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[bookmark: _Toc488791487]Foreword  
The purpose of this manual is to provide teachers with subject knowledge, content simplification, teaching skills and tips and integration of technology (ICT skills) in the classroom.
This manual focusses on the following topics:
· Module 1: Newtons 2nd law of motion
· Module 2: Work Energy and power
· Module 3: Vertical Projectile motion
· Module : Rates of reactions and Chemical Equilibrium
· Module 5: Acids and bases
[bookmark: _Toc488791488]
Introduction
NEWTONS’ SECOND LAW OF MOTION
Newtons 2nd law forms basic understanding for Work ,energy and power topic. It focuses on the net forces exerted on an object to cause its motion. Work done by an object relies on the net force acting on the object. Power is the rate at which work is done. In order to progress effectively in teaching work energy and power , it is advisable to start by revising force and free body diagrams plus friction.

Do some examples on Newtons’ 2nd law then intergrade it with work energy and power
NEWTONS 2nd law of motion
From the examination guidelines 2017
· State Newton's second law of motion: When a resultant/net force acts on an object, the object will accelerate in the direction of the force at an acceleration directly proportional to the force and inversely proportional to the mass of the object.



In symbols: a Fnet, constant m and a , constant Fnet, and therefore Fnet = ma
· Draw force diagrams and free-body diagrams for objects that are in equilibrium or accelerating.
· Apply Newton's second law of motion, and therefore, to a variety of equilibrium and non-equilibrium problems including:

· 	A single object:
· Moving in a horizontal plane with or without friction
· Moving on an inclined plane with or without friction 
· Moving in the vertical plane (lifts, rockets, etc.) 

· 	Two-body systems (joined by a light inextensible string):
· Both on a flat horizontal plane with or without friction
· One in a horizontal plane with or without friction, and a second hanging 	vertically from a string over a frictionless pulley
· Both on an inclined plane with or without friction

· Both hanging vertically from a string over a frictionless pulley.
NOTE: When an object accelerates, the equation Fnet = ma must be applied separately in the x and y directions. If there is more than one object, a free-body diagram must be drawn for each object and Newton's second law must be applied to each object separately.

Work energy and power-from the examination guideline 2017

WORK, ENERGY AND POWER 

Work 

• Define the work done on an object by a constant force F as F ∆x cos Ɵ
, where F is the magnitude of the force, ∆x   the magnitude of the displacement and Ɵ the angle between the force and the displacement. (Work is done by a force – the use of the term 'work is done against a force', e.g. work done against friction, must be avoided.) 

• Draw a force diagram and free-body diagrams. 
• Calculate the net work done on an object. 
• Distinguish between positive net work done and negative net work done on the system. 

Work-energy theorem 
 State the work-energy theorem: The work done on an object by a net force is equal to the change in the object's kinetic energy: 

Wnet =  ΔK = Kf-Ki
• Apply the work-energy theorem to objects on horizontal, vertical and inclined planes (for both frictionless and rough surfaces). 

Conservation of energy with non-conservative forces present 

• Define a conservative force as a force for which the work done in moving an object between two points is independent of the path taken. Examples are gravitational force, the elastic force in a spring and coulombic force. 
• Define a non-conservative force as a force for which the work done in moving an object between two points depends on the path taken. Examples are frictional force, air resistance, tension in a chord, etc. 
• State the principle of conservation of mechanical energy: The total mechanical energy (sum of gravitational potential energy and kinetic energy) in an isolated system remains constant. A system is isolated when the net external force (excluding the gravitational force) acting on the system is zero.) 
• Solve conservation of energy problems using the equation: Wnc = ΔEk + ΔEp 
• Use the relationship above to show that in the absence of non-conservative forces, mechanical energy is conserved. 

Power 

• Define power as the rate at which work is done or energy is expended. 
In symbols: P = 
• Calculate the power involved when work is done. 
• Perform calculations using Pave= Fvave when an object moves at a constant speed along a rough horizontal surface or a rough inclined plane. 
• Calculate the power output for a pump lifting a mass (e.g. lifting water through a height at constant speed). 
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Teachers should do activities on Newton 2nd law on the Activity sheet and report 
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WORK
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WORK DONE BY A CONSTANT FORCE
 [image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]          Content discussions with teachers

In Figure below, where an object undergoes a displacement Δx along a straight line while acted on by a constant force F that makes an angle θ with direction of the displacement.
[image: ]From the example we can conclude that work is done by a constant force acting on an object when the point of application of that force moves through some distance and the force has a component along the line of motion.

We knew that W= FxΔx
But Fx= Fcos θ
Then
W = F Δxcos θ




Definition of work

Work done by a constant force is a scalar quantity equal to the product of the force multiplied by the displacement of the point of application of the force by the cosine of the angle formed by the line of action of the force and the direction of the displacement. 

W = F Δxcos θ

From this equation we can get the following conclusions:
· Force and the displacement are in the same direction (figure below)
[image: ]

W = F Δxcos θ
 θ = 00     then cos 00 = 1, hence W=F Δx (1)

· The force is perpendicular to direction of the displacement (figure below).
Fg
N





Note from general equation of work (W = F Δxcos θ that the work done by a force on a moving object is zero when the force applied is perpendicular to the object’s displacement. That is, if θ = 900, then W= 0 because cos 90° = 0. For example, in Figure above, the work done by the normal force on the object and the work done by the force of gravity on the object are both zero because both forces are perpendicular to the displacement and have zero components in the direction of Δx.
When θ = 900
Cos 900 = 0
Then W = F cos 900= F Δx (0)= 0
SI Units 
F (N)
Δx(m)
W (J)
1J = 1 kg·m·s-2 =1N·m
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Example

A man cleaning a floor pulls a vacuum cleaner with a force of magnitude F = 50.0 N at an angle of 30.0° with the horizontal (Fig. below). Calculate the work done by the force on the vacuum cleaner as the vacuum cleaner is displaced 3.00 m to the right.
[image: ]
Solution
· First: we must identify all the forces acting on the object (applied force, normal force and force of gravity) .
· Second: we must draw a free body diagram.
[image: ]
· From the free body diagram we can see that the normal force and the gravitational force do not do work because they are acting perpendicular to the direction of the displacement.
· The only force doing work is the applied force F.
Using the general equation
W = F Δx cos θ
W= 50 x 3,0 x cos 300
W= 150 x 0,866
W= 129,9 J

WORK DONE BY THE RESULTANT FORCE (NET WORK)

In the case that there are more than one force acting the work done by all the forces can be calculated by the algebraic addition of all the works done  by each force.

WR = W1 + W2 + ... + Wn
Also the work done by the resultant (net) force can be determined by multiplying the resultant force (vector addition of all the forces) by the displacement of the body (point of application of the force) by the cosine of the angle between the force and the direction of the displacement.
WR = FR Δx cosθ
Or
Wnet=FnetΔx cosθ

Example 2
The sketch below shows a wooden block on a horizontal surface and 5 forces acting on it. Calculate the work done by each force and the work done by the net force when the block has covered 3 m.












F1 = 5 N
F2 = 4 N
FN = 2 N
Fr = 3 N
Fg = 2,8 N

450











Solution
W1 = F Δxcos 00
W1 = 5 N x 3mx 1
W1 = 15 J

W2 = F s cos 450
W2 = 4 N x 3 m x 0,7
W2 = 8,4 J

WN = FN s cos 900
WN = 2 N x 3 m x 0
WN = 0

Wr = FrΔxcos 1800
Wr= 3 N x 3m x (-1)
Wr= - 9 J

Wg = Fg s cos 900
Wg= 2 N x 3 m x 0
Wg= 0
Wresult= FresΔxcos 00
Wresult= W1 + W2 + WN - Wr + Wg
Wresult= 15 J + 8,4 J + 0 – 9 + 0
Wresult= 14,4 J

WORK DONE ON AN INCLINE
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Example 3

A block of mass 2.00 kg is being pulled up a frictionless inclined plane by a force, F = 20.0 N, applied through a rope parallel to the plane. The plane makes an angle of 30.00 with the horizontal. The block is pulled a distance of 1.80 m along the plane. Calculate the work done by the net force on the block.
[image: ]

Solution
We must draw the free body diagram and a coordinate system if there are forces acting not in the direction of the axis like gravitational force then we have to determine its components. 

θ
θ




Y


X
The gravitational force is not in the direction of any axis then we have to determine its components on the X-axis and Y-axis.













In the Y direction the net force is zero because there is not acceleration
Wnet = Fnet Δx cos θ
Fnet= (F- Fgx) Δx cos θ  
 Fnet= (F- Fg sin 300) Δx cos θ  
Fnet= (F- mg sin 300) Δx cos 00  
Fnet= (20- 2 x 9,8 x 0,5) x 1,8x 1  
Fnet = 10,2 x 1,8= 18,36  J

Another way 
Wnet = WF + WFg + WN 
 Wnet = F Δx cos θ + FFg Δx cos θ + FN Δx cos θ
Wnet = F Δx cos 00 + mg Δx cos 1200 + FN Δx cos 900
Wnet = 20 x 1,8 x cos 00 + 2 x 9,8 x1,8 x (-0,5) + 0= 36 – 17,64
Wnet = 18,36 J

GRAPHS

[image: ]
Figure (a)
Figure  (a) shows a graph of force versus displacement for the component of the force in the direction of the displacement—that is, an F cos θ vs. d graph. In this case, F cos θ is constant. You can see that the area under the graph is F cos θ , or the work done. 

[image: ]
Figure (b)

Figure (b) shows a more general process where the force varies. The area under the curve is divided into strips, each having an average force (F cos θ)i(ave) . The work done is (F cos θ)i(ave)di for each strip, and the total work done is the sum of the Wi . Thus the total work done is the total area under the curve.
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Example 4

The following graph shows a constant force that acts on an object that covers a distance of 4 m under the action of this force. Calculate the work done by the force as the particle moves from x =0 to x = 4.0 m.
[image: ]The force acting on a particle is constant for the first 4.0 m of motion. The net work done by this force is the area under the graph (line/curve). This area is equal to the area of the rectangular section from A to B.
The area of the rectangle is (4.0)(5.0) = 20 J


WORK , ENERGY THEOREM
[image: Two happy stick-people shaking hands] Orientation of Objectives
· State the word energy theorem in words
· Explain that an object with larger potential energy has a greater capacity to do work. 
· Solve problems using the work energy theorem.	
Examples may include: 
· objects on horizontal surfaces
· objects moving in a vertical plane
· objects on inclined planes
· Apply the conservation of mechanical energy in the solution of problems.

[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]
Recap on Newtons’ 2nd law of motion
If a resultant (net) force acts on a body, it will cause the body to accelerate in the direction of the resultant force. The acceleration of the body will be directly proportional to the resultant force and inversely proportional to the mass of the body. The mathematical representation is: Fnet= ma.



[image: ]
From the figure above: A particle of mass m moving to the right under the action of a constant net force Fnet. Because the force is constant, we know from Newton’s second law that the particle moves with a constant acceleration a. If the particle is displaced
a distance Δx, the net work done by the net force is 





When a particle undergoes constant acceleration.


	
Where vi is the speed at t = 0 and vf is the speed at time Δt. Substituting these expressions in the equation into the equation of work done by the net force (Wnet= m a Δx) gives:


Therefore



The quantity  represents the kinetic energy associated with the motion of the particle. This quantity is so important that it has been given a special name kinetic energy. The net work done on a particle by a constant net force (Fnet) acting on it equals the change in kinetic energy of the particle.
In general, the kinetic energy (EK or K) of a particle of mass m moving with a speed v
is defined as



                    Or              
Which is the same as 
Ek = ½ mv2

For example, a 2.0 kg object moving with a speed of 4.0 m·s-1 has a kinetic energy of 16 J.
It is often convenient to write the equation for the work energy theorem in the following way


But 


Hence



We can state the work kinetic energy in words (work energy theorem).
“The work done by the resultant force acting on a particle is equal to the change in the kinetic energy of the particle.”

Sometimes you can fine the following definition:
The net work done on an object is equal to the change in kinetic energy of the object.
However, the work energy theorem cannot be applied in any situation, it has limitations:
· It is only applied for particles.
· It can be applied to real objects when they can be considered particles. 
It is important to note that when we use this theorem, we must include all of the forces that do work on the particle in the calculation of the net work done. From this theorem, we see that the speed of a particle increases if the net work done on it is positive because the final kinetic energy is greater than the initial kinetic energy. The particle’s speed decreases if the net work done is negative because the final kinetic energy is less than the initial kinetic energy.

WORK DONE BY APPLIED HORIZONTAL FORCE
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Example 1

A 6.0kg block initially at rest is pulled to the right along a horizontal, frictionless surface by a constant horizontal force of 12 N. Find the speed of the block after it has moved 3.0 m.
Solution

We have made a drawing of this situation


[image: ] 

 






    

    

    m.s-1

WORK DONE BY GRAVITATIONAL FORCE
[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]

Work done by the gravitational force is equal to the change in potential energy with negative sign.
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Example 2
A wooden block of 50 kg of mass slides down a slope that is inclined at an angle of 300  to the horizontal. Moving at a constant speed the block covers a distance of 6 m along the slope as shown in the diagram below. 
6 m
300
hi







	


Calculate:
2.1	 The work done by the gravitational force. 
2.2	The frictional force that acts on the block.
2.3	The work done by the frictional force.

Solution
Information in symbolic form 

X


Y




α

  m= 50 kg
  α = 300
Δx = 6 m
  h = 0
  v = constant
  g = 9,8 m.s-2
Wg =?
  Fr = ?


2.1	Wg = -ΔEP
Wg = - (EPf - EPi)
Wg = - (mghf – mghi) 
hi is unknown but it can be determined using the trigonometric ratio:

         
 hi = Δxsin 300
ThenJ = kg.m2.s-2

Wg = - (- mghi)
Wg = - (- mg Δx sin 300)
Wg = - (- 50 x 9, x 6 x 0,5)
Wg = 1470 J
2.2
As v is constant Fr = FGx
      	     Fr = FGx = FG sin α
     Fr = mg sin 300
     Fr = 50 x 9,8 x 0,5
     Fr = 245 N

2.3 		    W= Fr Δx cos θ
    W= 245 x 6 x cos 180o
    W= 245 x 6 (-1)
    W= - 1470 J
















[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]

CONSERVATION OF MECHANICAL ENERGY
Mechanical energy of an object is the sum of the object’s kinetic energy and the object’s potential energy. 


One way that can be used to get the law of conservation of mechanical energy is the following.
Forces can be classified into conservatives and non-conservatives.
All forces, which their work depends only on the final and initial position but do not depend on the path are called conservatives forces. For a conservative force the work done in a closed trajectory is zero.
Examples of conservative forces:
Gravitational force
Electrostatic force
Elastic force
When there are only conservatives forces acting (closed system):
Wcon=  - ΔEP
Wcon= ΔEK
ΔEK = - ΔEP
All forces, which their work depends on the path (trajectory), are called non- conservatives forces which can be divided into dissipative and generative.

Example:
Frictional force 
Magnetic force
Force applied by humans, animals, machines, etc.

Law of conservation of mechanical energy
If conservative and non- conservative forces act simultaneously on an object, it possible to write that: 

         

        
Therefore

     

       	If

     		Then

       
Hence


And finally

         
When the work done by the non-conservative forces is zero the total mechanical energy of the system of bodies is conserved. (Law of conservation of mechanical energy
Or
The total mechanical energy of a system of bodies that are in interaction only by means of conservatives forces is conserved.
Also
In a closed system the total mechanical energy of the system is conserved.

In this case we understand by closed system a system in which only internal forces (conservatives forces) act on the system.

It means that a mechanical energy of a system is conserved whether:
· Only conservative forces acting on the system (non conservatives forces are not acting on the system).
Example: The motion of a projectile (free fall)
· Non conservative forces are acting but in equilibrium (balanced).
Example: When a block is pushed at a constant velocity on a horizontal rough surface.
· The resultant (net force) of the non-conservative forces acting on the system does not do work.
Examples: Circular motion of an electron inside a magnetic field, the magnetic force does not do work. Another case when a body rotates without sliding (pure rotation) on an inclined plane with friction, the frictional force does not do work.
It is common to fine the following definition for the law of conservation of mechanical energy which is also correct.
The total mechanical energy of an object remains constant as the object moves, provided that that the next work done external non-conservative forces is zero.

Conservation of energy

The work done by non-conservative forces can produce an increase or a decrease of the mechanical energy of the object.
If from a certain high an iron sphere is dropped, after rebouncing many times on the ground it will be at rest on the floor. Before the first bouncing the sphere had mechanical energy and at the end when it is at rest on the floor the mechanical energy is zero. There is no conservation of the mechanical energy however the energy is conserved. 
In this case the kinetic energy of the sphere was converted into internal energy of the sphere and the objects that interacted with it.
Energy cannot be created or destroyed, but it can be changed from one form to another. (Law of conservation of energy)
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Example 3

A stone of 0,7 kg is thrown vertically upwards with a speed of 20 m·s-1. If the resistance of the air is neglected calculate the height reached by the stone.




Solution
We can take the origin of the coordinate system in the point from where the stone was thrown. At this point the gravitational potential energy of the stone is equal to zero while the mechanical energy of the stone is kinetic energy only.
EMo= EKo  +EPo
EMo= EKo + 0

At the highest point the kinetics energy is zero then the mechanical energy is only gravitational potential energy.
Em = Ek+ EP
EM= 0 + EP

The only force acting on the stone is the gravitational force which is conservative, and then the mechanical energy is conserved.

Emo= Em
EKo  +EPo = Ek+ EP
EKo + 0 = EKo + 0

= m g h

h = 

h = 


h = h =  h = 20 m
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Question 1. Multiple choice questions
Four possible options are provided as answers. Choose the correct option by writing only the letter next to the question number.
1.1.	An object moving at a constant velocity v has a kinetic energy E.  The velocity is changed to 2v.  Which ONE of the following is the correct kinetic energy at this velocity?
A	2E
B	½ E
C	4E
D	¼ E

1.2. 	The engine of a car does work (W) when the car is accelerating from 0 to v. The work done by the engine when it increases the velocity from v to 3 v, is:
A	9 W
B	8 W
C 	3 W
D	W

Question 2

The sketch bellow shows a block of 20 kg that moves downwards on an inclined plane from rest at point A, where the height is 2, 45 m and reaches the base with a velocity of 4 m.s-1.
2.1. Is the mechanical energy conserved? Explain.
2.2. 	Calculate the work done by the frictional force and its magnitude if the length of the plane is 4,9 m. 
2.3	 Calculate the work done by the net force.

2,45 m
4,9 m
4 m/s
A




Solutions
Question 1
1.1. C
1.2. B
When velocity increases from v to 3v
Wnet = ΔEK
Wnet = EK- EKo


Wnet = (- )


Wnet2 =8 Wnet1


When velocity increases from 0 to v
Wnet = ΔEK
Wnet1 = EK- EKo



Wnet = 


Question 2

2.1 
If EM is conserved then 



   

     

        	

       

Then   	 
Mechanical energy is not conserved. Final mechanical energy smaller than initial mechanical energy, energy is dissipated due to friction. 
Energy is not conserved because there is a non-conservative force acting.
Or 
The mechanical energy is not conserved because the system is not closed, friction force is acting (external force/non-conservative)

2.2 In this problem we have to analyse the kind of forces that act on the block (gravitational force or weight, normal force and friction force). The gravitational force and the normal are conservative and the friction force is non-conservative.
Then

 

      

     	

     

     



       


             
To calculate the friction force we can use the formula   



Fr= -

Fr= 
Fr= - 65.35 N

2.3.  
Wnet= ΔEk
Wnet= Ekf - Eki 
Wnet= Ekf - 0

Wnet= 

Wnet= = 4000 J

SUMMARY
	Physical quantity
	Work and kinetic energy Theorem

	
Law of conservation of mechanical energy

	 Work
	Kinetic energy
	Potential gravitational energy
	Mechanical energy
	 “The work done by the resultant force acting on a particle is equal to the change
in the kinetic energy of the particle.”

Wnet = ΔEK
Wnet=EKf- EKi

	When the work done by the non-conservatives forces is zero the total mechanical energy of the system of bodies is conserved. 
Or
Also
In a closed system the total mechanical energy of the system is conserved.


	W = F Δxcos θ

	
Ek=mv2

EP = mgh

	EP = mgh

	EM = EK +EP

	
	

















POWER
[image: Two happy stick-people shaking hands] Orientation of objectives
Objectives
· Define power as the rate at which work is done or energy is expended.
· Calculate the power involved when work is done.
·  Calculate the average power or instantaneous power using P = Fv. (If a force causes an object to move at a constant velocity)
Apply to real life examples, e.g. the minimum power required of an electric motor to pump water from a borehole of a particular depth at a particular rate, the power of different kinds of cars operating under different conditions

POWER
[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]
If an external force is applied to an object (which we assume acts as a particle), and if the work done by this force in the time interval Δt is W, then the average power expended during this interval is defined as 


The work done on the object contributes to the increase in the energy of the object. Therefore, a more general definition of power is the time rate of energy transfer.
Or
Power is the rate at which energy is transferred.

Power is a scalar quantity equal to the rate at which work is done.
The SI unit of power is joules per second (J/s), also called the watt (W) (after
James Watt, the inventor of the steam engine):
1 W = 1 J/s =N·m·s-1 =1 kg·m2.s-3
When several forces act on a body and the resultant (net) force is zero the body is stationary or moving with a constant velocity. 
If the body possesses rectilinear uniform motion (v= constant) then



But  
Hence
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Example 1
 The figure on the left shows an elevator that has a mass of 1 000 kg and is carrying passengers having a combined mass of 800 kg. A constant frictional force of 4 000 N retards its motion upward.
1.1. What must be the minimum power delivered by the motor to lift the elevator car at a constant speed of 3.00 m·s-1?
1.2. What power must the motor deliver at the instant its speed is v if it is designed to provide an upward acceleration of 1.00 m·s-2?
[image: ]










Solution
 The motor must supply the force of magnitude T that pulls the elevator car upward. Reading that the speed is constant provides the hint that a =0, and therefore we know from Newton’s second law that ƩFy = 0. We have drawn a free-body diagram and we choose the upward direction is positive. From Newton’s second law we obtain

  

 



Where M is the total mass of the system (elevator plus passengers), equal to 1 800 kg. Therefore,[image: ]



  

  
  

  

  

  

  
  

1.2. Now we expect to obtain a value greater than we did in 1.1, where the speed was constant, because the motor must now perform the additional task of accelerating the car. The only change in the setup of the problem is that now a > 0. Applying Newton’s second law to the car gives



 



     

     

     

     

     


Therefore, using Equation P = Fv, we obtain for the required power where v is the instantaneous speed of the car in meters per second. The power is less than that obtained in part 1.1 as long as the speed is less than = 2.77 m·s-1, but it is greater when the elevator’s speed exceeds this value.


[image: http://png.clipart.me/graphics/thumbs/214/summer-sports-icon-volleyball-icons_214110949.jpg] Individual Activity
Question 1

An elevator m = 800 kg has a maximum load of 600 kg. The elevator goes up 30 m at a constant speed of 4m·s-1. What is the average power output of the elevator motor if the elevator is fully loaded with its maximum weight? (Neglect friction).

Solution

There are two ways to solve this problem.
The first way you find the work done by the motor and divide it by the time it takes: 







Δt = 7.5 s

Work done by the gravitational force 

W=- (Epf- Epi)
W= -mg(hf-hi)
Level zero on the ground hi= 0
W= - (800+600)x9.8x30=- 4.12x105 J
As the motion is with constant velocity T= Fg then the Work done by the elevator is 4.12x105 J





The second way you use the velocity and the force that the motor must exert: 

Working with the projections of the vector forces on the Y-axis we have:
T- Fg = 0
T = Fg
T = m .g







F= T
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Question 1
Multiple choice questions
Four options are provided as possible answer to the following questions. Each question has only ONE correct answer. Choose the correct answer.
1.1  When an object is traveling at constant velocity on a horizontal surface, the equation P= Fv can be used. Here the force refers to:
A	The resultant force acting on the object.
B	The external force applied to the object.
C	The frictional force acting on the object.  
D	The gravitational force action on the object.


Question 2
2. A block of 200 kg is pulled along the floor at a constant speed by an electric motor. The coefficient of friction between the block and the floor is 0,2.
2.1. Calculate the frictional force experienced by the block.
2.2. Calculate the power the motor must deliver if the block is to move at a constant speed of 6 m.s-1.
2.3. How much work is done by the motor in 60 s?
2.4. What is the net work done on the block in the 60 s?

Solutions
1.1 B
2.1. 
N = mg
Fr= μ mg
Fr=0.2. 200 Kg. 9,8 m.s-1= 392 N
2.2.
P=F.v
P= 392 N.6 m.s-1= 2352 W
2.3.

 P= 

2352 W= 

W= 141120 J
2.4. 
Wnet= ∆Ek= Ekf i- Eki
Since velocity is constant then ∆Ek=0
Hence W= 0 J


VERTICAL PROJECTILE MOTION

Examination Guidelines 2017

Explain what is meant by a projectile, i.e. an object upon which the only force acting is the force of gravity. 
• Use equations of motion to determine the position, velocity and displacement of a projectile at any given time. 
• Sketch position versus time (x vs. t), velocity versus time (v vs. t) and acceleration versus time (a vs. t) graphs for: 

o A free-falling object 
o An object thrown vertically upwards 
o An object thrown vertically downwards 
o Bouncing objects (restricted to balls) 

• For a given x vs. t, v vs. t or a vs. t graph, determine: 

o Position 
o Displacement 
o Velocity or acceleration at any time t 

• For a given x vs. t, v vs. t or a vs. t graph, describe the motion of the object: 

o Bouncing 
o Thrown vertically upwards 
o Thrown vertically downward 

[image: Two happy stick-people shaking hands] Orientation of Objectives
· Explain the vertical projectile motion properties.
· Free falls with gravitational acceleration “g”
· Accelerate downward with constant acceleration whether the projectile is moving upward or downward.
· Have zero velocity at their greatest height.
· Take the same time to reach their greatest height from the point of upward launch as the time they take to fall back to the point of launch.
· Can be described by the equations of rectilinear uniformly accelerated motion.
· Calculate position, displacement, velocity or acceleration at any time.
· Draw position vs time (x vs t), velocity vs time (v vs t), and acceleration vs time (a vs t) graphs for projectile motion.


[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]
PROJECTILE is any object (body) that moves only under the action of the gravitational force.


The motion of a projectile is called free fall. The projectile moves with constant acceleration (g= ).
The motion of any projectile can be described using the equations of Kinematics (equations of motion) in the case of a vertical projectile motion the equations for a motion with constant acceleration can be used even if the object (increases velocity) or slow down (decreases velocity). Also the motion of the projectile can be described using different graphs, like position vs time (x vs t), velocity vs time (v vs t), and acceleration vs time (a vs t).
In the study of vertical projectile motion it is possible to make an analogy with the horizontal motion. 
a = g
s = h
x = y
∆x = ∆y

Equations for the vertical projectile motion
Displacement (vector quantity) and distance covered (scalar quantity)






Velocity (vector quantity) and speed (scalar quantity)






Acceleration (vector quantity)
g= 9,8 m.s-2 constant.
Position (vector quantity) (y)

∆y = vx. Δt + g Δt2




Final position is equal to the initial position plus the displacement.






Position, displacement, velocity and acceleration are vector quantities because they have both magnitude and direction; that is why it is important to determine the sing of each of them when solving problems.
Position, displacement, velocity and acceleration are measured with respect to a coordinate system (frame of reference), a grid or axis you impose on a problem to analyze the motion. We will find it convenient to use a y-axis for vertical motion. A coordinate axis has two features:
1. And origin to define zero
2. An x or y label to indicate the positive end of the axis.







Example

A projectile is moving upwards after being thrown.
Let’s select our positive direction upwards (vectors pointing up are positive and vectors pointing down are negative)
0
y










According to our choice of direction vi and y are positive, g is negative. Note that once the direction is chosen in a question it must not be changed for the preceeding sub-questions
Position above origin (position vector pointing up) is positive (y ˃ 0). The sign of position (x or y) tells us where an object is.
Velocity vector pointing upwards is positive (v˃0). The sign of velocity (vx or vy) tells us which direction the object is moving.
Acceleration vector (g) pointing down is negative (g ˂0). The sign of acceleration (ax or ay) tells us which way the acceleration vector points, not whether the object is speeding up or slowing down.



y
0




Displacement vector pointing upwards is positive (Δy˃0)
 GRAPHS OF MOTION
Downwards motion.(velocity increases)Acceleration vs time
g,
t
0

Velocity vs time
v
t
0
Position vs time
y,
t
0




Upwards motion. Velocity decreases (slow down).Acceleration vs time
a
t
0
Velocity vs time
v
t
0
Position vs time
y,
t
0

0





Example 1
A person standing on the edge of a high cliff throws a rock straight up with an initial velocity of 13.0 . The rock misses the edge of the cliff as it falls back to earth. Calculate the position and velocity of the rock 1.00 s, 2.00 s, and 3.00 s after it is thrown, neglecting the effects of air resistance.
[image: ]

       Strategy


Draw a sketch.
[image: ]
We are asked to determine the position y at various times. It is reasonable to take the initial position y0 to be zero. 
This problem involves one dimensional motion in the vertical direction. We use positive  and negative signs to indicate direction, with up being positive and down negative. 

Since up is positive, and the rock is thrown upward, the initial velocity must be positive too. The acceleration due to gravity is downward, so a is negative. 

It is crucial that the initial velocity and the acceleration due to gravity have opposite signs. Opposite signs indicate that the acceleration due to gravity opposes the initial motion and will slow and eventually reverse it. 

Since we are asked for values of position and velocity at three times, we will refer to these as y1 and v1 ; y2 and v2 ; and y3 and v3 .

Solution for Position y1

1. Identify the knowns. We know that y0 = 0 ; vi = 13.0 m ; a = −g = −9.80  ; and  t = 1.00 s .

2. Identify the best equation to use. We will use ∆y = vx. Δt + g Δt2
3. Plug in the known values and solve for ∆y .

∆y = vx. Δt + g Δt2

    = 13.(1.00) + (-9,8) (1.00)2
     = 8.10 m

∆y = y1-y0, since y0 = 0, y1 = 810 m

The rock is 8.10 m above its starting point at t = 1.00 s, since y1 > y0 . It could be moving up or down; the only way to tell is to calculate v1 and find out if it is positive or negative.

Solution for Velocity v1

1. Identify the knowns. We know that y0 = 0 ; v0 = 13.0 ; a = −g = −9.80 ; and t = 1.00 s . We also know from the solution above that y1 = 8.10 m .
2. Identify the best equation to use. The most straightforward is v = vi + ∆gt (from v = v0 + at , where a = gravitational acceleration = −g ).
3. Plug in the knowns and solve

vf = vi + g∆t
    = 13 + (-9.8)(1.00)
    = 3.20  

The positive value for v1 means that the rock is still heading upward at t = 1.00 s . However, it has slowed from its original 13.0 , as expected.

Solution for Remaining Times

The procedures for calculating the position and velocity at t = 2.00 s and 3.00 s are the same as those above. The results are summarized in the table below and illustrated in graphs







Table of Results
[image: ]

Graphing the data helps us understand it more clearly.

[image: ]



[image: ]


[image: ]

Note the following 

Vertical position, vertical velocity, and vertical acceleration vs. time for a rock thrown vertically up at the edge of a cliff. Notice that velocity changes linearly with time and that acceleration is constant. 

Misconception Alert! Notice that the position vs. time graph shows vertical position only. It is easy to get the impression that the graph shows some horizontal motion—the shape of the graph looks like the path of a projectile. But this is not the case; the horizontal axis is time, not space. The
actual path of the rock in space is straight up, and straight down.
	
The interpretation of these results is important.

· At 1.00 s the rock is above its starting point and heading upward, since y1 and v1 are both positive. 
· At 2.00 s, the rock is still above its starting point, but the negative velocity means it is moving downward. 
· At 3.00 s, both y3 and v3 are negative, meaning the rock is below its starting point and continuing to move downward. 

Notice that when the rock is at its highest point (at 1.5 s), its velocity is zero, but its acceleration is still −9.80  . Its acceleration is −9.80 for the whole trip—while it is moving up and while it is moving down. Note that the values for y are the positions (or displacements) of the rock, not the total distances travelled. 

Finally, note that free-fall applies to upward motion as well as downward. Both have the same acceleration—the acceleration due to gravity, which remains constant the entire time. 

In the 2 diagrams (a) and (b) below: (a) A person throws a rock straight up, as explored in the example  above . The arrows are velocity vectors at 0, 1.00, 2.00, and 3.00 s. (b) A person throws a rock straight down from a cliff with the same initial speed as before, as in the example above. Note that at the same distance below the point of release, the rock has the same velocity in both cases.

[image: ]
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Example 2
A group of grade 12 learners developed an experiment to investigate the change in position over time of an object dropped from a certain height “Free fall”. They used a small sphere, one meter ruler and a camera that takes photos every 0,1 s (stroboscopic method). 
The table below shows the results obtained during the investigation.

	t (s)
	0
	0,10
	0,20
	0,30
	0,40

	y (m)
	0
	0,049
	0,198
	0,441
	0,784



1.1. Describe the method used to perform the investigation.
1.2. What is the dependent variable and what is the independent variable?
1.3. Draw a graph of position versus time and the graph of position versus time squared.
1.4. What conclusion did learners make from the shape of the graph?
1.5. Add a third row to the table of the velocity of the sphere at the end of each time interval.
1.6. Draw a velocity vs time graph.
1.7. What is the conclusion from this graph?
1.8. What quantity does the slope of the graph represent?
1.9. Draw the acceleration versus time graph.

Solution
1.1. Set up the one meter ruler in a vertical position, one learner switch on the camera and one learner drops the sphere from zero next to the ruler.  A computer can be used to download the photo and to see better the position of the sphere.
1.2. Dependent variable – position.
Independent variable – time
1.3. 
[image: ]


1.4. 
The graphs obtained represent a quadratic function, then the position of the object changes proportional to the time squared ().

1.5. 
vf = vi + g t
vf = 0 + 9,8 x 0,1
vf = 0,98 m.s-1

vf = 0 + 9,8 x 0,2
vf = 1,96 m.s-1

vf = 0 + 9,8 x 0,3
vf = 2,94 m.s-1

vf = 0 + 9,8 x 0,4
vf = 3,92 m.s-1

	t (s)
	0
	0,10
	0,20
	0,30
	0,40

	v(m.s-1)
	0
	0,98
	1,96
	2,94
	3,92



1.6. 





1.7. Velocity increases proportionally with time or velocity during free fall is directly proportional to time. ( v t)
1.8. Acceleration of gravity which is the gradient of the graph.
1.9. 
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Question 1

A man standing at the top of a building drops a ball over the edge of the building. The ball strikes the ground with a velocity of 30 m.s-1 downwards.
Hint. Magnitude of g = 9,8 m.s-2
1.1- Calculate the height from where the ball was dropped (height of the building).
1.2- Determine the time taken for the ball to hit the ground.
1.3- At what height above the ground the ball`s speed will be 20 m.s-1.
1.4- Draw the position vs time graph.
1.5- Draw the velocity vs time graph.
1.6- Draw the acceleration time graph.


Solution
1.1 	Positive direction downwards. 

h=∆y = 

      h = 

      h = 
       h= 45,92 m
1.2
v = vo+ gΔt
30 m.s-1 = 0+ (9,8 m.s-2) ∆t

         
1.3	    H= h + ∆y
    h = H - ∆y
    v2= vi2+2g∆y
(20 m.s-1)2 = 0+ 2(9,8 m.s-2) ∆y
 400 m2.s-2 = 0+ 19,6 m.s-2) ∆y
    ∆y= 20,41 m
      h = 45,92 m – 20,41 m
      h = 25,51 m

1.4-   


1.5- 

1.6. 





PROBLEMS ON VERTICAL PROJECTILE MOTION.
[image: Two happy stick-people shaking hands] Orientation of objectives
· Use equations of motion, e.g. to determine 
- The greatest height reached given the velocity with which the projectile is 
  launched upward (initial velocity)
- The time at which a projectile is at a particular height given its initial velocity
- The height relative to the ground of the position of a projectile shot vertically upward at launch, given the time for the projectile to reach the ground
· Draw position vs time (x vs t), velocity vs time (v vs t) and acceleration vs time (a vs t) graphs for projectile motion. 
· Given x vs t, v vs t or a vs t graphs, determine position, displacement, velocity or acceleration at any time t. 
· Describe the motion of the object, e.g. graphs showing a ball:
- thrown vertically upwards
- thrown vertically downward
[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]
Object thrown upwards 
· Have zero velocity at their greatest height.
· Take the same time to reach their greatest height from the point of upward launch as the time they take to fall back to the point of launch.
· The speed at the point of launch is equal to the initial speed but in opposite direction (vi=- vf).
· g = 9,8 m.s-2
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Example 1

1. A boy standing on top of a building throws a ball vertically upwards from a position, 3.5 m above the ground with an initial velocity of 10 m∙s-1. Ignore the effects of air resistance and answer the following questions.
1.1. What is the magnitude and direction of the acceleration of the ball?
1.2. Calculate the maximum height reached by the ball above the ground.
1.3. What was the velocity of the ball at its maximum height?
1.4. Calculate the time taken by the ball to reach its maximum height.
1.5. How much time did the ball take to reach its maximum position and back to the position from which it was thrown?
1.6. Calculate the total time taken by the ball to reach the ground.
1.7. Calculate the velocity with which the ball hits the ground.
1.8. Draw a rough sketch of the velocity-time graph. Show relevant points on you velocity and time axis.
1.9. Draw a position-time graph.
1.10. Draw the acceleration time graph.

Solution
It is important to make a sketch of the situation and to select positive direction. In this case let’s go to use positive direction upwards.

x
y
[image: ]

1.1. a=g= 9,8 (m.s-2 ) downwards.
1.2. H= hi + ∆y
v2= vi2+2g∆y
At the maximum height the velocity of the projectile is zero
02 = (10)2+2 (-9,8)∆y
       -100 = - (19,6) ∆y
            ∆y = 5,10 m 
 H= 3,5 + 5,10 =8,60 m
1.3. Zero.
1.4. vf = vi + g Δt       
0 = 10+ (-9,8) Δt     
         -10 =   (-9,8) Δt     
Δt= 1,02 s
1.5.   t = tup+tdown
tup= tdown when the ball reaches the projection point.
  t = 2tup 
   	  t = 2 x 1,02 = 2,04 s
1.6. 
Δy = viΔt + g Δt2   
From the maximum height to the ground

      -8,60 = (0 x Δt) + (-9,8) Δt2   
      -8,60 =- 4,9 Δt2   

           
 Δt =1,33 s
   tt = t1 (upwards) + t2 (downwards)
   tt = 1,02+ 1,33 = 2,35 s

1.7. vf = vi + g Δt       
 	vf = 0 + (-9,8)1,33
vf = 0 – 13,03
vf = - 13,03 m.s-1
vf = 13,03 (m.s-1 ) downwards.
1.8 



1.9.  Let’s go to select the ground as level zero then the graph will be the following.


Let’s go to select the top of the building as level zero, the graph will be the following.


1.10 
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Question 1
A boy stands on a bridge 30 m height over the river. He throws a stone vertically upwards over the edge of the bridge with a speed of 5 m·s-1. Ignore air resistance.
1.1.	Calculate how long the stone is in the air. 
1.2.	Calculate the maximum height the stone reaches.
1.3.     Calculate the time taken by the stone to reach its maximum height.
1.4.	Draw the position vs time graph for the motion.
1.5.	Draw the velocity vs time graph for the motion.
1.6.	Draw the acceleration time graph for the motion.
Solution
11.  Let’s go to take positive direction downwards.

∆y = vx. Δt + g Δt2

30 = -5t +9,8Δt2
       4,9t2- 5t - 30=0
 ax2+bx+c=0
a= 4,9
b=-5
c=-30


 



 
t= 3,01 s

1.2. At the turning point vf =0
v2= vi2+2g∆y
0=(-5)2+2x9,8∆y
0=25+19,6∆y

∆y= (negative because the direction up is negative)
1.3.   We have to calculate the time the (stone) projectile takes to reach the maximum height.
v = vo+ gΔt
0= -5+9,8Δt
Δt = 0,51s
1.4



1.5. free fall from the turning point, we have to calculate the velocity when the projectile reaches the ground.
vf = vi + gt
t= 3,04- 0,51= 2,53 s
V= 9,8x2,53= 25 m.s-1
Another way
V= -5 + 9,8 x 3,04
V= 25,79 m.s-1
   
[image: ]
1.6. 
[image: ]
Question 2
A boy stands at the edge of a high cliff. He throws a stone vertically upwards with an initial velocity of 9,8 m∙s-1. The stone strikes the ground at a point below the cliff after 3,5 seconds. The velocity-time graph below was obtained from measurements made during the motion of the stone.





                           Graph of velocity vs time


Use the information on the graph to answer the following questions;
1.1. Calculate the acceleration of the stone between times t = 2 s and t = 3 s.
1.2. At which time(s) is the stone moving at a speed of 5 m∙s-1?
1.3. After how many seconds does the stone reach its highest point?
1.4. Determine the height of the cliff from which the stone was thrown.
1.5 Using the top of the cliff as the initial position of the stone, sketch the position time graph for motion of the stone from its highest point until it reaches the ground. Only indicate relevant time values on the x –axis.

Solution
1.1. 9,8 m∙s-2  or 10 m∙s-2 downwards (Note: graph is not accurate enough to read 9,8 m.s-2)
vf = vi + g Δt
0 = 9,8 – g (1)
g = 9,8  9,8 m∙s-2         

1.2.	 Time: 0,5 seconds after being thrown; 1,5 seconds after being thrown
1.3.	 After one second

1.4.	 

   

     600,25 =96,04- 19,6Δy
 Δy = 25, 73 m
Alternative

 ∆y = vx. Δt + g Δt2

 ∆y = (-9,8)(3,5-2) + (-9,8) (3,5-2)2
 ∆y = -14,7 – 11,03 = 25,73 m
Alternative

Area under the graph= 

Area under the graph= 
Area under the graph= -14,7 – 11,03= 25,73 
H= 25,73 m
1.5. 

The height of the cliff is 25,73 m from the ground. 
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Question 1
A man is on the top of 40 m high building. The man throws a brick vertically down with a velocity of 4 m·s-1. Ignore the effects of air resistance.
1.2. Calculate the time it takes to reach the ground.
1.2. Calculate the velocity of the brick when it reaches the ground.
1.3. Draw the position vs time graph.
1.4. Draw the velocity vs time graph.
1.5. Draw the acceleration time graph.-

Solution
Positive direction downwards
1.1-








a =4,9
b = 4
c =-40

t  =

t =

t  =

t=  t= 2,48 s
1.2. Or
v2= vi2+2g∆y
v2= 42+ 2 x 9,8 x 40
v2=16 +784
v2= 800
vf= 28,28 m.s-1≈2.30 m.s-1

vf = vi + g t       
vf = 4 + 9,8 x 2,48
vf = 28,30 m.s-1



1.3 

	OR


1.4-


1.5 


PROBLEMS ON VERTICAL PROJECTILE MOTION
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BOUNCING OBJECTS
Example 1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]A boy standing on the top of a building throws a tennis ball vertically upwards. The graph below shows the velocity of the ball from the moment it was thrown until it hits the ground for the second time. Ignore air resistance.
Graph of velocity versus time
[image: ]
1.1. Describe the motion of the tennis ball in words.
1.2. What is the initial velocity of the tennis ball?
1.3. Calculate the height of the building.
1.4. Is the collision of the tennis ball with the ground elastic or inelastic? Explain.
1.5. Draw the position- time graph.



Solution
1.1. 
· From 0 to 1 s the velocity of the ball decreases from 10 m.s-1 to zero, the acceleration of the ball is constant.
· From 1 to 2 s the velocity of the ball increases from zero to (– 10 m.s-1) with constant acceleration. At 2 s the ball is at the point of projection.
· From 2 to 3 s the velocity of the ball increases from (– 10 m.s-1) to (– 20 m.s-1). At 3 s the ball hits the ground and bounces back.
· From 3 to 4 s the velocity of the ball decreases to zero at the maximum height..
· From 4 to 5 s the velocity of the ball increases with constant acceleration until it hits the ground for the second time.
1.2. 10 m.s-1 upwards
1.3. 






h= ІΔyІ= 15 m

1.4. Inelastic because after bouncing the speed of the ball is smaller than the speed it hits the ground then kinetic energy is not conserved.

1.5. Taking the ground as level zero






Taking the top of the building as level zero
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Question 1
A man standing on the top of a building drops a tennis ball and observes the motion of it during 6 s when the man catches it again. The velocity time-graph below describes the movement of the bouncing ball during 6 s. Ignore air resistance.
[image: ]
1.1. What is the velocity of the tennis ball when it his the ground for the firs time.
1.2. How many times did the ball bounce in 6 s?
1.3. Calculate the height of the building.
1.4. Calculate the acceleration of the ball.
1.5. Is the first collision of the ball with the floor elastic or inelastic?  Give a reason for your answer.
1.6. Draw the position time graph for the motion of the tennis ball from the time the ball is dropped until it hits the ground for the second time.

Solution
1.1. 10 m.s-1 downwards
1.2. Three times.
1.3. 






h= ІΔyІ= 5 m

1.4. 
Gradient = 
a=g = 10 m.s-2
1.5. Elastic, the kinetic energy is conserved; the speed of the ball when it hits the ground is equal to the speed of bouncing.
1.6. 








Question 1

The following position time graph shows the motion of an object dropped from a hot air balloon which is ascending at a constant speed of 2 m.s-1 .The air resistance is ignored.
5.1- Describe in words the motion of the object (projectile).
5.2- Draw the velocity vs time and acceleration vs time graphs for the motion of the object.
5.3- Calculate the time taken for the object to reaches the ground. 
-70,4
Y (m)
t (m)
0






Solution


1.Initially the object moves upwards with constant acceleration (g=9,8ms-2) decreasing its velocity until it reaches the maximum height where the velocity is zero (turning point) then moves downwards with constant acceleration (g=9,8ms-2) increasing its velocity when it  reaches the launching point it velocity takes the value of the initial velocity (balloon velocity) and goes on until it reaches the ground.
1.2. 
Calculate time
V= vi+ gt
0= 2 – 9,8t
t= 0,2 s

[image: ]
1.1.  Downwards positive

(Since the ball was thrown)

∆y = vx. Δt + g Δt2
70,4 = -2t + 4,9 t2
4,9t2 - 2t  -70,4 = 0

a= 4,9
b= 2
c=-70,4





t  =

t =

t  =

t=         t= 4 s

Option 2
From the point of launching moving downwards

∆y = vx. Δt + g Δt2
70,4 = 2t + 4,9 t2
4,9 t2 + 2t - 70,4 = 0
ax2-bx-c=0

a= 4,9
b= 2
c=-70,4



t  =

t =

t  =

t=  
t= 3,60 s
Total time 
tt= tup+ tdown
tt = 0,2+0,2+3,6= 4s
Question 2 
A ball is released from a certain height.  The velocity-time graph below represents the motion of the ball as it bounces vertically on a concrete floor.  The interaction time of the ball with the floor is negligibly small and is thus ignored.
Graph of velocity versus time4
2
0
-4
t (s)
0,2
0,4
0,6
0,8
1,0
1,2
-2
1,4

  













2.1. Describe the changes, if any, in velocity and acceleration of the ball from 
t = 0 s to t = 0,4 s.  (4 marks)
2.2. Without using the equations of motion, calculate the height from which the ball has been dropped initially. (4 marks)
2.3. Copy the set of axes below into your book.
   y
(m)
0
t (s)
0,2
0,4
0,7
0,6









Use the given velocity versus time graph for the motion of the ball to sketch the corresponding position-time graph for the time interval 0 s to 0,7 s. (3 marks)
2.4. Is the first collision of the ball with the floor elastic or inelastic?  Give a reason for your answer. (2marks)
Memorandum
1.1. t = 0 s:  
ball starts from rest  
OR
ball starts at 0 (m∙s-1)
t = 0 s – 0,4 s:
Falls at constant acceleration 
OR
no change in acceleration
OR
constant increase in velocity 
t = 0,4 s: Reaches the floor at 4 m∙s-1 (or 4 m∙s-1 downwards) 
t = 0,4 s: Bounces back at -3 m∙s-1 (or 3 m∙s-1 upwards) 


2.2.           y 	= area of triangle = = bh 

	=  (0,4)  (4) = 0,8 m
2.3. y
(m)
0
t (s)
0,2
0,4
0,7
0,6


 






	Checklist
	Marks/


	Correct shape (as shown on graph)

	

	Zero position at 0,4 s

	

	Maximum position of 2nd bounce smaller than that of 1st bounce

	



2.4. Inelastic 
Decrease/change in speed (from 4 m∙s-1 to 3 m∙s-1) /Decrease/change in kinetic energy during collision
ACIDS AND BASES

EXAMINATION GUIDELINES 2017

Acid-base reactions
 
• Define acids and bases according to Arrhenius and Lowry-Brønsted theories: 

Arrhenius theory: An acid is a substance that produces hydrogen ions (H+) in water. A base produces hydroxide ions (OH-) in water. 
Lowry-Brønsted theory: An acid is a proton (H+ ion) donor. A base is a proton (H+ ion) acceptor. 
• Distinguish between strong acids/bases and weak acids/bases with examples. 

Strong acids ionise completely in water to form a high concentration of H3O+ ions. Examples of strong acids are hydrochloric acid, sulphuric acid and nitric acid. 
Weak acids ionise incompletely in water to form a low concentration of H3O+ ions. Examples of weak acids are ethanoic acid and oxalic acid. 
Strong bases dissociate completely in water. 
Examples of strong bases are sodium hydroxide and potassium hydroxide. 
Weak bases dissociate/ionise incompletely in water to form a low concentration of OH 
Examples of weak bases are ammonia, calcium carbonate, potassium carbonate, calcium carbonate and sodium hydrogen carbonate. 
• Distinguish between concentrated acids/bases and dilute acids/bases. 

Concentrated acids/bases contain a large amount (number of moles) of acid/base in proportion to the volume of water. 
Dilute acids/bases contain a small amount (number of moles) of acid/base in proportion to the volume of water. 
• Write down the reaction equations of aqueous solutions of acids and bases. 

Examples: HCℓ(g) + H2O(ℓ) → H3O+(aq) + Cℓ-(aq) (HCℓ is a monoprotic acid.) 
NH(aq) + OH3(g) + H2O(ℓ) → NH-(aq) +4

H(aq) (H2SO4(aq) + 2H2O(ℓ) → 2H3O+(aq) + 2SO4 is a diprotic acid.) −24SO

• Identify conjugate acid-base pairs for given compounds. When the acid, HA, loses a proton, its conjugate base, A-, is formed. When the base, A-, accepts a proton, its conjugate acid, HA, is formed. These two are a conjugate acid-base pair. 
• Describe a substance that can act as either acid or base as amphiprotic. Water is a good example of an amphoteric substance. Write equations to show how an amphoteric substance can act as acid or base. 
• Write down neutralisation reactions of common laboratory acids and bases. 

Examples: HCℓ(aq) + NaOH(aq)/KOH(aq) → NaCℓ(aq)/KCℓ(aq) + H2O(ℓ) 
HCℓ(aq) + Na2CO3(aq) → NaCℓ(aq) + H2O(ℓ) + CO2(g) 
HNO3(aq) + NaOH(aq) → NaNO3(aq) + H2O(ℓ) 
H2SO4(aq) + 2NaOH(aq) → Na2SO4(aq) + 2H2O(ℓ) 
(COOH)2(aq) + NaOH(aq) → (COO)2Na2(aq) + H2O(ℓ) 
CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(ℓ) 

NOTE: The above are examples of equations that learners will be expected to write from given information. However, any other neutralisation reaction can be given in a question paper and used to assess, e.g. stoichiometry calculations. 
• Determine the approximate pH (equal to, smaller than or larger than 7) of salts in salt hydrolysis. Define hydrolysis as the reaction of a salt with water. 
· Hydrolysis of the salt of a weak acid and a strong base results in an alkaline solution, i.e. the pH > 7. Examples of such salts are sodium ethanoate, sodium oxalate and sodium carbonate. 
· Hydrolysis of the salt of a strong acid and a weak base results in an acidic solution, i.e. the pH < 7. An example of such a salt is ammonium chloride. 
·  The salt of a strong acid and a strong base does not undergo hydrolysis and the solution of the salt will be neutral, i.e. pH = 7. 
• Motivate the choice of a specific indicator in a titration. Choose from methyl orange, phenolphthalein and bromothymol blue. Define the equivalence point of a titration as the point at which the acid/base has completely reacted with the base/acid. 

Define the endpoint of a titration as the point where the indicator changes colour. 
• Perform stoichiometric calculations based on titrations of a strong acid with a strong base, a strong acid with a weak base and a weak acid with a strong base. Calculations may include percentage purity. 
• For a titration, e.g. the titration of oxalic acid with sodium hydroxide: 
· List the apparatus needed or identify the apparatus from a diagram. 
· Describe the procedure to prepare a standard oxalic acid solution. 
·  Describe the procedure to conduct the titration. 
·  Describe safety precautions. 
·  Describe measures that need to be in place to ensure reliable results. 
· Interpret given results to determine the unknown concentration. 
• Explain the pH scale as a scale of numbers from 0 to 14 used to express the hydrogen ion concentration. 
• Calculate pH values of strong acids and strong bases. 
• Define the concept of Kw as the equilibrium constant for the ionisation of water – the ionic product of water (ionisation constant of water). 

Explain the auto-ionisation of water, i.e. the reaction of water with itself to form H3O+ ions and OH- ions. 
• Interpret Ka values of acids to determine the relative strength of given acids. Interpret Kb values of bases to determine the relative strength of given bases. 
• Compare strong and weak acids by looking at: 
· pH (monoprotic and diprotic acids) 
· Conductivity 
· Reaction rate 

[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]
ACIDS AND BASES
Arrhenius theory:
· Acid is a substance which produces H+/H3O+ ions when it dissolves  in water.
H2O

HCl     →   H+(aq) +Cl - (aq)
· Base is a substance which produces OH- ions when it dissolves in water.H2O

	NaOH    →   Na+(aq) +OH - (aq)

Lowry-BrØnsted theory:
Acid-Proton Donor
Base-Proton acceptor
Conjugate acid – the same compound with an extra hydrogen
Conjugate base –the same compound with one less hydrogen
When an acid react with a base it donates a proton, becoming a conjugate base and the base in the reaction will accept the same proton, becoming a conjugate acid

[image: ]


This process of an acid or a base splitting into ions is called ionisation.
Remember:  Every reaction between a BrØnsted acid and BrØnsted base involves H+ transfer and has two conjugate acid-base pairs. Acid and its conjugate base differ only by an H+.





Conjugate acid-base pairs
	Name
	Acid 1
	Base 2
	Base 1
	Acid 2

	Nitric acid
	HNO3  +
	H2O ⇌
	NO3-   +
	H3O+

	Sulphuric acid
	H2SO4  +
	H2O ⇌
	SO42-   +
	2H3O+

	Hydrogen fluoride
	HF      +
	H2O ⇌
	F−   +
	H3O+

	Hydrogen sulphide
	H2S  +
	H2O ⇌
	HS-   +
	H3O+

	Hydrogen sulphate ion
	HSO4 − +
	NH3 ⇌
	SO42-  +
	NH4+

	Hydrogen carbonate
	HCO3 − +
	H2O ⇌
	CO32-   +
	H3O+



Acid 1 and base 1 are conjugate pairs as base 2 and acid 2

Monoprotic and polyprotic acids
Acids such as HCl, HF, HNO3 etc are capable of donating one proton and are called monoprotic acids.

H2SO4 , H3PO4, H2CO3 etc can donate more than one proton and are called polyprotic acids.

H2SO4 can donate 2 protons and hence it is diprotic acid.

H3PO4  can donate 3 protons and hence it is triprotic acid.

Ampholytes (Amphiprotic substance)

A substance that can act either as an acid or base is called an ampholyte or amphiprotic.
Water is a good example.
HCl (l) + H2O (l)   ⇌     H3O+(aq) +Cl - (aq)
In the above reaction water is acting as an acid.
NH3 (g)+ H2O (l)    ⇌     NH4+(aq) +OH-
But in this reaction water is acting as a base.

Another example is hydrogen phosphate ion (HPO4 2−).
It can donate a proton (acting as an acid) according to the reaction,
                          HPO4 2- + H2O ⇌ H3O+  + PO43-

It can accept a proton (acting as a base) according to the reaction,
                          HPO4 2- + H2O ⇌ H2PO4 - + OH-
You can also notice that in the above reactions water also acts as an ampholyte.

Strong acids/bases and weak acids/bases

Strong acids ionises completely in water to form a high concentration of H3O+ ions.
eg: Hydrochloric acid, Nitric acid etc.
[image: ]
Weak acids ionises incompletely in water to form a low concentration of H3O+ ions.
eg: Ethanoic acid, Oxalic acid etc.
[image: ]
Strong bases ionise completely in water to form a high concentration of OH- ions.
eg. potassium hydroxide, sodium hydroxide etc.
[image: ]
Weak bases ionise incompletely in water to form a low concentration of OH- ions.
eg: Calcium carbonate, Ammonia etc.
[image: ]
Strong acids/bases have high concentration of ions in it making it good conductors of electricity than weak acids/bases
Ionization constant of strong acids is high
Ionization constant of weak acids is low
Dissociation constant of strong bases is high

Concentrated acids/bases and dilute acids/bases
Concentrated acids contain a large amount of acid in proportion to the volume of water.

Dilute acids contain a small amount of acid in proportion to the volume of water.

Concentrated bases contain a large amount of base in proportion to the volume of water.

Dilute bases contain a small amount of base in proportion to the volume of water.

Neutralisation Reactions
A neutralization reaction is when an acid and a base react to form water and a salt and involves the combination of H+ ions and OH- ions to generate water.

Examples
HCl (aq) + NaOH (aq)   →     NaCl  (aq) + H2O(l)
HCl (aq) + KOH (aq)   →     KCl - (aq) + H2O(l)
HNO3(aq) + NaOH (aq)   →    NaNO3(aq) + H2O(l)
H2SO4(aq) + 2NaOH (aq)   →    Na2SO4(aq) + 2H2O(l)
CH3COOH(aq) + NaOH (aq)   →    CH3COONa(aq) + 2H2O(l)
(COOH)2(aq) + 2NaOH (aq)   →    (COO)2Na2(aq) + 2H2O(l)

Acid ionisation constant (Ka)

Consider the ionisation reaction of an acid HA.
HA(aq) + H2O(l)   ⇌     H3O+(aq) +A- (aq)

Now the acid ionisation constant is         For strong acids Ka  >1.
Base ionisation constant (Ka)
Consider the ionisation reaction of a base B.
B(aq) + H2O(l)   ⇌     BH+(aq) +OH- (aq)

Now the base ionisation constant         For strong bases Kb > 1.
Ionisation of water (Auto ionisation)
Water can act as an acid as well as a base
Water ionizes as follows: H2O (l) + H2O (l)                   	     H3O+ (aq) + OH-(aq)
The equilibrium value of water is low, reverse reaction is favoured
Kw = [H3O+][ OH-]
Kw is always= 1x10-14mol.dm-3
When water is neutral,the concentration of hydronium ions(H3O+(aq) and the concentdation of Hydroxyl ions(OH-(aq) is equal and each is equal to 1x 10-7 mol.dm-3
Consider the following reaction between two water molecules.
	H2O(l)  + H2O(l)   ⇌     H3O+(aq) +OH- (aq)
This reaction of water with itself to form H3O+  and OH- ions is called auto ionisation.
Now the equilibrium constant for this reaction is represented by Kw.
                                              Kw = [H3O+][OH-]  
Kw is called the water ionisation constant and its value is 10-14.

· In neutral solution [H3O+] = [OH-] = 10-7
· In acidic solution [H3O+] > [OH-]

 [H3O+] > 10-7 and   [OH-] < 10-7
· In basic solution [OH-] > [H3O+] 

 [OH-] > 10-7 and  [H3O+] < 10-7

pH scale
pH of a solution is defined as the negative of the (base 10) logarithm of its hydronium ion concentration.
The PH scale ranges from 0-14. If a compound has a PH reading of between 0 to 6, it’s acidic, 7 neutral, 8-14 is basic.
To calculate PH, the concentration of H3O+ (aq) must be known.
P           pH = -log[OH-]
NOTE: This formula is not in the curriculum and in the formula sheet. But very useful to do problems together  with the equation,           
                pOH + pH = 14



		pH = -log[H3O+]
In pure water (neutral) [H3O+] = 10-7

 pH = -log[H3O+]  =  -log[10-7 ] 
                      = 7

Hydrolysis

When an acid react with a base a salt is formed. Reaction of this salt with water is called hydrolysis.

eg 1: Na2CO3 (Sodium carbonate)

NaOH  + H2CO3 ⇌ Na2CO3 + H2O

Na2CO3  is produced by the reaction of NaOH (strong base) and H2CO3 (weak acid)

Na2CO3 ⇌2Na+ + CO32-

Now hydrolysis of  Na2CO3 can be shown as
Na+ + CO32-+H2O⇌Na+ + HCO3- +OH-
Solution contains extra OH- ions makes the solution basic (alkaline).(pH>7)

So the hydrolysis of a salt of a strong base and a weak acid results in an alkaline solution.

eg 2: NH4Cl (Ammonium chloride)

NH4Cl  is produced by the reaction of HCl (strong acid) and NH4 (weak base).

NH4Cl(aq) + H2O(l) ↔ NH4OH(aq) + HCl(aq)

 Now hydrolysis of NH4Cl can be shown as

 NH4Cl + H2O ⇌ + NH3  + H3O+ + Cl –

Solution contains extra H3O+ ions which makes it acidic.(pH<7)

The hydrolysis of a salt of a strong acid and a weak base results in a acidic solution.


eg 3: NaCl (Sodium chloride)

NaCl produced by the reaction of HCl (strong acid) and NaOH (strong base ).
hydrolysis of NaCl of  is as shown below.

NaCl (S) + H2O (l)   ⇌     Na+(aq) +Cl - (aq)    pH = 7

The hydrolysis of a salt of a strong acid and a strong base results in a neutral solution.




 Remember:
· Anions that are conjugate bases of strong acids (eg. Cl-, NO3- etc)  are very weak bases and their presence have no effect on the pH of the solution. 
· Alkali metal and alkaline earth metal cations (Na+, Mg2+ etc) have no effect on the pH of the solution.  









Neutralisation: a reaction in which the hydrogen ion of an acid combine with the hydroxyl ion of the base to form water, while the remaining ions form a salt
NaOH(aq) + HCl(aq) 	NaCl(s) + H2O


Acid - base titration

Titration: the process of adding one of the reactants (acid or base) drop by drop to the other while constantly shaking it.
An indicator is added to the solution that is in the flask-to determine the end point
Titration is used to determine the concentration of an unknown solution
Standard solution: a solution whose concentration is known
Indicators used to determine the end point depend on the type of acid and base used 


An acid - base titration can be used to determine the concentration of an acid or base by exactly neutralising the acid or base with a base or an acid of known concentration.



Equivalence point - of a titration is the point at which the acid/base has completely reacted with the base/acid.

Endpoint- of a titration is the point where the indicator changes colour.

Indicators
	Solution
	Indicator used
	pH range

	Strong acid/ strong baseblue
Yellow


	bromothymol blue
	6-8

	Strong acid/ weak baseyellow
Red


	Methyl orange
	3-4

	Weak acid/ strong baseRed
Clear


	Phenolphthalein
	8-10



· When a strong base is titrated against a strong acid the salt formed at the equivalence point will be neutral (pH 7). So bromothymol blue having a pH range of 7 is used.
· When a strong acid is titrated against a weak base, the salt formed at the equivalence point will have a pH less than 7. So methyl orange of pH range   3-4 is used.
·  When a weak acid is titrated against a strong base, the salt formed at the equivalence point will have a pH greater than 7. So phenolphthalein of pH range 8-10 is used

Following are some of the apparatus used for titration.

[image: ]
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1. Write down the conjugate base for each of the following acids: 
(a) HNO3    (b) H2O    (c) CH3COOH    (d) H3O+
2. Write down the conjugate acid of the following bases:
(a) NH3     (b) OH-    (c) SO42-     (d) Cl-
3.  Indicate the conjugate acid- base pairs in each of the following :
(a) HCN + H2O ↔ H3O+ + CN-
(b) NH3 +OH- ↔ H2O   + NH2-
4. Given solutions of HCl and CH3COOH respectively, answer the following questions
(a)Write down ionization equations of the two solutions
(b) Which of the two solutions is a strong acid and which is a weak acid?
(c) When is an acid classified as a strong acid?
5. Consider the following equation : HNO3 + H2O ↔
Complete the equation and use Bronsted-Lowry’s theory to show the conjugate acid base pairs
6. Consider the following equation: H2S + H2O ↔H3O+ + HS-
(a) Why is H2S classified as a weak acid
(b) Which of the two substances acts as a base in the above reaction
7. Write the PH values of the following solutions: 
(a) [H3O+] is 1 x 10-3 mol.dm3
(b) [OH- ] is 1 x 10-9 mol.dm3
8. Calculate the PH of 0.02mol.dm-3HCl solution
9. Calculate the PH of 7g KOH dissolved in 1000cm-3 water
10. Consider the scenario:  2 x 10-3mol NaOH is dissolved in 25cm3 water. Calculate :
(a) The concentration of hydroxyl [OH-] ions
(b) The concentration of Hydronium[H3O] ions
(c) The PH of the solution
11. A diluted solution of hydrochloric acid  of volume 30cm3, neutralises 20cm-3 of a 1,5 mol.dm-3 solution of sodium hydroxide .The neutralisation reaction is :
NaOH + HCl ↔H2O + NaCl
Calculate the concentration of the hydrochloric acid solution
12. It is found that 20cm3 of a 2 mol.dm-3 solution of sodium hydroxide is exactly neutralised by 30cm-3 of a dilute sulphuric acid solution as indicated by the following reaction:
2NaOH(aq) + H2SO4 (aq)↔Na2SO4 (aq) + 2H2O(l)
(a) Calculate the number of moles of NaOH present in 20 cm-3 of the NaOH solution
(b) How many moles of NaOH reacts with 1 mol of  H2SO4
(c) How many moles of H2SO4  are present in the given reaction
(d) Calculate the concentration of H2SO4 used during the above titration
13. An ethanoic acid solution (CH3COOH) of unknown concentration is titrated against NaOH solution of concentration 0,12 mol.dm-3
(a) Write a balanced equation for the above reaction
(b) What is the approximate PH at the end point (do not do calculations)
(c) Name the suitable indicator for this titration
(d) At the end point, it was found that 36 cm-3 of the acid combined with 19,5 cm-3 of the base. Calculate the concentration of the acid.

MEMORANDUM OF ACTVITIES

1. (a) NO3-      (b) OH-     (c) CH3COO-     (d) H2O
2. (a) NH4+    (b) H2O     (c) HSO4-       (d) HCl
3.    (a)    HCN + H2O ↔ H3O+ + CN-
          a1       b2           a2          b1




(b)            NH3 +OH- ↔ OH-    +NH2-

                     a1       b2           a2          b1






4. (a) HCl (conc) + H2O(l)                      H3O+(aq)+  Cl-(aq)

CH3COOH(conc) + H2O                         H3O+(aq)+  CH3COO-(aq)

(b)Strong acid-Hydrochloric acid
Weak acid – ethanoic acid

(c ) A strong acid ionizes completely in water to form a high concentration hydronium ions
5. HNO3 + H2O  ↔ NO3-  +     H3O+

    a1       b2                b1              a2




6. (a)H2S ionises partially in water to produce a low concentration of hydronium ions (H3O+) and a high concentration of the H2S molecules remain in the solution.
(b)H2O and HS-
      7.  (a) pH = -log [H3O+]
=  -log (1 x10-3)
         = 3
b. [H3O+] [OH-] = 1 x10-14
[H3O+] x (1x10-9) = 1 x10-14
[H3O+] = 1 x10-5
pH = 5

8. HCl is a strong acid and will ionise completely to produce a high concentration of H3O+ ions
HCl(conc) + H2O (l)                                H3O+(aq) + Cl-(aq)
Thus 0,02 mol.dm-3 HCl ionises to produce 0,02 mol.dm-3 of H3O+ ions
pH = -log (0,02)
     = 1,7

9. M(KOH) = 56g.mol-1
n(KOH)  = m/M
=  7/56
              = 0.125mol
C = n/v         100cm-3 = 1dm-3
  = 0.125/1
  = 0.125mol.dm-3
KOH is a strong base and will dissociate almost completely in water .Therefore the concentration of the OH- ions will also be 0.125 mol.dm-3

[H3O+] [OH-] = 1 x10-14
[H3O+] x 0.125 = 1 x10-14
[H3O+] = 8 x10-14 mol.dm-3
pH= -log (8 x10-14)
     = 13.1

10. (a) c = n/v
        =
       = 0.08 mol.dm-3
[OH-] = 0.08 mol.dm-3

b. [H3O+] =1.25 mol.dm-3
c. pH = 12.9

11.   = 
Ca x 30 x 1 = 1 x 1,5 x 20
Ca = 1mol.dm-3


12.
(a) nb = cbvb = 0,04mol
b. 2mol NaOH will react with 1mol H2SO4
c. 0,04molNaOH will reat with 0,04x1/2 = 0,02mol H2SO4
d. c = 0,67 mol.dm-3
13
(a) CH3COOH + NaOH ↔ CH3COONa + H2O
b. pH = 9
c. Phenolphthalein
d. ca = 0,065mol.dm-3
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ACTIVITIES FOR ACIDS AND BASES
1. Define in terms of Bronsted –Lowry theory the following:
(a) acid										(2)
(b) base										(2)
2. Complete the following equation and indicate the conjugate acid-base pairs:
H2O + HCL→									           (4)
3. Indicate the conjugate a cid-base pairs in the following reaction
HNO3(aq) + NH3 (g)↔ NO3-(aq) + NH4+(aq)					           (4)
4. What is an ampholyte? Give one example.				           (3)
5. Various household substances are tested and the PH values are measured .The PH results are as follows:
6. 
	Substance
	pH

	Toothpaste
	8

	Water
	7

	Pain-killers
	3

	Vinegar
	3

	Castic soda
	12

	Washing soda
	8

	shampoo
	6.5




a. Is the caustic soda solution acidic ,neutral or basic 			(2)
b. Which one of the household substances is the strongest base.	(2)
c. Which substance is neutral.						(2)
d. Why must one not take too many pain-killers.				(2)
e. Is vinegar an acid or a base.						(2)
f. Which ions make a solution basic.					(2)
g. What is the concentration of the ions mentioned in (f) in pure water.	(2)

7. Olga dissolves 5,6g of potassium hydroxide (KOH) crystals in 250 cm-3 of distilled water to prepare a standard potassium hydroxide solution.
(a) Define a standard solution							 (3)
(b) Calculate the concentration of the potassium hydroxide solution.	            (4)
7(a)  Calculate the concentration of 0.4 mol sodium carbonate (Na2CO3) dissolved  in 2 dm3 distilled water.							                                                 (3)
b. It is found that a 25cm3 of the above sodium carbonate solution neutralises 20cm3 hydrochloric acid .Calculate the concentration of the hydrochloric acid solution. The balanced equation for the reaction is:

NaCO3(aq) + 2HCl(aq) ↔ 2NaCl (aq) + H2O(l) + CO2 (g)    	                                                                             
                                                                                                                                            (6)

8  A solution of 21 cm3 of HCl is neutralised by 36cm3 of a 0,18 mol.dm-3 solution of sodium hydroxide (NaOH)
a. Write down the chemical reaction that takes place during this neutralisation process.	                                                                                                                   
                                                                                                                                                  (4)                                                                                           
                                                                                                                                                                 
b. Calculate the concentration of the hydrochloric acid solution.	                             (5)	                                     
c. Classify  hydrochloric acid as a strong or a weak acid and explain your choice.           (4)	                                                                                               	                                                                                                                                                       
d. Name a suitable indicator for this titration.                                                                      (2)				                                    
9. Calculate the pH value of CH3COOH solution if it has a concentration of 0,1 mol.dm-3 and the Ka = 1,8 x 10-5							                                          (8)
10. The pH of a 400cm3 solution of a sulphuric acid is 2, 3.Calculate the mass of sulphuric acid present in the solution.					                                          (8)
11. Equal quantities of carbonic acid and hydrochloric acidare mixed together in a glass beaker. Both acids have the same concentration .Which of the two in the solution would act as the acid, and why?						                                          (4)
                                                                                                                                            [60]
												                     MEMORANDUM FOR THE TEST

1. (a) An acid is a proton donor
(c) A base is a proton acceptor
2(a)
[image: ]
HNO3 (aq) + NH3(g) ↔ NO3- (aq) + NH4+

  a1                 b2          b1                   a2

3 



4 An ampholyte is a substance that can act both as an acid  and a base
HSO4-; H2O ;HCO3-
5 a. Basic
b. Caustic soda
c. Water
d. Pain killers are acidic. Too many pain killers will increase the acid concentration of our stomach,which can damage the stomach lining.
e. acid
f. OH-
g. 10-7 mol.dm-3
6 a. A standard solution is a solution whose concentration is known
b. n= 0.1 mol
c. 0,4 mol.dm-3
7 a. c = 0.2mol.dm-3
b. ca = 0.5mol.dm-3
8 a. HCl + NaOH↔ H2O + NaCl
b. ca = 0,3 mol.dm-3
c. Strong acid.When ionised in water the HCl ionises almost completely to produce a high concentration of hydronium ions in the solution.
d. Bromothymol blue
9. CH3COOH + H2O ↔ CH3COO- + H3O+
For every 1mol CH3COOH , 1 mol CH3COO- and 1 mol H3O+ are produced .
Thus [CH3COO-] = [H3O+]
Ka = [CH3COO- ] [H3O+]
              [CH3COOH]
1 x 10-5 = [H3O+]
                    0.1
[CH3COO-]= [H3O+] = 1,34 x 10-3 mol.dm-3
pH = -log (1 x 34 x 10-3) = 2.9
10. pH = 2.3
pH = -log [H3O+]
[H3O+] = 0.005mol.dm-3
H2SO4 + 2H2O ↔ SO42- + 2H3O+ ions
1 x 0.005 mol H2SO4produces  0.0025molH3O+ ions
     2
 = 0.0025 mol   m = 0.098g  M(H2SO4) = 98g.mol-1
11.HCl is a strong acid while H2CO3 is a weak acid. HCl has a much stronger tendency to donate a hydrogen ion than carbonic acid,therefore the hydrochloric acid will act as the acid in the solution.
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ACTIVITY 1
	  1
	Consider the reversible reaction represented below: 

CH3COOH(aq) + OH-(aq) ⇌ CH3COO-(aq) + H2O(ℓ) 
The correct conjugate acid-base pair is:
	
	



	
	A

B
C
D
	CH3COOH and H2O 
CH3COOH and OH-
CH3COO- and H2O 
CH3COOH and CH3COO-
	
	


(2)


ACTIVITY 2
 
	  2
	Consider the reaction represented by the equation below:
 H3PO4(aq) + HCO3- (aq) ⇌ H2PO4-   (aq) + H2CO3(aq)  Kaa > 1 
The strongest base in the above reaction is:
	
	


	
	A
B
C
D
	H2PO4−
HCO3−
H3PO4
H2CO3
	
	

(2)




ACTIVITY 3
 
	  3
	The approximate pH range for colour change of a certain indicator is            8,3 - 10,0. This indicator is suitable to indicate the endpoint during the titration of … 

	
	



	
	A
B
C
D
	HCℓ(aq) and NaOH(aq).
CH3COOH(aq) and NaOH(aq).
CH3COOH(aq) and Na2CO3(aq).
HCℓ(aq) and Na2CO3(aq).
	
	


(2)


ACTIVITY 4
	   4
	Which ONE of the following is a CORRECT description for a 0,1 mol∙dm-3 hydrochloric acid solution?  
	
	



	
	A
B
C
D
	Dilute strong acid 
Dilute weak acid 

Concentrated weak acid 

Concentrated strong acid 
	
	


(2)


ACTIVITY 5

	  5
	The pH of a solution of NaOH is 10,5. Which one of the following statements is CORRECT? 
	
	



	
	A
B
C
D
	[OH-] = [H3O+] 

[Na+] > [OH-]
 
[H3O+] < [OH-] 

[OH-] < [H3O+] 
	
	


(2)


ACTIVITY 6 
 
	  6
	A small quantity of concentrated hydrochloric acid is gradually added to 1 dm3
of distilled water at 25 °C. In the resultant solution, the value of Kw, [H3O+] and [OH-] in mol·dm-3 would be:  
	
	



	
	A
	Kw = 10-14   
	[H3O+] < 10-7
	[OH-] > 10-7
	
	
	


(2)

	
	
B
	Kw < 10-14   
	[H3O+] < 10-7
	[OH-] < 10-7
	
	
	

	
	C
	Kw = 10-14   
	[H3O+] > 10-7
	[OH-] < 10-7
	
	
	

	
	D
	Kw = 10-14   
	[H3O+] = 10-7
	[OH-] = 10-7
	
	
	



ACTIVITY 7
 
	Calculate the pH of the following solution
	
	 



	7.1
	2 g of NaOH dissolved in water to give 2 dm3 solution.
	
	 



	7.2
	1 g of Mg(OH)2 in 0,50 dm3 solution.
	
	 



	7.3
	Calculate the pH of 0,2 mol∙dm-3 H2SO4
	
	 



	7.4
	Calculate the pH of ethanoic acid of concentration 0,02 mol∙dm3 and            Ka = 1,8 x10-5.
	
	 



STRUCTURED QUESTIONS

QUESTION 1

	[bookmark: Pg13]1.1
	A certain species of fish cannot survive in a river where the water has a pH of less than 5,5. The hydrogen ion concentration of the water in the river was measured to be 3,2 x 10-5 mol·dm-3. 
Will this species of fish survive in the river? Support your answer with a relevant calculation.                                                                                       
	
	
(4)



	1.2
	Write down the Brönsted- Lowry definition of an acid.  
	
	(2)


 
	1.3
	The following list of solutions is available in the laboratory: 
A      0,1 mol·dm-3 HCℓ 
B      0,2 mol·dm-3 NaOH 
C      0,5 mol·dm-3 Na2CO3 
D      0,5 mol·dm-3 CH3COOH
	
	 



	
	From the above list choose ---- 
	
	 



	
	1.3.1
	a weak base.   
	
	(1)



	
	1.3.2
	a strong acid.  
	
	(1)



	
	1.3.3
	an acid with the highest concentration.  
	
	(1)



	QUESTION 2   
	
	 



	A bottle containing dil H2SO4 of unknown concentration. In order to determine the concentration of the acid, a learner titrates the acid against a standard solution of KOH according to the equation 
H2SO4 (aq)  + KOH(aq)    K2SO4 (aq) + H2O (l) 
	
	 



	2.1
	Calculate the mass of KOH that must be used to prepare 300 cm3 of a          0,2 mol∙dm-3 KOH solution.
	
	 



	2.2
	pH of the  0,2 mol∙dm-3 KOH solution.
	
	 



	2.3
	During the titration the learner finds that exactly 15 cm3 of the KOH solution neutralises exactly 20 cm3 of the H2SO4 solution. Calculate the concentration of the H2SO4 solution. 
	
	 



	QUESTION 3  
	
	 



	Milk of magnesia has been used over the ages to relieve stomach ailments. Its active ingredient is magnesium hydroxide. A group of learners prepare a solution of magnesium hydroxide.
	
	 



	3.1
	What mass of magnesium  hydroxide must be dissolved in distilled water to prepare 500 cm3 of a solution with a concentration of 0,2 mol∙dm-3?
	
	 



	3.2
	What will the concentration of the hydroxide ions in the solution be? 
	
	 



	3.3
	pH of any medicine safe for human consumption is between 4 and 9. Will this solution of the learners be safe for human consumption?
	
	 



	3.4
	The learners now run a titration using hydrochloric acid of concentration       0,1 mol∙dm-3. They transfer 25 cm3 of magnesium hydroxide solution into the conical flask. A reaction occurs according to the equation:
Mg(OH)2 (aq)  + 2HCl (aq)    MgCl2 (aq) + 2H2O (l)
Determine what volume of HCl will be needed to fully neutralise the milk of magnesia if its concentration still be 0,2 mol∙dm-3.
	
	 



QUESTION 4  

Commercial vinegar contains a small percentage of ethanoic acid. A laboratory technician wishes to determine the concentration of ethanoic acid in vinegar. He titrates a solution of ethanoic acid against a standard solution of sodium hydroxide of concentration 0,009 mol.dm–3. The equation for the reaction is:
CH3COOH(aq)  +   NaOH(aq)   →   CH3COONa(aq)  +  H2O(aq)
The apparatus shown below was used during the titration.
                             [image: ]
25,00 cm3 of vinegar was diluted with distilled water and made up to a volume of 250,00 cm3.  Some of the diluted solution was added to apparatus B.  25,00 cm3 of sodium hydroxide solution was added to apparatus C and few drops of an indicator added.
4.1	What is the name of apparatus B? 						  
4.2	Ethanoic is considered a weak acid. What is meant by term ‘weak acid’? 	  
A titration was carried out and the results tabulated as shown below:
	Experiment
	Volume of CH3COOH (cm3)

	1
	21,1

	2
	21,1

	3
	20,9


4.3	What observation is made to identify the end point for the acid-base titration?  
4.4	Which one of the indicators listed in the table below is suitable to be used  
	for the above titration? Give a reason for the answer. 				 
	Indicator
	pH range

	Methyl orange
	2,9 – 4,0

	Bromothymol blue
	6,0 – 7,6

	Phenolphthalein
	8,3 – 10,0



4.5	Calculate the concentration of dilute ethanoic acid. 				
4.6	Calculate the concentration of ethanoic acid in vinegar. 			  


	QUESTION 5  
	
	 



	In an acid -base reaction 0,5 dm3 of a 0,1 mol∙dm-3 hydrogen flouride solution is added to 0,8 dm3 of 0,25 mol∙dm-3 solution of NaOH. The reaction runs to completion according to the following equation.
HF(aq)  + NaOH(aq)    NaF(aq) + H2O (l) 
	
	 



	5.1
	Calculate the number of moles of hydroxide ions remaining in the solution at the completion of the reaction.
	
	 



	5.2
	Calculate the pH of the solution at the completion of the reaction.
	
	 





	QUESTION 6
	
	 



	A solution of magnesium hydroxide was prepared by dissolving 2,56 g of impure sample of magnesium hydroxide in 250 cm3 distilled water. 20 cm3 of this solution is  neutralized by 15 cm3 of hydrochloric acid of  0,1 mol.dm-3 according to the reaction
Mg(OH)2  + 2 HCl    MgCl2 + H2O 
Assume that the impurities do not react.
Calculate the percentage purity of the sample of magnesium hydroxide.
	
	 



	QUESTION 7  
	
	 



	You are asked to determine the percentage of ethanoic acid in vinegar. 7,5 g of commercial vinegar is dissolved in 100 cm3 of water. 25 cm3 of this solution is neutralised by 28,5 cm3 of NaOH of concentration 0, 11 mol∙dm-3. The equation is
 
NaOH (aq)  + CH3COOH (aq)    CH3COONa (aq) +  H2O (l)
	
	 



	7.1
	Calculate the pH of the sodium hydroxide solution.  
	
	 



	7.2
	Calculate the number of moles of sodium hydroxide used to nuetralise the   25 cm3 of etahnoic acid.   
	
	 



	7.3
	Calculate the percentage  of ethanoic acid by mass in 100 cm3 vinegar. 
(Assume that 1 mℓ of vinegar has a mass of 1 g.) 
	
	 



QUESTION 8

	
	A Grade 12 class wants to determine the percentage of ethanoic acid in a certain bottle of vinegar. They titrate a sample taken from the bottle of vinegar with a standard solution of sodium hydroxide. The equation for the reaction is: 
CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(ℓ)   
	
	



	8.1
	Define an acid in terms of the Arrhenius theory.
	
	 (2)



	8.2
	Give a reason why ethanoic acid is classified as a weak acid.
	
	 (1)



	8.3
	Explain the meaning of standard solution.   
	
	 (1)



	8.4
	 Write down the names of TWO items of apparatus needed to measure accurate volumes of the acid and the base in this titration.   
	
	 (2)



	8.5
	It is found that 40 mℓ of a 0,5 mol·dm-3 sodium hydroxide solution is needed to  neutralise 20 mℓ of the vinegar
Calculate the;
	
	



	 
	 8.5.1
	pH of the sodium hydroxide solution
	
	(4)



	
	 8.5.1
	Percentage of  ethanoic acid by mass present in the vinegar
(Assume that 1 mℓ of vinegar has a mass of 1 g.)
	
	
(7)



	8.5
	The sodium ethanoate (CH3COONa) formed during the above neutralisation reaction undergoes hydrolysis to form an alkaline solution. 	Write down an  equation for this hydrolysis reaction.
	
	

(3)



QUESTION 9

	Sulphuric acid (H2SO4) is a strong acid used, amongst others, in the recovery of certain metals.

	
	



	9.1
	Define an acid in terms of the Arrhenius theory.
	
	(2)



	9.2
	Give a reason why sulphuric acid is classified as a strong  
	
	(1)



	9.3
	Sulphuric acid can donate two protons and thus ionises in two steps as represented by the equations below.
H2SO4(aq) + H2O(ℓ) ⇌ H3O+(aq) + HSO4- (aq)……………………(1)   
HSO4- (aq) + H2O(ℓ) ⇌ H3O+(aq) +  SO42- (aq)…………………. (2) 
	
	



	 
	9.3.1
	Write down the term used for acids that can donate two protons.	
	
	(1)



	 
	9.3.2
	Write down the FORMULA of the substance/species that acts as ampholyte in the above reactions. Give a reason for the answer.   
	
	
(2)


 
	
	9.3.3
	For reaction (2), write down the: 	
	
	 



	
	(a)
	Formulae of the two conjugate bases   	
	
	(2)



	
	(b)
	Formula of the conjugate acid of H2O   	
	
	(1)



QUESTION 10

	10.1
	Nitric acid (HNO3), an important acid used in industry, is a strong acid. 
	
	



	 
	10.1.1
	Give a reason why nitric acid is classified as a strong acid. 
	
	(1)



	
	10.1.2
	Write down the NAME or FORMULA of the conjugate base of nitric acid.
	
	
(1) 



	
	10.1.3
	  Calculate the pH of a 0,3 mol∙dm-3 nitric acid solution.
	
	(3)



	10.2
	A  laboratory  technician  wants  to  determine  the  percentage  purity  of  magnesium oxide. He dissolves a 4,5 g sample of the magnesium oxide in 100 cm3 hydrochloric acid of concentration 2 mol∙dm-3. 
  
	
	




	
	10.2.1
	Calculate the number of moles of hydrochloric acid added to the 
magnesium oxide.   
	
	
(3)



	He then uses the apparatus below to titrate the EXCESS hydrochloric acid in
the above solution against a sodium hydroxide solution.  
	
	




[image: ]
	
	10.2.2
	Write down the name of apparatus Q in the above diagram. 
	
	(3)



	
	10.2.3
	The following indicators are available for the titration: 
	INDICATOR
	pH RANGE

	A
	3,1 - 4,4

	B
	6,0 - 7,6

	C
	8,3 - 10,0






Which ONE of the above indicators (A, B or C) is most suitable to indicate the exact endpoint in this titration? Give a reason for   the answer.
	
	








(3)



	
	10.2.4
	During the titration, the technician uses distilled water to wash any 
sodium hydroxide spilled against the sides of the Erlenmeyer flask into the solution. 
Give a reason why the addition of distilled water to the Erlenmeyer 
flask will not influence the results.  
	
	



(1)



	
	10.2.5
	At  the  endpoint  of  the  titration  he  finds  that 21 cm3  of  a       0,2 mol dm-3  sodium  hydroxide  solution  has  neutralised  the EXCESS hydrochloric acid.

Calculate the number of moles of hydrochloric acid in excess.
	
	



(3)



	
	10.2.6
	The balanced equation for the reaction between hydrochloric acid and magnesium oxide is: 
MgO(s) + 2HCℓ(aq) → MgCℓ2(aq) + 2H2O(ℓ) 

Calculate the percentage purity of the magnesium oxide. Assume 
that only the magnesium oxide in the 4,5 g sample reacted with the acid.
	
	





(5)
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 QUESTION 11

	11.1
	Sulphuric acid is a diprotic acid
	
	



	
	11.1.1
	Define an acid in terms of the Lowry-Brønsted theory.

	
	(2)



	
	11.1.2
	Give a reason why sulphuric acid is referred to as a diprotic acid. 
	
	(1)



	11.2
	The hydrogen carbonate ion can act as both an acid and a base. It reacts with
water according to the following balanced equation:
HCO3-(aq) + H2O(ℓ) ⇌ H2CO3(aq) + OH-(aq)
	
	



	 
	11.2.1
	Write down ONE word for the underlined phrase    
	
	(1)



	
	11.2.2
	HCO3-(aq)  acts as base in the above reaction. Write down the formula of the conjugate acid of HCO3-(aq)
	
	
(1)



	11.3
	A learner accidentally spills some sulphuric acid of concentration 6 mol∙dm-3 from a flask on the laboratory bench. Her teacher tells her to neutralise the spilled acid by sprinkling sodium hydrogen carbonate powder onto it. The reaction that takes place is: (Assume that the H2SO4 ionises completely.) 
H2SO4(aq) + 2NaHCO3(s) → Na2SO4(aq) + 2H2O(ℓ) + 2CO2(g) 

The fizzing, due to the formation of carbon dioxide, stops after the learner has added 27 g sodium hydrogen carbonate to the spilled acid
	
	



	
	11.3.1
	Calculate the volume of sulphuric acid that spilled. Assume that all the sodium hydrogen carbonate reacts with all the acid. 
	
	
(6)



	 
	The learner now dilutes some of the 6 mol∙dm-3 sulphuric acid solution in the flask to 0,1 mol∙dm-3. 
	
	


.	 
	
	11.3.2
	Calculate the volume of the 6 mol∙dm-3 sulphuric acid solution needed to prepare 1 dm3 of the dilute acid.  
	
	
(2)



	
	During a titration 25 cm3 of the 0,1 mol∙dm-3 sulphuric acid solution is added to an Erlenmeyer flask and titrated with a 0,1 mol∙dm-3 sodium hydroxide solution.  
	
	



	
	11.3.3
	The learner uses bromothymol blue as indicator. What is the purpose of this indicator? 
	
	
(1)



	
	11.3.4
	Calculate the pH of the solution in the flask after the addition of    30 cm3 of sodium hydroxide. The endpoint of the titration is not yet reached at this point. 
	
	

(8)
[22]



QUESTION 12

	12.1
	Define a strong acid.
	
	(2)



	12.2
	A solution of an unknown, monoprotic acid has a concentration of
0,01 mol·dm-3 and a pH of 3.
	
	



	
	12.2.1
	Calculate the concentration of the hydrogen ions in this solution.
	
	(2)



	
	12.2.2
	How will the strength of this unknown acid compare to that of
hydrochloric acid of the same concentration?

Write down ONLY,  STRONGER THAN, WEAKER THAN or EQUAL TO.
	
	



(1)



	
	12.2.3
	Give a reason for your answer in QUESTION 12.2.2. 
	
	(2)



	12.3
	 Ammonium chloride is an example of a salt that can undergo hydrolysis.
	
	 



	
	12.3.1
	Define the underlined term 
	
	(2)



	
	12.3.2
	Write an equation to show the hydrolysis of ammonium chloride 
	
	(3)



	
	12.3.3
	Methyl orange is red in an acidic medium and yellow in an alkaline
medium. What will the colour of methyl orange be in an ammonium
chloride solution?  
	
	

(2)




	12.4
	A learner adds a sample of calcium carbonate to 50,0 cm3 of sulphuric acid.
The sulphuric acid is in excess and has a concentration of 1,0 mol·dm-3. The balanced equation for the reaction that takes place is:

   CaCO3 + H2SO4 →CaSO4 + CO2 + H2O …………

The reaction is allowed to proceed until all the CaCO3 is used up.

The H2SO4  left over from REACTION 1 is now neutralised by 28,0 cm3 of a
0,5 mol· dm-3 sodium hydroxide solution.
  
The balanced equation for this reaction is:

H2SO4 + 2NaOH →Na2SO4 + 2H2O----------

Calculate the mass of calcium carbonate in the sample used in REACTION 1
	
	 













(10)
[24]





ENERGY AND CHANGE 
EXAMINATION GUIDELINES 2017
Energy changes in reactions related to bond energy changes 
• Define heat of reaction (ΔH) as the energy absorbed or released in a chemical reaction. 
• Define exothermic reactions as reactions that release energy. 
• Define endothermic reactions as reactions that absorb energy. 
• Classify (with reason) reactions as exothermic or endothermic. 

Exothermic and endothermic reactions 
• State that ΔH > 0 for endothermic reactions, i.e. reactions in which energy is absorbed. 
• State that ΔH < 0 for exothermic reactions, i.e. reactions in which energy is released. 

Activation energy 
• Define activation energy as the minimum energy needed for a reaction to take place. 
• Define an activated complex as the unstable transition state from reactants to products. 
• Draw or interpret fully labelled sketch graphs (potential energy vs. course of reaction) of catalysed and uncatalysed endothermic and exothermic reactions 

Rate and Extent of Reaction 

Rates of reaction and factors affecting rate 
• Define reaction rate as the change in concentration of reactants or products per unit time. 
• Calculate reaction rate from given data. 

Rate = (Unit: mol∙dm-3∙s-1) tcΔΔ 

Questions may also include calculations of rate in terms of change in mass/volume/ moles/per time. 
• List the factors that affect the rate of chemical reactions, i.e. nature of reacting substances, surface area, concentration, pressure for gases, temperature and the presence of a catalyst. 
• Explain in terms of the collision theory how the various factors affect the rate of chemical reactions. The collision theory is a model that explains reaction rate as the result of particles colliding with a certain minimum energy to form products. 

Measuring rates of reaction 
• Answer questions and interpret data (tables or graphs) on different experimental techniques for measuring the rate of a given reaction. 

Mechanism of reaction and of catalysis 

• Define the term (positive) catalyst as a substance that increases the rate of a chemical reaction without itself undergoing a permanent change .

Interpret graphs of distribution of molecular energies (number of particles against their kinetic energy also known as Maxwell-Boltzmann curves) to explain how a catalyst, temperature and concentration affect rate. 

• Explain that a catalyst increases the rate of a reaction by providing an alternative path of lower activation energy. It therefore decreases the net activation energy. 
• Use a graph showing the distribution of molecular energies (number of particles against their kinetic energy) to explain why only some molecules have enough energy to react, and hence how adding a catalyst and heating the reactants affects the rate. 


ENERGY AND CHEMICAL CHANGE
[image: Two happy stick-people shaking hands] Orientation of objectives
Objectives
· Explain the concept enthalpy and its relationship to heat of reaction
· Define exothermic and endothermic reactions.
· Identify that bond breaking requires energy (endothermic) and that bond formation releases energy (exothermic).
· 
State that H > 0 for endothermic reactions, including graph.
· 
State that H < 0 for exothermic reactions, including graph.
· Define activation energy.
· Explain a reaction process in terms of energy change and relate this change to bond breaking and formation, and to the “activated complex”.

[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]
A chemical reaction is a series of changes that results in the production of one or more new substances. A chemical reaction involves change in chemical composition and also in energy. All chemical reactions obey two universal laws: the law of conservation of mass and the law of conservation of energy.

It is important to study the energy changes that accompany chemical reactions. All life on Earth depends on the transfer of energy in chemical reactions. For example energy is released from glucose during the process of respiration, as shown below:
C6H12O6 + 6O2    ---> 6H20 + 6CO2 + ENERGY 
Chemical reaction can be classified according to the energy changes they undergo into endothermic and exothermic reactions.

Chemical reactions in which energy is released are exothermic. The energy that is released was originally stored in the chemical bonds of the reactants. In this type of reaction, the products have less potential chemical energy than the reactants, because energy was given off in the form of heat. Any reaction that involves combustion (burning) is an exothermic chemical reaction.




Example 1

The reaction of the propane shown below:

C3H8 + 5O2 ---> 4H2O + 3CO2 + energy

Chemical reactions in which energy is absorbed are endothermic. Energy is required for the reaction to occur. The energy absorbed is often heat energy or electrical energy. In this type of reaction, the products have more potential chemical energy than the reactants. 

Example 2
The synthesis of glucose during the process of photosynthesis in green plants[image: ]



Energy is transferred from the reacting chemicals to the surroundings or vice versa however the total amount of energy in the system remains constant.
The amount of energy required to break a bond is called bond dissociation energy or simply bond energy.

· 
1. The bonds in the reactants molecules are broken to form free atoms. This requires energy ( endothermic)
2. The free atoms bond together to form the products molecules. This releases energy (exothermic).
The stage with the greatest energy value determines whether the overall energy change is endothermic or exothermic.

Example
Consider the reaction of nitrogen with hydrogen to form ammonia 
N2(g) + 3H2(g) → 2NH3(g).N≡N + 3 H−H→2   H−N
H
H

Or


Energy taken in:  (1 x 941) + (3 x 436) = 2249 kJ· mol-1
Energy released: N-H bonds (2 x 3) x 390,23 = 2341,38 kJ· mol-1
Change in energy = (energy needed to break bonds) - (energy realized to form bonds)

Change in energy= energy taken in – energy released

Change in energy= 2249 – 2341,38 = - 92,38 kJ·mol-1
Since more energy is released than taken in, the reaction is exothermic.

The total amount of energy of the reactants or products is called enthalpy H. Enthalpy can not be measured. We can only measure the change of enthalpy.
The enthalpy change (ΔH) is the amount of heat released or absorbed when a chemical reaction occurs at constant pressure.
· 
ΔH = H(products) - H(reactants)    
· 


The units of ΔH are usually given as (kJ/mol) or sometimes as  (kcal/mol)
1 calorie (1 cal) = 4.184 joules (4.184 J) 
Energy changes are measured under standard laboratory conditions (S.L.C.) 25oC (298K) and 101.3 kPa (1 atmosphere).
In the exothermic reaction energy of the reactants is greater than the energy of the products
H(reactants)> H(products)
        ΔH = H(products) - H(reactants)
        ΔH  < 0 (negative value)
Example
 N2(g)+ 3H2(g) → 2NH3(g)+ 92.4 kJ 
 N2(g)+ 3H2(g) → 2NH3(g) ΔH= - 92.4 kJ mol-1
Energy of reactants (N2 and H2) is greater than the energy of the products (NH3). Energy is released. 
[image: http://www.ausetute.com.au/../images/capdelta.gif]H is negative. 
[image: http://www.ausetute.com.au/../images/capdelta.gif]H is measured from the energy of reactants to the energy of products on the Energy Profile diagram.

N2(g) + 3H2(g)
2N H3(g)
ΔH= - 92.4 kJ mol-1

Progress of reaction
Energy (kJ mol-1)











In an endothermic reaction energy of the reactants is less than 
the energy of the products. 
H(reactants)< H(products)
ΔH = H(products) - H(reactants)
ΔH  > 0 (positive value)

2NH3(g) + 92.4 kJ ---> N2(g) + 3H2(g) 

2NH3g--->N2(g) + 3H2(g)  [image: http://www.ausetute.com.au/../images/capdelta.gif]H=+92.4 kJ mol-1

· 
Progress of reaction
Energy (kJ mol-1)

N2(g) + 3H2(g)
ΔH= + 92.4 kJ mol-1


Energy of reactants (NH3) is less than the energy of the products (N2& H2). 
Energy is absorbed.
[image: http://www.ausetute.com.au/../images/capdelta.gif]H is positive. 
[image: http://www.ausetute.com.au/../images/capdelta.gif]H is measured from the energy of reactants to the energy of products on the Energy Profile diagram.



2N H3(g)











Sometimes the reactants have enough internal energy so that the reaction can occur spontaneously. However a substantial amount of energy is often required for a chemical reaction to take place, due to the strength of the bonds that need to be broken. Energy is required to break the bonds in the reactants before a reaction can take place. Once the reaction has started energy is released as new bonds are formed, the reaction can continue on its own.
The minimum amount of energy needed for a reaction to start is called activation energy.
All reactions require some activation energy.

Reactions with small activation energy tend to proceed quickly because many molecules in the mixture can acquire the activation energy 41-52 to react; but reactions with large activation energy tend to proceed slowly because few of the molecules have enough activation energy to react.


Reactants
Products 
ΔH

Progress of reaction
Energy (kJ mol-1)

Activation energy










A chemical reaction is the reorganization of atoms of chemically compatible and chemically reactive molecular compounds, called reactants. A chemical reaction goes through three stages, the initial stage consisting of the reactants, the transition stage of the activated complex, and the final stage, in which the products are formed.
For a chemical reaction to occur, the reactant molecules should collide. Collisions between molecules are facilitated by an increase in the concentration of reactant, an increase in temperature, or the presence of a catalyst. Not every collision is successful, that is, produces a chemical reaction. For a successful collision to occur, reactants require a minimum amount of energy, called the activation energy. Once the reactant reaches the energy level, it enters the transition stage and forms the activated complex.
The activated complex refers to the molecular compound or compounds that exist in the highest energy state, or activated stage, during a chemical reaction. An activated complex acts as an intermediary between the reactants and the products of the reaction.
Or 
Activated complex is the high energy particle formed as a result of a collision. It is the highest stage in a chemical reaction.

When reactant molecules collide, they form new bonds, releasing energy and forming the activated complex (transition state). Bonds within the activated complex break to form the product particles.Reactants
Products 
ΔH

Progress of reaction
Energy (kJ mol-1)

Activation energy
Activated complex









A catalyst speed up the rate of the chemical reaction by lowering the activation energy.
[image: ]





Question 1


tudy the following energy level diagram for a general chemical reaction.




[image: http://png.clipart.me/graphics/thumbs/214/summer-sports-icon-volleyball-icons_214110949.jpg][image: C:\Users\SiphoD\Desktop\DF\Induction Manual_ICT\ClipArt\thZX7NY9JD.jpg] 2 minutes





Progress of reaction
Energy


A
B
C
1.1 Supply suitable labels for A, B and C.
1.2 Is the chemical reaction represented endothermic or exothermic? Give a reason for your answer.
1.3 Draw a graph showing the effect of a catalyst on the value of the activation energy.











Solution
1.1.		A Enthalpy change
		B  Activation energy
		C Potential energy of the activated complex
1.2. Exothermic. Heat energy is given out (realised) 
1.3.       Progress of reaction
Energy












Question 2
Classify each of the following reactions as either exothermic or endothermic. Give a reason in each case.

2.1 	Mg(s) +Cl2 (g) → MgCl2(s) + heat
2.2	C + 2Br2 → CBr4       ΔH>0
2.3 	CH4 + 2O2 → CO2 + 2H2O  ΔH<0
2.4	Mg(s) + 2HCl (aq) → MgCl2(aq) +H2(g)
Answers
2.1. Exothermic. Energy is released 
2.2. Endothermic. The enthalpy change is positive (energy is absorbed)
2.3. Exothermic. Enthalpy change is negative (heat is given out)
2.4. Endothermic. Energy is given in (absorbed)


[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTmvb5W3o3iVwoibBV6dgGW1cSvmySKmDtq6S6HPelleSIjW6OVN1fL4lQ][image: C:\Users\SiphoD\Desktop\DF\Induction Manual_ICT\ClipArt\thZX7NY9JD.jpg] 5 minutes

Question 1. Multiple-choice questions

Four options are provided as possible answers to the following questions. Each question has only one correct answer. Choose the correct answer.

1.2  It is very common to heat water to produce the following reaction 
2H2O (l) + heat 2H2(g) + O2(g)















Which one of the following diagram correctly represents the reaction and the enthalpy change?D
Ep
Reaction progress
Ep


Reaction progress
 A
B
Ep
Reaction progress
C
Ep
Reaction progress




	




1.2 The following energy level diagram represents a given chemical reaction.
[image: ]

The enthalpy change ΔH of the reaction is:

A	170 kJ.mol-1
B	- 70 kJ.mol-1
C	- 170 kJ.mol-1
D	70 kJ.mol-1










2.3 The following energy level diagram represents a given chemical reaction.
[image: ]
Ep
40 kJ 
17 kJ
The value of the activation energy for the reaction is:
A	17 kJ
B	23 kJ
C	57 kJ
D	40 kJ














2.4 The activation energy is :

A	Energy liberated when bonds are formed during a chemical reaction.
B	The minimum amount of energy needed for a reaction to start.
C	The net energy liberated or absorbed during a reaction.
D	The energy supply to keep the reaction going.

2.5 Which one of the following reaction profile diagrams shows a very endothermic reaction with big activation energy?
[image: ]
B
[image: ]
C
[image: ]
D

[image: ]
A





Answers

1.1. 	A
1.2.	D
1.3.	B
1.4.	B
1.5.	C
[image: http://png.clipart.me/graphics/thumbs/214/summer-sports-icon-volleyball-icons_214110949.jpg][image: C:\Users\SiphoD\Desktop\DF\Induction Manual_ICT\ClipArt\thZX7NY9JD.jpg]10 minutes

Question 1

Use bond energies given in table below to determine the enthalpy change ΔH, for the following reactions:
[image: ]



1.1 One mole of nitrogen reacting with one mole of oxygen to form two mole of nitric oxide.
N2(g)+ O2→ 2NO (g)
1.2 The reaction of hydrogen with oxygen to form water.
2H2(g) + O2(g)  → 2H2O (l)
2.3 The reaction of hydrogen with chlorine to from Hydrogen chloride.

H2(g) + Cl2(g)  → 2HCl (g)

Question 2

The graph below represents the energy level diagram for the following reaction:
CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (l)
CH4 (g)+ 2O2 (g)


2648
1834
Progress of reaction
Energy (kJ.mol-1)

CO2 (g) + 2H2O (l)















2.1	What is the enthalpy change for the reaction?
2.2	Is energy taken or released during this reaction?
2.3	Is this reaction endothermic or exothermic.
2.4	What is meant by activation energy?





Question 3

The diagram below shows the energy profile of a given reaction.
[image: ]

3.1	Calculate the activation energy.
3.2	Calculate the enthalpy change.
3.3	Determine the energy of the activated complex.
3.4	Redraw the graph indicating the effect of a catalyst.











Question 4

Draw a reaction profile in which H reactants = 100 kJ, the activation energy is 50 kJ, and ΔH = -25 kJ.


Solutions
Question 1

1.1
· N≡N  + O═O → 2 N═O
· Bonds to be broken: (N≡N  + O═O) 941 + 498 = 1439 kJ. mol-1
· Bonds that will form: (2 N═O) 2 x 631= 1262 kJ. mol-1
· ΔH = H(products) - H(reactants)
ΔH = 1262- 1439 = −177 kJ. mol-1
· More energy is released than is needed to break the bonds: the reaction is exothermic.

1.2. 
· 2 H-H + O═O → 2 H-O-H
· Bonds to be broken: (2 H-H + O═O) (2 x 436 )+498 = 872 +498= 1370 kJ.mol-1 
· Bonds that will form: (2 H-O-H) 2x 2 x 464= 1856 kJ. mol-1
· ΔH = H(products) - H(reactants)
· ΔH = 1856 – 1370 = 486 kJ. mol-1
· More energy needed to break the bonds than the energy that is released: the reaction is endothermic.
· ΔH = + 486 kJ. mol-1

3.3
H-H + Cl-Cl → H-Cl+H-Cl
Or
H-H + Cl-Cl → 2 H-Cl

[image: ]

· Bonds to be broken: (H-H + Cl-Cl) 436 + 242 = 678 kJ.mol-1 
· Bonds that will form: (2 H-Cl)  2 x 431 = 862 kJ. mol-1
· ΔH = H(products) - H(reactants)
· ΔH =862- 678 = 184 kJ. mol-1
· The reaction is endothermic
· ΔH = + 184 kJ. mol-1

Question 2

2.1.  ΔH = H(products) - H(reactants)
 ΔH =1834 - 2648 = −814 kJ. mol-1
2.2. Energy is released.
2.3. Exothermic.
2.4. The minimum amount of energy needed for a reaction to start.

Question 3

3.1. Activation energy= 100 kJ.
3.2. ΔH = H(products) - H(reactants)
 ΔH =120 - 40 =  +80 kJ. mol-1

3.3
The energy of the activated complex is 140 kJ.

3.4

[image: ]
Question 4
[image: ]


RATE AND EXTENT OF CHEMICAL REACTIONS

[image: Two happy stick-people shaking hands] Orientation of objectives
Objectives
· Explain what is meant by reaction rate.
· List the factors which affect the rate of chemical reactions. 
· Explain in terms of collision theory how the various factors affect the rate of chemical reactions.
· Define activation energy. 
· Use a graph showing the distribution of molecular energies (number of particles against their kinetic energy) to explain why only some molecules have enough energy to react and hence how adding a catalyst and heating the reactants affect the rate.
· Explain (in simple terms) how some catalysts function by reacting with the reactants in such a way that the reaction follows an alternative path of lower activation energy.

[image: Two happy stick-people shaking hands]
An important characteristic of a reaction is its spontaneity. Spontaneity refers to the inherent tendency for the process to occur; however, it implies nothing about speed. Spontaneous does not mean fast. There are many spontaneous reactions that are so slow that no apparent reaction occurs over a period of weeks or years at normal temperature.
Some reactions are fast and some are slow. Look at these examples:
· Reaction that occur quickly. They can lead to a dangerous explosion. 
· Explosion of nitro-glycerine.
· Exchange ion reactions. 
Pb2+(aq)  +  2I-(aq)    →       PbI2(s) 
Ag+(aq)   +  Cl-(aq)    →        AgCl(s)
· Reaction that occur slowly. 
· Reaction between oxygen and iron in the presence of water. 
· Reaction between O2 and H2 at room temperature.

It is important to know how to change the speed (rate) of a chemical reaction.
[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]
Rate of reaction

The rate of a chemical reaction may be described as the quantity of product produced per unit time or the quantity of reactant used up per unit time.  

Definition

· The rate of a reaction is the change in the concentration of reactants OR products per unit time.
· During the course of the reaction the concentration of the reactants decreases and the concentration of the products increases. To determine the rate of reaction the concentration of the substances at the beginning and at the end must be measured.
· These quantities of reactants or products may be expressed in mass, volume or number of mol.
· Rate of reaction is measured in mol·dm-3∙s-1.

Rate of reaction = where  [R] is the reactant concentration.

Or     Rate of reaction = where [P] is the product concentration.
Rate of reaction is measured in mol·s-1.

The rate of reaction can be represented graphically:
Number of molecules
Time (s)


Reactant molecules decreases with time while product molecules increases with time
Product molecules



Reactant molecules






Interpretation of rate of reaction graphs


[image: ]
Concentration vs time graph.

· In the graph of concentration versus time the rate of the reaction is represented by the gradient of the graph. (Concentration could also be replaced by mass, volume or number of mol.)
· At the start the concentration of the reactants is high and thus the rate of the forward reaction is high. This is indicated by a steep gradient (at A). 
· As the reactants are used up during the reaction, the concentration decreases and so does the rate of the forward reaction. The gradient decreases accordingly. Compare gradients A and B on the graph.
· At E the gradient falls to zero (no gradient) at the completion of the reaction. (graph runs parallel to the time axis). The rate of the reaction is zero. This means the reaction has run to completion OR one of the reactants is used up OR one of the reactants is the limiting factor.
·  At the start the concentration of the product is zero. 
· As the reaction progresses, so the concentration of the product increases, fast at the beginning, indicated by a steep gradient at C. 
· The rate at which the products are formed decreases which is shown by a decrease in the gradient (less steep gradient). Compare gradients C and D.
· At F no more products are formed. The rate of the reaction is zero. The reaction has run to completion due to the limiting factor (in the reactants).
· To the left of X (time t = 10s) the concentration of the reactants is higher than that the concentration of the products, therefore, the forward reaction is favoured.
·  To the right of X (time =10s) the concentration of the products is higher that the concentration of the reactants, thus the reverse reaction is favoured. At X  (t=10s) the rate of the forward reaction is equal to the rate of the reverse reaction. 

1. Factors affecting the reaction rate.














2. Collision Theory
The collision theory explains the factors that influence reaction rates. Basically, the theory postulates that the rates of reactions depend on how often and how energetically the reacting molecules collide with each other. 
In order for two reactants to react, they must come into close contact, in other words, they must collide. However, it is not sufficient for two molecules to collide in order that they might react. The reaction will only take place if the collisions are effective "fruitful", and for this to happen:
This theory states that three conditions must be met for a reaction to occur:
1. The reacting particles (atoms, molecules or ions) must collide effectively with one another in order to react.
2. The reacting particles must collide with minimum energy that is equal or higher than the activation energy to start the process of breaking and forming bonds.
3. The reacting particles must collide with a correct orientation that can lead to re-arrangement of atoms and the formation of products.

· 

The reaction rate  (colliding particles with sufficient Ek)  (colliding particles with correct orientation).

Concentration of Reactants
If the concentration of any reactant in a solution is increased, the rate of reaction is increased.
Increasing the concentration, increases the probability of a collision between reactant particles because there are more of them in the same volume and so increases the chance of a fruitful collision forming products.

In general, increasing the concentration of reactant A or B will increase the chance or frequency of a successful collision between them and increase the speed of product formation (slower => faster, illustrated below). 
[image: ]Faster product formation
Slower product formation


The higher the concentration of a reactant in solution, the higher the rate of the reaction.
The explanation
In order for any reaction to happen, the particles must first collide effectively.
Increasing the concentration, increases the number of solute particles in the solution.
This will increase the effective collision between the particles per unit time (increase the frequency of the effective collisions). 
The reaction rate will therefore increase
[image: ]
Examples
Zinc and hydrochloric acid
Zinc granules react fairly slowly with dilute hydrochloric acid, but much faster if the acid is concentrated.
· [image: http://www.chemguide.co.uk/physical/basicrates/znhcleq.gif]

The catalytic decomposition of hydrogen peroxide
Solid manganese(IV) oxide is often used as a catalyst in this reaction. Oxygen is given off much faster if the hydrogen peroxide is concentrated than if it is dilute.
[image: http://www.chemguide.co.uk/physical/basicrates/padding.gif][image: http://www.chemguide.co.uk/physical/basicrates/h2o2decompeq.gif]
The reaction between sodium thiosulphate solution and hydrochloric acid
This reaction is often used to explore the relationship between concentration and rate of reaction (Informal experiment). When a dilute acid is added to sodium thiosulphate solution, a pale yellow precipitate of sulphur is formed.
[image: http://www.chemguide.co.uk/physical/basicrates/padding.gif][image: http://www.chemguide.co.uk/physical/basicrates/thioeq.gif]
As the sodium thiosulphate solution is diluted more and more, the precipitate takes longer and longer to form.
Temperature
When the temperature of the reaction mixture is increased, the average kinetic energy increases too. The particles will move faster and collide more frequently and more energetically. The increase of the temperature of the reaction mixture increases both the collision frequency and the collision success (figure below).
[image: ]
An increase in temperature increases the reaction rate. 
Explanation
Particles can only react when they collide effectively.
Higher temperature implies higher average kinetic energy of molecules.
More molecules have minimum energy equal to or higher than the activation energy.
This will cause more effective collisions per unit time (increase in the collision frequency). 
That will speed up the rate of reaction.
The Boltzmann distribution can be used to explain the effect of the temperature in the rate of reaction. The Boltzmann distribution represents the number of particles with specifics energies. When the temperature increases the average speed of the particles will also increase and then the average kinetic energy. More particles will have enough energy to react. Thus there are more molecules that have kinetic energies that are greater than the activation energy (graph below).

The area under the graph represents the total number of molecules and it does not change with the change of temperature.

[image: ]





At the lower temperature, T1, only a relatively small proportion of molecules (area below the blue curve to the right of Ea will have sufficient energy to react. At the higher temperature, T2, a much higher proportion of the molecules have the required energy. Thus, since the rate of the reaction depends on the number of molecules that react in a given time interval, the rate will be higher at T2 than at T1.
Activation energy is the minimum amount of energy needed for a chemical reaction to start.
Pressure
Increasing the pressure on reacting gases increases the rate of reaction. 
(Changing the pressure on a reaction which involves only solids or liquids has no effect on the rate).

Explanation
                                                    · 

Increasing the pressure of a gas is exactly the same as increasing its concentration. [ pV = nRT  p = p c  as  and RT is constant]
· If you have a given mass of gas, and the pressure is increased the volume will decrease.
· If you have the same mass of gas in a smaller volume, then its concentration is higher.
·  Molecules are closer together which will increase the effective collision per unit time.

[image: ]





Example
In the manufacture of ammonia by the Haber Process, the rate of reaction between the hydrogen and the nitrogen is increased by the use of very high pressures.
[image: http://www.chemguide.co.uk/physical/basicrates/padding.gif][image: http://www.chemguide.co.uk/physical/basicrates/ammoniaeq.gif]
In fact, the main reason for using high pressures is to improve the percentage of ammonia in the equilibrium mixture, while it also increases the rate of reaction.
Surface area
The reaction rate increases with an increase in the surface area of the reactants.
The explanation
Reactants only react if their particles collide effectively
Increasing the surface area of the reactants results in more reaction sites. 
(Reaction sites - specific sites on molecules at which reactions occur). 
Increasing the number of reaction sites increases the frequency of total collisions. 
More effective collisions per unit time will occur which will increase the reaction rate. 
Example
The most effective way of increasing the surface area of a solid is to grind the solid into a powder.
Imagine a reaction between magnesium metal and a dilute acid like hydrochloric acid. The reaction involves collision between magnesium atoms and hydrogen ions.
[image: http://www.chemguide.co.uk/physical/basicrates/mgacideq.gif]
[image: http://www.chemguide.co.uk/physical/basicrates/sa.gif]

Nature of the reacting substances
Chemical reactions are usually linked to the breaking of chemical bonds in the reagents and the formation of new bonds to form products. During a chemical reaction the bonds in the reactant molecules have to be broken to form free atoms. These free atoms can then rearrange to form new bonds.  The bond energy needed to break the existing bonds in reactant molecules varies according to the nature of the reactants. 
Different reactants have different energies of activation. Reaction between polar or ionic molecules is very fast. Oxidation-Reduction reactions are slower than ionic reactions because they involve transfer of electrons and bond rearrangement. The physical state of reacting substances is important in determining their reactivity. The reaction in which ionic solutions are involved also take place at high speed (figure below).




The rate of reaction will be slow in reaction where many bonds have to be broken unlike the precipitation reaction where no bonds have to be broken. The rates of organic reactions are generally slower than inorganic reactions because organic molecules are generally larger than inorganic molecules and more bonds must be broken.  
[image: ]
The rate of a chemical reaction depends on:
1. the medium in which the reaction occurs (liquid or gas);
2. the properties of the reactants.
· The rate of a reaction may differ depending whether the medium is aqueous or organic; polar or nonpolar; or liquid, solid, or gaseous.
· Different reactants have different bond energies and therefore different activation energies resulting in different rates of reactions e.g. organic molecules are generally larger than inorganic molecules and contain more bonds that need to be broken, therefore higher activation energy is needed, hence organic reactions slower rate than inorganic reactions.
· The reactions in which ionic and polar solutions are involved also take place at a high rate.

Presence of Catalysts 
In many reactions the activation energy is very high. This problem is overcome by using a catalyst. A catalyst is a substance which speeds up a reaction, but is chemically unchanged at the end of the reaction. When the reaction has finished, you would have exactly the same mass of catalyst as you had at the beginning. 

Catalysts work by increasing the frequency of collisions between reactants, altering the orientation of reactants so that more collisions are effective, reducing intermolecular bonding within reactant molecules, or donating electron density to the reactants.
A catalyst increases the rate of reaction by lowering the activation energy (graph below).
[image: ]
A catalyst provides an alternative route for the reaction (new reaction pathway). That alternative route has lower activation energy. This ensures that more effective collisions to take place per unit time. The rate of reaction therefore increases. Showing this on an energy profile below:
[image: ]
A catalyst creates a new reaction pathway with lower activation energy. 
Definition of a positive catalyst
A positive catalyst is a substance that increases the rate of a chemical reaction by providing a different pathway of lower activation energy without itself undergoing a permanent change.
Explanation
Collisions only result in a reaction if the particles collide with a certain minimum energy called the activation energy. 
Adding a catalyst provides an alternative route with lower activation energy for the reaction.
The majority of particles will now react via the easier catalysed route with lower energy. 
More effective collisions per unit time will occur which will increase the reaction rate.
Energy
Reactantt
Product
Ea with catalyst
Ea without catalyst

Progress of reaction











Examples:
                              [image: http://www.chemguide.co.uk/physical/basicrates/h2o2decompeq.gif]
Solid manganese(IV) oxide is often used as a catalyst in this reaction.
Copper(II) oxide may be used as an alternative catalyst in this reaction.
[image: ]

Maxwell-Boltzman Distribution CurvesEa (Activation energy)
Number of particles
Energy
A
B
C
 D
E
Few particles with very low enegies
Most particles with moderate energies
Only some particles under this part of the graph with enough high energies to react
 (E Ea)
Number of particles represented by the area under this part of the graph that do not have sufficient energy to react. 










In any system, the particles present will have a very wide range of energies. The graph called the Maxwell-Boltzmann Distribution Curve is a plot of the number of particles against their particular energies.

· On the y-axis is the number or fraction of molecules 
· On the x-axis is the amount of energy. 
· At A few particles have very low energy; at B, C and D most particles have moderate energy; at E few particles have very high energy. 
·  The area underneath the curve shows the total number of molecules with energy. The area under the graph cannot change because the number of molecules in the system remains constant even if the temperature changes or a catalyst is added.
· Marked on a certain point on the graph is the activation energy, Ea which is specific to a particular reaction. 
· The shaded area shows the fraction of particles that have energy more than or equal to the activation energy (E Ea). 
· These particles will react because they collide effectively, with the correct orientation. 


Effect of a catalyst on reaction rate
Original uncatalised
 (Activation energy)
New catalised Ea
Originally only the particles under this part of the graph had high enough energy to react.
All these extra particles have enough energy to react
Particles with not enough energy to react
Number of particles
Energy












· Before a catalyst was added only a small number of particles (horizontally shaded area) had sufficient energy to react.
· A catalyst provides an alternative pathway with a lower activation energy (new catalysed Ea) 
· The new catalysed Ea will shift to the left on the x-axis.
· The total shaded area shows more particles with E Ea
· More effective collisions with the correct orientation per unit time will occur resulting in an increase in the reaction rate.
· A catalyst has no effect on the shape of the distribution curve





Effect of temperature on reaction rateNumber of particles
Energy
Ea (Activation energy)
   T 1
T 2 – Graph has dropped &  moved slightly to the right.
For temperature T2 more particles  have E Ea












· At a specific  temperature only a small number of particles (horisontally shaded area) had sufficient energy to react.
· An increase in temperature implies an increase in the average kinetic energy of the gas. 
· The peak of the graph drops and the graph slightly shifts to the right. Temperature shifts and distorts the Maxwell-Boltzmann Distribution curve, but the area under the graph and, therefore, the number of particles remain constant.
· The graph for T2 shows an increase in the number of particles whose energy exceeds the activation energy (E Ea).
· More effective collisions with the correct orientation per unit time will occur resulting in an increase in the reaction 
· 
Effect of concentration on reaction rate
Graph 2 representing a higher concentration which means more particles per volume, therefore a larger area under the graph
Graph 1 represents the lower concentration,therefore, less particles
The graph for higher concentration shows  an increase in the number of particles whose energy exceeds the activation energy (E Ea).

Ea (Activation energy)
Number of particles
Energy


· 
Graph 1 represents a lower concentration, therefore, less particles per volume. (c = )
· 
Graph 2 represents a higher concentration, therefore, more particles per volume. (c = )
·  Graph 2 has, therefore, a larger area under the graph.
· There is an increase in the number of particles with E Ea (total shaded area).
· More effective collisions with correct orientation per unit time implies an increase in the rate of the reaction.
· Increase in concentration increases the area under the graph.

Measuring the rate of reaction

There are many methods to measure the rate of a chemical reaction, depending upon a large number of variables. The method used depends on the characteristics of the reaction being investigated (gas phase, liquid phase, solid phase or mixed phase). In principle any chemical or physical change that occurs as the reaction proceeds can be used tom measure its rate. This could be ph, volume, colour, mass, temperature, pressure, etc. 

The following are some methods which can be used to measure reaction rate:
· Changes in volumes[image: ]
This is useful for reactions which produce gases. The reaction flask is connected to a syringe, as shown in the diagram on the right, and the volumes indicated on the syringe scale read off at regular time intervals.






[image: ]

· Changes in massIf a gas is formed during the reaction, the total mass of the reaction mixture will decrease as the gas is released, thus the mass of the mixture can be measure at regular intervals of time during the reaction.







· Changes in colour[image: mhtml:file://D:\NCED%202010%20GILBERTO\R%20of%20ract\Reaction%20Rates%202.mht!http://www.physchem.co.za/OB12-che/Graphics/rate8.gif]

If a reaction produces a coloured substance, that is, one that has an absorption maximum at some wavelength in the visible spectrum, one can measure the increase in the absorbance of the solution in which the reaction takes place as a function of time. Since the absorbance of a solute is directly proportional to its molar concentration, the rate of the reaction is easy to determine. Aspectrophotometer can be used.





· Similar method, known as turbidimetry makes use of the scattering of light from aqueous suspensions. If a precipitate gradually forms (amount of solid formed), the solution will become more opaque with time as more finely divided particles precipitate out. The rate at which the opacity of the liquid increases can be used as a measure of the reaction rate.




Example 1

Measuring volume in the reaction of magnesium with hydrochloric acid
Mg(s) + 2 HCl(aq) → MgCl2 (aq) + H2 (g)
[image: ]
[image: ]
[image: ]







As the bubbles of gas are given off, the plunger in the syringe moves out as hydrogen gas fills it. After, say every 10 seconds we read the volume of gas in the syringe. The reaction is complete when the syringe no longer moves. 
To find the actual rate we plot a graph of volume of hydrogen (cm3) against time (seconds). 
[image: ]1. The rate is not a constant throughout the reaction - it changes! 
2. The reaction is fastest at the start, gradually becoming slower as the reaction proceeds. 
3. From the graph, the fastest part of the reaction is shown by the steepest curve. 
4. The curve on the graph goes flat when the reaction is complete. This is because, as time goes on the volume of the gas evolved does not change. 



The rate of the reaction at any time during the reaction is given by the gradient of the graph at that time.
Example 2
The reaction between calcium carbonate (marble chips) and hydrochloric acid 
CaCO3(s) + 2HCl(aq) →CaCl2(aq) + H2O(l) + CO2 (g)
[image: ]


[image: ]
[image: ]




Marble chips of calcium carbonate and hydrochloric acid are placed in the flask but separated by a piece of card - preventing the reaction from proceeding. This apparatus is placed on a balance and the mass of the flask and its contents is read. 
To start the reaction, the flask is gently lent to one side, causing the card to fall and the marble chips and acid to mix. 
A piece of cotton wool is placed in the neck of the flask to allow carbon dioxide gas to escape. As the gas escapes the mass of the flask reduces. Take readings of mass loss over a time interval, e.g. 20 seconds. 
To find the actual rate we plot the loss in mass (grams) against time (seconds) 
[image: Copyright S-cool]The steepest part of the curve is at the start; hence the fastest part of the reaction is at the beginning. 


Gradually the curve becomes less and less steep as the reaction slows down. Eventually a flat curve appears indicating the end of the reaction. As the reactants are used up, the concentration of the acid is decreased and the surface of CaCO3 is decreased. As a result the number of collision between the reactants is steadily reduced and then the rate of reaction decreases. Once all the Ca CO3 has been used up the reaction stops (horizontal section of the graph)
The rate of the reaction at any given time during the reaction is given by the gradient of the graph at that time.
[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTmvb5W3o3iVwoibBV6dgGW1cSvmySKmDtq6S6HPelleSIjW6OVN1fL4lQ][image: C:\Users\SiphoD\Desktop\DF\Induction Manual_ICT\ClipArt\thZX7NY9JD.jpg] 5 minutes
Question 2

 Multiple-choice questions

Four options are provided as possible answers to the following questions. Each question has only one correct answer. Choose the correct answer.

2.1. Sulphuric acid and zinc are allowed to react in an open conical flask, producing the following reaction.
Zn(s) + H2SO4(aq) →ZnSO4(aq) + H2(g)
Which one of the following will increase the rate of reaction?
A	Decreasing temperature.
B	Adding a suitable catalyst.
C	Closing the flask with a stopper.
D	Increasing the amount of hydrochloric acid.

2.2 Magnesium ribbon is added to a dilute hydrochloric acid solution in a flask. 
Which one of the following will increase the rate at which hydrogen is produced? 
A 	Closing the flask with a stopper.
B	Increasing the amount of hydrochloric acid.
C 	Using a smaller piece of magnesium ribbon.
D	Using the same amount of magnesium powder.

Answer
2.1.  	B
2.2.  	D
Question 3
Consider the reaction represented by the following equation:

FeS(s) + 2HCl(aq) → H2S(g) + Fe Cl2(aq)       ΔH < 0

3.1. List all the possible ways to increase the rate of the reaction.
3.2. Explain in terms of the collision theory how an increase in temperature produces and increase in the rate of reaction.
3.3 Is this reaction endothermic or exothermic? Explain. 
3.4 Draw a labelled energy profile for this reaction.

Answer
3.1. Using powdered FeS/ using more FeS/ Using HCl of higher concentration/heat HCl in warm bath/ Using a suitable Catalyst.
3.2. When the temperature is increased the molecules moves faster then the average kinetic energy of the molecules increases, more molecules now have sufficient kinetic energy for more collisions to be effective therefore a higher reaction rate.
3.3. Exothermic. The enthalpy change is negative then energy (heat) is released.
3.4. 
[image: ]
Question 4

For the reaction: MnO2(s) + 4HCl(aq) → MnCl2(aq) + H2O (l) + Cl2(g) the following two experiments were done:

	Test tube X
	Test tube Y

	1 mol.dm-3HCl in excess
	1 mol.dm-3HCl  in excess

	1 g MnO2 pieces
	1 g MnO2 powder



4.1.	Give TWO reasons why the rate of the reaction in Y is higher.
4.2. 	How will the rate of the reaction in test tube X be affected if more HCl of the	same concentration is added?
4.3.	List TWO ways in which the rate at which Cl2 is produced can be increased in BOTH test tubes.
Answer
4.1. Powdered MnO2 provides a greater surface area and more effective collisions are possible.
4.2. Rate won’t be affected. The concentration is the same.
4.3. Use HCl of higher concentration in both / Use more MnO2 in both / Use HCl of higher temperature in both / Use MnO2 powder in X / Use a suitable catalyst.
[image: ]
2 A burette or an inverted measuring cylinder may also be used to measure the change in volume of a gas. The gas is then collected over water.
















[image: ]













Changes in mass

If a gas is formed during the reaction, the total mass of the reaction mixture will decrease as the gas is released, thus the loss in mass of the mixture can be measure at regular intervals during the reaction. The reaction rate is expressed as the rate of loss in mass from the flask in e.g. g/unit time (g∙s-1) based on the initial gradient (see graph below).
CaCO3(s) + 2HCℓ(aq)   →    CaCℓ2(aq) + H2O(ℓ) + CO2 (g)
[image: ]



Changes in colour

In some reactions there is a change in colour which tells us that the reaction is occuring. The faster the colour change the faster the reaction rate.
When ethanoic acid (acetic acid) is titrated against sodium hydroxide, an indicator such as phenolphthalein is added. The solution is clear in an acidic solution and changes to pink when the reaction is completed (end point is reached). If the concentration of the base is increased, the colour change occur faster, showing that a higher concentration of base increased the reaction rate.
Change in turbidity (cloudiness)

Some reactions form a precipitate which becomes more opaque (cloudy) as more of the fine solid product is formed in the reaction mixture. 
The reaction between sodium thiosulphate and hydrochloric acid produces a yellow precipitate of fine sulphur. This makes the reaction mixture cloudy and prevents us from seeing clearly through the mixture. 

Experiments with sodium thiosulphate and hydrochloric acid

· Draw a big black cross on each of five pieces of white paper and place a conical flask (Erlen Meyer flask) on each cross.
· Different concentrations of the reactant (sodium thiosulphate) are poured into the conical flask marked A,B,C,D and E. The volumes of the sodium thiosulphate should be kept exactly the same (50 cm3) in each flask. 
· Add the same amount (10cm3) of HCℓ (aq) to each flask. 
· The cross below the conical flask will slowly disappear as more precipitate is formed.
In experiments to investigate the rates of reaction, the time taken for the cross to disappear is measured.

Sodium thiosulphate reacts with diluted hydrochloric acid to form a yellow sulphur precipitate. 

Na2S2O3(aq)  +  2Hℓ(aq)   →  2NaCℓ(aq)  +  H2O(ℓ)  +  SO2(g)  +  S(s)

[image: ]

[image: ]
Example 1


Method
1. Dissolve 4 g of Na2S2O3 crystals in 500 cm3 (0,5dm3) of water.
2. Calculate the concentration of the stock solution.


 n = == 0,025 mol


c = = = 0,05 mol.dm-3 (concentration of stock solution)

3. Use the stock solution to make up solutions with different concentrations (A, B, C, D, E) by adding water. Use the amounts of stock solution and water as prescribed in the table below.
Apply the following formula to calculate the concentration of the diluted Na2S2O3 (aq) (see last column): 









cdilVdil = cstockVstock

	Flask

	Na2S2O3 stock solution (cm3) (Vstock)
	Water added (cm3)
	Total volume (cm3) (Vdil)
	Concentration of diluted Na2S2O3
mol.dm-3 (cdil)

	A
	50
	0
	50
	0,05

	B
	40
	10
	50
	0,04

	C
	30
	20
	50
	0,03

	D
	20
	30
	50
	0,02

	E
	10
	40
	50
	0,01



Step 4:
Draw a big black cross on each of five pieces of white paper.
Place each flask with its diluted solution on the cross on the white paper.
Observe the cross from above through the solution.
Add 10 cm3 HCℓ (aq) quickly to the solution in the flask, and start recording the time while shaking the flask with its contents in a swirling motion.
Stop the watch when the cross becomes invisible through the solution.

Typical result	
Recording the results
	Volume of stock Na2S2O3(aq) (cm3)
	Concentration of diluted Na2S2O3
mol.dm-3 (cdil)
	Time, t, for the cross to disappear (s)
	
Rate of the reaction,  (s-1)

	50
	5 x 10-2
	43
	0,023 or 23 x 10-3

	40
	4 x 10-2
	55
	0,018 or 18 x 10-3 

	30
	3 x 10-2
	66
	0,015 or 15 x 10-3

	20
	2 x 10-2
	105
	0,0095 or 9,5 x 10-3

	10
	1 x 10-2
	243
	0,0041 or 4,1 x 10-3 


















Concentration vs rate of the reaction




Interpretation

Graph: Concentration vs time (s)
The higher the concentration of the reactants, the faster the reaction proceeds. OR
The higher the concentration the shorter the time in which the reaction is completed.

Graph: Concentration vs rate of the reaction ()
The higher the concentration of the reactants, the higher the rate of the reaction.

Example 2

The same reaction can be used to investigate the effect of temperature on the rate of a reaction.

Method
50 cm3 of sodium thiosulphate solution is poured into a conical flask placed on white paper with a cross.
10 cm3 of Hydrochloric acid is added. 
The time for the change to occur is recorded.
The experiment is repeated at different temperatures while the concentrations and volumes of the sodium thiosulphate and hydrochloric acid are kept constant.

Typical results
	Temperature in °C
	20
	30
	40
	50
	60
	70

	Time taken (s)
	163
	87
	43
	23
	11
	5

	
Rate of the reaction,  (s-1)
	6,1 x 10-3
	11,5 x 10-3
	23,3 x 10-3
	43,5 x 10-3
	90,9 x 10-3
	200 x 10-3



Graph: Temperature vs Time















Graph: Temperature vs rate of the reaction






Interpretation

Graph: Temperature vs time (s)

The higher the temperature of the reaction mixture, the faster the reaction proceeds OR
The higher the temperature the shorter the time in which the reaction is completed.


Graph: Temperature vs rate of the reaction ()
The higher the temperature of the reaction mixture, the higher the rate of the reaction.

	

1.1
1.2


















1.3



	[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTmvb5W3o3iVwoibBV6dgGW1cSvmySKmDtq6S6HPelleSIjW6OVN1fL4lQ][image: C:\Users\SiphoD\Desktop\DF\Induction Manual_ICT\ClipArt\thZX7NY9JD.jpg]10 minutes
Define the term reaction rate in words. 
Learners use the reaction between IMPURE POWDERED calcium carbonate and excess hydrochloric acid to investigate reaction rate. The balanced equation for the reaction is: 
CaCO3(s) + 2HCℓ(aq) → CaCℓ2(aq) + H2O(ℓ) + CO2(g)
They perform four experiments under different conditions of concentration, mass and temperature as shown in the table below. They use identical apparatus in the four experiments and measure the volume of gas released in each experiment. 
	
	Experiment

	
	1
	2
	3
	4

	Concentration of acid (mol·dm-3) 
	1
	0,5
	1
	1

	Mass of impure calcium carbonate (g) 
	15
	15
	15
	25

	Initial temperature of acid (°C) 
	30
	30
	40
	40


The results of experiments 1 and 3 are compared in the investigation. 
Write down the: 
	1.2.1	Independent variable 
	1.2.2 	Dependent variable 
Use the collision theory to explain why the reaction rate in experiment 4 will be higher than that in experiment 3.  
Learners obtain graphs A, B, C and D below for their results.
A
B
C
D
Vol CO2 (cm3)
Time (s)














	

(2)
















(1)
(1)
(3)

	
1.4
	Which ONE of the graphs (A, B, C or D) represents Experiment 1? Explain the answer by comparing Experiment 1 with Experiments 2, 3 and 4. 

	

(6)

	1.5
	When the reaction in Experiment 4 reaches completion, the volume of gas formed is 4,5 dm3. Assume that the molar gas volume at 40°C is equal to 25,7 dm3∙mol-1. 
Calculate the mass of the impurities present in the calcium carbonate.
	

(5)
[18]



	
	EXERCISE 2
	

	
	The graph below shows the decomposition of gas P according to the following equation: 
P(g) → 2Q(g) + R(g) ΔH < 0


Graph of concentration of P vs time


	

	2.1 
	Define the term rate of reaction in words by referring to the graph. 
	(2) 


	2.2 
	At which time, 10 s or 30 s, does the decomposition take place at a higher rate? Refer to the graph to give a reason for the answer. 
	
(2)
 

	2.3 
	Write down the initial concentration of P(g). 
	(1) 


	2.4 
	The decomposition is carried out in a 2 dm3 container.
 
Calculate the average rate (in mol·s-1) at which P(g) is decomposed in the first 10 s. 
	(6) 

	2.5 
	Draw a potential energy diagram for the reaction. Clearly indicate the following on the diagram: 
• Positions of the reactants and products 
• Activation energy (Ea) for the forward reaction 

	(3) 

	2.6 
	An increase in temperature will increase the rate of decomposition of P(g). 
Explain this statement in terms of the collision theory. 


		(2) 


	  [16] 





	
	EXERCISE 3
	

	
	A hydrogen peroxide solution dissociates slowly at room temperature according to the following equation: 
2H2O2(aq) → 2H2O(ℓ) + O2(g)
During an investigation, learners compare the effectiveness of three different catalysts on the rate of decomposition of hydrogen peroxide. They place EQUAL AMOUNTS of sufficient hydrogen peroxide into three separate containers. They then add EQUAL AMOUNTS of the three catalysts, P, Q and R, to the hydrogen peroxide in the three containers respectively and measure the rate at which oxygen gas is produced. 
	

	3.1 
	For this investigation, write down the: 

	

	 
	3.1.1        Independent variable 
3.1.2        Dependent variable 
	(1) 
(1)
 

	
	The results obtained are shown in the graph below. 


	

	3.2 
	Which catalyst is the most effective? Give a reason for the answer. 
	(2) 

	3.3 
	Fully explain, by referring to the collision theory, how a catalyst increases the rate of a reaction. 

In another experiment, the learners obtain the following results for the decomposition of hydrogen peroxide: 
	TIME (s)
	H2O2 CONCENTRATION (mol∙dm-3)

	0
	0,0200

	200
	0,0160

	400
	0,0131

	600
	0,0106

	800
	0,0086



	
(3) 

	3.4 
	Calculate the AVERAGE rate of decomposition (in mol∙dm-3·s-1) of H2O2(aq) in the first 400 s. 
	(3) 

	3.5 
	Will the rate of decomposition at 600 s be GREATER THAN, LESS THAN or EQUAL TO the rate calculated in QUESTION 6.4? Give a reason for the answer. 
	(2) 

	3.6 
	Calculate the mass of oxygen produced in the first 600 s if 50 cm3 of hydrogen peroxide decomposes in this time interval. 

		(5) 

	[17] 




	
	













EXERCISE 4

	

	
	The apparatus shown below is used to investigate the rate at which hydrogen gas is produced when a certain amount of zinc reacts with an excess of a dilute hydrochloric acid solution.     Z
Y
Stopwatch
Retort stand
  Delivery tube
   HCℓ(aq)
           Zn



[image: ]

	

	
	

The reaction that takes place is represented by the following balanced equation: 
2HCℓ(aq) + Zn(s) → ZnCℓ2(aq) + H2(g) 
	

	4.1 
	Write down the name of the flask labelled  Z. 
	(1) 

	4.2
	Write down ONE function of the item of apparatus labelled Y in THIS investigation.
	(1)

	
	Two experiments are conducted using the apparatus above. The conditions for each experiment are given in the table below. 
	
	Experiment 1 
	Experiment 2 

	Zinc 
	powdered 
	powdered 

	Hydrochloric acid 
	0,1 mol∙dm-3 
	0,2 mol∙dm-3 

	Temperature 
	25 °C 
	25 °C 



	

	
4.3 
	
FROM THE TABLE ABOVE, write down: 
	

	
	4.3.1    The independent variable for this investigation 
	(1)

	
	4.3.2    ONE controlled variable 
	(1)

	
	The volume of hydrogen gas produced is measured in each experiment. The graphs below show the results obtained. 


	

	4.4 
	Which graph, P or Q, represents Experiment 2? Refer to the data given in the table, as well as the shape of the graph, to explain how you arrived at the answer. 
	(3) 

	4.5 
	Give a reason why the rate of hydrogen production slows down towards the end in both experiments. 
	(1) 

	4.6 
	Calculate the mass of zinc used to prepare 0,24 dm3 of hydrogen gas at room temperature. Assume that 1 mole of hydrogen gas has a volume of 24,04 dm3 at room temperature. 
	

(6)
[14]
 

	
	
EXERCISE 5

	

	
	Calcium carbonate chips are added to an excess dilute hydrochloric acid solution in a flask placed on a balance as illustrated below. The cotton wool plug in the mouth of the flask prevents spillage of reactants and products, but simultaneously allows the formed gas to escape. 
The balanced equation for the reaction that takes place is: 
CaCO3(s) + 2HCℓ(aq) → CaCℓ2(aq) + CO2(g) + H2O(ℓ)Cotton wool plug
Diluted hydrochloric acid
Gas bubbles
Calcium carbonate chips
Balance

[image: ]
	

	5.1 
	Write down the NAME of the gas that escapes through the cotton wool plug while the reaction takes place. 
	
(1) 

	
	The loss in mass of the flask and its contents is recorded in intervals of 2 minutes. The results obtained are shown in the graph below. 


	

	5.2 
	From the graph, write down the following: 
	

	
	5.2.1  The coordinates of the point that represents results that were measured incorrectly. 
	(1) 

	
	5.2.2   How long (in minutes) the reaction lasts 
	(1) 

	
	5.2.3   How long (in minutes) it takes 75% (three quarters) of the reaction to occur 
	(1) 


	5.3 
	The experiment is now repeated using hydrochloric acid of a higher concentration. It is found that the rate of the reaction INCREASES. Use the collision theory to explain this observation. 
	(2) 

	5.4 
	How would a higher concentration of hydrochloric acid affect the following: 
(Write down only INCREASES, DECREASES or REMAINS THE SAME.) 

	

	
	5.4.1    Loss in mass per unit time 
	(1) 


	
	5.4.2    Total loss in mass 
	(1) 


	
	5.4.3    Time for the reaction to reach completion 
	(1) 


	5.5 
	Apart from concentration and temperature changes, write down TWO other changes that can be made to increase the rate of this reaction. 

	(2) 

	
	EXERCISE 6
	

	
	
A group of learners use the reaction between zinc and sulphuric acid to investigate one of the factors that affects reaction rate. The equation below represents the reaction that takes place. 
Zn(s) + H2SO4(aq) → ZnSO4(aq) + H2(g)
They add 6,5 g of zinc granules to excess DILUTE sulphuric acid and measure the mass of zinc used per unit time. The learners then repeat the experiment using excess CONCENTRATED sulphuric acid. 

The learners then repeat the experiment using excess CONCENTRATED sulphuric acid. 

	

	6.1 
	Define the term reaction rate. 
	(2) 

	6.2 
	Give a reason why the acid must be in excess. 
	(1) 

	6.3 
	Write down a hypothesis for this investigation. 
	(2) 

	6.4 
	Give a reason why the learners must use the same amount of ZINC GRANULES in both experiments. 
	
(1) 

	
	The results obtained for the reaction using DILUTE sulphuric acid are represented in the graph below. 




	

	6.5 
	Using the graph, calculate the mass of zinc used from t = 0 s to t = 60 s. 
	(4) 

	6.6 
	Calculate the average rate of the reaction (in gram per second) during the first 60 s. 
	(2) 

	6.7 
	Copy the above graph into your ANSWER BOOK. ON THE SAME SET OF AXES, use a dotted line to show the curve that will be obtained when concentrated sulphuric acid is used. Label that curve P (no numerical values are required). 

	
(2) [14]

	
	
EXERCISE 7

	

	
	
Learners use copper(II) oxide POWDER to decompose hydrogen peroxide. They add 1 g copper(II) oxide to 100 cm3 hydrogen peroxide in a flask connected to a deliverytube. The reaction that takes place is represented by the following balanced equation:                           2H2O2(ℓ)    2H2O(ℓ) + O2(g)

	

	7.1 
	Write down the name of ONE item of apparatus that can be used to measure the volume of the gas produced. 

	
(1) 

	
	The volume of oxygen gas produced is measured every 10 seconds. The results obtained are shown in the graph below. 
[image: ]

	

	7.2 
	Use the graph to determine the volume of oxygen gas collected in the container at 15 seconds. 
	
(2) 


	7.3 
	How does the rate of the reaction change between t = 40 s and t = 70 s? Write down only INCREASES, DECREASES or REMAINS THE SAME. Refer to the graph to explain the answer. 
	

(2) 


	7.4 
	What is the function of the copper(II) oxide in this reaction? 
	(1) 


	7.5 
	Apart from oxygen, write down the NAMES or FORMULAE of TWO substances present in the flask after 90 seconds. 
	
(2)

	7.6 
	The learners found that oxygen is produced at a slower rate when 1 g of a SOLID LUMP of copper(II) oxide is used. Fully explain this observation. 
	
(2) 

	7.7
	Write down a reason for the shape of the graph between t =70 s and t = 90 s
	(2)
[12]




CHEMICAL EQUILIBRIUM AND EQUILIBRIUM CONSTANT.
[image: Two happy stick-people shaking hands] Orientation of Objectives
· Explain what is meant by:
· Open and closed systems
· A reversible reaction
· Dynamic equilibrium
· Write down an expression for the equilibrium constant having been given the equation for the reaction.
· Perform calculations based on Kc values.
Explain the significance of high and low values of the equilibrium constant

There exists a group of reactions, which the direction of chemical change can be easily reversed by changing the conditions under which the reaction is taking place. If the reaction takes place in a closed container, some of the original reactants will remain with the products. In this case a state of chemical equilibrium can be reached.
[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]
Open system
An open system is a state of a system, in which a system continuously interacts with its environment. A reactant or product may enter or leave the reaction container.
Closed system
A closed system is a system in the state of being isolated from its surrounding environment. No chemical is allowed to enter or leave the reaction.
Ordinary evaporation is a surface phenomenon - some molecules have enough kinetic energy to escape. If the container is open the evaporation will continue until all, the liquid is evaporated (figure below).

[image: ]
What happens if the container is closed?

The process of evaporation in a closed container will proceed until there are as many molecules returning to the liquid as there are escaping. At this point the vapour is said to be saturated and dynamic equilibrium is reached (figure below). 

[image: ]When dynamic equilibrium is established two opposing processes are occurring at the same rate (evaporation and condensation).   



Some reactions take place in only one direction, for example: wood that burs becomes ash, but the ash cannot become wood again. This type of reaction is called irreversible. However, there are some reactions in which the products can change back into reactants; in this case the reaction is called reversible.
A reversible reaction involving two reactants and two products can be expressed symbolically as
nA + mB[image: ]xC + yD
A and B can react to form C and D or, in the reverse reaction, C and D can react to form A and B. 
Suppose that n molecules of substance A can react with m molecules of a substance B to produce x and y molecules respectively of products C and D, the system being homogeneous (i.e. entirely liquid or entirely gaseous).
nA + mB[image: ]xC + yD
As soon as a little of C and D is formed, a reverse action will begin. At first the forward reaction will predominated, but, as C and D accumulate, the reverse reaction will build up until an equilibrium position is reached with forward and reverse reactions proceeding at the same rate. The composition of the mixture will then appear constant, though it is the net result of the two opposing reactions, not a static situation.
Although the state of affairs in such a reaction is described as an equilibrium situation, it is not the common idea of equilibrium normally encountered in everyday life. Thus, when a book is placed upon a table, it may be said to be in state of equilibrium; when two children balance one another on a see-saw, they may be said to be in equilibrium with one another. However, chemical reactions in equilibrium are quite different from these examples. Since chemical equilibrium involves the balancing of two reactions which are occurring at the same time in opposite directions it is said to be a dynamic equilibrium-that is, it is an equilibrium involving the constant interchange of particles in motion.
· Equilibrium: the rate of the forward reaction is equal to the rate of the reverse reaction.
· Dynamic: the reaction does not stop

In the reaction:
H2(g)   +    I2(g)    [image: ]   2HI(g) 
H2 gas and I2 vapour are mixed in a closed container.  As the reaction proceeds the concentrations of the H2 and I2 decrease and the rate of forward reaction decrease. The concentration of HI increases and the rate of the reverse reaction increase.  After a certain time the rate of forward reaction is the same as the rate of reverse reaction and a chemical equilibrium exist.  This can be shown in a graph below.

[image: ]
It is important to bring out that. 
1 Forward reaction: At the beginning there is only hydrogen and iodine in the container. Their concentrations are therefore high and the reaction to the right (forward reaction) will proceed rapidly. As the hydrogen and iodine combine and become used up, their concentration decrease and the forward reaction proceeds more and more slowly.

H2(g)   +   I2(g)    →         2HI(g)     ΔH  =  - 21 kJ (exothermic)
2 Reverse reaction: At start of the reaction, as described above, no hydrogen iodide has yet been formed. The concentration of the hydrogen iodide is therefore zero. However, as soon as the forward reaction begins, hydrogen iodide is formed as a product. Initially very little hydrogen iodide is formed and its concentration is very low, and the reverse reaction will proceed very slowly. While more hydrogen iodide is being formed as a result of the forward reaction, the concentration of hydrogen iodide increase and hence the rate of reverse reaction increases too. 
 
2HI(g)             H2(g)  +   I2(g)        ΔH = 21 kJ  (endothermic)

 3	At equilibrium: A stage will be reached at which the rates of the forward and reverse reactions will be exactly equal, i.e. at which the hydrogen iodide  formed decomposes as rapidly as the hydrogen and iodine combine with each other. At this stage, represented by the point of intersection of the two curves, the concentration of the hydrogen, iodine and hydrogen iodide will remain constant. It would therefore appear as though the reactions have stopped. The two opposing reactions, however, are still continuing, but at precisely the same rate, and the system is therefore in state of dynamic equilibrium. 
  A reversible reaction is indicated with double arrow as shown below.
	
H2(g)  +   I2(g) [image: ]2HI(g)        

Conditions for equilibrium: The chemical reaction must be reversible and the system must be closed.
Equilibrium Constant.

When a chemical equilibrium is reached in a closed system, the rates of forward and reverse reaction are the same and the concentration of reactants and products remain constant. 
Let’s look at a general case with the equation:
nA + mB  [image: ] xC + yD
No phase symbols have been given, but they will be all (g), or all (l), or all (aq) if the reaction was between substances in solution in water.
If this reaction reaches equilibrium and then we measure the equilibrium concentrations of everything, you can combine these concentrations into an expression known as equilibrium constant.
The equilibrium constant always has the same value (provided you don't change the temperature), irrespective of the amounts of A, B, C and D you started with. It is also unaffected by a change in pressure or whether or not you are using a catalyst.


Kc= equilibrium constant (“c” shows that it is in terms of concentration)
The square brackets show concentration in mol·dm-3
The indices are the numbers in front of each substance in the chemical equilibrium.
The convention is that the substances on the right-hand side of the equation are written at the top of the Kc expression, and those on the left-hand side at the bottom.
The value of this equilibrium constant is constant at a particular temperature and is indicated by a number without units. 
· A large value of Kc indicates that many products were formed and the equilibrium lies to the right. 
· A small value of Kc indicates that a small amount of products are formed and the equilibrium lies to the left. 
· The equilibrium constant is of particular importance for determining the effectiveness of industrial processes. 


When all the substances are in the same phase, the system is homogeneous.  If the substances are in different phases the system is heterogeneous. 

For a heterogeneous reaction between solids and gases the equilibrium constant only includes the values of the concentration of the gases because the concentration of the solids substances does not change and they are not included in the equilibrium constants.  For pure solids and liquids the concentration is equal to the unit and they are constant. For example the following reactions:

1. Ca CO3 (s)  CaO(s) + CO2 (g)

KC= [CO2]

2.       HCl(g)    +     H2O(l)                 H3O+(aq)   +     Cl-(aq) 
  



[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTmvb5W3o3iVwoibBV6dgGW1cSvmySKmDtq6S6HPelleSIjW6OVN1fL4lQ]Example 1
Consider the situation where some H2(g) and I2(g)  are sealed in a flask initially they will be a fast forward reaction. However as the H2(g) and I2(g) are used up, their concentration decreases. Therefore, the rate of the forward reaction decreases.
As more and more product is formed the concentration of the product increases. Therefore the rate of the reverse reaction increases. 
When the rate of forward reaction is equal to the reverse reaction the system has reached chemical equilibrium (graph bellow).

2HI (g)
H2(g)    
I2(g)  









	The balanced equation is the following: 

H2(g)    +  I2(g)    2HI (g) 

Calculating the equilibrium constant





Example 2
An equilibrium mixture of CO2(g), H2(g), CO(g) and H2O(g). At 100o C is analysed and it is found that: [CO]=3mol.dm-3, [H2O]=7,2 mol.dm-3, [CO2]=2,4 mol.dm-3 and [H2]=4,5 mol.dm-3. Calculate Kc at 100oC for the reaction:
CO2(g) + H2(g)       CO(g) + H2O(g)



Kc = 2
Example 3
A mixture of 0,3 mol H2  and 0,2  mol O2 is placed in a closed container  with a volume   of 200 cm3. This reaction reaches equilibrium at 50 0C and there is 0,1 mol H2 left in the container. Determine the equilibrium constant of the reaction.
Solution
First write down the balance equation of the reaction.

Tabulate all the information
	                                                        2 H2(g)      +                    O2(g)                        2H2O(g)


	Mol ratio
	2
	1
	2

	Number of moles at start
	0,3
	0,2
	0 (initially no products)

	Number of moles used/produced(according to mole ratio)
	-2x
-2(0,1)
[0,3 -0,2= 0,1]
	-x
(-0,1)
	+ 2x
(+2)

	Number of moles at equilibrium
	0,1
	0,2-x=0,2-0,1=0,1
	    2x=2(0,1)= 0,2

	Concentration at equilibrium in (mol·dm-3)
	

	

	






To calculate the number of moles used /produced:

number of moles (initially)  number of moles used/number of moles produced= number of moles (at equilibrium)
H2:        0,3 - 2x = 0,1
Therefore, 
number of moles used 2x = 0,2
X= 0,1
O2: moles at (equilibrium) = 0,2 – x = 0,2 – 0,1 = 0,1
Or 
H2 : O2 : H2O
1 :  1  :  2
Therefore the amount of O2 used is half of the H2 used
H2O:   mol (at equilibrium)= 0 + 2 (0,1)= 0,2 mol
Or
The amount of H2O produced = amount of H2 used




[image: http://png.clipart.me/graphics/thumbs/214/summer-sports-icon-volleyball-icons_214110949.jpg][image: C:\Users\SiphoD\Desktop\DF\Induction Manual_ICT\ClipArt\thZX7NY9JD.jpg] 10 minutes
Activities
Question 2
Multiple-choice questions

Four options are provided as possible answers to the following questions. Each question has only one correct answer. Choose the correct answer.
2.1 Which one of the following equations correspond with the equilibrium constant 

Kc=

A		2NH3(g)  N2(g) + 3H2(g)
B		½ N2(g) + 3/2 H2(g)  NH3(g)
C		N2(g) + 3H2(g)   2NH3(g)


D		N2(g) + H2(g) NH3(g)
Answer
2.1 C	

Question 3
The following graph shows the change of reaction rate during time for a system that reached the chemical equilibrium state.
Rate of reaction 
(mol. dm-3.s-1)

 10          0       10        20          30          40    t (s)











3.1	At what time the equilibrium state is reached?
3.2	What is chemical equilibrium?
3.3	Why the chemical equilibrium it said to be dynamics?
3.4	Indicate in the graph with 1, where the rate of the forward reaction is greater.
3.5	What happens to the rate of reaction during time? Explain.
3.6	What are the conditions required for a chemical reaction to reach dynamic equilibrium?
Answer

3.1. 	At 20 s
3.2.   State in which the rate of the forward reaction is equal to the rate of the reverse reaction.
3.3. The reaction does not stop, but continues in both directions and all the concentrations remain the same. Not macroscopic changes are observed but microscopic changes are occurring (changes at molecular level).



Rate of reaction 
(Mol. dm-3)

 10          0       10         20          30        40    t (s)
 1




3.4.




3.5. When the reaction begins the concentration of the reactants is high, and the forward reaction rate is high. There is no product at the start so only the forward reaction takes place.  As the reactants are used up, the rate of the forward reaction decreases. As more and more product molecules are formed, the rate of the reverse reaction increases. Eventually, the rate of the reverse reaction equals the rate of the forward reaction and the system has reached dynamic equilibrium. 
3.6.  The reaction must be reversible and the system must be closed.
Question 4
The graph bellow shows the change of concentration during time for the following system in equilibrium.
A(g) + B(g)  AB(g)
B(g)
 10          0       10        20         30          40    t (s)
Concentration 
(mol·dm-3)

  10
  20
  30
A(g)





AB(g)




4.1	What is the maximum concentration of the reactants?
4.2	What is the concentration of the reactants and the product when the equilibrium is reached?
4.3	What does occur to the concentration of A, B and AB after 20 s the reaction started? 
4.4	How does the equilibrium state is recognized? 
Answer
4.1. 	For A 30 mol·dm-3
	For B 25 mol·dm-3
4.2. 	A= 20 mol·dm-3
B= 15 mol·dm-3
AB= 10 mol·dm-3
4.3.	It is constant.
4.4.	It is recognized because the concentration is constant. The rate of   reaction does not change.

Question  5
3.00 moles of pure SO3(g) are placed in a  sealed container of 8.00 dm3 at 1105 K. At equilibrium, 0.58 mol of O2(g) has been formed at 1105 K.
The balanced equation for the reaction is: 

2SO3(g)       2SO2(g) + O2(g)
(a) Calculate Kc.

Solution
· Decide on the initial amounts in moles of reactants and products. 
· Decide on the change in moles of each reactant and product for equilibrium to be reached. 
· Work out the number of moles of each reactant and product at equilibrium (what is the value of y below?). 
· Work out the concentration in mol·dm-3 of each reactant and product at equilibrium. 
Set out your working in an 'equilibrium table' like this:


	  
	2SO3(g) 
	
	2SO2(g) 
	+ 
	O2(g) 

	Ratio
	2
	
	2
	
	1

	Initial moles 
	3.00 
	  
	- 
	  
	- 

	Change/used/formed
 
	-2x 
 -2 x (0,58)= 1,16

	  
	+2x
(2x(0,58)= 1,16)
	  
	+x 

	Equilibrium moles 
	3 - 1,16 =
1,84
	  
	1.16 
	  
	0.58 

	Equilibrium concentrations 


	1.84)/8.00 =0.23
	  
	1.16/8.00=0.145 
	  
	0.58/8.00 =0.0725 


x = 0,58
2x = 2 x 0,58 = 1,16
· Write the equilibrium expression for the reaction in terms of Kc, and substitute the equilibrium concentrations as appropriate to calculate its value. 





OR
 Kc= 0,029
Le Chatelier’s principle. Factors influencing equilibrium.
[image: Two happy stick-people shaking hands] Orientation of Objectives

· List the factors which influence the value of the equilibrium constant.
· State Le Chatelier’s principle. Use Le Chatelier’s principle to identify and explain the effects of changes of pressure, temperature and concentration on the concentrations and amounts of each substance in an equilibrium mixture. Explain the use of a catalyst and its influence on an equilibrium mixture. 
· Apply the rate and equilibrium principles to important industrial applications.

[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]
Chemical equilibrium is a very delicate system that represents a perfect balance between forward and reverse reaction. A small disturb in the equilibrium may shift the equilibrium position either to right forming more products or to left forming more reactants. This reaction by the system is of course temporary and eventually the system will come back to equilibrium. This phenomenon can be expressed in the form of Le Chatelier’s Principle.

If a reaction is at equilibrium and the conditions are changed so as to create a new equilibrium state, then the composition of the system will tend to change until that the new equilibrium state is attained.
In 1884, the French chemical engineer and teacher Henri Le Châtelier (1850-1936) showed that in every such case, the new equilibrium state is one that partially reduces the effect of the change that brought it about.
Le Châtelier’s principle: if the conditions of a system in equilibrium are changed, the equilibrium shifts in the direction that will oppose the change.
Or
If the chemical system is in equilibrium and one of the factors involved in the equilibrium is altered, the equilibrium will shift so as to tend to annul the effect of the change.
There are three factors that modify the equilibrium state.
· Concentration of the reactants or the products.
· Pressure.
· Temperature.
In the two first cases: The change in concentration and pressure provoke the transition to a new equilibrium state, in which there is a rearrangement of the concentrations in such a way the equilibrium constant does not change.
When temperature changes it promotes a new equilibrium state, in which for the same temperature there is a new value of the equilibrium constant and the concentrations are rearranged according to this new value.
Let’s go to apply Le Châtelier principle to the following examples.

Example 1
Change of concentration.

Consider the following system at equilibrium:
H2(g) + I2(g)   2 HI(g)

Assume that more hydrogen gas is injected into the container. Because the H2 concentration increases, the system is no longer in its equilibrium state.
H2(g) + I2(g)2 HI(g)

add
decrease
shift
increase





According to the Le Châtelier’s principle, the net reaction will be in a direction that tends to reduce the effect of the added H2. This can occur if some of the H2 is consumed by reacting with I2 to form more HI; in other words, a net reaction occurs in the forward direction. The equilibrium shifts to the right. [image: ]
Disruption and restoration of equilibrium (graph on the left).The concentrations of the three components do not change with time because the system is at equilibrium. When more hydrogen is added to the system, the equilibrium state is disturbed. The system moves to a new equilibrium state (right) in which the quantity of hydrogen iodide has increased; in the process, some of the I2 and H2 are consumed. The new equilibrium state contains more hydrogen than in the initial state.







Example 2
Change in pressure
Gas volume is related to gas pressure, a gas at reduced volume has a higher pressure, a gas at increased volume has a lower pressure. 
Consider the following gaseous equilibrium system: 
	2NO2(g)
(colourless)
	[image: http://www.ausetute.com.au/../images/eqlarrow.gif]
 
	N2O4(g)
(red-brown)


2.1. Increasing the volume of this equilibrium system is equivalent to reducing the pressure, so the equilibrium position moves to the side of the reaction that has the most gas particles in order to increase the pressure. The equilibrium position shifts to the left producing more NO2(g) by consuming N2O4(g).The system becomes less red-brown in colour. 
2.2. Reducing the volume of this equilibrium system is equivalent to increasing the pressure, so the equilibrium position moves to the side of the reaction that has the least gas particles in order to reduce the pressure. The equilibrium position shifts to the right producing more N2O4(g) by consuming more NO2(g). The system becomes a darker red-brown.
Example 3
Change in temperature
3.1. For the oxidation of nitrogen, an endothermic process, we can write
N2(g) + O2 (g) [image: http://www.ausetute.com.au/../images/eqlarrow.gif] 2 NO(g)         ΔH>0
Suppose this reaction is at equilibrium at some temperature T1 and we raise the temperature to T2. According to the Le Châtelier’s principle the net reaction will occur in the direction that will partially counteract this change. Since the reaction is endothermic, a shift of the equilibrium to the right will take place.
[image: ]
· Increasing the temperature of the equilibrium system will shift the equilibrium position to the side that does not include the energy term in order to reduce the temperature (that is to the right). More NO (g) product are produced, since N2(g) and O2 (g) will be consumed. The equilibrium constant increases.
· Reducing the temperature of the equilibrium system will shift the equilibrium to the left in order to increase the temperature. NO (g) will be consumed in order to produce more N2(g) and O2(g). The equilibrium constant decreases.

3.2. Exothermic Equilibrium Systems 
Consider the following reaction at equilibrium: 
N2(g) + 3 H2 (g)  2NH3(g)      ΔH<0
· Increasing the temperature of this equilibrium system the equilibrium constant decreases and it means that the concentration of the reactants has increased.  Increasing the temperature of this equilibrium system shifts the equilibrium position to the left.
· Reducing the temperature of this equilibrium system the equilibrium constant increases it means that the concentration of the products increases. Reducing the temperature of this equilibrium system shifts the equilibrium position to the right.
· The teacher can use the figure below illustrate the effect of a change in temperature on endothermic and exothermic reactions.

Endothermic (ΔH>0)Reactants   +      Heat     Products
Consume some of 
the  added heat
Add





Reactants   +      Heat     Products
Generates some of 
the “lost” heat
Removed



 

Exothermic(ΔH<0)Reactants       Products     +     heat
                                  Generates some of 
                                    the “lost” heat
Removed
Reactants       Products     +     heat
                                 Consume some of 
                                    the added heat
Add








The addition of a catalyst will have no effect on the equilibrium of a chemical reaction because the rate of the forward and reverse reaction will change in the same amount.  
When a catalyst is used the reaction takes place with lower activation energy that’s why the rate of the forward and reverse reactions increases then the condition of equilibrium will be reached sooner but   Kc will not change. 

· important industrial applications.
· Haber process 
· The nitrogen and hydrogen react according to the equation:
· N2(g)    +    3H2(g)               2NH3(g)        ΔH= -92 kJ 
· The catalyst used in the Haber process consists of small pieces of activated iron.
· As shown by the equation, the reaction between nitrogen and hydrogen is reversible.
· In fact, under normal conditions, the equilibrium lies very much to the left, which means that the yield of ammonia is very small. The yield can, of course, be improved by changing the conditions. Let us apply Le Chatelier’s principle.
· Effect of pressure 
· N2(g) + 3H2(g)      2NH3
· 4 moles                  2 moles
· An increase in pressure will tend to make the equilibrium to shift in the direction which causes a decrease in pressure that is from left to right. This means that N2(g) and H2(g) will combine to form ammonia. The Haber process uses high pressures of 250-1000 times atmospheric pressure to increase the yield of ammonia.

· Effect of temperature
N2(g) + 3H2(g)      2NH3(g)   )    Δ H= -92 kJ 
The reaction between N2(g) and H2(g) is exothermic. A decrease in temperature will tend to make the equilibrium to shift in the direction which causes an increase in temperature, that is from left to right, this favours the formation of ammonia (Kc increases).
In practice, low temperatures slow up the rate of the reaction too much, so the Haber process uses temperatures in the region of 450-500oC. Temperatures of this order result in a 40 per cent yield of ammonia. However, un-reacted gases can be recirculated into the reaction chamber, so that there is no wastage of the reactants. In the Haber process, the ammonia is continually removed as it is formed by liquefying it, the reasons for this are:
Firstly, removal of the ammonia will stop it from decomposing.
Secondly, constant removal of the ammonia means that more ammonia is always being formed in an attempt to establish equilibrium.
Contact process
The sulphur dioxide and oxygen react according to the equation:
V2O5(cat)
2SO2(g)  +   O2(g)     2SO3(g)          ΔH = -385 kJ 

Let us apply the Le Chatelier’s principle to the sulphur dioxide/sulphur trioxide system.
· Effect of pressure
2SO2(g) + O2(g)      2SO3(g)
3 moles                        2 moles
Pressure is the result of gas molecules hitting the walls of the vessel in which the gas is contained. Obviously the greater the number of molecules in a given volume, the greater the pressure will be. If pressure of the sulphur dioxide/sulphur trioxide system increases, According to the Le Chatelier’s principle, the equilibrium will shift in the direction to try to reduce this pressure. A reduction in pressure can be achieved by reducing the number of molecules, in other words by shifting the equilibrium to the right. In this way more sulphur dioxide is converted into sulphur trioxide. We would expect increased pressure to favour the formation of sulphur trioxide, and decreased pressure to favour the formation of sulphur dioxide. In practice, the contact process can reach a satisfactory 98% yield of sulphur trioxide without a resource to increase the pressure above atmospheric.
· Effect of temperature
                           V2O5(cat
2SO2(g)  +   O2(g)2SO3(g)          ΔH = -385 kJ 

The SO2/SO3 system is one which gives out heat in the conversion of sulphur dioxide to sulphur trioxide. If the temperature of the system is increased, then by the Le Chatelier’s principle, the equilibrium will shift to try to reduce this temperature. A reduction in temperature can be achieved by converting SO3(g) into SO2(g), as this reaction requires heat we would expect high temperatures to favour the formation of SO2 and low temperatures to favour the formation of SO3(g). In fact at low temperatures, the reaction rate becomes very slow, and the most economic temperature lies somewhere between 600o C and 400oC.

[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTmvb5W3o3iVwoibBV6dgGW1cSvmySKmDtq6S6HPelleSIjW6OVN1fL4lQ][image: C:\Users\SiphoD\Desktop\DF\Induction Manual_ICT\ClipArt\thZX7NY9JD.jpg]10 minutes
Activities
Question 1

 Consider the following equilibrium reaction 
N2(g) + 3 H2(g)  2NH3(g)      ΔH<0
 (a). What happens if we increase the concentration of N2 by adding more N2? 
(b). What happens if we increase the concentration of H2 by adding more H2? 
( c) What happens if we increase the concentration of NH3 by adding more NH3? 
(d). What happens if we decrease the concentration of N2 by removing some N2? 
(e). What happens if we decrease the concentration of H2 by removing some H2? 
(f). What happens if we decrease the concentration of NH3 by removing some NH3? 

Answer 

 (a) and (b). The answers to question (a) and (b) are the same. If we add either N2 or H2, we increase the collisions between N2 and H2 thereby forming more product NH3. This is how the equilibrium counteracts the applied stress; we say the equilibrium shifts from left to right. 
(c ) If we add more NH3, we increase the concentration of NH3. As a result, some NH3 decomposes and forms more reactants. We say the equilibrium shifts from right to left. 
(d) and (e). The answers to question (d) and (e) are the same. If we remove either N2 or H2, now there is less concentration of N2 and H2. To offset the applied stress, the equilibrium shifts from right to left. 
(f) If we remove some NH3, the equilibrium shifts from left to right to counteract the applied stress.

Question 2
Consider the following equilibrium reaction in a closed system:
CO2(g) + H2(g)  CO(g) + H2O(g)     ΔH<0
2.1. 	Name any two factors that could disturb the equilibrium in this system.
2.2. 	State three methods to reduce the concentration of H2.
2.3. 	Explain why a change in pressure will have no effect on the equilibrium.
Answer
2.1. 	Temperature and concentration.
2.2.	 Decrease in temperature
Increase of the concentration of CO2
Decrease the concentration of CO.
2.3. The number of moles of reactants and products are equal at equilibrium. So neither the forward reaction nor the reverse reaction will be favoured by a change in pressure.

Question 3
Consider the following reaction that has reached equilibrium.
N2(g) + 2CO2(g)  2NO(g) + 2CO2(g)     ΔH>0
Sate and explain how the amount of CO2(g) will be affected if the following changes are made to conditions surrounding the equilibrium: 
3.1. The temperature is decreased.
3.2. The pressure is increased at constant temperature.
3.3. A suitable catalyst is added.
3.4. More CO2 is pumped.
3.5. Some NO(g) is removed. 

Answer.
3.1. The amount of CO(g) will decrease. This is because tthe reverse reaction is favoured and the equilibrium shifts  to the LHS.
3.2. The amount of CO(g) will decrease. In order to lower the pressure, the system shifts to the LHS. This will favoured the formation of fewer gas molecules and lead to a lower pressure. 
3.3. The amount of CO(g) will not change. The equilibrium is not disturbed, as both the forward and reverse reaction rates increase by the same amount.
3.4. The amount of CO(g) will increase. This is because the forward reaction is favoured as the system tries to decrease the concentration of CO2.
3.4. The amount of CO(g) will increase. This is because the forward reaction is favoured as the system tries to increase the concentration of NO. 






GRAPHS ON CHEMICAL EQUILIBRIUM.
[image: ]

STEPS WHEN INTERPRETING OR DRAWING GRAPHS OF EQUILIBRIUM.

· 
· Identify the change in the conditions (concentration, temperature and pressure).
· The time at which the conditions were changed.
· Time taken to establish the first, second, etc. equilibrium.
· Compare the forward and reverse reactions in terms of the rate of the forward and reverse reactions and in terms of the Kc-value.
· Reaction rate of forward reaction > reaction rate of the reverse reaction, implies that [reactants] decrease and [products] increase. (Kc >1).
· Reaction rate of forward reaction = reaction rate of the reverse reaction, implies that equilibrium is established. No change in the [reactants] and [products]. (Kc = 1).
· Reaction rate of forward reaction < reaction rate of the reverse reaction, implies that [reactants] increase and the [products] decrease. (Kc < 1).

· Describe any change in conditions (concentration, temperature and pressure) in terms of Le Chatelier’s principle.
· 
Calculate the Kc-value. (If moles or mass are given it should be converted to concentration using  or  respectively).
· Take note of variables e.g pressure and concentration that do not influence the Kc-value. In this case Kc1 = Kc2.
· Take note of the change in Kc-value with a change in temperature.
· The ratio at equilibrium of reactants to products on the graph should be the same as the mole ratio in the balanced equations.
· If the [reactants] is higher than the [products] at equilibrium then 
· (Kc < 1) but if the [products] are higher than the [reactants] then (Kc >1). (See       temperature graphs).
· The teacher must use the following summary to explain how to interpret graphs.(if it is possible to give each learner a copy of it).






	Direction in which equilibrium shifts

	Imposed disturbance.
	Effect on system.

	Temperature

	Increase
	Favours the endothermic reaction (that  increase absorbs the applied energy and so counteracts the change (increased temperature)

	decrease
	Favours the exothermic reaction (that decrease once again releases energy and so counteracts the change (drop in
temperature)

	Concentration (of liquids)

	increase in concentration of a liquid
	Favours the reaction that uses up the
substance

	decrease in concentration of a liquid
	Favours the reaction that forms more of the substance

	Thus:
increase in reactant concentration or decrease in product concentration
	Favours the forward reaction that uses up reactants and forms more products

	decrease in reactant concentration or increase in product concentration
	Favours reverse reaction that decomposes the products to form more reactants

	Pressure (in gases)

	Increase
(by reducing the volume, the pressure and concentration are increased.


	Favours the reaction with the least gas molecules (number of moles of gas), because in that way the pressure increase is counteracted.

	Decrease:
(by increasing the volume the pressure and concentration decrease


	Favours the reaction with the most gas molecules (number of moles of gas), because in that way the pressure decrease is counteracted

	Catalyst

	Adding a catalyst
	No shift of equilibrium takes place (only the rate of both the forward and reverse reaction increases equally)



INTERPRETATION OF GRAPHS OF RATE VS TIME FOR THE FACTORS INFLUENCING CHEMICAL EQUILIBRIUM.


	Reaction rate

	Imposed disturbance,
	Effect on the reaction rate

	i. increase in temperature OR
ii. increase in concentration of
reactants or products OR
iii. increase in pressure (in gases)
[by reducing volume, the pressure

and concentration are increased 
	· reaction rate always increases if either temperature, concentration or pressure is increased
· determine the direction of the equilibrium shift and which reaction is favoured
· this reaction takes place faster for a period of time until a new  equilibrium is reached at an increased rate

	

The initial equilibrium was reached at t1. The disturbance was imposed at t2.
A new equilibrium at an increased rate was established at t3.

	i. decrease in temperature OR
ii.  decrease in concentration of reactants or products OR
iii.  decrease in pressure (in gases) by increasing volume, the pressure and concentration decrease
	· reaction rate always decreases if either temperature, concentration or pressure is decreased
· establish the direction of the equilibrium shift and which reaction is favoured
· the other reaction takes place slower for a period of time until a new equilibrium is reached at a decreased rate

	

The initial equilibrium was reached at t-, the disturbance was imposed at t2.
A new equilibrium at a decreased rate was established at t3
· The teacher must explain the case in which a catalyst is added.

	


addition of a catalyst
	 
The rates of both the forward and reverse reactions increase equally (no shift of equilibrium).






Example 1:
The rate of the forward and reverse reactions of the following chemical equilibrium system is shown below:

[image: ]
Explain what happens to this system at: 
(a) 0 - 5 seconds;
(b) 15 seconds;
(c) 25 seconds;
(d) 35 seconds.

Solution



(a) Initially the reaction rate of the forward reaction (A2 + B2  2AB) is high due to the high concentration of reactants. As more products form, the rate of the reverse reaction (2AB A2 + B2) starts to increase.
At a certain temperature and after a period of 5 seconds, a point is reached where both reactions take place at the same rate. At this stage equilibrium is established, and products are formed at the same rate at which the decomposition of products to form reactants occurs.
(b) The rate of both reactions decreases. However, the reverse reaction is less favoured by the equilibrium change. A decrease in temperature would have caused the exothermic reaction to be favoured more. Thus the endothermic reaction rate (reverse in this case) decreases more. 
or
There could have been a decrease in the product concentration [AB] (it would shift the equilibrium forward and decrease the reaction rate).
The change in the equilibrium now causes both reaction rates to increase, establishing the new equilibrium at a higher temperature. The reverse (endothermic) reaction is favoured. An increase in temperature initially causes the endothermic reaction rate to increase more. 
or
There could have been an increase in the product concentration [AB] (it would shift the equilibrium backwards and increase the reaction rate).
Both reaction rates increase equally. The equilibrium is not shifted. In this case a catalyst was added. or
The pressure could have been increased so that the reaction rates increase without favouring a specific reaction (the equation has an equal number of gas molecules   (2 moles) on either side).




GRAPHS OF CONCENTRATION VS TIME.

	Concentration of products and reactants

	Imposed disturbance 
	Effect on concentration of' reactants and products

	Disturbances causing the equilibrium to shift to the right and reactant concentration to decrease and product
concentration to increase
i. forward reaction is exothermic (ΔH < 0) and temperature is decreased OR endothermic
(ΔH > 0) and temperature is increased.
ii. In a reaction where all the substances are gases and
where the forward reaction yields
less moles of gas molecules, e.g.
2N02{g)  N204(g)
2 molecules  1 molecule
and the pressure on the system is
increased (by reducing the volume
of the container) OR
where the forward reaction yields
more moles of gas molecules and
the pressure on the system is
decreased (by enlarging container)


	Forward reaction is favoured, i.e.
reactant concentrations [R1land [R2l
decrease and product concentrations
[P1] and [P2] increase


ii. (The increase in pressure instantly increased all the concentrations.)



	iii. the addition of reactants or removal of products.

	


	
	

	Disturbance causing the equilibrium to 
shift to the left and reactant concentration to increase and product concentration to decrease:
i. forward reaction is exothermic (ΔH < 0) and temperature is increased OR endothermic (ΔH > 0) and temperature is decreased
OR





ii. For a reaction where all the substances are gases and where the reverse reaction yields less moles of gas molecules, e.g.
2S03 ⇌  2S02 + O2
2 molecules ⇌3 molecules
and the pressure on the system is increased OR
- where the reverse reaction yields
more moles of gas molecules and
the pressure on the system is decreased, e.g.
N2 + 3H2      ⇌     2NH3
4 molecules         2 molecules

	Reverse reaction is favoured, l.e. reactant concentrations [R1] and [R2] are increased and product
concentrations [P1] and [P2] are
decreased




Pressure decrease at t2
(at a pressure decrease, all the concentrations decrease
instantly and afterwards it changes according to how the equilibrium shifts)

	iii. adding of products or removal of
reactants
Note
In each of the representations the initial equilibrium was
reached at t1, a disturbance imposed at t2 and a new
Equilibrium reached at t3. At equilibrium all the concentrations remain constant
	


	Addition of a catalyst
	




To be able to draw the above concentration-time graphs, the initial concentrations of the substances and the concentrations at equilibrium must be known

[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTmvb5W3o3iVwoibBV6dgGW1cSvmySKmDtq6S6HPelleSIjW6OVN1fL4lQ][image: C:\Users\SiphoD\Desktop\DF\Induction Manual_ICT\ClipArt\thZX7NY9JD.jpg] 20 minutes

Question 2

The graph shows the concentration of all three species of the system when plotted against time:
H2(g) + I2(g)  2HI (g)
[image: ]
1.1. After how many seconds does the reaction reach equilibrium for the first time?
1.2. Write down the equilibrium expression for this reaction and calculate the equilibrium constant.
1.3. Give an explanation for the change which occurs at t = 20 s.

1.4. If the change at t = 35 s is due to a rapid increase in the temperature of the system, state whether the forward reaction is exothermic or endothermic. Give a reason for your choice.
Solution
2.1. at 10 s (where the graph is horizontal)

2.2. 
2.3. HI is removed from the system.
2.4. Increase in temperature increase [H2] and [I2] and decrease [HI], which implies the reverse reaction is favoured , which can only be the case if reverse is endothermic, because from Le Chatelier’s principle an increase in temperature favours the endothermic reaction. Therefore forward reaction is exothermic.

[image: http://png.clipart.me/graphics/thumbs/214/summer-sports-icon-volleyball-icons_214110949.jpg][image: C:\Users\SiphoD\Desktop\DF\Induction Manual_ICT\ClipArt\thZX7NY9JD.jpg]10 minutes

Question 1
[bookmark: _GoBack]
Consider the following equilibrium system:
X2(g) + 2Y(g)  X2Y2(g)       (ΔH > 0)
1.1. Draw a graph of reaction rate versus time to show each of the following changes to the equilibrium system. (After each change the equilibrium is restored.) 
(a) Reaction reaches equilibrium for the first time after 6 seconds.
(b) After 12 seconds the concentration of X2Y2 is increased.
(c) After 18 seconds a catalyst is added.
(d) After 24 seconds the pressure on the system is increased.

Solution
[image: ]

b) When the concentration of X2Y2 is increased, the reverse reaction will be favoured because it is the reaction that will remove the excess X2Y2. Because an increase in concentration occurs, the new equilibrium will be established at an increased rate.
(c) The addition of a catalyst does not disturb the equilibrium; it only increases both reaction rates equally.
(d) When the pressure is increased, the reaction that reduces the pressure will be favoured. This is the reaction that will form fewer particles - the forward reaction in this case. Both reaction rates will increase, but the forward reaction is favoured more. (Left = 3 moles; right = 1 mole).

Question 2 
Consider the following graph of an equilibrium system that shows the concentrations of reactants and products against time:
[image: ]
In each case, describe what caused the changes in the following time intervals:
2.1	0 - 5 s
2.2	5 – 10 s
2.3	10 – 15 s
2.4	15- 20 s
2.5	20 – 25 s
2.6	25 – 30 s
Solution
2.1 The reaction is in equilibrium because the concentrations of reactants and products remain constant. As soon as the product is formed, it is broken down again to form reactants.
2.2 The concentration of X has been increased at t = 5 s by adding more of the substance to the container. The forward reaction is favoured to use up the excess substance. More Z and R form and therefore their concentrations increase. Y and X are used in the forward reaction and therefore their concentrations decrease.
2.3 The new equilibrium has been reached.
2.4 The concentration of R decreases at t = 15 s because the substance is recovered from the reaction mixture. To restore equilibrium, the forward reaction will be favoured. More Z and R is formed - therefore their concentrations increase - and the concentrations of X and Y decrease because they are used in the forward reaction.
2.5 The equilibrium is restored.
2.6 The concentration of Z increases at t = 25 s because more of the substance has been placed in the reaction mixture. The reverse reaction is favoured to use up the excess substance. Z and R are used and their concentrations decrease. X and Y are formed, therefore their concentrations increase.











Factors 
affecting
 the rate of 
reaction


Concentration
 of the reactants in solution


Surface area 
of solid the reactants
 (state of division) 


Pressure 
(if reactants 
are gases) 


Temperature of the reaction mixture 


Nature of 
the reacting 
substances 


Addition of a
 suitable catalyst 
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