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GEDZEOFHWMEO MBI EE L, HEMEOMEB DALY 5.

3 70 4T In(70)
m k_[odt__LooT_To __Iln(loo)dln(T_TO)
100-30 70
=Iln-—=0.55962, %k=0.1865 min’
70-30 40 ’ i

ZOfiE L EEOMEE FORMAGTLIRAL T

YL L, 100-%0
T kDT - 76 0.1865 min!  31-30

m oP _ nR [i(%] :| _[i( nR ):| _ nR (i) __ nRT +27lza
Ty V=-nb' [IV\OT ), | [aV\V-nb)]; (V—nb)z' v )y (V—nb)2 v

d (0P 9 nRT  2r%a nR o N
— = Slonl || T2 b, REMSEMEBYELC,G, dPRE
14 T (V—nb)

(3 min)xk=1In

=22.8 min

aT\ oV ), T\ (V-nbp? V?
EMHTH 2.
=1+ EtF2L, ~z7u—Y UHREEROEMASM) LY, 2
14
” " -05
=@+ T D 2 S0 S s =t Y
_2-
d(In(1+x)) 1
7, 3 A S el —a
L%, ©ioga, f0)=0, f'(x)= i e —i-
f”(x)=i/dx=—;'M';M>%f’(o)=1 £0)=1E%% i
1+x (1+Jc)2 ’ ’

2
L2255 T, In(l1+x)= x—7+ CEEBETE, 0<x<1Ot E,

In(1+x)=x LM TE 2. MECIn(A-2)=-2x 75,
GFD rw=c LT RA5DRATEE

RSN S S 4

A TRIC TR nl
x=12MALT

JENTNR S S S S 1

ST T TR T TR
—1+140.5+0.16666 +0.04166+0.00833 +--- = 2.72

GED AO0HBERQOABEELLToRDIE, R P x THMILTr=12{AT2 LRG)BELID.

np(q+px)' ™ =Y 7r,Cp g (4)

r=0

EEMEOREE 1



2

np(q+py " =np=3r,Cp'q"”"
r=0
KRG PROZRAL, E) = m=np ¥ESN 5.

w2, R x 22 TxTHMOTHE

np(g+px)' ' x= ZrnC,p’q”"x’ = Zrb(n,r)x’
r=0

r=0
np{(n—1)[)(q+11>:'c)”’2x+(q+px)”’1 } = z‘rzb(n,r);'c"1
r=0
H6)Zx=12RALRB)2HL. 22T, Mo OEHRHLT

o’= ﬁ‘(r—m)2 b(n,r)= irzb(n,r)—Zmirb(n,rHmzib(n,r)

r=0 r=0 r=0 r=0

= Z“rzb(n,r)—Zm2 +m? (om= Zrb(n,r), Zb(n,r) =1)
r=0 r=0 r=0

= ier(n,r)—(mb)2 (om=np)

r=0
=np{(n-1)p+1}—(np)* (- K (3))
=np(1-p)=npq

Eb. LEH ST, o=npg LAWITE 5.
AN 1 IRTC DB

o ulx)
PELL. 0L, (rtdy) OMPXMPEZLL L,
x> u (%)
Ju

x+dx > u(x +dx):u(x0)+$ dx
Thbb,
dr o du=2"ax

ox

Elgh. RIZ, 2RICOEHZE v,y ulx,y), v, y) 2 E 2 5.

y

. FHERAT D E,

v

yo+dy U ¢

B
Al B
X0 X+ dx

%o, Yo > 1 (%o, 30) , v (%o, ¥o) (AP A)

%o+ dx, yo > w (%o + dx, o), v (%o + dx, y,) (B—B")
EEEEORES

%



o)
= ”(xo,J’o)Jrl

%o Yo

ox

Xo, Yo+ dy > (o, yo + dy), v (o, 3o + dy)

Jv
dx, , — d
x, v(%, )+ al, x}

2o+ d, yo+ dy = u (g + d, 3o+ dy), v (o + dx, o+ dy)

Ju ou ov
= _u(xo,y0)+—dx+@dy, (%, ¥ )+$

J 0
= u(xo,y0)+—udy, (%, ¥ )+a—;}dy}

dy
U3
U1 -..........D/
Vg lameefoe I
A0 4

Ifif% S(ABCD) % & 1F S(A'B'C'D ) i,
S(ABCD) = dxdy

(C—C)
v
dx+—d
%+ % y}
c
......... /g
0 0

Uy U0y (v2+1)3)(u3—u2) (u1+u3)(v3—vl)

S(A’B'C'D’) = vy —— 2 - L

2 2 2
u —%d u o
1Ty T 2Ty
v %d v _% _ %
LY Y Ve ox

2

dv, wug :g—:dx+%dy:u1 +u,

dr, v, ——dx+g—;jdy=vl+v2

UsVy U Vq (21)2 +v; )ul

S(A'B’C'D’)=(uy +uy )(vg +vg)———————

(2u1 +u2)vz

2 2 2

- 2

[1—%—%]%01 +(1=-1-1)uyvy +uyvy +(1—%—lju21)2 =Uyv; — Uy 0y

2

e u
ou ov  Ju v ox  dy

= ————= dy = dxdy = |J|dxd

[ax dy 9y axj Y ov 9w Y m i
oy

Thbb, BREOMADHEBOBEBITO |J|fFELoTwa. ZOESHHUX|J| B u, 0D yiHT2

¥ a v 7~ (Jacobian) & & (X,

_ d(u,v)
I= ax,y)
LyE»NS.

EEED OZBEROBE, Bl EBEEOY A x=7cos 6, y=rsin @ DL 32 u, v x(u, v), y(u, v) DK TE» N
B2ED%. (u=r,v=0) LOHERT, v,y u,o P ANFHELB L,

mEMEoRSE 3



Jx ox

. w
S(A'B'C'D’){%a—y—a—xa—yjdudv: “ 9 dudo = 29 qudy
Ju ov 0V ou al al o(u,v)
Jdu Jv

DT &5 iuEmd s,
S(A’B’C'D’) = dxdy

a(x, y)
d(u,v)

FlL L THBEREOLAZ LY DT L.

dudv

dS=dxdy=

Jx ox
) cos@ -—rsind
dS=dxdy= drd6 = drd6 =rdrdo
ai ai sind 7cosf
Jdr 90

CORIX, MEBEERIZB T A EREELL, drxrdd THLZEDPORSIHRTES 5.

TN

.

r \
@3RILOLEE S, Yar7rry®0ky 2 /0w v, w) EEFRTNVEL O, UTORNIIRTEREZDOLE,
u=r, v=0, w=¢p ThHY, ZHiIx=rsinGcos¢d, y=rsinfsing, z=rcosfi2LHhasns. KLY,

dV=drxrdoxrsin@dp £ 75 2 L PHEKGHFTE 5.
Yar7rTRDBBEIUTOL I8 5,

w oo o
Jdr 960 J¢
dV:dxdydz:\]\drd9d¢:% % %drd@d¢
w0 o
o 20 9¢

sinfcos¢ rcos@cos¢ —rsinfsing

=|sin@sin¢g rcosOsing rsinb cos ¢|drdode

cos O —rsin 6 0

4 EBEEOREH



m =% cos? 6 sin 0 cos? ¢+ 77 sin? B sin O sin? ¢+ 7% cos? O sin @ sin? ¢ + 7% sin® O sin 6 cos® ¢
=7?sin® @ sin 0+7° cos’ O sin O

=7’sin@

dV =7%dr sin 6 ded ¢

7 sin|6

dr
<

¢ do

X

EEPD vov e ey —EEHLTHII. nMOMIERD 1, (i=1,2,3, ..., n) OB w; 75 n 8D 2 u(x,, x,,
Koy ky) (1=1,2,3,.,0) LT3, YT VIIUTOL ) ICERS NS,

Uy U4 oy Uy Uy
ox 0%, %3 0x,_; ox,
auz auz au2 auz auz
ox 0%, %3 %,_; ox,,
sy, g, Us,..., U, ) ou; ou;
(X, Xy, %3, ...y Xy ) ox; ox;
aun—l a”n—l aun—l aun—l a”n—l
ox 0%y 0%3 0%,_; ox,,
ou,, ou,, Jou,, ou,, Jou,
ox 0%y 0%3 0x,_; ox,
{u) 23 {y} ZHEAL T ) OB THL (272, {u), ), 0} 3HETHZ LT 3),

ou; _ 2 o0u; oY,
;= oy ox;

INEDZER AT Xn SIDITHIOFE C=AB L A7 ¥ 5. 2N Z1hDfrFlis
det C=det(AB) = (det A) (det B)
L7cH 5 T,
Oy, g, Us,..., U, ) _ Oy, U, Ugy.costhy) O(Y1, Vo, Ygsenes V)
o(xy, X, %3,.0%,) (Y1, Y2, 93,0 ) 021, %, %3, %)
EEED #h5#TE T 2 M ERET 5. w VLR y, 2, ) OMB Uy, z ) THE. Lorvar
TUDEFRT y=u, Us=y, Us=2, ... X1 =%, %, =9, %:=2, ..k LTYAET U 2RDD L, 19,2 . \IMITEHK
ZOT,

EEMEOREE 5



du  du  ou
Jdx dy 0z
dy 9y I
8(u,y,z,‘..)_§£ 2 %ﬁ _ou
oax,y,2,..) | LT T oox
0 0 1 0
0 0 0 1 0
Lichis T,
Jqu _d(u,y,2,...)
ox oz T ax, y,2,..)
% =r
25
)[xmol)>< 1 dm® ><(IOOOmmolj xmmol
. a — =
dm?® (10 cm)® 1mol cm®
b)(5.7x102Cil)x(uszii)x(18i):4.3x1o“i
g cal mol mol
6 3
c)[l&G—jifjx[ 1kg jx 107em” |4 36510t K&
cm?® 10° g 1m® m®
d)1kWh=10°W X 3600 s =3.6 MJ
@XP OJK'mol! @25°C @v/ms' @3nm
@D n/n="2 -@/)-- =(a/OM LY, EAERM
b mol mol
MKOTETRRC I LICER.
F _mg(_h\ mhg , . kg m)_
[ 2.10 ] P—Z—T(xhJ—T—phg—[1.35951x10 o x(0.760 m)x 9.80665  |=101325Pa
mS
(1.000x10° Pa)x(24.79 dm® mol™ ) x| >
211 R=""= 10’ dm® =8.315J mol"' K
T 298.15K o
1hPa=10° £ 10" £ x102 2 _10° & _100x10° Y2107 bar = 1 mbar
ms kg cm cm s cm
L7zh5 T, P®=1000 hPa=1 bar
1IN lkgm s
1N =0.102kg =102
e () 00z
mym,  (6.670x107 N m? kg ) x(1.00 kg )’ B
XD CinefALT, F=G e =6.670x10° N

1.00x107° m ¥
( )

6 EBREOREH



mol K

m"lj [ dm’ Jx[s.su J )x(293.15K)
m

D 1-xr-[o

=2.437x10° Pa=2437 hPa=2.437 bar = 2.4 atm
UG HEMNFIERPEUICTE 22902/ TO2HETH .

do_ d(dr/dt) XY, N=kgms™?

2,16

dw=Fdt ¥ Y, J=Nm=kgm’s?
=di XY, W=Js!=kgm?s™®
dt ’
dQ=Idt £ v, C=As

d 1_
dQ‘lD V=]JC '=kgm?A’!

:g Y, Q=VA '=kgm?A?s?

MAESALEALLT, RNE@3DIAALT
150 atm)x(1.01325x10° Pa atm™ ) x (40 dm® }x(107® m® dm™
Py _( ) ( ) ( ) ( )=2.44><102 mol

TRT (8.314 Jmol ' K )x(300K)

m=nM = (2.44>< 107 mol)x(4.0 g mol! ) =976 g

C ) 1]
96485 —— ><(1V)><( j
AT = eAE _ FAE ( mol C-v ~11605K
ks R 8314
mol K

cal 4184 I
[106ng(ijwz—ijsaﬂ:l.oXm*’g=1.0><109 W, x=25.16t

2 -2
8314 JIK)X(N‘“}S JX(298K)

rms \ M
VN, 280 ) [1 kf J
mol 10° g

D v lE, AT 2 VK= A (215 8
Vs DTTH (V) IZHN10%FBER S L E LA, 21, FRHTFHEBL-TTS
Ho W o LR 23T Ths. BEWRLELTORMED G HIE,

W) TdHsho,

=515ms™!

%LEIAT, f[5EE 2.3)) Ti#h N 2 T (0) 125
Lubitiane,
BIENEALTH B 5 5,

v=«/% TH 2 6N (y: BAERI(RBS56)). 28T 5T Tk y=7/5(3.10

Vems /0=73/(7/5)=1.46 L 78 . Z DML, SUKEBH TR REHEFEOMEL T2 2 L
BREWCEA. T=298KiZxWTo(Ny) =353ms ' t5. HRAIL, HHREKPOFHIE 3M46ms™!
Thd. BMEXEATOIZRANOTHIEETOZLNL VEL L.
EFID =5 L LTRQ60)IRALT,

1.602x1071° C
- 47?%: " 4x3.14%(2.00x10" m)x(8.854x 1072 Fm™!) =720V

BERT oy VIIINEYH 5 DT,

wmEMEoREE 7



1 1
1.602x1071 CX( - )
Q1 /1 -Qy /7 2.00x10"m 1.50x10°m 04
- - =-2.40V
dnre 4x3.14x(8.854x 10712 mel)

MRS O iy 2 TEDU 2L IDORT v vy vz 3 F—U, X259 THLZLM5.
HETOWE, e=gle=1Dt LT, RQNIMHLETI2HERALTIHTHRIDOUZFETS L
Q.0 (1.602x107 ¢
Cdmre; 4x3.14x(1.00x10° m)x(8.854x 10 Fm™!)
L%, 1molbich iy s L
Un=UNy= (—2.31]) x (6.022x 10* mol *) /1000 = — 139 kJ mol '
L7 s, FEHRCEEMEENT, Na't CUR#EALR T3,
e=60e, (N 258) 1576, KOWTOBWERT > > v VT AV EF—1E, Ml e LT 1/80 LA T 5. K
O TEA 4 v OBEBAT AV F—2KE 07, Na' b ClUR#lET 2. No € OFmERE 2.3(20°0)
LabD TNSCOTHERT Y2 v VI AVF =2k 5, NaClIZf#gET 3 720,
’)rms(l‘le):\/IVIN2 :\/28.0gm011
Vrms (Np) | My,
L1A22—TLOIDOEDE (YT /ORBOKTEI L 16 TDE) LFBETH 5.

=-2.31]

=26. JhiE, FogF

FHI v BT 5 EF 2, (25D LY, :
4.0 g mol™

B 0ol ORBAEOLIE M THOT, p="TL =00

= pgdh 1= R P _ Mg 4 sy s )= Mo
P2 dP=—pydh (< L OMERATSE = Tidh LY, SREHS maj o), -
LItinT, In@/R)=—" 2 E%Y, P:%w{ R?jﬁﬁgma

M3 R3O EE»IRALT,
(28.8 gmol™ )x(10% kg g™ )x(9.80 ms7?)x(8x10° m)
(8.314 T mol™ K™ )x(273K)

P=( atm)xexp[— ]:0.370 atm

r- _ Mgh X Mgh B
B4 Poho=jO P(h)dh = P= F{)exp[ RT, ] # £ A L T. Bh _Poj exp( RT, jdh_
o, RTy (= Mgh Mgh)_ , RT; RT,
J g My exp( RT )d( BT ) "My LEONRBDT, hy="" My
e sgna. AP M - X P My
M5 R2oEomm ol S o M9 g, T=Texp(=h/hy) #BRRAL, —=-—Z-exp| — |dh #Fk
P RT PRI

InP Mg Mghy ¢ h/n, h .
a9 d(InP)=- dh=- — |d/h >
2 5L, jlnE, ( n ) RT, e (h()J RT, J0 exp hy B/ho). L 122t o T,

In(P/F)=- RgThO[eXp[h) 1] En. Zhug, ho=% PRALTI@P/R)= [1 eXp(}fl]] hd
0 0 0

&Y, P=Pexp{l—exp(h/h)}.

h Mgh
6 P:POexp{l—exp(%]}:Poexp{l—exp( RT,

P = (1atm) xexp| 1-ex (28.8gm01‘1)><(10’3 kgg'l)><(9.80ms‘2)><(8><103 m) 0182 atm
- P P (8.314 7 mol™ K )x(273K) o

H R AL T,

8 EBMEOREH



2.27

X (2.65) & Y

(6.626><10’34 Js)x(2.9979><108 Ej
E:TC: S/ _310eV
(4.00><10’7 m)x(1.602><10’19 ij
eV

.\ (6.022>< 10% mol™* )(6.626 x107% ] s)[2.9979><108 3)
c

Ey=Ny— = =2.99x10° J =299 k]

(4.00x1077 m)
X276 &Y, Am=E/F L nt, X(2.62) %M THLEHRT 2 &

Am_ E (200><106 eV)x(1.602><10—19 JeV‘l) o

Me  Eme(2.998x10° ms) x(9.109x10°" ke)

WP ENVEEM BEIwlEl, BMERLTEHRTL L,

w_ PM (10°] s’l)x(235gmol’1)

—= = =0.0122gs" =12.2mgs™"
t ENy  (200x10° eV)x(1.602x107 JeV)x(6.022x10% mol ™)

KDL BHBRICIAEDPHBP TS L OEINETH L. ZE LTI, C-CORFZANVF—
38eV, KFEMHEDZANF 1301 ~04eVTHS. BHEOFAREDTANVF—IEFIZINLDIL

FAEAOMARALZ23DTHY, HERKBIZL2 3D TRV,
X279 F mol brchicEaifr, RATHLE

‘ N 3500 J mol ™!
Nlmear — exp(— Elmear Erandom ) =exp| — ( J ) =0.244
N, RT (8.314 Jmol™ K™ )x(298.15K)

random

dF(v)

Y— 2 TR F B HE 0 KEL RO T —2=0E7% 5. 22 TR(2.100)0% v TG LT

i1)2ex _mvz =2vex] _mvz —m—vgex _mvz =
do| " P\ T2kl || TP T 20T ) kg TP\ T 2T

3

200= 7::;‘ (ra=v (at dF(v) =0))
2kgT  |2RT
m N M

2x(8.314 Jmol ™ K™ ) x(300 K) )
HELY ay = =353ms”

(39.95 g m01'1)><(10'3 kg g'l)

a) MR, b)MEGR, o SR, MR, o MBCR, DHECR, o FECR

RIEL, b), o), ADRHECI > TRHAKRICL S, I DEREFAPZTE, MIERTHLEEZELD

5.
IRURZERL V=nORMAEL < RBEE =RELHK)

RBEEOEES

9



GED X614 25 L TBUMEE 7y, 2k 5 b,

dr "min "min

12 6
du:4£(—120-+ 60-7]:0, 266:7’min6, 7'min:21/60

InrXGU)IALT

o \* o Y 1 1
umin(rmi")=4£|:(21/66j —( 21/60.) :l— 48(2—5):—8

5 3 9, dg,
EXID 0. = 2PV VAP =| 2 | qy | e | gp
tev =5 PV Ty ( Y% l, +( 9P ]V

s fREBILEL T

0 5 9q 3
rev =2p rev =2y
(BV )P 2 (aP T2

INEILIMGTLE

i(aqrev _E#—‘ i(aqrev _E
oP\ oV )p ), 27\ oV oP ), ), 2

EoT, 8oy BAEEWITTDHS.
HREAORBIFEXNLHCT, T2 PLVOMKTEL, HMEXOXIRATEL

6qrev nRSqreV 5nR 3nR a(qrev /1 ) a(qrev /1 )
_ - 1% dP = dV+| 227 gp

14

R n. REULEL T

v ), 2w’ oP ), 2P

NS IIMATA L

i(aqrev/T) _0_ i[aqrev/TJ
o\ oP ), ), v oP ), ),

£oT, 8¢/ TRHEEWHTH 5.

EXED sk, 273K, 1atm € 224 dm® mol ™\ 0.5 atm T 22.4 X2 dm® mol .
- BRI R
dT=0 %Y, AU(T) =0.

w=-[" PV =-Po (V,- 1)
=-(0.5atm)x(1.013x10° Paatm™" ) x(22.4x2 dm® - 22.4 dm® ) x(10® m’ dm™" | =-1134 ]

q=AU-w=1134]

AH=AU+A(PV) =AU+AnRT) =0

- SRR

AU(T) =0

e (5 av ek 15 e e
q_—w_jK f;XdV_nRTle V _nRTan1

0.5atm
1.0 atm

. ]
—(1m01)><(8.314 mo]K)x(Z?BK)xln(

):1573]

AH=AU+A(PV) =AU+AmRT) =0

10 EUMEORZH



EXFD dr=0Tix, KX(330) &Y
AvopU = Ay H - PA,,V

3

5
L.013x10” Pa PHJX[S.OIXIO4 cm® mol™! x 1016m ; )><10’3 kJJ!

1atm

= (40.6 kJ mol™ )—[1 atm x
cm

=37.7kJ mol™!
EXED - oBHOBERY CLET B, %x(—ACIfI):CAT Lih. sra—2kl, RAFRE2LTHL,

_ATIM,
- X

A C_ATM, x(AH,) (1.09K)x(180.16 g mol™" )x(0.953 g) x(~3226 k] mol ')

w w ATLM, (0.746 g)x(2.36 K)x(122.12 g mol " )

=-2808 kJ mol™
wy x(AH,)

172, BATAINF— L OBRIER(254) XY, Oec = Elt=CAT =
AT,M,

ATy

wy x(-AHy) 1 (0.953 g) (3226 kJ mol™" ) x(1.09K) L1000 o
ATLM, T EI (2.36K)x(122.12gmol ! )x(100 V)x(10A) " 1k

EXDD pEREry 2 —, EERERT Y 2 v -, BRI XA —RRT. BEGET LSRR H
DERLDTHE 6, NADEAML Y, AWH® =AuH® +AH®

EEDD) - OERKD 2ODRIBIFT B I LD TE 5. 75774k +0,(g)
IS 1:Cls, 777774 1) +0,(g) — CO,(g) CO(g) + l l C0y(e)
K 2:C(s, 277774 b)+1/20,(g)— CO(g) 1/20,(g) =
POt 1 OBEHE RS = > 2 v € —AH® 1%, R(3.33) & b CO.(g) DRE#EE VA L v % v ¥ — AH® (CO,
(@)% LL,

AH®=AH® (CO,(g)) —AH® (C(s)) = —393.51 k] mol ' -0
LY, BERISTH 5. FkC, U621,
AH®,=AH® (CO(g)) —AH®(C(s)) = —110.53 k] mol '-0
s, BEORIBE, ARICRTIICKIET LS 2 DFUSDOHTH 556, {L¥aamffis ZEL
TAH®=2(AH®,—AH®,) = -565.96 k] mol ! L 5N %. CO DEHRET VIREET > % v ¥ — (standar mo-
lar enthaphy of combustion) AH® 1%, CO(g) +1/20,(g) — CO,(g) DAH® IZ % L \» ® T, AH®=
—282.98 k] mol !

m AH® = AH® (CeHyy) — AH® (CeHg) — 3AH® (Hy) = (—123.1-82.93-0) kJ mol ' = —206.0 k] mol !

AH® = AH® (CeHyy) — AH® (CeHy) — AH® (Hy) © (Bt
= (-123.1— (= 7.11) —0) kJ mol ' = — 116.0 kJ mol '

. . ‘ Jeu g At o
3AH®,= (=348 kI mol )X 3 2D M A DKKMOBAERL o o AH™
Ty EArE—LEZLNL. LI -T, 3AH®,-AH®, = © (D)
~ 2K mol i, 300 " EEOMEMME Y & v ¥ —, @ S - .
ThbbEz AT -2 KT, AH®,

AH®, ©
ArHGZ

O

EmEoRss 11



LRI AL BRI KD & I 1278 5.

NH,CH,CONHCH,COOH (s) +30,(g) — NH,CONH, (s) +3CO,(g) +2H,0 (1)
X332 &Y
AcH =nAH = n(AH ey +30;Heo, +2A:Hy o — AcHgg —3A¢Ho, )
= 71 g
132.12 g mol ™!
ENZTNOBBED RGN
(a)C(s) +0,(g) — CO,(g)
(b)Hy(g) + (1/2) 05(g) — H,0()
(c) C:Hs0H (1) +30,(g) — 2C0,(g) +3H;0(I)
b, =& —VOERKGIE
(d)2C(s) + (1/2) 04(g) +3H,(g) — C,H;0H (1)
L#, d)=2a)+3b)-c) EX B0
AH® (C,H;0H(1)) =2AH® (C(s)) +3AH® (H,) — AH® (C,H;OH(1)) = —277.69 kJ mol !
(d) DL Avees=0— (1/2+3) = =7/2 THHDT,

x[~333.51+3x(~393.51)+2x (~285.83)— (~747.7)—3x 0] kJ mol " =~10.1kJ

o _ Ao _ _(_ RURE _Zj J j (&)__ -1
AU® —AH ArvgasRT—( 277.69 |- =5 |x[ 8314 S |x(208 K)x| 1 o |=-269.02 K] mol
AL CRARRBTHN LSO A M LT, ZDILERBREOER Ave L T2 L, AH®

=AU +AVLRT L 72 5. 10t 21E, 2Hy(g) +0,(g) — 2H,0(1) T, Ave=0-(2+1)=-3 L X
5.
BEHULIRE— BRI TH Y, S¢=0TdH 27w, AS=0. —7F, HHKIIEH» L, BRIV F—
IEAV NS T 2802 8 6 925, THambaicy, FEEREEMEL . LXK T, HHK(=4R D
v b e -2k
ASaurr = Geun/ T=IEAt/T=FRAt/T= (10 A)*% (10 Q) x (10's) /(298 K) =33.6 JK !

o i R dS g dU - 6w —ow, P.dV  PdV
. LM 7= — :7], — rev _ rev _ rev _ tex _ .
T—%4AM Tk dU(T) =0. LA - T, P %) q d ) q

IITHARATE, dT=00 L & d(PV)=PAV+VdP=d(»RT) =0 L X 2 DT, PAV=-VdP £ L TRRA

ds V. _ nR
&Yy N >
TaL p=—n=—y ERA. SRERALT
dP
jds_—nRj?

AS = —ann%= ann%

s (W) DL &, g=g,,,=0. X(3.23) L H AS=0.
WiETH 2 DT qon= —¢=0. 3(3.23) L Y ASqr=0.
W THHDT, ASeu=0(F 7213 ASu=AS+ASr=0).
AS IREERIH TH 2 DT, WHAHHBRD AS ZSFRTIEBIRRD ASZFE L. 72 dT=0(0" dU(T)

¥

= §q+ow=0)7»5, X(3.23) £X(3.26)» 5 Assq%:nleln[v
1

j>o. i WRCH DT g —q

=0T, 323 &Y ASuw=0. L7H 5T, ASuu=AS+ASyy >0 LY, KGB2)IZLY, AUHETH
LLHEWMTES.

12 EUEMEORZH



EEED 1157 T 8w ( = 60+ 8qun) =0, S (= Sw+SWey) =0 TH 5 26, B HE—EHI(R(3.22) 12 &
Y, MAEZOWEH = A v F =3 dUu=0%t % 5. —F, #HBFE - FEaRGE23) &Y,

dS,gya (= d5+dssm)>% L2505, IR TE 60w=0 TH 225, dSem > 0(3(3.24)). -

Y, MROT Y b a3 BR LGS 5.
LIAT, HNROBEIE 6qun=—0¢ THZ LN A, 272, SARBMBIZKE S, SR S B 5 2

BMREMMEELONS. LicnioT, RE16 LY, RO b u v —2{kix dsmﬁq%b%

LGNS, CHEROMELADES L, dsmm=d5+dsm=ds_%>o LEONG. LY, 5q-

TAS<O0t7ZzYy, ROAHZANVEF—3WATLH LIRS,
XbLAall, T, PrR—EDn L s, K328 LX(3.20) #AL T, 8¢p—TdS=dH-TdS=dG < 0 & &
), FOFTAZANE=DWPTH k5. 2, TVHF—EDL s, X331 LRB.18) #1L
ALT, 8¢y—TdS=AU-TdS=dA<0 LD, RONNVLKRNVYZAINVF =D TH LR 5.
EFED 2orEE_piig, MERCFH Oy P r =AU 2 2 LERNTY 2, T, RPN, s
TULRYEEOBFEEROICDIZT P rE—2RPSE R NEL T, LT, EYVES S
Dk, HHOZ Y b =0 U LRy Pr =2 ERI e LIER L. Aoy
FrE—OBALE, BAPREEHOIAPHEZRD) T2 2 L322 o0, ORI EY LG
TTEIRITLY) OBILO T ANVF—IZHKT S, =V e C—OF5 2L TELL L, EYH»AEY
PHATHEINT 209 2L, ALY brE—2EA FHL T2 2 YT 5.
bHsl, LG, (EWEAREZHDLEIDIMIROTY bR =R RKIIL-ICEETHY, £
TWRREE®RT 2. AWe B FEREBLELTLLATRATAIALL LD, ZREHE-> TV
. =R, RSBGEMAPLZCIICRAZORERTHE226THS. EH (G <0) LT (AG=0)
BHREMIIRL2DTHS.
EFID - BR3TTPR=0 ORTHEHBRICHNT 2. WL Y ¢=0. AHEELY, w=0(X3.2).
B -3 (R (3.22) £ Y dU=0. X (3.15) & Y AH = AU+A(PY) =0.
AS IFREEBTH 2 DT, WlED AS L5 Lv, dU=0K»56 dT=0. X(3.23) £ X (3.26)» 5

dq, Vs
AS=Ter _ Rin| 2
T “(Vl)

dT=0 D&M TR (3200 & b AG= AH—TAS:—RTln[%j ,
EFDD mEoFL Y, FUSCERT 2 HNEREANO L S 285, S i
@D~ wpy=PoAV® = PAV® = AV RT TPA,Ve
=2x(8.314Jmol 'K ") x (298.15K) x (1'k/1000) At®
=4.96k] mol ! AH®
AA® AG®
v v
@ —qp=~AH® = - [2AH® (C,H;0H(1)) +2AH® (CO,(g)) ~ AH®
(CeH,504(aq)) ] ~TAS®
= —[2x (~278 k] mol '~ 393 kJ mol !) ~ (~1263 k] mol )] v v v SUEH
=79 k] mol *

®@-AU®=—-(AH®-PAV) =—(-79Kk] mol ' — 4.96 k] mol ') =84 k] mol *

EEmEoREn 13



@ ASarw=—qp/T=—AH/T=—[(—79Kk] mol *)/(298.15 K)] x 1000 =265 ] mol ' K!
® AS® ={2A S (C,H;0H (1)) +2A §°(CO,(g))} — A §° (CsH,04(aq)
=2x (161 Jmol 'K '+214 Jmol ' K™!) —264 J mol ' K™ '=486 J mol ' K™}
®—-AG® = - (AH® -TAS®)
=—[(=79kI mol ) — (298.15 K) x (486 J mol * K1) /1000 ] =224 k] mol !
Tk, BECE, BHPEFTORDIIODOZANVF—O—EFHAL, BEEDL -AH® VNS5,

[ 3.26 BERPEBN U:EKngV=gRT (3%(249)). %7:3X(3.15) & b H:U+PV=%RT+RT=%RT. ok

h, HESATIE, UbHS TRUOMMLEL S, it(3.4o)i*)5V:%R, it<3.38);b(fp:gze L s,
L#cH 5T, Co=C,+R 7% 5.

ey Co#fir, ©20°COHO00D% 99.6°C £ THRL, @99.6°C THMES ¥, 399.6°C D H,0(g) % 20°C
FCRRMSEINLELD L, ERBOZ ANV E—ZRDL IS,
AvapH20°C = A20°Ca99A6°CI:IHZO(l) +AvapI:I+A99A6°C—)ZO°CFIH20(g)
=(Cpmoa) ~Crmoe) JAT +Aw, H
=[(75.291-33.58) T mol * K~ '] x [(99.6—20) K1/(1000 J kJ ") +40.657 k] mol *

=44.0kJ mol !
oH U oP
EFED H=U+PV 2 dT=0D4%MT, VTMIT5 L, [—j =(—] +(—j V+P L%, 22T, MM
av ), \av ). v ),
U oP RT
SO, U=(3/2) RTTHH DT, (—] =0. %7, PV=nRT & Y, (—J T L
v ) v ) V?
oP nRT oH U oP
- — =—P L7 S = — P= e
(BV]TV v LLA0T, (aV)T (av)f(avlw Otz

vy .. G 3 (U . "
CVE(E)T) NS (a—;] :W(aTJ C k7, AUTYVDREMGTH DT, +4 75— DKM
14 T 14

ﬁit%[g—gjv =a%[%l WD o, Do (%)T 0 BfAL, [%L S0 L5,
EFD K339 L34 LY
AH = [CpdT =n(Gy + R)AT
=(0.5mol)x(20.8 JK! mol™ +8.314 JK™! mol™)x (393 K-298K) /(1000 J kJ')=1.38 kJ
X329 XY, ¢=138K]
K (4.40) & Y AU:njC‘VdT=(0.5 mol)x(20.8 JK™! mol™)x (393 K—-298 K)/(1000 J kJ™*)=0.99 kJ
H(3.22) £ ) w=AU-g=0.99Kk] - 1.38 k] = —0.39 k]
EEDD G riECKA LT LT, (339 &Y,
AH® (T,) =AH® (T) + (T,—-T)) Cp
tHons. TnexEB33ITRALT
AH® (Ty) =AH® (T) + (T,— T) A, Cp oy
»HELNE. T,

A, Cp =Y vCp (EHH - Y vCp (IEW)

K1) 2 F Ik Ry 7 0% (Kirchhoff’s law) & W\, AH® (Ty) 23K 2 & B -6 5.
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EEID 5053 2H, () +0,(g) — 2H,0(g)
XB32)Fxrbrr—l b HAHL, XNQCR)EHEETL L

— In373 _ — In373 _ — In373 —
AcSaps = 2(59 1o +j s CP,HZOdlnTj— 2(39 W, + jl“m CP,HZd(lnT))—(Se o+ angs CP,OZd(InT))

In

= . - _ ~ ~ 373
(259 4,0-25%y, -5%,, )+(ZCP,HZO ~2Cpy, ~Cr o, )mE

=(2x188.83-2x130.684-205.138)] K™' mol™

_ _ 1 mol ! TxIn 503
+[(2x33.58-2x28.824-29.355) JK ' mol ]xlnzgg

=-93.30 JK! mol™?
(cf. 613 3.30)
EEPD E LR, Db L FROTY b e - a R (344) L D,

373K
273K

%G,

. =0.312C,

InT, — —
AS=| dT:LnTl C,dInT =Gy In

Y, =, UHOLs, MUREFH OV PR E—EEEteTHLDT, ASure=—AS ER 5.
L»L, AFRDI00°COBMPF cHEL T, FWHFWIIRMELALILESG AROHOEMNR I
—CyAT=-(100K)xCy E 255, SRR IR CIREZELIE RV EZ 2 2D THRO TV b r =21k

qsur _qV EVAT ~ 100 K —
ASgyey === =- =-G =-0.276G
s Tsurr Tsurr Tsurr v 373 K 4

a2 %Y, ZOFTHRICHSCTMEZRDI Y b r ¥ —I1F0.312C, —0.276C, =0.036C, 7313 B+

5.
EEED GBI EREOMBTHY, —ETER. LT, flaw, 5
ENP—FECISGHETEZZE, WL O»DORETETRERE G %
WELK311DESZ, C/T# Tz LT Ty b LIZ5 7T, T, 4
»b TZ(DFHHf@ﬁh%ﬁ@?%ﬁwam%%ﬁma(AS:jTTz%”dT). ,
1 S
RIL, RERESKC, G R EEL SNARHAE, MO G
X910 SUE TR L THEI RIS 2 720, & 2 HET G 2 % 2
B TzCP _ InT, _ Y -
L, As_jﬂ TdT—CPJIHTI d(InT)=CpIn(T /T;) VKD B 2 E b 1
TX5,
EEP KB EHCT, WHOREQD) DY OREQR) THAT 5 L, T
7 01 20 40 60 8 100
=T\(V/V)" Pt ks, EEORME RBIF2EHFDFO yzg(it T

(3.61)) ZRAL T, T,=(298K) x (20)*=988K=715°C L7 5.
EEDD #ZHE (VDo (PDEELMETH 2.

U\ aU,T) aWU,T)a(P.T) (V) (P oP (U)o i
(W}T TV, T) T AP,T) AV, T) _(aPJT(aVJT Exd, (aV)T *0 x0T (avl =0 THn,

(B—Uj S0 Lxa,
T

oP

EEmEoREmn 15



4.12

it(4.1) ; D, ql(:qH) = _wlzTHASH. it(44) &. it(46) ‘l D, q3= — TLASH ik:(‘l 9) J: D Wyey = W1+W3
= *ASH(TH*TL)-
- Ty -T;
KHLAE, NOCOMBRLY, Enm= =kt
du Ty

WEMETH 2O, BIEE L b as= e Drey o4 500 gy

I Ty
T
qH,rev =—q1, ,rev ( T}I:[ j (1)
31, BOEEEALD
AU= qirev + qirev + Wrey = 0 (2)
. - . T _ qL,rev qL,rev
EZCE)@VC, J—:E(Z)L—it(n%'f—t}\l«f, Wrey = —qLrev T LD, :hiO, €max = w = T
- rev q1rev (Ti}I - 1]
L
T
S LBO NG, m s =Y A 2 N OBBEOR G, Tu b TLOEANE CIH, HES L KD

= T
@© CH;0H (1) +30,(g) — 2C0,(g) +3H,0(1)
ArSe = 259(:02 + 3591{20 - (EGCZHSOH + 35902) =[(2%213.74+3x69.91) — (160.7 + 3 X 205.138) ] J mol 'K !'=

-138.90 Jmol 'K!

@ H,0()— H" (aq) + OH (aq)

AS® = 5%+ S%n- - SC0=[(0+ (-10.75)) — (69.91)] Jmol * K '= —30.66 ] mol *K™!
NROBBEITHTH Y, (LFEDSUSE gp(= BRI T > X2 v =) ISR B R LS 2 LS

BBDT, ASS,, =-L-— A;I LS5A6Mb. AS% 0w =AST +AS% . =AS

AH
surr T © T T >0Ek B

WO, BIEEEANC LY Asemm>o Erndud, BUSE EHEIRET) BRMCET T 5. AS® =0T
WPH LD, 27, ASC <O DAL, WPUSHHREMIHETT S, LIAT, HEREY 7T
FINVE =% AGT= —TAS® a L 1< L (5.281), EFIIEELMHFERNAGCT=AH® -TAS® o s,
AmixS=—R(0.791n 0.79+0.20 In 0.20 +0.01 In 0.01) =4.60 J mol 'K*

AnixG= — TApS= — (298 K) X (4.60 mol ' K™) x (1 K/1000) = —1.37 KJ mol !
REKEZMOBEOHBHENKEL LY, C-HEEOH»EMT 22 LY, S TORBOMS &
DMLY, =rtree—3#HAT 2.

SerEVERMIIHLT S vy 200

P s L, MBBMES TS TI0f et = fzz S

5. %2 2T, log(M/gmol ™)1z F120)° E oo
HLTSe®F my bdaL, I 280 é 80

B ED bia, SO L o 40 b, 40

Y, A A D S Elog (M/ % 50 100 150 % 1 2 3
gmol ) 2 # L THILIZ WA T % M/g mol ™! log (M/g mol ™)

LIEHRTE S,
Y b u E—O5TFRERIE Ry Y = DR S=ksIn W(E(4.23)) 123D TH 2 5. i, oz
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n’h?
FF—(GEB H: v F—)13K(2.86) ¢, = 5
8ma

THZON2DT, HTHEm»EKTE (D250 Id4k

M V=0 PRI, ZAVF—IRENES Y, = brE—3HRT 5.
EBE, GEMRE L PW)MEBNF L2 L 0TFOI U v —S 2RHEEQ THT L,

_ 0ln@
S=ty [T( = )N’V +an}

L n, —7, 582Hi[EES2|T/RT & 5 (M T B AD SR BEEIX

1 ( 2zmkyT YN
Nl 1%

TRINL., LIEH-T

(aan) _3N
oT )y, 2T

Q

s, ZO200F% SOMBRIAUZMRAL, moldbich) TEHT S L (R=kN,),

< 2mhy T\ _ 2mmkyT V'* _
Se:ngNAHeBNAlnH ”’ZZB ] +kBNAan—kBInNA!:%R+R1n( ’"ZZB ] V |k In N, !

A2 =Y v 7D (K (1.55) In Nyl =Ny In Ny—Ny) ZHv 2 £ (M=Nynm),

3/2 = 3/2 —
gezémmn(z’mkﬂj VS gy g [ 2TV
2 " Na| 2 WN, Ny

Ly, SO»In (M/gmol™") L HUEBIRIZH 2 2 EREN .

7 M rDSTEGTHNO C-CHEED I DY D AFAEOHBAMEDO DI, P AFLUFF2 FDS®
Ih K&V, 2FY, MY AFLUAF Y FOBROMEDSILRWECIC O, RNOET OB & HHIRES h
TVb, BOGPIANVTF—2Z0WBRIP/AEECI I ELTE .
FALRFED & 9 RBUKISTHRCERT 2 L kDA v P7 =2 2L T2 kFEESZTY), ik
KFEHTFORMB -1 TR O CBEH VBT X 6 NI TRILKES T2 AARAL. TOICD, AgeST
<0t%n.

—75, WS T OBUKYER /MG T AV F— I & O REEL K EBEROER 285 77051, B
F2HoTr77A4—%BHL LI ETHHE, HRHICBU 2K TOHPHEL, AwS® >0L7k3.

¥ BUKPEA BB (hydrophobic interaction) Z BiK#E G L L A2 L3 H2H, KEDHEMPEGT 2 L 5 (2

F2H0ETTHY, FHOHEDNDHLDITERVOT, BUKKBE LV JUHIEIFE L L.

T, P—E T AisG=Mis H~TAGicS TH 5. HE LY, BT V=7V L RIRFED KD BRI
AisG <0, AqH >0 L%, LD 5T, AgeS>0TRUNER ST, REOHE, 6 DDKRERKY
WURET, KEMSHART S, 20y, KGTHOKEEEG Y M7 -2 BHHESh, HBHLKSGTO
Bz, = bu =3y s. RESERZ ) —2EMASCATV208 ZORFEMENZLS. L
L, BREORFEL X VN7 HERCMA 2L, KFFRILALRFELOFHEMbNRS., 20Ky,
RN TBRIENT B, HWARMIAKBEC, KGSFHOKEREG Y b7 =2 RHEET 2700, AgeS >
0L7%%.
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B5E

XD Vi oowERERERTH L 2L, ZOREMSRCTRE LR L3 (UGT)).

DB THLDT g=0. ZRHEEP=0) L THRT2DTw=0. LIZH->T, AU=0. HHKAKT
AU=0TH 5 DT, APY)=nRAT=0. L17cH > T, AH=AU+APY)=0. ZEDETHBETH 50D T
AS > 0. AG=AH-A(TS) =AH-TAS < 0.

OAH=gp> 0(gp: P—EDHEFH). AU=AH-PAV = AH—nRT, > 0(AU WA D B F &S 28 5 100

DIANF=THr»HIE). T, P=ETFHTH2»5, AG=0. AS= AHTiAG ATH 0.
b b

d) 2 OREG H +0H — H,0. AH=¢p< 0(gp: P—EDH ). AU=AH-PAV = AH< 0. AG< 0

(HEMNEITT 25 6). AS > 0L A v OKIZIEZ S OKRGTHHFE L CEREL TV, L YA

drnil Y, KHKGFPABIIZ2DT, RGO Fr =2 kL L 5. FEE, BRELY,

AST =5%40-(S%y +5% oy )=169.91-{0+(-10.75)}] JK " mol ' =80.66 JK™' mol* £ 13541%).
mpt (180 gmol™)x(25]s™)x(36005)

Pt=nAG® =Y AG® 1Y, w= = -58g
A VA AG® (2808x10° Jmol™ )

MKIANVF—EWNRIIIUTTh oo, EBELWEX, IVEL D2 va—2A2RELET5,
EWMGTHDH 6, WAEMPERBICET 244 5 —0RAGENA40) Y, RGI)»EL N

d

5.

P (~AGyp)(N/t)/N, (31x1000Jmol™)x(10°s7)/(6.02x10% mol™)
2= =

=123Wm™

4nr* /3 (47/3)x(10x10° m)’
AR OB £, (g—’;]f[a(%gm)fg Lhh. CRERGISERALT
(%];%fm B, T—RTHAITH L,
AS= jSst jv( )dV Rj —nRj:‘fd(an)len%
H:A = U-TS((318)), \v: (S—AJT+T($)T , 9 —PdV-SdT, % : (3’;) dV+ [g’;) dT
N T |
s (e () e (W) R)er 5 () are() e

N o (L] () o) o ()]

oH as .. [(9G oG s . N 14
H (ﬁjT—T(ﬁjT, ULy 2 VAP SdT, 2 (aP) P+ (BTJ ar, AV & (BTJP’
14
H V- T(E)T)

18 EHMBEOREH



oH oH oH oH oP JoP
: — | dV+| = | dT : — | dP+| — | dT 5 — | d — | dT
@D » (aVJT +(6TJ w (aP)T +[aTjP 3 (aV)T V+(aTj

14 14

S ICI R L S1E R C SR E SRR TN

SRTA) D BRCIRERP T AH® L AS® BIRECKIFEL T —ETHD L T2 51, AGT=AH®-T,AS® L LT
AGP BEMHTA I LI TEA. LaL, 38HiR3IMITIRLICE 212, AH® & AS® SiREL L & 8
T20C, MR IOFEZHFBEHTE L0, NN L TEE6HITHRN GH 2k G/T DIEMRST
HORBEE LY LS DTHL. Lk, P—EOHEIlH2)GORBEKEEISOMETHY,
G/T DIRBERFEE HOMEE 5 2 LICERI NIV,

KGED LY, a)l/m=01+1)/2=1, b)I/m=(2+2"/2=3, c)I/m=(2+2")/2=4, A)I/m=(3+3")/2=6.
R (BID AL T

2¢° 1, 2N, e
b=l Szt =1
/ J eoechnT Dpma =1/ \/ eoesknT

_2x(6.022x10% mol ™ ) x(1.602x107" c)2 %(0.01mol dm™®)x(10° dm’ m™?)
- (8.854x10™* Fm™)x78.36x(1.381x10™ JK)x(298.15K)

=3.04x10" m (=30.4A)

MHLHIZ, TOIIIRT LI CREPMINT 2 L7 M ORIBBL L2, 70, 44 O®EMHH
MLTETF NS OESRBFL % 5.

BIRE BEREOREERY
EEFIVEE 1:1 1:2 2:2
0.0001 30.4 17.6 15.2
0.001 9.6 5.55 4.81
0.01 3.04 1.76 1.52
0.1 0.96 0.55 0.48

)74 DES b nm TRLTV2 (1nm = 104).
b) BRI OGRS EMLD 2204 4 OBAFZAHNST 5. B 21X NaClix 1:1, CuCly 13 1:2,
CuS0,122:2ThH .

G ET LT s AR, R(B103) LY,

A 3/2

()
2

L7 h. 1:[2 +2] x0.01molkg™ k 25°C 1232 ADMlEZEEL T, X3 PR IMAL TEHET

5t

3/2
logy. =-2x(0.5091 kg'/* morm)x(%j %+/0.03 mol*/? kg /2 = —(.1662

LIchioT, y.=10"""%=0681 /NS 2. EERPTOIZ LRSIV L2E 22 L, HER,L
DFNEES SRS,

EEmEoREEn 19



EEED s P STV ~OEBEEE L 5.

i), ()
(i), =S~ se o ) 17 50 ) -Gr L o) (v ) (Gr ) (5v)
oT Jp  o(T,P) o(T,V)T,P) |/, apY \oP ) \\oT J,\ov ) \av ).\ oT ), | LoV ),
(o), (&),
(5 LG A5 G A5, (5
ot ), \ov )\ar ), "\av ). \oT ), \aT ), "\ oV ),
toT 771?;/v0)]’5€l{%:‘&0}10’63’)%(£) =(£] BT (E) CORDTC2C LR
v ). \oT ), v )y

%.
@D 7 vx I VEBANH == 2 2 3y A HO +H QAL EINEEE VR Y 7 XL AV E — % AG T, b T
2L, ATP D TH NI

4.2kJ mol™!

o]
N=uNy,=——"—— "2 N, =(1mol)x
A A ( ) 31kJ mol™?

x(6.02x10% mol ™) =2.8x10*

EFEP K GonrHeTRDUL L.

Gvans k5T [ 20mbgTY* kT ( 22M
W N

3/2 (kBT)S/Z

Pe

P

vV p®

B (2x3.314)x(0.03995 kg mol™" ) v [(1.3806x107% JK™)x(298.15K) |*/2
- ( f * 1.00x10° Pa

6.022x10% mol‘l)x(6.626><10'34 Js

=1.00595x 10’

Girans kBT _ -1 10— _ 4 -1
1® =—RT ln(‘TP—ej——(SBMJmol K™)x(298.15K) In (1.00595x 10" ) =~3.997x10" J mol
ERY, FEWMEE X —FT 5.

b7 A, R(2110) AV THREED o Pk A v F— 250 T 2 &,

d(In ans) d (3 3
< Eirans >~ kBT2 (aqi;j = kBT2 (ﬁ(g)lnTJ = EkBT

Exh, X(250) E—HT 5.

B6E

A H® - .
&a&» ».s°- ptT = 1902%({(?11;)1 =0.95Tmol ' K™!  (pt, phase transition, HH#x#)

AusVo <01 TRKA A TELR] LAKTHY, KCHAOMETHL, 25820k

dP AL H®
— = (IS s
(dT TmAfusVe ] %)Eﬁ :
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AP:M
TmAfusVe
(6.008x10° J mol™" ) x(~1K)
(273.15K) x(~1.634x10"° m* mol )

=1.35%10' Jm3
=1.346 %10’ Pa/(1.013x1o5 Pa atm-l)
=132.9 atm
MKHLRARIL, ATF—1rDTy P TKPEADITS ERKIETS. KES0kg, Ty PHFE0S5em® LT3
L, EE G0k x (9.8ms™3)/(5x107°m?) =98%x10°Pa = 97atm & 7 2 DT, L, 073°CF
NHIEILKD.
KOEFELREOMBRTHLDT, 277727 2-273xX4 80K (K(6.19)FH 5 ¢t

W P AaH® 1 17 1 RIn(P/P®) 1
npi-e-_ R—— - - =

R |, T T, a._fg°e T

vap

T=1/

T, A, H® 373K 40.6x10° J mol ™

vap

1 Rln(P/PG)} /{ 1 (8:314Jmol K™')xIn(630/1013)

Ley, #haik 13°CHd T 5.
XELINOTHETERT M F v FADEE RNV RN, e DS EWRIELTICRLIETTE
(, AVALAV I T— AU ®DL B2 LAEWTIIRAS.

X620 &Y,
a)c=1,p=24& Y f=1-2+2=1P» 1),
be=2,p=14Y f=2-1+2=3(P L T Lt ¢, R(54NBMH),
LML 3 2H 20, PHERPERTIL2DTc=2LLTLV. p=1LY f=2-1+2=3(RFEPLT
L3I bD1ODHE)
Bl1 3528 KILECTINVEZVERVEVRLIIITRAELICEED, RUELUVDHEE 50KkPa, vy
X 20kPa TH 5. F72, PV EXVEVOFENEL 5 5 EHHEE Yenene =0.28 TH 5.
M2 WMPLT'O7my bR LZLEERELY, ZOMEEE(-AH,/R L7755 (K(620). £O7F—4s%
Fuy b TAETROLICLSE, ZOMS LY, Pz OB 354Kk mol {(LEAEE : 383.76 K
T 335k mol ™), N ¥rD#EHEHIE 30.4 k] mol ' (TbFEEL : 353.5K T 30.72kJ mol ") £ 72 3.

6.0 1

551
. 5.01
&
244.51

~

54.0-

RyEr
AH,,,=30.4 k] mol !

354 | PV ¥
20 AH,,,=35.4 k] mol '

25 26 27 28 29 30x107
T /K

B3 LORMBETIMI VY LRV EVOEGED T — 4 2B THARE ZALERT—42H5D
T, MEMEHOBLE Y SBARRE R L Tow,

a4 RXyXr-tvz LY RADOMEER D2 L35 L, BREBETORE - 57)F L & R L
Y LRI 2. BABE» LERCERLL TV L THE. JORE, £F - HE L b ICASEIRIE ki

EEmEoRss 21



6.12

6.17

ML s, RyEy-MVZ U YFIIOMAER D2 L T2 L, REBHFBOLE - FEL WD
T2, BAEBELORBIERLILAR220THE. LD T, &FF - 40 L b CEKEMBUE TS
MR,
WARTRERERTRIZ ) 2, BRTHELUARERTORENP RS SRS ICH, TIIZ .
ORI 2 8T L, ZAPEY, EORHMOKDILERT V> v vh, WO Z XTI R
5. SAROEETIE, NHLOVRBENFHO LV BRTHRRIC LA L 0). Zoky, FEONEL»L
PER~KDBET 2. 2 OFE, BRI L BN,
¥HE A, SR RRRIZ DU 5 L, AR, SHIRBNICERS A D AL, OB THRNCED
WEPANAL LD TE2. YVKRIBENEZ»T 2L, MBZPHESE2 2L TES. 2hD
PREE AVIELCI.
X 6.13 OWEARAS, MK EHAKE PERETHTIORELY T L T2, FEERE T, #WREREEE T 550
DL TTH2. WAKMIETCOULEOENZMA 5 GEREE) L, Z2OL%ERTF vy pld, u>u®
LY, WRMOKS T EIAKMA~RITT 2 GEEO TR 5P T 2). 25 LTk b EkE DL
BILNTES.
MHE A, OHETNaCl 2RI CHRETE 2@ T av. 29 LTEE LIBRIC 34290
BE LIRSNTOR LMD EH, BRZOI AT VEHEAKBERTERLL, B2oMAbDTH
3. LIAT, HREBOHAA—H—D = 713 2016 EBIEH RO 752 D Tv 3.

\ AT, 10K .
— o ® R CABE T RE D E B SHL B =—m__ o  -5.391 1k
10 °C DHERE M FET I E J(ﬁ'ﬁo)i%%/l/ﬂﬁg‘i Msolute Km 1855Kkg mOl_l mol kg™ &

55,
ADITX ) —VOPERRIE
W= MeonteMote Weotwent = (5.391 mol kg ™) x (32.04 g mol ™) x (5.00 kg) =864 g
b)ZFLr Y a— DL EFERIL
W= MgteMorste Weowen: = (5.391 mol kg ') % (62.068 g mol™!) x (5.00 kg) =1673 g
KL L/ —VIEROBULTIRENATC 225, HEAEAEELLT . LIcH - T, HBHEOAHIIC
BxFr o Z)a—nveEfvs.
Yafir RELEMT LD, BESBETSREI 2. 3 I0HY L ORFAKROEE YRS, 12, £ 0%
WeHHe, “EEOLL" LLT, EILLHTTHAERHTFEPEL »ofbh T2, ZOBETIE,
SO &Y & a MR L, WL %5,
FROT FUBEOREZ x % (w/v) E L, %BENVIRETIEKT 2 L, NaCldsEaRitd 2 O TRED 2 5

0.9 % w/v) e x % (W/v)
58.44 g mol™ 180.2 g mol”

LG LRERELT T &Y, x=555 ELRILND.

IOt EORETLIIKRI7TCLLT,

3
2x0009x(um0dg3)x(umod“;J
I=cRT = m M ) 83143 310K =7.94x10° Pa = 7940 hPa = 7.8 atm
5844i mol K
" mol

ERD. RCE»-TVDE, B ENZ2DR OB 2 (HAHBMDAL A= I?),
PR ¢ L3k, K655 &Y [I=cRT=cRT/M 7% 5. Lizno>T
cRT _(10.0¢ dm™)x(10* dm® m™®)x(8.314 Jmol " K™*)x(298.15K)
m (0.0244 atm) x(1.01325x 10° Paatm™* )

M= =1.00x10* g mol™
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@ELD T s T, BEROILEET v v g S EEOFEET vy o v gt i3S L e, O TR

MBEWTDHE D0, BEHPHELERET LS TES. DI T, THE (EIR) £ 7 OMBRD T2
bHY, T, 7oiREPTUIICLE, (BEPRAEL)BHOTVGEx 2D TH I LX) PHIck -1
ETa L, PEEMIRKRD L I ICRKRENS.

*.S ER )
()35 o (242
KO EEELT
-SOSdT =-§®LdT+RTd(Inx) (- (623)) (4)
RTd(Inx) = Ay SdT = Afu,}idT (-34(6.14)) (5)

m

s, RGO ERTTAE

InX Ay H® (7dT | Ay H® (Ut
[y dlnz)= 2t B iyl WA (VD (6)

20T, KO»HELNS.
F72L DT 2RI ANTHET S L

19290 Jmol' (1 1 )
- =2.303log X
8314 Jmol K" | 353.2K  298.2K o8
X =0.298

L% s, baA, KEEICET 77 20 OBERE X OFENHIE, N €y 10296, vz :0.286,
T by 0224, NFYL 0125 THB. RUELVOMEIFEMEIECZ END, 77X EXRVEY
DRAHHNLIZITEEAR E LTRSS L ERL TV 2.

r=1l< DOt s, ROBBEFEEETORELTELZT IV, LW 5Ta=1DLE, T,-T
AT, (B EHET), T.,T=T2 LT, RQODEBRATE L

A H® ( 11 ]_ AwsH® T-T, Ay HOAT,

R\, 1) R 1 T Rpy @

$72, RQ)OAHBIEK(6.40) EX (64112 Y
my M

1000 g kg™

Ry, XMEX@ LYK »HoNE. oL CHBERE, MEGRRES, BEAETLHL X

SIELDLIENTED.

In(1-x4 )=—x =—

(8

@ELD ABOSHER ¢ LT D E ey =cp =0y en=1-a)e L% 5. LiznoT, BBEECHEST 2 HKTO

LR ey teprteog= 1+ co=ico L 8B, ZZT, i(Z1+) %77 bRy 7@BLVI. D%
PETORBFIE T = icRT L7525, BAREOREEZMETNE, i ZRDLIENTEL. 361
o0=i—-13%Y a®RDLIENTES.

DAG® < 0GRALKFROMEE), 2)AG® > 0(REREOIREE), 3) AGS < 0D 2 X IRBE), 4)AG® < 0%
Bed 5 CIBRFER), 5)AGT< 0EILEE), 6)AG® < 0(ATP DHIKSR), 7)AG® > 0(NADPH D 1t d
WS, 7273L, NADP' (aq) +2H,0 (1) +2hy — NADPH (aq) + O,(g) +H"* (aq) £ T4, vIiZ & > Tk
HEBPRT LR AGT <0 L3,
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7.1

7.12

7.13

K(716) Tu® = AG® Thr Z L®EEL,
AGE = (3/2) MG w9+ (1/2) AG® 1) = AG iy =0+ 0~ (- 16.45 k] mol ") =16.45 k] mol '
X(7.19) & b

AG® 16450 J mol™* "
Kp =exp| - = - =1.31x10
P p[ RT ] p( (8.3145JK‘1 mor’)x(298.15 K)
ONH,;(g) == 3H,(g) +No(g) L T L &, WEEF 2242 DT AGC®,=2A,6°=3290kI mol ' & 7z

(KL INMENH, TRZES N, D Imol H7CY DML L D). f1c,

< < o \2
KP,zzeXP[—Aag;Tz):exp[—ZAIEG J=exp[—A;?G J=(KP)2=1.72><10'6

LY, Kp 3 LS RUARAET 5.
TAS=AH-AG >0 (- AH>0, AG<O0)
BIE LTk, AR, 7558, RFES NHNO; DEHL L.

© _ -1
K:exp(_ArG ]:exp[ 1700 J mol ]:0'50

RT (8.3145 J K™ mol™!)x(298.15K)
AN
__ Crep  _ crep /Cosp __K ( K = SFep )
Coep +Cpep 1+ Cpop/Ccep 1+ K Ceep

=0.5/(1+0.5)=0.33
AGT 3 (P L)TOMBTH DT, KOMEKFEYHERT %A AGCT 2 EREBS LR TELL.
K(7T40) 2R T L I CAGS/T O THRAFEE AH® OMBLE 290, 2 KK KI»L K %
FMT2ILETERC. M750 & I ITERMIZ AH® 2k, R (740)(H s CEEGRERHTHN
i, R4 PHCL LY, KEPRODDLIEDNTES,
PR HEERYCREIS NI bOTRLL, (FTR)ZANVF—WIkE Z(T, P-EDLE, AG=0, v
=0). LIcwioT “Pf" 12 "By L) BEEEEN O 20 E L v, —7), BEGIFPERED
12T, MSHHERORERZLS L, ZERES—EDHEL ST (AGC<0, v=—mE*+0). EMIEF
REEC., COBFENLIREL, “BYPE LoIHOoDbLURBTESRALI L HFEI LD,
BN TR, Ve, EvaBEiEl L CBEOBRETFIEROSRE, X(742) &Y,
nKEYTOTmy FOBEEH O AH® 2Rk LN TEL. JAROREFHEROES, X(743)1&
Y, WKL 1/TOFay bOBEEN»H AU 2RKDZ ZEHTES.
208K 23135 nK,vs. 1/T 7w F OFMESIE, H1AE1/T=(2/1000) K™' & 1/T;= (10/1000) K" =
B 2 HEMOZE An K,) =445 L 5ARY, R (7.40)12RRAL T

d(lnK)
o(1/7)

44.5 1

X =-46.2 k] mol™!
(8/1000)K™ 1000

AH® :—R( ) =—(8.314 T mol' K™ )x
P

teoha. —J5, R(332) EBKRKLD
AH® = AH® w, (g) — [(1/2) AH® () + (3/2) Ad®1,(2) ] = AH® iy, (g) = — 46.11 kJ mol !
oM, FEBREL LT 2.
72, 298K 2% 5 InKp=6.6 2 (7.19) 12ALAL T,
AG®=—RTInKp=— (8314 J mol 'K !) x (298 K) X 6.6= — 16.4 kJ mol !
tHona., —F RG3)LEKKLD
AG® =AG®y,(g) = —16.45k] mol !
LY, I X —HT 5.
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7.14

7.15

5612, &(7.20012 AG® £ AH® #ILALT

ASS AH® -AG®  [-46.2-(-16.4)] k] mol™!
T T - 297K

Llons. —J, R(464) EEKELY
AS® = AS®yy (2)-[(1/2)AS®y (2)+(3/2)AS®y (g) |=(192.45-191.61/2-130.684 x(3/2))J mol ' K™

%1000 =-99.381 ] mol™! K!

=-99.381 ] mol* K!

Yy, Thb I —HT5.

WEHME 330 2Hs2F veky 7OFEANC LD

ACp=Cp,, ~1(1/2)Cp +(3/2)Cp, 1=(35.06-29.125/2-28.814x(3/2))J mol ' K™!
=-22.7235 Jmol ' K™

AH® 500 = A H 0, +[(500-297) K14, Cp =—46.2 k] mol™ +(203 K) x(~22.7235 JK™' mol™* ) /1000

=-50.79 k] mol™

tBons. 27 7XY, AH®gw=-50kImol ' AN, L<—FKL T2, INoDMERIE, b

PR RAT 2 LTEIIEPCPICEHTH 22 HEIRL TV 5.

K (7.20) LK (7.19) &£ b

AG® =AH® ~TA.S® =(-113 k] mol™" ) (298 K) x(~146 J mol™ K™*)/(1000 J / k) =-69.5 kJ mol™*
=—RTIn K,

69500 J mol!
K, =exp
(8.314 Jmol K™ ) x(298K)

]:1.5><1012

tEoha.
AH® BHEECEKELZCET 20T, A(741) 2HVT

1

K, ArHe[l 1]
oK

K R \T, T
K, AHe(l 1J (113000 Jmol™) (1 1 j
o TeXp| —— | o | [T exp| - - =0.23
K, [ R \TL, T (8.314 Jmol ' K1)\ 308K 298K
K, =3.4x10M

ERons. BENIETHA 20, MEL LIF25 2 L0 L Y PlEEHEEPT 5.

X7 ¥, ROCEEHPE T AST BRECHREL v Ly iug, (7.20) £3X(7.19) 2T, HLU
FERSHOoN (L2 L, EBRBCEWEOSRREL LI LEATL2DT, ASSRIREOHETD
%).

AG® = AH® ~T,A S® =(~113k] mol ™" ) - (308 K) x (~146 J mol™" K*)/(1000 J / kJ) =-68.0 kJ mol™*

=—RTInK,
(68032 J mol ™)
8.314 J mol™ K™ ) x(308K)
CORIBTE, X747 TRIBCMSG T2 7o b v Bidm=-1L%225
AG”
=AG®+16.121mRT= (9.5 k] mol ') —16.121 % (8.3145 J K" mol ") x (298.15K) /(1000 J/kJ ")
=—30.5k] mol !

=3.4x10"

K, =exp| —
(

EEmMEoRES 25



RO, TOWMIGERS. DFY, pH=02 5 pH=71224bT 2 2 L2 Y, SERWTH2 H'H
WAL, PR AR, vr ) YRLE, @EO ) YRILEWO Y L ERIRREE QMK O
AGET 1 -12k] mol ' BETH 2 DIZK LT, ATP DIIAKSIED AGTIZAIZKE . 2D L » oAb
FIH T, ATP O Y Y EBRERYHEGZEI RIVF — Y B S (high-energy phosphate bond) & & .5, L 2
L, HEOLEY, DL I THETRRELTIHRUSE L L0 T, BETE LIRS TH L 2 Loy
B3,

) DTSRI RE LS. vaA+viB == wP+veQ. 2 T vy ML X O S ERRETH 5. SUSH
IEHOWERET nxo L T2 L, RIBHEITEE TOXWHOWEER
MZMNWE,%:%Nwﬁ,mzwwwé,mzwwwgkﬁb,ﬂ$%@
dn= —vadé, dmg= —vpd, dmp=vpds, dng=vodé L% 3 DT, ROF T XL 4N F —ORUNEILIE (AG) 1

oG

= (vpp+ voulq — Vatla— vpup)dé £ 5 (2 2 T, ﬂXE(WJ .
X JT,P o, (i#X)

e L OER (RN(7.18)) IRAL T,

dg
Lo, BENEREROMEY G, ST E DEMII SV TRATEZS TRELLEY. §T74b
b,

>G dAG 0
g = d¢ TP:%(VP#P +VoHq —VaHa —Vekg ) > 0
T.P ;

THLTRZLL.

dG
(7] =AG=Vplp +Voliq —Valin —Vplig =0
T.p

. . d _ B}
DEETIERZ LI E ST PED L IZE 21, (a*,‘]’i] TREND. FHOF 2 BEHL TWL
PAG

DT AG=0 DIHEH» DL EH—ET, Yar7rolEzilisT,

(g;) _0EAG) _AEAG) AET) _AAGE M&T)__mej (amcj
T Jprg OT,AG)  ET) AT,AG)  AT,E) aAGT)  \ oT PR

MAG) _ AH_ 1(3H
( J 742‘9 AG=0%2EZET DL, (aiT)Pg_ T (ag

(%]P,A,G =%(%§I)P,T/(%jpj

&%%hé.ik,ﬁ%ﬁib(

) E8D. Lo
P.T

IAG
il4

] S0 L% n. WIS T H AL, aH/ES 0% DT,
PT

(3—5] >0. T74bb, WMELRAL L CKICETESRIMT 2 HIAN PFa2ABEIT 5. BEKET
PAG

mnm,myx<oa@f,[§§j <0, FTrbb, WEERL b SUSEIEY AT 2 I
P,AG

SR ET 5.
9
DIRE—ECTHENP LHSEICL SITULAE D S IZEI 21, &%J TRENS., ZDL 3 PHO
T,A.G

FEBHLTLDTAG=0DWREMPOL. WME—ET, Yar7rrolErflisT,
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aij _AEAG) _0EAG) AEP) _AAGE ) AEP) __(aArG) (aArG]
rac O(P,AG)  0(P) A(P,AG)  I(PE) aAGP) P )./ o¢

[<5)

9A.G v
J =V &y, ( §;, ] =ArV=[¥) THRIB & 2L E 5.
T T, P,T

o5,

IAG
9

Sé\%

Qv
e

3
~

(
(
(

7 et X o( j S0 LT n. S b A KRR 2 S T H I, AV > 0%
P,T

DT, (%j <0. F7bb, EHEAE LS ICHISETE? AT 2 FIMNCPEPBE T 5. UG
T.AG

d
Wpde & AW SRS RL T AR ThNEE, AVS<O0RODT, (a%j >0, bbb, EhERE
T.AG

b SOSEATEE D BN 2 TN P B T 5.

pK,(HCIO,) < pK,(HCD) < pK,(H,0") =077 6, Hilkds & % 14

WA & HCL+ H,0 — C1° +H,0 " % & OF HCIO, + H,0 — ClO, 12
+H,0 O RUGBAIZIZGER L TV o, LIgH > T, 25 MIBOKIEI 10
DOHAMBE X HO*+OH — 2H,0 T, Ihe#H skt H + g
OH — H,0 L% 5. %7 GEEC S 2) AR, BRRET 4 &

6 CH;COOH
NE—IZEFELOPD

4
@p = A H® = H; (H,0(1))- H; (H' (aq)) - H; (OH" (aq)) )
=[-285.83 kJ mol™! - 0-(~229.99) ] kJ mol™! = -55.84 kJ mol™ HCI, HCIO,
8. 0o 25 50 75 100 125 150

100¢gom, o/ €Ha, 0

—%, LEoME» s, kel L CHEERBKBROMELCL S
WEMBIEFE 22 Y, H,0"/H,0 & H,0/0OH O 2 2 D#EffE L %
DOMOpHMME» O 5. 72, BEMKBHROMEERCI2WMEMBMILAHORMDO L S5y,
CH;COOH/CH;CO0~ & H,0/0H O 2 S DiEMiRE & # OO pH RE» 5 72 5.
AS®=(AH® -AG®)/T
=((55.9-79.9) kJ "mol ") x (1000 J kJ 1)/ (298 K)
=-80.5Jmol 'K!
BT B4 4 DB 2D, SBORGTFHEFILIN LD, =2 br =2 BT 5.
GEEAZ 3513 2)hfIEE, BEERSZ 2V E— 2% L0 (gp=AH?) 756, KOOI I IZBLNS.
AH® =AH® (H,0(1)) - AH® (H" (aq)) — AH;® (OH " (aq))
=[-285.83—0~-(229.99)] k] mol ' = —55.84 kJ mol "
KOHCHEIXH (aq) £ OH (aq) DT HIDBERIETH 2 26, ZDEERGE Y 2 ©—13 AH® =
5584 kJmol ' L7 n. ZhEEELT, XNT4DRATEE

EBmMEoRss 27



FIE

L 9.6

o K,(T) _ AH® (1 1 j_ 55840 J mol™ (1 1
®K,(25°C) " 2.303R\T 298K © 2.303x(8.314Jmol K1)\ T 208K

o l_;

pK, (T)=pKi (25 C)+(2916.3K)><(T ZQSK)

LiRoNa. T=278K(5°C) Tid pKy=14.7, T=313K(40°C) Ti3 pKw=135 L7 3.
Meb 7 Az, MK pH X pKy/2 ThH 706, 5, 25 36 £ 0840 °C 12513 B ko pH 1, Zh 24 7.35,
7006 X675 L7 5.
Ko B R EET L, omm=c(l-0), crr=ca =co £ Y,

(Qy- Gy Cp- (et )’ 2
Ka:“H A _ G Ae: 0 ez(co/ce)a
A CHAC (l-a)c

LIt o T, a=\Ke® /g =(1.75x10°)/(0.1) =0.0132, % 7 pH = —log(ey/c®) = —10g(0.00132) =
2.9
¥k, cl—o) =cy LV IEPPEDR LA, co=2x K=Ktk 3,

_ 2 _ S
2 WA £+ Kx—Key=0 O L L, x= _EEVE —4Ke? VKZ“KCM%. £>0%0
2 .
_KJK? AR —1.75x10‘5+J1.75x10-5 —4x(1.75%107°
x= K+VK" -4Ke = ( ) ( )moldm‘e’=1.31><1O'3m01dm'3

2 2
Yy, LOBEPERIENZRUTHE I ELbrs.
I % 72 WERE O 53 M BE 1 a0 =0.10 mol dm ™, BEREF I U 7 2 D P HFHLEE X cpp0=0.05 mol dm ™ T 5.
ANVE=V -y e OEPRIMRALT

c
pH=pK, +log TBAD =4.76+log 0.05 =4.46
CHA,O 0.10

5. 22T, BEBAA VOB RELTROWOI L, ~vx—=v -y invenMR(R
(838)) XKD L I ZEHTE 5.

c c
pH=pK, +10g[MJ =pK, +logy,- +log[ EAO J
CHA0 CHA,0

Z DR D A 4 g (5.101) & D
I= %((ZB. ¥ g +(24 ) Co- ) = %(12 %0.05 mol dm™2 +(~1)? x0.05 mol dm™2) = 0.05 mol dm™

brnsd, 2R (5.104) RALT
Az, NI (0.509 mol™? dm®/?)x1/0.05 mol”/ dm™
- =-0.093
14T/ m® 1+/0.05
%, 2%Y, BERA A UPEEMECL Y RES N, ZOEE»EAT 2709, pH I 0.09 FEERA
TaIEHTFMENS.

log Ya- =—

EFEFOEBRAEL T2 CET7vT e FED C b REBIZMLLY. 23 ) 2O ITERILETK
BT,

CH,CH(OH)COOH @ C OEb#id /A & —3,0, +3, CH;COCOOH ® C DMALEdAE» 6 —3, +2, +3 ¢
5. AMPOLENEVBNOBLE 2ETRIETH 2. FAKIZ2 20 H A BET 5.

28 ETMEOREA



[ 9.8 I E3 SNt

ArG-e-OZ = 2A¢GGH20 - AfGe-oz - 4AfGe-HJr = 2AfGeH20 =-23713%x2 kJ I'I‘10171 = —474.26 kJ Il'l()171

A.G®, -1
E®, = 0, :_474.26><1000Jmol 193V
’ nF 4%96485 C mol™!

—7J5, 2H'/H, OFEHERALRTTEMIE AG®,,=0. L72h - T, H#EREN X
E®.,=E®, —E®,=123V.
M¥bHL A, 0,/2H,0 b 2H' /H, DGAFEERALE TEMII pH &£ LS ISR 7 M T225, EHICHE
TEETa P EPHELCOT, ZOZLREIEELCTH 50w, FBHEREE pH ITKAEL 72 0.
XD vz T, Ce(IV) (ag) +Fe(l) (aq) — Ce (D) (aq) +Fe () (aq) O SIEIXSERET 2 L £ 2 5 b,
B E W Fe(ID /DX L Vx5, LIchH - T, Sem’ il FREE T

Ep. = E®%, + BTy Cream _ Ex. +2.303£10g7nmm)
CFe(ID) NFe (1)
(0.10 mol dm™)x(0.005 dm® )
=0.77V+(0.059 V)><10g =0.74V

(0.010 mol dm’g)x(O.ZOO dm® )—(0.10 mol dm’s)x(0.00S dm3)
FIRELZ, 10 cm® W PR T3 Epe =077 V(E® ) L2 5.
=77, 20.00 cm® T IRF AT Y AT (CFe(ll) = Cce(tv)s Cre(m) = CCe(nl)) ThHad. Ot SHEWDOBWEN E (X Ere

. : RT , ¢ .

FEOTRL, Ce(D/IV)AHZ L Vg 2 Eee = Ece+—In—T - g5 s, Lichis T
F CCe(111)

OF = By, + Fo, = B9, + B9, + XL Cete) _ po \ po

Cre (1) CCe (I11)

bry, po BB
’ 2

=(0.77+1.61)V=1.19V £ 5 5.

30.00 cm® i F LTI Ce(IV) /IDAFIZ X O P i b,
RT | #ceqv)
Eeo =E®¢, + o In—™
¢ ¢ F Neein
(0.10mol dm’s)x(O.SO dm?® )—(0.010 mol dm’s)x(O.ZOO dm3)
(0.010 mol dm‘3)><(0.200 dm3)

=1.61V+(0.059 V)xlog =1.592V

E 5.
FEMBIXD & 512k s, BEp % T Fe(lD /(D ORRALETHERER L DH Y, BEHLRIE Ce(IV)/
(D) DEALE TTREREY A 5N D, BRI T 2 BRI L L, 2 >DORER~NOBITLEHL TS,

1.8

EG

16 £

14 r

12 F (E%+E%) /2
1 -

E/Vvs. SHE

0.8 [

0.6 -

[ QS T S Y S |

V/em®

EEMEORES 29



ECED AR LY LUOTPHENI ac, =1 Th 2 59 2 L ITRHET A L

0.059V

E =E® +—1
L L+2Fn

” ©
RT [Cc/‘ xlog (0.01)=0.278 V

=0.337V+
Acy

%7, RMOTHELE
o  RT
By = B+ In(6pe. / 6 )= 0771V +(0.059 V) xlog (0.10/0.02) = 0.812V

L%, 22T, LORBZRUERIGEL, ROKEE 2HOHTHE THUE, SRS
2Fe’" + Cu — 2Fe*" + Cu®* 1
b, L -T, &) DF 7 A=A vF—3
AG=2AG—Ay G=-2F(Fy — B )=-2x(96485 C mol™")x[(0.812-0.278) V]/1000 = 103 kJ mol *
ERYBEBWCH#ETTS. 92 ) Lll» b REABEFPRNS. J0L s LUlA kM (EE) L), RA
SRR (EMR) & 72 %, #2E)) B 12(0.812-0.278) V=0.534 V. —J;, BEEkedE )%
E® =E® —E®:=(0.771-0.337) V=0.434V
T, BUB (1) OFEHERUE X 7 A T 4 v ¥ — 13
AG® = —nFAE® = —2F(E®y —E®,) = —2x (96485 C mol ') x (0.434 V) = — 83748 J mol !
L5265, Lchi->T, 2Ok
K:exp(_ AG® ]: . [ 83748 J mol™*

RT (8.314 JK™ mol™ ) x(298K)
ERONS. ZOX) R LPFIERBALFOMTRHEL B v Y, BEPHL I XTI L0,
ZOREN»CEHWETS 5.
BEIKEI T, HFA L BBEBA~BIIL, 74V EBB~BET 2 (B, 77 57 —1&, anode (Fif) (2
2> THET % A 4~ % anion, cathode (B&H#) (18] 2> > TRET 5 £ A > % cation L #4fH1)72). BKOD
BRELET, BELEREPRELC L R, 2FFUPBEBTRILSING Lo KRB ALNS. Ly
L, BRIKB X2 BEBOHMLEBBOHMEEBELLTH 5. KB, Fe(CN)S BBEMTHEILS h
Fe(CN)¢'™ £ % 5. Ru(NH)¢* i3t CRRIL S L Ru(NHy) ¢’ £ e 5. 5%, Wi+ b LSBT S NG,

=4.78x10"

10058 4 184 I w1000 -2 ]
1 h - cal _ keal _y16) 116w
60 1 xp0 T S
min S
R 2 101(2527V>< 1 C =0.006 mol s!
" : 96485 —
mol
116 1 |x( 60 x60x24 2] (2828 X )x[1000-L |xx x[1000-&
d mol kJ kg kg
R93 0 = x=0.64F
: 180 %
mol
dA.G®

<
FdE

m AG® = —nFE® % TTWHT 5L, (;T =—AS® =-n T“”EZ;Z::HM;, E® ., Ok

30

HOREBIZ nF 2 G UEAST 2RO ILEHTES. 210, ECq» GEERINY 7 AL A VF —AG®
a~g
PROZIENTEZDT, AH® =AG®+TAS® =—nFEece“+nFT% XY, AH® kw5 2 L

NTE5.

EBREOEES



@XID NAD' (aq) +H' (aq) +2¢~ == NADH E°yp=—032V (1)
0. A Gap = nFE®up = 2% (96485 C mol™ ) (=0.32 V) /1000 = 61.7 kJ mol™*
7 bF7vFe Flaq) +2H  (aq) +2¢” == =%/ —n(aq) E%=-020V 2)
X0, A G® =-nFE® = -2x (96485 C mol™ )x (~0.20 V) /1000 = 38.6 kJ mol !
BERAP/TUNE, 77 PAERE2 G QOMBIUS L L 5. LIch-> T, ERGOFREIHEE 7 X x4
F—IL
AG® = A, G®xap — A, G% = (61.7—38.6) k] mol™ = 23.1kJ mol ™
THY, LOYBRIETH 5.
s (1),2) s et LTH PS5 320T, H5 pH Itk 5 LMEEX T A 3vF—Ig,
(1) DB &, my=1755A, G xappit = A, Cxap - RTIn(ay. /107) = A, Goxap +2.303RT (pH-7)
©2) DY, my=2 11 B A, G xap o = A, G¥xap — 2RT In(ay /107) = A, GOxap +2x 2.303RT (pH-7)
s, ERSOEERGE 7 AL ANVF =X uil 5 pH k) 2 SMIHEERSF 7 Az dov F—1%,
0=A,G% = A, G¥Nap gt — A, G5 p1t = A, GOxap — A, G2 +2.303RT (my, —m, ) (pH-T7)
23.1kJ mol ™ x 1000 =2.303 x (8.314 J mol ' K1) x (298.15K) x (pH—7)
7Y, pH=11.0(7c73L, T pH THEEEIZKIGL TH Y, fillE s U THBEL tv).
ECEED 1 G OREE, R@)OECHCTHESII L -T2 2L L, £LEMEOBERISF 7 X
TANE—EA G =-nFEC THEENSD 2 LITHEL T,

AG = A, G + A, GO = —nF(E®, - E%, )= —2x(96485%)x(—0.19 V+0.32 V)x[
(0]

1 59
1000 J

=—25k]J mol™!
RO, AGT <0 ThH220HARIIHETT 2.
M2 R@oEDHFHIERQ), R@) D2 2f5THS I LITHETHE,
—2AG®, /(AG® +2AG% x100 = ((2x30 kJ mol™) /(146 +2x25) kJ mol™))x 100 = 30.6 %
B3 EENSFI7AIANF - LEEENVERF T A A VT —, L OEERST Y 2 v — L iZiET
WIEZ Y A e— DR 2 M ZhR(53) 5 L R (333) TH 12 b s, THIMATA L
AG® =[6x(—-386—237) — (—917)] k] mol ' = — 2821 kJ mol *
AH® = [6% (—413-286) — (—1264)] k] mol ' = —2930 kJ mol !
SoT, WHIML I BRATANVE—IZ-AGCT=2821Kmol .. $7:-AH® <0THsDTHRISGE K
5.
M4 KEZ Lo 2%E%3 5. BARMCEBERTMEO BRI % > %2 & (uncoupler protein, UCP) {2
39, KRG EXQOBE»HBEL R KA 2k Y, ROG)DRISBYPERE LA CFST 5.

: RT, Gy :
@D K053 ft, H 7 AR Arp=71nM ERY, ey E—ETHE., LEH ST
[ ,in
RT | Gy phs RT | &y phs
AAG = Adypry — Ay = o In “HPHE 5 30378 | S ol
P oHT F aH* ,pH7 F aH‘ ,pH7

(8.314 T mol™ K™ )x(293.15K)
96485 C mol !

=-2.303x x(4.0-7.0)=0.175V
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F10E
[ 10.4

PR r OFILOKFEOMEE N, #HO 1 >ORMEHEL S LT DL, Wame 13X(10.1) & Y
, 3yv 3x(7.275x10 Nm™ )x(1.00x107% em® )x(10°° m® dm™)

Wsurface = }/A = }/NS =Y

(47 /3)7° r 0.50x107° m

=4.365x107 ]
KOEER p LT B L,
< Wsurtace _ Wsurtace _ 4.365x1072 J —4454m

mg PVg (100 g em™)x(107 kg g™ )x(1.00 cm® )x(9.80m s7#)

10.3 i b WA PRI EC E, HELY
A+S==AS (D
B+S == AS @)

ABOHEER 0, O tT2LE, AB ZOWETA LA BOLAREBOWSET A F DILFERT
e,

U= 11s® + RT'n (Py/P®)

Us=up® +RTn (Py/P®)

fs=pis® + RTIn (1-0,—6y)

lias= f1xs® + RT'n 0,

Ups=ps® + RTIn 6

L5,

B (1) O G (ua+ s = pas) & 9,

Ups® —1a® +1us® (= —RTIn By= —RT [In 6,—1n (Py/P®) —1In (1-6,—65)
L7chi- T, ADWAELRE B, &

2N
1-6, -6y )(Py / P®)

3

BA:(

A2, B OWAEFRE By (3
g

(1-64-63)(Py / P®)

K@), WrH-TERTIE

6y _ BpFy
0 BpPg

K@) ERXG) 2L 6y ZHEL T, BBy L

o ByP, / P®
* T 14B,P, /P® +ByP, / P®

K6) 12X G)2RALT

By =

(6)

o _ ByPy / P®
® 1+B\P, /P +ByPy / P®
LEROND.
A
1 2%@@1@?}&%#{#%—5=(ﬁj Y, A=U-TS LY -S=(A-U)/TEtR%.
14

B2 0/0T '= QT/0T ") (9/0T) = (0T '/9T) *(9/9T) = (=T "'(9/9T) = = T2(9/dT) L 7z B 12,
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AA/T)\ _ o MA/D)) _ o a @A o) _ (0A) ,_ AU,
(aT-1 l_ T( oT lﬁ'T(T ar AT l‘ [ﬁT) tA=-T=—+4=U

A(A/T)
oT™!

3 ( J =U T ' THpT2L AT=U/TT5bY Ay=Up=Epn L5 5.
v

aAint ) 20 aflint NA
B4 ,u-l=( =Ny — —2-2N,00 = zN ;00
" on; T,V %0, IN\ 98 TV Ns

0A
AN DRV ZINVE—AT, V, (n}) TREEREVEEAM I, Ths, Hi= [anJ )
LITV o #m;

A 04
LLIEioAL 5—0@BEY, A= Luz m=-PV+Y wm L7%Y
v T,n. ai’l, TV n;#n; i

P , (a6 24
+PVZG:;“ini:;:uini, TabbL, M=o B T o Ths.

1 1

FNE

WD) RALIND LA, cap Z701E cpp DI BUIHF L T 15
v OXNEE Tay P THEARIDOL I T my b3
Hofad, OB EHUSRECHY T N4
Wi, cap ox L T—(EFR), cgolix L TH—,
() L s, LEHoT, ZOMISIRERKICT
RIGTRT I ENPTES.

v=kecpcy

=
w
-

¢so=2.10 mmol dm

—
—

.

¢a0=1.00 mmol dm*

log (v,/mol dm *s ")
(=]
©

e
3

0.5

m k=l= 1712 =33x10s !, 7,,=In 2 x7= 0 0.2 730.4 0.6 0.8 :
T 3x107'“s log (cao/mmol dm ) & % 13 log (cg/mmol dm ~*)

0.693 % (3x107%s) =2.1x 10" ¥s
BATHE L ISR T IS T 4 £ 212, BEE T % Pheo (ZIES LU AUEL 5 0O TARRUBIEIEF IS

L.
EIED (1120 P UHFRLTHBE LY, BT L
_log(eag/cy) log4
t= log2 Tyo = log2 x(5730a)=11460a

11460 fERT LR L 7OARB ICHISR T 2 LR T 3 5.

EEETD) (126 ifRALT
t
(%:(IJL“):I/[;m?é&m”]:OﬁIS

® \2

LY, 61.8 %M 5.

MY HIZ, 2 DDBIR B THIATICOF IRV BBESOED Z TN B 212 KRE DT, Zr
DHERBGERE 39Sr DT ITIZITHFEL L.

CEED) KETHHDT, ZOBEHEWEOSFRN BT 2 HER L LR (11.20) & A

dN

4 = E'N (N =N, exp(—k*t))
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11.15

11.19

EEHERED T REER N ST, K120 2FE L TR, PHOTNEZHEET L,

1dN 7, dN (1232)x((365%24x60x60)sa )
£ df  In2 dt 0.693

INETRT N THE->T, 344%10 °mol L35 5.

RO BRI R 10000 £ T2 L, (1121 & Y, krgee=1In (1/0.001), kryp=In2. ZH &Y

Togeo =1n (1/0.001) 7y/5/In 2=3 In 107y/5/In 2=9.977, 5

#(11.29) OF A% L 5 L, log (N/N,) = (t/g)log 2

g=tlog 2/log (N/N,) = (8 X 60 min) X log 2/log (10°/10*) = 36.1 min

BELLLIIY > THRTFPhOEITHbHIC Y ILBE T 2@ 28R T5 L, —dl/di=kd L7835, 22T, &

BlLre, REREBEORE cE—EThs EIRELEDT S L

—j}idl/l:kcf;dl L7y, —In (I/I) =kd B 6N, 22T, A=log/D), €= k/2303 EEHT 2

L, SuR b -R— v OEHIDELNS.

WRER cpo<ege E LT, ADB—RKIBE LT, v=kicyo DAERIZ LA - T, 113 H TR~ )8:

Th/ #RDD. ZITh = hepg THIDG, k' L cpg VMRS FMS N2, 2O & » KK G

JEER by \SHIN T B

EELY,

D H,0,(aq) +Br~ (aq)— BrO~ (aq) + H,O (1)

@ H,0,(aq) +BrO ™~ (aq) — H,0 (1) + 0,(g) +Br (aq)

D2ODFIRNVBRIZETT L EEZE2 6L, EFRHERL Y OPHEEERELE L > T2, 2% ) USHEEE

BRIOQUIHERTOPTHAEC I LERLTU S,

x(3.7x10 7! ) =2.07x10710

mMAZtIHLTTry P2 LEBELZIENS, —RULTH 10
BIEHbhs. 2RFOME LY, RAL2) LA - THER 9"\\
B3 k=29x102d " L6 NA. 27, RERMTER(1124) LA L8 \\
LT =7 NG
6
0.693
Ty 0% _94d 5
V29 9%1072 ! 0 20 40 60 80 100 120
t/d

ZORIGE Ll THS &

ky
HA+Bk.:>A‘ +BH*

A +HA_.p
AT IR L TERIREEM T 5 L
de

TI: =kicyacs _(k—chH‘ +hocup )CA’ =0

kieypcs
Cp. =—m—
A
k_jcgy +Racyp

FOBHEERITIRD & H 127 5.
de

P
VE—=hylgplpy- = ——
dt A kg +Rocya

ZARBEIDNAND LD ECIMMINL —ARGEII L oL THLEE, ZOMBIRERE I ER2DT,

2
kykycyn“cp

A(11.45) LAY, Z2OMER1147) T 20N 5. c=c¢/2 L 2P 1, T2 L, T Z%
0

LROND. I OBEER k GIRERYI BN L 2 (REEWC L) IR EAS RS,
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B12E
[ 12.9

K(1249) %, 2oDOFHALT ANV F —THL, KEFICTHFSETL

ky
Eyy=E, ~RT'Tn| %

]:76£—(8.3l4 JKJX(Z%K)xln(lolz)x LK _ g 00k mol ™

1 mol mol 1000 ]

K (12.60) i2fRAL T

_p 4T - 1) [ (277K)x(298K) 317 71) = -1
Ea—RTZ_Tlln(kz/kl)—(8.314jmol K )X((298K)—(277K) xIn(40)x (10 kJ J* )= 121 k] mol
2ODEHAL = AV F — o In T 2 HEEKE, X(1250) #H-TEL, zolkELa L

LU
k—zzexp(_AEa)=exp “ moleO k] =3204
ky RT J

8.314 ———x 298K
mol K x

BRI L A b= AV F— DI T D 1 DOERIIKRFERFHERIZDH 5.

BHEEMP T L=V ZORNTET L, k/k®=Aexp(-E,/RT), k /k®=A _exp(—E, /RT), ky/k® =
Aexp(—E,/RT) L7525, LI 5T,

In(k/k®)=1n(k; /&% )-1In(k_ /k® )+In(k, /&)

o[ A Yoo Bt =Fuci +Eup
A, RT

2%h, Ko@) D& ) i akoiFtEilz v
F ¥ E,=Ey—E, 1 +E, L5 5 (T AD
BOBELTHRBEL T S).

LA, ko <hOBAZE, OB DX
I, TS HEEERE E 7Y, Ao
A NVF—ZE 25 L. F72, cap < 0po
OXA I, TEREZAOB KLY,
Py — RSO EE BB kiegy TH-Z LN, Z OH|

e o , (Cl/ce> kicg o
BRSP f E #ik K Em: . L.
K>10t s BELAETXRTOARILILLR
B, LEdioT, SROFEHLT AV EF 1L B, 5L (MO C). S B3EOIATY A-A Y7 VR
T, Ky/cs< 1 DA IZHYT 5.

60 1) %10 JkJ!
by {_( kI mol™!)x10° JKJ ( 1 | ﬂ:m

I ANV F—

A (12.60) EAEZ AL T, 7, "X 8314 T mol K1 X\ 307 15K 297 15K

—RBUG 23 2 FIRIE L DA IEHNC BT 2IEOILER (12D THAOLN LS. LT, il
&, kX (20min) =22kt L7525, t=91min. 2% Y, kA 22/KRE LU, RUSKERHI 2.2 RIS 1
5.

X(1232) % Pt L, R(736)FHV2 L

dln(k/ k) 1 (9A'G® (T,P) 1 4o
[ 9P ]T: [ P jT: rrV° )

" RT
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(B-P)tBons. RCEEOMBERLALT,

k s
:h%ﬁiﬁ‘l.fln[—zj __AV

ky ), RT
RTIn(k, /b)) (83147 mol™ K™ )x(298K)xIn 2

N = %(10° cm® m™ )= -5.65 cm® mol™
B-P [(3000—1)atm]x (101325 Pa atm™ ) ( )

(12,15 JES ST S ek S
log (ky/k®) =C—0.82 log K,= C—log K, +log K,
ERY, WHEMBETHL Db LE. COFEILKRD LI KKICEESEL LR,

NH; —NO,+B : — "NH—NO,+BH"

N0
HO OH
_0
N—*'N
RN
a _

PR EBHREHATET L log (ka/k®) =C+046logK, L5 ), BMBERIETHL 2 Enbhb. Thrk bt
RO &) LIS E L 6.

H,0 H
(g . 4
CH3—(|3H—OH —_ CHg—(liH—OHz CHy—C
0
OH o)
HA J
H A

WPEED X(12.100) 12 L72H 5 T, log (k/k) % JI/molkg? ML TTuy bd2. 20OMHE 0, HEBEROK
IS OBMORE (2a2s) 0D 5. 121U, RISWES X 32 HOYAD & 512, ISR R L T4k
DR E SDVIFITRS OBEIE, EEROIEROBM TIE L, SUSTAANEOEMN 2 KT 5.

k
FRE) (121000 2BLC, 2= L - 1 =0.232

k - 102AZAZB JI IO(LOZ kg"* mol™* )><2><2><V‘“‘0A0241m01 kg™

MAFEBEEDBEBMORS L DL S LYAIST 206, ZOBUSHEE (B & R0 0P e ) &
AF VB REKETE2 I LIEHBEL THSLENDH 5.

148 Hi TIN5 & 942, MROBWOILIRESS o3, MRIREY ¢, BHEEY o, To P ViRER e L T2 L,
k=Ac=A"oc= A"y +A"2-) oc = A7groc = A"y-cy-
EREIND A BVRESR A” D BERAREVRESE A7 BEANENV A £ AREER, KOBBIIEI,
K(14.62), X.(14.66), X (14.63), A5 > A", oc = ey ZH TV 2). M BERIZERIHHY T = b~
WE e ZRLTVD., ZOILEEL, EBRHRPBATETL, b=hepr L 520N, BRMIETHZ
Lhibnd,
EEEI) X (1259) ifRAL T

A'H® =E,—2RT=150 k] mol ' —2x (8.314 J mol ' K™?) x (673.15 K) /1000 = 139 kJ mol !

s Fr, RK(A250) RALT

_ 3 -1 -1 _ 5 1
A:(k/ke)/exp( E, j: 0.0234dm mtl)l _ls 1.50_><110_1J mol
s (8.314 Jmol™ K™ )x(673.15K)

=1.021x10"

RT 1dm® mol”
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Lo, RK(1559) AL T

5% = M _ol_ IR (1.021><1010 S_I)X(6.626X10_34Js)_
A*S —R{ln[ e 2¢=(8.314Jmol" K™ )x{In L35 X 10 1K X 673 15K) )

=-76.7Jmol* K™
O, HRERERIZ LD AT BBAST A Ebrs.
X (12.60) (/LA L T,

k -5 s -1
E,=Rln-2 (i—i):(s.mumorl K1) In| 277X10" min ( 11 ]
/\T T 1.73%107% min™! 334.15K 344.35K
=1.273%x10° J mol™* =127.3 kJ mol™*
COMETR—RIEPERLTC2DTES=1s" 5. K(1250) I/ LALT

A:(k/ke)exp(Ea):(0.713><1o—6 min‘li)x(l/GO mins™!) i} 1'273,X10ijm01_1
1s7! (8.314 Jmol ! K!)x(334.15K)

RT

=9.38x10"
LIRona. AR® ORBIBOBHIEEZE 2 2 L, ZO%EEEX, K (2.63)1RALT,
A=c/v=1(2.998%x10°ms 1) /(9.38x10%s7 ) =3.2x10 °m
LY, FIVREIRO BRI L 2 5. FIHRO AN F -3 5T HORTORB = 4V ¥F— YT 2D T
(214 81), THTHRICHEE, ZONSRETORB LU GVOMS THEITTL I LEERLT
v,

A (1252 1AL T
A'H® =E,— RT=127.3 k] mol ' - (8.314 J mol * K™*) x (334.15 K) /1000 = 124.5 kJ mol *
L5 (% OA, E,=AH® EREUTE2). Z2T—RIUGBZZ2TC20DT, R(12.54) 0 EPc® 1
B LAl LIHELT, k=1LLT, RN250) AT 2L

© 9.38x10' s71)x(6.626 x1073
ats® =R F A1 (8314 ] mol K)x ln( x10% s )x(6.626x10™ Js)
kT (1.381x10% JK™)x(334.15K)

=-5.84 Jmol™ K!
EEOR, ATST RIEFIINSV I EN b5,

COMEE R BRI AT, R(12.49) EFIKRC 6
| o\ E 5.8 o
n(v/v ):—RT+c 56 \,\\
ERED EPUET S, 22T, T UAREOE D54

S~
HHRIE TI2ZB L, In(o/mh™) 2 /TEHLT 252

— \
Tuy b TaE HOROLIREHRERL., 20 5 \
=L D03 b ; 48
2L, FORFHEEYEOEEZONS, O} 33 335 31 35 35
Y, 7V ORHNDM»DRISH 7 ) OB & % LHLL 10°K/T

TV (BMER) EE£E2oN%. 2L T, ZOMES
3-6.06xX10°K'=—E/RLLHDT, % DHEEBEOMMILT AV F—E, &
E,=(6.06x10°K™") x (8.314 J mol ' K™") =50.4 k] mol !
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CEEE) - oBUb B H QKBTI MBS (0, < 0, BUIS HEE 5 5 logk; loghk

k)T, 86 TR KBRS (py > 0, TS BHE R H k) 55347 °

T2, oW RECHERE-EKBEPHBL LY, oh/NSOYERE -1

TEBREPARELE LS. LI T, EEMCE Ay MIITRS NS —

2 O DERE 3

log k1,;= prioj+ Gy (1 \i;o =31

log ks,;= pr20j+ G, (2) g

DA (2 1E#E 7 v (bilinear model)) THIAT & 2. ’
CO2HEBRD N Ay FTE Y MIOWTEIDUMBECELTH ‘5_L‘5 ;) A 1

5. 27, 200 UGHEFNIDLD > TV 50DT, 4RO RS HE o;

Bk

%:%+é 3)

thazons, XQB&LY, & t5z2ons202hicl@), XK@ EPRATSE

:m
log k;=pi10;+ C; —log (1+10' 7797 G4)
=Ac;—log(1+C10%) +D (4)
L7 2(A=pry, B=pri—prey C=C,—C,, D=C). EB, AREART I I, KM E =2 pe=7
ELT, 2HEMBDON Ay TRy PR LCHBTES.
M1 DBEBTFUSM4E D, BFZEEPALLTE® g=E%—E®,=0.286V—0.260 V=0.026 V
AG® = —nFE® = —1x (96485 C mol *) x (0.026 V) X /1000= —2.509 kJ mol *
A (1292) 1AL T

—-AG®
kops = \ kppkan K = \/kDDkAA EXP[ RT J

-2.509x10% J mol ™
(8.314 T mol™ K™ )x(298.15K)

=\/(1.5><102 dm® mol* s7! )><(4.6><107 dm® mol™ s’l)xexp

=1.38x10° dm® mol ! s}
WG T, AGT=2.509 kI mol !, kgpe=5.00%10* dm® mol s
i) £ MBI L THEZRAT S
E®.=0.350 V-0.260 V=0.090 V
AG® = —nFE® 4= —1x% (96485 C mol !) x (0.350 V) x /1000 = —8.68 kJ mol "’
—ArG@’]

Eobs \/kDDkAA exp[ RT

~8.68 k] mol ™!
(8.314J mol™ K™ )x(297.15K)

= \/(1.5><102 dm® mol™! s’1)><(6.6><102 dm® mol™! s’l)xexp

=1.81x10* dm® mol™ s

FIAMNST 2V D Y IR L i DENIZHRTEENINSCDT, AGTHAIZKESL-TH
Bops 1Z/NE . DI E 7 2 MBS IE ko =546X10°dm* mol 's™' L b T/NEL L5,

M2 K(1292) LKL T
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oy kon kol

obs _ obs

kpp = = =
PP kK “AG® nFE®
kap €XD RT kap €XP TR

(1.6>< 10* dm® mol ! s7* )2
(96485 C mol™* ) x[(0.260-0.304) V]
(8.314 T mol™ K™ )x(298.15K)

(1.5>< 10? dm® mol™! s7! )exp[

=9.5%10* dm® mol! s~

k/Ky b3, WEHE LR O ZKBUSHIEER k, TH Y, I DEMT koepy 2 B— KBS HIEER by £ 70 5.

HE PR (1121 1/CAL T,

In 6.00x107° mol dm™
2.20x107* moldm™

=k, x(1.00x10™* mol dm™)x(1.23x10" s

by = ko/Ky=1.06%10°dm®mol 's™ ! EH O 5.
Ire, EELID, ,<220x10 ' moldm P TKy/c, >1 LI ETHLDT, Kyld, 25x10 *moldm™
o kswtEiohS.

KA &Y x10°
4
e Vi \
TTdt 1+ Ky /e 351
oY 41.0
- dCS (1 + KM/Cs) = Vmaxdt T
g 25} 10.8
INEMSTHE = :
2 2 >
C [ t } 106 9’\
s ] 15F N e >
_ _ — ¥ S
. des — Ky Lsﬁ deg /s = Viyax _[0 dt ! Tos &
c
(esp—¢s)+ Ky ln% =Voaxt 702
S 0 | | | 4 | | 1 0
0 1 2 3 4 5 6 7 8

FELH 1€ v R BUE I & 2 iRERAL, 52
TR — KU & 2 IREELERL TV 5.
Hbes W THEREFREL, LTIy T2 LEKOOD L I 25, BHE Y 2 kUL % g
LICE SOREDORIOFETE#EL T 5.
272, KAB6) LY, DD s (2T D cps/epo ZRODT, AT 2L TTry FT2LE, ODLI
8%, t=44s DY T, =Ky L RY, ZDLE cps/cpy=05 L7022 Enbhb.
X (13.14) TRAL T,

4 —1 4 —1
KM:2.0x1o s140.04x10' s 0 L
5.0%10” dm® mol™* s!

272, ki >k, THHDT, BiBREHELUIEY L.

ky/k® =Aexp(—E, /RT), k_/k®=A_rexp(—E,_/RT), ky/k®=Asexp(—E,,/RT) t L, A, A, A,
WRIBETH 2 EIRET 2% 0, koy>k, ThbIZH, BES— S+EDO{EHfL=A V¥ —-L Y, ES—P
+EDEHAL=ANVF—DHHRELS LD, 212, Ki/es>1DE S, v=(ky/Ky)csCro < kotpg TH 5D
T, MDA D& )2, S+E— ESOEMA L= A v F—1&, ES— P+E DMLz A v F—L D K &

wEEMEoREs 39



{78d. 312, Ki/es< 1D E, cpg/eg=cs/Ky>1ERY, BLEALOBRIIESRELLZ, zoOt &
OREEREIR D (B)I2RT & 912, ES— P+EThYH, ROEMILZANVF—IZE,, TH2.

(A)
E,.—E,1+E,;
Ea,, 1
Eﬁ
r] '2 r]
A ES 4
= =
e E,; e
H H
S+E
TR A SIS AR

MEOF—4%70y b T2 LEORDE 512K 5.
KDL 5T, vZcliFLTTRry bL,
EHAZOTTIIERBEIRET 2 L Vin/s =048
0.02, Ky/mol dm*=0.058+0.007 £ #5115,

R, el TFry L, BAEOUT
MGG T B L Vi/s ' =0.238%0.009, Ky/
mol dm*=0.051+0.006 £ #5415, HAEHPHN T 0 | | |
Ky WEALL TH b F, Vi 7509 990 L 72 £ HII S e T
85, N(1342) DYE MM L TIRBMHEETH 5.

M1 K37 ERALT

ke (15057)%(1.00x 10 mol dm®)
 L+Kya/ea 14(2.00x10° mol dm™)/(5.00x 10 mol dm™ )

M2 X(13.26) % LOKXTHY, HYT2HEAATEE

voruo/s !

vp =1.07x10° moldm™ s7*

ke ke 1+ Kya /e

Upr/vp = =
’ 1+ K,
1+(1+C—I]KMA /ca wa /e 1+[1+C—IJKMA /ea
K; ’ K; ’

C1 _ 1+KM,A/CA B
“E‘{(im Ton ) 1}/(KM,A/cA)

14Ky s/
K ZCI/[{(4+UA,IIVI;A”ACA J_1}cA / Kyia —1}

=(5.00x10"* mol dm™ )/

1+(2.00x107° mol dm’s)/(5.00><10’6 mol dme) . (5.00x107 mol dm’g)
1/2 o (2.00x10°° mol dm™? )

=1.43x10"° moldm™

RI3 EEBREN Ky X VoSO TE, BLAFORBRERRECH 20T, WM v=
(ke/Ky) cgoes THEEND. LI ->T, HEOHIX
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vy (hon /Kua)epota  (hoa /Kua) (150 s7)/(2.00x10°° mol dm™)

vg (kep/Kup)cots (ken/Kup) (10057 )/ (10.00x10* mol dm‘3)

FEH G WRER L5 Tuv 2 (L RHSE (substrate inhibition) £ & &), 2 2T, FRERHENL» S ICHA,
WRROL I LB EEZXDLET S, sDEVEIATHENRI>TUL2DT, REMHELEZL OIS,
N(1332)D g & e (CANEEZT, ROXDEHOLNS.

v kycg,

¢ c
1+7M+ s
Cs SI

1314 D% BEBOBEERZUTDL I IZEKRT 5.
A+E%EALP+F

B+F .:FB ~Q+E

COBMBTAOORZRMEVBENLDT, 420X PEV I EIUE, FMEREFHRONL. oD
FHAMOWREINLTFDOA ) v 2 TRT L ET DL BIZE, cga=ae). 4505 LD 121k, HEMR
FOFEMTH 5.
cgo=e+ea+f+fb (1)
fld 354, ERIZLIwY, AFMOMKED > b, FEO 3K L TEFHRELILTE L v
(dea/dt=)0="Fkicxe— (k_1+ky)ea
(df/dt=)0="rheea+k_3fb—kycpf

—~ o~
W N
= =

(dfb/dt=)0=rksepf— (k_s+ky)fb (4)
370, BHESEEIXDOL I G200 5.

v = kyfb (5)
KW ~G)2HLLT, HIHEL.

K@Y, f=UHkos+k)/ ks}/cslfb (6)
H©2)+RB) XY, kea— kfo=0100, ea= (k) ky)fb (7)
KDEKDERALT, e=Hk_1+h)/ ki}/ealfbo=[{ (ko1 + ko) / ki}/cal (Ra/ ko) fb (8)

HX(6), (7)), K@) 2R (D IZRALT

hathy by ky kovhy  (krh ) katk ke katk by
Eicn ks ky  kgcp ky By kothy  kica kythy

cgo/ fb= 9)

RBEOREWE, IHZYA-ATVOHEARDL I L, EREHEZILTHILDIZIEDLIDTDHS.

s . N kyky A ky  koythy B ky  kozthy .
y \ z k.= K& = KB = .
X (9) PG IZRAL T, N kz 54 , M k2 k4 k1 , M= kz k4 k3 ExlE, K (13.48)

»ELNB
IIT, RLEEA DL 0IE B OMBERNE (KU EEEF) KD L I 1252625,
ke kiks k, ksk,
K& kay+ky’ KB kg+k
- 1 e . s
EQ ﬁ!ﬁﬁi?}ﬁui — k—+— EEEWZ L IENTES., JOWHBEIHE, 2BEOREOBEFNIHETL T
c 2

VA I EERLTC S (131 HEZ132)
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CEED N BBOKBROEEERPLTO L 5 EHT 2.

42

A+E%EA
B+EAT<k_22'EAB
EAB(EPQ) - EQ+P
EQ--E+Q

I 13.13 LR, BEEOGTHIIZ 45T, 4 50FERANIKRDLIICEZONS.
cpo=e+ea+eab+eq 1)
(de/dt=)0=Fk_jea +keq—kicae (2)
(deab/dt=)0=kycpea— (k_,+ k;) eab 3)
(degq/dt=)0=kseab — kseq 4)
v = kyeq (5)
KO ~KG) ZEZLTHG L.
KM@ XY, eab= (ki/ks)eq (6)
KB K (6) BIAL T ea=[(koy+ky) / (kocp) Jeab = [ (k_y+ky) R/ (kokacp) Jeq (7
K@ RO BRALT
e=[k 1/ (kics) Jea+ [ky/ (kica) Jeq=[{k 1 (k_,+ ks) ki}/ (Riksks) }/ (cacp) Jeq + LR/ (Rica) leg ®)

HK(6), X(7), K@) 2K (DAL T

Balhoth)be by (kovk)b by

k1k2k3cAcB kch k2k3cB k3

_[k3+k4 J( by (g by )y kyk, (kg )by )

= + + +1
ks kik, (kg +ky )cAcB ky (k3 +ky )cA ky (k3 +ky )cB

Cpo/eq=

9

. . . ksky A k3k, B (kfz +ky )k4
e = - L= Ky = Ky =
RO #RG)IALAL T, ke otk M T (ks k) M T ky(kythy)

k_
Kt=—"txil &
ky

(13.44) 2445 .

B 1 ESHA R4S O ML 2 .

12 log (V') PMEE 1 T pH LB L TN L T % O THESL il

B3 MMEPRLTHY, PP Y X 20 pK, (CHYST 5.

B4 ESHEAHAN T 2 EHEMENE Hisl2 QLR T, Bl Hisll9 OB TH 2.

B5 ESHAMKRDECERYAR) (B 5 MY His119 OXIER T, MAEIE Hisl2 OMEITH
5.

2T, 79— 7 b gnuplot® i o THH L 1o R o0 Tali~Ns., RA312) W LcH T, /v %
Vel L TTry ML, EAZDTTICHERGET S L

1/ (v/mmoldm *s™") =A/(c/mmoldm™®) +B t $ 2% £ &, A/s=62+7, B/dm’mmol 's=14+1 o h

d(1/B)
dB

2
B. Vax=1/BTHHDT, HEIXV,, = [ ]632=6B/Bz L7 Y, 0.05mmol k735 H s (5

(14.37)). #ERE LT Vo= (7.1£0.5) 10 *mmoldm *s™' £ 4 5. %72, Ky=A/BLRKX DT, %k

A ? Ad(1/B))* SAY (AsBY o, .
6KM:\/(B&A)B 6y22+(T)A 5y,% = Bt B E%Y, 0.75mmoldm ™ L #5415 (K

(14.37). L72H 5T Ky=(4.5+0.8) mmoldm™® £ £ 5.

1|

EBREOEES



KA ELIEH 5T, vz LTTry L, BAEOTTICIMHBRIET 2 &
v/mmol dm *s™'=Cx (¢/mmol dm?)/[D+ (¢/mmol dm )]
T, C/s '=(82%05)x107% D/mmoldm>=6+1tf6N%. ZNEY, Vo=C=(82%05) x107%s" ],
Ky=D=(6%=1) mmoldm ® Lt 7 %.

LT, SIEHTLICL ORROBIT, FFHIBT LI DRBOERTRL TS, Ty T
. e WS CHIMTOMAY, EAL LOMBMATICRS CET 5. 70, FROMBUCEHLTY, #
BIRADBA Y O, AT O EN T 5.

2
x%&&plﬁuﬁuf,auw:(ﬁgﬂ)&%ﬁwfmﬁiwbaat,ﬁ&ﬁsﬁmmm%

T2 L, Bl %1, Sv/mmoldm s '=0.004 £ L I2Hi&, A/s=70+8, B/dm’mmol 's=124+0.7 &
Y, V= (81%05) x107%s™!, Ky=(56+0.9) mmoldm™ & 7%t 5. Z OFHIIZIEHILEIFAREI & 1Z
F—ET5. 0L, SHROMERGEE TIHEIE, LTEAMGS T L Z0NER L0,

45 0.07
Iw 40 Tw 0.06 |
% © 0.05
S 5 E o004}
E s E 0.03 | b
EB £ 0.02}
=2 20 B 0.01 F
s .
— 15 L ! P L ) L 0 L L L L L L L
0 01 02 03 04 0 5 10 15 20
1/ (¢s/mmol dm®) ¢s/mmol dm 3
=r
BI14E
i ) BT (1.38065x107% JK™)x(293.15K
XD (1413) LR (14.14) L Y 5:‘3—:( . )2 (1 )=3.09><10’“ kgs
D 1.31x107 m? s~
& 3.09x107 M kg s7!

7, RQ1413) %Y, =1.64x10° m=1.64nm

yr=—>=
67n  6x3.142x(1.002x10° Pa s)
MINEAHMULIZ Y R2BED r Th b, R(14.13) BECERIRGFIEEETE L.

2
(8.31 _ Jl K]x(298.15 K)x(8.29><108 3“—]
EZETD k(1447 RAL T, D=R—7;f= 0 c ) 21.06%107° m? ™!
& 2% 96485 —
mol

K (14.46) IRAL T,

Cm? Am?
=0.01599 =
s V. mol V mol

C _g I’rl2
A:\Z\Fu:ZX 96485 —— [x| 8.29x10™° — |=0.01599
mol sV

1.60x1072 m? S mol™

(14.14) 123 (14.47) #AL, J=kem?s ?=CV THs I L IIRAET 2 L,

C

" 6D " 6anuN,

2
6x3.14x[ 1.002x10° X2 )| 8.29%10® ™ |«[ 6.23x10% L
ms sV mol

=2.0x10"m=2.0A
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14.13

14.17

HHEWETHH L xEEL, X(14.62) LR (14.63) 120 5,

4 -1
e=tor_ K L2OADZSMT (107 m* dm™)=9.113x10°° mol dm™
A AT X +4% (6.192+47.634)x107 Sm® mol

K (14.62) £ 3X(14.60) P TAZER L, T 2HEZCAT S E

-1 —2 -1
A=Kt Ko _ e (1.1639 s m™ )x(24.36 Q)x(10* mem™)
‘e CacRac  acRac (0.01 mol dm’3)(10’3 dm?® cm’3)><(1982 Q)

7o, A(14.69) 1ITfLAL T

=14.30 S cm™ mol™

A (e/¢®) (14.30S em™® mol™ )’ x0.010

K.

- =1.39x107°
Ao.ne (Ao.ac=Axc)  (390.7S em™ mol ™) x[(390.7-14.30) S cm™* mol ™ |

NV —OBEM LY cco,=kPeo, FMIETH B2 0 ex = euco, LIEMTE 2. 2 FOKIERE T AAHH EE
AoNBDT, ZORMBHEL k=l +euco, Aneo, . ALY K=ow W +2%c0,) LR D, INE
K O5E#IAALT,

_ G Guco, /¢® _ (e y /e [K/(ANH* +AHco, )}2

K =
Cco, Cco, KyFeo, c®

[(7.09x107* Sm" ) /[(349.82+44.5)x10™* S m* mol ™! ]*x(10°° m® dm™*
(0.029 mol dm™ atm™ ) X (20 Torr/760 Torr atm™ ) X (1 mol dm™ )
X (1447) & b,

=4.2x1077

RTAy  (8.314Jmol™ K™)x(298.15K)x(73.52x10™* S7' m* mol ™)

Dy = =
ZF (96485 C mol”! |
=1.958x10" m® s ' =1.958x10° cm® s
RTAq  (8:314Tmol™ K™)x(298.15K)x(76.34x10™* S7' m* mol™ )
cr = =

Z'F (96485 C mol ™ |
=2.033x107° m® s =2.033x107° cm? s7!
tBRohs, TheEEORITRALT
2Dg Dy 2x1.958x2.033

= = x107° cm? s71 =1.995%107° cm? s7!
KO =D +Dy  1.958+2.033 emes emes

EY. FERMEE T 5.
a=w*v= 2nv)%= X47** [ (60000 min~?) /(60 s min ') ]*x (0.065 m) =2.56 X 10° m s ~*
(2.56x10°ms™?) x (g/(9.81ms %)) =261x10°¢g
K (1479 AL T
RTs RTs (8.314 T mol™ K™ )x(293.15K)x(82.6x10™ s}

" Do D(1-vp,)  (152x107 m? s 1) 1-(0.61cm’ g7 )x(1.00 g em™®)]

=3.40x10° kg mol™! =3.40x10° g mol™
#*(14.79) & b,

. RTs_ RTs (8.314 7 mol™ K1) x(293.15K) x(453x 107 s)
Mowa =M1 =77 = D1 ppy) =12 (6.03x10™% m? s )[1-(0.639 cm’® g )x(1.00 g cm™®) |

=2.60x10* kg mol™!
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EED) RS TEA RS T 5. B | ERERE I, om FREGERE L 2 OBRECEET 2) O
SOBK_ERVPER SN, OWBOBMENS IVRETHIE, ZO0BMEDEFLALRZOER LR
OWRIEDNS (7L, WHREHLIHEE, @il s 20BMARN»EC 2). —F, QRKOE
25100 VRETH IS, BA EBIHREON 2 BUAESIH TS 2IZEASCRY, ELAEY

BN OB AR ibN 5.
E

CIELD) K(1443) 1Y, g=0D L2 v=0L%%. LIH-T, vepHItHLTFay b+ LS, pHEII L

pl=48 L k» LB,

-0.2
'w — 0.4}
g —06F
2 -08}
) -1t
-12
_14 1 1 1 1 1
4.5 5 5.5 6 6.5 7
pH
VWD BI1 In () ticfdLTF ey FT2E, DL S CEMIE 191
19+
d(Inx,
Y, ZOMES [(7“2)) 13801%10 *min ' thHs. h 189
d E 188}
> 1.87
i) 5
S 186 F
R ) 1.85 |
d(]an) (8.01><10 min )><(60sm1n ) 184 L
S= = - .
(2zv) dt (2x3.14x25000 min™* )Z M =010 w0 80 100
-12 t/min
=1.95x10"%s=19.5$
m(l-v m(l-v
M2 0413 b 147 ooy b s= 0 0ZPw) e s smFM L

& 6NWw?r
5. LICH-T,
Nw (1—UP20,W)
N20,W (1—VPW)

1.040mPas [ 1-(0.556 cm® g')x(0.9982 g cm™ ) |
1.002mPas " [1-(0.556 cm® g™')x(1.040 g cm™ ) |

Spow =S

B3 sow =(19.55)x =21.4S

67N 20,w?

@IFID DEAE v 77 u—27% 5 23BA A Y RBETH 2D TH Y S BOFEML Y EC pH THMT 5. 2%

b, B~ o xR 2 O5EE TS, —), CMt 778 —2A0 7 LB A A KR THLOD
T, ZVAAZ7HOEB/BML YECpH THMT 2. 2320, EHME~dHox o 2 HosMc@ET s, %
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46

1o, FREANTLAE TR IR AR ERRC. LAY T, RIREOBME OREEE T % v S 2 F e e
MG, BElEOpHIZ—E L LT, EMEREL LA S LHEMIIMEA»EE VBT 2. o
OWEPRCTR 2o 5lET 5.

Kds, 2RI GPTRMEGTFAA 25T 256, pHEZLSE 26005, 0L 21X, BAA
YImR NI T4 — (T YRSV LAF R EDOBRA & ML 5 MEME IR TR, &
CpH THIA 4 v 2 fE 3 2 7ctk, BHERO pH 24 CTUERS 2. ot s, HEMEWE»OE
CEHRESN, BUBEREPERINDS. Ay omw T T — (AR U, AVKRUEE, ) VB
L EOBA & R 5 EEME HCICGEEE) T, R pH TA 4 v 2856 S 270k, %ERD
pH ##E4 1 EUF TS ¥s. ot s, BEDE» OEICHEHRINS.
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