
Exercise 5

a) From the lectures : the residual function for an energy e with respect to volume is:

é÷.is:1#h.-tie-vi..Ydv+f.i!oe-vh.dv

This gives that :

a'"it,p)=µ[¥) , -1¥):?) dvffa.CH#dV
Total differential of Ai

DA = du +1¥)vdT

Combines 1st and 2nd law

DA = -pdv - SIT

⇒ 18Th. = - p ,
18¥); -s

⇒ a'"PIT
, v1 = fj-ptpisdv.fi?-pis)dV

For pis : Ideal gas law pies = RJ

⇒ of" (TN) = -

p)dV + fi
,

- ☒vdV

= It -

p)dV - RT In ¥;

compressibility factor 2- = P¥

For ideal gas :
É? ¥-4 , divide by 2- is on both sides :

⇒ 2- = P¥t . ¥i, -- ¥



ARP (T, D= f) (¥ -

p)dV - RT In z

b) Need to get an expression for p
2nd virial EOS : -2=1 + 1,3¥

Also 2- = P¥

⇒ ¥, = I -1B¥

p(¥t -1-+1=1

p.VE?--- I

p = ¥5

⇒ ARP (T, D= f) (¥ -

p)dV - RT In z

ar" (Ir) = ICI - R¥☐)dV - RT In 2-

= RT [In V - lnlv -BB! - RT In 2-

= RT [In ¥☐]! - Rtdnz
,
V→ oo.lu ¥, - In 1=0

= RT In ¥, - RT In 2-

From 2- = 10¥ ⇒ ✓ = 4¥

21¥
= RT In (z¥ . B ) - Rtlnz
-

multiply by ¥ over and under

the fraction bar

= Rt In (¥¥+) - RT dnz

2nd virial EOS : -2=1 + 1,3¥
⇒ z - 13¥. =\

= RT In 2- - RT In -2=0

ARP (T, V) = 0



a) I
: In 1 it was found that 18%-1=-5

It then follows that ( using 2- = ¥, as the virial Eos is not mentioned)

R, P d
s = OF 1- a'" It, V) )✓

= ¥ (f) 1¥ -

p)dV -1kt In
r

v

s
'"

= ¥ (p -¥) dv ); Rtn ¥

II : We know that A = V -Ts

⇒ U = A + TS

Which should mean that

URP = aRIP +

T.gl?iP=fIlRI-p)dV-Rln-i+t.d-t$I(p-Y-)dV)r+RTlnE
The integral is independent of T , and V is to be kept constant in the derivation

-.fi#-p)dV+fFcH--)u-I-dV
00

The integrals have the same limits

= f:#p.it#--)r-YI-dVuRP=fLT.Cfp--)v-pdV



b) We have that G-- H - TS

⇒ GRP = H - His - 1-(s - s is)

GRIP = HRP - T . GRIP

for pressure , as p
- o we experience ideal behavior ( in contrast to using V1

A RIP

The total diff of It with regards to pit :

dH=(¥)pdÑ-14¥), dp
H'" = % (%) , - (¥-1,

"
dp + gpi.PH#),ig/

" Pi" 0 .
the correction term can

Expansion rule of HIS,p)

9*4=1¥1.1¥1. +4¥.to#i
From combining 1st +2nd law and total diff (¥)p=T ,

/¥_)s=V
Maxwell relation :(%-) ,- = -1¥)p ⇒ 4¥); V - T . #-)

p

p

HRP = f. V - T . -1¥)
,

- (vis -T . 1.) dp=§v - t.IE/p-F-Y-t--iXidp=ffv-T.foY-.)pdp
Using SIT,p)

ds -1¥)
,
.IT?dHp-tdp---doY--)pdp

⇒ s*=fif, +1¥) dp
= I #-), + ¥ dp

Then GRIP = HR
' P
- T . GRIP

=fÉi¥dp -t.fi?-.-/-Y..dp)=gPv-¥ dp
0

( I see now that I have forgotten to use correct notation for molar basis)

# import magic

gRP= ftp.Rpt-dp



Per def :Mis@ob_Nii.p.Nj-ai-giPMiRiP-giR.P
= J
,

J - Rptdp

From helmholtz :

Different def: Mi ' i.v. Ni ,;

f
not constant

⇒ µi¥"aR:P:[ (RI -1¥:).vn#;)dV-Rt In ¥
• / t

constant constant

in derivation
in derivation

a) In problem 2 , it was found that

h
"" F-t.CI/pdp

,
using that z=P¥= I -1k¥ ⇒ D= ¥+40

=)
"

#+ Cp -1¥ dp

= :#
hRiP= 4¥

b) It was found in problem 2 that :

sRP=f¥¥), + ¥ dp
= [¥ + ¥ dp -0

GRIP =D



C) Oh = ha - h
,
-1ha-hit -1h ,

-hit + this - his)
= h? - hf + Lf his

Previous exercises : dH= Cpdt + d- t(¥)p]dp
Isothermal process : dT=0

Ideal gas : f- ¥ ,

t.CI/p=T.R-p--sdH=O=sOhis=oOh=hI-hY=&fpi-pi)=100cmYbar-not Hobart-4bar)) = 124950 cm
? bar
Mol

[ i%IY .

I ¥mT .

10b¥ ⇒ limber = to;?÷D
cm3

Oh = 12495 Hmd

Dh = 12,495 kF/mol

05=5-5, = (Sisi's) - Is ,
-

s.is/-lsis-sis)--SI-s,R+osis
From previous exercises db . ¥dT° - 1¥)pdp
for ideal gas (¥)p= ¥
⇒ Dsi:S

"
-¥ dp = Rln 1=8,314 Know .tn/¥÷)

P
,

☐gi9= -32,52 Flmdk

05=5%5,12+85 is = 059=-32,52 Hanak



Process :

T 400°C ⇒
Tout =?

P
,

5 bar reversible Pou, = 1bar

For reversible processes : 05=0

Sis ,
-0

I realize that you probably
want

(sa - Sais) - G ,
- sisi-lsais-s.is/=O an energy balance or something to argument

for this being the case
,
but I'm currently

down with covid
, so my head is not capable

SZRP- SIP + gig = 0 of doing that at the moment. I was not able to
come to the exercise hour either

,
so I used

☐
the formula straight from the book.

Seen in previous exercises, SLIP) : Isis = ¥
"
DT - Bp dp /integrating

osis.ci?dnl#1-Rln(¥

From problem 3 : sRP=f¥), + Bp dp / 4¥), = Bp - ap

SRP = So "ap dp

skip = a¥

Then : Ffp:-p ?/ + Cpisln 1¥ ) - R ln(¥)=0 /Gi%cp%R
I :( pi -pi) + Rln I

⇒ In (F) = Cpi,

Titi exp dpi, El Pi -pi) + Rln '(¥) / 1-1=4002--67314



Ti 673K .

exp yJ*→ ' *%*b** (5- f)Har.io"¥=*+ 8,314 Hama In (EET)2

Ta -- 496,3K

1-2=223,32


