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Calculation of the Properties of Pure
Fluids

Bing Joe Hwang (bjh@mail.ntust.edu.tw)




1. Describing Thermodynamic Properties

2. EOS (PVT relationships) of Matters

3. The Corresponding State Theorem

4. Calculation of Property Changes



Thermodynamic Properties: What we know

 We have applied balance analysis to solve the energy issue
of all kinds of process.
— System definition.
— Process description.
— Mass balance.
— Energy balance.
— Entropy balance.
— Find thermodynamic properties of matters in the process.
— Solve the energy issue of the process.

 These confirm that U, H, A, G, S are all important
thermodynamic properties.

 How can we obtain all these thermodynamic properties of
different matters?



1. Describing Thermodynamic Properties

Need to calculate U, H, S, ...., which are appeared in energy and
entropy balance equations

The thermodynamic properties are usually expressed in terms of
easily measurable variables, f (T, P) or f (T, V).

Estimate the properties from Tables, Charts, or thermodynamic
models (CSP, EOS)

For a single-component and one phase system, there are two
independent intensive variables and remaining six variables are
dependent variables.

e.g., T, and V are independent variables, thus
U=f(T,V),H=f(T,V),A=f(T,V),G=1(T,V),S=f(T,V),
P =f (T, V) <= Equation of State



Thermodynamic Properties

* The importance of partial derivative, (%jz
* Tools while using mathematics,
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Triple products rule

Differentiation of f(x, y) gives

af) ( af)
+ =D -
df = (ax ds+(3)) dy | (1.5)
Now since y is a function of x and z, it can be differentiated similarly:
oy dy 5
ly = ax) . dx 3z). dz (1.6)

Substituting Eq. (1.6) into Eq. (1.5) gives

=[G+ (3.3 e+ (3),(3),

However, when f is expressed as a function of x and z and differentiated, the

result is
7-(2) a+(2)

If we now equate the coefficients of dz in these two equations, we find

&-DE - @



Thermodynamic Properties

* By correlations,
— an open system during a reversible process without W¢
dU =TdS-PdV +GdM or dU =TdS -PdV +GdN (4.2-13a)
— a closed system during a reversible process without W,
dU =TdS-PdV or dU=TdS-PdVv
and U=UGV)
du=| X ds+| X aqv
oS ), V g

— While U is a state properti

________________________________



Evaluation of Thermodynamic Partial Derivatives

Special definitions for some partial derivatives:

WY e [OH) o
or ), or ),

%(Z_?jp =« (coeff. of thermal expansion)
e(jc =K, (isothermal compressibility)
oP ),

For an open system (extensive properties)
dU PdV G dN

T T
For a closed system (intensive properties)

dU TdS—-PdV: :> (;LS—dTQ+Pd—Z

dU=1TdS-PdV+G dN = dS=




dU=TdS-PdV+GdN
U=f(S, V,N)

= dU:{aUJ dS+(an dV+{aUJ dN
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Maxwell’s relations (From the commutative property of the
mixed second derivatives)
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Entropy change

Entropy Change

S=f(U,V)=>S=f(T,V)orf(T,P)
» LetS=f(T, V)

ds = (aSJ ar+| 22 av
= \or), o)
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[——J = —) from Maxwell s relation
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Internal Energy Change & Enthalpy Change

Internal Energy Change & Enthalpy Change

dU=T7TdS-PdV =T &dT (6]3] dv |-PdV
- - - T ol ), -

or )" v
Foranideal gas= | — u = [ﬁ_Pj P TE—P P-P=0
), or )y V
dH = CdT+V T[GVJ i (ﬁ] dr (@ dp
PE aT P aP Ta

T

Express thermodynamic properties in terms of

T, PV, C,orC, &(8J i[i) .....
oP oV oT

If EOS, C; or C, are given, thermodynamic
properties can be calculated.



Useful definitions & thermodynamic identities

- Table 6.2-1
Useful definitions & thermodynamic identities



Summary:Thermodynamic Properties

Table 6.2-1 Some Useful Definitions and Thermodynamic Identities

Definitions
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Ex. 6.2.3

Develop expressions of (i) thermal expansion coefficient, (ii)
iIsothermal compressibility, (iii) Joule-Thompson coefficient, and (iv)
CP — CV. Apply (a) ideal gas and (b) van der Waal gas into these

expressions.
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Evaluation of changes in thermodynamic properties of

real substance accompanying a change of state

Evaluate the changes of U, H. S, ...for real fluids
from Charts or Tables.

Calculate changes of U, H, S,....for real fluids from
equations with parameters that have been fitted to
experimental data.

Volumetric Equations of State (P-V-T)
Cubic equations of state (EOS)

» General form
Z3 +alZ2 +a,V+a, =0 or

PV
Z’+aZ’+BZ+r7=0 whereZ:R—;

+ General form of some simple cubic EOS (Table 6.4-2)
RT — (W-n)p
V-b (V—b\V +6V+e)

pP=

17



Cubic equation of state (EOS)

+ van der Waals EOS (1873) p_ RI _a

where a and b are parameters of the equation which are
substance-specified constants. They can be estimated from
critical point data (Sec. 6.6)

OP o’ P
P arTC,PC,VCZO & Py
ov T o T

= a :f(critical point data) & b :f(critical point data)

at To P Ve 0

RT a
» Redlich-Kwong (RK) EOS (1949) ©=7—~ TV +b)
_RT a(T)
- Soave (SRK) EOS (1972) P= Vb T +b)
. Peng-Robinson (PR) EOS (1976) p_ &1 a

Vb V(V+b)+bl —b)

Cubic EOS are generally applicable to both vapor and
liquid regions for hydrocarbons, of the vapor region only
for many other pure fluids.



Cubic Equation of State

* The general form of Cubic EOS (in the P-explicit format),

RT _ V. -n)o i RT

Table 6.4-2 Parameters for Cubic Equations of State P =

> -
V-b (V-b)V2+dV +e) Vb
Author Year 0 n 0 € A
van der Waals 1873 a b 0 0 ‘j—'
Clausius 1880  a/T b 2c 2 i 5
V +c)?
a/T
Berthelot 1899 a/T b 0 0 V2
L
Redlich-Kwong 19499 a/JT b b 0 %
Os(T)
Soz 0 l l _—
Soave 1972 <(T) h h 0 VO D)
OL(TH[V —n(T
Lee-Erbar-Edmister 1973 0,(T) n()y b 0 (Lli -—)[b)(y ’i: b;]
Opr(T
Peng-Robinson 1976 0pp(T) b 2b — b2 pr(l)
Y (¥ +b) +b(Y —b)
0
Patel-Teja 1981  Opp(T) b b+c —cb pr(T)

YV +b)+c(V—>b)

Note: If y = b, Eq. 6.4-3 reduces to
RT 0
V—b V>46V+e

P=



Virial equation

+ Virial equation (Onnes, 1901)

P B0 )
RT |

where B and C are the second virial and the third virial
coefficients, respectively.

virial equation can be derived from statistical mechanics.
viral coefficients can be evaluated if the potential function
between molecules is given.
virial equation with sufficient number of coefficients is good
for vapor-phase prediction, but not for liquid phase.

+ Two-term virial equation

Pv_, B()

RT v

useful only P <10 bar (low density region)



Virial-type equations of state

» BWR equation (Benedict, Webb & Rubin, 1940)
—7

E:H(B—i—%)lJ{b— a j 12+ “ ’6; 1+ |exp| =L
RT RT’)V RT)v" RTV' RTV ¥V~ -

eight parameters: a, b, A, B, C, «, 3, and y are specific to each
fluid, which were determined from experimental data: vapor

pressures and/or density data

- Bender equation (1970)- 20 parameters

PzzR B (;+D3+E; F; G+£ Lexp azo
V K vy vy V

where B, C, D, E, F, G & H are functions of T.

Coefficients of these equations known only for light
hydrocarbons and a few other substances.



Evaluation of AH, AU, and AS

L.P,
AH =H(T,.P)-H(L,.P)=| " dH
State functionAH ,=AH_ +AH,+AH,

o a |
AH = [V T aV }d [T+ {V T(GVJ }:’P N
R4 1, P=0 P=0.T, orT L 4 >

Similarly,

AS=—IPOE(5—K] dp+ [ gy - [ (a_z] dP
ri \ 8T =0 T p=o1, | QT
E ZIW(G—P] av+ [ Srar [ (a—PJ av
V.0 o1 Lv=o T v=o,\ 0T . :
N { aP }, I i+ HGPJ —P}W?
v,.4 T, V=w V=T, aT - :

Given Cp*, C,* data and volumetric EOS, it is possible to calculate
AH, AU, AS for any two states of fluids



ldeal gas: change of state

dH = der{z—r(a—g

oH

Foranideal gas = [_
oP

H"(L,,P,)-H"(T,1)=|

ds = Cf’dr—(‘w) dP
T or ),

g




Departure functions

Similarly,
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Evaluate departure H & S from EOS

Similarly,

Rap= Rd(PV)—RdK:R dln(PK)—EdK

P Py v 4

[ F—(a—KJ }szR_[PZ am(pr)-r[ L [ﬁj dv
p=0| P oT PV=RT == V=o| oT



Calculate departure H & S from PR EOS

| O Rr (1) 59 (6:4-29)
Peng — Robinson EOS : P = Vb V(V+b) b(V b) t
(H-H"),,=RT(Z-1)+ jV (513) _P V= EJ{T(z 1)+ T(j;}azn Z+(1e2)p
- o I R 226 | Z+\-V2)B |}
(s-5°),,=Rinz j qv = Rz( B)+ [j;Jz Z+(1+42)s

- - S 2 | Z+(1-V2)B]
where Z =PV /(RT) & B=Pb/(RT) *



lllustration 6.4.1: Construction of Thermodynamic Properties Chats

O, =160 ~ 150°C , [ ~ loo bay
45 Caleulate z, ¥ H 5 =FCT.pJ
B p<u chat
> p—H chavt
¢4y T= 3 chart

PR EOS

Agsum!:ﬁon;: ¥ 05 follows

N S
¥ Cf"(m): 2546 + (-5\qxte T
i -9

o NEIxes” T 41311 %08 T°

R.e‘)(:(rﬂ\u stakes :
H*¢ 28°c, |bar) =°

s (26%c, (bav)=0

PR EeS _ o el

P= Vb Vv (Vth)tb(V-b)

3 2

R weT)=acd(T)

&
RTe
b ‘_—_o-077g F‘

alt) = o0.-4£)24

2
L0 ={ 14 0. ol [1- [TR1]

Bi Te=1EablE | /’c:5‘.0¢6ﬂ'/fa



<012
(1) x Fiud Z and V at"j;ven T er

Ih a Sr‘"jfe f}uge regisn Ceq. T>T)

Procedure:
0] given Te, P — b and QA

© gven T - K(T) +hew Q(T)

®jf“‘” P - solve

RT alT)
e V-5 - ‘..’(‘_/Tb)-fb(l_/—.L)J
N2 ol
YV  pen Z= 7
Phd
Solve »

234 (8-1)Z +(A-38-28)Z l

WhPfebF _—> +( 83482—- AB):D J;
F=gr Cubre =% @
__&«f e
T leT)? iz Zz, then V= PT
. Py
s

Cltd"je Tad P = X aund Z (Table 6.4-4)
(%9 6.4-3) L.P Vs GV

@) P vs \% chavt
+

£ Por [deal ga tes P =£_|‘.; o7 ‘
Gop = L(RT)-RY & stracpit [ins



() Ewﬂwf”~ .
I

H(T.p) - f’ﬁ( at%, [bar) = H (7 P)
= (TP “H¥S et ]+ [H e —H™r, Jhad]

- 7§ T 28
(H-4 )T-rff G AT
r‘l”"!

100 | T
Critical EN o
50 e — e D —1 departyre H
i —  _P=10p°C .
lieds T=-125°C == T=50°C £2.(64-29) for PR
— PO
T=-50°C =
4 -4 1 19x00
5 = (H-H") , +abes (T-2004) + ———
‘_ T=-150°C - s T P
310 |— | 3 2
5 ) a 2, _ otixt0 " 3 2981
H (T 290.08%) - = e
3 -9
£ 1-211 % 1o P ¥«
5 5 = = 200 ~ ( *a)
E = (71 g9/ )
T=-175°C A'for-‘ﬂtmr
o o
Ogi'e”Tc,Pg" b,ac
| | | | | |
"ot 0.02 00s 01 02 05 10 2 5 10 2 50 O] Given T — A1) thew a(T)
V, m¥kmol
® given P — Solve PR B8S 4o f1nd
b
¥, z, »= 5
Pressure-volume diagram for oxygen calculated using the Peng-Robinson equation of state. © Cale. (H-H™ Jpp from (642D
® cCalc. H (T p) from %Tg. (*ra)
®H ~f(TP) - Table Cy-4

P-H deagram > Fry. bote-4

@



R

T

P, bar

T=-150°C

-125°C
-100°C
-75°C
-50°C
-25°C
0°C
25°C
50°C
75°C
100°C
125°C

— 150°C

| S |

|

H, kJ/mol

(8]

o —

€4 T-260<  P=1ldar

S z=o0.912! C O, js net aw /b/ealyas)

. (d’tl:q) = -9 4y T/Mo,

T', e,
p=lbar

“) gn?‘rbtz o

ScTpy - S ¢, Jhar) = S (TP

= (- 526).” F L s™cer.py - ST cas%, Bar)]

16

T ¥
TLEF Jqp t Ay INE S
29614 T

[ bar

AN
i

deioarfwe &
Zq (4 4-30) o PR ToS

The c alenlatron ?fuceJure 'S S.’m.‘)qv o

Heat deseribes n (3)

S=fct.pP> - Table 6.4-%

& T 5 cl:utj'mw'§ -» F3. b.y—£




Critical point

20 bar
10 bar
S bar

P
P

2 bar
1 bar

P
P
P

150

100

50
0

(Do)

50 |—

-100 [—

-150

-200

20

-20

—80 -60 —40
S, J/(mol K)

-100

-120



lllustration 6.5-1
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The Principles of corresponding states

Ideal gas heat capacity:

Intramolecular structure (e.g., bond length, vibration frequencies,
configuration of constituent atoms, ...)

Internal energy

Volumetric EOS:
intermolecular forces (interactions of each molecule with its neighbors)
External energy
Intermolecular interactions depend on the nature of the molecules:
Spherical molecules (e.g., Ar, CH,; ..... )
Nonspherical molecules (e.g., n-C,,, n-Cg, ...)

Molecules with permanent dipole moment (e.g., water, methanol,
acetone, ...)

Molecules with permanent quadrupolar moment (e.g., CO,, N,, ..)
Any one class molecular interactions are similar =>
Volumetric EOS fits the volumetric data for one member of a class =>
The same EOS is likely to fit the data for other molecules in the same class.



The Corresponding State EOS

« By analyzing van der Waal EOS (read pp.237-240), it is
suggested that all fluids can obey the same EOS In
terms of reduced T (T, = T/T.), reduced P (P, = P/P.),
reduced V (V, = V/V.). This is called the corresponding
state theorem.

« Experiments verify
the existence of
such a possibility.



The Corresponding State EOS

 Bydefining Z=PV/RT
— Two-parameter corresponding state Is

Z=Z(P,T)
— Three-parameter corresponding state is
Z=Z(P,, T, o)
where o = -1 —log,,[PVa°(T, = 0.7) / P] , the accentric
factor.

* Typically, the plot of Z vs P, is used (the following
pages).



The first generalized correction: the vdW EOS

Critical point:
+ The point of the highest temperature at which a liquid can exist.
« An inflection point on an isotherm in the P-V plane.

Ll 2o & [Z8] —0ap anar,
oV L. oV . : :

Also, the first non- zero derivativeshould be odd and negative.

At critical point,
_RI. a
: Kc_b Zi
[G—P] _0 =o=—R +3"i
o)., e <bF Ve

[G'P] —0=g= R G
: (Ve <E Ve

P OOVRT.P P T 8a a

S— 8o B 3’t — ©27bRT S 27

or

p=_ R M SRl oy Rle 3575y, 2SR
V-3 srl sV, PV,. 8 3P



ab= f(1.) i~ WcRle _2TRIEL (i) Ve R,

8 G4P. i i 3 8P
VdW EOS . MasssmssssEssassEssssssssssssssssEEEEs -
b 27R‘T5V g(64pc)}[_ Ve J N

r

[P + VZJ(SV’“ ~1)=87 wherel =T/T.,P. =P/P.,V.=V/V..

r

I,P. &V, arereduced properties(dimensionless)

Two fluids, which have the same values of reduced T and P, have
the same reduced volume (at the corresponding state)

Two-parameter corresponding-states principle:

z=""=2(r.p)
RT

The function Z is determined by experimental data or Fig. 6.6-2



The generalized chat of compressibility factor
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Three parameters CSP

vdW EOS => Two-parameter CSP => All vdW fluids have the same
Z.=3/8=0.375

Table 6.6-1 shows Z. for most real fluids ranges from 0.23 to 0.31
Two-parameter CPS is failed => Three-parameter CSP
Z2=2(1,P,2.) [Fig.6.6-3, Z=f(I.,P.) atZ.=0.27]
or
7 =7(T.,P,0) < Pitzer (1955)
Z2=72(T.,P)+wz™(I.,P)

(L)
w—a [Z(YZ)(T,R‘)—Z(FU(];,R)]

a)fi )_(UM J

Z=7"(1,P)+

If o '=0= 2=7"(1, B )+ |20 (1, 2) -2 (1. B )] =

1

Z70=700 & 7 = W[Z””(T;»R)— 7T, P)]

R S aesanmannns

This CSP can not be expected to be applicable to fluids with
permanent dipoles and quadrupoles.



Departrure functions from CSP

i) 50 P)= [

{V T [ Z;] }dP = expressed it in terms of P. & T,

Based onthetwo - parameter CSP, V—EZ(T P) = V—T[GKJ :_RT_ (G_ZJ
P - oT ), P \aoT ),

2
Hr.P)-H(r.P)=-[ " |2 Z\ lap=-R RT [ L Z1ap or
P=0T P aT P.=0T, R a]; . 7

ﬂ(T’P)_HIG(T’P) _RTZ.[P“T" ﬁ a_Z
I, renpler ),

dP ... Fig. 6.6-4 for Z. = 0.27

H(T,.B,)-H(T,. B)=|H" (5, B)-H(T,.F) J+leG (1, )~ H"(5,.B)|+ |H(1,.P)- H(,. P,
R I - e ]

TC T,.P, h TC T,.B,
Similarly forASca]cuial‘ion ______________ Flg 6.6-5 for ZC = 0.27
st 2)-s(6,2)= [ S L s, ls-s7,,)

If H & S are calculated, then
U=H-PV,A=U-TS,G=H-TS




Pitzer’s three parameter CSP

Z=7"+wz"

H(T, ) H“(T,P)_{H(T,,,R,)—H”(Z,B)T’+w{H(ﬂﬁ)—H’G(ﬂ,Bq”’

RT. RT. RT.

Similarly,

S(tp)-s*.p)_[s@.p)-s“(r.2)]", [s@.p)-s“(.2)]"
R - R R

From Tables or Charts
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lllustration 6.5-1: Use of Generalized chat (CSP)

e
Selve illustration 6.&—! 47 U{fn; F’"jj, £ -3 ~
£.6-¢.
Data: N, . T -124.2K , P=33.9¢ bar Z.=0.29
<sold
IM:"':&l C“J'u}—c.;h N (TV,= "70/})_6_2 — {-3“—7
= o 3 = 2 &
Fig. 6.6-3 z P, Lo ks
Frow i—p— Z,= 6. 74/
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5= 8 (R p)tei=5Y,
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T -
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.
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—
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| 4
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Generalized EOS

T

van der Waals EOS P:ﬁ’f

From critical point analysis, we have

. 27R°T; © p_ RL

64D. SP.
If T and P of the fluids are known, the PVT behavior can
be calculated, just like a two-parameter CSP.
More useful EOS =>

Peng-Robinson (PR) EOS is applicable for hydrocarbons,
inorganic gases such as N,, O,, H,S, ....

_RT a(T)

CV=b V(V+b)+b(V-b)

Appling critical condifions we have

22
a(7,.)=0.45724 Klc & p-g.0778RL
C C

Let a(T)=a(T, xa(T')=a(T. )x |1+ k(1- 7 )f
Fit"k"tovapor pressuredata for some fluidsof interest =
k=0.37464+1.542260-0.269920°

PR EOS => (T, P., ®) <= three-parameter EOS



Departure functions from PR EOS

Departure H and S from the PR EOS [eqs. (6.4-29) & (6.4-30)]

(z-m),, =R1(Z U*J;HWJV P}Z = RI(Z-1)+ T[g\%;ba mE i%*\/‘@)’;}

(WJV ﬂ}dz ~Rin(z B)+(j;jfn{z+(”‘/§)3}

or 2V26 | Z+[1-2)B

Calculation procedure (in a single phase region)
+ Te, Pc and o of the fluid are known => calculate b, «, a(T.)
+~ Given T => calculate o(T) and then a(T)
+~ At given T & P, solve V from the PR EOS or solve Z from
Z-(1-B)Z2+(A-3B2-2B)Z-(AB-B2-B% =0
where B = Pb/RT and A = aP/R?T?2
« Calculate da/dT
«~ Calculate departure H & S
Advantages over two-parameter CSP
« Analytic computation
+ Three-parameter model
+ Easy to recode the program if other EOS are to be used.

(s-8°),, =RInz- {j:m




lllustration 6.7-1

ReworK illustration 6.5~ 17 Usmg PR Zos
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Estimation methods for critical and other properties

To use either the generalized EOS or the method of
corresponding states, we need information on the critical and
other properties of interest.

» Find the properties from literature, if available.
+ Estimate the properties from predictive models.

Group contribution method => Estimate the properties of a
compound from its molecular structure.

Product Engineering: creating a compound or mixture of
compounds with certain desired properties.

Estimation of the critical properties from a group contribution
method- Joback model

I.(K)= L) _ P(bar)= !

0.584+0.965) v, AT, —[Z VI.ATCJ.J

[0 113 +0.0032; n—*ZVAP J

QI NI NN NI N NN N NN N NN NN I I NN NN N EEENENIEEEEEEE L8

: n: number of dtoms in the molecule :

Kf(cmlJ 17. 5+ZVAV TL(K):198+ZV#‘7}),; Tf(K):122+ZViATf‘j
mo ! j

Pr=01r,) , = _3 T,

w=-o
g L. 71-T,,

logP.-1 whereT, =T,/T. logP"”=A+(B/T)



Joback Group Parameters

Table 6.9-1 Joback Group Contributions to Pure Component Properties

Group o
—CH‘; nonring 00141 ). 3 3 <

H éCH) nonring 0.0139 0.0000 56 22.88

H.— ring 0100 0.0025 8 2715

>CH— nonring 0.0164 0.0020 41 2174
“CH— ring 0.0122 0.0004 38 2178
~c{ nonring 0.0057 0.0043 27 18.25
> ring 0.0042 0.0061 27 2132
=CH; nonring 0.0113 —0.0028 56 18.18
=CH- nonring 0.0129 —0.0006 46 24.96
=CH- ring 0.0082 0.0011 41 26.73
=C7 nonring 0.0117 0.0011 38 24,14
:C( ring 0.0143 0.0008 3 3101
=C= nonring 0.0026 0.0028 36 26.15
=CH nonring 0.0027 —0.0008 46 Q2
=C— nonring 0.0020 0.0016 37 27.38
~Fall 0.0111 —0.0057 27 —0.03
—Clall 0.0105 —0.0049 58 38.13
—Brall 0.0133 0.0057 71 66.86

llllili‘lllllllllllIIIIIIIQIQQQ&IIIlllllqppiilllllllll9---------9}-

—OH alcohol

—pr Tn"'f"""""'GWTJ'"""'T)'UI'BJ"""

-~0O— nonring
—0— ring

:CIO nonring

~C=0 ring
0=CH- aldehyde
—COOH acid
—COO- nonring
=0 other

*NH: all

NH nonring

NH ring

NN SN A

N— nonring
—~N= nonring
—N=ring
—CNall
=NO- all
—SH all
—S— nonring
—S— ring

0.0168
0.0098

0.0380

0.0284
0.0379
0.0791
0.0481
0.0143
0.0243

0.0295
0.0130

0.0169
0.0255
0.0085
0.0496
0.0437
0.0031
0.0119
0.0019

0.0015
0.0048

0.0031

0.0028
0.003

0.0077
0.0005
0.0101
0.0109
0.0077

0.0114

0.0074
—0.0099
0.0076
-0.0101
0.0064
0.0084
0.0049
0.0051

]8
13
62
55
82
89
82
36
38
35
29

9

0
34
91
91
63
54
38

22.42
3122
76.73
94.97
72.24
169.09
81.1

—~10.5
—10.3

50.17

1578
13.55
43.43

llllllllllllﬁlll-




lllustration 6.9-1 Group contribution

Use the methods described above to estimate the properties
of n-octane that has a boiling point of 398.8 K and ethylene
glycol (1,2-diethanediol) that has a boiling point of 470.5 K. Also
compare the estimates of using and not using the measured
boiling points.
<sol>
The results for n-octane, (CH,)-(CH,)s-(CH,)

Exptl | Using T, | Notusing T,
Ty, (K) 398.8 398.8 382.4
T; (K) 216.4 179.4 179.4
T. (K) 568.8 569.2 545.9
P. (bar) 24.9 25.35 25.35
V. (cc/mol)| 492 483.5 483.5
® 0.392 0.402 0.402




The results for ethylene glycol, OH-(CH,)-(CH,)-OH

Expt’l Using T, | Notusing T,
T, (K) 470.5 470.5 429.5
T; (K) 260.2 233.4 233.4
T. (K) 645.0 645.5 589.3
P_ (bar) 77.0 66.5 66.5
V. (cc/mol) ? 185.5 185.5
® ? 1.094 1.094




The 3 Law of Thermodynamics

* The 15t Law of Thermodynamics: the conservation of energy.

« The 2" Law of Thermodynamics: the positive-definite nature
of entropy generation.

« The 3" Law of Thermodynamics:

The entropy of all substance in the perfect crystalline state
(for solids) or the perfect liquid state (for liquids, e.g., He) is
zero at the absolute zero of temperature

— AS =0 for any chemical reaction at O K.

— Itis impossible to obtain a temperature of absolute zero.



