SRR

T THheh oF STEAA o TR 39 —

aad WRUt B d- qe f- stk acdl o
fefa S 9,

GHHu (d-scAish) T AT dohHUl
(f=ih) Tl oh ORI o S|
TR

e fava & ged § faft= siefe

TR o oI T o "< &l

T TehT;

K,Cr,0,, @1 KMnO , S wewryvt At
o fowed, TN, SEet den SuEr o
U HX Heh;

d- T _f- Ak oF el oh W O qef
T Afast ygfa o ot 1 wH= w9t ok
IR H THH TR,

- < ok el o TUT 1 U T Hehdl
Ul SFOHTE] To URATTS! % gelaRitTR
fa=mg, sffadiRtur efaen Td T

ZEER & oS TRk Y ol

Teheh
C

(
el e

“SITR, I, Feat 3T Mo — |t haor ael 7 o7a & (=i Jra
T & faehra o wgeaqut yftert farg &1 sfiaRes AT a9 Th,
Pa @91 U e & & iasia St & 9 &id g & @ 817

a1 GRoft & d- =oAtR § ot 39 12 o dcd o €, o =i
& eredl W d e W W € f- wlieh o ded of B T 9g
o 1 < arrerdl W 49 5 et ST W W §; 3 qc o
3 = sl weed € T § 3 geors ot faan e © qen 3
3o GRON W Uk gUeh f- <Al S €1 d- T f- <ol o el
1 HAY: WeRHUT dcd TF 3TTfieh HWehWOT el off whed €|

GhHl el i &I B9 W o 9§, 3d 99 (Sc W
Zn), 4d %oft (Y ¥ Cd) qen 5d 9off (La ¥ Hg, Ce ® Lu &l
BgwY) =eft 6d A0f, S Ac | RS Bt 7, 7eft a7l 21 enaien
HHuol dedl 1 & S (4f dA 5f) HEAY: ROAES qel
UferAtae Hearn 2

gHfed €9 ¥ TH GHA qd a8 §, TEl gel (37)
STEEe 1re TRt 3T SifaRdieheuT sTaeen | 3I8eh d e oTqui
Jfiq gl ot 12 o S, hefoan qon 7l o STt ga sraen
AT STRT WET AT Sreeen | qoi 4" faemw R el
THIfTT 5% WohHuT oT1q Tt | sl fiX off, 9 dohwor sifvra
o AfqH IS T % HROT 3Tk THIEA T ST FehdoT ¢rgait
o EEE o | TR S @)

T7on WSt | oifereh 9fid d- 1eren f whereRi ki sufearfa
o U] Weh T el Al ITeh ANMTeh] ol 17 3= q&A o o
el § STen Y < 1 TR off wersthar o " i st gen
THEl & el T AR] Bl ], GhAU dedl W F oherargds Y
oo ST "eRa 2

I Igqe oL S faear, e qon wifem i irifres
w9 ¥ HEEqUl QT STH PR, HI qel gl gt Hehmor

1qe €l

\) \ \ \
CRECHIG G

\
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8.1 A AR

8.2 d-Salee acal
¥ FAAGED

30 Uhsh H, HAU qdl o URET oF G190, Y 3ok Soldeie o=,
ISl Tl T o R =R & f5eH gom 9fed (3d) o qell o Ton
o ygfa R eIk oA <0 den F YH@ AT ok fated 9 T 1 etemE
1| T AR GHAT o1geti & A Teoell S solaie fomam,
SRRl STeert qe JEEeh sfafshamiea W fo=m &

WRHUT T ( d-SeTich )

e HRUM o1 ST HET WM - selish 3 SR g3 €, Toeen g MR s- el p-
=it ferd 81 s- o p-sciieh dcdl oh e TEqd &M o %Nl € d-scileh dcdll
I GHHT dea’ T N T 1 3k Sl Sl Wl % d- HER § s
R I E N T YRR GhAU H1ge i G ufeat erefq 3d, 4d 9 5d 9
Bt &1 el ufed (6d) 1eft TR TU 1 WoRHOT dedi k1 e Sifol TRef 8.1
¥ gt T 2l

I 9 9 3 de w1 seRE fa=E (n-1)d ns' 21 (n-1)
AR d Herehl i 3T shiar ©, TS0 Tk o < e geie &l Hehd © qaell
AT ns Heh H Tk el 31 Solge 8 Wehd 81 W (n-1)d @1 ns
Hehl 1 ol | ogd HH AR o HRU 3 YA F9H ok 3 AR 2

gee: @1l Ue ol Wi sheren! o1 T eTdamehd stfreh Bl @1 SR g
3d Suft o HeHHU e, Cr e Cu o Seigieh faw=rel o widferted g 8
ST & AU Cr | 3d'4s” % TIF W 3d 4s' =14 21 3d 9 4s Hamsl
1 Fotetl | 3 a1 FH B o 9 4s T o 3d HEH H YNl i Tk

& Ul S YR Cu § gl fammE 3d %48’ T et 3d'4s R
AT Tl o aEl SoleRiteh T |Roft 8.1 W ¥y 7y €

RO 8.1— HHHUT TS o AT FAG((Teh Ta=ard (et Tae )
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Ac Rf
Z 89 104
7s 2 2
6d 1 2

e St

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

3 4 5 6 7 8 10 10

Zn, Cd e Hg % Soreeite fa=md, 91 99 (n-1)d ' ns’ ¥ T&RE
T ST &1 37 qcl BT ot STareenet qe WHT SRR STaeene o 3ok
Ferh ol 9T B 21 gHifee 3 SoRmor e 1 Soft | A T s

HhT Tl o d & 3T HEhl (s T p) HI U WA FHi TG
T 3fue S B 2, o7d: 9 3a uRaw § e yifad B © a9 36 TR
39 =R} 3R o AL Steqe STupeH shi off geiferd i B1 o Tegel |, Th
¥ faam® d" (n=1-9) arct 3Tl H GHM Jahid U Seiariieh T[UT 9T i
g s B9 Q@ 9RA dFerdl % FRO A 9 T AT o7 9 €,
SG— 3 AT LT, T SR HT a1 1 3 ThR o ferrel
o WY Hpa i e

ThHUT HIqT AT ok AR SSREH! U1 o ST ah1d Zaer ot g9id €1 5
et ferioansti w1 foe=m fadr 9 39 Ther § 918 | &1 T B

e GHEl o il o oqia HehHol deell o o W aifas SHEa st
T St E1 92y, o ol FHEa) ot O S €1 0 ved Ee tfaererl
A 3T aifest i (Tq@Ed: 3d i) o qgf 1 S1eEE 1, TEvEh 59
1 gEE@e W faEr Ha

SEER0T 8.1 31 fohd SMUR W T e Wehd ¢ foh Thieaq (Z=21) Tk HHHY dcd © W Tk
(Z = 30) T&I?

B Thiedu %l gd 7ol § 3d Herk g (3d ) B o HRU g8 GHAY e /A

ST &1 Sefeh ffer AT § got stewen qen Sffaiihd etaeen I | € 38T 3d
et qul 9Rd (3d ) 1§, 3d: TH WHHUT dedl &l WAl T €

qqAda g2a

8.1 Teel wAM] H g1 e § YU ARG d HeHk (4d’) T MW HH HE GHA ©
% o& T wHEI qd ©?

8.3 JZpaAuT acat
(d-=eilee) B
A SO

e qft GhEor ded e U, S Sed q @med (tensile
strength), @ (ductility), S&H=a@ (malleability), 3= ¥ den
faregq =Tetehal Ue wifes = <9d &1 Zn, Cd, Hg 9 Mn ¥ ST9aTs| &
BISH FHMI A9 T STh1 Teh 1 Aok Tefish difcersh GRS Bl 21 Wbl
wrgetl w1 fafa=T et Geerietl 1 e gret § o e 2

219, d- wd f Al o dd
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HERHUT 13Tl aht STeTeh WG

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

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

hep hep bcc bcc hep hep cecp cecp cecp X

(ccp,bcc)  (bec) ,
(bee =& Wi5d 7419; hep = THIVIT [faeaq erd; ccp = T4 fHiae e X = T a9y gifcasd ae=).

8.3.1 dfifqes TUT Tehmol e (s, Shefiem qen 9ol o eTuarel & Wiel) AfdesR e 37y
aroaeiiet Bidl €1 Seh i o Ao S= B B fe 8.1 ® 3d, 4d T
5d HHH UGSt o el €T T & S=4 el w1 HRU SFaUaHI e
ufeeh &M W ns SoeR o STfafed (n—1)d Fehi o AfE el i
IRt ¥1 Sheel Min T Tc o 3T9aTRl o Sigh fhadl off 9ot o et <
Tl d° e R stfuehan e & 991 Sgd U TRAIY] shHieh] o W1l ikl
o i w9 9 e o €1 ! U T (enthalpy of atomisation )
% UF 3=9 B @ o & fom 8.2 | <wifan wn ?1 wek it o one wem
Y IeuqH HH 39 qe4 i S0l € TR Heel SiaRAiuesh Sriatsar o fag
A d heeh T Ifeld goeA 1 BT 99 ®9 ¥ oehel €1 GH:

4 900
— guft |
W 800 — gufi 2
700 — guft 3

600+

500

400

300

AH /kJd mol’ —>

200+

100+

TTHTY] ShHih —>

fer 8.2— WA dedl H1 HU Tl BT g
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8.3.2 WRHUT &3l o

AR 3MHRL
o gfReds

TSIl SeiaiHl ot G fSaet SAfersh B, Sa &t Yeet IRETof sTieier g
e “get & A Soireie e o i § #uH Toed T Heergul SR
Bl 37d: 9gd I=4 U T (efd ogd 3= FUAE) ael ge w1 yed
sAfafspaet § Iepe WA ®1 B 81 (Soeie fawd @ fau §) d <@))
o 8.2 & MYUR W T 34 qEr 2 fepren <1 wshar € o qom
GhRAU AT o |G el bt gor | fgda aon g gof o d@ w1 wUE
Tt o WM fue B §; Te W WeRHOT Gqet o ARl § erg-erg e
% §g I § Tk TEq R 2
=Ia: S0 § SEd Y W] ik o WY THM SO a6 ST it s
T ST B9 Bl €1 HehT SRl © foh s off Afesia ey § gty el @,
arfafter Seieei= &1 o d 3fffdeet H WosT ial 81 TH: T L foh d Seiee
1 AU Y9E (screening effect) H THERTE Bldl €, 37d: TR SO0
A SRIH TS o ot 2 oEd MRt | gfig v St € frd et B
1AM W2 S 21 TEH YRR i ygt fre gt o Ay Seemett § o S
St 21 g Soft H et o "l § 9% uiteds Sga diel g 81 T A
A2 ehTeT | el 377l & ST Fer gt forsty Wepmor Soft o el o SRR HI g,
TE Goft o G el o SRR 9 1 Sl €1 o 8.3 o oo <wiid & foR werm
T At (3d) o al i gor | fgda FhRao gt (4d) o WA qwl
1 AR TN & W A GHAT 07 (5d) o el h1 BAC ore o@l §
S o fgdta donmor Soft o Gd aell i 1 TE RS Af Herenl o o o
M o R el € foH getaeial 1 emgfd, 5d 9t o dodll & d herk |
3MIfd YR B W UgS S AIfETl 5d FEh! F U9 4f Heh H sl hi
aafd o R T Brenet § frafa g B €, (59 ereetae st
(Lanthanoid Contraction) %ed 21 Sl 3TE¥a® &9 ¥ ded g¢ WY HHiH
o QY WA SR § g8 Genfad gfg w1 erfaufd s 1 ereniae sngee
o THY Y9E °h SROT f5did UF gt hHol SU oh STIEY qell ohi A
TAE B Wt € (SII Zr, 160 pm @l H,

119 159pm) @ gk fifqw wd @@t qon o
J18 e FHMA T WAl ©, S GEe S et
117 o YR T 37uferd wHFar o off =gd eifues el 21

TS e o fIY STREE R e
TE B S TH WH A0 S0l o fee < S @
qeT G RO o fou STRaEl €, otefq wh €
q=ad o HEhl H Th soided gN TR T 310l
STER0] YHE| T T 4f Seiae g S T STeR0

=11/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 Y9, T d SR 5 S W SAER0 YA &
Rh Pd Ag Cd o Y g1 @ a1 S-S T 9oft § i
Ir Pt Au Hg aEw ¥ gt Bl €, |eft 4f" el o SER o
T 8.3— THAT T T T fnet § ygfaar frafid B gia 2

221y d- & f AR o ad
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Hifceren o o B9 o WY WRAvaeh $HE | Jhg o IRUTTEEY 37
Al o S | W ghg Bt 81 39 bR shi Heequl sied gfg i
(Z=22) ¥ FM (Z=29) T 3@ H e T (TR 8.2)1

ARUT 8.2— WYW HHWUT JUN oF Al oh TG TR (9T TS D 3T TUT

TIHTU] ShHTeh

oI en e

21 22 23 24 25 26 27 28 29 30
M 3d'4s® 3d’4s® 3d°4s® 3d’4s 3d°4s® 3d°4s® 3d'4s® 3d°4s® 3d'°4s 3d'°4¢
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, AH/kJ mol

AT TOUT/AH" /kJ mol

AH®
AH
AH®

erTfearer /3mSR

r=a/pm

UM TS
fawa £7/v
¥d/g cm®

326 473 515 397 281 416 425 430 339 126
I 631 656 650 653 717 762 758 736 745 906
11 1235 1309 1414 1592 1509 1561 1644 1752 1958 1734
111 2393 2657 2833 2990 3260 2962 3243 3402 3556 3829
M 164 147 185 129 187 126 125 125 128 137
M - - 79 82 82 77 74 70 73 75
m* 73 67 64 62 65 65 61 60 - -
M*/M - -1.63 -1.18 -0.90 -1.18 -0.44 -0.28 -0.25 +0.34 -0.76
M /M - -0.37 -0.26 -0.41 +1.57 +0.77 +1.97 - - -

3.43 4.1 6.07 7.19 7.21 7.8 8.7 8.9 8.9 7.1

SEEVI8.2  GHAU dcd HUH T o I=d HH I <30 872

E&  Hifh s WA § W€l Hem § oiferd Seleed B ©, sefeiy e We

aAEEa g2 )

ST = 5 B @ ord: WAt & 6 Yo STeU oF ey
HUH el 359 el B

8.2 M, Sc(z=21) ¥ zn(z=30) H, T &1 HUH TAeH 1 TH TIH FHA B T, A
126 kJ mol™; Fi?

8.3.3 MM WIACH  sriaier d werhl & 9 & Tief R adwl § gfig e & Sro Suf § a1

WA fagm 222

Y Tfed 3 aa7 W HHA0 St & a1 S Tedt § gfig Bt €, wafy
3@ gfg 9 % SEI-SR! fafaa ot o S €)1 Rt 8.2 W werm Gehwur
guft T Il B IAH T T TOfTTE % 9H K U § T A 9 W
2 for 7 a1 s Ol # gfg a6 dig e et S foR g ot o
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8.3.4

ITTeRATeRTUT
3T

Al o1 ereiieh TEE: o SIEH el o 7§ gig el € TRy SRR
acll 1 fgdta T gdia o woed & Al o g8 9fg 1 aiEmr gma:
Tgd 3tfuh e 2

3d UIgel i U AEEH Tedt w1 et ygtt w1 Tafy wiE @m
TR Hee el § R off we wuieor fean S gl @ T uw gerR
Yok i 4s AU 3d Herhi 1 TR Setien | gRedy g 21 39 UhR
T TP 1 foard d Bl @ 991 4s § SoieeE @l 8l

TH YN, SOl 1 G@ | gig 3R s Sl o d Heehl § Sl
& ey $ (o EE Fel % WY AEEA BH W el 1 GHSH el 2l
HHT=Id: $90h A § Yel AT A9 § gig o RO, 9g Hi sTafard
vafa et 21 Tafy, d forg ® et off afteda * erqufafa o wifgem &
foTT | 9 g1l & 3R Zn o T 0 S=9 el © i 98 4s TR Y I
1 YT el 21 3 ergetl 1 Fean i etawen +2 €1 i syupe
I M SPF TN g, FUH TOE & We-Te Yo TE 5 ST Seted
1 oft IRl gl 81 Y@ 9% Ty e woedt ®, fS@en uE Cr @ik
Cu & fau sty &9 @ =0 2, 5 M* e & d° qen d° fa=ma
fasf@ g & *Ro1 fafoa i %1 Aot g™ giar 71 Zn o faw gna 9
T Bl € iR ST Bq U ol ehoral © o gl d'© fam=me wre
B €1 A A Tt | Y 4s hereh o ek NI Seel @l sl 3T
& Mn”) o d'° (zn™") @ T o BeR | sifus weE weiia B 8,
S g g gt S 1 e, gdd S ol At se ® SR
Mn™" e Fe”* & #Fi § goTe Siaue 1 @l € w1, fhe i foha o
I=d WA 3 F © TF 0 37 a9l $l +2 U oA SRR STt U
T ST =

Tt e Tfeu, sifafiehtor staeenati o qericaeh e o Heiferd
9 ANTEE dl B, fh oft 9% wuen §ga Sfee 8 SR dichiielh Sdeh sl
?q "l = R
THHU dedl o fafire el § @ uw A0 39 qwl gW Afe o a6
ATFEEhTUT ST <1 €1 TR 8.3 | WeH HehHUl S0 o oeall ! HH
SRR STaensti 1 gelag fohar T 2

WRUT 8.3 — WeH GehHUT SIUT hi ST Shi STTGRIIERTUT STEEATT ( 3TFd HIHT=T STTaRITERTUT STaeerati
o Wi TET o femmr & ?h)

Sc

+3

Ti v o

+2 4’.55

+3 +3

+4 +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

223, (. f wiw %
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SRET 8.3

gal

AR 2=

8.3 H&HHU dwal
T§ Hi?

WA fogm 224

Tfyes TN H SATFHIhIuT T 3R a1el dcd GhA0 U o6 e | o
THeh ene e 81 Sereeondd, HS +2 | +7 %k i Gt e sreey
T9Iien 21 SUft o Al TRl W SHTeRdeRoT STeeel i e % WE Sl 2
TEHT HROT dedl (Sc, Ti) d RS =1 GERE & U w9 soeHl &
SUTSIT 31T el ob HarSTehdl HI¥ § d SeiaeiHl i 31feres g (aftmmm:
qriERY o feq %9 el 1 SUeteddn) [Cu, Zn] €1 38 YR Yo| Sff oh
AR H Whieam (I1) ar&afashdl § 7= € 9 Ti(II) a1 Ti(I1) T qef
H Ti(IV) @ifask Tt 21 9oft & R B8R W 5% &1 Thae sitadismo
TN +2 © (d AR 1 qFEd TE ®) | W T el Sfirehan
SATeFeTehToT STereenati sl T WIS d%F s 991 d H&ehl | Sufeerd seieeHl
*1 HEA o A & R 21 (Ti 0,V 05,Cr"'03 Mn""'04) | 56 799
Todl T I AR SRS o e | SR HEl 3 Sl ©
fSreRT ST 3 et eifireterfores witefisg & (Fe'™, co™™, Ni', cu™" qen
ZnH)I

R SATRfeRTT STt i foh Hehaol qeall 1 Teh Toreioel €, &1 R0l
2, ool d herhl W Soiagl 1 T YR W WAy N, TEd g awl i
SATeRATeRTT STereenat | Weh o AT o1 @ 21 gen seewn, VLV VY VY Rl
Ioora1a & T 31T 9 (non-transition elements) o, fafi= sfferisrtor
oSl o HEd: ] R A Ul Sl

d-=cteh i o ot (1 4 ¥ 10) i AR sTaeensti &t uRadaeiierd
o Uk e 924 @ i oA 1 p-stieh o (I T YAE o HROT) AR
TEE g e TR STaReTt ST 3T el &Il ©, Sfeh d-scifeh H STk
falia 9et 21 Serwoned— & 6 § Mo(VI) den W(VI) &1 T Cr(VI) 9
aferer €1 31q: e HiegH | Cr( V1), SEHMHE o & § Yol e
& i MoOs T WOs &l

1 Siferdientor STereet q T Sl @ S Uk Hepel Al § @ forre
B 9 o-staeA o SIfafea w-Tmel T «f 9w S g1 33eond - Ni(CO),
3R Fe(CO)s, | Foher 3R MoRA &1 ST STaeen 3 2|

TY GHHAU d<d k1 A9 dqrsu f5gqd giad=a stieisio aeent &l arE
SiGl

hfean (Z=21) uRadra siferdieror staeems & efan

F 3d 9w B W d g€ GO § AR ST uiar @

2015-2016(28-10-2014)



8.3.5 M2/M HIFeh TS faera & o/ U &% M SPF § ®Ua @ Hetd
fawat ® wefaat SH-THES TrEe AR e Seiaeie fav9e drol 8.4 &

feu 7w ¥ 9Ruft 8.4 o AT 1 IUANT Hloh UNekTerd Tl
qen E° % Uferd o & wem qer & e 8.4 ¥ <witan

T R
0 A FIR F1 TAEE B HROT AFA SRR, T6H
\ aell W Hy 9o i o1 eremeldl s Tseienol &dr 2

Shelel TR 3T (TEfeeh 3T SIR TRA ig Yo
) & Cu o W Affhan wd € @R 3 o7t sygted
8 W ®1 Cu(s) & Cu’(aq) ¥ &Rl & foaw stewae
= S, THH! S Tl § Eqfed el gl e
2 bttt WﬁEeaﬁwwwaﬁWW%ﬁa?
e TG e Y o ol Tt s e < i e of & wf

T % 7@ S T 3 B Min, Ni 991 Zn & E° % "M

o7 8.4-Ti 9 Zn & & T & (M2*>M°) . .
‘ i HE Yot g Sufed W 9 atfues ok B 2
% geiaeie favaEl @ gfera qer & wd ¢
gReBfera |
TR 8.4—UAH U F WhHUT qedl oF SHEAT-TTETARTER |7 (kJ mol-1) 3 M(II) ¥ M ¥ 319=r&
&% UMeh THERIS fawal & U
Ti 469 661 1310 -1866 -1.63
\% 515 648 1370 -1895 ~1.18
Cr 398 653 1590 ~1925 ~0.90
Mn 279 716 1510 ~1862 ~1.18
Fe 418 762 1560 -1998 ~0.44
Co 427 757 1640 ~2079 ~0.28
Ni 431 736 1750 2121 ~0.25
Cu 339 745 1960 2121 0.34
Zn 130 908 1730 ~2059 ~0.76

SEEI8.4  Cr UdEE & SaF Mn ' SR, SEiE 3 &1 d- o= 2, Fi?

smr  Cr' UF SUEEe € i sme foaw df ® @ # ufefia s @ fe
159 t,, TR (THER 9 3G) Tl 1 @0 AR Mn® @ Mn”" # qRadT @
AdIRT (d) forome wra g & S T9 eifafied et e S B

A g2

8.4 TR % fau EC (M2 /M) &1 91 ST (+0.34V) £1 S8 HIfed HROT 4 §2
(G%a- T =9 AHC @R Ahdee R &M <)

225, T f ik %
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8.3.6 TIMeh THHRIS
faswat me/me

¥ et

8.3.7 Soudw
ATGHTRTOT
aTaeealt o
Wt @t
gt

Mn”>* % @1+f-9fq d- Ferk 1 fae 3R zn® ® qofafa d'° fa=m
T% E° Ml § Wafud &, S@fE Ni F1 B 76 S5 FOTAF Ay H o
¥ wafud 21

O 8.2 F B (M*/M>) & WA 1 iR SR TRadeler et
=31 21 Sc o foru g6 7 WM, Sc 3 TNt w1 St € forwent fa=md
sAferar 9 fa=mg 81 Zn & foIU 596 S=9a9 W 1 SN0 Zn®* o Rl d'°
o @ T Soie 1 g 81 Mn o foT 3Temehd =9 WM @il € TR
M2 (d°) fav w9 § T € SafF Fe & stiemed f1 @M, Fe''(d) &
arfafier Tenfere =i <9id €1V o srdeneha 1 7M VoF o Tt 9 Heifa
g1 (i t,, TR, THF 9)|

grRoft 8.5 WeHAUT WIS w1 3d Gvit % Tl dagel i Ui {1 S
HATeReTeRToT WE TiX, (ITRWEE!), VFy 3R CrFy o W il 81 Mn &1 +7
HATRETERT0T TN Tl Bz | Wefiid Tl eidl W MnOF 3 € 3Rk Mn
o qvd T FeX, 3R CoFy o i i ulq Z5eciss el &l
SThan STTeRAToRYUT ST i T YT i Tl FJART i &7l a1
q THH! T eIk el oh BRI Bl €, 59 fF CoF, & e o =1 5=
TEHAS Afieh SH VF, 3R CrF §, =9 o1eY el o wRu gl 2|

ARUTt 8.5- 3d U o FemgEl & GA

+ 6
+ 5
+ 4 TiX,
+ 3 TiXs
+ 2 TiX,"
+ 1

CrFy
VF, CrF,
VX, CrX, MnF,
VXs CrXs MnFs FeXs CoFs

VX, CrX, MnX, FeX, CoX, NiX, CuX," ZnX,

CuXx™"

'qﬁ X=F->1X=F5Br; XX=F, C; X"=CI » 1

WA foam 226

Taf VFy shaed V' 1 YRR il ®, 379 TolEe SeeiuEed W
RS, VOX, 30 €| Feigel &1 g T, et sfisrdientor sreeen |
TART ST 7, S8~ VXo(X=ClL,Br 3R I) ¥ 3R 7t CuX o fore om] 2
21 TEd IR emreEe & sifaftad cu'' & weft demse W €1 @l cu®, Tl
I, § stfedfierd el © —

2Cu™ +4I - Cuw,L, (s) +1,

Al ek Cu” AifiTeh St e o ereemht § o feraR srmmafad

g &

2Cu’ - cu® + Ccu
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Cu”(aq) & TfIE Cu'(aq) ¥ @i B 1 %R THH! SordsH
T Ay HE 1 Cu™ 1 o § 5igd ek Foleaes 0 &1 7, S 1R
w1 fgfa oo wed w1 afayfd @ aifus 7

SIS i S=IaH STFEHIOT STILT 1 T YH HIH i &THal
sferarzel § el Bt 21 tfegel § Seuq st den (WRoh 8.6)
IR o7 @ ¥ el @il © SR TE Sc,05  Mn,O, % 2&@H Wi THerdt
21 ol 7 & 9Ig, Fe o 3=d TS Fe,0; U M I T8l 81 Tl &
e § e (VD) sae §, (FeO,) , 3R 994 & W 9 319 81 FexOs
a0, H fosfed g s €1 stierrgs o eAfdfier, sffediohera™ V' &l VO, V'
I VO™ aul Ti &1 TiO™" o &Y § €1l TEM hid &1 st shi a7uer
SIS h1 37 S=0 SAFART0T TILLNST i LI U L i & 31y
% Bl 81 39 YR Mn 1 S=uaq w3iEe MnF, § s S=a sifemze
Mn,O, B SATREISH 1 UIqell oh T SE3TaY o= 1 &al ¥ SHeh! Seheedl
H WA S Ghdl ¢ FEHANE SIS Mn,O, H, T Mn T,
JIIRAHE T H TF Mn-O-Mn g dfed O Rawsh o o & 21 V',
cr’, Mn', Mn"" 3R Mn"" ¥ T TqEFAHE MO,] | 3T @ 1

URUTT 8.6 — 3d &Tg3il & IiodTES

+ 7 Mn,0,
+ 6 CrO,
+ 5 V205
+ 4 TiO, V,0, CrO, MnO,
+ 3 Sc, 0, Ti, O, V,0, Cr,0, Mn,O; Fe,0O,
Mn,0,* Fe,0,* Co,0,*
+ 2 TiO VO (CrO) MnO FeO CoO NiO CuO ZnO
+ 1 CuO
* fafea stiFES

SEEROIS.5 a1 gvft VO <Cr,02” < MnO; ¥ siaisne e o Jfg i o T FH4?

EG 3! N ek ATEIA o W% Ud e i & wenfae o gfg ?

agAfET a8
8.5 HHT awa 1 AT SN H AT T (v IR fed) § sifafid uRed & emd il
THAET?

227, d-1d f =i o q
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8.3.8 @AM

Td E° UM

Ghuul Hgel t TEEte stfufmaeiiear s w9 9@ uRedeier €1 sga-dt
QT feR@e € qen @i el | foe €, e %o oy Sepe’
&, S fop Grmor sl gr1 geferd ¥ @

ST o7 HI BrgH Y49 0 & e TVena i sifafmamia B €
S 1M H' 3Pl gR1 Sfiadiehd e S €, afy 39 orgell o et o (H)
S SRRl § SAfAlsHan e i arEifas o Hefi-weft w3 S 2
IO — e A W IEEH UE SAfedw d Sfidie e 3l o wid
fiafera #1 M2 /M % E° & T 9uit § gt oeeet o s 6 s g
yafe o <O ¥ (TR 8.2) 1 ES % % UM WA H SR ST Y S
Tata Yo e fgd e e o 9 o 9 gig 9 Fetid €1 g8 Sl
I=% % % Mn, Ni 3R Zn & E° WH 9= vgfa 9 smifed o9 & qer
F o1fr HOTE €1 & Mn § ot 9Rd (d) STERT (d) 99 Zn” |
ot A ST T TR 36 EC % WA @ Hafd ¥ Fidha & R ES
1 UM THHT I=Ad9 BUNHS SrdeH THedt 9 Fafud 2

M*/M*" et T & E° AHi o 3tdelihd (URO 8.2) W e € TR
Mn”* qen Co™ 3MF Settg foeaq o Yeiean Siadiahor wtish 1 & Hd
T, V2 qen Cr’* 1o g 1=l e (ST9Ege) § 99 O oT e ©
TESINH 119 T A &1 ST

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

SaEeUr 8.6 WHEU UgH H ve™ A F EC & WA 3-

E

AV Cr Mn Fe Co Ni Cu

M7 /M) -1.18 -091 -1.18 -0.44 -0.28 -0.25 +0.34
= A o IfafHadr oF RO i HHEEU)

gl

E® (M” /(M) % wr frfra 78 €, 38 50 e woiedt § srfrfia afted
(AH,+AH,) T2 Seefurad Toed gr GHe hd @ S foh B S oRfesm o
U erdemehd 9gd HA Tt 2

+ + © + + + + .
Mn” /Mn"* 99 & faq E_ @1 9@ Cr'/Cr" sedl Fe' ' /Fe”” % WAl § 9gd

IEE0T 8.7
ek ¥R I Bl 27 HHATEU)
E@ 3 T Mn ®1 g STEAA St &1 agd a1 71 (d° @ d° ¥ wferd & fag
EYTF) ITEE T 39 TE ff T gl © TR = Mn 1 +3 ST SUE] Hew
HT T B
Rleciaiagecc

8.6 I U AU I=aqH IR AT ol RS el Feize o & 0 =i

LA B2

8.7 Cr ' iR Fe™' & § &M Yol TI=® & IR #4017

WA fogm 228
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8.3.9 Taehia IO

el W FART & STIIH HH W GEId: I YhR o Gashid FaRR T
B € - yfagasa (diamagnetism) T $ggada (Paramagnetism)
(Tweh 1)1 iageehid ueel, Syge gashE & g Wiaefid g & o
AR 1T Tered Thfia B E1 S el gawt & ¥ yael ®9 ¥ AehfHd g
€, 9 @egashid (Ferromagnetic) Fedd €| aiddl H, diessshed, Tgaeh
1 RA &Y | 9gd ¥ HHAU U1q A SIHTh I T

ST eIl Wi ScIT™, SFTITeTd Selargil shi SUTeTd S ROl Bl B, Tk
T STfed Seiaeid &1 gaid 30 (magnetic moment), THU HIUNT
T (spin angular momentum) TN F&T HIF FaT (orbital angular
momentum) ¥ Hsfd gl 1 Y99 HehH Jft w1 ergeti o Afrenl o wefa
I HeT T AMEH G 9§ 9 (quench) B ST € THIAT ST
HIE Ao el @ AN 37: 3ok folT gahig 3Meol ot Ferieor su Sufeerd
IR SeRel 1 WEAT % SMHR W fepan a1 € qen gHeh! o A fRe
T ‘YR UI-AE’ (Spin only) g3 R 1 S 21

n=4yn(n+2)

el n STgferd Selagql 1 H& § 9o w g1 el € foreht A
dR B (BM) €1 U SFferd goerziA ol gehid 3ol 1.73 SR A
(BM) Bl 21

ST TSRl 1 Sl GEAT oh WY HeIhid S0 1 A wgdl B oa:
Uferd Jaehta STTEOl o YATIST, STUlSTl qe STEl H Iufterd sTferd seraiAl
1 G 1 Gehd Terdl 81 WEHU-UE G5 gRI MU § YT ekt el
o TH a1 AN o STER R FiRa vem Seao1 gioft o6 qw@i o gaehid e
o o gRoft 8.7 | fXu Ty €1yl sfwe qer w9 9 oo § sufted
ST Al STUan S STaEe o T B

WRUM 8.7 — Fhd MUl o URehfad Td Ufaa W (BM)

Sc® 3d’ 0 0 0
Ti* 3d' 1 1.73 1.75
TR 3 2 2.84 2.76
v 3d’ 3 3.87 3.86
cr** 3d* 4 4.90 4.80
Mn** 3d’ 5 5.92 5.96
Fe** 3d° 4 4.90 5.3 - 5.5
Co** 3d’ 3 3.87 4.4 - 5.2
Ni** 3d® 2 2.84 29 -3, 4
cu™ 3d’ 1 1.73 1.8 - 2.2
Zn’ 3d" 0 0

229, d-TH f A% o qd
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SEERUT 8.8 Wi faerad § fgHarst o’m o Jawta ot w1 MM wifSe; Afg sHent WA

FHE 25 &

gar  Soid foaerEd | W] SwAlE 25 ael fgEaArst e ° SRiad Sereel i e
5 TR oTd: SHeh! Gashia SO B, p=4/5(5+2) =5.92BM

qqAbET 98

8.8 M”(aq) ion (Z= 27) % faq ‘goeror-am’ et ool s oMl Hifsu)

8.3.10 TN I HT &=

~

.y < PR -‘ =
- 1 S g e
fera 8.5 — T GHAV HU & FO Hlhah
A & AT A & 101 g
3R G 3 3R V4+, V3+, Mn2*,
Fé¥*, Co?*, Ni2+ 3R Cu?*,

wia =1 S et d-FeTsh W e 1 STSH, =9 Sl

A d-hereh T Bl & dl SeH Sl (energy of excitation)
1 T AN JehTeT i g % W il 8@ (Teheh
9)| WMIG: I8 3Tgfd, 399 UaH (visible region) ®
feora gl 21 Ufera T, ST YHTer H ek T BT L
TR YehTeT o Agfa @1 fuier fae (Ligand) &
WE o SUR W fehan S €1 §Rof 8.8 | ST oh
ettt faerem | fera T 1 wwag e 0§, T8 s
o 370] fere &1 %1 #d €1 ol 8.5 § F9 d-sileh
Tedl o Tiie oo i <wiien T B

ARUN 8.8~ WYHW HWHHUT UN oF FB AT &rg A o T

3d’
3d’
3d'
3d'
3d
3d’
3d’
3d'
3d*
3d
3d
3d’
3d°3d’
3d’
3d’
3d10

RSIREMERIEI S

2+

3 2
Co*"Co”"
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8.3.11 Wepel AfITehl =l
CERl)

8.3.12 I TUT

8.3.13 TaATeRIyNt ANfATeRl

CINCEE

8.3.14 Tasigati ot a1

Topel s o Aifer B € T uig emem ffyea e o o stean
S 30T T S Hich Gopor TSt s €1 ook ot stferteifores o7
2§ 3% P TR §— [Fe(CN)gl . [Fe(CN)gl ", [Cu(NHy),]”" e
[PtCl]” (Tsheh O W Gepel AfiTeni o Q@ 1 foregd == sl T ©) | Hehaol
A 3 Gt AMTehi w1 AT L €1 3T &I FRUT § U1 ST o SR
1 Bl BT, UG ST W I=d TS T T 376 o 997 o fag d
el i SUCTSI|

ThA T T ST AT SARHT Fishardl o fau STH S €1 HehHor et
1 7 01 STh1 UREdSIel HaSthdl T Gehet ATk oh S o 07 o HROT
&1 anfeam (V) siiease (weast g o), ged fauiferg oo (2R wehd o)
AR fohel (ST BB H) Fehuol HTgsti oh gRI SARUl o 9 ST
21 SAF o 3 T3 W AR R ok UL qe1 S H1 T o AT
o ofte STrsll i TEAT B €1 3Ty oMM ok T YU WehHoT Sl i Uy
3d s 4s TARMA H STAN HLA El IROTHEEY, IAE H HaE W
AfehTsh w1 Figdl A Jfg &1 St & qen IR o et § Sufterd sty
gat 81 S &1 Wiehao Siell ol | 52 Sl €1 Sierdianor sraeensti o ufed
Bl Tk oh RO THHUT UIqE ISRk o &Y T 217k q9el et &1 Serewned —
3 (I1]), STASTES 3T A WATHS AP o o= §u=1 e areft stfaferan

I ARG w4l 2 ) ,
21 +S,05 — I, +2S0,
T IR AMARFA T TR 3] THN & —
2Fe +21 — 2Fe +1,
2 Fe' +8,05 — 2 Fe™ +250,%"

e HehHUT TR o TRt Sieteh o i B SR diel WA S H, N =1
C IR € Sd ® i SAaehTel AR i A Bt 1 A Wi g
STGHIFIUIHAT (non-stoichiometric) B4 © e 7 d ST B § SR A 8
qeHarstt| 33T & f TiC, MnyN, FesH, VH, 55 @2 TiH, , 301 354
A YRl i IS G SATRHRI0T STaee TSR T2l hid| oSl i Jhia
o SR W, 39 TR o Ak il Fifiie (interstitial compounds) Feeld
21 37 ATl o g ifas T TEEte e e e © —

(i) SfauhTelt FAfThi o Tori® S=4 eid & Wt g oget @ «ft stfaa )
(i) ¥ o1fd weR e €1 96l d% % Fo el &1 Fora o €R &1

FHIRAl oh T Bl B
(ili) 7 AR 7 efeaen =rershar G @t 2l
(iv) el &9 9 sfquesrh difm ffw 2h 2

frsrg (alloy) fafi=1 emgetl o1 afmsor eid @ <t for emgetl o aftmsor 9 wra
g € fagrg garl S faera @ gehd € 9wk org o T, gEd g
o A | erfafad w9 9 faafd wd €1 59 YRR o fagiget w1 A S
AT gRI et € TSRt wifersh Seeneti # 15% w1 3faX Bl HehHoT engat

231y d- Ud f Al o dc
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o stfaefores o qen SR fensti W WAl o RO WAV Urgstl g
HsTqei i To1 WReTEeh eIl 1 39 WehR Wrwl T ok e € qe 3ok
Teish HEEAl $ed B 21 e fug we guitaa fasng @1 i,
Afeam, T, Hifdeem qon B 1 STan fafas geR o wie qen
R Wiel & SR § feha Sl 81 STEehHv wrgsi qen WehHv urget o
AN G ura fogrg Sl qew o e ?, TR Semwer § — diaa
(hiR-fsiw) , e (wiR-fe) e

IITE0T 8.9 HATFERTT STeee o * STEHIUTAA’ 1 1 e €2 eh ISR ey

g6 W U fafyrse AfeRdehiuT STeaken SUY W dUl S=d ARl TaEenti i
o § wH TRl g d SEeR STHUNUNEA Bl 21 SEEv— HES (VI),
AferefeRToT erereen HiHTst (VII) qe SIS (IV) 1 qo o oredta aread o &H
Torrt 2

3Mn"0,” +4H" > 2Mn" 0, + Mn" 0, + 2H,0

AT 92

8.9 W HIfvu fF Cu’ s Sy foea § worh 98 €, 2 g9emsy

W‘ . I=9 A9 W R U1geT UF S o HeA AAfhal o werRasy Fhuo
8.4 et % ISl % SifaEE WM B 1 Thfedw & Sifafiad |t oTqe MO YR &
@E‘Wf AR ATATES AT §1 g7 SeraEel § el &1 Swudd el He
APrEE ! a1 e % (AN At €1 S R Sc,05 ¥ Mn, 0, AT 7% e
&1 foeran 81 =t 7 oF I9EI SERA 1 Fe,05 ¥ SR IS $o0 fEe T
& 7| sifES & ifafed sifaEi-¥R (oxocations) V' & VO, 8, V' &t

VO™ # a=1 TiO™ &1 Ti Tnfra 31 2

8.4.1 arqall o UG i SR He H gfg o ey SHerssi ok At o H hH it

straEs TE 21 HTS 1 AT, Mn,O, Hedds qu1 80 doft qeief el 21 el deh

o & Cro, @€ V,04 & Todish +ff f7 e €1 31 S=u efigugel o el
TerT- U TE9E 1 @ e 2l

9 YR Mn,O, ¥ HMnO, 9« @il 21 H,CrO, ¢ H,Cr,O, <l &
CrO; § U4 &1 81 V,0, Sl 81 W o m: o7l & ik vo,” aen
VO, & @Eu 31 81 SHfead o sAfemEel § e V,0, 9, 31e9 e
V,0, 3R 399eH V,0, T i qiad S@q &l e 81 V,0,, 3 §
fIeRt BT VO~ @01 STl 21 36 TR V,05, 37 ael & § IfafFan &
FWI: VO,  Te1 VO, I ¥ Yoie ¥ sifvasfE CrO amaE § w
Cr,0, 39aaHl 21

urfyrEam eEwEe, K,Cr,0,
WIfYTEH STk = S o oIy Ueh weweyul Wi €1 $EehT SUAnT g Usi
(azo) AR I - W afidiehRer oF ®9 H fepan w1 81 SEHWEES i

WA fogm 232
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2—

Y HiHe W S S 81 HIAES ¥R (FeCry,0,) i Sd a1g i
Suferfq # Sifeay =1 qeRmEy wEie o e Sufed fwa s 2 @ wiHe g
B 21 FHIEE 1 WfeTH HENS % WY AR = @ T T —
4 FeCry04 + 8 NayCO3+ 7 Oy > 8 Na,CrO,4 + 2 Fe,O5 + 8 CO,
Hifeam shive o Uil T &l B 34 TeR® 3T g STt ol
fon s © e o AR wifesm SEeme, NasCro07.2H,0 i fheefer
Y et S 2|
2Na,CrO, + 2 H — Na,Cr,0, + 2 Na™ + Hy,O
Hifeaq eEHme ®1 faomar, WeREm SEHbe 9 s el 21 g9y
iferm eRHM & faorad o Tefiem FeikEe S wfiEy SEhme o
T Tt S 2
Na,Cr,O, + 2 KCl - K,Cr,0O, + 2 NaCl
TREY TEFMS % AW U1 % T, feeeied 8 S gl Sl
forera o T q1 SEHIUE o1 SO 8l € S faere o pH W R
LA 21 HIHS AU SEHMS § HIHIH H1 SAerdieio] T THME 2
2 Cro,” +2H" - Cr,0, + H,0
Cr,0, +2OH - 2 CrO,” + H,0
HIUE AP CrO,” adl SEHHS
> A Cr,0,” &1 HEAT A= & T

O o0 O B I ST ToheIsh 4 Bl © Selfeh

O>CI'/<1E°>\Cr<o TEHMS AT § I AJRADl oh

7 PN W o § R U @ R

S “ @ 9 Cr-O-Cr &Y 01 & °F
TEHES ST 126° i 2

Tifgam o UM SEhHe e

FHTFHRT0T HHF 1 HH HG | WIETH A0 1 S | faergar Afue et
? 1 e Frelh WA H AR ek oh &Y T FcAfereh T fonan ST
2| TR SEhIEe 1 TN AaHHdr fovevo § wierfie aHe & 9 §
o S B 1 oTvelta WA W SEhe SEA &1 SATedientl T e g 9
YRR T ST TR § —

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

39 YRR AT IR SEFHMES, SRS 1 S e o,
AeHIEE &1 Gewd H, feq (1) &1 fea (V) ® aen A (1) <901 &1 3
(1) &1 | s 31 sAfafewra fe & —

61 -3, +6¢e
SH,S >6H +3S+6¢

2+

3sn’ > ss%‘f +6e
6 Fe —>6Fe +6¢e¢
vl safteR sifafshan st WM eEwe T siaiehor o1 sifafewan
AU STEIH H1 Tq=A e SAATHA F e U A S Geha 2
Cr,0,” + 14 H + 6 Fe - 2 Cr™" + 6 Fe*" + 7 H,0

233, d-H f wiw % a
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WA foam 234

U fEm Ui e KMnO,
TREH WHTHE 1 U I & I MnO, i &d ¢Tq eEgieEs au
KNO, S 3{feiieheh o 1 Sifera femell Sl 81 36 T 8 11 ol IS
KsMnO, W il € S SEE =1 31efia qieas o Srearuiiad giehd wefes
THTE & B

2MnO, + 4KOH + O, — 2K,MnO, + 2H,0

3MnO,”~ + 4H" - 2MnO; + MnOs + 2H,0

TRNfTH TR R 3UHT IAURT MnO, F & ATt G o 9=,

e (V1) o SEderaee sfisienor gy fan S 2

KOH & W®l Hier
a1 A1 KNO, & Hiel HaRfieh T

MnO,, MnOi‘
e T
I foera & Sgd- sTsrel SagieRtor
MnO; MnO,
e ere THTE A

AR § WS (1) 3T o oa0] WA ISEacthe g Sfedishd gt

WHTE T &
2Mn”* + 558,04 + 8H,0 — 2MnO, + 10S0,” + 16H"

R THTHE T ST (ST hiell) W0 ok fheee s € St KClO,
o W1 GHGTEATHeR] S €1 98 e St § =g foed el §, (293 K a
W 6.4 TMH/100 UM S H)| R 513K T TRE HH R 0Efd € Sl 2|

2KMnO, —» K;MnO, + MnO,, + O,

Tk 31 HHifqes o7 Sifereh Ueieh © — THeRT Tfush el 1 9o d9shd |
e goiel STTgaehed | S 319 hefeh Togia gr Tl S Hehel €, S foh 59
T i G 9 ARl 2

HHE q WETE 319 Jqhei® g 81d €1 83 HTHS 3T Tk 3gmifera
TR o HIO STGahd Bl € Wd TWHTE AP HiagesE gl gl
TS o p Hemehi o HIHIS o d Hefeh] o SATqeT | S0 1 See I
ST B

AT THTE faeraq Sfaeie i HaeEAieEs |, 3T (I1) T99T i
M (1) &0 |, TEeRe i AEee | ad TSRS #I o T-eH o
Aferfea Y a1 €1 STTEEh! i 31d AR 39 yehr & —

0]

5C|: —> 10CO, + 10e
COO
5 Fe” - 5 Fe” + 5e~
5NO, + 5H,0 — BNO3 + 10H" + 10e
10I — 51, + 10e
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KMnO, &1 31H-Aafha T8 s=maen] & ste-stfafsransti &l Siest
ot stfafsran i for@n S gl € 9o STAavIshdi R eI i Tqferd #3
foran s 2

If% §0 W & Hme, HTS eesfiedEe den ST (1) oen o
3= w1 ered-sifafsmansti &1 1 w9 9 wRiia #,

Mn04: +e > anf’ (E° =+0.56V)
MnOs +4H' + 3¢ — MnO; + 2H;0 (E° =+1.69V)
MnO, +8H' +5e — Mn ' + 4H,0 (E° =+ 1.52 V)

@ B el YR 2@ Wehd © T foom § SRS M Sl Wigdl
sAfaferansti w1 ymfad & § weegel gfrw fFard €1 et = stfafmaet
I (Si-Tava 1 TEd § THAE S Ghdl © SR SAuiRar i Afasht o
T HE@YU FReh 8| WEHTE 3T 51 [H']=1 W 5 i Sfaiga fhan s
=feq) Wy T w9 9 sAfufran id ed @ w9 fom S () s
I 9 B el AehH F@El | S|

KMnO, i s Hecqul e sifafwans Frefefaa §—

1. 3Tl faeem o -

(%) WREM AEEES ¥ FAEEH T el 8 —
101 + 2MnO, + 16H" — 2Mn”" + 8H,0 + 51,
(@) Fe’ am@A (80) #1, Fe ' (em) o afedq -
5Fe” + MnO, + 8H" — Mn”" + 4H,0 + 5Fe’"
(1) 333K W 3Afeieie 3MEA AU SAerifcieh 3Tl 1 ARl
Bl B—
5C,0,7 + 2MnO, + 16H" — 2Mn"" + 8H,0 + 10CO,
(9) TSN TchEe Sl 9ehl § Afadie, fad gews staaifia
B S B —
H,S — 2H" + S*
5S° + 2MnO, + 16H — 2Mn”" + 8H,0 + 55
(F) UCRIH TR 3T0a] ohTee 1 Hethe YAl TeRIRH 377 |
ST —
5S05° + 2MnO, + 6H" — 2Mn”" + 3H,0 + 550,
(®) EES AT AZee | Sdihio—
5NO, +2MnO, +6H' - 2Mn”" + 5NO; + 3H,0

2. ST AUl TG WRF HITH H—

(F) M 31 g i €, sTeRs %1 aEee ¥ qiadd—
2MnO, + H,O+1 — 2MnO, + 20H + 105"

(@) IEeHe &1 Gothe | T s ®9 9 STRiehio—
8MnO, + 35,05 + H,0O — 8MnO, + 6S0O,” + 20H

() TS @@ 1 MnO, § Aiedientor; T dethe s1eren e
sffeaTEe H Suftefa sAfafEa 1 SART Het e—
2MnO,” + 3Mn”" + 2H,0 — 5MnO, + 4H"

Ae—  TRSENS I ®1 SURfd § WHTHE 1 SHT STEdTSS €
Fiifeh BESAe 37 FAH § Afrfihd 8l Sl 2|
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ST

forgeuTeHer WM | ST o Sfeten UeREY W 1 SYART HYATU shieeh T o i
& w9 foman ST {1 TR ST T foRSine & w9 H R S 1 S, G, faew aelt qen
Il o Tatshien<or o THeht ST off SHeR! Siferdien ol &d T 1R &t 2

I WhHUT qc (f-ATh )

foaAtr Y Q) AT €, SrSREE (RO o 9% o dieg dc) qell UfaRe
(Wferefm & 1% & dice 7)) | itk o den e | giEehedr 1)
Sl € @7 erATEel == | ooy ot wimfed war €1 39 del o ferg
Y Fohd Ln T Bl ©1 591 IR ¥ UfeArae doli &1 == | wfaefy
ff 39 9t & wicg dcl o WY wiEfdd a1 WhHul Sui el gen |
oot oTE | sifish Afhe THMAT YRR #d €1 37 i | had T
Tt TRl STae Bl © A ST TEIEH 9 GHM T ofel dcdl o SR
Tl AehTT A | g A9 IRadd o6 S0 H UHE 1 GHIeT 6 61 Iqq
HAT YA FAT T T AR, WA Suit w1 WEA sTafus wfed 7
ST o1 Teh RN T qeall ohi STTFATRIUT AL 1 foqd T T I
HT 57 el kT A Aeeiqor &, St 37 qol ok sreme H fauiy wfeqreat sa=
T €| T8I focileh 1 Al ST T STeTEA geeh & W fepan s

8.5 NS SR qon S (R fore we=r ohd Ln 1 STERT fRen T ) &
- A, Wehd, THITTEE TS oo ST sTeensl & soieite o=, e ue
Tt et o w9 | Relt 8.9 7 fiu M ¥

ARUT 8.9— TFIMH T TFIMTTS! o Foiaie Ta=ama ud freum

e e I T

57 [SEORE] La 5d'6s> 5d' 4f° 187 | 106
58 i Ce 4f5d'6s” 42 4f! 4f° 183 103
59 et fem Pr 4f %65 af® 4f? 4f! 182 | 101
60 franfefoem Nd 4f ‘65’ ar 4r? 41 181 | 99
61 wifaferem Pm 4f °6s 4f® ar 181 | 98
62 Tufem Sm 4f°6s” 4f° 4f° 180 | 96
63 EUERE Eu 4f 765> a7 4f° 199 | 95
64 Teifetm Gd 4f"5d'6s> | 4f'5d' | 4f7 180 | 94
65 =g Tb 41°6s” 4r° 4r® 4r 178 | 92
66 feamnfaem Dy 4f'°6s” 4f'° 4f° 4f® 177 | 91
67 giferam Ho 4r''6s” ! ar'° 176 | 89
68 siferm Er 4f 26s” 4f 12 4f 1 175 | 88
69 CINRE Tm 4f °6s” 4f " 4f " 174 | 87
70 gefoem Yb 4f*6s” 4™ 41 173 | 86
71 (IR Lu 4af*sd'es® | 4f'sd | 4f " - - -

* el [Xe] HIE @ @@ s S9IC TT B
WA fomE 236
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8.5.1 TN faare 78 <@ 1 Wl € i 1 Wl WA % et e § 6 U WA

?, Wq 4f &R W qRadeiel feeE € (Irelt 8.9)1 Fafy g1 @t ool &
e gl fa=me (eFemTasl w1 2ifd Tomlt siieiehtor aferen)
wWey 4f" T (9gd gL WA %Al o Y n=1 ¥ 14 q)|

T U gAY a o dodl w1 WA U sl et o gww g

(SFETTE 3TMehel ) T oTe el oh TP o1 U fafime @efor 81 gqeh
JA HeRToT Joft ok A o TEEA W UM G Bl €1 RAT] et o

110

100+

/e ——

90 r

- frrafia =2 @ s fm M** e | fafia w9 9 <A
=1 et , (Fot 8.6) 1 98 3 S o & @
St | Hehnor SRl | arEn T § 99 SR
oft T 7, 1oiq T € SUHI | Tk el H g
3@3@7:{ s 3T‘I“'f qfRIeTor g9ra (imperfact shielding
g effect)lﬁ?{qﬂﬂﬂﬁﬁ?ﬁwmaﬁa?W%
TF d-TAaRH W TR d-Seiad o GRIE ga& &1
T §, Th 4f TIRM T TR 4f3eiae T qRemm
e A B € qU i § agd ge AR e
o R dgd gU T ShHfich oh T TLA] o SR
4 o s it B e S R

OIS AU o SMTche 1 G, oeHiTe
3= Heard &, frdch SR gt Tehaor Soft 1
et oF AF SH GHRAU Uf oF WA dwll i
el o WAl o oMW §9H 8 W @l Zr

8.5.3 3TToRATeRIOT
ST

5'7 5'9 6I1 6I3 6IS 6I7 6;) 7'1
TIHTI] ShHIh ———>
fersr 8.6 — wi~eiael &1 smafh s 4 ygfaar

(160 pm) @ Hf (159 pm) T st &1 T+
TR | FIATTS Tg= 1 TR €1 98 3 Hrgei
% Ypfd T T U M qAT 9oh Jahao o 3=
HicTE o fau S 2

weHEe §, La(ll) 9 Lo(II) #fres wg@ &, 6T off 9@ +2 qen +4 1A
foeaa o stoen 3w Aifikt § Sufted ed B ¥ et Efhdar (SiE R s
woedt ) R, srdfafia qon qoiufka f£erershi o sifafie wenfiae o sRor i
SR B 3T: Ce'” 1 SFE T (TG 36 1 H HeE el 81 W 7
T Yo SFHRE ¢ ;T8 [: WA +3 STl § 37 S 21 Ce/
Ce™ % EC 1 UM +1.74V &, S 9% <l  fk 97 Sl 1 sitedind
Hehdl | U, 39 ATufHa i < i it B @R sHifaw Ce(IV) TH
3res! favaivueae: ekt €1 Pr, Nd, Tb @2l Dy #ft +4 3tferfiehtor yereen
T3id €, W e MO, seaEel §1 Eu™, s seieiql & giem gry aqar @
aen f7 forard g9 S % o9 1 SN0 Bl 81 EuCT U Y SO @
S W +3 ereeen § URafdd 8 S 21 T YR 9 Yb o, fowen famm

2374, d- U f sk oh dc
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8.5.4 WMHT TTICTIOT

forg 8.7— cieiiael #1 varEfe sifufEaT

WA fogm 238

42, wF svEmE 1 wE S 8l T % fEHed SHuRd © 9o I8
SHFIHRS HT HT HI ¢ THREH F TR F=m ¥ Tafer faerd-ser
2, S +2 q1 +3 ST ST YT YR T B

oft ST = 1 TRe vad q91 Y ¢qu € SR 91 ¥ q¥d §e3T gl S
| W] i | gfg o WY HIRal | Iig gl €1 HHiem €id i @E Her
BIaT {1 39k ek 1000 ¥ 1200 K o He4 B € Wg 49R@m 1623 K
W fererar 21 ekt fafdre o1g SEA B € qen A e ue foRe o o
i Bid €1 sheel Eu a1 Yb @R w9fi-s+ft Sm 91 Tm 1 Sigehi ¥
qen o= TN frefy qfted e 21

I TIEAST oFeMTTs 3MEA S| Sferen aun faerd o ¢hF 8 €1 3
SR F1 O £ ol @1 Sufedfd o HROT e 21 La® @ Lu’ et
Y I off TiA 7 & W 9 erORTEE e UhA B € R off, Seea: £ wR
W F SIS F FOEEY SEYNT S HH g B f(La q: Ce) W
b e Lu®) o arfafed o |l ereiTs o eEes i B 2
fifeftem o ergam o1 S=aaq giar 2|

SFOATTEl 1 Wem SRAA TifeTal %1 WM 600 kJ mol | o6 STEUE Bl
21 fgda eeF et &1 79 @ 1200 kJ mol ' B, St hfewsd
TG €| A ST et o 7l | oot o fasgd faeem @ 97 fend
foeetar 2 fop fafma et %1 mec (S & qom Gshmor Soft & 3d FHereh
o) T, s7edafa aen EivRa f TR &1 F 9 7% @ 586 & 3 i
BT }1 98 oI, Teifafem qen ogdifiEm w6t gdia st woed %
SRl e JEl o T @)

T &9 G St o AR el T 319 T ZoeR | ohfedqaq 1
TE 5gd fehaelial B €, W 9gd WA ShHish o W1l T8 Uef(HT-TaH i TE
FeR H T

a1ef erfarfemen Ln3+(aq)+36_—>Ln(s)év‘fFfQEeW
T -2.2 2.4V % WE § | Eu & fo0 £ &1 °H
—2.0V 2| Tredee 9 o el |1 9edy €, eEgeH 1|
o AIaeRol | HE Tfd W T S WU SRS | A
T At €1 g Rl e % 1Y TH S W HrEige—
LnsC, LnyCs @ LnC, &4 &1 7€ 7 ol 9 BEgior
T Gord T © AT BeASH of e § SoH W s
T &1 A SfEEE MO, e BEGEEES M(OH),
T 2| EEGeEe MivEa AifR € 7 o el BEgee
SRS | ¥ SR Ta1 ¥1qsTl oh STaEs a1 TRgIFIEe
1 Wifq R B4 &1 3! WM eAfufwand fos 8.7
o wefi &t T €
TROFTTEl T Galdd SUENT Wi 99l URY oA o fag
g soard & Seured o ?1 U gufas fogrg faer amg
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8.6 Qfresies

(misch metal) € S T WIS 4T (~95%) AR (~5%) T TIHEE S,
C, Ca, 9 Al ¥ ot eict 21 figer e1g =61 sraforss wn, Fr-ifererm snenfia fasmg
¥ g9 eIt € S g% HY TWedl, Fo= A @il q0 Fooh el % SR
I SuFmT o o Srar @1 wreeEel o fufya stfferes w1 sy ueiferm
IS § S 1 e R S B e SHEel % $e SeuEel w1 SuEn
TEE (RERT ) & &9 § Jelifas 98 § o1 56 TR &1 Yiasr daqe
Y e S B

Uil § Th § Lr @ =isg e &1 57 el o =1, Tehd a2l o 701 GRof
8.10 ® fiu 7u €| Ufeeriae Aeamfwa o ® qeon URfuss Tsei i arufyg
TeTTRd fush Bl B1 g 915 ot TS 1 216y k1 W T 9 9 3 fire
Tk 21 ARFEEM (Z=103) i g 3 fiFfe B1 o5 a1t USE sheel HIH
A § B 9 ST Hehd ©1 39 92 o hIU 3ok S1eHFA | ik shiganedr
et 1

ARUT 8.10- Ufeeam adr UfeeAtas & o T

89 LEERE|

90 oo

91 greferfm

92 A

93 Jefrm

94 wpeifTEH

95 Taffrm

96 ERee

97 ohferad

98 Hferwifem

99 e
100 HETY
101 Teeelifaam
102 Araferam
103 ARFTIH

Ac 6d'7s’ 5f° 111
Th 6d°7s” 51" 5f° 99
Pa 5f%6d'7s’ 5f2 5f! 96
U 5f°6d'7s’ 5f° 5f* 103 93
Np 5f%6d'7s’ 5f* 513 101 92
Pu 5f °7s° 5f° 5f* 100 90
Am 5f 75" 5f° 5f° 99 89
Cm 5f76d'7s’ 5f7 516 99 88
Bk 5f 975 5f° 517 98 87
cf 5f 1975 5f° 518 98 86
Es 5f 175’ 5f"° 5f° - -
Fm 5f 1?75 5F" 57" - -
Md 5f 1375 5112 5f1 - -
No 5f 78 57" 5" - -
Lr 5f6d'7s” 5 5f1% - -

* Shael [Rn] HIE o aT@ TOERM I T T

8.6.1 TR faame o9 ST € f wsht Afestaet & 7s” fo=ma € € qen 51w 6d wwRI

o ufterd=eiier e erar 21 =iee seiael s Faw 5f ST | e 81 LifEm
(Th, Z=90) T% @ &l Wq Pa TS 8% I ot dedl § Frafaa &9 9 faw
B U TRAN] T&A1 103 % Tga W 5f Fersh I0f ®9 ¥ W Sl 21 oAroiaet
% TOH tfgeArgei o saaie fo=mal | eifafadand, 57 Sy o Sufeerd

239, d- U f il o qd
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8.6.2 3MAMEH 3TMHR

8.6.3 3TTSRITRIUT
3T

O, f7 @ M fa=mEt & wenfre 9 wefud €1 39 ¥R Am 991 Cm W
TR T %u9T: [Rn] 5f'7s” @ [Rn] 5f 6d 7s” 8l F&f, 5f
FHeThl AT 4f FeThl §, S9eh a1 Held o HIUNF 9N o G o ToEar I
St TR A 3O 9 gU TE B © oA fF 4f werk| or: 5w fy
% Ul W eEY WM W Wehd Bl

3 AR o Hed o UfeeArael & 9w ygfa «ff oremmEel &t & @
21 it o sy steren MY AT o SRR H eR-ofi it g e 21 3
Ufeeiae = (eMEe A= 1 Te) & &9 § Gfid fHan < gerar
21 e TE g 39 Ui ¥ U ded 9 g ded SO agal Sl g S
5f SAeHl gRI oot UREE (shielding) & SR 2|

fearae Aoft o stferdieror staensti o1 T oAfus 21 e ®9 § 39
FRO 5f, 6d T 7s WA 1 TAGed ol ¢1 UeAigs w1 6 Sifadimo
e GOl 8.11 ¥ 39fE T 7

ARUT 8.11— UfeefTam qem Ufaeissi ol ATaRIeRTuT Taeema

Ac Th Pa

3 3
4 4

5

o b w a8

8.6.4 WM TTITIUT
qaqr WIS 9

WA fagm 240

Np Pu Am Cm k Cf lis &\Md No Lr
3 3 3

3

3 3 3 3 3
4 4 4

5

6

N O O W
N O O W

UfeArae 9m=Ia: +3 Sl s/Ewen < §1 9 & URfae
- ATl el WA ST SRR 0T STt WRISTd hid &1 SEeeond,
Jeuan SRl 3fewel Th § +4 © Pa, U @1 Np W HH: +5, +6
qAT +7 T TEH S 2| WY 9K h deall H SAFHIHOT T Tl §
(|t 8.11) | UfeATgEl o wretael § 98 9l © T 98 +4 it
AT T STUET +3 SRR Sraeen § s A od B a9y, +3
A +4 FAEA H Wl vEfed BH # gfa el @1 URY ud 9% e
Ufeeatast 1 ST aeenst o foawor | sa1 ffues stfafyaar qen
fafi=Tar g St ®; fof offerdieroT sroenat o ad | =4 dcal o T &
e T Haroseh el 2l
Tft UfseAige oqe SEH H =i 1 e ol € R fafe= IR S g
9t &1 S § = # wRo e test § sfaEfyqae €, S
reATTEl § el stfue 2

Uferias srafus sifufkarie uqe 2, favme s o gaw faufee =)
T T Saeld gU S 1 T 4 SATRIISS a1 BEgES 1 e urw g @ 3
arferenter sTemgetl o WAISH, WA 919 T Al B TEgiaiiie ot Feft emget
1 I Tl €, T Sl eIy Efeh Tl g, #Ted Feifed el €,
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FRT ff T orgetl W RS F1 Wefl Tdg o7 Sl 81 &Rl H1 37 oget |
FIE Y9G TR gLl

UfereAtael o gahta U eReHEel w1 qor § eifuss Sfeet 1 Tt 5f
e e e i
TN AW E B S oIl o forg i uRomdl § ®) et d HH
wrerEEl § % fus B )

Uil o SRR ¥ T8 e € T yRfe tfaeiael &1 e e
(Tafy W&l &9 9 96 e ), YAk ool 9 %9 € 9 Sfud ot v
BId € Fifeh W& 5f hefeh WAl URH B d o Selaii o 3Tidiieh hie | &H
qSH | SHIAT 5 f Zrai AMh T A T A o 4f TARAI i
o ¥ oifueh gael ®9 9 9ifEa g Ui | 9 Seided ®H 3edl
Y She EUT & oy STere B B

fafe=t wterii o g o foment foeem S foman <1 a1 8, UferAtaet i
TUATTEl W o B W B9 U ¢ T Ufeedtael | ordntEel w1 ae W
SRR, JUfl o S 9N A% UEEH qh geae Fél g 21 fR ot urfues
UfereAiae ot oFomael *1 e oTE ¥ Gfiehe THMAG <9 | o o ok
wirer aftads wefifa w6 o faeid-Sor €, fs sifadterton saen o1 aRafid
B Wit el B1 ereriag qen Ufaeiae eiehem &1 dwl o 3R W foggd
TS TSl ® 3R SEifery Hd ofed | Seh ST T oiel deail o Toi W ot
TS TSl B SIS g Sifreh wewqul §; it el & aveg
HA o1 deell 1 TRA A 9% FH @ 2

SEEUT 8.10  OFUATIE SUft % Uk HSEA 1 A0 AU S +4 SRR ST <9Il

g HiftFm (Z2=58)

AT 92a

8.10 oRIAITS 3= 1 qorl H T dedl W TER el o oftel UfeAiae atgpe fueh gl 2

17

8.7 d- Qd f &Glae el ae T i Heeqol v Wl ¥ SR Seare SR St %

el & Fo
SEITeT

U=, STl o fshrae den e o fasmed ergstl, S Cr, Mn 2R Ni
o |0 R AUa €1 Fo Akl &1 SR $o foviv s8vg & forg g
2, 59 TiO &1 9vish &M ¥ 3R MnO, %1 Y& <98 dell HI o= Saim o
Zn T Ni/Cd &1 ot evgehdl et &1 a-11 o dcll i Gg1eTg el
3fea g Ty faeer 9 Tiee &1 agell 1 Hed chad GIe0 % & Hifd
B T ® 1 FHEH UK ‘HR’ foeeh arda o SR @it ©ia € iR
‘faeer’ UK faaeh Cu/Ni fasrg €1 =sgd o orqe s/ S9ek difies @

241y d wE [ wiE & T
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UM ¥ Heyul IaRE Bl Gewe ol oh SR H V,0s, SO,
HATRAeRTT 1 SARE Tl 81 Al(CH,)s 5 TiCl, 7RSSR 1 STHR
2, Torgert Syam difeaforef (wifeaefq) o Saared & e 21 e fafa o
N,/H, fasior & s1if7=n ura & o fau o7eRA SO & &9 § 3gad el
21 qel/aE o BESSHA H fTehel S oF &Y W Y Bl 21 UHE ok
SRR W TS I o ‘At TohH' H PACl, SR o €9 | TI& il
21 Fiohet o Tepall UoahtgAl Aol 3171 Shisif-eh AMTeh] SIG S={i= oh Sgeteh [h LUl
o SUgnt &1 BIUET e AgBr & fafite weher Hagasierar o ol W
e 21

AT
3 ¥ 12 T AT d-soiieh SATEeRTeTd: TTad WU oF Heg 9 | o €1 37 qeoll § A1aieh d aherehi

1 Sl g ST 4 BIt ©1 _f-acTTeh i 3Teld WRUMN o SE< ef shi A @1 71 B 39 =dih
H 4f qe 5f Feh ST W W T

3d, 4d TN 5d Fehl § oAl 5 YT S FId HehHUr el i A AforEt e E1 gl goRmor
T Afetersh efeareh 107 YRS il €, S8 S= qo &1, dran, S, arde qen TR =t
qT efifesh TOTI 7 TGS o Teiih Ud Feeish 4 B €, T HROT (n-1)d el 1 ST
o qrfiarRt €, fod yeret SiauTuRTuTeR aMTser s €1 39 9gd © U o fau sfeas yw goft o
T H Y Sl § S e Hehd 1 © R Yool SIqORAT[ 31 TR o fow ufd d et s srgierd
TR 1 B foeiueRt srepet famd 2

T T ok dedl 1 gl H, & G AT HHIF o T1e HehWUT deall ohl AT TASdt o 7eferss
gfg & 9 Sl 314: (n-1)d HeTh W SR HI qREqH" S | g, el H1 3 § qHEH T
Fran gRomeEEy, Thiean qen e o sifafie Teft Hermor orqe aitedt siiaishon steeamt gaféa
B1 HRHT et oF W o Hed § (n-1) dSeeRAl i R 37 qel Wi e A 07 Y
21 o7 IREd SR sTawenat & e HoHHoT GTqu STTgahE U 3R S 0T SR § 9o
T el § A e, Geper AifieR Ud AUl Afieh s w6t gt arg St ?)

TeRTUT eqa3it & TEEfS aer § st fafa=ar o St €1 39 ¥ =gd ©t uiqe @it st
o Hot T o fau vt faga oA gt €1 Tafy 7 9 9 S’ € v gwHw 9ot § iR
o arfafie Gl uqu erdemehd sifafmaneier 21

THHOT e g G SAuTqet; S SIS, g, Fowht ael gelis W stfaima siek e
AfiTehT T ToAT Lt 1 FUH HehHUT 0T kT e o SAfeETEES Ud i o forg siedisH o $=u A
R Afufsman U2 S 21 ATEe, Il den el | faeid it e deu s €1 diefiem
TTEHIME A WIS TRHTHE ok ST &1 ISR SEehiie - o Tt hiHTee 319%h i o1 1
Sufeerfa o &R o WY Glerd e o UYEI Hed i Tieiiehd fehanl Sl 21 qrefyrem wiHTe o faem
o UEiedEe 313k (MnO,) 1 SUAN fomal Sl 81 SEwHE de1 WHTE Al € Yool Sifatihieh
CIRER

SN HHHT Tl w1 1 AT TFITag de UfeRHtae e GRoft o f -&eAteh i ToHT HLdt
&1 4 f dies sherenl H STURR Ufd B o W1 S0 R urqel 1 W] iR st et § s
B (O 3o ) Tidl €, fEeht Joe o1 ofel dcll o TEA W Y9E ®9 9 ISdl 21 Ry
AT S-S At BT UIqE voId qe US Bl B1 STl § M@ U iR ek foered | +3 3 o
Tt B | T SATRTRTOT STeEl +3 ® TR WA +4 Ul +2 SRR ST ff o urgel g swie

WA foam 242
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STt 21 fafe= atferdtentor sterensti o feerd @ o o1 UfeeAtast =1 W sife sfed 81 g9: o8
ot ufeerize uqu Weded & S 57 egeti o ereHEE i hied o <t 2
d 1 f- seiteh o el 91 Ik AMTeh o agd STANT YA &1 30 § wq@ € fafa= yehR o =i

a9 H, S, Thdl q FHEfTh LU TS H

SR

8.2
8.3
8.4
8.5
8.6

8.7
8.8

8.9

8.10
8.11

8.12
8.13

8.14
8.15

8.16

fr=fafed o goaRie fa=me fafae—

(i) cr’ (ii) Cu’ (v) Co** (vii) Mn”"
(ii) Pm’’ (iv) ce™ (vi) Lu’’ (viii) Th*"

+3 SATeRATeROT Fereen W AfeRdish g o gae § Mn”" o Afiek Fe”* o AfiTeni 1 qom o ek o

i 72

Heq H TR FHITSY o T AT 4ot o Yom 9 § d@d §¢ TR Al oh WY +2 SR

ST g stferen T et S 272

o HHATT SUf o A o SoleRiR foard fRd W 9o SfefieRtoT staeenst i FUiia #d 22 S|

%l ITEI ]d Y T HIFT

GHAT dl BT Tl e § = KU MU d seleeite fommal o - st stoen Tt git?
3d’, 3d®, 3d° @en 3d*

ToH HhHAU HUT oh ARl 1 A fafay; e u1g SRH0 9ot &1 o 9 o auel

affereieRToT steen YR et B

OFTE ST T 82 SreRTIE e & uRoT

GHHOT HTgat o AT FA1 B2 A GhHUl U1 FA el 82 d-selih o el H i W dcd HhHA

SOt o T T He S TR

THH U3l o Soieifeh forard fohe YehR STEhHTT qeall o gelariieh fomrd 9 = §72

TSl GRI hi-hiA T SRR STaeey YER i Sl 22

THROT < Y T RIS —

(i) AT UIqE q STk AR ATH STgTRT T

(ii) HHHT U1geA okl HUH TIEH & AH I=4 B T

(iii) GHHOT HIqE WHA: T Al o= 2|

(iv) HHHOT UIGE A1 Toh ek AT IAH SAH T w1 H T

ST AT 1 B2 TH YehR o AlfiTeh HehA0l o1qetl o foiu 9eft ¥R ¥ o i 272

HhRTU AIqeTl i SATRIRI STaRee H IRGdTRieial STHEHHU uiget H ol ateawensti H

uRerdiierd @ foFg wehR fir=1 22 IS 39 T Hife)

PSS S5 U TR et aH *1 fafy %1 aui= Sifsw) weferem eewme fae@m w pH

TEH § F YgAE q2m?

YT STEhITE 1 AR el 1 Seoi@ Hifse g Frefefaa & e st g fafae—

(i) STEEREE A& (i) e (1) faeeA (ili) HeS

e THTHE S w1 fafy o goia wifs) sl qrefiem T fRe g

(1) 3=RA (1) 3 (ii) SO, qen (iii) e et | eifafsan swiar 872 afufswansti o fau s

Tt fafag)
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8.17

8.18

8.19

8.20

8.21

8.22
8.23
8.24

8.25

8.26

8.27

8.28

8.29

8.30

8.31

8.32

8.33

8.34

M>*/M T MM F % et § % ume % B % A9 R T

CrZ;/Cr -0.9V cl~‘°’3/(:r2+ , 0.4V
Mn ' /Mn -1.2v Mn " /Mn~" +1.5V
Fe’ /Fe 0.4V Fe’ /Fe’ +0.8V

SR 3Aihel o MR W FAfafag w fewoft Fifsu—
(i) it med 6 Cr' A1 Mn®" 1 qer | Fe ' o1 T
(ii) THH Wieran o forq shifeem steren st wrqeti w1 qol o STRA oh ST or § Gl
frefafaa & &F 9 oA Seitg faee o i i?
Ti°*, V', cu’, Sc” " Mn™", Fe’*, Co™, yei® & fau %R =asu)
o HHTU U T TGS i +2 SATHRIHIOT Teeensti o LI i ga il
frefafaa & g4 §, reriae ud UfaeAtae & e w1 qer Sife)

(i) Tt fa=mg (ii) TEUEE TS AR SRR
(iii) Ao s/aeen  (iv) THEHS Afafwamsiern
g fr=fafed &1 f5g dR 9 T HiT—

(i) d* =iefis & @ Cr?* yoe 9= € St He (1) oot S 2l
(ii) Teita foeram & wismee (1) el 8 g Gperenl sifisnts] % suftefd § & weagds
ffrdispd =l T @1

(iii) 3o 1 d' fa=me ereda sreemE )
SFHUEIEH ¥ M F G €2 Selld o § sraHr sifafmaret o < saewn it
W HHHOT 0N H i G U SEe Al A +1 SRt s guidl 72
frefafea T sl § ergrferd sasil &1 oA i)
Mn”*, cr’®, V¥ aan T g @ & W et faerm o sifawerd @2
IIET 3 U AT 1qsti o WA o =fafea sifreaeion &1 wRor saeg—

(i) FWHAT ©1q H1 FqH RS qRET 7, Sefh Soaqq MR Sugy o 7

(ii) HHHU o H STAAH SR e RSS! qe FqAEel § wEi| et 2
(viii) 9Tq % SFEEROTEA H Soaqq SR STeee Yei¥a et 2
frefafad &t a9 o foae fafs= 1= &1 oo wifst —

(i) HHEREE 39 ¥ K,Cr,0,

(ii) WEIGEES ¥ KMnO,
fasrqu ;0 €7 oFOnTge ugel ° g% U Y@ U #1 Seol@ Rl 3Heh STE ot Sy
e Gehav dcd 1 72 waey fof Frefafeaa § & o W) i ofiafes GwH0 del o § —

29, 59, 74, 95, 102, 104

e a1 e Sad1 At € € e o oReAtae qell s W@El g dwl i st
STEEenstl o SMHR W 39 HUF &1 YR T&d FHieC)
TferAre St 1 AT e iAW 27 $H el o SeieRieh far fefEu| 56 e o1 HHifer SHeRiishion
sTaeensti W feoquft sifsu)
T o YR W Ce”" M9 o TelaiTeh To7Td o Jea=1 HITSIT qel  WeIeh o] A o' oh AR
T $Eh AR STEU I AU HIF
OIS STt o 37 Wl qedll BT Seeid BT S +4 AT S +2 STFHRIT ST qMid &| 76 FhR
% FEER 1 3k AR faaTd o = G wfud ity
Freferted o ded o Ufeetas Soft o del aun ereATaE SOl o qodl o TEEE 1 e il
(i) ot fa=mg (ii) SRR STawl (iii) TEEE Afafmamsiera
61,91, 101 A1 109 THY] FHHIF Alel qedl 1 geiaeih fo=ma fafew)
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8.35 T Uit oh R qeoll o AfAeO 1 fgdta wa gt it o ol o G det @ afest ol gon

Fifor Frerfafan figel w faei ree G-

(i) gerrie fammy (ii)  SATRARTO SFereeT (i)  3TFA Tt qen

(iv) THER SRR
8.36 fr=fafed 1M § Y% o fau 3d ol @i g fafau—

T12+’ V2+, Cr3+, Ml’l2+, F€2+, Fe.?>+, C02+, N12+’ Cu2+

MY 37 STeraiferd STl (STEHAHRE) | Uid 3d Hefh! 1 fha yHRr femea wi? eiisu)
8.37 WUW WHHU JUN o e WHI WehHUT qedll o ek O W Fa=ien wefi e €1 fewlt sifey)
8.38 fy=fafEad Hepe TeiiT oF Jashia TN o AF ¥ 219 1 Fshd fahretat?

IR Ja&a e (BM)
K4[Mn(CN)g) 2.2
[Fe(H,0)s]”* 5.3
K,[MnCl,] 5.9

qGARRET 9Et 3 STrR

8.1 oo (Z=47), +2 STFHIHON eTaeen Yef¥a & Gl 7, fad STk 4d Hersh 3790l R gC ? o1a: I8
HHI q 2l

8.2 1% o 3d Hereh & Solag uifcsh oMeeH o Yo el 8 € etk 3d 9ot & 99 Geft gt ok
d HeH ok SoaA Hifcadh ST aH o Ygo B 2

8.3 HIHIN (2=25), & W] ¥ Hellfdeh 3Tfeld Seiae 91g wd 2|

8.5 SFH el § stfrafha wiads fafa=t 3d fammdi o wenfore 1 emar § f=iar o &R0 @ (3T
d’ &, d'°) smEm= g 9 e 2

8.6 Bl R T I=d foIgd FHUNHR o HRUT SIS ALET TR, U] i IHeh I=d TR
SN ek AR HL Hehd B

8.7 Fe’' &l qul # Cr’' W& Yol o= q9id 2
FO- Cr' @ Cr3+3|=|efﬁd4_>dSQﬁaﬁ?ﬁﬁT%ﬁFg[Fe%'@Fe%ﬁdes%dsﬁqﬁaﬁ?m%l
Sl S W W d o g B 4 tfues el ® (39 CFSO)|

8.9 Cu’ “efia faersd § srqmmwifad eiar 21
ZCu+(aq) - Cu2+(aq] + Cul(s) Heh fora Ee HM geped 2l

8.10 5d T MH Y U Y9l &9 4 R @d €1 TR Wkl | 5d 3ea Al w1 goft § T de
¥ W T F1 AR IH R oo IR g yRafad g 2
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