ER&

TH U o LT o Y AT —

ST WRT § d- qe f- sl dcell bl
feafq s urw;

HRAT (d-scih) qAT ARG HehHT
(f=ctehr) Tl o geiaRleh o= <
Hohl;

Terare fawe o wed o fafu= etfsrdieo
TR o oI Tnfad & Hew
1 G R,

K,Cr,O, T KMnO, S Hewqui i
o fotem, o, SXEAet qen S
U H T T;

d- @ f- Wik o qal oh WERT IOl
a3 &t ygfa o o 1 gyt
% IR H THS Tk

f- =i o qcal ok TOT ST UM HT FARA
q A-ITTel e UfeATgel o ok
forme, silerdiRtor sraen e THEfTR
FEER H JaIcHS IR HT Hehl|

Tchch
/)
il

<) . \\ .
CRIRCHIN (B

chouel e

“TET, W, facaT 3i Ties — T4t TehaoT deil U offa & i ara

Qe o faehrd o wgeaqut gfiekr 1T &1 efiaier kAT e W9 Th,

Pa 9T U 3gfar &1 § TR St & 9 &id 35 & @ 817
31T ARt o d- scifeh | o 3 W 12 o ded 3 ®, forew =)y <
3edl W d R W §1 f sl o oo of @ forw el et
o 4f A 5f hereh TR R W §; I8 AEd GROi o e Th
3 WUE § @l T Bl d- TS f- sileh oh dcall bl hHT: HeRHUT
T TS 3aieh WeRHUT dc it hed T

GHH dedll b1 g&T &9 9§ =R Ao #, 3d 9oft (Sc ¥ Zn),
4d 9ft (Y& Cd), 91 5d 9oft (La den Hf ® Hg) den =t 6d
Soft f5rd Ac 991 Rf® Cn e dcd 311 & | SAAieh Hehaol deell i
T Ao, 4f (Ce @ Lu) 9o 5/ (Th ¥ Lr) HAY: oreEMigs qel
UferAtae weard 2|

TeEd ¥ HHHU U1q A1 39 92T © A1 o g a9t o
s @1 p =dAleh & HeA Uit g &1 31« JUPAC o 38R Fhavl
el Bl UE urgeti o w9 H uRwfia fean S € e g
el T | d-herh 21qul B &1 ot 12 o T, Shefiay qen
TR H 3Th! T SR A1 ITeh] WA STTeRdTehio] sraeen | qui
d'° fo=me ? ol gHifay 5% Hemor g et o S fee of,
FHY: 3d, 4d A 5d FHHHU AR o SifaH WS W o HRO
Tk THEA ol T2 WehHUl HTqal oh T o @il fepan S 21

9ok TS # SfTR 9RA d- el £ ekl ohi Iufeerfd
THAU) qedl T SEHUY dedll W ST A 2| T FHeRHol
el R Seh AT w1 A e § fohan s 21 fwe ot
ISRl 1 W fogia S STEHA Al W AN el €, WehHul
el W FheTdTesh Wk TRl S Eehdl B

3 Tgqed e S feeR, Tiee qen wifem 31k sienfie &9
Y TEEqul YIqu S PR, R g g fEm gt GhHor ue €
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4.1 A AR A

4.2 d-=glee acal
® ZHagliere

9 Theh H B, YhHU T@l oh Solaioh O, SISl qef |H T[0T
R foem w3 5H gom 9fed (3d) & d@ll o O H Jgia W Afs 2
9 3 FS W@ AThi o fo== 9 I h1 1T B4 dedgET Hidfh
HehHU U3t oF TH Tedsli S gelerii+eh fomard, Sfieriiehtor sraremy qe
TEEtw sTfafmareiea ® faar &

GRHUT d ( d-sctieh )
a1red AR 1 ST HEA A d- stk A W g3 ¢, feh <Al S s- et p-
wten Teerd €1 5ok TATIET § SUifad Sefl Tl o d- hefehl § Selge= o S
& 9 TW PR GhHU U1gel w1 =R dfemal tufq 3d, 4d, 5d a1 6d I
Bl 1 HeRH Tl ki A8 Aot arelt 4.1 # <R T €

G w9 Y T dedl B e Harhl %1 e o (n-1)d' ns'
21 (n-1) 1afier d ekl i 3T a1 2, f9 T 9 <@ a6 o @l
Tohd & 1 9IRIAH ns % § Th 1906l I Tl 8 Tahd 21 Wg (n-1)d
T ns HEHR 1 HelsT | 9gd oA I o SR 36 T 99 o 3
Aag &1 g 31 e ol ufkd werehl 1 Tenfae sTdengd Sife g 2
THHT TROMH 3d 9o o GhHY T, Cr o Cu o Soai-e o=l o
wfafaferd i 21 3@ o foaw Cr o 3d'4s” & T W 3d°4s' fo=rg 21
3d 9 4s HeTehi I SHestl H A T A € o g€ 4s SoiaH o 3d HEH
T 7oy %1 U Fel Ul 36 TR ¥ Cu § seiweie fa=mg 3d *4s” 7 g
3d'%4s' B HHUU el HI Yol AL H SEd heThl o goleih faed
groft 4.1 ¥ fu e €)

AR 4.1— HehRUUT el oF STel HaEieh Toward ( Jel 3Tawel )
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Ac Rf
Z 89 104
7s 2 2
6d 1 2

st st

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 @ Cn o Soiseite fa=rmd, 9= 93 (n-1)d ns’ 9
TR foRT ST €1 3 dc ki ot STeeenst qe = SR sterenst o
Tk etk qui Wi B €1 sifery 3= HeRH a1 Soft o &l wen s

HHHU TAl o d heTh 3T HEHI (s p) T U THY] i HIE
TR a1fereh were eid €, o7d: o 3To URaw § Siferes geifad g € 9o gH WehR
T IR SR o AL 1o SUSH w1 f gt d 21 S Ygest o, Th
¥ fo=md d” (n=1-9) Tt 3Tl ¥ 9HM a1 Td Seiaeieh 07 91T S
T itk ®Y § 9Ra d Fewl & HRO A G F ATt 0 <9 2
SH— 3 SATRATRTT ST, i AT 1 9941 a2 3 Yo o forTel
% Wy e o anfg)

HhHOT HTqE G 3ok AMfiTeh ST 07 o ST geeh1d SR i g9id €1 59
Geft fegrasti ot e foedR ¥ 39 Thes | W% 1 T 2

STEFHAY Teoll o Tradia TehHoT el b T | &ifast THHaTe stfereh o St
&1 aenfy, = ot gEEAT ot o S €1 eH Tee I SAfTcsron qen St
&fae W (wq@Ea: 3d dferk) § wgf w1 e w3, qovE $e ot
TAEAE W fo=R w3 91 @vel § 89 had GhAu I Hi YoH Sl Hi
AT |

SEERUT 4.1 37y fohE SR W T e Hehd € foh Thivead (Z=21) Tesh HHH el © W foieh
(Z =30) T&I?

Bal  ThiSIH i ol T | 3d Ferh 31Ul (3d') B o RO TH TRl dcd T

ST @1 Seten ffeh WA | Hel Srerwen qen tiediehd ofereen S # € 3@kl 3d
etk g 9IRa (3d'°) a1 €, oFd: T8 GehHl dcd el WA T 2

qqARET 92t

4.1 foooR wAM] *1 gor oreen § gof afd d wew (4d’) ¥ MY HY ke HHA T
% T& TH GHHU dd 27

4.3 HZBAOT et
(d-5ilep) B
A FOT

AT WA HWeHHOT e Afqefcesh O, S S a9 ®WMed (tensile
strength), @@ (ductility), I&=@ (malleability ), 359 Ad™F ae
faregq =Tetehal Te e =9 <9 €1 Zn, Cd, Hg @2 Mn S ST9a&l i
BISH T A9 T 371 Teh I1 T4k Yrsftes Hifcereh ST el 21 HhH0l
el 1 fafe=1 Serer SoaATe e wnelt o oo @ 2

93y d-TH f i % T
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hep hcp bcc bcc X bcc cep ccp cecp X
(bcc) (bcc) (bcc, ccp) (hcp) (hep) (hep)

hep hep bcc bcc hcp hcp cep cecp cecp X
(bcc) (bcc) (hep)

hep hep bcc bcc hcp hcp cecp cecp cecp X

(ccp,bec)  (bec)
(bcc = &1 Hfxd F919; hep = YHIVIT [HfGEaq Tgerd; ccp = 719 [Hfa€ Tger; X = T 99 eifcasd Ge=).

4.3.1 siifae TOT ohm e (Fofeh, hefiram qon Wl % Tl % W) e U T
ATt Bl €1 ok Tt o Feeish $vd Bl g1 fo 4.1 ® 3d, 4d 99N 5d
ot Y TR et o T U MY E S5 e 1 HRU FROH v
fcreh <o H ns goiae o Afaled (n—1)d wehi o 31 seige &l
GRS €1 Sherel Mn d@ Tc o 3T9eR] shi Bigeht el ot Soft o engeti &
Torish d forre T stfeream Bl € qel 9gd U W] HHiH o Hiel ]
o frafg &9 o S 1dl 21 6! U T (enthalpy of atomisation )
& O S B € S foh o 4.2 ° <witen w21 e goft o e mem
T S WM 59 T2 i ST € Toh Welel SHaRIauHIivesh sr==atenan o forq ufa
dheTh Tk ST Seidei 1 BT fasiy €9 ¥ et ¢ Erd: Garsishal

4 900
— goft 1
W 8007 — s 2

600

500

400

300

AH /kJ mol’ —>

200

100

TIHY] ShHlh —>

o 4.2— GHA Tl #T HUH Tt BT ggraar
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4.3.2 HeRHUT LTl oh

AR 3MHRL
o gfieads

solagHl i Ge fSa sifus gntl, 3o & yae afl sEeE g <R
Tl & "R e fave o feior § o et T Hewyul SRk Bl 3T:
TEd Ie9 HUM TR (fold 9gd Sed dauAlR) aefl emgel ® g
sfufpanet o Scpe W #1 e {1 (3oaeE fava & fog ok | <@
o 4.2 & YR W T 34 qEr 2 fepren <1 wshar € R gem
FET S % W A B ge § e e g Ao % A w7 woe
Tt o UM afues B §; T8 W HwRHOT Gqet o AR § erg- g e
% §g I W Tk HEul SR 2l
M Sot § Fgd §U TXHIY] ShHieh oh H1e THA SAeR aTel ST St e
T IR BT Bl €| THH HRU € foh St ot Aferta emew § gfg e 2,
rfaftert Seieei= &1 o d Sfifded W 9ol hdl 81 qH: TR0 & {6 d selee[
1 AU Y9G (screening effect) FH FHEE €idl €, 37d: TRTRTT STE9T
AT SEIAH Seiae( o o= =2 A 3Mehuul ¥ gfg &1 et @ e sy e
1 A S S 1 TH YRR i ygta freh doft o wAny Sewmst § o e
St ®1 g Soft o et & Al § g% ufteds sga dier g @)1 U Uk
e Y19l § el 3Tl B Wi TRt oty Wehwor Soft o el 9 SRR T o,
TE Goft o G el o SRR 9 1 Sl €1 o 4.3 % oo <l & foR gem
HhHU Ut (3d) ok Tl i gordl § fgdftd Whao 9ot (4d) o G dal
1 SR g1 & W gard Fehavl Soft (5d) & dedl w1 AT e et €
S for fgdta SorHor 9ot o W el i €| T8 URES 4f el o o o
3 & HROT et € o goteiql &1 emufd, 5d 9oft & awi ok d ek |
3MIfd IR BH | T8 B AUl 5d HEhl oF YA 4f HEh H SOraAl hl
aafid o o T Bee ¥ fafia g e @, R eremtas et
(Lanthanoid Contraction) %&d 21 S STEva% &9 ¥ sgd §Y WA FHih
o 1Y WA SR | g2 qufad Jfg 1 afaufd s 21 RAtge g
o T Y9E °h SRl fgdd UF g hHo 94U oh STIEY qell ohi e
TAE B St € (SR Zr, 160 pm del HI,

719 159 pm) q1 gk wifdeh T @@t i o
{18 TAfeF THMAA T S 2, S Q= i e
117 o YR T 37Ul ToFar o off =gd eiferes el 2

T M= o fau STREEl wRe @
aE € S Uk = WehA Soft ok e <@ S @
q GHA HROT o foru SwRarE €, orefq wh €
=99 o &kl H Th soiged g gE W YUl
STER0T YATE| W T 4f S g1 R T 3TER0]

==1/nm

1 1 1 12

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

Co Ni Cu Zn HE, T d SR g TR T SR Y9E Hi
Rh Pd Ag Cd A W T Tl ® q1 S-S T it § i
Ir Pt Au Hg ey # gfg et €, weft 4f" ekl o SR |
T 4.3— GFAT T T T Genst 7 ggtaar frafia g g 21

95y d-TH f i % T
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Hifcaen 5o o B9 oF W1y TRATvaesh SHE | gfg o IRUTTEEY 3
Tl o T | W I B ¥1 39 YR i Heequt s gfg Tty
(Z=22) ¥ HR (Z=29) T @ I e T (AR 4.2) |

ARUN 4.2— TIH WHAUT ST oF Al o TR (919 TS 9 3= U7

UIHTU] SHHTh 21 22 23 24 25 26 27 28 29 30
ESCEURC TR

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 T, A H /kJ mol™

326 473 515 397 281 416 425 430 339 126

AT THUt/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
aqifeler/3maf s M 164 147 135 129 137 126 125 125 128 137
r=d/pm mM* - - 79 82 82 77 74 70 73 75

M 73 67 64 62 65 65 61 60 - -
Wgﬁ?ﬁj@ 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 - - -
¥9d/g cm® 3.43 4.1 6.07 7.19 7.21 7.8 8.7 8.9 8.9 7.1

GEEU1 4.2 GHHY dcd HUH TIed o 3= I A 0 22
gl iR Tioh TR § WE HEm W e ToeeH B ©, THieY s ged
SAATTIh 31111 fohan el @ o7d: TWATpSH oF Hed Yool STeeM o Thora&y
FHUH T I Bt 2l

agAREA 92
4.2 907, Sc(z=21) ¥ zn(z=30) ¥, TSk 1 HUF TeW H GF FAE HAH T S, A
126 kJ mol'; i?

433 AT TAGH  oTiaRe d Fahi & A 3 el AR 8w § gfg 89 % HRoT Soft § =
F Tfedt SR Fe7 W HHH Svft o deell 1 A THedt § ghig et €, wroht
4.2 ¥ YW GHAT SO o el i WoW dF e wefewd o 7 fRu e
B 3 Ol g e © TR 3 a1 i Tl o of dig gt el g
St fop STHETUT qel Wl WehHoT qeal wt SO W STE T el H uftedH
STEFHH qedll 1 UMt T W BT 21 GHIG: ToH TEH Tt o 94 ¥ gfg

WA foaH 96
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Bl 8 g ST deall o1 Tgdial Uel qeftar e et o aml o g8 Jfg i
IRETOT W W St gl 2

3d Aol TGSt w1 qeM S Tl i eAfatid ygta i T@fy g
WY T e el © R o g8 Sqeietor e < wehdl € foh U getee
Yok U W 4s 91 3d HEmh 1 SR Seiel § URedd el 21 S vel @
o 5@ d-wli® ® q P T © @ ns TRA (n-1) d s § Ted
fererd 81 89 S-S 3d §Eell & 3fed § 9gd € d Thivead W {5 i
3R S W AIfF hT STEY & © TR TR SRR SUHIT o hefeh AT
3d e § W 1 98 3d TR 4s TARIA i F&d gU AR a9 ¥ 39
fearfd o g wo Afus gaEl @1 9 Iid W "ewd §, foed 9
TAR Th TR 1 ke hd B o1 wHivesh e % oSt 9 sedl 2
T 3d * | soide A S ° AEe gfs e 81 A S o s
A A T fa=E d° el © 99 4s W 3o Tél el

grr: fgdia 3 Tedt o o o Aifshig ot | gfg & @i aegd
1 99 HT TUeT B €, R Th d TAR T d TAFH I AN ok
3T ok YOS W YRR & HInl SHHT HRUT d-FHerhi i K90 &1 fi=1 g
21 Tl foda @ g0 S e § FRa gfg %1 Yee Mn® @l Fe'
T S W 22 W1 €1 <A A € et s faerd d° R s g o T
9IS 1 WhHOT @A o G el | ot e 21 d gl fae % feg
A et o ufterds s e fetatEd § —

I Tt 1 0 Yieh Selerie oh HI1%eh i SR SN, & geleriql
o ofte iaertor 3R fafea S ® FeR o 81 e &R o w@ifre & fog
fafa ot STReET et 81 ot S, sTaus werenl o qHieen ool &
%A HOd el oh T GHEU Sl B S SIS Fefhl H S o
B & A e Sl ool TR 9% B @ e sifishan sherhi § GRige gEehl
Al [h-Teh oo Bl 8 (8 o1 Tam) | faf e s 1 3@ eF § Tt
5l © 3R T wgd ¥ SEAA wied B s 21 & famre o fafre st
%1 BE Tl Bl

Mn" 35 1 fo=19 3d 4s’ 3R cr' 379 1 fo=ma d°® 37d: Mn' &1
et Cr' ¥ %9 B ¢l 3 YR 9 Mn® &1 fo= & © e Fe #l
el Mn”” @ %9 B SR U= § ¥9 %€ Ghd © T Fe 1 g S
Tt Mn ¥ FH 21 3 o1qell ot et st steen +2 &1 e srupet
Y M HPF T B, HUF TR % Wy-wY Yo U i s ssie
1 off eavgeRdar gBidl B1 9qE UT fgda st woiedt #, ek /M Cr 31k
Cu o fo sryenfyr &9 9 3=9 2, fomd M sl o1 %o & qen d'
o= <t ©1 Zn o foTT Gd 7 4 il € ik 3191 7 TF 1s ol
feheran @ Toed ol @' o wret g €1 gt et et § wath 4s
Feh & HREF §N Sed 7g a9 3R d° (Mn”) @1 d'° zn”) ¥
TR TeH § Afyd HieTE yeffa g €1 W, gaE e e
T 3= &1 B, N IR frohet 1 gdia e wedt % =9 A4F g
F T foF R T qdl B +2 Q I=a ATRNRI 3TeRATT Y AT Hfed 2l

Ty S Cfeu, tferfiehtor sraerati o qericeh T § Hefud
H ANRYH I 7, R off 78 wmee oga wied € SR diehiiels sATqeh ehiol
?q HelerE e R

97y d- TH f =H & q
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4.3.4 3TSHIRITT
STET

HHHU deoll o faRTe oeof § 9 Uk W90 I awel gl AR H o
SRR LT YT 71 AROM 4.3 | 9erd HehHo1 it o dwall bl WE
AR Steeensti 1 geieg foman o 2

AU 4.3 — UIH HhWUT UM i ST hil STTFHIRITT STEEATT ( 37T HHI STTFHIRITT STEEATST Sl
e 2w ¥ fa@ren @ 1)

Sc Ti
+2
+3 +3
+4

WA fogm 98

A\

+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

ST T | SRR STIEAT I a1t T HWhHUT H0 o 7eA | A1
THeh e e 81 Saeeondd, HHIS +2 § +7 qeh i Wl Sierdienur srareey
T9Iidl B1 SO o Al fRARl W ATeRdeRTor et 1 W' wH U S gl
TEHT HRUT el (Sc, Ti) ¥ URN o1 WEEH o fou w7 soeHl &l
IUSSAT STUET el oh ARl IvT § d Sl i 3Tfees g (aiEmme:
iR o feTT W hefehl i Sqetear) [Cu, Zn] B 38 YR 99H 907 o
AR | whireay (I1) orfoshal § of=md & o Ti(I1) o1 Ti(II) =T ger
" Ti(IV) tfass Toml 21 9ot o S BR W {56 H1 THae Siiaiwo
I +2 B (d S i AAER 7 ®) | W Tt areft sifireRan
SATeRieRToT STerEenatl i G WIS doh s a0l d hefehl | Sufterd seieHl i
TEA % AN % SR 21 (Ti 0,V 05,Cr"'0% Mn""04) | T8 Te=Iq dcil
1 S=d SRR oS & e § fefars w3 Sl ¢ foEeh
ST B el Sfeertores wieis € (Fe' -, Co L Ni, Cu'l e zn') |

IRedTT ST STaEet St o Hehmol qeall 1 Tk T &, o1 R0
2, oTqul d werhl § SaHl H1 39 YRR @AY &, e o1 act a5
HATeReR0T STereeati | Weh ol 3 o1 @l 1 $ehT SIB, V', VLV, V' R
IeoEHId © T THH el (non-transition elements) ¥, fafir= siferdtero
Sreenell o HE: < Rl Al qrE S €l

d-=eieh ql o6 o (A 4 W 10) i SATRITHIOT STaensTi i qREd-eierd
o Uk a9 @ i frerdn {1 p-solish o (IR T 99 o R i
T g Fe SATeRdiehaoT STaEeTT T ST Rt Bl ©, SHfeh d-sclieh | STk
faudia @&l 1 Serewoned— =t 6 § Mo(VI) den W(VI) &1 T@ifie Cr(Vl) 9
aferer B 31d: ol HWeEm | Cr(VI), SEHUE o ®9 H Yool AeiiehNeh
? Sdfh MoOs; T8 WO, &l

1T SfTerefiehtoT STeReT aa I STl @ e ek Heped AlfTeh o ¢ forrs
gl S o-eTeed o SAfafea n-aret 7o «ft 9 S i1 33ened - Ni(CO),
3R Fe(CO)s, | Fiohet TR IR w1 SAfaRfierton sfeeen 9= 2|
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SRE0T 4.3

TY GHA d<d k1 19 azy gy qfiad=ra STieienor et J&i u1s

gal Whfeay (Z=21) ufEd=a sAferdieror Tt T&l <9

aAfRT 92a

4.3 HHAU T H 3d SN W HHA W ded wS! G W SIS T S0 ©
TS Fi?

435 M2/M HHeh TGRS
ﬁ i:‘ ﬁ; cﬁ &

\

m yferd A=

Ti V C'r l\/in F:e Clo 1\'Ii C'u Zn
¢ gf@faa 7=

e 4.4-Ti @ zZn 7% & Tl & (M>*—>M°)
% Feiaeie faval o gfera aer
TRaferd qH

WA 4.4— U9 AU F HWHHUT dl oF SHHT-UHER W (kJ mol-1) 3T M) ¥ M |

foeraa # 319 o1q o M° A § ®iaRl § Hefud
FH-THEh e SR A SoeRie fawe grof
4.4 % fKu Mg €| RO 4.4 % AE w1 STAN Hh
TR W qen B % e W % qed o @
ot 4.4 A <wifan o )

HT T T B % RO A5 Ho8R, T6R
el ¥ H, I H 1 rEmeldl 1 SRl 31 2
Haa SAfRHRE o (Tfew ot iR TRW iR
TeHERE 37) & Cu & @it afaferan #d ® 3R 3
F7re] aTafad 81 S 2 Cu(s)%Cu%(aq) T ®qaoT o
AU strevae So0 el $HHT SerdisH Toed @ Hqfad
T 3 e St F B 3 A SHoers At R wree
et UTge o 9UM Ud fgdid SE oo o A o
gm= gfg o Hefud @1 98 A1 U= @ fF Mn, Ni
91 Zn % E° % WM 9= g gR it T @
feren SRUTCH B |

YT & UM e fawel o am

(M) AHS (M) AH®

Ti
\%

469
515
398
279
418
427
431
339
130

656

650
653
717
762
758
736
745
906

AH A, HO (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- T f il % T
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STEEOT 4.4 Cr UGE ¢ SEfk Mn®  SiaRNe, Siafs I @1 d° fo=me §, F:i
= Cr UH ATEEE §; Hifh guew o dF 9 4§ uRefda g @ o

A-9fd t,, TR (THe 5 3@) T 7| @ AR Mn®* @ Mn”" F e 4

stdafa (d) fa=me w2 © S 59 sifafied wenfrE eE e B

qGAfRT 92a

4.4 TR F o BEC(M>* /M) F1 0F SR (+0.34V) $1 56 Gt SROT 9 &2
(Ta- 78 559 AL 3R Ahdee R &H 7)

43.6 WFeh TARIS
fawat Mo /M2

¥ vafat

437 3oadH
JTTeRATehTuT
Taeerell o
I &l
ygtaat

Mn”" # ref-9fd d- e 1 @i iR zn”" # oiaRa @' faemg
sﬂésE@w@Waa%,w%NiaﬂEesﬂa;WWAhde@
Y Hefod 2|

Tt 4.2 § EC (MY /M) & Wi @1 s TR wReadesie st w5
T ©1 Sc o U 39T f71 /M, Sc” % Tl & g9iar ¢ foreen ford
st 9 fa=mg 21 Zn & fU S0 =9 W &1 SR Zn” % @R d
fa=Ie o T geie 1 g1 81 Mn & folq 3fdersha S=a WM <9l € T
M2+ (&) Toein &9 & ol @ wefsh Fe o ememshd =1 74, Fe’ (d) &
HAfafier et =1 <eid §1 V o seerd fr 7 Vo o T @ gt
g (THIRT t,, TR, THE 5)|

Aol 4.5 HHEAO et # 3d S0 o Trht Remgel W i ©1 Sw=euan
AferfteR ol W& TiX, (STRWEEl), VF5 3R CrFy ¥ WIwd gidt €1 Mn i +7
TR0 STareel Tt Teise | Faf¥fd et el g MnO,F 3 8 3R Mn
o qvEd T FeX, 3R CoF, & i ot uq Zrsecise @l el
SIYhaH STTRATRTUT ST i TR YR T i TS 1 &7l a1
@ AT I=9 Ak el o HRU Bl €, S8 R CoF, o gsd o =1 S=a
HeEdSh ARl S8 VFy 3R CrFg o, =4 31y Tl o R gl 2l

ARUTt 4.5- 3d grgal ok EomMgEl & GA

+6
+5
+ 4 TiX,
+3 TiX,
+2 Tix,™
+1

CrFq
VF; CrF;
o CrX, MnF,
VX, CrX, MnF, FeX', CoF,
VX, CrX, MnX, FeX, CoX, NiX, CuX," ZnX,
Cux"

Pra X=F 5L X =F>Br; XX=F, CI, X" =CI > 1

ESICEMERIGET

Rationalised 2023-24



T VFgohaed V' 1 R hidl €, 37 ecllEs Seeiueed T
ATFIRARE, VOX; 3 T1 Fqiisel &1 Sax o1, f= iferdishor sraen o
TIRT STEATFAA €, SHH- VX,(X=CI,Br 3R I) ¥ IR I&l CuX o fere oy g
21 Tl R TiERe o fdied Cu' o wef geee =@ Bl Tl Cu”, 1
I, § afffierd Fear & —

2Cu*" +41° — Cuyl, (s) +1,

Ay 3R Cu’ AfiTeh St et o ereemdt € qen f=eRr sreHdfad

B &
2Cu+—>Cu2++Cu

cu’’(aq) F1 T Cu'(aq) ¥ AfEF F 1 HRO THH SorSH
TIEd Ay qH 1 Cu” &1 g | 9gd iforsh HUTcash 7 81 7, 5 FIR
I fgdia e el #1 afagfd @ eifus 2

SIS i STIaH ST STILT 1 T YSH HI 1 &Il
sierarzel ¥ g Bt 21 siferasel § Ioadqy sferdietol e (FROh 4.6)
IR! o WE W Wl @it ® 3R 98 Sc,05 ¥ Mn,O, T 3@ i figerd
21 o0 7 o 18, Fe o =4 3A/9EES Fe,04 4 AT 1 71 81 Jfy e
oem § e (VI) s °, (FeO,)” , 3H 974 © Wq 98 I8 & Fe,O,
T 0, ¥ fasfed g S 81 sifese & ifafted, sffedioree= V' &1 VO, V'
VO qeN Ti' &1 TiO”" o &4 H Tified Y& i &1 T 1 a7de
SIS 1 T 350 SAFAHIU] TILLTST i TFIA Y FIH i &THT 7Y
% Bl 81 39 YR Mn %1 S=dqq WSS MnF, © Sdieh 3=d A(oEs
Mn,O; | SIS 1 e1qeli o T TgaAee S 1 &l ¥ SHeh! Seheedl
i TH W1 Hehdl &1 He@dNh SifeEEs Mn,O, H, Wi Mn WA,
JIHAHF T Y Th Mn-O-Mn dg Ffed O w0 @ o & 21 V7,
cr’, Mn', Mn" 8iR Mn"" % fau SgFRE [MO,] ST9F T 2

AR 4.6— 3d oqati & AES

+ 7 Mn,0O,
+ 6 CrO,
+ 5 V,O4
+ 4 TiO, V,0, CrO, MnO,
+ 3 Sc,04 Ti,O4 V,04 Cr,04 Mn,O; Fe,O4
Mn,0,* Fe,0,* Co,0,*
+ 2 TiO VO (Cro) MnO FeO CoO NiO CuO ZnO
+ 1 Cu,O
* ffyga siearse

LOly d- U f- scilsh o acd
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3EE0T 4.5

T 491 VO <Cr,02” < MnO; ¥ TiHReE &l § g il Y T H31?

Bl 3EH! RO Tk AHAA & 9% U Fre e & wrfae W gfg R

qGAERT 92a

4.5 TR T h T S0 § ST TRed (Ve SR fede) § stfrefhia aRedd w1 o1 Y wHeE?

4.3.8 TEEAMSH

TR wTgetl TR sAfafmareticr smae w9 9 gReadeie 21 sga-

sififramfterar ¥AE T faraera © qen @i enat | fae €, SafE 3w gl sepe

T4 E° UM

SRE0T 4.6

SRE0T 4.7

W fogam k02

&, St foF TR et g enferd el g

T U1q 1 DIgHL g&H St o ool Tdanea afuss sifufremie g @
S 1M H' 3Pl gRT Siaiishd 2 S €, it g «iget 1 ewger 31 (H)
Y SRRl @ tfufshar e i arfas W H Hwft-weft e e S 2
SR — e A W rEfEn ud SAfeam qq SR vl o ufd
fiafera 1 M2 /M % E° % T vit § freeeh o & o et g
Yo 1 <9 ¥ (TR 4.2)1 E© & H ROMHH WA F AR ST H
yafa gum wd fgdta e woed o 9 o g gfg 9 Hefua 21 7 S
e ¥ fF Mn, Ni iR Zn & E° 99 9= g @ omifad o= &1 o
o sifrs soTeTE 1 St Mn® § a1 wRd (@) ST (d) 99 Zn” '
ot R SR FT A T B % WA G gatud ¥ frba o R
E° %1 9 T SeEa9 HOTE SO Toed § getid 2

M /M*" (et 7 o E° HAl % sreeieA (Ao 4.2) ¥ e © fe
Mn®" @2 Co®" A el forerad o Yeeiad Sierdihtol e 1 w1 H
1T, V2 e Cr”” o vae stoEeh e (STEe) § qen 9 o o
BESISH T G i &1 SSrone—

2Cr2+(aq) +2H+(aq] —>2 Cr3+(aq) + Hs(g)

T S F w9 % B WA

Ee \Y% Cr Mn Fe Co Ni Cu
™M /M) -1.18 -0.91 -1.18 -0.44 -028 -0.25 +0.34
T O | Ifafiadr o RO i gEEsu|

E® M*7 /(M) = " fafva & ?, 58 wW o woedt § st aiteds
(AH,+AH,) qen Seaudd Toedt g 9e Teohd © St o T o) anfead &
fau smemd agd %U et B

Mn®*/Mn"? g & fow B @190 o /o stermn Fe'' /e’ % uHi @ wgd
vk uFTees A B 82 THEEY)

THeh T Mn &1 gat 3TEAA Sl o1 g afess wm (d° @ d° & afterda o fog

EYTH) ITEA 21 3HH TE W T Bl © TR & Mn T +3 3ferl SHE] Hew
H1 T 2

Rationalised 2023-24



AT 92t

4.6 HIE Y AU IoAqY SHRITHIV AT Shael STFAIES 31l FofeinEe | & o yef¥a

HLAT B2

4.7 Cr AR Fe’' H ¥ ®F I TT=EEE § AR F:?

43,9 ekt IOT

el W FaRT & SFTIIH HH T G I TR o Gah 1 FOeR TR
B € - Wlagese (diamagnetism) G 3gased (Paramagnetism)|
fageeha T, I ot &5 g Hfaeitid B € R g g
R fid eid 81 ST Uil gkt & | Yae ®9 9 STehitid B €, O alggasig
(Ferromagnetic) geld &1 ar&id §, diegeache, Sqgashel s = &g
21 98D U WHUU o1 I FGAR B

A 1 I, STeTd el i Suftefd o SN Bl 8, T
TH STAferd Seiee[ 1 gaid YU (magnetic moment), F=e0T 011
T4 (spin angular momentum) T F&1F HIV1F T47 (orbital angular
momentum) ¥ Feferd gl 81 Jord Hehaor Joif w1 engeti o Aferi § wefag
I GoT o1 ANEH F9rel ®9 9§ G (quench) B ST € SH{ET SR
IS Ao T2l @ ANl 37d: $7oh foq Jachia el o1 fuieer 3ad Suferm
IR Selagil 1 GEAT o SM¥R W fehan San € qen g9eht o e fRe
T gk o-A=’ (Spin only) Y §NT &1 S 2

p=+n(n+2)

el n A ToaeHl H1 TEA € 991 p gahig ool @ et A
R B (BM) §1 T TIferd SoideiA 1 gaata el 1.73 o) B
(BM) BT 21

ST TSl 1 Sl T o WY HeIsh1 SO 1 A WGl Bl Aa:
Ufed Jahia STEOl | TRETOLST, STUST qe STl W Iufeerd STuferd seieei
1 G T Gehd faerdl &1 UERT-TE A gR MU YT Fehia et
o HE T JAT oF SR W iRa g Fohwor 9oft o6 qell oh gaehid ST
& A Gl 4.7 ® U e B yEifes e ger w9 9 foeen | sufted
SIS SATEHI STere S STewe o g )

HRUT 4.7 FoehT MU oF URekfed Ta Ufera 9 (BM)

Sc* 3d’ 0 0 0

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

103, d- Td f- ik o acd
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S&E0T 4.8

M n2+
F e2+
C 02+
Ni2+
Cu2+
7 n2+

3d’
3d°
3d’
3d®
3d’
3d10

O = N W s U

5.92

4.90

3.87

2.84

1.73
0

5.96
5.3 - 5.5
4.4 - 52
29 -3, 4
1.8 - 2.2

Sttt foeram o fgHaist e oF ot STt S MU SIS Afg sHeRT W

FHE 25 B

Seft faead o oeeT] Al 25 dlel fgEast STF ¥ STIfad soigeHl i 9
5 BRI 27d: SHeh1 ok S0 B, p=+/5(5+2) =5.92BM

qAERT 92a

4.8 M”(aq) ion (Z=27) & T ‘Yeho-aE’ Feehta Al 1 MU Hifw)

4310 TN SMEAElT &1 o940

fera 4.5 — gawws?vﬁé?g@un%;ﬁ
STl & STeAte faaral & Il ag
R G I SR V4, V8, Mn?,

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

W foam o4

3d°
3d°
3d'
3d'
3d*
3d°
3d°
3d*
3d*
3d°
3d°

Rationalised 2023-24

a9 391 ol d-Feh | TeaeH 1 IS, 39 el

Al d-shereh T Bl § dl SUSH Sl (energy of excitation)

T WA E GRS % W el © (The

5) 9F=IG: 98 g, 99 W& (visible region) H

feora Bt @1 Uferd <, SYaifod YeRTer 1 Rk T B B

STERNTd el oF STgia @1 FuRU fare (Ligand) o

WG % AHR W A Sar €1 gl 4.8 A oh
Seftg foeram o dferd T 1 swHeg fman T 2, w6l S
& 37v] fere &1 & & €1 o 4.5 W 9 d-<lih
Tedl o WA oot w1 <t T 2l

ARUN 4.8— YW WhAUT S0 & T TAASA &g, A oF T

S C3+
Ti4+
Ti*
V4+
V3+
V2+




4.3.11 Gepel AfiTehl T
ERE

4.3,12 SR TOT

4.3.13 STaRTRTII ATTeht

<l &0

3d° Fe* k3

3d°3d’ Co’"Co™ Hret-Terrsit
3d® Ni** B
3d° Cu® e
3d" n™ TREH

Goped Aifier 9 Aifies Bid ® S urg e ffvea e | skumee st
S 30T T S Hich Gopod TSt s €1 ek 7 stfercterforss o7
B T SEeh P I € — [Fe(CN)gl”, [Fe(CN)g]" ", [Cu(NH,),]>" qen
[PtCl,]> (Teher 5 | Hepet AfiTeh] o A 1 faggd == 1 T §) | G
o Tk Heped ARl 1 T hid &1 SUhT A HRUT € o1q STl o 3ThR
1 Bl BHI, €1g 3EA W I=d T-ME ST qA1 3Tl o6 a4 o o d
FHeEhl H1 STAS|

HehHUT ST TUT STk AMTeh SR 14 Wishadl oh felq ST S &1 HehHor engeat
1 8 U k1 UREAIINC GASThdl Us Heped AlfiTeh o S oh 0T o HIUI
g1 dAfeam (v) siiaEe (ot g o), geq fauifd oo (2R wehd o)
AR kel (SHTT BZSISH |) HehHUT el o gRI SR o 3 SR
21 I & I T8 W HAHHRF o A qU1 SAF FT Tag o G
o offe aTsil ST TEAT Bt @1 3Ty oA ok fAIu g GehHoT it 1 ¢rqu
3d Td 4s TARM 1 STAR w1 IROTHETEY, SAE Hl @ W
fiysh e 1 digdl | gfg = Sl @ qen sifehRes o s1ojeti o Sufterq erey
Toel 81 WA &1 Hiha0r Sl o1 W 5 Sa 81 SATerier ol sfereeneqi o ufiedH
Bl Tk o ST T UIqU SR oh &Y T (e quel il &1 Sareone —
IR (111, STETSTES 3ATEH T WHehe 379 o sig 99— 8iH areft Tiifsran

FI IR T B
21 +S,05 —I,+2S0,”
T IR AR T TR 36 YRR B —
2Fe +21 5 2Fe” +1,
2 Fe”" +S,05 — 2 Fe’ +250,>”

S HhHOT TRt o fReeet Seteh o it B SR ol TH0] 59 H, N 1
C HIRG 81 S0 8 d SAqenteht AMept 1 T Bt 81 3 Alfies e
STFHIFTIAT (non-stoichiometric) Bd & 1 7 41 3T 8Id & & 7 &1
HEgArs| 3] & faw TiC, MnyN, FesH, VH, 5¢ @ TiH; , SE<1 3Gd
A UGN T hIE MM SRR AL YRR 781 hid | FereAl 1 Tepid
o SR W, 38 YR o AT kR Fiffie (interstitial compounds) Feeld
21 37 Afient o e Gifaw wE TRt e e en § —

(i) Sfauenmtt Ffrehl & Torle Sod e € S g5 uigedl 9 o sifus €
(i) ¥ 31fd HoR e &1 Je q o o ISl F1 HoRa amaT e’ &1

FH3 o FHE Bl 2
(iii) 7 TR 1 efeash =ershal G wdt 2
(iv) TEMEtTR ®9 9 SFauenri aifien Fiewa gd €

L0B, (- UF f- =l o d
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4.3.14 Tagqel sl o1 957 (alloy) fafer= erqstl =1 wfwsm e € < foF aqedi & wfmso & wra

SRE0T 4.9

&l

T € fagrg gah S faere @ gehd € Y T org o ], gEd e
o qRApE § stfEfia w9 fodita wd 81 59 YR o Mgt i e S
AR g B § fSehl enferen feanet o 15% 1 3T Bl Gehnor engsti
o i TN qen 3! et W EHMAl % HRU HWHHU Higed g
fasmqet =i To TXeTdTgEsh el B1 39 WehR WIwl T ok B § a9 3ok
T Il $ed Bd 21 e fagrg e guitfaa fagrg @1 wifae,
Afeam, e, HifdseTn qon SN %1 STan fafas geR o wie qen
Vg Wi o SR § fohan S @1 TG0l HIgel qe Gehwor g o
A W W fagrg Sleifes Wew o el §, foen Seewl € — diad
(RTR-TSR) , hrEl (hiw-fe) 3l

AT STl o * STEIAA’ 1 R 31 82 Wk S iU

Sd Tk fafirse AT sTeken SUY W dUl S=9 ARl TaEena i
O W U TRl B Al SEhl STHUNUEA Bl @1 SSell— S (VI),
AferdeRToT Sfereen BN (VI qe HrST (IV) i g o ereita aread o &H
ol 2

3Mn"0,” +4H > 2Mn"0, +Mn" 0, + 2H,0

qqARET 92t

4.9 W= HIST foF Cu’ 1A Soitg oo o el 768 7, =7 guEr

4.4 ATHIHOT Al BB S0 9 W FHAY 1qell & ArfT o qen aifafsman & wererwy GHH

PY AEAqol
Nbree

wroa fogm 06

TS o SATFATES UK B B Thiead o ifdiem |l o1qe MO WehR o
AT SfaaEe S &1 3 stiagel | ergetl 1 Seudd et ge
! o7 G o (FAM Bl ©1 S TR Sc,05 ¥ Mn,O, Alfie! e <@
%! fieral 21 o 7 & U9E S 1 Fe,05 ¥ SW i 3=0 35S A
T2 21 stfeTee o SAfafie Siedl-+HEA (oxocations) V' &1 VO, #, V¥ &l
vO®" & @ TiO”" &I Ti' vty 2 7
gt 1 StTaRdRo W& | gig o Y SioEel o SafTeh 01 § HEt 3t
21 IS 1 SAEES, Mn,O, Teqdrst qe1 4 Jeita ueref B 21 el a
fF CrO; @& V,05 o T ot 71 g 81 37 S=a sfiemmsel § emeia
WS 1 FEdr et 2l

39 ¥R Mn,O, ¥ HMnO, W< gl 81 HyCrO, @2 HyCr,0, i &
CrO; ¥ s 81 €1 V,05 39ad! 21 W off gerd: aeitg © 3t vo,” aen
VO," & &a01 <1 81 oRfeam o ifeaEel o A V,0, ¥, 376 i
V,0, 3R 3waedl V,05 o it qiedd 2@ i e 81 V,0,, 37 |
foera e VO oe01 a1l §1 TH TR V,05, 377 a2l &R § STfafman &
FAA: VO, 91 VO, 2 B Yuiey § Al CrO & & Wy
Cr,05 39aaHl 2l
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TR TEwEe, K,Cr,0,
YT gkt =W S o oY Uk wewequl W €1 $EehT SUAnT E Ui
(azo) AR & T9H T sifedierier o &9 T fhal I 2| SEHMS HI
YEd: hive § SE WA 81 hHgE 3T (FeCryO,) i wid o1 i
Sufeerfa ® wifeay =1 Gy S o @i el fhan s € @ shide W
B 21 HIEE 1 WA HEMS & Y AfaiEa 9§ T —
4 FeCr,0, + 8 Nay,COs + 7 O, — 8 Na,CrO, + 2 Fe,04 + 8 CO,
difead wme o ol faeaad &l BFa 34 FeRRe o7 g1 STt a1
feren Strar @ e 9 9 "ifesm sEsive, NayCr,0,.2H,0 i fweefed
T foran S 21
2Na,CrO, + 2 H - Na,Cr,0, + 2 Na' + H,0
Hifsaq SEHme %1 fooma, weiem SEhive ¥ ifus el 81 39
Hifean SEHMe o foaedd | TeREm FiEe Set Teem SEHbe I
T foran S 21
Na,Cr,0; + 2 KCl - KyCr,O, + 2 NaCl
TeREY SEHME o AR U1 o T, fetddiga € Wi €1 Sl
forera o HIHE q1 SEHhIUE 1 SATEAT el @ St foe=@ & pH | R
AT B S TAN TEHNE § HIHIH 1 ool G& T 2
2 Cro,” + 2H" - Cr,0,> + H,0
Cr,0,” +2 OH — 2 CrO,” + H,0
FHE 3P CrO,” qel SEFHE
, 3 Cr,0,” &1 Hw=AT A= & T

0 +° 0 o) &1 I T FgoHCIR I Sl © STk

o—>cj’%u>\cl~<o TEFEE A W I AgHAH h

/ 2\ o o # WERN fRT W E,

o “ 0 % Cr-O-Cr &y &0 &1 AM
<eEE 126° Bl 2l

y Tifeam qen Wi SERme e

SRR HHh T H1d HG | WIETH A0 1 S H faergar Afue gt
2 91 T HTElTh A H SATRHH FHER o ®Y G FeAfRh T TR S
21 WREH SEHME 1 ISTAN HAFTHA fagervor § Wt " o w9 §
foman S B 1 oTvelia WA W SEhHE SEA 1 ATt fwa e g 9
vef$a 1 S TWehdt ® —

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

39 YRR AT GO SRR, SRS T S EEH o,
TERES 1 Toewl o, T (1) &1 feq (Iv) & 991 e (1) <701 1 3T
(1) eferor § wam 37 srfafswang fe © —

61 >3, +6e )
3H,S > 6H +3S+6e
3Sn - 35n +6e
6Fe” > 6Fe” +6¢

LOZ, d- UF f- =l o dd
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ATHAR
e 3 (Areaifed)

W fogm k08

ol stk sifufmar 1 TRefirEm SEwme w1 st a1 stfufswman
AT ST=EhT w1 S=EA e fafshan i Siewt wrw fema S gehd 2l
Cr,0, +14H +6Fe” 520 +6Fe” + 7 H,0
UREH TWHT™E KMnO,
YRR THTE 1 9w % o T MnO, 1 & o1 eRgiedEs au
KNO, S 3fisrdiehieh o @1l Grferd feran san 21 389 e &L 1 bl Seig
K,MnO, WIwl Bidl € S SEEfi 1 S7eeita /e § STeHariad giend Qi
THTE <l B
2MnO, + 4KOH + O, — 2K,MnO, + 2H,0
3MnO,” + 4H - 2MnO, + MnO, + 2H,0
STENfTR TR T TTHT SR MnO, F & SRR FTer oh T,
HHE (VI) o SE[erTse sieientor gr fohan S 2|

KOH & wy Gier

Mno, 000 0 5% 8 D Mnoz-

e g
g foea o —3TqEE] SRRl
MnOi_DDDDDDDDDDDDDDDD—»MHO;
AT e TR A

AT H HHS (1) 3T o e WatierreEdethe grl Siedishd giel

TWHFE 7
2Mn”" + 58,04 + 8H,O —» 2MnO, + 10S0,” + 16H

TR TCHTHE e ST (ST hiel) W0 o feheeel el © St KClO,
o Y GHETEATHS S § | 98 el il | agd foe 7€l €, (293 K a™
T 6.4 TH/100 TH 5idd H) | TG 513K e TRA i T qe(ed 8 el 2l

2KMnO,; —» K;MnO4 + MnO, + O,

T 3 ifieh o1 ek Taeh € — THeRT STl e W1 9 WA
BM oF WIY-T1Y $HHT dIIhH W YA oo STgashed| 3¢ 310 etk fagid
SN GHIAEN ST Gehdl €, S fF 39 & 1 HiH o SR 2

He qo WHTHE ST1IH Iqohels 19 eid €| SaieH o p herhi 9 A
o dherhl o Ao § T g STEE Ul Sl 1 B0 WS 3P T
ST St o HRUT ST IT BT § T THTS & STl Seiaeia
T B o HNUT Yiageeh i Bl 2

STRATT THTE Tefere Sffeiete ol She-eRaiieadEs §, 3a (II) S0 i
SR (I1I) T §, TE2Ee Hhi A8 H ol SAERE &l o TaeH |
SAferdipa T a1 S| STEEH] H1 A AFARFAT 39 YHR T —

(0]0)

5(|: —> 10CO, + 10e
COO
5Fe’ - 5 Fe’ +5e
5NO, + 5H,0 — 5NO5 + 10H" +10e
10I — 51, + 10e
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KMnO, &1 31e-21f9fshan wd eTu=menl ol sted-ifufsansti &1 siigat
ot stfafsran i for@n ST gl € 9 STEvIshdar eI i Tqferd 3
fern s 2

Ife g9 qTe & e, WS ersieEe qen WS (1) weon |
T i 3td-srfuferaned =t 1= ®9 9 wsivia &,

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

B9 Well YhR <@ Fhd © T foe@d § eEgeH EA &1 EiEd
srfufspanet &1 gifad w6 o Aoyl qfgewr o 21 =t w3 sifafmaret
I YSTR-Tase 1 Teradl § THLAE S Hehdl © olfehd Afufwan i wfaet o
T Hewqul Rk &1 TETE 3T §R1 [H']=1 R I i Haiishd f&har S
few) wg qEfier &9 ° srfafewan et eidt @ S @ fo He (1) A
IUfeerd q 81 SAYET AT Fg™T 7 Sl

KMnO, %1 % Tecqul e sifufean frefafad € —

1. o< fao=m H -

(%) URREm sEeEe ¥ EE g Bl € —
101 + 2MnO, + 16H" — 2Mn”" + 8H,O + 5I,
(@) Fe’ A (20) 1, Fe' (dien) § gftedd -
5Fe”” + MnO, +8H —> Mn”' + 4H,0 + 5Fe’"
() 333K W AT 3MIH AYa TFd{cleh 3T hl SRR
B B—
5C,0,” + 2MnO, + 16H — 2Mn”" + 8H,0 + 10CO,
()  TESSH Gohizs ol el § i, oo Tewr sraeifia
Bl Sl & —
H,S — 20 +S~
58* + 2MnO, + 16H" — 2Mn”" + 8H,0 + 5S
(F) TTREH 3R 1] Gohlse F Hothe AYE TGoRF o7 |
TR —
55805 +2MnO, + 6H — 2Mn”" + 3H,0 + 550,
(B) EEE HT e H HFHH—
5NO, + 2MnO, + 6H  — 2Mn”" + 5NO, + 3H,0

2. ITEA oAl oG AR AWEAd H—

(%) ©IH & A4 Al 8, EEEs ® Eee § qiedt—
2MnO, + H,0 +1 — 2MnO, + 20H + 10,

(@) IAEehe FT Tehe B SN OIS €9 H STRAeh{—
8MnO, + 35,05 + H,0 — 8MnO, + 6S0,” + 20H

(1) HIHIS @O B MnO, | Seietor; T Hethe s1eren T
sHierdrze &1 Suftefy sl &1 SARG et 2—
2MnO, + 3Mn”" + 2H,0 — 5MnO, + 4H"

Aec— IS T i SUAfd § WHTHE w1 STH STHASHS ¢
Fiifeh RSl 3 FANT H Sfediehd g Sl 2
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W49—?ﬁﬁﬂﬁ@?ﬁﬁ?ﬂ@ﬁé€gﬁwﬁmﬁwmqaﬁm

5d' 6s” 187 | 106
58 @rﬁm Ce 4f'5d'6s” 4f2 4f1 41 ° 183 103
59 SfsEefiem Pr 4f %65 4f® 412 af! 182 | 101
60 frnfefram Nd 4f*6s® 4f* 4f*® 4 181 99
61 Tifaferm Pm 4f°6s’ 4f® ar* 181 98
62 Hafe Sm 4 °6s? 4f° 4f° 180 | 96
63 BUERES Eu 4f"6s 4f” 4f° 199 | 95
64 Treifafem Gd 4f'5d'65* | 4f"5d 4f7 180 | 94
65 =ferem Tb 4f°6s” 4f° 4" 4f7 178 | 92
66 feauifaam Dy 4f'°6s” 4r ' 4f° 4r® 177 | 91
67 gifeaam Ho 4f 65 4! 4r'° 176 | 89
68 ey Er 4f *6s” 4" a4t 175 | 88
69 yfe=H Tm 4f 65’ 4r® 4f " 174 | 87
70 gefam Yb 4f 65 4™ 4f® 173 | 86
71 [RCINRE] Lu 4f*5d'6s® | 4f“s5d' | 4f ™ - - -

* Shadl [Xe] Fie & aF FoFd F9T T B

WA o O
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4.5.4 W T

LnN

LnC,

f* 2, vEEE # wE Fw 21 Th o fwes adul € qen U
SRR T HTd T &1 ToREH 1 =aeR ZUTm 4 1afees faerr-er
2, S +2 dA1 +3 <A SRR e Y| L €|
oft SeATge =i i TE vad q91 Y ¢qe & SR o § q¥d SeaT gl S
T W] i | gfg o WY HIRAl | g Bl ¢ HAiEH Wi %1 @ Her
Bl €1 3ok ek 1000 | 1200 K & #eA B4 & W 99iEd 1623 K
W foered €1 gt fafere «1g 9=AT Bt § 9o 3 e ue o o o
e BId €1 @heel Eu 91 Yb 3R &efi-sh%ft Sm de1 Tm 1 Sigeh o e
den o= o o ety aftedq g 2

e FEAST SreRe A S stk 9t foeEA § @i B1 71
AT 1 T f g S Suftefd o SR g 81 La® qen Lu®” s |
Y g oft TiA 7 & g 9 oreRTTE 3 Ui B §1 R off, e £ wR
T B IS F HerEEy eIl o€ R B 21 fO(La’ dur ce’) w
S b g Lu®) & afafie s weft SreAre s sEEERE B R

AT 1 YU A TfeqE 1 W 600 kJ mol | o STHUE Bl
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T B gArd AP Tt o 7l | faeror o fasgd e @ g8 fend
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o) R, eiaRa a1 quivia f &R 1 S S T L@ 986 S | Jdid
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SEER e O e 2

= &Y 9 H07 o RN STel TEH 3794 THETS FaeR § hicwdd &
TE 9Ed Al B €, W 9gd WA ShHish o el T8 Uef(HTaH i TWE
FIER Hd &

a1ef erfyfeman Ln3+(aq)+867—>Ln(s)$fFﬂIEeTﬂ
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~2.0V @I freeee 9 9 digr | ufied €, R 1Y
o FAER0 H HE M0 W T I W Y SRS 9 A
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T o A € 91 SIS o aeRl § S W e
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% eaeiamge e Aifies € 7 fo shod eggle e
F I G TGS o STdES ql SIESieEE i Hifd
qNeHIT Bid 8| SThT G Afafshae fom 4.7 § yefie
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4.6 Qfreles

(misch metal) € Sl Tsh RIS 91q (~95%) A (~5%) TN AYHE S,
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¥ g9 et € S S w1 el e A Giel 91 Boh (Ui oh SR o
o SuarT o o S €1 oAl o fafya stiemgel w1 S yeifoaw
I H SATH H WE R ST 1 oSl o @ SifamEel w1 Sy
T (TRERT ) o &9 | Cefifors ¢ o qe 36 WehR i Hidelw Sl
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UfereHrrel @ Th ¥ Lr @ Hike acd €1 S el oh 19, Hohd 91 ' 01 FRof
4.10 ¥ & 7w ¥ | Wfeeriae Wedialna o © qen URids Seei &l ey
Tienshd 3tfereh B B1 IRy SIS ol TS 1 7Y 1 W U KA 9 3 fie
Tk T ARIEE (Z=103) i 216fg 3 T 81 1% a1t USE sheel SR
et | € S S Wehd €1 3 Gl o Sh1R0T ek eI | ek shioreal
arrdt &

AR 4.10- Tfeef=m aur fetast & $8 T

89 IETERE

90 i

91 wreferefrem

92 I

93 T

94 ESCIRRL]

95 TaRfEm

96 R

97 ohferad

98 Hfcrwifem

99 AR EaH
100 wim
101 el iEp
102 aferam
103 aARfEY

Ac 6d'7s” 5f° 111
Th 6d°7s” 511 5f° 99
Pa 5f%6d'7s” 5f° 51! 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” 517 5f° 99 88
Bk 5f°7s” 5f° 5f7 98 87
cf 5f 975’ 5f° 5f° 98 86
Es 5f'7s” 5f'° 5f° - -
Fm 5f12732 5f11 5f10 _ _
Md 5f*7s” 5f" 5" - -
No 5f7s” 5f"° 5f ' - -
Lr 5f'“6d'7s” 5f' 5" - -

* oheel [Rn] %I o ol gz ST T €l

46,1 AR fame  wwen ST € fF st Wferaet § 7s” fo=m € € @on 5/ Ud 6d SR
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4.6.3 3TGHIRITT
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% U1 W e W 9 o "Wehd 2
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6
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