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Thermal equilibrium

We have a system of 90 g, 0 °C ice and 18 g, 100 °C water
vapor. The system reaches equilibrium without exchanging
heat with the enviroment (adiabatic) and at constant pressure
(1 bar). What are the equilibrium T" and the total AS 7

Values of molar heat of vaporization
and molar heat of fusion are
Ay = 41.4 kJ/mol

Ay =6.02 kJ/mol

PO

The molar heat capacity of the liquid is
Cr, = 75.312 J/(mol K)
and we can suppose that it is temperature
independent.




Thermal equilibrium

Oth step: What processes will take place?

Melting of ice: njce - Ay = 5 mol - 6.02 kJ/mol = 30.1 kJ

Condenstaion of vapor: Nyapor - Ay = 1 mol - —41.4 kJ/mol

— There remains some vapor after all of the ice melted

Heating up the water from the ice from 0 °C to 100 °C:

Nice " Cm - AT = 5 mol -75.312 J/(mol K)- (373 K —273 K) = 37.656 k.J
Condensation of remaining vapor: (—41.4 kJ 4+ 30.1 kJ) = —11.3 kJ

— Not enough to heat the liquid to 100 °C

— The condensated vapor will cool further and the melted ice warm further

— Equilibrium system is liquid water with 0 °C < T, < 100 °C




Thermal equilibrium

The system is adiabatically separated: () =0
Q = Qice + Qvapor =0
Qice = Nice * Af + Nice - Cpy + (Leg — 273 K)
Qvapor = —Nvapor * A + Nvapor * Cm * (Teqg — 373 K)
0 =5 mol-6.02-10° J/mol
+5 mol - 75.312 J/(mol K) - (T, — 273 K)
—1 mol - 41.4 - 10° J/mol
+1 mol - 75.312 J/(mol K) - (373 K — T¢,)
— T,y = 314.7 K = 41.7 °C




Thermal equilibrium

I — 5@7’6’0
Change in entropy? dS = =F

. _ AI'Ip.c. N
Phase change: AS = Too = T

Heating / cooling: AS = fﬁ% .dT = n - C,, - Ink

5 mol-6.02:10% J/mol
273 K

Melting of ice: ASice—liq. =

Heating of liquid from the ice:

ASliq.0°C—liq.a1.70c = b mol - 75.312 J/(mol K) - In®2:T58

. 1 1-(—41.4-10° J l
Condensation of vapor: ASvap,%liq, — 1 mol( 373 I fmol)

Cooling of liquid from the vapor:

ASliq.1000C—liq.a1.70c = 1 mol - 75.312 J/(mol K) - ln?’?}%—7é{




Thermal equilibrium

SSAS =40 J/K

What if we have nyapor = 0.01 mol and njce = 5 mol ?
(1 bar, adiabatic, Tice = 0 °C', Tyapor = 100 °C)
Condensation of vapor: 0.01 mol - (—41.4-10° J/mol) = —414 J
Cooling of liquid from vapor to 0 °C:
0.01 mol - 75.312 J/(mol K) - (273 K — 373 K)= =75 J

Melting of ice: 30100 J — Not all ice will melt!

Equilibrium: 0 °C, ice/liquid system

How much of the ice melts? AS =7




Thermal equilibrium

Q=0 J=Qlice + Qvapor; Afrvaup. = —100 K

Anice . )\f — Nyap. - )\v =+ Om " Nvap. ATvva,p. =0J

— Anice = 0.08 mol

A1 e A n ‘A T
AS = ice 2f __ TMvap.'Av C.-n . [ 2melt.
Thelt. Thoil. T Cm - Mvap. Thoil.

— AS =0.419 J/K




Real systems: water T-s diagram
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Real systems: water T-s diagram
AU =m-Au=W +Q =m - |[Ah — A(pv)]

Isochor: AV =10 Isobaric: Ap =20

W=0J W=—-m-p-Av
Q=m-Au=m-(Ah —vAp) Q =m-Ah

|sothermal: AT =0 Adiabatic reversible: AS =0
W=AU-Q W =AU

Adiabatic throttle: AH =0 |deal compressor: W = AH
Q=0.J W =m-Ah

W =AU = —m - A(pv) Q=AU —-W = —m - A(pv)




Real systems: adiabatic reversible

We have 1 kg saturated water vapor in a cylinder with a piston.
In an adiabatic reversible process we compress it from 2 MPa to 8 MPa.

What is the work? What percentage is this of the work of an ideal
compressor’?
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Real systems: adiabatic reversible

We have 1 kg saturated water vapor in a cylinder with a piston.
In an adiabatic reversible process we compress it from 2 MPa to 8 MPa.

What is the work? What percentage is this of the work of an ideal
compressor?

W =m-|[(hy — h1) — (p2v2 — p1v1)]

p1 =2 MPa =2-10% Pa pe =8 MPa =8-10° Pa
vy =10"1 2 vy =35-1072 2
hy =2.8-10° % hy =3.1-10°

J J J
W =1kg-[0.3-10° ¢, — (2.8-10°¢; —2-10°)]
-100% = 73%

Wzd:m(hg—hl)ZSOOkJ—) W

Wid
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Real systems: cycle

We have 2 g water vapor with T} = 160 °C' and V; = 10 dm?>. We

e Decrease its pressure to 10 kPa in an isothermal process
e Then we compress it in an adiabatic reversible process

e Then we return it into its orignal state in an isobaric process

AU, AS, Q7

11



Real systems: cycle
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Real systems: cycle

v _1Odm,3_57n_3
L= 799 7 “Xkg

p; = 0.04 MPa = 4-10* Pa
J
hi =28 106k—g

s1=81-10°7¢

Vo = 2 - 1071?—93
p2 = 0.01 MPa = 10* Pa
_ J
he =2.8-10°
J

vy = T.57

p3 = 0.04 MPa = 4-10* Pa
— J

hs = 3.15-10%,

s3=8.75-10° ¢

Isothermal

ASi=m-(s2 —s1) =13 %

Q1 =T -AS; =563 J (T1 in K1)

AU =m - [(hy = h1) = (pav2 = pro1)] = 0.

Adiabatic reversible

ASy; =0 %

Q2=0J

AUy = m-|(hs—hz2) — (psvs —p2ve2)| = 500 J

Isobaric

AS;=—AS; =-13 %

Qs =m-(hy —hs) =-=700 J

AUs = W5 4+ Q3

= —m-p3-(vy —wvg) — 700 J = =500 J
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Real systems: heating with steam

We have V; = 600 dm?, p; = 3 MPa saturated vapor. We

e Expand it through an adiabatic throttle to 200 kPa
e Then we use it for heating in isobaric circumstances, until 30% of the

vapor condensates

Q=7
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Physical Chemistry I, Thermal equilibrium & real gases

Real systems: heating with steam

Q1 = 0 J (adiabatic)

Q2 = AHy =m - (hg — he) (isobaric)
hs =2.05-10° J/kg

hy = hy = 2.8-10° J/kg

m = ? We have to calculate it from V3

-1 3
v1 =75-1072m?/kg - m = Vi /vy = 7.65'_1100_2::377@ = 8 kg

Q=Q1+Q2=8kg-(—0.75-10° J/kg) = —6-10° J
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