Chemistry2720Fall 2001Assignmen®B Solutions

1. The heatof condensatiorof steamis very large. Eachgram of steamrelease2257J of
heaton condensing.On the otherhand,a gramof liquid waterat 100°C which comesto
equilibriumwith skin atatemperaturef 37°C only releases

mCpAT = (1g)(4.184JK~1g71)(37— 100 K = —264J.

In otherwords,condensingteamcandeliver over eighttimesmoreheatthanan equivalent
amountof liquid water

2. The melting temperaturas the easiesthing to get, solet’s startthere. It's the flat part of
the diagram. The temperaturenitially dropsbelow the meltingtemperatureThat's super
cooling. Anyway, by makinga few measurementsn the graph,| found that the melting
temperatures 1242K.

Theheatbalanceor the calorimetryexperimentis

_ cool n warm ~0
q9 = sample calorimeter [ —

.0 = (51805g)Cp(24.33— 100.0°C) + (8403J/K)(24.33— 22.04°C).
~ 19.2 x 103J

) _ _ —1-1
~G = Suaxidgr ~ *49VK g

3. Thesteam(corvertedto water)andliquid waterreachthe samefinal temperaturatequilib-
rium. Theheatbalancds

8gsteam 8g water 300g water
_ cooled n 89 steam cooled n warmed ~0
9=19 from115C condensed from 100°C from20°C (7

to 100°C to Tt to Tt

Note thatwriting down in wordswhatwill happenalsoallows you to organizeyour data,
which makesit easietto solvetheproblem.In fact,now all we haveto dois to write downin
mathematicaform whatwe wrotein Englishabove, with only oneslight problem,namely
thatthe specificheatcapacityof steamis only givenin AppendixC onamolarbasis.

< 33.76JK ~tmol~!
G = “Tgoisg/mor 18K ClE
q=0 = (89)(1.874IK1g~1)(-15K) +(8g)(—2257J/9)
+ (89)(4.184JK~1g~1)(Tf — 100°C) + (300g) (4.184IK ~1g~1)(T; — 20°C).
-.1289T; = 46732

- Ts = 36°C.




Notethatbecauseve useddegreesCelsiusconsistentlyin this calculation theanswercame
out in theseunits. If we hadusedKelvin, we would have obtainedan answerin Kelvin.
We cangetaway with usingdegreeCelsiusin this casebecause¢he formulasonly involve
differences in temperaturesSincethe Kelvin andCelsiusscalesareidenticalexceptfor the
choiceof zero,they areinterchangeablerhenonly differencesn temperaturareinvolved.

. A Wattis a Jouleper secondsothereactorputsout 7.14 x 168 J/s. All we haveto doisto
calculatehow mary molesof sodiumpersecondarerequiredto carrythis enegy away, then
we cancorvertto tonnesperhour.

We know thatheatis connectedo heatcapacityby
q= nCAT.

It followsthat

CAT
7.14x 10°)/s

(29.26JK-Imol-1)(529— 397K
= 1.85x10°mol/s

22.9898g/mol)(3600s/h)

= (1.85x 105mol/s)( 10°g/t

— 15300t/h

In the MONJU reactorthisis accomplishetby usingthreepumps,eachwith apumpingrate
of 5100t/h.



