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weold  aeed t+a kaow TCvV ) q\onoa_ tue Tse era?c ?e.'H-\ .
Tt ----
—r G) —z— iSe erch. (?oA'\'\-
A! :
15 I @6 '
!
‘ )
v v
\ y '
AS \”‘3 as 4“'\-\ ‘-ni-‘-ra\ “x Y.t.\ al 8"'«»‘\{5 are 'l'l«l. Same . o
Joesu"\' MA:H'EF +L0. Pu’H‘ . \n\ere_g»ore ) one way "-. ﬁ.frl‘amcL\
T\m‘s s 0\6“3 '\'ko_ CQNS)’RV\-‘- T \". \V FO._H\S ..
T, Q -
Q\DA IASA S A & Cv On =T
7 )
where \7_=T| <+ &-[\l- A ___\_>
- QV V?— v\
v, v,
NS, s 3 ( i‘?) - NR gV
\E B o LT ), dv v V-Nb
_ V. -Nb )
- NR D ( V,- Nb
BS,.. = DS, ¥ DS,



66




67

E® § SQUARE

500 SHEETS, FILLER 5 SQUARE

vvvvvv

@%mmﬂ ®Brand

Nou e Can 80

AS -

?\0}3;“‘\ in ?cf'

asS =

. NKQ—«(

The

g‘.:\‘\ ‘w\\-e_cxfg\

- Lo

Dy 20 cal

T(V)

Ve -Nb 2 \
NR L(—‘————) - ad X, Z =
N Vv [:T,+q%(-:7-‘v.)‘]

V?—
Va-nNb o.Nz j ! o&\/
N N2 2 2
V, - Nb TV 4+ aloyv -anN® VT
Vi Cv Cy \/‘
KN mess\, }, i
LAOU\A BL Ne eroL\&M Q-P

b°~°\~ +o [-X'Kd Y "’e(arc.,\ aqu4¥:on Qor

NZ
V-Nb TV
S N\

\_ = T q-:(—‘.-‘\

e

)

‘.v\'\'eﬁrm"“efs.



67


68
Ex-\-re_mum Pr:nc_le_\_g_‘ n
Recall  Lem  dne 2™ Naw ) ds Y ?%;..
l‘n\os, Foc any  odiaba¥ic  process .,  (dg =eo) 1
t ds % O Entropy o}  the  syshem must
increase nany ad Tabatic precess
This  equation  helds \"eaqré\ess W any  mechanical worlke
's per%rmu\ en er by Hhe  yyshem .
I~ Vs convenient Yo express the 2™ law  in decms
o} system +‘\er°¢;\[nam2< Variables Us*mck e T law  we
can  wrile E’hi: A - FW
7
= ds 5 % = LT* du 4 ’P-F* AV <;:;f:j::/
worle  in a clgsed
system
From  dhis  E9n. e can  wmvebe  Hhet  f beTh W iV
of Mo syshem  are Qiwed  ((dro 3 dVie) e
cal) Hais an “isclated  system . fuem
ds 7 0 PSS b
Thn  an iseloted s\:&-\—e.m thece is Ne  E£nergy i»_xo.\nancjc
with  the  Surevadings  (Fgce 3 due) L An guivaler
way e shate Hhis is et du=o 5 dv=o Tsr  an
iselated s\ls-‘em , the  gnteopy o} dhe s,s-le@ most
increase Qor any $Pcv~l'\'ahe_cus Precess.
Thos W aw Ysolaked  syshm the  zwdeepy  mugll
a\ay s inerease e, any  Process that  sccurs  results
W an  increase in iv\\'rofs\l oL +ie S\,s"evv\.
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AT Some ?o?n-\- , an iselated sqsl-em W' reach “\l\ermoéymmc
Equilibriom ¢ WiV Cease 1. C‘\Qna‘sa, This  (inad g quilibeiom
state rceresqn'\s ot stale with 4. meximum pessible
CaYropy . An\/ \-\\IPD‘\’L\Q-\-TCA.\ Process orc&tm..-\-:mk Qravﬁ(
*he gquilibriom state cesslds v o déccease  in  the
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The above Je.ve,\opmen‘\' allews uvs e cstablish  an
Eretremom  Principle foc QL'\'chininz He Rinal  Equilibeium
state ol an isolated 515-)-“..:

Ta an tselated  sysbem | (uw, v ¢ o Crxed ) Qellens

The  Cinal  Equilibeivm  skate 03 Yhat  shete | Pestulete

Wwhich Maximizes dhe Sqa-\-o.m's Entrepy -
qu’k;_mavl\'ca.\.\\‘l we can  weite dhig e

S(u,v,N) = mer 2 sCu,v,n | 23
2

where % cepresents any  Miakecnal” CpN,sxrvmtn"' an  +he
G_ne-ry/- or mass  Askeibokan  within dhe sYs-)-cm, Tan Prtnc:ple_
We could caleulate 5(&,\/, N ‘3) Loc any " Coustrained
Shate, T¢ we removed the  Comsteaind The (inal
gquilibrivsm  shte woold be tdenmbical Ao thad can strained
shute whick maximizes  Ahe va'\'rcp\/ al. o sys-J'eM.
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+\\a,+ "'\»\_._ E_.j'il\'\b( tunm S‘Le.'\'e_ °'l' avn l‘solq."'eé s\laLeM s
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s Mo ot \Np.r-\».,.vc\- Cor qu} s — The  celations \:p between
va.-\--oij i e State j!; J?jn_régr . This relaton 5\.\\\;

wi il L\Q\P +° Pro Utd e co ‘O&"T-«.(‘ ‘ﬂ-\—u:'x—}ch’ GJ_ E.n*l’r‘o Py
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The E'.V\‘l'fo P~{ Ckan%t. Q SSoc«‘:u‘cJ with Va Par i i&-‘l' con fr: mars ,y arises
-f-rom a C'I\A.hae._ " +kl- C.onCs'aure..l:bn-.\ a""-\-"’P“f
‘ Con n
For a  liyo:d a=F - Vs,
n
ONE . “
For a qas { )€ o Vv qas
n!
n
AS\I.@ = 1“'6 QM ( Vﬁ“s ) Se ‘Fof Nq"lnr' V¢;1 2 lom?
V\ 1 \(5.5 22X lb’c..m.s
x 3
— ~ MR e 37‘__"5 :33S/Msl~k
ASVGQ < NR  ba ( Vs >
V \2,
® Exe-;w‘g\b Ma.\-\-:ua —
Fhe Enteo Py c_\nav\%e, associated with mg,l-\-:v\ak also promarily arises
“:rom S cb\a.va; wm the co«c ;”3\“‘&*‘\‘05‘\ al\ £n+leptl, Thg anly é:H‘-zunﬂg
-Frow\ Y above Q.:co..w.p\l.- os, \raper? %u\--‘ev\ s 'Huu\' dhe mole c ules
(a a ery S‘('n.\ are A-‘S‘Iﬁnﬁuis‘fwlo le T‘M.\{ Pc.erL an Sptcic ttJ
lr.ﬁ'.'cc po:w-‘s . Iw 3 ery s'L:.\ ‘\-l«c o.'\'e ~m S afe co v\g:aeb To
6. Small Call VDL\\M&. ~N V/M wl\crgn,s ) NS -~ ‘,*10:‘)
€ c.‘/\ \Mo\go. ) l-c. (X W'\ J:G@o se over ‘HI\: Ew‘\':rc_ \Ialem-n. 5(.
+ve $4 s-\»eM . v n
Conl selsd )
—(1 selsd = ~
n »
C.‘g \/ \-:e‘u 3 )
ﬂ \-‘1 . : \a 'o
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ASmcﬁ"ua kG 'QM <VL.‘3uCJ) — lL.B QV\ ( \/SM:J Bn
m

n!

ﬂ‘(s QA'\VI..‘1. - kep-'n ny - ﬁk—s-a-h Vs ‘\’f\kgﬂ'ﬂn

—

S""\t‘"\h \5 -ybrmu\ﬁ. < Qnr\ ('\g ~ ng.,v\ n-n va lid gar i
3 \ou-ﬁc n

L(’ VL‘\ ~ Vaay L Asme.\'r ~ MK]

Th:s rvle s %Um\:-\-a\-:\:¢\~j observ ed ¥-~r o Aomber of
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€w"crog;|' p\_ Mtﬁ\‘vxg‘ . (on o Qm’“tce)
Cons EJO.(‘ -\»k.g Ev\.-\-re P\/ o&_ MURTWN l& -‘-ue é :QG eccw'\' o.“'sm '\-\IPQ.,S
AV B on o Crsl.s-\-a.\ laXTrce
N, = * A -\-ch atons
Ng = *# 3 ']"\,Pe a..'LoM,s
q‘. +hese a.'\'oms are MK ed anépM'\/ on a la.'h"“cl- 6{- nh +nB
Sites J +he nomber of 3“-5-\-‘.-\1039\ ~ble c.-ou.F:S oretioas R L e R
I's iven ‘91 N
3 -nmw. = (nA+nD)!
Ny? + Ng!
‘\"k:s Ceawn bl. cemPach ""o a camp,e‘l'efy 6ro)¢f‘ ea’ lu‘!'t.‘ce_ ooLo.m.,
J)'Ol‘)cfc) = 1
. As,

(‘]4 = Ny Ne )
ns = NgNo

M

APP\\I;MB $‘\';r\:m3‘ s -erww\o. p

ASwix . (np40,) Sulm 20, )-(ap))
g
g Sy #n, ~Vla g 414
= iy W02 ) L0, e 08 )
= (ﬂAMB) 8 Matig /
-_-_-> Asm:* : —NAR&“\’KA— NB R&‘“\'XB
wl\m., ) fo; Nhl(MA*NB) (me"i NB}(N&*‘NB\
(Mb\c grgg"l‘cﬁ)

e (e

2oleg 0 Lnaan gl - kg La gl -l SNyl

Ma\A( Q"A"”P‘l o‘, MY a.hua:

AS,.. =
|

bs MmI R

- =R, Q‘“(xA—KIXB QMIyo

N, +Ng

oF iwn esc,vu,m.\

S seecies
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As,..: -R g’ﬁ; N B9
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N , frawmple™ < IXiw ( L:quﬂ oc ja.s)
Qonstécr "'\f\&. £m+rof1 e.\.\..njq_ quoc.:e.-l-eJ u.",’k mrxrma "'uc J?({auu'f’
Meolecolas Species 5. A’l B , = a \:quri or 3@5,
N N \ -
ﬂ pore. s VA . VB > ﬂA ( n5
np\! nB! \/A' E VB
Na +0
—Qmu = (\/A i '3 fe G S Swei el dthwece Ts Ny
(\A'- nsq velvme e_bm.nlg, on M.t,gtv..h.
Na¥ng
Ay = kg I (VA*VG) %
AL
- l‘-s (ﬂh +ﬂ5) 9"\ (vh"'\}&-)— L_B n“ «QIV\VA - L‘-an -QN\\]B
. kg N, 9M<\I»+vg)¥ g Ny 9,.\( Va +\l3>
" ) Vn VB )
AS ., = NaR 0.»(\’9*\/5>+ Ng R L(VA“'VB)}
V’e N g
il ine :3«.5&:. ore ideal A‘s were \w'\-\-?q.“y e the 3ame
regsody e >, Then
P >
Vap = NaRT N Vg = Ng RT
P ' ¥
5 BS.,, = Naw sLm(Nsz) »o Ng R Ou ( Nar Ms)
Na NB
ASazs < "Nﬁ R 0n ,lh - Ng R (xgﬁz 1ded Qa2
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MadeinU S. A

Example ¥ =  Qrown o  Offacest Pacspechive

Ev\'\'rop\’ s‘. {V\'Cy.n\.nb q“‘. TJdeal Gases - g.—.m e 2"‘5 law ¢

.

Z ?urn.. 3o. ses %vC:\'In.\\Y Sz?qrq‘LcJ <'. INMY 1«9 .

7 PatPs
¥

i
‘ MByB,Pg’T
04—-, — Q@

/"n ,“\ 2 (sothermd
/ X wellsg

i
Nﬁivﬂ"P“)T l
)

SGM:(’N‘M eable Sewi Pacm eable
te A enly Yo B enly
Note: Since we can Separo,":c_ e qases Viaa a SQW\'.?Q.FMO.&L‘& )
MO.Mb“O.VN_ \ ‘\'V\c.n 4w t:yxscs Mus'\- bg AT 5*}&:3\.5 :skab\&. .
Noew we Ceversibly Move eael partitien  do gach  wall
U\'\A ec ;So'\'kcf ~o) C_QV\B :4-?5“6, T\\g Qn;ra Py c_L\q,ne‘s e Cahn Ee_
Viewed as « Sum ol twe Cevers: ble € xpan Siens °
VgtV
Vo +Vy BT A \
NSq = S Feew | j’ Ps 4v=j NaR 1y, NgR gh(v.\;v,)
T Vv T \Y% B 4
8 Va
\,A,*HIB VR*VB
A%’D - CR . S Pa v - S NaR Y N, R O“(\/..H/B\
T T V Va
Vh VJ\

=
[
?

"
v g
A
-'-
>
N

L T AS Nak.o»(\lhsvﬁ) s Nsku<\l~3\f§)
& B

w\nto\a ¥ e Sona tesolt as we oL-)L«:ncj éc,[o re ,
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]-Lcu'\' CkQuC;‘]'\{ Anev\u\.\r<s

:m- %-EMMP\G \
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L\eu; esr
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Seme mo.-\zrrq.ls it s Swné Lt

drder - )-"Sor)er J‘r—a.ns-')-nldd_

-3 Co“ﬁ’? ur..'}n'oy\" £n'}loﬂ!

own

o} o materral te ncrease Smoo'\'\f\\\l as  +he

Sufer imposed on

Cupaci'\-\l . There s

on  extra Conteiboteon  wihich  appears  as  a
peale. —  hut  capacity anomaly . The raptd
haat  Capacidy assocrated with  Fhe  anem aly
tapio c\f\o.mse_ in order  in e Sobstance,
belows  the  anemaly , Seme aspect  of  Hhe 3y
ordeced &  obove the anomaly dhis  as pect
drserdered TThes s called  am

a.‘— +he oul-om S

"'C.W\PQ('G-A' “Sre

celati vely  sharg

Tise in  the
indi e atas a
A~ 4«.Mpou.~‘-u res
5-\-em \S \“da.-‘-we\,

K Comp’o."'c.'y
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v
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(
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elfF¢¢4,y ordared om o
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Yhe a'\*oms
}Csaca\o & e.é

Yo Qe

B

So6:58 Cu-Tn Ay,

733k Cu 4 2n are
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on ‘H«A \-:“-‘CQ_ .
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MaceinU S A

L) éa.o.w.p\e_ - Coucea Eg‘,i\' ° - Ma.ihe,-\—.‘c_ ord e.rﬁ\§ in o-

ot o maqnatte Sal\t.
9

Tn Pa.c a.msivw.-\n‘ c Salts s "'\\g l/\“:x- Qe.pa c:-\-y anom a_\\l (s '\\,ptcdl\/
within & Qeu Qtarces 18 o k “Thes anem aly resal\+s 9.-.,,.‘
o chan qe n “4ha Mog netee  ordec 3 anether € xample ol

an order - Oisorder draneidron 1“\‘&\\‘:*3 ena. ﬁ.spee.i of The

en*rop\j .

Qev\srécr' Ck\"bf'\?um Pc'}'egssrow\ a.\um Sa\"’:

43 .
Cr i o ‘-"?"" 3/2. Tons | < Tere are .?o or Po ssible

or :ewh.le.w_c. ,Qer -l-\fw.. sein éipb\‘--

432 e Con c:‘i ufa'\"‘-ﬂs‘
Jdiser écrf‘%_
L 4 "L
Cc -
- "L P - —_
7 — T Pkov\.n N
- - - Ba.c on
o, < gee
—_—
2 .
° - 2T
AT \ow 4¢MP¢N\. w re chro ma 3«\;‘\%‘& Jamatws gor m where
all +na sSpins are Q‘\\"ﬁ\‘\..b tn o Hle Same J:'f‘o. ctoon.

Near ke Leat Capoac ity awns Md.\\! e s@in ortentat cons

ke_ coMme J:sor)arc) ": VN C orre\ q.“f -—J ’

AS = l"g 9"" QATSerJ“WJ - k_ Q‘v‘ L‘ h
ﬂ ordarad \ n

wWhere n s +IM. ® gs_ Ce a.'\'ewss
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o Thied Law ot Thermodynamies
The 3™ law o} thermodynamics s concerned with  dhe
\mt’rma‘\ behavior o} matertals  as dhe  tempecatore  appreaches
sbselute Zeco . Consider  the {\-ollow?l\} calorimetric data
on  Yhe Coe(iv\t& ot phesphine  (PH3) | which 1s knewn
Yo have Y aVederopre  ceystalline  Qorms ot ambrent pressoref
s Tearr
H
L + + t +—)
30.3 Ya4 1 8 _F:Mp‘m.\v& ()
* A+ 8%\ k +he 3 phase transforms To The ot phese.  Thes
Transidion 15 eptd &  cunnat  be  Super cooled.
¢ Mt 44Kt o phese  Fransforms h B f  The cosling ss
Sbows [hs), The B phase can  then be  cooled F2 near 0 k
witheot an foucther phase  chan ge.
e I Ceb\\‘u} is more  Captd (minokes) | Hw oo phase  can L‘T
Sopacconled  h 308k where W Hransforms  Ceversibly e
e ¥ phease.  The 2 plase  cam  Hhen ba coled  te nean]
Ok without Porther  phase  clhanges.
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Ca.\evlesx'.ea 'fLL

Starking Lrem 4 o0 phse @ 424k we  Can
8s k= ok along  Hu due revkes (P, 1P ) -
@ B85S (Sl mar)
A oL —p -1§,330
43,4k — ok -1%. 335
asS,. = -39.03 lkm
G:. 4y —» 30.3 - 26. 095
& — ¥ - 2.%10
3.3 — o - 1220
AS,.. * -34.03 lumn
Within  Fhe  Erpecimental  €eror, e B 4 ¥ crystal phases  have
T Same entropy ot 2ece WAL
This Las P femarkable -  and vnanticrpated - J-‘sceury
ot 4he  dime, . BL Y phases  have  completaly  Iiffacest
"&hrocteces - yet Flaay have Yy Same Swtrepy. Obsevvations
like  Yuese on a number ol other c.owseouné.s Haat
display  alletcepre  behavior 2t low T Jed  F Fhe
shabiment of e 37 ke 8
Simens  Shobemak o) ke 3P law
Tl Conteibudcen L 4he £v\-\-rop\/ of a S\/s-lcm
bY Each G.Sfea.'\' which s in  internal -H\ermo«)ynam.'c
iqu?\(bm’um tends 4o 2ero as -{-\u. +tm?er&‘\‘orc Tend s /
.'\’s Zecd

——
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By " Aspect”  ts meant o pect  of  te system  that
has enly @ weak  dynamic  coupling with ke cest o} dne
3y stewm ¢ Thecefore  makes  an  Essendially  (ndependent
conteibotton e Hue  Eateopy o) Fhe  botal  system. One
Cxan~ ple s} Fnrs Sepacation s +ha  vibcational  and

M&:S\\QA'?C aspects o a p.‘;mmgv._»:c Sa\vr  or e
stroctural . N7 brational aspe.&s of a d7sordar ed

Sacd, Recorsing  de dne 370 s e entrepy
of €ach ok  These a.sq«-.-\* s v W\ Se acat n.\\l +end o
Zecs as Yt temperadore approaches  RZere k|

PN

MA '\'ka_st "\-\\g{ are in —l'kq_rmu\ ig vilibriom .
» A \J.'Bro.)-‘enu\, s*roc‘l'oeul ) mk.}“'}:‘) clcd’r
Ir wa s alse puuv\b +|\‘\+ +he €.h.'\‘r-oP\I C‘\Ah3¢ 53— any XN
D Sepns ) alse "Lc.vJ-A e dece as T — ow |
\ Aurtu\
06 -
Anrﬁj A(”r‘h’
T -
S‘W\czl Gz BH-Ts R AG = AH -TAS
Note Thak MG — OH o..s\lmp'f'n" TcA"y as | = Ok
= b Sesn >0 as T — oKk,



85




86

—\—6

Zeco .

l’__ Statemont s 2} i 27 lLaw .
N e nad Statement (1106d
For any tsether mal process .
Qiws AS,. =0
T e
Planch  Stadement (\z)
The Ewtreopy o} o  chemcally \-\omoaen eocus substance
hat e  value 2} Levo ot abselute  Rero.
Lewsis  Stalement (1923)
The  Ewkeepy o} & pacfect coystal  becomes
Zers ot absolote Revo.
Simon Statement
The  centeibotion o Fue endropy o o System by
€achh " ospeet ™ which s in  internal  Hheremadynamse
Equilibriom  Yends +o  Zero 6s e Femperature Tands
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P

[

Dk\'S'\Cu\ Censequences of Y 3™ law R
“te.'\' Cq?qc'\-\‘tcs
C, = T ( is—) - (2)
T " 3 T/x
S
S as\lmP+°+rcq\\\l
a.wroo.ckes 2eco as
T — -
s T—o,
S~>‘O_//’/
|
- 0 T +
Stnce S — 0o as T — - (T - O)
. T1p?co.ﬂ
QJ“"V' C_x - O Xroll
T -0 CP
T -  Tm
_A_\\ heat Capo citres 4end Yo Reco as 10O
3
Cp — a1 Pon- magnetrre insel q.'\'?vu\ c»,s-\m\ s Ca-dim))
(vibcatrenal c°~+r=bo'h‘oh‘)
C? —_ &Tl \-m{ ocad c.rfs-lsls Sr“pk.“\-g ; BN 5
Surgn.Cc_ Weaot Cupnci"-\’
C‘P 4 %T +°~T3 WMetalyg
3, 3 —_
C? - ,S T ‘4ch FCFFDMG1NC"‘.L Cr\,sisl s L""“‘ Ie
3
C5 - MT o.u\,-\»( %lrromk-\'\-t’\':k Lr\',;xa.\ S ‘33\0\0 Tc.
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%'. m\ﬁSI— Trswjj\rioms

Since Twe €v..~\-rae~; o} awny Pk“$¢ vnder  interaal £1m'1.'5ru'um

Tends Fo  Lero as T —0 ( £ven ]/:..- metasdable p/m:e; )

Lim 85,, —d

Recall Pho sP\«Mc. N

T (k)

{

Q\Ae.wC-Co.\ ?tmc‘\‘t‘ou‘ 3

<

Axo.‘-\n ) Stwee Y £n'\'rop\/ o:{- al) P'nuscs "ll"-euJ To

RLero ~s T — O :

[
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Tkos, S 3”) law allows s = obtain AScun
(n."\' any T ) Wi ThodT ‘n.“nm.aa +. o.e_'\-uadh’ Ccun e
Ceverst bla rco..cA"?ou\ N
-
AS,.. {me) - 3 8Ce con (TR
o T
Te e\n}ﬁn A\-\.—,.... Thae re.a.c-'»ton Mus‘l’ ac.'l'uo.“y %c. ros |
Howsever, “*his s much  tasgter Yo  obtain celoct matrceally b
Sinece we da eV have Fo o 4he  TAN Ceversibly
Yo ebtain AR .
Ceecall AVN,,, (T, @) = & 4 T =Ty =T
P:=Pp =P
—)—L\“S‘ \M:-\"'\ A“.—,ALT,P) ;, -AS‘,.’“_s (T.P) v e Can
GL'\'c..Zv\ ﬁ&r,,‘ CT.P) Since |
AGrsh\ LTJP) = Aurﬁp\ (.._‘-JP) - —r AS\-*& LTDQ)
9-:~\ AQ’(‘A& - A\'\rxn
N -0
ADGers ~ Bheyn over o
modarate Tawvup. Pa.vusn‘_
aln.o‘ Slunea
Au'n)
< 8¢ PV I ) - ( gasm’) - 8%
AG“H l‘.ﬁ««_ ’; AGP}A) — D b“'ﬂﬂ)
L T 0 >t Je 3T Jo
Ol — .

~?

wk
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o wie
Because o} . Sra \aw (s—o as T —o) we can
&ﬁ'\'uul\\{ Sekermine He absslute value o{. e E.w'\"“e?\l a], any
Ssbstance in  inlernal £1u1\ibc=am Vi Calorimedric Meas vrements.
This s tn  contrast Fo the ottae P.,Jml\-..\ fumetions ™, L, M A

':".C'r , wohere only Atﬁ:e_rgnus can be detecmined.
T
S« (T.#) - S M) BT R any ee.\-\-:-:hd--‘ové
° T Jue +» phuse Transf
These  abselule  €ntrepres  can be combined to  yield A5 valves
for  ahemical reachoons:
BS CTR) 7 Dl o Si (Te)
Lukcra 5‘; CT,P) is ke abselure  molar eatecepy 8| Specias
L af TP
V: are +he  steichiometric  Coefficients  for  the  mass-
balance clhemical reackien.

Proéa:—"‘s

Cea v.."‘sn"'.s

prmi(‘tuq
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For an E.&q.w-p\c. 5 cansider ue ;.“ew? .A reectio .
24, (4) + O, (3 —— ZH0 (g)
AS_ = 2 S ey 5»;1.1) T S @ 2s5c
AS,. ® 2(6R41) - 2(1ze.1s) - 1 (2065 .03)
: -325 .51 3w
— {
1
T‘«USJ Asr:u Cand be oL‘l"dncJ w:'n\ou'J' E ven &n-y:n3
oot e reao.-l-s‘or\ '.
»,
N Cw‘\'l‘ms'\" 7 “to ab"(‘q.‘wx Aurug N Y he t‘c.a.c-L‘en Mus')'
be Corried out %-. Fhe heat o} the reactron
ﬂ\eQSUrté.
A er-' - _bl-\-,.m_, Can tkeu .LL Com én'nc.dl To o-b‘f-qn'n AG‘!‘N
Ac’rsn\ CT'P) g Aur:«u (T'P) ) T ASD‘Q (T]P )‘l
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FendamenYal €gns  Car o closed system
Recall , from +he  Combined frrst 4 27 laws | we darued
a “FJNJc\mcv\-'\'n\ &iua-)-:.u " for IS (for o closed systew )
ds = L gu + P dv s(a,v) 1
T T
ds= L dn - ¥ ap s(w,P)
T T
These Equa.l-:eas are called —Q-:néaw\cn‘to.\ ) because they are
derived  direckly  frem ke  Hhermodymamse laws.  Nomarous abher
€xpressions  of ds can be  oblained by &Po.r\ehv\% ds i Ferms
ot any  cemplete Sk of  independant  thermodynamic  vactables, s
ols=<%%r)?c\»r+ (g_s;)rql? s (T,p)
= €0 Jdy . otv dP
=
This f_c\uq.-l-:en heweser | is anly o methematical
£x pansien . TThese nen-fund amentel £xpansisns  are enly

valsd a.\emoé 6 Continvous '\'b\umoéy nawmic Sorface |, and
hewce ace ouly Jalid  when  we  are interesked  ta
Ccs\c.u\a.-\-\‘u\»k CL\a.v\cig.s i 'HurmaJ\[nam:c cluo.nf:{-:es ol a
SM:‘\L L\omaj enesus P‘M-Sﬂ- : Tkey are  pNol val:d
Qesass Phese Fransi Trens .



92




93

For Examp\e, Con s:;er S (T,P\ Qcco SS "H«u. Sb\:J' \.‘ciuré
P\Aa..SL c\m-..v\c)z.
T ( P .‘:tf-d)
S
oV
T T
The Sel:d + ] :qo?é ?\-\o..us have distiact ST, P)
Surgatts \A\'\:C\'\ acae A;S (of\'\'iﬂ vous “-\- +kg e,gi u:l{Lr-‘uw
m&\'\’l AD ?bfl\"‘ 3 ’TM - Foam ’Hl\., T‘ P éx Pa.n Sien 64).
(L 5 LSe. Can Co;\ cu \o.“'& C\f\a.nesgs NN s G\onf) Qaclq
D\_ 'l"ru- Stv\t)\L_ PL\Q.SL Sue g_q.czs "
L et L
ds s P ur - (wv) 4P
‘§ T
Sl _ C. Sel Sel
ds™ = =2 gr - (av) T 4P
H'owe\re(‘) we CQY\V\D'L USe. ‘4“«4.51. &:i uchron S +u C..\cul«‘\’t
Os QcfrossS 'H\-. p\aase. "l‘rc.v\s?-\—:or\.'
T conY rc-sl\- 5 The ?-q..: éaw\u\.'\‘a\ €% Pressions -gof‘ A S
are vo\to ocsoss dva

(

bb uvxéae :l

‘é__iui\l‘cv:om ﬁD\'\‘~$€. '\»rms(‘L-‘T
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T\n:s

A

ds
LWe

Yo

CoM s:dec

ds =

QccrossS

is '\'kq.“'
Pf‘}nc: e\ - .

the  gquiliboriom  shate  SatisCies an  extramum
Stnce suc Quu.)aw\'ew\‘.,\ €xp ressionN for
wes  decived  Jdirectly  feam e U7 1 2™ lls
gouné Heot Le coold Use an Excteemom  peinciple
dedeemine e Qimal  Equiliberom  stake.

the expPan Sions u_(. S ) in "'&fm s '3.]. H %. P
Aodd - Y 4P s w,®)
- T

S : (? Slud)

N— N
A H Mmalt

E:‘o?‘(b("tum Surg.o.ce \s Car")‘\‘ﬂuous % {S VQ\?A
He ;kn.s«'_ e.\r\g.njg B
N Loq
BSir ° - 44 = ~A A e
T .

“Sa\

Sl. cov\é iMPgr-\gv\"\' ,Ggg-\-qrg_ a,‘_ +\~L Quﬂéamgo\'x a\ Eﬂ"“x“\"‘
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r.
e call ) 4 2 O F.r a\ll seentanasus processes
N G clesed s~,s¥~m at F:‘x-é
nw £ Vv
Note Juat w \ are +he E£xpansisn Variables v the
Qqs§°~m-.~\-=.\ Tapressian ?.or ds (AS = -r’lJ'* + g‘FAV) .
T‘\US) +"\¢- ETUI\ibl‘:um $¥a.‘\'c a},. o. c\aseJ S\(.S"-cm a.""
g? red W % Vv s ‘\"l,\-.'\' state X1 +he moexXimum
£V\'¥rof&’ - AT &1\::\:54“?0”\ Y 'S a. Mmaxi fmom w s TR
rtch.L'\‘ +o any “”\A-g.ec\.‘,\ C.eMS'\'rr.\,'.u"' !
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