HIETIEIT
EQUILIBRIUM

ELE

sﬂwéﬁwﬂa’—réﬁaﬁw-

ifqer Tel TEEe gfsraneti | |
1 TIfder Yehia 1 T8 TWeh;
A T TS gfwaE % a
qe T o Afeeror il eAfaeTe
T Gohl;

fedt < W erfuferar & faw @
feeier =oisten forg Tah;

K, Td K o HeA HaY i e
'H’OFTPI; '

sffafsren i TTEETEEen i yeifed
FHae TaIfs Rehl ki AR &
HH;

SR, FRES-TI Ta o5 HRomsti
oF MR T IS ki 3T 3TeqaT &l
T Tfihd T Hohil;

T deT &R o AMed i Sawe
ITeh I feerisi o ®9 H
Hehl;

YA ST AT THATIA 1 Tigal
T 3T T | T TR i =
_Oh_{l:lﬁw_‘sl;

BIEgISM 3T 1 HIeR ixdl 1 pH
Thdl o B9 § auF Y FehT;

A oF 3T TS SHeh] o 9T &
& w9 H el i H1 avi #R
TR

S o e AR (K,) qe
pK,, ¥ fa%= T weh;
WWT%W@TWW
Qa

EGEE] TS feieh ST TTOFT T

Tkl |

11084CHO7

3 e Td FaieRviia yfwaret ¥ wHEtie 9 gewyt
3R — EAR WhEl ¥ W@l 9 O, o Uiere ol ferwor §
0, 3T T ETHFCIfa o He | i Toh e et 21 55
YR CO 3T q SHielfed o He " CO i fasmean 1
EAURC GG

o ot &g U H Uk o afoaa g @, $ed st Sl
Al 3T0] S i T 9157 e B ¥l S § q 3 i o
3] 59 hI TdE T THUFT OF WowT § 59 Jrowen § qifed &
S 21 39 YRR 5ol e o o HeA Ueh TSl T Tfyd &l Sl
2, Toreer afomesy g9 1 Hde W U Hiy=d arq-g Sl gl
R S S T AT YR B ST €, T S H - G el
7 3R ofd § foRr = S €1 T feufa & g9 #ed ® f e
(System) ® e TIfUa B TE €1 Tl g wre wifas el
2 T 59 H Has W 59 TS o o S IAF (HAHT B Bl
21 39 Yo HrEIEE W o i < -5 o a¥e gl S 2l
79 39 YehR <9I S @

H,0 (59) = H,0 (3r™)

el < o1ef A 59 W i gwid € Tk g fagmeti ® wfward
- B & qN ATA(HH] 6 IcE] o Trerereen W A Hi
“grer Tagror’ wed 2| Hifdes THAl qen TEEte sttafwae et
o greEreeen a8 Gehdl B A9l 1 dig s1eren HE e
IHHT THa T g gRfkfa w e w5 21 s fer 9
W UF 9 UH ¥ fafEaed A L % AR a9 ©, d ST
iga -+ wH it Sl € el Sl i HiKal sl @l 8
forq o W9 TTEIG A d SATHTHTR] o WiEo § SR 7 € S
o WEU | I qiedq siar 81 e feufq o frem o Tifaes wm
(Dynamic Equilibrium) Tonfaq B S % q«n 3 TH RREDI]
afafwanel 1 X TuE B ST €1 TEH RO 3@ Syerwen H
arfufeman-fagor o Sufeerq fafim w2l & Gigor o g aladq &l
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B 1 39 MUR W foh Wreeen Yged aeh TRt
aAfafrar qof & =t €, T et sifafmee
5 freffas 49 @l § aigd fme T
() W uuE § o srfafmand ot ¥, St erme qof
Bl Sl & qe SATafwTen] S |igal T0g © Sl
2 o afufrwet § @ stfufwael w1 wiga
3 B Sl © foh SR ThEr g g
e e 8 ur @l
(i) feda wqe o o erfufpand et €, e a
FY AN H SR o4 © qel ErEerEel W
stfferarehl o1 Stfirerar W sTaftafdd & S 21
(i) g TE S erfafsmnet i @ e €, foe
srfufsraenl Td IR HT Wigar @R o
o A B
Qe W I fore e ae gof gt @
IE IUHT UEifer afifterfa SH—stfufweel @
Higdl, 919 &nfe) W ¥R St €1 S qen yEnmen
o uftarem afifeafa™l (Operational Conditions) T
TRdfi el (Optimize) F3 9gd Wewyol Bl €,
qIfeh AreATaE 1 gehta Shesd Icg i e H Eh
39 Theh § B9 ifaes qen TuEfie YHa o 9 &
F© Hew@qUl TR & - g faedd |
Al & T, Y sTafie WTE #Ed ©, & A
Tftafea w3
6.1 Hifeer Ushul W Qe
Aifrer TRl oh e g wrerereen o fordt e
o ATTALTON 1 oS! TE THLA ST Fehell | HToreeq
®AOT YA (Phase Transformation Processes)

7o gfafsd ST §1 3o
T

=
?a:\ﬁ'{?
W — T

6.1.1 SH-g QTETIEAT

quiEq U+ (Insulated) oFH Fores § @ 9% To
e (I A gU T v | @ usied v uiee §
o 1 fafa =2 i ®) 273 K 9o agweea
T W G J e 1 98 e ek safycreron
1 9 ¢ T9 F8T 3Ed € foF Tmg o - 9

R IEIRCRIE]

T STl o SAHHI ol ShIE THede T8l Bdl € aef
fror &1 8, Tg ArereEe WiiE TE ¢ 9% T v
o e reft ot dier wfafsward it 1 e el o 3]
It G THTH SHY GHIET 81 S € a1 9% & 5
] 5 WErEq | Wl W €1 9% U 5ot o goIHEt
" i gfteda &t g ®, i Ser-eropen 1 9t
Y S | TGO i T T 5 | I H TR0
F1 R 273 K AR Tk AgHCA 6 R SR Bl 2

e T € fop otk Ud Sl oherer TeRdl fareiy
Td @ W & TR § g9 §) agHeed || uw
Tt 915 vaTd o fog @ @, aw 3 1E ga
Yoot |rerewen ¥ gkl €, Uil R ‘AR
Terieh ' AT “ATeh TEWieh’ Tgenrdr g1 7 e e
o T heel Aig-|l € Uiafdd eIl 81 39 YRR T8
frerm Tfaer wremeen § gl Bl sHe frefated
frerd o B © -
@) =F foeh wfwand @e-we B 2
() T fHAT T < W B §) TEd 9% U S
1 g fer @ 2

6.1.2 FAd-dI™q HETEAT

39 qF i Efafad gam o6 weag 9 gEen o
Tohdl €1 Th U AR 1 Aferent, Tem o o) &
(BEfER) , i Tk i (AN W) o UREIH di
Y g 30 2 o | wh A" T a1 i few o
fsiclia hicoem FamEe (A1 HEhRE Yersiiomss)
ST STeAYITeh @] i 1 a1g i hw T
@A Sl &1 39 U9 SeAvitsh shi aed e
forn S 1 9o b1 Th W% Qe SEH SerEted
Teh o T (A1 Ut i91) okt 3 @ fEEn S 2
TR 1 @ W Al = § o e qwa uve
THHT < ST H IR - dear @ @R afdd: fer
Bl Sl €, i s W <@ ued ded © iR f
feer 81 ST @1 a9 Yo | ford e et b S ot
%9 8 W (FoT 6.1) | YR ® st § et =&
Bt € 1 S T B Wehell €, T ST STl w1 SToA
B TEE g # Sel-S7u[el o Sge o Ul
AT-<[e 9 Sl ©, qel SToI 2 i <L e &t 2
T o HU-T1 T 1 ghg-gL | HH e @ 2
e HE T B Sl @ GAre-aroee T8l e 2
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ot few o W@

forT 6.1: o) @19 W ST &1 Greqiaee &7 arsq-57e J797

T a9 7, o S9-Sid <ot ok syopel ot we
et steeen o o ol €, dH-a9 THig erewen o
el ok STU[STT hi FA-3Towell H WO i ST AR
Ty gH d% dedt Tl Bl s
AR T ; 0 i W ——  HET &l &L
H,O () —— H,0 (™)

HreeEe § Sel-STust g 3cad <d fRdt R
a9 R R TEdl €, 39 el 1 | o1oY <, (A1 5
1 AOI-S) FHEd &1 Fd F1 AH-IE qT ok G
w5l 81 A T TN Aol Ueshigiel, UEEH qo e
o 11 ST S, A e Yferd e € foF 3ok @
arq-gre fafq=1 B4 €1 eTveiied S=a a1 gre el
59 Afesh aomiicl g1 € T ST FEUHIR FH
2T 2l

I d ara-Tar ¥ UHeF, Tford Uehield ud
S H Y& & 1 mL SRS H Goll @1 ST a2l
T YA I TH WY FW F A A o fae-fe
ST o T1YT <@ T o &8 I8 Ui foh 37 qeft
AR § o 1 ol arodfiehRer € S €1 qof ST <6
HHA (i) & k1 opld, (i) & Sk AT QAT (i) A9 T
3R e B1 W9 99 T *i GgHed § gt W@l
STl €1 At A Wi S Al feeRr et ®, W 9re %
U] HW o W A H el A 1 d: org 9
S~ | Ferd i S 91 HT Y FH Bl 2
Tk RUTHEEY Gt 59 o1fud &1 S @1 9 T
ol TRt 1 S0 71 Got e | wreeen
TG B G e 2

o U § Sl U Sl U agHSd <E
(1.013 bar) @1 100°C M W &= fefa o 2|
1.013 bar <@ T Sel &1 WH F9LAH 100°C 2

fodt 5 %@ & foau ww agHed™ @ (1.013
bar) W 38 aM, R 59 T& arod qrmeeen ¥ g,
‘5 1 W FIUAIE FHEA 8l g T AR
AgEEAE @ W IR T 81 98 TIE o S
() T «ft F1eRK e 21 Sk ST W g
FASAER T B

6.1.3 BME-aT ATEATIET

319 &9 T Rl W R w31, Sel 3| arsy stawen
o Fedufad B €1 9 g9 ST *i T &% I o
@, Al B YHY I U HH GTF Y 9 S ©
qN THY o -G 1 kT o § gfg B 71wy
FD TG YT T 1 e TEer e St €1 59 feufd
o greEeeen wiftd g Wi €1 e 3 e
FEAIfd BIehY SATAE o At & qe T
T &9 H 9ar S Hehdl © —
I, (BE) —1, (™)
TH YHN o G % 3T SR B
FR (M) — HR (™)
NH,Cl (3¥) —— NH,CI (ar%)

6.4 ¥ | B9 7Y T wi oAV
wae 9=

at ¥ 3|

T I IWE U I8 W4 @ TR R T o w6
Fafe=ra amn | 9= are W 9o A =i i U Wi
e & ot 81 A1 39 3w ar W =i R = s
3R Y ST R, o <l o Teoreeet g = s Tt
A W fRu T foerm o At ik stfves oo 9 oo
Hoh, @ TH foe@e &1 ‘Egw foed, (Saturated)
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Fed 2 faoia 1 faomar am ® felk =t 31 "qw
foeram o e1upstl st 3 STa¥en wd foor o faoram o
gl o <t TIfen SreETeE @l 2l

= (faea) —— = (39)

qoI T o,

= o g hi J = A ok fREed & R

feanifoeadrad ==t %1 Te@d 9 SR
el WTE 1 Mok Yehtd b1 Tag feman o 21 AfE
2 feaAfaRadé (Non-radioactive) == o e
foeram o feamfaead goa = &1 = A6 e <,
T FS 9T 9% Y M foeed @ I =, e
IR o AeAmdfoead Jaa =t o6 1] @i o, fhg
GrTeee i Tfaeh Yehia o HRUT AeAfraags
wd fednfreaaEa =i o stued @1 fafem <=
WrerEensi | € B1 gHfery Yeanfe e Yeanfeadarsm
<1 UL T ST T qeh dgal Edl €, S qoh I8
T fer 9m 9% T wga <
gal ¥ T
ST GreT-a1el 1 sidel @ieft St 8, 7e SOH Seft g2
Hre SEAlHEEe T k1 hw HE1 oSl @ SR
e ot 21 =t S R St | e emsiiEe
1 fir foretaan o HRor T e 21 feer A e g
W TG & sifae et U 59 | go v o s
reATeEen T @l {1 Sqeioned -

Co, (™) — co, (faemm #)

IE el B o FEEER 81 fgeh oan,
“ferelt a0 WX €T U TE WO o Taemae § gelt
% @ = aen faemas &% S | % T@ %
HUTUTEr Bt 817 99 S o WO-H I8 "
et S €1 CO, 79 I We-aeX &1 siqa o s
T W Hee) fh B T @ R W & a5 e
310 5 o oo B W €1 59 € siiael @iedt S 2
99 & Siqel o 59 H1 Gdg W @ =R FH &SIl
2, T 5ot o et g e SRstieEs et
= e T@ W TS GHEEEAl Sl 3R SR
B B A G- #1 39 dddl F B 99 9%
T H ol Big & S, dl s@d @ o 9l g
Frerer st

€ T ®9 9§ HEl S Hehal € -

R IEIRCRIE]

() 3 = 3, e & fou SREeSE @ W
(1.013 bar) Tk & 9 (Teris) U@ el 8,
SRR S grereend o St 71 afg iy 9
o &1 fafga 9 @, @ S wrawensti o
gom TeeRr B 2

() o = Za, gk & foau fedt ffyea am
W ara-gre feer g 2

(i) ¥ H 39 HI Formeiera o foe fwdt ffrea
a9 W g § o w1 faear fifvea g R

(v) %9 § 9 ® foaoa g9 % SW W % 9«
(W|iar) o FHEA Bl 2
7 el &1 | RO 6.1 § fan w R -

ARt 6.1 wifaer wrETaRen @t %o fagant

LEL] el
= e @9 | p,, fer
H,0 () = H,0 (9 = 2

3 = 5a feer g W e v
H,0 (s) = H,0 () B 2

fao@ (3m) = faea | faoem o faoia =1 @isan
(faer) | ffvea am w feer gt 2

=+ (3) = =
(fererr)

T (9 = T (aq)

[T (aq)1/ [T ()]
fHfy=d a9 W feer g 2
[CO, (ag)l/[CO, (g)]
ffy=d a9 W feer g 2

Wifereh UehHl H IR o QIH
IR Gt )

CO, (g) = CO, (ag)

6.1.5

I fifder ghH § et Frehra-grerae o 9rEe

srfrerero fFrefafaa 8

@ fAfea am R aa o 6™ (Closed System)
o & grereE gae 2

(i) Qe WA faRe sfufmand swer 9 @
Bt &1 g Tiferen, fohg Tl erareen Bt )

(i) T o Wt T @ qo-ee feem g

(v) Sa frdt wdifde ged o Gremeeen g 8
St €, o WRO 6.1 | ot "eel W 9 fwe
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HIETTET

T w1 A fft=ea am w fer g i
HreTerEe 1 9E9H

v) forelt ot 992 27 wfvE o1 A9 9e <wiar © T
e a9 UEeH o ud difqw gwd fRE
g a% ST §g gH 2

6.2 THEAeR WehHl H ATRTET-TTfdeh

=
Ig Tl & o S gl @ R a1 e o % 9
el TErEfTe etfafwand fdqa: arerereen i feafa o
TEd St Bl 3 erfafmard o eifim qen weltg feme
o U= Bl Gehdl 8| ST M T gdrg sfatwane w1
< M B S E, @ AR qe 3R] Wi wigand
feer wdt B1 TE THEME GE w1 EE B T
Tifaer TreTaen 31 stfufwman (fad sifvers e
¥ aeet W §) qen vy sifafEa (e sk g
Al Rer | 9ecl W €) W Tt 3cae et 21 3d
e o fau en feafafea soraeia eifafsan w
faam X (a7 6.2)-

A+B=C+D

T Sad o 1Y SIfUeReRl (A 99T B) I
Higdl Tt € 991 SR (C 94 D) 1 =2 el 2
3 AR T <X Hed S © SR T st
1 T gl Sl ¢ heresy Teh Ut feerfd et €,
e T safafemael i < gHH e St @1 UE feafa
o frepr o wrerae Tt B Sl 81 e} SRy
C AU D o o= AR Suept off WIed ohi ST Hehall
21 A § 9 foredt off foen @ 59 wreEerEen w1 9o
IR A+B=C+D I C+D=A+B

C YAl D

Ed —>

A Y9l B

I —> "R

faT 6.2 : TOEfTE QrEEEeT 1 9
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geR-fafy g/ emmifen o gyemor o qEEts
ISR 1 7ok Gehid ol ST S Fehall 1 BTaX
A 3=9 1 q < W SEAESH q SEeTEgSH i
fafysr /@ amenet o e sAfafswen wuee fafm
ST T STHIFAT T AT TN HTl TR SMUR |
3= fafsran § 99 SEARSeT qe1 SREEgee &
Higal 9 w1 53 6.4, (U5 173) <u0iar @ 6w
ffvaa o o 9’ F9 ARl o 9w W ot
ST T W0 WS THE01 o1 Heed 9@l & Bl Bl
a7 o Heed H1 TEXal 59 a1 1 Tohd It © TR
e Tfd 81 ME 21 Afufwa & i wehta
i T ok faU ST 1 ST 3% Smld-shie
YRR aRfeafaal (IE o1 3@ w@ @9 ), fhg
H, QﬁWD2 (Deuterium) AR fomar T H, =
D, o WY AR T T HEAEE | FAN
gereTenen  AfafwEa-fugor g eia 2, fHq
sAfafsran-fasor # H, T NH, o ®H W 5% D,
TS ND, HIE Td ¢ SR fhd g o 9%
T fagor (S99 H,, N, NH, @1 D,, N,, ND, &
%) i TE ¥ e o T9a o fou Big 3 2
o 4 39 g &1 foveluu S W gl e @ 6
I 1 Tiga et @t 8l

BTeliteh STd 39 s 61 faveivor semm SR
(Mass Spectrometer) s foman S %, qar wﬁ
egeifawge fafv st &1 (NH,, NH,D, NHD,
Tl ND,) T <S58l 39 (H,, HD @ D,) 1T
S &1 39 T8 TTehd fsherar @ foh @remereen & g
off frrgror o e1fim we wdig stfufswand e ®e & SR
S H H a1 D WS 1 AR (Scram-
bling) BTl TEdl &1 W= Tt eF & oI5 af%
fafsran T & St 2, 9 39 YRR w1 fasor g
BT 99a & 2l

AT o HYAu § gHLefie (Deuterium)
o WA W 98 I e ® foh q@rte sifutmanen &
Tk e TIfUT g W ST T Foq sififErsi
F1 0 GHFA gt & 991 59e [0 & qeed q B
gurEl gRadT Tl gidr 2

qregTerEer I fReneT §RI wenfud i S wehdl
T, 9 H,(@) T N,(g) 1 Sfufhan HTh NH,(g)
W i ST A1 NH,(g) 1 fefsied st N,(g) T
H,(g) W< =1 ST
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R IEIRCRIE]

e ArETEReT-BEl & fau e wEm

“fifeter = THETTR SAfAfwaet § qrETeEen %1 i gHwn i gl €1 Aedrifaea gnetinl % w3 gh
TH A4 1 WS foha ST ehe 21 forq forlt feremera =1 wamTemen @ 3@ WERE e Ga 6l ¢ Frefetaa
TN Yok 39 A4 i 5-6 TINEE ok GHE i ST ¥ fa@rEn S gewdr € —

100 mL & ¥ 7194 faferet (99 1 den 2 fa@n 81) T 30 cm @t = &1 < Aferar itferg) Fferat s
G 1A HHH B EWehdl © A1 STH 3§ 5 mm a% (9l B Fehdl &1 HIae faferet-1 o e W | A
el (el H Wi WHTHE 1 T e STetsht TiF Sel aM1d) WX € e Tafeet-2 i wrelt W@ 2
faferet-1 ® s oft qon faferet-2 & To 7eft wod 21 faferet-1 ol 7ot & Hudt fox i felt @ o wY
TH s e TR § W T S i faferet-2 § orel| faferet-2 § W@ el 1 i sid g SE IR
faferet-2 ¥ fafeet-1 ¥ o wmiaia i 39 YR M1 At &1 geEa 9 fAfas-1 9 fafae-2 §
faferet-2 9 faferet-1 o Ui STa IR-9) q9 e TMiaRd i 21 e qeh < Tafaed § TiF Stel &1 &)
THE & S

I 37 3 fafered # T foeem &1 TIMIaT T § 38R o &, @ 34 fafaed o OiF Sa o6 ¥R ¥ o
g gRecq 7l gl AR 37 & fafaed ® i Sa o &R 61 0 HHw: ISRl Ud SRl o gl & ¥
o 2@ q e e Whd © T T UiHa 39 UisHa 1 Tiaeh Wi w1 S st @, S TiF STt o1 & <rft
BH W S et 81 A T8 36w i fafw sderelt < Ao wt weEd 9 e, 9 89 <@ fh e
T fafersdl o Ui Siet o =R foa i) 37 <1 fafered & Ti STat o &R o i@ fam = 1 Afeal o SR
B B

(=) (@)

ferT 6.3 7fae QrErEEer 71 9597 (F) GRIYE 3Taeey (@) 3ifaH s7aeer
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R digar —>

SRS (3TYHhRH)

ST SR

Hq —>

ferT 6.4: 37f4fsha1 N,y(g) + 3H,(g) = 2NH,(g) &1
GrEeree 1 &9
N,(g) + 3H,(g) = 2NH,(g)
2NH,(g) = N,(g) + 3H,(g)
38 YR BH AffhA H,(g) + L(g) = 2HI(g)
W fo=m {1 AfE &0 H, T 1, o SUe-aiel e
qigur 9§ sttt & &, @ eAfaferen sifim feen o
SRR BRTT| H,, TS 1, 1 Wigdl %° 89 @l € T& HI
T Gl Sg o, Sfe qeh Areeee wnfad | 8l
ST (fo 6.5) 1 3R &H HI § Y& 3 TAfwan =1
foqdia fen & g9 2, A1 HI &1 Wisal 49 8F o
qql H, TS 1, ! Higdl 99 T 9gdl @M S qh
HreTerEer Tfd 9 ' S (e 6.5)1

vy —> HIEATET € HHY

fag 6.5: Ho(g) + 1,(g) = 2HI(g) 1w  Tarfa
qreEee] fhl ot fovn @ wenfyd 8 gwar 2

173

g ffv=d sTEaT & H T 1 o A0S &
Fd d@ g8l B, @ A% 89 Ys Ifawusl 9
Affsra & F, A YE SORI W T8 qrEe
o1 ye e 2

6.3 VA AIETEET Rl Tag aqar
gt fedie
e § ARl Td Al o fHsn & ure
g’ wEd B e o 39 WM H 9 fHo %
Teed & Hay § 3 Y W g9 faeER S T
= fasgor | Afiereni e SRl i Wsded | o
ooy 27 YRIWeh Higareli ¥ 9 Wigdied s oy
foman S wehdl 27 @ fHHO o Hued ® kA 9
FR UREfdd F Tohd 22 StEfiw gfe o suEnt
TR S — (H,, NH, T2 CaO) & WY & fag
METFH Il 1 TR w8 T s 22
T UE & SW o foau g9 fr=fafea amm=
IRty s1fyfsran W fomm =3 -
A+B=C+D
7Tl 39 Hdfed TR § A 9o B Afuahne
T C @ D IS & 3 Schavil sifafsmanet o
R S1eFe oF SR W Afe oh THIEARl hel
ﬁ'ﬁﬂ'ﬂﬁ?m Wﬁ (Cato Maximillian Guldberg)
Ea“ﬁaaﬁ (Peter Waage) #mmmﬁuﬁmﬁa
e fo fedt fago 4 gigaen =t f=faftea
- FHRIOT GRT ST ST Hehdl &
_[c][D]
= [A][B] 6.1)
el K 9 feerish @ qe <E SR 1 AW
‘g feeie oHSTeh | hEddl 1 TH WIE-HHiEuT
F ‘g oIt T &1 fRm' (Law of Mass
Action)“ﬂ%ﬁ%l
e qe aTsl g Ufquifed Gedi ol 378! T8
W%W@WW (SealedVessel)ff731
K W T H, T 1969 1, % ot stfafwar w faer
H| 3] Afufran 1 ereaem fafm urenfies aRfeefaat
¥ 3 wam g fewan -
Hy@ + L@ = 2HIQ
1 O 1 = 2 T
Tedd =R (1,2, 3 91 4) YA § IR § 5%
T H Shad A H, T T 1, 91 Yo @
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174 WA famm
AWl 6.2 WRTWeR TE | wWOH,, I, t@ HI @& digad
I HE& STfireR |igdr /mol L WIIET U |igdr /mol L
[H2(g) ] [I2(g) ] [HI (g) ] [Hz(g) ] [I2(g) ] [HI (g) ]
1 2.4x10% | 1.38x 102 0 1.14x10° | 0.12x 107 2.52 x 107
2 2.4%x 102 | 1.68 x 1072 0 0.92x 102 | 0.20x 10? 2.96 x 107
3 2.44 x 107 | 1.98 x 102 0 0.77 x 102 | 0.31x 10> 3.34x 10"
4 2.46 x 102 | 1.76 x 102 0 092x10° | 0.22x10? 3.08 x 10
5 0 0 3.04x 10° | 0.345 x 10° | 0.345x 10> | 2.35x 10
6 0 0 758 x 102 | 0.86x 102 | 0.86x 10~ 5.86 x 10>

TEgoH U AEH o faa-fim wigo o e fan
T S GHI 918 9% 9 H HH0 oF W1 HT Ao
feer =1 M, srurfq—wreEen Tonfud B M o= |
AT (G, 5 TS 6) oheel THE HI ook IRy TR T
39 YR foada sAfufsren & wremerken wefia g3
At 6.2 § 3 WA ®: WA % Slee fau Y R
YAN-HEA 1, 2,3 T 4 W I8 2@ S el ©
foh— &Afehd H, o Al i W& = 3Af9epd I, oh Al
F H& =1 (I HI & T 1 G&)
YAN-GEA 5 A 6 H BH @A © foh—
[H, (@], = L@,
Tl R IR Reh] T Sl i isdl o
e e TYa e o folt 80 &g derernedi o fom
4 99 hd B e U T 9w e e Woed
foaR &
[HI(g)],,
[H,(9),, |[L@],
ARUT 6,3 AFAeRHGI o AT Higal-Gae S
H,(g) + L,(g8) = 2HI(g)

—— [HI(g)],, [HI@)]Z,
[Hy@)eg L@, | @) L@,
1 1840 46.4
2 1610 47.6
& 1400 46.7
4 1520 46.9
5 1970 46.4
6 790 46.4

RO 6.3 § U 7T eAfmel 1 TeEar ¥ afg g
AR RR] TH SR hl AATTEN-HISdl bl SIS
=ik § W, 9 S9 A o1 §F feR e, sfew
T g (TRt 6.3) 1 afk g0 freAfafea 9w
S

[HI@T,
[H, (@), ][L (@],
qi &9 qrdn fom wedt o, g4 | g e fer
M 241 & (S Sreht 6.3 ¥ fam@mn T €)1 9% SEn
S gl & Toh 39 o | AYRREl @ SR %
qigoi § o (Power) 1 HH & ¥, S THREfH
Afferan o TR § fod 3o THEHIR oI
‘IUW (Stoichiometric Coefficients) %I e |
TH S o WM o] Grereren s’ wEl S ©
A T K Telieh GRI S ST 81 39 VR s
H,(g) + L(g) = 2HI(g) o foTq K, 31eiq wreamereen
feomisk &1 39 ®9 § o S -
[l
< [H(@], L@,
TR W T =Tk, TigaT o UkIH ok €9 H S
eq' foran T B, o G 72 foran S 7, =it
I A W1 ¢ TR K oF ook W WiEdl 1 HH
Hreere W € 81 o7d: gH fored -

[HIQ)]
K =—r2 _
< [H©@]Le] (6.3)

(6.1)

(6.2)
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HIETTET

W ¢ 3w € fF K w1 A WE %
TG mol L' H oFek fohan ST 21

few T forddt qm W erfafwar-Sael & |iga
STFYRTERI 1 TIxdl o U 1 T ek &
Bl TH I HHA Wigdl oFdd G o fow gqferd
AR i ¥ el Td SRl o W
YIRS Tl i ITH! HIZdT o =ik o €9
o e o S 2

TH JhR Tk 9 31f4fhan aA + bB = cC +
cD & foru Trearen feris i fFr=fafaa e 9
= ffan S B

_[CF [DFf
T [AFBP

(6.4)

SAffeRan SR (C o1 D) A9 § qn Ay
(A @1 B) & H e € Ik Wigan (3gewned- [C),
[D] 3nf) &t dfera eifufeen o ooz
S T[T o Wi o &Y W o TRl Sl 2l
S— 4NH, + 50, (g) = 4NO(g) + 6H,0(g) sifafshan
& foru grepaken e # g9 3 ®9 H
F B
_[NOJ* [H,0P°
 INH,J*[O,F
fafy e1aFal (Species) 1 HR-HIEdl &l 3%
TR IS H TG S9N Sl € G 98 /AT STl
2 for 3 Grereen Qigard 81 5 qeh Sgd Sevds |
g, 99 q% \rEEe feRis % oAwe B yeEend
(3|, 59 a1 1) T faeh S €l
T WEHEdE SuE oie 9ed 39 €,
ﬁ@—w&@ﬁm@nﬁwaﬁﬁ?&ﬁm(b‘ao
tor) ¥ TN &, A FreAmeE ferisdh o fou =As
ferad w92 9% gHfv=d & =ifee i a8 =9 39
e sl ff e R

AR H,(g) + 1,(g) = 2HI(g) 6.5)
% TEEE S ] 39 THER faed -
[HIP
T HIL] (©6.6)

a1 Wit sfafsen 2HI(g) = H,(g) + 1,(g) o fog
grerereer-feeReh I a9 W 3H YRR B
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, _IH,IIL] 11
KC - [HI]Z - X Kc (67]
TH U,
1
K. = X (6.8)

IohH fafsham T wreTawen e ethim
arfufsren o wrETeren fieries & SIRT BT B
IUE Afaferan &1 39 w9 foed W

vo H,(g) + ¥ 1,(g) = Hi(g) 6.9)
TreeaEe feeies 1 7 Bh—
K.= [HI] / [H,)'?[L]'? =x/>*= K>  (6.10)

TG YHR A T THHWOT 6.5 i n T TOT FY,
dt AfafsFan nH,(@ + nl(g) = 2nHI(g) W< 3R
ql 3Heh wrerEE-feeie #1 WM Kn 'MWl S
ROl I RO 6.4 W WRIFTE e T B
WRUM 6.4 Teh HHT SRV TFIfehan o wremaedn

Teeriahl U 3ok TUTeRT | Hele
TETAeh THIRTOT TTEATERNT
Teerian
cC+dD K

aA+bB K'.=(1/K)

aA+bB
cC+dD

naA+nbB ncC + ndD

K" =KD"
T3 TE A T AT fF K 9 K, % iR
oM et B0 81 sHfeT 9 STavas © foh wr-stereen
feerier o1 WM for@d 99 Hqfad THRE FHe
1 I H
IS 6.1
500 K W N, 991 H, ¥ NH, s+ & IF
qreEraEen ¥ fmfafed argan o g8
[N,] = 1.5 x 10° M, [H,] = 3.0 X10> M Tl
[NH,] = 1.2 x10 > M. Treeeen feemier T o

Eaisiy

'
sifafshal Ny(g) + 8H,(g)  2NH,(g) & fag
g feenis 30 €9 § for@n <1 wear e—
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o [N ()]
C [N (9)][H ()]
(1.2x102)’
(1.5x107)(3.0x102)’
=0.106 x 10* = 1.06 x 10°
I 6.2
800 K W fHfhAT N,(g) + O,(g) = 2NO(g)
o fau  grereen gisad FrEfafed §-
N,=3.0 x 10°M, O, =4.2 X 10°M
A NO = 2.8 X 10°M
sAfafshan o faT K, &1 A1 @41 8rm?

&l
sifaferan o forw ar= feeris 39 yahR foran <
Hehdl B—
_ [Nop
N, ][O,]
_ (2.8x10°M )’

" (3.0x10°M)(4.2x10°M) 0622

6.4 QUTT QTEITSEAT

forelt T fema o 9+ft eifvens @ 3R @
THM Yo § B 1 S o feru— T siffaman
N,(g) + 3H,(g) = 2NH,(g) ¥ e do IR
geft T r-grereen §

THl TR

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

+ C,H,OH (aq)
qel Fed* (aq) + SCN(aq) = Fe(SCN)?* (aq)
srfferarst B |t sifaeie denm Scug WHM
faerm-wraeen & €1 o1 70 F@ Tum sifafwanet o
qreeee-ferid & ar H gei|
6.4.1 Treira TR ¥ wrEeTen feri (K)
T AT I AP Rh! T SARI oh Aol HIE0T o
®q | wree feoris & e fwea ® dun 39
T K, g <@ ¥ Wi sifafwmei & fag
AreETerE fEeieh i AT T4 o ®9 H Y w1
Aferer Gleremste 2

R IEIRCRIE]

ey NG-GHiRT0T (The-2) &1 89 39 ®9 §
S T T

pV = nRT

T

n
= —RT
P \%4

Qﬁﬂa[p)aﬁbarﬁ,ﬁﬂaﬁﬂ'mﬁtﬁ?ﬁaﬁ
T 'n' gR 3, 'V Rl faet (L) | den 99

ohfea (K) H =99 i T p=CRT(%=CJ LED

'R' %1 | 0.0831 bar L mol 'K &l 21

& n/V & 89 mol/L | =4 & &, 9l T8
W'C‘W%I 3d:

p=cRT

feer A W 7 T <1 3T WEDT & FHIIA
g %, FUq p o [9] ofa: Iod Ta9
p= [T9] RT & ®9 § 4 fomn s ¥k 2

TR § AR Hy(g) + L(g = 2HI(g)

_ [T
* K T T o (@]

(Pra)’

e Ke = (s, ) (P2 ) 6.12)
E\ﬂ%ﬁ Pu = [Hl(g)]RT Py, = [Hz (g)]RT
e p, =[1,(g)|RT
39T
w (e _ [H(T[RTT

" (p,)(p,) [Ha(8)]RT.[L (g)]RT

_ [me
M @)L@] 6.13)

ST I H K =K, & el S s
it o 9 TR €, fohg 98 T 9 7 i 2
3R & fau - sfufEa N@ + SH <=
2NH, (@) §
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K - (pNH3 )2 _ [NHs (g):|2 [RT}Z
" (py)(ps,)” [N, (g)]RT.[H, ()] (RT)’
NH @T [RIT e
[N, (g)][H, (g)]
#Fiq K, = K, (RT) € (6.14)

9 YRR T gurl g sifufwe
aA+bB = cC+dD

K. = (pc)(pdl)) _ [C]C [D]d (RT)(C+d)
’ (pi)(p;) [A]a [B]b (RT)(a+b)
= [c]’[D] (R4
[A]'[B]
= m An _ An
K, = (Al [B] (RT)™ =K, (RT) %

Tl ferd @@t FHiHO § An = [(TEE
IAES o Hiel w1 we) — (T sifafmesst o diel
F Hem)| €1 e A ¢ 6 K H T S
T T 1AM bar B WA 6T, Fifeh <@ hi
YrEIOTeR STl 1 bar 81 Ueheh | ¥ 88 T © T 1
pascal, Pa=1 Nm? d 1 bar = 10°Pal

Wé.sﬁ@awﬁﬁafmaﬁa?m&
& 7H fau T g

AR 6.5 W F© waia rfafsranst & wrreen

Teerties K o HE
arfufsran /K K,

Na(g) + 3Ha(g) = 2NH3 298 6.8 x10°

400 41

500 3.6 x10”
2502(g) + O2(g) = 2503(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
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SETEAUT 6.3
500 K W PCl,, PCl, 3R Cl, Hrmee § € qe
Tigemd HAN: 1.41 M, 1.59 M TS 1.59 M 2|
A PCl, = PCl,+ Cl, & AT K, T
T ShifTa)

'
SR rfifsren o forw Aremazen feris 39
w9 ¥ Yehe foran S Gehdl 2—

_[PcL][CL] _ (1.59)°

<= pcL] Ay P

IATE 6.4

79 aIfafewan & fU 800 K W K, =4.24 3
CO (9 + H,0 (g = CO,(g) +H, (g

800 K ® CO, W& H,, CO 2l H,0 % T

T FIEHS T A HISC, 9 IR | Haa

CO T H,O ¥ 3uferd i a2 T i Tigal

0.1 M =i

'

frefafea sifafean & foau:

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

0.1M 0.1M 0 0
g 9T
(0.1x)M (0.1x)M xM xM

&l W R CO, TTH, &1 AE x mol L 21

31q: T FEorieh o1 39 Wb foran S Hehdl 2—

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

T fgoma TRt o fat ax®+ bx + ¢ = 0,
(—biM)

2a
x= 0.848

X =
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+./(0.848)> — 4(3.24)(0.0424) /(3.24 x 2)
x=(0.848+0.4118)/ 6.48
x,=(0.848-0.4118)/6.48 = 0.067
x,=(0.848 +0.4118)/6.48 =0.194
M 0.194 1 IUL 1 ST Hehell &, T

g @ At 2l
3T WrEAEE W EEa 4 ¥
[CO,] = [H,] =x=0.067 M
[CO] = [H,0] =0.1-0.067 = 0.033 M

IR 6.5
39 W™ 2NOCl(g) = 2NO(g) + CL,(g) T
1069 K @9 W ¥ feomiss K, 1 91 3.75 x
10° €138 a9 W 3% Al o faw K
TUAT iU

k3

TH WA © R

K, = K RD"

W Afafswan o faw,
An=(2+1)-2=1
K,=3.75x10"° (0.0831 x 1069)
K,=0.033

|rETaeT ferter o AR

TrerEe K, A e ¥ |0 i mol L
H qe K, %1 7 ehrerd wHa aferh < i Pa,
kPa, bar 34T atm § e o1 ST 81 39 TR
[T feoris 1 A Figdl A1 {6 o HES T
e 21 A Qe s % 9§ Sl
I B H WMiRl o AW o sWeR el eAfafsman
H,(g) +L(g) = 2HI K, @K, ¥ [E 9mieh el
Bl N,0,(g) = 2NO, (g), K, %1 45 mol/L
T K, %1 7 bar 21

g AR TE IR I FHIOTE Taeen §
fam S at wreEmaeen feeiwt wt foaeE
(Dimensionless) 13T T 5 %d 21 SATHREH]

R IEIRCRIE]

TS SRS 1 WTEIfOTR STerRen ® Y5 9 kT g
FETE Weh bar Bl 21 38 YR 4 bar <€ WHIfv
STl o 99 § 4 bar/ 1bar=4%ﬁ'cﬂ%,5ﬁ
fommE €1 we foer o fore wmfore stareen (C,) 1
Hier e & 9o o= Wixand s&t o |rder o Ardt
St &1 wrEfieRie w1 atifehd 9 T g8 ek
T W st R 81 39 YR W WOl # K,
T K, S fomea Tferet & forg et otifeher W
ot yaIfoTeh STareen B o ROT fo 81 Wehal T

6.5 Taumr wre=TaTe

T | Al yrewen a1t feem o Tenfya areremen
1 * fervmTT Wreere’ el Sl €1 Sl & fu—ush
§% U H Sa-ard Td Sa-5d oh siE wfud
e famin g’ 2

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

T SR A TR N9 yeEEen den gud 5
wreEe 21 S TRE 319 U 3Heh Hqw foerdd & o=
Tofq Hreraen o fami dramaeen 21 Se—

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

oo Trreenst o sy IS 39 A IS
Ta 9T o €1 fawmi g (fSed gs 99 @
IS %9 B) o WEAEEA-SASE I WA IR ST
Tohdl €, Fifh g 39 Td Y5 59 H1 AR FZ0
3! A1 W AR T2 e, afew fer g 21 @
Y] H—GrIeRe W TE T&1e X T A 5 A @,
[X(s)] T [X(1)] % 9 feer € €1 39eh foada =g
X' ot e ferdt ffvera s o seerd €, @ [X(g)]
T [X(aq)] o I «ff = &1 Tel &H Th Iah 0o
TETqUl oo THATR Areee Shicdad wEe
& A ferier ® faem -

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

IR RO o 3MUR W &H forg Tend € T

K - [CaO(s)][CO,(g)]
¢ [CaCO, (s)]
< [CaCO,(s)] T8 [CaO(s)] THI fEer 1 8
S rfufsran o fou Sl Areameen feeris
K’ =[CO,(g]l (6.17)
a Kp = Pco, (6.18)
o9 T Fan € fF we fAfvsm a@ ® co,(g)
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HIETTET

i T Tiv=d Figdl a1 <6 CaO(s) qe CaCO,(s)
o Y e ¥ Edl 1 WA R W A8 udl
<o @ fF 1100 K ® CaCO,(s) T CaO (s) &
o e | SUfeed CO, 1 @ 2.0 X 10° Pa
21 gHieTy, STsk saffshan o foru, wrereeen feeris
1 HH TH ThR BHT—

K, = Pco, =2x10°Pa/10° Pa =2.00

3 YHR Fiohet, e AR T8 foha
ShTeifTel o st Tenfua faommm arareen (feha &
g H YgE) THRTT —

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

o grereen feris w1 aF 39 9 | foran S @

k- [Ni(CO)]
[col*

g = | o arereren wonfud g9 & fou g
werelf sl Sufeerfa emmavaeh @ (9ol & SRl | eiet
7), forg STeh WKW a1 I@, AreAaee —femis® o
st | T g1 o7 | feafd o 9g %9 v U
I F G- feedie oF e H A&l foran St
?1 srfafema—

Ag,O (s) + 2HNO, (aq) = 2AgNO, (aq) + H,O ()
T Hreqereen feefier 1 9F 39 ®9 | foran S g

k < [ANO]
" [HNO, P

IR 6.6
sifafsran CO, (g) + C (s) = 2CO (g), & faT
1000 K W K, %1 AM 3.0 ¥l A% uree

Pco,= 0.48 bar @9 P, = 0 bar 3 A=l I[5
UtTge Iuferd 81, @ CO 41 CO, o | W
ST 7@ eh! O Shifer)
'
30 sfafsan & fao—
Ik CO, <@ ¥ FHHT x B q—

CO, (g) + C (s) = 2CO (g
RH ¥ : 0.48 bar 0

179

i W : (0.48 —x)bar 2x bar

s,
e Pco,
K,=(2x)*/(0.48 -x) = 3
4x” = 3(0.48 - x)
4x>=1.44 -x
45> +3x-1.44=0
a=4,b=3,c=-1.44

(—b +vb? - 4ac)

2a

X =

=[-3+ (3P - 4(4)(-1.44)]"/2 x 4
=(-3+5.66)/ 8
(IfF x T A HTHS &l BT, Td: 39 °H
1 U HT A B1)
x=2.66/8=0.33
e W AR @l oh A 9 YRR BH—
P,=2x=2x0.33=0.66 bar

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

6.6 ArETERAT TeerieR oF STUANT

greeee-feris & yart W feR 3 9 e

T g9k fHfafEd Hewerul devl W e 3

%, ArEEE-feNiE w1 FeE a ST e ©,
e AR ] TH SR i Higal AT T
feer =1 Sy

T gree-faeie w1 9F Afeisl Te SR
1 gRfe TWigd W R TE e 2

T feli® &1 AF UH dqfad Tl gN e
i fwen o fo fAfvea am w fafere g
2, S 19 SEeM o WY 9€ed

¥ Ichd AfgfEa &1 wrEraen-feid  swEdt
sifuferan & GrTEen-ferie & WM #1 JohH
Bl B

T, fodl sifufsran o1 armEer-Rerid K 39 97
sifferan o wremaEen fers ¥ gatud B @
e wieRto ga sifafsran o aefientor o forsdt
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B qUIf F TOT A1 A 3 W U B L
319 TH e s o sy W fomr
FH q1 591 FAM Frfatea fogen 9 gafua gei
% IW A H FH
o TrETEE- i o URHAT FT Werar W AR
1 HHT 1 STIHM I

o fYfepan &1 <30 &1 T o TE
o TIAEEA-TIZUT i UM AT

6.6.1 ATUTHAT St AT T STTH T

qrTeEe- e 1 sfeher A stfaferan ot Him
1 T &, W T8 ST weweyul € foh e
feerier 9% &1 aqaan fob AR fhg | e
T 2K, K T I S Y s o S
B © (i Te wreEe-fenis s o A9
(Numerator) § forar sman %) qen foramerrenl &1
Tl & ZhAI Bl § (Ff T8 ik o &
(Denominator) ¥ el wdt %)I TreTae feeris
K <1 S=0 M S 1 $od Higdl &1 didsh &1 &t
TR K &1 51 99 Sl o 1 99 6l e

[ TRyl o Heed 9 dafid fHefafad ame
WWW%

I K, > 10° 31, 1 IR AR i o |
S ST AR K T A ] S, sttt
e guidr o e et @1 SreTomed-

(%) 500 K T H, T O, ! SAHfhan reameeen 8q

feelish K, =2.4 x 10"

(@) 300 KW H,(g) + Cl,(g) — 2HCI(g);
K.=4.0x 10"

(A1) 300 K™ H,(g) + Br,(g) — 2HBr(g);
K.=5.4%10"

AT K, < 107, AR &1 qa § 3R w7
2 AfE K, 1 WM o1eq €, sfafwer o stawen
A & gua eidl #1 Frefafad sseol gh 9w o @
ST B
(%) 500 K W H,0 &1 H, a1 0, H faued =

- feerish 9gd wH € K, = 4.1 x 107
(@) 298 K W N,(g) + O,(g) = 2NO(g);
K.=4.8x10°"

R IEIRCRIE]

If% K, 10° ¥ 10° ®1 WE (Range) ¥ 71 %,
ql IcUIE a2 AR SHI 1 Figdrd Faroseh Bidt
2| Frefafed Ssr | ffOR & -

(%) 700 K R H, 71 I, ¥ HI 571 R K, =57.0 &l

a:rqﬁam| K, [>?ﬂ?1ﬁﬁﬁ
sfafsrn wfeg 1(')_3 l 1(|)3 sfafsrn e gofa &t
q El 7 e

Sfehier o fRaTherh—
e W Iufrad €

ferT 6.6 K. W Af4fshar &1 GiE 1 (74 31

(@) 3 YR TH 74 A9l N,0, F1 NO, H
famea 2, forger folw 25°C WK =4.64% 107,
S @ wE TSR T S o wre Ay o
N,O, T NO, %! Higan Harwsa sl 39
A=AET o 6.7 W <@t e 2

6.6.2 ffeRar =ht faomm =1 aner
AP Te Scs] o Rt stffsen-Tagon & saffsran
w1 feom &1 9ar o § ot wrerawen feme @
IUERT fepan a1 B gHeh forw g srffemar wieet
(Reaction Quotient) 'Q' &1 TUFT &hId & | TR
feeriah &t & e sifafsran arTwRa i ot Afafsa
it foret oft fearfa o5 for oftenfia (wier wigw & @
qen s <@ | Q) foran < wera 21 Foret T
arfaferan o fog
aA+bB=cC+dD (6.19)
Q. = [CI[DI* / [AF[B]® (6.20)

A @ > K &, d Afafshan sAferienl i 3
swraRa g (foada eifafswan)

g @ < K @, @ s SRl SR
SEfRa g,

g @ = K &, @ sAfufsran fasor wrerecen
o Bl

H, & ¥ 1, % 64 sfafean = fEr
T B

H,(g) +1,(g) = 2HI(g)
700 KR K_=57.0
A ff B [H,]=0.10M, [L,], = 0.20 M
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HIETTET

SR [HI], = 0.40 M. fean

(Higd Gehd W UM t 1 qd g8 © fR
wiganet w1 Ao fRe g ¢ W) fwen T R, A fw
T W)

39 YR, ATfhal AR @ SAfufhan wi 3|
feafa & feam o 2
Q.=[HI|? / [H,], [L], =(0.40)*/ (0.10)X(0.20) =8.0

W9 @ (8.0), K_(57.0) % SR & T 37
H,(g), 1,(¢) T HI(g) 1 fasmr o ® =& 71 sifer
H,(g) 9 1(g) ket s IR aifae Hi(g) sAman
qql 3ok WK 9 Tk N, A Tk Q =K, T
S

Afafh-9mhel @, de K, o6 HMl sl ol
Fieh Afufspar-feen &1 9y w6 § syant €

9 YHR, Afufwan w1 fsem & day # ¥w
ffefiea qmm=T eRen o Wehd -
. R Q<K B, ot A ¥ T aR

IR B 21
o IR Q,>K B, @ e aAfulwEa 3@ ¥ 9% iR

arEfa et 2
. aﬁQﬁKC%‘r,aﬁzaﬁW‘w@%ﬁ%

. as?
1 5

AfFRR —> IAR AWERE R SATERE <— SR
IS Hrrewen o

o : 6.7 fifwar 7T fom &1 9ty

K

IETEATT 6.7

2A = B + C #AfAiwa o faw K, 1 AH
2x10° 2l

feu T wwg | sifufwmar-fasor 1 99T [A] =
[B] = [C] =3 x 10 M @ fuferan shi= =it faen
T eufad erm?

T

srfafsren o forg sifufsran armee Qﬁliizcl
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[A]=[B]=[C]=3x10"M
[3x10*][3x107]
= — =1
[3x107*P

3 YR Q, > K, zHfae stfafsean foada faen o
IIfad Bt 2

9.

6.6.3 AT Gigdrall skt TUET

g, @ freafafaa @ 9= 9 398 9 wE-
ug 1: Afufsran o fau ggfaa wfeo fagt
g 2 : Gaford TH o foe T Arvit oA, fore
sifafsren o wfafed e ared 1 geteg e 2.
() IR Aigar
(@) Hrereeen W SH o fou Higar | afterds 3w
(1) HrEHTEER Higdl
TR s § fhdt we Afehies i Eisdr i

x % B9 H, S GreeEe W g i qrReiid s 3K
fry erfaferen &1 EHeoida 9 3= g &t
Tl 1 x o ©Y H o Hil
TS 3: x I A L o U AT FHIHIOT H T
Higaat ! gfaeenfua s &1 Al e ot et
T HA B, @ 98 U g o, e et
a1ef =l
Ug 4 : IResfad AF & STUR W A Tigdretl i
TUAT R
US 5 : 3= A WHIHW H yiaeenfaq & 3T
o HT " R

IETEIUT 6.8

13.8 WM N,0, %! 1 L U | 7@l Sl € df 39

YRR T a2

N,O,(g) = 2NO,(g)
g T W el | 9.15 bar ™ T,
ql K, K, 9T e R S <16 it 10

Hifsu|

'
&9 WA € o pV = nRT
el A (V)= 1 L
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SUER (N,O0), =92 g

oAl =13.8g/92 g
=0.15
-feei® (R) = 0.083 bar L @' K
a9 =400 K
pV = nRT

px1 faX =0.15 9@ x (0.083 bar L
mol ' K') x 400 K

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

| W (4.98 —x) bar  2x bar
#d: W= R p = Pr,o, T Pro,
9.15 = (4.98 - x) + 2x
9.15=4.98 + x

x=9.15-4.98 = 4.17 bar
HETeR T AT T,

Pn,o, = 4.98-4.17 = 0.81bar
Pro, =2X=2X4.17 = 8.34 bar

K, = (pNo2 )2 /pzv2o4
=(8.34)°/0.81 = 85.87
K, =K/RD"

85.87 = K (0.083 x 400)"

K,=2.586=2.6

SETEAW 6.9

380 K W 3.00 HId PCL, %! 1 L s 5 H 1@l
ST B AT W AT 1 oA [ hifsg
Ik K, =1.80 ®I

ESl
PCl, = PCl, + Cl,

TRIH 3.0 0
T ST PCI, a?srﬁmﬁaﬁﬁxmmﬁaﬁa

B B e
H¥ W (3x) X X

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

R IEIRCRIE]

1.8=x"/(3-%)
x’+1.8x-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=1.41M
[PCL] = [CL] =x=1.59 M

6.7 WTHETEEAT TETeh K, STTfehdm
WNTReT g AT iTest ol ¢ W Haer

foreht stfafsren o6 fofq K o1 A sAffsman &1 et
R et T HE 21 S TR oMY ThE-6 § UE IF
g, 9% SAtAfRaT B SNTaRT, foied: fiee et o
e W R e 2

I AG RUTHS §, qd AR Lo Weifda
T S @ den 3w e # wuw ' @)

I AG ©FATHE §, 7o AfafRan Tord: Fafdd e
BIT| SHehT SIS UeiTd STTAfsha 8 AG F0TcHe BRI
ard: o1 Afuferen & Sag eifvres o ufafda =t
S

AR AG A B, sifafshan areeren &
FHaf|

T SN T2 i e 39 GHI0T | i
M Fd B

AG =AG® + RT InQ 6.21)

SR AGe A TiTes Sstl 2

Rl WS AG=0 de @ = K, @, @
THRIOT (6.21) 39 YHR 8-

AG =AG® +RTIn K=0 (K o ®H WK Hd

&)
AG® = - RTInK 6.22)
InK = - AG® / RT
T SR faery] TR T -
K=e 2G°/RT 6.23)

37d: TR 6.23 T STANT H, AGS o TSI o
w9 o afsha ot o Wi o1 S ST Hehdl 8—
afE AG® < 0l, A -AG"/RT ¥HIHS BT 37d:
e-26° 51 B H K> 1 RN, ST SAffehan st wa e
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HIETTET

! <l € steen o fgen ® 3@ dim a% et @
S8 for 3 snfye ® a4

I AG® > 0 &, @ -AG°/RT FHUMHE BRI
3M: o-4G°/RT o1, BH W K< 1 BFM 1 Afafsran
1 ereaqyafdal <wiar & a erfufwen em fgem o
39 #m 9 T ¥, e SR =Eaw W
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1 STERIFA 81 IENE— N, T2 H, § ST &
GOl o BTeX WA H Ui uRkfeefae w1 =
Ireqe H 1k 9 ¥ Hewyul 1 fava o smifE @6
Tiffer S 100 fafaaw = 21 5@ = S9am
ST o &9 H B 2

wregreree feerish K 9Rfwes Hisaet o fsfe 72

IR 6,10

TAEHIAEGE H TR o HICHREAE %
fTT AG® &1 9 13.8 kJ mol! 21 298 K T
K, %1 91 91 H

'
AG® =13.8kJ mol” =13.8x 10° J mol™
AG® = -RT InK,
In K,=-13.8 x 10°J/mol
(8.31 Jmol 'K ' x 298 K)
In K_ = - 5.569
KC — e—5.569

K ,=3.81x10°

30T 6,11
Thid o STA-3UE W Tk SN HeR
frefafad sfafean o rgER firerar 2—

THE + H,0 = THE + Hr™
300 K W ifafshan & foau amamawen feeris
K, 2% 10" 21 300 K W AG® & HMF &1 UM

EalE

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

Sl ©1 WY A TRt Rt e H st
71 3El H 9 TRt T o giger § giied foer S,
Al Frena o wrereen Y @ Ul @ qen e srtafsman
T q9 dF Bl @l g, 99 qk @ § g
e TIftd F B S| e WrEeEe I ard
1 Y9TE TF 3l 1 foaetadr & 9) H gH e € 98
I 21 79 9% ot 3@ gk € for a9 1 ufeds R
TR el 81 7 ot =@ s gk @ fom e am W
afg Afaferan o wraeTen-feeris &1 7 Ad & a
fordt arfrer wigor 9 39 sAfufsran o sAfvehenl o
S| o ArEEE] § W01 1 UM h1 ST Hehdl 2
el d for e af qreereen ekl &1 a™ &% qie
e & o 9@ @, @ A= ke T er-vmafen
fagia &1 9ss 9 uiifeufaal o 9fieda 9 wmamEeen
R YT YATE o 9R H UM TR 89 9 )
Tehdl T 39 TG o ER fandt frerra ot Aremrawen
uitftafaat @ fruifta e wRel ("JigoT,
TE U a™) H A fredt ¥ off ufitads g9 W
TrETEEeT 39 fEen W o et 1 feew e
T ST T WATE hW STaT HHIW & || I8
of “fiferer T TEEfTE GreEEEene ¥ n] e 21 Uk
g fagor & TEed & uidfdd & o fau sHE
FHRF] FT ST R S Tha B

frafafea Swesl § &9 GrEeen W 9ig,
T@, A9 TS I o 96 R =R -
6.8.,1 WigaAT-UNad™ ahl WHTS

6.8 AN Rl YUTfad o= AT ek

TEEE GYAUY % Y@ Sevdl § 9 Uk U € TR
=AqH el o o9 °oh WY AR F1 AR H
sAftreram afterds @1, e @1 23— Sa|l &
srfereray @ifsyr a9 qen <@ ot ey aRfefaa o gl
I WEn &l e ®, af gt gRftufad § aReds

= o fedt sifaerer/seas &t sifafswan o

et =1 fepe @ gremeEen gRefda et €,

TS STAM ‘A-VIdfere, fagia’ o STER W eI

S Hehdl -

o IFYFHRSH/IAR HI A § Higal W 9 TG Hl
FH w & fau st 339 feem &t 3R SRR
Bt T, ifeh e T aared k1 SUET 7wk
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o ANYFHRFH/IE o e ¥ |igal W Ia1e
A H ok fore Afaferan 39 fem 1 3R 3R
Tt € dfer stfaferan 9 faeeret T el w7 gfd
B oh 3T WISl B
“Sta Tt erffsran o sifaehrenl = SRl o 9

et T 1 o TR S W aed i S ©,

qr areraen s o Fued | 39 YR uiddd e

2 for Wigor URerd o HROT TSHaTell G9E A el

I B S
T, H,(g) + L(g) = 2HI(g) e = fomm

| A ArEERe W sttt fAgm | ae 9 H,

T Sl WIu, A GeEewen % YA A o foag

sAfuferan 3@ foen o s 2rlt i o H, suwifie

1 ateifq oIk eIt H, wS 1, T X HI forfem

HOM qA 3fda: GAreeen IR (Afm) foen o

foeenfya st (o= 6.8)1 I8 @n-vidfa o fagid

o ITTEY ¢ T STER SIfwRH/3dR & A

feorfa o 2 rarwen wenfya grit ey siferRen/3aR

T Higdl 3Hh AN HH o THA 9 H7 q1 ga {g

g sifys BT =fRU

— U bl o
[H.]
[L.]
[HI]
| AT |HA
W e
H, S ™

fas 6.8 H,(g)+L(g)=2HIg) sifvfmar 7
qreaee] | H, & S/ad T ATHRe! Ta 3l &
Tz § gRepd

R IEIRCRIE]

frAfafed sfafhan arhd o STYR W ot 84

oot e W S wed B
Q.= [HIP/ [H,IL,]

If% TR R H, faermn S #, @ (H,] Sga
¢ ofRQ, 1AM K_ ¥ %H & S €1 zufere sifafwman
T (1) foen 1 3R § SRR et T e [H,] qen
[1,] e & SR [HI] 79 7 9l €, 56 7% Q_ =K,
q T WU A T8 AreEEn fud 7 8 S|
TN TohAl § SR 1 STl HLAT AfhaT o7
Heerqul Biel €1 St e W S i et
T T s 2, 4 sifaferan, <t qof gu faem wremeren
R g T 2, [ Afm K § wor o #1 S
IR W HIE 79 8 A1 arediehd gF oren aeied @,
Al I R ST HE S B B SEIE o
fenfirer Fafo o sTifEr S geeRtor w3 o, 39
e Y foran smar @ foed eifufwan sifim feen o
it @t 1 TH THR CaCO, ¥ CaO S 9o &
1 T TewE Ah 3, % st Fre § gt
CO, ! TR ekl AAffsmar qof %3 St 21 7
1S T e foh I AR g2rd e | Q_ =l JH
K, ¥ oY %H o @ ¢, o sifufsran sifm faen
H gt Tt T

Higdl hl UATE-Teh W&

9 frafafaa eifufeer g W@ fea
Thel T

Fe® (aq)+ SCN™ (aq) = [Fe(SCN)F* (aq)

et TR el e

_ [Fe(SCN)[* (aq)
¢ [Fe‘°’+(aq)][SCN (aq]
T TEet | A=A (111) g foeta™ &1 1mL
QERE I I (O AN B | DI | AR I D A [ E T
WA ! foet W foer 1 1 ol 8 S @, S
[Fe(SCN)]>* S+ o U BIdl €| Hrererse i
B T 1T T e fEer 81 Sl 81 SR ies =1 Serg
! Afaferan St greeEen W e 9 qreraen i
M a1 ot femeti § s1ot sesruR fazenfua &
Thd Bl [Fe*]/[SCN] Al 1 FH wE oel
fienrent =t faram w wr= fauda feen o fowenfua
F Thd B St 3 (H, C, O,), Fe?*

2 2 4

(6.25)
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HIETTET

AP | foha teh el Hgpel A [Fe(C,0,),1*
T €1 31: okl Fed* 39 1 Tigal A & Sl 2|
A-Mfere. fogid o STER Fed* ¥ &l TH 9
I Al Ia6 i [Fe(SCN)]? o faais gr1 Fe
At 1 gfd F) gad foRan ST 21 < [Fe (SCN)J>*
T Higdl Tt €, 27d: ol W1 1 il 4 g St
81 Sl HgCl, faam st e 1 Y e w4
It 21

Fifeh Hg?* 38, SCN- 3Tl oh |l aafaferan
F TR Hpa A [Hg (SCN),|2 oA &1 o
SCN- 3Tl i Tl FHHIT [6.24] § | 1 91
T € A SCN- I 1 gfd 2q Foreenfua et 21
WY erErEEe fHet T SCN- w1 Higul g Sl
B ord: gHfery Qe o f&en o (I |WE) 95
Sl € e T o W1 i el 9g Wl 2l

6.8.2 SA-URSdT ohT TS

el et srfafran o eaa aReds g <« oo
Y IS H1 AG YuIfad Bt 21 F€ qff i @, S«
sfferan o1 <o ol THEE e | T
AT o Al w1 G qo TE Scarel o Al
1 G o fa=rar gidt 81 favmit | W e-smdtere
fagia, & Y & W 3 Td FAl R IE F
IREdT 1 U T ST Hehdl B R SrE/ES A
A (e Higan) <6 W e 72 e 21 Frefate
arfaferan 5
CO(g) + 3H,(g) CH, (g) + H,0(g)

e sAfsRtl (CO + 3H,) & =R Hidl § I
(CH, + H,0) % & Hidl o | SWiaq sifafsran §
e g =t e v a9 ) s o
faferer o W@ I@ S HR ST qa ITAT i
3T Y TS T 39 YRR AR e SAg
AT A T SHeh Hora®y 3eh1 K0 d8a T
B 37e T wreEen § TE © T 2| -9
fagia, om wer sfafwan fog fken & S =
Hrereree T el §, SHHT Idl o S Gl
21 <IfF <9 T B T ], o1 W o fen
(foras el 1 Hen e /@ %Y Bl 8) H S
Bl 21 (89 STd € for <@ 719 o el 1 " &
TEU B ®) | 39 IR wed Q_ g wHE
S Hehdl Bl SW & M WIS oA i eAfatma o

185

[CO, [H,], [CH,] W& [H,O] fshanfverieni st Hreereen
& WK H TR B T v eAfafwan fagor w6
ST T T @ e 7, o ek eniferen <@ T
g0 S e 9§ o1 g AR ke 1 A
IR 1 AT HH @t W T Fehd B
_(2[CH,](2[H,0) _ 4 [CH,]H,0] K,
° 2[COPEe[H,])F 16 [COH,] 4
Ik Q, <K, ¥, 3Td: ifafwan s feen & smeR wid
2l C(s)+ CO,(g) 2CO(g) fafwman & v <«
e Sl € et fauda (an sehw) fgen °
Bt B, it 3w fagn o Al 1 G ¥@e S 2

6.8.3 3TfeRT T & AT T YT

Ife e feer ed ® 3R uw afma T (SE-
A S srfaferan § w78 ot 7, 61 fremd ® @
e rafiafda war 81 e fer o W stfwa
g e W srfaferan § 9 oF o gl %1 Her
Higdretl s1eren < § i uftedd Tl g 81 Afufwman
qThel W GRede shael qft g @ S THers T 1=
sfferan & 9 o9 a9 iR a1 S gl

6.8.4 dA-URadT hl THTS

ST 4t I A 3§ aRedd oh R 9 gisdn
faeed it €, ad wr fagor 1 Geed uiEfda e
2, i sifafshan wmThet (Q) HreeEen feerie (K)
o SR Tl T urdl, Wfhd 5@ argehd H ufede gt
7, TreEeRen feori® (K) 1 WM 9fEfdd & S 2
T dsH R ferie &t fasdar ifufswen & AH
& fag W Fit =t @
o FEmiEdt ATl (AH FOMCHS) T FreATaEen
feerieh AIHH & g W Sl B
o ot AfUfEAT (AH HFTHSE) T GrEATIR
femish QMU o W W Sl @
qUshH H Rad greraeen feeris ud sAfafsman
o o § qfiedd o 2l
Frefafad sifafshan o STTER ST 1 e
N, (g) + 3H,(g) 2NH,(g);
AH=-92.38 kJ mol™
TH SHIEdl WehH B ‘ei-vimartee fagia’ o
3TER, AU dg- T Gr=qeeen a8 fon o wHm=aia
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Bl ST © TS ST Y HreETeren |igdl % 8 S
21 37 Al |, FH qI9HY S H1 3= At
T S ©, wifeh i ®9 § fush a ag
W st 1 i e 81 S 2, o S i
o fon s =

AT hT YU - Teh TN

NO, 8 (&) &1 N,0, 4 H fga@ (Dimerization)
=1 srfuferan oF gRT Qe W ATd 1 9E YIE
e T Heha 2

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

() (TEH)

g HNO, ¥ dfd &1 HieM rasi 87 NO, 14
TAR A € 91 3H U TehTEeelt S Werdl § 5ml
At < AT § 3ehaal i B 1 SHI W §
Tt dadl G9H gHT A1fel 376 WeeRe (araldit)
1 FEE H TEFC o RN (stopper) i T] T
2 Tl 250mL F dF fHT TR FAW: 1,2 TH 3
affend hed €1 e A, 1 i Teqer il fA90 (Freezing
mmture)'@wzf.2aﬁwa?mw@@
ST A, 3 1 A (363K) 5l ¥ R Q| 57 1
AT W S A, 2 | T Sl €, 99 19 o R
1 1 dierd Tk THE @ St €1 %I % a9 Al
I o 8 - 10 T2 a9 WEHfedl &1 W@ & 9% 39
TTRTeTet T el &l el . 1 o Sd | aen
THN @A I ST 7. 3 % 5o | A@n) Afafma
! fEen W a9 =1 g9 39 w@ ° fata e
GHdl g1 FH A9 W AFT 9. 1 H S 3w
IffeHan g1 N,O, I i Tefie fewdt § T NO,
F FH T S HRO QR T FT o St €, Tofn
L . 3 H S=9 A9 W Scohd fufshan i aisie
ot 2, S NO, sa1 1 URomHa: R AT
GECIC A G

]

feraerr fagmo HR & I (363 K) W
T ST (298 K)
(270 K) TSI
ferT 6.9 : a7fufewar 2NO,(g) = N,O,(Q) I Greraer
W A9 H g9

R IEIRCRIE]

TEIEE] W A9 T Y96 Toh GO eI
sfufren @ ff T9en ST Sl B
Co(H,0)% (ag)+4CI'!(aq) = CoCl% (aq)+6H,0(1)
sl T e
FH F Y W [CoCl,|* o HRU HEaee
frasror =1 < <fren @1 S @1 5 30w fasor §
3T fehan S S 7, @ fAsn 1 9 [Co(H,0) >

HROT T[A 81 ST 2

6.8.5 SAUTh T THTT

S TRl oF SRl H IREdE o Sl
ST T A IUCTS hIaTh AR oh AT 9@l
1 B 1 T Teh & HeRH- T | TS Al 30 e
et stfufsmaneti o AT o we <l €, e e
o1 qRafdd TEi Hall SEReb T TS Jad A9fhan o
o GfFav et &1 GEE TR § %8 &Y <l e
IARE AU wd g9 Afuferen fagor W anErewen
e ol qiEfda Tl il B1 98 Gl Gt §
1 wreee s i § Yehe e Bl 2

NH, o T8ZSH Td 2o d ffor w fa=m
F, S TH AT oAt i © 39y SR
el Hictl 1 G ARTRNH] o Hich ¥ FH Bl 2
HreeEe feei® qushH & 9gM 4 HZdl 21 %9 a9
TR SARfERET ST Sl § TS WreEreeel W g § ety
% WHE ol ®, Sefeh =4 a¥ W R & R
G Bt ], Wy Afed w9 2l 2

S TETER Wi BTeR A <9I § R e Sake
=1 Sufeerfa o sfafsran Haroeres <0 9 Bidt 8, st
NH, T STl Higdl Haoereh gt g1 Sk S
o HicH 1 G ATTHRS] o Al &1 & ° FH
21 oT: NH, 1 SWRA T4 Fght e ffen o
Tehal &

NH, o | 3 A9 Td & Hi STIperan
uRferfael 500°C W& 200 TRHEHA T Bl 2l

3 YR, Hueh fafyr R HewRe v o
frmfor o

2S0,(g) + O, (g) = 2S0,(g); K_= 1.7 x 10%°

qreaEen feemis o IRumm oF STER SAfqfshan

1 T gl B8 S =fey, g SO, ® SO, H
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HIETTET

iRt wgd it R @ B B wifeTd st
TEHfen T=iEE (V,0) SaRE 1 Sufefq o
Afafran o HTRT &G S 2

e afx feet sifaferan & armaeen fems
T TH KBTI HH SN B, a1 ITH IOh 9gd HH
TEE T Uwl 2

6.9 Tae= § st wrETaRT

T &1 e | Aigar qRadq o 99@ arel 76T o
o Frafafea e 9 & Hueh § o B
Fe (aq) + SCN™(aq) = [Fe(SCN)** (aq)
& 75l 79 37 W w1 e S| I7 wafated © R
=t o el forerm § e am varfed 7@ 2 8,
Safeh Tl § GER 99 (Sifedd FanEs) e
W THY fog ¥R 1 e ST € T Sav ki Wi
G o Y faeraA 1 =reiehd ded! ¢ sl e
7 qerel i AT T AeTRdl &7 o STHR W I
o | arfiehd fhan— Tk ot o usred Selta faeraa |
T ¥ wenfed & &, 3 foregd s1osea’ e 2,
Seifer TR S UET TEl I, SEd I T HEAd
F1 e A fagd TUeAl Bl YA Yoo Ue el oEd
Ayl o aifiehd ATl ool Sgd eeed S H
T g o ol ®9 @ et B €, Seifeh
Tdd geed oiferh ®Y @ eafid wid R
TR -Hifean FREe o wied faeaq | =

187

®Y Y Gfegd A9 T8 FNES 3 9T S| ©,
et Udifes ov § THRe o UE wESfd
P EId 81 ST R € § foh Hifeaq wiEe &
AT 100% ST Bl €, Selfeh GHifesh 3, st
g, foregq-3TTered 8, 5% & 1afd el 21 78 e
® f& gda fogq stoeedl o sml qon s
ULl o HeA T LNfUd Bl ¥1 39 YehR 1 91,
s Sefta faerm § 31e Ut S ®, sTafer |
HECAT & 3T, &N T 0 A T o o
A od B1 3 Yeel 1o oot Sgd STuEAl 1 aie
RN L B

6.10 3T, &Ik TS 0T

3TRA, &0 e Ae01 Yehid § oAT9eh %9 ¥ 9T S 2|
ST g 9=R 9 (1.2-1.5 L) ® =nfaa g
21 7€ Ur=H Uikl ok fae sifa sevaes 81 fater
A oogd THifesh o ¢l fig T WR o W H
fafew 11 wd whifde 3T AN gHEN § TR
3T U Sl 2| SR 3T @R H W B €,
aﬁ?WAcidus@W‘@g’WWWW
B 2, Freent a1 @ @ee et il ferend &l o
F A € q1 D urget U tfufsma wieh SgEEgeH
I Hd E1 SH YRR e el ferend i HAen
Fd € 90 W] A hed I el # @ g 2
&R 1 Teh HIH=T S0 FUS o 1 del 2, S

IS 1 9 oS o I Teh EifHd e ofel 9RaR | g3 ol 14 99 1 39 ° 9% T <91
fSieg@t (Book binder) & I&l %9 HI@H ol S8 3= 37 fohdmel %l U *i g2 § & of|
St fSieg a7 dear onl arees gt 9 (Davy) 1 YAl 98 §F T 9Ol 9
1813-1814 W IS ek 1Y HEIEIY i ABT W =l Y| G a1 o SR o SH 0T o e
U ARl o ek § MY SR Sk el | wgd W@l T 1825 W St o o1E o T
HEAM gATRIensi (Royal Institute Laboratories) o 331 o+ e ©9 1833 | o WA
I o §¥H Bl =M (First Fullerian Professor) sH| i€ &1 Ygell Hewqul AT G
Hrd-fageror A | ol T 1821 o 9] ST AfusheR e o ud e qen 37 Sgd
s fagrdl 9 wafud o) 3= & foari o omuR W ‘enyfe & fagia’ 1 gfqaed gam w1834 ° S
foregq e1oerea @ wefua 3 faml &1 @S %1 HUE T 980 & 370 Td <A UHid & Al o S=id gl g
1 o G FRR R 5 o geft Sefek foamel @ R @1 o TN STohel 1Y hIAT UGS H 9| I Feft off G
T&l T =i fagm &1 fie-fim 9l 9 7@ (Disseminated) T, 98 39 g1 aa1 &M | YR
1 TS Yeoish YhaR o T shi AU GiHferd @ | Hival oh Tem-eh giaerd’ fome W e forem s
% 0 & W 91| SR S 450 SR e YT R

(1791-1867)
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YT ok ToTT Yot 2iaT €1 Sal 377 TS &iReh hi Wel
I W firerd €, il o oo eifafmar % o ofe
Td &1 @l o F WHRT IR WiieqH FANES,
AT Hethe, Hifeaw Agee anfe B Eifssm wiEs
(WYRTT ) TR WISH 1 Th q&4 ¥ §, S
TESAh 3T TS difedd SRS & fovan °
W B §1 A8 S oreen § urn war €, e
YFERTT TfeTq qon FOTaRa FANES FF A9 |
faudia emafer wiefia & w7 feor Sga srwdo &
HROT o o1 ofd €1 < AT o Ted fEer Sd ot
Heqq o WeEdI® o SJehHdl Bl §1 Sl
Trfses et 2, fesh wWoedie 80 21 39 YR
S Hifeam FANES F S § =il S, 79 S
o e feord dEd STeRYT 9t 80 o YU W el &
S 2, foed o1 faer o 9o &9 9 70T L 2
Y S-S o WY ST gieh] ok 8 S B

]
oY _©O
o9 RO
09 o
0 cr vO
6® G}k o\ a (%)
\’( cl D Né" - O
00 Cl g
Q cr
. @ o
(‘®° o @oé
O N - oo
C O O O o (\
Yoo

fora 6.10 i o Gifeaw FaRiEe &1 faaie Na'© @er CU
ST YA STeT-377] & T ST glehY Tt
gl 5 &

SA H TRESEING TR o SAIAA i qol
THifes o7 o A ¥ % W B4 9 el § 6
TP eree e 4 gl w9 @ @t g €, W
tHifesr o TR B9 9 (<5%) & S i 2
I 1 A ek HEA SUfRed S ol wmed qen
AFAl & SerEeH &1 OE R AR w5 2ol o
formiret qen e a5 fa-fa steff o ygea fohe S
® 2| foo & oM, S ST&! S sEeen § o)
faomM ®d ®, % Sa § YUFH 1 GiHA i
oo’ wed ¢ (STRETY-wifead FANEe), SEth

R IEIRCRIE]

AT T Ui €, Form s o1 foerm & Zea
AT F 3o €1 AT 70 T I UGT ki STdeRa
FH Y H

6.10.1 3TFA AT ek hi INTTIAH LUTT-
RFEE o fagiadEr o 9 e €, S 5o |
FuEfed BT BESISH 3EA HY , 2 ¢ qe & o

(aq)
e €, W eeeifeNa T OH, <A €1 39 TR
T H Tk 3 HX o1 3T fefafad gison o
T ot w & g W fRan ST HeRar 2

HX (aq) - H'(aq) + X (aq)
9 HX (aq)+H,0(L) - H,0"(aq) + X (aq)

T G Wi, H* eTcafus fRamia e 2
W ®9 9 Sy oo | soe sifaa 78 2
I5 foqae 9@ o] & SIS W dfud BT
freia ffrdt seeifee o, HO® I @
(dfd @)1 B H'(aq) @M H,0*(aq) I I &
SeEied gEgeT 3TEF, St widt Tufetl § o gam
TH WA §, o ®9 F YA H 91 ©1 39 A H
TH "WHRUE: H'(ag) I H,0'(aq) I Adezad o
TN | TG 31 ot ged 2

Tl YR MOH Hg¥d fohdl &leh 1 319 it

EIESIET Ua ZESied &

(3™ =10""3cm) B W& Sa 310] W e foreq &=
B o %R WE i Tel-319] R YT I THTh!
gl § fhe Th % WY geRt H,O 3@ 1 W
wiiefsr 1 g AT (STRTNE-H,0°Cl) ¥ 3™
e § UEEE T g1 Seld faed 9 g
3T Rt @ Sterefer giet HoO;, H O W& H O
Ty TS WA €1 e WehR eregiioel S
SIS Bleh g U Sfeft H,0,", H.O,
ame;aaT&aﬂm%l

AcH-
AHH N
oy \ &
& % A

¥ R

HO
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INFIE &1 S Wied # IqEen & e go o 9 1884 H I Il

@i sRf7Fd

(1859-1927)

fovafoame ¥ fagq sToeea faeas &t arershaistl W ¥NY U (Thesis) T&d TRl
3TTE 5 I q%h SR 9gd AT i qT I F I HH W T T 1895 H I T4
Tt wienem favafaamem & difdet & o= 18 W fge e T o 1897 ¥ 1902
T o 3T X ot W1 H 1905 W 7T Tog % o WLIHEH oh Aeict T o ifh!
WA & 9 U8 W &M & ©| 3 HE a6 qo (-6 faee W wM &
W1 1899 | S=IH Th WHIH, Sl SN WHIA: ARG GHishiol, sheeldl §, o
STYR R AIfRaT-3X T a9 W A+ =1 9o fwam

3= w3 & § &M fHAn qfen WA (Immuno Chemistry), s&lie fa=m
(Cosmology), SfieF &1 Jid (Origin In Life) de1 %ﬂ—gﬁ o R (Cause Of Ice Age) Tl &5 H SR
el AMEE @I o TH vom =t o, =i ‘7T SeE yae’ &l a8 A <o S9! foee il '

1 Ao RERR e

1903 H foRyq-eTaeredt oh foeed o fagid T WA fom oF fosha o s9e! STAifita W 3= WA foe

faorm # frafafea oieon & oar e
Bl 8-
MOH(aq) - M*(aq) + OH™ (aq)

TESifaa A ot Srefa faeem 5 Seifsa
9 9 Edl ? (S @) | Wy SRTE T 31— e
YN W1 3 SN 2| TE had gl o Sl
oo ® & on] it ?1 e emifTEn S ueret ok
&R TN R T T R url €, foe st
e &l R
6.10.2 AT R A TS TR
9T WS SR 9=2] (1874-1936) a1 31U
WEAT 99 TH. @l (1874-1936) F 3Tl wd
! 1 T AfIH vk IR < TRt
fagia o TR o wsred, 5t faerem o e HY A |
e €, o € qen o usied, S foerEd 9 gie v
TR HE H W €, &N B

Heq H TR WeHaIl dul gRek Wed uel
&l

T&l ¥ NH, & H,0 ¥ foeem o 33 ™
foar =Y, fo frafafea e o <ot T 2,

T ol €
[ Vo ]
NH,(aq) + H,00) == NH, (ag) + OH (aq)
& 3T g o WA &R
I—Fﬁ?ﬁ gaagT

L 2

g STl w1 Suferfa o wRUT &
foerem o1 B1 STis sifafean o Sot Wed < @
qe ST WRE ®) sefeT 3 wEE: SRS
3TFA AT &Nk hed €| SR ATafha § WieH NH
¥ OH &l WIMIART Bl €1 Tl NH; =% 370t Td
OH -3 &TN& &1 % % €1 H,0 Td OH 3efel
NH; TS NH, T 37 3R &R o 7, St hAw:
T Y1 o1 Sufeerfa = stafeurfa ok o g fae
€, BT oTRA- ek I FHEATd ¢ 39 YR H,0
%1 FGTH RF OH € T &R NH,, 1 HIH 37
NH! 21 9% 523 370 Yol & ot Sqeh1 Gt e
T T qen Al SRR et qeA 7, o THRT W
&R eIl T T £ 3 ARG 9 e € o T
3 H Uk Snfafier Wi 21 € a0 Y ST &R
o U WeH %W e 2l

T U eRSENG T o 3T IR0 W
fa=m %Y1 HCI (aq), H,0 317 %! Y12 <o 31 61
wifq T H,0 & 1 wifd R F3 2

|—1;ﬁzﬁé’cn%1

HCl(aq) + H,0 ) = H30+ (ag) + Cl-[aq)
g o 9T &R

R &h
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I FHIHTOT § <@ S Fehel © TR Sl off
Tl HLT &1 56 Sl HCL 9§ e[ U807 & ©, q
H,O* Tfefist &1 fmfor grar 21 87d: Cl- 31@F HCl
A k1 G AR & TH HCL, CI &R 1 G
ST €1 36 THR, H,0 ot H,0" 3T 1 §FHI &k
Ts H,0, H,0 &N& I T 37 2

g U=k 924 ® T et T 317 A1 U &R
F e e iRt WA 21 HCl o Ty sAfafwan
T S g1 1 e FaRN Hdl ©, Safh AT
Y el TR T 3 F1 A Ha8R L ol

SETEATT 6.12
frefafed g==T oTll % T Tl ame
22

HF, H,SO, @1 HCO;
&
YO o HETH SRl W TH W HH T
=EW 37d: T HIH &k %AW F, HSO,
dem HCO; €l
IS0 6.13
FLT HRHI NH,, NH, T HCOO™ o fam
T FRT o fafen)
&
T T o U e hi STUET Th W
ST BT =1feU| 3Td: Wq HH ST HAST:
NH,, NH,, 99 HCOOH |
ST 6.14
H,O, HCO;, HSO, @@ NH, F==5sTe qe
TR GRH-IH THR T HTH R Tehdl & Tk
% o @ gl s e awes fafeu)
Kyl

S frefafad aroft § fean T 2
H,0 H,0" OH
HCO, H,CO, cor
HSO, H,SO, S02”
NH NH, NH,

3 4 2

R IEIRCRIE]

6.10.3 T3H 3T T &Rk

SHUA. TR A T 1923 H 37 Rl ‘TG AITHUTEL
AT ek Rl ‘Folag GHETAT o T § TR
feram STef do &Rl 1 999 ], RS- & el
59 &N ° &3 faeiy @ T 2, ik A &
fogial e THE SorERT I @ €, WY 959
a1 fagia & SR, 98d 9 U@ wered o e ®,
S e & €1 W g9 a1 BF, %1 NH, 9
rfuferan sqen s fafiiie See 81 36 YR Heiried
TS O hT FH A BF, A& NH, o ®9
ToRaT T ITHT ThTeh! Seiae JTH Teht T 1 A
#8178 eIfufwan w1 fefafea e g
WSt e S TR &

BF, + :NH, »>BF,:NH,

TeF &% TR, S — AICL, Co®*, Mg?*
MG T58 ot &1 i aeR HI €, SHfw H,0,
NH,, OH Tfiefist Sl Ush SeioRiq T8 A L Hehell
2, 729 & H1 & IR Ll B

IS 6.15
frfafed #i oge Tl qe &Rl | afiehd
FHIFT iR FaET fF 3 T =EER =i 0 87
(%) HO (@) F (M) H (¥) BCl,
&
() Hfeh BT 3F Th o5 &R ¢,
3Td: I8 TelF I TH F Gohdl B
(@) dfeh WIS A T §RE 7, o:
IE AN gorded 9 § 9 fordl T @1 IH
FT HHAl 2

(M) dfer 9 oY T B, oFd: eEeiedd
AP T TIANES ST, S8— &l
TR I o Wl 2

(%) =t SRH TEFIRES BCl, 59 3 ¢,
3T : STHITAT AT 3THI T[T TS eTeh
¥ TS I o T 2

6.11 3T TS &Iehl ol AT
AfIHTR AR e Sforh ATl Sieftg wead
¥ B B 3% THE o foU SfEE i g &
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STER 3Tl TS &Nehl oh AFA i o= Saam
B TR S (HCIO,) BIEgieriliah 31 (HCL),
TREHIHS 3Tt (HBr) TRSRTASH: et (HI), e
= (HNO,) T Hewfish 3= (H,SO,) 31 31
‘geet’ Tl &, Fifeh T SIelid mrean | gd S
T AT Ui foRifS gieh Fieieman o §AE HrE
T 21 H TR T eEgeEEe (LIOH), Hifead
TSRS (NaOH), WR™H eTESEE (KOH),
HifsTam TEgiEe (CsOH) U afTd BIEgiRIEe
Ba (OH),, STeiTd Hieqq | Hq 31! | @9 qoid:
@i gl H,0 em OH #1%F < ¥ emfaw
fagia o AR, ¥ Yod &R €, Fifw 3 qeam o
Tofd: @i g1t wHer: OH- 3T IeH i 2
fashega: 3Tt a1 &R 1 9L oTrell Td &Rl oh
FRIAR Fagia oF STER HIq1 ST Hehal €1 39oh
IER, ‘Yae 3T’ | A U 3TH YR’ U
Yool &Neh ¥ aeqd SO Wi wEl’ 2

TFA 3T HA o 3TF-&R fadisq 99 W
foaR &i—

HA(aq) + H,0(l) = H,;0"(aq) + A (eq)

S gR W STl W 4R

e 6.10.2 ¥ T <@l foh oA (A &RF)
fodism wr= U Weld o oW ud gdg fewm o
T & gkl Teh TTicieh ST 1 37 8 U9 Sl
& for afe @ e ©, A1 9w o @i e faen
o SRR BIM? $H YA HLare Wk o hiA q
22 ¢ U o SW <A & fow w9 fagse 9= o
gftafera < eTdl (A wRehi) & Tmed &1 g F
o} o foar {1 Sie afvia st fadiee o= §
3ufeerd §1 el HA T H,0* W fa=r & &4 =7
@A B TR T 9 -9 Yael e 21 WeH
3 & fEwt o ygfa o= 9 erfuss BhM, 9% ‘ued
3T’ FHEATWN T | Toel T i fom o SR
B S, 9K HA, H,0* ¥ Wil 37t @, 1 HA Wei
TE HOW, HO* & foea g7 &9 9 A W
H,O* 3T 2| 9 a0l o7 T8 &R 1 faem
ST Bl ©, T WaeT 3T Walel A Rl WiEH
2 &

THh IER, Yool 31 STt § qutd: STt e
21 ROMH R oTcd gt 3R, 1eiq Wt Trel ok

191

T IRk T et B §1 el TR i TReAlh
I HCIO,, BESEING 3 HCl, SRS
371 HBr, BEgISASH 317 HI, Efeh 37 HNO,,
Rl 3 H,S0, 3fE Yl twll o W
& ClO;, CI, Br-, I, NO; 3 &, St H,O 9
Atk g &R ¢ SE YR T e &R, 3T
@ ot M, FEfE TE A v, 8- HA 1]
Sufterd @ e 37 (HNO,), BRSRee 31
(HF) W& Tfafed 37 (CH,COOH) FdlshTcsh geict
T B| TE A A W@ A © o ged ol oh
Gl Rk Ad Jeel B0 1SS ok fau, NH-
,» O% T H- 3TH TRl 81 31: H,0 ¥ 37d Jaet
gRe B fEAmgerei, sieEde =1 ofg S o
faeta s Aifien gefar ol shi Wifd S8R w
g1 T 3 (HIn) 991 §ge &R (In) To=1 @@
Lk
HIn (aq) + H,0(1) = H,0"(aq) + In" (aq)
T AR T ST W AN
- g
T AT 1 ITA T &R ST | Gk
% ®9 H H* T &l wigd Feper o fag fowan
S 2

6.11.1 ST &1 ST Teeih wd gdaT
TR UTHEA

T TE 6.102 ¥ I8 @1 R Fo 1 (S o)
1o farf¥Tse o7 & HROT 37T TH &Rh— S i 0@
EER T Tehd 2| 3%l HA &1 Sufeefa § =g e
TR Sl € T & i qE SFEeR Hidl €, Sdih
G B~ 1 SUfefd H I8 Wed It T i e
SFER Tl €1 IS ST H,0 1 Toh 9] Fie <l &
TS A 1 TE FFER HIAl € T St HT T 7]
T Wi T8 Hidl € Ud SH GHT &R i e
SRR 3l | Frefafea grermeeen wnfid g 28—
H,0() + H,0() = H,0%(aq) + OH(aq)
I aRh T STRA TG 4T
feriior feerien 1 B9 30 TE TSR i &—
K=[H,0' [OH] / [H,0] (6.26)

el 1 Figdl 61 e Y 8 A 7, Fifh heh!
Tz feer =t 21 [H,0] # wr feriw afmfaa
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FH W T ferE K, T Ea g, S8 WA @
3R UFTe Hed 2
K, =[H'[OH] (6.27)

298 K W UEIfiT® ®94 H* 39 &1 Higdl
1.0x 107 M T T & IR <t o faieq ¥ Sea=1 H
3R OH- @l &1 el aUar Bl €,

Bl @l &1 HWigdl, [OH7] = [HY] =
1.0x 107 M

TH THR, 208 K | K T AH
K, =[H,0*[OH] = (1 x 107)2 =1 x 10-14 M?

(6.28)

K, % 99 a9 ® R Fwa €, wfw 9w
e s 2

IS S 1 S 1000 g/L & 3R 38T Ao
%I9H 18.0 g /mol 81 $EY Y[E ST 1 Hiewdl g9
70 @E T "ehd &

[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.

9 &R, fadifsa e sifaaifsa aifsa sia
S

107 / (55.55) = 1.8 x 10-%0r ~ 2 in 109

(39 YR 9F J&a: AfGAited Sial o S
T SR @l 1)

A, G SR ST Sefia foera
H,0* T8 OH- %! HWiddl ok Huferss HEl g
fasifea foran s wehan 3—

IA [H,0"] > [OH"]
ITEA [H,0'] = [OH]
g4 @ [H,0%] < [OH]

6.11.2 pH @het
BIESIAH ST i HieRdl § Hisdl sl Toh ALTh

Y%A (Logarithmic Scale) H TRetdl 9 YRR fohan
S 8, f59 pH W@ReT %@l Sl 2

BB 3FA 1 Gihadl (a,,) o RUMHE
10 3N TEOEh T W i pH Hed &1 i Fisdl
(<0.01M) W TESISH 3TFH &1 Fishadl, &S
w9 Y 3Gh! HioRdl, S (H*) g1 Y= 1 Sl €, o
T Bt €| BIEQISH 3P 1 WihIdl i hi gohTE
T Bt €, 30 3@ wHe g uRenfyd fean S
ekl B—

R IEIRCRIE]

a,. =[H]/ mol L'
frAfafad IRt pH T4 2SN ST Figd
o oo g -
pH=-loga,, =-log {(H*] / mol L'}
39 YR HCl & 7= fae@m (102 M) & pH
%1 HH = 2 Bal 81 TH @€ NaOH o Th &
foeraa, fSed [OH] = 10 @21 [H,0°] = 1010 M &t
pH = 10 TFMI J[E T STEH 5 H 298 K W
BIESISH P 1 FWigdl 107M Bl €, gHfere sqeh
pH = -log (107) = 7 BT
I H1E el forerm el 8, @ 39 pH 7
Y F1 T A 9% a8 T, 9 SHH pH 7 9 Afus
B
TH UHK,
3T foeraa &t pH< 7
WWﬁpH<7
I faer=A &t pH =7
319 298K W ATGAR FHIHIT 6.28 T Fi—
K, =[H,0 [OH] =101
TR0 o SHI $TR 1 KON Ul o T:
log K = - log {{H,0'] [OH 1}
= —log [H,0"] - log [OH]
= —log 10
pK_ = pH+pOH = 14 (6.29)
oM W A 96 98 ¢ fF gt K @ ae
AR o a1 IRafda eiar g1 qenfd argses % ar
pH o T H URad gad %H B4 € T g9 e
IqHT Y& HL W 2
pK,, Seita faerrt o e wewergef afer 2t 2
g BIZgIoM a0l SEglfaae STl ot @igar s =l
F 7, dfeh ST UHhS feiw g €1 3T I8
e ® foh pH WU 0T Bidl €1 pH o 94
o T 3ohTE qReade w1 3t ® [HY] 1 Figar § o
10 1 IREdHI 38 IR AR TEgeH I gl
[H] § 100 TUIs 1 9R&adH &, @ pH & AF H 2
ThTS 1 IREH ST 319 STT9 F9e T 2 foh R g
g pH # uftedd ®1 39&m &9 T 29 2
SAferer Td FHEA-He sgErT ¥ faeee o
pH 1 A9 STcafiieh Saeas 21 pH Uw, St fafem
pH oret faerem o fom-fam @1 a1 €, 1 wermar 9
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HIETTET

pH & T T 1 Tl S S Gehell &1 3TSThel
IR e pH YR oo 21t @ R fim-fow
ufeear fom-fum 1 3t & (9 6.11) pH TW gRT 1-
14 9% o pH HM T 0.5 i Joneddr d A1
fopan =T wWeRe €1

o 1 2 3 4 5 6 7 & 2 10 11 12 13 14
’i&l
B |
o .| | [
. BEEE=
fer 6.11: a7 pH W i 17 3Harct pH TR &1 9R
gfezar

<

3I=d FAd o AU pH HieX w1 39En feman
S €1 pH T Tk T 5§, S qdieqor-foere o
forpa-faswa @ omeMfa pH 1 AT 0.001 Feefd
T AT B SASTehel STSIR el o Se TR e
pH X SUeed € T B1 o WH S &1 pH
oot 6.5 H & T 2

I 6.16
99 ugref o T H OB STEA I Hixdl
3.8 x 10°M | 5T pH T T2

&

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

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

q: U9 weref 1 pH 2.42 B TS A B

193

ISR 6,17
1.0 x 10 "M HCI faet@ & pH 1 701 |

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

A x=[OH ]= S ¥ W< H,0" |

H,0" Fisdl (i) S gferm HC1E e 2ieft & -
HCI (aq) + H,O () = H,0" (aq)+CI  (aq) a1
(ii) ST o SEIRTOT Wi it §1 TRl <A
H,O" 3Tl R fq=r &a gm—
[H,0"1=107"+x

K,=(10°+x)x =10"

e x* + 10°x - 1074 =0

[OH |=x=9.5%10"

31d: pOH = 7.02 d21 pH = 6.98

6.11.3 Eac1 3Tl oh T Rk

3T, ety foered o o7ifvre &9 9 S T gaa
37 HX W fomr 3| fr=fafaa adteon o 9 fadt
ot gHfreRto g0 STfadifsd HX U 3TMl Hr(aq) a2
X (aq) o AA Tonfud AT i Wi fwer s
Tehal 2
HX(aq) + H,0(l) == H,0*(aq) + X (aq)
YR |igdr (M)

c 0 0
AT o, STEHRTOT 1 AEN B

Higar ¥ afadq (M)

-CO +Cco +Cco

RO 6.5 FH G USTAt st pH % WA

gd o 9 pH g9 & AW pH
NaOH &1 dqw foera ~15 Eaikcakal 5.0
0.1 M NaOH faer=d 13 THTE 61 ™ ~4.2
Eukcalici 10.5 g 9wt e foReh ~3.0
foee sfw Srfifern 10 Fra-arer 20
i T THS 9N, T A 7.8 TR ~1.9)
HHa-5ER 7.4 IM HCI foeraa ~0
™ 6.8 g HCl ~1.0
- Ters 6.4
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e Higdl (M)
C-COx co (e{04
Sl ¢ = eifemifsr st HX 1 URfer @igan
Ao = HX o SFH i AET 2|
T Hendehl 1 SYANT I oF BH IUPH oA
foris 9 o foru Aremeren feemie o &
T T
K =c’o?/ c(1-0) = ca® / (1-a)
K, 1 37 HX 1 foraier o smema feetien
%ed ¢ 38 dehfeush &9 ¥ §H 39 YehR HioRdl o 4
o 7S T Fehd B
K =[H][X] / [HX] (6.30)
et Tif¥em a9 W K, &1 W19 3T HX &t
WS T WY §, oteiq K, 1 " R otfiek
BN, 37T 3T €1 31fuek werer grm K, famnfea
Ty &, Rorawt wsit wifisr st Higem st Aeh-aTewr
1M 3
FB I gL T o - Feoia IRoft 6.6 H
few g 2

TISSISH 3T igdl o U pH A9 ST YA
2 fF =8 pK_ o wifafien o wiiefis wo aferl &
e ot v fopan T 21
T UFR,
pPK =-log(K) (6.31)
3T o ST Feeis K, a1 YRR |isdl ¢
T T T IEE TS T AT ikl qOn ST oh
AEH T AT 9 faerEd &1 pH St MO E9e 2

AR 6.6 298K W FI <A TU galcT 3TN ok AT

feotiar o @

T M feerieh (Ka)
BRSNS T (HF) 3.5x 10
TEH 3T (HNO,) 4.5x 104
T T (HCOOH) 1.8x 10
fraE (C,H,NCOOH) 1.5x 1075
UHifesh 7 (CH,COOH) 1.74 X 10-5
=g 3R (C,H,COOH) 6.5 % 105
TEUFARY 3T (HCIO) 3.0x 108
TESEAME 3T (HCN) 4.9 x 10710
T (C,H,OH) 1.3x 10710

R IEIRCRIE]

T SERETTERd H1 pH T W& o FhTelt ST Tkl
T
ug-1  foaem 9 gd 3uftea wftefis & =g @
/& o B9 | T feRa S @)
Ug-2 [ g stfafsransti o fae wgfera SR
forg S €, S—wfivfis, S 3t U &N < o
w9 § w1 w2
Ug-3  S=d K el sfafswen i wafhe sfufwan
o ®u § fafga fohan wmar @, Wafw o= sifafeman
T Afafma B T
ug-4 wafgs afufswer &t adft wiivts o =
A FI RN o ®Y § geleg R S 2
(%) IRfae Figdl, ¢
(@) | hi AR ST B W AT I °61 o, oh
w9 ¥ wiga § 9fad=
(1) | sl
ug-5 H=A sfafean o fau ammewen fers
TR0l § 9 gigdiell i Wt o o fau ga
F B
Ug-6 e AffkA St TS Kl Wigdl Kl T
Y B
UE-7 pH i TUFET
pH = -log [H,0]
Suder fafer i 59 SR W qHSE T B

30T 6.18

HF &1 394 fefis 3.9x10% Bl 0.22M
forer § HF &1 ST &1 |60 61 3R forered
o Iufted gae wfiefs (H,0°, F~ @1 HF)
1 Higdl A1 pH i TUAT TS

T
frafafea gie Teia sfafea gag 8-
()HF+H,0=H,0 +F K,=3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=1.0x10"
Fifeh K, >> K, G&4 SAfafshan
HF + H,0 = H,O" + F
YRR Fisdr (M)
0.02 0 0 (0
Higdl qiEdd (M)
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~-0.020 +0.020, +0.020
= gisdl (M)
0.02 - 0.02 o 0.02 o 0.020

T Afferan o fore A wiganeti o wfqeenfoq
HH W

K, =(0.020)” / (0.02 - 0.020) = 0.02 & / (1
—0)=32x%x10"
&Y Frefafea fgema weeor g g 2—
o> +1.6x10%0-1.6%x10°=0
fooma-THieh o i & HH W o o I qE I
B B
a=+0.12 3R -0.12
o T BUMCHSE 0 §Ha et 81 31d: o= 0.12
wWw g 6 S "ET, o= 0.12 8 a1
Tl (SH-HF, F~ 991 H,0") %1 9 Higad
TH TR o—
[H,0"]=[F 1=co=0.02%0.12 =
2.4x10°M
[HF] = c¢(1 -a) = 0.02 (1 -0.12) =
17.6 x 10° M
pH = - log[H'] = -log(2.4 X 10™°) = 2.62

3qEYUT 6.19

0.1M Tehel &4 370 &1 pH 4.50 21 e
T H', A" 91 HA &I Higdl s AN SHIfSQ)
Y & Tohal RT3 o K, a1 pK, o dH
1 o T HifTE)

Egl
pH =—1log [H']

[H]=10"=10
[H]=[A1=3.16x10"°

5= 3 16x 107°

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

dapfeqs w9 9 ‘fodem wfaeaa’ e o
3T HT WML FT UM T ITART H9HH B
30 39 YR e T e

195

= [HAle e/ [HAL o X 100% (6.32)
IS 6.20

0.08 M TEUHIRY 37 (HOCI) & foe™ o
pH I UMl HIWU| 3 1 3T feelis
2.5 x 10° €1 HOCI &1 fadrsm-gfaeraar
Ealniy
&
HOCl(aq) + H,0 (I) = H,0"(aq) + ClO (aq)
YRR Hisdl (M)

0.08 0 0
HrEeel o o aiedd (M)

—X + X +x

| Higdl (M)

0.08 - x X X
K, ={[H,0"[C1O] / [HOCI]}
= x° /(0.08 -x)
x*/0.08=25x10"
x*=2.0%x107° 39 UhR,x=1.41x 10"
[H7=1.41%x10°M.
3T
Terist gfaRTaat = ((HOCl, . / [HOC, .}

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

6.11.4 SIA GTNGhI T T

&R MOH 1 3T f=faifad THieReor g weiim
o =1 gl B—
MOH(aq) = M*(aq) + OH (aq)

ST ST FIRIIE S & 3aicl &R (MOH)
37f¥Teh ®9 ¥ Y9 M* Td HUEH OH- H Safid
BT T G I % WreeRe-femiE #i e
- TEerTeR a1 =l 81 39 W K, § W
T mft el = SrerETen Wiz derd ¥ frefafaa
THieRTO gRT TS w1 S B

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

forhedd: afE c= &R 1 YR Figd AR
o= &R o AT Hi AE
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o GRS Ww e @, qd 6 e
frefafed w9 9 faen s g 2—

FT I gL AN o SIT-feedi® K, o A9
groft 6.7 ¥ fau u

AR 6.7 298 K W &S g6t &Ikl oF M- Teeich

&% "
&R K,
SEHRUEE (CH,),NH 5.4 x 10
TR (C,H),N 6.45 x 107
I NH, or NH,OH 1.77 x 10
T (Toh aeafdes 3eR) 1.10 x 10°
flfie c HN 1.77 x 107
U9 C H,NH, 4.27 x 1071
IR CO (NH,), 1.3 x 107
T HIEH ANTH THI I TE I G ¢

Ui eitEn o o ©, f i ww W stfues
BTSN A 37 el gRI Hfaeenfud i &) s—
afoeid, wIEE, fFadm qar feifer, gt aga
T &R §| TTAT 3k K, o T 9gd B B ¢
s S H f=fafaa 1fafshan o weeasa OH-
P S HIA T

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

TIEGISH I Tigdl ¥ pH et a1 STANT 7
& 28 o winis wa uftri o o off e foman
T B 36 YRR

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

ISTEIT 6.21
0.004 M ESSiH T =1 pH 9.7 21 36k
K, 991 pK, 1 TUAT S|

Kyl

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

T pH ¥ TEGNA ¥ Wigdl &1 T
Tohd B BIEGISH ST Tigdl 1d hich 3R A
o AR AT § 9 TESiad 3T i
TIgAT %1 TOMT 3 21 36 UK,

[H'] = antilog (-pH) =

antilog (-9.7)
=1.67 x10™*°

R IEIRCRIE]

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

A SRSSHIY ST &1 Figal 1 OH off

BISSIRIct ST 1 |Igdl o6 T9H BT 39 SH1

I 1 WKl 9gd HH ¢ 37 AT Rk

I Wigdl 0.004 M ot ST Tohel B 39 THK,

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.

IETEIUT 6.22

0.2M NH,C1 @1 0.1 M NH, o fagor § s+

fore@ o pH 1 VAT HIfSTI NH,, fofers st

pK, = 4.75 2|

‘A

NH, + H,0 =

NH, =1 3TF et

K, = antilog (-pK,) F11q,
K, =10"""=1.77x10° M

NH, + OH

NH, + H,O0 == NH, + OH"
YR Higd (M)

0.10 0.20 0
TRl W 9REdd (M)

X +X +X
HETIET X (M)

0.10 - x 0.20 +x X

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

=(0.20+x)(x) / (0.1 -x)=1.77 x 10™°

K, 1 OF %% €1 0.1M T 0.2 M F gol §
X B9 SURTd T Fehd Bl
[OH]=x=0.88x 10"

zgfey [H']=1.12 x 10™°

pH =—-log[H'] = 8.95

6.11.5 K, 49T K, ¥ Gag

T 31V H T UG I © f K, q1 K, ATl 37
3R &R k1 WA i @ & HH STA-R T
T 3 Th-g U Weldd &9 § Getud g €1 9% T
1 W 91 ¢, @ S8 R A0 FRAT S TR 21 NH?
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HIETTET

qe NH, o SSTeX01 1 fee=m % -

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

K, =[H,0"l[NH,] / [NH,"] = 5.6 x 10°1°

NH,(aq) + H,0() &= NH,*(ag) + OH(aq)

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

Fe: 2 H,0() = H,0*(aq) + OH(aq)

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

K NH; %1 37 o &9 | 991 K, NH, &1 &R
o &9 § gmed geifan 81 "2 arfafman § a3 g
o 78 ¢ foh St 7 erfufeman o " feerien w1 wH
K, @ K, % TUF%d o SR Sl 8-
K XK, ={H,0°[ NH,] / [NH," |} x {INH,* ]

[OHT / [NH,]}

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

TH 39 Aol R Sl ST Hehdl 8— &t ar
e TfufeRamatl sl Sige UR SRt e a1 rfuferan
w1 arETaeeT-feeie geew  AfteRar o
AreETERT-feerieh oF UM% o SRIeR gl Bl

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

fE T FT AE A B, a3 hi A fwA S
Gehdl B1 IE &AM <1 =16 foF gl ot b1 Wt
&R ool q ool A HT GIH &N Yol Bl 2

JhfeTh &9 ¥ S THHEW K= K, X K,
W aReh-TodreH wrmEeen Afafshar 9 «f 9w
T W e

B(aq) + H,0() = BH'(aq) + OH(aq)

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

+ffer e 1 Wigal FeR Wl €, o@: W W
¥ g fen @ ® AR fadem fene o wfiufaa
#3 fea T 21 SugE g W [HY] @ Tn
FE AT GE A W

K = [BH][OH][H"] / [BI[H"]

={[ OH][H*]H{[BH"] / [B][H"]}
=K, /K,
K xK, =K,

197

g M < A o1 © foh Afg A @I orepreh

foren e, ot T STR qe &R o WA i HWared
fehal ST Hehar B

pK, + pK, = pK_= 14 (298K ™)

IETEUT 6.23
0.05 M STHIMT foetae &1 3= /T @ pH
T SIS ST o FH-feeris &1 A=
drferet 6.7 ® fan e 1 emitEn & g
3T T A feeiah oft [ wifew)

&
S § NH, % 3T 39 YR 39 <
el -

NH, + H,0 = NH,” + OH
(6.33) THIHIUT HT ITAN FHT o &H SRS/
@A HT gl F1 TN T Hohd &

[OH]=ca=0.050a
K,=0.050a’ / (1 -0)
o T M A B, 37: I § [ AR & &
1 1 el B o I UG qH Fehd 2
37d:
K,=co® or a=Y(1.77 x 10° / 0.05)
=0.018.
[OH]=ca=0.05x0.018=9.4 X 10 M.
[H1=K,/[OH] =10"/(9.4x107)
=1.06 x 10"
pH = -log(1.06 x 10 '") = 10.97.
T 3T R T oh foalT HaY TgE hid W
K, XK, =K,
AT 6.7 § W< NH,, % K, &1 A @ W 89
NH, o Gl et i il fobret Fehd &1
K,=K,/K, =10"/177%x10"

—10

=5.64 x 10

6.11.6 fg Ta og et ot A fg o =g
AT TR

siiedifareh o7, e o7 T8 HIEhIRE 3T

i o ol ° Ul 310 U © sifes sTfTa g
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e e Sy e o e
I o AW Y S Sl 2| SEreond —fgaent e
H,X o faq s stfwfsen ffafea st g
TIME St B
H,X(aq) H'(aq) + HX (aq)
HX(aq) H'(ag) + X*(aq)
T HOA EreTeEe GHieh et 8-

K, ={H1HX]} / [HX] (6.16)

K, ={H1X*]} / [HX] (6.17)

K, TS K, &l 3 H,X &1 92 @ fgdia

ST - feerie hed 21 3 TR H,PO, S framar

I o fou diF oreH-feris B $o didiifes

AT o ST feerishi o WM RO 6.8 ¥ eifeRa &

WU 6.8 298 K W Fo AN Uleiul{ceh 3Tl o
ST TReRieh

A Ka, Ka, Ka,

Siafersh o
TEhTfeeh T
HeRRE 3T
HHh 317
EaciECac |
arsfen e
TR TR

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

59« 10*
74x10*
1.7 x 10
Soite
43x107
74%10"
75%10°

4.0x 107
4.2 x 1078

TM YRR 3@ S Gohdl § foh o Wfew 1t ok
=4 HIfe & o (K, K, ) et &1 7 =
Hife & STA-TEer® (K) | ¥ A 81 SEehT HRY
7g & o feer forga-wedl o ROT RO 3
eI 9iei Frsshifaa e qfivehet €1 38 Sy
H,CO, T STEfi HCO; | e ek & <@ s
Teh 71 T TR fgeTafed HPO> UM § H, PO,
T g § Wi 1 ke wfed w 2

g Yifew e foerm o sl 1 fasror g @
H,A Si¥ fguifess o7t o faw, HoA, HA- 3R A% &
fagor g 81 wufae sifafeen § H,A w1 foreH
qe H,0* wfwfea i €, St forsm o werm =wor 9
T I

R IEIRCRIE]

6.11.7 3TA-HIHS hl THTTAd hTAaTA hlh

ST QAT &Rehl i HEACHS AHed &Y foe= o
TyaTq 89 TRt f<u gU o7 &1 pH WM &1 0T 2
e &1 WY 7 = 3o gt @ i 59 ova o
F1 g H Yo 1 B B2 5= 3 et SAeel
e 1 €7 SEeh1 ST Ueh Sifect qeF | elfer e
®9 U g9 I8 e Thd & [ Tk o1t k1 e
T H- A 99 & 9Wed T8 gaurar | AR
EZoil
YA STs H - A o &1 gmed st 2, srefiq
9 o foaer § sreavas e ued €, df HA &1
AFA-THeE agdl €| SHI YN S HA €Y Al
yeg g1 €, iefq H den A WeEvEh % 9
IRl 1 SR Sl € SR AE YRl
gfteTrd Bl B, dl e 1 foEer wXet B S €, S
et # g war 2
W e A 3 A 9 ¥ € foh W a A
S ARl o6 IE YT ok awd @, a1 9 1 e
Yhfd & g § H - A 3TEY |med STl o
frefeor & yg@ wRa e 21 o o e T R S
T S-S A T SAHR & €, - H-A €
Fmed HIdl € aul T Wl wedl 81 Sestonei—
3R H gfg
HF << HC1 << HBr << HI
st wmed H gfg
T YHR H,S, H,0 ¥ o 37 2|
TG 59 T A AR o T &1 STEd oh awl
1 T it & dl H- A 3T i yeord o1ee-gmme
1 frifie #6 o Hegl #r @ S 21 -
A & IR a5t 8, - ot it gmed ot
Tl &1 SN -
A &1 faggRma o gfg
CH, <NH, <H,O0 <HF

st wmed | gfg
6.11.8 TNl WS &Wehl oF NI H €W
SRR G

3TRU, UHifew 3Tt &1 33X o, forgeht foasm 59
HreeEe g S fohan ST Hehdl g—

Y

L.

L.
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HIETTET

CH,COOH(aq) = H*(ag) + CH,COO" (aq)
YAl HAclaq) = H'(aq) + Ac (aq)

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

UHifes et oh foord H UHReE A
el W BEgISH SRl &1 Eigdl St 21 S8 YR
g o= 'id 9 H* oA faeny Sid, df arereen
sAfofa Tehifes o #1 @ fagenfua 8 < @,
aFofiq 39 faem  ohR B €, f9od eegiem oA
Higal [HY] el €1 F8 Sl WH EA q9E
I 2| Tt T uere o fier @ S fersres |
H ud o Sufterd orafer iivie #i @i SToed
FETHT e ) forenfid Rl ®, 98 AW
ST YW’ el 2l

3d: B9 e Wehd © Toh TH S T S-SRI
fagia W i@ €, S &9 g 6.8 § 78 9% T

0.05 M TH[RE 3T¥H &1 0.05 M THifesh 17
H e W pH %1 TUFT 89 36 TR T Fohd B—

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

YR |Ed (M)
0.05 0 0.05
afg x THifesh 3 | ST i A0 &, a
gt | aftedd (M)
—X +xX +x
g gigdl (M)
0.05-x X 0.05+x
TH YRR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-x)
THA o1 o T K % 8 € x << 0.05

31d: (0.05+x)=(0.05-x)= 0.05
1.8 x10°=(x) (0.05 +x) / (0.05-X)
=x(0.05) / (0.05) =x=[H'] = 1.8 X 10°°M
pH——log(l 8 X 10 5)—4 74

IETEATT 6,24

0.10 M I foe@™ &t pH ! UM Hifs)
39 fae™@= e 50 mL &l 0.10 M & HCl &
25.0 mL ¥ Af9fHa1 @™ W pH HI T0MET
HIfT| T 1 forrem fedis K, = 1.77 x
107 2l

Rationalised 2023-24
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'

NH, + H,0 — NH, + OH

K, = [NH,'T[OH] / [NH,] = 1.77 X 10
IR | g

[NH,'] = [OH] =x

[NH,] =0.10-x =0.10

x> /0.10=1.77%x 107
x=1.33x10°=[OH]]

i [H] = K, / [OH]=10""/
10"*/(1.33 x 10” ) =7.51x 10"
pH = -log(7.5 x 107%) = 11.12

25 mL 0.1M HCI faeee (31eiq 2.5 faeht 9
HCI) %1 50 mL 0.1 M 3THif faeed (37eiq
5mL W@ NH,) ® fiam w 2.5 ficft o«
wﬁmme‘mﬁ%%’laﬁ%lﬁﬂmmL
foem o eTgeiiha 2.5 fiefidia NH, 317
Jem 2.5 HefiHiel NH, @ 9 2|

NH, + HCl — NH;+ CI

-5

285 b, 3] 0 0
HHITSET T
0 0 2.5 2.5

IR 75 mL oo § 2.5 fAei=a NH,
3P (0.033 M) TeN 2.5 THef e

NH, 377 (0.033 M) T& S 2| Tremaeen | 98
NH, 39 YR T&dl 2

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

SRy = [OH] = [NH,]

RO 75 mL o, ST & 99

2.5 TR NH, 3% (0.033 M) § I Bl
21 37: NH, aﬁwmsﬂmﬁaﬁr%—

[NH,]=0.033 +y

<fF y 9 7, [NH,OH] = 0.033 Ml [NH,']
=0.033M.

W WA € T

K, = [NH,'][OH] / [NH,OH]
=y(0.033)/(0.033)=1.77 X 10° M

37 y =1.77x10° = [OH7]
[H7=10"*/1.77x10°=0.56 x 10™°
pH=9.24
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6.11.9 TIEUN AT SIA-2TUge Td 3ok faer=
<hl pH

Al e &Rl o TAfv=ra sTgard | Stfufshan g sAmg
U ST kT STet | ST Bl 1 S RIS €,
FHUPA Seltd oo | Seritad g € a1 S 9
SITAfoRan #¥en AU Ui oF STTAR TR A1 &R i
TR I &1 STt T ¥AIE STl F oM 41 <A
T e ot ST R ol * STel- 3795’ hed &1 39
== fepan | pH 9Tl Bidl 81 Yol afRehl g1 &
MY ¥ (3T — Na*, K, Ca?*, Ba?* 37fg) qa
vad STl gR f]U MU U (II@Ion- CI Br,
NO;, CIO; 3%) et Siei-iferd &1 &, Siel-sTasifea
&l B B | T aet STl qen el e @ o el
o Siel ST eid €1 AT ST pH 7 Bl 81 FE
37 YRR o el ol Sel ST9EE Bl B

9 g0 fTHfafed 9o o Sa-3TTeeT W
foram & ®:
(i) T ST UF YA SRR o o1avl, IEEIUMei—

CH,COONa

(i) VIS 3T UH A R o oTavl, IFEIUMed—
NH,Cl, T

(iil) oA TN TS gl el oh TTavl, IO —
CH;COONH,

YUH 3B H CH,COONa, 3dd 317
CH,COOH Tl ¥9d &R NaOH Wl &@w &, i
et e o qufaan st g S 2|

CH,COONa(aq) — CH,COO (ag)*+ Na'(aq)

T YHR I THRZ A Sd o6 9Y o
STTeEIfed Bt UHifesh 3TFa e OH- ST ot oy
I B
CH,COO-(ag)+H,0(l) = CH,COOH(aq)+OH-(aq)

THfifesh 3T Tk gect 3T € (K, = 1.8 X 10°9),
St faeram o st € W ©1 9 SRl faeaa o
OH" 3Tl &1 Fixal | 9fg & et €, St foers i
& AT €1 39 YR a9 foer@ &1 pH 7 9 9=
Bt 2

THl R gad &k NH,OH 1 Yol 37
HCl ¥ 91 NH,Cl S/ ® quiqan a8 s 2l

NH,Cl(aq) —» NH} (aq) +CI (aq)

R IEIRCRIE]

STHIFEA STEA! 1 S 3199 8F § NH,OH
3R H* 3 o 2
NH, (aq) + H20(1) = NH,OH(aq) + H" (aq)
Y TGRS (K, = 1.77 X 107 T&H
Tea AN €| 98 faeEd W eHmEta war §1 36
RoTHEEY foeEd | HY 3P |igdl 9 S © 3
foretam w1 et o <t 81 eT: NH,Cl & 5l
faera &1 pH 7 § &H I
3o IR M e feh g ST T A0l
CH,COONH, % Sd-3T99es i 8| 36 51 I
T, ST T STES 38 YR Bl -
CH,COO + NH; + H,0 « CH,COOH +
NH,OH
CH,COOH @ NH,OH ¥/ &9 § 39
YRR SFAIHT @/ T
CH,COOH = CH,COO + H*
NH,OH = NH," + OH-
H,0 = H'+ OH
faeaR @ or fRu faer wer s "W € T
el STTEE i A forera shi @igdl § sl gt 2
ara: T &1 pH B—
pH =7+ % (pK, - pK) (6.38)
faera &1 pH 7 | SR B, A STaeATcdeh
gl dA pH 7 ¥ %Y BN, AR R FHMHF &l—

33TEIUT 6.25

UHifew o7 &1 pK, A1 SHIEH RGeS
F pK, FA: 476 AR 475 T TwilTEH
THree faer@d &1 pH &1 UMD Sifaq)

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

6.12 dFRI-TacTa

IR H 3IufEed g WA (I A qH)
f4fy=a pH 8 1 39k pH # gem uRed™ iR &
3% ¥ HH T FH (Malfunctioning) T g 2
%% qEEtE Td Staew sifafwaet ® off pH @
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HIETTET

i Sgd wewul B ©1 R Sl v gEneEE
&I (Consmetic Formulation) @1 &gl fagim
pH W @1 Sl € T YRR # qieree e S 21 0l
faea=, fS9ehT pH T T 79ET 3T a1 G
T St T e faem & o ot sraftafda wwar
%, ‘aw-faeem’ wgea €1 91 pH o foeed &
ST i pK, T 4Rk o pK, ok fafed Al den
Il SR Seull oh STUT A SR Al &Rl ok
A o frEEw gm oA € ufafed et den
Hifeaw wfgee &1 AU @M pH, 4.75 HT THL
foeem a1 © qen e seiNze W SmitEw
BIESIHAEE 1 990 pH, 9.25 31 81 aHT Tererami
o ar 3= weell § 'Y SR sffus qgi

6.12.1, IHT Taeta= aq T

pK_, pK 3 Treafteris 1 9 &6 F1d pH
I faeeH o911 § SRRl Sl 71 AR °E
fF &9 o8 9 F HHd B

ITEAI-THT AT

3TRA pH &1 9 991 o6 folT 80 3aa o1
IR TER EU YeEel &R % W S SF o
U hT SYAN HI €1 €H pH, el I &
e ferls K, 3R geal ot @i gHeh |gfed
G 1 WgdSN o U H ey wnfd e
A G TIfUd A B Uk g feefq §
el gl o1t HA 51 ® i Bl R,

HA+H,0 = HO +A

o fou g9 Frefafed =oe faa gad 8-

_ [HO'][A ]
K. = ~HA]

ST ek hl JHIaed il W

. [HA]
[HO'] = K, 5
T 3R T ATOH T oF 1% TaI ki GFAArEerd
HE W EH WE g e

201

C o e AT
pK,=pH —log (HA]
[A7]
H=pK, +1
siger pH=pK, +log (HA] (6.39)
: [Fgfma &, A7
pH =pK, +log [, HA] (6.40)

T (6.40) TS~ BHETE THIHI0T THgard
%I%,WW(W) e fagor o
IfEerd STret shi WIS 1 U 21 3T gl
B o RN Igd HH SIAIHA Bl © SR Figal
[HA], 9% &F &l T MU 37 &l Tigar 9
oremE & o Bk @1 Ee @, erfushe wgfima
R, [A], 3T oF 90 o STFHIHd M ° W
B B Tl GgfHa e Wi Wigdl ool
qisd ¥ hae oRmE = gnll safae geeR
(6.40) Frfoafigd YR § ®uidRa &1 S 8-

[T ]
[er]

s FHIRT (6.39) H, [A-] ST Hixdl [HA] T
TIEAT o SER 81 Al pH = pK_ B, ATk log1 T
H ¥ FA1 71 THieT Ak 79 o7 SR e
(HgfTd eNeh) 1 AR Higdl sReR o df ST
%1 pH 377 oh pK_ oh SR BT 37d: 3TUfard pH
HT IHL SFH o fAY B9 TH ST &1 I99
& foreeht pK_ oTifed pH o SRR 2 81 TEifea
oA 1 pK, WM 4.76 Bl ¥, @0 e
I SR wifery THiRe &) sUeR "El H ool
ST T IEI T pH T 4.76 BRI

T A 3R TR WA oA § W
TR T T & favew frefafed afom <,

pH =pK, +log

[gafa smt, BH ]

OH=pK, + 1o
p P&, g (&, B]

(6.41)
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TR foeraE o pH 1 9o, THIe0 pH
+ pOH =14 <l IYANT hich r°|7¢|| ST Hehdl %|

g9 @@ ? f& pH + pOH = pK_ X
pK, + pK, = pK_| $1 HMl %! HHIH (6.41) H
WA W gEeHT FfaiEd Sl 9 g 8-

[¥gfma e, BHY]
K_—pH=pK_ —pK +1o
PA, —PO=DA— DK, g [, B]
OC|
Hafe +
pH=pK, +log [ e, BH (6.42)
[em=w, B]

If% ek 3R THeh gHa e (&) i
Higdl SR 8 a1 9w fo9e@s %1 pH &R& o
pK, o SR BN STHTEN 1 pK, A 9.25 Bl
§, 3d:9.25 pH #1 9% T THM Higdl o

R IEIRCRIE]

¥ o 1 fooms Sl 81 Tk eeu Wi
foamaes ® =ied o fau oAl o Aeg gdad
AFY0 I (ST Tedl) 9 S-foemas ==
foran etfues B =Tfew oA &1 faamee Toed
! foamEee & w9 § fefig #@ €, 5t 939
FUTcash il 21 o7 : facmaesnta gfkan & sl ge
Bl 2| fae@esias Sl &1 °en faames &1 geia
w et B 21 eyeta (wEEES) faeras §
foremaenta Tehedt 1 7 %9 B 7, S odr &
STeTeh el ol 9Ud (Overcome) A H & &l
2| IR T sy faeee § Tt S B
Ffg FIE Tau T 9= oW 9 ST | qa ekl
2, @ Ul faamed TSed wEu w1 e
Tdedt 9 At B feul U U &I T
srfareneritg faetaan edt €, s arg W st s
21 YIF A0 T 9 fafyre foeigar et 21 7%
A X et Tt 21 8 T Ao w1 kT et
 STHR T A o H faerfea wa e

st foere 3R emifm waNee faoea 9
T ST Hehdl 81 SHIEH FANEe S A
gEeiadEe 9 9 9w faeaq o fau weie
(6.42) T TEY BT-

[Wafma w1, BHY |
[am=, B]

pH=9.25 +log

TH fIeET o pH W TIHIT HI TR el
qgdl Fifch TEFIOR o SAaid ST ol U
fEfda T 2l

6.13 ITIAT AN ol Taeraar
HRTAEAT

T I ? fF 9a ¥ smafye SiE &1 faoraar o
g4 A Wl 21 370 @ Hw al ad A T
(39 hfcwam FarEe) © fo 3 yfd & smammet
B4 € e argHee ¥ Sia-arsd S Y old 2
Fo o (S8 ofiform wqeiiee) *1 facEa
3ot A ® TR 38 WM w9 4 srfaes’ e B
foretaar &% aral W AR w5t 7, T @ qe €,
AT ki Sl HoHT (Lattice Enthalpy) @i faer@m

il | foom foiaa > 0.1 M
T | F© w oo 0.01 < faer=ar <0.1 M
it 11| 27y faom faetardl < 0.01 M

3@ TH I foold e @@u au 3Heh
HJ Seid faeem o dre areeaen W faar Sl

6.13.1 Taeraar UHwe feerie

et foera & Gueh | €, W foam #X) oo 3
qIT 9ok Tgw oo o 3T oh e Grmael i
frafafeaa aie g7 v fean smr 2

BaSO,(s) o Ba®"(aq) + SO,*(aq),

rereen feeris fr=fafad T g v

fepan T B
K = {[Ba>'|[SO1} / [BaSO,]

35 39 T w1 wigar fer gt 7
ad@: K, = K[BaSO,] = [Ba*][SOZ] (6.43)

K, 1 ‘foetadn qorea-feenis’ o foere
TR’ FEd €| SR FHIE H K| 1 AR
M 298 K W 1.1 x 10-° 21 391 37 78 ¢ f&%
oW dIfTH Wehe, S A Hgw fooEd & W™
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HIETTET

greree o 7, o foru ofaw qen gethe sl
qigarsti &1 %A 3Heh faeiad-oHwd fEeris
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ARUT 6.9 298K W FT AW Ak TG0

o qod B ©1 37 IHT ST BT Higal AREH Hothe
F1 HieR-faeiaar o sk grft| At dier faean
'S ',
1.1 x10°=(S)(S)=S? M S=1.05x 105
T YR JIREH ek i Hior-facar
1.05 x 105 mol L' &t

HIE 01 foee o woaey faE-fa st
I A A Y AR FOMEE AT A S Hehl B
IR o felu— 3, B9 fShif=m wiehe (Zrt),
(PO,*), TS &e0l W foaR &Y, ST =R erereTe
9 fSreRifm Al Td @ 01 STevmEe 4 Wk
oAl ¥ faaifsa e 1 At feifteEm wehe w5t
HieR-faead 'S’ &1, @ g9 i1k & TWEHwoad
ST o AR
[Zr*] = 3S @l [PO,>] = 4S B
aq: K, = (3S)° (49)" = 6912 ()
T S={K, /(3 x4/ = (K /6912)"
7S el S| e, foment |m 3 MY XY
B, S 9 Hgw o o | wreeEen ¥ gl qen
et Aler-fae=a 's' &, & fFfafea s
gN e feha ST Hehal ©—
MX (s) = xMF*(aq) + yX* (aq)
(T x X p* =y X q)
qorl U foeraa-Towe feeris fefafad
iRt g1 e feha Sl e—
K, = [MPPXT ] = (xS)(yS) (6.44)
=Xx‘yy.slx+y)
S[x+y’=Ksp/x".yY
AT S= (K, /x*.yp)L/xry (6.45)
TR0 § §E Teh A1 e TR i diga
ST FETERR WsAl e ¢, a9 K H QA
s e S ¥ (3G 3 7-6-2)1 T ¥
TR WK = Q¥ €, fihg ot affeafo |
Jg STI&quT I T%WPFT (Dissolution) yfsraneti &1
Tehd 31 21 TR 6.9 H 298 K W o WM ofavii
& faetaa-Torea fegsl & aF Ky 2

Tererara-TurTtRe feeie K o 1

AU T A G:El Ko
faeR dmEe AgBr 5.0 x 10-13
TR et Ag2CO0s 8.1 x 10-12
faeR Fue AgsCrOq 1.1 x 10-12
faeR FeiRES AgCl 1.8 x 10-10
e Tethe Agl 8.3 x 10-17
LI R IR B Ag2S04 1.4 x 10
I HHe Al(OH)s 1.3 x 10-33
e TqHNES BaCrOs 1.2 x 10-10
R gethe BaF> 1.0 x 106
SHicqTm HEHE BaS04 1.1 x 10-10
hicHTH RIANES CaCOs 2.8 x 109
HiceHTH FESES CaFa 5.3 x 109
Eareeo ey Ca(OH) 5.5 x 106
Ffem gohe CaC204 4.0 x 10
HEHIH TESHES CaSO4 9.1 x 106
ey TS Cd(OH)2 2.5 x 10-14
HIHI TESEES cdS 8.0 x 10-27
FEe Cr(OH)s 6.3 x 10-31
HEMe CuBr 5.3 x 109
AN CuCOs 1.4 x 10-10
HESIERIFSS CuCl 1.7 x 10-6
RIS Cu(OH), 2.2 x 10-20
TEHEE Cul 1.1 x 10-12
TG FEE CuS 6.3 x 10-%
T TSRS FeCOs 3.2 x 1011
G TS Fe(OH)2 8.0 x 10-16
T GRS Fe(OH)3 1.0 x 10-38
TR TS FeS 6.3 x 1018
T FANES HgBro 5.6 x 1023
TERRE SAETES HgoClo 1.3 x 1018
e Hgolo 4.5 x 1029
REES) HgoS04 7.4 x 107
i e HgS 4.0 x 10-58
riforey MgCOs 3.5 x 108
IR e MgF> 6.5 x 109
AT SR Mg(OH)o 1.8 x 10-11
e HERe MgC204 7.0 x 107
e TGRS MnCOs 1.8 x 10-11
Geh1Ee MnS 2.5 x 10-13
forel BEgES Ni(OH)2 2.0 x 10-15
b e NiS 4.7 x 105
oE SEe PbBr2 4.0 x 105
T FEME PbCO3 7.4 x 10-14
e FANES PbClz 1.6 x 10-
e TIHANES PbF; 7.7 x 108
e FESHES Pb(OH)2 1.2 x 10-15
KERGIRIEESS Pbl, 7.1 x 109
TE Tethe PbSO4 1.6 x 108
e HThES PbS 8.0 x 10-28
T TESRS Sn(OH), 1.4 x 10-28
TTE TehEe SnS 1.0 x 10-25
i e SrCOs 1.1 x 10-10
wifwrem qﬁaﬁrrsg SrFa 2.5 x 109
T ethe SrSO4 3.2 x 107
g SEe TIBr 3.4 x 106
o FAREE TICI 1.7 x 104
o1 STaEEe TII 6.5 x 108
e e ZnCOs 1.4 x 1011
N eTEeirRe Zn(OH)z 1.0 x 10-15
S gewTEs ZnS 1.6 x 1024
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6.13.2 Ak TGN i TI=dr uT |99 3E=
)

S-St FHgTd o STTHR, € S9N 1 St @ fo afg
foret Treror foeram o fordt U 3T i |igdl sgH W
ST 370 ORI SATaIST oF 31191 oF |1 TANT SH 3T qef
foeTa © s TavT qd dek STaEIfd SR, Se deh Teh 9
T K, =Q,, 8 W A foheft a1ra it @it w11 <
qifeh R K, =Q, &1 S 7% fore oferm < fere «ft @
2, forair 5w fof STl o1t 3= Wil 3 el Q| o
T HioRdl oF TIM T g9 Gishaa (activities) T T
T 81 79 TR Fifean Feiikee o Hqw foera & HCI
o oIS 9 U< FAIES 3T i Wigdl (Fihadn) ag
S o SHRUT WITETH FANES ol LT Bl STl €1 36
fafy @y Hifeom FeiRge 95d & Y5 811 81 59 WK
&0 Gifegn steran Hrifyey gothe St sigfgal W
oid &1 RIees fargeroor o ferdlt o1 i sigd s oo
el IHeh 37eq foer @dv1 o €9 H qUieqy sEafid
T H ff T ST YT 1 YIRS 81 39 YR
T RIS foveroor | faeer 3mam 1 staeu faeer
FANES o T H, Bieh 37T BT 2TTLI01 Hileh BRSIES
o T T qT STa&II0] SfiE| I 1 9T Yethe oh &9
o T T B
A TRA oF AU ohi foetdal % pH W d&dl
2, s %W pH W RUMEA i Fixdl 38
WETHeRT0T o RO Sl €, S et i Tt
1 g1 @ 2T K = 9, T 2 9 T
e I FTA A €, T K = M [XT,
HX (aq) = H* (aq) + X (aq);

_[H'(aq) ][X (aq) |
) [HX(aq)]
X1/ [HX]=K, /[H]
T T HT kA TR | Sigd W EH W
g
x] K

[HX]+[X" | [H']+K

a

+1

[X7] K,

R IEIRCRIE]

T: ShH oF T H U B [X] /(X +
[HX]} = f=K_/ (K +[H'])| 7€ 3@ 5T Fehell &
o pH o w23 W ot srear 21 afg § 7 pH
R a0 I foema s =, a

K, =[S]IfS]=$* (K, / (K, + [H])} T

S=1K, (H]+K,) / K, ] (6.46)
ed: S, [HY] & &g+ A pH & ¥+ W faera
ECnild

ISTEATT 6.26
I8 A g foh forelt ot YR oF oF 5@ d
SAfafshan &1 #3d, Y8 A § A X, i foeraa
1 T HIT A, X, T foerd e K
=1.1x107° 2

'
AXy — 28% + 3X>
K, =" X T = 1.1x 10

IR S = AX,, 1 foerar,

[A™] =2S; [X*]=3S

T TR K, = (29)%(39)° = 108S°

=1 70N

sm: S°=1x107

S=1.0x 10"° mol/L.

ISTEATT 6.27

q 377y faem @@l Ni (OH), TS AgCN &
foeR—IAT- 1A% o HF %E9: 2.0 x 1070 TS 6
x 1077 €1 ®IA o1 oo e T 272

kY

AgCN == Ag’ + CN

K, = [AglICN]=6x 10"

Ni(OH), == Ni”" + 20H

K, = IN‘'J[OH " =2 x 107°

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

I Ni*] = S, @1 [OH ] = 28,
s’=6x10"",s,=7.8%x10"
(S,)2S,)’=2x107"°, S, =0.58 X 10
AgCN ¥ Ni(OH), &1 facrrar sifer 2|

_4
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ISR 6.28 Wﬁamﬁ%,ﬁ@omaﬁwmﬂow
0.10 M NaOH # Ni (OH),, 1 HleR fereteral &1 (0.10+28) mol L™ &Ffl, Fifeh fererr o weet

-1
U AT Ni (OH), 1 S IR & NaOH ¥ W<l 0.10 mol L™ Sufeerd B

15 _

2.0 x10°'5 3| K,,=2.0x10 "= [Ni"'] [OH]” = (S) (0.10 +28)°
gﬁ HfF K, 1 71 %9 21 2S << 0.10 &d: (0.10 +
. 25)~0.10
A fF Ni (OH), #1 fei@ar S mol L™ & o™ SW)H . )
2R ® Ni®* % (S) W T8 OH % 25 mol L™ 2:0%10 = =5 0.10)

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

Q9T

IfE 5o W Fehoarel STupl i G a1 ¥ g9 | diedare TS w1 §e % SUeR @, df 9 Lt
Bl Sl @1 7 Tiasiicl ek w1 elan 1 W Hifde Ud TEEtn, S YAl grI ifud & gehdl 2l
T e § 3 US Uve AR ki X GHM Bl €1 STUET ki TIEAl h NIRRT h1 Figar T AT
W B YOh TR ! IS feerish oF W o ®9 H W femieh K 1 o7e I ¢

AR a A+bB <= c C +d D % fw K = [C]ID]"/[A"[B]”

o Arg W AR feorie %1 A A Ted €1 39 sTeen ¥ 9t T 0 S i, @ g
feer wed €1 el sifaferan 5 for T feemiar 1 K 0 e R €1 7R Areaeen e e §
Tl o TIM W &0 A <@ foed 7)1 sifafsean 1 feen &1 orqam sifafwman armea @ @ @ S
, il W WK, % SXeR B ¢l - wee fagia’, o STIER T, <, |igdr S et § § fohet
Tk H IRed o HRoT grEreeen s fien o fazenfud @it €, St ufed| oF g i wH A T HR Goh
IHeRT ITANT = ] SIE aTd, Hisdl, <6, SeIeh 3T 31 TGl o 9 1 e W 99 o e
T fera S @ e SIS i TS 1 5101 59 Reh! o1 T sieh foman S ek &1 etfafsran fason
o WIRAEE TS 1 S yuifad &1 s, fhg sifafsran &t wifa &t 7w f= i-u o sifeness
T SR 91 el SR ¥ AfThRes W e agm 2l

3 geft weed, St Sefta faerea  fard %1 =eH w3 ?, e sTTeea’ FEan 71 ST, ek de
ST * ferg TTErea’ ©1 A Sieltd foera 8 faaier =1 31 g ¥FEH U SR0Ma o Scale o R0 faeq
1 AIeH H ¢ T e sTaeea gufa: faaifsa = s € gear faeq sroeea o stafa e sHEfa
ST oF e W Bil B | SR o SR, Selt foerad o o7et, BEeie S a1 &eh, Seeiiee
M XA B W T STl 3el €1 SHY SR SIS -l 3 37l shi WEiaIdl o U H Tsl &7k Wil
o 9 W IR e o T SEe-aRl 3T Ush &R § SIfAfshan hidl €, qd 98 gHehl Hid qgr
&R T fohal T At &Rk o G HgTHT 3Tt shi ST €1 39 YhR GTHT STrel-&TR H shelel Teh Wi
1 S AT B1 S, o3 7 1A Hl WA FU § T IR TS &N 1 goia JHA & ®9
o wRefea foram s &1 R o STIER, o 37 o fadis o fag fedis (K) de gaa &R o6
foratst o forg et (k) o =ster o farenfaa feman T Treme 1 A Uel 39kt Figal W fsfean qen
TH A 1 faeem o T @1 eEeeH ST W Wikl (Wihad) o faT pH HIYsH (pH = -log[H*])
TEA R T 1 e 39 o= Tfer o fo fawaid A (pOH = - loglOH) ; pK, = -loglK ] ; pK, =
—loglK, 71 pK_ = -log|K_| 3T%) 71 &1 STl oh I I AT i W &H 3@ & foh Fefieor pH +
pOH = pK_TWRN HI= Bl ¢1 Joet 37 TS Jocl &R, ool 370 T Yool &R 3R qoel 370 T gaicd
&R o Sl o1 STl e W Sel-T9ee gl €1 SR foera i R qe SHeh Hewd i Wi oot
o T 21 St et el o ool Wt Tl 1 Ao wd forerr o R (k) Y Sfa w
T SEhT Heid el shi Tereraan § T feman 7| forete | 01 o Seeun o1 SHeh Sl W feieidal shi v
w1 Frafto foran 7o 71 99 o UE 3oy faoia iau w1 e & wew w1 ot fasem 5 T 7
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R IEIRCRIE]

faenférn o fou 3@ e @ weifua Ffvma foramg

(%) fomneft fafss qn weil v afesal o Wi, 93 99, TRR 9o 59 td U S o TAf
%1 pH 1A % o I pH U 1 STAN T Fehdl B

(@) pH YR 1 I fafa=1 waoii =1 foeraq &1 pH o & o o foman St devar €1 98 e
Tl T Gehdl/Ghdl © fh 3 Yael/ged Al a1 R @ S e €

() o difeam T ud wEifew ot wi fHfya o $ aw faerdd o @ehd € T pH W
1 STINT HT SHRT pH Fd HL Fohd 2|

() S= fafis pH o foerai & fafes a1 dfem & o T e fRe <1 9d €

(T) FEh! 1 ST HT D A &R AT HT Tehd 2l

(F) A 37eq oot w@u i faeEar | 0 AP Y9 i 3@ G B

() afg fommera o pH HieX U= &1, a1 9 399 pH A X ITH! pH TR § red aRomA o
o T Hehd 2l

6.1

6.2

6.3

6.4

6.5

AEH

T g9 & Hiereg ars § FfY=d 919 W s9ek Aoy o Y Wi | W@l Sl 81 9l
A 3Teeh el & S 2l

(%) arI-3a R 1 YRS 9Romd = gm?
(@) YRY § 9T TS G i X Y a8erdt 27
(1) N BRN, 5@ Tk T I Sifon w9 | wnftd g ST 99 S ST @ = g2

et @ o ferw K 3 2, aft e R e e i "iEan € (SO, 1= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

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

T fffed a9 @ i @ 105 Pa W SA™IEH 9 H AFAGATIR 40% ST
WA B R

L@ <= 21(g

e ok g K, &1 oM it

frfafed # 9 yas Afafear o fou 9 femis K, &1 2w fafae—

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

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

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

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

(v) I, (s)+5F, = 2IF,
Kp%m@ﬁﬂﬁr@aﬁﬁmwﬁm&aﬂmaﬁaﬁm—
@ 2NOCI (g = 2NO (g) +Cl, (g); K=1.8x102at 500K
(i) CaCO,(s) = CaO(s) + CO,(@); K =167 at 1073 K
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6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

T NO (g) + O, (g) = NO, (g) + O, (¢) F T 1000K WK_= 6.3 x 10 T
o= W 3 ey <A erfafward wefies w9 9 fgares € i sifafwan o fag
K_ I 87

a2 feerish o1 =isten forad 9 a9=eT i gs sl e Sl i Sufard == fohan S
a1 87

N, O, & #ea frfafea sifufswan et 8-

2N, (@ +0, (9 = 2N,0 (g

Iz T 10L % 913  0.482 W@ N, 6 0.933 #id O, T ¢ a2 U am, faw
N,O & fean S af |rer fasor =1 Hered 9 ST K = 2.0 X 10971

Freferfaa stfufsan o sgaR TEfew sfemEs Br, ¥ sif9fsan o TEeifad amss
T B

2NO (g) + Br, (g) = 2NOBr (g)
o feer A9 W U 9 9 # 0.087 Hie NO W 0.0437 Hil Br, fufs forg s
€, 7@ 0.0518 Hl NOBr W<t gidt 21 NO U Br, &1 6121 Wi 1d Hifeg)
=1 250,(g) + 0,(8) = 250, () F ft 450K R K = 2.0 x 10" bar &1 38 a9
TR K 1 | 1A s

HI(g) =1 Tsh 91 0.2 atm € TR Teh Gk | W@l STl €1 97 W HI(g) 1 31iferes
T 0.04 atm 1 el KT T W % U K, %1 A @0 Em?

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

500K @19 W % 20L 9 H N, & 1.57 Hiel, H, % 1.92 Hiel T NH, & 8.13 Hiel
=1 fasmr femn s 21 sifafswan N, (@) + 3H, (g) = 2NH, (¢) & faw K_ &1 7
1.7 x 102 21 F tfafeman-fasor greg ® 22 af 7, Je sifufsman =6t faen =70 2

T 119 At o faw

NH 0]
~[Nof [of &7

(&

T ek o fau wqfaa wemfe g fafau)
H,O %1 T& Hid U6 CO &1 & Hid 725 K @™ W 10L % W # faw = €1 @y
TR 40% Sl (9RIeHR ) CO ok Tl Freferiad Teiertor o STar stfufshan shiar 8-

H,O0 (g +CO (g = H, (g) +CO, (g
sAfafean o fau g feertsr st T Sifsu)
700K @19 R fafwan H, (g) + 1, (g) = 2HI (g) & fau o= feeri® 54.8 71 3R

T & § HI(g) fe=n g1, 700K arg | Tenfid &1, den 9 W 0.5 mol L' HI(g)
Sufeer =, A 9 W H,(g) T 1,(g) T Wigand @ g

ICI, fSreht Wizar oes § 0.78 M 8, &l ARk ¥ W &1 fan Sy, @t weoieh <kt @y
W g FA B?

2ICl (g = L, (g +CL, (9 K =0.14

I e TT wE H 899 K W K, 1 A 0.04 atm 81 C,H, 1 9 W Hisgdl &1
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6.18

6.19

6.20

6.21

6.22

6.23

6.24

2t A 4.0 atm @ W C,H F1 T Tl § TN T T A W

Sar =2

C,H, (@ = C,H, (g +H, (9

ST U UHifeR 37t & s § wferel THiee SR Sl © U 9 bl 39 YR

T S Fehdl 8—

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

@) 39 sAfafren & fae wigar stga (stfafswan-armea) @, fafaw (feooft : ==t
TSl et | e § e faeae ot T ®)

(i) 3T 293K W 1.00 At THifeH 301 T 0. 18 HieT TIHTA YRA § fed S
Ffqw wre fagor § 0.171 Hiat e tEiee 71 9 feomgs &) oM Sifsu)

(iii) 0.5 A TIATA TE 1.0 A TEifesh 37 9 URY i g 293K 1 R 5
Y TvEq e THee o 0.214 Hid 9 T A 1 W eRia 8t T

437K a1 R frafd § PCL %1 Tk T4 Tk welesh 9 fon T |qe wenfid g W
PCL, %! Higdl 0.5 X 10~ mol L' W1§ ¢, =fz K_ 1 74 8.3 x 1058, @ W W
PCL, W& Cl, %! Figarg s eiti?

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

e oo ¥ Wi o9 §9g S sl Bt ©, 98 STE (11) SAfeREe &1 e
HHIFES o B TR € TE 36 Hifcs @e T CO, e B

FeO (s) + CO (g) = Fe (s) + CO, (g); K,=0.265 atm at 1050K
1050K ® CO Ws CO, o & W Ak /e 1 M, AfE 3eh qRfwes fers
T T

Peo= 1.4 atm T pg,, = 0.80 atm

#fafwar N, (¢) + 8H, (@) = 2NH, (g) & fau (500 K W) ¥ feemish K, =
0.061 %) T fagiv q9g W U0 1 Hoed 36 Y 2—

3.0 mol L N, 2.0 mol L' H, T8 0.5 mol L' NH,, #1 ifufsean o= ® 22 afz
T, @ " wenfud w o fou stfafsen fee faen o shem a2

S HieArEe BrCl famfed gient s we aikia a1 @ 9 9 €fid gl B
2BrCl (@) = Br, (¢ + Cl, (@

3T fe 500K W K = 32 81 3k 789 # BrCl %1 9igdr 3.3 X 10° mol L' &1,
e WA § gHeR |igd = gni?

1127K T 1 atm @ | CO T2 CO, % i fagor § wrmemen W 3™ e §
90.55% ( 9HH) CO T

C () + CO, (9 = 2CO (g

S0 A9 W AAfHAT o fAT K o6 W i IO it
298K ® NO T O, ¥ NO, adt &

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

aifferan o fou () AGe & (@) T feomi® &1 Tom Fifu—

Rationalised 2023-24
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6.25

6.26

6.27

6.28

6.29

6.30

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

frefafad o @ vois 9 | S A 9gIT <6 Y (a1 Sl €, 99 Saesy {6
rfaferan o ScaRl o Wil w1 GEA dadl @ A1 uedl @ A quH Wl 22

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

Freferfaa § 9 @ 98M W SF-E 9@ Afufmard garfed enf? 98 o sard fw <«
Tftede e W sifafwan o a1 yd feen o wfqwe grfr?

@ COCL (g = CO (g +Cl (g

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

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

(iv) 2H, (g +CO (9 = CH,OH (g

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

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

Frefafaa stfaferan o fou 1024K W 9 feeis 1.6 x 10° 21

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

7Ifg HBr % 10.0 bar Hiergs sl | el S, df @+t 76 & 1024K W 9 <[«
A shife)

et SorTe STfdfsnan o STHR Aol R SRS 119 Wiehfas 19 9
W 1 S B

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

(F) Sl e % o K & = fafau)

(@) K, e sifufman fasor <1 g W) geed 5y yeR gt g, At
@) <= e fen s

(i) 9 =g fan S

(i) SERF TgF fwman Sg

= 2H,(g) + CO (g) = CH,OH (g) W e et~
(%) H, faeam =

(@) CH,OH fieid ®

(1) CO®H W

(%) CH,OH 82H W

473K R HEFRH Yeraee PCL S fmed & fw K, 1 7F 8.3 X101 afK fame
39 YR g9 S, @ PCL (g) = PCL (¢) + Cl, (¢) AH® = 124.0 kJ mol!
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6.31

6.32

6.33

6.34

6.35

6.36

6.37

6.38
6.39

6.40

6.41

6.42
6.43

R IEIRCRIE]

() @fufsran o ferq K o1 =ik ferfam)

(@) wdra aAfafsean o fag S99 W K &1 79 0 8m?

(M) Ak (i) 3R s PCL, faemn S, (i) <9 SgrRn ST 99 (i) - SgE
ST, @ K T g9 g2

eeR fafer § wgea erEgior i Wiehfash 19 o Wi 49F w1 9 @ &1 9 @ fwan

T AN S §1 & WAt SfHfE ¥ v 9% § CO T H, 9 81 GE 9K H Yo

9& H & et CO SR stfureh wa | stfafsman et 2

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

g 400°C R A a5 § CO T 99 1 I9HerR fagor 39 &R fa=n S f&

Pco=Dy,o=4.0bar , H, =T Hrawe W AR 1 1 B2 400°C®K =10.1

wareT for fr=fafea 5 & form sifafsran o sifaeien! T ScaEl &1 Tisar gued giil—

(F) Cl, (g = 2Cl(g) K, =5x10%

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

(M Cl, (g +2NO, (8 = 2NO,Cl (g) K.= 1.8

25°C W 1 30, (g) = 20, (9) & fa K &1 9 2.0 x10-5081 =fg a1g &

25°C A9 W O, &1 Tr=aeen Higdl 1.6 X102, @ O, %1 Hixdl & 22

CO(g) + 3H,(g) = CH,(g) + H,0(g) sffwn % faet " ¥ 1300K ™

T ¥ €1 3899 CO % 0.3 Wid, H, & 0.01 A/, H,0 % 0.02 Hid T CH, %1

T = €1 fRw e qm W sifufwan o faw K A 3.90 #1 fasw § CH, &1 A

M I

G eTeA- &R g 1 3 o1 @2 frefefaa wieiis & forg gt stret/am sdee—

HNO,, CN, HCIO, F -, OH", COZ WS>

frefafed & o #F @ oEg ot @2

H,0, BF,, H' T NH;

frrefafed sl o fau g9 amei & g7 fafean—

HF, H,SO, T HCO,

FRERH NH,, NH, de1 HCOO™ & wym e fafan—

iR H,0, HCOj, HSO; e NH, S==gen o &RE 3! &1 i 78R i

F1 Y o G I q &R FTATY

frefafead el =l TEH 3TR a1 &Rk H aifiehd shiTaT qef Jaisy foh 3 ford TR

TE - o FAH FH F ©— (F) OH (@) F (1) H* (%) BCl,

Tk 95 U9 o T eEgeH S H1 Figdl 3.8 X 10°M B SHh! pH uiefera

Hifeq|

otk & U% A *T pH, 3.76 T, TTH TESISF 3TEF &1 Hixdl A Hifs)

HF, HCOOH @& HCN 1 298K W A& feerlish shAsl: 6.8 X 1074, 1.8 x 10-*qen

4.8 x 102 oh G T &Neh! o SE s T whifei)
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6.44

6.45

6.46

6.47

6.48

6.49

6.50

6.51
6.52

6.53

6.54

6.55

6.56

6.57

6.58

I 1 SEAA TEeis 1.0 X 1071981 0.05M Wi o fofer@d § Hidieie 3o &1
Higar qe4 0.01M Hifeaq w4 faerad o Sk 3TET &1 | A1 i)

H,S 1 91 3T feerir 9.1 x 10581 389k 0. 1M foer ¥ HS- 3Tl &1 wigar
1 TUAT IS qen St fh afs 399 0.1 M HCI ot 3uftera =, df digar ffg TR
gorferd e, =< H,S 1 fgdtar forism feerisr 1.2 x 1071321, 1 Hewigs S* A=Al
o1 A feefqar o Higdr ki MU SifsT)

fufesr st 1 3T el 1.74 x 10581 39 0.05 M foerm | forism 1 am,
THIeE A Higal ae pH &1 9iehed Hifsl

0.01M sTsfeh 37 (HA) o T =1 pH, 4.15 21 $8eh FUIEH 1 Higdl, 31
o1 3T feerieh 9o pK A qiehferd shifsra)

ot fers wrd gy frefafed fafer=ml o pH s it

(%) 0.003 M HCl (@) 0.005M NaOH
(71)  0.002 M HBr (%) 0.002 M KOH
frafafeq faeai o pH F1d Hifdu—

(%) 2 7MW TIOH &l i H =icte 2 feaex faeem s sy

(@) 0.3 7™ Ca(OH), %! 5 | Hiert 500 mL faerm samn s

(71) 0.3 7M™ NaOH &I S ¥ =ieeht 200 mL fae=m a=mn s

() 13.6 MHC1 & 1mL &l SId ¥ TR0 HToh el oTaaq 1 ferex foan sy
ST ek STt T ST T AT 0.132 710, 1M 3T &1 pH 7o pK_ 1 W
Hifs)

0.005M #€H (C, H,,NO,) foer &1 pH 9.95 1 381 3T feerier T e

18 21

0.001M et forer@ =1 pH o1 €2 THietl= 1 1o feeis aroft 7.7 9§ o dehd
2| SEeh T ST R ST Teei W6 it

af% 0.05M TEfife a7 o pK, H1 A 4.74 , T ST T W61 A0 i) afg
39 (21) 0.01M (&) 0.1M HCI faeem o sren S, ot fade &) o f&g 7R
wefad et 272

Al THIA w1 ST o 5.4 x 10471 39 0.02M fIei =1 3TF4 1 |61
1 T HifsEl A€ g8 faea T NaOH ufa 0.1M & df SEAfIe T 1 gfava
I T BAm?

Frefafea Sfas zai, {58 pH & T 2, &1 ergiod omeF qigd ufehfoad Hifae—
(%) ¥ME W 4, 6.83 (@) HAFE IR 74, 1.2

(1) wEE R, 7.38 (%) WHE @R, 6.4

3, IR, THRY W, 19 T qO1 312 ! YHA & pH 1 7H HHI: 6.8, 5.0, 4.2,
2.2 1 7.8 81 Y& o HUG H* 3FH shi Higal 1 o)

298K ™ 0.561 g, KOH et # Siie T 9w 200 mL fae=m =i & pH, drefirm,
TIESIST 1 SRS STFAI 1 Higad 1 i)

298K W Sr(OH), forerr =1 faemar 19.23 g/L 81 WiRmm 7o sEgiema e i
Higd qen foer™A 1 pH 91 it
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6.59

6.60

6.61

6.62

6.63

6.64

6.65

6.66

6.67

6.68

6.69

6.70

6.71

6.72

6.73

R IEIRCRIE]

WOHIgeh TR &1 ST1FH fEeriah 1.32 X 1075 81 0.05M 37 i@ ok 3T &1 01l
den pH F1d wifsre) 9 fae== § 0.01 M HC1 faeen ST @ 39eh 3= i 173
A Hifsu

IfE Wi 37 (HCNO) o 0. 1M faeraa &1 pH, 2.34 &1, l 7 o T feerish
el I 1 HET G SIS

=[fe Tg2E 37 1 SE el 4.5 x 104 €, @ 0.04M Hifeaw reerse faere i
pH TN @S St G A hife)

Ife drifeam eEgem FiREe o 0.02M foe@™ &1 pH 3.44 8, al W€ &
A el | shifeig)

frefafaa eeon o Siefta foeem o 33, STia qeo S BH i IR Sifsre—
NaCl, KBr, NaCN, NH,NO,, NaNO, a2l KF

FARHI R o1t 1 A i 1.35 x 108281 0.1M 7%t @ 38 0.1M
Hifead @991 1 pH A FifST

310K R Vel %1 Al A% 2.7 X 107142 gl avshd WSS vl 1 pH
[ Hifsul

fr=fafea fason &t pH aftefea Hifee—

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

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

() 0.1M H,SO, %110 mL + 0.1M KOH %1 10 mL

faeer wime, IfEw wme, B TERIRE, o FANEeS ad1 W™ sTeRe faem
+t IR 6.9 H fRu T faeiaar porwe ferie S e ° factaar Fa Swifsre qen
T AT I Hiekdl 9 Jd i

Ag,CrO, T AgBr 1 faerar umwa feerie a9 1.1 X 10-12921 5.0 X 1013
2| Ik Hqw TIe™A 1 Hierd 1 UM 16 HIy

I 0.002M HisamaTe Hifea RIS qen v FARE foera o THM TR i et
ST, Ol R 9L AR 1 AT BFT? (WW%WKw:?Ax 10%)
Sl Rt BT I i 6.46 x 105 e fieer S=ieE &1 K 2.5 X 10712
21 3.19 pH d1el IR foera & fieer S=iiue Set &1 gor o feraa1 71 fereta grm?
T Gethe ad Sifedd GewEe o GHHer [Ferdq i sfusdd Wigdl 9a1st S| 3966

TH AFdT M W 3 Howize adfad 7 Bl (ST Howls o fau
K =6.3%x1071%)

sp
| U hTeTaH Tethe i Sier o To1q 8 9 1 fohae STaae Siel 1 STagaeshdl 2?2
(hfewam wothe o fae K =9.1 X 10°9)

0.1M HCI1 ¥ BEgisH Fehree 4 dqa fae@e 1 @igar 1.0 x 109 M 31 9% 39
fae@ &1 10 mL f=fafed 0.04M fae@ & 5 mL €en S, @ foe foeeet 9
a8 9 2 FeSO,, MnCl,, ZnCl,, & CdCl,.
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