MCAT Science Review

by Steven Blatt

Frequency and period (physics)


The units for frequency are hertz (Hz).


Hz = 
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cycles

, cycles per second.

The frequency f tells us how many cycles occur per second.


The units for angular frequency ( are 
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rad

, radians per second.  

(( is the Greek letter omega.)  


To understand ( we have to ask, how many radians are there per cycle?


Well, we’re going to pretend that a cycle is a circle.  


How many radians are there per circle?  


We know there are 2( radians per circle:  
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Therefore we’ll pretend there are 2( radians per cycle:  
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Now we have all the tools we need to convert between f and (.

For example, if f=3 Hz, what is (?


We know f = 3
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We pretend that’s like 3 
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circles

.


We know that 3 circles = 6( rad.

So ( = 6(
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The formula for converting f and ( is 2(f=(. 

 (Check that this formula would give the right answer when f=3 Hz!)  

A common trap is to misremember the formula as f=2((, 


but you can easily figure out which equation is correct by supposing f=1 cycle/s:


1 cycle/s is like 1 circle/s


and 1 circle/s corresponds to 2( rad/s.  


So when f=1, we know that (=2(, 


which demonstrates that 2(f=( and that f(2((.


Of course, a cycle is not really  a circle; we’re just pretending that a cycle is a circle.  Therefore, ( is measured in pretend radians per second, not actual radians per second.  


I.e., the “angular” frequency ( does not refer to any actual angle; it’s just a conventional way of measuring how fast something is cycling that happens to be convenient to work with.


The period T is defined as T = 
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so the period is the reciprocal of the frequency.


So the units for T must be 
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, the reciprocal of the units for f;


the period T tells us how many seconds it takes to go through 1 cycle.


For a pendulum:  (=
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where g is the magnitude of the acceleration due to gravity, 9.8 m/s2,


and L is the length of the pendulum, in meters.


Notice that f(
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Intuition check:  

g( ( (( …. Increasing g increases (.  This is intuitive because increasing the acceleration due to gravity makes the bob fall faster, and hence it goes through more swings per second.

L( ( (( … Increasing L decreases (.  This should also be intuitive:  A longer pendulum has to trace a longer arc during each swing, and hence can go through fewer swings per second.

Please remember that the “angular” frequency of a pendulum measures only pretend angles, not real angles.  ( is just a convenient way to measure how fast the pendulum is swinging—it has nothing to do with the actual angle that the pendulum makes with the vertical at any particular time.

Review

(don’t do any practice problems on this material until you memorize these facts)

	answer to question in the previous row
	question

	
	symbol for frequency

	f
	units for f

	hertz:  Hz = 
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	symbol for angular frequency

	(
	units for (
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	how many radians are there in a cycle?

	We pretend a cycle is a circle, 

so we pretend there are 2( rad per cycle.
	What’s the formula for interconverting f and (?

	(=2(f, so f(2((
	What’s the symbol for period?

	T
	What is the formula for period?

	T = 
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	What are the units for T?
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 (the reciprocal of the units for f)
	For a pendulum, give the formula for f—or, give the formula for (

	(=
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where g=9.8 m/s2,

and L=length of pendulum, in meters
	


Reaction quotients and equilibrium constants (general chemistry)

Consider a generalized chemical reaction: 


a A + b B [image: image18.png]


 c C + d D

The reaction quotient Q  is defined as:

Reaction Quotient = Q = 
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What does it mean if Q is big?  


Well, Q is big if Q has a relatively big numerator, 


so if Q is big it means we’ve generated a relatively large amount of products.


I.e., if Q is big the reaction has moved far in the forward direction.


The equilibrium constant K is defined as:


Equilibrium Constant = K = 
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Q and K only include species in aq (aqueous) or g (gas) phase; leave out species in s (solid) or l (liquid) phase.

You can see that Q is calculated based on the actual concentrations; 


but K is calculated based on what the concentrations would be in equilibrium.  


Clearly, when we are in equilibrium, the actual concentration will equal the equilibrium concentrations; 


i.e., in equilibrium, Q=K.

What does it mean if K is big?  


If K is big, it means that, in equilibrium, a relatively large amount of products will have been produced; 


i.e., in equilibrium, a relatively large amount of reactants will have been used up; 


i.e., if K is big, equilibrium is far in the forward direction.  

If K is very big, then almost all of the reactants will have been used up in equilibrium,


and we say that the reaction “goes to completion.”


As we have seen, if Q=K, 


actual concentrations equal the equilibrium concentrations, 


and the reaction is in equilibrium.

If Q<K, 


we’re not in equilibrium.  Why not?  


Because Q is too small; 


i.e., because we haven’t moved far enough forward.  


Therefore, to reach equilibrium, the reaction will continue to move forward; 


i.e., the forward reaction will be spontaneous.

If Q>K, 

we’re not in equilibrium.  Why not?  


Because Q is too big; 


i.e., because we’ve moved too far forward.  


Therefore, to reach equilibrium, the reaction will go into reverse; 


i.e., the reverse reaction will be spontaneous.

	Q<K
	Forward reaction spontaneous

	Q=K
	Equilibrium

	Q>K
	Reverse reaction spontaneous


Suppose the reaction is in equilibrium.  Which row of the table are we in?  

The middle row, Q=K.

Now say we add more C.
  


Will that increase K or decrease K?  


Neither!  Remember that K depends only on the equilibrium concentrations, so changing the actual concentration of C won’t affect K.  (K is called the equilibrium constant because, surprise, it’s often constant.)  


But increasing [C] will increase Q, which does depend on actual concentrations.  


So, after having added more C, which row of the table are we now in?  


Q has increased and K stayed constant, so we’re in the bottom row, Q>K.

But now that we’re in the bottom row, the reaction is moving in reverse.  Will that increase K or decrease K?  


Trick question again:  K won’t change, since it’s unaffected by changes in the actual concentrations.  


But Q will decrease.  

In fact, Q will decrease until it equals K again—


and then we’ll be back in the middle row.  


And we’ll stay there in the middle row unless we impose another stress on the system—that’s why it’s called equilibrium.

The following table illustrates the previous discussion: 

we started in the middle row; 


adding C moved us to the bottom row; 


eventually we got back to the middle row and stayed there.
	
	
	start 
	add C
	eventually

	Q<K
	Forward reaction spontaneous
	
	
	

	Q=K
	Equilibrium
	    *         
	
	      *

	Q>K
	Reverse reaction spontaneous
	
	  *
	


By the way, what’s the name of the phenomenon we’ve just illustrated?  


It’s Le Chatelier’s Principle!  In fact, we’ve just proved Le Chatelier’s Principle:  we’ve shown that when we add products, the reaction shifts into reverse, just as Le Chatelier predicts.  We can see that Le Chatelier’s Principle
 is just a consequence of the relation between Q and K.

We can use the slogan:  “Q tells us where we’re at, K tells us where we’re going.” 


When Q<K (top row), we’ve haven’t gone far enough; we keep moving forward.  


When Q>K (bottom row), we’ve gone too far; we move into reverse.  


And when Q=K (middle row), we’ve arrived at our destination, and stay there, in equilibrium.


As we’ve seen, if we add or remove some of the reactants or products, that changes where we’re at, but it doesn’t change where we’re going; 


it changes Q, but not K.

When we’re in the top row, we move to the middle row; 


when we’re in the bottom row, we move to the middle row; 


when we’re in the middle row, we stay put.

REVIEW

(don’t do any practice problems on this material till you’ve memorized these facts!)

	answer to question in the previous row
	question

	
	symbol for reaction quotient

	Q
	a A + b B ( c C + d D

What is Q?
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	What does it mean if Q is big?  

	the reaction has moved far in the forward direction
	symbol for equilibrium constant

	K
	K for the generalized reaction
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  Don’t forget the eq’s!
	Which phases are included and excluded from Q and K?

	Included:  aq and g
Excluded:  s and l
	What does it mean if K is big?  

	equilibrium is far in the forward direction
	complete the table:

Q<K

?

Q=K

?

Q>K

?




	Q<K

Forward reaction spontaneous

Q=K

Equilibrium

Q>K

Reverse reaction spontaneous



	Say we add more C.  Will that increase K or decrease K?

	Neither!  
	Will it increase Q or decrease Q?  

	Increase
	slogan for the relationship between Q and K

	Q tells us where we’re at, K tells us where we’re going.
	


Dissolution/precipitation reactions (general chemistry)

A dissolution reaction is one in which a solid dissolves into a solution; 


thus, a dissolution reaction is marked by a change from s phase to aq phase.  


A precipitation reaction is the reverse of a dissolution reaction, in which solutes precipitate out of a solution; 


thus, a precipitation reaction is marked by a change from aq to s.


Consider a generalized dissolution reaction: 


Reaction 1:  CcDd (s)  (  c C+ (aq) + d D- (aq)


(The reverse of this reaction would be a generalized precipitation reaction.)

The ion product is a just a special name for the reaction quotient for a dissolution reaction; 


the solubility product is just a special name for the equilibrium constant for a dissolution reaction:

Ion product = I.P. = Q = 
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Solubility product = Ksp = K = 
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Notice that, for a dissolution reaction, “equilibrium” means “saturation”.

If ion products and solubility products are just reaction quotients and equilibrium constants, then why don’t they have denominators like ordinary Q’s and K’s?  


Well, the denominator would refer to the reactants.  But for a dissolution reaction, the reactant is in s phase, so it’s not included in the formula for Q or K.

We see that the ion product is calculated based on the actual concentrations, 

but the solubility product is calculated based on what the concentrations would be at saturation.

A common mistake is to write a chemical equation where precipitation is the forward reaction and dissolution is the reverse reaction, as in Reaction 2:


Reaction 2:  c C+ (aq) + d D- (aq) [image: image26.png]


 CcDd (s) 
It’s a mistake to write the equation in this form because I.P. and Ksp are only defined for dissolution reactions, not for precipitation reactions; 


i.e., they’re only defined for Reaction 1, not for Reaction 2.
  


Always write a dissolution/precipitation like Reaction 1, even if the process you’re focusing on is precipitation rather than dissolution.

What does it mean if I.P. is big?  


I.P. will be big when there’s lots of dissolved ions.  


So if I.P. is big it means we’ve dissolved a lot of CcDd.

What does it mean if Ksp is big?  


It means that there will be lots of dissolved ions at saturation.  


I.e., if K is big, it means that CcDd is very soluble.

Say we add more C+.  Will that increase Ksp or decrease Ksp?  


Answer:  neither, because Ksp doesn’t depend on the actual concentrations, only on what the concentrations would be at saturation.  


Unless the solution is already saturated, increasing C+ does increase the I.P., which does depend on actual concentrations.

“Unsaturated” means “we can dissolve more CcDd.”  


“Saturated” means “we can’t dissolve any more CcDd.”  


And “supersaturated” means “through special circumstances we’ve dissolved even more CcDd than would normally be possible—if we tap the testtube a bunch of CcDd will precipitate out”.

Clearly, when the solution is saturated, the actual concentrations will equal the saturation concentrations; 


i.e., at saturation, I.P. = Ksp.  

When I.P. < Ksp, clearly the solution is not saturated.  Why not?  


Because I.P. is too small.  


I.e., we haven’t dissolved enough CcDd to saturate the solution yet.  


So, when I.P. < Ksp, the solution is unsaturated.

When I.P. > Ksp, it means I.P. is very big.  We’ve generated more dissolved ions than we could normally get even with a saturated solution.  


So, when I.P. > Ksp, the solution is supersaturated.  This can happen only under special circumstances.

	I.P. < Ksp
	unsaturated

	I.P. = Ksp
	saturated

	I.P. > Ksp
	supersaturated


Molar solubility (general chemistry)

Another important concept on the MCAT is molar solubility, which we will symbolize as S.  The units of S are mol/L.  

A rough but convenient definition of S is:  The molar solubility S of CcDd is how much CcDd we can dissolve.

It’s easiest to understand what S means by considering the following three Cases:


Case 1:  Start with pure water, and add some CcDd.  Suppose the total amount of CcDd added is less than S.
  


As we add the CcDd it will dissolve.  After adding all the CcDd, the solution has no precipitate, 


and it is unsaturated 


(i.e., we could dissolve even more CcDd in it if we wanted to).

Case 2:  Now start with another beaker of pure water, and add CcDd.  Suppose the total amount of CcDd added is equal to S.  


As we add the CcDd it will again completely dissolve.  After adding all the CcDd,  our solution will have no precipitate; 


and it will be saturated 


(i.e., we can’t dissolve any more CcDd in it).

Case 3:  Now start with a third beaker of pure water, and add CcDd.  Suppose the total amount of CcDd added is greater than S.  As we add the initial portions of CcDd, it will dissolve.  However, once we’ve added more than S, the remaining CcDd we add will not dissolve—instead, it will just pile up on the bottom of the beaker as a precipitate.  
After adding all the CcDd, our solution will have a precipitate; 


and it will be saturated 


(i.e., if we add even more CcDd it will not dissolve but will continue to pile up at the bottom).

Please note that adding more than S (Case 3) does not normally produce a supersaturated solution.  Instead, we just get a saturated solution with a precipitate.  Remember that supersaturated solutions can only be obtained under special circumstances; in normal conditions, the solution can only be saturated or unsaturated.  

The discussion of Case 1, Case 2, and Case 3 can be summarized in this table:

	total amount of CcDd added < S
	I.P.<Ksp
	unsaturated
	no precipitate

	total amount of CcDd added = S
	I.P.=Ksp
	saturated
	no precipitate

	total amount of CcDd added > S
	I.P.=Ksp
	saturated
	precipitate


(S = molar solubility; “amount of CcDd added” measured in mol/L)


The best way to understand what molar solubility (S) means is to study this table.


Recall that, when we discussed Q and K, we saw that when Q<K, the reaction doesn’t stay put—it moves forward.  


Does the same thing apply to I.P. and Ksp?


No!  When I.P.<Ksp, the reaction just stays put.  You can see why from the table.  When I.P.<Ksp, we’re in the first row, with no solid precipitate.  Well, in a dissolution reaction, the solid is the reactant; if there’s no reactant left, clearly the reaction can’t move forward.
 

So we’ve observed a difference between general reactions and dissolution reactions:  


General reactions move spontaneously to equilibrium; 


but a dissolution reaction can’t move forward to equilibrium (saturation) until we add enough solute.

Remember that our slogan for Q and K was “Q tells us where we’re at, K tells us where we’re going.”  That was a good slogan because, eventually Q always moves to equal K.  Will the slogan work for I.P. and Ksp?  


No!  We’ve just seen that in many cases Ksp does not tell us where we’re going—when I.P. is less then Ksp, it will not move to equal Ksp unless we add more solute.

Instead, for I.P. and Ksp we should use a new slogan:  


“I.P. tells us how far we’ve gone; Ksp tells us the furthest we can go.”  

As long as I.P.<Ksp, we can still “go further”—


i.e., we can still dissolve more CcDd.  

But when I.P.=Ksp, we can’t “go any further”—


i.e., we can’t
 dissolve any more CcDd.  

And if I.P.>Ksp, we’ve used special techniques to go further than is normally possible—


we’ve dissolved more CcDd than would normally be possible; if we tap the test tube some CcDd will precipitate out and we’ll back up to the normal limit, I.P.=Ksp.


Notice that once the solution is saturated, adding more of the solid will not shift the reaction forward.  This is an exception to LeChatelier’s principle, which would say that adding more reactant should shift the reaction forward.  

Here’s the reason why LeChatelier doesn’t work in this case:


Remember that in the previous section on Equilibrium we actually proved LeChatelier’s principle.  Our proof was based on the fact that if you change the concentrations of one of the reactants or products, this causes a change in Q.  


But since the solid in a precipitation reaction is not included in the formula for I.P., changing the amount of solid does not change the I.P.; 


thus, the proof does not apply to changes in the amount of the solid.

The dissolved ions C+ and D- do appear in the I.P., so they do obey LeChatelier’s principle—but, even for the dissolved ions there is one exception to LeChatelier:  

If we remove ions (products) from a saturated solution with no precipitate, the reaction can’t shift forward, because there’s no solid (reactant) left.

A common problem on the Test is to be given the molar solubility, and to have to figure out the solubility product; 


and another common problem is to be given the solubility product and to have to solve to find the molar solubility—


i.e., it’s common to have to determine Ksp from S, or S from Ksp.  


Both of these types of problems can be solved with the following 2-step method:


Step 1:  Saturate the solution.


Step 2:  Use the equation I.P.=Ksp.  (Remember that this equation is only true for a saturated solution; that’s why we have to do Step 1 before doing Step 2.)

Example  AUTONUM   The molar solubility of CuBr is 2.0 ( 10-4 mol/L.  What is the solubility product of CuBr?

Example  AUTONUM   The molar solubility of CuBr is 2.0 ( 10-4 mol/L.  What is the solubility product of CuBr?

Solution:

This problem gives us S and ask us for us Ksp, so we use the 2-step method described above:

Step 1:  Saturate the solution.

How much CuBr do we have to add to saturate the solution?  


Well, its molar solubility is 2 ( 10-4 mol/L; 


i.e., the maximum amount of CuBr we can dissolve is 2 ( 10-4 mol/L; 


i.e., we have to add 2 ( 10-4 mol/L of CuBr to saturate the solution.


The entire 2 ( 10-4 mol/L of CuBr will dissolve (since we didn’t add more than S).


Dissolving 1 mole of CuBr would generate 1 mole of Cu+ and 1 mole of Br-;


therefore, dissolving 2 ( 10-4 mol/L of CuBr will generate 2 ( 10-4 mol/L of Cu+ and 2 ( 10-4 mol/L of Br-.


This table summarizes the previous three paragraphs: 

	
	CuBr (s)
	(
	Cu+ (aq)
	+
	Br- (aq)

	start
	2 ( 10-4
	
	0
	
	0

	(
	- 2 ( 10-4
	
	+ 2 ( 10-4
	
	+ 2 ( 10-4

	end
	0
	
	2 ( 10-4
	
	2 ( 10-4


Step 2:  Set I.P.=Ksp.

                                    I.P. = Ksp

(                   [Cu+] [Br-]  = 


(       (2 ( 10-4) (2 ( 10-4) = 

(                         4 ( 10-8  = Ksp

The solubility product of CuBr is 4 ( 10-8.

MORALS:
When you have to go from S to Ksp, or from Ksp to S, use the 2-step method:


Step 1:  Saturate the solution.


Step 2:  Set I.P.=Ksp.

Use a table like the one above when doing these sorts of problems, at least when you’re first learning how to do them.

Sometimes people get confused about the difference between S and Ksp.  Studying this example may help you to see the relationship between them.


You should be able to see that, for CuBr, 


S2 = Ksp.

Clearly, then, (1) a big S tends to go along with a big Ksp;


but (2) S is not equal to Ksp.


However, it is not always true that the solubility product is the square of the molar solubilities—


the precise relationship between S and Ksp depends on the stoichiometric coefficients in the dissolution reaction.

The common ion effect (general chemistry)

Now, suppose the molar solubility of CcDd is S0.  Say we add enough CcDd to saturate our solution.  How much CcDd is dissolved in this saturated solution?  


The answer is S0.  


I.e., the total amount of CcDd we are able to dissolve in this solution is S0.  

Next, let’s add a new substance, AxDy, to the solution; suppose AxDy is at least partly soluble.  What will happen?  Some of the AxDy will dissolve.     


This would tend to increase [D].  


By LeChatelier’s principle, that moves Reaction 1 into reverse, 


and some of the CcDd precipitates out.

Let’s call the amount of CcDd that is now dissolved S1.  Before, we had S0 dissolved, but then some precipitated out, so S1 < S0.  


I.e., we can’t dissolve as much CcDd as we could before we added the AxDy.  


I.e., adding the AxDy made the CcDd less soluble.

What’s the name of the phenomenon we’ve just described?


It’s the common ion effect:  adding AxDy makes CcDd less soluble.  


The common ion effect applies to any two substances that share a common ion.  


(In our example the common ion is the anion D-, but the common ion effect applies to cations too.  The common ion effect would not apply to the pair EeFf and GgHh, because they don’t share any common ion.)  


We have shown that the common ion effect is a result of LeChatelier’s principle.

So, does adding AxDy increase the solubility product of CcDd or decrease it? 


Neither:  the Ksp stays constant.  


Remember that LeChatelier’s principle involves changes in Q, not changes in K.

Thinking that the common ion effect decreases Ksp is a common trap on the Test.  Another way to see why the Ksp doesn’t change is to note that adding AxDy simply increases [D-]—but we know that changes in actual concentrations don’t affect equilibrium constants.

If CcDd’s solubility product doesn’t change, what does change when we add AxDy?  The answer is that the molar solubility of CcDd changes—


S decreases from S0 to S1.  


That makes good sense because we defined S as how much CcDd we can dissolve, and we saw above that after we add AxDy we can dissolve less CcDd than before.

Here’s a rougher but simpler way to understand the common ion effect:  


There’s a limit to how much D- we can dissolve.  If we dissolve more D- from the AxDy, then we can’t dissolve as much from the CcDd; 


i.e., dissolving more AxDy makes the CcDd less soluble.

To summarize, the Common Ion Effect says that adding more AxDy makes CcDd less soluble—


i.e., adding more AxDy decreases the molar solubility of CcDd.  


However, adding AxDy does not change the solubility product of CcDd.
Example  AUTONUM   What is the molar solubility of CuBr in a solution of .2 M KBr?

Example  AUTONUM   What is the molar solubility of CuBr in a solution of .2 M KBr?

Solution:


Start with pure water.


Next, add enough KBr to create a solution of .2 M KBr.


K+ is completely soluble with all anions, 


so the .2 mol/L of KBr will completely dissolve, 


giving us the following table:

	
	KBr (s)
	(
	K+ (aq)
	+
	Br- (aq)

	start
	.2
	
	0
	
	0

	(
	- .2
	
	+ .2
	
	+ .2

	end
	0
	
	.2
	
	.2


Next, we need to determine the molar solubility of CuBr.  We already know the solubility product of CuBr—


we figured out in Example 1 that
 it’s 4 ( 10-8.


So we know the solubility product of CuBr,


and need to find the molar solubility of CuBr.


To go from Ksp to S, we use our 2-step method.


Step 1:  Saturate the solution.


How much CuBr do we have to add to saturate the solution?  


Well, its molar solubility is S; 


i.e., the maximum amount of CuBr we can dissolve is S; 


i.e., we have to add S amount of CuBr to saturate the solution.


There’s already .2 mol/L Br- in solution from the KBr.


The entire amount S of CuBr will dissolve (since we didn’t add more than S).


Dissolving 1 mole of CuBr would generate 1 mole of Cu+ and 1 mole of Br-;

therefore, dissolving S of CuBr will generate S of Cu+ and S of Br-.


This table summarizes what happens when we saturate the solution with CuBr: 

	
	CuBr (s)
	(
	Cu+ (aq)
	+
	Br- (aq)

	start
	S
	
	0
	
	.2

	(
	- S
	
	+ S
	
	+ S

	end
	0
	
	S
	
	.2 + S


Step 2:  Set I.P.=Ksp.

                                    I.P. = Ksp

(                   [Cu+] [Br-]  = 4 ( 10-8
· S (.2 + S)  = 4 ( 10-8                     (1)

Equation (1) is one equation in one unknown, so we can solve for S.  However, Equation (1) is a quadratic equation, so to solve it we’d need the quadratic formula.

On the MCAT, they never expect you to use the quadratic formula.  So we know there must be some approximation we can make to avoid needing the quadratic formula:  We should suppose that S is much smaller than .2.


Then, .2 + S ( .2,

and equation (1) can be approximated as

(            S ( (.2)  = 4 ( 10-8
(
                    S = 2 ( 10-7 

The solubility product of CuBr in .2 M KBr is 2 ( 10-7.

MORALS:

When you have to go from S to Ksp, or from Ksp to S, use the 2-Step Method:


Step 1:  Saturate the solution.


Step 2:  Set I.P.=Ksp.

Use tables like the ones above when doing these sorts of problems, at least at first.

On the Test, you’re expected to use any approximation that’s necessary to avoid having to use the quadratic formula.

In Example 2 we got that S for CuBr is 2(10-7.


In Example 1 we saw that S for CuBr was 2(10-4.


Why did the S decrease?


It’s the common ion effect!  In Example 2 the presence of the KBr lowered the molar solubility of CuBr, 


just as the common ion effect would predict.


So you should study this example to build your intuition for why the common-effect occurs.

REVIEW

(don’t do any practice problems on this material till you’ve memorized these facts!)

	answer to question in previous row
	question

	
	what is a dissolution reaction?

	solid dissolves into aqueous
	What is equilibrium for a dissolution reaction?

	saturation
	what is a precipitation reaction?

	aqueous species precipitate into solid (reverse of dissolution)
	symbol for ion product

	I.P. 
	what is I.P.?

	special name for the reaction quotient Q of a dissolution reaction
	CcDd (s)  (  c C+ (aq) + d D- (aq)

What is the formula for I.P.?

	I.P. = 
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	what is the solubility product?

	special name for the equilibrium constant K of a dissolution reaction
	symbol for solubility product

	Ksp
	formula for Ksp

	Ksp =
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	Should you write reaction equations as dissolution reactions or precipitation reactions?

	Always write a reaction equation as a dissolution, even if the actual process taking place is precipitation.
	What does it mean if I.P. is big?

	we’ve dissolved a lot of CcDd
	What does it mean if Ksp is big?  

	CcDd is very soluble
	Say we add more C+.  Will that increase Ksp or decrease Ksp?  

	neither
	Will it increase I.P. or decrease I.P.?

	increase (unless solution is already saturated)
	what does unsaturated mean?

	we can dissolve more CcDd
	what does saturated mean?

	we can’t dissolve any more CcDd
	what does supersaturated mean?

	through special circumstances we’ve dissolved even more CcDd than would normally be possible—if we tap the testtube a bunch of CcDd will precipitate out
	complete the table:

I.P. < Ksp
?

I.P. = Ksp

?

I.P. > Ksp
?



	I.P. < Ksp
unsaturated

I.P. = Ksp

saturated

I.P. > Ksp
supersaturated


	what symbol are we using for molar solubility?

	S
	units for S

	mol/L
	definition of S

	rough definition:

the molar solubility S of CcDd is how much CcDd we can dissolve
	complete the table

total amount of CcDd added < S
?

?

?

total amount of CcDd added = S
?

?

?

total amount of CcDd added > S
?

?

?



	total amount of CcDd added < S
I.P.<Ksp
unsaturated

no precipitate

total amount of CcDd added = S
I.P.=Ksp
saturated

no precipitate

total amount of CcDd added > S
I.P.=Ksp
saturated

precipitate


	slogan for the relation between I.P. and Ksp

	I.P. tells us how far we’ve gone; Ksp tells us the furthest we can go
	2-step method for finding S from Ksp, or for finding Ksp from S

	Step 1:  Saturate the solution.

Step 2:  Use I.P.=Ksp.  
	What is the common ion effect?

	adding AxDy makes CcDd less soluble;

also, adding CvEz makes CcDd less soluble
	does adding AxDy increase the solubility product of CcDd or decrease it?

	neither
	does it increase the molar solubility of CcDd or decrease it?

	decrease
	under what circumstances should you use the quadratic equation on the Test?

	never; always use whatever approximation is necessary to avoid using the quadratic formula
	


Before doing more advanced problems, go back and make sure you can do the two Examples presented above.

� It is also correct, but less intuitive, to define hertz as Hz=� EMBED Equation.3  ���, “per seconds”.


� It is also correct, though less intuitive, to say that the units for T are seconds.


� A, B, C, and D are the reactants and products; a, b, c, and d are the stoichiometric coefficients.


� Remember, we’re using the generalized equation a A + b B ⇌ c C + d D.


� for changes in concentration


� We haven’t specified the magnitude of the charges on the ions.


� To be more precise, the problem with using Reaction 2 is that the reaction quotient for Reaction 2 is � EMBED Equation.3  ���.  This Q is inconvenient to work with because it’s undefined when either [C] or [D] are zero.


� For example, imagine we saturate a solution, so I.P.=Ksp.  Then, we lower the temperature.  Lower temperatures make substances less soluble, so now the Ksp is lower than before, which means that now I.P.>Ksp.  The solution is now supersaturated.  If we tap the testtube, a bunch of the substance will precipitate out, lowering I.P. until I.P.=Ksp again and the solution is back to saturation.


� It would be more precise but less convenient to say that S is numerically equal to the maximum number of moles of CcDd that we can dissolve in one liter of solution; or, equivalently, that S is numerically equal to the minimum number of moles of CcDd that we would have to add to saturate one liter of the solution.


� Remember that S is the molar solubility of CcDd.


� If I.P.>Ksp (supersaturation), the reaction will move in reverse back to I.P.=Ksp, but only if we apply a small shock to the system, such as tapping the testtube.


� under normal conditions


� We’ve seen that dissolution reactions have some exceptions to LeChatelier’s principle, but Le Chatelier does apply to adding more ions, which is what is relevant to the common ion effect.


� Since Ksp is not affected by the actual concentration of Br-, the Ksp for CuBr should be the same in a solution of KBr as in a solution of pure water.


� Why not suppose that .2 is much small than S?  (1) In situations like this on the MCAT, it turns out that the variable is almost always much smaller than the number, not that the number is much smaller than the variable.  (2) We know from Example 1 that, in pure water, the S is 2(10-4, which is already much smaller than .2; and, because of the common-ion effect, we expect S to be even smaller in this example.


� You can check that S did indeed turn out to be much less than .2, so our approximation was a good one.  It would not generally be necessary to make this check during the MCAT, however, since we know that we’re expected to make any approximation necessary to avoid using the quadratic formula.





(2006 by Steven Blatt

Get more MCAT help at http://www.geocities.com/freelanceteacher.
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