Problem Set # 2

Factors That Change The Reaction Rate
 
1 (a) Define the term “homogeneous reaction”.
(b) List the factors that will increase the rate of a chemical reaction that is homogeneous.
(c). Define the term “heterogeneous reaction”.
 

(d) List the factors that will increase the rate of a chemical reaction that is heterogeneous.

2. Classify the following reactions as homogeneous or heterogeneous:
 
(i).


Zn (s)  +  2 HCl (aq)
→ 
H2 (g)  +  ZnCl2  (aq)     

           





(ii).

Ag+ (aq)  +  Cl- (aq) 
 → 
AgCl  (s)


           
(iii).


H2 (g)    +  F2 (g)        → 

2HF (g) 


      
 

(iv).


2Al (s)  +  3I2 (s) 
 → 
2AlI3  (s)


           
 
3. Which factor will only increase the rate of a gaseous reaction? Explain.

 

4. For each reaction specifically describe all of the ways to increase the reaction rate  
(i.e.. increase [H2]).

(i).
H2 (g)    +  F2 (g) 
→   2 HF (g) 

 
(ii).
HCl (aq)  +  NaOH (aq) → NaCl (aq)  +  H2O  (l)

(iii).
Zn (s)  +  2 HCl (aq)
→  H2 (g)  +  ZnCl2  (aq)

 
(iv)   H2O2 (aq) → H2 (g)    +  O2 (g)

5. State two examples of chemical reactions that are desired to be slow.
 
6. Give two examples of chemical reactions that are desired to be fast.
 
  
7. Homogeneous reactions are generally (faster/slower) than heterogeneous because the reactants are more adequately __________ and, as a result, there are more __________ between reactant particles.
 
 HCl (aq)  +  NaOH (aq) 
→ 
NaCl (aq)  +  H2O  (l)     
 
is (faster/slower)  than
 
Zn (s)  +  2 HCl (aq)
→  H2 (g)  +  ZnCl2  (aq)
 

8.  Simple ionic reactions are generally (faster/slower) than more complex ionic reactions because there are no ___________ to break.
Pb+2 (aq)  +  2Cl- (aq)
→ 
PbCl2  (l)     
 
is (faster/slower) than
 
2Na+ (aq)  +  2ClO- (aq) 
→
2Na+ (aq)   +  2Cl-(aq)        +     O2  (g) 
 
 
9. Indicate the faster and slower reaction and explain why.
 
a) 
2Al (s)  +  3I2 (s) 
 
→ 
2AlI3  (s)
OR

 
2Na+ (aq)  +  2ClO- (aq) 
→
2Na+ (aq)   +  2Cl-(aq)        +     O2  (g)
b) 
3Ba+2(aq)    +    2PO4-3 (aq)    →    Ba3(PO4)2(aq)
 
OR
 

Cu(s)   +  2Ag+(aq)   →    Cu+2 (aq)    +    2Ag (s)

(c)
 2Al (s)  +  3I2 (s) 
 
→ 
2AlI3  (s)




OR







 

Ag+(aq)    +   Cl-(aq)   
→    
AgCl (s)
 




 

 

 
 

Ws # 3
Collision Theory 
 
1.
Chemical reactions are the result of collisions between reactant particles, where bonds are broken and new ones form.
2.     A successful collision requires sufficient energy and favorable geometry.
3.
Describe as fast, medium or slow. Explain!

i) 
2 H2 (g) + O2 (g)     →   2 H20 (l)  (room temperature)


Slow. Gas reactions are slower than aqueous. 
 

ii)
2 Ag+ (aq) + CO32- (aq)    → Ag2CO3  (s)


Fast. Homogeneous reaction simple ionic- there are no bonds to break

iii) 
2 HCl (aq) + Na2CO3 (aq)      →            CO2 (g) + 2 NaCl (aq) + H20 (l) 


Medium. Homogeneous complex reaction - there are bonds to break. 
4.
i) Describe how you would measure the rate of the reaction : 


Zn (s) + 2 HCl (aq)       →
ZnCl2 (aq)   + H2 (g)


Measure the decrease in Zn mass.


Measure the increase in H2 gas volume.


Measure the mass of an open container which decreasing due H2 escaping. 
 

ii) List four ways to increase the rate.



Increasing the temperature



Increasing [HCl] 



Adding a catalyst



Increasing the surface area of Zn(s)



Agitation
 
5.
A 10 °C temperature increase frequently doubles the rate of a slow reaction because:


a) The temperature has doubled.


b) The PE of the colliding particle has doubled.


c) The KE of the colliding particle has doubled.


d) The fraction of particles with sufficient KE to react has doubled.
 
 
 
 
6.
Both collisions A and B have the same KE. Which collision is successful and explain why.


         Before Collision


After Collision
 

A)
  
 
 
 
  

B)
 
 

Collision B was successful due to favourable geometry.
 
 
7.
Use the collision theory to explain how each factor increases the reaction rate.

i)
Increasing temperature



i)
more collisions and harder collisions

ii)
Increasing [reactants]



ii)
more collisions

iii)
Increasing surface area (solid)


iii)
more collisions 

iv)
Agitation of a heterogeneous reaction

iv)
more collisions


v) 
Adding a catalyst


v)
lower Ea & low energy collisions are successful 
8.
Explain why collision A was successful while collision B was unsuccessful.


         Before Collision


After Collision
 

A)

 
 
 
 
  

B)
 
 


Collision A was successful because it had sufficient energy.
 
9.
Describe the PE and KE changes during a collision.


The PE increases and the KE decreases
 
10.
What is PE in chemical terms?


Chemical Bond Energy
 
11.
What is KE in chemical terms?


Heat Energy
 
 
Explain each of the following using the collision theory. You need to explain each statement.
 
12. 
·        a candle is not burning at room temperature  
 
Ea is too high
·        a match lights the candle




Provides Ea
·        the candle continues to burn



Exothermic
 
13.
·        H2O2 decomposes slowly at 20o C



Ea is too high
·        KI is added and rapid decomposition begins

Catalyst- lowers Ea
·        The temperature increases




Exothermic
 
14.
·        H2 and O2 in a balloon do not react



Ea is too high
·        A spark ignites the balloon




Provides Ea
·        An explosion results




Exothermic
15.
·        CH4 and O2 in a balloon do not react


Ea is too high
·        A platinum gauze ignites the balloon



Catalyst ​ lowers Ea
·        An explosion results




Exothermic
 
16. N2(g)  +   O2(g)     →    2NO(g) 
 
Even though there are more than four billion collisions per second between N and O the amount of product after a year is too small to detect. Using the collision theory, give two reasons why this reaction might be slow. 
i) 
Low Temperature













ii) 
High Ea













 
17. Give two reasons why some collisions will not result in a chemical reaction.
 
i)
Insufficient energy













ii) 
Poor geometry













 
18. Give five reasons that might account for the following reaction having a high rate.
Ca (s) + 2 HCl (aq)   →  CaCl2 (aq)   + H2 (g)
 
i) 
High surface area of Ca








ii) 
High concentration of HCl








iii) 
High temperature








iv) 
Agitation








v) 
Nature of the reactant








 
 
19. C(s)   +    O2(g)   →   CO2(g)
List four ways the rate of the reaction could be increased.
i) 
Increase temperature








ii) 
Increase [ O2 ] 








iii)
Increase pressure








iv)
Increase SA of C








(add catalyst or agitate)
 
20. State the relationship between Activation energy and the rate of a reaction. Graph the relationship.
 
Inverse because decreasing the activation energy increases the rate.
 
 
  
Rate
 
 
 
 
 
 

      Activation Energy
 
21. State the relationship between Temperature and the rate of a reaction. Graph the relationship.
 
Direct, because increasing the temperature increases the rate. 




  
 
Rate
 
 
 
 
 

      Temperature
 
 
22. State the relationship between Concentration and the rate of a reaction. Graph the relationship.
 
Direct, because increasing the concentration increases the rate.




  
Rate
 
 
 
 
 
 

     Molarity
 
 
23.
List all of the ways to increase the rate of the reaction:

2 H2O2 (aq)      →   2 H2O (l)  + O2 (g)
 

Increase the H2O2 concentration
 

Increase the Temperature
 

Add KI catalyst
 
24.
Describe how you would measure the rate of the reaction above. State the property you would measure and describe how it changes. Draw a diagram to illustrate your answer.
  

Mass of an open container
Decreases

 
 

or
 

Volume of O2
See notes for diagram.
 
 

Pressure of O2 in a closed system.
See notes for diagram.
 
 
25.
H2 and O2 can exist at 20 °C for years without reacting. But when a small spark ignites the mixture it reacts explosively. Explain using the Collision Theory.
 

The activation energy is too high at room temperature so there are no successful collisions.
 

A spark provides the kinetic energy required to overcome the Ea.
 

Exothermic reactions produce energy.
26. 
Draw a collision energy distribution diagram for a reaction where the y-axis is fraction of collisions and the x-axis is collision energy. Draw the Ea line showing about 10% of the collisions having sufficient energy. Draw the Ea line for the catalyzed reaction where 20% have sufficient energy.

 

  

 

 

 

 

 

 

 

 

27. 
Shade in the area of the collision energy distribution diagram showing those collisions that do not have the required energy to be successful at the temperature below.

 
 
 
 
 
 

 
 
 
 

 

 

28. 
Shade in the area of the collision energy distribution diagram showing those collisions that do have the required energy to be successful at the temperature below. Redraw the curve at a higher temperature.
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