Announcements — | ecture XXIl - Tuesday. Apr 24t

1. iClicker: itk [l Pickanyletter a-e
2. Quiz9: Placein basket on the front bench.
3. Owl: Allremaining Owls for Exam lll are now up. The due dates for some

are different, based on projected coverage. Just wanted to give
you a heads up on the remaining Owls in this course as we quickly
approach the end of the semester.
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19.3

Gibbs Free Energy

Free Energy, Standard Free Energy, and the Reaction Quotient

oA +2B & c(+4)

Qs

Q<H:

Q>K:

% 0 4
(AY*[8)

Syshen i o s,
R2Puwt! O:=K

System not of quﬂ'&ﬂiun.
PR wti! Q=K.

* Sysfem o equﬁnhmn

AG<0: Reochion spontomeous
in the Sornond diaection,
Reoctamls = Products

AG> 0 : Reoclion spenfamesus un
Ihe Reverse dinrection,
Producls = Reactom®.

AG =0 : Readion n\'tquiﬁﬁun.

AG = AG + RT 300
L 06> S5 (pnoduck) - £ AT’ (rescloas)
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19.3 Gibbs Free Energy
Free Energy, Standard Free Energy, and the Reaction Quotient

Consider the reaction CO(g) + Cly(g) = COCl,(g)

Calculate AG for this reaction at 298.15K if the pressure of each gasis 35.35
mm Hg.

AG? Values: CO(g) =-137.2 kd.mol COCl,(g) = -204.6 kJ.mol-1

A6 = A6 + RT5Q Q: Lot
" " Peo Pea
AG’ = Blrg (00 - Alrg COrg - Ag Patg) . _00WIS
= -2046 -(-1312) -0 0.04615 (0.0465) ;
r =614 k] I"I'Ia'l

0G° = - 67,400 +8.314 (298.15) fo 2051
= ~61,400 + 7,606

Ps 3&35m2g| | ofm = -59,19% T.mof"
760 mm Hg = -59.79 kI.mol"

= 0.04615 o¥m
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19.3

Gibbs Free Energy
Standard Free Energy and the Equilibrium Constant

AG = AG° + RS0
When the svstem peaches equiibeion, then
At =0 ond Q=K

0 = Ne°+ RT SO

AG® = -RT Sk
Does his T wn sth we ofeady ok ?
Kol hw2o A&’ < 0
b product-Sovoned Ly produd favosed
K« fn¥<0 0G0
Ly Aeackomt-ovored Ly peachont - fovosed
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19.3 Gibbs Free Energy
Gibbs Free Energy and Temperature

Free Energy and Temperature AG° = DU - TAS®

Temperature 0K - 1800
| o | Aenaciiie module on Class Nk sie.
|

® 2 Fez0a(s) + 3C(s) —
3 COz(g) + 4 Fe(s)

© C(s) + 2Hz(g) — CHa(g)

O Nz(g) + 202(g) — 2 NOz(g)

O CaCOa(s) —= CaO(s) + CO:(g)

© 2 HCl(aq) + Na:COs(s) — 'Eunu Temperature (K) 1500
2 NaCl{aq) + Hz20(/) + COz(g)

i) 020, AS°70, AG°=7?

AS® = 561.00 J/K+=mol W) pH’<o, p<o, 06 =7
AH® = 468.00 kJ/mol i) Wro, 05°<0, D& YO0
AG® = 468.00 kJ/mol V) AW<0, As°»0, DE&°<0
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19.3 Gibbs Free Energy
Gibbs Free Energy and Temperature
0G° = AW° - TS’
) AW°> 0 .. endoffeamic i) AW’ 20 .. endothenmic
A5°>0 .. - TBS°<0 0s°<0 .. -TAS 70
Reaction o fom T expectd 1o have o AG° >0, Since Both AW’ >0 and -TDS’ 70, then AG’ 4
Honever of o cealom hﬂnﬂuﬂﬂ T codd expect oaduays & >0,
- T85° fo fecome iunaz emough Thot AG’ oo 40 Nonspanfameous, meodt-fovoned of o values of ¥,
) DN°<0 .. exolhennic ) BH°<0 .. exolhenmic
ps’<o .. -TAS’ 20 bs’r0 .. -T0S’<0
Reachion o Jou T expecked o hove @ A< 0, Sunce both D10 and - T2S"<0, then AG° will
Honever a o ceaYoun high volue of T could expent ofuays Re <o0.
- T05" 1o become Tonge emough tho G” Becomes 20, Spontameous, product-Savored of olf values of 7
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19.3 Gibbs Free Energy
Gibbs Free Energy and Temperature

Without doing any calculations, match the following thermodynamic properties

with their appropriate numerical sign for the following endothermic reaction.
2C0,(g) + Ny(g) = 2CO(g) + 2NO(g)

a) AHy, ; ”3
L

b) "j'srxn 3. =0 ﬂﬁmn = h“ﬂﬂl = T0Smm
¢) AGpq } . 4.50lowT,<0high T
d) ASuniy 5. <0low T, >0 high T

0) 1 Reachion is endoThennic. ¢ 4  Mrw20 i -TA5<0.

M 1 3 gos molecoles =7 4 gas melecules, d) 5. ASumv the reverse of AG.

ASpuy = Siproducis) - Streactomls) Spenfameous AG <O i (Sumiv 70.
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19.3 Gibbs Free Energy
Gibbs Free Energy and Temperature

Without doing any calculations, match the following thermodynamic properties

with their appropriate numerical sign for the following exothermic reaction.
CO(g) + Cly(g) = COCly(g)

a) AHog ; "3
L

b) 885 I

&) 3Gmn}=-' 4. >0low T, <0 high T

d) ASuiv | ** 5. <0low T, >0 high T
o) A.  Reachon is exolhesmic, o 5. A <0 i = TASam 20
B 2 05 mokcukes | smo‘enﬂe d 4 OSewv e umense of AG.

ﬂ":ﬂ * S(produds) = lmﬂnm‘fs]. Sponfameous AG<O i ASunw 70.
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