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Brzad ;- ‘Be(®) F9)
Mg(24)  CK35.5)
Ca(20) Br(80)
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1864 f+irw o R85 (John Newlands) $1 ‘W84 54" (Law of Octaves) 25
A | R A @, CRerieee 3 iR ARiRS ewe™ Swrarpig e o
O ofs w8y (iNe egulba el 11| TSI ST AR B (1.2)-97 7o Rre

H 1 F 8 CI 15 Co&Ni 22 Br 29 Pd 36 1 42 Pt&Ir 50
Li 2 Na 9 K 16 Cu. 23 Rb 30 Ag 37 Gs 4 Tl 53
G 3 Mg 10 Ca 17 2Zn 25 Sr 31 Cd 38 Ba&V 45 Pb 54
Bo 4 Al 11 Cr 19 Y 24 Ce&la 33 U 40 Ta 46 Th 56
C 5 S 12 T 18 In 26 Zr 322 Sn 9 W 47 Hg 52
N 6 P 13 Ma20 As 27 Di&Mo-34 'Sb 41 Nb 48 Bi 55
O 7 S8 14 Fe 21 & 28 Ro&Ru 35 Te 43 Au 49 Os 51

foq 1.2 : RSt cﬁﬁﬂ'{c{amﬁ(lsss)
TACT | 77 T 7l IA Li, Na, K el RS | coxfi Ba, Mg, Ca 1 0, S : F, Cl

Tenfi | g «ff efenire 2 Aye {1 TR |
(i) 1) rpofem cwTa «F S~ (STe *ige |
(i) ks @ i fedt (¥ AIS @ TR
g a3l SSEE caed TR | @] R syl
fofagm1

1869 fa¥0ict &y @32 7w SR Reil
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3@’ (Periodic Law) SR 3031
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“fhge | widie wolf Ferfia wRe 701 A
(4TF TN WA (AT @32 WET &S 539
A ST | AfS v (cycle)-& T =¥
(period) | o1 1.3-9 FYR CTAR~GF s
WIS/ AaNIEF ewqg—E@AW T mATA

{ oAfwn 93f @R = T @3 6w

TSR SRR CHCT (R I B D
Aufon w1 uTFE wfen W @w
RS T3 -Telrg A9 1'% o 1 wsfe
Gt e | (harmonic)

W@ Mowm oo f
do v ma fa sol Ia -si
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Lothar Meyer's Periodic Table (December 1869)

i u 1 v
1 Al 273 -
1197 Si 28

aow

Ti 48

N 1400 P 309
. vV 512
O 1596 § 3198 '
 Cr 524

E 191 - C 3538
Mn 54.8
Fe 559
: Co& Nl 586
Li 701 Na 2299 K 3504
' ’ Cu 633
7Be93 Mg239 Ca 399
: Zn 649

v

r—

As 749
Se 78

Br 79.75

Rb 85.2

Sr 87.0

"Vl

Zr 89.7
Nb 93.7
Mo 95.6

Ru 103.5

“Rh 104.1

Pd 106.2

Ag 107.66

‘©d 1116

viI
Mn 1134
Sn 117.8
Sb 122.1
Te 1287

i 1265

Cs 132.7

57 1.4 : neE Cnta- iR (1869, o)

wA—1
(1) @iz e = @

1 i | i 1
80 100 110 120 130 140

CAw
" Ba 1368

VIII X

—  T12027

Pb 206.4

Bi 207.5
Ta 1822
W 1835
Os 198.67
Ir 1967
Pt 1967
196.2
Hg 199.8

2 9o =h mmmﬁ%w%m«qﬁaﬂmmwﬁmw
(3) - W1 PPV~ ‘G ' < Aot (model) Vo w1

(4) RSmie- whe I sifiere @@ @t

(5 mmmmuuﬁwm@nmﬁmﬁ@mmwr
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Ti 0z % 2 100
V. 51 Ne 9% Ta 182 -
- Cr 52 Mo % W 186
Mn 55  Rh 1044 P 197.4
Fe 56 Ry 1044 Ir 198
Ni=Co 59 Pd 1066 Os 199
‘N | Cu 634 Az 108 Mg 200
8e 924 Mg 24 Zn 652 Cd 12 ‘ .
B oAl 7 7 68 U 16 Au 1977
C 12 S T 7 70 Sn 1 ' .
N 4 P 3 As 75 Sb 122 Bi 2107
o} 6 S 32 Se 795 e 128
F 9 355 Br 80 I 127
Li 7 Na N K 3% Rb 854 Cs 133 Tl 04
: Ca 0 St 816 Ba 137 Pb 207
? 8 C 90
Er? 56 La 9
Yi? 60 D 95
In 7567 Th 1187
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oy’ (period) | #fmoRa A aweg @ el Afsef Sy 9% (column) T fFare
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We%ﬂw&} | - wfeur

i) Ky [Li—Fr] BRYG
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M L1 -
ol orefie sy Wit | arfia et e sfrwaiRye
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vy T PR P W
(v) ST caf | 1220 K
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A F-47 RG-S WM C) wsp Fufw B - |

e ynla Som Y lnurifeea aer
G RG-S T T8 (Yt TR OA RO 4zl A vl i, oA
HRI-SFISIG O OO (af T

| SR-faed « imﬁamﬂﬁragmmmmmwwﬁﬁnﬁmmam
ﬁ‘?emﬁamammmﬂfﬁﬂn—mmﬂmﬁhwmmewwqﬁs
A7 ¢
- B AT A - ’
@ 7= A R S Jin Secm T CRR (v @ Rfrm T Sy i
&S SR Sesiwias S armien < 7L A | GRwel Rfdra g 25-30 ev
{(600-700 K cal/mole)-93 @ =& fsfe za i1 Fpoanw, R M"* wm Sesm 3a0s 3 9
mmmﬁﬂ%amm@mmmqmm@mmaﬁmmmrﬁaﬁaﬁh :
R CIRETS! R o (i o IR SR Sestw (e qeT A a7 ca,
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BCL,-S B3 o 2R R I 3 REroTA-Rap oz T3 9S4
T TS TER AE-ROER 37.9 ev AR e @ T Rirm <ewl w3 T
T BCly FCAi (N 9107 09 | 9% IR0 TiCl, (eifde T, R “Rigsig aie
A% &I 139, SO,2, PO, Xoiies Syio Gt wiwi Riew siamiqofen Soia ofbw e
SIS ST T AR Bedd 30 71 TR W (Ralbs o % wwm 1
(S A | '
0% & yfen Tt .
6 ARG T AT Qe IR WG T S ) O, O wEw R giiwm
O-. Qe GH-Reum 157 257 2p*1 oA wReifSn Srary wvw TR axd iR
efeilestnl wiefie Ay Fremeia-aEies W il | iy 0 S «fFs @ -] o fd
LA TR Rerd 03 Feel St Rl 1@ A9 ST AR (Uew e strast TS
T | O RER G- W e 1 & e SRS AR s @i sifkeda o
Rl PRG-I w SR i TR TS AR ey B a5

TA I T O R-weined W ot Tce ww | oo el O 1t Mg?* R
e Gl A0 I T B I MO, T F3CS 14 TR O~ WIIR Mg APl TG
R WS faad 26T MgO, TFree TeRs I T 932 FRAT MgO, (O Sagm gl
T | Bog I SRS SR TR OB SR A TS (o ity e
SRR SATS XS A 1 : 1 Wi O WIS TS T YR | AFRRRI MgO T
% I& WeRefe wRirems REm Taein-amied o dmetm % FRaig 3@ g 0F
A6 it T0S I =W |
wrivl—s
Nwa el /0% 7 :

() RS ARG a WA TR 4 | o

(ii) CI" < TR P WF—a8 7Y Cl— CI~ AR o1sf o 771

{iii) Ep> Eq (E = {o0L-a1f&) | - :

(iv) WRNPR IERGA-SAE ')

(v) GO TRIRA (BoR (0T FT5) TS RG-Sy 70|
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28 Sl

woufitel @ W‘ﬁﬁ'@‘«?ﬁﬂﬂl‘iﬁ%ﬁ @awmﬂmn@m
o SRR T wemdfior armed | b Gt sty AArE) ISRl XEEEA
(OTEiors Fres s G [ FTones 351 T Kefilel | Jome e e (e
TS Yrerata cenelh St wemeeh GhteTs fiee 7 am

womufiel ¢ TrAsh Imie s Jn e S mﬁmﬁmz@q SR |
So1fie) 72 @3 o T g TESGA TP e 38 @ wfewa

fafen ofte QA= a1 @92 G C3fEs (0 SvRfle Rdfe g s a
@R FWe e g o 99 ofigfe | T wemufifor [fen cva sams=: 1
=
2B (%=1 (1932) (Pauling Scale) :

w1 wss, 55 FAEE oA WR A - A R B - B, MaRAS Y 1 @, e
RfFm oo I A-A+B-B— A-B+A-B

A - B 9% S5 2 @32 A — A ¢ B — B G557 a5 e 45 | 9ff A - B 3% o
| WL T T3 IET U 2GR (SIS A 93 B $5 Bl el SiafEe ¥ «ag @
B T A - B THER 451 @RI FEISE T4 Al | #18ER-0a e wieRie yrer e 35
(U ZERGA (TS A ¢ B AWl 911 SRS JIRAT G 97 T IHA I 4 R
T THAD Y] WIS AOR GRIR IHET S ([TRITAl T | (WY 93 T E
e wIe Y SGe-YINReS] TRl HFIES T CRY 6 [HOR I8 CNerfoa
Gﬁewmmma@ﬂﬁ‘ﬁmwmwmwwwwrw
A - B 5 wisle 7y Fefiven gwfe z -

A=E, p—100% ¥ I5T1(&
Ea_ = o3rsea I5E

ArERI-9a IO, A G-I TFTR A1 x, ~ x,-F To a3

X, - x,= 0208 VA

1 AK cal mol-! - giferes 3
100% FCIME) TFPIE Ecoy, A— A 93¢ B - B3 35 Boin R 311

" Ecov =VEa_a.En.p

66



mt b P Xg= 208 \}—E,\_B— (EA_ A'EB-—B )ie2

E-a3 wia falam w19 (ars [ a3 am «m8fE sifur wsnef < Fogz
WW@Q&ﬁ‘l4ﬂﬁmW(ﬁTﬁaﬁmwﬁf‘1mﬁ‘fﬂml

I IFTE KJ mol-'~a s 1 o2,
Ei.p—V EA-A'EB:_F.’:

9649

AxZy g = (X, = Xg)? =

E, 6 -VEa A Ep_
EI1"'*""“"‘“\/ A %.:96 =

= O.IOZ\{EA-B -VEa.a-Ep_p

G SfTe-YNTITIR WA A AW} IFEA ST SN IHEE W@ [T T4
I3

ST o WA = 0,16 (x4 - xg) +0.35 (x5 ~ X 12

TR : HOI-8R (T SfSe-eMIaaeTd #19 = 3 - 2.1 = 0.9

v, TG ST 9PE2 TG = 0.16 x 0.9 + 0.035 x (0.9)2
=0.172

., IO ST 93 WAy = 0.172 x 100
= 17%.

w31 ST SO SRR 12 AATE (B S FACA (1 AW A,

OG- WIS 1L 2.} e AP 50% AR 7 1 +rSfi-ax wnfik @efoca Ba

AT SR 2|9 | (A HA TR (A, SfG-HANFOR o416 1.7 mmwﬁso%
SR T

@2 Sfee-warrer TR IR IR 1w wlef @Rt T, @m -
&A1, I A Fenfi

ﬁm@a—wmmmmﬁ%ﬂmewm'ﬁwmﬁﬁmﬁ@m
RfSn st wTRpf @ T Ofbe-wiNmR Gei Béa v
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AT IEF SfSe-aerarer TR Riam stafen treifie R 3o ot zemm Gl
39 VIR T AR

1 o=
wd

o 2.5 : Sfee-enagaem o

IFFASTE = (Mulliken-Jaffe Scale) : AR TS, Sfte-Rirawet SR
@ TEER-ArTe AR B o1 @R Fefa w3 m

KJ mol! -7 #31fs 27 worofbesfife) = 0 -Fsziﬂ@ﬂw%

IR WG w Afis 2eum @R+ aae s sfye-ader wa Al w
T T R YRR T RS e W Sl 3 «iSRi-aq W ~ihent Am | R
CHTIX I ATSFER T ST +{o 26T TS (LY 7TRHS AR eyt (Conversion
factor) Wl % (397 (NF AT (FC ARG vl I ONTG @ FARE T ¥ 4@
fon aef 7=t wm | |

WGIFTIE AT (Allred Rochow) (¥ : 4% TR HCAIE i1y r {RTY WIS @
RERGTR $oa AR B oo 30 qrik Sfbe-sanprel 4 31 24|

. F = 8. Zeff

9% F 33 ~refen cawwﬁgwwmﬂmﬁﬂﬁﬁwﬁﬂqmﬂwﬁ@
A IW = '

x = BN 4 6,744 (¢ pmeg erRIE)
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Zefl cEors srwfe ar Refa 2 7 8 arwte W AT A o, AGH A
(CTIGTSI-FT ST AUETEGIL WRES IR FC Br (r = 114 pm)-93 (72

Zell =35 (035 x T+ 0.35x 18 + 1.00 % 10)

= 7.25
0725
- XM =TT +0.744

= 2,747

@R G Sfbe- 1 IRRe] O [RTORTER S FeR wra W ffen s A1 ffen
ggA-gleTs wR YAfRfEE T Ana i $% FRTER @R G UATGH S Wl 2
chrer B G o @ 31 | IRE fegs A Rees ofr ¢ Sfee-YIRmer i
oifirafée 77| fafon amme EER Slee-amRmEroR MrATSe W «fafée Tme o A
afiire Sfbe-aqmRre] Frels AR @ |

(TR (R SR A (AE S ot R wum g A A ofee-winmTe
TR I 0| WA @R AT (S (AT AWE AW ATA (IO I T TN
GFRONA G- HAFTIA 7% CNEETA FAl4iet a5 (T apffera TEFre!, 41oa-varea
o1, BA-RRe e, TH-FR €l T wa T>id gem T A
werefesfie ffrmr opfee geifes w1

CH,l + OH- —— CH;0H + I

CF3I + O0OH —— CF;H + 0OI”
CH,I (Tits! [ ofbe-4eie Gle oA R 3@ CH,™-& OH- wiavdd 3w | g
CH, -8 C¥G F Sfbe-aeiue 20T | *oieR 3% 0 o Seom smineef (@ba o1 31

W €% e o cNeofr e oRcudaeor oA ed @ a9 A @wren ofde-
PIPOIE @ T afbE ot DfSe-Yraes! =1 2!

Bfpfare afieia srfRfe ST T3 @R TR @, ciRefm ol ¢ ARFIfES T3
ﬂﬂaﬁﬂmﬂ&ﬁﬁﬁmrﬂéﬂﬁmiwﬁﬁiu‘{ﬂmwmﬁﬁﬁammﬁ@
*#3fs Q@ TR TA
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PN —9 |
(1) wemrofpeufifar frs Farpia AeM Li conas N,
(2) rdra i FRwEey @ 93 39 Serrefesd cive ww wwm)

(3} F-+amqa W@ @ 3o ha-uilG T 168029 ¢ 349.36 KI mol-'1
- Awters wermikfier e awa )

(4) mﬁaw’@ewwmﬂmmﬁr@ml

2.9 A

SITE G WA 9T AR ARSI, SR *R5, RS-SRS
woRel—a? wluff Tmrew ¢ ewy siHiqfa o v | O3 wlelie ra s
0 (atomic property) 3Ta1 U, YA Wl CTARTICET *TNGE Bo7 T2 o3 1 G2 W@EA
yslafF m?mﬁaﬁmmmﬂ%@lvﬁammm‘ﬂmmmdvﬁ
138 1l wfsume afefzs |

T4 RV KA (n) 8- T FEHT SMwR-97 Tofa FrsaMar sramefis g
AR IR T e | AR aft ifite e cwﬁswqﬁmﬁa\m%"
(U TR AGTT AN | -

WA T (WS SHSNR IS (O AN W #F ) 7S qﬁ: Fraew feww
wafye Fefbe et g (e IRT Fwa Fifderen 2w Roifvs wae
SraET *fen Al | SI-9F uF 93 KJ mol-! (Rt o#fe @ra) 1 @3 W s
FARES 7R R % (N AR I, R~ TR WS ) oA vt g e wR|
ol R GR-RAm (2TE T T/ AW | e s, v@mm&mqﬁﬂmnm
T | Y WG 4 < ST WA ifes 1

frvew e 9ra wafke Fefbe e wcﬁaﬁmmmmq@mm
A1l 1 Sge 2 Ots G (24m) R a0 | off streifRes e e 1o
CITTS T, ST TG | TG-S TS Wt (wieffe Slet $go) 20 | CwaiReics
IS T ) WK O IS Qe WA (@R 9T 21 AR iR @l St e
Er < Eq | R8T ¢ P81 e 0--hil& 4=1a 300 A0S |

CNTeR Gsiaiel s mm@aﬁwm«mmmqammﬁwmw
TG YR, awmﬁmﬁwcﬂmmemwmawmmﬁem
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&1 (=TS SR (T [ I, 93¢ A d (UF T I | F 2w wemef GnE-—
TSR (KT AR R 4.0, 41 CFCA IW 2.0- 39| Cs 8 Fr-a3 (TG 9% W2 74 (0.7))
AES @ TS CNEPTRA CFEE W FIIS Atz iz «ifafs 7

2.10 2R *

(1) ﬁaﬁrfwwo%awm 2s-2p6raraewmﬁ“mmz(q% oA
WA RPN ARTEETT RS 5 |
O F- . Na* Mg+ AP+
(2) Fsfefre eeelr ovm wreRers TW 29 +m @y
(i) Be~— B : (ii) P—— S (iii) Ne—— Na: Si—— Ge
(3) iR RS ANAelRT (0T ¢ — 29U 4s IV G MR 3d RS 272 IR %
TS TIR AN YYTY 3d TFS (AT e [F W @AY
{4) F-3 3o SAfE YR Cl S 39 @97 .
(5) RO wermae) * @2
(6) H, H*@ H- @3 AL ToW1 37 | TR (HIW -
. (7) TR eEeRe ey i gen wRe R e
(8) Li @ Be-® *irmerfass e of1<iam Na/Mg 31 KiCa-<a3 sNefam (578 ST caﬁu
(%) rgy =ra = 120 pm WY T |
(10) 2 142 I Mo fifem T 7 TR ev (RERTR (SR5) (row 2|

I ) m v \
T 6.82 1538 2749 4327 99.22 1 ev =23 K cal mol™
Zr 6.84 1313 2299 3434 81.50 ‘=23 x 4.2 KImol-!
Pb | 742 1503 3194 4232 68380 |

mmmmﬂwﬁmwmﬁﬁammmﬂﬁmwv

an B;:: wﬁtmfm'ﬁ?ﬂm%' 75:_ | ot fire SR e e
;em 49, 3646.6 :;50 ;ﬁs K] mo ~ 12eV-3 @M @ wRa-
fefa W‘u 135 G (e e g

71



(12) s mﬁ: T2 (78T TR
e (Keal mol™) : H, (104), Cl, (5.7), HeC (102), H-a7 ~8fr wom#ﬁt%l
= 2.2, 97 (T Cl-9A AERAe S mufTol @ w31

(13) v ova oy (e Li-an Roaew = Ry 5
H; ¢ LiH-93 3%f& 9T 435.56 @ 244.53 KJ mol™. xy; = LO. xyy = 2.1
7 (AF Cl-97 +r8feg weomeder @@ =

(14) F, Srs F-F I60RY 141.3 pm. 5@ Fa ot S@ F-99 SURS-Gne wemfol
R T |

211 SEawen

wpER—1
M PR R RN of T’ SR (factor)-9d e Férfoa—cm BeRie-Ram,
Wﬁm%@rﬁlmwmﬁﬁaﬁmﬂmwﬁﬁmmﬁhﬂmmrmﬁm
23l @ e A A1 A

SepeTi—2

m 3%

= 77 pm.
@D rn=d_o g =232-99 = 133 pm.
() de-Si=rc+rg=774+1.7=194 pm.
AR —3
(h 4N = 15? 25 2p°
TH0 T9m W : (1s)? (25, 2p)°
o SRAT WA = s =4 x 3.5 + 20 x 0.85
= 140 + 1.70 = 3.1
(2) 30Zn = 1s? 25 2p° 3s? 3p® 3d!® 4s*-
EITSI B : (15)? (25, 2p)° (3s, 3p)® (3)° (ds)?
s 8=1%035+18 x 0.85 + 10 x 1 = 25,65
o PREER WAF = Zeff = 30 ~ 25.65 = 4.35
(2) o w1 B R (5) 17.15 (i) 21.49, (i) 19.4
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- e —d
TG |
TPREN—S
() T (ii) AP
wPReN—6 |
(i) onm, &) (i) CTI
SR —7
(1) Li<Be>B .
(2) N-a pers Ser=sie | O~G% p TR b RERLA-T OFLI e 2= firmt !

(3) (&) : I, PR [, (9T TG IR [T CFE (U AR (T TS TR O SRR @
TR PR US| S 1)~ O MR 3s? CRI6 SIHTS T | 1R T IR N (U TG
TSNS T3 '

@) (ZFe) . Al BBl I oifitn @@ (S oo Witk | S iR Fiéa 3t b 2Rl
@ﬂm@vz@—(i)ﬁe‘,@amme(ii)wﬁmumﬁ@uﬁammmmu

(5) CNITTR “RRITS LFTT @ TR CRGTE TR ST § R, A SR O (D R
ﬁ{vmwmmmwmmcﬂmma&@m-mﬁwwm
g AR | 6 S Piferen el @ ws @R i )

(6) Na<P <N < Ne.
S o S
(i) oF (ii) WO (iii) VYR (iv) TR (v) 0%
T ai—9 |
(1) F>0>N>C>B>Be>Li
(2)W:Cs'6Fr:Gﬁ:F.
3) Xp = 1680.2'9-5349.36 = 3.62

. {4) e ored e (%1 3R
iR |
(1) (3fre) : B e =Nda AT
0% > P~ > Na* > Mg™* > AP
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(2) GEFS): (i) Be-93 (3T 242 (WD SRS TR |
| (i) P-@ 3p 7w Wl
(i) Ne T T6W HRa W R
(iv) Ge =TS Si-a3 Fts 1

(3) “mome @y (3Fs) : W wrer Jeid
@) (AFS) : F-03 SRR C2id 2GR F- @ TERTR AYD T e s e o7 7
(5) MR R G- 1 1 o oirrs R BRI e

(6) H->H>H*
F1E9 . H- a7 [ wyw 1; wmmmmﬁmmmwm
Eigra oy

(7) (2FrS) : TI-TISCIT AT (expansibility), TFII © SIF-GIF-GTH APMLHT L2
AT TBE

(8) SRR wreR R o W G I )

(9) ARG Rew gﬁmmﬁmml
(10) Ti, Zr; Pb -47 CO3 T S =15 offefs) et -

Lﬂ'ﬁ‘ As Ay, B Ags
Ti 6.80" 13.90 15.80 56
Zr 6.30 9.90 1.40 - 47.2
Pb 7.60 16.90 10.40 26.5

ISR Ti(D). TiCTID. Ti(IV). Zr(IV), Pb(Il), Pb (1V) %% 2 3091 3 T
(11) B RERH-RAA 152 252 2p!

5 W =T ot nzﬂtacmmmrgmmlm«ﬂnmqﬁamw :
AT I (2)-3 AN (TR S (5 %) W af

(12) HCimmﬁwetmmsm!Wx—s“ﬂ?
= 102 -77 =25
Xor— Xy = ozost_s—lo«:
 Xey=Xp+ 1.04 =22 + 1.04 = 3,24
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(13) Li-H-93 ™8 Xy -Xu =20 -1 =Li=0102VAE

AF..'—.( "'"E-)’= 116.21 K}

0.1

116.21 = 244.53 - V335.56.x x (x = Li, 97 Romem-f&)
A V435.56x = 128.32

(128.32)
T 435.56

= 37.80 Kj mol~!
(14) oF = 152252 2p° widfie (1s)2 (25, 2p)7 |
Wm =6x035+2x085= 2[0 + 1.70 = 3.80 -
o Zeff =9-3.8=52
' 7
o Xy w2359 10

Oy

D =‘—‘]%‘:’;——-§-;2 +0.744 = 3.74 + 0.744 = 4.48
(% |

+ (0L.744
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aFE 3 0 GiEd ¢ [JEad (Oxidation and Reduction)

ot

I g

32 Srwen

33 iy femes

341 wraafaeiad [{Em

342 orwg wiSena e’ (Standard electrode potential)
¢ sfs-ammfas A (electrochemical series)

343 Rurd ftee

344 08 w4

34.5 faffRe (formal) @ 7@ (normal) fiea
346 fond Rerm S fifer fivom sem
347  wga-fRwmad SR

348 wRe-Rord R amg s

349 wrad-Remd frerar B4R slivrem oo
3.4.10 oo e rae-fawmee faee

3.4.11 wrra-femad SRl e g Retad
3.4.12 SenfEege wirem wrd-Rerd

3.4.13 wRe-Reag w31

3.4.14 WEAIEEEA HARTS ARG wRwAaR weifReR 4w ; wae/ Rergs-

T GHIETR

3.4.15 wnrc-fasmad FEms o
35 e |

3.6 epRA

37 TomE
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3.1 o=l

st fafEamsre a7 Rl s are-Remmd. (e | fanEleE @nalytical)
AR W (qualitative) © TREP (quantitative) SIKET 3R TRGIEFEF (synthetic) THRIE
<3 e fifemm 2 e ) By (R owca Her (o R oye 7@ < fea e
fire w73 | farera R STANAR TIIAEe] 6 SRETH FOF! TICHe SRITS TS A1 e
orafZE TS T3 98 WA mmmmﬁa%mmeﬁfmmﬁﬁﬁm
TG FATS TA| % TAE (R e Ran s wiEive 73

32 STl

&3 G 13 I Seffa—

o TiAq-ReEre THE SR enafi GRe SIS A0S FEH T

o R w2 wiaw, Reres ek BiEs s <R

o TIT-ReEa SIoR To] IACS AR

o e (v el @ sTom TACE Ael-4Ren s o |

o HRA-FEmd BRI STERIS! & T=7|<f3) T IS AR & TG ST 75D (T
firss omarae | | | |

o (T @R (¥ FETRA- R 3 FrRe-Read T 1 gk S 30 e
AR | : '

o TIT: TR-Rwe RfeR ATeR mﬁmm TR A WSS Rt o=
s FACE ARTAA |

3.3 1y Raes

o % S A @ (3 el S 3 ool @ - wwe-Reme R,
mqwamﬁmam@mw;Mqﬁm;mﬁﬁw;ﬁrmewﬁ
fioa ; R R BoR Rivn Raom gor ; TRd-Remd SIREPH ; S Resd AR
TR ReTar $oi TR 2t ; TRRers wad-Remd fe ; wie-Rem SRam
el Pl sRe-Remd P e pe e eriafdeRR e TR
SRR A ; SR-XERER S ARG TR SRR | a3 wRe-Red
faggs sieA ) ' '
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3.4.1 SRd-Rome fafe

WY A0S (IR (TR AN, Y A A (S B G ﬁq%nmfnﬁmm
Wi At | TRe-Ferd {fem wiee qrm @3t 4F Rien e .3 i
s Tm e il fnfas | GBre ERE @ TR ¢ R Poisle Rabs 1) Iy
wre-faead RfFme 9 9d-R/EFm (half-reaction)-3 7Y 3@ @z Ge: aﬁmmn

e w-RfEFm o TEEhE A, (O

Zn(S) ———— Zn*(aq) + 2€ ..ccivivirninnininienns 3.4(1)

frerraet wd-RfEFar o1 3Tl oz I, @R 2H+ (aq) + 2¢ — Hi(g)... L34

wy-fifFan wifte ¢ Reifrs o gwa firs o 3 wRe-RERe-2% (redox
couple) | 93T FF (#14 TW TS/ [TE@AT (Ox/red) G¥SWR, (O : HH/Ha . ZnZn |

asfere famail  wdiferare? TR TR G @) @\, F1799 @WEy
o Redle ofwm, 739 (1)-3F @ T

Zn? +(aq)+'7:.. —_— Zn(S) i 3.4(3)
wRe-RameR < sl e
| Zn{A)+2H"* (aq) 2 Zn’* (ag) + Ha
af® o6 (™ 3.4(1) € 3.4(2) A I 3.4(2) (UT 34(1)ﬁm« TR | (FTHG

MRS T @3 BT Bra1 @ (@R W wRd fawrad Bez (Oxidation or
reduction potemml)-ﬂﬂ YR 1% :

3.4.2 o= wfexra {452 (Standard electrode potential) @ wﬁ;@mwmﬁm
wfé (electro-chemical series)

mmmmmmﬁmwmﬁ@aﬂmmswmﬂm
IR A SAISTAR SRETST T | U0 RO T i (23 4Ty WINPT e
H!ﬁﬁ*ﬂ?ﬁﬁ’l

M2 MO* 40 e . 3«@

93 T 4IY € HIAF WY (q vsﬂ%@-ﬁ—a E Bes® 31 ©I7 ﬁﬁmq s @
(i) argfTer, (ii) APER ERTA AW, (iii) B WG ARFAS! (activity) 8 (iv) Siemrm
Bor3 | TR oI ST @ 4FF AFren R @ e e wRiem fwr (€9
o7l T | WIGATITER OB 93 W 873 (constant) | Ao Trsa willlwad amt AiF
o RT
E=E°~- F In P |
A E=E°+ ':—}tnm (aw=1)
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[ 9T R STF 833 , T 530 IR, o HI09 WA FETS, n SRGRA COET3! (SYR)
@ F FRNE |1 $feiee] e A&Fae ‘o'~ 7 #ARrs s oips awgs 23

KAV

G9F% (single) SfGeunza =1 Wt 7m 711w

LHATT O o wart RSty @oft @re frera ofbe-am 7o 23

o) ofbenin qiba wurm Reg-wrew sfam 32

1 ' s ofbeam Reg fAd a1 w3 @ o
= 1o (standard)-3 ATHTH AT SfYear Rez men =1,
oo T A QROGIT LERPLIG | 25°C Siean a3
o0 e =y @1z
23 [eifSam-cafere wiftam sfs e aaats sue
%o YRGS 501 4 e I3 9T AFTe Aevm
§° H.\O* B9 GReE “uwid Zidgie Sescie”
ou | o T Ba 3l
$2% HO* —2erE oftenn Rea fdy 3p-—-w (9@
ta=1) wfes-armafie waf toft w1 I CeEmE.
m(‘i I S A Sfenin Rorm SWEHig AraE @
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Li* L 305 | O OH™ +0.40
K* K -293 1 I~ -+ 0.57
Ca®* Ca -2.84 Br, Br- +1.07
AP A - 1.66 Cl, cr + 1.36
Ma?® Mn -1.08 F, F: + 2.85
Zn™* Zn ~0.76 :
Fe Fe -044
cd** Cd -040
Co?* Co -0.27
Ni2* Ni -0.23
Sn?* Sn -0.14
Pb?* Pb -0.13
H H- 0.00
Cu?* Cu +035
Ag* Ag + 0.80
Auv*t Au + 1.38
=R 3.4 (1)

79



3.4.2 (D Gﬁwmmaﬁamﬁaamﬂ

(i) ST -anTfE ARITS FRBTH *RASHEfed (electro-positive) rfﬂaesﬁ QIR SATHR
fres & FaTHTE I “AreEiuReE chauf Fse fe Skiye | 3aws Reraa «fma T @&,
(TiTera SRmR-eRd e T A | 9O, Sife-artie wEfare $org 41 Fug eRe aga
R (e qrgfive fogie Fme «Ata 1 SHRRTTRel, WA SRR BT SRFS, R
FAR (1]) TERH0 He ST (S FACA 43 I g

Fe + Cu?* ——— Cu { + Fe*

% *1mfers AR mw%ammmchmmmmw@smm%z
TR (1) FARTDD T (A3 TR fSre IR @3 R A “IreqfoR g frez-taamn efefves 2.

mﬁ ouie e s (ce1%) 25°C Sismmam

Group 1 E* Growp V E*  Group VI E®

Li*+e—Li - 3.05 As + 3¢ —» AsH, -060 by +2e-3 + 054
K+e—=K -293 Sb + 3e —» SbH, - 051 Bry+2 - 3Br + 1.05
Rb* 4+ ¢ —+ Rb - 293 HPO, 4+ e > P - 0.51 2ACI; + 26 > |, + 1.06
Cst+2 2 Cs -292  HPO +2 > HPO, -050 Bry+2c - 2Br + 1.07
Na® + > — Na 271  HPO, +2 — HPOy, -028 2107 +10e=1, +1.20
IN, ¢3¢+ NHe - -o027 Shr2e— 20 + 136
Group Il N P 2HOI + 26 — I . 145
B;‘;"ﬂze_’m 290 1N, +2 — INH® -023  Hio, + 2¢ - 10 160 |
St +2ear St 289 Lele b +006 2HOCI+2e 5 Cl; +1.8
Ca® 4 2 = Ca - 287 75b,0y + 3¢+ 8b . +0.15 F,+2e42f + 265

" ‘ . HAsQy + 3e — As +0.25 P
Mgh+2e Mg -237 JASO, + 2¢ —» HASO; + 056  Tronsition Metals

BJ""ZG-'BQ ] -. 1.85 HN,+8¢"’3NH¢’ + 0.69 l..a"'+3c—)l.a -2.52
Crowo Il NOy+3c»NO -~ +09 S +3e-sSe - 208
roup 1 HNO, + & - NG +100 - Ma¥ +2¢ -+ Mn -1.18
Al’.d-k—tm -l-“ _}Nzo.‘_ze_’No +1.03 gtn::-c_-h—&Zn - 0.76
Ga™ + 3¢ = Ga - 0.53 ) +3k4Cr .= 074
2 + 3¢ = In -034 FNH? +2c 9 NH' 4128 Fe® + 2 — Fo - 044
MeeT -034 NHOH+2e—NHS 4135 chreeac - 041
™ + 2 -1 +125 Growp VI Cd* +2¢ - Cd - 0.40
T+ 2 - HiTe - =072 N* 42N C =025
Se + 2¢ = H,Se - 0.40 2 . : :
G v e : Cu®* +¢ = Cu + 015
e de o> Si 086 SOC +2e 22807 +008 gl + 2 - 2Hg +027
O,+2% >Pb 036 f{;ole—;:*ﬁ“so, +g-}; Cu* + 2¢ — Cu +035
- . + 26— Iy + 0. [Fe(Cti), ) + & = [Fe{CNYJ* + 0.36
C0; + 43 C 02 SO+ 2 ISON 4040 it ye-s Cu Ry
G‘,O', +4 G -0l H180;+4¢-’S +045  Qut 4e - CUCH +0.54
So™* +2 —Sn - 0l4 4H;SO; + 6¢ 4 SO + 051y - 5
e -y o013 20, + ¢ = MnO2> +0.56
Pb™ +2e = - S0 + 2¢ = 2,80, +057  Ee* 4 ¢ 3 Fe? +0.77
Si + 4¢ = SiH, + 0.10 0, + 2¢ = H0, + 068 Hg,® 42«:—»2!-13 +0.19
c :4.-. — CH, Lt 0.13 H;5¢0; + 4c - Se +074  2Hg» 4 2¢ — Hg,:.  +092
- Sa* 42 S0  +015 SO +2e -» HSeOy + 115 MpO, + 2¢ —» Mn +1.23

PYO; + 22 5 PbSO, + 169 10, +2¢ - HO + 1 lc:,o,’-n:-»c:" +1.33

H;0; + 2¢ = 2H;0 + 1L.77 MnO. + 5S¢ = Mn® + 1.54

$,04 + 2 - 280 4201 NiO; + 2c —» Ni¥* + 1.68

0, +2 -0 +207  MnO/+ 3¢ = MnQ, + 170
2 342 ' | '

80



iy oife-ammifie ARl e R arsa ammbe (ol 4R T1 T | GRRIT
By wRarguf A Hfirn ) om few v Reafere wars «iva 3z T 2T
fofe &0 | 7o R Trs Tem T T G ol g =m

(i) e 2w <re) @3l eie-amrfE e aff <8 ARe fm g
W:W«aa\ﬂmmﬁmmﬁmlmﬁthM@%QWaﬁ
TF 433 a2 mfm:ﬁﬁm TE 4G TATGS T | (WG CFCE (@ B, WE (RS CFCD
@ = |

| m«@mmmﬂﬁwﬁmmﬁmﬂwmlmwvﬁmﬂﬁw

umamammﬂmqhm«@ﬂmm@mﬂi%awﬂmm|wqm
ANA |

(iv) ol T@Q‘:‘iﬁ ﬁ? (97T (T G@ﬁm Eﬁ?ﬁﬂﬁiﬁ 34 (electromotive. Iorce)
ffa 7 3w

ATl —1
(l)ﬁﬁwwqwmmumasvﬁamﬁﬁﬁnwwa
(2}aﬁmﬁcmmmmmmmmmwﬁmﬁ—ﬁmmﬁm
_ mmammmﬁmﬁwmﬁmﬁmﬁ:mﬁﬁmiﬂmmq (oI I
PFRR T

3) wﬁwmﬂﬁamﬁamwzmwa%wﬁmmaam TALT ANA ? SNHR
AN T |

_(4)mwmmuﬁgwuﬁmmﬁmmﬁw
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(w@qmﬁﬁm)ammmmmﬁswmm\ﬁmﬁww@ﬁm A4 T
Cu?* 4 2¢ — Cu AR T&ld T@ Cu+ /Cu. % SR s Rews (B 79
Afow) A e R o1 @a s 331 20 o YETEE Sfoeaaa s |
9SIR. Cu* / Cuge = + 0.35V ((210) 1 @ 9 : Ry wi-RifeFar siwafbe SR fRerraet
Re10.35 VI

Cu* +Hy—— Cu+2H* E°eq =+035V. ... 3.4(5)

SR, Zn?+ /Zn WA el e Aol - 0,76V, |
Zn* +Hy——Zn+2H* E%g = -076V .. e 34(6)
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[T ; ol AEfers ABB wre Rirer cr B3 “Reds o 9aid omrd fFsa
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3.4(5) (D 3.4(6) Rranst Fa@ 1
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13.4(2)) e ene frema for Gl 291 ofvest (s il T T B e
Rewge aree aRa @l “fen wve o F1e @@ | SRR BT S
MnO,~+ Se — Mn*+, E° 1.54V, Refiea $% vams Rewe ws Rewe @il
Sla REs | 98] SIAl IR 3.4(2) ARG 5% 3921 FUERA E0pptospetr = +0.77 93
E°Mn0y/ Mn2 = + 1.54 1 SREROTSTR E°, (FHCE®) 7 ) = + 0.54 @38 E°cp0,-/ o =

+1, 11|wwwﬁimmmmqmwmﬁﬂmﬁmm
e aimrm wree REsw wife 39R | @8 AR sl S 8 o, 93
AN WA IS A3 @R oFE maqﬁmaqmtmﬂwm mﬂ\amzm
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sfiada 1 orrar Ffss @ pn Re3’ @ oowz $wa w1 H+/H 9093 CF0d &
freraa W ST (arbitrary) 1A% 1 (eT ToaTR) e TiRTecEn e | (3fe
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FEER 7 (GO, RS, Sn(Il), cwwﬁvﬁ\wrwmﬁmwmi_
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oswwmmmeﬁwmw@mqﬁw

<% AR (U =@ T Q, Mn04 . Fe¥-(& Fe‘+~£@1ﬁ$w AR c:r,o, ,
- Ty (3 )-«qmﬁ'ﬁw:
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(1) KMnO, 8 K,Cr:0, @8 S0 (+ 1o WIS |
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144 A AT

#1q ASR 2e SRA ( | A 19 @ G aﬁmﬁ) m?pz; (spontancous) HféA o
|

-2 (non -standard) SEA G AR AG = AG® + RTInQ:
| G =iz’ /o1, Q = = R roreer | -

- a4 Oxa + b Redyy &= u'Red, + b'Oxp -2 (WG

IRL'T.{AIII I()xl;ll
0%, 1 IRedy) P

! 79578 Z3W ¢ 2, AG = W1 | RIST 401 AG = ~nFE. «R8 AG® = ~aFE®
g e RT | o
ZE=E- L IQ e 3A(T)

R AT Q-1 (X (P ST WA Z0S “AA (U1 e Jaim sifianet
mﬁ@ﬂﬁ’ﬂﬂﬁﬁﬂﬂﬁ%ﬂlﬂ_“mewmi |

<7 BT AG ¥ SR (Mg mw@zmﬂﬁmmmma 0 TR S
Q=K
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' o_ RT ' ' .
E°= "t InK _ v 38
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RT |Product)

_ Redalt . g o po RT
Q= 1Ox, I P SME=E "~ nF in [Reactant |
25° SRR, E = E° - 22 jog Q

= po i lng Q
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3.4.5 ff#ae (formal) @ TS(F (normal) ez
a3fe &R9-RERY 99 4| Fe™ + o/ Fe>»
RN = |, s e féxw (GG TiTReat S

E=E°- 006 log ®7 a1, E = E° + 0.06 log 2FC2

I' o W aFe*

[Fe* | f Fe¥ ‘
T, E E°+006|0gmé— [f:ﬁm’f{ﬂ]

FALRATSIC S | AT 77 (acuv:ty coefficient)-(%. | 4= (ﬁt-fw Y 1)
F I+
of¥ | wiefie E = E° + 0.06 log [[th: |

g 93 wiae 8 [ome wetel &% Www,wmmewwﬁs
LN 9T, wrﬁrpn—srwmmmmﬁwﬁ—mumﬁmmﬁ—mrrﬁeml
[Fe(CN),,]‘“/[Fe(CN),.]‘ Cet+/Ce*, Fei* /Fe* TN ffwmd o (system) Swigge
R @ <itwm | @ ovta age IR (practical) C%Ga (T IN HySO4 a1 2N
HCIO, M=) Road-Rea w1 @ e . wF Feacs ﬁf‘w fFsq A=)

AT 4 ECp e/ poie WWE’ROW V. afie IN H,SO, 145 Fe(Il) ©

Fe(!Th) I& 93R ot it i3 0.61V. f@mwwmﬁ AT mqa‘ﬁv
SO mﬁﬁvvﬁamﬂammmﬂ

3.4.6 fenaq ﬁ‘ﬁ? Tore fRfew ﬁﬂt‘ﬂ'ﬂ a2 | (factors mﬂuencmg reduction

potential)
(1) =ibswad stim (Complex fonmauon)

FUR I T QI AR AR T sl wﬁa%@wmﬂ| crreTa Ferd
Rt ugs +RIET A1 T 1 (W @R, Fe'* POARG SRR (F~) % FeF, FeF,*,
FeFg-. (aa\ wmaTa FeF3) M99 90| 0wk wiftea SHe Sfam w81 uvw
W Fe'+ @ Fer+ 3 e F- corst IR OW - [Fe] 30w WA @38, Rewrd Reqe 21 Aa |

'h-l

A9 E = E° + 0.06 log;F e mzﬁ@nmﬁwm\mmm AT |

E°.2,.- =0.54V o 2w e R (ars mate #ifir Fe'+ qml 1~ wifis |
E°Fe /et = 0.77V TR 93 0 F- (15t 331 T OR SHATIR Fert Ryfie 7
) — ﬁ@ﬁ‘?ﬁ‘ﬂ%mmmh%wﬁmm




EoCro,7 sore= 133V | TTHRASRRN Cry042, COM (@ SIS wars of1ana 71 g
) - | EDTA Rfafem widanfim GHemfds) q@is a3 w4
Co™* @ Co™* $Sm2 EDTA-T 3T% Sibal Gl i oara, g
TR T Co(1l) wfoa (sl 7%993 et [Cot+] W3
e 20 I E°cohcor 0.60-08 (RTN W | O3
A &R Cra057. Co™. (3 TIfes T Co™ I

E°co*/con = 1.82

SAeR—3
¢h F~aR SRS Ce a7 7o B w6 1 (T RS B 13- FACS A A (A7
(2) wnﬁmammt:ub 73t KON (1191 30s1 81 9513 2

(2) BwRTFAY (Precnpnauon)m S

Rered Rera B3 QYSTHATTN HOR AL [Fe(CN) =/ [Fe(cmﬁl‘~ mﬁi 7 |
aimﬁwmﬁw mmm:ﬁmﬂmq Couiif]

|Fe(CNY ™ |

E= E.n+006I gm,

[efe® i Fe(CN)- + ¢ === Fe(CN) ]

Q3 o ﬁ@q 0.36V. af& ﬁm 12/1- srra ey fea (0.54)-93 (57T T
P, CTHACACELAD am ARG ATF WCHORCE WS I mien
@eﬂawm\ezﬁm[w @zﬁﬁww 13 | Sfie TR CTRPIRIEIR TS ﬂn_
@ wifve FaR | g o ama et s wees CTel I AW, B [Fe(CN), )+
- KiZni[Fe(CN),], €32 [Fe(CN),J*>, Zna[Fe(C'N)ala e SRy T 9T T SRR

F
ammﬂ% crarEts mvm S TN mc‘ﬁﬂ zeTm ——*—:FZE(C:::'L: SIS WS (ArE WA |
TS ﬁi&'ﬁq e e W"h‘l@ﬁ PTE A E° Fe(CN)g -/ FetCN) - > E° 1,/ = T3 GEH
, [Fe(CN)b v, -G SIS 79 | e R+t % ol agE | '

sl Rrars SATEad, Foliee ASife® (lodometric) AR | avwta Cu
T 10 1370 w1fe a1 2w 9t et I3-C UTAARCES (S,042-) e BTG (litrate)
731 70 | o sl Rvsad ¥ @90 B - > Ecyrjcut (= 0.27) 1 I3 13~ ~a3]
Cu+- casmﬁvwaawlmmmmﬁcﬁmmmqﬁquawmw:
olf (1) SICAIGIS (Cul) ST LEAR T Cut~a3 MY ITH IR G ‘lf:“ +|’ EERSUIL
QTG AR ) T E°cy2+ /oot 9T TR E° 1ty 97 QR X8 oG | wefie G Cut, I3
WIS ara | AfEs R s

2Cu* 4+ SF— 2Cul + Iy
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(3) pH oo ; | | | |

| WS RS S T afes e | R 22w s «oF sifmeE +iEme
I | QU e 93 H-99 5y S pH-93 Sor FseTie |« wm o w1 3m
Q@ H+ Remq RiTrm aor ReR w1 @36 Sread @em 719 1 MnOf /Mn+ waiR
4@ | QI WITES wi4re et R frsmot -

(i) MnO4~+ 8H* + 5 == Mn** + 4H,0

0.06 , _ [MnOJ ] IH*
Emno,-7Mn2 = E°Mno, /Mn> + =5 log T}ﬁi—l*—

(i) Cr0;™+ 14H* + 6e =2 2Cr' + TH,O-

[Cra0y° | [H¥ |V

) ' 0.06
Ecriopt-/cer = E%Crio- forv + =27 log ICF R

Boare 43 cwea fifwmm apmee e Afw w wrm Rfemofns c afeyd
| CTAT RORCR, B0 vy 5% 1 Ay 7 B, MnO,e Mn S waRe) Wi
ﬁwqﬂm@wﬁmmmwﬁm@mm@mmaﬁaﬁw@
CTA H+ ST 2hge SR WISl 374 FI0S “IRUE ! pH 6.0-0% Reriae e pH 0-¢o
(IN =) et (TR o 0.84V 23 | @7 Rt e sy s R afdvm s
TS “ifi1 pH 5 (T 6-4 I, MnO,” TR I3~ wif¥s 29, A% Br-e C) - af¥gs
T | : - |

E°Mu0,/Mn2* = 1.54 PH 3.0-a (wififte wiifts maa) Br - wifis za,

Eoeyer-= 140 fre CI- ey ae 1 CI-wime @t fre-yre
' SIS Z5 | - |

E°gype-= 1.07

Egh- o= 0.53 :

AR R O T (R BT T A 2 W 1R i
[H*] = | @<fie pH = 0 932 (MnO4'] = §Mn?+) 90, Eo\no- /mate = 1,54

_ _ o, 06 [MnO.] [H*}S
pPH=6FHE=E +5° log (M) :
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Ma0)
=154 + 40 kg|H+|*+ 1 '°gl|Mn’i|l

A

A x 8p H+0b] [MnQ, |

= 1.54 - oghiil
. =1.544+06= 0.94

Z094>E° -,

SR pH = 3 TA E° = 1.54 - 0.3 = 1,24

wwdin ez Ade E° Rite e e

GTAET! waT SwrERe e |

AsO}) + 31" + 4H' 2 AsO; + Iy + 2H,0
@ E° 5 0. jas0,- = 0.56 <R SRS wd-Ritrm
Asoj"- +4H' + 26 2 AsO,” + 2H,0

3
E Eo+006]DglASO4 “1{H*]
[AsO27 ]

Y HCIR AT E° 4 0, 150, > E%1- 1
o ASOF, I'-(3 1,9 wiffe Tata|

ﬁmmmmwww H3 (pH = 9),
E° = 0.56 - 0.54 = 0.02 .
weffe «URTE 17, AsO,” - =T IR Aso;hﬁwcm

SRR —d
(1) =S W VO, — VO™ Remarer mﬁwﬁmﬁwmwmﬁw
e
() N3 wEweRR Y @ (TR TR THeR BT IS K SIS TW 7 (T
(cwn)ﬁwtﬁzﬁwmm\wn(mqﬁ)mﬁwm?
c1,,Cr,o, ,Fe’*, MnO; -
3.4.7 wRa-Remad = |
Renad fe3 R Be 308 P @ WA aw eEe @ frs o,
T DRI TRTe oAl Ot @ (Fiwe @Il o viffie zae enfa o
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B EMur, smnst = 154 938 E%poe i = 0:931 TSR, MnQg", Fe**-(& Fe't-(%
BRI (A | 947 TP MnOy a7 Feae wReert =ifica (wfies / iy a1 Wes A15g)-
a3 Goa FrSeiia, $og@ I JE ARNHGE R w3 Vs crar w29 By BEehm
TS Aife 1 penfry Fafers T @ RTNd (analyte)-539 csiiendN 3 urae wagmt | @
MnOy 3l Fer+ B @363 10t S1 A0eet etafBa shat B 2w TR 1 SR 99 &0
CRAfITE S5 (indicator) IR I TN (T, CHGAIN ACAAETES (N2,S,0,) o
Iy -3 BIRCEIA WA B (CeR) Hpe RBwea TR ) g afeifaa
- RET —o IRV

T - BRI T B, O R wam ovm oy e Rwid-Rewa
T (TR 5o A, RFFmi sjefotend (quantitative) 20 71 O1-6 (TATS BT 1 o) FACS
AT ) AT TN 2 @mmn\ﬁ%mq-ﬁwqﬁmmmmﬁefn TR | B
% SeleTa A SIS w5 T

3.4.8 Wiw-Rutad R st |
s TRd-Ramd [ Amse @ am .
a Ox+ b Redy =b Ox, + a Red, SR ()

i RiFmf qft ore-Remd sfean o 0x, /@ Red, 93¢ b Ox /b Red, ~47 AT

ﬂ%aa?@fﬁwmvmmmﬁﬁ-mmwmlmwﬁmmqmﬁWq '
- &7 s 23 @

Ox, 2 ‘ |
E,=E' + Oﬂf'loglx'l [ﬁmﬁf&-‘ﬂ‘[:anﬁne#aRcd.]

n (Red, 2
o, 006, [OxP | - o .
g E,3=E3+-—n—-logm- [ A< K& 2 b Oxy+ ne 2 b Red,]
. I S s
SR, E, = E
. go 006, (0uF o. .0.06 (T
s B e T B T e R
[Oxy 1Py [Red, 12
e, log —————— = K= ‘—" E“-E ............... 3.4(10
B [Redu]bx [Ox(12 o8 ( ) srenees (10)

[K = 3.4(9) RffFmm m ]
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3.4 (10) TN 2T B0, BV @ EY Remme- e qfS @i Q) K-3 T sihed Wi,
3R ] (AT HiRLGm efermft wea Remt & Ana)

AT, (equivalence point)-68 34 Ox, '8 Red, TN “Afasme s T2 TOATE,

ol

1051 IRedi ]
|R’-\fu! l(hsl =

L JomilP R P xn;-,;m-

" Redy M T jOx P '

] . } .
fOxn | lRt-‘dH L2+t :
= Toug= K TR 3401)
W, @51 SR 7R

- Cly + 2Fe* 2 2CI- + 2Fe**

42 €1 [Fel+)?
e K= [Cl,] [Fe?* )

A 91 (IS <R R oz @ corin e, 7w 4f wd-cor 1 of¥eam =
C1,/Cl- 8 Fe*t/Fet _

Rt R (T SRR 36 TR P, wedie ¥ fbearen Red-fot Tom
Al ' ' '

E°ciycr+ 2 mg[—C‘?-i'-z-]‘; (RRRT : Cly 4 262201
E°pele et +"5|"“ ":f”'] [ R : Fe** + e Fert]

\ﬂ’ﬁ E°c|2/c| = | 36V Q E%pet e =0. 77

[FiHRiCi- 2
.|Fc=+1={cu 1 = Q. 06
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Fett+ e Fett: 2Fe ) & 2Fet ]

“logK= 52 =197 . K=50x100

A4 T TN (U cam::m @ RiFmf s 7z, wede ClI., Fc'+=|aqrz:s
Ao fa@rs Fe't-a Fifde 33|

R G} afoat T RfEn cen I, @
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(Mo* e Rt w1 '
A K = e TTFo A  org e TR A TER SNGG 43

TR, O 4H,0 7ff sifvere T dw Al g% S S F
AR |

"MnOg + 8H+ + Sed Mn * + 4H,0 Crveerreneenien 34(012)
Fe** 2 Fe* +e | - i, 3401)
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34(13)-@ SPGB : SFe* 2 5Fet+5¢ i) , '.3.4( 14)
@IWE,-E Fe'e /Fele +'Q;* l gl—&;_,—}; =077 + 206 1og[-'-:-'-"—';;';:,
[Fe¥ ]S 8 [Fe**

T TR o T 9T Sive- (T AR T, AR SIS 36 T
wiefie ' = . | ST

0.06 IMnO,] [H** 0.06 ,  [Fe'*s
1.54 + s log M2 =077+ == . log P p
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AR WA, (TG 2R [Fel*+]~03 TR (39 91 TF | 432 725G Q19 B | WA 594 10
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Eowm HBPO‘I. __..9_......._) H3P03 -—-:-q-é-o——) H3P02'

2205, p =08 , py,

—0.51 s P -0.06 3 Pu3

£, PO —2Z, mp0,” = mpo,”

e w3 faenge-Rreta ot By, Fiodfrs o |

3.4.13.2 3 (Frost) 731t (1951) _ |

T T LFSTF 430 (4fEd | come (T Y T X9 BRI N SToTE
X(N)/X(0) 9% CSI5-gea (Volt-equivalent) Sg*H (plot) | CS15-I7MT8 (VE) 791
NE° wiefie fzmmrs wmaet-sisat (+N) e funmd-Reram odw | S B3 (3.3) o
wmﬁm?cmmmwmmwmﬁﬁmqumm : (1) %o 7%
(slope) ¥ cafft xz7, -2t femel- e ow 3 T

(i) % Roafb wmm / v / Ao wvg TgAE R #ﬂﬂ\e wohifba Aaws
TR B Sy w0 (B 3.4) O g Amel worome-Rard W)
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sittet : A3 BTS @ Freea wRe-RANeRR TS ORI WS (steep) A
HNO,~92 €18 TRyl frst 3t | $oitad A @ Cu / Cu wews 71fSn Sox ARLRrea

NE°/V

—

NE®/V.

+6H —

+5 =

+3-

+2 —

-

+1

0

-]

Cu*/Cu

HNO,
H*Hy | N
E O Nty
Zn**Zn
NH
. 0\\
N:ll.ig’ "‘“
! Ma
NH. / NaHg'
NHS

I | 1 l L | | 1

i B I B B B R
' WR-AEN

f6m a3

N,ﬂwmnamwﬁwmmﬁwﬁwwmnﬁﬁm cmamqwqﬁssm

(pH=0): SP @4 pH= 14 qﬁwmlmwm.mmaﬁn_

mmmwﬁ HNO,/ NO-3 3% Cuz* /Cu-aa %3 (5T R 4 ; 9T
HN’)‘.Cu-WCu+mmﬁwm|mﬁmeﬁtﬁmmmmﬁsmmmwﬁs
WYL ATt-—a7 (AF oS o @ SR Cu Bifis YRa Seon #d T@ N, | @51
et frg SN PR WA ACS TR (@ GA SiAAEeqin eyret sifEedin (Kinetic)
e ATy #ita | e G OB 4T B N, T 7S Aa 7, ARICE NO Seom
mlmuuo,meumwﬁmmN,@mmM1 o

(2) TorEmRd-Rerd-an TG ST T2 | W W, NH,OH (mﬁﬂnﬁa)
gl @3t NH, e N.mww@ﬁwﬁwmmlmﬂmmm :
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A% (T AMYFTEA FeoAma 1S f (3 wPoaArs a3 Fsfm 9% a1 mﬂw NH,OH-437
FoswRd-fremd oA

(3) =% o aferriicn FasTEen A g smed efelior gamm qf
Sl aawwﬁﬁﬁmwﬁwﬂWﬁwmﬁmwmqﬁumwi
SrgaTEmo . NH,NO> 4f6 Sl NH,*+ 8 NO;-wiitg | 44sfors N-«a wmd-sigat
=3 ¢ GEIirs +5, AEE N,0-(% N-93 wiel-siedyl +1
IR A TYRA NH,* 8 NO,~ SRIAR AU FREaia e
w3y, O AwwRe-Rerd v (5a 3.5) 1 747 fofd snefy
mmﬁaasmﬂm QE, T (I AR 9T Feom
4914 fZAna e A Ty G R a@me Gmsama _
Tzt - _ 3.5

NO{(g) + NO,(g) + H,0(/) — 2HNO, (aq) [%5}
3HNO, (aq) — HNO, (aq) + 2NO + H,0(/) [&9]
ANO, (g) + H;0 (D — HNO;(aq) + HNO; (aq) (§3 ; sifS-Fam)

W SifES TR Mn- aaﬁﬁwq-w\wmamﬂﬁmm &, Cr-<76 15
asfA rwmsa(fb‘:ass)memw TS |

Mean -~

] +3 -
+6 - a2
+5 — 02"4_' n
w
+H - Z ok
a +3 - =} - ‘
fu +2 -2} :
z. 3 _
M Mo O H1 42 w3 A a5 46 w1
- /

o . [P M0, . 0.No=
=1 . ) ' "Ml'l“’ E )
-2 - S = WIS T Mp-ga
3 S Mn2* BN

f L L g { ] L £ ]

-

0+ +2 43 44 +5 +6 +7



Soran FH AR : (i) Mo . Mn** 6 MnO, SIIEE XU Sora SRS | @3
T Edl-FERd genr FU| | ‘

(2) FOF MnO2 @S HMnO4 ¢ Mn+ @3 T¢@dl amad-sikanofima sy Ma*
& MOy ~93 SRS (A4 Soia SRS Z69R Mn+ ¢ MnO, -a wesmniie-fufre

ZA|
(3) M+ e MnO-: ATEES a5 (e @) wdie MnO, & w1 1
(4) Bor{efe® Cr & Mn-aa 781 @2 40 WIS (P

rfrea fAfen TR-ReYA PERETS 4R o1
SR (A SR SR T ST FISNL TG

) iR T 1 s fEreTe Sargad FeR o

0, *+0.76 _ H403 +1.76 . H.O

: OH0

. - Fet/Fe

NE*/ V——————
L >
1 1

T
+ 1.23 b
0,39, WRIKM =0 NE°=0 _
H.OR W0, STt = -1 NE° =~ 0.0V L
H. O & @WRd-AYt=~2 NE° = ~2.46 SR
ffa 3N EFAS T/ 52 3.7

O-7 T w1 « Wi e s
B 94 S @ Al T

wREa-—11
(1) e s
i) ¥ T yft frqa ACAET RIMAW TS WG T3 MY wren Rz v
. l |
(i) Mn (vi}— R T '@ Mn (iv) Sem T4
(i) T, T SR M ———— IF TR @RI (X S I MO -6
fammae TesmEn | ‘ :

34,133 *f€iX (Pourbaix) T (1966) | |
o} T A 9T TR T T A TR e ¢ S iR T
At TF SIS 391 T 4TS pH-G3 ey fwd-Rerr +fieda e wum
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CHRITAl T3 (3.8) 1678 -Fed+ /Fet utwa vpﬂi:rm @S FLCR Fe't/Fer+ g favg
(1%, pH-=R Tofa S am

‘l Fod*

+0.7 -

‘ +0.6'j

- +0.5 1
0.4 -
+03 4
+0.2 —
401~

Fe2+

~0.1
-0.2 A
0.2 -
-0.3
=04 —
0.5 S
0.6
0.7 -

E°N—— e
o
J

)
pH————
foa 3.8

: Feo*/Fet+ aown figme-Red pH-aa Boa fisaie an ]

THE JIY . weEst Retve wd-Riw g4 Fel*(ag) + e —— Fei*(aq) ;
E° = +0.77V. «TS A H+ ion B X 1 ey afé pH- ﬁatthawﬁasww
@I?{’[ﬁﬁml

T AR 99 (PG T I, W Fers-Rer o3 Gﬁﬁ@*’f@\@iﬂ&@ﬁﬂm
e QAF wreR, AT S Fert 7 symamst IR | IR, I I Sl @t o
@R - (phase-boundary) 76 TR ; Fe3+<3 Fczhﬁamq\%wmm @ oo
I TR )

. oD RfFAme N6 : 2Fedt(aq) + 3H,0(!) — Fe,Q; (S) + 6H* (ag) : @ fw ’
wrae-Renmd R 7w | IE, Fed+(aq) @ Fe:0,(S) 8 MR R SR O > TR
Rere o6 (< a1 A AE)-3 Soifkfen o RisaMa
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- @b pH-a7 S+ BSa T 1 o' (ig) T3 pH-a %7 @t T pH-a Fe:0(S)!
Ffrawl wwa 46 Swa @Y fa 4IPS 9k WA BTANR Fe:0,-3 @R 93
ﬁ“a"ﬁﬁt |

v 3 ffme g | Fex0y(S) + 6H* (aq) + 2e — 2Fe (aq) +3H,0 (N
% e pH-97 B frSalier) ARG sillead

nm. | |Fc-’+1

E=E"- g " e =E"- 0, 06 log IFc""I ~ .18 pH

e 1 0 e CUERMEE S SR —
10 M Fet aigy Fo sl 1iRa a1t (il 2o 1) |

&% Caara Soiram e 1S TRy (Fe 0, 9174 . 9ae Wrs FenfEs @ (Fort)y gl
AT Fortag)-c¢ iz Tt siFe 330e R TOER 617 ST TWES NS T
A% R ST IS AR (A RG-S iR 21 AEEnafen et wizfe s
T4 SRS R FetOH) -3 Fo(OH), TR 1 IABICR IR0 -2 906 |
 pH = 9-a T @y B wRaAR @I Siv WA (3 9993 wixem Resn R

fafers @ @_’.{E +Aw1e fRaEa : Fert (aq) + H.O() — FeO(S) + ’-.!H*(aq_) aft wre-
frmaa Rfrm 71 vy @l (TR QL pH > 9 TR FeO($)-} @ sremn 1 wigs s @
FeO(S)-R (3 791 | Smaals @ FeO © Fe,0,-3 amoifirs gfig s wws ferfes
A
FexOu+ 2He+ 20— 2FeO(S) + H:O (1
% Rfrm Reme-Re pH-aa B frselie | w1 RRFm cows -1 ;

0. t
E= E"' - -'j“ log e = E" -.0'06‘ pH‘ |

<% TR AE Fe,0) /Fel~07 578 3 (T TS H+ 7)1 99w1 7815 Toi
7S fofes e Bl e | 1 weeT e s coveem STt B w1 Softan crem e
mﬁwwﬁmqﬁ—q@wwo.-c@wﬁvw wiR e @R o @@
@R e ¥ H.0-@ Refis s3r H, wuasmmﬁuwﬁmmﬁm«
s R SRl e TR SR I |

oty st A 0w e s e TR e

Cloy U036 ClOy —+0.32 , ClO; _#66_, .CI( _#040 , (I,

————y
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YR YR ST (R S o % w9 o Cl/Cl-%& . Cl, + 20 —— 2C1
«fs pH-ﬁ?lT."I’!FI

CIOy7/Cl, 7% : C10, /8H* +Te = 3CI, + 4H,0 -
E=E°- 8T Q= 1.39 + 22 1o [H+p
= 1.39 - 0.068 pH |
ClOy /Cly %% : ClO; + 8H* + 8¢ = Cl- + 4H,0
E = E°- % log [H*P = 1.39 - 0.06 pH
weR R TR R 3y

Cha Slope = =067

136 CHy

- Ccr Siope = -0.059

pH—

foat 3.9

3.4.14 mw *5fors e wliwadr TetRvm wi% (Balancing
chemical equat.on by ion-electron method) :. &% / fRenas-aa LI
(equivalent-weights of oxidant/reductant)

: wqﬁmqﬁﬁmaw-ﬁmmmﬁﬁsrﬂwmﬁﬂ «m%.ai
5 Wit M crew 7=

(1) AT mw«rﬁmm (AR mmm)wwﬁqmmw
Fiva Fotazl seprd 39

() St ofipe-Ruarg (e, @awem)wmmml
(i) mﬁnﬂmwmwqummmn
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(iif) G @ (@R O,) AN SR ( (IR Cu) S @ T
(ivy 7 SIS 75 = QY-SrFIA (F LI
(21meﬁwawzwvlwﬁw(mme vrﬁﬁm)wqeﬁmqmﬁ&m
fera

(3) G @A CAG WD SR T A A SR @ AT :mﬁwftw
WATTA (AN BT TSASME SR SR )

(4) wer-fafze wd-TiwRd g See s foa <« T, A -qasﬁ‘:w UEA\
e G- oo W?mma,mmm

(5) 3R TE-ERMG (s T | TOUTH mmaq afiafa aw fxy
IR e ek ATEA (oA |

(6) M wsfere smfea SN (AS B SR SSUALT AIH AT FAYRT A
(BWETR il w1 TSR i) @ 3, wmcwuqmﬁmmu

ﬁ”scs s weuf Rfen wow Srad ek

. K.Cri0: + H.80, + FeSO; — K80, + Cry(SO,); + Fey(SO,):+ H:0
SIRRANS o A%

() (2K*Cr0:-) + (2H*S0;") + (Fe*80,7) —— (2K* SO, +
(2Cr* +3S0,%) + (2Fe* 350,*) + H,0
A : Felt —s Fet . _
fr@m : Cr,0y~ — 201+
IR TR ¥ A% ¢ (i) Fet* s Fe' 4 ¢

(n) Cr,0y~ + 14H* + 6e —— 2Cr** + TH,0
(i) x 6 E, ,
6Fe —— 6Fe't + Ge
Cr.0y~ + 14H* + 66— 2C‘r-‘+‘+ 7H.O

6Fe + Cry0; + 14H* = 6Fc-‘* +2Crt 4 7H30

. @R : 6Fe> + CrO,~ + 14H* + (650 + 750;-) + 2K+
= 6Fe™ + 2Cr™ + TH,0 + 1380,+ + 2x+
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A 6FeSO;+ KiCr:0; + TH,SO, = 3Fes(SO,), + Cry(S04); + K50, + TH,0

6
Fe(SO,) a7 gemmeem = = 151.85
II. H,S + HNOy —— S + NO, + H,0
SRR BwE : oS+ (H*NOy) — § +NO, + H,O -

(i) HiS —— S +2H* +2e

(i) NO;~ + 2H*+e — NO, + H,0 (x 2)

H.S + HNOy~+ 2H* =S + NO, + H,0
o5f7S 7% : HaS + 2HNO; — S + NO, + H,0
H,S - g M . HNO, @ wemmets = M
C. Torame- R ; |
1. P4 + NdOH + H:O -_— PH‘ + NaH:PO_-!

P, + (Na* OH-}+ H,0 — PH, + (Na* H,PO+)
H, O 6 Sy STSfua I3 13
(i) P+2H,0+ 40H-— H,PO;~ + 20H- + 2H;0
A P+20H- — H,POs + e (x 3)
(ii) P+ 3H.0 + 3¢ — PH,+30H-

4P + 30H-+ 34,0 = 3H,PO, + PH;

‘41, P4 +30H-+ 3H10 = 3H;P01—.+ PH3 .
3, Po+ 30H- + 3H,0 +3Nat* = 3H,PO,~ + PH, + 3Na*
3, P4+ 3NaOH + 3H.0 = 3Naﬂ,'l>o,- +PH,
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1. KMnO,+ MnSO, + NaOH — MnO: + K,SO, + Nu SO,
(K*MnOy ) + (Mn?*S0, -4 (Na*OH-) — MnO, + (2K¥SO,' )
4+ (2N2*SO,)
TR Mnte 40H-— MnO, + 2H,0 + 20 %3
fa@mad : MnOy + 2H,0 + 3¢ — MnO, + 40H- (x 2

IMn**+ 2MnOy’ + 40H- = SMnO, + 2H.0
3Mn?*+ 2MnO4 + 40H- + (3505 + 2K* + 4Nu¥)
= SMn0,+ 2H,0 + 3504~ + 2K* + 4N+ _
q, IMnSO, + 2KMn0..+ 4NaOH = SMnO, + K,SO, + 2Nu,S0, +2H,0
R @, 9IW KMnO, -7 TemFsr —"’-'- | TS AR T, S, e 4
ganrEer fam wm

wa‘hﬁ—rz
(1) ﬂmwﬁmwﬁawm vmﬁwmﬁmw
(i} Cu+HNO; — Cu(NOy), + NO,; + H;Q
(i) Al+NaOH + NaNO; —— NaAlQ, + NH,
(iif) HyS + HySO, + KoCry0y — K,50, + Cry(SO,); + 8 + H,0
(ivy NaOH + Cly——3 NaClO, + NaCl + H,0
(v) MnO; + HCl— MnCl, + Cl, + H,0

(2) Tosa Rizem 4 wra-Remma &= ore -
~ Cn0” +20H"— CrO* + H,0
K2C[04 + HzSO4 — K;SO4 + KJC&O-, + H10
- (2) Teex RiFrmofie whe/Remce wmven @ = -
(i) I+ Na;S5;0; —— Nal + + Na,5,0;
(i} Cry0:F + SO, —~—3 SO* + Cr* (wfye TgC)
- (3) Tz fimn orew 3, e/ Rerrres geesr fyg =)
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3.4.15 wrdfagrad REws semt (Calculations involving oxidation/reduction)
YIRS ; 9% A GFSR TS = O AN GeNFo Fars '

L h. 0.4 s oNBTaRgARs S0 ffE &g H.S0,

- fufre (Am ARG YT R R T 76 AFEE

BT 28R AR TR A SR T wiie

| ARTAARS (pyrolu-ite)
nEATEa wlEs il

a0 20 ff. 1.05() KMRO e et 25 faufer. | B Mo
B (R TS Wi 22.5 R G KMnO g | 2 HIQR1 SR s
widl o wifas 231 WfAE WY (available) @R N wiff me‘ﬁm
SR "o AR (3R IFAL | e I |

AR :

50 ffA. FeSO,; %34 = 22.5 x 2 31 45 fff1. 1.05(Y) KMnO, w3
. ATRCARTIRE o2 THL= (45 - 20) 31 25 BB 1.05 (¥) KMnO, T

= 220 R (N) KMnO, w4

Q4 Y 1000 ffel KMnO, %4 = 8 2 =iig sifaem
L 25% 005 . . w o BX25 x1.08

4 ' 1000 x 4

.. “iRCAETIREA TN I TR o sifie = SX 25103 X100

1000%4 x0.4
= 13.]

2. K18 KIO, % fime 25.0 il o HCI #aet cael 30 @@ s fofs
1 SIALHA 300 a1, 0. 1(N) UTIFAECET Hae #Aiest | HCI B ol (38 3964 |

T _
faféFa : KIO; + SKI + 6HCI = 31, + 3H,0 + 6KCl

TIPSR e Scaiisra Rfdr l+e— -
28,0 — 8,08 + 2e

- Ao SRR w = O TEFSR

<. 1000 ff1. HCI 339 = 1 ammeigany I = 1000 ffe1, 8,025

a4 25 ff x(N) HCI &30 = 30,0 RLF1. 0.1(N) Qramierss LU
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=1.200 .. ffo s 1.200 (N

b tsd
al S

L 25x=30%1 K=

(48 T~ (A (I O (4 wiRe-RenRe Bizigem-ea A wmie-a3 sma) ey
—_— | | _ ,

3. 0.60 2T (FrI3E VST VBAE e
HEEES fra el o, Refes smid saw w7 are
77 | ST+ O IR Tt Wl AITHEs 1B I
e firel oFRs 71 380 | AfREe-a3 Sres 250 fifa,
F@ O (U@ 25 Rf-a 7ox A Aeie wife
@ 50 R 0.15(N) ot TS Jaef Tl 31 2o
wfshiw coame ke sars 50 R 0.12(N)
~BIBAT TIRTTTNG B] 96 | (IFINIR (FIHIR
eyl AfNe (@ I3 [Cr = 52)

(3% @ crifaanas
wEfaE FeCr, Gt Nay(,
fira s@em#. Na,CrO, $es3
Eudl

R -

50 fuffr. 0.15 (N) (2 IS w3 = 50 % 0.15 31 7.5 . (N)
50 fa.f. 0.12 (N) K,Cr,0; & = 50 % 0.12 3 6.0 T, (N)
<. GBI iR 7.5 - 6.0 = 1.5 . (N) K,Cr,0, @291
o, &AM : FeCr,0,—— 2Na,CrO—— Na,Cr,0;

Fe+-9a % fafeam Cr, 0,93 «ffkea Cr,0,*~ + 14H* + 6e —2Cr™ + TH;0

52x% 52

s Cr-43 TA%oR = A

~

- 1000 1. (N) Cr,0;~ et = 32 ama cptfia

Dk - - _ 5Ix1A
. 1.5 | = 3xmmsrmafrﬁm|

-, GETRE GpRIER e AR = Cr,0.- T = S2XLIXI00X0 43 5

Ix1000x0.60 -

4. K,Cry0, @ KMnO,~a (oiwe fRada 1.0 2 orat w9gs @ wiigs I (M3l
(o o1 BYR ofs 25 am wmad WeR 50 fifi- W e o Ranar <o
{composition) (3 FF | [Fe = 56, Cr = 52, Mn = 55]

115



TR : WA A TR x o K,Crs04 8 (1 ~ x) &% KMnO, e @@t Renfds @
YT Cr0;7 + 14H* + 66 —— 2Cr™ + TH,0 @8

MnO,~ + 8H* + Se — Mn?* + 4H,0 RfErm st

& KaCry0-a3 TEIeer = MS"*_'Z’;&”_XLQ = 49
~ KMnO, » " =_.§2..+_§§.§4:ﬁ><_16 = 31.6

1%, 49 2 K,Cr,0; = 1000 . N Fe?* w9

. 1000x
=759

» ' "

X T 13

R, 31.6 M. KMnO, = 1000 B, Fe?* waq

" » = _]0_00.__._..._.._(l - 1()
x =35

Fe™* WRUoR W11 = 25 am/fiom = Z(N) [« RiFmt : Fe? — Fe**4e]

50 ff. -g—g’-(N) = 2‘25%22 . (N) g1

. . 1000x , 1000(1-x) _ 50%25
S BRI ¢ SR+ e = T

U, 2041x + 31.65 - 31.65x = 22.32

: - . - 333
?H, 11.2dx = 9.33 JoX = 'lTiﬁ = (.83

-, 0.83 &1 K,Cr,0; @ 0.17 &1 KMnO,.
AR —13 |

(1) 50 fffr I KMnO, = BiRegerers & ) wrew FeSO, 83 (16 & =% %)
eI '

(2)* IN KMnO,~4% &% 0.33M 31 0.20M KMnO, | B5R 231
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(3) *fig H,50, ¢ H;P0, I% AT WISA KMnO, Tt msifEne groq smad ¢ Felr
TR (U5 TT T 1 T4 (MENINE A2 1 QAN S (A ST FL QO FA! T T
mmr'mwcfwu@wmmiﬁmﬂﬁmq (3 TR T3 FSA 2 TGIRA o0
oo

3.5 AR

o iR RifFFara sig, 9 A W FEREA QTS ; freman et e FR |

° Mﬂ++ne—Mﬁfefﬁ=fﬁ%mmmW5f%eﬁmﬁ-4 (E°) *iteq IMW (q WNward
W gE E=E°+ &L ln(q)wwmﬁﬁ—mmﬂmmvmﬁa
A% sfFs @

Y ﬁ@fﬁ%@ﬁ@@mmwﬁmﬁwmﬁmmm:ﬁﬁﬁﬁmm CHLa
wy-Rfgm 21 ofgear R e st

e 7 TRA-AERd @M a Oxas + b Redy #—‘- a’Reda + b'Oxg Sfeurzrra i
A I |

o RERIRST E Fowefl SR © XTST So1a Fré 77 | TMEE AT SATACS O
RS mﬁrﬁﬁ—aﬁ@mmmmw@wzz@w @ﬁnawﬁﬁmﬁ—‘a
71 T

o Cﬂﬁaféﬁﬁﬁ‘iﬁ‘mﬁmﬁgmmﬁ TUITFA, SO, pH, MY |

o TRI-FfEFm AmyIs ﬁrwmﬁ'ﬁz (RTT A T T 1 9 (T rmntrmﬁﬁmf%
sl Z7a ftt, BIRTTA ercast 2 A Rt

. W@mmﬁﬂﬁmﬁwqﬁw%mﬁeﬂmﬂwwamMW
21 T G} G LI HS AR ) T

o Nt Rfen wra-sum owea Rera-Reaufns fm suf wm sfefe g
o773 W SR 9T +reTl W I wnefs /e Sigel, weiaad-fawizy,
werad-faead Teuf TRCE o4 e Tm ) @fvwR, F% , R T 93 (wde
G|

o ORI THR AL (1T WG SRR TIRIS! TATH 41T 6T A |

o Wia-RwRe RfFTR Tiear AUoReR FE URR-3rR s RS 33 752 | 9%
A wRe- e ganwer Rdn o3 aw ¢ Wfds Reraem s FTm:
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3.6 epitaett

(1) <ol corigra BTt 0.1 M Zn?* BT (ORITTH T01 Fe?* a7 FIITE 7Y TS 73 ¢ (Coawl
WTCQ) M Eoznhlzn =-‘0.76, EoFe";‘Fe ="0.44) @Wﬁ q]an Wl

(2) 3.4.2 WY O |

- (3) ¥R THRCA CFTT @R T SR | G7 (AT (@ Y shaF T o B e
wamamﬁuf%mww&meﬂmﬁwmvmﬁwﬁwmwm?
@R @4 AG = 0 &% g @ O F W

(4) Oy(g) + 4H" (aq) + 4e —— 2H,0 ffFme cvwa E° = 1 23v I Oz-a'q L1 0.2
NN T pH = 7-q BSEa oW @ T

(5) pH = 0-C Clye7 #ifbuR 7ot
clo, —2, cio,- -+ M8, cio, 3 HCIO
E®ci0,-/ci0,-+ E°ci0,- foar-» E°oci-/cr- <99 TR 33 11

(6) 0.1(N) KMnO, ¥4 Jrgranst 100 ff. 0.1 (N) Fe?* wad Bi2ei== =q1 T0% |
E°Mn0; /Mar 151V @ E°rn fpe = 0.77V1 90, 100 @ 100.1 f&ift KMnO, T st

. I oL Ao I TS 3t

(7)) TAREREA TS ATSRe e | T
(i) P + HNO, + H,0 — H;PO, + NO + NO,

L) .63 1.36

s Cl, s CI

(ii) Zn + HNOy —> Zn(NOy), + HN,NO, + H,0
(iii) FeSO, + H,SO, + HNOy — [Fe(H;0)sNOJSO, + Fey(SO,); + Ha®
(iv) FeCly + NH,0H —> FeCl, + N2O + H,0 (HCl Sizm)
" (v) Mn(NO3), + PbO, + HNO; — HMnO, + Pb(NO3)2 + H,O
© (vi) KMnO, + SO; + H;0 — K;SO, + 2MnSO0, + H,S0,
(vii) C + HySO, —> CO, + SO, + H,0 '

(8) 78.5 RfE. 0.108 (N) KMnO, WRe wifitea Bafifers -ﬁi“cgrcm AwES o
e w31 2611 <} H,0, 7@ 39 @TR 50 R ohmagm @R At e
TS IS AIE?

9y WmchWI,OSHCO 12+5cozﬁwtwlﬂﬁﬁ=m '
1 a¥R iR eomw st wifie Fo ors o, mmemsﬁm
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offiers 33 A (H,C,0, 2H,0 = CO + CO, + 3H,0)1 3y s 30.6 ff.
o.ma(N)mmamm<wm?m§hwﬁmwﬁmawm%?

(10) 11.382 &= Rz&% § (bleaching powder) FTa @ BB W#TF (suspension) T3f7 31
781 ¥z cars 25 ffa. e o ey oy RgEie enfre e «Bifmm wrreRs s
FAH (7 TG (37 77 oS fmfas ware 24.35 fif 0.1007(N) (nfems
QTR F At | Ragaged ey i s

(11) S wmfers smiRe? MFS (HOOC. COOH) xH,o €3 1.650 &MY TTE HAGS I 250
31, waet oS A X 0% EAC 25 i, lOS(m) KMnO, ¥ 24.95 fifa. fim

ool Tifers T8 | x-a7 9 ey Fam

37 TeawEn
-1

(1) ofee-gpmafe MRS Cu, WHFAT 8AR 29N, Cu A|WA7 ¥ (Y@ Fe, Cu-(T
sfsgfers ¢ wuifrey Tal

Cutt + Fe — Fe* +Cud

(2) m%wwﬁwmﬁmrmmﬁwmﬁwwﬁmcmm&vwmmm
T A AR (FeSO,) LR TR -

(3) H-a7 Nes2 9w @ : Cu, Ag, Au

(4) Sn. Fe-aa T wRiys | o1 S5g #6@ (7 (I OR TR (T4 Fe-R WAt T39S
7@ 1 SR 7o Fafds g Ay

AR —2 |
() _E"m,,o‘ > E'%,cr0,1 -+ KMnO, Sl&7 w1
(2) 1; Refds e $,0¢ =ifis 7|
I5 + 25,04 = A+ S0
(3) FeCls, HgCl,, KMnO,
FPRHER—3
(1) Ce“::em’immw mﬂmﬁm mus-a*’q- Oﬁlog (c%% R TReITTR
@I Ecetoscess < Blrll-m R
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12) Eﬂ(}uwc“'-aa TR E% 14720 e 4 I | iR m TfGeeE I Cu — Zn
| CN~, Cu®* 9 70 wiiber (fit 0of 30 3097 E° Whi-aa S 805 wiw | sfye-eamzm
FeeGroam

SR —d
(1) VO +4H* + ¢ = VOF + 2H,0

-7 11I+14
E = Elyo-vor +0.06log V(?:/ gﬂ; )

[H]= 1 <=8 [VO; 1= [VO* J TAE = E°=0.92V

pH = 1 A E =092 - 0.24 = 0.68 V | wSIa% pH-92 7% E ~f31%s =3}
() 3Cly+ e 2 Cl-; weifiafbe A

Cr,0;% + 14H* + 6e = 2C6™ + TH,0

06 ,  1CrO;¥ ) [H'M

E=E°+ g log g [H') 308t (wefie pH ) E 3w
ﬁﬁm«w@%wrmew@a@mﬁm&mm.ml
TS |

(D), E%r,0,7rcev =1.38
E“cn,xcr’; 1.36

vnefw TE 0.02V | IGE Cr,0,% ¥GT ClI™3 WA ¥ @ 906 ( wwan ¢ b CACISI ]
IR A, O S 7w A 1 ot 3 wfs N BRI w1 2w QSR Cr, 0,2 R I 5
© OT3 S I (law of mass action) SFEMAY CI- wfi® 271 |
(2) Ce* 4 Fe?* =\Ce"“ + Fe*t .

BT 3+
25°C-a E; = 0.771 + 0,06 log {—Z—i—} [Fe** + e &= Fe™)

[Ce]
(Ce™]

[Ce™][Fe™] _ 145-077 _ |4 33
[Ce™) [Fe™) = 0.66 '

s K=21xto"

E, = 1.45 + 0.06 log [Ce** + e = Ce™)

5 log K =log
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(3) log K = 0.77-x log 0.531

0.66
A, T.726 = - 0.28 = {173
077 -x==00168 .. x=0787
SAEA—6
(1) 3.49°G 3.4.11 & (7Y | RTSIR AREH)
(2) 3.4.9 YL
TRER—T
(1y LAY g 50
(2) (i) MLTRA (i) 0.95V, 101%
wpAEA—8

(1) O—Rmmraifem Fe?* wiba civ, RN SR-Rmize anfim Seges, uiE-fmiRe-an@a
@ & Gyga (i) a2
A9
(1) AG® = - nFE®
(2) =S e R w9138 3|
el —10
(1) (i)0.34V
wEpAETA—I1
(1) () TS, (i) Fomme-fRm@d, Mn(VID) (i) Mn®*, Mn?*
@ OB G i) B
R —12
(1) Cu——>3 Cu? +2e (x 3)

NOj +4H* + 3e—— NO + 2H,0 (x 2)

3Cu + 2NO; + 8H* = 3Cu?* + 2NO + 4H,0
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(2) Al+40H —— AlO; + 2H,0 + 3¢ (x 8)
NOj + 3H;0 + 3H,0 + 8¢ — NH; + 30H™ + 60H" (x 3)
(3) ®RY: H,S—> S
iR : Cr,0 — Cr*
azeg T B T
(4) o :
Cl—> ClOF
Cl— CI-
(5) e :
MnO,——> Mn?*
Cr—s Cl,

(6) =1, IR BT ezt 3 Ryfds wib =)

M OI— 3 +e; TS = M
252032_ -— S4062_ +2e , " = M

MM
3'2

(8) KMnO,, SO, Zuif |
SEAEN—13
(1) 47.5 fafa,
{2) ganwers ffEFe 8siy €T 3121 MnO; + 8H* + Se == Mo’ + 4H,0-3 (%

e I L IN=02M

(11} QYHTH

MnO; + 2H;0 + 3¢ = MnO, + 40H™~ C¥01 gaytasr o - IN=033 M
(3) w3 e ey fRemaeeta 1w R Fe = Fe™ + 3¢
Fe* wmare® owta Ko 7um RiFa Fe? S Fe v e
11eq SR @ KMnO, Renfie 723 witers 3% Wie@ a0 «fimi | worey arsta 3w
Ot TR 39 A |
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et

n m«mmmmmmm:

Fe+Zn™=2Zn+F®* ()
memeNg:  Zn®* +2e—> Zn E°=-0.76 @
Fe®* + 2¢ —— Fe E°=-044 3)

(2) - (3) o= (1) AT W) .. B = (-0.76 + 0.44)V

| =-0.32V
(.. AG® = -nFE° 3| .. Rl vorqe o= ot wegs, s () RifFm smpems
R TS R ] - o
By = 036 log K mlogx_io:’%— 10.67 = 11.33
~K=21x10"
[Fe?'] 241
9, K = Zar ,[Zn?*} = 0.1M

~. [Fe?*] =21 x 10" %107 =21 x 1002 M

Fe?*-a3 a“-’mﬁwm QRIM 3 R won werR T A
2) RErd-Rer 370s ) AR @ sifts-amufe w1 so g3 54 F e
(3) 348 13.4 5 (YA
(4) 0.20V
(5) 1.185, AP 4 Fre T35
(6) 34.10 Tt (TR 1 Bt + 0.83V, + 1.39V, + 147V,
(D 3.4.1431(#1 ored fver (681 T |

(i) P¢ + 1ONO;™ + H,0 = 4PO*" + 2H* + 5NO + 5NO,

(i) 4Zn + NOy + 8H* = 3Zn®* + 2H,0 + NH*

(ifi) 3Fe?* + NO;™ + 3H* + SH;0 = [Fe (H,0)sNOJ* 4+ 2Fe®

(iv) 4Fe** + 2NH,OH = 4Fe?* + N,0 + 4H*
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(v) 2Mn?* +5PbO; + 4H* =2MnO,~ + 5Pb2* + 2H,0
(vi) 2MnO,~ 45502 +2H,0 = 2Mn?* +550,2-+ 4H*
(vii} C+2504%" +4H* = CO; + 280, + 2H,0
(8) #ifN 2,95 =y ‘
(9) 1.027 M
(10) 30.60
(1 2
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4.2 Wﬁ@ewwrew:. |
421 usf/i%m el
| 4.5.2 wfReER g
4.2.3 mwmaﬁw
424 RORIWTWIARTE
425 =M o comm b w A
426 e o vy : o 6 s
4.2.7 TG T
428 Tumfey weaw
4.3 Wl TTge. ATA :
431 eeiBos R v
432 e e R
433 e fifew 3wy ¢ % Wifsoway Rl v
434 ftﬁ-ua @ Hammett if5st suaws
435 wim e wifie! o -

- 125



4.4 FE™
4.5 FEorE eprad®
4.6 TgIUEAL

4.1 SR

T ACHT T (AR IR FALe3 nhTS e TR WY *iafeR w39y
wﬁfﬁmmwtm T G2 (TS T — Foray @3 RO owg Seif |
IRIR @3B quma?ﬁmmmmmrmmcﬁmmﬁww
aiﬁwamw@naa\aﬁmwﬁmewwﬁvﬂ\mewme &
ﬁmmﬁmw@ﬁﬁz&w«ﬁmmmmﬂﬁmaﬁml
azummmewmmxwmwm\m@mmmw
TG AN | FRE AT ST w9 HALATH A R It G4 SBTS @ iR w5
. TR (Aqueous Chemistry) B3 ©FY S T30l |

a8 RPGRITS ¥ WA AR (lonic Equilibrium) @22 ses==if¥e Rfen
wmmmwm:mﬂﬁa%mmq(ﬁvm m)mﬁ\sew-ﬁ-ﬂmn '
e e @32 RISE owea OoT e o9 T |

A

CEFOLIC vnéi*rca-mﬁmesfﬁmmmﬂmm—v
. Wewmﬁ*ﬁ%weﬂ\mi

o fom wIwm ey © Awrwet ' |

o WiHE @ Wha e (Strength) fRehe/® Expression |

* gfie mmmm@wmu waﬁwmmmmwe B A IR
T |
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o B G cor wite-wR ARSI

o R (afRem gat e/ FE Tor wRER 4OR ¢ AT e A
o fifen (w3 Mo wMFS/ = (Gl WY W3R BT Tofa BRI ASR |-

o Gfon oTgR ST HRET WG/ R MRETAR AR G < TR

o R wifFe « = aola B4 RfSn Iraeian iy (Steric) ¥o@|

o GITAR HTH SR SIfes! ¢ wATeR A, wﬁwﬁtﬁm%avﬂm
AMAD 47 |

42 SHESIRIER w8 TF
wnifire ai s IS e F 3Ry

s el e o o7 SO | el s ¥ G iy o, 1 e g
bk ﬁ%mzﬁ@ma@qﬂam Kine|

.Zn + 2HCI = ZnClw + H»

L GAR FEE TSI SR o R 3 | wewfis, B agre wiige AR o (1 SRR AE

WWWWWWW!WWQ@W#W ali-quile,
carrasa\mﬁw Alkali @38 A1<ER e w1 mﬂawwafmmmwﬁ@\,

Wmmmammlwwlﬂmmma

4.2.1 wiffef® (Experimental) 7l

ara wwar g3 e wne—a3f fefen a@x woaf @I (Theoretical)! #ftw=e
frafifirs wofs fofirs w1 w—

L[ mm st g—Rom R W@z I IR, Tfeww g3 (ﬁm‘*m e o
+AfFaEd IE, a@ﬁmmwmﬁwmm < St s RSN @ﬂcmqiﬂnﬁ@w
ofrgfire T | Tea, IR R SIS 3 1 o S wiofn ffre Rife a1 anm,
. eifir g AR THREE TS 3@, HEE i 3wt fia fHoar e Wl
AGITS A TR |
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if§® @t (Theoretical Definitions) _ o
ST '@ 17 <P NIRRT o FTHS ¥| TR A I T SR, TR
fefeom smcm RS o5 Sorgrom T A1 FsTS T Wefie Generalised ZETE @38 R
wcﬂ’nﬂaw‘ﬁwewwmﬂnwmm| awqua%awawaﬁ@m
ES T TR

4.2.2 W o | o

R wrszemT S % e 1880-1890 @@ et erwte) AT | G3BY sterw e
G (Qualitative) 32 wifd (Quantitative) AT |

TG —ZR T T mrﬁﬂsﬁ"ﬁumqiﬁtwwawm*)@mammwﬁm

FI-—2RERE @ (OH™) @eom IR C TR :qura H* @3t OH~ =G ffesam v
_@aﬁmﬁ e fR '

%ﬁrqaq : _
\ T v
- T HNO; y H* + NO;~
) AN w3 N
CH:COOH — H* + CH;CO0~
: TN A _
B KOH - y K* + OH
' Ty Fae ‘
Ca(OH); » Ca** + 20H~
}EA : H + OH" y H.O

. OFY : (l)wwﬁnm@aaiwﬁwmwm%ewmﬁwwféﬁf
FTACH | SR e A W AY TR 24} T WS 271 @H—HCL. HaSO,. NaOH.
KOH, Ca(OH), Zoilfi | Revg &tet 3, wire = et wiies sifonet fRcafers 2 T Shre
A W & (Strength) WICH A-ROTE AeIT A RS 603 (Dissociation
Constant) ¥ &1 5% 321 2 | B41zA4-—CH;COOH. HCOOH. HF. H;CO; %wifi 14
S | NH,OH @3 3 R i Regiem Amm—
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1 e, HA-9 %,
HA Z—H* + A

ay* . da-
e REem-433, K= ——

dHA

GTHTE, a = PRGN TG, a = ¢ (IR T@)

SR, J BOH I3 CFia—
BOH == B* + OH-
922wy Rarem-433 Ky _ G- Cor

CHOH

- oArFRTG REmem-43%, @ —Kamm = 6.9 x 107

R Ka(CH3;COOH) = 1.82 x 10°°

wed, CHCOOH @& Wat HF sy fi wifiyss |

(2) uﬁmﬁmwwwﬁmmmwﬁm@m H* smEs3

W@ﬂ?ﬁ@‘ﬂﬁm\aﬁMKrﬂWWﬁﬁtﬂﬂl‘@W Wmmm

mmﬁzmmzmmﬁ R NG FHels (@ |

(3) e O SPIE e S i @ e srjefaiet s Rrnfers | ame
SIfTG '@ it A fdrml YoTes He @a ek OH- 3 Ritrm «ae «amet R Rfd i

(Heat of Reaction) FIC%a3 A8 2671 Gibe | 2rxa w1+ (Heat of Neutralisation) fAefn 712
Cral TR, 1Y T B IFTG @ I P CFC @3 T GBS MRS (= ~13.7 K. Cal/

mole) | 9% $2j ARITF TR ©F IR I |

Srataget :

(1) %O (i Sef B, St ; Sl (Nonaqueous) B3 1 ST SRZH
wcefbs wne-wr RfFmm grum smd)
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(2) (A TEe 4S9 THITE a1 TEGARS Te TARI, O a3 2 swuef | @,
MeG. CuO, ZnO 3 Zn(OH): Teif )

(37 smrmifEm T TTR Il Gsia miES oo A I 9 |

(4) wER gnd [ By daem it/ wr wal wElE e wee | zea
iR AT AEPF AT (ROT TR (AN AICH R i, wae
wigfrErrs S HC) Seofg wa |

AlICH + 3H.0 ﬁ Al(OH): + 3HCI
GG SSHEE T T wiEgRki#e 2 Ol NaOH Sevin ar@ <92 wad 1w 50|

CH1COONa + H;0=—CH;COOH + NaQH

(5) B SIFR-fTsa 743 (lonic Potential) $% (Bure) SiATSem Siarag w& &2
T6 SREE A STE |

ST 1

AR BIEA—() TeAd PCls, FeCly smfifse
(i) - S Na:COjy. NayPOy T |

4.2.3 (&IS58 it (Protonic Definition) : a7 e  (Bronsted-
Lowry) &g

1923 4. (ST FBG G BT SBT3 73 ool FEITSHT (3 TG Toglem
| GRCETAP] STGR Gem «fS SGis @R SETn (Generalised) | afbs «aft wdsts
{Qualitative) 93t wigs {Quéntitative) Ratgca )

=

TS A @B WY A WA, W (A AW TSl TG | Wi, i 9 A
(2D AR 2RTE TEUA |
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s —PIG @ FIEA W GEEe (26 WiMm-eHiAE %4 eise f&FE

Twizad—

e CHOH (=), HSO, HN;, HCO., [AlH0)]" 2%fS WAL (afbA-emid

wefie FNTT HIHG |

NH} ——— NH, + H*; [AIH,0) ]** —— [AKH,0), _ (OH)* + H*

® NH, O, OH, PH, F", CO;” uefd e} (ATA-AIZs, Woad, JIE i |

CO,” + H* 3 HCO, ; O + H* —— OH"

T Soirae Tifeaaare Bl H SR 4@ S T, (alf6A 39 9 AR (@RI

Gl RUITR

® PA—

"
HN  + <H(C ——— [NH]* CF
0+ 2H:Cl —— H0 +2CI

OH™ + [NH,I —— H,0 + NH,

® HCO,, HPOS, H.POS Tonfn Bewd (Amphoteric) FEE, ) G MG A ARG EIE
wdfle ST, ce o Ampholyte-6 3@ 21|

was WiSoFA @S (Conjugate acids and bases) :

FJRC TG TP, cﬁﬁaﬁm(w,s)@ﬁmﬁﬁmﬁswmﬁw
TACS IR | TG (DA SOETSd (A) SoFfere @l wE w@ W o I
e, e (A SR Y13 SAMFE Species-7 TWRM (A6 Fmad WIS AT

wefie ©RMY Specieslt @l IMBE | Wowq, @ @AS IALT WHTTA @ gs
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wigels =t smTshr W @m =R (Conjugale basc) | SFALH, ($IR¢ INBT AT Proton {&
Speciesf® @ wam wEm MG (Conjugate acid)! Wfis @ TR RS M 41w

THrZAt—
HF —F— H" + F
=i, R SRR
co, + H* —— HCO,
I, wE Wi,

Fe-Ea e (T erTE 13 SIS WE S SHRE Wy (A S 2
Afsitrenpre R sureer wma FHii—

e, + WR, ——— R, o+ Wb,
Swl HSO, + NHy——— SO+ NH*

NH,* + OH”—~——— NH; + H.0

HCI  + H:0 ———— CIF + Ho*

S ¢ ¥ WIS WIS ¢ HA—

(A5 ST SRTOR TR 8 e <fem wwa) fr a1 S wyifimer A
Tl YaTE! @8 QAP (A I W W (@A gt el YR ou | We9Y, S G
witea Taw w7 | RARics, 1 e wifvey ses W $ ) @wE—

HC! SN H* + ClI—

- ©R wifre T, SR Wi
CH:.COOH —— HY 4 CI—
g wire S ST FE
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wqmﬁéﬁwmamwﬁ@qqmzwwwﬂwﬁ@@a:mﬂ@@ OH—
AR A S H-0 37 =R H.0 &3 =535 Wifie € Ha0* |

FIUF oS

mwmﬁaﬁﬁwmﬁmﬂWWﬁmmﬁqmﬁvmWﬂuwﬁm
oA | G, BTad TS [ A o TR S Fewta | gmey s fefers wred
freferfas uTfde @a e «itay

RiEed agfe Tuizad
(eITBIERe (Protophilic) | @C2E W H,0. NH, Zenfa
3 (B
(ABITEE (Protogenic) DG TS | H,0, HF, CH,COOH
3t caAben Fotif
ST (Amphiprotic) |  ES @ifTG @ Wi H,0, C:H5OH
a e (ACHES ExShIE]
sreiiGs (Aprotic) e A =i CCla. CeHo
3 el s Bon 4if3 wReIFe EXI
E=)

caﬁa@nﬂeammnﬁmmmnﬁ@wmﬁw%cmeﬁmmwﬁm
(oifGm 2ime B0 a9 RN WEE SR I |

"HCIOy4 +
Wﬂﬁ_\'ﬂ']

H-O
Fi4;

i

ClO4~ + H.O*

R Wﬁf@‘g

. o TEE WG T RGN WA (Hy0%) Ss (@Re $13 i o ARe
SR | Sl O wEN BRTS F (2t O 0 |
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G, + Wi = WE, 4+ W
H-O + NH>"

il

OH- + NH;,

-0 + CaHsO OH~ + C-HsOH

® T SIHG 473a T 0H~Wmm@@wwmmvﬁml

m@mmmerSmngm)mwﬁmm% oy g
retérence NS A (64 FWR-SWH #FHYIE 7 433 597 | HAIYETS reference FA0L AT
H19E | (T, SOCEE oY TeiE a0 —

HA + HO = A + HRO+
CH_;O* : CA‘
K = _
Coa - ano
CH:(J+ .C.
A”K.Coy = K, = (7 (= &)
Cm

GTHE Ka = SH-fAEem g2 (SRiEf et s wea) |

A el fifds 21w owem wihnes K3 uw g | O3 19 79 &P FCRS WY
ERRTEE S R EREE Y

Levelling Effect (FrnwHiataad ifera)—

7 wfeR =Gl ST e fd e, Rrg Wi S wpinea owa T T | wRd
SR WA o & WFSsRE Tk Ha0t sirim siide o' witm «femamn wwet
ST | ST (T (IR A ¥R s <ifera swer wie—wa<s Levelling Effect
W& @ B HCL, HoSO04, HCIOs , HNOZ—00e s S o€iaam 23| 97e]
wfFes i) et o) STeR GEm e I (AR Wiy AL e | SR
HF a1 CHyCOOH uless Jitel 9% 303 G0 =it fiaiel 93 | g, T (R
wiges smffes 4laE Levelling Effect (71 Td |
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JNET TG AT
I G% MW HET FAeE W T TS A ST (AR TN 48
7. HaA TN YIS SHYS, SHIAFY 8 wmfiR s HE sl ey S |

3. e witTE 9 WY o AR T SEEeeRs ofiFma o @enk saem Gy |

APEATE, WHRCTA JATG STGAL O |
H,O + F — OH + HF

—_—

[AKH O] + H0 == [AlH;0)-1 (OH)]* + H:0*
Sowrwrey REFT 1S SRR S T |
AIRFS—
el (GRS, BT @b (Protic) MY CRLAR YIS | WUG WG

syeifa (Aprotic) Gl wuIfS @ WA ol @AW, W FAHT AR ARG A
T

SHTEl-2
1. Swa mrgEefd o@d TE—
ToEE WHIA—aE W3 WRE WIE-ER (FG............ . G S | H™ 93
EE SEB o | e GBI Ampholyte i [ AH20)s(OH))H &3 S
11T ER T LI IO DUUIORIORON: . (<. 30 s ERCL 1 . M
e BT G2 817 SIS K g @3 W TS @ SRF B TS..........., | TR FAT

A1, TR WA B0 HE @F SRR 6308 6., AT Rw S

NG G 9T | WA SHOICER s WG @ W17 T .o 83K
vemeean |

2. NapO @9 &&m 831 Sy wRIW | 7w 0% #af & Term v e fmi
3, W AICH SRS, fw NaCl e e Fa
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4. NayCOj3, NaiPO4, CH3COONa, NayS 93 AW madef =wifm | aam s
5. Y e wife eeE S i witvelr wfewar o «&F* HCIO; > HBr >
H504 > HCI > HNQ3 | IR 331 |

4.2.4 ROR YWeSFAN G (Lewis Electronic Theory) :

Tt WIS L0 RASE 3R 98 TR (TR, I (ST 8 T 4 @3 N
2enlba wri HAS 20 wreifie s Rerfiar sifs « wiee et féa 5@ ey
TSR FAREH R RO (G. N. Lewis) ¥ &% @3B a5®1 | @ o Sl

A @3 GG Species (W A ) T WBISTS QBTG BEFH S0 T TG
1 (S A | s, ST Species 14 8WE % 3ERIGR (OIS 59 TATS AT | SHIEARS)
T 15IG e efEnt | YRS TE—

Aq »y A——B
G A P

H* + OHT ey H,O:

¥\

Ag' + 2:NH; —— [H:N-—5Agc—NH;]*

Fi;B  + :NH; — F3B«—— NH;

0 O
ojS/bN@ ——-__»o3S<___N@

° Wmm{ﬁﬁmmcﬂmﬁiﬁmwwqammmbim-
aaﬁﬁzmmmwﬁwmaqﬁmquwmm
A7 S (O w5 TR TS SoRE HA e |
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® mﬂswmw cHll A, ST FEG WIAY 3 TR g e 3R wR
TNBYG BR T | ST —
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NH, :  H* ——— HN ——— H* (NI}

N

HO : + H ——— H,0 ———— 11" (HO")

o ¥ wifSrs @ WA (TA oo TARTY ¢ THrez

| qred IibTA, fAmeEe:s moi WA st e wadel S
BRI -d-3 4ISa A, Be*, Al*** T |

2. (% TR GO TR (IS AR Wl spresye | Swizan—
BF, . AICly . BeCl, Zsfay

& 3. (% WA G M R RO W% < R 1 d-
=S TG | Bwread—SiCly . SnXy, TiCly Torif# |

4. (3 AEE S AR TS ST JCERGIGaGiel woem sy
TEIEA TG | SR —

Vd . AN
CO,(0=C= 0), so,d\o: s:‘,g/‘. . N-Os Terfa

J. W4T TR TR TEiRe, CN7. S0, ToiM |

b

O’ AEE e W AR A s 3G (o1 T8uM |
wimad NHaz . CsHsN, CO, H.0, 3917, 4add 3o |

2 orgd Awe ¢ Huame!

|, wmpTE ST Yo aft Ffrsre TR (Generalised). (2nfoe o st w3
TR CFTER, AT G2 TR F o
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2. OIS @ O RIS (@fofie FEe Wil s «of S st 30 ey |
HAAIG) TH TG ST (ABER FII 475 53 41 A A5 wntie mamk
EASHA (NG AT T HZH SR R A Yo ware fivwe weed) wawm
(Intermediate State) I a1 AT, CUATT (LB SR AFERE 1 w17 a1eat o5
% g T2 WA AN YF |

Aw}{—):B%a[A ----- H--e--B] —— A~ + BH*

3. €% O fofers wifie-a1e emm R gag corafemm o anst o5 fafra
TG FTR T 9 S | «@F wnffa Wi Ty g3 ol womm (38R
4.2.1) Qe @S A
THIZA -

Ag* + 2NH3 ——— [ HsN—Ag «—NH3]* ... (i)

Cr** + 6NH; ———— [ Cr(NH3)e)™* oo (ii)

Rt (i) wis, wreugq, wnfe-wm R e (e i) 19, o o cEess
31 wfoat (e otom R

4. 727 Oy WG A WA PR MEWaR @ e wwn) @, Bett W3
FATE NHy woort F— Sl w19, It F~ o <fés 5jfye [BeFy] = o
T |

F F |2
Bet* + 4F~ —— Nug ol
F/’ NG

F
fang, Cutt @ =M% NH; Sw »1)

HyN NH; | ¢
Cu*t + 4NH; —— )Cl{< ’
H3N NH;
WO, X O WG A WA oW Fhe (v tefivs 1oy )
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RT3
frafEfs smis-wr ool JR-ernm afem GEm)
BH; + H™, SO; + B@fa, Hg* + 17

Ag* + 8,057, BFy + Et20, SbCls + CsCl;

Ni + PFa ; Zn(QH); + KOH

1.2.5 &% ¢ et smbeowia AfS [Hard and Soft Acid Base principle

HASAB) ] : ,
VRS AGS TG G ATAITS! TR WA oY A'® A 1 4R v fefers

o e AR RiFme b 12 @firs s w1 s Ar—enhre-wr R an
Te-ferae Rfean

wI7stE 7 TR, HET oG SIS @ wiea A gEaers et e R. G, Pearson-
R ST, 3R BT EA (915 AT TFUS1 32 WHFGR O Sgeei Hae] ARIEE 20 A, OIve

Fregy SO A 578 4 (TR 1S A Stability-s ww%ed | 4% %S wnifie ¢ wiaw
3 R arafa Bom FidaTia g crofa ==, 5 <2 (BeTe! (Hardness and Softness) i

073 fofers frria wfim-come nfirs-wia e’ Sergism wwa)
Heet .

5t s / w1 oW 9% Species TR WedarzEIF] S WA (& @32 TR
AT FTH JETHAE FELF (WP (Polarised) I WoAMRS T TR Al | GUFLR AT
BLAEGA T WA |

ot TS / TR e gl T3 R AR TG A SR SIaa 3G |3 (ST
TR SATH FI FIRE (WA (Polarisable) 3 Fa717 |

THIZRS
303 wifrs : Be', B*, BF,; 2ol | qUata F7ibrmof S wie-Ae3 srtg @ BF,
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TELT T LLETIGIACHTS [ o171 e T80 Y | 0, ACSIAT (RSS! 375 BT
@A ST |

W . Fm. OH™, wfmwemR | 8% wermeffes £, O-swm qrerems
SR |

(e SOITG : Hg**—See 3% @ag a9 ame-fiea gy
BH—3q AMGRAIG H—AT0Y Y& AR B-o@9197 (ASTS! @3 519743 |

(FRE F@ 0 5T, RT, H— oI 36 31 avarefbedfisl ow 2emm cuiwms) o4
T |

%:aﬁawﬁmaﬁawmwwmmwmﬁm:w%ﬁsmﬁm
@) weiafurs (e Smbie @ T @ wfis Jis |

@ urla fefere fPrarh 39 wific ¢ wrofie fsfife el afics s
TCATHA—ITA, (FINE @ FG} (Borderline) |

= @ S
H*. Na*, K*. Be**  Al», 1 Cu*, Ag’, Hg™, Hg*, | Fe¥. CO¥, Pb¥, Zn®,
witfiw | Fe'*, BF,. Si**. Ti*. [ Cd™'. P, BH; ,} SO.. NO-, GHH;-
Co™. AICH, SO;.CO, | CH;Hg*, I*. Br*, M° B{(CH},
(4rsq #aslq) Gal,, I,.
Br:

H,0. OH, F, R;S, RSH, 1=, RS—. | Br—, NO,~, SO,-,
CH,CO. , PO/, | SCN=, $;0,%, R,P. | Ny=. C;HN

CO,2~, ROH, RO-, | CN-, CO. CiH. .
NH,. N,H, H—, R~
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HASAB TSz gt ¢ ,
% Tifex et 525 01T @ wiEa afraEengErs s ofd afs it s Sem
siwleeld T (TGT HYA ZLRCR

Wiz
1. clies R e w1 wER 1 @, (Aghy] A% g {AgF. 7l

Agt+ A [I—Ag—I]7 5 Agh+ 2F—— fafer = s
(R (TR #s @A T

2 Rfirm wioud SHE 78

Lif + CsF  —— LiF +  Csl AH = -33
whA-crE @A gl @mE-caa K. Cal mole™!
CF:H + CHsF — CFy + CH,

Hg2+ + RSH —— HgiSR) + 2H*

Fi3a-cawa witrewres =fFarE (Quantitative Hardness and Softness)—

SHITE 2 IR I A1 (TSt Wi el w f e S 3w wf w#{iA
@32 % oI el qio reference R 1 W Wy efTASRES ffm e
B I T0 @3 2 R ANEAEd TR & St 3w A A Qe Wi
ﬁm‘ﬂm:mw,ammwﬁaﬁaHwawﬁ@smacngng*-mﬁﬁwamﬁ

GRIT |
' BH* + CHHg' ;“ H* +  CH:HgB*
e wIEa owed ARl on Sy g 3R e crea I weudt w3
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BRIz .

H:0 + CH:Hg* === H* + CH;HgOH K = 1053

HS~™ + CH3Hg* == H' + CHHgS~ K = I0¥

a2 Reference SHP1G 46 @3 wnum RfE® goam RiFm st asqie GRR «ag s=e
Lol

Ff ¢ e wifgs fofe :

TSRS 2ol SilCst P o{oqeTas Bi-f39 a2 (IR (Twet 4 st stiea Fofa o ¢
aﬁﬁmﬁ%ﬁw@mﬁmw‘m%%cwwm——aﬁ?%ﬁqwms
Electrostatic 31 S~ | afreia 04 snife @ o, (I, Lit, Na*,K*, F—,OH—
W@Q@@whﬁamm@ﬁm%ﬁw,m{wwmwsm@wm -
m—ﬂﬁs%waﬁaAg.ngﬁmmC!mmwm@mww
G ST | AT AYCAG species OF FHAT (INe1 |

T TE—

I. PbFs (0156 5% Ry Pois w1 anen =
2. U Mewile st B ARy wivs AHe | g o |

4.2.6 ¥Rs-o5 TG (Solvent System Theory)

SIS, TR A RO (A0 (4.2.2) W) (TR, Wt & He e o
GG SFIIG 0 | SPSATE, HY S ST H0H [ SR H30* waerst RAgwe | orowea,
BT AR SRR, AW 9 S SR WRE SER i e wifly wmRef femel

s writs A
2H,0 = uo + OH—
2C;HsOH =—= C;HsOHy* + C.Hs0—
2NH; = NH + NH;~
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1905 ¥, FIwEF (E. €. Franklin) @5 sty fofars $m @ms-Biooy oy e
BorgoW TEA—

FEATA ETS, T A A FRIIIL BRGSO TSoursA-frares b «as 7@
HYPE HREE ISR (Solvent Characteristic Cation) ¢RS TRKITE SATHIES {Solvent
characteristic Anion) BeHa I | @F* BRTF (4 HIR ST-RTARS 3 e e R
BRET FIGRA T (concentration) 3% 03 © WIFHG | WS, (1 917 SHERASIR HRER
SRR S 3 T O W

STH—MRTIT BT € SHRMAER #ra=ifdes RiFram grae Sesm s7—abid o= |
Borae Surggdofne ol RiFmafEd aawm | udfe—

H,0* + OH~ ——  2H,0
NH,* + NH,— —  2NH;
el ¢ Be Sy warE e e wrell der @y amm e oewt
YRS cat wrrER st [ i
HC! : HCl + H0O === H;0* + CI— G
el NH4CI : NHs* + HO===H;0* + NHs e

AlH,0)%* :  Al(H0)** + H,0 == H;0* + AI(OH)* =i/

Na;O : O™ + H,0 =204 %
NaOEt : OEt— + Hy0—— EtOH + OH~ i
NaNH; : NH;~ + H;0 —— NH; + OH— g
HCl © HCl + NH; —— NH* + CI— wpibre
wpTaiREl NH4Cl NH(«Cl —— NH4* + CI- e
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Li3N : LisN + 2NH3 —— 3Li* + 3NH;— b E |
NaNH, : NaNH, —— 'Na* + NH,— B
e wWiebe ware wiee-Hetw vg—

WS CFLAR URS-PIC0T OF (T M Siews $are A, g sty sieiis
HRIPS G TR T 93 {0 W1 A1 IR (O, O7& 9% (COCly), SO; 3]
N,O4 "t S RiEFam i ment 793 TR

HRE BRI IO BRI SR
08l =2 COGl: - P
250, —= so~ + SO~
N0, = NoO* 41 NOV

o fem ®AY AICl;, BCl; 2l wifis, wmid—
AlClz+ COCl; = COCI* + AICls~ .
«R2 [ N(CH3)4]Cl, CaCl, Toiif% %17 eam fsaist
COCI* + CI" —— COChy :

e T SO, HRUE ATAE (et [ SOCI;y, SO(SCN); , SO;) Tt ifiis «as
TS T | A efermt— '

SO* + SO5*—— 280,
e POCH TR A WIfs =R RfFn frefiRe Fo: Se-Rers w@ e 33
=; POCl;s == POCL* + CI- a1 2POCl —= POCL* + POCl

Arge— -
BRS-FeoT orEr arRe Sl uak wfe/w Species @a Rfewel o3 wrEa wyow

144



vl | et ER 18 S wrRe ¥ SreR SHRes! e wiReERu W TR
TG (T W HREI CFA (@, SO,, POCH) e wi-Ruies’ w1 sgufs |

W?ﬁi’«-ﬁl—s
. S SO HRIE SO; @R FARGH FREF AlCH WiEw—apy 352+ |

2. OF ST FA0E NHACl 93 NaNH; &7 1f6 73 fifdrs a1 711 ) wib afiosqemy 3
T3 |
3. N2O4 BREE (@ (09 BIgS F30e 539 s gy

4.2.7 Si3-gre 7193 (Lux-Flood Concept)

a% WA AT AF (1939) AfSRS I 912 03 FIS  (1947) o oFfEs wom |
THAMT SHES wEA (07) Rz 1 vrma, @ Wi O S %17 30T #IE =7 @33 @
*wie O W A7 IR O wWibis |

TR —
Lok wifHs
++
Ca0™ + Si0; ~—— Ca™Si0s=
3(Na*),0°  + P20s  — 2(Na*)POs
o* + Zn0 —— [Z00;]"

9% TEAme B SHTIE SfES SRS MU Srar |

428 TARRE (M. Usunovich, 1939) se3m

RS ¢ TEOW A W IR ARG W Teafr sty Samfers weaw w3
SICATE} | G FMD GHAIGT-HGSF (Positive-Negative) FE-6 W (RO TH | FCRATIE—
wiie «@iel @3B Species T FNHRR N FACS SITA, SWREH T REFT (I FAS #I1A | BR
a7 @3S Species T SYFIFA 31 RETIHA OTI FACS ST QRN FBRH (A9} IS AN |

Bamfey oy wfite 4418 e WNT TBEE ITNE, UM @7 WS Tl
TR wRe-Rurd RiFmee @ swge Iw@E!
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erpoers Hae fafeuiR s sufie-wm RiFvamme s o «m | 98 sfemfefaeiz 9

TTGA GATSH FATS] |
THEAT—
G
Si0; +
Fe?* +
2Fe™ +
10 +

At

Ca0O

6CN—

Sn24

SO5™

——

——

——

—_—_

Ca?*$i05°
[Fe(CN)e ]*-
Sn* + 2Fel

S04~

S5, o R MeRe wed-Rend (fvn @ suse |

4.3 oG ot qR [fen cara Wit/ =1 “fes gt

TETS: JNBE 8 TR S AT [Wfon (oR @ wrwr @ e ARws 7]
AR AT SPIGa Coea A@wat K, 31 pK "2 w4 9l o w1 77| Bifew s
pK -3 WOl o S I WHERSCHIE SIWR 04 RO %11 (Trend) 5757 3=
T | GHIE B T2 s el s (Intra molecular) ; T RAIBIE 2eFGT (Electronic)
3% FrgB1 Steric | R Weera w3 1 waa cwea oaffa W Ao rmam | 3% e
cisfer twfa wms o i wug S (Vertical) 31 (ot} 3744 | wat qeeoidimgs GNAA
«F SIS (TI0R We SEGRE (Horizontal) A1 siafia st o785 321 T | 6% SRR ©oAANG
REofm Bsia WS Ta @)

4.3.1 ZEmifices e

aﬁmm@%mwmw#mcwmmqﬁimmm -

*Ka= Wi e 433 @’ pK, = —loggKat
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G TR EGTfiel @3 of fda @1 com, o R BSm s
cnaefer YERmeiieha wu—

C<N<O«<F
WO ‘QRLGITTA—SHIG’ TR IH Polarity 31 TSR TFH—

FF Ny Ny by
H—F > H—0 > H—N > H—C

wieffe. FTAH mmﬁs F *@199@ HF S99 (2B Sitefa 8981 CH, 3ol
o Q| cﬂmﬁpm-«ﬂammﬁwﬁ :

CH4 > NH3 > H.0O > HF

938 799 SiHs > PH3 > HyS > HCI -

GFE (AR 4o BIRGIR0eR M Mevw e ey 3f% W, HF < HCI < HBr
< HI 1 i @3 41 Qe Biot fofs wam Rofte, weie HE st S,
G HI siitsrsl 3 wifie zem Sfbe feet ) amet divor wfewam gram fsfifs e
m 5& (Thermochemical Cycle) SINITHA AW I | 9%9 ‘Born-Haber' -&Te BT,
AW QRGPS HX-93 wifis-Roare ofFnfw awm s siwe afimam sufdms @
TR @ Wike-Rureee fiFmen (AH,) Rfen @ frm fimersr iy s

(CROR ©i7 fea Ferer @ )
HNRYy R <oy g Hit e
-l +e| A
AH; B U BT
AH, { AH,
i ! |
HX(ag)————— H*(aq) .1 o Xer(ag)

9, D = H—X 7% %% ;
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| = s #f& (lonisation Energy)!

A = 3EIGA W;waa X(g) 92 =g
#Yf&Fad Enthalpy = -A

AH, = H*(g) 93 3@ Enthalpy

AH; = X=(g) ¥3 TA@R Enthalpy

AH; = HX(g) @3 ZZTE*R Enthalpy

e$9d, AHr = D + 1 - A + AH,| + AH; - AH; Si#RfA0s, @aii, @act HX @3 siifie-
fReaiem @fF a1 Entropy-3 #f#a@A, AS; (= SH*aq + Sx"aq — SHXaq) “If&F APARTER

fefars (Approximation) e zrate | Si#sifSfwma Y&=&4 (Free Energy) ¥4 (A@—
N S, AG; = AH, — TAS,

T3 AG® = -RTIhKa

Toita e «ifrweTe «fe wMolm s gat Rfen wpmmEs s giwmes
RUFTefER pKao-a3 @ TH 59 31 R ©F AINHEG MR A0F - Aol | e
wf&50&Fa Thermodynamic $#1gofd (Data) 4.3.1 (F) WRNCS ¢re: z=1 1 7T 4.3.1 (V)
CATF 731 T, NS AHr @7 Tef 2REiE griRes e Ser 3y Sy
“ffaf¥e T Wi HF (43 HI Sfoure 3w yda eum syife-Roares 3 #im |
% REARGIAIOIST Sersl HX @3 38w =63 (D) ©r fewa Rdtm e 1 afies @
D &3 T GO0 717+ @R HX @7 Rearem 72ered 28 | Grewi2 HF 1o @3t HI Saes

SIS | S WS IGIRCCA CHFLAG O3 I 4T | (@9 VIA 9 2i3wiztsa
pKA~93 WA Ta—

H20 > H3S > H,;Se > H,Te
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ZIRTEE™ PiEtirea Thermodynamic T K. Cal mole™!

A 43,1 ()

HF HCl HBr HI

D 134.6 103.2 87.5 71.4
A 82.2 l87.3' =820 7
0 315 315 315 315
AM,+ A, | -38L9 -348.8 ~340.7 ~330.3
AH, ETE . n 5.0 55
AS® 208 ~134 9.1 32

WA 4.3.1 (4) .
TRTGTS FIRTSA PR T
AHCHAHE® | TASHASE® | AGSHAGH .pKAca.lc. pKa exp. -

HF 55 ; 3 2 3
HCl | -13.7 4 1D ;7 !
HBr 257 -3 -12 -9 -
HI _'_-14.1 -1 13 10 ~10
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432 witoR ¥ wifiven =femat |

SEa i Wi fEE W (pK ) “iEs s (e =y (Trend) wwml
Mpm-ﬂ‘—%ﬁwmmﬁm% TS 15t W1 A7 (7N 4.3, 2)|pKA.amw
ﬁquﬁm AETRES O RIS T 91

AR 432
YteR wHFG @ pKa-a 3w

g2 st ' o Retr. .
i Trrzad - G CR GuIZgel - b
X(OH)n HiGeOs=Ge(OH)s 86 | XO(OH), HyPO;=PO(OH); 2.1
H3AsO3= As(OH)3 9.2 | H3PO3= HPO(OH); 1.8
HeTeOo=Te(OH)s  (8.8) | HiPO:= H2PO(OH) 2.0
HCIO = CI(OH) T2l HiAsO4= ASO(OH)3 2.3
- HBrO = Br(OH) s H,SO;=SO(OH)2 1.9
HIO=IOH) . 110 HSeO;= SeO(OH)2 2.6

H;TeO3 = TeO(OH); 2.7
HCIO;=CIO(OH) 2.0
* HsIOg = IO(OH)s 1.6
i e _ v Rem
XOz(OH), HySO4=SO,(0H); -3 XO3(OH)s HCIOs=CIO3(OH) -10
H;Se¢04= SeOx(OH); ' -3 '
HIO; = I0,(OH) 0.8
‘HCIO3=CIO(OH) -1

HNO;=NOxOH)  -14
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e A5 TTHTS 52 4R SIS T T W—RG R SRS (-OH) @3t
w-qRGAE (Nonhydroxyl) WiTE| oum Res @ ZRuHA wiwos| +4%8)
RroofiTe TIPIE 0o 30 S TR SEE [TSE 938 @38 T =RERe 1%
(o | wefie, SEIRGRE Wi R TR Shrea wirwm fda @ | @R AR

S-ziEEE sRneage wWifkes #owa RufE e A aR esfiRs
QWIS (Qualitatively) =i wiffres *fewar wa fafafs ssars e fofers

4 I TA-—

|, R AT SRR / 1 w-Rea (lonic Potential)—s 3 =1
w2 Inductive Effect @3 7771 Fat8) O—H T6TeIy SIEem Sy Sps 7@ @3t eiita
o TR 49l g o | GramR W frafiie o wrm w am—

CIOH > BrOH > IOH el BT SRS
HCIO, > HBrO, > HIO, 1 C1 > Br>1
{Co(H,0),]* > [Co(H,0),)* ] wiEd Re7

[Fe(H,0),* > [Fe(H,0)* Co* > Co¥ ; Fe* > Fe¥

Inductive Effect 163 ¥ I &

H | |
(H20)sM™ #*-O/ } ——— [ M(H0)5(OH) ]* + H*
\H& : -

. G sRWI9A Formal Charge—3S 3f& #1ita e s ©s & iy
(HO)mxonﬂmﬁﬁﬁwﬁw—ouweﬁmmmw,mXﬂw‘ﬁmﬁ-ﬂﬁ
SR a1 Ry w-2REe SRTE ) TR 16 2eu oA TR g X 9
wffer Brel T 4+ | (asmxm?cﬂﬁﬂmx«aa\ommmw)tw
MO)mxoumﬁXmmﬁvﬁasﬁ=+n@ﬁm%ﬂmﬁmﬁwm
IR Wt SIS OF 3% A
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g +2 +3
HCIO < HCIOJ < HCIO,

+1

Ha80, < sto‘u 9% FRETA THie 515 Inductive Effect <R sn!m
(A ATESA WA

He TN b1 WA Red (A o)

3. TS wTRufEe WRTER SRR N gReRE emRTe e el
A |

(@) o6 —OH deol @ Boif¥e w-aAERE wfe RMRP AB—TW,
(HO)n x O SHTBTS T M n/m | 9% n/m 99 7 75 @, ¢7% SRS v @f Sig 1 IR,
ofe —OH Teea Soin w-TRGRe Wﬁm Inductive Effect ©% ¢afi Frfad) T 94,
H3PO,, H3PO; , W3t H3PO,—2ifS ema Pawﬁiﬁm@( Hﬁwaﬂiﬂaa /m @3 R Freet

H\P #0 H—»o\P 29 H->0 N, #0
H—I-O/ h H H—D-O/‘ A H | H—>o/ ‘\0‘-1'!
H3P02(‘Vm =1)  HyPOyMm = 1) C H3PO4(Vm = '3
B, TS *feag—

HiPO; > HiPO, > H3P04
uﬁ-@ AR IS vt%am—mpo; > HiPO; > H3P04

(4) FRT WNAA QUSIG™ (Resonance) A : wfis mmeam
BoifyfSrs (aiita ot ﬂa@mmma(wﬁwmrwmmqﬁ@mmnm
wawwnﬁmvr%amqﬁ:m:

HCIO —— H* + c10r (e A ca?o
O‘ 0
HCIO; —— H'+ ClOy. ¢ c1 — él 4--:.31

Yo d“wa"O
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of} wpifrea *fowa weEe Furh R M (Empirical Rules) :
& ¥R (HO)m x Op + WM S SIIFHER =Rewa s»ics Bt SR (Linus
Pauling) ¢ S7F FsflEe gt «@was TS 2om 30w

1.« e S oF, SR @ come % wifTe-Rraree g2t
A 1074 (UGS 1075 @3 W) wdhie Ky /K= 107 (03 1078
@, pkys) ~ pkx = 4.5 £ 0.5 | |

Bz ¢ H3POs === H* + H:PO3 : pk; = 2.16 |
" H,PO; == H*+ HPO; ; pka= 72071
wefie  pka = pki= 5

4ol CIe (SO IR (A Dol AT BHAA THArGA ey Wl e«
CafbTE Wrme Gl THR WG IO K, , Ky, Ky Tonfi Swrres g s

2. (HO)n x O i wifftea dun wnfe-Ruwmem 429 A Ky @7 IR n @7 ol
frsaTer wae CHBIBSIA (Approximately) pk. 93 TR n 97 AR 5 9FD 41 v{ﬁaﬁf@
{mwﬁa— pki = 7-5n

'k.m ﬁ@%mmqmwmﬁmmiﬁ%ﬂﬁmmﬁw&mﬁmm
To{ SIS I A | 4, H3PO3 93 pky < W 2.01 WS4, SFIS Aqs <3
- gREE STEA TET (0 = 1)1 TS, HyPO; @3 54

H
i

P““OH
HO™ o
a: ARSI 3 PR s B Mfen pfearw ) el «ifvem o Cﬂmwﬁ’tﬂm
AR 36T SRR wniie st HoS05 31 H2C05 m—am S0,, xH20 @3t
CO,, xH,03/st AT
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TEPE-6 |
HxAsog(mmﬁ'mmﬁ@)mt H3PO;, (mmmmmﬁw)-aapk..mS! 2%3 1.0 1 w3
3 oTE SRS 3557 |

433 mm,wm/mmmm

Sfed TS il @ ZRT-SHRS TTle W tad G SeR i 1 Wi el
I w1 7w a1 | R[SH owen a7 I 4R RA—ZERENT A, Steric | REREIA
A9 .

(1} Inductive Effect : -I 3713 SRS (aifin wnificen «“foum % @I A
. FCH.COOH > CICH:COOH > CHyCOOH
CHC COOH > CIh.CHCOOH > CICH,COOH
R G- + 1 2 SifTea calba B Refior e, widie wifie 4 2w 1 arm,
CH3;COOH > Me;CCH;COOH > Me3SiCH,COOH 29 sifitsa o, - o wifftsa
et 3% e, R wiww Sl g @0
BF, > BH;3(B2Hg) > MeaB
NHa(H-NH3) > NaHq(H2N-NH;) > NHOH (HO-NH,)
- MesN > NH; > NFy
(2) C¥EM ofag Swatad WY (State of hybridisation) :
. wfim S} (S-charactered) 23RS wibiem wox Y@ YRGITITR (AN TG 3R
et @ | GreR S eumE-—
C>H; | > CH, > C>Hg
(sp : 50% s—ﬂﬁ) (sp?: 33% s-@) (sp* : 25% s-4il)

S, w«p-@(mwwﬂ)mvswf%mﬁww mmmaﬁ,
W %A wfe uftz)
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THITA - ~ :NH; > :PHi > .: AsHs
(sp>~N) (&% s-p)  (s-As)

CHa-N‘Hz > 'C5H5N > CHx-C=N:’
(sp™-N) (sp*-IN) (sp-N)

3) T G mmm (Resonance, AT/ ) :

mwm«wﬁww cuwﬂﬁn-am%@m wwaﬂm
o 3 G TN EH, (CHa):N : =, 7 (SiH3)N : @3 e SRRIe, A N AR
‘@%ﬁ’?WMSnW‘Eﬂde pnmﬁqwcﬁﬂquﬁw

ISlH3 ) g:Hz o ‘SIH3
- _Nt e Nt o« Nt -
H,$i% SiHy  HiSi7 TSiHs Hsi”  SSiHy

@ GRmmEe, BX; ’TF?GFI!TI wnifre (isl| (PRe Reference T2 HILT e
| i Bestn ‘RF-otel’ Stom =R e | % R R - wm I, BXa
TR e o Jwss— '

Bl: > BBr3 > BCl3 > BF,

76 Inductive Effect-f #eia % T Redteyd gom fos &1 BX; e wﬁa
sthe R B-X- % Ag Fiefrra +3 IR R M e Resonance Hybrid 91 -
W (e W

X X , Xt

| I
% .  _BZ — B
XX XS X7 X

B-X x-% = A &, B-F > B-Cl > B-Br > B-11 BX3 ¥ %% wiffs s
TR TS TA B-X 1T (S04 B-RATE Wi Rt TR @ 27 IS T
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99 9% BF:-(3 SRS AR @R Bly (3 WA I e @A e Z@ | wea,
Bl:~67 AR QAT (WG AL IS AT @A, BFr-0a Fu |

(4) Steric Factor : 5§33 wnﬁmw RféFamm 8@ Steric Effect 3476 347 4oR Rwm
TR 1 (T, b AT (AT germ 2-faia PR S e | g =3 i Ao
faeis ura v wat A | arwEa 2-MRZE 219 Steric Repulsion-97 & i3 SfSage 3301
IS wsIE <elie T QIR TG T A %S T | @92 P, B(CHy),—a% 737
s Feies RfSr = Jfewar w—

3-faaizer BIRfER > BfAfa > 2-Rafze MR
@ > {(CaHs)N:
, ' TiRZRA wpifis
TR

R cwta, HRRURA TR ToRE —CoHs 2o pe FRRRRRTR 7%
~CC-C— T Steric Rada e w0 |

SRR -7

TRAEA QR 9 2, bR st wion R wo—amn f

8 ; Beitars SrrzaeiofFics Non-bonded sheiofém wrisfia 5191 (Steric Strain) SRS @ iR
Rqaf s Y] WS ANE | BT G SRERR B Front 3 F-Strain W B3O
i Tl | |

&if&ﬁmmwmmm@ﬂwﬁ@mﬁmmﬁwm|m
B-Strain 39 0 1 Y% (el <1679 T ARV #HIH ATTARA Y (State of Hybridisation) e
T 2 43T «RFYRTS Non-bonded Zetofim WeHs slter Sraww b O 1S Toriem
A 2oRe T e, B it Qe W $ TS (CH;07) e Iee AT
TR T 1, TN AT O B RIS HOS sp? AN W (WF 5PN 5p?
AT GG (TTS TH A O BT (I R I (Tt 120° (T 109°28°-C5 T

156



W, T LAFREA —CH, ojofm my smrefis 519 3% 3 9 1 dle o Afirs e

4.3.4 OfS ¢ PYITH AHFS Weets3F (Super Acid and Hammett Acidity
Function)

FACHT BTG WEAGAT WAl (LR (4.2.3 ¥R3Y), H0* i St S s vl
T TE SR ARTS A T G e S wfen «femam swe wi (Levelling
Effect) | @z* ©17 Sifeafate Super Acid @l ¢i93 23, (@54 HNO;, HCIO, , HaSOy
B | QT *fENIAR WA S ST B e Hy0r @3 e 106~ 1012 o«
wTeT SefEfeTs ¥ e wnifiten Wikl (Acidity) e pH cacet ARmie a9t g
T, B O AT iRt pH (FoTC SIS 3 AR 1 R O, I *Hammett
Acidity Function (Ho)’ %Il 93P 33l 20| Ho-(3 1os +3i=iog wtea fofste Wier
e 3 T— | _ |

G AR AU (B)-3 (8t —sRIenfRAmenirsitafe) Super Acid <& 0% &=
M- SR S I/ W) wfie AR

B + H*(Solvated) = BH*
<R 3% BH* wifiefba Ruame g,

o = JHIBI
IBH'"

IBH*|
IBI
BH* @t B <R A3 fifoneia &= "?:I" R SRS 3l WfFS (Spectrophotometric)
*%fbrs Refa 1 w1 B @@ WA (Basicity) S 7 26w WG BH* «ift Sq 7de
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G 938 i, < TS B WG | WS Super Acid- 93 SR TR (Ho) pH STor
RS W | $(2 &g T ward Ho isrfosica pH 93 AR T | FTESH Super Acid N9
A et farem Ho @3 wW frsans |

cqist 3t et e _ Ho
w1 HyS04 .
S H;5,07 31 (H2S0s + SO3) S48
w3 HF A
HF + 0.6 C¥1% SbFs 2kl
HSO3F -5
HSOsF + 10 G311 % SbFs ' -19

Fm‘ﬂ!.x—
o SRR (H,S,0,) wifizel H,SO, Sres! wﬁast

e Ol F- mRAE® SbFs ©78 HF (& Saen wifie «ifids a@—2HF + SbFs = HF,*
+ SbF¢~

o O Super Acid YR 3 GIACFIS G (HSOsF) 391 J39S 70 3t SbFs
<R BoAfEfS T wiffrel 9% I 1 HSOF fraacet woeRtifers xu «ag SbF; @ 5o
e arEw bR T 3/ I

TS : 2HSO;F === H,SOsF* + SOsF-
2HSOSF + SbFs —=H,SO,F* + SbFs(SOsF)-

oFY
(1) Rf&m Super Acid CNMT BRFAH IRTR I TG TEH Speciés WA AEHA *iel
O e TG (AP G SF FIOWRS Species T 91 Z7aTE, T 1] 41
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Nucleophile 1 #Ta1 SATHfOreY Weiend a1 58 T (@5, IRAFNTE, QAT
o=, #fe A (Polynuclear) S, Se, Te-

IBREA (8,7, S, Te Twnifi)!

Super Acid
(CH3)COH — — (CH3khC*+ H;0°
HF/SbFs

Super Acid I
? —

HSO3F + wias Iy

Super Acid 2
f ——_—— Sg
HF/SbFs
(2) (¥ 9™ Species 9 WS (FWS A 4 (3 BT WIS (A MG (AGARS
(Protonate) 31 %93 TR, (T SIATTH RGRRA | HF/SbFs 3t HSO3F/SbFs

TGTy PrERRER e T Faafde bem Sesm

F

H™ "H

4.3.5 =T wEgE wATe! «ar A SR WEFS! (Gas-Phase Basicities
and Gas-Phase Acidities) |

SIRTG-HR ErSs ¥ ST P 9k % wgm JeR SuPe 3w o ¥R of 9|
ASIS | FATARSH WS CFE HAF 9% AR AT TS 93]} FH @ CF
w4y ¥RF (Non Polar Solvent) IFWA F(F HICIA USR IWPIY [F FE GBI
R | g oo wiR-ars (e o 3 WRER i 3w Rer w fea ) R
1520 WA TG SN SR e Sifis-wa 7SR Thermodynamic Data FfRS
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mﬁaaeﬂaﬂw.mmmﬁf&mﬂawﬁﬁvmmmﬁﬁmqm_
TR

ST Sy wAwel 3 iAW (Gus-Phase Basicity @1 Proton Affinity) :

T S e [ @ s «fEe @ ones Wi % szans B @ B-
WA (AR WHfE (PA) @ HPTN SRER FETS T4 5|

B(g) + H*(g) ———— BH*(g)
A B-(g) + H*(g) —— BH(g)

PA-NA T© @&f Qo ov @ @) S, ba-wpie datedg S Thermo-
dynamic AIf¥7 Re@ie wdfe RiFAR Enthalpy3 Reifle Bege (oo : Jweme-
|AfE) |

fafan Soma coibi-wie fidfl A1 TS YR, O ¥TEea %% T Born-Haber 5%
HIEH (W6 I IFES (Thermochemical) ¥TaFa FRIAT | (oA

-AH
B(g) + H(g) B, BH(g)
+¢ | ~AHg, —46[ AHjggy
AH=-PA
B(g) + H'(g) BH*(g)

arHELd, ~AHg = lonisation Energy ; AHpn = Taies
PA = (HitH WBif% 3% (ICR STa AT
PA = ﬁH;EH + AHpy ~ AHjggy

R8It ifn Mass Spectrometric #af¥a #TImst wiwe Wit siRa (N CoNBat-
whife @ w3 Tl
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AN ot SHFS (Gas-Phase Acidity)

CRIIB AP JPTT (I species-4a (B WAl A1 HEa A1 e Fedt et | R,
4% WA R PTea b Rrarem Enthalpy widfie smif sy wifiast (GA) i
F@AI |

HA(g) -CA | H'(g) + A (g)

RfFFm® 15 @M wiser® (Endothermic), HA &3 @ﬁq&wﬁmmmmﬁg
I A SRR AP TR (KJ mol™") mmtarﬁ@-a cFeg wRofem Som f{fey
AR ASTY (A4, Hfgeirza geir Tonfi) |

AN AR R R

N 3084  NF, | 64  CHOH 76l
NH> | 2565 o+ 2318 (CH,),0 804
NH,- 1689  OH 1635 F o 1554
“NH, 872 - CH,0" 1592 o 1395
(CH)N | 9#4 o ﬁ,o | 697 Br 1354

-8
. NH, NH, NH>, N~ —Cifb-amifos samrpme |
2. (CH)N, NF,, NH,—caft=-sfo tsmm ‘
3. HBr, HC,-HF, m—-ammmwﬁmma
4. (CH,),O, H,0, CHOH-—ft=-=rmfern surarsiapiia |
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4.4 HMH

AR oS wweed Ren—witie ¢ R R fefars sas fifes w1 wm For
s AR AR Wike ¢ W@ s i Rien e @ e oweed o
e Gorgfers Fave oTT R WTIS 1 MR | e Syl —wrRrzAe, O,
FACRE-ATETA (AHTW g, RO RERTN U 932 8RS BN, ATH-1S & SRSy T |
afsraray, e, waa\wmﬁmmuﬁﬁwumwmm@wvﬁwma
mwmewwmﬂmmwwmuaﬁ'ﬂim{

ﬁﬂmmmﬁmﬂmﬁmwmmﬁﬁnsﬁwwﬁnmw
A @ (LS| WA ! TR

o1 G T AT T 47 IES-wA R @ i e w TR e
T | OF T FA ARG -— AT ST, Reerss,; vt ¢ sy srga T e
@ BITII FENIR ©5re 9 MEd A oW Tt | [Frarem 4 i mezﬁ T
¥Rt % Ronem 4397 SIS 31 WIRa TEREs MewaR 453 | T S fefers AR
NFES 79 0 93 TS / WA AR v SR A 33 T
S a1 R Rerfrerdl Ue oI WfEwAT TR W 4R AHE G LS
Levelling Effect 3t | =ifewal ey sd aka @m zem Ebe o fqe 31 R

3 TG AET AR TS 922 WA @ 310 | o) Tege afbye 711 uv wiofm
T A TCACE R TRt Pramier of-corme snfSs-r T wRem
T TR | 92 Ao Bfers wmbe ¢ srpoeffte = @firs o o ae—st© 3,
wﬁrs'mﬂam\ﬁiﬂmﬂtﬁf@ﬂﬁ@mw@tmﬁ%mma?%warmmq
mﬂwmm@?ﬁwﬁmwmﬁmm CotvETeTR el A mﬁmﬁ?ﬁm
SRS FE| - :

i st xS ot e e s fifew Furive 1
o) T AW | WL G eI AN ARG e SO e S JER R |
s wrgn RFRes PR wter WISEs *RuaR MRekR oors e afic—8en
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TR (T TCATR | QBTSSR SR TR & e (N Wb ¢ Wl Rfen
TERGR R slcrlcmm{ﬂl@ﬁlj@ Twizad mﬁ a3 WQ%WW
fefers Rmena wiTsssT T TR/

Wemmmﬂmmwmﬁwmmmmam |
B 73 | w1, By, g Snifie @ IR evdacel uee FRTes 9 e w3 i
wr T T o wham— |

- {1y ﬂﬁ'ﬂw SifHPS (Gas Phase: Acidity)

(2) Pt LRk FAHS! (Gas Phase basicity) 31 (2B &pif& (Proton Affinity)

| HESHCF, NG WA Species 93 (A WP T B1a WeRrE TR (-

RIS sReeRe o | Sdie, (ot SIS, e e e e

S SIS ol STHRR (it | Thermothemical STEA ATEICR] i 4

% I et Roarem o (e AWAER Enthalpy-3e Refn w31 7o) % Ry
e e Bfen owm of ¥t At wm weenfos zoaer

4.5 FETE e

T e |

(1) mmﬁmwmﬂmlwﬂﬁwﬁr@mmmﬁsﬂmmm&w_
Ararsel e _

(2) BrTRe AT FICT TG G P ST T | @R WIER MnRwiaf & & e
T IR FAR R WX IR Sieord e

3) wHe mmwwmmﬂwﬁmw:mem"
fofs e

(4) By TIvAPINES 5T (Thermochemical Cycle) mﬂ o5 wfofn e v
TG W

HF < HC! < HBr < HI
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(5)
(6)
(7;
(8

(9}

mﬁm'wﬁ@Wﬂmﬂﬁwmmawwﬁnmwﬁwem&m—mﬁ
% i mmmmww@amﬁ@vmﬁw-

Wuﬁwﬁwqmmmmmmmhﬁm%ﬁaﬁmmmm‘
T |

| wﬁwnﬁtwwﬁ;mmﬁmmmuﬁwﬂwmwﬁm‘mﬁmm

QTN URABA T |

R WniFe 2 ame mmwﬂwm%mmmimmam
PTE HRTFY oY SRR AT e s

cam-wmﬁ?mﬁs@mmmamﬁmmwmlﬁsﬁﬂsmﬁmm

mﬁmmwﬁmﬁﬁm\@‘meqﬁmmmzs HzO
H>Te, H-Sel

Wc&ﬂ?m'

(19

()

Frefifis ooy zam anbovan R e 1) (mlqﬁ/wrﬁzﬁ@)r wieRE er
A1 I |

{a) NH.Cl 93 T 89 CuSO, @it 1 2

(b) H;S o o ¥ HeCly O 2 g1

() @i mfren @ R e car wan 1
(@) HCl @3 wﬁ‘m w9 NaF (o) 391 221

Frafis corta il i et 1R 20 (/4R vt ¢ i vt e

. weRE BEA U T

()~ SIAERTEA Wl HgOG =1 1

(b) I AT wFT B ZnO Gt T T

(© mwmrﬁmmﬁmmmﬂwm

(&) s P mmmﬂmmww

(&) e Crfum wwiRes Biftre o w1 =1
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(12) P clol/ e (U e /e vt s 3 201 s/ wm

- fdrde T SbCI,

CH,CN, SiF,, Ph,P, R;S, S5,0° CH SO, Ny

273

(13) mm

(i)

- (i)

i)

wnqﬁﬁmuqsﬁc@swﬁwvtﬁﬁwmmmﬂ e A1
CuBr; AfFS (stable), &% Cul, TS (unstable) |
Me;S @32 BH3 TS (% 157 373, 5% Me0 @t BH; fafirm =@

-ﬁsmeFaamﬁwm%Fsmﬂqﬁim ﬁS\ENuFmﬁmml
'mwﬂﬁawﬁ@mm 9m?n>=s:nﬁ>mm|

SnChﬁhmﬁ‘sewm-ﬁwwm
mmmmWﬂ%Wm[thﬁ Beom w1

iy SnCt; Weors! SnCls~a9 STERTe sRerel g1
- RyP @13 R;Po-@vsmm fog Svr wR ol e wwieg

waw POCI; 8R0S WY FeCly @i i GE (e iPRiE w:rrfmrn FTS « mfﬁ
R

(14) T3e TiRTgRem mmﬁﬁﬁf‘w mﬂeﬁﬁmmmﬂmw?ﬁfmm
oy Floay WeAR $93 A T BF; , Hy0, CH3CO;H. CoHy |

(15) Frefefs enProufens oms =fEwam SuIFwpRa J@R i (i) HCIO, , HCIO;, HCIO,
(i) HaSeOs. HMnOy , H;Se0, | G2 ¥94T% I (Fe1

(16) Frefofie RiFmelbm afeyy IRFem Squm w51
(iy 3FeCly—+ I8F— = 3FeFe ~+ 12 CI-
(ii)- AgOH + 2I- = Agl,~ + OH-

(17) Vit wofm ey fa) _ _
() LRfeRem emftw wif, Oy Rfwka wivm om ww of &%)
(i) FiRfEwrR g “RERRS ofts =f
(iii) =oPfen YR gomm s s
(iv) ﬁﬁhmﬂmz-ﬁwﬁaﬁﬁ%%mmﬁ‘ﬂmml
(v) BRywer® BClh S 5% =mfre
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4.6 TeasEt

AN -1 o
(i) PCl; <% FeCl, BoTat SRR wn @ed wifis Sesm wwa

PCly 4 3H20 ———— H1PO3 + 3HC!

FeCly + 3H;0 == Fe(OH)3 + 3HCI

(i) Na:COj , NaiPO4 TR wHRusars S13 % NaOH Besin 3|
"NazCO3 + H20 === NaOH + NaHCOs

Na3POs + H20 == NaOH + Na;HPOq

TP ~2
(1) e Seaef— HPOs—, HPOS™, Hy . HPOG®, [ ANH20)6 1%, [ Al(H20)4 (OHY),
-l Wi, 77, 3%, T CHICOH)' | CHyCO,— |
@ T8 Wiaf® OH~ | 0" + Hy0 —— 20H—
(3) W AMATH Na* @ Ci— Borid a-m oy Al (T, ANH0),*) Sfis)
[ AIH0) )% + Ho0 == [ Al(Hz0)2-1((OH) 1* + Hy0* - |
(4) ST A Na+ 2w, g PO, CO=, cmcoz—*—am'rma(w mmm
Wﬁﬁﬁ I :
PO& + Hy0 = HPOS~ + OH™
COoy™, cng'cof |

(5) mwmmmmmmmmmmmw (Levelling

Effect) | Rg CH3C0Huna b wifirs vem wiPrefm Mmmw&m
e Wi R @
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H - 10 5 [ r
| N ) |
H—?‘——H' _().=j">'<-—f-NCsHs ¢l sHgYe—1" = l-—Hy—1

- A |
H 0 .1 . |
(!) - (|) 1
Agf-—Q;Z—)O = Ag-—,S-—?—--O
O | 0O
F .
. .. /Et .
F—B«—0O : Cs*[CLSbe—Cl:7] = Cs*[SbCI ]~
| NEt :
F
PF, | — on  T|T
v om |1
FP-Nie—PF, | (HO)zzn\ = HO—Zn—OH
y OH |
PF, - OH |
w4 | _

(1) Pb* g3 F- TouRy wemm SR A e ¢ wRI weww, FF, @ -
w57 www (Combination); O AT R Pol, ¥l FfdA-cotam AR, o

Lac ol

(2) THNPRSIA Cu* WIEA Cur SU¥ RN a3t CuS I COPm-GRom e
firg CuS 3P 2@ AT TSR Co S WP RS
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(h SO;  + SOy == s0O* + SO

AAEE IR o Q’w wREm
COC + - AICh == cocPr + AlC— wa, @,3 whs
BREN Wb
(2) NHy* + NHy —— QN}:fj | A effmm
LK

NHaCl + NaNHz——— NuCl + 2NH;

{3) (NOY*CIOs 3 (NO)* BFy~ T3S I Ay MR NO* SRR
Wi x3)

A6
THRTEHI  (HO)m X Op 97 O (HIDIHSIR
pk| =7 -5

® H3AsOy 43 pk; = 9.2 (>7), WS n = 0 t‘ﬁ( HiAsO; @7 ‘Tﬁ'-“‘—As(OH-)_ﬂ
® HiPO; @R pki'= 1.0 WSS n ~ | €% HiPOR M5 (HOWPHO1
w7
1. N* > NH? > NHy > NH; |
2. NF3 < NH; < N(CHj); 1
3. HI > HBr > HCI > HF 1
4. (CH3)0 > CH30H > H;01

(1) Sqo=w 4.2.3 289!
(2) SFTRR4.24 WRYI
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(3) TR 4.2.5 @7 RACTT Rod S sfhem WA
(4) 4.3.) e e GisErmilE wF (A o W—

AH, =D + I - A + AH, + AH; + AH3 -
Boizm ATRRR (Expression) WEEF Thermodynamic Borgef Ruwzd 3wm o
AHY mmnxmmmmwﬁmqﬁaﬁvmmmmc@m@m
T oIRl «RR SR I WWWW?&MIWWW—HF<HCI
< HBr < HI! :

(5) S 4.26 ¥

(6) wwTT 4.3.2 78 ( |

(7) SRR 4.3.2 ; S e wfwa iFs afrwrpR A (Empirical rules) 783 |
(8) SWIURH 4.3.4 T

(9) SFERA4. 3smimwmmmmmm H20 4T3 HyTe-t fice
TEANTE T S, R R m'(q& AT | SRS, X SR WIYS WYE-9Y
(Negative Charge density) TP 3 et 20t =1 | @R Bo PR fb-xe01RE Ho0-
8 T G3 HyTe-n 4R | oA e wag it Sere—

_ . H720 < HaS < HaSe < HaTe
(10) (2) T : ANHg® + Cu = [ Cu(NHz)a)* + 4H?
(b) 1Tt HaS + HgCly = HgS | + 2H* + 2C1—

. (szOH CHZ-—O\ /O—YHz :H+ |
o

(c) %% 13l: H3BOs + 2 ('ZHOH — c!:u—o <N +#3H;0

CHOH CH;0H ~ CH20H

(d) m!W:H*+F“=HF(¥1WﬁG)
(1) (9 1 HEO + 41+ Hz0 = [ Hgly] = + 20H~
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(b) ZFII 20H™ + ZnO = [ZnO,)* + H,0
U, 20H™ + ZnO + H,0 = [Zn(OH) J*
(©) 31 INH, + Li,N = 3Li* + 3NH,” (a_¥ wreral 3%)
(d) TP CI™ + AICI, = [AICL]™ (Fr¥R, CI~ wshifRs z7)
 (¢) TN Na©O + Si0, = NaSiO, [ WH-FE Team ]
(12) |
cl
«l /Cl .
Cl—Sb (wfie). ;L H,C—C=N: (%R);
| \cl -
c
F
I, ) ph .
Si (woifre) _phlp (=)
F7 | F - ph/
e
o:]" H
\§: (FR) > / (=), C
R \S o g Il 7 (#R);

C
H

R

nd

»

xS, ' + — : |
O/I;\O ; =N=H*(’$m

13. (i) AP 30, Ry Hg» mwﬁmw«ﬁw 0= 357, firs 5™ T TR | WO
CALO, (3fa3f wwam) HeS (Rer-catm wicrm) ARest

(ii) CuBr, PPRIFFeIR 330 AW (combination) HS #w| Cu11 aefb
vﬁa-cm:m At o g

(iii) *O” et °S' W% Polarisable ; ¥T, Me,S Q1 Ry Me, 0 3037 w1 of
Me,SBH, (ima-cenwn) =fb 7 3o dmt)

170



(iv) $9% A0@S : HF + HF = HF* + HF
- wiffle wR
SbF, + 2HF.= H}* + SbF_
NaF + HF = Na* + HF - (@ 3% a1 enifie st 29 aR)1

(v) TG ATTS mewmmmmﬂmwm T
S A& R0 Resonance S FES

@ O (wﬁm?@ma )
- \\o o/ B

«UaTa —NO, 2 Resonance A T4 O REER Y9S SEEE

 Rrediige WA (Delocalise) | el SIS (IR YT iR
(Intramolecular) TGS IHT &1 YTeR SRG W Snibs-Rorem e
| iR eprR-sern end-TEgreE g ke

(vi) ¥ex AWFS : SnCl,—Cl—Sn—Cl

Sn I ATTACHT AN, O A W | WA, Snaq QAETS! T WHE
R FERHAE) I IEe IEAR—E, q3A wife)

(vii) O? 93 TP 1~ &% (1, w«m | Hg’*@ﬂﬁmm I” a8 ¢t [Hgl, >
i S| \
(viii) TG R : Sn® W Sn* < W R WG @R A [Sn(H,0),}* @
SRRERY 21 [Sn(H,0) > Bt @R ) (S 4.3.2 783))
(ix) TGF WS : R,P. st AW sEgl cwm ﬁﬂsR,P*—O‘ chest wifin
“zaidfe IBa ‘0"
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(x) TER WA éocu; = POCh* + CI— (@ Fes-Froby oy)-
e wm

FeCly + POCly — POCly* + FeCly—
[MesNICI == {MesN}* + CI—

14, BF; wiPrG, ¥ @09 HoF* S 3% W8

BF; + 2HF = HaF* + BF—

Hz0 '@ CH3CO-H s’ w2t HF,— % 308, oroad il
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e AgCl + KNO3—> KCI 4 + AgNO;
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w—ﬁww'
(Solvolysis)  HgCl +2NHy === Hg(NH2)Cl + NH.C!
B, + 6NHy = BilNHy); + INHLCI
NaH + NH; == NaNHg+ Hy
ByHe+ 2NH; = [H,BINH;),J* [BH]™
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HCIO; + HFE == H.F* + ClO;
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mﬁam T.cu + 4HF == TiF, + 4HCI
PCls + SHF == PF;+ SHC
. (PFs + NaF —— NaPF, ) -
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