qreEraEt
EQUILIBRIUM

ERE)

Sl

T oh STEFTA oh 1% 79 —
Aifqer T TErEfE gfwmaet § 9
1 Tfde Yhfd sl Tg=H Gohi;
Aifder wd qEmEfE gfwast & g
o5 199 1 == T Teh;

qAT AT o FTALON i T
?m'_{“él?;ﬁ[;

fordt & T efafe o fou 9=
feien =T for ga;

K, T K, o " Hou @i B
Heh ;s

Afafsrar &t ArAEwen & gIfod
e fafae hienl o1 e &

, TSN T 38 Hronedi
o SR T YA i T A IR
T ofighd T Hahl;

T qAT AR o WA FT RS
3Tk A Rl o ®9 H &Y
b,

Y ST A THIEA h1 Wigdl
T 3TIAH i T it FeRar st smen
?m'_{“v'l?;ﬁ[;

TGS 3T 1 HeR |igdl 1 pH
Thol o &9 H gUH Y Gohl;

T oh 3T Ud SHeh! 3T qefl &R
o ®9 H I et & G
b,

Sl o AEE UAwE (K,) a9
pK,, | fa9g =T Hehl;
LTIl o YA i THH b

w
foreradr UAw feerieh i T &
bl

11084CHO7

3 S T qafeRoi wfmare § woEte 9 qewget 2
IR — TR el | HHURE q% O, o uRed ud famor
O, T[T Ao EHRCIR o T W i U (o et 21 g6
YR CO T[Sl qe EHrclifed o Hed W CO i faurear &
O] Tl 2

g fordt 5T ue § U g9 aifoad BT ®, A S=4 Tias el
I 3T9] S 1 T U o9 Wekl § Wl S € 9 3k S o
39 59 1 HaE 9 THUS AT Jreawen ¥ 59 yaeen ¥ garfed @l
S &1 39 YN 59 TS o1 o HeH ek TS 9 €fyd 81 S
2, foreer TRuTHEEY g9 &1 T W T ke aroq-ge 3e il
B ST Tt 1 AT URH Bl Sl §, el Sel o1 aToq-S1d §g+ ol
2 3N o § fer & s 21 e fufd § w9 wed € T few
(System) H Greeen Tfud e T @1 w@fy T8 9 wifaw T
2 A1 5o ! Tag W g9 TS o9 o o9 3 (HAHAT B @
B T8 YhR HIEAER W SO w1 & -9 o e g1 Sl 2
T 39 YR AN S 7

H,0 (3d)  H,O (3r™9)

Tl < a1df T 39 91 1 <9 € o Al feemeti o whwand
HU-91e Bl & qen fafmaen] Ud Scre) o |rerereen X fysr i
“grer fagror’ wed €1 Wifdes YAl qen THEte sifatmast gt
o wreEerEe T B Hehdl 1 SATfwA 1 dig el He Bl
IHHT YHid T YR aiferfaal o R e 21 s feer q
W UF a9 U ¥ Al R w % Scg S ©, A STt
Higdl HR-4R w7 el S © a°l SR i Figdl gt @l 2
fohq o 99 UvEE A AfafEEel & wigo ° R 7 @ SRl
o G50 § i qiedd g 21 e ety § fer o wifer wme
(Dynamic Equilibrium) fid gl STar 8 qe W & 9=
afafwaet 1 ¢ w9 B Sl €1 S hRU 39 sEE o
srfaferan-fason o Sufter fafie seel o qigor o g qfedT T2

2022-23



190

BT 81 39 MR W R g g as fha
sAfafewran gof & gt 7, gue TuEt sifafwaet
F frfeafad 99 T ¥ aiga fr T i
() WuW uuE W o rfafmard et €, S e gof
B S © qen SATafshaeh! o1 Figar T0g @ St
2 o afafwaet § @ sfufwast w1 wiga
S HH B ST © TR SR e yEn g
Goye Tt @l 2
(i) fedfa oge o 9 erfufpard ordt €, food @ga
FY WEN H S O d § adl HEeE W
sffsra! o1 stfirra 9 srafafdd & s
(i) T THE o S rfufemanst w1 w@n e €, fd
sffsraenl Td ISl T Wigar @rEEEen o
T AT 2
ey R AfAfwan o i ae ol e €
IE IUHT UEifer it S—stfufwerl @
Higdl, a9 371f) W R et 21 S qen wEeen
T uftareq uftfearfaat (Operational Conditions) bl
SEEAHTR T (Optimize) hIAT dgd tl%r_d"{\“f g %
ek AreATaEen 1 gehte sfesd e @t faem § =
39 Theh | BH Hifaeh 991 THEMH Yhal § 9 oh
FO e TRl oh WYU-WY Sod faeas |
A o T, T oAt W #Ed ©, 1
gftgfad F
7.1 ¥iifeer Werul § AR
iferer WehHl o STeTrEA g ArEreEen o fanddt frem
o AT 1 TS TE TS S Fehel &1 WLl
®IIqL0T Yok (Phase Transformation Processes)
THoh gfafed ST €1 S -
-

—
WM = W

fem———

7.1.1 BTE-g ATRATIEAT

Tﬁ?‘iﬂﬁ%ﬁ (Insulated) WWﬁT@W@
A (I8 A gU foh v | @ Ui u i o
o &1 fafmg 7€ g ®) 273 K qen agHgeda
Tra T ErEerEe H B 81 98 e U stfirereron
1 YI1 1 B9 F8l <@ ¢ b T o w-wny ok

e fagm

1 STl o SHHI ol 1S UEde el erdl € a0
feor &1 B, WY qrerere Wi 7@ 21 9k e s
o T ereft oft dig wfafeand et €1 59 wet o a1
I T THTR STH GG 81 S 7 qe I o 5
Y] % WEE § =l W &1 9% TS Wl o FeAu
% Y oo T BN 2, FifE oo ®} T
Y 9 H TMIGR0T i & q1 S § 9% § STl
#1273 K 3N T agreed @ W el el 7

g e € for 9 Ud Sl oherel TeRdl T g
Td T R & G | 2 ¥ argueed ™ W
Tohet 915 vaTel o foig org @, e 3 wE &
wraEend grErEen ¥ gl €, uetd @ ‘A
ik a1 “ATieh Tetieh’ hgetrdr &1 78 fem™ TE
o WY heel eT-| € uREfid il €1 39 YR I8
frerr Tfaer EreEEEen § gl ) TEd fefeted
firerd o B ® —
@ <A fateh sfwad wma-we 2 )
() T whAd T R 9 B €1 sed o T o
1 goEM o) @l 71

7.1.2  SA-A] QETSERT

g e &1 frefafed gam o memm 9w men
Thdl €1 Th U SR shi Aferest, foew o1 o1 @
(TR , i ek i (1 ) o YRGS sied
Y WS <4 2| o § T arE w1 uel few o
el hfeaam aoiEge (1 HEhRg dereimnEe)
S SIS TR Siad i 9 H FD H ah
Q@A Sl 1 9k U9 Seeius: i Sl et
foran S 21 e %1 Tk T 2qrehl IEH Serated
T o9 T (A1 U3 €)1 iy @ fe S 2l
AR 1 @ W Idl Ferdl ® o 9 9HF 9
AT T g § R -+ g € iR efad: feer
B S €, tufq ST H I TR wedr € @R R
TR &1 S B 1 o Terd | ford T S 1 S off
1 Bl S € (Fo 7.1) | UR9 & sfed o Stefarsy e
Bt € o oSt & € Tehdl ©, fohd ST wiel w1 o
B O Tefig e § STol-21usti & SR o RO
AT9-<[e W WAl €, el 9159 B w1 g feer @l 21
T o HY-T1 T H1 grg-aX § HH B e B
e W T B Sl @l G- oo e g 2l
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7t feur ¥ v

faT 7.1: o) @19 W So7 &1 Grera<ey &1 arsq-grd {197

TR Aeqd I8 €, T S9-S0 STt & SIupetl Y gE
et sreren | dgd ol ®, S8-o T steeen 9@
ST o SIS i F- STl H oA hi ST HIRATerwel
Tqfyd g d% dedt Tedt €1 St
el W A B W ——— HEAT I
H,0 (§¥d) —— H,0 (™)

greeee § SA-STufs g 3cad <4 fRdt K
A9 I FEoR &l B, TH 5ol o1 G oo e, (A S
1 GSY-TM) Hed &1 K ol AOU-SE A9 ok G
TGl B AT 78 WA Hiere Yehiatel, THISH qen $er
o WY R S, 9 T Ufkd Bl @ o e |
arg-gre fafa=1 B €1 STUeiehd S=d o e arell
59 affuess arousiicl B @ Ud SOk FaeHiE HH
Bl B

Afg 97 arE-TarE | THREH, TS Tohieia ud
S ° Y& H 1 mL IgHSd § Gal W@l ST qef
T YA I Th RY W F T @l o Foe-fim
ST oF | <& ST, o 89 J8 I fo 37 gedt
AT o %o T qof STSHRTOT B S 1 gof S B
THY (i) 9 I Gopfd, (i) T k1 ABT qAT (ii) T W
3Rk a1 B @ 9 TG & agHed § ga @
ST €1 Al SIS Wi S al EeR Tedlt €, g o ok
0] HW & P AFH W hel W F| Fd: aT W
TA-37ee § HeAA 1 ST A H1 T Y HH e 2
THh JROTTREEY TYUl 59 S1foqd &1 S ¢ 98 T
gl 1T 1 ST B G R o e
TG B G e @

9% U H W UF Sa-ars] U argHeetd I
(1.013 bar) @& 100°C a9 W @ feafa o €
1.013 bar /@ W el 1 HHA FEHH 100°C &1

el ¥ 59 & fau @& agHed™ T4 (1.013
bar) R 98 dM, TR 5@ U5 ey Ar=eEn ¥ ),
‘5o 1 W FUAIF FEl 2| IF T FaAIH
agHSE < W R I €1 T8 T o S
(ag) W o e e 21 ferer =AY W ga @
TR Tl B

7.1.3 BME-aT9T QTEITSET

37 &9 W Tl W faeR i, ST87 3 ooy sTawen
o SeETad BId 21 A 8H SEE 1 T & I3 o
@, 9 FT GHY YT T S o9 SR S ©
A TG S -G T 1 froar A g et 81wy
% THT I TT 1 <o feer @ ot 21 39 fefa
A g wifid g W 1 sid: 3 STEiEE
eIl elt SRS ared et € de W
™ T H 9 S W1 © —
L, (M) —— 1, (3T)
TH YT o W o 3 ISR ©:
NH,Cl (3¥) —— NH,CI (aT™)

7.4 ¥ ¥ S ITodT W HI TeAvier-
waelt ar

ol ¥ S

TH 0 o9 W T Wd € foh XU e 5ot 1w
Tafe=a o o W= a9 a9 =i i T i
A € et B AfE B0 S= A9 R = R = s
3R 4 = AL, =i ok fopeeet gersh 8 sa) faRdh
A W fRu e faerm ¥ Ay o) erfuss faeia 9 5
W, al Q’Q faera = ‘Fﬁ"ﬁ oo, (Saturated)
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#ed 2| faeia =1 faeiaa av ® fei e 81 Hgw
foeram o Tupstl &1 3 oTa%en w4 oo™ o faoam o
UL ok ofter s HETEE Wl ¢

=+ (faead) —— = (3M)

qAqT AT o,

= oF g i W = = F fRed a R

feanfoeadrad = ®1 TemEd o W
e WTETEE 1 ek Yehtd b1 Tag feman e 21 Afg
Wmﬁm (Non-radioactive) ?ﬁ'*ﬁév‘w
foeram o Feanifaead g = =1 F9 961 2« <,
T TS IO 9% §Y I faerad ud o =i, fo
YR H feAndfoead g = o 19 T8 o, fhg
GrTeEe i Tfdeh Tehid o HRUT A frRaarm
s feanfreadEE =i+ o erogeti @ fafem g
WrerEenst | e B1 gHfee Fedfaed we i
<+t STUEH T ST 9 qoh Al Wl €, I qh T8
T feR AF a% T ge S
gal ¥ 9
S GreT-a1eX 1 dde @il STt ©, a9 3899 et g2
HTE SRATFEE W HI P A dol W S
fTher ot 21 f9t <9 R ST | w1 SRR
%1 fo= faeiaar o SRl T g 21 feer a9 e e
W g o e o U 59 | ol e1uget & e
reATgEen Tfad Tl 1 Sereoned -

co, (M) —— co, (foerm )

Tg e B o fEEER 71 e orER,
“ferelt AT WX €t Wk TE AT oF factEes W gt
T @ i unn faemges o W T % g™ w
FUEUT Bt §17 A9 Sgd o U9 98 A
el S €1 CO, T 1 Tel-ael i et § S
@ R Yo R 71 W @ R TG F g A
3] 59 ® foeid g o 1 S8 € diqel @ieft S 2
I & Fe & 59 HY TaE W I TEE FHH B ST
2, T 5t § Heit g8 e SEiemEs Mt
=1 IgHed™ @ W T8 AEEER Hi AR SRR
Bt 81 A HreT-a1e 1 39 Siad % FP T qh
T § gel oig f&an s, af w9 @ e 9i i
TRl e

IE WEFT ®9 § Fe S Ghdl © T

WA faam

() W = T, GHEEERS & fau IHeH @ W
(1.013 bar) T & a9 (Teris) TH Bl 2,
SRR <A greeemd ¢ S €1 Ak afeer 9@
o &1 fattaa T @, @ SHl wrawenstt &
T TR e B

() 9 = T, GrEe o foag fed ffyea am
W A< fEer e 2l

(i) ¥ ¥ 3W HI Fermeierar o forg fodt fafvea
a9 W T H 3 w1 foetgar Hfved Bt 2

(v) 59 ® 9 & fooEa 59 % IR W % qE
(Higar) o SHEU Bl 2l
& Frepel & 9ot 7.1 § fen e @ -

ARt 7.1 wifaes wwETERer w o favan

WehH Toremd
= e @9 ® p,, fer
H,0 () = H,0 (9 e 2l
3G =734 feeR T@ W e fAfy=a
H,0 (s) = H,0 (I e 2l
faora (@) = facia | foeam o facia =1 Higar

(foermm) | fafvea a9 w feer 2t 21
= (3) = =
(faemam)
T (@ = ¥ (aq) [7 (aq)1/[T¥ (g)]
fafyed a9 W fer g 2
CO, (g = CO, (ag) |I[CO, (ag)l/ICO, (g)]
fafyed a9 W fer g 2
7.1.5  ifaes UeRHl H QTETERRT o |TH

IrfireTeroT
S difaes Tehdl § Gt FHepm-areree o 9
sferero Frefafea €
(6] fafs=a a9 W et s ™ (Closed System)
o & e g9 2
(i) GrETeEen W gHl foRiet tfufwamd SR o o
Bt &1 37 Tiferen, féhg Tl erareen B R
(i) TR o @t TR A Tu-ue feeRr g )
(iv) & fRel difde ywa o S it 8
St ©, o GRof 7.1 | 9t waee) § 9 feret
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ATl

T% w1 9gH fAfved am w fer gm afvla
qreIaEe H1 Yg9H Bl

v) et off gma 53 iyt 1 9+ g% <9ia € fw
e q% UEed o qd difass wehn fahd
o qF 3 5 g 2l

7.2 TEER TehHl § ATRTSEAT-Tdeh

q+y
I8 Tedl € 5 o g ® % o% fewm | w1 9
el TEEfeR SffRaTd eida: Trreen @) frafa o
g Sl 1 3 erfufmard o erfim qen wdia feemet
o T B Ghdl &1 5a W e wdig sfafmae w5
¥ TAM 81 9§, @ SRR qe Sl 1 Sigas
feoR el €1 T8 THEH W i Sreen @1 U
Tifaer ArEaEer 3w Afufean (fa iR Sarg
¥ 95 S €) den e st (e sk gw
AR o 9ed S ©) U THerrt Sco =it 21 28
e o fau en fAfafea sSoraeia sfafear =
faar &% (o 7.2)-

A+B=C+D

g didd o 91y IfYERenl (A den B) I
Higdl F2dl © 91 SR (C 91 D) 1 S=E Bl 2
31 sTfafeRan w1 < Tedt STt @ iR W st
1 T T S ¢ eresy T UH feafa st 2,
el AT SAfAfsmEe w1 S HM B St Bl feefy
o frepm H Hrereeen Tiftd B Sl 81 Fe) S
C T D o o= AMfRan HUeht of WIed ohi ST Gehell
21§ 9 forelt off foen § 59 wreeEen w1 W
T B A+B=C+DIAC+D=A+B

C 3Ydl D

Hgar —>

A A4l B

THY —> HHEeR

faT 7.2 : q9EE qreEEer #1 9

193

ger-fafy grr emifen o gyevor o qamEfis
e hi TMiieh Yehtd shi ST ST Tehall B TR
q IT9 A9 AT @ W SRS 0 SRR i
fafte s wened & iy eifafe wuex fafia
AT W SEAT T HET J1d il THR SR WV
=i fafsran 5 99 SrEAESe qen SEeESNH S
Higal 9 w11 o5 7.4, (U9 195) <z0ar ® 6
e wHg & a1’ F© IfIwRl o I T W f
STHIT 1 Hig0T TS TH0 o1 Hoed a8t o &l |
gl o Here & feerdl 39 91d &1 Hohd =t © T
e Tfyd €1 e B A i ide wepfd
1 T o fau Smifan 1 WY S% -l
R TRfEafaal (I v 3@ wd @ ), fhg
H, %1 S8 D, (Deuterium) &e¥ fefan &m H, A1
D, o WY AAHA FTH W FrEEEl W EAH
geearal efufma-fager g wtar €, fq
Hfufsren-fHeor § H, Td NH, o &M T %W D,
Td ND, HISE d ¢ TR T g o 9%
Tl fagor (9 H,, N, NH, @ D, N,, ND, [
?) i o H et %o 999 % fag oig 3 )
o § 59 fagor o1 favevn @ W gar Jod @ fF
I T Figd SYaRafdd wdl Bl

BTeiler ST 39 THS0T 1 faveivor oM St
(Mass Spectrometer) SRl foman S % a Q'Flfl
Teifaege fafi st s19 (NH,, NH,D, NHD,
T ND,) Ud STgerggie 377 (H,, HD @1 D,) 1Y
S &1 394 I8 TRt feherar @ foh Qremereen & o5
off fiygor § 1fim we wdig sifafsrand Bid & o I
S H H 91 D TATYST 1 SMHLU (Scram-
bling) Bl wal 8| WreAmeRe Tifid eF o a8 4%
Ffferan TaT B St @, df 39 YRR 1 a0 o
B H9a e Bl

AT o gyewur § gueenfae (Deuterium)
& YA © U8 TR Bl © T qwrEieE sfufEasn 5
Tk qreEEeeT Ty g W S T gt sifufmarsi
#1 ¥ GHM Bl & d97 599 HE0 & gued q @iE
guTe gREd 781 Biar 8l

qreaTaEen I fanet gR TNty i S Wehdl
€, 9’ H,(g) T N (9) 1 IffsRan w3 NH,(g)
W i ST A1 NH,(g) 1 o st N, (g) T
H,(g) TI<l i Q|
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WA faam

Tfeieh AMATERAT-BTAl o fAT Teh J=T

fifqer =1 THmEfTer sifufsmanen o wrarEeen w1 yaid eden i g 81 eanfaa gueentihi & w@ g
TH e i YIS fohan < Hehan @1 forq forelt farammera = waimmemen o 3@ wef¥a s wve & @1 frefafaa
TR Hich 39 AL h 5-6 Tt o Tge w1 e o i@ s geRar & —

100 mL ok 31 A9 faferet (9w 1 9o 2 for@n =) T 30 cm st hi= &1 & e oifer) et
T A1 A FHH Bl Gehdl € A1 STH 3 ¥ 5 mm a%h (9T 81 Hehdl g1 Ao Taferet-1 o e | H ¢ie
S (ST | qIeREH WHTHE % U e et TiF Sid o9hd) wd @ qen fafiet-2 w6 @l W@ 2
faferet-1 o us eft qen fafiet-2 & gudt it W 21 faferet-1 aref Teft & Sudt fisg a1 el 4 o wY
e 3Heh et T § W Ty wo  faferet-2 o o) fafiet-2 o @l el w1 gEn e g SH YR
faferer-2 ¥ faferet-1 ¥ 9o wuHiaia &3 38 YR <A1 A=l &t Jerar 9 fafaet-1 9 fafas-2 5 @
faferet-2 @ faferet-1 o ¢ STl aR-R qe e TMIARG i 1 96 qeh <l Tafered § A et o1 &1
THE 8 S|

Ifg 37 < fafered & Wi fooam &1 iRy T @ R o &3, 9 39 fafded o ¥ 5o & wR) o o=
g Uiedd T2t g afg 37 <1 fafasd o TiF a1 oF TR i 80 HH9l: AHReh! Td IRl o 950l & &9
T 2@ Al B9 %E Thd © [ F8 Uleha 39 Uikan 1 Tfae YHid o1 2 et ©, St OiF Sl o1 & el
TR W ot S w71 A 29 39 W i fafis sarmeret | Ao w1 geEdr @ <l af g9 <w@ e
T faferedl o i wiat o &R = g1 31 < fafered o 9 a1 o &) o i e = o) el o R
B 2l

=y T = T

() (@)

forT 7.3 Tfae Qreaee &7 9594 (%) RIS 7% (&) STfaH s1awer
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\m@m Eieac)

Her |igar —>

SRS (ST )

i S

Ty —>

fer 7.4: sifafFEar N, (g) + 3H, (g) = 2NH, (g) #1
GrIEE] 1 &0
N,(g) + 3H,(9) = 2NH,(g)
2NH,(g) = N,(g) + 3H,(g
Tl YRR &R AfAfRan H,(g) + 1,(g) = 2HI(g)
W o %Y1 AfE B0 H, T 1, o seR-aeR IR
iz | AfafRan IE H, @ Atafohan At fzen o
SRR BFM| H, T 1, 1 FEd %H 8 @ ¢ T HI
T Figdl T TR, S& qh Gremeeen wifud | @
ST (=1 7.5)1 3TR B9 HI § I[® H T49fehan
foqdia feen ® g9 3, A HI &1 Wigar &7 g e
qel H, Td I, 1 Fgdl d qo degadl @ S
qregrerEer TAItd 9 7 Sme (o 7.5)1

HI

gar —>

HI

gy ——-> T <— gHY

faT 7.5: H,(g) + (g) = 2HI(g) 39l 7 Tarfqa
qreree ot 4t e @ wenfyd g gt g

195

Ifs ff=q o ¥ H T [ o 9CART o
A de T8 B, A A% FH Y ATwUSR 9
AR Y& FX, W YS IR 9 T Fee
s 91 g 2

7.3 WA QrETEen ot aq o
[T feris
ATl § YRl Td Al o fasor i ar
fagor’ wed B UHE o 39 WM § 9 fayo %
T o a9 § 3Feh g W g9 fomm i uw
= fagor | Afiyeran aen Sl it Figaredt ¥ o
Yoy 27 URfaes qigaisti 9 9 wigdiel o1 vy
fan <1 gl 27 9 fagor o HEed & % 9
Fh qRafdd #X Hehd 82 siEifies sfic o swEmh
@A ¥ — (H,, NH, T CaO) % Hyelyw & fag
EvTF Tl k1 a9 feren S 272
T Yl o IW o fou &9 fefafed 9w
SRy srfufsrar W fomm w3 —
A+B=C+D
T2l 39 Hqfea Tl § A qen B 1R
T C 991 D IS &1 3k SchAvui strafsmaneti o
TR SR o YR W Afd % TEEERl hel
Hferafufer W (Cato Maximillian Guldberg)
sttﬁaaﬂﬁ (Peter Waage) %QZFL 1864 | gfqurfed
foon f& foet fagor o wigaet & F=fafed
Q- FefehToT GRT ST S Fehell B
_[c][D]
= [A][B] (7.1)
T8 K9 feeis € den I SR w1 e
‘e feeier o5 FEddl © 39 WTE-WHIRTUT
H ‘T AUt fRa w1 W' (Law of Mass
Action)“ﬁﬂﬁ%l
AT T2 Asl g Ufauiied Geial i =8 W@
Wéﬁ‘m@ﬂ%ﬁ?{qﬁ (SealedVessel)ﬁ731
K W T4 H, U6 199 1, % e stfafmn w= e
Y| 39 rfafonan o1 steea fafve grenfies aRfEufaa
T B: T g fwe -
H(@ + L@ <= 2HIg
1 @ 1 A 2 A
T IR (1,2, 3 T 4) FAF § IR A 5%
A § e M H, TS T 1, 9 & JE
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196 W fagm
ARl 7.2 URfYE TS wrEreRdr W H,), L, ©@ HI &t wigand
T HE&T ITRftsek |igar /mol L' AIHETET U¥ |igdr /mol L
[Hz2(g) ] [I2(g) ] [HI (g) ] [Hz(g) ] [I2(g) ] [HI (g) ]
1 2.4x10% | 1.38 x 102 0 1.14x10° | 0.12x 107 2.52 x 102
2 2.4 %102 | 1.68 x 102 0 0.92x 102 | 0.20x 10> 2.96 x 10~
3 2.44 x 10° | 1.98 x 107 0 0.77x 102 | 0.31x10° 3.34x 10
4 2.46 x 102 | 1.76 x 10? 0 0.92 x 10~ 0.22 x 10” 3.08 x 1072
5 0 0 3.04x 10> | 0.345 x 10° | 0.345 x 10~ 2.35 x 10~
6 0 0 758 x 102 | 0.86x 102 | 0.86 x 10 5.86 x 10~

T3S U e o faa-fia |igor o @y fean
T S FEI 918 9] 9 H HAO oF W1 HT Ao
feor 71 T, steiq—rEeRen Tfd @ M o
AN (. 5 o 6) ohelel T HI el R forg )
9 TR fauwdia sifafsran ¥ wmmawen wonfud el
et 7.2 § 5 @t ®: w@ o st fu e g
TAM-GEA 1,2, 3 Tl 4 § I8 @1 S Hehel ©
foh— stfoepd H, o HIet 1 & = Af9ehd 1, o Al
F & =1 (IAE HI & T i TE&)
TAN-HE 5 q 6 W BH 2@ © fh—
[H, (@], = L],
e T e en] Te Sl shi Higdl oh
o He Tfd o o fou &9 s gerermedi o fawa
¥ g9 T B e U T gme sie e Wosd
foamR -
[Hi(g)],,
[H,(g),, |[L()],
ARUT 7.3 3rRTeRdenl o AT Aigar-Heieh sieh

H,(g) + I,(g) = 2HI(g)
. [HI(g)],, HI(]Z,
TS| @ @l | @, LE,
1 1840 46.4
2 1610 47.6
3 1400 46.7
4 1520 46.9
5 1970 46.4
6 790 46.4

gRoft 7.3 § T 7T Stfenel 1 FemEar ¥ 4fg g
TR Td SR T ATATIET-HIEAT i SUU
ok § W, @ 39 A% 1 99 fer &, afew
fm-faa g (|Ret 7.3) 1 afk g feAfafaa 29w
S

[HIgL,
[H, ()., |[L (@],

g\ i for weft ©:, T o 98 oot fier
A & © (S| greft 7.3 | fewmn wn @) 1 9e 2w
S g © foF 30 e | AYRRE TE SR
gl § o (Power) 1 HH 9@ 7, S TEREMH
ffsran o TR o fod 3o TEHiR o
[UTish (Stoichiometric Coefficients) 1w o
TH & oF UM ) EreEEe feNis’ wEl S @
AN T K Wl BT SR S 81 59 WehR sAffsman
H,(g) + I,(g) = 2HI(g) o TaIq K, 37eiiq Wreamereen
feerisk o1 39 ®9 ¥ foran s 2—

_ [HIQL,
©[H), [LE),

W U TU s, WK o &S o €9 F Sl
'eq'ﬁ@w%,%w:ﬁmw%,ﬁ%
I8 WAl S € fF K o oo § Wigdl 1 AN
e W B oTd: gH fored -

[HIg)]
K=—1>
¢ [H(@)][L(g)] (7.3)

(7.1)

(7.2)
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ATl

T e I Il € BF K% A WiEw &
B mol L H =er fehan S 21

feu U forddt a9 W srfafmanr-sanel 1 wiga T
STFYRRRT ! HIZAT o [UHES 1 ST 2R Tl
21 T I THA Wigdl of i o fau Hferd
TEEH GHT § AR T IRl oh ™
RO TOTR B ST iR % iR &
o s foran S =1

H YhR Th 9 AfAfRar aA + bB = cC +
cD & fore arerazen feeris =t f=fafes =9 9
= foRa < o—

_[cr [pr*
° [AF[BP

srfuferan IR (C =1 D) A9 § qon AfYSRE
(A @1 B) B H B 81 Y Higdl (Seond- [C,
[D] %) ! Hfera eifuferen o ToeieRToTiHd
UM U o Wl o ®9 § = feha Sl 2
S8 4NH, + 50, (g) = 4NO(g) + 6H,0(g) SHufs=n
& fou gramewen feeris &1 89 3@ ®Y U e
T B

(7.4)

_ [NOJ* [H,0F°
¢ INH,I'[O,P
fafsa sre=al (Species) I ACR-HISdl i 3%
TR ISk H THT TN Sl € AT =€ /AT el
& foF 3 GrearEEen Wigard €1 S qeh agd SavIh |
B, 9 o qreeee fefie o s o yrereemd
(3@, 5@ = ) T feret s €
T TEEHIEHIHd Sad Ul §eel ¥ R,
S afs QU eafafser T #1 Rt s (Fac-
tor) ¥ TN &, @ AT feeris o fou e
forad wva 98 gHAfved & =fet & a8 A9 39
fRadad &1 ot S H

afafshan H,(g) + L,(g) = 2HI(g) (7.5)
¥ AT S Hi 39 YRR e T

I 7.6

TR (7.6)

Al wdfg AR 2HI(g) = H,(g) + L(g) & fog
Hrereee-feenis 3E 99 W 39 YHR Bhm—

197

, HL) 11
Kc - [HI]Z - < - KC (7.7)
39 JohlX,
) 1
K. K (7.8)

SehA ATTRaT =t wrETaRenr ferie IfRm
arffsran o wreTaken ferien o FIeRA gl 2
IR rfaferan il 39 w9 ° fams ®

v Hy(g) + % 1,(g = HI(g (7.9)
[T feerier k1 A BM—
K= [HI] / [H)V?[L]'? =x'2=K!*  (7.10)

TH YR A TH FHIHI 7.5 Hl n § T &Y,
al AfAfsHan nH,(g) + nl(g) = 2nHI(g) T< BH1
qeM gHeh HreEeR-feei 1 WM K» B g
9RO B GO 7.4 | SR R wen @)
WRUN 7.4 ek GTHTT SchHUTE Tfafsran o Ar=merern

Teertient wa S71ok TUTeRl | Haie
THeh FHRTOT HIETEET
feertien
aA+bB = cC+dD K

cC+dD = aA+bB K =(1/K)

naA+nbB <= ncC+ndD | K, = (K

&1 I8 A T =T f K 9 K% sTiferh
T it g1 €1 38fe T steve § o ar-srawen
feerier o1 WM fored 99T Sqfad TE@e FHiHI0
1 SeeiE H
IETEITT 7.1
500 K W N, 91 H, ¥ NH, s+ % <RH
greEraeen ¥ frafafed digard ot g8
[N,] = 1.5 X 10° M, [H,] = 3.0 10> M @I
[NH,] = 1.2 x10™* M. Sreereen feeris i 7m0

Al

kSl

R N,(g) + 3H,(@) = 2NH,(g) & foT
e feoi 39 ®9 § for@n s gedl o—
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- [N ()]
© N (9)][H, (9))
) (1.2x102)’
~ (1.5x107?)(3.0x102)’
=0.106 x 10* =1.06 x 10°
AR 7.2
800 K T 3fHAfhAT N,(g) + O,(g) = 2NO(g)
o fau g wigand fefafea 8-
N,=3.0 X 10°M, 0, =4.2 x 10°M
M NO = 2.8 x 10°M
sfafsran o foT K, =1 @9 @1 B2

&
aiffsren o foru ar= feeris 59 yaR fomar s
Hehdl B—
_ _[nof
© [N.][0,]
(2.8x10°M )’

" (3.0x10°M)(4.2x10°M) - 0622

7.4 QUAT QATEITEEIT

foret gum fe@ 7 94 e Re Td SE T
T Wek W B €SS0 o T st
N,(@ + 3H,(@ = 2NH,(g) # i T 3cag
geft g - § 2

Tl TR

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

+ C,H,OH (aq)
qA’T Fe3* (aq) + SCN(aq) = Fe(SCN)?* (aq)
aAfafearett ® |t AfYewRes qen S 9HM
forerm-greeen # € o9 en o qui Afufmaret
qreaEe-feerish o aR o 9@

7.4.1 it frena § wrrawa Rl (K)
T 31l aoh SIfTRReR] TE SRl o HieR TigoT ok
®q H g feris w1 o fwa 7 oden =9
e K BN I #1 W sifafwerst o faw
e feeries ot oA <9 % w9 ° Yi¥| w5
aAfren glaersme 2

e fagm

aTeel Ng-HRT (THF-2) HI BH H ®IH
= W o

pV = nRT
a0
n
= —RT
P \%

&l <9 (p) 1 bar |, 79 1 A0 H1 Al B
T 'n' R STEAH, 'Vl faex (L) | 9 arg

Shfea (K) H &9 i ™ p=CRT(%=CJ ERED

'R' %1 | 0.0831 bar L mol 'K Bl 2|

S n/V %! 89 mol/L § = & €, @ T8
g ‘¢’ g9 g1 Ia:

p=cRT

fEeoR 99 R 719 1 I IHH WKV S FHA
g 2, Ul p o [f9] o@: ST @9u &
p= [T18] RT o &9 § o fo@n s g6t 21

wrerreE H SAffsRa Hg) + L(@) = 2HI(g)

_ [H(T
* K=, (@] ()]

2

(Pu)
K, =
Skl (pH2 )(pl2 )

% py =[HI(g)|RT p,, =[H, (g)|RT

(7.12)

e p, =[L,(g)|RT
TafeT

K = (pHI)2 _ [HI(g)]Z [RT]2
’ (sz )(plz ) [Hz (g)}RT-[Iz (g)] RT

_ [H@T
[H,(2)][L (g)]

ST TN H K =K, § 1eliq I wneareet
feoRiont o o SR €, fohq T &AW T T € R
TR o fau - sifafeen N(@ + 3H@@ =
2NH, (@) H

=K, (7.13)
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K - (pNH3 )2 _ |:NH3 (g):|2 [RT]2
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" (b, )(ps,) [N, (2)]R[H, (2)] (RT)

_ e, (g)] [RTT”
[N, (g)][H, ()]

K, (RT)™

3

TR, = K. (=) E (7.14)

aA+bB = ¢cC+dD
K = (pz)(PdD) _ [C]C [D]d (RT)(c+d)

! (pi)(p;) [A]" [B]b (RT)(a+b)
= [C] [D]d R )(c+d)-(a+b)
[A]'[B]"

= [C]C [D]d An _ An

K, = (Al [B] (RT)™ =K, (RT) 715

Tl Hferd TEMEeh THer § An = [(T=
el & el w1 s — (el sieEe o e
F Hem)] B A AEwF ¢ K H 0 F
T @ 1 AH bar § WAl 6T, FHifh <& I

YT STEE 1 bar 21 TH& | § 84 90 § TR

1

pascal, Pa=1 Nm™2 d 1 bar = 10°Pal
TR 7.5 ﬁ@'@wﬁﬁﬁﬂmaﬁéamfip
& HH fau 7§
| 7.5 U 9 wAia rfaferanstt o wrEmawen
Teerien K, % °H
arfrforan /K K,
Na(g) + 3Ha(g) = 2NHs 298 6.8 x10°
400 41
500 3.6 x10”
2502(g) + O2(g) = 250s(g) 298 4.0 x10”*
500 2.5 x10'°
700 3.0 x10*
N204(g) = 2NO2(g) 298 0.98
400 47.9
500 1700

2022-23

IR 7.3

500 K W PCl,, PCl, 3R Cl, Greereen | § qen
Higad HHN: 1.41 M, 1.59 M Td 1.59 M &I
afafsean PCl, = PCl, + Cl, & fau K, i
MO SR

'
S srfufsren & fou amamemen feeris 39
w9 | ywe fohan s Hehal 2—

_[pci][cL,] _ (1.59)°

(1.41)

=1.79
‘ [PCL |

SETEIIT 7.4
T fufsran & T 800K W K, = 4.24 &
CO (g +H,0 (g) = CO, (g +H, (g
800 K W CO, Td H,, CO 41 H,0 &
TR HIEASA H AU HIC, AR IRA H A
CO T H,0 & 3uMEd 81 qe Yk 1 |igal

0.1 M Bl

'

fr=fafaa afafsan = foaa:

CO (g) + HyO (g) = CO, (g) + Hy(g)
URT H ¢

0.1M 0.1M 0) 0)
R3IR2 I
(0.1xM (0.1xM XM XM

W&l W= R CO, T H, %1 W1 xmol L 2l

31 | TEeis i 39 Yo for@n ST ehal 8—

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

x> =4.24(0.01 + x°- 0.2x)

x> =0.0424 + 4.24x° - 0.848x

3.24x”- 0.848x + 0.0424 =0

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

@f?ﬂﬂwa‘?maxz+bx+c=0,
(—biM)

2a
x= 0.848

K=
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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
A 0.194 1 SUET 1 S Gehell €, TR
igar | e 2
31 HEER W EiEa A €,
[CO,] = [H,] =x=0.067 M
[CO] = [H,0] = 0.1 -0.067 = 0.033 M

AT 7.5
39 |9 2NOCl(g) = 2NO(g) + Cl,(g) ¥
1069 K dY W |17 ferish K, 1 A 3.75 X
10° 8139 99 W 3= sifufiEn & fag K,
TUMT HIfSTT)

5y

T 9 € fF

K, = K RD"

SHeR At o fer,
An=(2+1)-2=1

K, =3.75x10° (0.0831 x 1069)
K,=0.033

[T feRie & "

el K o | ferreid §9e Wiso i mol L!
o de K o1 " fehrerd g Siferk <16 *1 Pa,
kPa, bar 21l atm H =5e fsha STl 81 36 TR
qrerereey feerish 1 A Tigdl a1 <€ o HHHh |
IR 81 AT Hrerereen sl o 3191 | =dieh] i
I e Y Wikl o AN oF &qeR Bl 3ifafwmen
H,(g) +L(¢) = 2HL K qM K, H i HAE el
gl N,O,(g) = 2NO, (g), K, %1 A% mol/L
qe K, &1 7% bar 2|

Ifg 1fihRenl Td IR T YU 3Tewen H
faa wmu @ rarewen feeriwl w6t fauEA
(Dimensionless) A § =e %d B STTRNER]

e fagm

Td TGS k1 YrETOTR Teen § Y5 G 1 JrEfes
e Ush bar eidl €1 39 YR 4 bar <& WHIfwes
W%W&Tﬁélbar/ 1bar=4%ﬁ'¢l’l‘§,5ﬁ
fomme €1 we forer o ferg wrfors stereen (C) 1
HieR oo @ e o7 Wigard g6t o @rdet ® Ayt
St B 1 WreAtEeRie w1 Sifhd W A gF AR
sTaee W 3R I 81 W R 39 YOI § K,
T K, S fermmele et € fohg et feres A
o yeifore eteren M % HRor e gl Tkl B

7.5 TaaqrT QrTaer

T 9 Al graen aret e 5 wenfua rereren
1 * fersmTT Wreeren’ el Sl €1 SIE0 o feu—ush
§S U H SA-91% TS S-5d o &g Leqfud
Hreqrereen *fawwi greerEen’ 2|

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

T ST A TH TG geen den el wd
e €1 g TE 39 U 3ok Wqw o o ot
Tt wrerereen ot T wreeren B S€—

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

formT Arreenstt ¥ e d S 3 A IS
59 9 o §)1 T qremeren (e 3 3| =@
IS §9 TN) F WEATERN-SASH hl WA ST Sl
Tohdl B, Fifh G 39 TH IG %9 1 HeR HZ0
et A R Frelt 72 e, afes feer e 71 T
IR H—HHEE R TH UL X' T A 9 ot @,
[X(s)] T [X(1)] o " Feer e € sEen faadia 4t
X' 1 | et ffvea e o aerdt €, @ [X(g)]
Al [X(aq)] o 9 ot S<erd &1 el B9 T e T
TEEqUl oI THRAT AreTeel Shicdad HEre
o it fadeH W fomr -
CaCO,(s) = CaO (s) +CO,(g (7.16)

IR IR ok SMHR W &Y forg Wehd ¢ o

K - [CaO(s)][CO,(g)]
¢ [CaCoO, (s) ]

9k [CaCO,(s)] T [CaO(s)] THi feer €1 zufe
I AR o foru el ar=meeen fems
K =[CO,(g)] (7.17)
A K, = Peo, (7.18)
T T B @ o uw fAfesa W co,(g)
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ATl

%1 T Y= Wigdr a1 <€ CaO(s) &1 CaCO,(s)
o Y e § @dl @1 WA i W T8 ud
<o 8 7 1100 K R CaCO,(s) T CaO (s) &
T HrEeRe W 3UfEd CO, %1 TE 2.0 X 10° Pa
21 zofere Swe sAfaferan o forn grereren feemre
T 9 T YHR B

K, = Pco, =2%10°Pa /10° Pa =2.00

T YRR fFohdt, e ARstEIEe U R
SHTaitTel o st Tt fawmi g (fohd o
TG ¥ U ) THIRIOT —

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

o wreree feeris o1 91 39 w9 ¥ for@n s g

KC:[N1(02)4]
[CO]

g M | o arereren wonfud g9 & fae s
werell w1 Sufkfa savesh € (9l € St un AEl
gl), fohq 3Tk FIX01 A1 3@, AreArae— s &
st | 7L Bl o7 wm frofd o v 59 @ gs
3T ! G- femie oF s § el foran S
21 arfafran—

Ag,0 (s) + 2HNO, (aq) = 2AgNO, (aq) + H,0 (1)
H Hreaeen femis %1 79 3 w9 § fown S 8

K — [AgNO3]2
°  [HNO,J

SETEITT 7.6
AR CO, (g) + C (s) = 2CO (),  fag
1000 K T K, & A4 3.0 81 I yrsr o
Pco,= 0.48 bar @@ P, = 0 bar & a1 TS
Uh1ge IURErd 81, A CO ¢ CO, & 9 W
ST <Ta bl O ShifSTl
Y
39 Ifafshan o fom—
Ik co, @ H HH x B A-

CO, (g) + C () = 2CO (g)
YRH H : 0.48 bar 0

201

¥ T : (0.48 —x)bar 2x bar

_ pgo
% 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

oK =

=[-3% 3 - 4(4)(-1.44)]"/2 x 4
=(-3+5.66)/ 8
(dIfF x T A FOTHS &l BT, 37d: 39 9H
1 UM FX A B1)
x=2.66/8=0.33
g W AMRE @ ok AM 39 YER B
P.,=2x=2x0.33 =0.66 bar

Peo, =0.48 —x=0.48 - 0.33 = 0.15 bar

7.6 WRETERYT Teo/ish o AT
grereeer-feerieh o SIAM W foeR & ¥ 15
7Y 39k fHfafEd Aewequl el W oeae -

%, G- fEeRid 1 S vl STANT e ®,
o AP Rh] Td IR i Higal TrTEEe |
feer =& )

W grEe-faerie &1 AF SIfIeiehl e Skl
1 YR "igar W R T2 war 2

7 T k1AM TR Hdfad WHIRW g S
T TR o fou fAfvea am w fafere g
2, Sl A9 9o o WY aeerd 2

W Schd SAfafRen o1 ArmeEen-femie  STedl
sifafRan o wrTERen-fRerie & WH &1 FohH
Bl B

T, fodl sifufran =1 Armeeer-fers K 39 &7
sAfafern o TrEeen feris § Hefud a6 ©
STEeRT TRl o sTfafshan oF wetenor 9 foheht
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DI qUlleh & TN AT AT I W A el B
39 TH FrEe e o STy W foER
FHUT T 591 FAN Ffarea faget 9§ gafa e
% SW A H |
o HrEEE-feerien oF TR HT TR | AR
i HH R STTHHE T

o 3fYfRaT T IM &1 Ta1 o o
o UAEEAT-TIZIT i TN HIAT

7.6.1 3TFafeRar ot TIAT ST TTH TN
TreTeEen-feemish 1 3fifher AM Sfufshan ot Him
1 U &, T T S Hewqoul © o erereren
T 98 &1 aqaar fo Areamaen ffg T 9 ura
T RIK, K 1 TRATT SR} Y Wi o S
B § (Hifer T8 wreeren-fenis = o 31
(Numerator) ¥ for@n wiar ?) au fFEaRaEl &
Tigal o TR ATAR el € (TR I8 oHeih o &
(Denominator) ¥ fer@l St %)I grreae feelish
K &1 3%9 AF SR 1 o9 Wigdl &1 =as ¢l o5
R K o1 1 | Searel o 1 | ol gwifan 21

= fasror & dee 9 e fefafaa e
ERERCE IR Co i

A K, > 10° 81, d IR AR 1 gor |
ST S| AR K T A HIT SR B, 9 AR
e qufar o fehe gt ?1 Sereoned -

(F) 500 KR H, T O, i SAAfHAT Freameren 7
feei® K, =2.4 x 10"
(@) 300 KW H,(g) + Cl,(g) — 2HCI(g);
K. =4.0 x 10*
() 300 KW H,(g) + Br,(g) — 2HBr(g);
K.=5.4%x10"
A K, < 10°, sifYeiah &1 go o 3R 8
B Ak K, 1 99 79 2, @ sifafman geie stawen
¥ & 0= Bt 1 Frefafad Ssel gR 9w e wl
S B
(%) 500 K W H,0 & H, a1 O, H faued =
T -feerieh ogd %W € K. =4.1 x 10°*®
(@) 298 K W N,(g) + O,(g) = 2NO(g);
K.=4.8x10""

e fagm

Ik K, 10° ¥ 10° 1 WWH (Range) ¥ Bl €,
T S qe AR T 1 TEAT HarTsieh gl
2| frefafad 3@ W fFEr FE W

(%) 700 K W H, 99 I, ¥ HI 974 | K, =57.0 T

>W

a?r'ﬁa»‘q| K,
sifafwan HieTe 1('.)_3 j 1(|)3 afafsan e qofar &t
@ T ® I ST EA T

s qen forarherss—amT
e R SYfAfEd §

ferd 7.6 K, W Af4fsHar 1 a1 1 (90 #1

(@) 3t YR T o= Afufwa N,0, &1 NO,
famrea €, foraer fofw 25°C W K, =4.64%x 107,
S @ RH T IR T S o | fasn §
N,O, @ NO, T HiZA Hdrwsmeh sl 39
Ar=ieRRor i fo= 7.7 ® <@t e 2

7.6.2 3rtaferan it faom wr iy
PR W Scgi o forat stfuaferan-fasmor o eifufsran
HI fSm &1 gar e A ot wrEreen femis o
ST feRan S B1 3eh forg B arfafeRar witwher
(Reaction Quotient) 'Q' 1 TUFT FTd &1 HRATTE
feemisr &1 & e Afafean aree =t oft efafswen
1 forell oft ferfa ok forg aRenf (Aer |z0 6 Q.
qen S <@ | Q ) foRen S wwa 21 foret wm
Afafean o fag
aA+bB = cC+dD (7.19)
Q. = [CI’[D]* / [AF[B] (7.20)

Ife Q. > K =, A sAfafhan sifehrahl &1 3R
s et (fawda sifafsan)

Iz @ < K @, d Al Saml &R
swrEfid gn,

I @ = K B, qf sifufswan s amamasen
T Bl

H, & @9 I, ® 16 sifafmn ® faem
T B

H,(g) +1,(@ = 2HI(g
700 K™ K_=57.0
A 6 B9 [H,]=0.10M, [L,], = 0.20 M
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ATl

SR [HI], = 0.40 M. ferm
(W5 Tohd T WRIH t B A T8 T
Tizaed w1 A R gwa ¢ W fEe T, 9 fE
= W)
30 YR, AfAfshan wrher @ stfufsman =t gH
fearfq & e o 23—
Q.= [HI|? / [H,], [L,], =(0.40)2/ (0.10)x(0.20) = 8.0
T 9T @, (8.0), K, (57.0) % TR T T 7
H,(9), 1,(g) TN Hi(g) 1 s o o 7 1 sehferg
H,(g) T I(g) Tfehan ik 3R ifee Hi(g) T
TN 3Tk WISVl q T N, 5@ G Q =K 7 B
)
Afufspa-9rTeel @, de K, o | 1 g
FTh sfafma-fEen &1 9y F F ST 2
30 YN, Affsran &1 fen o ey 9w
frefafed gmr aRon 9 9hd 8-
. AR g <K B, Il @ T o
STERT B 2
. R g >K A, @ e sfafEm < ¥ o
STERT B 2
. Erli’Qc=KCﬁ,ﬂ’rﬁzanwm=|§;f%ﬁﬁ°r%|

. kP
gl

AfTPRF —> S AWERE R ATTERE <— SR
SR GreATeRe o

far : 7.7 fifear &1 foom &7 e

K

ISR 7.7
2A = B + C #fufseen & faw K, &1 99
2x 10° |

feu @ gga H sifufwan-fasor o1 gwea [(A] =
[B] = [C] =3 x 10* M @I aif¥fepan s ot faen
T e gri?

'

aAfferan o forg arfvfsmen vrmeer Qﬁliizcl

203

[A] = [B] =[C] = 3 X 10*M
_[3x107*][83x107*] ]
. [3x107*] .

39 YR Q, > K, gafaq sifafsran fawda feem o
sfad Bt 2

9.

7.6.3 | HIZAT3 ol TOTT

g, a frefafed 39 o) 9 38 e -
ug 1 : Afufean & fau wgfaa wee faa
g 2 : Fqfed GHIRIT o fore U |Rvf oA, fome
sifafsran o Sfafea goier asred &1 geeg R ot
() IRfIe digar
(@) Hreeeel WS o fou gigar | afterds 3w
(1) GreATER il
RO 9 H R U 1R sl digar &

x o ®q H, S GreEeEe T E W aReifig & SR
frr arfuferan =1 Tofieofada 9 o= agief i
A &l x & 9 H Fad i
TS 3: x I A L o U AT GHROT | A
gt 1 wiaeeiid i 21 S Saeh! o T
T DT B, A T8 T T g, ST qEEts
a1 2|
U 4 : URHfad O o SMER W A Figashi i
TOMT R
Ug 5 : IR A wEHE § gfaeenfud & TR
o HT " R

IETEAUT 7.8

13.8 UM N,O, ! 1L I H W@l Sl & ot 39

YRR | T e o

N,O,(g) = 2NO,(g)
IfE FremEEe W &dl @ 9.15 bar YR TR,
ql K, K, 9 S R SAif¥ren <6 i T

it

'
B9 W4 § T pV=nRT
el A (V) =1 L
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SUER (N,0), =92 g

9o A =13.8 g/92 g
=0.15

Tr9-feeri® (R) = 0.083 bar L Hie ' K
9 =400 K

pV=nRT
px1 faeX = 0.15 d9@ x (0.083 bar L

"K') x400K
p =4.98 bar

N,0, = 2NO,

IRT H  4.98 bar 0

¥ W (4.98 —x) bar 2xbar
JAd: §HE W Peg = Pn,0, T Pno,
9.15=(4.98 —x) + 2x
9.15=4.98 + x

x=9.15-4.98 = 4.17 bar

Hrmewe]] T ST T ,
Pn,o, = 4.98-4.17 = 0.81bar
Pro, =2x=2%4.17 = 8.34 bar

2
Kp = (pNOZ) /pN204
=(8.34)%/0.81 = 85.87
K, =K®RD"

p
85.87 = K (0.083 x 400)"

K,=2.586=2.6

IS 7.9
380 K W 3.00 Hid PCL, i 1 L &% 9= | @l
ST 81 SreEE W fHH 61 Heed 1 Hifen
Ifg K, = 1.80 ®I

)
PCl, = PCl,+ Cl,

TRIF 3.0 0
ﬂﬂ?ﬂﬁl@PCl a?qﬁﬁﬂﬁ@xmolﬁ'qﬁﬁﬁ

B 21 Tqe-
g T (3x) X X

[PCL,][Cl, ]
K.= "IpcL

e fagm

1.8=x"/(3-x)
x’+1.8xk-54=0
x=[-1.8 +V(1.8)°- 4(-5.4)]/2
x=[-1.8+3.24 +21.6]/2

=[-1.8 +4.98]/2
x=[-1.8+4.98]/2=1.59
[PCL]=3.0-x=3-1.59=141M
[PCL] = [CL] =x=1.59 M

7.7 ArETaeT feeries k, rfufeRan
WRTRA g dT fies Feil ¢ ® Hae

foreft stfufsran o6 forq K o1 /M stfafsran 1 Tfaept
R fef T2 I 31 S ST TR - 6 ¥ UE 9%
g, 9% aIfafEan ®1 SemaRT, foeva: fies oot §

Yftadd W fasdt e 8-
IfE AG BUTEHS 7, a9 ifufwar w&d: gafid
A S ® den o1 feen | e ' R

TG AG ©FTCHe ©, a8 A9 Toid: afdd el
BRI SHHT ST T SAfAfEhan 89 AG FUTeAS =
3T oW SIffehan o IR ATTRRE o dRafdd @l
S|

AR AG T B A, AR FrmEEen &l qa
Ezuif

T SHMIAE qed i RS 39 GHIHT T
N TR T

AG =AG® + RT InQ (7.21)

Safd AGe A fiss &l 2

el W S| AG =0 d¢1 @ = K @, d
THETOT (7.21) T YHR SM—

AG =AG® +RTIn K=0 (K o M WK A

B0)
AG® = - RTInK (7.22)
InK = - AG® / RT
T SR Ffdey O o -
K=e AG°/RT (7.23)

37d: HHIHIOT 7.23 1 SUANT X, AG® & Tl &
w9 1 AT o1 T el shi THSRET ST Hehell 2—
I AG® < 07, @ ~AG®/RT &S BT 7d:
e26° 51 BHE K> 1 BN, S eifaferan =t Ta vafdar
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ATl

1 <l € teen oW fgen ® s@ i 9 gl @
g 6 SR s o a7

I AG® > 0 @, a1 —-AG°/RT FUIHEH BRI
3: oaG°/RT 1, BH W K< 1 B S stfafeRan
1 Sredgatdal geiar © o erfafwer e fen o
s dm 9% ¢, fee sawm =mem W
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1 SRR 8 I — N, T2 H, § ST o
YU o TR UhH | UEifeR aRfefa w1 =ee
ITE § S €9 W Aoyt 2| fava o smmifen o
aiftier S 100 Toferm 27 81 g9t g1 9
Ikl & w9 F B 2

wrepreree feeie K aRfves digadet W e T

IR 7.10

TAGRICTSTE § T o HIThRIETYE o
T AG® &1 WM 13.8 kJ mol ' 81 2908 K W
K, %1 A1 3 &

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

ISR 7.11
T o SA-ATA H TR SR R
FrreAferaa sifafsen o srgar e 23—

T + H,0 = ThH + o™
300 K R 3iffshan o foru armemen feemis
K_2x10" 81 300 K W AG® & HH F1 01

EaiSy

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

7.8 TR ol UWTfad &is aTd hileh

TEERTE YA % THE SEeA § 9 UE ¥ §
AT HS o A9 o WY YRR HT SRl o
sferehan afterds 1, fome a1el 8— S|l &1
Tfehay afed amq qen I st Heam qRikfa 5 2l
Ife Tor & e ®, @ wreties giiefas o aiteds

el €1 WY A qreeeere Rt frerm # erfirenent
7 Sl § 9 fohdt weh & wigor ¥ uftedq fean
Al Fren o wrEeen @l @ U ® qen e st
T 99 d% el @l 7, 99 q% e § g
T T = Bl ST Hereel |rere W ag
1 Y9TE TF 3l T faerFar & 9R g e & ug
9% 21 79 I8 ot 3@ g T R a1 aitedq fma
TR el 1 98 ot s S e @ o fRe a W
afg sfafewan o Arameren-feris %1 71 1 8
fordt aRfer wigor 9 39 sifufsren o sifieian! T
IS} o WEATERY | FIEUT i UM i S Wehdl
el e fop B afg Wrereen feerisr 1 a9 o @1y
Tiedq & ot 3 @, q = ke T ar-vmateg
Tagia &t ueg @ uifeafaa o afeds @ ammEen
TR TEAETe Y6 o aR H OIS TERY B9 U Y
Tehd 21 39 Fagid & eR ferelt Terma wt wmarrerean
gifeerfaat o e e wRel (9T,
T@ TS aw) | Tl ¥ o uRedT g9 W
HreTaeet 39 faon # owEw gt ) foed e
T TTET T3 YA kA TGS GUIA & WU I8
oft iferer Te THEt wrEETeE § @ e 21 T
= s & TEed & giafdd s o fau ome
FHRH 1 ITAN AT S FRAT T

frafafad Swesl o g0 GrEEEer WOgig,
T, A9 T A o e R =R wa-

7.8.1 WIEA-UREds T THTS

A=A W9 fedl ifieRe/3ag & sifufwan o

fire =1 free § wrereren gRafdd B 7, o

TR 3TN ' T-Vfay, fagia’ o6 STaR | &

S Fhdl B

o ARIFHRH/IAR HI A T Figar W IS &9 i
HY o fou afufsran S9 e &1 TR SR
Bl €, difer fHeTT T weref <1 SUNT € Wehl
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o IUHRH/IAR o TR & Fisdr W Ia1d hi
HY HH o e srfufsrar S fem =1 1R 2R
Bt & arfer erfaferan o Freret @ g=red w1 g
Bl Woh o IIssl B
“Sta ferelt etfafsran o eifirerrent =1 Sal o @

fopet Tk 1 off WEO HrTeRen W e faan S

T TreTeEen e o Heed | 39 YR Uiedd g

2 for wigor URerds o 0T TEAeTeT GHE HH S

3= & s
ST, H,(g) + 1(g) = 2HI(g) Tl R fa=r

F| AR Frereen W sAfafwan fago # aw 9 H,

T Sl W, @ e % Y O % fog

sAfaferan 3@ foen 9 s gl i\ 9 1, Sasif

2 ateiq SR aifers H, W 1, R 9 HI feRfem

HON q 3fda: GraEeen I (Afm) foem o

fozenfua grft (ot 7.8)1 o€ on-vmafee = fagia

o 3TET € Toeh STUR AfushRer/ScTg o A &1

feorfa o =2 Tremaen Tenfud entt oy S1fierrer/3ag

T Hisd 3Heh AN HTH o T 9 HT a1 g Hg0

T ffaes BT =feTl

(H]

0

WA faam

frfafea stfafshan IrThal o STuR W off 39

Tt feepd W Tgw Hend &
Q. = [HI]*/ [H,]IL,]

IfE TrEEEen W H, faemn S €, a [H,] T
T ofRQ, &1 A K_¥ % &I ST 21 safere sifferan
[ (37) oM T SR W SRR Bt 71 S [H,] 7
[1,] et € 3R [HI] 79 % & €, 59 % @ =K,
T B ST 1A S rEreen Tfdd q % Sl
STENfiTeh TshAl W SCUIS i ST HIAT Aferhal g
Hewequl BT B ST WreeRe W fRE S Rl STer
T fen s €, at sifaferan, < ot gu fomm remeren
W EE R T, G A fen § won ot @1 5
IR 9 R 19 8 1 ardieha e e e @,
Al SR T ST HIA AEHE el ¢ SH %
sfrenfies fmior & smifn &1 gt &1 o, 9
e Y foran sman @ foeg sifufswan aiftm feon o
2t Tt 21 T UHR CaCO, ¥ CaO S 9o &M
1 Teh Hewqul Al 7, % St fmfn § agt o
CO, Tl AR BT Afafshan qof g St 81 78
I, Tl AT o IR AR 82 ©H ° Q1 HH
K, ¥ TR W o Tear €, fomw sifufsran sifym fawm
F Bt &t 7

HigdT T TATE-Teh WA

o fafafaa eifafsan g w_f¥@ fwen <
Tehell B

Fe’" (aq)+ SCN™ (aq) = [Fe(SCN)F* (aq)

et TEH NS

_ [Fe(SCN) (aq)
< [F63+ (aq)][SCN‘ (aq]
Th TEet | STERA (111) g foeta™ &1 1mL

(7.25)

[HI]—ff

s
HreTeEer
w T

H, STeH ™

ferst 7.8 H,(g+L(g)=2HI(g) sfufwar 4
qreaee] W H, & S W SRS Tq 3Rl &
TIET 4 GREd

AR 3EH Y o3 deREm e faer St
T ! TeeT™ W Tt o1 W1 ol Bl Sl €, S
[Fe(SCN)J?* &1 o ShT0T BIdl €| el i
B T U1 T e TEeR 81 S 81 AR o1 IR
=1 srfufsran it TrEmETen W fae | ArEreen
AT = g feemed # 1ot gesrgaR fowenfd #Y
Thd Bl [Fe*]/[SCN] Al &1 &l % e
fyerrant @t faem W g fawdia feen o fowenfua
F TWhd | St 3= (H, C, O,), Fe®*

2 2 4
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ATl

A 9 foran wten Tl "epdl SR [Fe(C,0,),1*
T €1 o1: Yo Fed* ST 1 Higdl %4 & S 21
A-Mfere. fagia o STHER Fed* 34 &l g2 9
3q—1 Higdl 16 i [Fe(SCN)]** o faasH grI Fe®
3l 1 9fd R g foha S 21 Hfn [Fe (SCN)
1 Higdl Tt €, o7d: o T T <ol e gl Sl
g1 Sefa HeCl, foam ® ot orer a1 &1 dioar &9
Bt 2

Fifeh Hg?* ¥4, SCN- 3Tl o6 |l ifafshan
F TRT THA T [Hg (SCN), 2 990 1 T
SCN- 3Tl &1 &I HIRT [7.24] § AT 1 918
T € N SCN- 1l w1 gfd 2q forenfua et 21
W AEEETe M W SCN- 1 |Z0 9 Sl
21 o7 gEfey qreEeR o G | (E WE) 95
Sl @ qe faerad oF 11 w1 dierd 5@ Sl @l

7.8.2 STA-URSdT Rl THTS

fordt Tt srfafan & st oRad g S« 5o
Y IR HT AN GHIEG Sl €1 F8 a9t B €, S
Ffaferan 1 <N ol Tt g | TEE
AfTHRERT o Hicdl 1 G qe TE Sl & Hiedl
H1 e § o= 2t 21 Tt g o en-vmafaw
fagid, & ¥ged @ W AW TH F&@ W @ F
IfadT w1 U HT S HhdT 2| FAF SH/ES H
A (TS Higd) T W R T e g1 fefataa
arfferan H—
CO(g) + 3H,(g) = CH, (g) + H,0(g)

T sifaeRteRl (CO + 3H,) & @R T ¥ Il
(CH, + H)0) % I W1 o &1 SR sifaferan o
TrTEE Ao it e a9 | fres o
faferet o TaeR T@ A H 3T qA AT H
e T TS T 3 YRR AR R T SISl
AR M@ TF Heh hoka®y 3] 950l 98 T
21 o1 g qregreen | @l © T 8| -9t
fagia, @m #er sfafwan o feen & s e
Grerereey] TAIfid et ®, ITRT Al S S Gehdl
21 <R <9 T T T, I e o fawm
(e il =1 H& e @ %Y el ®) H SR
B 21 (B9 4 € T <@ T o diell 1 @ o
U 1 }) | T8 AR 9Ee Q5N gwE
S Hehdl Bl SW & T WIT aH k1 ATatwar o
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[COL, [H,], [CH,] W&l [H,0] foraf¥ehmehi st Hreamareen
o GigUl I YK Hd €| S srfufeman fasor
I S Y T Sl €, 1 Sk ST <™ TE
TIEU A B W ¥ 376 gH SAfAfena qrThe 1 6
e 1 A A TR @ H Tehd B
_(2[CH,]@[H,0]) _ 4 [CH,]H,0] K,
° (2[CopE[H,]f 16 [CO|H,] 4
4% Q. <K %, o1 stfafwan o faen ® SRR g
21 C(s) + CO,(g) = 2CO(g) fufswan & v <@
g WAl € a et fauda (a1 Seew) feenm o
et 8, Fifer o fen o Al %1 gen 9g S 2

7.8.3 31feRa @ & aWT &1 U

Ife oA feor W@d © 3R U eAfwa 1 (S9-
M) S eAfafwan § 9w 76 ofdt €, 1 fie € 9
g afiatdd @dl g1 it fer SFdT W 31fhe
g e W erfafsan § am oF are ugef i Her
gl s1eren T § 1 ufedd el eran 81 sttt
qThel | YR shaet et il © S THers T T
arfufra & am o aren afvwRes a1 3R @l

7.8.4 AMU-UREdT T THTS

& Ft @ A A | ufiedd o RO A wWigdl
faegedr it €, a9 T fason &1 geed iafda g
2, Fifer sifafshan wmTwa (Q) TR fEeri (K)
o SR &l T Urdl, Sifh S& ardshd § IRed giar
€, g feris (K) %1 9 9fafdd & S 2l
TM=ra: dushy W e &t fefar sifafsan & AH

o fog W et 3t =

o Fomierdt AfufeEAT (AH FOUNHS ) T ArTaen
feerier qIHH % WG W T 2

o OIS AIMEHEAT (AH HFTHSE) T ARG
feerieh YA o W@ W aGdl B
qIshy H fed Arreaen feris e stfafwan

o a7 § qftedd o 2l

Frefafaa sifafshan o STTaR ST 1 SR
N,(g) + 3H,(g) = 2NH,(g);
AH=-92.38 kJ mol™
Tk ST WhH B ‘@l-vmarery fagia’ &
3R, AYeHT S TR ATl 1 f&on o Temraia
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Bl S © TG ST 1 SreTee |igdl & 8 S
21 37 TRl H, FH q9%T ST hi ST A
fIT SUge €, Aifehe WEIfiTeh &9 | ercferss | arg
T eAfafman 1 ia i g S €, 1 S T
o fomn s 2

AT T YT - Teh WA

NOZﬁ'H (si) aﬂN204ﬁHﬁW (Dimerization)
1 srfuferan oF gRT Qe W A 1 gare YeiE
o < Gl B

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

() (TEH)

TE HNO, § Tidl &1 FieM et g9 NO, 74
ﬁwwﬁ%amsﬁ@ﬁwwﬁaﬁWQSmL
el 3 ATl H el HW § I weAterat o
T &1 diadl 99 g =gl 319 Weete (araldit)
aﬁmﬁmégﬁ'{(stopper)aﬁww
24 81 250mL o o et TR HEY: 1, 2 T 3
affend hed €1 et . 1 i fewerl T4 (Freezing
mmure)@aﬂw#.zﬁwaswéw@@
Rt 1. 3 T A (363K) I ¥ R S w1« gt
WAl i R . 2 H @ S §, 99 T R
1 1 digal Teh TEE @ <t 81 o a1 9
It o 8 - 10 T e a% et &t WH & 9% 39
TRt T TWEAell il ST A, 1 o S | ael
TE W@ &l e A, 3 o 5l § an) Atafwa
w1 feen R a9 =1 y9e 39 wan 9 futa fea
Gehdl 21 HH A9 W AR 7. 1§ FEARIN W
sAfaferan 571 N0, s i aXsie fierd € qem NO,
aﬁﬁ%ﬁ%w%maﬁ?ﬁwmém
it A, 3 H 3= 99 W Sk A i aieie
foedt 2, ™ NO, =war @1 ufomma: s T
forn &5 St 2

Imin

(2)
%nan‘rﬁﬁqsﬂm FHW & Y
T e

(298 K)
(270 K)

(363 K) S
RIS

fax 7.9 : sfafear 2NO,(g) = N,0,(g) FT Fr=eae |
arg & g

e fagm

HrereEel] T A9 1 GHE Th SEA SO
sifafern | off T9en ST gt 2
Co(H,0)"(aq) + 4C1'(aq) = CoCl3 (aq)+6H,0(1)
TeATelt TR e
FW o A9 W [CoCl,|> o THROT Heee
fagror =61 T Hren 81 S €)1 S 39 femer) fagor o
Je1 R S ST €, @ fAee 1 W [Co(H,0) 1

T AT B ST 2

7.8.5 ST T TWTT
I Tohaeienl o IRl | qiedd 8q A e
ST A1 H1 IUCTe HiaTh SR o o Sl a&l
1 €1 TE Tk € WeHHUI- e W oA aell 3 T
Wi erfaferanel S S ol 31 ], Seifsh e
=1 gREfda &l T SR 21 Td Yoig Afafeman
fou GfFaor S w1 TEE OET § %9 & 4@ R
IUH 3 TS Yy Afuferen fasgor W wmEmeEen
o i ufiafdd T e 21 7 wqfera gt §
1 wrerereen s gt § wehe el e B
NH, @ TEgSH ol giggie | ffor ov fomm
F, S T Fq S iR € 39 SR o
el Al 1 H@ ARTHRE & dell 9 A Bl 2
e fierieh qIushy &1 a8 9 Hed ¢ %Y
TR AR T Sl © TS e R qgeH o Sty
% Y ol ®, Sdfh Sed ad W fHA H o
G B ®, Wy Afed HH e 2l

S THER G e A e § i ©iE Sane
o1 Sufeerfa o srfafran daioses T el ©, Sefsh
NH, ! TT=Iee Higdl Haos sl €1 i e
o el i e ATRRe] o Wial hi e 9 ®Y
1 91: NH, %1 SCIET T4 dgrRt ifess foman <
kel 2l

NH, o G901 89 19 TS T 1 SJHeia
wRfeerfal 500°C T 200 aFHEA T BT B

T YR, "udh fafy gu wewfe o &
fmfor o

2S0,(g) + 0,(g) = 2S0,(g); K. =1.7 x10*°

WW%W@EWe’@W
1 AT Ui B S Afee, fRg SO, # SO, #
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ATl

iRl agd it ) 9 g ?1 wifer st
TR TRIHES (V,0,) STk i Sufeefd §
Afafsan a1 HTR o S 2

e afs fedt erfufran o aremeren feris
%1 AE HTHT A B 81, T STH IO agd HH
FEE T Ul B

7.9 o= ® smafer ArmaweT

e 1 faen W Aigar aRadd & 9919 are g9 o
319 Frefafed smafe 9 o 9ueh § o7 o
Fe® (aq) + SCN™(aq) = [Fe(SCN)J**(aq)
€ Iel B0 S U o STeE | T wefered §
=t o Sefta fererm o fae om0 wenfea 7 gt
Ve ST § R T (Hife FanEe) e
W Y o ¥R 1 YaTE BT & qe 90T shi Qs
G+ ok W1 Toera 1 =ethdl agdl 81 Higehel hire
F ugrefl i et faeq TTeTehdl &A1 % STMHR W
oM | arfiehd fha— Tk ot o usred Selta faeraa |
T o weTfed ed €, 3 fergge 3Toeea’ hee ¢,
Sefer gEX S U@ el e, A 3 STUEH HEAn
&1 e 7 T Taeeal i gH: Yoo d el dgd
sqeral  arffhd fRaTl yeel dEq STqeed St H
foer g o qof &9 9 et g §, Sefh
qd@ ergeed orifers ®9 @ et wid €
TR -HifeTm FANES o Wl faoed ¥ q=A

209

®Y § Gifeaw Ao U6 FANES P 9C S ©,
Safe tEifes e o THRS 3PH Ud eRgifem
A BId 2| 391 SN I8 ¢ T wifead sanmEs &
TR 100% F BIal €, Safeh UEifess 3, S
g, ferg-e1aIea ®, 5% & Tt gl 81 98 e
® fo 3o fagq omeeal & emedl don emmfa
a7upel o He W TIfud B ©1 39 YRR 1 9r,
S St faer@m o 31 9T S ©, stafies |r
FHEAI T 3T, &R q A0 g STIeAl ok i
¥ o €1 3 Yo 1o ol Sgd STTERAl #i e
SRR FY B

7.10 3T, 8k T 0T

I, &R TF oel01 Wehidl § oA19eh &9 ¥ 1Y S 2
S, e RSl oTed 9 Sl €, R
SR g TR 96 (1.2-1.5 /&) o =nfaad gran
21 € qr=A iHa ok faw et sewass @1 fawes &
q&H 197 THifew ot 21 g T gR F @
fafewr st wd wEhifde o171 den et H eRfe
ST IR ST 1 SRS ST T@E § W B ®,
%WAcidus@W‘m’WmWW
e €, Torwen @1ef ® @een et il ferend w1 o
F A E a0 P orget U A ek SEeEgeT
I A €| TH YRR &Rk ol forend @ e
F & a1 @R ° %hed R wl | "eA e 2l
&R 1 Teh G ST IS o 1 Fiel ¢, S

TS 1 1 w o UG Ueh HifHd GreH aTet aRER § g3 ol 14 9 i S8 H 9% U 341
o=@ (Book binder) o T&l %9 HiEH ol S8 3= S7 fohdreil %l U %1 52 < & of|
et fSeg 97 e ol 9rEest Set 98 (Davy) 1 YAl 9eEd S T e T
1813-1814 & e 3eh T HETGIY 1 AT W et MUY ST I o SNE 9 3G G99 & e
3oy ARl o Toeh H ST SR Sk STEl | wgd W@l G 1825 § ol ok 9% o
HeA yARRIEsd (Royal Institute Laboratories) o e o= a2 99 1833 ® & WA
I o YUH Bl =M (First Fullerian Professor) sH1 e & Tgell Hewqul
1 - frgetoo TEE | o T 1821 ok SIS ST Mfushak 1 fogd Ud gaehed den 37 Sgd
T fagrdl § Fafad o) 3= o faumi o ouR W ‘enyfie &= fagia’ 1 gfqaes gam o9 1834 | 3=
e Tees @ wefud <1 fami 1 @9 %11 HIE Tk 9gd & 318 T A1q Wi o safad o Swei wedt ge
1 oF W IR R T 3 geft SR foemel W TR A B S1ohel H Rl UGS i U1 S8 weft off gerw
T @ 3= fagm &t fm-fm alel ¥ JEiRa (Disseminated) ffan, f5EH 39er 101 W@ §eoH H URY
%1 T Yk AR o Y 1 AU ieHferd 2 | HiHew o T staerd’ o W e fhae e
o oIt o w9 SweiH S 450 SR SierTs Fehifer foh

HqEHT B

(1791-1867)
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Yl % TIY Yoo eIl 2| 57 37l TS &Nk 1 Tal
I § foetd €, A & eaw § stfufsma e o erEn
Td &) AU o FT GHM SR WifeTd FES,
S Tethe, Hifeaw Tgee onfk 81 difean wiEs
(HIROT 9 ) TR HISH 61 Th &7 U €, S
TSN 7 Ud HITSaA BESIaEs &1 fohall §
W B ®1 98 S oreen § uen S §, foe
YA Hifeam T ROMER FANEeS o 3T |
faudia emafyr efiefeT o Ao feor dE@ syl &
HTON =3 o1 ofd €1 ] ST o 7 e o o
qeAH o WYl % SHhANUE! B &1 S
Tt foemen €, frent qeais 80 81 36 WhR
e Gifead FARES i STl § Siell Sl €, q9 S
o A7 feord Sga TRt o 80 o U W el 8
S 2, a8 e oo § ged w9 9 T 5 2
Y S-S ok W1l SerAieTd kY g el S &

(8]
oY _©o
09 i
o9 o o
o _ cr vo
5@(;_5% Cl INES a
¢ OO'\ NG o &
Q cr
. °
(‘®° o @OC:D
Cc) N& ,).) ; 00
o 9t
0O

ferw 7,10 7 ° wifeaw ainise @1 faaisr Na© aer CU
ST Yele STT-379] & T1e STTaiford glehs Tt

gl wrd 81
S H TSN T oh STEAd hi qorl
tefifew ot & T 9§ 3 W B 6 e © 6
AT FreEel S § ol ®U 9 St g §, W
uHifesn 3t TR &9 W (<5%) B @R e gl
I T A 3oh HeF 3ufeerd ol &t wmed qen
Al o SerdeH w1 AET R AR et @1 gl A
o qen oo o fim-fim steff o g fore s
® Bl facig o o, S SUH! o/ ofewen § ot
foomM wd €, % 9a § YRl i UhAT i
forier’ Ed § (STEnd-HifeTm FANEe) , Sefh

e fagm

ST I8 Ui 8, Form Saie o1y forerm # gea
STAfT 3PF 2 21 T T T A W R e
FH Y B

7.10.1 3% qAT &Nk hi IRTIE LUT-
e o fagiaer o F el €, S S o
STEfed BT BRSNS ST H,,, 3 € T & o

el €, S TRl @ OHL, ¥4 21 3§ &K
A ° T 3T HX o1 a4 f=fafad aeson |
Y fordlt T o g e fma S gehar @-

HX (aq) — H"(aq) + X (aq)
a1 HX (aq)+H,O(L) -» H,0"(aq) + X (aq)

Th U WiZH, H* rcatues feemwier g @)
s Y § weld fgerdd o e e el el
Ig focmoes S S0 o oM ¥ dfud gieR
freivia ffud) ereifem omm, HO* 3@
(St <€) | ¥9 H'(aq) T H,0*(aq) I &I &
STITSIa BIege STeH, S Sid oTvjstt | for gam
Th WM €, o ®9 § 94T | @[ 21 39 e o
TH WMRUE: H'(aq) a1 H,0'(aq) i 3Adetel
TN Y| T 31 ot died e

Tl YR MOH 9g¥d forsll &en 1 310 Sieitat

ETESIET TS gIggiferdel Ta

(=9 =10""%cm) BH TS 511 310] W T8 fagq &=
BH o RO T I SeI-370] T SURET I UehTeh!
7l § Rt TF & WY YeR H,O* 31 71 3
witefisr 1 &3 AT (ITeOME-H,0"Cl) & 3
e B UEEMEl T B Sl faerdd § wEeiad
3T TRt | SerEife get H.O;, H. O @& H 0}
g9 TS At B1 S YR ETEgifeee e
SIS Bleh g RuleHss Sfiefs H,0,, H.O,
T H,0; #7fs = 21
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@i ARFE

(1859-1927)

&1 Ao QR e

SFFE &1 99 Wied H Uil oh fiehe g3 o1l 9 1884 H IR UM
foreafaere ¥ fagq sToeed fae@e i arcediel T WY U (Thesis) T&a fohal
3T 5 IS q%h S=I 9gd AN Hi a4 I F VM HE W MU TG 1895 H I 7
Tt wienem favaforme™ o ifdet o mer g W g oy T8 &1 1897 ¥ 1902
T 3 Tk WX A W T 1905 ¥ 10 G qF o Wiherd & Ao T § ifdeh!
TP o R 98 W M HId W@ FHE A6 ah fog-STIHed foeal W W
W 1899 H ST Th THIHO, S S HEMa: AR THH0, el €, o
STYR T AfehaT-3 &l arg R fsiar &1 o foram

=i w3 & o wm fwam gfaen @A (Immuno Chemistry), ERICHCRIE]
(Cosmology), SfieM T | (Origin In Life) f%"ﬂl—TT o I (Cause Of Ice Age) Haelt &= § 3T
Tl AR @1l 9 TH Yom At o, f9=H ‘U9 389 9@’ &l 98 A9 L sHeh! foe= &l 9
1903 ¥ fogyq-sTaereai o fome o fagia v wed faam o fosmm o sqet ST | 37 weA faam

foeem o frafafed gdieor o STER eTafa
B 2
MOH(aq) - M"(aq) + OH (aq)

TESifoe e ot Seftg faeem o Serifsa
9 9 el ¢ (e 3@) | W SR Y - e
O T S HEE E| T8 oheel Uil o Sl
oo R € o] et ?1 T it S9 s %
e &
7.10.2 S2E TRt 37 U &Ik
S TS SR 9] (1874-1936) TN 31
WA 99 TH. A’ (1874-1936) 3 3Tl wd
QReh! 1 Tk A oAgh TR S FLE-aART
fagia o A79R 9 91ed, st faerm ¥ wel He 39 |
T ¥, o © ael o wered, S faeree 9 e 1
Ul L H T ¥, &N B

g H ST WS del &R e el
2l

T&1 B9 NH, & H,0 ¥ faemm o e ™
forem =¥, o frreaferfiaa aeieReor # gwifan T 2,

I—uﬁ?“r—r I %ﬁ
- N -
NH,(aq) + H,0() == NH, (ag) + OH (aqg)
R 3T gIfq o HEHd &N

| e ]

T 2

BRI STl &1 Sufearfd o R0 &
forera aan €1 SWiek sAfafan o vt 9ie < §
A S WEUE g1 TEieY TR HEY: §RT
T T IR Fed &1 Sohd AFIRRAT § Wl NH
¥ OH ! TIFIANG Bl 81 F87 NH! S5 37red Tol
OH =% &% I T d €1 H,0 T OH 1ol
NH! T8 NH, 939 o7t 3R &R o g7, S o
T U1 i Iufeerfa a1 sTufeefd o SR gt foe
T, WY 3TA- TNk T FEaW &1 39 UER H,0
1 G &Rk OH & T &R NH, 1 ST 37t
NH; B 9 2% 3Tt Joiet © ff SHehT TPHT &Rk
T B qe A LT 3T g €, Al ST T
& Yot B @] A I A 9 A8 © R T
I | U SAfafier Wiei B © qe Teish S &R
o T WigH wH e 2

I H TRSFANRE T o 3T SR W
o= &1 HCI (aq), H,0 319 %! FIeiH ST 377 i
wifq T H,0 &R ! wifd SRR S B

I—Hﬁ?ﬁémél

HCllag) + 00 == H30+ (ag) + Cl(aq)
T qgfa s 9T &R

&eh
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SRIF G0 F @ S Tk 7 R S of
TR YAl 1 e A HCl ¥ W T80 sl 2,
H,O* TfEfist &1 fmio i €1 &7: CI 37" HCl
3T 1 G &N © TS HCI, Cl° &R 1 Gt
ST T T R, H,0 f H,O* 3Trel ol WY &Ik
TS H,0*, H,0 & 1 T 37 €|

Ig U=k 9o § T STl Tk 3T Ao Tk &N
#1 WE I e <wfar €1 HCl o | stfafspan
T S &R 1 TE HIEN Hdl T, Sefh FHTE %
1Y el TR T 3T &1 Hifd S8R &l 2l

IITEAOT 7.12
frefafad s ol o fog st ame @
22

HF, H,SO, T2 HCO,
'
Y&E oF 9Tl gRehl H Tk Wed &HH BMI
=MW 37d: W HIH &R HAI’: F, HSO,
dq HCO, €l
3ISTEAUT 7,13
FLT &I NH,, NH, T2 HCOO o fag
T LR e fafam)
'
T 3T o UM &N i STuEl T A
3fieR B 6Tl 37: §d S0l 3TR SRSl
NH,, NH; d¢T HCOOH %I
IITEAUT 14
H,O, HCO,, HSO, T NH, S==g3Td qael
TRT GRH-IH TR & HH R Tohd | Tl
o T 9 g o e e fafau)
&

S frefatea aroft o feon wn 8-
H,0 H,0" OH
HCO, H,CO, Ccoy
HSO, H,SO, SO;
NH, NH, NH,

e fagm

7.10.3 °IgH 31T Ta &k

ST, 5 A T 1923 H 375 Rl ‘Sl (T
AT G hl ‘Fora JHIMT & ®9 | AT
Teram STef 9 &TReR! &1 T €, TRRS-TRT &R qel
TEH MR § I ORI TR A&l €, Fifh I &
fagidl # &R THE! seE I @ T, W
et Togid o oIER, 9gd 9 UH o= off o €
S Wiei 7 ¥ F9 Toiee[ a1 BF, #1 NH, 9
AT 5ot Tk fafime ST 1 39 WK Ui
TS SO 1 HH a1en BF, AR NH, o 1
ToRaT Y IHHT THThT el JTH Tkl 3T hl T
w71 39 efufEa @ fFreEfafea e g
TR ferar S gehar &

BF, + :NH, — BF,:NH,

ToiF &% TS, S® - AICL, Co*, Mg?*
e TEE 3T 1 Wi eeR HIA &, Sk H,0,
NH,, OH ¥i3fist St Ush gefarei I <[ HL Hehll
2, 59 &R ! TWE IR w2l

IS 7.15
frefafed =1 TEd o/l ao gRenl 9 afigd
FHIFT 31X Tt o 3 T FeRR = T 27
(%) HO (@) F (M) H (™) BCl,
&
(%) Sf TEeifomea o T g9 & ¢,
3Tq: T8 THM I I HT Tkl T
(@) Hfr TIANES AFH oEE ARE €, Id:
T R Tolee g o O fR wh @ I
F Gehdll 2
(1) fek dieF o o €, od: SR
A A USRS T, - &TRehT o
TR G o Tehall 2
() I IRA TRFANES BCl, TEE T ¢,
3Tq: STHI 312 ST STUfe e eehi
¥ ToEeH T o W B
7.11 A U ekl el AT
AR TEETR o Sfaeh AffHaT St Jresm

T Bt 1 3% wHeE & foau smifrEy w1 ufitdr &
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ATl

STTER 3Tl TS &Rkl oh IR i foe=m Suamt
BT TEAIR 37 (HCIO,) BRSEie 37 (HC),
BRSBTS 3Tt (HBr) TESRTAfSH o (HI), TRfeh
= (HNO,) Td HeHieh 31 (H,S0,) Mg 37w
‘Yo’ hEN §, ik I8 Selld Wied W Ha STl
H e qoia: forifs eie gieiqem & 99H %
F B 3 YR Ao gEeieEe (LiOH), difead
TESEES (NaOH), WM BEgEEsS (KOH),
e eEgieEe (CsOH) Td afem gRgiaEs
Ba (OH),, Seftal A& | S STl H o qoid:
forifeid B9 H,0 o1 OH 3T&F < ©1 sIRfad
fagld & oER, 3 yoa &N ¢, Ffe 3 Aeam o
wufd: foifSa gt %9 OH- 3TPF WSH & T
fasheud: o7 o1 &R &1 W oA Ud &Rkl o
FRTA Tagla o SER HIGT S Fehdl 81 THeh
STER, ‘ved 3T’ ¥ A (U 399 Y’ e
Yo g 9 qeqd ‘39 gieuEl’ 2l

3o I HA o STFA-&R foris ¥/ W
foem -

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

A gNeh G 3R UYTHT &R

@e 7.102 H TOH <@ fF e (A &Rk)
fooie W= W Wied o 3 Wg Wiy foem H
TIAROT H Feokd Teh TTieh STarEl €1 376l 78 U9 Sl
2 fop afe wre nifos 2, 1 9 9w % i fR
T U B? 39 gIferd Hearel Uk Sl i |
22 1 YTl % SW S o fou g9 feRiem " o
ftferd & el (A1 &ehl) o dmed & g o6
e o foar 3| S afvfa e foesm o o
3ufeerd < 3Tl HA T H,0* W fo=m #3| &4 I8
@A B TR T W SH-E gad Y 71 W
3 & fget off ygfa o= @ etfuss it o8 ‘vaa
31" HETUN U | Soel 377 hi 9 | TR
B S, 9K HA, H,0* § Yo 37 ¢, df HA Wiel
TH HM, H,0* Tl foere § ge7 &9 9 A- w6
H,O* 3T 31| | gl o7 Td &R i faem o
YT BT &, FIh Yol 37T Yool &7 ht WETT
Eold

TS STTER, Yad o Sl H Ui ST Bl
21 Rt &R STcd g B, STl et Tl ok

213

G e ST el B B 1 Helel TRt S TReRleh
I HCIO,, TESHRING 3% HCl, BESHIHS
37 HBr, BEgeTEles 37T HI, B 3 HNO,,
TR A H,S0, ME Yoo arwedl o Wt
&1 ClO;, CI, Br-, I, NO; 3% @i, St H,0 ¥
Afereh gt ek 81 & TR eTcdid Jelel &I, 1o
geicl 3T ST, Sfeh Weh gl 3%, Si— HA 310
3ufeerd Wi AgZH 31 (HNO,), Bt v
(HF) o fEfes 3 (CH,COOH) WdlehicHeh gaicl
I 1 e I A WA A € i gda el o
Gl R 3Td Yo B &1 ST % felT, NH-
,» 0> T H- 390 WMl 81 37: H,0 ¥ 3T et
oRe B fAmveredE, SHiaEdd s ok Sa o
Tt wTeifer i gefer ettt wifa SHeER w4
g1 Tk om (HIn) @91 §9o &R (In) f9=1 @@
Tl #)
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
A AR T S W &R
- -9
T TRl 1 ST T §R STATGA | Gerehl
% ®9 H H* A &t @igar feeer & fau feen
Sl

7111 S T A Feuier wd g@ent
AR UHERA

T @e 7.10.2 H € 3@ T F9 wwed (S8 )
31 faferse TJoif o FROT 7 TF &R — Al i RE
EER Y Tehd &1 37 HA 1 Sureefd o I8 Wer
B0 KT ¢ TS &N ] I Fa8R FLdl 2, Sah
g B~ &1 SUfeAld H I8 e Ik 377 i 0@
SIFER HT 7| IS el H,O 1 Th 0] FiH Il &
TS 3T 1 e HFER Il © q1 el H1 TG 377
T WIeH TEU Hal € UE SH THY &N Hi W@
RN Ll ¢ | Frefafad ramaeen wenfid gdt 8—
H,0() + H,0() = H,0%(ag) + OH(aq)
EE I iCD T STTHGTH! &R
e feerish w1 B0 39 TE T id B
K=[H,0'] [OH | / [H,0] (7.26)

Sl W1 Wigdl il 8§ B A B, i THR!
T feer Wt €1 [H,0] F W feeniw wfmfea
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FH W T ferE K, W Ea €, e S @@
TR UFTA Fed 7
K, = [H][OH] (7.27)
298 K W YEIfle ®9 H* 3FF &1 Higal
1.0 X 107 M € TE ® 3R STt o fardiei 9 S H
3R OH- 3TFF # T ser Bl 2,
TR 3Tl i HWIgd, [OH-] = [HY] =
1.0x 107 M
T TR, 298 K W K, & AH
K, =[H,0[OH]=(1x 107)? =1 x 10"* M?
(7.28)
K, ® 79 a9 | fRk & 2, FifE a8
e feeriw 2
IS Vel T I 1000 g/L 7 3R THeHT HieR
oA 18.0 g /mol Bl ST Y5 STl ! Hiokdl g
30 W& T gehd B—
[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.
30 YR, fooifsa wa afoefsa =ifsa st =1
SFArd—
107 / (55.55) = 1.8 X 10%0r ~2in 10
(39 YR W J&Id: AfqAited sl o STu[eti
1 R T 21)
Ireltg, e SR IS wielE faerEAl @l
H,0* T8 OH ! HWisdell & §ifees /Ml gh
fadifeq feran s wehar 2—

A [H,0"] > [OH"]
ST [H,0*] = [OH"]
g™ @ [H,07] < [OHT]

7.11.2 pH &heT

BRI T 1 HAieRdl § Wisdl ol Th TR
HYhH (Logarithmic Scale) T Wt 9 wei¥ foran
S ®, f59 pH ®@het el Sl 2l

BIESISH S 1 WiRAM (a,.) o FUMHS
10 SR SUh TS T i pH Fed 21 w9 Higdl
(<0.01M) W TESSH 3 &t Afshad, TS
Y T 3R] HoRd, S (HY) 5R YR 1 St 8, &
T Bt €1 TEGISH 3T i Hishardl 1 IS TS
& B 2, 30 39 Tt grn uReifE fRan s
ekl B—

e fagm

a,. =[H"]/ mol L
frAfafad T pH Td RS ST Jigd
T e g 8-
pH =-log a,, =-1log {[H"] / mol L'}
39 YR HCI o =i fae™ (102 M) & pH
%1 9H = 2 el B T We NaOH & T &
foere, fSeH [OH] = 10 @1 [H,0°] = 10-° M 1
pH = 10 TRl J[E a1 STHH 9 H 298 K W
TIESISH 9 1 TWigdl 107M Bl €, HfAT g8eh
pH = -log (107) = 7 T
e g Seltg faerm el 2, @S9 pH 7
QY %4 TS 45 9% giF €, @ SHH pH 7 § AU
BT
T YHK,
sty faers &t pH < 7
Wﬁﬁ'ﬂ?ﬁpH<7
I faer@ &t pH=7
319 298K W AR FHIHII 7.28 W Hi—
K, =[H,0*] [OH]= 10"
YR o M IR T FOMHS TL0MH T T
log K = - log {[H,0"] [OH 1}
= —log [H,0"] - log [OH]
=-log 104
pK = pH+pOH = 14 (7.29)
HF W 9 9 ae § fF gt K ae
AMUHH o W qREfda eiar 21 daenfy arased % @il
pH o 9 § qRadT 3a7 %9 B © {6 89 STHE
IHHT Y& AT T &
pK_ Sefa e o foe rewert ufer gt 21
g BIESISM a0l BRgIfaae STl it Tigar i Ffra
T 8, Hfh 3Th1 TOFEE TEeRle il B1 o%d: 98
A @ o pH AI9shd SO eidl 81 pH o 4F
H Tk T uRed w1 37ef & [HY] Y Figar § Uk
10 =1 IRedHI S YR AR SRS A Higdl
[H7] ® 100 T[UIek 1 URadd @, d pH o A § 2
TRTE 1 el BT 3T 379 99 T4 &1 fo sf amg
g pH H Ufadd &1 Su&m 89 % 29 2
Sifesh T gEEE-Hee syEr o faeree o
pH 1 |9 3Tefereh eMavaesh €1 pH W, St fafvm
pH ore faere & fom-fom @1 a1 €, &1 @& 9
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ATl

pH o SIS | 1 Tl TET ST Gehl 81 SATSTehed
IR qerell pH W fierr 21t € W fim-fim
ufeeat fum-fum 1 3t € (Fost 7.11) pH YR g/ 1-
14 % o pH HM T 0.5 i JNLd T A
ERES ECT

o 1 2 3 4 5 6 7 8 2 10 11 12 13 14
: ]
N
N EERER
e
faT 7.11: T pH W 99 1 3Hare pH R &1 9]
% <

<

=4 Fqedal & fau pH Wex &1 SwEm fea
ST @1 pH HieX Tk wH A €, S wier-faeey o
forga-fawa @ amenf@ pH &1 A9 0.001 Jerefd
Tk LA B SISl ISR § et o ale ShRar
pH e 3ueted el T4 B| i E gl %1 pH
arelt 7.5 ° € T B

3AMET 7,16

99 gRIed o T W SRgieH AP H EiEdl
3.8 10°°M 81 381 pH 1 €2

A

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

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

d: U9 ered 1 pH 2.42 ® FE A 2

215

ITEAUT 7.17
1.0x 10 "M HCI foret@q o pH &1 T0MT &

&

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

A x=[OH |= @ ¥ W< H,0" |

H,O" isdr (i) ST §ferd HC1® 9t Bt & S—

HCl (aq) + H,0 () = H,0" (ag)+CI (aq) a=n

(ii) STk STEHIHT 9 9 Bl 1 FET <Al

H,O" 3T W fa=m & shm—

[H,01=10"° +x

K,=(10°+x)(x) =10

@l x° +10°x - 101 =0

[OH ]=x=9.5%x 10"

#d: pOH = 7.02 @2 pH = 6.98

7.11.3 A AL ok AT eRieh

3T, Seid o ¥ o7 &9 § sTafa tsh goa
3Tt HX W fomm | frfafaa gt o 9 foed
ot gteRtor g ifaifsd HX W 319l Hf(aq) den
X-(aq) o HeA Tofud Gremeeen & WS femer s
Gkl Bl
HX(aq) + H,0(l) = H,0O%(aq) + X"(aq)
YRR FrEdl (M)

c 0 0
M o SFATHTOT BT T 2

i | ufed= (M)

-CO +Cco +Ccol

WRUT 7.5 FO AHER ULt st pH % WA

g9 o A pH g9 o A pH
NaOH &1 g« foeraa ~15 RICH R 5.0
0.1 M NaOH feeraa 13 THIE T W ~4.2
A HT 10.5 g U Ta1ef qen faven ~3.0
e et Sefifern 10 Hg-Tr 59)
312 1 WHE WM, W S 7.8 SSR-TH =319
RISCERIEE 7.4 IM HCI oo ~0
EQ) 6.8 g HCL ~1.0
- YIS T 6.4
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e Figdl (M)
C-COl (¢]04 (¢]04
el ¢ = arfefs vl HX &1 IRI9s |igd
JM o= HX o ST 1 960 2

T Hohdehl 1 SYAN HT o BH SUPH T
foaem o= o fou wrmeen ferid ad w3
Hhd B

K =c*0?/ c(1-0) = ca® / (1-a)

K, 1 37 HX %1 faasm an maee ferish
FEd T | 3H dehfeqsh &9 ¥ TH TH Feh Hiekdl o &9
o e T Hehd B

K =[H'][X"] / [HX] (7.30)

ferdt fHf¥era o WX K a7 |19 31T HX &t
WeIeTaT ST WY 8, 3Tgiq K, o1 A foaen stfiren
TR, 31T 3 €t Siferek werer grm K, femwfea
Tt &, Torawt weft whiofsr ot Higdr st Wiveh-aTewen
1M #1

FO I gL STl o SAAI-Teei® Irof 7.6 H
faw o €

BTSN 3T¥H isdl o fau pH AMYshH 391 SUANT
g fF 38 pK & ol e wfielis v afvmi o
faw ot wge oo T R
TG YR,

pK,=-log (K) (7.31)

3 o A e K, qe 9Rfveh |isdl c
A BF W G TN T A Gigdl 91 ST 6
AEH 1 AT W faerEd w1 pH 1 O Hed 2l

ARUT 7.6 298K W FB I EU ot A o I

feerier o A=

A AT e (Ka)
TESHIRE T (HF) 3.5x10-4
TEZH A (HNO,) 4.5 x 10~
S 3T (HCOOH) 1.8 x 10~
= (C,H,NCOOH) 1.5 x 107
THifedw o (CH,COOH) 1.74 X 105
d=ish 3 (C,H,COOH) 6.5 x 10
BRUEANE 3T (HCIO) 3.0 x 108
BIESE™ s 3T (HCN) 4.9 x 10°10
T (C,H,OH) 1.3% 10710

e fagm

Tt JEAIIEA HT pH T TSI & FAehrel S et
=
yg-1 fosm @ o Iuftem wfiefs &1 9= ar
ST/HRE % ® W A T S 2
ug-2 el g siffshansti o foe wgfera TR
for@ S 2, Se—wfivfis, St o7t U & 3 %
w9 § ®1 H B
Yg-3 I=4 K ol Atdfsran sl wmefhes sifafwan
& w9 ¥§ fafgd fean S =, safe e sifufwam
ok Afafwars Bl #)
u2-4 wgfges Afaferan &1 wft wivis o =
Al RO o 9 H geieg A S -
(%) IRf9s =i, ¢
(@) A= HT AR S BH W A i 961 o F
w9 Y gigar o g
() 9= wiEal
Ug-5 T Afafear & fau amameeen Rems
TR T W wWisarell S WHl o o oy '
FW 2
US-6 HEA AHAT Kl THLST shi WG i TOHT
FW 2
Ug-7 pH &I T0ME
pH=-1log [H30+]
Sue fafyr i 59 SO W wHEEn T R

3ETEYUT 7.18

HF &1 38 fo/i® 3.9x10* 1 0.22M
foer@a & HF &1 3TE 1 751 1 3R faermm
o Iqfeed wHw SRS (H,0', F a1 HF)
1 FIEAl q pH @1 TUMET hifer)

Y
frafafad we T sfafkan e &
() HF + H,0 = H,0 +F K,=3.2x10"
(2) H,0 + H,0 = H,0"+ OH"
K,=1.0x10 "
Fifer K, >> K, 9&a sifafswan
HF + H,O = H,0 + F
YRIeR Higdl (M)
0.02 0 0 (0
Higal e (M)
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-0.020 +0.0200  +0.020
e gisd (M)
0.02 - 0.02 o 0.02a 0.02a

T Affsran o fore g wigareti o wfaeenfua
FH W

K, =(0.020)” / (0.02 - 0.020) = 0.02 o / (1
—@)=3.2x10"

7Y Trefafaa fgema weientor o e 8-
o> +1.6%x10°0-1.6%x107=0
Teoma-THiehol i T & W o o I 9F 9
B &
o=+0.12 3R -0.12
o T SEUTCHR | H97el &1 21 37d: o= 0.12
T ® foh EE WEN, o= 0.12 @B @l
T (SRI—HF, F~ 92 H,0") & 9 Tisand
3 THN B—
[H,0]=[F 1=ca=0.02%x0.12 =
2.4x10°M
[HF] = c(1 - o) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = —1og[H'] = -log(2.4 x 10™°) = 2.62

3EMEXUT 7,19

0.1M Tshel &I 37red 1 pH 4.50 &1 e
W H,A™ 91 HA &l HEdl i AT SHifsQ|
Y B THA &F T o6 K, 94 pK, % °H
i ] AT HifST|

'

pH = - log [H']
[H]=10""=10""=3.16 x 107°
[H]=[A1=3.16%x10"

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

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

Jenfeqss &9 9 ‘fodem gfdeaar fedt ga
3T HT WM ST UM 1 ITANT HIUHH
39 9 YR fm m e
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SaTeul 7.20

0.08 M TEUHIRY 37 (HOCI) o fae™ o
pH i TUMN HITTI 70T T 3T ferie
2.5 x 10 €1 HOCI & faaeH-gfqermar s
it
&
HOCl(aq) + H,0O () = H,0'(aq) + ClO (aq)
YRR HigdT (M)

0.08 0 0
qreTeee o fau afadq (M)

- X + X +X

| sl (M)

0.08 - x X X
K, = {[H,0"][C107] / [HOCI]}
= x’ / (0.08 —x)
x> /0.08=25x%10"
x’=2.0%10°, 39 UhR,x=1.41 X 10"
[H]=1.41x10°M.
3d:
fereist gfemTaat = {(HOCI] . / [HOCII,

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

7.11.4 SO QR T T

&k MOH oh1 3T f=AfaARad THehoT g Ueierd
e ST T T
MOH(aq) <= M(aq) + OH (aq)

3T ST IR 1 e 39l &R (MOH)
s 9 9 ¥FEE M* T R0 OH- ¥ smafa
Bl S| &N I o ree-Teefis i ek
3T feerieh el ST 81 39 89 K, § TR
F1 gt s s e |igdl Hokd ¥ Frefafed
TEERTOT G YT i STl 8-

K, = [M'][OH / [MOH] (7.33)

foshedd: A€ c= &N &1 IRIAH Tigdl 3R
o= & o AEFT i AET
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S WEEE WW e ®, q9 9 fenis
frefafea w9 9 fo@n sn g g

FD I U &N oh -l K, o HH
groft 7.7 | fau @ ©)

ARUT 7.7 298 K W &S ot &INehi oF M- ealich

% HH
&R K,
SEHfUefHT (CH,),NH 5.4 x 10
Eufredfia (C,H),N 6.45 x 107
A NH, or NH,OH 1.77 x 10
oo (Toh aefaen Scars) 1.10 x 10°®
fii€H c HN 1.77 x 107
Ufiefd C H,NH, 4.27 x 1071°
@ CO (NH,), 1.3 x 10714
2w AMTH T F1 wWE g & B

i it o ofew €, T wm oW erfus
TIESISH AT 37 el gRI Fiaeenfud e &1 Sid—
HfeUHE, ®ieH, foeda o feifed, |+ aga
9 &R ¢ | THIAT 39 K, o WM 9gd B B ¢
it Siat | frefafaa 2ifufsrean o werasa OH-
AP S FA T

NH,(aq) + H,0() = NH,(aq) + OH(aq)

BIZSIST ST Wigal &g pH Thel a1 STANT ©
o 38 o wiivfie @& i o foaw o ugea foan
T 21 39 YER

pK, = -log (K)) (7.34)

IEEAOT 7.21
0.004 M BESSTH foe™@ &1 pH 9.7 81 3Heh
K, T pK, =1 T SHhifs)

&

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

TH pH ¥ TESNH A WEAT &I TUET HT
Hehd B BTESISH 3T Higdl J1d Hiieh 37 Sl
% AAME OFwA U T TESRId 3TFH hi
Higdl w1 TOMT H E1 39 WHK,

[H'] = antilog (-pH) =

antilog (-9.7)
= 1.67 x10*°

e fagm

[OH]=K,/[H1=1%x10""/1.67x10"°
=598x107°

T TESSHIY 3= i Figdl &1 AF o

BISSifoRa T &1 WSl oh AN AT 9 ]

IHT T Tigdl 5)gd FH 21 37q: Ao SR

T WigAT 0.004 M ot S Tehell 21 39 TR,

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

= (5.98 x 10°)> / 0.004 = 8.96 x 10~

pK,= -logK, =-10g(8.96 X 10) = 6.04.

IETEATT 7.22

0.2M NH,Cl d#T 0.1 M NH, & 90 § a1

fore@ o pH T TUMT &IfST| NH,, foer=m &t

pK, = 4.75 T

A

NH, + H,0 =
NH, &1 & e
K, = antilog (-pK,) 3194%[,
K,=10""=177x10° M

au

NH, + OH

NH, + H, O = NH; + OH
IRk igdl (M)

0.10 0.20 0
TR T YREdd (M)

—X +X +X
EEERl W (M)

0.10-x 0.20 +x X

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

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

K, %1 OF %9 €1 0.1M TS 0.2 M %! qoi |
x 1 B9 IURM T Hehd T
[OH]=x=0.88x 10°

ggfee [H']= 1.12 x 10™°

pH =-log[H'] = 8.95

7.11.5 K, Q9T K, § Ha"

T 1 § g9 U 9% © [ K, A9 K, el o7
3R R w1 T I <A F| T A4 g
A 3 Th-T ¥ Welad ®9 ¥ Heifed g 71 Ak w
1 WM A4 T, A G F TG fHA ST HhA T NH;
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ATl

q NH, o I 1 faa=m e &

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

K, = [H,0°][ NH,] / [NH,"] = 5.6 x 10710

NH,(aq) + H,0() = NH,(aq) + OH(aq)

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

He: 2 H,0() = H,0'(aq) + OH(aq)

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

K NH; 1 37t o &9 H a1 K,, NH, 1 &R
o &9 § gmed i 81 7 sfufma § e 33 A
o 98 ¢ o St ¢ srfufsen o @ feeris w1 A
K, T K, % T o SReR g 8-
K, x K, ={[H,0"[ NH,] / [NH,* |} x {[NH," |

[OH] / [NH,]}

= [H,0°][OH] = K,
= (5.6 1079 x (1.8 x 109 = 1.0 X 10 M

30 39 0T g Sarl ST Hehdl ©— a1 v
wTET TFTRaTatl ehl SgH TR SHeR! Wi o atfirfemam
&1 WrEETaeRn-feid gRw  srfufwar o9
wreTaT-feetish 3 TUMTA o SET BT €

K =K XKX..... (3.35)
T YR 9T &R W & fau
K XK =K (7.36)

f T FT AF A@ B, q@ AT HI A TR S
Tehdl 81 I€ &AM 1 WIEy foh Yeret ot i HrHl
&R gefel el gael 3T sh1 HYTHI &R Weel el 2l

IhfeTeh €Y ¥ STHH THIHW K= K X K,
1 R -foasm gremewen fufwen 9 of &9
T THd B

B(ag) + H,0() = BH"(aq) + OH"(aq)

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

JfF St # Gigal feR W F, o 3@ W
g g faan e ® eiR fadism e o wftmfod
F e e R Sugs wHieRor & [H] " O
FE qAT GAT A R

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

={[ OH'I[H'IH[BH"] / [B][H']}
=K, /K,
Ka X Kb = KW

219

Tg M 34 A7 o1 @ T Ak S SR e

foren S, 9 ST ST qe &R oF WAl ohi Gerud
e <1 Tedr B

pK, + pK, = pK, = 14 (298K ™)

IETEIUT 7.23

0.05 M STHIfT foetas &1 3= 7 9o pH
[ wifee) s o STEAA-feeris 1 A
aifeest 7.7 & o @ @1 erifren oF wgvl
3T T A feeiar ot Fd Hifsrul

&
S W NH, % AT 36 YR @i S
Hehdl B—

NH, + H,0O = NH,” + OH
(7.33) GHHIOT &1 SYANT FX o &Y BESIaa
P T FET 61 MO T Hehdl -

[OH]=ca=0.05«

K, =0.050" /(1 -a)
o %1 A HH §, 3d: G H TE SN o w1
1 1 qo | o 1 0T HH Hehd B
HAd:
K,=co’ or o=\ (1.77 x 10° / 0.05)

=0.018.

[OH]=ca=0.05%0.018=9.4x 10 'M.

[H1=K, /[OH] =10"/(9.4%x107
=1.06 x 10"
pH = -log(1.06 x 10™'") = 10.97.

T 3T &R T o fAT Hee TP e W

K,*x K, =K,

ekt 7.7 9 W< NH,, & K, 31 71 W@ T

NH, % FgH 37t ! Tl fehret Tehel &

K=K, /K, =10"/177%x107
=5.64 x 10 "°

7.11.6 g T o aWant o1 aen fg w5 =g
T AR

feFdfTsh 3T, FewI(ieh 3T Te WhIEhileh 37

e o ol | ufd 1] Tk § sAfen oafd B
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el Wi B &1 W STl wh1 Tg-&eh! A1 wiferdiiee
37 o I W S S 21 Serene—fgamaT et
H,X & fau st sifafsean frefafea gt g
SRR G
H,X(aq) = H'(aq) + HX(aqg)
HX(aq) = H'(aq) + X*(aq)
o HIq HreEEen g frefafea 2

K, ={H1HX]} / [H,X] (8.16)

da K, ={H]X>]}/ [HX] (8.17)

K, W K, w0 3% HX 1 9eM T fgdia

I feerioh e €1 T8 TR H,PO, S Fremehia

e o forg dF e e-Teeis 1 o dieidifes

el o ST -Teerien] o /M grolt 7.8 § sifnd B

HRUT 7.8 298 K W &S WM UicHAIEeh Al oh
T Teerien

AT Ka, Ka, Ka,

SAferifetsh 3T
TEhifeeh TR
TR
R 3T
hTell{Teh TR
RIEESC S
TR ST

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

5.9 x 107
74x10*
1.7 x 107
Eiten
43x107
74x10°
75107

4.0x 107
42x 10"

T YR 3@ W Tkl € foF a5 Wiek ot ok
=4 FIfe & I (K, K, ) fers & = =
Hife o AET-Feerie (K) | ¥ e & S8R HRT
g ¢ fop feer foaga-aell & HRO HumcHs A o
YT Wiei FeehTiod el giyenel 81 30 SHaifvm
H,CO, el SRR HCO; | Fref fehmad & <@
T 71 TE YRR fgemefed HPO2- UM ¥ H,PO;
I g H WEH 1 R s g 2

g ifew oret foeram ® oreli w1 fagmn i €
H,A S fguifes o o fAU, H A, HA™ 31 AZ T
fasor g €1 wefaew sifafwer § HA 1 fowise
qe H,0* Wimfea giar 8, S s & yerm =2 9
T I 2

ECIPEERIE]

7.11.7 3TA-QrHeH hl QAT /AT hileh

3T qAT &Rehl i TS Al &t foe=m o
=T g9 fohelt U gU 17t 1 pH WF i TOMT &3
Thd 7| T 7% = sem Bt © o e ot o
1 qorl ¥ Yool i el €7 3% 21fush g s
R F €2 T I Teh el q27 g1 aAfeh g
®Y 4 B9 I8 e HHhd ¢ [ Th 3% & fois &
o H - A 99 & wmed U9 gaurr W R
F B

Yrd: W H - A 514 1 e wedt €, srefiq
4 o fodiem o orevas e sed ®, @ HA W
T Sgal Bl TE YR e HA 3Te 31
gy e €, etefq H don A wHmEi o we
IR 1 SR deal ¥ SN SMEY YR
Tfterd gl 8, @ a1 forieH Te 8 S €, S
st o gfig & 2l

W FE A I A o 98 ® TR o avd A
3T AUl o6 IE W o @ 8l, A 99 HI YA
Tpfd & AT § H - A 36y e ST
frefeor & yq@ wR g €1 o | A" A @R S m
W S-S A T SHR Tl €, -l H- A e
s Hedt & U el WHed wedl 21 Sermioned—

MR ¥ gfg
HF << HCI << HBr << HI

s wmed H gig
T YR H,S, H,0 ¥ JaeiR 37 2l
TR 59 89 STed HWRM oF Teh & T oh awell
1 feroreT R € ol H- A 371 k1 Yavrar o7ee-grmest
1 Frefftd S o Hewaqul wRe B S 21 S-S
A Y fagaRom sgdl 8, &i-f et w1 qmed st
ECIBRCE U

A I fogRom # 3fg
CH, <NH, <H,O <HF >
s wmed H gig >
7.11.8 3T UH QNehl oF MAT W dH
3T YU

aTen, UHifew 3Tt &1 39Xl o, foraeht foaaiem 39
HreeEe g WE fohan ST Hehar 2—
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ATl

CH,COOH(aq) <= H*(aq) + CH,COO" (aq)
ATl HAc(aq) = H*(aq) + Ac (aq)

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

Tdifess omal o faoem o THiRe e
el W eTEgISH Al 1 Wigdl Tedl 21 TH YR
afe o @id 9 4+ 3 fHerT S, o Srerereen
sfaeifsa teifes o 1 @ foreenfia = st =,
rofq 39 fRen § R et €, ford wrRgieH o
Higdl [HY] el €1 TE S WH I YHE
IR 7| fordt U9 weref o fiem § S fawed |
¥ ud ¥ sufted omafth e 1 iR Suersd
FIAH e & faeenfud il ®, 98 9w
AT YT’ el 2l

37: B9 g Hohd ¢ 1o TH ST U9 Sl-Smafer
fagia W smenfa 8, 759 79 @ 7.8 § g I 2

0.05 M THRE ¥ &! 0.05 M THifesw o1
A fHe™ T pH 1 AT B9 38 THR HT Gehd ©—

HAc(ag) = H'(aq) + Ac(aq)

YR FEal (M)

0.05 0 0.05
Ifg x THifeswr 3T H AREA kI °EN B, o
wedr ¥ e (M)

—X +xX +xX
g qigdl (M)

0.05-x X 0.05+x
TH YRR

K = [H*][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-x)

T o7t o fau K %W # § 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 = - log(1.8 X 10°9) = 4.74

ISR 7.24
0.10 M 3THIT=N foe@ &t pH T 0T Shifsru)
Tq faer@ o 50 mL @1 0.10 M % HCl &
25.0 mL ¥ AR @M T pH HT MM
iU STt &1 forrem feelis K, = 1.77 x
10° |

2022-23
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&

NH, + H,0 — NH, + OH

K, =[NH,][OH] / [NHy] = 1.77 X 10™°
SR ¥ qd

[NH,] = [OH] =x

[NH,] =0.10-x =0.10
x>/0.10=1.77%x 107
x=1.833%10°=[OH]

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

25 mL 0.1M HCI faea (s1eiq 2.5 fheft 9
HCI) %! 50 mL 0.1 M 3T faeram (e7eaiq
5mL W@ NH,) ¥ ffam W 2.5 fiet 9@
aﬁﬁmmwﬁ%ﬁaﬁélmmmL
oo H SAIeEEd 2.5 e NH, 377
T 2.5 Al NH, ® W T

NH, + HCl — NH;+ CI

Dol IR 0 0]
HHEEET T
(0] 0 Dol 2.5

RO 75 mL foee @ 2.5 faeiivial NH,
3T (0.033 M) a1 2.5 fHefHra

NH, 317 (0.033 M) T& S &1 raeeen | 98
NH, 39 J&R &l &—

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

Sy = [OH] = [NH,’]

RO 75 mL foae@, SR o 9=

2.5 THefHE NH, 379 (0.033 M) ¥ I Bl
21 7: NH; * % e T TH B < S B

[NH,1=0.033 +y

<fF y %7 €, [NH,OH] = 0.033 M [NH,]
- 0.033M.

B4 A € T

= [NH,'][OH ] / [NH,OH]
=y(0.033)/(0.033) = 1.77 x 10° M
3W:y=1.77x 10° = [OH |
[H7=10"/1.77x10°=0.56 x 10°
pH=9.24



222

7.11.9 THUN Skl STA-2TUTS TS ek Taetad
<hl pH

TRl A &TReh] o Tf¥=ra s1ama o eifafran grr s
T el o1 STl | S Biel §1 ST R o &,
RO Sefte faermd § SeEfed B 2 W S 9
STfAfeRan #¥eh Ul Ui oh STTIR TR A1 &R i
YHECITE hid &1 STel G S S1FE SO A1 <Al
Y B STell ST Yishal ol ‘ STel-STqee’ Ed 21 39
=11 feren o pH wiferd giel 81 Welet &Tehi 1T f&u
U A (3TN — Na*, K, Ca?*, Ba?* 3Tfg) qel
I T gN ST T KA (I[EIm- Cl, Brr,
NO;, CIO; &Tf%) et STal-2iferd & &, Sfet-sTafed
T2 B 7| ST Yeret aTvell 9o Yael & 9 &7 oqul
o Siel ST eid €1 A SR pH 7 Bt €1 Ty
3T YRR o el o1 Sel STTeE Bl &

3@ gH fTefafad @@ o Sa-379ed ™

foem w1 €:

() T T Ud Uael &Reh] oh oidvl, IR —
CH,COONa

(i) TS ST o Jocl &Reh] oh oiavl, IR —
NH,CI, qen

(iii) T ST UA ol &TRehl oh dvl, IR0 —
CH,COONH,

Yo 3T H CH,COONa, Tdd 317
CH,COOH T Jodl &R NaOH W1 &@w &, i
Seftar foreram o guiqan emafa e St )

CH,COONa(aq) — CH,COO (ag)+ Na*(aq)

T YRR o THRE M Sid o WY S
STTEIfed BIoRT UHifeesh oTF Qe OH- ST o fior
FW T

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

THifesh 3Tt Th g o7 § (K, = 1.8 109),
S oo o srmEfa & &l 71 36k R T o
OH- 31l &1 Figal ® gfg & <t ©, S foerem =
T T 81 36 YR o faerad i pH 7 ¥ S
Bt

Tl YHR Fo@ &NF NH,OH 1 Yot 37
HCl § 91 NH,Cl 5t | ufean smafa =t s 21

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

e fagm

SAFTEH SEA 1 Sl T9EeA 84§ NH,OH
3R H* 31 & €
NH; (aq) + H,O(1) = NH,OH (aq)+ H" (aq)
HAFTEH BEGEES (K, = 1.77 X 107 Th
ool e € T foerad | omEfia T 1 59
Ry foerdd § HY ST Wikl 9¢ Sl @ SR
faea™ =i s o1 It €1 e1: NH,Cl & 5 o
f9era 1 pH 7 ® &H I
A ST qel A &Rk R SAT T A0l
CH,COONH, & Sd-3T98ed &l 3@ | 366 gl KU
T AP T STTEA TH YHN B B
CH,COO + NH; + H,0 <« CH,COOH +
NH,OH
CH,COOH @ NH,OH ¥ ®9 ¥ 39
THN SFAHT @ T
CH,COOH = CH,COO + H*
NH,OH = NH,” + OH
HO = H'+ OH
foraR @ wor foRu famm wer ST gRa B T
SeA-STEEA 1 A foera w1 "igdl 9 s gl 2l
314 forer™@a =1 pH 2—
pH =7+ % (pK, - pK) (7.38)
foeras @1 pH 7 | SR B, AR AT
gl a1 pH 7 ¥ HH BN, AR AR FHUMHS Bl

SEEIUT 7.25

THifesh 3T 1 pK, A1 THEH TEgFIEs
F pK, FAM: 4.76 IR 4.75 T THITEH
QH' &2 faeaa =t pH 1 IO hifsu|

'
pH=7+ % [pK, — pK,|
=7+1%1[4.76 - 4.75]
=7+%[0.01] =7 +0.005 =7.005

7.12 IHRI-Taetaq

IR Ifeed s WA (ST A1 ) h
iy pH B €1 37k pH o g7 IRed YRR ok
3k ° w1 T A (Malfunctioning) T {3 %I
#% TEENE T Stae afatmaet § ot pH
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ATl

Tt agd Hewayul gl 81 e Sfiwig ud e
FEqui (Consmetic Formulation) =l fordt foeim
pH TR @I Sl € e YRR § Jfeee haan S 21 U@
faeram, fS9ehT pH @7 T 31aT 3T a1 TR
i Aret W 9 fuem™ o a9 off srafafda war
2, ‘a-facram’ wEend §1 91 pH o et &
ST 1 pK, 1 &N o pK o fafad ®Hr den
Il 3R TEUN o U A1 STl q IRl ok
U o Ul gR oA ©1 ufEfes em qen
difeam wfgee &1 fagu @ pH, 4.75 H1 TH
forereM a1 @ den omifT FNEs s sHifTEd
TES(FAZE 1 990 pH, 9.25 2l B 9% oot
o R 4 I=a weel § g9 AR atfie e

7.12.1, AHT Taet=@_ aq =T

pK , pK, 3R Trafieries 1 99 g9 ¥4 pH &
I TIer a9 § Wedl d 81 SAEU 2@
f &9 98 9 * GHd 2

IAT-S T T

3T pH 1 9% oM o AT g0 goa o7
3R THF G YA &R ok W TAC FH aw
AU HT STAN H E| eH pH, oA A *
T feeris K, 3R g9 o 3R 38eh wyfima
gk ohi Higdlel o STIUM ¥ Ty AU hid
A FHIHOT Tfd id 71 sk g feorfa |
ST gael o HA Sl H STEAId el @,

HA+H,0 = HO +A
o fou gn Frefafed =is foa gd 2

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

ST Skl JHeAARYd HE W

. [HA]
[HO'] = K, 5
Tl SR T AT T ok SIS TRl i et
FT W EH W B §-
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[A ]
K =pH-1
pK,=pH —log (HA]
[A7]
H=pK, +1
sigear pH=pK,+ Og[HA] (7.39)
B [Ggfima ame, A7
pH = pK, + log (smer, HA] (7.40)

ISTeh (7.40) BSU-aaeiacd U0 g
%l%,ﬂ‘gﬁqﬁw(w) R fagor
IUfEerd 3T T Wigdetl 1 U 81 3T go e
B ok HRUT 9gd HH TG Bl © SN Wil
[HA], 9% s9F &1 fau T o1 &1 digar 9
oemE € T Bk @1 T €, iRy S
R, [A], 3T o <90 o PP eH ° W
Bl €1 AT WY &R Whi Wisdl ool i
WEd ¥ hael MR {9 gRftl SafeTy iR
(7.40) Trefefad R ¥ ®uidid 81 S 8-

pH =pK, +log [er]

[ ]

Af R (7.39) |, [A] FT Figdl [HA]
Higdl o SeX 8 @ pH = pK_ 81, FRAfh log1
A ¥ B 21 W A TH S 3R aEm
(TIfd &Rk ) i HieR |KA R & d T
%1 pH 37 o pK_ o aUeR BT 37d: 3TUfard pH
T THEL T ok faIw g9 TH T &1 99
& fSgeRt pK_ oTufard pH o SRR el 1 UEife
I 1 pK, A 4.76 a1 ¥, w@iow tEifen
3 3R Gifegd UHE ol ST HE1 H Rt
FAN, T FHY T pH T 4.76 BATI

A gRE IR THR TIFHA T & o
THL H T &) favemn fefafea 9iom 2m,

[Gafaa e, BH ]
[ame, B]

pOH = pK, + log

(7.41)
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FER 9o & pH &1 UReed, U pH
+ pOH =14 &1 STAM ek a1 ST Hehel B
W 9@ ¢ f& pH + pOH = pK, %
pK_ + pK = pK_ |37 AHl &l GHHT (7.41) |
T W ] FEAfAfiad S0 9 8 8-

[sgfra e, BH ]
K. —pH=pK_-pK +1lo
P&, —pH=piK, —PK, g [a, B]
Yl
e +
pH = pK, + log [ s, BH ] (7.42)
[ame=r, B]

% R IR T TYfma o (FEA)
g SR & O I oo™ &1 pH 6”& o
pK, ¥ SUEX B STHIFET %1 pK, W1 9.25 Bl
®, 3d:9.25 pH 1 9% T M FiEdl o
it faeam @R i wiEe foeee 9
A S Gl B SAHIEH FANES IR SAHIEE
TESIHAES ¥ a1 TR foerm & fau gt
(7.42) 1 WEY BT~

wf oTe +
pH =9.25 + log [  BH]
[em=, B]

TE foe@ o pH W agHO 1 ST TR
qeSdl Hifh Uk oF 3idid 3TH a9
AUREfid & 2

7.13 ITCUTTAT 0T el Tarcrerar
HETTEAT

Y 9 ? T o | smaftes S w1 faerwa o
g4 3R @l 21 T ¥ H9 @ zad aifuss faaa
(S e Fse) € fF 3 wfa § smanmet
g4 € e argHed W So-ard wifia s od gl
T o (S8 oAfan wieiREe) #1 facEa
ga1 A ® Top 3% W= W H C erfaeta’ wed B
oo #2 ol W AR Wt €, foe 9 qe e,
AN T STeTeh F1 (Lattice Enthalpy) a2 faera

e fagm

¥ oAl &1 faomee uSedl B TS Ao &
facases o =ieq o fau ol o Hxg gad
SR e (ST Tedt) | 3mH-faares s
e otfues BT =Tfew ST &1 faamas ueed
%! foamesed % ®9 § fefd &@ 8, S 99
FUTcHsh eidl 81 37a: et ufemean o oo g
Bl 2| Taet@esiam o1t 1 amn foemaes ®1 gshid
w R et 21 egeE (wewdSe) faames o
foemraehIam et w1 90 %9 el 7, S o0l i
SINERCEIREIRC U] (Overcome) HE | T el
21 TROTHEEY Tau et foaemee o Tt e 2l
Ifg 1T a0 T g fom 9 9 ¥ ga gk
2, @ TOH faamasad Uded oau w1 el
Tded 9 Afies B Sifewl ydE @ &1 U
arfererneria faeaa erdt 8, st ara W el st
21 YIS o0 1 T fafyre faeraan gidl 1 @@
a9 W et Tt 21 79 3 o i gt et
& SHR T A o H fasfia s 2

Tl | foeE faeiad > 0.1 M
1| S *A fao 0.01 < foer@r <0.1 M
EuR Il S ACRE faerad <0.01 M

3 g9 3 fooa smafte @@ qen 9o
e faeem o &9 grmazen | fa=ar #i

7.13.1 fadraar orwer Rerie

Sefta e & dueh o 7, W faeR w1 srefer 3|
oI ek T faeTaa o 3T oF e GTmael i
freAferfaa wefertor g1 wefia foran s 28—
BaSO,(s) S Ba*(aq) + SO,*(aq),

e feerieh fAfaiad e gR1 R
ER I o

K = ([Ba>][SO21} / [BaSO,]

IS 98 e 1 gigar fer B 2
a: K = K[BaSO,] = [Ba”][SO?] (7.43)

K, ! ‘et qomshe-feemis’ a1 * foera
oA’ e ¢ | ST Tl § K 1 AR
M 298 K W 1.1 x 1070 81 3qe1 31ef 98 8
3@ INFY Hekhe, S T TgwW fae=m & @y
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el ¥ 7, o foiu dfad aen 9othe Saal &
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WROT 7.9 298K W FT WHI AR Ul o

Wﬁwmwmfww foeraar-TurTRe feediew K o 7

% o BT 21 37 KA S T Wizl IREH qethe o - =
HI Arer-focizar o aueR grf Al @ier faerar Fo——— AgBr 50 % 100
S i R e Ag2CO3 8.1 x 10-12
’ e Pe AgsCrOs 1.1 x 10-12
1.1 x107°=(S)(S)=S? A S =1.05 x 10 W&W AgCl 1.8 x 10-10
8.3 x 10-17
W THR AFET Tehe F1 Her-faeEd %Wf;ﬁq% e e || e
1.05 x 10 mol L' 2| o AlOH | 1310
997 IS o Fera®g _ SN A Fehe BaF: 1.0 x 10-6
Elﬁ's‘ & fr-fom %ﬁqu'q(%raﬁz Basa 1.1 x 10-10
o < A S Y AT RO A YAEA § el 2l HicHT FEES CaCOs 2.8 x 10
o Ffeqay RECIEIES] CaF: 5.3 x 109
3TN o fau— oTRu, &9 fSehifaq wiche (Zr*), Gfen e cZ(éH)Q 5.5 x 10-6
: ST Tethe CaC:0 4.0 x 109
(PO,*), HIW a9 W e Y, S 3R e Fefim gég]aaq]gg CasOs 9.1x 10
T fSeifam 3TeMl Tg 9 701 27avmeTe 4 Bihe drefim o gg(SOH)z gg x 18'2
worEAl | faifsa s 21 afg ity weke I SRS Cr(OH)s 6.3 x 10-31
e HF FEr CuBr 5.3 x 109
Hier-foetadr 'S &1, df 29 A oh AR e GO0 A
HESESIES] CuCl 1.7 x 106
' ki TI8R . TSRS Cu(OH)2 2.2 x 1020
[Zr*] = 3S T [PO,*] = 4S B THEE Cul 1.1 x 1012
FHEAE CuS 6.3 x 10-36
@ K = (3S)° (4S)* = 6912 (S)’ R Sk e Sl
A S={K_ / (3>x 4N = (K /6912)"7 fﬁﬁjmw gggggz ?.8 x 18;2

@ 3 .0 X -

ﬁh_{:ﬁ' GELI ﬁw M= P+ 49— TR FHEE FeS 6.3 x 10-18
R ‘ Bl ' W My Xy T TGS Hengrz 5.6 x 1023
B, S 0 W« foera o Wy | ¥ 8l a qumm He:Cl Lox 10w
forgert Aier-factaar 'S’ &, i1 f=fafaa T TewTEe H§§s204 7.4 x 107
T - Y e HgS 4.0 x 10-53
[UURS RS ST w8 Sr e e MgCOs 3.5 108
T kil MgF2 6.5 x 109
MX,[8) = xM¥(ag) + yX* (aq) e MgOH | 1.8x 1011
@B x X p* =y X q) m Frae MgC204 7.0 x 107
TEHES MnCOs3 1.8 x 10-11
qonl U foea-oATa s ffated TEHES MnS 2.5 x 10-13
firhel TrRgiTRe Ni(OH)2 2.0 x 10-15
iRt gRI e Tohal STl 28— Frbe TS NiS 4.7 % 10
K_ = [MPXT Y = (xS)X(yS) (7.44) WS SRS PbBr2 4.0 x 10-5
' X< yY . Sy gg mﬁzm PbCO3 7.4 x 10-14
= PbCl2 1.6 x 10-5
SKI=K_/x*.y e REANEE PbF2 7.7 x 108
e TGRS Pb(OH)2 1.2 x 1015
Tgfag = (Kp / X5 YL/ xry (7.45) TE SAREES Pbl, 7.1 x 109
> e PbSO4 1.6 x 108
wﬂwﬁ'vﬂwm aafyrer TReisT 1 |igan ﬁ%wss PbS 8.0 x 1028
X -28
ST T Higd @ e 8, /@ K H Q| o S
S R ST & (3@ TEE 7-6-2)| T ¢ fF | wiwm G SrC0s 1.1 x 1010
i /e SrF: 2.5 x 109
AR WK = Q) T €, g o witfeafe o e@mﬁm SrS04 3.2 % 107
Te ST A fHeE (Dissolution) WIS Ser SEe TIBr 3.4 x 106
T 3 §1 WRN 7-0 H 208 K W W e | 4T e w AR
o faeraa-Torwe fersi & 9 &y T 2| i e ZnCO; 1.4 x 10-11
& TEgiaREe Zn(OH)z 1.0 x 10-15
S dewEe ZnS 1.6 x 1024
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7.13.2 3R TN ht Tae1adr W @9 3=
)

oA-Ifers FagTa o ST9HR, 98 319 &1 < @ fo afg
ot ctaur faeram o fhet T 31 1 9igal IgH W
3T 39 TIURIT STt o ST oF |1 T HOm qel
o™ ¥ S 1avl dd Toh ST I, ST deh Ueh aR
K, =Q T8 Sl At fordi e <kt Fisar s <
qifeh UK, = Q1 STl 7 foreia el o fer +ft oy
2, Ferairer 5h o Tl 61 St Wisan o 0 Q| ot
T HoRdl oh TIF TR H Fishad (activities) T TN
T &1 T8 TN WIS FNe o Hqw foerdq | HCI
o faIsH 9 U< FANISE ST hi dixdl (Fishadn) 98
W ok O] HITSTH FARTES hT ST Bl el €1 3
fafer & v Gifeam Feikige 9gd & I3 Bl 8139 YR
T Tifeam stean ST gothe St oTerfael W
oI B | RTeeh fergeiwor o fanht a1 o6t argd o fereigan
Al Ik 379 foerd e o €9 H qUiET0 staaid
T T S Y6 1 TE A S 81 36 TR
TH IR fowerr § faeer 3T &1 staeu faeer
FANTEE o TU H, HReh 37T 1 ST HReh TSRS
o ©9 H el ST SR 3T i Siad Hethe o &9
H & e B

A 3T o AN bl faerddl 9 pH W 9l

8, @ifh %W pH W MUMFH 1 Wigdl T8

WEIeRT0T o RO Al €, S o0l s fareteran

T TG A T3 K, = 9 7H & W T

T HIE HE B T, AU K = [M] [X],

HX (aq) = H" (aq) + X" (aq);
_[H (aq)][X" (aq)]
: [HX(aq)]

[X71/ HX] =K,/ [H]
Ml TE HT kT TR 1 e W gH I

Hx] (1]
H+
hl"rl:K—a-f-l
[HX]+[X | [H']+K,

[X7] K,

2022-23

e fagm

TH: FohT o W EH W B [X] / {[X] +
[HX]) ==K,/ (K, + [H*])| 7€ 3@ ST Tl ¢
o pH o o4 W f ot 51 €1 A < T pH
R T F faeEd S @),

K, =[S]IfS] =S (K, / (K, + [H'])} T

S={K,(H1+K,) /K }" (7.46)
3d: S, [HY] & &g a1 pH & ¥ W faea
el 2l

ISTEIUT 7.26

I8 AMd U Tk fhell ot TR o oo o1 §
sifafsran 81 3d, Y oA ° A, X, 1 ot
T U I A,X, 1 foersar oHwe K,
=1.1x107%° @l

gl
AX, — 2A% + 3X*
K, =" X =11%x10%

AR S = A,X,, HI foer=m@, a

[A™] =2S; [X*]=3S

T TR K, = (29)°(3S)° = 108S°
=1.1x10"

s@: S°=1x10"°

S=1.0% 10" mol/L.

IS 7.27

3 ofey foera @@vi Ni (OH), TS AgCN oh
foIeaa- TS % O %U9: 2.0x 10 TE 6
x 1077 €| ®F W TE Afusw foem 82

Y

AgCN = Ag" + CN~

K, = [Ag'[CN]=6x10""

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

K, = [Ni*'][OH ] =2x 107"

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

I [Ni*'] = S,, @1 [OH] = 2S,
S’=6%x10"",5,=78%x10"
(S,)2S,)°=2x10"°'5,=058 x 10
AgCN ¥ Ni(OH), %! facrar ifas 2
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ISTETUT 7.28 o fofeX od ©, ifer OH_#1 el HIsdl OH-
0.10 M NaOH # Ni (OH), ®1 WeR farerea =1 (0.10 +28) mol L™ BFfl, iifeh foerer  weet ¥

kil . ! Sufeerd
Mo fRfSTl Ni (OH), &1 sTafe oHwa g NaOH ¥ <1 0.10 mol L 2

2,0x10°5 3| K,,=2.0x10"= [Ni*'] [OH]* = (S) (0.10 +2S)*

g'ﬂ HfF K, F1 7F F7 81 25 << 0.10 3 (0.10 +
: 2S)~0.10

A f Ni (OH), %1 faera S mol L™ & o= 3?94)?1 s )

2R ¥ N> F (S) Wl T OH % 25 mol L 2010 = =95 0.10)

$=2.0x%10"M = [Ni*']

QRIIT

% 59 ¥ Fehoarel STupel i e O ¥ 59 | et 1ust wt Ge o SR 8, df 9= i
Bl Sl 81 7@ Tiasiict Yehfa 1 glan 1 Qreraeen difqs o TaEtie, M a5 @i g Gl 2
TH TR H 3T TS e AfAfRAT 1 X THM A 71 SRS FT Wisel bl ATHRR HT ikl § 90T A
W B YOh TS ] WHHHIHOHA e o W0 o &9 | Wre feedieh K, 1 e A B

ARIRFT aA+bB — ¢ C+d D % f K = [C]ID]*/[A](B]

7 AT W AR feorid w1 W I @l §)1 T oteen § Wil TS U S Wik, I R
feer weq €1 el eifafsren o forg wreecen ferid #1 K @ =96 1 €1 70 araeee ferd 9§
TS o TIF W & 37ifereh <@ ferad 21 sifufewman ot faen o1 s1gAm sifafwan wrea @ @ e S
, Sl e WK, o SRR el 81 ol- It fagid’, oh STER A1, <, Hisdl A weh! § § R
T H qiEd o 0T HreeE St fewn § foaenfud Bt 2, S uRerdd o 99E i % A1 T H G
IR ST Tof=1 hep] S qTd, Figdl, <, I AR 31fHa 6] o 9 1 Ko W g9 o ere2q
T fopan ST © 9 S 1 AN o1 TE01 9 SRR o1 (a0 ek foman ST ehar €1 sifferan fagm
o HreEeRel e i IR ywIfad T e, forg sifafsren &t fa &t 7w f1 Ssi-vr H SIfvenes
Y g e faetmd: Sar 9§ i o sgaet 9 2|

9 Teft weref, S el faeem § ford &1 =eH S €, o oTueed’ seed €1 ot e qel
e ‘e 3Taeed’ 71 3 Sl faera ® foist a1 ST R 6 To R 0MEE o ScIed o hRvT fagd
1 =Te w1 Yool fage oToeed qufd: faaifea € S ®1 oo fagq sueea ® smaftd ue emmEfa
ST oh HeR W Bl B SR o TR, Seita foerad o o7, BIEgie ST a0l &k, BEgiiee
M A B T GG 3Tt 361 B THd AR SrESS-eli H 37red ki HIEHSdl o Y H Ud &Reh WISl
o F9 H IR foHam S Tk RS-l 3T T &R 9 AR #3d1 ], 79 I8 THRT GId g
&Ik TS fohal i a1t IReh o G GgTHT oTRet bl ST 81 9 YR T 3-8 § ohelet T Wi
T IR B T S, T A A I WA T H oI IR T &Rk H Seld{ I o &Y
o wRefea foran s 1 aR o $TqER, goa o o foris o fog feemish (K) 9o 3efa & &
foas o fog feeris (k) o =St o1 Taenfad feran a1 streme &t @0 T Seh! disd oX fsiar qen
A A 1 faeeq fohan 7o 21 TEge SMEA i wigdl (Wiwadn) o faw pH W9 (pH = -log[H'])
TEgA foRe T 21 en 39 e Ui & e fawaia R (pOH = - 1oglOH)) ; pK._ = -log[K ] ; pK, =
—loglK, 71 pK_ = -log[K ] #Tf%) T €| Sct % ST Sl 37799 % W g9 3@ § foh FHison pH +
pOH = pK_ TR Hq= Bl &1 o 37 U qoet &R, Jacl 37t U Ul &R 3R gt o7t 0o gaa
&R o Sl k1 STt feta § Siei-37qee gl 81 a6 foera it g qon 39ch gew o1 ditra 9o
fofa TTon ©1 sten et el o foreRr et T 1 i el foerEa oniE feemis (k) 1 S wd
T 31 Heiel Al shi fereraan § Tenfua femen 7| foera o @@l o STEeql 71 SHeh St W faetar S Il
o1 Frefeor fopan 7 €1 @9 o1 T 31eq o Sl w1 faerar & Hew Wt ot e w6 T R
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e fagm

faenfirat & faw 3@ uwes @ et FEfva feramd

(%) faeneft fafis o wal wa wfssat o Wi, 95 99, IRR 9Kl 3o T Sqers S oF AA
%1 pH T1d % o fAq pH U0 1 ST T Fhd 2|

(@) pH YR 1 YN fafq=1 oo =1 fae@m &1 pH o & § ff fman St dehar €1 98 =
Tl T Gehdl/Thdl € foh A Yeei/gee ol A1 & | s Y €

(1) o dHifean wHite e wHifew o 1 iy w5 a6 faerEd s ¥ehd € T pH W
1 STANT HT ST pH T HT Fohd 2l

(%) 3% fafis pH o foaerai ® fafis a1 dferd w6 o forg geek Ko <1 9shd 2

(T) Guehl %1 STAN FR FD TRA AR SFIAGA F Tohd T

(9) 9 31 foaeia waui w1 foe@ar W O SEE 996 hl 3@ Hehd 2

(®) afs faemer ¥ pH R 3UaT= &, a o 399 pH A9 X 3UH! pH TR I 9 gioma o
o L Fehd &

7.1

7.2

7.3

74

7.5

AHEH

Tk 5o ! Hioee s § TAfyed a9 O SHeh a1y o |iel Wi | W@l Sl 21 9 o
A ST §e1 a1 S 2

(%) arq-3ra g 1 YR afomg =1 gim?
(@) YR § o9 T G i ST ohd a=ed! €2
(A1) A BR, 54 foh 9 O oifom w9 9 wenfud g1 STem a9 Sifim ared <& a4 g

7=t T o few K % 0T, afk 9 W e gered st EiEan € (SO, ]= 0.60M,
[0,] = 0.82M W [SO,] = 1.90M

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

& Y= a td Fd @ 105 Pa W SAEEN asd B IRFEHNER 40% ATAEH
T T T

L@ <= 21(g

T & fau K, &1 o i)

frfafed & 9 g stfafsran o fau = feeie K &1 e fafae—

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

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

(i) CH,COOC,H,(aq)+H,0() = CH,COOH (aq) + C,H,OH (aq)

(iv) Fe* (aq) + 30H (aq) = Fe(OH),(s)

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

K % ¥ @ frefafad § 9 yci 9 o faq K 1 9 9 R

@ 2NOCl(g = 2NO (g +Cl, (g K=1.8x102at 500 K

(i) CaCO,(s) = CaO(s) +CO,(g; K=167 at 1073 K
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7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

T NO (g) + O, (8) == NO, (g) + O, (¢) & faw 1000K WK_=6.3 x 10 2|
o= | oW e g <A sifafeward wefre w9 9 fgeroes € g sifufwen & fo
K_ 2?2

g feemish o1 ot forad awa aueey i g <ai ud Sl 1 sufrd o= foman s
TRl 87

N, T O, o wer frmfafan sifafwan gidt 8-

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

Iz T 10L % 919 § 0.482 Hie N, T8 0.933 "t O, 7@ = qen weh am, fram
N,O & fean S o | fagior &1 Hered o iy K= 2.0 X 10771

frfafaa sifufsan o SqER Tefew siwamEs Br, ¥ sifufswan w1 Tegfae smEe
Tl 8-

2NO (g) + Br, (g) = 2NOBr (g)
e feer A9 W U &€ 9 H 0.087 Hiel NO T 0.0437 Hiel Br, fufs feu s
€, @ 0.0518 W@ NOBr Ww @it 21 NO TS Br, %1 ¥ W 914 #ifsw|
|1 250,(9) + O,(8) = 2S0, (¢) F AT 450K | K = 2.0 X 10'° bar #1 38 @9
R K 1 91 F1d shifs)

HI(g) 1 Teh 91 0.2 atm € R Tk A&k § 1@l Sl 81 9= R Hi(g) 1 e
T@ 0.04 atm ¥ el U T 9w & U K, 1 79 @1 gRm?

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

500K @9 W T 20L 9= # N, & 1.57 Hiel, H, & 1.92 Hiel T NH, % 8.13 Hiel
=1 fagon femn s 21 sl N, (g) + 8H, (g) = 2NH, (g) & faw K1 oM
1.7 x 102 1 =1 stfwferan-fasmr @ o 272 afk =&, A = sifafsman =1 fen @ &2

T 19 sAfufewan o foo
_ [N, ][O, T
“nof [of &

39 ek ok foau Hfera TamafTe gt fafau)

H,0 %1 & Hid T6 CO 1 T A 725 K a9 R 10L % 919 ¥ fore 5t &1 5
W 40% e (9RIEH) CO o @1l FreAfefaa gHientor & $aR sifufswan o 2

H,0 (g) + CO (g) = H, (9) + CO, (g¢)
srfuferen & foru g feeriss &t oM Hifsm)
700K a9 R Sfafwan H, (g) + 1, (g) = 2HI (g) % fore @ feeis 54.8 13k

79 Y& | HI(g) forn =1, 700K dra @r=r Tenfyd &, qen 9= W 0.5 mol L' HI(g)
Sufeerd =1, A W W H,(g) T L,(g) T Wi 4 i

ICI, fSEent Tigdr UReT % 0.78 M ®, %1 I 9 W 3T & S, o weieh &t e
W HiEAd A B h?

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

=TT T o § 899 K W K, &1 W 0.04 atm 21 C,H, &1 9 T Hxd &1

c
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7.18

7.19

7.20

7.21

7.22

7.23

7.24

2t AfE 4.0 atm 3@ W C,H, 1 T W § @l T € TS e ) o fa

ST &2

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

A Ud UEifes ot &t siffeman § wferet UEIRE SR ST § U |IET 39 YRR

T ST Hehdl B

CH,COOH (1) + C,H_OH () = CH,COOC,H, (1) + H,O (1)

@) =9 sfufswen & fog wiga sgoa (sfafrn-mwa) g, fafen (feomoft ==t
W 5 e | & 7 e faeme off 9 )

(i) A€ 293K ™ 1.00 Al TEfifesw 37 U5 0. 18 Hiel Tfa IRe | ford <me @t
sffem @ fasgor o 0.171 Wier wferet Tefiee @1 O feeriar w1 oM Hifey)

(iii) 0.5 A TSATA TE 1.0 Hidd THifesh o7 ¥ YRY i%d g 293K 9 W FD
g 9¥ETq IS e & 0.214 Wid 9 T 9 R | w@nfud g T

437K 1 R fafd § PCL %1 Tk T Tk Tk H feran e 9 wiftd gH W

PCI, %1 Hsd 0.5 x 107 mol L 9 T, 4f% K %1 7F 8.3 x 10°%, T 91 W

PCL, U8 Cl, %! HIgarg s gieii?

PCI (g) = PCl,(g) + CL,(g)

e Tk ¥ Wi oA 999 S AR Bt §, o8 S (I1) SATFES i e

ARIFES o g ST € U 3 wifad @ wd CO, e 2

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

1050K W CO Wd CO, & | W M <@ -1 g, Al Seh URfeh 37ifvren

@ -

Peo= 1.4 atm T pg,, = 0.80 atm
#fufsan N, (¢) + 8H, (g) = 2NH, (9) & fau (500 K ) ¥ feeris K. =
0.061 | T fagiy T W g %1 Hoed 39 YFR o—

3.0mol L' N, 2.0 mol L' H, W& 0.5 mol L' NH, 31 siffsran @ # 872 afk
&, @ wr Tfud s o fag stfafswen foee faem o swmr g

S THeeEe Brl faufed g sidie e aaie <d1 ¢ qe 9 wonfud g 2
2BrCl (g) = Br, (g) + Cl, ()

3 fIT 500K W K = 32 €1 3k W’ § BrCl#1 9izd 3.3 X 10-° mol L' &1, a
e X g o gEeRt |igar w0 B

1127K T8 1 atm @ T CO T2 CO,, & &ia fagon & wreamemen W o e §
90.55% (*RIeHF) CO |

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

YU A9 W ATAHA o T K o A 1 T Hifsg
298K ® NO T O, ¥ NO, adt 8-

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

sAfafsran o faq (%) AGe W (@) 9= feertis 1 1o hifse—
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7.25

7.26

7.27

7.28

7.29

7.30

231

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

freferfad & O goieh O § S ST Seiehl <1 A TRl Sl €, qe ddqels 6
faferan o Il o Hiell S HEA 9gdl € I uedl © 91 FHE @l €2

(%) PCIl, (g = PClL, (g) +Cl, (g
(@) CaO(s) +CO, (g) = CaCO,(s)
(1) 3Fe (s) +4H,0 (g = Fe,0O, (s) + 4H, (g

frefafad § 9 3@ 9gM W SiA-wH © sfafward gufed erfi? @8 «ff «ard f <=
e w W Afafmar e = wdig feen § wfagm grf?

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

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

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

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

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

Frreferfea erfafewan o fog 1024K W 9 feeriss 1.6 % 10° 21

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

7fg HBr & 10.0 bar Hiersd s # et S, @ @+ 74 & 1024K R 9 <[«
1 i)

et Soarendt srfafeman o SaR iffiehivl gRI SReRe S 19 Wiehfas 19 9
T H S e

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

(F) ST afufshan o fee K 1 s fafem

(@) K, o srfufhan s 1 g W H9eT fohg gehr gefed e, At
@) <« ¥e e S

(i) T e A S

(i) 3OR® T fohan ST

T 2H,(g) + CO (g) = CH,OH (g) R J9a a5t~
(%) H, foem ®

(@) CH,OH frem ®

() CO®H W

(%) CH,OH®H W

473K R HEFRY YeranEe PCL % famed o fag K, &1 9 8.3 x10%71 7z fawe
39 WIS WY, df PCL (@) = PCL, (¢) + Cl, (g) AH° = 124.0 kJ mol’
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7.31

7.32

7.33

7.34

7.35

7.36

7.37

7.38
7.39

7.40

7.41

7.42
7.43

e fagm

(%) @fafs=n & fau K 1 =foe fafan)

(@) wdra sAfAfsan o g @9 a9 W K 1 7F &0 8mm?

(M Ak (i) 3R stk PCL et ST, (i) <@ I ST 0 (i) @ agrE
SMQ, A KW 9HE em?

TR fafe & oo eegioH w1 Wiehfdeh 19 9 Ui HeH whi S=9 g i 99 o fha
T AT S 2 Y gRfaret sAffer § wer e § CO e H, st 81 gER 0% W yem
o H 9 drelt CO R stfua s o stfafwman St 2

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

Ifg 400°C R Afaferan ot § CO T 99 1 GHHR {201 39 YR foran s fom
Pco=Pu,0=4.0bar, H, %l G W i1 T 1 g2 400°C WK = 10.1

Farst fo frefafad § 9 fem sfafrn 9 sifyenel ta saml 1 wisa g9ad srf—
(F) Cl, (9 = 2Cl(g) K, =5 x107

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

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

25°C W 1A 30, (g) = 20, (9) & T K &1 71 2.0 X 10-50%| At arg
25°C @ W O, %! H=Ewe TEdl 1.6 X102, @ O, |igdl 1 22

CO(g) + 3H,(g) = CH,(g) + H,0(g) sfufsran s foret vk o 1300K W
TR § §1 389 CO % 0.3 Hid, H, % 0.01 Hid, H,0 % 0.02 e T CH, &I
T W B fKu T q R sfufrn o faw K 1 7E 3.90 B fasm ¥ CH, 1 A
T HifST

G ST &TR T 1 7 o1 €2 Frefafea wiefis & fore gt stret/aiR s
HNO,, CN-, HCIO, F -, OH", CO? WS>

frefafed & 9 o 9 9 o 87

H,0, BF,, H* T8 NH;

fretfefad see<erwl o foe St el o o fafee-

HF, H,SO, T8 HCO,

FRLRERH NH,, NH, 721 HCOO™ & Tt anat farfam—

Tiefist H,0, HCO;, HSO, @2 NH,, F~2%3T T2 &Reh—2H! o1 +ifd SR i
&1 A% o G 3T qe &N sy

frefafad et Fi e 3T T &aRE | aifiehd Sitse a2l Farsy o 3 ffd TR
TE STA-4h o HEM FE i ©— (F) OH (@) F- (1) H* (%) BCl,

T O3 U9 % T § SRS 3P HI Gigdl 3.8 x 10° M §1 U1 pH ufehferd
IS

foReh o TH T ®T pH, 3.76 T, TTH TGS SEF K1 Higdl F1G i)

HF, HCOOH @2l HCN %1 298K W 3T feerieh 1: 6.8 X 104, 1.8 X 10472
4.8 x 10921 375 GTd G &l o A e T Fifsw)
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7.44

7.45

7.46

7.47

7.48

7.49

7.50

7.51
7.52

7.53

7.54

7.55

7.56

7.57

7.58

T 1 ST feeiw 1.0 X 1071021 0.05M iHiet o foera o HiAiele 3= i
igd den 0.01M Hifedq wiHe foeem o 39k 9 i |11 F1d el

H,S 1 92/ 32 feeish 9.1 x 10481 39 0. 1M faee o HS- 3Tl &1 wigan
T UM HIFSC qen Farsy fF afs a9 0.1 M HCI ft 3ufterd 81, @ wigd fhd TR
woifed Bl AfE H,S =1 fgdta foriism feeisr 1.2 x 1071321, @ Hewigs S* Al
1 S feefadl o Aigar i ToE i)

uffeen a1t w1 3 fEerish 1.74 x 10581 38 0.05 M faemr # fadier 1w,
THIee 3TF Wigdl qen pH &1 IReha &ifs)

0.01M shTeife 31 (HA) o faer@ &1 pH, 4.15 €| $Hoh UEH &1 Figdl, 37
&1 e feeier @ pK A qehferd shifsa)

ot foris Ard gY frefafed fafesmi o pH @ st

(%) 0.003 M HCI (@) 0.005M NaOH
(71)  0.002 M HBr (¥) 0.002 M KOH
frfafaa faeemt o pH A Hifsu—

(%) 27™ TIOH %! vial # Hierat 2 forex foreraa ammn sy

(@) 0.3 7™ Ca(OH), %! il | sietht 500 mL ferers s s

() 0.3 7™ NaOH %! S/ | et 200 mL faerm ammen sy

() 13.6 MHCl & 1mL &l a1 ¥ T ik gl e | feaer fepan sy
FICHifee S Y ST 1 AE 0.132 ¥10. 1M 37 T pH a2 pK 1 7 J1d
HifST|

0.005M %€M (C H, NO,) faer it pH 9.95 81 3! 1o feerish 7 Hifsw

18721

0.001M THeAH foer &1 pH a1 €2 Tl ol 1@ feeries aroft 7.7 9 & Fehd
E1 Seh W 3T 1 ST el Wi Site)

I 0.05M THifed 37 & pK_ *1 AH 4.74 T, T 3T 1 761 9@ i) afg
T8 (31) 0.01M (3) 0.1M HCI faem ¥ 2ren S, at fo=ise &t 7 f7d gar
goferd et 22

TEARIE THA o1 A fe® 5.4 X 10481 39 0.02M foerd &1 e+ &1 951
I T SifSY| 9fE T% faeas NaOH 9fd 0.1M 8 df SEAIfe THH &1 Jfase
AT A B

freferfea Sifaer saf, f58 pH f& 7 2, &1 emeisH e wigar ufehfora sifa—
(%) YHa 9 59, 6.83 (@) M9 IR T4, 1.2
(1) ¥Fg TR, 7.38 (%) ¥Ma @R, 6.4

T, I, TAR T, 19 ™ T2 31 &1 FHl & pH &1 94 HA: 6.8, 5.0, 4.2,
2.2 1 7.8 &1 Y% o HId H* 3MFH shi Higal F1d 1o

298K W 0.561 g, KOH el ¥ S T 9« 200 mL T =1 & pH, drefyrm,
BRI AUl BIZGIeRdel I 1 Higad id ity

298K W Sr(OH), forerar =1 forerar 19.23 g/L 21 wifrem qen eregifre s
Higdl d1 fae=H 1 pH F1d &S]
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7.59

7.60

7.61

7.62

7.63

7.64

7.65

7.66

7.67

7.68

7.69

7.70

7.71

7.72

7.73

WOIgeh 3T 1 ST FEerish 1.32 X 105 81 0.05M 31 e o 31 i o1
de pH 91 &ifsiw) Afs foeea § 0.01 M HCI fHarn ST af 36 ST &t A6
@ Hifsa|

I TEfe o7 (HCNO) & 0.1M o= &t pH, 2.34 =1, @ 3771 o Ao feerish
QAT 3TFAA I A A1 HIfST)

e A2 3T 1 A TEetieh 4.5 x 1047, @l 0.04M Hifeas e faee =i
pH TN Seris 1 /A F1d il

7fg. dfedan gEge FaNEe & 0.02M foe@@ %1 pH 3.44 B, @ T &
A feerier a wifw)

Frefafad oo o Seit foeemt o SIEH, STelia qe §E H i YR hifsu—
NaCl, KBr, NaCN, NH,NO,, NaNO, @1 KF

FARITE R 3Tt 1 MFH TR 1.35 x 10881 0.1M 1= @2 39k 0.1M
Hifezm e i pH F1d Hifs)

310K W STt 1 3@ OAHA 2.7 X 10-142| g6l a9shd W S St &1 pH
A hiferg)

foretferfad fasoi %1 pH TR Hifo—

(%) 0.2M Ca(OH), &I 10 mL + % 0.1M HCI &1 25 mL

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

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

faeer e, Afem wHe, BiE TEgFIRES, o FANES qu HRE sTere faeem
T ARt 7.9 ¥ U MU foerar qoAee femid &t werEd 9 faerar 9 sifse qen
Y% AT 1 Hiowdl o A Hifea)

Ag,CrO, q AgBr =1 faera orthel feertis A 1.1 x 10712921 5.0 X 10°'3
21 ST Ggw fIo@E w1 HioRdl %1 S 1 Hiferu)

I 0.002M FisdEm Hifead STRiee a2 FHh FiNe foerad o THH ST i e
ST, <l A1 R AT h1 AL EFN7 (FIW e o UK =7.4 x 10°)
Sl 3Tt k1 A feRik 6.46 x 1091 faeer S=iee &1 K 2.5 x 10712
21 3.19 pH et T faera™ & faear stz </et &1 qoil § fara1 71 et grm?
ThE Gethe 1 HifeqH HewhiEs o FHACR (ol i At Higdl SdiEt St 396k

TE A fHaM W ST Tohize Sfaeifdd | Bl (3TERA HowiEs o fau
K =6.3%x10"8)

sp
| U HfcaaH Gethe o1 SieH o faw 9 § w8 fohda STerda STol ol STrerashal B2
(hfeqam gethe & fag K =9.1x 109)
0.1M HCI ¥ eEeisH Gehize ¥ Hqw fae@q &1 @igar 1.0 x 10 M 21 afg zH
faer &1 10 mL fr=fafed 0.04M fae@a & 5 mL S e, ot fo faeemt 9@
a8 W<l em? FeSO,, MnCl,, ZnCl,, T CdCl,.
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