Chemistry 231 Assignment #3 (due Tuesday, 03 October, in ¢lass)
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Use Vm = RT/p for the molar volume of an ideal gas to prove:

a) dVm = (Rip)dT — RTIpHdp
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Given df = (2x/y)dx ~ (x*/y*)d y, does function f{x,y) exist? Justify your answer. [2]

5.00 moles of water evaporates at 1.00 bar and 25.0 °C.
Hz0(liquid) — H>O(gas)

a) Calculate g, w, AH and AU. Use 44.01 kJ mol™! for the molar enthalpy of vaporization.
b) This process is isothermal, prompting one of your classmates to believe AH and AU are zero.
Why is this incorrect?
One mole of CO; at 30.0 bar and 25.0 °C expands adiabatically to a final pressure of 1.00 bar.
a) Calculate g, w, AU and AH if the expansion is reversible. Useful equation (see next page):

In(Ttina/ Tinitial) = (R/Cpm)IN(Pfinal/Pinitiar)

b) Calculate g, w, AU and AH if the expansion is irreversible with pext = psina = 1.00 bar.

Useful equation (see next page):
CVm + R p final
P initial T

initial

T = C

pm

In parts a and b, assume CO» behaves as an ideal gas with Cpm = 37.1J K~ mol.

The powerful cooling effect that can be obtained by adiabatic expansion is vividly illustrated by
opening the valve on a tank of compressed CO2 to produce a jet of cold CO: gas and CO; “snow’

(solid carbon dioxide, also called dry ice)! For example, see:

https://www.youtube.com/watch?v=1BtdZKrMucM

Are the expansions described in the Question 4 likely to produce solid carbon dioxide? Explain.

Data: COz gas and solid CO; are in equilibrium at —78 °C at 1.00 bar.
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Tips for Question 4 for Adiabatic Expansion of an I&eal Gas

Starting with the First Law dU = d¢ + dw and using dU = C»dT (ideal gas, U depends only on T)

dg = 0 (adiabatic) and dw = — pexdV gives
dU

dw

CVdT = —pm(th
= d(nRT/p) = (nRIp)dT — (nRT/p")dp and

._pm[.nid’[’ - nRT dpJ
P P

nR E‘i"i‘— dp
p

For an ideal gas ¥ = nRT/p . Therefore dV

C,dT = -p_dV

(c,,-f- an—“‘JldT
p )T

Reversible Adiabatic Expansion of an Ideal Gas (pext = p)

1 1
(c, + mR)F dr = nR;dp (ideal gas: Cy+nR=Cp)

C, Lar = mrlep
T p

C,dnT = nRdlnp
Integrating at constant C; gives
ln[ e J _ R ln[ Pfinal ] _ _R In[ Pnal ]
I c it Cpm Pinitial

initial P Pinitial

Irreversible Adiabatic Expansion of an Ideal Gas with pext = pfinal

CnWdT = -Pexth = —pﬁnaldV

Integrates at constant Cy and constant pext = Pfinal

Cv(Ttnal — Tnitia)) = —Pinal Vival — Vinitia) = —Pfinal(nR TtinalPtinal — 1R Tinitial/Pinitiat)

to give
C, +nR —ﬁ o Cpm + R —-—ﬁ o
Ton = C il Totm = C B T
p pm
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(A4 cont.)
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