HIETqE T
EQUILIBRIUM

EEE)

TH Teheh oh 31899 o 5 39 —

Aifqer Ta TEmEE gimaet | 9=
1 Tfdh Yepfd i TEaH Hqanl;
Aifqer Te qEmEe gfHasti & 9=
& o0 i e T Gohl;

qAqT T o TFTATON vl 317
Tm'_{géf?’)[;

fodt ¢ T efafea o fou 9=
WI'EEEIWWW:T;

K, T K, o A4 Hoy T #
Tohl;

Afaferen &1 ArmaEen i gefad
S fafae SRl &l =R+

N

, FEE-AR! T g YRomei
o SR T Tl hi T A &R
o %ﬂ%—{w;

A den & o qmed & Hmen
3ok I el oF ®9 H
TH;

Y ST q U T Figdl
T 3 i T 1 FeRan &1 =men
Tm'_{géf?’)[;

BIZGISM 3TT9F i HIeR Hisal &1 pH
Thol o ®9 H g Y Gohil;

A oh 3TET Ud SHeh! 3T qef &1
% €9 H Il giHwT H GUE
TH;

S SEHE AR (K,) de
pKWﬁW%TﬁT‘(_OF(QT\m"_‘:T;

Ta
foeraar UAwe feerier st UM FT
ekl

11084CHO7

I S T yAtERoi Sihere § TEmEte ar qewyut €l
SR TR el § W @ O, % e T e 6
0, T o ErHveifer o Hed T 1 U fAoiiash fierr 21 5
YR CO T[T T EHHaler o Hed | CO i fasmerar &
O] AT B

ol ol &€ s ek g aifoud Bl ©, ql S TSt Sl
A1t 319 5 i Tde W a1 Yo § el S § a1 3k Sl oh
3] 59 i TAE Y THUR AT WFE H F9 Wowen H gifed @
S B1 39 WhR o el a1 o WeH Ueh TS W T 8 Sl
2, foreen aRome ey go 1 Tag W U e s 3o Bl
2| ST STt T ST YR B ST ©, 9 STt Sh1 S-S0 s ol
g R ofd ® fer @ 9 1t fofq # w9 e € fF e
(System) ¥ @reeen wfyd & T {1 Fuiy 9w i T2l
€ 1 5o 1 Wag W e TS oI o i ek {hAhed B @
21 T8 YRR HETEEY] W ST59 i S HEAH-<L o sl 81 Sl 2|
30 39 YR <A1 S €

H,0 (59) = H,0 (ar™)

Tl < oref dR 39 W@ i qwiid @ o <A fRemed o wfwmard
HU-H1 Bl & qe SAAfhaeh] Td ScdTal o Greeree I fagor i
‘e fustor’ wed €1 Hifdes weRdl qen qEEte stfafsmane <=t
o e Ty 8 Wehdl ¢ Stfufhar 1 e steEr 68 e
IUHT THa T e gRftefeE w fsR w21 we fer a
W UF d9€ UH § fafHae R % S s ©, St
gl -+ w7 el St € 99 SeaEl 1 Wigdl S@dt @l 2l
forq o THF UvE 9 a1 ifafwael & @igu § SR T & SRl
o HiZ0 § g qiedd e Bl U feufa § e o iferer wme
(Dynamic Equilibrium) ¥enfid g S 7 qen oW TS EEIH
srfafranet 1 X w9 B Sl €1 E BRU 3H erEen o
arfaferan-fason o Sufter fafie sl o wigor o i afedT T
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Bl 81 T YR W o e wged deh Tl
sifafsran o &1 gt €, T vEEe sifafmans
#) Pl 97 g g G e b
@) W9 uuE ¥ 9 sifafeard st €, S e qof
Bl St ® el SATafshaen! o1 Figar T10g @ St
2| o aAfafwaet | @ ifufwassl w1 wiga
3 HH Bl S @ T ST TOE0T gE g
Toya i @ a2
() fofa oge & 9 srfufmand ondt €, fod =ga
FY WEN W SR od @ adl HrEeEE W
FAffsrer! w1 stfirra i sTafafdd & s
(i) A T § S rfufranet i w@n wn v, feew
Afferasl T SR HI Wigdr GrETaEen |
T AT B
TR R AfAfwan o i aeh ol et ©
IE TR UEifEr il SH—stfafweeRl @
igdl, 9 &7fe) W R St €1 S qen yEnmeen
o gftare aRtfeafaat (Operational Conditions) <l
AT (Optimize) H3 ogd Hewqul Bl &,
ek TTETeen 1 3hTd 3fesd Scas i fem # =i
T Toheh | &Y Wifde e THEte Tl § 9 o
FO WYY TR oh WYU-WY Sond faead |
AP o G, T otafieR W ®Ed €, 1 ot
qftgfea &
6.1 Hifeer Wernl ® AR
fiferer TehHi ok STeAIA g AreEen o TRt frem
o AT I T TR T T Gehell S LN
®IIqL0T Yok (Phase Transformation Processes)

3Heh glafed See B Send—

BTH:\?@I
ia:\ﬁ'ﬁ
W — T

6.1.1 BTE-g QIRATTEAT

Wﬁ%ﬁ (Insulated) WW'&T@%E’*@
& (I8 T 8T T Toreh o W usie ue ufEe §
o 1 fafmg 7€ g ®) 273 K den agHEeda
T W ErEEE | B €1 78 e Ueen safqerern
1 g9l 81 B9 F8l <@d € b 9w o -y o

e fagm

T STl o SoAHHI ol hIE THede T8l eidl € aen
floR Tea ©, W S wWite 7€ 21 9% TS S
o weg erefl off e wfafmand gl 81 g9 STt o 319
I Y THTHT SHH GHIEd B WA € qA1 I o FO
0] 5o g H ¥l W 21 9 U St o SeaqH
o 1S uftedd &l B €, Fifeh Sel-ToEt W 9t
Y S H TG0 i &L T ST § 9% § ST
I R 273 K 3R T THSA 6 W e Bl 2l

IE T § Toh 9% Tel Se1 oheel TRl forgiy g
TS T R & A ¥ 2§ aeueed 519 W
Tl 315 vatd o fag @7 @, W o@ @ g
reRaTd @rEraen ¥ g ®, usted @ ‘ueen
Tl a1 A Tediss ' Swgerar 81 78 e <@
o W1 Sheel US| € UREfdd erdl 81 36 YR T
e Tifaes wreEereen ® Bl © gEe frefated
frerd o B ® -
@) 3 foreft wfwand wmu-wy B 2
() S wfmad T R 9 B 1 5o o T o
%1 g e & 71

6.1.2. SFA-dM HETIEAT

39 de &l fefafed 9o oF weEm | wEen S
Gehdl B1 Wb U AR 1 Afetent, Toed a0 s &
(FAIHIER) , Bl Teh shie (31 <) o TR afed
Y Wig <4 B o § Tk ar" T A1 uel few o
Sieiial chfed=m FAEs (A1 eIy YIRiieaEs)
S ST @l A i d1g Sl FS H ah
@M Sl 8| $Heh U SR il STel Fente
foran < 21 Sied 1 Teh T 2grehl SN Sorafed
Teh o T (A1 U €ten) ki ity W e s 2l
A i 3@ W g4l Tord € o 9 gma g
THHT T 9o | IR - oear © SR ofad: fer
B ST €, el S H T TRl Tl € @R
feer 81 a1 81 a9 | | o T S 1 e ot
1 Bl Sl € (Fo 6.1) | IR & s ¥ Stofarsy e
Biet € A1 oSt © € Tkl ®, Tohq ST STt w1 o
B W T rereen | Siol- 310t o SEe o SRl
A6l &g A1 €, el 959 B w1 g feer @l 21
TH o WIY-W T h1 ghg- H e e 2
e W T B Sl @l geret-oroe e g 2l
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T feor § wa

farT 6.1: ReR @9 W ST T TrATEET &1 arq-37e A9

THeHT Acqd 8 B, o S-S Wi o vt Hem
et sreren | a5 oIt ©, S9-o e seeen 9
ST oF T[S hi FI-3TTEA H oA i G AT
Ty BH dF et Tedt ] teiq—
HHATEE 9T ; 0 B W ——  HoT &l &L
H,0 () H,0 (37)

e ¥ -3 g 3cad |16 foRet fRu
19 W TEeR Ted €, 39 STt o1 U o <[, (A1 5T
HT ACA-E) Fed &1 KT HT G-I A F A
Tl 21 Al T8 T At Ueshiarel, T der ger
o WY e S, @ g8 Uferd e @ R gk are
arq-grE fafa=1 Bid €1 STueiiehd Seu o e arell
59 Afk aTTEliel BT © Td SHRl FEOMIE FH
g /1

I T Sre-TaE o UHEH, T Uehieia Tl
S § U H1 1 mL agHSA | ol Wl S qe
T YAM HI TH WA FW H T ga o E-foe
ST ok T1Y e ST df 89 98 W foh g gt
TR o %o kT qUT STSHRIOT B S 1 gof S B
AT (i) 59 1 Ghid, (i) T 1 AGT A1 (i) T R
R e 1 ST 9 T 1 agHSd § gel W@l
ST €1l STSY shi SR Al TEeR et €, W oW %
] HH o R A | el S §| 3Td: od W
FI- ST H HeAA 1 I AT HI R W FH BT T
79 IROTHEEEY TUl 59 S1foqd &1 S 21 98 T
ol e 1 ST 81 Gl e o e i
T BT Hord e 2

9€ 99 § 5 T Si-ar% T aigHedd gd
(1.013 bar) @1 100°C a9 W = ferfq & 2
1.013 bar T W Sl 1 GE d62[ish 100°C &l

_\
D —

fordll s %9 o foq s aHese™ <@ (1.013
bar) R I8 M, TR 5a T5 ey ArmeE ¥ 7,
‘S 1 W LIS’ FHEAM B T Tk
AgEEA g W Rl 81 F€ T % I
(arg) W o R e 21 eifereh S=Iie WS e
FAYATR Tl B

6.1.3 BME-aT ATRITIET

319 &1 T8 el W foeaR 3, SeT 31 9o stewen
H Seduifad g €1 3% &1 S i T % e §
W, 9 FT THY GTA T A o9 S S ©
T HI o W-E T H] el § g et 81 0
9 THT T 1 1 o feer e S @1 39 feafa
o e Tiftd g S @1 ofd: SN ST
FeAId Bl SIS aTsg <t © A e i
TH w9 | @A W Gehdl € —
L, (3) ——=1, (ar™)
TH YR o G o 3 SERU B
FR (M) —— FR (1)
NH,Cl (3) —— NH,CI (=)

6.1.4 g ® SI9 IMoaT I HI Tevierr-
waet |

Fal | 3|

B T 39 W T WA ¢ o &y T 5ot ) wh
Tafeea O o 9= A R oaut 91 =i bl U i
A & e €1 A BH S a1 9 S R =9 S
3R 39 ST Y, i =it o feheed ger 8 s fhe
A W fEu U fgerm ¥ afx i) efuss faeia 9 g
W, il Q’Q foer=m =l ‘W‘H fget@H, (Saturated)
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Fed 2| faeia =t faetaa amm w fsRk o 81 g9
oot o s1upetl it 319 eTewe U4 faera o faerm o
AU o o= TIideR HrEeEe @Al 8

S (Free) —— = (3F)

qoI TS o,

= o geH Bl W = H o fheed &l

feanifoeaaged = &1 Te@d 9 SR <3
ol WIETER 1 Tideh Yehid i TG feman o B =fg
7 feAuferaaeE™ (Non-radioactive) =l o Hgw
T ® eanifaeaar gaa = =1 F 7 o <,
T F© I9F 9% gH M faeed Td 3 =i, faad
IR o AeAmdfoead Jaa = o6 1] & o, fhg
HremEeel i Tfaeh Yhfd o RO AeAdfradrge
e feanfaaEE == & e w1 fafEy g
Werenati 4 B 81 e Yeanfae we e aeadm
< SAOLAl T A e ek Gl Tl €, S e TE
T fer 9m a% T v S
gal o o
e Giel-aeR 1 didel Gielt St 7, dd 90 Hoil g8
He SEAFAES T H HH AT oS Y Wl
e ot 1 for=t < W S | e esiieEe
%1 Fo=1 faeiaar o SRl T g 1 feer | we e
W TG % Al Ao Ue w9 H ol st o o=
e Tfyd TEdl 1 SSTERone -

co, (™) —— co, (faea ®)

g WrAEE] B o TEHIER €1 TS SEn,
“ferelt 10 WX & Wk T AT o foetaes § gelt
T | &t urn foemee % W T % Tw *
[UEUTE eIt 817 A9 Sed oh W-WIe 98 W
el St 81 CO, T i HieT-aeX T adet § ek
@ R Hewss fHar 81 39 9 W T o q5gd A
3] g | o™ & S 81 S € el @ieft st
I € e o 59 H Tdg W @ TS FH & Sl
2, T o o Feit g8 e SEeiiemEs et
= agHed™ T@ W TS THAER $i R SRR
Bl B1 A% We-a1eX 1 39 diqel i FP GHT T
wo § e Be fen T, A T | e A
IRETGAS Uil

IE AT ®9 § el S Ghdl © Th—

e fagm

() 3B = 59, FrAEEe & fau agHeea g@ W
(1.013 bar) Tk € a9 (Terish) TH Bl ¢,
SRR <A gt o S €1 A afeer 9@
o &1 fataa 9 @, @ SH wawenstt &
TomM e B 2

() a1 = 34, grEee o fau fed fHfyea ama
T -1 fEer el 2

(i) %9 H 3@ H Yoreiea o fau fedt ffvea
T W FA § S w1 foetgar e Bt 2l

(v) %9 ® 9 & fooiEa 59 % IR W & @
(|ga1) o HHE Bl
= el &1 | RO 6.1 § e e -

ARt 6,1 ifeen ArETaRAT Wt Fw faviand

WehH =)
Fol = o Y= a9 W p,, fEer
H,0 () = H,0 (g = 2
3G =34 feR T@ W e fAfv=a
H,0 (s) = H,0 () I 2
faoa (2m) = faog | fooem o faom =t wigan
(foemm) | ffved a9 = fer 3 2
= (W) = =+
(faeram)
T (g) = T4 (aq) [ (aq)1/ [T (g)]
fafvaa a9 W feer g 2
CO, (g = CO, (ag) |I[CO, (ag)l/ICO, (g)]
fafvaa a9 W fer g 2
6.1.5 oifaeh Uehdl § WIETSEAT o QTHTT

SR
ST ifceh Tehdl § Feft FHepm-areee o 9
sfere frefafed B
(1) fafs=a a9 W e g v (Closed System)
o € e g9e 2
(i) GrETEEen W gE foRiet stfufwamd SR 9 o
Bl €1 g Tifeen, foRq wemht sreren BN 21
(i) R o @t W A qo-ud fier B €
(v) & fRel difde wwa o wremEeen it 8
STt ®, 9 "gRof 6.1 | aftd Aage) § 9 e
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HTHATSERT

Tw w1 qH fAfved am W fer g afvia
HreATaEe #1989 Bl

) Tret off w9 g ufer @1 ae T < @
e q% UEed oh d difas wehn fahd
o a% ST §g g 2

6.2 TEAeh UehHl H ATRITSEAT-TTdh

]
Ig Teot & aaqEn <1 g ¢ fF §g fea § w6 9w
aTell TEEfTe srfafwand sida. arereeen w1 frfa o
wge Wt €1 3 rfafeward off sifim qen weta feeme
o HOH B Gehdl &1 59 W T gdig stfafmae o
<X AM 81 S 7, 1 STTRRERT qe Iame) 1 wigad
feeor el €1 T8 THEH W i Srewen g1 U
Tifaer ArETaen 3w Afafean (o e1fieie S
¥ 95a St €) den e st (e sk gw
AfehRer § 95l S ©) 9 TRt Scae Bidt 81 39
Tz o fou en fefafaa Sehavia eifufsan =
faar = (o 6.2)-

A+B=C+D

T didd o @Y IfYEReRl (A den B) Wi
Higdl Fedl © 91 SRl (C 941 D) &1 S=E Bl 2
31 sifaferan w1 <0 Tedt St @ SR wdtg st
1 ST agdl Sl ¢ Thertaed Tk UE feufa ot €,
el AT SAfAfsmaTet i ST WHE B Wt ¢ feerfa
o frepm o HrereEe Tiitd B Sl 81 el W
C T D o o= A9fRan Fuert off WIed ohi ST Hehell
21 9 fordlt off foen @ 59 e w1 W
UG B A+B=C+D A C+D=A+B

C 3AYdl D

Egar —>

A A4l B

THY —> qHEeR

oI 6.2 : TEEH qreEEer w1 g

171

TeR-Tafy g/ STHIfn o dyev vl § qEfih
TR sh1 Tieh ehfd shi TUITAT ST Tehall B1 TR
q I=9 A9 qAT I@ W SRS 1 SRR i
fafys /@ amEnew & WY Afafear s Fafra
A W ST T WET F1d il THR SR WV
3= Afafshan ¥ 99 SrEARSe qen SReEgNH &
Figal 9@ w1 o 6.4, (U 173) <@fan © Tk @
fAfeed awa o 9% F© SITHeRE| o 30 T W o
STHIT BT WK W fHeo7 o1 Wee oel a1 @l |
fhgror o e 1 Feeal 59 o1d 1 Hehd 2l @ TR
e T g g ?1 eifufman i geptd
i THEH o eIy ST 1 GYee 3% wiE-Hdd
IR TRfeafal (I e 3@ w@ @9 ), fhg
H, %! ST& D, (Deuterium) ST foha &0 H, A1
D, & W Af9fsra U W HrEEen WOgHA
ereTeren  aifafsEa-fasor g wtar €, g
Hfufsra-fHeor § H, T6 NH, o M T %A D,
TS ND, HISE d ¢ T @ 89 o 9%
T fagor (9999 H,, N, NH, @21 D, N,, ND, B
?) ® g H el o g9 % fau oig o 8
a1 39 Y1 1 T S W qar = € {6
STEiIfT 1 Figar sTafafdd wdt 2l

BTeiiten St 39 s o1 fageror oM SeRHie
(Mass Spectrometer) gl IE RIS % ar 3@51
edifemye fafys smifn 319 (NH,, NH,D, NHD,
T ND,) T STgelsglsH 31 (H,, HD 1 D,) ¢
S &1 39 Te Tt feherar @ foh remereen o a5
oft figror o 1M W& wdig 1fafshrand e @ o SR
U W H a9 D TAEN[S &1 MU (Scram-
bling) Bidl @l &1 WA TA1fUd 8 o &% Afg
e Tare B St §, 39 WehI o1 THE0T 9
B H99 e gl

A= o GyaAuu | THEnfaeh (Deuterium)
o YA 4 g I Bidl @ o e sififsmanen 1
T qrEET YT g W S T gaty sifufmarsi
%1 S GEM Bidl & 997 599 [HE0 & gued q @iE
guTeT GREd 781 gidr &l

qreaTaEel I fanet gR Tty i S Wehd!
€, 9’ H,(g) T N (9 1 Ifafshan #Ts NH,(g)
W i ST 31 NH,(g) 1 ol Tt N,(g) T
H,(g) I i S
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e fagm

Tifteh ARATERAT-BTEl % fTT TR TEnT

iferer =1 THETTR SRS W T i Yt eH ek gl 8| AeAifaea Tueatienl o ¥ gr
79 92 1 YRR fepan ST Tk 21 fohg Ferelt foremera =61 wammemen & 9 wef¥ia e doa 6t 21 Frefatea
TN H¥eh 9 AL i 5-6 TAEEl o GHE i S| 9 @ S wshr § —

100 mL % < Aqq faferet (fw 1 qen 2 for@n 21) Td 30 cm <Adll i &1 &1 et oifsw) et s
G I G B Hehdl © A ST 3 U 5 mm d% T[98 Hehdl ¢ WA fafersi-1 o ene 9§ wie
el (S H GreREd WHTE F TE e Sefe UiF Sd a1d) 99 ¢ qen fafiet-2 &1 el W@ 2
faferez-1 o Tk oft den faferer-2 & god et T €1 faferet-1 areft T o Sudt fox #1 SAelt @ o3 Y
Td 3 el TR § R T S w1 faferet-2 | el fafaet2 § @it el @1 wE i gu @ weR
faferer-2 @ faftret-1 o <o Tomiaia 3| 39 TR 31 Afadl i e 9 fafaet-1 9 fafee-2 5 @
faferet-2 @ fuferet-1 o Ui STl 9R-9R q9 a9 TMIARd L 21 S qe6 o fafaed § OiF Std o1 &1
TAE & S|

Ifs 39 =1 fafered § A foe=e &1 T T 9 R ° &3, 1 39 fafaed § Ui 5a & &R’ 4 o9
g URedT T2t il Afg 39 <1 fafasd § T Sl o TR 1 §H HAY: AHRD] Ud SRl o W8 & &
o 3@ 1 &H e Hhd © T I8 UTHA 9 UTHAT 1 ek Ui 1 IO Sl ©, S A STl 1 W EemRh
TR W ft S w21 Al B9 39 T w6 fafe seEret | Al w1 Herdl § €U, @ g9 @ fF
T fafered ° TiF oot o TR e g 39 < fafored § O 5a o TR ¥ @R e = o6t e & sro
Bl B

= T =T T

() (=)

ferT 6.3 Tfde Qraee &7 Y599 (F) RIS 37aeer (&) S7faHq s7awer

2024-25



\@S‘s’s@m (AR )

TR digdan —>

STEESSH (SAHRTE)

i SR

gqg —>

ferT 6.4: f4fHar Ny(g) + 3H,(g) = 2NH,(g) %1
GrIEE] 1 &g
N, (g) + 3H,(g) = 2NH,(g)
2NH,(g) = N, (g) + 3H,(g)
TET YRR BH AR H(g) + L(g) = 2HI(g)
W o Y| AfE B9 H, To 1, o SeR-ae IR
igor 9§ sifafran 3& &L, @ Afaferan s1fim feen o
SRR BH| H, T 1, 1 FEd %7 §H @ ¢ T HI
1 HISA d& TN, Sd dh AHTeeel] ¥ | 8l
STe (o1 6.5)1 TR 89 HI § IE & AR il
foadta feom o g9 <, @ HI &1 9igar &9 gH T
T H, To I, sl Higal 99 T dedl ©I S qh
qrererEer TAIUd 9 7 S (o7 6.5)

HI

gar —>

HI

qqy —> T € 9H

farT 6.5: H,(g) + 1,(9) = 2HI(g) 34l H Tar@fqa
qregreEe el ot foon @ a8 gedt 8l

173

g fAfeed saaT & H T 1 o TEst &
Fd H&N FE B, A 9% TH Ys ATRHGI o
AR € FX, A Y5 SORI § T8 e
frgor e g 2

6.3 A ATRTEERT ot 1 qer
[rTaeen feris
e § AR Ne] Te ARl oF THHl &l ‘|
g’ %ed 21 T o TH WM § 9 fago o
e & HeY § 3 Yel W 89 faeur &3
A= fasgor | Afieien aen SRl i Figaiett |
oo 2 YRR Higarsli § | Gigdiel i ohd T
fman s "ol 27 9 fHg o HEed &l i 9
Fh qRafdd FX gehd 72 SfEifie sfic o swEmh
@A S — (H,, NH, T Ca0) % Hyel & fag
EYTF Tl 1 a9 feren S 872
T T9 & S o fow g9 f=fafed amm=
SRt srfufsranr W famm w3 -
A+B=C+D
T8l 39 Gfold THR § A 9 B 319
Tl C 991 D SIS 21 3k Schuvil trafsmaneti o
TR SR oh YR W Afe o TEEERl ohel
Hfspfafera TeeT (Cato Maximillian Guldberg)
Qﬁftﬂ?{a’l@[ (Peter Waage) ﬁ'FFL 1864 H Hfaurfed
feon & foet fago o wigaed &t fA=fafea
- FehT0T GRT ST ST Hehell T
_[c][p]
° [A][B]
el K, O feeris € de qE SR H S
‘g feeier oA hEddl ¢l TE ATE-HHIeRTuT
H ‘g 34T?|'|'vﬁ @ =1 98’ (Law of Mass
Action)‘iﬂeh?ﬁ%I
T[eer] e ATt g fadTisd geral i oT=s! TE
1él'lzléﬁf#1%1@?015{51%74?(13[5[(SealedVessel)'ﬁ?Sl
K W 9 H, T8 153 1, & o= sifafmn | TR
Y| 30 AffeRan 1 ST fafvs areifies aRferfaa
¥ B: T g e -
H(@ + L@ <= 2HIg
1 9 1 A 2 T
T8l =R (1, 2,3 T 4) FAM § YR ¥ 5
uE | hee T H, T T 1, 91 TE WA

(6.1)
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174 W fogm
ARt 6.2 WRFWR TS wrETEen W H,, 1, te HI =t |igarnd
T HE&T IMfisTeh Wigar /mol L’ WIEETEAT T Higar /mol L
[Hz(g) ] [12(g) ] [HI (g) | [Hz(g) ] [I2(g) ] [HI (g) |
1 2.4x 102 | 1.38 x 10 0 1.14x10° | 0.12x 10 2.52 x 107
2 2.4%x 102 | 1.68 x 102 0 0.92x 102 | 0.20x 107 2.96 x 10~
3 2.44 x 107 | 1.98 x 10> 0 0.77x 102 | 0.31x 10° 3.34x 10
4 2.46 x 102 | 1.76 x 102 0 0.92 x 10~ 0.22 x 10” 3.08 x 107
5 0 0 3.04x 10~ | 0.345 x 10° | 0.345 x 102 | 2.35x 10
6 0 0 758 x 102 | 0.86x 102 | 0.86 x 10° 5.86 x 107

T3S Ud AEEH o faa-fie |igor o @y fhan
T S GHI 918 9] 95 H HHO o W1 H Ao
feer 71 ME, sretfq—wreaTen Tenfud B M o=
AT (§. 5 TS 6) oheel TEE HI et IRY T 1)
39 YR fauda sifufeen ¥ wrmewen wonfia ggl
Al 6.2 H 3 @ ®: @ ok ik fRw M g
TAN-HEA 1,2, 3 TE 4 W F€ @1 S Gehdl @
fh— eAfsehd H, o Hic1 o1 e = A9 1, o Al
T & = Y (IS HI o Tl i G&A)
TAN-HEA 5 q 6 W BH 2@ © fh—
[H,(g)]., = @],
el W fehRehl Td SRl I Higdl oh
e Helv TNfyd s o Ty &9 &g qumeamiet o foam
H 99 Ehd B e U T e ohSe W OEd
foam -
[HI(g)],,
[H,(9),, |[L@],
TR 6.3 3R o AT Wigar-Gael sisieh

H,(g) + 1,(g) — 2HI(g)
. [HI(g)],, [HI@]Z,

TIEE | (@l L@, | @l L@

1 1840 46.4

2 1610 47.6

) 1400 46.7

4 1520 46.9

5 1970 46.4

6 790 46.4

RO 6.3 H T 7T Stihgl 1 FerEar ¥ afg g9
AR Td SR T ATATIET- ST i ST
otk § W, 9@ 39 s 1 99 feer &, afew
fym-faa g (SRt 6.3) 1 afk g feAfafaa e
S

[HI@T,
[H, (9., L],
T B9 A foh weft o, gAm A T8 oHen fer
M A1 B (S GROT 6.3 W T wn ®) | 9% <@
S Gl ¢ foh 39 =S | ATRREl @ SR &
Higol § =1 (Power) &1 WM &l €, S THEfH
aifafsran o TR o o 3o eI oI
TUTih (Stoichiometric Coefficients) & ST o
TH & oF WM | ErEEEe feRis’ wEl S @
A T 'K Welieh G RISl 81 36 Wb Affman
H,(g) + L(g) = 2HI(g) = fau K, s7eifq wmmereen
feerier ! 3@ ®9 ¥ fo@n S 2
_ [HI@L,
© K@), LE),
W U TU Ao, WS o I_IH o €9 § Sl
‘eq'ﬁ@w%,%ﬂw:ﬁﬁl@w%,m
I8 HA S € R K % oS H Wigdl o1 HE
e W 81 oTd: eH forad -

[HIQ]
K=c-r—" _
© [H@]Le)] 6.3)

(6.1)

(6.2)
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R ¢ 3w € BR K T W @i %
T mol L' ¥ =er fehan S 21
feu T fodt am w Afafsmar-samsi =t disar e
SRR T Fxdl o UGS 1 3TN R &ar
21 TH I HHF Wigdl oF S % AU e
THEE THE | ARl TS SRl o ™
YHIHIOIEAT T[0T i 3! WG o =i o ®Y
o s foran S 21
TH PR Wh 9T AfAfhan aA + bB = cC +
cD & foru wrerazen feemis &t f=fafed =9 9
e foRa < B
K _lcror
[A] [B]
sifuferan 3R (C a1 D) 19 ¥ o AYHRH
(A @1 B) B H B B1 Yl Wigal (Seoned- [C,
[D] %) ol Wfera eifufsren # TowieRoIHdA
I Ui o Wl o ®q § e fehal Sl B
S— 4NH, + 50, () = 4NO(g) + 6H,0(g) 1ffeman
% fou greewen femid # g9 39 ®9 A 9
T B

(6.4)

_[NOJ' [H,0F°
¢ INH,]'[O,P
faf\w sre=al (Species) I HIeR-9Igdl i 3=
TR ISk H TR I ST € AT =€ HHAT Sl
2 fop 3 wrereen @igad €| S q% §gd SevdS |
B, q9 d wrmeeen e % oaes d wieemd
(3@, 5@ = T\) T fae S 2
T O SO OTE Sed 29 €,
S AfE R eIfafmer SHiw ®i fHE TeF (Fac-
tor) ¥ TN &, @ FrAmer s o fau =
fored a7 =g g wa = fF 9% =5 39
fRadad &1 ot e H

arfafshan H(g) + L,(g) = 2HI(g) (6.5)
¥ AT SN Hi 39 TER e o
[HIP
= 6.6)

<TI0,
1 wdtg SAfHfshan 2HI(g) = H,(g) + L(g) o fag
TrgreE- T 3E 99 W 39 YR Bhm—
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, _HL]_1_ 1
KC - [HI]Z - X - KC (6.7)
' UMY,
, 1
K. = K (6.8)

Sopd rfufeRar w1 wremaen Rerie 2 1fRim
arfuferan o aremearen feris & eRd BT 2
IR ifferar =i 39 w9 ° famd ®

Yo H,(g) + Y2 1,(g) = HI(g) (6.9)
wreTerer feeier 1 HH -
K= [HI] / [H)'?[L]'/? =x'/>=K!?  (6.10)

3G YR IS T THIHIT 6.5 i n T o1 FY,
at stfafshal nH,(g) + nl(g) = 2nHI(g) W< 3R
T THeh wrAEE-fedie ® WM K® BNl S
ool B Gl 6.4 | Wi TR e )
WRUT 6.4 Teh WA SchHu Tfafsrar o Ar=meren
Teeriehl Wl 371ok TUTeR! § Haier
T ek THIeRTuT GrETEeeT
Teertian
cC+dD K

aA+bB K =(1/K)

aA+bB
cC+dD

naA+nbB

3T T8 T4 T =T fo K 9 K % oTiferh
o ot 2 € 3oy ae eTavaes © foh wme-steen
e @1 AM forad 99 Hqfad TE™te FHiH
F1 3o Fi

ncC +ndD |K”, = (K]

3T 6.1

500 K ® N, @& H, ¥ NH, s o IRH
gremeeen o fAEfafed wigad o g3
[N,] = 1.5 x 10° M, [H,] = 3.0 x10> M @
[NH,] = 1.2 X10 > M. Sr=ewer feerier &1 oM

Al

'
sifafsan N,(g) + 3H,(g) 2NH,(g) & faT
o feeier ©9 ®9 § for@n s wehdl B
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_ [nEg (9T
[N, (g)][H, (2)]
(12x107)
(1.5x102)(3.0x102)°
=0.355 x 10° = 3.55 x 10?
I 6.2
800 K T 31fHfshal N,(g) + O,(g) = 2NO(g)
o fau  grerewen wigad fefatag -
N,=3.0 X 10°M, 0, =4.2 x 10°M
U NO = 2.8 x 10°M
sAfafshen & fau K, &1 79 =0 3m?

'A
Afafsan o foau 9= feeier 39 YR formn <

c

(2.8x10°M )’
(3.0x10°M)(4.2x10°M)

=0.622

6.4 QU QTEITEERIT

fodt T e o 9t e T SR Th
THE o | 2 €1 Sl o fore g sifafwen
N,(g) + 3H,(g) = 2NH,(g) ¥ 9N el 3R
geft g H-greEen § 2

T THR

CH,COOCH, (aq) + H,0O () = CH,COOH (aq)

+ C,H,OH (aq)
qel Fe®* (aq) + SCN(aq) = Fe(SCN)?** (aq)
afafeanett ® |t AfYeRe qen I gHm
forera-wreen o € 19 B0 S Twin afafmansti o
qreeeer-ferid & ar § ggil
6.4.1 g Trenra ® wrETERer feoris (K )
B oAl I AT Reh] T SISl o HieRk |S o
®Y § grEe fenis &l e R § den =9
T K g @il 21 e sfafwerst & fow
e feerie i AT @ o ®9 ° YR
Afereh Geerere B

e fagm

Y TH-THRT0T (Teheh-2) 1 89 39 &9 H
e F o

pV = nRT

a0

n
= —RT
b \%

aﬁm(p)ﬁbarﬁ,ﬁﬂaﬁwﬁnﬁfﬁ
T 'n' g SEEH, 'V i et (L) ° den 919 i

hfead (K) | ek & W p=CRT(% =C) HED

'R’ %1 | 0.0831 bar L mol'K Bl B

& n/V % 4 mol/L ¥ oI % B, A1 T8
Tigu ¢’ 9 #1 era:

p=cRT

feeR qMT W T 1 I IR FEI S FAU
g €, @i p o [fW] om: sa @A F
p= [T8] RT o &9 | +ff fo@n s g 21

e H AR H(g) + L(g) = 2HI(g)

_ [Hg)]
* K T @ (9]

_ (Pum )2
K, =
VS (Pw, ) (P, )

=% py =[HI(g)]RT py, =[H, (g)]RT

(6.12)

@ p, =[L(g)]RT

ELSIGIY

[ [HI(g)] [RTT"

" (py,)(p,) [H:(g)|RT.[L(g)|RT
0
[H, (2)][L(2)] e (6.13)

ST SR H K =K, § 7eiiq 3 S
feoRriant o I seR €, fhg ge =8 T T 2 R
SR & foag — sfafsa Ny@ + SH@ =
2NH,(g) |
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o () [NH, (g)] [T’

" (py,)(p,)’

_[NH, (g)] [RTT”
[N, (9)][H, (2)]

#iq K, = K, (RT) @

T YR U GH T it
aA+bB = cC +dD

K, (RT)™>

K

_ler'or
" [al'[Bl

)An

(RT)An

=K, (RT

[N, (¢)]RT.[H, (g)] (RT)’

(6.14)

(6.15)

el Hferd TEEte Sl § An = [(TE
SRS o A i TE) — (T sifafkasmi o He
F Hem)| 21 T TewrE € R K o s
T T T AE bar B WA A18T, Fifh & Hi

WTHIfOT 37l 1 bar ¢ Theh 1 9 84 91 © 1

1

pascal, Pa=1 Nm™2 q 1 bar = 105Pal
TR 6.5 ﬁ@aﬂﬁﬁaﬁﬂo‘mﬁémfg
& T fgu U g
WRUT 6,5 W FB AT ATHIHATS o AT
Teerien K, o °H
arfufsran " /K K,
Na(g) + 3Ha(g) = 2NHs 298 6.8 x10°
400 41
500 3.6 x10°
2502(g) + O2(g) = 2S03(g) 298 4.0 x10**
500 2.5 x10'°
700 3.0 x10*
N20Oa(g) = 2NO2(g) 298 0.98
400 47.9
500 1700
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SETETT 6.3
500 K R PCl, PCl, 3R Cl, Trreeen | § qen
Tizard FHT: 1.41 M, 1.59 M TS 1.59 M Fl
sfafsean PCl, = PCl, + Cl, o fau K, i
TUMT KIS

k3Nl

IR Afufsran o fou wmamezen feris =9
®q H Yehe foha1 S Hehdl 8—

_[peL][cL,] _ (1.59)°

<= ecn] (a7

3310l 6.4

79 Ifafkan & T 800K R K, = 4.24 &
CO(@+H,0(@ = CO,(g+H,(g

800 K W CO, T4 H,, CO T H,0 & |

T TIEARA i TUET Hifee, A IRT | shad

CO T H,0 B 3UMEerd Bl e Gieh i Tigdl

0.1 M &I

'

frafafea sifafsan o fau;

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

0.1M 0.1M 0 0
g I
(0.1xM (0.1xM xM xM

W&l W R CO, T H, %! W1 xmol L 2l

314 g feeier 1 39 YR foran ST Sehel 2—

K, =x"/(0.1-%°=4.24

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

x> =0.0424 + 4.24x> - 0.848x

3.24x°-0.848x +0.0424 = 0

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

@WW"T@EWa}(2+bX+c=O,
(—biM)

2a
x= 0.848

X =
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+./(0.848)> — 4(3.24)(0.0424) /(3.24 x 2)
x=(0.848+0.4118)/ 6.48
x,=(0.848-0.4118)/6.48 = 0.067
x,=(0.848 +0.4118)/6.48 =0.194
AM 0.194 1 SUST i ST Fehel €, iR

igar § A 2
3T TTETEERT W HiEan 3§,

[CO,] = [H,]=x=0.067 M
[CO] = [H,0] =0.1-0.067 = 0.033 M

3ATEIUT 6.5

39 W9 2NOCl(g) = 2NO(g) + Cly(g) 77
1069 K d9 W |+ feqiieh K, 1 A 3.75 X
10° 8138 99 W 3= sfafsrn % fag K,
TUMAT I

&

T W4 @ T

K, = K RD"

ISR Afufsan & feg,
An=(2+1)-2=1
K,=3.75x10" (0.0831 x 1069)
K,=0.033

wrETaer ferie & amEw

e K o 9 e S5 FE0 %1 mol L
H @ K <1 HH fehTerd 9 ek <19 F Pa,
kPa, bar 31/l atm | = T <1 81 39 TR
qreaen fEerish 1 AT Wigdl A1 J76 o [ T
ST B 1 TS Wreee SS9 W SIdish!
I e H Wikl o AN oh SeR Bl 3rfafemen
H,(g) +L(¢) = 2HL K q K, H % A el
gl N,O,(g) = 2NO, (g), K. %1 A% mol /L
qeM K, %1 A5 bar

g AfYHRD] TH IR ! GHI0TH TN |
fam wmu @ grerewen feeriwl #t famuEA
(Dimensionless) TEI3T § =76 Fd & SRR

e fagm

TS SRS 1 Wi sTeeen ¥ 5 g k1 g
ST T bar Bl 81 39 ¥R 4 bar 1€ WH0H
3TTE o WU H 4 bar/ 1bar=4%ﬁ?ﬂ%,?ﬁ
fommeia 21 Tk forer o et wmmifores stereen (C) 1
HeR foer © qe 1= Wisard Tet < |re § A
STt €1 |reEfeRis 1 Sfifhd W g gE qraieR
TR W st R B1 39 R 36 woned # K,
qe K, 31 fomea et & fohg seent stifher o=
et JHIfoTeh ST B o RoT e B gkl 2l

6.5 TauamIT QrETaRRT

T ¥ 2Afues grazen are e ¥ wenfug |reraen
1 * T wreren’ el Sl Bl Sl o o
9% UH H -9 U9 S@-%d oh drg efa
e fawmi qrereen’ 2

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

TH SR K TE W WEEen 9o gEd a9
e 21 THl TE 39 U 3ok Ggw foerEd & ot
Toftd Hrerargen ot fawmin qrereen g1 8-

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

oo ArmEEenst | ifued 6§ 39 A IS
59 A o &1 T greeen (S 3 3| =
€ T9 Bl) o WHER-FSd Hl WA g S
Thdl €, it Y 9 T TS 9 1 Hier gl
St 7 W et T2 e, afesw frer g 21 g
IR H—ErRIeEe W T 9o X I A S Al 8,
[X(s)] TS [X()] % " R e B s fawda af
X' o1 e ferdt e e o aeerdt 8, @ [X(g)]
M [X(aq)] o AH ot I €1 78T ¥9 TH Tk T
TRl faoHIT TERS Aeeel shfcHad Hare
& qrdr foasH W fomm win-

CaCO,(s) = CaO (s) +CO,(g (6.16)

IR IR ok SMUR W &Y forg ehd € o

K _[caOo(s)][cO,(g)]
© [Caco,(s)]

9 [CaCO,(s)] T [CaO(s)] 3 feer ¥ Tafer
I rfuferan o fou oRefieha areamawen feris
K_=[CO,(g)] (6.17)
M K, = peo, (6.18)

T T B € fF uw ffvad 9 W co,(g)
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%1 T T¥=d Higdl 1 <€ CaO(s) &1 CaCO,(s)
o T e § ®d 2 WA W A8 a4
e © T 1100 K W CaCO,(s) T CaO (s) &
T HrEere W Ui CO, %1 < 2.0 X 10° Pa
2| EfeT STIs AR o fory wremeren feeris
T T 39 YHR M-

K, = pco, =2%x10°Pa /10° Pa =2.00

T YRR THohet, e AFISTFIES s fHohd
HraitIel o st Tenfud fawmin grerewen (e o
TIfgHT0T o Uga) FHIHR —

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

o e feeri® 1 7 38 ®9 ° foran s g

PLICON
[CO]

78 oI ® T areameaeen wenfya g9 o fou g
werelf w1 Sufefa eavas € (9l € St " UEl
gl), Tohg 3Tk TIX01 A @, AreATae—fer® o
=issh | 7l g o1a: e feafd | 3g %9 @ s
I ! TR FeRie o =iseh | el feran s
21 arfafman—

Ag,0 (s) + 2HNO, (aq) = 2AgNO, (aq) + H,O ()
H Hreraeen feemisr %1 7 39 w9 § fown S 8-

c

°  [HNO,J’

ST 6.6
#fAfsHan Co, (g) + C (s) = 2CO (g), = g
1000 K W K, %1 A4 3.0 I A% e o
Pco,= 0.48 bar T P, = 0 bar &l 1 TG
IThTEe U &, @ CO Tl CO, & " W
3TifeTeR 3@t Rt UM hifST)
&
=g sifaferan o fea—
Ik CO, 3@ H HHT x B q—

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

179

¥ W : (0.48 —x)bar 2x bar

_ pgo
K‘” 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 =

=[-8 3 - 4@)(1.44)]"/2x 4
=(-3+5.66)/ 8
(dfF x T A FOMHS &l BT, 37d: 39 °H
1 IUN HT A B1)
x=2.66/8=0.33
e W SRR @l oh A 36 YR B
P.,=2x=2x0.33=0.66 bar

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

6.6 TATETET TEerieh oF STHANT

greraEe-feeris & FyarT | faur & 9 ugd

T 9k HfafEd Aewqul del W e S

%, TrEAEE-feRi® &1 Si9e ad STE B
Ta YRRl TF IR i HIgAT TrTaee |
feeR 71 Sy

W@, grEeel-faeie w1 UM Rl U SRl
1 R Tigar W e T we 2

T i@ &1 A9 T ddfad SHIEW gR e
Tt fwan o fou fAfvea am w faferse g
2, Sl A9 "o o "YU aeerd 2

H Iopd Afufean w1 armewen-ferd  sadt
sifaferan o ArTERe-feris o WM &1 kA
Bl B

T. fordl sifuferan o1 wrmEen-femi®d K 39 9
sAfafern o araEeen feris § Hefud B ©
Torent Tt go SAfafshan o wvieeor ¥ fohet
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BN quifeh F TOT A1 AT & W Y 2l B
319 T e ferisd o Sy W foaer
FHT qA HRT FAN FAfared foget 9 dafua g
o IW 3T H w4
o TrATIE-feerich o UfAT T WeTHar W e
1 HHT 1 STTAE T

o fufopan st T =1 war Tl T
o GIEATEEA-HIZUT i UM FHLAT|

6.6.1 3TFAfeRaT ht TIAT T A TN

TRl &1 Affher AW Af9fRan &1 i
1 1 €, Wq F ST Hewequl ® fob wreeen
e 9% &1 adamar for ArmaRen feg R 9w
T 2K, K 1 IR IeR) T WS 3 qEren
B © (e Te wrerae-fenis oS & U
(Numerator) § forar a1 @) den forarerent
Tigdl & FhAd el 8 (i 98 =Hh & &
(Denominator) ¥ fer@t St %)I grewe e
K %1 39 A SR &1 S©d Wigdl &1 s ol 36
R K 1 01 | Sl o 1 | ol gwifan 21

= fasror o weed 9 e fefafaa e
ﬁmwm%

I K, > 10° 81, 1 IR A9hRe 1 gor |
ST S| AR K T A HI] SR R, 9 AR
e guiar o ke gt #1 Sreumed -

() 500 KT H, T O, i AHlHT Wremereen 3

feei® 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%10"

AT K, < 10°, AMTHERE &l o § IR FH
B AfE K, 1 O 379 €, @ stffsman geiv stemen
o & Hud gt 81 Frefafiad seewl g 98 T @
ST 8-

(%) 500 K W H,0 &1 H, 72 0, H faued =
o -feerieh 9gd FH € K.= 4.1 x 10°*°

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

e fagm

If% K, 10° ¥ 10° 1 WY (Range) ¥ Bl T,
T SR e ARTRRER IHT hT WEATT Harosteh Bidt
¥ FrefafEd 3T | fFER & W

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

>m

a:rq»‘“rem| K,
sifafsean HfeTms 1(|)_3 ,! 1(|)3 sifafsan T qofar 1
9 3 SR SR B 2

sifvev® qon fFTReE -
e R SYfEd §

ferT 6.6 K, W w1 &1 a1 &1 [543

(@) 3 YR T o Afafwar N,0, &1 NO, H
famea €, feeh faw 25°C W K,=4.64x 107,
Sl © SR IR 3 9 faeo o
N,O, I NO, HT HZAN HdrTsmeh sl 36
Hr=ieRor w1 a5 6.7 | g9 T 7l

6.6.2 Iriferar it faom =t e
PR U Sl o TRt stfuaferan-fasmor o eifufsran
HI foom &1 Uar e § ot wrerawen femis @
SuAn feRan ST B1 39eh forg g arfaferar witeer
(Reaction Quotient) 'Q' 1 TUMT Hid &1 HI=ATEE
e o1 € we ifufewan armwa &1 o sfafsman
1 foreh oft feorfr & forg wfenfim (Her @iz @ @
qen s7ifers <@ @ Q) R S Wk 21 et T
arfafean o fog
aA+bB=cC+dD (6.19)
Q.= [C]’[D]* / [AP[B]® (6.20)

e @ > K @, o Afufsran sifaeswienl &1 3
s et (fawda sfafearn)

e g < K &, @ i 3Rl & sk
amrEftd e,

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

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

H,(g) +L,(g) = 2HI(g)
700 KW K_=57.0
AT fob g9 [H,]=0.10M, [L], = 0.20 M
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SR [HI], = 0.40 M. ferm
(WEa Hopd W UEIE t H A g8 € fR
Tigarett w1 A9 R T ¢ R R T 7, 7
e W)
39 TN, ATARA 9T @ AfAfhA i 39
feufa & fean w0 2
Q.=[HI?2 / [H,], [L], =(0.40)/ (0.10)X(0.20) = 8.0
T T Q (8.0), K_(57.0) T SR &l §1 o7a:
H,(9), 1,(g) T Hi(g) =1 fasror amea o 7 1 gehferg
H,(9) T L(g) Tfafshan ook iR sifesh Hi(g) sHmds
T Ik HIKU q9 q W, S q% Q =K 7 &l
B
AffsRa-9rThel @, 94 K_ o WMl ol ol
Fh Afafwar-fen 1 9w | swEnt 7
3 yeR, Afufwman =i fen & Wy A =W
frefefad oM sRon 71 g &
o AR Q <K @, @ e afufma o€ ¥ <€ @R
SR 2t
o AR Q,>K B, A afufren € ¥ 96 R
SR 2t
. WR’QC=KC%BI,F|3[%3TFWH%J@?P{%|

. o
i gl

AfiRE —> IAR SAYERE R STVERE <— SR
I, ArEEe o

o : 6.7 fifawar &1 f5om &7 @t

K

I 6.7

2A = B + C A4 & fag K, &1 9H
2x 107 2l

fRu T gqm ® sfafwan-faso o1 95ed [(A] =
[B]=[C] =3 x 10* M ®| eifafeman == &t feon
o swfad erm?

&

st 3 fog st s Q. = o
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[Al=[B]=[C]=3%x10*M
[3x1074][3x107*]
c [3x107*] a

39 YN Q, > K, 3afay siffsean fauda faem o
sfed Bt €|

1

6.6.3 T HIZAT3 ol TOTT

g, @ fafafed &1 9= 9 39 9 Sa-
ug 1 : fafean o fou wqfaa g foat
Ueg 2 : Hqfed GHIRIT o fore Tk |Rvft oA, fome
sifafshan o Afafed goie asred i gelias R ol
(&) Rfae diga
(@) HreeEel WS o foT Higar | uiterde 31
(1) HrEATEERN Higdl

RO oH § TRt T iR it Tigdn i
x o B9 Y, S WreEAeEel W R Rt B SR
f arfuferan =1 HEdismiada 9 o= agiet i
HIAT i x & Y H Fad Hi
UE 3: x &I A L o 7T WY U | A
igaratl bl wiaeeiid i B g SMaeh! o T
A T B, A TE T T g, TS THEtE
a1ef 7|
U 4 : URepfad O oF MUR W A Figdieli i
TOMT R
Ug 5 : IR U wHEW § yfaeenfud & st
o HT " R

IETEAT 6.8

13.8 UM N,O, &l 1 L 95 H T 5l © df 39
TR W T el 2

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

Ife e W el <€ 9.15 bar UM TR,
dl K, K, 91 S B SAifireh <6 i o1
i

&
B9 W4 § T pV = nRT
el S (V)= 1 L
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3UHR (N,0), =92 g

Tqoh WAl =13.8g/92 g
=0.15
T9-feei® (R) = 0.083 bar L dieT ' K
a9 = 400 K
pV = nRT

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

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

g W (4.98 —x) bar 2xbar
&d: W& W pey = Py,o, + Pro,
9.15=(4.98 -x) + 2x
9.15=4.98 + x

x=9.15-4.98 = 4.17 bar
HrETEe I AR <,

DPn,0, =4.98-4.17 = 0.81bar
Pro, = 2x =2 %X 4.17 = 8.34 bar

K, = (Pro,) / Pryo,

=(8.34)>/0.81 =85.87
K, =K/RD"
85.87 = K (0.083 x 400)"

K,=2.586=2.6

ST 6.9
380 K W 3.00 Hie PCl, %l 1 L &% 915 | @l
ST 81 HrEEE W L1 1 WEE A ity
af% K, =1.80 @I
Kyl

PCl, = PCI, + CI,

YRIH 3.0 0
HHE'TFTTTQPCI éuﬁﬁaﬁ@xmolmﬁlﬁ
B & de-

T T (3-x) X X

[PCL, ][CL]
K.= "Ipcy

e fagm

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

=[-1.8 +V(1.8)" - 4(-5.4)] /2

=[-1.8 +V3.24 + 21.6]/2

=[-1.8 + 4.98]/2

=[-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 ATHETEEAT Teeiar K, T9TehaT
WATReT g de fies Sett ¢ § Heler

et sifafsran o6 fae K a1 A sAfafsean =6t wifaent
R et T e B1 S R o9 TRe-6 ¥ T 4%
& g srfaferan w1 SeAmfaeRt, foea: fisg et 9§

Redd T YR e e

e AG RUTH® B, a9 SAH(HA Tod: yafid
A S € den 3 e o wue g

I AG U ©, T SATAiha Tord: eifdd &l
BAT| TR ST TelT9 TR 89 AG 0T B
31 oW AR o IR ATTRRE H dRafdd @l
S|

I AG I B @, Al ArEEen w1 uw
|

T SHNIAeh T4 hi oAl 39 THIh0T § i
S TS T

AG =AG® + RT InQ 6.21)

Safh AGe AFE filss o 2

HEEel W S AG=0 90 @ = K, ®, d
THEIOT (6.21) TH FHR BT—

AG=AG®+RTIn K=0 (K, o ¥ WK A

[
AG® = - RTInK (6.22)
InK = - AG® / RT

TH 3R Hfaery] T o W
K=e AGP/RT (6.23)
37d: THIHIU 6.23 HT STAN H, AG® & Tl &
&9 H Afeha o1 T el shi THET ST Hehell 2—
T AG® < 0 %I, A —AG®/RT ¥ B 37d:
e26° 51 BHE K> 1 B, S sifaferan =t waa yafdar
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1 qian € steen o fgwn ® s@ o o gl @
g 6 3R et o &1

I AG® > 0 @, @ -AG°/RT FUIHF A
3T: o-46°/RT o, BH W K< 1 BN S sAffran
1 eedyatdar <eiar @ erfufwer sm fwn o
39 W 9w ¢, e SR g o

183

1 SRR 8| M- N, T2 H, § ST o
eI o BTeX WehH H Uit aRfeefaat w1 =
ITa § ST €9 ¥ Aoyt 2| fava ® smwifen o
e IcaeA 100 faferm 27 ?1 g9t g swm
ST o &Y H B 2

wregreree feertiss K aRfyeh wisgarel o e e

IR 6,10
TSRS H TR % HIEhRISYH oh
faw AG® %1 M 13.8 kJ mol ' 81 298 K W
K, 1 5 A &

&
AG® =13.8 kJ mol ' =13.8 x 10° J mol ™’
AG® =-RT InK,
In K, =-13.8 x 10°J/mol
(8.31 Jmol 'K ' x 298 K)
In K, = - 5.569
K = e—5.569
K: =3.81x10°

SETETT 6.11
T o SA-30E ¥ TowE 3R TR
frfefa sfafF & SR foe 3

9 + H,0 = T&hE + He™
300 K R Afufsran o forq wrearewen feemisw
K., 2% 10" 1 300 K W AG® % T I AT

HifeTa|

&
AG® = - RTInK,
AG® =-8.314J mol 'K’
x 300K x In(2x10"%)
AG® =-7.64 x10"* J mol '

6.8 W Rl YHTTad A T hleh

TEEeh HYT0 % Y@ SEvd § ¥ UH I © TR
=IAqH el oh I o WY SITHREI hl ISRl H
stferehan afterds 1, T el 8— Sa|l &1
STfehay afed a9 qe I i Heam qRikfaE 5 2
Ife To 7L e ®, df wreEfien gifefae o afteds

Yl B T A ArerereeeTet et frenma o etfirerrent
71 3R | ¥ Rt Th o @igur § giead fean S,
al Frren o rEeen @l @ Ui ® qen e sifufman
TI: dd Ik Bl @l T, 99 dF e § g
[reTeeel Tfud A 8l Su| JIaeel SreEe W) arg
o1 Y9TE TF 3T 1 faeiFar & 9R § g9 s € U
9o €1 &0 78 ot 3@ 9ok € fop a0 %1 afady frg
TR Bl €1 TE ot S S gehl @ foh foRet 9w
afg rfufsran o ar=raer-feris &1 o= A 8 ot
foRdl IR W50 § 39 SAfAfha o AfRen] T
SISl S WrEATER | GIEUT i UM i S Wehdll 1
el a o B AR Hrareen feerish &1 a9 o 91y
Rery & off 9@ @, a e ke T ar-snatag
Tagia &t 1eg 9 uRfeafaa o ufReds @ ar=mEen
TR YT Y9TE o 91 H oM R g0 9 e
ehd 21 39 Fagid o 7eR ferelt T =it wmearerar
uftfearfaat w1 Taif@ s swreRt (@igoT,
@ TS A) § W et ° of ufads gm0 W
ArETaeen 3@ faon # v gt 21 faed e
X TRIET E3T YN ¥ TG G &1 S I8
off fiferer o TR e | @ g €1 Th
g fagor o Heed &1 giafdd w@ & fau e@ s
FHRH F1 STAN AT S HRaT B

frafafad Suesl o g0 grEmEsen W Ogig,
T, qY TS IAE o6 96 T faar -

6.8.1 WigaAT-UREdT sl THTH

= S9 foedl SIfeReR/3eg & sifufwan o

e o feprem § wrerEEen giafid B 8, dl

I TN T-VTaY, fagia’ o6 STaR W G

S Fehdl B

o YFHRFH/IER F fHAH ¥ Higd | I8 I9G
1w o foru eifuferan 39 fSem &1 3R 3R
Bt €, difer fHeire 7wt <1 SUE € wehl
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o AfYTHRH/IAR o TR ¥ Higdl W a6 Hl
FH HH o fou Afafshan 39 fIom 1 3R TR
eIt & aifek erfaferan o freret T gered T g
B ok 3T ISRl H—

“Sa fordt eiffsren o IRl o SR § 9
fopelt Tk 1 off WK HrEerEen W e faAn S §,
T e s o Heed | 39 YR Uidadd s
2 for |01 URerds o 0T TSHeTeT THE HH S
3= = Sy

3T, H,(g) + L(9) = 2HI(g) fufshan W fom=mr
H| AR FreETen W aAtafea fagor § 9T 9 H,
9 Srefl WU, A WrEeRl % [H: T o oy
Hfufsren 37 foen 4 smrex gnit fom 9 H, Suifi@
2 s1eiq SR iferes H, W 1, R # HI ferfem
HON q 3da: rEeen IR (Afm) foem o
foenfua rft (o1 6.8)1 I8 @-vmfae = fagia
o 31eY B TSEeh SaR SIfeNeh/SE o AN i
fearfq o =€ Treaeen Tenfud entt o S ehRen/3aR
T Higdl SHeh AN LA o T H KT q1 g H00
9 aifus g =few)

\__ mumaw T ;T
[H,]
I, E
(1] k
[HI]

T me 97

W e
H, STeH ™

fax 6.8 H,(g)+L(g=2HI(g) srvfear 7
greeaTe W H, & Se R AHRS 79 3Rl &
G5 F gRadT

e fagm

Frefafea sfafswan TrTHe o SR W ot 80

T frehd W UEE Hhd B
Q. = [HIP/ [H,]IL,]

IfE Qe W H, faemn S, @ [H,)] Ted
T iR Q H1 HF K ¥ %7 & S €1 zafe sifafwan
& (7)o R AR W SR Bt T Sl [H,] qen
[1,] et € &R [HI] 79 7% &l €, 59 % Q_ =K,
T B WU g AT WreEewen Tfyd 9 @ S|
STENTR Tl o U T ST HEAT AR g
Heyul Bl 81 STel ST R Rl Serg i ST
T fen s €, sifferan, S ot gu fomm remeren
W g T 2, [: M fKen ¥ wor ot g1 v
Il § | *IE TG e A adiehd 8 et ueied @,
dl SR T S HET EHE Bl ¢ STHIE
sfrenfies fmior & smifan &1 geiwo & o, 9
e R o s # feg sifufwan sifom faem o
il Tt ?1 76 THR CaCO, ¥ CaO St 9o &M
#1 T ey A 2, & s e g
CO, i TR Tk Afafehar qoi w3 et ©1 9%
IR, TG AT foh IR AR g2 ©H | Q1 A
K, HYN %H o Tear 8, fomw stfafsman sifm feen
# 2t T 2

Higar T AHTE-Teh WA

T4 frfafea sifafea g0 wel¥@ feer 0
el 3

Fe®" (aq)+SCN™ (aq) = [Fe(SCN)J** (aq)

EiKll TEH Ml AT

[Fe(SCN)[* (aq)

°” [Fe3+ (aq)][SCN (aq] (6.25)

T @ | SARA (111) g foeta™ &1 1mL
AR IAH I I IR AR faerE SRt
A ! Tee™ W Tt o1 1 ol 8l S €, S
[Fe(SCN)]>* S+ o ROl il &1 rereeen Lefua
B TR AT e feer 8l Wit 21 IR o SR
1 srfuferan it arEmETen W e | ArEreen &
ST =1y femstl # o710 seegER fawenfua &
Thd Bl [Fe*]/[SCN] Al &l &l % e
iferrent =1 faem w ar faada feen o fowenfya
F TWehd | SH—Aeifereh 3 (H, C, O,), Fe®*

2 2 4
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A 9 fohan wteh Tl 99 SRA [Fe(C,0,),1°
T &1 o7: Yol Fed* T i Tigdl &4 € Sl 2|
A-IMfeTe. fIgid o STIER Fe® 34 &l g d
S Wisdl TaTd @i [Fe(SCN)|?* o faaie g Fe3*
Tl 1 9fd R g R S 21 dfF [Fe (SCN)
1 Gigdl St €, o7 o T h <ol A gl Sl
T Sefa HgCl, faam | ot ara 1 &1 e %
Bt 2

Fifeh Hg?* 3T, SCN- A o @1 sifafepan
FT TR Wpd A [Hg (SCN),I2 9 &1 o
SCN- 3Tl i HH! THIHWT [6.24] H A 1 918
T [ N SCN- 1Al 1 gfd 2q forenfua et 21
W EEETe e W SCN- 1 WK 95 Sl
21 3rq: sfery | o fen ® (€ @) 5g
S € e faerad o W1 &t died S Wt 2

6.8.2 SA-UREdT T THTS

ot et erfufsman o e 9Rads g <@ age
Y IR H1 AN GHIfEd Sl €1 98 a9t B €, S
sfaferan o1 <9 ol TEmEtE SR § T
AFTRTER] o Hicdl 1 G qe TEE el o Al
1 G | f=ran gt 2| T | 3 en-vtere
fogid, o 9ga % W 3@ W@ FA W I@ ok
IR 1 IUET HT S HhAT 2| AR SE/EH H
AT (TS Higdl) ga W [ 72 e 81 Frefataa
arfferan H-
CO(g) + 3H,(g) CH,(g) + H,0(g)

T sifasRl (CO + 3H,) o WR Hid § SRl
(CH, + H,0) & & Wil o & SWiea fafeman
TrTaee s it e a9 | e o
faferet o waeht <@ QA H IWh HeA AT H
3T KT A T 30 YR AR Ud Sl &
3T <9 UF 39ch Hhola®yq 3k G50l d8a1 T
21 o1a fago grgereen | @l ®© T ® | -9t
fagia, @m] #e sfufwan oo fen & s e
Hrereree]] TAITUd SHedt ®, SHhT Al e S Fehdl
T < 9 A T T, T e o faem
(e il =1 E@ e @ %Y el ®) SR
Bl 81 (8W W € T < 9 o Hiell Wt Ge o
QU e €)1 T8 ke wehd Q5N e
S Gehdl B S & T WA oW 1 AfAfma o

185

[CO, [H,], [CH,] W& [H,0] fshaf¥ehrehi sl Tremereen
o HIKO hl YR wd &1 s et fagor @
A e Y T2 Sl €, $9oh A% <™ TE
TISU A & 9§ o7 gh Afafewar qnhe %1 7E
e 1 A 0 @ Wi Y Hehd B
_(2[cH,](2[H,0]) 4 [CH,|H,O] K,
°" 2[cop@[H,)’ 16 [COJH,] 4
+fk Q, <K, 7, o ifuferan sm fon & spR eid
2l Cls)+CO,(g) 2CO(g) fdfspan ® & <=
g S © al eAttemen fauda (an Seew) feen o
Bl B, wFifr o feen § Hiel %1 e 9g St el

6.8.3 3TfehT N & IANT & YT

g e fier wad ® SR T SAfEd T (SE—
FAfA) i erfafswan § w6 odt €, 1 fie €
e SuiEfdd @ar g1 it fEer e W the
g e W erfafsan § 9m oF are ggref i der
Tigaret 1o el § whig ufied Tel e €1 stfufswman
qThel § IRed eharel a4l Bl © S/a THelrs T8 7Y
arfafwan § oI o 9N SRS 91 SR Bl

6.8.4 AU-URadT T THTS

Tel FHt @ A A H ufEdd o RO A1 FWigdl
faere Bt €, a9 G fHgor w1 geed uiEfda g
€, Fifw stfafsran st (Q) HrrmaEen feer® (K)
o SeR Tl T Umdl, Sifhd 5@ ardehd § 9REdd grar
2, wreAree feeish (K) 1 HF gRardd g S )
[T : dashH W ferisd &t fAefar s1fafsean o AH
& fag @ faedt st 2
o ZoiErdr STfAfRAT (AH FOTCH ) T AT
feerieh qYHH o WG W T 2
o ToATEE IUfRA (AH YHAICHSE) T ATEATIE
feerieh qIHH o S W aGdl 2
IR | fed arreaen feris e stfafea
o a7 § qiteds o 2l
Frfafea sifafshan o STTER STHIf= 1 Seared
N,(g) + 3H,(g)  2NH,(g);
AH=-92.38 kJmol™
TH SHIEN YA ¢ ‘e-varay fagia’ ok
TR, AYshH S TR TR o &9 o THmaia
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Bl Sl © U ST Y WreTeren |igdl % 81 Sl
21 379 Rl H, FH qI9HT SFHIA H] 3= Al F
T Suge 8, wifers WrEilfites &9 9 ercaferes & ag
T eAfafman 1 Tia i e S €, ;S T
o fomn s =

AT T YT - Teh WA

NOZﬁH (‘{ﬁ) aﬂN204ﬁHﬁ%ﬂ'€|¢[ (Dimerization)
1 srfaferar oF g AraTeRl W A9 1 9E =8
o < gl B

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

() (TEH)

TE HNO, ¥ Td &1 Fier Ser &9 NO, 4
TR T © A1 39 Tk (el 1 G8Edl € 5ml
el § WAl o $heat i € Al W §
T ! dedl G9E eF1 A1fetl 376 TeeiEe (araldit)
1 FEEd ¥ TEFC o RN (stopper) i T] T
2 Tl 250mL F O ST TR FA: 1, 2 TS 3
affend ed €1 oL . 1 1 feuert fa9 (Freezing
mixture) ¥ SH 7. 2 HI FW & AU A F TG
T F. 3 Wl A (363K) A ¥ R | & =l
AT i e A, 2 H @ S §, 99 T % R
1 1 digar Toh ToE @ <t 81 s o g 9
I | 8- 10 fHe 9% WAt i W & a1% 39
TRt T TWEAel H T A, 1 o ST B a9l
THA @A Wl SR 1. 3 o S | {@u) safsRan
&1 feen W arw 1 g9e 39 wan 9 fafa fea s
Hehdl B HH A9 W AR 7. 1§ SOARI W
IR BRI N,O, S 1 Telg faerdt € T NO,
T FHHT T o HRO ST I T At T 2, ek
fHT A, 3 H 3= a9 W 3Iopd AR i aie
fredt 2, 9@ NO, =war @1 ufomHa: s T
ECIRC S

AT

femardt s FH H (363 K) T it
T SRl (298 K)
(270 K) WS
farT 6.9 : sifaf#ar 2NO,(g) = N,O,(g) &1 qremraeen
W 9 F 9T

e fagm

GrereEel W 9 1 GHE Th GEU SHEATI
sfafsran | off a9 ST Hear 2
Co(H,0)? (aq)+4Cl'(aq) == CoCI% (aq)+6H,0(l)
st TEH frem
FHH F AU T [CoCl, > F HRUT AL
frasror =1 30 fren @1 ST 1 5 39 fewer fagor o
31 fean St St 7, & fason 61 9T [Co(H,0) 1 T

HROT T[eAe 81 S 2l

6.8.5 IUTh T THTT

SO TohaTRRal o IRl § 9REdA 3 HH Sl
T T AR IUCTS YA AMARRAT oh a7 &l a&T
<1 8| T8 e & HehHOI- 3T § oA aell 3 Th
WY etfaferanel o ST el 31§, Seifch e
o1 afEfdd Tt Tl IERE T TS Jarg Afaferan o
fau dfpeor o # FHE e ¥ wH w2
IAE W TA Y9 AfafRar fasm W arEreen
e 1 qidfda et il B g8 Hqferd THteR o
T greee feenie Tl § yehe Tl Bl 2

NH, o 7E2eH o eiggise | fmfor ov fomm
#, S T ercda et srfufmar @ s Sag o
el Al o1 &M SATqHNH] o Hiedl § H et 2
Hreee e qusd 1 e § Hed g1 HH
W AR T Hed & T TR R 9ge | 1y
% THI Ol ®, S S=d A W fEA # R
HaroSieh Bl €, T offed %Y Bl 2l

STH TERAR T BTe A <311 © TR e SaRe
1 3uferfa o stfufean Garoee < 9 B 2, Safh
NH, ! TTeTeel |igdl e 81l €1 i 3eas
% Hicl 1 & ATTHRD] o Al i T § w1
€1 37d: NH, 1 3cI&T <T@ agreh? sifuss fapan
Tehal 21

NH, o H¥IYU B 19 o <& 1 STperaq
Rfefaai 500°C TE 200 aFHSAT @ Bl €l

T YR, Hueh fafy gN SeRRe oA oh
frmfor o

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

qreeeer femie o qRomg o I ER ifufewa

1 T gl 7 S o=fey, fRg SO, #1 SO, #
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SRR dgd it R ¥ g1 71 wife™ e
TEUHfeTH T=iHES (V,0,) SR &1 Sufefd |
Afafsran AT R & S 2

Are: afz feet sifafsran o wrmeRen e
T TH FHIBT 6T B B, O ITH IOh 9gd HH
TEE T UMl B

6.9 Tae@" ® smafer wre=TaweT

g i feen o Wigdr aRed o g e gE |
g Trefertad SafTeh o o Woeh § Sy B
Fe® (aq) + SCN™(aq) = [Fe(SCN)J**(aq)
€ 78T &H I Wl o e il 9 gefated ¢ fh
< o STt et o faegq om0 warfed &t et €,
Sk ST H HURO 99 (Hifeaw Fanee) fham
W THH fIEq ¥R 1 YaTe B § q9 qau Y i
G+ o WY aera 1 =retehd 9l 81 Higehel e
J ugrefl i ST g STetehdl &A1 % STHR R
ot | afighd fohan— Wk ot o Ut Seft faerm o
feregq a0 yenfed ed €, 3 ‘o s9eed’ #een €,
Sefeh g S UET el A, AYd 3 TUHG FHEan
Tl e 7 TR TTeeal *i YH: Yo Td el o9gd
sqeredl ® fiehd femalll Welel SEA STueed WA W
fgea et o gof &9 @ i @] ¥, wel
@ rgeed eriferr w9 @ smaftd wd @)
IS -HIfeTH FAREE o woira faee °§ q&

187

w9 ¥ difedqq o U9 FANEe @A 91U 9§,
Safs THfed o § THRe oM TS sRefTm
M B &1 TR R 7% ? T Gifead Fiwgs &
ST 100% AT Bl &, Sieifeh UEifesk 3w, <
g, fagd-21aeea 7, 5% € afa g 81 98 e
® T gda fogm stueeal o Al U Mt
gl o T G Tfud B ©1 59 YhN 1 9r,
rem Sefter forem o e wi o ®, otrater are
FHEA B ST, &Ik q A0 A TqeA o o
T o B1 Yool S1el gl dEd STTeEAl i e
HTER Hd

6.10 3T, ek Td aUT

3TA, &0 We e01 Yehid | o419 ®9 4 UIT & 2
MRME g/ =R 460 (1.2-1.5 L/f&A) o =nfaa gian
21 € U Ui ok T @il sawes @1 foen @
T 197 TEifed ot B g T gR kW
fafew o1 Ud UEhIfdd %1 qen el H TR
3T IR S | SRS 37 e W W B ®,
Afe 915 Acidus @ =1 ‘TfFe’ 915 3k forw v
2l §, Torent e1ef ® wee e At fetewd i o
T I E qU1 FD gl § ATAlHA ik SEEEeH
S I B THI YRR @R offdl forend &l e
F & d @R ° %hed R el § " e 2l
&R 1 Teh T ST HIS © T Fiel ¢, S

IS 1 9 TS o T Tk G GreF ol URER § g3 o1l 14 99 %1 3Y § 9% U 341
fSieg@ (Book binder) & I&l %W WG ol S8 3= 7 fohdmel i e i B2 I @il
et fSeg 9 e onl 9rgeRT 2ot 9% (Davy) W1 JANRIel ¥e™s o9 TT qe O
18131814 H HIe Ik W1 HETEIT 1 I W el Y| 3G 61 o SRE o SH G99 & e
ST SR o Toeh § MU 3R Sk el @ wgd Han 9 1825 | 2ot & 91K o o
HeA yArRIened (Royal Institute Laboratories) o ez a9 a2 ¥ 1833 H & WA
I % YoM Gelfad o (First Fullerian Professor) M1 %€ &1 9gal Hewaqul AT HIS
T -TITeioor TEE | ol G 1821 ok SR S SAfushar e foeq Ud geehed qe 31 Sgd
T fagidl o Fafaa o 321 & faumi o ouR W ‘enyfae &= fagia’ 1 gfqaes gem 91 1834 H 3=
foregq eTores @ weifua <1 el 1 @ie 11 HIE Tk 9gd € oTe8 U A1 Whid o sfe o S welt we
1 OF ¥ IR T a3 geft SR foamel | X W1 A TU STohel T T TS A 91 S=H Heft off G
T @l 3= foam & fm-fm el ¥ J8Ra (Disseminated) fam, &8 37er g0 (@ 99 | URY
1 T Yesh YR o T shi SATUMHTen GftAferd 21 ‘ Hidemi o Tamafeh s’ famm © o frama s
o foI0 & T 91| Sl T 450 SR Sies Wbt fohu)

(1791-1867)
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YT o foTU W eial 81 STl 37l U &Rk ol WEl
U o e €, a1 o erad o sifufewman e & @
% &l @l & FP GHHT ST WifeaH FANEE,
I wethe, Hifeaw e oMt 81 wifeaw FvEs
(HIROT 9 ) TR HISH 61 Teh &7 ¥ €, S
BRI 3T TS HifsaH eRgITEe & fohal |
W el 21 98 3 eraeen ® U S ©, fow
YETETT Wfea™ T MR FANES 3EA 39 |
faudia emafer wfieisr o wea feer de@ vl o
HROT o o1 od €1 3 STawl o e feer dgd =
HeqH o el o SohHU! Bl 1 S
reifer foetae €, fSeen weRme 80 21 38 WohR
9 Hifeam NS & 9id § Hiel 9 S, 99 e
o e feord dEgd STeRYUT St 80 o U W gl @l
S 2, fored @1 foerad o g &9 @ T e 2
3 STeA- AUl o W1l SeEite gkl gUe 8l W 2l

o
(%] O
[+ 2 nE 9
o9 o 9
oF vO
+®@}*\ (NS o (%]
cr ,
00 o N ol g . “
Cl
T
0% o b6
(8 Na ,).) ) Q0
o0 odo
‘“roo“

fora 6.10 w7 o wifgqH #aRizS &7 faars1 Na© aer CT
ST AT STeT-377] & I STTiford g Tt

gl wrd 81
A H TR T o SFEA i ga
THifes o7 o ofE A § % W g9 91 8l © T
Tty A € el o) ®, TR oft e e
AT SreEEl A § qul ®U W St gl §, W
UHifesr e iR &9 @ (<5%) B TRl g 2l
ST 1 U 9k HeA IURrd del st e qen
A oSS i wEl R AR s g1 gl |
oS qen o ug fa-fiam steff o ygea foe s
® B oo o A, S SUH! 39 staeen § off
foem™ wd €, o S W YUFH HI AT
‘ferireT’ whed & (SSrewnd-Hifean FivEe), Sl

e fagm

A 8 ek €, Forae Sarde o1 foere o e
AT 3P o €1 F=T &F T <Al TR BT STdeRe
FH T B

6.10.1 3TFA AT ek hi NI LRUTT-
IRfEE o Fagager w9 wged &, S W o
STEfed B BIegiS 3P Hi,,) 30 & o &R o

T ¥, S sEeifede #EH OHy, 4 €1 39 U&hR
I ° T T HX 1 319 fefafad aieon o
T et ©F o 3 W R w1 g 2

HX (aq) —» H*(aq) + X" (aq)
aq HX (aq)+H,0O(L) - H,0"(aq) + X (aq)

TH U WieH, HY St fremie g )
s B9 U wely foeren | 5@ st T/ el
Ig foemee Si@ 1] o offdlsH § Sfud gt
v fufret ergifam em@A, HO* 2@
(afed @) | B9 H'(aq) @=M H,0*(aq) I i &
SIS BIEge S, S Sid Ul o o gam
T WEH B, % B9 H WA § @6 §| 39 e o
T WHERUM: H'(aq) I H,0%(aq) ! 3{dasa &
TN O TEHRT Y St g 7

T YR MOH H5¥d fohdl &feh 1 319] Sei™

ETESIEH T EEgiadet I

(=™ =10"'%cm) B Ts el 310 W T foreq &=
B o PR T i oA~ W SYRT I TH1h!
7 ¥ foRd TF & WY e H,0* 3 71 79
Sl i %2 A (STEmd-H,0°Cl) o 3
e § Y T B | SeAtd T o wEeitEy
e TRt © Sferaifer gt H 0, H O @& H, O}
Ty TS oA €1 SE YR SRS e
SIS BlehT g UM Sfefs H,0,, H.O,
e H7O;34TF<EFH?11%|

AHe .,

+H H
FTA
% O ,&/ \Qy o

9 4
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@i ARTIE

(1859-1927)

&1 Ao R e

SN &1 S TWed | IuHen & e gl onl WA 1884 H I UMl
foraforame o fagq Tueed faeay &t Sreshdistl W MY T (Thesis) T4 R
3T 5 IS d%h I 9gd AN Hi dA JAT F VMY HE W MU TG 1895 H I 7
Ty wishem favafaare ® it o s v W s fFe 7T o1 1897 9 1902
% o 39k X ot W T 1905 H T G % o Wicheld o Hoiet GeH 8 fifeert
WA o fR9e 98 W M Hd W S a1 qoh agd-3TIEed faerddl | &1 wid
W1 1899 W =14 Tk TR, S TS THMG: NG 0, FHgam &, &
MR T AMITRAT-TT Sl a9 W Fsfar =1 i fwam

IR *E &l § &M foRan 9fRen WM (Immuno Chemistry), s&e faam
(Cosmology), STa &l |d (Origin In Life) TN fgH-F7 o &R (Cause Of Ice Age) Faelt &l H ITeh
el ANEH @1l 9 TH Yom =t o, =14 ‘I 818 9w’ &l 98 919 <ot 39! faa= il |9
1903 ¥ foRq-eTaeredl oh fomred o fagid T W fogM o fohd o sHent STl W 3= WA foaam

foerma @ frafafea gieon & oar emaf
T &
MOH(aq) - M*(aq) + OH™ (aq)

TR A ot Seftg faeem o Serifea
T Y @l § (9 ) | T AR Y -
YT 1 3 GHW 1 TE ohedl Sl o St
oo ® & on] et 31 T it Sig el %
e &
6.10.2 SR AR 31T Ta AWk
9T WS SR 9==% (1874-1936) a1 3
WD 9FE TH. @ (1874-1936) A Tl U9
&Reh] I Teh 3feres <ager qitaren <t Seg-ar
fagid & SER 3 ued, St faeraa § Weld He 39 |
e €, 3 € Al oy, S faer = | wWeH o
Ul L | WeW ¥, e B

g9 H T WieHaial aul &Re Wed Ul
2l

T=l ¥9 NH, & H,0 ¥ foera™ & 33 =
foar =Y, fo frafafed e § <ot T 2,

e o ©
[ Vo _
NH,(aq) + H,0) == NH, (ag) + OH (aq)
aicen A TIfHq o/ HEHd &N
|—1;ﬁz“|=r E[,?ﬁ;T

T 2

TEifad ool &1 IufEafd o &RU &RA
foerm aar 81 STe eifafsman § Sl qed g @
q I W €1 sufeu 3R wEe: SRS
T AU IRk Fed & SohW AR § W NH
¥ OH ! TIFANG B €1 Tl NH;, I==% 37 T
OH FRT &R 1 H1 Hxd &1 H,0 T OH 37erl
NH; TS NH, U391 37 3R &R o 8, S A
Teh WS i Iuferfa o sTgufertd o &R 3R o=
g, G T- ek I FEAd & I UHR H,0
T G NF OH © qe &Rk NH, 1 TI7HT o7t
NH: 21 9% 5723 o1t et © ol S9h! 97 &l
el BT AT A LT ST et ©, il SHRT T
&R Yo BT T M <A 9 91 98 © foh St
I | U AR Wi 2 qe s T &R
o Th WEH ®H el 2l

S H TESHh S % 3 SR W
fa=m & HCI (aq), H,0 377 %l HieiH I 375 i
i T& H,0 &R I i =eeR s 2

I—Qﬁ'—rém%l

HClag) + H,O0N == Hgd (ag + Clag)

g o7 WY &

SR &k
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ST GHIHOT F <@ ST Gohel € fF St o
Tl Ll &1 W& Sl HCL | WIS g i €,
H,O* Tttt o1 fmior gfan 21 7d: Cl° 37" HCl
3T T G &N © TS HCl, Cl° &R k1 Gt
T B 6 YRR, H,0 t H,0* 37 &l T &R
TS H,0%, H,0 &N 1 §IH 37 T

g Uik e ¢ Toh STel Ueh 37 49 Ueh &
1 @e el it <wiar 1 HCl o @ eafafawan
T el &R 1 e HIeR HIdl ©, Sk I &
1Y i SRR T 370 &1 Hifd STe8R &l 2l

SEEITT 6,12
frefafad F==e ol o forg T &
22

HF, H,SO, @ HCO;
'
TAE o T NGl § UH W FH B
MET Fd: TG G & HA: F, HSO,
Je1 HCO; Tl
SETEIUT 6.13
F2T &Nl NH,, NH, d@1 HCOO & fau
T 9T o fafeu)
'
G T oh U &eh Rl STUET Tk e
STfeh BT 16Ul 3Td: 90 HITH 3TRA ShuRl:
NH,, NH, e HCOOH |
ST 6.14
H,O, HCO;, HSO, T NH, S=R=8Te qell
LT G- TR H HH FX Hhd | TAF
o U gma ggr et qen ek fafau)
T

S Trefertad aroft o fean @ 2
H,0 H,0" OH
HCO, H,CO, cor
HSO, H,SO, SO;
NH, NH, NH,

e fagm

6.10.3 T3H 3T T &k

ST, T A T 1923 H 7% Rl ‘ToIaR (ITHUTEL
AT &I ohl ‘TG JTHETAT' oF &Y | YRt
Teram <&l T & 1 999 8, SRE-ali &ia dell
oE9 N W i a9 i & 7, Fifw <A &
ol THgia o TER, 9gd ¥ W@ e ot o €,
o wieit 7 ¥1 F9 o9 a1 BF, #1 NH, 9
Afafnan s T fafime ST 71 36 YRR Wi
TS TSR ® FH ol BF, ARTE NH, o 91
ToRaT Y SUHT THTHT Seae JH Tkl 3T hl T
#3818 eIfulman s frefafeaa g g
Wt TR ST Hehar 2
BF, + :NH, —BF,:NH,

ToiFe &% SRS, S® — AICL, Co*, Mg?
oTfE TEE 3T 1 i eeR HI 8, Sk H,0,
NH,, OH ¥i3ilst Sl T el I8 < T Fehell
T, TEY &R ! WE TR HIA T

— -

3ETEATT 6.15
Frfafed 1 g9 o7l qe1 &Renl § afihd
FHIT IR IS o6 4 TH ZEER F) S &2
(%) HO (@) F (1) H (®) BCl,
&
() =ifeh TESe 3TFH Th o9 &N ¢,
T: I8 TolFe I IE H T ¢
(@) S wIRIRES T EH 4N €, of:
Te =R 3R I H W TRt Tk 1 gH
T Hehal 2l

() S W[ oH o €, o1: SRl
A T GRS ST, S — &TRehT o
TR T o TRl B

() I IRF TRFANES BCl, EE 3T T,
3T STHIFAT Ao 3THIA STUystf oTfe efeh
¥ TAE g A w2

6.11 3TN Ue &Nehl oAl ITTEAA
it TEEfTR To Sifereh AMAfHAT Sefta wesm
o el €1 3% WHgH o fory e w5t gl &
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STIHR 3Tl T &R oh STF9 i foee=d 3wt
B | WA 377 (HCIO,) BEgieiliieh 317 (HCI),
TR 3 (HBr) BReRifesd 7 (HI), i
1 (HNO,) Td HeHsh 3= (H,S0,) 3 37
‘Y1’ e §, ik I8 Selld Wied W W Sl
H e yoid: forifs e giefem & 9H %
T &1 TH hR HfFn BEeleEe (LIOH), |ifsad
TSRS (NaOH), W™ eEge™ES (KOH),
e gEgieEe (CsOH) Td afFm grRgiees
Ba (OH),, Seftdl HIeqH | S Al | @ qoid:
fo@ifsd gl H,0 9o OH- 3T < ¢ smfva™
fagid & o9UR, 3 Yoot &R €, Fife A wmeAm o
Tofd: faeifSa S %AW OH 3TPF TR & &l
fasheud: o7 a1 &R T G Tl Ud &Rkl o6
TN fHgid o HR W ST "Wehdl €1 3k
SR, ‘Yad 3T’ ¥ aedd U 399 WeHRal’ §
Yo ek ¥ qeqd ‘S9H gieuEl’ 2l

oA I HA o -8R foris ¥ W
formm -

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

3T gk HgH I G &R

@e 6.10.2 H T <@ fo o (A &)
foae 9= UF YR o o ud ydm fewm o
THIAROT § Feokl Ueh TIiieh STaE €1 376l 78 U9 Sl
2 for =fe @y s 2, 1 o 9w & o T fean
o U BM? 39 qiferd hiarel Uk Sl i 9l
22 3 YTl % SR I o forg g9 feriem Wi o
gfmfad g o7l (A1 §Rehl) o dHed &1 gor &
o} o foar 371 Siea afvla st faaism o= o
Sufterd € 3wl HA T H,0* W fo=R 3| &4 I8
@A BN TR ST W HhiA-1 el WeE g1 g
& & gt ot ygfa o= @ erfuss B, 9% ‘e
3T’ HEATEN Ud | Socl 377 ohl 9 H TR
T S, A HA, H,0* ¥ 79 37 ¢, df HA We
TE HAM, H,0* 76!l fooaa ¥ 4= &9 9 A-
H,O" 37 BT 61 gaa o7 Ta &R &1 foen o
LR BNl €, Fifeh TeleT 27T UeleT &) <hl Wi
A 2

THeh TER, Yoiel 37 STl § qUidl: ST fa gl
21 TRt &R STed g B, STl Yeet STl oh

191

I e ST ool B B 1 et STRel S8 eIk
I HCIO,, TREHRNG 3T HCl, BT
377 HBr, BRSBTS 37 HI, B 37 HNO,,
TR 3l H,SO, AME ¥ael arwedl o W
& ClO;, CI, Br-, I, NO; 3T &M, St H,0 ¥
affereh oot &k 21 S8 YR 3Tcdd Jeet &I, 3Tcdd
geel 3T S, Sfeh Ueh gl 7%, Si— HA 370
Iufterd @ EZH 37 (HNO,), BIEgIHR3iiieh 37
(HF) Td uffess a7 (CH,COOH) WdiehicHeh geiel
e &1 TE A A W@ A @ T gee ol o
T N 2Tcd Jad eld 1 S0 ok feu, NH-
,» O T H- 3TH WMl 81 31a: H,0 ¥ 37d e
AR B fReedE, smiergde s ot St H
foreia shTeifen ifiTeh geiet el sl Hifq =Taer wid
g1 g9 3 (HIn) 9o §FF &R (In) 9= <
Teri #)
HIn (aq) + H,O(1) = H,0"(aq) + In"(aq)
ST AR T S WY &R
- -9
TG i T STHRT 3T &R STIAA H goroh
% ®9 H H* T & gigd Meprerd o faw e
Sl

6.11.1 T T 3MIAA Reiar TA IH@T

TR UTTHA

T TE 6.10.2 H e 3@ T Fo e (S w)
310 fafdrse Toif 2 HRUT 7 TE &RF— AT i /e
EER T Tehd 2| 3T HA &1 SUredfa § I qieq
TS0 Al © Ts &NF Bl e HA8R HLdl ¢, STalih
& B~ &1 UM H I8 e Ihl 37 i 0@
SRR Il €1 G Wl H,0 1 Th 370 W a1 2
TS 3T 1 e HTER T © q1 STel H1 T 7]
T e TEU HIAT § T S O &NF ki TWE
RN Ll ¢ | FrEfafad e wenftd gt 8—
H,0() + H,O() & H,0*(ag) + OH(aq)
I ERh [T TG &
e feomish 1 39 39 Te T i T
K=[H,0"] [OH] / [H,0] (6.26)

STl W1 igdl il 8¢ W B A ¥, ik sHeR!
Tz fer @t 71 [H,0] F o ot wfmfad
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FH W T feRid KWW B 2, oS @
AR U Hed
K, = [H*][OH"] (6.27)
298 K W YR ®4 H* 3&F &I Higdl
1.0x 107 M % 7€ ® 3R STt o fardier 9 s 1
3R OH 1P &1 H& aUer Bl 2,
TEife STEHl i HWigd, [OH-] = [H'] =
1.0 x 107 M
TH TR, 298 K W K & AN
K_=[H,0*[OH ] =(1x 1072 =1 x 10'* M2
(6.28)
K, & 99 a9 ® fk & 7, #ifE a8
e et 2l
IS STt %1 T 1000 g/L & 3TN $HRT Hier
T 18.0 g /mol 1 TTY Y[F el 1 Hiekdl &H
T4 e e Wehd B
[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.
9 R, faafea wa sifaaifea =ifsa sa =
S —
107 / (55.55) = 1.8 X 10%0r ~ 2 in 109
(39 YR W J&a: Afqdited sidl oh STufei
T S e 21)
e, e 3R SIA Weftd faere
H,O0* W& OH ! Wigdistl o @dfess /Ml gr
fasfea foren w1 ke 2—

FRA [H,0] > [OH"]
ST [H,0'] = [OH]
& @ [H,0'] < [OHT]

6.11.2 pH &heT

BRI AT 1 HieRkd § Wigdl ! Th TS
%Y (Logarithmic Scale) H TRerdl ¥ YR31d fohan
S ®, f59 pH ®@het el Sl 2l

BIEGISH S 1 WihAd (a,.) o RUMHS
10 3T TR E 1 1 pH Hed €| HH Tigdl
(<0.01M) W TESSH AH &1 Gfhadr, TETHSH
Y Y 3R] Howd, S (HY) gR YR 1 St 8,
T Bl | BIESISH I 1 Gihaal i whig gohe
& B ®, 38 39wt grn uffia fean s
kel &

e fagm

a_. =[H]/ mol L
frafafad gt pH Td BRSNS 3TEF Figd
H ey quifar 2
pH =-1log a,, =-log {{H] / mol L'}
39 YR HCI & 370d faa@ (102 M) & pH
FN HA =2 T T T WE NaOH & Th &4
forers, fS/e [OH ] = 10 991 [H,0°] = 10'° M 1
pH = 10 TRl Y[ a1 STEHH 5 H 298 K W
BISSISH S w1 Figdl 107M eidl 8, Safery 3
pH = -log (107) = 7 &I
e Hig Seltd faem el 2, @S9 pH 7
¥ %1 T A 9% &K 2, df SUH pH 7 U sk
BT
Y T,
T faera &t pH< 7
T o= &1 pH< 7
I3 fae@A &t pH=7
319 298K W AR FHIHII 6.28 T FHi—
K_=[H,0" [OH] =10
iRl o S 3R T FMCHS IO o W
-log K_=-log {{(H,0"] [OH]}
= - log [H,0"] - log [OH]
=-log 10**
pK = pH+pOH= 14 (6.29)
oM 3 Arg 9 ae § fR wmft K s am
AMIHH o T qRafdd g {1 qenfa qrosRE o e
pH o #M ¥ UREd 3a 7 e § T 8H e
IgHT IY&T HT I
pK_ Seta faerai o fee aeweref ufer g 2
78 BIESISM a1 SRSIFae T2l o Figal i =it
Tl €, <feh gThT UHR ferieh g €1 o1a: U
e @ Toh pH H9shH S0k eial @1 pH o M
o U 3RS aftade o1 31 © [HY] S Figa § o
10 &1 9@l 36 YR AR BRGNH ST Figdl
[H] ® 100 T[UI& o1 GRadd @, df pH o A ¥ 2
THTS 1 UREH ST 3Ta 319 T9e ¢ B o 3/ arg
gN pH H iede &1 Suen g9 T 3d &
Siferer e wEreA-HeEt eyEnt § oo &
pH &1 |9 3TeAfersh eTavash €1 pH U, St fafi
pH =Tt forerad & fom-fom w1 a1 €, 1 wewd 9o
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pH & SIS | 1 Tl T ST Hehdl 21 SATSehed
IR qdErell pH R T 81 0 € R fe-fw
ufeea f-fo w1 3t & (9 6.11) pH TR ERT 1-
14 T o pH AM T 0.5 I JAfd d& A1
fepan ST Weman 21

o 1t 2 3 4 65 8 7 8 ¢ 10 111 12 13 14
il
.
- REER=
£
farT 6.11: TOF pH R 97 37 398t pH IR &1 9%
A

<

I=a FUefd & fau pH Hied &1 Swm R
S €1 pH e Tk TH 43 7, S wliero-faera o
forga-fava W aaia pH &1 A9 0.001 J2efdl
Tk il B 1 STSTehel dSK | shetd oh SRIa STTehrae
pH HieX Y@= e U €| Fs qm= g w1 pH
I 6.5 W & W 7

3STETT 6.16
U9 wRIed o T H SiRgieH e ®I Eiadl
3.8 x 107°M B THehT pH 1 &2

kgl

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

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

31d: U9 uSief 1 pH 2.42 B T8 1A 2

193

IR 6.17
1.0 x 10 "M HCI foret@ o pH 1 T0FT &)

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

A x=[OH |= S ¥ 9« H,0" |

H,O" Tz (i) S 9fefd HCL ¥ Wt et & S/—
HCI (aq) + H,0 () = H,0" (ag)+CI (aq) 7=
(i) STel oF STl | Wi Bl 1 T8l <Al
H,O" 3Tl W fa=m & 8-
[H,0"1=10"°+x

K,=(10°+xx = 10"

Fgal x° + 10°x-10"* =0

[OH ]=x=9.5%x10"°

31d: pOH = 7.02 @1 pH = 6.98

6.11.3 A AL ok AT ReRTeh

3T, St forer™d H i §9 § ST T gaa
37 HX R o= &3 frafafaa aefeon 5 o fodt
ot FHTeRYor g STforaifSid HX Wd STl Hf(aq) @
X-(aq) o T Tonfud Grereen &y fwmer sn
kel 2l
HX(aq) + H,0() = H,0*(aq) + X-(aq)
YRR Figar (M)

c 0] 0]
M o ST 1 AGT B

igar ¥ qiadq (M)

-Co +Cco +Cco

ARUMT 6.5 FS WU YTt @t pH & qH

¥d o AH pH gd ok AW pH
NaOH 1 9qw foemaa =15 Eaiicakal 5.0
0.1 M NaOH fereraq 13 THE T ™ ~4.2
A HT qET 10.5 g U Ta1ef qen fave ~3.0
foee @it Hr=ifern 10 - 2,9
31 1 WS WF, TR 51 7.8 SSR- ~1.2
RIECERIET 7.4 IM HCI oo ~0
kGl 6.8 Hig HCl ~1.0
I~ YIS 6.4
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e gigdl (M)
C-CO co co
&l ¢ = sfofer et HX ! IRf9er g
Mo = HX o 3TEH 1 |G B
T Hohdehl 1 SYAM HI o TH ST T
foarem @ o fau arameen femis o #
Tehd &
K =c*«?/ c(1-0) = ca® / (1-a)
K_ ! 37 HX 1 faaism ar steae feris
ed 81 30 denfeqs Y U 8N 39 YehR Hiokdl & &Y
o Yef¥d Y HWehd B
K =[H'][X"]/ [HX] (6.30)
forsit Tf¥era a0 WX K &1 W1 oT%t HX &t
Vel ST AT €, Sgiq K, 1 A e i
T, 3Tt Ia &t atfueh waret gRm K, fammfea
Tfor &, Toraw weft wivfisy ot Wigar =t Heh-aTemar
1M &1
FS I gU Al oh 3TIA-TEelish AR 6.6 H
faw M ¥

BISGISH AP Higdl o Q. pH ATeHH a1 AT
3 5 28 pK, & st o= o we TR %
fau o yg feman w2
Y UK,
PK, =-log (K) (6.31)
37 o ST feeier K, de YRR &isdl ¢
A EF W G TN T A Gl qe ST o6
AP BT AT § faer@d w1 pH 1 TOA H9E 2

ARUT 6.6 298K W FB T TU gacT 31Tl oF AT

Teertier o @=

3T = feeias (Ka)
TESHNSG T (HF) 3.5% 104
TELH T (HNO,) 4.5 x 10
TR T (HCOOH) 1.8%x 1074
= (C,H,NCOOH) 1.5% 107
uHifew el (CH,COOH) 1.74 x 105
a=izh 3 (C,H,COOH) 6.5% 105
BEUEAIRE 3T (HCIO) 3.0x 1078
TESMAM® 3T (HCN) 4.9 % 10710
HHIA (C,H,OH) 1.3% 10710

e fagm

gt AYASTIA F1 pH 3 &I A Fetell ST Tkt
T
ug-1  foue @ gd 3uferd wfefs &l oReg ARl
/e o &Y W A feRan ST 2
ug-2 [ g stfafsransti o fow wgfera SR
fog W ¥, Sie—wdieiter, S el U &ien S o
w9 H %1 w2
US-3  Ied K, Al Attt wefen stfatmen
& w9 | fafed fhan sman 2, wefew o= sifafwang
T AfafRa Bt F)
Ug-4 wufs sifufeen #1 9t wiivfs & f=
A 1 GRON o &Y H e frar s 2
(%) IR |igdl, ¢
(@) 9 i IR STUER BH W AFAT H1 AL o, o6
® | gar | g
(1) = Ersd
ug-5 & Afafeal & fau amaeeen fems
THR § 9 FiEarstl i W@ o o Al gd
F 2
Ug-6 T&A AfRal &l THRST Sl FWgdl Sl T
F 2
Ug-7 pH I TOH
pH = -log [H,07]
ST fafer 1 30 S ¥ qHART T 3

3ATEIUT 6.18

HF 1 o4 fo® 3.9%x10% &1 0.22M
forer § HF 1 T3 &1 |60 1 31 foerm
o 3uferq ¥ wfiefis (H,0', F~ 9 HF)
1 Higdl qA1 pH ki TUHT HifSTl

T
frfafad W T sifafkan @ae &
() HF + H,LO=H,0 +F K, =3.2x 10"
(2) H,0 + H,0 = H,0" + OH"
K,=1.0x10"*
Fifeh K, >> K, 9&4 STffshan
HF + H,0 = H,O + F
IRfA Higdr (M)
0.02 0 0 (0)
Higel e (M)
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-0.020. +0.020, +0.020a
e qisdar (M)
0.02 - 0.02 « 0.02 o0 0.020

T Stfferan o fow wm Aigarsti =1 gfaeenfud
HH W

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

&Y frefafaa fgema S g giar 28—
o +1.6%10%0-1.6%107=0
oo THishor i &1 W W o o & HH I
B B
o=+0.12 3R -0.12
o T SRUTHS 0 §9g =&l 81 37d: o= 0.12
e ® fob o@FE WE, o= 0.12 @ @l
TiiefisT (SH-HF, F~ 72 H,0") 1 T Tigand
39 THN B—
[H,0']=[F ]=co=0.02x0.12 =
2.4%x10°M
[HF] = c(1 - ) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = - log[H'] = -log(2.4 x 10°°) = 2.62

3ATEIUT 6.19

0.1M Tehel &I 37 1 pH 4.50 B Hremeree
T H',A" 991 HA &I Higdl ki AN SHIFSQ
Y B Thdl & 37 o K, a9 pK, o A
I AT AT HIfT)

A

pH =—1log [H']
[H]=10""=10""=3.16 x 107
[H]=[A]1=3.16%x10"°

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

[HA], = 0.1~ (3.16 X 10°) = 0.1

K, =(3.16x10°%/0.1=1.0%x 10"
pK, =-1og(10°) =8

dhfeqd w1 9 ‘fodiem wfdeaar’ fedt e
3T HY WM ST UM T STANT HIUHH B
39 39 YR fem T o

195

= [HAlp o/ [HA i X 100% 6.32)
IEEITT 6.20

0.08 M BRUHARY T (HOCI) o faed
pH @I UM HINW| 37 1 AT el
2.5 x 10° 21 HOC1 &1 fqaism-faerma s«
Al
&
HOCl(aq) + H,0 () = H,0"(aq) + ClO (aq)
YRS Higd (M)

0.08 0 0
qrereen o faw aiadd (M)

- X + X +xX

e Higdl (M)

0.08 - x X X
K, ={[H,0"][ClO] / [HOCI]}
= x° / (0.08 -x)
x*/0.08=25x10"
x’=2.0%x107° 30 YR, x=1.41 x 10
[H1=1.41%x10°M.
SAd:
fereisi gfeTaar = {{HOCl] . / [HOCI], .}
x 100=1.41% 10° % 10° / 0.08 = 1.76 %.
pH = -log(1.41 x 10°°) = 2.85.

6.11.4 A R T T

&R MOH 1 313 f=ferfaa wwiereor gr wefém
e ST T T
MOH(aq) = M*(aq) + OH (ag)

3T ST TRl S e 3acl &R (MOH)
YR 9 ¥ ¥FE9 M* T RO OH- ¥ etafa
B | R I o Hae-feeish 1 &k
- feeier el & 1 39 &9 K, ¥ TR
21 gt eSS e Higdl Hiowd ¥ fefated
TR0 g YT T S 8-

K =[M‘][OH7] / [MOH] (6.33)

foshedd: A€ c= &N &1 RIS Tigdl 3R
o= &R o AT Ht AET
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S G WW el ®, qd 6 fenisw
frefafed w9 9 foman <1 g -

T I U &I o AETH-Feeieh K, o A
ot 6.7 § fou w2

HRUT 6.7 298 K W T ot Gk oF - Reich

&
&h K,
SEHAE A (CH,),NH 5.4 x 10
TR (C,H).N 6.45 X 107
ST NH, or NH,OH 1.77 x 10
forf (T areafas 3aR) 1.10 x 10®
i€ c HN 1.77 x 10°
e C HNH, 4.27 x 1071
IRA CO (NH,), 1.3 x 10
H2 HEfh ANTH TH ST TE oA &R

i it o ofew €, e o sifus
BIZSISH TXHTY] 31 Wl g wiceeid eid €)1 -
foretdi=, #ieq, foar= qan fepifes, adft sga
I &R 2| THAIT 39 K, o T 9gd 1 B ¢
it Siat ® frefafaa eifufshan o werasa OH-
A I HA B—

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

TIESISH 3P igdl 8q pH Thel a1 ST @
o gt s wii T AR T R
T #1 T8 YRR

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

IETEITT 6.21

0.004 M BESSH foe™ &1 pH 9.7 €1 39k
K, 991 pK, i TUHl shifsq)|

A

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

T pH ¥ TR 3T¥H KAl i U FT
Gehd T BTESISH ST Hial J1d hieh 3R ST

o STAM® [UH%A 9§ TH BEeifd 3T &l
Higal w1 0T i 21 39 UK,
[H'] = antilog (-pH) = antilog (-9.7)

=1.67 x10™"°

R IR CRIE

[OH]=K, /[H]1=1x10"/1.67x10"°
=5.98x10°

Gq BESSaY 3TFH &l Tigdl 1 AF ot
TIESITRTe ST T Higdl o THM B 37 <Ml
AT T HigATl Sgd HH ¢ 37: T SRk
T Wisdl 0.004 M ol T Hehell &1 39 YR,
K,= [NH,NH,'|[OH | / [NH,NH,)]
=(5.98 x 10°)” / 0.004 =8.96 x 10~
pK, = -logK, = -10g(8.96 x 107') = 6.04.
IEUT 6,22
0.2M NH,Cl d#T 0.1 M NH, & 390 § &1
o o pH T VAT HITSTI NH,, foerad st
pK, = 4.75 T

&
NH, + H,O = NH, + OH

NH, &1 3{E el
K, = antilog (-pK,) 31%1%[,

475 _

K,=10""=1.77x10°M
NH, + H,O = NH, + OH"
YRR Fisdl (M)

0.10 0.20 0
[T W REdd (M)

—X +x +x
el T (M)

0.10-x 0.20 +x b:¢

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

=(0.20+x)(x) / (0.1 -x)=1.77 x 10™°

K, %1 A %5 €1 0.1M TS 0.2 M T or
X 1 BH SUfed %Y ehd |
[OH]=x=0.88x 10"

ghfe [H']=1.12 x 107°

pH =-log[H'] = 8.95

6.11.5 K, 99T K, ¥ Gl

T 1V W B9 U 9 ¢ [ K, 1 K, I 3T
3R & 1w o1 < &1 HE STd- 8T g
T 3 Th-gER ¥ Wead ®9 9 Heild g 21 A T
1 A TG 8, T S H A FHA ST HRA 1 NH;
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HTHATSERT

qeT NH, o S&X01 &1 fod=m & 8-

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

K =[H,0"][NH,] / [NH,"] = 5.6 X 10-°

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

K =[NH,][OH]/NH, = 1.8 x 10°

I 2 H,0() = H,O"(aq) + OH(aq)

K_=[H,0][OH]=1.0%x 10" M

K_NH; 1 3771 & ®9 § a1 K, NH, & &
o &Y 4 wHed g 81 e stfafwan o eI < Ay
o 7e ® fop Set T stfufman o wre feerie w1 w9
K, @ K, o {0 & aeR el &
K xK, ={[H,0'1[NH,] / [NH, |} x {[NH,']

[OH] / [NH,]}

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

T 59 AE=AeHoT R S ST ehdl 8— & 4T
1T JTRTERamatl ahl Sies WX S9eRt 3 = arfirferan
w1 ATETaET- et udew  rfvfemar o9
AreTaReT-feerieh & UM% % ST gl &1

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

I Tk 1 HAH TG 81, A = R A R S
Tohdl 81 IE A <1 WfET foh gt orvet o1 Gl
&R ool a1 et 3T sh1 HYTH &R Welel ©idl 2l

JhfeTh 9 § STEH FHHEW K= K x K,
i Reh-TordsH wrmeEen Afafsean ¥ «f &9
T Thd B

B(aq) + H,0() = BH’(aq) + OH (aq)

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

S S # TR feR w2 o W@ W
Y g G e ® SR fomeE femis d wiwfe
# e T 1 Suge wHieRr i [HY] @ o
FHE qAl M A W

K = [BH'][OH][H"] / [B][H']

={[ OH'[H*I{[BH"] / [B][H*]}
=K_/K,

K, XK, =K,

197

T M < A0 o1 ¢ TR A S iR et

foren S, @ ST o7 qe &R °h WMl ohl Harud
fepan ST Wkl B

pK, + pK, = pK_ =14 (298K

SETEITT 6.23

0.05 M STHIAT fae@q i STEEA JE 9201 pH
T HIfSIT| STHI o 3TEA-Ferih &1 °
afert 6.7 § fan o @1 srfEn o wgr
3T T A e off A ifs)

T
9@ H NH, &1 &7 36 UHR IR 1
ekl -

NH, + H,0 = NH,” + OH

(6.33) THIHIOT T STANT X o BH SR/
P 1 FZAT BT MO T Fehdl B—
[OH]=ca=0.05«
K,=0.05 "/ (1 -0a)
o, %1 A T €, 3d: THH H TE AN o o1
1 &1 qeFl & o 1 09 OF Fhd 2
3d:
Kb=coc2 or 0c=\/(1.77>< 10_5/ 0.05)
=0.018.
[OH]=ca=0.05%0.018=9.4x 10 'M.

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

T 3T R I oF foTT HaY TgE hid T

K, XK, =K,

feAehT 6.7 § U< NH,, o K, %1 A W@ W 84

NH, & T 37 1 Higal (e wohdt 2

K,=K,/K, =10"/177x10"
=5.64 x 10 "°

6.11.6 Tg Ta ag saht 3Tt qer fg T &g
AT AR

sTfc 3T, eI 3T TS HIThING T

3 o ol | Ufd A9 T o Afyus afta g
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ATl Wi el 81 UW STl bl Sig-&TNeh! A1 iferiieeh
3T oF T Y W1 ST @1 Seretoned—fgementa e
H,X o fou s stfafsean frfafed e gra
T SAedt B
H,X(aq) H*(aq) + HX (aq)
HX(aq) H*(ag) + X*(aq)
T HI HreETerEe GHieR frefated 8-

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

dar K, ={[H][X*]} / [HX] (6.17)

K, TS K, &l 31 H,X 1 9o 19 fgdr

ST fEorieh Hed €1 38 TR H,PO, S Frameh i

H o Ty dF -t 1 e deliies

Tl ok SAFH-TeXeRl o W HROM 6.8 | 3ffehd B

WU 6.8 298 K WX D WHM iUl Al oh
ST TReaian

AT Ka, Ka, Ka,

SAferafersh 3Tre
TEhTfeeh 3T
R 3%
e 3T
ISR 3T
RIHESC S
THIEhING 3T

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

59« 107
74x10*
1.7 10
AATHH
43x107
74x10°
754107

4.0x 107
42x 10"

TH YehR 3@ S Gehal ® foh @g difess ot &
=4 Fife o o (K, K,,) e &1 a9 fm=
Fife & TEA-fer® (K) ¥ %7 89 €1 39 FR0
7 ¢ for Teer foga-cil o RO oM 3@F 9
YT HIei FTshiied e qivehel 21 38 @ik
H,CO, Tl EfR[ HCO; | Fref fehmad | <@ s
Tehdl ¢l T TR fgemef HPO> U § H,PO;
1 o | WA 1 ke wfed e 21

g Wifes 3t faerem o ettt &1 s gran ©
H,A S fguifed o7 & for, H,A, HA- 31 A> &1
fago g €1 wufaew sfafeer § HA 1 foRisH
qe H,0* Wfmfe gia 8, i fois & yerm =xo 9
I B 2

e fagm

6.11.7 3TT-AIHZ hl YATfIT HIAATA hIh

3T qAT &Rehl i AETCHS Al &1 foe=m o
TyaTq g9 TRt fu gu owet &1 pH OH &1 0T %
Tohd 1 TRy T T Scae Bt @ o opw o o=
F1 ol ¥ Yool i eid 87 3% 2Afesh Yo SAmdre
HReh F T2 THHT I Teh Slfeet q27 81 aAfehd ge&
®9 Y TH I8 FE Ghd B 1 Th 3T 1 foaer 1
G H- A 99 & 9med T8 gauar | R
Hdl B

A ST H - A &% 1 S sedl €, et
g4 o foReT | STavae TSl wedl ©, O HA
ITeA-TrHed dedl 81 T YR ST HA 3T 31
ydia B €, Ui H 9 A WAV % wed
IRl #T FR T € IR AEAY JUFH
Tfterd e €, i ety w1 ferier et 8 S €, S
Aeeder | gfg L Bl

W T8 &AH 3 A o 98 ® fR o avd A
S AR o6 36 WHE o < Bl, A 99 hHI YA
Yepfd & gadl § H - A 3TEY W T o
frefeor & yq@ wn g 21 o H = A @R 9w
R S-S A T SAHR Tl €, - H- A e
Ao HEdl € au 3Tl WHed wedl 21 Sereioned—

3R H gfg
HF << HCI << HBr << HI

3T 9l ¥ gfg
T TR H,S, H,0 ¥ JaoiR 37 ¢
TR & §H e AR o Teh g STed o awdl
1 e ed € dl H- A STt yeoral 3vet-gme
1 frifid #0 & Aol RE 7 S g1 S-S
A Y fagaRom sgdt ©, - o w1 qmed st
ol 81 SErETone—

»

A & faggRea § gfs
CH,<NH,<HO<HF
o W § 9 >
6.11.8 Al Ud &Nkl o T H €W
T quT

3TN, WHifesh 3Tt o1 SN0 o, Foraent foism 59
GreETEE g1 e feRan S Hehar 8-
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HTHATSERT

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

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

THifess oral o faoem o THiRe oA &
e W BIESISH AP 1 Figdl Hedl ¢ 36 YR
afg o Fid ¥ H* e ey e, at aneErere
sferifo Ueifes st o1 ouw foreenfud = St
teiq 39 fon  owRR B B, food gEeer e
Higdl [HY] Sedl €1 FE el §H EA U9
3T 21 ot U uered o fem 9 S fersres @
¥ ud o Suferd emafie wieli 1 SR Sy
FIEH e faeerfud il ®, 98 9w
T YTE' el 2l

31d: B9 e Fohd © Toh TH TP F91e S-S
fagia W eufia 2, 79 &0 @ 6.8 § 9 g% €l

0.05 M UHeZ 3T¥F i 0.05 M THifew 1
o fHe™ W pH w1 TUMT B9 3@ TR HY Wehd T

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

RIS FEal (M)
0.05 0 0.05
g x THifewh 7 H A=A ki °E B, o
Fgar | giEdd (M)
—X +xX +xX
g qigdl (M)
0.05-x X 0.05+x
TH THR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-x)
qoe A o fTT K W B € x << 0.05

3T: (0.05 +x) = (0.05-x) =~ 0.05
1.8 x 10 = (x) (0.05 +x) / (0.05 - x)
=x(0.05) / (0.05) =x = [H*] = 1.8 X 10°M
pH =—1log(1.8 X 105) = 4.74

IR 6.24
0.10 M ST foetas &t pH 1 TUMET Sifs)
9 oo o 50 mL & 0.10 M 6 HCl o
25.0 mL ¥ AM9fHaT FH@H T pH HI TOMET
HIfT| eI 1 forrem feedish K, = 1.77 x
107° |

2024-25
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'A

NH, + H,0 — NH, + OH

K, = [NH,"[OH] / [NH,] = 1.77 X 10
EEEIRIERUIIC |

[NH,"] = [OH] =x

[NH,] =0.10-x =0.10

x> /0.10=1.77x 10"
x=1.33%x10°=[OH]]

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

25 mL 0.1M HCI o  (s1eiq 2.5 el dia
HC1) %1 50 mL 0.1 M 37Hifn faem (s1eiq
5mL " NH,) ® faam W 2.5 fielt dia
aﬂﬁﬁmmwﬁﬁﬁéaﬁ%mmml,
oo H TqeIRd 2.5 fHefMa NH, 377
qen 2.5 foelidel NH, © S 2

NH, + HCI — NH,+ CI

-5

2.5 2.5 0 0]
eI 9
0] 0 2.5 2.5

gRomH 75 mL foem H 2.5 fHefmea NH,
ST (0.033 M) T2 2.5 fHefHA

NH, 317 (0.033 M) T& STd &1 |raeeen | 98
NH, 39 YR &l &

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

SEy = [OH] = [NH,']

RO 75 mL faerad, SR & 9w

2.5 fiefiiiel NH, 3T (0.033 M) § Jo Bidl
21 37: NH, " %} el g T8 TR £ ST 2

[NH,1=0.033 +y

<k y %A T, [NH,OH] = 0.033 M T [NH,"]
- 0.033M.

& Wd ® T

K, =[NH,'][OH] / [NH,OH]
=y(0.033)/(0.033)=1.77x 10° M
3M: y=1.77x 10° = [OH |
[H1=10"/1.77%x10°=0.56 x 10°°
pH=9.24
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6.11.9 TTEUN Rl TeA-3TTIE UG 3Tch Taeta
<l pH

Al e &Rl o e stara o sifufsean grr s
T AU kT STel H STIH Bl &1 SFH gRI 5 R,
RO St faeEe | St g € O Sia 9
ifaferan ek Ut Yehfd o STER 7% A1 &R 1
SIS hd &1 STel T P S1E SO A1 <Al
T B oTelt ST sk o STel-3Tqee’ hed ¢ | 39
T4 TR @ pH wiferd et €1 vt &Teht g1 fRu
T AR (3] — Nat, K*, Ca?*, Ba?* 31g) qel
Yo el g1 fRT T SRR (3TEONY— Cl, Br,
NO;, CIO; 37f%) et STa1-Afeid eid &, Sfet-21qeifea
& Bid &1 THIOT Yool 3Tl qen Jerel & | o el
o =iel SIEH B €1 A SR pH 7 Bt 21 Fafy
31 TR oh el 1 STl STIES Bl €

3@ W frAfafad & & Sa-sTqeed W

foe 5 €

() T STl A Uadl &Reh] oh dvl, IRRume—
CH,COONa

(i) TS T UG Focl &R oh @Ia0], ITETumel—
NH,CI,

(i) T Al UG FAST &I oh @a0T, et —
CH,COONH,

9eH 3TE0 H CH,COONa, Tdd 3%
CH,COOH Tl Yol &R NaOH &I @@ &, S
Sfeft T o golqen e[ g St )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

9 UHR I THRe ™F Sid °h WY S
STqefeq gt UHifesh v 9o OH- STl a1 fmor
F T
CH,COO(aq)+H,0O(l) = CH,COOH(aq)+OH (aq)

UHfifen o7t T geel oA © (K, = 1.8 X 10°9),
S oo o sTEfa & el 71 36k SR T o
OH 31l &1 Figal ® gfg & <t 2, S T =
AT oA Bl 39 YR o foerad w1 pH 7 9 S
Bt 7

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

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

e fagm

SAATFH A 1 S 98T 89 ¥ NH,OH
3R H* I & 2
NH' (aq) + H20(l) = NH,OH(aq) + H* (aq)
HAFH BEGEAES (K, = 1.77 x 105) Th
gl &N 2| I8 Taerdd | SR el 81 56
IRy foerad § HY ST |igal 9g Sl @ SR
foaea™ =i sl o It €1 e1: NH,Cl & 5
foera= &1 pH 7 9 %9 g
Tac T ql g &Reh R ST T A9l
CH,COONH, & Sd-378ed &l 3@ 39 g1 KU
T STEAl T AT 9 YRR Bl 2
CH,COO + NH; + H,0 « CH,COOH +
NH,OH
CH,COOH @ NH,OH ¥ ®9 ¥ 39
THN SFAIHT @/ B
CH,COOH = CH,COO + H*
NH,OH = NH,* + OH
HO = H'+ OH
foear @ o fopu fom e S Gehar © T
STel-3TIEEA 1 G foera w1 Higdl 9§ s gl 2l
31q: fere™@@ &1 pH 2—
pH=7+% (pK - pK) (6.38)
foe@ &1 pH 7 9 AR BN, A ST
8l @ pH 7 ¥ ¥ B, A% R FONHS Bl—

3ATEIUT 6.25

UHifes 7 &1 pK, def SHIH BEglEe
F1 pK, FAA: 476 IR 475 T SHIEH
THee fae@™ &t pH &1 UM Hifsa|

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

6.12 aHRI-TaTaT

IR ¥ Iqfed % WA (SITEONA-—T[ A ) F
f4feea pH B €1 376k pH o g7 IRed TR o
3k ° w7 A (Malfunctioning) kT ¥dh %I
w2 TEEtE Ud Sfow sfafE@st § s pH W
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HTHATSERT

=T gd Hewyul i ©1 e Simeig Te yeeE
T (Consmetic Formulation) ol fodt fovim
pH W @1 STl € e IER | gfee @ < 81 i
faemem, 97T pH 7 ST 3TaT 31 a1 8T
@t ArEr € " faemm & are o stafafda e
2, ‘awr-faeam’ wEed 1 91 pH o T o
ST I pK, T & % pK ok fafcd =T den
Il 3R oeul o ST A TRl qel &I o
A o T 3 S ¥l ufafesk e qen
Hifeaq wfade &1 U0 9T pH, 4.75 &1 I8
faomm <@ & qen smifem FiEe T emiftEm
TIESIFIZE 1 990 pH, 9.25 =l B 9% feremt
o o) § I=a wenell | g9 3R atfues we

6.12.1, IFT TaTa FEET

pK_, pK 3R Hrefeeries 1 9 &8 1 pH
S faoed s9F § 9 il ¢l STSU <@
% 9 I8 9 FL TFd o

JITATT-THT ST

3TA pH 1 %R 99 o faq g0 goa o7
3R THh R Yoo &R o G Y W o
A0 T SYAN H €| eH pH, oA A ok
= el K, 3R goa o1 iR 9ok Tgfima
&R 1 Wigdlel o TIId H THY &Ad w
Al TR Tt ohd €1 U wmr feefd o
el g ol HA Sl § SPFFd e €,

HA+H,0 = HO" + A
oo foru wn frefafed =aee foe g99d o

_ [HO"][A]
K= HA]
ST s ] JHAAdd HE W™
[HA]

= KA

Tl ST T AT T oF 1% TRl i At
HT W EH W g R

[H,0"]
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[A]
K =pH -1
pK,=p Og[HA]
[A7]
H=pK,, +]1
srger pH=pK,+ Og[HA] (6.39)
B [Fgfma &m&, A7)
pH =pK, +log (srr, HA] (6.40)

ST (6.40) BSUT- BT HHIEHTT SHeeldl
%I%,WW(W) 3t fagor o
Ifeerd 37t sh1 TKAST 1 ST 21 3T 3o
B o SO 9gd HH TR Bl § SR FiEdl
[HA], % a9H &I fau U o7t &1 @igar 9
e € Bk ®1 W €, iRt Wi
&R, [A], 37T o <& o TEHI%d 8 | Wd
B 1 SEY TYEd @R Wi Wigdl ool ohi
sl T ohael o 9= 8RN Safey, TRl
(6.40) Frefafad TwR 9 ®9aka &1 S -

[FerT]
[

7f GO (6.39) H, [A] T Tisdl [HA] HT
g o aUeR B @l pH = pK, B8R, Ffh logl 1
M I B 1 TEi A gH S SR e
(TgfTq &) i HIeR Figdl s & a T
%1 pH 317 o pK_oh a0k B 37d: 374fard pH
FT IEHEL g9 o AU B9 U ST 1 99
& Foreeht pK_ 3T0fed pH o SeR giar €1 Uife
ST H pK, AH 4.76 Tl ¥, zEiaU UEifen
T SR Hifed THiE &l aue qE1 H o
ST T T T pH T 4.76 B

T e R THeh Gfima oA @ A
T 1 T Bt favewor fAfatea aftom 3,

pH =pK, +log

[wafa smet, BH ]

OH =pK, +lo
p PA, g (47, B

(6.41)
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T fae@ o pH 1 IReed, THHI pH
+ pOH =14 &1 ST H{oh (a1 ST Fehell 2
g9 99 2 f% pH + pOH = pK_ X
pK, + pK, = pK_ |37 HAl %! GHH (6.41)
T W 3heT FrefafEad STl g g 8-

[wgfra evat, BHT )
K —pH=pK_ —pK +1o
P&, —pHO=DpA, —PK, g (5%, B]
aFere
e +
pH =pK, +log [ s, BH (6.42)
[¢<R, B]

I &R IR THeh WIFHA o (¥ARM) I
il aeR & a@ 9w fae™@= &1 pH &R o
pK_ o SR B ST &1 pK_ T 9.25 Bl
2, 3d:9.25 pH & W T T9H Hizdl o
It faermm oiR st TeiEe fooee 9
T S Fehdl B ST FAEe SN S
TESEE 9 a9 9w faoad o fau o
(6.42) T TEY BT-

[afma s, BHT]

[, B]

pH=9.25 + log

TR T o pH W a0 1 STER el
qedl Hifch U °h A STH dell U
fafia & 2

6.13 ITCUTTAT AU el Tacierar
HIRETTE=AT

Y 9 ® fob o o emafe S @ facwar o
ogd 3R a1 21 30 § o ql gad st faea
(S8 Shfcaam FarEe) € o 3 gofa § seanmet
Bid € aU1 argHed | So-ard wifad Y od gl
FT I (9 oliferm weqeEs) w1 faea
za1 % B fom 3¢ W= W | erfaeta’ wed B
faetear &2 i W fAeR st @, fom 9 qe 2,
0T 1 STeteh HoHT (Lattice Enthalpy) der foera=

e fagm

o I w1 foemEe Udedt B TH e@ul w6l
foamer ® oied o fau At o Heg Yad
TR o (STeTsh Thedl) | SfeH-faeiaes S
foman atfues g1 =few) a1 faemaes Teed
] faameT & ®9 ¥ fefd &) 8, s 959
SEUTCHe Bl €1 37d: faamena qfhan o =1 qer
Bt 21 faarrehiam Sott &1 A foemas &1 gafd
W fasf g 21 erygea (Wewarssh) faemas o
e T Teedt &1 | | Bl ©, S oeur &
SINEREEIREIRC U] (Overcome) HE | gay el
2| TR Tau sy fae s o Tef et 2
Ifg ST T Tk IE 20 ° 9 § gd gehar
2, A sHH! faarasiad Tdedl oqu H1 STl
Tt | i B =IeUl Yedsh odul i TH
sAfiyeneria facada i @, st av w fdt s
21 Y odul 1 9t fafyre Ttz gidl 1 =@
arg W ek Flt 21 TH T 9o i gt faetaa
& SHR T AT o A fasia s 2

il | foem fac=d > 0.1 M
| T & faom 0.01 < faer@a <0.1 M
i1 11| 3Ty faem faetad < 0.01 M

3§ B9 9 food st @@w aur sHen
Hqw e faeed o 9 aramEsen | fa=ar &

6.13.1 Taerar uEwe e/

it faerm & deh o 7, W faeR 1 srefed 3|
oI Sk g faeTae o ST oh Hed WTmaeel i
frfafad wefm g7 v fhar s 8-

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

e feris fefatad s g w=ia

fopan man 28—
K = ([Ba>[SO?1} / [BaSO,]

Y5 o9 T w1 wigar fer et 2
ad: K, = K[BaSO,] = [Ba2][SOZ] (6.43)

K, ! ‘foctad qomse-feris’ a1 ‘ foeram
Trmth—ef ' Ed ¢ ST T H K 1 AR
T 298 K W 1.1 x 100 3| 351 #1¢f a5 &
IW IfE Hekhe, S T TgwW faeem o @y
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el | 7, o fou dfad qun Gothe SEal &
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WU 6,9 298K W FT WHI A Tl o

Higaistl 1 [OAE $Heh foretadi-ToHhe feerish foerarar-Ture e K, o "
% qed T 81 T AT S B T Afem gethe T - =
FI HieR-faei@ar & aer grft| afs dier faerm [—— AgBr 5.0 x 1013
|sl ﬁ Fﬁ T\EQ_OR aﬂﬁﬁ? Ag2C03 8.1 x 10-12
‘ TR FHe Ag>Cr0s4 1.1 x 1012
1.1X10°=(S)(S)=S2 AMS=1.05x% 10 g?ﬁw AgCl 1.8 x 1010
Agl 8.3 x 1017
39 TN SRTH Gethe i Hior-Toetd P AgSOs 14 x 105
1.05 x 105 mol L' BRI m %ﬁm gﬂg:gi }g - }8:?2
SEL ﬁﬁﬁm FoTEEq _ 34-@@' dfEm gethe BaF» 1.0 x 10-6
FE i fom-fmt %}?i%\qq'qvwaﬁz BaS04 1.1 x 10-10
e A A A Y HAHF B A AR | Wl B W%Wuﬁm = §g 102
- RESIEIES] al .3 x 100
SR F AU Y, 70 (R O (Zr4), | S s CalOHp | 55x10%
: S e CaC:0 4.0 x 109
(PO,>), TEY &0 W foaR &Y, St IR s FIRS e Nt 0
oI TSI STl O i Bl S 4 W | S S Casmy a0 x 104
. HESENIES) 0 x -2
oAl § ot g B 1 afs fSepitem wrethe & see Cr(OH)s 6.3 x 1031
ﬁ ﬁ 31 ﬁﬁ ENGIEr CuB 5.3 x 109
- 'S’ %3[, ?ﬁ- W % Wﬂv_@ﬁ?ﬁ'ﬂ W CECTOs 1.4 x 10-10
A FTEAR HESESIES] CuCl 1.7 x 106
ki . TSRS Cu(OH)2 2.2 x 1020
[Zr*] = 3S T [PO,*] = 4S &M TS Cul 1.1x 1012
FEHS CuS 6.3 x 10-36
3qd: K, = (3S)° (49)* = 6912 (S)” m EESIERIES F:co3 3.0 x 10-11
T SHiK, /XA T=K, T | mos | 1
< 3 .0 X N
forgt REURESLEIR e P+ 54— TR TES FeS 6.3 x 10-18
R 3 ’ W My Xy T TGS HgaBr2 5.6 x 1023
B, S 3T Hgw faerad o @ grerewen § g aen T WWW ggzICh ig 3 18*22
212 O X <
forgent Arer-faetaa 's' &, &1 fF=Afafea e TewTES HgSO04 7.4 % 107
o TR ST gehar e— i e HgS 4.0 x 10-83
N | i} Frefform wreer MgF> 6.5 x 109
MX (s) < xMr*(aq) + yX¢ (aq) 'a']:ﬁr,[a o mﬁz " ﬁg(cogh ;g « }87;1
(FRBTx X p" =y Xxq) gC204 .0 x 10-
e TEEES MnCO3 1.8 x 10-11
Tl sHhT foeEa-Towa ferie fefafred ﬁvﬁ;ﬁgm MnS 2.5 x 1013
GESERIES] Ni(OH)2 2.0 x 10-15
GHIeRTOT R oA feman S B friber wetTEe NiS 4.7 x 105
K_ = [MPXa ] = (xS)X(yS)Y (6.44) WS RS PbBr2 4.0 x 10-5
P oS HEHS PbCO3 7.4 x 10-14
=x*.yv. Sk gg EGES PbCly 1.6 x 10
x+ X TAES PbF2 7.7 x 108
Sk =K, /X 9§ 33 e Pb(OH)2 1.2 x 10-15
gﬂﬁ'q = K X yy)l/x+y 4 SRS Pbl> 7.1 %109
( P / d Y) (6 5) e G PbSO4 1.6 x 10-8
wwﬁm@mafwﬁ?ﬂﬁﬁm ﬁéﬂwrsa PbS 8.0 x 1028
ggg ar\qgg X -28
SThT WA T T e §, 96 K aﬁQ ke ST T gﬁ(sOHk iﬁgxigas
e R ST & (3T SHE 7-6-2)| W fF | wiwm awe s0: L e
T O X N
A WK, = Q, # ¢, g e it | S T SrS0s 32 x 107
TE U AT ﬁl?l’qu (Dissolution) EIEDIC NG e HES TIBr 3.4 x 106
x 10-4
e A1 1 AR 6.9 H 208 K W @ WA @m0 e o R
o foeaa-TH%a feerisl o AF 2l T Fahe ZnCOs 1.4 x 10-11
few N eEgiarEs Zn(OH)z 1.0 x 10-15
S HeEe ZnS 1.6 x 10-24
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6.13.2 3Tk AUN eh TH=AT U T 3=
e )

- SMafery, Fogid o STTER, J8 ST &1 Sl € foh 4t
et a0 foreram o fordl T 1A it |igd deH W
3T 370 AT STTeT oh T oF |1 §aNT S am aen
oM € e @avl qa I AFeIfd 2, 9 T T aR
K, =Q,, 78 Sl A fordl s <kt qisar s <
qifeh LK, =Q,, B STl 7 forera el o fer +ft @
2, ferarer 5h o STl 61 3 Wisa o o Q| o
T el oh T W gH Hishad (activities) 1 AN
% €1 39 YRR Tifea FARige o Hqw oo % HCI
o oM | I FIRIEe 3 o1 |igal (Hfhadn) 9¢
M o HIOT WITSTH FANES T ST Bl Sl €1 3
fafu @y Gifeam Feiree ogd €1 IS B 81 39 TR
&1 Hifeam stera Hrfeem Tothe SiE sTyifgal Wt
A €| TRIH fargeivor et 31 o argd o faetma
A 3Tk 2Ted foeid av & &9 H quie staefd
T H o T AP YT 1 G TR S 81 36 TR
TH RIS fowerl # faeer 3T &1 saau faeer
FANSE o T4 H, BReh 3T 1 STV G TRSFIRS
o T H T ST ST 3T 1 SfaH Hothe o €9
o Y Tehd B
3o 3T oF IaUN i faeidal %9 pH T a&dl
2, Tifh %7 pH W RO 1 Wgdl SEeh
IRl o RO Sdl €, S 01 i faretaan
1 TG A E T K, = 9 FH A WA BT
T W FIA A €, FAG K = [M*] X,
HX (aq) = H* (aq) + X (aq);

_ [ (aq) ][ X (aq)]
* [HX(aq) ]

X1/ [HX] =K,/ [H']
Al T T FhHA okl 1 Sed W eH ure

2024-25

e fagm

TH: kT o1 W EH 9 8 [X] / {[X] +
[HX]) = f=K_/ (K, +[H'])| 7€ 3@ ST Tl
o pH o =24 W f ot w1 21 A < T pH
R AU F o S @),

K, =I[SI[fS]=$? (K, / (K, + [H])}

S ={K,(H]1+K,) /K, }" (6.46)
3: S, [HY] & &+ A1 pH & ¥ed W foemar
ECnild

IETEIT 6.26

IE W g foh forelt off YR oF oo 5@ 9
sifafshan T8l 3d, Y 5Ta H A X, 1 foletar
T U HIU A,X, i e Hwe K
=1.1x107° ®

T

AX, — 2A° + 3X*

K, =" X =1.1x10%

e S = A,X,, 1 foerar, @

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

3 ¥R K, = (25)°(3S)° = 108S°
=1.1x107%

M S°=1x107

S=1.0x 10" mol/L.

3TETUT 6,27

T 3fe9 foerg @O Ni (OH), T3 AgCN oh
foeIar-TH%e & AF %E9: 2.0 x 10 '°TE 6
x 1077 &1 & 41 Tau Afusk faeig 82

T

AgCN = Ag’ + CN”

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

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

K, = [Ni"][OH]* =2 x 107°

Ifs [Ag'1=S,, WICN] =S,

I [Ni*] = S, @1 [OH ] = 2S,
s’=6x10",s, =78x10"
(S,)2S,)°=2x%x10"°,S,=0.58x 10"
AgCN ¥ Ni(OH), ! faciaar sifus
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ISTEITT 6.28 et feret o €, élw%m OH_ %1 %l Hisdl OH_
0.10 M NaOH T Ni (OH), 1 HieR e 1 (0.10+28) mol L™ &R, iifeh forer o weet |

-1
T W Ni (OH), T ST T 2 NaOH 9 Id 0.10 mol L™ 3Iufterd 21

15 _

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

2.0 x107"° R .

= Ik K, 1 7H FH €1 25 << 0.10 3%: (0.10 +
= 25) ~0.10

Hl ek Ni (OH),, %1 feet@@l S mol L = fereid - s )

B ¥ Ni”* % (S) 91 T OH & 2S mol L™ 2:0%10 == 8[0.10

S=2.0x10"° M = [Ni*"]
9T

% 59 9 Fehearet st w1 ¥ o9 @ 59 § dieddr Supel 1 Ge & ae g, dl O et
&1 Sl 81 7 Tisiiel ek o1 el 1 e Hiides o TEEten, SH ehal g i g gkl 8
T T H 37U TS Uy AfAfHAT 1 W GAM eIl 1 SRS FT Higel bl SATAHNH HI kel § 90T A
W B Yk TS ] WHHHHHAS e o o0 o ®9 ¥ | fedie K H 9 S 2

AT aA+bB = c C +d D % fre K = [C]'ID]%/[A][B]”

7 99 R HreEreEen feeriw w1 oF R W 81 39 ot ¥ qeft T o S wigdl, 9 o
feom T €1 Tt arfafsran & forg wrmewen feomier ®1 K 6 o 3 €1 39 e e s §
Tigdl o TIH W &0 A <6 fored 21 ifafran &1 fKen 1 ora= sifafean amee @ & o i
&, Sl T WK, % SUeR g §1 - 9ee fagid’, o STER i, <, Figdn o wRen § 9 R
T § Rede o R S S faen | fereenfua Bt €, St uRerds o G 1 W I T H Heh
THHT SYAN T ekl SIH aTd, T, <76, Seh AR SAfsha TG o Tt 1 fEe W 99 o 77
H fopal ST € de ScUTE 1 AN 1 TS0 9 FReh! i Al wien fohan ST wehdr @1 sifufewmen fasm
o GreRel Wi Wi I UHIfad Tet e, forg siffshan i Tfa &t T 19 Sei-991 H AR
T SR g1 et e ¥ SAFTRRs W agieht 9 ¢l

o gl wred, S el faeree o fod 1 =er S €, ‘fagd oraeed’ shee €1 ot &N a9l
e * fergge 3TTerea’ €1 A et forera W st A1 SIE g1 U Td SROTEA o SedIed o ShROT g
1 e HT T ol e eraeed qutd: fomifsa e s &1 gefet faga erased o e ue et
UL o HEA W il 81 ST o SER, Sl faere W e, BIEseie ST a9l &R, BISgierel
TF <A 21 FI G 3Tl 31 B GEY AN SIS - 3 ST ki WSl % Y Ue &N Wl
o 9 B IR fohan e Tk SRSl 3T Ush ke 9 SIfafehan el §, q9 I8 THeR1 §d Tt
&Rk Tel el i ol &7 o G Tt 37ret ki ST €1 39 Wb GTHT o7 &R § Shelcl Ueh G2
1 R A T A, FH T I I G T H ol IR TF GRE FI TS I ok T
o Rt foham s &t afita o STER, gaa 3 ok faars o fog fedis (K) 9o g & &
forrs oh faw feeris (K) & =iste &1 foskfaa feran T STAA &t W60 Ud 3§kt Hisdl W i qen
A 37 1 o foman o ?1 eEgieH SE &t Wigar (Fiwaar) o fu pH A9 (pH = -log[H'])
TEA R T 1 e S o7 e % o famafi@ fFA (pOH = - loglOH)) ; pK, = -logK ] ; pK, =
—log[K, 1 pK_ = -log[K, | S%) T ¥1 el o ST 1 S99 F W 0 3@ § o Tefiehaor pH +
pOH = pK_ T Fq= Bl T ol 37 T qoet &R, Jol 37Fet T Ul &R 7R gaiel o7l TS 3ol
&R o U i St foera | Sot-3Tuee Bl €1 9 foerm 1 uRer den 9k Hewd 1 ik 9
e e 21 s1e e e 3 fercrran waieht @i 1 vl ud fa o feeriE (k) T At w
| THHT Hey Tl 1 ferera & Tenftd fopan | faee | e & Saeur A 3Heh Sl § foere i v
1 Fuior foha T 1 HE S U 3ty foeid wen i faorid o Hewd w1 oft fade w5 E 1
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e fagm

faenfért & fow 3@ wemer W Heifa Fdfima foramd

() fomneft fafis aren well w Afss@l o W@, 95 99, IR TRl Fo U SUeied S o A
%1 pH T1d % o fAq pH TR 1 ST HT Fohd 2l

(@) pH YR &1 S9N fafq=t oiaoi =1 fae@m &1 pH o & o ff fran 1 dehar 21 98 7@
Tl H Ghdl/Thdl € Toh A Yeei/gaa ol a1 & | s e €

() 9 Giferw wHite wd wEifew o i iy 9% o aw foaeeE o Wehd € W& pH UW
1 STANT HT SAHT pH A HT Tohd 2l

() 3% fafs pH & faomml & fafis @1 ifem 01 o fow gae R s 9s6d 2

(T) ol 1 STAN TR FD A AR SFIATA F Tohd T

(9) 9 37eq foeid @eu w1 faeiaa W EH A Y96 H 3@ Thd 2

(B) A fomnmera # pH HieX 39a=d &1, @ o 389 pH A9 &Y SUh! pH TR ¥ I IRomH &
T Y Tehd

6.1

6.2

6.3

6.4

6.5

AEH

T g9 & Hoee ue § Fifved a9 W ges a9y & WY 9§ W@ S B e 6
AT SR S e S )

(%) aI-T@ YREdT H1 GRS TiRomd 1 gm?
(@) 9RH T o TE G 1 S o agerd 2
(1) T, 59 R 9 g oW ® 9 Tefud B ST qd Sifw S S@ 9 g2

=1 5 % faw K 3 2, A 9 m e e 1 s € (SO, 1= 0.60M,
[0,] = 0.82M TS [SO,] = 1.90M

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

T = a9 td Fd @ 105Pa W AEEN asd H SREEAHER 40% AEEH
] B R

L = 2I(g

e o faw K, &1 O i)

frefafed & 9 g sifafsran o fag 9= feemie K, &1 A9 farau—

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

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

(ii) CH,COOC,H(aq)+ H,0(l) = CH,COOH (aq) + C,H,OH (aq)
(iv) Fe* (aq) + 30H (aq) = Fe(OH),(s)

(v) L, (s) +5F, &= 2IF,

K o " @ fefarad & 9 e 9 o faq K 1 6 9 R

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

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

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

T NO (g) + O, (8) = NO, (g) + O, (9) & faT 1000K R K_=6.3 X 10 2|
A § 3 e g S Attt Wit w9 9 fgates €1 W stfafeen ok forg
K_ 82

g feerish o1 s forad 99 99=ET o s 5di U9 3l o1 Sufad a1 fohan s
TR €2

N,T& O, % wer frefafea sifafwan gidt &

2N, (g +O, (8 = 2N,0O (g

I T 10L % 91 § 0.482 Hi@ N, T8 0.933 it O, 7@ ¢ qen T am, foam
N,O & &2 Syt &t fH07 1 Hered 3 ifoe K= 2.0 X 10°%71

frefafaa stfufsan o sgaR Efer sAfwmEe Br, ¥ sifufwan w2 TEgfaa 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, fufs fohu s
€, 7@ 0.0518 W@ NOBr Wl it €1 NO T Br, &1 | A1 9 it
|1 250,(9) + O,(9) = 280, (g) % fAT 450K WK = 2.0 x 10'° bar #1 38 a9
WK 1 A I ity

HI(g) 1 T T 0.2 atm T T T Feleeh H T@1 Sl €1 9 W HI(g) 1 37ifereh
T@ 0.04 atm B el 3T T 9 % fAq K, %1 79 @ gm?

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

500K 4 W T 20L 9 # N, & 1.57 Hiel, H, % 1.92 1ie T NH, % 8.13 Hidl
=1 g fomn ST 21 eAfufsdan N, (g) + 3H, (8) = 2NH, (g) & faw K &1 °M
1.7 x 102 %1 1 stffsran-fasmn @ o 82 af 7et, o e sifafsren =1 fem = 22

T 1 At o fag

N J[O,F
“iNof' [H,oF
9 5k oh fae Hfera Tt T fafan)

H,O &1 T% Hidl T8 CO 1 T A 725 K a9 R 10L % I ¥ fore st &1 |
W 40% e (9IRS ) CO o el Fefafed gefishior o @R fuafwan i -

H,0 (g +CO (g = H, (g +CO, (g
Afferar o foru wm feeies &1 7o Sifsuy
700K M9 W ifafwan H, (g) + 1, (9) = 2HI (g) & fae am feemi® 54.8 21 4f

T Y& | HI(g) foram =1, 700K dr9 9= T@nfid =, 91 9= W 0.5 mol L' HI(g)
Sufeerd =1, o 9 R H,(g) T 1,(g) T Tisard = i?

ICI, freeh! Higar y’ed  0.78 M ®, w1 af% e R &1 fan S, af gk &1 9
TR TigATd F E?

2ICI(g) = 1, (9 +Cl, (g); K=0.14

I i T § 899 K R K, %1 WM 0.04 atm 81 C,H, &1 H/F T Hisdl &

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 Fremewen | T

ST &2

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

et TS UHifesr et 1 erfufenan © e TEiee SR ST @ S 9 i 39 R

T S HeRdl B

CH,COOH (l) + C,H_OH (I) == CH,COOC,H_ (1) + H,0 ()

@) Wﬁmﬁ*mmw(ﬁm—w) QCTFTF@'Q (feoqoft « o=t
W A s § e ® e faemae off T @)

(i) A€ 293K ™ 1.00 At TEfifesw 37 o 0. 18 Hiel TAle RW | ford sme @t
affem g fagor 9 0,171 dict Tforet Tefiee €1 | feeris w1 o SRifey)

(iii) 0.5 A/ TIATA TE 1.0 7t THifesh o7 ¥ YRY i3d g 293K 9 W FD
I I¥Er TS THee & 0.214 Wid 9 T @ R | w©fad 8 T

437K A W fefd & PCL, 1 Teh T T Felresh # feran 21 | Tifid gF ®

PCI, %! Wizl 0.5 X 10" mol L' T T, afg K_ 1 7F 8.3 x 1038, @ ¥ W

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

PCIL; (g) = PCl,(g) + CL,(g)

e Ik ¥ @ 9 999 S sl B §, 97 S (1) SifedEe 1 e

HHIFTEE o g1 STTEeE € T 69 wifas @l wd CO, faer 2

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

1050K W CO Td CO, & | W AR 3@ F1 B, AR I7eh IRITH TR

@ B

Peo= 1.4 atm T p,, = 0.80 atm
st N, () + 8H, (g) = 2NH, (g) = faw (500 K W) & feei® K, =
0.061 2| T fagis 9g X Mg 1 Tued 39 YR 2—

3.0mol L' N,, 2.0 mol L™ H, W& 0.5 mol L' NH, 1 sifafsran @ o 22 afk
T, O 9 Tenfud e o fou sfafewen fea foenm o etoer =i

S HFERTEe Brel faufed gie 9 U8 3ol a1 © aen 9re Lfd g 8
9BrCl () = Br, (g + Cl, (¢

7Tk fAIT 500K W K = 32 ¥1 3k TRY ¥ BrCl &1 9zl 3.3 X 10° mol L' &1,
g W g § SEeR! |igar ® 0 B

1127KTd 1 atm @ | CO 1 CO, o T fasmn & wmaemen | S ieq §
90.55% (@) CO 2

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

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

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

sAfufsran o g () AGe W& (@) 9= feemies =1 TOMT Hifs—
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6.25

6.26

6.27

6.28

6.29

6.30

209

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

e § o gt 9 W S STEde agiehl <6 S fhA1 Sl €, 99 Saersy 5
AR o IS o Hill H1 WA aGdl @ A1 T @ A qHH Wal B2

(%) PCL (g) = PCl, (g) + Cl, (g
(@) CaO(s) +CO,(g) = CaCoO, (s)
(71)  3Fe (s) +4H,0 (g) = Fe,O, (s) + 4H, (g)

Frefeiad o 9 3/ 9gM W hF-hF | Sfaimand guifad gi? 78 ot s <
iad w3 W Afafman e =y feen o wfawm gri?

() COClL (g =CO (g +Cl (g

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

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

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

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

(vi) 4 NH, (g) +50, (g) = 4NO (g) + 6H,0(g)
frefafea sifafwan o forw 1024K ® | feeris 1.6 x 10° 21
H,(g) + Br,(g) = 2HBr(g)

af% HBr % 10.0 bar Hiegs s § /el oMY, df Gt 6l o 1024K W 91 4
A i

FereAferiaa ST STfafsha o STTER el g1 SIZeEgier 19 Wiehfieh 9 9
o H S B

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

(F) ST afwﬁ:wé?praﬂmﬁif@m

(@) K, & afafwan s 1w W e fhy yswr gefem e, At
() <@ g e S

(i) a9 e fan smY

(iti) SRR Fg fehan wT

| 2H,(g) + CO (g) = CH,OH (g) W J9Td [aist—
(%) H, foem ®

(@) CH,OH fieii w

() CO®H W

(%) CH,OH &M T

473K R FEHRE Yeaige PCI % famed & o K, &1 7 8.3 107581 4z fawes
TH YR M1 S, A PCL (g) = PCL, (¢) + 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

(%) afafswan & fom K 1 = fafau)

(@) Wi Afshan o fg ¥HH a9 W K %1 79 F= 8?

(M AR (i) R ek PCL e ST, (i) 1@ TG0 S A9 (i) @ agrE
ST, @ K 9 9 99 B

TR fafer o Woe eTgSISH i Wiehfdeh 19 ¥ Wt WS 1 $=d a9 i 99 9 T

T AT ST 81 J GRere sAfufRer § germ e § CO e H, St 81 g8 9% § Yo

g H & el CO AR i W o siffman sl 2

CO (9 +H,0 (g) = CO, (9 +H, (g

g 400°C R AfAfHa I H CO TE 919 &1 FHACK {901 36 &R fa=n s &

Pco=Pu,o=4.0bar, H, 1 Sl W S 1 41 &2 400°C WK = 10.1

Farsy for fAfafed o 9 foea sfufsran o s1fyerenl e SRl 1 Aisd gued sif—

(F) Cl, (g = 2CI (g9 K, =5 %10

(@) Cl, (g)+2NO (g = 2NOCI (g) K. = 3.7 X 10°

(M Cl, (g +2NO, (g) = 2NO,Cl (9) K.= 1.8

25°C R #fafwan 30, (g) = 20, (g) & faU K 1 79 2.0 x10-5°%| At a1

25°C T W O, %1 T Eal 1.6 X102, @ O, Higal 741 g2

CO(g) + 3H,(g) = CH,(g) + H,0(g) =1fufswan s fefer wess # 1300K ™

TR ¥ €1 389 CO % 0.3 Wi, H, % 0.01 Hid, H,0 % 0.02 Hiel T CH, F

T W 71 U T a9 R sfufwe o forw K1 9E 3.90 21 fasor § CH, 1 A

B

T 7Rt &R g k1 31ef 77 Frefafed wheis o for gt ste/am saee-

HNO,, CN-, HCIO, F -, OH", CO; W S*

frefafaa § 9 %4 9 oEg o @2

H,O, BF,, H* T8 NH}

Frefafad sesere o fag @yt amel o g3 fafa-

HF, H,SO, ™ HCO,

FREHT NH,, NH, 721 HCOO™ & Tt ena fafan—

TR H,0, HCO;, HSO; e NH, 2337 Tl &Reh—ari @i A e Hid

g1 Y% o T a7 9T e WSy

Frefarad SRt Fi e 3T a1 &R H aifiehd Sitse a2l aarsy o 3 ffd TR

TR -4 o UM FE i ©— (F) OH (@) F- (1) H* (%) BCl,

T g U9 % T H eEgeA AP H1 FiEdl 3.8 X 10°M 21 SH*! pH uRehfea

FHifST|

foeh % U A *1 pH, 3.76 €, 3UH TEgeH AEH 1 Figdl F4 it

HF, HCOOH @1 HCN =1 298K W 315 feerish %H¥l: 6.8 X 1074, 1.8 X 104720

4.8 x 10°%| $7oh HTd HGTH &TRehi o AE FEeris 1 Hiferg)
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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

HIIE T 3P feris 1.0 x 101921 0.05M iiet & faer@m | wiHice g i
iga dem 0.01M Hifeaq e foeem o 3Ueh ST9AA i A1 F1d el
H,S W1 J2i| 3T feeri® 9.1 x 10481 3k 0. 1M faeem § HS- st &1 i
1 O FIST qen Sy f Ak 99 0.1 M HCI +ft 3ufeerd &1, @ wigan fha yaR
wofiferd BT, AfE H,S w1 fgdta fomism feeisn 1.2 x 1071321, @ Hewigs S* A=Al
T IAI feefcal & Higar HT 0T HifS)

ufafes et 1 SEH Rl 1.74 x 10581 580 0.05 M oo o faier it w1,
THIee ST Tigal aen pH &1 IReha &ifsa)

0.01M STafeh 37 (HA) o faer@d %1 pH, 4.15 21 S8eh 0T &1 Higdl, 37
1 A Reerieh den pK A qiehierd shifsiq)

ot feriism wd ge frefafaa fafasi o6 pH s wifs)

(%) 0.003M HCI (@) 0.005M NaOH
(7)) 0.002 M HBr (1) 0.002 M KOH
frefafed faee o pH F1d shifse—

(%) 27M TIOH &l i ¥ =z 2 faer faeram s Sy

(@) 0.3 U™ Ca(OH), &l S | =it 500 mL feferaa samn sy

(71) 0.3 IM NaOH = 5 ¥ =@t 200 mL faes - sy

() 13.6 M HC1 & 1mL &l a1 ¥ G0 Hieh gl e 1 e fepan sy

ST 37 1 ST 1 A1 0.132 10, 1M 37 T pH @2 pK, 1 A7 T
Fifsal

0.005M #EH (C H, NO,) faer %t pH 9.95 7| 30! o feerish T Hife)
0.001M Tl feeta &1 pH 1 82 T &1 1o feorie arolt 7.7 9§ & gahd
T T W ST T SR feeRle | it

af% 0.05M TEifes 377 o pK_ 1 A 4.74 8, W ST 1 761 A4 hifem) afg
TG (31) 0.01M () 0.1M HCI foer=a o erenn s, df fomse 1 a9 ffg 7R
weferd et €2

STEATYTel WHIA w1 ST TEeRi 5.4 X 10421 356k 0.02M foera i 3T &1 /el
1 MUA HifST) IS T8 9@ NaOH ¥fd 0.1M = df SRRy THHA &1 gfaed
ST T B2

frefataa St o, f5 pH & T €, 1 SreeisH 19" Wigdl Uiehiord shifey—
(%) WHa TN 54, 6.83 (@) wMa 3R 74, 1.2

(1)  HH9 w, 7.38 (%) ¥Fd @R, 6.4

T, ], THRL W™, 9 T q01 1€ F A%al & pH F AW FA: 6.8, 5.0, 4.2,
2.2 7.8 %1 Y% o TG H* P &1 Tigal A1 Hifeg)

298K W 0.561 g, KOH ¥el # sie T 9 200 mL faera &1 & pH, weferem,
TIESISH q BISSIRIe SMFHAI 1 Wigdld i Hitsg)

298K W Sr(OH), foer =t focrat 19.23 g/L 71 Wi qen g s &
qigar den faee &t pH F1d Sl
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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

Wi o7t sh1 SMra feeris 1.32 % 1075 €1 0.05M 37 foera o 1@ &1 /6l
T2 pH @ &ifsw| A foe=a § 0.01 M HCI fHamn ST af 36 ST & A6
A i

IfE A 37 (HCNO) & 0.1M faer &1 pH, 2.34 =1, @ 3T oh 3T feeien
el I hl AN F1A RIS

e METH 3T T FA Feelier 4.5 x 1042, @l 0.04M Hifeaw rEerse foeam i1
pH TN STerdiS 1 AT F1d i)

e difeam eEger ikEe o 0.02M fae=m %1 pH 3.44 ®, a1 9iEH
A e T FHifsm)

frefafaa cao & Sefta facemt o TR, STl qen i@ 8H i grjfad shifse—
NacCl, KBr, NaCN, NH NO,, NaNO, a1 KF

AR eF o1t 1 A feeki 1.35 x 10281 0.1M 37%t qell 39 0.1M
Hifeam @@ i pH F1d &S

310K W S &1 e oH%a 2.7 X 1071431 gH ddshd W S w/et 1 pH
M it

frefafaa fasmoi =t pH ufewfaa wifse—

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

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

(7)) 0.1M H,SO, 110 mL + 0.1M KOH %710 mL

faeer e, Afem He, BiiE TESFIES, T FANES T HRtd sTHeEe faeed
T AR 6.9 ¥ U T foeraar ToAwa femis & FerEd 9 faerar 1 wifae qen
Y% I T Hiowdl o A Hisa|

Ag,CrO, 1 AgBr 1 faeterdl oHwet fEerish sH: 1.1 x 10712941 5.0 X 10718
21 37 Hgw faoRM 1 HieRdl %1 S{UE 91 HifS)

It 0.002M FiEAET Hifead $Tee a1 FUFh FANE foera o6 THH STE i e
ST, T A IR A FT STAEA M2 (KN AL F fIU K = 7.4 X 10°)
Sl STl k1 ST feri 6.46 X 10797 faeer S=iee &1 K 2.5 x 1071
21 3.19 pH ot I fererem o e ssiiue STt w1 g o ferae 1 forerd im?
T Hethe A WITESTH Heh1ES o THAICR foeraHi w1 Stfehad Figdl Sarsy St 3ok
A AT A W TR HowiEe sEafad A7 B (IPRA SRS o fau
K, =6.3%x107)

| T Sh{eEeTH Tethe i Siei o foIq s § S feha- STFa STl %1 Sagaiehal giit?
(hfewam Hethe & fag K =9.1x 10¢)

0.1M HCI ¥ EgiSH Hehze ¥ Hqw foed &1 @igar 1.0 x 107 M 21 afE 29
foe@a %1 10 mL f=fafed 0.04M foe= & 5 mL e s, af e oo 9
{e&Y 9 BM? FeSO,, MnCl, ZnCl,, & CdCl,.
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