Chapter 18 Review
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Le Chatelier's principle allows us to predict the effects of changes in temperature, pressure, and concentration on a system at equilibrium. It states that if a system at equilibrium experiences a change, the system will shift its equilibrium to try to compensate for the change.

· changing the concentration (only with gases or aqueous solutions):
If you lower the concentration or remove some of a species, the system will shift to produce more of that species. On the other hand, if you increase the concentration or add some of a species, the system will shift to produce less of that species. For example, in the equation:

H2+ I2 <--->2HI

If we remove some of the H2, the system will shift towards the left (the reverse reaction will happen the most) to produce more H2.

· changing the volume/pressure (only gases):
Increasing the volume has the same effect as decreasing the pressure and vice versa so we are only going to talk about changing the pressure. When you increase the pressure, the system will shift so the least number of gas molecules are formed because the more gas molecules there are, the more collisions there are. These collisions and the presence of gas molecules are what cause the pressure to increase. Likewise, when you decrease the pressure, the system will shift so the highest number of gas molecules are produced. For example, in the equation:

N2 (g) + 3H2 (g) <---> 2NH3 (g) 

if the pressure is increased, the system will shift to the right because fewer gas molecules are produced in the forward reaction than in the reverse reaction.

· changing temperature:
For every reaction which can go forwards and backwards, one direction is endothermic and the other is exothermic. A reaction is endothermic if it takes heat from its surroundings. On the other hand, a reaction is exothermic if it gives heat to the surroundings. If you increase the temperature, then the endothermic reaction will be favored because that will take in some of the excess heat. If you decrease the temperature, the exothermic reaction will be favored because it will produce the heat that was lost. For example, in the equation:

PCl3(g) + Cl2(g) <----> PCl5(g) + energy

if the temperature was increased, the system would shift to the left and the reverse reaction would happen more because that would use some of the extra energy.

· using a catalyst:
A catalyst increases the speed in which a reaction takes place, however it never has any effect on the equilibrium.

Solubility is how much material dissolves in a solution, usually given in g/L. Ksp is the equilibrium expression related to ion concentration in a solution. For example, in the equation:

AgBr (s) --> Ag+ (aq) + Br- (aq)

Ksp=[Ag+][Br-]

Adding common ions, acids, or bases affects the solubility of a substance. Taking the above reaction as an example, if you add AgNO3, the [Ag+] would increase causing the system to shift to the left and therefore causing the solubility to decrease. If you add Pb(NO3)2, the Pb2+ and the Br- would form a precipitate which would decrease the [Br-] and cause the system to shift to the right and therefore increase the solubility.

· If both sodium acetate and acetic acid are dissolved in the same solution they both dissociate and ionize to produce acetate ions. Sodium acetate is a strong electrolyte so it dissociates completely in solution. Acetic acid is a weak acid so it only ionizes slightly. According to Le Chatelier's principle, the addition of acetate ions from sodium acetate will suppress the ionization of acetic acid and shift its equilibrium to the left. Thus the percent dissociation of the acetic acid will decrease and the pH of the solution will increase. The ionization of an acid or a base is limited by the presence of its conjugate base or acid.

NaC2H3O2(s) → Na+(aq) + C2H3O2−(aq)
HC2H3O2(l) ↔ H+(aq) + C2H3O2−(aq)
	1. Under suitable conditions, roughly what proportion of all chemical reactions are reversible?

	


none




less than half




about half




nearly all



	2. At equilibrium,

	


the forward reaction rate is lower than the reverse reaction rate.




the forward reaction rate is higher than the reverse reaction rate.




the forward reaction rate is equal to the reverse reaction rate.




no reactions take place.



	3. A value of K near 1 indicates that at equilibrium probably

	


only products are present.




only reactants are present.




significant quantities of both products and reactants are present.




the reactions occur at a moderate rate.



	4. If the system 2CO( g ) + O2 (g ) [image: image15.png]


2CO2 (g ) has come to equilibrium and then more CO(g ) is added,

	


[CO 2 ] increases and [O2 ] decreases.




[CO 2 ] increases and [O2 ] increases.




[CO 2 ] decreases and [O2 ] decreases.




both [CO 2 ] and [O2 ] remain the same.



	5. If a reaction system has come to equilibrium, it can be made to run to completion

	


only if it is not reversible.




only if the temperature is low enough.




by applying Le Châtelier's principle.




under no circumstances.



	6. In which solution does adding hydrogen chloride promote precipitation?

	


H 2 SO4




KBr




NaCl




NaH



	7. What is the acid-ionization constant, K a , for the ionization of acetic acid, shown in the reaction CH3 COOH(aq ) + H2 O(l ) [image: image28.png]


H3 O+ (aq ) + CH3 COOH– (aq )?
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	8. When small amounts of acids or bases are added to a solution of a weak acid and its salt, the pH

	


always increases considerably.




always decreases considerably.




either increases or decreases considerably.




remains nearly constant.



	9. What type of reaction occurs in an aqueous solution of the salt of a weak acid and a strong base?

	


cation hydrolysis




anion hydrolysis




both cation and anion hydrolysis




buffer hydrolysis



	10. A substance with a very low Ksp is

	


insoluble or sparingly soluble.




moderately soluble.




very soluble.




completely miscible in most solvents.



	12. What is the solubility-product constant of Mg(OH)2? Its solubility is 9.0 x 10–4 g/100 g H2O.

	


1.8 x 10 6



4.5 x 10 9



1.5 x 10 11



6.2 x 10 12



