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2. Calculate L1so rxn for the combustion of 1 mol of propane at 25°C:
 
~ C;Hg (g) + 50z (_g) -7 3COz (g) + 4HzO (1)
 <2.X pe<.:\ 1S.\llil <.. 0 

T\. ~ \? S for C3Hg - 269.9 J/mol K \°3\(. ", 
I n\S e1"'<I. _ becOou¢~ 1\-{."C- (,lY'C. b \'l'ol (ja)kMV,AN-QA. Oz - 205.0 J/mol K 

oY\ retu.;0 I''! ~.Ie 0.1\0 oy\ I'IUI.\~'\ i'tO~~ COz = 213.7 J/mol K 
tJ\fA~e. SO~ ~V(lo HzO = 69.9 J/mol K ~ t'nD\ (Jet'> \V'I ~fodllc'~ 

'oo-\1A1'I~~6'C 

\I"e hS f'X(\ :: Z(\ Sr:J ~~\lC.i'5 '- t {\ StJ rec..(.,\G\f'~ 

/j S 1\11: (3 (~"CPt1 ~ ~ (£\\1.0) ) (~~~ ~\ '6 5(SOoz) )- -t 

: (b ~\\, I \fJMO\ \( -\ Z7~, b iJ h~\D\ k') - (2 "tI,Oj ~ 1m\)\ k,. \D lS 

:. '12.0. t - \ZC1L\,Q 

:: - )111.2.. "S/k 

Relating entropy change to endothermic and exotherrhic reactions ­
The second law dictates that ~eC(ecASeb in the entropy of the system can occur 
only if If\ LfeO-Se,:> in the entropy of the surroundings outweigh them. 

Fill in the signs: «, >, or =)
 
For an exothermic change - qsys <0
 L1SSUIT '> 0 

For an endothermic change - qsys> 0 L1SSUIT < 0 

The change in entropy ofthe surroundigns is directly related to a(n) 0feOS'I\""~ 

change in the heat ofthe system and \\,\\jt(St.\'V related to the temperature at 
which the heat is transferred. 

Therefore: 
t\::, - 1s"\!> 
Jj 51>(( = _ 

1 
And: 

b\-\ S'I~
T 

Example: 
3. At 298 K, the formation of ammonia has a negative L1S °sys: 

Nz (g) + 3Hz (g) -7 2NH3 (g) L1S0sys =,-197 J/K 
Calculate L1S un iv and state whether the reaction occurs spontaneously at this temperature. 
L1H ofNH3 = -45.9 kJ/mol 

6f~i~ :: Ar\\~Y\ :: (z (. I.\S,C) ~~J Mol)') - (~( D \l.~ /lnol) ~ \ l 0 \'.sl mol) '; 

~---~ :: -~\.'6 "h~
clont for~,
 
ttl COl\Ver'r io ~ S";J.Jrf :: .!:JM\...'> :' - (~, h Xlb"'~):> ~O,&. OS~ ;::r / K
 

T ZA'b ~ 

~ SlI1\''J'' ~S'':l'f~"' ~SSUI( '" t \q t ;; /1<. ') ,r~o~ "S jl)
 

:: \\\ J 1\\
 
-6 SoI'l v '> 0 :. fe~t~o" O(Lu(~ S~OI'\:.~l" at 2q", KI 

3 



Summarizing exothermic and endothermic reactions :­
1.	 For an exothermic reaction:
 

h\-\~;~ <0 ~ Ssw ) 0
I 

_ \\~-\- \<;, \'t\~~ b'J ~e S\Ste.,'('(\, V0~iv\.. \nCfe(.l)e<" ~e. -\l1't-t..~O!1' 0+ \\'\0,",0\"1 CA\I'\~ e'0eff:j--l 

~~s~e{6e~ o.y\~\ ~~'J, 1\,..<.. ~p1 ~ -\k Su«(ool'd\~~. 
- iC 1\( reu..(,,\,,~ Si~h.m ~le.W:> ro~~e\> W'v\D~ eD~p'\ \~ ~(w'\"t( ~\"I ~'1 of tv-e.- rw.(.'cn"t~ (l:iSSI~)O), 

-wt\ e.V\'\Yop~ (),,,V\~ CA~<;'i~ i S,:/;',l \..0\\\ ~ ~D~("ve 

~ '\+ l\.t. t~cvp'1 00\' -\\At SISl~m Je.ueu&es cu. -n.e. 0<" o«("'\J(~ (1JS..,.ft,. (0), -\k" i\-l:. eY'll-rop'i of' 

-f\\t! Sl>{rov/'lcl:\ne~ l'Iv\)9 '\(\U~~e ev~;'\ !'hO(Co ( ~SSv<l »)0) 10 ;WC'f..C1 -te>\t:t.\ ~~ ro;;t\1Ie. 

2.	 For an endothermic reaction: 

~ ~ ~) ')0 I M)~,c <0
 
,I\t \'\~~ \O!,"+ \)'1 'i\-~ ~u,rOc.>('l6\'8~ det{eox.,:> fflohwVA( ~~t ~()yY\ of (Y'Io'hon CA\\~ clif,fJe,( S"'\ of
 

e.-n~~ ~ cA\'I.~ \ ~11?, cltc..(eo.sc", -\lAe Q,V\TfOIQ'I 0.(\ ~c. 5u((oo(l~; l\{) ~
 

- '[\Ie on\~ lJ.)C('\ -Po, 0..\"1 eV\601\AelV\''<' 'lXn '\P oc.wr SrOI'\~r-eO<.'~\'/ ~ \~ ~S,S.'lS \') po~·I·h\le.
 
0- 'f\~ \CAi~ el"loe.e1. to (;)dt VJ!.\8 '" \1-e. 'I\~ C\ti\le A <.:. o~rr
 

Free Energy 
Define-
free energy: G -r A 1\-.trmot\'It-o..l\\;<. ~,v",\"1-\-\\'i 1'wI~ \b '\l..c. 6\~tell~",e ~t.'\vc.el'\ ~c. e\,\~(J.\~'1 C\VlO '\\.1:. product 

"f 1v.t o\o~\Vt~ "\"'e-l'r\p ~no '\V.c. el'\ ror'1 , G.: \-\ - TS 
standard free energy of change: ~GD ~ -\'\At #ftt Q,'f\e.<g1 6V\G11"18e 1'w-.1 oc.v(){~ wht>('I 0.\\ CO W1 ponenlJ 

G\~\('l ""~\l ';:il'C\'('\&q6 E;b.T{~ 

standard free energy of formation: ~Gof -io l\e ~f\~f~ k eV".eI$'1 clr-Gl\"l~ t\occI' O<:UAS Whe" 
\ I"vI.b\ ofo... ('D(rI'?OUf' \~ \V\'\c;\e.. ~lOn\ 1'1::> e'evY'lwts, 

Fill in the blanks or circle:
 
The free energy change, L1G, is ameasure ofthe '5po(',-r",\') e,\ T'\ of a process and ofthe
 
\)~M ~\'\t,1cl ~ available from it.
 

'" 

The __~---,'3",-Y\ of L1G tells if a reaction is 'Or<,p ~"'eoo~ 

L1S univ 1.- 0 for a spontaneous process 
L1Suniv ~ 0 for a nOllspontaneous process 
L1S univ :: 0 for a process at equilibrium 

T L1S univ ~ 0 or -T L1Suniv ~ () for a spontaneous process 
Kt'l 'I~ -b \(eep \)\'\i \J lSi.... , ~ Sl:IlC'f 

D~Y\I/Ci..\-\O"'(" •Since L1G = -T L1S univ: Strt.'8kt' 

~)\,)(I\V =~S51'" + b':>surr 
L1G ~ 0 for a spontaneous process 

~S~ll ~ - ~ L1G _)_ 0 for a nonspontaneous process 
L1G -=- 0 for a process at equilibrium I 

}jSv'!'i~" ~~S'H.- ~t\':;,I~ 
T 

.-1 ~Sv(\\~ -- t\-\S1~- T 1:Js~ 

G=\i-r:, 4 

~ GS'iS:.: ~'r\ ~;\S - T fjSS;IS 

- T.6 S\)I\\~ : 1) rI ~1& - "\tJ~ s;{'.:, ~ ~ (, $/, 


