Swalin thermodynamics of solids answers pdf book pdf

I'm not robot!


https://fecuq.co.za/YmrXLWy8?keyword=swalin%20thermodynamics%20of%20solids%20answers%20pdf%20book%20pdf

Swalin thermodynamics of solids answers pdf book pdf

Sorry, but the page you were trying to view does not exist. You are reading a free preview Pages 9 to 22 are not shown in this preview. You are reading a free preview Pages 26 to 32 are not shown in this preview. You are reading a free preview Pages 36 to 52 are not shown in this preview. You are reading a free preview Pages 57 to 58 are not shown
in this preview. You are reading a free preview Pages 69 to 82 are not shown in this preview. You are reading a free preview Page 88 is not shown in this preview. You are reading a free preview Pages 94 to 99 are not shown in this preview. You are reading a free preview Pages 105 to 107 are not shown in this preview. You are reading a free preview
Pages 113 to 136 are not shown in this preview. You are reading a free preview Pages 145 to 155 are not shown in this preview. You are reading a free preview Pages 159 to 160 are not shown in this preview. You are reading a free preview Pages 167 to 175 are not shown in this preview. You are reading a free preview Pages 179 to 186 are not
shown in this preview. You are reading a free preview Pages 195 to 211 are not shown in this preview. You are reading a free preview Pages 215 to 221 are not shown in this preview. You are reading a free preview Page 225 is not shown in this preview. You are reading a free preview Pages 229 to 238 are not shown in this preview. You are reading a
free preview Pages 249 to 258 are not shown in this preview. You are reading a free preview Pages 262 to 265 are not shown in this preview. THERM ODYNAMICSOF SO LID SI1RIC HARD A. SW ALI N A A-.University of Minn esota Minnesota j second Edm on F L F (1 I (. A Wtlby4,4-intiirscibncb Pubu Callo n Wiley & Son s, New York a¢ &
Landres and technolog y of mat eria Is adoi.jory edito n: E. Burke. B. Cbal Men, Jame S A. Knon Badsl Tiier .Mody .loys CMST ER T. SIND GJTD William C. C. The bort you Exx Exe -raa neffica nudia £a £éic , sumean sumem tumer kobile: . & tune Hellrors—ya P. Untille and two bosss I. Orgain ssjo aseooseoctos Toy. It is. uyon Set S SS SM! Scna £M,
Sa f£: Quichis Saccan Plas , the plame Madeates, suplomes and smembates. Pkkishishs Sits. Sct Teol was peded by my salmal: Salone Salmates of the salmmas of salmate mlicklam sumade mbraoctubate mbom embém embseose. 'Pe.” The names of the pemples were too pettd fum, yyemon kubo ho sub. ]J. Mart Seeicoct adds to be headed by male's
saletle. It was the surivivation Sal Quecusion transcention Quaneo Patét Qudeo Potovetlame, Salmate yocker, Subdét yobate yumbate yumbate yum. Prepents and yamalvaboral Sborrologista that Qua a éle Bé miles Quine Malaras, Quine Malaraszy raleszar raksistic raksy raksy raksy raksy hum. says his scole MolaCeat Remaee:Dian Questions I
Laadicoic NaBéic méicéic méicubézobates tumer. Thermodynamics expands something. In the discussion of the properties of the intermediate phases, it is more than recent developments that refer to our understanding of the non -static stoichiomy crystals The intention of all the treatment is to give the reader a familiarity with the foundations
associated with the thermodynamic propert1es of the only, to allow him to make reasonable estimates of the thermodynamlc propertles for systems not studied but perhaps 1rnportant Rlchard A. Swaun Milrnapolis .. Millresota Abril, 1972 ~.C.../... ~-~-d¢a-; .Ja-/data...104a-\..-a-a¢a-a,a-\W-A-a¢a-r\\..~d8¢a-~a¢a-proc."A-~~
0 , errp ........ Uuv..~Cr...... -e-~a-~-~ac¢a-.~. \~"C\.Nf............. Jj,a-~~scli:...~...t.,,da-a¢cad-a¢ca-aca-a-a-a-4-a-a-a-a-a-a-a-a-a-a-a-aac¢¢agn..~---Tombo: ........ Jt ~ ... 8 f copyright t c ufscar ~f ~ 31 ~: t- 1962, 1972 by John Wiley & Sons, Inc. All rights reserved. Published simultaneously in Canada.
No part of this book can be reproduced by any medlum nor transmitted, nor translate into a world language without the writing permission of the editor. Swalin, Richard to 1bermodyua. MICS of Solids. (Wiley Serles on Science and U: Chnology of Materlals) Includes bibliography references. A3854-3 72 ~~ printed in the United States of America 1 ~
9876Sa¢4a,~a¢321-..,-a¢4a,~aad¢r.. Thermodynamics of sysa., ., . . AN A-. ") Preface to Flnt Edltioa),) processes. You can obtain a lot refers to the thermodynamics of defects and defect interactions in 29 88 88 2.5 nedrO n°AgeS sadacifisalC esaF ed senoicisnarT 1.5 sacim©AlO senoiccaeR y senoicamroF~;] esaF ed s
acimiAnidomreb1 5.. sotseupmoc ed n3Alcamrof ed serolaC ~4 48 selatsirc sol ed rolac ed sedadlcapac sal ed n3AicamitsE 8.4 18 aAportne al ed sacirApme senoicciderP 7.4 67 elcyC rebaH-nroB :socin3Ai sotseupmoc ed n3Aicamrof ed serolaC 6.4 . 07 ¢ irolacotengaM otcefE IE 5.4 76 dadilibiserpmoC ed senoicaleR sanuglA 4.4 56 ngitaleR nesieninG
3.4 36 rolaC ed sedadicapaC sal ed arutarepmeT al ed aicnednepeD al. 2.4 15 )sc acimiAnidomreT al ed yeL arecreT al( K C°AA0 a sedadeiporP 1.4 35 sacimiAnidomret sedaditnac sal ertne senoicaler sanuglA 4 3S 54 53 82 42 12 61 51 01 5 4 4 erbil aAgrene ed n3Aicnuf al.~ aAportne al ed acitsAdatse n3Aicaterpretni al. M- yel adnuges al ed
sadinetbo selit?A senoicaler sanuglA 3.3 sosecorp sosrevid arap aAportne al ed solucliAC 2.3 aAportne al ed n3AicinifeD 1.3 s acimiAnidomret al ed yel adnuges alL. 3 n3Aiccaer ed serolaC 5.2 n3Aicamrof ed serolaC 4.2 rolac ed dadicapac al y aAplatne n3Aicnuf aL. 3.2 :odnuM led solucliAC -AA 2.2 yeL aremirP al y ,kr oW ,rolaC 1.2 s acimiAnidomreT al
ed yeL aremirP aL 2 n3Aiccudortnl 1 1 st netnoC ¢AA ¢A -AA () ) 1691 ,rebmu~D atoseMiM ,silopawriM NUAWS .A DRAHCIR ¢AA ¢A t f .orutuf le ne serodagitsevni sol rop ,ograbme nis .sotcefe selat niArartnocne es euq ed adud ebac oN .selairetam sotse ed sedadeiporp sarto noc otcefed led arutcurtse al ed n3Aicaler al erbos n3Aicamrofni ed
zesacse anu etsixe ,ragul odnuges nE .sod ol3As ratic rop ,ocitp3A retsiAm le y retsiAm le omoc sacig3Aloncet senoicacilpa ne aicnatropmi narg odneiriugda niAtse odix3A ed serotcudnocimes sol ,ragul remirp nE .olle arap senozar sod netsixE .ocin3Acimes odix3A ed serotcudnoc sol ed sacirtc©Ale sedadeiporp sal ne elbaredisnoc sisafn©A nu ecah eS
.~fed sotse ed nedneped selatsirc sol ed setnatropmi sedadeiporp )a:- , sal ed etrap narg anu euq odibas neib se euq ay n3Aicacilpxe atisecen sanepa sisafn©A etse ed n3Azar al. .sotseupmoc y selatnemele serotcudnocimes First order IXa ¢ € 4 ¢ t: 1.,. -~: ] ~ 4,4 - coateat. X S.3 Transit of Second Order S.4 QUESIC REACTIONS 6 PARTIAL MOLAL Y
Y Quantities ' 6.1 Molar Quantities Partial ies 6.2 Method of Obtaini ng Molar Quantities Partial from Molar Quantities 6.3 Method of Obtaini ng A Molal Quantity Partial and Anothe r 6.4 Some Relationships Between Molar Quantities Partial 6.5 EnergAa Free Format Solution 3 n 6.6 Ideal Solutions 6.7 Nonideal Dilute Solutions 6.8 With Concentrated
Solution? n 6.9 Excess Amount TermodinAA es 6.10 Effect of the gravitational field or centr Fugue in the alloy 3 homoA A- genity ' 7 ~momodinA mic Properties of Alloy Systems n-> Moae] Approach 7.1 7.2 . A"A" -7.3 7.4 7.5 IntrpducA n Application 3 to ideal and regular non-regular solutions Solutions Order- Disturbance Train in 3 lidos Some General
Considerations Alloy System Rations 3n 100 104 119 121 122 124 126 126 128 130 135 136 141 141 145 136 14 8 153 160 8 Equilibrium between Composition Phases Variable 8.1 Gibbs Phase Rule 8.2 Calculation of Thermo Dynami ¢ Quantities from Single Phase Diagrams 8.3 Effect of PresiA 3 Solubility 8.4 Solubility of Small PartAA+as 8.5
Equilibrium between a SoluciA 3 n SAlida and an AleaciAquida 8.6 Solubility of a Metastable Phase 165 A"9 EnergAa 9.1 IntroductionA n 9.2 EnergA a Libre versus ComposiciA n for Case Where A and B have the same Crystal Structure e 9.3 EnergA a Libre ComposiciA n Yenus For Case Where A and B have different Crystal Structures 9.4 Calculation
of the Phase Diagram s from Thermo dynami ¢ Data 9.5 Relationships between Phase Diagrams of Different Types 9.6 Nonuni Shape Systems 190 190 168 178 188 184 186 1. Idon't. I 1 .I.i191 197 205 210 215 ]I Cooteaa no Termocliamics of Surface es ud Interf aces 220 10.1 Surface Tensi on and Surface Energ y 223 10.2 Anisotropy of Surface e
Energies 230 10.3 Surface Energ y Valor s for Metal s and Comp ounds 2.37 10.4 Intern al Boun 0.5 Intern to the Boun darlings - Struc tural Disco ntinui ty . 252 Internal Boun Daries -Dom Ain Paredes 10.7 interfaces between sys of different structures structures 254 Different Comp ositio ns .. 11 Oassif icatio o of Defects in Crystals 11.1 Types of
Point Defects 11.2 Other Types of Defec ts 11.3 Stability of Crystal Disor der 12'\.Def ects ia Metal s 12.1 Vacancies and Interstitials 12.2 Defect Complexes in Metal s 259 259 262 263 267 267 277 290 13 Defects ia Elemental Semiconductors 291 13.1 Electronic Defec ts 298 13.2 Atomi ¢ Defects and Defect Complexes 305 13.3 Intera ction Between
Atom ic and Electronic Defects 13.4 An llJustr ation Which Comb ines Some Principles of 312 Chapt ers 1- 13 14 Defects in Nearly Stoichiometric Compounds 14.1 Types of Defects J4.2 Entha Ipy of Defec t F onnat ion 14.3 Defec t Nome nclatu re 14.4 Electronic Natur e of Defec ts 14.5 Equili brium Const ants for Defec t React ions 14 6 Some Case
Studies of Defec t Crystals 317 317 320 322 324 328 335 15 Defec ts in Noostoichiometric ~ompounds 15.1 Cause s of Nonst oichio metry 15.2 Intera ction between Defects 15.3 The Defec t Struct ure of Fel ,0 (Wiistite) 351 351 357 361 Appendix 370 A. B. Distri bution of Particles Amon g Quant ized Energy Levels Maxwel]¢AA¢As Equat ions 370
372 C.teat. d C. Derivation of the Tem per atu re Dependence of the Bulk 374 Modulus ized Defects by usc of D. Calculation of the Fra ctio n of Ion 375 Fermi-Dirac Statistics s in Ionic Compounds 378 E. Ollculation of Defect For ma tion Energie 383, .{} .~u ..lt.,..;'-)) ¢AA¢AI tI.' ~):j))'s a powerThe application of thermodynamics to the study
of crystals offer . With the ful quantitative tool for the investigation of important properties structure of aid of thermodynamics, for example, one is able to control the the crystals. a material without the necessity of knowing atomic details of not need to One of the principal reasons for this power is that one does ing the three postulate any specific
model of the cryst al Rather, by apply ematical laws of thermodynamics in conjunction with standard math can be techniques many macroscopic or phenomenological ed dadinu al ametsis etse nE odatpeca etnemailpma odneis iAtse ametsis etsE .orbil le odot ne aelpme es,1S omoc odangised ,sedadinU ed lanoicanretnl ametsiS le ,selareneg
sonimr©At nE .solutApac setneiugis sol ne netucsid es selatsirc sol ed sacitsAmota omoc saturb sacitsAretcarac sal otnat ,aAfosolif atse odneiugiS ~- 11 oitcudortnl ) \i'"" 1 ed senedr3A soirav rop esraibmac edeup otseupmoc rotcudnocimes le .ocirtc ©Ale dnoc led dutingam al ,olpmeje rop odaiporpa oirbiliuge nu ed aicneluriv adairav al a latsirc led
n3Aicisopxe al rop odaicneulfni etnemadacram .sotnemom otsirc nu ne sotcefed ed sopit soirav ed n3Aicartnecnoc al euq ay ,erpmeis res nedeup sodot a seroirefni nos on selevin sod sotsE .cte ,sazerupmi ed somotiA ,senoicacolsid om3Ac ,sodatalimes ed n3Aiccudnoc ed adnab al ne senortcele ,aAsolec ed setnacav nabacifingis ,serotcudnoc .sotcefed ed
senoiccaretni sal y sotcefed ed sopit soirav ed n3Aicartnec al se otcefed roP anif alacse ed sedadeiporp sal niAtse ,ragul odnuges nE .redecorp lliwnoc le omoc odad nu euq ne adidem al ed n3Aicaredisnoc al y orto noc acimAuq n3Aiccaer ed seicepse sal omoc selat saturb sedadeiporp sal niAtse ,oremirP nu ed acimiAnidomret dadivitca al sortoson arap
s©Aretni ed nos selevin sod ne slal syrc ed sedadeiporP .etnemelbagima .selatsirc sol ed oidutse le ne p3Aicanibmoc asoredop anu atneserper acitsAdatse aciniAcem al y acisiAlc acimiAnidomret anu ,otnat ol rop ,otneimiconoc IE .selatsirc ne sotcefed y somotiA ed sedadeiporp ed senoicatse sabma ed socitsAmota sotad renetbo ed zapac se
rodagitsevni le ,avitaterpretni acitsAdatse aciniAcem noC .acitsAdatse aciniAcem al a esrecah ebed n3Aicalepa ed sedaditnac sal ed aduya al cnoc ed n3Aisiv anu renetbo redop araP .selatsirc sol ne sotcefed y somotiA sotse nanag euq adallated n3Aicaler al erbos ednerpa es adan etnemacitciArp ,dadicilpmis g ertne pi neg us a odibed euq ay ,ograbme
nis ,atelpmocni etnatsab se ,As ne y acisiAlc acin©Agomret dadilaer al ed n3Aicacilpa aL .sedade%Agibma nis esrenetbo rop ,scima le le se dutignol ed dadinu al y ,)'m/N( odardauc ortem rop notwen le se n3Aiserp ed dadinu al ,)gk( omargolik le se asam ed dadinu al ,)N( notwen le se azreuf ed dadinu al ,)J( soiluj le se (m), for .) ]l Table 1.1 Quantity
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 tesla Conversion factorsA 3 n en To convert from newton/m meter atmA 3 newton/m
bar July BTU July heatA a (15A°C} newton/m A© centimeter r de Hg (OA A°C) July electron volt erg newton/m A (0A A°C} kilogram/metw gram/cent imA© ter newton dyne Density Pressure force EnergAa, work Frequency acceleration 3 theA© rnt TensiA n J;JA© resistance MagnA© flow density MagnA© rnt A© kg/m3 N (kg AoA- m/s2) N/m1 J (N
AAo-m)'wA ¢ AA¢ Hz (sm/sl C (AA A- s) V (W/A) O (V/A) 1) Wh (V A A- s) T (Wb/m1) multiply by A¢A¢ 1.01 X105.1X1051.05X 103 4.185.1,333 1,602 1 1,333 1 X10S 10-11 x to-' X 10S 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 energAa that has been used historically 3 by the GtheA A- heat is 15A°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 1 x 10S 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 NA A-m'/kg-~ X to-tt ] 10' C CGS SI Value X to- It e 3 x 102 /mol X J)SCJA A-sx 100 J{KA A'molxto-13J/Kxxxxx 101A A° cm/s to-tO cmtltgl Is 10-10 i;;m3/tgl lifs Ots/mo 1 10-!7 erg A-s 107 erg/KA A-mo1 x to-u erg/K x to-& dyn A-cm1g! X Jo-Uer g x 103 anl ',.A -g1 '%fmol 2 The first law of T ermo dyna mics \ 1.1 ' I HEAT, WORK AND THE
LAW OF FIRSF In this introduction 3 it will not be assumed that the readeA -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 convenci® n, the heat will flow from the bot's body into the mAo. ,I1I ~InsulaciA3n B A -].} Te < Ta' < TAA A- The First Law of Thermodynamics 16 4 Table 2.4 Heats of
Formation at 298A A° K Subst ance 11H1A A° (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) 1IH1A A° (kJ/m ol) 218 -600 -585 -910 -246 - 384 249 Kubaschewski et al., Metallurgical Thermochem istry, 4th ed., Pergamon, London,
1967.A A°From0.~A AAAAAAAAAAAIfiO3, we would obtain Mn{s, 298A A°K, I atrn) ' + Si(s, 298A A°K, 1 atm) + j-0 2 (g, 298A A°K, 1 atm) = MnSi 03 (s, 298A A°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 superguiA 3 n for 11.H/ denotes anu anu a acir©Afsomta n3Aiserp aL .sno rolav le latsirc le euq ed lanoicida n3Aiccirtser al somagerga ,latsirc nu araP .arutarepmet al y anretxe n3Aiserp al noc nemulov le ataler odatse ed n3Aicauce anu euq enopus es euq ay ,ograbme nis ,setneidnepedni nos on selbairav satsE .V y ,elbairav al ed
dadilibairav al ed n3Aicnuf anu se t t ne aAplah us ,n rad ed n3Aicisopmoc anu ed aicnatsu$S .k °A 892 ed etnerefid arutarepmet anu a ,0 h It ,sovitcaer ed aAplatne al aretne ed se ,ograbme nis ,lareneg nE .K °A 892 a sotnemele ertne senoiccaer nacilpmi euq senoiccaer sal ed saAplatne sal ratneserper 4.2 ELB AT al ne sodaremune / h It ed serolav sol
Jk 8401 - = 0 If 1t ajor ised n3Aiccaer al ed sotneimidner sol sotnuj sotse ragergAV .1'Jk 642 =h/h .D()mtai,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 n3Aiccaer ed sadimoc h 5,2 arap euq y re htegot nagerga es TOIS y ONM ed n3Aicamrof al ,0 isnm ahtne dra dnats le ,n3Aiccaer al arap rllt rartnocne araP .itulos ed seipl )892 ,ozrauc( t :0IS + )892 ,s( ONM = )892 ,s( 10 SNM mmta 1 y K °A 892 ne sovitcaer setneiugis sal ed ypl ahtne al ertneucnE .n3Aiserp .amelborP 1 noitA
rtsudl .n3Aicamrof 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©Avart a n3Aiccaer ed n3Aiccafelac 5.2 .ocimr©Atodne otneimidecorp nu a ereifer es o ,h.1l ed ovitisop rolav nu omoc ednod anitoxe anu a ereifer es th.1l arap ovitagen rolav nU .eti ocifiArg y .etnemlacim etnemacimr©At se euq otnemele nu ed n3Aicamrof ed rolac k °A 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 independentvariubl ~ s
and, therefore, according to General Mathema Tica 1 prin c iPl e ~. The brave thermodynamics can also be explained as functions of two of the variables. Asa 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 ¢ 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 ° Kand T. THUSH1'0-////1~08 =t1dh 0 =21181i2 '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) (1) = mno (s, 298)! ::. Et ~ 0s (3) sio Is, 298) = si0 2 (s, 800) (4) mns i0 3 (s, 800) = mns i03 (s, 298) =1 (c, j2 dt 298 i1 -ch: uo -1l ~ 0s) = -1 800 (cv) 4 dt 298 The dei red reaction add reactions and through 4 performance s tl le enthusiasm and is given by a -
s00 0 ((cjjh + (c, h -(Cp) 4] dt + h (11fl 98 D.h a = j 20s! 298) T dt + 6..c: 1 800t 2 + 6.b ((800) 2 - (298) J subtitut I 298] D.a=-17.110X1051'i2X1.I1[8006.b=26.26.c=10.81.1 ¢AA¢A 2 D.c-1IFrom Tabl e 2.2 dT 298 298 298 and 6.H To 1 800 I, 3 0 ¢AA¢A 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 298A°A K and the temp eratu capacity o f the low. A-A were the case in the previ ous illust ra ti on the heat een 298A°A K and lhe temp eratu re form of the subs tanc e would be uscu betw A-AIi.I ,jjI,I1:!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 . J300A°AK. Calculate the enthalpy change of the followin g reacti o n at Ag(/, 1300) Solution . (1 ) + k C1 2 (g,
1300, I atm) = A gCI(/, 1300) From Table 2.4, we lim.l the heal f'o rl111ati o n al 29tf' K A g(s, 298) + } Cl2 (g, 298, 1:1 111 0 I atm) = AgClI(s, 298) Using the algebrai c approac h, we obtain (2) (3) ~4) (5) AgCI(s, 298) = AgCl(s, Tm.v] AgCI(s, '/~ 11 ¢AA¢A 1,.) AgCl(/, Tm.p] = AgCI(I, '1; 11,1, ) = AgC I( I, 1300) ACI2 (g, 1300, Tul m ) = &C1 2 (g.
298, Ialm) 2118 -( 1l ~aoo - (6) (7) (8) fl ~us) =i 1 CvdT 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.p] = 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 Is o r fusion, 1:1 11" the
desired heat of reactio n is obtained at 1300A°A 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 Ipics could be calculated . For mal1ly purposes cruder estimates of /:1.// are a 1l 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 entalpAa associated with the First Law of Ther mod ynam ics 20 re 298A A° 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
0-1f 7A¢ AAA A¢ 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 286A ° K and I atm press joules per mo le. 0 K with the
highest accuracy?® n possible. 2. Calculate !:.H for flow reaction 3 800A A° 3 AgCI (I) + B(s) = BCI3 (g) + Ag(s) fusior heat. is 124 kJ/mol. 3. The CaT iSi06 3n point is 1673A A°K and the CaJc heats the fusiA 3 n heat to 1073 A A°K. the heating clement is located at 4. Consider a well insulated heatAmetro. An n step of 1.00 ~ of calorimet was that has a
resis ratio of 100.0 n. Up to 7.1A° K occurs rs. A sample of 5 g the current for 75 min, a change temp eratu re of +0,4 phase trA pica trans form acciA 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 A°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 tensiA 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 omf] 9 2 ed 17 C ed rolac ed dadicapac anu y ,201 ed thgie.v osecorp le euq y ,K -AA 1 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-tonraC7t30l gnidrocA.wal dnoces ehf tenemetas a nsi tenemetats evobehT.sciman ydomreht fo wa al dnoces t gnidrocca ,0 JSAMTSIEHTfo -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 nl .retal llahs ew sa , seitrep gnitseretniyrev emos sah ytitanauq sihT -rportlle 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 . .. ..,.. 3]: I :A-Zambia |l ~ ,:;- it tAllahuAllahu ,.,. ,..,,," o0 eeeserviieeinnen. .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 (J]J) 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"¢AA¢A in a reversible las'hl'or;-A-A f11S = (T:t (3~.3) DQ Jrl T ~ A-A In 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, A-A dU = (1.5) DQ- pdV Expressing U = f(T, V) yields dU = (au) ar vdT + (au) av c~v (3.6) 1A-A 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 = CdT 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 A-A 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¢AA¢A 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¢AA¢A (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) 1 43 3.4 Interpretation 3 Status of the EntropAa Since in equilibrium m S is a maximum sum, dS = 0, ordS 0 = -k A A+(1 + In ~) NO t- or (3.47) dni In addition, the
number of tomes is constant asA (3.48) and r A A-0 = 2 dtti (3.49) Replacing the equation 3 n 3.49 in 3.47, we find dS =0= (3.50) -k 'In .!'] dn.No A¢ A A¢ A¢A£££.. From the equation 3 n 3.50 we see that the maximum S depends on several variables (n0 , nhn 2, ..., nr), A A-but these variables are connected by equations 3.46 and 3.49. Such
condition 3 n is called the ultimate constreA+ido, and the techniques for the mathematical treatment of the highest constreA+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 = !!]. = NO exp (-A Afa/k T ) L exp (-A
A£dkT) (3.51) { The denominator of the equation 3 n 3.5 1 is known as the function of particiA 3 n !Z. 1A Af£ A£ = 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 purliciA 3 n :!A A£ 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 ~4 1& ~ 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 + Uy U n ertne aAgrene anu agnet omotiA nu
euq ed dadilibaborp al ,nitnoc muu anu aes aAgrene al euq odneinopusS .IJew omoc roirepus aAgrene ne onrotne le y ametsis le arap s siAm a etnetimsnart etnemralucitrap se oN .osotnopse osecorp nu arap orec aluclac euq asarg se y otleuver osecorp nu arap orec se serodederla sol y aAportne ed oibmac led amus al euq 3Artsomed es olutApac etse
ne roiretna etrap al ed agertne al ed atiutarg n3Aicnuf aL. 5.3 .arenam amsim al ed ne atnemua secapac salucAtrap ed orem?2An le ,aicneucesnoc ne ,y adaticxe aAdatse le ,ranoiccaer ed ralucitrap ed n3Aiccarf al euq ay ,arutarepmet al atnemua euq adidem a senoiccaer sal ne SEL ed y acimAuq ed dadicolev al ne laicnerepxe otnemua le arap acisAf
n3Aisicerp al acilpxe n3Aicauce atsE .n3Aicavitca ed aAgrene al atnemua euq adidem a etnemlaicnenopxe al aterced y atnemua _arutarepmet al euq adidem a etnemlaicnenopxe atnemua SESA GRENE otla nu ne salucAtrap ed n3Aiccarf al euq ev es ,y odatse led n3Aicauce al ed ritrap A .orbil le rop I©A a somerirefer son y etnetopmi yum se otsE noitau
gE .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 n3Aicauce al azilaer es odnauc uoccA le ne esramot nebed aAportne ed omusnoc sal y dadilaer ne se on ¢A =& ¢A .TN grenE led etneidnepedni se aAgrene reiuqlauc ne selbinopsid sodatse ed orem?An etsE .y osupus es euq ay
adigAr y atelpmoc se on 55.3 n3Aicauce al euq .osecorp le arap n3Aicavitca ed aAgrene al omoc adiconoc se epirg al ednod dadilaer ne aAgrene ed n3AicnuF sitarg 5.3 54 11i.))55.3()~~ -(pxe = *f0,45.3 a 35.3 ed n3Aicaler al iArad el es y ,2u >u a seuqnatse sol erroc ,*f ,odaticxe odatse le ne somotiA rop n3Aiccarf al. .mot nu ed odatse led odatse le
erroc 1 u aAgrene aled )45.3(yu'.1 ud)tk/u - ( pxe ~uif =ud )U(FL =)1U ¢A -4 ¢A artsinimda es OO y 1 U ertne aAgrene anu neneit euq somotiA sol ed n3Aitcarf 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 aAgrene anu agnet euq ed dadilibaborp al ,otnat ol rop ,se u d
)tk /u-(pxe)lcl=ud)u(fud cases, so it is a 3 indication if some work only for the system to functionAa 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 energAa. 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 irrcversihly. However, healing may * 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 A¢ AAAAAAA¢ A¢ VAO, e.g., ]. C. Slater, Introduction
to Chemical Physic York, 1939. 46 The Second Law of Thermodynamics As shown above, under isobA ric conditions DQ dSsurr = - dSyst = dH and dH - (to syst) TI > dH - (to syst) ITordHor]J = ! oT T]JJ 1 (3.74) and of the second law ds DQ dll, & -TT(3.75)C11 ~1AsA C 7 dT = T dS and when reorganizing = (as) T, T ' .1 (3.76) 11 3.5 49 The
substitutionA 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)] = AAN arT2p Multiplyi ng both sideshy T2 da _1 [o(G/T)] =I/T2 (}TH, IncjJusiA 3 n of the T 2 term between pair yields [ o(G/T>] = o< I/T> II (3.77) I' o para u reacci A n having a free energy change T)] = ~H [o(~G/ o( I/D, (3.7 8) AsA si (~G/
T} is drawn rsus the absolute temperature recAproc, the slope is equal to o~ // . Ey ualion J.7H is important holh in the micrA 3 termA 3 nests and ki netics. Some idea of the general usefulness of the function * free energy should already be apparent to the reader. By measuring the variation 3 ~G with respect to temperature at constant pressure? 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 recAproco of the absol ute temperature at presiA 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 \ 'a,a - 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 apa © ndice B, so that the relations of ma 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- (~~)a ¢a€a¢. = (: ~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 14 - (3.82) The examination of the two last relationships indicates that (Osfo Vha - 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 (: ~) zxyztvfpppppprppgp-st-{IV-A:V{lpv-cx.vtv-cxvfppvsvittttttttppppppppduthffttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttettttttttttttttttttt
tt. VVTPTTTTTTTSVUSVSUSIIFG.Sa-SL ~CLATIONS4 GARR./FICIL/T-0:2v/pcl'-rr.2vt/pc 1, - rr. 2 vi/fl + a: v/{1 -s rr.v/{1 - s c11/rr. Vt- {ic.,/Rr.t + cxv {jpc '1,/rr.t- rr.pv ¢ 1,/rr.t ppcp/rr.t- cxpv- s c1l/cxt- s of J. Lumsden , Thermodynamics of alloys, Metal Institute, London, 1952, 14 - 51 problems where, collected , M, the
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Properties at 0A A°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 atA 3 micas because in reordering it becomes difficult, a metastable structure can be "frozen in." The entropAa of this system is not zero, as there will be a random or
configurational entropA 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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hgih eht morf gnihcneuq via estoppus a€a€a¢ Ot evoba serutarepmet fertilized at at Resistance: I, I, I, I, I, I, IIT II'\ III IISt ' 1 FO, E, CNE, DNE, PED, ER, UTA, REP, MET EHT, SE]J, T, ICA, PAC, T, AEH .1.3 e, 1baT," 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
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= er ofer, ehT . erusserp, rtnh, fo, e ulav, eht, driht, fo, t nem, etats, cnuf, a ton si, KL, XA, XA, c,c,c,c, t, c,c, t,c,c t c,ctcct tctctcetctcoc et c c cB75apaC6teH, fo ec nedn epeD, erut, arep meT2ehT2.4 s eitic .Ada-ProductivityA (2.4) s uhT.0 = TomehtStnenopmoc, eht3seiticapac taeh, taht, dif ew, sioceb sevles ST - II = G
noitauqge, eht gninosaer emas eht gniylppAO = 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 - SI: dT - 11.6 d = GI:! d945GV1, c945GV2,
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(¢AA¢AK) 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(If) - 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 IT :wlid 1lh:-1\1 1 h:-1 ht'lll acunAuq al ed amet 1IE SNO IfCAER LACIMEHC 4.5 -AA ).lanigiro
etneuf al ne spillihP .E .N a otnelmlconoceR( .cn snoS & yehW nh o] ed n osimrep Y}/ .1791 ,kroY aveuN ,yeliW ,.de hL4 ,scisyhP elotS diloS ot noi tcudortth ,lettiK .C morF .I A arap arutarepmet ed n3Aicni aditrevid anu omoc erbil aAgrene al ed selatnemirepxe serolaV 31.5 .giF )K°AA( arutarepmeT 5.1 0.1 5.0 Ja~a~aL2.1- 1.1- ~4~~a+al14a10.1- 9.0-
la.u---.1113..444441344418,0.....1:uc7,0-~ ..... la'a~-...~!::..4141 6,0- ~5,0-E - ,- ~3'ala....~-==t========~4,0- ~ 0 3,0- ..... ~a44~~a~2.0- 1.0- ~A~4.4=4r O senoiccaeR sal ed acimiAnidomreT 401 .nedro odnuges ed emuserp es lub nedro le o nedro remirp ed se on n3Aicisnart al ,aicneucesnoc omoC ¢AA ¢A OT ta em as ed sal nos
sarotcudnocrepus sesaf sal y 1 amron al ed saAportne sal euq acidni otse ,v)To/Gd( = S zeV anu is y ,egrem evru c al ,cT ed acrec euq avresbo eS .erbil aAgrene al a n3Aicubirtnoc anugnin ecah on omsim opmac le ,Jamron lairetam le arap 0 = M ecn}S .opmac nu ed n3Aicacilpa 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 saAgrene sal narapmoc es ednod 31.5 .giF al ne latnemirepxe lat avruc anu artseum eS .osac etse ne n3Aicisnart al ed azelarutan al ranimaxe n3AisimoC al ed s©Aretni ed sE .elbatse se lamron | esaf al ,eT ed amicne roP .erbil aAgrene ronem eneit otnat ol rop y elbatse se arotcudnocrepus esaf
al ,0 T acitArc arutarepmet anu ed ojabed roP .0 = H ednod osac nu aredisnoc es ,aroha ,somagnopuS lamron y arotcudnocrepus s ertne oc1t©Angam opmac-erbil aAgrene n3AicaleR I !0YiA .lairetam 21.5 .giF 0 arotcudnocrepuS G lamroN t I 1111 .azelarutan al ne nedro remirp ed se n3Aicisnart 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 etnemacitiAmeuqse artseum es n3Aicaler 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 preparatlon 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: a ¢ 4 € & ¢ Growth of simple crystals in a condensed phase through reactions between impurities and a gaseous species. For example, dissolved carbon can oxidize
CO or CO 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 Is 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 n3Aiccaer n3Aiccaer al ,ovitagen se G.J:! is AsA .n3Aiccaer al ed dadicapac al anreibog n3Aiccaer anu ed erbil aAgrene 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 & - by the sign of! J.H. At high temperatures, the Td © 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 O 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) Flg 1 ° It is assumed that each of these components is in balance with its own steam ¢ 4,— & ¢ A. W. Searcy , in proc. lttt'l. Symposio Hill, New York, L.960. 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: (1) {2) (3) (4) (5) + + AA (S) bb (s) = cc dd(s)aa(g, pa j = aa(s)bb(g, p13 A°)= bb(s)cc(s)= cc(g,pO A°)AD(s)= dd(g, pn A°)liglo lig2 = 01ig3 = 0 llg4d = 0 lig6 = 0 \(s um)Los cha ngings de energAa libre libre
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- 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 ¢AA¢A 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
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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. AsA d = 0.12. This runs 2.88 x Ig- lo m and a Cu = 2.55 x i0sponds to an ion dislocation every 24 x 10-10 M or approximately 8 at® 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 A°. From Fig. 10.20 we find that 2 thi s correct to a value of U of about 0.25 J/ m at 1338 A° 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 tinciA 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 IOW 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 orila ¢ 1ii'A¢ & ¢ 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 CA°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 AF.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. I] 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. F] (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- ¢ 'fc- ¢4 fc- cud zn- snc fj b.c.t. {J (Ag) F.C.C. F] B.C.C. F] 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 (A° 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. AimA¢ Af, 175, 15 (1948) . C. S. Smith, inA© 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 203 (s) cu(s)-Na2S103 (/)cu () -tic(s)cu(s)-cu2s(/)1.051.541.772.31.51.230.09M 0B BBBBBBB 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 diA meter contact. (a) Calculate the surface tensiA 3 of the lquido PERP interface and the liquida tmosfera interface. (b) Ca lcu tardAo 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 breed? 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 expectAa yoli oxid sizeA+o mA?0 mA?s Ectrily for the
nickel if it forms the surface. A The aviA 3 n (111 ), ( 100) or (I 10)? 5. Suppose a second-phase pa article has a hexA gono to the close-pac ked structu re a and the matrix has a red face-to-face cA© 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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