12087CHO8

BRI

9 Tk oh FIF o TN 37T —

3Mad WO § d- den f- sodteh acdl i
fearfa <im arw;

HRAT (d-=cieh) qAT ARk FhHU
(f=Ah) Tl o geRieh foard S
T

TR favwa o geu o fafe= stierdierton
srEEenstl o Joricds T o "
i THH GohTl;

K,Cr,0, 7 KMnO, Si¥ Teequt fiTehi
o fo=m, IO, WEEeT qen WA @
U H HhT;

d- qeN f- =l o Tl oh WM O
Fen Y aifas vafa 9 ot 6t e et
o SR H 99 Hohl;

- =Tk o el oh TUN ST G T TR
T eSSl Td RSl o gelriTR
foma, silerdTeRtor sreen e AR
FEER 1 o TR HT Tl

Ucheh
D,

R I 02 = \
Chouel fr e

GG (]

“TaRT, Wi, faeaw 3i Ties — @t Gaaur ael 9 oid & =i are

QAT & Tkt o wgequt itk (191g &1 sfiaier WehauT al 9 Th,
Pa 79T U 3Tgfe & ¥ TR@ia St o 99 &id G & @ 817
e RO & d- =ATR H o 3 9@ 12 % acd o ¢, e =wi
&l et § d et W W B f- olieh ob qcdl o @ TorH are et
T 4f qeN 5f Hereh TR P W 8; T8 3 GRoft o e Th
T WIS H Tl T Bl d- S f- siieh oh dcdl bl hHel: HeRHUT

T To Aaieh HhAUT Tl 7t shed &

THHUT qedll B! G &Y ¥ =R Ao €, 3d 9oft (Sc ¥ Zn),
4d 97t (Y ¥ Cd), 91 5d 997 (La 9o Hf @ Hg) 9o el 6d
goft fs Ac 92 Rf§ Cn d% o @11 €| 31(qfieh Gehwol dcall i
T Ao, 4f (Ce @ Lu) @M 5f(Th ¥ Lr) HH9: oREMiTS qe0
UfeAias weard 2|

A& ¥ R Mg 7 T 9% ¥ T fF 37 qEEfE o
s @1 p =il & A& qRad eid €1 31 [UPAC o ST{ER ATl
oTgetl ! UHt wrgeti o w9 o qRefia feen St © fee T
AT AT H d-Heh AY01 Bid &1 o 12 F TSk, Shefiam qon
TR H STh! o1 TN qel ITeh] WA TR 0T sTareer | qui
d'’ fa=mg @ ol seifery 32 HeHor eng et W St R o,
HU: 3d, 4d A 5d FhH HfvE o sifaw W g oF HR
Tk TEEA ol A HHHUl WISl oh TR o W1 TR S 21

7ok QUS| STifeTR 9RA d- e £ Shethi i Iufeertd
GHAU qedl ol SR qedll W e H Al | @A HRH
wTqetl SR Seh AT 1 A2 e § fohan smar 21w ot
TSRl 1 W= Tagia Sl STHeEH dell W A el @, HohHo
del W ff TheIddsh Yge fohar <1 gl B

3 Igqed HTe S8 faeer, e qon wifer siR sfenfis &9

T HEEqul YU S SRR, HITR qe e g9l HhHOT ¢qu 2|
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8.1 & AT i

8.2 d-&ilee acal
% Zaaglioee

T Theh | &H, WAl dil o SelaiTeh forard, SUCTedT qef | ot
R fo=m w3 5H gom 9fed (3d) & Tl o o1 | ggfa W Afs =am
3 g 39 FS TG@ AThi o fo== 9 ol 1 1eAEH HE| qedvE A
GhHUT UGN o T Tedel S soierei+eh fa=ard, siieriientor sTarees qe
T stfafrarsfiera | fa=ar w3

WRHUT d ( d-siich )
aTred WROT T ST AL AT - scifeh < B g3 €, ook <l @K s- an p-
e feerd &1 3ok TSt # Suifam il Tl o d- shetehl § gole[ W S
& U TW IHR GHHUT WIS #1 =R dfemAi teiq 3d, 4d, 5d a1 6d I
B 1 TRHT a1 a8 AfoEl gnelt 8.1 # <wiid wE €

T w9 Y T dedl % e herhl w1 el fa=d (n-1)d ns' -
21 (n-1) o1afeh d el 1 3 e €, T8 T 9 <9 7 soae 8l
Gehd € A1 9EIAH ns Hefeh § Teh 1¢7a &1 Seiai 81 Wehd 81 Wd (n-1)d
TT ns HEHI 1 Hosll | 9gd HH I o HRY 36 IH= 70 & s+
AYETE B1 v o7 ud qui 9 sherehl 1 Tefae erdenga tfues e B
TYHT IROTH 3d 9ot & GHHU e, Cr 991 Cu o soiaeiHe fo=mdl o
Hidfafad giar 81 320 & fau Cr § 3d'4s” & ®M W 3d°4s' fa=rg 2
3d d 4s HEH! B HoAS § AT Iq HH B o 98 45 309 & 3d HUH
H 7o 1 U T2l el 3 FHR 9 Cu H soreRite o= 3d '4s” 7 B
3d'°4s' ® HRHU Tl BT Ul LN § AEA Herhi oh goETR (oA
areft 8.1 ® fRu 7 €

AR 8.1— HeHHUT dcdl o oTel Solaeiien o= (el 313w )

Nb Mo Tc Ru Rh Pd Ag Cd
41 42 43 44 45 46 47 48
1 1 1 1 1 0 1 2
4 5 6 7 8 10 10 10

Ta W Re Os Ir Pt Au Hg
73 74 75 76 77 78 79 80
2 2 2 2 2 1 1 2
3 4 5 6 7 9 10 10
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g St

Ac Rf Db Sg Bh Hs Mt Ds Rg Cn
z 89 104 105 106 107 108 109 110 111 112
7s 2 2 2 2 2 2 2 2 1 2
6d 1 2 3 4 5 6 7 8 10 10

Zn, Cd, Hg @1 Cn o Selsritieh fo=md, 9@ 99 (n-1)d ns” ¥
TR fhT S B1 39 dc 1 g STaeensd qe W= SR steeenst o
Tk shereh qui Wid el €)1 sEifery 3= TohHT a1 it & Y /e S

R Tl oh d HEH 3T HEhl (sT p) FI U THY] hl HIE
W SAfereh Ui eI €, 31d: 9 7T qieer 9 Siferes gefad el € aen g6l WK
AT =R S o AT e AU 1 f gt wd B TSt §, Th
9 fo=ma d' (n=1-9) arel AFA § THH gaehd Ud Seiaeieh 07 91T Sd
T AR ®Y § R d FaH F IO F 70 T ATA0E 07 90
ST~ ST STFHIHTOT ST, T FHT T T1 T 3Tk YehR oh ferrel
% Oy e fmior snfe)

GhHUT ST G 3ok AifiTeh SRehT 01 o SFIEaeh g Heer ff <uid €1 &
Teft fegrast =t oo foedR ¥ 36 The | 9% H & T |

STHFHH Teall o Tl Wehmot dedi o 7O o st quare stferer o1 St
g1 qenfy, oo o7 FHFae ot O STt €)1 89 Us W SATHeeron qe SHeh!
&fqs dfem (yq@d: 3d i) § g 1 IR T, qoven o o
A R fo=R &1 191 @vei § g9 had HhAU i i GUH AT HT
A FH

SEERUT 8.1 37y fohH YR T IE e Tehd B foh whiredd (Z=21) T HehHU acdl © W T5h
(Z=30) 7&?

Ba  TH{=IH I ol 1w H 3d Ferh 310l (3d') B o HRUI TH TR dcd T
STl €1 Selen Sieh GCAT] H Hel ST qen tiediehd Sferee S H € 56kl 3d
Ferh qoi 9fd (3d'°) BIdl €, o7d: T8 GhAl dcd e WA T 2

e g2=
8.1 faoeR WM *1 Hoi oraeen § yof afd@ o wek (4d°) T AU KU HE Thd B
ff 98 TH GHEu ad ®?

8.3 BHOT ccdl oo Wl THEE a st O, SR Ied @ WS (tensile

(d-Sitze) B strength), @@ (ductility), a¥=a (malleability), S=a adE qen

faregq =erehar wd enferes =9e <9 €1 Zn, Cd, Hg 92 Mn S ST9aT&! &1

AT POt DS WM A9 W k1 Teh A1 3{freh Wrefueh efifeaieh TG el &1 Wehwol
wTqetl w1 fafe= Seter SRS i e wRoi § o w2

WA foaae 226
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hcp hcp bcc bcc X bcc cecp cecp cecp X
(bcc) (bcc) (bcc, ccp) (hep) (hecp) (hecp)

hep hcp bcc bcc hcp hcp cecp cecp cecp X
(bcc) (bcc) (hecp)

hep hep bcc bcc hcp hcp cecp cecp cecp X

(ccp,bec)  (bec)
(bce = 19 i3 FH19; hep = Y2V [HfFeaq Gger: cep = 519 fAfag Gged: X = T G99 &ifeas ae=mTT).

8.3.1 wifqer qOT wohm o (i, shefirm qon R % STerd % W) e de ey
oA it €1 3k TTeish 9 FeMi 4 B ¢l fa 8.1 W 3d, 4d 9o 5d
oft Y T get o TR U M E S5 Mok h HRU FROH TR
s §89 H ns Soae[ o AfRE (n—1)d Hefehi o 3ifF ol &t
it €1 Shae Mn e Tc o ST9a&l 1 Sighl frdt st ot & emgedt &
e d o W AT B § 9l Sgd g THIY] i ok WY TTerishi
¥ frafird &9 @ S o1l 81 ! HUH T (enthalpy of atomisation)
o WM Ied B € S T e 8.2 W wwien e ¥1 ek St o o wem
H S=aq9 HH 39 A2 <1 ¢ T Tl SAaaeeifvesh sr==afenan & fere ufa
A FHEF Tk ST Seidei 1 el foeiT €9 T 3Tqehel €1 QE=Ia: Garsihdl

4 900
— gt |
W 8007 — guft 2

600

500

400

300

AH /kJ mol’ —>

200

100

TTHTY] ShHIh —>

fer 8.2— GahHY aell &1 HUH TEed! BT ygraar

227, d- Ud f sl o qd
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8.3.2 WERHUT &3l o

JAME  THR
o ufad

TS i e for sifuss ghft, Ia1 € et afArlt s e <
TR & Wk goiere fova o o § s et tw Heeyul SR 1 o:
agd ST UM Tl (1efd ogd S gaeieh) diell uigel @i ot
sAfafmaet ¥ Sepe W 1 e 81 (3ueie fave o fog a" § @)
o 8.2 o SMUR W T 311 G o fabren s skt € foF wom
HE SO % W A qe § e e g A % A w5 Fo
Tt o HH Afeeh Bid ®; FE AR WehHOT HIqel o ARl § e s
o g I § Teh Hequl wN ¢l
= : 9ol § dgd §U IXHIY] ShHich oh H1e THA STe¥] el ST St et
T IR B EI1 €| THRT R0 € T St oft iwenta e § gfg gt €,
arfafter seieei= e aR d Sffaea § qa idl &1 I: TR & foh d gl
1 e Y9G (screening effect) FH GHELIA €Il €, o7d: Af9hIT &
AT SRIAH Sl o o= 2 Sgd TRt H gig 8 St € fed et e
1AM 2 S 21 TH IR 1 ygfa fre Soft o qem) femet | oft e
ST B1 g Soft o Freenett & AHl § g7 ufteds sgd «fier g €1 U U
A2 Y19l W e 3771 B 5 fehdl e Gshmor Suft o dcll o SRR T e,
&t ot o G el o SRR 9 1 S 21 o 8.3 o ok qwiid € ok germ
R F0T (3d) o qcdl i gorl | fgdid Fhav 9ol (4d) o HIq T
1 AR a1 & T Jard Gehaol Suft (5d) o el i g e ot €
S for fgdt Sshaor 9ot o W el i €1 T8 TRES 4f Herhi o ote o
3T & HROT et € F gl &1 emufd, 5d 9ot & al ok d FHew |
3MYfd IR 81 | T8 S WUl 5d HeEeh! o 9 4f Heehl H sordel &
aafd o R s Brenel § frafua g e €, 0 oremtas st
(Lanthanoid Contraction) &d &1 S ST6¥d® &9 ¥ dad g WA HHish
o W1 TRANE MR | g2 dofad g 1 eifagfd o 1 ereHie e
oF T Y9E oh SRl f5did Ud G hHo S0 o STIEY qell ohi A
TAA B W € (SO Zr, 160 pm T HI,

119 159 pm) @1 gk wifgeh T @M@t o o
{18 FeAfersh THMT T S, S " St gee
117 o MR WX 3TUferd T § ot gd e Bt ?

E OIS A= o oI ST HReh T
'915E & & S UH W HEA S % forg e S @
] qN TR HRO % fAw SErd €, suf o @
=99 o &l H Th soiged g TR T3l
STER0] YATE| W Th 4f ST g1 TR T STER0

1 1 1 12

—— Sc Ti V Cr Mn Fe Co Ni Cu Zn U9E, Th d 39 5 TR T STER0 Y6 i
------- Y Zr Nb Mo Te Ru RhPd Ag Cd o | %Y ear | qen S8-Sg T 9ot § iR
""""" La Hf Ta W Re Os Ir Pt Au Hg aEw 4 gfg Bt ©, @t 4f" ekl o SRR

o7 8.3— FHA el w1 WA st § ggfar fafia g/ g 2

WA faam 228

2019-20



uiferes oo o 3/ o WY WHIves S8HH | gig o IRUmEEY 31
Al o e H | g et 81 39 YR Y Heequl s gfg Trgefiem
(Z=22) ¥ W (Z=29) % @+ i oo & (Aol 8.2)1

ARUT 8.2— WYH WhHHUT HUN oF Aeall oF SHFE(eh (900 Td o 31T 0T

UIHTU] SHHTh 21 22 23 24 25 26 27 28 29 30
TSI +eh T

M 3d'4s® 3d’4s® 3d’4s® 3d’4s' 3d’4s® 3d°4s® 3d’4s> 3d*4s® 3d'°4s' 3d'°4s’

M* 3d'4s' 3d’4s' 3d’4s' 3d° 3d’4s' 3d°4s' 3d’4s' 3d*4s' 3d"  3d'%4s'

M 3d' 3d” 3d* 3d’ 3d° 3d° 3d’ 3d® 3d’ 3d"°

M* [Ar] 3d' 3d> 3d* 3d’ 3d° 3d° 3d’ - -
HUH T, A H /kJ mol™

326 473 515 397 281 416 425 430 339 126

AT THEU/AH /kJ mol ™
AH® I 631 656 650 653 717 762 758 736 745 906
AHS 11 1235 1309 1414 1592 1509 1561 1644 1752 1958 1734
AH 111 2393 2657 2833 2990 3260 2962 3243 3402 3556 3837
aqifeer /3R M 164 147 135 129 137 126 125 125 128 137
fr==mt/pm m* - - 79 82 82 77 74 70 73 75

M* 73 67 64 62 65 65 61 60 - -
Wgﬁﬂ%ﬁg M>*/M - -1.63 -1.18 -0.90 -1.18 -0.44 -0.28 -0.25 +0.34 -0.76
fawa /v Mm* /M -0.37 -0.26 -0.41 +1.57 +0.77 +1.97 - - -
Iicl/g em™ 3.43 4.1 6.07 7.19 7.21 7.8 8.7 8.9 8.9 7.1

GEEU 8.2  GHHY dcd HUH Tl o 359 HH A I 22
gl i geh Rl ¥ o wen d sryfe geeeH g §, sefiu s wee
STAVTh 3101 ol it € o1 TCHTU[eH o Hed Yocd e o hortaey
FHUH T 3= Bl 2l

agARE 92a
8.2 9l Sc(z=21) ¥ Zn(z=30) W, TSk &1 HUF TIeH * AH FaU FHA e €, A
126 kJ mol'; 7

8.3.3 OMETT WAGH  oTidRT d Feml & w0 & W AR aaw § 9fg & % Hron Soft § =
Y qfeft S S W GHa Svft o ool 1 A THed § ghig et €, Won
8.2 | JuH HeHHU Uit ok Tl shi FUH A 1A Afewdt & W K T
g1 51 Al o e ® TR 39 a1 ki el § aEt g gfg e e
St for orEshuel dodl Wl GHHT dell k1 it § erE el o ufted
STHFHH el Bl Soft W Bl &1 WHMG: FoH 3T Teedl o 91 ¥ iy

229, d- TS f- =i o qd
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WA fagm 230

Bt % W ST A # 5 T g S T % T g gts
RETOT T Wy St Bl 2

3d At ) U1gel 1 gew A T w1 ifrafrd ygta w1 Ty w5
T TEETE e el € R ot 78 saediehtr fean St wehdr € o wh g
Yok T W 4s Tl 3d Heeh i SRR SHeted ¥ URedH g ¢l o Ul @
o S d-sefieh & qed ST S €l ns R (n-1) d SoeeHl | g
fererd €1 89 S9-S 3d SEel & 3fed § 9gd € d Thivead § 5w i
3R WM W AIfH 1 G F&adl © T AT ARk STHII o hefsh T
3d e | S 81 98 3d T 4s SARAI ! Sgd §U AW Ey § 39
ferfa o e w5 AAfus gaEl € @ ufefad # g ©, e o
TR T O 1 Uil e €1 o1 wifvass e % dslt o sedl 2
T 3d S § gerat Sl § qelt gfg g 1 9 A Al o Sy
At STl 1 famE 4 et @ 9 4s W golei[ Tl B

g fgdia s et & ue o it stee | i & @y aed
1 Ygfa &1 e e 2, FF TF d 3oEA SR d TE H AE &
3T o YTE | IRAferd &l | SHehT RO d-hefehi i 9 1 f=1 g
2 Tty fedta e g TE Tiedt § FRa gfg @1 g Mn” qen Fe'
A o W 22 W 21 S | € St o faere d° R g 9o w1 fererer
% T HAT AT o Hd del § off ol 21 d g o % fag
A el § uRad i e fefated © —

I e 1 7 Yieh Soisrie o A114eh i ST SRY0T, < geterial
o ofte giaertor e fafea s w s o5t 81 1 &R o it & fag
fafm S S Bt 21 fafma S, sruys weel o gufew gl &
F TG el o ST THEU Bt §1 ST SIS Ferhl H Sk g
B € df Freag St ol R 98 e @ e stferhan wereht | wufset geew
At Teh-Teh Sia 2id & (82 o1 From) | fafoa st o1 g e o zenfae
Tl © 3R T 9gd W SEAA wied B s 21 & faerm o fafr st
%1 BE &l Bl

Mn' 3@ 1 T 3d°4s’ 3R or” @19 &1 fo=mE @ € @ Mn' i
el Cr” A %W et 21 7 WhR ¥ Mn”” 1 o d © 31d: Fe
Tl Mn”" 9 %W ¥ TR U H BH e Thd € foh Fe & qdid o1
Tt Mnd &4 21 37 UIgel 1 fegan siadientor steen +2 &1 e syupet
Y M> SRA A 2, A el % We-wY Yuw e fgdtd e seiet
1 off Tavgshdr Bl ¥ 9qE U% fgdta st et #, fSgeht /M Cr 3R
Cu & fau syenfya &9 9 v=a ¢, fod M e o1 e d qen d'°
g 21 81 Zn o foIU T O HH B § il SEH 3 T 1s Selde
freheran & foed Tomh @' fomme ore e @1 gt e woedt § ygt 4s
FeF o FNH §N Sed T&l Tt SR d (Mn”) @en d' (zn”) ¥
TR TeH | Afud wic wefeld gt ¥ e, g e o
T S=a &1 R, w3 Frohet 1 gdia e wiedt & S AH g
Fd 2 o o 59 dll 1 +2 W = ATl STaeTd Ui il Hisd Bl

Tl S Cfeu, StferiehtoT STaeersti o qericeh T ¥ Hefud
T AR 3 B, R ot 78 woe wgd Sfee @ SR dichiicsh SAqeh eIl
?q HeerE el R
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8.3.4 ATeHIeRITT Ul dl o faftre @l § @ uw A e qo 5RO ARl o e
ST ST ST TR | TR 8.3 H Wordt HeHHU 07t 3 Al Bl A
SRR Feeensti 1 geftag feman ma 2

| 8.3 — WH HHHUT SIUT Skt SN ki TFIHIUT TTEATT ( 7FeT HHT TFEIHIUT TEAT3TN Rl
e 2w ¥ fam@ren & #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

TS TS | SRRV STIATT I ale] T hHU 07 o6 Heg | 41
THeh fehe feora €)1 S<eeoned, AT +2 @ +7 ek 1 Gl SR sTaeey
<l 21 507t o ST foRRl T ATt Stereenal 1 WEm W S 2
THHT HRO dc@ (Sc, Ti) ¥ IRAM a1 IR & fau &9 ol &
IYASIAT AYET Al oh GaArSThdl hi¥ | d Seiael i At T& (qRuTrd:
qrfter) o feTT ¥ Hefeh! w1 Sqeteal) [Cu, Zn] ©1 36 YR 92| Suft o
RN | Thivgay (I1) orafeashal § 7= @ @ Ti(I1) =1 Ti(II) w1 e
" Ti(IV) sifersh Tomdt 81 9ot oF TR BR W fSF ST THAA Hadwor
R +2 € (d ol 1 Arie e €) | e o el sifiean
AR eRToT STerEenatl i WA HTHIS dF s a1 d Hemhl o SUreerd SeieHl i
HE % A % TR Bl (Ti' 0,V 03,Cr"'01 Mn""04) | T8 Te=I dwil
1 S=a SATerdienol Sfereensl & Tt § RT3 St © TSR
HTHA T aedl Sferertores wiehs € (Fe' ', Co L Ni, Cu'” @& Zn')|

TRedATT SATfRT STt S o Hehmol deall o1 Tk Tovdl &, 1 R0l
2, gl d weehl W SolagHl 1 T YR W WA¥ N, TEE e aw i
HTFAhT0T STeeeat W Weh <1 X &1 @l B §hT S, V', VLV, VR
IoorgATd & T 31EeT el (non-transition elements) H, T sferdiertor
STeenell o GEE: < ST Al g S 2l

d-=eiieh qdl o M (a1 4 W 10) T STTeRdiehior sTaeensti st uRadeieral
o Uk ek 924 <@ i frerar 81 p-settr | (1fwa et g & HROT) A
EEl gR e ATl STereet =T 3Tkl il €, Sieh d-=ofish H Seeh
fauda el 21 S<rewone— =i 6 § Mo(VI) aen W(VI) w1 ®efae Cr(Vl) 9
aferer B1 31d: 3t "iegm | Cr(VI), SEHHE o &9 H Jao Seiehieh
2 Sdfh MoOg T8 WO, Tl

e TR STeReTd qd TS S © 5 U Sepe AT § 1y ferre
gl o o-ataem o Afaftea m-Tel Tor off e S 8l 3geIened - Ni(CO),
3R Fe(CO)s, | Fichet 3R I &1 Sifardien<or steeen 4 2|

231, (- U9 f =l o qd
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SEERUIS8.3  ud HehHU a7 1 A FaR faud aftadia st staeam T8t e
S|

gl hiveay (Z=21) URed=a SAferdiehor Tt &l <9

agARRT 92a
8.3 THAU awal ®1 3d UM HT HH W el @l W@ § SIS T Tl ©
w

8.3.5 M*/M WM& FAGGIS foera™ & S/ ug o M7 emEd § wYaor § gt
fawai § wafwat SEI-TEErE Jreel SR A geaie fawa grof
8.4 ® fau 7u €| WRUN 8.4 % WMl H WA Hch
o fterfad AT @un EC o U W % e qor w5
A ot 8.4 ® Twifan e 2
\ TR 1 HATE B & FROT AEd IR, TR
p

el ¥ H, 99 H 1 remefd 1 STl 2 2
hae SRS o (Tefesw o SR TRE IR
TRl omt) & Cu & T Afufear & € iR 3
3 a7af=d 8 S| €1 Cu(s) % Cu’ ' (aq) W @07 &
U Tevae S=0 Soll, HaT SerdieH TOed ¥ Hqferd

T V Cr Mn Fe Co Ni Cu Zn T 7 e Soft § EC & w9 o 0 S e
= fim T & wftwfad 7 Tt urget o U™ T fgdid o woed & A |
a7 8.4-Ti @ Zn 7% & T & (M2 —>M°) g gfg © Fefud 81 78 S U=k © T Mn, Ni
T getdeis fayEl o Qierd e awm#f%mwwﬁmmﬁf&mﬁ@
IR ferd AT ek RUMeHeh B B
RO 8.4— YW U F HHAUT deal ok HEH-UHETER 74 (kJ mol-1) 3T MUID) ¥ M &
JTUSET F HIFeh SeRS fawal o U
T M AHT M AHT AH] A HWMY) BV
Ti 469 656 1309 ~1866 ~1.63
\s 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

WA foagH 232
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TEEUT 8.4 Cr SUAIE § wEfh Mn®  SiaRNe, Siafs M w1 d- fow §, =2

=z Cr UH AUEEE §; it zow oo & 9 & ufefda g @ oo
a-afd ,, TR (T 9 W) e ¥ @ AR Mn®* @ Mn” § wied @
i (d) forama o g § S 39 s Tt YeM e Bl

agART g2a

8.4 W & foau E-(M>* /M) F1 0F SIS (+0.34V) $1 S FIfed HI0 & 82
(Ga- TR 5= AHC 3R Ahdee T &M ©)

Mn”" # @1f-afd d- wereh &1 it ot Zn”' | yoiufa d'° faem
E%EGHHT@W%%,WMWE@MWWAMHG
Y Hefud 21

836 WM TOERIE WU 82 FEC (M*/M™) % Wi F1 st SR ufEdie st
fawai Mor Mz S 81 Se o fau sEe e A, S o e izt & e faer
et afra g famre 21 Zn % foU S Soea WM 1 HRO Zn” o @l d'f

=19 o T Seieei 1 g1 81 Mn o o, STdeiiehd S=a 0 <9Il @ o
M2+ (&) T &9 @ Tl € SEfh Fe o ememerd ft oM, Fe''(d) &
Afafier Tnfae i <9 €1V o erdenepa e WM VY o wenfae 9 gt
g1 (@ ty, TR, THEF 9)1

837 Iouau RO 8.5 TWhAY g k1 3d HUN % TR FoEel ® Swlid T S
srferdtaRToT ATerfeR T W& TiX, (STRWEE!), VFy 3R CrF § Wiwd Bidt 81 Mn &1 +7
ST SRR LN WA Teliee B yaf¥id et eidt |G MnO,F 91 € iR Mn

= % v 9T FeXs 3R CoF, o &g 9t 6Iq ZEeaiss el aHi|
w”t"i SATErheH ST STETET ol T WS i sh1 AR hl &l =
LELERL A AT I=9 WAk el o HRU Bl €, S8 fF CoF, o gsd o =1 S=v
HEEASTh Aifiehl S VFy 3R CrFy o, %6 3fed Tl o Rl el 2|

URUM 8.5— 3d =gl o TSl % G

+ 6 CrFg

+5 VFy CrFy

+ 4 TiX, e CrX, MnF,

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

+ 2 TiX," VX, CrX, MnX, FeX, CoX, NiX, CuX," ZnX,
+ 1 C UXHI

'qﬁ X=F->LX =F 5Br; XY=F, CI; X =CI » 1

233, d- Td f =ik ok TA
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Taf VFs el V' i WS il B, 39 TR SeTHe W
HFARAETES, VOX, 3d &1 TJeiRigs! 1 g0 7T, Fet sfiarfiertor sraen o
TR ST B, H8- VX,(X=C1,Br 3R I) # iR 7€ CuX o fere =y g
21 Tl R EiEEs & Sifdfe Cu' & @it Bege @ €1 48l Cu”, 1
I, § sfferdid & —

2Cu** +4I" - Cu,l, (s) +1,

ANty e Cu” AT el faeem o s § qon FreaR s

B B
2cu” = cu” + Cu

cu’’laq) 1 TP Cu'(aq) ¥ #fs BR 1 HRO THHT S
T A, qH 1 Cu™" 1 goifl § agd Afu RUTeHsh TH 81 8, S BT
#t fgda oo woiedt = afagfd 9 sifue 2

RIS i STIaH SRR STIEAT i TN USH HEH i &THal
HAfermrgel o Y Bl 21 SiedEel § S=aaH St §e (ROl 8.6)
ITh1 o7 @ W Ul @il ® 3R T8 Sc,05 ¥ Mn,O, d% 3@ i fHerdl
21 o 7 o @IE, Fe o 3=d 35S Fe,0, ¥ 3 Fd &1 81 Tt el
ez e (VI) e H, (FeO,)” , 3TPF ad & Tq ¥ ™ & Fe,Os
9 0, ¥ fosfed g S &1 stfemmEe & Al e V' &l VO, V'
1 VO™ qe Ti' 1 TiO”" & &9 § Tiedl Y id &1 T 1 a7uen
SIS i 3 Sod STFATHTUT STILTST Bl TATIA Y HIA i &THAT 3T
% Bl €1 36 YR Mn 1 S=aq9 T3iiEe MnF, § e 3= AfoEEs
Mn,O; &1 SATRISH 1 Uil o T SEaTae] S shi &Hdl o SEeh! Scheeal
1 TS W Hehdl &1 HeE@ANh AEEE Mn,O, H, Y% Mn WA,
TIHAHT 1 Y ThH Mn-O-Mn g dfed O wumwet 9 o & 21 V',
cr’, Mn", Mn" 3R Mn"" o fau aqehas™ [MO4]n_ A T 2

AU 8.6— 3d &3 o IS

+ 7
+ 6

+5
+ 4

+ 3 Sc,0;

+ 2
+ 1

* iy sfiaqEe

WA foae 234

TiO,
Ti,O

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

TiO VO (CrO) MnO FeO CoO NiO CuO ZnO

Cu,O
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3RE0T 8.5

ST 99 VO <Cr,02” < MnO; | $iaiwRe &mdl | gfg i T T H1?

Ba  3Eh SRV ok TEIA o W% U fe T & wenfae o gfg ?

agARRT g2a

8.5 THHY T i W S0t § A TR (W SR fedi) § stfrafia aRedd w1 a1 Y wHERE?

8.3.8 TETAMh

hHOT UTgetl 1 TErEfTen sifafmareiierar samae &9 9 uRedHeia 81 sga-dt

sfTfRamfterar HTE T feggaet € qen @i evt W faew €, SafE o gl sepe

Td E° UM

SRE0T 8.6

SRE0T 8.7

&, S fo T st gy yenfed @Y g

I U1 1 DIgHL Y2H S o ol daned sfuss sfafmamie e @
S IMH' et gr Aterdiepd 81 S ©, T 57 erget i erseier o (H)
S aHferdienTen] © IfHan e 1 arEdfas < § S-St o1 St 8
STENG— Hel a9 W qfEn ud SAfean q SR ot o wfd
fifera 1 M2 /M % E° % "M 9vit § faeeeh o % o # et g
Jaf 1 Teid & (WRO 8.2) 1 B % W HUTCHE WA HI SR ST I G
v v T fgdr emaa wiedt & @ o e gfg @ Heifua @1 g S
e ¥ fF Mn, Ni 3R Zn % E° 9 99 99t @ emifed o #1 qer
T sifus BT 21 St Mn® H @ 9Ra (d) STR (@) 9 Zn”' d
o R dSTHT H A TF B AEE § wed 3; fika & fau
E® %1 79 TR IoadH HUMHS SoeH Tl ¥ Fafvd 2l

M>/M>" Yetem 3 o E° W o sracie (ROl 8.2) ¥ W ®
Mn®* @21 Co®" A el foreaa o yereian it e 1 w1 F
T, V2 o’ SR Yee Sro=reh s (SToEEe) € 9o 9 o 9
TESISH T g Hid &1 Seeione—

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

AU U F EE S0 F B WA i

Ee A\ Cr Mn Fe Co Ni Cu
™M>*/M) -1.18 -0.91 -1.18 -044 -028 -0.25 +0.34
T A H ifafiadr o R i gHeEsu|

E® M*7/(M) & ®r fafia 7@ €, 58 ew o woed § ettt uferd
(AH,+AH,) T St Tt g THe Fehd © S foh TS 3R anfedd o
fau siemRa 9gd #H et 2

Mn®*/Mn"? 7 & ferw B &1 "0 O /e ste Fe' /e % WAl @ wgd
ek wTeHes 7T B &7 HHSE)

T9er foTy Mn &1 919 32 St 1 aga aifees 91 (d° @ d* o afads & fag
EYIh) ST B 360 T ff T Bl € o i Min 1 +3 S1a€e] S Hewd
1 Tl B

235, d- Ud f =l ok

2019-20



agAERT g2a

8.6 TS I TU IoaqH STFHHII STILAT ol AFIEE AT F3iee ¥ & = y=i¥a

LA B2

8.7 Cr- 3R Fe’' # ¥ &N Uadl 1= © 3R #4017

8.3.9 JAHT IO

W foam 236

a9 W IR &5 STIYIH I N G I TR o Gahid FOER T
B € - Fagasd (diamagnetism) A 7ggaehed (Paramagnetism)
(Theh 1)1 Wiageehia vered, Suge gohid &5 g Wiashid eid & o
T gaw T TSt i B 71 Sy gt & H vod ®9 ¥ TeR{id 2
€, 9 clggas T (Ferromagnetic) HEAR &1 a&dd |, dAggadhed, Tgash
H1 WA WEY 7| 9gd ¥ GhAU ¥1g A T gah A T

S 1 Icafd, STTTeTd el 1 Suftfd o FR a2, T
TH STAfeId Seieed o1 gaehid S0 (magnetic moment), T &0
T4 (spin angular momentum) T F& HI01F G4 (orbital angular
momentum) ¥ Hsfed giar 1 99 Hhar 4ot 1 ergeti & Afrhi o wefa
I Ga T AMEH FHE &9 § G (quench) B Sl 8 SEfAT EehT
1T Ao Tel @ Sl 37q: S9oh foTq Gaehid STeol o1 fufer 399 suferd
H(A SISl 1 H&A o YR W Tohan Srar € ae g&est oM e fau
T ‘Y= UI-HE’ (Spin only) T §RT &1 Sl 2

L=n(n+2)

el n feId sAaHl 1 @ ® 991 p gashia ol @ fge amew
IR T (BM) €1 U STfeid goiaiq 1 geehid el 1.73 R e
(BM) B 21

ST SRl ohl Sigd! T o el Helshid STl k1 WA agdl B I
Ufeyd Gahia STTE0l § GTATOST, STULSTl qe STl H Iuferd STferd soiaeil
T FEA T Fehd faerd g1 TEh-HE Y 5RO § W ek At
o T A JART o SMER R H4iRa gem Hehwor 9ot o Tl o Jaenid STEol
& A Grvl 8.7 # fRu MU B yrEifr siee ger w9 9 foema o sufeed
SIS SATEAI el S STawe o fag )

AU 8.7— Faehid MUl o URekfetd T Wik u= (BM)

Sc* 3d’ 0 0 0

Ti** 3d' 1 1.73 1.75
TI** 3d 2 2.84 2.76
v 3d’ 3 3.87 3.86
cr** 3d* 4 4.90 4.80
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M n2+
F eQ+
C O2+
Ni2+
Cu2+
7z n2+

3d®
3d°
3d’
3d’
3d’
3d10

S = N W b U

5.92
4.90
3.87
2.84
1.73
0

5.96
5.3 - 5.5
4.4 - 5.2
29 -3, 4
1.8 - 2.2

SEE1 8.8 ety oo H fgHast A o Jaehid STl i AT ST afs sHeh 9 ]

FHE 25 B

gar  eld faee | W swis 25 ore fggarst oo | srgnferd ol i gE

5 BAM| 37 SHehT Gahid MU BT, u=./5(5+2) = 5.92 BM

agAERT g2a

8.8 M”'(aq) ion (Z = 27) o Q' Y=IhU-9" Gah1d SO H1 TOAT HIAY|

8.3.10 W 3MIA Rl o

ferT 8.5 — ywa’mwsﬁﬂéa‘gwam_
STl & et faeredl & 1 &%

R F T HRX VHE, V3, Mn®,

Fe3*, Co?*, Ni2* 3Rk Cu2*.

Sa 7 391 Al d-hefh 9 Seae 1 ST, Sod Sl
A d-ehereh | Bl & df SUSH Sell (energy of excitation)
T HA LN GRS & S Bl © (Theh
9)| UHMIA: g g, ¥4 Y& (visible region) H
feera 2t 21 Ufera <, ST WeRTel BT T 41 @il B
STENTT GohTT oh g @1 MuRe fa=e (Ligand) &
e o HR W fehan wmar €1 GRoft 8.8 Al &
Sefta foerm o dferd < o1 shreg T T ®, F8l S
& o1v] fee 1w+ € o9 8.5 H Fw d-wdlw

Fedl o i faerml w1 gerten T 2

ARUN 8.8— UUH WhHUT SIUTt oF FB WeIAISIA &g 3T oF T

3d°
3d°
3d!
3d'
3d’
3d’
3d’
3d*
3d*
3d’
3d’

2019-20

S CS+
Ti4+
TiS+
V4+
V3+
V2+
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8.3.11 Wepel AIRTeRT AT
EERl

8.3.12 SR T[OT

8.3.13 STavTehI9nt TRl
HT ST

WA fagm 238

3d° Fe* L

3d°3d’ Co’"Co™ BINIEISIE
3d® Ni** g
3d° cu® e
3d" Zn>* A

ope Aifier 9 Aifier gd & o org s1em fafvea gen o somE st
IR U T S Fioh Gope TiEis s &1 ook ot stfireterfores T
e T THF T IR & — [Fe(CN)gl”, [Fe(CN)g]", [Cu(NH,),)>" den
[PtCL]> (s 9 § Hepet Afiehl o TErEA =1 foreqa == &1 ¢ 2) | Gahmol
T STk Heped ATkl h1 T hId &1 SUhT A HRUT € ©1q STl oh 3ThR
%1 Blel BEI, €1q A W I=d T-ME ST qA1 3Tl o6 a4 o o d
FHeeh! hi ST

THUT HIGT G 7ok ATiTeh I I Tisharal o oIt ST S &1 Hehaol gt
T I8 01 ST IR TSRl T Hepel AifiTeh & oM o T o HROT
g1 aAfeam (v) stieage (Ferel wehd o), ged faafem o (/e wehd ®)
3R fehel (ST BESSHA |) FhHAvl UIqet o gRI SARUl o 3 IR
T IATEH & I T8 W AFNF o U dU SAH F1 Gag o WA
o o aTrsiell ST TEET B €1 STy oMM ok fAau g GehHoT it 6 urqe
3d U8 4s Al Hl STAN HI B IROMHEEY, SAH H Tde W
Afeher w1 digal o Jfg & St @ qen Ifiehres o oTupet o Sufterd ey
Taot 8 S &1 Aiha St k1 A SIS Sl €1 SR staeensti o ufted
21 WehH o U] WhHUT HIqE SR oh &9 H fersh qarell il 1 Sareone —
I (1), AFSEE AFF T WHEHS 3TEF o a9 99— BiF arelt Afafsan

I ARG w4 2
21 +S,05 —1I,+280,”
T IR AR FT TR 6 YR © —
2Fe +21 5 2Fe” +1,
2 Fe”" + 5,05 — 2Fe’ +250,>”

el HeRTT HTetl o fheed Seteh o Widt B MR ol TH0] i€ H, N a1
C T B S € o SAaehieit ATl i AT el g1 A s WEeaa
STFHIFTIHAT (non-stoichiometric) B4 & a1 7 d 3 814 & &R 9 &
HEGarst| 3] o fe TiC, MnyN, FesH, VH, 55 @2 TiH, , SIS 354
A HTqeA T I AT SRR STowel YTd Tl hid | FereAl i hfd
o SR W, TH TR o Ak ik Jifie (interstitial compounds) e
21 37 ARl o g Gifas wd TRt e e Eh § -

(1) SFRIRTER TRl o ToHi® S=d 8 € St g orget 9 oFf sifus )
(i) 3 @Ifd 3R e €| 7T 9 fF P AN HT HIAXA AT ER R

I3l oh T Bl B
(iii) 7 NI 1 wifcoreh =erehal GUad wdl 2|
(iv) TE@EfTR &9 9 faueneh aifes ffera e 2|
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8.3.14 Trgrqall st s g (alloy) fafm erqetl =1 wfiswsmr e € < foF wngedt & wfersmo & s
B &1 fasrg garh S foeem e gahd @ 9 U urg & W], SO e
o eApe | ifafad w9 9 faafia ®d €1 59 YR o fagrgstt w1 A <9
wEEt g Bl § el enfere e § 15% 1 3faX €1 Wehnur et
o Ifaefore TN qen 3kt st § WHM % RO W Urgew g
THsTqei i o WReTdEe il 1 39 WehR WIw Tisg hoRk € € e $ieh
Tk EIAA S=4 B B 1 e o g guiiftea fasmg €1 wifaam,
orfeay, e, Hifelse™ qe HHIS &1 Sqam fafq= YR o Wie qen
T Wil o ScAEA § fohar Sran @1 TGkl ergell qe Wehnor g o
A W W fagrg Sleifs Wew % el €, foen Seewl § — diad
(RIR-TSih) , hTEl (hiR-fe) <

SEEQUT 8.9 AUl STEEy o SFHHUH’ w1 o 37ef B2 Uk I i)

e 99 T fafire sAfafientul sTaeen U FH a0l S=d STaIhiu STawesti &
o %9 TRl 8 d SHE! SHEHUEE el 81 SeEv— WS (VI),
ATerefeRToT Sfereen WS (VII) qe HiS (IV) 1 g § ereedid |red o &y
Tt 2

3Mn"0,” +4H s 2Mn"0, + Mn" 0, + 2H,0

Rleeiciaiec

8.9 W HIFT fof Cu’ 31Ea Sefta faoree | o 7@ 7, F? wwgREu

8.4 ATBAUT AcAl BB S0 9 W FHAY 9 T ARfioH & weA AfAfHa & Beredwy HHn
gl o STIFIIES U Bid 1 Thigan o sifaftem |eft eqd MO WK @
Ww AR HfaTEe AT &1 39 Sfiagel o el S SeudaH Siedwr qem
O(12 2] SR o T % (T B S S R Sc,0, @ Mn,0, A @ 3
&1 foerar 81 ot 7 & U SR B Fe,05 ¥ S I S=0 3fEe A
T&Y 81 stfraTEe o SAffier Sifedl- S (oxocations) V' &I VO, H, V" &1
vO®" # @ TiO”" ®I Ti' Tty 39 B
TGS k1 SATRAHTOT T | gig o e AfaaEel o Mafeh 071 § HHr ST

8.4.1 aigsil o 31 I F1 IS, Mn,0, FEEs qe1 70 Fofirr el g 1 el o
stfFEs TE fF CrO, 9o V,05 & Terish i 7t g &1 3 5o sifsareel # st

. e 1 FEd et 8

S-S0 T YR Mn,O, ¥ HMnO, W« eidl g1 HyCrO, a2 HyCr,O, 3 &
CrO; ¥ 9 Bl B V,05 39! g1 W +ff ged: a7efia © 3 vo,” e
VO, o o@u 31 81 dRfedn o fedEs! | et V,0, ¥, 37 i
V,0, 3R 39aeHl V,05 T it qiedd 2@ i e 81 V,0,, 3 |
faera Bl VO o101 oA 81 36 TR V,05, 377 a2 & § tfafman
FAA: VO, 941 VO,” = B quiey ¥ sifueiefi CrO e © ug
Cr,0, 39aedl 2

239, d- TF f i o T

2019-20



WA faam 240

TrefiEm SEwie, K,Cr,0,
TIfeE ETeshive wH SERT % fAu Tk el WEE €1 56T ST %E U
(azo) FMTRT I a1 | SAferdieher o &9 | fopan STl 1 SEHHS I
GEMI: U W S WA @1 ShHgE 3T (FeCryO,) i S& a1 ohi
Sufeerfa o Hifead =1 Qe wree o WY Giierd fRan S € o shide wrw
T T FIES 1 WieaH FEHE F Wl AAwA A9 G W T —

4 FeCr,O,4 + 8 Nay,CO5 + 7 Oy — 8 Na,CrO,4 + 2 Fey,O5 + 8 CO,

Hifead e o Uil faead &l Sat U TeRE o7 g/ 3T a1
forn Sirar @ fored 9 9w wifesm sEsie, NayCr,0,.2H,0 i fhefea
T foran S 21

2Na,CrO, + 2 H — Na,Cr,0, + 2 Na' + H,0

Hifeaq eSEhme o1 faoar, wefiem sEhite 9 s el 81 sqieT
Hifeaq SEhive o foeem o Ueiiem FiNEe S WeEd SEhme e
T foran S 21

NayCr,0; + 2 KCl — KyCr,0, + 2 NaCl

TREE SRR & AWM 1 o TR, fheedied 8 S| 21 Sl
foera o S 91 SIS 1 AT el & St foe@q & pH | fR
AT 21 HIHS AT SEHIHS | HITTIT i IR0 & F9H 2

2 CrO,” + 2H" = Cr,0,” + H,0

Cr,0,” +2 OH — 2 Cr0,” + H,0

FHE AP CrO,” qdl SEHWE

. FF Cry0, i WA == & T

E M2 TP FgOheTh I Bl & STeifeh

O —Cr 126° CI‘i O ﬁ al[ ’ a;

J/ AN o e ¥ oEEREd fer wd €

O “% O 98 Cr-O-Cr 3Te¥ iU k1 A
<EFTE 126° B 2l

e Hifeay qen WM SEHHe Yo

HTFHTeRT0T e 1 1 Hd B TIETH o0 1 S § foetgar afer it
@ TN T ek TR H AR ek oh &Y § FeAfereh g fema STl
21 IRTEH SEHME 1 STEN AFTHA favervo § wufie W o ®9 o
foman ST 21 erelig WA | SEwme S & A fha e geR 9
Yefdid 1 S Hehdt © —

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

39 THR AT IR SRR, SRS T SAFHT e o,
TEhES 1 Goewl o, T (1) &1 feq (Iv) & 9o s (1) <1e01 Rl ST
(1) &1 | s a1 stfaferan = & —

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

Mn

N\

AR
HHe T (77)
T
1o
9

ATHAR
e e (Heteifed)

ol sttt sfufsher st afEn eEwme w1 s ot srfufman
qAT TR H1 AT 7o AafEA S SERT W R S Hehdn B
Cr,0,0 +14H +6Fe” 5 2Cr +6Fe” +7 H,0
Uy WHTE KMnO,
TREH WHTE 1 W 6 o Y MnO, 1 & o1 eRgiedEs qu
KNO, S8 Hferfishier o @1 ferd foral Sl 81 S8 e 8L 11 hl IS
K,MnO, W il & S SEriA o1 S1edi Hiead | STEaraiiad gieh qreies
THTHE T B
2MnO, + 4KOH + O, — 2K,MnO, + 2H,0
3MnO,” + 4H — 2MnO, + MnO, + 2H,0
TR TR T ITHT IR MnO, o &K SRR T o T,
e (V) oF SR[eTveel iieriiehtor g feman STl 2|

KOH 5 @1y wirer
A AT KNO, 3 TeT Sfaiienol

MnO, MnO3~
e e
AR e S -sTgeet SR
MnO3~ MnO,
e e THHE 3

AT | WIS (1) STEE o e W eEEethe gl e gieht
T T
2Mn”" + 5S,04  + 8H,0 — 2MnO, + 1050, + 16H"
TR TTHTHE T ST (ST hiel) W0 ok feheeel sl © St KClO,
o WY GHETEATHeR ] S €1 98 oavl St § 5gd foe et €, (293 K a1
W 6.4 TM/100 UM Se1 H) | W 513K T TRA i R Aqufed &l Sl 2|

2KMnO, — K,MnO4 + MnO, + O,

Tk 31 ifcreR T At Uik © — TEHT STcAferR TR T qe Hiagreen
BM o TU-T1Y THH] AUk H R YA e SATgashed| 3= 31U etk fagia
SN SO S Wehel €, S foh 39 &k i G W e 2

HHE qo TRETHE ST Iqvhelh g I &1 SrdsH o p hefhl o HIHeT
o d ekl o e W T n STEe U Wl ©1 g0 HHE 3 T
SfeAd Sl o HRUT STYShIA Bl 8 T WHTHE T STferd Seiaeia
T BH o SRl Fiageshd Bl 2l

AT T foerad stfeicie Tl FreeReieaEs §, S (1) a0l i
STERA (I11) T |, E2ES i A8 H qN TSRS i o AAEH |
ATl T a1 21 STOEFH] H1 1 SFAfHAT 39 YhR & —

0]0)

5 (|: —> 10CO, + 10e

COO

5Fe’ — 5 Fe’ +5e

5NO, + 5H,0 — 5NO; + 10H" + 10e”

10I — 51, + 10e

24dy d- UF f- sEATH ok qd
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WA fagm 242

KMnO, &1 31¢-21ffshan wa eu=mel &1 td-eifufsansti &1 Siga
ol stfufsran i fora@n S gehdl € 9 STATIshdl R eI i Tqferd s
forn s =1

Ife 70 WS & HHe, S eRsieEEe 9 S (1) 9o 9§
T=EH H1 erd-srfufsmaneti @ 1= w9 9 weiyia +%,

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

@ T el YR 3@ Wehd @ foh foom o eRgioM oM &l wigdl
sAfafsmanett #1 gifad w6 o Aoyl iy ot 21 =t w8 sifafwaret
1 YeTR-fase 1 Terdl § THLAE S Hehdl ¢ olfehd sAfufwan i faeht o
T Hewul R & THTE 3T §R [H]=1 T S i Sfaiigpa fohan S
wfew) wq wEfes & o srfafwan e eidt @ S qe fop WS () e
Ifeerd A B SAYET Ak FErRI 7 S|

KMnO, %1 %8 Hecqul e sifufean frefafaa € —

1. o7efy faermm o -

(%) WREM SRS ¥ AEEH o el 28—
101 + 2MnO, + 16H" — 2Mn”" + 8H,O + 5I,
(@) Fe” aa (=) &1, Fe' (fen) # ufadq -
5Fe”" + MnO, +8H — Mn’ + 4H,0 + 5Fe’"
(1) 333K W aiieiele AP e SAefcish 37 i SREIehIul
Bl B—
5C,0,” + 2MnO, + 16H — 2Mn”" + 8H,0 + 10CO,
(9) TSN UchEES 1 Tehl H fadisho, oy Towe aeifid
Bl Sl § —
H,S — 2H +S”
5S8* + 2MnO, + 16H" — 2Mn”" + 8H,0 + 5S
(F) UCHTH 3T 3Tl Hohee Hhl Hohe 31dl HeRfa o |
SRR TIT—
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60 frnfefey Nd 41 *6s” 4rt 4r® 42 181 99
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67 gifenay Ho 4f 65’ 4f " 41 176 | 89
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69 CINRE Tm 4f 65’ 4r " 4r ' 174 | 87
70 gefam Yb 4f 65’ 4r" 4r'® 173 86
71 [CINEE] Lu 4f*5d'6s> | 4f"sd' | 4f ™ - - -
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(1) 3EE (1) A (ii) SO, qel (iii) ferifeir a1 ¥ tfufeman e 22 sifafswansti & fag st
TR fafau)
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8.17

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

M2 /M e M¥ /M T % ged § 5w ue % B % o A9 e

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

SR el o MR W Fafafag w femoft Fifsu—

(i) el memm ® Cr’ A1 M & qer | Fe®' w1 Tenfae)

(ii) T Ufhan o foIu shifterm steren HT ogell i qorl § STERA o SAfeRiehtor | gl

frefafaa & ®F @ oA et faeem o @b gim?

Tio", V7', cu’, s¢”" Mn”', Fe”, co”", weim o forw swor s

Yo HHRHT UM T g T +2 SRR AT oF T I Tl HitsT

frefafea o g3 ), oroRige e Ufaedtae & e S ge St

(i) SRt fomma (i) T T STAE SHR

(iil) STRHTRIOT 3T (iv) o stfafmarsier

3 frAfafed 1 ffe TeR § e -

(i) d* =fefis & 9@ Cr”" vad Aq=Es € etk A (110) Joe AR B

(ii) Seita faerm o wiamee (1) T € W Ggerarl fumds] o1 Suffd § I8 Werdds
afieriFa 8l S 2l

(iil) 1o =1 d' fo=re srera s )

STEHA | 3T A THIA €2 Selld foerad H STEHaae srtatsmanei o &1 Seeor ity

W HeHHOT 0T W R W oTq S a1 A +1 Sefehior stereen gt 87

frefafaa T sl § srmferd seaet &1 o wifs)

Mn”", cr’”, V¥ e Ti°T e @ iAo welta foere o erfoeer 22

ITEN A U HHAU o1l o WA & Frefafed sifieeon &1 sror saee—

(i) HhHO1 g k1 Frefq sifomEe g €, SHie Seuan siamEe Sy el 2

(ii) WHHT UTq H1 SoeaH ARG o] Sege] qe wsigel 4 yaiie gt 2

(viil) T o SATFEEROTE o Seaqd Siefiehto] e YEie el 2|

frAfafeaa &t avH o fae faft= o’ =1 See@ wifse —

(i) TR 3k 9 K,Cr,0;

(ii) IEUGEREE § KMnO,

fasrqe a0 €7 OOt uigel W gad T @ fueng 1 Seoi@ ST $9e S off S

e TRl e 1 €2 SRy R Frefated § S 9w st Sdie SwHor doll o R —
29, 59, 74, 95, 102, 104

Uferetae qel w1 WEA Sa Fata T8t @ e for ordntae qel 1 Wl 9 qol sttt

STEEenstl o STUR T TH HA Hl SR G hifeu]

Tferetae it T AT el hiF | ®? W e o SeleRiTen o Ty 39 aed ot wefaa SRR

sTaeet R feoquf Hifs

Eo-T19m & SMUR W Ce®” AP o goraieh fore o1 o= SIS qel ‘ T=ehol 91 o1’ o SER

TR THh Gah (I AU I AT FHifSC

SreTaE S % S Gl Al hl Sooid HITSTT S +4 Tl S +2 SATRART0T AT T T 36 FhR

o IER AT 3ok Sl o= o o9 Hae TAfya it

frefafea o g4 & Ufseiae goft & qol den SRATae 9t o del o THEE 1 ge it

(i) zoraRife fa=ma (ii) SATRATRT STEwATT (iil) Tt stfafwantied

61, 91, 101 T 109 THIY] FHHIH ol T@l ol seareien fo=amd fafau)
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8.35 WH Il o HeRHUT el ok ATtero w1 fgdta wd ot St ok ol o G et o difest @t | qer

wifsry| Frefafed fagsi w favm mea e

(i) soRie fa=ma (ii) SATRAHIO SFerees (iii)  3F TS qen

(iv) THUE ATHR
8.36 f=fafad oMl H y&® o fau 3d ol &1 e fafeu—

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

MY 37 Sordiferd oAl (TREAH) § Uid 3d Ferehi o1 fhd TR AfemEa w? 91isy)
8.37 WUH THHU N o ded W HeHH el o Ik Ui W aear weid wed B ool wifsw
8.38 fyHfafEd Hepar Tiefis1 oF Gahia SN oF WM § 319 1 F=hd e ?

EAESU JawE O (BM)
K,[Mn(CN)g) 2.2
[Fe(H,0)q]”" 5.3
Ko [MnCl,] 5.9

AR S2Eit & SR

8.1 THeR (2=47), +2 SieRdHIU e SR T Hehall €, T STk 4d Herh 219l R g & 37a: 98
Thul qed B

8.2 TS & 3d werhl o T Hifca e ® g9 &l eid & Sfeh 3d 9 o 99 weft engen o
d e o Selde difcish ey TH § g B

8.3 HTN (z=25), % WA ¥ Heifersh SR Seiag T S 2|

8.5 SMFHH el § stfrafta uiteds fafe=t 3d fam=rmdi o et 1 emar § fw=ia1 oh wRoT € (ST
d°, &, d'°) s w9 ¥ e 2

8.6 Bl AHR o I=d ToEd HUNHR o HRUT SFIST A TSR, HT ! SHh Iod AT
e ek ST HY Hehdl B

8.7 Fe’" &1 ol ® Cr’ U Yol g e 2l
FW0- CrY G o R H d' > & ufads g @ feeg Fe?” @ Fe’' ® d° = & | ufedq g R
S S e H d Wl qer § d sfuss sl @ (€ CFSO)|

8.9 Cu’ weiig foers o srgurwifad g 2 .
2Cu’(aq) — Cu’'(aq) + Cu(s) Tk o E M orFa 2l

8.10 5d SoieR MHHT &Y § quEl &9 9 IR wd €1 TR Ieal W 5d el w1 90 § Tk de
Y T I 1 IR TH R oA IMRE0 99169 e g 2
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