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Length	Mass	Current	Time	the	Temperat	ure	Area	Volume	.	I	J&I	Units	in	SI	Symbol	System	Elementary	Units	meter	second	ampere	degree	Kelvin	Derived	units	meter	kilogram/m	meter	newton	newton/m	eter	joule	watt	Hertz	meter/scco	nd1	coulomb	volt	ohm	weber	tes1a	Conversion	factorsÃ	³	n	en	To	convert	from	newton/m	meter	atmÃ	³	newton/m
bar	July	BTU	July	heatÃ	a	(l5Â°C}	newton/m	Ã©	centimeter	r	de	Hg	(0Ã		Â°C)	July	electron	volt	erg	newton/m	Ã	(0Ã		Â°C}	kilogram/metw	gram/cent	imÃ©	ter	newton	dyne	Density	Pressure	force	EnergÃa,	work	Frequency	acceleration	³	theÃ©	rnt	TensiÃ	n	J;JÃ©	resistance	MagnÃ©	flow	density	MagnÃ©	rnt	Ã©	kg/m3	N	(kg	ÃoÂ·	m/s2)	N/m1	J	(N
ÃÃo·	m)	'	w	Â	¢	Â	Â¢	Hz	(sm/s1	C	(AÃ	Â·	s)	V	(W/A)	O	(V/A)	1)	Wb	(V	Ã	Â·	s)	T	(Wb/m1)	multiply	by	Ã¢Â¢	1.01	X	105	.	1	X	105	1.05	X	103	4.185	.	1,333	1,602	1	1,333	1	X	lOS	1o-11	x	to-'	X	lOS	101	t	x	to-	s	3	Example	Introductioa.	However,	much	of	the	current	literature,	as	well	as	most	of	the	past	literature,	employ	other	units,	so	the	reader	should	be	r
family	and	comfortable	e	with	various	systems.	For	example,	the	standa	rd	unit	of	energÃa	that	has	been	used	historically	³	by	the	GtheÃ		Â·	heat	is	15Â°C.	As	a	result,	much	of	the	literature	is	concerned	about	the	raw	thermodynamic	properties	of	the	substances	used	in	this	unit.	The	phasic	has	traditionally	employed	the	³	n	volt	as	the	unit	of	energy.
Consequently,	much	of	the	literature	dealing	with	crystal	defects	and	appropriate	electronic	³	uses	this	unit.	In	order	to	familiarize	the	reader	with	the	different	systems	of	units,	the	figures	obtained	from	the	literatu	re	are	generally	left	in	the	original	units.	Table	1.1	lists	some	desirable	conversions	between	the	SI	system	and	other	investment
systems	and	in	Table	1.2.	Table	1.2	General	Physical	Constants	Unit	Consistants	Speed	of	Light	Elementary	Charge	Avogad	Avogad	number	Planck	constan	t	Gas	constan	t	Boltzm	ann	constan	t	Gravita	tional	constan	t	Electro	n	volt	Farada	and	constant	Symbo	l	x	lOS	m/s	N.t	h	R	2.998	1.602	4.802	6.023	6.626	8.314	k	1.38	X	G	eV	F	6.67	1.602	9.649	x
to-n	NÃ		Â·m'/kg-~	X	to-tt	J	10'	C	CGS	SI	Value	X	to-	It	e	3	x	102	/mol	X	J()SC	J	Ã		Â·s	x	100	J{KÃ		Â·mo	l	x	to-13	J/K	x	x	x	x	x	101Ã		Â°	cm/s	to-tO	cmtltgl	ls	1o-1o	i:;m3/tgl	llfs	Ots/mo	l	1o-!7	erg	Â·s	107	erg/KÃ		Â·mo1	x	to-u	erg/K	x	to-&	dyn		Â·cm1g!	X	Jo-Uer	g	x	103	an1	'	,.Ã	-g1	'%fmol	2	The	first	law	ofT	ermo	dyna	mics	\	1.1	'	I	HEAT,	WORK	AND	THE
LAW	OF	FIRSF	In	this	introduction	³	it	will	not	be	assumed	that	the	readeÃ	-r	is	generally	familiar	with	the	definition	³	temperature	in	thermal	terms.	Let's	imagine	that	two	blended	insulating	bodies	A	and	B	are	at	temperatures	T.A.	and	T	8,	respectively,	where	TA	>	T	8	.	If	these	bodies	come	into	contact	as	shown	in	Fig.	2.1,	a	temperature	T'	where
T	8	<	'r	<	TA	is	reached	at	the	end.	In	order	for	the	thermal	equilibrium	to	be	reached,	it	is	necessary	that	an	amount	of	heat	has	passed	from	one	body	to	the	other.	According	to	our	convenci³	n,	the	heat	will	flow	from	the	bot's	body	into	the	mÃo.	,I	I	~InsulaciÃ	³	n	B	A	-	J.}	Te	<	Ta'	<	TAÃ		Â·	The	First	Law	of	Thermodynamics	16	4	Table	2.4	Heats	of
Formation	at	298Ã		Â°	K	Subst	ance	llH1Ã		Â°	(kJ/m	ol)	Sn	(gray)	Sn	(white)	AgCI(s)	-2.1	0	-	127	-	1670	0	1.90	A~0	3(s)	GraP-hite	Diam	ond	Substa	nce	H(g)	MgO	(s)	Mo02(s)	Si02(quart	z)	MnSi	0	3(s)	MnO(s)	O(g)	llH1Ã		Â°	(kJ/m	ol)	218	-600	-585	-910	-246	-	384	249	Kubaschewski	et	al.,	Metallurgical	Thermochem	istry,	4th	ed.,	Pergamon,	London,
1967.	Ã		Â°	From	0	.	~Ã		Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	If	i03	,	we	would	obtain	Mn{s,	298Ã	Â°K	,	I	atrn)	'	+	Si(s,	298Ã	Â°K,	1	atm)	+	j-0	2	(g,	298Ã	Â°K,	1	atm)	=	MnSi	03	(s,	298Ã	Â°K	,	1	atm)	when	In	the	future,	the	notati	on	{I	atm)	in	paren	theses	will	be	disreg	arded	restri	tion	solids	and	liquid	s	are	involved.	It	is	understood	that	this	0	refers	to	existence,
however.	The	superguiÃ	³	n	for	ll.H/	denotes	anu	anu	a	acir©Ãfsomta	n³Ãiserp	aL	.sno	rolav	le	latsirc	le	euq	ed	lanoicida	n³Ãiccirtser	al	somagerga	,latsirc	nu	araP	.arutarepmet	al	y	anretxe	n³Ãiserp	al	noc	nemulov	le	ataler	odatse	ed	n³Ãicauce	anu	euq	enopus	es	euq	ay	,ograbme	nis	,setneidnepedni	nos	on	selbairav	satsE	.V	y	,elbairav	al	ed
dadilibairav	al	ed	n³Ãicnuf	anu	se	t	t	ne	aÃplah	us	,n	rad	ed	n³Ãicisopmoc	anu	ed	aicnatsuS	.k	°Â	892	ed	etnerefid	arutarepmet	anu	a	,0	h	lt	,sovitcaer	ed	aÃplatne	al	aretne	ed	se	,ograbme	nis	,lareneg	nE	.K	°Â	892	a	sotnemele	ertne	senoiccaer	nacilpmi	euq	senoiccaer	sal	ed	saÃplatne	sal	ratneserper	4.2	ELB	AT	al	ne	sodaremune	/	h	lt	ed	serolav	sol
Jk	8401	-	=	0	lf	lt	ajor	ised	n³Ãiccaer	al	ed	sotneimidner	sol	sotnuj	sotse	ragergA	V	.1'	Jk	642	=	h	/	h	.D(	)mt	a	i	,892	,g(	2	0	~	+	)892	,s(	is	+	)892	,s(	nm	=	)892	,s(	30isnm	)892	,ztrau	q(	20iS	=	)mta	1	Jk	01	9-	=	h/11	.6(	Jk	483-	=	1	)0	,h.d(	)892	,s(	on	m	,892	,g(	2	0	+	=	)mta	1	,892	,g(	2	0i	+	)3(	)892	,s(	iS	)2(	)892	,s(	nM	)J(	:~	.2	albaT	al	ed	aT	aD
odnasu	,sadatcatbus	71	n³Ãiccaer	ed	sadimoc	h	5,2	arap	euq	y	re	htegot	nagerga	es	TOIS	y	ONM	ed	n³Ãicamrof	al	,o	isnm	ahtne	dra	dnats	le	,n³Ãiccaer	al	arap	rllt	rartnocne	araP	.itulos	ed	seipl	)892	,ozrauc(	t	:OIS	+	)892	,s(	ONM	=	)892	,s(	10I	SNM	mmta	1	y	K	°Â	892	ne	sovitcaer	setneiugis	sal	ed	ypl	ahtne	al	ertneucnE	.n³Ãiserp	.amelborP	1	noitA
rtsudI	.n³Ãicamrof	ed	senoiccaer	ed	rolac	le	ne	sadaiporpa	savitcaer	sal	ed	ciar	begla	amus	al	ed	renetbo	ebed	es	odarculovni	ralucitrap	itcaer	nu	arap	ypl	ahtne	al	,1useR	A'	omoC	.setnatropmi	nos	oyam	ne	selaicini	sodatse	sol	oloS	.atcarpmi	nu	se	adad	avitcaer	anu	somargol	euq	lanif	al	y	onimac	le	,selatatse	sotar	nos	ciM	aidoMorcim	ed	senoicnuf
sal	euq	ed	s©Ãvart	a	n³Ãiccaer	ed	n³Ãiccafelac	5.2	.ocimr©Ãtodne	otneimidecorp	nu	a	ereifer	es	o	,h.ll	ed	ovitisop	rolav	nu	omoc	ednod	anitoxe	anu	a	ereifer	es	th.ll	arap	ovitagen	rolav	nU	.eti	ocif¡Ãrg	y	.etnemlacim	etnemacimr©Ãt	se	euq	otnemele	nu	ed	n³Ãicamrof	ed	rolac	k	°Â	892	a	avitcaer	al	ne	sadarculovni	sedaditnauc	sal	sadoT	In	its	lowest
energy,	that	is,	that	defects	such	as	the	lys	of	the	range,	excessive	vacancies,	dislocations	are	not	implantable.	If	this	restriction	is	not	placed	(at	least	in	principle),	the	vo	lume	will	be	insisted	by	history	and	it	will	not	be	a	state	property.	Since	there	is	a	relationship	between	V.	P,	and,	in	general,	two	can	be	surpassed	as	independent	v	a	ri	ub	l	~	s
and,	therefore,	according	to	General	Mathema	Tica	l	prin	c	iPl	e	~.	The	brave	thermodynamics	can	also	be	explained	as	functions	of	two	of	the	variables.	Asã	D.h	0	=	f	(t,	p),	f	(t,	v)	or	f	(v,	p).	The	selection	of	the	functional	relationship	to	use	depends	on	the	particular	situation	that	is	considered.	Using	h	=	f	(t,	p)	we	obtain,	using	the	rem	de	rem	de
from	the	basic	partial	difference,	dho	=	(oho	\	dt	+	(oho)	dp	ar},}	ap	r	from	c	p	=	(or	h	0	fo	t)	1j	And	the	press	is	constant,	we	obtain	N	dh	0	=	C,	dt	to	find	the	change	in	the	enthalpy	or	its	BSTAUCC	between	the	integration	between	298	°	K	and	T.	T	HUS	H	1	'0	-	/	/	/	/	1	~	08	=	t	l	dh	0	=	2118	i2	'c	1,	dt:.	)	React	ion	at	298	°	K	solution.	To	solve	this
problem,	find	the	enthusiasm	Alpy	of	the	Heats	of	form	as	in	Illus	TRUD	N	I.	Mns	i03	(s,	298)	(l)	=	mno	(s,	298)!	::.	Et	~	os	(3)	sio	ls,	298)	=	si0	2	(s,	800)	(4)	mns	i0	3	(s,	800)	=	mns	i03	(s,	298)	=	1	(c,	j2	dt	298	i	l	-ch:	uo	-ll	~	os)	=	-i	800	(cv)	4	dt	298	The	dei	red	reaction	add	reactions	and	through	4	performance	s	tl_1e	enthusiasm	and	is	given	by	â	·
soo	0	((cjjh	+	(c,	h	-(	Cp)	4]	dt	+	h	(llfl	98	D.h	a	=	j	20s!	298)	T	dt	+	6..c:	l	800t	2	+	6.b	((800)	2	-	(298)	J	subtitut	-I	298	J	D.a	=	-	17.	1	I0	X	l	05	I	'i	2	X	1	.I	[	800	6.b	=	26.2	6.c	=	I	0.	8	I	.I	¢ÃÂ¢Â	2	D.c	-	I	From	Tabl	e	2.2	dT	298	298	298	and	6.H	To	1	800	I,	3	0	¢ÃÂ¢Â	reaction	undergoes	In	man	y	case	s,	one	or	more	of	the	com	pone	nts	of	a	re	of
interest.	If	this	a	phas	e	chan	ge	between	298Ã°Â	K	and	the	temp	eratu	capacity	o	f	the	low.	Ã·Â	were	the	case	in	the	previ	ous	illust	ra	ti	on	the	heat	een	298Ã°Â	K	and	lhe	temp	eratu	re	form	of	the	subs	tanc	e	would	be	uscu	betw	Ã·ÂI	i	.I	,j	j	I	,I	l	:!	2.5	19	Heats	of	Reaction	transformation	tempera	ture,	and	the	heal	capacity	of	the	high	tempera	ture
modificatio	n	would	be	used	between	the	tran	~i	Lion	tempera	ture	and	Lhe	tempera	ture	of	in	terest.	Another	term	would	also	be	needed	for	the	enthalpy	change	of	the	phase	change	at	the	transitio	n	tempera	ture.	Ulustra	tion	3	Problem	.	J300Ã°ÂK.	Calculate	the	enthalpy	change	of	the	followin	g	reacti	o	n	at	Ag(/,	1300)	Solution	.	(1	)	+	k	Cl	2	(g,
1300,	I	atm)	=	A	gCI(/,	1300)	From	Table	2.4,	we	lim.l	the	heal	f'o	r111ati	o	n	al	29tf'	K	A	g(s,	298)	+	}	Cl2	(g,	298,	1:1	11I	0	I	atm)	=	AgCI(s,	298)	Using	the	algebrai	c	approac	h,	we	obtain	(2)	(3)	~4)	(5)	AgCI(s,	298)	=	AgCl(s,	Tm.vJ	AgCI(s,	'/~	11	¢ÃÂ¢Â	1	,.)	AgCl(/,	Tm.pJ	=	AgCI(I,	'1;	11	,	1,	)	=	AgC	I(	I,	1300)	ACI2	(g,	1300,	I	ul	m	)	=	&C1	2	(g.
298,	I	alm	)	2118	-(	ll	~aoo	-	(6)	(7)	(8)	fl	~us)	=	i	1	Cv	dT	I:JOO	Ag(s,	7~P.)	=	Ag(s,	298)	Ag(!,	Ag(	/,	1300)	T.n.11	.)	=	=	Ag(/,	Tm.	Ag(s,	1,.)	T.n.11	)	-(Hraoo	-	1/m.pJ	=	J:	2'rn	.	p.	(CD)	dT	1300	Additio	n	of	reacti	ons	I	through	8	gives	us	the	desi	red	reactio	n	and,	upon	substitutio	n	of	the	appro	priate	heat	capacities	and	hea	ls	o	r	fusion,	1:1	11"	the
desired	heat	of	reactio	n	is	obtained	at	1300Ã°Â	K.	Jn	the	above	illustrati	o	ns,	analytic	function	s	of	the	heat	capacity	as	a	function	of	temperature	for	various	suhstnn	ccs	were	uvailahle	and	consequently	rather	accurate	values	of	entha	lpics	could	be	calculated	.	For	ma11y	purposes	cruder	estimates	of	/:1.//	are	a	ll	that	are	needed.	.6	sdleiy	Sudley	In
these	cases,	the	average	values	of	the	thermal	capacities	can	be	used	for	the	ounces	s	ub~ta	involved.	Consequently,	when	calculating	the	change	of	entalpÃa	associated	with	the	First	Law	of	Ther	mod	ynam	ics	20	re	298Ã		Â°	K	a	temp	erat	ure	bring	a	subs	tanc	e	of	the	stan	dard	temp	eratu	T,	the	following	wing	appr	oxim	a	tio	n	may	be	emp	loye	d
0-	If	7Ã¢	Â	Â	Â		Â¢	7'	~~us	=	J:	the	ciT	~	c,,(T	-	298)	(2.22)	!!DR.	~	PRO	BLE	MS	J.	728	kg/m3,	respectively.	This	gray	and	this	white	have	densities	of	575	and	~e	surroundings	when	Calculating	the	work	done	by	our	system	on	this	one.	Express	response	in	can	is	transformed	into	gray	tin	at	286Ã	°	K	and	I	atm	press	joules	per	mo	le.	0	K	with	the
highest	accuracy³	n	possible.	2.	Calculate	!:.H	for	flow	reaction	³	800Ã		Â°	3	AgCI	(I)	+	B(s)	=	BCI3	(g)	+	Ag(s)	fusior	heat.	is	124	kJ/mol.	3.	The	CaT	iSi06	³n	point	is	l673Ã		Â°K	and	the	CaJc	heats	the	fusiÃ	³	n	heat	to	1073	Ã		Â°K.	the	heating	clement	is	located	at	4.	Consider	a	well	insulated	heatÃmetro.	An	n	step	of	1.00	~	of	calorimet	was	that	has	a
resis	ratio	of	100.0	n.	Up	to	7.1Â°	K	occurs	rs.	A	sample	of	5	g	the	current	for	75	min,	a	change	temp	eratu	re	of	+0,4	phase	trÃ	pica	trans	form	acciÃ	³	n	crystal	A	in	the	ex	state	suffering	a	form	allo	e	trans	ation	temp	erais	placed	in	the	heat	meter.	Upon	reaching	the	phase	and	a	sudden	temperature	eratu	re	ture,	or:	transfo	rms	Lo	the	high
temperature	{I	form	transformati	on.	Suppose	the	cow	of	0.16		Â°K	occurs	rs.	Calculate	the	cure	³	the	molecular	weight	of	A	t	to	be	106.	e	be	represented	by	a	'Can	a	polycrystals	matrix	of	a	particular	r	phas	'><	5.	equation	³	state?	of	0.5	J/m2,	calculated	late	work	6.	Given	a	liquid	phase	that	has	a	tensiÃ	³	n	!\urfa	ce	of	the	form	of	spheres	realized	by
the	system	if	a	mole	or	liquid	0.	I	mm	in	diam	eter	is	converted	to	a	thin	I	/tm	thick	pelecule.	City	of	103	kg/m3,	a	molecular	7.	Suppose	se	se	.ametsis	led	oibmac	er	omfJ	9	2	ed	17	C	ed	rolac	ed	dadicapac	anu	y	,201	ed	thgie.v	osecorp	le	euq	y	,K	·ÂÃ	l	sned	nu	eneit	6	amelborP	ne	lairetam	le	a	gniogrednu	mtsis	a	egnac	sheep	carrying	s	imaoydomrchT
fo	waL	dnoceS	ehT	'	22	12	h,	meroheit	suisuai	C-tonraC7t3ol	gnidrocA.wal	dnoces	ehf	tenemetas	a	nsi	tenemetats	evobehT.sciman	ydomreht	fo	wa	al	dnoces	t	gnidrocca	,0	JSdMTSIEHTfo	-tJIYHSd	,smowt	stsnosssssiortiwDeoSzortseh,	EdernSzonegEoSvt,	fo	sleeping	lamistitnifna	na	na	roF	.sgnidnuorus	ehhtew	dgnahcxe	Ab	Yam	DNA	Mtsis	Ehnihtew
gnirrucco	si	epyt	emos	fo	ssecorp	A.metsis	ehf	fsgnidnuorrus	ehtdintheni	fo	metsis	a	htop	redisnoc,etertsulli	ot	redro	nI	.retal	llahs	ew	sa	,	seitrep	gnitseretniyrev	emos	sah	ytitanauq	sihT	-rport11e	demtitanauq	a	yct	situb	situetzinierct	nct	c.	nuiretirc	go	to	Emos	Taht,	erofereht,	raelc	c	c	si	tl	.marouf	albats	ah	sa	tsixe	ot	dinoor	si	nit	ethw	,revew	oh,	k
Ana892	tA	.etats	ygrenrewol	a	nsi	nit	yarg	,nettirw	sa	noitcaer	hta	no	dev	love	era	..	.	lom/Jk	1.2	under	denif	ew	under	gniylpmi	(892,yarg(nS	=	(892,etihw(nS	noitamrofsnart)	ehredisnoc	ew	fI.4.2	elbaT	ni	detcel	nit	yarg	dnitehw	fo	noitamarov	fo	seiplahtnh	redisnoc,elpmaxe	roF.kni	~t	.yleviutni.ZAJneicinus	ehtcenNgNctEhrnANctR·	T	.deecorp	lw
noitcaer	nevig	a	rehw	gnitciderp	fo	tniopdnats	hh	morf	tnatropmi	ylemertxe	si	scimanydomreht	fo	waldnoces	ehT	YPORTNE	FO	NOI	TINIFED	1.3	;	I,...	sci	many	dom	rahT	fo	waL	dnoceS	ehT	.-Att·AtollAtt·Al	.	..	..,..	3J:	I	:A·Zambia	l	~	,:;-	it	tAllahuAllahu	,.	,.	,..,,,'	...,...,................	.g/	mc	~-	01	x	6	si	dP	fo	3	adenpus	si	el	pmas	h	ah	cihw	no	d	aerht	nih	a
ytelpecos	ecus	under	emosA	.d7atal	uclaC.orz	si	ncDNE7ht	ta	da	eO	301	si	no	nnotwen	ni	ecrovat	et	dleif	ehT	.sutar	appa	yuo	G	a	ni	dednepsi	m	2	-0I	fo	elpmas	eht	fo	dne	ta	m	3.0	si	hcihw	dP	fo	nemicl	nirdYc80100000A	.htsuhlene·		given	by	dS	=	i	0	(JJ)	l	where	DQ	is	the	amount	of	heat	absorbed	reversibly	by	the	system	!at	temperature	T.	For	a
system	that	has	its	temperature	cha	nged	from	Tt	to	t1"¢ÃÂ¢Â	in	a	reversible	las'hl'or;-Ã·Â	f	llS	=	(T:t	(3~.3)	DQ	Jr1	T	~	Ã·Â	ln	spite	of	the	fact	that	DQ	is	not	a	sta	le	property	it	may	be	shown	that	the	ratio	DQ/T	is	a	state	property.	To	illustrate,	consider	a	reversible	process	which	involves	an	ideal	gas.	For	a	mole	of	ideal	gas	(3.4)	pV	=	RT	and	,	writi
ng	the	first	law	in	differential	form,	Ã·Â	dU	=	(1.5)	DQ-	pdV	Expressing	U	=	f(T,	V)	yields	dU	=	(au)	ar	vdT	+	(au)	av	c~v	(3.6)	1Ã·Â	For	a	perfect	gas,	the	term	(oUfoV)T	=	0	and	thus	(3.7)	dU	=	Cv	dT	Substitution	of	equations	3.7	and	3.4	into	equation	3.5	yields	DQ	=	CvdT	+	RT	dV	v	(3.8)	The	right-hand	side	of	equation	3.8	is	an	inexact	differen	tial.
By	dividing	through	by	T	,	we	obtain	DQ	T	=	C	dT	v	T	+	R	dV	V	(3.9)	Thus	the	right-hand	side	is	converted	into	an	exact	differen	tial	and	therefore	the	quantity	DQ/	T	or	dS	must	be	an	exact	differential.	As	a	result	the	quantity	dS	depends	only	upon	the	state	of	the	system	and	is	independent	of	the	path.	Rearranging	equation	3.2	and	substitu	ting	3.5
gives	a	useful	form	of	the	first	Ia	w	for	a	reversible	process:	(3.	10)	dU	=	TdS-	pdV	Even	though	the	calculation	was	performed	for	an	ideal	gas	as	an	illustration,	the	entropy	is	a	state	property	for	any	type	of	substance.	I	3,	1	23	OefinHi	on	of	Entr	opy	rese	rvoi	rs	at	temp	eratu	re	Ã·Â	As	a	furth	er	illus	tra	tio	n	co	nsider	two	large	heat	t	reservoirs	are
brough	t	T1	and	T	2	with	T	2	>	T	1¢ÃÂ¢Â	Fo	r	a	bri~f	mom	ent	the	hea	perm	itted	to	now	from	T	2	into	cont	act	a	nd	a	small	quan	tity	of	heat	DQ	is	that	no	perce	pti	ble	change	to	T	1¢ÃÂ¢Â	(Jt	is	assumed	that	the	reservoi	rs	are	so	large	in	calc	ulating	the	entr	opy	in	temp	eratu	re	of	eith	er	occu	rs.)	We	are	interested	si	nce	the	process	is	irchan	ge	of
th	e	reservoirs	but	ca	nn	ot	do	so	dire	ctly	d	fo	r	reversible	processes	reversible	and	conseque	ntly	the	ssecorp	ssecorp	The	sections	develop	a	viable	process	that	can	be:	dn	1	i-	0	1	(3.46)	l	43	3.4	Interpretation	³	Status	of	the	EntropÃa	Since	in	equilibrium	m	S	is	a	maximum	sum,	dS	=	0,	or	dS	0	=	-k	Ã		Â±(1	+	In	~)	N0	t-	or	(3.47)	dni	In	addition,	the
number	of	tomes	is	constant	asÃ	(3.48)	and	r	Ã		Â·0	=	2	dtti	(3.49)	Replacing	the	equation	³	n	3.49	in	3.47,	we	find	dS	=0=	(3.50)	-	k	'	ln	.!!J_	dn	.	No	Ã¢	Â		Â¢	Ã¢Â£££..	From	the	equation	³	n	3.50	we	see	that	the	maximum	S	depends	on	several	variables	(n0	,	nh	n	2,	.	.	.	,	nr),	Ã		Â·but	these	variables	are	connected	by	equations	3.46	and	3.49.	Such
condition	³	n	is	called	the	ultimate	constreÃ±ido,	and	the	techniques	for	the	mathematical	treatment	of	the	highest	constreÃ±idos	have	been	developed	by	Lagrange.	The	application	³	these	techniques	as	shown	in	Appendix	A	indicates	that	the	fraction	³	particles	occupying	the	state	of	energy	t	is	given	by	fc	=	!!J._	=	N0	exp	(	-Ã		Â£a/k	T	)	L	exp	(	-Ã	
Â£dkT)	(3.51)	{	The	denominator	of	the	equation	³	n	3.5	1	is	known	as	the	function	of	particiÃ	³	n	!Z.	1Ã	Â£	Â£	=	L	exp	(i!	.	1_)	kT	(3.52)	The	numerator	in	equation	3.5	1	is	known	as	the	Boltzmann	factor.	The	³	of	the	most	³-state	reactions,	such	as	diffusion³	involve	an	activated	state.	That	is,	a	volume,	when	moving	from	one	site	to	another,	must	pass
over	a	6U	high	energy	barrier	as	shown	in	Fig.	3.5.	The	average	energy	of	a	volume	in	a	normal	lattice	is	U,	.	In	most	cases,	the	energy	levels	are	so	close	to	each	other	that	a	continuous	curve	can	be	used	to	approximate	the	trajectory	as	shown	in	Fig.	3.5.	The	purliciÃ	³	n	:!Ã	Â£	function	can	then	be	expressed	as	~=	It	exp	(	-	=	r	exp	(	.!i.)	Jo	kT	00	dU
=	kT	.Y_)	kT	For	our	calculation	not	only	those	who	have	energy	u?.	between	u'l.	+	dU	se	The	Second	Law	of	Therm	odynam	ics	44	flU	~â			1â	~	Oista	nceFlg.	3.5	Illustra	tio	n	de	nn	activate	d	obsolete	process	.	be	able	to	move	above	the	barrier,	but	those	with	kfU-	kfU-	(	pxe	omoc	15,3	rop	adad	eneiv	Ud	+	U	y	U	n	ertne	aÃgrene	anu	agnet	omot¡Ã	nu
euq	ed	dadilibaborp	al	,nitnoc	muu	anu	aes	aÃgrene	al	euq	odneinopuS	.IJew	omoc	roirepus	aÃgrene	ne	onrotne	le	y	ametsis	le	arap	s	s¡Ãm	a	etnetimsnart	etnemralucitrap	se	oN	.osotnopse	osecorp	nu	arap	orec	aluclac	euq	asarg	se	y	otleuver	osecorp	nu	arap	orec	se	serodederla	sol	y	aÃportne	ed	oibmac	led	amus	al	euq	³Ãrtsomed	es	olutÃpac	etse
ne	roiretna	etrap	al	ed	agertne	al	ed	atiutarg	n³Ãicnuf	aL	5.3	.arenam	amsim	al	ed	ne	atnemua	secapac	salucÃtrap	ed	oremºÃn	le	,aicneucesnoc	ne	,y	adaticxe	aÃdatse	le	,ranoiccaer	ed	ralucitrap	ed	n³Ãiccarf	al	euq	ay	,arutarepmet	al	atnemua	euq	adidem	a	senoiccaer	sal	ne	SEL	ed	y	acim Ãuq	ed	dadicolev	al	ne	laicnerepxe_	otnemua	le	arap	acisÃf
n³Ãisicerp	al	acilpxe	n³Ãicauce	atsE	.n³Ãicavitca	ed	aÃgrene	al	atnemua	euq	adidem	a	etnemlaicnenopxe	al	aterced	y	atnemua	arutarepmet	al	euq	adidem	a	etnemlaicnenopxe	atnemua	SESA	GRENE	otla	nu	ne	salucÃtrap	ed	n³Ãiccarf	al	euq	ev	es	,y	odatse	led	n³Ãicauce	al	ed	ritrap	A	.orbil	le	rop	l©Ã	a	somerirefer	son	y	etnetopmi	yum	se	otsE	noitau
qE	.osecorp	le	noc	odaicosa	oidemretni	oibmac	le	se	SLF	ednod	65.3	)65.3(	k	tk	)ulf-(	pxe	slf-	p	xe	=*	F	ne	etreivnoc	es	55.3	n³Ãicauce	al	azilaer	es	odnauc	uoccA	le	ne	esramot	nebed	aÃportne	ed	omusnoc	sal	y	dadilaer	ne	se	on	¢Â	¬â	¢Ã	.TN	grenE	led	etneidnepedni	se	aÃgrene	reiuqlauc	ne	selbinopsid	sodatse	ed	oremºÃn	etsE	.y	osupus	es	euq	ay
adigÃr	y	atelpmoc	se	on	55.3	n³Ãicauce	al	euq	.osecorp	le	arap	n³Ãicavitca	ed	aÃgrene	al	omoc	adiconoc	se	epirg	al	ednod	dadilaer	ne	aÃgrene	ed	n³ÃicnuF	sitarg	5.3	54	I	i.	))55.3(	)~~	-(	pxe	=	*f	o	,45.3	a	35.3	ed	n³Ãicaler	al	¡Ãrad	el	es	y	,2u	>u	a	seuqnatse	sol	erroc	,*f	,odaticxe	odatse	le	ne	somot¡Ã	rop	n³Ãiccarf	aL	.mot	nu	ed	odatse	led	odatse	le
erroc	1	u	aÃgrene	al	ed	)45.3(	y	u	'	.1	ud	)tk/u	-	(	pxe	~	uif	=	ud	)U(	F	L	=	)1U	¢Â	¬â	¢Ã	artsinimda	es	OO	y	1	U	ertne	aÃgrene	anu	neneit	euq	somot¡Ã	sol	ed	n³Ãitcarf	al	,ralimis	arenam	eD	)35.3(	y	0	1	ud	)tkfU	-	(	pxE	;u	:j	=	ud	)u(	f	uf	=	)2u	>u(	f	)lc	ud	)tk	/	u	-(	pxe	cj	oer	oo	=	u	y	2u	ertne	aÃgrene	anu	agnet	euq	ed	dadilibaborp	al	,otnat	ol	rop	,se	u	d
)t	k	/	u	-(	p	xe	)lc	l	=	ud	)u(	f	ud	cases,	so	it	is	a	³	indication	if	some	work	only	for	the	system	to	functionÃa	on	whether	or	not	a	given	process	is	potentially	spont	aneous	Such	that	a	such	that	exists	and	is	known	as	the	function	³	free	energÃa.	To	show	that	there	is	a	fun	relationship	³	the	desired	proper	rights,	consider	the	criterion	of	spontaneous
process	according	to	the	second	law,	na	mely,	transEven	if	the	process	itself	is	procctl	ing	irrcvcrsihly.	However,	healing	may	³	be	forming	in	the	environment	in	a	reversible	manner,	so	that	according	to	the	second	law	DQ	dSilur	=	-	(to	surr)	T	=-	DQ	-	(from	surr	to	syst)	T	s,	McG	raw-Hill,	New	Ã¢	Â	Â	Â	Â	Â	Â	Â¢	Â¢	VÃ©,	e.g.,	J.	C.	Slater,	Introduction
to	Chemical	Physic	York,	1939.	46	The	Second	Law	of	Thermodynamics	As	shown	above,	under	isobÃ	ric	conditions	DQ	dSsurr	=	-	dSyst	=	dH	and	dH	-	(to	syst)	T	I	>	dH	-	(to	syst)	I	T	or	dH	or	J	=	_!_	oT	T	JJ	1	(3.74)	and	of	the	second	law	ds	DQ	_	dll,	â		_	-	T	T	(3.75)	C11	~	I	AsÃ	C	7	dT	=	T	dS	and	when	reorganizing	=	(as)	T,	T	'	.I	(3.76)	l	I	3.5	49	The
substitutionÃ	³	n	of	the	function	n	of	free	energy	from	3.73,	3.74,	to	nd	3.76	into	3.72	yields	[	o(G/T)J	=	_Â·Â·!!_	ar	T2	p	Multiplyi	ng	both	sides	hy	T	2	da	__l_	[o(G/T)J	=	I/T	2	(}T	H,	lncJusiÃ	³	n	of	the	T	2	term	between	pair	yields	[	o(G/T>J	=	o<	I/T>	II	(3.77)	I'	o	para	u	reacci	Ã	n	having	a	free	energy	change	T)J	=	~H	[o(~G/	o(	I/D	,	(3.7	8)	AsÃ	si	(~G/
T}	is	drawn	rsus	the	absolute	temperature	recÃproc,	the	slope	is	equal	to	o~	//	.	Ey	ualion	J.7H	is	important	holh	in	the	micrÃ	³	termÃ	³	nests	and	ki	netics.	Some	idea	of	the	general	usefulness	of	the	function	³	free	energy	should	already	be	apparent	to	the	reader.	By	measuring	the	variation	³	~G	with	respect	to	temperature	at	constant	pressure³	the
entrop	change	of	the	reaction	³	~S	can	be	obtained	at	any	temperature	from	the	slope.	Similarly,	if	~G/	T	is	plotted	versus	the	recÃproco	of	the	absol	ute	temperature	at	presiÃ	n	consists	³	nt,	the	slope	is	equal	to	the	change	enthalpy	for	reaction,	and	if	it	is	drawn	6	(I	versus	pressure	re,	the	slope	is	c4ual	c4ual	The	volume	difference	between	products
and	reagents.	A	very	ostile	application	of	the	concept	of	free	energy,	which	refers	to	the	levels	of	the	equilibrium	constant,	will	be	discussed	in	a	posterior	chapter.	Maxl	equations	\	'ã‚â	·	Ell	consider	the	following	four	equations	derived	above,	which	are	applicable	alone	and	under	r	~	versjble	conditions.	du	=	tds-	pdv	dh	=	tds+	vdp	df	=	-	pdv	-sdt	dg
=	vdp-	sdt	as	shown	in	the	apã	©	ndice	B,	so	that	the	relations	of	mã	can	derive	from	these	equations	that	are	very	ostile	in	the	manipulation	of	Thermodynamic	amounts.	These	are	known	as	Maxwell's	equatjones.	Of	the	first	equation	,,	....	..	50	t	The	second	law	of	thermodynamics	one	can	show	that	-	(~~)	ã	¢	â	€	â	¢.	=	(:	~	t	(3.79}	of	the	second
equation	(3.80)	of	the	third	equation	(~~	t.	=	(~~)	..	(3.8	1)	and	of	the	fourth	equation	-(as)	OV)	(OT	,.	,	=	op	1â	·	(3.82)	The	examination	of	the	two	last	relationships	indicates	that	(Osfo	Vhâ	·	and	(Os/op)	1.,	that	it	would	be	difficult	to	obtain	in	a	direct	experimental	man	ner,	can	be	calculated	if	you	have	knowledge	of	the	coefficient	of	the	rhic	meal	of
the	artd	of	the	crystal.	from	Maxwell.,	For	example,	you	can	show	easily	that	(~~	t	=	(~~)	t	Table	3.2	Summary	of	t	hernics	(:	~)	z	x	y	z	t	v	f	p	p	p	p	p	p	p	g	p	-s	t	-{	IV	-A:	V	{1pv	-cx.vt	v	-cxvf	ppv	s	v	t	t	t	t	t	t	t	t	p	p	p	p	p	p	p	p	4	u	t	h	f	f	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t	t
t	t.	V	V	T	P	T	T	T	T	T	T	T	S	V	U	S	V	S	U	S	II	F	G.	Sâ	·	S	L	~	CLATIONS4	GA	RR./FI	C1L/T	-	O:	2	v/	p	c1'-	rr.	2	vt/p	c	1,	-	rr.	2	vt/fl	+	a:	v/{1	-s	rr.v/{1	-	s	c11/rr.	Vt-	{ic.,/Rr.t	+	cxv	{jpc	'1,/rr.t-	rr.pv	c	1,/rr.t	ppcp/rr.t-	cxpv-	s	c1l/cxt-	s	of	J.	Lumsden	,	Thermodynamics	of	alloys,	Metal	Institute,	London,	1952,	lâ	·	51	problems	where,	collected	,	M,	the
magnem	es	arutarepmet	al	euq	adidem	a	osecorp	nu	ed	sbbiG	ed	erbil	aÃgrene	al	eredisnoC	)ACIMÃNIDOMRET	AL	ED	YEL	EORÃH	AL(	K°ÂÃ0	A	SEDADEIPORP	1.4	;f'	sedaditnaC	cima	nydomrehT	11ertne	R	senoicaler	sanuglA	4	}	·ÂÃ'	)·ÂÃ	s	,;	1	e	,;	s:	XI	e1	s:	.e	ed	?:	nu	a	.21	.osecorp	etse	arap	alczem	ed	aÃportne	ed	oibmac	le	raluclaC	.etnacav	)	0N
-	N(	odnajed	,somot¡Ã	noc	0N	soitis	sol	etnemalos	somenelL	.soitis	N	agnetnoc	euq	latsirc	nu	eredisnoC	.81	?)rruaSll	+	tsysSll	(	ed	ongis	le	¡Ãres	l¡ÃuC¿Â	?alczem	ed	osecorp	le	arap	rrusS6	se	©ÃuQ¿Â	.0	>	nu	orr	u,S	y	met	sys	ed	oibmac	c	yp	ortne	le	raluclac	,n).(ilartsu	lll	omsim	le	nE	.7	.53.3	noi	le	on	o	elbacilpa	se	is	ne	alpxE	.atsirc	l	al	ed
otneimidner	ed	otnup	le	edecxe	ametsis	la	odacilpa	ozreufse	le	,ocits¡Ãleomret	otcefe	led	apuco	es	euq	sullI	n³Ãicart	al	ne	,euq	somagnopuS	:	n³Ãiccaer	etneiugis	al	ed	orrus	led	y	a	ametsis	led	senoisividbus	sal	arap	aÃportne	ed	oibmac	le	eluclaC	.5	.arutarepmet	al	ed	etneidnepedni	se	y	K	·ÂÃ	lomfJ	001	=	11	C	euq	renopuS	l'	;ou	ocnutnop	s	osecorp	le
sE	)c	.sgni	dnuor	r	us	y	f	ametsis	ed	oibmac	c	yport	n	e	eh	t	dniF	)b(	.ralczem	ed	s©Ãupsed	arutarepmet	al	ertneucnE	)a(	.K	°ÂÃ0063	a	2	0U	ed	gk	5	noc	alczem	es	K	°ÂÃ0013	a	odiuqÃl	20U	ed	gk	nU	.4	?laenil	n³Ãisnapxe	ed	etneicifeoc	le	y	a	nemulov	led	acimr©Ãt	n³Ãisnapxe	ed	etneicifeoc	le	t	ertne	n	o	it	aler	le	se	t	©ÃuQ¿Â	.53.3	n³Ãicauce	al	evireD
.3	.elbisreverri	osecorp	nu	arap	T	/QD	>	.t"	18S6	ravired	,elbisrever	osecorp	nu	arap	T	/QD	=	Sd	noc	odalpoca	,0	>	)rru11S6	+	.t~>rsS6(	aicnetnes	al	eD	.2	.n³Ãisuf	ed	sotnup	sus	a	OgM	y	,eG	,gA	,40S2	K	arap	n³Ãisuf	ed	saÃportne	sal	raluclaC	.I	SAMELBORP	.etnemaiverp	odinifed	nah	es	sodazilitu	solobm Ãs	sol	sodoT	.sotse	ed	em	euq	Ãsa	2.3	albat	al
ed	ocra	le	ne	¡Ãtse	iL	.secnat	smu	cri	c	ralucitrap	ne	selitºÃ	ratluser	nedeup	euq	er	o	m	senoicaler	sahcum	yaH	.setnatropmi	sacim¡Ãnidomret	senoicaler	sahcum	odavired	nah	es	aroha	atsaH	.cte	,ocirtc©Ãle	ojabart	le	arap	senoicaler	sarto	esrenetbo	nedeuP	.p-	ot	su	ogol	ana	si	,dadisnetni	dl	e	if	citen	0	0	+-S6	T	onimr©Ãt	le	,K°ÂÃ0	._	T	edseD	'*'	S6	T
-H.6	=	G.6	se	n³Ãiccaer	al	arap	n³Ãicauce	aL	.K°ÂÃ0	a	You	dified	up	with	every	tuit	youtt	tu	"Buban	suban	yobban	tubébbéobb)	m	4	mo	4	koloɔ	or	Ly	he	swift	tu	tu	tus	tubɔuo	sudie,	NAKe	sabɔ	zabɔ	zabɛpɔ	zabɔ	kuck	It	is	to	tick.	Shlal	Pongs	tums	tumones	that	m	,2	0	,	-year-old	,2	states	of	talmboney	rateberber	,	ARE	HH	HT	Qu-R-RAAFOF,	Prafen
States	Tran	Decan	Decanes	Depan	Seo	3599999999	states	75	mmb)	mumber	=t	1	t	0	=	SOM	SLLLL)	Vertu	,	Just	suber	,	,uagger	,	sometubates	mertubately	mertubates	Peetraates	Plame.	Thuded	of	trubones	sumeo	Bean	Bado	yocklame	yobate	yockuates	t	wipe	hape	airpor	sploys	2	2-Ret	Ade	sober	il	lame	sabɔba	lame	is	not	abberbber	labbɛclame
mbɛclame	mɔ	hopɔp	Vone	Fin	,20911,	Clas	..	nn.	Gin	it	is	the	Suotne	tuatt	ehter	for	Flap	yobɛvans	Sed	every	day	°ã––Tioh	suad	1	1	Á	Á	í	í	hard!	It	was	only	yohsy	Yigs	Yand	suketker	nan	so	2yo	2	2	mloba	2Ke	&	kubɔ	hɔ,	tubɔ,	tabɔ,	tabɔ,	tabɔ	4-4	.6.	2)	lating	2	2	]	to	trive	,	“Amal	Beam	skpas	6	The	yop	.	it	it	of	the	TC	ratio	(4.1)	-.!!	dT	+	S	0	ST	=	i	or	..	T
sinc	e	S	0	is	with	red	side	to	be	zero.	0	as	T-+	0	mu	st	ser	app	lie	with	The	crit	erio	n	tha	t	6.S	for	a	rea	ctio	n-+	ed	by	Pla	nck	that	t	the	Ner	nst	heat	som	e	disk	reti	on,	however.	It	was	pro	pos	ds.	This	is	stat	eme	nt	is	resting	rict	ive	the	mineral	m	app	lies	alone	and	crying	stal	line	soli	in	the	qua	ntu	m	mecÃ	nica	underin	view	of	the	recent	adv	anc	es
ma	de	Ner	nst	hea	t	el	ore	m	holds	even	for	stan	din	g	of	gases,	whi	ch	show	w	que	t	el	however.	To	illustrate	you,	with	side	or	gases.	H	doe	s	not	app	ly	to	sol	utio	ns,	ated	tem	per	atu	re,	emos	a	assu	me	that	t	pro	blem	of	a	solid	solution	n.	At	nn	elev	occ	ur	upo	n	coo	ling.	the	soul	is	stable.	Two	things	can	replace	it	in	a	glass	usually	l	.	The	imu	m	sol
ubi	lity	max	of	a	con	and	in	fact	t	becomes	cast	to	zero	decreases	as	the	tem	per	atu	re	dec	reas	is	ute	cou	ld	be	feasible.	at	T	=	0.	De	ah	que	pre-citati	on	del	sol	es	with	respect	to	the	ra	nge	2.	Ma	ny	sol	utions	ten	d	to	ord	er	them	er	tem	per	atu	res	.	Ord	erin	g	of	the	me	nt	of	ato	ms	at	the	latlice	site	at	low	ato	m	in	the	lattice	cou	ld	occ	ur.	J	4.1
Properties	at	0Ã		Â°K	(The	Third	Law	of	T	hermodyna	mics)	55	If	complete	precipitation	or	order	occurs,	the	third	law	will	have³a	=	0	and	therefore	S	=	0,	but	since	at	low	Jemperatures	atÃ	³	micas	because	in	reordering	it	becomes	difficult,	a	metastable	structure	can	be	"frozen	in."	The	entropÃa	of	this	system	is	not	zero,	as	there	will	be	a	random	or
configurational	entropÃ	a	contribution	as	discussed	in	Chapter	3.	For	the	third	law	to	be	maintained,	process	A	does	not	have	to	occur	but	the	third,	the	command	will	also	be	valid	if	process	B	occurs,	even	if	the	ordered	state	is	not	the	lowest	energy	state.	The	third	law	does	not	specify	that	the	system	must	be	in	balance	with	its	environment	for	it	to
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dctlllu	clur	su	)k	"0(	11	,,.s\l	wohs	c(II(ii(II	ysulg	'lhl	ii(	'lllls	dijls	dijl.hj	chl	111or'f	gnillo'llllllll~lj	ii	d'ti'icv\ioc	eh	11AC	HCCIHW	SC:htlllshus	rp"i	sttuitnlu:hn'	Su	)k	â££‚0	(	11,,.s6	tuvresbo	he	is	DNA	secnatsbus	fo	yteirav	ROF	ROF	ATAD	EMOS	SWOHS	1	...	elbat	.Elbaliava	era	Noitamrofsnart	Five	fi	Dna	tna	~a	era	atdad	yticapac	taeh	fi	,Neht	,secnats
suoirab	ror	dekcehc	ylidaer	Eb	yw	Wal	orriht	eht	t	p.a	)kâ£	-	-td	/c	'	7	0	0	T	/	,t	tl	=	)t(	s.	D	ert	siht	fi	suht	.0	=	t	ta	0	=	p.	.3is.	erutarepmet	muirbiliuqe	eht	ta	.j{	ot	:o	morf	sesahahp	dilos	suoiravs	fo	fo	fo	fo	fo	yportne	eht	gniredinnoc	yb	siht	epartulli	yam	yo	.0	/	eraht	.0	=	t	t	a	0	=	s.ll	).c.c.f(	ESAHP	=	).c.c.b(	esahp	rr	noitcaer	eht	rof	.sgnidnuorrus	ehtw
Muirbiliuqe	ton	,Deniatta	EB	eht	lauqe	dluow	esahp	.c.c.b	dehcneuq	eht	fo	orez	etulosba	ta	yportne	eht	waJ	driht	eht	ot	gnidroccA	.etar	elbitpecrep	a	ta	deecorp	ot	noitamrofsnart	eht	rof	hsigguls	oot	semoceb	ssecorp	eht	serutarepmet	wol	tA	.rucco	ot	noitamrofsnart	esahp	eht	rof	emit	tneiciffus	wolla	ton	seod	erutarepmet	Wol	yrev	a	ot	ot	torurararet
hgih	eht	morf	gnihcneuq	via	estoppus	â€â€ã¢	0t	evoba	serutarepmet	fertilized	at	at	Resistance:	I,	I,	I,	I,	I,	I,	III	II'\	III	IISt	'	l	FO,	E,	CNE,	DNE,	PED,	ER,	UTA,	REP,	MET	EHT,	SEJ,	T,	ICA,	PAC,	T,	AEH	.1.3	e,	lbaT,"	Eru,	tare	phtiw,	sd,	nert,	enEnO	re	ppoc,	3f	DNA,	p	C	Amat	Rev,	C,	CT,	CT,	T,	KTA	=	TNT	Trare	Pmet	Ha	Sa	Ren	Yapl	Ahtani	Dina	Tei
Libis	Serp	Moc	em	Ulov	Aht	SuhT	Riaht	Ha	Cao	Rpa	La	Del	Uo	11	Koo	(4.4)	Ta	O	(0=)	3f	Ohs	Nac	Tub	KALAT°C								0	+-T	Sa300T	Sa30	Rppa	Tub	Tub	Tub	KATA°A0	+-T	Sa300AT	Rppa	Tub	Tut	TahtSci	many	RehtRehmuf	w	w	w	w	UlovRut	Rue	Rehmv	Rue	(3.4)	er,	ehw.tn,	ecnis,	dna,	sn,	i,	taler,	s',	lew,	xaM,	fo,	mo,	morF,	ta,	KATA°C10	=	T,	pO	(So)	0
=	er	ofer,	ehT	.	erusserp,	rtnh,	fo,	e	ulav,	eht,	driht,	fo,	t	nem,	etats,	cnuf,	a	ton	si,	K	L,	xA,	xA,	c,	c,	c,	c,	t,	c,	c,	t,	c,	c,	t,	c,	c,	t,	c,	c,	t,	t,	c,	t,	c,	t,	c,	e,	t,	c,	t,	c,	c,	e,	t,	c,	c,	c	B75	apaC6teH,	fo	ec	nedn	epeD,	erut,	arep	meT2ehT2.4	s	eitic	.Ada·ProductivityA	(2.4)	s	uhT.0	=	T6mehtStnenopmoc,	eht3seiticapac	taeh,	taht,	dif	ew,	sioceb	sevles	ST	-	II	=	G
noitauqe,	eht	gninosaer	emas	eht	gniylppA0	=	11C.6	ew	,wal	drihtInrocca	=	.000000Ht	=	Hrehtxo	(T)	S.et	inif	si	Ada"IliSaL:!	f(	Mirta	hfi	=	J~ra	60(r)	and	tcudorp	under	dna,	0	=	S1/,0	=	T1,	T,	To,	To,	Ro(	and	G.6	Sl:!	_(S.6	and	2)	T	_	(H.6	and	O)	=	sevig	erusserp	tnatsnoc	ta	TD	Hguorht	gnidiviD	TD	S.6	-	Sl:	dT	-	11.6	d	=	Gl:!	d945GV1,	c945GV2,
c945GL,	c945GL,	c945GL,	c945GL,	c945GL	noitinifed	htiw	gnitratS	liuqE	lacimehC	fo	selpicnirP ehT,	hgibneD.K.morF.8691,	egdirbmaC,.de	dn2,	muirbi	94	13	7.51	08.7	02.1	-	40.0	92.0	-	80.0	462.a	-P.a-P	682	963	e	tihw	-G82	NILCO-M	(R·)Mv0K/L 	(R0)	fl,	a6	noita	mrofsnarT	(K	Anda°),T	(lom/	J)	T,	L	(no	italu),	cJaC,	waL,	d944luna,	xeholcyC,
e595nihpsohP,	niT,	rufluS	ecnatSbS	1.4,	eLbaT	65,	nauQ	cima	nydo	mreh,	T	neewteB,	it	tities	tities	Som	e	'l'	\'	PIH	i	ilit~ll'	pf	lht¢ÃÂ¢Â	lh'll	l	l'llpu	d	lv	<	'1	-	Ã·Â	#l'"'t	'	llh'd	""	lht¢ÃÂ¢Â	llll	l!'.	llllll	t	k	nl	/1.2	;"'	pt'III	IIIH'	rl	s	t¢ÃÂ¢Â	I~	r	(	Ã·Â,	j,.	11'	111	wltt¢ÃÂ¢Âll	/'	.	(I	t\:f	ISI)',	lht¢ÃÂ¢Â	\'l	dlll'	..	(itU/	i>l'),	..	As	lllt¢ÃÂ¢Âll	lltlll	\'d	J'l'f\	'lhi\	Ã·Â~	1
¢ÃÂ¢Â	1	p¢ÃÂ¢Ân	l"'''l¢ÃÂ¢Ât'llll	I	In	lt'	IIIJ'	l'	l	lllu~tÃ·Â	11	1u	I	1s	.L	iQ	l(	f!!'o!Ã·Â;	.	,.	1!'	'	.Y¢ÃÂ¢Â	ll	g	Nl	s	I~tÃ·Â	ll'rL'I	ll	tho	tl'lllj	ll'l'll	lure	111	,	wlill	ll	dt¢ÃÂ¢Ât	'	lltlll~	.	'I	laiN	l	'	ttllll	ihuli1	lllldt	'	t	lht¢ÃÂ¢Â	due	Ill	t'IH'I/	'.V	llhll	tllf'l	fllll	hy	l	lttllllh~tnl	tilt'	PltT	IIIIII	IP	1111porlu11t	l'ro111	lht¢ÃÂ¢Â	ttlllll	tlpo	l	ulof	'pto	vltll	u	/'.	l	ul111	rnu	II	iu
lllll~llllud	l'	ll	lld	will	nol	IH	di	Hl'	ll	tl!l~d	I	IIIIIH Ã·Âr	struc	ture	or	solids.	is	very	SIIIU	r,	lh	c	Ileal	cnpu	cil	y	iuc.:	rca!o.cS	here	.	As	the	tcmp	cral	urc	rises	SOill	CWhal	ru	r	lltc	3	ralu	rc	the	rate	of	increa	se	ol'	at	a	rapid	rate	and	c,.	~	1'	¢ÃÂ¢Â	At	a	high	er	t.	"0	-Ã£Â	1.551-	--	-	-	-	1	-	--	-Ã·Â...	~	1.45	'---------	L---	----1----	--J	0	500	1000	1500	Temperature
(¢ÃÂ¢ÂK)	Fjg.	4.4	Comparison	of	theo	ry	with	exper	iment	for	the	temperature	11	I	,/	\	..~	0	~	\)\'	+	Recalling	that	the	enthalpy	Hi	s	equal	to	U	p	V	and	recalling	the	relati	onship	of	H	and	M	top	and	V,	we	may	write	for	a	Gibbs	functi	on	G	=	U-	TS-	H	M	Differentiati	ng,	dG	=	dU-	TdS-	SdT-	H	dM	-	MdH	From	the	combination	of	the	first	and	second
Jaws	T	dS	=	dU	+	DW	=	)	dU-	H	dM	Conseq	uently	under	isothermal	conditions	dG	=	-M	dH	Since	M	=	0	fo	r	the	normal	material	the	Gibbs	free	energy	is	not	changed	upon	application	of	the	field	.	The	free	energy	change	of	the	superconducting	.material	upon	application	of	a	field	H	is	therefore	equal	to	.	'	5.3	Second-Order	Tran	itions	Upon	substi
tuti	on	of	M	=-	103	H	V/41T	we	obtain	Gs(lf)	-	Gs(O)	=	112V	87T	Application	of	a	magnetic	field	increases	the	free	energy	of	the	s	uperconducting	material.	At	H	=	H,	.	the	free	energy	increase	is	s	ufficient	to	make	the	free	energy	o	f	superconducting	If	If	II	:wlid	llh:-1\l	l	h:-1	ht'lll	acim Ãuq	al	ed	amet	lE	SNO	lfCAER	LAClMEHC	4.5	·ÂÃ	).lanigiro
etneuf	al	ne	spillihP	.E	.N	a	otneimiconoceR(	.cn	snoS	&	yeliW	nh	oJ	ed	n	osimrep	Y}/	.1791	,kroY	aveuN	,yeliW	,.de	hL4	,scisyhP	elotS	diloS	ot	noi	tcudortth	,lettiK	.C	morF	.I	A	arap	arutarepmet	ed	n³Ãicni	aditrevid	anu	omoc	erbil	aÃgrene	al	ed	selatnemirepxe	serolaV	31.5	.giF	)K°ÂÃ(	arutarepmeT	5.1	0.1	5.0	Jâ~â~âL2.1-	1.1-	~â~~â+â1â10.1-	9.0-
1â	..u	-	-	-	.1113..â4â	â	â1â	â	â1	8,0	.....	!:	uc	7,0	-	~	.....	lâ'â~-...~!::..â1â1	6,0	-	~	5,0	-	E	-	,-	~â'â1â....~-==t========~	4,0-	~	0	3,0-	.....	~â4â~~â~2.0-	1.0-	~â~â.â=âr	O	senoiccaeR	sal	ed	acim¡ÃnidomreT	401	.nedro	odnuges	ed	emuserp	es	lub	nedro	le	o	nedro	remirp	ed	se	on	n³Ãicisnart	al	,aicneucesnoc	omoC	¢ÂÂ	¢Ã	0T	ta	em	as	ed	sal	nos
sarotcudnocrepus	sesaf	sal	y	l	amron	al	ed	saÃportne	sal	euq	acidni	otse	,v)To/Gd(	=	S	zev	anu	is	y	,egrem	evru	c	al	,cT	ed	acrec	euq	avresbo	eS	.erbil	aÃgrene	al	a	n³Ãicubirtnoc	anugnin	ecah	on	omsim	opmac	le	,lamron	lairetam	le	arap	0	=	M	ecn}S	.opmac	nu	ed	n³Ãicacilpa	al	etnaidem	lamron	odatse	nu	ne	osup	es	lairetam	le	,T	ed	ojabed	roP	.m	uni
lamr	erbmula	ed	anugnin	y	arotcudnocrepus	al	ed	serbil	saÃgrene	sal	narapmoc	es	ednod	31.5	.giF	al	ne	latnemirepxe	lat	avruc	anu	artseum	eS	.osac	etse	ne	n³Ãicisnart	al	ed	azelarutan	al	ranimaxe	n³ÃisimoC	al	ed	s©Ãretni	ed	sE	.elbatse	se	lamron	l	esaf	al	,eT	ed	amicne	roP	.erbil	aÃgrene	ronem	eneit	otnat	ol	rop	y	elbatse	se	arotcudnocrepus	esaf
al	,0	T	acitÃrc	arutarepmet	anu	ed	ojabed	roP	.0	=	H	ednod	osac	nu	aredisnoc	es	,aroha	,somagnopuS	lamron	y	arotcudnocrepus	s	ertne	ocit©Ãngam	opmac-erbil	aÃgrene	n³ÃicaleR	I	!oY¡Â	.lairetam	21.5	.giF	0	arotcudnocrepuS	G	lamroN	t	I	I	I	I	I	.azelarutan	al	ne	nedro	remirp	ed	se	n³Ãicisnart	al	otnat	ol	rop	y	0	11	ne	.,.)ii	ofoG(	etneidnep	al	ne
dadiunitnocsid	anu	etsixe	,arugif	atse	ed	ritrap	a	etnemlausiv	raicerpa	edeup	es	omoC	.21	.5	.giF	al	ne	etnemacit¡Ãmeuqse	artseum	es	n³Ãicaler	atsE	.selaugi	selamron	sesaf	n	It	is	considerable	to	find	uuals	ivid	that	work	in	the	area	of	the	science	of	the	subject,	since	various	chemical	reactions	are	import	in	the	preparation	and	purifies	tjon	of	the
subject	LS;	Conversely,	chemical	reactions	can	lead	to	pollution	or	destruction	of	non	-pure	materials.	Some	examples	of	ostile	processes	that	imply	chemical	reactions	are	the	following:	ã	¢	â	€	â	¢	Growth	of	simple	crystals	in	a	condensed	phase	through	reactions	between	impurities	and	a	gaseous	species.	For	example,	dissolved	carbon	can	oxidize
CO	or	C0	2	and	eliminate	as	steam	or	partial	water	vapor	pressure	in	a	gaseous	phase	can	be	reduced	by	reaction	with	tannium	Some	examples	of	undesirable	reactions	are	the	following:	¢	Oxidation	of	metallic	structural	material	ls	at	high	temperatures	They	are	getting	more	and	more.	subjected	to	high	temperatures	and	consequently	the	majority
of	processes	(both	desirable	and	unhappy)	proceed	to	rose	rhythms.	The	problems	associated	with	the	use	of	high	temperatures	materials	have	been	illustrated	by	Searcy*	in	the	form	of	two	statements.	The	'first	"law"	is	that	at	high	temperatures	everything	reacts	with	everything	demigious.	The	second	"law"	is	that	how	much	high	the	temperature	is,
more	seriously	everything	reacts	with	everything.	These	statements	may	seem	unpleasant,	but	nevertheless	the	practical	problems	they	illustrate	are	real.	The	ability	of	scientists	and	engineers	to	protect	materials	and	prepare	high	temperature	materials	in	the	form	of	PU	is	seriously	affected	by	the	problems	suggested	by	the	two	statements.	From	a
point	of	view	n³Ãiccaer	n³Ãiccaer	al	,ovitagen	se	G.J:!	is	ÃsA	.n³Ãiccaer	al	ed	dadicapac	al	anreibog	n³Ãiccaer	anu	ed	erbil	aÃgrene	al	ed	ongis	le	Continue.	At	low	temperatures	there	are	many	examples	for	which	D.G	is	negative,	but	for	which	a	significant	reaction	does	not	occur	due	to	the	slow	cynical.	However,	at	high	temperatures,	cynical	terms
are	restrictive	and,	consequently,	thermodynamic	considerations	become	very	important.	The	change	of	free	energy	of	a	reaction	is,	of	course,	composed	of	an	enthalpy	tental	and	an	entropy	tenth.	!	J.G	=!	J.H	-	T	D.S	at	low	temperatures	t!	J.S	is	often	small	and	the	sign	of	d..g	is	dominated	â	·	by	the	sign	of!	J.H.	At	high	temperatures,	the	Tã	©	Rmino
T	D.	becomes	increasing	-IM	Porta	Nee.	Of	particular	inter	-s	for	us	when	considering	the	chemical	reaction	is	the	change	of	free	energy	of	the	process.	The	change	of	free	energy	is	11g0	refers	to	a	reaction	for	which	all	reagents	and	products	are	in	their	states	at	the	given	temperature	and	the	atm	pressure.	It	must	be	emphasized	in	the	point	of
litigation	that	the	sign	of!	1g	0	for	a	particular	reaction	can	only	be	used	as	a	spontaneity	criterion	if	all	substances	are	in	their	states.	The	real	importance	of	~	g	is	in	relation	to	the	prediction	of	spontaneity,	but	in	relation	to	the	constant	cycles	of	equilibrium	brium,	as	will	be	discussed	below.	Connside	an	isotyic	reaction	between	the	only	phases	in
their	states	with	a	free	energy	change!	1g0	0	AA	(s)	+	bb	(s)	=	cc	(s)	+	do	(s)	F1g	1	°	It	is	assumed	that	each	of	these	components	is	in	balance	with	its	own	steam	¢	â‚¬	â	¢	A.	W.	Searcy	,	in	proc.	lttt'l.	Symposio	Hill,	New	York,	L960.	0	11	High-1'Emperatura	Technology,	McGraw-	106	T	Hermodynamics	of	reactions	to	its	particular	partial	pressure.	To
a	result,	we	can	convert	the	previous	reaction	of	interhead	to	one	that	involves	gaseous	components	to	its	equilibrium	pressures,	p,	0,	as	follows:	(l)	{2)	(3)	(4)	(5)	+	+	AA	(S)	bb	(s)	=	cc	dd(s)aa(g,	pa	j	=	aa(s)bb(g,	p13	Â°)=	bb(s)cc(s)=	cc(g,	p	0	Â°)AD(s)=	dd(g,	p	n	Â°)lig1o	llg2	=	0	lig3	=	0	llg4	=	0	lig6	=	0	\(s	um)Los	cha	ngings	de	energÃa	libre	libre
ehroF.d	ecudortni	eh	tsum	ytica{luf	fo	tpecn	oc7h,	e	lbacilpa	ton	si	etats	fo	noitauqe	s	iht	fJ.deilppa	eb	yam	waJ	sag	tcefrep	eht	hos	hguone	wol	era	iP	serusp	laitrap	eht	under	demussa	saw	ti	taht	dezisahpme	eb	dluohs	tI	.d	na	,c	,	b	,	a	fo	seulav	eht	fo	sselddraytnauq	sselnemi	a	si	KT255150T	(HT).	6	denif	ew	gnaraeR.no	itcaer	hf	ref	K	tnatsnoc
muirbiliuqe	ehdellac	si	mhtiragol	ehh	edisni	n	oisserpxe	detkcarb	ehT	(21.5(	sdley	s	mhtiragol	ehedisni	d	na,	c,b,a	st	neiciffeoc	aht	gnittup	gnitutitsbuS	,segnahc	ygrene	eerf	eht	fo	n	oitamus	nopU.m	uirbiliuqeSIecn	is	oeqru	rzu	rsiOCoNcAERNg=1GGGGTGEG	1G~uP,	g(Cc)	=	'aP,	nI,	TRb,	uP	=	)0uP,	.g(Cc	9,	G.6	(OL)(9)	0(8)	/pot,	enopmoc,	hcae,	g,
nitrevnoc,	d701	snoitcaeR,	lacimehC	4.5	~,-,.	niatbo	ew,(6)	noitcaer	htiw	gnitrats	,suhT,	A	A·Uganda'	n	oit	argetni	nopu,	p,	nId,	TR	=	ew	(TR	=	DNGVR	=	ReeoNvr)	c	T	gnimusA	TdS	-pdV	=	Gd	fGermanyArmesu;	ew	egnahc	erusserp	a	hcu	s	ot	eud	egnahc	ygrene	eerf	eht	etaulave	oT.	/pot	0,p	m	orf	degnahc	eb	tsum	tnen	op	moc	hcae	fo	erusserp	laitrap
eht	,	7)	no	itcaer	ot	(6)	oitcaervn	oc	oc	r	nr	o	nI	0=	7	Gll	(7)	suhT.orz	lqe	lieulave	et	lqeT	wNetcaer	under	oosNeohcAbLwSeulav11p	,	..1p8dnA,KurdishArmiaHolcP	,AmiraOps0p	,Amira		Aht0uP0dnA,	cP	,Ath11p	,	..1P	foXu	lavEhnac	won	suSuL00	A·A	.erusserp1TaTaEevah	dlu	oti	,	0QOT:AlQTRTAl8AlRet,RetOTT,RehteTOTT	Isag	II	Al-Baz	Erew
stnenopmoc	Ha	ha	fno	I	.A°IT1Gi:/	egn	h	c	ygrene	eerf	dr	adnats	ehsevig	sdilos	rieht	htiw	muirb	iliuqe	ni	stnenopmoc	suoesag	neewteb	n	oitcaer	a	,tluser	a	s	A	.stnenopmoc	erup	f	Seul	av	muirbiliuqe	eht	Seuqe	ehbSeuqeASeuqeIotSaSeh	AlIjNPTT0p	,	0JP,	0UB,	UGeeUGeeeUGeUGeeAUGeeeUG	Htiw	HTIW	.s¡Ãm	semitem	nat	se	,senoiculos	noc	ratart
lA	.	.sorefs³Ãmta	sol	ne	adidim	amsim	Ãs	ne	n³Ãicatneserp	al	a	ocit©Ã	se	elbatse	laedi	sag	nu	arap	y	n³Ãicinifed	rop	anu	a	laugi	se	adidisnoc	amrof	al	ne	arup	elbatse	aicnatsus	al	ed	dadivitca	al	euq	n	ev	es	,dadivitca	al	ed	n³Ãicinifed	al	ed	ritrap	A	.acit¡Ãmotua	arejac	ed	etneserp	l	se	dnats	ed	odatse	le	euq	aredadrev	anu	se	secnotne	,sag	nu	se	elbatse
oiralumrof	le	iS	.s©Ãretni	ed	arutarepmet	al	a	ozidalabser	se	otse	is	,radn¡Ãtse	ed	odatse	omoc	arup	anednoc	esaf	al	odazilitu	someh	,aroha	atsaH	.radn¡Ãtse	sodatse	ed	n³Ãiccele	artseun	ed	edneped	onrut	n	D	odneinetbo	0	oirbiliuqe	le	ne	senoicatitnauc	sal	ed	senoicacifitnauc	sal	ertne	n³Ãicaler	al	,muir	se	oirbiliuqe	le	ne	n³Ãiccaer	al	noc	aes	euq
adan	eneit	on	euq	,n³Ãiccaer	anu	ed	erbil	aÃgrene	ed	oibmac	led	cgl.cclwonK	euq	artseum	31.5	ed	dadlaugi	aL	"	.lncdic	:..	cu	"laci	t	amenu.	...	~	:-	fn	t	H	!luoht	res	aÃrdop	31	.5	sac	,...	:...	.nnitt	:t	~	;"'	rinr	a	:	-	ocis¡Ãb	NVD	omrehT	nu	omoc	otsiverp	res	aÃrdop	7	1.5	11oitauqE	.31	.5	n³Ãicauce	al	noc	esridnufnoc	ebed	on	71.5	ne	itauqE	)71	.5(	)6l.5(	o
,a	n1	,1r	=	o	,G	)'	.arup	n³Ãicisopmoc	al	ed	ropav	ed	n³Ãicatneserp	al	se	is	,odad	otnemarepmet	nu	a	ajif	es	iP	y	e	lbÃrav	anu	se	iP	euq	someV	0	)51.5(	,	IA	ed	n³Ãicinifed	al	ed	ritrap	A	.oirbiliuqe	ne	n¡Ãtse	sotcudorp	sol	y	sovitcaer	sol	odnauc	sedadivitca	sal	natneserper'	ua	y	¢Â	¬â	ca	,¢Â	¬â	8	,¢Â	¬â	Aa	ednoD	b	)¢Â	aa(	·Â	t	¢Â	¬â	¢Ãaa(	)st	natcaer
arap('"	)',a(	ti	=	k	=	)41.5(	d	)¢Â	¢Ãna(	¢Â	¬â	¢Ã	0	)~	0	a(	)st	ricudorp	arap(	tt'	,a(	ÃsA	.i	etnenopmoc	ed	,ne	,dadivitca	al	omoc	enifed	es	o	,p/,p	y	n³Ãicatitnauc	al	,senoicatidnoc	satse	ojab	801	sovitcaer	sal	ed	acim¡Ãnidomret	aL	.laedi	natropmoc	es	esaf	al	noc	otcatnoc	ne	atrop	AV	sol	euq	olos	onis	,etnemlaedi	netropmoc	es	DES	NEDN	OC	ed	esaf	anu
ne	setnenopmoc	sol	euq	acilpmi	on	oluc	atse	euq	atneuc	ne	renet	ebed	rotcel	lE	.n³Ãicacilpa	aneub	anu	omoc	esracilpa	edeup	atcefrep	sag	ed	yel	al	euq	¡Ãrimusa	es	,Ãuqa	n¡Ãraredisnoc	es	euq	lE	.lom	/Jk	271-	a	laugi	se	K°ÂÃ0001	a	n³Ãiccaer	al	arap	0G11	euq	artneucne	es	arutaretil	al	eD	.K	nI	TR	-	=	oG~	somerasu	,n	oirbiliuqe	ed	n³Ãiccaer	anu	ne
sodaseretni	somatse	euq	otseuP	)a(	.n³ÃiculoS	on	o	¡Ãredecorp	)c(	arap	n³Ãiccaer	al	is	)d(	)8,q	=a(	iSaC	=	)4,0	=a(	iS	+	)	)5,0	=a(	aC	n³Ãiccaer	al	ed	erbil	aÃgrene	al	)c(	otleusid	aC	le	noc	oirbiliuqe	ne	)g(aC	ed	laicrap	n³Ãiserp	al	)b(	)s(iSaC	y	)5,0	=	a(nC	noc	oirbiliuqe	ne	iS	ed	dadivitca	al	)a(	somertnocne	arohA	.er	arutarepmet	atse	a	orup	oiclac	led
ropav	ed	n³Ãiserp	al	secev	5,0	se	otleusid	oiclac	led	ropav	ed	n³Ãiserp	al	euq	se	acifingis	otse	euq	oL	.orup	se	iSaC	y	n³Ãiculos	ne	5,0	ed	dadivitca	anu	etnemlaicini	eneit	aC	euq	somagnopuS	.etnevlosid	nu	ne	sotleusid	iS	y	aC	noc	K°ÂÃ000l	a	orup	odil³Ãs	iSaC	ed	oirbiliuqe	ed	n³Ãiccaer	al	eredisnoC	.noit1.rtsullI	amelborP	)81	.5(	11	a.A.a	b	a	acc	a(
oG~+	)/t	~	.·ÂÃ	nl	TR	=	1	G~	i5na	)I(	n³Ãiccaer	anu	eneitbo	es	,)6(	a	)2(	senoiccaer	sal	ed	amus	al	sarT	d	0	a	nI	TR	=)ooG	-oG(d	o	G~	)uG	-ouG(b	)	0	a(Dd	=	)l	=	GG~	eca	nI	TR	=	)°ÂÃ	0	G	-oG(c	=	r	ua	-(	nI	TR	1	J:(	nI	TR	=	)0	a(Cc	6	G~	=	)1	=	0	a(Dd	)6(	0	a(Cc	)5(	=	4G~	)1	=	ua(Bb	=	)ua(	Bb	)4(	,Gll	)1	=	Aa(Aa	=	~a(Aa	)3(	=).G	-".¢ÂÂ	¢ÃWa	=	~	)1	=
>	1	a(Dd	+	)I	=	ca(Cc	=	)1	=	ua(Bb	+	)1	=Aa(A	a	)2(	.71.5	n³Ãicauce	al	ed	csu	rop	adaluclac	¡Ãres	osap	adac	a	adaicosa	erbil	aÃgrene	al	y	1a	a	I	=	1a	ed	etnemelbisrever	sadaibmac	901	sacim Ãuq	senoiccaeR	4.5	secnotne	n¡Ãres	sedadivitca	saL	.setnenopmoc	sol	sodot	arap	'1	=	1	nu	Ãsa	;radn¡Ãtse	dr	ed	sodatse	ne	n¡Ãtse	setnenopmoc	sol	sodot	euq	al
ne	n	n³Ãiccaer	al	noc	raznemoc	a	somav	sonraulave	araP	)	0	a(Dd	+	)ca(Cc	=	)	0	a(Bb	+	J..a(Aa	)1(	.n	n³Ãiculos	ne	nareivutse	setnenopmoc	sus	is	,e	olpmeje	rop	,rirruco	aÃrdop	otsE	.yr	artibra	dadivitca	anugla	ne	n¡Ãtse	otseupmoc	led	setneidergni	sol	euq	le	ne	)radn¡Ãtse	erbil	aÃgrene	al	on(	no	itcaer	ortseun	ed	erbil	aÃgrene	ed	oibmac	le	aroha
eredisnoC	.d	aibmac	es	°ÂÃ1	p	n©Ãibmat	y	aibmac	es	G1/	renetbo	arap	n	n³Ãicauce	al	,otnat	ol	roP	.dr	ed	radn¡Ãtse	odatse	le	~g	is	refiere	a	0	ca(s)	+	=	casis(s)	and	let	us	know	what	k	=	Ac,\~	1	=	8.92	x	108	to	cna	!'\1	!'\1	!'\1	!'\1	It	almost	exists	as	a	pure	stable	phase,	a	cllst	=	i,	and	was	given	that	aca	=	0.5.	Therefore,	in	substitutionÃ	³	n,	we	find
that	the	equilibrium	activity	of	Si	is	A51	=	2.24	X	Â·	T0-	9	110	ICS	thermodynamics	reactions	if	the	activity	of	silicon	in	solutionÃ	³	n	was	initially,	ALMOST	precipitateÃa	until	equilibrium	was	reached.	(b)	H	has	that	ace.	=	0.5.	As	AI	=	P./P,0	we	can	obtain	PEN	if	the	value	of	PIO	can	be	obtained.	Since	our	standard	AC	stadium	is	pure	³	at	L000	Â°	K,
PCA0	is	simply	the	vapor	pressure	³	for	pure	AC	at	1000	Â°	K.	from	the	literature	P	'Millt	tub	laedi	n	rof	margaid	esahp	a	swohs	a62.9	er	ugif	.62.9	taeh	eht	fi	.noiâ£ã	s	Smargaiu	Esmargaiu	Esmargaiu	Esmargai	fo	sepyt	suoir	noit	adarg	adarg	adarg	adarg	adarg	adarg	adarg	adarg	adarg	adarg	adarg	adarg.	Srucco	Siht	yhllif	litnu	desiar	ytijibicsim	eht
rof	er	utarepmet	nehw	.palrevo	yeht	uared	uarder	ni	Musite	niop	gnitlem	eht	,esac	lacit	erht	dna	t	rom	rom	rom	DNA	,	2t	,1	t	htiw	detaicossa	era	42.9	dna	,32.9	esac	A	FA	.ylevitc	,52.9	.nif	of	Nwohs	Si	metsys	Fo	Epyt	S	IHT	htw	detaicossa	,22.9	.sgif	erehw	eht	.tluser	ytilibicsim	that	ht	ht	ta	m	argaid	esahp	.42.9	Muminim	~niop	gnitlem	a	ot	ot	sevig
siht	eht	,	3t	,erutarepmet	r	)e(	el	bats	si	noulos	dilos	,d	j	t	312	smar	smar	sahp	neewteb	noi	aller	5.9	i	.	>	L	.,,	h	I	2	gn	)3(	p	=	)2(	)l.t\t\t\t\t(b	0	=	,ic.d	)l	(	.10.0	=	~	11x	,yas	,	,	n	oitisop	moc	yna	rof	,	t	ta	umimanirbiliuqe	ta	suht	.3.8	.gif	Nwohs	m	ar	ga	sahp	eht	yb	detneserper	Eb	Thgim	Noit	Autis	a	Hcus	.	)tlis(~x	FO	t	netxe	eht	ot	ot	ot	ot	ot	ot
dereDesnoc	the	b	tn	enp	enop	moc	the	b	sweetgaid	es	ahp	elp	mjs	m	orf	se	se	itn	auq	ci	man'	\uo	mne	ii	t	fo	no	Luclac	2.8	.	Meht	Neewteb	snoitaler	elbi	ssop	dna	snoc	ll	a	Scsuels	not	noe,	no	shoult,	no	mbber	al	lames	Leadavoucany	aloblogister	,	lames	,	lame	alabile	,	lame	alade	).	Gninibelbob	Rop	SOM	Quew	is	not	salubra	4	,	hub)	,	mmb)	mmmm	11
118	4	-14	-1	Fek	Aue	Que	to	speleelee	to	sallee	tubɔon	suban	,	sabile	ramem	rame	-,	kangine	kucka	kuck	tucka	kabɔ	hancke	.	.	I	..timext	..ssks	me	for	the	salmbalo	yobra	52	)	52-5	It	was-all	Ghanderh	Reloh)	Ealduolu	.	.Mlasy	422.011	.	If	yopas).ouob).ooobone	24	4	suct	)	see	the	labban	lamberm	mabɔbasoproom	,	Quan	)	Answers.	Consider	Palegle	Ela,
B22.01	.01	.04)	Queane	Malassan	lames	)	suplome	supmates,	Malass	,	lames	mume	,	lame.	Qal	adds	Auolol	near	a	guine	near	syone	.9	Adal	eal	person	the	SãCæd,	dyan,	eube	daister	mé	when	mã	Á9	about	méic	món	does	not	raksubately	at	the	eleban	skuber	milembil	món.	Auy	yuaubol	Phobit	sucan	sancan	sanan	sanan	)	suocloobbertlaber
Rumerberker	Cubancy,	ubalobberker	Rumbberker	Rumbb)	Athaleryy	.	dessucs	id	erew	seitiralugnis	larutcurts	dna	lacimeh	c	gnivlovni	seiradnuob	,snoitces	owt	tsal	eht	nI	SL	L	AW	n	Xa	TR	)sSa(	I_+	N	I	AMO	D-S~LUIAD	NUOU	n	Xa	2	TR	Ta	)~(	I	_	=	])	31	X/	0	'	l(a	l	\	[	eb	ot	no	itaitnereffid	yb	dnuof	si	u	r	fo	ecnedneped	erutarepmet	ehT
.snoitartnecnoc	lta	lav	si	noitauque	evoba	eht	dna	0	=	A	r	,A	ni	B	fo	noitulos	laititsretni	na	roF	.ecafrus	lanretxe	na	rof	noitauque	eht	sa	emas	eht	si	hcihw	aXnld	TR	)	u	nId	'	l	t!	1	(	LANRETNI	6.01	(	1	__	-	B	~	r	Ar	ot	secuder	noitauque	evoba	eht	llams	si	uX	fI	.tnatsnoc	si	ytisned	eht	fi	n"I	-	=	.revewoh	,noitulos	lanoitutitsbus	a	roF	.0	=	.\1	hcihw	rof
ecafrus	gnidivid	on	si	ereht	y	ltneuqesnoc	.)5591(	71	,3	,.teM	atcA	,sremlahC	.D	dna	samohT	R	.W	morF	.hpargoidarotua	na	;dael	ni	yradnuob	niarg	a	ta	muinolop	fo	noitagergeS	72.01	.giF	i	t	L	..	!	secafretnI	dna	secafruS	fo	sci	manydomreh	T	i	252	Â	Â	Â	Ã¢	1	.569l	-,kroY	weN	,hcaerB	dna	nodroG	,.	dE	,relleuM	.W	Â	Â	Â	Â	Â	Â	Â	Â	Â¢	,JI	.loV
,ane117;tnehP	lacigrullateM	ni	scitegrenE	ni	,htriH	.	J	fo	noitatneserp	no	desaB	Â·Ã'	dna	yradnuob	eht	fo	edis	rehtie	no	cirtemmys	eb	ot	detcepxe	si	ytirupmi	fo	noitagerges	ecnis	yradnuob	a	fo	noitacol	eht	gninifed	rof	0	=	A.	r	erehw	enalp	eht	gnisoohc	f	o	n	oiretic	eht	csu	ton	nac	ew	yradnuob	niarg	a	roF	.A.B	X	+	r	31Xn	lo	TR	)	ua	(	l	_	-	=	5	'f	evoba	f
niatbo	ew	,wal	s'yrneH	swollof	hcihw	A	ni	B	fo	noitu	los	etulid	a	roF	.AX	)uX(	~r	+	nr-	=	T	a,PO	)~(	sdleiy	gninibmoC	uLfd	uX-	=	ALfd	AX	noitaler	mehuD	-sbbiG	eht	morf	,metsys	yranib	a	roF	taht	ylsuoiverp	devired	eW	1	.retpahc	eht	ni	reilrae	detneserp	selpicnirp	f	urfo	eulav	eht	etaluclac	yam	eW	.nemiceps	eht	htiw	tcatnoc	ni	decalp	mlif	a	fo
gninekcalb	eht	morf	detluser	egami	eht	dna	evitcaoidar	saw	muinolop	ehT	.dael	ni	yradnuob	niarg	a	ot	muinolop	fo	noitagerges	eht	nwohs	si	72.01	.giF	nL	.evitisop	eb	yllareneg	lliw	B	suhT	.stnemele	r	.muirubiliur	.muirub	qe	ta	b12.01	.giF	ot	elbacilppa	margaid	ecroF	62.01	.giF	2	1	latsyrC	latsyrC	ytiunitnocsiD	larutcurtS-seiradnuoB	lanretnI	5.01	152
-	values	values	of	the	energies	of	these	boundaries	are	0.1	-	0.5	Jfm2	,	depending	on	the	exact	nature	of	the	boundary.	There	is	another	type	of	boundary	which	does	not	involve	di	scontinuitie	s	of	a	structural	1	253	10.6	Intern	al	Boun	daries	-Dom	ain	Walls	en	regions	or	chemical	natur	e.	These	bound	aries	represent	the	interface	betwe	ial,	or	of
differing	magn	etizat	ion	direction	in	the	case	of	ferromagnetic	mater	example.	differing	net	polar	izatio	n	in	the	case	of	ferroelectric	mater	ials,	for	develop	In	the	case	of	ferromagnetic	mater	ials,	the	doma	in	bound	aries	in	walls	as	an	attem	pt	to	reduce	the	overall	energy	of	the	crystal.	The	doma	ase	in	themselves	cost	energy	to	form	but
nonetheless	there	is	a	net	decre	1	a	magmagn	etizat	ion	energy.	One	may	caJcu	late	that	a	single	crystal	has	netiza	tion	energy	of	r	doma	in	or	abou	t	10~	Jfm	3	¢ÃÂ¢Â	This	energy	can	be	reduced	to	zero	if	the	prope	associated	confi	gurat	ion	is	created.	Offsetting	this	gain	in	energy	is	the	energy	with	the	forma	tion	of	the	doma	in	walls.	in	Fig.	A
doma	in	wall	(called	a	Bloch	wall)	is	iUustr	aled	schematically	and	may	10.28.	These	walls	represent	regions	of	stron	g	local	magn	etic	field	nsion	of	be	readily	revea	led	experimentally	by	sprea	ding	a	colloidal	suspe	particular	finely	divid	ed	ferromagnetic	mater	ial	on	the	crystal	surface.	A	these	confi	gurat	ion	is	illustrated	in	Fig.	10.29	.	The	energy
associated	with	N	s	I	I	N	I	N	I	I	1	I	I	I	N	I	I	N	I	I	,,	,,	¢ÃÂ¢ÂJf}f'j	{l	IN	N	I	I	IN	N	1	I	I	I	1	I	I	ns.	In	iron	the	thickness	of	Fig.	10.28	The	structu	re	of	the	Uloch	wa	ll	separa	ting	tlomai	Introduction	Ia	Solid	tl1e	transit	ion	region	is	about	300	lattice	co	nstants.	Fro	m	C	.	KiUel,	Wiley	&	Sons,	lnc.	ohn	J	or	State	Physics,	4th	cd.,	Wiley,	New	York,	1971.	By
permis	sion	1	York,	1970.	C	.	Kittel,	l11troduction	to	Solid	S	tate	Physics.	4th	ed	.,	Wiley,	New	I	254	l	I	I	Thermodynamics	of	Surfaces	and	Interfaces	I.	I	If	~	1	I	I	Fig.	10.29	FerromagnetiC	domain	paltern	on	the	surface	of	a	single	A	fo	yrene	eht	gni	taluclac	fo	ta	ht	sa	,nojtam	xorppa	tsrif	a	ot	,em	as	u	gn	ituclac	fom	elborp	eht	ji=d	p	yb	nevig	d	gnicaps
noi	tacolsid	eht	yht	yht	yht	yht	yht	s.	Sgn	Icaps	3{	XIS	yreve	gnitsixe	noi	tacsid	a	htw	e	cafretni	t	nerehoc	a	t	Deutcip	Eb	yam	ecafretni	evoba	eht	ylt	neuqesn	oc	Sgnicps	3{	Xis	yreve	Xi	of	Enalp	Flah	Artxe	na	.5591	,DNalelvelc	,MSA	,snoitcefrep	dna	we	sealed	,	LABBRUT	.D	Morf	.sr	etemaraps	tnereffid	Gnivah	Tnereffid	Gnivah	tluser	that	in	.3{	ROF
sgn	xis	yreve	DNA	rof	sgnicaps	needs	yreve	srucco	yrtsiter	tcerep	taht	03.01	.Gif	morf	d	Evresbo	t1	.slatsyrc	Neewteb	yrtsigersid	eht	.03.01	.Nwohs	Noitar	ugifnoc	eht	eht	edisnoc	.Dimnoc	.Dammitse	Eb	yam	mret	l	artor	ed	ed	ed	utingam	eht	y	radnuob	tnere	hocimes	ytixelpmoc	fo	sesac	no	end	neeb	sah	krow	laceteroeht	deliated	elttilated	elttilated
elttilated	elttilated	yrev	.Memret	larurts	that	dna	mret	lacimehc	a	FO	FOMENTOC	ot	dereDesnoc	Eb	Erofereht	yam	ehtcut	ACIMEHC	IS	REFFID	TUH	ERUTCURTS	EMAS	EVAH	SDILOS	HCIHW	SESAC	FO	NOISSUCDIs	Lareneg	evah	ew	snoitces	suoiverp	of	snoitissosmocmoc	tnerection	a	fo	eulav	ehT	.tnatsnoc	a	si	K	dna	,tnatsnoc	ecittal	eht	si	a
,largetni	egnahcxe	eht	si	J	,rebmun	mutnauq	nips	eht	siS	erehw	a	2::::::a	~)	SJK2	2	(	yletamixorppa	eb	ot	detaluclac	neeb	sah	sllaw	.SIOLB	Ed	.W	.R	ot	edam	edam	edam	tncmgguclwonk:tu	riganf	lanigiro	by	.cni	,snos	&	ycl1W	nhoj	Fo	Noissimrep	yb	1791	.Kroy	Yes	.YELIW	â€â€â€â.	de	ht4	,sctsyhp	tatats	dilos	ot	otcudortn/	,lettik	.c	morf	.Lekcin	Fo
Angle	Grai	n	the	limit	of	the	dislocation	space	³	D.	for	the	case	of	the	silver-silver	system	with	an	interface	(111),	aa	~	=	10	m.	AsÃ	d	=	0.12.	This	runs	2.88	x	lq-	lo	m	and	a	Cu	=	2.55	x	i0sponds	to	an	ion	dislocation	every	24	x	10-10	M	or	approximately	8	at³	micos	spaces.	From	equation	³	n	10.23	we	see	that	this	match	runs	to	a	low	angle	limit	with	a
0	angle	of	0.12	rad	ia	ns	or	7	Â°.	From	Fig.	10.20	we	find	that	2	thi	s	correct	to	a	value	of	U	of	about	0.25	J/	m	at	1338	Â°	k	h	is	not	obvious	a	priori,	however,	the	interface	has	a	thermodynamics	of	surface	dislocal	ions	and	interfaces	256	256	256.	Structure	of	the	type	shown.	The	energy	associated	with	a	dislocation	³	is	large	and	the	energy	to	that	of
the	system	can	be	reduced	if,	instead	of	forming	dislocations	as	shown	in	Fig.	I	0.30	The	flat	space	is	changed	in	the	vicinity	of	the	limit	to	increase	the	spaced	³	dislocation.	This	process,	of	course,	results	in	the	storage	of	energy	in	the	crystal	matrix	and	the	actual	situation	³	represent	an	optimal	value	³	both.	For	phases	of	structures	or	cases	in	a
radically	important	way	where	it	is	large,	the	relationship	is	not	³	quantitative	so	if	just	described.	However,	in	some	cases	energy	can	still	be	useful	as	a	tinciÃ	³	n	of	a	³	and	a	structural	³.	The	dislocations	in	this	case	are	too	close	together	for	the	analog	of	the	angle	of	lOW	to	be	the	VA	cap.	All	right,	the	siato	was	similar	to	a	high-angle	limit.	As	a
summary	w	~	..,	_	..	,,.,	Bv;	'.	"'	I	The	structural	composition	³	for	this	type	of	interface	to	be	almost	equal	to	the	energy	of	a	high-angle	grain	limit.	In	Table	10.7	A	new	list	of	interfacial	energies	for	various	metalic	systems	or	i	I	â	¢	1	i	i	'Ã¢	â	¢	Table	10.7	12	Relative	Interface	Free	Numbers	Interface	between	phase	B	Phase	B	Grain	Limit	as	a
comparison	³	Terface,	D	System	F	A	CU-ZNB	CÃ°c	nb	a	f.c.c.	a	f.c.c.	a	f.c.c.	{J	B.C.C.	a.	F.C.C.A.F.C.A.A	F.C.C.	To	F.C.C.	One.	F.C.C.	One.	B.C.C.	One.	B.C.C.	To	B.C.C.	One.	B.C.C.	PB.C.C.	A/A	{J	B.C.C.	IJ	B.C.C.	{1/{J	A./a.	YC.C.E	Y/Y	PB.C.C.	³	vile	British	club.	A/A	{J/{J	A./A.	FJ	(SN)	B.C.L.	one.	(Zn)	H.C.P.	Cu-Ai	~	cu-	aib	cu-snb	cu-	sbc	cu-	agc	cu-si	0
cU-SiC	re	c	1	fc-	c	'fc-	c4	fc-	cud	zn-	snc	fj	b.c.t.	{J	(Ag)	F.C.C.	FJ	B.C.C.	FJ	B.C.C.	Fe;,	C.O.r.	(E)	'F.C.C.	And	F.C.C.	F.C.C.	fj/fj	a/a.	A./(1.	a/a.	A./a	a/a	"an"	n	0.78	1.00	0.71	0.78	0.76	0.71	0.74	0.53	1.18	0.93	0.7	1	0.74	0.74	0.74	t	(Â°	k)	i	973	973	873	873	1023	873	1023	111	8	111	8	963	1023	1223	1098	433	De	C.	S.	Smith,	in	imperfections	in	almost
perfect	crystals,	W.	Shockley,	ed.,	Wiley,	New	York,	1952.	B	C.	S.	Smith,	trans.	AimÃ¢	Â£,	175,	15	(1948)	.	C.	S.	Smith,	inÃ©	dito.	D	J	The	high-angle	grain	limits	in	these	systems.	The	energies	for	interfacative	energies	are	very	close	to	the	values	of	the	bo	grain.	Lentecfaciaj	Free	energy	system	A	(j/	m2)	Ref.	Pt	(s)	-ai	20	3	(s)	Pb	{i)	-ai	20	3	(s)	ag	{i)	-
ai	20	is)	fe	(/)	-al	20	3	(s)	cu	(s)	-Na	2S	10	3	(	/)	cu	(l)	-ti	c	(s)	cu	(s)-cu	2	s	(	/)	1.05	1.54	1.77	2.3	1.5	1.23	0.09	M	0	B	B	B	B	B	B	B	B	McLean	and	E.	D.	Hondros,	J.	'Sci	Materials.	,	6,	19	(J971).	11	D.	K.	Ingery,	Introduction	³	to	the	ceramic,	Wiley,	New	York,	1960.	Proble	MS	1.	Suppose	a	drop	of	an	ulquid	substance	forms	a	copper	supervision	spherical
cap	³	a	W-SM	moment	and	a	5	x	j0-	m	diÃ	meter	contact.	(a)	Calculate	the	surface	tensiÃ	³	of	the	lquido	PERP	interface	and	the	liquida	tmosfera	interface.	(b)	Ca	lcu	tardÃo	from	the	force	to	the	size	that	will	be	necessary	to	remove	the	drop	of	copper.	In	an	experiment	to	measure	this	force,	what	acceleration	is	³	necessary	for	the	caad	to	be	removed
from	copper?	2.	is	a	³	lily	moistened	by	its	own	liquid	in	melting	1	Explain	the	breed³	n	g.	3.	For	a	low	crystalline	angle	boundar	and,	‘be’	positive	for	the	segregation	³	impurities?	Consider	both	volumes	of	impurities	the	fury	at	and	smaller	than	the	matrix.	Explain	your	answer.	4.	What	plane	to	expectÃa	yoli	oxid	sizeÃ±o	mÃ?o	mÃ?s	Ectrily	for	the
nickel	if	it	forms	the	surface.	Â	The	aviÃ	³	n	(	Ill	),	(	I00)	or	(I	I0)?	5.	Suppose	a	second-phase	pa	article	has	a	hexÃ	gono	to	the	close-pac	ked	structu	re	a	and	the	matrix	has	a	red	face-to-face	cÃ©	structure.	What	do	you	expect	to	be	the	shape	of	the	part?	"Why?"	6.	Estimate	the	energy	of	the	grain	for	nickel	and	platinum.	7.	Suppose	the	normal	to	a
high	a	big	angle	on	the	limit	and	on	a	copper	wire	or	f	t
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