Chemistry 12

Unit 2 Notes - Equilibrium


Chemistry 12 Unit 2- Equilibrium     
It's important to know that many chemical reactions are reversible. That is:
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For example, under certain conditions, one mole of the colourless gas N2O4 will decompose to form two moles of brown NO2 gas:

Under other conditions, you can take 2 moles of brown NO2 gas and change it into one mole of N2O4 gas:

_______________________________________________________________________________________.

If we were to put some N2O4  in a flask, the N2O4 molecules would collide with each other and some of them would break apart to form  NO2 .

[image: image2.wmf]
This process is indicated by the forward reaction:

Once this has happened for awhile, there is a build up of NO2 molecules in the same flask
Once in awhile, two NO2 molecules will collide with each other and join to form a molecule of N2O4 !
[image: image3.wmf]
This process, as you might have guessed is indicated by the reverse reaction:
Two things you'll have to realize is that

Also, you must keep in mind that all these molecules are mixed in the same container!

At one particular time a molecule of N2O4 might be breaking up, and at the same time two molecules of NO2 might be joining to form another molecule of N2O4! So here's an important thing to understand:

This is sometimes shown with a double arrow:



                                             N2O4   [image: image4.wmf]  2 NO2

Just a little comment here. The word "happening" has a similar meaning to the word " dynamic ". Just remember that!

***************************************************

Now what we're going to do is look at how the rate of the forward reaction changes if we put some pure N2O4 in a flask:

If we put some pure N2O4 in a flask (No NO2 yet!), there will be a high concentration of N2O4 .

That is, there will be lots of N2O4  molecules to collide with each other. So at the beginning of our little experiment, (which we will call " time " 0 ") the rate of the forward reaction is quite fast.

So if we were to make a graph of the rate of the forward reaction vs. time, the graph might start out something like this:                                                                      [image: image5.wmf]10
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OK, now you might ask: "Why does the rate of the forward reaction go down ?

Well, if you recall Unit 1, as the forward reaction proceeds:

As the reaction continues, the slower rate will use up N2O4  more slowly, so the [N2O4 ] will not decrease so quickly and therefore the rate will not decrease quite as quickly. (Read the last sentence over a couple of times and make sure it makes sense to you!) For those "graph wise" people, you will probably guess that this means that the slope of the line on the graph gets more gradual. The rest of the graph might look something like this:
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NOW, it's time we consider the rate of the reverse reaction. 

As you might recall, when we have a container full of pure N2O4 , initially there is no NO2 in the container. Since there is  no NO2 , there are no NO2 molecules to collide with each other, and the ______________________________________________.

But of course, as time goes on, NO2 is formed from the forward reaction (N2O4 (   2 NO2) so in a short time, some NO2 molecules can start colliding and the reverse reaction will begin:

As MORE NO2 is formed by the forward reaction___________________________________________.  Now, for you "graph buffs", the graph of the Rate of the reverse reaction vs. Time might look like this:
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OK. Now, lets look at the graph for the forward rate and the reverse rate together:

              [image: image8.wmf]10
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NOW, focus your attention on the graph at " Time = 4 minutes. " You will notice that at this point:

______________________________________________________________________________

At this point, NO2 is being used up at the same rate that it is being formed:

Because this is so, you should be able to convince yourself that the [NO2] is no longer changing!
Because the reverse rate is equal to the forward rate, N2O4 is being formed at the same rate it is being used up. So, also the [N2O4] is no longer changing either!

Can you predict what will happen to the graph after 4.0 minutes?

__________________________________________________________________________________________________________________________________________________________________________________________

The graph will look like this:

              [image: image9.wmf]12
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The situation happening from 4.0 minutes on in this graph has a special name and a special significance. At this point, the system (meaning the container, the N2O4 and the NO2 ) is said to be at equilibrium. To describe it even more precisely, we can say that we have reached a state of  dynamic equilibrium.. 

Here are some things that you must understand about dynamic equilibrium:


1.


2.

3.



4.


Here are a couple of other things to consider before we summarize everything:


1. Changing the temperature can alter the rates of the reactions at equilibrium. This could


    "throw off" the balance. So, for a system at equilibrium, the temperature must  
          
     remain constant and uniform throughout the system.


2. Letting material into or out of the system will affect rates so a system at equilibrium 
                  is a closed system.


3. Again, consider the equilibrium reaction:          N2O4   [image: image10.wmf]  2 NO2




   In the example that we did to construct the graphs, we had started with pure N2O4 
                 and no NO2. The forward reaction rate was high at the start, but the reverse reaction 
                 rate eventually "caught up", the rates became equal and equilibrium was established. 
                 Can you guess what would happen if we had started with pure NO2 instead 
                 (no N2O4 )? The reverse rate would start out high and the forward rate, zero. In time, 
                 the forward rate would " catch up ". When the rates became equal, again equilibrium    
                 would be established.




We can summarize all this by saying that __________________________________________________________________________________________
__________________________________________________________________________________________

Just a little term before we summarize:  The word macroscopic means large scale or visible or

observable. (The opposite is microscopic, which means too small to see eg. molecular level). Some macroscopic properties are total pressure, colour, concentrations, temperature, density etc.

Alright, let's summarize:
Characteristics of a System at Dynamic Equilibrium

1.



2.

3.


4.


Enthalpy

Enthalpy is ___________________________. Another way to think of enthalpy is as "Chemical Potential Energy". 

__________________________________________________________________________________________________________________________________________________________________________________________

In Chemistry 12, a Potential Energy Diagram is the same thing as an "Enthalpy Diagram.


.
If the "Heat Term" is written right in the equation. (a "thermochemical equation".)

Look at the following examples:


1.
A   +   B    [image: image11.wmf]   C  +  D       ∆H = -24 kJ   is exothermic so enthalpy is____________  


2.
X  + Y   [image: image12.wmf]  Z           ∆H = 87 kJ               is endothermic so enthalpy is ___________

3.    
E  +  D  [image: image13.wmf]  F  +  45 kJ                              is exothermic so enthalpy is ______________

4.
G  +  J  +  36 kJ   [image: image14.wmf]  L   +   M                 is endothermic so enthalpy is ______________
Systems will tend toward a state of lower potential energy if nothing else is acting upon them.

In Chemistry, we are interested in is chemical potential energy, otherwise known as enthalpy!

Another way of stating this might be:

Thus for an exothermic reaction, if no other factors are considered:
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The products will be favoured because the products have minimum enthalpy. In other words, there is a natural tendency here for reactants to spontaneously form products.

In an endothermic reaction, the ___________________________________ have minimum 

enthalpy, so the ____________________________________ will be favoured. In other words, if 

the reactants are mixed they will (tend to remain as reactants /  spontaneously form products)


Let's look at a diagram for an endothermic reaction:
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**************************************************

1. Tell whether each of the following is endothermic or exothermic and state which has minimum  enthalpy, the reactants or the products:


a.
PCl5(g)  [image: image17.wmf]    Cl2(g)  +  PCl3(g)        ∆H = 92.5 kJ



__________thermic and the ___________________ have minimum enthalpy.

b
2NH3(g) + 92.4 kJ   [image: image18.wmf]    N2(g)  +   3H2(g)



__________thermic and the ___________________ have minimum enthalpy.

c
CO(g)  +  3H2(g)  [image: image19.wmf]   CH4(g)  +  H2O(g)  +  49.3 kJ



__________thermic and the ___________________ have minimum enthalpy.


d.
Cl2(g)  [image: image20.wmf]   Cl2(aq)         ∆H  =  -25 kJ



__________thermic and the ___________________ have minimum enthalpy.

2.
When no other factors are considered, a reaction will move in such a way (left or right) in


order to achieve a state of 
___________________________________________ enthalpy.

3
Given the equation:       2NH3(g) + 92.4 kJ   [image: image21.wmf]    N2(g)  +   3H2(g)


If only the enthalpy is considered, the (reactant / products) 
____________________________


will be favoured at equilibrium.

4.
Given the equation:      Cl2(g)  [image: image22.wmf]   Cl2(aq)         ∆H  =  -25 kJ 


If only the enthalpy is considered, the (reactant / products) 
____________________________


will be favoured at equilibrium.

5
If the reaction :  CO(g)  +  3H2(g)  [image: image23.wmf]   CH4(g)  +  H2O(g)  +  49.3 kJ


was proceeding to the right, the enthalpy would be _____________________ing. Is this a


favourable change? _____________.

6.
If the reaction:  PCl5(g)  [image: image24.wmf]    Cl2(g)  +  PCl3(g)        ∆H = 92.5 kJ


was proceeding to the right, the enthalpy would be ____________________ing. Is this a


favourable change? _____________.

7.
If the reaction:  Cl2(g)  [image: image25.wmf]   Cl2(aq)         ∆H  =  -25 kJ


was proceeding to the right, the enthalpy would be ____________________ing. Is this a


favourable change? _____________.

8
If the reaction:  2NH3(g) + 92.4 kJ   [image: image26.wmf]    N2(g)  +   3H2(g)

was proceeding to the right, the enthalpy would be ____________________ing. Is this a


favourable change? _____________.

As you can see by looking at the exercises above, there are two ways of looking at what happens to the enthalpy:

*******************************************************

Now, consider the simple melting of water:



 (the subscript (s) stands for solid)   (the subscript (l) stands for liquid)

If we were to look at only the enthalpy in this process, you can see that the reactant ( H2O(s)) would have minimum enthalpy and would be favoured. So all of the water in the universe should exist only as a solid! (It would not be favourable for water to exist as a liquid!) We would all be frozen solid!!!!

The answer to this problem lies in looking at another factor that governs equilibrium. That factor is called entropy (or randomness or disorder)

*******************************************************

Entropy

In Grade 8, you probably learned about the arrangement of molecules in solids, liquids and gases. 
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So we can summarize by saying that:

We can look at a chemical equation with subscripts showing the phases and tell which has maximum entropy, the reactants or the products.

In other words, they can look at an equation and tell whether entropy is increasing or decreasing as the reaction proceeds to the right.

In the following examples, the entropy is increasing (or the products have greater entropy):


1.
There is a gas (or gases) on the right, when there are no gases on the left of the



equation:



                                                            a gas is formed on the right.


2.
When there are gases on both sides, the products have greater entropy when there



are more moles of gas on the right (add up coefficients of gases on left and right.):


Another way to look at the last example is to say that: 


3.
When a solid dissolves in water, the products ( the aqueous solution of ions ) have 



greater entropy. This makes sense because:
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The ions in a Solid are 

very ordered. They have 

low entropy

.

When dissolved in water, the ions are 

separated

 and 

surrounded by water molecules

. The ions are much 

more 

spread out

 and 

disordered

. 

The

 

entropy of an aqueous 

solution is 

higher

 than that of a solid

.


So in order of lowest to highest entropy:

_____________________________________________________________________________________________
Here are few exercises for you:

9.
For each of the following, decide whether the reactants or the products have greater 



entropy:


a)
I2(s)   [image: image29.wmf]   I2(aq)      The ________________________ have greater entropy.


b)
2NH3(g) [image: image30.wmf]  N2(g)  +   3H2(g)      



The ____________________________________________have greater entropy.


c)
NH3(g)   [image: image31.wmf]   NH3(aq)



The ___________________________________________have greater entropy.


d)
CO(g)  +   Cl2(g)  [image: image32.wmf]    COCl2(g) 



The ___________________________________________have greater entropy.


e)
MgCO3(s)  +  2HCl(aq)  [image: image33.wmf]    MgCl2(aq)  +  H2O(l)  +  CO2(g) 



The ___________________________________________have greater entropy.

***********************************************

Remember:      H2O(s)    +   heat   [image: image34.wmf]   H2O(l) 

We decided that  all the H2O in the universe should remain as a solid because H2O(s) has lower
 enthalpy than  H2O(l) and nature favours  a state of minimum enthalpy.

Well, now we can explain why there is some liquid water in the universe (lots of it):



                     H2O(l)  has higher entropy than  H2O(s)

There is a natural tendency in nature toward maximum disorder or maximum entropy!

Another was of stating this might be:

Remember, the other factor which controlled reactions was enthalpy. (chemical potential energy).

Also remember that:

or

You figure out which has the most enthalpy (reactants or products) by looking at the H or the heat term.


Also, remember that you can figure out which has the more entropy (reactants or products) by looking at the subscripts which represent the phases.

Also, we can combine the rules about "natural tendencies" to come up with this:

Now, let's consider this process again:



                             H2O(s)   +  heat   [image: image35.wmf]   H2O(l) 

The two tendencies are said to "oppose each other" in this case:

______________________________________________________(since you have to add heat energy to H2O(s) to get  H2O(l) , H2O(s) has minimum enthalpy)

_______________________________________________________. (A liquid has more entropy (disorder) than a solid)

We say that:

Since this is the case with : H2O(s)   +  heat   [image: image36.wmf]   H2O(l) , there is some solid water and some liquid water in the universe. (In other words, there is a state of equilibrium)  Which one is present in the greater amount is determined largely by the temperature.

***********************************************

Now, lets consider another simple process:  A glass bottle is knocked down from a high shelf onto a concrete floor and the glass shatters:

Bottle on a high shelf   (   Thousands of pieces of glass on a concrete floor

The bottle falls down and not up! ________________________________________________________________________________________________
________________________________________________________________________________________________

In other words the tendency toward minimum gravitational potential energy favours the

products (the low bottle rather than the high) 

(The person who knocked the bottle off of the shelf was simply supplying the " activation energy ")

Remember that the bottle broke into thousands of pieces when it hit the concrete. The broken pieces of glass have more disorder (entropy) than the bottle, so in this process, the tendency toward maximum entropy also favours the products!
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   There is no "equilibrium" here when the process is finished. That bottle has completely fallen down
 and it is all broken. (This bottle is no longer on the shelf and it is no longer an "unbroken bottle")

We can summarize what happened here:

Here's an example of a chemical reaction in which this happens:

                  2K(s)  +   2H2O(l)  [image: image38.wmf]   2KOH(aq)   +   H2(g)  +  heat

This process is exothermic (the heat term is on the right) ___________________________
The tendency toward minimum enthalpy favours the products. 

There is a mole of gas on the right (H2(g)) and no gases in the reactants Therefore, the products have ________________.

The tendency toward maximum entropy favours the products.

___________________________________________________________________________________. 

That is, all of the reactants (assuming you have the correct mole ratios eg. 2 moles of K to 2 moles of H2O) will be converted to products. 

_______________________________________________________________________.
So, if you put a little bit of potassium in a beaker of water, the reaction will keep going until all of the potassium is used up. There will be no potassium left once the reaction is complete. 

In other words, the reverse reaction does not occur!

***********************************************

Let's consider one more process:

                 2KOH(aq)   +   H2(g)  +  heat   [image: image39.wmf]   2K(s)  +   2H2O(l)

In this case, the tendency________________________________________, and the
tendency ________________________________________________
NOTE: This would be like thousands of pieces of glass spontaneously sticking together, forming a bottle and jumping up onto a high shelf! This does not occur at all. (At least I've never seen it happen!) 
***********************************************

To summarize:

***********************************************

10.
For each of the following reactions decide which has minimum enthalpy (reactants or products),



which has maximum entropy (reactants or products), and if the reactants are mixed, what will 



happen? (go to completion/ reach a state of equilibrium/not occur at all).


a) PCl3(g)  +  Cl2(g) [image: image40.wmf]    PCl5(g)  ;   ∆H = -92.5 kJ



The ___________________________________ has/have minimum enthalpy.



The ___________________________________ has/have maximum entropy.



If PCl3 and Cl2 are put together, what should happen?(go to completion/ reach a state 



of equilibrium/not occur at all) _______________________________________________________


b)
2NO2(g) [image: image41.wmf]    N2O4(g)  +  energy




The ___________________________________ has/have minimum enthalpy.



The ___________________________________ has/have maximum entropy.



If NO2 was put in a flask, what should happen?(go to completion/ reach a state of 




equilibrium/not occur at all)______________________________________________________


c)
P4(s)    +     6H2(g)  + 37 kJ   [image: image42.wmf]    4PH3(g)  




The ___________________________________ has/have minimum enthalpy.



The ___________________________________ has/have maximum entropy.



If P4(s)  and  6H2(g) was put in a flask, what should happen?(go to completion/ reach a 


state of equilibrium/not occur at all) ____________________________________________________


d)
2PbO(s)   +    4NO2(g)  + O2(g) [image: image43.wmf]    2Pb(NO3)2(s) ;    ∆H = - 597 kJ  




The ___________________________________ has/have minimum enthalpy.



The ____________________________________ has/have maximum entropy.



If PbO(s) and  NO2(g) were put in a flask, what should happen?(go to completion/ reach 


a state of  equilibrium/not occur at all) __________________________________________________

More Questions:

1. What is meant by enthalpy?
_______________________________________________

2. What is meant by entropy?
_________________________________________________

3.  In an endothermic reaction, the ________________________________________ have


 minimum enthalpy.

4. In an exothermic reaction, the ________________________________________ have


minimum enthalpy.

5. Arrange the following in order from least entropy to greatest entropy:


a) liquids  b) gases  c) aqueous solutions  d) solids


_____________  <  _____________ <  _____________  <  _____________

6.
There is a natural tendency toward __________________________________enthalpy

and ____________________________________________ entropy.

7.
A process in which entropy increases and enthalpy decreases will


(go to completion/ reach a state of equilibrium/not occur at all)
____________________________
8.
A process in which entropy increases and enthalpy increases will


(go to completion/ reach a state of equilibrium/not occur at all)
_____________________________
9.
A process in which entropy decreases and enthalpy decreases will


(go to completion/ reach a state of equilibrium/not occur at all)
_____________________________

10.
A process in which entropy decreases and enthalpy increases will

 
(go to completion/ reach a state of equilibrium/not occur at all)
_____________________________
11.
A process in which both the enthalpy and entropy trends favour  reactants will


(go to completion/ reach a state of equilibrium/not occur at all)
_____________________________
12.
A process in which both the enthalpy and entropy trends favour products  will


(go to completion/ reach a state of equilibrium/not occur at all)
_____________________________
13.
A process in which  the enthalpy and entropy trends oppose each other  will


(go to completion/ reach a state of equilibrium/not occur at all)
_____________________________
14.
In each of the following, state which has the maximum entropy, (reactants or products)


a)
C(s)   +  O2(g)  [image: image44.wmf]   CO2(g)    
________________________________________


b)
2Al(s)  +  6HCl(aq)  [image: image45.wmf]  3H2(g)  +   2AlCl3(aq) 
_________________________________


c)
2SO3(g)  [image: image46.wmf]  2SO2(g)    +  O2(g) 
______________________________________


d)
HCl(g)  [image: image47.wmf]   H+(aq) +   Cl-(aq) 
_______________________________________


e)
KOH(s)  [image: image48.wmf]   K+(aq) +    OH-(aq) 
______________________________________

15.
For each of the following reactions decide which has minimum enthalpy (reactants or products),which has maximum entropy (reactants or products), and if the reactants are mixed, what will happen? (go to completion/ reach a state of equilibrium/not occur at all). Assume there is sufficient activation energy to initiate any spontaneous reaction.


a)
PCl5(g) [image: image49.wmf]    PCl3(g)  +  Cl2(g)   ;   ∆H = +92.5 kJ



The ___________________________________ has/have minimum enthalpy.



The ___________________________________ has/have maximum entropy.



If PCl5 is put in a flask what should happen?(go to completion/ reach a state of 




equilibrium/not occur at all)
       ______________________________________________


b)
2NO(g)  + O2(g) [image: image50.wmf]    2NO2(g)  +  energy




The ___________________________________ has/have minimum enthalpy.



The ___________________________________ has/have maximum entropy.



  If NO and  O2 were put in a flask, what should happen?(go to completion/ reach a state of equilibrium/not occur at all)
_____________________________________________________

c)
Na2CO3(s)   +   2HCl(aq) [image: image51.wmf]    2NaCl(aq)  +  CO2(g)   +   H2O(l)    +   27.7 kJ  




The ___________________________________ has/have minimum enthalpy.



The ___________________________________ has/have maximum entropy.



If Na2CO3(s)   +   2HCl(aq) were put in a flask, what should happen?(go to completion/ 




reach a state of  equilibrium/not occur at all)



___________________________________________________________________


d)
2Pb(NO3)2(s) + 597 kJ  [image: image52.wmf]    2PbO(s)   +    4NO2(g)  + O2(g) ;     




The ___________________________________ has/have minimum enthalpy.



The ___________________________________ has/have maximum entropy.



If Pb(NO3)2 was put in a flask, what should happen?(go to completion/ reach a state of  




equilibrium/not occur at all)__________________________________________________________

16.
Reactions which result in a/an ______________________________ in enthalpy and a/an


_____________________________ in entropy will always be spontaneous.

17.
Reactions which result in a/an ______________________________ in enthalpy and a/an


______________________________ in entropy will always be non-spontaneous.

Do Worksheet 2-1 and Exercises SW pg 48: 14-16
Factors Affecting Equilibrium
Remember:
As long as no changes are made to conditions of a system at equilibrium, this situation would just go on forever with no changes in macroscopic properties. We can change it though.

Effect of Temperature

Consider the equilibrium system:        


                                                                  colourless                                              brown


At equilibrium, NO2 is being formed at the same rate as it is being used up, so its concentration is constant. The system is a medium brown colour at room temperature.

Let's look at a potential energy diagram for this reaction (Notice that it is endothermic)
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                                          N2O4(g)    +   heat     [image: image54.wmf]  2 NO2(g)

Now, consider the forward reaction and the reverse reaction.  Which reaction do you think


 would be most affected by an increase in temperature? 
_____________________________

___________________________________________________________________________:


One way to look at it is:


                                          N2O4(g)    +   heat     [image: image55.wmf]   2 NO2(g)
___________________________________________________________________________________________
___________________________________________________________________________________________

                                          N2O4(g)    +   heat     [image: image56.wmf]  2 NO2(g)

The NO2 is formed faster than it is used up, so it's concentration ________________

The N2O4 is used up faster than it is formed, so it's concentration ________________

This might be shown as follows:



                           N2O4(g)   +   heat     [image: image57.wmf]  2 NO2(g)


Since there are now more molecules of NO2 to run into each other,


___________________________________________________

Because there is less N2O4 after awhile, the forward reaction will___________________.


So as you might guess, after awhile, the rate of the reverse reaction will again equal the rate of the forward reaction and again we have equilibrium!(a new equilibrium!)


Draw a graph of how you think the forward and reverse rate would vary with time after the temperature has been increased:







But remember this:  


The forward rate was faster than the reverse rate for awhile.(increasing [NO2] and decreasing [N2O4])


But the reverse rate was never faster than the forward rate even though it finally caught up.


If NO2 was being formed faster than being used up for awhile but never used up faster than it was being formed, it's concentration will be higher when the new equilibrium is established.


And the [N2O4] will be lower in the new equilibrium.

So, to summarize:

1.
______________________:


                                          N2O4(g)    +   heat     [image: image58.wmf]   2 NO2(g)

2.
__________________________________________________________________________:


                                         N2O4(g)    +   heat     [image: image59.wmf]  2 NO2(g)

3.
_____________________________________________________________________________                                                         N2O4(g)    +   heat     [image: image60.wmf]   2 NO2(g)


When we have more product(s) than we had before and less reactants we say that:


                     The equilibrium has shifted to the right

                  (the stuff on the right has increased and the stuff on the left has decreased)

So what will happen to the colour in flask containing the equilibrium mixture when it is put


into boiling water and heated? 
________________________________________________

If the flask were placed in ice water, the endothermic (forward in this case) reaction would slow down.


                                          N2O4(g)    +   heat     [image: image61.wmf]   2 NO2(g)


You would get a situation like this: (The rate of the forward reaction is slower than the rate of the reverse reaction.)


                                               N2O4(g)    +   heat    [image: image62.wmf]  2 NO2(g)

While the reverse reaction is faster than the forward, the [N2O4] will build up and the [NO2] will decrease...

                                           N2O4(g)    +   heat    [image: image63.wmf]  2 NO2(g)


So what happens now, since [N2O4] is higher, the rate of the forward reaction will gradually increase and after a certain time, it will again be equal to the rate of the reverse reaction.


At this point, we have _____________________________
Draw a graph of how you think the forward and reverse rate would vary with time after the temperature has been decreased:








                                           +   heat    [image: image64.wmf]  2 NO2(g)


In this equilibrium [N2O4] will be higher than it was originally (for awhile it was being formed faster than it was being used up), and the [NO2] will be lower than it was originally.(for awhile it was being used up faster than it was formed.)


We say that the equilibrium has shifted to the left. (or shifted toward the reactant  side)

                                             +   heat     [image: image65.wmf]   2 NO2(g)


To summarize the effect of temperature:

When the temperature is increased, the endothermic reaction will speed up and the equilibrium will shift toward the side without the heat term. 


(A new equilibrium is established in which there is a higher concentration of substances on the side without the heat term and a lower concentration of substances on the side with the heat term.)

(A new equilibrium is established in which there is a lower concentration of substances on the side without the heat term and a higher concentration of substances on the side with the heat term.)
**************************************************
Effect of Concentration and Partial Pressure


Next, we will consider what happens when we change the concentration of a reactant or the partial pressure of a reactant.  First, we'd better explain the term "partial pressure". 


When you have a gas mixture, the pressure exerted by one gas in the mixture is called the partial pressure of that gas. __________________________________________________________________________


For example:   In a certain gas mixture containing NO and CO2 gases:



   Partial Pressure of NO  =  40  kPa (kilopascals-a unit of pressure)



   Partial Pressure of CO2 =  60 kPa



   Total Pressure = 40 + 60  =  100  kPa



If you add some NO, it's partial pressure will go up. For example:



   Partial Pressure of NO  =  50  kPa 



   Partial Pressure of CO2 =  60 kPa



   Total Pressure = 50 + 60  =  110  kPa


Since a higher partial pressure results from putting more of a certain gas in the same volume, it is really just another way of saying concentration.


That are different quantities in different units (Concentration is in moles/L, Partial pressure is in kPa)


But when one goes up, the other goes up. 

Consider the following system at equilibrium:


                                CO2(g)   +   NO(g)   [image: image66.wmf]   CO(g)  +  NO2(g)

Of course, at equilibrium:


   
_________________________________________________________________________
Let's, all of a sudden, add some CO2 to the container that contains all of these. (What we are doing

is increasing the [CO2] or the partial pressure of CO2.)   

                                CO2(g)   +   NO(g)     [image: image67.wmf]   CO(g)   +  NO2(g)


Since the [CO2], a reactant is now higher, there will be more chances of collision between CO2 and NO, so the _________________________________________

                                CO2(g)   +   NO(g)    [image: image68.wmf]  CO(g)   +  NO2(g)


This will cause the [CO] and the [NO2] to ___________and the [CO2] and [NO] to _____________


                          CO2(g)   +   NO(g)    [image: image69.wmf]  CO(g)   +   NO2(g)
Because [CO] and the [NO2] have increased, the rate of the reverse reaction will speed up.

When_______________________________________________________________________________

_______________________________________________________________________________________
                                      CO2(g)   +   NO(g)    [image: image70.wmf]  CO(g)   +  NO2(g)

In this new equilibrium, [CO] and [NO2] will be higher than they were originally and

[CO2] and [NO] will be lower than they were after we added the CO2.

In this case, the equilibrium is said to_____________________________. (or shifted to the product
side.)

NOTE: Remember, we added some

CO2_________________________________________________________
____________________________________________________________________________________________

[NO] will be quite low because it goes down and we didn't add any.

Try to draw a graph of [CO2] vs Time, starting at the original equilibrium and ending after we’ve reached the new equilibrium?


Try this:

Given the equilibrium:            CO2(g)   +   NO(g)    [image: image71.wmf]    CO(g)   +   NO2(g)


Some NO2 is added to the system.


The _________________________________________  reaction will speed up.


This will cause the [CO2] and the [NO] to 
______________________________________


Therefore, after awhile, the rate of the __________________________________ reaction will speed up, and there will be a new equilibrium.


Because the rate of the ________________________________ reaction was higher for 


awhile, in the new equilibrium mixture, the [CO2] and the [NO]  will be 
________________ 


than they were before and the [CO] and the [NO2] will be 
  __________________________ than after we added the NO2.

     We can say that adding the NO2 shifted the equilibrium to the        ________________

Try to draw a graph of [NO2] vs Time,  starting at the original equilibrium and ending after we’ve reached the new equilibrium?

                              CO2(g)   +   NO(g)    [image: image72.wmf]    CO(g)   +   NO2(g)

Effects of Changing the Volume of the Container or Total Pressure

One thing to remember from Chemistry 11 here is that:

Let's consider the equilibrium:                      2NO2(g)    [image: image73.wmf]   N2O4(g)

  

                                                    brown                    colourless

Let's say that for some strange reason, we had 2 molecules of NO2 only in a certain volume:

                          [image: image74.wmf]NO

2

NO

2

          

Now, suppose we were to completely convert those two molecules of NO2 into N2O4:



                                            2NO2(g)   [image: image75.wmf]  N2O4(g)

We would now have only 1 molecule (a molecule of N2O4) in the same volume. 
This means there are only half as many molecules hitting the sides of the container, and

therefore:



The pressure will be only half of what is was with the 2 molecules of NO2:

             [image: image76.wmf]N   O

2   4

       

So, to summarize:

********************************************************

Now, let's get back to the original equilibrium mixture, where we have some NO2 and some N2O4:

2NO2(g)    [image: image77.wmf]     N2O4(g)

brown                   colourless  

Let's say we have this system in a syringe and we quickly decrease the volume by pushing the

plunger in.

__________________________________________________________________________________________.

Initially, the colour will go darker because everything (including the brown NO2) is compressed.


However, when you increase the pressure on something, there is a natural tendency for the system to do anything it can in order to offset that increase. 


(For example, when you squish a balloon in one place, the air will be forced to another place and the balloon will bulge somewhere else, or the balloon will pop to decrease the pressure!)

When we increase the pressure  on the 2NO2(g)    [image: image78.wmf]   N2O4(g)  system, it can offset that increase by:



                      converting more NO2 into N2O4 ! (going from 2 mog to 1 mog)

                                                        2NO2(g)    [image: image79.wmf]    N2O4(g)

                                                         brown                 colourless

in other words:  _________________________________________. (as shown by the coefficients)


This "shift to the right" will use up some brown NO2 converting it to colourless N2O4, and the colour of the system will gradually get lighter again.

So, in summary:

or, as you might guess:

*****************************************************

Now, try the following problem:


Given the equilibrium:        2C2H6(g)  +   7O2(g)    [image: image80.wmf]    4CO2(g)    +   6H2O(g)

a)
Increasing the total pressure on this system, will cause a shift to the side with _______



moles of gas, which in this case is the __________________ side.


b)
Decreasing  the total pressure on this system, will cause a shift to the side with ______



moles of gas, which in this case is the __________________ side.


c)
Increasing the total volume on this system (the same as _________________________



the total pressure) will cause a shift to the side with ____________________________



moles of gas, which in this case is the __________________ side.


d)
Decreasing the total volume on this system (the same as _______________________



the total pressure) will cause a shift to the side with ___________________________



moles of gas, which in this case is the __________________ side.

Effect of Catalysts


Consider the equilibrium system:                                   N2O4(g)    +   heat     [image: image81.wmf]  2 NO2(g)



                                                                       colourless                                            brown


Adding a catalyst to this system would decrease the activation energy by providing a different route (or mechanism) for the reaction: (see the Potential Energy Diagram on the next page.)


[image: image82.wmf]PE (kJ)
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Using a catalyst to provide a route will decrease the activation energy for the forward reaction

 and for the reverse reaction by the same amount.

_________________________________________________________________________________________

In fact, the rates of both the forward and reverse reactions will still remain equal to each other (even though they are both faster.)


Therefore, the equilibrium will not shift!

To summarize, equilibrium is affected by:


1.
Temperature – 



                       -
2. Concentration 


- 


       - 


3.
Partial Pressure of Gases  -  
4.   Total Volume and Total Pressure 

       
        -  


        - 
        5.    Catalysts  -  

Here are some questions:
1.
When a chemical system is at equilibrium, when the temperature is increased, the__________ othermic reaction speeds up the most.

2.
In the reaction:    A   +   B  [image: image83.wmf]  C  +  43.3 kJ


a)
When the temperature is increased the (forward/reverse)____________________________



reaction speeds up more. 


b)
During this time, the [A] and [B] will _________crease and the [C] will  
         ________crease.


c)
Because [A] and [B] are __________creasing, the rate of the ____________________



reaction will increase.

                                A   +   B  [image: image84.wmf]  C  +  43.3 kJ


d)
Sooner or later, the forward rate and the reverse rate will again become _____________.



At this point a new ___________________________________ is established.


e)
In the new equilibrium, [A] and [B] will be _________________er than they were 
      
before the temperature is increased.



In the new equilibrium, [C] will be _____________________er than it was before.


f)
In this example, we say that the equilibrium has shifted to the 
____________________

3.
Given the reaction:    A   +   B  [image: image85.wmf]  C  +  43.3 kJ


a)
When the temperature is decreased the (forward/reverse)
____________________________



reaction will be the faster one. 


b)
During this time, the [A] and [B] will ________crease and the [C] will 
          _________crease.


c)
Because [C] is ____________creasing, the rate of the 
__________________________



reaction will increase.


d)
Sooner or later, the forward rate and the reverse rate will again become ___________.



At this point a new ___________________________________ is established.


e)
In the new equilibrium, [A] and [B] will be __________________er than they were 
         before the temperature is increased.



In the new equilibrium, [C] will be _____________________er than it was before.


f)
In this example, we say that the equilibrium has shifted to the ____________________

4.
In the reaction:    A   +   B  +  324 kJ  [image: image86.wmf]  C  


a)
When the temperature is increased the (forward/reverse)____________________________



reaction speeds up more. 


b)
During this time, the [A] and [B] will ________crease and the [C] will _________crease.


c)
Because [C] is  __________creasing, the rate of the ____________________________



reaction will increase.


                             A   +   B  +  324 kJ  [image: image87.wmf]  C  


d)
Sooner or later, the forward rate and the reverse rate will again become __________.



At this point a new ___________________________________ is established.


e)
In the new equilibrium, [A] and [B] will be ___________________er than they were before 


the temperature is increased.



In the new equilibrium, [C] will be _____________________er than it was before.


f)
In this example, we say that the equilibrium has shifted to the ____________________

5.
Given the equilibrium:     B(g)   +    C(g)  [image: image88.wmf]  D(g)  +   E(g) +   heat


a)
Some B is added to the mixture at equilibrium.  The rate of the ____________________



reaction will increase due to the increase in the [B].


b)
While this is happening, the [D] and [E] will gradually ___________crease.


c)
The ______crease in the [D] and [E] will cause the rate of the ____________________



reaction to increase.


d)
When the rates of the forward and reverse reactions are equal, we have a new



______________________________________________________________________


e)
Due to the addition of B, the equilibrium will shift to the _______________________



[B] and [C] will ___________crease and [D] and [E] will ______________crease

6.
Given the equilibrium:     B(g)   +    C(g)  [image: image89.wmf]  D(g)  +   E(g)   +   heat


a)
Some D is added to the mixture at equilibrium.  The rate of the ____________________



reaction will increase due to the increase in the [D].

b) 
While this is happening, the [B] and [C] will gradually ________crease.


c)
The ______crease in the [B] and [C] will cause the rate of the ___________________



reaction to increase.


d)
When the rates of the forward and reverse reactions are equal, we have a new



_____________________________________________________________________


                     B(g)   +    C(g)  [image: image90.wmf]  D(g)  +   E(g)   +   heat


e)
Due to the addition of D, the equilibrium will shift to the _______________________



[B] and [C] will ____________crease and [D] and [E] will _______________crease.

7.
Given the equilibrium:     2A(g)  +     B(g)   [image: image91.wmf]  2C(g)


a)
If the total pressure on the system is increased, the _____________________________



reaction will speed up the most.


b)
While this is happening, the [C] will ____________crease.


c)
This ________crease in [C] will cause the _________________________reaction to 
         speed up.


d)
When the new equilibrium is reached, the [A] and [B] will be ___________________er



than before and the [C] will be ______________________________ than before

e)
We say that the increase in total pressure has caused the equilibrium to shift to the 
          ____________.

8.
Given the equilibrium:     2A(g)  +    B(g)   [image: image92.wmf]  2C(g)


a)
If the total pressure on the system is decreased, the _____________________________



reaction will be the faster one.


b)
While this is happening, the [A] and the [B] will ___________crease.


c)
This _______crease in [A] and the [B] will cause the __________________reaction to speed 


up.


d)
When the new equilibrium is reached, the [A] and [B] will be __________________er


than before and the [C] will be _____________________________ than before.


e)
We say that the decrease in total pressure has caused the equilibrium to shift to the 
         __________________________________

9.
Given the equilibrium :     NO(g)   +   CO2(g)  [image: image93.wmf]  NO2(g)   +    CO(g)


a)
Will an increase in total pressure have an affect on the equilibrium?________________


b)
Explain your answer to question (a)________________________________________

10.
Given the equilibrium:     2A(g)  +     B(g)   [image: image94.wmf]  2C(g)


a)
If the total volume of the system is decreased, the ______________________________



will increase, and the ____________________________reaction will be the faster one.


b)
While this is happening, the [C]  will _______________crease.


c)
This ________crease in [C]  will cause the ___________________reaction to speed up.


d)
When the new equilibrium is reached, the [A] and [B] will be ___________________er



than before and the [C] will be _____________________________ than before.


e)
We say that the decrease in total volume has caused the equilibrium to shift to the   
           ____________________________

11.
Given the equilibrium:     2A(g)  +     B(g)   [image: image95.wmf]  2C(g) + heat

a) 
How will this equilibrium be affected if a catalyst is added to the mixture?__________



_____________________________________________________________________


b)
Explain your answer to "a" in terms of forward and reverse reaction rates 




_____________________________________________________________________

_____________________________________________________________________

LeChatelier’s Principle


-
"Processes" usually mean that the equilibrium will shift to the left or right.


-
"Counteract" means that if you do something to a system at equilibrium, the system



will shift in such a way as to try to "undo" what you did.


-
Remember, equilibrium only occurs in a closed system.
Examples of Counteracting:


-
If you ____________to a system, it will shift in a way that it tends to "use up" the added heat.


-
If you ___________from a system, it will shift in a way that it tends to "produce heat" 


-
If you __________the concentration of a certain substance in an equilibrium mixture, 



the system will shift so as to reduce the concentration of that substance.


-
If you ___________the concentration of a certain substance in an equilibrium mixture, 




the system will shift so as to increase the concentration of that substance.


-
If you ____________the total  pressure on an equilibrium system involving gases, the 




system will shift in a way that will reduce the total pressure.


-
If you ____________the total pressure on an equilibrium system involving gases, the 



system will shift in a way that will increase the total pressure.

 ***********************************************************

Effect of Changes in Temperature

NOTE:  

Thermochemical form:
Thermochemcial form:
Let's say we have an endothermic reaction:


A   +   B   +   heat    [image: image96.wmf]   C  +  D

If we increase the temperature of this system, we are adding heat. In order to counteract our change, the equilibrium will move in such a way as to use up heat.  

Since heat is on the left, the forward reaction uses up heat, so it will predominate and the equilibrium will shift toward the right.

__________________________________________________________________________________________________________________________________________________________________________________________
To summarize:  
Now, if the temperature was decreased, the equilibrium would shift in such a way that would produce heat (to counteract the change). 

To do this, it would shift toward the side with the heat term. (in other words, produce heat)

To summarize:  
Here are a couple of questions:

1.
Given the reaction at equilibrium:     A(g)   +    B(g)    +   32.5  kJ   [image: image97.wmf]  C(g)

a)  If the temperature was increased, which way would this equilibrium shift
_________

b)  If the temperature was decreased, which way would this equilibrium shift: 
_______

2.  Given the reaction:         X(g)   +    Y(g)   [image: image98.wmf] W(g)  +   Z(g)    ∆H =  -75 kJ  

a)  Rewrite this as a thermochemical reaction ________________________________________________

b)  If the temperature was increased, which way would this equilibrium shift:   ____

c)  If the temperature was decreased, which way would this equilibrium shift:  ____

Effect of Changes in Concentration or Partial Pressure

Consider the equilibrium equation:    

H2(g)     +      I2(g)  [image: image99.wmf] 2HI(g)
If we add some H2 to a flask containing this mixture at equilibrium, [H2] will  immediately     increase._________________________________________________________________________________________________________________________________________________________________________________
Consider the equilibrium equation:        H2(g)   +     I2(g)  [image: image100.wmf] 2HI(g)
Let's say now that we somehow take away some I2. [I2] will immediately _______________. 

In order to counteract this change, the equilibrium will shift to the left in order to increase [I2] again .

If we were to add some HI, the [HI] would immediately  _____________________crease.

In order to counteract this change, the equilibrium would shift to the __________________.

To answer the last question, adding HI will increase [HI] . In order to counteract this change 

the equilibrium will shift to the left. In shifting to the left, [H2] and [I2] will go up and [HI] will go down.

We can summarize the effects of changing concentrations by saying:

or

Some examples:

3.
Given the equilibrium equation:



                   PCl5(g)    [image: image101.wmf] PCl3(g)    +     Cl2(g) 


a)
If the [PCl5] is increased, the equilibrium will shift to the ...........
_________________


b)
If the [PCl5] is decreased, the equilibrium will shift to the ...........
_________________


c)
If the [PCl3] is increased, the equilibrium will shift to the ...........
_________________


d)
If the [PCl3] is decreased, the equilibrium will shift to the ...........
_________________


e)
If the [Cl2] is increased, the equilibrium will shift to the ..............
_________________


f)
If the [Cl2] is decreased, the equilibrium will shift to the ..............
_________________

Changing the Partial Pressure of a gas in an equilibrium system has the same effect as changing the concentration of that gas.

For example:


Given the equilibrium equation:         

If the partial pressure of H2 is increased, the equilibrium will shift to the __________.
 
If the partial pressure of H2 is decreased, the equilibrium will shift to the___________.


If the partial pressure of HBr is increased, the equilibrium will shift to the ___________.

If the partial pressure of HBr is decreased, the equilibrium will shift to the ___________.
***********************************************************

Effect of Changes in Total Pressure or Volume for Gaseous Systems

Recall from the last tutorial that:

Also, recall LeChatelier's Principle:

Thus:

For example:

Given the equilibrium equation:       N2(g)    +    3H2(g)    [image: image102.wmf]   2NH3(g)

If the total pressure on this system is increased, the equilibrium would shift to __________(the side with fewer moles of gas). This counteracts the imposed change by reducing the pressure.

To review:  

A shift to the right in this case would mean that once the new equilibrium is established, the [NH3] would be higher than before, the [N2] and the [H2] would be lower than before. 

If the total pressure on this system is decreased, the equilibrium would shift to the left (the side with more moles of gas). This counteracts the imposed change by increasing the pressure.

To see what happens when we change the total volume of the container we must remember that:

So, given changes in volume of the container, just remember that the changes in pressure are just the opposite.  For example:

Given the equilibrium equation:       N2(g)    +     3H2(g)        [image: image103.wmf]    2NH3(g)

If the total volume of the container is increased, this means that the total pressure ___________________.
The equilibrium will then shift to the side with more moles (to the left in this case), in order to counteract the change and try to increase the pressure again.

If the total volume of the container is decreased, this means that the total pressure is _________________.
The equilibrium will then shift to the side with ______________(to the right in this case), in order to counteract the change and try to decrease the pressure again.

Try the following:

4.
Given the equilibrium equation:



           N2O4(g)   [image: image104.wmf]   2O2(g)   +   N2(g)

a)
If the total pressure of this system is increased, the equilibrium will shift
__________


b)
If the total pressure of this system is decreased, the equilibrium will shift
__________

c)
If the total volume of this system is increased, the equilibrium will shift
__________

d)
If the total volume of this system is decreased, the equilibrium will shift
__________

5.
Given the equilibrium equation:



           NO(g)   +   CO2(g)   [image: image105.wmf]   CO(g)   +    NO2(g)

a)
If the total pressure of this system is increased, the equilibrium will 
______________


b)
If the total pressure of this system is decreased, the equilibrium will 
______________


c)
If the total volume of this system is increased, the equilibrium will 
_______________

d)
If the total volume of this system is decreased, the equilibrium will 
________________

Shifting Equilibrium and Rate of Reaction

Just a little note here about the difference between rate of reaction and the equilibrium shifting right or left!

__________________________________________________________________________________________________________________________________________________________________________________________
For example, consider the reaction:



                             A   +    B    [image: image106.wmf]  C    +   heat

If the temperature of this system was increased, the equilibrium would shift to the left.

This does not mean that the rate will be slower! It simply means that a new equilibrium will be reached which has more A and B and less C. 

In fact, as we might recall from Unit 1______________________________________________________. (more molecules have the minimum energy necessary for an effective collision.)

Increasing the temperature just causes equilibrium to be reached faster.

Try these:

6.
Given the equilibrium equation:            X  +   Y  +   heat   [image: image107.wmf]  Z


a)
Increasing the temperature will ______________________ the rate of reaction.


b)
Increasing the temperature will cause the equilibrium to shift 
___________________


c)
Decreasing the temperature will ______________________ the rate of reaction.


d)
Decreasing the temperature will cause the equilibrium to shift 
___________________

7.
Given the equilibrium equation:    D  +   E    [image: image108.wmf]    F   +   heat


a)
Increasing the temperature will _______________________ the rate of reaction.


b)
Increasing the temperature will cause the equilibrium to shift 
___________________


c)
Decreasing the temperature will ______________________ the rate of reaction.


d)
Decreasing the temperature will cause the equilibrium to shift 
___________________

More Questions:

1.
Given the following equilibrium equation:



                   N2H4(g)  +  6H2O2(g)  [image: image109.wmf]  2NO2(g)   +   8H2O(g)  +  heat

Which way will the equilibrium shift when each of the following changes are made?


a)
The [NO2] is increased ..........................................................
___________________


b)
The [H2O2] is increased ........................................................
____________________


c)
The partial pressure of N2H4 is increased .............................
____________________


d)
The temperature is increased ..................................................
___________________


e)
The partial pressure of H2O2 is decreased ..............................
___________________


f)
The partial pressure of H2O is increased ................................
___________________


g)
The temperature is decreased .................................................
____________________


h)
The total volume of the container is decreased .......................
___________________


i)
The total pressure of the system is decreased ........................
___________________


j)
The [N2H4] is decreased .......................................................
___________________

2.
Given the equilibrium equation:      N2O(g)   +  NO2(g)   +  heat   [image: image110.wmf]  3NO(g)

What effect will each of the following changes have on the equilibrium partial pressure of NO?

       (The first question is done as an example.) 


      a)     the [N2O] is increased .........The partial pressure of NO increases because the  
                                                                 equilibrium shifts to the right.


b)
the total pressure of the system is decreased .............. 
_________________________


c)
the temperature is decreased......................................
_________________________


d)
the partial pressure of NO2 is decreased...................
_________________________


e)
more NO2 is added ...................................................
_________________________


f)
a catalyst is added .....................................................
_________________________


g)
the temperature is increased ......................................
_________________________


h)
the total volume of the container is increased .............
_________________________

The Equilibrium Constant (Keq)

What is Keq ?
__________________________________________________________________________________________________________________________________________________________________________________________

Very roughly, Keq  tells you the ratio of  Products/Reactants for a given reaction at equilibrium at a certain temperature.


It's not quite this simple when we deal with real substances. Let's take an example.


It has been found for the reaction:


that if you take the [H2], the [I2] and the [HI] in an equilibrium mixture of these at 423 °C,


the expression:


The value of this ratio stays at 0.0183 regardless of what we might try to do with the concentrations. 


______________________________________________________________________________________________________________________________________________________________________________________
Writing Keq Expressions


In the example just above this, the equation was:


and the Keq expression was:

                                                          [image: image111.wmf][H   ] 
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Notice a couple of things here.  __________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________________________________________

1.
With this in mind, see if you can write the Keq expression for the following reaction:

2NH3(g)   [image: image112.wmf]  N2(g)   +    3H2(g)

Keq =

Notice that in the Equilibrium Constant Expression (Keq ), whatever is written on the right of the arrow in the equation (products) is on top and whatever is written on the left of the arrow in the equation (reactants) is on the bottom.


This is always the case in a Keq expression, regardless of which reaction (forward or reverse) predominates at a certain time.


Try this one:


2.
Write the Keq expression for the following reaction:

   N2(g)  +   3H2(g)    [image: image113.wmf]  2NH3(g)



Keq =

The Keq Expressions for Solids and Liquids


Consider the following reaction:

CaCO3(s)  [image: image114.wmf]  CaO(s)  +   CO2(g) 


You might expect the Keq expression to be something like:



                        Keq =           [CaO(s)] [CO2(g)]

                                                            __________________

                                                                   [CaCO3(s)]


__________________________________________________________________________________________

__________________________________________________________________________________________
                [image: image115.wmf]In a Solid, equal volumes anywhere within the 

solid have an equal number of molecules.. 

Therefore we say that the concentration of a solid 

is constant.


Going back to our example:


Consider the following reaction:

CaCO3(s)   [image: image116.wmf]  CaO(s)  +   CO2(g) 


You might expect the Keq expression to be something like:


Since CaO and CaCO3 are solids, we can assume that their concentrations are constant.


We can therefore rewrite the Keq expression as follows:


Now, if we rearrange:


You'll notice that now, on the left side, we have an expression which consists of only constants. 


Chemists simply combine all these constants on the left and call it the equilibrium constant (Keq  )
In other words, the concentrations of the solids are incorporated into the value for Keq.

Therefore, the Keq expression for the equation:

CaCO3(s)  [image: image117.wmf]  CaO(s)  +   CO2(g)



is simply           ___________________________________________
The bottom line is:


Liquids also have a fairly constant concentration. They don't expand or contract that much even with changes in temperature.


The same argument that was used for solids can also be used for liquids. Thus, we can expand the last statement:


Gases and aqueous solutions do undergo changes in concentration so they are always included in the Keq expression.


Try the following:


3. Write the Keq expression for the following reaction:


CaCO3(s) +  2HF(g)  [image: image118.wmf]  CaF2(s)  +   H2O(l)  +  CO2(g)



Keq =

Value of Keq and the Extent of  Reaction

Remember that Keq is a fraction (or ratio).  The products are on the top and the reactants are

on the bottom.

Remember that in a fraction:  

_______________________________________________________________________________________________________________________________________________________________________________________

At 200 °C, the Keq for the reaction: 


 N2(g)   +   3H2(g)  [image: image119.wmf]  2NH3(g)             is known to be 626.


Keq is equal to the ratio:       [NH3]2

                                                 __________________


                                             [N2] [H2]3


Since this ratio is very large (626) at 200°C, we can say that [NH3]2 (the numerator) must be quite large and [N2] [H2]3 (the denominator) must be small:


In other words, a large value for Keq means that at equilibrium, there is lots of product and very little reactant left.  Even another way to say this is:


A very small value for Keq means that there is very little product and lots of reactant at equilibrium. 


In other words, a very small value for Keq means that the reaction has not occurred to a very great extent once equilibrium is reached.

Consider the following reaction:   A  +   B   [image: image120.wmf]  C   +   D             Keq =  1.0

The Keq expression is:


             [C] [D]

        Keq =________     =  1.0       In this case the ratio of [C] [D] to [A] [B] is 1.0.


    [A] [B]                     

Here's another question:

4.
For the reaction:   Cu(OH)2(s)  [image: image121.wmf]  Cu2+(aq) +  2OH-(aq)         Keq  =  1.6 x 10-19

Describe the extent of the reaction and the relative amounts of reactant and product at equilibrium. 
__________________________________________________________________________________________________________________________________________________________________________________________
Keq and Temperature


You probably couldn't help but notice that in some of the examples above when the Keq was given, the temperature was also mentioned 

eg.)    "At 200 °C, the Keq for the reaction: 


 N2(g)    +   3H2(g)  [image: image122.wmf]  2NH3(g)             is known to be 626."


Let's see how this works:


Consider the following endothermic reaction:       A   +    B  +   heat    [image: image123.wmf]    C


 The Keq expression for this is:

                                                                               [C]

             
                                                                Keq =   __________ 

                                                                            [A] [B]

Now, let's say that we increase the temperature of this system. By LeChatelier's Principle, adding heat to an endothermic reaction will make it shift to the right:



                                           [image: image124.wmf]Shift to the Right



A   +    B  +   heat    [image: image125.wmf] C



                                                              [image: image126.wmf]Heat is 

Added


_______________________________________________________________________________________________________________________________________________________________________________________

So we can summarize by saying:

__________________________________________________________________________________________________________________________________________________________________________________________


                                           [image: image127.wmf]Shift to the Left



A   +    B  +   heat   [image: image128.wmf]  C



                                                                        [image: image129.wmf] Heat is 

Removed



Now, in the Keq expression, the numerator would be smaller and the denominator would be larger:

So we can say:
Try this question:


5.
Given the equation for an exothermic reaction:      C    +    D    [image: image130.wmf]    E     +     heat  

 
a)
Write the Keq expression for this reaction:

Keq =      _____________


b)
If the temperature of this exothermic reaction is increased, the equilibrium will shift  


_______________


c)
The shift will make [E] ______________er, and [C] and [D] _______________er than they 


were before.


d)
Since the numerator is _____________________er and the denominator is _______er, 
         the value of the Keq will be _________________er  than it was before.


e)
If the temperature of this system is decreased, the equilibrium will shift to the _______,
       
and the value of Keq will _____________________


f).
Fill in the following blanks:

and



When the temperature is decreased in an exothermic reaction, the equilibrium will



shift to the _____________ and the value Keq  will___________________
Here's another good question for you:


6.
The reaction:     X    +    Y     [image: image131.wmf]      Z   has a Keq = 235 at 100°C.



When the temperature is raised to 200°C, the value for Keq = 208



Is this reaction endothermic or exothermic?_________________________________



Explain your answer.___________________________________________________



_____________________________________________________________________

Changes in Concentration and Keq

Now, as you know, changing the concentration of one of the reactants or products will cause the reaction to shift right or left. But this does not change the value for Keq as long as the temperature remains constant.


How can this be?  Let's have a look:


Consider the reaction:


A  +  B   [image: image132.wmf]    C  +  D                Keq = 4.0


The Keq expression is:


Let's say we quickly add some C to the system at equilibrium.


Of course [C] would increase, and temporarily equilibrium would be destroyed.


Since [C] is so large, the ratio:    

___________   would be > 4.0 (_______________________________)

                                                         [A]  [B]


But, of course, things don't stay like this.  When [C] has been increased, the equilibrium will shift to the left (by LeChatelier's Principle)


                                                     [image: image133.wmf]Shift to the Left



A  +  B   [image: image134.wmf]  C  +  D


In the shift to the left [A] and [B] will get a little larger and the big [C] will get smaller and 


[D] will get smaller. 

__________________________________________________________________________________________
                                               [C]  [D]


   
                             ___________   is again =  4.0

                                               [A]  [B]

Effect of Catalysts on the Value of Keq

Addition of a catalyst speeds up the forward reaction and the reverse reaction by the


same amount. Therefore, it does not cause any shift of the equilibrium.


Because there is no shift, the value of the Keq will also remain unchanged.

Effect of Pressure or Volume on the Value of Keq
__________________________________________________________________________________________________________________________________________________________________________________________
For example:  Given the reaction:


N2(g)  +   3H2(g)  [image: image135.wmf]    2NH3(g)              Keq =  626


So the ratio:        
Let's say the volume of the container is decreased. This increases the total pressure of the system.

Increasing the pressure will increase the concentrations of all three species the same amount.
Since there are more moles of gas (N2(g)  +  3H2(g)) on the left side, there is more "stuff" increased in the denominator of the ratio, so the value of the ratio will temporarily go down:


So the ratio

But, by LeChatelier's Principle, increased pressure will cause the equilibrium to shift to the right:


N2(g)   +   3H2(g)  [image: image136.wmf]  2NH3(g)    

             4 moles of gas                  2 moles of gas          

This will bring [NH3] up, so the numerator of the ratio ( [NH3]2 ) will increase.


Thus, the value of the ratio increases again. And guess what?


It increases until it just reaches 626 again. The ratio is now equal to Keq and equilibrium has again been achieved!


So the ratio


So, to summarize:

**************************************************************

More Questions: 

1.
Write the Equilibrium Constant Expression for each of the following reactions. (Be careful of the phases!)


a)
A(s)  +   B(g)   [image: image137.wmf]   2C(g)                Keq =


b)
COCl2(g)   [image: image138.wmf]   CO(g)   +    Cl2(g)      Keq =


c)
Zn(s)   +   2HCl(aq)   [image: image139.wmf]     H2(g)    +   ZnCl2(aq)      Keq =

2.
A ___________________________ value for Keq means that a reaction has gone close to completion.

3.
A ______________________ value for Keq means that a reaction has not occurred to much of an extent.

4.
A value of around 1.0 for Keq means _________________________________________


_____________________________________________________________________________

5.
Given the equilibrium equation:



2NO2(g)  [image: image140.wmf]  N2O4(g)   +  heat             Keq = 1.20  at  55°C


What will happen to the value of Keq if the temperature is increased?
__________________


Explain why ____________________________________________________________________________


________________________________________________________________________________________

6.
For the reaction:  PCl5(g) [image: image141.wmf]  PCl3(g)  +   Cl2(g)     Keq = 2.24  at   227°C


                                                                                   Keq =  33.3  at  487°C


Is this reaction endothermic or exothermic?_____________________________________


Explain your answer______________________________________________________________________

7.
If the temperature remains constant in an equilibrium:


a)  Will changing the concentration of one of the substances change the value of Keq?




Answer _________________


b)  Will changing the total pressure of the system change the value of Keq?




Answer _________________


c)  Will changing the total volume of the system change the value of Keq?




Answer _________________


d)  Will adding a catalyst change the value of Keq?




Answer __________________

8.
The Keq for the reaction:   2HI(g) [image: image142.wmf]   H2(g)  +   I2(g)  is  85   at   25°C


Determine the value of Keq for the reaction:  H2(g)  +   I2(g) [image: image143.wmf]  2HI(g)  at  25°C



Answer _________________
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