Thermodanam‘lcs HW#3 20190322 okeoH

1. Calculate 4H 600 and AS;s00 for the reaction Zr(B) + Oz = ZrOx(B).
(Utilize the Tables in the APPENDIX of the teXtbook.) r.0as e standerd Motar Heats of Formation
and Molar Entropies of Various
Table A.2 The Constant-Pressure Molar Heat C: ies of Various (c,=a Substances at 298 K
+ bT + cT-2 J/mole-K)
AHgg,d S35, d/K
Substance a bx10° cx10-° Range, K Remarks o 2051
Oyg) 29.96 4.18 -167 298-3000 zs — 39_‘0
Zry, 2197 11.63 298-1136 Zro, —1,100,800 50.4
Zrg, 23.22 4.64 1136-2128 Table A5  Molar H . 4T f R
210, 69.62 753 _14.06 298-1478 able A.! olar Heats of Melting and Transformation
ZrOy 74.48 — 1478-2950(T,,) Trans. AHians, J T iranss K
Zr a—f 3,900 1,136
710, a-p 5,900 1,478
Reaction Zr(g) +0: = Zr0:(9)

T . looo
1) aH1 = 4Haag tJxgCpdT — 4H(eo = AH:%*L%CP‘JT
(
AHiuo (2:02) = AHing * [ CdT + 4H (2rCa 0 (8)+ fymg CodT

14 - - (600
= - 1lo0800 + ,q: (69.62 + 1.53%(0°T - 14.06 %10> T")dT + 5900 + fug 14.48dT

_ 41 oo
= - IlooBoa + [69.62T 13.965x(0°T* + lq.oex{o"'T"]m: +5900 + [14.48 T June

= —|loogoo + 86215 5900 + 9086.56 = — 999538.44J = -999. 54 kJ
A Higoo (Zr) = AHaqg t ;I::CPJT +aHRre)s C@))Hﬂg? Cp dT

= 0« (291 1635101 )T+ 3900 + e (3.2 #6410 T
= (0 +25398.1 + 3900 t13119.3 = %30(%\‘)‘ = 43 (¢ kJ

600

AHigoo(02) = 8Hzag *Jaag CpdT

=0 +~ﬂ:°;(6‘1.‘i6+ 4 (8x[073T - qux[os-l-—e)ﬂ

= 0+ [22.96T + 209X (03 T2 + L61xI0°T e = 43016.1T = 43.72 kJ
. aHtboo= Z AHigeoprosuct — 2 AHigoo, reactant
= AH(eou(ZrOa) - {AHlbon(zr) + AH“,on(Oa)}

= -999.54 - (43.02+ 43.72) = - 1086.28 kJ

2) d48=d8/; - Ag=\[‘T‘—9{;dT

TC . ftee
AS57= 8828 T m?"dT——-) AH e = AHa9p +Lqecl’dT

. 1418 AH(Er02 () (p) 6oo
AS oo (2r02) = AS gt Lqe grth t _—Tmu +~fm39‘? dT
- _: - (600 ,
= 50.4 + faee (6062 T'+ 1.53x10% 1406 x10° T™2)dT + S902- + g 148 T"dT

=50.4 t12.117t3.992 + 5.907 = 113.016 I /K



. pise Hzr s @) | oo g,
AS'GOO(ZF) = AS&QG + 298 %JT +%+\Ll36 ?rt dT
l6oo
=39.0+[ '1'?5 (2190741163 % (03T +322 4 o (23,22 .64 x (@) T
=39.0 + 39.146+3.433 +10.106 = 91.685 I /K
o (600 C
ASi0(02) = A5 *Jue ‘-‘rEdT
=205.1 + [yn (2996 T .18 103~ L61XI0°T ) dT

=205.1 + 54. 881 = 259.981 J/K

85 10= T A Sjeco,product 2 A oo, renctant
AS 2r02) — {ASlboa(zl') + AS.g,oa(Oa)}
173.016 — (91.685 +259.981) = - 118.596 I/K



2. Calculate the value of 4G for the reaction
Si3Ns + 3 02 =3 SiO; (0-quartz) + 2 N»
at 800 K. What percentage error occurs if it is assumed that 4C,, for the reaction is zero?

Table A.3 The Standard Molar Heats of Formation

Table A.2 The Cc Molar Heat C ities of Various Substances (c,=a and Molar Entropies of Various

+ bT + ¢T-2 J/mole-K) Substances at 298 K
Substance a bx10° cx10-5 Range, K Remarks AHSg,d 8%, 0K
Oy, 2996 418 -167 298-3000 N, — 915
2MgO-2Al,0,-5Si0,  626.34 91.21 —200.83 298-1738(T,,) 0, — 205.1
N, 2787 4.27 — 298-2500 10, ety -910,900 M5
SigN, 70.54 98.74 — 298-900 SigN, —744,800 13.0
SiOpequarty 43.89 1.00 -6.02 298-847
Reaction : SisNy t+ 302 = 3Si02 (o(-‘}aar'ﬁ‘)"'ZMa

T ° 300
AHT = 4Hagg T mﬁCPdT — 4H goo= 2Hagg +L‘)é\cfd-r

1) aH%p = 34H2q6 (S02-quartz)) = AH3q5(SiaN4)
= 3x(-910900) - (- 144800) = - 1987900 J
2) ACp = 3Cp(soa(a-quartz)) t 2Cp(N2) = Cp(staN4) - 3Cp(02)
= (3x43,89 +2x21.81—10.54 - 3x29.96)
t(8x1.00 + 2x4.20 — 9804 —3x 4.18)% (0°T
1 (3% (-6.02) — 3x (-1.69)) * [0°T~>
=26.99 - 99.14 %x(062T -12.05% (05 T~2 ~l66gT
Then, Jaag 2CedT = [06.99 - 99.14x(0°T - 12.08(65 7T = - (66811
" aHgeo= -1181900 — (668 = ~2004581] = - 2004.6 kJ
AS7 = A5 T ;:—-?AT — 4 S800= 25298 +I;:’f_%dT
1) AS%0p = Smst0atu-quarte)) t 25,{N2) — SdStsNu) - 3S;,402)
= 3x4|.5+ 2x191.5-13.0 -3 %x205.| =-220.8 I/K
2) {8 22T = [16.99 T 9904 x (0% 12.05%(6° T<)T = -29.04453/k ~-29.19k
. ASgee = ~220.8 - 29.1 =-250.53/K
;. 8Gigeo = AHgoo — T4Sge = 2004581 T — 800 X (-256.5) = ~[804 (81T = — /- 804 xI0* 4T

if 4Cp for the reaction is zero, then AHgo= —1931900J, 4Sgoo = -220.83/k

= AGg00= - 1981900 — 800 X(-220.8) = - (811260 = - | (X103 kJ

L error(s,) = (& LEII‘.;)&:'[?}DB%) x|

xloe = 0.388 %
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