MIT OpenCourseWare
http://ocw.mit.edu

5.60 Thermodynamics & Kinetics
Spring 2008

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.



http://ocw.mit.edu
http://ocw.mit.edu/terms

5.60 Spring 2008 Lecture #4 page 1

Enthalpy  H(T.p) H=U+plV

Chemical reactions and biological processes usually take place under
constant pressure and with reversible pV work. Enthalpy turns out
to be an especially useful function of state under those conditions.

reversible

gas (p, T1, 1) =, 90 (p, T2, V2)

U %
AU=g+w=gq,—pAV
AU+pAV =g, (_\define as H

AU+ApV)=¢, = AlU+pV)=g,
H=U+pV = AH=g, for a reversible constant p process

Choose  H(T.p) = a’H=(%j dT+[ﬁJ dp
P T

oT op
What are (%j and E%j ?
a T P T

op
oH : _
(ﬁj =  for areversible process at constant p (dp = 0)
P
dH =dg, and dH = (ﬁj o7
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. (aHj —  Joule-Thomson expansion
T

p
[T T T
Pext=P1 P11 pP2.T2 I— Pext=P2
[rr7T] 77777
% adiabatic, g=0
porous partition (throttle)

gas (p, i) = gas(p, T2)
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w=pli-pV, = AU=g+w=pl-pV,=-A(pV)

AU+A(pV)=0 = A(U+pV)=0
. [aH=0

Joule-Thomson is a constant Enthalpy process.

oH oH
dH =Cc dT +|— | d cdT =-| —| d
=G +(6ﬁl SR (apl &

oH oT ) AT
L—j =-C, (—j <« can measure this [—]
op ), ap ), Ap ),

Define lim AT _[oT = u,;; < Joule-Thomson Coefficient
Ap—0 Ap Y 8,0 P

OH
{le—fpyﬂ. and | dH =C,dT - C,u,,adp
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For an ideal gas: ur), pV=nRT

H=UT)+pV =U(T)+nRT
only'depends on T, no p dependence

HT) = [%J =u,r =0 for anideal gas
op ).

For a van der Waals gas:

oH a a a
—| =b-—— b=0 h T=T, =—
[apl e~ M T RT wen " Rb
a a _
1 If ﬁ<b = T>R—b—77m/
then [ﬂ} <0 so if Ap<O (p<p)
Ap ), then AT >0

gas heats up upon expansion.

a a
2. If ﬁ>b — T<E_77”V

then [ﬂ} .0 so if Ap<O
Ap ), then AT <O

gas cools upon expansion.

T., >>300K for most real gases.

=  Use J-T expansion to liquefy gases
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Proof that C,=¢ +R for an ideal gas

SCE S
P 4

, pV =RT
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