I

T Toheh o AT o qYEN 379 —

3Ted 9ROt § d- qen f- stk acdl i
feeorfg S arE@;

TR (d-saih) qoT SAAies WUl
(f=ate) q@l o gelaRiE fa=amd S|
Toh;

R fava & el | fafr sitadem
sTaEnes o qoHlcas Tnfad o Hed
] UL HohT;

K,Cr,O, 72 KMnO, ¥ Fewqut AfiTehi
o farem, Toi, GrEeT dun SuE
FUA T TR

d- e f- =l o dcdl oF WM IO

/[

—
_

B s N2 N\
Chiuel f e

GG (]
“3ITER, T, Raea 3ilT Tes — @it kAT Al § 39 & T2 Ara
quar & faehra o wgequt yftert furg &1 fiaies TaraoT dl <9 Th,
Pa @97 U 3k @il W TR@ig et & 99 &id g & ©@ 817
e GO o - scifeh | &t 3 @ 12 o dedl 31§, fored = <l
el § d weh RS S| f scdleh o dod of © TS <" et
T 4f 91 5f ek T W W §; 3% ofed WUl o Aie T
AT WUE § Tl T B d- TS f- wdleh oh dcdl bl hHWl: HeRHUT
acd TS ATdfeh HWehHUT acd +ff Fed B
Tehuvl el i q@T &9 9 =R 4o €, 3d 99 (Sc ¥ Zn),
4d 9t (Y& Cd), 9o 5d 9oft (La aen HE® Hg) e =hell 6d
goft fSrad Ac 91 RE® Cn @ dcd o7 €1 STk Wehwor dedl b
T SfUREl, 4f (Ce ® Lu) @9 5f(Th ¥ Lr) Ha: eraias aef

qen T Ao vafa o o w1 g gt Ufeeetas weend

o SR H 99 Hoh;

f- =Teh o el oh T[UI T U ST Fehit
TN SOMTTe UE UfRATTe o SoiaRiTE
fa=mg, SfadiehiuT Sfae T 9
FEER H1 oS TRHe HT T

TEd ¥ R H1q 7H 39 9% ¥ T fF 37 qEEfsd o
s @1 p =i & HeA YREd eid €1 31 [UPAC & ST{ER HHHT
el i G urgeti o w9 ¥ qRefaa fman s € fSee g
e 3§ d-hereh 37q0l e &1 ot 12 o ffek, Shefram qon
RIS H SThT ol Yol el ITeh] WA SATRTeRoT Tereer | qui
d'’ fa=mg @ ol seifery 32 HwHor eng e wen St fRe S,
FHL: 3d, 4d A 5d FHAU FE o AfqH WS BH F HR
Toh TETIH o 3TeA7 HehHOT eTqatl o T o @i fepan s 2

TToh AR H ST wRd d- e f ekl 1 Sutefd
THAU qedl ol STEHAY qedll W el H Al | SEA HHHT
uTgeti 3R Seh ARl w1 teAE oo @ fRan wwar @1 T off
TSRl 1 W fagid S TG Tl W AN Bl €, HehHl
dcll R off ghordeS Y fRAT S FehaT 2

3R ST MY S e, Tiee qen wifem @R sieifies &9
T HEqul YU S8 SRR, HIR qe e g9t HhHoT YU 2|
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4.1 A ARTN &

4.2 d-=ElEe Teat
® Zaagliere

T Toheh T TH, UhAUl el oh Soiaeien for-=ITe, SYCTeIal ae S Tl
R foem & 5w gom 9fe (3d) o 9@ o o1 | yafd W e eam
S U STk p TG@ AR oh Fore o Uil w1 STeIEH B | TATE ik
THHOT TR o W YEeel St geisrieh ford, Sferiehur Sferee qe
Tt SAffwamiasn | faar w3

WehTUT A ( d-&ctieh )
e WO <R el HeA 9 d- sedieh o oY g3 ¥, TSeeh gl 3 s- ae p-
s Teerd 21 3ok T § SUifa™ St W/ o d- el | seieia WS
& q1 39 YR ThUU YTgel k1 =R Ul Ul 3d, 4d, 5d 941 6d U
Bt &1 WehHvl Tl i e St wrelt 4.1 # gwed 7 2l

A &Y Y T deell B Aed Heehl 1 Tl o (n-1)d' ns'
21 (n-1) 3Mafts d FHerehl = 3 L &, T % 9 <9 9 selae 8l
Tehd & A1 SEIAH ns e W Tk 19l & el 8 "ehd 21 W (n-1)d
TN ns HETR| H1 Holiell H 9gd & TR o RO 39 qH 99 & 3TF
TR & gee: o1l ud ol 9 herehl 1 Tl erdeea siferek g B
TYHT IROMH 3d 9ot & HHHU T, Cr de1 Cu o Toiaei+ o=l |
wfafafed gar 21 3wl & forw Cr o 3d'4s” & wM W 3d’4s' fa=mg 21
3d 9 4s FaH! H S | S 399 FH ¢ fF 98 4s THRA & 3d HEF
H vaw 1 U el w6 YHR ¥ Cu § seiweite fa=rg 3d °4s” 7 B
3d'%4s' 1 Tk T HY Yol A W AT Herhl o goEie o
arolt 4.1 ® fgu g €

AR 4.1— GehUUT Al oF STl STk Tawamd (Jel 3Tereer )
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Zn, Cd, Hg @1 Cn o Soiaeitieh fo=md, 9@ 99 (n-1)d ns” 9
WS forT ST ©1 3 qcdl R ot STereene qei W Siaiishior stawenati o
Toh etk qui W eid €1 THifery 5% Wehwol el ekt it § & we

YehHUT Tl o d HEeh 3T HEhl (sT p) I U AT H1 g
W eAfereh Ui eI €, 31d: 9 7 qieer 9 eifere gefad i € den g6 wehR
A = 3R o AR Steren S1ust W off yeifad i ¥ o weqet §, T
g fa=ma d” (n=1-9) a1t 3 § 99 Gahid U Seiariiieh TuT 9T i
g1 Aifoes &9 ¥ 9 d Ferhl & SN0 A qed F A o7 <9 €,
S 3 SATRATHTUT STTETT, Tl 3T sh1 &1 91 3Teh Weh ok formrel
% Oy e fmior smfe

THH HIT A 3ok AMiTeh SCIh! 01 o STTgaehid Foer Wt 9id €1 57
gt faearet w1 oo R ¥ 9 e 9 § &1 T 2

STHSHH el o T WehHol dieall o il o Aifest qeHaTe Sifeeh O S
&1 Ay, o ol qEEa ot O S €1 eH use HT SARTTon ae St
&fqs uferd (wq@Ee: 3d W) W wafd @1 SR i, qovEn g o
st W fomR &) f=1 @vel | &0 ®ad HHA d@i S YUH S0 S
= w3

SEERUT 4.1 31y fepd YR W 7€ e Hehd 8 foh Tohivedd (Z=21) Tk HHHU e & W Ik
(Z =30) 7&1?

B ThigaH i ol 1w § 3d Hersh 21qul (3d') B o hROT TH WehHT dedl WAl

ST €| Safeh Feh WH] W el stewen qe fedihd feeen < 6 € g6l 3d
et qul 9ia (3d'°) Bl €, 37d: T HWehHU dcd el WA T R

qqAtET 92

4.1 TeeR wREMY] ®1 g oo § ol wRa d ke (4d°) €1 M HE ke Thd ©
& o& s HHE qd ©?

4.3 AT acat
(d-=gilee) &b
A S[OT

AT G Hehuul qe Sifwrferss TuT, SW S=a aF "med (tensile
strength), @ (ductility), Sl (malleability), 3= qdF den
ferga =erehal e efeaeh =W S €1 Zn, Cd, Hg @2 Mn S ST9ael i
BISHT W A9 T k1 Teh I1 {14 Yrsfues efifcalsh =TT It &1 Hehol
orqetl 1 fafa=1 Sere Sest 1 e Wl § faan e 2

93y d- W f =Aleh oh acd
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. Wy . .

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

(ccp,bec)  (bcc)
(bcc = 1 Hixd F719; hep = HIVIT [HGEqq GHerd; ccp = 719 [Hia€ Tger: X = T o909 gifcasds G=T).

431 siifqes o Teraul Uiqe (fieh, shefiam qen qerfll o eruarel o @) 3ifdehdR qn e1eq
ATt Bl €1 ek TTeiish o deleiish $ed gl 81 fo 4.1 § 3d, 4d 99T 5d
groft kT FeRHoT HgeH o oI T T €1 3= Tl 1 HROT SATRATIH
feeh s¥F § ns 3o o Afafed (n-1)d wehi & s soiaeHi ol
e 21 sheiel Mn @21 Te o ST9aRl 1 Bigeht fordl i Soft o urgedi =
Terish d fome o stfereRad € € qel 95 U URHIY] SIS % Tl Terishi
¥ frafid ®9 9 S el 81 $7h! UM T (enthalpy of atomisation)
o M S e € S R o 4.2 ® <wifan mn @1 yoe Soft o o we
H S=aH A 39 o4 I 91 § o o stRmeivaes stafwa & faw ufa
d ek Teh ST Solarei i Bl Ty &9 § 3Tehel €1 W : Garstahal

4 900
— g |
W 8007 — it 2
700 — it 3

600

500

400

300

AH /kJ mol' —>

200

100

TIHTY] SHHIR —>

T 4.2— GA aell 1 HUH T HT ygraar
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432 GehWUT &gl oH

IMAME  THR
o ufiad

oAl i He St sifaer ghlt, 3o & veet aiREmn steEE g R
et & |k e fava o fuior § o el t Heeyul s §1 or:
Tgd Sed HUA TOeU (3feid Wgd S deedish) oiell get sl g
srfufsmanetl & Sepe T 1 el 81 (3oaeie fawa o fog ok o @)
o 4.2 % oTUR W TF 3= HHEM o femen s a9l 7 fo gom
GehHuT Uit oh |G Tl i gor H gt den g goft o adl & wvH
el o M AU B B ; T8 AR WehHOT UIqel o ARl W e s
o gl o W Ueh Hewul N €l
HHFA: ST § 9gd gU IRHTY] shHleh oh | T A9l alel STl &1 Feanst
H IR B Bl 21 THH HNO ¢ FF S o AR smew ° gfig B @,
AfRer el e ok d Sfifdeel § a9 sial 81 TH: TR0 Y foh d seieei
1 AT YHE (screening effect) 8 FHEE BIl €, 37d: TR STERT
1 SR el oh = 2 Sgd SRy § ghg 8 Sl ¢ fored e e
1 HH TS Sl 81 T YRR w1yt feret it & wAre) et @ o <t
STt 81 WG SOt 7 et o Al § 7% uRed ogd el el 81 U ek
27 WehT9l H el 377l § STl Ferelt gty Wepmor Soft o el o SRR I qorl,
TEdt ot o W el o SRR W 1 Sl 21 T 4.3 % ok <9 € o g
T Juit (3d) o acdl &1 gor B fgdT TREu 9uit (4d) F HIA do@l
1 6N §1 € T G GRAT S07 (5d) o deall 1 oA e ol &
S o fgdta SH0T St o T deell i 2| FE UNES 4f HeEh| o o= |
3 o RO el € 98 seleetqil &1 g, 5d 9vit & qcl & d weeh |
MY RS €F ° Teet 1 AfeTl 5d herhi o Jd 4 ekl o ol hi
agfd & wRO W] Beemett | frafa g e 7, 99 oremtae st
(Lanthanoid Contraction) &d 21 S STa¥d® &9 ¥ 9gd gL W] FHHis%
o WY WAV SR § gE Gtfad gfg w1 erfaufd s 1 eiremiae angee
o T Y9E oF &R TG U gt HHU Sult oF SEY deell i e
T @ St € (SR Zr, 160 pm @@l HY,

719 159 pm) @ Tk ifdeh To TEERE i ®
{18 AU HAA T S €, S WH ST Helel
117 o YR TR TUfe THEar 9 off sgd eifush et 2

RIS Sged o folt STRETRT R T
‘ & ? S Tk G GRHu Sl o foe @ S @
W T WEA HRO % U SeeaE €, e T A
Y99 oh HEhl § Th Toige g T WYl
AT YoTrel| T Teh 4f Tl 11 SHY T STeR0

o
==1/nm

1 1 1 12

1
Sc Ti V Cr Mn Fe

Y Zr Nb Mo Tc Ru
La Hf Ta W Re Os

Co Ni Cu Zn YN, Th d 3RM g TR T SR Y& i
Rh Pd Ag Cd o | %9 a1 @ qe SE-Sg T 9o § i
Ir Pt Au Hg e | gfg B T, W 4f" FHeh b AHR H

T 4.3— THa Tl % ) et ¥ yafar fafia g9 g 2

95, d- Td f =i ok acd
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uifcass 5 o 19 o |1 WHIivas §I9E B gig oF qRomEEy 39
qcit o T | WG If B ¥ 39 YR Y Hewerul e g e
(Z=22) | HR (Z=29) % @A = et 2 (AR 4.2) |

ARUN 4.2— TIH WhAUT JUT & Al oF FOGE(oh [9T9 TS 9 31 U7

TUIHTU] hHTeh 21 22 23 24 25 26 27 28 29 30
TR s fa=ma
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’ - -

HUH TR, AH/kJ mol™
326 473 515 397 281 416 425 430 339 126

A Tt/ 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 111 2393 2657 2833 2990 3260 2962 3243 3402 3556 3837
aifaeh/2M™MR M 164 147 135 129 137 126 125 125 128 137
rat/pm M>* - - 79 82 82 77 74 70 73 75
m* 73 67 64 62 65 65 61 60 - -
e RS 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 - - -
¥ed/g cm® 3.43 41 6.07 7.19 7.21 7.8 8.7 8.9 89 7.1

SEE0T 4.2 GHHU ded A THedl o 359 HH | <9 27

Eal TR gioh TR H W<t WEm W e goee B ©, SHT 3 yed
ST Veeh 3T el et € 31 : T[S o Hed Yool STeeH o hoeasy
FHUA T =4 Bl B

QAT 92
4.2 91, Sc(z=21) ¥ Zn(z=30) H, TS5k 1 HA TIW * AH G HH TN €,
126 kJ mol™; &i?

433 AT TSR  oridfer d herehl & 9 o ol A(HHTE 99 | 9fig g4 o wror Soft 8 =g
Y qief AR Fe W HHA0 Soft o deell 1 A Tt § ghg et €, wroft
4.2 ¥ U9 GHAU S0 o deell 1 YeH o A Cefews o 7 iy e
213 oAl | e ® T e dell 1 s et § owf d gfg T et
S T STHHHU qel W) GHHO qeal w1 S0 W E el § ufterd
STHHHOT el k1 SO W KA el B WHE: W SEAA Tl & 7§ gfg

W fagm 96
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It & W SRR qoli k1 fgedta o g e woedt & A | g 9fg
URATY W Sgd AU e 2

3d ol T UIgeH 1 gem TEH et 1 eifafid gfa o aafy wE
W TEERE Hewd T & TRt ot I8 et feo s Wk @ T U selaeH
U T W 4s T 3d Rl 1 TR Seiisl # IRedd g €1 S vl @
fF W@ d-F B qE AP TR E A ns WRA (n-1) d A ¥ T
feherd €1 B9 S9-S19 3d J@ell & AEd H Sgd © d @hiean 9 5w a1
R M TR A9 T A TGdl T T S ARk STHI ok hefeh AT
3d e | WId | 98 3d SR 4s SAFRM i Sed §T AHE A9 ° IH
feafd o g wo i gaEt g0 @ uifad w1 g €, e o
TR Th S H IR F 21 o1a: WAves B %1 asft 9 T 2
AT 3d Sl § seide Sl | et gfg Bt €1 S A ik oA s
Al A 1 T 3" Bl @ 9 4s H gl Tl el

T Tt e Ted o we o st et | gig o Wy w9
1 gt i den et §, i Th d 3eia TR d Selae o I oh
AT o YT W URAfETT & hidTl SHehT HROT d-heTehi i &9 &1 fo= g
21 Tl fgdta w g a et § FRaR gfig %1 geme Mn® e Fe'
M o4 H 22 S €1 <A 8 gl St o faeme d° #1 g YRR o fareer
A% 1 AU ST o Hd qel o f e €1 4 geseH o % fag
A Ted § uftad i e frefafed § —

FET THed 1 7E Y Toia[ o 114 o1 S SARY0T, <) gererial
o st HiqeRtor 3R fafme e W R S 1 s & % e & fag
fafma =1 Swerl Bl 21 fafma ot sy el o wufey Tl %
Fel TS el oh ST FHEU Sl §1 Sd ST hefehl H ek gl
B € dl et ol ool &R o8 el & e stfererad sherehl § qufeer e
I TH-Th o B & (&S 1 fom) | fafa st 61 5/ 21 9§ enfre
Tl © IR TN 9gd § A Hiod B o 21 d fa=rm o fafte st
1 B 7l Bl

Mn" 3PF &1 fa=m8 3d°4s’ R cr’ A & fomd d° @ 3d: Mn' &t
el Cr' 9 %9 el 21 36 YR ¥ Mn”' w1 foemd d @ e@: Fe
el Mn”" 9 %9 81 S W H B0 %€ Gehd € foh Fe i gard SR
TOedt Mn ¥ & €1 S UIqel ot e et steen +2 &1 T Squpe
Y M A TN B, FOF TR o qU-w1e guq U G S ssie
1 off STEvFshal Bl 21 W@ UT fgde st woed ®, e 7 Cr 3
Cu & U Ty &9 © =9 ¢, fg M oot o1 &aeT: d aen d' o
o= 211 21 Zn o ToIQ S |7 9 il € sifeh 3@ 2 Tk 1s goise
ﬁw%m@wdmmmm%mm@ﬁ—wm%
%Wﬁv‘wmﬁﬁﬁﬂﬁaﬂ?ﬁaﬁ'{d(Mn%)Hde n’) ¥
TR BeH | eI o yeiia Bl @1 W, g ST Toedt
T 3= &1 R, S AR ket 1 gdid e Q‘@Fﬁﬁﬁﬁﬂﬁ‘{ﬁﬁ
FW ¢ o F T q@ F +2 U I=9 SR ST’ U T HiSd

Tl AP Cfew, Sierdientor sTaeensti o qoriches e | Faferd
& AT 3 §, R oft 78 wme 9gd Sfeet € IR dichiiish SATIeh el
ERENICE R

97y d- T f- <Al o acd
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4.3.4 3TTRIRIOT G del o fafyre @&l ¥ ¥ UH a%0 3 dwd g ARl § e
AT SRR STereey TR 31 Ao 4.3 H For WeHwor Svft o qwe Bt e
TSR] Sererat ol geltag foman T B

AR 4.3 — WIT HhHUT ST ki ST Tt ATFIHIUT TTEATT (7T WTHI TR TqeqTA i
e ereq ® fem@rar ww )

+2 +2 +2 +2 +2 +2 +2 +1 +2
+3 +3 +3 +3 +3 +3 +3 +3 +2
+4 +4 +4 +4 +4 +4 +4
+5 +5 +5
+6 +6 +6
+7

TS & H STRIHIVN STEATT WM a6l T UHHUT JU oF HeF § 1
3ok Tene feor &) Sereond, WS +2 § +7 ok i Gl stferientor eraed
<31t 21 9 o S R W et sTaenst Y W S H U S 2
THHT HRO dell (Sc, Ti) § RN a1 WEER o foq %9 gelw [l w5t
ISl LS el o FATSTohdl ShIvT § d Toldel i i & (ufH:
iRl o foIw %9 Hefhl &1 STee@l) [Cu, Zn] 1 39 YR Yo| SUft oh
ARH § Topfead (II) ar&dfershal § &= € @ Ti(I1) o1 Ti(II) 1 qer
H Ti(IV) @iferr Tl 21 Soft & g BR W TS 1 Thun Sl
L +2 B (d STl i GRR & ®) | e T ot stfuehan
SAferdeRToT Tereenati 1 e WS e s qe d ekl § Sufterd saieeil &1
H@ % AN % TR Bl (Ti' 0,V 05,Cr"'0z Mn""'04) | T8 Te=Iq deil
1 = Aol o & it § ey & o1 Sl ¢ TS
ST T et sfaererores wfeis € (Fe' ', Co' L Ni, Cu'" @ Zn' )|

Red e SHfeRdeRToT STereey S fof HehHUT dedl h1 Uk foei &, 1 ROl
2, oqul d heehl § goEEl 1 W AR 9 w9 we, fed s awi
SflerEfieRTu] STarEenat # ek w1 ST S @ell 81 SHeR! 3L VL VL VLV R
SeoE © TF 3760 9@l (non-transition elements) ¥, fafsm siferdtento
fereenatl  WHEE: < 1 AT 9l S 2

d-seiish aal o o (At 4 W 10) i SATaRdTeRTor STarenaii i uferd-sierdn
o Tk ek 924 2@ i Terdl 81 p-selish o (AR I TS o HROT) AR
GeEl gR1 e SAfrdienTun STereet =T 3T ke BidT €, Sfeh d-sofish H 3ok
faulid wet €1 Seewnd— o 6 § Mo(VI) a2 W(VI) &1 ¥ Cr(Vl) 9
Afuss ) ;o Wregd § Cr( V1), SEHIUE o &9 § Yool eI
g S MoO; T8 WO, &l

1t affafientor STereTd a9 T S € W TF "ot A § 1 forrs
g 9 o-aTeem o sifafiaa m-umet o1 of Ui S =) S]eRened - Ni(CO),
3R Fe(CO)s, | Tiohel 3R TRA w1 Stferdiehor ayereen g |

WA fagm 98
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SRE0T 4.3

TH GHHU I 1 9 Fa3Q fa qfiad"a e ot T&f urg

<l Thiseay (Z=21) URerd=a et STereet &l <9

RleeiCiaiec

4.3 HFAU T H1 3d 0N H HHA W dd aS] HEN § A SEEeT g9l ©
T i

435 M**/M WFeh THERIS
ﬁ l‘:o 'a“ ﬁ &

\

Ti V dr 1Vin F:e do 1\'Ii C'u Zn

oot o 319 o1q o M° A § ®iaer @ Hefud
SH-THEF U= R AR soae fawe arof
4.4 ¥ fgu MU €| GROT 4.4 S AEN HT STAN Hlh
wﬁwﬁanﬁamf%ﬁfmnﬁ%nwwaﬁ
o 4.4 & <witan w0 B

FTO 1 T B o B0 M5 IR, Tu
3Tl W H, I F 1 STHeddl &1 ST 3 2
ohelel ATl o7 (e o1l 3R TRH @ig
Yok o) & Cu o @il faferan hed & 3R A
317 aafed 81 S 21 Cu(s)a5Cu2+(aq)ﬁKWUTa5
oAU eTavaren S=0 S, gheh! Serdrs el ¥ Hqfed
T & U SR T B % W HUTeHs qE o G

m e A * TfRfer wH Tt egS o gUH e gt SEE et o A o
ferg 4.4-Ti T Zn % & T F (M>>M°) g g @ Hetud g1 98 A U=k @ TR Mn, Ni
T seaie a3 B e 9o Zn & E° % T W G9 g smifed o @
Refad A fereh SRUTcH &I B
AAON 4.4— AW U oF HHAUT d@l oF SHHT-TEAh 01 (kJ mol-1) 3T M) ¥ M ¥
JUSET F HIFeh SeaelS fawal o U
M AET M) AR AH] A HMY) BV
Ti 469 656 1309 ~1866 ~1.63
A% 515 650 1414 ~1895 ~1.18
Cr 398 653 1592 ~1925 ~0.90
Mn 279 717 1509 ~1862 ~1.18
Fe 418 762 1561 ~1998 ~0.44
Co 427 758 1644 ~2079 ~0.28
Ni 431 736 1752 2121 ~0.25
Cu 339 745 1958 2121 0.34
Zn 130 906 1734 ~2059 ~0.76

99, d- UH f =itk % qe
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TEEIT 4.4 Cr AUAIE & S&fh Mn® SR, SafE 3 & d° fo=e ®, F

=z Cr’ Uh UuEE §; s vHew T df 4 & § uafa e @ o
ad-afd t,, TR (T 5 @) T {1 @ H Mn®T F Mn” § wRed @
AdaRa (d) fo=ma o g & S 59 sifafed TenfrE YeE e e

et F2et

4.4 FR ¥ g EC(M> /M) F1 99 TS (+0.34V) 21 5% Ffe HROT 4 82
(Ta- T 5= AHC 3R Ahdee R &H T)

Mn”" ¥ eref-ufta d- ereh w1 T @R zn”” ° qoiufa @' faerg
T EC WMl § Gafd §, Sefh Ni B E- 309 SSOqH HUTHR Ahdee
Q waferd 2

436 UME TOEETE WO 42 FEC (MP/M™) % W 1 o SR fedie st
fawai Mo /M SO 21 Sc o f e e A, S % v i <t @ frn famem

i vt e g o= 21 Zn & U 5o S=aaq9 WM %1 %R0 Zn® ' % el d'°
a8 9 T Soiei 1 821 81 Mn & folq s{ieiehd 3=a 0 <@l € f6

M2* () Tt &9 & Torelt @ Wt Fe o ememehd =1 74, Fe®'(d) &

arfafie Tonfae =i <id €1V o erdersha e 99 Vo et @ gt
F1 (R t,, TR, THE 5)|

437 IouAw ARl 4.5 Ul enge w1 3d Sfl o Tl demeel w1 gwld Rl S
srfarefaRT AT eRToT W& TiX, (STREEE!), VF5 3R CrF § UIw Bt 81 Mn &1 +7
STaRETaA HTRERTTT Tl Tl 2ailges | Wefvid el el W MnOsF 3 € 3R Mn

o TYE e FeX, 3R CoF, & &g +ff ¥ Zrgeegs 7@l sl
W'Fak—-;r i AT STl STerEell ol TMfcel WS T 1 TR T &l =
vt Tl THH! T=d Welsh ol o HRU Bl €, SW o CoFy o ®ed o o1 3==

TGS AR S VFy 3R CrFy §, 359 378 el o %R0 el 2l

ANUTt 4.5- 3d gTgal ok EgE * G

+ 6 CrFy

+ 5 VF, CrFy

+ 4 TiX, VX, CrX, MnF,

+3 TiX, VX, CrX, MnF, FeX', CoF,

+ 2 TixX,™ VX, CrX, MnX, FeX, CoX, NiX, CuX," ZnX,
+ 1 Cux"

MW X=F >LX =F > Br; X! =F, CL; X! = CI - I

LSIREMERIEET
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Tl VFg ool V' &1 Feld i 2, 9 TolEe SesuHed W
RS, VOX, 3d 81 FAIEel 1 To Tor, fre atferdienor srereen o
TRT SRR €, S~ VX,(X=CI,Br 3R I) ® #iR =&l CuX o ferq o e
21 Tl R rieEe & ifafer Cu' o wef gemge @@ Bl TRl Cu”’, 1
I, o sfiefiepd s 8 —

2Cu*" +4I° — Cuyl, (s) +1,

At eFeh Cu” Aifites Sieftg forera o et € den feTqaR sremmaad

B &

2cu” - cu” + Cu

cu”’(aq) F1 @ Cu'(aq) ¥ AEF B H HRO THHT SoSH
T ApyqH® 1 Cu” &1 gorfl § agd 1fuish RoTctsh 7H 81 8, S 6
1 fgda oo woedt 5 aifagfd 9 sifue 21

SIS i STIdH ARIHIOT AT 1 TS Y I i1 &THd
sffarEel o YRR Bl 1 SffeEel § Seadu St G (HRO 4.6)
ITh1 o7 FE ¥ Al @il ® 3 98 Sc,05 ¥ Mny,O, T 3@ w1 ferd
21 ol 7 % @18, Fe o 394 3AES Fe,05 ¥ 31 71 781 81 Jafy e
e | e (VI) 3okl §, (FeO,)”, PF od € Wq 78 M9 & Fe,04
9 0, H faufed g S 21 s & sifafe, sfedonera V' %1 VO, V'
1 VO qe Ti' 1 TiO”" o &4 H Tifed WM it &1 T 1 Tde
SIS T 3 S STFEHIUT ST il LI UM T i eqar 2fy
% Bl 21 39 YHR Mn &1 S=9q9 WI3NEE MnF, © S =4 SedEs
Mn,O, B SIS 1 HTgall o T SgaTae M 1 &Hal  THh! Seheedl
1 THA S FWehdl ¢ WEHANSH RS Mn,O, H, Y&i% Mn W],
TR €9 U Tk Mn-O-Mn dg dfed O WA @ fi & 21 V7,
cr”, Mn", anaﬁTana?mW[MOdn_Wﬂﬁ%I

AR 4.6— 3d oTGRA o ATaES

+

\]

+3 Sc,04

* ffya sfiaqEe

TiO,
Ti,O

Mn,O,
CrO,
V,05
V,0, CrO, MnO,
3 V5,0, Cr,0,4 Mn,O; Fe,O,4
Mn,0,* Fe,0,* Co,0,*

TiO VO (CrO) MnO FeO CoO NiO CuO ZnO

Cu,O

101y d-TH f- = % A
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SEERULA.5 & 3t VO <Cr,02° < MnO; H SHiaiiehie &Aal § gfg 1 oh T Hin?
BEl  THH IO Tk A o A% Wi T wfieie o wenfae § ghg 2
QAT 92

4.5 TR q@ T i H S el (we SR fede) o st oRad @ o Y e ?

4.3.8 THEEMSR

THHOT YTt 1 TR SAfafmaeiier sae w9 § URedAeia 81 Sgd-dt

atfirframsiierar oTA¢ W ferpaerta & qon @fret vt o foer €, Stafew o ol ‘S’

Td E° WM

SRER0T 4.6

SRER0T 4.7

WA fogm k02

&, S o wemor erel gy wenferd @Y g

T HTq ! BIGHT | 07 ok el TUIRa Afueh afafwmaneiial g 8
S 1M H' o1t gR1 sfierdiend 81 ST €, Zrafy 39 et 1 et & (H)
S SRR ER] § ATafHan e 1 arsdfers 5§ sefi-edi o S 2
ITEMG— H& A W ITHIH TG afedd af iR 3T/l o6 i
fifera %1 M2 /M % E- % HF St § fggat oemee % s e R osed g
Fafs o <9 ¥ (TRO 4.2)1 E° & H ROMHF T H AR ST B GE
T U e fgde e Toedt o A § gE gig @ Heid g1 98 S
e ¥ fF Mn, Ni 3R Zn & E° 09 99 vgf @ smifed o #1 qer
A sifs ok 71 St Mn® #§ a1 wfid () Susw @) 9@ zn”' d
ot IR dITHERT FT A H B % WA G wed §; Fa & form
E® & M TEE S TS SeEeE Toed § et 2

M /M*" teir 7 & E° AFl % staeied (AR 4.2) @ e © fw
Mn®" @2 Co” M SiehE oo § vaead SRR FHE o wE w
BT, VY a1 O’ 3IPF Yol 0=l e (ST9=re) & a1 a9 ol 9
TIESISH 119 Tt h7d &1 IareLoned—

2Cr2+(aq) +2H+(aq)—>2Cr3+(aq) + H,(g)

AU U H w90 % EC S WA 3

Ee \Y% Cr Mn Fe Co Ni Cu
™M /M) -1.18 -0.91 -1.18 -0.44 -028 -0.25 +0.34
T A H I Afadn o Rl i gHEEu|

E° M* /(M) % TF frafra € ¥, 5@ ew e woed § st afteds
(AH,+AH,) a1 Seaurad Toedt g T9e Gehd & S foh HS ot anfess o
fAu evemeRd wgd %9 et 8

Mn3+/Mn+2'§'ﬂa?mEe FHTHHE Cr /Cr° 31era Fe3+/Fe2+a?tl'Fﬁ"?|E|@
feren YR 1 Bl €7 HHEEU

79k foTy Mn 1 g™ STAA ol o1 sigd tfess o (d° 9 d* § afterdq ok ferg

JMEYTH) ITEEN B 269 e ot T 2 ® fF 9 Min 1 +3 S7een SURl He
1 T B
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QAT 92

4.6 P U AT ITAAH SRHIV FATL haal LS Tl Feiives | & = yef¥m

FHIA B2

4.7 O R Fe’ H ¥ &N e TUEEE © AR F:?

43,9 e TOT

|

el W IR &5 STIYIH I R G I TR o Gahid FaER T
e ® - Flagesed (diamagnetism) q€ 7gga@e (Paramagnetism)|
yfageaTa qarel, STYge w8 5N giaewfid g ¥ TRy STk e
TeRTHd eid €1 S U gaehid &5 o Yae ®9 9 Sewiid € €, ° ciggasid
(Ferromagnetic) el 81 ar&id o, ciggaehed, ST gaehel %l =H &Y
2| 9gd ¥ GHAU UTg AFH SR B

ST eTohedl hi Sedfd, ST Seiereii =hi Sufeerfd & R Bt 7, Yok
¥ STfeld Selaei 1 gah1g STHY (magnetic moment), T 10
g4 (spin angular momentum) dl FHENT FIUIT G (orbital angular
momentum) ¥ Hed Bl 81 F2H HehHor Sui 1 engeti o A o wmefig
10T GaT 1 AEH g9l ®9 9§ 9 (quench) B ST € SERT ST
HIE Aed Tl @ QN 37q: 390k foTe gaehid el o1 frefor suv suferd
SIerd TRl i WEAT o YR W TR S @ e sueh! o e Ky
T ‘g=H-9 (Spin only) T 5N HT S T

p=4n(n+2)

el n ST TaAl i GEA § 991 p gaehig ol @ et ane
R TS (BM) B U SFTIferd SoerziA ol gearehid el 1.73 SR AR
(BM) B 21

ST TeleRAl 1 Sgdl T o WY ek S0 1 W wadl 81 3d:
UfeTd Faehiar STTE0] & TRATIST, STULSTl qe STl H Iufterd sTferd setail
1 G 1 Gohd et {1 TR -AE G g TOAT | WS eehra ot
o T A JAN o STER R FiRa gem Hehwor 9ot o Tl o Jaentd STl
o o= gRoft 4.7 | fRw T €1 qrEfn offwe qer w9 9 oo § sufted
SIS ST SAerE S sfee o g €

WU 4.7— SEehT ATIUT & URehfad T Uk 99 (BM)

Sc® 3d° 0 0 0

Ti* 3d' 1 1.73 1.75
T 3d 2 2.84 2.76
v* 3d® 3 3.87 3.86
cr* 3d* 4 4.90 4.80

103, d- Td f =% o d
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Mn**
Fe™
Co™
Ni**
cu™
Zn**

3d
3d°
3d’
3d°
3d’

3d10

5 5.92 5.96

4 4.90 5.3 - 5.5
3 3.87 4.4 - 5.2
2 2.84 29 -3, 4
1 1.73 1.8 - 2.2
0 0

GEEVUN 4.8 o faeed ¥ fgHars e o Jaehid SAEul i UM SifSY; afs SHeRT TE]

FHF 25

gal  Wolg faeeH o W] i 25 arel fgEErst o W SR SolaelAl i HeE
5 BAfT| oTd: SHeRT Jaehid A0 BN, p=./5(5 +2) = 5.92BM

TG F2et

4.8 M”*'(aq) ion (Z=27) & T ' T=ho-AE’ Feehia S0l 1 UM Hifew)

4310 VI SMEAT Rl &0

—

ferT 4.5 — yawa?mwsbﬁakgmen?ﬁm

Al & ST faerat & T arE

R g T AR VH, V3, Mn?,

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

Sa f11 3o ot d-heteh | Seiaed T S<SH, S Sell

A d-FeH T 2 2 S e (energy of excitation)
1 WH ORI YHI¥ &1 g o S & © (THE

5)1 WMMG: 9§ 3Tgfd, S99 & (visible region) H
feorq Bt 81 Ufera 1, Sreriif YeRtel b1 qXe T B B
TR JehTel o6 Tgfa @1 fuR0 fae (Ligand) &
e o SHR T A S €1 WO 4.8 § Sl o
Seftar foerm o fard T ) swHeg fan T R, Wl S
o @] fere &1 w wW Bl o 4.5 § 9 d-<lieh
el o i forerml 1 g9t T B

ARUN 4.8— YIH GeRHUT AU o FP T &Tg & o W

WA o k04

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

Sc**
Ti*"
Ti®"
e
Vo
v
cr”
Mn®*
cr”
Mn**
Fe®*
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4.3.11 Gepet iRl T
ERE

4.3.12 3WRE O

4.3.13 STaTSRTN AfiTeht
H ST

3d° Fe* Ly

3d°3d’ Co*'Co™ re-Tersit
3d® Ni** g
3d° cu® et
3d" Zn™ M

Gopel Afies o Aifier B € R urg e ffvem den W smome st
I ST @ S ek Gepord Sieis s €1 foeh o stfireterfores 1T
e B THF TP I & — [Fe(CN)gl”, [Fe(CN)gl", [Cu(NH,),l>" dern
[PtCL]> (e 5 | Hepel AT o TR &1 forega == &1 TE ) | Hehao
T 3Tk Hepel AMTehi w1 To1 hid &1 SEhT A HI0T € o1 M| oh 3R
1 Bl THI, G 3TEHI W I=d A STER T A o 994 o faT d
HeTehl hi ST

THOT UIGT G 7ok AiTeh ST 14 Wisharal o oIt ST S &1 Hehaon gt
1 T U1 STh1 UREdSiel HaStehdl Td Gepet AT oh S o 01 o R0l
g oHfeam (V) tfrree (Serel wehd o), geu faisa e (2l wehd W)
3R Fohet (ST TESISH |) Hhuor e1gesl o gRI SR & o I
T S o 3 Y53 W AIhRe o T[S G S I TdE o AT
o ot el ST T Bl €1 STy oA oh Tl 9 EehHul S i H1qu
3d W 4s Sl 1 ITAN I Bl YROTHEEY, SUH i GdE W
AR 1 Wigdl o gfg € Sl & qe AfehRen o Tjei § Sufterd ofEy
gelel B S 21 Qi Sl 1 0 T Sl 21 AR staens § ufted
B Tk o RO ThHUN HIqT SARF & &0 | fersh qorelt gt 1 Srevoned —
AR (I11), STRTSES 3TEH dl WHeWhe 39 o o9 99— 84 drell Tffeman

I ARG H4l 2
21 +S,05 —1I,+28S0,”
TG SAE AR 1 TTEIH T YHR § —
2Fe” +21 5 2Fe” +1,
2 Fe”" + 5,05 — 2 Fe” +250,°”

e HeRHUT g o foheeel Sieieh o e SIS SRR el WA S H, N =1
C HUIYd B S & 1 SAaenTeh ATl i Bt g1 A A e
SGHIFUIHAT (non-stoichiometric) B4 & de 7 @ 7 214 & 3R 7 &
TEgdrs| 3] & faw TiC, MnyN, FesH, VH, 5¢ @ TiH, , 3| 3§d
T A1gaT 1 hlS MM TR0 AL YRR T&1 hid| Foel i Yepfd
o SR W, 36 YR o AlMieh Serabmil Fifie (interstitial compounds) Feeld
21 37 ARl o qed Gifas 6 TRt e e g § -

(1) iameRTeht ikl o Toish S=d €id @ Sl Yg uigefl 9 ot sifuss €
(ii) ¥ 31fq R e 2| Fel 7k foF Fo dREel %l HIka o € H

FINA % FHA B B
(iii) 37 AR 1 efcarss =erhar g @ 2|
(iv) TEMEE ®9 9 SFausri 9ifes Fiwg gh €

105, d- TF f- =l 3
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4.3.14 Thsaatt st s 5 (alloy) fafe= erqet <1 afimsm e € s 6 wmqelt o wfwsm 9

SRER0T 4.9

&al

QAT 92

e €1 fagrg walt S faered 8 Wend € o0 Uk uTg o TRAn), SEd eng
o weATpE | et w9 9 faafia @d €1 39 WehR o et 1 T S
THS g Bt @ et ifees e § 150 1 3w 81 wheor enged
o SAfvaafores o du 39! FeEeT § 9HEd % R0 FhRH0 U gN
fsTqei i T TXeTdTgdeh il 81 39 WehR UIwd T hoRk eid & a9l 3ok
Toish WHIAA $e9 Bid &1 hd THarg ged guifea fagrg € sifem,
THfeay, I, dffceem o1 TS &1 ST fafy= YR o @id aon
WAoo AR o R S @1 STERHOT G1geH qe GehHur ¢igel o
T W A fagrg Sl wew % e §, T Seewl § — diad
(FTR-fS) , &1 (HR-fe) anfg)

HATRETERTOT STareel] o * STEHU’ 1 0 31 B2 Uk S i)

T Uk Tafyre ifeRdeniur sTawen S99 FH qU1 Sou SAFHIHI STILqeT i
ol ° % TRl @ dl SHeRl SHHMUEH el 81 ST WS (VI),
HATeRETeRTOT 3fereen TSt (VII) qe Hist (IV) shi o o siefia wread o &8
ot ©

3Mn"0,” +4H - 2Mn"0, + Mn" 0, + 2H,0

4.9 T FIFT & Cu’ F Solg faoed & wmh 98 §, 3?7 99y

4.4 Wﬂﬁ(‘% I=9 A9 W HHHY U1qeT TS S o HeA AARRAT oF Hormaeqd HehHv

BT AEAgol
ABree

4.4.1 grgalt o
HeES T
3T SRUTE

W o k06

HTqetl oF SATRITES WK B4 &1 Thigad o Afdied gl oiqg MO ¥R ok
AR SATHATES AT &1 3 STraEe] H el 1 Swedd e W
STh! a7 @A o (FHM Bl 21 S fF Sc,05 ° Mn,O, Afie! dF @q
1 et 1 ot 7 & 999 STERA F Fe,05 ¥ S FIE Sod SiaEe T
TEl ©| SeEe o e AfFE-+AEH (oxocations) V' &l VO, |, V' &I
vO™> # e TiO”" ® Ti wenfred 3
HIgeTl o1 TR0 T& | gfg o Y el oh STl o1 § &l St
21 WIS 1 SRS, Mn,O, Sedast a1 80 doita uered gl 71 U8t 9%
f CrO, a1 V,05 o el ot f= 84 81 39 3=a feasel § a1l
TE9TE 1 @ e 2l

79 Y%K Mn,O, ¥ HMnO, W« gl 81 H,CrO, a2 HyCr,0, 31 €
CrO; ¥ 9 8 B1 V,05 SHFeH 21 W off g amwedia 2 ek vo,” qen
VO, & o901 <1 81 SRfeam o sifedsel § & V,0,4 9, 3¢ &
V,0, 3R 3wy V,0, d% Stk qiadd 2en &1 e 81 V,0,, o7 |
faerd Bt VO’ oferol a1l §1 3 TR V,05, 317 qe & § stfufsman e
FAN: VO, T VO, 31 €1 Yoiey ¥ AfeeifliE CrO es™ & Wy
Cr,04 SWIYH 2
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2—

urRfyrEm SEwmeE, K,Cr,0,
WIfYTEH STk = S o T Ueh wewequl W €1 $EshT AT Y U
(azo) ATl 1 TH § SffrfihNe o &7 H fHa Sl €1 SEHES H
WM HiHe W S Sl @1 hHEE SR (FeCr,O,) i Sia a1 i
Sufeerfa o difead =1 Qe wrEie o W Eiferd fan s € @ shide 9w
Bl 21 WIS H1 WfETH HEHe & Wy sAfafEa = @ T —
4 FeCr,0, + 8 Nay,CO3 + 7 Oy — 8 Nay,CrO, + 2 Fe, O3 + 8 CO,
Hifead e o Ul faead &l Sat 34 HeRe 7 g/ 3T o1
forn Sirar @ foed 9 9wt |ifesm eE®Ee, Na,Cr,0,.2H,0 i fHefaa
T foran S 21
2Na,CrO, + 2 H — Na,Cr,0, + 2 Na' + H,0
Hifean eEFme *1 focd, efem egsme 9 #Afus gid 8 safaw
qifeay eeHme & oo § 1Ry wiNEe St iy SEHme ure
T foran S 2
NayCry,0; + 2 KCl — K,Cr,0, + 2 NaCl
TREH TEFHHE & ANH W o fEed, fRedied 8 S 71 Sl
foreta= o SIS T STEhIUE 1 SAUETAl eial 8 W1 fofe@ & pH W e
FT 21 IS AU SEFHMES § HIHIH F SRR & 9691 2
2 Cr0,” + 2H" - Cr,0,> + H,0
Cr,0,° +2 OH — 2 CrO,” + H,0
U P CrO,” qUl SEHWE
, 3T Cr,0,” 1 HT=A A= & T

0 410 0 1 I T THhelsh A 2l © Sfeh

O—>C:’<@>\Cr<o TEFEME AP W I AHEAH

/ J%\ Qﬂ-sf g o W ﬁh‘q '{%ﬁ %,

2 “ 0 @8 Cr-O-Cr amey i %1 WM
e 126° T 2|

\ag Tifeom qen WM Seshie e

SAferdierTu FHeh 1 F1 Hd | WiSTH oG &1 S § fooa sAfue it
1 I8 ek T W Sl ek o T H ATk FeR oAl S
21 TR SEHTE 1 SYAN AFdAHAE favervo § wefHe 9 o w9 |
fora ST ©1 STl TTeaE § SN ST H Sifedie R e YR §
et 1 ST Hehdt © —

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

T YRR AT WRTEH SEFM, FAEeEe w1 Sladaiu FEeH o,
TehES &1 Gewd 1, fea (1) &1 fea (V) o 9o e (1) <191 i SIRA
(1) =190 § wam a1y sAfafwae fe @ —

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

107, d-TH f i F T
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FIRERT
Hre s (Frereifed)

WA fagm ko8

Tqui ettt stfufswar i wfran eEwmEe ®i e o1 sifufeman
AT SATEIR] h1 SAT=TA 1 AR Hl gt Wi fehan <1 Fehal 2
Cr,0, +14H +6Fe” 52Cr +6Fe’ + 7 H,0
urfyrEw wiite KMnO,
WREH WHTE 1 W W o T MnO, &1 &0 ¢Tq eggieaEe a
KNO, S 3fieriehiieh o @1el Gilferd fehan Sl 81 S6d e 8L 11 k1 SeiIg
K,MnO, WIwl Bdl € S SEEfi o1 it qrers § STaartad gl qrefymem
THHE <l 2
9MnO, + 4KOH + O, —> 2K,MnO, + 2H,0
3MnO,” + 4H" — 2MnO, + MnO, + 2H,0
TR TR TR $EHT ST MnO,, o & ATl HiTer o qved,
HHE (VI) o SRheTqeRe- siadishior gr1 faran S 2|

Mm%gqmm

: g

Mno, 000 0 51T FETL - Mno2-
e A

G T o orga-sTaee ST
MnO?[I:lDDDDDDD oodood MnO,
e e TS A
AT H WS (1) 3TEF o a0 WetlreRyethe gr siadisd gie
THFE S &
2Mn”" + 5S,04 + 8H,O — 2MnO, + 10S0,” + 16H
Qe Tt T S (SHT i) W1 feeee e 2 St KClO,
o T GHGTEATHS] 30 €1 98 @ Sl § wgd foed el 8, (293 K dm™
W 6.4 TH/100 T S §) | Tg 513K T TRH T W AqEfed 8l Sl 2|
2KMnO, —» KsMnO, + MnO,, + O,
T 1 Aifees o1 S1fersk Jeih & — TR Tl TR 1 qe giagrs
B oF HI9-|IY THhT AT T TN Jaal Ao | S 1] Hhewh [gid
SN HESE S ekl §, S fh 39 s &1 G 9wl 2
T 9 THTHE TP =qOhersh 9 eid B | SIS o p hefeh! o Hre
% d el o AT W ST n €A TR Sl 21 ' WIS 3 T
SITerd SR h ShIRUT STTEShid BIdl B TR WHTHE ST STferd Seleai
T B o RO Yiageehd el 2
ST ST foera stfeicle &1 weeRsiaaEe ¥, SR (I1) a0
A () To0T H, AIERS i A2 § qN IASES *l o S |
SAferdierd Y 2d1 B STI=reh] 1 1Y AR 39 YER & —

COO
5] —> 10CO, + 10e

COO
5Fe” - 5Fe’ +5e
5NO, + 5H,0 — 5NO; + 10H" + 10e
10I — 51, + 10e
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KMnO, &1 31e-Affhan T 9=l i s1ed-Afafwaneti 1 siigsi
Gyl erfafeman =i foran s Tehar € a1 SEvaeharaR THIehol i Hqferd T
forn s =1

If% &9 T & T, TS ersifadee du TN (1) @ §
o= &1 erd-srfufsmansti @ = w0 9wy &%,

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

q BH il YhN <@ Hehd © foh foerdd o BESiSH A i Eigd
srfufmenett 1 guifad #3  gecgel gt fard @1 w=fa w2 sfafmanet
1 YeTerg-favel 1 Werdl U WS S Fehdl & olfeh SAA(Ha1 1 skl o
Toh WEEYUl R 8| WHTHE 319 510 [H']=1 W Sl o Sfiadieha feman ST
fEq| W W &9 @ sifafman e gl © S ae fom A (1) S
IUfEerd 9 &1 AU 9y g |7 S|

KMnO, %1 % Weequl sifadier sifafwars Fefofaa € —

1. STy faea § -

(%) TREm SHEEs ¥ S 9o el 8 —
101+ 2MnO, + 16H — 2Mn”" + 8H,O + 51,
(@) Fe’’ & (&q) &1, Fe*  (dien) ¥ ufedq -
5Fe’” + MnO, +8H — Mn” +4H,0 + 5F¢’’
(1) 333K W SHeiele 3E AUe Afiferh 370 1 Sedianton
Bl 8—
5C,0,” + 2MnO, + 16H — 2Mn”" + 8H,0 + 10CO,
(9) TSN HohEs ol Tewl § i, o ot eraeifia
B T § —
H,S - 2H +S°
5S8” + 2MnO , + 16H —> 2Mn”" + 8H,O + 5S
(9) ToRRE TR S1a] Hohige shi Toth 3odl GoHfieh o o
SR LI —
5505 + 2MnO, + 6H — 2Mn”" + 3H,0 + 550,
(B) RS HT A8 H STdehu—
5NO, +2MnO, + 6H - 2Mn”" + 5NO; + 3H,0O

2. S 3efel qad RT HieAH H—

(F) ©F 27 9y AffeRa 2, TeRe 1 e o ftedd—
2MnO, + H,O+1 — 2MnO, + 20H + 105

(@) YIEEehe &l Tohe H YT AETcHes §9 § SRR o—
8MnO, + 3S,0s  + H,0 — 8MnO, + 6S0,” + 20H

(1) HTHS @@ 1 MnO, § feriehton; feh Tethe srean e
sferdrse &1 Suftefy sifaferean &1 SAfE et 2—
2MnO, + 3Mn°" + 2H,0 — 5MnO, + 4H"

Ae—  eESale 3T i SURfd § YOS i A STEATSES €
i BESITAeh 37l Al § siferdierd = Sl 21
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o &Y fRaT ST T ST SUANT U RSl Reh o &9 § fRal S €1 S, et foesh oAt qen

Il o fatshiencor o sqent ST off sH StfefiRor amar ) AR w2

4.5 AREES

MR GehUUT o ( f&ATh )

[l 1 & AT €, FORTEE (R o W1E o HigE dc) qell UfeRAas
(Uferfom & 9% & ©i5g dcd) | Hieh v om qe oeRae § afetehedl U
WA ® o7 ererEEl W wEl § oreaw ot wfinfd @ 21 5 dqell o fog
[ Hehd Ln YJo Bl 21 36 YR 9§ UferRArae deell w1 == o Ufeefm
ff 29 it & wige del o Wy WAl @ 21 GHH0 Suft Y qer |
ORI STH § Sifish Wiehe THMATS YER Hd €1 37 dedl | sheiel T
ToqrEll ATeReTeRToT STereell Bl & Tl SRl THEA 3 | oI ot il oh TR
qonr T STee | gU 37 URadd o 9uft | J91d i GHIA HEH &1 3TH
R UEH HEl B T SR, WdEe gt %1 WA et Stee )
SfeTd 1 Teh RN S qeall i SR STaeeedi 1 foiqd e qen a1
THROT 37 <call o1 Ao €, S 27 qeall o A o foniy shissal sca=
T B FET _fwclich ki GHI SO T TeAEE Yok w9 @ fehar s

TIAE a1 oFeArae (fSeer folt WM Hehd Ln &1 SUANT fRal T 7) o

T, Hohd, TIUeeh Td 3 ST STewelsl o geiaeieh faward, eAT] T
st et o we wReft 4.9 ¥ fRw e E

AR 4.9- mwm&mmwﬁw

5d'6s”

58 @ﬁm Ce 4f'5d'6s° 4f2 4f1 4f° 183 103
59 EIERIS R Pr 41 %65 4f® 412 41! 182 | 101
60 frnfefey Nd 4f ‘65’ art 43 4 181 99
61 Tifaferm Pm 4f 65> 4f® art 181 98
62 Tufem Sm 4f 65> 4f° 4f° 180 | 96
63 EUERE Eu 4f 65> ar” 4 199 | 95
64 Teifefrm Gd 4f'5d'6s*> | 4f’5d' | 4f” 180 | 94
65 =iy Tb 4f °65” 4f° 41" ar” 178 | 92
66 fequifazm Dy 4f°6s” 4r'° 4f° 4r® 177 | 91
67 giferam Ho 4f"'6s” 4f " 4f1° 176 | 89
68 ey Er 4f *6s” 4r 2 a4 175 | 88
69 oferad Tm 4f °6s” 4" 4f " 174 87
70 gefam Yb 4f " 6s” 4 4r 173 | 86
71 [ERINpE] Lu 4f"sd'6s® | 4fsd' | 4f ™ - - -

* hael [Xe] #FIg & @@l Foideid J9IC MY Bl

WA o O
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451 TR faame 7 <@ <1 wwa € 6 1wt oot % sereite faema o 6s” U A

2, Wq 4f T W qRadeie Fo8m 8 (ARt 4.9) 1 F@ft g |t qell o
e geaRite fa=re (eFemTTel w1 21 Tomlt siiedientor aferen)
weY 41" € (J&d §U WA %% o ¥ n=1 ¥ 14 q)|

T W AR qF o dcll 1 WA U e e § guw g™

(PFIFTIE ATH ) WS Tl o TEIEH 1 Tk (oferme ofeil €1 g6
A HehHor Suft ok el oh THEF W SUIH YHE el §1 A Beene o

110

100

/e ——

90 r

T 1 Al (Ui S WEHRe § Fa-) | % TS R
. frafia =t @ s foe M°* el o frafia w9 9 2en
= et B, (Fe1 4.6) 1 78 argpe Stk 9@ & @
SR | EehHoT ST o qrE T € ae HRo
off T 8, 37eifd Tk € SURIY | Tk e 1 T
3@13@7"[ s 3T{U'f qRI&TU YATE (imperfact shielding
- effect)lﬁﬂ’ﬁ@lﬂﬁﬁﬁwmaﬁﬁmq
Th d-3ARM W TR d-3AaM o IR 919 &t
qO |, T 4f T HI TR 4fFeie W IR
T9E T Bl € Al S | Sed gy AWehd SAaw
o Ul FGd §U URHTY] ShHleh oF T1e TLATY] oF 3TThR
{1 ¥ u= fata g g s 2l

ST Sl o SMTehe Wl WeRYE, oreHTe
g heddl €, Toreh R0l qata Gehmot Suft whi
femel % WA TG TE ST % wE A
el o WAl oF oW WA @ S €1 Zr

4,53 3TTFARITT
e

57 59 61 63 65 67 69 71
TIHIY] ShHish ——>
e 4.6 — c=iFigst 1 Al fGeasn 4 gafear

(160 pm) T2 Hf (159 pm) &t st &1 e
TR A RIS SMeh= o1 TR0 21 =8 3 Hgei
o Uhfd § WY 1T S qef $7eh JUahivl H Icq
HfeTE & fau sweE 7

eroEe |, La(l) @en Lo(II) #fes 9q@ §, 6t off we: +2 aen +4 1
foera= ® 1o S iRl o Sufterd d € 98 eifEtidd (SE R st
T 7) e, erdfafia qen qofafa femement o sifaftaa wenfae & wro o
STt 21 37 Ce'” ol Sehte 9 Affa=rg s@eh a1 o e Bl 21 W ¥
T Yool SRR 8| 3d: Te [: GE +3 faee H 37 S 21 Ce'/
ce®™ & E° 1 W +1.74 V ¥, 5 7% 91 § fF 78 a1 B ofrdigd
Gehdl B aufa, 39 sAfufwan w1 < sifue ot ® o gEifay ce(IV) TR
=1 fagetunnenes 1fyertes ©1 Pr, Nd, Tb @2 Dy i +4 SileRiiehtor afereen
Z9id ¥, T e MO, sifesel §1 Eu’’, s Soiaeil o qRemT gl ol 2
qen 7 forare g9 SRA % WM 1 IO Bl 81 Eu’ U Yael S §
S gEe +3 sraeen | ufiafdd B S 21 36 YRR | Yb, foee forrd
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4.5.4 QYR TFIETETOT

Ln,O,

2, TF ATEEF # FE G el Th F L HuRd § den U
fieRfehReh <1 <hTE il &1 HUREH o1 S8R JUGaH o fefers foerar-spern
?, S +2 1 +3 ST SRR SFET YR hedl

Gt orreETe i 1 e Yod qel A gy © SR o H qRd a3 gl St
& T shHleh | gfg o W wSral d gfg el 81 Huie widl %l @e FoR
Bil 81 gk Teish 1000 ¥ 1200 K o HeA Bid € W SufEm 1623 K
W et 21 ekt fafdme ong SEA B € qen 3 e ue fo ok o
T B4 21 ehael Eu 9 Yb 3R -4l Sm 9 Tm 1 Sigeh ¥l
Ao o= TN § ety qfteds g 2

3w BEESt dreREe A S st 9o foeEa | Ui B 1 s
S T T [ TRl 1 Sufkefd % SR B 81 La® qen Lu® st |
T g off i e & W U9 ereATTS e TiE e | R off, Seed: £ &R
W & IS HererEy eIl o€ HHvl B B fO(La’ 9w ce’)
b e Lu®) & afafe o= @t SRt SR g B B

SSRRTEl Y YU P THfeTs %1 8F 600 kJ mol | & S Bl
21 fodfra aem el %1 7H @mHm 1200 kJ mol | €, S ehfedw | o
e €1 A SE T o 7l o foreron o forqga foeer @ 97 e
foereran € fop fafma et o1 wec (Sian o gem Gehaor Soft o 3d Herhi
o) e, srdafia den qoiaRa f =) &1 Fo 9 76 e 98= w3 | Jdid
Bl 81 98 oS, Teifatem qen egeiiiEm ol g et Tl ok
FEER = 7§ e 2

M 9 T 907 o ARG dlel TS 3797 T OeR § hieqad @i
T §gd fehaeliel B €, T 9gd WA hHish oh T 7TE Uefuiam i e
SRR Hd B

a1ef erffaman Ln3+(aq) +3e7—>Ln(s)a?fFﬂ'{Ee E|
T -2.2 § 2.4V % WE § ¥ Eu % @ E° &1 HH
—2.0V ®| freEie 9 | orer |1 ufiedq €, eEger 1Y
o eI | A I W TH i T YU TEgeH § 949
T A B g 1 e oh WY TH HE W hEEg—
LnsC, Ln,Cs @91 LnC, sd 81 98 o 7l ¥ grEgeH
9 Yot hTdl B qUT SEISH o oTaeRl H Sel T 3elEE
T &1 3 SATRES M0, a1 BEgiedEs M(OH), STt
2 egieEe fifv=d Aifier € 7 T sherel BEgE SfeEs|
A qRF G UGl o SRS qOT TGRS hi i
N B B STR1 GE Afufmae fos 4.7 ° wefi¥a
1 T 2

R 4.7— ereTel 1 TaEfE afufEae CRSATEEl 1 Had SYAN WiE qefl UEY S o fag

W o phl2

g ToTd & Scued H ©1 Tk guids fasng faer ang
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4.6 Qfresies

(misch metal) & Sl T w-EHE HTq (~95%) 3T (~5%) Tl AYEE S,
C. Ca, 9 Al § &1 €rdl €1 figer &g 1 ercafersh wmsn, Seifyrem emenfia fasng
o ygerd Bl @ S S hT T, e A1 Wil 99 gooh T o Seaed o
fau Swm o o S 1 orenEel o fHidd stfergel w1 SuEn ueifaan
IS H SR i W HA S B OIS o i AfEel s SYEn
AT (TRIERT ) o &9 o Cefifore 98 | de 3 YR 1 Sfiar< Hel
H fopan S B

UfsrAtgel # Th ¥ Lr @ =158 dcd &1 S deell o =8, Fehd 21 e 07 FROA
4.10 ¥ U U 2| feetae Wedmafwa o € qon yRfew GeEl wi srufy
TR Sk Bt 1 WY SR aIct TS ki 37y k1 WG U A G 3 e
T 21 ARMYEH (Z=103) &1 21ufy 3 fiFfe B oI5 a1 U5 shedl SHEH
e & S S Hehd €1 39 9241 o ShRU Seh AT § A(Ueh hicgal
et 2l

ARUTt 4.10- UfgefEw qen UfeeAtasi o %9

89 UETERE]

90 DlItoL|

91 eferfrem

92 fm

93 Jefem

94 eI

95 TR

96 HEFH

97 EEaph|

98 EAGEAIERE

99 AT
100 wiEm
101 Teeetifoay
102 Aty
103 QIR R

Ac 6d'7s” 5f° 111
Th 6d°7s” 5f" 5f° 99
Pa 5f%6d'7s” 5f* 5f" 96
U 5f°%6d'7s” 5f° 5f? 103 93
Np 5f‘6d'7s” 5f* 5f° 101 92
Pu 5f °7s” 5f° 5f* 100 90
Am 5f77s” 5f° 5f° 99 89
Cm 5f’6d'7s” 5f7 5f° 99 88
Bk 5f°7s” 5f° 5f7 98 87
cf 5f 975’ 5f° 5f° 98 86
Es 5f''7s” 51 5f° - -
Fm 5f 12782 5f11 5f10 _ _
Md 5f13782 5f12 5f11 _ _
No 5f 14782 5f13 5f12 _ _
Lr 5f6d'7s” 5" 5f"° - -

* %hadl [Rn] ®I o &1 Solded 9T T gl

46,1 ToAaRiteR fa=ma W ST @ b @i Wfeetaei ® 7s” fomma @ @ e 57 wd 6d ST

o ufterdeiier et g1 21 =i5E Seieiqil 1 Few 51 STehiet § giar €1 «ifew
(Th, Z=90) T% o T&f W Pa T Tk 3 Tt Tl | FafHd &9 9 faw
B U TRAIY] G&1 103 T g R 51 ek 0 &9 § 9 a1 &1 eSTE]
% TH UfgeArael & soaeie fo=mdl o ifafaaad, 51 suswier o sufted
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4.6.2 EME MMHR

4.6.3 3TTRATRITT
T

£°, 7 aa M farEi & wenfae 9 wefad €1 39 YRR Am de Cm W
TR fa=I| %u: [Rn] 57 7s” @ [Rn] 5f 6d 7s° € T&f, 5f
FHeThl qAT 4f FHeThl B, 3ok T Wl oF HIUINT 9M o G § THAEAr o8
ST € W 3 394 o9 B TR B © T TR Af herh| o1d: 5f etk 3y
% Ul W e W A o Hehd B

AR MR o T o WfaeAiael &1 9 ygta ot ereAigel #1 & @e
21 9ot F weAro) Steren M AT o SRR | efi-e e B g 21 5d
UfrRAigE e (eSS Sger i ) o &U § H(dd feman <1 Heha
21 Tl 7 g 39 Svi ° Uk ded W TER dedl W SRR aagdl Sl € S
5/ el g1 gefel UREETT (shielding) s R B

Tfetae 9oit o sifediento staeensli &1 WE Ay ¢l AR €9 9 SHH
HROT 5f, 6d T 7s TR 1 GUGed o1l 21 UfRATS 1 i i
JTEET GO 4.11 § <9iEh T 2

AR 4.11 - Tt Em agr Tfaeise! st STaReRIuT STy

o
o
o U~ W

4.6.4 WAHF TS0
qqr RIS |

W o phlé

N o o ow
N o Ol W

UfeAiae amrd: +3 Sefihu sewen guid €1 Si oh uRf9s
- W oo Ted I : 324 SRR STaet Fefdid id &1 3eetoned,
Jeuan STl 3ol Th § +4 8 Pa, U @91 Np  %uST: +5, +6
A +7 q TEd W €| W 9% o el W SRR SaeATT Hedl §
(TRt 4.11) | SfeeArael o oreAtael § 98 wamd € T 78 +4 s
ST HT UeT +3 ATt raeen § iy Aifite WA ©1 Ay, +3
AT +4 I /T S HUEed e HI Ygfa Bl 1 UKW T 9% o
UfeeArast &1 St aeensy o foaaor o sa+r Afues stfrafydar qen
fafar=tar ar St €; T eerdftrTor sterenati o wed o g9 el o T i
Fefien T HarvsHE @l el
gft tfseAige oqe SEH A =it 1 @ o € =g faft geR %1 g
Tt 1 SeEAe ¥ fg=ar 1 wRo difess Senet § sifmfiaa €, S
TeATTEl O wE stfue B

Uferiae sreafus sifafwamtia «qd §, fasioet <& o gea fafsa i)
T T Saeld §U S 1 a1 U SATRIES A BTESES 1 M wrw g @ 3R
arferenter Temgetl | WAISH, W 919 W il €1 eEgieiieh oreet Heft erget
1 e a1 €, W Akl ey Sk TRl gRI, e1ed weifed et €,

2024-25



Il T 37 wrgell W Afemge &1 wefl Tag o Wt B1 Rl 1 3 ergell W
g Y& @l gl

ATl o o U1 SROATIEl S o o stfues Stee §1 Fef 51
o AGIfeld solaeHl &1 & o WY Ufaedrael 1 g ggfa § afedy
A S E R S el o fo gwa R | €, gt 3 wH
ATl ° o atfusw g €

tfereAtae] o =Iaer 9§ 98 T ¢ foh urfs tfrearael &1 s woed
(7=t w&t ®9 9 96 T ?), IR ool 9 % €) 98 Sfua ot wda
Bl € Sifeh ST 5f hefeh WG WA B ol of ToieHl o Sfidiieh Hig | %Y
e HiT| SEHTAT 5f Seiaei HHT e HTd -SHTe! o 4f geiaril i
o H 31fuek gael ®9 9 afifaad g tfeedies ¥ a/I Soige %A el
Y S TEYT % oI UG B B

fafi=1 @eron o wewd o fSent foremm S foan s w01 €, Ufertae! =t
RISl ¥ qo G W B U € foh UfeArel § oROniIEl i aE @
SeER, Sl % I 9N d%h UEed qh geae Tél g 21 fR ot arfve
tfereiae ot oFOEEl 1 e SUH W Ghehe WHHAIG <9 W qe ol o
iteh afad weitid e o faed-Sierd €, S stferfiehtor stereen 1 ufafdd
B aftafera T 1 SRS den WfaeAige g o dl o TR W faggd
e TSl € AR EfAT W Med | $eh 3 ST ol dedl o ol W ot
TE TSl €| SIS e S Hewyul §; it WfaRATael o v
R A qel 1 WA A % FHH T e

SEE0T 4.10  oRYATIE SN o Uk HEE 1 AH Sqaisy S +4 ATRIIehT0 STere <9I B

& difmm (Z=58)

QAT 92

4.10 TEATTE A HI goidl § T ded § SH e o ot Uferediae e eifush e 1

Fii?
4.7 d- 98 f- =qle®
et % PO

SR

ARl e LT T Hewqul Faior Wt B SRt Seae SR SAfege o
AT, ARG o FTohTEe q2 e 9 fgmer «igeil, 9 Cr, Mn 3R Ni
o W0 W UG 21 F® ATl 1 SR F9 foRiv Sevd o fag g
2, S TiO %1 9vish S&im § 3R MnO, 1 Y oei defi §| of e o
Zn @ Ni/Cd 1 i seggehal agdl 81 avi-11 o dodl ol RIeTg Hel
3fea g =y faeer 9 Tiee 1 axqstl &1 98 had GUgUl a& & Hifd
21 T ® qe1 WHShTe UK ‘s’ foeeh orqd o shiw sfefi & & 3iiR
‘faeer’ UK Tk Cu/Ni frsirg € sgd @ emqe sii/an S9ek 2ifier T
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Sgm § HeEyul SARe B GewRe ol @ Scaed H V,05, SO,
HATREERTOT 1 SARA LT €1 Al(CHy)s o TiCl, TEHeR ST T MR
2, forgert Suam difergforefi (iferuef®) & saarea & e @1 ' fafu
N,/H, g0 ¥ oHifan o ¥ o fou 3ToRA 3& oh &9 H Yo sl
21 qel/aE o BESNFA W fehel S o ®Y | Yge Bl 81 TTEA o
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Sufeerfa § &R o T Hferd i o IYHI Ucdl shi STRAhd el STl €1 WiefiEm wiTHe o fate
o UEUCHEE 3EEH (MnO,) 1 STAN fohal Sl 21 SEhme e WHTHE SHI € Fael SAfeiiehieh
e

3Tafter HerAv dcdl 1 < AET rMtae qen TfeRAias Tad RO o _f ~&cteh 1 T Hdl

&1 4 f Aiafier ekl o SRR U eF o T Sty engetl 1 W] SR et Beeet | wive
T (CFIFTTS 3Tehe ) Bl 2, FTaert 9o o1 ot qedi o T@EHA R 99@ §9 Y qgdl €1 oo
A TATTS Ut 1 YUY Yo a1 43 Bl €1 5ol 9 e o rfafhar sieh foerad | +3 ST o
At B| TG SRR STl +3 € TAM WA: +4 T +2 SATiiehto] Sferet oft e ergeti gy g9t

W o pll6

2024-25



St B fafa=t sttt stereensti ® feord @ o RO Afeestarst o1 W@ st sifed 81 g9 o5
o ufereize uqu eaud € St 57 aigetl o e1emad &l s & 3 B

d Q1 f- =Aish b dedl Al ok ARl o Sigd SYANT SHANT €1 598§y ¢ fafe= yehr & @i
TAM H, IO, Fpel qq HIeTh TSIV AT H

STFRITA

4.1 frfafed & soeaeife fa=m fafau—
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4.10 RIS G M- Ol Siadiervl sTaet yefé &t vt €72
4.11 FNU IJ Y TR HifTC—
(1) GHHUT UIqE 1 STok SR AR TR B
(ii) HHHOT UGS B HUH T & HH I=4 B 2
(iil) AT YUY HE: T AR s 2
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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

MZ*/MHWM?’*/MZ*W%WﬁﬁWmgﬁ%yze%tm:ﬁ%ﬁzm%

cr’’/cr -0.9V crr/er’” 0.4V
Mgf*/Mn -1.2V Mr£+/l\/12r+12+ +1.5V
Fe™ /Fe -0.4V Fe  /Fe +0.8V

SR kgl o MR W Fafafag w femoft Fifqu—
(i) et wezm | Cr°” @1 Mn®' & qo | Fe®' @l e
(ii) T Ufhan o foau i steren HT gl 1 qor H STERd o Sfaiiehtor | gl
frefetea & m @ e Sefa faeee o i g
Tio', V>, cu’, 8¢ Mn™, Fe™', Co”", Ui & eI sror warsu)
YT HRHU YUft T TGS T +2 SRR AT oF TAMIS FI ol HitsT|
frafafad o 3 §, drefae T Ui o WEE &1 gorl S

(i) oI fo=ma (ii) TRHE TE SAfE SER
(iii) STerdiaRTor e/aXel  (iv) TEmEHeS Afafwamsiiern
aq fr=fafed & feg 9R 9 w= F-

(i) d" =fwfist % @ or” vae SUEEE @ Safh I (I01) S S 2
(ii) el faemm o wiaee () e @ Wy Hehorsrl aifqmdsl w1 Suftfa § 98 ierdrgds
afferdiepd B T 2l

(iil) A 1 d' for ereda e B
AU ¥ 3 N T &2 Selid e § rEHdd afafmaret o < st )
T GHUl 907 R G u1g g qu A +1 SAeRfRT sraen <uiidt 27?
Frrefertea e smeml o srmfad gesl &1 T St
Mn”, e, V*' qen Ti°T T A & W Seltg oo W sifoeerh 22
IV A U HHAU &1l o WA & Hefafed sifreteon &1 sror saee—

(1) AT uTg 1 Fefqe iadEe AN 8, Seih Seuqq sieuEe swayH el 2

(ii) WHAIT U1q HT I=AdH STFHTHO] e ATFZe] ae FgeiEel § e et 2
(viii) 9Tq o SATRISROTEA § Seody SR sraee FEi¥ et 2
frfafaa & o m & fou fafr= 9= &1 Seera Fifsg —

(i) HMEE TTF F K,CryO;

(ii) TEUFEEE ¥ KMnO,
gy =0 B2 oFoMEe uigel ¥ I Tk Y@ g 1 Seoi@ i) 3Heh A o SRy
HidRer WeHaoT deel A &2 ey fof Fefafad § ® @ WA HHiw AHE FHavl qell & § —

29, 59, 74, 95, 102, 104

Ufertae ql 1 W@EA sa fataa T8 @ foa for orntae a1 W@ 9 qol sttt
STEEenstl o YR W T8 HA Hl SR T hifg)
TferReTgE Sft w1 AfaH qe i | 22 36 dcd I SoleRieh forard Tl 56 oo i Heiferd afferdeR ol
sraeerell R feoqoft spifew)
go-T1am o SR R Ce®” P o goiaieh Toare sl Sa=1 SHITSq qel ‘ Teishol =15 o' o SMER
T THS G AU I T ST
AT A o 37 Wi a1 Sooid RIT S +4 T S +2 STTFRAFI0T ST I T TH THN
% AER AUl 3ok TR I8 o o9 Hael Tefa e
Frefertad o ded o Ufeetas Soft o del aun ereAtaE SOt o qel o TEEE ST el St
(i) ol fa=ma (ii) SifeFERTor sTaTem (iii) TETEfE Afafsmamiier
61,91, 101 TA1 109 THY] HHSH dTct el 1 S fo-=ae fafau)

WA o phd8
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4.35 99 4UTt o RV Teoll ok AT k1 fgdia T g oft o ol ok ga awt 9 dfast ol o ge

Fifr) Fretferfa fagal = faom wee S

(i) seeie forary (ii)  SATRAHTO Sfereed (i)  3F Tt qen

(iv) THEE SRR
4.36 fr=fafed o o g o faw 3d goiael &t gen fafau—

T12+, V2+, Cr3+, Mn2+, F62+, Fes+, C02+, N12+, Cu2+

MY 37 SeAdiferd oA (STRFHE) § Uid 3d Ferhi o1 ford Jhr ifemea wi? 9iisy)
4.37 TUH GHHT JUN o qed W WOl dqedll o ek O § fiar wefii hd B 1 fewnht wifsw
4.38 frAfafEd 9o TAefsT oh Jaeid ST o AF 9 39 31 freant fepreii?

IR Ja®Ta STl (BM)
K,[Mn(CN)g) 2.2
[Fe(Hy0)el”" 5.3
K,[MnCl,] 5.9

qGARAET 9t 36 SR

4.1 fOeR (2=47), +2 ATFHAFIOT T YR FT Tehat €, o 3HF 4d Feash Tt W g E o 7
GhUl qd B

4.2 5% % 3d Hereh! o Toa Hifcreh TEEH § g el B4 © Stafh 3d it o 9 weft enget o
d FEF o SR s ey o H YT B 2

4.3 HTHIS (2=25), o TH] | Falfush e geEE 9T A 2

4.5 A el § sifafia aited fafa=t 3d fommal & wenfae &1 amar § f=ra1 o HRor € (ST
d’. d, d'°) s w9 9 el 2

4.6 DR AHR TH I=d fEd HUMHSA oF RO SRS AT T, g hI IHeh Iod AR
T T SFiehd HL Tehd B

4.7 Fe’ 1 o ¥ Cr Uk Yadl Tq=mEe 9 2l
FW0- CrY ¥ Cr” g H d' > @ ufteds g ® g Fe' ® Fe¥' # d° = @ d ufted g 2l
Sl S W § d 1 g § d et wrl € (39 CFSO)|

4.9 Cu’ el faerm # erEHiaa g 2
2Cu’(aq) — Cu”'(aq) + Cu(s) 6% fe@ B AM IR T

4.10 5d TAHA THFT W Y 96 €9 Y ffrd wd T T I § 5d Iela [l H 90 § U q
Y T qd HT IR IH T gefel IRRE0 g gRafad g 2l

119, d-TH f i ¥ 7
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