T e Ty Hrerw = Herdl TRHTIY IR
(g mol™?) (g mol ™)

it Ac 89 227.03 " Hg 80 200.59
i Al 13 26.98 HiferseTH Mo 42 95.94
Sy Am 95 243) aﬁajf@n Nd 60 144.24
T Sb 51 121.75 e Ne 10 20.18
i Ar 18 39.95 m Np 93 (237.05)
= Ni 28 58.71
Wﬁrﬁﬁm 11-\-\ts 22 742'% IRRIERE] Nb 41 92.91
Afem Ba 56 137.34 T N 7 14.0067
" Bk 97 (247) BIEIGRE] No 102 (259)
e Be 4 9.01 eqjﬂﬁww Os 76 190.2
faremer Bi 83 208.98 ST o 8 16.00
sefam Bh 107 264) Yeifean pd 46 106.4
St B 5 10.81 HERRE P 15 30.97
A Br 35 79.91 wifeT™ Pt 78 195.09
Frefram cd 48 112.40 eIt Pu 94 (244)
Hferm Cs 55 132.91 RUSUERES Po 84 210
hfemm Ca 20 40.08 wferr K 19 39.10
FefrmRRE cf 98 251.08 EIRRUSILEL] Pr 59 140.91
FTaq C 6 12.01 TrafeEy Pm 61 (145)
difem Ce 58 140.12 FlzléﬁEﬁW Pa 91 231.04
FALA c 17 35.45 feam Ra 88 (226)
Fifrm cr 24 52.00 fei] Rn 86 (222)
FaTee Co 27 58.93 RUREL! Re 75 186.2
FT Cu 29 63.54 Tfeaw Rh 45 102.91
Ffem Cm 96 247.07 wiafead Rb 37 85.47
gatem Db 105 (263) wefifrem Ru 44 101.07
fewifeem Dy 66 162.50 TR Rf 104 (261)
ClEesiiEo] Es 99 (252) Jafem Sm 62 150.35
st Er 68 167.26 whieam Sc 21 44.96
RLUERE] Eu 63 151.96 wratfrem Sg 106 (266)
Wiy Fm 100 (257.10) faefifrm Se 34 78.96
TSR F 9 19.00 fafeesa Si 14 28.08
patprl Fr 87 (223) faeer Ag 47 107.87
Treifatem ad 64 157.25 Hifezm Na 11 22.99
fiferm Ga 31 69.72 it Sr 38 87.62
Erigee Ge 32 72.61 TEHEY S 16 32.06
e Au 79 196.97 e Ta 73 180.95
atect Hf 72 178.49 Ecsiien) Te 43 (98.91)
2fem Hs 108 (269) efem Te 52 127.60
2iferm He 2 4.00 TteTy Tb 65 158.92
Bifeway Ho 67 164.93 Siferm Tl 81 204.37
BEEST H 1 1.0079 fifm Th 90 232.04
ESie In 49 114.82 oferr Tm 69 168.93
T I 53 126.90 fea Sn 50 118.69
ghfeaw Ir 77 192.2 EECAR R Ti 22 47.88
Elprct Fe 26 55.85 A W 74 183.85
et 36 83.80 EECEiEpe Uub 112 (277)
e La 57 138.91 st Uun 110 (269)
e Lr 103 (262.1) ST Uuu 111 (272)
s Pb 82 207.19 Tfm U 92 238.03
Aferam Li 3 6.94 %iﬁm A\ 23 50.94
[GCNEC] Lu 71 174.96 15 Xe 54 131.30
Hrefiferm Mg 12 24.31 Tefiem Yb 70 173.04
st Mn 25 54.94 zfeam Y 39 88.91
faefram Mt 109 (268) o Zn 30 65.37
Heehfaem Md 101 258.10 EEaicee) 7r 40 91.22

whissh § &1 T 7 sifueRad S 1uig oTel geeteR w1 Aok ger9H 2
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T 3T A & WERT qw
1 Ui = 453.59 U

1 9 = 453.59 TH = 0.45359 T
1 felm = 1000 T = 2.205 diE
1 7 = 10 SHUW = 100 G

= 1000 Thefum
1 M = 6.022 x 1023 Y] SHHE AH
1 T SMME = 1.6606 x 1024 7MW
1 Hife® <A = 1000 fFamm™

= 2205 UiE

ST S WTATT HTAeh
1 TS = 0.9463 Taey
1 faex = 1.056 FaES

1 foeX = 1 79 SEHX = 1000 =
WX = 0.001 FHIRR
1 foefifaex = 1 =@ ddHier = 0.001 fa=X
= 1.056 x 103 FCS
1 ¥%2 = 28.316 faeX = 29.902 FaES
= 7.475 Yo

STt Rl |THT |THh
15T =1 x 107 ergs

1 ™ TEEfE ™ = 4.184 5

4.184 x 107 ergs

4.129 x1072 forex amgHed
=2.612 x 1019 TR e

1ergs =1 x 107 §d = 2.3901 x 1078 e

1 SO9RA diee = 1.6022 x 10719 5@

1.6022 x 10712 erg
96.487 kJ/molt

24.217 AR

101.32 S

1.0132 x10° ergs

1 fafest oM 1 A6 = 1055.06 S
1.05506 x1010 ergs
= 252.2 HARI

1 fotet-argHea

TETE T WA UTAh
1 39 = 2.54 I (Ffeew)
1 Hiel = 5280 ®IE = 1.609 fHhar

1 7 = 36 9 = 0.9144 WX
1 HiX = 100 HaHi = 39.37 39

= 3.281 ®I
= 1.094 TS
1 fRediex = 1000 "X = 1094 T
=0.6215 A
1 TR = 1.0 x 1078 "X
= 0.10 =R
= 1.0 x 10710 HiX

=3.937 x 109 59

a1 3T I F QW qHAS

760 faeiier W&l &1
1.013 x 105 Ur&hd
14.70 g wfq =iz=

1 SR = 10° Urhd

1 2R = 1 fHefidier W&d &1

1 9%hd = 1 kg/ms? = 1 N/m?

1 9gHEA

AT SI AT ATeh hiea (K)
K =-273.15°C
K = °C +273.15
°F = 1.8(C) + 32
e F-32
1.8

* qoT— 1 T (N) = 1 kg m/s?, | Ze7 98 9 &, S T Ghe o W | [Hoama 59 Hi 1 HeX

9fg "eHe &1 3T Y F 8l

w FWT 1 g8 HEAI, S 1 UH 5 H a9 14.5°C G 15.50C 7% a¢H & fe1q v gidl 81
t & @ T o= wEd o € [ 6.022 x1023 @ T AT 81, il qEl-wel gor g qehl

dd TR
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e ared erfufemam E°/V e ered erfuferam E°/V
H,XeO, + 2H' + 2¢° — XeO, + 3H,0 +3.0 Cu"+e — Cu +0.52
F, + 26— 2F- +2.87 NiOOH + H,O0 + e — Ni(OH), + OH" +0.49
0, + 2H" + 26— 0, +H,0 +2.07 Ag,CrO, + 2¢” — 2Ag + CrO} +0.45
S,08 + 2¢ ——> 2804 +2.05 O, + 2H,0 + 4e’ — 40H +0.40
Ag'+e — s Ag' +1.98 ClO; + H,0 + 2e" —— CIO; + 20H" +0.36
Co® + e — Co* +1.81 [Fe(CN) > + e — [Fe(CN)J* +0.36
H,0, + 2H" + 2¢ —> 2H,0 +1.78 Cu* +2¢ — Cu +0.34
AL+ e — s Al +1.69 Hg,Cl, + 2" — 2Hg + 2CI’ +0.27
Pb* +2e¢ — 5 Pb%* +1.67 AgCl+e —> Ag + CI +0.27
2HCIO + 2H' + 2¢ — > Cl, + 2H,0  +1.63 Bi” + 3¢ — Bi +0.20
Ce™ + o5 Ce® +161 SO + 4H" + 2¢" — H,S0, + H,0 +0.17
2HBrO + 2H' + 26— Br, + 2H,0  +1.60 Ao, +0.16
MnO; + 8H® + 56— Mn® + 4H,0  +1.51 O GW2e —> ¢ *0.15
Mn® + e — > Mn2* +1.51 AgBr + e — Ag + Br- +0.07
AU™ + 36— Au +1.40 Ti‘“+ +e — Ti™ 0.00
Cl, + 2¢ — 2CI +1.36 2H +2e-——H, (FIREATITER) 0.0
Cr,0% + 14H" + 66— 2Cr* + TH,0  +1.33 i o ~0.04
0.+ H,0 + 26 —» O, + 20H" Xos 02; H,0 + 2¢" — HO; + OH -0.08
L Pb* +2¢ —— Pb -0.13
0, + 4H" + 4e" —> 2H,0 +1.23 AN
ClO, + 2H" +2e — CIO; + 2H,0 +1.23 n ; i 0.1
MnO, + 4H" + 2¢° — Mgz* + 2;{ O  +1.23 g e —on 014
Pt2+'f26_—>Pt 2 +1'20 Agl+e —> Ag+ 1T -0.15
i ) ’ Ni** + 2" —— Ni -0.23
Br24++ Ze_ — 2Bsf +1.09 V¥ 4 e — s V2 _0.26
Pu™ +e — Pu +0.97 Co? + 2 —3 Co _0.28
NOj + 4H' + 3¢ — NO + 2H,0 +0.96 In® + 3¢ — 5 In 034
2Hg>" + 2" —> Hg?' +0.92 T + e — 5 Tl 034
ClO + H,0 + 2 —— CI" + 20H" +0.89 PbSO, + 2¢"—> Pb + SOi_ -0.36
Hg* +2e — Hg +0.86 TI + & — Ti*" -0.37
NO; + 2H" + € — NO, + H,0 +0.80 cd? + 2 — > Cd ~0.40
Ag +e — Ag +0.80 In* +e — In" -0.40
Hg}'+2e” — 2Hg +0.79 cr* +e —Cr* ~0.41
Fe® + & — Fe' +0.77 Fe? + 2¢ — > Fe -0.44
BrO + H,O + 2e —— Br  + 20H +0.76 n® +2 —> In* ~0.44
Hg,SO, +2e" — 2Hg + SO +0.62 S+2 — > S* ~0.48
MnO? + 2H,0 + 2e" —— MnO, + 40H" +0.60 In* +e — In* -0.49
MnO, + e —> MnO> +0.56 Ut +e —>U* -0.61
L, +2e — 21 +0.54 Cr*" + 3¢ —— Cr -0.74
I, +2e — 31 +0.53 Zn** + 2¢"—— Zn -0.76
ShHIT: -

LGSIREMCRIRET o
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aToerEs ord etfaferan E°/V aToerEs ord etfurfeman E°/V
Cd(OH), + 26" — Cd + 20H" -0.81 La%" + 3¢ —— La -2.52
2H,0 + 2¢” —> H, + 20H" -0.83 Na*+e —> Na 2.71
Cr’*+2¢ —> Cr -0.91 Ca?" +2e —— Ca -2.87
Mn?' + 26— Mn -1.18 Sr2* +2e”— Sr -2.89
V*+2e —5V -1.19 Ba2?' +2e¢"— Ba -2.91
Ti?" + 26 —> Ti -1.63 Ra?" + 2e"— Ra -2.92
AIPT + 3¢ —— Al -1.66 Cs*+e —>Cs -2.92
U +3e — U -1.79 Rb* +e —— Rb -2.93
Sc3* + 3e— Sc -2.09 K" +e— K -2.93
Mg?* + 2" —— Mg -2.36 Li" +e — Li -3.05
Ce3* +3e—— Ce -2.48
149, ufifyre
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Fefi-weft frdt gearcns oreis W a€l WENS #1 UN, 9N iefel uiee = wiufad g g1 GH et § s
Tgd STENT B ¥ Fe kA TUMSH H EH M W GEEd B &1 WEA fae § vkl % WEl T STeeEehar
QAT TOTaeh], SRR, JEAEE Te1s | el €1 80 Ueel 58 Hehoud 1 &1 qi=d 1 qon Fradt w1 fad=mn w3,
IHoh TYEI U k1 SYAM WG SR TR W deheh 1 WA 98 <@ o Tl Hi TR g8 ohd whiad woret i
MM &A1 3t 2

T 99§ fe
28=8,32=95"=125 7°=1

WURO: fHdl ATHS aTdfde WEH a, 991 UH URHT N m o fau A oo fd a™

Wl b TH dRdfod Wem g gW R § euR a #t m™ WW b 2
W wed w1 O alw T § fe

a YR W b H LU m

I TH YAEHE aRdfoh Gel a % faw a = 1 @ @

a™ = b,

T FEd € T b 1 YU, a WMERX W m 2 B9 W 3H WHR § foed g-
logZ:m,

“logarithm” (S[TUh) I 1 Tehdiek ‘log’ B 3@ TR W-—

log,8 =3, it 2° =8

log,9 =2, Fifs 3> =9

log 125 = 3, Hifs 5° =125

log 1 =0, Fifw 7° =1
TRl o frem

frafafaa foeem § g0 oo fRE oft oTUR ‘2’ W W & (@ > 0 dM a = 1)
yom Frem-

log, (mn) = log,m + log,n

W‘

a9 st fF log,m = x @ log,n =y

GE] a¥=m, a¥ = n

3d:  mn = af.a¥ = a*¥

TLME BT GRGM F AR

log, mn) = x +y = log, m + log, n

LSIREMERENT
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EGUERE R
)
log, 0 log, m — log,n
THIUT—
HH ST & log,m = x, log,n =y

GEI a*=m, a¥=n

X-y

m
HAd: -
n

X
a

=—=a
ay

Tgfery, log,, (mj =X-y = loga m — loga n
n

e fraa-

loga(mn] =n loga m

JHIUT—

wed i € We, A log m = x, 99 a* = m
T mn:(ax)n:anx, d: 9 BM—

loga(mn] =nx=n10gam

od: yum M % SFER, q GENe % UM k1 YU, S @Sl % Il % Siig % SRR el 21 g
YR U U Fem aqr & fF < "emsti o 9 k1 U, S @St o oIkl § SR % seX gl el
W UHR W T TR k1 SWAN O/ Rl GHEN hl Wg/SRM hi GHEN § ugel @1 ¢ O RN TUI/MN i
A WA B S FRO ¥ fE TR geaws afthed W Tod WEEE 2

10 & YR W 0T

gemel # faed & fau Een 10 HR ® @ 10 % YR W GVl %1 YAN I Sgd gTH Bl €l
FT ST T YRR F-

logo 10 = 1, Fife 10" = 10
log;, 100 = 2, Fife 102 = 100
log;, 10000 = 4, Fife 10* = 10000
log,, 0.01 = -2, Fif 102 = 0.01
log,o 0.001 = -3, Fifh 10 = 0.001
and log;o1 = 0 FifE 10° =1

SR uiom gwid € fF Ak n, 10 F1 qoife wd ¥ AT Wen | % 9] eWe Y A e | ¥ Ted
Woed fog % o Y T @l YU STl ¥ Ww fwar W1 HeRar R

gfg 10 # YO W@ n & T Al log n H A HH T B WG UM A zEe fau dfaed Sues €
fra @ @ 1 " 10 9k R off oA GEn o U w1 Gfehe WH Yl ST Gehdal € SR ¥ Sumed o
wfefa frdl off wem &1 age W e % fau atw € sH SRvd & fau g9 cumod w1 G Uik o
10 @0 1 ¥ 10 o o= fRd gEm % UHRA o &9 § forad g

151, YRy
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IYHAE HT UEH B
7 Rl off wem & <wme ¥ wW fo@ wed € fF— () g% wifk W % W™ 10 1 SR () 1 ¥ 10 &
a9 frdt gen # HRd el g8l 9SS fiu M g

(i) 25.2, 10 3R 100 & o= & @

25.2 1
0 25.2 = x10 =2.52x10
0

(i) 1038.4, 1000 den 10000 & &= # 2

1038.4 3 3
.. 1038.4 = x10" =1.0384 x10

1000
(iii) 0.005, 0.001 3R 0.01 & <= # 2
[0 0.005 = (0.005 x 1000) x 10° = 5.0 x 10°
(iv) 0.00025, 0.0001 @ 0.001 & = # 2|
[0 0.00025 = (0.00025 x 10000) x 10™* = 2.5 x 10~
Yok SSE W gH <umerd i 10 o Rl u@ wfed 9w @ oen awd € S oetem o wefdia @1 safaw @i ot
Yl S¥eE T w9 H fen S @eRar €l
n=m X 10°
p TF YU B (YFTHE, YA A1 RUMHH) @1 1< m < 10. 38 “n % #FH &9 wed 21"
EapEa o)
1. XA hl STERIASRAIIR e oIeen arff AR TiaRg & S9Y Th §en S I 7 8, Smad o arf
AR oA S
2. (i) af% oMUl p TH FW AR SR W Y€ @ 10° ¥ TOm &
(i) o oT9Hl p TME gW (A AR W 9 A 107 ¥ o
(iii) af% oTohl HeE fog fRel off iR ToMigRa 7 & W @ 10° " TOm &
(iv) ST U S¥Wel@ &1 AFE ®Y WW T o fl@ 10 i H@ oh WY WKW AU <YHed i (R0 2 W) e

‘{UTFQT ( Characteristic) Td a—l‘l{UTFST ( Mantissa )
n % AME w1 K AR AW I
n=mx10°, & 1 < m < 10
10 & YR W TR o R SR TR FEEl kT W R W
log n = log m + log 10°
log m + p log 10
=p+logm

Tel p TH YU T SR ik 1 < m < 10, TEET O < log m < 1, afF m

log n # p + log m ¥ FERid fFar T & &I p % o & W 0 < log m < 1,

gﬁ

1 YUIW (Characteristic) ) & den log m ! log n & TN (mantissa) Fed & SRCO U I N o
AAHEF, FUMHE Al YA Yok eI T qel Uiy kel ff HUTHR A& FaT dem W 1 ¥ FH @ T AR
T log n, & YOI IR STqUifer W kX od T A log n B WK FH F faAU 7H IF Had SeN gl R

3d: log n HI W@ wH * fau, g e wER W d@T 3
1.n % 99% &Y & AR = i

n=m X 10", 1 < m <10
2. log n & YOI p & IWe s H ¥ U@ (10 HI =)
3. @fdrkt ¥ log m <@, 8 = wwemn m g,
4. fa@ log n = p + log m

LSIREMERIGE
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gft fdt & n &1 qUiw p @ SN eguier 4133 ¥ @9 log n = 2 + .4133 quifer gRM, € @W 2.4133.
fora wehd ¥ Wg Ui Ak -2 § SR STy 4123 € 99 log m = -2 + .4123 B AR W TW -2.4123. &l

for@ Ted (F?) =9 S § W9 % U wW -2 # 2 fomd ¥ SR 99 ' m = 2.4123 fo@ med
AR 1@ TW TEH R TH YUY W wW ok AU g diferhr w1 SWER k¥ kW €1 TW URfee o
T H TH dlferehl It T
e e fop arfee o e dfed S SRl el T @Em @ WRY e ®, 10, 11, 12,... 97, 98, 99 | T
W @ IY W UH e W "E, 0, 1, 2, .0 ¥ TMEAl R Uw we § N9 sfwd i@ (W fewiw) wed €,
T 9 W ? foer 3t w1, 2.9 gEW feEr €

0] 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
61 7853 7860 7868 7875 7882 7889 7896 7803 7810 7817 1 1 2 3 4 4 5 6 6
62 7924 7931 7935 |7945| 7954 7959 7966 7973 7980 7987 1 1 2 3 4 5 6 6
63 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055 1 1 2 3 3 4 5 6 6

I WEEIST W log (6.234) I HT B, BW 62 ¥ YRW BH ol dfem d@d B 3@ ufem W 3@ WY & 3fEg
former ofid w3 ferar 21 a® @ew 7945 2?1 zHe @ ¥ % log (6.230) = 0.7945"

™G B log (6.234). 1 WM =NfET, THAY BARI S| SHY F® aAfusks sl fhaw sifusw smm? sweh faw &w
‘i ferhiE % ©E H @A § AN A Ik 4 ¥ TEC ¥W 9¢ W d@d € o Wi w4 fawn ® (62
ol dfed W) B S 3 WW Hid &1 THC 8@ .7945 W 3 Sigd €1 €W 7948 Wi Bl B o7d: < H e Ww
g ?-

log (6.234) = 0.7948.

TE ST W 21 log (8.127), Wd I o faiw 81 et Ui H wWW 2 § @d € R BH 9096 W Bl
21 B0 g uf W o Wed € SR U ¥ fR 7 W9 W sk 4 Wiw e @1 3™ 9096 W wied ® SN 'H 9100
W%ﬁ?ﬂ%fﬂﬁ:

log (8.127) = 0.9100.

log n fam &1 @ n &1 W= WE &
aff qF T log n HI I wG # fafuy F fad= &1 R oW wW suHl fawdd gl & R S ¥ Al v
log n @ & @ n &1 99 T4 FW ¥l 9h fow 79wk fafu wegd kW 21 AR logn =t ® @ B YA: wed
& f% n = antilog t, 37: ¥4 KT T t F1 YA (antilog) TC HA T TH Ted U ISTAS WICTIOR dlfcreht
F ST Hw@ F

uH ST log n = 2.5372.

n W & &% AU ¥0 T hadl  log n H AW oW T Tl W FE .5372. T (A ® fF u® oAIAR
Bl @ 3@ GEA o iAok I, difeihl ¥ e id ¢, fo @ diferskl (log table) #1 € e wEm
A ST} UfderpTok difereht § wWw 7 § 53 At ufed H 3443 fa@n den @ ufe o sifaw sk w1 M fewim
2 3| z@fae difee ¥ 3445 W@ e R

31d: antilog (.5372) = 3.445

FifF log n = 2.5372 7, 31: log n &1 MW 2 & WA n H A7k &9 § = yhR o fa@ dhd T—

n = 3.445 x 10

I n = 344.5

* g eqH @A WU [ a4 RT T @ gared e TE@ 81 98 e fiwedd WA 8, FEf 89 ‘SUet’ %1 Hehd gAM H o
g fogg 78 enwrg glar € 5 7 Femel m &1 s 9RO @1 @ gieerguen & ferw t fehar smam

153, uRfyre
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TR 1—
g log x = 1.0712 & @ x ¥ Hifsu—

TA— B0 UM ¥ fF WEm 1179, N 0712 % 9uHE 21 log x 1 qUiNl 2
ad: x = 1.179 x 10'

11.79

3agul 2—
g log x = 92,1352, & @ X TG HIWT

TR UfCTT @Rt ¥ W UM € fR Wem 1366 WEm (1352 % WA @l @l [N g A -2, ¥, @
x = 1.366 x 10° = 0.01366
WA UM W TR T SUET
3ETEI0T 1—
6.3 x 1.29 WA HIfT
TE@— A x = 6.3 X 1.29
d9 log x = log (6.3 x 1.29) = log 6.3 + log 1.29
3@ log 6.3 = 0.7993

log 1.29 = 0.1106
- log x = 0.9099,

YfqeToe @ W
x = 8.127
IETEIT 2—
1.23)"°
—————— &1 9H Hifee
11.2x23.5 =
3
2
T— HMI x = log &
11.2x23.5
3
2
qd, log x = log &
11.2x23.5

3
5 log 1.23 ~ log (11.2 x 23.5)

3
5 log 1.23 ~log 112 - 23.5

a7,
log 1.23  =0.0899

3
5 log 1.23=0.13485

log 11.2 =1.0492

log 23.5 =1.3711

log x =0.13485 - 1.0492 - 1.3711
= 3.71455
. x =0.005183

WA fagm kb4
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33Tl 3:

(71.24)° x /56
2.3) xJ21 A Ffe

_(71.24)° x J56
AT X = T 087 <421
1 (71.24)° x /56
@ logx =5 log | =5 57 o1
1

= — [log (71.24)° + log /56 —log (2.3)" —log~/21]

a N

1 7 1
= —log 71.24+ — log 56 — —log 2.3 — — log 21
2 8 4 8 2 8 4 8

9 AfcARIST w1 T HE W

log 71.24 = 1.8527
log 56 = 1.7482
log 2.3 =0.3617
log 21 = 1.3222

5 1 7 1

" log x = —log (1.8527) + — (1.7482)- —(0.3617) - (1.3222)

2 4 2 4

=3.4723
Iq x = 2967

155, TRfyre
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ESIELU N |

N o 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
10 [ 0000|0043 | 0086 | 0128 | 0170 5 9 13 17 21 26 | 30 3438

0212 | 0253|0294 [ 0334 | 0374 | 4 8 12 16 20 24 | 28 3236
11 | 0414|0453 | 0492 | 0531 | 0569 4 8 12 16 20 23 | 27 3135

0607 | 0645|0682 0719 | 0755 | 4 7 11 15 18 22 | 26 2933
12 | 0792|0828 | 0864 | 0899 | 0934 3 7 11 14 18 21 | 25 2832

0969 | 1004{1038|1072| 1106 | 3 7 10 14 17 20 | 24 2731
13 | 11391173 | 1206 | 1239 | 1271 3 6 10 13 16 19 | 23 2629

1303 | 1335|1367 | 1399 | 1430 | 3 7 10 13 16 19 | 22 2529
14 | 1461|1492 | 1523 | 1553 | 1584 3 6 9 12 15 19 | 22 2528

1614 | 1644|1673 | 1703 | 1732 | 3 6 9 12 14 17 | 20 2326
15 | 17611790 | 1818 | 1847 | 1875 3 6 9 11 14 17 | 20 2326

1903 | 1931|1959 | 1987 | 2014 | 3 6 8 11 14 17 | 19 2225
16 | 20412068 | 2095 | 2122 | 2148 3 6 8 11 14 16| 19 2224

2175 | 2201|2227 (2253 | 2279 | 3 5 8 10 13 16 | 18 21238
17 | 23042330 | 2355 | 2380 | 2405 3 5 8 10 13 15| 18 2023

2430 | 2455|2480 2504 | 2529 | 3 5 8 10 12 15| 17 2022
18 | 25532577 | 2601 | 2625 | 2648 2 5 7 9 12 14 | 17 1921

2672 | 2695|2718 (2742 | 2765 | 2 4 7 9 11 14 | 16 1821
19 | 278812810 | 2833 | 2856 | 2878 2 4 7 9 11 13 | 16 1820

2900 | 2923|2945 2967 | 2989 | 2 4 6 8 11 18| 15 1719
20 | 3010{3032 | 3054 | 3075 | 3096 | 3118 | 3139|3160 |3181 | 3201 | 2 4 6 8 11 13 | 15 1719
21 | 32221(3243 | 3263 | 3284 | 3304 | 3324 | 3345|3365 (3385 | 3404 | 2 4 6 8 10 12 | 14 1618
22 | 3424(3444 | 3464 | 3483 | 3502 | 3522 | 3541|3560 | 3579 | 3598 | 2 4 6 8 10 12 | 14 1517
23 | 3617(3636 | 3655 | 3674 | 3692 | 3711 | 3729|3747 | 3766 | 3784 | 2 4 6 7 9 11 13 1517
24 | 3802(3820 | 3838 | 3856 | 3874 | 3892 | 3909|3927 | 3945 | 3962 | 2 4 5 7 9 11 12 14 16
25 | 3979(3997 | 4014 | 4031 | 4048 | 4065 | 4082|4099 |4116| 4133 | 2 3 5 7 9 10 | 12 1415
26 | 415014166 | 4183 | 4200 | 4216 | 4232 | 4249|4265 | 4281 | 4298 | 2 3 5 7 8 10 | 11 1315
27 | 431414330 | 4346 | 4362 | 4378 | 4393 | 4409|4425 | 4440 | 4456 | 2 3 5 6 8 9 11 1314
28 | 447214487 | 4502 | 4518 | 4533 | 4548 | 4564|4579 | 4594 | 4609 | 2 3 5 6 8 9 11 1214
29 | 46244639 | 4654 | 4669 | 4683 | 4698 | 4713|4728 | 4742 | 4757 | 1 3 4 6 7 9 10 12138
30 | 477114786 | 4800 | 4814 | 4829 | 4843 | 4857|4871 |4886| 4900 | 1 3 4 6 7 9 10 11138
31 | 4914 4928 4942| 4955 | 4969 | 4983 | 4997|5011 | 5024 | 5038 | 1 3 4 6 7 8 10 1112
32 | 50515065 | 5079 | 5092 | 5105 | 5119 | 5132| 5145|5159 | 5172 | 1 3 4 5 7 8 9 11 12
33 | 5185[5198 | 5211 | 5224 | 5237 | 5250 | 5263|5276 | 5289 | 5302 | 1 3 4 5 6 8 9 10 12
34 | 5315[5328 | 5340 | 5353 | 5366 | 5378 | 5391|5403 | 5416 | 5428 | 1 3 4 5 6 8 9 1011
35 | 5441[5453 | 5465 | 5478 | 5490 | 5502 | 5514|5527 | 5539 | 5551 | 1 2 4 5 6 7 9 1011
36 | 5563 (5575 | 5587 | 5599 | 5611 | 5623 | 5635|5647 | 5658 | 5670 | 1 2 4 5 6 7 8 1011
37 | 56825694 | 5705 | 5717 | 5729 | 5740 | 5752|5763 | 5775 | 5786 | 1 2 3 5 6 7 8 9 10
38 | 57985809 | 5821 | 5832 | 5843 | 5855 | 5866|5877 | 5888 | 5899 | 1 2 3 5 6 7 8 9 10
39 | 59115922 | 5933 | 5944 | 5955 | 5966 | 5977|5988 | 5999 | 6010 | 1 2 3 4 5 7 8 9 10
40 | 6021|6031 | 6042 | 6053 | 6064 | 6075 | 6085|6096 | 6107 | 6117 | 1 2 3 4 5 6 8 9 10
41 | 612816138 | 6149 [ 6160 | 6170 | 6180 | 6191|6201 | 6212 | 6222 | 1 2 3 4 5 6 7 8 9
42 | 623216243 | 6253 | 6263 | 6274 | 6284 | 6294|6304 | 6314 | 6325 | 1 2 3 4 5 6 7 8 9
43 | 6335|6345 | 6355 | 6365 | 6375 | 6385 | 6395|6405 | 6415 | 6425 | 1 2 3 4 5 6 7 8 9
44 | 6435|6444 | 6454 | 6464 | 6474 | 6484 | 6493|6503 | 6513 | 6522 | 1 2 3 4 5 6 7 8 9
45 | 6532|6542 | 6551 | 6561 | 6471 | 6580 | 6590|6599 | 6609 | 6618 | 1 2 3 4 5 6 7 8 9
46 | 6628|6637 | 6646 | 6656 | 6665 | 6675 | 6684|6693 | 6702 | 6712 | 1 2 3 4 5 6 7 7 8
47 | 6721|6730 | 6739 | 6749 | 6758 | 6767 | 6776|6785 | 6794 | 6803 | 1 2 3 4 5 5 6 7 8
48 | 681216821 | 6830 | 6839 | 6848 | 6857 | 6866|6875 | 6884 | 6893 | 1 2 3 4 4 5 6 7 8
49 | 690216911 | 6920 | 6928 | 6937 | 6946 | 6955|6964 | 6972 | 6981 | 1 2 3 4 4 5 6 7 8

LSIREMERIEET
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N o 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
50 | 6990|6998 | 7007 | 7016 | 7024 | 7033 | 7042|7050 | 7059 | 7067 | 1 2 3 3 4 5 6 7 8
51 | 7076|7084 | 7093 | 7101 | 7110 | 7118 | 7126| 7135|7143 | 7152 | 1 2 3 3 4 5 6 7 8
52 | 7160|7168 | 7177 | 7185 | 7193 | 7202 | 7210| 7218|7226 | 7235 | 1 2 2 3 4 5 6 7 7
53 | 7243|7251 | 7259 | 7267 | 7275 | 7284 | 7292|7300 | 7308 | 7316 | 1 2 2 3 4 5 6 6 7
54 | 7324|7332 | 7340 | 7348 | 7356 | 7364 | 7372|7380 |7388 | 7396 | 1 2 2 3 4 5 6 6 7
55 | 7404|7412 | 7419 | 7427 | 7435 | 7443 | 7451|7459 | 7466 | 7474 | 1 2 2 3 4 5 5 6 7
56 | 7482|7490 | 7497 | 7505 | 7513 | 7520 | 7528|7536 | 7543 | 7551 | 1 2 2 3 4 5 5 6 7
57 | 7559|7566 | 7574 | 7582 | 7589 | 7597 | 7604|7612 | 7619 | 7627 | 1 2 2 3 4 5 5 6 7
58 | 7634|7642 | 7649 | 7657 | 7664 | 7672 | 7679|7686 | 7694 | 7701 | 1 1 2 3 4 4 5 6 7
59 | 7709|7716 | 7723 | 7731 | 7738 | 7745 | 7752|7760 | 7767 | 7774 | 1 1 2 3 4 4 5 6 7
60 | 7782|7789 | 7796 | 7803 | 7810 | 7818 | 7825|7832 | 7839 | 7846 | 1 1 2 3 4 4 5 6 6
61 | 7853|7860 | 7768 | 7875 | 7882 | 7889 | 7896|7903 | 7910 | 7917 | 1 1 2 3 4 4 5 6 6
62 | 7924|7931 | 7938 | 7945 | 7952 | 7959 | 7966|7973 | 7980 | 7987 | 1 1 2 3 3 4 5 6 6
63 | 7993|8000 | 8007 | 8014 | 8021 | 8028 | 8035|8041 | 8048 | 8055 | 1 1 2 3 3 4 5 5 6
64 | 8062|8069 | 8075 | 8082 | 8089 | 8096 | 8102|8109 | 8116 |8122 | 1 1 2 3 3 4 5 5 6
65 | 8129|8136 | 8142 | 8149 | 8156 | 8162 | 8169|8176 |8182 | 8189 | 1 1 2 3 3 4 5 5 6
66 | 8195|8202 | 8209 | 8215 | 8222 | 8228 | 8235|8241 (8248 | 8254 | 1 1 2 3 3 4 5 5 6
67 | 8261|8267 | 8274 | 8280 | 8287 | 8293 | 8299|8306 (8312 (8319 | 1 1 2 3 3 4 5 5 6
68 | 8325|8331 | 8338 | 8344 | 8351 | 8357 | 8363|8370 (8376 | 8382 | 1 1 2 3 3 4 4 5 6
69 | 8388|8395 | 8401 | 8407 | 8414 | 8420 | 8426|8432 (8439 |8445 | 1 1 2 2 3 4 4 5 6
70 | 8451|8457 | 8463 | 8470 | 8476 | 8482 | 8488|8494 | 8500 | 8506 | 1 1 2 2 3 4 4 5 6
71 | 8513 (8519 | 8525 | 8531 | 8537 | 8543 | 8549|8555 | 8561 | 8567 | 1 1 2 2 3 4 4 5 5
72 | 8573 (8579 | 8585 | 8591| 8597 | 8603 | 8609|8615 | 8621 | 8627 | 1 1 2 2 3 4 4 5 5
73 | 8633 (8639 | 8645 | 8651 | 8657 | 8663 | 8669|8675 | 8681 | 8686 | 1 1 2 2 3 4 4 5 5
74 | 8692 (8698 | 8704 | 8710 | 8716 | 8722 | 8727|8733 | 8739 [ 8745 | 1 1 2 2 3 4 4 5 5
75 | 8751|8756 | 8762 | 8768 | 8774 | 8779 | 8785|8791 | 8797 | 8802 | 1 1 2 2 3 3 4 5 5
76 | 8808 8814 | 8820 | 8825 | 8831 | 8837 | 8842|8848 8854 [ 8859 | 1 L 2 2 3 3 4 5 5
77 | 8865|8871 | 8876 | 8882 | 8887 | 8893 | 8899|8904 | 8910 (8915 | 1 1 2 2 3 3 4 4 5
78 | 8921 (8927 | 8932 | 8938 | 8943 | 8949 | 8954 8960 | 8965 | 8971 | 1 1 2 2 3 3 4 4 5
79 | 8976|8982 | 8987 | 8993 | 8998 | 9004 | 9009|9015 | 9020 [9025 | 1 1 2 2 3 3 4 4 5
80 | 9031|9036 | 9042 | 9047 | 9053 | 9058 | 9063|9069 | 9074 | 9079 | 1 1 2 2 3 3 4 4 5
81 | 9085|9090 | 9096 | 9101 | 9106 | 9112 | 9117|9122|9128 |9133 | 1 1 2 2 3 3 4 4 5
82 | 9138|9143 | 9149 | 9154 | 9159 | 9165 | 9170| 9175|9180 | 9186 | 1 1 2 2 3 3 4 4 5
83 | 9191|9196 | 9201 | 9206 | 9212 | 9217 | 9222|9227 | 9232 | 9238 | 1 1 2 2 3 3 4 4 5
84 | 9243|9248 | 9253 | 9258 | 9263 | 9269 | 9274|9279 9284 |9289 | 1 1 2 2 3 3 4 4 5
85 | 9294|9299 | 9304 | 9309 | 9315 | 9320 | 9325|9330 |9335 |9340 | 1 1 2 2 3 3 4 4 5
86 | 9345|9350 | 9355 | 9360 | 9365 | 9370 | 9375|9380 (9385 | 9390 | 1 1 2 2 3 3 4 4 5
87 | 9395|9400 | 9405 | 9410 | 9415 | 9420 | 9425|9430|9435 |9440 | O 1 1 2 2 3 3 4 4
88 | 9445|9450 | 9455 | 9460 | 9465 | 9469 | 9474|9479 (9484 |9489 | O 1 1 2 2 3 3 4 4
89 | 9494|9499 | 9504 | 9509 | 9513 | 9518 | 9523|9528 | 9533 | 9538 | O 1 1 2 2 3 3 4 4
90 | 9542|9547 | 9552 | 9557 | 9562 | 9566 | 9571|9576 | 9581 | 9586 | O 1 1 2 2 3 3 4 4
91 | 9590|9595 | 9600 | 9605 | 9609 | 9614 | 9619|9624 | 9628 | 9633 | O 1 1 2 2 3 3 4 4
92 | 9638|9643 | 9647 | 9652 | 9657 | 9661 | 9666|9671 | 9675 | 9680 | O 1 1 2 2 3 3 4 4
93 | 9685|9689 | 9694 | 9699 | 9703 | 9708 | 9713|9717 | 9722 | 9727 | O 1 1 2 2 3 3 4 4
94 | 9731 | 9736| 9741 | 9745 | 9750 | 9754 | 9759|9763 | 9768 | 9773 | O 1 1 2 2 3 3 4 4
95 | 9777|9782 | 9786 | 9791 | 9795 | 9800 | 9805|9809 | 9814 | 9818 | O 1 1 2 2 3 3 4 4
96 | 9823|9827 | 9832 | 9836 | 9841 | 9845 | 9850|9854 | 9859 | 9863 | O 1 1 2 2 3 3 4 4
97 | 9868|9872 | 9877 | 9881 | 9886 | 9890 | 9894|9899 | 9903 | 9908 | O 1 1 2 2 3 3 4 4
98 | 9912|9917 | 9921 | 9926 | 9930 | 9934 | 9939|9943 | 9948 | 9952 | O 1 1 2 2 3 3 4 4
99 | 9956|9961 | 9965 | 9969 | 9974 | 9978 | 9983|9987 | 9997 | 9996 | O 1 1 2 2 3 3 3 4
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R 11

N [} 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
00 | 1000|1002 | 1005| 1007 | 1009 | 1012 | 1014|1016 |1019| 1021 | O (0] 1 1 1 1 2 2 2
.01| 1023|1026 | 1028 | 1030 | 1033 | 1035 | 1038|1040 | 1042 | 1045 | O (0] 1 1 1 1 2 2 2
.02| 1047|1050 | 1052 | 1054 | 1057 | 1059 | 1062|1064 | 1067 | 1069 | O 0 1 1 1 1 2 2 2
.03 | 1072|1074 | 1076 | 1079 | 1081 | 1084 | 1086|1089 (1091 | 1094 | O (0] 1 1 1 1 2 2 2
.04| 1096|1099 | 1102 | 1104| 1107 | 1109 | 1112|1114 (1117|1119 | O 1 1 1 1 2 2 2 2
.05| 1122|1125 1127 | 1130| 1132 | 1135 | 1138(1140|1143| 1146 | O 1 1 1 1 2 2 2 2
.06| 1148|1151 | 1153 | 1156| 1159 1161 | 1164|1167 |1169| 1172 | O 1 1 1 1 2 2 2 2
.07 | 1175|1178 | 1180 | 1183 | 1186 1189 | 1191|1194 |1197| 1199 | O 1 1 1 1 2 2 2 2
.08 | 1202|1205 1208 | 1211| 1213 | 1216 | 1219|1222 |1225| 1227 | O 1 1 1 1 2 2 2 38
.09| 1230|1233 | 1236 | 1239 | 1242 | 1245 | 1247|1250 | 1253 | 1256 | O 1 1 1 1 2 2 2 38
.10 | 1259|1262 | 1265 | 1268 | 1271 | 1274 | 1276|1279 | 1282 1285 | O 1 1 1 1 2 2 2 38
.11 1288|1291 1294 | 1297 | 1300 | 1303 | 1306|1309 |1312| 1315 | O 1 1 1 2 2 2 2 3
.12 1318|1321 | 1324 | 1327 | 1330 | 1334 | 1337|1340 (1343 | 1346 | O 1 1 1 2 2 2 2m. 3
.13 | 1349|1352 | 1355| 1358 | 1361 | 1365 | 1368|1371 | 1374 | 1377 | O 1 1 1 2 2 2 3 38
.14| 1380|1384 | 1387 | 1390| 1393 | 1396 | 1400|1403 (1406 | 1409 | O 1 1 1 2 2 2 3 3
.15| 1413|1416 | 1419| 1422| 1426 | 1429 | 1432|1435 (1439 1442 | O 1 1 1 2 2 2 3 3
.16| 1445|1449 | 1452 | 1455| 1459 | 1462 | 1466|1469 | 1472 | 1476 | O 1 1 1 2 2 2 3 3
.17 | 1479|1483 | 1486 | 1489 | 1493 | 1496 | 1500|1503 | 1507 | 1510 | O 1 1 1 2 2 2 3 3
.18| 1514|1517 | 1521 | 1524 | 1528 | 1531 | 1535|1538 | 1542 | 1545 | O 1 1 1 2 2 2 3 3
.19| 1549|1552 | 1556 | 1560 | 1563 | 1567 | 1570|1574 | 1578 | 1581 | O 1 1 1 2 2 3 3 3
.20 | 1585|1589 | 1592 | 1596 | 1600 | 1603 | 1607|1611 | 1614 | 1618 | O 1 1 1 2 2 3 3 3
21| 1622|1626 | 1629 | 1633 | 1637 | 1641 | 1644|1648 | 1652 | 1656 | O 1 1 2 2 2 3 3 3
.22| 1660|1663 | 1667 | 1671 | 1675 | 1679 | 1683|1687 | 1690 | 1694 | O 1 1 2 2 2 3 3 3
.23| 1698|1702 | 1706 | 1710 | 1714 | 1718 | 1722|1726 |1730| 1734 | O 1 1 2 2 2 3 3 4
.24 | 1738|1742 | 1746 | 1750 | 1754 | 1758 | 1762|1766 | 1770 | 1774 | O 1 1 2 2 2 3 3 4
25| 1778|1782 | 1786 | 1791 | 1795| 1799 | 1803|1807 |1811| 1816 | O 1 1 2 2 2 3 3 4
.26( 1820|1824 | 1828 | 1832 1837 | 1841 | 1845|1849 |1854| 1858 | O 1 1 2 2 3 3 3 4
27| 1862|1866 | 1871 | 1875 | 1879 | 1884 | 1888|1892 1897 | 1901 | O 1 1 2 2 3 3 3 4
.28| 1905|1910 | 1914 | 1919 1923 | 1928 | 1932|1936 | 1941 | 1945 | O 1 1 2 2 3 3 4 4
.29( 1950|1954 | 1959 | 1963 | 1968 | 1972 | 1977|1982 [1986 | 1991 | O 1 1 2 2 3 3 4 4
.30( 1995|2000 | 2004 | 2009 | 2014 | 2018 | 2023|2028 (2032 | 2037 | O 1 1 2 2 3 3 4 4
.31| 2042|2046 | 2051 | 2056 | 2061 | 2065 | 2070|2075 (2080 | 2084 | O 1 1 2 2 3 3 4 4
.32| 2089(2094 | 2099 | 2104 | 2109| 2113 | 2118|2123 (2128|2133 | O 1 1 2 2 3 3 4 4
.33| 2138|2143 | 2148 | 2153 | 2158 | 2163 | 2168|2173 (2178 | 2183 | O 1 1 2 2 3 3 4 4
.34| 2188[2193| 2198 | 2203 | 2208 | 2213 | 2218|2223 (2228|2234 | 1 1 2 2 3 3 4 4 5
.35( 2239|2244 | 2249 | 2254 | 2259 | 2265 | 2270|2275 (2280 | 2286 | 1 1 2 2 3 3 4 4 5
.36| 2291|2296 | 2301 | 2307 | 2312 | 2317 | 2323|2328 (2333|2339 | 1 1 2 2 3 3 4 4 5
.37| 2344|2350 | 2355 | 2360 | 2366 | 2371 | 2377|2382 (2388|2393 | 1 1 2 2 3 3 4 4 5
.38| 2399|2404 | 2410 | 2415 2421 | 2427 | 2432|2438 (2443|2449 | 1 1 2 2 3 3 4 4 5
.39| 2455|2460 | 2466 | 2472 | 2477 | 2483 | 2489|2495 (2500 | 2506 | 1 1 2 2 3 3 4 5 5
.40( 2512|2518 | 2523 | 2529 | 2535 | 2541 | 2547|2553 (2559 | 2564 | 1 1 2 2 3 4 4 5 5
.41| 2570|2576 | 2582 | 2588 2594 | 2600 | 2606|2612 (2618 | 2624 | 1 1 2 2 3 4 4 5 5
.42| 2630|2636 | 2642 | 2649 | 2655 | 2661 | 2667|2673 (2679 | 2685 | 1 1 2 2 3 4 4 5 6
.43| 2692|2698 | 2704 | 2710 | 2716 | 2723 | 2729|2735 (2742 | 2748 | 1 1 2 3 3 4 4 5 6
44| 2754|2761 | 2767 | 2773 | 2780 | 2786 | 2793|2799 (2805 | 2812 | 1 1 2 3 3 4 4 5 6
.45| 2818|2825 | 2831 | 2838 | 2844 | 2851 | 2858|2864 (2871 | 2877 | 1 1 2 3 3 4 5 5 6
.46| 2884(2891 | 2897 | 2904 | 2911 | 2917 | 2924|2931 (2938|2944 | 1 1 2 3 3 4 5 5 6
.47| 2951|2958 | 2965 | 2972 | 2979 | 2985 | 2992|2999 (3006 | 3013 | 1 1 2 3 3 4 5 5 6
.48| 3020|3027 | 3034 | 3041 | 3048 | 3055 | 3062|3069 (3076 | 3083 | 1 1 2 3 3 4 5 6 6
.49( 3090[3097 | 3105| 3112 3119| 3126 | 3133|3141 (3148 3155 | 1 1 2 3 3 4 5 6 6

W foam B8

Reprint 2025-26




N o 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
.50 | 3162|3170 | 3177 | 3184 | 3192 | 3199 | 3206|3214 (3221|3228 | 1 1 2 3 4 4 5 6 7
.51 | 3236|3243 | 3251 | 3258 | 3266 | 3273 | 3281|3289 (3296 | 3304 | 1 2 2 3 4 5 5 6 7
.52| 3311|3319 | 3327 | 3334 | 3342 | 3350 | 3357|3365 3373|3381 | 1 2 2 3 4 5 5 6 7
.53 | 3388|3396 | 3404 | 3412 | 3420 | 3428 | 3436|3443 (3451|3459 | 1 2 2 3 4 5 6 6 7
.54 | 3467|3475 | 3483 | 3491 | 3499 | 3508 | 3516|3524 (3532 | 3540 | 1 2 2 3 4 5 6 6 7
.55 | 3548|3556 | 3565 | 3573 | 3581 | 3589 | 3597|3606 (3614 | 3622 | 1 2 2 3 4 5 6 7 7
.56 | 3631|3639 | 3648 | 3656 | 3664 | 3673 | 3681|3690 (3698 | 3707 | 1 2 3 3 4 5 6 7 8
.57 | 3715|3724 | 3733 | 3741 | 3750 | 3758 | 3767|3776 3784 | 3793 | 1 2 3 3 4 5 6 7 8
.58 | 3802|3811 | 3819 | 3828 | 3837 | 3846 | 3855|3864 (3873|3882 | 1 2 3 4 4 5 6 7 8
.59| 3890|3899 | 3908 | 3917 | 3926 | 3936 | 3945|3954 (3963 | 3972 | 1 2 3 4 5 5 6 7 8
.60 | 3981|3990 | 3999 | 4009 | 4018 | 4027 | 4036|4046 (4055 | 4064 | 1 2 3 4 5 6 6 7 8
.61| 4074|4083 | 4093 | 4102 | 4111| 4121 | 4130|4140 (4150 | 4159 | 1 2 3 4 5 6 7 8 9
.62| 4169|4178 | 4188 | 4198 | 4207 | 4217 | 4227|4236 [4246 | 4256 | 1 2 3 4 5 6 7 8 9
.63 | 4266|4276 | 4285 | 4295 | 4305| 4315 | 4325|4335 (4345|4355 | 1 2 3 4 5 6 7 8 9
.64 | 4365|4375 | 4385 | 4395 | 4406 | 4416 | 4426|4436 (4446|4457 | 1 2 3 4 5 6 7 8 9
.65 | 4467|4477 | 4487 | 4498 | 4508 | 4519 | 4529|4539 (4550 | 4560 | 1 2 3 4 5 6 7 8 9
.66 | 4571|4581 | 4592 | 4603 | 4613 | 4624 | 4634|4645 (4656 | 4667 | 1 2 3 4 5 6 7 9 10
.67 | 4677|4688 | 4699 | 4710 | 4721 | 4732 | 4742|4753 (4764 | 4775 | 1 2 3 4 5 7 8 9 10
.68 | 4786|4797 | 4808 | 4819 4831 | 4842 | 4853|4864 (4875|4887 | 1 2 3 4 6 7 8 9 10
.69 | 4898(4909 | 4920 | 4932 | 4943 | 4955 | 4966|4977 (4989 | 5000 | 1 2 3 5 6 7 8 9 10
.70 | 5012|5023 | 5035 | 5047 [ 5058 | 5070 | 5082|5093 [5105| 5117 | 1 2 4 5 6 7 8 9 11
.71| 5129|5140 | 5152 | 5164 | 5176 | 5188 | 5200|5212 (5224 | 5236 | 1 2 4 5 6 7 8 1011
.72 | 5248|5260 | 5272 | 5284 | 5297 | 5309 | 5321|5333 (5346 | 5358 | 1 2 4 5 6 7 9 1011
.73 | 5370|5383 | 5395 | 5408 | 5420 | 5433 | 5445|5458 (5470 | 5483 | 1 3 4 5 6 8 9 1011
.74 | 5495|5508 | 5521 | 5534 | 5546 | 5559 | 5572|5585 (5598 | 5610 | 1 3 4 5 6 8 9 10 12
.75| 5623|5636 | 5649 | 5662 | 5675 | 5689 | 5702|5715 [5728 | 5741 | 1 3 4 5 7 8 9 10 12
.76 | 5754|5768 | 5781 | 5794 | 5808 | 5821 | 5834|5848 (5861 | 5875 | 1 3 4 5 7 8 9 1112
.77 | 5888|5902 | 5916 | 5929 | 5943 | 5957 | 5970|5984 (5998 | 6012 | 1 3 4 5 7 8 10 1112
.78 16026 | 6039 | 6053 | 6067 | 6081 | 6095 | 6109|6124 (6138 | 6152 | 1 3 4 6 7 8 10 11138
.79| 6166|6180 | 6194 | 6209 | 6223 | 6237 | 6252|6266 (6281 | 6295 | 1 3 4 6 7 9 10 11138
.80 | 6310|6324 | 6339 | 6353 | 6368 | 6383 | 6397|6412 (6427 | 6442 | 1 3 4 6 7 9 10 1213
.81 | 6457|6471 | 6486 | 6501 | 6516 | 6531 | 6546|6561 6577 | 6592 | 2 3 5 6 8 9 11 1214
.82| 6607|6622 | 6637 | 6653 | 6668 | 6683 | 6699|6714 6730 | 6745 | 2 3 5 6 8 9 11 1214
.83 | 6761|6776 | 6792 | 6808 | 6823 | 6839 | 6855|6871 6887 | 6902 | 2 3 5 6 8 9 11 1314
.84 | 6918|6934 | 6950 | 6966 | 6982 | 6998 | 7015|7031 |7047 | 7063 | 2 3 5 6 8 10| 11 1315
.85 | 7079|7096 | 7112 | 7129 | 7145| 7161 | 7178|7194 (7211 | 7228 | 2 3 5 7 8 10| 12 1315
.86 | 7244|7261 | 7278 | 7295 | 7311 | 7328 | 7345|7362 (7379 | 7396 | 2 3 5 7 8 10| 12 1315
.87 | 7413|7430 | 7447 | 7464 | 7482 | 7499 | 7516|7534 |7551 | 7568 | 2 3 5 7 9 10| 12 1416
.88 | 7586|7603 | 7621 | 7638 | 7656 | 7674 | 7691|7709 (7727 | 7745 | 2 4 5 7 9 11 12 14 16
.89 | 7762|7780 | 7798 | 7816 | 7834 | 7852 | 7870|7889 (7907 | 7925 | 2 4 5 7 9 11 13 1416
.90 | 7943|7962 | 7980 | 7998 | 8017 | 8035 | 8054|8072 (8091|8110 | 2 4 6 7 9 11 13 1517
.91 | 8128|8147 | 8166 | 8185 | 8204 | 8222 | 8241|8260 (8279 | 8299 | 2 4 6 8 9 11 13 1517
.92 | 8318|8337 | 8356 | 8375 | 8395 | 8414 | 8433|8453 (8472|8492 | 2 4 6 8 10 12| 14 1517
.93 | 8511|8531 | 8551 | 8570 | 8590 | 8610 | 8630|8650 8670 | 8690 | 2 4 6 8 10 12| 14 1618
.94 | 8710|8730 | 8750 | 8770 | 8790 | 8810 | 8831|8851 (8872 | 8892 | 2 4 6 8 10 12| 14 1618
.95 | 8913|8933 | 8954 | 8974 | 8995 | 9016 | 9036|9057 9078 | 9099 | 2 4 6 8 10 12| 15 1719
.96 | 9120|9141 | 9162 | 9183 | 9204 | 9226 | 9247|9268 |9290 | 9311 | 2 4 6 8 11 13| 15 1719
.97 | 9333|9354 | 9376 | 9397 | 9419 | 9441 | 9462|9484 | 9506 | 9528 | 2 4 7 9 11 13| 15 1720
.98 | 9550|9572 | 9594 | 9616 | 9638 | 9661 | 9683|9705 (9727 | 9750 | 2 4 7 9 11 13| 16 1820
.99 | 9772|9795 | 9817 | 9840 | 9863 | 9886 | 9908|9931 (9954 | 9977 | 2 5 7 9 11 14| 16 1820

Reprint 2025-26

159, TRfyre



Teheh 1

1.4 1623 M 1.5  0.617 m, 0.01 91 0.99, 0.67
1.6 157.8 mL 1.7 33.5%
1.8 17.95maA9.10 M 1.9 ~1.5x10°%, 1.25x10 ' m
1.15 40.907 g mol ' 1.16 73.58 k Pa
1.17 12.08 k Pa 1.18 10g
1.19 23 gmol ', 3.53 kPa 1.20 269.07 K
1.21 A=2558 uddB=42.64u 1.22 0.061 M
1.24 KCl, CH,OH, CH,CN, HiEaiea 1.25 g, T, Wi, J=Ald
i 3T, Tfele Tt
1.26 5m 1.27 2.45x10°M
1.28 1.424% 1.29 SA®32g
1.30 4.575¢g 1.32  0.65°
1.33 i=1.0753, K =3.07x10" 1.34 17.44 mm Hg
1.35 178x10° 1.36 280.7 torr, 32 torr
1.38 0.6dU10.4 1.39 x4 4.6x10°,x, 9.22x10°
1.40 0.03 mol CaCl, 1.41 5.27 x 10” atm.
Teheh 2
2.4 (i) E°=0.34V, AG° =-196.86 kJ mol ', K = 3.124 x 10*
(ii) E° = 0.03V, A,G° = -2.895 kJ mol ', K = 3.2
2.5 (i) 2.68V, (i) 0.53V, (iii) 0.08 V. (iv) -1.289 V
2.6 1.56 V 2.8 124.0 S cm” mol ™
2.9 0.219cm’ 2.11 1.85x 10°
2.12 3F, 2F, 5F 2.13 1F, 4.44F
2.14 2F, 1F 2.15 1.8258 g
2.16 14.40 min, 1N 0.427 g, 1% 0.437 g
Teheh 3
3.2 (i) 8.0 x 10° mol L* s; 3.89 x 10° mol L s™
3.4  bar'*s’
3.6 (i) 4 T (i) Ya T
3.8 (i) 4.67 x 10° mol L's™ (i) 1.98 x 107 s™*
3.9 (i) 3 = Kk[A][B]? (ii) 9 T
3.10 A% foau eifufean %1 =ife 1.5 € @21 B & foq = 2
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3.11
3.13
3.14

3.17
3.20
3.23
3.25
3.27
3.29
3.30

4.2
4.5

4.6
4.10

4.13

4.18

4.21

4.23
4.24
4.28
4.30
4.36
4.38

o fm = k[A][B):; 9 feie® = 6.0 M min”’
() 3.47 x 10° ¥FHe (ii) 0.35 foe (iii) 0.173 a9
1845 4 3.16 4.6 x 10° s
0.7814 pg d 0.227 pg. 3.19 77.7 THe
2.20 x 10° s 3.21 2.23 x 10° s, 7.8 x10™* atm s’
3.9 x 10” s 3.24 0.135 M
0.158 M 3.26 232.79 kJ mol™
239.339 kJ mol™’ 3.28 24°C
E, = 76.750 kJ mol', k = 0.9965 x 10° s’
52.8 kJ mol™
Tchch 4
Mn?2* & 3d° Ta=I9 o ®RUl 3=4 LA Bial 2l
TR SRRl STl

3 (SAfEsm) (+2), +3, +4, +5
3d° (HIFIT) +3, +4, +6
3 (HTHIS) +2, +4, +6, +7
3 (frerer) +2, +3, (Fepell )
3d+ A sTeeen H &iE ¢ famma 781 g
eE VO3 , HWE CrO2” , WHTHZ MnO,
+3 SRR ST TSAS] 1 = AR STereel ] +3 S0 e1aeen & e F9 eromiae
+2 U +4 IR ey SR H 2
HHTT qeall o ST STeeel +1 9§ Ioaan ST saed § U & 3idt 9 uRafdd e ¢l
I, TS § +2, +3, +4, +5, +6, +7 T UNed 8 Fehell €| Saifeh SFHHHU qeall § I8 R waTcsh
21 ST Heg < 1 W BN € S, +2, +4, T +3, +5, +4, +6 Al
Sc?* H BIg H, MIRA d— Hewhi I UM o FROT 377 Gl el foe=m 7 T g a1 I8 d-d G
3
(1) Cr>* o T § o @t & o e g o 31 o i fome (¢ ) sifer e §1 Mo § Mo
o qitad 3d* ¥ 3d°; 3d° T T foer 2
(i) CFSE o %RV S qdid SAEIeh0r St & atfreh St 1 qoff et 2
(iii) STOFIISH 19l Seth Sol d Seiaei i Fehlor o foIu simevaes omaee Tobedt 1 afd gff et 21
Cu (+1) TRl et stereen Y wid €, Teer womeasy 3d° fa=m e 2l
ST Seiae Mn®t=4; Cr*=3; V*=2; Ti*=1; Faideh T Cr|
fgdr s 59, 95,1021
TR 103, +3
Ti?*=2, V?*=3, Cr®'=3, Mn?'=5, Fe?'=6, Fe3'=5, Co?*, Ni?'=8, Cu?'=9
MJn@m+2) = 2-2, n~ 1, d’p°, CN- 79 ferme
= 5.3, n ~ 4, sp*d?, H,0 gaa fers
=5.9, n ~ 5, sp? Cl gaa femm

164, 3.
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5.5
5.6

5.9

5.12
5.13

5.14

5.23

5.28
5.32

T&e 5

@ +3 (i) +3 (i) +2 (iv) +3 (v) +3

() [Zn(OH),J* (v)[Co(NH, ) (ONO)J*" (ix) [CuBr,]”

(i) K,[PdCI,] (vi) [Co(NH,)],(SO,), (%) [Co(NH,),(NO,)]*
(i) [Pt(NH,),CL] (vii) K,[Cr(C,0,),]

(iv) K,INi(CN),] (viii) [Pt(NH,) "

(@ [Ccr(c,0,),° : Nil

(ii) [Co(NH,),CL] ; 3 (fac- A mer-)

T (3 wwue T ww fawer)

wiefa foerem o cuSo, #1 @ife® [Cu(H,0),1S0, &, fS@@ Hfien 31 [Cu(H,0),]” & & HR0

g 2

() KF faa W, 390 H,0 fare F fearel gr wfmeenfia e € @on [CuF,)” o & & &t &0
SEET W T
[Cu(H,0),]*" +4F - [CuF,]” + 4H,0

(i) @ KC faemn smar 2, cI ferre gda H,0 favrel #1 sfqeenfad &t (CuCl,)” @m@d o € fme
T aEERE B OF

[Cu(H,0),]*" +4CI — [CuCL]” + 4H,0

[Cu(H,0),]* + 4 CN - [Cu(CN),J* +4H,0

I CN T& yoa fams %, I8 Cu® oM & WY 9gd TR WFd I €1 H,S T werfed s
W, CuS 1 @AY S € ql G Cu’ AEE SU@ed T el
d-hefh hT TR

() OS = +3, CN = 6, d-Feihl T AW (t,,° e,’),

(ii) OS = +3, CN = 6, d’ (t,,),

(iii) OS = +2, CN =4, d" ('t,’ e,

(iv) OS = +2, CN = 6, d’ (1,,” ¢,*).

(iii) 9.29 (ii) 9.30 (i)  9.31 (i)

() TeH-TEEtE 9ot | ferrei @1 wu-

H,O < NH, <NO,

a7 ufed weewr w1 S fe owH B

[Ni(H,0)J*" < [Ni(NH,) ]*" < [Ni(NO,) ]

T YHR SENINE q@es (E = he/)) %1 %H $Eeh foqdd =

LGSIREMERIEET
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T qreg=rat ki W@ (2005) Gt € foF sraii o Thedft Sia i a3 o Sftaq @ S
ST =feu) g% fagid fRaret I 1 39 fovd o faada 2, foaes gumdest gort e
S T TS IR R % o ST S gU §| A U weae WS g
AR TEAYEeh 36 iR fER W e w1 YA 1 36 YA § el fave
Afed §9R @ =R 3 SR SRR 1 T2 34 &1 ggfa 1 foder wnfirer @1 emen © % 3 wew
&0 U foren g (1986) ® afvfa arer-chfxa ooawen =i fXen o wIET T TR o S|

T4 JIcT 1 Gherdl 379 39 o910 R R T foF Thell & e SR stearae St 6
Heqeier TiatareEl 3R Ferel i 7eg § HWieH el WEd o SR oTa erWd W foER
FH HT SIW A 71 e T8 AT B0 TR AR SR, gea SR el §f S, S e
SN G ¢ Ge-Tmil @ Yea) IR et T M k1 Goi hid 21 e o fafay aeEt
e Hidl i 3FRE! TR S 1 Y@ HRUT USHYEIS hi GIET HT THAH SR T Hi
Hagta 1 Hei 3R Tee ol fashfad e o foIq ek @ o en o=l &l diee &1 ufhan
H U 9rfieR O @R ¢, 3% 99 *i fia guew w1 wesk g sie <)

3 T T H A T SR PR w e ® A a § i
THI-GRON § A= S & S 2, e a1t chetet & et o <, frmd freror
o fau fraa i 1 Ten ghiehd o7 o1 ferr ok godisha 1 fafuat oft 59 =@ &1 9
FM foh I8 UeATH® Whal B d=dl o oA i HEAE JaE qe SifEd wt SeTE gEi
1 3 T | bt ot fag gt €1 Siet k1 gHEn ¥ fyed o fow ez fmidst
3 faf= =il ° 99 &1 qEHUR wd 999 d=al o OAifoRE Ud 31T o o Suersy
AT F1 A WH F1 T8 G 3w TEd FIRW F TN T HIRE HI R TH ok TA
o T qreaqEr Gre-foaar iR faema, 31 aqel o amid ud 89 a1 g1g § &1 S arelt
Tfdfefertl i wefiema 2@ 2|

TR, 30 Tk & WA o ¢ 91 T8 Weags fowm™ Afbfd o 9ikem
o feTT o= =aed Lt 21 g fome e o i Iy o TcllehR TS & Te7e]
S, Aefeht 3R 39 gAY o H&T UeleshR Whel o1.Ue. Geadrd i fagis s
2 39 TeAYEs & famd ® w2 el 3 GreE T 59 A w1 99 9 o fag
B Sk Yl o e B1 W o9 weft geenetl oiR GieHl o ufd shawt ®, feiA et
e, GrRft qen FeAlEl i HeE o W BH SaRAIes Hedn {1 g WAt e 3=
e fawm, Ara Hored foshma w3 g WeEd Sl 9 1 sresrar § fed et
wfufa (iR ®94el) & <@l Hi STU Joda THd IR Fedln <H o fau ¥=E gd
&1 oo gurl iR o1 gl o fRR frer @n & i gufia wddemd
feaforel wa gemal &1 W@ra &, e a6t g | "eg ot S wen

fA3vres
T et T Wi STTEH 3K
20 TdaX 2006 giereror afiug
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UGkl U UTGT ARl T qAdeST

Fifae-19 HeMRI &I @d gu, faenfefai o FR o qreg qrtt 1 et w9 w1 At {1 T
forem Hifa, 2020 & <t fornfelai & ferw wrem Gl &1 9@ FT FE MR TAEE TR F
SFITATHE SAETH & ST JIH 3 | SR 2 10 21 39 gseyfd o, U Sifersh S1gee oiR
Hfeteror afteg o Geft hemetl § UeAgEeR i qAHAT S 1 gEeTd w1 21 3H kA § W
#YY. 5N e ¥ € fahfad FHamer de & gfasal w1 e | @ T el
UTa" AHAE o gAdaeH § frefaiaa fegait @ s o @ e g —
° T & wE H STEN-3Te fawEl o a9 Ued SRt w1 B
* U & o R fawa o 3Ty fech & a1 S0 &1 & § GAE q8F |H Bl
* HicTE wW;
fornfefa o5 foru wes ®9 ¥ a9 e wmdt w1 g, 59 faeni o sifue gwas o6
for, @ G5 9 =1 Wedifedl o WY TRERe ¥4 9 9@ 9&d 3;
* A WY H STUTERTeR W 1 B

T GERT, SR fau T ufted=t s onfae e gu dun feer e gadese
TEROT B
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g 0 ,t )
PR Thg LT R
D 5 BONEEAT] 2 Q“e"s S BSONSEAS,

WA ohl Hfaem™
SeEfdTeRT

T, YRA o AN, 9Rd &l T [E90 -9
[UTSTATE] YARUe AlchdaTedeh TURTY] s H &
fTT, qe STk U ANTReh] ohl :

reTtsTeR, SMfeien 3T TS =T,

foram, sifeafer, favamy, v+

3R UG 1 T,
TfaT ST STEL Y oA
\? gTet I o T,
qo 7 T A
P e 1 I SR [T T
._.“ 3R erE=ar] gifead s el sear
y i % fer

qgHHhed BIhY TUAT T WG qAT | TS di@

26 AR, 1949 3. I UASGRT 3O WG i

3T, arfufafua afiv amanfia &t 2

mwvﬁw Heme) Afufem, 1976 & O 2 R (3.1.1977 ®)
H Y- ke TR’ o T TR faeenfiad|

2. WHUH (SETCEd TemeE) AfuftEm, 1976 1 U’ 2 gR (3.1.1977 ¥) UK Hi
Tehal'' o T W gfaeenfud|

Reprint 2025-26



LISIEE]

WA 3 WS W TR SRR Sl €1 THH e S o shedvl W WG Gy g1 @
H wfa i R g At € foh Uiguen foehEer Hed HY WS oM o forg <ffael
I @ €1 3 Sifaien femnfdEl w1 off WG w1 eavEskhar @ S wfas H o
ArREH wH H AEE < TR oM UeagEs 39 feen H orfos WM

T UEATES A 9 € S Fot dioe The 21 Tafy fafie wwel & shde
e U ol € for fawmeng oifass, srhefe wd wEfe w@eEd ® faafsa @ wg
ek FE W fF T Sufgwel H el 9% G9d e Ui, WER gau Tnfyd feer
g fog fawa &1 whisd w9 of @ faugesq @1 yEgdeo faetiE s o
RO HH Y Uhdl &1 orqd H foug i wWee o e wd fagidl o W @R
Tafeq fran o 21 faenefl @ fremi e fasidl | owEivan R ©H % TvEd
T . R

Sl Wt Sfad e, Ufqeifas fawm@ R Sfew # STEM wdd g, fawa
SRl WU WH 1 FAE R T R goA-ue il 9iae ¥ S <9 gy el
TR HHSET T € e SfEuRen o TUMcHe 3R HETcHe: Uell Rl GHE g
B o M S e

fafq=t TorEl #1 o ST a9 W o fou gwae ® wefi se wifde s SI
hEdl W fRu MU R AW @ fau JUPAC Usfd o @g-wy 9w ugfa &
ff Iwam frar T ?1 THEfE AT oF GEATHE A o YehAicHeR/STHeg A
TUEl ol Tolaieh oo Wigd Sfe-Ster TR W ogwiem W @1 Yele Uwmeh #
THIE o fau oFe ST SR S9 '@ fRu MU € weatifed g off ¥ e
Y $9 o g The o id H KU T B e ok 3fd ° g o ferg fRy Mo
ol 1 Afirsheu T 39 YRR H1 T 2 fE 3% 'd W o fau weeygl fagial w1
STRT HTA BN IR U8 T 1 g wl d@wm I % $9 Yl o ' I
& @d 4 gy Ty g

T ORI o Sied gaid R WG U Fafud sifus MR et fafe= uga
gt T dd I % < oo R OH g M ) T fied 3 W ogw W A @
T faveesq ugAE i otfush Uweh WM oh faw B W A8 Hodidd @ fag
Tl 2 g W Ry o etfiye wfedt AifTeRl @ GEAC SH% WEH H GHEH
fau €1 TR WEAHOT WA H1 HRO G, FAd: GedIS H1 qg AN W GeAiwd
% fau 7§ 2

SEl WG9 B Tk ¥ had goel W MWRG WMl kIR w9 fEAr W
2 TOF WM W de fu MU ¥ wg femmfiEi % fau stewvaw ® fF SR wewy
SAENfieh WAl o S iR SUH WP M ol hed A o ©id 1 9F B T
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F Hed IH Tk A Kl HINE HI T T J@ECE AfIfEAet H HEmidh,
TEAfT Tofahl qo SEAREEE U8 5N "Hend T € W famifiEl w1 uw awen
o @vyg e foh o sifufwan Fl el € Ud SR gW Wi favi o e wefvia
fora S 21 odEH o ey TE e o faw H oTafue SiTedRdl © fodeRt e
oy WEE W B 3 fauEl ol ge W U SHR Tl ® SR 39 W femmr fean
™ Rl
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& WEA den "ued H off afea am ferm stemgeRl ot fawa faweml w1 ot emuR
TS AT § ol TRaci® SRl § 9 i) aneE o, fSed e qEe
faaifefal o ehet sAF A Wermar fuelll § WA o dadrhl Td werEf
W & off e Sa € e dgol R § e i

™ qH HI UgAgEs fae afufq favera el ® % 9w g uewl § 3™
oo &l UG 1 ScqeRdl SR SHYUl I HUN| FAE TR T € TR g Sfedfed
2l B ff 38 THR &1 Gew § Sieadl o wRU sHi-wel qeA @ S €1 3|
YER hi A HI UGHl H IR I° L KA H TH FE=@ BAA

;M UA, GSAATA
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SEq o] Aciiet, WHER, S7eFe], AlGhR WMl Sm-fovafoaes &%, @diae
AR @i Gifart, (UCAA), THefas, qo favafammem ofi@x, qon

HE Hcllgehlv
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TATG, 7o oreer, WA faum, sfeam siege ot dece, W facef

LIEES)

& RN, FHW (TS Ud gUeTd, AU HE@RIr), SLEUEuH., TEEemE.,
T2 feeet

TUE R, 7%w, WA foum, sfead s@iege stw e, =it feoe

T, HiwHR, FHW, WEA faum, sfesd seiege o Seelsl, e, HeEl
IS i, Foodr, SLETETH., TIHSemE., =i el

S, WA, FHW, SILTHTH., &Eia e 9eM, Wi, «umel
.ok, e, fet, WEA faum, Sfet g weifaemad, ool favafammem, T et
oh.UA. IR, 3774 (STaRRII ), WA faum, Tusm weifaaed, Ko fovafaem,
feeedtl

Hfadr i, Fagar, 335, TR, T Kool
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THUA. ST, FYArErd (STIhRYa), chad foumed, SEqe, sl

TH 9%, JHW, TgH R (SEemd) WeEid., TWHLemA., =i e
feeedtl

AR, oW, WHWw, WrA faum, wy favafaemem, faeri

AR, URER, Faa, SILUEAUH., TAHELRIA., T fee

SR Y, IFw, SLTHT., WHLARA, T e

TEEF. T, TN, T SF WSS 37 huedt, et fovafaemem, m@iferr, 7 wew
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feeedtl
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&t wuia

SRk, IWMA™, FRG Faar, WA Guar, TS Hefaued, T
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frefefaa fagrl 1 off emaR yehe e ® o= & wigfaft & gRadie, gud aon
GUR | e areH fean-

3T Ui, G, A f99mT TSehia Helfoenerd, STseR; 31fHa AR M, 71.571.27.
(TErrT), s foamer, fasmgd, = fReett; s1qa AR M, deFare, WA fa9r, TSk
TeTferener, AMN; el =qasl, drRs deea, e faum, TSehig Herfeeres, Sm;
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IR o TS o R, 7 39k WSkeel SN, i off el gfte ¥ wean <
o fow et ©1 W e gfte | wigfefy ® guR o fow omR e wee iR sy fheir e
FI4 Tfee, 1 FeAn off gerEE @ R

uReg Siferr o geTElTR WEAN ?q, WhER gopd fuw, (o7emer), iumum.,
EHL AR, 1 off 9 7

o] fueh R, TR, FE LYH, SLLTETA,, TLHLE AR q01 37! Feant M
o Frrefafaa el g T=anT o fog S9R Yehe hidl 81 s R, fooa o, 35 $uR,
G, R FAR, ST Hewt qon fasg s ShAl . swer; hq #, Fad M e
3T SWEAT, % ST 1 39 YA ki Tl H AT WEAR W gl

39 e o YU <RV H Fear o foae aieg LS. Teess A, fiedtt, @ ot
IR Fehe HTdl B

uRUg e wEHH THEEE wEed, SLLTEUA., THLLIRE. & g9 @R
TTEM I o Fedn 2 Fif SMUR A I 2l
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AR & G e

IWE 51k
el el - A oF Y% AN &1 I8 FHded g fF @@ -

(%)

(@)

(m
(*1)
(®)
(=)
(3)

(1)
(=)
(=)

(@

e o1 We Y SN IEeh e, WEenSH, UwgeAs SR U
MR HY;

WA o A AR TR STREH i URa H arel =9 STEEN &l 834
o Y W@ SR ST Uer

A T YT, Tehell IR @l F1 T H I Y 001 ST TW;
2 BT TE H IR SN ThT TH W A FT T FY;

g oF Wl AN W Al IR WHE Wiged i HeHl 1 i L S
o, o SR YR A1 o W Snenid Wl deerel § W OE, wH wenst
T & S Afgenstl o T oh fowgY o;
iﬁw@ma@gﬁaﬁﬁwﬁﬂwwww@ﬁmﬁw
Wepfae qeteRe w1, fmes siata o1, o, 79 ok o= e €, e
3R ST Tael L qel WoE o i e W@

ST SREHToN, HeeTg SR FMATSH e oR i 9ol 1 T ;
Tt gufe 1 G W iR e @ W ©;

AT R wfesk Tfafafeal & gt &5 § Sepd w1 IR SeH 1 Haq
T R, THE T2 FRR 950 g v $iR Suafe &1 7€ Sl #
@E\Eﬁ?;?ﬂ%

I Areq-foar =1 Wer 2, ¢ 99 9 dig a9 qh i g e A,
Fefeerfa, arcrer a1 ufadied i e oF STaER U W
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SRR

T T oh STEAYT oh qYEN ST —

fafy=1 R o facrami o1 a1 9ft
Hehl;

faor = =1 digar =1 fafy= asent § =aea
EI'T{I:I@_‘)[;

B TH USee FTaHl i T T Hehl qel
AT Y Tehl;

et qen ereyt faoremt | fass & weh;
rdfaes faetami @1 Tsee o fam 9 fomem
T HROT o1 Hehl;

foel oF STUHE TUHHl H U &
TohTl qef $ehT foei® o amfieess g §
Hey Leqfad Y Hohtl;

foel 9 o faol g0 Y&RE sTEm=
STUHEA U I THI FehTl|

Tcheh

7

—_——T

o> .
[<l¢a [ ]|
IR | o @t WA TRt 7 ferdt faera @ gfed gia 81

T S | €1 Sgd 1 Y Teiel @ uRkfad e €1 stfereriem:
3 < = enfursh g Uil o g1 g1 &1 SRl Sfted | SuEn qen
e S9eh Gied W R e 21 S, diqet (S o fichet a1
fragor) o o1 SR fqoeR (TR, i 9 Fiokar w1 fagon) steren
FHY (9 TE T &1 fgw) 9 e B9 2 9a § sufted
TARIEE TN T 1.0 ppm HET d &ROT I kel T Sl
3EH! 1.5 ppm A 3l o FHeRd (Wd) BH HT HROT Bt
? qO WIHANIEE SEA i AR Wigal Sedell @ Hehdl ©
(33RO — wifeam wqsEe #1 gl o fau s ok w9 H
SR ; AR TSR THLN FaviE 5 ¥ Tk ffv=a st
Higal W Hel S € S T A1 1 Higdl o TG el 8, 3o
TS I 2

9 Usheh § &1 J&Ia: S faerel aen 39! 9 i fafemi
W R T qeIeeie &9 Sk U Sid SToARTe o SO T
1 AT BN B el o YRR W I Sl iR R ga
ot ® Suftera faer w1 Wigd &1 = & oh fafv= fasea
I S

1.1 PoEt e oo < @ 9 sifus stemat 1w fastor g €1 =i fasm @ sEw
e acqd € for o o Wl SATE SEeRT WES o U Ueh WHM B &1 e S

- - e 3Afueh |1 | Sufterd B €, o8 9ede hewrd 2| foees foaeee w1

Afaer stereen i wear 2, foaw faeraa fommm e 21 foomm o faemas

o sTfafed SUfEerd T o1 31fueh oo faerd Fead ¢ 36 THe | 89 ohad

Tgattit faeremt (S <1 e1o@a 1) 1 Teay w31 92l ydsh o199 39, 59

e T Sree | Bl Wbl €1 Toeht wiere oo wroft 1.1 9 fean e R
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RO 1.1- fae@qt & dar

e faera T\ | AferdisH o AgersH T w1 fago
G| T\ FAR®E 1 TEeer g H fafym fean s
Eiis] g FR HT A 19 H T
59 et g 5 S | et g2 sfierdeH
el el S § el g8 uAtd
Eiti EGl S | Hel gal o
319 faera | i) BRI w1 Uelfea™ o faere
| M IR 1 Hifeam o T STHATH
EiEs Eic| di w1 |98 H faeaa
1.2 faEEt &6t fopelt foere o1 e ST Higdl § oI oA ST Hehdl €1 Higdl 1 o
Ql'@ﬁl’ﬂal' ®Y 9 I AEHE ©9 W e [hA1 S Hehal €1 SN, qoieHsh &9 9 g
%% Tehd ¢ fop foomm o € (erufq fae =t siemsd sgd &0 A1) e
ST PI e Wi B (N Toeid w1 Tueihd Sgd SAfesh W) g ardieehdl § 36 W

ESIREMERIGE

1 U AEH IH A= L 21 3d: faerml o1 "elcas €9 | 90 H
1 YIS Bl 2| Toer i 1 Hisdl o1 WA o0 BH S FhR § HT
Thd 2l

(i) g yfava (w/w)

ol o oTaEEl Hi S v § T YRR 9§ R fRer S e—

37999 hl SIHM % = il STHA <hT S x100 (1.1)

forera 1 S sHHNA

SN, AT Tk foIea 1 9vH, ST § 10% TR 1 §3HH, o &9
H fepan SC at goeht dcd 98 R TR 10 g T 1 90 g 5A ® SieH W
100 g T e g2l S Ufasid H e Fisdl ol SYART FHr J6EEh
el o SwEnT o foman S 21 Sereened seEtyen st oo o difeas
TEAFANEE 1 5el § 3.62 FoAHM iavrd &l &l
(ii) s wfawa (V/V)
AP e bl et WehR § it feman imar 2—

FITE T S
AFId 1 Ga9d A™ad = F o x100 (1.2)
IereToned; WIS 1 STl § 10% T &1 arcad & fF 10 mL wSHie &l g

Sl | ga Sierd € fop @ o1 el eFae 100 mL & S| gt oo
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I GG 39 W5 § YR R S @1 Sereone, ufuef Tesshier
35% (V/V) foer@a ameai o <51 i 821 & o M § 7l ¢ 39 Higdl
W feaielt; Stet % feHi® #1 255.4 K (~17.6 °C) % ¥ F 2 Bl

(iii ) gEIHT-3MEaT wfav (w/V)

T 3T THEE (T5) S SO § WHE § 99=ia; ST ¥ ST ¢l 98
2 100 mL foer o ot gu oo &1 gemm|

(iv) " W (vfa) fafeem (ddiom.)

g faera 1 A6 STd e g df Wigdr 1 el W fAfersd (ppm) ® w=i¥|
T U L&l B

IaId Sk AT HI T L10°

faezm ¥ sufted |l efaal (1.3)
% Fd 9N & &

yfaerd 1 ifd ppm (Ied W fafers ) Figar w1 ff somm - $o7mE,
ST ~ A o SHAM - 3T § USfSd fohan S wehal 21 T iR (1030
g) I S H 6% 10 ° g ST (O,) Teit el 21 gl A Higdl i 5.8
g 9fd 10°g 9 wiet (5.8 ppm) © ot =R a1 1 Gehal €1 STl Aeqe
AgHEA o YgUH! i TIKAT ! TF: p g mL I ppm § TR femam
2l

(v ) WA-319T
X o1 GHIIA: HIcl-391 o Hohd o &9 § YA id € 3R x o <€ A A=
foret g Wem e e W Yerd| i e
3TEFd °oF WGl i GE
qeff FeFdl & FA A Bl GE (1.4)

3N, T fgefih faoem o afs A 9 B 1o@@l o Hid HES: n, T ng B
qr A T HIA-3TI 8-

qred R (ufa) fafesm =

eI HT WA~ 3T =

Ty

X\ = (1.5)

nA+ TlB
i 3TFal ot faeaa § —
n. i

X, = l =" (1.6)
ot ong e +n, t

g < S Feha @ Tk U Tu faerm § sufterd st stael o Hiel- i
1 A TH B § e

X X+ +x=1 (1.7)
S e e s e e e e e e O e
T WgdT 1 ST o HIe Hae <9 § qe 3HeR SuA T fson & fae
YT TOAT HT @ FE H A 2

3. faemm
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3@E0T 1.1 ufeef Temgsdhia (C,HgO,) o HIG-3131 &t oMl &d afs faeem & C,HO, &1
20% FHTH IUfeerd |

gl WM f AR 9 100 g oo #1 (3w faomm 1 gt ot Aen 9 9Ry Y gehd

& it Rom wmE € eml) faera o 20 g Tel Temgsia 9 80 ¢ Sl B

C,H0, 1 MUk $omM = (12x2) + (1x6) + (16 x2) =62 gmol |

20 g

m = 0.322 mol

C,H,0, % mol =

80
g T = 4.444 mol

S % mol = ———2—
18 g mol

y _ C,H,0, % mol _ 0.322 mol 0,068
C,H 0, % mol +H,0% mol 0.322mol+4.444mol

Tt YN,
4.444 mol

x =
™ 0.322 mol + 4.444 mol

S o Hid-379 1 7oA Fefafed geR | ot # ST gt B
1 -0.068 = 0.932

=0.932

(vi) AR
T e (1 Hfow sHHR) foaeee o 9o gu fooa & Al &1 9@
39 faermm &1 dierkar (M) #8d 2l
forem & A
HieRal = = e (1.8)
3IeEond NaOH & 0.25 mol L' (0.25 M) faeram &1 arcd & fo
NaOH & 0.25 Hiet &l 1 ofiex (Teh Hfereh SEHiet) foeam o sien ma 2

S@Eeor 1.2 39 fae@d &1 Hieral &1 Tl Hifse, fSeH 5 ¢ NaOH, 450 mL o= o e
B3 2

&  NaOH o |/d = __ 58 . 0.125 mol
40 g mol™

) 450 mL
Forerert 1 effex H e = 1000 mL L™

] (1.8) %1 ST @ R Fe = 0.125 mol X 1000 mL L™
450 mL
0.278 M
0.278 mol L™
0.278 mol dm”™’
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(vii ) HreTeAdr
forelt faeem =1 dieteral (m) 1 kg faemaes o sufted fac™ o Ae =t 9@
& ®q H GRS § S 39 7 YR ¥ e i B

NI faer & i

faeras &1 fohdmm § goHH

(1.9)

3eoned, 1.00 mol kg ' (1.00 m) KC1 &1 Seitd foeraq & s €
1 mol (74.5 g) KCl &1 1 kg Sl ® =iiel 71 21 forerai ot |igan soed e
1 Yoish fafer o STH-3T9H 07 T AW g 2

S UfaeTd, ppm AIE-3791 T2 Aiaerdl ard W 7R 781 shd, et derd
g W e et 21t gEfan g ® R s arg W e oA § e
THAM TRl

GEERUI 1.3 2.5 g TR 31 (CH,COOH) & 75 g S=i1 | o i Hieterd sl ol

e
g C,H,0, FT HR 5991 = (12x2)+(1x4)+(16%2) = 60 g mol '
CH,0, Hda = 228 = 00417 mol
60 g mol
. 75 ¢g o3
I Hkg W §oF0H = — > =75x10 "k
g 1000g kg™ £

C,H,0, % mol
=i w1 kg H FA9E

C,H,O, &1 Hieferdl =

-1
_ 0.0417 mo;; 1g°°° 8k _ 0,556 mol kg

urgatited q9A

1.1 9% 22 g 9= H 22 g HEAIFANEE ol Bl A i Td hIe SFANES o FAHM Ffaera
1 UM hIfSTT

1.2 T oo H d=i9 &1 30 $FH % HeeceanEs d gal gaT 81 a1 dwiq o Hid-3197 i
UM shifT|

1.3 frefafad yde face w1 Herar &t oM Hifae—
(F) 30 g, Co(NO,),.6H,0 4.3 T foe= ¥ Fen g7 &l
(@) 30 mL 0.5 M H,SO, ! 500 mL T & W

1.4 IRA (NH,CONH,) 3 0.25 HIeR, 2.5 kg Sciid faeras 1 a9+ o fag e JRan o
FHAM i UM hiToC

1.5 20% (w/w) S KI 1 S 1.202 ¢ mL~ & d KI fae@= &1 (%) Hielor,
(@) HEd, (1) Hie-3191 &1 T hifsu)
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1.3 f@EEr

1.3.1 3@ ki gai |

e fagm b

forelt otaga =1 facaar s ffved a9 W faames =t ffvea amn o et
T 39 Y & Afushan Ao g 81 9% fae ud faeies i wehfa qen
Y TS <@ W R Hl B ST BH T KR oh GHE 1 LT SE
e T & el | faeEar W

Heeh 3 XU T g9 o el Serar S Gifead FeiNEgs o ekl Sl H ST
Y Yol W ¥, Vs el oI A T el gEd S Awdiete o
ToEF I | o @ got S ®, ek Hifey eiRee o weha T
o1 TE <@ T ® R e faem, yde faemaet § o € wefn sydia
g syea faomal # wmra: Tk fao faames ¥ ga W €, 9k
T W Sfquetivash SR THH il €W e Thd § fh “HHH-96HE
W Hietar 27 ("like dissolves like" )

S Tk 39 fooE, g9 faeas § een Wi € dl U€ SHe Yo onTl
21 T8 wfeman ferefiviientor (S[or) el 21 3898 faorm o focia 1 wiga
a5 ol 21 g wHa oo § 9 g faom % % 39 faeid & sl
o Y GEZ Y e § S B W B T Ufhan feeeitentor sheerdt
21 Tk U e et €, St S Wik w5 fq wHE g S 81 5 uitferfy
o faeed § S 9l faea &0 w1 e fooed 9§ gueenr) foaem o won
W G o SR BN SN Tide W Wi yewen vgw s gw feafa o
ffu T a9 9 @ W faee o Iufterd oo &t wigar fer W@

faom + faoms = faomm (1.10)

Sa N9 I g faeraenl § sien S e qd W tE € e 21 39 YR
w1 foerm e fou @ A e <@ W SR st faetd el sen S geh,
Haw faerem weam €, td ag faore faed st am w ek eifuss faom
Al S Tk, IEqW faeem wea ¢ 9% faeed st & fom ge faom
& Wy a9 § e ®; 99w faeee wea @ ud s faems a6
& T U § el gf, faom w1 stfushan wnn g @1 U faerEl § faee
1 Wigal S faetaa a2

e ¥4 3@ g ¢ fh uh el § g w1 foeigar el w1 oy
R feR wd B 3ok oifafied < o9 ek, 99 U <@ o 3W Wkl @i
IERIECECT G
CICECTIR A C
Sl geli | ferererar R a9 IRerds 1 weeyet g ggdr 81 qHeor (1.10)
BN YR A 1 S1eEE Y, Tfdeh | B o ROl 38 o-IIaterd Em
1 AT AT AMMET WHEMG: IS e Tgwar gre foaaaq 5 e i Jishan
S (A,_H'>0) @ 1 a1 o wgd W fac A i st 7w
SHE (A, __H<0) @ al faod w9 gl =iieq) Tar yEmes &9 9 «f
@1 T R
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1.3.2 T & g ®

T 1.1— 19 FT factaar | d &7
e faety I FT gigdr

HCI 1 3Tf¥eR S&/torr

1000

500

T W YA
2l 3 g1 § foord W TE H1 HE eiE Y9 T 2l UH S9reTt B € Fifn
W T %a e STHdied B € U i uRe ¥ HHIE: S1aifed @

agd | T Wet § e St €1 e Sol H Sgd %A A | ol ¢ Sifadier
1 TE el g A Sl Sfe i Sfifed @t 21 gHd AR EEgST FEe
9 (HC1) v/l o sreaferen Semsitel gidt €1 T ot galil § foreterar @ ud g
SN agd sk o B {1 @ e W TG #1 fackar Sedt S 2
o 1.1 () ¥ <9 U 6 o faere & T 6@ %1 p 5@ W@ T ah ®
FERE F © ToreR] Fraen 9T faore 2 w8 S 9 169 21 91 o fF 9
e Tifeer T steren W €; steiq s uRfeerfaal o e o o foerm o
S o 3EH o Fehe w1 Tfd GHH B o1d T % hw e il guifed )
e W T@ wer 2 (fo 1.1 @) | 36 T o $w Sufterd T ol
1 G Wid THTE @A § g ST a6 w5 i, faere w1 gde |
o1 T o Ty, SEH <ohUH i <X off o S| 3HE 19 i faeiad a9 e
QT 5 e o Teh A W TAfYd 7 8 S| &7 T W g Wed 9 Y
1 T wedt 2|

W,
LT N

o VAW [W
> VL

faera & FW Iufeerd A9 2L » At Ut e e

T G 7T 316 & GHIT [ - ¥ | -

B & NIy G )
(=) (@)

Helgern 19 1 foemaes § oo o1 S« o Hew WS

Tee B A fean, o R Tem wed 21 3ok oTER few A

T fordt T ot 9o ¥ Taeradr ga srgen faeem o 9qg o ued

et 7 o oNifYTeR ATl % WHIUT Bt 81 STeed, S 3 %
TS o, 3 ff Tay ®9 9 femy fepren f& fordt sata foerm

o | w1 faetad T o a1i¥en <@ W R S 21 9t en faerem

T 719 o Hie-3431 %1 SHH! faeiadl 1 719 9l I8 Fel ST Gehdl

2 fop Tordlt fareram o i@ =t Hier-31r 54 faerem o s suftea

. i@ o 31ifvTer @ oF WAL BT 31 9 w9 9 3 e

0]

0.010

0.020 %W“WWWWWﬁWW(p),W

AR o fae o oo ¥ T/ o WeA-3191 (x ) & THEUT Eer 87 1o
HCI &1 Hed-3797 p=Kyx (1.11)

fore 1.2— HCL 19 %1 grEacieadT §
293 K W faeiar & graifirs
TRomE @ FHT dA BT
feerta K, #1 =7 #al gl

Tl K,, 2 Teerisr €1 A% 30 19 o eAifyren < e T o 7w
o HIT-279 o HeF Mol Wi af €9 foa 1.2 H <91 741 e
T g
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T a9 o fafir T o fo K, 1 A - gl @ (ARl 1.2)
3od frery fererdr ® T K, &1 91 719 &1 gfd @ s s 2

gHteRtor 1.11 ¥ o7 ® R U 7 <@ W K, 1 76 o eifeen g@hm,
%A 9 9 & faeiad Sait € % enll gl 1.2 9 <@ s Wb § 6 N,
T O, T o TIT @9 g W K,, 1 A oadl €, fr@en aref € o a9 agA
W E TG ) faerEa sed B1 T SR € foh Sefta el o forg T e
FI qor | 32 5ot | @ Afush SIEEEs g 2

ARUT 1.2- W ¥ &9 T/ & fow 3 femies (Ky ) &0 9=

He 293 144.97 et 298 40.3
H, 293 69.16 co, 298 1.67
N, 293 76.48 wHeERES 298 1.83x10°
N, 303 88.84 HeH 298 0.413
0, 293 34.86 el FANES 298 0.611
0, 303 46.82
3EEO0T 1.4 A N, 19 & 293 K W vid § ¥ yalfed {1 ST df T oftel S o fere
fefidiel N, 719 foe grfi? N, &1 1R /@ 0.987 bar & 991 293 K W N,
@ ey K,, &1 99 76.48 kbar |
zar  ToRE T Y faetedn S foeaq § SEeh Aia-21e 9 getud gl 21 foerm § T
o HIe-391 1 TUET 1 99 | 1 S Fehdl ©1 3Tde—
_ p (AEISH) _ 0.987 bar _ 5
TEISH) = = =1.29 x10
F ) Ky 76,480 bar
T Wit 51l | 3Tk 55.5 Hiel B @ 9 T forere | N, o Hiel &1 §@  n Bl
_ n mol - n -5
X ) = s mol - s55 | 129X10
(<fer f9=1 & e § 55.5 &1 g H n %1 A ogd ®9 € 7: W I K
™ 21)
T YehN—
n = 1.29x10°x55.5 mol
= 7.16x 10" mol
_7.16 x 10™* mol x 1000 m mol
1 mol
= 0.716 m mol
LSRRI
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uraffEd wed

S o o T 6 S S § v o g e e ) e

B T U FB A ST B Al T FhR § —

o TE-SA UF Iaa A B CO, i faciaar agr o foru diaer =1 ifues
T R &g fopar s 2l

o TELTHR W vATH oid §U TMAMER| ol 1fueh < W G i 3tferen Sermeiierar
1 FE FET IS Gehell €1 Afish a@d I o HROT Yo o 91l oft T
agHEA T w1 faeiaa TR | sifuew € S @1 S MaeR gag i
3R 3T B, el <@ -+ 7 e o 81 59eh SR el g8 T et
foeperd! €, 30 BfeR © TgEoH o Sefgel o ST €1 8 Shivreniel § Sferiy
SO HR I € SR U oo e Sa= #) % € o dew
(Bends) #ed €, 7€ AT NERE® T Sl gl 81 sgd o ae
IS it BER H 31feres A6 & Sedel 9 ¥ 9= o fou, Marari g
v o o T ST foRT ST ol Seni |, Eiferem e 9 i T a1y
Sl 9 S @ (11.7% B, 56.2% 82T qel 32.1% 3iiads) |

o AfYem M el Sl T SRS kT STifTeh </ Fae! Tl § ®Y Bl
2 37d: T STl W T& ol @il Uel STRIeeh! o L S Sdeni | Ao
1 igdl F= 81 St €1 6ok 0T STRIEh HHSR B S A S
e &l | 3T AN Rl TAITRTEAT hEd B

GICECTI LGl

A9 o g R R 19 w5 xal ¥ foeigdr sed #1 Sl SH W 7 o 21) 54

e W el SRt SEH SUMked eid B d: faeliiehior o WehH ol TeH ok

HYH GHA ST Hhdl © 91 56 ThH § ol Scqreid Bt 21 g9 fusel we o

ug ok € foh Taefiientor &1 Uik ek Tiaen W i oteren § gl € o

T A-vIdferd fam &1 o w3 =ifeu) Jieh semeierd Tk Ssedt gfwman

?; 3Td: d19 ded W e T = ey

1.6 TS gU i SEt iy arelt Tt 9 H,S Tuncash favemor § suEm 5t et @1 A H,S T
1 S H STP W faeraar 0.195 M & df 344 feeie i UMl shifsu)

1.7 298 K W CO, & &1 et H foetaen o forg 0 feemish 1 5 1.67x10° Pa €1 500 mL
el S 2.5 atm 3@ W 9 a1 7411 298 K A9 R Helt g8 CO, 1 AT i AT hifs)

1.4 A et
26T A T

o faetes ®iE %9 g ® o gard foeEd s9d 21 faeia s T, g9 @1 S
B Hehal &1 T o 5ol | Tl ®1 3o B ugel € wE 1.3.2 | Y ek
T1 319 B9 gl 31 36 & gal § faeral 1 sremaa w0 59 YR o oo
o U o1 3Afueh ST arEiiel B Fehd © | WG : Satd foreteh arsqeiiel Bid
2| Toet araeiiel e ot "ehd & steren 7@l i 89 e horel fgeii T oh
TN 1 1eFEE w4, s1eiq 9 T o < orege B ® e R (1) st
w1 Al § foem qen (2) S w1 sal | faeeH|

O foomm
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1.4.1 ga-ga Taoraat  oTeu, &0 < arowi 5ot & fgeht faemem o1 steaem o oIk g0eh <M stawd
ATy =a F 192 9 3ifhd Y TH & I H o W AT 31999 SIORd BT qe A
FToT YTeRel U 5 WIaEel oF Hed Ueh Wi LNfud &1 S| /i ¢ifsTe 39 afaeen
¥ el <M p,_ AN A 1 TS 2 o A S I FH: p, T p, €1 A

Syifare e 41 quazémﬁawmxlax2@wfaa%|
Ta WA HREad O T8ee (1886) H Tk W9 Udh HERHS Ha
| oTe Gay USee fam o 9m 9 W1 ST €1 S SIER arsgiter ga
o Taoem o v 199 w1 AP o faoem o SHe WieA-3i9 ok

T BT §1 o7 /99d 1 o fou-—
plocxl

R p,=p) x, (1.12)
Sl p? WS Fed 1 1 TAM A9 W a5 3@ §
3l YR 197 2 o feu-

= pJ X, (1.13)

Sl p U5 WeF 2 % oA I hl TR FIA B
T[T oF AVH &6 o a7 7 faoem sfeen &1 $a T4
(p,,) ol & sl & e <@ o Sig o TR e & sHfe-
Py =Dt D, (1.14)
plapzéanﬁr@’ﬁqigﬂqﬁ%%—
P =X P} +X, p]
=(1-x,) p) +x, pS (1.15)
=p +(pd-p)) x, (1.16)

et 1.16 © Frefaiad aiom ekl s ded 2

(i) TRt foemm o g ard <@ & Uk fohdll o= oh
Hiet-379 9 Heifea foran S Fehel 2

(ii) Tt faeram 1 el arsq 3« STa9d 2 o Hid-319
Y (@@ w9 9 qiEfdd g 2l

(iii) 9§ 9@ 1 9 2 o a9 qd R R wd gu faemm
1 el A @ FaFE 1 ok HIA-37% o qg § HH
x,=1 Hret-afer x, =0 I S F R
=0 X —> =l ot faeta & foTQ p, StUeN p, F1 x, 91 x, & favg

ford 1.3—fEeR a9 R 3759 foerad & arg 9 aed fae 1.3 1 ¥ (@Y e B 21 9@ X, 9 X,

T TS F G S @]y o | @ § @A @ (19 1) FE Hg p° a pl

T Il TeF & S T H T 2 T ¥ T TR A p_ H x, F v e

7 o s o @ (amnneﬂ%@ﬁa%ﬁm%(ﬁsrlswp 1 =[AAH A
p, @ p, FHH: x; Td x, & GAFIA
%) forg F i tar 1 FeT AT A ) OO SARAH WA p) 21 Tl e 1 Tk 2 ] g

o 3 H W AR € e p? < pol

LSICEMEREN
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focta o Wy T § a7 Yokl o 9e¥ed k1 Ui taFel ok STifvn
T 9 Fruifta fran <1 gehar 813K y, T y, HE: ST 1 9 2 % Oy
ST U Hia-273 Bl dd Sleed oh AMYIH <@ o 99 &1 ST i W—

P, =Y, P, (1.17)
P,=Y,P, (1.18)
§HEG: p=yp, (1.19)

ZEEeor 1.5 298 K W FaR%M (CHCL,) Td SEaRMeA (CH,CL,) o o <& %HAT: 200

mm Hg 9 415 mm Hg H

(i) 25.5g CHCl, d 40 g CH,Cl, ! fHeet M1 7T faerae o arsd g &1
TUET 298 K W HifSg)

(ii) TSI Wil o Yodsh 37999 oh HIi-3191 hi UMD hifolL?

& (i) CH,Cl, HTHR 99 = (12%x 1) + (1 x2) + (2% 35.5) =85 gmol '

CHCI, &1 HieR 99 = (12 % 1)+ (1x 1) + (3% 35.5) =119.5 gmol '

CH,CL, % et = — 208 _ =047 mol
85 g mol
CHCL, & He = — 2228 _ 213 mol
119.5 g mol
Fd W = 0.47 +0.213 = 0.683 mol
0.47 mol
Xec, = 5 683 mol ~ 2688 ¢ ona, = 1.00-0.688=0.312

T 1.16 -

p.= P, +(p) - p})x, =200+ (415 - 200) x 0.688
=200 + 147.9 = 347.9 mm Hg

(i) 9 1.19, y, = p, /p__ 1 ST & R g0 79 graen § 576 &
Tirer- s F T AR T
Pciyc1, = 0.688 X 415 mm Hg = 285.5 mm Hg
Pcuc; = 0.312 X 200 mm Hg = 62.4 mm Hg
Ycnyc, = 285.5 mm Hg / 347.9 mm Hg = 0.82
Yonel, = 62.4 mm Hg / 347.9 mm Hg = 0.18

e - dfF CHCL, F1 geM1 § CH,Cl, SaRI arsaefie 5k & ( poy,cl, = 415
mm Hg 3R p2c, = 200 mm Hg) 3R i graen ¥ a1k CH,CL, ?

(=0.827T Ycucy, =0.18), 3d: 3 7 okt Ferren <1 ekl © for “mearereen
W ST WTRAT THYM U aad hi T gial & S STfeh arsagiiet grar &1”

Ll foem==
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142 U3 o Tam; W & fom & dgar fFd foomm o 39 ammefia w2 &1 a1 <@
T & Fraw @t
T faow Rafa

p,=x p° BN = foRan S €1 foRelt 59§ T o forer o e | T
o2 T aroqeiel € 5 9% T w9 o € Tear € a1 86 Wd @ TR SHeRt
Hereiterd 80 o frem 9 freffia et € foeen eran—

pP=K;x

Iz &7 TSee o o o 2 & Fam w1 gor X df @1 S geha @ T
areusiict SI2eh e T w1 AR <@ foerad § SUeh Hie-3791 o SR
2T & hael g feri® Ky T p? § fa=iar 2t 81 39 R TS &1
frem, 3 o5 from ot s foriw feorfa € 5 K, 1 9 p? o A o aWeR
B S 2

ool 1 T otent wewegul o gdf § o g 3wl 1?1 Ssrend,
Tifean FNEe, oG, A T I T WA § foerdd @R S, s
9 S T e T8 TehiEe | faered g foaerEl o o difds o s
ool ¥ =gd o1l B T, ST 8— o @ fRdt fRu T A wogd
SIS0 BT © qe Aol I §ol hi ooq oh1, Sl el
T STl A SE S TH ] oY T€ ke

@ , 2o ° (fo=1 1.4 %) | Ig 59 &1 9 g 59 & 10si g fordt
° ° @ w@dl 21 9k et foemas o e sl foe S
10223222203 220000003 faeram o= we a1 39 fae@m &1 99 9 had faaas
e S e o TSR o R B @ (Fe 1.4 @)1 fw T am w
1 mol e foeram 1 I8 ard {6 3§ foemee & arvasE 9 &H g

B fore =1 T W faeta o foemes S o 210 Sufkerd

- °m@/w a1 o 9aE 1 faees & el ¥ w9 w9 w

o 1.4— faemae 9 faeiq &1 3uikefd & Boraey
facirae & ary g9 4 FH

(%) faemae & ST #1 3Tt Tag q

qreq,

(@) foera o fact & v &l 4 g
T & 7€ o Gag w1 Fo 9N Rd 8l

LSICEREREN

ST B | $Eeh 0T TAE DSt W ol foeiee Tujei i
TE ot dRIER T Wt ], 37d: et w1 Ay ge o
% B S 2

et o a9 <@ § KT faereH | SUfe sTaroRier
foom &1 wEn W R wd © OSEHT YHid WOAE,
3TN, 1 kg 9@ H 1.0 AiA Gohi¥ AW W S &
aroq e H FHH e 9 B @ S fom 1.0 Tt FfEn w
S 1 SE AEN W SH a9 W fHem 9 e 71 USee W 1 | 59
e e Tehanl STl @ “Terelt TareTarm oF Ueieh arsusfier staraa ot STifoTeh
T I THeR WIG-319T oF WUIUT g €17 o9 ©9 fgerht foomm o
focia® 1 1 o foom 1 2 ¥ = W 21 54 foer starmeiie 2 §
Sheel foremae 310] €1 aroq steree | B € SR 915y S w1 HRU B € A
p, fereiesh 1 =TS <1 9 x, $HhT HIG-39 B, T3 p_ SER! G e
eI 2, A S oF TR

plocxl

I p, =X D, (1.20)
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o 1.5— 3l i faeaT T4t Fson & g I8ee
& 799 1 i Yl & @l IGHT ary
3149 T Tl 3@ ° g d Y5 faeras
& a9 <79 ae gal Sl gl

1.5 g2t ga
g2t fareE

1.5.1 eyt faeam

1.5.2 3MEy fae=m

T ok Y5 faea® o 9 @ p o aueR B B, T o
9 TE § HiA-379 YA oF "L @i T oo W g § (e 1.5)1

s faemaes i
Ty T4 P

arg qE —>

0 foemes &1 A@-siw 1
X —>
%a-5d faerai i USee o a9 o SER W AR ud 3Ryl faermi § sfigd
fopa T Heha B

W e St gt |igaei W USee o 2 o1 U Sy €, eyt faera
e | ey foed o & o g O ot B &) fasr e e % fon s
el i Ao e o fagmn oM 1 Gt uiads den st IRedH 9=
BT 21 3tefq

A, H=0, A, V=0 (1.21)

TR I TE ® TR sramdl o) fufEd S W OIS w1 s SAdl
AT | Bl 3Hep SAfafed faea 1 e off <A1 eTedl o A
o AN o SUEl Bl @1 STivesh TR W Tl o SMeyl SHeEr i 3o
A9 B % 179 gRI GHS ST Tohdl 21 G SAagal § el Rt
EAHAT A-A 3R B-B WehR w1 eidt 81 Seifer fgeitt faemml o 51 9=
safmaet o oifafled A-B R &1 rgrafmad o sufterq i afg
A-A 9 B-B % 9 3{auenfveash 3ehyul S@ A-B o GHM B d I8 3TEy
IEERERCEIG ]

Toh qUIEUT] R foeta i G9IEl 9gd S Bl €, elfhd 5o oo
ZEER T TN SEY B4 Bl n-2e 3R n-2RH, SIS SR FARusH au
el IR e ot o foera 39 =t o o1 €

S 1S Taerad gt Higdel W Usee o 9| o1 9o T8l hidl a1 98 eyt
faerm wee 21 38 YR o faeraHl s oTouee USed o R gR Wi
(predict) T 7T o159 T/ § A @ AU Be1 € A HH (FHEHOT 1.16) |
e g AT B © A I foer TSee o ¥ gateter faerer weiia
2 3R IfE 98 HH Bl © dl IE SHUTHeR Tarerer 9 wiar 81 0o forerami
o AT T[e 1 HiA-3A9 o Gue e, fo 1.6 | fa@mEn w2l

13- fao==
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| 4
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1
1

< X,

o 1.6— fgeeaia e @1
arsg 37e 39 GE
& FIRF F BT H
(%) T32 & a9
g garcas fa=erT
oI aren faeeT
(@) T32 & a9
g FHUHF [T
qI are e

LSICEREREN

2 ol 1 RO affvesh T W SAEmaE ® yhfa o fem ?
8o | 9 vArcAs fa=em o1 feafa ®, A-B 1w A-A stean
B-B & ¥ e=ifmaet &1 qor § AR e € orefq W feefd ®
focia-factoss eEl o "o siauenivas TehNul o faca-faeia ek
feretrreh - foremae e1uEti 1 qol § $usk e 81 S Haeld 39 YR ok
foee i 5 9§ A 21 B o 310 Y[§ 3109 foh gl | STeh STl 9 e
FR Gohd &1 39 TRUTH ey ared I« § iy g @ el e foee
BI B1 WHTel o GEHie w1 T gHt YRR w1 HeER <wiidl €1 s ueHte o
gl o Hed BRSSH §¢ Bid 1 THH UHieH et W 6ok 37u] snifae erogei
o de en W €, e sror enfaea supetl & ot ued o Sufterd erEgieH
T T2 S §| ST ST ol FHHA & ST o HROT {507 TS % o
Y ¥k e (fo 1.6 %) <o 21

e TEHCHRES & THIEH | fHam R a7 faeeq o faoa-faemes stoei
o T Tgyeta erafma faca-fae @i facmres-faemes smpEt o e
RS ¥ AR Bl 81 98 faer ot enere faeer e 2
[Wee o 1w 9 wHomers fagem =1 feafa § A-A 9 B-B & &=
FauenTvae: Mehuu St A-B w1 qoil § HHSR Bl 81 3Heh hoerey arsere
% B Sl © 37d: RN fodel YEiid Bl ©1 WiAiel o Ufel w1 e
TH YR 1 SR B 39 feufd o wiHifas W 9 el % AT
o THTh! TSR A o A AU BEgeH §¢ Th 4 S0SH & "
BIESISH ¥ 1 gl B Hstad erdl €1 36 WehR o Felithid o WIS 1 fasor
off T forer sd1 & S TS o oM 9§ Shulcaeh faae <9l 81 SHehT Sl
g ¢ o SR 1 370] UEe o 0] o WY eSS ¢ o Fehdl & Sl
fF o =9 feu fa9 9 2@ weA <
H,;C Cl
>c:o-—— H—C<—C1
HsC cl
TG UF FARIBIH & Ge7 gTEgiorT ¢
THoh RV Y Tk ok SUEH K1 TAEA w1 I A & Sl 8, for
qg T W OHH S ST © de USee W 9§ kUTcHss faded Bl @
(fea 1.6 @)I
9 7d Taisd o W Rereene a0 € i W0 fgoes fg €, fee
To F o WEEl § HeeT WM Bl @ 991 98 Ueh TR q19 W Seed 81 U™
TN o Feh! hl JUTST 3THA GRT STl 7@l fohan ST Wehan| feeraanedt 3 YR
% B €, TS Jram gagient feeaandt qen atfieran ool fememredt
Fed 2| faorm st FAfvad E1ed W weee fom 9 srafus o foeer
TR Y €, AR fergarelt s €
IR IR o fohve 9 Wi weHd Td St 1 {1 gersh 2 Ee
BRI S T 21 § SEH STEdH o SMYUR T ORI 95% de WeHTe 2l 2|
Teh R I8 GES W R oA o geen, S foh Frereanel geed §, 59 9 o
1 GE GHM 1 Wl € 99 $6eh S el el el
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urgatited u9A

3 faerm St fF TSee Frm § 95d sifus woToTd faEed I €, T
fafyre Hoed W ifieran saeriR! fereael 9 §| TEfew 31 T Sl &
o0 58 YR o Teeraenedl o1 S0l 21 39 Teongenell oF WEed § oIe
68% e 3 Td 32% widl (SoadH) Bl ® TSk @i 393.5 K
Bl 2

1.8 350 K R 95 Sdf A Td B o < %AI: 450 TS 750 mm Hg €1 9% S amame
600 mm Hg & df g3 fasior &1 "eed o wifsre) @i & arsy gaeen &1 geed of 9

HifeTg|

1.6 WW Te 1.4.3 § 504 9 i <9 U srarsqeie faer faeme o <ren s E

3R Znfveace

A BT
ST

1.6.1 A™I <A <hl

MUTAeR  3TaHT

et &1 o <@ Sedl B e o hE Ul T S o STeHA o et
g 38— (1) faama® & o 3@ F1 e ofeTd (2) faame o fediw
1 T (3) Toremoes & FaeHi 1 3187 3R (4) faerT &1 9e gE)|
g |t T foeras W Sufedd et ShuTl st G qe faeia sl st |
& U W Tl wwa € 7 fR faom woit = wewfa 9 @ on =
JTUTEEA TUT o FEd 1 [1EEA, (colligative) ‘wfeT arr @ forgd, ‘ai”,
1 79 & T W AR forie 1 a1ef © areifud] Frfofed wel o v th-uw
FHTeh 3 0N 1 faA=E
@e 1.4.3 ¥ g0 dran fh fodt foemes &1 faoem o ars 3@ 35 foems
& a1 T 9 %A Bl 2| TSee A g fhan i arst <@ =61 stame Shad forod
FHON o Higol W TR I 8, ST YHfd W T @ 1.4.3 H femm wn
THHO 1.20 fae=m & o @, foees o o <@ Td HJid-319 | Hae
Ty s @ tefa—
p, =X pf (1.22)
foetesh o a7 <@ § STaEA, Ap, 1 191 FehR ¥ e s 2
Ap,= P, -p, =P - P| X,
= p? (l_xl) (1.23)
78 90 ® fF x, =1 -x 2, o e 1.23 7 7R 9 w9=d
STl B—
Ap, =x, p; (1.24)
5 forerem o g sraroreiiel foe™ Bid ®, SHeh aToaee o1 e fafa=
forerall & Hie-379 o 4 W AR s 2
T 1.24 1 39 THR o Gehd 8—

A 0 -
LR G R (1.25)

0 2

p, p,

15. fae==
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SRE01 1.6

1.6.2 IR Rl

LSIREMERIE]

16

gl € S ST R B o Tt o o iR foran e ug areare w6
STTUTHTR STTTHT FHEATAT & AAT THHT I Tae1d oF HIeT-3997 & a{TeX Bral
2 37d: IR GHIHT 1 39 THR forg Heahd o—

o _ . n
L L Y (1.26)

p? n, +rn, n + 1,

Tl n, 3R n, FHEI: Toeraa | Sufterd foemees SR foem & Al &1 ge
?1 7 foerd & fT ny << ny, 3@ n, B W H W BIE 3 W

0—
pl—opl=n_§ (1_27)
p, n,
o _ x M
o D oh W RO (1.28)
p, M, X w,
TET w, 3R w, 991 M, 3 M, a9 Toremaes S fac =1 46 i gie]
M B

TR (1.28) H Sufterd o= |t AEMW I B8H W faod & Hier
A (M,) Wi Giehferd {1 ST Fehdl 2

fepdl A9 R g S+ %1 9159 <@ 0.850 bar €1 0.5 g Sarasiiel foeermase
M H1 39.0 g =i (WeR F=HHA 78 gmol ') H el 7 Ui faerm 1 arsy
TME 0.845 bar 21 319 1 Aok S0 #1872
T 1 A 59 YN —

p? =0.850 bar; p=0.845 bar; M, = 78gm01_1; w,=0.5g w =39¢g
TR 1.28 H I HH WA W

0.850 bar -~ 0.845 bar _ 0.5 g x 78 g mol ™'
0.850 bar M, x39¢g

ofd:, M, =170 g mol”’

T 1 Y Sig T ST e Sl 81 T8 SH A TR Saeldl © e W SHeht ooy
T IFHSAT T o SR @ Sl ?1 SSEl % feu S 373.15 K
(100°C) W Saoidl & Hifh @ @9 T Sl 1 ad e 1.013 bar
(1 agHed) Bl T4 frod @e | o fo sremseier fao fo sufterfa @
ot 1 o159 <@ A 2l S 21 e 1.7 35 fetees @R e o e
1 A9 o WY UREd YEET il 81 SSE0l o Ty ehid o el et
F1 9IEE 373.15 K R 1.013 bar ¥ %8 21 39 faerdd 1 eeH
& fau a9 =1 s fooew (S9) & F@Aie ¥ SAfus dgrRt oo
H1 AT F@ 1.013 bar T dGHT GBI 37d: fohedt ot fagem @
TR UG oo, fad foeaq s @ €, % e 9 guen st
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i € St fo 1.7 | i@ w21 arsuerE o S1eE o |ue €
TR 1 I o T o S1usti &1 wen W e s € 7 R
. SUH! Ypfd W TH A hE F 1000 g 5 H faerm 1
\ /N agHeAd @ W 373.52 K W Saerdl ¢

Rk T Ys foemasw w1 FaeiE ¢ SR T, foee &1 s
TA AT, =T, - T I FaHich ol S=&T el Tl 2l

T <@ € R @ faeram § saerie w1 5= AT, faoe o
Sufterd facia 1 Hiela T o HOEA i {1 ST

1.013 bar FAYAIR
a1 1 Atm

I«
E &

e N

° AE-T AT, cm (1.29)
UK ———— B AT, =K m (1.30)
T 1.7— faergT &7 aryerT el m (W) 1 kg faomes & faei= fao o Al =t
%, Yg S & arq e ® 991 K, daodich I8 Terier a1 Hieel S=1ad TEeRish
qE g & A Bl (Ebullioscopic Constant) FEal &1 K, 1 3#E Kkgmol ' 2|
STRG T & F AT, S T fae@ehi o K, 1 71 9roft 1.3 ¥ fean w813t M,
feaere o foremraeh & OeR §99M a1t fae™ & w, U, w, I oo § sufeerd & o
FATF FH I 2 faem &t Ao m =1 98 gR e 1 S ?

w, /M, 1000xw,
w,/1000 M, Xw,
THRTT (1.30) | Hidddl &1 A W&H 91—
K, X1000 X W,

M, XW,

(1.31)

AT, = (1.32)
1000 X W, X K,,
AT, X W,

o1d: foeia o Hier =@M M, &1 9 feer & fau 39 faoa &t
A A 1 UH foerres &1 A |46 H el wieh AT, 1 °H ¥ 5 9w
foran s 8, fomrck faw K, &1 79 9@ @

M, = (1.33)

SEE0T 1.7 Wk 9Edd () H 18 g W CH,,06 1 1 kg 5@ ® =iel 71411 1.013 bar
T W T8 A RE A9 W I? S % faw K, 1 71 0.52 K kg mol ' Rl

. 18g
ThE o Wil @ §&ll = ———=—— = 0.1 mol
& 180 gmol ! mo

faetos &t fretime & @61 = 1 kg

THfeT TohiE o faeed ®1 Hiderdr = 0.1 mol kg (TR 1.9 §RT)

S o fo smeAie o aftedd
AT =K xm=0.52 Kkgmol ' x 0.1 mol kg ' =0.052 K

=fF 1.013 bar T W A 373.15 K W Saewdl €, 37d: o= %1 s
373.15 + 0.052 = 373.202 K &I

17+ faem ==

Reprint 2025-26



SEERN 1.8 owfiA w1 sl 353.23 K81 1.80 g Tausiiet faet@ &l 90 g =it # HieH
W o= 1 el sgH 354.11 K 81 Sl 81 foeid o HieR Se7dM shi T
IS a4 o T K, &1 91 2.53 K kg mol ' 2|

354.11 K - 353.23 K
= 0.88K
TR 1.33 § 98 9 WH W

B FEUHlR kT I, AT,

M. = 2.53 Kkg mol™ x 1.8 g x 1000 g kg™

=58 I
2 0.88Kx90 g gmo

31q: faeig &1 AR S99, M, = 58 g mol '

1.6.3 TeHich T 3TEHT oo 2@ o w3 & HRT g s &1 qor § foerH o fuis 1 s
B e (Fo 1.8)1 89 Sd @ o forelt wered & fewier oX, S wrareen U 5o
Wi Tk e o Tt 71 37 Rl gered o fewien fig 1 39 yeRR aRenf
fopan <1 Tkl ® fom g% o% qM € FHW g9 7o 1 9y @ Ul 3
FEE] o TS S o aeR Bl §1 U faer e qsft fewdieno g € v
SHHT 1 36 Y5 3 foergsh o drod g1 o a¥er 81 e S foh o 1.8
Y W B TS & FEH & SR W Uk rarweiid 3
foretreres ® el STl € 4 foeiees 1 a1y <« %8 8 S 2 iR
319 THH] INEE S faaieh o IR o I s HH a
W B 81 31a: T o fents w2 =@ 2

a1 o6 T Y5 faerae @ fewis fog € @ik W@ sHd
ARl foci Hen & 79 sue fem fog T, 21 o femis o
FH TP - T, o SR FAMI
| AT, = TP - T, , T8 f&Ar® *1 3Ta=0 Fed &
¥ T FIUAIR F S99 o TN & a7 faeram (eneet faeem)

/R 1 femid s (AT,) +ft forerm 1 Heedt m & A
o 1.8— faerT o faemas & fears &1 Bl 8l oT:
ST (AT,) T Sl SAerE AT o m
I
T AT,=K m (1.34)

T feorish, K, St faamas &1 yfa | fdt & 2, st fewien
T Teorier, Mol eTa- feeish o shraahifus feriess #ed 1 K,
#1 THE K kg mol ' ¥ $8 yafed faamas! & K, o9 ¥R 1.3 ¥ fKu
T §
ISIREMERIGE
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AfE w, T Tt e 9ok 5emM M, §, 1 w, UM T o sufterfy
W%WﬁAgww&,aﬁﬁéﬂﬁmW 1.31 g1
T S B —

=W2/M2

1.31
w,/1000 ( )
T (1.34) ¥ Hicleldl &1 98 AF @A W), 85 W el e—
K, xw,/M
ATf= ST el
w,/1000
K. X W, x1000
AT, = S 2 (1.35)
M, X W,
K, X W, X1000
M = (1.36)

2 AT, x W,

o7q: foera 1 Hier semr feher o e & w, wy, AT, o H1el Hiered
oA feerieh K 1 7 oft 9 &1 =1fetl K, & K, o 7, S e w1
Yehfd W R #@ B, 1= Heel 9 9 fRu ST gehd 2

R x M, X T?

K= 1000 8. H (187
R XM, X T?
K Todh <~ f (1.38)

»~ 1000 X A H
T&l R &R M, %99: 79 feeris & facmes &1 Her goamM a9 T; 9o
T, shfcar ® Y5 foeias o waw: feuie ud d@eris €1 36 TR A, H a1
Ao H 091: Toeies o6 o T arogd Toedt | qitede €

AR 1.3- FS faceehl o Hietal daeqich S-E9 Reis Td Hiee fedie sreaqm feris

e LFANES

HTe SRHTHIES
TRUYS 3R
THifes ama

373.15 0.52 273.0 1.86
351.5 1.20 155.7 1.99
353.74 2.79 279.55 20.00
353.3 2.53 278.6 5.12
334.4 3.63 209.6 4.79
350.0 5.03 250.5 31.8

319.4 2.34 164.2 3.83
307.8 2.02 156.9 1.79
391.1 2.93 290.0 3.90

19, fao™q
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SEEROT 1.9 45 ¢ ufref TemEHiAd (C,HyO,) 1 600 g S o fhemn o foee &
(%) feris Fa8 Wd (@) fedis it ToET Hifeg)

E  fgmier EHA Hicleldl § Hefud T, 31d:

el TR o Hid

A TATZhIcl oF ToIai@d i Hidodl = .
R A & kg H 5N
. 45¢g
TfelT Toghid o Hid = 62 gmol ! = 0.73 mol
3 600g
S H1 kg # T = 560,57 = 0.6 kg
0.73 mol

< _ _ -1
¥ YR, T TelEhicl w1 Aided = "o a0 kg = 1.2 mol kg

a7q: fewier o ofo@m AT, = 1.86 Kkgmol ' x 1.2 mol kg ' =2.2 K
o™ fae™ &1 fedwiss = 273.15 K- 2.2 K = 270.95 K

GEEQOT 1.10 Tk SgAeTeTdszd o 1.00 g i 50 g a=i+ ¥ e W 39 feriw o 0.40 K
1 U B S | Sl w1 fewieh ererHe feerish 5.12 K kg mol ' 1 foeia &1
TR SHM A1 SIS

g0 G (1.36) ¥ fafd= usi & 9F e W B9 U ©

5.12 K kg mol™ x 1.00 g x 1000 g kg )
M,= . 040Kx5§g #=E- = 256 g mol”

37q: fae@ 1 HieR $o9MH = 256 g mol |

1.6.4 UROT e T UHfA 1o T H HE qEeel w @d €1 S<eiond, Fed STl 1 SR
TR o fou THeE S § fie W3 Hepfed € W €, 9 Eel q S
T T W A B 84 €, THRH Sl | W@ R B HIRRE THepg Wt 7,
e g weft sreeli § weh o S e w6 €, 9% 9 © fw
3 geft qaref fefeeral @ ufteg B1 3 fafeoal wiq = areafa oo 61
B Tohdl  Ud I YN o =ieX AN UHHT hi TE Wehah &9 H
fierdt 8, 19re Uellthe 1 qE GYCIltd Yehfd w1 Bt 2|
e ¥ fafeerl Tad vie =1 fhen Wi 2t &, qenfa o sifaegeneea
(Submicroscopic) T8 =1 i &1 Tw -eaeh gl Bl FD
oo S8 St o o79] 31 foRl O TR 9ehd § g faod &% o2
— forer el 1 THA WIfd B €1 T WhR oh Tl arelt feifeerr,
srefarTe fafeerat (SPM) weard
— ST A e foh sheret foaretrre & @1] € 57 eredurore fafeers
. T 4 9 et wohd #1 Ak forr 1.9 H v SE e foeeh foremas
faa 1.9— facrae & TR & FROT T faeraq & qea W@ § W o faeras o o) 39 foeet H 9
forder ot o ferera a1 &R feRetet faeraa &1 IR Yenfed &1 Sew| faetaes o vare &1 98
72 S Bl WehH QRTERUT ShgelTel 21

LSICERERIEE
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P_ +T11 P.

kS

HreEel U g1 q% YaTE 9ad 91 &l 2| foeet § 9§ faemes
T AT AR G fIer= i AR 1 Yorg, faeem R aifaled g«

[

SPM

[

P

T HT Yokl S Hehell 21 TE @ I T faemares & vare &t
T ekl &, GUERUT ST Feadl 2| IR foeett o @
foemes =1 97 fooea § 9% faaad &1 3R yae, e o
HIO B ] Fe fag e W@ 4 ® T foetess o o1 g
forera ot e igen o S WiKdl 1 3R YaE Hid &1 TR

e 1 forer ot wisa W g T T R
%1.1o—$§zmak£qwmz Teh T w1 TR S o8 Afafie e €, S IRl i
TgHF HT AT T S A T S =

foeed o W 9§ ek o fau e s =nfeu) = o 1.10
H TS T E | R 6 U S 0 €, S 6 foem
fop a10] G W el e ©, 7 56 saent wehfa w1 foerert & fag weifies
IR W 7E g T € R WrERer 9@ feu g 9™ T W, Hiew r, C %

FUTT(eR B 21 3T
M=CRT (1.39)
Z&T I1 W 3@ T R 9 s 2
. Jlilo,
M= <% RT (1.40)

Tel v, faea o n, Hich 1 WA aret faera %1 o maad o § 713 M,
e S99 1 w, TM faoa fooraa o sufted & 99 g9—

W2
M,
W, RT
M,

n,= w

nr= (1.41)

[T M, = W;?;T fera wehd €, (1.42)
37d: TR w,, T, I1 T3 V & 9 8H W oo &1 dier g2 aRefad
o S Hera 2
foreidi o6 HieR SeTHM a3 1 Teh 31 oIl qeRol S/« 1 919 2
g fafy Wi, Jgaishl T8 T Jeau[stl o HieR SeA9H A1d i i gefad
fafer 21 wreRer <@ fafy <@ oe w6t o fafuel @ stfues syanh € it
TUEROT ST HIOH ST oh oY T Bldl @ e Hieterdl o € T faers T S Hierd
ST H off S 81 311 STUEEAs O i qorl | a7 el o fow off sueh
ufarer sifush gl 21 feial o HioR SeFHM Td i i TRIERl S qehieh
o9 &9 G Sta-37upeil & fau STErT | S Seedd W A el T/ e
TS 9 g o forg off Rl forciemar w9 Bt 2
o 7T A9 W /A WEOT e At S faera aemrant faeem
HEATA B e WY Taera srefurre feeedt g0 goek fhu S €, @ ek Aed

21 fae=m
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TR Tl BTl Sarewond, iR iRt | feod 59 w1 W @ 0.9%
(SeAT/3TEeH) Fifea weikige, f5a amr @@ foeem wgd €, & qedis
B T U W A W siaafi (F6e) SO gifEd W 21 @ SR, Ak
T HIRHIST i 0.9% (FeTHH/TEdH) 9 1 Gifeaw Fese faoa § @
g, dl STt hISTeRTeN | Wel Yelted B S SR o Hepfud 8 S| 36 WK
o oA & Tl foe@a ®er S @1 A oo &1 "Eal 0.9%
(SHUM/3TAIGA) © %W & Al Scl FIERISH o 3R garfed g1 W o Fe
SR U faeram &l sreaurEdt foee wed 2

GEE01 1.11 Uk W & 200 cm’ Sl fae@d & 1.26 g WEA 21 300 K W 39 T
T 2.57%10° bar 9@ TN GEH o Aok Seq9M sl GHeheld HiTsU)

gar  &H frefafed vferl @@ g

I1=2.57 x 10"’ bar,
V=200 cm’=0.200 L
T= 300K

R =0.083 Lbarmol K

T T ) I 1.42 § gioeenfud e W B 9 -

1.6.5 Uidel®m orEoT
LIS IR

LSICERERIEN 2

2 2.57%10bar x 0.200 L

_1.26 g x 0.083 L bar K™' mol' x 300 K

=61,022 g mol '

9 @S o URY ¥ Iooliad qREeIsTl i Tl o STHR W HHem 7
Hehdl 31 STER 991 o fou |ig davia faom § W@ T wean 3| e
o RN ST kT &RUT < <1 & T Gepferd & STl €1 g o9 il <t o
T W G d9 € 33d &1 SIeR0 § S B9 o SRl Tl el gt MeR
Sl H @Rt T IS e § WIS 1 ST Hehdl 1 TNER0 o ShUT STl SEeh!
HISTeRTSA o 3Fe =l ST 81 AfE SRR HIERET 1 0.9% (SHHM/STG)
H FHH TEU 96 A § @1 S Al IS0 o hRUT ST o SR IR | Jare
T I FaA S | S A Sga ik THE A THEN ASH od § 9 Sk
HIGTRT Te T IR LAl H STt R0T Hegd wid 21 $8eh IRumeaey
%ﬁwﬁwmwaﬁsﬁm(edema)mﬁ%

Sl o1 GE1 W el st wel | R R 9e o S o e o uge onfien
®Y Y WETN o SR Bl ¢ WiE § w0 e W Ud Hell W e
THetreRt Teeror SR 1 f5ha w1 Ushal €1 TIEROT o HROT THH IR Hid Te
s o gnt T wet W R SRIREH Sl B o Rl Hepfad Bieh W Sl €

oz 1.10 # aftfa faoam | afs W 9 9 s @ o se
TWERE H en # gfEfda (Reversed) fwan <1 @ehal 2; oreiq Us
ot ofa st foeell o Wi W foeEd § @ UOEE sl 2
T U wiaelil WUl Fecidl © U AR ®9 § §gd Sudnt
B Wiqe™ TREROT 1 SUAN T Sl o faerauiiehor § e S 21 Wehd
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freq W1 SRE fregor fas 1,11 ¥ Sofen T @1 Se qUeR

caococo o

RS ST | Aeuiig STt

m>nj T W AR < A S ® Al Y Sl SuRr et

o e W W o | 9 a8 S 81l 3w S
o foq fafa= wR =1 agesE oo sues )
Hiel™ TR & folq efewdsh < §gd st g @l

9 ™ A
SPM

farT 1.11— 9 fIe7d7 W 9OR 3/ § e

sk fau Iwge focel! doqee THiee &1 frew 9@ &+t
Bt ® 99 SUge SMUR R @l Sl 21 Hoed T sl

7 A s o foru ure € W st S o Sufterd s we st

W BT 2l

urgatited u9A

o fau T ®| S Wgd W W YUl A S i
EYHA o foru faeraoiisto 95 1 ST #@

1.9 298 K R I S %I a9EH 23.8 mm Hg 81 850 g 5id § 50 g a1 (NH,CONH,)
el ST €1 39 faerd o e Siet o oTsieTe U g6k Sk ST T UeRer hifs

1.10 750 mm Hg 6 W S %1 FeAH 99.63°C 81 500 g il # Fehae1 gepig oot sy
f =91 100°C W 9L & W)

1.11 Uwhifas o7 (faerfim C, CyHgOy) oF 3H So99M &l URehe sitee, 9 75 g TEifesw
o H Hied R 38k fewih § 1.5°C &t & & WUl K, = 3.9 K kg mol '

1.12 185,000 HieR &AM aldd T g o6 1.0 g &l 37°C W 450 mL I | =ied ¥ 3
fIera o TRl I 1 UERd | URehed it

1.7 FRIAC AER 0 S & b sty ugied S/ § sien W el e koAl § foeifea @

[ =2ric

S &1 Serewond, 9% g9 Wk Hiet KC1 (74.5 g) i St | foef % al g
faerem @ K wd CI 31l § 9eis o U Hiel o §o F i 370 i 2|
Ife U@ g &, @ foerm § faoia o il & < He 2 afE en squenE
ST 1 SUET Y a1 TE S i Sl € foh 1 kg it § KC1 %1 T e,
FaUIH B 2 X 0.52 K = 1.04 K 91 <M 319, 9 g9 fo@e™ &1 A6 &
IR H T A B a1 T9 39 RO W IgET {2 Hidl 1 1 A9 74.5 g
% o1: T Tl KCl &1 So98M 37.25 g 8l 398 8 77 yehe gar ¢
el feret® w1 Sl | oo gian © o Wi R W s fafuai gr wm feman
T HieR SeFHM, aTioh Seq9 o gAY %Y Bl 2
i § TATgeh o oh AURT 1 (UHifeswh oTt) BReged a9 a9+ o
R0 fga@H (dimerization) € STdl 81 UH WG FE wdgdies
fererent # Tl B1 39 Yhol § f5aqe o hRUl HON 1 A U St 21 v
1 WUE e o § @ ST Hewar @
2 CH,COOH = (CH,COOH),

0-—H—0

777N

H,C-C ~
No 0?7
T[T T WOH

cH,

23 faem
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Tel 9T T el S Gehdl § foh AfE A== & TSHlssh 310 o THE 317
Hfora 81 ST 1l TUA{sE 3T T AT, I AT, 94 W § ST 8101 39 AT,
A AT, o STER TR qRehfad AR S STIHI W4 31 31 1 BT TH1 AieR
FEFHM S STHI 2 AR G 1 g o e o 3w Bl @ ST W
T Hedw 2

1880 ¥ o1 &% 7 fadisM &R was &1 € o fufor & faw
otk i, TS o= &1 Uk whed ®, wfaaied fRan 9 o, i, i FeER
aRefe fepan mar € -

T HioR S| fed STUEEs T
UM HioRk geHM | UNehidld STUEEA T

 HuE/foEH ok 9Ye Rl oh el Hidl ®i we
t= G/ faas" & 9d ®UI o Tl 1 GE
T STEM HieR Se9 TEMTeh a9 1 fohan T30 Hie) §e98M 2 ae
AUHETH TN 1 URehel e AHeH fohar T ® T eramsier faea = @
G grar € SR 7 € faifem) wom 1 feofa § ¢ &1 99wk 9 %y St
foriisH o 9% Tk 9 21ferh Bil ©1 SE0l o foy, St KCl o e i &1 9
2 & TRl TS a={9 H§ USHEH 377 o foIw emww 0.5 Bl 2
I B VI ! IMTHA A T TGS o0 o feaq et ferar
i @ S E
foereh o aToaere § Aufeh STeE, —pI;opl =i-%
FAYAIR HT 3194, AT, = i K, m
fewish 1 ST, AT, = i K,m

in, RT
v
AR 1.4 W o TR Felel Sgd ST9eAl o feIu { & W g9iT M €1 KCl,
NaCl Ts MgSO, o o1y S €t forera siga o il €, i 1 6H 2 & Ts7alsh
EE Sl ®1 S w1 STuen € K,SO, o Ty i 1 HH 3 o Teidieh gl ¢

o™ &1 RO ]M, 11 =

WRUN 1.4— NaCl, KCl, MgSO, Td K,SO, & foau fafir= @igun ww are gtk &es (1) & U=

NacCl
KCl
MgSoO,

1.87
1.85
1.21
2.32

K,S0,

1.94 1.97 2.00
1.94 1.98 2.00
1.53 1.82 2.00
2.70 2.84 3.00

*{ & T g0l faaier o form &

WA fo g4
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SRE0T 1.12

2 g A=ilgh A 25 g A=A § HieH R f&Hish W 1.62 K 1 STaH €idl 81 st
o forq Aierel eree feerish 4.9 K kg mol ' ®1 afE 7re faereq ® fgaar (dimer)
T @l 3 1 UH fehad Wl g

faw T 7 FEgER 2

w,=2¢ K =49Kkgmol ', w =255 AT,=1.62K
iR 1.36 § T8 HH T@H W, €9 WId Bl o

4.9 Kkgmol' x2 g x 1000 g kg™
M, = 25 g x 1.62 K

=241.98 g mol

3q: S | Sigeh TR ol WA 3TfUeh %ea@H = 241.98 g mol |
o7e ot o fou frAfafea aremewen w faeamr -
2 C,H.COOH = (C,H,COOH),

g faer o WU &1 AT &1 'x' G e fhal ST, @ Srmeeen | ST
Ssiigeh ST oF STU[SH i A (1-x) HId SFT 3Td: d=iigeh 3TFRA o WM T[T

% o s el
TH YRR IER] W HUN o Hidl hi FA G-
X X
1—x+§—1—§ il

37 GTAERe W HUN oF HIEH hi I8 WA I BF Uk 'i' h IR BAM

HHHE HIdd g4 HIH
STHHIA HIdl g4 HIH

firg i -

122g mol ™’
~ 241.98gmol™

122
241.98

X
O —=1
2

1-0.504

0.496
aqT x =2 x%x0.496

= 0.992
3q: S=ligh ST 1 oA § WU 99.2% T

25, faem

Reprint 2025-26



SRE0T 1.13

LSICERERIE 20

1.06 g mL" ¥ o1l UEifess et (CH,COOH) & 0.6 mL &l 1 ofieX St
T ST TN ST hi 39 Higdl o forq fedieh o 81eM®A 0.0205°C Uit feham T
37 o o o= 2% Uik 1 fouee feeia &1 9o hifa)

0.6 mL x 1.06 g mL™’
60 g mol™

THifewh 3T o Hidl &l 9 = =0.0106 mol = n

0.0106 mol .
AT = 76500 mL x lgmL! ~ 0.0106 mol kg

THHT (1.35) HT TR FHH T
AT, = 1.86 K kg mol ' x 0.0106 mol kg =0.0197 K

= i@ femis  0.0205 K
T 1= Sffe fema ~ 0.0197 K

THfifesh 3T Ueh el SYAeTIEIed § TS I8 Wi o10] & Sl UHioE 9ol BiggeH
o foaaifea s afs tdifer ot o faasm o1 A x @ Afoefea uHifes
A & n( 1-x) | 8 Td nx "l CH,COO TS nx Al H' &A1 o BTl

=1.041

CH,COOH = H' + CH,COO"
n 9 0 0
Nl-x) 9d NXHA NX HdA

3A: w1 o e A 8- n(l-x+x+x)=n(l+x)

i_n(1+x)
n

37d; THifesh 37 o fadisH skl HET = x = 1.041 — 1.000 = 0.041

=1+x=1.041

LE] [CH,COOH] = n(l-x) =0.0106 (1-0.041),
[CH,COO] = nx
= 0.0106 x 0.041
[H7=nx = 0.0106 X 0.041
K - [CH,COO |[H"]
a [CH,COOH]

0.0106 x 0.041 x 0.0106 x 0.041
0.0106 (1.00 -0.041)

1.86x 107

Reprint 2025-26



ARAA
faerem @ = erfersk w1 Wil fago e @1 faerl ®1 S faereH, w9 oo we e faeeE
o oiffpa fopan Sar B1 freh foemm =1 Wigar Wie-9, Hieled, WoRdl SR gfaeE o oFe Wi
S "l 21 fRE T ) g9 ° faciaa 390 oF fram g feifa e @ e erer fee Ry
T am W e @ g9 o faemar T & orifytes @ o wErUE e #) R o
¥ sramsqeiict faoia & wier o faomas o 9w @ § wH B § den foaes o 9 e A Te
F Weee & Tram gw fuifa & 21 o sEr faoem ® fedt faomas & awr 9@
U ommufyer orawq, faoem o Sufteq faoia & Wid-319 & WeR giar @1 &g fgoesa 59
foorm o afc foorm o I & vew armeiid @, @ WS & M w1 qHU w9 WM H @rn S
2| T 9 H WSee % FEW F Fed p = PYx +p,x, R 4 faerd st weee & frem
T gt Figars?l U Ure a2 3MEyl faera wgelid 21 USee o 99 ¥ < YR o foeer
B € 9= oFicnsh Wd ReHes fomie hed €1 Usee o M o wgd otfuss fome o frereened
oot o 2

foemmt o 3 o St Y faoa gel & wEEte Teum W AR T gier faoa uwret o s
F e W W e ¥, S 9w <@ 1 Ui S{aTE; FaeHE 1 I, feHie w1 sTEaHa
Td WE q@; SUEET U dedd g1 A faerdd W SEe WERe S g sifus el qe™
T QA R kT URAr 1 fRen @i faada fEa S e 21 stoEed et s gEn fafie
YR o faeial & onfvass goomm o fuftor o e s ©1 foorm o faaifsa gF ol fooa o
ek MM 1 A 39eh ardfaeh SMfUgeh Fo0AM | A a1 S0 8 are foodl &1 enfoas
ToH ardtas HH 9 St W el 2

TEEE 3fte 9, fRe faem o foeis sieren SUA &1 WEN A= B% TR 'i' g e Wi
S el 81 T O H! HEMT HioR FeAAM Td Wi Wil SA9H o U oh ®9 H g
fopan St 21

SFRARA

1.1 faorA &1 afefia ifsu) ffds yer o fafa= faorm 99 27 98 R o faoed o S99 § T

IS0 TR Heg H fefEm)
1.2 T U9 319 faerq &1 seew e e faom 12 719 =)

1.3 =1 9 =1 gRenfoq wifse—
(i) wre-T3 (i) Hreterdn (iii)  Hrerar (iv) woa9E wfasa

1.4

1.5

JAFTETEN H o fou wEn | orn S aren |@ig Afed st geme i gfe ¥ AEfed o &
68% Sicita foerad 21 afk 39 faete= 1 s 1.504 g mL™ @ @ o7t % 3@ T 1 Hierd
I B2

TR 1 Teh el faeta™ 10% (w/w) {1 fae@m 1 tietern den faera= o Y seh 1 Hid-319
1 82 A% foerad &1 99 1.2 g mL " @ df faerad i dierar @ iit?

27+ faem
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1.6 A€ 1 g fasm o Na,CO, T8 NaHCO, & Hidll &1 ¥& 9 & O 39 g 9 yofa: fean & &
few 0.1 M HCI & f&dd mL &1 Tavaehdr gif?

1.7 So9H &1 g | 25% o™ o 300 g TS 40% o 400 g 1 399 | fae™ W et fasror =61 seomm
gfeerd |z fektfer)

1.8 222.6 g Uf¥el™ T@mgshia, C,H,(OH), & 200 g St i faamet yfdfen fasror smmn mm faerm =t
T &1 AT hifSel afg foe@= 1 99e 1.072 g mL ' & @ faeraq &1 dierar feifag)

1.9 T U9 5ol 1 FH1 FAGH (CHCl,) ¥, hater-d q9el < 1 91 ok ogd 2ferss gafia 81 gad
H’EQFIU Tﬁ?ﬁﬂTlSppm(ﬁ&Iqq ) T
(i) 39 SoaAM ufae § oae shifea)
(i) S o F94 | FARGH H1 Heierd Td it

1.10 Uckhield T Sid & T faera" o onfvass srarafwan &1 s qfts €2

1.11 d9 sgH W TGl &1 g ® focar o, gien & o %1 ygfa i gl 22

1.12 0 %1 FW qo1 39% §9 Heeyl Syan fafam)

1.13 6.56 x 10°g UIH Jod Th Hgw faordd § TSH 1 A%k @ 1 bar 81 A oo o
5.00 x 10 g TH &I d 119 &1 Aif¥reh < o1 Bhm?

1.14 TR % M § oFIoT Td Honeres foser &1 @@ a1ef € e A H % fawe &1 37 faert 9 S
Hafua 272

1.15 oo o 9= Faeis W T STaraeie foaed 1 20 Sietd fae@™ 1 1.004 bar 91 4 2|
forer w1 HieR Sea9H = 22

1.16 B9H U 3R Th eyl forer@d oA[ €1 373 K T 3Hl 5ol 5IZehi o o1 <€ %A: 105.2 kPa a2l
46.8 kPa B1 26.0 g 8% Td 35.0 g 3ifeA o A0 &1 a1y /@ a1 B2

1.17 300 K W el &1 &% T 12.3 kPa 21 398 a9 1arvasiiel foeid o U Hiad foead o1 oy g7«
EIGRCAIS

1.18 114 g A § fhdt starsaeiict faera (HieR $e99H 40 g mol ') &t foha-t A el <y ff sifaea
1 a1 T T FR ol T 80% T& S

1.19 % faaaq fod ush sramousiict 319 & 30 g i 90 g 5t H el hich s T B1 STkt 298 K W
o gE 2.8 kPa 81 fae@ o 18 g St @R fietrn wian € 5@ =1 =7 g/« 298 K W 2.9 kPa
Bl S 21 Frefefed &1 Tomn sifsw)

(i) foorg 1 OeR S99M (i) 298 K W Sal &1 9 <«

1.20 YR & 5% (FoFHM) Sl foera 1 i 271 K 21 3 95 5ot 1 @i 273,15 K € o o™
% 5% S faeed o fewiaw &1 7o Sifs)

1.21 < T A U9 B Aot AB, T AB, T3 o1et ] AifiTe o1 €120 g i ¥ Sie W 1 g AB, f&dish
%1 2.3 K 1aHfid il 21 @i 1.0 g AB, ¥ 1.3 K &1 STa-H BIdl 81 S=iid o feiu HieR S1eqdq
feerish 5.1 Kkg mol ' 81 A Ts B o TWHIUETT SoAHM 1 TOHT shiferg)

1.22 300K W 36 g T <fieX Higdl dTet Tofeh i o I 1 TR0l < 4.98 bar 21 4 6t a1 W foeaH
T TR @ 1.52 bar & a1 ST&! Hgd =1 B2

LSICEMERIEI 2
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1.23

1.24

1.26

1.27
1.28

1.29

1.30

1.31

1.32

1.33

1.34

1.36

1.37

Frefafed i # Iufterd T8 Ae@qul SiaeTvash TRyl Jal w1 g A

() n-BRA g n-3ffeA (i) I, 921 CCl, (iii) NaClo, den H,0

(iv) HeHtear qen teHem (v) TUHiEMREZEA (CH,CN) 9 TEReE (C4HO)

focra-faeaes st o 3R R f=fafad i n-sifee w1 face & sgd %9 | =afted sifau—
KCl, CH,OH, CH,CN, drzaciieaa|

YeatE o frefefad 2ifien § 9 o6 9 Sa 9 srfis oo, e 9 9 foaom qen sifaed 2
() WM (ii) <feEA (iii) wfw o=

(iv) feref TegeRTal (v) AR vi) G

7fg fepelt giiet o <1l 1 Sl 1.25 g mL ' © 91 S&H 92 g Na' 19 wfa ferell Stot o sufeerd )
q e H Na© a9 o1 Hieidl I1d sifsg)

3R CuS &1 faeiad ToHwe 6 x 10 ° € af wiefa faee § SHet sifeenan dierdl Fd it
T4 6.5 g, WA (CoHO,) H 450 g UfaeMEeRa (CH,CN) ® =il S af Ufeis &1
THISHELRA o R 9faer I ifeg)

FATET (CoH,NO,) S o ATE SIEft et €, o1 STAIT w@qeh SYHisRet g e Bigd d S
AU B W HE | Rl S 1 == SAw i F 1.5 mg GU € S 31 SWe G ok forg
1.5 x 10 °m et faeram &1 frdn seqam smawass gim?

IAIgh 3T HT ASATA § 0.15 m Toeras a9H o fou strasss @ i Mo ifsw)

THifes 31, TRTRIRITEfes 3Tt e 2RUeIRl UHifesh STt shi TuH Al ¥ St o fedish | s1amme
¥k ST U T %A W 9@ 21 HeY § gwesu)

CH,-CH,-CHCI-COOH @ 10 g &i 250 g 5ia ® e ¥ 2H arct fewiss o1 e1a9a ufiesfera wifsu)
(K,=1.4%x10°, K;= 1.86 K kg mol ')

CH,FCOOH & 19.5 g &l 500 g H,O | HieM W §a o fewiw H 1.0°C &1 Ta81 @1 T4
TARITHI e 3TFa T =2 &% 0T qen foie feerier uftenfera wifsw)

293 K W STt &1 o154 < 17.535 mm Hg 81 A 25 g o[ &l 450 g 1l H =iet d 293 K W
el 1 AT Tre qRekford hifST)

298 K W HY w1 a9 T Hieterdl &1 8 feerieh 4.27 x 10°mm Hg 81 298 K @21 760 mm Hg
G W BYF HI a1 H faeraa wfefaa wifaw)

100 g 9 A (HIeR $599 140 gmol ') &1 1000 g 53 B (HieR §8HM 180 g mol ') H el T
I[6 %9 B &1 a1 @ 500 Torr I 1| TG 59 A 1 a0 316 q01 foeed H SHhT ared I6 IReRfad
Fifsre afs faeras &1 el amq <9 475 Torr &

328 K W Y5 UHEH U SR o amod 31 %9 741.8 mm Hg 921 632.8 mm Hg &1 I8 A
@ﬁ%%@r{ﬁmﬁﬁmﬁwm%,pw,pw,ampmﬁx @& He &

T
®Y ¥ efeifiEa sife) o o fafa= goei o e wefies stiewe fefataa )
100 X (X2 0O 11.8 234 360 508 582 645 72.1
Py /mm Hg 0 549 110.1 2024 3227 4059 454.1 521.1

P /Mm Hg 6328 548.1  469.4 359.7 257.7 193.6 161.2 120.7

I TSl il o SH UE § SATeifEd Hifee IR ST wifey o 9o sod eyl foeree 9 s
e SROTCHe forrer 82

29 fae==
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1.38 Tl & Tl WA | o= qe e STee fgead S €1 300 K W Y5 o4 qe e 1 oy
T HAL: 50.71 mm Hg T 32.06 mm Hg #1 A 80 g =i ! 100 g e # foetmn s a
ooy 3TeER H SUfEd Swsiid o Hiel- 3191 ufehferd sifsw)

1.39 Mg 3k T 1 fH901 81 298 K W 3@+ H G 5eh Sfadis 3R A1geis oilsm 20% o 79%
% 3UE H §1 10 dgHed <@ W Wl 91g % 1Y 9 § #1298 K W A StferdieH den Argeet
o B feerish H: 3.30 X 10" mm 41 6.51 x 10’ mm €, @ <71 | g7 T =1 GoeA 71 hifei)

1.40 3fE &1 1 WERO @ 27°C W 0.75 AgHSHA & dl 2.5 e 1 | ¥t CaCl, (i=2.47) & A
qferfera wifsml

1.41 2 X 9 ¥ 25°C W K,SO, & 25 mg, il HeH | I a6 faera &1 TR 36, 98 7Fd g4
@ Hife fF K,S0, ofa: famifsm & mn 2

PO TGATAET T=4i 3 TR

1.1 CH, = 15.28%, CCl, = 84.72%
1.2 0.459, 0.541
1.3 0.024 M, 0.03 M
1.4 36.964 g
1.5 1.5mol kg, 1.45 mol L, 0.0263
1.9 23.4 mm Hg

1.10 121.67 g

1.11 5.077 g

1.12 30.96 Pa

LSICEMERIEN
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e

9 The o AT o6 qYENq MU

T SYAEAAE T HT T B Fohal
TS oot o SEAeTTse el o HeA faeg
H'T{Ha'fﬁ;
wwa?emf(aﬂﬂaﬁW)a?
IR Tq T HHIR hi STIgH
Y Fehil Tel el o e e bt afenfia
H'T{Ha'fﬁ;

A o A fava, 9 ifufswan #t firss
Fell TS 59k W fRerish H waY wenfya
H'T{Ha'fﬁ;

ST feraml bt TR (p) , Stk
(1) TS AR =kl (A ) i g
Tm'_{“élav'ﬁ;

S (SEdeTTEe) W gerRiTE
aerehdl § fad o goh;
SgasTIeEHAl el w1 =erhal 9+
faferi =1 9ufa #X TRt TF IHhT TR
AHAST 1 YRehfad HT ohl;
faeral & =Teihdl TE Aok =Terehdl
(U ST ATCRdAT) h gl o WY
e o Sfifae w a@ THE T 4,
(A ST A1 TG T TR HER =TeTehal
(U9 3TV ATeTRdl) hl IR H
TehTl;

HieRHe 1w i wfqaed HX Fopt T
TGk ST i SIH;

AT oh HIACHh el ohi THE Tohil;
wS NUHh T o S T gon
Tl I G BT UM HT TR T;
TROT 1 AYAEETTH GHH o €9 H
Enikscal

“TraTatin STUTFAT e STl =T X o 1T Uge T 5 Geket &1
foacima: faea St 7 WAt 37 At SIRIfRaTs Wi fRaad A
& foTT fepar ST Tepar & St WA JWEIRT 2T gidt”

YA Td: yafdd qEEte sifufweret | frifaa s
Y for@ 3R TE fagda e o @d: SWdidd THER
uRedA § SUHT 1 e 21 Fe fave Hgifaes wd g
Tl & foeri @ suEntt 21 9gd 9’ oy, Hifea eEgiese,
FAA, TN T 3 gd TR THEH, Sttt
R ST S €1 SeRE Ud gUA Ul qEEtieh el ol o
Sl § ufEfdd s € e fafee Suwwl wd el @
0k Y W STEN B o S B AgauErEtie sifafmard
Foll W1 (efficent) T 31eY UG BNl €, 37d: AYAEEA
HT STIIT HE S Akl oh SAMawRR, S fob qAfERUl ok
fau e &, o foru Aoyl @1 Gt Gehdl w1 IR
T gfeqss o1 3oeh faudia fgen o S=Ror ud iRt o
e GOR 1 ol SR oEeEEth € ¥, o1: agatEe
Tk erfafasgd Ue SRfawER fave ¥ 5@ ke W w9 whed
IO PP FEAU YRR Teqe W faEm @

Reprint 2025-26



2.1 aga'qmﬁlaa TIA A S GEA 9 wEfafy o R H gW fA¥ 2.1 @ wHHF Gd

Aar gl Te ua frefiaa el sifufear § Scafda wEEte ot agd
o o uRafda &
EEEEIR eI
Zn(s) + Cu*'(aq) > Zn**(aq) + Cu(s) (2.1)
fogaem 9 Zn?* 9 Cu?* Al I Higal Tk g (1 mol dm™®)” et

e (e ) FER ®, Al s faEdia fawe 1.1 Vo 1 39 UK w1 gie i deest @

=7

AT U Fed T
U Ui Ife Nt e | T fawdia @ fawe oo s (951 2.2 %) ws =9
_& -+ Srgr S, o &9 <@d © foh aifafran qe qon =erdt @l € St qoh o
5F % oG FE % 90 a@ﬁﬂal.lvﬁﬁw,wﬁaﬁrﬁaﬁﬁw@ﬁ:ww%@fﬁa
a1 forerm w1 foem H fagm om yafed @1 gl 9l fava | s oft sifafea gfg sifuafean =t
7%’72'7‘@?3@?’%’9#"%’? T W fauda fon § wRe #R 3@ © (F9 2.2 7)1 219 7% T egderaeest
T IR e w9 s i e s i
frort F frey 3 SO o SWAN W URW HE HT AR TS € HA Tgd Hew ol & €1 TR
FS JHE fouide &1 s1eae 36 o g3l § Hal|

o Eg<l.IV En=1.1V ;o Eam>1.1
| _ I 4 | 0
S > N <« o
——— O A €
e fagaum | e I:z) - wﬁga_>w e
Zn Cu Zn Cu e 1
-ve T ¥ +ve A Zn Cu
l I I J l I I J l l
ZnSo, CuSo, ZnS0, CuSO,
(F) 6 Egy < 1.1V (@) S E 4 = 1.1V () 5@ E 4 > 1.1V
(i) soRAl &1 e % B 9 (i) ToaRel etan fog@em (i) ToRMl &+ YaE HIW 9
FHIR T HI AR g1 7 o faga FT HE JaE T gl S &1 X qen fae@em &
il T I (ii) 9%, 9% @RE W
(ii) T e W ¥ e € aen freifa gran & qen HIW, FW
FHIW e | Fafm g 21 Taee o o 2

faT2.2- s faya, EW,@HI%IWE)?%WHWWW@HQ#WWFIW

* gHfeed &9 @ &2 al Fisdl & TH W g4 GFIar 95 F1 ITEN B AT TE isdr o STIHAI! gt 81 ag faerd
T 78 Gigar & god gidl &1 S=9 Hens § o gqeh AR F SR 7T H

W foar gd2
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2.2 Sedet AA

ool ¥ Th SgEEtes 9 © S Uk Toa: e sfafwar a5
i R
srfufsran &) fitsat Sotl aga & § ®aRa eidt 2, fraent d@iet a1 31 fagda
ST SR, dEn, TR gents W SuE fRen S R

o U, Torgent avi weel foman =1 e B, wh UE @ 9w @, foew
frefafaa e stfafwan et 2

Zn(s) + Cu?*(aq) —» Zn** (aq) + Cu(s)

Ig Afaferan |1 o1d T« stfuferanedl &1 SaeE © e 9 999 9
sifaferan 2ar =1

(i) Cu?* + 2¢” — Cul(s) (7= o1ef Af4fsan) (2.2)

(ii) Zn(s) — Zn%" + 2¢e” (3ATFAHTOT 37e Affeman) (2.3)

I AffepaTd et Wt o fa=1 9 | et €1 et ered stfafsan
I 3RS W Bl 8 Safeh e o1ef arffeman e seigeie W e 21
Tl & & I 90T, 21ef Wer A1 ST I ot Fged &1 FIW oIS Hi STT=TH
714 U1 wd T ToieRe & St o 9 ot el S Gkl 2

&Y fafsr= a1el Seil o HaoH 9 S Ua SISl STEEd oo Hell st ol
F Ghd &l Tk o1d oA § wifeareh Solaeie agasTTsed o et (gan) @l
21 Tl 21 Yot el § Uk dieeHic Ue U T & "ierd § uifeish R gh
IE T@d E1 <Al o1 Ul ok deaeraEed T 2.1 # fE@g T ofe 9 5N 9E
Ted §1 wefi-weft <A B gelaRie Tk E agasTTeed § s ®d § U U
ferfeai & otaor g 1 SAavIHAl TR B

T SeRIS - JEAeTIEd SIYS W Hifcrsh Sl it ygfa faeem 9
feheteht HTfcaeh Selaeie W ST B &1 Bl ¢ TS for 97 eFmefyrd et wen|
I THT SeieEie & g o AR i faerEd | el & w9 | W ue
SRIE R SR Bigd &1 ygfa et @ f5ed fF @ wHomfia @ el
TTETETE] TR AN 1 GFRIl Bl Sl 8 Wl S oot stfafemansti shi gepfa
o ER ToiaRie T o Wuel MHe A1 HUMcHS SAEfE el Sl 2l
TS Wd SgasTIeed o Hed fawdiat S g Sl € o geraRrs fawe
Fed €l

ol e1ef Her erfufsren o yge @l el 1 Higdl sheiel Tk SehTS el
2 d Soieie fawe &1 WFe soeRs fawa wed 81 [UPAC o femmer
Mk TToaA fawe ot o1 Ak goiaRis fawer &gl Sar 31 oo da
1 = ord Ao, fored sttt g 8, WS wednd! € ud faerad & ame
31 Tawe RO il 21 SEd o1 dot Fraw STere g €, heite et
2 Ud 3Eeh! fawa forer@ o |IUe YTcHeh Bl 81 38 YhR Sl Soiaiel oh Hed
Tk favreian gian € ue S € e = (31) fefa & g ], soleei momesh
IS ¥ ¢ Toiaeis 1 IR Yalfed BH o &1 foaerRt o yare skt fawm
TSl o YaTe 1 fen & fauda e 2l

33y SrEEREH
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2.2.1 gRTe fawa

<hl HIAT

RSICEERIGE

I ¥ & I oRIEl & o favaiR @ YT Feed § ud 38
diee o Aad €1 BT fa9a e U@ UHiE o goie favel (st fave)
T 3R T T TH HeT dgd agd a7 (emf) Hel ST T TH THT A H
Y HIE UN Yaled el B W el A9 98 iihd Uit § o oo Hel &l
foed 9w eq THe 1 It SR ud Shelie i SEl iR ferad €1 diedt Fa
o1 fore o foIu Wmomaan ¢1q Ue dgaeTIed o U Uk SR W Wieel
TS < ATl i, A% o7 @90 Ug 5 IS U e dl STk HeA q HeAln
@ Giwent, foran S €1 39 TRurdt & SER @ ¥e 1 emf ©FHS Bl
? Ue <A AR ok o7 Ul ok fawe @ ol 3 o o1d Wt o fawe i e
fen St @ S feR—

E@a=Emﬁ_EaTq?

30 fefefead seewor grn wmemn T g

A Afaferar —

Cu(s) + 2Ag’ (ag) — Cu*'(aq) + 2 Ag(s) (2.4)
a1ef Wt arfurferame —

helle (7=aT)  2Ag'(aq) + 2¢ — 2Ag(s) (2.5)
TAE (TR Culs) — Cu?*(aq) + 2e” (2.6)

g @1 S Gl 7 T stfufwman @i (2.5) T sifufwan gt
(2.6) 1 I FHEH (2.4) 1 & To THeoR SATRIS helis 1 qiE qell HTR
TRIE e 1 wE % w2l el w1 ywR 9 frefua fe s
Gehell B

Cu(s) |Cu®'(aq) || Ag'(aq) | Ag(s)

Tl & T € T o) = Exaty — Bty = Eng*/ag ~ Eci?cu (2.7)

aehel 31d Ot o fava &1 Ao T R S wehanl g1 dhaa Q1 ot gl ok
fawdl & ofaX ! AT Thd € TEE ol 1 emf U BT 21 AR TH West @
Th Soiaie (314 Oet) o1 fawa =afa & o df 5o Qe T et 9 @
fawa ST feman < Hehar 21 URUE o SR WM BEESH Soiaie A 3t
e 1 (F1 2.3) Pt(s) | Hog) | HY (aq) 5R1 Frefua feran S €, 5okt fava
frefatea sifufsan & ra g adl ), 3= ffde fman o 2—

1
H' (aq) +e — 3 H,(g)

O BIEEISH Soieie | ®ifeTH sieh § olftd wifeTd Toieeie Bidl Bl
TIe AT faeaq | fmfsed idl € U6 38 W Y SR 19 95-95 i
St B SIS 1 SAUrEd U SARihd Al STereenati shi |isdl, Th1E 7F T
feer W@t St © (Fom 2.3) 1 z@emt a1ef © o fooram o wEgeM 19 & g™
1 bar T BEESH EH %1 Higdl T Hiel el 2l

Reprint 2025-26



TIESISH Selaie i TAre (Ted aref Oet) qen fondht SOl Ot 1 hefle ok
T W hT S TE Tk Yol foi— Aok grRge geeRie || geiery et e
ST Fehdl ®, %1 298K W emf, S0 318 Fet o 7q=ra fae =61 9F 3 2

e qifeet 3R ol 31l Ged 1 erufEd o Sieiiohd THYiS 1 WigdTe et
=l ST T 1 favia, Mfedt 3R oF 318 Tt o A favd, B, , o a0
g /1
EGe = Eg -Eg,
el ES,, §el 1 6k a9 T ES, e ES, HEW: e U a3
1 @1 Wedl o A selRis fave B
=ik AT eegeH seiFe 1 fave E&)W@W%W:
EGe = Eg~0=Eg,
frefafad 9 &1 A@fd emf 0.34 V ® S fov ffafea e o
sifafsran =1 A soeRrs fave ot 2
el
Pt(s) |Hy(g, 1 bar) |H*(aq, 1 M) || Cu* (aq, 1 M)|Cu
e ga sAfafsra—
Cu* (aq, IM) +2 e — Cu(s)
T R, Fefafad ¥ &1 @ifud emf -0.76 V € S for fferfad
e O ATl o A soieers fovd o Ed 2
e
Pt(s) | Hy(g, 1 bar) |[H" (aq, 1 M) || Zn*" (aq, IM)| Zn
a7l g Afaferan—
Zn*" (aq, 1 M) + 2e” — Zn(s)
vom fefg & wes soiaeie fave &1 garers 7 3R o @ fF cu?*
P H STl &6t qorl o STt © syafed el < €1 39kt faadia wehd gera
T BT 3Teiq I Afvia Heh IRIEAfaal § TEgeM 3@ Cu &l e
TE T Wehd (31 BH TE ol he Tehd ® foh eIZgiST 19 W S i
affed =T Wehdl 8) SEfAT Cu(s), HC1 § =&l serar 21 Tefed o § e
g2 Al W A gl € 7 o wEeied e 9 gEd feafa o aee
Tolae fawd o1 FuTcaesh 7 SATA el © fof eregre S foeh i st
F HFA © (A % oM ARA 1 eTafad T Thal ) |

39 IRuret & 9fmed o fom 2.1 o wqa S 9t w1 v erfufwmanet i
1 wohR  feran w1 ek 3

ERil Saa?ﬁ‘s’— Zn(s) — Zn*'(aq, 1M)+2¢e
=@ sedRe— Cu (agq, IM)+2 ¢ — Culs)

35y RAEEA
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it 92t

el w1 THY Afafehar SHisk eifafweansti b1 9 gt #1 e
Zn(s) + Cu®* (aq) —» Zn*"(aq) + Cu(s)
T T emf = ES., =E& -EgQ,
ES., =0.34V - (-0.76)V = 1.10 V
FR-Foft wifeTm T8 @0l S oe AT soeE & w9 § WE et
Bl 9 srfafen o 9w T oidl, WY SR g s stafmae & fog
el SRl o = o TeTq 3191 e TEM il 21 3l o foare Frefeted
a1 Gl § Pt 1 ST Bl B

FTEEI TR Pt(s) | Hy(@)| H'(aq)
forat o AT £ H' (aq)+ e > 5 Ha(g
ERIERREEES Pt(s) | Bra(ag) | Br(aq)

ot o1 srfafwan 2— % Br,(aq) + € — Bri(aq)

T FeteRTe orvTe Sigd Heeiqut € Tl T T ¥ Hee U Yo 9T B
Tohd €| o At 1ef U s stfufmened o fory we seieeie fawe
o UF Groft 2.1 ¥ fRu u #) A fad s @ uee soeeie fave g
Y a1ferek gral @ d THeR! STafEd STere BiEeieH T o S Tl et 21 3
YR W, 9% e Seieris fawa eomesh eial @ dl esgie 19 39 T i
Tferd sTeen | SAfirek Lol BTt B1 8 3@ ST Gehdl © o ARolt § vy
1 UM Seieis fawe Seuan 21 7€ 3T sl € T wRiiiE 19 (F,) i
TAHANES A (F) W orufed B i Wofa eifershad 21 o1d: Tefeiide 9
Heeiad AT © Ud WSNES FH Seoiad 1= 81 olform
Tiaie fawa <A €, e 3 sl © o ofiferem o1 geferay stiRiiRRe
2 s fiferem o1g Sl foreadl o waerdn ST=E 81 98 2w S Hehdl @
o Aol 2.1 o <9 B9 IR G A9 H1 SR AW ? 9 AEF e fave wH
BT ST © Wo T o WY SATafwA o W SR i TS 1 AR
&I Sl © Al S 3R oF TSt R TS eTHdl Sedl €1 A T
el o1 A9 ITAM faeeH &t pH 91 3 |, faerar oHsd, e
feerien qe 3= SoATash 19 O Ud favafidt raeE § g 2l

2.1 @ Mg | Mg &1 qH® 3oieee fava o ffg yehRr 9@ &ar?
2.2 P MY Tk T & UH § 1N Gothe F1 faom @ Fhd 272

2.3 HHE RIS fave w1 et 1 Frierr w A9 18 verel waEy S st uRfefiE § tel
AT 1 SATfFd T Ghd B

RGICEIERIGE
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ARU 2.1- 298 K W UM 3oieRlS faud

AP Seld TS % ®9 §, T Sl g9 o &9 H IUfed ¢; 119 T o HAY: ¢ U6 s ¥ <9 T )

A F,(g) + 2¢ — 2F 2.87
Co® + e — Co* 1.81
H,0, + 2H" + 2¢~ — 2H,0 1.78
MnO, + 8H" + 5e” — Mn*" + 4H,0 1.51
Au® + 3e” — Au(s) 1.40
Cly(g) + 2 — 2CI° 1.36
Cr,0, + 14H" + 6e” — 2¢r®* + 7H,0 1.33
O,(g) + 4H" + 4e” — 2H,0 1.23
MnO,(s) + 4H' + 2¢~ — Mn*" + 2H,0 1.23
Br, + 2e — 2Br” 1.09
NO,; + 4H" + 3¢~ — NO(g) + 2H,0 0.97
2Hg>" + 2e” — Hg,* 0.92
Ag" + e — Ag(s) 0.80
E Fe® + e — Fe** 0.77
O,(g) + 2H" + 2¢ — H,0, E 0.68
I, + 2 — 2l 0.54
Cu" +e —> Cu(s) E 0.52
Cu®" + 2e” — Culs) 0.34
1 AgCl(s) + € — Agls) + CI W 0.22
‘E. AgBr(s) + e —> Ag(s) + Br- . 0.10
2H' + 2e” — Hy(g) o 0.00
Pb?* + 2 — Pb(s) -0.13
Sn*" + 2e” — Sn(s) -0.14
Ni®* + 2¢” — Ni(s) -0.25
Fe?* + 2¢” — Fe(s) -0.44
Cr*" + 3¢ — Cr(s) -0.74
7Zn%t + 2¢” — Zn(s) -0.76
2H,0 + 2e” — H,(g) + 20H (aq) -0.83
AIP* + 3¢ — Al(s) -1.66
Mg®" + 2e” — Mg(s) -2.36
Na* + e —> Na(s) -2.71
Ca®" + 2e” — Ca(s) -2.87
K +e — K(s) -2.93
Lit + e — Li(s) \ ~3.05
1. wEs E° @ s & fF e g HY/H, 39 #1 god § yad ST9uEd 8
2. vrEE E° @ e § f e g H/H, T &1 gol d gea vErs gl
37y YA
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RSICEERIGE

d @ § gH A § R soleie ifufmer o we gaed Tl i Hier S
TH THE T EvIS TEl R 9% THen ¥ B FE |7 i fE soeee
AR

M"™(aq) + ne™— M(s)

o T fopdlt ot Higdl T A SESiSH Seieie o |IUe Hq T TR favE
1 yepr frsfird foran s depan 2—

o RT. MO
e ) ™ o)~ 5 P (g

<feh M(s) 1 Higdl, $ohE AHT STt 2, gHferg—

e _ o RT 1
)~ ) T e T M (ag)]

(2.8)

Ef @ 786 & ufearfom faem w1 9@ 8, R T feems

M2t /M

(8.314 JK 'mol™) 2, F %2 feri (96487 C mol™) ®, T shfeed H dr9
%0 § T [M"(aq)], [M™(aq)’] s sl HeR Figdl 2—

e ¥ § Cu?t Td Zn?* rE # fedt off g & fau ew forad B
Soive ¥ form—

RT 1
E(Cu2+/Cu) = E?Cuz“/Cu) y ﬁmm (2.9)
s 3 fm

RT 1
E(Zn2+/zn) = E?ZH%/ZH) ~“oF an+—(aq) (2.10)
e fawa—

E(@F{) = E(Cu2+/Cu) - E(Zn2+/Zn)

1 1
_ R© RT _ - e RT
= Elczved “5p 0 Cu¥laq) Ptz T 0 Zn®(ag)

RT 1 1

= ° - E@ + - ].n — ln
E(Cu2+/Cu) (zn2*/zn) 2F cu? (aq) 7n2 ( aq)
RT, [Zn*']
Eey = By = oz 7o 2.11
(€ @ " o U cu] ( )

Tg @I T kAT © fF E 4, I 35, Cu* T Zn?* &t Hisal | i
Y Bl 98 Cu" A=A i WKl 98 W de&dl @ o Zn>* Al 1 Higdl
TG T T 2
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THRTOT 2.11 H I T oh TR &l 10 H AR i W T
R Fo WM W T, T T=298 K W I8 9 YHR 9§ s&al St 2—

o 0059, [Zn*]
e = By - 2 logICu"”]

2 TERrE % foTT SolaeAl 1 HE (n) 99N BT =ifET, 1 frefatea
@F'I—

Ni(s) |Ni**(aq) ||Ag'(aq) |Ag & fow e wHeor f= yahR @ fore
T T -

(2.12)

RT | [Ni*']

2F  [Ag'P

TS TF I St itk
aA+bB0OMO- cC+dD

o fory e wefertor f e @ ferelt S wehelt 8-

S]
Eca = Egmy -

o RT
E= Egy - 75 109

_ o _RT, [CI[D]*
= %@ T F M AFBP

(2.13)

Saeeor 2.1  fmfafea sfufsan o 9 <1 fefia sifsu
Mg(s) + 2Ag*(0.0001M) — Mg?*(0.130M) + 2Ag(s)

T Esy 1 THEH HINT A E 4y = 3.17 VI

gar M il ool ¥ i fe weRR @ feran ST Hehar -
Mg | Mg®*(0.130M) || Ag*(0.0001M) | Ag

RT M 2+
)~ o= In g+ >

E =E

(¥1)

0.059 V 0.130
log 5
2 (0.0001)

=3.17V - =3.17V-0.21V=296V

231 e wHetor AR @ wa (fad 2.0) # wfwe ®odg w fen sodr fe s
¥ e fewim O 6

Zn(s) + Cu*(aq) » Zn**(aq) + Cu(s) 2.1)
S-S W AT © Zn®t STEH! Y Wikl Sgdl Sl @ s Cut
ST sh1 |gal et Sl 81 g6 S0 WeA 1 dieedl, f sieetiiet grl vel
S Gkl €, St St 71 9 THT 99EIq Cut U Zn?* ST ki Gisdr feer

39y SIEEEA
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B St & o dlicedier g USHish <9idr 21 7 2R e € o sifufemen o ara
Tqfyd &1 g1 T TH ST § S Tl i T yar o famn s gk

%_
2.303RT, [Zn*']
Eu4n=0=E . — lo
(Fet) ('@F{) 2F g [Cu2+]
2+
- Ega) _ 2.303RT log [Zn="]

2F [Cu*]
TR e W,

201 _ st (2.1) % fou

[Cu®]
31d: T = 298K T IWIa THIH ! 7 TR 9 foran s gerdl o—

o _0059V o
By == —10gKe= 11V (Egg = 1.1V)

log Ko = LIVX2) 57988
0.059 V

Ko.=2 % 10% (298K W)

T ®Y 1,

o _2.303RT

(Fa) ~
TR, (2.14) 9 o O fa9d U9 9 feeris o o9 e <9I

21 38 YR stfaferan o foru wme feemier, 9 o7 YR Ao Hwe 79 R,

I o 97 E° HH § uReford fRa 1 g 7

E log K (2.14)

SaEeor 2.2 TAfafea sifaferan @1 am e aRewfaa sifs—
Cu(s) + 2Ag’(aq) —» Cu®*(aq) + 2Ag(s)

e
E(W) =0.46V
il o 0.059V
Egay = — 5 — 108 Kc =046V
0.46 Vx2

alog Kc= 5059y = 15.6

K. =3.92 x 10'°

2.3.2 JEYAHEEE T T Fhe H fofar o forgda o ga yerfed sew o foeda fawe o
sTRTRRar 5 firsg T o SR B €1 AT T ool Ul ¥ sAforehan e @ =ed €
St AT T HATE ShHUIE AT B Ted- Tt o g fwan T Schyvia &

fitsst ot © ¥ o e Blal €1 37a: 9K Uel 1 emf, E Yolfgd 369 nF

WA fagm 40
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wd Afufsman 1 s &, A G =1, 79
A.G = — NFE ;4 (2.15)

Tg TR ® fF Eqe & A3 T=A 2, Afd A,G Th HETHS
A o © e 7MW R s 1 39 wer Frefatea
SAffoRan—

Zn(s) + Cu**(aq) —> Zn**(aq) + Cu(s) & faT 2.1)
AG = -2FE 4,

qen eAfaferan

2 7Zn (8) + 2 Cu**(ag) —>2 Zn**(aq)+2 Cu(s)

& U, A.G = —4FE .,

Ifg Tmed srfufmarser wielis 1 digdl T HhE @, a9

S]
E(@a) = E(ﬁﬁ) SAd:

AG®=-nFE;_ (2.16)
T FR E o HT W TH TH Few Ul HArawa [, rfma

e fiest Sstt A,GS, e X Fehd &1 A,G° 9§ BH 1= TR g |
feerier 1 IRl Y Hehd B
AG® =-RTIn K

SEE0T 2.3 e Udl o Tt HEe O fava 1.1 V 71 Frefafaa sfufswan o forw gmes firss
Foll T Uieherd ShifsTal

Zn(s) + Cu**(aq) — Zn**(aq) + Cu(s)

B NG = = nFE

ST IO § n 1 HE 2 81 F = 96487 Cmol ' T E[, = 1.1V &W:
AG® =—2x1.1Vx96487 Cmol ' =-21227 J mol”? =-212.27 kJ mol!

qraRfE a2e

2.4 pH=10 o foctad o Hueh a1l TESH Soiaeie o fawa w1 qReher ity

2.5 TF ¥ & emf F1 Rewer ifww, fed Freafafad sfufen - & fen e e ), =1.05V
Ni(s) + 2Ag* (0.002 M) — Ni** (0.160 M) + 2Ag(s)

2.6 % Ua foud fefafed sifafean @@ 2 2Fe® (aq)+ 21 (aq) — 2Fe* (aq) +1, (s)
F1 298 K T R E = 0.236V 81 ¥l Al i wre fifest ol udf Wt feemiar a1
TRehe =ity

S S IS R
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ESIREERIGE

faga o SgasTTeR fael o weee W fTER w1 9 9d $9 T)
R e eravass @) fardia ufade i e R’ @ fefd fhar s @
Td 38 7 [ohm (Q)] H A1 < § S SI Al # (kg m?)/(S° AY &
T 21 38 BT U 1 e § [l S Geh @ o o sifaes famm
& 1A o uRfed @1 ek B R oft asg 1 fagdia fad SRt o 1
o STHAMA T ST 1 &bl A o Widardard g &1 stefq

1 1

Roex —orR=p — 2.17
<A P A ( )

gt feeris p (e, T, rho) &1 wfediererar (fafere gfaier) wed
&1 ZEehT SI ST AW HX (Qm) B T SATRIRII: SHRT TTeieh A HHe
(Qcm) ot ST # forn S 21 9k JUPAC A fafire gfadier & w@me w@
TRRIRAT U9 R WA W ¥, oW Tweh o oM % gl ¥ ¥
gfeieraRdm U T & SUANT AN ifdes &9 § ferdl g w1 gioRiear
ITHT € URRIY § S Ig Tk W ool 81 T SRl ST IS I &bl
1 m® Bl I8 3@ S Gkl ¢ fh—

1Om=100Qcm3a 1 Qcm=0.01 Qm

Hii®l R o1 fehH, BTetehed (conductance), G Heeldl € Td g fe
e YT H B

G= = — —x— (218)

1
R l

etk %1 SI A W= ¢ o et 'S’ § frefua e < © we
g ohm™ (@ mho) T Q' o qod B WRIEERdl H1 Ui, wIeTehar
(ferfyTee =rmeteRear ) e @ 59 wdieh « (i 9 hian) 9 W& w2
TUPAC + faf¥rse =Tetehed o € W =Tcishdl ¥165 1 ST 1 €, 37d: 31
T § B efehdl 315 ol €1 SUAN | =ietshdl & SI 95 Sm' € T’y
TI: «, B S cm” W e o S ) forelt ugied Y S m! W =Tkl SR
€ ATk €, 9 T8 1m el 81 T THHT STIE FIE &% 1m? Bl 78
AT ® fF 1 Sem™ =100 S m™ |

ROt 2.2 § I8 <@ S Hehdl © Toh etehdl o A | 61 Fa=ar il @
e I8 T 1 Yepid W R €1 UE 59 9" 9 g W feR e @
S8 W TRt A9 fRa S @1 Welhdl oh STUR W YK hi wTeiehl,
fagariferl wd sl o anffera fepan e 21 enget we fasienget 1 =R
g A BH o RO 3= AIclh Hel Sl &1 he ST S Hle-sish
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ARUT 2.2 FT FAME STl oF 298.15 K W SRl o 0T

elih
wifeay

THIQL ()
faeeRr (=)
TMee (FH)
S (RT)

e

ST ()

St faeaT
2.1x10° S 5 3.5x107°
5.9x10° 0.1 M HCl 3.91
6.2x103 0.01M KClI 0.14
4.5x10° 0.01M NaCl 0.12
1.0x10° 0.1 M HAc 0.047
1.2x10 0.01M HAc 0.016
3referreren
1.0x107'6 CuO 1x1077
1.0x107'8 Si 1.5%x1072
Ge 2.0

(FTEA-Feot) , FTEe T B FEF q50F 9 eaEiE eid 2 8
i, i faedt (ffae) anfe S8 wered fSAet Srerhdr 9gd &9 = 2,
Torererielt weemd €1 Fo T S fafawa, Sifta fafasw, Ao srebee
TSeh! =Tetehel, =Teteh] Ud fagaiiieml o #e it ¢, sreleneteh heed € o
3 HEEqUl Tl gaid € Fw e, {9 wiefuew w9 9 srfaeners wed
&, I WfcRiereRdl A 37 etehdl a1t 810 €1 U8el G ST o7 R Shee e
Ts e & 9gd %9 ardi (0 to 15 K) W SAfa=rersh gidt €, W SAsiehel 5igdl
Y feifer oq1ef we fufya sfiemgs ff @ € S 150 K o9 S=a aral W off
AferaereRan 39 2|

gl o fagdi Sk &1 difcs o1 gl el Hed © q¢ T8
TRl 1 T o RN Bl © SoleRieh Hleihe e W R s 8-

(i) ©1g T pfd T G

(i) Wfd ORET] HAST SeraRl i G

(iii) 99 (T @9 FGH W HH Bl €)

TR T R 9 7o9 i ® g R 9 et S €, safau enfers
el o1 HEST uiefdd @al g1 Sref=reieh] o =reiehed 1 fshanfary it
Sfee 2l

*  golaifeh W dgedh — 1977 H Ae-fedfie, R aeur vierEr 7 @i %1 fa dfafed ia & agasiai @
YieUfaieeiT agereh I (a1 ST Geahdl & S e a9 o Gy d A W Hlfcash FGHE Td weishdl 9w HY oddl
81 3geh a7 9gd § FE19 GgiH-aITE AN T &, 5F eArfTedl, Tefiia adr dieerEiE 98 difeaw qoi aret
FTAA1I TgTH qUIA: HIA, FESITT qAqT FH-FH Ao, AT Td Gew GRT a7 &7 & FRU G e1ge &t
G § ST goah B0 & FAfTT, ST o] aeRal 9 o §Hdl 81 $9eh SfaRed T areied S8 e o o
gld &, o7d: 379 e Sid! sclagite gl a1 g "k arell wifies e &9 Gahd 81 Wi ageihl Hi @i o
forq deh-fexfie, gR aer s &1 a9 2000 & @EA G & Ade [WEhR @ [k A T 4l

43, SEERHEA
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2.4.1 AR faeramt
I SATAhdT oAl

wifeHtghd Pt
- gl

farT 2.4— T 3TAT-37ETT JHR
& FeThar ol

LSIREMERIGE

AT T o | ot A1t A6 H TRSSH Ud SRSRId ¥ (~1077M)
399 Bl & S fop 39 @gd @1eq =ershal (3.5 X 10° S m™Y) WM & #
AAITA ST | Sliel S W ST A a5 i € forad faeam
1 HTethdl 9g Wt ¢ oo o Sufterd et o %Ro faga o e i
AT I AR wieiehed Thed €| SE[eTaEe (atien) faeEl i
wretehal fefafad o HeR S 8-

(1) foemy TQ SEdeTTEe F F

(ii) S I T THY TH 37T facrass eH

(iii) foe@® &1 Yhfa Td SHH! T

(iv) SEATIEIZT 1 Hisdl

(v) T (M9 T N 8 TGl )

o G deh Al faor § i 9 (DC) yeifed i R St

arfafsransti o HR1 SEehT Heled UiEiad 8 Tehal € (TS 2.4.1)!
B A ® T % geem fow () & g fordt srama wfadier =1 @t wroe
o <1 @b 21 fong foreht st faoem o wfadie o= o e < goemE
1 FEAT KT T4l 81 9U9 I8 & ff am (DC) varfed & R oo
GO 95 Wl B IO I8 TR faead i e 9RO o= 3 Aot
e fost 9§ et &1 S gehdrl Yeelt THe 1 I Jomadt O (AC) H1
T FXeh B oA Sl #1 S gue U faeie yehR % fewed fow gu U
1 YA Hloh B HI WAl €1 $H T i =rershal Uel Hed 2| =reiehdl ¥a
%3 el o Syots & wd & W fewgd fo 2.4 ¥ Tifw w €

ord: 3O wifeTm =i (TifeTH sewret) ¥ foeifa (gew faanfsa anfes
Pt <1 ST Tt grI geraiel W fHefia e s ©) 9 gereiE B
T ST STIE H1E HT &R ‘A’ BT € IR I 1 U W gUF e T1 T TFR
ok o= o1 forera ' S Te A’ ST 1 ok &thel I Hied Bl ¢
oo™ o 39 Hiem 1 gy et g g faan s 8-

(2.17)

T 1/A 1 U Tt el sl € 5 wdier G* o = fohann it 2
TE TATIS o o H1 U T Ik TR HIE ok el W R e € ud
TEeh! T e ! Bl 81 39 1 99 A 1 HHF A e W ufishierd e S
Gohal B 1 To A 1 9194 7 Tt srgfaerstes €; dfes wd am sifave
off BT €1 Het TEertish ol WIMROU Yol § S =etehdl arel Torera hl =ershdl
U § Wt o SHeRT Wil |19 T A HA S €1 3H Sevd o faw ed
HHr=d: KC1 faeram 1 393 id ¢ TSeh! =t fafa= gigaied g a
R IRYSH ¥ @ Bl € (HRON 2.3)1 Yol feemish G* w1 de fefated
GHfieRoT | <A ST Eehdl B
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Akl T

fer 2.5 dgasaezd &

)
G=Z=RK (2.18)
Teh 9R U T 1 09 I 8 ST W 89 39ehT 39 fordt ot faeem
T Y0y A1 Sretehdl HTOY H Y Hehd | YTalY H19d bl ek faw 2.5 §

T T B

Y T UfdY R, T R, T URadHE Ufalel R, Te 7 Hieiel R, arelt
Hershdl Ut eidt €1 gk fsist wh <iferst, O (oscillator), (%64 g H
550 ¥ 5000 =l i TehUe drell Jeedl ¥R (AC) 1 i) § e el

21 P Th SUTH GYES § (Th BSHA A1 3 fogd gf) qen se wee o
1 fogd o yenfed € et qf forst wqfera e @1 59 uRfeerfwr o

R, R
fareraT & giare I YRR, R, = —L 4 (2.19)
arqT &1 SFaeer 3
WRUN 2.3— 298.15 K W KCl &l TTeTehdl UG W/ <ATeTshdl
mol L mol m= Scem! Sm! S cm?mol! S m? mol™!
1.000 1000 0.1113 11.13 111.3 111.3x10*
0.100 100.0 0.0129 1.29 129.0 129.0x104
0.010 10.00 0.00141 0.141 141.0 141.0x10*%

ATSThe] T STeTshal HIt SueTed & TS =rerehal Oal | Sutkerd faeram
] ek A1 Giale Ee B uel S Gehdl 21 Uk 9ROl H Sufkerd faersd
F1 gt froge g gfaiy 9| g R faem &t aershar fEfated aeeo
Y & S HHd B

_ U felis G*
B R "R

T & oo ¥ iR A a9 W, fafa drhetaset o faerel #
eAshdl H M faoeT o Hora®y s diel SAEHl oh STaY TS S qen
STe! Higdl A1 fa9a waurer (Potential gradient) o 3{ad ST&H o o
1 gfaen § fa=tar o5 Ro1 B @1 o7 i €9 9wk stfren srefqof ufy
1 IR HET Se9en €, TS HieR =etehal (UM STU[h =eishdl) el Sl
B T A, (Ui v wrel) 9 el # €1 98 foedd w wesd 9
Frefefed gie o gr Hag o—

K

(2.20)

HieR <=Tcehdl =Am=§ (2.21)

45y SEEREEA
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Y THROT H I « I Sm™ | TH Fgdl, ¢, %l mol m™> | =T
e ST a1 A, 1 5% S m>mol ' B TE eAH <N AT © TR

1 mol m™>= 1000(L/m® X Hie’kdl (mol/L)
3d:

Ap(S m* mol ') = K Cm)
mlS M= mol ) = 50671 11 ) x HeRdT (mol L)

AfE 0 « T AEEH S cm! TE WigAT 1 UEF mol cm ™ @ @9 £, F
e S em?mol ™! B 39 f=fafad geieor 1 o= X qfiehfaa feman

ST HeRdl o

-1 3
A 2 1! :K(SCITI )x1000 (cm” /L)
n(Scm” mol™) mol/L)
YHIG: SHT WehR ok ATk 9o oy o &1 ot e frefafaa g
BN Geag &
1 Sm?mol?!=10*S cm?mol ! =

1Scm?mol™! =10* S m? mol .

S&E0T 2.4 0.1 mol L™ KClI faeiad @ R gT Tk =ieishdl ¥a 1 ¥ieliel 100 Q 21 A€ 36t

LSIREMERIGE

WW=ATH=§=

T &1 FfaE 0.02 mol L' KCI faetad w9 W 520 Q & df 0.02 mol L™ KCI
faeta 1 =eTehal Te HioR =Tcishdl IRehfad Hifsd] 0.1 mol L™ KCI faa== &1
Fretshdl 1.29 S/m &l
o7 O feerie Frefafead T g0 fn s 32—
T Lo = G* = =ITcishdl X Gfaue

=1.29S/mx 100Q=129m'=1.29 cm™

0.02 mol L' KCI fae=a 1 =maiehdi = a1 feeriar / gfauy

#

_G_129m s sm
R 5200 m
Higdr = 0.02 mol L' = 1000 x 0.02 mol m™> = 20 mol m™

248 x 102 Sm™!

omolm® - 124X 10™* S m*mol ™

fgdheud:, k= ———— =0.248%x 102S cm™*

an A = k X 1000 cm® L' molarity™

~0.248x10% S cm™'x1000 cm® L'

0.02 mol L. =124 S cm® mol™!
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S&E0T 2.5  0.05mol L' NaOH faeia o shie™ 1 ferd wfadiel 5.55 x 10 ohm B &eh1
M 1 cm TF @a% 50 cm @ S9! UfaAYRdl, Sehdl 9o HieR =Teidhdl okl
TR HifTa|

2.4.2 Qigdl o €I
=TcTehdl Ta
AleK <ATeTehdl

A=1r2=3.14%0.52cm?=0.785 cm? = 0.785 x 10 ~* m?
[=50cm =0.5m

pl RA 5.55x10°Qx0.785cm?
R=— 91 p=—=
A l 50cm
=87.135 Q cm
%naw=/(=l=( ! )Scm™!
p '87.135

=0.01148 Scm™!

k X 1000
HieR =TeAehdl, A, = — cm® L

_ 0.01148 Scm™ xX1000 cm® L™
0.05 mol L™

=229.6 S cm? mol™!
I€ B9 'em' o M W 'm' o 96 § fafa= e &1 ufiereq e =% @
_RA _555x10° Q x0.785x10 * m*
[ 0.5m
=87.135x102Qm

K=l=&§2m

p 87.135

=1.148Sm’’
o _k _1.148Sm™

A”‘_Z_SOmolm’3

=229.6 x 10* S m?mol™!

AYATTII h1 Figal § IR o WI-HY HeAshdl T HioR welshdl SH o
IRer B ®1 oA T Yo <Ml WehR o AgASTIeEAl i Wigdl MM W
cTshdl SN 2l B1 SHhT 56 q2 W SATEAT i1 ST Tehell © o Aol A

T Y SRS A U A ©f S el ST i Se we S @l TR
4Ty ST
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= 400
CH,COOH

/(S cm’mol”

200

8

A,

KC1

0 Of2 0.i4
¢/ (mol/L)""?

faT 2.6— s faaaa  #@
wHifeF o (g
dgdHTEET)  ud
wiefirag  Faiuse
(T FEASTTIR)
fore Tier =reTshar &
faradia ¢ @71 3E

WA fagm p48

ot Gigar W foreraa 1 =rerehdl 39 foerad o TRE SEdA 1 Aol Bl B,
9 TR e g0 W fod T ThE SR Fe &F%d o §1 wifeTH
TS o HEd @l T gl

g Frefafad afeo 9§ o 2—

xA
)

fordt <t T Wigd W T faeEd ®1 Hier SRl S9 faeeE o Vst
1 weTehed €, fSw SEeTased o1 U Hiet ¥l € a1 S Th-So 9 ST
T W o, A STIYRY *1e &F%Fd ae ] Solaeiel o HEd W@l T @l oT:

G = =Kk (A TE | I & STgH THEA m A cm H B

kA
l

=K

Am=

ik 1= 1 Td A=V (3Ta, T de[erdsed %1 Tk Hiel el 81)

A, =kV (2.22)

TigAT 512 o T HleR <Teiehdl ! &1 U1 qfere g1 & itk a8 ol
AR (V) ot 5ig S 7 FEH T A oRheTased Sufkerd g1l 98w T
& fop T o a9t W eeee § 9fg « 6 € arell St 1 qor § wel
Aferer Bt 21 ifass &9 o 5Tk 31of 98 ® foF <t g8 Wisdl |, A, FT T THR
R feFan <1 HeRa1 © foF 98 dE@eTEed o 39 faeEd o 9 SIEdd
et € ford aershdl T oh WO 3RS g0 W o soiagiel o qea
T € TS ST STy H12 &% Taq Se1 € T 9% faeee o 39 vt
A 1 GHEITT Y Hoh FTad SgdsTased &1 Tk At Sl 8l Sie Qs
I T 3R TEEH A B qe HioR Seishdl GG HieR Sefehd] el © T
7 wdieh £, ¥ Trefua foran sman €1 Wigdl o W A, | IRed Yol Td gaal

| JepaeTTEl § Ser-ste g 2 (P 2.6) 1

PES KBRS LR Ee)
Toe SEAsTTEedl o fAU, A T W qqa o W eR-R dgedr € U s
e efietor g Frefud fran S gerar 28—
A =E’ ~Ac* (2.23)
IE @ S FWehdl € 16 A A, &l /2 ok Toradia smifad feman s (fas
2.6) di &4, Th Hieht @ 9 et @ Toen i @e £ U @l A’ o Sl
21 fRu U faetee wd a0 W feriw A’ 9 SgdsTIEEd & WK, $1efiq
forera o dgaeTTeed & et 9 Sa— A Td HOmeH o ST R R

3l 21 31z, NaCl, CaCly, MgSO, FHM: 1-1, 2-1 Td 2-2 SRASTIeRA o
w9 H I S € Th FohR o Gt Sgderaseal o fow A’ 1 99 99 g 2

Reprint 2025-26



SEEe0r 2.6 298 K W fafs=1 wigdisti o KCl faordi 1 Hier =raerdid frefafed 8

c/mol L A_/S cm? mol™
0.000198 148.61
0.000309 148.29
0.000521 147.81
0.000989 147.09
Ty foF £, 6 ¢'/? o Hed ool U |l W @1 KCl o forg £ ud Aok
M 1 hifog|

gar S T WS 1 oHiHA o W EH U @
c'/?/ (mol L™ )'/2 A_/S cm’mol™
0.01407 148.61
0.01758 148.29
0.02283 147.81
0.03145 147.09

A (y-3180)TE ¢!/ (x-3187) o1 MR Torst 2.7 o <eiien T 81 98 <@ <7 Wehell

2 fop o' o T @i Y B

fera 2.7— cYe & fagg A,

A gRadT

FHaw@e (¢/2=0) W BH UA © % A= 150.0 S cm? mol ™' Td

= - = 87.46 S cm? mol“l/(mol/L"l)l/z.

149.8 A
149.4 -
149.0 A
148.6 -

148.2

A,./(S cm’mol™)

147.8 A

147.4 1

147.0

1
0 .005 .010 .015 .020 .025 .030 .035
¢"?/(mol/L)""*

HIASY (Kohlraush) 7 &F Yad égﬂm % fau A, & 99 &

wierr foru wd Fw Frafaden w1 e fhan s=ib g i deherseat
49y SEERH
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NaX U6 KX & A° o AFl o1 3@ frell oft ‘X o fore o feer & =1
I F few 298 K W—

o o e} e}

Ay gey—A = A (Nar)

mNaCl)~ “‘m (KBr) —

o

2 -1
m (NaD) = 23.4 S cm” mol

=AO

m(K)

A

qT A YRR 91 A TR —

o o o o
Am (NaBr)_ A A

m (NaCl) m (KBr) m (KCl)

SR Y& o STMYR W =i I oF Tas TRETT T RIeRTS9T
fram faam wiemeer & 38 o & AR Ue Sedsiuded @i Hid
e STl ehl Uk AT Td RO o TERT-T6RT ANE o AT
& SR Tefua foRam S dehar 81 39 TR, 9% A%+ T8 A% HH:
Hifeaq ud FARZS A i GiHd HieR Aeiehde g df Gifea™ Fiigs i
i HieR SRl FEfatad THen g € S Hehdt o

° _ 4,0 0
A, (NaCl) Anat ¥ M or (2.24)

=ueh B9 W A Tk agasEed foEee W v, 67FE U6 VRO &
2 99 gheh! T HieR =etehdl = el SHieo gr o st e 2—

AS= VA0, + VS (2.25)

~ 1.8 S cm?mol™!

Tel )0 W )0 HEW: UFEH TS FOMEH hi HHN HioR el 2|
2908 K R 8 Ml Td FomFHl o A°% A IRl 2.4 ¥ ¥ mw )

WO 2.4— 298 K W FH T hl Sl W HH AN SATARATT

H*
Na*
K*
Ca?*

Mg?2*

LSIRERERIGE

349.6 OH- 199.1
50.1 cl- 76.3
73.5 Br- 78.1
119.0 CH,COO- 40.9
106.0 SOy 160.0

ool SEATEed

THife 37 S gl SgdSTIEEd S=d Wigdl W 37eq foiferd e €, ora:
AT & A, W A1 o W e, TSt w0 # gig o wRon e @
IROMTHEEY Teh Hict JEAeTIsd alet oo™ & el 3Taa § 311 &1 @
Tt TN 3T TR o, TIRdan ST Figdr o THY aHO W A, I e
& (o1 2.6) 1 31 Ao WM A, % I Higdl a% afeav (extrapolation)
SN T T R S Rl 3T aqa1 W (ST Wisdl ¢ — 0) EATIE
qufcrrn fereiifor &1 Sl § (o0 =1) g Sl 5 Tigdl T e w1 =rerehdr o
#U 8 W ¢ for sHeh arfass WA I Rl WO W1 "ehdll 37d: gad
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SRER0T 2.7

SRE0T 2.8

AgaTEl o AU A, FIORSY 1 EE o foIw e i fram
SUART T AT Tl ST bl © (ST 2.8) | Fohet off Wigar ¢ W A feriem
&I AT B A W HiEAl ¢ W HioR dreiehdl A, T4 HHid HieR’ et
Ay % UM o Hi=ehe WA ST Hehdl 21 39 WehR—

o= e
i (2.26)
tifes o S g SemerTIe ¥ o
ca® cA? cA,
Ka = (1-a) - 02 g :nA,,,D: A (Afilm-/\m) (2.27)
n A°H
RISy FEm & 3w

AL o T ST o RIoRISY g 1 ST 1, fordt o dederasea
o A oh A° Al W Ag, 1 GRehe i H9e g1 $Heh Sfaier Afg gH <
T Gigdl ¢ W A, T Ay AF T4 & d Qeiifesh o1t S0 gefer agaera=ea
% foru sqent foeem feeis @ e ot daa 71

RO 2.4 H fEU T siiehgl ®i We@d ¥ CaCl, T8 MgSO, o A, T IReheH
EalEd

FHISy oM ¥ 86 S © fh—

Anicacy) = Ao + 200 =119.0 S cm® mol ! + 2(76.3) S cm® mol ™!
=(119.0 + 152.6) S cm? mol™

=271.6 S cm? mol™

Anpgso,) = Myge+ t Ny~ =106.0 S cm® mol™ + 160.0 S cm? mol ™

=266.0 S cm? mol™

NaCl, HC1 T8 NaAc & fau A, S 126.4, 425.9 Td 91.0 S cm? mol ™
21 HAc o foI A° w1 ufteer sifsg)

o — 30 o — 30 o o o _ 30 _ 3o
A - )\H* + )\Ac* - )\H* + N +)\Ac* + )\Na* A )\Na*

(HAC) c1- cl-

= Aﬂ?l(HCl) + A”'Ol(NaAc) - Aﬂ?l(NaCl)
=(425.9 + 91.0 - 126.4 ) Scm? mol !
=390.5 S cm? mol ™.

Bl SRIATEIA
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FEE0T 2.9 0.001028 mol L THifew o777 sl =reiehal 4.95 X 10°S cm™! ©1 afe UHifesw
a1 o faw £° %1 WM 390.5 S em? mol ' ® 1 38es forie feeris &1 ufteher
hiTSTa|

il Am=£_4.95><10‘5 Scm™'  1000cm’®

—x =48.15 Scm?” mol™
¢ 0.001028molL L

yoln _ 4815 S cm’mol ™
A 390.5 Scm”mol™

=0.1233

ca® _ 0.001028 mol L7 x(0.1233)?

K=
(1-a) 1-0.1233

= 1_78)(10_5 mol L_1

QAT a2a
2.7 Tl fao@m =t wrasha aga & @1 =& S 22
2.8 WA &t A, A HF H Teh allohl a8y
2.9 0.025 mol L™ #eHTzeh a7t sl =ieishdl 46.1 S cm?® mol™! €1 gHeh1 foier | we faaisr
feerien o1 IReher sifeta) fean e € o A°(H') = 349.6 S cm? mol ' W& AY(HCOO0) = 54.6

S cm? mol ™|

2_5W egAeTTEE Rt el H Tl sfafwn w3 % fau fava w1 9w a3
St @ ol STl B 1 St YohH WArTIensti Ue TErEfeh SEm | wgd Hewgul

S B B TYeIqH e st Ul § W Uh § W Fehe o Sl foerdn
WBACT @ Fiw wowgis Fmom @ §1 9 4 smgiel W DC favia @

W Cu?* e e (R0 AEfE) R faafsld e 8 ud ffafaa sifufman

Hfeq Bt &
Cu*'(aq) + 2¢” — Cu (s) (2.28)
TR #1g helie W FHEfd et 81 THie W siw Cu®* i |, fefafed
sAfafwan g wfafia g 2
Cu(s) - Cu*(s) + 2e” (2.29)

T TFER FIR (dqfa1) T 9 faoia (siEdEa) 8 § T s W
feifya (erafed) eiar €1 7€ S| i bt o1 STUR ¢ fow 31yg i
1 3= Y5l o FIW A SEell STl 21 3G HIR bl UAIS SH@1 Sl @ < fo

A foaH b2
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NI Yellfed i W et il © o U5 i sheiie W feifud i 21 aga-d
1T S Na, Mg, Al 3% e folq Sugsr Temies sTo=mes suasy el
BIe, I8 T T G S| o gt STEEE g Sdied i Sl

Tifeay wd FfeEy urgell i Sk Hfeld FANgel o SgdsTIEe NI
Safed oo Sl @ ud wolfufem il wEemse wt Suftfa o ugfatem
ATRAIEE o oEAeTIEe gNI Scqifed feman S 21

AEAYTET F AIATHSE &
TTgehel TS WoW Sl & e SrgaeTIee o wrsiicish qeil o1 aui fema|
3% 79 SIS =l o SMHR W HHS ST Hehall 2

4TS & dgAermgeT & frm- Aol wH dgperedl % wed &
gaerTeed W forediol ool o uve A 7 1833-34 319 Ufommi i
frrefafead, gdama HUe o SgdstTeed & I faml o w9 § yeifvE faem

(i) 9o fFm— fae@ om0 gR1 oEEerTsed o qEEts foeed =t wmn
Sgaeed (faer =1 wferd) o weifed fagd o/ 1 A0 & GHEA
Bl B

(ii) fgdia fram— fafa= SgastaseH faoemal o foa =t gum aen yarfed e
R gaa fafa= qref &1 AT IR TEEHE qedie] $eAHH (8T
AU FHAM + ¥ i T i | TI Soidel i §E&AT) o
THEA Bl B S o g9 H for dEd YN o did Sueed el 91 T
g yeferd Tsfa 718 of for Tk helimErdt (T A SRheTaEdt det)
1 AN w2 & a1 9 o1 (M foeer a1 i) & A |
forgd 1 A AT @E S ot T SheirHardt fSiehel STyEterd 8 T €
A TR U o7 e UN (1) % Wi SYeed §, Ue yeifed fagd 1 Amn
1 o FEfafad Hsie W W gl B

Q=1t
Sl Q etd ® €, SEfeh I Ufer ¥ e ¢ 9ehe | 2
SATRETERTOT 1 STo=IF o foq atreeeres farga (A1 &) i A6 Seieis
srfaferan =1 wizframid ™ fei st 21 Semeoned e sifafwar 6
Ag(aq) + € — Ag(s) (2.30)

IeeR AT % T T o TR & foT U Tidt Soiaerl i STeerardl
Bt 81 €9 S © foh T goieR W SIeEl 1.6021% 1071°C % SIeR gl
€1 3T TH WS STEHl W ST g

N, % 1.6021 x 107 C = 6.02 x 10**> mol ' x 1.6021 x 107°C

=96487 C mol™

B3y SEERH
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fogd =1 3@ wEn %1 WS wed € U ¥ W F 9 fefia s 2l
Hf=ehe 0T % Tl 89 1F 1 96500Cmol ! & &R oid 2l

frefafen somere sfufsmaeti—

Mg** (1) + 2e" — Mg(s) (2.31)

AP (1) + 3¢ — Al(s) (2.32)

o forq o8 == ® for wh Wi Mg?* AP o forg ed see: 2 de
TR (2F) 9 3 Hid Soige (3F) i STevaehdl enfl| deasTase et o
Yarfed 2mae fag@ o (YfRR) vd 98 (Yhe) o TUFTA o SR gl
B orgetl o SAEEe SR § oI 50,000 TATER q%h i S=9 O FEN
o o St € S e 0.518F Wfd Wehs o s{eR el B

SEE0T 2.10 CuSO, % faerad =1 1.5 WR &1 o/ ¥ 10 e qo Segaervsted faan =

Fefre R Mg SR &1 SHHE =1 22
Fal t=600s
SR = 910 X 999 = 1.5 A X 600 s = 900 C
srfferan—

2.5.1 SEAUEET h

W foam gbd

Cu®*(aq) + 2e"—> Cu(s) o 3TIER, T&H Hid A1 63 g Cu i Haifdd & &
foTw &9 2F a1 2 x 96487 C @I i STEwIHAl Bl

31d: 900 C gr feifad Cu #1 g=me

= (63 g mol™' X 900 C)/(2 X 96487 C mol'') = 0.2938 g

YYASIE ok IS ITTefed B At UK KT TR N YT ToAIe
FHER W FR W T AR TRie fEFa B (IR & fau Pt SRRl Au)
ql @® sfafeen o fewqn 71 o1 wd @@ hdae soaeHl o Wid 1Y faw &
T el 71 TE SR A g sifufmaia @ @ T o sifufmen §
fewm o 81 30 YR rfufwmaniel T fha seieiel o fou Sraervee o
IR, S-S B Hehd 2| SgASTI=ET o I SgasTaee el § sufterd
fafi=1 e ie Ud TU=re TNYiT Ug S9eh AMe Soiaeie fawel o AR
Fd & THeh Sl D Sgd TEEHS Y e GHel B 8, W ki
®Y 4 3o T B ® fop 3 T fawa W sfed e wdta 71 B ue e aRtfeafa
¥ sifaftea fawa (T erfifaya wed &) ofmn 9edl §; <0 % o gordl =t
3R wfeT &1 2 2

3TN 9 &n Tietd NaCl &1 FaiT & dl S[ervse o Sdg diead
YT W FARIA T BT T8l AR U sheel T ¥FEE (Na') € S el W
srafed (Na* + e — Na) Bl € Td Teh R0TEHA (C1) & S UHie R sifadisa
(CI'— %Clyte) Bal 8| Wifead TiNiges o Soitd foee & agasTased o
WM NaOH, Cl, T8 H, 3@ o4 ¢ 399 Na* T Cl- & sifafted H* wd
OH~ 319 Wd foemes 31 H,O *ff sufeerd g 2l
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Fedie W Frafafed sfafeast o 999 smq=ee & fau el 2 32—
Na“ (aq) + € — Na (s) E(@@a) =—-271V

|
2

Helie W ifsk E© 7Mool Afdfsman &1 oiadl o Bt §, o7d: el
W frfafaa sfafean e 2—

H' (ag) + & — = H, (g) E (4 =0.00 V

1

H' (aq) +e — 2 H, (g) (2.33)
W H,0 & fo@ieM g H'(aq) 3o Bl €, I foh—
H,O (1) > H" (ag) + OH " (aq) (2.34)

31d: helie W 2 AfufEHA (2.33) TS (2.34) o AN o ®©9 H§ forel s
Hehdl 21 3HfoTu—

H,O (1) + & — %Hz(g) + OH" (2.35)

e W frefefea steie sfufFar g $-

Cl ™ (aq) —>% CL@+e E =136V (2.36)

2H,0 () » O, (¢) +4H'(aq) + 46" E, =1.23V (2.37)

e W %7 E° aie kel &1 oadl W 8l ¢ e S oh
SFHHTT &l Cl™ (aq) F SAFHHWE &I g § alFar et =ifew) |g
AferfisT w1 rfufase o sHIor SAfafHan (2.36) 1 aiEar o Bidt 81 :
Ty stfafean fr yeR 9§ wafhg 1 S gt e

NaCl (aq) O 90, Na* (aq) + CI (aq)

1
AT W= H,0(1) +e& — 5 Hy(@ + OH (ag)

1
g W-  Cl (aq) > 5 ClLig +e
Ty rfafsrar—
1 1
NaCl(aq) + H,O(l) — Na“(aq) + OH (aq) + EHz(g) + ECIZ(g]

Tigal Gl <l THIfEd A ok T A goieie fawdl & @M | AHE
gt (e 2.8) H fU MU geieRie fave wfaeenfyd few SWog)
GeHieh o7t o dEqerdEed ¥ A R fefafed sifufwars e &)

2H,0(1)-> O,(g) + 4H'(aq) + 46~ E = +1.23V, (2.38)
250,27 (aq) - S,0,> (ag) + 26" Ey, = 1.96 V (2.39)
55y SIEIHRIA
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qqARET 92t

o GerEfer ot H erfufar (2.38) i SRl W B © W H,SO,
H1 F=9 Wigdl W AAfFHA (2.39) 1 Fa g B 2

2.10 I TF erfeaeh ar § 0.5 UETET 1 oW 2 53 o fou yerfed et @ A 9 ¥ 9 fohdd soieed

varfed g2

2.11 39 oIqell i Tk Gel SAEY SR deqerased R g 2|
2.12 fAfafea sifafwan § Cr,0,% Al & T °id o 79997 o fow spend § fogq o1 fohat
T 1 AR B2

Cr,0,>" + 14H" + 6e” — 2Cr** + 7H,0

2.6 dcfelt

2.6.1 gty St

He B (hHUIS)

S *Y MnO, +

(Tfrg)  FrH Fo
+ NH,CI 9=

farT 2.8—T% EqIF: Yo
g % & 93 d
ITse ele & iy,
&1 HTF T B

LGIRERERIGE

FE o Sef (AT § TOH U A TF 9 AU 9o 9ofias w©d §) A 9
518 &n fogd o 9 & &9 § 990 H o €, Hoid: Th oot 9t © S ST
S 1 T S ) A S 6 e S 31 e S % aeif
SN o fIT 36 Soen! a1 goas o1 A6l W6 JAM § o S0 6! alced
o afuer aRerda & g1 =iy SefEl ge: | YR i el e— Wit
coieiici:sizca-cite |

i SefiEl | sifufsran Shaet T 9R B € o1 9 TG 9 AR o 915
S fafera &1 et @ U g g ® T g S Gehdl | gqent Gad fer- e
SRR IF U 7 T 35k SNITshRe o 10 R Seenisl 9ed o A8 I S
S 21 3 e w9 iy e ufed | v o St 81 39 O ° T
1 Teh U Bl B S UATS 1 b ot K & 9 e (UBEE) v S
I ST R SRS @ FEA G o S, e
F & (F 2.8) | SRSl o o9 w1 T THIEH FaREe (NH,Cl) 6
e S (ZnCly) & 99 T2 ¥ 90 ®/dl 2| T Afufwma sfeet &
T 3% "i-he B9 ¥ 1 qoR 9 o s wehar g

Tre— Zn(s) — Zn** + 2e”
FAE—  MnO,+ NH,"+ e—— MnO(OH) + NH,

chefle w1 eafafenan o TS + 4 9 + 3 3fferdietor afereen o rafed @l S
B fafsren o S ST Zn?t o WY Wepe [Zn(NH),|>" st 21 S
w1 fawa a9 1.5 V g 2

TRl Fet g 7=, wfedl onfk St fog 1 % A AT Sevdshdl el
el o fore Sugea it @ (Fost 2.9) | 3q¥ foh- vl SRy THIe o1 e
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LSS THE 2t

N
//\\

— el o
(fesan)

fera 2.9—qmm=ra: gga TR
e, N sraaraesd aor

qFT (1) STFEEe
iR B

2.6.2 WelEeR St
( Secondary
Batteries )

HgO & HTe- 1 T2 hefie 1 %@ %@ 81 KOH T& ZnO & T
AYAITTA Bl &1 YA Bl Seire sifufemars e < T -

Tre— Zn(Hg) + 20H — ZnO(s) + H,O + 2¢”

erg—  HgO + H,0 + 2¢” —> Hg(l) + 20H -
T 99 sAfafwen F= yeR 9 fefud ) S e—
Zn(Hg) + HgO(s) — ZnO(s) + Hg(l)

e fose ertem 1.35 V el € 9o Squl e ety § fEer T §;
iifer Ty Tl tfafwan & g off wE e T © frwent wigan forerH
T B o &R, ¥ H YU wE Fafy | 95 Gkl Bl

T Gah Ucl 1 YA o 1% faudia faen o for@ o & yare g 3:
A T R O W o A o Gehdl B1 U ST G oA S
R fewarst Td =S o =l W TR Hehd! 81 Fad Heequl T 9t o
e ol ® (e 2.10), o wmrra: el wd sl weEn o
S ®1 THE UHE A€ H S T T qel chdle o SEsiiedEs
(PbO,) ¥ W gL s &1 fiie &1 71 38% HeHIRTH 310 1 faemm
YYAATTI T T FN T S o2 TN H At € df FreAfefad g
arfuferang gt 2

TAE— Pb(s) + SO,” (aq) —» PbSO,(s) + 2¢

Fere— PbOy(s) + SO42'(aq) +4H"(aq) + 2¢” — PbSO, (s) + 2H,0 (1)
39 YHN helie e UAre sfufwmaiet w1 faeme g9u 9 sifufwa

frefafead 8—

Pb(s)+PbO,(s)+2H,SO (aq)— 2PbSO (s) + 2H,O()

Te— g

Sl i A W W A
’> IhTHA 81 STl @ 99 THIS Te hefe ot
FHST: PbSO,(s) Pb T8 PbO, H a8

S 1
T e Ul guEe Od foha
\ﬂﬁ Srefrm o (o 2.11) % et s
e T s v wm ded @ e ¥ g
) Te! Fmfo o st 21 TW 5w g
/ \ 1 fopanfefer qen =l e fewarsi i
89 ot ST E gisra | B orelt seieie stfufsmansti @
T — PbO, & 7 firew forega avia 7t 4| fewarst &t gfshan |

farT 2.10— o€ gargs g

BN aTeh wHy eifafE fefated -
Cd (s)+2Ni(OH), (s) - CdO (s) +2Ni(OH), (s) +H,O(1)

57y SRIAEEA
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fera 2.11— T G9: &9 I SR Sl
STaeel] ©, 74 GIETH a1 T erEeiaEs
T ffTd Wa d geapa [ahe heliad dell

2.7 ¥t AW

fora 2.12— g47 9 St H, 3Rk
0, &1 SYIIT HT
fergga S et Bl

WA o gB8

W‘ﬁ?/
gwﬁ//
TS e

o s W TR Seaed wga stfues Syant fafy T @ aen ¥w yguw
* Th oS Wid ¢ U G § SiereHt Sl (shigen, 19 oA 9a) Wi
T S (I8 ST H1 TN Uget STl ] 3o I i arsd | ager
o fopan St © TSrept SUA <XEed &l S foea Scaed o feman
DU A S T R e s e 1 A e e 1 e
f T wE sEH qaar ft fues B1 o UH Ol o1 fretor gve © R
AfTeRTieh! hl TR Teleiel T STeisd Hdl S Tehdl © A ScAE) i
JYAATILI Fe Y AR S S Gehel &1 UEH oot Feft w1 o
TIEEISH, WA T WAt (g Si9 SoAl w1 g8 Sofl ol Wi &) faga Sl
o ufEfdd feman s ©, S99 /et Hed 2

ol 31k Thel S6F Ul | BRI Td AT oF WA 9 Sl s
1 eAfaferan 1 ITERT R S @ (st 2.12) 1 39 T R ST Taie
Friwd | foga e UgH &% oF fau wam | @mn oo 39 sAfafsha
W YT STl 9T hi G Y SR STAN dfey I o fou dastdl o
w9 U a1 T o1 Wl § BEgieH Wd SATeRISH TG o Sereel i WY e
TARISl o HEH U HWiE g ST SRS faeed ¥ yanted fHa
ST 1 Soleie Sifufwa # R dgM o forw gem fawfea wifem
Yoifesm u1g, W SAReh! 1 ToiRiel § THEiE fwma S 21 soeRis
sAfafpare = § T E-

FAS—  O,(g) + 2H,0(1) + 4¢ — 40H (aq)

THE-  2H, (g) + 40H (aq) — 4H,0() + 4e”

Ty sAfufean 9 g B—
2H,(g) + O,(g) —> 2 H,0(l)
e qh Ikl T e eIt €, IeT AR HE HI g1 S
ol ot gl | fSHeR! <er 40% Bt B, UM Wl 70% <Erdl o |
forga Scaifed et 81 6 el 1 Sl SgH ok Ty T Seleie ueie S+
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SN e SgasTIEeEl o faeh o wgd sifueh 3=d g8 21 Rl SUA Al
H ga o dR R R T @1 e St weuon g B § e wiass § gk Hee
%! WA EU 3 TR o LA Wedl i FIHd T SehT Teor fohen T 2

2,8Qia{[Qul' HeIROT ¥1qsTl i Tde i SAFACE AT o1 o T @avll ¥ Hg T 9 A1

FT AT F| AR H S I, S BT TG A, HIW T Fded W E A H A
B, ROl oF % S T Fg Wal, Yoll, Sl qen ungett o o g
e, TorgioeRt i 9 ot oAl w1 refres effa Ul 21 Helul o Ul
B gfded wUel w9dl w1 B el 2l

TR ¥, o1 ATRASH ol gl oY S € Sl @ U SEehl
AFATEE &7 WAl 81 IR o1 WOl (TH=a: TS S v hed §) S e
g i SuTEfd W B B GRO 1 WHEA Wgd Sied © Wd W gem:
TG GRERA I ST Gehdl €1 WdR § S o aeg o e e W
el SR Bl ® il o €U UAIS 1 el v & (Fo 2.13) e 5@ 'w
Frefetd sifafsan 9 = w T B—

Tire- 2 Fe(s) —> 2Fe” ' +4 ¢ Ej o pg ==0.44V

TAE! T R Yo goiae, 91g o HIEaH ¥ HAled $e o o S e
R Uged € a1 a6l H' ST ot Sufeefd o Sifaiist b1 o1o=ee id 21 (HHE
S € foF H' @18 CO, & STl § 5o § a4 HyCO, o U i 21 BIEgIoH
3 argHed § UM 3T STl STaTsel oF oial § Jo o off 3uarsd =t
Tohd ®) | T T Trfafaa Afafsan & R Shelig &1 qE sFaer Hid 2—

HAS— O,(g) +4 H'(aq) + 4 e —> 2 H,O (I); Ef 0, m,0 = 1.23V

T TfafshaT— 2Fe(s)+0,(g) + 4H'(aq) —> 2Fe” (ag)+ 2 H,O (I); E 4, =1.67V

THeh SUUA AgHSHd SIS R i S IR e aTerdieha Biehy
Tiieh A § TEel S § S St thileh SHES (FeyOg x HyO) ST
S o B9 4 feEE 39 € e gheh WY & eEeH P YH: 3¢9 8 S

TR KT THAH Tk Teayul 21 9 7 hael ¥F i S9d &t €
Afag geil & e A R o FHR0 fhd Heeyt wew o fifeeg g9 S
TeleTat 1 Tl B Aeg foerdt 71 Wame FRy &1 9o8 wa fafy €, aifes
Hag ! YA o Tk | 7 3TH 31| I8 Tde hl e A1 1 WAl (SR,
fargeiTeT) | ifta ek fehan ST Hehal €1 Tsh 31 WXl T €, @ag ol fepelt
37 U 919 (Sn, Zn 3Tf) ¥ =1 HTA S ATk T A1 9% Hi &l o
fau fopan o 9 o1 U degavEEt fafy ?, Rt et ug (S- Mg,
Zn M) 1 ST oIS SUTS HUAI, S d HWenid el a%q i Wl

H 2
o 2.13— ol &7 ; SATRIAHIUT— Fe (s) — Fe’*(aq) + 2e
argHEeT y )+ JUTAT— O, (g) + 4H'(aq) +4e — 2H,0()
T gEro

IS STTRAHIOT—

2Fe*(aq) + 2H,0() + 5 0,(g) > Fe,04(s) + 4H'(aq)

59y e

Reprint 2025-26



QAT 92

2.13 =S o SR TRt Tl ol 90 Seoi@ id gU o S@eh del i =i ety &1 qui
TErEfe Afafwanst &t Fe™a § Sifta)

2.14 TEISH H BEH $8H Jal § WY fHA S Tk At I 7 T GEeu)
2.15 THART foh HY AR W S @ 1 HRO Teh SEAIEEHH def S JE ST 2|

BSE\0w 26T FrefaneSt

TdH B AR S1efeAeEe i W ol Sell oh A Elid SHeTeH $6F SR e, det 3R T 21 S-or
R W W ST Sfer T G WEd €, GETER ST STl ohi SAeeehal Wi SRt arkd |, St
1 Ul sfer U fershT <1 SHHT /T ST €1 ST THH @8 W T © TR Sl Scare s | g
et © 7 fop o7ef € o ot B1 eH ved W @ o € T (i wsy g’ Ssfaren Sl o <8q 9
I HTaA SEAFAES H1 & oM 21 THY Yoot 1 Tag 1 aId g @I ¢ a1 7Y yaig otk faser
oM & W HETHIRI 1 WR g ol €1 39 gl o fheR o freeada &5 | a1e o st ud e
T2 S o 0 €, 99 Arerdid, o quid: g9 ST 1 Tl 71 39 YRR o Yoid U S oh folT g6 heA
I oAl o TANT 1 A FE R TR 1 EIEGISH THehT TSy foshey §; Hifeh 38k S8 d
ehael STe1 oA €1 I8 BTSN 9R Sl g1 Sl oh TS § W Bl ifeul 39 Yo BRSNS Sl
o T THIHONT T STHGHF Gid oh & H FAN i ST Gehll &1 T TTRGISH ALIME 1 IRehedH
21 ST o EASTTEE U TIESIeH 1 ScUIS Udl $o Tt | SRS o1 S S &1 wias § wgegul
B A G & deheTeh oA fagidl 9 e €

ARAKA

Toh AR At § 9 Ui goegie degqerase faoen (faeral) # fmfsr wd €1 58 weR
TR T T Th Tequl Sk SAMHE Ao I SgasTIEed ¢l SgaEatie 9t & YER o g
gl freart ¥ o U T@a: Yo Srfufwar &1 Tt St fagd e § ®ia eidt §, Sefn
SEATEet el H TR ol 1 SUAN U ord: Yeted fifsRar &1 i § e B TH SugH
faerem o frwfsta soeeie #1 AHe Soaeis fawa grEeie sowie o e § i fman s g,
et oM fawa 3= 91 S §1 O 1 OEe fawd Shefle T UHie o A fauel o o ¥ I

ﬁww%(Egangm—E%g)@ﬁéswﬁﬂa,@aﬁﬁﬁawﬁaqu%waﬁwﬁﬁ.rwﬁ
(ArGe=—nFE?W))Q3fWWW (A;G° = —RTIn K) ¥ Hafd 84 81 Seieeiel ta dell o
fauat &t wisar W fsfar e e g S 2

Teh SRAATHAT fI0@A 1 =eTshdl, «, SYASTIed w1 Higdl, foeiEs w1 yehfa ud arg w el
1 WIeR Wk, £, B E =« /c BN URfoq R S € el ¢ Hier WEan 1 Wwar qed & W
et SIZdl € STefeh WMo’ SITeTehedl dadl 81 ol SgasTIoedl & ot g Qigd w2 o @1 ofid-om sedt
? Sefeh g Tl § oo Sgaereeal & fau 7 9fg Sgd ot 9 B 21 Siowsy | uEn R e
AYASIET 1 S aa] W AR etehdl 39 S H1 el =eshdisl o AEH o qed gl ¢ fo
Tg foreifia 2ian 21 38 TRt o Taad TR ot Fram ed € Ud TH% e S &1 SgaEEtin
Yot H 3ufterd faereq o fagd 1 TeTer STE1 51 Bia1 § WX SHoRdeRioT TS ST9=a k1 UfhAl sl
W e B oefEt o $um ¥t Toalt Il & agd STEh ®9 €1 o1gel 1 GeRv SevEs ®9 ° TH
AP IRE B AgaEEte fagia eege- st &% g )

ESIREERIGE
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2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8
2.9

2.10

frefafaa uigsti &1 38 %9 ¥ =afed iV S99 3 T T8 i 376k el o faerrl ° § gfhaeenfud
EZoil
Al, Cu, Fe, Mg W8 Zn.
e fEu T AR gereTe fawdl o SR W eTqet w1 ST Sgdl g STTHEeh &THdl oh e W e
Hifsg)
K'/K = -2.93V, Ag'/Ag = 0.80V,
Hg”'/Hg = 0.79V
Mg” /Mg = -2.37 V, Cr’ /Cr = - 0.74V
39 Treodt T o <uiise foed Frefafaa sifufsen et 8-
Zn(s)+2Ag+(aq) —>Zn2+(aq)+2Ag(s), A ddlgi—
(i) -1 SRS RS SAER €2
(ii) ot o To@-o o a8 &iF § ©?2
(iii) W Seloie W BM el siffman 1 2?2
Frefafaa sfafwmanet ot ool det 1 A So-fawe aferfad sifg)
(i) 2Cr(s) + 3cd”’(aq) — 2Cr’(aq) + 3Cd
(ii) FeZ+(aq) + Ag+(aq) - Fes+(aq) + Ag(s)
ST aAfafswanet & faw A G° wd W feeat &t off o Fifsw
frafafead ¥a #1298 K W 1= HHe U6 emf faf@u)
(i) Mg(s) | Mg”"(0.001M) || Cu”(0.0001M) | Cu(s)
(ii) Fe(s)|Fe” (0.001M)||H (1M) | Hy(g)(1bar) | Pt(s)
(iii) Sn(s)|Sn”"(0.050M) || H'(0.020M) | Hy(g) (1 bar) | Pt(s)
(iv) Pt(s)|Br (0.010M) | Bry(1) ||H'(0.030M) | Ha(g) (1 bar) | Pt(s).
wfedl U o= gimal o Srcaferen SUEM § ST orelt s Uell W fefafaa sifufmen g 2
Zn(s) + Ag,0O(s) + Hy,O(l) — Zn2+(aq] + 2Ag(s) + 20H (aq)
arfferen o faq A, G° W@ E © 9 sifsmu)
ot SeeTaeIe o faor@e w1 =eshdl T8 ok =Teishdl i TR fS@ | HisdT o T1et ok qed
1 foe=m wifsw)

298 K W 0.20M KCI i@ &1 =refehdl 0.0248 S cm ' @1 ST HieR =rershdl 1 YR e

298 K W T =aishdl 9l T8 0.001 M KCl faerd 2, &1 gfadis 1500 Q ®1 3 0.001M KCI
foreT &1 =Teiehal 208 K T 0.146 X 10°S cm '+ & @ 9 femis 1 272

298 K R wWifgan w=iigs &1 fafq= @igasti W =isar &1 9aq fwan o fSwes e
Frrefafea 8-

TigaUM 0.001 0.010 0.020 0.050 0.100

10°xx/Sm~' 1.237 11.85 23.15 55.53 106.74

goft wigaeti o A A, 1 GRepei SHIST T A, 9 ¢ o Hed Teh 37eid @irau) A, 51 9 T S
Blyy SETERIA
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2.11 0.00241 M THifew 37 H1 =reiehdl 7.896 X 10° S cm’ | 2| THH! o =reiehdl Hi Hehferd
Fifs) afe TEifes st o faw A0, &1 7M 390.5 S cm” mol ' @1 @t sweht faaist feerter s 82

2.12 frAfafEd o sT9=eA o fau fohad sae 1 stavaehar grft?
(i) 1 " A" &1 Al ®
(ii) 1 e cu’’ # Ccu §
(iii) 1 Wi MnO, % Mn” ¥
2.13 frefetad 1 o & o o e fagd i sagashar g2
(i) 7fed CaCl, ® 20.0 g Ca
(i) Tfad Al,0; ¥ 40.0 g Al
2.14 frefafed wt siedidd FH & fau fra Sam faga v €2
(i) 1 & H,O &1 O, HI
(ii) 1 @1 FeO &I Fe,05HI

2.15 Ni(NOy), o Teh T o1 wifeTn goiagiel o e 5 UfeR &1 ur garfed i g 20 e qe faga
Fraere foran T Ni &1 TRl A shefre W faifua gnft?

2.16 ZnSO,, AgNO, Td CuSO, o™ art diF dgastaseft i A,B,C & duftag fwan 71 wa 1.5
R 1 fagdem, 9 B o shelle W 1.45 g fiear feifd @M qe oiar yenfed =i 781 fagaem
forae @9 9% Yarfed gs2 Maftd wiR wd fS& o1 seaum = gm?

2.17 difersht 2.1 | f&Q TC AR seteie faval i werEd @ SHA ws i s frefatea sfaemdet o
e srfafeman dwa 22

(i) Fes+(aq) 3R I (aq)

(ii) Ag+ (aq) FR Cul(s)

(iii) Fe’' (aq) 3R Br (aq)

(iv) Ag(s) 3R Fe3+(aq]

(v) Br, (aq) 3R FeZ+(aq).

2.18 frefefad § & yeis o fou SgaerTsed d W Scg =gy

(i) Toeer seiegiel o WY AgNO, &1 Sieie faerm

(ii) wifeTm geragiel & @Y AgNO, w1 Seir feaera

(iii) ®ifeTd giaRrel & @Y H,SO, w1 af foeem

(iv) ifeT™ Seeiel o " CuCl, %1 el foerm

PV TG TGl B TR

2.5 E.,=0091V
2.6 AG’=-4554kJmol ', K, =9.62 x 10"
2.7 0.114,3.67x 10 *mol L™

W fagm 62
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BRI

9 T o AT o IYEN A9

f9d TS dichiereh SIfRar o <kl
qftfira Y Teh;

safafsman am i tffsraen] sre@n Sae)
I Tsd § T9T o 91 ufiedd o 9% |
fora weh ;

YR qun Sifea sAfafsmansti § fadg e
T,
aAfafemaneti w1 enfueerar 9en ife ° 3@
‘eh_{w;

7 feeris A1 GRS Y Geh;

97 freris W rfufeashi =i |igar, a9
qAT IATH 1 AT 1 FuiA T gk
I U YU Wife i Afafomanst o fag
HHTR{CTd o HHIHOT ohi SFeard hL il
I U YU WHife i Afafemanst o fag
77 frerisr o1 fAeor & ga;

Hoezar (Collision Theory) T UM
T Teh|

Ucheh
)

0)

o> = o> Ir\\
LGN len Sl Fglenl

“TrATafieR SerTiaat g0 98 WHEH W WETIAr @At & fok erfufmarg
é)‘ﬁg??ﬁ‘ﬁ“l”

A WEEgE €9 4 URedd 9 Hetd fome ¢l THRfTE
sifafsran g fafdmse o 9 e w=1edt w1 1= TN § et fafe=
vl W uftedd g B R waEtte sfufeer § wEew
frefafad qea S 1 99 i o—

&) qEEHe AfafRar BF w1 G9e i, St fh SeAmfast |
fruffid =1 S Gehdt 8 (319 SHd © foF o) 919 wd €@ W
o srfufsan o faw AG < 0 Bt ® = sAfufswan g gt
?);

@) forg dm a Afafean grft, 39 qarfe o 9 fauifa
e ST Wehdl T

) Afafewan w1 9 stefq sifufean gR wrEERen 9% wEed o
T 9re 99|

T sifafewar &l qui &9 9 wHed o fau sifafwan =t
HOTedn qA W oF WY-91Y 39k o a1 39! fuiia s
I FRHT Fl AT THA & § Teaqul 71 SIeoned- wF
T gt fuifa e € fF @ a9l fhat oie @we (Spoil)
BIM? Sfd 9 oh T 3itsr /A el 9erel ohd 3feRey fer e
o] T S5 § 26 o €8 w1 X sy el et 82 2
ot we 1 SR e foTE w1 SS9 vmar gr e €, e
srfferan o qen THen! fomantafy w1 eteaa fewan s €, 5@
O SenTaat %ed &1 'Kinetics' (SeTIfaeh!) Weg ohi
ST ek 9 o 9% 'Kinesis' § g8 € Torent e1ef giar € i
AR ohelel SATA(HT 1 FHEAA! il @ Sielfeh TEE(Th
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Fefaert safafswar &t fd STt {1 SSrewned FEmiaRTg iee uid ¢ f ER
1 Tw1ge o gRafdd foran <1 Tohdr € W arqa ¥ 39 ufiad i fd 5ot og
Bt € for afterds faogpar oft uftafama =t gran era: sifuspter «im gwee @ %
‘€T T € € @l | IenTiaen e S1eE | shelel TEET SR & an
1 Frfed e H R w ¥ e S e w1 Ao we R
sAfafeman o1 & afted= o ST Rl @1 Fw FHRE Y iK1, 9, 9 qel
IARE AfafRaT & A I gfad A ) TS TR W el & ugrel
fepait am W sreren fafia g8 @ oI seh Sy stean ffifa g 1 v o
Bt 21 onfrass TR W sifufswman wt feanfafy §, Huee w7 el etEt o
o= qen St i wiwfea #td g faer-famsl fman s 2|

39 Usheh |, Y A9THa1 o 39d T dichlfoeh o7 a2 38 Yiferd i
aTel FHGRI T FFIT HUN Goeea] (Collision Theory) o foma § $
R THHR off sod § ¢ 71 9enfy 3 Taen! THeH % fau, e, 79 ted
siffsren a1 o oo o oo

3.1 RmEkE® & Afafpare, S st sifufward srafue dg wfd 9 @it 1 sewond,
Waﬂ foeer A1gee o Sefg faeem # difeam FaREe &1 Sel™ |qquﬁﬂﬁﬁ
foeer Faee 1 st sifaels siar 81 SO SR Fw sifufward agd wg

eIt ®, SH— o1 ° Agar i Surefa ¥ @i WS ol o sifafma e

off Bl & S HeFm o © Bl ®, S9— 3&[-YehU 1 Uil qel WrE

AT 1 AT Feoleh Herl shi SAfAfehanati o 31 ST Wie Wehdl €7

39 Sd € B foh wnfera amed ot ifa i suent frafq ufads stemn

e oo § @9 1 T g0 % o Hed 9§ o hd §1 56 TR 9 fendlt

sifuferan &1 7ifa steran o &1 Sohts 99a H Ifufshaehl STU@ SRS i il

o ufterds o &9 § gRenfua frean st wehar €1 firen gewsar o fag 5@

(i) forelt ws sifafsraen =1 Tixa1 ¥ g™ &1 I AL@T
(ii) forelt T g T @iga ® iy # R ok gR T wW@ L
T e SR W TE i g faer W R smae fer
sifafFae R &1 TF Hid 3O P &1 Ts O (idd & ¢l
R—>P
I §HT ¢, T ¢, W R T P ! FWigdQ %A: [R], T [P], 70 [R],
T [P, B de—
At =t,-t,
A[R] = [R],- [R],
A[P] = [P],- [P],

LSIREMERIGE
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S TRl H FgT HItSH Aok Figdl 79 HI & fI0 Tga feoman S 2

Rﬁm%ﬁﬁﬂ=Rﬁmﬁm:—@
HHT At

(3.1)

Pﬁ%ﬁquﬁmﬁq&g:erpl

T At

Fifer Afafsraemi ®1 disdr wedl § oW: A[R] Th RUTHS OH1 El

Afafsran a7 1 TR TET W WW e o faT W -1 ¥ TOn & @

iAo 3.1 qe 3.2 i|d aifufwar 9w, r,, i fEfd #W@ Fosied

sifaferan o eIfsifsrarent steran SRl o Wigal URad qen TRedd | Uoged 9Hd
w feft #xar © (Fet 3.1)1

(3.2)

[R],—
d[P]
T Mo = g7~ = O (P)
E | AR _—{RHRJ} E W
) av At - (tz_tj)
R b | )
F T >3 S a
. s - d[R] ’ )
" | Mew= Q¢ = 09 E AlP]
% AN . LA A[f] _ [P(i]: 1[51
diR] [P\] < At> Y .
<_T>
— t, t, t
T (5) ——> A (s) —
(=h)

(@)

fer 3.1— sfufspar w1 dreifors T Siigd &

srfuferar o & geTEAl

iRt 3.1 W 3.2 § W © T Afafeman o & sehrE, Wigar 99F | 2
3TN, IS Wigdl 1 367E mol L U1 THT I IS Yohe § off ST
ffeman o o1 g mol L' s et denfy, Tt stfufsmanet o St T4 o
Higl AR <6 R ek 1 Sl &, e o7 1 1 atm s - @il RO 3.1
Y € 3@ W Gehal € b G o 1AM 1.90 x 10 *mol L' s W
0.40 x 10 * mol L™'s™ o wex 8 qenfy afrga o et efor ox stfufsman am
% = H ok AT T TR Bl Fehdl Hiifeh o9 FHATTIA o folg SHehT

65, TEEfH TR
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samoor 3.1 CHoCl (SAfed wrige) =it fafq=t wma w <t 7 wigarei 9 afwm\

t/s

C,H,Cl + H,0 — C,H,OH + HCI & foe fafe= wwaiaret ® oied o st o

ifsra)
0

50 100

150

200 300 400

700 800

[C,H,Cl]/mol L' 0.100 0.0905 0.0820 0.0741 0.0671 0.0549 0.0439 0.0210 0.017

zar 79 fafy= gueiquel W 9igd o 9Rads 1 AT R Ghd © o7d: 89 Sd o,

A[R] &1 At § 91T ST J1d T Gehd B (TR 3.1)1

RO 3.1- Ffect FANEE & Wl AUGESH 1 @A A

0.100 0.0905 0 50 1.90
0.0905 0.0820 50 100 1.70
0.0820 0.0741 100 | 150 1.58
0.0741 0.0671 150 | 200 1.40
0.0671 0.0549 200 | 300 1.22
0.0549 0.0439 300 | 400 1.10
0.0439 0.0335 400 | 500 1.04
0.0210 0.017 700 | 800 0.4
-
A
TR T E B, SEY ¥ STuRafdd W SEfe e ok TR eror AT e
T o Toq Areerfutes o S feman Siran €1 39 &9 foret atfoery wwiave dt
(ST At I T 3R SRR ©) % fau oigd 9 g 9| X g €1 e
ittt €9 H o7d g&H dt o forg drarfres o ot frefafed g | s
T -
_ —AIR] _ A[P]
TTAC T A (3.3)
S At— 0
_—dR _dP|
Mhos =740 " dt
Y UM G, R 191 P H § et o off Wiga-99g ok W Tl @ gig
T A1 SHeh @Il 1 U1 hieh TG fohan ST Tehal € (o1 3.2) 1 ST 3.1
WA foeH 66
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H 600 e W, 1 AF <A FANGES 1 Higdl Tl THI o HeA oIk
g F T F TH & T (=600 s W G% R TH TR W@ Gied

g (fax 3.2)1
0.12
T 0.1
— 008
2
T 006 \\
e \ t 4 600 Sec ™
9) 0.04 \jﬁ&ﬁﬂiﬁ T
0.02 4‘ >
0
o 3.2— fee FaRES (C,H,Cl) & 200 400 600 800 1000
S HqHST FH AT AT T (s) e
st Y@ 1 e qefoR 3 1 9 <l 7

3Ad: 600 s -

. e (0.0165 -0.037)mol L™
st (800 - 400)s
=5.12x10°mol L's™

t=250s W r._=1.22x10*molL's™

inst

t=350s W r._.=1.0%x10"molL's"

inst

t=450s W 1, =6.4%x 10 "molL's"

19 sifafshar Hg(l) + Cl,(g) - HgCl,(s) W fa=R & &1 3 sifufewman o
Afufsrorer o Scarel o igfRaiiel omeh THH 1 31d: T i o ferg—
-A[Hg] _ -AIClL,] _ A[HgCL,]

At At At

31Ifq foreht eAfuiforerek 0t WigaT H T &1 T I 1 Hgd HT ghg i
% TAM Bl 21 g Frefefead sifafean § HI o < dict sosifed el H,
A I, § ¥ Y 1 TH Hiel 3 e

2HI(g) — H,(g) +1,(g)

o srfafmaet o sifufras v okl o wisfRarHe Tones a9 =&
B, 3ok a7 ! T H ok forw frdt off eifufsrass 1 digar § & &t

67y THEEfH TR

Afafsar o =
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T ran fRdt off ITg FT Wigdl | gfg HT T A1 HAW: IToh SR AMIST
T ¥ A A 2| ST SIE H HI HT Figal H wE FT R, H, ST
1 digal ¥ gfg # WY T T 316: 3% GHH S o foIw A[HI] 1 2 9

AT 3 B
e __LAHI _ AH,] _ AlL]
T Fem = 2 At At At
3 YR © arfufeman—
5Br-(aq) + BrO;(aq) + 6H"(aq) — 3Br,(aq) + 3H,0(1) ED foq
sifiafpar g = - LABrol _ _ABrogl_ 1 AH"]_1A[Br] _ 1 AH,0]
5 At At 6 At 3 At 3 At

foddt et stfaferan o forq @igar onferer <@ & uEoR e ], or:
arfaferan AT =t Afyste s1Uen Icg o 27T g9 | uRedd &t R 9 A
o S TR B

SEERUT3.2 318 K W N,O, o I8 &l Ak 1 1A, CCl, fae= d N,O,
T o6 A9 R fefan T R § N, O, 1 Higar 2.33 mol L o St 184 fie
A TeFR 2.08 mol L ® | 7 Afufwan freafafed dieor & R
et &
2N,0, (8) — 4 NO,(g) + O,(g)
79 ifufshan o fou ofed o &t oM S, fael qen Wohel o U ® wifSwl =W
T 3T § NO,, o ST i X 1 2

g s dm=L _AN:Os]

2 At
__1 (2.08-2.33)molL"

2 184 min

=6.79 x 10 mol Lfl/min
=(6.79 x 10 * mol L' min ") x (60 min/1h)
=4.07% 102> mol L' /h
=6.79 x 10 *mol L' x 1min/60s
=1.13x 10°mol L''s™

e oJH W’ fh—
g = L A[NO,]
4 At
A[N02]=

N 6.79 x 10 * x 4 mol L'min™" = 2.72 x 10 mol L 'min"

LIREMERIGE
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agARRT g9a

3.1 R P, stfafean o fow 21fyeras &1 @igar 0.03M § 25 fae o qfiafdd & 2 0.02M &
S Bl 3Ta 3T T UM Wehe de fHee 31 seEedl | wifeu

3.2 2A - 3, AfufeHa § A 1 Figdl 10 72 § 0.5 mol L ¥ 52 % 0.4 mol L™ & Sl
21 =9 GEEGUE o foru SAfafsmen 9F 1 UM it

3.2 zitAfEear Aer B Tl sfafren 3 urifies ftfefr, S9— sfufras )

o AT TOTED

3.2.1 arfafeRar o &t
Higar W fuwar

3.2.2 97 &N TE AT
Teertien

qigd (7 o ged # T@), a9 den 3ae WA
Il B

fordt feu T a9 W AfafeRan a1, T rUen o ifufshaehi qen STl i
igare W 99k 81 wehar g1 Afufswan an w1 efufwaent 1 "igar & q&l |
frequr a1 fem (Rate Law) 8ardl €1 30 a7 GHII0T 19 o oHish off
Fed
Groft 3.1 o 9RO e g9 € fob To o Wil S-S tfafsh el i |
Tedl €, fdfsman o sear S € sHeh fauda erfufwan o wmrEa:,
srfufsreest 6t digar & gfg eF @ sgar 21 3ra: sifafewan =1 an sifufmaent &t
igar W sk s 2
T 9HH 3Tfwfshan—
aA+bB—->cC+dD
R four R 59 a, b, ¢ a1 d f9fsFael Td IR & =iefnare
ToTleR §1 TH ATlHA o forg o sEsten B
T o [A]F[B]Y (3.4)
el HIdieh x q1 y EfRAd o (a 991 b) o UM 3teer f9= &
Gohd B1 I GHIHTO i gH 7 &9 A for@ Tend B
a1 = ke [A]° [B)Y (3.47%)

d(r) P,
_T_k[A] [BI] (3.4 @)

G0 3.4 (@) i 3Taehel o THIEHTUT Sed €| F81 fc T feeris
2 8 a7 fertes #ed €1 3.4 S T w s R stfufwan 9
ffeparenl o1 Higal § Heae Tofud sidl @, v 90 21efe o sl Thed 2|
ata: AT Foram o wiees BT § Ty el srfaferam o 3 @t stfurfaraant
i HIeT |igdT oF U UL i3 Hdieh oTTehT ekl hid ¢ o8 fendll Gefera
TS Ao ¥ et o Eigfehaldiel TuTieh oF THM 3Terar
=t oft 2 HeRa €

I[N ok faw eAfafsran—

2 NO (g + O, (g) - 2NO, (g)

69, TAEME FerTias

Reprint 2025-26



=9 Afferan oF o o1 fAeior o @ feel ue stfufsaes ot wigar 1 fer
WA U W AMAThash 1 WEd H IRacd Fion, S12@1 a1 SATfshaei i
Higar afefdd sieh, IRIH TEdel o hed o ®9 § Y Hehd B IROMH
groft 3.2 # feu 7w B
AR 3.2— NO, & favem &1 urfae am

1. 0.30 0.30 0.096
2. 0.60 0.30 0.384
3. 0.30 0.60 0.192
4. 0.60 0.60 0.768

aftom | T ufefad g @ R S 0, w1 Fisdn feer TRt NO &
igar A KT W @ q9 erfufear o yRfas 9n § WR % Uk
(0.096molL™'s ' ¥ 0.384mol L''s ™) ¥ gfg Bidt €1 7 gwifan € o o
NO 1 Higal o aiithel W 9 el 81 & NO &1 wigen feer i st €
T O, T Wisdl T F1 S T Ta AfafHar 9 &1 TN e sAfaferan o
1 O, 1 gl H1 Th =0 W Fsfwar i 81 o1a: 39 atfafswan o forw o
YT BT

a1 = k [NOJ’[O,]

waﬁwwmwwﬂw—%%moﬁ%lmﬁmw%l

39 Afafewan o wrEifer stierel | e S THieRor | Higdresl o S| s
A, Fafera siffeman o wigaet o wifwardidl sl & 9HE 2 F5 3T

SerERu frreforfad -
arfafeman YTAiTeR S HHreRtoT
1. CHCI, + Cl, - CCl, + HCI T = k [CHCL,] [CL,]"

2. CH,COOC,H, + H,0 - CH, COOH + C,H,OH 37 = k [CH, COOC,H,] [H,0]°
= rfufmaneti o digar usi o =i TEiRIor | Sufkerd wifhdrdie! ot
¥ fi=1 € °m: ¥9 %E Hahd &

a7 frm &1 frd Ggfora SIRIfRaT &1 3@*T YR T&1 far ST qehr,
T gHeHT (R Ggiiow &9 G TE: dfew g &9 B s g

3.2.3 ITFUfeRaT Al hIfE 3 TH 3.4 (F) H-—
a7 = ke [A]"[B)Y

xTE y 3 &ed ® fop etfufsran =1 o, A @1e/en B o igal ufte 9
Y gfad B €1 TR 3.4 (F) | T Q! B AN x+ y At

RIS RERIEET A
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Tl Hife 1 o HIAN € Selleh x qUN y HAN: A qel B ok ufa saffepan =i
Fife & TR H

31a: ferelt srfuferan o am fram sisre o wga AigAtstl o Tdiel T
Tt 3@ rfuferan it wife gt &1 sifafwan &t #1fe 0, 1, 2, 3 1
fqreren off 81 Wendl €1 eAfaferan 1 whife o =1 B 1 o1ef € o erfufeman
a1 sifafsharhl o1 wigd W FeR T2 s

SEERUN 3.3 3 sffufshanaii sl ool whife 1 TMUFT HIfSY o1 a7 F5eh ©—

(%) T =k [A]* [BF?

(@) 3 =k [AP? [B]

gl (=)

(@)

9 =k [AF [BF; PO RN =x+y

;e HE = é+g=2 = a1 fyd wife

el whife =§+(—1)=% 31AIq 375 hife

Tferd TEEE SR, Sfafwa e 8 W R; sheh Wl fesor weft
oft T e Fl; wiif fove € wE el v 9% | ol B 81w W
" g arelt afafmanet w1 werfues 1fufwand (Elementary Reactions)
FEd 1 < et rfufwrand t 9% # 7 ©f; afed #E i § G el S
A, a9 uE rfafsmeneti 1 wifeer srfafsRamd (Complex Reactions)
Fed ¢ ¥ AfalRaTd FHARE (S, T F CO, o1 H,0 ¥ 3ToRfehior e
At gai 5N 58 Teshleldl, Tfeserse den o1t 5 7)) , faudia sifafewand
de uwd  SAfufRaTd (S WiMial o TSRl g STieiTEaImiie qe
PSSR b1 a1) €l Fehal &

T feorian it geREAT—

Teh 9HH 3ifefshan—
aA+bB->cC+dD @ fau
o = ke (A)* (B)"

SRl x + y = n = Afafwan =1 Hife
o = o _ Wi 1
[AF[B]Y ¥H3F (™an)”
Higdl Td GH3 1 SI Zh1E mol L' T s o1 W fafa= srffsmaneti o fau
I T gahTgAl Trelt 3.3 H @it M 2

w [A]=[B]

7l TEEMHR TR
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AR 3.3- o feawis @t gaREAr

arfferan wife o feeiar @t g
mol L x 1 =molL's™!
NG wife 1yt 0 s (mOlL_l)O
molL " 1 _ g
Jem whife SAfafma 1 < (mol L") =
molL " 1 =mol 'Ls™
f@?‘ﬁ_&f ife srfaferan 2 s (mOlL_l)Z -

G&E01 3.4 fqfafaa am feriarl 9 1fyfewan wife &t qg=m Sifau—
(i) k=2.3%x10°Lmol 's™
(i) k=3x10"s"

s (i) fed wife sifafeen & 3 feeie ®1 5@ L mol ! s '@t 8, om:
k=2.3%x10° Lmol ‘s’ fgfta =ife srfufman =1 frsfya s 2

(ii) werm wife sifaferan o am fomiw &1 s s | B 21 o :
k=3x10 ‘s vuH sife sifafwan 1 frefua s 2

3.2.4 arfafeRar =t srfufsran &1 Tk o= o, 8 enfrasar wed €, sifufwan = famanfafy
arTfraeRar e | HeTEdr sl ¢ Wi srfuferar ¥ amr o arelt wivfier (R,
3TET AT 0] ) S Toh Teh W WHEE oF Tora®d THEfeh STraferarn
AT &, ot WA Rt TRATeRaT sl MTfUerehar shegd &1 ST9 Sifafwar o Shaat
T TS Hore @ SAfulEe Uk S weend €, Seend— ity
LGS T SATEA
NH,NO, - N, + 2H,0
fg-mmmuyes srfufswmansti © weh @1l < wfviT 1 Goee e €, SaeTone—
BEGSH STEreEe 1 st
2HI - H, +1,
- sfufwnet § ww we de i % gaee g €, S6-
2NO + O, — 2NO,
Sfea fo=ma o e 1 9 ifess Tuew oF W Wy gueg o IWd
Afiehd B 1 oAl STedd A el 81 o7 1oy enfoeshar @ sifufewmang
agd il © SR i wfd @ wedt €)
W YhR T ® T wifea sifufwarg fmen wisfrandidl e o 6=
Y aferk 0] B9 €, 3 U @ S uel H e =Ry, SH—
KCIO, + 6FeSO, + 3H,S0, — KCI + 3Fe,(SO,),+ 3H,0
Tg e St SO AR W <9M HIfE w1 enfed et ©, ared | fgd

WA faam g2
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Fife w1 erffeman 21 98 s @ for =g erfufsman s ol o "o et 81 %A
1 ug ot Afufsman o i i wear €, 39 99 i SR ed stfufwar o
fopanfafer 1 Ad ok 3 Tehd €SS & fau Rl < wfeifar o S
FT A T ok g HS ok R el it 71 ek 5 weRR e
H1 F o SR o T A 9% g TR e €, f59 9w faiten uw
FEd 81 AT WA W SRS 3P W SR eRgST WaiEe o e
1 Afafepar W fa=r wifsu)

2H,0, 0 g A0 10~ 2H,0 + O,
7q sAfufsran & fou frefofaa o gt g g 28—

T = @ = k[H,0,][1]

77 sifafsa H,0, T I, Yoish o Ufd 9w *ife 1 &1 g, sifafswman
o T T& H G FH F Gohd <9 T

(i) H,0, +I' -» H,0+I0 (¥ 1)

(ii) H,0,+I10 - H,0+I +0,

Tl T Tg-erus Wt eifafswman 21 10 wfiviis & weed! wed ®,
Fifer gg rfufran o fffa et 21 wg 99w Sqfea gt o ety 2
BTl YUH U WS BH oh Ul o TUieh U% ©1 ofd: 39 eifufshen | wered
T Ht R Afaferan 3 i fAuifa wm

Id: A9 qF o au o g e frend el wehd 8-

(1) esrfaferan Y I Tk WEfTR 9o 71 e g qen faeere oft @ gendt
B Tq SAafsHa 1 STfveshal Y SrerE Uit @l Bl Eehdl|

(ii) Afafsran 1 wife wafaes T Sfea I TR &1 sAfafwst w| arp
Bt & Safer stfafsran o1 enfvernd shaer wafter stfuferan o foro &
R Bt ©1 Sfea sifufwaneti o foru enfresrar o1 ig a1ef @l
Bl

(iii) wfea sifafwansti § ife Ted oe 9g &1 € Sl & 9o Tad Hg g i
sTfeekar den hife I9= et 2

TR 92

3.3 T AFET A+ B — IR, o foaw a1 F=m r = ke [A]Y? [B]? 9 f&=n T 71 sttt
FHife 1 272

3.4 3 X1 Y H SR Tgdid i 1 aeriiaen! o 78T Bl 81 a5 X i Figdl o T4
QA Y & 90 B9 oF S W SR Y99S

73+ THEEHR TR
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3.3 QA Higal I ST o7 THIRT0T ki 3felhel off HHIeRLU] hed & dichlicieh ot ohl
31 e Teg M el B, T HH WA Wigdl U6 9 % HeA WY o
RIAIBR0T o 't foig W i 7 et Y@ 1 e A/ R e s € (e 3.1) 1 5E
AT o T BT ST B S €, o7 AfAfshar i hife ff Fra we hied
B Il B1 39 hioAE o TERU Bq ¥H A HHIHTOT i GHEh{CA hich
TARTAG S FHIHOT W R Tohd ®, g e g @ A gy wEife
sihel, stufq fafe= gma W digar den 9 feeris & o9 "6y T @l
S 2

fafs= =ife =t atfuafsransti o fog sterm-stem TuTeRfera o THteRToT g
T T8l W e sherel Y We YU Hife it sAfatmaet o fog g wHehferd o

gt i Feafa H|
3.3.1 I wife &l I Hife BT sfafman w1 1ef B § U stfafwman fwe 9 sifafwae w5
sTfuferad Higdl o Y[ Hdieh o HHAE! 8l

Afafear, R » P W fa=m -

__d[R]= 0
oM = at k[R]

fepdlt | W Y Sl 1 A RS Bl € oTd:

__dR]_
kil dt fexd

I d[R] = - kdt
T TWH TR HH W
[Rl=-Ikt+1 (3.5)
Tl 1, TR Teeish 2l
t =0 R sfuafwas R & Tl = [R], 7, & [R], SAfafwmas &1 R
g 2l
(Rl THIH 3.5 F [R], T HH @A W
[R],=-kX 0 +]1
[R], =1
[ &1 99 H# 3.5 § W@ W—
Rl =-kt+[R], (3.6)

THIHIOT 3.6 T @ & FHIHW y = mx + ¢ & F9ged €1 A€ g9 [R]
Ud toh ot U @Y A U die @ g et @ (e 3.3) 1 3| W@ @
T = - kTd 37d: TS [R], & TR Bl 2

R &I 9igar ——>

,%,(;33_313:;)%%%#9@@ GHRT 3.6 1 YH: T {1 W o feerie yrw B 2l
& oy e T o - [Rlo ~[R] 57
& G gRedT g t .

I I T ATATwAT e s €, T faem uRfeerfeat & =2

RIS RERIEET
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Hied Bl ©1 S ToEH SIa Ao qe €1 Hael W gF el Siafhand
I Fife H afafeanet & F9 3 T =9 @ W, T SHifEn F aw
wife Tae R forieH, I wife a1 stfufwar 2

2NH,(g) O gt@(;%m N, (g) + 3H,(g)

T = e [NH,]° = k

70 At o, WifeT™ 1 Hae S 1w HI 21 I99 <@ W, U1
1 Hag 19 vl ¥ G« e S 1 safay sifufwar w1 aftfeafe o ek
3Tk aREdH, oTg e W IRl STHIfal i A | IRadd @l Y Fehdl
a1d: rfafwan 9 erfufeas &1 Gigar W fekar § = 71 < 21 @l gde
W, HI o1 IS foiiem 31 whife &1 sifafwan 1 Tk 3 ST 2

3.3.2 UIH HITe i 9 o ol rfufsmaneti § erfafseen am, siffsraes R 1 Sigar & 99¥ wrdieh
srfrferamd % T B 21 ST
R—->P
éﬂ:—%:k[R]

d[R
SR kde
IR

T G0 F GHEE I T EH UN T
In [R] = -kt + I (3.8)

T o) Tt ] GHmehe o1 feeish © qef g6k W Hleial § T fohan S
Gehell Bl
SH t=0, R=[R],, Tl [R], fafwae &1 yRiTEH Tgar €1 37d: Teemo
3.8 i g9 7= YR ¥ for@ wehd 8-
In [R], =~k X0 +1I

[e—

In [R], =1
[ &1 7 g 3.8 § gfaeenfud e -
In [R] = -kt + In[R], (3.9)
THIRTOT & qA: AR HH W
ln&:—kt
[R]o
7 k:%ln[[i]i’ (3.10)
9 ¢, W, GHRO 3.8 9
In[R], = - kt, + In[R], (3.11)
quT t, 95
In[R], = - kt, + In[R], (3.12)

75 TEEHR TR
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T&T [R], @2 [R], F991: THA ¢, T ¢, R Afpash i wigane 2
FHieRYOT 3.12 I 3.11 ¥ M -
In[R],~ In[R], = - kt, - (~kt,)

[R],
[Rl,

In

=k(t, - t,)

1 [R],
= In
(tz - tl) [R]Z

TR 3.9 1 Fe yhR @ ot form wehd €
[R] _
[R],
G0 o FHI TWH JITTLOH T W

[Rl=[Rl,e ' (3.14)

0 t —> FHERT0T 3.9 FHHWT y = mx + ¢ o Oqed §, 9 89 In [R] TS ¢ &
ArT 34— T FE o T T @ (F 3.4) @ B - T = - k Sl W Y@ W gt @ aen
% 70 InjR] TF ¢ & ¥d: TS 1 AH In [R], B R

(3.13)

In[R] —

In -kt

e ST Yo Hife o a1 WHRUT 3.10 &I T YR § off foren s g 2—
_2.303. [R],
k= y log R (3.15)
* log[R]0 -
[R] ~ 2.303
R],

7ig g9 log [[R] T t o HeA W Wi (fo 3.5) i @1t = k/2.303 =l
Tl 1 BEEeFH (Hydrogenation) Fer Shife ot Siffshan 1 S 2|

log ([Rl,/[R]) ——>

@ = k/2.303
C,H,(g)+ H,(g) » C,H(g)
3 o7 = k [C,H,]
SRR ARl o Gt Wpfae qen g M (AeAfwd) = gom
Hife 1 FerTiaeh! o gR1 Bd o
0 Y —> 226 4 2929
ssRa - 2He + seRn
farT 3.5— 997 Hife &1 fafamar

97 = k [Ra]

% fe7g log [Rly/ [R] T . . .
T & g el N,O, T N,O T 395 T hife i Afafmaneti & s 7 3 &

3eU, B9 Vg oferwe i Uk gfafafaer gum wife stfafma W famm ¥
A(g) —» Bl(g) + C(g)

* In TF log (logarithms M TTTOF) & forg TRATE-IV 3@

ECIRERERIRI )
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SEERUT 3.5  gom ife 1 aAf9fma N,O, (g) - 2NO,(g) +é 0,(g # 318 K W N,O, &l

YRR Figdr 1.24 %10 2 mol L™ ¢ft, it 60 fie & SWd 0.20 x10 *mol L™
® TS| 318 K T o7 feerier i 7T hifu|

Ed YUYW hife wi Afufsman & fou—

log [RI, _ klt, —t))
[R], 2.303
2.303, [R]
A k= log —=
tz _tl [R]2
2.303 1.24 x10%mol L!

" (60 min - Omin) " 0.20x102mol L’

_ 2303 log 6.2 min™*

_2.303 x0.7924 min™

a kk =0.0304 min*

T foF A 1 IRFIE 0 p, § 91 't IHE W % <@ p, 7 U srfafemar
o foru wumeRferd o HieRtor W1 a7 YRR § T Hehd ©—

%A @ p, = p, + Py *+ P (T SHEA)

Py Py T p, FA: A, B T C o A I T

I ¢t G99 WA o T § x atm H FH A 2 A B TH C IIF &
T& A 991 W B T9 C Y% o @ H xatm &I gig g

Algg - Blg@ + Clg

t=0 899 W p;atm 0 atm 0 atm
t 99T W (p,—x) atm x atm x atm

el t=0 F9 R YR @ p, T
p=(p=X +x+x=p+x

X=p,-p

e, py=p,-x=p,- (p,~P) = 2p,- p,

2.3030 p, 0 2.303 %)
k= 0g —— = lo L
5, H gpAg : g(2pi ) (3.16)

7l TEEHR TR

Reprint 2025-26



SEERUI 3.6 feer 3T W N,O,(¢) o JeoM Wife o A faeie ™ f s o= gu—
2N,O; (g) - 2N,0,(g) + O,(g)

XA TH/s P F@/atm
1 0] 0.5
2 100 0.512
EURISHERCT RIS

g WA % N,Ol(g) & @ ¥ 2x atm &1 HH 2l 21 HfF N,O(g) o & Ao
foaife e N,0,(g) & < Hict 92 O,(g) T T Wil < ¥, N,0,(g) & < H
2x atm i Jfg du 0O,(g) o T@ H xatm F gfg s
2N,048) — 2N,0,(8 + O,g
TRIH t=0 0.5 atm 0 atm 0 atm

t 99T W (0.5-2x) atm 2x atm x atm
Py = Pnyo, T Prjo, t Po, = (0.5 -2x) +2x+x =0.5+ x
x=p,-0.5

Py, =0.5-2x=0.5-2(p,-0.5)=1.5-2 p,

t=100s; p,=0.512 atm W
Pyo.=15-2%0.512=0.476 atm

THRT (3.16) T TN 6T W

_ 2.303 log& _ 2.3031 0.5 atm

k = o
t Da 100s g0.476 atm

= 2.303 X0.0216 =4.98x107* s7!
100s

3.3.3 3rffeRar &t fordt srfuferen o sifufsraes =1 RfYs digar o e gF | S w93 o

arerty €, 39 a1y wEd €1 W ¢, 5N YRR R s 2
I HIfE I Afafwan o forg o feedis gt 3.7 9 & < @
k:w (3.7)

Wt=tV2W[R]=é[R]0
t,, T o feerisk g
_[R]o_%[R]o [R]O
o ty, R yz=2k
o7 T ¢ fR v wife w1 sifufsean | ¢, sifafwasws w1 yrfae g
o GHMU qen 9 feerish o SehEAl e 2l

WA fagm g8
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oy wife ot ifufean & fau—
_2.303, [Rly

ke
” g [R] (3.15)
t, W [R]=% (3.16)

37 : YU THIHT f11 YRR Bhm—

2.303 [R], 2.303 2.303
k= log——= 3ty = xlog2 = x0.301
tl/z Og [R]O /2 ke g
2
0.693
a1 t, :T (3.17)

3d: gUH e i efafmar & fau sl fegs g6 € erefq @
sifafRashl o1 IR wigarett X feR & St gem @ife &1 sifafsean o
A T UM AT TRt W e o feerieh Y UM S7eg W i S HWehdl

I hite st srfafsran o faw ¢, , o [R], 79T wom shife @t srfufsran
% fa ¢, , 1 A [R], W et = gem

3EE0T 3.7 YUY HifE I Th Affwan o foqu a1 feemiss k&1 99 = 5.5 x 10 s 9=

T 39 AffsRan ok o stafy &t o wifsu)

0.693
& g hife i stfafsran & o swfyg ; ¢, = ”
0.693 s
= 7Y _1.26x10"%s
V2 T 5 5x10 s ! §

SEE01 3.8 =@IET foh god wife &1 Afafshan ¥ 99.9% sifafshan qui 8H H o 99T 3141y

(t,,5) T 10 T BT B
& 99.9% fafsean gof B W [R] = [R], - 0.999[R],

o = 2:303 log[R]O _2.303 log [R]o
t [R] t [R], —0.999[R],
2.303
- logl0® _ 2.303X310g10
t
¢ = 6.909
k
0.693
arfaferan o fag 3?*4"'& tio :T ;

t 6.909 k
= X

=10
t,, Kk  0.693

79+ THEEHR Tk
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I W YoM Wit i SAfAfmanst i i faferede w1 ae anet 3.4
¥ fem w2

AR 3.4— I U W hife ot rfafsramsn o fow damesfea am fem

0 R-P d[R]/dt = -k kt = [Rl,~IRI] [R] @ t [R],/2k g w9 !
& [ e
mol L's™
1 R-P d[R]/dt = —-K[R] [R] = [R],e In[R] TS t In 2/k g !
rera & He = —O'i% el s
Kt = In {[R],/[R]}

LSIREMERIGE

wefi-spedt aRfeefaal o uftedq gru eifufswan =t wife o wfteds & s 2l
s Ul sifuferand €, S o wife 9 frEm @1 orERo et ®, wefu
arEdfeshdl W 98 S=4 *ife &1 stfuferand e 1 Screwnd, i tEee w
Sl SUSEA | SATHishEeh! el st © T U Eiee @ik so o o
srfaferen Bidl 21 ord o, et UEee iR S S i wigand stfaferan o
AT R J9TE Slerdl €, T STt YT o foru St sigd afereh A | feran S
2, foraeh #wor sifaferan & S 1 Gigdl W 9gd FH YAE TSl 7, 3d:
srfaferan o ST W Shdt et T &1 dsdr § uRedd 1 99 gedl 2
TR & felw 0.01 mol TfE THIRE & 10 mol Sidl §RT e 3Teed o IR
(t=0) e eAfufsman 1 Fo=tar (t) R faf= srfaferaent IR Saarei &1 amn
T f T -

CH,COOC,H, + H,O H" . CH,COOH + C,H,OH

t=0 0.01 mol 10 mol 0 mol 0 mol

t=t Omol 9.99 mol 0.01 mol 0.01 mol
HAfafran o SUA ST 1 wigd § 3Afees qfiadd 72 Bl

3d: e Al wud wife sl &1 d® aeR & Bl U
aAfafspaet 1 BH qUW HIfE H ATARET hEd T -IHA (YhE)
YA BIH JUH if &1 ke &1 TH o SR B

C12H22 O11 + Hzo H—+> C6H1206 + C6H1206
EREal o RIS

=k [C},Hp0 ]
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QAR 92t

3.5 T GUH Hife Hi AMlHan &1 a7 e 1.15 x 10° s 21 39 ifqfepan o Afwshies &t
5g WM ohl el 3g BH W fohal |HA ohM?

3.6 SO,Cl, &I 3T YRFTH AET @ oneht w70 o faifsa eF o 60 e =1 9w o €1 3k
aifafsran gem wife &t & @ a1 Reris &i oA FHifw)

3.4 Ftheen ast &6t
arq R fergfeat
H I H-I H-I
[+ ] > i+io +
H I H-1 H-I
gegadr
ferar 3.6— qegedl o gRT HI &7
o=

Fgd § stfafsare @ w1 gfs o Wy @i B €1 seend, N0, & forem
o, qgred 1 URfYe A | omedt 9 # foEie, 0°C W 10 & A, 25°C W
5 % W gun 50°C R 12 fae ®, g 21 1g g% ot Sa # fop arefrem
THTHE (KMnO,) Td sifeRifers 31 (H,C,0,) % fagmn o wieferm wime
1 oS =7 a9 &1 qer § S=a a9 W Siea | e 2l

Tg o g T 2 T el Tremates srfuferer ® 10° @@ gfg & am
feertier o wrmemT A gieg giet 1

fgferan am &1 aM W ARG w1 e smHeTE e 3.18 9§
TeAl-Aifd T S Tehell B T8 HAYLH WA . T4, 9 8% 3 &tad o6
o feig Tolted o TEAT e A shsh ifdew Foar= qen yfaue fha

k=Ae Fa/RT (3.18)

el A s Uk el MG UTeR §1 TH Jd-<REmdih! ok o
Fed g1 Te fenet fafyre arfufeman o fog s e 81 R T4 fremiss © qen
E, dfsa et f59 joules/mol, (J mol ) ¥ 7o 2

70 fefafad o sAfafsan 9 wwen s g 2

H, (g) + L,(g — 2HI (g)

AR o AR FE Afafeman qsft &1 Tehdl € S eRgioH i Tk 319
STATEH o Tah 3T0] § HeeE ohi Teh STEME HeAadi ol foed i (97 3.6) 1
Ig el Sgd HH qHA q% ik | Tedl € d1 IR TR STEeEe
o < STupe 1 faeH e B

Teerdt ford |ferfaa Hepet (C) oft wed 7, & for= o forw enewas S,
Aieraur St (E,) Fear ¢ feafas o w stfafewman fdens & we s
e W a3 (3.7) W g 21 tfafshen s sfafswaeni o saag o o
e #1 TwEn wEE[ w3 2

<9 Gferfad et sTamfed et Sours ffda #3ar @ @ & Sl god
Tt 21 37a: Sffan srfafswan weedt stfufwmaehl Td Saarel 1 gepia W sl
F B

stfaforaeh Tieis o AR v i 7Ifast Sl g9 &l et fordt w31y
o HEER i NGl o aR A Yai{AM s Bl © o1d: Aot seeq ™ qo

81 THEfTHh SIidehi
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STupstl @1 3fe —>

/T\ P

S T SR 3 e T § ST % SRR H R FE % o

Hifere! &1 9a fRanl $eh STHER Tifast et o1 faarur, (E) e o g

of g T S SIS T WEA, (N/N,) T TSt il o HEA ok WiEeT fRAT ST gkl ©
’'d (F 3.8)1 7 N, , 511 B & R oot F1 wen & @ N, o s

Tt Sl —> Ik T T, AT TfersT Sell S7Afq ST oF TA(Uh 791 &1
for 3.8— faf= g apge TS Sl o T BT S| W A Holl & HH AerA SAferem Foll et Syoge
T oo Ao # ! HEA HH Bl STl 21 Se qrd SgE S @ i e o1 ¥ e
YRR XA A el WA el AR Tereentyq €1 Stan @ (T 3.9) @t o &1 therra Sl

T (t+10) TF &7 (t + 10) a9
¢ R_Afafewan L A
B HAfafier et w1 <wiiar @
5 wferaor et
45
&
Tfest St —>

TE & t a9 W yfafme
T ATl R Wl 9

fer 3.9— sififeram 97 &1 a9 W f7far g
gl Tt &k

Ink—>

T 9g STl € TR STcaferr ol e STu[eH w1 STuTd
9g AT | 9% o S &hd 9HH Tedl @ Hifh Ha
Gl 1 | 8L HHT Teh @1 =16 89 E, i fefq
Herad-dieeEa™ o T ifehd & Thd & (Fo 3.9) 1

fendll ared o qroEE H 9fg g0 E, W stfeen Sl W weee
T oTel AR B HEN % 9 ghg el 21 fa @ T
2 foF o H (¢+ 10) IUHH W GiFHA el A T i
TS YIS i YR F S AAFA R A B
S § A SR S ST B Sl 2

STRfFeTH iR 3.18 H &Ra e /FT | E, | siferk wifaw
Fotl aTel 31upet w1 f9=1 o Gd erar €1 GHiehor 3,18 o <Al

T&fl 1 Tehideh TTEFTUR o TR—
Ink = —§%+lnA (3.19)

Ink T 1/T o HeA o5 G0 3.19 o &Y |l @ g ©
5@ fot 3.10 & <wifan = @)

STRISTY THIRTUT 3.18 o STUR A9 | ghg 1eran Wishavr et | HHl
9 sifuferan a o gfg BFM qen o feerie # =wemaiwt gfg s
Fo4 3,10 ¥ @ = ——2 qon sia:ES = In A ¥ 3Td: B0 3 A W E,

R

T A ST O H FFHA B
AIHA T, T FHRT 3.19 1 &9 1 grm—
0 1/T—> E
T 310-Ink W1/ T & In k, =—Rf}l + InA (3.20)
Teq 3G

WA faam 82

IR qIEE T, W

E
In =-——2 +1nA 3.21
ke, RT ( )

2

Reprint 2025-26



(A Tt & 7 erfafewman & fou feris €)
Je, T e, SHER: AUHH T, 9 T, R A7 feeria T
Tt 3.21 ¥ 3.20 HIH W BH WA 8-

E

a

RT, RT,

k, E{l 1}
In-2="21 ———
kk, R|T, T,

Inlk,-Ink, =

k, E, [1 1
k, 2.303R|T, T, (3.22)

logﬁ — Ea T2 _7‘1
k., 2.303R| T,T,

log

3.5.1 SATF HT UUTg  SORF o Tl ¢ o T wordt vamfte wftend™ gu fom =, sifufwan &
T I T ¢ I MnO, 1 sifafwan i saifta w2 9 | A
gfg T 2l

2KCIO, — Y% 9 KCl + 30,

St e T uered SAfufwa 1 ST ! FH FE € 9 AT I 1 TAN
TE e =ien, T w1 dd FREE wEd ©

IERSE I TR BT eAed opet Fagid o THen 1 Tkl €1 39 fagi &
STIUR 3R THRIMS AfIfhan B o oieht s1faforarehl o6 Tl STt e s
& il fon AeAardt Hepet o qRord 2 €1 qenT ik et g
& e 7% faaifSa St Scas e Sare <1 ?1 I8 faverd famen
a1 & foF AR Uk Skfouss a9l 31era fepanfafy § sifufsmaent
T IR} o HEA HIHAT Soll THH Hich Td 9 TR Sholl STa
T et hieh SAffsan GO el € S foR e 3,11 W g
T B SRS TR 3.18 § I8 T € foh Wishar St o
T fSta &\ g Afufshan =61 o 3a SAfus g

STH T o A AR i S A Saia
o e > X Hehdl ¢ SR, rfafsman &1 filsd o=, AG, W a<ad
&l Il T8 Ta: Yafia safafmanet w1 safd w § Wy
w@d: syafdd fafean s ARG T&f +¥an I8 o g T
2 for S fedt sifaferan, & wrr fromiss o aftedq =&
Al feoh 78 W 1 TS TfUd hed & el hidl ©| T8 3 e qoAd <Al
arffsrensti sl THH ®9 ¥ IR e © Forad wrmeen sftafid wd © W
yiter wenfia €1 St €

ferT 3.11— Qa0 S5if T IHF FT 4919

83y THEfh SeIidehi
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3@E0T 3.10  fod sifuferan o 500 K @91 700 K W a7 feefieh A9 0.02 s & qel
0.07 s %l E, TF A T 7M1 Hifs)

k2 Ea T2 _’I‘l
sa log—= =
k, 2.303R| TT,
log 0.07 _ E, {700 - 500}
0.02 |2.303x8.314JK 'mol™ )| 700 x 500
-4
0.544 = E, x5.714x10
19.15
E =0.544 XL{; =18230.8 J
a 5.714 x10
dIfF k= Ae /R

-18230.8
0.02 = Ae8314 % 500

0.02
0.012

=1.61

SEERUI 3.11 600 K a9 W T 3TaieEs o f=faiad i gry eTased |, oM whife 9
feeliah 1.60 x 10 °s ' 81 29 =Afwferan st "iwar s 209 kJ/mol 1 700 K

A W o feerish &l oM Sifsa)
C,H.I(g — C,H,(g +HI(g

gal B9 W4 © foh—

E 1 1
logk, —loghk, = —"—| ———
gl —logl 2.303R{T1 TJ

1 1
logk, =logk, +—Ea T
2.8303R| T, T,

209000 J mol ™ 11
2.303x8.314Jmol 'K 600K 700K

=10g(1.60x107%) +

log Ik, = -4.796 + 2.599
= -2.197
k,= 6.36x10° s

WA foam p84
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3.5 QARMEME
gitieee ot

ferar 3,12 — 3797 1 39gaFT TF
agH STffa=rd
oIl sTRE

Ty SR TR T ferega Rt o e g € e Geeear
TR et den faferam e 1 1916-18 H ufauifed faran o, sifufsran 1 st
qen fepenfafey o e o st Yool STof €1 98 T it Tifieh URehedH W ST
1 39 Togia o STER il o 70l sl HoR Tiiel WA STl €, ol /AT il
 fon erfuferan srupedl & oo o Weee @ o shIOT Bt €1 arffeRar frgror o
Ui TS A W Ufq FhE WEee Wl HaeE oMafd (Z) wed )

e ATAfHa1 o1 Yo e aTell T 377 e Hiha0 ol © Sl
o &0 Tedt & e1emEd X g 21 fgerw wufusw sifufer A + B > 3@
& o, sfafean an =) e w9 o weikfa =0 T B—

aT[ =ZABe_Ea/RT (3.23)

el Z,, ST AT B o Teleg i ST Qo o Fo/ KT E, o SR 3727
T Afieh St dret TR o 379 T YRR Rl ¢ THRO 3.23 i ger
ST T ¥ I W EH HE Tohd € fF A HEee o ¥ Geifud

TR 3.23 39 Afuferansti o o feier oF W &1 Tie R shial
&, ol s a7u] steren qew] witnfer gid €, fohq Sfeet stopeti o g o
Heaqul foee ufeferd gian 21 59t SRoT Geft Toee! o1 Seas ¥ fore e
BT 81 Hehal 81 9 Toee TEd s1usti 1 watw wias St (3gelt et ) qen
T rfafa=rg g €, forgg sifufsras oiiefisr o i o 224 9o Sal o
U ¥ R § S w1 S GEIEA B Sl §, WATEt SUee $hedd ¢

IZEXONe, AT o1 A ¥ fatem sifuferaent o efufa=ama m sk
e 21 39 Toot 3.12 W wef¥ra foen wn B1 srfufmasl & s w1 g
fafe=rg @ 907 #X 3eq1g (Hida Fdr & qor Sq9ge STfufa=rg gd W
g Shae SIERT STCTT-37C7T 81 St & SR ScuIg 81 il

CHBr + OH —> CH,0H + Br

e 1 >
\+d -39 —
———> H-C-Br OH — = 3d@rK =&l

H SIRIERIE /
\+58 -8 . H
H-C-Br + OH —
H/ H H
1 1585 — HO —C-H + BF
% ---------- —_ —_—
stffa=ma H/ \ I
H H
et

YA HeleZ o TRIHW o AU TH TH I Nk P 9 wifaesar
(Probability) 3teran f3faw ®R& wed ©, Wdfad & &1 T8 39 o1d
aifed a1 € o deee o erupet w1 Sugs sifufa=ma g =ifee, ar—

HT =P Zye B/

* 3gell Foil = WEHIT IS + SIHTF Tvie T Fol

85, T SeIfdehi
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31d; geee fagia o afwau Sei wd sugs sifufa=m <1 & -y
T GEeE 1 g fiia wed § eterfq sifafwman 9 1 fruifa s €

o fagid 1 oo wHal €, 99 for sqd wamEi/srEt S w3 Mo
T T € G Sk O U8 i TR T €1 31 39 g qen o Tl
o fawa o oI erfeen forga eteaem rolt S=u whemed o |

qqAteET 92

3.7 A9 &1 o ferie W Y9E g?

3.8 WHAM, 298K H 10K %1 gfg eF R w@mEte sifafwan o1 9 O @ S @1 39 stfifman
& fou E, &1 Tor sifs)

3.9 581K dM W Afufsran 2 HI(g) — H,(g) + L, (g) & fau |fsram =i &1 A1 209.5 kJ
mol " B! ST o U T KT TN HIFSC et ol Gfraor Sl o SR Ul 7Y
affures 21

ATRAKA
AT SeRTideht TamEe stfafsmar o sifafswan am, fafa= Srenl 1 9ve, TRATojstl i gAaiasen aon
Heed! oh S oh1 SIeFA B SATHTHAT AT, ST THA W SATARNER] 1 Wigdl S el IR HT Wigdl I
Y Gt el ©1 38 fondlt aor foeie R dreerfores & o ®9 § IR foredt <ie wme sfquer § ofed 3 9 il
fopal S Tehal €1 ATAfRaT a7 W 3R ek, S, AR HT WA T SAH TG Sl 2
Afafsran o o5 TfordE g 1 e e wed 2139 WA R i e S € qen sweRt wnifeR T
T T Hehat| foRet Ifvernas o ufa eifafshan 1 whife, o fom o 39 IfeRe i Wixal o =i oh ae
Bt © den srfufsman Y o i o o sufter weft wigarell & Sl % Sig o SUe gt 21 A
feerias a7 fam & GWEUEH O el 1 A feeRish e stfufman w1 whife w1 freftor o frem steren
AR ST FHeRT0T SR Y ehdl B 1 AT 1 aMTfrerehe ohaer Werfhe siffsran o forg aftenfia =1
STt 1 ekl 1 9 1 9 3 @ Gifird g € etk eifafwar w51 @it 0, 1, 2, 3 stan e o
B Wehdl &1 WutHen Afufpan & fory snfvaenal ©d whife T0M B 2|

o feerier &t A9 W feftar # e e THE (k= Ae VYY) 5 T W 71 E, Wiehaor
Fot @ A SEeRT T Wieh{Id Tepel o SR TU[eH oF Wed Sl o 3R o WA el € 3R A (3mifer
FR AT Yokt oMk ) HEE 1 ST o H Bl €1 I8 FHieh T el § & ara o gfg stean
E, W % ¥ sifafswan o § gfs 2t 7 9on Sk aifafwan o o Swfeuss 9o WeM R E, W FHH w
21 Hereeg fagid o STER T 37 fifem wRek P S o Toee w3 aret tupett & sifufama w feRk s
2, Tecqul ® iR I8 g GeeeAl | I HYdl €1 of: 3U GHIEd hich NS HHiehioT 1 EIeRol

k = PZ e %/RT ¥ g 5 2

WA foam 86

Reprint 2025-26



3.1

3.2

3.3

3.4

3.5

3.6

3.7
3.8

3.9

= stfuferansti o o ISRt | g tffsran ife qon ot el &t Sehmeal A wifo)
(i) 3NO(g) — N,O (g a1 = Ik [NOJ
(ii) H,0, (aq) + 3l (ag)+ 2H" — 2H,0 () + I; &7 = k [H,0,][I']
(iii) CH,CHO (g) — CH, (g) + CO(g) T = k [CH,CHOI™?
(iv) C,H.Cl (g) —> C,H, (g) + HCI (g) 3T = k [C,H.Cl]
AfafsRam 2A + B — A,B & T o1 = I [A][B]® Tl & 1 A 2.0 x 10 mol > L s 1 yRfask am

] TUAT HIFST; & [A] = 0.1 mol L' TS [B]= 0.2 mol L' &I den stfufsan o st 7orn shifsg;
39 [A] ¥2 FT 0.06 mol L™ & |

wifeTw T8 | NH, 1 S5 I Fife &1 Afafewman 81 N, T H, o ScI<T FT I F1 R 56 ke

1AM 2.5x 10 mol L' s7' =12

TEAfYrEt 2eR o T9Fe ¥ CH,, H, T8 CO d 21 39 atfafshan o1 ot et wefisheor gry feam siman 8-
&M = k [CH,OCH,]*"*

Affenan o ST 1 SIPTEA S U | d5d I« R HA S ], o1: o GHiehu il SEAf e
aifereR <1 % Uk H oft fa@n S gewRar 71 o

AT = k(pCH3OCH3 )3/2

e <@ & bar | 91 THY i T2 o A9 S qf 91T o o Te o e &1 gehiedl o1 Bt ?
e 1fifshan o o W Y919 SleH o el 1 Soold hifed|
et srfafsraes o forq weh st fedta wife & 21 stfufsan &1 o g giferd =im; afg st
I -

(i) g & S (ii) 3 T & S
AT feeRis W A HT N GAE a1 €2 A9 o 56 GHE h WETCHR & W ohd YR Y Tehd €2
T T Hife &I Afaferan & F=fafed stiwe w gu—

t/s 0 30 60 90

[A]/ mol L 0.55 0.31 0.17 0.085

30 60 Yohe THI AU § 3TEd A T MM FiSU)

TF SATRFN A % Ufd YUH 9o B o U fgd Hife w1

(i) stasa o e fafe)

(i) B I Figdl dF A HH § 7 W FA YAE TSM?

(ili) A T B T &1 Figdl S L d 9 T FA1 Y916 =72

87y THAME el
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3.10 A 3R B & HeA ifufsan § A oiR B 1 fafe= yrfersk wigaeti o foe wrfaes o (r,) = g m

2l
A 3R B & ufa eifafewan &1 ife & 872
A/ mol L™ 0.20 0.20 0.40
B/ mol L™ 0.30 0.10 0.05
r,/mol L''s™ 5.07 x 10° 5.07 x 10° 1.43 x 107

3.11 2A+ B — C+ D Af¥fsran & dermfaes! st & R Fefated aiem ara g sifafea o fag

o fram qen A feemis A it
LRI [A]/ mol L [B]/ mol L™ D & fat=m 1 urfrs
/mol L min”
I 0.1 0.1 6.0 x 10°
1 0.3 0.2 7.2 %107
I 0.3 0.4 2.88 x 10!
v 0.4 0.1 2.40 x 107

3.12 A 91 B o HeA SAMAha A o Wl §UW 1 B o Wid Y[ IS i ¢ e dnfere § R o 9Rw)

LRI [A]/mol L™ [B]/mol L YR a7/mol L' min™'

I 0.1 0.1 2.0x 107

1 - 0.2 4.0x 107

I 0.4 0.4 -

v - 0.2 2.0x 107

3.13 = < TE o Hife FT Afufsransti oh o feerises W o7y &1 M1 HifSL—
(i) 200s' (i) 2min" (i) 4 year '

3.14 "C o Yediufaea e ®1 a1ufy 5730 9 €1 Tk (XA holhid whi @ehel |, Sfifad ge1 i wehel
T g § 80 % C HY WM B1 THA T 3 F1 YRk it

3.15 79 yeen ¥ 318 K | N,0, % 3178 &1 [2 N,0, — 4NO, + O,] 3ifufeman o ks i faw mw &

t/s 0 400 | 800 1200 | 1600 | 2000 | 2400 | 2800 3200

10 x [N,O,]/ |1.63 | 1.36 |1.14 | 0.93 |0.78 | 0.64 | 0.53 | 0.43 |0.35
mol L™
(i) [N,O4 T t& He aferd Gife
(ii) stfafsran o6 fow s7afyg =t TTomT SISl
(iii) log[N,O,] Wa t3F WA W% Wifau|

W foam 88
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3.16

3.17

3.18

3.19
3.20

3.21

3.22

3.23

3.24

3.25

3.26

(iv) efafemen o fog o frem =0 22
(v) =7 feerie &1 oM FifSU)
(vi) k! TEMEA 9 THR i TUET HISQ q21 96T gor (ii) § Hiftul

o e % s 3 fere A Feoiar 60 s ! 1 S 1 o e W A Lo o
W | fohaT 9T em?

fireRTa foremic 1 28.1 I 14 a1en T Srg *OSr 2T 71 AfE Shfewa™ o wH R 1ug, *°Sr T
forgy ot erfeerl o srewiift €l Y SR SurT=E= 9 B 7 8 d 3Uh! 10 96 o 60 oY g fohat
A ST

TRET fof werd ehife i stfafsran 5 999% ATk Iui BF # & W9 90% Affshan uf 3F § o
I g9 W A S 2

TF Wom FHife w1 AN F 300 fHESH B H 40 fAe @ F ¢, O Ffw)
543 K 9 T THITEHYIA o oA qef Teeio | fomed & 1 siiehe W gul 97 feemish &t o
it

t (sec) p (mm Hg )
0 35.0
360 54.0
720 63.0

feeR oI W, SO,CL, & ¥em Fife o a9 79eed W 7 effews wra gu—
S0,Cl, (g) - SO, (g)+Cl, (g)
sifafsRan a7 &1 UM SITT 519 Fdd T@ 0.65 atm T

T HHI/s %ol qE/atm
1 0 0.5
2 100 0.6
fafer= amd | N,O, o 217eed o fom o feerar i+ faw ™ &
T/°C 0 20 40 60 80
10° x k/s™ | 0.0787 1.70 25.7 178 2140

In kW& 1/T % #e2 U6 EifaQ qe1 A TS E, 1 T0A1 HIfAU 30°C T4 50°C T a7 feerish
1 AR BT
546 K 99 W TESHEA % UEed W o femid 2.418 x 10° s g1 Ak wiwgw s
179.9 kJ/mol B @ Ya-=dih! UM T HH 1 BAM?
fereit arfafshan A — eI & AT k=2.0 x 107%™ 71 A% A F1 IRFIF T 1.0 mol L™ &1 & 100s
o YN S9! Higdl F1 @ ST ?
SFEAT HEH W GehiE 1 TG U Wil | foeied g whife shi ifferan €1 59 erfufenan =i a1y
3.0 %2 B 8% O1% A H TG w1 Feha 379 s=m?
TGS 1 fawe FeT Tt & S8R &1 §1 E, 1 7M1 Hifsa)

= (45 x 1011 S—l) e—ZSOOOK/T

89, THMMH FerTia
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3.27 H,0, % JI¥ i & faered &1 fet wefiereor gm0 forg whet -
log k& = 14.34 - 1.25 x 10°K/T
79 sfafsran & faq £, &t Tom sifsa) ferda @ W g9 sifafsean &t stafg 256 fire ghft?

3.28 10°C 19 W A & 3I9E § forsed & faQ k&1 91 4.5 x 10° s a2 9fewao s 60 kJ mol* &
forg 99 W Kk 1 HE 1.5 x 10%s ' BIW?

3.29 298 K dM W Y& hife F AMAHAT o 10% 01 B 1 THF 308 K T T 25% 3ATAfshan qoi s+
¥ o WG o IR ¥ AR A FTAM 4 x 10" & @ 318 KW R Jc T E, FH T ISl

3.30 A9 H 2903 K¥ 313 K% gfg e W fordl eafaferan 1 91 =R 71 &1 5 21 59 siffenan & fog
iha0T ST 1 UM I8 AIMd gC FHISC o SHABT T A9 o6 |1l qRafad T8 siarl

et g2t & R
3.1 r,=6.66x10°mol L's™
3.2 sifafsran o1 9 = A & fag@ 89 &t R = 0.005 mol L™ min™"
3.3 sifuferan 1 #ife 2.5 21
3.4 XY, d = K[X]>, 3 9 T @M
3.5 t=444s
3.6 1.925x 10"*s™
3.8 E,=52.897 kJ mol '
3.9 1.471x 10"

LSIRERERIGE

Reprint 2025-26



BRI

9 THheh oh LFIF o TN 379 —

e 9RO § d- qe f- stk acdl i
feerfg w9 9 @;

HRAT (d-=cieh) qAT ARk FHHAU
(f=A) Tl o SerdRieh foard S
Tqh;

Torere fave o e § fafam stferdiertor
sraEenstl o goricds T o "™
i THH FohTl;

K,Cr,O, 7 KMnO, Si# Tewequt fiTehi
o foR=m, IO, HEEeT qen WA @
U H Hh;

d- qen f- =l o dcdl oF WM IO
qen Y aifas vafa 9 ot 6t w et
o SR H 99 Hohl;

- =Tk o el oh TUN ST U T Heh
AT TSl e RSl o geleiR
formma, siferdTeRtor sreeen e AR
ZEER 1 oA TR HT Hehill

/[

—
—

: e =2 \
Chouel fss

GG (]

“SITIR, T, et 3T Meg — Tt Whaor aal 4 o9 & o2 ama

AT & Tkt o wgequi itk (191g &1 sfiaier WehauT 7l Si9 Th,

Pa 9T U 3Tgfe &l § TR@ia St o 99 &id fGg & © 217
e gROM o d- sodfeh § ol 3 W 12 o o o1 ¢, e =wy i
et § d et WA 21 f- ik o acd o € for el sy
T 4f qe 51 hereh ITRK R W 8; $=° ad Gl o = Th
T WIS § Tl T B d- TS f- wdieh oh dcdl bl hHel: HeRHUT
q Td 3Taiteh WeR|UT acd ot hed T

GHHUT dedll Bl G&T &Y ¥ =R Sfori €, 3d 9oft (Sc ¥ Zn),
4d 997 (Y ¥ Cd), 9 5d 97t (La den Hf Y Hg) 9o el 6d
goft fSew Ac 991 Rf 9 Cn G dcd @11 21 31(afieh Gehwol dcall hi
T AfoEl, 4f (Ce @ Lu) @ 5/ (Th ¥ Lr) HHY: orRamigs qef
UferHtas seand 2|

AeEd ¥ HhH H1q 7 9 9% ¥ T fF 37 qEEfed o
s @1 p =i & A& qRadt eid €1 31 [UPAC & ST{ER ATl
wTqetl ol UEt wrgeti o w9 o qiefia feen St € fee awe
e M | d-%ereh 31qul g €1 ot 12 o e, Shefagm qen
TR H STh! o1 STl el ITeh] WA TR 0T e | qui
d'’ fa=mg ® ol seifery 32 HoHor eng et W St R o,
HU: 3d, 4d A 5d FWhH HfvE o sifaw W g oF HR
Sk TEEA ol A HHHUl WISl oh T o Wil fema Sl 21

7ok TSl | SR 9RA d- el £ etk i Iufeertd
GHAU qedl ol SR qedll W e H Al | @A HeRH
el SR Seh AT w1 A2 e § fopan smar 21 fwe ot
TSRl 1 W= Tagia Sl STHeH dell W A el @, HehHo
del W ff GheIads Yg fhar S gehdr 2

3 Igqed HTqe S8 faeer, e qon wiferw siR sfeifis &9

T HE Ul T S SRR, IR qe e g9l HhHoT ¢u 2|
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4.1 AT AN A

4.2 d-ElEe acat
% Zaagliee

T T | &H, WA d@l o SolaiTeh foard, SUCTedl qef | ol
R foar w3 f5aH gom 9fed (3d) o adl o 1 9 Jgfd T Afess =
3 9 39 FS TG@ AMTh! o fo== 9 ol 1 1eHEH HE| qeavE S
GhHUT UGN o FHT Tedel S soierei+eh fa=ard, siieriientor sTares qe
T stfafrarsfiera | fa=ar w3

WRHUT qd ( d-sctieh )
aTred WROT T ST 7L 9T d- sodieh o S g3N 2, Teeh SHi 3 s- @ p-
witen Teerd €1 3ok TCATIET | SUIfad il Tl & d- hemehl § Seige W S
& dA T YR GhUT U1gel w1 wR ufemal $tfq 3d, 4d, 5d A 6d I
B 1 TRHT a1 a8 AfvEl gneht 4.1 # e 0 €

A w9 Y T deell B AT Heeh] 1 geeie o (n-1)d' ' ns'
21 (n-1) e d ekl i 3T Lar 2, fo9 T 9 <@ d saiae &
Tohd & q1 9EIAH ns HEH § Th 16l I T 81 Hahd €1 W (n-1)d
T ns HEHI 1 Hosll | 9gd HH W o SR T4 FHA 99 h TH
g §| ged: o1 ud ol afia weenl 1 Tonfae stdengd st g R
TgHT IROMH 3d 9ot & GHTU T, Cr do1 Cu o Tolaei-s fo=ara |
Hiafafad giar 21 30 & faw Cr # 3d'4s” & ¥ W 3d°4s' o= 2|
3d 9 4s Herhi 1 S U S 3o HH € fh 9 4s TR o 3d HeH
H vow 1 U el Ul 36 TR § Cu § soiweite fa=md 3d 4s” 7 B
3d'°4s' B HHHUl T KT Yol AN § €T Fehl o geiaih o
groft 4.1 | frw g €

AR 4.1— HHAUT dcdl o oTel Sl eh 9T (ol 319w )
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Ac Rf
Z 89 104
7s 2 2
6d 1 2

s soft

Db Sg Bh Hs Mt Ds Rg Cn
105 106 107 108 109 110 111 112
2 2 2 2 2 2 1 2
3 4 5 6 7 8 10 10

Zn, Cd, Hg @1 Cn o goiiten fa=md, 9™ 93 (n-1)d''ns” ¥
TR fhT ST B1 37 dc 1 g STaeensd qo W= SRy steeenst o
Tk shereh Ui Wfid el €)1 sEifery 3= TehHT a1 it & €Y \En S

R Tl oh d ek T HEhl (sT p) i U THAV] I g
W TR Ui eI €, 31d: O 7T qieer § eiferes gefad eid € aen 6 WK
AT =R S o AT 1o SO 1 f g wd 1w TSt §, Th
¥ fo=ma d” (n=1-9) I AT ¥ THH Jaehid UF Seiaeieh T[u7 91e Sd
T AT ®Y § R d FEH & RO F TG T AT o7 90
ST~ ST STFHIHTOT ST, T SFHT T F1 T 3Tk YohR oh ferrel
% Oy e fmior snfe)

GhHUT ST G 3ok AR SSREhT 01 & SFTEehd Hor o <id 1 &
Geft fegrasti =t foerr foedr ¥ 36 Thes | 9" H & T B

STHFHH Teall o Tl Gshmot dedi o 7O o A guHare stferer o1 St
g1 qenfy, oo o7 FHFae ot 9 STt €)1 89 Use W SATTeeron qe SHeh!
afae uferd (wq@Ed: 3d dfe) ¥ W w1 sterEE w1, aovE $e o
A R fo=R &1 191 @vei § g9 had HhAU i i GUH AT &
A FH|

SEERUT 4.1 37y foh| YR T IE e Tehd B foh Whiredd (Z=21) T HhHU acdl © W Toh
(Z=30) 7&?

Ba  Thi=aH HI ol 1w H 3d ek o1l (3d') B o RO T8 GHHO el T

STl €1 Selfeh fSih AT W qel ST qen st sreree <l W g sEent 3d
Ferh qoi 9fd (3d'°) Tal 2, o7d: T GhAl ded el WA T 2

qgAteET 92

4.1 fooeoR WA *1 gor e § yol aRd d wEw (4d’) ¥l T HY ke GHA
ff 98 Th GHEU ad ®?

4.3 FTAOT acaAl
(d-=ilee) B
A O

AT W HepHO e Afqeicash O, S SwE qF WHed (tensile
strength), @@l (ductility), 9¥=a (malleability), 3= 9™ qen
faregq =Terehar wd enferes =9e <9 €1 Zn, Cd, Hg 9o Mn S ST9aT&! &1
BISH WM A9 T k1 Teh 41 3{Taeh Yrsfues efifcaish =T it &1 Heheol
wTqetl w1 fafe= Seter SRS ol e wRoi § o w2

93y d- W f =t ok ad
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hcp hcp
(bcc) (bcc)

hcp hcp
(bcc) (bcc)

(ccp,bcc)  (bcc)

bcc bcc X bcc cecp cecp cecp X
(bcc, ccp) (hep) (hep) (hep)

bcc bcc hcp hcp cecp cecp cecp X

bcc bcc hcp hcp cecp cecp cep X

(bcc = 1 Hixd =F719; hep = TSHIVIT [HGEaq Tgerd; ccp = T4 [Hia€ Tger: X = T 99 &ifcasd qe=TT).

431 ofifqes o

\\

ToRH01 Tqe (S, hefiam don HeRfl o oTaersf o @rer) AfdeheRr den 37eq
aroasiiet Bl €1 ok TTetieh o Feeish 4 B €1 fo 4.1 H 3d, 4d 991 5d
Soft Y TR gat o TR U M E =4 ek 1 HRU FROH IR
wfcaeh &¢F § ns goiae o AfRed (n—1)d wehi o 31 seigeH &t
it €1 e Mn T Tc & ST9a&) i Sieeh Rl off goft & erget &
e d T W A B ¥ 91 9gd g HIY] A o | Teriehi
¥ frafd &9 o S Tl 81 ! U T (enthalpy of atomisation)
o UM Ied B € S T o 4.2 ° <wien e @1 weieh St o o we
H S=aq9 AH 39 A2 h S 2 Fof Toel SAaaeefvesh sr=afenan o ferg ufa
A hETH Teh ST Seid 1 BT fosiy €9 9 STl ©1 HHId: Faretehdl

900

— #oft 1
8007 — g 2

600

500

400

300

AH /kJ mol' —>

200

100

TTHTY] ShHIh —>

T 4.2— GahavT aell w1 HUH TEed! BT ygraar
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432 GeRWUT &gl o

— Sc Ti

JAME TSR
o ufad

TS i e fo sifuss ghft, IaA1 € et afrlt s g <
TRt & Wk goiee fava o fuitor § o et U Heeyul s 81 of:
gd ST hUM ool (21efd §gd S gaerih) ol uigel @i It
srfafmaet § Sepe W 1 e 81 (3ueie fave o fog @) § @)
o 4.2 o YR W T 31 A fom febren s gshar @ R wem
HFA SO % W A qe § e e g A6 A w Fo
Tt o M AUk Bid ©; 9€ YR WehHOT UIqel o ARl § e s
% g I § Tk WUl wN ¢l
HMFIA: 9Tt § dgd gU WRHTY] shHleh oh WIS THM A9l alel STl &1 Feanst
T IR & eIl ¢ THRT R0 © T St oft iwenta e § gfg gt €,
rfafiert seiaei e 9N d siffdedt & 9a9 il 81 : TR & d ol
1 e Y9G (screening effect) FH FHEE Sldl €, 37d: TR AT
AT SRIAH S o o= 2 Sgd TRt H gig 8 St € fred e e
1AM T2 S 21 TH IR H1 ygfa fRe Soft | awr) femet | oft e
S 1w Sof F Fens & W T U agd s w1 uw G
A2 Y19l W e 3771 B 5 fepdl e Gshmor Soft o il & SRR 1 qer,
&t ot o G el o SRR 9 &t S 21 T 4.3 o ok qwiid € R g
AU guft (3d) o Tl i gard § fgdtd G 9ot (4d) o 9d del
1 AR a1 & W Gard Ghaol Suft (5d) o dedll i BT o o8l 8
S o fgdt SshHoT S0t o W el i B T8 URES 4f el o e |
3 & HROT et € o goteeiqi &1 emufd, 5d 9ft & aci o d ek o
3MYfd IR 8 § T8 S =Tl 5d &kl o T4 4f HEeh! H seraRl
aafd o R T et ¥ frafua g e €, 0 oremtae st
(Lanthanoid Contraction) #&d g1 S ST6¥d® &4 ¥ dgd gL TH] HHish
o T AN MR | g2 Heferd g 1 eifagfd o 21 ereHe e
o T Y9E oh SRl fgdd Ud G hHo SUi oh STIET qell ohi A
TAA B W € (SO Zr, 160 pm Al HI,

119 159 pm) q1 gk wifdeh T @M@t o o
{18 FAfersh TAM T S, S " St Gee
117 o MR WX 3TUferd T 9 off wgd e B B

RIS SThed oF Tl SURERT $Reh ST
€ B S U WE GHAU S0 o faw <@ S ©
A GHM HEUl o foly STREET ¥, @1 Uw €
=99 o HEhl § Th Tolde g R W STqul
AT YTel| T Toh 4f Toioe 11 SHY OX STeR0

==1/nm

1 1 1 12

V_ Cr Mn Fe Co Ni Cu Zn T9E, Th d SR gR TR W SAERT Y& i
Y Zr Nb Mo Tc Ru RhPd Ag Cd o | Y a1 8 den S8-Sg T 9ot H iR
La Hf Ta W Re Os Ir Pt Au Hg aEw ¥ gfg B, Wit 4f" ekl o SRR

T 4.3— FHA ael F1 WA s 7 ygtr frafia g/ g 2

98y d- W f =t oh ad
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oifces 5o o 319 oF 1Y TRAvEs §9AE § gfg oh IRUMHEEY 3
qcll o e H I g et 81 39 YR Y Heequl s gfg i
(Z=22) ¥ HR (Z=29) T @A & fHerdl & (FRON 4.2)1

ARUT 4.2— UIH GHAUT HUN oF qeall oF TSR (909 Td o 31T 0T

UIHTU] SHHTh 21 22 23 24 25 26 27 28 29 30
TR en fa=ama
M 3d'4s® 3d’4s® 3d’4s® 3d’4s' 3d°4s® 3d°4s® 3d’4s® 3d*4s® 3d'°4s' 3d'°4s’
M* 3d'4s' 3d’4s' 3d’4s’ 3d° 3d’4s' 3d°4s' 3d’4s' 3d*4s' 3d"°  3d'%4s'
M 3d' 3d” 3d* 3d’ 3d° 3d° 3d’ 3d® 3d’ 3d"°
m* [Ar] 3d' 3d” 3d* 3d’ 3d° 3d° 3d’ - -

UM THAH, A,H /kJ mol
326 473 515 397 281 416 425 430 339 126

AT TT/AH /kJ mol™

AH I 631 656 650 653 717 762 758 736 745 906
AH 1 1235 1309 1414 1592 1509 1561 1644 1752 1958 1734
AH 1l 2393 2657 2833 2990 3260 2962 3243 3402 3556 3837
arfeeh/3maf s M 164 147 135 129 137 126 125 125 128 137
r==t/pm M>* - - 79 82 82 77 74 70 73 75
M 73 67 64 62 65 65 61 60 - -
UM SRS M*/M - -1.63 -1.18 -0.90 -1.18 -0.44 -0.28 -0.25 +0.34 -0.76
fawa /v M¥*/M* - -0.37 -0.26 -0.41 +1.57 +0.77 +1.97 - - -
Td/g cm™® 3.43 41 6.07 7.19 7.21 7.8 8.7 8.9 89 7.1

GEE[ 4.2  GHHY ded HUH Tl o I=9 A 94 M 22
gl TR gk TS § W<l WEm W e 3o B €, TET 3 yew
SHTAVh 3101 ol it € o1 TWHTO[eH o Hedl Yofcd e o horeaey
FHUH T 3= Bl 2l

AR 92a
4.2 97, Sc(z=21) ¥ zn(z=30) ¥, 5% 1 HUH T w1 G T HH B B, AU
126 kJ mol"; 0?7

433 AT TR  oaRe d Ferhl & A % el AHE e § gf 8 % Hror Soft & =
Y qfeft AR T W GHA Svft o ool 1 S THedt § ghig et €, Woh
4.2 ¥ go| HHAU SOt ok el ki goH @A 1A wifewdt & 9 R e
g1 51 Al o e ® TR 39 a1 ki Coedt § e e gfg e e
St for STl qol Wl WHHOT qeall il SO W STE T et ® uftedH
STHFHH el Bl Soft @ W Bl &1 WHMG: FoH 3T Teedl o 91 ¥ gig

WA fagm 96
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Bl & W SR el o1 fgdid Te geita e et o 7l 6 gE gy W
RETOT e Wy St B 2

3d Soft T urget 1 YU M e w1 sifrafad ygta w1 Tt w5
T TEETE e el € R ot 78 sqediehtr fean St wehdr € o wh g
Yo T W 4s 91 3d ekl i AR Seiisl § IRedd g €1 S vel @
o 9 d-sefieh & e MEF 996 © Al ns IR (n-1) d SdeREl § 9gd
fehed €1 B9 S-S 3d J@el o AEd H Sed © dl hiean ¥ 5w
3R S W IfH 1 A Tl © T A ARk STHII o hefsh Il
3d e H WA 81 78 3d AT 45 S i S&d §Y AAF A& F SH
feafa o e wo AU gaEl €1 @ ufefad # ged ©, e o
TR T O 1 Uil d €1 o1 wifvass e % a9 sedl 2
T 3d S § gerat il W Helt gfg g 1 9 A Al A e
e A 1 fa=rE 4 e ® 9o 4s W goee TEl |

g fgdia st et & uH o it stee | gfg & Wy aed
1 Ygfa &1 e B 2, FfF TF dsoRA TR d SoEE H A %
3T o YTE | URAferd el YTl SR HRUT d-hHeiehi i e &1 =1 g
2 Tl fedta U@ g S Toeht § FRa gfg %1 geme Mn® @ Fe'
A o W 22 W 21 S | € e o faer d° R 1 gt YRR et T
9% 1 HHHAT NS o HG qel o f e B d gl foer % fag
A Tl § uRadH i e fEfared § —

I T 1 0 Yieh Soiarie o F114eh i 3T SRY0T, < geteriai
o ofte giaertor e fafee e e ot 81 51 &R o it & fog
fafma St s gl 21 fafma S, sy werel o gufew gl &
FA TG el oh TR AU Bl §1 ST SIS Feqhl o Sk g
B € ql Freae St o1l R 98 2§ e stferhan et | wufset geen
A Th-Teh Siaei 2id & (&S o1 fom) | fafea ot o1 g en o zenfae
Tl © 3R TP 9gd ¥ A Hiod B o 21 d faerm o fafr st
%1 BE Tl Bl

Mn'" 37 w1 fa=m| 3d°4s’ @R cr’ @1 &1 fo=e d° € #d: Mn” &1
el Cr’ § &9 gt 21 6 ¥R @ Mn”” &1 fa=rmg d° @ o@: Feol Wi
el Mn”” @ %9 ¥ W Ui H 9 e Thd & f%h Fe & qaid (@
Tt Mn ¥ 4 21 3 o1qell ot et et steen +2 &1 e srupe
Y M A TN B, FUF TR & qrU-we guq U G S ssie
1 off eavashar gl 71 9q@ Ug fgd st wied ®, g 9 Cr stk
Cu & foau sryenfya &9 9 v=a 2, fomd M* o1l o1 %o & qen d'°
g 311 €1 Zn o fT W0 WH FH i @ il SEH 7 T 1s Selde
feherar & forad womht 4 fa=mg wrw g @1 gt s woedt ¥ wgtd 4s
FeF & HRH g Sed T@l ot 3R 4 (Mn”) e d'° (zn”) §
TR M | Afud wic wefeld gt ¥ e, g e e
T S=a &1 R, w3 Frohet 1 gdia e et & S A g
Fd 2 o 0 39 dell H1 +2 9§ I=9 SRR sTaeend g S ST B

Tl ST Cfeu, StferfehtoT STaeersti o qericeh T ¥ Hefud
D AR 3t B, R ot 7% woen wgd Sfeet @ SR dichiicsh SATqeh eIl
?q HeerE e B

9%y d- TS f =ATH & qd
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4.3.4 3TTFATRITT
3TEAT

HHHU dooll o faftre <eon § § Uk %0 3 dwel g} AR o e
SRR STILATT AT 71 RO 4.3 | Y9 HhHo A0t o dal i |H
SRR Feeensti 1 geftag foman o 2

AR 4.3 UIT WhTUT SUT i ST hi STTFHIHIUT STEEATT (7Tl HHTT STFEHIUT STTEATST Rl
e 2w ¥ fam@ren & #1)

Sc Ti
+2
+3 +3
+4

WA fagm 98

v

+2
+3
+4
+5

Cr Mn Fe Co Ni Cu Zn
+2 +2 +2 +2 +2 +1 +2
+3 +3 +3 +3 +3 +2
+4 +4 +4 +4 +4
+5 +5
+6 +6 +6

+7 '

TS W& | SRR STIEATT 3L alel T HhHUl 07 oh Hed § 41
THeh fehe feora €)1 Seeondd, AT +2 @ +7 qoh i Gl Sifadien sTaeey
<l 21 907t o ST foRRl T AT STerenal 1 Wl % W St 2
THT RO d@ (Sc, Ti) ¥ IRAM a1 FEE{ o fau &9 saagHl &
IYSIAT AU Al oh GaArSThdl ¥ | d Seiael i iy gen (afRmmme:
qrfer) o foT % Hafehi &1 STereddl) [Cu, Zn] B1 38 YR 92| S0ft o
RN ¥ Thiread (I1) aredfashal § o791 € qe Ti(I1) a1 Ti(II) =T qe
A Ti(IV) @iferer Tomdt 21 9oft & g B8R W 9% 1 THAE i
I +2 B (d oAl b1 et & @) | gm o arelt sifuean
SRR 0T T3t i T HIHIS deh s A d Hemehl § SUreerd Seisl i
HE % A % SR 21 (Ti 0,V 03,Cr"'01 Mn""04) | T8 Te=Iq dwil
1 S=a Ao STereensl & e § g 31 St © TSR
T T Sl Sfererfores Tl € (Fe' o, Co L Ni, Cu' @@ Zn')|

TR ST STeEet it o Hehmol qeall o1 Tk Tl €, o1 R0l
2, ol d Ferhl H solaeHl #1 39 YRR W o9 H, o g el w6
SHTeRAehToT T3l H Weh o1 X ST @l 1 §hT S, VL, VL VLV R
SeeiE & foh STHFHU d@l (non-transition elements) o, faf= sfferdieror
SfeEentell o GE: < T Al g S 2l

d-=eieh qal o M (A 4 W 10) i SATRITHRIOT STEqaT i qREd-eiterdr
o Uk a9 @ i frerdr 81 p-solish o (AR T T o HRoT) AR
TE@ g Fret TR STaReNT ST 3Tl &Il &, Sielfeh d-setieh o 9eh
fauda el 1 S<rewone— &t 6 § Mo(VI) den W(VI) &1 T@ifae Cr(Vl) 9
aferer 81 31d: 3t "iegm | Cr(VI), SEhHE o &9 | Jao Seiehieh
2 Sdfh MoO,; U6 WO, &l

1 TRl STeReTd qd O S © W U Sepe AT § 1y fenre
gl o o-eTeem o eifafiea m-umet ot «ff a1 33 - Ni(CO),
3R Fe(CO)s, | Fohet IR STERA w1 SHfafiehior sfereen I 2|
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SRE0T 4.3

<l

aqERT g2e

T GHAY 7 k1 A9 Farey fogd gfied=g Aol STeaEemt T&i ure

hiteay (Z=21) Uferd=a et sTereet &l <9

4.3 GHUU qE H 3d GO0 k1 A W oA o€ W W Ao ey < €
TS F?

435 M**/M WFeh TARIS
ﬁ f. ‘a: gﬁ &

\

= ufed W

Ti V C'r I\/in F:e C'o 1\'Ii C'u Zn
¢ Ti&faa 9=

o7 4.4-Ti 9 zZn & & T & (M*>M°)
e getaie faval o gfera a9
gRerferd [

WRON 4.4— UIH AU oF WRHUT dcl oF ST-UHEAMe 1 (kJ mol-1) 3T M) ¥ M ®

faerad o 319 o1q o M° A ¥ ®iaRer ¥ Hefud
FH-THE S T R AME Soee fawe gl
4.4 % feu 7u €| 94RO 4.4 % AE H1 STAN Heh
fthferd T qom E % Ufed W % HeA qor b
ot 4.4 ® gwifan e B

TR h1 S B o RV SATEET SIaer, S
el ¥ H, 9o H 1 eremeld 1 STl 2 2
el SRR T (MiEfesh ot SR TH @S
TeHEf o) & Cu o @l Afaferan #3d & 3R 3
3Tre eTqfad 81 S = Cu(s]a?Cu2+(aq]ﬁ‘5quﬂTé€
U aTrevae = ST, SUehT et ool | Hqfed
T 2 Tt Aot F £ % % Koo W # 1 wme
yafa urgetl & v e fgdia omaa el & A o
g gfg ¥ Heifud @1 98 AT = @ T Mn, Ni
9o Zn % E° % WM W= g9 g7 it T @
feren SRUTCH B &1

YT & UM o Taval & am
(M) AH® (M) XAihﬁl

Ti

v
Cr
Mn
Fe
Co
Ni
Cu
Zn

469
515
398
279
418
427
431
339
130

656

650
653
717
762
758
736
745
906

AH A, H(M*) E°/V
1309 -1866 -1.63
1414 -1895 -1.18
1592 -1925 -0.90
1509 -1862 -1.18
1561 -1998 -0.44
1644 -2079 -0.28
1752 -2121 -0.25
1958 -2121 0.34
1734 -2059 -0.76

99, d- TE f =l % qd
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TEEIT 4.4 Cr AUAIE & w&fk Mn® SR, SafE 3 & d° o= ®, F
= Cr’ Uh AUuEE §; s voew T d' 4 & § ukafda e 2 o

- A 1, TR (THe 5 @) T {1 @ H Mn®T § Mn” § e @

FHIRT (@) o= o B © S 39 stfaRed TfiE TEH H e

aGERRT g2a

4.4 IR & fauw B (M>* /M) F1 0F S (+0.34V) $1 569 FIfea RO I 8

. o o .
(Thd- 39 o9 AH 3R ApgH W &9 )

436 WM TARIS
fawat ms/mz

¥ et

437 IoOdH
ATeRAeRTuT
aTaeeret o
I ol
gtaat

Mn”" # etef-9fa d- et 1 @i i zn”” § goiufa a'° fam
WEGWH?@W%%,WMWE@MWWAMHG
Y Hefud 21

o 42 § EC (MY /M2) & T %1 e TRl aRadseer gt w
Tt 21 Sc o fory s&emt f= |, S o wenfre i guitan @ forwen famma
AfFa 9 fa=md 21 Zn & U 366k S=aq9 WM &1 &R0 Zn® & Tl d'
=19 o T Soiegi 1 B 81 Mn o foq eTdeiehd S=a 0 <9Il € T
M2t (&) fodm &9 @ T @ Sk Fe o emiemed = 9, Fe”'(d) &
rfafier enfied &1 <eiid §1 V o sdemepd f 7 Vo' ok wenfare @ et
g1 (edfd ty, R, THEE 5)|

AR 4.5 HHEAU enqat H 3d G0N o Trf RengsSl 1 swid B Swean
AT T TiX, (STREAEEN), VFy 3R CrFy § Wiw 8l €1 Mn &1 +7
SHTFHIHTUT LN WA Telise B yaf¥id et eidt |G MnO,F 3 € 31k Mn
o qved T FeXs 3R CoF; o g 9t 6Iq ZrEeaiss el aHmi|
STehaH STTRATSRTOT STorEel hi TR YR T i TSI 1 &l a1
A A I=9 oAk Fell o HRO BT €, 9 fF CoF, o d<d # a1 3=w
HEEASTh Aifiehi S VFy 3R CrFy o, %6 3fed Tl o Rl el 2|

ARUTt 4.5- 3d gTgal & ggEl % G

+ 6
+ 5
+ 4 TiX,
+3 TiX,
+ 9 TiXQIII
+ 1

'qﬁ X=F->L X =F5Br; XX=F CI, X =CI > 1

W foam 00

CrFq
VF, CrFy
2 CrX, MnF,
VX, CrX, MnF, FeX', CoF,
VX, CrX, MnX, FeX, CoX, NiX, CuX," ZnX,
C UXIH
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TAf VFg oheied V' 1 R il 2, 39 TR SesuHed W
HFARARE, VOX, 3d 71 FfeiReel s o Tour, e stfrdianaor stacen |
TR SR €, H8- VX,(X=C1,Br 3R I) # 31k 7€l CuX & fau @ g
21 Tl R rieES % ifafed Cu' o |l gemes =@ Bl el Cu’, 1
I, § stfefiepd ear & —

2Cu*" +41° — Cu,l, (s) +1,

ANty eFeh Cu” AfiTeh Sl e o sreemdt € qen feER sraHmfad

B B
2Cu’ > Ccu”” + Cu

cu’’(aq) 1 @ Cu'(aq) ¥ A R H HROT THH! SerRisH
T Ay qH. &1 Cu” &1 gorl ¥ agd 1fuis RuTersh 7H 81 8, S
w1 fgda oo woiedt = afagfd 9 sifue 2

RIS i STIaH ST STIEAT i TN USH HE ohi &THal
HAferrgel o TS Bl 21 SiedEel § S=uan S §e (RO 4.6)
ITh1 o7 W@ W Ul @it ® 3R T8 Sc,05 ¥ Mny,O, G 3@ i fHerdl
21 o 7 o 1%, Fe & 3= A4ES Fe,05 U AN 10 T8l 81 Jafy R
e e (V) e §, (FeO,)” , 3P a4 @ T 9 305 & Fe,Os
9 0, ¥ fosfed g S 81 SAfwmEe & Afafe, st V' &l VO, V'
1 VO qe Ti' 1 TiO”" o &9 § TNfedl Y id &1 T 1 37uen
SIS 1 37 Sod STRATHTUT STILIST i TTIA Y HIA i &THT 3T
% Bl ¥1 ¥ YR Mn 1 SuaH RI3IEE MnF, © Sl Svd Sfieuss
Mn,O, | STRASH 1 e1qeti o 12 STgaTee S shi &l ¥ S8eh! Sehoedl
1 G W1 Hehdl €| HeEANEh 3RS Mn,O, H, T&ish Mn WA,
TIHAHT T Y Th Mn-O-Mn g Ffed O wAmpe @ fom T 21 V7,
cr’,Mn', Mn" 3R Mn"" & foq =qorersE [MO4]n_ A T 2

ARUT 4.6— 3d &gl o ATaTES

+ 7
+ 6

+5
+ 4

+ 3 Sc,0;

+ 2
+ 1

* iy sfiaqEe

TiO,
Ti,O

Mn, 0O,
CrO,
VZOS
V,0, CrO, MnO,
5 V,0, Cr,0,4 Mn,O; Fe,O,
Mn,O0,* Fe,0,* Co,0,*

TiO VO (CroO) MnO FeO CoO NiO CuO ZnO

Cu,O

10Jy d- UH f- oAk o qc
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3RE0T 4.5

ST 99 VO <Cr,02” < MnO; ¥ SioRiiReh &wal § gfg i Y T H1?

Bl TEHT HRUT Tk I & A% W e el & wenfae § gfg

agARRT g2a

4.5 THAY T 1 v 2o § S TR (v SR fgdie) § stfrafia oRedd e Y SHEri?

4.3.8 THEEMS®R

hHOT UTgstl w1 Tt sifafmareiierar samae w9 9 uRedeia 81 sga-dt

afTfRamferar ¥AE W faeaeea ¥ qon wfte el | foct €, wafE o uqd S

Td E°HH

SRE0T 4.6

SRE0T 4.7

WA fagm k02

&, S for Tremor el grT wenfaa Y =i

I U1q 1 DIgHL Y2H S o del daneha sfusk sifafmamie e @
S 1M H' 3 gR1 Sifeiishd € S €, i g ngeti i erggier 3t (H)
S aAferdieTen] § ffHan e o1 arEdfaes < § S-Sl o Sl 8
IS — e a9 W EfEn ud SAfean q st Rer ot oh wfd
fifera &1 M2 /M % E° % T 9ot § fgeeeh ol % o w1 e g
Jafs o <9 ¥ (TRO 4.2)1 E© & % ROMHF WA F AR ST G
v g T Ty emaa e & @ § e gig @ Heifua @1 g S
%% % fF Mn, Ni 3R Zn & E° 09 96 9gfe @ smifed o #1 qer
¥ stfues oTeAE B Safk Mn® § 31 9@ (@) ST (@) 7o zn” d
o R SR FT TN T B % AR § watud ¥; fra & o
E® %1 79 THT IoadH HUNHS SIS Tl § Fafvd 2l

M /M*" tefr 7 & E° HEl % seesd (AR 4.2) @ T © fe
Mn®" @2 Co®" A et foreda o ereian SierdiRtol e 1 w1 FW
T, V2 aa O’ 3R Yoe o=l S (SToEEe) € 9o 9 o 9
BTESISH 119 okl hid §| SIend—

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

A S w9 % EC S WA i

Ee \Y% Cr Mn Fe Co Ni Cu
™M*/M) -1.18 -091 -1.18 -044 -028 -0.25 +0.34
T A H I afiadr o R i gHEsu|

E® M* /(M) % ur frafig o ¥, <8 vn e wieh § sifmfia oftedd
(AH,+AH,) qe Seadda Toiedt g 99 Gohd © S foh S R anfead &
feu siemRa 9gd #9 e 2

Mn®*/Mn"? 7w & forg B &1 90 o/ stemn Fe''/Fe % Wi @ wgd
ek v 7T B 7 WSS

Tqeh foTy Mn 1 a1 STAA Sl 1 sgd aifuss 7 (d° 9 4§ afterdq o forg

EYTF) ITEEN 21 36 g o T Bl © o 9 Mn w1 +3 37ee SRl Hewd
H1 TE 2
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agARRT g2a

4.6 P U AT ITAAH SRHIV TTL hael SiAES Tl Fgeives o & = wef¥m

LA B2

4.7 O AR Fe’' H ¥ ®F yad oTT=EE © R F:?

43,9 T&hid IOT

i

a9 R IR &5 STIIIH I N G I ThR o Gahid FOER T
B € - Yligeded (diamagnetism) 9 3gased (Paramagnetism)|
SiagaeT g1, STIge ok a & R UfdeRfid g € TRy gt et
aTrehftia B €1 ST U1 gaehta &5 | Yool ®Y W AR B €, 3 elegasid
(Ferromagnetic) Heeld 2| ar&dd o, Tiggashe, 3 gashe & =H @&q
2| 9gd ¥ HHAU o I IR B

S 1 Icafd, STTeTd el 1 Suftfd o HR Bl 2, T
TH TAfeld Seleed o1 gaehig S0 (magnetic moment), T &IV
T4 (spin angular momentum) T F&f¥ HIUMF FaT (orbital angular
momentum) ¥ Hsd eidl €1 2| HhHoT Soft 1 engeti o Afient § weia
I HaT o1 A Forel ®9 § 9 (quench) & Sl € ST S8R
IS Ao Tel & SN 37d: S9oh foTe Gaehid el o1 Fufer 399 suferd
Serd SRl 1 WEA o MR W T S @ den sHh! oA e Ry
T ‘Y= UI-AE’ (Spin only) A §RT i S 21

p=+n(n+2)

el n fAd SASHl i H& © 91 1 gashia ol # g ame
IR T (BM) €1 Uk STfeid golerE b1 Teehid 3Tl 1.73 SR e
(BM) BT 21

ST SRl hl Sigdl T o 1l Felshid STl k1 WA agdl B I
Ufefd Fahia STTE0l | GTATOST, STULSTl qe SToHl H Iuferd STferd soiaeil
H1 Fe 1 Fehd e 81 TR -HE g 5RO | W ek et
o M A TANT o SMER R 4iRa gem Hehwor 9oft o Tl o Jaenid STEol
& A GRel 4.7 | fRU Mg B gt siee ger w9 9 foeaa o sufeed
SIS SEHI STrE S ST o fag )

WU 4.7— Seehig Y01 & ufekfad Ta A a9 (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

103, d- TF f A% o T

Reprint 2025-26



M n2+
F e2+
C O2+
Ni2+
Cu2+
7z n2+

3d° 5 5.92 5.96
3d’ 4 4.90 5.3 - 5.5
3d’ 3 3.87 4.4 - 5.2
3d® 2 2.84 29 -3, 4
3d’ 1 1.73 1.8 - 2.2
3d" 0 0

SEE 4.8 et faead H fgHast A o Jaehid STl i AT ST afs sHeh 9 ]

FHE 25 B

o Sold foee | W] sl 25 arel fgEarst oTE | STfa Soidel sl §EA
5 TR 37d: SHeT gahid 0 B, u=./5(5+2) = 5.92BM

aGARERT g9a

4.8 M**(aq) ion (Z = 27) & ToI0 ' Terhor-am’ ekt el &1 TOHT Hifo)

4310 T AT &1 9T

—

ferT 4.5 — ywwwakgwan%w

Al & S faerat o 11 aTE

R g T HR VH, V3, Mn?,

Fe3*, Co?*, Niz* 3R Cu2".

& 4 391 a1l d-hefsh ¥ Selaeid il STSH, 3ed Shell
A d-heieh H Bl & dl S Sell (energy of excitation)
1 A LT Y19 1 g & S Bl © (Theh
5)1 9HRG: 9§ g, 399 Y& (visible region) H
feera 2t 21 Ufera <, i weRTel BT T 41 @i B
STENTT Rl oF STgia @1 FuR0 fare (Ligand) o6
e o UR W e wman g1 GRoft 4.8 § Al
Sefta foerm o Uferd O o1 shHeg fhan T R, T8l S
& o1v] fare 1w w3 € o9 4.5 § $8 d-sdls
Tedl o T fereraml st gwiten T B

ARON 4.8— YAH ThHUT JUT & FT TS &Tg M oF T

W foam 04

3d°
3d°
3d!
3d'
3d’

Sc*
Ti*
Ti*
V4+
V3+
V2+
C r3+
M rl3+
C r2+
M n2+
F e3+
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4.3.11 Gepel AfiTehl T
EREl)

4.3,12 SHERE IO

4.3.13 STaTSRTIN ATTeht

<l &0

3d° Fe* L

3d°3d’ Co’"Co™ HreA-Tetrelt
3d® Ni** g
3d° cu” et
3d" Zn>* A

Tope Aifier 9 A Bd & o org smem fafvea gen o smomE st
IR U T e Fioh Goper TEis s &1 foreh o1 stfiretenfores Tqor
e T THF TP IR & — [Fe(CN)gl”, [Fe(CN)gl", [Cu(NHg),l>" den
[PtCL]> (e 5 | Hapel AT o THREA 1 forega == &1 TE ) | Hehuol
T 3Tk Heped ANkl 1 T hId &1 SUhT A HRUT € o1q STl oh TR
1 BT BT, UG ST W I=9 A AT T 3TET o a4 o6 faQ d
Heeh! hi ST

THUT HIGT G 5ok AiTeh ST I Tisharal o foIt ST ST &1 Hehaol &gt
1 7 T STHT TR e T et AT % 9 S o S B
g1 dHfeam (V) stiaEe (ot g o), ged fauiferd o (2R W o)
R fehel (ST BESeHA |) FhHAvl UIqst o gRI SARU o 3 IR0
T IATEH & I T8 W AMHNF o R aU S F1 g o WA
o ot el i TEAT B €1 STieY oMM oh T YU WehHOT Uit S HTqu
3d T 4s TOFRHAl ®1 ITEM HIE &l TRUTHEEY, SOE H Hde W
Afeher w1 disdl o gfg B St @ qen eifirehies o STupet o Sufterd ey
Tael 81 WA €| WiHa0r Sl b1 Wi SIS Sl 81 AT stereene ¥ ufted
21 Wk o U] WUl HIqT S o &4 | Afereh qorelt Bl | Sareone —
I (111, TSRS ATE q91 WHEhe 39 o o9 99— g+ areft STffehar
1 IR HLT 2l

21 +S,05 > I, +250,”

TH ST SATAlHAT T TTEIHT 36 YhN € —
2Fe” +21 > 2Fe” +1,
2 Fe”" +S,05 — 2 Fe’ +2S0,””

el HehTT HTetl o fheeel Seteh o Wit B SR ol IWHT] S H, N =
C G 81 Sd @ q SAqenteh Afent s T Bt @1 3 Alfies e
FGHIHUIHAT (non-stoichiometric) B4 & 991 7 a1 3T Bid & 31 7 &
HEGarst| 3] o fw TiC, MnyN, FesH, VH, 55 @ TiH,; , S| 354
A HTq3A 1 IS AT SRR STowel Yd Tl hid | FeeAl i hfd
o SR W, 38 YR o A eIl Fifiie (interstitial compounds) Feeld
21 37 ARl o g Gifaes d TRt e e Eh @ -

(1) HAaRrshTeht TRl o Mo S=4 eid @ St Yg ogett o ot sifuss €
(i) ¥ 1fd F3R e B 7T a% & Fo dEel F1 FHar o €RHl

I3l oh T Bt B
(iii) g FMTRT H1 efeaes =kl quiad w8
(iv) @M@t ®9 9 SFauenr aifies Hiewa ga €

108, d- Td f =A% o ad
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4.3.14 Thsqatt st s 519 (alloy) fafe= engeti =1 wfmsm e € < ok amgeit o wfwsmon & o

SRE0T 4.9

<l

qqAteET 92

B &1 fagrg garh S foeem e gahd @ T U urg & W], Tl e
o eApe | ifafad w9 9 faafia ®d €1 59 YR o faggstt w1 A S
wETEtt grI Bl © et wnferen Beenel § 159 1 3 Bl HehHur wrqei
o Ifaafore o qen Ikt st H WHM % hRUT W Urgew g
THsTqei i T WReTdEe il 81 39 WehR WIwl T hok € € e gieh
Teish EIAA S=4 B B 1 e g g guiifted fasmg €1 wifaam,
arfedy, e, Hifelse™ qel HHS &1 Sqam fafq= YR o Wie qen
T Wil o IcAEA § fohar Srar @1 STEehHu gl qen WehHon enget o
A W W fagrg Sleifs Wew % el €, foen Seewl § — i
(SRIR-TSih) , h1El (hiwR-fe) <

TR STl o * STEHIAIA’ 1 N 1Y €2 Ueh Sl i)

T U fafyme iferdteniur sTowen S99 HH qUl S=u SATFHIHI STaLney i
o § wH TEl B Al Sl STEHNUA Bl € Sae— HES (V)
ATerefeRToT Sfereen WS (VII) qe Hist (IV) &1 qor § sreedid e o e
ol 7

3Mn"0,” +4H > 2Mn""0, + Mn" O, + 2H,0

4.9 T FHIfSU foF Cu’ AEa Seltg faeed o ol 98§, 7 g9ssy)

4.4 QATBIHOT Al BB S0 I W HHAY 91l TS ARfT o qer aifafsman & weredwy dHn

BT AEcaAqol
NBree

WA fagm k06

wrgetl o SffaTEe WId Bid €1 Thigan & oifafited @eft oiqe MO WehR ok
TR HfaTEe AT &1 3 Sfiagel o el S SeuaH e Hem
1 o7 G o (HHM el 21 S TR Sc,05 ¥ Mn,O, Hlfieh! e @
%1 el 1 ot 7 & 999 SERA F Fe,O5 ¥ ST HiE Sod SfiadEe T
T2 21 3AfrTEe o SAfafie S-S (oxocations) V' &1 VO, |, V" &l
vo>" ¥ @en TiOo”" &I Ti vt 39 B
TGS 1 SATRAROT T | gig o W AfdEel o Ak 071 § HHT ST
21 WS 1 SAFES, Mn,O, Teqdrst ao1 84 deitd uered gl 21 el a%
fF CrO, @ V,05 o 7o ot f7 g €1 57 S=a ofieEel o i
e 1 FEdl et 8

39 YT Mn,O, ¥ HMnO, W< gl €1 H,CrO, ae H,Cr,O, &
CrO; ¥ 9 8l §1 V,05 39aedl 21 W off g awefta 2 ek vo,” qen
VO, o a0 <l 81 oHfea™ o ifeEel d A V,0, ¥, 37 i
V,0, 3R 3wyl V,0, d% it Iiad" 3@ i faerd 81 V,0,, 37w |
faerd Bt VO’ ool a1l §1 3 TR V,05, 377 a2 & § Stfafsman e
FAA: VO, 1 VO, 31 21 Yoiey § sifeieiliE CrO & & Wy
Cr,05 39edl 21
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urfyrEm SEsiee, K,Cr,0,
TIfeEm ETeshive wH TR % fAu Tk el WEE €1 56T ST %E U
(azo) AR & oFH H SMferdieher o &9 H fohal STl 21 SEHHS
GEMI: U W S WA @1 ShHgE 3T (FeCryO,) i Sa a1 ohi
Sufeerfa o Hifead =1 Qe wreie o WY Giterd fRan S € o shide wrw
T 21 FEEE F GfeTm HENe & Y sAfafEa 9 @ T § —
4 FeCr,0, + 8 Nay,CO3 + 7 Oy — 8 Na,CrO, + 2 Fe,O5 + 8 CO,
Hifead ®me o il faead &l Sat 34 TeRE o7 g/l 3T a1
forn St @ fored 9 AR "ifes™ eE®Ee, Na,Cr,0,.2H,0 i fhefea
T foran S 21
2Na,CrO, + 2 H — Na,Cr,0, + 2 Na' + H,0
Hifeqd eEhme w1 faoar, qefiem sEhive 9 ifius el 81 sqieT
Tifeqq SEhive o fooem o Tefiem wilEe Sl WeiEm SEHhHe o
T foran S 21
NayCry,0; + 2 KCl — KyCryO, + 2 NaCl
TREH SRS & AN I o e, fheied 8 S| 2l Sl
foera o IHS 91 SIEhIUE T SFATEA eial & Sl foe@@ & pH | feR
AT B1 HIHS AT SEHUS | HITIH 1 AR & F9H 2
2 Cr0,” + 2H" - Cr,0,” + H,0
Cr,0,° +2 OH — 2 Cr0,” + H,0
FHE AP CrO,” a9l SEHWE
, 3T Cr,0,” &1 Hw=AT A= <& T8

0 S0 0 1 I T Sohersh 1 il © Seieh

O—>c:/%u>\cl~<o TEFHE S W I AqHAH

/ =\ e emrw H wEEd T wd €

3 % 0 S8 Cr-O-Cr @ei®l &I &1 AH
. 126° B 21

Nt Hifeam qen e SEHHe T

HTFHTeRT0T HHeh 1 T A B FETH o0 1 S § foetgar afer gl
@ T T i -ieh TR H ATRATH01 ek oh &Y W FcAfereh gk feman STl
21 IREY SRS 1 STEN AFTHA favervor § wufie W o ®9 o
e ST 21 orrelig WA | SEwmE S & A fRar e geR 9
Yefdid 1 S Tt B —

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

39 GHR AT GOREH SRR, SRS T ST e |,
TehEs 1 Tewd 1, fea (1) =1 fea (V) & 9o 3w (1) <91 &1 3TERA
(1) @& ¥ &wam a1d sttt e & —

61 >3L+6e )
3H,S > 6H +3S+6e
3Sn” -»3Sn +6e
6Fe” > 6Fe’ +6¢e

107, d-TH f- =it % ae
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ATOHAR T
e e (retetifed)

WA fagm ko8

ol st sfufwer s A eEEme w1 e ot srfufman
qAN TR H1 g 7o AfafEa S Sewt W R S Hehdn B
Cr,0,” +14H +6Fe” 520 +6Fe” + 7 H,0
Uy TiiTe KMnO,
WREH WHTE 1 qa 3 o fdq MnO, &1 & ©Tq eEgieaEe adl
KNO, S 3fferiiehiieh o @1l Giferd foral Sl 81 389 e 8L 11 hl IS
K,MnO, WIwl Bl € S SEfi o1 it qieas § et gl qrefemm
T T B
2MnO, + 4KOH + O, — 2K,MnO, + 2H,0
3MnO,” + 4H" — 2MnO, + MnO, + 2H,0
TR TR W THHT SARA MnO, F & SHFAR FIer o Te=m,
e (V1) o SEReraee ierietor gy foman S 2|

KOH Ek;gnu TTer
Mno, 000 0 59T 08 0D Moz
e A

AR ferm S -sreet sifadieRor
MnO> 000O00O00DD0O0OOO. MnO;
e A TR A
AT | WIS (1) 3MEF o Sa] WatereEEethe gl Siediigd gieht
T 11 B
2Mn”" + 58,05 + 8H,0 = 2MnO, + 10S0,” + 16H"
T TEHTHE T ST (ST Shied) W0 ok feheee e © St KClO,
o WY FHECEATHeR N Y1 2| 98 el il § agd T el €, (293 K a9
W 6.4 TH/100 TH 5ot H) | T 513K T TRH i W 9Eed 81 ST 2

2KMnO, — KoMnO, + MnO, + O,

Tk 31 ifcreh 1T St Ueieh © — THeRT STcfush TeU 11 de gkl
B o TI-T1Y SHHT AUk H R YA e ATgashcd | 3= 31U etk fagia
SN GO S Hehdl €, S foh 39 [&ieh i G W el 2

HE qo TRETHS M9 vk g B &1 SdisH o p hefehl o I
& dHeh o AT U A ¢ SAEE T Sl ?1 Tl WIS 3 T
STfeAd Sl o HRUT SIS IA Bl 8 T WHTHE T STfed selaei
T BH % SRl Yiageshd Bl 2l

AT WS foerad stfeicie T weTeRaiemEe ¥, ST (I1) o0 1
STERA (I1I) TE0 ¥, TE2Ee i A8 H ol STERE &l o AdeH |
ATl T a1 21 STl w1 37 i 39 YRR € —

COO
5 |

—> 10CO, + 10e

COO

5Fe’ — 5Fe +5e

5NO, + 5H,0 — 5NO5 + 10H" + 10e
10I — 51, + 10e
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KMnO, &1 31e-Ifafsran ud eTu=mrei i sted-stfafswanes =1 siigas
ot stfufsran i fora@n S gehdl € 9 STATIshdl R eI i Tqferd
o s =1

Ife 70 WS & THe, WS SRsieEe 9 S (1) @@ |
T=EH H1 erd-srfufsmaneti & = w9 9 weiyi &%,

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

@ T el YR 3@ Wehd @ foh foom o ewRgioM oM Wt wigdl
sAfafsmanett ®1 gifad #6 o Aoyl iy o 21 et w3 sifafwaet
1 YeTR-fase 1 Terdl § THLAE S Hehdl ¢ olfehd sAfufwan i faeht o
T Hewul i & WHTE 312 g [H]=1 T S i SfaRiiga fohan
wfew) wq WA & 9 stfafman i it € o e fop HHre () e
Ifeerd A B SAYET Ak TG 7 S|

KMnO, %1 % Tgcyul s sifafean frefafaa € —

1. o<y faeaa o -

(%) URREm smEeEe W EE g Bl € —
101 + 2MnO, + 16H — 2Mn”" + 8H,O + 51,
(@) Fe’ & (80) #1, Fe' (dien) § ufterdq -
5Fe”” + MnO, +8H —> Mn’ +4H,0 + 5Fe’"
(1) 333K W SHeieie 3o 126 Sedfcier 37l shi SRl
B B
5C,0,” + 2MnO, + 16H — 2Mn"" + 8H,O + 10CO,
() TR Gohizs &l Ted § g, fSad ot saeifia
B S § —
H,S - 2H +S”
58 + 2MnO, + 16H" — 2Mn”" + 8H,0 + 5S
(F) HERIH 3R YA Gehlee T Tohe YA Gereh 37 |
AR —
5505 +2MnO, + 6H — 2Mn”" + 3H,0 + 550,
(B) EEE I e H AFHI—
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(1) 3EE (1) 3 (ii) SO, qel (iii) ferifeir a1 ¥ stfufeman sear 22 sfufswansti & fag s
TR fafau)

L7, d-TH [ =i % A
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4.17

4.18

4.19

4.20

4.21

4.22
4.23
4.24

4.25

4.26

4.27

4.28

4.29

4.30

4.31

4.32

4.33

4.34

M2 /M qen M¥ /M T % Ted § 5w ue % B % o A9 fe

crr/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 3Aihel o R W Fafafag w feooft Fifsu—
(i) st wregm & Cr”” a1 Mn® &1 ge § Fe’l 1 Tenfad
(ii) T Ufha1 o foIu shifers steren HT ogell i qor § STERd o SfeRiehtor | gl
frefafaa & 9 @ oA welta faomm § i e
Ti™, V¥, cu’, s Mn”", Fe®', Co”', waF & o Rl "aEy
o HHRHT UM T TGS T +2 SRR AT oF T T Tl HitsT
frefafea o ged §, oroRfae e Ufaetae & e &1 ge sifag)

(i) s fo=ma (i) HUET TE 3 3TMHR
(iii) STereRTor e/ (iv) TEEHe STifmamsierm
ag fr=fafed &1 ffg 9R 9 o= Hi-

(i) d* =iefs § 9 Cr”" wad TEEe © Sefh WIS (1) o AR B
(ii) Seita foerem o wiemee (1) T € W gerail fumHs] w1 Sufefd ¥ I8 wedds
afisrdiFa 8l S 2l

(iii) @ 1 d' famg ercda sy 2
A | 3T F1 THS €2 Selld foerad H STEHaae srtatmane o 31 Seeor ity
W HeHHOT 0T W R W oTq S aT A +1 SeRiehTor e gt 87
frfafad T sl § srmferd saaet &1 o S ife)
Mn”", cr’”, V¥ e Ti°T e @ iAW el foerea # arfoeer 22
ITETVN I U HHAU o1l o WA o Fefafed sifireteon &1 sror sage—

(i) TR o1 1 AT ATEE AN €, Wl Seudd siiedEe suadHl ordig ?

(ii) HWHHT ©Tq H1 SoeaH ARG e SeaEe] qe wsivgel 4 Y gt 2
(viii) ®Tq o SATRIROTEAl & Seean ATl faee Wi gl 2
freAfafeaa &t aaH o fo fafy= o =1 See@ sifsy —

(i) HEEE T ¥ K,Cr,0;

(ii) IEUGEREE § KMnO,
frsrqu a0 €7 ot uigell ¥ go U @ fusrg 1 Seoi@ ST $9e A off s
TR TRl de 1 22 SaEy ok Frefafad § ®H 9 W) saiw sidie HhHon qoll o § —

29, 59, 74, 95, 102, 104

UfereHrae a1 WEA Sad fafad T 2§ A fon aretae aw s W@EE| 3 qel wt st
STEEenstl o MUR T TH HA Hl SR T hifog]
TfereAtae ot w1 AT el A | ®? W e o SelRiTen o Ty 39 aed ot wefaa SRt
sTaeel W feooft Hifv)
T o SMUR R Ce” I o goiai-en T w1 Sqea= shiTSQ de1 ' T=iehvl 7 G’ o SR
TR THH GaH I AT HI AT FHifSC
Tetae St % 7 Gl Tl T Sooid HITSTT Sl +4 TN S +2 SATRIRT0T AT T T 36 FhR
o IER AT 3ok Solaeieh o= o o9 Hae Tfya it
frefafea o g4 & Ufseiae goft & qol den SRATae 9t o del o THEA 1 ge it
(i) zoaRife fa=ma (ii) SATFRATRTUT STEwATT (iil) Tt stfafwantied
61, 91, 101 T 109 THIY] FHIH ol Tl I seareien fo=ame fafau)

LSIREMERIEET
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4.35 HH il o HoRHOT del ok ATt 1 fgedta ud gt St o ol o Gd et o difast @t | qer

Fifsw) frefafed foget w fovm mea G-

(i) soRifTe foramg (ii)  SATRAHT0 SfereeT (iii)  3F TS qen

(iv) THEE SRR
4.36 Tr=fafed oAl § g% & fau 3d sereeMi &t gen fafau—

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

MY 37 SAdiferd A (STRFehE) § Uid 3d Ferhi o1 v JR ifenEa w? 9iisy)
4.37 9UH THHU JU0 o ded W HHHAU el oh I Ui 9 faear weid wed B feoaoh wifsw)
4.38 frAfafEd dpa Tiefis1 oF Gashia SEON oF WM § 319 1 F=hd e ?

IR Jahd STEU (BM)
K,[Mn(CN)g) 2.2
[Fe(H,0)q]”" 5.3
K,[MnCl,] 5.9

AR St 3 SR

4.1 oo (2=47), +2 SATRTeH0T STaeen Yei¥Ta oY Wbl 2, fSaw sUeh 4d ek gl M gu § om: a8
ThUl qed B

4.2 T o 3d el & Solag Uifcs e o Tga T8l 8 € Stk 3d 9l o I geft urge &
d ek o Toae e ey S9F § Y e 2

4.3 WS (z=25), & W] § gaifas i T@EE T W €

4.5 T et § sttt aiteds faf= 3d fomrel o wenfired 1 emmar § fa=rar o R0 2 (ISR
d’, d&, d'°) s w9 9 el

4.6 B MHR TE I=d {Igd FHONHSA o FHRUT SRS ALET FIARA, U] i IHeh I=d SRR
e ek ST Y Hehdl B

4.7 Fe" # g ¥ Cr”" U Yo Nq=EE g B
FRO- Cr” F o’ T H d > d uRadd 2 € fig Fe” @ Fe”' § d° 2 @°H ufted g 2
ST S8 e H @ 1 qor § d efusk Tl @ (38 CFSO)|

4.9 Cu’ Sl foead § srmAMaiaa i 2 .
2Cu’(aq) — Cu’(aq) + Cu(s) 38k o E WM orsat 2l

4.10 5d oA AR AN W FAE T 9 TR wd E) TR vl § 5d el w1 4o § Tk qe
Y W I 1 R W R oA IRE0 g9 e g 2

119, d- TF f- ciish o I
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BRI

TG Toheh oh 3TE99H oh 1% 39—

SUHEHASI ATh! o T o fHgia &1
STTYRONST oF Hew ! THI Tohl;
I I R Wy 3, fare,
AR T, Bl 9 Beaiiesh
Y T 1 A S weh;
SUHEEASH AMTeh! 1 T8 Tgia o o
Gfﬁﬂaﬁl;

SUHEHASE MR § fafe= ger &1
TEEIFAST i aRd w TR,
Harsrehal 3TE qen forea & fagial o
AR R ITFEEASH ARt o e
1 Yehid i HHEA Hohl;

e Sfraa & SuTEHasH AR o He
I ST i THA TR

5.1 SURIEREICE

QBEet BT
wofe 221 R

Tehth
l__J

9)

l > 2\ . N
SHRIRRAEASTH

AlNieh)

“SUTEHAISTT ik Sk THTEE T e SRETH TG a9T
T SR A SR W 17

9 I & Theh | B 7eFEE fRan fon Hohmur ¢Iqu St e
H Heper Arfiter ot €, fH o1 TRATY] 3 HUIEAT Ster
ST 10t W ol %1 HeddeH #1 ufasg @d §1 ST
iy el § T TR SUEEEare dfiteh Fed <l
SUHEEASH ARl 1 A SMYfTeh STehTaiTeh TE 1 Th
Heaqul T AUl & B 1 TEEfeh ST T SAfUesh T i
TS YRoneA 3 Sifaes q5if o Sfte seehl § g ARl i HrEigomed
F T RN ST FITRE | FARIBeA, ETHreifer qer faerfim
B, SHHYT: TTITOE, STERA Qe hianee o STHeHasH AT 2|
fafaa urgerd worml, STeifien SARER! qen Svaifter sifehtis! o
SUHEGASH AT 1 START Bl &1 SgAeiad, Te-TTE 9o Sige
WA o o SugegdrsE Al o 3 STAnT B

Helger | omifier e o (1866-1919) o STHEHISH
AlfiTehl 1 TRl o Foy § o0y fa=r yfaared few) s=i
I STEEEASH AMfieh ST a2 Ik faRivdig < g Soh
Aqifcer q THE SRR 1 HHE WEIE qehAel g
e fapam o R 3 g e o foru wrarfher wESTeRar
( primary valence ) den  fgdiaeh HATSTRdT ( secondary
valence ) 1 YR yfquifed w1l fgeft difier <19 CrCl,,
CoCl, @ PACl, ® ¥Tq A 1 Wefieh HAsehdl Shasl: 3, 2
q 2 Bl wiemee (1) FANES oh I o |9 & fafq=
Aifienl & I€ e T R GEEE 99 W 3o faoed H fges

Reprint 2025-26



Teee faerm fuea ¥ eeM W 9 FAREeS 3F AgCl & €9 | sfgaifud

B S § qe % oo § € ® W g

1 Wid  CoCl,.6NH, (i) 3 HiA AgCl I T
| 5@ CoCl,.5NH, [fieeifed (S)] 2 HiA AgCl @ 2l
1 Wid  CoCl,.4NH, (%) 1 Wi AgCl @ 21
1 Wid  CoCl,.4NH, (S7) 1 Wi AgCl @ 21

ST YeTult qen 57 ATt o faermt o =rethdl 919 o gRomdt st fre
forgatl o STMUR W FHeE ST Gehal - (i) sifafsran &1 stafy § gt faems
T: T (FANSES ST AT STHIAT 3T0] LS IHI) hiaTee 3 | 8 g AN
S qen (ii) AR i ERM 5.1 W Swie @R gha feer s,
TEHRSH T WC WAV H ThH T 7 W Afaferan &t aRfeufer o
T T e e i e e
Garsrehar A f&an; 3 gl SRl o o w6 fgdiae SR B 2l

AR 5.1 — whiaree (1) FARIES-STHIET Hehell ol FHehTuT

@
RISl
Hreretifed

U
ST

w A e R

[Co(NH,) J**3Cl" 1:3 forpa sraeza
[CoCI1(NH,)]*2Cl" 12 for@ oo
[CoCL,(NH,),]*CI" 1:1 foagd eraeea
[CoCL,(NH,),]*CI" l 1:1 for@ erqerga

g A <F A © T wront 5.1 o effaw < Aifiekt o genqan 9,
CoCl,-4NH,, ¥9H ¥, g 7o fi=1 €| T difih ¥9e@ e (isomers)
HEAM 1 T 7 1898 W SUEEHANS Arftent wut Tagld w&qa franl zo
fagia =1 qea i Frefatad 2
1. STEEHINSH AR § 91U S YR 1 GASehdre seid - werfis
LRIREGIRE

2. Witk WASRAIS HET B9 W AT Bl © qel SholeHe STl
SN Hqse Bl B

3. fofoes GASRAIT eF-STaHT Bt €1 3 S STuet s1edT TS
A FR W el €1 fgdiae warSehal SUGEEANST e
(Coordination number) o S BIdl € G SHehT W el urg
o forq wmr: fHiv=a g 2l

4. g ¥ fadiae Hdisehar 9 oTaEfid omm we fafv= SuweddsH Sen
& ey feepeam o fafirte &1 9 orafem w2

MY R H 9 TohR i Speer Haeqel &l a0ad aghoidh
(Coordination polyhedra) ®&d &1 Tehe® | fora feqeisr Weper qen
&S o aTel fer@ @1, wfd 3T@F (Counter ions) Hedl &

121, STEEEESH AT
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3= e off sifuemon € fo dohmor qol o gHaE AT § gmEe:
HACHAR T, FAqURARE d o GUdRl SAMHiGE 9 Sl g1 3H WK,
[Co(NH,),I*", [COCI(NH,) ]* 92T [CoCL,(NH,),|" ! Sffqe sTesherh
€, Sefsh [Ni(CO),] 921 [PtCl,]” Shael: Sqvheishid de o daael 2|

GEE01 5.1 Sl faeraH § fre e frefefea derr & snR W fEfataa difet § aget
[EGRER RIS EXI RE R e
—
(i) PdCL,-4NH,
(i) NiCl,-6H,0
(iii) PtCl,-2HCI

(iv) CoCly-4NH,
(v) PtCl,-2NH,

S = O NN

ga () fgdioe g9aSear 4 (i) Tgdioer daserar 6
(i) fgdoer daerdar 6 (iv) Tgdioes damerar 6
v) fgdioe dawear 4

Tg 1T a9t Hpet | 3
fg a0 qen Hepet <A & T A1 39Y fursk TRl AifTeRl o EEHIw S
39 (stoichiometric ratio) ¥ fad g4 & od €1 qenfa 3 fu= € =ifr
g Tam1 SR Femee, KC1.MgCl,.6H,0; WR @&, FeSO,.(NH,),SO,.6H,0;
e, fhewdt, KAI(SO,),. 12H,0 31fE S H quied ¥ Siemer s o
f@ifa &1 S €, W K,[Fe(CN) ] & 3ufeerd [Fe(CN), " T o,
Fe’" @en CN~ et o femifera et gram
5.2 SURERRIGE (%) SUSeddis |l a1 §6=9 G« ( Coordination Entity )
s & W%mawgm@ﬁ@wﬁ@wﬁmfaﬁmaw
o 370] TR U STEEEArSH Tl 1 fafor s €1 3areeoms, [CoCl,(NH,,) ]
am&a@ Teh SYHEASH Tl € o whisTee M A sreifar stupe qen i aeiRige

T ¥ for 1 e ST €, [Ni(CO),], [PtCL(NH,),], [Fe(CN) ",
g [Co(NH,)4l™" &7f% |
qRFANE AT .
sy (@) e TTHIL,/ 3T
q ] fRdT STHEHANSH T |, TWH)/SEA S Tk Hiv=d 9en § 71 oA/ 998!
qRA™E T T ffyaa sfidt =rewen § uRag @ 2, SHER TWHI] SeE ST Fead

Tl I, [NiCL,(H,0),], [CoCI(NH,) J”", @@l [Fe(CN) > &
LSIREMEEIGE
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TR HT T TTHY o HIGH Y91 o T B W THIE Teresd | 12 figar
1866 ¥ 3TN S=I THEA 1 T Shieige (S § 9wy fopan qen Y@
(fraesets) # quf foman el g=iv 1890 | Siele o wuwy ¥ $o Aeeer
eI TSR AMTeh! o TON W FH=T1 i e o SHR W T fema|

TR I B o Aqoheishd e TCATY] oF f9gId ol fa&qd 3 36 EeisH o fau ®idid fha|
TR A ofifqer AIEl % SMHR R Gl AT o Yo ud forpdia qoN § iR 1 <eitan e
o, o 4 € weell IR F9 SUGEEAS AT | Fo1 Suishdr S @iel il 29 99 w1 S H & 9
1895 H Y@ o % Tlogel H WHW a9 MU o| 3Tehe IR Uk AT aen foamenst &
3T Ul o STHegArS ATt o fagia %1 fawm dfmfaa 21 78 fadasr fagr, e
T A AL qe TSt o e STaE W A S erdl €, WU, sheet i oy i 3fafd (1890
H 1893) W Hfaaifsa fRam o7a1 oW Sied 3=H 3197 9 fo=ml &1 s1fage e o fau sevas
YRR FHE TR & H S fohall I 9ge Faw W o {592 TEE i ggerdr ua
ITEEHEasH f9gid W foht U @ & faw 1913 H F9d AR 9w gl

WHTY A HHA: Nio, Coo ael Fe®, €1 g shsid TArveti/ami = ogd
3t oft el S 2

() forre
IYEEHANT Tl § el THY/EE | IRag A 31ean 9] ferre wgan
g 9 U ST B Wehd € S CT, B 79 @ Wehd @ S H,O A NH,
I 379 & Whd § S H,NCH,CH,NH, a1 N(CH,CH,NH,)), 31/a 837
Ff &1 gehd € S WA

S T ferTee, o1g 3P ¥ T Il WA 51 9Ras B €, 59 Cl, H,0
I NH,, @ foie U=V (unidentate ) Fealdl ¢ v fos & <
T R UREs & Fehdl €, S H,NCH,CH,NH, (T9F-1, 2-TEUH)
el C,0,” (Aeie) , i T famre fggar ok v wh fore o ok <
] Sufeerd @, S fF N(CH,CH,NH,), | &, df fere sgequ searm
1 Trelierirey TEiee 3eH (EDTA" ) T He@qol W25 (hexadentate)
e 21 78 <1 EeieH qe TR SATRAS TRAIE g Uk sheld Hg A 9
IS Hehdl 2l

9 Toh TERq AU FgaQY foie ST = o1 Sk I WA T FAN
Teh WY T & g 3P U SfEEE o feTy il €, 98 @hiele (chelate)
ferTe Feam €1 T ToFwl Tel w1 e foie # aquar o1 Sf=fad
(denticity) Hgamd g1 T8 HFd, siele Gha (chelate complexes)
HEAd & a1 3 S YR o Ushaql fore Jod Gopall o eifeen Tl B
g fare, faed < =1 ran we) B ©, SR SR ASH W s U Wi

123 .8 i\ﬁ
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off Tk AT ol B Al 3U SHIST Horl (SuEdr feire ) wed €1t fae
% IIEW € -NO, T SCN~ 32| NO, 3T Tl ¢g WIS & o
Tl AESISH g 31 SfieRdisH R HaAifStd €l Hehal €1 361 YR, SCN 31T
FEHY e gES U] g A € Wbl €l

(T) SUEEHEAS €& ( Coordination Number )
Th 9 H g 3T i ITHEHANH §&A (CN) 384 afud femei o 39
A1 AT S+ H@N & 9k Bl 2, S e erg 31 9 e el
SN, Tl A, [PtCl)” @em [Ni(NH,),]*", & Pt @ Ni &
STHEHANH G&I HE: 6 91 4 T1 T YHR "ol I, [Fe(C,0,),]°
3R [Co(en),]™", ® Fe 3R Co Il &1 =@ W 6 § i C,02 T
en, (THA-12-SEUHA) fEER fars 2
el 98 S o1 STavas € o S wHmysteE %1 SuSEHasH g
A THYSTEA qe01 fee & 79 a1 had o (o) oTei &t §& o
MR W & i &1 St 21 afx fae 9o hdia wAySE o mWew
n (TE) e 9 8 af 3% el {E S

(=) a9 S ( Coordination Sphere )

S WA A U S el ®i & ®igw o fow@n s @ qen 3wl
et @@= Wee (coordination sphere) F8al € EFE T8 T&
FISH & ael fae S & den A ufdsted weend €1 S<ewnd, Hed
K,[Fe(CN)], H [Fe(CN) " @r=a deat € qen K ufd o1 21

(¥ ) 99" sghcieh (Coordination Polyhedron )

HEI TAY A W W S fore warpsti st fespre sxawen (spacial
arrangement) ! THT TgHCTh HEd &1 TTH STEHH A, T HHACTd q
TR & | Wﬂsﬁ [Co(NH,) > srewas™ 2, [Ni(CO),]
FqVEAHE T 99 [PtCl, ] aﬁwvﬂzr%lﬁsr 5.1 | fafa= T Sgwerhi
1 3Mepfaat i T €

L L L
Lo, | . | L\ / | Lo Lo, . | .‘\“\\ L
M . oML L—M, M\
I 7N / \ I™NL L L
L L L
ATHART Bk acEIp) o gHdet Trenioftg fadfiret o ffiret

feor 5.1— Al gu= agwerh! &1 SThlaal-M F519 TWHYSaT &I 91 L THIQ forrs i Jafela &t &1

WA o pl24

(T) ST URHTIT kil SATFIRTOT G

Th Fopel W s WA W S8 Weft ferTel i 4 ek |El o geterie el
Hfed g1 foran S @ Shsia IRHTY] TSI STesT i STeh! STl He&
FEd B SFHHT T hi STEEHASH Tl o A0 H Sheid WA o Hohd

Reprint 2025-26



5.3 STABAENTE
BEet BT

53.1 Ushchgahld
ARER & GqH

FIe— T7 2004 T IUPAC 7
sygerer 1 & o forret
I T 3 TR T

T AR, ST &
SR T &1

53.2 Uchohgehld
SUEEEAS
Hifient At
ATHERTTT

o WY ISk H YA o ¥ I S €1 3q@ns, [Cu(CN),° ¥ HW
1 STAH 37k +1 8 T2 36 Cu(1) foran v 21

(31) SIfiees qem 3Eieiiieeh Wehel ( Homoleptic and Heteroleptic

Complexes )

Tepel TS 4Tg TRATY] Sheel T YR o <Al 99 9 el @l €, Saredoned
[Co(NH,)J°", Tmidfics: HFa weamd 1 HFal fH o1 W] wF @
sk YR o 311 ARl ¥ IS @ 2, 38 [Co(NH,),CL]", 22l
T HEAM 2

ITHEEASH e ¥, fovm: FHeEdl W fouR | 99d P 9 A H
e qe e ek ¥ foran o foly ATHertul 1 9gd Wed | SUEEEdrst
A1 o G AT S AH AT MY € A FRAVAA AT I ER TS TAEE
&gt (ITUPAC) &1 rqeramsti | smenia 2

ATk 1 G STk Heled W Heiferd SR o1 1 HieTa qe1 GH w9

Tehe i ol ek qhT 1 Uhohgeh 9 SUHREAIS Tl § Teh shldl ©Tq WA

2l 21 g fored s fefafea fem gge 88—

(1) HE9UH held 9] foran S 2|

(ii) deqverd formel w1 Sish auiaen o e o foran st 81 forre w1 feerfa
IHen 3TEY W AR 7=

(iii) wgEq forme o iUl avfaren o o9 o fo@ s &) Henaer o fo@
3 feie o Jom 18R &l A | @Rt JuiHTel oF o H 39! fefd
i =1 STt 2

(iv) HYUl SUHBEASH |, SR 8l 312761 7 81, 3Heh Yo i Th [ERSH
¥ foran s 81 af% forre SguAms & df, 39 G &l wies | faad
g1 Herarer | for@ ferre w1 off wies o forad €

(v) W= Hea o1g den formel o o3 o "ed T TE sl Sl

(vi) e STERTgH SUTegasH Gl 1 G forr ferdlt yfaema o foed € @
STHEHAST Tl 1 TR & hitgeh o a6 S IR JHih (superscript)
& w9 | fomn S 2 o gl e i G SR fi eaw 1 fog
ferad &1 saeoned, [Co(CN) ™, [Cr(H,0)4%", 37f

(vii) ¥9PF o A i RO & A& W Hfed fhar s 21

SUGEHAST AiTehi o ATH ATIcHeh AT o THgid o 3R T for@ S 2

9 YR o7 o 9N AR S el Tl TeaMH 31k 919 ST 0T dfed

uig o 9 ¥ 7@ geEs U 9§ SueesdsE ARl o Ao o

frefafea f=m v g 38—

(i) ¥FPA 31 HOTEHE A H ¥ HiE off STevEE Sudedds wa |
FEYLH YATEA 1 AW foran S

125, ITgegAS AfTE
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Ae— 78l 78 A 7 AT &
fF &7 2004 5 IUPAC
BRI &1 TE Sgerdr
& ST{gR  BUNEMIE
forret & am & sfq &
-581 (- ido) I3 %,
ad: FART FHi FARS
ferad g

Fe— 78l 78 47 3 g §
1 AT 9 FHOwTT S
7t g TFR & 4
FqFT & Yt T
gigat & 9 = g

WA fagm k26

(ii) oS TREUY A oF AW | g9 forel o A JuiHren o o H fad
STd #1 (78 ufehan g foe o fawda 21)

(iii) SEUTATy ferel & 9@ % 3fd § - o ol 8, S qen St
ferrel & ™ & S| FB AR ¥, Si9 H,0 % faw T NH, &
faw =i, CO o fou wEifa a1 NO & fau TEeifasl s& 3%
SUHEEASH T4 % § H fora g § @ SRl e () | forr S 2l

(iv) afE SUHEHASH I § U & UhR & forre 9en o & 9 o1fusw &
@ IR T WH F AU 3Tk AW W g T, @AM TR (UR)
W U W €| 5 fone o 9 o etiferer qd o el ae e, T,
Tl oTfE ¥1sg (%) WIS B € den U9 ferre wies | foa S
1 SerEwnd, [NiCL,(PPh,),] 1 = gm-—

SRS o ( TEherhiew =) fohet (11)

(v) YEf, HOTefRa qe IEE STHeHdrsH dl H U1g hi AR
e i YA 3Rl § hitssh | 9 2

(vi) af% Gopel A Tk M 81 Al O1g w1 9 9@l forad € S de b1 A
Bl 1 SSEXoned, YEfi Hepet 3MFH H Co Wl whidlee del Pt i
wifeTT Fed 21 A Gopot 39 Tk HOMaH e al o1g o A o 1 |
W—Q?(ate)mm%lwﬁ,ﬂﬁﬂw[CO(SCN)4]2_
T Co =l Hlaee HEd &1 9 Hgel o T 3k Gepel Tl o A
% i % S T TR R, SR, Fe & fo e

(vii) SEEA Fopel 1 AW H Hopel ¥R 1 wifd @ foran s 2

Frafafiaa SETEToT SUHEHASTT TRl Sl ATHERTUT JUTTEt T shid &—
1. [Cr(NH,),(H,0 ),ICl, % 7% FrAfafaa gmm—

TEUrEHAZEUEEERIEEE (I11) FAREs

T HI— Gl 3P & hitgeh | 2, S Ueh M 21 SHisit a0t Aren
o SHAMER Ui forre ween forre @ ud forg S 81 =i e o
FANEES I T SAFAT Tped T R +3 A9 21 =) (< s
A& 1 3fe U IIEH T) Hehet 1 W e e den farel ™
IYTET SO oF STHR W AT i SRR F&A T TN ST ST Fehell
21 0 S | weft fore SeEE o1y € o1d: ifHan o St
e €T B S Wepel S W IUfted e €, T I8 + 3 2

2. [Co(H,NCH,CH,NH, ),],(SO,), &1 ™ fa=fatea grm-
foH(TeA-1, 2-SEuHH)HEee (1) Hehe
TR TG 0] | Hethe Yastad €, Fifeh el i Hohe 3 |
et et o srfud €, 37d: Yedeh Hepel A W +3 ORI B ok
i TH-1 2-SEUHIA Tk ST 19 2, 37d: Gohet 3T H Fislee
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1 AT T +3 € el =eu 9 TRl © T T et difien
o R B ST | o G el o e o st e e | S

3. [Ag(NH, ),lIAg( CN ),] w1 ™ frrafefaa grm—
SRR (1) SEERfeiers=<e(1)

SEER01 5.2 fymfafad sygeddeH Aifwl o g3 foafan—

(i) R (11 ) TS

(i) diefrm erEsieaesere(1I)

(iil) M TEeiIeRE(II)

(iv) SEFARSiem(Tga-1, 2-SEuHA ) Heree(111)
(v) CghrEitateshe(0)

zer (1) [Co(NH,),(H,0)CICL, (iii) K,Al(C,0,)]  (v)[Ni(CO),]

(ii) K,[Zn(OH),] (iv) [CoCl,(en),]"

S@Eenr 5.3 frefafed SuesgasH Afehl & IUPAC W fafEe—

(i) [Pt(NH,),CI(NO,)] (iii) [CoCL,(en),IC1  (V)HgICo(SCN),]
(i) K, [Cr(C,0,),] (iv) [Co(NH,),(CO,)ICl

B (i) SEUEHHEeMEce-N-=ife™ (11)

(i) drefmEm eEsteempme (1)

(iii) SEFRESIea(TEa-1, 2-SEUHA)HEee (1) FANES
(iv) U=rEHAEEHehEee (111) FaRES

(v) wRE (1) TheEEEe-S-hemeee (111)

agARERT ga
5.1 frfafad swaewEsH Afte % g fafan—
(i) <TNEHeRuFmETe (1) FaRES
(ii) Wferm JgmmEfEfEae (1)
(iii) fea(uemA-1, 2-SEUHA)FIFE (111) FARES
(iv) TEisifTeeRemEfz-N-fete (11)
(v) SRIFARIEE(TIR-1, 2-SRUHA) @i (IV) e
(vi) STEH(II) ZorEEEe (1)
5.2 frefafad STesdarsT Aifehl & [UPAC ™ fafag—
(i) [Co(NH,) Cl,  (iii) K,[Fe(CN)/ (v) K,[PdCl,]
(ii) [Co(NH,).CIICL, (iv) K,[Fe(C,0,),] (vi) [Pt(NH,),CI(NH,CH,)ICI

127 .8 i\ﬁ
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5.4 SURIEREICE
MPreet 3t

5.4.1 HIfgda
QIS AT

Cl\Pt/NH3
a1 SNH,
guue  gHeTd (cis)

Gl NI,
HNT al

fouer wHEEa (trans)

fer7 5.2—[Pt(NH,),CL)| &
SIfdta qaEaad
(99987 T fa9er)

W foam 28

TrEEE T < 1 T Sfien i B € ook Terafes g3 99 e € W)y
AT T el fa= Bl €1 WAIST i A= Sewensi o ol ek Tk
71 sffues Hifien sreren TEEtE TON A faear gidt @1 SuHegEeH AifTeRl o
T THE YR H GHEISAE A 21 TH @ G ol g wfaefsa feer S
Gehell Bl

1, Tafaw quragear

() A FHTE=E (@) YA HEFE
2. GUEATHS GUTSTISAT
() duT gHEIEd (1) ST HHTIS

(@) ITHEHAS HHTEHE CIREHIPERISE R EICRERI]
Fferdt quest & TaEfT g3 o TEEte ey 99 B € W S
feoh-Tom gt f9=1 et € WEAEs gaeEdl § eiey e g €1 s
el w1 g faear 9 A R s @ R

TH YR 1 HEEIE BlelEeh Hepell W g Sl § fo ferrel i fae
ST HeET G97a &1 Gehd! €1 59 YR & 9eR o TIE S0 4 9 6
STHEHANT TEA a1 TFel § S 71 [MX,L,] ¥ (X 99 L THIR
o &) o ol THae Hopd § & X e |9ue (cis) FHEEE § qH-9
I @d ¢ st fauer (trans) GAEEE ¥ TH-SW % fauda s o 5.2
o gwitan e R

MABXL (S@f A, B, X, L THeq forre €) 93 ol g0l YR o o
HHACH Hepel oh I FHIEFE Bitl— 3 THUE q¢ U fauer) S gient H=mm
T T YAE F Ghd &1 39 YHR h1 GHEFEA] SR SAfafd § g
T & W [MX,L,] G o1l STehoish g Gepedl o, 5 < feme X wsh-g@
o quuer o1 fauer = ta =eer w9 © (o 5.3)1

+ +
cl cl
NH NH

3\(|]o/01 3\C|O/NH3
NH, 7 [ Snm NH, 7| NH,

NH, Cl

3

THIE  GHEIE foauer e
faF 5.3— [Co(NH,) ,CL1* & A Tarade (qH9&] Td faqe)

TH YR 1 FEEES 37 Tpal § off wE St © SR I [MX, (L-L),]
i & den 5 faaqR forre L-L 29 €)1 S<rexomed, [NH,CH,CH,NH, (en)]
o (fax1 5.4)1

[Ma, b, | TR = ST STHeHIST el 514 [Co(NH,)5(NO,) | ¥
T 3 TR &1 AT TREadr 9% St €1 At U & forre o 3 e
Tl IHIY] STRHAH I Hereh oh il R e 8 a wetanta [facial, (fac)]
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HHTEEE! 9w 2id 21 AfE 3 A e W] eTetheteh o yadd W feerd @ i
@it [meridional (mer )] THEFEt Irw Bid &1 (F1 5.5) 1

NH,

/\ | / | /NH \ _No,
/\ \/ \NH lO\NO2
L | NH,

qﬂ_cﬂo:l'q (fac) wWifss  (mer)

THIE  GHEIE foauer e T T
far7 5.4— [CoCly(en),] & ST THIETE fo 5.5— Co(NH,),(NO,),] & ®&d (fac)
(GH9e] Tq foyer) T @eTE (mer) HETEA!

3EE0T1 5.4  d IgFhADT Hpa 9 3 =1 YR & ThIR fore s o1g oe 9 98 @,
ST THEFEdr = T8l g9 ?

g6l TqSHAhE Hpd SATHATE THISFe 781 JWid, Fifch S99 hald ©1q W] 9 S8
Th forrel 1wy frofaal e § w9 gk 2

542 §AUT HUEIEAT YU FEEETE TH-GW % g9 fafae e € R te-am w sremifud @
foren S Henal 3% wfafe@ ®9 o1 T (enantiomers) %gd &1 3]
AT 3T S Th-FR W AR T8l fR <1 §hd, e (chiral)
FEAM &1 A T T IFI0-¢a0 oIk (d) AR I (1) FEAW &, T8 T
o R 3R %3 & 76 3 yaommdt (polarimeter) d THAd ¢fad WeRTeT 1
fore foom & sl ot € (d <1 0w S[fofa wdar @ ae | o1 TWH) | Fehiieren
FHTEEl = w9 4 g fae g srewesE Hepell § U Wil @
(fe 5.6)1 [PtClL,(en),]*" o HHM SYHEHASHh e § choel THYH &9
TRISTeh T S & (Foet 5.7)1

3+ o
fa7 5.6— [Co(en),P* & Yau (3_\ 7 _l

THrEgd (d a9gr 1) en/\ Co

Hho g%

en ' en

BN CHRSUED EL il AT

2+ 2+
Sl . ]
ferg 5.7— THYer, [Pt CL, (en),P* & /\ | / : N /\

; Pt
yav gEraEa (d Fe 1) L (/)\_/
EELECCE R UEY
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3EE0T 5.5

SRE0T 5.6

[Fe(NH,),(CN),]” o S SHE&al i HEmm 31|

NH _l NH, _\_

NC\ = NC\l _CN
CN NH,
T qEETd foue wEEEd

frefafed 1 STHegdsy a1 § @ ®F-91 H1eld (Y guid) 72
(%) |au& -[CrCl,(ox),]*
(@) faaer -[CrCL,(ox),]>

F T ITHEHASH T T YR 9 YERid & S Sl § —

N >
7» f\' /j
/j\a \/| o

(%) "I [CrCl,(ox),]*> (@) fauer [CrCl,(ox),]*
T A W ¥ (F) FHIE- [CrCly(ox),|> HEIE (e i) 2l

5.4.3 S QUEIEAT  SHISA Tl Jo SUEREArST Al | e gHeed ¢ Sl 81 39 FhR

5.4.4 ITEEHAST

545 3AFT

LSIREMERIGET

! THIG 1 Teh e S — qRHERE fefie, NCS, g Hepel o8
ferTe AEgeM g U ¥ §fd 8 X M-NCS do e g1 afed gl
M-SCN d &1 SiFE 3 [Co(NH,),(NO,)ICl,, TFa § 30 YhR &
FEER i Wil 1| Fopa, 9 1g2e forre oS & 5/ (-ONO) 1]
Y eI dl B, el T 1 gl € den fae regee o MedeH (-NO,) o
g U ¥ Sedl §, 9l 37 w1 e €

et dopa ¥ Ul f9=1 a1getl 1 oArfe Td ROt SuseadrsH gl
o Heq el o Saufied™ | TH YR i GHEFEdl 39 el ¢ Hepel
[Co(NH,)J[Cr(CN),] T8 T 3 7, e NH,, e Co®" @ sifera
g1 CN™ ferre Cr’" W1 59 SUEEEEsH HEad [Cr(NH,)J[Co(CN),]
¥, NH, ferre Cr’” @ ¥ ® o1 CN™ fare o™ W

o fFdt dpa § 391 gfdemer wE s gifad fare @ deon fedht fomree
! iceenfyd X Teh IR fereenfua fore wfdemam == ek, af 39 WK i
FHEFE SO Bt 81 Hehed [Co(NH,, ) (SO ,)IBr @& [Co(NH,,) BrlSO,
S GHEFEA & SR 2
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5.4.6 faemaeRaS

So S foes oF 9 W UG ST @l 39 YRR hi GHEHEdl ‘BTEEe
HHIEIEAT’ e ¢ I8 I FHEHEd o 99H ¢l faeaesasT gaeEal

AU
o oheel 3o SR B @ TR U gmEEe o faarae 1) ung o 9 ferre
& &9 A den dfud ar © de g queEd o faeiess o] gd o
e Sorh o Uod ®9 9 foeme @dl 81 36 YR 1 USSR §—
TFEEA [Cr(H,0)JCl, (4TH) don zHa faamasarsT gaeEad
[Cr(H,0).CIICL,-H,0 (q-7) |
et g2t
5.3 ffafed dgal g7 TERIA THEFadr H1 THR Iqast qef 39 FHedel i SEH e
() KICr(H,0),(C,0,),] (id) [Co(en),|Cl,
(i) [Co(NH,),(NO,)](NO,), @v)  [Pt(NH,)(H,0)CL)]

5.4 8H 7AW G fF [Co(NH,),CIISO, T2 [Co(NH,)(SO,)ICl 3T THE |

5.5 STABAENTE

ANerest d
FEEET

5.5.1 WAISThdl IT&el

Tagta

SUGEHAS AT o Tee i Fopfa 1 9uiq gegem SR 3 fRar on wy
7g fagia =1 snuRyd wei &1 SW T 3 Wbl

(i) * F9 & ql o STEeHaSH AfiTes M 1 faferse o1 wrEn s 22

(ii) SYHEEASH AfiTehi o sl o faemers 07 i 7Y S 22
(iil) i STgedasH Afen o fafire gesia qon gau sois o 9
S ®?

SUHEGASH AR § T HT ehfa sl GHeH o fau sHe wE T
T e HASThal sty fagia (VBT), forea & fagia (CFT), fare &=
fagid (LFT), snfias werh fagia (MOT)| g9 3@l shaat VBT d@1 CFT
o et faeed W & TuT wm Shigd &

39 fagid o T ER, foel o 9@ | o1 TEy 3TF 319 (n-1)d, ns, np
T ns, np, nd HEH HT STAN HRIUT o fIq T Feha & Fored fafsr=
STl S STCheh [, SqThesh g, o FHdel ST o THeReT hefh SUcTe
B TR (TROT 5.2)1 ¥ Tk ek 39 forTe wHemhl o W Afqeard &
€ Sl 3TO S I ST o faie 3 M W B g e S g v
fopan T ©

TARUN 5.2— HeTehl hi HE&T q9T RO & THR

T e (\VWUT N UER TR H W NI faawur
4 I sp® TTFAH
4 dsp? USRIl
5 sp3d frerivfa fgfRfae
6 sp’d? STEHAHRA
6 d’sp® STEHARA

131, STHEEASH Alfih
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HASTohal Ty fagia o MR W HGhd o gashid FaeR o AH=id:
THeRT SAHG 1 STAM SN0 S Fehall 2|

W 1a STEARE Tl [Co(NH,) ™" §, Firee 3T +3 s
IR W U1 3HRT Seiaei ek (o= 3d° 1 SHehT HehToT S 161 Feh

-
Co™ o7 & Hetsh M
3d 4s 4p
Co™ d’sp’ rur iy
o 3d d’sp’ §&
[Co(NH,),]™ A I A R A
(3Tafle we A Tyt ; .
o ) 3d B: NH, et @ 9a ©: segeH g

B: NH,, U3 H T 1 Th 3R T B: Ghid Haehl § T T80
FIA €| TH ThR ool i SAMH STEHeHT © a1 ST el i
Fufefd & wRU I8 Yfagasw ?1 39 Gga & fEi & fau gawr §
Aafe d weF (3d) TgH e &, Goped, [Co(NH,) " niaiier wereh
HFA (inner orbital complex) 1 %1 Y=rekuT Hehet (low spin complex)
I YerehuT T el (spin paired complex) Feclidl &1 STIgehIA
FACHART TFA, [CoF,]” Fhv (sp’d’) ok foTw o ek (4d ) 9950
F@ ¢ AU I & ®w&Ak (outer orbital) a1 Swr WerehuT (high
spin) I WeIGhUT el |l (spin free complex) HEcldl &1 39 WhR—

coO™amm s wasm (ML P[]

3d 4s 4p 4d
Co™'oh dzsp3
S NEHEEE |

3d sp’d? IOl 4d
[CoF,]> % N A A T T
(am=x $§$ a1 3= 3d B: F 3l 9 B: solaer I 4d
EEEIRSETT)

TqEhAIh T Hepall | Teh s TN T p haTh oh RO § IR THI helh
o € Sl g w9 9 sifufa=nfad g €198 [NiCl1,]” & fow e gt
T B FET el +2 SRRt e § B Al I 1 SeleRih o ArE
3d® 1 THH TR ASH H A I8 W o § g9 w g

Y CI 318 Uk Solagid el <M shidl 81 < SFferd Soigeil i
Sufearfd & RO AfTE SHEIERE ¥ T UER, [Ni(CO),] Ht Swfafd
TR T Hfagaenta €, i foher I sfadiertor steeen o € den gad
ST Teiae™ el 2

WA foam k32
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5.5.2 SUHGHASH
ARt &

Ni™* =R % e U U U O
3d 4s 4p
.2+ 3
Ni fﬂ_;;rp NIVERE
3d sp’ g
2
INICLI™ NIV EIE ey
(3=9 YU Hepel)

3d 4 CI' ¥ geieri & =R e

o TAAHT HFell § dsp” WHI WA ST 71 [Ni(CN),J” ST T
I B F&l iohel +2 Silediehtor steeen § ® q THeT gelaiieh Ty
3d° B THH! GHTO A e B

N ap— Y] PN PN DY IR
3d 4s 4p
Ni" % dsp it ifrifre
= 3d dsp’ Gt 4p
[:iCN)“]_ | ) E ES R e e
( D 3d 4CN 99l @ ur 4p
ESEER G LU

Toith Hehld hefeh Teh WIEAISS MM W Ueh gois el Wid &hidl 2|
H(AT STl o1 STUTEATT oF Rl Hepel Fiaegeehid ¢ 7€ & &9 |
M 3 AT ¢ foh Gehila hemehl o1 arsdfersh 3tk el 81 ord o, Hehdol
TSR TRATY] heTehl o A el 1 Uk TUdg IiEmer 2l

SUEEEASH AfRl % gahid Ol &1 AOF gawE 99 (magnetic
susceptibility ) FaRT gRT a1 S Hemel 21 58k TROTH! 1 U= Hepell o
FIMHG SOl 1 @A qUl HLEIST i SR o fow e <1 "k 2
T GoRA Ut ok egel oh SUMEHANSH ARl ok kT kel
eI 31ea7 e Sifecrdl Swidr |1 o1g 3T o forg ffoh d werhi o
Fﬁ?ﬁﬁgﬁagﬁ%ﬁ%,ﬁﬁTiy(dl);Vy(dz);Cr3+(d3); T 4s TN 4p
o heTh! oh 1Y TR TR0 ¥ & d Fesh SUoed € 3 G e
AT THT STHEHASH G 1 GaIh1a AaeR T il 21 5d dF o 3tfus
3d 3o IUMEd Bl a1 STEHhaTeh i WUl Bq 3Mavdh 3d HEh| o gl
Y Syee e B (g2 % fEmHER)| |y, d (e, Mn®Y), &
(Mn”", Fe*"), d° (Fe’*, Co™") = fau fed d ekl & el seel 3d
Tl o Fferd e U SUCTs B €, hola®y Shusl: &1, Uk o I gl

TR T @ B
T e T
T S=eaH FEh0 I W U Wi &1 W, d 3R & eheiE 9 g el
133, STHEHASH AifTh
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3RE0T 5.7

o g Tepell § Sfeerd Wrg ST 1 [Mn(CN)” @1 gaehia ol
SFfeId Teiael % ROl @ Sefh [MnCly]® 1 Gkl 30l =R ergifed
TAFH % FR T; [Fe(CN)|° 1 Gkl o0l T S1g7ferd soaM o
FN B S [FeFy)® 1 Sgaaia ol e srferd solagi o fog 2
[CoF > =R orgufad Toideid Jod ST dahid G omad € Sefs
[Co(C,0,),]” Wieeeal 78 i washal eiee fiagid g S
Feh q 9l Heh Hpoll o I o SMUX W T K1 S Fehdl T
[Mn(CN) ", [Fe(CN) > @ [Co(C,0,),]° @i Hereh Hepet € aem
Toish W e Rl TR SR dUsp” B1 T Ued A Hehel SAgahd aell
e gfagesha 71 @ R [MnCl]”, [FeF,|” T [CoF,> <l s
Tepel € TS ©1q ! TehioT S7aell spd’ © AR k! STk 19 Tohid Shugl:
=R, 9fe 3N =R e gesl S Surefd ok wRT

[MnBr,|>~ & ‘Shacl-Jeshul’ Gahid 30l &1 9F 5.9 BM 21 Tl 3T i
ST SIde=U)

zar  Hf G SEA | Mn2* A HI GHT @A 4 ©, 31 I A1 ° AhAR

(sp? |HIU) A1 TEHAA (dsp? HhI0T) TR T T4 Fpel AT T Gahid STE0I
5.9 BM € o1d: d efhi o die Smferd seiagiql o1 Sufeerfd of R sush! eTehfa
TqERAS I B AMET A TR a7 THden|

553 WANSThal oTEY  Tefd Soshal se fagia (VBT), STuesasT A & a4 den 39
fagia wr g ST T R SRR oA W W e < €, R o e

554 Toreer aF

WA faam k34

frefafaa sl 8 —

(i) =EH 3 YR o YaigaM 2|

(ii) o8 R gl I HIE AHHR HRAT Tl 3l

(iii) o8 STHEHASH AMTh! §H T T T FT TTLTHIT T Il

(iv) &€ SUEEHAS Aifiehl o SHANTGRE 3R Tiaeh i & @i ot
AT AT T8l il

(v) I8 4 Gl GFell o TU Iqeherehd ael aiesae aeaiet &1 9el
STIAM &1 < Tl

(vi) I8 qaat ae vaa ferrel & wen fadg &1 sl

forea & fagid (CFT) Uk fer S dfedt € foeh ogaR ug-ferre
e AT BId € S el o MEA qell fore o e frepegd o=
foraneti g1 301 i €1 ey fertel i us foig emee o &9 ¥ ud S
ferrei =1 faig fgegat o & & A ST 21 fopedt forafma Tt emg wramy emem
o Tial d-HeEhl HT FHT w1 HH SR BT € Afd I 19T (degenerate)
el T B 21 I8 U STEE] qe d%h Sl Wl € S deh Teh elTq AT
3P o IR 3R UGS 1 Teh Teliad: GAHd &5 Tl 81 ™ fmdt S
o S g8 RUTEfT & forrei o ®Ror (A @ ko N ferdt fgaeta o1y ok

Reprint 2025-26



TS ST 59 NH, a1 H,0) Bl € f STemfaa 81 Sl 8 3 d Faiehi i
TAYY ST (degeneracy ) THIT & Sl €1 T8k TROTHEEY d Hefh! T
foraren &1 wan ©1 F% faued (splitting) foheeet &5 &1 wehfa W FeRk s
21 7w e fafu forea et o fawed 1 v wi|
(F) ITEHAHKT IUTEHANT Tl # T g faures
T TRHART IuFeHareH g1, faad urg wamvyemr o: farsl gr fi
@l 8, | oq o dherhl o seieeHl adn foel o soel (A1 omesT) o
T Yiashyor BTa1 &1 ST ©1q 1 d Ferh o ¥ R A gt Hen Al g
€ @ wfqertor sifueh B 81 36 TR A . T d, Fah, S e T fem
ot Srell W ¥, Afere qfaeRtur S Wa hd ® q Skl Sl ¥ gfg @l Wit
? W d,,. d, ¥R d, FaE, S Al & 7 ffie 2 €, w1 el e
forteet & &1 iiga STl &1 ol § 52 Sl 81 39 WehR STholeh 19 Hepod
T fae Soiae-uTg Soaed UfaeRsull oh RRUT d hEhl i Tg¥dl
(degeneracy) &2 Sl € de 1 F1eF Setl o, t,g PEFRT A T T Fsil
a1, e, heEiehl o < HH=ET T &1 3 WehR THM Sl el shefeh! o1, ferrel
i ffvea s=nfafa § Iufeafa 9 wg==al o foues forea & faures
(crystal field splitting) el € de F===1 1 il o R H A (T
o Ffifafied sTewe® (octahedral) o T ) § <uid & (fa 5.8)1 39
TFR A e, FEH F Tl ° (3/5) A, % TR g B & Tl A 1, Farehi
F S H (2/5)A, & SR FHHT A

fortea &7 faured, A, fare qon o1g e W foaemm semt 9 37 &
W R a1 31 o fore Yot & S o Wehd € e e feufa o faured
ik Bl © SEfeh 311, ol &5 Sl hid & oreeh hora®y d Hemeh!
faure &4 g1 B1 W el i Sk a5l g8 & Yool & oA W T
goft o f=TER oFefter fhan S Fehar e—

I'<Br<SCN<Cl'<S"<F<OH<C,0,”<H,0< NCS < edta’ <

NH,<en<CN <CO

fIT 5.8— STEHeIHIT foreeed & z
4 d Feehl # fedred y
..... ‘Y
oTg o
d FeF
depd)
HHHH@E&W

Reprint 2025-26



T YHR hI S0 WEHr TErEfTeR S0t (spectrochemical series )
Fear 21 g fafr= famel & e o1 Hepell g WeRIY o SYEEIEUl R
i wrEfTes qeat gR1 feifta Soft 21 oTE, 30 STtk STHegSH Tl
T IR o 3 o d heTehl § Soiagil o faaRul sl THei TId:, d SeiaeH
e il ared foelt W ¢, Ferh | ST 0 9o d SUHEHAS § W, g8
% FPMTER d Sowe G, Faw § Sad @ §l d e & fa,
e fomI o WIed Wi & WArEY € (1) = geeR t,, wee 6
T&el § T selag o w1 e B Wh € A (i) T e, TR H T
TEUT T, A STl o o W Sl €1 590 W i E Gl S € Te feheeet
&7 faured, A, qen 7o ol P(P T ek H Tolaeiq g7 oh fo sTevash
Fall €1) o goriedsh g W s e 2l
frafafea 3 faskes &

(1) o A, <P, & @ Fen selgq fFEl TF e, Fah H FEM AN
sfafama t5,e, W g fare fomer faw A < P 2 @, geier &
forts wea € 3R 3 S=9 ¥k (high spin) ¥&d s

(ii) 3k A, >P & dl, 98 Sl #1 gftc ¥ sifrk st g1 2, 37 =en
ToiA TRl T t,, ek W SO fSed setie famamg £, ur
B fere i 39 WehR T 9919 Sca—1 hid € Worer &t fee (strong
field ligands) ead € qo1 3 1= Teehol Gepel s 2|

ToETE <@t € TR dF W d Sl SUSREAS Ul god &5 el bt
el Yerel & ° eI Tl g B
(@) IqohcTohT SUTEGarS 9ugt o foea a faures
TISHh [ HEHASH |l o fatad |, d Heehl o1 faued sTewhaish™ § 3ael
(a1 5.9) qe | 81 {1 THA ©1q, IaM forret qon quH org-ferrs 5 o
fere, @% femmn 1 wehe ® foF A, = 4/9 A, 3T: HEh! 1 fqae e o
sifyer T Bl S Soigel @il grHA o fae e s} sEifae, e geeeo
(low spin) fo=mg foRel € <@ S €1 ‘g’ WAl HT ST THAR
e ol et Hghel | #d € o gHEuar s e €1 Hfh Sqehashig
Hepell H HHETA ohe 181 Bidl 37d: Joll &R H ‘g’ AR 1 ITAN T&1 d|

d,d,d,
5 Je
N / 2 1
5N
—— >4 A,
ferd 59— agwerhia foree &F G 3A
4 d wesl @7 faweT e foreee 5
& H d e v A e
[E 1 S Sl dey d’
o S TR e

WA fagm k36

3
o
3
§
il
Y
Q
3
el
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5.5.5 STESHAST
arfieRt § @1

THY Yl o Uhh | €A UGl foh WehHUT eTqat o Hepell i Weh fargioar S+oh
T o1 faega e B1 gHet ot € fop S/ vaa wehen wfaeel (Sample) ® @
Bl STeX Tieherdl € ol 3 SHeh! o W STENTa Y od & 37d: ael FHeheH
I YeHTR 3Te Yo el el Hepel 1 U1 o fE@rd 2 © S 3%eh g Sfeifiid
11 Wk B &1 ek T 9T R T4 GR I Bl 71 AR Heped €
SN 3l 7, 1 T et fa@r edr 21 Aront 5.3 | fafu= stenfid aesd
(Srercier) den Uferd T o HeA GeY <A T R

AR 5.3 FP SUGEEAISH Aiell o Ufea U7 q9T STEviiud Wemdl @ids ok Siel Hee

[Co(NH,)CI**
[Co(NH,)4(H,0)13*
[Co(NHg)gl**
[Co(CN)J*-
[Cu(H,0),1**
[Ti(H,0)J%*

ferF 5.10— [Ti(H,0),]* & T ol
%1 GHHY (Transition)

535 et ST T\
500 Hre-8q T .
475 e I M- -

310 ST gl

600 T [ ] Sikll [
498 Frem-ga oy Fia wifeq

SUEEHAST ATl | T w1 oA fhed & fagia o R W) des
€ T S Wehdl 81 WFE [Ti(H,0),]™ 1 a0 & Sl S 41 1 21 98 TH
ATHAR Heped © ToEH uq o d HeH 1 Th o (Ti ©h 3d'
T @It §) GFl w1 Freran Sl oreen § (e § %1 W soaR &
mwmmmmﬁaﬁeﬁwgwﬁ{ww—ﬁ&ﬁaﬁ
Siofl o TG YT k1 SR FY Sl £, T Y e, TR R I &

ST ® (13,60 — fh,eL) | Tk ey Hepel ST fe < # (Fet 5.10)1

foreeet & fagid 98 9Fal € T SuesdsH e &1 1 e[ & d-d
HeHHU (Transition) o %R Bl 2

Exl

A o e, +_ e
hv

W

[

f -
EGRSER| ELISNRGEL

g

g &M 31 Heaqul € for fore 1 srufeafa o, forea & faare =
I, 7 ge1e TTEH B 21 S<reone, [Ti(H,0),]Cl, i TH HE W HH

137, ITqEHASH AR
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¥ S e SIH % RO 8 TEH B W 81 36 YR e CuSO, vad
@ ¥ W CuSO,'5H,0 Fdt ¥ &1 gl 81 W o W W ferre & g
&1 [Ni(H,0),]”" o 330 51 9ian S Fehell €1 S Fopet (11) FARES i
Sl H faeid w6 R o 21 g 3o oR-oR fgEq fare, wih-1, 2-SmudEE
(en) ! 3MUIfae ST, en:Ni, 1:1, 2:1, 3:1, | fhamn S @ fr=fataa
SAfaferamt qen 379 afia a1 9Red= e ©1 39 g@en & o 5.1 | gt

T &
+ 2+
[Ni(H,0),]”" (aq) + en (aq) — [Ni(H,0),(en)] (aq) +2H,0
B Baehl Hlell Ve
[Ni(H20)4(en)]2+ (aq) + en (aq) = [Ni(H,O),(en),] (aq) +2H,0

RIS ISIIES]
[Ni(HQO)z(en)2]2+(aq)+ en(aq) —> [Ni(en)3]2+(aq) +2H,0

for 5.11—fdber (1) ol & wofd
e e weF-1,2-gred | i
ferre @gd g¢ srqud d 2l ’

[Ni(H,0) " | [Ni(en),]*" (aq)
aq) Ni(H,O)enf”  [Ni(ELO),en,]”
(aq) (aq)
FS Tl o W

GehHUT HTq STFF o d aTeh! o s gl o HehHOT W W7 1 Icq=1 BIFT SR ek Sfte o 31eRi
fe@E wear ®1 Wit (Ruby) (o 5.12 &), @9 0.5-1% Crd* M (d®) I Tgitom
SEe (ALO,) € foem Al & T W Cro+ 3T #El-Fel davdia feord Ted €1 39 3% ugfa
o STcTeh H THmEted ST<Chereh [ Shiftad
(1) TFa & &9 F @ g&d | A
% R d-d GHTT o FHRU AU H
T 39 Bl 2

T (emerald) (fo5 5.12 @) ¥,
Cr+31PR @fe I (Be,ALSIO,,) - -
7 e W W fen w ferg 5.12— (%) Tfe— 98 I 9rle (FER) @ 9
T e T o
e @ o 1 T T o A/ Ficitaar & = (Muzo) H 91 T
T o &5 ol Y19l JEId g 2

WA fogm k38
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556 foea a7 fohteel & Higel & gN SUHEEANSH ARl o o, Sehl HTEHT, T1 qel

fagia = GAIHTI T kI HTHT € o ThCIAIYdsh TULET S Tohdl &, T 37 SR

e g o forre fog emaw €, U@ wlid eia1 @ & o fore g/ d et
forare waifue M1 =feu) Safeh oM fore araa § TeerRE@fe ol oh
et fR R e ) 5o sifafe @18 fagia e den s o) & qe
& hT FEHANTR T HT T T Al 3 CFT 1 e FHEANAE! & for
fere &= f9gid (LFT) den shfvas e fagid (MOT) R 99e@ S
Tohdl B TRy T8 3@ G HI A & e 2

AR 92a

5.5  HaASRdl e THgid o SR W q@eEy foh o FHae™ S oel [Ni(CN),|> 3T
Tfagaha & Qe Aqeheiha SR o [NiCL |2 S STqgasd 2|

5.6 [NiCl]* 3TTgaeh4 2 e [Ni(CO),] fagsenta 2 Tafy <Al Iqvhashig Bl 2

5.7 [Fe(H,0)* 9oci TIgaehid 2 eI [Fe(CN) > 3ol STIgaehial HH=AEY

5.8 WU fF [Co(NH,) |** Tk Tafeh &k TFd ¢ waeh [Ni(NH, ), > TF ol Farh
THd B

5.9 I THAE [Pt(CN),]” oA ® gfiva el %l §e aqarst)

5.10 forea &7 fasid & Wa F0 gU IR fh ohd Somue S (1) A o i
AT TAR & STaifeh SHRATEEA! 3P | ohelel Teh &1 SIerd geler 2l

5.6 &I orEieEt — eehes FEit (At o S weite e @) sfrmm g
5 g uget g Fffd B ®1 37 FEitel B ST W 9O e gt )
IR (0) ToheTeh T €, Uerhlaiiel 21a (0) frepioi fgfifug
8, STolfeh SHATRTETeTshIHad (0) ST<herhid B
SHEHEASEHTS (0) & o fRfAEt Mn(CO) shreal ¥ o1 8 i
Mn - Mn 3¢ ¥ eI wdt €1 fRmemEiteersEe (0) ¥ & Co - Co
el & Yk o HEF T CO UUE Ug & ®9 A Wl =1 (ot 5.13)1

CcO CcO
| oc\F|e_CO O | /co
CO co
[Ni(CO).] [Fe(CO),] [Cr(CO)(]
C’O co [Oco i
S _ oC CO
fard 5.13— o Frita® gmHcies oc }v{ 1\|/ln/ co ocC \CO_\CO/ co
&g FHTANCH T T co 0o oc” \. / co
[Mn,(CO),] 7
o)
[Co,(CO)g]
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Qe
J

L
0
&

T FEIAl oh HTg-HEd 3TEd § o oMl =«
AT SR 01 9T S E1 M—C o ST HTEita 9
& F W SR T T B o9 F R
Fereh H T HW 9 a1 €1 M-C . 3T o1d ok
IRd d heehl H W TH geiagd el hl e

AR STt e % fF WfaeTE e 1w § SF wE
faa 5.14— FElTa G § Helopamier T S B o @ fere w1 ey U Hefemanier
ST STAHAT FT SR 1 A ST HLdl © S CO o o1d o HeF Ay

F1 Tt A 8 (et 5.14)1
5.7 SAREARNGE 3UGEHAeH AT 9gd He o 21 A ATk @i, Tg-urel o Sia s o
. A &Y W 9T S € 91 favavoies W@eE, aged, Sifas yonfedr, sent
MOEBI DT or sty 3 47 5 7791 Tyt v $1 v ot A3 e 7 3
B = e TUTEF (qualitative) T2 HEHF (quantative) THRES foeeyon o

SR

W foam @40

SUHEHAST AR o e SN 81 e Uifed Wi stfaferar o
1 Al o6 | 37 forrel (fovi &9 9 shicie o) &1 STwgEasH
Tl S o HRO W I el @1 TeREwa (classical) q@en =t
(instrumental) faft@Ei g o1 & & 969M 9 3o HAETHS
el o SMTUR &1 UH Af9ehtiehl o 3@ &— EDTA, DMG (SEHfoa
TATSSTISRHTH ) , o-TGEHI-B-Hel, FAHIA A

e i HSRAT 1 SHe Na,EDTA & Te STIAMA 51 fhar S 2
ca” @ Mg” @ EDTA o ®19 Tl Gl a-id €1 31 STl
<ICHe STher fRal ST Gehdl € aiifeh hfewam g T-ifyred o el
o Tfoea feeien # 3faX Brl R

e Ho g fepd fafua § S faeer qen iee o fog W
o= 1 SUERT T €1 SN, e 9o St s sufefd # Tiee,
HIAES A § HASI iRt Sfefty faerzm o wedesH &, [Au(CN), |
T 21 39 oo o fSie firetie] Ties ol gores faman ST Hehdr €

T YR o1t 1 YSHIT 3ok Fopal a1 aen 34 YA: faefeaq sk
foran S wehan 21 3eTeXome, etygs foka W (Ni(CO),] ® wfafda fera
S ® A T8 Ui #R qg bl W Y o

STHEGANSH AR 99 o § 9gd & "ewyul &1 Yww weemw & fau
IR TR, FARIR, H T w1 STHegdsE Al g1 & &1 o
Fuich EHRCAsE, S o SadisT &1 9 7, SR 61 Th ST9eEarsT
diftr 21 faerfid B, WEAmsRIaTeeHE, gfagunell sWeddl R
(anti-pernicious anaemia factor), A T Th STHeHISH ifireR
21 Sifgew wew o I ulq A g SUEREASH A SH—
FHEiFHUfees-A (carboxypeptidase A) TU FHEIH TIRESS
(carbonic anhydrase) (9 YUl o IAER) TIEH Bl
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ATRALN

3 ST Yol | STHEEST AfTeh 1 STAN SSRH! o &9 H fapan
T 81 serewons, Wfeaw HWepd, [(Ph,P),RhCl], T fafesha 3o ¢,
S TeswHl o SESSHIE § ST H Tl 2

TEgetl W foeer IR Tieg &1 9gd ou o 3TFHl o foeed 9 & o
YR 9ok WP A [Ag(CN),| @ [Au(CN),|” o faeed 9§ &
R A HEl Al THAR o feh g 2

TIH-vad Wemmh §, fowfaa &t g8 fhen @1 womfiet (fixation)
TR foeam o iRt e S €, S emeEfed AgBr @ W S,
[Ag(S,0,),]” T S § et o 2

oy EA § FierR fafwan o SuEm | sifaefy 98 w21 S6h Th
IR0 B— Ur/Si i e o fatet st o faeme enget o g Se
AT &1 IUERI 39 YRR HIW AT SRA &I Afeswar &l
D-uffgeisdia qon Suhdefaun B el & @Y SudegdsT Aifis
TR R foman ST ?1 EDTA &1 o &1 fourer o SU=R 8 99+ fhan
S 81 e o e STEEHdsH i W J9fg il g9et &9 9 Ahd
& ST ¥ THUL-WIEA (cis-platin) q Heiferd AfireR|

SUMEGAS TRl o THIEA, SMEfTeh STRTe(eh THEIE 1 TF Hequl T g0l &
21 frsdt T=rg ol § 59 & ¥ gu foehT o Were®y s o Hisd ol e weeAet o
fama o ¢ sraume fasfad g, TErEten ST o & § faeterr 951 qon St oot § e
FHT 9Tl Shifds TeH § Tyl sid: 3fie W g R

SUFEHASH AT o Taer, SATHlehaT, HEE Td ST 1 He o fog §ayed U, a1
SR A fean T SR fagid o SOR, STHEHEeH ARl § fomeE w1 W) / o1 | YRR
F1 GArSTRaret (Wi GarseRar don fgdiae Gaisehdr) ®1 STEn S 21 W@e e
YR T ¥ 57 HASIR ISt ol SHH¥T: SR (STHHR) T AR (HeHdsh) e
HEd | THEFEd o U 1 SHAN L U, T A S SUMEHAST Tl whi S St
% aR | wfesganforar w1

HarSTehar 2MTsier fagla (VBT ) STdegaisH ikl o sFM, Gah1d SFaer qe S
TRl =1 Toherargdsh ALt Tredientr <1 81 fee off 7% fagia, SuaegasH i & gua
SRR 1 WS AR i § TGl @1 & a2 57 ANTeh o o1 ol o Heiel § o off e
Xl

ferteet & fagla ( CFT ) SumeddisH Aifiehi § foemm sheld eiq THIo)/3TeM o d-shemehi
FT el i FAAG R fafa= forea &= o gva (fael i fog 1w AMd g 36k g1 Yea
TAE) W AR B1 Yo & qo1 St & § d-herehi o faed (splitting) ¥ fafe=t el
o o e 21 39 fagid 1 G O Suges st | | R ¢1g wHyenaT & d-sheent
%1 forare 35sTl, IHeh1 Gahd STV, Taefien! Al TM1f9@ o J=all (parameters) o WEEHR
e W Tl fHerdt 21 1Xq, 7@ aron T fore fog omaw v, o dgifass sfoeal sea=
T 2l

L4l, SqEEEASH Afen
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&1, RISl o og-hred STael § ¢ q I & STt & o1 9 S 21 fae 9
U1 o WY G e 91 o1g ¥ fae % WY ey S §) ¥ fafere gt (synergic)
S T FEIE  F T 9T F T

RS T e e 4 T S e S st e 3 e A
FHEYUICA o G F1 Hequl SHHH e gt 31 STHeHaeH AfTh o gt WoRHi,
v qen vy WEA § e Sy €

SRR

5.1
5.2

5.3

5.4
5.5

5.6

5.7

5.8

5.9

5.10

WA faam

IR T SRS o SHR R ITHEEAST AR § T H HHAET

FeSO, fa@@™ e (NH, ),S0, fae@ &7 1: 1 Hier $73ua o fasmr Fe® s@m &1 W a1 8 =g
CuSO, 3 Seltd I T 1:4 HieR 9 | 8o Cu® STeA &1 90ar T8l 31l JHeisy &2
Yo o & 381801 ad 8¢ FrEfafEad 1 a9eEt- e g, forre, SuHedae Sedl, SugsHars
TEHAS, BHICITEH A BRI < |

Thaq, TEE@R do1 SWERqR forre @ oo aeqd 22 yed % 1 sere ife)
Frfafed STeegas 9 § H1qeli o Stfediehiul 3 H Ieei@ HitTi—
(i) [Co(H,0)(CN)(en),|*"  (iii) [PtCL]* (v) [Cr(NH,),CL]
(ii) [CoBrQ(en)2]+ (iv) K,[Fe(CN)]
IUPAC Tl o suR R frefarea o fod 93 fafae—
(i) TergfFmsifse(Il) (vi) BT e (111)Tehe
(i) drefeem eEiiteteee(l) (vii) TR e me(II)
(iii) <EUHHERTARE wiTH(I) (viil) BeUE=fEE(IV)
(iv) deRmy SemmEfeit@ae() (ix) Sgreifer e
(V)  UIUEHAETE-O-hieTe (1) (X) YRR gl N-shiaree(II)
IUPAC Tl oF 3R R fefafaad & geaafeera am fafae—
(i) [Co(NH,),ICl, (iv) [Co(NH,),CI(NO,)ICl (vii) [Ni(NH,)]CI,
(ii) [Pt(NH,),CI(NH,CH,)ICl (v) [Mn(H,0)/]" (viii)  [Co(en),]™
(iii) [Ti(H,0) " (vi) [NiCL]* (ix) [Ni(CO),]

IUGeGAsH ARl o fou Gunfaa ol yer w5t gHeEEde S geag ST 9o Yol % T
EREURHIE L

e STeeEdST ol § fohaq st SHeEe g9 22

(%) [Cr(C,0,),] (@) [Co(NH,),ClL,]

= o g1 IuTaFal Ht WEE aHE—

(1) [Cr(c,0,), (i) [PtClL(en),] (i) [Cr(NH,),Cl,(en)]

142
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5.12
5.13

5.16
5.17
5.18

.19
.20
.21
22

a a a a O

.23

5.24

5.25
5.26
5.27

5.28

frefafad o aft wwrEl (SfAadE g yaor) &1 SEAT aaRe-

(i) [CoCly(en),] (i) [Co(NH,)Cl(en),] (i) [Co(NH,),Cl,(en)]’
[Pt(NH,) (Br) (C1)(py)] = |t sefidta gameee fafew) s36 9 forda seron SHmeredr sem?
STt TR Hethe faemm (et @1 1), et Jeror et —

(i) el 9refyem wqeiNge & @y g

(ii) il T FeikEe & e THRIen g0 I SR qrEfies aRomE S gHeEy)

HIR Gehe o Telid fae™m o Sefia KCN &1 Afus | e W 599 arell SU9eqarsH 9 a1 grt?
39 fae § 54 H,S 9 veifed #1 S 8 d FIR GewEe H e i Tl T s
HArsihdl 3TEY fagla & SMuR W =fafed IudeHas 9dr | o6y &1 Yofa &1 foe=m sifsm—
(%) [Fe(CN)l" (@) [FeFgl (M) [Co(C,0), () [CoFyl
STHARE fohted & | d Fefel o fauied &l <30 o6 fag fa smsu)

TedREEtE 9t F 22 goa &9 fore qon et & fae | SR T wifem)

foptee &t famed el o 27 STHEHAST e H d ekl 1 AR o A, o W % STER W
9 fuifa foran smr 22

[Cr(NH,) > srdesta & S [Ni(CN),]” ufadgesa, gaemy 12

[Ni(H,0)”" =1 forerad &0 € g [Ni(CN),]* &1 foer TH 81 awemeu)

[Fe(CN) " e [Fe(H,0) > % 7 focmri & @1 fu=r 2 &) =2

HTq A | A BT Yepfd 1 faer=m wifsy

= gt ® KT o1q oA hI STRAR TN, d HeThl w1 ALY U SUHEHATSH
TEAT AU~

(1) KiCo(C,0,),] (i) (NH,),[CoF,]

(ii) cis-[CrCl,(en),]C1  (iv) [Mn(H,0)4SO,

571 Gepell o TUPAC A o qon siiaiishor e, soeriteh fammg iR Sugegdrst g sufsu)
Hgd 1 fafan WA qen Jasia el off Jaas:

(i) K[Cr(H,0),(C,0,),1.3H,0  (iii) [Co(NH,),Cl]CL, (v) K,[Mn(CN)

(ii) [CrCl;(py),] (iv) Cs[FeCl,]

fopeet & fagid & SR W Fpet [Ti(H, 0)l°" o ST 1 Y =amen sifs

Fidle 79E 9 1 aeqd 72 T 3o i)

T T Th I <0 g FrAfafad o suesarsH difTeht w1 qfaehr w1 e faeem sifse-
(i) S gonferr (iii) fareetomomeTes @A

(ii) 3foer TErE (iv) wrgsti @1 frendoy/eng 4|

el [Co(NH,)gICL, § faermm o fohdq aem 3o eii—

(i) 6 (ii) 4 (iii) 3 (iv) 2

143, ITgEGdS AfTE
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5.29 frAfafed oo & 9 fordch o STTEEl &1 A Haifu® orm?

(1) [Cr(Hy0)gl™" (i) [Fe(H,0)g”"  (iil) [Zn(H,0)4"
5.30 K[Co(CO),] H Fiarce i STaieho e e—
(i) +1 (ii) +3 (iii) -1 (iv) -3

5.31 7= o gaifus womh gga -

(i) [Fe(H,0) 4> (il) [Fe(NHy) " (iii) [Fe(C,0,)4°  (iv) [FeClg®
5.32 Trefeiad o feIu S99 Wehrer § STawiool i qureed &1 Gel oA &1 B2

[Ni(NO,)gl . [Ni(NH,)] . [Ni(H,0)gl "

AR S2Eit 3 SR

5.1 (i) [Co(NH,),(H,0),]Cl, (iv) [Pt(NH,)BrCI(NO,)]
(i) K,[Ni(CN),] (v) [PtCl,(en) J(NO,),
(iii) [Cr(en),]Cl, (vi) Fe,[Fe(CN),],
5.2 (i) eHEUERETE(II)FANES (iv) drfemem Treameeehie (1)
(i) UeEeRATS R e (1) FINES (v) dReREm STEiietea ()
(iii) referm FaEEE A1) (vi) SRS (R ) wifeTm () FiREs

5.3 (i) THYe den fquer A1 Sficdia THETe Td 9HUS FHEEE 61 Yau gued At o g
(i) J Yoo gHEFE formE 2|
(iii) STfEe (quger-, fager-) gHeEs dad 2
(iv) <9 HTfaa Gameee G9e €1 (Hohd— ST, SMEH Td fae ureed)

5.4 3T HHEAS Siot H e gt i ST <9 § qen 39 yehn fafu sifuetient @ fae w9 @ sifafsean
FW T
[Co(NH,)_Br]SO, + Ba” — BaSO, (s)
[Co(NH,).SO,IBr + Ba” —> &g sifufswan &t
[Co(NH,)_BrlSO, + Ag  — =g stfufewan T
[Co(NH,)_SO,]Br + Ag — AgBr (s)

5.6 [Ni(CO),], ®, Ni &1 STofiertvr staeen ¥4 & Safh [NiCl, >, ® +2 €1 CO ferre =1 3ufearfa
¥, Ni o SFfeid d Selae e e St & W CI T el forre 21 gafa sgnfad seiaeri
%l Ffd T8I T Tl

5.7 CN (v9a famre) =i Sufearfd #, 3d seiaei gferd &1 S & qe shael U 31gvford Selag o=
TEdl 1 HHIT ST d’sp” ¥ 9 ARk herh Hepel Il g1 H,0 (o ferre) &1 sufeafa #, 3d

LSIREMERIGE e
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T grferd T i1 SEH T sp’d” © N SIE-hesh Hopel el € foed Ui srgmfed oA
& q1 78 Yad SgaR B

5.8 NH, %I SUfefd o, 3d soide™ Ffed i € 9o I 99 & o d-Fesh d’sp” ¥ § 9 oot
[Co( NHS)G]3+ o ITE0T § 3Tdes e (innerorbital complex) T 2
[Ni(NH,) > &, Ni o1 SHaRII0n 1o +2 § 9o THeh1 Soiaeiioh faamd d” € qe §ehol sp’d’ @
o WTEl-hereh Gepel Sl 2

5.9 eRTHEdC ehid o TIT Hol dsp” B 1 37d: 5d hetsh § SURed STgiieid seiaeia Jierd gieht T e
d FeH dsp” HH & fou e % 30 €1 39 TR 39 e et el €l

145, ITHEEASH AlfiTh
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