
Chemistry2000BSpring2002Assignment4 Solutions

1. The requireddataare in Tables11 and 12 of Appendix D (p A-18). We can breakthe
calculationup into severalpieces:

� Heatto melt solid: �
28� 53g�

�
11J� g��� 0 � 31kJ

� Heatto warmliquid from melting( � 38� 8� C) to boiling point (357� C):�
28� 53g�

�
0 � 138JK 	 1g 	 1 ��
 357 �

�
� 38� 8� K �
� 1 � 56kJ

� Heatto vaporizeliquid: �
28� 53g�

�
294J� g��� 8 � 39kJ

� Thespecificheatcapacityof thevaporis givenonamolarbasis.Thenumberof moles
of mercuryis

nHg � 28� 53g
200� 59g� mol

� 0 � 1422mol �
� heatrequiredto warmvaporto final temperature:�

0 � 1422mol�
�
20� 77JK 	 1mol 	 1 �

�
500 � 357K ��� 0 � 422kJ

Thetotal heatrequiredis therefore

0 � 31 � 1 � 56 � 8 � 39 � 0 � 422kJ � 10� 68kJ�
2. Thesolubility equilibriumfor aluminiumphosphateis

AlPO4 � s��� Al3�� aq� � PO3 	4 � aq� �
The pKa of HPO2 	4 , theconjugateacidof phosphate,is 12.44(calculatedfrom datain table
17.4, p 799). If the pH is well above 12.44,phosphateis the dominantspeciesand the
solubility shouldbe low (but seebelow). As the pH approachesthe pKa, therewill be less
freephosphatein solutionandmoreHPO2 	4 . This will tendto increasethesolubility. Well
below the pKa, therewill bevery little freephosphatein solutionandaluminiumphosphate
shouldbeverysoluble.

There’s areadditionalcomplicatingfactors:Aluminium hydroxideisn’t very solubleeither
soathigh pH, precipitationof thissaltmight removealuminiumfrom solutionandtherefore
increasetheamountof aluminiumphosphatewhich will dissolve. Whetherthis will occur
will dependon whetherthereaction

AlPO4 � s� � 3OH	 � aq� � Al
�
OH� 3 � s� � PO3 	4 � aq�
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is spontaneousor not underthegivenconditions.This reactioncanbebrokendown into

AlPO4 � s� � Al3�� aq� � PO3 	4 � aq� K � 1 � 3 � 10	 20

Al3�� aq� � 3OH	 � aq� � Al
�
OH� 3 � s� K � 1

1 � 9 � 10� 33

sothattheequilibriumconstantfor theoverall reactionis 1 � 3 � 10	 20� 1 � 9 � 10	 33 � 6 � 8 �
1012. This is huge,so this reactionwill bespontaneousunderany reasonableconditionsof
high pH (high hydroxideion concentration).In otherwords,we can“dissolve” aluminium
phosphateat high pH, too, at leastin the limited sensethat AlPO � 4 � s� will disappearto be
replacedby Al

�
OH� 3 � s� , leaving phosphatein solution.

I will admitthat I hadnot thoughtof this secondpossibilitywhenI framedthis question.It
just goesto show thatyouhave to think aboutthechemistryof thesethingsall thetime.

3. Thesolubility equilibriumis

AuI3 � s� � Au3�� aq� � 3I 	 � aq� �
SinceaI � � 3aAu3� ,

Ksp �
�
aAu3� �

�
aI � � 3 �

�
aAu3� �

�
3aAu3� � 3 � 27

�
aAu3� � 4 �

� �
aAu3� � 4 � 1 � 0 � 10	 46

27
� 3 � 7 � 10	 48 �

� aAu3� � 1 � 4 � 10	 12 �� solubility �
�
1 � 4 � 10	 12mol� L �

�
577� 6800g� mol��� 8 � 0 � 10	 10g� L �

4. (a) Thesolubility equilibriumis

Ca
�
CH3COO� 2 � s��� Ca2�� aq� � 2CH3COO	 � aq� �

Theconcentrationof calciumacetateis


Ca
�
CH3COO� 2 ��� 374g� L

158� 167g� mol
� 2 � 36mol� L �

Theactivity of calciumionsin solutionis therefore1 aCa2� � 2 � 36while theactivity of
acetateionsis aCH3COO� � 2

�
2 � 36��� 4 � 73. TheKsp is therefore

Ksp �
�
aCa2� �

�
aCH3COO� � 2 �

�
2 � 36�

�
4 � 73� 2 � 52� 9 �

(b) Thesolubility of calciumacetateis sohigh thatundernormalconditionswewouldnot
expectto exceedits solubility.

1Neglectingnonidealbehavior.
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5. This is basedon thesolubility equilibrium

CaF2 � s� � Ca2�� aq� � 2F	 � aq� �
For this reaction,

Ksp � 3 � 9 � 10	 11 �
�
aCa2� �

�
aF � � 2 �

WewantaF � � 10	 6 at theendof thereaction.Thismeansthattheactivity dueto theexcess
calciummustbe

aCa2� � 3 � 9 � 10	 11�
10	 6 � 2 � 39�

This is anexcessively high (almostcertainlyunrealizable)concentrationof calciumin solu-
tion. In otherwords,you probablycan’t remove all of thatfluorideby this reaction.How-
ever, assumingthatyou canactuallyget this muchcalciumdissolvedin water, thenumber
of molesof calciumionsin 50L wouldbe

nCa2��� aq �
�
39mol� L �

�
50L ��� 1950mol �

Thenumberof molesof fluorideremovedfrom solutionis

nF � � precip �
�
0 � 025 � 10	 6mol� L �

�
50L ��� 1 � 25mol �

By stoichiometry, the numberof molesof calcium ions requiredto precipitatethis much
fluorideis

nCa2� � precip � 1
2

�
1 � 25mol�!� 0 � 625mol �

Thetotal numberof molesof calciumionswhichwemustaddis therefore

nCa2��� total � 0 � 625 � 1950mol � 1951mol �
The calciumions areaddedin the form of a nitratewith a molar massof 164.0878g/mol.
Themassof calciumnitraterequiredis therefore

mCa� NO3 � 2 �
�
1951mol�

�
164� 0878g� mol�!� 320kg "

again,clearlyanabsurdnumber.

6. TheHenry’s law constantfor oxygenin wateris 1 � 66 � 10	 6molL 	 1mmHg	 1 (table14.2,p
653).Thepartialpressureof oxygenin air atsealevel is 0.2095atm(table12.2,p 559).The
concentrationof oxygenin waterwhich is in equilibriumwith theatmosphereat sealevel is
therefore


O2 � aq� �#�
�
1 � 66 � 10	 6molL 	 1mmHg	 1 �

�
0 � 2095atm�

�
760mmHg� atm��� 2 � 64 � 10	 4mol� L �

(The conversionfactor from atm to mmHg camefrom the back cover of the book.) 1L
of waterthereforecontains2 � 64 � 10	 4mol of oxygen. If we transferthis many molesof
oxygeninto a1L (0 � 001m3) container, it wouldexertapressureof

P � nRT
V

�
�
2 � 64 � 10	 4mol�

�
8 � 314510JK 	 1mol 	 1 �

�
298� 15K �

0 � 001m3 � 655Pa�
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