B

9 Theh oh AT oF U¥ENq 3T —

Ted WROT B d- e f- ik dcdl i
feorfa S 9T,

THAU (d-slh) qql STdeh Tehaol
(f=cAteh) dqeell o SoraRiieh fa=ama <
Tk

Tiaie fave o gedf o fafy=r atfedfiertor
STaEenstl o oI LA o Hewd i
THH HehTl;

K,Cr,0, T KMnO, S Hewqut ATt
& fored, Toi, SeEet don SuAm 6
U T ThT;

d- T f- =Tk o qeall oh |IHT O qe
T &fqs vgfa a ot %1 g v o
IR U Hehl;

f- = oF el ok IO ST U HT He
AT oFOATTEl Ud UfaRAtas! & geiaeitish
forme, sAlerdiehtol Sreeen Td THES

HIER 1 JeTlcHsh TRehe hY Fohil|

Teheh
)
6)

<) . \
“¢llen

cp ¢lec

D

chouel f

“SITRA, I, et i TMeg — QY GHAUT dal & od & fagiv e
AT o faeprd o Wgeaqut gfiekt (1978 &1 ariafies WehAT a <9 Th,
Pa @91 U 3efeh @ict § TRIIT St & 9% @id g & @ 817

e HROM o d- =efish o 3 ¥ 12 ok dcd oA €, fore =i
&l ot § d ek SRS 21 f- selieh ol 9 @ TS g
o &1 < afedl W 4 1 5f et STRR W W §; A ded o
3 o 3= weed € e | 5= g oY feon e € qen 3
e HROM | Tk Yk f- wedieh o B | d- TH f- scfeh o qeell
1 HHYT: WHHUT el Ual ATATaR HRWUT eel off hed &

FHI el I q@A ®Y U A9 SE 2, 3d St (Se ¥
Zn), 4d gt (Y ¥ Cd) @ 5d 9ot (La® Hg, Ce ¥ Lu !
Brgwt) el 6d Ff, S Ac | TR Bt €, @1sft erqul B) vt
GHAU Il 1 SR (4f qO 5f) HHA: OIS qe
Ufertas weamn g

giHfyea ®9 9 T GHAv a9 €, frEet got (sm)
FeEer sere fordll o7 SileRdTeRor ST | SHeh d haEteh 370l
9 &l ot 12 & T, Shefrag qon q=fd & ST go sraeen
AT SR WA TR Sfeeen § gl 4 feemw © @ik
T 5% WehAUT o7 &l A sl TR o, 9 weRmor gfvmi
o AT U BH oF ST 37oh T h1 STEA HhHUT H1ga
o TEREE o @i R S 2

7ok TRATULSTl | SR 9RA d- 1efal f- hefehl i Iufedfd
o U] HHHOT <Icell qT S7eh ANMTeh] shi 1L I=° q&A ol oh
el W e Y dl B R oft waisehar o1 we fagia st qe
Tel o dl W AR BT €, ThAY qel R ot Therargee T
fopan =T wWehe 21

I agqed oY S foeer, ee den wifer iR st
®Y W TEEyUl o SIY STERA, HIW qo T weft oo
HTqT T




8.1 A RO A

8.2 d-=gilep dcat

P FAAIETD

T The H, WHAU dedl o U= o WY, 89 3Tk ol o=,
ST A T O R fo=m i 599 gom 9fed (3d) o adi o6 o1
o ygfa W Afes eaH 1 qe o Tq@ Akt o fated @ O 1 SteE
| TeATEI AANS Whuvl eTgali & A Tedel S gt fom=m,
ST STEEATT qT T sTAfRamsiiear W o= &3

TR acd ( d-sctich )

3o AR 1 ST WEA A d- sodteh A SN g3 €, feh <Al S s- @ p-
=it Teerd €1 s- 9 p-=iieh dedl oh Hed T M oh %R0l & d-scdfeh deal
1 HHH de’ A G T B1 5ok SUifqd Sl &l o d- Hefehl § SoieRiE
R I 7 M T YR Ghav ¢1gelt ki i dfea e1eiiq 3d, 4d 9 5d 9
Bt &1 el ofem (6d) s1eft qo 31qul B1 HoRHo1 dct h1 A7 Aot Trof 8.1
o w7 21

A €9 ¥ 3 a@ # st g (n-1)d 'ns' T #1 (n-1)
AR d Herehl w1 3ATa Ll 2, T8 b § <9 o goia 81 Wehd © qell
ARIAH ns Heh W Th AUl I siaH € Thd 81 g (n-1)d A ns
FHEh! hi Seliell H agd Y 3 ok HRU 39 A= 0 F S 0 2

g7e: 3¢ e qof sia werehl 1 Tenfae sTieTRd Sifuh g ©1 THeRT Tfom
3d gft o HHHOT qeail, Cr qe Cu o Soierie fa=rdi | gfdfefed giar 2l
3SR % AU Cr # 3d'4s” & M W 3d°4s' fa=d 21 3d 9 4s Harh!
1 Selel § A o % € o g€ 4s TR % 3d HEE H Ay &l Uk

&l e g YHR Cu ¥ seiweites fa=md 3d Y4s” 7 g 3d''4s' R
AV Tl ok W TS farE "Reft 8.1 § fu M ¥

HRUMT 8.1— HHHAUT Al oF Iel ATk To-are (eI 3TeeerT )

LSIREMERIGIS



Ac Rf
VA 89 104
7s 2 2
6d 1 2

st sioit

Db Sg Bh Hs Mt Ds Rg Uub
105 106 107 108 109 110 111 112
2 2 2 2 2 2 1 2

3 4 5 6 7 8 10 10

Zn, Cd @ Hg o gl &g, 9= 93 (n-1)d ‘ns° 9 W@
e S €1 37 dl 1 g STeRenst qen T e saenett | ek
Ferh ol 9| B 21 gEifere 3= Sehmor el 1 Soft | A T s

GhH0 Tl o d HEH 3T HEeh! (s p) Hi TU TV hl T8
W AT Wi eI €, 3Td: O ST qeel § Sifees gifad eid € aen g6 YR
AT =R S o AT e S 1 off g i g1 5w TEsh o, Th
¥ fo=ma d” (n=1-9) 9 3 § THH Jahid U8 seiaeieh 07 U S
g Tk B9 § 9RA d FaHl % FRO A T FD AT o7 900 €,
ST~ 3T STRHIHTOT ST, T SFHT T 1 G 3Tk bR oh ferrel
% @y e fmior snfg)

GhHUT HTqE G 3ok AR SREh! 01 & ST geh1d Her i g9iid €1 59
geft fegraiati =t faerr foedR ¥ 36 Thes | 9" H & T B

q& GHEl o el o fauiia HeRHo1 qell o O § aifest gHmarg st
oE St €1 e, o o gHEag ot O S ®1 eW e | sifieterl
A1 3T aifast ufer (wEa: 3d i) Wyl T SteEA w1, avEd §9
o et W faER S

SEERUL 8.1 37y fohd SMUR W 7€ e Fehd € Toh Thiedd (Z=21) Th HHHU qed & g e
(Z=30) &?

BT Tohf-ead &1 ol Ta€l H 3d ek YUl (3d') B o RO $H WehHUT e AT

ST €| Sfefeh ffeh WA] § ot sterwen qon Siadiiehd Srereen <A € 35Ukt 3d
ek qui W@ (3d'°) B €, o1: 38 WRHOT qed Rl WA T 2

aGalEd a2a

8.1 faeel wHM] *1 goI o H i 9fd d ke (4d°) T AU HEY ke THd €
% o& T "HEI qd @2

8.3 oAUt dcal
(d-=ailcb) B
AEE=T 0T

ae Gl Gehnor ac stfwerfees o, W9 S=e a9 @med (tensile
strength), @@ (ductility), S (malleability), 3= adE e
ferga =erehal ©e enfees =He S9d €1 Zn, Cd, Hg 991 Mn S S19aal &1
DGt HHMI A9 W ! Tk I1 AT Teiish s =G 2idl 81 Wehaol
wTqetl w1 faf= et SRl i o wRolt § o w2
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(ccp,bcc)  (bce)

bcc bcc X bcc ccp ccp cep X
(bce, ccp)  (hep) (hep) (hep)

bcc bcc hep hep cep ccp ccp X

bcc bcc hep hep ccp ccp ccp X

(bcc = ®1F Sisd FH19; hep = TIHIVNT (Hiaeaqd TFa; cep = T [fae Gger; X = T o919 Yifcas qe=mT).

8.3.1 ofifqes TUT

\\

e/ 10°K
N
1

ool Urqu (e, shefiam aen werft & eTvarsi o @) sifaehait qen ereg
aroqeiiel Bl ©1 ek Toish o FEeih S4B 21 fa 8.1 § 3d, 4d qen
5d FHAU UG o Toish XU MY &) ST el w1 HRU SFAIHI e
ufcas 949 B ns SAaE o ifafed (n—-1)d Fehi & 2fees saaeHl &t
TfIERY €1 kel Min @ Tc o ST9dT&] i Sgah< Tt off Soft § emgsti o
Terieh d fo=re IR Sifrehad € € 91 9@ U UHTY] iR oh 1T Terishi
¥ frafa ®9 9 w1 ot 1 st %M Tl (enthalpy of atomisation)
o UM Ied B € S for e 8.2 | <uien W 1w it o @ wem
T ITaan A TH deF I S 7 foh Yo Sauiiver st % faw
A d herh T SR Selaeid w1 BT faviY B9 9 S B HIHE:

900

— guft |
8007 — it 2
700- — goit 3

600

500

400

AH /kJ mol’ —>

300+

200+

100

TTHIY] ShHIh —>

ferT 8.2— GHHT Tl H1 HIA Tt BT ggraar



8.3.2 WRHUT &Tq3l o

Sip e collks I can)
¥ uftada

HArSTehdl SRl ot G fa-t SAfeeh B, Sa &1 Yeiet UREron STreeM 2im
ek el & AR Solareie fawe o e § vH Toed T Hewyl SR
B 37d: 9B o9 hUH T (3feid Sgd ST deeish) Al Hget gt
aAfafspael & Sepe WA Hi B 21 (3oEiE fave o fag " o 3w)
o1 8.2 o YR W Tk 11 W= o Fehten 1 Tohal ® for wem
HFA U7 % T A F qer § A e i Ao % A w Fv
Tt o WM Sfuh Bid §; e W WehHoT uIge o AfieR] § - e
% 9gHT o H Tk HeUl hRE 2
HHIT: SO | dIgd §U LAY ShHleh oh WY HHM STE9 Al STl i feanst
o IR g Bl €1 THHT HROT ¢ foh 5 off Afushig ey § gfg w6 R,
Afafier seloi™ el o d Sifsed W Jagl hidl 81 IH: TR & {6 d geleq
T SR 9919 (screening effect) FH TSI Bl €, o1d: AIAFTT =
AT SRITH TS ok S 2 oEd Mehdul | gfg B St © o e e
1AM S Sl 21 TH YRR i qgt frelt Soft  wany Sreemeti § o e
St ®1 g Soft o et & Al § gg ufteds sga dier g @1 U Ueh
e YehTel | el 37 § el Ferelt forgty Gehmor Soft o el o SRR I gorl,
TG gt & T qeoll o SRR W k1 Sl €1 T 8.3 % oo qwiid € R vem
HHAT F0T (3d) ol i o § fgdra Ghao 9ot (4d) o G ql
1 R §S1 & W gald FehH0 0t (5d) ok el b1 g o @t €
S for fgcdta Soraor St o W el i €| T8 URES 4f e o §e o
M & HR et € foH gelaell 1 oMyl 5d it & ql & d werk |
3mafd YR B W Uee S IfETl 5d HeThl ok Yo 4f HETh B TRl hi
g & wRor T et § fafia g g 2, Y eremtae st
(Lanthanoid Contraction) ed €1 S S16¥ds &9 ¥ gd g WA HHiw
o 1Y WA SHR § g8 gonfed gfg 1 afaufd wan @1 ST s
o T Y o SR fgdid Ud qar WeRHO SO o6 STIEY adl i A
T @ S € (ST Zr, 160 pm A HY,

719 159 pm) q1 9ok ifde TS T@ECE TR o
J18 AU U U S €, S W S Helelf
117 o YR R Tuferd T o ot Sgd eifes gt 2l

g ST Mge o folt STREER Reh oo
‘915E T 2 S T WA EEA S0 o e S ST 8
s A GHF HRO o fory SREEl €, srufq @
o oF &l § TH soided g g T STquf
— |, STEXT YTal| TG T 4f ST 51 S8 T STeR0T

—— Sc Ti V Cr Mn Fe
....... Y Zr Nb Mo Tc Ru
---------- La Hf Ta W Re Os

Co Ni Cu Zn 9E, Th d SR g TR W SAERT Y& Hi
Rh Pd Ag Cd IO W T Bal § a1 SH-Sid T 9t ¥ Aifenie
Ir Pt Au Hg s H gfg B 7, Wl 4" Fehl & TER H

T 8.3— TV @l F WA s § gt frafia g g 2|
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TTHTUT shHleh 21 22 23 24 25 26 27 28 29 30
TSR Ta=ma

M 3d'4s® 3d’4s® 3d*4s® 3d°4s' 3d°4s® 3d°4s® 3d’4s® 3d*4s® 3d'°4s' 3d'°4s’

Mm* 3d'4s' 3d’4s' 3d*4s' 3d® 3d°4s' 3d°4s' 3d’4s' 3d®4s’ 3d"°  3d'%4s'

M 3d' 3d’ 3d® 3d’ 3d° 3d° 3d’ 3d® 3d° 3d"°

M [Ar] 3d' 3d* 3d* 3d* 3d° 3d° 3d’ - -
HUH TOEW, AH/kJ mol™

326 473 515 397 281 416 425 430 339 126

AT TUt/AH /kJ mol™
AH® I 631 656 650 653 717 762 758 736 745 906
AH® 11 1235 1309 1414 1592 1509 1561 1644 1752 1958 1734
AH® I 2393 2657 2833 2990 3260 2962 3243 3402 3556 3829
qifeer/3MaMR M 164 147 135 129 137 126 125 125 128 137
fr==m/pm M2 - - 79 82 82 77 74 70 73 75

M 73 67 64 62 65 65 61 60 - -
msﬁazjz M /M - -1.63 -1.18 -0.90 -1.18 -0.44 -0.28 -0.25 +0.34 -0.76
fawa /v m* /M -0.37 -0.26 -0.41 +1.57 +0.77 +1.97 - - -
Yid/g cm™ 3.43 4.1 6.07 7.19 7.21 7.8 8.7 8.9 8.9 7.1

uifcass o o 319 o |1 WHIfves §e99E ¥ gfg o qRomeEEy 31
Al o e A Ihg el €1 39 YR i Heeyel e gfg efem
(Z=22) ¥ HW (Z=29) % <@ | oot & (ARON 8.2)1

WRUM 8.2— VYW HHHUT UMt oF dcdl oF oGk (=18 Td S 37T 0T

SEE01 8.2 GHAY acd HUH TS o I HH I <M 872

ga  HifH Teh WHS § ¥ Wen § Suyfd oA e B, sefan s e
HRTRATTve 1= fopan eIt © o7d: TRamet o 9o Yool ST & hoasy
FIH T I=9 B 2

Gt a”e
8.2 90l Sc(z=21) ¥ zn(z=30) #, 5% # HUH T w1 T9 o HH B 7, A
126 kJ mol; Fi?

8.3.3 IMIAT WU

AN d FHeTehl oh T oF WY AR A A | Jhg BH o HROT 907 | 90
Q Tifedt 3R a5 W HHH St % ool 1 A Toedt H gfyg Bt 2, Ty
@ Jfg o % IE-BE fafa=are ot o St €)1 anoft 8.2 W wed wWanHU
SOt Y qedl 1 TH A S TfewEl o wH R MU € 3 AEl 9 e
2 fop 57 qoll 1 it TOed § gig aE e T et S for ge ot ok

WA fagm 222



8.3.4 3TTeRIIeRIUT

AT

Tl §) BTt I : YU S Tedt o 9§ gfg et © W See
dell w1 fgdta wo gdia e Tl o Al o g8 9fg o g gmea:
agd Afereh eiar B

3d Ugeti &1 gUH AEH e w1 ittt g9t w1 Tafy S @
TEEtE Hew & ¢ R i 98 wasie fean S wehar € o uw goeeA
Yok T W 4s T 3d Hemehi i AU SHetietl § qReEdd Bl 81 39 YRR
TehY PF 1 o 3" Bl € qen 4s § gl Tl Bl

TH YR, Tl i & | ghg 3N s Telaql o d HeErehl § Tl
& ey $ faEE el o WY EEA BH W el b1 GHISH gl 2l
HMMA: 7ok AMI | YAE AR STEwT § gig oF SRl 98- &1 sTdfad
wafa gt 81 =@fy, d foeme o forel ot aReds =1 erqufeafa o wiftem o
T M o i1 € SR Zn o T WM S= gl © it I8 4s WR Y S
1 YEfela a1 81 39 UIqel i Fretan sferdienor sreen +2 21 e sroget
Y M A TH B, FOF TR % qU-wY Yoq U i S st
1 ot TEvIhd Bt 81 ygE 1% i s weiedt 7, f|eRt 7 Cr iR
Cu % fau swenty &9 9 s=a ¢, o7 M e & & qen d'° T
o a9 & wro1 fafma it 1 Heequl B8 B 1 Zn o faT wa A/e
T Bl © e A 2q Tk ToieRA Feherar & forad el d'° fomme W
BIA €1 A S Tl | g 4s Herh o e g See T8l ot iR
&’ Mn”) 92 d'° (zn”") ¥ T TereR T | sifie wio weikia e 2,
S gme g g S 1 e, g e o wat| Se ® SR
Mn” @en Fe” & url § g sfauel 81 9 & i, N o fora o
I=a O S0 Hd @ TR oFl S el i +2 W Ieu el SEedy g
T HiSA 2

Ty S Cfeu, STriiehToT STaeenati o qorieash € § Heifera
H ANRYH I 7, fh off e wmen 9ga wied € SR dlehiielsh saTdehehiol
ERHICE R
GHA dedl o fafire wenl § ¥ U o™ 39 qwdl gl s o 6
SATFEfehT0T ST <1 €1 URON 8.3 | W HWehHol Suft o dqeall 1 WHH
SARAIRTT STeenstl ! geftarg o m 2

WU 8.3 — WIW TehHUT SIUTt hT LT3N hi ATGRITHITT STERATT ( 7FeT WTHT ATHRIHIIT Tawerait
I A 2Ry ¥ e ww #1)

Sc

+3

Ti
+2
+3
+4

Vv

+2
+3
+4
+5

Cr Mn Fe Co Ni Cu Zn
+2 +2 +2 +2 +2 +1 +2
+3 +3 +3 +3 +3 +2
+4 +4 +4 +4 +4
+5 +5
+6 +6 +6

+7
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SRE0T 8.3

TS T | SRRV STIEATT WA JTel Tl HRHUT H0 o 7eA | A1
THeh fehe feord &1 Sereeone, TS +2 § +7 % S 9 Sifafieior e
9l B1 SO o Al TR W SATeRdeRor SreEenst w1 e wH U S el
THH FRO @ (Sc, Ti) § IR a1 ERE % U w9 Toeeil @
IYCTSIAT 1S qcdl oh GarsTehdl Shi¥T | d Seiael ol Afues gen (afmmme:
qrfterd o feTT ¥ hefeh! &1 SYete@l) [Cu, Zn] B 38 YR 9 907 o
ARA § Tohfread (I1) ardfaehal # 3f=d & 9 Ti(Il) =1 Ti(II) =1 qe
T Ti(IV) 3ifeeh Tl 21 9ot o T B8R W % &1 Thae sitadismo
FTEA +2 B (d ZORAl ®1 ANiER) e ©) | HE @l Al st
Fferdieto STaeenall w1 G YIS dF s qe1 d &Rl § SUd geaHl
1 e % AN & SR 21 (Ti 0,V 03,Cr''03F Mn''03) | $Heh T
TJodl 1 T SATRAROT ST o e § SRS HHT o Sl @
FSTEeRT ST i el stfrereriones efivfis € (Fe' ", Co L Ni', Cu' qe
ZnH)I

IRedTT ST STaEet St o Hehuo qeall 1 Tk foeivd §, o1 R
2, ol d Ferehl W SoldeHl w1 39 YRR § WEE &, EE T awi @
TR0 ST H Teh o1 e &1 @l B 5Eh1 S, VL VLV LV &
SeoiE & T STHwA del (non-transition elements) 4, faft= stferdteneor
ferenell W W < Wl Al qrE S €l

d-=cteh a<al o o (a4 W 10) T STRdThIor sTazenedi st uRad=eietan
o ok U=k 927 <@ i Terdn 81 p-setieh | (A T THE o HROT) AR
T g T ATl STeeT ol 3Tkl Bil &, STelfeh d-sciieh H SOl
faadia w2t 21 seewone— a1 6 § Mo(VI) @2 W(VI) 1 e Cr(Vl) 9
afirer €1 31d: el Hiegd § Cr(VI), SEHUE o &9 § Yool AR
2 Sdfk MoOs T§ WO, &l

et Siferdiontor et qd T Sl @ S U Gepel Al § U forre
Bl o o-aTaem o Afafiea m-Tel Tor ot e Srd @1 3geeened - Ni(CO),
3 Fe(CO)s, | Foher 3R MR &1 ST STaeen I 2|

TG GHAY dwd k1 A9 sarzy fogd gfiead=g STl STaeent J&1 q1g
Sl

g hiteay (Z=21) ufed=a sAfrdiehur Tt T&l <9id|

qGAfEd 92

8.3 TWHUU qwE HI 3d UM H HHE W acd &gl Gem W Ao ey <wiar €

w H?

W foae 224



8.3.5 M*/M HIH<h

OIS

Brdt § wafEt

\

m yferd 9=

o7 84-Ti @ Zn % &

Ti V C'r M'n F'e C'o 1\'Ii C'u Zn

& qiiafaa wF
ol & (M2*—M°)

T geiaeie favEl o gfea aer

TReTord qq

faero & 39 UG o MO A W B0 9 Hafud
SO qrel S W gelaeie fave @nol 8.4 |
U 7T €| ARl 8.4 o WA 1 SYAN ek Uishierd HHl
qon E° % Ufe WM % He qor @ fa 8.4 § qwn
T 2

HTW 1 TAHF E- o R0 G IeeR, s
el ¥ H, Ho S0 1 Sreuedal &1 Tl odl B
Shelel TR 3T (TEfesh 3T @I TRA ig Gor i
ad) € Cu o WY Afufwan #id § 3R 3 o erdfed
g S 21 Cu(s) & Cu2+(aq) T Tl o U SAevas
S=a Soll, THH SordeH ool ¥ wgfea el @l
it § E° & 0 Homens W F T vgi et &
v Td fgdia e et o 4 o g gy 9@ dety
q 31 T8 ST 9% & 7R Min, Ni 99 Zn % E© % UH
g g grI Mt Wl | i SRRk Bl Bl

WO 8.4—UAH U oF TWRHUT Al o HST-THTAeh | (kJ mol-1) 3T M(ID) ¥ M H 319<=&
% WM TR fawal o a=

Ti 469 661 1310 -1866 -1.63
\Y% 515 648 1370 -1895 -1.18
Cr 398 653 1590 -1925 -0.90
Mn 279 716 1510 -1862 -1.18
Fe 418 762 1560 -1998 -0.44
Co 427 757 1640 -2079 -0.28
Ni 431 736 1750 -2121 -0.25
Cu 339 745 1960 -2121 0.34
Zn 130 908 1730 -2059 -0.76

SRER0T 8.4

Cr” =R § SEfk Mn SR, S@fs 3 &1 d° o= §, F:7

crY T SRR 2; FifE sue o=E d § d § uRefia s © ey
Ad-9fd t,, TR (TS 9 W) T 71 @ IR Mn”" ¥ Mn”" F w9
edufa (&) faame o g © S 39 stfaften Tenfae e e B

aGAfET a”et

8.4 TR % forw EC(M> /M) &1 5H S (+0.34V) &1 26 HIfad HR01 1 §2
(Wd- TF T AHC SR Ay Ho W = 2)
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8.3.6 WMk TS
fawal ms/m2
ﬁ: ﬁ &

8.3.7 IeeIa¥
JATFITERTTT
aTaeerrell o
T &l
ot

<

Mn”" & @1f-9Rd d- ek 1 Tt @ik zn® § yoiuia a'° fo=mg
% E° oA @ waf ¥, Wefe Ni %1 B 399 Seuad RO Ahdee
Y Hefed 21

Troft 8.2 § EC (M /M) % ARl 1 sTaeied st qRedeier gata
Tgiien 21 Sc o fo s@ent f w1, Sc* o wenfie i geitar & forwen o
AT 9 fa=md 21 Zn & foQ 55 S=aaq 91 &1 HR01 Zn” % Tl d'°
fo=Ie o T seiei 1 g1 81 Mn o foq 3Tdemeha S=a WM <9l € T

M2+ (d°) foem &9 § Tl @ Siefe Fe o stdeepa e 7, Fe’'(d”) o
Afafer Tt 1 <@id €1V % erdersd = 99 Vo wenfae @ et
g1 (sl ty, TR, THF 9)|

GRoft 8.5 WHHOT UIge w1 3d AN o T Bomgel Wi <l 1 S
ATerdeRToT W@ TiX, (STREEEl), VF5 3R CrF ® Ww Bidl 81 Mn &1 +7
SHTFHIFIOT ST WA Telee | Tl e Bt g MnO,F 91 © iR Mn
% qeE e FeX, 3R CoF, & i +ff oq Zseass 7@t ol
SR SRR Teeel i TR T&H i i TSN i &l A
A AT =9 eIk el oh HRU Bl €, S R CoF, o ged & =1 S=a
gt Akl S VFy 3R CrFg o, %4 37ed Tl o SRl el 2

ARUTt 8.5- 3d g3l oF EcgSl & GA

+6
+5

+4 TiX,
+3 TiX,
+2 TiX,"
+ 1

CrFyq
VF; CrF,
VX, CrX, MnF,
VX, CrX, MnF, FeX, CoF,
VX, CrX, MnX, FeX, CoX, NiX, CuX," ZnX,

cux"

MW X=F 5L X=F>Br, X'=F CL; X"=CI - I

WA fagm 226

Tl VFgohadl V' &l WEd i 2, o9 TR SesuHed W
ATFARARE, VOX, 3d &1 Ffeiiieel i Toa Tor, et stferdienor sreeen
TeRT SRR €, 8- VX,(X=C1,Br 3t I) & iR 7€l CuX ok fer o g
21 Tl 3R AEIEEe o sifafed Cu' o |t dge 9 &1 7l cu’’, I W
I, # Siferdfiepa idl & —

2Cu*" +4I" - Cu,l, (s) +1,

TNt e Cu” AT Siefig foera o sweemrlt € qen fergaR s/

T &

2cu’ — cu” + Cu



cu’’(aq) 1 T Cu'(aq) ¥ A R H HRO THH! SorSH
TIEd Ay qH T Cu” &1 gl | 9gd 1fus HUTcHsh 7 81 8, St TR
I fgdia e el #1 afagfd @ eifuss 2

RIS i SoqH STFEIHIOT ST hl T Y A i &THdT
sferareel H v Bt 81 offeaEel § Iaan S He (N 8.6)
3! o e 9 "l Wil © 3R 98 Scy05 ¥ Mn,O, @ <@ i fierd
21 7 & %, Fe & 399 3RS Fe,0 U M I T8l 81 Faf e
qreem W HE (V) e o, (FeO,)”, 319 ad € T 7€ 3% & Fe,O
T 0, ¥ forafed & S €1 stieEe & afafted, stiedioher™ V' &1 VO, V'
VO Al T bl TIO” o &9 ¥ e Y id &1 T 1 arde
SATFAST 1 T I=0 SRR TTLNT ol TN Y HE it &T0a
% Bl 81 T YR Mn &1 S=aad ®3iEe MnF, ® Sdieh S=d AfeEe
Mn,O, B SATESH 1 HTqeil oF T STgaTe o+ 1 &l § THh! Scpeedl
1 WA S Wehdl ¢ TEEASeh (RS Mn,O, U, W% Mn WA,
JHAHE ®F ¥ TH Mn-O-Mn ¥g dfed O AW ¥ o & 21 V7,
cr’, Mn', Mn" 3R Mn"" % fau SgEEERE [MO,| PF @ B

HRUT 8.6— 3d gali o TS

+ 7 Mn,0,
+6 CrO,
+5 V,05
+ 4 TiO, V,0, CrO, MnO,
+3 Sc,0,4 Ti,0; V,0; Cr,0; Mn,0; Fe,O,
Mn,0,* Fe,0,* Co,0,*
+2 TiO VO (Cro) MnO FeO CoO NiO CuO ZnO
+1 Cu,O
* fatga sfieaEe

SEERIIE.5 o 50t VO, <Cr,02 < MnO; | siaiin ama # gfg &t 58 w1 w42

aGARE a2a

EG  TEh HNU ek TEIA o W% W fe wieis o ety 9 gig 2

8.5 THAY Il T UAT AN F A T (Yo SR f5d) § eifaftd giadd &l omg

THAN?

227, d- TE f =A% % T



8.3.8 TrETAMh

Td E°UH

TR HTgetl Tl Afafmaetior =mue w9 9§ uRedeie 21 agd-d
¢ T ferR@u € qen @i el o foe €, e % oy ‘S
&, St foF TR et g enfed @Y g

HTR U1q 1 BigH YoH Soft & dod ST0aTHa Stk fafwarie e ©
S 1M H' 3Pl g Sifeiishd B ST €, T 3 egeti shi erseied e (H)
S SRRl § ATfHaT S 1 arsdfesh W wefi-sheft i on St 2
IR — e A W I UE oRfEan q SAiedieh e 3Tl o Wid
fafisra #1 M>* /M & E° & °F 4ot § ferist oerel & o % ued g
yafa 1 qeid ¥ (TR 8.2)1 EC % W UM T Rl SR ST S G
Yafa wuH U fgda e Tl o 9 o 9 gis o Hetud 21 9 St
I % fF Mn, Ni 3iR Zn % E* o S 19 & smifad TE S e
T sifrs BoTeTE 1 St Mn® ¥ o1 9Ra () ST (d) 991 Zn® H
ot T ST T T T EC & AT § Hafm 3 fria & fw B
F1 HH THHT Ioadq RUTHS SIodisH Tl ¥ Hafid 21

M>/M*" et 9 & E° AHl % saesd (AR 8.2) ¥ ww § fe
Mn®" q&1 Co”" A Selta faerem | yeeran SATRfei wHe &1 HF FW
BT, V2 aen O 1o vael ST=r s (@) © a9 a ol 9
BRSS9 Tt hid &1 Sreuned -

2Cr2+(aq) +2H+(aq) —>2Cr3+(aq) + Hy(g)

SEE0T 8.6 F‘gﬂmﬂr@aﬁﬁuméﬂﬁ%ﬁz@#m%—

E

\Y% Cr Mn Fe Co Ni Cu

M> /M) -1.18 -0.91 -1.18 -0.44 -0.28 -025 +0.34
= gl § ifrafdar o R ki gHgEn)

E°M> /(M) & #F frf| 76 €, @ oW o Tl # erfmfia aitedH
(AH,+AH,) qe SEETde Tt g 9 §ohd & S o e i) anfead &
fau eened Tgd %W Bl B

Mn*/Mn"? 77 % fow EC %1 7 Cr’ /O et P /Fe” & AT 9 9ed

I&E0T 8.7
ek YHIeTs I B 27 WHERU)
Zar 39 foI Mn &1 gdid SRR Sl 1 sigd afess 7 (d° 9 d o afteda o forg
JEYTF) ITEE ¢ 399 I8 T Bl @ o i Min &1 +3 S7ere S9E] W
H1 Tl 2
aGakEa a2a

8.6 I U AU ITAGH SIHIV ILT hael T(FAES Tl Fgeivss | & = yefim

HLAT B2

8.7 Crr iR Fe*' ¥ § & y9dl oTU91% ¢ 3R 417

W foae 228



8.3.9 w&chia TUT

a1 W GAhIT & I FH TN T&IA: I YhR o Gk FaRR Y8
B € - Flagase (diamagnetism) 9 37gga%ed (Paramagnetism)
(Tweh 1)1 iageehid ueief, Suge gash & g Wiaesfid 8 & o
TG Tared TR fia B E1 S uref gt & ¥ yae ®9 ¥ ki g
%, d @lggahid (Ferromagnetic) HE 2| add H, iggaehed, ST gahe
1 W ey 2| wgd ¥ WhHU Ulq A AT B

STTeeehed 1 IedT, STICId golaril o1 SURTd o RO eidl B, Teieh
TH STAfeId Seige 1 gaehig 30U (magnetic moment), T &IV
T (spin angular momentum) T F&F HIVT T4 (orbital angular
momentum) ¥ e Bl 81 JoH Hehaor Sui 1 erqeti o Afen! o weha
I HeT T ANEH GHE 9 ¥ 9 (quench) B ST € gHAT ST
T Aed Tl @ SNl 3Tq: 3ok foIQ Jashia el 1 fuRor 3& 3ufeerm
T SRl o1 T o SR W feha Sar 8 e gHeRt oM A fRe
T ‘JEhU-AE’ (Spin only) T3 §N 1 S €1

u=yn(n+2)
el n T Tl ! GEA § a9l p gaehig ol @ et A
dR B (BM) 81 T STferd ol i gaehta el 1.73 SR AR
(BM) BT 21
I TSI h1 Sl GEAT o W YeIh1d S0 1 A wgdl B I
Ufed et SATEOl W IRATVR, TS Qe STl § Iufeerd STied Setaeil

1 GEAT 1 Hohd ferdl 81 Tesho-AE’ g R MOFT | Wi ek 3ot
o HH a1 TAF o STER R HUiRa germ Hehor 9ioft o Tl o6 Jaehid STl
& A 9Roft 8.7 H fRu mu &) wEfiw siwe ger w9 9 faermd § ufted
SIS Tl Stere 31| syeeen o faw €

wﬁs7—gﬁﬁaw@%wﬁm&aqﬁﬁmmmm

0

1 1.73 1.75
T12+ 3d2 2 2.84 2.76
v 3d’ 3 3.87 3.86
cr” 3d* 4 4.90 4.80
Mn** 3d 5 5.92 5.96
Fe™ 3d’ 4 4.90 5.3 - 5.5
Co™ 3d’ 3 3.87 4.4 - 5.2
Ni** 3d® 2 2.84 29-3, 4
cu™ 3d’ 1 1.73 1.8 - 2.2
Zn> 3d" 0 0
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GEEQ01 8.8 ol faead | fgHas ST o Jaehid STEUl &1 UM hifT; AR TR T

FHE 25 B

gal  Soid fooEe | W] %HiE 25 AT fgHarst o § Sgiiad seieeHl i HeA
5 BRT| oTd: SHeh1 Gahia S0l BT, p=./5(5+2) =5.92BM

aGARE a2

8.8 M”'(aq) ion (Z=27) & 1T ‘eehvl-u’ aehtd ol &1 M Hifery)

8.3.10 W 3MIA Rl &

< D

=y < P .
- ¢ ) ¢ \ 7

@W: -

fera 8.5 — J9q GHAT it & FI elfead

S & AT faera T & 111 9

3 g T 3 V&, VB*, Mn?,

Fe3*, Co?*, Ni?* 3R Cu?.

5o f11 3o ot d-heteh | SlaRd Rl S<IH, S Sell

oA d-Feeh T 2l & dl SAsH el (energy of excitation)
1 WA G FeRTe 1 e % W4 el € (THeh
9)| 9M=Id: IE g, 99 Y& (visible region) ®
feor 2t 21 Ufera <, STerenfod YHTSr T Ik T Bl 2
STEENod YehTeT ok eTgfa @1 e fare (Ligand) o
wWYE o UR R fHan s 81 9roft 8.8 ° Sl &
Sttt faerem o dferd 0 w1 wueag fman T €, T8l S
& 1] fae &1 w1 W € o 8.5 H F5 d-=lish
el o i Tt ehl <gitar T R

AR 8.8— TIH WhWUT STt oF B TerAlfwd &rg T o T

3d°
3d°
3d'
3d'
3d?
3d®
3d®
3d*
3d*
3d°
3d°
3d°
3d°3d’
3d®
3d°
3 le

WA fome 1280

Slo
Ti**
Ti**
V4+
v
V2+

Fe**
Co*Co™




8.3.11 Heped fiTent oAt
CEEl)

8.3.12 SRR T[OT

8.3.13 TawTeRI9Nt AfTeRl

<l &0

8.3.14 Tasas®t &t s

Gopel Afies o Aifier B € T urg e ffvea den W o st
S ST U S Fioh Heper TleisT I 21 ook oo sifirererforer T
B B1 9% F I & — [Fe(CN)gl”, [Fe(CN)gl", [Cu(NHy),]>" dern
[PtCLy]” (Tshe 9 H Hepel AMTeh o TEIFA 1 faega == =1 T 8) | Hehwol
A 3T Gl AMiTehi shi ToMT Yd €1 $Eh1 J&T R0 § o1 ST o SR
T BT T, €IG STl R o0 TS A qAq1 3Tl & 594 o fee d
FHegen] Sl IqS|

ThAT ST G STk AT ST Fiehardl o felu ST ST €1 Tehwor engati
1 I8 U1 STR! TRAATNS TSIl T Hepet AR o o ok 0T o HROT
&1 dAfeam (v) iaEe (Host gom o), ged fauiferd o (2R wehd o)
AR Fohel (ST TESISTA §) ool HTqetl o R SSRUT & 5o SRl
£ I o W TS W ANTHRR o U A1 IS HI WAE o AL
o o9 arel sl TEAT el @1 3TieY 9 o T werd WeRHT Soft Y ey
3d Td 4s TARA 1 STAN A €| IROHEEY, SARE H1 HAE W
AfehTeh 1 Figdl d Jfg & Sl & qen SIfewne o et ¥ sufterd srey
Tael 81 S &1 Wiha0l Sofl ol | © Sl &1 Sfarienor fereenati o gferdH
Bl Tk o U HHHUT HIqU IS o &Y § Ak el el & e —
I (I1]), TSRS AT q91 TWHehe 39 o e 991 8 drel siffean
1 SAfa w2l

21 +S,05 =1, +2S0,”

TH SATHT AR 1 Tl 39 YR § —
2Fe” +21 5 2Fe” +1,
2 Fe”" +S,05 — 2Fe” +2S0,°"

e G T HTqe o fehteel Stk o WfieR B 3TehR ol TRATY] 59 H, N a1
C Huikid & S & @ fauenreh dAfrl w1 A B 21 3 A S
STFHIFUIHAT (non-stoichiometric) 814 & d 7 a1 73T 214 & &) 7 &
HEHANST| 3@ & felt TiC, MnyN, Fe;H, VH, 56 @ TiH,; , S| 354
A YTgeT i IS T TR0 STeeel YRR T i | Hoedl & Uhid
o SR W, 36 YR o Ak eIt Fifiek (interstitial compounds) el
21 57 Afient o qea Gifas d TEEte sAfee e e € —

(i) SicRrshTelt FfTehl o T S=0 e € St g orgel o off eifers )
(ii) ¥ @1fd SR e &1 7l ok o P dNEe! HI HORA T EN 1

FIRAl o T B B
(iii) 7 MTeRT 1 wifcoreh =ershal gL Tdl 2|
(iv) TEEfS ®9 9 siausse Afes fHiwg g 2

fsng (alloy) fafs=t «ngett 1 afmeor gt € S fof emgetl o afmso 4w
g € fagrg i S faerad & Gehd & o T g o W], g eg
o weApet | sifafia w9 @ faafd wd €1 39 R o fasrge 1 @A S
TRAET g B © TSRt enferen feanet o 15% w1 SR 2l W engeit

231y d- TE f Al F T



SRE0T 8.9

o AT TN qen Ik ISt H FHMAl % HRU HHHAU Higed g
fasmget 1 To XCdTgds el B1 39 WehR UIwl THAATd ek eid § el ok
T A $d B 21 e T "o guifaa faarg 21 i,
Rfeam, e, HifdeeTn qel WS 1 STAN fafa= YR o wie e
e @il o Sced | fopan STl 81 STEeHA Yrgel qe GehHv urget o
A W U T Sleife Hew o e §, fieh Seew € — diad
(TR-TSiR) , ki@ (RiR-fe) 3fe)

TR TOT STl o ‘ST’ 1 o 31ef 82 Wk I it

Ea 9 U [afyre STadieniol ool SUY Y qU1 Sod ATRIhI0 STEeey &
qo H HH TRl @ @ SEE SHEEIE B ¢l SERi— WS (VI),

affereteRToT Srareen WS (VIT) den St (IV) &1 qorl o ot @esm | 8

worh 71

aGAtelsa a2

3Mn"0,” +4H - 2Mn"'0, + Mn' O, + 2H,0

8.9 T HIWT fF Cu’ =1 et faerm o orh ==& 2, +=? "memeu

8. 4 e@aﬂvraﬁaa I=9 A9 W GHHUN U TH SARdTS oF HeA AIfHAT o Here®d Hehul

PT FEagol
MPree

W foaH 2382

Tgetl o SfFES UK B €1 Whicad o oifdiied @i o1qg MO Y&
AEfTeR AfeTEe AT &1 37 Sfiragel o el 1 SeudH et Se
TR o7 G o (HHM Bl 21 S T Scy05 ° Mn,O, Jfieh! d @m
%! fierar ®1 ol 7 & U9E S 1 Fe,05 @ S i 3=0 3fEe A
T 21 sifeTee o SAfafad Siel-¥MRA (oxocations) V' &1 VO, d, V' &l
VO®" # e TiO”" = Ti ' wenfue 2 B
IgeT 1 SRR T | gl o Y SHEel o ST 01 § HEt
21 HHS 1 SRS, Mn,O, TeHaSt aon 8 deitd uered gl 71 ¥t 9%
f CrO, @ V,05 o Terish ot 7 eid €1 37 S=a siieugsl 4 ot
W9E 1 @ e 2l

39 ¥R Mn,O, ¥ HMnO, W< gl 81 HyCrO, el HyCr,O, 31 &
CrO; ¥ 9 B €1 V,05 SHaH! 8H W ot gerd: awdtd ® ik vo,” qen
VO, o &0 21 81 dRfean o AfedEel ° e V,0, §, 376 &
V,0, 3R 39t V,0, o it qfiedd 2@ i fierd 21 V,0,, 37 §
foera B VO 101 T 81 36 TR V,05, 3T a9l & § SATafma
FAL: VO, 99 VO, = Bl quied § i CrO e © 0y
Cr,05 ST 2

UM SEswmeE, K,Cr,0,
TIefer STEhe oY e o o Tk weeyul W 71 3T STET wE US
(azo) TR 1 o H offdiwN®: o &9 | fomar a1 21 EhmS &l




YHEMF: e | S Sl 81 HIEge 3R (FeCryO,) i S arg i
Suferfa ® Hifead =1 qefEe wreie oh WY Gt fRa Sl € qf shiHe ured
B B MRS 1 Aifeqd wENe & iy sffmEw fe @ T T —
4 FeCr,0, + 8 NayCO; + 7 O, — 8 Na,CrO, + 2 Fe, 04 + 8 CO,
difead wme o ol faerad & SHH 36 FeRRe o g ST a1
foren trar @ foed 9 9/f gifesw €EHHe, Na,Cr,0,.2H,0 & fwefad
T foran S 21
2Na,CrO, + 2 H — Na,Cr,0, + 2 Na' + H,0
Hifead eEwme &1 faoa, Weiem eEFmHe 4 Afus B Bl gafay
Hifeaw S o faeem o diem wiiEs St WeiEm SEhte ww
T foran S 21
Na,Cr,0; + 2 KCI — K,Cr,0, + 2 NaCl
YeREE TEHME % AR U1 o T, fetedied € S g Seld
foreta o ShIHE q SIghiUe 1 SFaUEaasl el @ S foe@@ & pH R fR
FHIA B HIHS AU SEFMS H HIHIH F1 Ao He&a g9H 2
2 Cro,” + 2H" - Cr,0,” + H,0
Cr,0,” +2 OH — 2 Cr0O,” + H,0
HIWE A CrO,” el TEHTE
> 3PA Cr,0, & WA A= & T8

O\ 20 0 F1 e I Tl 19 Bl ¢ STeifh

oo~ o | e s § < agwe ®

/ AN s g H WERR fRT wd €

S * Q i Cr-O-Cr &M 1 &1 7F
TEFE SARA 126° B 2|

Tifgam o difeem SEhHe Tod

HATFHTeRT0T HHF 1 1 HLQ 2| WETH o0 1 S § faeigar Afue gt
? 1 & ek T H AR ek o &Y H eTcfish g fehar s
21 R TRENT & ST ST favew § wefies 9 o &9 §
foran T 21 oTvelty Wead § SRhiie STEA o1 stferdieer foman fre yehr 9
Yef¥id 1 S Wt & —

Cr,0,7 + 14H  + 6e — 2Cr°" + 7H,0 (E°= 1.33V)

T TN AT UOREH TSNS, AACSES 1 SR S |,
TehES 1 ol |, fea (1) =1 feq (V) ¥ den 3T (1) <99 k1 SRA
(D) =199 § wam 31y sAfafwae fe & —

61 —3l,+6e i
3H,S > 6H +3S+6e
3Sn —3Sn +6e
6Fe” 5 6Fe” +6¢e

ol srrafter sifafman Bt W SEwHe w1 sifaishor ot sifufwan

AT YT H1 AT e Al F et g fFa S wehdr 2
Cr,0, +14H +6Fe” 5 2Cr +6Fe” +7 H,0
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W foae 234

urRfyrEw giTe KMnoO,
Y THTHE 1 WK % o T MnO, 1 & o1 eReieEs au
KNO, S 3fisrieher o @1el Giferd feran Sl 21 S8d e 8 11 hl 315
K,MnO, Il Bl € Sl SEMiA o1 37eefi™ }iea § STEHuiiad ereh qremem
TR 31 2

2MnO, + 4KOH + O, — 2K,MnO, + 2H,0

3MnO,” + 4H" — 2MnO, + MnO, + 2H,0

SPRNFTF TR R TGHT SART MnO,, & & ATriisHolt G o 9=,

e (V1) o SR[eTveel Sfieriiehtor g foman STl 2|

KOH & w1 §er
Arg AT KNO, S |1 SFEiieh ol

MnO, MnO3~
e 37
e oot H S -sTaee stferdeRTor
MnO?2~ MnO;,
e e TS 3T

AT H HES (1) 3T o oa] WaAlreREethe gl e gieht

THRE 16 2
2Mn”" + 53,05 + 8H,0 — 2MnO, + 10S0,” + 16H"

TreRTEH TCHTHE e ST (ST hienl) W01 ok fsheeed sl € it KClO,
o 1Y GEETEATHeR T S €1 I8 el Siol | §gd foed el ¥, (293 K A
R 6.4 TM/100 UM 5e1 H) | W 513K T TRH i R A9=fed 81 <l 2|

2KMnO, —» KsMnO, + MnO, + O,

THeh | ifcer o1 SAferen Tereh & — THeRT STcAfieh e T 99 dIushd W
NI gt STgaehedl| 32 ST0] shereh Togid gRI T <71 Uehdl €, S fo 29
eI 1 HE 9 Al 2l

e g WHTHE T Sqohaishid 8id 81 80 HHe ST Teh STerd
TAHA o FNU SGARI Bl § W WA A Ufagehg BIar 2l
SRS o p heTehl o HTHIS oF d hefehl o SIfaeaTde § g9 7t AsieH i
S 2

AT e foer stfeicle &1 weTeRsiemEe §, S (I1) o0
SRA (III) TE0 ¥, 82 i A8 H Ol STAEREE &l Jaa AAeH |
ATerefieha o < 1 STkl i o7l rfuferaTd 39 YRR € —

COO
5] —>10CO, + 10¢
COO
5Fe” — 5Fe” +5e
5NO, + 5H,0 — BNO5; + 10H" + 10e
10I — 5I, + 10e




KMnO, &t stf-eifufran wa eroamesl &t sred-eifufwanet =t sigae
ol arffenan i for@n S Hehdl & qe SR aTaR THehLl i Faferd #
foran S 21

Ife B0 WS & HHe, WS ersifeaEe don WS (1) 9 o
TT=E 1 srd-srfufwmaet = = w9 9 weidig =,

MnO, +e —> MnO,” (E° = +0.56 V)
MnO, +4H + 3¢ — MnO, + 2H,0 (E°=+1.69V)
MnO, +8H +5e — Mn’  +4H,0 (E°=+1.52V)

@ BH el YR 2@ Wehd B foh oo o RS STEM Wl wWisdl
sAfafewranett S wofad w3 | Heeyel gfter frard 21 et &2 sfafwanet
FI ei-fava 1 Terad 9 GHel S Hehdl § ot tfuafswan w1 afgw ot
T HEw@YUl Rk &1 RETE 3T 51 [H']=1 W et o1 SToiisha feran s
feq) Wy qEfes &9 ° stfafwan i eidt @ S e fop WS (1) e
I A g SAYET A9k SR A S|

KMnO, &1 % Tecyul st sifafkamn fefafed € —

1. o< fao=m H -

(%) wREY FEEs ¥ SEE qo el 8 —
101 + 2MnO, + 16H" — 2Mn”’ + 8H,0 + 51,
(@) Fe’ A (20) #1, Fe® (dien) § uftedd -
5Fe”” + MnO, + 8H — Mn”" + 4H,0 + 5Fe’’
(1) 333K W SFecie EH AU Seifcieh T 1 TR0l
B B—
5C,0,” + 2MnO, + 16H — 2Mn”" + 8H,0 + 10CO,
() TR GoHhEs & Tehl § i, ey goeme srasifua
Bl S & —
H,S — 2H +S~
58” + 2MnO, + 16H  — 2Mn”" + 8H,O0 + 5S
(F) IR 3T T Hohlse T Gohe oa GeRRE o7 |
AR TIT—
5805~ + 2MnO, + 6H — 2Mn” + 3H,0 + 550,
(B) TS I L H SAFEHI—
5NO, +2MnO, +6H — 2Mn° + 5NO5 + 3H,O

2. SEEM AYEl oA R HWEAH H—

(%) =M 3 4 Aafwa €, SEeEeS &1 Eee | giadT—
2MnO, + H,O+1 — 2MnO, + 20H +10;

(@) IAEehe &1 Tohe T N TS ®9 H ARIehI—
8MnO, + 35,05 + H,0 — 8MnO, + 6S0,” + 20H

(1) HS OO B MnO, H SerdieRr; S Hethe s1eren T
sferarEe &1 Suftefy sifafean &1 SARd et 2—
2MnO, + 3Mn”" + 2H,0 — 5MnO, + 4H"

Ae— RSN I i SURAfd § TWHTE 1 ST STEATSTS ©;
Fifeh BEgElie 3 A § 3ferdiehd 8l Sl 2
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ST

TorgeTuTcHer WM | SN o STeTal TR TETHE 1 SN GYOU] et WA § Sl
& &Y | a1 Sl 81 THeR1 SUAN Ueh foiSienRes o &9 # fepen S €1 S, g, faew o den

Al o fosTen<ol § ST ST off o Stfadien<ol gHar T R 3 Bl

8.5 AREAE

AT HRHUT ad (_f-=ATeh )

foaAteh 1 | AT €, SROAEe (UAH o 9% o HigE dod) qel UfeRAiae
(Wferefm o 9% % ke qc) | Sk oS 91 reREE W wished WE
S € 1: eroEEl i wEl o ot witeferd et 21 59 el o fog
YT Hohd Ln Y99 Bl €1 3 YR 9 Ufsediae qol 1 ==t o feefm
Ff 3@ 9ot & wice dcl o WY GfEld Tedr 1 GhHu Gl w1 gen |
TS ooy | eifereh WfeTehe THMAG YR hd €1 39 el § oheel Tk
TR ST STEree Bl € M gehT TEIFH 3 FHM T ol dedll oh SRR
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