Chemical TD of Gases

* So far, we have primarily developed “general”
TD relations
— broad class of simple-compressible substances
Now turn focus to gases
— develop TD relations for various gas “models”
Start with ideal gas law model
— typically defined based on following p-v-T behavior
given by pV=nRT
« derivable (later) for point molecules (take up no
volume) with only short range (repulsive)
interactions that last a very short amount of time

=valid for “low” pressure but not too low a
temperature

Then expand to more complex gas models
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Perfect Gases

« Various terms commonly for this gas model
— ideal gas (|G) ~— careful, these terms often used to indicate
— perfect gas (PG)  additional behavior, i.e., calorically perfect

— thermally perfect gas (TPG)

 For TD relations begin here with definitions based
on chemical potential

— also useful for dealing with TPG mixture and other
ideal solutions

reference

« Will see for pressure
—single TPG  u=x°(T)+RTn p/p°7 or Inp
_ TPG mixture s = (T)+RTInp/p¢ st P
— ideal solution z =4 (p,T)+RTIny, with pe=1 2
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Single (Species) Thermally Perfect Gas

 Begin with some definitions

— let zzand w° be chemical potentials of our gas at
pressures p and p° but at same T, i.e.,
pu=uPT) p0=pu(PeT) = u°(T)
— then we will define a TPG as a gas that follows the

relationship P P w°=standard chemical

wo(T )+ RTIn F potential @T and p°
* note this requires the p dependence to be separable
from the T dependence

« typical to let p°=1 unit (e.g., 1 atm or 1 bar), so can
write

u=p°(T)+RTInp
o s sy o AE/ME 6765
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Single TPG: State Eqns.
« Develop using x2=4°(T) +RT Inp
— recall % :

Tz /

— for pure substance (single component)

/ —
' ,u:ﬁ—Té
J h=u+T$
"—_al __d/u B o = du® —
e, e P =4 —RTlnp—T(d‘_‘r +RInDJ
- fi e T f
— from h defn. G=h-pv dT or TPG,

h and u only functions

of temperature

degenerate state egns, function of 1 TD property
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Smgle TPG Caloric State Egns.
- P ly sh G=6dT+& dv  dhi=¢,dT+
reviously showed gg=¢,dr %LK% dh=¢,dT %Ldp

;_

— S0 |du=¢,dT dh=¢,dT ¢, ¢, only function of T 0
du=c,dT dh=c,dT |(sinceu, honly T dependent)
2% 2 A A
— and from previous result ¢, —¢, =T<= =T (1/1'/T)v =%
K p
P VA oRT/p) 1 L
var|, (RT/p) oT | T ¢,—-¢ =R
_ -1 aRT/p) _1 -6 =R
o inﬁT/pi o | ) )
— specific heats often modeled by polynomial expressions
« Shomate egn c,=a+bT+cT?+dT3+ el

* NASA polynomial cy/R = a,+a,T+a;T *+a,T3+asT*

e AE/ME 6765

wwwwwwwwwwwww

!
Slngle TPG Entropic State Eqn.

« From Gibbsegn. Td§=dd+pdi  =dh-vdp

— for TPG —6,dT + "1 gy =cpdT_Rppo
Vv

— if ¢, ¢, constant over T range of interest, denoted
I rically perf 0
calorically perfect X, =Q'”GJ+R In(”}é”ﬂj = ,n( P,

V.,
1 P

e/t = Y, W’: T, ey/dy P, 7}7&
\nAw) () e
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Smgle TPG Entropic State Eqn.

Calorlcally perfect i
TR -
Tl VAl Tl pl

 For isentropic process (As=0)

~ \1-7 rt ~ \7
-]
T, v Py JPNA
— or equivalently pv = constant
 One version of general class of polytropic processes

n —
pv? = constant

NI n-l 0 Isobaric
(1—2] = (VZJ = [pZJ " 1 Isothermal
Tl Vi P Y Isentropic
© Isochoric
A AE/MF 6765

wwwwwwwwwwwwwww

.:.sn\m ospace Eng

Thermally Perfect Gas Mixtures

 Again begin with definitions

— let g4 and x° be chemical potentials of i"" component
of gas, having mole fraction y;

— define a TPG mixture as one that follows relationship

1 =u0(T)+RTIN2 +RTIng,

%(—/
) —  simple
independent of composition composition dependence

—aS %1 thiolpye ™—Tecoupled
* 50 1%t term is same as pure TPG of i component
— if use p°=1 unit (e.g., atm), and define p;=py;

same as ’,ui:,ui"(T)-i-§T In pi‘ =Y p =
single TPG —— i
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Thermally Perfect Gas Mixtures

= ,ui°(T)+ RTIn p;
« Comments
- =P T)=8 (P T)
* Gibb’s value for pure component i evaluated at p;, T
— 4= (p, T, x) but not function of z;;
» independent of other components in mixtures
« this decoupling of composition dependence is property of
general class of mixtures called
Mixtures of Independent Substances
— also includes Ideal Solutions (liquid and/or solid)
» on molecular scale, this idealization requires allowed
guantum states of each component to be unaffected by

presence of other components (will see later in Statistical
Mechanics)
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TPG Mixtures: State Eqns.
« Develop using £ = °(T) + RT In p;

R T

for component i

- . ooy,
— similar to single TPG ¥ :aip'
T.x;

« each component behaves like TPG

« molar volume same for components in mixture

—s0 V=>Xny=v>n =\7in:\7=VH=\7i :>

. . ' Lo . for mixture
— using partial pressure definition

RT  znRT _nD
pi:Zip:ZiW:T :>in—niRT

for component i
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TPG Mlxtu'res Caloric State Egns.

o
e Recall x4 =5, =h-Ts =h, +T67%T4
P. X Xi _
SRR . 1 A _-olu/T)

TS T, T T3 =

Using TPG mixture: g = ,u,° +RT In p + RT Iny;

P.xj xi

= M i — [+0+0
oT bt dT T
h h = =
« So L=t :hi(T):hi(T) fn of T only
.. T T for pure i
° Slmllarly UI(-I.)zl,jl(.l.) TPGatT
N i N What is ¢, of
Mixture enthalpy  H(T)=2nh(T)=3nh(T)  etes
no AH (or AU) due to mixing — %/—/ _ zl'
also true for ideal solutions mixed gases  unmixed % = P
R AE/MF 6765
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TPG I\/leture Entropy Due to Mixing

» Now let’s compare S and G of components mixed vs
unmixed (at same T)

« For TPG mixture G=Zni§.—z n (4 +RTInp,)

i

— p' =p of it component e
before mixed —Zn [ +RTInp' +RT |ng;j

— SO Gafter _Gbefore = AGlTliXing = §TZ ni In B:
[ p

— and for T=const. e

Gmixin%: mixing_TASmixing xip
AGmixin D \p|
fg = _Asmixing = RIZ n; In F
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TPG I\/leture Entropy Due to Mixing

« Compare to earlier 2" Law example of | vz | v
removing partition between perfect gases | T T

« Result was AS = k(N,+Ng)In2 A
=R (ny*+ng) In2
+ With new expression %:ﬂsmmg -RZn, ln%

AS = —R (nA|n1/2+nB n1/2) since V for each gas increases by 2,
=R (n +n ) In2 v pressure for each decreases by 2
A"''B

* How to get AS,in,=0 for our 2 gases (isothermally)?
— final partial pressures must be same as initial pressures

* requires isothermal and reversible V2
compression to V/2 W———| T o
« thus also work in and heat transfer out S
I ——— AE/ME 6765
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TPG I\/leture Entropy Due to Mixing

« So we have 2 special cases @?ASW _RYn .n%

1. all gases have same initial pressures, which also match
final pressure: p'=p for all i
%:—Asmg =RY.n, In%: RYniny <o
« mixing produces entropy (ST and GY) as expected

2. initial pressure of each gas is same as its final partial
pressure in the mixture: p'=p; for each i

AG
=—AS ying = RZn InF =0

mixing
-
« in this case no entropy change associated with mixing
— but requires V < Vi, so work and heat transfer
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