1. 92 AHphase)o. 2 0]

oR|et 71#7}

Al

o] Al
2 89 A

BN
ik

ol
e
o

Fp?

9

ofg] PHaAR o 2ojAl
A thofo}

=)

wl

L

T

al
=
2 o

=2

of

°

1 &
0

A
L

el oz Ex
L EE

kS

= o 7Y 7IAEA
™

2. o] JEog o|2ol
&

!

7

=

DA b g
= A9 Aezus}

jl

S
S|

o
=

8.1 ™A

Tor

Br
1o

$

JEfoll A e E RO Ha}

A, 8= 8= Sy <0

Fig. 8:1-1 Diagram illustrating the dependence of the entropy S on a

é A
parameter Y.

[e:

o

=]

@ entropy — maximum
1=

o

o} Al

Example 1



y i 23 220l A9l Ao Ao - Ao AT v
Yo > At A El(absolute stability)
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Fig. 8-1-2 Diagram illustrating the dependence of the enotropy S on a
parameter i when there exists the possibility of metastable equilibrium.

; AR H&@(relative equilibrium), £9M% =& (metastable equilibrium)
(o]

r O
2 @3] osf y, - y, BHo| Yo' & Uck,
Y

Qost A1YA
Q=0=W+AE (8.1.4)
W=—AFE
ouwizst QR o (o Lo Bw)
W=o
E= constant (8.1.5)

® entropy?] =t ol <

137 ; E= constant

Qy) 5 y~y+oy AolollA AlQ] 7h5t AEfe] &

oy ; fixed small interval

Sly) =kIn2(y)
PPN y~y+dy Aole] YT WAL 2E

Ply)cc Q(y)zes(y)/k (8.1.6
yol WPt Ag2ow - j2 B2

y ; Ply)=maximum ¢l y

Ply) AnSIk

)

Remark y=y°] 7
a—)\S’:
oy

0



S(Z/):Smax‘l‘g 5
Y
828 ~
— <03 Spax oH o y=y W
oy
1 | 8%$ ’ ~
Ply)ecexp|— o - (y—v)
- YPUH 29 a5 E
& (Gaussian &I
2 -1
o2 Bt

Fig. 8:2:1 A system A in contact with a
heat reservoir at temperature 7.

AR 14 (spontaneous process)

ASY =0
ASY = A5+ A8
Q: A7t A'RRH F528 &
r__ (_ Q)
AS' =
Q=AE+W
TyAS—(AE+ AT, S— E)— W
AS(O)ZAS—QZ 0 ( ): (o )
TO TE) TO
— AR~ W
or AV ———— (8.2.3)
TO
F, = E— T,S : Helmholtz free energy
T ASI7E AP W Fol 5 @A) V1ed
T,>0 ooz

- Qun A 9



* The maximum work(Z]t] <)
1) AS“’):o
_T_q»?ﬂ
A] " — W=0
aFAO A

VS|
1= ]

Fy = minimum
 ER-CER-E
=0; A9 <%
A= y=2 7leHo]
S(y,) and E(y,)
AS=S(y)—Sy,)
AE=Ely)— Ely,) =
Eq(8.2.3) with W=0

AR,
TO

7

o7

o
=

Q

A5 =

Ply)ec 2 (y) = *" 0"

Ply)ece

By =

(8.
S o AReld

2.6)

Q(Ey) s y~y+doy, E~E+0E 9 JEf 5

- ﬂ()E

o< 3 R(Ey)e
E

_ S/



7, = constant
AA®] 4 — p, = constant

Q>0 ¥
>0 BUoRo] WA 3l

Temperature T,

Pressure p,

Fig. 8-3-1 A system A in contact with a
eservoir at constant temperature T, and

onstant pressure pg.

AV=4+4" ; AT A
AP g

ASY=AS+AS =0 (8.3.1)

S'=—Q/T,

At A1HA
Q=AE+p,AV+ W

pAV ; AAZE A A9t 4
W 19 AAPE ot 4, M)A 2o xp7|A o
L[TOAS— (AE+p,AV+ W)

0 _ Ao @_ 1 _ol=
ASY = A8 Z TO[TOAS 0l T

= %{A(TOS_ E_po V)— W*]
or  asw=_20" W (8.3.2)
TO
Gy= E— T,S+p,V : A7l Gibbs free energy (8.3.3)
@ A'7|o] %9} otaio] Zro Ao
= & qlEzmo] Wy}t A BAY Yoz 7|
7] 2AA(8.3.1)2
—AGy =W (8.3.4)
= o] ¢F d2 AT AVt F 4 de AW €2 - AG,, 5 Gibbs free
energy?] 7r40} 7tch
IF A& S AlQlet o e Warh APHA
wW'=0
AG, <0
A7t @Hew Ystel AYa BESID ohe ouwst nFEo At 0 ¥ ¥
G ooIoHR, e WY xL

(AR e 2 4+ A

G, = minimum
71e9 N3H B

EARo=
y ~y+oy Aole] =&

o
5Oy /k

P(y)OCe
when W =0



AG,
-

y; — y 20| ®igtof] 9ot entropyo] Hs}

ASY =

§0) = 50y, )— Go(y)—TOGo(yl)
Ply)oce” O
fof gL Gt AA
Bl ofgt 250 AL ALY + Y
8.4 AT BUIM Yo =7
o] =9l gigt Tttt o
Ui, T gRo] AR AH e nA)
A ; small but macroscopic. ZA= UX}
Ao} YHA] 5 Ty, p, B78(ER 22)

A g8 YR £71

(8.3.9)

q

q

oL
e

U1}

Gy = E— TS+ p, V= minimum (8.4.1)
© REHZ Ot A

Fig. 8-4:1 A small portion A of a homo-
geneous substance is singled out for consider-

ation te examine the conditions for stable

equilibrium,

T, V; AAY S3¥¥s

Yre 14 27} Wsks 39

?; GOZ Gminimum ct):—]' IIHQJ %E‘
AT=T-T

86’0) 1[98°G, )
= — P—— — AT 4+ ...
AmGO GO Gmm ( T VA T+ 2( 3T2 V( )

A, G=0 < 1X} ZAA
G, _
0) =0 for T=T (8.4.3)
oT |,
Gye BARY B ofyzt 7= 7oA 47} goz
AmGO = O
8@ ~
or 20 >0 for T=1T (8.4.4)
aT? |,
(8.4.1)2 o]&sato
BGU) (aE) (85)
= — 8.4.5
(aTV aTVTUaTVO ( )

(8.4.2)



LA
TdS=dE+ pdV
V=470l thall, dV=0

5z, - (55,

whebA] (8.4.5)=

57,1

7]

re

aod
= 7

I

7= TolA ‘0ozt &9
=T,
= A7 2T F9 oj7f 2749 2weot Ath (g x£31)

» FHPo] QR 5 2%} term

022G, Ty [ oF T\ o2E
LA AT I
oT* |, T*\0oT]y TN\oT
T= T,oA 2HA term2 ‘0’
oF
ﬁ)v >0 (8.4.9)
Cy =0 (8.4.10)

Le Chatelier’s principle
ofH o 1§ e BEohe V2R
@ AZF A HPol Ao APEAQl Q@ F(fluctuation)o] S, TI7H 40 ApPEA]
Al Mgt A5 IR FEA = g or dojuof gt
@ APHAQl Q=0 o5 BE A A9 %7} 28 e A 4wt A5st
AW, 129 ARHE] 4’2 Fo] o]F& o] AAY YR 2=7F Wi
7he 2p7go] ApEAQl apAdoltt
© R Q3o oigt EA
T= 1T, 09| Hz}= 518

B aGO) 107G, )
AmGozGO—Gmin—(aV TAV+5(8V2 T(AV) 4o

Gy7t AAolete &0 o)



(BGO) B
Y% =0 (8.4.12)

= V= VolA G7} F40 Hax7
(8.4.1)9] 7ol <lsf

53], -48) ks
oV)]y \oV]y "%NoV
TdS=dE+pdV (8.4.6)0 2 HE]

7(0_5 :(ﬂ

hence (600) :7.(8_5
oV |y av

+ po
T

+p

8.5
—p— TU(W)TJFPU

A

=—p+p, (8.4.13)

)
EL
ok
o
fu)
=
>
'
1o
o
)
1®
Flo
M
19
[}
=
Y
=
o
1o
i)
i)
<]
my
o
2
)
e
rol‘
)

82G, >
( 20) —— a—p) >0 (8.4.15)
BV T 5} T
1 (o _
__ | = =0 orx=
k V(t?]; , o1 wa=E
kK >0

= 950 A YAL It U prt asto] RARRE Ao Agote uA

® Uzgo=
GO(T/):Gmin
»(V)AV ; A9 AAC] V~ V+dVAO|Y &5
2> (V)dVec e @V gy (8.4.18)

(8.4.12)2}t (8.4.15)0] <Jsf

_ _1(op 2 _ (Av)y
GO(V)_Gmin 2(3V)T(A V) _Gmin+ QT/K
(8.4.18)&
 TA2
2(V)dV = Bexp{— u}dV (8.4.19)
2kT, Vk

@ (Gaussian

(AV) = (V= V)?=kT,Vk
. Vel BAlE mast 229 ANes
n=N/V9 8%



An=—(N/V)AV=—(n/ VAV
(any= i)2<4 V= 3(ﬁ ) (68.4.21)
v v
= Y29 Q&0 ojgh Bitbe 2 A Vol BAg.
- I T
2] o
— A9 AAA

T Kk —>o0 = WEO Q%o| IXIC}
@ critical point opalescence : Y2 EYst =&

white; opalescence)*“gi st

o] of YAEIA

@ liquid CO, ; = 304K, p=73atm
HE Atolo] By
8.5 WH X7} Clausis-Clapeyron B4 Al
© 2 71X]9] Aoz A= T ABo] A

Reservoir

Fig. 8'5'1 A system consisting of two phases
maintained at constant temperature and
pressure.

5% d(phase)sat &
T5+p V=minimum ; H3x7
.= 749 mole F°
g;,(T,p) = %9 moled Gibbs free energy
G=v,g9, + V59, (8.5.2)
2E
v; + v, = constant
H3AA27 from (8.5.2)
dG = gydvy + godvy, =0
—gy)dv, =0

=
=4

1o

or (9

-9 (milky



g1 =9, : BF BaxY (8.5.4)
= St oA O & do= HHsle 6= 29 0 AA4xE
Remark

o] o] AT HE

g1(T.p) ; phase®] & &oJ&l gt4
g,(7,p) : phase®] & Hold g4
1) g > g, + 25 =40] phase2z WE]

« G=minimum &

2) g1=g9,; AW v & v,=v—v, B} TE
T, p7t ‘A 9824’2 et 2xlolH

1) £ Abe HRAEolq 2E

2) 91(Tap)zgg<Tap)

81582

Phase 1

Phase 2

T

Fig. 8:52 Pressure-temperature plot showing the domains of relative stabil-
ity of two phases and the phase-equilibrium line.

L ERERuD

g (T+dT,p+dp) = g,(T+d T, p+dp)

dg, = dg,

P
712 dolsh A

de = Tds — pdv

dg;, = d(e— Ts+pv) =— sd T+ vdp (8.5.8)
(8.5.7)2

—5dT+vidp ==—5,d T+ vydp

(52—sl)dT: (vQ—vl)dp
or %z 22 ;Clausius-Clapeyron ®7dA]  (8.5.9)
A 3 2ZAo] 7]&7]

AS=5,—5 = Lz

T

Ly, ; HE] Z<E(latent heat of transformation)

_‘IO_



dp _ AS Lo
dT AV TAV (8.5.11)

© Gad 249 4 W
=749] 34F : solid, liquid, gas
@ solid ; T2 AR 7x9 B JX] 1A AE
L ERURAL EREE)
1) nAIe} oA
2) AR} 7]A]
3) nAlet 71A
vapor phase ; gas phase
melting(g-3f}) : solid — liquid
vaporization(7|3}) : liquid — gas
sublimation(£3}) : solid — gas
A& A (triple point)
1) 349 gojo] 50| F
2) T,.p i $9% 2E0 U4

Fig. 8-5:3 Phase diagram for a
simple substance. Point A is the
triple point, point C the critical
point.

A A& (critical point)

1) ARIet 7119 BPZAHo] B 2
2) AR} 7HAtole] K wabt gy 2

3) o]% A WElL girt
4) oF|ot FEER] OH= OjS =o Wrol ot x| 9AlQ] A
e zmel 57}
L,>0
galapgoly Ruje] £t

dp _ AS_ Ly -

dT AV TAV
oGOy 255+ A

dp

ﬁ<0

= o =

_11_



rH
>

-
i)
=]
el

© Z71%9] 2AF AR
571t A B2 uAlot BEL ot

=714 (vapor pressure)

(8.5.11)9] <J5H
dp 1
dT TAv
1=1,

v ; molar volume

. O =]
=9 &dle

Av=1vy,— v, = v,
571 old7IN=Z R A
pvy = RT

c}

o

Av=RT/p and (8.5.12)
Ldp 1
pdT RT?

[o] 2xo] EHo|H

Inp =— ﬁ%— constant
or  p=pe (8.5.14)
o ufet of wh2A St LEds
=}

> 1) F7Ige £
715kl 270 ofa) 27

- 2) 2= oEye
A Al

molar state equation (8.6.1)

van det Waals equation
(v—>b)=RT

a
pt—
s

_12_



Jm
Q:

VS

L

0
Fig. 8:6-1 Sch tic di howing curves of constant mmpmtm_far
an equation of state (86 I) describing ﬂw_ﬂuld amm of a nlbscum The
point C is the critical point. In the shaded region of two p can
coexist along the horizontal lines.

2% T4 p=p(v) graph

p<p;

D> Py

vy vy L

[e]
TaY v
2) & Rels T 4
3) <oy Wes

9 | £ <1 - gayol ack AA4

_’]3_



1) 325 2o 94

2) QUSH Ruje} T

3) 2L<o oy maxy

O | L] >1cuas ge 7187 > EAol Yt YA
D1 <p<py

1) 349 7hse

2) 9(+)9] 7187 — BAA Oz Hotxst W]

3) vy, vy B Y T Bl molar free energyollAl 27
94(T\p), gp(T,p)
g=e— Ts+pv
Tds = de + pdv
Qesst o) wsk] ofs)
dg=d(e— Ts+pv)=vdp
=g, = [ vip (8.6.3)

Po
@ curve}t p %9 p,~p Ato]e] HA

v st el M A S e R e e

P

1 X

Fig. 8:6:3 Schematic illustration showing, as a function of pressure p, the
behavior of ¢(T,p) implied by the curve of Fig. 8:6-2.

@ OKXN 7}A] 27} &, NDJ #1bof|A] 4 2, JXMR 7oA oA 571

@ OKXN @ v>v, & 2 20, =2 4&&. 7IAY

@ JXMR : v<v, A2 & 20, G2 d5E, WA

@ DN ; v, <v<wv, 29435t JA

@ p=py : 7|Me} WA free energy 7} HT}. WA} 7|A| FE
p>py A% WAL free energy’l Z7|AIAFET ol obY, MA|Y
p<py : ZIAIFol A, ZIAS

at p=py ;A HE XA

_’]4_



Vior = vt (1*5)71/1
vy o 7IA1e] SR

vy 1 AC] 2y

(8.6.4)

0<é<1 s 7119 & 28
A (latent heat), gs1<&

—6-0
Fig.8.6.29] BDA(SBA) : A¥E7t Lojups 2
9p =94
/ vdp =10
BNDJA

area(AJD) = area(DNB)
Remark
wefolAe] e zmjo] wis}
7= constant d7'=0

_ |98 _(9%p
ds—(av)Tdv (BT)UdU

Fig. 8:-6-4 Dependence of
the pressure p on the molar
volume v for two slightly
different temperatures.

0

ap
As=sp—5,= / (—) dv
s aone\ 9T,

e T+679 52 F7doll tish : Fig. 8.6.4

1
As = —/ op dv
0T 4pne

AS>O or SB>SA

v

= 7)Aol Qe emst Gxe] Aemwct At
l=TAs ; §dl<&

Tds = de + pdv
Ae=1[1—pAv
= QA ™ (critical point)

&

Fig.8.6.11F Fig.8.6.201A t] =2 2=0] =FstW & =430l A= 7P7He] Al
o,
&= AAAE ; v, =wv, : (ap/ov) ;=0 and (8°p/ov*) ;=0
T., p. ve s QAIZE, AL, AT
AR SolAe o olare] el gict.
@ ZIA|et ABAS] d2]gt xpolvt gl T FANG

8.7 o2 4= 71 Ao ofgh Aut HAY

&

&

r



42 A5 BV, mY g2 559 AR 14
A9} entropy+=
S:S(Ea KNla NQv 7N )

= Ol5 ¥t GYHA agolA B ¥ 2 Qo
= 7F ZRO A £ sEiRhgol ol W & Qlrk
SR5] dutdQl Bota FAA oA
oF |y v oV g =Ny
= NZF uRE e e
dN, =0
_dQ_ dE+pdV
dsS= A (8.7.3)
(8.7.2)2}F (8.7.3)2 Hv]us}to
(LS) _1
OE |y y T
(8_5) _r
aVigy T
= 7(5;5 > 2R} o shel e (8.7.5)
LB V,N
= OA] At
dS= LdE-i-ﬂdV— E&d]v (8.7.6)
T T T o
or dE= TdS—pdV+ Y ,pu; dN, (8.7

o 7|BRAA dE= TdS— pd VOl A YA7}F Blsts 7 90]
© 3}stA mElAdol oz 7HX] YH|
= N AL e 5YPWHLT 9F

dS=dV=0, dN;=0 for i #j

ne
L

aE)

b= (8.7.8)

’ ON; S, VN

(8.7.7)9] tjalo 2
d(E— TS)=dF=— SdT—pd V+ Y ,j,d N, (8.7.9)

aF)

= (8.7.10)
! aNj T, V,N

Gibbs free energy o=z 7|&

d(E— TS+pV)=dG=—SdT+ Vdp+ Y ,udN,

: aG)
& 8]\7]- T.p.N
- sl sfetgol ok A
G= G(TapN])

_16_



G(T.p,N;)
G(T,p,N;) = Nyg'(T,p)

J
leGq\
Mj—(aN_)Tp—g(T,p)

- BX} o g}othﬂ/}g% BX} & Gibbs free energy
= g (T,p)x Nol YESHA] =tt.

EF— aF

E(aS, aV,aN;, ---,aN, )=aFE(S, V, N, -, N,,)

m

djm
ol

a=1+~ where |4l K1
E(S+~S, V4V, N, +~yNy,--)

V,N S+(3€) ,YV_F[z]l(
oF aE)
as oV
Eq(8.7.16)2 th3 #AA L &5
E=TS—pV+ YN,

oF
08

o+ (2

)S 1+~)FE

orE(

5t |

V.N

v+ 5[

) N, (8.7.16)
S, V\N

or G=E— TS+pV= YN, (8.7.18)

o 5 o) BAgh gl

M

dE= TdS+ SdT—pdV— Vdp+ Y u;dN;+ Y Ny,

(8.7.7)2 WrEA] E}Gslo 2, £h2o] AubabA|Al
SdT— Vdp+ Y Nidy; = 0

e~

[e3]
[=

=3
(8.7.19)

tjo

& Gibbs-Duhem relation

_17_



8.8 4= I BJ0 it & =9
F oluxlet Rujrt 9 1
= 719 (1 and 2)2 +dsks N 2AL
FE, + E, = E = constant
V,+ V, = V= constant
N, + N, = N= constant

ol
ok

24
S=S(E,, V|, Ny;Ey, Vo, Ny) = maximum
But  S=5,(E, Vi, N,)+ S, (B, Vi Ny)

The maximum condition

dS=dS, +dS, =0 (8.8.3)
T
dE, +dE, =0
dN, +dN, =0
(8.8.3)&
A I
dS_(TldE1+ TldV1 Tlle)‘F(TQdEZ—&—
S U S U % P U )
or dS= ( 7T )dE1 +( 7T )d Vi ( T
(8.8.5)7} ¥ol9] dV,,dE,,dN,ol| thell ddstAtH
1 1
—— 7 =0
VAT I
D1 D2
—— =0
Tl T2
M Ha
—— =0
Tl T2
Ty=T,
or P1 =Dy } (8.8.6)
My = Mo
= 5 A= Atole] HYo] Hst Bex
oY el Al Fe
,ui :gz,
91’ :92’

Remark
i (T,p) = py (T,p)
8.9 B15HY WHO| Yz

- o 29 A2 PHY GAYY FUR

_18_
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dV,—

|

Ha

T

dNQ)

0
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B1vBQa "'aBm ; T"i—f\]—q 7]§

Example
2H, + 0,=2H,0
92H, + 0,—2H,0

b BAPO &

b> 0 SeINe AT AR BAf 4
b<0 : BFSRES A3 ARl RALY 4
—2H,— 0, +2H,0 =0
Y 1b,B,=0 (8.9.2)
i=1
dN; = \b; for all i (8.9.3)

= geuks § §sh EAMe] &
FEGHE - 2P E 87] YoM ateuhgo] 585 AdgolA
S=S(E, V, Ny, -+, N,,) = maximum
dS=0
Ag Rt oA RofA (8.7.6)0. = FE

m

Y udN, =0 (8.9.6)
i=1
Zbiﬂizo (8.9.7)

;= (B, V,Ny, -, N,,) ; E and V7} SP¥500 H&
p; = (T, V,Ny, -+, N,,) 3 Tand V7} S5¥500 HQ
= GJeEfolA (8.9.7)9] £ BA 7 55

AES A<ttt

- 88t WEE w2 NN, N, 3 AR BEAA 59
cF.
8.10 O|J7|AlE At0|Y =fef4] BY

S
2AHS Aolo] Btelubgol 9L w: ZIAAH(OA), Vand T
2rigo] BF 4
B el ol o8t gt BALSS B i Atolo] B
F=FT, V,N,, ---,N,,)
Wyew, R sl ALg-ouix|e wia}

AF= Z( 6]]\;) b; = Z:uibi (8.10.1)
7\ 04V T, V,.N i

M—(;]fvf) L i—typeBAl & stetmEld (8.10.2)
ilrv,n

P ALgoldx] 7 34

_19_
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71M19] & odx|e] &
E=¢.(s1)+ey(s5) Fe5(s5)+
> s bR BALO] e

= e, (sp); s EO Sl kRIM) EAFO] o]

@ Ex}o] Lub=o] o] x|

T w o
Bofjgs — FRFs0R HFolof
Zr _ Z e—ﬂ[el(sl)+62(sz)+-»-]

§1,89: 83,7
@ 7tzbo] BxtEo] nE AEjSo] AA summation

P (267 ﬁq(sl))(zewq(sz))m (8.10.4)

51 S2

¢ = Ye 0l (8.10.5)

@ —type?] gF FAto] thst =& o] sl sum
Z =N (8.10.6)
SHIE JFHfgsy - 2480z 1Y Frhsolns
CN A ij
7= —NIINQ. TN (8.10.7)
Z: Z1Z2 Zm
G
%= (8.10.9)

@ o2 71A glol NZHY] i7]A|go] VE AglE wel Zuida
InZ=3InZ (8.10.10)

s gAgol ofalr] EArgetng g
E=(—0lnz/ap)
E(T.V)= Y E(T, V) (8.10.11)

I
o

p=—03 "(8lnZ/a V)
p= i (8.10.12)

p;; i71719] B (partial pressure of the ith gas)
N,

2

V

p;=nkT, where n, =

p=nkT, where n= Y,n,

i=1

- gL A5 FR0| YTl BAEY oot o Fateh(

4

_20_

Fe0| et gz mddoh



Helmholtz free energy : F=—k7TInZ and by (8.10.10)

R, V)= F(T.V)

Since F= E— TS
S(T,V)=Y8(T, V)

InZ, = NVIn¢;, — InN}!

A7NA G =G(T V)
—kTInZ=—kTD;(Nin¢ — InN})

F=
F==kTYN,(In¢;~ InN, + 1) (8.10.17)
InM = NlnN— N ; Stirling’s formular
6lr;(]<[\7!) —InN
= ( ;f; )TVVYNZ—kT(lnCJ-—lan)
(8.10.18)

9
—k’Tll’lF

k=
J

Law of mass action
ghS-ol A 9] AhRoflvA]Q] WS}
AF=—FkTY b,(In¢;— In N,) = AFy + kTY Jb,InN;,
AFy == kT bIn( (8.10.20)

Ao A wist

- Wgo| BE
- o) &5t Nl o Esx| orech.

PPz
AF=AF+kTYblnN, =0

Y A= n (Ve N ==

NUNY o Nov= K\ (T, V) (8.10.21)

& ATFXL HA(law of mass action)

K (T, V)= A= e o (8.10.22)
by AF,=—kT)Ybin¢  (8.10.20)

T Ky BRR, B fo) 23

4 5% T vete] Aa
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A 1Q¥2](first principle)2 Y-8 AAt=lc}

- Ah o BEsitzte gAdEl: RS AR

% Ky AxE 2 9tk

Remark

(7t PR Ky

olgsto] Fslx o=

= wxfo] pEEsbsol welE (8.10.9)9 MR A olzq AhHoz F

Q3}c},

= o] A7} Get¥ InZ= Y NG and u;=—kTIn¢; Hof sjstmsido] 2A}

& Nol 2@siA ol
¢V, )= <=3 Vol vlsict!
G = Zefﬁﬁ(s) 6105
CZ‘OC \/\d?’;\/\ 3;67‘[][)2/27”26_’85?“0
Ve

d
¢V, )= Vv (1) (8.10.23)

py=—kTln=> (8.10.24)

where n;=N,/V
HPZEA (8.10.3) AF=Y by, =0 < O 71ts] &

Y bilnn; = Y b;Ing/

ni‘ngi)--- nfn:](n(T) (8.10.25)

rok

1b,y

where K, (7)=¢/"¢," ¢,  (8.10.26)
- P4 K, (T)+e 2ot ojEstirt

Ky(T, V)= V'K,(T), where b= Ebi
i=1

Remark
b,/ B,+b)B,+ -+b/B. = b, Bosy+ +b,B

m m

T =1k > kERY WS BAL b =—b,

@ i=htLom A (- k) ER) YRR
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(8.10.28)9] YZ&ofA 2ExO0Z Joju: A IY =HE P,
B Q Aof|A] b By -molecules, b2 BQ-molecules,m,b;ch-moleculesﬂ

Alof Thtt= 2HEof vlgetct.
o]

= OY7INlE AR Solnr FojAl Roa s iZAt S
I

&

J@
rlo

o

!

b, b, by
P, =K, (T)n'ny - n;

K (T) 5 =0 oEsh= vl
QexoA X0z Yoju HYAIZIY & P

— bk+1 bk+2 bm
Po= K (T -y,

P =P
bk+1 bk+2 bm
R R K (T
by b, b
e (D)

= nyiny - n =K, (T) (8.10.25)2} % 7t}

1°%2 m

BYYLo LEE

K (T, V)= AT = e o (8.10.22)
9 Aozue
AF,
In £,(T.V) == —— (8.10.29)
31nKN) _ (8) AFO)_ (3) AF
Hence aT V—— ﬁ ” ET = ﬁ V_Nﬁ (81030)

- (8.10.19)28E — AFSt ARE: Ng ZFss ha chad.

mnKN) 1 1 (aAF
( o7 ), w2 %\ or ), (@103
mAE|
o —_ ¥ _ 95
,(W)AF— ;(aT)(aN,) Z( )(”) =Y hi=As
(ﬂ __g
8 V.N
= (8.7.9)9] YutHAAl0 2 HE]
@ 7} rS Bl | b, | 7} ZF AJAHEAO] b2 vl wfjo] JE2m o] Wil
« (B~ TS)=dF=—SdT—pdV+ Y pdN, (8.7.9)
otatA (8.10.31)2
BanN) 1 AE
( oT |y 7 (AF+ TAS) = T (8.10.32)

& F=FE— TS, thus AE= A(F+ T5)
& ZF 9b3-2AL | b, | 7F 2 A EALS] b2 vpdE off ghgofA 45t &
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dlnK, AFE

dT kT?

= AE>o00|" 717
@ 2%t gS5std

Soit},

e J2jug K,

(8.10.33)

Z7}etel wel Ky Z713tt < Le Chatelier®] 2]

e F4317] Ystof o

7FsfoFat gt
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