HEITEAT
EQUILIBRIUM

ELE

39 Theh oh 1T o 9% AT —

wAifder w& qEmEteE giEwmet § 9=
1 Tfdes THfa H1 Te= o
Aifeer T Tt fEae o e
qn 9T o STfirereton o ifirerea
Tm'_{ﬂél%'ﬁ;

frdt < eAfufeen & fou wmg
feerier =e/e ot wehmt;

g%? K, o He Hay wfyd e
aAfafsran 1 ArAEEl 1 gWIfed
T

SR, FRLe-T Td o5d RS
o YR T YA hi 3T 270l &Rt
T ofihd T Hhl;

A qen & o qmed & amen
3ok I el o ®9 H H
T

YA ST AT THIA BT gl
T AT i T 1 FeRar st 2men
Tm'_{ﬂélﬁ;

BIEEISH 3T 1 HeR |igdl &1 pH
Thol o &9 H g Y Hohl;

A oh 3TEH Ud SHeh! 3T def &1
& ®9 H el qfHe # aviE =

Sl o At UEEA (K,) del
pK,, ¥ fase =T geh;
o o B g W T

'QT:[
foreraan UHEe feerie HT MU X
ekl

11084CHO7

I Sfeeh T yEteRoie gimere § wemEte qr qewyt €
RN — AR Sl § HHURE q O, o uieed ud foawor §
0, 3T To ETHvaifer o HeA T i U fAuiiah fiewT 21 5
YR CO 3TU[3T Qe SHHialer o Hed | CO i fasmerar &
O] AT B

el forelt o€ U W Uk g aifoud B ©, S TSt Sl
At 319 S i Tde W a1 Yo § 9ol S § a1 3k Sl oh
3TU] 5 1 TdE Y THUHL AT Faw ¥ ¥ Jrowen § guifed &
S B1 39 WehR %o el a1 o WeA Ueh TS W T 8 Sl
2, ToTeeh aRoTHEEY 56 1 Hdg W T Hivea oroq-gre Scoel gl
2 S ST T AT YR B Sl &, qel STt hT IS g el
T 3R ofd ¥ feer = 9 21 U feufa o w9 wed © o fem
(System) o Green Tonfad € T €1 F@fy 78 9 wifaw T
€ 1 5o 1 W8 W e TS 1% o o ek {hAheld B @
&1 T YR WEATErE T o9 w1 TG-S o SR 8 Sl 2l
T4 39 YehR <9I Sl ©

H,O (59) == H,0 (dr™9)

75l < @1 d 39w i <vild € fom S feemed & wiwamd
HU-H1 Bl & qe SATAThaeh] o Scarel o Trerereen W faeor s
‘e fustor’ wed €1 ifaes weeal qen qEmEtes stfafsmanet <=t
o e @iy 8 wehdl €1 tfufhar 1 e steEr wg e
IUHT THa Te i gRftefa w AR #ar 81 we fer a
W UF d9€ UH § Al T % g S §, @ St
Higdl #R-¢R w7 el S © U SR Hi Figdl gedt @t 2
forq o THF qvE T a1 ifafwaenl & @igu ¥ R T & SRl
o HiZ0 § g qiedd e 21 G feufq o e o wiivers e
(Dynamic Equilibrium) Tnfa g S 7 qen o TS EEIH
srfafmanetl 1 X w9 Sl €1 T hRU 3H erEen o
srfafmen-fagor o suferq fafve w2t & digor o =18 afitedq =1
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Bl 81 39 SMUR W R Grereen wged as Tl
Afafewan gof 5 Gt 2, Iued TEEtE sifafmae
1 T A e § A e e e
@) vom T ¥ 9 sifafemand et €, S omrer gof
Bl St ® e SATufshaen! o1 Figan T10g @ St
2 o afufret § @ sifufrst w1 g
31 HH Bl S © T ST T0ET yE g
Toya i @ a2
() fofa oge o 9 sifufeand ot €, fod @rga
#Y WEN W SR od € ael S W
FAfafsresl @1 siferra i STafafdd & S
(i) T TE W S arfulemenati st e e €, f
sfafRahl Td IR HT Fxal qrEEERl H
o A
Qe W AR fohe wn qe gof et @
IE SR gEifer il SH—stfufsweRl &
igdl, 9 enfe) W R St 81 S qen yEnmeen
T uftareq aftfeafaat (Operational Conditions) <l
TRAHIHT (Optimize) T 9gd Hewlqul Bdl @,
qIfeh TT=Teen 1 3hTd 3fead Seas i fem # &l
TH Toheh | & “ifde a1 THEte TRl § 9 o
TP AEEYUl TS o Wg-"Y Seia foeed o
AP o T, T otrafeR W wEd €, o
qftgfea &l
6.1 ¥iifeer Wernl ® ATRTAEET
i TehHi ok STeAIA gNI AreeEen o fRdt freRm
o SATTAON I ST TR T ST Fehell & WL
®UIALUT UshH (Phase Transformation Processes)
o gfafed ST €1 Semeoned -
3 = sd
sd s T
3@ —— T

6.1.1 3E-Id QIEATIEAT

Wﬁ%ﬁ (Insulated) WW'&T@H‘@TQE{
S (I8 T 8T T Tk o W usre ue ufEae §
o %1 fafmg 7€ g ®) 273 K qen agHSdE
T W HrEEE | B €1 78 e s safererl
o1 9l 31 B9 I8l <@d ¢ foF g o -y o

e fagm

T STl o SoAHHI ol hI Tiede el eidl € aen
flor Tea €, W S Wits 7€ 21 9% T S
o e areft oft i wfaferand gt 21 <9 < & e
I T THTH IHY GHITEA &1 S € 901 5k ok b
0] 59 g H 9l 9 21 o U St o seaqH
o h1g uftedd &l B €, Fifh Sel-31oet & 9t
Y S H TG0 i &L q1 STl § 9% § ST
F R 273 K 3R T IHSA @ W =K Bl 2l

g T € for ot Ud St kel Terdlt T g
TS @ R & A ¥ 2 €| agHeetd S| w
ot 315 vate o T =, e 3 e ==
ey @rEraken ¥ gt ¥, usted @ ‘umen
eI AT ATk fedies’ wgerar 1 I8 fem <@
o 1Y ohelel TST-|T € UREiid eIl 81 39 YhR 78
frepra Tifaer T g @)1 e fefated
foep o B ® -
@) < Tt wimad me-wy e €
(i) < fHATd THE R E €1 T 9% T W
1 oA fEeR &l 2

6.1.2 SI-di™q QEATTEAT

39 T ol T=fafad YA oF WeAd o FEen S
Gehdl Bl Wb U SR 1 Afetent, Toew a0 s &
(FAIHeR) , 1 Tk iE (31 @IEF) & IRES e
Y Wig <4 B o § Tk arE T A1 uel few o
sieit ehfeeam FANES (A FEHRY YITHES)
S ST TR S H G H FS el qh
@M Sl 81 39k U S ol STeX Fenter
o a1 1 SR 1 Tk W el SN Sodied
Teh o T (A1 U €ten) ki ity W@ e s 2l
A 1 3@ W g4l Tord € % 9 gma g
THHT T ol | IR - oear © SR fad: fer
B ST €, Al S H T TR Tl € SR
o B S 1 9= T ford T Sl R S o
%9 8 S © (Fo 6.1) | IR ¥ sife o Serarsy e
Bt € A1 oSt T e Tkl ©, T STe Wet 1 aou
B W T rerwen | Siol- 310t o SEe o SRl
A1 &G Sl 8, 0 o1 el w1 ST fEeRr et 2|
TH o -9 T H1 gig- H HH e o 2
e | Teqifid B S € o el el g 2l
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THRT Ao I8 €, foh S-S STl o SIuet i we
et afereen W o ol ®, S9-a9 T sreen 9
ST o STU[ST hi Fa-3TaEA H oA i I AT
Ty B dF et Tedt §1 teiq—
HHATETE T ; 0 i W ——  HoFT &l &L
H,0 (W¥d) —— H,0 (Im™)

qrererEe | S-S g 30 @ fohet i
a1q W R TEdl €, 39 el o W A <, (A1 S
HT ACA-TE) Fed &1 KT HT G-I A h Y
Tl g1 4% 7e FA Aot Uehieia, M o e
o T e S, @ I8 Uferd e @ o 3ok ar
arq-grE fafq=1 g €1 STveiiehd Seu o e el
59 Afus aromiicl g € TS ST FEUHlE HY
g 1

I ara-TarE § THe, T tehisia T
S H U H1 1 mL agHSA | ol W@ S qe
T WA Hl TH TRA HW H T g9 o (99-fim
ST o T <A S A g9 g% uid fo g gt
v H 59 1 qof TSR € S 21 got arse
HHI (i) T 1 Ghid, (i) T T HAGT qA1 (i) T R
ek et B1 ST 9 T 1 agHed § ger W@l
ST €1 Al STSe sl SR a1 R et €, wg o ok
U] HH oF R A | el S §| 3Fd: o9 W
FI- TR H HeAH k1 X AT HY R Y HH BT T
TH IROTHEEEY WUl 59 S1fSqd &1 S 21 98 T
ol e 1 SR @1 Gt R o e i
T BT Hord e 2

o2 I W Sl U STel-ar Tk agHedd g
(1.013 bar) @& 100°C @M W &r feafa o €
1.013 bar T W Sl 1 GE 62l 100°C &l

_\

169

92 feur # S@
feorT 6.1: R @19 W ST F1 Grraee] &1 arq-31a HI9T

fordll s %9 o foiq & aHesel™ <@ (1.013
bar) R 9% dM, R 5a T5 a7 A ¥ 7,
‘S 1 WM Tl Al 81 T T FaUqTh
agreeE 6 R 9 FAr 81 T8 TWE & S
(S=E) W off F79t e 21 stferss =19l ™ g e
TR Tl B

6.1.3 BME-aT ATEATIEAT

a1d & U9 el W fomm i, Sel S oy ereen
A Seduifad g €1 3% en A &l U o9 ue o
W, 9 T THY GTA T A 9 S S ©
T HHA o W-F T H el § g et 81 0
9 THT I T 1 i feer e S 21 59 feafa
o HrEERy wftd e S g1 ofd: S ST
FeaATIid Bleht SIS oTod el © AT Weereel i
™ ®9 H A S Gehdl © —
L, (3) ——1, (ar™)
TH TR oF G oh 3T SR B
FR (M) — FR ()
NH,Cl (3¥) —— NH,Cl (=)

6.1.4 T8 ® SI9 ITdT 9 HI Tevier-
Taet are

gal | 3|

B T 39 W T WA ¢ o &y U 5ot ) wh
fafy=a o o I arg W 9o 9 =i S T i
A & Serd €1 A1 B0 S a9 0 = R = S|
3R 39 Se1 Y, i =it o feheed g 81 s fhd
A W fiu U fgerm o afx o) eifus faeia 9 g
W, ar Q’@I faera =t ‘W‘H foe™@H, (Saturated)
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Fed 2| faeid =1 faeiga v w feR e 21 Hgw
oot o s1upeti it 319 eTeen 14 faera o foerae o
UL o e Tiden SrEER B

=+ (faeer) —— =+ (3)

qoI T |,

= o geH Bl W = HHA o fhed &l

feamtfaeaageaa = &1 FeEar 9 SR <A
el WETE 1 Mok Yehtd i Tag feman o 21 Afg
%‘?i‘%ﬁ@ﬁ%ﬁﬂﬁ‘l (Non-radioactive) %ﬂ'—ﬁQEF’Tj‘H
oo o Weanifaeaar goa =i+t =1 &2 461 2« <,
T F© I9F 9% TH M faeed TE 3 =i+, oy
IR o Aeamdfoead Jaa =t o6 1] & o, fhg
[reTEeel i Tfdeh Yhfa o RO Aeanfradgs
e fednfraaEE == & e w1 fafEy g
Werenati ¥ B 81 e Yeanfad we e e
=it ST 1 ST T T FGa Bl ¢, T T T8
T feeR A q% FEl Tg" S
gal o
e GreT-aeR 1 didel Sielt St 7, dd S9H Hoil g8
He SEAFAEE T B FH AGT oSl G Wl
e ot 21 o=t <9 W S/ | e eEsiieEe
1 for foctadr & SRo1 @ g 21 feer 99w 9w
W TG % Afger A Te w9 o ol st o o=
e Tfyd TEdl 1 SSTeRonei—

co, (™) — co, (fa=a #)

g e B o TEMIER €1 S Sar,
“forelt a0 WX S T TE W oF faemaes | gen
T W # ae faems S T % Te F
HUMUTH Erdt 817 A9 9@ o T-T Tg A
el St 81 CO, T i He-aeX T adet § 1tk
@ R sk 7 81 39 @ W T o a5 Ak
3] 5o o T & S 81 S € et @ieft st €l
I8 € diqel & 59 HT Yde W I 3T=FE FH €l Sl
2, fore o o Feil g8 e SEeiiemEe et
= agHeda @ W TS THAEA $i IR SR
Bt B1 A% We-a1eX 1 39 didet i FP GHI Th
#1 g B oA S, A T & e A
IRETGAS Uil

IE WHFT ®9 § FEl S Ghdl © T

e fagm

() O ~ 5o, g o for argHecd @ W
(1.013 bar) Tk & a9 (o) TH Bl ¢,
o Al yreemd o S 71 A ofew o
o &1 fataa 9 @, @ SH wawenstt &
T e B 2

() o™ = 34, grmeE o fau fedt ffyea au
W ared-<e fer e 2l

(i) I H 39 i Fomehera o forg fedt ffeem
T W FA H S w1 foetgar HivE Bt 2l

(v) %9 ® 79 & fooiEa g9 % IR W F @
(ga1) o HHHE Bl
2 ferel w1 |rof 6.1 | fean wn @ -

TR 6.1 sitfaes arETERT # S favand

WehH Temd
Fol = o e @@ W p,, R
H,0 () = H,0 (g = 2
3G =<4 TeeR 3@ W e A=
H,0 (s) = H,0 () = 2
faea (am) = fooia | foomm o fooia =t digar
(foemm) | ffved a9« fer 2 2
= (W) = =
(faem=m)
T (@ = ¥ (aq) [ (aq)1/ [T (g)]
ffved a9 W fer g 2
CO, (g = CO, (ag) |I[CO, (ag)l/ICO, (g)]
ffved a9 W fer g 2
6.1.5 ¥ifdes UehHl H WTETERAT o GHRT

ITFeTeroT
S ifeh el § Feft FHepm-areee o 9
sfeter frefafed B
(6] fafy=a a9 W ot &g e (Closed System)
o & wrEee 99 B
(i) @rETEE W S foedt stfafwand e 3 9
Bl ©1 T Wiiaen, fohq Tl srerern Bl €
(i) R o @t WA A qo-ue fer B €
(v) & fRel difdes wwa o e i 8
St ®, 9 "gRof 6.1 | aftd Aagel o 9 fReh
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HTHATSERT

Th w1 A e 91w fer g afiia
TreAEE i e

v) et off g 57 iyt &1 9+ g% <9ia € fw
YR dh UEeH o gd odifas whd e
i1 T 3 GG Rl B

6.2 THETA UshHl H ATETSEAT-Tdeh
e

Ig Tet & FqrEn <1 g ¢ fF §g fea § w6 9w
el Tt SfafRaTd siqa: arreeen ) feafa o
wge Wt €1 3 rfufeward off sifim qen wdta faeme
o HOA B SRl 81 59 UH we gdig stfafmaed o
<X M 81 S 2, @ STRIRNeRT qen ScTel S |igand
feor <t B I8 TEETE W h e 81 e
Tifaer ArEaen 3w Afufean (g 1faeRes 3ag
H gt 9 ®) qen ydig sifafwen (e sas ga
AR o 9gl S ©) ¥ Tt Soi Bt 21 38
e o fau gn fafafea Soraeia eifafean w—
faar = (e 6.2)-
A+B=C+D

T didd oF @Y IfYEReRl (A den B) Wi
Higdl Fedl © 91 SRl (C 941 D) w1 S=E Bl 2l
31 faferan w1 <0 wedt St @ SR ydta st
%1 T el Sl ¢ Hereersy ek UE feorfq et €,
el AT eAffeRanen 1 T THE 81 St ©1 e feefa
o frrepr o HrereEe Tuiftd B Sl 81 el S
C A1 D & o= A9fRan Fuent off WIed hi ST Gehll
21 9 Tt off foen @ 59 e w1 e
U B A+B=C+D A C+D=A+B

C 3Ydl D

HEa —>

A A4l B

THY —> qHEER

T 6.2 : U@ qreETaTe wi gife

171

TeR-Tafy g/ S| o dyav vl § e
AT h1 TMieh Wehfd shi ST ST Tehall B1 TR
+ I=9 A9 U1 T@ T AR a1 TEERGSH hi
fafys s/ aEnew o WY Afafear wue Fafra
ST T STHAT T HET T4 HI| Tk TR T
I AfAfRan ® U9 SEAESE AU SEERS S i
Higd T 1 o 6.4, (U 173) <@ € T wh
fAfeea ama o 9% F© STHeRE o 30 T T o
I T QKU T THS0T 1 Hered ot & Tl 2
fhsror o e 1 feear 59 o1d 1 Hehd 2l @ TR
e i 8 ¢ ?1 sifufmen i gpfd
i U o T ST 1 G 3% FAd-Hde
IR aRfeafat (IH s 3@ wd @9 ), fhg
H, %1 ST& D, (Deuterium) ©e¥ foha &0 H, =1
D, & W Af4fsran & o HrEEen WOgHA
gereTeren aifafea-fasor gre wtar €, g
Hfufsra-fHeor § H, To NH, o M T %A D,
TS ND, HISE &d T W i g o 9%
Tl fagor (9999 H,, N, NH, @@ D, N,, ND, B
?) ® g H et o g9 % fau oig 2§
% o 3| 91 1 fovew o S W qar = € {6
SHIfn 1 Wigar Tufafdd wdt 2

BIcilieh <1el 39 TS0 o1 foveiaur SomM Seagmiet
(Mass Spectrometer) gl IE RIS %\ ar sﬂﬁ
eydifemye fafim smif=n 319 (NH,, NH,D, NHD,
T ND,) T STgelsglsH 319 (H,, HD 1 D,) Y
S €1 399 78 frehd fererar € o @mameen & @1g
o fasror & 1fim e wedig sifafewand g e o R
U W H a1 D TEV[S &1 SMHH (Scram-
bling) EIdl TEdl 8| AreAreee w@ifd g & oI5 afg
srfufsran TaTa e St ®, @ 39 WehR k1 fhsmn g
BT Heya @Y g

i o gyewur o gueenfie (Deuterium)
o AN 9 I T w1 § TR @t sifafmenst @
e FRETErE T 817 W STAM TF T sifwmeanstt
*1 3 GUMH it & 9T 39 g & geved § FiF
guret TRed el gfar g1

grereEe S faenstl g Tenfyd i S Hehdt
¥, ¥’ H,(@) T N,(9) 1 Ifafshan #Ie NH,(g)
W Shi ST 31 NH,(g) 1 o Ut N,(g) T
H,(g) I i S

Reprint 2025-26



172

e fagm

Tfeh ATATERAT-BTE % fAT TR TERT

ifer =1 THEfTR SAfAlmane § e w1 Yt euwn i Sl 81 FEA e Tueeht o FET g
79 927 ! YSRT foran ST gk 21 fong Ferelt foremera =kt waremen & @ Wi e wowa € 21 Frefatea
TN Yok 9 AL i 5-6 TEl o GHE i a9 @ S ushr § —

100 mL % < Aqq faferet (f@ 1 qen 2 for@n €1) Wd 30 cm <Adlt i i <1 et oifsw) et @
E A1 Al T B Hehal € 91 S0 3 ¥ 5 mm % el 8l Wehdl ¢ Wio faferet-1 o e W # aie
S (ST | IR WHTE % U e et Ui Sid 99d) w1 @ qen fafaet-2 6 @l @ B
faferet-1 o s 7oft qon faferet-2 & o 7oft T 21 faferes-1 arelt el o S0 fog ol el @ &g A
Td 3 el TR § R T S w6l faferet-2 | i) fafet2 § @it el 1 wE S gu @ weR
faferer-2 ¥ fafere-1 ¥ 9o TuHiaia #3l 39 YR I Al st gerar 9 fafe-1 9 fafae-2 4 wd
faferet-2 @ faferet-1 o Ui STl 9R-9R q9 a9 TMARd L 21 S qeb el fafaed § OiF S 1 &1
TAE & S|

I 37 7 fafered o T foeam o1 THIRT T 9 W ¥ &, a1 37 fafaed # TfiF 5id & &R | 3@
g URedT T2t sl Afg 37 <1 fafasd § T Sl o R &1 &0 HAS: AfHRS] Ud SRl o Wsl & 9
o 3@ 1 8H e Whd © T I8 A 39 UlHa 1 ek UehTa o1 3T St ©, S WA STt o1 &R Lo
B Wt S @t B A B9 36 WA i i sareeret | Aol S gera ¥ <, af g9 <@ 6
3 fafded ® ¥ a1 o TR f9a 8171 39 <1 fafered o TiF oiat & TR H @ f99 = &) Afaai & wro
Bl B

= = = =

(=) (=)

ferT 6.3 Tfde Qraee] &1 Y599 (F) RIS 37aeer (&) S7aH s1awer
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\wsslssﬂmd (ATTFRE)

oeR digd@m —>

SRS (AfHRI®)

I Saus

gqg —>

e 6.4: s7f4fsa1 N,(g) + 3H,(g) = 2NH,(g) &7
Grereree] 1 &9
N, (g) + 3H,(g) = 2NH,(g)
2NH,(g) == N, (g) + 3H,(g)
TH YR BH AR H(g) + L(g) = 2HI(g)
W o Y| A B0 H, Tol 1, o SRIsR-ae GRf9eh
qigor 9 sifafran & &L, @ Afaferan s1fim feen o
SRR B H, TF 1, 1 W& %7 8H @ ¢ T HI
T WA TG TN, 56 qeh SRl Td 7 7l
ST (9= 6.5)1 7R 89 HI § & & AR
foadra feom o g9 <, @ HI &1 9igar &9 gH TR
T H, To I, sl Higal 99 T dedl © S qh
qregrereer TATtad 7 8 e (o7 6.5)1

HI

Ear —>

HI

Ty ————> qEEn — T

faT 6.5: H,(@) + 1,(g) = 2HI(g) ¥l # THEH
qrerEey el st fren | wenfyd g gedt 8l

173

g fAfeea sTaaT & H T 1 o TEsT &
Fd HE& FE B, A IR TH Y ATRHGI o
sfafsran g€ =X, I Ys IR T8 reeen
g e g 2

6.3 ATAeh QTEATEET il fam aer
[rRTaeen feria
e § ARl T SRl o 0 i H
fagor’ wed 21 T o TH WM § 9 fago o
Teed & Hey H 3 Yel W 89 faeur &3 T
A= fasgor & Afieien! e SRl i Fisdiett |
ey B2 RIYeh |igaist 9 9 Gigarst ol s 0
fman <1 "l 27 9 fHgl o HEed &l % 9
FH qRafdd FX Fehd 72 SiEifie sfic o swEmh
TEEA S — (H,, NH, T2 CaO) & He & fag
EYTF Tl 1 a9 feren Sar 872
T T o I o fow gn f=fafed amm=
IRt stfufsran W famm w3 —
A+B=C+D
Tel 39 Hdfera iR ¥ A 9o B 1R
Tl C 991 D SIS 81 3k Schuvit tfafsmaneti o
TR SR oh YR W Afe o TEEERl ohel
Hfafaferm qee (Cato Maximillian Guldberg)
Qﬁftﬂ?{_orlﬁ (Peter Waage) af“v'FL 1864 | gfqurfed
e & fodt fago o wigaet & f=fafed
- HehT0T GRT ST ST Hehell T
[C][D]
K ~TalB]
78T K 9 feorid € qon <€ SR 1 e
‘e feeier oo hEddl ©1 TE AT -HHIeRTuT
H ‘g oIgdt fwen @1 M’ (Law of Mass
Action)‘lﬂ_clﬁﬁgl
T[] A1 ATt g HfadTisd geral i oT=st TE
W%WWWW(SeaIedVessel)ﬁ?Sl
K W 9 H, T T3 1, & o= sifafern ) TR
| 39 srfufsran o1 stemm fafie wrnfites aRfarfaat
¥ B: TR g fRan -
H@ + L@ <= 2HIg
1 9 1 | 2 T
Tl W) (1,2, 3 T 4) ¥ & URY § 5%
uE W hee T H, T T 1, 91 &S A

(6.1)
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174 W fogm
ARt 6.2 YRFWE TE WETERen W H,, I, T& HI %t |igand
IR W& MR |igarl /mol L' WIEERAT G |igdr /mol L'
[H2(g) ] [I2(g) ] [HI (g) | [Hz2(g) ] [12(g) ] [HI (g) |
1 2.4x 102 | 1.38 x 10 0 1.14x10° | 0.12x 107 2.52 x 107
2 2.4x% 102 | 1.68 x 10 0 0.92x 102 | 0.20x 107 2.96 x 10~
3 2.44x 107 | 1.98 x 1072 0 0.77 x 102 | 0.31x 10° 3.34x 10
4 2.46 x 102 | 1.76 x 10 0 0.92 x 10~ 0.22 x 10” 3.08 x 1072
5 0 0 3.04x 10~ | 0.345 x 10° | 0.345 x 102 | 2.35x 10~
6 0 0 758 x 102 | 0.86 x 102 | 0.86 x 10° 5.86 x 107

gEgoH Ud e o faa-fie |igor o @iy e
T S GHI 9% 9% 95 H HHO o W1 H Ao
feoR = T, Stufq-grEmaen wfd @ T e
AN (. 5 Te 6) ohelel T HI oot R4 fer Ty
9 YR faqda sifuferen ¥ wrmemen wonfya gsl
et 6.2 H 3 @ ®: W@ o stfRe fRu T g
TAN-HEA 1,2, 3 T 4 W F€ @1 S Gehdl @
fh— eAf¥iehd H, o Hicl 1 & = Af9hd 1, o A
T G& = Y (IR HI o Tl &1 G&)
TAN-HE©A 5 q 6 W BH 2@ © fh—
(@), = L],
el R e Rehl Td SRl I Hisdl b
e Hev Tnfyd & o Ty 9 &8 gemamnst o fom
¥ W9 Ehd 21 e U T e ohse W OEd
foam -
[Hi(g)],,
[H,(9),, |[L@],
TR 6.3 3TTIHTh o AT Wigar-Gaelt Sislen
H,(g) + 1(g) — 2HI(g)

N [HI(@)],, [HI(@)]Z,
[Hy(@)leq 1(@)leq | [Ha(@)leq 12(@)]eq
1 1840 46.4
2 1610 47.6
S 1400 46.7
4 1520 46.9
5 1970 46.4
6 790 46.4

RO 6.3 H T 7T stfehgl 1 Ferdar ¥ afg g9
AfTRRehl Td IR T ATATIET-HISAT il UL
ol § W, a1 39 s 1 99 feer &, afew
fm-fim gm (ERvl 6.3) 1 afk &9 fr=fafaa s
S

[HIg)L,
[H, (8., |[L©@)],
@ &9 adn o weft ®:, wE ° g8 e feen
M Al B (S GROT 6.3 W T wn ®) | 9% <@
S Tehal B foh 39 oS H YRRl T IE
W?(Uﬁﬁsﬂﬁ(Power) aﬂmaﬁ%aﬁwﬁm
ifaferean o TR o fod 3o TqEHIeR oI
W (Stoichiometric Coefficients) %I TrETeER o
TH oE oF WM | EreEEe e’ el S @
A T K Welieh GRS ST 81 36 Wb At
H,(g) + L(g) = 2HI(g) = fau K, s7eifq wremereen
frorisr 1 39 ®9 § foran s 2—
_ [HI@L,
© L@, Le@],
W U 7T e, WS o I_Ih o6 €9 § Sl
'eq'%@w%,%ﬂw:ﬁ%@w%,wﬁ
I8 A ST € R K % oS H WiEdl w1 HE
e W §)1 ord: gH forad -

[HIg)]
K=—+—""_
© [H@]LE] 6.3)

(6.1)

(6.2)
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R ¢ 3w € fF K T W EiEm %
A mol L ¥ =k foran T 21
feu e fodt am w Afafmar-sasl =t gisar e
SRR T Fxdl o OGS 1 3T FEeR @ar
21 TH I A Wigdl oF H o fou Hferd
THEE T H ARl TS SARl o ™
YHIHIOIAAT TN i STh! Hgd & =ik o €9
o s fopan S 21
Y YhR Wk 9T AfAfshan aA + bB = cC +
cD o foru arerazen feemis w1 f=fafed =9 9
e foran < B—
K _lCr
[A] [B]
sifuferan 3R (C a1 D) A9 ¥ o AfYHhRH
(A @1 B) B H e B1 Yl Wigal (Seoned- [C,
[D] 3f%) ol Aqfera eifufsren # ToeHeRLoHdA
UM Ui o Wl o ®q W e {ehal Sl R
S— 4NH, + 50, (g) = 4NO(g) + 6H,0(g) stfwfwan
& fou grerewen ferid # g9 39 ®9 A Had
T B

(6.4)

_[NOJ* [H,0)°
¢ INH,]*[O,F
faf\= sre=al (Species) I HIeR-9Igdl i 3=
TSR HISeh H THT TN ST € T 218 HAT STl
& for 3 wreeren wigad €1 W6 o W STevgsh
B, 99 dh wrEee feris o ofse § et
(3w, 5@ = T\) T faeh S 2
T I SO U SR 29 €,
S afg R rfafwar g wt fFE S (Fac-
tor) § TOT Y, q GrATeeen feerie o faw e
fored a7 =18 gHved wa =T fF 9% e 39
fadad &1 ot e H

afafshan H,(g) + L(g) = 2HI(g) 6.5)
¥ AT SN Hl 39 THR e B
[HIP
== (6.6)

¢ H L]
a1 wdta SAfAfshan 2HI(g) = H,(g) + L(g) o fog
TrTeE- Tt SH 99 W 39 YHR Bhm—

175

, HL] 11
Ke=Tmr "Xk €7
T TR,
1
K.=% 6.8)

SohA ATATRaT ot wrETaen ferie 7 1fim
srfuferar oF wrETaRen el % SIeRT BT £
IR rfaferan =i 39 w9 ° famd ®

Y5 H,(g) + % 1,(g) = HI(g) (6.9)
wreTerEer feerier 1 M Bm—
K= [HI] / [H)'?[L]'/? =x'>=K!?  (6.10)

39 YHR A T THIHI 6.5 Sl n & TOT &,
t sifafsha nH,(g) + nl(g) = 2nHI(g) W< BFH
T THh WEER-feeli w1 WM K» Rl g
RO T RO 6.4 | W fRAn T 2
ARUT 6.4 Teh WA SSRHUITE TRATRaT o ATETerRe
TeerieRl W 371ok TUTERT T Haier
TETEeh THGRTOT ATETEEET
feertian
cC+dD K

C

K =(1/K)

aA+bB
cC+dD

aA+bB

naA+nbB ncC + ndD

78T I8 A W =T fF K 9 K% ST
7 it g1 €1 38ie a7 stewes € o ar-stawen
e @1 AM forad w9 dqfad TE™tTe FHiH
&1 SeerE H
3ATEIUT 6.1
500 K ® N, 91 H, ¥ NH, s o IRH
e o et |igard 9w g9
[N,] = 1.5 X 10° M, [H,] = 3.0 X107 M @l
[NH,] = 1.2 x10 > M. Sr=ereer feeries &1 oM

ifsTa|

K7 =(K"

&'A
sifafsran N,(g) + 3H,(g) 2NH,(g) & foT
e feotis 39 ®q § for@n =1 wehdl g
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_ e (9T
[N, (g)][H, (2)]
(12x107)
(1.5x102)(3.0x102)°
=0.355 x 10° = 3.55 x 102
I 6.2
800 K T 3fHAfshaT N,(g) + O,(g) = 2NO(g)
o feru  QremaEen gigand fFefafad -
N,=3.0 X 10°M, 0, =4.2 x 10°M
U NO = 2.8 x 10°M
sifafsran o forg K &1 w9 @1 Bhm?

&
aiffsren o fore ar=r feemiss 39 gaR forman s
ekl B—
[NOT’
[N,][O,]
(2.8x10°M )’
(3.0x10°M)(4.2x10°M)

=0.622

6.4 QU QTSR

fordlt T g o el eifves wd 3R w
THE JoEe | 2 €1 Sl o feru— e sifafgwen
N,(@ + 3H,(@) = 2NH,(¢) ¥ ke el eI
geft T -y § 2

T THR

CH,COOC,H, (aq) + H,0 () = CH,COOH (aq)

+ C,H,OH (aq)
den Fe®* (aq) + SCN(aq) = Fe(SCN)** (aq)
afafeenett ® |t AfysRe qen Iaurg gHm
forera-wreren o € 19 B0 S guin fafmansti o
AT feefid & 9 | TRl
6.4.1 g Tepra ® wrETEReT foris (K)
T oAl I ARl T SRl o HieRk |5 &
®Y § wrEe femis i oFaa fhar € qen =9
T K g @i 21 e sfafwerst & fo
e feeieh i AT @ o ®9 ° YR T
ek G 2|

e fagm

St TE-FHiToT (Theh-2) i 89 38 ®9 4
= A B

pV = nRT
a0
n
= —RT
p \%

aﬁm(p)ﬁbarﬁ,ﬁﬁﬁwaﬁnﬁfﬁ
T 'n' g SEEH, 'V i faeX (L) ° qen 919 i

Hfead (K) B o & | p=cRT(%=0) ESRED

'R’ %1 | 0.0831 bar L mol'K Bl

S n/V %! 84 mol/L H =5 & €, dl 98
IS ¢’ T |1 37a:

p=cRT

feeR qIT W T 1 I IR FKI S FEU
g €, FAA p a [f9] ord: Soa Hay ol
p= [T9] RT & &9 § *ff foran s gear 21

e H SIfafsHa Hy(g) + L@ = 2HI(

_ [T
F e & M () (@)

__ (Pu )2
K, =
'S (pw, )(py,)

E\ﬂ%; Pur = [Hl(g)] RT Py, = |:H2 (g)] RT

(6.12)

aar p, = [12 (g)] RT
FHfeTT

« _ (pw) _ [HU@][RTT
" (pw)(p,) [H:(g)]RT.[L(g)]RT

| (e
[H (9)][L(g)]

ST ST H K =K, § 7e0iq 3 S
feeRiont o I SR ¥, fhg g% =8 T T 2 R
SR W fog — sfafeEa Ny@ + SH@ =
2NH, (@) |

(6.13)
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(pw,) [NH,(g)T [RTT

[N, (g)]RT.[H, ()] (RT)’

" (py,)(ps,)’

_[NH, (g)] [RTT”
[N, (9)][H, (8)]
i K, = K, (RT) &l (6.14)

9 YR Tk gar T sifafewen
aA+bB = cC+dD

K. (RT)

K:

LT DL e
[A]'[B]

K, = 1T P (gpyen _ (g
" [A]'[B]

781 Hqfem THEfTR HE § An = [(E
el % el #1 we) — (e s &
F dem)| 21 T TewrE € R K o s
T @ FT AH bar H WAl =Afeq, Fifeh <& I
YrIfoTeR ST 1 bar 21 THe | 4 B0 7§ fR 1
pascal, Pa=1Nm™ d 1 bar = 10°Pal

TRl 6.5 | e AT Al o fou K
@& 7+ f&T T R

|RUT 6.5 W FB A STAfhATST o wramaear

(6.15)

et K, o |
arfufsran /K K,

Na(g) + 3Ha(g) = 2NHs 298 6.8 x10°

400 41

500 3.6 x10”
2502(g) + O2(g) = 2S0s(g) 298 4.0 x10*

500 2.5 x10"°

700 3.0 x10"
N2Os(g) = 2NOa(g) 298 0.98

400 47.9

500 1700

177

IS 6.3

500 K R PCl,, PCl, 3R Cl, T | & qeT
Tz Hel: 1.41 M, 1.59 M TH 1.59 M 2
sfafsan PCl, = PClL,+ Cl, & AU K, =1
UL TS

'
IR Afufsren o fou wmamezen feris =9
®q | e foha S Hehdl o—

_[peL][cL,] _ (1.59)° L 79
°  [PCL] (1.41)

SETEITT 6.4

79 1fafsan & fau 800 K W K, =4.24 &—
CO (g +H,O(g) = CO,(g) +H, (g

800 K W CO, Td H,, CO M H,0 & |

T FIEHS 1 T KIS, A IRA H ohorel

CO T H,0 B 3ufeerd Bl e Uoieh i Tigdl

0.1 M =l

'

frafafea sifafsan o fau:

CO (g) + H,O (g) = CO, (g) + Hy(g)
YT H

0.1M 0.1M 0 0
g I
(0.1x)M (0.1x)M xM xM

W&l " R CO, T H, %1 W51 xmol L 2l

314 g feeier 1 39 YR foran ST Hehel 2—

K, =x"/(0.1-%" = 4.24

x> =4.24(0.01 + x> - 0.2x)

x> =0.0424 + 4.24x”— 0.848x

3.24x°-0.848x +0.0424 =0

a=3.24,b=-0.848, c = 0.0424

T fgamd Tl o fatax®+ bx + ¢ = 0,
(—bim)

2a
x= 0.848

X =
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+./(0.848)” — 4(3.24)(0.0424) /(3.24 x 2)
x=(0.848 +0.4118)/ 6.48
x, =(0.848-0.4118)/6.48 = 0.067
x,=(0.848+0.4118)/6.48 =0.194
AM 0.194 1 SUL 1 ST Fehell B, Fifeh
igar § e 2
A HrEEE W HiEda] 3
[CO,] = [H,] =x=0.067 M
[CO] = [H,0] = 0.1 -0.067 = 0.033 M

3ATEIUT 6.5

39 9 2NOCl(g) = 2NO(g) + Cl,(g) 3q
1069 K d9 W ¥+ feqiieh K, 1 A 3.75 X
10° 81 38 99 W 3= sAfafmn % faw K,
TUMT I

T

T 9 € R

K, = K RD"

S ifafsran o fa,
An=(2+1)-2=1
K,=3.75x10" (0.0831 x 1069)
K,=0.033

e forier o AT

e K A e S5 Fs0 %1 mol L
H @ K <1 W fehterd 9 ek <19 F Pa,
kPa, bar 319@T atm ¥ =7 641 ST ¢ 360 TR
[reaen fEeish 1 AT |igdl A1 {76 o [HE T
R €| IS e S5k o AW W Wil
I B H SRl oh A °oF SWeR Bil Srfufear
H,(g) +L(¢) = 2HL K qM K, H s Al el
gl N,O,(g) = 2NO, (g). K. 1 A mol /L
qeM K, %1 5 bar

g AfYhReR] Td IR ! GHI0TH STawen |
fam wmu @ Gremewen feeriwl #t famEA
(Dimensionless) A= § =a 3 ¢ STTRNER]

e fagm

TH SR HI JEIR Fereen § Y 19 R qrEifirs
FETE T bar il 21 36 YR 4 bar <@ JHE0H
37X o WU | 4 bar/ 1bar=4%ﬁ?ﬂ%,3ﬁ
fommeia 21 Tk forer o ferg wmmifores stereen (C) 1
HIeR foera & 9o o= Tixand s6t o |rder o ardt
STt €1 |reEfeRis 1 Sfifhd 7 g gg qraes
sToe T AR a1 21 39 YRR W WA ¥ K,
qe K, <1 T it € féhg et enferes A
ot yAIfoTeh ST B o RO e B gk 2l

6.5 Ta9HTT QrE=TSEAT

T © 3Tk wrereen arel e o wenfud srmersen
1 * feromIT Qreeren’ el Sl €1 S0 o feau—ush
9% U W SA-ar TE SA-59 oh did Tefaa
qrereree * ferorei wreeeen’ €l

H,0() = H,0(g)

M IR H U G grewen e gl wd
e €1 THl TE 39 U 3ok Gqw foerdd & ot
Toqifre ST ot T W 1 S

Ca(OH), (s) + (aq) = Ca** (aq) + 20H(aq)

fermT wreeeenet ¥ Sfushd Ig o A IS
59 A1 o &1 T greEmeen (S 3 3| =@
IS 59 @81) o HrAER-SSh i WA S Sl
Thdl B, Fifh g 39 TF J§ %9 T HeR K0
St 7 W et 72 e, afess frer grar @1 g
IR T R U USied X' i Al 5w o @,
[X(s)] T [X()] o HF fEer g 1 sk faudia A
X' T T feRet fAfee s & aged €, @ [X(@)]
A [X(aq)] o T ot 9<erd &1 7Tl B9 T Iah T
TETqUl faoHT TEEh Areee shfcHad Hare

& i foe @ foamr -
CaCO,(s) = CaO (s) +CO,(g (6.16)
ST IR & MR R &9 forg wehd € &
_[CaO(s)][CO, (g)]
‘ [CaCO, (s)]

<l [CaCO,(s)] T [CaO(s)] THI fEeR F| zafery
I rfuferan o fou oRefieha areamawen feris
K =[CO,(@)] (6.17)
q K, = Peo, (6.18)
T T B ¢ R fAfved am W co,(g)
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%1 T Ti¥=Id |igdl 1 <@ CaO(s) &1 CaCO,(s)
o WY qreEEen § @dl §1 WA S W g adl
e © fF 1100 K W CaCO,(s) Td CaO (s) &
T FrEerl W 3 CO, 1 < 2.0 X 10° Pa
2| ZHfT Swlie sAfafsren o foru wremereen feenis
T O 30 YR BAM—

K, = Peo, =2%10°Pa /10° Pa =2.00

Tt YRR fendt, e AHieTRaEe Td fehd
SHTeiTTe] o sie Tenfyq faom arereen (fohet o
YfgHT o Ug) FHIHR —

Ni(s) +4 CO (g = Ni(CO), (9

o wrerereen feeri® 1 A 39 w9 H for@n s 8-

[Ni(CO), ]
[col’

g oIH ® T aramazen wnfua gF o foe g
wrell Wt Suftefa eavaes ® (9ol € S /e eie
8l), forg 3Tk W01 A1 <@, AreEen— e o
=ies | 7 g o1a: " feafd | 3s %9 v s
3T I G- el oF o § @l for@n S
21 arfafran—

Ag,0 (s) + 2HNO, (aq) = 2AgNO, (ag) + H,0 (1)
T e fiemis %1 WH 39 ®9 § for S e

c

K = [AgN03]2
*~ [ano,

I 6.6
Hfafsra CO, (g) + C (s) = 2CO (g). = faw
1000 K W K, %1 A4 3.0 I A% e o
Pco,= 0.48 bar @@l p,, = 0 bar & 7 IS5
FThTEe U &, @ CO Tl CO, & " W
3TifeTeR <T@t ST TUET ahifsT)
&
g srfuferan & fou—
I CO, @ H HHT x Bl q—

CO, (g +C(s) ==2CO (g
YRY # : 0.48 bar 0

179

H W : (0.48 —x)bar 2x bar

_ p(Z:o
% Pco,
K,=(2x)°/(0.48-x) = 3
4x” = 3(0.48 - x)
4x>=1.44 - x
4x> +3x-1.44=0
a=4,b=3,c=-1.44

(—b ++b? - 4ac)

2a

X =

=[-3+ (3 - 4@)(-1.44)]"/2 x 4
=(-3+5.66)/ 8
(SR x 1AM FUcHsh T e, ord: 39 e
%1 IULN HT A B1)
x=2.66/8=0.33
e T SAIRE @l o AF 39 YRR BHl—
P,,=2x=2x0.33 =0.66 bar

Pgo,=0.48 -x=0.48 - 0.33 = 0.15 bar

6.6 AT ek oF U

greraen-feeris & yar W faur 9 ugd

T 3Hoh fAfafEd Fewayel aau W e 3

%, WEAEE-feRi® &1 F9e ad STEr B €,
T AfTHRE] TF I i Higal GrmeEen W)
feer =1 Sy

@, grEel-faelie w1 oM YRl U IRl
=1 R Tigar W e & we 2

T femi® &1 AM TH Had THH R e
T TR o fon ffvea am w= fafirse g
2, Sl A9 "o o WY agerdl 2

H 3opd Afuferan w1 armewen-ferd  eadt
sifafRan o wrTETen-fEeie & WH *1 HohA
Bl B

T, fordl sifuferan o1 wr=meen-feli®d K 39 9
sAfufern o raEeen feris 9 Hafud a6
Torent Tt o sAfufshan o6 qeieeo o et
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I quIfh F TOT AT AT < W W Bl B
319 T qreEae feried o Sy W foer
FHT qA R FAN FAfared foget 9 dafud gei
o IW 3 H w4
o TrATIE- eIk o URAT T TeTHar W e
1 HHT 1 STTHE T

o fYferan &1 fSem &1 war o TS
o GEATEEA-HIZUT i UM HEAT|

6.6.1 3TFATSRAT aht TIMT ST TTHTT TR

TrTae- TRl &1 oAffeher AW AffRan &t i
1 1 €, W F ST Hewequl @ foR wreeen
T @1 &1 IqaTa foh aremeen fee R 9 g
T 2K, K 1 IR SER) T WS 3 FErt
B © (R Te reRe-fenie FANEH &
(Numerator) § forar S @) den ferarement =1
Tl o SFRHA el € (Fifh I8 SHoh o &
(Denominator) ¥ fer@t STt ?) | \reeEen fems
K &1 3= A S| &1 S=d Wigdl & dids 8l g6
R K 1 F1 9 Sl o =1 A w1 gwifan 21

= fasgor o Heed 9 ety fHefafaa e
ﬁwwm%

I} K, > 10° &1, a1 3§ AfYhReh &I o o
ST S| AR K T HE HI] SAET ©, 9 SArafme
T quidT o fehe BT B1 SereLoned-

(%) 500 KW H, @ O, F! AAfka Frameeen 3

feeih K, = 2.4 x 10"1

(@) 300 KW H,(g) + Cl,(g) — 2HCI(g):
K.=4.0x 10°'

(1) 300 K| H,(g) + Br,(g) — 2HBr(g);
K.=5.4%10"

AT K, < 107, AMTHERE &l o § IR FH
B AfE K, 1 O o709 T, @ stfafwan goiv stamen
o & Hue et 81 Frefafad seewl g 98 T @
ST 8-

(%) 500 K W H,0 &1 H, a1 O, § fosred =1
- frerieh 9gd FH € K.= 4.1 x 10°*®

(@) 298 K W N,(g) + O,(g) = 2NO(g);
K.=4.8x10""

e fagm

If% K, 10° ¥ 10° 1 WY (Range) ¥ Tl T,
@ IS q AR R AT T WigdTd Hardseh it
2| FrefafEa S W foaEm s W

(%) 700 K W H, 71 I, ¥ HI 1 W K, =57.0 T

>W

a:rq»‘”rw| K,
sifuferan wfeT 1(|)_3 l 1(|)3 sifaferan emT qofar T
9 &t 7 AR S A ¥

sifet® qen fRaThas -
A R Sufatad §

forT 6.6 K, W Af4fshar &1 Hir 1 (4%

(@) 3l TR T 3= sfafsRan N,0, T NO, |
faere 7, forger faw 25°C WK =4.64x 107,
S @ wE T SR T SR o | fagon o
N,0, T NO, i HZdT HarssrTeh Bl 39
= 1 o 6.7 B gertan T 2l

6.6.2 ITRIferar =t faom =1 Ny
YRR W Sl o forat stfuferan-fasmor o eifufsan
HI feom &1 Uar @ o ot wreraRen femis @
I fepan S B1 5ok fow ew srfaferar wrTwet
(Reaction Quotient) 'Q’ 1 TOFT hTd B | e
oo o1 € W ifuferan vrwa &1 ot sfafsman
w1 forett oft feurfa o foe oftwfim (Wer wism 9 g
qen s7ifers <@ @ Q) R S Wk 21 et W
arfuferar & fog
aA+bB=c¢cC+dD (6.19)
Q.= [CI’[D]* / [AP[B]® (6.20)

e @ > K @, Afufshan sAfdesienl &1 3
swEfa grft (foadia sifafsean)

e g < K #, o i 3Rl # s
smrEftd e,

g @ =K @, qf sifafswan o armeen
o Bl

H, & @ I, & T afafea | faeEr
T B

H,(g) + L(g) = 2HI(g)
700 KW K_=57.0
AT fob g9 [H,]=0.10M, [L], = 0.20 M

Reprint 2025-26



HTHATSERT

SR [HI], = 0.40 M. fern
(Fisal Fehd | UK t K1 q0d TE T TR
Tiganeti =1 Ao fRE TwE ¢ W e T g, T
e W)
3H TN, ATAfhal AR @ Afufhan &t 39
feafa & feam o &
Q.=[HI?2 / [H,], [L,], =(0.40)/ (0.10)x(0.20) = 8.0
T T Q (8.0), K_(57.0) & SR &l 71 370
H,(9), 1,(g) T Hi(g) 1 fasmor @ o 7 1 gehferg
H,(9) 9 L(g) Tfafsan ook iR sifesh Hi(g) smds
T Ik HIKU q9 q W, S q% Q =K 7 &l
S|
Afafsra-9rThel @, 94 K o WMl 1 o
Fxoh aAfafwan-faen &1 ay w@ o swEnt €
39 YR, SAfufRan &1 ke & way # &H
e gmm= RO o7 Tehd §—
o AR Q <K, B, e sAfufwa o€ 9 TE AR
AR et 2
o AR Q,>K B, e afuf € ¥ 96 R
AR et 2
. qﬁQc=Kcﬁ,ﬁﬁ€$fWH§ﬁ?ﬁ%I

C e
g

AfiRE —> IAR AHERE R STVERE <— SR
I gremaee |

fe - 6.7 Afuferar &1 feom &7 @ty

K,

SR 6.7

2A = B + C dfufsran & fau K, &1 w1
2x 107 2l

fRu o ga ° sfafwan-faso o1 §5eq [(A] =
[B] =[C]=3x 10 M = fafsan &M ot fem
o swfad erm?

&

siffsran o fom sifuferan arree Qﬁliizcl
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[A]=[B]=[C]=3x10"M
_[3x107*][8x107%] _
- [3x107*P B

39 YR Q> K, gafery sAfufsean fawdia feen o
sfad it 2

1

Q.

6.6.3 WTEY HiEAT3Tl okl TUMET

g, @ freafafed 9= 9 38 a wE-
ug 1 : sifafean o fou Sqfaa g foat
Ug 2 : Fferd THI0 o fore weh groft A, foes
sifafsren o fafed yoisr usred i geteg e =
(&) IRfYyer Frgan
(@) HreeEel WS o foT Higar | afteds 31
() WIS Higdl
ARt 99 H TR U ifueRes &1 digar &

X o &9 H, S GrEEE W E i aReifia SR
frr erfaferen =1 WEHeiada 9 o = 9t &t
il &l x o ®Y H o Hil
US 3: x &l 8 HE o 0 G THIEHWO H 9
gl sl Siaeiid wid &1 A A9l o7 gHie
T T B, A T€ A T g, TS qHEfE
a1 2|
U 4 : YRefad UM o STUR W 9 HigaieT i
AT I
Ug 5: 3= G gHtew o wiqeenfud & o
RO 1 S

3JaIglUl 6.8

13.8 UM N,0, &I 1L I | TN 5l © df 39

YRR T w©fid e e

N,0,(g) = 2NO, (g

Ife Greareel W el T@ 9.15 bar TR A,
dl K, K, 91 Sremeee B SAifireh T i o1

EaiSiy

&
g9 SMd € f% pV=nRT
el A (V)= 1 L
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3UER (N,0), =92 g

Tq o At =13.8 g/92 g
=0.15
T9-feei® (R) = 0.083 bar L Hie ' K
a9 = 400 K
pV = nRT

px1 faeX =0.15 A x (0.083 bar L
mol ' K') x 400 K

p=4.98 bar
N,O, = 2NO,
YRY H  4.98 bar 0

g QT (4.98 —x) bar 2xbar
Sd: 9 W Pz = Pro, + Pro,
9.15=(4.98 - x) + 2x
9.15=4.98 + x

x=9.15-4.98 = 4.17 bar
T W A qE,

DPn,o, =4.98-4.17 = 0.81bar
Pro, =2x=2X4.17 = 8.34 bar

2
K, = (pNoi) / P,o,
= (8.34)°/0.81 = 85.87
K, =K/RD"
85.87 = K (0.083 x 400)'

K,=2.586=2.6

SAEI 6.9
380 K W 3.00 HIel PCL, il 1 L &% 9= | 1@l
ST | HEATerE W fH07 1 GEeA wa Hifsg
If% K. =1.80 ®I
T

PCl, = PCl, + Cl,

TRIH 3.0 0
WWPCI%Qﬁﬁaﬁ@xmolﬁﬁﬁﬁ
B 1 qe-

¥ T (3-x) X X

[PCL, ](CL, ]
K.= "IpcL

e fagm

1.8=x"/(3-%)
x+1.8x-54=0

x=[-1.8 +V(1.8)°- 4(-5.4)]/2
x=[-1.8+V3.24 +21.6]/2
x=[-1.8 +4.98]/2
x=[-1.8+4.98]/2=1.59
[PCL]=3.0-x=3-1.59=1.41 M
[PCL] = [CL] =x=1.59 M

6.7 wArHETaRAT freier K, IF9feRaT
WNTReT g de fiest St ¢ ° Heler

et safafsran o6 fae K a1 A sAfafsran =6t wifaent
R et T e B1 S R o9 The-6 ¥ T 4
g, 98 e #1 swmfae, fovva: fes st o
Redd AR e 2

€ AG RUTHS® B, q9 SATAfHA Td: yafid
A St € den 3w e o woe g )

TG AG HFTcHes §, a9 3Tfafenan Tod: Wafda =&
BAT| TR ST U9 TR 89 AG Fe0TTeash Bl
37d: 3 Al o6 3] SAfvere H aRafda =
Sl

I AG I B @, Al ArEEen w uw
Eaxaif

T SHMIAE qeF i R 39 GHIRT § i
S TR B

AG =AG® +RTInQ 6.21)

Sefeh AGS T fies St 2

el WS AG=0 9¢1 Q = K ',
THIHT (6.21) 3@ TR B

AG=AG°+RTInK=0 (K, % ¥M WK A

[
AG® =-RTInK (6.22)
InK = - AG® / RT

TH 3R Hfaers T o W

K=e AGS/RT (6.23)

37d: THIHIU 6.23 HT YA H, AG® & TGl &
w9 W Aafshan o1 T el shi THET ST Fehell 3—

I AG® < 0 %I, A —AG®/RT ¥ BN 37d:
e3¢ 51 BH Y K> 1 B, S tfaferan ot o afdar
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w1 Ul ¢ sreren o fawm ® @ dw 9% @t @
99 for 3R snfie | o)

IR AG® > 0 B, A -AG°/RT FUTeT® B
3: pac°/RT 1, BH W K< 1 B S Afafehan
F1 T yafdar Juiar & a1 sifufeer em fgem d
39 W dF e T, e S| gFam s

183

1 SRR 8| IIEMI— N, T2 H, ¥ ST o
HYII0T o B UehH H UEifieR aRfefad &1 e
Ireqa | o1k ®9 ¥ Hewqul 21 fova et @
aiftier Seared 100 Tofer 27?1 g9e1 g1 s
ST o B9 H Ea 2

Frepreree feertiss K aRfveh wigarel o e e

SETEIUT 6.10
TARHIARTE H TEhE o HIOhREENH o
faw AG® %1 M 13.8 kJ mol * 81 2908 K W
K, 1 | T i
&
AG® =13.8kJ mol ' =13.8x 10> J mol™'
AG® = -RT InK,
In K, =-13.8 x 10°J /mol

(8.31 Jmol 'K ' x 298 K)
In K, = - 5.569
KC — e—5.569

K =3.81%x10"°

IS 6.11
T o Sol-E H Tk IR e
freferfea sifafsman o ear e 28—
TR + H,0 = T + HR™

300 K W fufsran & fau dnarewen fees
K, 2x 10" &1 300 K ® AG® & HT & T0MT

ifsTa|

BA
AG® = - RTInK,
AG® =-8.314J mol ' K !

X 300K X In(2x10"%)
AG®=—-7.64 x10* J mol*

6.8 T okl THTTAT FH a1 Hleh

TEETTH GYATU % Y@ el W 9 U 98 © f
AT HS oF A9 o WY YRR HT Il o
atferehan afterds @f, fomer el 8— saRl &t
STfyehay afe a9 qe I i geam qRikfaE 5 2l
Ifg T 7L e ®, @ Wi gifefas o afteds

Tl B T A Arerereeeet fohdt frenma o etfirerrent
71 IR | ¥ Rt Th o wigur § qiedd fean S,
At Fren o reEeen FEl ® urd ® qen e st
T q9 qh el w@dl ©, S dh (e § A
[reTeeel Tfud = 8l SU| Yraeel Jrese | g
1 J9d TF 3l i faeEd & 91 § 89 Yed € U8
9o 1 &0 78 ot 3@ 9ok € fop a1 afady frg
TR Bl €1 @ ot S S gehl @ foh foRet qm W
af erfuferan o Araraee-feris =1 9= I @
el gRfer g0 @ 39 SAfufshan & Afehienl T
STl S GreATEE | GIgUT i UM ki S Gehell 1
T8l qeh T T A G feerier o1 a9 & WY
ofads F& o 9 @, @ A= fku T er-vmafan
fagia &1 7ac 9 uRfeafaal & uftads 9 gremegen
R YT Y9TE o 91 H oM R g 9 e
ehd 21 39 Togia o S1aR ferdt frerma ot wmeereen
ufiftarfaat vt fuifta wee™ wre (|,
T@ U aw) § | el ¥ off ufeds g9 w
ArETaee 3@ faon # 2w g 21 e frea
T TN E3T YA T YT G &1 I T8
off ofiferer T TR TS | @] g €1 Th
g fagor o Heed &1 yiafda @ & fau eq s
FHRH! F1 STAN AT S HRaT B

frfafad SuEsl ¥ g0 armEEer WO,
T, Y TE IAE o J9E W faam -

6.8.1 Wigal-URedT s T

A W9 foedl SAfYeReR/3eg w1 sifufewan |

fre =1 e § wreereen gREfdd B ©,

THHRT ATAA - fagia’ o SER T o

S Hehdl B—

o YFHRH/IER F fHAH ¥ Higdl W I8 9GSl
1w o foru eifuferan 39 fSen =61 oIk 3R
Bt €, difer fHere 7wt <1 SuET € Tl
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o AfYHRH/IAR o TR ¥ Higdl W a6 Hl
FH H oh fou Afafshan 39 fom 1 3R TR
Bt ® aifer safaferen o faerel @ aaref 6 ofd
Bl ok 3T ISRl H—

“Sta Tt stfafshan o eifireRrent = SaRl | @
foprelt Wk 1 off Wigo HrEerEen W e faan S §,
qr GreraEen s o Heed | 39 YR qiadd s
2 for Higor URerd= o 0T TE-eTeT THE HH S
3= = Sy

3T, H,(g) + L(g) = 2HI(g) fufrar W fom=m
H| AR | WAt fagor § 9T ¥ H,
9 Sell WU, A WrEFeRdl % [H: T o oy
Hfufsren 37 foen o smrex gnit fom 9 H, Suifi@
B a1 SR iferes H, w1, R w HI ferfem
HON q 3da: e IR (Afm) foem o
foenfua grft (o1 6.8)1 I8 @-vmfae = fagia
o 31eY ® TSEeh ouR SIfHNH/STE & AN i
feorfa o =€ TraEen wenfud entt oo sifverer /3R
%1 HZdl IHeh AN i & THF ¥ T a0 g fHg0
q sifys g =few)

e fagm

Frefafea stfafsran IrThel o STuR W off 39

ot frekd W UEE Hehd B
Q. = [HIP/ [H,]IL,]

IfE FrEeen W H, faemn S, @ [H,)] Ted
T SR Q 1 HF K ¥ %7 & S €1 zafe sifafwan
T () o R AR W SR A T S [H,] qen
[1,] et € 3R [HI] 79 T &l €, 59 % Q =K,
T B WU SIAfq AT WreEeRen Tfyd 9 @ Sl
AT YRl § SEUIE ol 3Tl il SAferehal oga
Hewqul Bl €| STel Trreree] W e Searg w1 Srer
3 ez S 2, sifafsran, <t qof gu fomm arerereen
W UgE TE ¥, M M e o wer o €1 S«
Sl § | *IE TG e A afiehd 8 et geied @,
Al IR T S HET EE Bl ¢ ST
i fmior & smifan &1 geiw R, 9
e R o s @ foeg sifufwan sifom faem o
2l Wt ?1 76 THR CaCO, ¥ CaO St 9o &M
1 T TEE A ¥, % s e § g
CO, i TR ek Afafehar qui w3 et ¢1 9%
IR, T AT, foh IR AR 82 ©H | Q_ 1 AN
K, ¥ BHY %1 o Tear 8, foem stfafsman sifm feen
¥ Bt el R

WigdT T YHTE-Teh TN

T frefafaa sifufeer g w_R¥@ fen
el 3

Fe™ (aq)+SCN" (aq) = [Fe(SCN)F* (aq)

et TR el &t

[Fe(SCN)f" (aq)

<" [Fe3+ (aq)][SCN (aq] (6.25)

T @ | SARA (111) e foeta™ 1 1mL

[H] :
1 ——_
[HI]
‘N T
W R
H, SeM ™

fa 6.8 H,(g)+L(g)=2HI(g) sfufear 7
e W H, & S W SRS TF 3Rl &
Tz F gRadT

A 3TH Y 3w e faere e
TG ! fee™ W T o1 1 ol 8 S €, St
[Fe(SCN)J?* S+ o shRUT BIdl €| el @iy
B T T 1 Ao TEeR 81 S 81 SAfeRTeR A1 I
o1 srfuferan it rETEEen W e | |rereaen &
ST =1y femstl # oo seegER fawenfua &
Hhd &l [Fe*]/[SCNT =l &1 & & ol
rfireRrent =1 faam ® ar= fauda faen o fowenfua
F Thd B SH—feiterR 3 (H, C, 0,), Fe®*

2 2 4
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A 9 R seh Wl 9 SRA [Fe(C,0,),1%
T &1 o7d: GoRd Fed* M i Tigdl &4 & Sl 2|
AT, fagid o SFTER Fe® A &1 g2H 9
3T FIgdT a6 i [Fe(SCN)]2* o foaisH gRI Fes*
A Y gfd ) g feban S 21 =R [Fe (SCN)P2*
1 Hgal Sl €, o7: el U1 1 digal 8 2l Sl
1 Sefa HgCl, faam | <t ara 1 &1 e sH
Bt 2

Fiifeh Hg?* 38, SCN- 3Tl o ®|ef Afafepan
FT TE Wpd A [Hg (SCN), 2 91 &1 o
SCN- Il &1 HH THIHI [6.24] H AT hl a8
T [ 3 SCN- 1Al 1 g 2 forenfaa et 21
W AR e W SCN- 1 WK 95 Sl
B o7 zEfay wrEeRe o R o (€ W) 95
STt @ e faerad oF 11 w1 die s Sl 2l

6.8.2 SE-UREdT ohT THTS

fordlt et erfufsran o e 9Rad= g <« ager
Y IR H1 AN FHIfEd Sl 21 98 a9t g €, S
sfaferan o1 <9ie ol TEmEte SR § T
AFTRTER] o Hicdl 1 G qe TEE el o Al
1 g | f=ran et 21 farsmi | W en-3dfere
fogid, o 99 HE W 3E @ Fa W I@ ok
IR 1 IUET HT S HehAl 2| AR SE/ZH H
A (TS Higdl) Ta R R 7 e 21 Frefaftaa
arfaferan H-
CO(g) + 3H,(g) CH, (g) + H,0(g)

T sifasRl (CO + 3H,) o WX W@ § SRl
(CH, + H,0) % I Hidf o &1 ST sifafepan o
Treraee s it fHfvea a9 | e o
fafeTet § @& @ A L 3G A I Rl
aen K T T 39 YR fYFReRl UE SRl i
AT <19 T 39k Holka®y Sk TIgUT 951 T
21 o1a g grgeeen o Tl ®© T ® 1 -9t
fagia, @n] weh sAfafwan 5w fen & s e
Hrerereel] TAIfUd et ®, SHRT Idl S S Fehdl
21 feh @ T T T, o7 wrEeen o fen
(e el =1 TN e @ %Y el ®) W SRR
B 81 (B9 Sd € foh <@ T o diell 1 @ o
QU e €)1 T8 stk whd Q5N we
S Gehdl B SW & T WA o9H 1 fafmar o

185

[CO, [H,], [CH,] W& [H,0] fshaf¥ehrrehi shi Tremereen
& HIK0 h YR Hd &1 s eafafman fagor @
AT STl T T S ], @t Sk oifvres < e
TSV A & 9 #1376 g1 AfAfeRar qrhe %1 OH
e 1 A HH @ Wi Y Hehd
_(2[cH,]2[H,0) _ 4 [CH,]H,0] K,
° (2[cop2[H,] 16 [CO|H,] 4
Ifk Q, <K, 7, ora: ifuferan smr faon & smR eid
2l C(s)+ CO,(g) 2CO(g) fufsman o w& T
G ST @ q ertafsman faada (a1 SoRA) feen o
el B, ifer 31w feen § Hiel %1 Hem 9g St el

6.8.3 3TfeRa T & ANT T UNTE

e e for wad ® SR T SAfET T (SE—
FAfiA) S erfufswan & wm & odt €, i fre €
g SuiEfda @ar 21 it fier e W fhe
9 e W erfafsan § wr o are ggef S der
gl 31efen gl § i uedd el eran 21 sttt
qhel § IRed eharel a4l Bl © S/a THels T8 T
srfafwan ¥ oW o e SAfYERE a1 SR Bl

6.8.4 AA-URadT oAt TS

el Ft @ AT A H ufEdd o RO A1 HWigdl
faeger B ®, a9 g g 1 weed uRafda e
, Fifer stfafsan s (Q) HrmaEen feer® (K)
o SR Tl T UMl Sifhd 5@ ardehd § 9Redd srar
2, wreAreen feeish (K) 1 HF 9Rafdd g S )
M q9shA W feemies w1 fefar sifafewan & AH
o fag o faedt st 2
o oMYt SAfHfeRal (AH RUTH®) T HRITEEe
fteriehr qIUshH o 9g W Hedl B
o oA AMMHAT (AH HFTCHS) 1 ATRATEEel
fterieh qIUshH & 9T T wedl &

AR | e arreaen feris e stfafea
o a7 § qfteds o 2l

Frfafea sifafsran o STTER THif= 1 Scared
N,(g) + 3H,(g) 2NH,(g);
AH=-92.38 kJ mol™

TH ST e ©1 ‘er-wmaitery, fagid’ o
IR, AYHH S TR TR o &9 o THmaia
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Bl Sl © TS ST 1 WreTeren |igdl % 81 S
21 3 =Rl |, U qI9H S h) 3= Al F
AT S ©, Wifehe Wi &9 9 STcfees %9
T eAfafman ) Tia il e S €, o1 S T
o fomn s =

AT A Y9 - Teh TART

NOZﬁH (‘{{Df) Rl N204ﬁ'ﬂﬁ@ﬂ'ﬂ? (Dimerization)
1 srfaferar oF gRT ArTeEeT W AT 1 99e WSE
o < gl B

2NO,(g) = N,0,(g); AH=-57.2kJ mol!

(1) (TEH)

Tz HNO, ¥ Td &1 Fier Srerht &9 NO, 14
TR T © A1 38 Tk (HRreell 1 G8Edl € 5ml
el WA o 3231 A & <Al W §
T ! dedl GUE SFT A1feTl 376 TSRS (araldit)
aﬁﬂm@lmﬂ?ﬁ%@m(smpper)aﬁﬁaﬂ
2 Tl 250mL % o ST TR FAA: 1, 2 T 3
sffend ed €1 ML . 1 1 fensrt fag (Freezing
mixture) ¥ SF 7. 2 HI FW &F AU A F TG
T F. 3 W TRA (363K) I ¥ R S & =l
AT w1 et |, 2 H T W €, a9 T %
1 1 diear Toh ToE K@ <t 81 o a1 9l
It | 8- 10 T2 9% WEAfel i W & a1k 39
TRt T TW@EAell Hl T A, 1 oF ST B qel
THA @A Wl SR 1. 3 o S | A stfsman
&1 fEen W arg 1 g9e 39 wam 9 fata fe s
Hehdl B HH d9 W AR 7. 1§ SOARI W
SIfafsRa BRT N,O, S 1 Telg faerdl € de NO,
FT FHH EH S HRO R T FT Ao Tt T, et
HT A, 3 H ST a9 W 3Iopd AR i aeie
fredt 2, 9@ NO, =war 81 ufomHa: s T

T

femendt fagror HH & qY (363 K) T S

T ST (298 K)
(270 K) RISEN|

faT 6.9 : affswar 2NO,(g) = N,O,(g) &1 Fr=aeer
W dT9 F 9T

e fagm

YISl TR AT9 ol YTS Ush ORI Ssmiet
sfafsran | off g9 ST gear B
Co(H,0)% (aq)+4Cl'(aq) = CoCl% (aq)+6H,0(1)
TSt TR e
FHH F AU T [CoCl,]> F HRUT AL
frasror =1 ¥ et @1 <1 1 5 9 fewer fago o
31 feran St S 2, @ fason 61 9T [Co(H,0) 1 T

HROT T[eAe 81 S 2l

6.8.5 SUTeh ohT THTT

SO TohamRRal o IRl § 9REdA 3 FH
AT T AE SUcTed Tkt AR o a7 ol 9@
<1 €| T8 Teh & HehHOI- 3T § o aell 37 Te
it stfufsmaneti & ST 1wl <1 €, Seifeh Qe
%! afEfdd T8t Tl IERb T TS Jarg Afaferan o
fau dfpeor o # HE 9En § wH w2
IAGE W TH g AfafRar fasm . arEreen
oA 1 qiEfda e wdl B gg Gqferd T o
7 g feeris Tl § yehe el Bl 2

NH, o A1gIsH o geger § ffor @ fa=m
F, S T rca et srfufmar @ e Sag o
el Hiell o1 & SATHHRH] o el Y H et 2
e s qushd 1 9 § Ted g1 w9 a
R AR ST el © U e R g o Sty
% GHI Ol ®, S Sed A W fEA # R
Garosier Bl €, T offed ¥ gl &l

S TEEAR B e A <@ ¢ R ol Sae
=1 Sufeerfa o rfafsran Haioses 52§ el 2, Siafh
NH, ! TTeel Higdl Haroe e sidl €1 i e
o Hiel 1 &I AMTFR] o Al i T& § HH
€1 37: NH, 1 3cqe q@ agreh sfues fapan
Tehal 21

NH, & H¥IY0 B 19 o <6 1 STJperaq
Rfefaai 500°C W& 200 aFHEAT @ B 2l

T UHR, 9ueh fafy g7 SeRfRe o o
frmfor o

250, (g) + 0,(g) = 2S0,(g); K = 1.7 x 10%

qreeeen feemie o qRomd oF ST ER Afufewma

%! THT gl g S ey, fRg SO, w1 SO, #
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SHIFHIH dgd it R ¥ g 71 wife st
TEUHfETH TRl (V,0,) SR &1 Sufefd |
Sfafsran o HTRT &3 ST 2

e af fedt sifafwan & AramaRen feris
1 T FHIBT 6T B B, O ITH IH 9gd hd
HEal T Il 2

6.9 Tae@= o smafer Ar=TaweT

9 i T R Fixar 9oy o 99e ol 99T |
g FreAferfiaa et 9 o Hueh o ST -
Fe’ (aq) + SCN™(aq) = [Fe(SCN)**(aq)
& T2l B0 7 W o St | 9 watered § R
< o Sttt et o fag om0 wafed &t et €,
Safeh ST H HER T (Hiferw FaEe) faam
W THY fogd ¥R T YaTE BT § 9o a0 shi Fiwdl
G o WY foerd w1 Aetehdl dedl 81 WEshel Hhie
J Uil 1 STRT TR STeTshal AT o STHR W&
Mt & afiehd frar— Uk ot ok wsred et T o
fered ¥ wenfed ed €, 3 ‘o s9eea’ seen €,
Safer TR S UET e I, A 9 STUEd el
T e 7 foe Teeal &l YH: Yool Td el aga
srqeredl  ofiehd femanl Welel SR STUeed Wt W
foer ge o qof &9 § et B §, Sefh
d@ ryeed orifers w9 @ smaftd wid €
IO -HIfeaH FANEE o woig foaea § g

187

®9 W Hfgan APF o FANES P UT WK
Safs THfed o § THRe oM TS sEefTEm
M B &1 THHT R 7% ? T Gifead wiwgs #
T 100% ST Bl &, Seifeh UEifesk 3, <
geic, Torga-31aeed 8, 5% € @t gl 81 98 &AM
® T gda fogq stumeal o ool dun et
g o T W Tfud B ©1 59 YRR kT 9T,
e STefta foeem o 31 arg o §, arrafien ana
FHEA | 3T, &TReh AT A oEq STTeAT o ol
T o Bl 3 Yool S1al gl dEd STTEEAl i e
HTER Hd &

6.10 3T, §h TS Ul

3T, &% We oe01 Yehid | o419k ®9 § UIT = 2
SMRME g =R A6 (1.2-1.5 L/f&) o =nfaa gian
21 € U= Wihan o T @it saves @1 faen
T 197d THifew o T g T §R F W
fafew ot Ud UEhIfdd v qe THeN H TR
3T IR S 1 SAhiY 3 g W @ B €,
ifed I8 Acidus © 51 ‘T’ wIsg g Tl e
2§, orent e1ef ® wee e it fetewd =i o
FR A T N FD ergeti W A ek SReEgeH
I H §| THI YR &R ol foleHd ol e
# € qu1 @R H whed 3 Tl § WieA | el
&R 1 Tk QA S FHIS €H T Giel 7, <

IS 1 9 oS o T Tk i GreE ol URER § g3 o1l 14 99 %1 39 § 9% U 341
fSieg@ (Book binder) & J&l %W WG ol S8 3= 7 fohdmal i g i B2 § I ol
St fSeg 97 e ol rEest €et 98 (Davy) 1 YERRIE HeEe S T e HY
18131814 H HIE 3ok W1 HETEIY 1 I W Il T 3G AET o SR o SH GHT & e
SO SR o Toeh § MU 3R Sk eoal @ =gd Han 9 1825 H 2ot & 9% o 4o
HEIM FARREsl (Royal Institute Laboratories) & fRem® o+ e 91 1833 ® o T@RH
I o Y¥H Peilad 3= (First Fullerian Professor) sH| %€ =1 dgel el
T -fITeioor A | ol 9 1821 ok SR S SAfushar 1 e ud geaehed qe 31 Sgd
T fagidl o Hafaa o 321 o fa=mi o ouR W ‘enyfiew &= fagia’ 1 gfqaea gem 91 1834 H 3=
foregq e1oeres @ weifua <1 el 1 @ie %11 HIE Tk 9gd & o8 U A1 Wb o sfe o s wedt ge
1 oF W IR F e 3 geft SR foamel | X W1 A T STohel T T TS A 91 S Heft off T
&l @ Seiq fogm &t faa-fie a9 ye9iika (Disseminated) foar, foad 39ep g/ Ul 9em@ o 9”9
1 T Yesh YhaR ok Y9 ki SToraTen Gftnferd €1 ‘ Hidemit o Tamafes s’ fama o frama s
o TeIT 9 T 91| S TNIHT 450 S TS YRy fRu

HqEHT Bare

(1791-1867)

Reprint 2025-26



188

YT o fTU Y il 21 STl 37ed T &Rk ol TEt
Iurd | e €, a1 o e1rag o sifufewman o & w9
@ &I @il & FP GHFT ST FifeqH FANEE,
Ife ethe, Hifeam Mede ofk 71 Wieaw FrEe
(HIRT 79 ) TR HISH 61 Tk &7 ¥ €, S
TSI 3T Td Tifedy TRgIFdRE &t foha 9
W el 21 98 39 eraeen ® U S ©, fomw
YA Hifea™ T HUMARM FANES A 399 |
ool emafera wfeis o wea feer de@ v o
HROT o o1 ofd €1 3 STael o e fer dgd =
HMeqH o Qe o SohHU! Bl 1 S
reifser foetae €, fSieen weRm 80 21 36 R
9 Hifeam NS &1 Sid § =il S S, 79 e
o Te7 feord e SRl St 80 o U W gl @l
S 2, fored a1 foerad o g &9 9 T A 2
Y S-Sl & Tl Seifed gkl gUe 8l W 2l

)
oY _©o
[+ 2% NE 9
o9 9 »
0 cr vo
(+)®(_BF\ N cl
\J( Cl N Néi- -
00 ClNd
Q Cl
. é o
o2’y b6
O N& ’)ﬁ) = oo
CO o o

fera 6,10 5e7 9 Gifsaw Farise &1 fagisi Na© agr CU
ST Yt STeT-377] & |1 STTiferd glahs Tt

gl wrd g1
A H TR T o EEA i gor
tHfifew ot & A ¥ 3 W B T6 el ¢ 1%
Tafy <l & gt o1 ®, R ot el e
9 SFaget el § ol w9 9 st e B, ug
Uit ot MR ®9 ¥ (<5%) & STl g 2l
ST hi | 370k HET IUMLYd el i qmed qef
APl o St el W R et @1 qd o
o qen o ug fa-fiam steff o ygea foe s
® B fac o A, S SUH! 39 stEeen § off
foem™ wd §, o S W YUFH HI UwA
‘foraer’ whed € (SR -gifer FAREe), Sl

e fagm

A 8 ik €, e Serdia a1 foeem o 22ax
AT = < €)1 T8l €W 3 <A Rl 1 Sdesa
FH Y B

6.10.1 3TxT dAT &Tﬂiﬁaﬂ' IR=E roT-
RfEE o Fagager ot 9 wged &, S 5o o
STEfed B BIegie oM Hi,) 30 & 9o &R o
T ¥, S EEeifede @ OHg, 34 1 39 &R

S H Teh 3T HX o1 3T fAfafad iR o
Y fordll wh o g0 R foRan ST wehar @-

HX (aq) — H"(aq) + X" (aq)

q HX (aq)+H,O(L) -» H,O"(aq) + X" (aq)

TH U WieH, HY et fremier g )
s Y § Soid faemd o e e el gl
75 foemoe Si@ 310 o offedlse § Sfud gt
v frufret ergifem oA, HO* 2@ ®©
(afed @) | B9 H'(aq) d=M H,0*(aq) I i &
Sefera gEge oTEH, St Sidt Tupstl ¥ o gam
TH WM §, o ®9 § YA H O 21 39 e o
TH WIMRUEA: HY(aq) a1 H,0'(aq) i 3Adesd T
AN | GRSt gied 2l

Tl YR MOH 999 fohdl & o1 379] Seita

TIESIEH T EEgadet I
(3™ =10""%cm) B Ta 5ol 310 W T foreq &=
T o HRU W T SA- 3] TR IY(EAT I THTRT
gl § foRdl Tk & WY JeR H,0* I 71 W
wiefsr 1 g TR (ST -H,0"Cl) # 2
e § Y T B | SeAtd T o ety
3T T | Seriford gs H,O0;, H O @& H O}
Ty TS oA €1 6 YR SRS S
SIS Bt g Seoeres wfieiist H,0,~, H.O,~
a1 H,0; 1t = <)
/q—H~...
../‘H Qs
JO( 5, /S*
¢ % ,9/ \~Z~

HO'
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@i ARI4

(1859-1927)

1 AEd R fHa

NPT &1 9 TWed | IuHen & e gom onl W 1884 H I UMl
foeafaemea # fagq sToeey faea i arehdsti T Y T (Thesis) T&d fhal
3TTE 5 OO T SRi Sgd AE i qel T o WY SRl W T T 1895 H I T
T wihem favafaemed & «difawt o e 18 R e fre 1T o1 1897 9 1902
% o 39k W ot W T 1905 W 3T G % o Wicheld o Aoiet JeH 8 fifeert
WA o fR9e 98 W M Hd W S 9 qoh agd-3TIEed faerdql W &M S
W1 1899 W I=IH Tk TR, S TS THMG: NG 0, FHeam &, &
MR T AMfRa-3T sl a9 W Fsfar =1 gl fwam

ERdE| Eh_sp &5 | R fowam gfaren w@EE (Immuno Chemistry), ERIEACEIE]
(Cosmology), STa &l id (Origin In Life) T fgA-F7 o6 &R (Cause Of Ice Age) Farll &l H ITeh1
@YUl AR @1 3 T YoM =afad o, =19 7 3184 Yea’ &l 98 T <o S9! fad= T ®il 9
1903 ¥ forggd-sTereai o forerest o figia T W fom o6 foaermd o sdent STAfTar W 3= WA faam

foema @ frafafea ofieon & oar emaf
T &
MOH(aq) - M"(aq) + OH™ (aq)

TEeifod oaq ft S faoem o Seitaa
T W @l § (S ) | T AR Y ST e
YROT 1 3 HHET €| 78 hadt ugief o Sl
faem ® & on] et 71 T it S8 uwiel %
e i 2l
6.10.2 AT AR I TS &k

9T WS SR 9=2% (1874-1936) @l 3
WA AT T S’ (1874-1936) H 1%l T
QReh] I Teh 2feres =ager qitsren <t Seg-art
fagid o TIOR3 uged, S faeraa § weld He 39 |
e €, 3 € Al o ure, S faerd | e He
U 3 § He §, &N 2

9 o ST WieHal qdl &Re Wi el
2

T&1 B9 NH, & H,0 ¥ faemd o 3@ |
foar =Y, fo frafafed e § <ot T 2,
I—uﬁzﬁém%
NH,(ag) + H,00) = NI} (ag) + OH (ag)
aicen A TgfAq o/ HEHd &N

| e ]

F 2

geifd ool &t 3IufEafd o HRU &RA
forerm aal 81 STe Sifafman § Sl die g @
TN ST YR €1 TElY 3R wEe: gReR
T AU IRk Fed & Sohd AR § W NH
¥ OH & TIFIANG Bl &1 F87 NH, S==% 37ret Tol
OH TS &R I w1 Hxd &1 H,0 T OH 37erl
NH; TS NH, T3 37 3R &R o I8, S A
Teh WIe i 3uferfa = stqufertd o &ror 3R fvm
g, G T- ek I FEAd & T UHR H,0
T G RF OH © 92 &Rk NH, 1 TIHT 37t
NH! 21 af% ST 31 WaIel & l 3kl Gl &lkeh
T BT AT A LT ST e ©, Al ST T
&IRe Wt BN 8T 4 34 4 91 I8 € o g
o H ek Afafer WIS Brn ® qen yoish Hgr &R
o Th WEH wH el 2

S W TESHR S % 3 SR W
fa=am &1 HCI (aq), H,0 3T7] il W2 3T 37 i
i T& H,0 &R I i =eeR i 2l

I—uﬁzﬁﬁm%l

HCllag + H,00 = Had (ag + Cl(ag)
qgfa e 9T e

Sahadl &
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SRIFT TR F @M S Tk 7 R St of
TR Il B S S HCl § WA Tg0 shdl 2,
H,O* Tf¥fist &1 fmio1 g €1 31@: CI 37 HCl
3 1 G &R € T HCL, Cl &R 1 Hgret
ST €1 T VR, H,0  H,0" 377 ol T &7
TS H,0, H,0 & %1 T 37 €|

T T 924 € foF STt U 31t qe U &R
1 e el et <wiar 1 HCl o @ eafafewan
H ST &N 1 Te FdeR &idl &, ik T &
T WIS T Teh 37 i Wifd sFeer il €|

ISR 6,12
frefafed F==T el % fou T s
€2

HF, H,SO, T2 HCOj
T
Yo o W R W W WM RH E
=fEW 37d: HId HIH &k HAIM: F, HSO,
T HCO; T
SETEIUT 6,13
FLT &N NH,, NH, d@1 HCOO™ & fau
T seE e fafem)
T
Gl 3T °h UM &N ohi STUET Tk Wi
ek BT <1feU| 3Td: 90 HITH 378 Shuel:
NH,, NH, @¢1 HCOOH g
SAEITT 6.14
H,O, HCO;, HSO, T NH, S==8eTe qell
LT AREH-SHl IR H F1H HR Tohdl 2| TIh
o feIT STa WY et de ek fetau)
T

SR Trefortad aroft o fean @ 2
H,0 H,0" OH
HCO, H,CO, coZ
HSO, H,SO, SO;
NH, NH, NH,,

e fagm

6.10.3 T3H 3T Td &k

SHUA. TR A 99 1923 H T Sl ‘TASR e’
AT &I ohl ‘TG JTHSTET o &0 U Uiy
Temam STef as &a 1 999 B, SRs-alid &k el
9 aRE | &g faem iR T 2, FifE <A A
fagidl o &TReh ThTeh! T T A1 ®, Wq
e Togia o SER, 9gd 9 UQ uqe off e 2
S e & ¥1 w9 Teieei 91 BF, %1 NH, 9
Affsran saeRt Tk fafiTe IS €1 39 YR dRiRfEd
TS SoidE i wH a1en BF, A NH, o @
ToRaT Y SUHT THThT Seae JTH Tkl 3T hl T
I Bl 39 eAfferan @ Frefafga it g
WSt TR ST Hehar 2

BF, + :NH, >BF,:NH,

ToiFe &% TS, S® — AICL, Co*, Mg?
MK 5T 3Tt 1 ifd eR HXdl &, ek H,O,
NH,, OH ¥iilst il T Seiegiq I8 < T Fehell
2, TEY &% HI WE FIER H <l

I 6,15
fretferfad 1 o o qen AR ¥ g
HIFTT 3R AT fo 3 T Feler i qwid 22
(%) HOO (@) F (1) H (%) BCL
&
(%) T TR APH TF 9 &NF ¢,
d: T8 TAH FH T HT Gohal T
(@) dfh TIANES AFH oEE aRE €, I:
Tz 91 Toee W | ¥ fRE TR a1 M
T Hehell B

() = W[ o o €, oa: TRl
R T FISANES T, S & o
TR T o Hehdl 2

() T IRA TRFARES BCl, E9 3T T,
3T STHITAT ST 3THI STUfsti ST eTehi
§ R A T R

6.11 3TN Ta &Nehl oAl ITTEAA
iR TEmEfTeR o Siferer Afafshame Sefta wesm
o et €1 3% wHeH o forg e w5t gl &
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AT ERAT

STIER 3Tl T &R oh a9 i foer=m Iuamt
B | WA 377 (HCIO,) BEgleiliieh 317 (HCI),
BRSBTS T (HBr) TESRTAfSH T (HI), TRfeh
Rl (HNO,) Td HeHeh 1= (H,S0,) 3 a7
‘Y1’ e §, FFifeh I8 Selld wied W Wi STl
H e quia: foifsia st Wielaemn o §AE *E
Y B TH YR oAifeTd eEgieEe (LioH), |ifgad
TGS (NaOH), W™ eEge™Es (KOH),
Hifsad SRSlFIEE (CsOH) Td dfad TRgiaREs
Ba (OH),, Seital /1&g H S Al | o qoid:
fo@ifsd gl H,0 9o OH- 3T < ¢ smfva™
fagid & o9UR, 3 Yoot &R €, Fifer A weam o
wuiq: foaifsd el uer: OH- 3TPF WM &Y &
fasheud: o7 o1 @R 1 G Tl Ud eRehi o
TN fagid o SHR W ST Wehdl €1 Tk
SR, ‘yad 3T’ | dedd U 399 WeHRal’ w§
Yo ek ¥ dqeqd ‘39 Sl 2l

dA T HA o 3T-&R fadieH 9 |
foram -

HA(aq) + H,0(1) = H,0'(aq) + A (eq)

T gk HH I G &R

@ 6.10.2 H T <@ fo oA (A &)
foae" 9= UF WM o o ud ydm fewm o
THIAROT | Jord Ueh TIfieh STaE €1 376l 78 U9 Sl
2 for =fe @ ik 2, 1 o w9 & T o fem
o SUE BM? 39 qIferd Shidrel Uk Sl i El
22 3 YTl & S I o forg g9 femiem W o
gfmfad g ol (A1 §Rehl) oF dHed &1 gor &
o o fomar i1 Swie afvla srer-fadism g o
Sufeerd € 3wl HA T H,0" W o= 3| &4 I8
AT B fF T W HIA-91 Yol WeHe 81 WeH
W # gt Ot ygfa o= @ eifuss B, 9% ‘e
3T’ ST Ud | goel 377 ohl 9 H TR
B S, A HA, H,0* ¥ 79 o7 ¢, df HA Wi
TE HAM, H,0* &l fooaa ¥ 4= &9 9 A-
H,O" TP BT | gad o7 Ta &R &1 fsn o
TR Bl B, TR Werel 3TReT Uelel &) Rl WEi
Ely

TR STIER, Yool 3T Sl H quid: STafTd e
21 IRt e STed g B, STl Weet STl oh

191

G &R 3T goel Bl &1 Yool 37l S TRekAlieh
T HCIO,, TEEHIN 3 HCl, BEgets
317 HBr, BRgISTETSs 377 HI, TEfH 3 HNO,,
TR Rl H,SO, AME Wael arwedl o W
& ClO;, CI, Br-, I, NO; 3= @i, St H,0 ¥
1fieh 3ol ek €1 S WehR 3Tid Welel &R, 3Tef
qdot 3 M, Selfeh Ueh gl o7, - HA 7]
Iufterd @ AEZH 37 (HNO,), BIEgIHsiiish 37
(HF) Td Uffess a7 (CH,COOH) WdlehicHeh geiel
e B1 e A A @ A @ T gee ol o
T N Td Jad eld 1 S0 ok fou, NH-
,» 0% T H- 3TH Wl 81 31a: H,0 ¥ 37d e
AR T fRAeedE, smerde s onfe st |
foeia shTeifen ifiTeh geet ol sl wifq =Taer S
g1 39 3 (HIn) 9o §gF &R (In) =1
Teri #)
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
T gIh I ST T AR
-k -9
T TRl T ST 1A R STTAIGA H Gerh
% ®9 H H* A & wigd Feprerd o fag e
Sl

6.11.1 ST AT I feiar wd SW@aht
AR UHAEA

T WE 6.10.2 H e @1 for P el (S S)
310 fafdrse Toif o6 HRT 37 TE &RSF— I i TS
TR H Fehd €| 3T HA 1 Sufeafa o =g e
TS0 Al © T &N 1 T RN Ll 8, Selih
§ B~ ! 3Ufefd ¥ 9% e[ Ioh 3T i 0@
SRR Il €1 G Wl H,0 1 Tk 370 W a1 2
TS STFed 1 T HFER HIAl € 91 STt 1 T 3]
TH W TeU A & TH I THA &NF H WE
BN Hidl 8| FreAfeaa wrereeen enfd et e—
HZO(I) + HzO(l] = HSO*(aq] + OH-(aq)
8RR T[T ST A
foare feeri® #i 39 39 We WRRh w2
K=[H,0°] [OH ] / [H,0] (6.26)

STl 1 igdl ol e W B A B, i gHeR!
Tz fEer @t 71 [H,0] F o ot wfmfad
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FH W T feRid KWW B 2, oS @
IR U Fed 2|
K, = [H*][OH] (6.27)
298 K W YRR ®4 H* 3T &I @igdl
1.0x 107 M % T ® 3R 5Tt o fardier 9 s H
3R OH P &1 H& aer Bl 2,
BEgfoA TPl i ®igdl, [OH-] = [HY] =
1.0 x 107 M
TH TR, 298 K W K 1 AN
K, =[H,0*[OH ] =(1x 1072 =1 x 10'* M2
(6.28)
K, & 99 a9 ® fRk & 7, wifE a8
e feetis 2
IS STt %1 T 1000 g/L & 3TN $HRT Hier
FH 18.0 g /mol 1 TTY Y[F el 1 Hiekdl &1
T4 e el Wehd B
[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.
9 YR, fouifsa wa sifoeifsa aifsa sia 1
S
107 / (55.55)=1.8 X 10%0r ~2in 1072
(39 YR 9 g&d: sifadiftsd Siat o STugsii
FT A T 21)
T, e 3R SIA Weftd oo
H,O0* W& OH ! HWigdistl o @dfess /Ml gr
fasfea foran w1 wehar 2—

A [H,0] > [OH"]
ST [H,0"] = [OH]
& ¢ [H,0°] < [OH]

6.11.2 pH &FeA

BRI AT 1 HieRkdl § Wigdl ! Th TLHE
HYshH (Logarithmic Scale) T Werdr ¥ y=i¥a feran
S ®, 59 pH @het el Sl 2l

BIESISH 3P i Gishadl (a,,) o RUMHS
10 3T TR E 7 i pH Hed 2| HH Figdl
(<0.01M) W TESSH ATH &1 Tfhad, TEHS
®Y Y THHRT Howdl, S (HY) 51 YRR &1 S 7, o
T Bl | BIESISH I 1 Gieharal i1 shig goh1e
Tl B T, T 39 G g uReifE feRer S
ekl B—

e fagm

a,. =[H"]/ mol L
Foreferfian et pH TS TEEISH S i
o ey gt 8-
pH =-1log a,, =-1log {{H"] / mol L'}
39 YR HCI & 3™ fae@ (102 M) & pH
F1 HH =2 T T T WE NaOH & Th &4
forers, fS/e [OH ] = 10 991 [H,0°] = 10'° M 1
pH = 10 BRI Y& A STHH 5 H 298 K W
BIEEISH 19 1 Tigdl 107M eidl 8, Safery geh
pH = -log (107) = 7 &I
I hig Seltd T el €, 9 SHe1 pH 7
¥ %1 @ A 9% &K T, 9 SUH pH 7 U AfrE
BT
'Y U,
STt foera &t pH < 7
R o= &1 pH< 7
I fae=d &t pH=7
319 298K T AR FHIHII 6.28 T FHi—
K, =[H,0* [OH]= 1014
Yol o S 3IR T FUMCHS L0 o W
—log K_ = - log {[H,0"] [OH]}
= - log [H,0"] - log [OH]
=—-1log 1074
pK,= pH+pOH= 14 (6.29)
M 3 A 9 ue § fR wmfy K s am
AMUHH o T qRafdd i &1 qenfa qrosRE o e
pH & #M ¥ URede 3a 7 e & T 8 e
IqHT YT HT A
pK_ Setta T o fee aewerf ufer g 8
g BIESIoM aT BESIaae STl it @igal 1
T §, Hfeh SR UGS R gl ?1 ord: IE
e @ Toh pH WI9shH o0k eial 81 pH o M
o T 3ohTE qiadH 1 e © [HY] 1 Eiga § s
10 &1 IRedA| s& YR 9fE BESeH SEA |iEgd
[H] ® 100 T[UI& o1 GRedd &, d pH o A1 ¥ 2
THTS 1 TREH ST 3Tal 379 T9e T ght o a0 arg
§N pH W 9Rerd= 1 el &9 T 3d 2|
Siferer T gEreA-HeEt eyEnt ¥ oo &
pH &1 A9 STcafreh eagdeh €1 pH IR, S fafim
pH =Tt forerad & fom-fom w1 a1 €, 1 wewd 9
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HTHATSERT

pH o ST HH 1 Al AT ST Hehell €1 STSTehed
IR gl pH YR foed B1 0% € R fe-fe
ufeea fm-fo w1 3t & (f5 6.11) pH TR ER 1-
14 T o pH AM T 0.5 I JAfd dk A1
fopa ST weman 21

o 1 2 3 4 6 &6 7 & 9 10 11 12 13 14
1
i;t-:l. .
- REEENR
i
fara 6.11: T pH W 7 37 {Harc pH R &1 9]
qfeear

<

Iea Aqeddl o fau pH WieX &1 YA foman
ST €1 pH Her Tk TH 43 7, S wlero-faerad o
forga-fawa W aaRa pH &1 A9H 0.001 Jeefa
T YA & STSTohel SSIR § el o ser SehRare
pH HieX Y@= e U €| F5 m= qqie w1 pH
IR 6.5 W & T 7

IETEAUT 6.16
T Y o T H BTSSR i "igdl
3.8 x 10°°M | THI pH I Tm?

kgl

pH = - 10g[3.8 x 10™°]= — {log[3.8] +
log[107°]}

=—{(0.58) + (- 3.0)} = — { - 2.42} = 2.42

37d: U9 uSred 1 pH 2.42 B T8 A 2

193

IS 6.17
1.0 x 10 "M HCI feret@ o pH 1 T0FT &)

A

2H,0 () = H,0" (aq) + OH (aq)
K,=[OH][] =10"*

A x=[OH |= Sl ¥ 9r<i H,0" |

H,O" Fizar (i) S 9fefd HCL ¥ Wt et & S/—
HCI (aq) + H,O () = H,0" (ag)+Cl (aq) d=T
(i) STel oF STl | Wi Bl &1 T8l <A
H,O" 3Tl W 9= & 8-
[H,0'1=10"°+x

K,=(10°+x)x =10"

Jgal x° + 10°x- 104 =0

[OH ]=x=9.5x%x10"°

317d: pOH = 7.02 7 pH = 6.98

6.11.3 A AT oh I ek

3TN, STeita oo o o1if¥res &9 ¥ ot T o
37 HX W fomr %) fr=fafaa seeon o o foedt
ot giteRtor g1 ifaifa HX Wd 3Tl He(aq) den
X-(aq) o A Tonfud Grereen & g femen sn
Tehal 21
HX(aq) + H,0(l) = H,0*(aq) + X*(aq)
YRS Higdl (M)

c 0 0]
M o ST 1 AGT B

igar ¥ qRadq (M)

-CO +Cco +Cco

ARUMT 6.5 FS WER Ut @ pH F HH

gd o AW pH g9 o AH pH
NaOH 1 9q« foeraa ~15 ST HRIHT 5.0
0.1 M NaOH farer=d 13 THRT H ™ ~4.2
A HT qET 10.5 g U7 a1t qen fawe ~3.0
foeeh st Hr=fferan 10 -t 2,0
31 1 WHE WF, TRl S 7.8 - ~1.2
RISCEIIEL 7.4 IM HCI e ~0
ECl 6.8 Hig HCL ~1.0
EIEER L | 6.4
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e Figdl (M)
C-COl (¢{04 (¢{04
el ¢ = Afaaifo ot HX o1 IRfwe digar
Mo = HX o 3TEH 1 AG0 B
T Hohdehl 1 SYAM HT o TH ITYF T
fodrem W o fau g femis Jod a1
Hohd 2
K =c*?/ c(1-0) = co® / (1-a)
K_ o 377 HX %1 Taasm an omaee feerion
ed ¢ T4 dehicush B9 § 81 39 YehR Hieldl & &Y
o yefi Y Wehd B
K, =[H'][X"]/ [HX] (6.30)
fordit Tf¥era @0 WX K &7 W1 oTRT HX &t
YTl T HIG §, Tgiq K, T A T s
BT, 3T%A S € aTfrek Wit M K, fammfea
T3 &, Forad aft itsfier et Higar ot AeR-3TawEn
1M &1
FS I gU Al oh STIAA-TEuis AR 6.6 H
faw T ¥

BIESISH 39 Higdl o felq pH WYshd a1 SuAri
3 5 T8 pK, % s s wheie T R &
faw ot wger fepan T 21
' YT,
PK, =-1log (K) (6.31)
37 o I feeie K, el YRR Eisdl ¢
A BF W I TS T A FEdl qe ST o6
A HT TS G faeEE ®1 pH i O G 2

WU 6.6 298K W FS <7 U ot TRl oF T

Teertier o @

ITA 3= feeian (Ka)
BESHNE T (HF) 3.5% 104
TELH A (HNO,) 4.5x1074
HIfHew 3T (HCOOH) 1.8 x 10~
= (C,H,NCOOH) 1.5% 107
UHifesw e (CH,COOH) 1.74 % 1075
=g 3T (C,H,COOH) 6.5 x 1075
BEUHARE 3 (HCIO) 3.0x 108
BESMAM® 3T (HCN) 4.9 x 10710
T (C,H,OH) 1.3x 10710

e fagm

gefel JEAETTEIEA H pH ¢ UR 9 Frebre S g
3
ug-1  foue @ gd 3ufeerd wfefs &l sRes Al
TR/ oF ®9 W T fRan S B
ug-2  ueft gefer sifufsransti o foa wgfera Teenon
forg S €, Se—wfielis, St 37t U &R <M o
®Y § ®F w2
qg-3 S=d K9l At s meifies sifafsean
& w9 | fafeq fan sman 7, wefew o= sifafwang
ek AR B 2
ug-4 wAfhs Afafean &t it winis o =
A 1 GRON o &9 | el frar S 2
() IRfess Higdl, ¢
(@) I &1 AR TR TH W FAF H1 061 o o
&9 ¥ igar § g
(1) " il
ug-5 & Afafeen & fau amaewen femw
THEO | G Wigasll o WHl o o fau g
F 2
US-6  HEA AR ki TIRiST bl FIgd i TOA
F 2
Ug-7 pH i T0A
pH = -log [H,07]
ST fafer 1 30 I ¥ qHART T B

34TEIUT 6.18

HF 1 o4 feo® 3.9x10% &1 0.22M
forer § HF &1 ST 1 |76 1 31 T
o 3uferq @ wfiefs (H,0', F~ 9 HF)
i Higdl qA1 pH ki TUHT HifSTl

Kyl
frefafed def e sfafead gve 2—
() HF + HLO=H,0 +F K, =3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=1.0x10"
Hifeh K, >> K, 9&4 s
HF + H,0 = H,O + F
YRR Figdr (M)
0.02 0 0 (0)
igar giadd (M)
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-0.020. +0.020, +0.02a
e s (M)
0.02 - 0.02 « 0.02 o0 0.020

T Stfferan o fow wm Aiganeti =1 gfaeenfua
FEH R

K, =(0.020)” / (0.02 - 0.020) = 0.02 o / (1
~) =3.2%x 10"

&Y frefafaa fgoma S g giar 28—
o’ +1.6%1070-1.6%107=0
oo i ol i &6 % W o o I qE I
B B
o=+0.12 3R -0.12
o, T SRUTCHe W E9ed &l 1 &Fd: o= 0.12
e ¢ f S 9, o= 0.12 ¥ a3
TS (SR—HF, F~ qe H,0") ! T igemd
TH THT B—
[H,0']=[F ]=ca=0.02%x0.12 =
2.4x10°M
[HF] = c(1 - ) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = - log[H'] = -log(2.4 x 10°) = 2.62

3aTEIUT 6.19

0.1M Tehel &I 37rct 1 pH 4.50 81 Hremeree
T H',A™ ¥ HA ! Higdl i AN SHIFSQl
Y B Thdl &0 37 & K, 991 pK, o A
St o TUET FHIS

E)

pH =—log [H']
[H]=10"""=10""=3.16 x 107
[H]=[A]=3.16%x 10"

K, =[H']IAT] / [HA]

[HA], = 0.1~ (3.16 x 107) = 0.1
K,=(3.16%x10°%/0.1=1.0%x 10"
pK, =-10g(10°) =8

denfeqs &9 4 ‘foaieH wiaeaar’ fadl goa
3T HY WM ST TUAT T ST HIUHH B
30 39 YR fea T e

195

= [HAle e/ [HA], o X 100% (6.32)
SETETUT 6.20

0.08 M ERUHRARY T (HOCI) o fae=d
pH @I UMl HINQ| 37T 1 AT Rerish
2.5 x 10° 21 HOC1 &1 foqaism-vfaerma @
Al
&

HOCl(aq) + H,0 () = H,0"(aq) + ClO (aq)
YR Higd (M)

0.08 0 0
grmeEe & fog aieEdd (V)

- X + X +xX

e Higdl (M)

0.08 - x X X
K, ={[H,0"][ClO] / [HOCI]}
= x° / (0.08 x)
x*/0.08=25x10"
x’=2.0%x107° 30 YPR,x=1.41 x 107
[H']=1.41%10°M.
3d:
ferefist gferTaat = {(HOCl] ... / [HOCI],

-
x 100 =1.41%x 10°x 10° / 0.08 = 1.76 %.
pH =-log(1.41 x 10°°) = 2.85.

6.11.4 AT QR AT AT

&k MOH b1 3TaA fefarfad Ttentor g wei¥
e T TR -
MOH(aq) = M*(aq) + OH (aq)

TR ST TN i TRE 3ol &R (MOH)
o7f¥Teh ®9 9 ¥F™EA M* Ud HUPH OH- H STafd
BT 81 &N 3E oh Hrrereef-Teeish ol ek
3T ferieh et ST 81 39 W K, ¥ TR
21 gt wiefis s e Higd ok | fefted
GURTOT g YRS i St B—

K, =[M*][OH] / [MOH] (6.33)

foshedd: A€ c= &N 1 RS Tigdl 3R
o= & o I Hi A
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S G WW el @, qd 9 fenis
frefafed w9 9 foman <1 "ehar 28—

TS g1 U 4| o SAETH-Teeieh K, o A
groft 6.7 | faw w7

AR 6.7 298 K W FB T Nehi o STT-Eeich

* "
&eh K,
SEHAEHA (CH,),NH 5.4 x 10+
TRUHEE (C,H),N 6.45 x 10°
STHIFE NH, or NH,OH 1.77 x 10°
et (T aefas o) 1.10 x 10
frfi€ c . HN 1.77 x 10°
Ufefd C,H,NH, 4.27 x 1071
IR CO (NH,), 1.3 x 10
2 el ANTH TH T TE oA &R &

T it &% ofew €, T koW eifuss
TIESISH AT 311 HYE gR1 Wfaeenfud g €1 S
forertd=, #IEH, foed= qan feifed, 9 aga
I &N €| T 39 K, o T 9gd B 8 &
s sia H frefafea 1fafshan o weawasy OH-
SR I T -

NH,(aq) + H,O(l) = NH,*(aq) + OH (aqg)

TIESIST ST Wigal g pH Thel a1 STANT ©
o 39 o= wieis v afrl o fog off e fohan
T ¥ TH TR

pK, = -log (K)) (6.34)

IETETTT 6.21

0.004 M BESSH foe™ &1 pH 9.7 €1 3Heh
K, T pK, 1 T Hif)

&'

NH,NH, + H,0 = NH,NH," + OH"

T pH ¥ TR 3T¥H KAl i O HT
Tohd &1 TSN ST Tigdl Td hieh 3R <l

o AAM® [UARA W H SRSIRIA ST i
Higal w1 0T L 21 39 THK,
[H'] = antilog (-pH) = antilog (-9.7)

=1.67 x10™"°

e fagm

[OH]=K,/[H1=1%x10"/1.67x 10"
=5.98x10°

Hq BESSHad 3TFH i Higdl &1 AF ot

TIESIoRIal 3T i Tigdl oh FHM M| $ I

TR 1 TGl 9gd FH T 37d: Ao &R

1 Wigdl 0.004 M ot S Fehell B1 39 K,

K,= [NH,NH,'|[OH ] / [NH,NH,)]

=(5.98 x 10°)* / 0.004 = 8.96 x 10’

pK,=-logK, =-10g(8.96 x 10”') = 6.04.
IETEATT 6,22

0.2M NH,CI T2 0.1 M NH, o fasmr § =1
fore@ o pH ! TUMT SHISTI NH,, 9o i
pK, = 4.75 ®|

'

NH, + H,O = NH, + OH

NH,, 1 33T feerden

K, = antilog (-pK,) 3194'7?[,

K,=10""°=1.77x10°M

NH, + H,O = NH, + OH"
RIS Higdl (M)

0.10 0.20 0
e W qiEdd (M)

—X +xX +xX
HreTeEe R (M)

0.10 -x 0.20 +x X

K, = [NH, |[OH] / [NH,]

=(0.20+x)(x) / (0.1-x) =1.77x 107

K, %1 OF %% €1 0.1M TS 0.2 M ! qor |
x I g9 Uferd X Tehd €l
[OH]=x=0.88x 10"

zaferT [H']= 1.12 x 10™°

pH =-log[H'] = 8.95

6.11.5 K, 92T K, § daie

T 1V W B9 U 9 ¢ [ K, 1 K, I 3T
3R ek 1 wHed  wid &1 HgrH - g
T 3 Th-gER W Welad ®9 9 Heifd g 21 A T
1 A TG 8, @ TR F A FHA ST HRA 1 NH;
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HTHATSERT

q NH, o 3T 1 fqe=m & 8-

NH,"(aq) + H,0() &= H,0*(aq) + NH,(aq)

K, =[H,0"][NH,] / [NH,"] = 5.6 X 1071

NH,(ag) + H,O() &= NH,*(aq) + OH(aq)

K =[NH,"][OH]/NH, = 1.8 x 10

F€: 2 H,0() = H,0*(aq) + OH(aq)

K, =[H,0[OH]=1.0x 10 M

K_NH; 1 371 o ®4 § a1 K, NH, & &
o &Y o wmed giar €1 e stfafwan o eI < Ay
a1 7 ® fop St ¢ stfufran o @ feerie w1 W
K, @ K, o {0 & SR el e
K xK, ={H,0"[NH,] / [NH,*]} x {INH,* ]

[OH] / [NH,]}

=[H,0"][ OH] =K
= (5.6 X109 x (1.8 x 10%) = 1.0 x 104 M

T TH HE=HIT R SR ST Tehdl §— &1 9t
et ATffeRamatt st Se W SeRt we o SrfufeRan
w1 grEraeen-fretes y@ew srfafewar 9=
AreETeer-feerieh & UHEA & sk BT g
(6.35)

K xK, =K, (6.36)
If Tk 1 HAH TG B, A 3= R A R S
Tohdl B1 IE &AM <1 =IfET foh gt o1t i Ggrl
&R ool M et TR sh1 HYTHI &R Yelel ©idl 2l
JehfeTh &9 § STYH HHHEW K= KX K,
i e -fods wrmeen Afafsha | o 89
F Thd &
B(aq) + H,0() = BH’(aq) + OH(aq)
K, =[BH'][OH] / [B]
S w9 T wE feR W L oW W W
g g G e ® SR fomem femis o wimfea
F T e B Suged gl i O[HY] 9 7o
FE qAl M A W
K = [BH'][OH][H"] / [B][H']
={[ OH'[H*I{[BH"] / [B][H*]}
=K_/K,
K. XK, =K,

197

T M < A o1 2 T A S SR epperes

foren ST, qF ST ST qe &R oh WAl bl Herud
fepan ST Wkl B

pK, + pK, = pK_ =14 (298K®T)

IETEAUT 6.23

0.05 M STHIAT foe@q i STEEA 7 9201 pH
I S| STHIRT o ST-H-eri® &1 AF
afast 6.7 ® fen @ 21 emitEn o wgrt
3T 1 AT e ot Fa wifsru)

Kyl
S H NH, & & 39 YR <& S
el 3
NH, + H,0 = NH,” + OH
(6.33) THIHTOT 1 ITANT Y o EH BIES IR
I 1 TIFAT i TN X Gohd! &
[OH]=ca=0.05a
K, =0.050"/ (1 -a)
o 1AM %Y T, 3Td: TR § I AR & &
1 &1 qeFl & o 1 07 OF Fhd 2
HAd:
K,=co® or a=1\(1.77 x 10° / 0.05)
=0.018.
[OH]=ca=0.05x0.018=9.4 x 10 ‘M.

[H'1=K, /[OH] =10"/(9.4%107
=1.06x 10"
pH = -log(1.06 x 10'") = 10.97.

G 3T &R T o foTq Heel TRt i W
K, x K, =K,

dfeterl 6.7 | W< NH,, o K, 1 9 W@ W &4
NH, o TgH et &t il Fehret Tehd 2
K,=K,/K, =10"/177%x10"
=5.64x10"°

6.11.6 fg Td ag aent 3t aern fg o =g
I AR

sTfce 3T, eI 3T T HIEhING T

3 F ol | Ufd 19 Tsh o Afyues afa g

Reprint 2025-26



198

1l e B €1 UH STl i ag- SR A1 Hiferifeeh
3T oF I W1 ST @1 Seretoned—fgementa v
H,X o T s stfafsean frefefed i gra
TS SAeft B
H,X(ag)  H'(aq) + HX(aq)
HX(aq) H*(aq) + X*(aq)
AT HI HreTerEe GHieR Frefated 8-

K, ={HHX]} / [HX] (6.16)

aar K, ={[H1[X*]} / [HX] (6.17)

K, W& K, % 3 H,X 1 999 T g

ST fEorieh e €1 38 THR H,PO, S Framerra

T o foq dF SEA-Teewis 1 e dieliies

37Tl ok SMFH- iRl oF o TRt 6.8 H 3ffehd T

WRUT 6,8 298 K W S WA Ulciylieeh 3Tl o
E-feerien

A Ka, Ka, Ka,

e 3T
TEhTfeeh TR
HERRH T
e 3T
TSl 3T
wifeen o
THIEhING 3T

6.4 x10°
1.6 x 107
6.4 x 107
1.2 x 107
5.6x10™
1.7x10°
6.2x 10

5.9 x 1072
74x10*
1.7x 10
S
43%107
74x10"
75107

4.0x 107
42x 1078

TH YR 3@ S Gehdl @ T @g difess ot o
=4 Fife o o (K, K,,) s &1 a9 =
Fife & EA-feeri® (K) ¥ %7 39 &1 39 R0
7 ¢ for oo foge-cil o RO e 3PF 9
YT WIei Fshiied et qiYehel 21 39 S
H,CO, @@l SR HCO; | Href fehrad | <@ s
Tehdl ¢l T TR fgemaf HPO? U § H,PO;
1 go | W w1 frshred wfed i 2

g Wiew ot faerem o el &1 fsor g 2
H,A Si¥ fggifes e o fo, H A, HA™ 3iR A2 &1
fagor g 21 mufoew sfufwan & HA &1 fodem
qe H,0* Wfmfer g 8, S s & yerm =xo 9
T B 2

e fagm

6.11.7 ITFA-AHS hl AT FAATA HRh

ST qUT &Rehl i HETHS ded &1 fag= &
TyaTq g9 TRt fSu gu o7t &1 pH 9H &1 0T %
Tohd 1 TRy T T Scue Bt @ foF pw ot o=
1 ol § Yool 1 eid 87 3= Afesh Yo ST
FRE FI T2 TUHT I Teh Sifedt q27 81 aAfeh ge
®9 W B € e Hehd ¢ Toh Ueh 370 1 e i
M H- A 99 &1 9med T8 gaurar | AR
Fdl B

AHIE: ST H - A &% 1 G sedl €, sty
a4 o forior o orevEeh ol wedl ®, @ HA &1
IA-gmed wgal €1 S YR e HA 3Ty feen
gy B ¥, i H T A WHNRN % Hed
fIga-_0dl 1 FR d&al 7 AN AL YFRIT
gfterd e €, i eTay w1 forier e 8 S €, S
et | gfg L 2l

W TE P T A 9 98 § fF 5@ aw@ A
3Tad 9RO o IHT §HE o a< 8l, @ 9y &I Y&
Yhfd I ol H H - A Ay gyl sl o
freftor & wo@ wRes Bl €1 o W A i 3R W™
T S-S A T N G&dl 8, -l H- A &
gmed wEdl © a3l qHed Sedl Bl Seretoned—

HHR | g
HF << HCI << HBr << HI

s 9l H gfg
T YHR H,S, H,0 ¥ Jaam 37 ¢
T & §H 3Aed AR o Teh 2 STEd o aedl
1 e e € dl H- A STl it eoran eet-gmed
=1 i e o Hewayol sre 81 Wt 81 s-sa
A F1 fogRe Sgd 8, - o i amed o
Tl 31 IS —
A = faggra | gfs
CH, < NH, < H,0 < HF
s/ 9l H gfg
6.11.8 3T WA &Wehl o I W HW
3T YHTT

3TEN, THifesw 3Tt &1 IR0 o, forqeht o 39
e gR1 WEid o ST Hehdl 2—

Y

-

-
>
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RESIERS|f

CH,COOH(aq) = H*(aq) + CH,COO (aq)
AYAl HAc(aq) = H*(aq) + Ac (aq)

K, = [H'][Ac"] / [HAC]

Tdifess oma o faoem o wHiRe oA &
e W BESISH APl 1 Figdl Tedl ¢ 36 YR
Ifg e |d 9 1 e fueny S, @ grereren
siferifo Ueifesw et o1 o foreenfud & St 2,
teiq =9 foon ® owRR Bl 7, food grEeer A
Higdl [HY] St €1 TE S WH A YA
3T 21 ot v uered o T @ S fersres @
¥ ud o Sufterd emafie wieli 1 iR Suaisd
FIETHY e 1 faeerfud il ©, 98 |d
T TS’ el 2l

31 B9 HE Hohd ¢ Toh TH ST Y9G SA-Saferd
fagia W emufi@ 2, 79 &0 @ 6.8 § 9 g% €l

0.05 M UHeZ 3T¥F i 0.05 M THifewh 31
o el W pH 1 TN €9 39 YR Y Fehd &—

HAc(aq) &= Hf(aq) + Ac(aq)

RIS FEar (M)
0.05 0 0.05
Ife x THifewh 37T | ST=EA ki AEN B, dl
Figar | giEdq (M)
—X +xX +X
g qigdl (M)
0.05-x b:¢ 0.05+x
TH THR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-x)
oot o7 o el K W B § x << 0.05

Ad: (0.05+x)=(0.05-%x)= 0.05
1.8 %X 105 =(x) (0.05+x) / (0.05-%)
=x(0.05) / (0.05) =x=[H']=1.8 X 10°°M
pH =-1og(1.8 X 10 = 4.74

3aT-UT 6.24

0.10 M 3THIT=T foe@ st pH T 0T hifsTu)
39 f9e@= o 50 mL &l 0.10 M o HCl o
25.0 mL ¥ A9 FH@M T pH HI TOMET
iU eI 1 forem feedis K, = 1.77 x
10° 2l

199

'A

NH, + H,0 — NH, + OH

K, = [NH,'[OH] / [NH,] = 1.77 x 10
SR ¥ qd

[NH,"] = [OH] =x

[NH,] =0.10-x =0.10
x*/0.10=1.77x 10"
x=1.33x10°=[OH]]

ghfere [H'] = K, / [OH] = 10"/
10 %/(1.33x 10 =7.51 x 10"
pH =-log(7.5 x 10 = 11.12

25 mL 0.1M HCI faea (31eiq 2.5 fheft dia
HCI) ! 50 mL 0.1 M 3T foerea (37eaiq
5mL " NH,) H faam W 2.5 fielt dia
S 310] IR & S €1 99 75 mL
foee H STRERd 2.5 fHef|a NH, 319
qen 2.5 foeliHel NH, © S 2

NH, + HCI — NH;+ CI

5

2.5 2.5 0 0]
HHITSTET T
0] 0 2.5 2.5

RO 75 mL faere | 2.5 faeimiel NH,
3 (0.033 M) T 2.5 faetmrer

NH, 377 (0.033 M) T& S & | Hreeeen | o8
NH, 39 YR & &—

NH,OH = NH; + OH
0.033M -y y y

Sely = [OH] = [NH,']

RO 75 mL faed, SR & 9eEn
2.5 il NH, 319 (0.033 M) 9 J5 =il
21 3%: NH; %1 %ot Fisdl 38 FhR & St e—
[NH,'] = 0.033 +y

<fh y %9 7, [NH,OH] =0.033 M 3T [NH,]
-0.033M.

& W ® T

K, =[NH,'I[OH] / [NH,OH]
=y(0.033)/(0.033)=1.77x 10°M
3:y=1.77 x 10° = [OH |
[H]1=10"/1.77%x10°=0.56 x 10
pH=9.24
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6.11.9 TIEUN Rl STeA-3TTHE UG 3Tch Taeta
<hl pH

TRl A &R o Tf=ra 1ama o eifwfsran g/ s
T AU 1 STt | ST BIell 1 3T gRI s &A1,
FUEA Seltd faeEd § Serited 8 2 A S 9§
sifaferan ¥k Ut Yehfd o STTER 7% A1 &R 1
SIS Hid &1 STel 91 P S1Fe SO A1 <A
Qe el ST feHa i Siel-2Tqsea | Fed &1 39
T TR & pH w1ferd et ©1 Weiet &Tiehi g1 fRu
T ARA (3TN — Na*, K, Ca2t, Ba2* 7f]) den
Yo STl g ST T KA (I[EIm- Cl Brr
NO;, CIO; 3% Theret STa-Aferd i &, STet-3Tqefed
TET B4 T | ST Yool 7wl a2 Yeel & © & e eol
o =iel SIEH B €1 A SR pH 7 =it 21 Fafy
3= YR o ol o1 STl ST Bl

o/ g9 fefafad oaui o Sa-3TTeed W

foe 5 €

() TG Tl UF Yool &I oh a0, IIEL0Med—
CH,COONa

(i) el STl TS Jecl &Reh] oh oIdvl, IRRLume—
NH,CI, qe

(iii) JoT ST TS ool &TRehl oh oIdvl, IR0 —
CH,COONH,

YoM 3B H CH,COONa, Tdd 37
CH,COOH Tl Yodl &R NaOH &1 @@ &, Sl
Sfeft forera § guiqen emafa g St )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

T YRR o1 THRS 3 S o WY 5
STqEfed gl UHifesh 3Tva e OH- AT 1 fmfoy
F B
CH,COO-(aq)+H,0(l) = CH,COOH(ag)+OH-(aq)

THfifen o7t T geel oA © (K, = 1.8 X 109),
St foreram | et € @l B1 58 R0 faera o
OH 3Tl &1 Figal ® gfg &1 <t 2, S T =
AT oA B1 39 YR o foerad 1 pH 7 9 S
B 21

T YR a9 &Rk NH,OH @ Jaa 37
HC1 § 91 NH,Cl 51t | qufean smafa &t s 21

NH,Cl(aq) - NH; (ag) +CI" (aq)

e fagm

SATTE A 1 S T8 89 ¥ NH,OH
3R H* 3 o )
NH, (aq) + H20() = NH,OH(aq) + H* (aq)
AT BEGHAES (K, = 1.77 x 10°) TH
Tool AN €1 F8 foeee o oFEfa wd @1 56
IRy faerad § HY ST Wikl 9g Sl @ SR
foema™ =i sl o It €1 e1: NH,Cl & 5ia
foeras &1 pH 7 ¥ &9 gl
To STFA A A &Rk G ST T A0
CH,COONH, o Tel-399e &l 36| 36 51 fay
T ST T ST T6 YR Bl e—
CH,COO + NH; + H,0 <« CH,COOH +
NH,OH
CH,COOH @l NH,OH ¥/ ®9 ¥ 39
JhN FAIHd @ B
CH,COOH = CH,COO + H*
NH,OH = NH, + OH
H,0 = H'+ OH
faear @ o fopy fon e S Gehar © T
STeA- 3195 1 G foera ot digdl 9@ s gl 2l
31q: fefe™@ =1 pH e—
pH=7+% (pK - pK) (6.38)
fore@ =1 pH 7 ¥ AR BN, AR STaReTcreh
8l qe pH 7 ¥ ¥ B, A% R FOMHS Bl—

IETEITT 6.25
UHifesh 3T 1 pK, 1 AHITEH BESIFES
F1 pK, HEM: 476 IR 4.75 T SHIEH
THee faer@™ &1 pH &1 TUMT Sifaq)

T
pH=7+ Y% [pK, - pK,]
=7+1[4.76 - 4.75]
=7+ %[0.01] =7+ 0.005 =7.005

6.12 IRI-Tae ™=

IR Iufted g W (ITEONA—TK AT ) F
f4fyea pH B €1 37k pH o goN IRed IR o
3% 9 FH T FE (Malfunctioning) T {3 %I
#% THEtE T Sfae efdfmaet ¥ st pH W
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I S Tewyul i €1 w2 ST ue g
TEquTf (Consmetic Formulation) =i fordt foeim
pH W @1 Sl € e IER | gl @ S 81 i
faeram, TSRt pH O & 19T 30T I &Rk
T At AT e oF @1 ot staRafda e
2, ‘aw-faereq’ wEed &1 9 pH & faoeH o
ST I pK, T & o pK ok fafcd #HT den
Il 3R oeul o ST A TRl qel &Il o
U & e g s € tfafek e qen
Hifeaw wfgee &1 AU @ pH, 4.75 HT THL
faeraa a1 € don Srifan aoiRiEe Ud S
TIESIFIZE 1 990 pH, 9.25 &l B 9% ferermt
o a1 | S=a sl | g 3R et 9e

6.12.1. IHT TIIT AT

pK_, pK IR WrEfteries %1 9 &8 T pH
A fIer@ o9R § WEEdl R B AR 29

f &9 I8 Y FT THd B

TAI-THT ST

3T pH 1 %R 99 o AL &0 goa o
SR TH% §W WAE &R & WY a9 S e
G0 1 STAN H &1 BH pH, oA A &
qre feoish K, #iR gefel et ok geh wfed
&Nk hi WsAleT o STIUM § Ty Tfud e
Il FEfeRToT Tnfid hd €1 Tk qmEe feefa o
el ool oA HA Sl § STEisha il €

HA+H,0 = HO0 +A

oo foru wn frefofed e foe g99d 8-

_ [HO][A]
K. = "HA]

ST ASTeh hl AT el T
[HA]
KA
T TR T A0 T o 98 TaI ! eAafeerd
FH W TH I e 8-

[H,0"] =

201

[A]
K =pH-1
pK,=pH-log (HA]
[A7]
H=pK,, +]1
e pH=pK,+ Og[HA] (6.39)
B [Ggfma &m&, A7)
pH =pK, +log (o1, HA] (6.40)

ST (6.40) TEUT-SHTTaINd GHIHTIT Heetrdl
%|%,a’gﬁqaw (RoTEA) 3R fagor o
IUfkerd el 1 WiKAIA w1 S €1 37 g
B o SR 9gd HH TR Bl § SR Fisdl
[HA], 9% §9M @1 faT 70 o7l &t digar o
oRmEE @ e Sk ¥ ey @, sifusma Haf
&R, [A], 37T o &0 o TEHIPd 8 | W
eI 1 SEY TYfEd eeh i Wigdl ool ohi
i 9 ohoel oRmEE 9= gRf gafery TR

(6.40) Trefcfiad WerR ¥ ®UAka &1 S o-
[T ]
pH =pK, +log
[em=]

g TR (6.39) H, [A-] ST Hixdl [HA] Tl
g o SUeR B @ pH = pK_ 81T, Ffh logl 1
M I B 1 TEiT A gH o SR ofe
(Fgf9q &Reh) 1 HIeR Fixdl S o a T
%1 pH 377 ok pK_oh SR BN 37d: 374fard pH
1 T T o T g0 T ST &1 =T A
& Foreh1 pK_ 3TUfard pH o SeR giar €1 Uifee
ST T pK, M 4.76 B €, THfGT UEifesw
3T iR wifeaq teiee &1 SR AT H ol
AT T IH T pH T 4.76 B

qoel G IR THeh WA oFe § oA
IwT 1 T & faverm frefatea afom m,

[Gfra e, BH |

[&, B]

pOH = pK, + log (6.41)
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TR Toera o pH &1 dRehe, THIH pH
+ pOH =14 <h1 39ANT <hich rchfﬂ ST Hehdl %l

g9 9 2 f% pH + pOH = pK_ X
pK, + pK, = pK_| 37 HAl &l GHH (6.41)

W@ R e FEfafad 960 9 g 2o

[wafima e, BH)
K_—pH=pK_ —pK +1lo
P&, —pO=DpA,—DPK, g (5%, B]
a7ere
Hf +
pH =pK, +log [ <, BH ] (6.42)
[emeR, B]

Ife e SR TEeh GYfHa ofe (YFEM)
qigdl SR B a1 9L foead &1 pH &R& o
pK, o SR B STHIET 1 pK_ M 9.25 Bl
8, 37: 9.25 pH 1 9% T TN Hial ard

e fagm

o el w1 faemas woedt B UH @@ o
foamees ® oied o fau A o U9 gad
STHYT g (et Tedt) | STH-Taemaes ==
foman etferen g1 =fEw) 1t w1 foemaes qoed
! faemea & w9 4 Fef| &9 ¢, st 92
FOTcH eIt 21 37a: T ta gfswan & Sl g
Bl B Taetentad St 1 ann foemas ®1 gehid
W faft et 21 sy (weEasw) faams o
foremaesh o et &1 A0 %9 erdl ©, S el i
SINERCEIREIRC U] (Overcome) HE | 9y el
2| uRuHEEy Tavr sye faamee § Tl ser g1
Ifg ST T Tk IE 20§ S § FA gehar
2, 9 TSl faaEsiaT TSl oo Sl el
Tt 9 erfuek AT AIfET| Yedsh @eu H1 Uk
sAfyerneia facad i @, st a9 w fdt S
21 U @aul 1 1ot fafere factar eidt 21 =
A R 7R HIdt T 7 T A0 ki AR faera
o MUR W o o fawifed s g

It faermm @R st wiEs fooee 9
TR S Hehdl 81 STHIEY FANES SR S
TESFEARE ¥ 9 IR faeaq o foau g
(6.42) T TEY BT-

. +
pH=9.25 + log L3 &t BH']
(47, B]

TR e o pH W 01 1 STER el
ISl Hifch U oh S STH dell U
Tfafdd T 7

6.13 3TCUTTAT TN okl Taci=ar
HIETTE=AT

Y 9@ € T o § ettt Sl i factmar ®
ogd 3R T@dl 21 370 § o ql zad et faea
(S8 Shfewam FarEe) € fo 3 gpfa o smeanmet
Bid € au1 argHed | So-ard wifad X od €l
FO I (S8 fuTd wqsivEe) w1 et
zal % B fom 3¢ W W | erfaeta’ whed )
foretaar &% ol W frdt s 2, o 9 g v,
AN I STeTh ST (Lattice Enthalpy) a2 faeraa

Tl | faem fo=da > 0.1 M
0| TS & faom 0.01 < faera <0.1 M
it 11| 3Ty faerm faetTd < 0.01 M

9 g 9 faog omaftes <@ur qen sEeh
Hqw et faeed o 9 aramEsen | fa=ar &

6.13.1 Taerar oHwEe e/

Stefta faerm & dueh o 7, W foeaR ) srefed 3|
oIl Sk g faeas oh ST oh Hed Wrmaeel i
frfafad w5 v fhar s 8-

BaSO,(s) SN Ba**(aq) + SO,*(aq),

e feris frefatad g i weiém

fopan wman 28—
K = {[Ba2'][SOZ]} / [BaSO,]

35 39 g w1 igar frer et 2
Ad: KSP=K[BaSO4] = [Ba*'][SO?Z] (6.43)

K, 1 ‘focad qomse-feeris’ a1 ‘ foerad
‘I“F'W ' Ed ¢ ST T H K 1 AR
T 298 K T 1.1 x 100 3| 351 @1¢f a5 &
W AEH Hehe, S T Hqw faeem o @y
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el | 7, o foau g qun Gothe SEal &

203

AR 6,9 298K W TS WM AR TAUN oh

Higaistl 1 [UHAE $Heh foretadi-ToHhe feeriss farcraar-Ture feoi K, o A
o o BT 81 3 AT ST W Tigar afEm gethe T - =
FI HieR-faeEar o aer grft| afs Aer faerm e T AgBr 5.0 x 1013
'S’ 33[ ar faeeR FEie Ag2COs 8.1 x 10-12
' fieaR e AgsCrOs 1.1 x 1012
1.1 X101 =(S)(S)=S2 A S=1.05x% 10" gﬁgs AgCl 1.8 x 10-10
Agl 8.3 x 1017
T YR dRTH Tothe i Hior-faaadr T R A:SOs 14 x 10
1.05 x 10 mol L &I B AlOHL | 13,10
_ ¢ IRFT qothe BaF: 1.0 x 106
FIE A0 fadeH & woaey fod-fom e RS S 11 x 10-10
ol & A QW AU HOMEA A1 A % FWehdl € ST FqHEs geco. 43 102
3TEA0 o foIu— oAET, &9 fehiaq wiche (Zr*), oo sitatee c::(cg)H)2 5.5x 10
(PO,*), HYY T W R HY, S TR eeETEre | S e e &
T fSepifaw Al T B STeRTETe 4 Wiehe | e seres Cd(OHp | 2.5x 107
3 N e = HIHTH TGRS cds 8.0 x 10-27
ol | foeifsa | TSIt ke FrEe Cr(OH) 6.3 x 10-31
T * %}% FE CuBr ’ 5.3 x 109
HieR- e 'S' &1, A $6 AT o6 THEHR A FAES CuCOs 1.4 x 10-10
C Rl AR HESESIES] CuCl 1.7 x 10-6
a; . EIRISES] Cu(OH)2 2.2 x 10-20
[Zr*] = 3S @M [PO,>] = 4S B A Cul 1.1 x 1012
FEHS CuS 6.3 x 10-36
ad: K, = (35)° (45)* = 6912 (S)° gﬁ;mgmgg F:COs 3.2 x 1011
= 3 N1/7 = 1/7 HESIEIES] Fe(OH)2 8.0 x 10-16
A S={K, /(3x4N7=(K_ /6912 B POt T
oot REURESLEEIR e P+ Q- TR TEE FeS 6.3 x 10-18
R 3 ' My Xy T FAES HgBr» 5.6 x 10-23
B, S ST H foer o W e W A qa | R e He:Cl 1310
golo 20 X 107
forgent Arer-faerza 's' &, &1 fF=Afafaa s TowTEe Hg»SOs 7.4 % 107
- o FERe HgS 4.0 x 1053
g0 e fehal <1 Wehdl © it e MgCOs | 3.5x 10
R 3 ~ TRy Teeh MgF> 6.5 x 109
M,X(s) = xMP*(aq) + yXT (aq) ﬁaﬁw stadde Mg(cog)g ;.g x 18711
XDt=v X a EqCICEs Mg .0 x 10-7
(T x p y*a ) Bitcie ) TS MnCQOs4 1.8 x 10-11
qel 9l ﬁé’qa'[_m T fFefatag TS FewlEe MnS 2.5 x 10-13
bt eEgleEe Ni(OH)2 2.0 x 10-15
GHIRTOT R oAk feRan S B A NiS 4.7 x 105
= [MPE[XE P = (xS)X(yS)Y (6.44) WS RS PbBr2 4.0 x 10-5
oS FHEHS PbCO3 7.4 x 10-14
=x*.y’ .Sk g; FAES PbCla 1.6 x 10
x+y) = x RNSINES PbF2 7.7 x 10-8
WS V) Ksp / xx. Yy 33 m@m IEE%OH)Q ;? X %8-;5
= (K_ / x%. y¥)L/x+y 4 2 1% 10-
S=(K,/x.y) (6.45) e wehe PbSO4 1.6 x 108
T § o9 Teh A1 37fereh TSNS ohi @isdl ﬁéﬁws% PbS 8.0 x 102
X -28
ST I Wigdl T e 8, 7@ K H QW e Ee e (vt
R T S R (3G TEE 7-6-2)1 T © fR Rifrm FEe grgos éé}S?
T. O X -
| WK = Q¥ €, fhy o wifeerfet & | ST TR0 iy T
e STEETu o faerE (Dissolution) Wfeateti <1 e FEE TIBr 3.4 x 106
x 10-4
Tehd 31 71 WROT 6.9 H 298 K R F& WH TAavii Eamwg o 6t 10s
& faeaa-Torwe fremist o W fEe Ty € i FTHE ZnC0s 1.4 x 10-11
ISEHESICRIES) Zn(OH)z 1.0 x 10-15
B [RAEE ZnS 1.6 x 10-24
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6.13.2 3Tk AN eh THAIAT U T 3=
PoICH

- Iafers fagTd o STIER, J8 319 &1 <t © fo afg
ot a0 foretam o fordt T 1A it |igd e W
ST 39 TAORIT STeeT oF ST oF | TANT hOm qel
oo 9 o @av a9 9o STaeifud B, 59 7o T 9R
K, =Q,, 78 S A fordl s <t Fisar s
qfeh fRL K, =Q,, B ST 7 forerd el ok fer +ft @
2, forerr 55h o STl 1 3 Wisa o o Q| o
T HIeRdl o TIF T EH I (activities) T FART
F €1 39 YR Tifea FARIEe o Gqw e 5 HCI
o TS | T FARISS 3T o1 disal (Ffhaan) og
S oh R WIS FANES T SFET0 81 Sl 21 36
fafu @y Fifeam Feikes o5d €1 IS Bl 81 39 TR
&0 Hifeaw steren Hrferam gothe St sTgfgal W
A €| IR fargeivor o et 31 sh1 argd o faetma
At 3Gk 379 faeia e o ®9 | quieyor srasifad
T W o T S q9TE T A R S €1 56 bR
TH RIS fovetoo § faeer sTeM &1 sTaaqul faeer
FANZS o T4 H, TReh 375 o1 AL Bk TESFARE
o T H G STaE90] JfEm ST 1 JfEH Hethe o &9
o & T
3o 3T oF @aUN i foeiadl %9 pH T agdl
2, @ifh %9 pH W RUMF 1 Wgdl 6o
W01 o RO Sedl B, S el i faeta
F I LN T K = QT A W H TH
1T IR HEAT Sl § Fiq K, = IM*] X1,
HX (aq) = H* (aq) + X (aq);

_[H'(aq) ][X (aq) |
) [HX(aq)]
[(X71/ HX] =K, /[H']
T T T FhH TR | ST W gH W

Bl

fx] [

X ] X, +1
[HX]+[ X | _ [H"]+K,
[X7] K,

e fagm

TH: FhH o T EH W B [X] / {[X] +
[HX]) ==K,/ (K, + [H'])| 7€ 3@ ST Thal ¢
o pH o =23 W f ot w21 21 afg &t T pH
R dqu &I faeEa s &,

K, =I[SIIfS]=$* (K, / (K, + [H])}

S=IK, (H1+K,) /K, " (6.46)
3: S, [HY] & &+ A1 pH & ¥ed R foema
et Bl

ISR 6,26

I8 AMd BT foh Tl off TR o oA @ °
sifafshan T8l 3d, Y 5a J A X, 1 foretar
1 TOMT HIU A,X, 1 FTo=d oHwe K
=1.1x107° ®

T

AX, — 2A° + 3X°

K, = AT X =1.1x10%

IR S = AX,, 1 foerma, a

[A*]=2S; [X*]=3S

W TR K, = (29)°(3S)° = 108S°
=1.1x107%

@ S°=1x107

S=1.0x 10" mol/L.

IETEATT 6.27

T 3fe9 foerg @O Ni (OH), T3 AgCN oh
foeRIa- TR e &AM H: 2.0 10 P TE 6
x 1077 &1 & 41 Tau afusk faeg 22

T

AgCN = Ag' + CN

K, = [Ag'[CN]=6x 10"

Ni(OH), = Ni*" + 20H

K, = [Ni"][OH]* =2 x 107°

If [Ag]=S,, W[CN] =S,

I [Ni*"] =S, @ [OH] = 2S,
s’=6x10",s, =78x10"
(S,)2S,)°=2x107"°,S,=0.58 x 10
AgCN ¥ Ni(OH), = faciaar sifus

4
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IATET 6.28 et ferex o €, élﬁh—vr OH_ 1 el Higel OH
0.10 M NaOH H Ni (OH), 1 Hier faerrar &1 (0.10 +28) mol L™ &l Fifeh foerer  weet #

-1
T W Ni (OH), B SR T 2 NaOH 9 Id 0.10 mol L™ 3ufterd 21

15 _

K,=2.0x10""=Ni*'] [0)H]* = (S) (0.10 +2S)*

2.0 x10™° @l .

= =i K,, 1 W1 F9 21 25 << 0.10 37: (0.10 +
25) =~0.10

H fF Ni (OH), %! faer=d S mol L™ & faet 3?’4)1& e ,

B ¥ Ni”* ok (S) #id U6 OH ®h 2S mol L™ 2010 ©=9(0.10)

S=2.0x 10" M = [Ni*]

9T

It 59 @ Fiehearet st w1 G o9 @ 59 § dieddre STupel 1 Ge o ae 8, dl O wenfu
Bl Sl | TE el Feptd w1 eial ¢ Wreereen Hifde T THEtTen, <l WehHi R Tiid 8l Hehdl
TH STEE] W 37 S U ARl i U HHH Bl 81 STl shi WKl i SATWehReh! 1 Higdl ¥ HHT <
W B Yk TS ] THHHIHHAS e o =0 o &9 § | felieh K F 9 S 2

ARITFAT aA+bB = ¢ C +d D % fw K = [CID]/IA]'[B]”

o a9 R G feei %1 O e @ @) 59 ot | gl Tel o1 S gigdl, S g
feem Tt €1 Tt arfafsran o forg wremewen feomier ®1 K § o7 e €1 39 S fers s o
gl o TIH W &0 A0 <9 fored 1 ifafran #1 fEen 1 oram sifafean amee @ & o s
2, S HrETERe WK, % SRR Bl ¢ - YT fagid’, oh S8R a1, <19, Wigdr S e ¥ o R
T ¥ qREd o HRoT wreraen St fewn § fawenfuq Bt 2, S URerdd % UWE H HH A1 T H G
THHT SYAN T HRehl SIH 19, T, <6, Sk 3R Ak TG o Tt 1 fGe W 99 o 77
T fopal ST € qe ScUIE 1 WM 1 01 89 SReh! i Al Sieh fohan ST Hehar @1 sifufemen fasm
o HEEE FeH &l I UIfad &l oial, forg eifufsran &t g &t ¢ =1 Seii-vy o sifvens
T SR g1 et SR ¥ SAfThREs W a5t 9 ¢l

9 gl wred, S Sefta faeree o ford 1 =eH S €, ‘fag oraeed’ seem €1 ot &N qel
o1 * fergge 3TTerea’ €1 A el forerad W foeisi 91 S1EA g1 UFIEA Td SROTEA o Sedled o ShROT fagd
1 =eH H T Jael e sraeed quid: fomifsa e s &1 gefet faga erased o et ue et
UL o HEA W el €1 SR o AR, Sl faete o e, giEgie ST a9 e, BIggierTel
TF <A 1 F G 3Tl 31 B GEY AR SIS - A ST ki MR % Y U &N Feuel
o w9 B IR fohan e Tk SRS 3T Ush ke 9 SAfafehan el ], q9 I8 THeRl §d Tt
&Rk To Tohal i ol &7 o G T 3Tret ki ST €1 39 Wb GTH oTRA- &R § Shell Teh Fiei
1 SR I T A, gH J A I WA T el IR T &N hl oEe Al o B9
o wRerifia foran| SRfEE 1 9 & STIER, 3aa o o fomie o fau feemis (K) 9o 3ea &R &
ferars oh fag feeris (K) o =St &1 foskfaa feran o e &t wen e 39kt Wil W s qen
A 3 1 e foha T ?1 TS ST Wt igal (Wiwadr) o T pH HIYEH (pH = -log[H'])
TEA R T €1 e S T v & ot faeafi@ fFA (pOH = - loglOH)) ; pK, = -logK ] ; pK, =
—loglK, 71 pK_ = -log[K_] 37f&) 71 §1 Sel & S 1 312799 % W g9 3@d § foh efieheor pH +
pOH = pK_ T Hq= Bl T Tl 370 T gt &R, Jocl 37Fet T Ul &R ¥R qaiel o7l T 3o
& o TN Rl STl fIea § Siel-STue el 1 IR foerae 1 qRee de SUsh Hew i Gfee Jue
o e 21 S1e e e 3 forcrrn waieht @i 1 Aol ue faa o feers (k) 1 At w
T THHT Heiy Tl 1 fereraa  wenftd fopan | faere | @ & Sraeur A 35 Sl § foerran i v
1 it fofa = 1 Hw S U oty foeid w1 faori & Hewd w1 oft fade w5 E 1
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e fagm

faenfére & fow 3@ weher W dHeifm Fdfym foramd

(%) foeneff fafiys o wal wa Afssal o6 Wi, 95 99, IR 9810 3ol 6 3T S oF T
%1 pH T1d %3 o fAw pH TR 1 ST HT Fohd 2l

(@) pH YR &1 S9N fafq=t <iao =1 faeem &) pH I & o ff fman S dehar 21 98 7
T R Hehdl/Eehdl € o A gac/gee sl O ARl W s e )

(1) ° Hifeqn wHite e wHifew 3 1 i W 5w a6t fae@d o ¥ehd € T pH W
1 STANT HT SAHT pH A HT Tohd 2l

() 3= fafis pH & faerai ® fafus a1 9ferd w0 o forg goek f&u <1 9s6d 2

(T) guH! H1 SYAN Y D A &R AT HT Fohd 2l

(9) 9 27eq foeid @eu 1 faeiaa W EH A Y96 Hl 3@ Thd 2l

(B) AR fommera # pH HieX 3ua=d &1, @ o $§H pH A9 &Y 3Uh! pH TR ¥ I IRomH &
T T T B

6.1

6.2

6.3

6.4

6.5

A

T g9 & Hoee ue § fifved a9 W gEes arsg & WY 9 § W S g e 6
A SR el e S

(%) TTU-TE YREdE 1 GRS TR0 F1 T2
(@) URY W o9 TS WO %1 ST Rl aeeldl ©2
(1) T, 59 TR 9 g Sifod ®9 9 T@fud B ST qd sifw S @ 9 g2

fet W o5 forw K 3R @i, afe o W g v # @i § (SO, l= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

250,(g) + 0,(g) =2S0,(g

T = dM td Fd 3@ 105Pa W AEEN as] H STETAHER 40% AEEH
] B R

L = 2I(g)

g & faw K, &1 O i)

frerferfed & 9 yois aifufwan & forg o feni® K, @1 =i fafae-

()  2NOCI (g) = 2NO (g) +Cl, (g)

(i) 2Cu(NO,), (s) = 2CuO (s) + 4NO, (g) + O, (g)

(iii) CHSCOOC2H5(aq) + HzO[l) = CH,COOH (aq) + C,H,OH (aq)
(iv) Fe* (aq) + 30H (aq) = Fe(OH),(s)

V) L, (s) +5F, = 2IF,

K % | @ fefatad § 9 yeish 9 o faq K 1 6 9 R

@ 2NOCI(g) = 2NO (g +Cl, (g); K=1.8x102at 500 K

(i) CaCO,(s) = CaO(s) + CO,(g); K =167 at 1073 K
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6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

T NO (g) + O, (g) = NO, (g) + O, (9) & faT 1000K R K_=6.3 x 10 2|
e ¥ o1 Uy S stfufsmard werfies w9 @ fgers €1 wdw sifufeman ok ferg
K_ 2?2

g feerish o1 st forad 99e 99=sT o s 5di Td 31l o1 Sufard o fehan S
Tehal 87

N, O, & " frefafaa sifafwan sid 8-

2N, (g) + O, (g = 2N,0O (g

I T 10L % 919 ¥ 0.482 Hi@ N, T 0.933 "t O, 7@ ¢ qen T am, foram
N,O & &2 S ot ®r=r fHe707 =1 Hered 3 hifow K= 2.0 x 10771

frefafaa stfufsan o sgar Efer AfwEe Br, ¥ sifufsa w2 TEdfaa amss
T B

2NO (g) + Br, (g) = 2NOBr (g

e feer A9 W U &€ 9 H 0.087 Hiel NO T 0.0437 Hiel Br, fufsm fehu s
€, @ 0.0518 W@ NOBr W< @it €1 NO TS Br, %1 | T 91 &ifow|
|1 250, (9) + O,(9) = 280, (g) F fAw 450K W K = 2.0 x 10'° bar 1 38 a4
WK 1 A A ity

HI(g) 1 T T 0.2 atm T T T Feleeh H T@l Sl €1 9 W HI(g) 1 37iferh
T 0.04 atm B el 3T T W= % fAw K, &1 79 @ gm?

2HI (g = H, (@ +1, (9

500K 4 W T 20L 9 # N, & 1.57 Hie, H, % 1.92 Hie T NH, & 8.13 Hidl
=1 g femn s 21 Afafsen N, (g) + 3H, (g) = 2NH, (g) & faq K &1 °M
1.7 x 102 81 @ stffsran-fagmon o # 22 af 7, @ Je sifafsran =1 faen = 22

e T At & fag

~Nof (o &7
9 5k oh fae Hfera TamatTe g fafau)

H,O &1 T Hid U6 CO &1 T Hid 725 K ad W 10L % 79 ¥ faw v 21 5
W 40% Sl (RIS ) CO o Tl FAfefaa THiehtor o SgaR stfafman s 8-

H,0 (g +CO (g) = H, (g + CO, (g
aAfferar o fore wme feeries &1 7o wifsy
700K a9 R Sfafwan H, (g) + 1, (g) = 2HI (g) % fore o feeris 54.8 13k

B & ¥ HI(g) fo=n 81, 700K A9 | €=1fad &1, de | W 0.5 mol L HI(g)
Safterd =, @ 9 W H,(g) T L,(g) & Wigand = si?

ICI, TSt Tizar ged % 0.78 M €, 1 fE | W 37 fan S, ot yeoeh bt &
T Higane = Bl?

2ICl(g) = L, (@ +Cl (g); K=0.14

I i U § 899 K W K, %1 9 0.04 atm €1 C,H, &1 HF T Higdl &

c
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6.18

6.19

6.20

6.21

6.22

6.23

6.24

i A 4.0 atm @ W C,H, %I T Tk H W T 8 T A |

ST &2

C,H, (@ = C,H, (g +H, (g

et T UHifesk et 1 erfufenan © e T SR ST @ U 9 i 39 YR

QI ST Gehdl B—

CH,COOH (I) + C,H_OH (I) = CH,COOC_H_ () + H,O ()

@) 3§ efuafren o fou wiza st (sifafwa-amrea) Q, fafaw (feoof « =@t
W St enfus | e € ud e off = )

(i) @K 293K ™ 1.00 A TEifesh 37 TF 0. 18 Al THATA IRA H ford Se
sffer g fagor & 0,171 #ict Tforet Teiee €1 | feeris w1 1o wife)

(iii) 0.5 A/ TIATA TE 1.0 7t THifesh 377 ¥ YRY i3d g 293K 9 W FD
I 9¥Er UIA TEee & 0.214 Wid 9 T O = | w@fad 8 T

437K 9 W feid & PCL, 1 Teh T T Fearesh H feran 21 | weifid gF ®

PCL %1 F5a1 0.5 X 10 mol L' WE T, afg K_&1 71 8.3 x 10°F, @ 6 W

PCL, W Cl, %! Higarg =1 eitii?

PCl, (g) = PCl,(g) + ClL,(g)

e ST ¥ Widl a1 gHd S ififwan et §, 9% S (1) SATIse 1 Hie

HHIFTEE o g1 STTEeE € T 69 wifes @l T CO, faen 2

FeO (s) + CO (g) = Fe (s) + CO, (g); K,=0.265 atm at 1050K

1050K W CO Wd CO, o | W Afh <@ 71 BiMl, A S¥eh GRI9h 37iferen

T B

Peo= 1.4 atm T p,, =0.80 atm
sfafsean N, () + 8H, (g) = 2NH, (g) = faw (500 K W) &= fei® K, =
0.061 2| T fagis g9g o fagor &1 Toeq 39 YR 2—

3.0mol L' N,, 2.0 mol L' H, W& 0.5 mol L' NH, 1 siffsan @ o 22 3k
&, @ = Tefuq s o o sifafeen foee faem o swmr ghi?

S HFETEe Brel faufed 2o 9 U8 el a1 § aen 9re Lfd g 8
2BrCl (@) = Br, (@ + Cl, (@

75k fIT 500K W K = 32 ¥1 3k TR9  BrCl &1 9izdl 3.3 X 10° mol L' &1,
e W g0 § SHRT Wigdr 1 B2

1127KTd 1 atm @ | CO @1 CO, o T fasmn H wraemen | S #ieq §
90.55% (9R@E) CO 2l

C(s) +CO, (g) = 2CO (g

IWeH q9 R Al % fag K o |71 &1 10 i)
298K ® NO T O, & NO, adt &—

NO (g) +'2 0, (g = NO,(g)

sAfufsran o faq () AGe wa (@) 9= feemiss =1 ORI Hifsu—
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6.25

6.26

6.27

6.28

6.29

6.30

AG° (NO,) = 52.0 kJ/mol
AG° (NO) = 87.0 kJ/mol
AGe (O,) = 0 kJ/mol

e § o gt 9 W S STEde 9G] <16 S ShA1 Sl €, 99 Saersy
Al o SIS o Hiell w1 WA dgdl @ A1 Tl @ A qHH Wal 2

(®) PCI (g = PCl, (g) + Cl, (g
(@) CaO(s) +CO, (gl = CaCoO, (s)
(1) 3Fe (s) +4H,0 (g) = Fe,O, (s) + 4H, (g)

frefafad § 9 < 9gM W SF-®E § Afufmard yaited enf? 98 off gard fF <
qiedd 0 W AfAfran 3w =1 wdtg fen § fqas gi?

(i) COCL (g =CO (g +CL (9

(i) CH, (g +2S, (g =CS, (g +2H,S (g

(iii) CO, (g +C(s) = 2CO (g

(ivy 2H, (g) +CO (g = CH,OH (g

(v) CaCQ,(s) &= CaO (s) + CO, (g

(v 4 NH, (g) + 50, (g) = 4NO (g) + 6H,0(g)

frefafea sifufwman o forw 1024K ® 9= feeri® 1.6 x 10° 21

H,(g) + Br,(g) = 2HBr(g)

If% HBr % 10.0 bar @iega o ¥ el oMY, df gt 9l o 1024K W 9 &
A Hifs

frrfefiaa e siffwen o STar s g SEeRgeH 19 yrefaw 16 4
WS T ST B

CH, (g) + H,0 (g = CO(g) +3H, (g

(F) ST sfufshan = fere K 1 =i fafem)

(@) K, o aifafshan fsm 1 9 R §oed foh g gehr gefed g, 4t
@) =@ e fear s

(i) 9 = fa S

(i) 3TUF TgF fRa SQ

w1 2H,(g) + CO (g) = CH,OH (g) T 94T «disi—

(%) H, fream =

(@) CH,OH frem ®

(A1) CO®TH W

(%) CH,OH®H W

473K W FEHRY Yeaige PCL % famed & fau K, &1 71 8.3 10581 4z fowed
39 WhR SR WY, df PCL (@) = PCL (g) + Cl, (¢) AH° = 124.0 kJ mol!
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6.31

6.32

6.33

6.34

6.35

6.36

6.37

6.38
6.39

6.40

6.41

6.42
6.43

e fagm

(%) sAfufsran = fag K =1 =sa fafay

(@) Wi AR o fg ¥9H a9 W K %1 7H F= S

(M FfR (i) 3R ek PCL et ST, (i) 1@ T@E0 S0 A9 (i) @ S
e, @ K 9 9 G B

TR fafer o woe e1gSIST i Wiehfdeh 19 W W WO bl $vd a1d i 99 9 T

T AT ST 81 J gRere stfufsRer § ger e § CO e H, adt 81 g8 9% § Yo

oS § S aeft CO MR wfush g o eifafwan e 2

CO(g +H,O(g) = CO, (g +H, (g

I 400°C R Af49fhan 95 & CO T 99 1 FHARK H501 30 YR foen sy fo

Pco=Pi,o=4.0bar, H, 1 |l W S <16 91 &2 400°C WK = 10.1

Farsy for fAfafed o 9 fora sfafsran o s1fyerenl e SRl i Aisd gued sifi—
(F) Cl, (g = 2Cl(g) K, =5 %10

(@) Cl, (g +2NO (g) = 2NOCl (g) K.= 3.7 x 10®

()  Cl, (g) + 2NO, (g) = 2NO,CI (g) K.= 1.8

25°C R #fafwan 30, (g) = 20, (g) & fau K 1 71 2.0 x10-5°%| At arg &
25°C A9 W O, %1 e Wgdl 1.6 X 1028, a O, 1 Higal 1 BFiT?

CO(g) + 3H,(g) = CH,(g) + H,0(g) =fufswan s frer % d 1300K T
TR ¥ €1 389 CO % 0.3 Wi, H, % 0.01 id, H,0 % 0.02 el T CH, F
T W 71 KU T q R sfufwn o fow K w1 7E 3.90 2 fasm ¥ CH, %1 A
M@ i)

G eTe- TR o 9 o1 @2 fefefaa wiefis o forg ggredt srey/am sdee—
HNO,, CN-, HCIO, F -, OH~, CO} TiS?*

frfafed § ¥ &9 9 9 o 87

H,0, BF,, H* & NH;

ot sserl o foag S el o o ferfen—

HF, H,SO, ™ HCO,

TN NH,, NH, o1 HCOO™ & Tt ena fafan—

TR H,0, HCO;, HSO; T2 NH, F=2=3T Tl &Reh—ari &1 A el &
T Y o WY a7 9ol eSSy

Frefafad e & 9 o7 qe &k | afiehd ohitelg a2 Jarsy fof 3 fFd TR
T ST-&NE o §OH w1 FW - (F) OH- (@) F- (1) H* (¥) BC,

T g U9 % T H eEgeH AP F1 FiEdl 3.8 X 10°M 21 SH*T pH ufehfaa
HifSTl

foeh & U T *1 pH, 3.76 T, 3UH TEeH A HT FiEdl [ it

HF, HCOOH @& HCN =T 298K W 319 féerish shAwl: 6.8 x 1074, 1.8 x 10-*del
4.8 x 10T TToF Td TIH! GRT o MFA fLerieh [ Hifsa)
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6.44

6.45

6.46

6.47

6.48

6.49

6.50

6.51
6.52

6.53

6.54

6.55

6.56

6.57

6.58

HHTet 1 SE feRi® 1.0 X 1071021 0.05M HHA o fao@ § wilele sma &1
rzar a1 0.01M Hifeam wine faoad o I6eh & &1 A1 91 Hita)
H,S W1 J2iM ST feer® 9.1 x 10481 3k 0. 1M faeem § HS- st &1 i
T UM HITC q2 Farsy fF afs 89 0.1 M HCI ot 3ufeerd 81, @ wigd fhd TR
wofiferd BT, AfE H,S =1 fgdta fomism feerisn 1.2 x 107181, @ Hewige S A=l
T AT feefcal & Higar H1 T0MET FifS)

sk 3T T SR TR 1.74 x 10-5%1 3966 0.05 M ferera | ferier st we,
THIee oA Tigdl ae pH &1 IRehe &Sl

0.01M Srafeh 37 (HA) o faer@d 1 pH, 4.15 21 $8eh 0 &1 Higdl, 375
1 A feerieh 9 pK_ A qiehierd shifsiq)

ol faes wd gu fefafea fafes i & pH 3@ i)

(%) 0.003M HCI (@) 0.005M NaOH
(77) 0.002 M HBr (1) 0.002 M KOH
frefafed faee o pH T shifsu—

(%) 2 7MW TIOH & 91 ¥ =ieeht 2 faex foeem smn Sy

(@) 0.3 ™ Ca(OH), =l S | =ietsht 500 mL fefer@a amrn s

(31) 0.3 IM NaOH = I ¥ =@t 200 mL faes a=mn sy

() 13.6 M HCl & 1mL &l a1 ¥ TIh01 Hieh el e 1 e fopen sy
SHICHifee S T ST 1 A1 0.132 10, 1M 37 T pH T2 pK, 1 A4 T
it

0.005M #EH (C H, NO,) faer %t pH 9.95 8| 39! o feerish T Hifew)

18721

0.001M Uil fera &1 pH 1 22 Tl &1 1o feerie arolt 7.7 9§ & gahd
E1 sUeh G 3T o1 ST el J it

4tz 0.05M TEifes 37 & pK, 1 A 4.74 8, W ST 1 761 A0 Hifsm) afg
T (1) 0.01M (F) 0.1M HCI faeram & ren S, df fase &1 461 f7g yar
yoferd et €2

TR THA 1 T s 5.4 X 104281 39 0.02M fore™M &1 T &1 90
1 AT hifew| A€ g8 faetaa NaOH 9fd 0.1M 8 df SEAIfYA THHE 1 giaer
AT T B2

frefetaa St o, i pH & T €, 1 SrReisH 18" Wigdl ufehiord shife—
(%) HHEE W 54, 6.83 (@) 9Ma 374, 1.2
(77) #Ha wR, 7.38 (9) Mg @R, 6.4

Y, ST, TAR WM, 719 T 21 318 &1 ¥hal & pH &1 91 %HA: 6.8, 5.0, 4.2,
2.2 91 7.8 31 Y% & HTd H* 3@ 1 Higdl F1d Hiferg)

298K W 0.561 g, KOH ¥iel # e R 9rd 200 mL faera= &1 & pH, weferm,
BIESISH AT BIZSITeRel STl i |IEATd J1d i)

298K W Sr(OH), foer =t foert 19.23 g/L 71 wiferem qen g s &1
qrgar den foee &t pH F1d &l
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6.59

6.60

6.61

6.62

6.63

6.64

6.65

6.66

6.67

6.68

6.69

6.70

6.71

6.72

6.73

WUgeR 3T 1 ST TEerieh 1.32 X 105 81 0.05M 31 o= o 1@ i asl
T pH 1 ®ifsw) Af foe=a 5 0.01 M HCI fHarn ST af 36 STEH & A6
T HIT|

IfE A 37 (HCNO) & 0.1M faer &1 pH, 2.34 &1, @ 37 oh 3T feeisn
el ST i A 1A il

i Mg2H 3T 1 SFA feeir 4.5 x 1048, a1 0.04M Hifeaw "reerse fae 1
pH TeN SIS 1 A F1d i)

Iz diifefam eEgiem FEe & 0.02M fae@a %1 pH 3.44 €, @ 9REH =
3T ey 9 hifstu)

Frefafed oo o Sefa foeet oF ITEH, STl qe S 8H i IR hifu—
NaCl, KBr, NaCN, NH,NO_, NaNO, 7 KF

FARITE IR 3Tt o1 FH Teeiss 1.35 x 10381 0.1M 1= a2 38k 0.1M
Hifsa™ @@l &1 pH 91 it

310K W S &1 (e UH%a 2.7 X 1071431 gl dr9shd W SIH wet 1 pH
T HI|

frefafea fason &t pH aftefad Hifsu—

(%) 0.2M Ca(OH), # 10 mL + %1 0.1M HCI %125 mL

(@) 0.01M H,SO, %110 mL + 0.01M Ca(OH), %110 mL

(7) 0.1M H,SO, 110 mL + 0.1M KOH %110 mL

faeer e, afEm wiHe, BiiE RIS, T FANEe a1 R sTAeEe faeer
T AR 6.9 ¥ U T foerar ToAwa femis &t Fer 9 faerar 1 sifag qen
JF 3T H1 HieRkal it F1q i)

Ag,CrO, 71 AgBr 1 faetadl uwet fEerisr sH: 1.1 x 10712941 5.0 X 10718
21 Soh Wgw Too@ 1 HioRdl w1 S 6 S

A 0.002M FisdEm! Hiead SR a0 Ffew e faeta™ & ToF S i femn
ST, T IR S FT STAEA M2 (RN A & fIu K = 7.4 X 10°)
SIS STt hT ST feri 6.46 x 10757 faeer S=iee &1 K 2.5 x 1071
21 3.19 pH et I foerm § fear s=iwe Sl w1 qorl o fohan 11 faem gm?
T Hethe qUl HITSTH TehEs o FHHCR faeri shi Sfushad Hisdl Sy S/d 5ok
M 3 oM W 3RRA Ocwize ofaaifya 9 =l (STPRT HewRs o fau
K =6.3x10"%)

| U <hfeTaH Tethe i S o o1q A 9 1 fehae STFd Sel 1 STagaehdl 2?2
(hfewam Hethe & fag K =9.1x 109)

0.1M HCI ¥ eEgiSH Hehize ¥ Hqw foeq &1 @iga 1.0 x 107 M 21 afE 29
faera @1 10 mL fr=fafed 0.04M fae@a & 5 mL Sen S, ot f faeeet 9
a8 9 em? FeSO,, MnCl,, ZnCl,, T CdCl,.
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