
Chemistry2000Spring2001SectionB Assignment4
Solutions

1. (a) Thesolubility equilibriumis

Mg
�
OH� 2 � s��� Pb2�� aq��� 2OH	 � aq��


Thesolubility product(Ksp) of thissaltis 1 
 5 � 10	 11. Thus

Ksp 
 �
aMg2� � � aOH� � 2 


Supposethatthesolubility is s. ThenaMg2� 
 s andaOH� 
 2s.

� 1 
 5 � 10	 11 
 s
�
2s � 2 
 4s3 
� s 
 1 
 55 � 10	 4 


Thesolubility is therefore1 
 55 � 10	 4mol� L.

(b) In a pH 4 buffer, aH � 
 10	 4. UsingKw, we find thataOH� 
 10	 10. SinceaMg2� 

Ksp� a2

OH� , wefindasolubilityof 1 
 5 � 109mol� L. Thisabsurdlyhighnumberindicates
thatthesolubility will beextremelyhigh,andmostlylimited by thebufferingcapacity
of thesolution.

2. Wecanusethemolarmassto convert thesolubility to mol/L:

s 
 0 
 02g� L
126
 71g� mol 
 1 
 6 � 10	 4mol� L 


Thesolubility processis
GaF3 � s��� Ga3�� aq� � 3F	 � aq� 


Theconcentrationof galliumin solutionwill beequalto s while theconcentrationof fluoride
will be3s. Accordingly,

Ksp 
 s
�
3s � 3 
 27s4 
 1 
 7 � 10	 14 


3. (a) 1kg of maplesugaris 2%of theinitial weightof sap,i.e.0 
 02m 
 1kg, which implies
thatm 
 50kg.

1



(b) We needto take the sapfrom 5� C to the boiling point, assumedto beabout100� C.1

Theamountof heatrequiredto do this is

q1 
 mC̃P∆T 
 �
50 � 103g� � 4 
 18JK 	 1g 	 1 � � 95K � 
 20MJ 


We mustalsoboil away 49kg of water. Theheatof vaporizationof wateris 2260J/g,
sothattakes

q2 
 �
49 � 103g� � 2260J� g� 
 111MJ 


Thetotalheatrequiredis therefore131MJ.

(c) mwood 
 �
131MJ��� � 4MJ� kg� 
 33kg.

4. (a) We needabalancedreaction:

Na� s� � H2O � l ��� NaOH� aq� � 1
2

H2 � g� 

For this reaction,

∆H̄ � 
 ∆H̄ �f � NaOH� aq� � � 1
2

∆H̄ �f � H2 � g� ���
�
∆H̄ �f � Na� s� � � ∆H̄ �f � H2O� l � ���


 � 470
 114 � 1
2

�
0� ��� 0 � � � 285
 830�! kJ� mol


 � 184
 284kJ� mol 

Thenumberof molesof sodiumis

mNa 
 10g
22
 9898g� mol 
 0 
 43mol 


Thetotalheatreleasedis therefore

q 
 � � 184
 284kJ� mol� � 0 
 43mol� 
 � 80kJ

(b) Thereactionis exothermicsothewatergains 80kJ of heat.

∆T 
 80 � 103J�
400g� � 4 
 18JK 	 1g	 1 � 
 48K 


Thefinal temperaturewouldbe15 � 48� C 
 63� C.

(c) The reactionproduces0.43mol of hydroxide ions. The volume of the solution is�
400g��� � 0 
 9971g� mL � 
 401mL. The concentrationof hydroxide is therefore�
0 
 43mol�"� � 0 
 401L � 
 1 
 1mol� L. The activity of hydrogenions would be approxi-

mately10	 14� 1 
 1 
 9 
 2 � 10	 15, whichgivesapH of 14.0.

1This is probablytheshakiestassumptionin thewholecalculationsincetheboiling point will increaseasthesap
becomesmoreconcentrated.
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