A mEOBEEN ..

GEDZEOFWMEOMAEBNI ST L, WA MEOMEH O AT 2.

3 0 4T 1n(70)
m k-[odtz_JlooT—To =—_[1ﬂ(100)d1n(T—T0)

100-30 . 70 _ -
7030 =g =0-55962, k=0.1865 min

ZOflid L EEOEE FORGTIHRAL T

~ Jm 1 n100—30
TR0 T-T, T 01865 min ' 31-30

[ 1.6 ( ] o [aav(gijv]f2[8811(1/’1—1;1))};_(1/751;)2‘ (Si)f‘wﬁf”ﬁi“,
(5

(3 min)xk=1n

=22.8 min

ST (] Lo, wik
T T\ v-my V)|, (vowy “F7 K e P
EWITH 5.
f) =ln(+n) EF2L, ~zu—1) URHEROEM (1S H) 2L Y, 2
14
” " -05
70=7 0+ L O SOy SO I s =t N
— 24
d(In(1+x)) 1
7 oy aunii+vx))_ 1 _a
L%, wioga, f0)=0, f/(x)= i Lr —i-
" 1 1 5
f (x)=m/dx=—mﬂsm>ef'(0)=1, FrO=1t%%.

2
LIZH-5 T, In(1+x)= x—7+ CEEBETE, 0<x<1Ot E,

In(1+0) =2 LEPTES. AHEIN Q-2 =~ -1 %2,
@GFD rw=c LT RASDIRATEE

x_1+£+£+£+...+£
M TRNC TR nl
x=121ALT

o101 1 1 1 1

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

EGED OB ERQOABEELLToRDIE, KRB x THMILT2r=12{AT2 LRG)BEOLRL.

np(q+px)"~" = Zr Crg 7« (4)

r=0

EEMEOREE 1



2

np(q+py " =np=3r,Cp'q"”"
r=0
KRG PRDERAL, E) = m=np ¥Ho6N 5.

iz, R x 223 TxTWMOT2E

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)1Zx=12RALRG)2#L. 22T, Mo’ DEFEHLT

o’= f‘(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

LB, LEHST, o=npg LAWIT S 5.
AN 1 IRTC DR

- ulx)
PELL. 0L, (rtdy) OV PEL L L,
x> u (%)
Ju

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

ox

LD, R, 2RICOERES v,y ul,y), v,y 2E 1 5.

y

. FHERAT S E,

v

yo+dy IS ¢

B
Al B
X0 X+ dx

%o, Yo > (%o, 30) , v (%o, ¥o) (APA)

%o+ dx, yo > u (%o + dx, o), v (% + dx, y) (B—B")
EEREEOBRER

(5)

%



o)
= ”(xo,J’o)Jrl

%o Yo

ox

X0, Yo+ dy > (o, 3o+ dy), v (o, 3o + dy)

Jv
dx, , — d
x, v(%, )+ al, x}

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

Ju ou ov
= _u(xo,y0)+—dx+@dy, e )+$

J 0
= u(xo,y0)+—udy, (%, Yo )+a—;}dy}

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

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

(C—C)
v
dr+—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 AR
v %d v _% _ %
LY Y Ve ox

2

dy, wug :g—:dx+%dy:u1 +uty

dr, v, ——dx+g—;jdy=vl+v2

UsVy U V; (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 =Uy0; — Uy 0y

2

e u
ou ov  Ju v ox dy

= ————= dy = dxdy = |J|dxd

[ax dy 9y axj Y v o 7 m i
oy

ThbY, BRBEOMADHEBOREBITO |J|[fEELoTwa. ZOLSHHX|J| B u, 0D yiHT2

¥ a7~ (Jacobian) & & X,

_ d(u,v)
1= ax,y)
LyErNs.

EEED OZEERONE, B EREREOY G x=7cos 0, y=rsin® DL 312 u, v x(u, v), y(u, v) DHTHE»N
LIEN%C. (u=rv=0) LOWHERT, v,y Lt u,o P ANFHELD L,

mEMEoRSE 3



Jx ox

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

DT &5 iuEmd s,
S(A’B’C'D’) = dxdy

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

L L THIEREOREZ2 LY HIT LS.

dudv

dS=dxdy=

ox ox
9r 20 cos@ -rsind
dS=dxdy= drd6 = drd6 =rdrdo
ai ai sinf 7cos6
dr 90

CORNE, MBEERIZ T A EREELE, drxrdd THLZEDPORSIHRTS 5.

@3RILDOLE S, Yar7rry® ol y 2) /0w, v, w) LEFRTNVEL O, UTORNIRTEREZDOYE,

u=r, v=0, w=¢p ThHY, LI x=rsin@cosd, y=rsinfsing, z=rcosf2LHLasns. KLY,

dV=drxrdoxrsin@dp 75 2 L PHEEKZHFTE 5.

YA 7y TRODALGERIDTOL I 5.

o o o

Jdr 960 J¢

dy dy Iy

dV =dxdydz=|/|drded¢=|—= — —|drd6d
xdydz=|J|drdbdg =50 55 5p|drd0ds

e

or 96 00

sinfcos¢ rcos@cos¢ —rsinfsing

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

cos 6O —7sin 6 0

L EBEEOREH



1.12

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

Yar7 vy ) EERLTHI ). anlMOMNTERD x,(i=1,2,3, ..., n) OB u; B n D 5 u;(x,, 2,
X0 x,) (121,23, .0 ETH. YT VRUTOL ) BRSNS,

4 Uty Uy ity 4
ox 0%, %3 0%,_y ox,,
auz auz auz auz auz
% ox; %3 0x,_; ox,,
oy, thy, Us,..., U, ) ou; ou;
(X, Xy, X300y X)) ox; ox;
aun—l a”n—l aun—l aun—l a”n—l
ox 0%, %3 0%,_; ox,,
Jou,, Ju,, ou,, ou, Jou,,
ox; 0%y 0%3 0x,_y ox,,
{u} 3 {y} ZBEAL T {n} OB THIUL (272, {ud, ), o} 3L THE ET D),

ou; B L ou; oY
;= oy ox;

N H2EER AT Xn HIOITHIOFE C=AB L 28¢5, TN Zhdfisis
det C=det(AB) = (det A) (det B)
L7ch» T,
oy, ty, s, ..., 0, ) _ oy, thy, us,....0,) (Y1, Yo, Y3sees V)
o(xy, X, %3,.0%,)  O(Y1, Y2, 93,00 9) (3, %, %3, .., %)
BNFTIS TR 2 WM 2E#T 2. u WHIE (2, ..) DB ulx, y,2 ..)THs. Lovar
TUDEFRT uy=u, s=y, Us=2, ... X1 =%, %, =9, %:=2, ..k LTYIET U #RDD L, 19,2 . IMITEHK
ZDT,

EEMEORES 5



du Ju Ju
Jdx Jdy 0z
dy 9y
8(14,31,2,‘..)_3£ ) %5 _ou
oax,y,2,..) | T T oo
0 0 1 0
0 0 0 1 0
L7chis T,
qu _d(u,y,2,...)
ox oz T ax, y,2,..)
% =r
25
)[xmol)>< 1dm® ><(IOOOmmolj xmmol
. a — =
dm?® (10 cm)? 1mol cm®
b)(5.7x102Cil)x(umi)x(18i):4.3x1o“i
g cal mol mol
6 3
B [13.6 ggjx(“;g jx L0 em’ | _ g 36x10t K&
cm’ 10° g 1m’ m’
d)1kWh=10'W x 3600 s=3.6 MJ
@XP OJK'mol! @25°C ®v/ms @3nm
@EXD n/n="5 =(a/b)-5. =(a/O)M LY, EAERM
bmol mol
KOTRETRRLC I LIS
F _mg(_h\_ mhg , . kg m)_
[ 2.10 ] P—Z—T(xhJ—T—phg—(l.%%lxlO o x(0.760 m)x 9.80665  |=101325Pa
mS
(1.000x10° Pa)x(24.79 dm® mol™* ) x| —=—
211 R=""= 10°dm’) _ g 315 I molt K-
T 298.15K e
1hPa=10° *& »10° £ %107 ™ —10° & —10%x10° Y0 2109 bar = 1 mbar
m s? kg cm cm s° cm?
L7455 T, P®=1000 hPa=1 bar
1IN lkgm s
AN =0.102kg =102
e () 00z
mym, (6.670x107 N m? kg ) x(1.00 kg )’ B
EXID s CaniftALT, F=G e =6.670x10° N

1.00x107° m ¥
( )

6 EBREOREH



mol K

m‘“j [ dm’ Jx[s.su J )x(293.15K)
m

(2,15 JREC

=2.437x10° Pa=2437 hPa=2.437 bar = 2.4 atm
CAUIHAFIEZEUCTE 22902/ TO2ETH 5.

dv_ d(dr/dt) .
. = — ., N=k
2.16 F= dt =m it Q) gms

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

d 1_
dQ‘lD V=]JC '=kgm?A’!

:g Y, Q=VA '=kgm?’A?s?

ALK E AR LT, RNE@3DIHARALT
150 atm)x(1.01325x10° Pa atm™ ) x (40 dm® ) (107 m® dm™
pv_| ) ( ) ( ) ( ):2.44x102 mol

T RT (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 cC-v —11605K
kR 83141
mol K

cal 4184 I
[1065)x(5.7x102—ijSCfﬂ=1.0x1o9g=1.0><109 W, x=25.16t

2 -2
8314 JIKJX(N‘“}S JX(298K)

rms \ M
VN, 280 ) [1 kf J
mol 10° g

ZD O ¥, Y2 AT 2 =R~ 54 (215 B
Vs DS (0) CHAN10%RBERS M E L 5. 372, FRAOTHEHLI-TTSE
ol o LR 23T Ths. BEWHLELTORMED G HIE,

i) ThHs» b,

=515ms™

¥EIAT, fi[EE2.3) TN B PIgHE (v) 125
Lueb T,
BIENEATD 2 05,

v=«/% TH 2N (y: BARK(KRBES56)). 2T 5T €l y=7/53.10%

Vems /0=13/(7/5)=1.46 L ¢ 5. Z DML, SUKEBH TR BAHMEFEOMEL T2 2 L
REWCESA. T=298KiZHWTo(Ny) =353ms ' tad. HbRAD, HHEEKPOFHIEM6ms™!
Ths. MEXEATOLZERPOTHIEETOLINL VEL LS.
EFID - L LTK(260)MLALT,

1.602x107 C
- 47?%: " 4x3.14%(2.00x107 m)x(8.854x 102 Fm) 20V

BERT v VIIINEEYH 5 DT,

mEMEoREE 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 JilEr 2 TEDU R L IDORT v vy 3N F—U, X259 THZLM5.
HETOWE, e=gle=1Dt LT, RNQSDIMHLET2HERALTIHTHRVDOUZFETS L
Q.0 (1.602x107 ¢
dmre; 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, FEHICRCEEMEENT, Na't CUR#EALP 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 0H, Na' b ClUR#lET 2. o€ 0FmRE 2.3(20°0)
LabD TNSCOTHERT Y2 v VI AVF =2k 5, NaClIZf#gET 3 720,
’)rms(l‘le):\/IVIN2 :\/28.0gm011
Vrms (N3) | My,
L1A22—TLOIDOEDE (YT /ORBOKTED L 16 TDE) LFHBETH 5.

=-2.31]

=26. i, Fof

FHIL v BT 5 EF 2, (25D LY, :
4.0 g mol”

B 0ol ORBAEOLIE M THOT, p="L =200

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

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

P=( atm)xexp[— ]:0.370 atm

= _ Mgh § Mgh B
R4 Poho=jO P(h)dh = P= F{)exp[ RT, ] # £ A L T. Bh _Poj exp( RT, jdh_
o, RTy (= Mgh Mgh)_ ,, RT; RT,
J o My exp( RT )d( BT ) "My LEONBEDT, hy="1" My
e mgna. AP M , X P My
M5 R2ofEomhcie S M9 g, T=Texp(=h/hy) #RAL, —=-—Z-exp| — |dh #Fk
P RT PRI,

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

In(P/FR)=- RgThO[eXp[h) 1] En. Zhug, ho=% PRRALTI@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



[ 2.25 EENCTHEW)

2.27

(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

EA=NA7= =2.99x10° J =299 k]

(4.00x1077 m)
X(2.76) LV, Am=E/¢ Lennt, X(2.62) % THAIEWRT 2 &

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

Mo Eme(2.998x10° ms) x(9.109x107" kg)

WP ENVEEM ESwEl, BMERLCEHRETL L,

w_ PM (10°] s’l)x(235gmol’1)

—= = =0.0122gs" =12.2mgs™"
t ENy  (200x10° eV)x(1.602x 107 J eV™")x(6.022x10* mol ™)

KDL BHBPRICEAED P TS ZOEIETH L. ZE LTI, C-CORFZANVF—
38eV, KHEMHEDZANF 1301 ~04eVTDHs. BHEOFRIEDTANVF—IEFIZINL DI

FAEAOMARE AL DTHY, HEKIBIZL2 3D TRV,
X279 P mol brchizEaifzr, RATHLE

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

random

dF(v)

Y— 7 TE3AAEMER F P RE 0 IKFL 20D T ——==0%t7%5. 22 TA(2.100) % v TG L T

i1)2ex _mvz =2vex] _mvz —m—vgex _mvz =
do| " P\ T2k || TP T 2k T ) kg TP\ T 2T

3
200= 7::; (ra=v (at dF(v) =0))
2kgT  |2RT
m M

2x(8.314 Jmol ' K™ ) x(300 K) )
EEL D oy = =353ms~

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

a) MR, b)HELR, o MELR, ) MSLR, o MBCR, DGR, o WECR

1IEL, b), o), ARHECI > TRARRIECL 2. o3 wREPZ T, MERTHLIEEZELD

na.
TRRAERL. V=0 ORBAER < R LR = TRELH)

REREOEES

9



XD 614 25 L CTHUMEE 7y, 25k 5 b,

"min

12 6
dl =4e —12L 6o =0 s 266 = rmine, Vmin = 21/6(7
dr rminl3 7

IR GU)IAALT

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

5 3 aq, ag,
EXTD 0. - 2PV VAP =| Y | gy | Qe | gp
tev =5 POV ( Y% l, +( 9P ]V

s fREBLEL T

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

INEPEILIMGTLE

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

LT, 8o BATEEWITTDHS.
HREAOREBIEXNLHCT, T2 PLVOMKTEL, MEXOXRATEL

6qrev nRSqreV 5nR 3nR a(qrev /1 ) a(qrev /1 )
_ — v dP = dV+| 2227 gp

14

L n. FREGLEL T

v o), 2w’ oP ), 2P

NSO T AL

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

5T, 8¢/ TRHEWHTTH 5.

EXED sk, 273K, latm € 22.4 dm’ mol ™\, 0.5 atm T 22.4 X 2 dm® mol .
- BRIk
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 PeXdV_nRTle V _nRTan1

0.5atm
1.0 atm

) ]
—(1m01)><(8.314 mo]K)x(Z?BK)xln(

):1573]

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

10 EUMEORZH



3.13

3.15

dP=0 T, (330 & D
AvopU = Ay H - PA,,V

1.013x10° Pa 3

1atm

3

= (40.6 kJ mol™ )—[1 atm x
cm

]><[I3.01><104 cm® mol™! x 1016m )><10’3 kJJ™!

=37.7kJ mol™!
COBEFOBEREY C LT L, %x(—ACIfI):CAT Lgsh, suva—2kl, REKFHP2LTLL,

_AT\M,
- 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,)

170, WRTANVF— L OBRIER(254) &Y, @ = Elt =CAT =
AT, M,

ATy

wy x(~AHy) 1 (0.953 g) x(3226 kJ mol™" ) x(1.09K) 1000, .
=Y X——= X = .0Ss
ATLM, "' EL (2.36K)x(122.12g mol ) x(100 V)x(10A) 1k
FRER I 2y e —, PBEERH T Y 2 v U —, BREERSE X Y 2 v E—BoR Y. RIS L ARTGRRE D
DEILDTHE L, ~NADEAL Y, AWH® = A H® + A, H®

COFUBIERD 2 DDFUSIZTT B S EHTE 5. 79774 b +0,(g)
FUS1:C(s, 727 74 1) +0,(g) — CO,(g) CO(g) + lT l coe
K 2:C(s, 22774 b)+1/20,(g)— CO(g) 1/2 0,(g)

BORG 1 OREHE UG = > & v ¥ — AH® 1, K(3.33) & H CO,(g) OBEHEE VAR = v & v ¥ — AH® (CO,
(@)izsL e,

AH®=AH® (CO,(g)) —AH® (C(s)) = —393.51 k] mol ' -0

LY, BESISTH 5. Mk, U621,

AH®,=AH® (CO(g)) —AH® (C(s)) = —110.53 k] mol '-0

s, BEEORIBE, ARIRT I ICIET EE2 DFUSOHTH 556, fL¥aamffi s LR L
TAH®=2(AH®, —AH®,) = -565.96 k] mol ! L 5N %. CO DIEHRET VIREET > % v ¥ — (standar mo-
lar enthaphy of combustion) AH® 1%, CO(g) +1/20,(g) — CO,(g) D AH® IZ % L \» O T, AH®=
—282.98 k] mol !

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 '

. . ‘ S g At R
3AH®,= (=348 kI mol )X 3 2D M A DOKKMOBAERL o o AH™:
Ty E—LEZLNL. LIz -T, 3AH®,-AH®, = ©(1ﬁ*ﬂ)
12K mol 3, 300 EMAOH L=y 2= Q) —+— "
ThbbIEz AT -2 KT, AH®,

AH®, ©
ArHGZ

O

EEmMEOREE 11



LRI AL BRI KD & I 1278 5.

NH,CH,CONHCH,COOH (s) +30,(g) — NH,CONH,(s) +3CO0,(g) +2H,0 (1)
X332 &Y
AcH =nAH = n(AH ey +3A;Heo, +2A:Hy o — AcHgg —3A¢Ho, )
= 71 g
132.12 g mol ™!
ENZTNOBBED FUEU
(a)C(s) +0,(g) — CO,(g)
(b)Hy(g) + (1/2) 05(g) — H,0(1)
(c) C:H;0H (1) +30,(g) — 2C0,(g) +3H;0(I)
Egah, =& —VOERKGIE
(d)2C(s) + (1/2) 0,(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) DB Avees=0—(1/2+3) = =7/2 TH LD T,

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 mol) ( 5 X[ 8314 (298 K)x( {0y |=-269.02K0 mol
AL CAMRRBTHA LSO A M LT, ZOILFERG RO ER Ave L T2 L, AH®

=AU +AVLRT L 7 5. 10t 21E, 2H,(g) +0,(g) — 2H,0(1) T, Ave=0-(2+1)=-3 L X
5.
IR — BRI TH Y, Sg=0ThH 27w, AS=0. —7F, HHKIIEH» L, BRT AV F—
IEAV AN T 2202 8 6 9 25, Tombaicey, FEEREEE L. LXK T, HHK(=45 D
v b e -2k
ASaurr = Geun/ T=IEAt/T=FRAt/T= (10 A)*Xx (10 Q) x (10s) /(298 K) =33.6 JK !

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

I THEERMAKRTE, dT=00 Lt & d(PV) =PdV+VdP=dnRT) =0 L 72 5 DT, PdV=-VdP t L TfRA

ds V. nR
XMy - >
TaL p=—n=—y ERA. SRERALT
dP
jds_—nRj?

AS = —ann%= ann%

(W) DL &, g=g,,,=0. X(3.23) XY AS=0.
WiETH 2 DT qen=—q=0. (3.23) L Y ASr=0.
Wi THHDT, ASeum=0(F 7213 ASu=AS+ASr=0).
AS IREERIHTH 2 DT, WHAEHHBIRD AS ZSFRTIEFIERDO AS 2L, 70 dT=00 dU(T)

¥

=6¢+ow=0)7n5, X(3.23) £X(3.26)» 5 Assq%:nleln(v
1

j>o. i WBCH DT g —q

=0T, 323 &Y ASuw=0. L7 5T, ASpu=AS+ASyy >0 L% Y, RGB2)IZLY, RUHETH
HLEMEMTES.

12 EUEMEORIH



EEED 115 T 8w ( = 60+ 8Gun) =0, S (= 6w+ W) =0 TH 526, BIFE—EHI(R(3.22) 12 &

3.25

H, MVZFZONE T F v F—ZBAL 13 dUm=0 Lt 7 2. — ), B34 T Fa(R323) & b,
dswtal(zdsmssurr»% L2605, MVRTIESGQu=0TH 225, dSpu > 0(X(3.24)). »

3Y, MEROTY b rE—IEIWR LK 5.
EIAT, NHAOBEALIR §qun=—8¢ TH 2 6N 5. T2, AHFERICRS , AR Sqone 5 2

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

LRONL. CHEROMELODES L, dsmm=d5+dsm=ds_%>o LEOND. LY, 5q-

TAS<O0t7zY, ROAMZANVEF—3WPT LI LIRS,

XKLAal, T, PrR—Eol s, K328 LX(3.20) #AL T, 8¢p—TdS=dH-TdS=dG < 0 & I
), FOFTAZANVE=DRPTH L85, 2, TVH—E0t s, X331 LRB.18) #1L
ALT, 8¢y—TdS=dU-TdS=dA<0 L7 ), RONNWVLKRNVY ZANVF =D TH LR D.

BOpFE NG, PR (=) Oy P rE—EBA LT S 2 EEBRTV A, 0, BRI, B
TULRYEEOBFEZROIDIZT P =2 SE RO T, LT, EWPVES S
rHitix, HHEOZ Y br -0 U R ROZ Y br =R R R IR RO L. RO

FRrE—OBARLE, BPREEHGIAPHEWD) T2 2 L3 » 2o B0e. ORI EY LG

TTEIRICY) OBLO T ANV F— KT S, =0 e C—DOF5 2RI LTELL L, EYH»aEY
PHATHEINT2 L0 2, ATy brE—2E2A FHL TV 2 2 LMY 5.

bHusl, LG, EWEAREZHDLEIDIMIROTY PR =R RIIL-TCLETHY, £
TWRREEERT 2. AWE @) FERELLTLLATRATAIALL LY, ZREHES> TV
. =R, RSBEMAPLZCIICHAZORERTHE2» 6 THS. EH (G <0) LT (dG=0)
BHREAMIIRL2DTHS.

I BT TP=0 DA SREACHYE T2, Wizt ) g=0. HHBIELY, w=0GL3.2).
B — (R (3.22) £ Y dU=0. X (3.15) L Y AH = AU+A(PY) =0.
AS FIRFERBTH 2 DT, WlEED AS L5 Lv, dU=0 K256 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 ,
MREECOE LY, FUSCBRT 28HBRIERO L I 12k 5. B
@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,404(aq)) ] ~TAS®
= —[2x (~278 k] mol ' =393 kJ mol !) ~ (~1263 k] mol )] v v v SUEH
=79kJ mol !

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

EEmEoRES 13



3.27

14

@ ASarn=—qp/T=—AH/T=—[(—=79K%] mol *)/(298.15 K)] x 1000 =265 ] mol ' K!
® AS® ={2A §°(C,H;0H (1)) +2A §°(CO,(g))} — A §° (CsH04(aq)
=2x (161 Jmol 'K '+214 Jmol ' K™!) —264 J mol ' K '=486 J mol 'K}
®—-AG®=— (AH® -TAS®)
= —[(=79kJ mol™!) — (298.15 K) X (486 J mol ' K™*) /1000 ] =224 kJ mol !
Tk, BFECE, BMHPAEFTORDIIOOZANVF—O—HERHL, FEEL -AH® VNS5,

3128k Y, (7=EK=2PI7=%RT (X(249). $7XE15) LY H:U+PV=%RT+RT=%RT. ok
b, HEAARTIE, UL HS TROOMEELE L. X(340) XY EV:%R, X (3.38) &b Engze L35,
L1cH 5T, Co=C,+R 7% 5.

ZO#MFEE, ©20°CDHO00D) % 99.6°C ¥ THiEL, @99.6°C TibEs ¥, 399.6°C D H,0(g)% 20°C
FCRRMSEINLEZD L, ERBOZ U ANVE—ZRD LIRS,
AvapH20°C = A20°Ca99A6°CI:IHZO(l) +AvapI:I+A99A6°C—)ZO°CFIH2O(g)

=(Cpmoa) ~Crmoe) JAT +Aw, H

=[(75.291-33.58) Jmol ' K '] x [(99.6—20) K1/(1000 J kJ ") +40.657 kJ mol !

=44.0kJ mol !
oH oU oP
H=U+PV % dT=0D 54T, VMG T2 L, [a—) =(—j +(—j V+P L7 n. 22T, W
V), \av ). \aVv ).
oU oP nRT
= LH. A — S s — - — —_
SO E, U=@B/2 RTTH 5 DT, (aV]T 0. %7, PV=uRT LV, (aVJT 2 kY
oP nRT oH U oP
Z | v=- =—P L7 S ety R et o P=0 L7
(BV]TV v LLAOT, (aV)T (av)f(avlw Otxs.
U Je 9 (U
C,=| == S, it 20 S Bl - SER AP o < S A
% (aTJV“J 5, (aV]T av(aT)V' 10, dUT V) DBREMBTHDHDT, 47 —D3HHY
9 (U 9 (U oU oG
N _ SYE B NG -0 . v -0 7,
L—"ﬁitfaV(—aTJV 78T[78V)T7‘JEEDM“O' T, (—BV)T PRRAL, [TV jT L h.

K (339) LK (342) & Y
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 &Y, ¢=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) £ Y w=AU-qg=0.99Kk] - 1.38 k] = —0.39 k]
Cp MPIRBEIHAE L 20 B3 hug, (339 &Y,
AH® (T,) =AH® (T) + (T, T)) Cp
tRons., TnealB33) AL T
AH® (Ty) =AH® (T) + (T,— T) A, Cp o
»ELha, 22T,

A, Cp =Y vCp (EBH - Y vCp (LIEH)

K (1) 2 F Ik Ry 7 0% (Kirchhoff’s law) & W\, AH® (Ty) 3K 2 A B 6N 5.

RBREOEES



EEID 053 2H, () +0,(g) — 2H,0(g)

EEPD s LA, Db L FROTY b e - iR (344) X b,

3.33

3.34

K@)z brvr—cd@AL, XG4 PEETS L

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

In

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

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

_ - 1 mol ! TxIn 573
+[(2x33.58-2x28.824-29.355) JK ' mol ]xlnzgg

=-93.30 JK! mol™!
(cf. 178 3.30)

373K
273K

G,

C 7 =0.312C,

InT, — —
AS=| dT:LnTl C,dInT =Gy In

In373

N c,,,ozd(mT))

Y ah, =0, AUHOLs, MVREFH OV PR Y-l THLDT, ASurwe=—AS EXD.

L2l AR D100°COBMB L T, AW cimE LA LI a

SLH O B D AL R X

—GyAT =—(100K)xCyy 72 255, SRFUGIERRIIE CRIEZILIE R G EE 2 2D THROZ Y b r =2k

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

Ea. 2%Y, ZOFTHRICHSCTMZRADI Y b r ¥—1%0.312C, —0.276C, =0.036C, 7313 a5

3.
Coli— M CBEEOMMTHY, —ETELL. LicdH-T, Bz,
FEIP—EECISGETEZ 2L, WL O»DORETETRERE G %
WELK31I DL, C/T Tz LT Ty b LIZS 7T, T,

26 T, DI % TOMBRO T % 55 5 HiHE K 5 (AS:jTTz%”dT ).

PRL, WEHPHASL, CoAI—EEEZONAREA X, AKX
IS TR L THEMEHMNT 200, H2RETCRillE
T, C InT, S
L, Aszjﬂ TPdecpjlnTl d(InT)=CpIn(T /T;) VKD B 2 E b

T&5.
K (358) T, MHDRIEQ) L#kb Y DIRIEQ) TBT 2 L, T,

TV . MEORE %X O2ETFSTO y:g (%

(3.61)) ZLAL T, T,=(298K) x (20)*=988K=715°C L7 5.

EEDD wissE VDS (P TEELSHETHL.

P2 oP .\ av FY4

(B—Uj S0 Lna,
T

0V, T)  a(P,T) oV, T)

oP

1

20 40 60 80 100
T

(au) _E)(U,T)_&)(U,T)&(P,T)_(ﬁ) (apj . (%) 20 7;®T(£j L0 e HRiL
T T T T

aV

EBMEoRES 15



4.12

K@D LY, ¢(=qy) = —wy=TuASy. K(4.4) L X(46) & Y, g= —wy=TiASy (4.9) & D weey=w;, +wy
= 7ASH<TH7TL)
— Ty -T;
KHUAL, THOOMRLY, Em=—="L L vmeng
au Ty

WEMEBTH 2O, BIEE L Y as=Tore | Drey o4 500 gy

I Ty
T
qH,rev: q1, rev(T}I:[j (1)
31, BIEEEAILD
AU= qirev + qirev + Wrey = 0 (2)
. S . T _ qL,rev qL,rev
ERBOT, RQERDERALT, ey =i | 2o-1] E5B. ZREY, o == .
- rev q1rev (Ti}I - 1]
L
T
S LBONG. m s =Y A 2 N OBBEOR G, Ty b TLOEANE CIH, HES L KD

= T
@ CH;0H (1) +30,(g) — 2C0,(g) +3H,0(1)
ArSe = 2.§ec02 + 3591{20 - (EGCZHSOH + 35902) =[(2%x213.74+3x69.91) — (160.7 + 3 X 205.138) ] J mol 'K !'=

-138.90 Jmol 'K!

@ H,0()— H" (aq) + OH (aq)

AS® = 5%+ S%nu — SC0=[(0+ (-10.75)) — (69.91)] Jmol K '= —30.66 ] mol *K*
NROBBENITHTH Y, ALF B SUSE gp(= BHESIORT > X v & —) 53 1SR B S 2 LS

BBDT, AS®,, =-2 - A;I LEZ6M5. AS®m=AS® +AS® 0 =AS

AH
surr T © T T >0EkD

W5, B EANC LY Asemm>o Edud, BUSE EHRIRIET) BRI ET T 5. AS® =0T
BPH L. 270, ASC <O DAL, WPUSHPHREMIHETT S, LIAT, BMEREY 72
FINE =% AGT= —TAS® L 1< L (5.281), EFIEELMHFERNAGCT=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 K] mol !
REKZMOEOHMENKREL LY, C-HEAOH»EMT 22 L2k Y, S TORBOMS &
DEWHEL Y, =rbre—E#HAKT 2.

SerENVEBEM LT 0y 200

P s b, MEBBMES TS TI60f et — = fzg S—

5. %2 2T, log(M/gmol ™)1z F120f° Ty —
HLTSe® 7wy bdaL, It 280 é 80

B ED bia, coI b o 40 b, 40

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

LAET S 5.
I bR E—OGFRERIE Ry 2 OR S=kyln W (4.23) 1I2EESCTH 2 5. v, iD=

16 EHEMBEOREH



n’h?
FF—(GEB H v F—) 13K (2.86) ¢, = 5
8ma

THZONHDT, 5THEm»EKTE (D250 Ixk

M V=& PRI, ZAVF—IRENELS Y, =y brE—3HAT 5.
FERE GEME L P)MEBN AL L0 TFO e —S 2RHEEQ THT L,

B ln@
S=hy [T( = )N’V +an}

L. —%, 582M[EES2T/RT & I (T IS KD S E BB

1 ( 2zmhyT YV
Nl 1%

TRIND., LIEH-T

(aan) _3N
oT )y, 2T

Q

s, ZO200MF% SOMBRAZMRAL, 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 AR (K (1.55) In Np! =Ny In Ny—Ny) v 2 L (M=Nym),

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

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

7 M rDOSTEGTHNO C-CRHEEDEDYDAFAEOHBMEEDO DI, P AFLUFF2 FDS®
Ih K&, 2Fh, M) AFLUAF Y FOBROMENS LN IC O, BRNOE T OB & »HIR S h
TVb, BOGPIANVEF—2Z0WBRIP/PECECI I ELTES.
FALRFED & 9 BRI THRCERT 2 LS OkDO A v 7 =2 2K L T2 KFEEAZTY), Bk
KFEHTORMB -1 TR O CBGEH 2T X 6 NI CTRILKES T2 WARL. TOICD, AgS®
<0t%n.

—7J5, WYL ST DBURYERR /MG = A v F— 12 & O REE LK E BERO TR 285 77051, B
2o Tr77A4—%BHL LI ETHHE, HRHECBIU 2K TORPHEEZ, AwS® >0L %3,

¥ BUKPEA BB (hydrophobic interaction) Z BiK#G & L L A2 L b H2H, KEDFEMPEGT 2 L 5 (2

B2 H1IETTHY, FHOHEDNDHLDITERCDOT, BURKE LV JUHIITFE L L.

T, P—E T AusG=Miic H~TAicS TH 5. HE LY, T =V L RIKRED K DB S
AisG <0, AqH >0 L%, LD 5T, AgeS>0TRUNER S0, REOHE, 6 ODKRERKY
WURET, KEMSHAYT 5. 20y, KGTHOKEHEG Y M7 —2B3HEsh, HHLKSTO
Bz, = bu =3y 2. RESERZ ) —2EMAOCATV 208 ZORFEMEN L2, L
L, WHREORFER X VN7 HHERCMA 2 L, KGFRELEALREFELOMHEMbNS., Z0Y,
RN TBIENT B, A RMAKBEC, KOSFHOKEREG A Y b7 =2 RHEET 2700, AgeS >
0L7%%.

EEmEoRES 17



B5E

&P i-oowERERERTH L 2L, ZOREMSRCTRE R s (UEGT)).

DB THLDT g=0. ZHRHEEPL=0) L THRT2DTw=0. LIZH->T, AU=0. #HHKAKT
AU=0TH 2 DT, APV)=nRAT=0. L7:H > T, AH=AU+A(PV)=0. KD THBETH2 DT
AS > 0. AG=AH—-A(TS) =AH-TAS < 0.

OAH=qp> 0(gp: P—EDHEIH). AU=AH-PAV = AH—nRT, > 0(AU WA D HF &2 ) 5 109

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

d) 2 ORE G H +0H — H,0. AH=gp< 0(gp: P—EDHHIZ). AU=AH-PAV = AH< 0. AG< 0

(AFEMIZEITT 22 06). AS> 0L A Y OKANZIZEZ K OKGTHHRFLCREL T2, BRI LY A

drni Y, KHKGFPABICIZ2DT, RGO Fr =2 3L L 5. FEE, BRELY,

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

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

I ANVT BN RII I T ThoIcd, EBELWE, VEL D2 va—2A2RELET5.
BB TH D H 6, WAEMBPEEBICET 244 75— GEN140) LY, RGI)HEL N

d

5.

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

=123Wm™

4nr* /3 (47/3)x(10x10° m)’
A RO B £, (g—’;]f[a(%gmjfg E%h. CRERGISERALT
(%] %fmﬂa T THAT 5 L,
AS= jSst jv( )dV Rj —nRLT?d(an):ann%
H:A = U-TS(R(318)), \v: (S—AJT+T($)T ., 9 —PdV-SdT, % : (3’;) dV+ [g’;) T,
N T | T
s (e () e (W) R)er 5 () are() e

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

oH as .. [(9G oG . U 14
H (ﬁjT—T(ﬁjT, Uy VAP - SdT, 2 (3P) P+ (BTJ ar, AV & (aTJP’
aV
H V- T(E)T)

18 EHMBEOREH



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

14 14

(G o ) o (ol o )]

SRVA) D BRCIRERP T AH® L AS® BIRECKIEL T —ETHD LT 574513, AGT=AH®-T,AS® L LT
AGP ZEMHT AL TEA. LaL, 38HiR3IMIT/RLICE H1Z, AH® & AS® SiREL L 28
T20C, MG IOFEZHFBEHTE L0, AR L TEEHITRNI G H 2 VX G/T DIERST
PHORLBIEHE WY LD DTH L. Lk, P—EORHEIHT2)COMERFEESOMKTHY,
G/T DIMBEARFEE HOMIE 05 2 LICERI NI,

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 (I IALT

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

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

=3.04x10" m (=30.4A)

KHLHIZ, TOIIIRT LI WCREPMNT 2 L7 M ORSBBL L2, 70, 44 OHMHH
MLTETF A DOESIFL LS.

BIRE BREOREERY
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

a) 7S DES b nm TRLTV2 (1nm = 104).
b) EFHOMERRERED 2004 4~ OBEMIZMHLT 5. B 2 (X NaClid 1:1, CuCly 12 1:2,
CuSO, % 2:2Th 5.

L) RET E Ttk 5 A, K(5103) LY,

A 3/2

wlz)
2

L7 h. 1:[2 +2] x0.01molkg™ t 25°C12%13 2 ADMlZEEL T, XQ3) #R (IR L TEMET

5t

3/2
logy. =-2x(0.5091 kg'* morm)x(%j x+/0.03 mol*/? kg /2 = —0.1662

LIchinT, y.=10"""%=0681 /NS 2. EERPTOIZ LRSIV L2E L2 L, HERD»L
DFNIEE SRS D,
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@EED s P o STV ~OEBEEE L 5.

i), ()
(i), =S~ se o ) 17 50 ) -Gr L Go ) (v ) (Gr (o)
oT ), o(T,P) o(T,V)T,P) |/, ap Y \oP ) \\oT J,\ov ) \av .\ oT ), | LoV ),
(o), (&),
(5 LG A5 G5, (57
ot ), \ov)\ar ), "\av ). \oT ), \aT ), "\ oV ),
toT 771&;/v0)]¥]%ﬁ0}10’63’)6(§) =(£] NS (E) CORDTC2C LR
v ) \oT ), v )y

%.
@D 7 vx I EBANH == 2 2 3y A HO+H QAL EIEEE VR Y 7 XL AV E — % AG T, b T
5L, ATP D5 TH NI

4.2kJ mol™*

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

x(6.02x10% mol ™) =2.8x10%

2P K GonrHeTROUL L.

Guvans FT [ 27mkyT JS/ ‘T [ 27M
W Ny I

3/2 (kBT)5/2

Pe

P

V. p®

B (2x3.314) x(0.03995 kg mol™" ) v [(1.3806x 107 JK™)x(298.15K) |*/2
- ( f - 1.00x10° Pa

6.022x10% mol‘l)x(6.626><10'34 Js

=1.00595x107
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 BT 5.
b7 Az, R(2110) A THRBEED o Pk A v F—25HH T2 &,

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

Exh, K(250) E—HT 5.

B6E

A H® - .
a&a&» ,.s°- ptT = 1902%3(?11;1 =0.95Jmol ' K™!  (pt, phase transition, HH#z%)

AusVo <01 TRBD AT R] LAKTHY, KCHAOMETHL, 254 m20Rk

dP AL H®
—_— = WA 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' Jm™
=1.346 %10’ Pa/(1.013x1o5 Pa atm-l)
=132.9 atm
MKHLRARIL, ATF—1rDTy P TRPEADIT S ERKIETS. KES0kg, = v JHAF00S5em® £33
L, EJ3(B0ke) X (9.8ms ) /(5x10 °m?) =98%x10°Pa = 97atm & % 2 O T, AL, 073°CF
NHIEIIKD.
KOELELIMEOHBRTHLDT, 277727 A2-273xX4 0K (K(6.19)FHC 5 ¢t

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

R |, T T, a.fge T

vap

T=1/

T, A, H® 373K 40.6x10° J mol ™

vap

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

Lgy, $haix 13°Cwd T 5.
MELINOTHETERT M F v FADQEE RNV RN, G- e b5 ERIEL TR IET TR
(, AVALAV I T—=RA0®DL B2 LAERTIIRS.

X621 &Y,
a)c=1,p=24 Y f=1-2+2=1P» 1),
ble=2,p=14Y f=2-1+2=3(P L T Lt ¢, R(5G4ANBMH),
LML 3 2H 203, PHERPERTEI2DTc=2L LTIV, p=1LY f=2-1+2=3(RFEPLT
L3FD I bD12D5E)
Bl1 3528 KIIECT IV ERVEVRTIIITRAELICEED, XRUEUVDIEE 50KkPa, vz
X 20kPa TH 5. F72, PV EXRVEVOFIENEL 7L 5 EBHIEE Yenene =0.28 TH 5.
M2 WMPLT'OFmy b2 LEZLEEMELY, ZOMEEE(-AH,/R) L7 5 (K(620). £OF—s%
Tuy b TAETROLICKSE. ZOMS LY, PO 354Kk mol ' (LEAEE : 383.76 K
T 335k mol ™), N ¥ DI 30.4 k] mol ' (TbFEEL : 353.5K T 30.72kJ mol ') £ 75 5.

6.0
5.51

5.0
&
224.54

~

54.0-

Ry¥
AH,,,=30.4 k] mol '

354 | PV ¥
20 AH,,,=35.4 k] mol '

25 26 27 28 29 3.0x107
T/K

B3 LOMBETIMIM VY LRV EVOERED T — 4 BB TRHARLE A LERT—4DH5D
T, MWHMEH OB O BRI E R L Tuw,

a4 RXyEr-tvz LY RPDOMEEP D2 L35 L, BREBETORIE - 57)F & & R L
Y AT 2. BEBE» OERCERLLTU»LTHE. JOWA, £ - HE L S ICASUE IR L
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6.12

6.17

Ml s, RyEy-MVZ VR YFIIOMAERYH 2 L T2 L, REBHPOLE - HEL bW
T2, BABESL ORI LIS R220THE. LD T, &FF - 457 L S KT MBUE T
MR,
WARTRAERERTIRIZ ) 2, BB THELUARERTORENP RS SR ICH, a2,
FEOWEMIHEY 2 1T L, ZAVEY, EORMOKDILFERT V> v vh, WO 2 XTSI
5. SABOEETIE, NEHL VRBEPFHO LV BRTHREIC LA L 0). oy, FEONE»L
PER~KDBET 2. 2 OFE, BRI LN,
¥HG A, WS RRIC DU 5 L, SRR SHIRBNICER S A D At OB THRNC HIY
WEP ANAL LD TE2, OVRIGENEZ»I 2L, MBPHESE2 2L TES. 2h5
PREE AVIELC .
X 6.13 DWEARAS, K LK E PEBETHTIOREY KT L T2, FEORE T, WRENTIEEIE 1T 550
DHLIZTTH2. WAKMIETCOULEOENZMA 5 GEREE) L, 2O RT vy pld, u>u®
LY, MRE ORGSR A~RITT 2 GEEO TR 5P T 2). 25 LTk b EkE DL
HILNTES.
MHAA, TOHET NaCl 2RI CHRETE 23T, 29 LTESE LICBRIC “3 4290
BE LIORENTOR I LMD LD, BRZOI AT VEHAKBERTELL, B2oMAcbDTH
3. LEIAT, MREBOHAKA—H—0D = 7% 2016 EBUEH RO 752 D Tv 3.

\ AT, 10K .
—10°C OB E AR | DABE 7 R 0) T B S —2Mm _ =5.391 mol k
10 °C D HEEME AT L E L EH O E i T VIRIE R Meolue Kn ~ 1.855K kg mol ! molkg™ t

55,
ADITX ) — N OPETRRIL
W= MeoruteMeote Weotwent = (5.391 mol kg ™) x (32.04 g mol ™) x (5.00 kg) =864 g
b)ZFr s ) a—nNEER
W= MgeMorate Waowen: = (5.391 mol kg ') % (62.068 g mol ') x (5.00 kg) =1673 g
WL L) —VIEEROBULTIREATC 225, HEAECHEIELLT . LI - T, HBHEOAHHNIC
BxzFroyZ)a—wveEfvs.
afir RECEMTH00, BESBETSEI 2. 30V ORFEROMEE YRS, 12, £ 0%
WeBHHe, EEOLLT LLT, EILHTTHARHTFEPEL »ofbh T2, JOBRTE,
DMK &Y & aBEr L, WL % 5.
FROT FUBEORELR x % (w/v) E L, %ENVIRETIKEKT 2 L, NaCldseafitd 2 O THRED 2 5

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

LG5 LREELT T LY, x=555 LRILND.

IOt EORETIIKRI7TCLELT,

3
2x(x009x(1ooo(;{SJX(looo‘hi J
I=cRT = m M 83143 310K =7.94x10° Pa = 7940 hPa =7.8 atm
5844i mol K
" mol

LB 2. KBS TOR E, WA ED 20 2 OMEN & 2 (RERMO L x—2 1),
HRmEZ ¢ L2 L, K655 &Y M=cRT=cRT/M t7%%. LIH->T
yR7~_(101)gdnr3)x@03dnﬁrn*)x(8314jrnor1K*jx(29&15K)
m (0.0244 atm) x(1.01325x 10° Paatm™* )

M= =1.00x10* g mol™
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@EED swmTHics T, BEROLEET v v g S EEEOFEET vy o v gt LG, I T

MEBEWTDHE D0, BWEHPHELRE T LN TE S, WD T, THE (ER) & 7 OMEAR T2
bHY, T, 7oiREPTFTIICLE, (BEPREL)BHOTVGEx 2T ECL )Pz -1
LT AL, PEEMHIRRD L I I2RKRENS.

*.S L
()35 o (2
KO EEELT
—SOSAT =-S®LdT+ RTd(Inx) (=R (623)) (4)
RTd(Inx) = Ay SdT = Afu,}idT (34(6.14)) (5)

m

s, NG ERIDTAE

InX Ay H® (7dT A H® (uT
[,y dlnx)="eet B iy WA (VD (6)

20T, KO»HLNS.
F72L D72 N(DICANTEHET S L

19290 Jmol ' (1 1 )
- =2.303log X
8.314 Jmol ' K1 | 353.2K  298.2K o8
X =0.298

L s, bas, KEECHT 577 20 OFERE X OFENHIE, N €y 00296, T vz o:0.286,
T by 0224, NFYL 0125 THE. RUELYOMEAIFHEMEITCZ END, F 77X EXRVEY
ORAHHNLIZITEAER E L TR 5 2 LERL TV 5.

r=1a<DOES, ROBBEEETORELTESZAT IV, LEP>Tr=1DLE, T,-T
=AT, (B EHET), T,T=T,2 LT, RQO)ODEBRATE L

Ay H® ( 11 ]_ AwsH® T-T, Ay HEAT,

R\, 1) R 1 Rpy @

72, RQ)DOAHBRIEA(6.40) EX (64112 Y
mp M

1000 g kg™

Y, XMEX® LYKX@2HOoNE. 0L I CHBERE, MEGWHES, BESAFETLHL X

SHELDLIENTED.

In(1-x4)=—xp =—

(8)

@ELD 2B OSHER ¢ LT D E ey =cp =0y en=1-a)e L% 5. LiznioT, BBEECHEST 2 HEKTO

L ep tepteon= 1+ co=ico L8 A. ZIT, i(Z1+o) %77 b Fwy7@BLVI. 205
PETORBEFIE T = icRT L7525, MANREOREEZWET L, i Z2RDLIENTEL. 36U
0=1—-1LY a®RKDLIENTES.

DAG® < 0GFALRKROMEE, 2)AGS > 0(RERROIFHE), 3) AGS " < 0(FWed 2 WX IRBE), 4)AGS < 008
Bed 2 AR, 5)AGT< 0UFENLE), 6)AG® < 0(ATP DHIKS#), 7)AG® > 0(NADPH D fiE{td
WG, 72721, NADP™ (aq) +2H,0 (1) + 2hv — NADPH (aq) + 0,(g) +H" (aq) £ $4UE, viZd » Tl
FEBERT LR AGT <0 L s.
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7.11

7.12

7.13

K(716) Tu® = AG® Thr Z LREEL,
AGE = (3/2) MG, + (1/2) AG® ) = AGniyip =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 morl)x(298.15 K)
ONH,(g) == 3H,(g) +No(g) L T L &, WEEF 22742 DT AG®,=2A,6°=3290KkI mol ' & 7z

(LM NH, TRZS N, D Imol H7CY DML L D). F1c,

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

LY, Kp 3RS UARAET 5.
TAS=AH-AG >0 (. AH>0, AG<O0)
BIE LTk, iR, 7558 JRFES NHNO; DEHL L.

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

RT (8.3145 JK™ mol™!)x(298.15K)
H¥EI12X Y
__ Crep  _ crep /Cosp __K ( K = GFep )
Coep +Cpep 1+ Crop/Ccep 1+ K Ceep

=0.5/(1+0.5)=0.33
AGT 3 (P L)TOMBTH DT, KOWMEKFEYHERT %G, AGT 2 EREBS LR TELL.
K(740) 2R T X I ZAGS/T O THRAFEE AH® OMBLEL 290, 2 KK KTI»L K%
TFMTZ2ILETERC. M750 & I ITERMIZ AH® 2k, X (740)(H s EGRERMTHN
iZ, R4 PR EEY, KERODDLIEDNTED,
PR CRES NI bOTERL, (FTRA)ZAVF—IIIkE 2(T, P-EDLE, AG=0, v
=0). L7ewi->T P & "B Lo BAFEHT 2003 L Av, =7, @ EIEFIFIRED
12T, MUSHERORERIZALS L, ZALEES—EDEEE 3T (AG<0, v=—mE+ 0). EMmIEF
REEC, COBFENLIRESL, “HYPE EeIHOoDbLURBTESRAL L HFE LI,
BOERTH R, BT e, ToaRTPHel L CHEoRE T ERO%E, (742 LY,
nKEYTOTmy FOBEEDG AH® 2RkD2 2 EDNTED. JARORETFHEBOYE, X(743)12%
Y, WKL /TOTay bOBEEN»H AU 2RO D ZEHTES.
208K 2313 5 InK,vs. 1/T 70w P OFMELE, B2 1/T=(2/1000) K ™' & 1/T,= (10/1000) K" =
FU BHEMOZE A(InK,) =445 L#HAIY, K (7.40) /LA L T

J(lnK)
o(1/7)

44.5 1

X =-46.2 k] mol™!
(8/1000)K™ 1000

AH® :—R( ) =—(8.314 T mol' K™ )
P

teohna. —J5, R(332) EBKRKLDY
AH® = AH® w, (g) — [(1/2) AH®,(g) + (3/2) A ®,(2) ] = AH® iy, (g) = —46.11 kJ mol !
oM, FEBHL LT 5.
72, 298K 2% 5 InKp=6.6 2 (7.19) (2ALAL T,
AG®=—RTInKp=— (8314 mol 'K ) x (298 K) X 6.6= — 16.4 kJ mol !
tons, —J, R(B3) LBERELY
AG® =AG®,(g) = —16.45K] mol !
LY, b X —8T 5.
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7.14

7.15

& 5612, X(7.20012 A,G® £ AH® #LALT

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

Lons. —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 J mol* K!

Y, Thb I —FT5.

WEHME 330 12H L2 F veky 7OHEANCZ LD

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

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

=-50.79 k] mol™

tHona. 27 7XY, AH®g=-50kImol ' AN, L<—FKL T2, InoDfERE, 1bE

V2 RIAT 2 LTEIIEPCPICEHTH 22 HIERL 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
(8.314Jmol K™ ) x(298K)

]:1.5><1012

tEohns.
AH® BHECKEL R ET 20T, A(741) 2 HvT

1

K, ArHe[l 1]
LK

K R \T, T
K, AHe(l 1J (113000 Jmol™) (1 1 j
o TeXp| - | oo | [T exp| - - =0.23
K, [ R \T, T (8.314 Jmol ' K1)\ 308K 298K
K, =3.4x10"

oS, BENETHA 0, MEL T2 2 LX) eI T 5.

X ¥, FROCEEHPE T ASE HE AL v By iug, 0(7.20) L 30(7.19) 2T, HLU
FEwmAHOoNZ (L L, EBRCEWEOSEREL LI LA TLDT, 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 TRISCMEG T2 7o b v B3Im=-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| —
(
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RO, TOWMIGEZRS. DFY, pH=02056 pH=71224L¥2 2 L2y, SEEWTH2 H'»
WAL, PRI, vr ) YR E, WEO ) YBRILEWO Y S RIRR G O MK O
AGE 1 -12k] mol ' BRETH 2 DIZK LT, ATP DIIAKSIED AGTIZEIZKE . DT L » b AL
FIH T, ATP O Y Y EBRIEEARYHEG &I RIVF — Y S (high-energy phosphate bond) & & .5, L 2
L, BEOLEY, DI THETRRELTIHRUSE L L7E0T, BUETE LY HROETH L 2 Lol
B3,

) DT OIS RE LS. vaA+viB == wP+veQ. 2 T vy (ML X O S ERRETH 5. SUSH
IEHOWERE T nxo LT 5 L, FUBHEITEE E TOXWHDOWE R
MZMNWE,%:%Nwﬁ,mzwwwé,mzwwwgkﬁb,ﬂ$%@
dny= —vade, dmg= —vpd, dmp=vpds, dng=vodé L% 3 DT, ROF T XL AN F —ORUNEILIE (AG) 7

oG

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

e e (N(7.18)) ILRAL T,

dg
Lo, BIEMLRENROMEY S, USHETEE E DEMIZ SV THRATLZS TRELEC. T74b
b,

’G dAG 0
g = d¢ TP:%(VP#P +Vohq —VaHa —Vekg ) > 0
7. ;

THELTRZL L.

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

. . d _ B
DEETIEL LI E S ED L IZE{ 21, (a*,‘]’i] TREND. PO F 2 BEHL TL
PAG

DT AG=0 DR LS. EN—ET, Yar7rolEeflisT,

(g;) _0EAG) _AEAG) AET) _AAGE M&T)__mej (amcj
T Jprg OT,AG)  AET) AT,AG)  AT,E) aAGT)  \ oT 9E

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

(%]P,A,G =%(%§I)P,T/(%jpj

&%%hé.ik,ﬁ%ﬁib(

) 8D, Lichis
P.T

IAG
il

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

(3—5] >0. T74bb, WMELRAL L CICETESRINT 2 KN PF»BHd 5. SBEET
PAG

mnm,myx<oa@f,[§§j <0, Trbb, WERRL b SUSEEY AT 2 I
P.AG

S B ET 5.
9
DIRE—ETHENZ LHSEIL SIULAE D L IZE 21, &%J TRENS., ZDL 3 PO
T,A.G

FEBHLTLDTAGC=0DWREMLPDL . WE—ET, Yar7rrolErflisT,
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aij _AEAG) _AEAG) AEP) _AAGE ) AEP) __(aArG) (aArG]
rac O(P,AG)  0(EP) A(P,AG)  I(PE) aAGP) P )./ o¢

[<5)

9A.G v
J =V &y, ( §;, ] =ArV=[¥) THRIB I & 2L E 8 5.
T T, P,T

o5,

NG
a¢

Sé\%

(o2
U

3
~

(
(
(

L7 et X o( j S0 LT n. S b A KRR 2 S T H AL, AV > 0%
P,T

DT, (%j <0, F7bb, B AL L S ICRISETE? AT 2 FIMNPEPBE T 5. ROG
T.AG

d
Wy & AW SRR T A R ThNE, AVSO0RZODT, (a%j >0, Fxbb, EHhERE
T.AG

b SOSEATEE D BN 2 TN B T 5.

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

WK & HCL+ H,0 — C1 +H,0 " % & O HCIO, + H,0 — ClO, 12
+HOTORUGAIZIZER LTV 2. LIgh > T, 25 IO KIETR 10
DOHFAMBUE X HO +OH — 2H,0 T, Ihe#H sz L H + g
OH — H,0 L% 5. %7 GEEEH ) PAIBE, BRREE 4 &

6 CH;COOH
NE—IZEFELOPD

4
@p = AH® = H;(H,0(1))- H; (H" (aq)) - H; (OH" (aq)) )
=[-285.83 k] mol™! —0-(~229.99) ] kJ mol™! = -55.84 kJ mol™ HCI, HCIO,
E8 . 0o 25 50 75 100 125 150

100¢gom, o/ €a, 0

—7, Loy, ks L OHEERBRAKBROmELC L S
WAEMBEFE L2 Y, HO0"/H0 & H,0/OH O 2 2 DfEflfg L %
DM OpHMME» 6 5. 70, FEMKBHROMIERC I 2WHEMBMEILAHORMDO L S5 1cnY,
CH;COOH/CH;CO0~ £ H,0/0H O 2 5 DiEMFRE & 2 OO pH RE» 5 78 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 7212, EEORG PRI N2 cn, =2 br =243 5.
GEEAZ 3503 2) B, BHERGZ Y 2 v E— 2% L0 (gp=AH?) 26, KOL I IZBLNS.
AH® =AH® (H,0(1)) - AH® (H" (aq)) — AH;® (OH " (aq))
=[-285.83—0~(229.99)] k] mol ' = —55.84 k] mol "
KOHBHCHEEIXH (aq) £ OH (aq) DT HIDBEIETH 2 26, 7 OEHERGLy 2 0 ¥ —13 AH® =
5584 kJmol ' L s, IhEEBLT, XT4DERATEE
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BIE

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) Tk pKy=14.7, T=313K(40°C) Ti3 pKw=135 L7 %.
KHILAIZ, FKDOpHIE pKy/2 THH2 6, 5 25k L 1M40°Cil%ki) A4tKD pH X, ZH £ 7.35,
700 %L 675 L8 b,
Ko B CfFEER EET L, om=c(1-0), o =ca =co £ Y,

Ay Gy Cp- (coar)’ 2
Ka:“H A _ G Ae: 0 ez(co/ce)a
A CHAC ¢ (1-a)c

LIt o T, a=\Ke® /g =(1.75x10°)/(0.1) =0.0132, % 72 pH = —log(cy/c®) = —10g(0.00132) =
2.9
¥k, cgl—o)=cy LV IEPPHDR LA, =2, K=Ktk 3,

_ 2 _ <
2 WA £+ Kr—Key=0 O L L, x= _KEVE —4Ke7 VKZ“KCM%. £>0%0
2 .
_KaJK? 4K —1.75x10‘5+J1.75x10-5 —4x(1.75%107°
X= K+VK -4Ke = ( ) ( )moldm'e’=1.31><1O'3m01dm'3

2 2
ERY, FLOBBEREPZYETHE I LD,
1 2 72 BERE O AT IE 13 a0 =0.10 mol dm ™, BEEEF 1 ) ¥ 2 5P HF L FE 1% cao=0.05 mol dm ™ T & 5.
ANVE =V vy OEUPRIMAL T

¢
pH=pK, +log “BAD =4.76+log 0.05 =4.46
CHA,O 0.10

5. 22T, BEBA A CKOBERELTROWI L, ~vx—=v -t snve MR
(838)) XKD & HZLEHTE 5.

c c
pH=pK, +10g[MJ =pK, +logy, +log[ BAO }
CHA0 CHA0

Z DR D A A+ i (5.101) & )
I= %((ZB. ¥ g (24 ) o ) = %(12 %x0.05 mol dm™® +(~1)? x0.05 mol dm™) = 0.05 mol dm™

brs, 2heR(5.104) RALT
Az, NI (0.509 mol™? dm®/?)x1/0.05 mol”/? dm™
- =-0.093
14T/ m® 1+/0.05
%, 2%Y, FERA A UPEEMEC L YR ks, 2RV T 5709, pH I 0.09 FLEERA
TaIEHTFMENL.

log Ya =—

EFEFOEBRAL T2 CE 7 VT FED C b REBIZMLL . 23 ) 20T ERILETK
BT,

CH,CH(OH)COOH & C OEAL#ix /A & —3,0, +3, CH;COCOOH O C DEALEd /i & -3, +2, +3 ¢
Bh. P LENEVBANDOBALE 2B TG TH L. A2 20O H' PBET 5.
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[ 9.8 I E3 SHrAnES

ArG-e'o2 = 2A¢GGHZO - AfGe-oz - 4AfGe-HJr = 2AfGeH20 =-23713%x2 kJ I'I‘10171 = —474.26 kJ Il'l()171

A.G®, -1
E®, = 0, :_474.26><1000Jm01 193V
’ nF 4%96485 C mol™!

—7J5, 2H'/H, OFHEMRALRTTEM I AG®,,=0. L7ch - T, HdEREIX
E®.=E®, —E®,=123V.
b A, 0,/2H,0 L 2H'/H, DGAMFRER L TEMII pH £ L SIS 7 b T2, LHICHE
FTEETr P EPHELCDOT, 2OZLREEELCTh s cw, FHEREIE pH KA L 720,
@D vz T, Ce(IV) (ag) +Fe(ll) (aq) — Ce () (aq) +Fe () (aq) O SIEIXSERET 2 L £ 2 5 b,
B E W Fe(ID) /D3 L Yz 5. LIchH > T, Som’ il FRE 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 FIEE T3 Epe =077 V(E® ) L 72 5.
=77, 20.00 cm® i FIRF AT Y R (CFe(Il) = Cce(tv)s Cre() = CCe(lll)) THa. ZOL SHEWOWBMEN E (X Ere

\ . RT, G ;

FOTHL, CelD/IVIMIZ X D% 5 B =B+ In <" imp L0, Lieais T
Ce (IID)

OF = Eyo + Eoy = E®p, + E®¢, + X0 I S0t _po \ po

Cre (1) CCe (I11)

bry, po BB
’ 2

=(0.77+1.61)V=1.19V £ 7% 5.

30.00 cm?® {i F 2T Ce(IV) /TID A2 X O Pt 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)x(o.200 dm3)

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

E 5.
TEMBED & 512k 5. BE % T Fe(llD /(D OBRALETHERE 27 H Y, BE bl Ce(IV)/
(D) DEALE TTRERED A LN D, BEAITI T 2 BRI LI, 2 DORER~NOBITEHL TS,

1.8

EG

16 £

14 + h

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

E/Vvs. SHE

0.8 F

0.6 -

04 L4 v 0 B

V/em®
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CED v AR LY LUOTPHENI ac, =1 ThH 2 59 2 LITRAET A L

0.059V

E =E® +—1
L L+2Fn

” ©
RT [Cc/c xlog (0.01)=0.278 V

=0.337V+
acy

27, RMOTHEMLE
o  RT
By = B+ In(6pe / 6 )= 0771V +(0.059 V) xlog (0.10/0.02) = 0.812V

L%, 22T, LOKSEHEFUSIZL, ROKBZ 2505 FHE T, 26

2Fe’" + Cu — 2Fe*" + Cu** (1
b, LT, 261D DOF 7 XA vF—3

AG=2AG—Ay G=-2F(Eyx—F )= ~2x(96485 C mol™" ) x[(0.812-0.278) V]/1000 =103 k] mol *
ERYEBWCHETT S 92 ) Lill» b RMABEFPRNAS. Zob s LUA R (EE) L), RA
B (IEAR) & 70 5. RHET) B 13(0.812-0.278) V=0.534 V. —J5, FEHERE

E® =E® —E®:=(0.771-0.337) V=0.434V

T, RS (1) OFEERIEF 7 X2 4 v F— 1%

AG® = —nFAE® = —2F(E®y - E®) = —2x (96485 C mol ') x (0.434 V) = — 83748 ] mol *

L5265, Lchi->T, 20Ok

-© -1
G ] [( 83748 J mol 7810

K:exp(—Ar =
RT 8.314 JK™' mol™ ) x(298K)

ERoNns. 2ok d RRELEHEEBRILFEST TRME Ly Icws, BlPHL I EXTEL R LI,
ZOREN»OEGCMET S 5.

BRIKEN T, ZFAVBBEBABEL, 74 v BB~ BET 5 (FEK, 77 77 —1%, anode (i) (2
72> THEIT % 4 4 >~ % anion, cathode (M) (Z[h> > TRET 2 4 + > % cation & AfHT72). BKD
HFEL ET, BELEMPFEC L ) I, 2 F A UBBBMTEITENS Eosicitdraons. Ly
L, BRAKBCL2BBHOLMEBEMBOFINTMEEBRTD 2. EE, Fe(CN)S BB TEILS M
Fe(CN)g'™ k%t 5. Ru(NH,) ¢ 1R THIL S M Ru(NH,) " £ 72 5. 44K, s T AL EIC S 5.

10058 4 184 I w1000 -2 ]
P 1 - cal  keal _y15_ 116w
60 1 xp0 T S
min S
RS 2 101(2527V>< 1 C =0.006 mol s!
" : 96485 —
mol
116 1 5[ 60 x60x24 5] (2828 X )x[1000-L |xx x[1000-&
d mol k] kg kg
R93 0 = x=0.64-F
: 180 %
mol
dA.G®

<
FdE

EEED 2G°= - nFECcq ® TTHHITH L, = ASS = onF S s DL b, B ORI

30

HEOREU nF 2 2 UL AS® KD B LN TEL. 21, ECq» bHHEREF 7 A2 A V¥ —AG®
a~g
BRODDIEDNTELDT, AH®=AG®+TAS® =—nFEece“+nFT% XY, AH® 2k 25k

NTED.

RBREOEES



@EID NAD (aq) +H' (aq) +2¢” == NADH E®yp=—032V (1)
0. A GOap = nFE®up = 2% (96485 C mol™ ) (~0.32 V) /1000 = 61.7 kJ mol™*
7 b7 Flaq) +2H (aq) +2¢° == =%/ —n(aq) E%=-020V 2)
X0, A G® =—nFE® = -2x (96485 C mol™ )x (~0.20 V) /1000 = 38.6 k] mol"!
BERAP|TUNE, 7T PAERIE2 G Q) OMBIUS L% 5. LIch > T, ERGOFEIHES 7 X x4
F =1L
AG® = A, G®xap — A, G% = (61.7—38.6) k] mol™ = 23.1kJ mol™*
THY, LOYBRISTH 5.
s (1),2) s cet LTH PS5 320T, H5 pHIlH 5 FLMEEX 7 A 3ov F—1g,
(D) OB S, my=1755A, G xappit = A, Cxap - RTIn(ay. /107) = A, Goxap +2.303RT (pH-7)
2) D&, my=2 11 B A, G'xap o = A, G¥xap — 2RT In(ay /107) = A, GOxap +2x 2.303RT (pH-7)
%, ERSOEMERGE 7 AT ANV F =X u il 5 pH k1) 2 SRR F 7 Az dov F—13,
0=A,G% = A, G Nap gt — A, G5 p1t = A, Goap — A, G2 +2.303RT (my, —m, ) (pH-T7)
23.1k) mol ™ x 1000 =2.303 x (8.314 J mol ' K1) x (298.15K) x (pH—7)
7Y, pH=11.0(7c7L, Z@ pH THEEEIZAIGL TH Y, Ml U THBEL v,
CEED M1 XGOSR, KRB OISO THIEIE > T 2L L, ZLEMLOEERIEF 7 X
TANE—EA G =-nFEC THEENSD 2 L ITHEL 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<0TH220HARIHETT 2.
M2 R@oEDH 2, R@)Dzho2fTHs I LITHETAE,
“2AG®, /(AG® +2AG% x100 = ((2x30 kJ mol™) /(146 +2x25) kJ mol™))x 100 = 30.6 %
B3 EESF 7 AT ANF - LEEEVERY 7 AT AV —, L OEERST 2 v — L iEiEE
WIE Y Z v E— DR 2N ZhR(53) % L R (333) TH 2 b b, THIMATA L
AG®=[6x(—386—237) — (—917)] kJ mol ' = —2821 kJ mol *
AH® = [6x (—413-286) — (—1264)] k] mol ' = —2930 kJ mol !
$oT, WHML I AT ANVE—IZ-AGCT=2821kmol \. £72-AH® <0ThHsDTRHRISULE X
5.
M4 KEZ Lo 2%E%%3 5. BARKCEBERTMEO BRI % > %2 B (uncoupler protein, UCP) {2
30, KRG EXQOBE,»HBEL R KA itk Y, RG)ORISBYPRELACEFST 5.

: RT . @y ‘
EED 5 0953) it 7 ABERE Arp=71nM ERY, ey E—ETHE., LEH ST
[ ,in
RT | Gy phs RT | &y pha
AAG = gy — Ay = o In T2 _ 5 30358 jp S ol
P oHT F aH* ,pH7 F aH‘ ,pH7

(8.314 Jmol™ 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 DORMHEE S LT DL, Wame 133X(10.1) & Y
, 3yv 3x(7.275x107 Nm™ )x(1.00x 107 cm® ) (10 m® dm™)

Wsyrface = }/A = }/NS =Y

(47 /3)7° r 0.50x10° m

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

mg PV (1.00gem™)x(107% kg g™ )x(1.00 cm® )x(9.80m s7#)

10.3 i b FAR PRI R, EHELY
A+S==AS (D
B+S == AS @)

A BOWERE 0, 6t T2ES, AB ZOWEY A LA BOHHIRBOWAEY A + DLy KT
Y x v,

L= 115 + RTn (Py/P®)

L= 11° + RTIn (Py/P®)

fs=pis® + RTIn (1-0,—6y)

lias= t1xs® + RT'n 0,

Ups = ps® + RTIn 6

Lk,

B (1) OG0 (ua+ s = pas) & 9,

Ups® —1a® +1us® (= —RTIn By= —RT [In 6,—1n (Py/P®) —1In (1-6,—6p)
L7chio T, ADWAELRE By &

O
1-6, -6y )(Py / P°)

3)

BA:(

[AAkZ, B OWAEFREL By (3
O

(1-64-63)(Py / P®)

KB), WEH-TERTLL

6y _ ByFy
0 BpPp

KB ERXG)»S 6y ZHEL T, KHT L

o ByP, / P®
* T 14BP, /P® +ByP, / P®

K (6) 12X (B) ZRALT

By = 4)

(6)

o ByPy / P®
® 1+B\P, /P +ByPy / P®
LEROND.
A
1 2%@@1@%&%@#%—5=(ﬁj kY, A=U-TS LY -S=(A-U)/TtR%.
|4

B2 0/0T '=T/0T ") (9/0T) = (0T '/9T) ' (9/9T) = (=T "'(9/9T) = = T*(9/dT) L 7z B 1o,
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AA/T)\ _ o MA/D)) _ o pa @A o) _ (0A) , AU,
( AT )V_ T( oT )V_ T(T ar AT jv‘ (aT) tA=-T—=—+4=U

AA/T)
oT™!

fE 3 ( J =URT ' TS T2E, AT=U/TT%5bY Ay=Up=Epn L5 5.
v

aAint 200 aAint NA
B4 Hin =( ) =Ny 7( ] —A-2N, 06 = zN ;06
om ), oN| 96 )., N

0A
AN DRV T INVE—AT, V, (n}) TREZREVEEM 0, Ths, Mi= [anJ tT5%
LITV o #m;

A A
LLIEHoAL 5—D@MEY, A= V+2 m=-PV+Y wim L7%Y
v T,n. ai’l, TV n;#n; i

P , (a6 24
+PV=G:2;,IJi”i=2;,#i",‘, TabbL, M=o A T v Thas.

1 1

FNE

WD) RALAD LA, cap 27003 epp DI BUITHF L T 15
v OXNEE T Ey P THELAROL I TRy b
BHofad., OB E USRI HY T )
Wity cao SR L T—R(HM), epo 2 L TH—%
() L s, LEho>T, ORISR

=
w
-

¢so=2.10 mmol dm

—
—

/ =1.00 mmol dm *

log (v,/mol dm *s™ ")
S
©

RIBTRT I ENPTES. o7 Ca0=
v=kepcy '
0.5
m k=l= 1 _33x100 s, 7,,=In 2 X7 = 0 0.2 0.4 0.6 0.8 1

T 3x10%s
0.693 % (3x107%s) =2.1x10 s
AT HE L ISR T RS T 4 £ 2102, R T % Pheo (SJES LU AUETL 5 0O TARBUBIEIEF IS
L
EEED K (1126) PHKBRLTHRE LY, KHT 2L

log(cpo /ca) log4
= 10;2 /2= 1og2 x (5730 a)=11460 a

11460 fEHT LI L 7OARB ICHIR 2 LR T 3 5.

EEETD t(1126) i ftALT
t
(%:(IJL“):I/[;m?é&m”]:OﬁIS

® \2

LeY, 618 %Ik T 5.

MH LA, 2 D0DBK B THRATRIGO P D HEED 2 N2 212 KRECOT, $7r
DB 39S O (2 IZIFH L O,

—KBUBTH 2 DT, 2 OBHUEWEOS THRN T 2 dER 2% LR (11.20) &

_aN
dt

log (cao/mmol dm ) & % 1 log (cg/mmol dm ~*)

=K'N (N =N,exp(-k't))
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EHERE D RF o REER, N TR, K120 2FE L TR 1, PHOTNZHEET L,
1dN 1, dN  (12.32)x((365%x24x60x60)sa™")
g dt  In2 dt 0.693

INETRT N TH->T, 3.44%10 °mol L3515,

RO BRI R 10000 £ T2 L, (1121 & D, 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

K (11.29) OF A E % 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

BELLLICY > THRFPOROMITHIbHIc Y LT 2 @2tk 5 L, —dl/dl=kd L85, 22T, &

BlLIEre, REREORE c3—EThd ERELREDT S L

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

L, SR bRV OEHIDEL NS,

WIER cpo<epo E LT, ADB—RIBE LT, v=kicyo DAJERIZ LA - T, 113 HTal~7c)58:

Th/ #RDD. ZITh = hepg THIDG, k' L cpg CIEMERPFMS N2, 2 O & » RKKE

FEER by (ZHIY T B

EELY,

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

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

D2ODFIRVBRIZETT L EEZE26N5. EFHRL Y OPHFEEERE L 2> T2, 2% ) BUSHEEE

BEQIHRTOPF5H/hS8 I LERL TV 2.

X (3.7 x10' molecule s7! ) =2.07x10" molecule

MAZtZHLTTry P2 LEBELZIEPL, —RULTH 10
BIEWbhs, 2RFOMELY, XL LA - THER 9 P
B3 k=29x102d " LB 6N, 27, RIS (1124 A L8 AW
LT =7 G
6
0.693
Tp=— 0% _o4d 5
V29 9%1072 ! 0 20 40 60 80 100 120
t/d

ZORIGE Ll THS &

HA+B%A-+BH+

A +HA . p
AR L TERIRERM T % L
de

TI: =kycyacy _(k—chH‘ +hocup )CA’ =0

kieypcs
Ch. =——
A
k_jCgy +Racyp

FOBHEERITIRD & H 127 5.
de

P
VE—=hylgplpy- = ——
dt A kyepy +Rocya

ZARBDNAAD ED LML ARG L oL THLE, ZOMBIRERLE LR 2DT,

2
kykycyn“cp

N(11.45) LMY, Z20MER1147) TH 205, c=c¢/2 LM% 1 LT 5L, T1/2=%
0

LROND. I OMEER k IRERYI B L 2 (REEC L )3 ERS LS.
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F12E

K (1249) %, 2 0OWEHAL= A v F—THL, ReFlOTHIHET L

ky
Eyy=E, ~RT'Tn| -~

]:76£—(8.314 JKJX(296K)xln(1012)>< LK _ g 00k mol ™

1 mol mol 1000 J

A (12.60) 2 ALA L T

_p 4T - 1), [ (277K)x(298K) 31771 = -1
Ea—RTZ_Tlln(kz/kl)—(8.314jmol K )X((298K)—(277K) xIn(40)x (10 kJ J* ) =121 kJ mol
CEEXDD 2 oL A F— ST A MEEE R, R(1250) 2HCTEL, 2OlEL2 L
LU
k—zzexp(_AEa):exp “ moleO k] =3204
ky RT J

8.314 ———x 298K
mol K x

B IZ & 2 AL v ¥ OIET O 1 0 OBRAER G5 5.
HHEEHE 7L =Y AORTET L, k/k®=Aexp(~E/RT), ko/k®=A_iexp(~E, /RT), k/k®=

Aexp(—Eo/RD L% %. LICA-T,

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

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

23Y, MO DL Iz hoiFHib & v
¥ E=E,~E +E, L% % (HTIXAD
BOBELTHREL T S).

HAIZ, ko <h OBAZE, KOMB) DX
Sz, THARBUS Y HEEE R &7 b, ko
A NVF—ZE 25 L. 270, ca0 < Cpo
OHE X, THARZAOB—RKIGE LY,
l— R BUSHE U kg TH 2 61, ZOH
T O L B TR

)
K>10ts BLAETXTOARILILLLR
B, LEtioT, kOB fn £ —13 Eu 9% L0 (MO C). Sk 3EDI ALY 2-A v 57 vk
T, Ky/cs< 1 DA IZHYT 5.

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

I ANV F—

WPRED K (12.60) - HfEE AL T, 7, "X 8314 T mor K1 X\ 307 15K 297 15K

—RBUGZFF 2 FIEE L D2 IEHNZ BT 2EOIER(112) TH A LN 25, LIEH-T, il
&, kX (20min) =22kt L7585, t=91min. 2% Y, kA 22K E LU, BUSKERHIL 2.2 R S 1
5.

K(1232) % P THsrL, R (7.36) V2 L

dln(k/ k) 1 (9A'G®(T,P) 1 e
[ P JT: [ oP jT: zr V()

" RT
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k
RS LCIn] 2| =
Ry r

At
~—pr (B-R) LB b5, SRCEBEOMEEALT,

8.314 'K )% (298 K)x1n 2
AVE = RTln(k; / k) - ( Jmo )X( )xIn ><(106 cm® m’3>:—5.65 cm® mol™
B-P [(3000-1)atm]x (101325 Pa atm™ )

WPRED FERRERETTRTL
log (ky/k®) =C—0.82 log K,= C—0.82 log K,,+ 0.82 log K,
Ly, HEMEETHZ Db s, ZORENLRO LI BRIGEESE L O,

NH; —NO,+B : — NH—NO,+BH"

;N0
HO OH
_0
N—'N
NN
E _

CPED iR e BN THT L log (ky/k®) =C+04610gK, L7500, MMBERIETH S 2 Labirs. kb
SO LS BRIEHHEYNE 2 b,

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

PEED (12100012 L7235 T, log (k/ky) % (I /molkg™ XL TFmy b2, 206, HHEROK
IS OBMORE (2025) D02 5. 12150, FISWHES 2 v 32 FOYAD & 52, SRR L T4k
DR E SDVIFITRS OBEIE, SEROIEROBI T, DUSTRAAN L OB % KT 5.

. k 1 1
#(12.100) B L T, —= = =0.232

k - 102AZAZB JI IO(LOZ kg"* mol™* )><2><2><V‘“‘0A0241 mol kg™

AR EEDBEBMORS L DL S LIS T 286, Z OBUSHEE (B & R0 O e ) &
AF VB REMKATE2 I LICHBEL THSRLENDH 5.

148 HiTIB~ 2 & 912, MROBMWO LIRS o3, MRIRIER ¢, BMEEY o To P ViRER e L T2 L,
k=Ac=A"0c= A"y +A"2-) oc = A7gr0c = A y-cy-
ERIND A BMRESE A” L BRAREVRESR 27 BRANE A 4 AREER, LOBRIIEI,
X(14.62), X.(14.66), X (14.63), A5 > A"y, oc = ey ZH T 2). M ERISERIIHHY T 0 b~
WE e ZRLTVD., ZOILEEL, FEBHREPBATETE, b=k LG5 A0ON, BRMIETHZ 2
Lhibnd.
EEEI) X (1259) ifRAL T

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

s, Fr, (12500 AL T

_ 3 -1 -1 _ 5 1
A:(k/ke)/exp( E, j: 0.0234dm mtl)l _1S 1.50_><110_1J mol
s (8.314 Jmol " K™ )x(673.15K)

=1.021x10"

RT 1dm® mol”
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Lo s, RK(1559) LA L 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 101K X 67 15K) )

=-76.7Jmol™* K
Ao, HERERIZ XD ATST AT A Ebr s,
X (12.60) (/LA L T,

k -5 s -1
E,=Rln-2 (i—i):(s.mumorl K1) In| 277X10" min ( 1 ]
k/\T T 1.73%107% min™! 334.15K 344.35K
=1.273%x10° J mol™ =127.3 kJ mol™*
COMBETR—RIEPHERLTCL2DTES=1s" 5. K(1250) 12/ 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® ORBIBOBHIE L E 2 2 L, ZOWHEE, K (2.63)1RALT,
A=c/v=1(2.998x10°ms 1) /(9.38x10%s ™) =3.2x10 °m
LY, FAMREIROERIL L 2 5. FIHRO A F— 35T HORTORB = 4V ¥F— YT 2D T
(214 81), THTHRICHECE, CONSEETORB LR UL G U0OMS THITTL L EERLT
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® LRUTE2). Z2T—RIUGBZPZZTC20DT, R(12.54) 0 kPc® 1k
B LAl LICRELT, k=1LLT, X250 AT 2L

© 9.38x10' s71)x(6.626 x1073
ats® =Ry F A1 (8314 mol K)x ln( x10% 7 )x(6.626x10™ Js)
kT (1.381x10% JK ™' )x(334.15K)

=-5.84 Jmol™' K!
EEOR, ATST RISV E by,

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

S~
HGHRIE T2ZB L, In(o/mh™) 2 /TEHLT 252

— \\
Tuy b TrE HOKOLIREHRERL. 2O 5 \
=L S0y b ; 48
2EL, FORHEEYIOEEZ LD, D) 33 335 34 3.5 35
Y, 7V ORHNDM»DRISH 7 ) O & % LR L 10°K/T

TV (BMER) L2 oNs. 2LT, Z0OMES

3 -6.06xX10°K'=—E/R L L 5DT, % DOHMEEBEOMMILT AV F—E, &
E,=(6.06x10°K™") x (8.314 J mol 'K !) =50.4 k] mol '

LAWITE 2.
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E@EFE) - oSUL R HE—BRE D H ORE T IR MU (g, < 0, SO E R logk; logk

k) T, $E0 TAD KBS (g > 0, U HHEE B k) #33EAT ]

Th. oWRECHERE-BEIEEL LY, o 2VNE CHAIEE -1 o

SERPIEERS. Lo T s Ay beRsns L ]

2 OO 3 y

log ky ;= py10;+ C; (1) \i;o =31 ;

log ks ;= pr20;+ Cy (2) 3 4_.;

DA (2 EHE 7 v (bilinear model)) THIAT & 5. &
CO2EMHDO ARy P T E Y MIOVCTY I P UMEIIEL TA Y o5 1

5. 327, 2O00RIBHEINIORD 5 T 2DT, RO RKSHE O;

ER R

%:%+é, (3)

thzazohs, X@BV&LY, & t5zonsan2o 2hic@), K@ ERATSE

zfﬁﬁg
log k;=pi10;+ C; —log (1+10' 77197 G4)
=Ac;—log(1+C10%) +D (4)
L7 2(A=pry, B=pri—prey C=C,—C,, D=C). EB, ARZRT I I, KW & =2 pe=7
ELT, 2HEBHEDON Ay P Try PEISCHIATES.
M1 DBETUSMHE D, BT ZEEPALLTE® g=E - E®*,=0.286 V—0.260 V=0.026 V
AG® = —nFE® = —1x (96485 C mol !) x (0.026 V) X /1000= —2.509 kJ mol *
A (12.92) 1TRAL 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™ s’l)x(4.6><107 dm® mol™ s’l)xexp

=1.38x10° dm® mol ! s}
WG T, AGT=2.509 kI mol !, kge=5.00%10* dm® mol s .
ii) £ FEARIC L TR Z AT S &
E®.1=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 "’

—-AG®
Eobs \/kDDkAA exp[ RT ]

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

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

=1.81x10* dm® mol™ s*

FIAMNST 2V DR Y PR L e DEFNZHRTEEPINSCDT, AGTHAILKESL-TH
Bops 1Z/NE . DI E 73 2 MBS ko =546X10°dm®* mol 's ™' L EbH T/NEL L5,

M2 K(1292) LKL T
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2 2 2
kobs kobs kobs

kpp = = =
PP kK “AG® nFE®,,
kap €Xp 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~

ke/Ky L3, BEHE LB O ZKBUSEEER by TH Y, ZDGIET hocpo DB — RIS EIEER Ry L 725

HE PR (1121 1/CAL T,

In 6.00x10™° mol dm™
2.20x107* moldm™

=k, x(1.00x10™* mol dm™ ) x(1.23x10" s

ky = ko/Ky=1.06x10°dm’mol 's™ ! EH O 5.
I, HEELID, ,<220x10 ' moldm P TKy/e, >1EVIZETHLDT, Kyld, 25x10 *moldm™
oY kswtEiohs.

X137 LY < 10°
4
V= ,dﬁ = M \
Toodt 1+ Ky /e 35 N
BE—1N 1.0
- ch (1 + KM/CS) = Vmaxdt 7 —
ChERGT A L £2° 08
< =) = ) Mk
t E N 06 &
N N S 15 Z_
-, des — Ky Ls,n deg /s = Viyax _[0 dt } ~ o4 :Q
- M ) \ — T
(es0 =65 )+ Ku S0y, ¢ 0.5 e \"-\_\\\ — 02
' C
S 0 S~ .
0 1 2 3 4 5 6 7 8

P51 IR Y r IR BUS S & B REZAL, 452
T —WBUB & 2 IREZLZRL T 5.
D2 T HERFHEL, tIIH LTIy M T2 LARKOOD L 1245, MHIEE v R EUS 2 5E
LIt SOREOWPORTEZRL TV S,
27, KAB6) &Y, DD s 2T D cps/epo ZRODT, AT 2L TTry FT2LE, ODLI
8%, t=44sDHIHT, =Ky L BY, ZDLEE cps/cpy=05 L0252 EDbhb.
A (13.14) AL T,

4 1 4 1
Ky = 20X100 ST H0.04X10N ST e

5.0x10" dm® mol™ s~
272, ki >k, THHDT, BIBREMHEAUIEY L.
ky/k® =Aexp(—E, /RT), k_/k®=A_rexp(—E,_/RT), ky/k®=Asexp(—E,,/RT) t L, A, A, A,
WRIBETH 2 EIET 240, koy>k, ThbIZH, BES— S+EO{HHfL=A V¥ —L Y, ES—P
+EDWEEALZANF—DHHRELS LD, 212, Ky/es>1DE S, v=_(ky/Ky)CsCry < kotpg TH 5 D
T, MDA DL 51z, S+E—ESOIFEMHL= A v F—1k, ES— P+E DLz A v F—L h K&

EEmEoRES 39



{7d. 312, Ki/es< 1D E, cpg/eg=cs/Ky>1ERY, BLEALOBERIIESIRELLZ, zot &
DEREERHIR O (B)I2/RT & 912, ES— P+EThYH, ROEMIL=ANVF—ZE, ThH2.

(A)
E..—E, +E,;
Ea,, 1
Ea
1 . J
¥ ES i
2 2
03 E., 3
H H
S+E
e ~
I A S P
WEOT—2% 7m0y + T2 LHADHDL IR 2. 0.4
[ 13.10 JWiEOrs v oM P —
KASD L5 T, voclzfLTFr o b L, ’ °
03
EAROTTIERENITT 5 L Von/s =048
0.02, Ky/mol dm *=0.058=0.007 {54 %. % 0.2 // Jp——— -
R, el TFry L, EAZOUT 2 //”/)’ o
. 0.1
CIEMIERE T 5 L Viw/s 1=0.238%0.009, Ky/ 1/
mol dm*=0.051+0.006 £ #5415, HAEHPHNT X 0
Ky BELLTH LT, Vi KU 2R LI LT 0 005 01 015 02 025

¢s/mmol dm ~*

&%, R(13.42) OHA Y L TIHEHMETH 2.
M1 K37 AL T
ke o (150571)%(1.00x10 mol dm®)
 L+Kya/ea 14(2.00x10° mol dm™)/(5.00x 10 mol dm™ )
2 K(1326) % LOXTHY, MYT2MHE2MRATS L

=1.07x107° moldm™ s!

Up

kecp ke 1+ Kya /e

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

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

14Ky s/
K ZCI/[{(4+UA,IIVI;AUACA J_1}cA / Kya —1}

=(5.00x10"* mol dm™ )/

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

=1.43x10"° moldm™

M3 HEBEFPKW IV TN EOCELTE BEAFOHMERIERIRE L2 DT, WMHEEXv=
(k/Ky)cpoes TEREND. LIchH->T, BEDOIIE
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vy (kon /Kua)epota  (hoa /Kua) (150 s7)/(2.00x10°° mol dm™)

vg (kep/Kup)ceots (ken/Kup) (1007 )/ (10.00x10° mol dm‘3)

FEH G RER L5 Tuv 2 (L BRHSE (substrate inhibition) £ & &), 2 2T, FEERHENL > - A,
WRROL I LD EEZXDLET S, ¢sDFEVEIATHENRI>TU2DT, RENHELEZ OGNS,
N(1332)D g & e IZANEEZT, ROXDEHOLNS.

v kycg,

¢ c
1+7M+ S
(s SI

13.14 D BEBOBEEHZ U TD L I 28K T 5.
A+E%EALP+F

B+F .:FB ~Q+E

COMBTADORRMPBNL DT, 420X PEV S EIUE, KMEREVPHBOLNL. MO
FHRMOWEZNLTFDOA ) v 2 TRT L ETDBIZE, ga=ae). 4505 LD 120k, HEMR
FOFEMTH 5.
cgo=e+ea+f+fb (1)
flad 324, EEIZLIewwe, AMOMKEED S b, FEO 3K L TEFRELUTE L v,
(dea/dt=)0="Fkicxe— (k_1+ky)ea
(df/dt=)0="rheea+k_5fb—kycpf

—~ o~
W N
= =

(dfb/dt=)0=rksepf— (k-3 +ky)fb (4)
310, BEHERUSEEZKDL I 252005,

v = kyfb (5)
KW ~G)2HT LT, HIEL.

K@ XY, f=UHkos+k)/ ks}/cslf (6)
H©2)+RB) XY, kea— kfo=0100, ea= (k/ ky)fb (7)
XKD ERALT, e=[{ko1+hy)/ R}/ ealfo=[{ (ko1 + ko) / ki}/cal (Ra/ ko) fD (8)

HX(6), (7)), K@) 2R (D IZRAL T

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

cgo/ fb= 9)

RBEOAREWE, IHTZYVA- AT yOEARDL S 1L, BERHEZLILTHIDILILEDLIDTDHS.

N § N kyky A ky  koythy B ky  kosthy y
¥ \ z k.= K& = KB = .
X (9) 2AG)IZRAL T, N kz 54 , M k2 k4 k1 , M= kz k4 k3 ExE, K (13.48)

PELNB
IIT, BMERLEEA DL VIE B OMBERNE (TRBUSHEEEF)IEKRD L I 125262 5.
ke kiks k, ksk,
K& kay+ky’ KB kg+ky
- 1 e . s
EQ ﬁ!ﬁﬁi?}ﬁui — k—+— EEEWZ D IENTES. JOWHBEIE, 2BEOREOBEGNIHETL T
c 2

WA I EERLTC S (131 HEE132)
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CEED N BBOKBROEEERPLTOL S CEHKT 2.

42

A+E==EA
B+EA="=EAB
EAB(EPQ) -~ EQ+P
EQ-E+Q

HE I 13.13 L FERIS, BEROSTHIZ 45T, 420 FERRKDOL I 52605,
cpo=e+ea+eab+eq (1)
(de/dt=)0=Fk_jea +kieq—kicae (2)
(deab/dt=)0=kycpea— (k_,+k;) eab (3)
(degq/dt=)0=kseab — kseq (4)
v = kieq (5)
K (D~ (G) 2 LTHE L O,
K@) &Y, eab= (ky/ks)eq (6)
X312 (6) BRAL T ea=[(k_y+ks)/ (koep) Jeab= [ (k5 +ks) ky/ (kokscr) Jeq (7
K@ AT ERALT
e="[k-1/(kicy) Jea + [ky/ (kicy) Jeq = [k (k_y+ ks) Ry} / (Rikoks) }/ (cac) Jeq + [ka/ (Ryca) eq (8)

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

Balboth)be by (kovk)b By

k1k2k3cAcB kch k2k3cB k3

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

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

Cpo/eq=

9

. . . ksky A ksk, B (kfz +ky )k4
= = - = Ky = Ky =
(9 2 GBG)IALAL T, kc k3+k4 , M kl(k3+k4)‘ M kz(k3+k4) ’

k_
Kt=—"txil, &
ky

(13.44) 2445 .

B 1 ESHA ARG O ML 2

12 log (V') P E 1 T pH LB L THIIIL T % O THESL Sl

B3 MMt PRLTHY, P2’ ) Ak z o pK, (CHYST 5.

B4 ESHEAHAEN T 2 EHMENE Hisl2 QLR T, Bl Hisl19 OB TH 2.

B5 ESHARDECERY AR (B 2 HAEMEEE His119 OHIER T, WAL His12 ORI TH
5.

22T, 79— 7 b gnuplot® #fi o THHT L 71ciE R o Tai~< s, RA3I) W LcH T, 1/ %
Vel TFmy L, EAEZOTTICHRIENGET 2 L

1/ (v/mmoldm *s™") =A/(¢/mmoldm ™ ®) +B £+ 2% £ &, A/s=62+7, B/dm’mmol 's=14+1 o h

d(1/B)
dB

2
B. Vax=1/BTHHDT, #HEIXV,, = [ ]5192=53/B2 L7 Y, 0.05mmol k7535 i s (5

(14.37)). #ERE LT Vo= (7.1£0.5) X 10 *mmoldm *s™' £ 4 5. %72, Ky=A/BLRX5DT, %k

A\ ? Ad(1/B))* SAY (AsBY o, .
6KM:\/(B6A)B 6y22+(T)A 5y,% = Bt B E%Y, 0.75mmoldm™® L #5415 (5

(14.37). L72A35 T Ky=(4.5%0.8) mmoldm™® L £ 5.

1|
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KA ELIED 5T, vz LTFry L, BAEOTTICIMBIIET 2 &
v/mmol dm *s™'=Cx (¢/mmol dm ?)/[D+ (¢/mmol dm )]
T, C/s '=(82%05)x107% D/mmoldm *=6+1tA6N%. ZNLY, Vo=C=(82%05) x10"%s |,
Ky=D=(6%=1) mmoldm ® Lt 7 %.

LT, SR LIC L ORROBM T, FFMIEHTLICL ORBOERTRL TS, HH Ty T
. e WNSCHIBTOMAY, EAL LOMIBMATIZRS CET 5. 270, FEROMBUCBLTY, #
BIAADBE Y O, IEIT O EN T 5.

2
x%&&plﬁuﬁuf,auw:(ﬁgﬂ)&%ﬁwfmﬁzwbaat,ﬁ&ﬁgﬁmmﬁ%

T2 L, B %1, Sv/mmoldm s '=0.004 £ LA, A/s=70+8, B/dm’mmol 's=124+0.7 &
Y, Viwe=(81%05) x107%s™!, Ky=(56+0.9) mmoldm™> & 7z 5. Z OfIIZIEHILEIGREI & 1Z
F—8T5. 0L, SHROMERGEE TAHEIE, LTEAME T L 20 NER L S0,

45 0.07
T 40 T 0.06
e // < 005
S 4 A £ 004
g s // E 0.03
g g 0.02
3 920 e 3 001
N e
— 15 n n n n 0 n n n n
0 01 02 03 04 0 5 10 15 20
1/ (¢s/mmol dm ?) ¢s/mmol dm *
=r
BI14E
) ) kT (1.38065%x1072 JK1)x(293.15K
XD (1413 ER(1414) 3 Y 5:‘3—:( . )2 (1 ):3.09><10’“ kgs
D 1.31x107 m? s~
& 3.09x107M kg s7!

7, RQ1413) %Y, =1.64x10° m=1.64nm

yr=—>—=
67n  6x3.142x(1.002x10° Pa s)
MINEARHULIZ Y R BED r Th b, R(14.13) BECHRIRG FIE#EE T E L.

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

K (14.46) (ZfRAL 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™

K (14.14) 123X (14.47) #CAL, J=kem?s ?=CV THs I L IIRAETH L,

C

" 6mnD " 6nnuN,

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

=2.0x10" m=2.0A
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14.17

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

4 -1
e=t-r_ K L2OA0ZSMT (107 m* dm™)=9.113x10°° mol dm ™
A AT 2 +4% (6.192+47.634)x107 Sm® mol

X (14.62) £ 3(14.60) Z O TAZR L, ST 2HZCAT 5 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 (Aoac=Axc) - (390.7S em™ mol ™) x[ (390.7-14.30) S cm™ mol ™ |

NV —OBMEY ceo,=kPeo, FMIETH B2 0 en = uco, LIEMTE 2. 2 IR A EE
AoNHDT, ZORBHE k=cdu +euco, Aneo, . THEY K=ow Wy +2%c0,) LD, TNE
KO5E#IAALT,

_ G Cico; /¢ _ () /¢® [K/(ANH* + A hco, )}2

K =
Cco, Cco, KyFeo, c®

[(7.09x107* Sm" ) /[(349.82+44.5)x10™* S m” mol ™! ]*x(10°° m® dm™°
(0.029 moldm™ atm™ ) X (20 Torr/760 Torr atm™ ) X (1 mol dm™ )
X (14.47) X b,

=4.2x1077

RTy  (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™* S m* mol™)
cr = =

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

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

LY. FERMEE T 5.
a=wv= 2nv)%= X47** [ (60000 min ') /(60 s min ') ]*x (0.065 m) =2.56x 10° m s ~*
(2.56x10°ms™?) x (¢/(9.81ms %)) =261x10° ¢
K (1479 2 AAL T
RTs RTs (8.314 T mol™ K™ )x(293.15K)x(82.6x10™ s}
“ Do D(1-vp.)  (1.52x107M m? s )[1-(0.61em® g7 )x(1.00 g cm™ ]
=3.40x10% kg mol™ =3.40x10° g mol™!
K (14.79) &£ b,

. RTs_ RTs (8.314 7 mol™ K')x(293.15K) x(453x 107" )
Mowa =M1 =7 5= D1 ppy) =012 (6.03x10™% m? s )[1-(0.639 cm’® g )x(1.00 g cm™®) |

=2.60x10* kg mol™!
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EED) A b TEL R T 5. B | ERERE I, om FREGERZ L 2 OWECEET 2) O
SOBK_ERVER SN, OEMOBMES IVRETHIUE, ZOBMEDEZLAERZDERERF
OWRIEDONS (7L, WREHELLHEE, @il s 20BMARN»EC2). —F, QRkOE
25100 VRETH IS, BAEBIHRIEDON 2 BUAEIH TS 2IZEASCRY, ZEAEYN

BN OB AR b 5.
E

WRED X(1443) XY, q=0D L E0v=0Lt7%%. LIPS T, v pHICH LTSy T2 LS, pHEIWIN LY

pl=48 L kD LB,

0.6 ‘
0.4 pl=4.79
0.2 |
0
N
. —02
" —0.4 LA
£ -06 ~
=T
s 708 e
Ry ~y
4 45 5 55 6 65 7
pH
CEFD) M1 @) ®ttHLTTry b T2 E, 0L ) CHEBE 191
19 °
d(Inx,
7Y, 7:0)15153[(71/2))!18.01><10’4min’1’€a56. ch 189 ré
d E 1.88 r
iy 3187
218 /!/
] . 1 ~ 185
d(]an) (8.01><10 min )><(605m1n ) 1.84 /
$= 2T 2 183 L.
(2mv) dt (2x3.14x25000 min™" Y0 20 40 60 8 100
—12 t/min
=1.95x10"%s=195$
m(l-v m(l-v
M2 0413 b 147 ooy b s= 0 0Zw) s smFME

& 67NWw7
th. Lo T,
Nw (1—UP20,W)
MN20,W (1—VPW)

1.040mPas [ 1-(0.556 cm® g™')x(0.9982 g cm™ ) |
1.002mPas " [1-(0.556 cm® g7')x(1.040 g cm ™) |

Sow =S

B3 sow =(19.55)x =21.4S

67n20,w7

EFID DEAE v 7 7u—2% 5 LB A A RBETH DT X v A7 ROSEML Y& pH THMT 2. 2%

O, B~ % R 2O 5T A, ), CM 2778 =207 LB A A KR TH LD
T, RV AA27HOEB/BME VKOG pH THMT 2. 220, WM~ o2 o 2 HosMc@ET 2. %
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1o, FERTEANLAE TR IR AR ERRC. L7CAh S T, RIREOBME OREEE T % v S 2 F e %
MIcKG S, FEEO pHI3—E L LT, EMEREL LA S LHEMEIIEA»EE VBMT2. 2
OWEPHCTR N2t 5.

Kds, 2N HTRMRGTFAA 25T 256, pHEZ(LSE 26005, 0L 21X, BAA
YImR I T 4= (T RSV LAF R EOBRA & UL 5 BEME IR TR, &
VCpH THIA 4 v 2 & 3 €7tk BRI pH 24 CTUERS 2. ot s, HEMEWE» O
CEHERESN, BUBEMEPERINDG. A A omv T T 4 — (AR, ARV, ) VB
L EDOBA & AL B EEM B H G I EEE) T, R pH TA 4 > 2856 S 270k, RERD
pH ##E4  LUF TS ¥s. 2ot s, BUEDE» SLICBEHENS.
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