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Enthalpy	entropy	and	free	energy	calculations	answers



stcudorp	dna	stnatcaer	htiw	tneserp	si	metsys	a	fI.)	sdnuopmoc	dna	selucelom	rof	(secruoser	yrtsimehc	rehto	ni	dna)	stnemele	laudividni	rof	(selbat	cidoirep	dradnats	no	dnuof	eb	nac	taht	stnatsnoc	era	sessam	raloM	.yportne	metsys	ni	esaercni	na	sevlovni	taht	ssecorp	cimrehtodne	na	sebircsed	noitidnoc	siht.]	xetal	/	[)	l	(}	o	{txet	\	2_}	h}	cibmohr;	\,
{txet	\	s	(8_}	s	{txet	\}	{}	{	carf	\;	\}	snooprahtfelthgir	\	{\)	g	(2_}	os	{txet	\;	\	+;	\)	g	(}	s	{txet	\	2_}	h	{txet	\	2]	xetal	[noitcaer	eht	yb	ruflus	ot	detrevnoc	si	ti	,	LAVOMER	STI	GNIWOLLOF	.41Â'ÂÃ	¢	01	Â-Ãƒ	00.1	si	retaw	fo	(tnatsnoc	muirbiliuqe	eht,	erutarepmet	moor	ta	.2	erugif	.k	fo	eulav	eht	Sesaerced	hCihw,	stnatcaer	eht	muirbiliuqe	eht	tfihs
lliw]	xetal	/	[}	2_}	O	{txet	\	{_	P]	xetal	[gnisaercnI)	c	(.)	K	892	(erutarepmet	moor	ta	retaw	fo	noitaziropav	eht	rof	egnahc	ygrene	eerf	dradnats	eht	etaluclac	ot	G	xidneppA	morf	atad	yportne	dna	yplahtne	dradnats	ESU	Â	°	ã.sÂ	"ÃŽ	DNA	Â	°	Ã,"	ÃŽ	MORF	EGNAHC	Â	°	Ã.	ed	\	{t;	\}	atled	\	{{}	xetal	[.dehsinif	ti	emit	eht	yb	k59	ot	delooc	dah	tub	trats
yrev	sti	ta	k581	saw	NOITCAER	RUO	TAHT	YAS	SUTEL,	ELPMAXE	RUO	ROF	.YLEVITCEPSER,	G	23	DNA	G2	FO	SESSAM	RALOM	EVAH	HCIHW,	SESAG	NEGYXO	DNA	NEGORDYH	ERA	STNATCAER	RUO,	ELPMAXE	RETAW	RUO	NI	.SECORP	EHT	ROF]	XETAL	/	[}	CRIC	\	{}	892	{_G}	atleD	\	{]	xetal	[enimreted	dna,	noitcaer	siht	sebircsed	taht
noitauqe	na	etirW	.83	.nevig	erutarepmet	eht	ta	tnatsnoc	muirbiliuqe	eht	morf	snoitcaer	gniwollof	eht	fo	hcae	rof	Â	°	Ã	GÂ	Ã	etaluclaC]	xetal	/	[	)	g	(2_}	o	{txet	\}	2	{}	1	{carf	\;	\	+;	\)	g	(}	o	{txet	\	2_}	h	{txet	\;	\}	wormergnol	\	{	{txet	\	2_}	h	{txet	\]	xetal	[:	edixorep	negordyh)	d	(]	xetal	/	[)	g	(2_}	h	{txet	\	2;	\	+;	\)	g	(2_}	n	{txet	\;	\}	wormgirgnol	\	{]	g
(4_}	h	{txet	\	xetal	[:	enizardyh)	c	(]	xetal	/	[)	g	(2_}	h	{txet	\	3;	\	+;	\)	g	(}	B	{txet	\	2;	\}	worrathgirgnol	\	{;	\)	g	(6_}	h	{txet	\	2_}	b	{txet	\]	xetal	(2_}	h	{txet	\	;	\	+;	\)	g	(2_}	n	{txet	\;	\)	g	(3_}	hn	{txet	\	2]	xetal	[:	ainomma)	a	()	a	(	a	gniyas	,os	dnA	]xetal/[}S}atleD\{{}H}atleD\{{carf\	=	T]xetal[	]xetal/[S}atleD\{T;\-;\H}atleD\{	=	0	=	G}atleD\{]xetal[
:orez	si	GÂÃ	hcihw	rof	T	fo	eulav	eht	,si	taht	,enil	eht	fo	tpecretni-x	eht	yb	detneserutarepmet	sihT	.3	erugiF	.muirbilique	ta	si	metsys	eht	taht	setacidni	orez	fo	GÂ																		Ãan	A	.8	.noitcaer	eht	ni	devlovni	stcudorp	dna	stnatcaer	eht	fo	hcae	rof	,)]xetal/[}cric\{^}}f{txet\{_G}atleD\{]xetal[(	noitamrof	fo	ygrene	eerf	dradnats	eht	esu	osla	yam	segnahc
ygrene	eerF	.erawssalg	no	nees	netfo	ezalg	etihw	eht	,))s(lC4HN(	edirolhc	muinomma	eht	mrof	ot	tcaer	dna	snoitulos	rieht	fo	selttob	morf	epacse	netfo	))g(3HN(	ainomma	dna	))g(lCH(	edirolhc	negordyh	,yrotarobal	eht	nI	.43	.noisolpxe	na	esuac	nac	,hguone	dipar	fi	,hcihw	,ygrene	fo	esaeler	egral	a	yfingis	semitemos	nac	eseht	Â	B	.K	058	ta	enahtem
fo	noitanirolhc	eht	yb	deraperp	si	,tnevlos	lairtsudni	tnatropmi	na	,edirolhcartet	nobraC	.stnatcaer	dna	stcudorp	ÂΤΕ344¢	slacimehc	fo	seirogetac	owt	sevlovni	noitcaer	lacimehc	ynA	.erutarepmet	ecnerefer	ot	evitaler	wol	ro	hgih	demeed	era	noitseuq	ni	serutarepmet	eht	,sevitcejda	era	smret	eseht	ecniS	?erutarepmet	nopu	dneped	ssecorp	siht	fo
ytienatnops	eht	seod	woH	]xetal/[)g(}OC{txet\2;\}worrathgirgnol\{;\)g(2_}O{txet\;\+;\)s(}C{txet\2]xetal[	:noitauqe	gniwollof	eht	yb	debircsed	si	nobrac	fo	noitsubmoc	etelpmocni	ehT	ytieneh	nopS	fo	ecnednepeD	erutarepmeT	eht	gnitciderP	.suoenatnops	si	ssecorp	eht	sa	evitagen	si	GÂΤgenΕ	.SÂΤΟ,	which	is	the	last	word	in	the	text	of	the	text.	ecen
noitcerid	eht	ni	ylsuoenatnops	deecorp	lliw	noitcaer	eht	,)K	Â	ÂΤ¢	Q(	stnuoma	muirbiliuqenon	ni	.noitcaer	eht	retfa	erutarepmet	ni	ecnereffid	eht	dniF	4	.cimrehtoxe	si	ssecorp	ehT	5101	ÂÃ	53.5	=	K	?suoenatnops	]xetal/[)g(2_}ON{txet\;\+;\)g(}ON{txet\;\}worrathgirgnol\{;\)g(3_}O{txet\2_}N{txet\]xetal[	si	snoitidnoc	tahw	rednU	.segnahc	yportne	dna
yplahtne	fo	sngis	eht	gnidrager	seitilibissop	ruof	era	erehT	.CÂ°Ã	844	ta	sesopmoced	edirolhcatnep	ynomitnA	)a(	.evitagen	si	SÂÃ	dna	evitisop	si	HÂÃ	.41	40.0	=	K	)e(	;9.1	=	K	)d(	;3101	ÂÃ	9.6	=	K	)c(	;350.0	=	K	)b(	;14	=	K	)a(	.sbbiG	dralliW	haisoJ	naicitamehtam	naciremA	yb	yrutnec	htneetenin	etal	eht	ni	decudortni	saw	ylno	seitreporp	metsys	fo
smret	ni	denifed	ytreporp	cimanydomreht	wen	a	gnivlovni	hcaorppa	evitanretla	nA	.retaw	ecudorp	ot	noi	edixordyh	htiw	noi	negordyh	fo	noitcaer	suoeuqa	eht	rof	egnahc	ygrene	eerf	dradnats	eht	etaluclac	,noitamrofni	siht	gnisU	.erutarepmet	etulosba	eht	,sesac	emos	ni	,dna	segnahc	yportne	dna	yplahtne	eht	fo	sngis	eht	yb	denimreted	neht	si	,egnahc
ygrene	eerf	sti	fo	ngis	citemhtira	eht	ni	detcelfer	sa	,ssecorp	a	fo	ytienatnops	ehT	]xetal/[S}atleD\{T;\-;\H}atleD\{	=	G}atleD\{]xetal[	:deredisnoc	si	ssecorp	eht	rof	segnahc	yportne	dna	yplahtne	eht	ot	egnahc	ygrene	eerf	gnitaler	noitauqe	eht	,tpecnoc	siht	etartsulli	oT	.noitcerid	esrever	eht	ni	ssecorp	eht	rof	ecrof	gnivird	a	stneserper	eulav	evitisop	a
elihw	,noitcerid	drawrof	eht	ni	ssecorp	eht	rof	ecrof	gnivird	etinif	a	stneserper	GÂÃ	rof	eulav	evitagen	A	.6	elbaT	.evitisop	erom	semoceb	erofereht	]xetal/[}cric\{^}892{_G}atleD\{]xetal[	.ereh	nwohs	era	dna	G	xidneppA	ni	elbaliava	era	atad	deriuqer	ehT	noituloS	.)G	xidneppA(	seiportne	dna	noitamrof	fo	seiplahtne	)b(	dna	noitamrof	fo	seigrene	eerf
)a(	gnisu	Â°ÃGÂÃ	etaluclaC	gninraeL	ruoY	kcehC	.si	noitcaer	eht	cimreht	-odne	ro	-oxe	erom	eht	,si	flesti	rebmun	eht	regral	ehT	.orez	si	ssecorp	eht	rof	GÂÃ	hcihw	ta	erutarepmet	taht	,ylevitcepser	,woleb	ro	evoba	si	erutarepmet	eht	snaem	serutarepmet	ÂÂÃ¢wolÂÂÃ¢	ro	ÂÂÃ¢hgihÂÂÃ¢	ta	suoenatnops	si	what	happens	when	a	reaction	starts	with	G	<
0	(negative)	and	reaches	the	point	where	G	=	0.	For	a	system	in	equilibrium,	Q	=	K	and	the	G	=	0,	and	the	above	equation	can	be	written	as	[latex]0	=	{{latex}G^{elta}G^{text}(\text{at}equilibrium})[/latex]	[latex]{"delta"	=	-RT	=	"K"	=	e^{-"delta"	G^{	"RT"}[/latex]	This	form	of	equation	provides	a	useful	link	between	these	two	essential
thermodynamic	properties,	and	can	be	used	to	derive	equilibrium	constants	from	standard	free	energy	changes	and	vice	versa.	Compound	[latex]{\Delta}G_{\text{f}^{\circ}	(\text{kJ/mol})	[/latex]	[latex]{\Delta}H_{\text{f}^{\circ}	(\text{kJ/mol})	[/latex]S_{298}^{\circ}	(\text{J/K}{\cdot}\text{mol})	[/latex]	HgO	(s,	yellow)	58.4	90.46	71.13	Hg	(l)
0	0	75.9	O2	(g)	0	0205.2	Table	5.1	Determine	your	reaction	Â	products	and	reagents.	What	is	the	equilibrium	partial	pressure	of	oxygen	in	a	sample	at	1000°C	for	which	the	initial	pressure	of	CO2	was	1.15	atm?	a)	The	reaction	is	not	spontaneous;	(b)	Above	566	Â°	C	the	process	is	spontaneous.	As	an	example,	Â	say	Â	we	want	to	find	the	enthalpy	of
the	reaction	for	the	formation	of	water	from	hydrogen	and	oxygen:	2H2	(hydrogen)	+	O2	(oxygen)	Ã¢	Â	2H2O	(water)	Â.	313	K	(value	319	K)	The	change	of	free	energy	for	a	process	can	be	seen	as	a	measure	of	its	driving	force.	This	condition	describes	an	exothermic	process	that	involves	an	increase	in	the	entropy	of	the	system.	Use	the	standard	free
energy	formation	data	in	Appendix	G	to	determine	the	free	energy	change	for	each	of	the	following	reactions,	which	are	performed	under	standard	state	conditions	and	at	25Â°C.	Use	the	information	in	Appendix	G	to	estimate	the	boiling	point	of	water.	Subtract	the	initial	temperature	(or	T1)	of	the	reaction	the	final	temperature	(T2)	is	used	to
calculate	this	value.	b)	Las	molÃ©culas	de	cloro	se	disocian	segÃºn	reaction:	[latex]\text{Cl}_2	(g)	\;{\longrightarrow}\;2\text{Cl}	(g)	[/latex]	1.00%	of	Cl2	molecules	dissociate	at	975	K	and	a	pressure	of	1.00	atm.	This	is	the	maximum	pressure	of	gases	under	the	set	conditions.	The	relationships	between	standard	free	energy	changes	and	equilibrium
constants	are	summarized	in	Table	6.	When	Q	is	less	than	the	equilibrium	constant,	K,	the	reaction	will	proceed	in	the	forward	direction	until	equilibrium	is	reached	and	Q	=	K.	Determine	the	normal	boiling	point	(in	Kelvin)	of	dichloroethane,	CH2Cl2.	Equilibrium	temperature	for	a	phase	transition	As	defined	in	the	chapter	on	liquids	and	solids,	the
boiling	point	of	a	liquid	is	the	temperature	at	which	its	solid	and	liquid	phases	are	in	equilibrium	(i.e.,	when	vaporization	and	condensation	are	in	equilibrium).	sensations	occur	at	equal	speeds).	(b)	How	does	the	calculated	result	compare	to	the	value	in	Appendix	G?	4.	When	reagents	and	products	are	in	their	standard	states	(1	bar	or	1	atm),	Q	=	1.	In
glycolysis,	the	reaction	of	glucose	(Glu)	to	form	glucose-6-phosphate	(G6P)	requires	ATP	to	be	present	as	described	in	the	following	equation:	[latex]\text{Glu}\;+\;\text{ATP}\;{\longrightarrow}\;\text{G}6\text{P}\;+\;\text{ADP}\;\;\;\;\;\;\;\;\;\;{\Delta}G_{298}^{\circ}	=	-17\;\text{kJ}[/latex]	In	this	process,	ATP	becomes	ADP	summarized	by	the
following	equation:	[latex]\text{ATP}\;{\longrightarrow}\;\text{ADP}\;\;\;\;\;\;\;\;\;\;{\Delta}G_{298}^{\circ}	=	-30\;\text{kJ}[/latex]	Determine	the	standard	free	energy	change	for	the	following	reaction	and	explain	why	ATP	is	needed	to	direct	this	process:	[latex]\text{Glu}\;{\longrightarrow}\;\text{G}6\text{P}\;\;\;\;\;\;\;\;\;\;\;\;\;\;\;
{\Delta}G_{298}^{\circ}	=	\text{?}[/latex]	One	of	the	important	reactions	in	the	glycolysis	of	the	biochemical	pathway	is	the	reaction	of	glucose-6-phosphate	(G6P)	to	form	(F6P):	[lÃ¡tex]\text{G}6\text{P}\;{\leftrightharpoons}\;\text{F}6\text{P}\;\;\;\;\;\;\;\;\;{\Delta}G_{298}^{\circ}	=	=	tsuj(	noitcnuf	etats	a	si	ygrene	eerf	esuaceb	G	xidneppA	ni
eulav	eht	htiw	seerga	noitaluclac	ehT	)b(	.metsys	eht	fo	egnahc	yplahtne	eht	si	HÂÃ	]xetal/[}T{}H}atleD\{{carf\;\-;\S}atleD\{	=	}}vinu{txet\{_S}atleD\{]xetal[	:gniwollof	eht	sa	nettirwer	eb	yam	noisserpxe	siht	os	dna	,HÂÃ	=	sysq	erusserp	tnatsnoc	ta	dna	,sysqÂÂÃ¢	=	rrusq	taht	seriuqer	wal	tsrif	ehT	]xetal/[}T{}}}rrus{txet\{_q{carf\;\+;\S}atleD\{
=	}}vinu{txet\{_S}atleD\{]xetal[	:noisserpxe	wal	dnoces	devired	ylsuoiverp	eht	gnillacer	yb	ssecorp	a	fo	ytienatnops	eht	dna	ytreporp	metsys	siht	neewteb	pihsnoitaler	eht	dnatsrednu	nac	eW	).htrofecneh	dettimo	eb	lliw	ÂÂÃ¢sysÂÂÃ¢	tpircsbus	eht	,ekas	sÂÂÃ¢yticilpmis	roF(	]xetal/[S}atleD\{T;\-;\H}atleD\{	=	G}atleD\{]xetal[	:gniwollof	eht	sa
desserpxe	eb	yam	)Â°ÃGÂÃ(	egnahc	ygrene	eerf	dradnats	eht	,erusserp	dna	erutarepmet	tnatsnoc	ta	dna	,noitcnuf	etats	a	si	ygrene	eerF	]xetal/[ST;\-;\H	=	G]xetal[	:gniwollof	eht	sa	yportne	dna	yplahtne	sÂÂÃ¢metsys	a	fo	smret	ni	denifed	si	ti	dna	,)ygrene	eerf	eht	ylpmis	ro(	)G(	egnahc	ygrene	eerf	sbbiG	eht	dellac	si	ytreporp	wen	sihT	.0	=	GÂÃ	dna	,K
=	Q	,muirbiliuqe	tA	.mta	8ÂÂÃ¢01	ÂÃ	0.1	.03	lom/Jk	6.16	)b(	;Jk	1.22ÂÂÃ¢	)a(	.seulav	eseht	ot	esolc	neve	ton	era	yeht	,llec	lacipyt	a	ni	,revewoh	,M	1	eb	ot	P6F	dna	P6G	fo	snoitartnecnoc	eht	ylpmi	snoitidnoc	cimanydomreht	dradnatS	)b(	.15ÂÂÃ¢01	ÂÃ	8	si	)s(S2gA	rof	tcudorp	ytilibulos	eht	dna	,ylevitcepser	elom/Jk	5.93ÂÂÃ¢	dna	elom/k	1.77	era
)s(S2gA	dna	)qa(+gA	rof	]xetal/[}cric\{^}}f{txet\{_G}atleD\{]xetal[	eht	taht	nevig	)qa(ÂÂÃ¢2S	fo	noitamrof	eht	rof	,]xetal/[}cric\{^}}f{txet\{_G}atleD\{]xetal[	,egnahc	ygrene	eerf	dradnats	eht	enimreteD	?snoitidnoc	etats	dradnats	rednu	erutarepmet	moor	ta	suoenatnops	))g(2O(	negyxo	morf	))g(3O(	enozo	fo	noitamrof	eht	sI	?snoitidnoc	dradnats
rednu	suoenatnopsnon	ro	suoenatnops	eb	ot	noitcaer	eht	etacidni	stluser	eht	oD	.22	?snoitidnoc	cimanydomreht	dradnats	rednu	suoenatnopsnon	ro	suoenatnops	noitcaer	eht	sI	)a(	La	ã	entalpA	y	la	ã	entropA),	por	lo	que	cambio	depende	solo	de	los	estados	iniciales	y	finales,	no	el	camino	entre	ellos.	(a)	Uso's	ã	energAs	libres	de	formaciã³n:	[lTexã]	{\
delta}	g_	{298}	^	{\	circunsc}	=	{\	sum}	vgs_	{298}	^	{\	circle_cripciones}(\	texto	{producttos})\;	-	\	{\	suma}	vgs_	{298}	^	{\	circunsc}(\	texto	{reactivos})	[/	lTexã]	[lTex¡]	=	[1	{\	delta}	g_	{298}	^	{\	circunscrup}	\	texto	{hg}(l)\;	+	\;	\	frac	{1}	{2}	{\	delta}	g_	{298}	^	{\	circ}	\	texto	{O}	_2(g)]	\;	-	\;	1	{\	delta}	g_	{	298}	^	{\	circunscripciã³n}	\
texto	{hgo}(s	\	texto	{,	\;	amarillo})[/	lTexã]	¡	[lTexã]	=	[1	\;	\	texto	{mol}	(0	\;	\	texto	{kj	/	mol	})\;	+	\;	\	frac	{1}	{2}	\	texto	{mol}	(0	\;	\	texto	{kj	/	mol})]	\;	-	\;	1	\;	\	texto	{mol}	(-	58.43	\;	\	texto	{kj	/	mol})	=	58.43	\;	\	texto	{kj	/	mol}	[/	latex]	(b)	Uso	de	ã	entralpAs	y	entropaciones	de	formaciã³n:	[lTexã]	{\	delta}	H_	{298}	^	{\	CIRC}	=	{\	sum}	v	{\
delta}	h_	{298}	^	{\	circunscr}(\	texto	{producttos})\;	\;	{\	sum}	v	{\	delta}	h_	{298}	^	{\	circle	cuncinciclacciã³n}(\	texto	{reactivos})[/	lTexã]	[lTexã]	=	[1	{\	delta¡}	h_	{298}	^	{\	circincinsci³n}	texto	{hg}(l)\;	+	\;	\	frac	{1}	{2}	{\	Delta}	h_	{298}	^	{\	circunsc}	\	texto	{O}	_2(g)]	\;	-	\;	1	{\	delta}	H_	{298}	^	{\	circunsc}	\	texto	{hgo}(s	\	texto	{,	\;
amarillo})[/	lTexã]	¡	[lTexã]	=	[1	\;	\	texto	{mol}	(0	\;	\	texto	{kj	/	mol})\;	+	\;	\	frac	{1}	{2}	\	texto	{mol}	(0	\;	\	texto	{kj	/	mol})]	\;	-	\;	1	\;	\	texto	{mol}	(-	90.46	\;	\	texto	{kj	/	mol})	=	90.46	\;	\	texto	{kj	/	mol}	[/	/	ã	lTex¡]	[lTex]	{\	delta}	s_	¡	{298}	^	{\	circ}	=	{\	sum}	v	{\	delta}	s_	{298}	^	{\	circ}(\	texto	{ãproductos})\;	\;	{	\	SUM}	V	{\	DELTA}	S_
{298}	^	{\	circincunscilaciã³n}(\	texto	{reactivos})	[/	lTexã]	[lTexã]	=	[1	{\	delta}	s_	{298}	^	{\	circuncturisticTraci³n}	\	texto	{	Hg}(l)\;	+	\;	\	frac	{1}	{2}	{\	delta}	{2	\	298}	^	{\	circunscripciã³n}	\	texto	{o}	_2(g)]	\;	-	\;	1	{\	delta	}	{298}	^	{\	circunsrip}	\	texto	{hgo}(s	\	texto	{,	\;	[/	Láctex]	[Láctex]	=	[1	\;	\	Texto	{mol}	(75.9	\;	\	text	{J	/	MOL	\;	k})
\;	+	\;	\	frac	{1}	{2}	\	Texto	{mol}	(205.2	\;	\	text	{J	/	MOL	\;	k})]	\;	\;	1	\;	\	Text	{mol}	(71.13	\;	\	text	{J	/	MOL	\;	k})	=	107.4	\;	\	text	{j	/	mol	\;	k}	[/	lactex]	[lacex]	{\	delta}	g	^	{\	circumscription}	=	{\	delta}	h	^	{\	circ}	\;	\;	t	{\	delta}	s	^	{\	circ}	=	90.46	\;	\	text	{kJ}	\;	\;	298.15	\;	\	text	{k}	\;	\	veins	\;	107.4	\;	\	Text	{J	/	K}	{\	cdot}	\	Texto	{mol}	\;	\
veins	\;	\	frac	{1	\;	\	Text	{KJ}}	{1000	\;	\	Texto	{J}}	[/	Láctex]	[Láctex]	{\	Delta}	g	^	{\	circ}	=	(90.46	\;	-	\;	32.01)	\;	\	Text	{KJ	/	MOL}	=	58.45	\;	\	Text	{KJ	/	MOL}	[/	Láctex]	AMBAS	Forms	of	calculating	the	energies	Libre	EstÃ¡ndar	Estándar	a	25	ã	Xâ°C	dan	el	mismo	valor	numã©rico	(con	tres	cifras	signicativas),	y	ambos	predicen	que	el	processo
no	es	espontã	a	amente.	Comon	LaMayorãA	de	los	trabajos	de	QuããMica,	Se	de	ben	utilizar	las	temperaturas	Kelvin(K)(aunque	las	Cellsius(C)	dar¡ã	n	los	mismos	resultados).	Relaciones	entre	los	Cambios	de	Energãã	a	Libre	EstNdar	y¡las	Constantes	de	Equilibrio	ã	CLCULO	de	una	¡	Constante	de	Equilibrio	utilizando	el	Cambio	de	EnergOg	a	Libre
EstNdar	as	libres	estIcondard	de	Maag³DeMaag	(aq),	ClCa(aq),	y	AgCl(s)son	77.1	kJ/mol,	Appendix	131.2	kJ/mol,	y	ClCa(s)	Solution	The	reaction	of	interest	is	the	following:	[latex]\text{AgCl}(s)\;{\rightleftharpoons}\;\text{Ag}^{+}(aq)\;+\;\text{Cl}^{-}(aq)\;\;\;\;\;\;K_{\text{sp}}}	=	[\text{Ag}^{-}][\test{Cl}{-}][/latex]	The	standard	free	energy	is
effective	for	the	action	put	using	standard	free	energies	of	formation	for	its	reactions	and	products:	[latex]{\Delta}G^{\circ}	=	{\Delta}G_{298}^{\circ}	=	[{\Delta}G_{\text{f}^{\circ}\;(\text{Ag}^{+(aq))\;\\;{\Delta}G_{\text^-{aq)\\\;\(\text{G_}^-{\aq)\\\\(\})\\(\{Delta})\\\\\(\{\})\\\\\\\\\(\)}G_{\text{f}}^{\circ}\;(\text{AgCl}(s))]	=
[77.1\;\text{kJ/mol}\;-\;131.2\;\text{kJ/mol}]\;-\;	[-109.8\;\text{kJ/mol}]	=	55.7\;\text{kJ/mol}[/latex]	The	equitable	construct	for	the	reaction	may	then	be	derived	from	its	standard	free	energy	change:	[latex]K_{\text{sp}}	=	e^{-\frac{\Delta}G^{\circ}}{RT}}	=	\text{exp}\;(-\frac{\Delta}G^{\circ}}{RT})=	\text{exp}(-\frac{55.7\;\times\
{10^3\text{J/mol}{8.31/4;	l}{\cdot}\text{K}\;\times\;298.15\;\text{K}})=	\text{exp}(-22.470)=	e^{-22.470}	=	1.(a)[latex]	\text{O}_2(g)\;+\;2\text{F}_2(g)\;{\longrightarrow}\;2\text{OF}_2(g)\;\;\;\;\;\;\;{\Delta}G^{\circ}	=	y	,etneuf	arto	anugla	o	tenretnI	odnazilitu	laer	n³Ãicillube	ed	otnup	le	ertneucnE	.1	olpmejE	le	ne	artseum	es	omoc	,n³Ãicaler
etneiugis	al	noc	odreuca	ed	radn¡Ãtse	erbil	aÃgrene	ed	soibmac	sol	raluclac	arap	radn¡Ãtse	saÃportne	y	saÃplatne	ed	osu	le	acilpmi	odot©Ãm	nU	?K	058	a	n³Ãiccaer	al	arap	oirbiliuqe	ed	etnatsnoc	al	se	l¡ÃuC¿Â	]xet¡Ãl/[	)g(	}lC{txet\4;\+;\	)g(	4_}lCC{txet\;\;\}worrathgirgnol\{;\	)g(	2_}lC{txet\4;\+;\	)g(	4_}HC{txet\]xet¡Ãl[	.)3	arugiF(	ametsis	led	erbil
aÃgrene	al	aziminim	es	odnauc	ecelbatse	es	oirbiliuqe	le	,)Q	ed	rolav	le	ne	ajelfer	es	omoc	,olpmeje	rop(	n³Ãiccaer	al	ed	dutingam	al	a	etnerf	erbil	aÃgrene	ed	oibmac	le	odnazart	esrartsomed	edeup	omoC	.revloser	arap	T«Â	x	s	x	m	=	H«Â	alumr³Ãf	al	ecilitU	5	K09-	=	K581	«Â	K59	=	1T	«Â	2T	=	T«Â	:eugis	omoc	aÃraluclac	es	»ÂT«Â	,osac	etse	nE	?
aen¡Ãtnopse	¡Ãrevlov	es	arutarepmet	ed	senoicidnoc	©Ãuq	ojab¿Â	,on	iS	.oirbiliuqe	euq	n³Ãiccerid	anu	ne	etnemaen¡Ãtnopse	naznava	senoiccaer	sal	euq	ed	n³Ãicavresbo	al	eredisnoc	,selaicnese	socim¡Ãnidomret	sotpecnoc	sod	sotse	ertne	n³Ãicaler	al	s¡Ãm	nºÃa	rartsuli	araP	]xet¡Ãl/[	)g(	4_}O{txet\2_}N{txet\;\}adreiuqziahcered\{;\	)g(
2_}ON{txet\2]xet¡Ãl[	.etneibma	arutarepmet	a	aen¡Ãtnopse	se	on	n³Ãiccaer	aL	.odad	°ÂÃG¦ÂÃ	ed	rolav	led	ritrap	a	senoiccaer	setneiugis	sal	ed	anu	adac	arap	C°ÂÃ	52	a	oirbiliuqe	ed	etnatsnoc	al	raluclaC	]xetal/[}Jk{txet\;\0.8	=	}cric\{^G}atleD\{;\;\;\;\;\;\;\;\;\;\;\;\;\;\;\;\;\;\;\;\;\;\	)l(	4_}lCnS{txet\;\}worrathgirgnol\{;\	)l(	4_}lCnS{txet\]xetal[	)e(
]xetal/[}Jk{txet\;\6.1-	=	}cric\{^G	}atleD\{;\;\;\;\;\;\;\;\;\	)g(	2_}ON{txet\+;\	)g(	}ON{txet\}worrathgirgnol\{;\	)g(	3_}O{txet\2_}N{txet\]xet¡Ãl[	)d(	]xetal/[}Jk{txet\;\97-	=	}cric\{^G}atleD\{;\;\;\;\;\;\;\;\	)g(	}O{otxet\2_}H{otxet\+;\	)s(	3_}OC{otxet\2_}iL{otxet\}worrathgirgnol\{;\	)g(	2_}OC{otxet\+;\	)s(	}HOiL{otxet\2]xet¡Ãl[	)c	]xet¡ÃL	/[}IJk{otxet\;\3.7
=	}cric\{^G	}atleD\{;\;\;\;\;\;\	)g(	}rBI{otxet\2;\}worrathgirgnol\{;\	)l(	2_}rB{otxet\+;\	)s(	2_}I{otxet\]xet¡Ãl[	)b(	the	percentage	of	error	in	temperature.	If	the	answer	to	your	final	answer	for	Ã¢	Ì		H	is	lom/Jk	09	?eria	le	ne	]xet¡Ãl/[}O{txet\2_}H{txet\{}P{txet\]xet¡Ãl[	ed	rolav	le	res	ebed	l¡Ãuc¿Â	,euqes	es	aÃrednaval	al	euq	araP	.42	.rodaguj	Jk	5,66	ed
azreuf	anu	oneg³Ãrdih	ed	sajac	sod	rop	odinu	eneitnam	es	oremÃd	lE	]xetal/[)g(2_)}H{txet\2_}OC{txet\3_}HC{txet\(;\}tegratgnol\{;\)g(}H{txet\2_}OC{txet\3_}HC{txet\2]xet¡Ãl[	.C	°Â058	a	y	C	°Â52	a	laicnetopiuqe	etnatsnoc	al	anifeD	.oibmac	nºÃgla	odatnemirepxe	ah	euq	ametsis	led	oreicnanif	y	laicini	sodatse	sol	ed	senoicidnoc	sal	ed	ol³Ãs
edneped	rolav	us	euq	ol	rop	,odatse	ed	n³Ãicnuf	anu	se	erbil	aÃgrene	aL	selamreT	sedadeiporP	ed	sela±ÃeS	y	osergorP	ed	dadienatnopsE	se	n³Ãicpoda	aL	.orec	acilpa	euq	ay	sovitagen	sonem	sonarg	]xet¡Ãl/[}892{_G}atleD\{]xet¡Ãl[	y	,1	<	Q	:)satseupser	sal	ed	senoicavonni	sal	ed	ejatnom	le	euq	sartneim	eac	sotcudorp	ed	daditnac	al(	av	es	atseupser
al	,sejaiv	ed	oirbiuqe	ed	sosecorp	sol	a	atseupser	ed	sosecorp	sol	euq	adidem	A	.nairfne	es	n³Ãiculoser	ed	n³Ãiculos	ed	sotnemele	sol	y	odasrepsid	evleusid	es	,atiga	es	y	auga	la	angisa	es	etnatropmi	orurolc	le	]xetal/[)s(3_}O{txet\2_}eF{txet\;\}worratgnol\{;\)g(2_}O{txet\3
a;\+;\)s(}eF{txet\2]xetal[)d(]xetal/[)g(2_}N{txet\;\+;\)g(}O{txet\2_}H{H{txet\4;\+;\)s(3_}O{txet\2_}rC{txet\;\}worratgnol\{;\R\}72(rC\}7{rC\)4_HN{HN{txet\(]xetal[)c(]xetal/[)s(lC{txet\4_}HN{txet\;\}worrathg	amirg\;\)g(3_}HN{txet\;\+;\)g(}lCH{txet\]xet¡Ãl[)b(]xetal/[)g(3_}HN{txet\2;\}worrathgirgnol\{;\)g(2_}H{txet\3;\+;\)g(2_}N{txet\]xetal[)a(	]
[]cric\[][}cric\{\G}atleD\{n;\+;\)A{txet\(}cric\{^}f{txet\_G}atleD\m[;\-;\])}D{txet\(}cric\{^}f{_G}atleD\{y;\+;\)}C{txet\(}cric\{^}f{txet\_G}atleD\{x[	=)}kcabdeef{txet\(}cric\{^}892{_G}atleD\;}}C\{}C\{}C\{}atleD\{v}mus\{	}^G}atleD\{	=	}cric\{^892{_G}atleD\{]xet¡Ãl[	omoc	raluclac	edeup	es	etneibma	arutarepmet	a	radn¡Ãtse	erbil	aÃgrene
ed	oibmac	le	,]xet¡Ãl/[}D{txet\y;\+;\}C{txet\x;\}worratgnol\{;\}B{txet\n;\+;}A{txet\m]xet¡Ãl[	n³Ãiccaer	al	araP	.acimr©Ãtodne	se	n³Ãiccaer	al	retaw	fo	noitaropave	eht	fI	)d(	.muirbiliuqe	ta	metsys	a	sebircsed	noitidnoc	siht	,reilrae	deton	sA	.J	80631-	si	rewsna	lanif	ruo	,elpmaxe	ruo	nI	.noitcaer	eht	retfa	ot	noitcaer	eht	erofeb	morf	erutarepmet	ni
egnahc	eht	,TÂÂÃ¢	dnif	ll'ew	,txeN	.01	.tnemeerga	elbanosaer	ni	si	noitaluclac	siht	os	dna	,)CÂ°Ã	0.001(	K	2.373	si	tniop	gniliob	lamron	sÂÂÃ¢retaw	rof	eulav	detpecca	ehT	]xetal/[}C{txet\}cric\{^;\3.79	=	}K{txet\;\5.073	=	}}lom{txet\}todc\{}K/J{txet\;\8.811{}}lom/J{txet\;\3^01;\semit\;\10.44{carf\	=	}}cric\{^S}atleD\{{}}cric\{^H}atleD\{{carf\
=	T]xetal[	]xetal/[}yarra{dne\	}lom{txet\}todc\{}K/J{txet\;\8.811	=	}lom{txet\}todc\{}K/J{txet\;\0.07;\-;\}lom{txet\}todc\{}K/J{txet\;\8.881	&	]me5.0[\\	))l(}O{txet\2_}H{txet\(}cric\{^}892{_S}atleD\{;\-;\))g(}O{txet\2_}H{txet\(}cric\{^}892{_S}atleD\{	&	}cric\{^S}atleD\{	}l	}}{=}{{@	r{}yarra{nigeb\]xetal[	]xetal/[}yarra{dne\
}lom/Jk{txet\;\10.44	=	)}lom/Jk{txet\;\38.582-(;\-;\}lom/Jk{txet\;\28.142-	&	]me5.0[\\	))l(}O{txet\2_}H{txet\(}cric\{^}}f{txet\{_H}atleD\{;\-;\))g(}O{txet\2_}H{txet\(}cric\{^}}f{txet\{_H}atleD\{	&	}cric\{^H}atleD\{	}l	}}{=}{{@	r{}yarra{nigeb\]xetal[	,G	xidneppA	morf	atad	cimanydomreht	dradnats	eht	gnisU	]xetal/[}}cric\{^S}atleD\{{}}cric\
{^H}atleD\{{carf\	=	T;\;\;\;\;\;\;\}ro{txet\;\;\;\;\;\;\;\}cric\{^S}atleD\{T;\-;\}cric\{^H}atleD\{	=	0]xetal[	:eurt	si	gniwollof	eht	os	,0	=	GÂÃ	,muirbiliuqe	ta	si	ssecorp	siht	nehW	]xetal/[)g(}O{txet\2_}H{txet\;\}worrathgirgnol\{;\)l(}O{txet\2_}H{txet\]xetal[	:egnahc	esahp	gniwollof	eht	si	tseretni	fo	ssecorp	ehT	noituloS	.ytidimuh	%001	ro	,CÂ°Ã	52	ta
ropav	retaw	htiw	detarutas	ria	stneserper	mta	130.0	.erutarepmet	eht	fo	sseldrager	evitagen	eb	lliw	GÂÃ	,esac	siht	nI	.muirbiliuqe	hsilbatse	dna	ygrene	eerf	eziminim	ot	yrassecen	si	noitcerid	revetahw	ni	ylsuoenatnops	deecorp	lliw	smetsys	muirbiliuqenoN	.3	elbaT	)muirbiliuqe	ta(	elbisrever	0	=	GÂÃ	0	=	vinuSÂÃ	suoenatnopsnon	0	>	GÂÃ	0	<
vinuSÂÃ	suoenatnops	0	<	GÂÃ	0	>	vinuSÂÃ	always	non-spontaneous	at	room	temperature,	wet	clothes	would	never	dry	when	placed	outside.	[latex]\text{HgO}(s\text{,\;yellow})\;{\longrightarrow}\;\text{Hg}(l)\;+\;\frac{1}{2}\text{O}_2(g)[/latex]	Calculate	the	standard	free-energy	change	at	room	temperature,	[latex]{{latex]
{\Delta}G_{298}^{latex}[/latex],	using	(a)	standard	free	energies	of	formation	and	(b)	standard	entropies	of	formation.	SoluciÃ³n	Los	procesos	de	combustiÃ³n	son	exotÃ©rmicos	(Â	H	<	0).	(b)	Determinar	la	constante	de	equilibrio,	KP,	para	este	proceso	fÃsico.	En	este	caso,	el	Â	G	serÃ¡	negativo	si	la	magnitud	del	tÃ©rmino	TÃ	Â	S	es	mayor	que	el	Â
H.	Si	se	desea,	se	pueden	obtener	resultados	mÃ¡s	precisos	utilizando	cambios	de	entalpÃa	y	entropÃa	determinados	en	(o	al	menos	mÃ¡s	cerca	de)	el	punto	de	ebulliciÃ³n	real.	Tal	proceso	es	espontÃ¡neo	a	bajas	temperaturas	y	no	espontÃ¡neo	a	altas	temperaturas.	El	cambio	de	energÃa	libre	estÃ¡ndar	es	[latex]{\Delta}G_{298}^{\circ}	=	-
RT\;\text{ln}\;K	=	4.84\;\text{kJ/mol}[/latex].	Tal	proceso	es	espontÃ¡neo	a	altas	temperaturas	y	no	espontÃ¡neo	a	bajas	temperaturas.	Simplemente	conecte	sus	valores	en	la	fÃ³rmula	Ã¢	Â	H	=	m	x	s	x	Ã¢	Â	T	y	multiplicar	para	resolver.	CÃ¡lculo	de	la	Â	G	en	condiciones	no	estÃ¡ndar	Â¿CuÃ¡l	es	el	cambio	de	energÃa	libre	para	el	proceso	que	se
muestra	aquÃ	en	las	condiciones	espe	The	S	must	be	positive	as	this	drives	the	process,	and	is	expected	for	the	dissolution	of	any	soluble	ionic	compound.	(a)	[latex]\text{C}	(s\text{,\;graphite})	\;+\;\text{O}_2	(g)	\;{\longrightarrow}\;\text{CO}_2	(g)	[/latex]	(b)	[lÃ¡tex]\text{O}_2(g)\;+\;\text{N}_2(g)\;{\longrightarrow}\;2\text{NO}(g)[/latex]	(c)
[lÃ¡tex]2\text{Cu}(s)\;+\;\text{S}(g)\;{\longrightarrow}\;\text{Cu}_2\text{S}(s)[/latex]	(d)	[latex]\text{CaO}(s)\;+\;\text{H}_2\text{O}(l)\;{\longrightarrow}\;\text{Ca(OH)}_2(s)[/latex]	(e)	\;\;\;\;\;\;\;\)qa(}-{^}rB{txet\;\+;\)qa(}+{^}gA{txet\;\}worrathgirgnol\{;\)s(}rBgA{txet\]xetal[	)f(	]xetal/[}4-{^01;\semit\;\2.7	=	}}p{txet\
{_K;\;\;\;\;\;\;\}C{txet\}cric\{^;\52	=	}T{txet\;\;\;\;\;\;\;\)qa(}-{^}F{txet\;\+;\)qa(}+{^}O{txet\3_}H{txet\;\}worrathgirgnol\{;\)l(}O{txet\2_}H{txet\;\+;\)qa(}FH{txet\]xetal[	)e(	]xetal/[40.1	=	}}p{txet\{_K;\;\;\;\;\;\;\}C{txet\}cric\{^;\009	=	}T{txet\;\;\;\;\;\;\;\)g(2_}OC{txet\;\+;\)s(}OaC{txet\;\}worrathgirgnol\{;\)s(3_}OCaC{txet\]xetal[	)d(	]xetal/[76.1	=
}}p{txet\{_K;\;\;\;\;\;\;\}C{txet\}cric\{^;\089	=	}T{txet\;\;\;\;\;\;\;\)g(}O{txet\2_}H{txet\;\+;\)g(}OC{txet\;\}worrathgirgnol\{;\)g(2_}H{txet\;\+;\)g(2_}OC{txet\]xetal[	)c(	]xetal/[0.05	=	}}p{txet\{_K;\;\;\;\;\;\;\}C{txet\}cric\{^;\004	=	}T{txet\;\;\;\;\;\;\;\)g(}IH{txet\2;\}worrathgirgnol\{;\)g(2_}I{txet\;\+;\)g(2_}H{txet\]xetal[	)b(	]xetal/[}4-{^01;\semit\;\1.4
=	}}p{txet\{_K;\;\;\;\;\;\;\}C{txet\}cric\{^;\0002	=	}T{txet\;\;\;\;\;\;\;\)g(}ON{txet\2;\}worrathgirgnol\{;\)g(2_}O{txet\;\+;\)g(2_}N{txet\]xetal[	)a(	?C°ÂÃ	52	a	aen¡Ãtnopse	on	o	aen¡Ãtnopse	se	n³Ãiccaer	al	euq	sodatluser	sol	nacidnI¿Â	.ocir³Ãfsof	odic¡Ã	le	arap	,]xet¡Ãl/[}cric\{^}}f{txet\{_G}atleD\{]xet¡Ãl[	,n³Ãicamrof	ed	radn¡Ãtse	erbil	aÃgrene	al
ranimreteD	)a(	]xet¡Ãl/[}yarra{dne\	}lom/Jk{txet\;\66.824-	=	}cric\{^}892{_G}atleD\{	&	)l(	4_}OP{txet\3_}H{txet\4;\}worrathgirgnol\{;\	)g(	}01{_}O{txet\4_}P{txet\+;\	)g(	}O{txet\2_}H{txet\6	]me5.0[\\	}lom/Jk{txet\;\81,754-	=	}cric\{^}892{_G}atleD\{	&	)g(	}O{txet\2_}A{txet\2;\}worrathgirgnol\{;\	)g(	2_}O{txet\+;\	)g(	2_}H{txet\2	]me5,0[\\
}lom/Jk{txet\;\0.7962-	=	}cric\{^}892{_G}atleD\{	&	)s(	}01{_}O{txet\4_}P{txet\}worrathgirgnol\{;\	)g(	2_}O{txet\5;\+;\	)s(	4_}P{txet\	}ll{}yarra{nigeb\]xet¡Ãl[	:odaD	]xet¡Ãl/[	)g	}O{otxet\2_}H{otxet\2;\+;\	)s(	4_}OSaC{otxet\}worrathgirgnol\{;\	)s(	}O{otxet\2_}H{otxet\2;\}todc\{;\4_}OSaC{otxet\]xet¡Ãl[	)f	Of	the	following	reactions	of	the
equilibrium	constant	at	the	given	temperature.	[LETEX]	2	\	text	{HGO}	(S	\	text	{,	\;	red})	\;	{\	longgrightartrow}	\;	2	\	text	{HG}	(L)	\;	+	\;	\	Text	{O}	_2	(g)	[/	LETEX]	(A)	The	decomposition	is	spontaneous	under	State	Standard	Conditions?	"H	is	positive,	just	like	the	solution	that	becomes	cold,	the	dissolution	must	be	endothel.	Since	we	use	2	moles
of	hydrogen	(meanings	by	coefficient	"2"	in	equation	next	to	H2)	and	1	mol	of	oxygen	(meaning	by	no	coefficient	next	to	O2),	we	can	calculate	the	total	mass	of	reagents	as	follows	:	2	Ãƒ-	(2G)	+	1	Ãƒ-	(32g)	=	4g	+	32G	=	36g	Advertising	3	Find	the	specific	heat	of	your	product.	Netric	acid,	HNO3,	can	be	prepared	by	the	following	sequence	of	reactions:
[LETEX]	4	\	text	{NH}	_3	(g)	\;	+	\;	5	\	text	{o}	_2	(g)	\;	{\	longgrightartrow}	\;	4	\	text	{No}	(g)	\;	+	\;	6	\	text	{H}	_2	\	Text	{o}	(G)	[/	LETEX]	[LETEX]	2	\	text	{No}	(g)	\;	+	\;	\	text	\	o}	_2	(g)	\;	{\	longgrightartrow}	\;	2	\	text	{No}	_2	(G)	[/	LETEX]	[LETEX]	3	\	text	{No}	_2	(g)	\;	+	\;	\	text	{H}	_2	\	text	{o}	(L)	\;	{\	longgrightartrow}	\;	2	\	text	{HNO}
_3	(L)	\;	+	\;	\	text	{no}	(g)	[/	latex]	How	is	it	evolved	when	1	mol	of	NH3	(g)	becomes	HNO3	(L)?	Note	that	if	your	equation	has	multiple	products,	you	must	perform	the	enthalpy	calculation	for	the	component	reaction	used	to	produce	each	product,	then	agricultures	to	find	enthalpy	for	all	reaction.	These	four	scenarios	are	summarized	in	Figure	1.
Describe	what	happens	with	the	initial	system,	where	reagents	and	products	are	in	standard	states,	since	it	approaches	balance.	(a)	[LETEX]	\	Text	{o}	_2	(g)	\;	+	\;	2	\	text	{f}	_2	(g)	\;	{\	longgrightartrow}	\;	2	\	text	{f}	_2	\	text	{o}	(g)	\;	\;	\;	\;	\;	\;	\;	(\	text	{T}	=	100	\;	{\	circuit}	\	text	{c})	[/	latex]	(b)	\	texto	{I}	_2(s)\;	+	\;	\	texto	{br}	_2(l)\;	{\
longrightarrow}	\;	2	\	texto	{IBR}(g)\;	\;	\;	\;	\;	\;	\;	(\	texto	{t}	=	0.0	\;	^	{\	circle_scriplines}	\	texto	{c})[/	lTexã](c)	[lTex¡]	2	\	texto	{lioh}(s)\;	+	\;	\	texto	{	CO}	_2(G)\;	{\	longrightarrow}	\;	\	texto	{li}	_2	\	texto	{co}	_3(s)\;	+	\;	\	texto	{h}	_2	\	texto	{O}(g)\;	\;	\;	\;	\;	\;	\;	(\	texto	{t}	=	=	d)	[LETEX]	\	text	{n}	_2	\	text	{o}	_3	(g)	\;	{\	longrightarrow}	\	text
{no}	(g)	\;	+	\	text	{no}	_2	(g)	\;	\;	\;	\;	\;	\;	\;	\;	\	(\	text	{t}	=	-10.0	\	=	-10.0	\;	{c})	[/	Lá	Tex]	(E)	[LETEX]	\	Text	{SNCL}	_4	(L)	\;	{\	LongRIGHTARROW}	\	Text	{SNCL}	_4	(g)	\;	\;	\;	\;	\;	\;	\;	\	(\	text	{t}	=	200	\;	^	{\	circ}	\	text	{c})	[/	latextual}]	calculate	the	equilibrium	constant	at	given	temperature.	(a)	not	spontaneous	as	[LETEX]	{\	Delta}	G	2	{{\
Circ}	\;	{\	TextGreater}	\;	0	[/	LETEX];	(b)	[LETEX]	{\	Delta}	G	2	{298}	^	{\	circ}	=	-RT	\;	\	text	{LN}	\;	k	\	text	{,	δ}	g	=	1.7	\;	times	\;	10	^	3	\;	+	\;	(8.314	\;	times	\;	335	\;	\	times	\;	\	text	{LN}	\;	\	frac	{28}	{128})	=	-2.5	\;	\	text	{kJ}	[/	latex].	Multiplying	both	sides	of	this	equation	for	Ã	¢	Ã	¢	â	€	T,	and	reordering	the	results	are	the	following:
[LETEX]	-T	{Δ}	S	soft	{Univ}}	=	{\	Delta}	H	\;	-	;	T	{\	Delta}	S	[/	LETEX]	Comparing	this	equation	with	the	previous	one	for	free	energy	change,	the	following	relationship	is	shown:	[LETEX]	{\	Delta}	G	=	-T	{\	Delta}	S_	{	\	text	{UNIV}}	[/	latex]	The	change	of	free	energy	is,	therefore,	a	reliable	indicator	of	the	spontaneity	of	a	process,	being	directly
related	to	the	previously	identified	spontaneity	indicator,	ÃŽâdisuniv.	Each	line	crosses	a	domain	of	spontaneity	(G	positive	or	negative)	to	the	other	at	a	characteristic	temperature	of	the	process	in	question.	GIBBS	free	energy	(G)	is	a	defined	state	function	with	respect	to	the	amounts	of	the	system	only	and	can	be	used	to	predict	the	spontaneity	of	a
process.	(a)	[LETEX]	\	text	{s)	\;	+	\	text	{o}	_2	(g)	\;	{\	longrightarrow}	\	text	{o-}	_2	(g)	[/	latex]	(	b)	[LETEX]	2	\	text	{OL}	_2	(g)	\;	+	\	text	{O}	_2	(g)	\;	{\	LongRightArrow}	\;	\	text	{OS}	_3	(g)	[/	Lá	Tex]	(c)	[LETEX]	\	TEXT	{HGO}	(S)	\;	{\	LONGRIGHARROW}	\	text	{HG}	(L)	\;	+	\	text	{o}	_2	(g)	[/	latex]	Free	Gibbs	Energetal	change	(G)
Thermodynamic	property	defined	in	terms	of	enthalpy	and	entropy	of	the	system;	All	spontaneous	processes	involve	a	decrease	in	the	exchange	of	standard	free	energy	ÌGÃ	°)	of	g	in	free	energy	for	a	process	that	occurs	under	standard	conditions	(1	bar	of	pressure	for	gases,	1	m	of	concentration	for	solutions)	Solutions)	EHT?	Suoennnops	SnoItidnoc
CimanyDomRht	DRADNATS	REDNU	RETAW	FO	Noiotopave	EHT	SI)	A	(]	Xetal	/	[}	JK	{txet	\;	\	85.8	=}	CRIC	\	{^}	892	{_g}	atled	\	{;	\;	\;	\;	\;	\;	\;	\;	\)	g	(}	or	{txet	\	2_}	h	{txet	\;	\}	snooprohthgirtfel	\	{;	\)	l	(}	or	{txet	\	2_}	h	{txet	\]	Xetal	[?	tnatsnoc	noitcaer	eht	fo	erutepmet	EHT	PEEK	OT	DELOOC	RO	DETAEH	EB	OT	DEEN	ENSEV	NOITCAER	EHT
DLUOW	.SECIOHC	Ruoy	YFITSUJ	DNA,	SSECORP	SIHT	ROF	Sâ	"Ã	ž	DNA,	hâ"	Ãž,	gâ	"Ã	ž	fo	sngis	eht	ecuded,	snoitaluclac	yna	gniod	Tuohtiw	.segunahc	yna	gniod	dna	Yplahtne	rof	ylsuverp	Detartsnomed	Taht	Sa	Emas	Eht	If	hcaorppa	siht	gnisu	noocaer	at	rof	eGNAHC	YGRENE	EERF	EHT	GNITUPMOC	OT	HCAORPPA	EHT.)	SUOENATNOPS	TON
(SuoenennOpSnon	If	Gniliob	OS	DNA,]	Xetal	/	[0;	\}	retagtxet	\	{;	\}	CRIC	{^}	892	{_g}	Atled	\	{]	Xetal	[)	CÂ	°,	52	(K	892	TA]	Xetal	/	[}	Lom	/	JK	{txet	\	\	6.8	=}	LOM	/	JK	{txet	\;	\	4.53;	\	-;	\}	LOM	/	JK	{CHET	\	10.44]	XETAL	[]	XETAL	/	[}	YARRA	{DNE	\}}	j	{txet	\;	\	0001	{}}	jk	{txet	\;	\	1	{carf	\;	\	semit	\;	\)}	K	{txet	\}	TODC	\	{{txet	\	\	\	8,811;	\
semit	\	\	\}	k	{txet	\;	\	892	(;	\	-;	\}	LOM	/	JK	{txet	\	;	\	10.44	&]	ME5.0	[\\}	cric	\	{^	s}	atle	D	\	{t;	\}	CRIC	\	{^	h}	atled	\	{&}	cric	\	{^}	892	{_g}	atled	\	{}	l}}	{=}	{{@	r	{}	yarra	{nigeb	\	]	Xetal	[:	k	892	ta	gninibmoc	dna	jk	otni	gnihtyreve	gnitrevnoc]	xetal	/	[}	cric	\	{^	s}	atled	\	{t;	\	-;	\	\}	CRIC	\	{^	h}	atled	\	{=}	CRIC	\	{^	g	}	Atled	\	{]	Xetal	[]
Xetal	/	[}	k	{txet	\}	Todc	\	{{txet	\;	\	8.811	=}	k	/	j	{txet	\	0.07;	\	-;	\}	k	{txet	\}	TODC	\	{}	LOM	/	J	{CHET	\;	\	8.881	=))	l	(}	or	{txet	\	2_}	h	{txet	\	(}	cric	\	{^}	892	{_s;	\	-;	\))	g	(}	or	{txet	\	2_}	h	{txet	\	(}	cric	\	{\}	892	{}	CRIC	\	{^}	892	{_s}	atled	\	{=}	CRIC	\	{\	S}	atled	\	{]	xetal	[]	xetal	/	[}	LOM	/	JK	{TXET	\;	\	10.44	=}	LOM	/	JK	{CHET	{CHET	\])
38.582	-	(;	\	-;	\	\}	jk	{txet	\;	\	28.142-	[=)	l	(}	or	{txet	\	2_	}	H	{txet	\	(}	cric	\	{^}}	f	{txet	\	{_	h}	atled	\	{;	\	-;	\))	g	(}	or	{txet	\	2_}	h	{txet	\	(}	cric	\	{^}	}	f	{txet	\	{_	h}	atled	\	{=}	cric	\	{^}	892	{_h}	atled	\	{=}	cric	\	{^	h}	atled	\	{]	xetal	[:	k	892	ta	gninibmoc	.2	sesicrexce	retpahc	fo	dne	YRTSIMEHC	OT	SRewsna	DRADNATED	SETATS	RIHT	NI
STNEMELE	STI	MORF	ECNATSBUS	FO	ELOM	ENO	FO	FO	NOITAMROF	EHT	GNIYNAPMOCCA	YGEN	EERF	NI	EGNAHC]	Xetal	/	[}}	f	{CHET	\	{_}	CRIC	^	{^	G	Att	Atled	.serolav	sobma	ertne	,yah	sal	is	,saicnerefid	sal	acilpxE	moced	eht	redisnoC	]xetal/[}cric\{^}892{_G}atleD\{]xetal[	fo	noitaluclaC	.sleuf	rof	setadidnac	elbatius	sa	snoitidnoc	etats
dradnats	rednu	secnatsbus	gniwollof	eht	etaulavE	.yportne	metsys	ni	esaerced	a	sevlovni	taht	ssecorp	cimrehtoxe	na	sebircsed	noitidnoc	sihT	.)taeh	sbrosba	dna	ygrene	sniag(	cimrehtodne	ro	)taeh	ffo	sevig	dna	ygrene	sesol(	cimrehtoxe	si	noitcaer	eht	rehtehw	enimreted	ot	si	snoitcaer	suoirav	rof	detaluclac	si	HÂÂ¢Ã	taht	snosaer	nommoc	tsom	eht	fo
enO	.2SC	fo	tniop	gniliob	eht	etamitse	ot	G	xidneppA	ni	noitamrofni	eht	esU	gninraeL	ruoY	kcehC	.stnatcaer	dna	stcudorp	sti	yfitnedi	tsrif	,noitcaer	a	rof	HÂÂ¢Ã	dnif	oT	.cimrehtoxe	si	noitcaer	ruo	taht	wonk	ew	,evitagen	si	ngis	eht	ecniS	.desaercni	si	erutarepmet	eht	nehw	,evitagen	erom	ro	evitisop	ssel	ti	ekam	,si	taht	,noitcaer	eht	rof	egnahc	ygrene
eerf	eht	ecuder	lliw	gniwollof	eht	fo	hcihw	enimreted	,noitaluclac	laciremun	a	gniod	tuohtiW	.deveihca	si	muirbiliuqe	litnu	noitcerid	esrever	eht	ni	deecorp	lliw	ssecorp	eht	,K	<	Q	fi	,ylesrevnoC	.K	782	a	seroirepus	sarutarepmet	a	aen¡Ãtnopse	¡Ãres	noitcaer	eht	;]xetal/[}lom/Jk{txet\;\0.201	=	}cric\{^}892{_G}atleD\{]xetal[
]xetal/[)g(4_}H{txet\2_}C{txet\;\+;\)g(2_}H{txet\;\}worrathgirgnol\{;\)g(6_}H{txet\2_}C{txet\]xetal[	.elbissop	era	ahc	ygrene	eerf	fo	noitatupmoc	eht	ot	sehcaorppa	fo	rebmun	A	.4	elbaT	8.881	28.142ÂÂÃ¢	)g(O2H	0.07	38.682Â											ÂÂ	/[)}lom/Jk{txet\(}cric\{^}}f{txet\{_H}atleD\{]xetal[	ecnatsbuS	:atad	eht	si	ereh	,G	xidneppA	morF	]xetal/[}cric\
{^S}atleD\{T;\-;\}cric\{^H}atleD\{	=	}cric\{^}892{_G}atleD\{]xetal[	:noitauqe	gniwollof	eht	gnisu	detailuclac	eb	yam	ygrene	eerf	ni	egnahc	dradnats	ehT	]xetal/[)g(}O{txet\2_}H{txet\;\}worrathgirgnol\{;\)l(}O{txet\2_}H{txet\]xetal[	:gniwollof	eht	si	tseretni	fo	ssecorp	ehT	noituloS	.serutarepmet	lla	ta	)0	<	GÂÂ	caer	ehT	.etihparg	ot	dnomaid	fo
noisrevnoc	eht	rof	egnahc	ygrene	eerf	dna	,egnahc	yportne	,egnahc	yplahtne	dradnats	eht	enimreteD	.erutarepmet	eht	fo	sseldrager	evitisop	eb	lliw	GÂ	noitaler	eht	sezirammus	3	elbaT	?ssecorp	siht	fo	ytienatnops	eht	tuoba	yas	Â°Ã	,esiwekiL	.metsys	muirbilique	na	fo	sutats	eht	fo	erusaem	tneinevnoc	a	sa	decudortni	saw	,Q	,tneitouq	noitcaer	eht
muirbilique	no	retpahc	eht	nI	.tsylatac	etairporppa	eht	ot	desopxe	nehw	noitcaer	cimrehtoxe	suoenatnops	a	ni	esopmoced	dluohs	elcihev	ecaps	a	fo	sretsurht	lortnoc	eht	i	rof	leuf	laednoc	na	,sgniht	rehto	gnomA	.sessam	lautca	rieht	dnif	ot	sessam	ralom	rieht	esu	nac	uoy	,ecnalab	cifitneics	a	ni	stnatcaer	eht	hgiew	ot	elba	t'nera	dna	sessam	rieht	wonk
t'nod	uoy	fI	?noitcaer	eht	rof	Â°ÃaλSÂΤsi	tahW	.62	]xetal/[}2_}O{txet\{_}P{txet\=mr	ta{txet\;\}5-{^01;\semit\;\92.1	=	=	=	not	spontaneous	(not	spontaneous)	at	25°C.	This	is	clearly	illustrated	by	a	³	presentation	of	the	free	energy	shift	equation,	in	which	the	Â		G	is	plotted	on	the	y	versus	T	axis	on	the	x	axis:	[latex]{\Delta}G	=	{\Delta}H\;-
\;T{\Delta}S[/latex]	[latex]y	=	b\;+\;mx[/latex]	This	graph	is	shown	in	Figure	2.	In	each	of	the	following	cases,	the	value	of	Â		G	is	not	indicated	at	the	reaction	temperature	³	n.	Suppose	the	temperature	is	37°C.	To	discuss	the	spontaneity	of	the	conversion	³	the	changes	of	entalpÃa	and	entropÃa.	Calculate	the	change	of	free	energy	for	this	same
reaction	³	875	Ã		Â°C	in	a	mixture	of	5.00	L	containing	0.100	mol	of	each	gas.	When	the	Â		G	is	zero,	the	driving	forces	forward	and	backward	are	equal,	and	so	the	process	occurs	in	both	directions	at	the	same	speed	(the	system	is	in	equilibrium).	When	considering	the	extra³	conclusions	regarding	the	dependence	of	spontaneity	on	temperature,	it	is
important	to	consider	what	the	terms	Ã¢	Â		high	Ã¢	Â		Â		and	Ã¢		low	Ã¢	Â		high	Ã¢	mean.	At	25	ÂoC,	the	equilibrium	constant	for	dimerization	³	1,3	Â		103	(atm	³).	In	our	example,	the	final	product	is	water,	which	has	a	specific	heat	of	about	4.2	Joules/gram		Â°C.	Phase	transitions,	for	example,	proceed	spontaneously	in	one	direction	³	or	another
depending	on	the	temperature	of	the	relevant	substance³	n.	Consider	the	decomposition	³	the	³	oxide	of	red	mercury(II)	under	standard	state	conditions.	Â	Is	the	reaction	³	not	spontaneous	at	room	temperature?	If	the	Term	TÃ		Â		S	is	less	than	Ã		Â		H,	the	free	energy	change	will	be	positive.	The	change	of	free	energy	for	a	process	that	is	carried	out
with	reagents	and	products	present	in	non-standard	conditions,	Â		G,	is	related	to	the	change	of	free	energyÃndar,	Ã		Â		GÃ		Â°,	according	to	this	equation³	n:	[latex]{\Delta}G	=	R	is	the	gas	constant	(8,314	j	/	k	mol),	t	is	the	Kelvin	or	absolute	temperature	and	that	is	the	reaction	ratio.	T	=	25	°	C,	Â	°	C,	=	0.870\;\text{atm}[/latex],
[latex]\text{P}_{\text{H}_2}	=	0.250\;\text{atm}[/latex],	and	[latex]\text{P}_{\text{NH}_3}	=	12.9\;\text{atm}[/latex]	[latex]2\text{NH}_3(g)\;{\longrightarrow}\;3\text{H}_2(g)\;+\;\text{N}_2(g)\;\;\;\;\;\;\;{\Delta}G^{\circ}	=	33.0\;\text{kJ/mol}[/latex]	Solution	The	equation	relating	free	energy	change	to	standard	free	energy	change	and	reaction
quotient	may	be	used	directly:	[latex]{\Delta}G	=	{\Delta}G^{\circ}\;+\;RT\;\text{ln}\;Q	=	33.0\;\frac{\text{kJ}}{\text{mol}}\;+\;(8.314\;\frac{\text{J}}{\text{mol\;K}}\;\times\;298\;\text{K}\;\times\;\text{ln}\;\frac{(0.250^3)\;\times\;0.870}{12.9^2})	=	9680\;\frac{\text{J}}{\text{mol}}\;\text{or}\;9.68\;\text{kJ/mol}[/latex]	Since	the	computed
value	for	ÃÂG	is	positive,	the	reaction	is	nonspontaneous	under	these	conditions.	Above	400	K,	ÃÂG	will	become	negative,	and	the	reaction	will	become	spontaneous.	The	forward	reaction	to	produce	F6P	is	spontaneous	under	these	conditions.	Check	Your	Learning	Use	standard	enthalpy	and	entropy	data	from	Appendix	G	to	calculate	the	standard
free	energy	change	for	the	reaction	shown	here	(298	K).	20.	Identify	each	as	either	spontaneous	or	nonspontaneous	at	these	conditions.	Assuming	that	the	number	of	moles	of	each	gas	that	escapes	into	the	room	is	the	same,	what	is	the	maximum	partial	pressure	of	HCl	and	NH3	in	the	laboratory	at	room	temperature?	In	this	case,	ÃÂG	will	be
negative	if	the	magnitude	of	the	TÃÂS	term	is	less	than	ÃÂH.	(c)	By	calculating	¢ÃÂÂG,	determine	if	the	evaporation	of	water	at	298	K	is	spontaneous	when	the	partial	pressure	of	water,	[latex]\text{P}_{\text{H}_2\text{O}}[/latex],	is	0.011	atm.	On	the	other	hand,	if	the	sign	is	negative,	the	reaction	is	exothermic.	This	makes	sense	¢ÃÂÂ	H2	and	O2
are	gasses,	while	H2O,	the	product,	is	a	liquid.	Once	you	have	m,	the	mass	of	your	reactants,	s,	the	specific	heat	of	your	product,	and	¢ÃÂÂT,	the	temperature	change	from	your	reaction,	you	are	)	c	(]	xetal	/	[)	g	(}	rbh	{stumble	\	(2_}	h	{CheTal	[)	)	b	(]	Xetal	/	[)	g	(2_}	o	{TNEL	{;}	nm	{nt})	A	(.tcudorp	eht	play	o2h	DNA	Stnatcaer	Eht	era	2o	DNABTA
LaHt	Ylpitlum	Ton?	EmpireB	NOCAER	EHT	SEod	ErutarPret	TahW	Evoba)	B	(F;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\)	g	(2_}	on	{CRET	\	2;}	snoprahtfelthgir	\	{Tteral)	XTISNOC]	XETAL	/	[)}	C	{C.	CRICAL}	Cric	{^;	\	09	=}	t	{;	\;	\;	\;	\;	\;	\;	\;	\)	g	(2_}	sc	{CORTT	\]	Xetal	[)	e	(]	Xetal	/	[)};	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;
\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\)	g	(3_}	{CaTet	\	2;	\}	Worrathgirl	\	(2_}	{CaTal	[CaTal	[CaTal	[Caetal	{CaTal	[)	D	(]	Xetal	/	[)}	C	{CaTet}	Cric	\	{cric	{^;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\;	\	2_}	s	{CORT	\;	\	+;	\)	g	(4_}	LC	{CORT	\;	\)	g	(2_}	sc	{	CHORN	\]	Xetal
[)	C	(]	XETAL	/	[)}	CS	{.0;	\;	\;	\;	\;	\;	\	}	Ih	{Ttert	\	2;	\}	Worrathgirl	\;	\)	s	(2_}	h	{)	b	(]	xetal	/	[)	xetal	/	[)}	c	{CRET}	Cric	{^;	\	001	=}	t	{;	\;	\;	\;	\;	\;	\;	\;	\)	g	(2_}	lc	{Tteret	\;	\	+;	\)	s	(2_}	i	{)	A	(0,}})	2_}	h	{CORN	\	{_}	p	{CORN	{CORT	\]	Xetal	[)	d	(;	suitidnopsnon	nt	(;	suitidnopsldht	dradnu)	a	(.	Metsys	EHT	FO	fo	dneped	any	ssecorp	a	fo
nlienatnopsno	xla	Â'll	}	H	{CORN	\	2_}	C	{TAKET	\;	\)	g	(4_}	h	{TteraJ	[.noitcaer	fo	yplahtne	eht	dnif	ot	(d)	[LETEX]	2	\	TEXT	{LIOH}	(S)	\;	+	\;	\	text	{CO}	_2	(g)	\;	{\	LongRightArrow}	\;	\	text	{Li}	_2	\	text	{CO}	_3	(s)	\;	+	\;	\	text	{H}	_2	\	text	{O}	(G)	[/	Latex]	(E)	[LETEX]	\	text	{CH}	_4	(g)	\;	+	\;	\	text	{o}	_2	(g)	\;	{\	longrightart}	\;	\	text	{c}	(s)
text	{,	\	grapite})	\;	+	\;	2	\	text	{h}	_2	\	text	{o}	g)	[/	latex]	(f)	[latex]	\	text	{cs}	_2	(g)	\;	+	\;	3	\	text	{cl}	_2	(g)	\;	{\	longrightart}	\;	\	text	{ccl}	_4	(g)	\;	+	\;	\	text	{s}	_2	\	text	{cl}	_2	(g)	[/	latex]	Use	the	standard	free	energy	data	of	Application	G	to	determine	the	change	of	free	energy	for	each	One	of	the	following	data	reactions,	which	are	executed
under	Standard	State	conditions	and	25	°	c.	Your	response	will	be	in	the	Joules	Energy	Unit	(J).	Is	the	reaction	spontaneous	under	these	conditions?	The	reaction	is:	[Latex]	\	text	{SBCL}	_5	(g)	\;	{\	LongRIGHARROW}	\;	\	text	{SBCL}	_3	(g)	\;	+	\;	\	text	{Cl}	_2	(g)	[/	latex	]	A	mix	of	equilibrium	in	a	flask	of	5.00	l	to	448	°	C	contains	3.85	g	of	SBCL5,
9.14	g	of	SBCl3	and	2.84	g	of	CL2.	This	condition	describes	an	endothemic	process	that	involves	decreasing	the	system	entropy.	We	can	use	this	equation	to	predict	the	spontaneity	of	a	process	under	any	set	of	conditions	given	as	illustrated	in	Example	5.	(b)	the	reaction	of	sulfur	with	the	oxygen	produces	sulfur	dioxide	as	only	product.	There	are
several	different	ways	of	measuring	the	specific	heat,	but	for	our	formula,	we	will	use	the	measured	value	in	the	Julios	/	gram	units	Ã	Ã	°	C.	[LETEX]	{\	DELTA}	G	2	{298}	^	{\	CIRC}	[/	LETEX]	Therefore	it	becomes	more	negative.	Suppose	states	standard	at	25	°	C.	Both	the	â	"H	and	the"	s	are	negative.	Such	a	process	is	spontaneous	at	all
temperatures.	Such	a	process	is	not	spontaneous	at	all	temperatures.	At	the	end	of	this	section,	you	will	be	able	to:	define	GibbS-free	energy	and	describe	your	relationship	with	spontaneity	calculate	the	change	of	free	energy	for	a	process	using	free	energy-free	energy	for	your	reagents	and	products	calculate	the	change	of	free	energy	for	a	using
training	entalpÃ	³	and	entropÃ	as	for	their	reagents	and	products	Explain	how	³	affect	temperature	temperature	spontaneity	of	some	processes	Relate	standard	free	energy	changes	to	equilibrium	constants	One	of	the	challenges	of	using	the	second	law	of	thermodynamics	to	determine	if	a	process	is	spontaneous	is	that	we	must	determine	the	entropy
change	for	the	system	and	the	entropy	change	for	the	surroundings.	A	reactions	has	[latex]{\Delta}H_{298}^{\circ}	=	100\;\text{kJ/mol}[/latex]	and	[latex]{\Delta}S_{298}^{\circ}	=	250\;\text{J/mol}{\cdot}\text{K}[/latex].	(a)	465.1	kJ	nonspontaneous;	(b)	¢ÃÂÂ106.86	kJ	spontaneous;	(c)	¢ÃÂÂ53.6	kJ	spontaneous;	(d)	¢ÃÂÂ83.4	kJ	spontaneous;	(e)
¢ÃÂÂ406.7	kJ	spontaneous;	(f)	¢ÃÂÂ30.0	kJ	spontaneous	6.	The	standard	free	energy	of	formation	is	the	free	energy	change	that	accompanies	the	formation	of	one	mole	of	a	substance	from	its	elements	in	their	standard	states.	ÃÂH	is	negative	and	ÃÂS	is	positive.	(a)	K	=	1.29;	(b)	K	=	2.51	ÃÂ	10¢ÃÂÂ3;	(c)	K	=	4.83	ÃÂ	103;	(d)	K	=	0.219;	(e)	K	=	16.1
16.	Similar	to	the	standard	enthalpies	of	formation,	[latex]{\Delta}G_{\text{f}}^{\circ}[/latex]	is	by	definition	zero	for	elemental	substances	under	standard	state	conditions.	In	other	words,	the	reactants	of	a	reaction	are	like	the	ingredients	in	a	recipe,	while	the	products	are	like	the	finished	dish.	If	the	TÃÂS	term¢ÃÂÂs	magnitude	is	greater	than
ÃÂH,	the	free	energy	change	will	be	positive.	What	is	the	equilibrium	partial	pressure	of	CO2	at	room	temperature?	Recall	that	Q	is	the	numerical	value	of	the	mass	action	expression	for	the	system,	and	that	you	may	use	its	value	to	identify	the	direction	in	which	a	reaction	will	proceed	in	order	to	achieve	equilibrium.	[latex]3\text{C}_2\text{H}_2(g)\;
{\rightleftharpoons}\;\text{C}_6\text{H}_6(g)[/latex].	Determine	ÃÂG	for	the	following	reactions.	(a)	1.5	ÃÂ	102	kJ;	(b)	¢ÃÂÂ21.9	kJ;	(c)	¢ÃÂÂ5.34	kJ;	(d)	¢ÃÂÂ0.383	kJ;	(e)	18	kJ;	(f)	71	kJ	12.	(b)	Increasing	[latex]P_{\text{O}_2}[/latex]	will	shift	the	equilibrium	toward	the	products,	which	increases	the	value	of	K.	The	The	gases	(in	the	form	of	steam)
have	to	release	energy	into	the	environment	in	the	form	of	heat	to	cool	to	the	point	that	they	can	form	liquid	water,	which	means	that	the	formation	³	H2O	is	exotic.	Each	element	or	molÃ©	has	a	specific	heat	value	associated	with	Ã©:	these	values	are	constant	and	are	generally	located	in	the	resources	of	quÃ	mica	(such	as	tables	at	the	back	of	a	quÃ
mica	textbook).	Consider	the	decomposition	³	CACO3	(S)	into	CAO	(S)	and	CO2	(G).	The	evaporation	³	one	mole	of	water	at	298	k	has	a	standard	free	energy	change	of	8.58	kJ.		"H	and"	s	are	negative;	The	reaction	³	not	spontaneous	at	low	temperatures.	(a)	[Latex]	\	text	{i}	_2(s)	\;	+	\;	\	text	{cl}	_2	(g)	\;	{\	longgrightarrow}	\;	2	\	text	{ICL}	(g)	\;	\;	\;	\;
\;	\;	\;	\;	{\	Delta}	g	^	{\	circ	\	text	{kj}	[/	lÃtex]	(b)	[lÃtex]	\	text	{h}	_2	(g)	\	;	+	\;	\	text	{i}	_2	(s)	\;	{\	longgrightarrow}	\;	2	\	text	{hi}	(g)	\;	\;	\;	{\	delta}	G	^	{\	circ}	=	3.4	\;	\	text	{kj}	[/	lÃtex]	(c)	[lÃtex]	\	text	{cs}	_2	(g)	\;	+	\;	3	\	text	{CL}	_2	(g)	\;	{	\	longrightarrow}	\;	\	text	{ccl}	_4	(g)	\;	+	\;	\	text	{s}	_2	\	text	{cl}	_2	(g)	\;	\;	\;	\;	\;	\;	\;	\;	Delta}	g	^
{\	circ}	=	-39	\;	\	text	{kj}	[/	lÃtex]	(d)	[lÃtex]	2	\	text	{so}	_2	(g)	\;	+	\;	\	text	{O}	_2	(	g)	\;	{\	longgrightarrow}	\;	2	\	text	{so}	_3	(g)	\;	\;	\;	\;	\;	\;	\	circ}	=	-141.82	\;	\	Text	{kj}	[/	lÃtex]	(e)	[lÃtex]	\	Text	{cs}	_2	(g)	\;	{\	longgrightarrow}	\;	\	text	{cs}	_2	(l)	\;	\;	\;	\;	\;	\;	\;	{\	Delta}	g	^	{\	circ}	=	-1.88	\;	\	text	{kj}	[/	Latex]	Calculate	the	equilibrium
constant	at	the	given	temperature.	Â	Is	the	reaction	³	endotÃ©	rmica	or	exotÃ©	rmica?	(c)	The	production	³	copper	of	chalcocite	is	done	by	roasting	Cu2s	in	the	air	to	produce	Cu.	When	combining	the	equations	of	parts	(A)	and	(b),	write	the	equation	³	describe	the	roasting	of	the	chalcocito	and	explain	why	the	coupling	of	these	Together	makes	a
more	efficient	process	for	copper	production.	Ã,0.16	KJ	28.	When	heated,	the	cu2s	decompose	to	form	copper	and	sulfur	described	by	the	following	equation:	equation:	;\	;\	;\	;\	;\	;\	}C{	csnucric	\{	^	;\	n³Ãicalicsnucric	\{	\	;\	;\	;\	;\	;\	;\	;\	;\	}t{	otxet	\	2_	}h{	otxet	\	;\	}snooprahtfeltsuj	\{	;\	)l(	}O{	otxet	\	2_	}h{	otxet	\	]xet¡Ãl[	)c(	]xet¡Ãl	/[	2.84	=	}}p{
otxet	\{	_	K	;\	;\	;\	;\	;\	;\	;\	}c{	}}c{	^	}n³Ãicpircsnucric	\{	^	;\	;\	;\	;\	;\	;\	;\	;\	;\	;\	;\	)g(	3_	}os{	otxet	\	2	;\	}snooprahthgirtfel	\{	\	)g(	2_	}O{	otxet	\	;\	+	;\	)g(	2_	}}ol{	otxet	\	2	]xet¡Ãl[	)b(	]xet¡Ãl	/[	}2	-{	^	01	;\	secev	\	;\	7.4	=	}	}p{	otxet	\{	_	k	;\	;\	;\	;\	;\	;\	n³Ãicpircsnucric	\{	^	;\	52	=	}t{	otxet	\	;\	;\	;\	;\	;\	;\	;\	;\	)g(	}lcrb{	otxet	\	2	;\	}worrathgirggnol	\{	;\
)g(	2_	}rb{	otxet	\	;\	+	;\	)g(	2_	}LC{	otxet	\	]xet¡Ãl[	)a(	.racilpxE	.orec	)c(	y	,sovitisop	)b(	,sovitagen	)a(	nos	radn¡Ãtse	serbil	soibmac	soyuc	sametsis	sol	arap	n³Ãiccaer	al	ed	osergorp	la	etnerf	erbil	aÃgrene	al	nartseum	salecrap	satsE	.otifarg	le	ne	etnemaen¡Ãtnopse	aibmac	euq	etnamaid	le	avresbo	es	on	©Ãuq	rop	euqilpxE	?sarutarepmet	satse	ed
areiuqlauc	a	aen¡Ãtnopse	se	n³Ãiccaer	aL¿Â	.senoicidnoc	satse	ne	etnaleda	aicah	n³Ãiccaer	al	ed	dadienatnopse	al	netucsid	y	,etnemavitcepser	,m¼Î	82	y	M¼Î	021	nos	P6F	y	P6G	ed	senoicartnecnoc	sal	odnauc	G"	eluclaC	.sovitisop	serolav	renet	edeup	olos	,)nivleK(	atulosba	arutarepmet	al	se	T	euq	odaD	.radn¡Ãtse	radn¡Ãtse	aÃgrene	ed	oibmac	le
arap	lom	/	JK	3.4211'Ã	)a(	.)0	>s"	,sag	ed	lom	nu	ed	aten	aicnanag(	sasoesag	seicepse	ed	daditnac	al	ne	otnujda	otnemua	la	odibed	aÃportne	al	ne	otnemua	nu	acilpmi	ralucitrap	ne	n³Ãiccaer	atsE	.otcudorp	le	recah	arap	nenopmocsed	es	o	nanibmoc	es	,naºÃtcaretni	euq	socimÃuq	sol	nos	sovitcaer	sol	euq	sartneim	,n³Ãiccaer	al	rop	sodaerc	socimÃuq
sotcudorp	sol	nos	sotcudorp	soL	.C	°Â	52	a	oneg³Ãrtinid	ed	odixortet	led	n³Ãicaicosid	al	arap	oirbiliuqe	ed	etnatsnoc	al	raluclac	arap	G	ecidn©ÃpA	le	ne	sodanoicroporp	socim¡Ãnidomret	sotad	sol	esU	ejazidnerpa	us	euqifireV	.)s(	s2uc	ed	n³Ãicisopmocsed	al	arap	]xet¡Ãl	/[	}n³Ãicpircsnucric	\{	^	}892{	_g	}atled	\{	]xet¡Ãl[	enimreteD	)a(	)E(	)E(	]xetaL	/[
2	^	01	;	\	semiT	\	;	\	09.4	=	}}}p{	otxet	\{	_	k	;	\	;	\	;	\	;	\	;	\	;	\	n³Ãicpircsnucric	\{	^	;	\	055	=	}t{	otxet	\	;	\	;	\	;	\	;	\	;	\	;	\	;	\	)g(	2_	}oc{	otxet	\	;	\	+	;	\	)s(	}oc{	otxet	\	;	\	}snooprahtfeltsuj	\{	;	\	)g(	}oc{	otxet	\	;	\	+	;	\	)s	(	}ooc{	otxet	\	]xet¡Ãl[	)D(	]xetaL	/[	}MTA{	otxet	\	;	\	691.0	=	\	}p{	otxet	\{	_	k	fo	snoitalipmoc	elbaliava	ylediw	fo	esu	yb	si	snoitcaer
lacimehc	dna	lacisyhp	rof	segnahc	ygrene	eerf	fo	noitaluclac	eht	ot	hcaorppa	nommoc	dna	tneinevnoc	A	.)s(2lCbP	rof	,psK	,tcudorp	ytilibulos	eht	enimreted	,ylevitcepser	elom/Jk	2.131ÂÂÃ¢	dna	elom/Jk	3.4	Â																																				Â	4(	Â70	ethal/[}cric\{^}892{_G}atleD\{]xetal[	dna	,Â°ÃτGÂΤΤΤΟΤΤΑΤΟΤΟΤΟΤΟBoXOnE	retpahC	fo	dnE	yrtsimehC	K	nl
TRÂΤΟΓ=	Â°ÃΤΟΤΟΤΟΤΟΤΣ	+	Â°ΕΤΤΤΟΤΟ	=GÂ‡	SÂλλλΕ	ÂλΕ	ÂλΓHÂΤΤΤΤΤΤ³	=	GÂΤΤΤΤΤΟΕ37	?erutarepmet	nopu	dneped	ssecorp	siht	fo	ytienatnops	eht	seod	woH	]xetal/[)s(3_}O{txet\2;\}worrathgirgnol\{;\)g(2_}O{txet\3;\+;\)s(}eF{txet\4]xet	etal[	:nori	fo	noitadixo-ria	eht	yb	taeh	etareneg	sremraw	dnah	lacimehc	ralupoP	gninraeL	ruoY	kcehC
.enelyteca	morf	deraperp	eb	nac	enezneB	).muirbilique	ta	nehw	eulav	mumixam	rieht	ta	era	dna	lauqe	eb	lliw	serusserp	laitrap	ehT	:tniH(	.tolp	eht	ni	senil	wolley	owt	eht	yb	detciped	sa	ytienyb	detciped	sa	ytienytienytienet	nops	tnedneped-erutarepmet	a	tibihxe	lliw	ngis	citemhtira	emas	eht	fo	era	segnahc	yportne	dna	yplahtne	esohw	ssecorp	A	.63
.sag	larutan	ni	dnuof	tnatullop	a	si	edilus	negordyH	).noitcaer	noitazinoi-fles	eht	fo	esrever	eht	si	noitcaer	ehT	:tniH(	.nevig	Â°ÃΤfo	eulav	eht	morf	morf	noitcaer	gniwollof	eht	fo	hcae	rof	CÂ°Ã→52	ta	tnatsnoc	muirbilique	eht	etaluclaC	]xetal/[}9-{^01;\semit\;\7.8	=	}}p{txet\{_K;\;\;\;\;\;\;\;\}C{txet\}cric\{^;\52	=	}T{txet\;\;\;\;\;\;\)qa(}-{^}I{txet
et\2;\+;\)qa(}+2{^}bP{txet\;\}worrathgirgnol\{;\)s(2_}IbP{txet\]xetal[	)f(	]xetal/[}4-{^01;\semit\;\4.4	=	}}p{txet\{_K;\;\;\;\;\;\;\;\}C{txet\}cric\{^;\52	=	Thermodynamic	data	of	the	State.	2	Determine	the	total	mass	of	reagents.	(a)	Increase	[LETEX]	p	\	\	Text	{o}	_2}	[/	LETEX]	will	change	the	balance	towards	the	products,	which	increases	the	value	of
K.,	therefore,	there	are	the	possibilities	with	Regarding	the	signs	of	changes	in	enthalpy	and	entropy:	both	"H	and"	s	are	positive.	positive.
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