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) WA P WY AT Fredrror <At e
i) Th EEE H TE IOEH B AR B OAG FIAT A ST FOAT 3yl
3mfrer werwT TR AR AR B

Fea BT Y AR & R g faREt wr R ) wteor fafer s
3| TR T ST T IO A T | g Wy A oy &
Wﬁﬁ(gravimetry)?»ﬁ'{ S GEIEIR] (volumetry) | T § T F I
o 8 | Tecaffd ¥ w1 gued & werd # sadon & ae Y d o S
21 el # wemm wRefed w33 & g T e # e 3 R
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& &1 o q@l B AEHE e & g saende iy 4 sden
e FgersT ST year & Wil & el 370 & fou amgenivdy ffy &
Iwdnr fRar T @ 1 ety @Bl ¥ e gwg o ¥ iR e @9 Iugw
T & 99 DIA U T F 8 e w8t smmatiy et § #w
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16.2.1 W=AT W OHAHT

ATl FikaTEH T AT & PR & T A & UEe A F AW T
IR qEw AR F yaedt AN qRe A 9|

forg e A & S F s X R 1 yRket # a) i § i
ToaT T WA B | :

(i) =, (i) e sperar srdgew (jii) e SR (iv) ST ForaT HaHEH

¥ WHAT (Macro procedure): T FEAT ¥ A T AR 0.1 W § e
BT 8 feeg 1.0 wm & sfte €t Bar 1 Samw & R s SR s !
& wler & R s o By # R e R # A & o F onh @
Wi 98 T 9Bk B 1 3 yfhRl o SR A wheed o wed € Wi
TR F FEEE £ SR @R wr ¥ v on o B R
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T-g=a fafemy =

le

9T UHFAT (meso procedure); NET (Iefaew) givmr H BT T awd & ooy
001 W & 0.1 ¥ & = BKT & | 37 JRamsl 7 §=IW AT qoRam s

FEa § Wi T F FEAR 5B T AR W A FH T AU BT ¢

|ew wiRAT (micro procedure): AR T 7T AR # AT 0.01 TH ¥ w7
g 0.001 T & afers & O 3@ YRR 1 e s FEa E 1o e @

forefom =T wfem ot #d 2 F0fE TR & wenE g e ok w9
9 UF @ik
BRI 8 |

ifrgem whT (ultra-micro procedure): S wikar ¥ forg mg AR F oA
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T | sEuE 1 3R A W e [ & snar w9 S 31 Y 8
A, sew 3R o) fY-Rwdem # AR ¥ fFaiRa Bg o e s @
3MfeTH ATAT 1-100% B B 1 Y srma Frafor & R iy ok
FIERRT &1 STyET B SR §1 ared Rrwemor ¥ iR frg S awr soue
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TH YER AT S JOgRT a1 F 999 IJqey A S AT MR A F
g g 3 gRee 9T R @R B

16.2.2 AT Ft GheGAT

ArATeE fgeor #A a0 o ) Reraedt T ¥ s@wg ) A § ek 2
HATAT 7 gegEe & R At ¥ o o o e & 99 om, Rl
AT e | g affr R e werf A e @ e e §
R Fr AT TIRT e deiw vt afifem # o w0 i st @
BT | SEE & forg Prefor s ¥,

NaOH + HCl - NaCl + H,0 (16.2)

# NaOH# 100 3ol %1 Iae 7 frg HCL & 100 Spsit Y syawsera
B | gek wsal § NaOH &1 @ &1], HCl & ©F o] g7 Sa’A enm | el
T & T AT 4 S HF @G g 6.023%10% gR1 WK A ST
T 8 | 6.023x10% sl i HA H A FEQ 8 |

HTETORRT WIS 6.023%10% FU & Wig FT SR @ 3, TAH F7 H af ¥
I, YA, S iy | uRe fRel Af $ 6.023x10% T Y AT WAl F o
W TE T AT B SCET B | 3@ A e A # o e w98 @ R
6.023x 107 AH 1 & FARN & T8 A SN IS U YR F R
AT & |

Rt P 3 v T 3 T A T, i, B PR W g ST
oRferT R o7 | 2

n=w/gmw (16.2)



JeEC & e 2 W NaOH #, 2/40 = 0.05 Are 81| it Heran s & o
) gerd & e § 9l ) g 39 TR f gl ot o owe) &

AT I F@ = 3Maad (dm3) x FeET
A &7 A6 & AT $ g q9y Wil v Y o R/ E
| 1 A1 =22.4 dm® ¥ (0.2 )
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16.2.3 9r=ar & HEF
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Atderr (N), SRer (%), smr oir 70 o (fdhm.), A i anfe ) A sk
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Hre-giw : Bl fQewT ¥ @ wes & A ) den 71 w6l vewt F Ao @ an
S B AT-3 Ty B -

TR HIwAT GO HERAT HT AT A qewAl S w34 @ forg fran s
¥ | el faorm & wiewr dee B wEw w1 o B Rt w v &

D IEE wled = -x 100
- faemm @1 smues
i) R e gReE = facrr 1 < T A x 100
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iy =TARE ST AREHEST T TR, W IR B ©F ¥ wwd Ry o
ITEWT F W T F HCL &7 36% | T -SRe d9-gaa 81T & | “

R R A # e ¥ R aw Rt ) andie dk Ser aegan
TR e 3R BT e gy aERm @ 9t #1 B Roas @
Tafire 9w 1 SEm ©F foreX Remw 1w iRwke w6 & fw B
ST & S AR WY Faem & | AR €rRdr g U RieY
e A Bt qerl A A aftln A 1 A € ) T S AR &
T 8 TR 39 ST AT ETTH Y AT TR H o gy § | 59
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RfIrse w=d x 1000 x 9RY%

100 x AT
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3) Raw = # ®F #ifvm
) W dme ferm F HAng wer F 7w qeEiE R 9 E@ A e,
FE 8 |
i) T dms foms ¥ g BT & AR BT B i
FEd & |
iif) @ﬁﬁmﬂﬁaﬁﬁgﬁﬁﬁﬂ%ﬁﬁrﬁwﬁ ............................
FEQ B |

16.3 woHE ﬁ?ﬁw

wRiens Ry ¥ Aot Ry 10 vew A A w Ao ¥ AR ¥
& A 39ug H, R sPweeds w7 snfter & fremr owr @ s s@dy & w9 § A,
R, St WIS BT § | WA 39§96 wAR g aed
 XA+)R - AR, | - (16.3)
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gethe & w7 ¥ A oy T ¥ | gEE MY @AY F AR § AR UREe g
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3 R e TreREw FEs & R § GeRew A ey w3 § o
o Reax mmeee Mo 9T 2 | smee Reax FwEs @ o] e Rmd
3 fore v T o & AT @ S aRRiqd ¥ dfem o Rt wiss
F oo ¥ w-Heay R Bh B

16.3.1 =T

wrer Frafeor § PrafRa BFg o ao smal & geen B S 81 9T
oo Rt 8 smd, Al B Rower i) el s wewt
Ry e@dy R & Rl odws Ao 9t 21 § e Iy di &4 A
yRaffe F & 98 avEr 9 A forr s ) B A R fw & ot

EIRIEEL

R wrere oo § @@ YH 1 ST T SR B, SEN @ed #
Wﬁ%ﬁﬁﬁ%ﬁﬁmﬁ%&ﬁﬁwmml

1) @8N AEATES BT A |

2) @R ® FO B SUGH ST BT ARY TE I FEAT § AT S R |

3) sEdg # A RufEt F wmn e B 9e e ww A |

4) dfE w7 w1 BiEa geeT 2wy s Y & 99 i d@uen
awer de &1 X SSaA1 o T |

16.3.2 FE&QUT A qoiaT

uﬁmﬁqaﬂﬁéwmﬁrmmm@rmﬁmﬁﬁammﬁmw
o T & o ¥ 1 areure Rieg sweed @ o sed e R
@gdr) # afvenales Bkl 31 B fRg o fomes 7 e or e
4o vaor (A R § A ST §) W SEder §AT B HEARHS e I
¥ | O AEAT B GERRI PT OER [Aour O S g @ @
AR B T B 1 ST F Y Ryeax wIRES TH oudc wav § i, 98
W ¥ wgd BH gor 8 | v i § iy A § feax wkes @ s g @
ﬁmﬁﬁmwmaﬂtaﬁmﬂ‘r%aﬁﬂwwﬁaﬁrw
g

AgCl( dn) Ag'+Cl- (Fema ®) (1‘6.4)

Agr IR CI Y T s ¥ R qOiE $ O AEG Y SR 16.4 7

7o St B 1 P g FO7 § PR @6y o e g
K,,=[Ag"] [CI] | (16.5)
o K, Borar qurer Ruxis srran aae RomET O Feear 8 AR

TTRRISSE AT A AT GRaT B el B € | 25°C W AgCl w1 K, A

1x10710 g &)
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Eh;) M, cor <1x 10710 R ¢ wsmr w1 FrEfia S g, @ e
dqw el ¢ SR SuH R FNES g b 8 |

W) AR e, .cor —1x10~'°a‘rﬁawmaqﬁ%laaﬁaﬁﬁaﬁAgCH€r

| E{FTWT%I

M) AR ¢, com> 1X10” ma‘rﬁawaﬁm%aﬁmxgmaﬁﬁﬁmw
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Wwﬁw%ﬁww%wmmmwwmﬁmm
TR SRR At & e e 3 s g

AR 16.5 9% A &%) 3R Agt 9 ¥war 967 <F S ) CloS gEar
A BT TG I QT AT B AR B AR RO K, W | @ e
q Cl- A1 yolaar sEata 3 $ T Agh 1 s Am 3 e 9w g
ARTeAs fedwor ¥ s@eqw ® 9 g AT o 8 S foms § A9 sases
qerel @Y A, Qe HOORYE 9 ¥ A 8 (3 <0.0002 ) | et
AT H AT FEYE F GG HET AT AGF 2 |

16.3.3 T &9

sa8fT & = Fifded gueT g7 oy vt I® FREg ¥9eT F do w9 W
yftac =Ty BT a8 | e w7 e A sadid e (seds) &1 AW @
IR O &9 39 D w1 99 & B ifw oRomw amw v F e e s

© ¥ ISR & e 3Rww, BaSO4® w9 ¥ sreaifig e & e

RIS e gl & X I8 g F 9%, A w7 F, e s
ol & | S BRF W, Fep05. xH,0 & &9 F s@dfa gar & Ry wer
w1 AT HIET B B TR I8 3@ &9 A e A o qwan o | g 9@
goaterd FX (raid FeyO3 WIS 81l & e Bfdew wgea 8 & 3k o8 3o
Qe w9 & R Qoeh BRE UT B IR T TR o HeraT 2 '

e w9 T B wie) ot e smda ¥ & s freer = & smEr COy,
CO anift 79 & et 9 & woed aael o O qert & o Frivew deeT
I FRed & =99 ae =R | B & wend el & fg e
TAEH &Y B T BT B o T8 awas B B d e aer ared @ fifvea
HoeT 81 R arIe STgE AT TR, AN F GET B Il Fwdien i
ar gy e 3 1 feer s & SR WS R AR WA IR A €9 @
Q. geeam yeae @ giRET R T ) feg e @ adt # emiaerd @
I & R woaer wwe & R smews a i S e o g W
A, G A 96 O 8, 399 @y @ 9] R 8 o B
fafdne s@aq & fQ H-a9 & W 8 SN 8| Y % B A9-HReAS 9
mmmﬁwwﬁ%ﬁmﬂq%aﬁmw%mﬁfwﬁaﬁﬁ
gRfTT FeT § wens A 2| oW e stRee AeEEde el 9
RIS § WERT Q9 ¥ AT 1100°C F IRem A q e B o @ o
AR aF 91y 8m & R fr 16,1 & femr mr 81



CaC,0, H,0 (Precipitated form)

Ca G,0,
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Weight, g

Ca0 (Weighing form)

e

- CO2 }
840 1025

Temperature °C
Rt 16.1: $Rwaw SR AHAISTEET F@8T FT ARE 5

fra 16.1 ¥ weiia 8 8 & $Rwgw sfitwiee emge 100°C 76 orm
TSI B 1 S T F T 100°C T 225°CH S IEH F WA N TF A
foreer ST 2 SR Froler Sfvawm sifsdere T 8T 81 225°C ¥ 400°C & #i9
Hfeme froe il ear &1 o i F a8 400°C - 475°C & d 39
CO frerer o & R SR wEie W 8% 1 475°CE 635°CH o a8
T FEMT F T H T W@ ¢ AR W o F am F e @t
T I T S FHAT B | 635°CH FUR TH XA W diewaw FEMAT H ¥ CO,
H1 T I Prever ST § AT 840°CH e Heayn diwdrEe g B 2 |
840°C ¥ FUX CaO WIRT B & | Yoaald YRk <6 Toh1e i =t ot & %
Hewed SfRTT /8T A 900-1000°C F STEUR G Sared ¥ we B s
& Wi CaO &1 RYT 9K Wt 871 CaO #1 T &7 31 wifty forr omr 8
TSae B AT W-E & e Tt Y wren e 16.6 F A1 MR §

~-H,0 ~CO —CO,
0O st PO i e OO0 3 e O 165
163.4 R

AR ¥ o Ao T vt aw € S R W i woh S R
T o= wer # ey w2 2 Rl A o ¥ R o 21 5@
THE T3 % 3 & FrafRer § der o vanf @@ srane 76t afvew gwe

e B B 1 Aot w9 F wgw A # AR @ A W PR G an s

ﬁw@)mﬁmm%
x=Fw ' (16.7)
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Cl %1 7™ e 35.45
= g =0.2474
AgCl &1 TH geaim 143.32

M—Ma@ﬁmwwwmwm%%ﬁﬂ%mﬁwﬁﬁﬁ
A g R

| P=2x100 R | O (16.8)
fore¥ s @71 W B
TRF 16.7 AT 16.8 Y FgFw F W

=£;v—x100 | - | (16.9)
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16.4 wmﬁaﬁw%agmﬁw
TR R e aE ¥ w0 ANg W (G s Afiw) & Frafor #

REBRY wF weeEqet Ry 31 w8 frafor w0 A oRgef fafr & o wmd e
o011 S Ok S £ 6 e s v e O e
wers Rftrt Iucreg B | WA G0 st TRl & SemEr s e
el (S, qu Il ¥ dwew) W N FaiRe B # ) w@l sro

faftmt faftee 7t 2t 2 Prg fruom. Prifa F, yoorE e 99 Il =

 qPTR 9 Rftrse e o we @1 wlaRe F yge sl & w9 ¥ AR

Wﬁwﬁﬁwmww&a@rmﬁmmm%l
mwhuhﬁaﬁwﬁmﬁwﬁaﬁmmmmaﬁwvﬁ

=t #® o

.-'1641 T, TR & €A
ﬁwwﬁm%maﬁm%mﬁummﬁglw

mﬁrﬁ:mmmwmumﬁmﬁ%ﬁW%m%mm%u
aﬁ%mﬁﬁmﬁmﬂ#wmzﬁwﬁwﬁﬁm%%w
mmaﬁ%waﬁﬁmmﬁm% o

Cl“+Ag+ —— Agll N - (16. 10) f

N # Rreat FARES # 9 912 3N sw: wgfm v A ¥ | FA @ |
o et i AERE s ok Riea) Amege # SuRefy # gp i oF Rt



<@ R wer & @ wreT T 8 oY SR W & s giad o 8 S Frgeror & s
T & B WA A gEhaR Gel % w9 F sedfh 8 o & R e TS
w0 JRE! 7a TR BT B | AT B BAHT HRG ARE I IH ow o
& o oaT B 1 3 ARRSE T At grae e # wEar 0.01M ¥ sfes
g Bt RT3, SEdT FH YA T A & IR SR N gEr W
aifye &Y W 8 | siiRew Reaw s  guaee & g HCL 9 §a@f @
gl # S A SR 81 Reax FolEs $ Esy B gy qiked & g
Refta wiT @l T HRed § oF fomr war 81 9% Fredew o ® ad o
wren & Wi 98 S (9 &) welew § Rvar s st e §
I B S | S@ey aren weee # f&Age 3@ ¥ 120°C TR aR-a) T
v wmer @ @ Rag 9 o 81 ST SR 10 e FAEs A 9R TS
foar o gear 8 1 P wieRe g S /aRTREs @ gl ok wY
T 8 |
35.45 x AgCl & X

ClHT % = x 100 16.11
143.32 x T F AR et

wEaey g i W gR Reay weiEs s Reaw ik e #
T B ST § ur siigel Read & BRor ST 1 Iea=T g 8| gl
TS B WA e & g aReest &1 e w1 Tia)

s T § FEs W AR w3 & R T A 9w wEhe & e
e o Rt o ¥ 1 FRes Prefe e # = s @ R were
faftr & fageroror @ foran s

1642 TEE, GFHE T €T H

W%WﬁW%WWOOIMHCWﬁWﬁWWﬁ
v & @ e enfteg ® SR weires o femr o @1 9
gRftfell 7 e @AY W FO B T H B 8 | FEGRIES B TRy ¥
Wmﬁa%wﬁﬁzaﬁw@rwmﬁm%aﬁm
qohe Ed e &

SO + Ba?—— BaSOy - (16.12)

memw%wwmwm%nwmmfaﬁmm
ﬁmmﬁ@m%lw THEF el FANZS AR AReE B ARAH
v B | Ay BRE s R el angy freme 8 @ Sa o wewel &
&9 ¥ YE-3@aqur 8 S § 1 98 a@n 7 8 % afe BaSO, # @ew # freda
¥ TE T T qF AgEE F TEd B g Rex @ R wg O we-amdia

(rferenfRa) Sfewm wete waia wEm & yud € Wiy | S@Rig BaSO, F S@gy
w1 AR AT ® qe ¥ T w7 q Hel OF IrE T ST 8 |

TET F A I B A A G F0 A AR e @ F o o | v
= e w9 A e o ¥ PR & @R 9w § el @ s | e
1 ar TR R sEd B g w3 Rrg qRmAT B i B | SEET A
TTA S H oeq WeAS ¥ Oy o | gl N, e i, SRew WS

. B E B D R Rieat Aede R # g5 @ Pk i w1 o




Tr-dia faferdt wr
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WWﬁ@ﬁwmmﬂmmCmWsﬁ?ﬁwaﬁeﬁﬁ
g@%lm@gﬁﬁ@fﬁﬁmﬁmmﬁmﬁﬁﬂlm

AR qeId 7 g Freges o g T G| R EWE a© @ 9o 10-15
Rz o godte B | 38T At ¥ (| aradi P weRfRE Il ¥ I WX AR
mﬁaﬁlmw%waﬁﬁqwﬁﬁmﬁvﬁaﬁam

F forg favar wmar 81
BaSO, + 4C ——> BaS +4CO ' (16.13)

Wﬁmmaﬁaﬂﬁﬁﬁw%wﬁﬁ%wﬁmwwaﬁw
Wﬁ%ﬂﬁmmﬁmlﬁmﬁmmmmﬁ

AT 3% gE S SR gReRE il
- 96 x BaSOy &1 HIX
BaSO, %1 TH e

e H AT =

32 x BaSO4 #1 AKX
: - x 100
BaSO, F T T&iF x T97 M A

16.4.3 FHIE, FRGE B w1 A

amifprede & w9 § Reae pReng ® T wREs a) At
FAREE & g SRR & geraey ity Jems ¥, it s
wET & w9 N yEdig T o gear 31 R ysaem & | SriRee

%S =

TR B A o Rakda B o #

qeftm sfyfrd =i & o &

PO + NH; + Mg™ +6H,0 — MgNH,PO,.6H,0 , (16.14)
YSIAT ' '

2(MgNH,PO4.6H;0) ————— Mg;P,07+ 2NH;31 + 13H,01 (16.15)

TS FeTRAT ¥ PEPRY, HREES $ w9 ¥ 96 ¥ | PRHES B w0
sieRi gra st ¥ oRaffy B i ¥ iR B e @ o R @
IFafue fFar o B

mmmmﬁmﬁwﬁaﬁmﬁﬁmm%mﬁr
iR s g FT agemer fRar ST iRy |

AR YO O g ¥ wRerd acal & e w3 RIg geer HrepRd #
AT prepmierse  ®9 ¥ s@Edvur B o 8 PR g s@dy #
At ¥ et we @ Wiy FNREE st wede # wv ¥ smdig W
forar wmar @ | s GrepHifteS e T s@a@mer (1-1.5M) FARRE Il e
¥ o B 1 eTERG o AR WeqUE IR @ IqUnT A€ far S 8
% 57 sl W IaRuly F s # fclwar 75 I B

wm@smﬁmﬁww%m%m’m@ﬁﬁaa)mw “
faam e 21 3EH HReww IR s grgd Remw ¥ w® o & R,
Wﬁmaﬁrﬁww@z%mﬁwaﬂas‘rwhwm%ﬁra&aﬁw

e



Fux il gfraelt & wr AN sifRoT wede & sady # R guT
Fegia frefed o # ©F ofT S0 8 | daRY 1 SHiEmy v ¥ die 1R
%2 g AT AR AR T ¢ 1 @l wied Prefed oF w1 ol g g §
AR FX | BT B TBA TH FX A FET I e AR AT e
1100°C TR ywdferd FX | AT FT 38T F@ werEied ¥ @ § 3R A o |
ReR 91X 91 89 0% Toaad X WRkier 9 SR e W | SugEd
T g FEHRE 3El P05 & Ued ST #R |

P>Os q?T TH APATT x MgyPr07 T 9

P05 = Mg;P;07 1 TH 3] X X THA H AT * 100
T W
5) ufe Reax FOss @ g A Jeet #F Igmida X fRar sie @ @ et

.......................................................................................................................
R T R LR I R T R R R R Y PR PO PP RS R PP E TP T TR EI
.......................................................................................................................
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16.5 s faweryor

AT (SR e ¥ 9 TRaT & OFOE T H sRE # e
3§ dIFT AT TR AR § @ iR gerd R e o 8 )
FAAT B QA SATE e X ST gan FT AR 9 Bk s
g 3R IR W B 8 | o IO A A el wrag
ARTHIE TaT F el WA B aUET o6 B | O 9 faeg #1 gen g
Fed § Rt ¥ gEh G} W e/ 8§ | EE, goadr Rirg W T-uReRT 1
T 8| ot g R e SwTeE w6 amhae sqRe # v form omar B qm
IHE TR A WERA/AET W F B forg afkewerT B o B

FIAMAARY T T AEAIHAE T T 8

® imRE el (R) @ srgEw (T) & 6 d-3 eHmsonae e
e |

o JRfFI-TX g BT =Ry

e T Rk @fdwl § g e = Ry

o gw farg Prafa & & forg SwgE qas Sueey 81T =i

et s # e faeg (equivalencepoint) 98 fivg B & Rra W AT
A ey T, sReres ¥ o w8 sefh s § s feg
(endpoint) ¥& f=g Brm & R X gaw, o, gew e 4N, SETATT
Tl w1 g X1 &1 Sved Rew & s fvg AR gew g # wO g
R | ¥ g Beg & Yoo S o ¥ gaw afife wxar § o o R
o Rew gae # savmsa €k § 1 qena g IR sk Reg & flw vga

Pretroor oo
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SATAF T HTAR S AT F FTA Fe TRl HORY F 1 IE wE:
FTAMT qard A geaiel N e & wiowd § e fhar S g |

STHTIT 98

SIATOR a6, SFAITR T HIAT Sodl S P qEHE HilP R T B
STV I O BT & | eI g & AU shifoes s aX ¥ wgd
wRadw Rer ¥ar § 1 v uRadT geoan firg & Faikor § wewe 8 81
AT A% F iy By # oo ¥ IFFERE (R) MY g0FE (T) A
rsar AR @9E F e e e 8

w@wﬁmwmmmwﬁmwmﬁa@ﬁﬁg
& g T-Rad= BT ¥ SR T W S 8eg et o S wer 2

16.5.1 7w geuid W (g, )

ot <remfres s & aftere werRl & weR T W@y FaiRa 50 @
fore, e WY, g™ geais R e weal o yan o e g e

T At # R IR, S SuEr AT eui O BTRgeT &
E112 R C O C T | L o Tt R B 0 | e ol 102
qedid WX B & o 1.008 T sregre, 8.00 WA SlaeT Iwar 35.5 wW
T & qEIeT BT | s gsseyg, Rer 2 & @ vl W JupoR (.
s&ey,) R B B 1 fgsery, 3w o Wk wwar 8 Rl s wiva
w8 U o B R w & w8 aiw shassy 8

SR8 ST ¥ Qe ¥R IRERK SR 959 T @ S P e
g gY i F & o |
H*+ OH-—— Hy0 (16.16)
T THER A Rl R T el et § g eery, R s,
O B B |
H" + CI-+Na*+ OH- —— Na*+ ClI-+ H,0 (16.17)
-1 M HCl = 1 AT NaOH = 1 A Ht = 1 |l OH-

HCl F7 St 387,

HCl %1 Stz ssey, = =36.57TH
1

NaOH T S5 35,

X NaOH# A3, =- N = 40.0 %/

el fer # HyS0,, W S G BRGSO I FIAT B AR SHH!
B st & w # A T 9w B Swa hyssy, SEd Nunssy
T AT BT & | HIEPRG T T SFLATT UHWET sar YT et 3R

.Wﬁwﬁmﬁw'ﬂ%w#mw%l

H3PO, + OH- == H,PO; + H,0 (16.18)
H3PO, + 20H- == HPO;” + 2H,0 (16.19)



H;PO, + 30H" === PO} + 3H,0 (16.20)
16.18, 16.19 3R 16.20 IAHFTRl & w18 FTAUAT § NITHY, FT A FAW:
| fuassy, 1/2 Huassy, A 1/3 NIEsswy 5 q8ET gl 8

SRR AT ¥ s/ ARE @ SEsey g @ g e w e
¥ S AR R o @

. | iU 3,
. : /8R& F) =—
g, (e L ————————

SRR AT WO E Sy 1 FAFEIAT D AR He I
6.023 x 108 e & Mg 9X IR frem I a@var &1 SlrfwRo-sieae,
gl &, AT 97 A uer & 1/ ToReEl B gAEa BT 21 AvEms §
¥ o EGAT B R I ¥ IEHT SRR B AR B | VS SfferdinTen
§RT B TFEET H TBY FIA § IAHT JTA B i & | e e
g &

10FeSO4 + 2KMnO, + 8H,S0; = 5Fe;(SO4)3 + 2MnSO; + K280, + 8H,0
(16.21)

T S-die '
5Fe?* + MnOj; + 8H* —— 5Fe + Mn?* + 4H,0 (16.22)

A & T sfrdT A e SRR B SRR Fe?t oA sves & &Y A
FH FT ¢ AT TF qoag @t Fed* ¥ sifaiiga 81 I ¢ |

Fe?* —~Fe¥* + ¢ ' ' (16.23)

MnO, ST SENERE & &7 F FM FaT & A 5w T8 FT Mo F
Iafa 8 o & Sar A & o awees Y snf s ¥ e mr 2

MnOjy + 8H* + 56~ —— Mn?* + 4H,0 (16.24)

W IR MRS, T FA FT AR SArFr e § g A aiad T o
Fraffa A swar sl § o o) wriaRe g 3w FaiRa
FCT 8| W I,
VN SRR

sy, (i) = i S T AT G qoe | g
W PR UG AT (16.23) F SIER, oW fF e T SfRiwor s
TF ST B G A A 2 F T/ F A3 B T 8, GRd qone H ALZIHY,
T Y& BT

FeS04.7H,0 w71 Gﬁ?{g@Fq‘\ =

FeSO4.7H,0 7 Gﬁ'@gﬂ
A F W A GRT W SeAFSAl B e
IR R
1
. = WLUAS®Y, =278 UH |
FUSAHT 16.24 ¥ MnO; ot sclir Mo & 5 ST 7oV el & |
3T KMnO, &7 S g5y, 0 YK BN

fredraur Y TiowITE

27




ety ARt =

STeTaReT SR fawerorT &
Reper § Aerar 7
AR ST FY § |
T fE S 3 Ry
CHE-0] ¥ gTé-1 3§ |

KMnO, & sy =

KMnOq T SiwAssy 158
5

T TER EEE ARl § NEswy & e & o Siwie s

o F SR IRt Bl €

Hepeiirey’ R ‘wEd srgATAT H ME ey, F Al AT weeno &
el & R w Fafe e s 81 sTeR & g fieaR A
F W qEATRS F e agae ¥ Frer s e g

=31.6 UH

Ag* +2CN-—— Ag(CN), (16.25)

Rieat 1w AT GUATES B 3 qouE! B E B 8 AT AgNO; I SE,
&Y, IS LUHSY F1/2 B

e Reax TEeT $ G FARES B @AV FgAEE H A iR e @

CIr+Agt—— AgCl (16.26)

TAREE T T AR Rieax & @ Aol & 917 Afihar Fear 81 3@ AgNo;
F W.ITHY, IqS ATAIHY, H TEX B ¢ |

| We
6) SUgH RIS G K Fe(CN)s3H0 B Sifiaear & K3Fe(CN)g Wt
BT &1 5 Iffhm # KyFe(CN)6.3H,0 T W3 WA, Uiford Fifon |

.......................................................................................................................

16.5.2 uR&e=

STH AR SPRE F I F SR GG B AP TG FA D RIG
R B ST Bl & | G SAIRT @ ATHe aX e
faferdl sreram SRl & WO SFUW # SEIX R wmr ¥

) AR T ST ¥ SEEAaE e ¥ oieet & R gy

- wmrT Rl fere e § 9w W osmia 81w e gr fie e
HPRTRF T AT Yy AT IqH AT Ny B | WA qoI g W)
AT TV, IR WY B 8, S F s F ved ¥ 9 B 8
3T HMET FATE H AHAMT N, & |

IEHRE  (SFTH) AR

2

N] V] = N2V2
N7,

SR N =
Vi




T YR FAX R T wHiewr gy afeRe o Aefear v, aRehe &Y o
WY B [ AR A FT SAehRE F LTI g U FE 9 A 9
dm?3 ¥ | W< B | | |

) e ¥ WA SgEE 9w ¥ o Rl ¥ wemte offm @
wallFwialy  awr qer SR 91 uReea e S

16.6 _srgamaA fSwersor st e
e AIRT SFTATEY AR A § R B o e 2
) IR (SRMAT SEA-ECF) SAIA
iy . SiferfFRu-armEe (AT YSIE) SFHA
i) HECAT STZAT
iv) IEEY FTATI |
16.6.1 IIHHIHWT FIATIA
ST A 7YaT 3RA-&Teh SFAET § e HY 3 OH- & T
IR & H0 9Tl Br &, i |
H*t OH-—+ H,0 (16.27)

T FTATT FT ST IAF GPR ¥ v o7 wepar €, 9
F) T AR HT G &R G STATA

W) g AT FT VA SRF G HTATT

M) YT SR YA ST G AT

W) guer RF & Va3 G0 A

3) il g Al B el T Y TR B WY U i gael ST B el
T YT I B WY ST B S e § | w5 g S
AT & g wwer iy i iy vl 1 Swam oft B s
A1 & | g 7EeT HTT A1 SN FAT B @) T THR B AR
Predfe B | i gracs GHCT D A qooT 3T H 0T gaed
& BYT & I gefer TR F1 v e a7t 2 2 |

o) g W T AT qg AT &I P GG JTAGT

SRR STATAT 7 e ST STIHIT ahl g B W W g Y
%, TR T wX, foog, B T SEes, @ AT s e #
W IO F ¥ W B § ) A 9 A, Rewd fow, o fivg &
Ty g7 Rt gRemaT 2ar B s Reg A e Ew 9 wew ¥
ST & N qewdr Reg F dum, e o1 RedT weRlt W & 1 g &
R ST A1 AT SRE Fae o gEE @ WeE oW ) AR wer g
SUGHRT qEw B w F Ry Iwewr fuw, ww, gouen g F @l s 9
q}@%mﬁmmﬁmmmwmaﬁﬂm%wm
Wwﬁmw%mﬁm

e A qiRnE
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Tre-aig iy =
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o TEH I FT YSH HF T AT FTHTH

Tot T’ SPET o &’ TRl %1 9@ HCI, HNO3, NaOH 3T KOH
anfy weral & forg frar smar ¥ < i feee 100 it Rl wed ) S

0.IN HCI & 25 Rfr %7 0.1 N NaOH & @ AT W &= &L

HCI +NaOH === H,0 +Na* +CI- (16.28)
Jyar  H30* + Cl- + Na* +OH == 2H,0 + Na* + CI (16.29)
Joar 39 HY+OH- <= H,0 | (16.30)

B A & B Regal ox [HY) swrar fog. A FreiRa #) e €|
AR Regall oX ST NaOH &t e gfeall 1R igw. uitefo &3 &
§1g Nq@. B NaOH 3 9@ 3 1 SR H37 § W &% W 8T & Ry
16.2(F) | M@ & 719 BT 8 9@ TF e 80% SEIHIHT U 7 &
o facam @ drge, ¥ wwie gfs e AR 8 1 g g (90% ¥ 102%
SeRiweT) & T fom, ¥ dg ofadw gReier o & R fleemd
diea, 10 # @7 6-drwg. gt &1 s fRemg 3 8 fwd woedsy @ & 3§
o &1 GST W G S 2 | W A BRI -4 gEh IgH e &
S AT 7% F @ A § Rl g ) r-oftedT wefta w81 warw
Yo 98 e Ree r-uRaed, gemn feg fuw 7 & ot § e wi
B IR I-uRaEd FIAT a6 F IW W H B WEl ATATH G h e
T, e G qgT S 8| QR AT @ forg Al Ssmiew
FRIATEAIT & SrEl WA IeRAie B gEh B ®9 § IYAn fhar o e |

® . T A FT WA &CH & | FIATIA

T TER F AT # R gaer okt HA T Jee @RF & 6 AT W
faem far < g 21 3@ &’ 0.1N CH3;COOH &9 0.1N NaOH &
FFATT T AR X wE & | W@ N T 9% W aaR o 16.2(@)
# oifd BTy STATT @ & wee @ R @t W e 3 flow gfve
(@wa.7 & fgE. 10) oF @ w® T B iR ger g 7 it sg I o
BT | Vpq & W areh 3R X, AR o & wapmor o & Rorg spgam
oF F @ W A R e 8 w0l W s & g A s & gEw
F &Y IO T B G B | GG AR Vg ¥ IR Al F @
FHACRIT & 0 W # T o 9% 3 w9 i § Rew #1 w@R
W s B R wHECRIRE I9ge gEe A |

® YT &TTTH T HAA HRA F AT AJATTT

7% 1T 1T HCL e &7 NaOH Rerma & awr sy o) e 31 W,
T, SFTATA @0 T 3@ R 16.2(7) & Ay 80| yee e & 6 e
I F A o H qeaan forg B g @er W wgw w91 81 (R 16.2()
q g ) | 39 o g foE 79T 81 'l o yee SRl & Y
TR YO R F AT @ R 9 A wdfrss € st wenma
AT A @ @ AW H A gEw w1 dwmn Ir-uRady gar & SHE Swm
sy faeg A v & g B o1 e B s 5@ vER @ AT & Rig
AT A, AT STRA & AT HACEIC BT A fhar ST e @ |




Tageor & waoa

1477 14
H
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7 ~E. P 7 '
y
——-————/
0 Veq I 0 Veq {
0 25 50 0 25 50
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(®) (@)
14" ‘\ 14
pH pH
7 ~E.P. 7
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\-..~,_______-
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(m @)
| 14
pH 7] E.P.
3 Ve
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)
R 6.2: TEEFEOT ST ¥ T
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Te-dof fafat o T aCH FT Y A F AT AT

W A B FoA F R ST SRS §TH ERGIEIRG SRl &
AT X FER R o 1 5w seeE # R ue @ R 16.2(3) # R
DT ¥ SEeE g Y e 8 gl ©b del we W oy g ¥ e o,
g, A 7 ¥ gd A9 gega Aeg Red B e @ AN & o AR
S UG GIF B0 ot Noa W 3.0 - 4.4 T B

e T I T A ARF F WA JFANH AR R

TA-YF B FIAOAT F R I erEgiaes & A Ui E v &
FTATA X AR FT o 81 W e @ P fem. seme 9w R
16.2(3.) ¥ foar w1 81 e 9% ¥ T @ T goww e & @i daw
wRad dew 7E 81 gemar g & e R wE § g e A fiwm we
¥ IR wRads o ¥ o gEw o-aRadw Rt g gear fBeg @
Wﬂﬁmaﬁgﬁﬁﬁﬁw%lmww%mﬁﬂa
et B

G SFTATIF T T AUAT TR | GECT el FI SHIGT FIA F Y e

mmmgﬂawmwm%mmwﬁm%m

H YgEd HEAT AT |

16.6.2 FFNHECT-FI=A (Jraar () AFATIA

A fAger # B Feh Al § sgur siwie-smeE A e

g1 3T iR § A9 Hec ¢ ARSI WAl gerde A @l

wriaw gar # 1 R sl § wlelie (A, s st Sn) werRiAt b

3 g, aﬁmﬁﬁ%im%mmﬁ(u)ﬁﬁéﬁma}ﬁwﬁ

¥ I (M) Wy 8 2

Fe2t —> Fe¥* + g~ SRl (16.31)
o g ¥ wiiefisr (qTme], ST SperaT o)) SeERCAT BT W FIQ & 99 ATAT
Fed ¥ | gaEer & Rrg FAGT 2 WA B W AR FAES JAA A SRR
Cly +2e~ —>2Cl~ o= (1632)

%ﬁwm ' :

ﬁmqaa%@rawqﬁrﬁﬁwﬁmﬁmw%

1) ¥ yerf W gew Tr-ofads & g or O sl & W s saEd @
aTer bR e § | Sareor & R srfET & Ry weTE w1 ST Bk SR
F fo emiRTTE # gEn $ w9 X |

2) ¥ e o g wEw T A ¥ IR IS QB e €, @m@m
F fog R q@y aofe w0 & R

T THR B qEw F7 ST e B § @R S wml w )

78 &1 feg X R F YS! A agd ARG Feeq B | |
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Fo W T B A 16,1 F T B mr E | faweur A WA

areet 16.1: Staa gernt i T aur g ol slw w0 X o o m
T e aréfy-emer
AR = - e e
qERITah 3
FFAF F T § KMnO, FT 3940

2R i Sed g smmaTAdt s § 8 ) R stwieret §
TIH G ARF STNT BT & Ik (1) T TS IAFIPRE & (1) TR B, I’}
(iii) SRrepter SFLATTAT W GES B IJaeTHAr 4G ER) & Filew N EH WA
F1 &7 0 ey gt A weEm & e i B #

Suge @ & IRfE, KMNO, #1 8 dmd #f & (1) eiRes sm
SuRufy ¥ @ sfele @1 Swn e far o R & S KMNO, & ™
i & Cly ¥ affeefiga &1 smar 81 (i) - wied s @ o # ok
(iii) KMNQ, e@mt &7 ¥7a-g 9T HASIHT HEAT 9gaT & Fih g4
et AR g F W SRRy H ot Gt el g 2

qTHE s i sitRRaTe:
Wﬁﬁammﬁﬁ?qﬁﬁmﬁm%wﬁmﬁm
Eicid

) e el Rt

ii) W%ﬁammﬁsﬁawmﬁ

iy v @ et §

:ﬂ%ﬁmw%wmaﬁaﬁaﬁﬁ%

1) oo s R ¥ mwawﬁaiw%omarwﬁ
gradE  (srfq o < 1) B om 1 5 aRReRE § wie sme
Wﬁﬁ%ﬂﬁmaﬁmﬁww%aﬁrmﬂﬁmﬁaaw%wﬁ—
- R 5 S A 2

MnOj + 8H* + 5¢” —> Mn?* + 4H;0 (16.33)

‘mwﬁwaﬂﬂﬁwmmﬁmﬁrﬁ%ﬂawﬁ%mh g
IR s & Brg 3= @ AR As (i) ¥ R SSRE 9 S 8
& el fem & Fe?* o7 oty Ry ¥ Fedt ¥ Siffwoor & S 21
Fe?" —~ Fe¥* + ¢~ | (16.34)
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Hiﬁw?r(1633)3ﬁt(1634)%mhﬁ??fiﬂf3®ﬁ7mwﬁ?ﬁ%mﬁ
e o e P B S 2, 39 T,

5Fe?* + MnOj + 8H* === 5Fe3* + Mn?* + 4H,0 - (1635)
memmﬁﬁmw%aﬁi@mmﬁwgﬂfﬁr
MY |
2) gﬁam,szrﬁwmﬁﬁm ardy et § (Fafg fam, 4-9):
W Rt ¥ wlihAe & W sreiFss § eveae 8 St 8 S b
I #r erelifr § Remr w2
MnOjy + 4H*+ 3¢~ —> MnO; + 2H,0 : (16.36)

.Gvgﬁaéaﬁrm%wmnm%mmﬁaﬁammﬁ
IO FF e T & CN- & CNO SO3” @ SOY, 8,05 ¥ soF
3R Mn* § MnO,

3) waw el weAw ¥, slq M >12: yoo @y e # oF gl
F RN § TEAT S 3T agd H J0EwE 8 kT g1 el
79 R ol o gt &

MnOj + e~ ~—> MnOZ- - (1637)
ar  MnOg + OH- —> MnOZ-+ OH~ (16.38)
el @ A & KMnO, 87 3 i Aiffient = Forafeer far o 3 81

FIAEF F T § KpCrp07 57 IW0T

‘W@Eﬁﬁﬁ?mﬁ—qﬁwwfrwmﬁww%lﬁrm

HHT T TafiF AFF FiE Ieqe &7 H Iyeey @al & | 9 o 3Gh e
e W BT 81 S8t KMnO4 %1 SWNT F 8 g% a8t g6 99w Cl- &

SRefy ¥ R o1 T 1 SRR & Aot w1 G T g § fieg si

g & frafor & g 75 wia & 78 8 ¥ | ool et s
FTEEF B ETH FWAR T WA B www § 1 sl e ® AT @
S STFAINE qoe SHFIRF ¢ | STHhme S &1 P Aiftaw |
Wﬁw%sﬂ"{aﬁaﬁﬁm%mﬁﬁh

Cr,02 + 14H* + 6e~ —> 2Cr%* + TH0 C16.39)

g FEE (1) 3 Pt 3 R ordy Ree ¥ 2Rme seide & 9w
WW%WW&‘W(MM}WWWW%IW?@W
A™fRaT 57 YR B R

6Fe?* + Cry02~ + 14H* === 6Fe™* + 2% +7H,0 (16.40)
w&wwmﬁﬁmﬂaﬁ%mﬂﬁmwﬁaﬁﬁ@ﬁaﬁ%
mﬁéﬁmmmwmvm%ﬁ%ﬁwaéw&%mmwﬁh
far W gepar & ~

U0 + H,0 == U0 + 2H* +2e- | S (1641)

gaeT iy e AR 9eg q uX DR STeRie H I SFE S
Mfepl & rRieer & g fwar o wepan 81 ¥ e sga wfew 2 €



AAET & ITNT TR AT
FA8 @ T P aE A o sifrfieres W qifa B s g1

L +2e —= 2 (16.42)

Taft 78 Th gHG SiRERE § Sy TR aOcHEAl qO TS gaF B ou
e siewr rg WG et & FROT SFTAATRAS Ao § e e
wddrgd BT 81 TS, gdwede F SguEAE ¥, WeREe &7 gede §
IR aifEe F IRAT # S HT e 8

A F I F A fAREt B @ ot F Rwfm B s awar @

1) weaer faftmr ;5 RRRN # Bl goe s @ SER Rew s

L R e e & e & e e & AAw e @ g
famm wmar 81 T R @ s Rt we 81 oo wiw 1w
saeyr ¥ i Wt ¥ g o W arew fadw Bl ¥ ol g o A o
AR e T8 F9ET o gear B | g e, deRem smews
o ¥ ST ¥ Y Wi § R CIRIISES ¥t T o

KI+ ==Kl (16.43)
st e g0 g Frefie = o e @

L+2 — 30 (16.44)
ma?ﬁ?ﬂaamﬁa%%a‘rwaﬁ%

VI 211 W 1 e I G o T e 1 1) B ﬁa@mﬁﬁmﬁaﬁ
fr ey # )

i) T B SuRely W KI¥ 9 AOSES AR, Iy W siee @]
SHieliga 8 S 3

41" + Oz + 4H" — 2H,0 + 2I) (16.45)

R MR ST W A & R T o (G S S §
¥ A ST §) H A AT Ay @ gelt g% siRiem e s

2) e Raftmt @ ¢ RRET & KMnO,, KoCra05, CuSO, 3fe siferfierreent
F IRCES F A B wueh F AHC I G P IR ¥ G
A F Aiew uriaede & A o $ @ seEe R s
¥ 3 R % e Rftet Fat 1 37 s § SRR s
IR A § PR andrereE IX WRHIERua: sirRimen, S
i & e R vt 81 STEomd SRR sTeRRe # W s

- K3Cr,05 + 6KI + THS04 ——> 4K380, + Cry(S04)3 + Iy + THySO4 (16.46)

Eﬁm?ﬂ"r defw arieTss F R ¥ goT X O RAMSES
W A ST 2 (G 1644)mﬁrwﬁrﬁwmﬁzﬁw%
o A fhar S weer &1 T W@ ogeR el & ‘

Pradr 1 T
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-ty RARET = 2NaS;03+ I —— NayS406 + 2Nal (16.47)

CuSO, ¥ ar IRt A &7 i Idr g &1 i g Fref
o 8| g 7E ST @St o et sraRafy # fm e @

CuSO4+2KI == Cul +K;S05 (16.48)
wwmmmaﬁwmaﬁrmﬁ
ftaffa 8 wmr 2 |

' 2CU12 = Cuyl +Iz ' (16.49)

gﬁa@%ﬁ'—rmaqgﬁﬁfﬁ% (@l 16.47) AT FBRm S 2

T T
7) ST A SUEgT TRRl ¥ 3T T GHAT BP

........................................................................................................................
........................................................................................................................
........................................................................................................................
T R R R R T LT N

.......................................................................................................................

16.6.3 wgetrda ST

et srme & s wielie & oy WO Y @ (Complex) FET & | Fw
arg A wetld (Remwst) & | feee ¥ S 8 | g1y AT A @
o defadl & v gecIAT #1 O g g B Tl g eme & Wy
deftrat A we SEa T der oY B El 3| TR g
a@wmmﬁaﬁ%aﬁawmﬁrﬁmwﬁsﬁm%l urg
HEA T N T G P ST-E REiT B e U 1w g
ﬂ@W%ﬁWE‘W@ﬁ?ﬁ%Wﬁ@W@HW?ﬁT?@TW
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