HIEITEAT
EQUILIBRIUM

ELE

39 Theh oh 1T o 9% AT —

wAifder w& qEmEteE giEwmet § 9=
1 Tfdes THfa H1 Te= o
g Ta qEmEte gfwast & 9=
qq AT o Ao i 31fiyemea
T Hohl;

frdt § T efafer o foau 9=
feoien =St for 9a;

K, ™ K & g Hay Td
W;

aAfafsran 1 ArAEEn Sl g9Ifed
A TafTe Hehl i ==
T

ST, FRLS-T 0o Tgd HRonsi
o MR W YA bl 3T AT &I
naﬂﬁ%ww

T qAT AR o W Hi AR
36k ST Feerishi & ®9 H &Y
T

YA ST AT HIAA HT Higel
TR I bl U hi TSR ohi =0
EsC
m@mwﬁwwaﬂpH
hdl o ®9 H gUiF Y Hohl;
w&wwwﬁmaww
iﬁgﬁaﬁ%ﬁ Jfieht &1 Ui HR

w%mﬁam( )T
pK,, ¥ fa%e =T weh;
WW&?WWWEW

ﬁwwﬁwﬁwﬁmm
ekl

11084CHO7

I Sfeeh T yEteRoie gimeare § wemEte qr Hewgt €
RN — AR Sl § HHURE q O, o ufitered ud foawor §
0, 3T o ETHFeifer o HeA T i U oitass fiewT 21 5
YR CO T[T G SHiallfer o Hed | CO i famerar &
O] ST B

el forelt &€ U ¥ weh g St B ©, S TSt Sl
At 319] S i Tde W a1 Y § 9ol S © a1 3k Sl oh
3] 5 1 Tde Y THUHT dT5T Faw U 59 Jrowen H guifed &
S B1 39 WehR %o el A1 o §eA Ueh TS W T 8 i
, ToTeeh qRoTHEEY 56 1 Hdg W T THivea oroq-gre Scoel gl
1 STel STt <1 o9 YR Bl S €, del STel 1 arsd-S1d sig ol
T 3R ofd ¥ feer = S 21 e feufa o w9 wed © o frem
(System) H TrEeen Tofad & T €1 F@ft T8 9 wifaw T
€ 1 5o 1 Wag W el TS 1% o o ek {hAheld B @
&1 T YR WrEATErEel T o9 w1 ST HeA-5X o SR 8 Sl 2l
T 39 YehR <9I S ©

H,O (59) == H,0 (dr™9)

75l < @1 d 39w o guild € fom S feemed & wfward
HU-H Bl & qe SATAThaeh] o Scarel o Trerereen W fasor i
‘e fustor’ wed €1 ifaes weeal qen qEmEtes stfafsmanet <=
o wreee @iy 8 Wehdt €1 tfufshan 1 e steEr wg e
IUHT THa Te e gRftefa w R w5 21 w" fer a
W UF d9€ UH § AfafEaes TR w % Scg s §, A St
Higdl #R-eR w7 el S © 9 SR i Figdl gedt @t 2
forq o THa qvE T a1 sifafwael & @igu ¥ SR T & SRl
o Hi50 § g qitedd e 2 G feufa o e o wiivers e
(Dynamic Equilibrium) ¥nfd g S 7 qen o TS EEH
arfafmanet &1 X w9 = Sl €1 T hRU 3H erEen o
arfafmen-fagor o Sufeerq fafie w2l & digor o =18 aftedq =1
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Bl 81 39 SMUR W R rereen wged ask Tl
Afafewan gof & Gt 8, Iu TEEtE stk
1 Frefafaa @ agel o affera feran smar 28—
@) vom T ¥ 9 sifafemand et €, S omrer gof
Bl St ® e SATufshaen! o1 Figan T10g @ St
2 o afufret § @ sifufrst w1 g
Tt A Bl Wt € TR SR wdleror v gm
G el e 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 rfulemenat st @ e €, f
sifuferaenl Td IR HI Tigal G |
o A
Qe W AR fohe wn qe gof et @
IE SR gEifer il SH—stfufsweRl &
igdl, O anfe) W R St 81 S qen yEnmeen
T uftareq aftfeafaat (Operational Conditions) <l
TRAHIHTU (Optimize) T 9gd Hewlqul Bl @,
qIfeh TT=TTeen 1 3hTd 3fead Scas i fem # &l
T Theh | & wifde a1 THEte ThAl § 9 o
TP HEEYUl TS o WU-"Y e fowed o
AP o T, T otrafeR W wEd ©, ot
qftgfea wa
6.1 ¥iifeer Wernl ® AR
it TehHl o STeIA NI GreEeeen H Rt freRa
o ATTAON I T TR T T Tehell T LN
®YIAL0T YshH (Phase Transformation Processes)
TH gfafed ST €1 Semeomed -
3 = sd
sd s T
M —— T

6.1.1 3E-Id ATATIEAT

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

e fagm

T STl o SoAHHI ol h1E Tiede &l 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 1S uftedd &l B €, Fifh Sel-31oet @ 9t
Y S H TG0 i &L T ST § 9% § TR0
F R 273 K 3R T IHSA @ W =K Bl 2l

g T € for ot Ud St oherel TRt T g
TS @ W E G | g ) agHesed e 0
ot 315 vate o for = ara, e 3 e 5=
reRaTd @rEraen ¥ gt ¥, usted @ ‘uren
eI AT ATk femies ' wgerar 1 I8 e @
o 1Y ohelel TST-| € UREfid eIl €1 39 YRR 78
frerma Tfaer rmeEen W e 21 3Ed e
foep e B ® -
@) < Tt wimad @e-wy e €
(i) < fwATd THE R 9 E ) T 9% T W
1 T TEeR @l 2

6.1.2 SId-di™q QEATTEAT

39 T i TTefafad YAM oF AeAd o FEen S
Gehdl 81 Wb U AR 1 Afetent, Toew a0 s &
(FAIHeR) , 1 T SiE (31 @IEF) o IRES e
Y Wig <d B| o § Tk arE Tow A1 udl few o
sieit ehfewam FANES (A FEHRY YIFES)
S ST TR i H G H FS el qh
@M Sl 81 39k I SR il SeX Fente
o a1 1 SR sl 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 SRR oear § R fad: fer
g ST €, i S H I TR Tl € @R
o B Sl 1 9= T ford T Sel R S o
9 8 S © (o 6.1) | IR ¥ sife o Serarsy e
Bt € = oSt T e Tkl ©, T STe Wel 1 aou
B W T rerwen | Siol- 310t o SEe o SRl
A1 &G Sl 8, O oo g w1 ST fEeRr el 2l
TH o -9 S H1 gig- H HH e e 2
el | Teqifid B S € o e el g 2l
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THHT a8 2, o S-S w1 o Srupet ant Hem
et afereen W o ol ®, S9-a9 T sreen 9
ST oF T[S hi F-3TaEA H oA i I AT
Ty B d et Tedt 71 teiq—
HHATTE T ; 0 i W —— | &l &
H,0 (W¥d) —— H,0 (I™)

qrererEel | S-S g 30 < fohet K
19 W R TEdl €, 39 5ol o W 9 <, (A1 S
HT ACA-E) Fed &1 KT HT G-I AW h =
Tl 21 4% 7e FA Aol Uesreial, THeH o ek
o T A S, q I Uferd eiar ® o 3ok A
arq-grE fafe=1 8 €1 STveiehd Seu o <& el
39 ek STSAEiel BT © TS SHR FHOMIE FH
g 1

I ara-TaE | THeH, e tehisia u
S H U H1 1 mL agHSd | ol W@ S qe
T WA H TH WA HW H T g9 o (99-fim
ST o T <A S A g9 I8 uid fo g gt
v H 5o 1 qol TSR € S 1 gof arse 6
AT (i) T 1 Gohid, (i) T T HAGT qAT (i) T R
et ta1 @1 W9 9 T I SHed § gar @i
ST €1 Al STSY Wi SR Al feeR et €, wg ard ok
] HH oF R A | el S §| Fd: o9 W
FI- TN H HeAA k1 X A HY R W HH BT T
TH% IROTHEEEY TUl 59 S1fSqd &1 S 21 98 T
ol e 1 ST @1 Gt R o e i
TG BT Hord e 2

o U W Sl T STel-a1 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

_\
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9 feur # S
feorT 6.1: R @19 W ST F1 Grraee] &1 arq-31a {97

fordll 5 %9 o forq & aHse™ <@ (1.013
bar) W € aM, SR 59 & arsd e ¥ g,
‘Zd T T FELFIR HEC | FS Rl FAYTR
agHee 6 R 9 A B T8 TWE o S
(F9E) W off R w7 21 Ao 31w W g &0
YR A B

6.1.3 STH-aToT ATRITIEAT

31d &4 U9 el W fomm i, STel S oy efewen
o Feduifad g €1 3% en i &l U o9 ue o
W, 9 FT THI GTA T A o9 S S ©
T HEA o WY-F1e T HT el § g et 81 0
9 THT I 1 1 i feer e S @1 59 feafa
o greeEy it e S g1 oTd: S ST
FeATTid Blehy SIS oTod el © AT Weereel i
T &Y § 9 < 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 ¢ foF &y U 5ot ) u
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 aft o) eifuss faeia 9 g
W, ar Q’@I faera =t ‘W‘H T, (Saturated)
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Fed 2| faeid =1 faeiga v w feR e 21 Hgw
ot o s1upeti &t 319 eTeeen 14 faera o fooraa o
UL o e Tiden SrEER B

4 (Fem) —— = (3)

qoI T |,

= o geH Bl W = HHA o fhed &l

feamtfaeaageaa =+ 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 AeAdfoead Jaa = o6 1] & o, fhg
[reTEeel i Tfdeh Yhfa o RO Aeanfradgs
e fednfraaEE == & e w1 fafEy g
Trereene 8 2 71 gafery eanfd ud feanfradgs
=it ST 1 ST T T FGa Bl ¢, T T TS
T feeR A q% FEl Tg" S
gal o
e Grel-aeR 1 didel Sielt St 7, dd 90 el g8
He SEAFAEES T HT FO AGT oS Y Wl
e ot 21 o=t < R S | e estieEe
1 for foctadr & %Ror @ g 21 feer a9 ud <=
W TG % Afger AU Te w9 o ol st ok o=
e Tfyd TEdl 1 SSreRone—

co, (™) — co, (fama ®)

I QT B o AR #1 fSeh o19ER,
“ferelt A0 W &t T TE AT o faemaes W gelt
% T ot wen foemas & W W % e %
HUMUTH it 817 A9 9@ o W-T T8 A
el St 81 CO, T i He-aeX T adet § ek
@ R Hewss fHa 81 30 9 W T ok a5 Ak
3] g | o™ & S 81 S € et @ielt st
I € e o 59 H g W @ TS FH & S
2, T w1 o Feit g8 e SReiiemEe et
= agHeda @ W TS GHEEEA $i IR SRR
Bt B A% WeT-a1 #1 39 diqet i FP GHI Th
g1 o goll Big f&an o, df 39 @ @ g
IRETGAS Uil

IE WHFT ®9 § FEl S Ghdl © Th—

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 ® 9 & fooiTar 9 % W T % @
(A1) o HHHE Bl
2 frerel w1 |roft 6.1 | fean wn @ -

ARUTt 6.1 wifcen ArTERen @t %o fagiant

WehH =)
gl = o™ e a9 W p,, R
H,0 () = H,0 (g = 2
IF = 5d e <@ W e e
H,0 (s) = H,0 () = 2
faog (3m) = foeia | foomm o fooia 1 @igar
(foemm) | ffved a9« feer 2 2
= (3W) = =i
(faemm)
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 Hifdes UehHl H WIETERAT o GHr

ITFeTeroT
SR ifeh el § Feft FHepm-areree o 9
sfeter frefafed B
(6] fafy=a a9 R et &g ™ (Closed System)
o € e q9e B
(i) @R W S foielt stfafwand s 3 9
el ©1 T iiaen, fohq Tl srarern Bl €
(i) R o @t WA A qo-ue fer B 2
(v) & fRel difde wwm o e i 8
STt ®, 9 "gRof 6.1 | aftd Aagel o 9 freh
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AT ERAT

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

) T oft gag o ufvEt o 9 T i @ fw
YR dh UgeH o gd odifas wehd e
i1 T 3 GG Rl B

6.2 THETA UshAl 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 Gl 81 59 UH we gdig stfafmae o
<X FAM 81 S 2, @ STRIRNeRT qe ScTel S |igand
feor et B I8 TEEE W hl e 8 U
Tifaer ArEaen 3w Afufean (g 1faeRes 3ag
H 9gat 9 ®) qen ydig sifafwer (e sas ga
PR o 9edl S ©) § THerrt Scoe Bt 21 38
g 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) %1 W=E Bl 2
31 sfaferan w1 <0 Tedt St @ SR wdtg st
%1 T el Sl ¢ Hereerey ek UEr feerfq et €,
el gHT eAffsanet i X wHE Bl St ¢ et feerfa
o frepr o HreraEe Tiftd B Sl 21 el W
C T D o o= Af9feran et off WIed ohi ST dehlt
21 9 Tt off foen @ 59 e w1 W
U 2 A+B=C+D I C+D=A+B

C 3Ydl D

HEa —>

A AYAl B

THY —> 9=

T 6.2 : U@ qreETaTe wi gife
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BeR-Tafy g1 7w oF Hyemor ® qEEfE
AT h1 TMideh Wehfd shi ST ST Tehall B1 BTeR
q IT9 A9 qAT @ W SRS 0 SRR Hi
fafsm ama AEnett oF @ sifafsean wae Fafia
SIAA T STHIMAT T T F | 3Hh STER T
I AfAfRan ® U9 SEAESE AU SEERS S i
g T w1 o 6.4, (U 173) <@ € T wh
fafeea ama o 9% F© SITHeRH o 30 T W off
I T QK0T T a1 61 Hered ot & el B
fhsror o e 1 Feear 59 o1d 1 Hehd 2l ® TR
e i 8 ¢ ?)1 eifufmen i gpfd
i THgH o feTq SHifTn 1 Gve 3% wiE-Hdd
IR aRfeafat (I s 3@ @ @9 ), fhg
H, &1 ST& D, (Deuterium) & foha 0 H, =1
D, & @ Af9fsran U T wrEEe WOgHA
ereTenen afafeEa-fasor gy wtar €, fag
Hfufsran-fH#o1 § H, To NH, o M T %A D,
TS ND, HISE &d ¢ W i g o 9%
Tl fagor (999 H,, N, NH, @@ D, N,, ND, B
?) ® g H e o g9y % fau oig 2§
a1 o =6 g0 &1 vl o S W gl e © 6
AR Y Tgar TuRafdd Tt 2

BTciiieh <1e 39 TS0 ot foveiaur SomM Seagmiet
(Mass Spectrometer) gl IE RIS %\ ar sﬂﬁ
egifemye faf smifn &9 (NH,, NH,D, NHD,
T ND,) T STgelsglsH 319 (H,, HD 1 D,) ¢
S €1 399 78 Tk fieherar € o @meameen & a1g
o fasror & 1fim e wedig sifafewrand g e o Hro
U W H a9 D TEV[S &1 MU (Scram-
bling) BT wdl 8| e Tifid gH o a5 afg
srfufsren gaTa e St ®, @ 39 WehR k1 fhsmn g
BT Heya @l gl

i o gyewur o gueenfie (Deuterium)
o AN O I T g1 § TR e sifafmanst F
e GRETEE T 81 W STAM TF T sifwmanstt
*1 3 GUMH gidt & 9T 39 g & geved § FiF
guret TRed el glar g1

grereee S faenstl g Tenfyd i S Hehdt
¥, 9’ H,(@) T N,(9) 1 Ifafshan #Ts NH,(g)
W i ST 31 NH,(g) 1 o Ut N,(g) T
H,(g) I i S
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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 woa T 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 @) Wd 30 cm <Adt i i <1 et s et @
E A1 Al T B Hehal € 91 S0 3 ¥ 5 mm % el 8l Wehdl ¢ Wio faferet-1 o e W # aie
S (ST | qreREd WHTE %1 U e et Ui Sid 99d) s @ e fafaet-2 5 @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 ® el fafet2 § @it el w1 wE S gu @ weR
faferer-2 & fafere-1 ¥ 9o THiaia #3139 YR I Al st gerar 9 fafe-1 9 fafae-2 5 wd
faferet-2 @ faferet-1 o Ui ST 9R-9R q de TMARd H 21 S qeb el fafaed § OiF Sd 1 &1
TAE & S|

I 37 7 fafered o Ui faeam o1 TIMIER T 9 W ¥ &, a1 37 fafered J iF 9 & &R | 3@
g gfeda e g AfE 37 <t fafed 5 ¥ ot & &R i g0 A9 ATERE! Td SRl & qig0 & &9
o 3@ o N e Wehd € 1o I8 WihA W WihA o1 ek Wehtd i ST il €, S A STt oh1 T Tt
TR W off S w21 A TW 39 T ) i et &) Aol w1 gerd 9 e, 9 g6 ow fh 5
3 fafded ® ¥ a1 o TR 9= 8171 39 < fafered & U9 oiat & &R H @ fa = &) At o wro
Bl B

=y T2 =y T

(=) (@)

ferT 6.3 Tfde Qrraee &1 9599 (F) RIS 37aeer (&) S7faH S1awer
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\wsmsﬂw (ATTFRF)

oeR digd@m —>

SRS (AMHRI®)

T S

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)
TE YR BH AR H(g) + L(g) = 2HI(g)
W forr Y| Al B9 H, Tol 1, o SIsR-ae GRf9H
qigur 9§ sifafan & &L, @ Afaferan s1fim feen o
SRR B H, T 1, 1 W& %7 8H @ ¢ T HI
T WA TG TN, 56 qeh SRl Tfd 7 7l
Se (91 6.5)1 TR 89 HI § Y& & TfAfRan i
foadra feom o g9 <, @ HI 1 9kl &9 gH TR
T H, To I, sl Higal 9 T Sedl ©I S qoh
qregrereer TATtad 7 8 e (o7 6.5)1

HI

Ear —>

HI

g ———> qEEen — T

faT 6.5: H,(@) + 1,(g) = 2HI(g) 4f#a1 # THEfaH
qreeEe el ot feon @ wnfyd 8 et 8
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g fAfeea sTadT & H T 1 o A0St &
Fd HE& FE B, A IR TH Y ATRHGI o
sfafsran g€ =X, T YE IR T8 e
frgor e g 2

6.3 ATAeh QTR il fam aer
[raeen feris
e § A Re] Td SRl o 01 i H
g’ ®ed 1 Tk o T WM § 9 fagor o
e & Hey § 3 Yvl W 89 faeur &3 T
A= fasgor & Afiehien] e SRl i Figaredt |
ey B2 Ry Figaist 9 9 Sigaisd i hd 0
fman <1 Hedr 27 9 fHgr o HEed & % 9
FF qRAfdd FX ek 72 SiEifies sfic o swamh
TEEE S — (H,, NH, T CaO) % Heel & fag
SEYTH Tl h1 TuRe ohg feran Srar 872
T U9 O I o o g9 f=fafed amm=
IRl srfufsrar W famm w3 -
A+B=C+D
el 39 Hdfera iR ¥ A qe1 B 1R
Tl C 991 D IS 81 3k Schuvuit rfafsmaneti o
TR e oh STYR W Afe o TEEERl ohel
Hfeafafer Tee (Cato Maximillian Guldberg)
Qﬁftﬂ?{_orlﬁ (Peter Waage) af“v'FL 1864 | fqurfed
e & fodt fago o wigaet & f=fafed
- HeRT0T GRT ST S Hehell T
_[c][P]
° [A][B]
78T K 9 feorid € qon <€ SR 1 e
‘e feeier oo hEddl €1 TE AT -HHIeRTuT
H ‘g oIgut 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 T H, T 153 1, & o= sifafern ) fae=r
| 39 srfuferan o1 sterem fafie wrnfites aRfarfaat
¥ B: TR g fRen -
Hyl@ + L <= 2HIg
1 9 1 A 2 T
Tl IR (1,2, 3 T 4) ¥ § YRY ¥ 5%
wE | hee T H, T T 1, 91 T&E FE

(6.1)
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174 W fogm
ARt 6.2 YRFWE TE WETERen W H,, I, T& HI %t |igand
TN T TRtk |igar /mol L7 WIEETAT U |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 2.44 x 107 | 1.98 x 102 0 0.77x 102 | 0.31x 10° 3.34x 10
4 2.46 x 102 | 1.76 x 10? 0 0.92 x 107 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 10~

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
WA (F. 5 Td 6) heel THE HI oot ¥R T )
9 YR fauda sifuferen ¥ wrmemen wonfya gsl
et 6.2 H 3 @ ®: W@ o sifRe fRu T g
TAM-GEA 1,2, 3 Tl 4 ¥ I8 @1 S Hehel ©
foh— eAfoehd H, o Al 1§ = A9 1, o A
HI G = Y% (3] HI o T i &)
TAM-GEA 5 d° 6 § BH @A © fh—
[H,(@)],, = L],
e W AMMFHNR] T SRl i Fisdl oh
o Feer Tefud 3 o forg 30 g Haraed o fava
4 "W ghd 21 e Ry e gme oise W Ed
TR -
[Hi(g)],,
[H,(9),, |[L@)],

RO 6.3 3TFhHhl oh AR Higdl-Geel Ssieh
H,(g) + L(g) — 2HI(g)

N [HI(@)],, [HI(@)]Z,
[Hy(8)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

ARt 6.3 T U TT 2Aiehel @i Ferda ¥ ik gy
AR RepT Td SR T ATATEIET-HISAT hl SUUR
ek § W, d@ 39 sk 1 9F feer &, afew
fim-fim gm (EReit 6.3) 1 afs g9 f=fafaa s
S

[HIQL,
[H, ()., |[L©@)],
@ &9 adn o weft ®:, v o g7 e feen
M 3 & (S| gt 6.3 ° fe@mn w@n @) | 7e 2@
S Tehal ® Toh 39 oo § YRRl T IE
jEﬂ?{”ﬁﬁsﬂﬁ(Power) aﬂmaﬁ%aﬁwﬁm
ifaferan o TR o fod 3o TqEHIeR oI
TW (Stoichiometric Coefficients) %I TrETeER o
TH S oF WM ) ErEEe e’ wEl S @
A T K Welieh GRS ST 81 36 Wb At
H,(g) + L(g) = 2HI(g) = fau K, sreifq wremereen
frerisr 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
I A ST € R K % oS H WiEdl w1 HE
e W §)1 ord: gH forad -

[HIg)]
K=+ 1 _
© [H@]LE] 6.3)

(6.1)

(6.2)
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AT ERAT

R ¢ 3w € fF K T W EiEm %
A mol L ¥ =k foran T 21
feu e fohdt am w Afafsmar-samsl =t gisar e
SRR T Fxdl o OGS 1 3T FER @ar
21 TH I A Wigdl oF H o fou Hferd
THEE T H ARl TS SARl o ™
YHIHIOIAAT TN i STh! HGdT & =ik o6 €9
o s fopan S 21
Y YhR Wk 9T AfAfsHan aA + bB = cC +
cD o foru arereazen feemis =1 f=fafed =9 9
e foran Sl B
K _ICr
[A] [B]
sifuferan 3R (C a1 D) A9 ¥ o ATYHhReH
(A @1 B) B H B B1 Yl Higal (Skeoned- [C,
[D] 3Tf]) =1 Hdfera sAfafran o oI
I Ui o Wl o ®9 § o {ehal Sl B
S— 4NH, + 50, (g) = 4NO(g) + 6H,0(g) tfwfswan
% fou wrereTen feeril® 1 89 3@ ®9 § o9
T B

(6.4)

_[NOJ" [H,0)°
¢ INH,I'[O,P
faf\= sre=al (Species) T HIeR-9IEdl i 3=
TSR ISk H TR I ST € 1 28 HAT STl
2 for 3 wreeren Wigad €| W6 o W SEvdsh
B, 99 dh wrEe feRis o ofwe § et
(39, 5@ = T\) T fae S g
T I SO ONE Sed 29 €,
S afg R fafwar gefiror wt fFE SeE (Fac-
tor) § TOT &, q HrATERe feerie o faw e
fered a7 =g gHv=a w3 =feq ff 97 =eeh 39
fadad 1 ot e H

afafshan H,(g) + L(g) = 2HI(g) 6.5)
o WO oS i 36 YN forad -
[HIP
== (6.6)

¢ H L]
a1 wdta SAfAfshan 2HI(g) = H,(g) + L(g) o fog
T Tt SH 99 W 39 YHR Bhl—
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, HL] 11
Ke=Tmr "Xk €7
T TR,
1
K.=% 6.8)

SohA ATATRaT ot wrETaen ferie 7 1fim
srfuferar oF wreETaRen fRedie & IeRT BT §
IR rfaferan =i 39 w9 ° famd w

Y5 H,(g) + % 1,(g) = HI(g) (6.9)
wreTerEer feeier 1 HH -
K= [HI] / [H)'?[L]'/? =x!/>=K?  (6.10)

39 YHR AT T THIH 6.5 Sl n & TOT &,
at sifafsha nH,(g) + nl(g) = 2nHI(g) W< 3R
T THh WrEeR-feudih 1 WM K» Bl g
RO T RO 6.4 | R A T 2
WU 6.4 Teh WHT SCRAUITS TTATHAT oF WT=TaweT

Teerishl W S91ok TUTERT § Hair
TETAeh THRTOT ATt
feertien
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% 3T
7 it g1 €1 38ie I stewes @ o ar-atawen
e &1 AM forad w9 Hqfad TE™tTe SHiH
&1 SeerE F
33T 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

ifsra|

&'A
sifafsRan N,(g) + 3H,(g) 2NH,(g) & foT
e feotis 39 &9 § for@n S wehdl g

K7 =(K"
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_ e (9T
[N, (¢)][H, (2)]
(1.2x10?)’
(1.5x102)(3.0x10)°
=0.106 x 10* = 1.06 x 10°
I 6.2
800 K T 31fHAfRAT N,(g) + O,(g) = 2NO(g)
o feru  QremaEen gigand fFefafad -
N,=3.0 X 10°M, 0, =4.2 x 10°M
AN NO = 2.8 x 10°M
sifafsran o forT K, w1 @9 @1 B2

&
sifuferan o foru wr feemis 39 Y& foran s
Tehell &

_ _[noP

° N,][O,]

. (2.8x10°M )’

" (3.0x10°M)(a.2x10°M) ~0:622

6.4 QU QTSR

frat gam frem 7 g4t feRe g 38 T
THE JoEe | 2 €1 331l ok feru— e sifafwen
N,(@ + 3H,(@) = 2NH,(¢) ¥ Sk e 3=
geft T -y § 2

T THR

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

+ C,H,OH (aq)
del Fe®* (aq) + SCN-(aq) = Fe(SCN)?** (aq)
afafeenett ® |t AfysRe qen S gHm
forera-wreen o € 19 B0 S guin afafwansti o
qrTaET-fefid & aR | TRl
6.4.1 TrEra Tepa H wwTERer feris (K)
T At Ik ARl T Sl o HieR |ig o
w9 | gree feoris & o feer © oaen 39
T K gW il 21 e sifafwerst & fo
e fEeish i AT @ o ®9 ° YRR T
ek Geemses 2|

e fagm

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

pV = nRT
a0
n
= —RT
b \%

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

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

'R’ %1 | 0.0831 bar L mol'K Bl B

S n/V %! 84 mol/L H =5 &Yd &, @l T8
IS ¢’ 9 ] 374

p=cRT

feeR qI9 W T 1 I Ik [KI S FAU
g €, FAT p o [E] ord: Sod Hay ol
p= [T9] RT & &9 § *f foran s gea 21

Hreereen H SfafRa Hy(g) + L@ = 2HI(

_ [T
=+ K T, @ (@]

(Pr)”
Py, ) (Py,)

3121_O|TK0_(

(6.12)

%ﬂkag Py = [Hl(g)] RT Py, = |:H2 (g)] RT
dar py, = [12 (g)] RT
FHfeTT

w o ey _ [H(T[RTT
" (pw,)(p,) [Ho(2)]RT.[L (2)]RT

_ Mm@l
[H,(g)][L(g)]

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

(6.13)
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(Pw,)  [NH,(g)] [RTT

" (py,)(P,)” [N, (g)]RT.[H,(g)] (RT)’

_ e, (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:

(5L RS
[AT'[B]

K, = 1T P (gryn _ i (geren
" [A]'[B]

78T Hqfem THEfTR HE § An = [(TE
e % e # we) (i st % e
F Hem)| 21 T STewrE € R K o s
THF @ F1 AH bar H WAl =AfeW, Fifeh <& I
YrIfoTeR STEEe 1 bar 21 Uheh | § &0 WA © fF 1
pascal, Pa=1Nm= d 1 bar = 10°Pal

TRl 6.5 H e AT AfAiRaATe o o K
@& o+ f&T T R

AR 6.5 H FB A STAfhATST oF wrmaen

(6.15)

feorties K, EoReIE
arfufsran A /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
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SETETUT 6.3
500 K R PCl,, PCl, 3R Cl, T | & qeT
Tt HAY: 1.41 M, 1.59 M T 1.59 M T
sfafsan PCl, = PClL,+ Cl, & UK, 1
U hifSTTl

'
IR Afufsren o fou wmamezen feris 39
®q | e foha S Hehdl o—

_[peL][cL,] _ (1.59)" 2o
¢ [PCL] (1.41)

SETEIT 6.4
=9 fufean & T 800K W K, =4.24 &—
CO (g) + H,0 (g) = CO, (g +H, (g
800 K W CO, Td H,, CO @ H,0 & |
T FIEHS T T KIS, A IRA H ohore
CO T H,0 B 3ufeerd Bl e Goieh i Tigdl

0.1 M =l

'

frafafea sifafsen o fau:

CO (g) + H,0 (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
HM 0.194 1 SUT 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 sifafsran & fa,
An=(2+1)-2=1
K,=3.75x10" (0.0831 x 1069)
K,=0.033

e foRier o AT

FreerEd K ol 9 fHeRied S5 S0 1 mol L
H @ K <1 W fehrerd g SAiferh <16 F Pa,
kPa, bar 319@T atm ¥ =7 a1 ST §1 9 TR
HreTaen fEeish 1 AT Wigdl A1 {16 o [HE T
R €| IS W S5k o AW W =il
I B H WIihl ok A oh aWeR Bil stfufea
H,(g) +L(¢) = 2HI K d K, H s "l el
gl N,O,(g) = 2NO, (g). K. 1 A mol /L
e K, %1 "5 bar

g AfYhReh] TH IR ! THI0TH STawen |
fam wmu @ Grerewen feeriwl #t famEA
(Dimensionless) A= & =ad 3 ¢ STTRNER]

e fagm

TH SR Rl JEIUR SFereen H Y 19 R qrEifores
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 Tl it € fohg et enferes A
ot yHIfoTeh STareen B o RO e B gk 2l

6.5 Ta9HTT QTE=TIEAT

T ° 3Tk grereen arel e o Tonfud smmersen
1 * FroHiT GreTeEen’ el S #1 SR o fau-uw
9% U W SA-ar Td SA-59 o6 dfd T
qrereree *ferorei W’ €l

H,O(l) = H,0(g)

T W W UH AW gEwer qo g 5
e €1 T WE 39 U $Heh Gqw foerad & o
Toqifre ST ot T W 1 S

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

o AreTeensy ® SAfued IS W A IS
59 9T o F T greEmeren (g 3 3| =@
IS 59 B) oh HEAERA-Sh h W A S
Thdl B, FifF g 39 TF G %9 T HeR g0
3! Al W et 72 e, afess frer gran @1 g
IR H— T R U IS X i A 5w o @,
[X(s)] T [X()] o HH fEer g 1 5ok faudia A
X' T T feRet fAfee s & aged €, @ (X(@)]
TN [X(aq)] o AH ff I €1 F&T ¥9 TH Toh 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 ¢ 6w fAfvea 9w W co,(g)
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AT ERAT

%1 T Ti¥=Id Higdl 1 <@ CaO(s) &1 CaCO,(s)
o WY qreEEen ¥ @dl §1 WA S WO adl
e © T 1100 K W CaCO,(s) T CaO (s) &
T FrEerl § 3 CO, %1 < 2.0 X 10° Pa
2| ZHfT Swlie sAfafsren o foru wremereen feenis
T O 30 YR BAM—

K, = Pco, =2%10°Pa /10° Pa =2.00

Tt YRR fendt, e AHieTRaEe Td fehd
SHTeiTTel oh sie Tefyq faom areeeen (fohet o
YfgHT o Ug) FHIHR —

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

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

[Ni(CO), ]
[col’

g oI @ T aramazen wenfua g9 o foe g
w1 Suftefa eavaes ® (9ol € S /e eiet
Bl), forg 3Tk W0 A1 <@, ArAeEen— e o
=iss | 7 g o1a: " feafd | 35 %9 @ s
3T I G- el oF o § @l for@n Sl
21 arfafran—

Ag,0 (s) + 2HNO, (aq) = 2AgNO, (aq) + H,0 (1)
T e feemiss %1 79 39 w9 § fown S 8

c

K = [AgNOS]2
°  [HNO,J’

I 6.6
sfafshan CO, (g) + C (s) = 2CO (g), o fag
1000 K W K, %1 AH 3.0 1 A% e o
Pco,= 0.48 bar 9 p_, = 0 bar & 91 IS
FThTEe U &, @ CO Tl CO, & " W
3T Jr& et O i)
&
g Afuferan & fou—
I CO, @ H HHT x Bl q—

CO, (g +C(s) ==2CO (g
YRY # : 0.48 bar 0
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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+ (3P - 4(4)(1.44)]"/2 x 4
= (-3+5.66)/ 8
(<if x 1 I FUIcAS TE B, 37 9 °H
1 30 R T T1)
x=2.66/8=0.33
e T SRR 7@ o A 39 YRR Bl
Po,=2x=2x0.33=0.66 bar

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

6.6 TR ek oF U

greraen-feeris & yar W faur 9 ugd

T 3Hoh fAfafEd Fewayel aau W e 3

%, AEEN-feRi® &1 SF9e 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 T o fon ffvea am w= fafirse g
2, Sl A9 "o o WY agerdl 2

H 3opd Afuferan w1 armewen-ferd  eadt
sifuferan o ArTERe-feris o WF &1 kA
Bl B

T, fordl sifuferan o1 wrmeen-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 THRT FAN FAfared foget 9 dafud gei
o IW 3 H w4
o TrEATIE-feerish o URAT T TeTHar W e
1 HHT 1 STTHE T

o fYferan &1 fSem &1 war o TS
o TEATEEA-HIZUT i UM HIAT|

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 e foF armaen fee R 9 g
T 2K, K 1 IR SR] T WS 3 FEr
B © (R Te reRe-fenie FANEH &
(Numerator) ¥ forar S @) den ferarement &1
Tl o SFHHA el € (Fifh I8 SHoih o &
(Denominator) ¥ fer@t STt ?) | wreEeEe fes
K %1 3= A S| &1 S=d Wigdl & g &l 36
R K 1 F101 9 Sl o 1 A w1 gwifan 21

= fasgor o Heed 9 ety fHefafaa e
ﬁwwm%

Ik K, > 10° &I, a1 IAg AfYhReh &l o o
ST S| AR K T A HI] ST B, SArafme
T quidr o fehe BT B1 SereToned-

(%) 500 KW H, T O, & AAfhan Frameen 8

feeih K, = 2.4 x 10"

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

(1) 300 K| H,(g) + Br,(g) — 2HBr(g);
K.=5.4%x10"

A K, < 107, AMTHERE &l o § IR FH
B A% K, 1 O 79 €, o sAffswar goiv staen
o & Hud et 81 Frefafiad seewl g 98 T @
ST 8-

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

(@) 298 K W N,(g) + 0,(g) = 2NO(g);
K.=4.8x10""

e fagm

If% K, 10° ¥ 10° 1 WWH (Range) ¥ Tl €,
A IS q AR R T T WigdTd Hardseh it
2| FrefafEa 3 W foaEm s W

(%) 700 K W H, 71 I, ¥ HI o1 W K, =57.0 T

>W

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

st qen fRaThas -
A ) Sufatad §

o 6.6 K, W Af4fshar &1 Giar 1 (747 e

(@) 3 ThR T 3= sfafsRan N,0, &1 NO, |
faere 8, forger faw 25°C WK =4.64x 107,
ST @ HE T SR T SR o 9 fagon o
N,O, T NO, %I HiZd HdrTsmeh sl 39
THR=IF H1 o 6.7 B g@itar T 2

6.6.2 3tfferar =t faom =1 e
PR U Sl o forat stfuferan-fasmor o eifufsran
wi feom &1 Uar I H ot wrereRen femis @
Sun feran ST 21 39k forw g arfrferar Wit
(Reaction Quotient) 'Q’ 1 TOFT hTd B | e
e 1 € we ifufwran varwa &1 ot sfafsman
w1 forett oft feurfa o foe aftfim (der wism 9 g
qen sAifers <@ @ Q) R S Wkt 21 et W
arfuferan & fog
aA+bB=c¢cC+dD (6.19)
Q.= [CI’[D]* / [AP[B]® (6.20)
e @ > K @, o Afufshan sifaeienl &l 3
SR grft (faadia sifafsean)
e g < K #, o i sari # s
smrEfd e,
g @ =K @, q sifafswan o ammeeen
o Bl
H, & @ I, & T afafea | fa=r
T B
H,(g) + L(g) = 2HI(g)
700 KW K_=57.0
AT fob g9 [H,]=0.10M, [L], = 0.20 M
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AT ERAT

SR [HI], = 0.40 M. fern
(Fisal Fehd | UK t K1 q0d TE T TR
Tiganeti 1 Ao R TwE ¢ W e T g, 9
e W)
3H N, ATAfhal AR @ Afufhan w39
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) sHmds
T Ik HIKU q9 q W, S q% Q =K 7 &l
Bl
AffFa-9mThel @, 94 Ko WMl 1 o
Fxoh aAfafwan-faen &1 g w@ o swEnt €
39 YR, SAfufran &1 ke & day # &H
e Jmm= RO o7 Fehd §—
o AR Q <K, B, e sAfufwa o€ 9 E AR
AR et 2
o AR Q,>K B, e afuf € ¥ 96 R
AR et 2
. aﬁQﬁKﬁ,aﬁzaﬁﬂW%;f%ﬁﬁ“r%l

. e
-l

AfiRE —> IAR AERE N SAWERS <— SR
I gremaee |

fe - 6.7 Afuferar &1 foom 7 @ty

K,

3alg0l 6.7

2A = B + C #f4fean & fau K, &1 w1
2 x 107 R

fu T o | stfafeman-fasor 1 g9 [A] =
[B] = [C] =3 x 10™* M ®| eifafeman =i &t fewn
T emufad Brm?

T

sifafsran o fom sifuferan srree QCZ[]?\%zC]

181

[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 3 9= 9 38 uw wa-
ug 1 : sifafean o fou wqfaa g foat
Ug 2 : Fferd THi0 o fofe Tk grof AT, fores
sifafsren o fafed goier usred i geteg e e
(&) IRfYesr Frgan
(@) FreerEen W S o e |igar § giedT i
(T7) ETTEERI Higdl
ARt 99 H Rt afueRe i digar &

x o &9 H, S GrEEE W e i aReiig w3
Ty erfaferen =1 e iada 9 o = 9t i
Wil &l x o ®Y H o Hil
US 3: x &l 8 HE o G0 G THIEHWO H 9
Higaiel sl Giaeetid id &1 A S9! o7 gHie
A 1 B, A T8 A T 4, e qEEfE
319 2|
TS 4 : YRerfad HH o STUR W 9T 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

RN T w©fid e e—

N,0,(g) = 2NO,(g)
Ife Grearerel W el T@ 9.15 bar TR A,
dl K, K, 91 Sremeee B SAifireh 1 i o1

Al

&

g9 WA € f% pV=nRT
e 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

W W (4.98 -x) bar  2xbar
$d: W R po = Pu,o, T Pro,
9.15=(4.98 - x) + 2x

9.15=4.98 + x

x=9.15-4.98 = 4.17 bar
TIETEEe I AfH e,
Pu,0,=4.98-4.17 = 0.81bar
Pro, =2x=2x4.17 = 8.34 bar

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

K,=2.586=2.6

I 6.9
380 K W 3.00 HId PCL, &l 1 L &% 915 H W@l
ST | HEATerE W fH07 1 GEed Ha Hifse
If% K. =1.80 ®I

&
PCl, = PCl, + Cl,

TRIH 3.0 0
WWPCI%Q‘%Wﬁ@meIWﬁH
B ) qE-

= T (3x) 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 wArHETaEAT Treier K, ITFOfeRaT
WITReT g de fiest Sl ¢ W Haer

ot safafsran o6 fae K a1 A sAfafsean =6t wifdent
R et T e B1 S R S The-6 ¥ T 4
& Ig sfaferen w1 SeAmfaet, foea; fisg et 9§

e T e e 8-

I AG RUTH® B, a9 ATHlHAT Tod: yafid
A St € den 3w e o wue g )

TG AG U ©, T ATl Tord: eifdd el
BRI TR ST W9 TR 89 AG Fe0Tcash Bl
37d: 379 Affehan o 3] SAfvewRa H aRafda =i
il

A AG I B @, AAfhan qrEEen wt uw
Eaxaif

Y SHMfAE qeF i R 39 GHIRTUT § i
S TR B

AG =AG® +RTInQ 6.21)

Sefeh AGS T fies St 2

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

AG=AG°+RTIn K=0 (K, % ¥M WK A

[
AG® =-RTInK (6.22)
InK = - AG® / RT

T AR gfders ToTw T R—

K=e AGP/RT (6.23)

37d: THIHIU 6.23 HT YA H, AG® & Tl &
wq o AUl ) Tord yafdd sl GHEE S Hehdl 6—

I AG® < 0 %I, A —AG®/RT ¥ BN 37d:
o6 51 BH Y K> 1 B, S etfaferan ot o afdar
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AT ERAT

w1 Ul ¢ sreren o fawm ® S® dw 9% @ @
99 for 3R snfie | o)

IR AG® > 0 B, A -AG°/RT FUTeT® B
3: pac°/RT 1, BH W K< 1 B S AfafeRan
F1 T yafdar Juiar & a1 sifufeer em fgem d
39 W dF e T, e S| gFam s
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1 SRR B IIEMI— N, T2 H, ¥ ST o
HYII0T o B UohH H UEifieR uRftefa w1 =ee
Ireqa | 3Tk ®9 W Hewqul 21 fava et @
aiftier S 100 Toferm@ 27 81 g6e1 g1 suam
ST o B9 H Fa 2

wrepreree feertiss K aRfver wigarel o e e

SETEIUT 6.10
TATShICTEAH H T oh HIChRISTRE 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

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

K =3.81%x10"°

IS 6.11
T o TA-30E ¥ TG 3R TR
freferfaa sifafsman o ear fiea 28—

Y + H,0 = T + HeRd

300 K W fAfshan & fau dnamewen feems
K, 2x 10" &1 300 K R AG® & H % UM

ifeTa|

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

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

6.8 T hl THTTAT A a1 Hleh

TEETTE GYAUU % FHE el W 9 U 98 © f
AdH FS o AT o WY SRR HT Il o
sfereham afterds ®f, fome el 8— sauRl &1
STf¥ehae Afed A9 2N 3@ &1 Heaw qRfEfa 9 8
7fe To 7L e ®, @yt gifefes o aiteds

el B T A Arerereeeet fohdt frenm o etfirerrent
71 IR | ¥ Rt Th o e § giedd fean S,
At Fren o rereen € @ it @ qen He sifafaman
T q9 q el w@dl ©, S dh (R § O
[reTeeel Tfud = Bl SU| Yraeell Jraeasel | g
T Y99 Td 3l i faeEd & 91 § B9 Ted € U8
9o €1 &0 78 ot 3@ 9ok € foh a0 %1 afadq feg
TR Bl €1 @ ot s S wehl @ o foRet qm
afg eifuferan o AraraEen-feeris =1 9= I @
fordl arfer wisor 9§ 39 SAfufshan o SAfvehen] T
IR} o GrEERe o QKT k1 MM TSGRl F
T8l qeh o g A G feerisr o1 a9 & @Y
Tfadd F& o 9 @, @ A= fku T er-vrafen
fagia &1 9a @ uRfeafaal & ufteds @ grmegen
TR YT Y9TE o 91 H oM R g 9 e
Tehdl 21 59 Togid o STaR ferdt frerma ot wreereen
ufifarfaat =t fuifta e wre (|,
TE U aw) § | el ¥ off ufedT g w
HrETaee 3@ faon # 2w g 21 e frama
T TN E3T YA T TGS GHIA & I T8
off ofiferer T TR TrEEEES | @ g €1 Th
g fagor o Heed &1 yiafda @ & fau e@ s
FHRH F1 ITAN oA S HehaT B

frfafad SuEsl ¥ g0 armEeen W OHig,
T, A9 TE IAE oF J9E W faum Fi—

6.8.1 Wigal-URadT sl Tt

= §9 foedl SIfYeReR/3eg & sifuferan o

fre =1 e § wreereen gREfdd B ©,

THHRT ATAA - fogia’ o SER T A

ST Fehdl B—

o IYFHRH/IER & fHAH ¥ Higdl W IS I9E Hl
1w o foru eifuferan 39 fSen =61 3R 3R
Bt €, difer fHere 7wt <1 SuET € Tl
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o AfYHRH/IAR o TR ¥ Higdl W a6 Hl
FH H o 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(9) = 2HI(g) fufrar W fom=m
H| AR | WAt fagor § 9T ¥ H,
9 Sefl WU, A WrEeRdl % [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 eN-¥Mafere o6 fagra
o 31eY ® TSEeh SguR SIfHNHh/SE o AN i
fearfa o 7€ T Tenfud entt oo Sifvere/3aR
%1 HZdl IHeh AN i & THF ¥ ¥ a1 g fHg0
q sifys g =few)

e fagm

Frefafea sifafsran arre o SR ot &0

ot frekd W UEE Hhd B
Q. = [HIP/ [H,IIL)]

IfE FrEeen W H, faemn S, @ [H,)] Ted
T SR Q 1 F 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 Bidl €| STl TrAreree] W SR Searg w1 Srer
T T S €, 4 sifferan, S ot gu fomn amememen
R UgE TE ¥, [ M K # wer vl @1 S«
IR 9 R 19 8 A1 ardieha g e ugied @,
Al IR T S HET MG B T STHIET F
sfrenfer fmfo & smifan &1 geiwr & o, 9
e R foan s @ foeg sifufwan siftm faem o
2t @t ?1 T THR CaCO, ¥ CaO St 9o &M
1 T T A ¥, % s e § g
CO, i TR ek’ Afafehar qui w3 et ¢1 9%
I T =AMfeT fof TR AR Berd ©H | Q1 °H
K, U %A o Tear 8, fomw stfafsman sifim feen
# et T 2

WigdT T THTE-Teh TR

30 frAfafed sfuafean g0 wel¥@ feer s
Tehdl -

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 foet@™ 1 1mL

[H] b
1 ——_
[HI
T8 o T
W™ T E
H, S/eH ™

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 % W e faere e
A ! fee™ W T o1 1 ol 8 S €, St
[Fe(SCN)J?* S+ o shRUT BIdl €| el @iy
B T T 1 e TEeR 81 S 81 SRR A1 3
o1 srfuferan it arETEEen W e | |rreen &
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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AT ERAT

A 9 R seh Wl 9 SRA [Fe(C,0,),1%
T &1 o7d: GoRd Fed* M i Tigdl &4 & Sl 2|
ATy, fagid o STER Fe® A &1 g2q 9
3T FIgdl a6 i [Fe(SCN)]2* o foisH 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 o %A
B 21

Fiifeh Hg?* 38, SCN- 3Tl o el SAfafepan
FT TE Hpd A [Hg (SCN),I2 991 &1 o
SCN- Il &1 HH THIHI [6.24] H AT hl 18
T [ 3 SCN- 7l 1 gfd 2 forenfaa et 21
W ArEEETe e W SCN- 1 WK 95 Sl
21 31: sy wreEEE 3 foen o (€ W) 9g
STt @ e faerad o 11 w1 e s Sl 2l

6.8.2 SMA-URdT ohT THTS

fordlt et erfufsman o e 9eds g <@ ager
Y IR 1 AN FAIfEd Sl €1 98 a9t Bl €, S
sfafsran 1 <N ol TEmEfE S § T
AFTRTER] o Hicdl 1 G qe TEE el o Hiddl
1 G | f=ran et 1 fami | W en-3dtee
fogid, o 9ga HE W 3 TE Fa W I@ ok
IR 1 IUET HT S Hehdl 2| R SE/EH H
A (TS Higdl) T R R 7 e 21 Frefafaa
arfaferan H—
CO(g) + 3H,(g) CH, (g) + H,0(g)

T SRl (CO + 3H,) o IR Hid § SRl
(CH, + H,0) % I Hidf o &1 ST sifaferan o
qreraee s it v a9 | e o
fafeet § @& @ IR HL 3T A AT hl
aen R T T 39 YR fFReRl UE IRl i
AR <19 UF 39k Hora®y SehT TIg0T 951 T
21 o7a g grerereen | 7€l ®© T ® 1 A-viee
fagia, @n] wer sAfafwan fa fen & s e
Hregreree]] TA1TUd et ®, SHhT Idl S S Fehdl
21 =feh @ T e T T, o7 wrEeen o fen
(fore el 1 TN T @ %Y el ®) W SR
B Bl (B9 4 € Tk <@ T o diell 1 @ o
QU e €)1 38 sifufka whd Q5N gwe
S Gehdl B SW & T WA oW 1 Afafmar o

185

[CO, [H,], [CH,] W& [H,0] fshaf¥ehrehi sl Tremereen
o WZU i FEE I €| Se eafdfeman s
AT STl A T S @, @t ok oifvies < ue
TSV A & 9 #1376 7H AfAfeRar qrhe %1 Oe
e 1 A HH @Rl Wi T 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 o s eidt
2l C(s)+ CO,(g) 2CO(g) fufsman # w& T
a1 ST @ q ertafsman faada (a1 SoRA) faen o
el B, Fifen 31w feen § Hiel %1 e 9g St 2l

6.8.3 3TfehT T & ANT & YU

g e fer wad ® SR TH SAfRd T (SE—
i) S erfufsman & wm 7E ot €, i fire €
g eaiEfda @ar 21 it fEer e W fne
e fe W erfafman § wr o are ggef ®i Her
gl 31efe Sl § hiE ufedd el eran 21 Stfufsman
qThel § IRed eharel a4l Bl © S/a THelrs T8 T
srfafwan § W o9 9N SAfYERE a1 SR Bl

6.8.4 AMI-UadT hl THTS

& Ft @ AT A H REdd o RO A FWigdl
faerer Bt ®, a9 9= g &1 geed uRafda e
, it stfafsan s (Q) HrmaEen feer® (K)
o SR Tl T UMl Sifhd 5@ ardehd H IRedd siar
2, wreAreen feeish (K) 1 HF 9Rafdd g S )
M q9shA W feemies w1 fefar sifafewan & AH
o fag o faedt st 2
o ZoErdr STfAfRAT (AH FOTCH ) T AT
fteriehr qIUshH o 9g W Hedl B
o ToATEH UfRA (AH YIS ) T ATATIE
fteriehr qIUshH & 97 W 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-wmaiery fagid’ o
IR, AYHH S TR TR o &9 o THmaia
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Bl S © TS ST Y WreTeren |igdl S 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 A9 1 99e WSE
o < gl B

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

(1) (TEH)

T% HNO, ¥ Td &1 Fier Srerht &9 NO, 14
TR T ® A1 W Tk (Hhreell 1 G8Edl € 5ml
el WA o 531 Hd & <Ml Wt §
T ! el GUE SFT A1feT 376 TSRS (araldit)
aﬁm@lw*w&toppeﬂaﬁﬁaﬂ
24 Tl 250mL F o SRt TR FA: 1, 2 T 3
sffend ed €1 ML . 1 1 feusrt fag (Freezing
mixture) ¥ SFH 7. 2 HI FH & AU A F TG
T F. 3 I A (363K) I ¥ R | & ST
AT 1 et |, 2 W T W €, a6 T %
1 1 digrar Toh woE K@ <t 81 o arg 9l
I | 8 - 10 T2 9% WAt i W o a1k 39
TRt T TWEAell Hi ST A, 1 o Sia | qel
THA @A Wl SR 1. 3 o S | A sfsRan
&1 feen W arg 1 g9e 39 wan 9 fafa fen s
Hehdl B HH A9 W AL 7. 1§ SOARIN 31
IR BRT N,O, & 1 Telg fierdt € T NO,
FT FHH EH S HRO R T FT dod Tt T, e
HT A, 3 H 3= a9 W 3Iopd AR i aie
fredt 2, 9™ NO, @Far 81 ufomHa: s T

ECIIC S
(1) (2) (3)
femenrtt fagor HH & qY (363 K) W A
AU ST (298 K)
(270 K) RISEN|
faT 6.9 : aff#Ear 2NO,(g) = N,O,(g) &1 Fr=aeer
W dT9 F 9T

e fagm

HrATEEl W 9 1 Y& Teh GO SHSATIS
sfafan | off g9 ST Hewar 21
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 § IREdA B ®H Sl
AT T AF SUcTed TRt AR o a7 ! 9@l
<1 8| T8 Teh & HehHUI- 3T § o aedl 37 e
it stfufsmaneti & S 1w <1 €, Seifsh Qe
! afEfdd TE1 Tl IERb T TS Jaid Afufepan o
fau dfpeor ot # wuE 9En ¥ w6 w2
IAE W Td Y9 AfafRan fAgm W wrEreen
oA ol qiEfda &t widl B 98 Gqferd THte o
7 g feeris Tl § yehe el Bl 2

NH, o ATgIsH ol gggrer § ffor w fa=m
#, S T cd et srfufmar @ sy S o
ol Hiedl o1 & SAHHRH] o Hiedl ° H et 2
HreeE fees qusd 1 oM § Hed g1 w9 a
R AR ST Sedl © Ud e R ugeH o 3ty
% GHA Ol ®, S Sed A W fEA & R
Garosier Bl €, T offed ¥ gl &l

S TEEAR B e A <@ ¢ R ol Sae
o1 Sufeerfa o rfafsran Haioses 52 9 el 2, Siafsh
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%

qreeeer feemie o qRomd oF I ER ifufewma

%! THT gl 7 S =fey, fRg SO, w1 SO, #
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AT ERAT

SHIFHIH dgd it R ¥ g 71 wife st
TEUHfETH TRl (V,0,) SR &1 Sufefd |
st o HTRT &% 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

e T R W Aiga 9Radd o 99 arel g9T |
g FreAferfiaa et 9 o Hueh o ST -
Fe’'(aq) + SCN™(aq) = [Fe(SCN)**(aq)
& el B9 37 W o e | g watated ¢ 6
< o Sttt et o fag om0 wafed &t et €,
Safeh ST H HER 90 (Hiferw FaEe) faam
W Y fogd ¥R T YaTE BT § 9o a0l shi Al
aG o WY foIerd w1 el dedl 81 WEshd hie
J urefl 1 SR TR TeTshal Al o STHR W &
M | fieha foha— Wk ot o us1ed et faerem o
fered ¥ wenfed ed €, 3 ‘o s9eed’ seen €,
Safer TR S UET e hId, A 3 STIEA el
&1 e 7 foe Teeal &l YH: Yol e et aga
srqeredl § ofiepd femanl Welel S STUeed WA o
faea et e gof &9 @ i @] ¥, wefE
@ sryeed onifers ®9 @ smaftd w2
IR -HifeaH FANES o Sl faoed d§ g=A

187

w9 W Hfgan PF 6 FNEeS P UT WK
Safs THfed o § THRe oM TS sEefTEm
M B &1 THHT R 7% ? T Gifead wiwgs #
T 100% ST Bl &, Sieifeh UHifesk 31, <
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 #, airafien ana
FHEA | 3T, &TReh AT e oEd STTeAT o o
T o Bl 3 Yool S1al gl dEd STIeEAl i aRE
HTER Hd &

6.10 3T, YRk TS Ul

3T, &% We e01 Yehid | o419k ®9 § 9T = 2
ST §R IR A6 (1.2-1.5 L/fe) o =nfad gran
21 78 U= SR o foru eifa saveas @)1 faen
& 1g7d THifed ot T g T HR F W H
fafew ot Ud UEHhifae vl qeN THeN H TR
T IR ST €| SAhiY 37 T@E W @ B ®,
ifed w1 Acidus @ 51 ‘T’ wIsg g Tl e
gran B, forent e1ef ® wee et it fetewd i o
F A € a9 FD ergeti W Afafar ek SReEgeH
I H §| THI YR &R ol foleHd ol e
# € qu1 @R H whed 3 Tyl § WA | 2l
&R 1 Tk QA S FHIS €H T Giel 7, <

TS 1 9 oS o I Tk GifHd GieE ol 9RER § g3 o1l 14 96 %1 39§ 9% U 341
fSieg@ (Book binder) & J&l %W |G ol S8 3= 39 fohdmal i e i B2 I ofi|
St fSeg a7 aear ol srEest €et 98 (Davy) 1 YERRIE HeEe S T e §Y
18131814 H HIE Ik WY HEIEIY 1 a1 W el T 3G AET o SR o SH GHT & g
SO SR o Toeh § MU 3R Sk ew7al @ wgd Han 9 1825 | ot & 9% o o
HEIM JArEensl (Royal Institute Laboratories) & fRem® o+ e 91 1833 ® o T@RH
I o §¥H Pl e (First Fullerian Professor) sH1 %€ =1 dgel EECku
T -fITero A | ol 9 1821 ok SR S SAfushar S TR ud geehed qe 31 Sgd
T fagTdl o Hafaa o 321 o fa=mi o ouR W ‘enyfie &= fagia’ 1 gfqaes gem 91 1834 H 3=
foregd e1oeres @ weifua <1 i 1 @ie #11 HIE Tk 9gd & o8 U A1 Wb o sfe o S qedt gee
i O § R Y A o weft SRR fenl @ R @1 A g STehel S T UGS e 9| SR el off weEs
&l @ Seiq fogm &t faa-fie a9 ye9iika (Disseminated) foar, foad 39ep /1 Ul 9em@ o 9RY
1 T Yeish YhaR ok Y9 ki SToreTen Gftmferd 21 ‘ Hidemit o Tamafes s’ fama o framg s
o TeTT & T 91| S TNIHT 450 S TS YRy fRu

HEHT Hare

(1791-1867)
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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 |
faudia emafera wfieis o wea feer de@ vl o
HROT o o1 od €1 3 STael o e fer dgd =
HMeqH o qeEdl o SohHAl Bl B Sl
reifser foetae €, fSieen weRm 80 21 36 R
9 Hifeam NS &1 Sid § =il S S, 79 e
o e feord e STeRYUT St 80 o U W gl @l
S 2, fored a1 foerad o g &9 9 T A 2
J AUl & Tl Seifed gkl gUe 8l W 2l

]
o O
oo N O
o9 9 o
0 cr vo
(+)®(_BF\ < g cl
\J( Cl N Néi- -
00 ClNg
Q Cl
. é o
oo L
(8 N& ’)ﬁ) : oo
© o y cr(\
0O

fora 6,10 5e7 9 Gifsaw Faiise &1 fagisi Na© a9r CU
ST Yt STeT-379] & |1 STeTeiferd glahs Tt

gl wrd g1
A H TR T o A i gor
tHfifew ot & A ¥ 3 W B T6 e ¢ 6
Tafy < & gt o) ®, R o el e
9 SFaget el § ol w9 9 sl e B, ug
tHfifesr et 37T &9 W (<5%) B @R e 2l
ST T AT oh Heq UMK S 1 |med qen
APl o SereH @t wen W R et @1 qd o
o den oA 98 fm-fiam steff o ygea foe s
® B oo o oA, S SUH! 39 staeen § off
foem™ wd €, % S W YUFH HI A
‘e’ whed € (SRR -giferd FikEe), Sl

e fagm

AR o8 ek <, Forae S o1 foere o e
Ao S <A € TRl 79 3 M R I A
FH Y B

6.10.1 3T qAT &Neh ohi TRTTIT UTT-
RfEE o Fagager ot 9 wged &, S 5o o
STEfed B BTegie oM Hi,) 30 & 9o &R o

T ¥, S EEeifede #EH OHy, 34 1 39 &R
S ° T 3T HX &1 319 fefafad aieon o
T et T o 3 W A w1 g @

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

Th U WieH, H* Srcatues fpemier g )
e w9 U wel foaeee | sEeh st T/ el
75 foomoe Si@ 1] o offedls § Sfud gt
i frafret ergifEm oM, HO 2@
(afed 3@)| B9 H'(aq) @=M H,0*(aq) 3 i &
S gEge STEM, St Siat Tupstl | o gam
T WEH B, o B9 H WA § @6 §| W e o
TH WIMTUE: HY(ag) a1 H,0'(aq) 1 3Adesd T
AN | EeRT A St e 2

34T YRR MOH 999 fohdl & o1 377] Seita

TIESIEH T EEgadet I
(3™ =10""%cm) B T& Sl 310 W T foeq &=
T o HRU W T SA- 3] TR IY(EAT I THTRT
gl § foRdl Tk & WY JeR H,0* I 71 W
iRt 1 g TR (ST -H,0"Cl) # 2
e § Y T B | SeAtd T o ety
A R | Sterifsd gl H.O;, H O @& H 0}
Ty TS WA €1 SE YR BTSSR
SIS it g Seoeres wfieist H,0,7, H.O,~
a1 H,0; 1t = <1
/q—H~...
../‘H Qs
JO( 5, /S*
& % ,9/ \~Z~

HO'
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@i ARI4

(1859-1927)

1 AEd SR e

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 THG: NG R0, FHeam &, &
MR T AMfRa-3T sl a9 W Fsfar =1 gl fwam

ERdE| Eh_sp &5 | R fowam gforen w@EE (Immuno Chemistry), ERIEACEIE]
(Cosmology), Sta &l €d (Origin In Life) TN fgH-F7 o HRUT (Cause Of Ice Age) Faelt &=l H I7eh
TEYUl ANRH @1l d TH g =fed o, Sl ‘I 389 g9’ i 98 A I ! ool il T
1903 ¥ forggd-sTereai o foreres o figia T W fomm o6 foaermd o sdent STAIfTar W 3= WA faam

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

TEeifod e ft Sefa faoem | et
T Y @l © (9 ) | T SR Y -
YR 1 3 HEW 2| TE had gl o Sl
faem ® & on] et 71 T8 it S8 sl %
& O ) T T Y Ul €, o g
g Tl B
6.10.2 AT AR A TG &k
9T WS SR 9728 (1874-1936) Tl 3
W 9FE T @ (1874-1936) A Tl U9
Q! hl Teh e =AT9eh TR < SRLs-ar
fagid o TIOR3 ured, S faeraa § e He 39 |
e ¥, ot € den o ugred, & faeeH @ e 1Y
Ul Y | WeW ¥, e 2

g9 H TR WieHaal U1 &N Wed Uil
&l

Z&1 B9 NH, & H,0 ¥ fae@e 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
|—1;ﬁz“|=r E[FH;T

F B

BESifd ool &1 3IufEAfd o HRU &RA
forea ol €1 STl SAfufswan § Sl Wield g @
q STHIE W €1 sufe 3R wEE: SRS
T AU IRk Fed &1 Schd AR § W NH
¥ OH ! TIFIANG Bl &1 787 NH, S==% 37ret Tol
OH FRT &R I w1 ¥ &1 H,0 T OH 37erl
NH; T NH, T 37 3R &R o I8, S o
Teh WIS i Iuferfa = stqufertd o &ro 3R fvm
g, GO T- ek I FEAd & T UHR H,0
T G RF OH © 92 &Rk NH, 1 TIHT 37t
NH! 21 A% ST 31 Wael & al gkl 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 Wi ®H el B

S H TR T oh I SR R
fa=am &1 HCI (aq), H,0 3T7] i WieiH 3T 37 i
i T& H,0 &R I i =eeR i 2l

I—uﬁ?ﬁﬁm%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: Cl 37 HCl
3 1 G &k € T HCL, Cl &R 1 Fgret
S €1 T R, H,0 i H,0" 377 ol T &
TS H,0, H,0 &% %1 T 37 €|

T T 924 € foF STt U 31t qe U &R
1 @e el it <wiar 1 HCl o @ eifafewan
H ST &N 1 Te IR &idl &, Sefh T &
T WIS TR Teh 37 i Wifd sFeer il €|

ISR 6,12
frafafad a2 stl & fau S e =
€2

HF, H,SO, T2 HCOj
T
Yo o W R W U WM wH E
=fEW 37d: HId HIH &k HAIA: F, HSO,
T HCO; T
SERAUT 6,13
FLT &N NH,, NH, d@1 HCOO™ & fam
HTd seE o fafeam)
T
Tl 3T °h UM & ohi STUET Tk Wi
ek BT =1feU| 3Td: TITd |TH 378 Shul:
NH,, NH, d¢1 HCOOH |
SEEIUT 6.14
H,0, HCO,, HSO, a1 NH, S==83Td qel
LT AREH-SHl IR H F1T HR Tohdl 2| T
o feIT STa WY el A ek fetau)
T

S Trefortad aroft o fean e 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 ‘SoIGR JTHSTET o &9 U Ui
Temam STef a% &a 1 997 €, SRR-alid &k el
9 aRE | *E faem iR € 2, Fifw A A
fagidl o &TReh ThTeh! TiaA I A1 ®, Wq
e Togia o STER, 9gd 9 UQ uqe off e 2
S e & ¥1 w9 Teieei 91 BF, %1 NH, 9
Affsran sHeRt Tk fafiTe 3SR €1 39 YR dRiRfEd
TS SoidE i HH o1en BF, A NH, o @Y
ToRaT Y SUHT THThT Seae JTH Tkl 3T hl S
I Bl 39 eAfuferen @ frefafaa wHieo g
Wt feRan ST Hehar 2

BF, + :NH, —BF,:NH,

ToTe &R TS, S — AICL, Co*, Mg
AR 58 Tt & Wifd IgRR HXdl &, Sk H,O,
NH,, OH ¥iflst Sl T el I < T Fehell
2, oY &N I TWE HIEN H 2|

IR 6.15
frefafed 1 ogd el da gRenl § fishd
HIFSTL 3R ST foF 3 T Feer i qwid 22
(%) HO (@) F (1) H (%) BCL
'

(%) = TS PH TH EH &RF B,
d: T8 TAHA FH T HT Gohal T
(@) Ik TIIANEE O T §RE ©, T
7E =N seiR W | 9 fRE @ # am
T Hehl 2l

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

() T IRF TRFANES BCl, EH 3T T,
3T STHITAT ST 3THI STUjsti oTfE eTehi
Y AR I o Gkl 2l

6.11 3TN Ta &Nehl oAl ST
it TEmEfTeh o Siferer Afafshamd Stefta wesm
o et €1 3% wHeH o forg emifaw @t gl &
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STIER 3Tl T &R oh STF9 i foe=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 &1 TH YHR HfuEn BEeieEe (LIOH), difead
TGS (NaOH), W™ eEge™Es (KOH),
e gEgieEe (CsOH) Ud afFm grRgieEs
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 SER Wl ST Wehdl €1 Eh
SR, ‘Yad 3T’ | dedd U 399 WeHRal’ T§
Yo ek ¥ qeqd ‘39 SieuEl’ gl

ToA I HA o -8R foris & W
formm -

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

A gRh T Tl WY &R

@e 6.10.2 H T <@ fo o (A &RF)
foaeH 9= UF WM o o ud ydrm fewm o
TAHIAROT H Jokd Ueh TIfieh STarE €1 376l 78 U9 Sl
2 for =fs @ ik @, 1 o w9 & wi TR feam
o S BIM? 39 qHIferd Hiarel Uk Sl i |
22 3 YTl & SR <4 & forg g9 feriem W o
gfmfad g ol (A1 §Rehl) oF e &1 ger &
Hof o foar 371 Swiea aftia s fadiem o= o
Sufeerd € 3wl HA T H,0" W fo=R 3| &4 I8
AT B T 0§ HIA-91 Yol WeHe 21 WeH
W & gt ot ygfa o= @ erfuss B, 9% ‘e
3T’ BTN Ud | Soel 377 ohl 9 H TR
T S, A HA, H,0* ¥ 79 37 ¢, df HA Weid
TE HAM, H,0* T8l fooa ¥ 4= &9 4 A
H,O" 3PH B | gad o7 e &R i fen o
TR B B, iTh Welel 3TRT Uelel &) Rl Wi
9 B

Tk ITIER, Joel 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 37 HI, TE(H 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 @ AEgH 37 (HNO,), BIEgIHsiifish 37w
(HF) Td uffess e (CH,COOH) WdlehicHe geicl
T B1 A€ A A e A @ T gee el
T N Td Jad eld 1 ST ok fAu, NH-
,» O T H- 3TH Wl 81 31: H,0 ¥ 3Ted e
I I | 2 [ B 1 1 M W || O [ e
foeta shTeifen ifiTeh geet el shi Hifd STeer S
g1 TIeh 3 (HIn) 9o S &R (In) =1 <
Turi #)
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
T I I ST T AR
-k -9
T TRl T ST T R STTAIIA H Gefh
% ®9 H H* A & wigd Feprer o fag e
Sl

6.11.1 ST AT I femiar 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— Il i /@
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 T €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 & TS 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 e H
3R OH P &1 H& aer Bl 2,
BEgfoA STl i ®igdl, [OH] = [H] =
1.0 x 107 M
TH TR, 298 K W K 1 AN
K, =[H,0*[OH ] =(1x 10722 =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 THY Y[F el 1 ekl &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 si@ &1
S
107 / (55.55)=1.8 X 10%0r ~2in 107°
(39 YR 9 g&d: sifaditsd Siat o STugsti
FT A T 21)
T, e 3R SAA Weltd oo
H,O0* W& OH ! HWigdisdl o @i HEl gh
fasfea foran w1 wehar 2—

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

6.11.2 pH &FeA

BRI AT 1 HieRkd § Wisdl i Th TLHE
HYshH (Logarithmic Scale) T e 9 y=i¥a feran
S ®, 59 pH @het el Sl 2l

BIESISH 3 1 Gishadl (a,,) o RUMHS
10 3T TEOUh T HH i pH Hed 2| HH Figdl
(<0.01M) W TESSH ATH &1 TAfhad, TETHS®
Y § HH] Hiewdl, S (HY) 51 G 1 S 2,
T Bl | BIEQISH I 1 Gieharal o1 whig gohe
Tl B T, T 39 G g uReifE feRer S
ekl B—

e fagm

a,. =[H"]/ mol L
freferfiad W pH TS SRS ST iR
¥ ey quifar 2
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 TRl Y& A STEHH 5 H 298 K W
BIEEISH 319 1 Tigdl 107M eidl 8, Safery gesht
pH = -log (107) = 7 &I
I hig Seltd T el €, 9 SHe1 pH 7
¥ %1 @ A 9% &K T, 9 SUH pH 7 U Ak
BT
ERRCEI
st foera &t pH< 7
WﬁwaﬁpH<7
I fae=A &t pH =7
319 298K T AR FHIHII 6.28 T THi—
K_=[H,0"] [OH] =10
GrfRor o M 3R 1 FMCHS 0 o W
-log K = —log {[H,0*] [OH]}
= —log [H,0"] - log [OH]
=-log 1074
pK, = pH+pOH= 14 (6.29)
M 3 A 9 ue @ R wmfy K s am
AMIHH o T qRafdd i &1 qenfa qosRE o e
pH & #M ¥ UREde 3a 7 e § T 8 e
IqHT YT HT I F
pK_ Setta e o fee aeweref afer g 81
7TE BIESIoM aT BESIaae STl i @igal 1 Fafa
T §, Hfeh $TRT UGS R el §1 ord: IE
e @ Toh pH WI9shH o0k eial @1 pH o HM
o Wk 3ohTE qiadH 1 e © [HY] 1 Eiga § s
10 &1 9RedA| s& YR 9f% BESeE SEA |igdl
[H] ® 100 T[UTe o1 GRedd &, d pH o A ¥ 2
THTS 1 TREH ST 3Tal 39 T9e T ght o a0 g
g pH W 9Rerd= 1 el &9 T 3d 2
Siferer T gEeA-HeEt eyEnt o oo &
pH &1 A9 STcafeeh eegdes ¢ pH IR, S fafvm
pH =Tt forerad & fom-fom a1 a1 €, 1 wewa o
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AT ERAT

pH o SN T 1 Al AN ST Hehell €1 STTSTehed
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
il
i;t-:l. .
- REEENR
i
fara 6.11: T pH W 7 37 {Harc pH IR &1 9]
qfeear

<

Iea Feqeddl o faU pH WieX &1 S9Am foman
ST €1 pH e Tk TH 43 7, S wlero-faerad o
forga-fawa W amaid pH &1 AI9H 0.001 e
T YAl B STSTehel SSIR § el o ser SR Rare
pH Hie 9@ e U €| F5 m= g 1 pH
IR 6.5 W & T 7

IETRAUT 6.16
T S o T H BTSSR i "isdl
3.8 x 10°°M | THT pH I T2

kgl

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

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

37d: U9 uSred T pH 2.42 B 98 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 ¥ 9« H,0" |

H,O" Wiz (i) S 9fefd HCL ¥ Wt et & S/—
HCI (aq) + H,0 () = H,0" (ag)+CI (aq) qen
(i) ST oF STEAIRTOT | Wi Bl &1 F8l <Al
H,O" 3Tl W o= & am—
[H,0'1=10"°+x

K,=(10°+x)x) =10"

FUal x° + 10°x- 104 =0

[OH ]=x=9.5x%x10"°

31d: pOH = 7.02 7 pH = 6.98

6.11.3 g1 3T oh I ek
BN, At faerad | oniftres &9 9 trf1d T geia
37 HX W fomR 3| fr=fafaa seeon o o fedt
ot gfteRtor gR1 ifaifsd HX Wd eT@Fl He(aq) den
X-(aq) o TeA Tonfud Grereen & g feen sn
Gehell 21
HX(aq) + H,0(l) = H,0*(aq) + X*(aq)
YRfYeR Higdl (M)

c 0] 0]
M o SRR 1 AGT B

igar ¥ qRadq (M)

-CO +Cco +Cco

WRUMT 6.5 FS WER Ut s pH & HAH

gd o AW pH g9 o AH pH
NaOH 1 9q« foeraa ~15 ST HRIHT 5.0
0.1 M NaOH farerd 13 THRT H ™ ~4.2
[ HT g 10.5 g U7 a1t qen fawe ~3.0
foaeeh st Fr=ffern 10 -t 2,0
31 1 WS WF, TRl 5 7.8 - ~1.2
RISCERIEL 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 CcCol
el ¢ = Afaaife ot HX 1 9Rfwe digar
Mo = HX o 3TEH 1 AGI B
T Hohdehl 1 SYAM HI o TH ITYF T
fodrem W o fau grmeen femis Jod a1
Hohd 2
K =c*?/ c(1-0) = co® / (1-a)
K_ o 377 HX %1 Taasm an omaee feerion
ed ¢ T4 dehfcush B9 § 81 39 YehR Hieldl & &Y
o yefi Y Wehd B
K, =[H'][X"]/ [HX] (6.30)
fordit Taf¥era @0 WX K &7 W1 oTRT HX &t
WaIeTdT T HIG §, ATgiq K, o A T st
BT, 3T%A S € ik weret M K, fammfea
T3 &, Forad ait itsiier et Higar st aeR-aTawEn
1M &1
FS g gU Al oh 3TIA-TEeish |RO 6.6 H
faw T ¥

BISGISH AP WigAl o Q. pH ATeHH ga1 AT
g for 58 pK o wifafiad o= wiefis o fer o
fau ff ygaa feman w2
'Y T,
pPK, =-1log (K) (6.31)
37 o I feeid K e URIWR Eisdl ¢
A BF W I TS T A Gl q ST o6
AP T AT W foer@d w1 pH 1 U H9E 2

ARUT 6.6 298K W FB T TU gaicT 3Tl oh AT

Teertier o @

A A feeiss (Ka)
BESHNG T (HF) 3.5% 104
TELH A (HNO,) 4.5x104
HIfHew 3T (HCOOH) 1.8 x 10~
e (C,H,NCOOH) 1.5% 105
uHifesw e (CH,COOH) 1.74 % 1075
g 3T (C,H,COOH) 6.5 x 105
BEAHARE 3 (HCIO) 3.0x 108
TS 3T (HCN) 4.9x 10710
T (C,H,OH) 1.3x 10710

e fagm

gt AYASTIA F1 pH 3 W&l A Fewtell T Tkt
T
ug-1  foue @ gd 3ufeerd wfefs i sRes Rl
TR/ oF ®9 W T fRan S B
ug-2  ueft geifer sifufsransti o o wgfera TR
fore S €, Se—wdfiefisr, St 3t U &N <M o
®Y § ®F w2
Yg-3 I=d K, el i w6l mefhe st
& w9 | fafeq fan sman 7, wefew o= sifafwang
T Afafewar Bl #)
uyg-4 wAfhs Afafean &t it wieis o =
A 1 GRON o &9 H et A s 2
() IR Figd, c
(@) I &t AR SR TH W AT &1 A6 o o
&9 ¥ gixar § g
() A Eigal
Ug-5 HEa Afaferan o fau wrmeen femis
THH | G Wigasl o WHl o o fau 7
F 2
Ug-6 & AfRaAT Tl TS Sl Fgdl Sl 7M1
F 2
Ug-7 pH I TUH
pH = -log [H,07]
ST fafer 1 30 I ¥ qHART T B

34TE{UT 6.18

HF &1 394 feo® 3.2x10% &1 0.22M
forer § HF &1 T3 &1 |76 1 31 T
o 3uferq @ wfiefis (H,0', F~ 9 HF)
1 Higdl qA1 pH ki TUHT HifSTl

'
frafafed gie TR sfafwa g9 g
() HF + HLO=H,0 +F K, =3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=1.0x10"
Hifh K, >> K, 984 aAfafsman
HF + H,0 = H,O + F
YRR Fisdr (M)
0.02 0 0 (0
Higdl IREd (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 §9e &l 1 &Fd: o= 0.12
e ¢ f W 9, o= 0.12 ¥ a3
TS (SR—HF, F~ qe H,0") i ST isemd
79 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

33Ul 6.19

0.1M Tehel &I 375t T pH 4.50 81 T
T H',A™ ¥ HA ! Higdl s AN SIfSQ)
Y Bl Thdl fRIF 37 o K, a1 pK, o AN
St ol TUET FHINT

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 10°) = 0.1
K,=(3.16x10°7/0.1=1.0%x 10"
pK, =-10g(10°) =8

defeqs &9 4 ‘foaieH wiaeaar’ fadl goa
3T HY | I TUAT T STANT HIUHH B
39 39 YR fea T e

195

= [HAl. 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 HOCI &1 fqaism-ufama
Al
&
HOCl(aq) + H,O () = H,0"(aq) + ClO (aq)
YR Higd (M)

0.08 0 0
grreEe & fog aiEdd (V)

- X + X +xX

e Higdl (M)

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

-
x100=1.41% 10°x 10° / 0.08 = 1.76 %.
pH =-log(1.41 x 10°) = 2.85.

6.11.4 AT QR AT AT

§Reh MOH b1 3TaA fefarfad dtentor g wei¥a
e ST TRl B
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 s
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 Figdl 3R
o= &R o AT Ht AT
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S G WW el @, qd 9 fenis
frefafed w9 9 foman <1 "ehar 28—

TS g1 U &I o AETH-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 FHTefTh ANTH TH HT TE oA &R &

T it &% ofew €, T koW eifuss
TIEISH TAY] 31 gl 5N giaeenfua g &) S8
foretd=, #IEH, foed= qan feifed, 9 aga
I &N €| T 39 K, o T 9gd B B &
it Sia | frefafaa eifafsran o werasa OH-
A S HIA B—

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

TIESIST ST Higal g pH Thel a1 STANT ©
o 39 o= i v Tl o6 fore off e fohan
T #1 T YER

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

IETETTT 6.21
0.004 M EESSH foe™@™ &1 pH 9.7 81 39
K, T pK, 1 0 Hif)

&'A

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

T pH ¥ TR 3T¥H HIgdl i UM &
Tohd &1 TIEGISH S igdl Td hieh 3R <l

o AAM® [UARA § TH SRSIRIA ST i
Higal w1 TOMT L 21 39 TR,
[H'] = antilog (-pH) = antilog (-9.7)

=1.67 x10™"°

WA o

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

Hq BESSHa9 3T¥H i Higdl 1 AF ot
TIESIoRIel 3T i Tigdl oh FHM M| $ I
TR 1 TGl 9gd HH | 37d: Afdifeid &R
1 Wigdl 0.004 M ot ST 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,Cl T2 0.1 M NH, s g § =1
fore@ o pH T TUMT SIfSTl NH, foe=d st
pK, = 4.75 ®|

'

NH, + H O = NH, + OH

NH,, 1 313 e

K, = antilog (-pK,) 3‘[%‘??[,

K,=10""=177x10°M

NH, + H,O = NH, + OH"
YRR TS (M)

0.10 0.20 0
HreEE W qiEdd (M)

—X +xX +xX
HrTEEe 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 ! o |
x I g9 Uferd X Thd €l
[OH]=x=0.88x 10"

zaferT [H']= 1.12 x 10™°

pH =-log[H'] = 8.95

6.11.5 K, AT K, § Haie

T 1V W B9 UE 9 ¢ [ K, 1 K, I 3T
R ek 1 wed 1 g9id &1 Hgr - e g
T 3 Th-gR ¥ Welad ®9 9 Heifd g 21 A T
1 WM TG 8, @ TR H A FHA ST HRA 1 NH;
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AT ERAT

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 ®9 § a1 K, NH, &1 &
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 39 E=AeoT gRT S ST Gehdl 8— & 4T
et ATfufeRamatt st Sg W SeRt we o STfufgReT
w1 grEraeen-fretes y@ew srfirfewar o=
AreTeer-feerieh & UHEA & sk gl g

K, =K XK, X.... (6.35)
U YR T &R I o fau
K xK, =K, (6.36)

I Tk T AH TG B, A S HI A fRAT S
Tohdl B1 IE A <1 =IfET foh geet e1ret 1wl
&R ool e et 3T 1 HYTH! &R Walel ©idl 2l

JehfeTh 9 § STYH HHHEW K= KX K,
i e -fods wrmeen Afafsha 9 «f 89
F Thd &

B(aq) + H,0() = BH’(aq) + OH (aq)

K, =[BH'][OH] / [B]

S W F WEA fER w6 L oW W W
Y g G o ® SR femem femie o wimfed
F T T 1 Suged gl i O[HY] @ T
FE qA 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 S, @ ST ST qe &R °h Wl bl Sarud
fepan ST Wkl B

pK, + pK, = pK_ =14 (298K®T)

IETEAUT 6.23

0.05 M ST foe@q i STEEA 7 91 pH
TSI STHIET o ST-H-Eeris &1 AF
afaest 6.7 ® fean mn 21 emifn o wgr
3T T A feeaiar ot Fa wifsu)

Kyl
S H NH, & & 39 YR <04 S
el 3
NH, + H,0 = NH,” + OH
(6.33) THIHTOT HT ITANT T o EH BIES T
I T TiFAl T TN X Gohd! &
[OH]=ca=0.05a
K, =0.050"/ (1 -a)
o T T HH €, 37: THIH0 H T 3R & &
1 &1 qel § o 1 07 OF T 2
SIRK
K,=ca® 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 9] Tsh o Afyues afa g
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Al W B 1 UW STl <Rl Sg-&TRehT A1 Gifeasifesh
3T o A G S S © 1 SN - fgeaneta et
H,X o fou st stfafsran frefafea e g
T St -

H,X(aq) H*(aq) + HX (aq)
HX(aq) H'(ag) + X*(aq)
AT G e et FefetEa -
K, ={HHX]} / [HX] (6.16)
da K, ={H1X*]} / [HX] (6.17)

K, W K, & 3 H,X &1 oM T fgda
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 7
R 3T
TSR 3T
TEfew v
THIEhING 3T

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

5.9 x 1072
74x10*
1.7x 10
AAHH
43%107
74x10°
75107

4.0x 107
42x 107

T4 YRR @1 S Tohdl ¢ foF =g Hifess ot ok
S=a Fife & o (K, K,,) et & 7 fm=
Fife & STEA-feri® (K) ¥ %9 89 €1 39 HR0
7 ¢ for Teer foga-cil o RO UM 3@F 9
YT Wiei Fsehiied e qYehel 21 39 S
H,CO, Tl EfR[ HCO; | Fref ke | <@ s
Tehdl ¢1 T TR fEemaf HPO? U § H,PO;
1 G § W w1 ke e B 2

g Wiew a7t faerem o el &1 fhsor g 2
H,A ¥ fggifes e o fome, H A, HA- 3iR A2 &
fagor g 21 mufoew sifafwan & HA &1 foem
qe H,0* Wfmfe g 8, S s & yerm =xo 9
T B 2

e fagm

6.11.7 TFA-AHS hl AT FAATA HRh

3T qAT &Rehl i HAETCHS Tl &1 foe=m o
qeaTq B9 forelt ST gU 317 &l pH HH i TOMT &2
Tohd €| W e e So 2t @ o pw et ar
F1 ol § Yool I eid 87 3% Afesh Yo ST
FRE FI &2 TUHT I Teh Sifect q27 81 aAfeh ge
®9 Y TH I8 FE Ghd © 1 Th 3T 1 faaeH &1
T H- A 99 & 9Wed T8 gauar | R
Fdl B

AHE: ST H - A &% 1 G sedl €, stefq
a4 o faaem § srevas e ged ®, @ HA @
IA-gmed wgal €1 S YR e HA Ty feeh
gl g B, Sifq H de A WHEH % me
Y-l F1 FR d&al 7 X AL TR
gfterd e €, i ey w1 ferier el 8 S €, S
et | gfg &L 2

W FE A 3 A o 98 @ fm o av A
S AROf o6 3T WHE o % 8l, A 99 Hl Y
hfd I ol § H - A AEY gyl swefiadl o
freieor & yq@ wR g €1 o H = # SR 9w
W SA-G A T AR aGdl 7, - H-A 3Te
gmed Tedl € au 3Tl qHed Sedl Bl Seretoned—

AHR | g
HF << HCI << HBr << HI

s 9ol # gfg
T YHR H,S, H,0 ¥ JaIam 37 ¢
e
1 e e € dl H— A ST 1 georan 3eet-gmed
1 fifid #0 & Aoyl FRE 71 S g1 S-S
A Y fagRom sgdt ©, & o7 w1 gmed st
Tl &1 SSrETone—
A &t fageRa ¥ gfs
CH, < NH, < H,0 < HF
s 9o H gfg
6.11.8 3T UWd &Wehl o I W HW
3T YHTT

33N, UHifeh 37 o1 3Rl o, fordent foae 59
HreeEe gR1 WE fohan ST Fehdl 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 o o fooem o wHiRe oA &
e W BESISH APl 1 Figdl Tedl ¢ 36 YR
I e |d 9 1 e fuerny S, @ grereren
siferifo Ueifesw et o1 o foreenfud & St 2,
teiq =9 foon ® owRR B 7, food grEeer o
Higdl [HY] St €1 TE S WH A YA
3T 21 ot v uered o T @ S fersres @
¥ ud o Sufterd emafie wiefi 1 SR Sy
FIETHY e 1 faeerfud il ©, 98 |d
T TS’ el 2l

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

0.05 M UHeZ 3T¥F i 0.05 M THifewh 31
o el W pH w1 TN 9 39 TR Y Fehd &—

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

RIS FEar (M)
0.05 0 0.05
g x THifewr 7 U A=A ki °E0 B, o
Figar | giEdq (M)
—X +X +X
g gigdl (M)
0.05-x X 0.05+x
T YHR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-X)
e o7 o felg K W B ? x << 0.05

31: (0.05 +x) = (0.05-x) =~ 0.05
1.8 % 105 = (x) (0.05 +x) / (0.05 - x)
=x(0.05) / (0.05) =x = [H*] = 1.8 X 10°M
pH = log(1.8 X 10 5) 4.74

SETEIUT 6.24

0.10 M STHITT foe@ st pH T TOAT hifsTu)
39 9@+ o 50 mL &l 0.10 M 3 HCl o
25.0 mL ¥ A9fsha F@M T pH HT TOMET
HifTT) eI 1 forrsm feedis K, = 1.77 x
10° 2l

Rationalised 2023-24
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&'A

NH, + H,0 — NH, + OH

K, = [NH,[OH] / [NH,] = 1.77 X 10
IR § o

[NH,"] = [OH] =x

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

THfery [H'] =K/ [OH]=10" /
10'/(1.33x10%) =7.51 x 10"
pH =-log(7.5 x 10%) = 11.12

25 mL 0.1M HCI faera (31eiq 2.5 fheft da
HC1) & 50 mL 0.1 M I faers (a1eiq
5 mL Ald NH,) ¥ f5an w 2.5 faet o
aﬁﬁmmm@ﬁwéaﬁélm%mL
foeed ¥ eTREed 2.5 fHef|a NH, 319
qen 2.5 foelidiel NH, @© S 2

NH, + HCl — NH;+ CI

-5

2.5 25 0 0]
HHITETET T
0] 0 2.5 2.5

ROl 75 mL faere | 2.5 faelmiel NH,
3TFH (0.033 M) a2 2.5 el

NH, 319 (0.033 M) T W &| Trqreeen § 78
NH, 39 YR T&dl 28—

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

Tfl%\i'y = [OH] = [NH,]

RO 75 mL faed, SR & 9eEn

2.5 fiefiiiel NH, 3T (0.033 M) § JoK il
21 37: NH, ﬁwmwwﬁaﬁ%—

[NH,1=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
3M: y=1.77 x 10° = [OH |
[H1=10"/1.77x10°=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 eifwferan g/ s
T AU 1 STt | ST BIell 1 3T gRI s &A1,
FUEA Seltd faeEd § Serited B 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 ieHa 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% et STa-Aferd i &, STet-3Tqefed
TET B4 T | ST Yool 7wl a2 Yeel & © & e eol
o =iel SIEH B €1 A SR pH 7 Bt 21 Fafy
3= YR o ol o1 STl ST Bl

3@ W fAfafad @& & Sa-3Tqeed W

foe 5 €

() TS Tl UF Yol &I oh a0, IR0t —
CH,COONa

(i) el STl o Jecl &Reh] oh oidvl, IR —
NH,CI, qe

(iii) JoCT ST TS ol &TRehl oh U], IRRLOM—
CH,COONH,

Y| 30 H CH,COONa, a1 3+
CH,COOH Tl Yol &R NaOH 1 @@ &, Sl
Sfeft T o golqen emafia g st )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

T YRR o1 THRS 3 S o WY o
STqEfed gl UHifesh 3T e OH- I ot ffoT
F &

CH,COO-(aq)+H,0(l) = CH,COOH(ag)+OH-(aq)

THifes 3Tt T goet o € (K, = 1.8 x 1079),
St forerem | ermEfa € @l Bl 39k R0 faera o
OH" 31l &1 Figar ® gfg &1 <t 2, < fae=m =
AT oA B1 39 YR o9 foerad 1 pH 7 9 S
B 21

T YR A &Rk NH,OH @ Jaa o7
HC1 § 9 NH,Cl 5@t | qufean smafa &t s 21

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

e fagm

SATTEH 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
T AN €1 98 foee o oFEfa wd @1 56
R faerEs o 1 EH Higdl 96 Sl @ 31
foaea™ =1 sl o It €1 e1a: NH,Cl & 5ia
foera= &1 pH 7 ¥ %9 gl
Ta STFA q A &Rk G ST T A0
CH,COONH, o STel-3T99e &l 38| 36 51 faY
T SARA T ST TH YRR Bl e—
CH,COO + NH; + H,0 « CH,COOH +
NH,OH
CH,COOH @l NH,OH ¥/ ®9 ¥ 39
TR ST @ §—
CH,COOH = CH,COO + H*
NH,OH = NH, + OH-
H,0 = H'+ OH
faedrR @ o fopu fomm e 1 Gehar © T
STe-3T9EEA 1 A faera 6t digdl @ s gl 2l
a1q: fere™@ &1 pH e—
pH=7+% (pK - pK) (6.38)
foeT@ =1 pH 7 | ST B, A} ST
Bl A1 pH 7 ¥ ¥ TAM, AR R RKUMHS Bl—

IETEITT 6.25
UHifesh 3T 1 pK, a1 FAHTEH TESIFES
F1 pK, HEM: 476 IR 4.75 T SHITEH
THee faer@™ &1 pH &1 TUMET Sifsq)

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

6.12 IRI-Tae™aq

IR Iufted 3 W (IR AT ) F
f4feea pH B €1 37k pH o gem IRed IR ok
3% 9 FH T FE (Malfunctioning) T {3 %I
#% THEtE T Sfae efdfwaet ¥ st pH W

Rationalised 2023-24



AT ERAT

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
faerem, TSRt pH O & 19T 30T a1 &Rk
T At AT e oF @1 ot staRafda e
2, ‘aw-faereq’ wEed &1 9 pH & faeeH 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 TH
faeraa a1 € den rEifEn aoiRiEee Ud S
TESIFIZE 1 990 pH, 9.25 &l B 9% fererrmt
o a1 | S=a s | g 3R et 9

6.12.1. IHT TI=T AT

pK_, pK IR WEfteries %1 9F &8 T pH &
A fIerE o9R § WEEd i B AR 2@

o &9 I8 Y FT THd B

TA-THT ST

3TFA pH 1 %R 99 o oL g0 goa o
SR TH% §W WAE &R & WY a9 §H e
Ad0 1 SUAN H &1 B pH, o A &
qre feoish K #iR gefel et R geh wfed
& i Higdlel o TI H Ty T&Ad wE
el TR T hd &1 U g feefa o
el ool 9T HA STl § STaispa el €,

HA+H,0 = HO0 +A

oo foru wn frefofed e foe g 8-

_ [HO'][A]
Ko = TTHA]

ST ASTeh ol AAARYd el T
[HA]
KA
T TR T AU T o 918 TaI ! AeAafeerd
FH W TH I B 7

[H,0"] =

201

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

ST (6.40) TSUT- BT FHIEHTUT Haeldl
%|%,a’gﬁqaw(w) 3t fagor o
IUfEerd eTret Y FIEAIStl 1 STUE 21 3T ot
B o SR 9gd HH ST Bl § SR FiEdl
[HA], % a9 &1 fau Q@ o1t &1 @igar 9
e € T Bk €1 Wy €, iRt wefied
NF, [A], 3T o G0 o AFHIhd BH T W
eI B T TfTd Rk Wi WSl ofd0 i
sl ¥ hael o = grf safe Feientor

(6.40) Tfcfad R ¥ ®UEka &1 S o-
[T ]
pH =pK, +log
[emA]

g TR (6.39) H, [A-] ST Hixdl [HA] Tl
g o aUeR B @ pH = pK_ B8R, Ffh logl 1
M I B 1 TEiT A gH o SR ofe
(Fgf9a &Reh) i AeR Fixdl SR o a T
%1 pH 377 ok pK_oh SR BN 37d: 374fard pH
1 T T o T g0 T ST &1 =TT A
& Foreh1 pK_ 3TUfard pH o SeR giar €1 Uifee
ST T pK, M 4.76 B €, THfGT UEifesw
3T iR wifeaq tHiee &1 SR AT H Sl
AT T IH T pH T 4.76 B

gecl @ 3R 3Heh WfHd o § &
IR T T F favemy frefafa afems S,

[Gfra e, BH |

[&e, B]

pOH = pK, + log (6.41)
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TR Toera o pH &1 dRehe, THIH pH
+ pOH =14 <h1 3YANT <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

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

Ife e SR TEeh GYfHa ofe (YFEM)
il aUeR & a@ 9w o™= &1 pH &R o
pK, oF SEX BN STHIMAT 1 pK, A 9.25 Bl
2, 31d:9.25 pH & a9 TH H9H Higdl o

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
! faemeea & w9 4 fef| &9 ¢, st 92
FOTcH eIt 21 37a: T ta gfswan & Sl g
Bl B | Taetentad St 1w foemas ®1 gehid
R faft et 21 sy (weEasw) faams o
foremaesh o et &1 A0 %9 erdl ©, S el i
SINERCEIREIRC U] (Overcome) HE | 99 el
2| uRumHEEy Tavr sy faame § Tl sera ©|
Ifg ST T Tk IE 20 ° S § ga g
2, 9 TSl faamEsiaT TSl oo wi Sl
et 9 erfuek BT AfEUl Yedeh e H1 Uk
sAfyenemia facad it €, st a9 W et
21 U @l 1 ot faferse factaar eidt 21 =g
A R ek w2179 3 dE i AT faeE
o YR W A o o fawifed s 2

It faermm @R st iEs fooee 9
TR S Hehdl 81 STHIEY FANES SR ST
TESFARE T a1 I faeq o foau g
(6.42) T TEY BT-

. +
pH=9.25 + log L3 <t BHT]
(57, B]

TR e o pH W TR0 1 TER &l
ISl Hifch U °h Sfqd STH dell U
Tfafdd e 7

6.13 TCUTTAT TN okl Taei=ar
HIETTE=AT

Y 9@ € T oo ® eratae Sl 1 factmar W
ogd 3R a1 21 39 § o dl gad et faea
(S8 hfeaam FarEe) © fo 3 yfa § smdanmet
Bid € au1 argHed ¥ Sa-ard wifad e o €l
FO I (S8 A wqsiuEe) w1 e
a0 %4 2 foh 3% g 9o Cerfaea’ wed 7
foretaar % aral W frudt s 2, o 9 g v,
AN I etk ST (Lattice Enthalpy) a2 faeraa

il | faom foc=ad > 0.1 M
0| T & faem 0.01 < faera <0.1 M
it 11| 31y faom faetTd < 0.01 M

9 80 9 faog omaftes <o qen sEeh
Hqw Seita faeem o &9 g | TR &

6.13.1 Taoraar oHwe e/

Sefta faere & dueh o 7, W foeaR ) sefed 3|
oIl Sk T faeras oh 3T oh Hed WTmaeel i
frfafad w5 v fhar s 8-

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

e feris frefatad g i weiém

fopan wman 28—
K = {[Ba*][SOZ1} / [BasO,]

35 39 g w1 igar fer e 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 Hgw faeew o @y
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el | 7, o fou g qun Gothe SEal &
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AR 6,9 298K W TS WM AR AUN oh

Higaistl 1 [UHAE $Heh foretadi-ToHhe feeriss farcraar-Ture feois K, o A
% o BT 21 37 AT S T Hisa IfEm gethe T - =
&1 Aier-factzar & ser grf| afg Ao faerad foeeR simrEe AgBr 5.0 x 10-13
|Sl gﬁ- Fﬁ fgw qﬂ'ﬂﬁ? AgZCOS 8.1 x 10-12
’ R v Ag>CrOq 1.1 x 10-12
1.1X1010=(S)(S)=S? A S=1.05% 107 gﬁg@ AgCl 1.8 x 10-10
Agl 8.3 x 10-17
39 YRR dARFH Gethe 1 Hior-faetdar R e AgSOs 14 x 10
_ , A Fhe Al(OH)s 1.3 x 10-3
1.05 x 10-5 mol L' g S e SR IS
= : T gethe BaF: 1.0 x 10-6
FIE A0 fadeH & woaey fod-fom e RS S 1.1 x 10-10
et T AR Y AF FOMEA A AT S TRl T | i wqsivs a0y 2 a0’
g Hiecm BEgEEe af 3 x 10-
I ok fefu— 3mey, BH fShifem wiehe (zrtY), o SRR Ca(OH) 5.5 % 106
: Ffeaam gehe CaC20 4.0 x 109
(PO,*), FFW a0 R forai Y, Sl =R e1eerare e géwg CaSOs 9.1 x 106
fSerifram g v SIS 4 BTEhe Srefirm gerEe Cd(OH)s 2.5x 1014
i . T 4 FHifam 313;13:8133 cds 8.0 x 10-27
®UrEl § Tt g 21 aft fSRifm wehe o) o e Cr(OH)s 6.3 x 1031
EPN% ENCIEES CuB 5.3 x 109
qlEII—iaE Idl 'S’ g)[, ?ﬁ sq '5ﬁ'ﬁ'17=h_ a; WWWTWTI mg CECE)S 1.4 x 10-10
CRRIn! TR HESESIES] CuCl 1.7 x 10-6
- . RS Cu(OH) 2.2 x 10-20
[Zr*] = 3S T [PO,*] = 4S &M TS Cul 1.1x 1012
T FEHS CuS 6.3 x 10-36
ad: K, = (35)° (45)* = 6912 (S)° E%mgmsg F:COs 3.2 x 1011
— 3 AN1/7 = 1/7 HESIEIES] Fe(OH)2 8.0 x 10-16
T S={K, /(3 x4%) (K, / 6912) Bl POt S
FRet 319 oaT. fgeT S Pt - WY S5 FeS 6.3 x 10-18
i 3 ’ W My Xy TR FIANES Hg:Br» 5.6 x 1023
B, S T Hqw foerad oF e wreeen ¥ g qen | O STiERs Hg,Cl 1.3 %1018
o Hier-focia 's' &, &1 frefafad T ng e Taxi0r
- ’ & 22004 4 x 10
Tad TR ST gehar e— Aif¥Em HEe HgS 4.0 x 1053
s S 2 T TEEE MgCOs 3.5 x 10-8
. . ~ TRy weeh MgF 6.5 x 109
M.X,(s) = xM(aq) +yX* (aq) e MgOH: | 18x 10
(T x x p* =y X q) e e Macor | 1ex 104
HhEe n 3 8 x -11
ol sTe1 foeaa-THwa feee f=fafed A TS MnS 2.5 x 10-13
bt erEgleEe Ni(OH)2 2.0 x 10-15
GHIRTOT R oAk feRan S B A NiS 4.7 x 105
ST =SSy | 04 | SR = e
€ 4 X -
=x*.y'. S&*Y Sé FelEe PbCl, 1.6 x 105
S[X+y) =K / XX . yy ‘1?:[,3}33 PbF2 7.7 x 10-8
sp SEREEIE S EES Pb(OH)2 1.2 x 10-15
T S=(K_ /xx.y)/x*y (6.45) TS RS Pbl, 7.1 x 109
SP oS g PbSO4 1.6 x 10-8
T H 9 Teh A1 37fereh TSNS bl Tisdl ﬁéﬁws% PbS 8.0 x 1028
X -28
ST T Wigd TE e 8, 76 K Q. H e £ R S
s o ST § (3 TEE 7-6-2)| W | wiwm awe s Lot
T. O X o
| WK = Qi 8, g et aRfeerfo | W’%” NI S50, 32 x 107
TJg SAIYUT AT T%IW (Dissolution) fsransti k1 o SRS TIBr 3.4 x 106
x 10-4
;%é‘cﬂ%l groft 6.9 | 295;1{?@%1;@1% T EET o A
foeraa-TUH%ae feerishl o A | 5% e ZnCo 1.4 x 1011
few IREIRIESEIES) Zn(OHs)z 1.0 x 10-15
IEEAR GRS 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 a1 foretam o fordt T 3Tae 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,, T8 S A fordll et <kt 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
H el oh T W H Hishad (activities) 1 TN
F €1 39 YRR Tifea FARIEe o Gqw e 5 HCI
& ToriIer 9 T FARTES ST 1 Higdl (Hishad) g
S oh R WIS FANES T SFET0 81 Sl 21 36
fafu @y Fifeam Feikres o8d €1 IS B 81 39 TR
&0 Hifeaw steren Hrferam gothe St sTgfgal W
A €| IR fargeivor o et 31 o1 argd o faetma
ATt 3Gk 37y faeia oar o ®9 | quieyor srasifad
T W o T8 S q9TE 1 A R S €1 59 YR
TH RIS foveroo § faeer sTeM o1 sTaaur faeer
FANZS o T4 H, TReh 3757 T AL Bk TESFARS
o T H G STaEI0] JfEm 3T 1 JfE| Hethe o &9
o Y e B
3o 3T oh 19N i faerddl ®H pH T agdl
2, @ifh %9 pH W RUMF 1 Wgdl 6
HEHIHTOT o RO Sl B, S a0 hi faete
F e RN T K = QT A W I TH
1T I HEAT Sl § Sl K, = IM*] [X],
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
B

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 521 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] & @@+ A pH & ¥ed W foema
et Bl

ISR 6,26

g AMd BT foh el off TR o oA Sa d
sifafshan T8l 3d, Y 5T H A X, 1 feretar
1 TOMI HIU A,X, 1 F=d oEwe K
=1.1x107° 2

T

AX, — 2A° + 3X°

K, = AP X*°=1.1x 107

AR S = AX,, 1 foe=a, a

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

W FER K, = (29)°(35)° = 108S°
=1.1x107°

a:  S°=1x107

S=1.0x 10° mol/L.

ISTEAUT 6,27

T ofeq foerg @Ol Ni (OH), T3 AgCN oh
foeRIa-TUHwe o WM HH: 2.0 10 P TE 6
x 1077 €1 % T Tau At faea 72

T

AgCN = Ag’ + CN*

K, = [AgICN]=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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3IITE 6.28 e faeX o €, élﬁh—vr OH_ 1 el Wizl OH
0.10 M NaOH H Ni (OH), 1 Hier faerrar &1 (0.10 +28) mol L™ Bl Fifeh foerer  weet #

2 NaOH 9 I 0.10 mol L™ 3Jufterd 21
AT HifST Ni (OH), &1 ™S [OAwA
e K,,=2.0x10"°= [Ni*"] [OH* = (S) (0.10 +2S)*

2.0 x10™° @l .

= FfF K,, 1 W1 F9 81 25 << 0.10 3W: (0.10 +
25) =0.10

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

B ¥ Ni** o (S) #idi U6 OH ®h 2S mol L™ 2010 = =9 (0.10)

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

9T

% 59 @ Fiehearet st w1 G o7 @ 59 § dieddre STupel 1 Ge o ae @, dl o i
Bl Sl | TE Tiiiel Feptd w1 eial © | Wreereen ifde T THEtTen, <l WehHi gR T 81 Hehd!
TH STl W 3 S U ARl i U HHH Bidl 81 STl shi WKl i SATWehReh! 1 Higdl ¥ T <
W B Yk TS ] THHHIHOHAS e o W0 o ¥4 W feie K F 9 S 2

ARIFAT aA+bB = ¢ C +d D % fre K = [CID]*/IA]'[B]”

7ad T R W et w1 HF R d §1 39 oTeen ¥ qeft T U S Wigdl, @ oK
feerm Ted 21 feft sifufsran o forg wrewen feoms 1 K ¥ =1 FEd 8 30H A fenis og J
gl o TIH W &0 A0 <19 fored 1 ifafran w1 feen 1 orae sifafwan wmee @ & o i
, Sl T W K, % SeR g 81 - 9ee fagid’, o STER I, S, Figdl oK R § 9 R
TF ¥ qREd o 0T |rereen SH fewn § fazenfuq Bt 2, S URerdd % UWE H HH A T H G
THHT SYAN T HRehl SIH 19, W1, <76, Seh 3 3Afsha 6 o et 1 fGe W 996 o 77
T feman S @ e SCAIS shi TS b1 (70507 59 heh! o1 B sieh Teoman ST @kl 21 ifafeman fhasmon
o HreTeRel Hied i I JHIfad Tt e, forg siffsran @t fa &1 T 11 Soi-99t H AR
U SR g1 et SR 9 SAfThRes W a5 9 2l

9 gl weed, St Siefta faerem o ford 1 =eH S €, oy oraeed’ seem €1 ot &N qel
e * fergge STTerea’ © 1 A el forera W feisi a1 SIEA g1 GFTEA Td SROTEA o Sedled o ROl fagd
1 =eH H €| Fool T eraeed quid: fomifsa e s &1 gefet faga erased o emafid ue et
UL o HEA T el 81 SIRTIE o SER, Sl faete § e, gIEgie ST a9 &N, BIggieRTel
A 33 T W HITH ST Rl B H SR SIS -wli 3 37 i WSSl % hU H e &IReh FeuTel
o w9 B IR fohan e Tk SRRE-R 3T Ush ke 9 SAfafeRar el ], q9 I8 THeRl §d T
&Rk Te Tohal T aTel &1 o G Tt 37ret ki ST €1 39 bR GTH oTRd- &R § Shelcl Teh Fiei
1 AW BT T A, oG A ITA I WH &Y H R IR T &R 1 Sela= I o &Y
H witemfia foranl s &1 9 o STIER, 3a o7 o fomie o fau feemis (K) o1 3ea &R &
ferars oh e feeriess (K) o =ste 1 foskfaa feran o e &t w60 e 39kt Wisdl W i qen
TH 3 1 e fohan T @1 eEee ST Wt igal (Wiwadr) o T pH HIUHH (pH = -log[H'])
TEA R T €1 9o S T v & ot famfi@ fFA (pOH = - loglOH ) ; pK, = -logK ] ; pK, =
—loglK, 71 pK_ = -log[K_] 37f%) T 31 Sel & S 1 2799 % W g9 3@d § foh efieeor pH +
pOH = pK_ T Fq= Bl T ol 37 T qoet &R, Joicl o7Fet T Ul &R ¥R gaiet o7l 0o 3o
& o TN Rl STl e § Siol-STue el 1 IR foerae i qReTe de SUch Hew i Gfee Ju
o T 21 s1e farerr e 3 forcrran weieht T 1 vl ue faee o feerrs (k) 1 At w
T THHT Hey vl 1 ferera  wenftd fopan | faere | @ & Saeur A 3Heh Sl § foerar i v
1 it fofan 7 21 Hw S U oty foeid w1 faor & 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 faee &) pH o & 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 9shd 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 fomnmera # pH HieX 3ua=d &1, @ o $§H pH A9 &Y 3T 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 ges arsg & WY 9 | W@ S 8 e 6
A SR el e S

(F) ar9-@ URada &1 IR aRomg = grm?
(@) YRY H o9 e GoAA 1 T Y agerd! 272
(1) T, 59 TR 9 qA: Sifon ®9 9 T@fud g ST qd Sifw ST @ 9 g2

fret @ o few K 3 0, afk 9 W g geied st @i € [SO,]= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

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

T = d9 td @ @ 105 Pa W AN asq H STRETAHER 40% SAEEH
] B R

L@ = 2I(g

e & faw K, 1 O i)

frerfefed & 9 vois afufwar o forg o femi® K, @1 =i fafge-

(i) 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 o | 9 frefatad § 9 yeish 9 o faq K 1 6 9 R

@ 2NOCl(g = 2NO (g +Cl, (g K=1.8x 102at 500 K

(i) CaCO,(s) = CaOl(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, (g) & faT 1000K R K_=6.3 x 10™ 2|
g § o1 Uy S stfufsmard werfies w9 @ fgeroes €1 wdiw sifufeman ok ferg
K_r 2?

g feerieh o1 =St forad e 99=sT o s 5di Td Sl o1 Sufard o fehan s
Tehal 87

N, O, & " frfafaa sifafwan sid &—

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 sfafsan o sgar Efer sAfwEe Br, ¥ sifufwa 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, fafs fohy s
€, 0.0518 W@ NOBr W< @it €1 NO TS Br, %1 | W61 91 Fifew|
|1 250,(9) + O,(9) = 280, (g) % fAT 450K W K = 2.0 x 10" bar #1 38 @
WK 1 A A ity

HI(g) 1 T T 0.2 atm T T T ek H T@l Sl €1 § W Hl(g) 1 3iferh
T4 0.04 atm 1 =l faU T W= % fAC K, A @@ e

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

500K 4 W % 20L 9 # N, & 1.57 Hiel, H, % 1.92 Hiel T NH, & 8.13 Hidl
=1 g femn s 21 Affwen N, (g) + 8H, (g) = 2NH, (g) & faq K &1 aM
1.7 x 102 %1 w1 stffsran-fasmn @ = 82 3 Tef, o Je sifafsren =1 fem = B2

T 1 At o fag

NEJ[OF
~[Nof (o &
9 5k oh fag Hfera qEmatTes g fafau)

H,O 1 T Hid U6 CO &1 T Hid 725 K a9 W 10L % 79 ¥ faw v 21 5
W 40% STl (9RIeHSR) CO ok Tl FAferiaa THiehtor o SgaR stfufman s 8-

H,0 (g +CO (g) = H, (g + CO, (g
aAfferan o fore wme feies &1 o wifsy
700K @9 R Sifafwan 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,0 ()

@) 3§ wfafren o fou wiza st (sifafwan-amrea) Q, fafaw (feoof : =@t
W St enfus | e € ue e off = )

(i) @ 293K ™ 1.00 A TEifesh 37 TF 0. 18 Al AT IR H ford Se @t
afferm g fagor & 0,171 dict Tt Teiee €1 | feeris w1 o wife)

(iii) 0.5 A/ TIATA TE 1.0 7t THifesh 377 ¥ YRY i3d g 293K 9 W FD
T 9 UIA TEee & 0.214 Wid 9 T O =1 | w©fad 8 T

437K A9 W feid & PCL, 1 Teh T T Felresh | feran 21 | Tifid gF ®

PCI, %1 Wizl 0.5 X 10" mol L' o 7, afk K_ 1 7F 8.3 x 10738, @ ¥ W

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

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

e Ik ¥ @ 90 99 S sifafEan g §, 97 S (I1) SAfdEe 1 wred

HHIFEE o g1 ST € T 69 wifes @ie T CO, faerd 2

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

1050K W CO Wd CO, = | W AMMH <@ 1 B, Al S¥eh GRI9h 37iferen

T B

Peo= 1.4 atm T p.,, = 0.80 atm
sfafssan N, (g) + 8H, (g) = 2NH, (g) = fau (500 K W) &= feris K, =
0.061 3| T fagis g9g o fagor 1 Toeq 36 YR 2—

3.0 mol L' N, 2.0 mol L' H, W& 0.5 mol L' NH, 1 siffsan @ ® 22 3k
&, @ W Tfud s o o sttt fee faen o s ghf?

S THETEe BrCl faufed g sidie T aaie <d1 ¢ aen 9 wenfud g 7
2BrCl (@) = Br, (@ + Cl, (@

3Tk fTT 500K W K = 32 ¥1 3k TR9 § BrCl &1 9z 3.3 X 10° mol L&,
e W g0 § SHRT Figdr = B2

1127K T 1 atm @ R CO @1 CO, o T fasmn H wramemen | S eq §
90.55% (R ) CO 2l

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

IWe q9 R Al % fag K o6 A7 &1 10 i)
298K ® NO T O, ¥ NO, ad &—

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

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

Rationalised 2023-24
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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 Hill w1 HEA dgdl @ A1 T @ A qHH Wal 2

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

frefafad § 9 < 9gM R SF-®E d Afufmard yarted enf? 98 o gard f&F e
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 sifufwan o forw 1024K W 9= feeri® 1.6 x 10° 21

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

If% HBr % 10.0 bar Hiega o ¥ S/el oMY, df gft 5l o 1024K W 9 &
BRI

frrfafaa S sifHen o STaR Sfrdiwo g SEeRgeH 19 wrefaw 16 4
WS T ST B

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

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

(@) K, srfafman fem 1 9 R H9ed fohg gehr gefed g, 4t
@) =@ e fear s

(i) a9 s fan S

(iii) 3TUF TFF fRa SMQ

= 2H,(g) + CO (g) = CH,OH (g) T 941 =i~

(%) H, fream =

(@) CH,OH frem ®

(A1) CO®TH W

(%) CH,OH®H W

473K W FEHRY Yeacige PCL % famed & faw K, &1 71 8.3 10581 4z fomes
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@ TG0 S0 9T (i) @ agrE
ST, @ K 9 9 G B

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

T AT ST 81 J GRere sAfufsRer § ger e § CO e H, St 81 3§ 9% § Wem

oS § S deft CO iR wfush g o sifafwar w2

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

T 400°C R Af49fhan 95 & CO T 9 1 FHARK H501 30 YR foen sy fo

Pco=Pi,o=4.0bar, H, 1 Sl W S 16 901 &2 400°C WK = 10.1

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

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

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

25°C W 1w 30, (g) = 20, (g) & T K &1 71 2.0 X 10508 A% 9]
25°C A9 W O, %1 e igdl 1.6 X 1028, a1 O, 1 Higdl 1 BFi?

CO(g) + 3H,(g) = CH,(g) + H,0(g) =1fufswan s frex % d 1300K T
TR ¥ €1 389 CO % 0.3 i, H, % 0.01 Hid, H,0 % 0.02 el T CH, &
T W 71 KU T q R sfufwn o fow K 1 7E 3.90 21 fasm ¥ CH, %1 A
BRI

G eTe- IR o 9 o1 @7 fefefaa wiefis & forg ggredt srey/am sde—
HNO,, CN-, HCIO, F -, OH~, CO} TiS?*

frafafad & & #1 9 o o 27

H,0, BF,, H* & NH

et sserl o foag S Rl o 3 ferfen—

HF, H,SO, ™ HCO,

T NH,, NH, o1 HCOO™ & Tt ena fafan—

TR H,0, HCO;, HSO; T2 NH, 2337 T &Reh—ari &1 A i &
g1 T o W 3T qel el SISy

Frefafad Thefs & TE9 o7 q &N | afiehd ohitelg a2 Jarsy ff 3 fFd TR
TE ST-4NE o §OH w1 FW - (F) OH- (@) F- (1) H* (¥) BC,

T g U9 & T H TESeH AP F1 FiEdl 3.8 X 10°M 21 SH*T pH uiehfaa
HifSTl

foReh & U A *1 pH, 3.76 €, 3UH TEeH AFH HT Figdl A it

HF, HCOOH @& HCN =T 298K W 319 feerish shAwl: 6.8 x 1074, 1.8 x 10-*del
4.8 x 10T TTF Td TIH! QRi oh FA fLerieh F1q Hifsu)
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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 ®ine faoae o I6eh & &1 A7l 91 Hifa)
H,S W1 J2iM ST feeri® 9.1 x 10481 3k 0. 1M faeem § HS- st &1 i
T UM HITC qe Farsy fF afs 89 0.1 M HCI ot 3ufeerd 81, @ wigd e TR
wofiferd BT, AfE H,S =1 fgdt fomism feerisn 1.2 x 107181, @ Hewige S A=l
T IAI feefaal & Higar H1 T0MET FifS)

ufHfesh 3t T ST TEeish 1.74 x 10-5%1 39eh 0.05 M ferers | ferier st we,
THIee 3TF Tigdl ae pH &1 9Rehe &ifsal

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

vl faers W gu fefafea fafes i & pH 3@ i)

(%) 0.003M HCI (@) 0.005M NaOH
(7)) 0.002 M HBr (%) 0.002 M KOH
frefafed faee o pH 3 shifsu—

(%) 2 7MW TIOH = 91 ¥ =ieeht 2 feex faeem smn sy

(@) 0.3 U™ Ca(OH), =l S | =ietsht 500 mL feferda smran s

(31) 0.3 IM NaOH =i 5@ ¥ =@t 200 mL fae=s a=mn sy

() 13.6 MHCl & 1mL &l & § G0 ek el e 1 e feren sy
SHICHifee S BT ST 1 A1 0.132 10. 1M 37 &1 pH q2 pK, 1 A1 T
it

0.005M #EH (C H, NO,) fer %t pH 9.95 7| 30! o feerish T Hifs)

18 21

0.001M Tl fera &1 pH 1 22 Tl &1 1o feerie arolt 7.7 9§ & gahd
T 9% W ST 1 SR feeRle | ifS)

4tz 0.05M TEiife 37 o pK, 1 HH 4.74 8, W ST 1 761 A0 Hiem) afg
T8 (1) 0.01M (¥) 0.1M HCI faeram & ren S, @ faese &1 461 f7g ya6R
goifed g 82

TR THA &1 2T e 5.4 X 104281 39 0.02M fore™M &1 ST &1 90
1 AT Hifeu| If€ I8 faeaa NaOH 9fd 0.1M & df SEAIfA THHE 1 giaee
AT T BAM?

frefafaa St o, {5 pH & 7T €, 1 SrReisH 1a" Wigdl ufshiord shife—
(%) HHET W 59, 6.83 (@) ¥9Ma 374, 1.2
(7)) HHa wR, 7.38 (9) Mg @R, 6.4

TY, I, TAR WM, 719 T 201 318 &I ¥hal & pH &1 91 %HA: 6.8, 5.0, 4.2,
2.2 91 7.8 31 Y% & HTd H* 3@ 1 Higdl T Hiferg)

298K W 0.561 g, KOH vel # e R 9 200 mL faera &1 & pH, weferm,
BIESISTH AT BIZSITeel STl i |IEATd J1d o)

298K W Sr(OH), foer =t focrat 19.23 g/L 71 Wi qen g s &1
qigar den foee &t pH 91d &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 I &ifsw| Af foe=a 5 0.01 M HCI fHarn ST af 36 STEH &1 A6
EIRECIEI

IfE " 37 (HCNO) & 0.1M faerd &1 pH, 2.34 1, @ 37 oh 3T feeien
eIl ST i AT H1G S

i Mg2H 3T 1 SFA feeir 4.5 x 1048, a1 0.04M Hifeaw "reerse fae 1
pH T SIS 1 AT A1 i

Iz diifefam eEgiem FEe & 0.02M fae@a %1 pH 3.44 €, @ €M &
S feerish T1d FifSTl

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

FARITE IR 31t o1 EH Teeiss 1.35 x 10381 0.1M 1= a2 36k 0.1M
Hifeam @01 i pH I1d &S

310K W S &1 A& UHE% 2.7 X 1071471 g6 dr9shd W SIH wet 1 pH
EIRCIEI

frafafaa fason &1 pH wRefaa Fifsm—

(%) 0.2M Ca(OH), %1 10 mL + %1 0.1M HC1 %125 mL

(@) 0.01M H,SO, %1 10 mL + 0.01M Ca(OH), %110 mL

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

faeer shive, IREw HiHe, hike TESlEe, T FaNEs a0 HR™ THeEs faeaq

T AR 6.9 ¥ U T foerar ToAwa femis &1 Ferd 9 faerar 1 sifae qen
YAE I H1 Aiowdl 9 A Hise)

Ag,CrO, e AgBr 1 faetal uHwel fEeris sH: 1.1 x 10712941 5.0 X 10718
21 S9oh Wgw Tao@ 1 HioRdl 1 S 6 S

I 0.002M HiEdET Hifean e a2l ek FARE foiera o HHM TR ohi THe
ST, il A1 <RI A R ST EAN7 (IR e & UK =7.4 X 10°)
SIS STt h1 ST e 6.46 x 10757 faeer S &1 K 2.5 x 1071
21 3.19 pH et I foerm & fea S=iwe Sl 1 qorn o fohan T faem gm?
T Hethe A WITESTH Heh1Se o THAICR foeraHi w1 Stfehad Figdl Saisy el Soh
TAM AFqd AN W TRA SewEs daefad 7 8l (TPRT 9ewiEe o fag
K =6.3x10"%)

| T Sh{eEH Tethe i Siei o foIq H § & feha- STaa STl w1 Sagaehal git?
(hfewam Fethe & fag K =9.1 % 109)

0.1M HC1 ¥ TESiSH Te%iEe § Hqw faemm 1 @igar 1.0 x 109 M 21 9% 39
foer@a 1 10 mL ffafed 0.04M fae@a & 5 mL Sten s, @ fo faeam 9
3faed 9l em? FeSO,, MnCl,, ZnCl,, T CdCl,.
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