Chemistry2720Fall 2001Assignmenb Solutions

1. (a) Vaporizationis the processTiClyy — TiClyg). To calculatethe enthally of vaporiza-
tion attheboiling point, we createa thermodynamicycle:

liquid at 408K—> vapor at 408k

1 3
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liquid at 298K—> vapor at 298k

Theoverall enthally changewill just bethe sumsof the enthally changedor stepsl,
2 and3. AH; is easy:lt’ sjustthe standardenthalfy changeor thereaction:

AHp = AHZ () — AHZ ) = —7632— (—804.16) kJ/mol = 41.0kJ/mol.

Theothertwo stepsarecoolingandheatingsteps.Theenthalfy changefor eachis

Te
AH = CpdT
Ti

T
- / (A+BT +CT24+DT3+E/T2) dT
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Ti
= AT+}BT2+}CT3+}DT4—E/T .
2 3 4 .

In stepl, the heatcapacityparametersare thoseof the liquid, T; = 408K andT; =
298K.
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AHy = 143048298 408) + 5(7.600362x 1073)(298 — 408
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= —16.0kJ/mol.



In step3, thevaporis beingwarmedfrom T; = 298K to Ty = 408K.
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AHs = 1068573408 298) +5(1.049482x 1073)(408 — 298°)

+ %(—2.843>< 10~7) (408 — 29¢8°) + %1(2.4257>< 10~y (408" - 298"
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= 10.8kJ/mol.
Theenthally of vaporizatiorattheboiling pointis therefore

AHyap= AH; + AH; + AH3 = 35.7kJ/mol.

(b) Theentroy changeas definedby

= dgrev
AS= / :
T
A phasechangeat the phaseransitiontemperaturés a reversibleisothermalprocess,

therefore

- 1 _ Grev _ AHygp  35700J/mol
ASp= T/erev— T T T 408K

Entropiesof vaporizationof 80-90JK ~tmol~! areextremelycommon.This obsena-
tion is known asTroutonsrule. Themostimportantgroupof substancewhichviolate
this rule arethosewhich form stronghydrogenbonds. For othersubstancegshe rule
is generallyso closelyfollowedthatit is sometimesusedto estimatethe enthalfy of
vaporizationgiventhe boiling point.

=87.5JK Imol L.

(a) Thisis astraightforvardheatbalanceproblem.We needthe numberof molesof iron:

209

— 9 _036mol
55.85g/mol mo

NFe

q=0 = nFeép(Fe)ATFe-i- mHZOéP(HZO)ATHZO
= (0.36mol)(25.1JK~tmol~1)(T; —85°C)
+ (809) (4.184IK ~1g=1)(T; — 4°C).
-.344T; = 2103
T = 6°C



(b) Theentrogy changefor theironis

_ dorev 279K nFegP(Fe) dT
Ae = / T _/358K T

279
_ -1 -1
= (0.36mol)(25.1JK " tmol~1)In (—358>

= —224J/K.

Notetheuseof Kelvin temperatures this calculation.For thewater we have

. dgres 27K mHzoéP(HZO) dT
A0 = / T _/277K T
279
_ 11
= (809)(4.184JK g *)In <277)
= 2.41J/K.

Theoverallentrory changes therefore
AS= ASre+ASh,0 = 0.17J/K.

The secondlaw saysthat that entrofy changefor a spontaneousdiabaticprocess
shouldbe positive. We know thattemperaturequilibrationis a spontaneouprocess.
The positive entrofy changecalculateds thereforein accordwith the secondaw of
thermodynamics.

3. We shouldbe ableto calculatethe entrogy of waterat ary temperaturegiven the entroy
at onetemperatur@ndthe heatcapacities.Oneway to do this problemis to startwith the
entropy at0°C andto seeif it is consistentvith oneof the othertwo entropieslf it is, then
it is correct,alongwith the otherentrogy which canbe predictedfrom the entroyy at the
freezingpoint. If we cant predicteitherof the othertwo valuesthentheentropy at0°C is
theonethatis wrong. In principle,we shouldbe ableto calculatetheentrogy of liquid water
attemperaturd by

— — — T dT’ — —

S10(T) =S0(@0) +Cp [ T = Sipo(@°C) + Coln (

-
27315k T’ 273 15K> '

Thespecificheatcapacityof liquid wateris 75.40JK ~*mol~1. Accordingto appendixC, the
entropy of liquid waterat 0°C is 63.2JK ~'mol~1. Theentroyy at 25°C shouldthereforebe
69.8JK~'mol~1. Thevaluesof theentrofy at0 and25°C arethereforenconsistentOneof
themmustbewrong. If we calculateheentrogy at 100°C startingfrom theentrogy at0, we
get86.7JKImol~L. Thisis reasonablyloseto thevaluegivenin theappendix.Thesmall
differenceis attributableto the factthatthe heatcapacityisn’t quite constant.The value of
theentropy at25°C is thereforewrong.



Thisis notatall theonly way to do this problem.We could startfrom ice andshow thatthe
entropy of liquid wateris roughly consistentvith the entroyy of ice givenin the appendix,
which would of coursereinforceour belief that this valueis correct. Hereis the relevant
calculation:

= AH,
ASper = — mz“ — 21.99JK ~Imol2.
me

S(0°C) = S(0°C)+ASmerr = 63.0JK *mol~2.

The lattervalueis within experimentalerror of the valuegivenin thetable. We could then
shov (aswe did above) that the value of the entrogy at 25°C is wrong. We might then
closethedemonstratiomy shaving thatthe valueof the entroyy of liquid waterat 100°C is
consistentvith theentroyy of steamby a calculationanalogouso thatshovn aborve.



