BRI

9 Theh oh FIF oF U¥ENq 3T —

rerd GRoft | d- qe - sdleh el i
feorfq S 9T,

HHAU (d-scAlh) qAT Ak HhA
(f=ciih) qeell o SoraRieh fom=me SH
T,

Toiie fave o ged o fafq=r atferfienton
sTaEenell o o T oF Wew i
T HehT;

K,Cr,0, T KMnO, S Hewqut Jfiert
o fat=d, T, ST den SwE
U HT ThT;

d- T f- =Tk o qeall oh |IH IO qe
T aifest ygfa o ot 1 W g o
IR H I g,

- =T oh el o OT h] AU T Hehdl
A ORIl TS Ul & ToEie
foar, STt Stoen TS TEmEfTh

HIER 1 qeIIcHeh THehe hL Fohil|

Teheh
)
6)

<) . \
¢llen

cp glec]

D

4 T
Chouel f
V4
“SITRA, I, et 3T Meg — T4t GHFUT dal ¥ od & fagiv e
T o Tkt o Wgerqul fteht (19T &1 fiaier WehavT ael 5l Th,
Pa 9T U 3Tk A & TR 3ot o 9% & g gt @ 817

e HROM o - efieh o 3 Y 12 ok e A §, T =i
el ot § d e W S 21 f- =ik o el ° @ o 9"
o < S5l STEdl § 4f 91 5f heieh ST R S ©; I ded o
3 o 3T Ueed € foem | 5% g oY feo e € qen 3
e HROM | Tk YU f- =edieh oA B | d- Ud f- scifeh o dedll
1 HA: WeRHUT el Tol ATeR HhAUT ded ff whed €|

THIT el B g ®Y W A SE ®, 3d St (Se ¥
Zn), 4d Foft (YH Cd) @ 5d 9ot (La ¥ Hg, Ce ¥ Lu !
Brgwt) el 6d Fft, St Ac § TR B €, @1eft erqul B) vt
YHAU el 1 AT (4f q 5f) HHY: OIS qel
Ufersias wHeamn 2|

gifyem ®9 9 TH GHAU a9 ¢, fEel ga (eTm)
Feeeq iere TRl o7 SAleRdienor sTereen W SHeh d haEteh STl
afq &1 ol 12 o 5, Shefray qon q=fd & ST got sraeen
Al SR WA AR e § qui 40 foerE © oeiR
THIfAT 5% TWehAUl oTg &l A Sranl R o, d wehmor Sforet
o AfTH U BH o ST 57k I 1 ST hHT HTqsl
o TR o W1 R S 2

7ok TEATULSTl H SR vRA d- 1eran f- hefehl i Iufefd
o U] HHHOT <Ieell q1 I7eh ANMTeh] shi AL I=° q& ol oh
el W e Y dl B TR oft welisehar o1 W fagia st ge
Tel o dl W AN Bl ©, FohAT Tl R off Fherdrgesh g
fopal =T Wehe 21

I agqed oY S feer, Mee den wifer iR sifies
®Y W HEaUl oTqu S STERA, R e e Tl Hehavr
1T

WN™



8.1 ZnAd AR i

8.2 d-uee acal
® FAAGE

T THhe |, FHFAU qcdl o U= o Y, B0 3k gl fa=m,
ST A T o1 R fo=m w3 599 gem 9fe (3d) o adi o6 o
o ygfa W eiferek e <0 qen S Tq@ ARl o fawee o o 6 stere
| AT AN AU Hqsl o WH Teaell S gelaiien fomamd,
SARITERT0T STETATT qer T sTfuferamfiaar w fa=m &

GhRAUT d ( d-sctieh )

3o AR 1 ST HeA A d- sodteh | S g3 €, feh <Al SN s- @ p-
witeh Teerd €1 s- d p-soiieh dcdl oF Heq fed €M oF R0l € d-scdfeh deal
1 HehHoT dod’ A T T B 1 59k SUIfaH el Wl o d- hEehl § SoieRA
R W E q1 3H YR GhAv ¢1gell i G dfeat e1efq 3d, 4d 9 5d 9
Erdt €1 el ufem (6d) el qo 31qul {1 WeRHo1 dedi ki 98 S wRef 8.1
o w7 21

AT €9 ¥ 3 a@ # s e (n-1)d ns' > #1 (n-1)
AR d Herehl w1 SAT Ll 2, T8 T § </ ok goia 81 Wehd € el
WnsEFWﬁ@ﬁWﬁEﬁﬂgﬁﬁm%lqﬁ (n-1)d d=1 ns
HeTeh] shi Soliell | agd W A o HRUI TH WE 90 o ek 0TS 2

ge: o1 ud qui s wHerehi k1 e srdemga eifuss giar €1 shent uiom
3d guft o HHHO qeil, Cr qe Cu o Tolerieh fa=mdi | gfdfefed giar gl
3SR % AU Cr H 3d'4s” & WM W 3d°4s' fa=g 21 3d 9 4s el
1 Sl § A o 9 € o 98 4s TR o 3d HeH § A Hi Uk

&l wan g gHR Cu ¥ soieites fa=rd 3d “4s” 7 g9 3d''4s' R
GHHUT dell o ol gt foeare wroft 8.1 # fRu g €

AR 8.1— HeHHUT el o STel Aok T (AT Tewer)

WA o 248



Ac Rf
VA 89 104
7s 2 2
6d 1 2

wast sioft

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 @ Hg & gl o=ma, 9= 93 (n-1)d ‘ns” 9 W@
o S 1 37 a1 o STeRenst qen T SR stawenstt | ok
Ferh ol 9Rd B 21 Eifere 3 Shmor aelt 1 S0t | A Hren S

GohH0 Tl o d HEH 3T HEh! (s p) Hi 7Y AV hi T8
W sfues wferw g1 €, 1 A 30 qieer 9 etfueh guifad i € qen s6t WehR
AT =R S o AT e A0S W1 o g wd 1 Yeesi §, Th
9 fo=ma d” (n=1-9) I AT § THH Jaehid UF Seideieh 07 91T Sd
g1 Ak ®9 4 9RA d Fehl o FRO A G T AT O 90 €,
ST 3T STRHIHTOT SR, T FHT T 1 T 3Tk YehR oh forTel
% @y e fmior snfs)

ThHU U AT Toh Aok SARRT 01 9 STTgah i Heer Ff <9 €1 3
goft fagivaet ot faeem fomr ¥ 36 The 4 918 § &1 T 2|

& GHEl o il o aia HehHvl el oh O H aifas SHEa st
oE St €1 denfu, o ot geEae ot O S €1 ' e 9 stfetel
AT IhT aifest R (WEd: 3d i) W Y9 o S1emEA T, deavE §
o FEHasT W foREm S

SEERUL 8.1 a7y fohd SMUR W T T Fehd © foh Thiredd (Z=21) T HHAU qod & T o
(Z=30) &2

561 ThiaH I gl 1o ¥ 3d Ferh o0l (3d') B o RO T8 GhHOT dcd T

ST 1 Sfefeh ffen W] § el stewen qu Sifeiishd Srereen <M H € sEeht 3d
wHerh qui W (3d'°) BT 2, 31d: T HehHUT ded el WA T 2

et w2t

8.1 feer wAM] *1 o1 oreeen ¥ qof wia d wes (4d”) T M0 HE ke THd €
% o& T "EIU qd ©?

8.3 HZBAUT Tcdl
(d-=eilee) B
T ot

a Gl Gehnor ac eifwerfess ur, W@ See a9 @med (tensile
strength), @ (ductility), S¥=al (malleability), 3= qdF den
ferga =etehal ©e enfeaeh =He <9 €1 Zn, Cd, Hg @91 Mn S ST9ael &1
DGt I A9 T ! Th A1 A4 Ysleh difcsh GLamTT Bl ¢ | HhH0
wrgeti w1 fafe=1 et awemTel = ot |roft # fean e )

219, d- T f =l % aA



(ccp,bcc)  (bee)

. - . .

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

bcc bcc hep hep cep ccp ccp X

bcc bcc hep hep ccp ccp cep X

(bcc = ®F Wisd TG hep = TIHIVNT (Hiaeaqd TFa; cep = T4 [fae Ggor: X = T (o919 4 qe=).

8.3.1 difqe TUT

\\

e/ 10°K
N
T

ool UIqu (5, Shefiem qen Herldl o eTvarRi o M) SIfdhsR qen 3feq
aroqeiiel Bl ©1 ek Toish o e S g 2| f 8.1 § 3d, 4d qen
5d ThAU Mg o e KT T &) I Teish hT HRUN SHRRATIS
ufcash 949 § ns SARH o ifafed (n-1)d Fehi o 2fees saael &t
RIIEHT €1 sherel Mn @21 Tc o ST9emE] i Sigeh? fehal off Soft o ergeti =
Terieh d T T SAfehad i © 9ol 9@ U AU Al o W1 TTelishi
¥ frafd ®9 9 S ol 81 39hT O T (enthalpy of atomisation )
& M S e & S R fom 8.2 o guifan wn @1y Soft o e wem
H I=aqq AM 39 q94 i 9 € & vaet SiarRAvas st o fag
Ui d R T SR Selaei w1 B O ®9 W SR B HH:

900

— guft |
8007 — it 2
700- — goit 3

600

500

400

AH /kJ mol’ —>

300+

200+

100

TTHIY] ShHIh —>

ferT 8.2— GHHT qell F HUA TE! BT ggfaar



8.3.2 WehWUT &TG3N oF

A, 3TTeRRL
¥ uftada

HaArSTehdl Sl ot G fa-t SAfeeh B, SaT &1 Yaiet IRErul STEeM 2
ek el & AR Sotareie fawe o it § vH Toied th Hewyl SR
B 37d: 9gd o9 HUH Tl (1eid Sgd Svu Faerlh) ol et s g9
aAfafspne & Sepe WA ®1 B 21 (geeaie fave o fa a” o gE)
o1 8.2 o YR W Tk =1 W= o Frepten s wehar @ foh wem
HFA AO7 % T A F qer § e wen qie Soi % A % Fe
Tt o WM et Bid §; Te W WeRHOT Gqet o ARl 7 erg- g e
% §g T H Tk TEql ek 2
HHMIT: SO § Fgd §U TXAI] ShHleh o T A STe¥T arct STl i et
o IR B Bl ¢ THH w01 © foh 5@ off A aew § 9y gt €,
Afafier selei™ B 9K d Siffsed § Jag hidl &1 I: TR0 & T d g
T SR 9919 (screening effect) HH TG BId1 €, 37d: TS ST
AT SRITH TS o o 2 JEd ekt | gfig v St € e e B
H1 A T W1 B1 TH YRR k1 Ygia R it § ey et ¥ o e
St ®1 g g0t o reenewt o A § 9w uiede Sgd diet g 81 U U
e k19l | el 377l § STl FeRgit fersty Gehmor Soft o el o SRR i qorl,
TEd it & T eoll o SRR U ki STt 21 Fo 8.3 o Ik wiid € fon wem
HHA F0T (8d) ok dcdl hi gordl H fga Ao 9ot (4d) o G q@l
1 R FET & W gdTd HHH0T S0 (5d) o qedl 1 G e et @
S fon fgdia Soraor 9ot & W el i €| T8 TRES 4f ekl o oe o
M o SR Bidt € o getagEl 1 eyl 5d it % ql o d herh |
3mafd YR BH W Ug S AWl 5d Heh! ok Yo 4f HEh B TRl hi
Y & wRor T BeEet ¥ fafta g g 7, S eremtae st
(Lanthanoid Contraction) %ed €| S S16¥ae% &9 ¥ sgd g WA HHiw
o o WA SR § g qeifed 9fig Y afayfd e 21 rentge sk
o T Y °h SR f5dd Ud g GhHo SU o STIET qell ohi AT
T @ S € (ST Zr, 160 pm @ HY,

719 159 pm) @ Tk ifdeh To TEERE i H
{18 SFeaferh GHA WE S ®, S G Sifard gee
117 o SYR W 3Tuferd TaEar 9 o wgd st e 2

g SIS e o oIt STRRER Rer e
315E T 2 S T W EEA S0 o e S S g
14 qAq GHF HRO ok foIy STREEN ®, ereiq uw &
T oF HEHl § TH s g S WX 31Ul
STEXT Y1el| TG Toh 4f STl 11 §HY TX STeR0

1 1 12

— Sc Ti

V Cr Mn Fe Co Ni Cu Zn
....... Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
---------- La Hf Ta W Re Os Ir Pt Au Hg

ferT 8.3— T gl &1 WA s § ygfaar

9E, Th d SR g TR W SERT Y& i
O W HH Bl @ a1 S-S T S | e
e o ghg it ©, gt 4" ekl o SR o
frafaa g/ g 2
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TTHTUT shHleh 21 292 23 24 25 26 27 28 29 30
TR fa=ama

M 3d'4s® 3d’4s® 3d’4s® 3d°4s' 3d°4s® 3d°4s® 3d’4s® 3d®4s® 3d'°4s' 3d1°432|

Mm* 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’ = =
HUA T, AH /kJ mol™

326 473 515 397 281 416 425 430 339 126

AT TOUt/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 I 2393 2657 2833 2990 3260 2962 3243 3402 3556 3829
qifeler /3MAMR M 164 147 135 129 137 126 125 125 128 137
fr==m/pm M - - 79 82 82 77 74 70 73 75

M 73 67 64 62 65 65 61 60 - -
Wsﬁaajz M>* /M - -1.63 -1.18 -0.90 -1.18 -0.44 -0.28 -0.25 +0.34 -0.76
fawa g7/v M /M -0.37 -0.26 -0.41 +1.57 +0.77 +1.97 - - -
¥id/g cm™® 3.43 4.1 6.07 7.19 7.21 7.8 8.7 8.9 8.9 7.1

Aifcaer 5= o 3 o Wy WAIfvas ME ¥ gig o IRUTTEEY 3
qcl ok e H Grrd: 9fg Bl B 38 YR i Hewyul sl gfg s
(2=22) ¥ HM (2z=29) T @ &I foerdt T (TR 8.2)1

ARUN 8.2— UYHW WHAUT ST oF Al oh TG eh (919 TS FD 3= T[0T

SEE01 8.2 GHHU ded HUH THedl & 3= HH i Ui 872

g1 oFifh 3Ioh YRR W WEl WEm W ST Toee B §, THiey 3 Hed
ST 3T fohan Bl & o1d: TRATEti o HeA Yool SfEUe o Hereasy
FIA T 3= Bl B

qqAtET q2et
8.2 9, Sc(z=21) ¥ Zn(z=30) #, TSk *1 HvA TIH * AH T HH e €,
126 kJ mol™; &i?

8.3.3 IMTAT ToIeUr

STARSE d HeThl oh 9 o T AH I 3TE9 ° ghg B o6 RO Joi H a7
Y Tfedt 3R a5y W HHA S0 o a1 A THedt § gfig B §, wafy
@ Jfg ¥ % IE-BE fafr=arg ot o St €)1 9noft 8.2 # yem HWepHur
St Y qedl B TH d S TfeqEl o A G MU € 3 AEl 9 e
2 fop 57 a1 it COed H gig a6t die T et S for g ot

WA fagm 222



8.3.4 3TTeRIIeRIUT
3TSET

el | BTeliien TE: YU P THedt % 0§ gig gl @ W S
dell i fgdta wo gdia e Tl o 7l o g8 Jfg w1 aiEmT gmeE:
agd Afereh 2iar B

3d 9eti &1 gUH AEH el w1 it g9t w1 Tafy wiE @
TR e el § T oft w8 eaeientor fea S Hehal @ TR U goreRA
Yok T W 4s T 3d Hemehi i AR Hetietl § qReEdd Bl 81 39 YRR
Tehe TP 1 e 3 Bl © qen 4s § gl Tl gl

TH YR, Tl i @ | g 3R s elaql o d Herehl § T
& ey $ (A EE el o WY EEA BH W Sl 1 GHISH Bidl 2l
HMMA: 7ok AM | YAE ARG STEwt § gig oF RN, 98- i STdfad
e T T
T WM =69 a1 € @I Zn o T 9 = gl © it 98 4s W) Y S
1 YRITT Al B 3T et Y AT sifadieRTor staen +2 B E squpst
Y M A TN B, FUF TR & qU-we guq U G S seia
w1 ft STEvIhd Bl 81 WqE U% 5 o Tied ®, e 9 Cr #iR
Cu % fau swenty &9 9 3=9 ¢, fomd M e & & qen d'° foema
o g9 & wror fafmg i w1 Aeeqol 39 8 21 Zn % fau 9@ 5e
T Bl © i ST B Tk Soieq Fehorar & forad womht d'° forme W
B B 1 gA1g SMEH Toedt § Y9 4s Heweh o Reh g Sifeet el st 31k
&’ Mn”) qen d'° Zn”") ¥ T Teie g | s wioE weikia e 2,
S wmE g gt S 1 e, gdd e ol At s # SR
Mn” den Fe?' & oMl & geqe ofque 81 o @ i, e i e o
=4 7H 3l i & o o 31 a1 +2 9 S S et g
T HiSA 2

Tl S Cfeu, SAferfeRtoT STaEeati o qericeh T ¥ Hefud
H ANRYH I ®, fth off e wmen 9ga wied € SR dlehliels SATqeh ehiol
ERCHICEE R
GHAT qedl o fafre weni § 9 U "0 s qwl gh Afes § g
HATFEfehT0] ST <1 | WROM 8.3 | W HehHUl i o oeall 1 HH=
SRR Serenatl hl Yeltarg R 7

ARUT 8.3 — WW HghHUT U I LTIIT aht STTSRATERTUT STTRATY ( 31T ATHIRT TRAERIUT T3
T W TRy U @ @ g1)

Sc Tix \
+2 +2
+3 | +3 { +3

| +4 +4
+5

w5

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
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SRE0T 8.3

TS T | SRV STEATT WM Alel qed | U o HeA | o1
Toeh Fehe o 81 Sereoned, IS +2 9§ +7 deF 1 Gt Sl sTaeemt
T9Iidl B1 S0 o Al Rl W Sttt stereenat 1w 9 U S 2
THH FRU TE& (Sc, Ti) § IR a1 GERM % AU w9 Toe @
IUSTSIAT 31T dcdll oh GarSTehdl 9T § d SeAaeAl i 31fees g (.
qriter o feTT oW whefehl o1 SYeieal) [Cu, Zn] B 38 YR 9 907 o
ARA § Tohfread (I1) ardfaehal # 3fad & aen Ti(I1) o1 Ti(IIl) =1 qe
" Ti(IV) sifesh T 21 9ot o T B8R W % &1 Thae sifedismm
T +2 B (d ZORAl ®1 AUiER) e ©) | WE @l Al st
Fferdierto Sraeenatl o1 G HHS 9% s qe d &Rl § SUT[ goaHl
%1 e % AN & SR 21 (Tih 0,V 03,Cr' 035 Mn' 03 )1 $Heh T
Todl 1 T SATRAR SRS o e § eehioqed sl e Sl ©
FSTEeRT ST S aelt stferertors Sfieis € (Fe' -, Co L Ni, Cu' qe
ZnH)I

IRedTT SRR STt S o HehHol qeall 1 Teh Tl &, %1 R0l
2, ool d el § solae@l k1 39 R 9 yow &, fEd 3 ac #
SHFEHRT0T SRS H Teh o1 SR a1 @l B 3Eh1 S, V', VLV LV &l
SeoiE i © T THwH de (non-transition elements) ¥, fafy= st
sferenell W GHrE: < ST Al qrE S el

d-seiteh qal o o (St 4 W 10) i STRdThIor STaeeneii st uRkad-eietar
o U Terh q27 <@ o fHerdl B1 p-sotish W (31fehd el U1 ok hIROT) AR
T gR 7 SATereieRol Yot ST 3Tkl eIl €, Siaieh dl-scefish o gk
fadia wet 21 Serevng— a1 6 § Mo(VI) @2 W(VI) 1 i Cr(Vl) 9§
it €1 31d: el qread § Cr(VI), SEHhbe oF &9 § Yeol SATriihieh
? Safk MoOs T8 WO, &l

e SHierdiontor Tered qd T Sl 8 S U Gopel Al § 9 forre
Bl S o-aTaem o Afafea m-Tel Tor off 9w S gl S{eend - Ni(CO),
3 Fe(CO)s, | Foher 3R MR &1 ST STaeen I 2

T HHAY v k1 A9 Farey fo9d gfied=ra ool TeEent J&i 91
ST

g hiteay (Z=21) ufed=a sAfrdiehior STt &l <9

AR T2

8.3 WE A W 3d A W R W A TS Wen § e st wvi 3

w H?
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8.3.5 M**/M WM& TR
ﬁ F. ﬁ cﬁ &

\

Ti V C'r M'n F'e C'o 1\'Ii C'u Zn

foorma o S/ 9| o MS P § ®I@O 9§ Hefud
ORI qreel 3 T gelees fase |nol 8.4 |
U 7w €1 "Rl 8.4 o W 1 SYAN ek URehierd Al
qo1 E° & fad ol % Hea qor %1 fad 8.4 § wuitan
T R

HIR F FAEF B P BROT G A0ER, TG
el ¥ H, Ho 0 1 sremeddl &1 T dl 8
hoel AR 37t (TEfed 3T IR T A% Forfw
al) & Cu o WY A9 & § IR A 3 erafad
2 9 §1 Culs) & Cu2+(aq) Y Tl o fou Aevas
Ied Holl, SHH! SordieH Ot ¥ Hqferd 78l g
goit § E° & %7 0T T 1 T g9 eget 3
Yo Td fgdia e Teiedt o 4 o " gy @ dety
4 %1 7€ ST T % % Mn, Ni 991 Zn & E- % WM
= g gRT SMuferd | W ek SRoTeHes Bid B

AU 8.4—UUH STt oF HHWUT il oh SHEHT-YETAeh 117 (kJ mol-1) 34X M(II) ¥ M ¥ 3U<&

= a9 & gfwfea Am
o7 8.4-Ti @ zZn 7% & T&@l & (M2*>M°)
T geiaeie favaEl o 9fera aer
TR ferd 7
F WM TaRS Tawal & U
T M AHT M) AH
Ti 469 661
\% 515 i 648
Cr 398 653
Mn 279 716
Fe 418 762
Co 427 757
Ni 431 736
Cu 339 745
Zn 130 908

CAHD A HMY) E°/V
' 1310 ~1866 ~1.63
1370 ’ -1895 -1.18
1590 ~1925 ~0.90
1510 ~1862 ~1.18
1560 ~1998 ~0.44
1640 ~2079 ~0.28
: 1750 2121 ~0.25
1960 2121 0.34
1730 ~2059 ~0.76

SEEI 8.4 Cr AUEEe 2 Sk Mn® Sfefiie, Safh <A o1 d foramg 2, 12
= Cr UH UuEes ¥; Hith zHeh fa=@ dF @ 4§ uiafdd g @ o

Ad-afd t,, TR (TS 9 W) T 7 @ F Mn”" ¥ Mn”" F w9

sl () fo=me e B § S T erfafed Tenfie W S B

4 @ﬁﬁn&a

|

8.4 IR & forw EC(M>* /M) ®1 9 HAHF (+0.34V) &1 TR GAIfad HROT A 27

. 5 o .
(Thd- 38 3o AH SR AyH R &M )
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8.3.6 WMeh RIS
fawal ms/m2

¥ gafeat

8.3.7 IeeIaH
ATFAERTUT
Taeerell o
Tl
ot

<

Mn”" & @d-9Rd d- seeh 1 Tt iR zn® # yoiufa a'° fo=ma
ELca E® o @ gefa 2, Safe Ni & o STk 3TAdH SR Ahdee
Y Gafd 2

o 8.2 § EC (M /M2") % Wi 1 el TRl uRadeier yafE
Tgiten 21 Sc o for s@ent f1 |, S o wenfred i geitan @ forwen fam=me
AT 9 fa=md 21 Zn & foQ 36 S=aaq 91 &1 FR01 Zn” % sl d'°
fo=Ie o T eieei 1 g 81 Mn o foq 3Tdemeha S=a 0 <9l € T

M2+ (d°) foem &9 @ Tl & Siefew Fe o stdeepa e 7M1, Fe’'(d°) o
Afafer Tonfae 1 <@l €1V % erderspd = 99 Vo wenfae 9 Feitua
g1 (sl ty, TR, THF 9)|

Rt 8.5 HeRHT wrgetl F 3d AN o TRl Tomee! w1 Swidt €1 Seudn
AferdfeRToT W@ TiX, (STREEEl), VF 3R CrF | Wiw Bidl 81 Mn &1 +7
SHTFHIFIOT ST T Teee o Feffd e 2t W MnO,F 91 © iR Mn
% qvE fHe™ FeXy 3R CoFy & 12 +ff oTq ZEeciss 7@l ol
SR SRR SToeel i TR JSH i i TGS i & a1
A TEH! =9 Wik el o HRU Bl €, S8 R CoF, o ged # =1 S=a
HeEASTh ARl S8 VFy 3R CrFg o, %6 37e Tl o SRl el 8

ARUT 8.5 3d g3l oF EZE & FA

+6
+5
+ 4 TiX,
+3 TiX,
+ 2 TixX,™
+ 1

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

cux"

MW X=F 5L X=F>Br; X=F, C; X" = CI - I
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Tl VFgohadl V' &l TEl i B, 9 TolES SesuHed W
ATFIRAREE, VOX, 3d &1 Wfeiige! o1 To Tur, et stferdientor srereen |
TeRT TR €, S8~ VX,(X=CI,Br 3R I) ® &iX 98l CuX o ferg o g
21 T 3R rEieRe o afafe Cu' o |t dage 9. &1 Tl cu’’, I i
I, § afierdiehd hedl & —

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

Nt s Cu” A it foera o sreemrdt € qen feruR sremmafad

T &

2cu’” — cu” + Cu



cu’’(aq) F1 T Cu'(aq) ¥ A R H HROT THH! SerRSH
TITd Ay qH T Cu” &1 gl | 9gd 1fuis HoTersh 7 81 8, S 1
I fgdia s woed #1 afagfd @ eifuss 2

RIS i STadH STFEIHIOT STITLT hl T UM HI hi &THaT
siferreel # v Bt 81 SiedEel § STaaH S ge (RO 8.6)
Ih! o W@ W Hel @il ® 3 98 Sc,05 ¥ Mn,O, G 3@ i fHerdl
21 7 & 9%, Fe & 39 SRS Fe,05 U M I T8l 81 i e
rem W HE (V) e o, (FeO,)”, 319 ad € T 98 9 & Fe,O
3 0, | foafed g 9 71 sifeaEe & sifdfed, stfedonerd V' &l VO, V'
VO Al Ti' ol TIO” o &9 H T W& id &1 Tt 1 sfuef
SRS Bl 37 S=0 SATFIRI0T TTLLRT ohi LNfacd TS i i &\ 274
% Bl 81 T YR Mn o1 S=aqd RI@iEe MnF, ® e S=d iioaEs
Mn,O, B SATFSH 1 HIqeii o T SgaTae S+ shi &l o SEeh! Sehoedl
1 WA S Wehdl €| WEEASH NS Mn,O, ¥, e Mn WA,
JIgRHE ®9 ¥ ThH Mn-O-Mn ¥g dfed O WA ¥ i & 21 V7,
cr’, Mn', Mn" 8 Mn"" % fau SgTFEEERE MO, PF T B

AR 8.6— 3d TGSl o IMGATES

+ 7 Mn,0,
+6 CrO,
+5 V,05
+ 4 TiO, V,0, CrO, MnO,
+3 Sc,0,4 Ti,0; V,0; Cr,0s Mn,0; Fe,Oq
Mn,O,* Fe,0,* Co,0,*
+2 TiO VO (CrO) MnO FeO CoO NiO CuO ZnO
+1 Cu,O
* fatga sfieaEe

SEERIIS.5 g 9vft VO, <Cr,02° < MnO; H Siiaiiahne &mal # gfg &1 o T Hi?

BCl  THH HRUI T TEA o 9% U I Eieis & wenfae ¥ gfg ©

qgARE 92a
8.5 THHul dwall 1 9UH S § oA Teedt (yerd ok fgdia) § sifrafya uftads wi ey &y
THAE?
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8.3.8 TETAMh

Td E° UM

GHHOT HTgetl TR sAfafmaeticr =mue ®9 9§ gReadeie B sga-
T Tt fe@ea € qen @i et | foom ®, Sofh 9 oy ‘S
&, St foF TR et g enfed @Y g

T o7 Fl Bght FU@ 07 & ded STdeqpa 3tfereh SAfafsmamia g ©
St 1M H' 3Pl gR1 sifeiishd € S €, i g igeti i erggier 3t (H)
Y SerdieRER] O fafsHan w1 1 ardfas 0§ wefi-she o S 2
IR — e Y W I Ud aNfeIH o SN ol o uid
fifisra #1 M2 /M % E° & HF St § gt oeree % s e 6 s g
Taf 1 <9 ¥ (TR 8.2) 1 E© & H ROMHF WA F AR ST 1
Yafa guH U fgda e T o 9 o g gig o Hetud 21 7 S
I % 75 Mn, Ni 3R Zn % EC o 9= vgfa 8 smifde 9 61 qor
T sifrs BoTeT 1 St Mn® § o1 9Ra () ST (d) 991 Zn® ¥
ot 9 - ITHIT B T S B % WAl @ gafd 3; fbel & e B
F1 HH THHT Iad9 RUNHS STordisH et 9 gafyd 2|

M /M>" tete 7 o E° 9 & steie (ROl 8.2) ¥ W ®
Mn®" q&1 Co”’ S el faerem | yeaeiaq SATRfieio] e 1 w1 H
BT, V2 aen O e wael ol e (ST9Ee) § 9o 9 ol o
BIESISH 9 qod hid &1 Seretonei—

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

ST 8.6 u‘gmqrgaﬁaﬁqm Sl & E° % W 8-

E

\Y% Cr Mn Fe Co Ni Cu

M> /M) -1.18 -0.91 =1.18 -044 -0.28 -025 +0.34
= gl § Ifafdar o R0 i GHZE)

SRER0T 8.7

E® (M*" /(M) & ®F fafia 78 €, 59 en o weied § ettt uRed
(AH,+AH,) T ST TOedl g 99 Fehd € S b HTHIS 3R anfedd o
fau sdemspa gd %H e B

Mn®"/Mn" g & o EC &1 M Cr’' /O stem Fe' /Fe?’ & HHi 9 wgd
Afeeh YT &1 B ©7 THEEUl

THe fIT Mn &1 919 STFA St o1 ogd At 7 (d° @ d* o fteds & fog

FEYTF) ITEA 21 3HY TE W T Bl © TF b Mn H +3 TR SHE] Hew
H1 T 2

et gge

C 8.6 I U] U IoUqH IRV STILAT hadl ATFAZS Al Fsivze ¥ & = y=fia
EZCil Y

8.7 Crr &R Fe”' ¥ § & y9dl oT991% ¢ 3R 17
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8.3.9 w&chid TUT

a1 W GAhIT & SIIGH HH W EIA: 7 YhR o gahid HaeR T
B € - Flagase (diamagnetism) 9 7% (Paramagnetism)
(Theh 1)1 Wiageehia vered, 9 goehid &5 g Wiaehiia e & W
STTeeh1a T STehftid Bid &1 S ue gehig e | Yael ®9 9 Tehd e
€, 9 cligga®ig (Ferromagnetic) FEA &1 ar&d H, iggehc, STIgehd
1 W e 2| wgd ¥ WhHU U1g A gk T

ST eIhed 1 ST, ST Selareii shi Sufeerfd & HHT Bhft 7, Yk
TH STAfeId Seieed 1 gaehig STEU (magnetic moment), T IV
T (spin angular momentum) T F&F HIV1T T4 (orbital angular
momentum) ¥ Fefed gl 81 WoH HehHor Suil 1 erqeti o A § wehg
10 GaT 1 AEH 9l ®9 9 G (quench) B ST € SERTT SR
g AEd T8l @ ANl 3Tq: 3ok foIQ Jahia el ol frufRor 36+ Sufeer
STIeTd SRl o1 T o SER W feha Sl 8 a2 gHeh oAl A= faw
T gk UI-AE’ (Spin only) T3 §R i S 21

w=yn(n+2)

el n e el i GEA © q¥ p gk id ol @ et A
dR TEH (BM) €1 T SgTford ol ol geaehtd 3eol 1.73 SR A
(BM) BT 21

ST SRl k1 SIgdl T o Wi ek g Tl 1 A =gdl ¢ 37d:
Uferd JaeRta STTEOl ¥ TRATIST, STUlSTl qe STEHl H Iuferd STferd seraeil
1 G&A 1 Gehd ferdl 21 T=RU-TE' G GRI TOAT 9 9 Geshid el
o M 91 T o6 SR W Fife gem A gt o Il o gaehid STEO
& | 9ROt 8.7 H fRu M &) wEfn ofiwe ger w9 9 faered § 3ufted
SIS SMTEHl STere 3 et o fag )

AR 8.7— TE@hd MIUT o URehfed TS UfaTd W (BM)

Sc** 3d’ 0 0
T 3+ Sdl

0
i 1 1.73 1.75
> 3d* 2 2.84 2.76
v 3d’ 3 3.87 3.86
cr 3d* 4 4.90 4.80
| Mn” 3d’ 5 5.92 5.96
Fe* 3d’ 4 4.90 5.3 - 5.5
Co™ 3d’ 3 3.87 44 - 52
Ni** 3d® 2 2.84 29 -3, 4
cu™ 3d’ 1 1.73 1.8 - 2.2
Zn> 3d" 0 0
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GEEQ01 8.8 i o | fgHals oo o oot el i UM HIS; AfE SHRT AT
FH% 25 T

gal  Soid fooe | W] %HiE 25 AT fgHarst o § Sgiiad seieeHl i HeA
5 TR oTd: SHeR1 ok S0 B0, p=./5(5+2) =5.92BM

qAeET 92
8.8 M”'(aq) ion (Z=27) & 1T ‘Woehvl-u=’ gaeh1d A0l 1 TOMT HIToQ)

8.3,10 WM &l T =T W& f11 3o et d-heTeh | Selaeid T S<ISH, S Shell
Al d-F&h § Bl © q ST sl (energy of excitation)
1AM SN FehT9 i G & W el € (Theh
— AP 9)| WHA: FE 3M9fd, ¥4 Y& (visible region) H
) feora 21t 21 Uferd 1, STRIfG YRR HT WE T A B
“‘ N SR T % g 1 fERy fre (Ligand) &
' — WaE % SER W fHa S 71 GRoft 8.8 H e ok
MS'S_gW,WW&FWW‘ St foer o ferd T @ wEas R W R, AR 5
ﬂ;ﬁﬁﬁMﬂw % o) fere 1 %@ W €1 o 8.5 § gD d-wdie
' QLW Al % T faees &1 v W R
Fe3*, Co?*, Niz* 3R Cu?*.

WRUT 8.8— VYW WhHUT TNt o B WIAISId &g 3T o 1T

3d° Sc* TREE
3d° Ti** A
3d’ Ti*" BISSIES]
3d’ v ren
3 dZ V3+ g.{l.

| 3d° v St
3d® cr ST

| 3d* Mn®* ST

{ 3d* cr e
3d® Mn** TeATslt
3d° Fe® dren
3d° Fe* B

3d°3d’ Co*'Co™ re-Tetret

3d® Ni** B
3d° cu” ren
34" Zn** T

W o 230



8.3.11 Heped AfiTent oAt
CEEl)

8.3.12 IANGHIT T[T

8.3.13 TawTehI9Nt NTeRT

<l &0

8.3.14 Tastged &1 s

Hepel Aifier o Aifies a8 S urg e v wen | skumee st
S AU W S Hich Yoo THEiST sA €1 ok o stfercrerfors Tqor
2 B TH% F IR & — [Fe(CN)gl”, [Fe(CN)gl", [Cu(NHy),l>" dern
[PtCl]” (ke 9 § Hepel AMTeh! o LW 1 farga == &1 TE ) | Wehaol
A 3R Hpel AT T T T T SUHT G HHUT 7 o1 A o 6N
1 BRI THI, 91G SEA W I=d TAME ST QN 3T o6 994 o T d
FHeEhl HI STASII

hHT T G 37 AMMTeh SARHT Fiehardl o faw ST S €1 Hehor ergett
1 8 U1 STh1 IS GaASThdl Us Heped AlfiTeh o S ok T[0T o IOl
&1 dAfeam (v) siiaEe (ot g o), geq fauifd o (2R wehd o)
AR fohel (ST BESISIA H) Hehuol HTqali o gRI SARUl o e S0
E| IH ok S TS W SAFIhReR oh U e I HT e o AR
o offe aTsll i TEAT Bt €1 3Ty MM ok fIu YU WehHoT vl i Hqu
3d Td 4s TR 1 STEART & €1 IROTHEEY, SARE 1 HaE W
AfehTeh 1 Figdl A Jfg B Sl & qen SIfewne o et § sufter arey
Tael 81 S &1 Wishaul Soll ol HIA 52 Sl €| Silereienor sfeenati o e
Bl Tk o IO HEHHUT UIqT ISR o &Y T Sfersh que il ¢ | Sareone —
ST (I1), STISTES 3T T WHTHhe TP o aire |U=1 g4 arett Siffsan

1 ARG T 2
21 +S,05 —1I,+2S0,”
T AR AR T TR 6 YR B —
2Fe” 21 5 2Fe” +1,
2 Fe” +S,05 — 2Fe” +2S0,”"

e Geh T UTqel o fshigel Soteh o Sfiat B R oTel WCAT] Sid H, N a1
C HUIdr 81 S € o SAauehih ARl w1 oA et 21 3 s "
STFHIFUIHA (non-stoichiometric) 814 & M 7 d 7 214 & 3} 7 &
HEHANT| 3@ o fAU TiC, MnyN, Fe;H, VH, 56 @ TiH, , S| 3§
T g3t T IS AT SRR Tl YT Tl | eI i Uhfd
o SR W, 36 TR o Ak eI Fifie (interstitial compounds) el
21 37 Afiept o gea Gifas d TEEt e e e € —

(1) SfaUeRTeh TRl o Teriw 3=d ed & S g oigedt ¥ ot sifrer 2
(ii) ¥ 31fq SR e 21 Fel 7k foF Fo dREeSl HI HIAKA T € R

F3RAl o FHH BT B
(iii) 7 ARt 1 efearer =Terhar g @l 2|
(iv) THERS ®9 9 siauseh dfes fiewg g 2

fasg (alloy) fafer= urqeti =1 wfimgo g € <t fof wrgeti o @fmson 9 g
B € fagrg gah S faered @ gehd € Y T org o ), gEd e
o weApet | erfafag w9 9 faafid wd €)1 59 wRR o fagrgett w1 T S
TRAE g Bt § TSRl enferen Beene W 159 1 3faX €1 Wehnor gt
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SRE0T 8.9

o AU TN qen Ik et H FHMAl &SRO HRHU ¢l g
fasmqet 1 To e el 81 39 YehR W T ek e & 99 gk
T A S99 B ¢ e T we guitaa fasng @1 i,
Rfeam, e, HifdseTn qel WS 1 STA fafa= YR o e e
AN el & ScaeA | Rl S 21 STHwHOT et den HeRHor et o
A W g fagrg Sl wew o el §, foreh Seew ® — diad
(hTR-f5ien) , swran (SiE-feT) i<

AT TOT STl o * STEHAI | BT R 1Y €2 Ueh Sl Sifer) |

a9 U faf¥re STadieniol ol SUH ¥ qol Sod Sadeniu Tawesti i

qo § &9 Rl 8 dl SHE STHHNUH el 21 SERl— WIS (VI),
ATerEfehToT Tereen HrHtST (VII) el SIS (IV) 1 g o arefie mream o &8

worh 71

QAT g2

3Mn"0,” +4H 5 2Mn"0, +Mn' O, +2H,0

8.9 T HIfT fF Cu’ =1 Sefa faerm o el ==& 2, F=1? o

8.4 Wfﬂ@'a? =9 19 R GhHU UGSt T e o Hed IUfehar oF hoa®y HHHUT

PT FEcaqol
NBree

WA fagm 232

et o AfeRTEE UK eid 81 Thiedd o Sifafie |l eiqg MO WK ok
AfTeR tferTEE ATt €1 3 Sfiergel o erqetl i Seuan e qe@
TTh! o7 HE@A o (AN B 21 S fF Sc,05 ° Mn,O, Jfieht d @m
%! fierar B1 af 7 & U9ER SEA 1 Fe,05 ¥ S0 i 3= 3fEe A
T2 21 sifeTEe o SAfafia Siel-¥FREA (oxocations) V' &1 VO, d, V' &l
vO®" ¥ den TiO”" &I Ti' Tt 34 7
IqeT 1 TR T | g o Y SaEel o ST 01 § HET
21 HTHIS 1 SRS, Mn,O, SeHaAST aon 80 deitd uered gl 71 U8t 9%
f CrO, @ V,05 o Terish ot 7 2id €1 37 S=a siieuEsl 4 et
W9E 1 G e 2l

39 ¥R Mn,O, ¥ HMnO, W< el €1 H,CrO, a2 HyCr,O, i &
CrO; ¥ 9 B €1 V,05 SHaH! 8H W off gera: awedid 2 3k vO,” qen
VO, o &0 31 81 dRfead o AfedEel | e V,0, 9, 37 e
V,0, 3R 39t V,0, 9 it qiedd 2 i fierd 21 V,0,, 3 |
faet g1t VO oo &l 21 35 TR V,05, 3 qe & 9 sifafwar #
FA: VO, 991 VO, 2 B Yuieu § el CrO &R © W
Cr,05 ST 2

urRfyrEm SEwEe, K,Cr,0,
T eTEehTe =Y SEh o fT Tk Hewyul TEEE §1 SUhT SUANT % U
(azo) AT 1 oM § FfwRs o &9 § fHa1 ST 21 SEHEES i




Y e W SR Sl 1 IS Sk (FeCryO,) i S arg i
Iufeerfa & wifeay =1 qefiem wEe o 99 Hufeld fa Siar @ a s o
B 71 FEES 1 Aifedy wEEe & @y efatE e @ T § —
4FeCr204+ 8 Na2003 +7 02 d 8Na2CrO4+ 2 FCQOS +8 COQ
Hifeam shive o Ul foee &l BHa 34 GeRRE 377 g STt ol
foren Srar @ foed 9 9/aft |ifesm eEs% e, Na,Cr,0,.2H,0 &l fHefed
FY T s 2
2Na,CrO, + 2 H — Na,Cr,0, + 2 Na' + H,0
Hifead eEwme &1 fooma, WM eERme 9 Afus el Bl gafay
Hifead SEHibe o T § Wi FiNEe St WeREd SEhue ww
FY T s =)
Na,Cr,0, + 2 KCl — K,Cr,05 + 2 NaCl
YeREH TEHME o AR U1 o T, Tt 8 S gl S
forera o HIHE qU SIEh NS 1 SFaUEaIaLol gial 8 s foe@d & pH R fR
FA T BN AT SEHWS § HIHTH 1 SRR H=&H T 2
2 Cro,” + 2H" = Cr,0,° + H,0
Cr,0,” +2 OH — 2 CrO,~ + H,0
HIWE SRE CrO,” el TEHNE
2- I Cr2072_3|ﬁ W :ﬁ% ﬁ T|§

0\ ©.0 /0 1 U T Tk el © Sk

o> 5 SEENE FPH H A SEAH %

/7 a\ | e erw R fer wd F

4 9 @ Cr-O-Cr 1&d 1 &AM
TEFEE P 126° & 2|

Tifgm qon UM STEhHe Jod

SRR ek T H1d H o) WIETH A0 1 S | faeraan Afue st
® U1 7TE Hraiieh T H ATRAIH01 ek oh ®Y § FeAfeeh T feman ST
21 R SEHMe F ITAN AFAEHA favervo § weaftr W o ®9
foran STl 21 STty W H SEehie SEA w1 sAfedienl feman fre yehr 9
Yef¥id 1 S Wt & —

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

T TN AT UOREH SRS, SRS H A0 FAESH o,
qehlzs o1 Gew |, foa (1) &1 fea (Iv) ¥ den == (1) <190 1 STRA
(1) &1a9 § wm 1 sAfafwad fe & —

61 »3L,+6e i
3H,S - 6H +3S+6e
3Sn —3Sn +6e
6Fe” 5 6Fe” +6¢e

ol syt sifafsmar Bt WREm SEwme w1 siaieRtor ot sifufman

AT YT H1 AT Y SAlEA F Srgwt g fHa S Gkl 2
Cr,0, +14H +6Fe” 5 2Cr +6Fe” +7 H,0
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urRfyrEw 9T e KMnoO,
¥ THTHE 1 W % o T MnO, 1 & o eRgiedEs qu
KNO, S 3fisriehieh o6 W1¢ Grferd fehan <l €1 36@ e & U1 ohl Sag
K,MnO, WIw Bl € Sl S o1 37eefi™ }iead § STEaaiiad ereh qremem
TR 3 2

2MnO, + 4KOH + O, — 2K,MnO, + 2H,0

3MnO,” + 4H" — 2MnO, + MnO, + 2H,0

SRNFTF TR R $GHT IART MnO,, F & ATrieholt G o q9=q,

e (V1) o oE[eTdee Stieiiehtor g feman Sl 2|

KOH & @1 §er
arg AT KNO, & F1&T SEiieh ol

MnO, MnO3~
e 3
o oo H S -sTaeet st
MnO?2~ MnO,
e A TS S

AT § HIES (1) 3T o e WaliaeEaethe grl Siediad giet

T o1 2
2Mn”" + 58,05 + 8H,0 — 2Mn0Q, + 10S0,” + 16H"

RTEH TCHTHE e ST (TS hiell) W1 ok fsheeel sl € St KClO,
o W1 HHETETHeR T S €1 F8 Tavl Sl § 5gd foe el €, (293 K A
W 6.4 TH/100 T St H)| Wg 513K T TRA i TR A9Efd €l el 2

2KMnO, - KsMnO, + MnO, + O,

THeh < ifcer o1 SAferen Tereh & — THeRT STt TeU T 99 A W
M et STgaehedl| 3¢ S19] shereh fogid gRI GHein < ¥ehdl €, S for 29
e 1 9 Wl 2l

HHe g WHTHE ST Sqohaishid 8 81 80 HHe ST Tsh e
TAHA o FRU SFGIRI BT § W WETHS M Yfageshia Bl 2
SRS o p heTehl o HTHIS o d hefehl o STfaeaTde § g9 7t ATsieH i
STl 21

A T foer stfaicle & weTeRsiioaEe o, SR (I1) oo
M () o0 B, AE2RES i AEee | a1 SRS & Jod EeH |
ATerefieha o 3l 1 STkl i o7l fufwaTd 39 YRR § —

CoO
5] —>10CO, + 10

COO
5Fe’ — 5 Fe’ +5¢

5NO, + 5H,0 — BNO; + 10H" + 10e
10I — 51, + 10e




KMnO, &t stef-a1fuferen wa sraamaani &t stef-sifufewmanet &1 Siega
ol erfferan <l for@n S Hehdl @ 91 SEYHehdaTaR THishiol shi Hqferd 3
fern < 2

Ife B0 WS & HHe, WS ersiieaEe don WS (1) @& o
TrEad i etef-erfufwmaned =t 1 ' 9 W=y &,

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

@ BH Tell YR 2@ Wehd B foh oo o eRgieM oM Wl wWigdl
sAfafewanett & gfad w | Hewyet gfter fard 21 wwfy w2 sfafwae
FI ei-fava ! Ted § THAE S hdl © oo SAafmar i it o
Tk TE@Ul HRH &1 WHTE 18 gR1 [H']=1 R it o Hadiiepd feman St
feq) Wy qEfes & 9 srfafwan i eidt @ St e fop s (1) e
IUfeerd A g SIYET AT SR 7 S|

KMnO, &1 % Tecyul sfeiw sifufkam ffafed € —

1. o< fao=m | -

(%) wREE SFEEs ¥ S Ja et 8 —
101" + 2MnO, + 16H — 2Mn”’ + 8H,0 + 51,
(@) Fe’ A (20) &1, Fe® (diem) & ufted -
5Fe”" + MnO, +8H — Mn”" + 4H,0 + 5Fe”’
(1) 333K W SAeicie FH AUl e 31 1 Ao
BIdl B
5C,0,” + 2MnO, + 16H  — 2Mn”" + 8H,0 + 10CO,
(F)  TEGISH GohEE & Tehl § T, foad goewt saeifua
B Sl e —
H,S — 2H + S~
5S8” + 2MnO, + 16H  — 2Mn"" + 8H,O0 + 5S
(F) TR 3T 1] Gohlse F Hothe AYE oRIH o7 |
AR TIT—
5505  +2MnO, +6H  — 2Mn”" + 3H,0 + 550,
(B) e F AL H SAFEH—
5NO, +2MnO, +6H — 2Mn° + 5NO5 + 3H,O

2. SEEM AYEl oA SR HiEAq H—

(%) ©IF & A Al 8, SRS H e ¥ qiadt—
2MnO, + H,O+1 — 2MnO, + 20H +10;

(@) YIAEehe &1 Tohe T N9 AEHS ®9 d STaRAeh—
8MnO, + 35,05 + H,0 — 8MnO, + 6S0,” + 20H

(1) HHS SO 1 MnO, | SeRieRr; e Hethe steren T
sfearse &1 Suftefa sifafean &1 ARG et 2—
2MnO, + 3Mn”" + 2H,0 — 5MnO, + 4H"

Ae— RSN I i SURAfd § YT 1 STHG SEATSTE €
Hifeh Gl T AT H Sfiediehd g sl 2

235, d- TH f- =i ok da




ST

forgeTuTcHer WM | SN o STeTel UIeRTEY THTHE 1 YA GYINUT s W § Sierierieh
& &9 H a1 Sl €1 TR STAM U foRSliehRes o w9 § foman Smar ?1 S, g, faee @@l qen

Il o fosTeon<oT H THahT ST off THah! il aaar W AR & 2

8.5 AREEE

AT HRHUT qe (_f-=ATeh )

freiteR 1 q Al €, SreEe (SRR o 9% o HigE qed) 9l UfeRAtas
(Uferfom & 9% & ©ige acd) | i oFOE qe oFenTae § fetehedr e
S € 1: erOREEl i wel ° e off wiwfed el 81 59 qel @ forg
Y Hohd Ln Y99 Bl €1 3 YR 9 Ufediae qol 1 ==t o ufrfm
Ff 5@ 9ot & =g ql o WY Wil Tl 81 HHAv S 1 e |
TeHTTe o | eifere Gfeiehe THMA YEf¥Td i B1 37 qcdl | sherel T
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Th 6d’7s” 5f" 5f° 99
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