PR 2 S AE IR
— AR

EH OB aom

| EEBEIE |
1 HBEIEOERI$23E T, COMEBMFORERTIIVTEEA.
2 COBERTIE2-YHY FT, ERHOBER-TVETROEBY T,
i 4~20N—D
1% 30~49N—3
4 50~82X— _
3 BRERPICHIREM T OMBLAEEE, —J0®ET - B5TB L UREHKOFENRS
KR TWIGE, FEEFTEERICHMOLER SV, |
4 MBEAKE 2HENSINET, HERARICEIBERUAICIOZBARIHZ0
T, TOHBEHBERAKD [RALOEE] 254, Th¥hEL(EAL, v
TLET,
O ZEREEH
SRBRESERAL, SHIZFOTOY—IZMIZY—2 L% 3wV, ELLv—
J7ENRTVEWGERIE, FETEREVWEFHUET,
@ K&
Kf-7UHFERHALLZSV,
® MEFEM
BETI3HEE 2B, BHOTOOIKY—Y LS v, T—9&EhTW
BODIBEEFEBEHOBEICY—78hTVW25EE, 0FERD 39,
5 FREABIAAFES0 B L OB TR 5 0B TE 4 A,
6 ZORKOZEHHERSMICZEESZEALLZ S, CZONEMFIEERBRIRTHR
EURL %9, ‘

Il BELOEE

1 BRI TNTHERAROTEDR~DO T — 212k o TiwE T, 28218 K
B1lo] 3 [FEROBAMVICH LT Q LBETLHEE, ko@D LS
CIREF T 3SOMEMO Qk~<—2 LET,

() 1 B 2 B
1 2 3 4 5 6 7
31D O O @ O ©® O

9 0
® 0

GOl =

KH
S

%

i




|

TNTOFMTHI2 o C, BEICELTRELR SIEROEMEE v S,
Hf= H:1.0 C:12 N:14 0:16

77 5F—EM F =965 x 10* C/mol

ks R = 8.31 x 10° Pa-L/(K- mol) = 8.31 J/(K- mol)

tog? = 0.30, log;3 = 0.48, loges = 0.70, logy,7 = 0.85

J?zLﬂ,/§zLﬁ,J§x&M

ROM1~oErnsw, mEEs 1 ]~ 9 D

1 RN 258 LTROBIR 0%, ko)~E0 ) bib—oBY

IV, A

) FCORFICERROREFLAED S 50T, ZOMSEEOMETS %
TEORERTEE LT,
BUHRERRL 2% B RS 2 &, BB T B
G BTFAEAY & ADEFHTH B,
BSHERBAR OB M TR & 55T B0
X BT 7

OESEORS)

M2 TEROEPECETAERE LTRLED L 0%, KO0)~O0 3 bib—

DEWF R S, 2

BTHIMIIVNEWIETE, B4t 2T,
SBRTTEROFICE, FERTEL N DBERBUEEFIREZVIOLH 5,
Fl—BMoOmLE T, ETFEFIRIVIIEEFHEMINASE v,

F—A ML ANF-HPREVITE, BA T 0% 2T 0,

BE—AF VLT ANTF—FREVIEE, BTAF AT EZ T -HRE W,

ORESEOAORS,




B3 A VT FOPRESL 396 k]/mol, RO IAEESIT 394 k] /mol, BE&iaHA.
FEHI 715 k]/mol THh b, ¥4 VEY FFOC — CHAEOBESLANMET-LL
THRLEVEEE, KO0)~@0 ) b b—0EP 2 S\, | 3 |kJ/mol

) 178 @ 179 @ 300 @ 37 () 359 (@ 600

M4 S[EDOENEp, EVEEEZV, #hmEr T, SEEHE RETAHE X,

22223®ﬁ%Eﬁ$E%twioZmﬁﬁﬁ%&%ﬁﬁﬁwfﬂ%%ﬁo&

DR p & ZOBMRERLLZOOTHY, QRBEKGDOYZ 7, (a), (bt
BHEFEFEZMAEADOCTFLZRZ200CIIBITETT7, d), (iddL2EEZIAB
DOC 72 200C BT A7 57 Chb. TORBO~E0H b, B EES
bOE—DBUR SV, [ 4

_ hVa : . . :

AT
R g s s 5
1.0 e e (c)
1. — i ______ ; ____ i“____ (d)
L B R e e e O
IR S N S S _—

0 20 40 60 80 100

px10°(Pa)
B DB RN T O BESE P b0

1) AOHFOHNBOFFLY BHTFHEIDKE,

@ BokAA Xy bFAETICHETLHEIE .

@ (@ix200C, (@ OCHFTI7Th%,

@ toesERTsE, @), @OMER10EYbRE LD,
(B 0T, 60 x 10°Pa o815 A DEMERIIH 0421 Th .




5 RERCETIERL LTEDEDL 0%, ko)~ birsb—o@me
&, 4]

R CH,e DRAKIERE, AR E 0 5 & 10 HIHb 5,
HFRCHO, OVH VRV I, SR E0D L 2HED 5.
BIRT NV a— A LBRT T 2 b - A, BWISEREEETH S,

@~ VTR L B~ N3 ARFEEERICR VDT, BEERE TR,
MHRMA L) LT, AHNTORGKEERE S 24D 5,

OEOEDEORS,

6 MEECHETAEBE LTRIEDRDDE, KOO~E0H b b—0EU %
Sws | 6

() RERBEE L&t b DR IREMN, &% % borIRE L 28T 5,

Q HREE_ESLEESUMEE, BAPCE KBTS EET 5T b,
AR OB R /311 -k T o DA

@ MEBOMWKICAHIT 297 HOERFKE VY, ZOMBICHMT 5K
ROEFFIIAE W,

@) REBOMIED T AIET BAKBRILT b Y Y AOBESKAZWIZY, Wil
DHFTFRENE

O MIRKBETTIRI BV (RATRAF) RBELCHHT 5,

7 PUEMECHT 2RO0)~G0ER0I b, BUEET DY —OBUR X0,
7

() TekiE AT 2 W, BAECIHLEAR S S5,

@ ~=vU vEHREOAKE HE LT, MR BT,

@ AFVAOHMEHET LI Y I BRALIREVY Vas, BAOHEYE T
BB,

@ Ty FRBEA S, FANE TR,

O HAWEOSEIC L -T, WERFHETS &) FERE LT WA,




I8 RCHEERTWEL LCRLEYE 0%, RO0)~@0 ) bhb—0RU%
svo [ 8

O 2zu—2 @ wrm—2 @ ryva-srv
@ -2 G 7iu—z @ 7iusrFv

9 HEEBESTIHT 2 ko) ~-Q0RR0S b, BUEELHOE—DRUL
B, | 9

() WAEBA A RBBIRICTEL, ZOREEE R 4RI ET &
HEARPBON D,

BT EF LA Y REEINT S &, SBICECEARENERT,
AYTZYNVEF M) v aidseBkEE: o,

B SLEEDISHC b A SR % b OB BB S TAD 5o

3 F& 57600 DR HEBROEAEIT 800 ThHh 5.

@ ® o




ROXEEFHS, FOMI~4igznsv, wegs 1 |~[ 4 ]

CREZOEBA AV EGULHERICRETE, B EKBEOMICEMEIE TS,
COBMEREBDOAF v~ DL N3 SOWBIC L2, THEMSICHEET S C
EdTERV, £2C, HARENOEMEROTEOEME OV LTHE, ZOEMR
T BEBOHMW LB L BZOLZ LB TE S,

26T CARFEA A VIREAH 1 mol/L OKERICHEHMEZE L, 1 atm (1.013 x 10° Pa)
D H, 2R X AAFEER (REEKEEE L IBTN, DT SHE L) i, EEaEmk
LTHWONA, COENTTETTL H OETHISOEN T EFEIC 0V L AR,

2H*+ 2~ — H, E'=0V

PR EEEFO ] W, BREIREOSE (BEOBEITEED 1 mol/L, |REDEE
WAL atm) 2RLTBY, ENIEEEHEN LR, SHE 2 w5 & o &
BOBEBBENZHEST L2 LN TEL . InOERBEHREMNOMELTELTAL ),

¥4, Zn %k L mol/L @ Zn** OWiIziR L, Zié SHE #HwTkD™ED L 5 %
B (T Eih) 2T 5,

(1atm)
HEWR—T HELIR
/
Bk \ ) o
([H'T=1 mol/L) TR A & v IR

247
B Hh=%ih ([Zn*"1=1 mol/L)
COBHOBE, In BEOYEENEHIT LI L0, InBESEETHE LK
THECEXB(In — Zn* +2e7), ZOBBOBEENZEEECHETL L 076 V &
kho COREHIHERED Bly LIEN, BHRICKO X3 KRS LT D,
Eeoar = Epn — Fag

cell




E%eB & O EYgid # N NI, AEOEREBBEMNTH S, &> T, Zn-SHE &

izt UCix

Egell - EOH"/I—IE _Egn”/Zn

0.76 = 0— Eov/z, 5o By =—016V
Yiph, 22T, FHEEE® [HY/H, d2H' + 2 — H, %, [Zn®"/Zn] i3
It + 2e” — In® BT 5, Mk, CunEEBHEMOEETIE, Cuzl mol/L
O Cu* OEREICBL, hé SHE # v Cu-SHE B AT %, OB
OB4E, COBRBBOEZEIMMEINTAZ 2006, CuBEBFREBRTHLZ EPFETSE
(Cu®* + 2 — Cu), BEHERETLHL 034V &b, Lo T, Cu DiE#
BREMIX

Eccil ECu”/Cu‘“EH*/H

0.34 = Egvca— 0 o Bowca =034V
b

P Eor—saBEnsE, ¥=VEHM Zn | Zn** (1 mol/L) || Cu®* {1 mol/L) | Cu
DIEHEAE ) By 25110V &R SN b,

K-V DR, BCIBT AT SE AWEOERBEENLTH 5, 14 /{5
HEORIEETBTO L BRTWD, FIEBWT, EEMEHRY SHE £ FAi
ENT-BMIZE, ZOEEBEEMISHTEORILAOELRY, ANSORE
Bl 7 |ZEE2FELCTVWS, Lo, SHE Xy Eizd 5L ESISAOG LW
Bix, Ficficizys] 14 | LTHRWI ik b, —F, FEMEIGAL SHE X

DTFHRENAEBIL, RERLOFREEBENT D, A ORISH |7

ZEERERLTWS, LoT, SHE LD Ti2dhsEMKIGROLELOWER, TiC
7 EE| T |ELTHWIEIChD, i, EREOSO E L, s
LW EC R b LAt L, PEBUSREERE L Th E° 0fEIIEDLL v,
COZ L ERERORR SREATLBROBIKFELLEWI EELEIRL TV,

PLERFHERBIC BT AN TH A, FERETRWERETICSIT L ERMOEE
HE oW TiE, RO Nernst DX LN T W5,

T
E= B~ 10,0




Ridsesh, TWEMSRE, nide WY ShABTOWESR, Fid7 777
EHTHB, g 25C 298 K) icBiF AT B &,

(.0257
E= Egeil ““—n““logeQ

Elpbo T, WHMHICERT DL,
0.0592

E= E(c}ell — 108’10Q

Eledo QUEENUSE LI, BELSESGT LA FHICBI A ETIIRVEVS
ZE T, PEERONER UBRICh D, k2 FomvBlL S 4
NI AN W

Zn+ Cu”* —— Zn** +Cu
THhbDT,

_ [zn*"]
[Cu®"]

Q

Erbo

#®20CII BT 5T FERREN

RS, E° (V)
Li'G&) + e — Li(E) —3.05
K*(#) + e — K(@A) —2.93
I () + 26 — Zn(@E) | —0.76
Cr** () + 3e” — Cr (&) ~0.74
Fe?* (i) + 2¢” — Fe(@) | —0.44
Cd** () + 2¢” — CA(E) | —0.40
Co™ (i) + 2¢” — Co(HE) | —0.28
Pb** (i) + 2¢~ — Pb(E) | —0.13
2H" (/) + 2¢” — Hy(K) 0.00
Cu®" (i) + 2¢” — Cu(l®) | +0.34

| Ag () + e — Ag(F) +0.80




M1 xdo| 7 |~ T |cAssEanomsads LTRLEDZD DR, kO
O~@n> b b—oBU RS, [

7 o 5 1| [ =

BEede | B | RIS | BT
HEE g HICH] | REPT kAl
BECON | B | BRI | ETA
BEcw | B | EXRw | e
BELTG | OB | BROn | BT
mELTV | BIA | BIIW | B
mEicw | B | EEPTw | BT
BECw | BEA | RISV | B

DR D

12 1.0 mol/L ® CA(NO,), ## o Cd B L, 1.0 mol/L @ Cr(NOy), ikirh o
CoEBPOLBITNNZFMSED 5. 26CIZBIT 5 Z OBROEELE ) OBH
LLTRLEERbO%, KON)~O)0) brb—oB0 s, [ 2 |V

1) —1.42 @ —034¢ - (@ —0.28 @ 0.8 B 034
1.14 @ 142 2.68 © 3.02




M3 REEBTE, BESRKIVERER, ASWHFEHE L TR £Y
DML Z ERBME AL Z LW LY, 2ORENEFHETLHIZ LN TES, HE
RLiEfr P S IE 2 Lo & F F R OMBIE BT, BEEETTRRE
B BAET, MR LB BIRL TV 5, [ UEED A 4~ Ok
PHIBEOAMN E N TEL v E SICESTRENFELS, wE, 25T,
1atm l2BWT, &AM NAE &AMl o K EEDF 121 400 mmol/L,
15 mmol/L O & &, F/hd pEEAOBAME UTHELED LD 0%, wo()~()
DHIHLhL—DRFESV. | 3 [mV

O -8 @ -3 @ —29 @220 @30 @ &

B4 25CI2BVT, Co+ Fe*' — Co®" + Fe O FNAS, 1EFISH AN HIkR

[Co*"]
[Fe’™]

DTN D I bW b 0EROD~B0 > brb—oBOE S W, [ 4

AT B mizi, [Cot'] & [P ] ot v = B EDLD REHTHS

M x>0 @ x<10® @ x>10 @ x<107™
@ x>10% (@ x<10¥ (@ x>10% (@ x<10™

— 38—




(F & & H &
B2 DORRERFEIZKITHE < o




3] ®oxsma TomMI~4cEikrsv, mass] 1 |~[ 4

T YESTIE, THRCEMEL BWTER LRI SRNORIGTCERENS,
ZORIGHIERNTSH Y, £OREFEER K 32N THRI NS,

Ng -+ 3H2 p=— ZNHq """ (1)
_ _[NHg]® 2y
K= TATEAE ((mol/L) ] (2)

VXD KGO EMEDEZHWTERT LB TE, EFIHEH K, 2EHTE
b,

K _M Py 4] 0 eeess (3)
o PNz‘ﬁHf Fa )

72720, [Nl [HL], [NH] 22 h 2 FEROEE, KE, 7Y EZTOEViE
B(mol/L1 %, px, Duo P, EENEIWPHEIROER, KK, 72 EZT OHE(Pa)

o

M1 MMEREE T, fdE#s R LT, (NROE e K, LiREFEHER K,

O ABLEAL LTROBIR L0, k0)~Q0 3 b5 oRV

B | 1

@ (RTY @ RT @ (RTY @ (RT)
G ®D' O ®RD? Q) ®D?




M2 mEL 497CIR-oTwEER M A EOMEFMAMRIC, YA Y2EEL
TEEEKRFELYHERI 1 3 TAN, FISAMEZ B HTOAEER 3.0 x 10" Pa
Tholze DWTC, VAMCAEREELALEE, LN FERECETSET
BUR&E/2b 2h, 7TV ELT OHERIGTFEEDORED 20% & 7% o Tz, 497C
BT BIEEEER K, & LTRLEVEESE, ko) ~@0 ) bhb—oE0
B, 2721, MtORBIIER T 00T, | 2 |Pa™?

) 15x107 (@ 41x10° @ 79x10° (@ 1.5x107"
© 41x10°% (@ 79x107° (7 41x1i07™ 7.9 x 107

13 M2 CPHEIREBICE LR BEL TCIEHE- 25 F, YA M UHTHRICE
CEIELT, HRNOESE 1.0 x 10° Pa iR B FHRRIEI L7ze 2 0 PRk
BB 27 VEZTOREE LTRLEVEEY, ko0)~@03 bhb—o
BOR S, 72720, FHEE, FEEOSZOSEIL 2.5 x 10" Pa &0l LT &
who bk L, /i, FEEER K B2 TROZ-BEEHVWL DET S,

3 |Pa
1) 13x107® @ 26x107° @ 1.3x 10?
@ 2.6 x10° ® 1.3 x10* © 2.6 x 10!

B4 B2 CEHREICEL 2, EHE—BEonEE, W ohoBER{To
Fro BELFERICHTHRME LTRIBEILD 0%, kO()~OD) bbb
DEPE B, 2B L, ZORSRIEFASEMSUETH L. [ 4

BIEKRBEHAL TS, HEIBEH L2V,

Btk EHAT 2 L, FHETE~BHT 5,
TNIEHALTS, FHEIBEL 2\,
TVITVEHATLE, FIE~BET 5,

L TABHOREZ BT, PEITRBE L v,
ME L CHABHNOBRES LiF5 L, FHIG~BEHT 5,

SOROEASEORORS,




ROUER D, TOMI~5Ernsw, magsl 1 |~[ 5 |

Tile, TWHEE, TrEoTh R TENICETELRILEWTH Y, MEEEEWTEIE L
CARENTWAS,

WRRILy 7 | ZfEc AW, TR bE v B b L TR R L L, ChRiR
REBIZEP L T2 bbb, ZOIEMEEZEMES W,
TUESTVRTENCE| A | EOMEE T, BELAFENSERAES
ND, ZOEEEIN—N— Ky Tzl Tnd,

WORKIITHRO TENBETH AL A PI N MEOBEETREZERL C0D, 7,
7| ERMECLTT T 2BRIEL, A A L LR (S D, cheds
CELLTILEm B L35 (S 2. RICT A RKICRILS ST E T2 (6
8)o COLE, FEICILAMW CHALL, BETROS |~ s|puinsicBEASH
B

 m— — — S—

Rk
fe !
, Jpmi =
TI/—(R AN [Teamc
s | S— ) S— — —

7 VBT
&%ﬁ \_, ¥

sma [ e B S I s I s—

=) K3
- ' ] i
| — \I = o ——=r——

wx_J| Aeews

B A bMTWVRE




Bt x| 7 |~ 7 [CAsfEofeds LTadbETNR 0, RO
O~@n 3 bhe—2BO RS, | 1

7 o Z
0 V05 Pt Fe,0,
@ | V.05 Fe0, Pt
® Pt V305 Fe;0,
@ Pt Fe,0O, V205
B | FeO, Pt V30,
© | Fe0, V05 Pt

F2 TERECOWT, LA CABRASZEETRE LTRLEYE LD,
KON~QD S b b—oBURE W, | 2

Ol @k ekl @k ©IH

I3 Richwe, FUS 1B L SNRE, FUS 2108105 FUSRE, FUG2OF
FUSPSEBSUS PREBUG A, 3 L OMLEY B 0ROMAEE LT, B E%R
b DFRON)~QD ) bhb—2oBULE SV, | 3

R Sime | ihs | tewBow
0 140C 800°C TR A
© 140T 800°C SIS e
©) 140T 800°C e A
@ 140 800C FERASLIG et
6 800C 140C FEHUE iy
© 800C 140T WESLG e,
%) 800°C 140C e S GiN oy
| 800T 140 IS et




M4 koOX(@~(DOEBOMATE LTROMIZ 0%, TO0)~@0 > ba
’5*9%072?‘130 4

(a) L&Y A IXBESTFTHAEDT, KITEITR TV,

(b) SKITEMIEE FISSETH, BLEALRKDOIERADL LV,

(©) F3TiE, 1haYWB OBLEBTO L LRI 5TV h,

(d) fEBRT MU 7 ACIRMERE A TINELT 5 &, IEHBROBRIMERBIC L - T

AR %

(a) (b) (c) (d)
0| E iE i £
@ F Ik # i
® | ¥ i E iE
@ I = i =3
G| = i3 ¥ s
@ | - IE ﬁ E
@@ = = iE E
@ = % 2 iE

M5 510ked7 - E=7 & 160kg DERERERE LT, FAMNINIELL ST
JEAEER (EE/S—b v MEE60.0 %, B 1.40 g/cm®) R L7z, A U
BROBEOBME LT, BL#WE 02RO\~ ) bhb—0RU% S,

5 |L '

) 940 (@ 125 () 188 @ 225 (B 282 (9 375




LA D BRERHIEIT I HE o




(5] ®oXZEZA, TOMI~4BEL2E. BESES 1 |~ 4 |

ZRPFROBER L L CHWONLFERILEW A D0 T, ROEBREITo72,

FH1 A OTEMUEIVERE SR TRE 19.2%, KE56%, BHT1%, BE
81%THY, HTEIZLII7T THo72

SRS A R FEB TSR, FSRAMIC YT LT —F VR THNER
VERITW, T FNVBEKBIZ e T—TVEZBH LI LA,
PALA B A8 S NIz —F, KBIKELT b1 AAEHREMA TT
DB LIk 25, BERLEW CHEL R,

EB3 B IEEKET by AKERIC S8R5 TR L

HERA AT AT VEEE S L 25, T3 PG OKERFH A FIVE
CEET A RS Y, BEREAWD BFELNZ. AL DRV
SIS Bo AT RT I I YA TH- 72, DIy ABL b
5 Y ATORSWTH Y, 1EE AEDYABTH 572 |

1 AOATRELTRbEDNZLDE, KO)~Q0) b b—0RUL &V,
1

() CpHLNO @ CuH,NO @ CuHuNO @ CHLNO

B CoHuNO, (@ CpHpNO, (@) CulluNO, (® CyHuNO,
2 A, B, CORBIETARO)~O0iEhnd b, BHEEEHEDE DF

Ul v, | 2

WAL (I ABHZIMATH, WTFhHFUSEL ad oz

o LIKBHRENALS L, CORPRERLEL,
BIokEMi b, CORPHEL:,

WEARFERR 2 A T T B &, C OARDBIE L7z,

TR T BB A AT L TS, Wb RISL 2072

DESEOEORE




3 ABIUDOAYEYBOARET Yo, ERETFCHERL 2. ZhEnIC
OV TENT A HEREAOTE M L LCROEWE 0%, ko(1)~E)
D3 b o—oRULEEW, [ 3

A D
3 T3 6 FtH
3 M 12 FH
b FigE 10 Hija
b T3 14 fE3H
6 FiH 10 T4
6 FE¥H 12 f&%
7R 10 #E3H
7 H3E 14 FHi%H

CEASIIHORSHOHONS,




B4 CIokE T CHEMERT FY YA ETERE MRS L FERIAWE »EL
MNTze KT, B 2KEBRIEF } ) 7 2IKEHIZED L7, E oKE#E M
ABY, FEFAAWE OF bY v AEFER L7z F OfERZ KOO X
e s | X | | Y |edTaIsBEoReet LTRLEYRD
D%, TOO~Q0I birb—20BUR S, [ 4

B EFERLEYEF OEX

X Y
) | —N=N- —~COOH
@) —N=N- —CHO
® | —-N=N- —0H

@ | -N=N- —CH,0H
® $Em —0H

© gE_ —CIL,OH
® _N:N—E_ —COO0I
©® _N:N—E_ —CHO




(T

H

L)




