BRI

9 THheh oh LFIF o TN 379 —

e 9RO § d- qe f- stk acdl i
feerfg w9 9 @;

HRAT (d-=cieh) qAT ARk FHHAU
(f=A) Tl o SerdRieh foard S
Tqh;

Torere fave o e § fafam stferdiertor
sraEenstl o goricds T o "™
i THH FohTl;

K,Cr,O, 7 KMnO, Si# Tewequt fiTehi
o foR=m, IO, HEEeT qen WA @
U H Hh;

d- qen f- =l o dcdl oF WM IO
qen Y aifas vafa 9 ot 6t w et
o SR H 99 Hohl;

- =Tk o el oh TUN ST U T Heh
AT TSl e RSl o geleiR
formma, siferdTeRtor sreeen e AR
ZEER 1 oA TR HT Hehill

/[

—
—

: e =2 \
Chouel fss

GG (]

“SITIR, T, et 3T Meg — Tt Whaor aal 4 o9 & o2 ama

AT & Tkt o wgequi itk (191g &1 sfiaier WehauT 7l Si9 Th,

Pa 9T U 3Tgfe &l § TR@ia St o 99 &id fGg & © 217
e gROM o d- sodfeh § ol 3 W 12 o o o1 ¢, e =wy i
et § d et WA 21 f- ik o acd o € for el sy
T 4f qe 51 hereh ITRK R W 8; $=° ad Gl o = Th
T WIS § Tl T B d- TS f- wdieh oh dcdl bl hHel: HeRHUT
q Td 3Taiteh WeR|UT acd ot hed T

GHHUT dedll Bl G&T &Y ¥ =R Sfori €, 3d 9oft (Sc ¥ Zn),
4d 997 (Y ¥ Cd), 9 5d 97t (La den Hf Y Hg) 9o el 6d
goft fSew Ac 991 Rf 9 Cn G dcd @11 21 31(afieh Gehwol dcall hi
T AfoEl, 4f (Ce @ Lu) @ 5/ (Th ¥ Lr) HHY: orRamigs qef
UferHtas seand 2|

AeEd ¥ HhH H1q 7 9 9% ¥ T fF 37 qEEfed o
s @1 p =i & A& qRadt eid €1 31 [UPAC & ST{ER ATl
wTqetl ol UEt wrgeti o w9 o qiefia feen St € fee awe
e M | d-%ereh 31qul g €1 ot 12 o e, Shefagm qen
TR H STh! o1 STl el ITeh] WA TR 0T e | qui
d'’ fa=mg ® ol seifery 32 HoHor eng et W St R o,
HU: 3d, 4d A 5d FWhH HfvE o sifaw W g oF HR
Sk TEEA ol A HHHUl WISl oh T o Wil fema Sl 21

7ok TSl | SR 9RA d- el £ etk i Iufeertd
GHAU qedl ol SR qedll W e H Al | @A HeRH
el SR Seh AT w1 A2 e § fopan smar 21 fwe ot
TSRl 1 W= Tagia Sl STHeH dell W A el @, HehHo
del W ff GheIads Yg fhar S gehdr 2

3 Igqed HTqe S8 faeer, e qon wiferw siR sfeifis &9

T HE Ul T S SRR, IR qe e g9l HhHoT ¢u 2|
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4.1 AT AN A

4.2 d-ElEe acat
% Zaagliee

T T | &H, WA d@l o SolaiTeh foard, SUCTedl qef | ol
R foar w3 f5aH gom 9fed (3d) o adl o 1 9 Jgfd T Afess =
3 9 39 FS TG@ AMTh! o fo== 9 ol 1 1eHEH HE| qeavE S
GhHUT UGN o FHT Tedel S soierei+eh fa=ard, siieriientor sTares qe
T stfafrarsfiera | fa=ar w3

WRHUT qd ( d-sctieh )
aTred WROT T ST 7L 9T d- sodieh o S g3N 2, Teeh SHi 3 s- @ p-
witen Teerd €1 3ok TCATIET | SUIfad il Tl & d- hemehl § Seige W S
& dA T YR GhUT U1gel w1 wR ufemal $tfq 3d, 4d, 5d A 6d I
B 1 TRHT a1 a8 AfvEl gneht 4.1 # e 0 €

A w9 Y T deell B AT Heeh] 1 geeie o (n-1)d' ' ns'
21 (n-1) e d ekl i 3T Lar 2, fo9 T 9 <@ d saiae &
Tohd & q1 9EIAH ns HEH § Th 16l I T 81 Hahd €1 W (n-1)d
T ns HEHI 1 Hosll | 9gd HH W o SR T4 FHA 99 h TH
g §| ged: o1 ud ol afia weenl 1 Tonfae stdengd st g R
TgHT IROMH 3d 9ot & GHTU T, Cr do1 Cu o Tolaei-s fo=ara |
Hiafafad giar 21 30 & faw Cr # 3d'4s” & ¥ W 3d°4s' o= 2|
3d 9 4s Herhi 1 S U S 3o HH € fh 9 4s TR o 3d HeH
H vow 1 U el Ul 36 TR § Cu § soiweite fa=md 3d 4s” 7 B
3d'°4s' B HHHUl T KT Yol AN § €T Fehl o geiaih o
groft 4.1 | frw g €

AR 4.1— HHAUT dcdl o oTel Sl eh 9T (ol 319w )
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Ac Rf
Z 89 104
7s 2 2
6d 1 2

s soft

Db Sg Bh Hs Mt Ds Rg Cn
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 @1 Cn o goiiten fa=md, 9™ 93 (n-1)d''ns” ¥
TR fhT ST B1 37 dc 1 g STaeensd qo W= SRy steeenst o
Tk shereh Ui Wfid el €)1 sEifery 3= TehHT a1 it & €Y \En S

R Tl oh d ek T HEhl (sT p) i U THAV] I g
W TR Ui eI €, 31d: O 7T qieer § eiferes gefad eid € aen 6 WK
AT =R S o AT 1o SO 1 f g wd 1w TSt §, Th
¥ fo=ma d” (n=1-9) I AT ¥ THH Jaehid UF Seiaeieh T[u7 91e Sd
T AT ®Y § R d FEH & RO F TG T AT o7 90
ST~ ST STFHIHTOT ST, T SFHT T F1 T 3Tk YohR oh ferrel
% Oy e fmior snfe)

GhHUT ST G 3ok AR SSREhT 01 & SFTEehd Hor o <id 1 &
Geft fegrasti =t foerr foedr ¥ 36 Thes | 9" H & T B

STHFHH Teall o Tl Gshmot dedi o 7O o A guHare stferer o1 St
g1 qenfy, oo o7 FHFae ot 9 STt €)1 89 Use W SATTeeron qe SHeh!
afae uferd (wq@Ed: 3d dfe) ¥ W w1 sterEE w1, aovE $e o
A R fo=R &1 191 @vei § g9 had HhAU i i GUH AT &
A FH|

SEERUT 4.1 37y foh| YR T IE e Tehd B foh Whiredd (Z=21) T HhHU acdl © W Toh
(Z=30) 7&?

Ba  Thi=aH HI ol 1w H 3d ek o1l (3d') B o RO T8 GHHO el T

STl €1 Selfeh fSih AT W qel ST qen st sreree <l W g sEent 3d
Ferh qoi 9fd (3d'°) Tal 2, o7d: T GhAl ded el WA T 2

qgAteET 92

4.1 fooeoR WA *1 gor e § yol aRd d wEw (4d’) ¥l T HY ke GHA
ff 98 Th GHEU ad ®?

4.3 FTAOT acaAl
(d-=ilee) B
A O

AT W HepHO e Afqeicash O, S SwE qF WHed (tensile
strength), @@l (ductility), 9¥=a (malleability), 3= 9™ qen
faregq =Terehar wd enferes =9e <9 €1 Zn, Cd, Hg 9o Mn S ST9aT&! &1
BISH WM A9 T k1 Teh 41 3{Taeh Yrsfues efifcaish =T it &1 Heheol
wTqetl w1 fafe= Seter SRS ol e wRoi § o w2

93y d- W f =t ok ad
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hcp hcp
(bcc) (bcc)

hcp hcp
(bcc) (bcc)

(ccp,bcc)  (bcc)

bcc bcc X bcc cecp cecp cecp X
(bcc, ccp) (hep) (hep) (hep)

bcc bcc hcp hcp cecp cecp cecp X

bcc bcc hcp hcp cecp cecp cep X

(bcc = 1 Hixd =F719; hep = TSHIVIT [HGEaq Tgerd; ccp = T4 [Hia€ Tger: X = T 99 &ifcasd qe=TT).

431 ofifqes o

\\

ToRH01 Tqe (S, hefiam don HeRfl o oTaersf o @rer) AfdeheRr den 37eq
aroasiiet Bl €1 ok TTetieh o Feeish 4 B €1 fo 4.1 H 3d, 4d 991 5d
Soft Y TR gat o TR U M E =4 ek 1 HRU FROH IR
wfcaeh &¢F § ns goiae o AfRed (n—1)d wehi o 31 seigeH &t
it €1 e Mn T Tc & ST9a&) i Sieeh Rl off goft & erget &
e d T W A B ¥ 91 9gd g HIY] A o | Teriehi
¥ frafd &9 o S Tl 81 ! U T (enthalpy of atomisation)
o UM Ied B € S T o 4.2 ° <wien e @1 weieh St o o we
H S=aq9 AH 39 A2 h S 2 Fof Toel SAaaeefvesh sr=afenan o ferg ufa
A hETH Teh ST Seid 1 BT fosiy €9 9 STl ©1 HHId: Faretehdl

900

— #oft 1
8007 — g 2

600

500

400

300

AH /kJ mol' —>

200

100

TTHTY] ShHIh —>

T 4.2— GahavT aell w1 HUH TEed! BT ygraar
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432 GeRWUT &gl o

— Sc Ti

JAME TSR
o ufad

TS i e fo sifuss ghft, IaA1 € et afrlt s g <
TRt & Wk goiee fava o fuitor § o et U Heeyul s 81 of:
gd ST hUM ool (21efd §gd S gaerih) ol uigel @i It
srfafmaet § Sepe W 1 e 81 (3ueie fave o fog @) § @)
o 4.2 o YR W T 31 A fom febren s gshar @ R wem
HFA SO % W A qe § e e g A6 A w Fo
Tt o M AUk Bid ©; 9€ YR WehHOT UIqel o ARl § e s
% g I § Tk WUl wN ¢l
HMFIA: 9Tt § dgd gU WRHTY] shHleh oh WIS THM A9l alel STl &1 Feanst
T IR & eIl ¢ THRT R0 © T St oft iwenta e § gfg gt €,
rfafiert seiaei e 9N d siffdedt & 9a9 il 81 : TR & d ol
1 e Y9G (screening effect) FH FHEE Sldl €, 37d: TR AT
AT SRIAH S o o= 2 Sgd TRt H gig 8 St € fred e e
1AM T2 S 21 TH IR H1 ygfa fRe Soft | awr) femet | oft e
S 1w Sof F Fens & W T U agd s w1 uw G
A2 Y19l W e 3771 B 5 fepdl e Gshmor Soft o il & SRR 1 qer,
&t ot o G el o SRR 9 &t S 21 T 4.3 o ok qwiid € R g
AU guft (3d) o Tl i gard § fgdtd G 9ot (4d) o 9d del
1 AR a1 & W Gard Ghaol Suft (5d) o dedll i BT o o8l 8
S o fgdt SshHoT S0t o W el i B T8 URES 4f el o e |
3 & HROT et € o goteeiqi &1 emufd, 5d 9ft & aci o d ek o
3MYfd IR 8 § T8 S =Tl 5d &kl o T4 4f HEeh! H seraRl
aafd o R T et ¥ frafua g e €, 0 oremtae st
(Lanthanoid Contraction) #&d g1 S ST6¥d® &4 ¥ dgd gL TH] HHish
o T AN MR | g2 Heferd g 1 eifagfd o 21 ereHe e
o T Y9E oh SRl fgdd Ud G hHo SUi oh STIET qell ohi A
TAA B W € (SO Zr, 160 pm Al HI,

119 159 pm) q1 gk wifdeh T @M@t o o
{18 FAfersh TAM T S, S " St Gee
117 o MR WX 3TUferd T 9 off wgd e B B

RIS SThed oF Tl SURERT $Reh ST
€ B S U WE GHAU S0 o faw <@ S ©
A GHM HEUl o foly STREET ¥, @1 Uw €
=99 o HEhl § Th Tolde g R W STqul
AT YTel| T Toh 4f Toioe 11 SHY OX STeR0

==1/nm

1 1 1 12

V_ Cr Mn Fe Co Ni Cu Zn T9E, Th d SR gR TR W SAERT Y& i
Y Zr Nb Mo Tc Ru RhPd Ag Cd o | Y a1 8 den S8-Sg T 9ot H iR
La Hf Ta W Re Os Ir Pt Au Hg aEw ¥ gfg B, Wit 4f" ekl o SRR

T 4.3— FHA ael F1 WA s 7 ygtr frafia g/ g 2

98y d- W f =t oh ad
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oifces 5o o 319 oF 1Y TRAvEs §9AE § gfg oh IRUMHEEY 3
qcll o e H I g et 81 39 YR Y Heequl s gfg i
(Z=22) ¥ HR (Z=29) T @A & fHerdl & (FRON 4.2)1

ARUT 4.2— UIH GHAUT HUN oF qeall oF TSR (909 Td o 31T 0T

UIHTU] SHHTh 21 22 23 24 25 26 27 28 29 30
TR en fa=ama
M 3d'4s® 3d’4s® 3d’4s® 3d’4s' 3d°4s® 3d°4s® 3d’4s® 3d*4s® 3d'°4s' 3d'°4s’
M* 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’ - -

UM THAH, A,H /kJ mol
326 473 515 397 281 416 425 430 339 126

AT TT/AH /kJ mol™

AH I 631 656 650 653 717 762 758 736 745 906
AH 1 1235 1309 1414 1592 1509 1561 1644 1752 1958 1734
AH 1l 2393 2657 2833 2990 3260 2962 3243 3402 3556 3837
arfeeh/3maf s M 164 147 135 129 137 126 125 125 128 137
r==t/pm M>* - - 79 82 82 77 74 70 73 75
M 73 67 64 62 65 65 61 60 - -
UM SRS 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 - - -
Td/g cm™® 3.43 41 6.07 7.19 7.21 7.8 8.7 8.9 89 7.1

GEE[ 4.2  GHHY ded HUH Tl o I=9 A 94 M 22
gl TR gk TS § W<l WEm W e 3o B €, TET 3 yew
SHTAVh 3101 ol it € o1 TWHTO[eH o Hedl Yofcd e o horeaey
FHUH T 3= Bl 2l

AR 92a
4.2 97, Sc(z=21) ¥ zn(z=30) ¥, 5% 1 HUH T w1 G T HH B B, AU
126 kJ mol"; 0?7

433 AT TR  oaRe d Ferhl & A % el AHE e § gf 8 % Hror Soft & =
Y qfeft AR T W GHA Svft o ool 1 S THedt § ghig et €, Woh
4.2 ¥ go| HHAU SOt ok el ki goH @A 1A wifewdt & 9 R e
g1 51 Al o e ® TR 39 a1 ki Coedt § e e gfg e e
St for STl qol Wl WHHOT qeall il SO W STE T et ® uftedH
STHFHH el Bl Soft @ W Bl &1 WHMG: FoH 3T Teedl o 91 ¥ gig

WA fagm 96
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Bl & W SR el o1 fgdid Te geita e et o 7l 6 gE gy W
RETOT e Wy St B 2

3d Soft T urget 1 YU M e w1 sifrafad ygta w1 Tt w5
T TEETE e el € R ot 78 sqediehtr fean St wehdr € o wh g
Yo T W 4s 91 3d ekl i AR Seiisl § IRedd g €1 S vel @
o 9 d-sefieh & e MEF 996 © Al ns IR (n-1) d SdeREl § 9gd
fehed €1 B9 S-S 3d J@el o AEd H Sed © dl hiean ¥ 5w
3R S W IfH 1 A Tl © T A ARk STHII o hefsh Il
3d e H WA 81 78 3d AT 45 S i S&d §Y AAF A& F SH
feafa o e wo AU gaEl €1 @ ufefad # ged ©, e o
TR T O 1 Uil d €1 o1 wifvass e % a9 sedl 2
T 3d S § gerat il W Helt gfg g 1 9 A Al A e
e A 1 fa=rE 4 e ® 9o 4s W goee TEl |

g fgdia st et & uH o it stee | gfg & Wy aed
1 Ygfa &1 e B 2, FfF TF dsoRA TR d SoEE H A %
3T o YTE | URAferd el YTl SR HRUT d-hHeiehi i e &1 =1 g
2 Tl fedta U@ g S Toeht § FRa gfg %1 geme Mn® @ Fe'
A o W 22 W 21 S | € e o faer d° R 1 gt YRR et T
9% 1 HHHAT NS o HG qel o f e B d gl foer % fag
A Tl § uRadH i e fEfared § —

I T 1 0 Yieh Soiarie o F114eh i 3T SRY0T, < geteriai
o ofte giaertor e fafee e e ot 81 51 &R o it & fog
fafma St s gl 21 fafma S, sy werel o gufew gl &
FA TG el oh TR AU Bl §1 ST SIS Feqhl o Sk g
B € ql Freae St o1l R 98 2§ e stferhan et | wufset geen
A Th-Teh Siaei 2id & (&S o1 fom) | fafea ot o1 g en o zenfae
Tl © 3R TP 9gd ¥ A Hiod B o 21 d faerm o fafr st
%1 BE Tl Bl

Mn'" 37 w1 fa=m| 3d°4s’ @R cr’ @1 &1 fo=e d° € #d: Mn” &1
el Cr’ § &9 gt 21 6 ¥R @ Mn”” &1 fa=rmg d° @ o@: Feol Wi
el Mn”” @ %9 ¥ W Ui H 9 e Thd & f%h Fe & qaid (@
Tt Mn ¥ 4 21 3 o1qell ot et et steen +2 &1 e srupe
Y M A TN B, FUF TR & qrU-we guq U G S ssie
1 off eavashar gl 71 9q@ Ug fgd st wied ®, g 9 Cr stk
Cu & foau sryenfya &9 9 v=a 2, fomd M* o1l o1 %o & qen d'°
g 311 €1 Zn o fT W0 WH FH i @ il SEH 7 T 1s Selde
feherar & forad womht 4 fa=mg wrw g @1 gt s woedt ¥ wgtd 4s
FeF & HRH g Sed T@l ot 3R 4 (Mn”) e d'° (zn”) §
TR M | Afud wic wefeld gt ¥ e, g e e
T S=a &1 R, w3 Frohet 1 gdia e et & S A g
Fd 2 o 0 39 dell H1 +2 9§ I=9 SRR sTaeend g S ST B

Tl ST Cfeu, StferfehtoT STaeersti o qericeh T ¥ Hefud
D AR 3t B, R ot 7% woen wgd Sfeet @ SR dichiicsh SATqeh eIl
?q HeerE e B

9%y d- TS f =ATH & qd
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4.3.4 3TTFATRITT
3TEAT

HHHU dooll o faftre <eon § § Uk %0 3 dwel g} AR o e
SRR STILATT AT 71 RO 4.3 | Y9 HhHo A0t o dal i |H
SRR Feeensti 1 geftag foman o 2

AR 4.3 UIT WhTUT SUT i ST hi STTFHIHIUT STEEATT (7Tl HHTT STFEHIUT STTEATST Rl
e 2w ¥ fam@ren & #1)

Sc Ti
+2
+3 +3
+4

WA fagm 98

v

+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 '

TS W& | SRR STIEATT 3L alel T HhHUl 07 oh Hed § 41
THeh fehe feora €)1 Seeondd, AT +2 @ +7 qoh i Gl Sifadien sTaeey
<l 21 907t o ST foRRl T AT STerenal 1 Wl % W St 2
THT RO d@ (Sc, Ti) ¥ IRAM a1 FEE{ o fau &9 saagHl &
IYSIAT AU Al oh GaArSThdl ¥ | d Seiael i iy gen (afRmmme:
qrfer) o foT % Hafehi &1 STereddl) [Cu, Zn] B1 38 YR 92| S0ft o
RN ¥ Thiread (I1) aredfashal § o791 € qe Ti(I1) a1 Ti(II) =T qe
A Ti(IV) @iferer Tomdt 21 9oft & g B8R W 9% 1 THAE i
I +2 B (d oAl b1 et & @) | gm o arelt sifuean
SRR 0T T3t i T HIHIS deh s A d Hemehl § SUreerd Seisl i
HE % A % SR 21 (Ti 0,V 03,Cr"'01 Mn""04) | T8 Te=Iq dwil
1 S=a Ao STereensl & e § g 31 St © TSR
T T Sl Sfererfores Tl € (Fe' o, Co L Ni, Cu' @@ Zn')|

TR ST STeEet it o Hehmol qeall o1 Tk Tl €, o1 R0l
2, ol d Ferhl H solaeHl #1 39 YRR W o9 H, o g el w6
SHTeRAehToT T3l H Weh o1 X ST @l 1 §hT S, VL, VL VLV R
SeeiE & foh STHFHU d@l (non-transition elements) o, faf= sfferdieror
SfeEentell o GE: < T Al g S 2l

d-=eieh qal o M (A 4 W 10) i SATRITHRIOT STEqaT i qREd-eiterdr
o Uk a9 @ i frerdr 81 p-solish o (AR T T o HRoT) AR
TE@ g Fret TR STaReNT ST 3Tl &Il &, Sielfeh d-setieh o 9eh
fauda el 1 S<rewone— &t 6 § Mo(VI) den W(VI) &1 T@ifae Cr(Vl) 9
aferer 81 31d: 3t "iegm | Cr(VI), SEhHE o &9 | Jao Seiehieh
2 Sdfh MoO,; U6 WO, &l

1 TRl STeReTd qd O S © W U Sepe AT § 1y fenre
gl o o-eTeem o eifafiea m-umet ot «ff a1 33 - Ni(CO),
3R Fe(CO)s, | Fohet IR STERA w1 SHfafiehior sfereen I 2|
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SRE0T 4.3

<l

aqERT g2e

T GHAY 7 k1 A9 Farey fogd gfied=g Aol STeaEemt T&i ure

hiteay (Z=21) Uferd=a et sTereet &l <9

4.3 GHUU qE H 3d GO0 k1 A W oA o€ W W Ao ey < €
TS F?

435 M**/M WFeh TARIS
ﬁ f. ‘a: gﬁ &

\

= ufed W

Ti V C'r I\/in F:e C'o 1\'Ii C'u Zn
¢ Ti&faa 9=

o7 4.4-Ti 9 zZn & & T & (M*>M°)
e getaie faval o gfera a9
gRerferd [

WRON 4.4— UIH AU oF WRHUT dcl oF ST-UHEAMe 1 (kJ mol-1) 3T M) ¥ M ®

faerad o 319 o1q o M° A ¥ ®iaRer ¥ Hefud
FH-THE S T R AME Soee fawe gl
4.4 % feu 7u €| 94RO 4.4 % AE H1 STAN Heh
fthferd T qom E % Ufed W % HeA qor b
ot 4.4 ® gwifan e B

TR h1 S B o RV SATEET SIaer, S
el ¥ H, 9o H 1 eremeld 1 STl 2 2
el SRR T (MiEfesh ot SR TH @S
TeHEf o) & Cu o @l Afaferan #3d & 3R 3
3Tre eTqfad 81 S = Cu(s]a?Cu2+(aq]ﬁ‘5quﬂTé€
U aTrevae = ST, SUehT et ool | Hqfed
T 2 Tt Aot F £ % % Koo W # 1 wme
yafa urgetl & v e fgdia omaa el & A o
g gfg ¥ Heifud @1 98 AT = @ T Mn, Ni
9o Zn % E° % WM W= g9 g7 it T @
feren SRUTCH B &1

YT & UM o Taval & am
(M) AH® (M) XAihﬁl

Ti

v
Cr
Mn
Fe
Co
Ni
Cu
Zn

469
515
398
279
418
427
431
339
130

656

650
653
717
762
758
736
745
906

AH A, H(M*) E°/V
1309 -1866 -1.63
1414 -1895 -1.18
1592 -1925 -0.90
1509 -1862 -1.18
1561 -1998 -0.44
1644 -2079 -0.28
1752 -2121 -0.25
1958 -2121 0.34
1734 -2059 -0.76

99, d- TE f =l % qd

Reprint 2025-26



TEEIT 4.4 Cr AUAIE & w&fk Mn® SR, SafE 3 & d° o= ®, F
= Cr’ Uh AUuEE §; s voew T d' 4 & § ukafda e 2 o

- A 1, TR (THe 5 @) T {1 @ H Mn®T § Mn” § e @

FHIRT (@) o= o B © S 39 stfaRed TfiE TEH H e

aGERRT g2a

4.4 IR & fauw B (M>* /M) F1 0F S (+0.34V) $1 569 FIfea RO I 8

. o o .
(Thd- 39 o9 AH 3R ApgH W &9 )

436 WM TARIS
fawat ms/mz

¥ et

437 IoOdH
ATeRAeRTuT
aTaeeret o
I ol
gtaat

Mn”" # etef-9fa d- et 1 @i i zn”” § goiufa a'° fam
WEGWH?@W%%,WMWE@MWWAMHG
Y Hefud 21

o 42 § EC (MY /M2) & T %1 e TRl aRadseer gt w
Tt 21 Sc o fory s&emt f= |, S o wenfre i guitan @ forwen famma
AfFa 9 fa=md 21 Zn & U 366k S=aq9 WM &1 &R0 Zn® & Tl d'
=19 o T Soiegi 1 B 81 Mn o foq eTdeiehd S=a 0 <9Il € T
M2t (&) fodm &9 @ T @ Sk Fe o emiemed = 9, Fe”'(d) &
rfafier enfied &1 <eiid §1 V o sdemepd f 7 Vo' ok wenfare @ et
g1 (edfd ty, R, THEE 5)|

AR 4.5 HHEAU enqat H 3d G0N o Trf RengsSl 1 swid B Swean
AT T TiX, (STREAEEN), VFy 3R CrFy § Wiw 8l €1 Mn &1 +7
SHTFHIHTUT LN WA Telise B yaf¥id et eidt |G MnO,F 3 € 31k Mn
o qved T FeXs 3R CoF; o g 9t 6Iq ZrEeaiss el aHmi|
STehaH STTRATSRTOT STorEel hi TR YR T i TSI 1 &l a1
A A I=9 oAk Fell o HRO BT €, 9 fF CoF, o d<d # a1 3=w
HEEASTh Aifiehi S VFy 3R CrFy o, %6 3fed Tl o Rl el 2|

ARUTt 4.5- 3d gTgal & ggEl % G

+ 6
+ 5
+ 4 TiX,
+3 TiX,
+ 9 TiXQIII
+ 1

'qﬁ X=F->L X =F5Br; XX=F CI, X =CI > 1

W foam 00

CrFq
VF, CrFy
2 CrX, MnF,
VX, CrX, MnF, FeX', CoF,
VX, CrX, MnX, FeX, CoX, NiX, CuX," ZnX,
C UXIH
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TAf VFg oheied V' 1 R il 2, 39 TR SesuHed W
HFARARE, VOX, 3d 71 FfeiReel s o Tour, e stfrdianaor stacen |
TR SR €, H8- VX,(X=C1,Br 3R I) # 31k 7€l CuX & fau @ g
21 Tl R rieES % ifafed Cu' o |l gemes =@ Bl el Cu’, 1
I, § stfefiepd ear & —

2Cu*" +41° — Cu,l, (s) +1,

ANty eFeh Cu” AfiTeh Sl e o sreemdt € qen feER sraHmfad

B B
2Cu’ > Ccu”” + Cu

cu’’(aq) 1 @ Cu'(aq) ¥ A R H HROT THH! SerRisH
T Ay qH. &1 Cu” &1 gorl ¥ agd 1fuis RuTersh 7H 81 8, S
w1 fgda oo woiedt = afagfd 9 sifue 2

RIS i STIaH ST STIEAT i TN USH HE ohi &THal
HAferrgel o TS Bl 21 SiedEel § S=uan S §e (RO 4.6)
ITh1 o7 W@ W Ul @it ® 3R T8 Sc,05 ¥ Mny,O, G 3@ i fHerdl
21 o 7 o 1%, Fe & 3= A4ES Fe,05 U AN 10 T8l 81 Jafy R
e e (V) e §, (FeO,)” , 3P a4 @ T 9 305 & Fe,Os
9 0, ¥ fosfed g S 81 SAfwmEe & Afafe, st V' &l VO, V'
1 VO qe Ti' 1 TiO”" o &9 § TNfedl Y id &1 T 1 37uen
SIS 1 37 Sod STRATHTUT STILIST i TTIA Y HIA i &THT 3T
% Bl ¥1 ¥ YR Mn 1 SuaH RI3IEE MnF, © Sl Svd Sfieuss
Mn,O, | STRASH 1 e1qeti o 12 STgaTee S shi &l ¥ S8eh! Sehoedl
1 G W1 Hehdl €| HeEANEh 3RS Mn,O, H, T&ish Mn WA,
TIHAHT T Y Th Mn-O-Mn g Ffed O wAmpe @ fom T 21 V7,
cr’,Mn', Mn" 3R Mn"" & foq =qorersE [MO4]n_ A T 2

ARUT 4.6— 3d &gl o ATaTES

+ 7
+ 6

+5
+ 4

+ 3 Sc,0;

+ 2
+ 1

* iy sfiaqEe

TiO,
Ti,O

Mn, 0O,
CrO,
VZOS
V,0, CrO, MnO,
5 V,0, Cr,0,4 Mn,O; Fe,O,
Mn,O0,* Fe,0,* Co,0,*

TiO VO (CroO) MnO FeO CoO NiO CuO ZnO

Cu,O

10Jy d- UH f- oAk o qc
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3RE0T 4.5

ST 99 VO <Cr,02” < MnO; ¥ SioRiiReh &wal § gfg i Y T H1?

Bl TEHT HRUT Tk I & A% W e el & wenfae § gfg

agARRT g2a

4.5 THAY T 1 v 2o § S TR (v SR fgdie) § stfrafia oRedd e Y SHEri?

4.3.8 THEEMS®R

hHOT UTgstl w1 Tt sifafmareiierar samae w9 9 uRedeia 81 sga-dt

afTfRamferar ¥AE W faeaeea ¥ qon wfte el | foct €, wafE o uqd S

Td E°HH

SRE0T 4.6

SRE0T 4.7

WA fagm k02

&, S for Tremor el grT wenfaa Y =i

I U1q 1 DIgHL Y2H S o del daneha sfusk sifafmamie e @
S 1M H' 3 gR1 Sifeiishd € S €, i g ngeti i erggier 3t (H)
S aAferdieTen] § ffHan e o1 arEdfaes < § S-Sl o Sl 8
IS — e a9 W EfEn ud SAfean q st Rer ot oh wfd
fifera &1 M2 /M % E° % T 9ot § fgeeeh ol % o w1 e g
Jafs o <9 ¥ (TRO 4.2)1 E© & % ROMHF WA F AR ST G
v g T Ty emaa e & @ § e gig @ Heifua @1 g S
%% % fF Mn, Ni 3R Zn & E° 09 96 9gfe @ smifed o #1 qer
¥ stfues oTeAE B Safk Mn® § 31 9@ (@) ST (@) 7o zn” d
o R SR FT TN T B % AR § watud ¥; fra & o
E® %1 79 THT IoadH HUNHS SIS Tl § Fafvd 2l

M /M*" tefr 7 & E° HEl % seesd (AR 4.2) @ T © fe
Mn®" @2 Co®" A et foreda o ereian SierdiRtol e 1 w1 FW
T, V2 aa O’ 3R Yoe o=l S (SToEEe) € 9o 9 o 9
BTESISH 119 okl hid §| SIend—

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

A S w9 % EC S WA i

Ee \Y% Cr Mn Fe Co Ni Cu
™M*/M) -1.18 -091 -1.18 -044 -028 -0.25 +0.34
T A H I afiadr o R i gHEsu|

E® M* /(M) % ur frafig o ¥, <8 vn e wieh § sifmfia oftedd
(AH,+AH,) qe Seadda Toiedt g 99 Gohd © S foh S R anfead &
feu siemRa 9gd #9 e 2

Mn®*/Mn"? 7w & forg B &1 90 o/ stemn Fe''/Fe % Wi @ wgd
ek v 7T B 7 WSS

Tqeh foTy Mn 1 a1 STAA Sl 1 sgd aifuss 7 (d° 9 4§ afterdq o forg

EYTF) ITEEN 21 36 g o T Bl © o 9 Mn w1 +3 37ee SRl Hewd
H1 TE 2
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agARRT g2a

4.6 P U AT ITAAH SRHIV TTL hael SiAES Tl Fgeives o & = wef¥m

LA B2

4.7 O AR Fe’' H ¥ ®F yad oTT=EE © R F:?

43,9 T&hid IOT

i

a9 R IR &5 STIIIH I N G I ThR o Gahid FOER T
B € - Yligeded (diamagnetism) 9 3gased (Paramagnetism)|
SiagaeT g1, STIge ok a & R UfdeRfid g € TRy gt et
aTrehftia B €1 ST U1 gaehta &5 | Yool ®Y W AR B €, 3 elegasid
(Ferromagnetic) Heeld 2| ar&dd o, Tiggashe, 3 gashe & =H @&q
2| 9gd ¥ HHAU o I IR B

S 1 Icafd, STTeTd el 1 Suftfd o HR Bl 2, T
TH TAfeld Seleed o1 gaehig S0 (magnetic moment), T &IV
T4 (spin angular momentum) T F&f¥ HIUMF FaT (orbital angular
momentum) ¥ Hsd eidl €1 2| HhHoT Soft 1 engeti o Afient § weia
I HaT o1 A Forel ®9 § 9 (quench) & Sl € ST S8R
IS Ao Tel & SN 37d: S9oh foTe Gaehid el o1 Fufer 399 suferd
Serd SRl 1 WEA o MR W T S @ den sHh! oA e Ry
T ‘Y= UI-AE’ (Spin only) A §RT i S 21

p=+n(n+2)

el n fAd SASHl i H& © 91 1 gashia ol # g ame
IR T (BM) €1 Uk STfeid golerE b1 Teehid 3Tl 1.73 SR e
(BM) BT 21

ST SRl hl Sigdl T o 1l Felshid STl k1 WA agdl B I
Ufefd Fahia STTE0l | GTATOST, STULSTl qe SToHl H Iuferd STferd soiaeil
H1 Fe 1 Fehd e 81 TR -HE g 5RO | W ek et
o M A TANT o SMER R 4iRa gem Hehwor 9oft o Tl o Jaenid STEol
& A GRel 4.7 | fRU Mg B gt siee ger w9 9 foeaa o sufeed
SIS SEHI STrE S ST o fag )

WU 4.7— Seehig Y01 & ufekfad Ta A a9 (BM)

Sc* 3d’ 0 0 0

Ti** 3d' 1 1.73 1.75
TI** 3d’ 2 2.84 2.76
v 3d’ 3 3.87 3.86
cr” 3d* 4 4.90 4.80

103, d- TF f A% o T
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M n2+
F e2+
C O2+
Ni2+
Cu2+
7z n2+

3d° 5 5.92 5.96
3d’ 4 4.90 5.3 - 5.5
3d’ 3 3.87 4.4 - 5.2
3d® 2 2.84 29 -3, 4
3d’ 1 1.73 1.8 - 2.2
3d" 0 0

SEE 4.8 et faead H fgHast A o Jaehid STl i AT ST afs sHeh 9 ]

FHE 25 B

o Sold foee | W] sl 25 arel fgEarst oTE | STfa Soidel sl §EA
5 TR 37d: SHeT gahid 0 B, u=./5(5+2) = 5.92BM

aGARERT g9a

4.8 M**(aq) ion (Z = 27) & ToI0 ' Terhor-am’ ekt el &1 TOHT Hifo)

4310 T AT &1 9T

—

ferT 4.5 — ywwwakgwan%w

Al & S faerat o 11 aTE

R g T HR VH, V3, Mn?,

Fe3*, Co?*, Niz* 3R Cu2".

& 4 391 a1l d-hefsh ¥ Selaeid il STSH, 3ed Shell
A d-heieh H Bl & dl S Sell (energy of excitation)
1 A LT Y19 1 g & S Bl © (Theh
5)1 9HRG: 9§ g, 399 Y& (visible region) H
feera 2t 21 Ufera <, i weRTel BT T 41 @i B
STENTT Rl oF STgia @1 FuR0 fare (Ligand) o6
e o UR W e wman g1 GRoft 4.8 § Al
Sefta foerm o Uferd O o1 shHeg fhan T R, T8l S
& o1v] fare 1w w3 € o9 4.5 § $8 d-sdls
Tedl o T fereraml st gwiten T B

ARON 4.8— YAH ThHUT JUT & FT TS &Tg M oF T

W foam 04

3d°
3d°
3d!
3d'
3d’

Sc*
Ti*
Ti*
V4+
V3+
V2+
C r3+
M rl3+
C r2+
M n2+
F e3+
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4.3.11 Gepel AfiTehl T
EREl)

4.3,12 SHERE IO

4.3.13 STaTSRTIN ATTeht

<l &0

3d° Fe* L

3d°3d’ Co’"Co™ HreA-Tetrelt
3d® Ni** g
3d° cu” et
3d" Zn>* A

Tope Aifier 9 A Bd & o org smem fafvea gen o smomE st
IR U T e Fioh Goper TEis s &1 foreh o1 stfiretenfores Tqor
e T THF TP IR & — [Fe(CN)gl”, [Fe(CN)gl", [Cu(NHg),l>" den
[PtCL]> (e 5 | Hapel AT o THREA 1 forega == &1 TE ) | Hehuol
T 3Tk Heped ANkl 1 T hId &1 SUhT A HRUT € o1q STl oh TR
1 BT BT, UG ST W I=9 A AT T 3TET o a4 o6 faQ d
Heeh! hi ST

THUT HIGT G 5ok AiTeh ST I Tisharal o foIt ST ST &1 Hehaol &gt
1 7 T STHT TR e T et AT % 9 S o S B
g1 dHfeam (V) stiaEe (ot g o), ged fauiferd o (2R W o)
R fehel (ST BESeHA |) FhHAvl UIqst o gRI SARU o 3 IR0
T IATEH & I T8 W AMHNF o R aU S F1 g o WA
o ot el i TEAT B €1 STieY oMM oh T YU WehHOT Uit S HTqu
3d T 4s TOFRHAl ®1 ITEM HIE &l TRUTHEEY, SOE H Hde W
Afeher w1 disdl o gfg B St @ qen eifirehies o STupet o Sufterd ey
Tael 81 WA €| WiHa0r Sl b1 Wi SIS Sl 81 AT stereene ¥ ufted
21 Wk o U] WUl HIqT S o &4 | Afereh qorelt Bl | Sareone —
I (111, TSRS ATE q91 WHEhe 39 o o9 99— g+ areft STffehar
1 IR HLT 2l

21 +S,05 > I, +250,”

TH ST SATAlHAT T TTEIHT 36 YhN € —
2Fe” +21 > 2Fe” +1,
2 Fe”" +S,05 — 2 Fe’ +2S0,””

el HehTT HTetl o fheeel Seteh o Wit B SR ol IWHT] S H, N =
C G 81 Sd @ q SAqenteh Afent s T Bt @1 3 Alfies e
FGHIHUIHAT (non-stoichiometric) B4 & 991 7 a1 3T Bid & 31 7 &
HEGarst| 3] o fw TiC, MnyN, FesH, VH, 55 @ TiH,; , S| 354
A HTq3A 1 IS AT SRR STowel Yd Tl hid | FeeAl i hfd
o SR W, 38 YR o A eIl Fifiie (interstitial compounds) Feeld
21 37 ARl o g Gifaes d TRt e e Eh @ -

(1) HAaRrshTeht TRl o Mo S=4 eid @ St Yg ogett o ot sifuss €
(i) ¥ 1fd F3R e B 7T a% & Fo dEel F1 FHar o €RHl

I3l oh T Bt B
(iii) g FMTRT H1 efeaes =kl quiad w8
(iv) @M@t ®9 9 SFauenr aifies Hiewa ga €

108, d- Td f =A% o ad
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4.3.14 Thsqatt st s 519 (alloy) fafe= engeti =1 wfmsm e € < ok amgeit o wfwsmon & o

SRE0T 4.9

<l

qqAteET 92

B &1 fagrg garh S foeem e gahd @ T U urg & W], Tl e
o eApe | ifafad w9 9 faafia ®d €1 59 YR o faggstt w1 A S
wETEtt grI Bl © et wnferen Beenel § 159 1 3 Bl HehHur wrqei
o Ifaafore o qen Ikt st H WHM % hRUT W Urgew g
THsTqei i T WReTdEe il 81 39 WehR WIwl T hok € € e gieh
Teish EIAA S=4 B B 1 e g g guiifted fasmg €1 wifaam,
arfedy, e, Hifelse™ qel HHS &1 Sqam fafq= YR o Wie qen
T Wil o IcAEA § fohar Srar @1 STEehHu gl qen WehHon enget o
A W W fagrg Sleifs Wew % el €, foen Seewl § — i
(SRIR-TSih) , h1El (hiwR-fe) <

TR STl o * STEHIAIA’ 1 N 1Y €2 Ueh Sl i)

T U fafyme iferdteniur sTowen S99 HH qUl S=u SATFHIHI STaLney i
o § wH TEl B Al Sl STEHNUA Bl € Sae— HES (V)
ATerefeRToT Sfereen WS (VII) qe Hist (IV) &1 qor § sreedid e o e
ol 7

3Mn"0,” +4H > 2Mn""0, + Mn" O, + 2H,0

4.9 T FHIfSU foF Cu’ AEa Seltg faeed o ol 98§, 7 g9ssy)

4.4 QATBIHOT Al BB S0 I W HHAY 91l TS ARfT o qer aifafsman & weredwy dHn

BT AEcaAqol
NBree

WA fagm k06

wrgetl o SffaTEe WId Bid €1 Thigan & oifafited @eft oiqe MO WehR ok
TR HfaTEe AT &1 3 Sfiagel o el S SeuaH e Hem
1 o7 G o (HHM el 21 S TR Sc,05 ¥ Mn,O, Hlfieh! e @
%1 el 1 ot 7 & 999 SERA F Fe,O5 ¥ ST HiE Sod SfiadEe T
T2 21 3AfrTEe o SAfafie S-S (oxocations) V' &1 VO, |, V" &l
vo>" ¥ @en TiOo”" &I Ti vt 39 B
TGS 1 SATRAROT T | gig o W AfdEel o Ak 071 § HHT ST
21 WS 1 SAFES, Mn,O, Teqdrst ao1 84 deitd uered gl 21 el a%
fF CrO, @ V,05 o 7o ot f7 g €1 57 S=a ofieEel o i
e 1 FEdl et 8

39 YT Mn,O, ¥ HMnO, W< gl €1 H,CrO, ae H,Cr,O, &
CrO; ¥ 9 8l §1 V,05 39aedl 21 W off g awefta 2 ek vo,” qen
VO, o a0 <l 81 oHfea™ o ifeEel d A V,0, ¥, 37 i
V,0, 3R 3wyl V,0, d% it Iiad" 3@ i faerd 81 V,0,, 37w |
faerd Bt VO’ ool a1l §1 3 TR V,05, 377 a2 & § Stfafsman e
FAA: VO, 1 VO, 31 21 Yoiey § sifeieiliE CrO & & Wy
Cr,05 39edl 21
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urfyrEm SEsiee, K,Cr,0,
TIfeEm ETeshive wH TR % fAu Tk el WEE €1 56T ST %E U
(azo) AR & oFH H SMferdieher o &9 H fohal STl 21 SEHHS
GEMI: U W S WA @1 ShHgE 3T (FeCryO,) i Sa a1 ohi
Sufeerfa o Hifead =1 Qe wreie o WY Giterd fRan S € o shide wrw
T 21 FEEE F GfeTm HENe & Y sAfafEa 9 @ T § —
4 FeCr,0, + 8 Nay,CO3 + 7 Oy — 8 Na,CrO, + 2 Fe,O5 + 8 CO,
Hifead ®me o il faead &l Sat 34 TeRE o7 g/l 3T a1
forn St @ fored 9 AR "ifes™ eE®Ee, Na,Cr,0,.2H,0 i fhefea
T foran S 21
2Na,CrO, + 2 H — Na,Cr,0, + 2 Na' + H,0
Hifeqd eEhme w1 faoar, qefiem sEhive 9 ifius el 81 sqieT
Tifeqq SEhive o fooem o Tefiem wilEe Sl WeiEm SEHhHe o
T foran S 21
NayCry,0; + 2 KCl — KyCryO, + 2 NaCl
TREH SRS & AN I o e, fheied 8 S| 2l Sl
foera o IHS 91 SIEhIUE T SFATEA eial & Sl foe@@ & pH | feR
AT B1 HIHS AT SEHUS | HITIH 1 AR & F9H 2
2 Cr0,” + 2H" - Cr,0,” + H,0
Cr,0,° +2 OH — 2 Cr0,” + H,0
FHE AP CrO,” a9l SEHWE
, 3T Cr,0,” &1 Hw=AT A= <& T8

0 S0 0 1 I T Sohersh 1 il © Seieh

O—>c:/%u>\cl~<o TEFHE S W I AqHAH

/ =\ e emrw H wEEd T wd €

3 % 0 S8 Cr-O-Cr @ei®l &I &1 AH
. 126° B 21

Nt Hifeam qen e SEHHe T

HTFHTeRT0T HHeh 1 T A B FETH o0 1 S § foetgar afer gl
@ T T i -ieh TR H ATRATH01 ek oh &Y W FcAfereh gk feman STl
21 IREY SRS 1 STEN AFTHA favervor § wufie W o ®9 o
e ST 21 orrelig WA | SEwmE S & A fRar e geR 9
Yefdid 1 S Tt B —

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

39 GHR AT GOREH SRR, SRS T ST e |,
TehEs 1 Tewd 1, fea (1) =1 fea (V) & 9o 3w (1) <91 &1 3TERA
(1) @& ¥ &wam a1d sttt e & —

61 >3L+6e )
3H,S > 6H +3S+6e
3Sn” -»3Sn +6e
6Fe” > 6Fe’ +6¢e

107, d-TH f- =it % ae
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ATOHAR T
e e (retetifed)

WA fagm ko8

ol st sfufwer s A eEEme w1 e ot srfufman
qAN TR H1 g 7o AfafEa S Sewt W R S Hehdn B
Cr,0,” +14H +6Fe” 520 +6Fe” + 7 H,0
Uy TiiTe KMnO,
WREH WHTE 1 qa 3 o fdq MnO, &1 & ©Tq eEgieaEe adl
KNO, S 3fferiiehiieh o @1l Giferd foral Sl 81 389 e 8L 11 hl IS
K,MnO, WIwl Bl € S SEfi o1 it qieas § et gl qrefemm
T T B
2MnO, + 4KOH + O, — 2K,MnO, + 2H,0
3MnO,” + 4H" — 2MnO, + MnO, + 2H,0
TR TR W THHT SARA MnO, F & SHFAR FIer o Te=m,
e (V1) o SEReraee ierietor gy foman S 2|

KOH Ek;gnu TTer
Mno, 000 0 59T 08 0D Moz
e A

AR ferm S -sreet sifadieRor
MnO> 000O00O00DD0O0OOO. MnO;
e A TR A
AT | WIS (1) 3MEF o Sa] WatereEEethe gl Siediigd gieht
T 11 B
2Mn”" + 58,05 + 8H,0 = 2MnO, + 10S0,” + 16H"
T TEHTHE T ST (ST Shied) W0 ok feheee e © St KClO,
o WY FHECEATHeR N Y1 2| 98 el il § agd T el €, (293 K a9
W 6.4 TH/100 TH 5ot H) | T 513K T TRH i W 9Eed 81 ST 2

2KMnO, — KoMnO, + MnO, + O,

Tk 31 ifcreh 1T St Ueieh © — THeRT STcfush TeU 11 de gkl
B o TI-T1Y SHHT AUk H R YA e ATgashcd | 3= 31U etk fagia
SN GO S Hehdl €, S foh 39 [&ieh i G W el 2

HE qo TRETHS M9 vk g B &1 SdisH o p hefehl o I
& dHeh o AT U A ¢ SAEE T Sl ?1 Tl WIS 3 T
STfeAd Sl o HRUT SIS IA Bl 8 T WHTHE T STfed selaei
T BH % SRl Yiageshd Bl 2l

AT WS foerad stfeicie T weTeRaiemEe ¥, ST (I1) o0 1
STERA (I1I) TE0 ¥, TE2Ee i A8 H ol STERE &l o AdeH |
ATl T a1 21 STl w1 37 i 39 YRR € —

COO
5 |

—> 10CO, + 10e

COO

5Fe’ — 5Fe +5e

5NO, + 5H,0 — 5NO5 + 10H" + 10e
10I — 51, + 10e
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KMnO, &1 31e-Ifafsran ud eTu=mrei i sted-stfafswanes =1 siigas
ot stfufsran i fora@n S gehdl € 9 STATIshdl R eI i Tqferd
o s =1

Ife 70 WS & THe, WS SRsieEe 9 S (1) @@ |
T=EH H1 erd-srfufsmaneti & = w9 9 weiyi &%,

MnO, +e - Mn0427 (E° =+0.56V)
MnO, + 4H  + 3¢ — MnO, + 2H,0 (E°=+1.69V)
MnO, +8H' +5e — Mn” + 4H,O (E° =+ 1.52V)

@ T el YR 3@ Wehd @ foh foom o ewRgioM oM Wt wigdl
sAfafsmanett ®1 gifad #6 o Aoyl iy o 21 et w3 sifafwaet
1 YeTR-fase 1 Terdl § THLAE S Hehdl ¢ olfehd sAfufwan i faeht o
T Hewul i & WHTE 312 g [H]=1 T S i SfaRiiga fohan
wfew) wq WA & 9 stfafman i it € o e fop HHre () e
Ifeerd A B SAYET Ak TG 7 S|

KMnO, %1 % Tgcyul s sifafean frefafaa € —

1. o<y faeaa o -

(%) URREm smEeEe W EE g Bl € —
101 + 2MnO, + 16H — 2Mn”" + 8H,O + 51,
(@) Fe’ & (80) #1, Fe' (dien) § ufterdq -
5Fe”” + MnO, +8H —> Mn’ +4H,0 + 5Fe’"
(1) 333K W SHeieie 3o 126 Sedfcier 37l shi SRl
B B
5C,0,” + 2MnO, + 16H — 2Mn"" + 8H,O + 10CO,
() TR Gohizs &l Ted § g, fSad ot saeifia
B S § —
H,S - 2H +S”
58 + 2MnO, + 16H" — 2Mn”" + 8H,0 + 5S
(F) HERIH 3R YA Gehlee T Tohe YA Gereh 37 |
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(%) ©F 3 9 Al €, EEEs & Eee o qiedt—
2MnO, + H,0 +I — 2MnO, + 20H +10;"

(W) IEAETHS 1 Gehe H 9T AETHE ®Y U STaRAeRo—
8MnO, + 35,05 + H,0 - 8MnO, + 6S0,” + 20H

() TS @@ B MnO, | fedientor; e dethe teen fae
sz &1 Suftefy sifafewean &1 SARd et 2—
2MnO, + 3Mn”" + 2H,0 - 5MnO, + 4H"

AeT—  TESEANE I HI U § WHTHS o1 AT STHASSHS ©;
Fiifeh BESle 3 FAH § Afrfiehd &l Sl 2|

109, d- Td f =A% o a

Reprint 2025-26



ST

forgeuTeHer WM H SUAN % STeTral TR TETHE T SN GYAU] et WA § SR
o &9 H a1 STl €1 THR STAN U feiSiienRen o ®q W feman S 21 S, gl T @@l qen
Il o Taesiientor § SqerT ST off SH SifaRfRl &mal T R w2

4.5 QGRS

I GehUT o ( f-&A1eh )

[t H AT €, ST (SR o 9% & Hikg acd) e Uit
(Wferefam o @18 & 9k qc) | dieh o g eroEe | |iehed WE
S € d: eroRIEl Wt el § ereAn ot wiwfed wa 81 9 qel o fog
YT Gehd Ln Yo i1 21 36 9K o UfaeAiae dwll &1 == o tfeefem
§f 29 it & dieg a6 Wy WiEfdd ®d 21 GHH0r Suft w1 qer |
e g o eifus afiehe FHHAT YSfd Y ®1 3T ddl | hadl T
T SHFRTOT STeee Bl € A SR TETEH 37 THH 0N el deall oh TR
e A TT A9 | gU Teq URadd o6 S0t H gra 1 FHieT 6 61 399
HIT YA FIA T TG AR, TeAEae Suit w1 WA sTafus wfed 7
SfETTA o1 Teh T S eall hi TR0 STTEAS 1 foqd T qen a0
FH 57 el kT AT ], S 37 qedl ok eHE ® fawr wfereat saa
FI 21 TR fsclish k1 S S T teId gueh w9 o femen @)

I qe SreHraE (Rees fau 9= Wehd Ln 1 S9ART foRan T ©) o

TH, Hend, TWHIUEh Td o e STaestl o geiaien for=am, TwAry] Te
et et o we wRoft 4.9 ¥ faw M E

it 4.9- ﬁ@m@ﬁ@ﬂwﬁr%gﬁwﬁmm@ﬁw

5d'6s” 187 | 106
58 @ﬁm Ce 4f'5d'6s” 4f2 4f1 4f° 183 103
59 SfsEfefiem Pr 4f°6s> af? 4f? 4af! 182 | 101
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(i) 3THeREE AT (ii) e (1) faezm (iii) H,S

4.16 URRMEH TETRE @ 99R &1 fafy w1 avie wife) e deirm wiETe R ger—
(1) 3EE (1) 3 (ii) SO, qel (iii) ferifeir a1 ¥ stfufeman sear 22 sfufswansti & fag s
TR fafau)
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4.17

4.18

4.19

4.20

4.21

4.22
4.23
4.24

4.25

4.26

4.27

4.28

4.29

4.30

4.31

4.32

4.33

4.34

M2 /M qen M¥ /M T % Ted § 5w ue % B % o A9 fe

crr/cr 0.9V cr/er’” 0.4V
Mr212+/Mn -1.2V Mr§3+/MZn2+ +1.5V
Fe™ /Fe -0.4V Fe /Fe +0.8V

SR 3Aihel o R W Fafafag w feooft Fifsu—
(i) st wregm & Cr”” a1 Mn® &1 ge § Fe’l 1 Tenfad
(ii) T Ufha1 o foIu shifers steren HT ogell i qor § STERd o SfeRiehtor | gl
frefafaa & 9 @ oA welta faomm § i e
Ti™, V¥, cu’, s Mn”", Fe®', Co”', waF & o Rl "aEy
o HHRHT UM T TGS T +2 SRR AT oF T T Tl HitsT
frefafea o ged §, oroRfae e Ufaetae & e &1 ge sifag)

(i) s fo=ma (i) HUET TE 3 3TMHR
(iii) STereRTor e/ (iv) TEEHe STifmamsierm
ag fr=fafed &1 ffg 9R 9 o= Hi-

(i) d* =iefs § 9 Cr”" wad TEEe © Sefh WIS (1) o AR B
(ii) Seita foerem o wiemee (1) T € W gerail fumHs] w1 Sufefd ¥ I8 wedds
afisrdiFa 8l S 2l

(iii) @ 1 d' famg ercda sy 2
A | 3T F1 THS €2 Selld foerad H STEHaae srtatmane o 31 Seeor ity
W HeHHOT 0T W R W oTq S aT A +1 SeRiehTor e gt 87
frfafad T sl § srmferd saaet &1 o S ife)
Mn”", cr’”, V¥ e Ti°T e @ iAW el foerea # arfoeer 22
ITETVN I U HHAU o1l o WA o Fefafed sifireteon &1 sror sage—

(i) TR o1 1 AT ATEE AN €, Wl Seudd siiedEe suadHl ordig ?

(ii) HWHHT ©Tq H1 SoeaH ARG e SeaEe] qe wsivgel 4 Y gt 2
(viii) ®Tq o SATRIROTEAl & Seean ATl faee Wi gl 2
freAfafeaa &t aaH o fo fafy= o =1 See@ sifsy —

(i) HEEE T ¥ K,Cr,0;

(ii) IEUGEREE § KMnO,
frsrqu a0 €7 ot uigell ¥ go U @ fusrg 1 Seoi@ ST $9e A off s
TR TRl de 1 22 SaEy ok Frefafad § ®H 9 W) saiw sidie HhHon qoll o § —

29, 59, 74, 95, 102, 104

UfereHrae a1 WEA Sad fafad T 2§ A fon aretae aw s W@EE| 3 qel wt st
STEEenstl o MUR T TH HA Hl SR T hifog]
TfereAtae ot w1 AT el A | ®? W e o SelRiTen o Ty 39 aed ot wefaa SRt
sTaeel W feooft Hifv)
T o SMUR R Ce” I o goiai-en T w1 Sqea= shiTSQ de1 ' T=iehvl 7 G’ o SR
TR THH GaH I AT HI AT FHifSC
Tetae St % 7 Gl Tl T Sooid HITSTT Sl +4 TN S +2 SATRIRT0T AT T T 36 FhR
o IER AT 3ok Solaeieh o= o o9 Hae Tfya it
frefafea o g4 & Ufseiae goft & qol den SRATae 9t o del o THEA 1 ge it
(i) zoaRife fa=ma (ii) SATFRATRTUT STEwATT (iil) Tt stfafwantied
61, 91, 101 T 109 THIY] FHIH ol Tl I seareien fo=ame fafau)
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4.35 HH il o HoRHOT del ok ATt 1 fgedta ud gt St o ol o Gd et o difast @t | qer

Fifsw) frefafed foget w fovm mea G-

(i) soRifTe foramg (ii)  SATRAHT0 SfereeT (iii)  3F TS qen

(iv) THEE SRR
4.36 Tr=fafed oAl § g% & fau 3d sereeMi &t gen fafau—

T12+, V2+, Cr3+, Mn2+, Fe2+, Fe3+, C02+, N12+, Cu2+

MY 37 SAdiferd A (STRFehE) § Uid 3d Ferhi o1 v JR ifenEa w? 9iisy)
4.37 9UH THHU JU0 o ded W HHHAU el oh I Ui 9 faear weid wed B feoaoh wifsw)
4.38 frAfafEd dpa Tiefis1 oF Gashia SEON oF WM § 319 1 F=hd e ?

IR Jahd STEU (BM)
K,[Mn(CN)g) 2.2
[Fe(H,0)q]”" 5.3
K,[MnCl,] 5.9

AR St 3 SR

4.1 oo (2=47), +2 SATRTeH0T STaeen Yei¥Ta oY Wbl 2, fSaw sUeh 4d ek gl M gu § om: a8
ThUl qed B

4.2 T o 3d el & Solag Uifcs e o Tga T8l 8 € Stk 3d 9l o I geft urge &
d ek o Toae e ey S9F § Y e 2

4.3 WS (z=25), & W] § gaifas i T@EE T W €

4.5 T et § sttt aiteds faf= 3d fomrel o wenfired 1 emmar § fa=rar o R0 2 (ISR
d’, d&, d'°) s w9 9 el

4.6 B MHR TE I=d {Igd FHONHSA o FHRUT SRS ALET FIARA, U] i IHeh I=d SRR
e ek ST Y Hehdl B

4.7 Fe" # g ¥ Cr”" U Yo Nq=EE g B
FRO- Cr” F o’ T H d > d uRadd 2 € fig Fe” @ Fe”' § d° 2 @°H ufted g 2
ST S8 e H @ 1 qor § d efusk Tl @ (38 CFSO)|

4.9 Cu’ Sl foead § srmAMaiaa i 2 .
2Cu’(aq) — Cu’(aq) + Cu(s) 38k o E WM orsat 2l

4.10 5d oA AR AN W FAE T 9 TR wd E) TR vl § 5d el w1 4o § Tk qe
Y W I 1 R W R oA IRE0 g9 e g 2
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