
endothermic depending on whether more or less energy is needed to reach the transition state than is 
obtained in passing from the transition state to the products. 
 
For endothermic reactions: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

In general: 
1. exothermic rxns occur quickly→ low Ea value 
 
2. endothermic rxns occur slowly → high Ea value 
 
3. Since, in general, reactions are reversible, endothermic reactions are always slower than the 
corresponding exothermic rxn. 
 
 

Always a 

positive value 

positive 

value but 

very large 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiK9_-K_vvRAhUl24MKHdQpDgUQjRwIBw&url=https://www.reddit.com/r/askscience/comments/2jmzdk/explanation_of_the_maxwell_boltzmann_distribution/&bvm=bv.146094739,d.amc&psig=AFQjCNGyspdLSzinY4gDx2qqggipxm7Y8A&ust=1486488010502708
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TOPIC 11: THE EFFECT OF A CATALYST ON Ea 

 
The catalyst a substance that speeds the reaction rate by providing an alternative pathway to 
product which has a lower Ea. The catalyst is not consumed in the reaction. 
 
 

 
 
 
              X ↔Y 
 
             r= reverse rxn 
             f= forward rxn 
            cat= catalyzed 
 
 
 
 
 
 
 
 
 
 

Therefore, the rate of reaction is faster for catalyzed reaction. 
 
The reason for this is that with a catalyst there is a different activation energy required for effective 
collisions which means that more particles will have the required kinetic energy: 

 
   

Stays the same whether 

catalyzed or uncatalyzed 

Maxwell-Boltzmann Curve 

More particles have Ek ≥ Eacat, 

therefore rxn takes place faster. 
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AC 

 
 
e.g.    
     a)  Using Hess’s Law and standard enthalpies of formation, draw the enthalpy curve for the 

combustion of propane, (C3H8).  Include all numerical values.  The Ea=125 kJ.   
b)  Also indicate on your graph the effect that a catalyst would have on the Ea 
c) Label all parts of the graph. 
d) If 25.0 g of propane was combusted with excess oxygen determine the change in enthalpy. 

 
a)            C3H8 (g) + 5O2 (g) → 3 CO2 (g) + 4 H2O (l)      ΔH°comb=? 

  
                             ∆Ho

reaction = Σn∆Ho
f(products) – Σn∆Ho

f(reactants) 

                                        
                                             = [ 3 mol (-393.5 kJ/mol) + 4 mol (-285.8 kJ/mol)]-[1mol (-103.8 kJ/mol)] 
                                                    products        reactants 

                                             = [ -2323.7 kJ] - [-103.8 kJ] 
                                              
                              ΔH°comb = -2219.9 kJ 
                              
          21.2 
                                       
Ep (kJ) 
                   C3H8 (g) + 5O2 (g) 
      -103.8 
 
                               ΔH°comb = -2219.9 kJ 
    
 
      -2323.7                                                   3 CO2 (g) + 4 H2O (l)       
 
 
 
 
                                            Rxn Progress 
 
 
 

d).                                                ΔH°sys(C3H8) = nΔH°comb 

                                                                          = m/M (ΔH°comb) 
        MC3H8 =3(12.01)                                                                  
                    8(1.01)                                           = 25.0 g     X     -2219.9 kJ 
                    44.11 g/mol                                      44.11 g/mol     1  mol C3H8 
                                                                          
                                                                           = -1.26 x 103 kJ 
 

Activated Complex 
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TOPIC 12: COLLISION THEORY AND REACTION MECHANISM 

 
 
Reaction Mechanisms and the Rate Determining Step 
Catalysts 

            How To Identify The Intermediate & Catalyst In a Reaction Mechanism 
 
Reaction Mechanism a series of steps (elementary steps) by which a reaction proceeds 
 
e.g. Overall:      A + 2B →   G  + 4 H 
 

proposed reaction mechanism:         2 B → C 
                                                          A + C + D → F + I 
                                                  F + I→ G + 4 H + D       
                                                                         D 

                                                            A + 2B →   G  + 4 H 
 
Take a look at this overall reaction; 
2MnO4

-(aq) + 5C2O4
2-(aq) + 16H+(aq) ----> 2Mn2+(aq) + 10 CO2 + 8H2O 

 
How many particles would have to collide for this to occur in a single step? ANS. 23 
 
The probability of all these particles colliding at the same instant to form the product is zero. Therefore, 
the reaction must proceed by a series of simpler reactions or elementary steps (processes). 
 
Such a series of steps is called a reaction mechanism. 
The number of molecules involved in an elementary step is termed the molecularity of the reaction.  
 
For a: 2 particle collision -bimolecular 
 
 3 particle collision -trimolecular 
 
 4 particle collision - not known 
 
A unimolecular reaction involves one particle and the rearrangement of the atoms in the molecule eg. 
cis/trans 
Example of Molecularity:  for 2 O3 -----> 3 O2 
 
        step 1  O3 ----->   O2  + O·     unimolecular-(tend to be slower reaction, the rate determining step)       
 
        step 2  O·  + O3  ---→  2 O2         bimolecular 
 
                  2 O3 -----> 3 O2 

D is the catalyst, C, F, I are the 

intermediates 

https://youtu.be/ShzW1LoQgoc
https://youtu.be/if5JGssffm8
https://youtu.be/i_39q6N1sAs
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A simple reaction consists of one elementary step, a complex reaction consists of a number of steps and 
each step involves one collision. 
Reaction mechanisms are theories as to how the product is produced from the reactants.  These steps 
cannot be observed. Different reaction mechanisms can be proposed but they must be based on scientific 
fact. Based on overall rate law expression. 
 

Reaction Profile for a multistep reaction like: 
Exothermic Energy Diagram: Activation 
Energy, Transition States and Enthalpy 

Change  
 
e.g. # 1  4 HBr  +  O2→  2 H2O  +  2 Br2 

    
The proposed reaction mechanism for the reaction:  
 

HBr + O2 →  HOOBr  -bimolecular 

HOOBr  +  HBr → 2 HOBr-bimolecular 

HOBr + HBr →  H2O   + Br2-bimolecular 

HOBr + HBr →  H2O   + Br2-bimolecular 

HOOBr, HOBr are intermediates 
    
 e.g. # 2 H2  +  2 ICl  →  I2  +  2 HCl                                              proposed rxn mechanism:  
                                                                                                 H2 (g) + 2ICl (g) → HCl (g) + HI (g) 
                                                                                                 HCl (g) + HI (g) → I2(g) + 2HCl (g) 
 

 

AC1 

Which step is the rate determining step? 
 
Step 1 since it is the slowest step, has 
the largest Ea value. 

AC1 
AC2 

AC3 

rate determining step 

           H2  +  2 ICl  →  I2  +  2 HCl 

https://youtu.be/CVIG2P1sxHQ
https://youtu.be/CVIG2P1sxHQ
https://youtu.be/CVIG2P1sxHQ
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Consider: 2NO + O2 ----> 2NO2 
 
The proposed reaction mechanism is:   2 NO + O2  →  N2O4  - trimolecular 
                                                               N2O4   →   2 NO2   - unimolecular 
 
N2O4 is the intermediate 
- it is produced in the first step and used up in the second step 
- it is very short lived 
 
The rate determining step is the slowest step in the reaction mechanism! 
 
 
PREDICTING THE RATE LAW 
 
This can only be done for an elementary process. rate= k [R]x, where x is the coefficient 
 
E.g. 1.  For the elementary process:       NOCl + Cl ----> NO + Cl2   
 
if [NOCl] doubles—rate doubles, since order is 1 
 
if [Cl] doubles—rate doubles, since order is 1 
 
E.g. 2.  For the elementary process:       2NO2 -----> O2 + 2 NO; rate = k [NO2]2 
 
The exponents in the rate law for an elementary process are to the coefficients of the reactants in the 
chemical equations for that elementary process. 
 
Since the slowest step is the rate-determining step, the rate law for the overall reaction is directly 
related to the rate law of the rate-determining step. 
 
 
E.g. 3  Given the reaction 2 NO2Cl -> 2 NO2  + Cl2 , the proposed reaction mechanism is : 
 
                 NO2Cl  →  NO2   + Cl                ( slow) 
                 NO2Cl + Cl   →  2 NO2   + Cl2   ( fast) 
               
 
 
What would the rate law be?    rate= k [NO2Cl]1 
 
What is the intermediate? Cl 
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E.g. 4   Given the following proposed mechanism              
                        A +   B   → C + D      
                        D + G   → E + F 
                        F →   H + G  
 
                                                                  G 
Determine the overall reaction:      A  + B → C + E + H 
 
What are the intermediates?   D, F 
 
Is there a catalyst?   G 
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Success Criteria Unit 3: Energy Changes and Rates of Reaction 
 

I can… Yes No Notes/Text 

Define the terms kinetic energy, potential energy, specific heat capacity, heat 
capacity, temperature, thermal energy and calorimetry 

   

List the assumptions made in calorimetry    

Compare energy changes that are involved in physical, chemical and nuclear 
reactions 

   

Calculate heat and energy changes in matter using calorimetry and q=mcΔt or 
q=CΔt 

   

Calculate energy transfer in a system, enthalpy change ΔHsystem = ±qsurroundings 

 
   

Calculate molar enthalpies =nΔHrxn 

 
   

Calculate ΔH using bond dissociation energies 
 

   

Illustrate enthalpy changes using graphing, and balanced thermochemical 
equations including the difference between exo- and endo-thermic reactions 

   

Calculate enthalpy change using Hess’s Law of additivity, Htarget=ΣΔHreactions 

 
   

Calculate enthalpy change using Hess’s Law and standard enthalpies of 
formation and draw the resulting potential energy graph 

   

State  and explain the factors that affect the rates of reactions – e.g. surface 
area, complexity of reactants, concentration etc. 

   

Explain using collision theory and Maxwell-Boltzmann graphs the effects of 
temperature and catalyst on a rate of reaction  

   

Define activation energy    

State the rate for either reactants or products in a chemical reaction given the 
rate of one entity 

   

Calculate the Rate Law Expression from experimental data including the rate 
law constant and its units 

   

Define reaction mechanism, elementary process/step and rate-determining 
step 

   

Determine the rate-determining step and state the reaction mechanism given a 
potential energy graph with the required information 
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SCH 4U1 – UNIT 3:  ENERGY & RATES OF CHEMICAL REACTIONS REVIEW 
 

Test Breakdown:  K – /25 I – /25  C – /10  A – /10 

 

Definitions to know: 

Energy Temperature Standard state Potential energy Heat 

Kinetic energy Enthalpy Standard heat of formation Endothermic Rate 

Exothermic Bond energy Elementary step Unimolecular Bimolecular 

Trimolecular Activation Energy Specific heat capacity Reaction mechanism Intermediate 

Activated 

complex 

Collision theory Rate determining step   

 

1. A sample of water with a mass of 210.5 g undergoes a temperature change from 40.83 oC to 98.73 oC. 

 What is the heat change in kilojoules? 

 

2. When 1.75 g of CaCl2 dissolves in 125 g of water in a nested cup calorimeter, the temperature increased by 

2.44 oC.  What is the heat change per mole of CaCl2 dissolved?  Assume that the water absorbs all the heat. 

 

3. 5.50 g of sodium hydroxide is dissolved in 175 mL of water.  Using a nested cup calorimeter, the 

temperature change of the water is measured to be 2.10 oC.  Write the thermochemical equation for this 

process? 

 

4. Use bond energies to estimate the heat of reaction, Ho, for: 

  CH4 (g)   +  2 Cl2 (g)  →  CH2Cl2 (g)  +  2 HCl (g) 

 

5. From the following enthalpies of reactions determine the Ho for: 

  2 HCl (g)  +  F2 (g)  →  2 HF (l)   +   Cl2 (g) 

 

 4  HCl (g)   +   O2 (g)  →  2 H2O (l)  +  2  Cl2 (g)  Ho  =  -148.4 kJ 

 ½ H2 (g)  +  ½  F2 (g)  →  HF (l)    Ho  =  -600.0 kJ 

 H2 (g)  +  ½  O2 (g)  →  H2O (l)    Ho  =  -258.5 kJ 

 

6. Given equations (1) and (2), calculate the enthalpy change for equation (3). 

 (1)  Pb (s)  +  PbO2 (s)  +  2 SO3 (g)  →  2 PbSO4 (s)   Ho  = -775 kJ 

 (2)  SO3 (g)  +  H2O (l)  →  H2SO4 (aq)     Ho  = -133 kJ 

 (3)  Pb (s)  +  PbO2 (s)  + 2 H2SO4 (aq) →  2 PbSO4(s)  +  2 H2O (l) Ho  = ? 

 

7. Given:  H2 (g)  +  Br2 (l) →   2 HBr (g)    Ho = -72.8 kJ 

 Calculate the amount of energy absorbed or released when 15.0 g of HBr (g) is formed. 
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8. The standard heat of combustion of ethanol is -1372 kJ/mol ethanol.  How much heat is released when 20.0 g 

sample burns? 

  

9. Given the following thermochemical equation:  2 P (s)  +  3 Br2 (l) →   2 PBr3 (s)  Ho = 153 kJ 

 How much energy must be added to allow the production of 7.12 g of PBr3? 

 

10. a) The Ho
f
  of Mg(NO3)2 is -875.0 kJ/mol.  Use this value and the heats of formation on page 799 to 

calculate the Ho for the equation below: 

    2 HNO3 (l)    +  Mg(OH)2 (s)  →   Mg(NO3)2  +  2 H2O (l) 

 b)  Graph this reaction including the activation energy of 150 kJ.  Label all axes, reactants, products,  

enthalpy and type of reaction (exo- or endo-thermic). 

 

11. For the reaction:  H2O2 (aq)  +  2 H+ (aq)  +  3 I-1  →  I3
-1 (aq)  +  2 H2O (l), the following rate data were 

measured.  Determine the rate law, the constant and the rate for the last trial. 

 

Trial Initial [H2O2] 

(mol/L) 

Initial [I-1] 

(mol/L) 

Initial rate of formation of I3
-1 (aq)   

(mol/Ls) 

1 0.100 0.100 1.15 x 10-4 

2 0.100 0.200 2.30 x 10-4 

3 0.200 0.100 2.30 x 10-4 

4 0.200 0.200 4.60 x 10-4 

5 0.300 0.300 ? 

 

12. The rate law for the reaction   2 NO  +  O2  →  2 NO2  is rate = k [NO]2[O2]. 

 At 25 oC, k = 7.1 x 109 L2 mol-2s-1. 

a) What is the overall order for this reaction? 

b) Is the activation energy for this reaction high or low?  Explain. 

c) If the temperature is increased, what will happen to the value of k? 

d) If the concentration of NO is doubled, what will happen to the reaction rate? 

e) If the concentrations of both NO and O2 are doubled, how will the reaction rate change? 

f) Which will cause the rate to increase more:  doubling [NO] or tripling [O2]? 

g) What is the rate of reaction when [NO] = 0.0010 mol/L and [O2] = 0.034 mol/L? 

 

13. For the reaction:  2 NO (g)  +  H2 (g) →  N2 (g)  +  2 H2O (l), the rate law is rate = k [NO]2[H2]. 

 Does the following proposed mechanism agree with this rate law?  Explain your answer. 

 

 2 NO(g)  +  H2 (g) →  N2 (g)  +  H2O (l)  +  ½ O2 (g)  slow 

 H2 (g)  +  ½ O2 (g)  →  H2O (l)     fast 

 

14. Using a Maxwell-Boltzmann curve, explain each of the following: 

 a)  the effect of temperature on the rate of a reaction. 

 b) using a negative catalyst on the rate of a reaction. 



 

 

 

43 

UNIT 3: ENERGY & RATES IN CHEMICAL REACTIONS 

 

15. List and explain the five factors that affect the rate of a reaction. 

 

16.  Using an enthalpy graph, describe the difference between an activated complex and a reaction intermediate. 

 
  
 
 
 
 
 
 
 
 
  
 


