ER&

TH Theh o AT o qYENq 379 —

e ARON | d- de f- sk acdl i
feafa w9 9T,

ThA (d-scieh) qAT 3Taieh HehHul
(f=cAish) qel o g fa=re S
e,

ToreRTe fawe o weef o fafu= sttt
FraEqstl & qadies wifE o Hed
T THH Foh;

K,Cr,O, 7 KMnO, S’ Hewrgu et
o fat=m, 7o, ST qen S 6
U FHT Geh;

d- TN f- =k o qeell o AT TN
den T &fas vaft o o 1 T v
& 9R H gH Fh;

f- =51e o el ok TOT T FUM T okl
TN SreTTe] UE TfaRAtae] o o
fa=mm, AfeRdeRToT oTa%en Ud TEEIE
TR T qAICHS TR L bl |

Tchch
/
il

‘ . L AN 3
Chouel o sdlien < el

“SITERA, FITT, faeay iR e — @it Taraor aat § ama & =i ama

Tgar & fashre & agequt yftenr fFmg &1 smaftes @avr a S Th,

Pa 79T U smgfi @ i A st % o a fig @ @ 87
3ed AR o d- scdfeh W ot 3 @ 12 o dcd 3§, forew =i
et § d hereR R S B f wodih o qcd of @ Toe < el
T 4f 9 5f etk SWIT W W €; 3% A GRO & A T
AT GUS H W@l T B d- e f- sk o dqedll ] ShHIl: HeRHUT
T T ATaies HehuuT I st e €

GhHUT el Bt g B9 W =R St €, 3d 90 (Se W Zn),
4d 9oft (Y® Cd), 9 5d 9ot (La @& Hf 9 Hg) qen =ieft 6d
goft {59 Ac @91 Rf ¥ Cn @ dcd 3T &1 37ides YA qedl
T AT, 4f (Ce ¥ Lu) 921 5f(Th ¥ Lr) %9 WFoAias qe
UferRAtas Feard 2|

Y& | HRAY ¥ M 39 92 | 3 fo 37eh THETR 00
s T p =iih & HeA URed! 8id €1 316 [UPAC o STTHR Hehaol
oTgetl i UE urge & w9 | uftfyd feman S @ o wwm
el A H -k STl B &1 o 12 o 5k, Shefrm qen
TR ¥ ITeh! o1 STaEl TN ST T SRR sTaeen | quf
d'’ fa=ma ® iR seifee 5= woor urg el @ San fee o,
FHL: 3d, 4d A 5d WHTU R ok AfTH WS BH o HRO
Toh TETIA 1 ST HHAU H1q3T o TEEH o @il R S 2

7o TEIET H ST 9Rd d- A¥an f- ekl w1 3Iufefd
hUUT eell ohl STEHUUl el W T HI Il ¢ THICY HehHOT
wrgatl SR Sep ARl 1 TR Fem W R S 21 fR o
GeAISTeRal o1 W THgid S STEHHOT dedl W AN €l €, Wbl
T Wl GheIaES Ta fRa ST Hehdr 2

3ok ST U S THeeR, Tiee de wifed iR siifies &9
T Hequl o1qu S8 STERA, HIR 9o Tgefem geft Gehaur ¥ 7
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4.1 A O A

4.2 d-%(ee acal
® FAAGED

T Theh | &Y, UhHAU Tl oF Soaeien [a-ard, SUCTeIal a2 | ot
R foar w8 e gom 9fem (3d) o acl o6 o1 ¥ ygfa W Afus =
< A STk S WG AR S fo=E o O R e | v iR
GhHOT et oh W TEST S Selaie fa=rg, Stferdfiehtor sferend qe
i stfafsramfiaa W four wi

GehHUT acd ( d-sieh )
e WO T ST 7L 9T - =efish 3 BR1 ge €, foreh < @) s- qen p-
ek feord &1 3ok TRumpstt § Suifay et Tl o d- Ferehl § goee R S
& T 3H YR GehHUl uTgel 1 WR ufeREi $tefd 3d, 4d. 5d A1 6d W
Bl €1 HeRHOT el i FE Ao Wnoh 4.1 | swie w2

HE €9 9 T ol % aed FHEH| 61 geeis fa=d (n-1)d' ’ns'
Bl (n-1) 3MAReh d Herhl 1 2 oar ¢, 5 T 9 39 q geaeq @l
Tohd B 1 9EIAH ns HeTh § Tk AUl < seia 8 Tohd 81 /g (n-1)d
T ns HETR| H1 Hofiell H 9gd & IR o SR 30 A9 99 & 3WH
ER & geE: 31 Ud qul wia sherehl w1 T sTienshd efuen gl 2
TOHT UROM 3d 90 o T T, Cr el Cu o Soai-eh fo=mdl o
wfafafad giar 21 e & fag Cr § 3d'4s” & T W 3d°4s' fa=md 21
3d 9 4s Heh! w1 HSA § A a1 FH B foh o8 45 TR & 3d HEH
o 78 &I U 6T 9 T YER ¥ Cu ¥ ol e 3d 4s” 7 e
3d'%4s' | WHAT Tl K1 A Ao W Ted HEH o o g
groft 4.1 ¥ fgu g €

AR 4.1— HHAUT Tl o AT TASNeh Ta=8 ( et ST )
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Ac Rf
Z 89 104
7s 2 2
6d 1 2

wqe Siui

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 a1 Cn sﬁaﬁﬁ% fo=mg, T T (n—l)dlons2 g
TR T S #1371 qll Y gl STawenel qen W st srawene o
Tk hesh YU ARG B €1 THIfET 3 WoRHOT et ki Soft H & /AT S

HehTUT qll o d HEh 3T HEh! (s T p) HI TUET W] i Tqg
W fueh Wierw e €, o7d: o ST URey W st guterd g € e 3H YR
T TR 3R o TS steran 1o i off yefad wd ¥ P Teqged H, Th
H faam® d” (n=1-9) ol A § 99H Jaehid Td seideieh U1 9 S
g =fes w9 ¥ 9 d Fere % HRO A q@ PV AT 07 9
S 3 SRR ST, T ST 1 o1 A1 3Tk b o Terel
o Wy e fmio e

GhHU HIqT A T7eh AMiTeh SSREhT 01 o S gelh d =IaeR i < &1 e
goft fergiaretl w1 foermr fordR o 39 Theh | 91K W i TE 2

STHSHHOT deell o Terqdid HeRHOT el o Uil | & SHAA Stfereh arg st
& qenfy, F2 ot gumare ff o S ¥ 86 vee G SIfresrol qen St
&fast i (wg@Ea: 3d i) § wa A1 eI w1, qove $9 o
TaAa@sT W fo=R &1 F7 @l § &0 %had HHRH T@l i guH it i
A HN

SEEROT 4.1 37 foh® ¥R W I8 8 Tohd ¢ foh Thi-eaq (Z=21) T HHHY a9 & R Ik
(z=30) &l?

B Thi=aH FI g T H 3d HEF Y01 (3d') TF % HROT 38 THHU A T
ST @1 Selfer fSieh WA W ol e el Siedihd e S | € 56kl 3d
et qui i (3d'°) e §, 37 39 WehHU A Tl WA T 2

TR 98

4.1 foer WM # A e § gol i@ d wew (4d’) T AW HH HE GHRA T
& T& T% THAU TA@ 7?2

4.3 TTBAOT Tcal
(d-=ilee) B
AT S[OT

o gl GehHul ded ffwefeass T, S S a4 Wmed (tensile
strength), @al (ductility), a& =@ (malleability ), 3= 9™ qe
T =Terhdl TH wfes =W 9 §1 Zn, Cd, Hg 91 Mn S ST0ams &1
Breeht GHMI A9 W 6] Tk I1 31 efieh eifcaeh ST 2l &1 GehaoT
el w1 fafe= Soter Seerietl i 3 |roft ® fean e 2l

98y d- TE f =% & q@
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hep hcp bcc bcc X bcc cep cep cep X
(bcc) (bcc) (bcec, ccp) (hep) (hecp) (hecp)
hep hep bcc bcc hep hep cep cep cep X
(bce) (bce) (hep)
hcp hep bcc bcc hep hep cep cep cep X
(ccp,bec)  (bec)

(bcc = & isd FH19; hep = THIVIT [fe€ad Gger: ccp = T4 fHfae Gperd; X = T faviy aifcass aea).

431 difaer TOT Gepao1 oTqu (TS, shefiem qen aerfll & oTverEl & i) tfaehaR de 3teq
ATl Bl €1 ok Terish o Faerish 3= Bid €1 o 4.1 § 3d, 4d a1 5d
groft kT FeRHT el ok Tl &U T 7| S5 Toiish T VT SHaaRETivas
s §¥F | ns o[ & AR (n—1)d Femehi o 3fF ol &
TR #1 Shae Mn 91 Tc & 31961} i Siew fwmar sff goft § agetf &
Torish d fo=md W sifierad B € 9o ded gu WY HHih o T e
¥ frafia €9 9 w5 o6 2 WWQ‘W (enthalpy of atomisation)
& A $ed B0 € ol o o 4.2 o <wiian e @1 yeke Soit o e Hed
o SaaH | 39 qeF %) <M1 © FoF Yool SiaaHITa e SItRa & foe ufd
A FeTh T S Seiae 1 g1 faeie &9 9 STigal 71 QHrd: Fareihdl

4 900
— gt |

W 8007 —— guft 2

700+ — it 3

600

500

400+

AH /kJ mol' —>

300

200+

100+

T SHHTh —>
o7 4.2— GHAT Tl BT HIA Tt B ggraar
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4.3.2 GeRWUT LT3N o

e e c con
o gfReads

TSRl w1 G Tt sk et Sa & et aRwmf s e Sin
Tl & A goiae T o o & Sum Toied Tk eyl wRe 21 o:
qgd I=F HUA TOd (3dfd dgd SeI FdeHi) del Oige 1 wgf
aAfafsme § Sepe @ w1 el 81 (soeRie fave o fau ag § 2@)
o 4.2 & SMUR W TH = G FrEm e 1 owehar € R gem
GHAT 2 o W qel 1 gor § fgdta deun gt #oft % a A wE
Tt o M AR B §; e Y Wehwol get oh AR W Ui e e
o gHl o § Ush HeqU HNE T
GIA: SO § S@d U A ShHich oF WY HHM SO alet ST i et
T IR B el 1 Sk R0 € foh v off Mhia ey § gfg g €,
arfafier elei™ & R d Affaeal § Ja9 il €1 GH: TR0 L o d seree
1 BRI 996 (screening effect) 5 THEA €dl 8, 37d: T9hia SToT
T STEIAH Sele oh o=l =2 g STl ¥ ghg el S @ fored s e
FT g T S 21 3 FRR FT g frdt goft o wany feewet & o e
ST #1 W goft & et & wel o 7e ufiedd 9gd digr g6 @) T U
27 WehTSl | el ST € el TRl foreis HehwHor it ok el o MR i qorl,
& ot oF Ha dcl o SRR W T W 21 fot 4.3 % 9o qwiid € R gem
GoRHoT 90t (3d) o Tl i gl | fgdia GehAv 90 (4d) oF Sd q@i
1 HR T ¢ T JaA FhAv F07 (5d) o deal hi B o ae 7
St fop Tedta WehHoT it o W qeall i &1 T8 URER 4f Herhi o |t |
M o HROT eIt © T sl T emufd, 5d Soft o e ok d weE
3MYfd IR BH W Tl BT AIEU 5d ekl o Jd Af FEH H golagql w1
ayfd & wRur W) Sed § frafid g e €, Y erentae stgee
(Lanthanoid Contraction) #&d &1 Sl 37ava% €4 ¥ Sgd §¢ WY HHH
o T WA TR H g2 e gig w1 erfagfd e €1 oo st
% THY Y9G o SRV T Ud qdid WRH0 Sut o STEY dw@ll s e
T @ St € (ST Zr, 160 pm @ HI,

719 159 pm) el 9ok ifdes T TEEfs i o

118 STeafersh GHMA W S ®, S W ST Heiet

117 o YR TR TR TAEar 9 ot g tfes gl 2

16 E TS SMehe o foly STREREN R TIHT

."15E T2 & St U G G St & fon @ e §

"l q WA HRO % fou SOEE ¥, srufq uw €@

I Tead o ekl H T goided 5R SR W AU

L, e | STMEXUT JTel| W Th 4f Tl 51 §HY T STeR0
—— Sc Ti V Cr Mn Fe Co Ni Cu Zn QW,@dMW@WWHWﬁ
Y Zr Nb Mo Tc Ru RhPd Ag Cd Wﬁaﬁqgﬁm%améﬁ_éﬁ@;gﬁﬁﬁmﬁqﬁq
La Hf Ta W Re Os Ir Pt Au Hg Wﬁ%ﬁﬁqgﬁélanwa;Wﬁ

o 4.3— G0 a1 WA e # ggher fafia g e 2|

98y d- TF f- =i ok TA
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e 5o o 39 o WY Wifvas 59ME ¥ g o IRumTEEd 3
Al o S | | ghg et 81 39 YR 1 Heeyul T dig 2rsfem
(2=22) ¥ FR (Z=29) T & H fHad & (FRVT 4.2))1

ARUN 4.2— TIH WHAUT SV F Tl o FoIGEIeh (o Td o 3= U7

UTHTU] ShHTeh 21 22 23 24 25 26 27 28 29 30
THaEiten 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’ - -

FUA TR, A,H/kJ mol™

326 473 515 397 281 416 495 430 339 126
AT TIEdt/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
gifaeh/ma e M 164 147 135 129 137 126 125 125 128 137
==t/pm M - - 79 82 82 77 74 70 73 75
m** 73 67 64 62 65 65 61 60 - -
U TARS M2 /M - -1.63 -1.18 -0.90 -1.18 -0.44 -0.28 -0.25 +0.34 -0.76
favwa g7/v M /M2 - -0.37 -0.26 -0.41 +1.57 +0.77 +1.97 - - -
Ted/g cm™® 3.43 4.1 6.07 7.19 7.21 7.8 8.7 8.9 8.9 7.1

SEE0T 4.2 GHAY acd HUH TS o I HE F4I 2 82

ga  HfE T WANE | 9 §en § Supifen soded e §, sHfeT s wee
HATRATvTR 3= foran eidt € 37d: WA & e Yeol MeeH o hoaed
FHUH T 3= Bl 2

AT 92

4.2 9ft, Sc(z=21) ¥ Zn(z=30) H, % 1 FvH TIeh w1 97 G FHU a1 T, A
126 kJ mol’; 7

433 MM q-.aaﬁ SAE d FEF 3 T F W AE ST F g5 TN F FROT 507 F arg
Y et SR TG W GHHOT SUTt o el shi SE Toedt § gig Bl €, WRoft
4.2 ¥ YuH GHHU A7 % dedl w1 YUH GH EAT TOfew o wH fEu e
B 3 Al QT ? TR 3 a6 wiue el § o dig gfg el e
SE TR STEEEO qel || HHHU del i S0 § SE e Tl o qftedH
STGH <Ieell i SUTt Y HH il &1 WHIG: oW A Tt o 7 | 9

WA fagH 96
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Biell © g SRR dedll w1 5 Te gt S et o 7l | gE 9
TRETT W SEd ST B

3d 9t 1 UTgeN i YoM SEH Tt it ifratia wgfha w1 Tmfy g
WY TR e e @ e off U wredient fean S Hehdl © i U selei
Yerh S W 4s T 3d el 1 SRR Setell § e e 81 ST e @
fF S d-=dAfF ® qd 3P o1 & @ ns SARA (n-1) d oA @ T8
feherd €1 B9 SE-S19 3d @l o Ed W 9gd € df @hivedad § N i
IR S R AMTH T AT TGl ¥ W T SRS SR & heqeh AT
3d e | d 21 T€ 3d TR 4s THRAI i T Y AHF AT U IH
feafa & gawee ®z afus gl 1 9 ufkfa X gwd €, e 9w
TR Th TR F IFRFE w3 §1 37 Wenfveask e 9 dSft § wedt 2
ey 3d & | selat et § welt 9fg et ©1 a1 eifess ue are
A Al 1 I d” e © 91 4s H seleeH el gl

e Tgdte S et & O § AR e | gfg o | aed
1 gafd 1 oTuen el €, T Th d R W d SesR A %
MY o gTe | fRferd et H¥anl ST HRUT d-herehl w1 feem a1 fr= g
21 Tafy fed we i e el | FRE 9fig %1 va® Mn® @t Fe' o
A T 2 S B <A A € e w1 faere d° @1 s g o e
A% 1 Hh Ol TSt o G deal 9 off o7 21 d seree T @ ferg
A Tt | uftedd @ e frefafed § -

I T 1 A eeh gelari oh I shi 3K SThY0l, & gersrHl
o g giged S fafrm Sl o et e 21 St &R/ o et & ferg
fafa ot STRerE Bt 81 fafma =1, ey shermhl § ey F=Hul &
Fol TS Al oh RIS TEIA Bl €1 W ST Hefh! | T solde
B € df Pty ot orell TR 9 g1 ¢ oo ifusan weehl o qufser g=eh
I Teh-Teh SI9e B 2 (§S 1 f7am) | fafma st 1 g e @ et
Tl 2 SR T a5d W EAA Hied & S 21 d° forere o fafrm st
%1 B9 T8l Bl

Mn~ 3@ 1 T8 3d°4s’ @R cr” 31 &1 fa=m| d° @ @1@: Mn' &1
et Cr' @ &9 Bt 21 T ¥R ¥ Mn” 1 fommm o @ e@: Feol Wi
el Mn”” € #9 21 T U § €9 %% Gahd ¢ T Fe 1 gard ST
Tedt Mn ¥ 4 21 & uigell s fean sifaiiehtor staen +2 21 fide g
¥ M AP TH B, HUF T o WY-we Yom e g e e
1 off savIshal g #1 vq@ 1% fgdia e wiedt €, feRt 5 Cr it
Cu & T ey &q 9 3=a 8, {9 M et o1 %aen: d e d'°
o= it €1 Zn <k T 9a A FH 2§ Fifeh 3R ¥ T 1s Solae
Toreherar & e womht @' fam=me o et 81 gt S o § gt 4s
Feh & HREF gN wed 78 a9 3R d° (Mn°) @@ d'° zn”) ¥
THRH TeH | eifud wfeTE i et 71 e, g st T
T 3= &1 R, fF 3R Fohad o1 gl oo Toed % S=a 7H 3
F7d € foF 0 37 ql B +2 W 3= SRR ey g HE oA B

Ty AP CAfew, et sTaweneil o qericash T ¥ Hefea
o Anfey d €, iR ot 7' wHen wgd Sfed € iR ikl sl
Bq GeeE T 2

9%y d- TF f- Wi ok TA
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4.3.4 3TadreRTuT o deal o fafyre @&l § 9 U a0 31wl gh Afesl § %
ST SRR ST N 31 AR 4.3 H Tem HHHO 07t 3 Al Bt WA=
SHFIRTOT Fereenaq i Geiag feran T 2
WU 4.3 — WS GHAUT ST i TGN okl STFHIERTUT STEEATT ( ST WA STTSRAHIUT STeAqT Rl
e 2Ry # feamEr = 1)

Sc Ti v Cr Mn Fe Co Ni Cu Zn
+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

TAH T&A H SAFAIh0] STEATT TN aTel dcdl HWhHUT Uit oF AeA | =
3T e o &1 Serewoned, HTS +2 9 +7 9 1 gl Stferdfietor stereend
<9 21 S0 o AT Rl TR TRl STaEenal Y e & WiE Sl 8
TEHT HRU q@l (S, Ti) § IR@M o1 WEEd & Ty %5 e &l
IYCTSIAT 1Y Al oh Garsehdl Si¥T | d S ol 31fueh gen (uRmmme:
qfiet o feTU o ekl &1 SUee@r) [Cu, Zn] 81 39 YR YoF S0 o
ARY ¥ Thivead (I1) arfaehal § o1d € ael Ti(I1) =1 Ti(IIl) i g
A Ti(IV) eifrer Tt 21 9oft & S SR W a6 &1 THAm sfiadw
e +2 § (d ARl i WG &l €) | | Tt ol sifeeha
ATl ToT STaEenat s G HTHIS ek s AU d hereh! § SUfeerd Selegiqi i
& % A % R 21 (Ti" 0,V 02,Cr''01 Mn'"'01) | 6k T, el
1 S=d IR0 e o e | SMhTEaes HHy 37 St @ foren
FTTHA T STt stfwetertoes wiieist € (Fe' ", Co . Ni', Cu"" @& Zn')|

TRedHTT AT fereend S fof HHH dedll k1 Teh fargioar €, 1 ol
2, o1qol d FEreRl § ToEAl #1 38 YER 9 ya9 &, Ed 1 adl #)
STfeRAeRToT STerenal § Ush 1 SR o Tedl ¢ g5l 3ee, VL VL VL VY Rl
SooE © T oHwm de (non-transition elements) o, fafi=1 a0
STl o GE: < 1 SR IR Sl 2

d-s3teh el o M (T 4 | 10) Y SRR Teeensti st qRed-eieran
A U U=k 924 3@ 1 Toeran 81 p-seiteh | (13 et Yol o RoT) R
T g Tt StTRAIhTon STeee ST 3Tehed 81T €, Seifeh d-scileh H STk
fawdia wEt €1 Serewnd— = 6 § Mo(VI) den W(VI) =1 e Cr(VD) ¥
afirer €1 ;o wregd | Cr(VI), SEHNE & &Y § Yool S
2 Saf% MoO, T8 WO, &l

71 SATRASHT a7 T S € 5 U Wape AT | 0 forre
gl 59 o-smeeH o sifafiad n-umt o7 of Wi S =i 3]eRened - Ni(CO),
3R Fe(CO)s, H Fohet 3R TTaRA 1 SHaiierio s1aeen I 2l

WA foam 98
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__ S&EO14.3 TH ThYU d<d &1 A9 Jqst fSud qfadia Ao ezt &1 urs

Skl

gal Whreay (Zz=21) uferd"a st srerent &} g

AT 92T

4.3 GHAU T H 3d SUN HT B W odedl WS FEea W A0 e < ©
o i

435 M2/M WHeh TARIS
ﬁ '|=o ﬁ: ﬁ &

A

\

Ti V dr Nin F'e do Ni C'u Zn

foer@a o 319 urg o M SR H Bl 9 etk
FH-THEh 9=e 3R A% Soieeis fawe | rof
4.4 % feu 7u ¥ GRUft 4.4 o A 6T YA wloh
TR W qon EC % dfed W % wed qor @
fost 4.4 o gwifen e R

HR FT TAEF B % BROT A5 H0ER, 6
Tl W H, Ho F 1 STmeldl 1 ST < 2
hadl SRS A (AR o 3R TRY 4K
TeHfer o) € Cu o Wi sifufspan & € i 3
a1 37af=d 81 S| 21 Culs) & Cu’ (aq) § &9 o
AU eTavae So0 S, ST Serds Tl @ Tgferd
T & e Sf § ES o e R A S g

= S A ® uftwfer T enget o gem Te e e Tt o A |
o7 4.4-Ti T Zn 7% & T F (MZ—>M°) g g @ Gefud 81 98 S e € T Mn, Ni
T getagie fayEl & dferd aer amZn$Ee$memaﬁfmuﬁ@
gffoa sk BUTeH B o
ARUT 4.4— WA SUN & HHAU dl oF HHI-THEE 7F (kJ mol-1) 3T M) & M &
ATEIT F Uk gAAaES fawat o u
T M) AHT M) AH] 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- T8 f =i o T
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TEEUT 4.4 Cr NS ¢ SEfE Mn' SiaieRe, Safs g9 &1 d- =g &, =12

=z Cr U oueEs € i she faem d' 9 d 6 uRefda g @ e
- t,, TR (THE 5 3W) TA T T FR Mn” ¥ Mn”" H ufted @
sl (d°) fomame o g @ S 59 srfafien Tenfae weE e

AT 98a

4.4 TR F foaw ECMZ /M) 1 0F ST (+0.34V) 2| TS SIfed RO 1 2
(Td- 795 w=9 AH - 3R Ahdee R &1 <)

436 UMH TERIS
fawat ms /M2

¥ ot

43,7 IoadH
SATRITRTTT
ST o
T ht

o

Mn”" ¥ aref-9fa d- etk w1 Tt ok Zn® @ quiafa o' faerg
=% EC WM @ watd €, S Ni F1 B 6 SoeqH R Ahdee
9 Heifea 2l

o 42 § B (M®' /M) % T 1 ST TR TRereeie gt
<9Il 81 Sc & fou 59 7 9M, Sc” o wenfuE i et 7 forwes fomma
e 19 for=amd 81 Zn o foT 39eh I=aa9 §H &1 &R0 Zn® & @R d'°
fa=Irg § T selag[ %1 g2 81 Mn o fau stuenehd S=d AH S9iar @

M2* () foe &9 @ Tl & SEfh Fe % stiemehd =1 79, Fe’ (d) &
Ao T i <wid €1 V o srdeieha e 7 Vo' o T o Heife
g1 (sl ty, TR, THF 5)|

GROft 4.5 Gehwo1 engeti i 3d Soft o T Eemsel @i gwid §1 Swedd
AfeRfeR ol W& TiX, (32ReEEl), VFs 3R CrF | W el €1 Mn &1 +7
SRR STareen TR Belige | Wefvia el gl Wq MnO,F 31 8 3k Mn
% e e FeX, 3R CoF, & w1E i o1 ZrEeeiss &l aml
STfehan STTeRATehTUT STareel ohl TATRIE USH i hi FISTEH i &mal a1
T TEhT ST WeTeh Sl o RO Bl €, S fF CoF, o ®ed § =1 5=«
TGS ARl S8 VFy 3R CrFy o, 394 3ee TOed o %Rl 8l 2l

WOt 4.5- 3d aTgIl * FTewES F G

+ 6 CrFq

+ 5 VF5 CrFy

+ 4 TiX, VX, CrX, MnF,

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

+ 2 TiX," VX, CrX, MnX, FeX, CoX, NiX, CuX," ZnX,
+1 cux™

Tet X=F->LX=F>Br; X!=F CL; X"=CI > I

WA fagm oo
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T VFg ohedl V' &l TR €, 3 SlEe SoleTIEed WX
HFARAELE, VOX, 30 &1 TISTRIgeT o1 Taa 701, e siferefientor erereen o
TRT STEATFAA €, - VX,(X=C1,Br 3 I) # 31k 7 CuX o faw =y e
21 &l SR EieEe & afafed Cu' o Gt 2aise o €1 @l cu’’, I &l
I, § Siefigd L & —

2Cu*" +4I° - Cu,l, (s) +1,

A e Cu’ AT Sreitd foerem o srer € qen FeeRr s

B &
2cu’ —» cu’’ + Cu

cu’’(aq) 1 T Cu'(aq) ¥ #fus BH 1 FRU SEHH STAHSH
T A, qH® 1 Cu”” 1 qor 8 gd siforsh HuTchsh JH €1 €, S hiw
#I fgdia s woedt Y afqufd o sifuw 2

SIS i STIqH SAFHIUT T h1 TN YIH HIH hi &HaT
SAferrEel § e el 81 SArEel H Seuan SRR el (RO 4.6)
ST o HE@ W U @il © 3R T8 Scy05 ¥ Mn,O, % 3@ i fHerdt
21 ot 7 % @18, Fe o =4 RS Fe,0, ¥ 3 T &l 21 7y &
ez ° e (VI) 3%l §, (FeO,)” , 3TH a7d & Wq 78 ¥ & Fe,0,
3 0, ¥ foaufed 8 91 €1 SffEEe o AR, siFiched V' &1 VO,, V'
1 VO™ a1 Ti' 1 TiO”" o &9 ¥ T Y hid €1 T w1 erde
SIS i 37 S=d SATRIIhI0T T3t ! LI USH i i &THaT A
% Bl 21 T YR Mn 1 S=ud9 F(ANES MnF, € S 3= eaEs
Mn,O, B! SATRISH i Hqeti o el agaArsiel s 1 &l ¥ THeh! Sepeedl
1 A W Hehal 2| He@deEh SeEEe Mn,O, W, W% Mn WA,
FIRAHIT T Y Th Mn-O-Mn g dfed O wamwet 4 R @ 21 V',
cr’, Mn', Mn" &t Mn"" F fom wqTFAEE [MO,] ST T 2

AR 4.6— 3d oGl o ATFES

* fHfa srearEe

TiO,
Ti,O

Mn,0O,
CrO,
VZOS
V,0, CrO, MnO,
s V,0, Cr,0;, Mn,O; Fe,O,
Mn,0,* Fe,0,* Co,0,*

TiO VO (CroO) MnO FeO CoO NiO CuO ZnO

Cu,O

101, d- Tl f i % d
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SRB0T 4.5

T 99 VO, <Cr,02 < MnO; H SR &l ¥ i il Y T Hi?

BGl  THHT U Tk AT o &% Wiw e T o e 7 9fg ©

AT 92eT

4.5 TR T I 9T S0 § T TRl (e i fede) o stfrefid uRedd T Y wHemE?

4.3.8 THEMS

TR HIgel 1 TaEt sAfafmarierd s w9 9 Radsia 81 aga-d

stffmametterEar HIqU e fogaea € qen afis sl | foem ®, Sfe 9 ol Sope’

Td E° WM

SRE0T 4.6

SRE0T 4.7

L IREERIE

&, S o Tremor sl g genfaa e e

IO ©ITq 1 BIgHT GH 07t o e TUehd Afueh sifufwansiial g €
S 1M H' 3l gR1 Sifaiishd 81 ST €, Feft 37 enget 1 gregee o (H)
S SflediRRen] W AR i T ardiaeh S W wefi-sHedi o1 Wt 2
IR — e AN W R ue dnfedd af iR el o wfd
fifira %1 M2 /M & EC % WA 8ot § st o 5 s e B e g2
7o 1 Teid § (FRON 42)1 B % W RIS TH F AR S A=
Yot v Te fgdta St Tiedt o A | 9 gfg | watud §1 e S
I % 75 Mn, Ni 3i% zZn & E° A S wgfa & smifid o 1 gorn
o stk o 21 SEfE Mn® H @t 9Ra (d) ST (d) 9o Zn”
ot S ST 1 I TR B % WA § wed 3; fribe & fag
E° %1 UH SHH SSITH RUTE ST Toedt § gt

M /M> et g o E° WAl o et (SRl 4.2) § e @
Mn®" @& Co®" & el faerem § waers AR FHe H1 w1 Fw@
BT, V' aen Cr" 3R Yo el e (STTEmEe) § qe a9 ol 9
BESISH T qo hid &1 ST —

20r2+(aq) +2H+(aq)—>2Cr3+(aq) + H,(g)

T S H GO S0 kB % A e

Ee \Y% Cr Mn Fe Co Ni Cu
™M>*/M) -1.18 -091 -1.18 -0.44 -0.28 -0.25 +0.34
1 AEl H AMAHadr o RO i GHET

EC M /(M) & F Frafm 76 €, @ 70 e wdedt § e ufeds
(AH,+AH,) e Seaurad Teed gR §Hel Hehd 2 S foh St 31X oHfeam o
AU erdemshd gd wH Bl 2

Mn®"/Mn"? 7 & ferw E° ot 79 O /0 somn Fe®/Fe % WA 9 e
e ¥FTeHes =T g1 22 qHSEu)

75 T Mn 1 G SToRH ol o1 aga afues 7 (d° @ d° o ufedd o fog

AEYTFR ) ITEE T THY T8 f T Bl © fF 9 Mn & +3 STeree U] Hew
HT T 7
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aqARBET 925

4.6 HE U T SoAqH SR ST ohodl AFAEe ALa FJ3NEe § & F IRR™

FHIA B2

4.7 Cr R Fe’’ § § & voa 99 © SR 7

43,9 Fa®RIT TUT

e W GahT &5 SIIH HH R JEA: T TR o Gashd FaeR TSed
B % - Qﬁﬂ?ﬁhﬁ (diamagnetism) q \?ﬁg?ﬁhﬁ (Paramagnetism)|
wigeehta T, STIgER ehid & gRI Ufdehitid eid 8 W S gesh i g
TeRTHd eI €1 S gered ekt & § ool ®Y ¥ ST e €, o clggasid
(Ferromagnetic) shgdld HEEESE ¥, Alegeehed, ST gahed o1 A &Y
21 9gd ¥ GHAU U1 P SYEH A 2

ITTgahed 1 Scufd, ST Seiagiql o1 Sufterfd o SRl el 7, Toish
TY AFfAd Seiaeid 1 Ja®id S0 (magnetic moment), TIHI HI0
T (spin angular momentum) A F&1g HIvF FaT (orbital angular
momentum) ¥ Hsferd il B1 YW TehHor St 1 wrge o ARl § Hefig
HIUE FAT T IFEHE F96 ®Y 9 wfad (quench) @W%WW
HIE TE TEl W Sl 3Tq: Tk feTd Fechia STeOl o1 fuier sue sufeerd
ST Soal 1 T o SHR W foRan S © aen gHeh! o e e
T geIRU-HE (Spin only) T SR &1 ST 1

p=ynmn+2)

Tgl n SIFier SeaEl i e © 9 p gahig Sl @ frEeRt A
dR TS (BM) €1 U SFIferd goia w1 geehid ool 1.73 |R e
(BM) BT 2

STeAd SRl shi Sigel TEAT o T a1 el 1 A Sl ¢ 37d:
Ufed aehid STEOT § WAV, STU[ST qe ST H SUfEerd Smferd Seigeil
#1 G& H1 Hohd oAl T TEHU-HE G GRI T YT gehia ot
o T T JART o STUR TR FiRa gem dehmor 9oft o dci oF gehia SATEOT
% A GOl 4.7 H fRu u #) yEifes offwe ged w9 9 faoee # suftem
SIS ST STera S STeeel o fog § |

AR 4.7— SEehT ATYUT & Uienfad Td afea o= (BM)

103, d- Tl f i % d
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3d°
3d°
3d’
3d*
3d’
3 le

O = N W s U

5.92

4.90

3.87

2.84

1.73
0

5.96
53 -55
4.4 - 5.2
29 -3, 4
1.8 - 2.2

GEER0T 4.8 ol faerd o fgHas oA o Jashia TE0l i T hiTSIg; AR SHAT A

FHF 25 B

gar ol et § Wi wHis 25 ol TggEs oEd W St Seleel Bl wEA
5 BTN 3Td: ST aehid ST BN, u=./5(5+2) = 5.92BM

QAT a8

4.8 M”"(aq) ion (Z = 27) o T ‘Y=o’ eaehid SOl 1 O T

43,10 WA 3MAA HT T

|
ferd 4.5 — Joq GHHT Uit & FS Hlfead
ST & ST faeaHt & 11 &
3R G JE AR V4, V8, Mn2*,
Fe?*, Co?, Ni2* 3R Cu?".

3d°
3d°
3d'
3d'
3d’
3d’
3d’
3d*
3d*
3d®
3d°

WA faam ko4

Sa 11 3ot et d-heTeh | a1 SIS, Sed Sell

A d-heeh T Bl © d S Sl (energy of excitation)

T WE ORI TR S TG & € e § (THE

5)| HMM: 98 STgfd, S99 Wad (visible region) H

feora gt €1 Uferd 1, STerenfo WehTeT T T W1 Bl 2

STERNTHd ehTeT o STgia @1 MuRU fare (Ligand) o

WA o SR T R Sar B GRon 4.8 | A 6
Sttt oo § Sfad T F1 FHeg R T T, T8 i
o o] fere 1 &M@ & €| o 4.5 ¥ $5 d-=di®
Teall o Gi faerEt &1 gwifan T 71

WRUT 4.8— YAH GhHAUT AU oF FH A &g AT o

Sc?

Ti**
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4.3.11 Hepel ARl ahT
EEill

4.3,12 IRRE T

4.3.13 STaRTRTIT ATeRT

<hl 1T

3d° Fe* KU
3d°3d’ Co*'Co™ rer-Tetret

3d® Ni** B

3d° cu™ ten

3d"° Zn™" TTEH

Heped AR & AifiTes eid € o urg et ffvea wen o kome sreen
I S W T ok Yoo TSt A €1 FSeh arae srfirererfore Tor
B &1 3Hh D IEEW € — [Fe(CN)g]” . [Fe(CN)g]", [Cu(NHa),]”" den
[PtCL,]> (Wheh 5 & Hepel ATkl o THIE 1 faggd ==l =i TE ) | Wehwol
A 3T ool AMTh T T H3d &1 THRT T&A FHRU & o1g I o SRR
T B BHT, UG 3T T 3= ST SO qN 3T o a1 o foaw d
el i Y

ThUT HIqE AT ek AT SAEH A Wiehadl o faq STH W &1 Gehmor engai
T IE U1 k1 ARG GAISehdl Us ehel AT o oM o 07 o HRT
F1 dAfeam (v) st (Toael wehe ®) , gem faefea oA (8R g ¥)
IR Frohel (ST BRSNS |) HhHUT HTgsi o g ST oh o B0
£ 3EF % I T8 W AHNF & AU a1 SAE I TaE o A
o ot areel Y TEAT BIA B SMeY S o foTT qer| HeRHO Suft o ¢y
3d Td 4s SOERAl 1 ST w21 IRUTHEEY, SO % WA W
AR =1 Fisd ¥ gig € e € don 1Rk o et H Sufterd sTey
Toel Bl W &1 Wiha01 Sl b1 W S Sl €1 SHerfiehtor srareeneti ® qied
B Wh o HIU TR ST IAF o B § Ak g et &1 Sermeoned —
3T (1), STASTES TP T WHCHS 3T o o 91 2 areft stfafeman

1 ARG HL B
21 +S,05 — I, +28S0,”
TG SAEHT AR T TILHT 39 JHR & —
2Fe” +21 5> 2Fe +1,
2 Fe’ +S,05 — 2Fe’ +250,”"

e HeRHOT HTgetl o fehieet Seteh o ofiat B MR ared TWATY] S H, N 1
C HUIfy B S| € o SAqueneht AR w1 A et 21 3 Afieh W
STTHIHIIHATT (non-stoichiometric) B %T‘MT T ST B % R A H
TqegArs| 3] & faw TiC, MnyN, Fe,H, VH, 5¢ @ TiH, , 3| 3Ga
G5 UGN i IS A TR0 STorwel YRR T8l | el 1 hid
o SR W, 30 Wk o Ak iR dife (interstitial compounds) ee
g1 &9 ARl & T sifae 6 TEEtE s fe eh § -

(1) SfauehTelt ATt & Torish 3= B € St Yg orget 9 oft siferr 7
(ii) 3 @1fd %R e 1 7el q o Fo dEel w1 Rl @ R w1

IRl oF THM Bl 2
(iii) 37 AR H1 eifeaen =Tershar G @l 2l
(iv) TEEt &9 9 SFauesrl Jifen Hitwg g 2

105, d- d f wdfeh ok a@
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4.3.14 Thsngeli o1 39 (alloy) fafer= emqe @1 wfersm 21 € <0 foF wrqedl < wfmsm & v

SRIE0T 4.9

&al

2 1 fasg Tarh S foaa @ gehd Y us O1g % ), gEd g
o A | arfafad w9 @ faafia ®d 1 38 9K & fasnge #1 @A S
ARt gRI Bl B et wiferes Beeneti § 15% w1 i) el W engati
o srfqcrerfores o qen ST Teeneti W THEA oF RO WU gst gN
THsIge =1 T WReTaIgE e eidl 81 39 YehR Wil fHSTg %ok e § 9o Sk
T AT Se9 B €1 % fhsng gew guRfea fagrg &) wife,
TAfesm, e, wifdse | g WS w1 S fafi= whR & =i qen
g Wil o IR | a1 Sa1 21 STHwH o1gsti e GehHoT «igel o
A G W fagrg oEifies wew @ g €, foeh Seww € — i
(HTR-TSeR) , swran (Hiw-fe) anfel

SATRETeRT0T STereell o * STEHAIaA | <1 o1 @1ef 82 Teh Sgreur iy

W U fafire iferdientor Tawen SHY A qUl Svd STl TSt i
o H HH TrEl g Al Uk STEHEIE B 21 SERl— TN (VI),
SATerEfTeRTOT 3fereent HiHTST (VII) qen Hst (IV) 1 gl o eredtd wiesm o e
ol 7

3Mn"0,” +4H - 2Mn"0, + Mn" 0, + 2H,0

QAT 92T

4.9 T FfST R cu’ oA e foeem § Rl 78§, |7 a9

4.4 QTBHOT AL B = 9 W FHUT §Iqeil T AISH % HeA ATAHAT 6 Bererwd Teh

BT AEcagol
Nbres

WA fogm 06

et o SAUES W B 81 Thisad o sifafed gl ¢ MO YR &
A e Tl ©1 T el | Urgetl i SeuaH SR G
TR o7 G o (HHM Bl B S T Sc,04 ¥ Mny,O, AR de 2@
%! el 1 of 7 o 999K SMEA H1 Fe,0; U SR HIE 30 AEe A
T2 21 stfeTEe o SAfafied Sifedl-+E (oxocations) V' &I VO, #, V' &I
vO®" & wen TiO”" & i TenfaE 1 €
g3t 1 SR T& § gig oh W SHAES] o AR 0T § hHT Al
21 HTS 1 SAFES, Mn,O, HeEast qe1 g0 qaitd qeief g 81 78l o
fF CrO, a9 V,0, o o ot fe 21 21 39 3=a sfisel § ot
W9E 1 gHEd gl 2

T8 Y%K Mn,O, ¥ HMnO, W< &l 81 H,CrO, @ HyCr,O, &l &
CrO; ¥ 9 8 1 V,05 SHauHl 81 W +ff qera: erefia € 3R Vo, aell
VO," & o901 <l 81 SRfeam o Afesel § &iehid V,0, 9, 3¢9 &g
V,0, 3R 3wyl V,0, de it Iieads e 1 fiern 81 V,0,, 3 o
foera B VO oferor ol 71 36 YR V,05, 37 ael &1 9 sifafman T
FAW: VO, a1 VO,” 1?1 oiey @ sifueeiig Cro &RshE © W
Cr,05 3WadHl 2l
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urefram TEwmne, K,Cr,0,
TreferEm TR < H SEi o fAT U Heweyul T 715Ut STE wE U
(azo) JfER &l aH § el & ®9 H fHal ST 21 SEHMES i
YHFE: iU W @ Sl 81 hiHES 318 (FeCry0,) i S a1g i
Sufeurfa o wifeay =1 wefiem wEie o @i guferd fwa S @ af side o
T | FAES F AT FEHe o WY AR A & T § —
4 FeCry04 + 8 NayCO5 + 7 Oy —» 8 Nay,CrO, + 2 Fe,O3 + 8 CO,
Hifeam v o el foeem Hi BFat 38 Fereh 3T g1 STl a1
forn S & fomd 9 A wifead eEsme, Na,Cr,0,.2H,0 1 fweferd
L foran < 2
2Na,CrO, + 2 H — Na,Cr,0, + 2 Na' + H,0
Hiferd erwme =1 faoar, Tefrm srwte ¥ aifie B 8 safen
Hifeaq SEhte & faoam o i wilEs S ek SEhive I
X forn s 2
Nay,Cr,0O; + 2 KCl - KyCryO, + 2 NaCl
T eEHMe & AN U1 o feed, feweliea @ W 21 Sl
oo © e 91 SRHME 1 SRS el & S faeee & pH ® Rk
AT S| U AT SEHUS | HIHIT 1 SRR G G 2|
2 Cro,” +2H" - Cr,0,> + H,0
Cr,0,” +2 OH — 2 Cr0,” + H,0
HHE P CrO,” q1 SEHUE
.. S Cr,O, i HT=AE e & T
) 1 IV SR FGOFeTsh I Bl € Sateh

S {lC’Q& 9) S . .
o ——\—Cr/%°>\0r/§ (6] W i %
/ z%\ Qﬁ-sf 399 ﬁ W ﬁﬁq -{Eﬁ %,
o “% 0 S99 Cr-O-Cr &Y v &1 °4F
SEFENE I 126° @W%I

Hifeam qen e SRHHE Yo
HTFTeRTol Fe 1 FE FW 2| HSTq dau H1 S § oo st g
& 1 T8 hTseh WWIEA | ATRAHL] shtien oh &9 H AT qgrt foha S
21 TRTEY SRR F ST AP favee § wefhe AeE o ®9 H
e ST 21 oTvelta Hieam | SEhiue 3T i siferdiehe foran e g |
YT T S " © —

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

39 THR TS GOREH SEHMHS, AAEEE H Al FAEEH |,
TEHTEE & Gewl o, fo7 (1) &1 fo7 (V) ¥ 9o A (1) <&0 &1 STRRA
() a1 ® sHam| 31d srfafemang e @ —

61_—>312++6e_ )
3HZSé+—>6H Z§S+Qe
3Sn —»3Sn +6e
6Fe’ —6Fe” +6e

107, d- Td f =tk o
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ESICEMERIEET

Tyl errafeh sifufeman 1 drefyram eEshme w1 sfiadRr ot sifufeman
AT STTEIF] H1 AT e sl 1 Sigwt wr fma S HeRdr 2
Cr,0, +14H +6Fe” 5 2Cr +6Fe” +7 H,0
MREE Tl KMnO,
YRR THTHE B W i o faIT MnO, 1 &4 o eRgiemEe qe
KNO, S sfiediehier o |1 Huferd f&han Sar 21 9@ e & 37 ol 3]
K,MnO, WIwl BIdl & S SEE =1 Sed1d Hieam o STeamuiiad gieh qreem
THTHE 2l 2B
2MnO, + 4KOH + O, — 2K,MnO, + 2H,0
3MnO,” + 4H - 2MnO, + MnO, + 2H,0
frEfiTeh TR W HHT ST MnO, o & ATRiiehTont Ter o q9eq,
e (V) o SgaeTaseHl stferdieno gr femen S 21

KOH&;W HeT
Mno, 000 0 89 8 HHED . Mnoz-
e oA

g faea § Se[-sTqee! SR
MnO?> 0000000 00O O- MnO;
e e W
AT H IS (1) 3 o a0 WIAISREethe gR feriiehd Bl
TEHTE S 2
2Mn”" + 5S,05 + 8H,0 — 2MnO, + 10S0,” + 16H"
TR THTHE Tl ST (ST o) W % e s @ s KClO,
o W1 GHGTEATCHR] ST © | 98 @01 Sl | aga faetd 78l €, (293 K a
W 6.4 TH/100 T S W) | W 513K qF TRH HT W qufed 8 Sl 2l

2KMHO4 —> KzMnO4 + Ml’lOQ + 02

Tk QU Hifereh 0T SAfersh Teh © — SOhT STtk T T 9l et
BH o WIY-T1Y THHT AT W T ST STgahed | T8 1] hefeh Tagid
SN HHSEN ST Gehel €, S foh 39 Yk i o @ 9l 2

HIHE qo WHTHE 3P Sqoheih g Bid 21 SladioH & p herhi 9 §Hs
o Herhl oh AfGeATH W T p STEYH IR Sl €1 e WM S Uh
ST ST o HRUT STGaH 1 BIl € W WA 3T STfed seiaeia
T B o SR Yiageshid B

AT TWHTE T Sfisiete o hiaTeReieadEs |, 3= (II) <o &
SR (I1I) T H, B2 i A8 H ol STAERE &l o TaeH |
FAferdiehd T 31 €| STT=Eeh] i1 37 AfAfHaT W THN € —

COO
5] —> 10CO, + 10e
COO
5Fe’ > 5Fe +5e
5NO, + 5H,0 — 5NO4 + 10H" + 10e
101" — 51, + 10e

O
O
O
O
O
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KMnO, &t stef-s1fufsran wa staamaent &1 stef-sifufwanstt &1 e
Gyl erfaferan =i foran ST Tehdl © A STEvIhaHR THIHI0 i Faferd
femn S 2l

Ife &0 TS o W, WS SReieEEe qu HS (1) o9 o
T=E w1 oA -rfufsmanstt &t = w9 9 v =,

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

@ e el YhR 3@ Hehd © foh faoaq o gESSE oEA i i
sAfafswranstt w1 g & o Hecqul gfaewt o €1 =afa v sifafwanst
1 YeTRE-fawe 1 Werdl § HHAR ST Ghdl § Ak sifdfwman 1 wfdent off
T Fewq0l R & THME TF 510 [H' =1 R et i iofisha foman S
g wg W w9 9 aifufman it eidt @ 5 qs o Ae (1) e
IUFErd A Bl SISl Ak SR 7 S|

KMnO, & s Hew@yul siadishor sifufwas fHefartad € —

1. e fao=m # -

(/) UMW RS W SEEH T Bl 8 —
10l + 2MnO, + 16H" — 2Mn”" + 8H,0 + 5I,
(@) Fe’ amA (80) &1, Fe®' (fen) ® qfadq -
5Fe’” + MnO, +8H —> Mn>" + 4H,O + 5Fe’"
(1) 333K W e o e SAfeifcis el o1 et
Bl B—
5C,0,” + 2MnO, + 16H" — 2Mn”" + 8H,0 + 10CO,
() TSN Gohize 1 Fewl § Aiadiehor, oy Tewt saeifa
Bl S & —
H,S » 2H +S°
5S8” + 2MnO , + 16H — 2Mn”" + 8H,0 + 5S
(F) ITREH 3T 31e] ohTse 1 Hothe Al HeHeh 3 |
SATFE TR —
55805 +2MnO, + 6H — 2Mn”" + 3H,0 + 5S0,>
(B) ETEe H1 MEee | SHafeHIo—
5NO, +2MnO, +6H — 2Mn”" + 5NO; + 3H,0

2. ITHM el Jed & "

(%) ©F < 9 AR 7, STEieRe &1 sree § giadi—
2MnO, + H,O +1 — 2MnO, + 20H +105;

(@) UEEeHeS T Gothe H o9 AECHS ®Y 9 STTRIh{—
8MnO, + 35,05  + H,0 — 8MnO, + 6S0,” + 20H

(1) HS @0 MnO, § Sfedientor; 9 Gothe stuan e
sferree 1 Suftefa sfufran 1 SR #dt 2—
2MnO, + 3Mn”" + 2H,0 — 5MnO, + 4H"

Ae—  TRGFARE ol S SUMEfd o WHTHE %1 ST{ET STHdIueHE ©;
Fiifeh BEGElle 7 A" H Sfieiehd g Sl |

109, d- wd f wdfeh o a
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ST

forgeroTeHer THEM § ST o STeTdl QIS THTHE ST ST HIAT e ErEA H i
& &9 H a1 S €1 TR STA U foRlehRe o &9 | oA S €1 S, g, e ael qen
el o fadsiientor o sqent ST off sHT SAfRAeRTOr &Har W R S B

4.5 AREEEE

AT GhUUT aed (_f-&cATeh )

et Y A A §, eRetae (e o W1 o Hiee dc) el UfeAre
(Wl & oI5 o =ik qc) | Hith W el oireEe W afeishedr e
WA B o oReAEE] i el 6 oren o wimferd wd €1 3 el o feg
Y Fohd Ln YIS Bl ©1 39 YR @ UfeRAige dal ot ==l o et
i 39 it o =ieE qel o WY WA @l 81 HHH0 Soft w1 ger |
TeHEE o o efush GfTehe qEHAT TR id €1 3 dcll § oheel T
T SATRAIHTOT SFeTEer Bt € A $TehT TUTEA 39 THM TN offet dedi o SRR
oIl IR e H gU 37¢T IR o Uit H§ J91d ST HIE HI h1 3qH
TR TSH FIAT 1 A 3R, WfaeAtgs goit 1 WA s Sfea 2
Sfeed 1 Teh R S Tl i STTerden ol sTaeenati i forqga T™ a1 ga1
ST 5 il oh1 AALHIor €, S 57 deell oh ST | (o9 hisreal S
A B FET _fowclioh shi QI ST 1 SieEA gYer w9 9 feman S|

T qe wreHre (fSeh fofe W= Wehd Ln <1 STERT el 71 €) ok

A, Tehd, TWHITVE Tel G AT STaeenali o selaeiien o=, ] ue
APt et o A | ol 4.9 # fu g )

W4.9—ﬁ@mqﬁﬁ=ﬁﬂh€f%gﬁaﬁﬁmwwﬁwﬂ

[GEoEE |

La 5d'6s” 187 106
58 SR L Ce 4f'5d'65” 4f2 4f1 4f° 183 103
59 PlERIEtpn] Pr 4f°6s” 4 4f* 41! 182 101
60 Franfefoem Nd 4f*6s” 4r* 4r® 4 181 99
61 Tifafery Pm 4f°6s” 4f° 4r 181 | 98
62 Hufem Sm 4f%65” 41 4f3 180 | 96
63 EUERL] Eu 4f 765> 4f7 4r° 199 | 95
64 Treifafem Gd 4f75d' 65" 4f75d" 4f” 180 94
65 feem Tb 41 65> 4f° 4r® 4r7 178 | 92
66 feaifaem Dy 4f'°6s” 4r'° 4f° 4f® 177 | 91
67 gifeqay Ho 4f''6s” 4™ 41 176 | 89
68 ey Er 4f*6s” 4r " 4" 175 | 88
69 CIRE Tm 4f %65’ 4r " 4f " 174 87
70 gefaem Yb 4165’ 4" 41" 173 86
71 [ECINRE Lu 4f*5d'6s” | 4fYsd | 4™ - - -

* heol [Xe] HIE @ aTg ST IUT MY B

WA faam phdO
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4.5 B fomare % 3@ o1 W € fF 5wl wemgel & ot o ® 6s” U wAe

2, Wq 4f TR W qReadeiel fav € (FRoft 4.9)1 7t s qsft qeli o
e SoaRie o= (eremTae] i eifq Tl sffedientor syereen) 1
ey 4f° ¥ (9gd §U YY) HHleh o WY n=1 ¥ 14 )|

WTH W IR o o el shi AT U STt et o wWu g

(SFIMTTE Mo ) T-eHEe dol o @A &1 T fafire @ 21 o
AT WeHH Suft ok el oh T TR SUTH 9 Bl €1 TRAr] et o

110

1001

/e ——

90 r

T T 1 oAl (gstl i et ¥ @) W UE e

- Frrafia =t 2 S for M™* el o Frafid w9 9 2@
=1 faerar 2, (Foa1 4.6) 1 a7 o= Itk o & @
SR | WehHo S | qrE T @ qen RO
oft TAM 7, 37efid Tk & SR H Tk el H g
E@ITE:T_"I s GTE[\U'f TR0 g9 (imperfact shielding
- effect)| TFT ot ot § Tifyenta AT sg o @y
Th d-309RA T W d-SaaeH oh IR g49e &t
T H, TF Af TAF FT G 4/FAaH T ARE0T
Y HA Bl € a1 Suft H Sed gy AiAEE e
% HRU Igd gU IATY] Ak oF T1 T o SATHR
4 s frafd g amEn S R

RIS Uft o S 1 GEgd, oeHrTe
o Feddl €, Teh RoT gdid Wehaur S
st & W SO GHHU YU % WG dl i
el & Wl o e wWH 'l S €1 Zr

453 3TRAIRIOT
e

57 59 61 63 65 67 69 71
TIH] ShHish —>
e 4.6 — oi=eFigel &1 st Bema & ggfoar

(160 pm) T2 Hf (159 pm) T F=amsti &1 e
A T A-OATE S 1 qRomd 81 78 39 Hgat
% Ypfd T Y UMW SH qA Sk JUFhIO H Icq
HfeTE & fau saert €

eATag ®, La(Il) @& Lol 3w q@ €, R off 9 +2 e +4 e
forerem & s1emn S Aifiehl o Sufterd @d €1 98 sitEthaar (SEh o emam
Tt o) e, srefafia qen qoiufia fwmerehi & ifafiea enfae & wro o
STt 81 37d: Ce'” o1 Septe 19 ATUTS=1E 30eh o+ § T8 eidl 81 W T8
Toh Wael AR €1 oT: Te : WH +3 STEwel § 3 Wl 21 Ce/
Ce®" & ES ® WM +1.74 V ¥, 51 7% <t § fR 78 Set i s
Fehdl ¢ qefy, 39 Affsmen ®1 <X st i ® it gHEifan ce(IV) wh
311 faveoee: Afiwd® 21 Pr, Nd, Tb T Dy it +4 SifaRiiehior syaren
T9iid €, WY el MO, sifeaEel 41 Eu”, s el o qien grl ol 8
qe 7 foI=IrE 39 3 S a9 1 R0 Bl 81 Eu’ U Yae ST ©
S W +3 ek § uftafdd @ S 21 56 v ¥ Yb, frmen famd

Ll d- T f- =i % A
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4,54 WHT ITFATLI0T

LnN

LnC,

f* R, T ATEEE w1 FE F 2 Th & LHEE HuRd © au I8
SflerEfiehen o1 T hYdl B HUREH 1 sTaRR FAEn 9 refesh fietd- s
2, S +2 q1 +3 S STRAHI SRt Y I B

it TRt wiEl 1 e Yo 9°l WA Q€ SR g W qd <& gl St
&1 T Al | 9 o WY Heral § gfg Bt 31 SHREw Wiel #1 @E Her
Bl 81 39eh el 1000 ¥ 1200 K @ HeA B © W SHfEE 1623 K
R foererd 21 57kt fafere u1g ST B § den 3 e ud fayg & ors
oA 214 &1 Sheed Eu 92 Yb 3R F¥fi-%+ff Sm e Tm ! Sigaht 5
qen &= N § ety qfteda g 2l

3 BrEdst oFoRTEE EE 3 e qen faera | Ui B §1 S
ST T W[ SRl 1 SUTEfd % wRO gl 21 La® dd Lu® e |
T i off Tl T € W I oA ot i g #1 R oft, werea: £ wR
T E IS o HeraEy a9 Hhol g 21 fO(La’ qun cet) ue
S p® qen Lu®) o sfafe s wst oreAre SR STEEsh T B B

TEATTS] i W A w1 7 600 kJ mol | ok STHUE Bl
21 fgdia @ el 1 7E @ 1200 kJ mol | B, S shfowd
TAqed | qald AR Tedt & 7§ foreror o fasga faaen 9 98 freed
rrererar € fop fafma Geedt o1 wew (S fo 99w a0 S0t & 3d Hemhi
o) fioa, eredaifia den Quivid f &R &1 o Hm 7 T 586 &6 9 gdd
B Bl T oI, TeifatEg qun i & gdE e weiedt o
STEYRET e Al 9 e 2

Y= B9 9 G & SR ool USE ST QAR R | chfeqaq i
TE gd T g €, Wq 9gd THIY] HHi%h o WY T8 AT H1 0@
SRR T B

e sfafen Ln®"(aq) +3e_—>Ln(s)éﬁfF1'QE63h‘r
2.2 4 -2.4V % WH H ¥ Eu & folw E° &1 M
~2.0V @I feEte 9 ¥ g o qfiedH 7, eRger ™
o IAER0 H HE TG W T I W Y SR o A
T Wt T GGl i hIeA o WY TH H W hEge—
LnsC, Ln,C, @8 LnC, 7d €1 7€ a7 31l 9 BEgieH
9 o A € 91 BelSi o e § Seld W 2eEs
T &1 3 SATES M0, Gl BIEgieEe M(OH), sl
B eEeioEe fivem Aifies & 7 ff shact TEgle SRS
F I YT uTgew o STiIES de TISgiES i Wi
NeHIT BId 81 9! WE fafRae o 4.7 ¥ =il
Ln(OH), + H, el TI'S‘%I

T 4.7— oFerIel %1 TarEf afafEag oSSl 1 Helad SUAN Wi qUl 9 S o ferg

ESICEMERIGET

fasg T o SaA H ©1 U guias s fuwr ang
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4.6 Sresitas

(misch metal) € S Teh o-ETg 91 (~95%) SATERA (~5%) T TLTHH S,
C.Ca, 9 Al ¥ 51 Bt 21 iyt e skl ereaferes A, Ar-iferam emenfia fasg
o ggea It © S Sgk 1 Tell, FHEd A1 G q gooh fUle o I &
foTe Swm o e S B oenigEl o fufya sedEst w1 swE veiferm
95 H I HI W TR W1 B WAl % P AlEEe] B STAn
TEEUT (TRIERT ) o &9 H Jefifas 93 § qen SHl WhR 1 fasid Hagl
¥ fepan S 1

U=l § Th ¥ Lr a% =i<e acd €1 37 dcall o 19, Tohd a2l 5o 01 ROl
4.10 ¥ fau 7u B et Hedmlera q € qen URfus weel %1 arufy
TR 3Tfereh Bt 81 W SIS aiet Ui &t 376l 1 W Tk & 9 3 firfe
Tk 1 ARMSEE (Z=103) *1 iy 3 fiFe €1 918 el §ee sheel A
e | 8 9 ST Hehd §1 39 a2l o HR0T S9eh AL § AU hioasal
Tt €l

AR 4.10- Ufeefm qur Yfeearast & %3 T

89 UETERL

90 iy

91 greferfem

92 fam

93 JfEm

94 eIt

95 AR

96 A

97 SehfeToH

98 Tt

99 A IH
100 wiEm
101 Teeelifoem
102 At
103 AR

Ac 6d'7s” 5f° 111
Th 6d°7s” 5f " 5f° 99
Pa 5f%6d'7s” 5f° 5f" 96
U 5f°%d'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 97 5f° 5f° 98 86
Es 57 5f1° 5f° - -
Fm 5f 12752 5f11 5f10 _ _
Md 5f13752 5f12 5f11 _ _
No 5f14752 5f13 5f12 _ _
Lr 5f6d'7s” 5f ' 51" - -

* %had [Rn] ®IS & & Soided uie Tu g

46,1 TSI forare  THEn ST € o Tt Wfetael # 7 fawr 2 € qon 5/ T 6d STl

o ufad=eiier et i 21 Hieg seiael &1 Few 57 3ushier & g 21 eifem
(Th, Z=90) T @ &l WJ Pa TS 36 1 et el ¥ Fataa 9 9 faw
B U TRAN] G& 103 Tk Tgo W 51 herh Iul &Y U R Sl &1 eHTe]
o UM Uil o goiaeie fa=amal § ifafadane, 51 Susher § Sufeerd

113, d- T [ =i % A
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4.6.2 IMAME 3MHR

4.6.3 3TTRITRITT
JTEEATT

FO 7 qen £ fa=rdi o e @ wefud €1 39 YR Am 991 Cm
TR fa=I| %A [Rn] 5/ 7s” @1 [Rn] 5f° 6d 7s> & @i, 5f
HeTHI A 4f FHeThl H, Ik T Held o HIONT 907 o G H A o
St © W A a4 o9 gT el B € fa o Af heren| oa: 5f et Aty
% Ul W S W AN o Hehd &

AERF TR o G o UfeeAras! 1 G ygta ot oremtEel ®i € @wE
21 it & wRA] Sterer MC ST o MR W efR-+ whiken g g 81 g
Ufeias 3= (FOMEE Mg i TE) o ®9 § H(d fohan ST Fehal
B 7y g8 e 39 9ot § U qed W O ded W ST’ el Sl € Sl
5f seieRl g geel TR (shielding) o ROT €1

Uferae Soft § stferdieror staensti 1 oY eAfus 21 iy ®9 9 39
HROT 5f, 6d A 7s TR H1 GHGET ol ¢ WA HI T AR
LTGRO 4.11 § <uifef T 2

AR 4.11 - UfaefEm qer tfaeaizs o tedeRtuT srawemd

Ac Th Pa

3

N
ook W
o U W (=]

4.6.4 WHTT TR0
qqr TSt |

LCIREMERIEE <

Np Pu Am Cm Bk Cf Es Fm Md No Lr
3

3 3 3 3 3 3 3 3
4 4

N O Ok W
N O Ok W
o O b

tfedfae Orard; +3 Sifadietur stacen <wiid @1 S & uRiye
TR STl e HIHI : ST SRR STeEATT YT hid &1 Serelund,
Iouqy Sffediehtol el Th W +4 8 Pa, U @1 Np ® %uW: +5, +6
qAN +7 T TEH T €1 TG WIS oh el W SRR STt wedl §
(TROR 4.11) | WfArel 9 oFoFrgel | 98 GHEd € % 98 +4 S
STIET T TUET +3 SR afacen § sAfued Ak a9 o qenfa, +3
A +4 I 1 S ATSfEd € HI Yghd Bl 21 YRE TE 9% Al
UfeATas! i SRR IoT Taeesti o faquor | sa-1 siferes efafaaar qen
fafsr=rar o St ©; foh eifarfeRT aterensti & Hed W =9 qcll o WA H
Heien LA HarTsHe Tl 2l
weft frrtTe WY @S § S A @ ¥ i YR e
Tgidt &1 S | e o s e Beaet o sifrafiade €, s
TROATSl W el AU €

Uferiae st sifufmania ol €, fasivest s 3 gen famfem <)
T W IeTd U S i Toha § SHRIES a1 BESES i 40 9w Bl © 3R
AfereRTeT Tergeti T HaASH, YE=T AT9 W gl 81 eEgiei o1ret Heft erget
1 e 1§, W S eqe Tl vl g, 3eq g Bl #,
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HR foF 37 orgefl W sfiFdEeS 1 Gl gae a1 S 1 & 1 T aget W
T Y9G Tl TSl

Uferetael o Hahia o1 oFORTgEl H gor o eifuw wifea 1 Tl 51
S e e s e nie] o S e o e
A o E R SE okentgel % fau g aioml § @, gt 3 He
wroArEl § % tfus g 8

tfertae] o =aaer § 98 o ¢ fof urfye Ufeeaiael ) oo oo
(7l W& &9 @ | TE 7)), URAAE orAEel § v ¥ 98 Sfud ot v
BIAT € liteh ST 5f hefeh A YRH B a1 o Selei[l oh A Hie § wH
e B SHAY 5 el AR A HIA -Oel o 4f el &1
o | sifuss woelt w9 9 uifi@ 2 tfete | dw soeen w9 g
Y ThE AEYT & Y STTe B 2

faf= <teror o gl & fmen foa=m S o 1 g 7, teetaet w1
TSl ¥ qorl i W BH U B fh tfeedimel § oFeHiEel &l ale i
IR, S0 o SE WM ah g a%h geae Tl e g fh ot yrfae
Ut off oFORTTEl ® We v W Wieiehe THMFAT 9§ e O ok
itreh qiads wefvla s o fierd-serd &, fom sfierdianon srawen &1 gRafdd
B aftnfed T 1 ereHEe den UfeAiae e i dl o R TR farga
e Tl € 3R SEife S04 3fed | Sk 3 3 Al qeell o N W ot
TS TSl B AETE ST ek Tyl €; it ufaeAtael o weE
M ATl el 1 WEA SAH qF wH 6 2

SEEOUT 4.10  YATIS U o Tk WEE ] AH GdASU S +4 SRR STaEel geid 8

& dfEm (Z=58)

qqARET 92e

4.10 <FIATTE M= Wi ol § Tk qed ¥ SO ded o oitel UfeRATge fge st el €

Fii?

4.7 d- 94 f Hi®
el % O
SRS

el q TET 3fedd Heerqul ior Wl €1 SRl SeuIe SR SieTEE oh
TT=IA, S5l o TRt qe e o fasieH emgeti, S99 Cr, Mn 3R Ni
o WO W ia €1 s ARl 1 SR o a9 3299 o forg e
2, 99 TiO 1 9vish &M § &I MnO, &1 Ik i el §) 928 saim o
Zn T Ni/Cd 1 St STawashdl Tedt €1 avi-11 o qcl 1 GIeg Fel
sfaa g Fafy faeer 9 Meg =1 swgstl &1 Jecd shad UL d% & Sifd
& T ® 9 HehTeld UK ‘Riw’ fqech arede | i srafiE wie € ol
‘faeer’ UK faaeh Cu/Ni fagrg ©1 =gd @ g eivan S+ek Aifier @

L5, d- Ud f- i o q
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U ¥ "yl SaRe €1 HeHReh 3 % SR H V,05, SO,
HATFEARTT 1 SARA Ll €1 Al(CHa), T TiCl, THIToR SEeh! o1 STHR
2, fogs swm dfacfuef (diferuefq) o Sara § g 21 e fafy o
No/H, fasor 9 emifen o &3 o foiu oo Saie o &9 § ygad gl
Bl Je/aH o BRSNS § fTohel SARE % ®Y W WY el 8| UUEA
SFIHIU § TS o o ‘a1t Johd' H PACL, SERE o €9 | T glal
B F1ohel o Tepall UoehlEHl qT 3171 hia(-ieh ANMTeR] SIH SIwoil oh SEeTeh [eh 0l
o IwT €1 WIEATET UM AgBr o fafire weher HogAeie o ol W
e 2

ATANT
3 W 12 o areT d-seteh AU ST WIRUM o Hed 9 ¥ fiord 81 37 a § oTiaie d Fhareh!

1 Sl 5 STRR R Eiell B1_f£aetTeh ! 3TTad WRUN o STET Hier shi R 1@l 71 1 39 <cileh
T 4f A1 51 Heeh IUUW W S 2

3d, 4d T 5d Herhi H SelaHl R YR o WId WehA qedl 1 < S J@ 21 el geneor
oTqQ AfTerersh efeereh o1 RIS il ©, S Sed a &7, d T, e, qrde e fargd et
A efedreh U S et o et Te Sl $ed Bid €, fTHeRt SRl (n-1)d SeieEl S e
¥ ariiert 2, fored veret SfeRToRaTuTes afeie S €1 3T 9gd ¥ O o o sfes wdw 9ot %
T T U1 Sl € W FE Hohd 31 € o Yool STaaRAIsh 3 iR o fore wid d ek weh srmfera
TolF T B TR st fomar 21

& 1l o dcdl 1 orl H, 9@ §U TRATY] HAlh o e HWehHUT deall hl AT TEredt o STefersh
gfg & € S| 31d: (n-1)d F&TF W ToiaR[ ®I IR T& | g, el i g W A @l
BraT| aRoeEy, Thiean qe 5k o erfafter defi HshHor ey qied! sfeiehtor steret yef¥ it
B WHHT UIg o T o Ted W (n-1) d TERE H1 WSR3 deell W1 g fafiTe o weE et
21 31q: URed! stierdieRtor srareenail o Stfafiad YehAvT Tqu STgash g o7 I Sca o g9t & den
T orgel | Ui o, Weper AifTeR U SqueRelt AifiTeR s 1 ygfa e ot 2

HeRHUT STl o TUETh oaeR | ercafereh fafe=iar o <t €1 579 o 5gd o emqu @i et
o oot Toh o foru vt fagd emicaes Bidl €1 7@l 9 o 9 Sope’ €)1 uUW WA 9 § iR
o affafie @it uIqu e erfufmansie €

HHHUT YT gd Gl AR ; SE— SATerfiST, IgeioT, Tehl a9 gelis 9 tfafswan ek fgar
ARl T T HLAT B1 FUH HehAU 0 BT gl o SfeEe qa i o fog s ¥ $wg A
R eifafran wUE St ]1 AR, el qe ARl | foeid geR sifamifes o s €1 Wiy
TTEH IS T TR WHTHE 3ok STV 2| TR SEahive sHM o it HiAEe o=k &l o &1
3uferfd & &R o Fer Gferd e o 9SG U hl eI feRan S 71 weferm Wi o forer
o UGS SR (MnO,) 1 STANT a1 Sl 81 SEhMS qel WHTHE i & Yool tfeiihien
A B

AR Wehmol el 1 & AT reFTaS qen UfeRsiae ofad qRolt o f —seiteh 1 ToAT hid!

&1 4 f ofiafieh herehl § STR U BH o T S R urgel st qRar] iR sreten e o witen
T (SFIFTIE 3MGer ) BT €, Foreeht gemg 31 ol el o WA W ¥qE §9 9 edl 21 oo
A OIS Tt BT g v Al g it €1 wol W M 9 rfufsma ek foerad W +3 e o
oIl B1 THE ATRIRTOT ST +3 ® FElY W +4 91 +2 ARdeRon ofeed off e wrgel g qwiet

ECIREMERIEE
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STt €1 ferfer atferdienor sraenati o e e o SRor Ufaearast & W ifush siied 81 §ve: 9gd
ot ufrese e Weaedt & St o orqell & SeEd i shiad o St €

d AT _f- =eATeh ok dedl A1 STk ARl o agd SYANT SgEn &1 38 ¥ ygE § fafe= yen o 2
T H, ST, Tpol q FHTe(eh FYIU 3T HI

STFRIRA

4.1 frefafed o soeeie fa=mw fafeae—
(i) cr” (iii) cu’ (v) Co”* (vii) Mn”"
(ii) Pm”’ (iv) ce* (vi) Lu” (viii) Th*

4.2 +3 SR e | fdind e o wed § Mn” o Aifieh Fe”’ o AfiTehi w1 g | siferh Tt
i €2

4.3 T&9 H T R foh Jorm Hhao1 uft oF g ST | 9gd §U A ki oh §IY +2 SRR
e oy SR T Bl St 22

4.4 WH HHAO S0 o qedl o Sl fare o o qep sierdteRr srerenat &l frifi w €7 3w
%l ITEIT <A Y T HIfT)

4.5 THUU qodl ki G e § = U T o el a2l § S-St steeen T git?
3d°, 3d° 3a° @en 3d"
4.6 YW HHAU AT o - oIgwReTEA w1 AW fafeu; fud o1g Wewor goft w1 e "' o e
ATeRATRTT e TS el B
4.7 WEAEE A F1 T2 AUAIE A oh g = €7
4.8 THUU UG ok Al 1 §2 F HhRHOT U1 FA HEA 8?7 d-solish o doll § R U ded FoRHT
Joft o T &l He ST Hehdl?
4.9 HHHU UGS o TSR oG HE YhR SEHHU dl o goeie foE ¥ fae €2
4.10 OFEE R HF-HIA G SAFAHT STTET YT HT A 22
4.11 SR <d T TR FHfC—
(i) THHUT YU q 3ok TSl AT STgahg €
(ii) WA U1gell 1 HUH TR ok HE I B
(iii) HeHH1 YT HEE: i A At
(iv) FHHT ¥IqY q1 ok ek ATk 30 SITH h1 HE H B
4.12 R AT F0 T2 38 HR & AR Ghuv ugel & o 9ol ywR o w7 w1 &2
4.13 THAU oGS hl AR e W uRadaeierdr STHeHO urgsti o siediehiur otewensti H
Redasiier @ frg g = 82 3SR de TR iU
4.14 SCTHMEES 96 U TRRET SEhme a-H S fafy o1 9o FifSw) defiem e e ® pH

TEH § N AE IS
4.15 TRREH SEFEM 1 SATFfw o 1 Seor@ HIfS qen Frefafad o e srafies e fafan—
(i) SHeREeS A (ii) om=E (1) fae=A (iii) H,S

4.16 URRmM WHTRE 1 99 1 oty &1 av wif) st defiem wime fRe geR-
(i) 3 (1) 3 (ii) SO, a1 (iii) serdfers 31t | sAfferan sear 82 sifufewmanet & fou smafer
g fafem)

117, d-TH f- =i % a
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M2 /M Ao M* /M2 Fre & ed | % e & B & BF A9 f

4.17
cr’’/cr 0.9V crl/er’” 0.4V
Mgf*/Mn -1.2V M%f+/1\/[21+12+ +1.5V
Fe™ /Fe -0.4V Fe  /Fe +0.8V

4.18

4.19
4.20

ST SAhgl o MR R Ffafas w feomt Fife—
(i) ereefta mremm & " @ Mn®" 1 go § Fe® &1 wnfaa
(ii) THH Ufkan & fore shiferm stern Sy engetl 1 qor § STeRA o Sifaiisheor § el
frefafad & ®F @ orad St foeem & A gi?
i, v, cu’, s¢®" Mn”', Fe’', Co™', udiw & fau RO waEy
oI HHTUT FUN KT TGS i +2 SRR sraeensti o Tnfae &1 o it
frefertad o Hed o, oFenTEe Td UfaeiEe o THEE i el il

(i) sl fommg (ii) TRHYEE TE AAHF SRR
(iii) SToERYor sa®en  (iv) & sTfufwametera
4.21 1 fr=Afafed # fF9 TR 9 T HwE-
(i) d* w5 9 oF" vad SEEE © wEiE S () Yo s 2l
(ii) STeita faerem o wismee (1) el § W Ggorer) sifimds w1 Suftfa § 98 @t
aAfereiepd & T @
(iil) =Tl &1 d' foore ereda s B
4.22 STEHMEUEH ¥ 9 F1 GHA B2 Sl foerad # sremuad sifufwmansti o 31 serew i)
4.23 YoH GHAT SN H HF G e g qe ®i +1 ATRRL] Yo quidt 87
4.24 frfateg T smAl § srgrferd ol i o SHifsm)
Mn”, cr’’, VP qen TiYT T 9 &R W Sely faerm o stfaserh 22
4.25 IRV 0 g HHHU UGSt o TWEA o TEATEd SIS 1 HROT ST —
(1) TR o1 1 T RS GREE T, Sl Seaad fiedRe Suad ol ?
(ii) GHHYT U1 H1 ITeqH SRR STee SATFAES] qe FivEel o yaiid gl 2l
(viii) 9Tq o SATRIROTEAT  Seodq SAfefiehio sTaeen e et 2
4.26 frefafead wt o & fau fafe= 9= 1 Soo@ Fifse —
(i) HHEE 3% 9 K,Cro0;
(ii) ETHEE ¥ KMnO,
4.27 Tagme =0 27 oFORTge Uigel W g Uh 9@ fUsTg a1 Sooid iU $8eh AT o TdEu)
4.28 Afsh WHAY A 1 €2 TAEY foh FrfeiEd § i W U] HHi% Sfidiish Wehu del o § —
29, 59, 74, 95, 102, 104
4.29 UfFEHATTe q@l #1 WEA a1 Frafid 781 © fam fF SreMtae da 1 WeFl 31 da 1 sttt
STEERNsTl o YR T 9 HUF F1 U TG FHioTl
4.30 TfFARS Suit o1 a9 ded I 1 82 39 el 1 Seleieh forre Tl 59 dcel ki Giferd el
araEeral W feouft wifsm)
4.31 g0 o ¥R W Ce”" AP o goiaieh [oTe o1 Sed=1 HISIY qel ‘T=ehol W1 G5’ oh SR
TR 3Heh JahId STEUT i UM IS
4.32 ORI Sl o 3 W qedl ol Seoi@ I S +4 741 S +2 SRR e <id 1 3 YRR
% IER AT 3ok Tl fa=amg o &g gev Tenfud wifsw)
4.33 frfatead o gl 4 fediae 9ot & dqol 9o oFomae Sl o dell o THEA 1 gl it

(i) s fo=ma (i) STerdeRYor STawemy (iii) TEEfTE Afafmamiier

4.34 61,91, 101 &1 109 THIY HHih et q@ll 1 goaie faam fafau)

ECIREMERIEE
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4.35 U 90 % THAV Tl o AT w1 fgha o gl St % o o W e 9 afest ol o ge

wifern) fr=fafea fagst w fovm qem Gfsm—

(i) 3ol fa=ma (ii) TR rawm (iii) T Tt den

(iv) TRHEEE AR
4.36 frAfafed sAl § y&® & fau 3d seraeHl &1 gen fafeu—

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

MY 37 TIfSId Al (STHeshid) | Ui 3d Heih! &l T TR e w17 9z
4.37 WUH GHAT JU o qed W GOl dedll o fHeh O § fear v s B oo s
4.38 fr=fafed dgpa i o Jaka TEOT o 91 § 279 F1 fshe fehrei?

ISR JaHA A0 (BM)
K,[Mn(CN)g) 2.2
[Fe(H,0)q]”" 5.3
Ky[MnCl,] 5.9

qGABEA LAl 3 STR

4.1 THeR (2=47), +2 Aol erawen Y= s qehdl €, FTad STk 4d Ferh 37q0f 9 gU € or: 98
THuol T 2

4.2 5% o 3d Hel & solaeH difcrs eeq § ggs Tl eid & SHieh 3d Joft & 99 qeft emged &
d ek o Toiae il e S9F § W Bl 2

4.3 W (2=25), & WA | Faifs Sl seige U Sd 2|

4.5 ST el ¥ st oiedE fafa= 3 fo=rmel o ot &1 emmar & fa=idl o R0 @ (ISR
d’, d, d'°) = w9 9 el gl

4.6 B IMHR TF I=d fIgd HOMHSA oh RO SIS ST T, H1g Tl IHh Iod SRR
JerEeN qh ST L Hehd B

4.7 Fe¥ #1 g H CrY Uk oo 1ueEe uwied 2
EFITUT—Cr2+@Cr3+EFﬁffd4_>dSWﬁaﬁ?%ﬁﬁT%ﬁﬂFe%@FeyﬁdG—)dSﬁUﬁaﬁ?m%I
o S8 e ¥ @ F ger § 4 e e € QW CFSO)!

4.9 Cu’ el foerad  sreHEaiad e 2
2Cu’(ag) - Cu”(aq) + Cu(s) S8% fo@ E WM e 2

4.10 5d T AR G U JuET €9 G g wd 81 SR I ¥ 5d el 1 goft § T e
Y g a1 IR TH R oA IR0 gore gRafae g 2

L19, d- TS f i o q
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