AMSE205 Thermodynamics I

due date: Oct. 27. 2022 Prof. Byeong-Joo Lee
Problem Set #3 calphad@postech.ac.kr
Room 1- 311

1. Determine the values of AU, 4H, AS, AF and AG for the following processes. [In (b), (¢), (d),
show that the absolute value of the entropy is required.]

(a) One mole of ideal gas at the pressure P and temperature 7 expands into a vacuum to

double its volume.
(b) The reversible adiabatic expansion of 1 mole of an ideal gas from P;, T7 to P2, T>.
(c) A constant-pressure expansion of 1 mole of an ideal gas from Vi, T1to V2, T>.
(d) A constant-volume change of state of 1 mole of an ideal gas from P;, T} to P2, T>.

2. Calculate the value of 4G for the reaction
Si3N4 + 3 O2 = 3 SiO2 (a-quartz) + 2 N2

at 800 K. What percentage error occurs if it is assumed that AC, for the reaction is zero?
(Utilize the Tables in the APPENDIX of the textbook.)
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(1) Use the maximum entropy criterion

(2) Use the minimum Gibbs Energy criterion

(3) Show that the reaction becomes more irreversible at 550K.

(4) What is the difference between the entropy criterion and Gibbs energy criterion?
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1. Determine the values of AU, AH, AS, AF and AG for the following processes. [In (b), (¢), (d),
show that the absolute value of the entropy is required.]

(a) One mole of ideal gas at the pressure P and temperature 7 expands into a vacuum to
double its volume.

(b) The reversible adiabatic expansion of 1 mole of an ideal gas from Pi, Ti to P2, T>.

(c) A constant-pressure expansion of | mole of an ideal gas from Vi, T to 12, T>.

(d) A constant-volume change of state of 1 mole of an ideal gas from P,, T; to P>, T>.

S0 (@ Jer e | — | (ol A0=GW
VY, 2

TROE > S2(Y X
‘:AU';O ,A\'\:'O

-~ . 2 - o
Ase WEAESG oma  ERRRY W AWMS  ASs T M:“WQ“T

= NRMa :_nm-m
AG= ah- T6S = O— RTONL = —prinz 0Pl Al S

F=0-ST = 4F= 4aU-Tas = 0- 2 =-~Rh2
() 7ot L. mol  RpoPy T~ Ta
T 082 =0  AU=-W
AV= 0GaT = G(e-T) A= AT =Cp(Ta-Ti)
L= (Rw _ " =0
E T S ‘ % Ta,
dg= di- Y AT = Jda = at-s| 41 = At 5T
° 7 = G-e)
o] Aq v S'Tz_
dF= dU-T8-HLT > ap= | Ju—- s \dT
& F SU( T

=AU - 50T = AL- SCR-T)
= CT}“TD (Cv _-5)

(€) Ccostont preSUP ofon  \mol  Vi?Vz 0T

A= Neyat= O (-1 A= nlat =Cplw-Ti) d= A+ W
AS:j dFvev =\( ttedV _ G/-le;tc-v . "g_Qﬂ_\\C} 3 = dUt pdV
T —r I l = QT+ pd V
T T
5 g VT F R
-V

T
AG = AR-AS) =aft- (152-T15)

= A~ (T2 (S¢eQ) — ©8))
= 4H- S| (Tz-1) —T=24%



NE= A0-as)
= AU = (1282 ~T:%0)

= AU = (B (s +Can S —TSY)
- AV =S [T - TaCpan

) congent (olume  p~Pr T2 Ty
AU= NGa 1 = G (T-1D
A= NGAT = GTaTh) _

Ag:f{%&w = ffs-_-;ﬁ‘/ uy—%d'\' :-C\/QI\—%

T
AR= AN -4ACR) = ad- (TaSa-Tg)
= A - (T2 (5,+a)—H SV
= al ~S (T~ Tzcv&n;%
A = 4U- Ate) = AV~ (TaSe——=tg))
= AU~ (T (S Havng ) ~Ts1)
= ALV- g (-1 —Tsz&“Trl‘T

2. Calculate the value of AG for the reaction
SisN4 + 3 02 = 3 Si02 (a-quartz) + 2 N2

at 800 K. What percentage error occurs if it is assumed that 4C}, for the reaction is zero?
(Utilize the Tables in the APPENDIX of the textbook.)
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(1) Use the maximum entropy criterion

(2) Use the minimum Gibbs Energy criterion

(3) Show that the reaction becomes more irreversible at 550K.

(4) What 1s the difference between the entropy criterion and Gibbs energy criterion?
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