Chemistry2000BSpring2002Assignmentd Solutions

1. Therequireddataarein Tables1l and 12 of AppendixD (p A-18). We can breakthe
calculationupinto severalpieces:

e Heatto meltsolid:
(28.539)(11J/9) = 0.31kJ

e Heatto warmliquid from melting (—38.8°C) to boiling point (357°C):
(28.539)(0.138JK g 1)[357— (—38.8)K] = 1.56kJ

e Heatto vaporizeliquid:
(28.539)(294J/9) = 8.39kJ

e Thespecificheatcapacityof thevaporis givenonamolarbasis.The numberof moles

of mercuryis
28.53¢g

~ 20059g/mol
.. heatrequiredto warmvaporto final temperature:

NHg = 0.1422mol.

(0.1422mol)(20.77IK~tmol~1) (500— 357K) = 0.422kJ

Thetotal heatrequiredis therefore

0.31+1.56+8.39+0.422kJ= 10.68kJ.

2. Thesolubility equilibriumfor aluminiumphosphatés

AIPOy5) = Al% +PO .
The pK, of HPOE[, the conjugateacidof phosphateis 12.44(calculatedrom datain table
17.4,p 799). If the pH is well above 12.44, phosphatas the dominantspeciesand the
solubility shouldbe low (but seebelaw). As the pH approacheshe pKj, therewill beless
free phosphatén squtionandmoreHPOf[. Thiswill tendto increasehe solubility. Well
below the pK,, therewill beverylittle free phosphatén solutionandaluminiumphosphate
shouldbevery soluble.

Theres areadditionalcomplicatingfactors: Aluminium hydroxideisn’t very solubleeither
soathigh pH, precipitationof this saltmight remove aluminiumfrom solutionandtherefore
increasehe amountof aluminiumphosphatevhich will dissolve. Whetherthis will occur
will dependnwhetherthereaction

AIPOy(5) +30H,, = Al(OH)35 + PO, o

1



is spontaneousr not underthe givenconditions.This reactioncanbe brokendown into

N 3 — _ 20
AIPOyy = AIZH +PC . K=13x10"

Al%,+30H,, = Al(OH)zs K=

1
(a (aq) 1.9x10 33

sothatthe equilibrium constantor the overall reactionis 1.3 x 1072°/1.9 x 10733 = 6.8 x
10'2. Thisis huge,sothis reactionwill be spontaneousnderary reasonableonditionsof
high pH (high hydroxideion concentration)ln otherwords,we can“dissolve” aluminium
phosphatet high pH, too, at leastin the limited sensethat AIPO 4 will disappeato be
replacedoy Al (OH)3g), leaving phosphatén solution.

I will admitthatl hadnotthoughtof this secondpossibilitywhenl framedthis question.It
justgoesto shawv thatyou have to think aboutthe chemistryof thesethingsall thetime.

3. Thesolubility equilibriumis
AUl = Augr + 315,

Sinceay- = 3a, 3+,

KSD = (aAu3+)(aI*)3 = (aAu3+)(3aAu3+)3 = 27(aAu3+)4-
1.0x 1046
co(Apen)?t = 10X1077 57410748
27
Az = 14x10712

~.solubility = (1.4x 10"*?mol/L)(577.6800g/mol) = 8.0 x 10 *g/L.

4. (a) Thesolubility equilibriumis

Ca(CH3CO0)y(y = Cay +2CHCOQ,

aq) (ag)-
The concentratiorof calciumacetatas
374g/L
CaCH3C0O0)y] = —————— = 2.36mol/L.
[CACHCO0)2] = 17a7670/moal mol/

Theactivity of calciumionsin solutionis thereforé acz+ = 2.36 while the activity of
acetat@onsis acy,coo- = 2(2.36) = 4.73. TheKgp is therefore

Ksp= (acg+) (aCH3COO—)2 = (2.36) (4.73)2 =5209.

(b) Thesolubility of calciumacetateas sohigh thatundernormalconditionswe would not
expectto exceedits solubility.

INeglectingnonidealbehaior.



5. Thisis basedonthe solubility equilibrium

For thisreaction,
Ksp=3.9x 10 = (acg+)(ar-)?.
Wewantag- = 106 attheendof thereaction. This meanghattheactiity dueto theexcess

calciummustbe
_39x10tt 39
e = Taoer
Thisis anexcessvely high (almostcertainlyunrealizableoncentratiorof calciumin solu-
tion. In otherwords,you probablycant remove all of thatfluoride by this reaction. How-
ever, assuminghatyou canactuallygetthis muchcalciumdissohedin water the number

of molesof calciumionsin 50L would be
Nc+ ag= (39mol/L)(50L) = 1950mol.
Thenumberof molesof fluorideremovedfrom solutionis
Ne- precip= (0.025— 10 ®mol/L)(50L) = 1.25mol.

By stoichiometry the numberof molesof calciumions requiredto precipitatethis much
fluorideis

1
Nca2+ precip= 5(1.25mol) = 0.625mol.
Thetotal numberof molesof calciumionswhichwe mustaddis therefore
Nce+ total = 0-625+ 1950mol = 1951mol.

The calciumions areaddedin the form of a nitratewith a molar massof 164.0878/mol.
The massof calciumnitraterequiredis therefore

McaNos), = (1951mol)(164.0878g/mol) = 320kg,

again,clearlyanabsurdhumber

6. TheHenry’'slaw constanfor oxygenin wateris 1.66 x 10 molL~ImmHg ! (table14.2,p
653). The partialpressuref oxygenin air at sealevel is 0.2095atm (table12.2,p 559). The
concentratiorof oxygenin waterwhichis in equilibriumwith theatmospherat sealevel is
therefore

[Oz(ag] = (1.66x 10~°molL~*mmHg 1) (0.2095atm) (760mmHg/atm) = 2.64x 10~ *mol/L.

(The corversionfactor from atm to mmHg camefrom the back cover of the book.) 1L
of waterthereforecontains2.64 x 10-*mol of oxygen. If we transferthis mary molesof
oxygeninto a1L (0.001m?3) containeyit would exerta pressuref

NRT  (2.64x 10~*mol)(8.314510JK ~*mol~1)(29815K)

P=~ = 0.001m3 = 655Pa,




