HEITEAT
EQUILIBRIUM

ELE

TH Teheh oh 3189F oh % 3T —

wifder w& qEmEtTE gfEwmet § 9=
Tt e Yhfa &l 9ga "
Aifeer T Tt fEae & =
& 7o i =Ed T oh;

qAqT AT o AT vl 317
Wﬂéﬁf;

frdt < eAfuferen & fou wmg
ﬁmmmw;

K T K o 5eA oo wfid
W;

Afafsran it ArAEE 1 gIfead
A afTe Hehl i e
Hehl;

ST, SRS~ Ta g9 U
o YR T YA hi 3T A2 &Rt
T aiffepd T Hahl;

T qAT AR o WHed Hi e
36k A Ferishl & ®9 H &Y
Hehl;

e AT AT THIATTA T Hdl
T AT i T 1 FHeRar &1 2men
WHT;B'P[;

BIZGISM 3TIA i HieR isdl &1 pH
Thol o &9 H g Y Hohl;

et oh 3TEH Ud SHeh! 3T defT &1
% ®9 H el qHeh H qUE A

ol % ST A% (K,) e
pK,, ¥ fase =T geh;
T Ferl o STANT hl FHA Hehl

'QT:[
foreraan UHEe feeris T T X
ekl

T 7

I Sfeeh T yEteRoie uimeare § qemEte qe qewyl €
SN — AR Sl § HHURE q O, o uRered ud foawor §
0, 3T o ETHraifer o HeA T i U fuiiash fieht 21 5
YR CO 3TU[3T Qe SHHiallfer o Hed | CO i famermar &
0T AT B

el ol &< s ¥ weh g9 oifoud B ©, S TSt Sl
At 319 5 i Tde W a1 Yl § 9ol S § a1 3k A oh
3] 5 1 Tde Y THUHT AT JIawe ¥ 59 Jrowen § guifed &
S B1 39 WehR %o el o1 o WeA Ueh TS W T 8 i
&, Toteeh aioTesy 5o 1 Hdg W T THivea oroq-gre Scoe gl
21 STe STet <1 a9 YR Bl S €, del STel 1 arsq-S1d sig ol
€ 3R ofd ¥ feer @ o 21 e feufa o w9 wed © o frem
(System) o Greeen Tofad e T @) F@fy 78 9 wifqw T
€ 1 S8 1 Wag W e TS 1% o o ek {hAheld B @
&1 T YR HrEATerEell T oTodd w1 ST HeA-SX o e 8 Sl 2l
T4 39 YehR <9I S ©

H,O (59) = H,0 (3am™1)

75l < @1l A 39w A gvild € fom S feemed & wiward
HU-H1 Bl & qe SATAThaeh] o Scarel o Trerereen W faeor s
‘e fustor’ wed €1 ifaes weral qen qEmEtes stfafsmanet <=t
o wreee @iy 8 wehdl ¢ Afufhar 1 e steEn wg e
IUHT THa Te i gRftefa w AR #ar 81 we fer a
W UF d9€ UH § fafHue TR o Scue s ©, St
Higdl #R-¢R w7 el S © U SR Hi Figdl gedt @t 2
forq o THF qvE T a1 ifafwaenl & @igu ¥ R T & SRl
o HiZ0 § g qiedd e 21 G feufq o e o wiivers e
(Dynamic Equilibrium) 1y g1 Sar g a3 TS qY=TH
srfafmanetl 1 X w9 Sl €1 T hRU 3H erEen o
srfafmen-fagor o Sufeerq fafve w2t & digor o =18 afitedq =1
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Bl 81 39 SMUR W R rereen wged ask Tl
Afafewan gof 5 Gt 2, Iued TEEtE sifafmae
1 Frefafaa @9 agel o affera feran smar 28—
@) vom T ¥ 9 sifafemand et €, S omrer gof
Bl St ® e SATufshaen! o1 Figan T10g @ St
2 o afufrwet § @ sifufrst w1 g
31 HH Bl ST © T ST THE0T yE g
Toya i @ a2
() fofa oge o o sifufeard ot €, fod @rga
#Y AEN H SR oA € al HrEeEEl W
FAfafsresl @1 siferra i STafafdd & S
(i) T TE W S arfulemenati st e e €, f
ffepoehl T Scuel i Wigdl GrEmeEer
o A
Qe W AR fohe wn qe gof et @
IE SR gEifer it SH—stfafsweRl &
igdl, O enfe) W R St 81 S qen yEnmeen
T ufareq aftfeafaat (Operational Conditions) <l
TRAHIHT (Optimize) T 9gd Hewlqul Bl €,
qIfeh TT=TTeen 1 3hTd 3fesd Scas i fem # &l
TE Toheh | &Y Wifder a1 THEtie ThAl § 9 o
FT Aol UBQSl o WU-"Y Sl foees
el o wre, TS smafies | wed ®, i ot
qftgfea wa
7.1 ¥iifer Wernl ® ATETawT
i TehHi o STeIA gNT AreeEen o fRdt freRm
o ATTAON kI ST TR T T Tehell &1 WIIEq
®UIGLUT UshH (Phase Transformation Processes)
79k gfafd 3o €1 ST
3@ —— 3d
™ — I
I — T

7.1.1 B3E-gd AIEATIEAT

Wﬁ%ﬁ (Insulated) WW'&T@H‘@TQE{
S (I8 T 8T T Toreh o W usre ue ufEae §
o1 1 fafma 72 g ) 273 K qen agHee
T W HrEEE | B €1 78 e s safererl
o1 9l 31 B9 I8l <@d ¢ foF g o -y o

e fagm

T STl o SoAHHI ol ShIE Tiede T8l eidl € aen
fler Tea €, W S Wits 7€ 21 9% TS S
o wer et oft g wfaferand gt 21 <9 < & e
I T THTH ITH GHITEA &1 S € 91 5k ok b
0] 59 Jreeel H 9ol 9 21 o U St o seaqH
o h1g uftedd &l B €, Fifh Sel-3Toet w9t
Y S H TG0 i &L T ST § 9% § TR0
F R 273 K 3R T IHSA 6 W =K Bl 2l

g T ¢ foh 9% o 5ol ehae fRE fawie qmg
TS @ W E G | g ) agHesed 9| W
ot 315 vated o T =, fowor 3 e ==
TRy @rEraken ¥ gt §, usted @ ‘umen
Tk a1 “ATes Tetieh’ shgetrr &1 8 fem Te
o 1Y ohelel TST-| € UREfid gl 81 39 YhR 78
frepra Tfaer @rEEen W el 21 3Ed fefeted
frerd o B ® -
@) =F foreft wfward wmu-wy Bt 2
() S R T R 9 S €1 se S U o
%1 g e & 2

7.1.2 SA-dT™ QEATSTET

g deF i fr=fafad w=m o oeg 9 9uen S
Gehdl B Th U MR 1 Aferent, Toed 9/ o &
(TAIHeR) , 1 Tk SiE (31 @IEF) o IRES e
Y Wig <d B o § Tk 9rE T A1 ue few o
sieit ehfewam NS (A FIEHRY YIHES)
ST ST TR S H G H FS el qh
@M Sl 81 39k I SR il SeX fente
o a1 1 SR sl Tk W el SN Sodied
e o= T (A1 S €9) ok iy @ feEn S gl
A 1 3@ W g4l Tord € % 9 gma g
THHT T ol | IR - oear § SR fad: fer
B ST €, Al S H T TR Tl € @R
o B Sl 1 9= T ford T Sl R S o
%9 g St @ (Fos 7.1) | 9 o sifeq | Sietered e
Bt € = oSt T e Tkl ©, T STe Wel 1 aou
B W T rerwen | Siol- 310t o SEeH o SRl
A1 &G Sl 8, a0 a1 el w1 ST fEer el 2l
TH o -9 S H1 gig- H HH e o 2
el | Teqifid B S € o e el g 2l
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THHT AT 8 2, o S-S Wi o Srupetl ot Hem
et sraeen o ded ot €, dH-99 T srawen 9
ST oF T[S hi F-3TaEA H oA i I AT
Ty B d el Tedt /1 teiq—
eI T ¢ A0 i W ———  FEAT I
H,0 (W) —— H,0 (I™)

qrererEe | S-S g 30 @ fohet i
19 W FEeR Ted €, 39 STt o1 U oo <[, (A1 5
1 GTSY-TM) FEd &1 K9 K1 A AT ok 1
31 21 A TE T Ao Toshieiet, THeH qen 2o
o T e S, Fg Uferd e @ R 5o are
arq-grE fafe=1 g €1 STveiiehd S=d o g6 el
39 ek STSTEicl BT © TS SHH FHUMIE FH
g 1

afs A T e, ufore Yo T
S H % h1 1 mL IgHSA H Gall W@ ST a4
T WA H TH WA HW H T g9 o f9a-fim
ST o T <A S A 79 g% i fo g gedt
v H 59 1 qof TSR € S 1 gof arsee
AT (i) T 1 Ghid, (i) T T HABT qAT (i) T R
ek et 1 ST 9 T 1 agHed § gern W@l
ST 1 Al STSY Wi SR al R et €, W o ok
] HH oF R AEA W el Sd g1 Fd: o9 W
FI- ST H HeAA k1 <X A HY R W HH BT T
TH IROTHEEEY WUl 59 S1foqd &1 S 21 98 T
ol e 1 SR @1 Gt R o e i
T BT Hord e 2

&% U H O T§ So-ar Tk JHeed e
(1.013 bar) @ 100°C d¥ W @ fearfq & )
1.013 bar <6 T Sl 1 GHMT F62HF 100°C |

191

9 feur # S
forT 7.1: R @19 W ST &1 Grraee] &1 arsq-31a qI9T

el s %9 o foiq s agHse™ <@ (1.013
bar) R 9% dM, TR 5a T5 a7 FreEn ¥ 7,
‘S 1 WA Tl A 81 T BT FaAqATh
agHeed 6 R 9 A B T8 WE & S
(S=E) W off F79t e 21 stfersh S=aier ™ g
TR Tl B

7.1.3 STH-aTT AT

a1d &1 U9 el W fomm i, STel S oy efeen
¥ Feduifad g €1 3% en i &l U o9 ue o
W, 9 FT THY GTA T A o9 S S ©
T I o WH-F T H el § g et 81 oW
9 GHT I 1 1 i feer e S @1 59 feafa
o gy a8 S g1 ofd: S ST
FeATTid elehy SIS oTod el © AT WAool i
T &Y § 9 < Gehdl ® -
L, (3) —— 1, (ar)
TH YR o G o 3 ISR e
FR (M) —— HPR (aTH)
NH,CI (3®) —— NH,CI (ar™)

714 ¥9 ¥ 319 A9aT 9 Hl Tevierdr-
wae ar

ol | 3|

B T 39 W T WA ¢ o &y U 5ot ) wh
Tafy=a amEn | 9= a9 W a1 =i 1 e did
A & Serd €1 A B0 S g o = = S
3R 39 Se1 Y, il =it o fereed g 8 s fRd
a9 Ry Ty foerm | 9t ek stfuss foem T o
H@F, qar ﬁ@ faera =t ‘W‘H T, (Saturated)
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Fed 2| faeid =1 faeiga v w feR e 21 Hgw
oot o s1upeti it 319 eTeen 14 faera o foerae o
UL o e Tiden SrEER B

4 (Free) —— = (3F)

qoI T |,

= o geH Bl W = HHA o fhed &l

o =+ FeEar 9 SR <A
ol WETE 1 Mok Yehid i Tag feman o 21 Afg
%‘?i‘%ﬁ@ﬁ%ﬁﬂﬁ‘l (Non-radioactive) %ﬂ'—ﬁQEF’Tj‘H
oo o Weanifaeaar goa =i+t =1 &2 461 2« <,
T F© I9F 9% TH M faeed TE 3 =i+, oy
IR o AeAdfoead Jaa = o6 1] & o, fhg
[reTEeel i Tfdeh Yhfa o RO Aeanfradgs
e feanfraaEE == & e w1 fafEg gE
Werenati ¥ B 81 e Yeanfad we e e
=it ST 1 ST T T FGa Bl ¢, T T T8
T feeR A q% FEl Tg" S
gal o
e Grel-aeR 1 didel Sielt St 7, dd 90 ol g8
He SESAFAEES T BT FH AGT oS G W
e ot 21 o=t <9 W o/ | e eEstiaEe
1 for factadr & %Ror @ g 21 feer 99 9=
W TG % Afger Ao Te w9 o ol st o o=
e Tfyd TEdl 1 SSreRone—

Co, (M) —— co, (fae= #)

g ArTEE] B o TEMER €1 TS Sen,
“forelt a0 W S T TE W oF faemae o gen
FER G IC T B TS e T e o e Gl
HUMUTH Erdt 817 A9 g o ST Tg A=
el St 1 CO, T i He-aeX T aieet § ek
@ R Hewss {7 81 30 9 W T ok a5 Ak
3] g H o™ & S 81 S € et @ieft st
I8 € diqet & 59 HI Yde W I =S FH € Sl
2, for w1 o Feit g8 e SEeiiemEe et
= agHeda @ W TS THAEA $i IR SR
Bt B1 A% We-a1eX 1 39 didet i FP GHI Th
g1 o el Big f&an o, df 398 @ @ gt
IRETGAS Il

IE WHFT ®9 § FEl S Ghdl © T

e fagm

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

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

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

(v) %9 ® T & fooiEa g9 % IR W F @
(ga1) o HHHE Bl
2 frerel w1 |roft 7.1 | fean wn @ -

Rt 7.1 sitfass aETEwer & o favand
TohH Frreand
Bl = o™ ffyed a9 W p,, R
H,0 () = H,0 (g = 2
3G =7za TeeR 3@ W e A=
H,0 (s) = H,0 (1 = 2
foet (39) = faeta | faerm o foerm =1 @iga
(foermm) | fafemm @9 W feer =¥t 2
= (3rE) = =i
CESER))

T (9 = T (aq)

[T (aq)1/[T¥ (9)]
fafv=a a9 W feer g 2
[CO, (aq)]/[CO, (g)]
fafv=a am W feer g 2

Hiferen TehAl W WTEITERT o @

ITFeTeroT

SR ifeh el § Feft FHepm-areree o 9

sfeter frefafed B

(6] fafy=a a9 W ot &g e (Closed System)
o € e q9e B

(i) @rETEE R S foed stfafwand s 3 9
el 1 T Wiiaen, fohq Tl srarern Bl €

(i) R o @t WA A qo-ue feer B €

(v) & fRel difde wwm o e i 8

St ®, 9 "Roft 7.1 | afta Aade) § 9 e

CO, (g) = CO, (aq)

7.1.5
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AT ERAT

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

v) fodt off g 53 iyt &1 9+ g% <9ia € fw
YR dh UEeH o gd odifas whd e
i1 T 3 GG Rl B

7.2 THEIEAS UehAl H QTETEaEAT-Tdeh
|

Ig Tet & FqrEn <1 g ¢ fF §g fea § w6 9w
el Tt SfafRaTd siqa: arreeen ) feafa o
wge Wt €1 3 rfufeward off sifim qen wdta faeme
o HOH B Gl &1 59 UH we gdig sifafmaed o
<X HAM 81 S 2, @ STRIRNeRT qen ScTel S |igand
feor et B I8 TEEE W hl e 8 U
Tifaer ArEaen 3w Afufean (g 1faeRes 3ag
H gt 9 ®) qen ydig sifafwen (e sas ga
AR o 9gl S ©) ¥ Toerrt Soi Bt 21 38
e o fau gn fafafea Soraeia eifafean w—
faar = (o= 7.2)-
A+B=C+D

T didd o @Y IfYEReRl (A den B) Wi
Higdl Fedl © 91 SRl (C 941 D) o1 S=E 2l 2l
31 faferan w1 <0 Tedt St @ SR wdty st
%1 T el Sl &1 Hereerwy Tk UE feorfq ot €,
el AT eAfafemanen 1 T THE Bl St §1 e feefy
o frepr o HreraEe Tiftd B Sl @1 el W
C T D o = AR et off WIed hi ST Hehall
21 9 fordlt off foen @ 59 wreEerEen w1 e
UG 2 A+B=C+D I C+D=A+B

C 3¥dl D

Ega —>

A AYAl B

THY —> 9HEeR

e 7.2 : TErEf# qreEraee s e

193

TeR-Tafy g/ S| o dyav vl § e
AT h1 TMideh Wehfd shi ST ST Tehall B1 BTeR
4 I=9 A9 U1 T@ T SRS a1 LSRN hi
fafys s/ amEnew o WY Afafwar wue Fafra
ST T STHAT T HET T4 HI| Tk TR T
IR AfRaT | I SRS qo1 SRR hi
g T w1 fo 7.4, (U 195) <@l € 6 wh
fAfeea ama o 9% F© STHeRE o 30 T T o
STHIT o1 WK W fHS07 st Weed oel a1 @l €|
fgor o Here w1 feerdl 39 91d &1 Hehd ot € T
e i 8 ¢ ?)1 eifufwmen i gpfd
i T ok T T 1 T 3% Hid-Hdd
IRy aRfeafaal (6t o1 3@ w8 ™ ), fhg
H, %1 ST& D, (Deuterium) ©e{ T &0 H, =1
D, & @ Af9fsra & T HrEEen WOgHA
gereTeren aifafsa-fasor gy wtar €, fag
Hfwfsra-fHeo1 § H, Td NH, o M T %A D,
Td ND, HISE ©d ¢ T i g o 9%
<Ml fagor (9999 H,, N, NH, @@ D, N,, ND, B
%) ® g § e o g9 % fau oig 2§
o o 36 g w1 faveluo S W g serd ¢ 6
SR Y Wigar Tafafdd wdt 2

Breiiter St 39 s 1 fageiyor oM SereHiet
(Mass Spectrometer) gl IE RIS %\ ar sﬂﬁ
Tgifemge fafi smif=n 319 (NH,, NH,D, NHD,
T ND,) T STgelsglsH 319 (H,, HD 1 D,) ¢
S &1 394 Te Tt feherar @ foh @remereen & g
off fiygor o 1w we wdig safafsmand gid & o SR
U W H a9 D TEV[S &1 MU (Scram-
bling) BT TEdl 2| AreAreee w@ifyd g & 15 afg
afferan TaT B Sl @, i 3@ YRR o1 fHEO W
B H9g e gl

i o gyewur o gueenfie (Deuterium)
o YA 4 € T Bidl @ o g9 sifufsmanet 5
T GrEET YT g W ST T gaty sifafEarsa
%1 ¥ GHM gidl & d97 599 [4E0 & qued q @iE
g9Te 9Rad 7@l siar &

qrererEel ] fReneT g TIyd i S Sehdl
€, 9% H,(g) T N, () ! ifafehan FT NH,(9)
W i ST 31 NH,(g) 1 o Ut N,(g) T
H,(g) I i S
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e fagm

Tfeh ATATERAT-BTE % fAT TR TERT

ifrer =1 THEfTR SAfAlmaTe § e w1 Yt euwn i gl 81 FEA e Tueeht o ¥ g
79 927 ! YSRT foran ST gk 21 fong Ferelt foremera =kt waremen & @ Wi e wowa € 21 Frefatea
TN Yok 9 AL i 5-6 TEEl o THE i a9 @ S ush § —

100 mL % < A9q faferet (fm 1 qen 2 for@n 81) Wd 30 cm <Adt i i <1 et oifsw) et @
I A1 dl T & Hehal € 91 S0 3 ¥ 5 mm % el 8l Wehdl | WIo faferet-1 o e Wi # aie
S (ST | IR WHTE % U e et TiF Sid 99d) W @ e fafaet-2 1 @l @ B
faferet-1 o s 7oft qon faferet-2 & o 7oft T 21 faferes-1 arelt el o S0 fog ol el @ &g A
Td 3 el TR o R T S w6l faferet-2 ® el fafet2 § @it el @ wE S gu @ weR
faferer-2 ¥ fafre-1 ¥ 9o TuHiaia #3139 YR A1 Al st gerar 9 fafe-1 9 fafae-2 5 @
faferet-2 @ faferet-1 o Ui STl 9R-9R q de TMIARd L 21 S qe6 2l Tafaed § OiF Sd &1 &1
TAE & S|

I 37 7 fafered o T foeam o1 THIRT T 9 W 9 &, a1 37 fafored # T 9a & &R | o™
g gfeda et g AfE 37 <t fafaed 5 ¥ 5ot & &R & g0 A9 TSR] Td SRl & dig0 & &9
o 3@ i N e Wehd © 1o I8 WihA W WiHAT o1 Tk Wehid shi SOTA il €, S I STt b1 T Tt
B W ot S Tt B A B9 36 WA i i sareeret | Ao 1 geEd @ <edd, af g9 <@ 6
3 fafied ® ¥ a1 o WX f9a 8171 39 < fafered & TiF oI & &R H I f99 = &1 Afaai & wro
Bl B

=y T (= T

(=) (@)

forT 7.3 Tfde Qreraeer &1 Y599 (F) RIS 37aeer (&) S7faH s7awer
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\smsﬂw (ATTFRF)

oeR digda —>

SRS (AT RI®)

AT SUs

gqg —>

farT 7.4: sifafwan N, (g)+ 8H, (g) = 2NH, (g) #t
qrEIEee] &1 &0
N, (@) + 3H,(9) = 2NH,(g)
2NH,(@) = N,(g) + 3H,(g)
TH YRR B AR H,(g) + L,(g) = 2HI(g)
W forr Y| A B9 H, Tol 1, o SRIeR-ae GRI9H
igur 9 stfafwan & &L, @ Afaferan s1fim feen o
SRR B H, TF 1, 1 W& %7 8H @ ¢ T HI
T WA TG ST, 56 qeh SRl Tfd 7 7l
ST (o= 7.5)1 ¥R 89 HI § I& & TfAfman
foadra feom o g9 3, @ HI 1 9iga1 &9 gH T
T H, Tol I, sl Higal 99 T dedl @I S qoh
qrepTaEe w@rrfad 9 @ S (e 7.5)

HI

Ear —>

HI

g ———> qEEn — T

faT 7.5: Hy(g) + 1(g) = 2HI(g) 3if4lskan 4 a7
qrerEey el st fren | wenfyd g gedt 8l

195

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

7.3 AHeh QAT o fam qar
[rTaeen feries
e § ARl T SRl o 0 i H
fagor’ wed 1 T o T WM § 9 fago o
e & Hey § 3 Yvl W 89 faeur &3 T
A= fasgor & Afieien! e SRl i Wisdret |
ey B2 URIYeh Figaistl 9 9 Sigaist i o 0
fan <1 "ol 27 9 fHgl o HEed & % 9
FH qRafdd FX gehd 72 SiEifie sfie o swaEmh
@A ¥ — (H,, NH, T CaO) & Heel & fag
MEYTF Tl k1 TuRer ohg feren Sar 872
T T9 O W o fog g9 f=fafed e
SR srfufsran W famm w3 —
A+B=C+D
el 39 Hqfera Tl ¥ A qe1 B 1R
Tl C 991 D SIS 81 3Tk Schuvit rfafsmaneti o
TR e oh SMUR W Afe o TEEERl ohel
Afafaferm qee (Cato Maximillian Guldberg)
Qﬁftﬂ?{a’ﬁ (Peter Waage) af“v'FL 1864 | gfqurfed
e & fedt fagor o wigaet & F=fafed
- HehT0T GRT ST ST Hehell ©—
x - [CI[D]
“=[al[B] (7.1)
78T K W feoris € qon 6 SR 1 e
‘e feeier oo hEddl ©1 TE AT -HHIeRTuT
H ‘g oIgdt fwen @1 W’ (Law of Mass
Action)‘lﬂ_clﬁﬁgl
T[] A1 ATt g fadTisd geral i T=s! TE
W%WWWW(SeaIedVessel)ﬁ?Sl
K W 49 H, T T4 1, & = sfafemn ) TR
| 39 srfufsran o1 stemm fafie wrnfites aRfarfaai
¥ B: TR g fwRar -
Hl@ + L = 2HIg
1 9 1 | 2 T
Tl W) (1,2, 3 T 4) ¥ & YRY ¥ 5%
uE W hee T H, T T 1, 91 TS A
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196 W fogm
ARt 7.2 YRFWE UE WEmERen W H,, 1, Te HI @t |igand
TN T TRtk |igar /mol L7 WIEETAT U |igdr /mol L'
[H2(g) ] [I2(g) ] [HI (g) | [Hz2(g) ] [12(g) ] [HI (g) |
1 2.4x 102 | 1.38 x 10 0 1.14x10° | 0.12x 107 2.52 x 107
2 2.4x% 102 | 1.68 x 10 0 0.92x 102 | 0.20x 107 2.96 x 10~
3 2.44 x 107 | 1.98 x 102 0 0.77x 102 | 0.31x 10° 3.34x 10
4 2.46 x 102 | 1.76 x 10 0 0.92 x 107 0.22 x 10> 3.08 x 1072
5 0 0 3.04x 10~ | 0.345 x 10° | 0.345 x 102 | 2.35x 10
6 0 0 758 x 102 | 0.86 x 102 | 0.86 x 10° 5.86 x 107

gIEgoH Ud e o faa-fie digor o @y e
T S GHI 9% 9% 95 H HHO o W1 H Ao
feer 7 T, steiq—grreen wfad @ M =
AN (. 5 Te 6) ohelel T HI oot R4 fer Ty
39 YR faqdia sifuferen ¥ wrmemen wonfya gsl
grelt 7.2 § 3 9t ®: W@ o stfee fRu T g

TAN-HEA 1, 2, 3 T 4 § F€ @1 S Gehdl @
fh— eAfoehd H, o Al 1 & = A9 1, o Al
T G& = Y (IR HI o Al Fi G&A)

TAN-HEA 5 q 6 W BH 2@ © fh—

H,©@),, = L@,

el W e Reh Td SRl I Hisdl o
e Hev Tnfyd & o fau &9 &8 gemamiet o foam
¥ 99 Ehd 21 e U T e oHSe W OEd
foamr -

[HI(g)],,
[H, (g, L (@],
WRUN 7.3 3TFHHGI oh AT AigdT-Gael s&sieh
H,(g) + L(g) = 2HI(g)
. [HI(@)],, [HI(@)]Z,

TS| @ (@l | [l L@,

1 1840 46.4

2 1610 47.6

3 1400 46.7

4 1520 46.9

5 1970 46.4

6 790 46.4

qrot 7.3 T fU T kel @i Ferd ¥ Ak gy
SRR TS SRS i ATATTE-TIgd 1 ST
ok § W, d@ 39 sk 1 9 feer T&l, afew
fm-fim g (EReit 7.3)1 af &9 f=fafea s
S

[HI@,
[H, (@), |[L@],
@ g| wd fm | B, wa ¥ 9 e fer
M <1 & (S GrRont 7.3 | fa@en w0 €)1 98 <@
S Tehal B foh 39 oo § YRRl To I
W?(Uﬁﬁsﬂﬁ(Power) aﬂmaﬁ%aﬁwﬁm
ifaferean o TR o fod 3o TqEHIeR oI
T‘W (Stoichiometric Coefficients) %I TrETeER o
TH oE oF WM | EreEEe e’ el S @
A T K Welieh GRS ST 81 36 Wb At
H,(g@) + L(@) = 2HI(g) % feTT K, 7 wremereen
frorisr =1 39 ®9 ¥ foran s 2—
_ [HI@L,
© L@, [Le)],
W 3T 7T Ao, WS o I_Ih o6 9§ Sl
‘eq'ﬁ@w%,%ﬂw:ﬁﬁ@w%,m
I8 A ST € R K % oS H WiEdl w1 HE
e W §)1 ord: gH forad -
_ [H@f
© [HO)L©]

(7.1)

(7.2)

(7.3)
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AT ERAT

R ¢ 3w € fF K T W EiEm %
A mol L ¥ =k foran T 21
feu e fodt am w Afafmar-sasl =t gisar e
SRR T Fxdl o OGS 1 3T FEeR @ar
21 TH I A Wigdl oF H o fou Hferd
THEE T H ARl TS SARl o ™
YHIHIOIAAT TN i STh! HGdT & =ik o6 €9
o s fopan S 21
Y YR Tk HHH 39fRAT aA + bB = cC +
cD o foru arereaRen feemis &1 f=fafed 9w 9
e foRan < B—
K _lCr o
[A] [B]
sifuferan 3R (C a1 D) A9 ¥ o AfYHhRH
(A @1 B) B H e B1 Yl Wigal (Seoned- [C,
[D] 3f%) <! Wqfera eifuferen o ToeietoHd™
UM Ui o Wl o ®q W e {ehal Sl B
S- 4NH, + 50, (g) = 4NO(g) + 6H,0(g) #tfwfwan
% fou greewen ferid # g9 39 ®9 A e
T B

(7.4)

_[NOI* [H,0°
© " INH,I'[O,P
faf\= sre=al (Species) 1 HICR-TIEdT il 3=
THR HISeh H THT I ST € A1 78 AT Sl
2 for 3 wreeren wigad €| W6 o wgd AEvash
B, 99 dh wree feris o ofwe § yeeend
(3w, 5@ = T\) T fae ST
T T SO Ul Seed 29 €,
- afg R rfafwar gt wt fFE S (Fac-
tor) § TOT Y, A ArATERe feerie o faw e
fored a7 =18 gH=a w3 =fee fF 9% e 39
qRedaq i ot e wRU

arfafshan H,(g) + L,(¢) = 2HI(g) (7.5)
& | S I 39 YER forEd B
[HI]?
T IH,IL] (7.6)

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

197

, HIL] 11
Ke=Tmr "Xk 7.7
T TR,
1
K.=% (7.8)

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

v H,(@ + ¥ L(g) = HI(g) (7.9)
TreTerEer feeries 1 HH Brm—
K/= [HI] / [H]'°[L]'/? =x'2=K /> (7.10)

39 YHR AT T THIH 7.5 &l n & TOT &,
qar AfAfsRa nH,(g) + nl(g) = 2nHI(g) T BHI
T TEeh wreEd-fedie WM K® Bl S
oftomal 1 Gl 7.4 H SRk fwEn e )
WUt 7.4 Ueh WU SRAUITE TRATRaT o wTeTere
TETEeh THIRTOT ATETET
feertien

aA+bB = cC+dD K

(&

K =(1/K)

cC+dD = aA+bB

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

TE1 % &AM e =T & K 9 K o 3Tk
7 fom 2 €1 sefe a7 savas @ o ar-stemen
e @1 AM forad w9 Hqfaa TE™te FHiH
1 SeeiE F
IITEIOT 7.1
500 K W N, 91 H, ¥ NH, s- o <A
e o fefaie |igard 9w g9
N,] = 1.5 X 10> M, [H,] = 3.0 X10> M @Il
[NH] = 1.2 X10 > M. Sriereen feerie st om0

ifsra|

&'A
AR N,(g) + 3H,(8) = 2NH,(g) o foT
e feetis 39 &9 § for@n s wehdl g—
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_ e (9T
[N, (2)][H, (2)]"
(1.2x102)’
(1.5x102)(3.0x10)°
=0.106 X 10* = 1.06 x 10°
SETEA 7.2
800 K T 31fHAfRAT N, (g) + O,(g) = 2NO(g)
% fore wreeRen Wiz ffafed 8-
N,=3.0 X 10°M, 0, =4.2 x 10°M
T NO =2.8 X 10°M
sifafsran o forT K, &1 w9 @1 Bhm?

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

_ _[nop

° N,][O,]

. (2.8x10°M )’

" (3.0x10°M)(a.2x10°M) ~0:622

7.4 QU QISR

forelt T g o el ifveis wd 3R
THM e | 2 €1 331l ok feru— e sifafgwen
N,(g) + 3H,(g) = 2NH,(g) # YN qo g
geft T -y § 2
T THR
CH,COOC,H, (aq) + H,0 () = CH,COOH (aq)
+C,H,OH (aq)
den Fe®* (aq) + SCN-(aq) = Fe(SCN)?** (aq)
afafeenett ® |t AfUsRe qen I gHm
forera-wrereen o € o190 B0 S guin fafmansti o
AT feefid & 9 ° TRl
7.4.1 T Trepma ® wrETewer feris (K )
T 1ot deh SAYRRehl Td SISl o HioR |ig0 o
®Y § grEe femis %l e R § qen =9
T K g @i 21 e sfafwerst & fo
e feeieh i AT @ o ®9 ° YR T
fereh gaerere 21

e fagm

RSl TH-HHiRToT (Teheh-2) i W 3H B |
e H o

pV = nRT

R

n
= —RT
b \%

&1 <M (p) I bar H, 19 T G ! Al i
T 'n' g SEEH, 'V i Tt (L) ° qen 919 i

hfead (K) H e it | p=CRT(%=C) ESRED

'R’ %1 | 0.0831 bar L mol'K Bl B

S n/V %! 84 mol/L H =5 & €, @l 98
IS ‘¢’ T |1 31a:

p=cRT

feeR qI9 W T 1 e IR WK S FAU
gl T, A p o (9] od: S Hae i
p= [T9] RT & &9 § +ff foran s gear 21

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

_ [m7T
* K o, 9T (@]

2

SPEI K. = (p(:;})ﬂ()plz) (7.12)
%ﬂkag Py = [Hl(g)] RT Py, = |:H2 (g)] RT
qen p, = |:12 (g)] RT
ERSIl
w _ pa) _ [H(@T[RTT
" (p,)(p,) [H:(g)]RT.[L,(g)]RT
[Hl(g)] (7.13)

“meLe]

ST ST H K =K, § $7e0iq 3 Sremeren
feeRiont o I SR ¥, fhg g% =8 T T 2 R
SR W fau - aAfulEd N + SH(g =
2NH, (@) |
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(Paar, )’ _
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[NH, (g)] [RTT’

" (py,)(P,)
_[NH, (g)] [RTT
[N, (g)][H, (9)]

i K, = K, (RT) &l
TH YRR Teh FHiT T sifafma

K. (RT)

aA+bB = ¢cC+dD
K = (p(cz)(pdn) _ [C]C [D]Cl (RT)(C+d)
’ (pi)(p;) [A]a [B]b (RT)(a+b)
[C]: [D]i (RT)(c+d)—(a+b)
[A]'[B]
= m An An
K= [appp 1 R

[N, () JRT.[H, (

g)]’ (R’

(7.14)

(7.15)

el Hfera TEEte Tl § An = [(TE
el % el 1 we) — (e s %
F Hem)| 21 T TewrE € R K o s
T @ F1 AH bar H WA =AfeT, Fifd <& HI
YrIfoTeR ST 1 bar 21 The | 9 80 7§ fh 1

pascal, Pa=1Nm™ d 1 bar = 10°Pal

el 7.5 | e A AfAiwRaret o fow K

@& o+ f&T T R
WU 7.5 W FB wAa SfAfchateti o armaeen
feertien K, o a0
arfufsran " /K K,

Na(g) + 3Ha(g) = 2NHs 298 6.8 x10°
400 41
500 3.6 x10”

2502(g) + O2(g) = 2S0s(g) 298 4.0 x10*
500 2.5 x10"
700 3.0 x10"

N204(g) = 2NO2(g9) 298 0.98
400 47.9
500 1700

2018-19

3TET 7.3
500 K W PCl,, PCl, 3R Cl, Sreaeen | § qen
Tt HAY: 1.41 M, 1.59 M T 1.59 M T
sifafshan PCl, = PClL,+ Cl, & UK, 1
UM RIS

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

_[pei][cL,] _ (1.59)" L79
° [PCL] (1.41)

SETEITT 7.4
79 aifafshan o U 800K W K, = 4.24 &—
CO (g) + H,0 (g) = CO, (g +H, (g
800 K W CO, Td H,, CO ¢ H,0 &% U=
T FIEHS T T FHISC, A IRA H ohore
CO a1 H,0 & 3ufEerd Bl 9o Toieh i Tigdl

0.1 M @l

35!

frafafea sifafsen o fau;

CO (g) + H,O (g) = CO, (g) + Hy(g)
IRT H :

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

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

314 g feeier 1 39 YR foran ST Hehel 2—

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

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

x> =0.0424 + 4.24x”— 0.848x

3.24x°-0.848x +0.0424 =0

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

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

2a
x= 0.848

X =
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+./(0.848)” — 4(3.24)(0.0424) /(3.24 x 2)
x=(0.848 +0.4118)/ 6.48
x, =(0.848-0.4118)/6.48 = 0.067
x,=(0.848+0.4118)/6.48 =0.194
AM 0.194 1 SUST sl ST Tkl B, iR
igar § e 2
3T TSR W HiEa 3§,
[CO,] = [H,] =x=0.067 M
[CO] = [H,0] = 0.1 -0.067 = 0.033 M

IS0 7.5
39 9 2NOCl(g) = 2NO(g) + Cl,(g) 3q
1069 K MY T 91 s K, &1 A 3.75 X
10° 81 38 99 W 3= sAfafmn % faw K,
TUMT I

T

T 9 € R

K, = K RD"

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

e foRier o AES

el K o1 W fehierd §99 FE0 S mol L
H @ K <1 W fehterd @ ek <16 F Pa,
kPa, bar 319@T atm ¥ =7 a1 ST ¢ 360 TR
qreTaen fEeish 1 A |igdl A1 {76 o [ T
T B 1 TS Wreae Ssieh o 39 § SIish!
I B H SRl o A oF aWeR Bfl sTfufea
H,(g) +L(¢) = 2HL K qM K, H %S I el
g1l N,0,(9) = 2NO, (g), K, %1 7% mol /L
qeM K, %1 5 bar

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

e fagm

TH SR HI JEIR Fereen § Y 19 R qrEifirs
FETE T bar il 21 36 YR 4 bar <@ JHE0H
37X o WU | 4 bar/ 1bar=4%ﬁ?ﬂ%,3ﬁ
fommeia 21 Tk forer o ferg wmmifores stereen (C) 1
HIeR foera & 9o o= Tixand s6t o |rder o ardt
STt €1 |reEfeRis 1 Sfifhd 7 g gg qraes
T W st R B1 39 R 36 woned # K,
e K, S fomea aferet & forg seent stifeher o=
ot yAIfoTeh STereen B o RoT e B gk 2l

7.5 Ta9UTT QrETSRT

T ° 3Tk grereen arel e o wonfua e
1 * FeroHiT TreTeEen’ el S §1 SIEI0 o fu-uw
9 9E H S@-dr Ud Sa-5d oh dtd eenfud
Frerereen *favmi S’ 2

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

T W W UH A gEwRr qo g 5
e €1 TH TE 39 U $Heh Gqw foerad & ot
Toqifie wreTerEen ot ferorwi W 1 S

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

forsmm AreTEEenst | Sifued YE 39 A IS
59 A o &1 T greEmeren (g 3 3| =@
IS ST @) o WSS hl T SHAET S
okl B, FiTh Y5 S T I %9 1 HeR HK0
It 7 W et 72 e, afess frer grar @1 g
YT H—ETRATeEe W T 31 X Al S Al @,
[X(s)] TS [X()] % 9 R e B s fawda af
X' 1 A ferdt fAfyea emad o seerdt €, @ [X(g)]
TN [X(aq)] o AH ft e €1 78T ¥9 TH Toeh T
TETqUl faoHT TERS Sreee shfcHad Hare

& i foe @ foamr -
CaCO,(s) = CaO (s) +CO,(g (7.16)
SIS TR & MR R &9 forg wohd € &
_[CaO(s)][CO, (g)]
‘ [CaCO, (s)]

<l [CaCO,(s)] T [CaO(s)] THI fEeR F| zafery
I rfuferan o fou oRefieha areamawen feris
K =[CO,(@)] (7.17)
T K, = Peo, (7.18)
T T B ¢ 6w fAfvea 9w W co,(g)
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AT ERAT

%1 T Ti¥=Id Higdl 1 <@ CaO(s) &1 CaCO,(s)
o WY G | @l €1 YA S W TS udl
e © T 1100 K W CaCO,(s) T CaO (s) &
T FrEerl § 3 CO, %1 < 2.0 X 10° Pa
2| THfT Swlie sAfafsran o foru wremereen feenis
T O 30 YR BAM—

K, = Peo, =2%10°Pa /10° Pa =2.00

T YRR TFohet, e AFISTRIES Te Hoha
SHTeiTTel oh sie Tefyq faom areeeen (fohet o
YfgHT o Ug) FHIHR —

Ni(s) +4 CO (g = Ni(CO), (9
o wrereren feeri® 1 A 39 w9 H for@n s -
[Ni(CO), ]
[col’

g wIH R T areareaeen Tenfya g9 o foe g
wrell w1 Suftefa savae ® (9ol € S /e eiet
gl), Tohg 3Tk TIX01 A @, AreATaree—fer® o
=ies | 7 g o1a: " feafd | 3g %9 @ s
3T F G- feeies oF ek H @l foran Siar
21 arfafran—

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

c

_ [agno, P

K 2
[HNO, |

c

SETEIUT 7.6
Sl Co, (9 + C (s) = 2CO (g). & fag
1000 K W K, & 7H 3.0 2l A gre #
Peco,= 0.48 bar T p,, = 0 bar & 71 TS
UhTge Iufterd 81, @ CO &1 CO, & 9 W
IR TM@l T UL HifST
'
39 sAfafsran o fae—
I CO, 3@ H HHT x Bl q—

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

201

H W : (0.48 —x)bar 2x bar

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

(—b ++b? - 4ac)

2a

X =

=[-3+ (37 - 4(4)(-1.44)]"/2 x 4
=(-3+5.66)/ 8
(Sfeh x 1AM FocHH T eI, od: 39 9
1 IUeN HT A B1)
x=2.66/8=0.33
ey W AT JEl oh A 36 YRR Bi—
P.,=2x=2x0.33=0.66 bar

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

7.6 TR g™k oF STWANT

greraen-feeris & yar W faur 9 ugd

T 3Hoh fAfafEd Fewayel aau W e 3

%, AEEN-feRi® &1 SF9e ad STEr B €,
T AfTHRE] TF I i Higal GrmeEen W)
feer =1 Sy

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

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

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

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

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

7.6.1 STFAfRAT st HHT T STTAF T

TrTae- TRl &1 oAffeher AW AffRan &t i
1 1 €, W F ST Hewequl @ foR wreeen
e 9% 71 aqanar fo Areamaen ffg T ¥ ura
T 21 K, A K, %1 TRAT SRS T HEd 3 G
B © (R Te rareRe-ferie FANEH &
(Numerator) § forar S @) den ferarement =1
Tl o SFRHAR el € (Fifh I8 SHoh o &
(Denominator) ¥ fer@t STt ?) | wrEEEen fenid
K &1 3= A S| &1 S=d Wigdl &1 gids ol g6
YR K 1 F11 9 Sl o =1 A w1 g@ifan 21

= fasgor o Heed 9 ety fHefafaa e
ﬁwwm%

I K, > 10° 8, A1 3R ARk &1 gorm |
ST S AfE K T A TR AR ©, @ st
T QUi o fehe BT B1 SereToned-

(%) 500 KT H, @ O, F! AAfhan Frmeeen 3

feeidh K, =2.4 x 10"1

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

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

At K, < 10°, sif9eias &1 gor o IR w8
B Ak K, 1 IF 379 7, @ sifafman geiw stawen
o & Hud et 81 Frefafiad seewl g 98 T @
ST 8-

(%) 500 K W H,0 & H, a1 O, # foered =1
ar-frerieh ogd %9 € K. =4.1 x 10°*®

(@) 298 K T N,(g) + O,(g) = 2NO(g);
K.=48x10""

e fagm

Ik K, 10° ¥ 10° 1 WWH (Range) ¥ Bl T,
@ IS qe AR R AT T WigdTd Hardseh it
2| FrefefEa 3 W foaEm i w-

(%) 700 K W H, 71 I, ¥ HI 974 R K, =57.0 T

>W

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

sifuert® qen fRaThas -
A ) Sufatad §

ferT 7.6 K, W Af4fsha1 &1 91 1 (797 e

(@) 36 TR T 3= sfafsRan N,0, T NO, |
faere 7, foger folw 25°C WK =4.64%x 107,
ST %A T SR T SR o | fasgon o
N,O, I NO, FI HiEd HarTsmeh Bl 346
=i %1 fo 7.7 § <ertan T 2

7.6.2 tfuferar st faom = Sy
YRR W Serei o foRat stfuferan-fasmor o eiffsran
HI feem &1 Uar I § ot wreraRen femis @
I fepa a1 B 1 5ok fow ew srfaferar wrTwet
(Reaction Quotient) 'Q’ 1 TOFT T B | e
e o1 € e ifuferan varmwa w1 ot sfafsman
w1 fopdlt oft feerf of fore aRenfi (AeR |50 6 Q.
qon S 1@ | Q ) forn S wwa 21 foret T
arfuferan & fog
aA+bB=c¢cC+dD (7.19)
Q.= [CI[D]* / [AF[B] (7.20)

e @ > K B, d aAfafshan SAfHeprehl &1 3
swEfa et (foadia sifafsan)

e @ < K @, df sAfufwan IRl # sk
smrEftd e,

Ifs @ = K @, qf sifufsran fagor amamesen
o Bl

H, & @ I, & T afafea | fa=r
T B

H,(g) + () = 2HI(g
700 KT K_=57.0
A foR g9 [H,]=0.10M, [L], = 0.20 M
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AT ERAT

SR [HI], = 0.40 M. fern
(T Hehd W IR t HT Ao qE T TR
Tigaed 1 A fRE ww ¢ W fRe €, 9 f
e W)
3H TN, ATAfhal AR @ Afufhan &t 39
feorfa o fean &
Q.=[HI?2 / [H,], [L,], =(0.40)/ (0.10)x(0.20) = 8.0
T T Q (8.0), K_(57.0) & SR &l 71 370
H,(9), 1,(g) T Hi(g) 1 fasmor @ o 7 1 gehferg
H,(9) 9 L(g) Tfafsan ook iR sifesh Hi(g) sHmds
T Ik HIKU q9 q W, S q% Q =K 7 &l
)
AffFa-9mThel @, 94 Ko WMl 1 o
HTh Afafwar-faen 1 ay wH | swEnt 7
70 YR, sAfafsean &1 foen o Hay 9 'H
frefefad oM sRon 71 g &
o AR Q <K @, @ e afufma o ¥ <€ @R
SR Bt 2
o AR Q,>K B, e afuf € ¥ 96 R
SR Bt 2
. qﬁQc=Kcﬁ,ﬁﬁ€§fWH%gm%|

R
g

AfRE —> IAR AERE R SAWENE <— SR
I gremaEe |

ferr - 7.7 Afuferar &1 feem &7 @ty

K,

ST 7.7
2A = B + C df4fsean & fau K, &1 w1
2x 107 2l

fRu o gqa | sfafwan-faso o1 95 (A] =
[B] =[C]=3x 10" M ® fafsran &M ot fem
o swfad grm?

&

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

3 YR Q. > K, g6fer sAfufsean fawda feen o
sfad it 2

Q. 1

7.6.3 QT HEAr3l ki TUMET

g, @ fAfafed @@ & ¥ 39 9 w1
ug 1 : sifafean o fau wqfaa g foat
Ug 2 : Fqferd THi0 o fore weh groft A, foes
sifafsren o fafed yoier usred i geteg e e
(&) R digar
(@) W RS & fau digar § aftedq iR
(1) HrEATeERN Higdl
ROl oF § fRdt Tk iR i Tigdn i

x o B9 W, Sl GreAeEen W g i R W SR
fr arfufern =1 odiemfada @ o= agiet i
AT i x & 9 H A Hi
UE 3: x &l A HH o T T U1 | A
igaetl =1 wiagefid i 81 A 3Maeh! o G
T T B, A T8 TG T A, e qEEtE
a1k 7|
U 4 : URepfad O o MUR W A Figdiehi i
TUMT R
Ug 5 : IR U THEW § yfaeenfud & s
oM @) St i

IETEIT 7.8

13.8 UM N,0, &I 1L I | TN 5l © df 39

THR | Tfd e e

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

Ife Grererel W el T@ 9.15 bar TR A,
dl K, K, 91 Sremeee B SAifireh 1 i o1
i)

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

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

px1 faeX = 0.15 d9@ x (0.083 bar L
mol ' K') x 400 K

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

T W (4.98 —x) bar 2xbar
3d: W& W Pga = Pn,o0, T Pro,
9.15=(4.98 —x) + 2x

9.15=4.98 + x

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

DPn,o, =4.98-4.17 = 0.81bar
Pro, =2X=2x4.17 = 8.34 bar

2
K, = (pNoz) / Py,
= (8.34)°/0.81 = 85.87
K, =KRD"
85.87 = K (0.083 x 400)'

K,=2.586=2.6

SATEIU 7.9
380 K W 3.00 Hiel PCL, 1 1 L &% 915 | 1@l
ST | HrEATerE W fHH07 1 Geed W Hifse
If% K. = 1.80 @I
T

PCl, = PCl, + Cl,

TRIH 3.0
WWPCI%Q‘&TWﬁ@meIWﬁH
B ) qe-

) T (3-x) X X

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

e fagm

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

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

7.7 areTaeen fremes k, Itufewmar
WNTReT g T fiest 3tt 6 W Hae

ot safafsran = fou K a1 w1 sAfafsran =6t wifaent
R fieft T e $1 S o ST TEE - 6§ 9T qF
g, 7 aAfufwan 1 somfasw!, favva: fies s o

fadd W AR e 8-
IfE AG RUTHE ©, qd Afafwan w@d: gafid
AT ST © qen 1 feen o wue ' 2

TG AG HHTeHe: €, da Tfafnan Tod: Wafda e
BAT| TR ST U9 TR 89 AG 0Tk Bl
37d: ¥ Al o 3Ig Afvere o aRafda =
S|

IR AG I B @, TAlRar FrmEEen &
Exaif

T SHMIAE qed i R 39 GHIHTT ° i
I TR B

AG =AG® + RT InQ (7.21)

Sefeh AGe HFeh fiTsst St 21

el W S AG=0 I @ = K_ B,
HHIHTT (7.21) 3@ YR B

AG=AG° +RTIn K =0 (K o M WK A

B0)
AG® = - RTInK (7.22)
InK =-AG® / RT
T AR Yfders ToTH T R—
K=e AG/RT (7.23)

37d: THIHIUT 7.23 1 SN T, AG® & TGl &
w9 W Afshan o1 T el shi THET ST Hehell 3—
I AG® < 0B, @ —AG®/RT &S BRI 37d:
o6 51 BH Y K> 1 B, S etfaferan ot o afdar

2018-19



AT ERAT

1 quien € steen o fgen ® s@ i 9 Bl @
g 6 3R ety o &1

g AG® > 0 @, @ -AG°/RT FHUTHE BRI
3: o86°/RT o1, BH W K< 1 B S stfafeRan
#1 eradyafdar <eiar @ erfufwer sm fewn o
39 W qF e T, e S| =gFam s
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1 SRR 8| IEMI— N, T2 H, & ST o
HYIT0T o B UehH H UEifieR uRftefa w1 ==
Ireqa | o7k w9 ¥ Hewqul 21 fava et @
aiftier Seared 100 Tofer@ 27 81 g6e1 qe1 s
ST o B9 H Fa 2

wrepreree feertiss K arfveh wigarel o e e

IETETUT 7.10
TR G § TR % HIThRISAYH oh
foIT AG® &1 91 13.8 kJ mol* 21 298 K W
K, 1 | T i

&
AG® =13.8 kJ mol" =13.8% 10° J mol ™
AG® = -RTInK,
In K, =-13.8 x 10°J /mol
(8.31 J mol ' K™ x 298 K)
In K_ = - 5.569
KC — e—5.569

K, =381%x10"°

STEAOT 7.11
T o Sol-E W Tohi SR e
freferfaa sifafsman o ear fiaea 28—

GG + H,0 = ThE + o™
300 K W sfufsran & fau dnarewen feems
K, 2x10" %1 300 K ® AG® % TN &1 TUHT

Al

&1
AG® = - RTInK,
AG® =-8.314 Jmol 'K
x 300K x In(2x10"%)
AG® = - 7.64 x10* J mol "

7.8 W Sl YT A a1 Shileh

@A G % Y@ el W 9 U 98 © f
AT HS oF A9 o WY YRR HT Il o
stfrehan afterds @f, fomer el 8— sauRl &1
STfehay afed a9 qe I i Heam qRikfE 5 2l
Ife T 7L e ®, @ Wi gifefes o aiteds

Tl B T A Arerereeeet fordt frenm o etfirerrent
1 IR | ¥ Rt TH o wigur § qiedd fean S,
At Fren o reEeen FEl ® I ® qen e st
T q9 d el w@dl ©, S dh (e § O
HreTeeel Tfud = Bl SU| Yreeel Jraee | g
1 J9d TF 3l i faeEd & 91 § B9 Y8 € U8
9o €1 &1 78 ot 3@ 9ok € foh a9 1 ufady frg
TR Bl €1 78 ot s S Rt @ R fRE amm w
af eifufeman o Araraeen-feeris =1 9= I @
foet IRfYe wisw § 39 ifuferan o Ayl 1@
Sl S GreTeE H FIEUT i UM ki S Gehdl B
T8l qe o g A G feerisr o1 a9 & @y
fed T off 3 @, @ e fRu T ar-vmaten
fagia &1 e 9 Rfeafaal & ufteds @ gremeen
R YT Y916 o 91 § O R g 9 e
T 21 39 Fagid & T7eR ferelt TR =it wmearerar
ufiftarfaat w0 fuifta wee™ wre (|,
T@ U aw) § | el ¥ of afedt g w
HrETaeen 3@ faon # rew gt 21 e e
T TN E3 YA T YT GHIA &1 S T8
off ofiferer T TR HrEATEES | @ g €1 Th
g fagor & Heed &1 9iafda @ & fau e@ s
FHRFH F1 ITAN AT S HRaT B

frfafad Suesl ¥ g0 grmEeer WO,
T, A9 TE IAE oF J9E W faum Fm—

7.8.1 Wigal-URadT & 9T

= S9 foedl SIfYeReR/3eg w1 stfufeman o

frem =1 e § wreereen gREfdd B ©,

THHRT ATAA - fagia’ o SER T A

ST ekl B—

o YFHRH/IER F fHAH ¥ Higdl W IS I9EG Hl
1w o foru eifufean 39 fSen =61 IR 3R
Bt €, difer fHeire 7wt <1 SUET € Tl
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o AfYHRH/IAR o TR ¥ Higdl W a6 Hl
&Y F o fou sifafean 39 fSen &1 8Tk s
Bt ® aifer safaferen o faerel @ aaref 6 ofd
Bl ok 3T ISRl H—

‘e Tt eiffsran o SRRl o 3R § 9
foprelt Wk 1 off Wigo HrEerEen W e faan S §,
qr GreraEen s o Heed | 39 YR qiadd s
2 for Higor URerd= o 0T TE-eTeT THE HH S
3= = Sy

BN, H,(g) + L(9) = 2HI(g) Affshan W fo=mr
H| AR | WAt fagor § 9T ¥ H,
9 Sell WU, A WrEFeRdl % [H: T o oy
Hfufsren 37 foen o smrex gnit fom 9 H, Suifi@
B a1 SR iferes H, w1, R w HI ferfem
HON q 3da: e IR (Afm) foem o
foenfya st (o= 7.8) 1 a8 @n-widfae o fagia
o 31eY ® TEeh oaR SIfemN/SE o AN i
fearfq o =€ wreerEen Tenfud ertt o S ehRe/ 3R
%1 HZd IHeh AN i & THF 9§ ¥ a0 g fHg0
q sifys g =few)

t1 t2

S r Ewmgj—r:w
[H] !

[1,] —_‘\

(HI]

W
T ?
H, 3o ™

N

fax 7.8 H,(g)+L(g)=2HI(g) sfufear 7
e W H, & S W SRS TF 3Rl &
Tz F gRadT

e fagm

frefafea sfafshan areha o STUR | ot g4

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

IfE FrEeen W H, faemn S, @ [H,)] Ted
T SR Q 1 HF K ¥ %7 & S €1 zafe sifafwan
T () o R AR W SR A T S [H,] qen
[1,] 5/ & 3R [HI] 798 Tk 9gdl ©, S a% Q_=K_
T B WU SIAfq AT WreEeRen Tfyd 9 @ Sl
AT YRl § SEUIE ol 3Tl il SAferehal oga
Hewqul Bidl €| STl TrAreree] W R Searg w1 Srer
3 ez S 2, sifafsman, <t qof gu fomm aremereen
W UgE TE ¥, I M K o "o o €1 S«
IR 9 R 19 8 A1 ardiehd e e ugief @,
Al SR T S HIA SAEE rdl ¢ SR %
atreifies fmfor o eyt 1 et =X o, S9
aer 3 foran wan ® o erfufspan eifim feen o
it Tt ?1 36 THR CaCO, ¥ CaO St 9o &M
#1 T e T 3, % s i g S
CO, i TR TR Afafeman qui w3 et ¢1 9%
IR, T AT, foh IR AR g2 ©H | Q_ %1 AN
K, BHN %1 o Tear 8, foew stfafsman sifim feen
H B &l 2

WigdT T YHTE-Teh TN

9 fAfafea sfafean g w_¥@ feen <
kel &—

Fe™ (aq)+SCN" (aq) = [Fe(SCN)F (aq)

et TR el &t

[Fe(SCN)[*" (aq)

°” [Fe3+ (aq)J[SCN’ (aq} (7.25)

Teh @ | SARA (111) e foeta™ 1 1mL
AR IH A I IR R faeEE SRt
TG ! fee™ W T o1 1 o 8 Sl €, St
[Fe(SCN)]>* S+ o U il €1 Srereeen Tenfud
B R ATt e feer g1 Sl 1 tfiehies A1 S
=1 srfuferan it TrETEEen W e | | &
ST =1y femstl # oo seergER fawenfua &
Thd Bl [Fe*]/[SCN] Al &l &l &
rfierRent =t e ® ar= fauda faen o fowenfua
F TWehd | SH—emifereh 3 (H, C, O,), Fe®*

2 2 4
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AP ¥ foran wten TR Hepel 3PE [Fe(C,0,),1*
T &1 o7 GoRd Fed* M i Tigdl &4 & Sl 2|
ATy, fagid o STER Fe® A &1 g2H 9
3T FIgdl a6 i [Fe(SCN)]2* o foisH gRI Fes*
A Y gfd ) g foran St 21 =R [Fe (SCN)P2*
1 Hgal Sl €, o7: olel U1 1 digal 8 2l Sl
T Sefa HgCl, faam | <t ara 1 &1 e e
Bt 2

Fiifeh Hg?* 3T¥H, SCN- 3Tl o el eAfufehan
FT TE Hpd TEF [Hg (SCN), 12 91 &1 o
SCN- 3Tl i HH! THIRT [7.24] H A ! 918
T [ 3 SCN- 7l 1 g 2 foenfaa et 21
W AR e W SCN- S WK 95 Sl
21 erq: sfery |reareen o fen ® (€ @) 5
STt @ e faerad o 11 w1 diedr s Sl 2l

7.8.2 SA-URadT ohT TS

fordlt et erfufsran o e 9Rads g <« ager
Y IR 1 AN FHIfEd Sl €1 98 a9t Bia €, S
sfaferan o1 <9ie ol TEmEtE SR § T
AFTRTER] o Hicdl 1 G qe TEE el & Hidl
%1 g | f=ran et 1 T | W en-3dfae
fogid, o 9ga HE W I W@ Fa W I@ h
IR 1 IUET HT S HhAl B AR SE/EH H
A (TS Higd) T R R 7 e 21 Frefafaa
arfaferan H—

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

T sl (CO + 3H,) oF IR Hid ¥ SRl
(CH, + H,0) % I Hidf o &1 SR sifafepan o
qreraee s it v av | e o
fafeTet § @& @ A F 3T A AT Rl
aen Y T T 39 YR IS ReRl UE SRl i
AT <19 TF 39k Hholka®y SR TIg0T 98] T
21 o1a g gregrereen o @l ®© T ® | A-viee
fagia, @m] weh Afafwan 5w fen & s e
Hrerereel] TAITUd et ®, SHRT Al S S Hehdl
21 =feh @ T T T, o7 wrEeeen o fen
(fse el =1 TN U @ %Y el ®) SRR
B 81 (B9 4 € foh <@ T o el 1 @ o
QU e €)1 T8 sifufka whd Q5N we
S Hehdl Bl SW & T WAT aH w1 Afufmar o

207

[CO, [H,], [CH,] W& [H,0] fshaf¥ehrehi shi Tremereen
& GisUl H YRR Hd S| S Afafeman fasor
ARG e FR &7 < 2, df ok AR < e
TIEU A B 9 #1376 7H Afdfenar qrhe %1 O
e 1 A HH @Rl Wi Y Hehd
_(2[cH,](2[H,0)) 4 [CH,|[H,O] K,
" 2[cope)’ 16 [COH,] 4
Ifk Q, <K, 7, ora: ifuferan smr faon o s eid
21 C(s) + CO,(g) = 2CO(g) #ffeHan & & =
G ST @ q eitafsman faada (a1 SoRd) fewn o
el B, ifer 31w feen § Hiel %1 Hen 9g St el

7.8.3 3TfehT T & INT &1 UNHE

e ede feer wad ® SR UH SAfRd T (SHE—
At St erfufswan § wm & ot €, i fire €
e eaiEfda @ar €1 it feer e W fhe
g e W erfafsman § am o are ggref ®i der
gl s1efen Tl | i ufedd el eran 21 Stfufsman
qhel § IRed aherel a4l Bl © S/a THelrs 78 T
srfafwan § aF o1 e SAfYERE 91 SR Bl

7.8.4 AMI-URad hl THTS

& Ft e AT A H e o RO A FWigdl
faeger B ®, a9 G g 1 weed uRafda g
<, it sifuafran amwe (@) TrEeEen feeri® (K)
o SR Tl T UMl Sifhd 5@ ardehd § 9Redd srar
2, wreAreen feeish (K) 1 HF 9Rafdd g S )
M q9shA W feemies w1 fefar sifafewan & AH

o fag o faedt st 2

o oMt SAfHfeRaT (AH RUMH®) T ARIEEe
fteriehr qIUshH o 9g W Hedl B

o oA AMMHAT (AH HFTHS) 1 ATRTEEel
fterieh qIUshH & 9T T wedl &
AR | e arreaen feris e stfafea

o a7 § qfteds o 2l

Frfafea sifafsran o STTER THif= 1 Scared
N, (g) + 3H,(g) = 2NH,(g);
AH=-92.38 kJ mol™
TH IHET THH 2 ‘en-vmanay fagia’ o
STIER, AYhH a1 T TrEee 915 fSun o mm=aRa
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Bl Sl © TS ST 1 WreTeren |igdl % 81 S
21 3 =Rl |, U qI9H S h) 3= Al F
AT S ©, Wifehe Wi &9 9 STcfees %9
W erfafman 1 Tia il e S €, o1 S W
o fomn s =

AT A Y9 - Teh TART

NOZﬁH (‘{{Df) Rl N204ﬁ'ﬂﬁ%ﬂ'ﬂ? (Dimerization)
1 Tfaferan oF gRI ArITeEe W ArY 1 99re YRR
o < gl B

2NO,(g) = N, 0,(g); AH=-57.2kJ mol™!

() (TEH)

% HNO, ¥ Td &1 Fier Srerh &9 NO, 14
TR T © A1 W Tk (HeRreel 1 98l € 5ml
el WA o 31 Hd & Al W §
T ! el GUE SFT A1feTl 376 TSRS (araldit)
aﬁm@wﬁa?@m(stopper)aﬁﬁw
2 Tl 250mL F o ST TR FAA: 1, 2 T 3
sffend ed €1 T . 1 1 feusrt fag0 (Freezing
mixture) ¥ SFH 7. 2 HI FW &+ AU A F TG
T F. 3 I /A (363K) A ¥ R S & =l
AT w1 et |, 2 W T W €, a9 T % 9
1 1 diear Toh ToE K@ <t 81 % g 9l
I | 8- 10 T2 9% WEAfedl i W & &% 39
TRt T T@EAell il el A, 1 o Sia B ael
THA @Al Wl SR 1. 3 o S | {@u) stfsman
&1 feen W a9 1 g9e 39 w3 9 fata fe s
Hehdl B HH q9 W AR 7. 1 W SOARIN 30
IR BRT N,O, S 1 Tefg fierdt € a1 NO,
FT FHH TH F HRO W T FT Ao Tt 2, Joten
HT A, 3 H 3= a9 W 3Iopd AR 1 aie
fredt 2, 9™ NO, =war @1 ufomHa: s T

ERIRC S
(1) (2) (3)
femendt fagor HH & Y (363 K) W A
T ST (298 K)
(270 K) RISEN|

ferT 7.9 : aifafwar 2NO,(g) = N,0,(g) FT Frraeen T
arg & g

e fagm

rATEEl W A9 1 Y6 Teh GO SHSHTIS
srfuferan & ff Toen <1 W B
Co(H,0)>"(aq) + 4C1™'(aq) = CoCl3 (aq)+6H,0(1)
et TR e
FH % qY W [CoCl, > o RO HrTEee
s &1 1 Hien & S ¢ 5 2 ferhry fagor o
31 feran S S 7, @ fason 61 9T [Co(H,0), % T

HROT Tt 81 S 2l

7.8.5 3Tk ohT THTS

SO TohamRRal o IRl § 9REdA B ®H Sl
AT T AE IUcTed TRt AR o a7 ! 9@
<A1 €| I8 e & HehHUI- 3T § oA aell 3 e
it stfufsmaneti & S w1 a1 ST €, Stefsh e
o1 gRafdd el id STk o T Y sifaferan o
fau wfeor o ) HE wEn § wH w2
IAE W Td yag AfafRar s W arEreen
oA 1 qiEfdd e wal B I8 Gqferd THe o
7 greree fenis Tl § yehe el Bl 2

NH, & A1gIsH o gger § ffor @ fa=m
#X, | T rca et srfufmar @ e S ok
el Hicl 1 H@ SAFTRRR] o diedl 9 A gl B
e s qusd 1 oM § ed g1 w9 a
TR TR S Al © Ue HrEeEen W g o Aty
% T oAl ®, Sdfh Sed a9 W fmA w1 @
Garosieh Bl €, T offed ¥ gl &l

ST TR Wi e 7 g9 § foR ol SR
1 Suftefa o erfafwan Gdreme < 9 el 8, S
NH, %1 Sereel Figdl Harsme il ¢1 i g
o el 1 HE ARl & Hidl w1 Gea ¥ wH
€1 37d: NH, 1 3cq& q@ aereh sfue faran
Tehal 21

NH, & H¥IY0 B A9 o <6 1 STperaq
Rfefd@i 500°C T 200 agHSH™ T el 2l

T yER, Uk fafy g7 wewrfe o &
fomfor &

280, (g) + 0,(g) = 2S0,(g):K, =1.7 x 10

qreeeer feemie o qRomd oF ST ER ifufema

%! T gl B S =fey, fRg SO, @1 SO, #
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SHIFHIH dgd it R ¥ g 71 wife st
TEUHfETH TRl (V,0,) SR &1 Sufefd |
st o HTRT &% ST 2

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

7.9 Tae@= o smafver ArTawen

9 i T R Fixar 9oy o 99e ol 99T |
g FreAferfiaa et 9 o Hueh o ST -
Fe®' (aq) + SCN (aq) = [Fe(SCN)J**(aq)
& T2l B0 7 W o St | 9 watered § R
< o Sttt et o fag om0 wafed &t et €,
Sefeh ST W HERO THE (FfeTm Fase) fHem
W THY fogd ¥R T YaTE BT § 9o el shi Fiwdl
G o WY foIerd w1 et dedl 81 WEshel Hhie
J urefl 1 STRT TR STeTshal STHAl o STHR W &
o | afiepd fhar— ek ol ok usred Sefta foeae o
fered ¥ wenfed ed €, 3 ‘o s9eea’ seen €,
Sefeh gEX S UET TRl A, AYd 3 STUHT FHEaAn
&1 e 7 foe Teeal &l YH: Yol Td et aga
srqeredl  ofiepd femanl Welel SR STUeed WA W
foer ge o qof &9 9 St B §, Sefw
d@ sryeed orniferr ®9 @ emaftd w2
IIRnd-GifeTm Felge & Weld faoed § q=

209

w9 W Hfgan PF 6 FNEeS P UT WK
Safs THfed o § THRe oM TS sEefTEm
M B &1 THH R 7% ? T Gifead wawgs #
T 100% ST Bl &, Sieifeh UHifesk 31, <
geic, Torga-31aeed 8, 5% € @t gl 81 98 &AM
® T gda fogq stumeal o ool dun et
g o T W Tfud B ©1 59 YRR kT 9T,
e STefta foeem o o1 arg o §, airafien ana
FHEA | 3T, &TReh AT A oEq STTeAT o ol
o o Bl 3 Yool S1al gl dEd STIeEAl i e
HTER Hd &

7.10 3T, YRk TS aUl

3T, &0 We oe01 Yehid | o419 ®9 § UIT = 2
SR gR IR A6 (1.2-1.5 L/f&) o =nfad gran
2| =€ U SR o fog eifa eaveas @1 faen @
e 197 THifew ot B g T HR kW
fafew ot Ud UEhifdd v qe THelt H SRR
3T IR ST 1 SAhiel 3 T@E W @ B ®,
ifed I8 Acidus @ 51 ‘T’ wIsg g Tl et
eran 8, Torent e1ef ® wee et it fetewd i o
F A € N FD ergeti W Afafhar ek SReEgeH
I H E| THI YR &R ol fofeHd ol e
# € qu1 @R H whed 3 Tyl § WA | 2l
&R 1 Tk QA S FHIS €H T Giel 7, <

TS 1 9 oS o I Tk i GreE ol IRER § g3 o1l 14 99 %1 39 § 9% U 341
fSieg@mt (Book binder) & J@l %W |G ol S8 3= 7 fohdmal i g i B2 I ofi|
SRt fSieg a7 dfear onl 9reest Sdf 98 (Davy) 1 JAEel 9eEe §9 T de H
18131814 H HIe 3ok Q1Y HEIEIY 1 I W el T 3T AET o SRE o SH GHT & e
SO SR o Toeh § MU 3R Sk el @ wgd dan o 1825 H St & =% o o
HEIM FAFRensl (Royal Institute Laboratories) & fRem® o+ e 91 1833 | o T@RH
I o §¥H Pl 3= (First Fullerian Professor) sH1 %€ =1 dgel EECku
T -fIgeioor WA | ol 9 1821 ok SR S SAfushar 1 e ud geehed qen 31 Sgd
I fagrdl o Hafaa o 321 & faami o ouR W ‘enyfiew &= fagia’ 1 gfqaes gem 91 1834 H 3=
foregq e1oeres @ weifua <1 el 1 @ie %11 HIE Tk 9gd & 318 U A1) Whid o sfe o S welt ge
1 OF W IR R a3 geft SR foamel | X W1 A T STohel T T TS A 91 S Heft off T
&l @ Seiq fogm &t fae-fie 9l 9 y9iika (Disseminated) far, foad 39ep g/ U9l 9em@ o 9RY
1 T Yesh YhaR ok Y9 ki STooreTen Gftaferd €1 ‘ Hidemit o Tamafes s’ fama o frama s
o TeIT & T €11 S TNIHT 450 S TS YRy fRu

HEHT Hare

(1791-1867)
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YT o fTU Y il 21 STl 37ed T &Rk ol TEt
Iurd | e €, a1 o e1rag o sifufewman o & w9
@ &1 @il % FT HHT ST FifeqH FANEE,
Ife ethe, Hifeam Mede ofk 71 Wieaw FrEe
(HIRT 79 ) TR HISH 61 Tk &7 ¥ €, S
TSI 3T Td Tifedy TRgIFdRE &t foha 9
W el 21 98 39 eraeen ® U S ©, fomw
YA Hifea™ T HUMARM FANES A 399 |
faudia emafera wfieis o wea feer de@ v o
HROT o o1 ofd €1 3 STael o e fer dgd =
HMeqH o qeEdl o SohHAl Bl B Sl
wrafren foremes €, fordent queRis 80 21 36 YR
9 Hifeam NS & 9id § =il S S, 99 e
o Te7 feord e SRl St 80 o U W gl @l
S 2, fored a1 foerad o g &9 9 T A 2
Y S-Sl & Tl Seifed gkl gUe 8l W 2l

]
oY _©o
[+ 2% NGO
o9 9
0 cr vo
6®% N cl
\’( Cl N Néi- -
00 ClNd
Q Cl
. é o
oo L
O N& ,)) = oo
CO O O C_(\
L |
0O

ferg 7.10 51 9 Gifeam FaRiss &1 fagrs1 Na© e CT
ST e STeT- 319 & Hrel ST gl Tt

gt s 2
A H TR T oh A i gar
UHifesh 37l o SF W i W EH T Bl @ R
Faf S &yt o1 €, fe off eEgEis st
AU Faget el § ol w9 9 st e B, uig
Teifeen o oM &9 9 (<5%) € Tt e B
ST 1 U 3ok Hed IURRerd df i @mwed qen
APl o et @t wEn W R s @1 gd o
o qen oA ug fim-fim steff o ygea forg s
® B facig & oM, S STl 3 srewen § off
faome wd €, & 9 H QYR &1 UhRAT i
‘et hed & (SSrewned-Hifean FiREe) , St

e fagm

A 8 Wk ©, Fored S o) foerem | 2o
AT 3P o €| F=T &H T <Al UK BT STdeRd
FH Y B

7.10.1 3T AT &Nk hl NTIT &uT-
RfIE o Fagager ot 9 wged &, S 5o o
ST BT BIESISH 3T Hi,, <0 § T &R o

T ¥, S EEeifee T OH,, 39?1 39 TSR
S ° Teh 37 HX oh1 394 f=fafad et |
Y fordll wh o g WS foRan ST wehar @-

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

Th U WiZH, HY Scafues fmemier g @)
s w9 4 Sofd faerdd § e e Tl 2l
75 foomoe Si@ 1] o offeRdls § Sfud gt
fraivia ffdl ergitem omeH, H0* 2@
(Sfed )| B9 H'(aq) @=M H,0*(aq) I i &
SIS BEge STFH, S Sl STst | o gam
T WM, o ®9 § 94T H O 21 39 e o
3@ HERUId: H(aq) A HSO*(aq) ED ?ﬂ'vlﬁh?[ h
TIN w3 TR Y St deF 2

Tl YR MOH 9% fohdl & o1 377] Seita

TIESIEH T EEgadet I

(3™ =10""%cm) B Ta 5ol 310 W T foreq &=
T o HRU W T SA- 3] TR IY(EAT I THTRT
gl § foRdl Tk & WY JeR H,0* I 71 W
TitefisT 1 &% AT (IAEME—H,0*Cl) H 3
e § Y T B | oAt faere o ety
3T T 9 Serifer ge HO;, H,O0 W& H O}
Ty TS oAt €1 SE YR BESiee SEE
Serifsd Bl 3 Seoerss wfiefis H,0,~, H.O,~
a1 H,0; 1t = <1

H,o\—H
Jred o 15, X
& % ,9/ \~Z~

HO'
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@i ARI4

(1859-1927)

1 AEd SR e

SN &1 S TWed | Iu9en & e gom on W 1884 H I UMl
foeafaemea # fagq sToeey faea i arehdsti T Y T (Thesis) T&d fhal
3TTE 5 OO T SRi Sgd AE i qel T o WY SRl W T T 1895 H I T
T wihem favafaemed & «difawt o e 18 R e fre T8 o1 1897 9 1902
% o 39k W ot W T 1905 W 3T G % o Wicheld o Aoiet JeH 8 fifeert
WA o fR9e 98 W M Hd W S 9 qoh agd-3TIEed faerdql W &M S
W1 1899 W I=IH Tk TR, S TS THMG: SRTE 0, FHeam &, &
MR T AMfRa-3T sl a9 W Fsar =1 gl fwam

ERdE| Eh_sp &5 | R fowam gforen w@EE (Immuno Chemistry), ERIEACEIE]
(Cosmology), STt &l Eid (Origin In Life) TN fgA-F7 o &R (Cause Of Ice Age) Farll &l § ITeh1
TEYUl ANRH @1l d UH g =fed o, 9l ‘I 389 g9’ i 98 A I E! foe=m il 91
1903 ¥ forgga-sTereai o foreres o figia T W fomm o foaermd o sdent STAfTar W 3= WA faam

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

TEeifod oaF ft S faorem o Semitaa
T W @l § (S ) | T AR Y ST e
YR T R HHEE §| 98 oheel Uil o el
faem ® & on] et 31 T it S8 sl %
e i 2l
7.10.2 LT AR A TS &k

9T WS SR 9==] (1874-1936) Tl 3
WA A9fFE T o’ (1874-1936) H o1&l T4
&Reh] I Ueh 2feres =ager qiaren i Seg-ar
fagid o TER 3 uged, S faera § wed He 3 |
e ¥, ot € den o ugred, & faere @ e |
TEU 3 § He §, &N B

9 § o WeHRM qdl &Re Wi el
2

T&1 B9 NH, & H,0 ¥ faeme o 3@ |
form =, for fretferfad gefeon & <ofan o 2,
I—uﬁzﬁém%

NH,(ag) + H,00) = NI} (ag) + OH (ag)
GC I HYfHA STl WY AR

| e ]

F B

BIESiiodel 3ol o1 Sufedfd o RO AR
forerm aal 81 S sifafshan § Sl qie g @
T ST W €1 TEleY 3R wEe: gReR
TS A IRk hed & Sohd SAfafRar § W NH
¥ OH ! TIFIANG Bl &1 987 NH, S5 37Fet Tol
OH FT &R I w1 ¥ &1 H,0 T OH 37erl
NH; TS NH, T3 37 3R &R o I8, S A
Teh WIS i Iuferfa = stqufertd o &ror 3R o=
g, G T- ek I HEAd & 3 UHR H,0
T G RF OH © 92 &Rk NH, 1 TIHT 37t
NH! 21 A% ST 31 Wael & l gkl Gl &fkeh
T BT AT A LT ST e ©, Al ST T
&IRe Wt BN 8T 4 34 4 91 I8 € o g
o H ek Afafer WIS Brn ® qen yoish Hgr &R
o Th WiEH wH el 2

S W TESHC S % 3 SR W
fa=am & HCI (aq), H,0 319 %! UIeid 3T 37 i
ifd T& H,0 &7 1 i ZesR i 2

I—uﬁ?ﬁﬁm%l

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

Sahadl &
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SRIFT TR F @M S Tk 7 R St of
TR Il B S S HCl § WA Tg0 shdl 2,
H,O* Tf¥fist &1 fmio1 g €1 31@: CI 37 HCl
3 1 G &Rk € T HCL, Cl &R 1 gt
ST €1 T R, H,0 i H,0" 377 o1 T &7
TS H,0, H,0 & %1 I 37 €|

T T 924 € foF STt U 31wt qe U &R
1 @e el it <wiar 1 HCl o @ eifafewan
H ST &N 1 Te FdeR &idl &, Sefh T &
WY WEH T Teh 37 i Hifd SqeER Ll 2l

IETEITT 7.12
frefafed F==T el % foru S s @
€2

HF, H,SO, 2 HCO,
Kyl
TE o G &Rl H TH W wH e
=fEW 37d: HId HIH &k %A F, HSO,
Je1 HCO; B
ITTEIOT 7.13
F2T &N NH,, NH, d@1 HCOO™ & fau
T seE e fafem)
T
Tl 3T oh UM & ohi STUET T Wi
STfeh BT <1feU| 3Td: 90 HITH 378 Shu¥l:
NH,, NH, d¢1 HCOOH |
IETEAUT 14
H,0, HCO,, HSO, T NH, S==g3Td el
FRT AREH-SHl IR H H1T FR Tohdd 2| TIh
o feIT WTa WY el de ek fatau)
T

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

e fagm

7.10.3 T3H 3T Td &k

SHUA. TR A 99 1923 | T Rl ‘TASR e’
AT &I oAl ‘TolaR JTHSTET' o &9 U urRarfe
Teram <&l T &Teh 1 U9 8, S=E-ali &iah den
Y NE U w2 a9 ofR T 7, Fifw <+ &
fagidl o &TReh ThTeh! T I A1 7, W
et Togia o STER, 9gd 9 UQ uqe off e 2
o wieft 7 ¥1 %9 ol a1 BF, %1 NH, 9
AfafRan s T fafime ST 71 36 YRR Wi
TS SoidE i HH o1en BF, A NH, o @
ToRaT X IUHT THThT Seae JH Tkl 3T hl T
Fxa 21 T8 eAfufwan w frefafeaa g g
WSt TR ST Hehar 2

BF, + :NH, — BF:NH,

Toiae &R TiS, S® — AICL, Co*, Mg
SNfE TEH 3T 1 Wi eeR HI 8, Sk H,0,
NH,, OH ¥Hiflst Sl T el I8 < T Fehell
2, oY &% HI TWE HIEN H 2l

IIEIT 7.15
frerferfad 1 o a qen AR ¥ S
FIT IR ST foF 3 TH =a=R i 39 €7
(%) HOO (@) F (1) H (%) BCL
&
(%) T TR APH TF 9 &NF ¢,
d: T8 TAHA FH TH HT Gohel T
(@) Hfh TIANES AEH oEE &RE €, Id:
Tg 91 Toee W | ¥ fRE TR a1 W
T Hehell B

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

() Ik IRF TRFANES BCl, EH T T,
3T STHITAT ST 3THI STUfsti o1 eTehi
§ R A T R

7.11 3TN Ud &Nehl ahl STEAA
it TEmEfTeR o Siferer Afafshame Sefta wesm
o e €1 3% wHeH o forg emifae w5t gl &
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AT ERAT

3TTER 3TFell TS &Ikl o I i foeem Suim
BT WA 377 (HCIO,) BEgleiliieh 317 (HCI),
BRSBTS T (HBr) TESRTAISH T (HI), TRfeh
=1 (HNO,) W HeHeh 1= (H,S0,) 3 37
‘Y1’ e &, Fifeh I8 Selld wied o Wi STl
o T quia: foifsa gt Wl s o 9aE %
T €| TH YHR AfEn BEeieEe (LIOH), difead
TGRS (NaOH), W™ TEgeES (KOH),
HIfsad SRSlFIEE (CsOH) Td dfad TRgiaRs
Ba (OH),, S/eitdl /1&g | S Al H @ qoid:
fom@ifsTd gl H,0 9o OH- 3T < ¢ smfva™
fHgid o 3TER, 3 Yol &R €, it 3 Heem o
Tuid: faaifsd el suer: OH- 3TPF WM & &
fasheud: o7 I &R T G Tl Ud &Rkl o
TN fagid o SER Wl ST Wehdl €1 9k
SR, ‘Yad T’ W dedd U 399 WeHRal’ §
Yo ek ¥ dqeqd ‘39 dieuEl’ 2l

a3 HA o 3T-&R fadieH 9 |
IEEIdETS

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

A gk T ST T R

@e 7.102 H T <@ fo o (A &)
foae" 9= US WM o o ud ydm fewm o
THIAROT H Fokd Ueh TIfieh 1€ €1 3760 78 U9 Sl
2 for =fe @ ik 2, 1 o "W & 9 fomw fem
o e BN? 39 g el Wk Sel S |
22 31 9 & SW < & foaw eq fodem wra o
gffad g ol (A1 §Rehl) o T &1 gor &
el ¥ foam S| SR afviq eva-faaeT ame o
Sufterd € 3Tl HA T H,0" W fa=R #| &4 I8
@A B foh T W HIA-91 Yool WeHe 81 WeH
W #1 gt ot ygfa o= @ erfuss B, 9% ‘e
3T’ BTN Ud | Soel 3R ohl 9 H TR
T S, A HA, H,0* ¥ 79 37 ¢, df HA Wi
TE HAM, H,0* &l fooaa ¥ 4= ®9 9 A-
H,O" TP 81| | gad o7 o &R i fen o
TR BT B, FiTeh Wealel 3TReT UeleT &) <Rl WISl
4 B

Tk STIER, Jeel 3T Sl | quid: STafTd e
21 IRt &R STed g B, STl Weet STl oh

213

G &R 3T goel Bl &1 Yool STl S TReeAlieh
T HCIO,, SRS 3 HCl, BEgets
3% HBr, BRgISTETSs 37 HI, TEfH 37 HNO,,
TR 3l H,SO, AME Wael erwedl oh W
& ClO;, CI, Br-, I, NO; 3= @i, St H,0 ¥
ffursh oot &k 21 S8 TR 3Tcdd Jeet &, 3T
qdot 3 M, SR Ueh gl o7k, - HA 7]
Iufterd @I AEgH 37 (HNO,), BIEgIHRsiifish 37
(HF) Td Uffess e (CH,COOH) WdlehicHeh geiel
T Bl A€ A A e A @ T gee ol
T N Td Jad eld 1 ST ok fou, NH-
,» O T H- 3TH Wl 81 31a: H,0 ¥ 3Ted e
I I | 2 [ B 0 1 M W || O [ e
foreia shTeifen ifiTeh geel el shi Wifd =Taer S
g1 T e (HIn) 9o g &R (In) 9= <
Teri )
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
A gIh I ST HHT AR
- -9
T TRl T ST 1A §R STTATGA H Gerh
% ®9 H H* T &1 "iga Feer o faw fean
S 1

7111 S T 3 feiah wa s@anT
AR UHAEA

T WE 7.10.2 ® TE 3@ T g wwed (S8 S)
310 fafdrse Toif o6 HRU1 37 TE R&F— IHI i /e
HIER H Fehd & 3T HA 1 Sufearfa o =g g
TEU1 YAl © T &eh 1 TE FaeR Hidl 8, Sdieh
§ B~ i SUfefd ¥ 9% e[ I 3T i 0@
SRR Tl €1 G Wl H,0 1 Tk 370 W a1 2
TS STt 1 T HFER HIAl € 91 STet 1 T 3]
TH W TeU A & TH I THA &NF H WE
BN Yl 8| FreAfeiaa wreeeen Tefd et e—
HZO(I) + HzO(l] = HSO*(aq] + OH7(aq)
8RR T[T TG AR
foare feeri® #i 39 39 We WRRE wd 2
K=[H,0°] [OH ] / [H,0] (7.26)

STl 1 igdl Sl e W B2 A B, s sHeR!
Tz fEer Wt ?1 [H,0] F o oot wfmfaq
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FH W T feRid KWW B 2, oS @
IR U Fed 2|
K, = [H*][OH] (7.27)

298 K W YRR ®4 H* 3T &I @igdl
1.0x 107 M % T ® 3R 5Tt o fardier 9 s H
3R OH P &1 H&T aer Bl 2,

BESifdd STEl &l Higd, [OH-] = [H'] =
1.0 x 107 M

TH TR, 298 K W K 1 AN
K, =[H,0*[OH ] =(1x 1072 =1 x 10'* M2

(7.28)

K, & 99 a9 ® fRk & 7, wifE a8
e feetis 2

IS STt %1 T 1000 g/L & 3TN $HRT Hier
FH 18.0 g /mol 1 TTY Y[F el 1 Hiewdl &1
T4 e el Wehd B

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

9 YR, fouifsa wa sifoeifsa aifsa si@ a1
SAFHIA—

107 / (55.55) =1.8 x 100r ~2in 10™°

(39 YR 9 g&d: sifadifsd Siat o STugsii
FT A T 21)

T, e 3R SIRA Weltd oo
H,O0* W& OH ! HWigdidl o @i /Ml gh
fasfea foran w1 wehar 2—

A [H,0] > [OH"]
STEA [H,0"] = [OH"]
g @ [H,0'] < [OH]

7.11.2 pH A
TRSIIY ST 1 HieRal § Tigdl i Teh T uTh g

HYshH (Logarithmic Scale) T e ¥ y=i¥ feran
S 7, 59 pH @het el Sl 2l

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

e fagm

a,. =[H"]/ mol L
Foreferfian et pH TS SRS S i
¥ ey quifar 2
pH =-1log a,, =-1log {{H"] / mol L'}
39 YR HCI & 3™ fae@ (102 M) & pH
HN HA =2 T T T WE NaOH & Th &4
forers, fS/e [OH ] = 10 991 [H,0°] = 10'° M 1
pH = 10 BF{Tl Y& a1 STEHH 5 H 298 K W
BIEEISH ST 1 Tigdl 107M eidl 8, Safery geh
pH = -log (107) = 7 &I
I hig Selid T el €, 9 SHe1 pH 7
¥ %1 T A 9% KA T, df SUH pH 7 U AfrE
BT
'Y U,
Tt foera &t pH< 7
R oo #1 pH < 7
I fae={ &t pH =7
319 298K T AGER FHIHII 7.28 T THi—
K, =[H,0* [OH]= 104
GHRur o M 3R T FUMCHS 0 o W
—log K_ = - log {[H,0"] [OH]}
=-1log [H,0"] - log [OH]
=—-log 10'*
pK,= pH+pOH= 14 (7.29)
w3 A 9 ae @ fR wmfy K s am
ATIHH o T qRafdd i &1 qenfa qosRE o e
pH & #M ¥ URad 3a 7 e § T 8 e
ITHT YT HT I &
pK_ Setta T o fee aewerf afer g 21
g BIESISM aT SESIaae STl it Tigal 1 Fafa
Tl §, Hfeh $TRT UGS R el ?1 ord: IE
e @ Toh pH WI9shH o0k eial @1 pH o HM
o W 3ohTE qiadH 1 e © [HY] 1 Eiga § s
10 &1 9RedA| S& YR 9fE BESeE SEA |igdl
[H] ® 100 T[UTe o1 GRedd &, d pH o A ¥ 2
THTS 1 TREH ST 3Tal 39 T9e T ght o a0 arg
g pH W 9Rerd= 1 el &9 T 3d 2
Siferer T gEeA-HeEt eyEnt o oo &
pH &1 A9 STcafeeh efegde €1 pH TR, S fafem
pH =Tt forerad & fom-fom a1 a1 €, 1 wewa o
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AT ERAT

pH & SIS | %1 Tl Tl ST Gehdl 21 SATSTehed
IR gl pH TR foed 81 0% € R fe-fm
ufeea - w1 3t & (f5 7.11) pH TR ER 1-
14 T o pH AM T 0.5 I JAfd dk A1
fopan ST weman 21

o 1 2 3 4 5§ & 7 €& ¢ 10 1M 12 13 14

Al
N
H REEER
e
ferg 7.11: T pH W 97 37 3Haret pH R & 9R)
gfzzar

<

Ied Fqddl o faU pH WieX &1 S9Am foman
ST €1 pH Her Tk TH 49 7, S wliero-faera o
forga-fawa W amaRd pH &1 A9H 0.001 J2efd
T A & STSTohel SR § el o ser SehRare
pH HieX 3S9a=4 e U €| F "m= g w1 pH
ot 7.5 § € T @

IERAUT 7.16
T Y o T W BTEgIS S Wi Figdl
3.8x 10 °M T TUHT pH T B2

kgl

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

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

a1d: U7 g T pH 2.42 © TE A B

215

IS 7.17
1.0 x 10 "M HCI faei@ o pH 1 0T &)

A

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

A x=[OH |= 5@ & W< H,0" |

H,O" Wil (i) it 9feid HC1 ¥ 9T 2t & S—

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

(i) SeToh STEIRITT ¥ Wi eidt &1 I i <

H,O" 3™ W fa=m & sim—

[H,0'1=10"+x

K,=(10° +xx = 10"

gl x° + 10°x - 107 =0

[OH |=x=9.5x%10"°

37d: pOH = 7.02 @ pH = 6.98

7.11.3 g 3TAI o 3T Feelish

3T, St fore™ # ifirh ®9 § ST T goa
T HX W foem | frfafaa gt o 9 foad
ot geiteRtor g0 ifaifd HX Wd eT@Fl He(aq) den
X-(aq) o TeA Tonfud Grereen & YR feen sn
Gehell B
HX(aq) + H,0(1) = H,0O*(aqg) + X" (aq)
YRR Higdl (M)

c 0] 0]
M o ST 1 AGT B
igar ¥ qRadq (M)

6104 +Cco +Cco

WRUT 7.5 TS AR USTT st pH ok WA

gd o AW pH g9 o AH pH
NaOH 1 9q« foeraa ~15 ST HRIHT 5.0
0.1 M NaOH fererd 13 THRT H ™ ~4.2
A HT qET 10.5 g U7 a1t qen fawe ~3.0
foeeh @it Hr=feran 10 -t 2,0
31 1 WHE WF, TRl S 7.8 - ~1.2
RISCEIIEL 7.4 IM HCI e ~0
ECl 6.8 Hig HCL ~1.0
EIEER L | 6.4
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e Figdl (M)
C-COl (¢{04 (¢{04
el ¢ = Afaaife ot HX 1 9Rfwe digar
Mo = HX o 3TEH 1 AGI B
T Hohdehl 1 SYAM HI o TH ITYF T
fodrem W o fau grmeen femis Joad a1
Hohd 2
K =c*?/ c(1-0) = co® / (1-a)
K_ o 377 HX %1 Taasm an omaee feerion
ed 81 38 denfeqs &Y U 8 3 FehR Hiokdl & &Y
o yefi Y Wehd B
K, =[H'][X"]/ [HX] (7.30)
feret Ty o WX K| 1 A oA HX
Vel ST AT €, Tgid K, o1 Wi Taaer siferes
TR, 37 3T € eIk W M K, famwfea
T3 &, Forad it wisiier et Higar st ae-3TawEn
1M &1
FS I gU Al oh 3TIAA-TEeish AR 7.6 |
faw T ¥

BISGISH AP Wigdl o I pH ATeHH g1 WA
3 5 T8 pK, & wififier o= Sl o R %
fau off ygaa feman w2
'Y U,

pPK =-log (K) (7.31)

37 o I feeier K, e IR @isdl ¢
A BF W I TS T A Fidl qf ST o6
AP BT AT W faer@d w1 pH 1 U 9 2

|RUT 7.6 298K W FF T TU GacT 3T oF AT

feertien & W=

A A Teertiah (Ka)
BRSIHRINH 3T (HF) 3.5%10*
TELH A (HNO,) 4.5 %104
HIfHe 3T (HCOOH) 1.8 x 10~
= (C,H,NCOOH) 1.5 % 105
UHifesw e (CH,COOH) 1.74 x 1075
=g 3T (C,H,COOH) 6.5 X 105
BEAFARE 3 (HCIO) 3.0 x 108
BESMAM® 3T (HCN) 49 x 1010
T (C,H,OH) 1.3x 10710

e fagm

T ST 1 pH 3 U&1 ¥ fehrelt S Feheft
Fa
ug-1  foue @ gd 3ufeerd wfefs i sRes
TR/ oF ®9 W T fRan S B
ug-2 [l geifer sifufsransti o foe wgfera TR
forg S €, Se—wfielisr, St 3t U &Nk <M o
®Y § ®F w2
qg-3 I=d Kol Afafsean s meifiss sifafsean
& w9 | fafeq fan sman @, wefew o= sifafwang
T Afafewar gl #)
ug-4 wAfhs Afafean &t it winis o =
A 1 GRON o &Y | e frar s 2
() IRfYs I, o
(@) I &1 AR SR TH W 3FAT &1 461 o o
&9 gigar ° e
(1) A Higal
Ug-5 H&d Afafea o fou wrmEen femis
THET | G gigarstl o WHl o o fau g
FW 2
Ug-6 H&A AffRaAl Tl THEST Sl FWigdl Sl 7M1
F 2
Ug-7 pH I TOA
pH = - log [H,0"]
ST fafer 1 30 I ¥ qHART T B

3SMEXUT 7.18

HF 1 o4 fe® 3.9%x10% 81 0.22M
forer § HF &1 T3 &1 |76 1 31 T
o 3uferq @ wfiefis (H,0', F~ 9 HF)
1 Higdl qA1 pH ki TUHT HifSTl

'
frefafad W T sifafkan @aa &
(1) HF + H,0 = H,0"+F K ,=3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=10x10"
Hifh K, >> K, 984 aifafsman
HF + H,0 = H, 0" + F
YRR Fisdr (M)
0.02 0 0 (0)
Higdl IREd (M)
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-0.020 +0.0200  +0.020.
e "wisdl (M)
0.02 - 0.02 « 0.02 o 0.020

T Stfferan o fow wm Aiganeti =1 gfaeenfua
HH W

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

&Y frefafaa fgoma S g giar 28—
o’ +1.6%1070-1.6%107=0
oo -THiehor i &6 W R o o & HH I
B B
o=+0.12 3R -0.12
o, T SRUTCHe W E9 &l 1 &Fd: o= 0.12
e ® fF @ WE, o= 0.12 @l e
TS (SR—HF, F~ qe H,0") i ST isemd
79 THT B—
[H,0']=[F ]=ca=0.02%x0.12 =
2.4%10°M
[HF] = c(1 - ) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = - log[H'] = -log(2.4 x 10°°) = 2.62

33Tl 7.19

0.1M Tehel &I 37reA 1 pH 4.50 81 T
T H',A™ ¥ HA ! Higdl s AN HIfSQ)
Y Bl Thdl fRIF 377 o K, a1 pK, o AN
St o TUET FHIS

E)

pH =—log [H']
[H']=10 =10
[H1=[A1=3.16 X 10"

-4.50

=3.16 x107°

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

depfeqs &9 4 ‘foaieH wiaeaar’ fadt goa
3T HY WM I TUAT 1 STANT HIOHH B
30 39 YR fea T B

217

= [HAlp o/ [HAL i X 100% (7.32)
SETEIUT 7.20

0.08 M ERUHRARY T (HOCI) o fae=d
pH @I UM HINW| 37 1 AT el
2.5 x 10° 21 HOC1 &1 fqaism-vfaermar s
Al
&
HOCl(aq) + H,0 () = H,0"(aq) + ClO (aq)
YR Higd (M)

0.08 0 0
grreEe & fog aieadd (V)

- X + X +xX

e Higdl (M)

0.08 - x X X
K, = {[H,0"][ClO] / [HOCI]}
= x° / (0.08 -x)
x*/0.08=25x%x10"
x*=2.0%10°, 39 UhR,x = 1.41 X 10°
[H]=1.41x10° M.
3d:
fereist gferTaat = {{HOCIl ... / [HOCI], .}

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

7.11.4 AT QR AT AT

§Reh MOH b1 3TaA fefarfad dtentor g wei¥a
e ST TRl B
MOH(aq) = M*(aq) + OH (aq)

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

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

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

T 1 gL & o FA-TEeliw K, o °H
groft 7.7 | faw w7

|RUT 7.7 298 K W FS TocT &Nehi oh - eich

F "
&eh K,
SEHAE A (CH,),NH 5.4 x 10
TR (C,H),N 6.45 x 10
STHIFE NH, or NH,OH 1.77 x 10°
e (T aefaes o) 1.10 x 10
frfi€ c . HN 1.77 x 10°
UfFefd C,H,NH, 4.27 x 10710
IR= CO (NH,), 1.3 x 1014
2 el ANTH TH T TE o &R &

i et % ofew €, T wh W sifus
TSN AT =T HOE! g Ffeeenfud g €1 S
foretdi=, #ieq, foara qan fepifes, adft sga
TH &N €| ST 39 K, o T 9gd B B &
s Sia H fefafea fafshan o wewasy OH-
SR I AT -

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

TIESIST ST Wigdl g pH Thel a1 STANT ©
o 39 o= wieis v Ul o6 foe off sgea fohan
T ¥ TH TR

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

IETETTT 7.21
0.004 M BESSH o™ &1 pH 9.7 €1 3ok
K, T pK, ! U HifS)

&'

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

T pH ¥ TR 3T¥H HIgdl i UM HT
Tohd &1 TSN ST Tigdl T1d ek 3R <l

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

= 1.67 x10™"°

WA o

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

Hq BESSHad 3TFH i Higdl 1 AH ot
BEg oI ST hi Hixdl o T BT S I
TR 1 TGl 9gd HH T 37d: Afdifeid &R
T Hisdl 0.004 M ol T Hehell &1 39 YR,
K,= [NH,NH,'|[OH ] / [NH,NH,)]
= (5.98 x 10°)® / 0.004 = 8.96 x 10
pK, = -logK, =-10g(8.96 X 10) = 6.04.
ISR 7.22
0.2M NH,Cl T2 0.1 M NH, s figo 9 =1
fore® o pH ! TUMT SISTI NH,, faer
pK, = 4.75 ®|

'

NH, + H,0 =
NH,, 1 3 feerish
K, = antilog (-pK,) 3194'7?[,

K, =10"°=177x10°M

d4n

NH, + OH"

NH, + H O = NH, + OH
YRR Higdl (M)

0.10 0.20 0
TR W REdd (M)

—X +x +x
TrEEE T (M)

0.10-x 0.20 +x X

K= [NH,'T[OH] / [NH,]

=(0.20+x)(x) / (0.1-x)=1.77 x 10™

K, %1 9 %8 21 0.1M Td 0.2 M i go1
x 1 B9 IURRTd T Hehd T
[OH]=x=0.88x 10"

ggfe [H']= 1.12 x 107°

pH =-log[H'] = 8.95

7.11.5 K, Q4T K, ¥ Ha"

T 1V W B9 U 9 ¢ [ K, T K, HEI: 3T
R ek 1 wrHed  gwid &1 HgrH - e g
T 3 Th-gER ¥ Welad ®9 9 Heifd g 21 A T
1 A TG 8, @ TR H A FHA ST HRA 1 NH;
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AT ERAT

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

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

K =[H,0"][NH,] / [NH,"] = 5.6 X 10~

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

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

F€: 2 H,0() = H,0*(aq) + OH(aq)

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

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

[OH] / [NH,]}

=[H,0"][OH] =K_
= (5.6 X109 x (1.8 x 109 = 1.0 x 104 M

T 3G YIS0 GRT M <7 Gehell §— & o
et ATfufeRamatl st Sg W SeRt we A SrfufeRar
w1 grEraeen-fretes y@ew srffewar 9=
AreETeEer-ferieh & UHEA & s BT g

K, =K XK,X...... (3.35)
U YR T &R g o fau
K xK, =K, (7.36)

I Tk 1 HAH TG B, A S FI A R S
Tohdl B1 I€ A <1 =IfET foh Yeret o7ret 1 Gl
&R ool Ml et 3TeA sh1 HYTHI &R Fael el 2l

JehfeTh &9 § STYH HHHEW K= K x K,
i e -fodsH wrmeen Afafsha § o 89
T Thd B

B(aq) + H,0() == BH’(aq) + OH (aq)

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

S v T wE R wd L oW W w
Y g G e R SR fomem femie W wimfew
F e T R SugE wHiRr & O[HY] 9 T
FE qAl M A W

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

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

K. XK, =K,

219

T M < A o1 ¢ T A S i epperes
foren ST, @ ST ST qe &R oh WAl ohl Serud
fepan ST Wkl B

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

IETEAUT 7.23
0.05 M ST foe@q it STEEA 7 9201 pH
I S| STHIRT o ST-H-eeris &1 AF
affaeer 7.7 ® fen @ 21 emitn o wgrd
3T 1 AT feeaiar ot Fa it

&
S H NH, & & 39 YR <0
ekl B—

NH, + H,0 = NH,” + OH
(7.33) THIHIOT HT SUAN FX o B SR/
P T FEAT BT MO T Hehdl B—

[OH]=ca=0.05«
K,=0.050"/ (1 -a)
o, 1 HM FH ¢, 3d: THIHT § T 3R o &1
1 &1 qE ® o 1 0T qH Hhd B
3d:
K,=co® or o=\ (1.77 x 10™° / 0.05)
=0.018.
[OH]=ca=0.05%0.018=9.4x 10 "'M.

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

T 3T R I oh fol Ty gga hid W
K, x K, =K,

dfetert 7.7 | W< NH,, o K, <1 9 W@ W &4
NH, o TgH et &t il Fehret Tehd 2
K,=K,/K, =10"/177%x10"
=5.64x10"°

7.11.6 g T8 ag et 3w fg wa =g
I AR

sTfce 3T, eI 3T T HIEhING T

3 F ol | Ufd 19 Tsh o Afyues afa g
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Al W Bid | W STl ol Sg-&TReh! 41 UifeTsiiesh
317 o A9 © ST ST 2| Sereoned—fganentg v
H,X & fau st sifafsean frefated st g
T9IiE et 8-

H,X(aq) = H*(aq) + HX (aq)

HX(agq) = H'(ag) + X*(aq)

T TG ArEee] HHe frEfatad 2
K, ={HHX]} / [HX] (8.16)
dar K, ={H[X>]}/ [HX] (8.17)

K, W K, %l 3 HX % o8 T fgdt
ST fEorieh e €1 38 THR H,PO, S Framerra
T o foq dF SEA-Teewis 1 e dieliies
37Tl ok SMFH- iRl oF o TRoft 7.8 H 3fferd 2
WRU 7.8 298 K W S WM Ulciylieeh 30l o

E-feerien

T Ka, Ka, Ka,

e 3T
TEhTfeeh 30T
HERRH 7
R 3T
TSR 3T
isfeen o
THIEhING 3T

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

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

4.0x 107
42x1078

TH YehR 3@ S Gehdl ® T @g difess ot &
=4 Fife o N (K, K,,) s & 7= fm=
Fife & SEA-fer® (K) ¥ %1 89 €1 T R0
7 ¢ for Teer foge-cil oh RO e 3P 9
TR Wi FTehtfad s giishe 21 38 sHafema
H,CO, Tl AR HCO; | Hef fehrad | <@ s
Tehdl ¢l T TR fgemaf HPO> U § H,PO;
1 go | Wi w1 fshied e i 2

g Yifesh a7eet foeraq | erl 1 fason i @
H,A Si¥ fggifes e o fo, H A, HA™ 3iR A2 &1
fagor g 21 mufoew sfufwan & HA &1 fodem
qe H,0* Wfmfer g 8, S s & yerm =xo 9
T B 2

e fagm

7.11.7 FA-HHS hl AT FAATA HReh

ST qUT &Rehl i HETHS Aqed &1 fag= &
TyaTq 89 TRt fSu gu o7t &1 pH OH &1 0T %
Tohd T TRy T T Scue Bt @ foF opw ot o
FI ol § Yool I eid 87 3= Afesh Yo ST
FRE FI T2 TUHT I Teh Sifedt q27 81 aAfeh ge&
®U W B € e Hohd ¢ Toh Ueh 75 &1 e s
T H- A 99 & 9Wed T8 gauar | R
Fdl B

A ST H - A &% 1 G sedl €, tefq
a4 o forior o orevEeh ol wedl ®, @ HA
IrA-gmed wgal €1 S YR e HA ey feren
gy B ¥, i H T A WHTRT % Hed
fIA-RUM #T FR T & IR AT JUFH
gfterd el €, i eay w1 forie e 8 S €, S
et | gfg s 2l

WY I8 A < A 96 g8 € TR o a A
3TEd 9RO o 3HT §HE o a<d 8l, @ 9y & Y&
Yfd I ol H H - A @Y 9yl swefiadl o
freieor & yq@ wR g € o H = # SR 9W
T S-S A T R F&dl 8, -l H- A &
gmed wedl © dun 3l qHed Sedl Bl Seretoned—

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

s 9l H gfg
T YHR H,S, H,0 ¥ Jaam 37 ¢
T & §H 3Aed AR o Teh 2 STEd o aedl
1 e e & dl H- A STl 1 georan 3eet-gmed
1 freifa w6 o mewyel wRe @ S {1 -
A Y fagRom sgdt ©, - o w1 gmed st
Tl &1 SSrETone—
A = faggra | 9fs
CH, < NH, < H,0 < HF
s 9l H gfg
7.11.8 Al Ud &Nkl o M ® O°
3T UHTT

3TN, UHifesh 310t o1 SN0 o, Foreent fodism 59
GreEeE g YRS feRan S Hehar 8-

Y

-

-
>
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RESIERS|f

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

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

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

31 B9 HE Hohd ¢ Toh TH ST Y9G SAI-Sdferd
fagia W emufia 8, 79 &0 @ 7.8 © 9 g% €l

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

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

RIS FEar (M)
0.05 0 0.05
g x THifewr 77 U A=A ki 49BN B,
Figar | giEdq (M)
—X +X +X
g qigdl (M)
0.05-x b:¢ 0.05+x
TH THR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-x)
et o7 o felg K W B ® x << 0.05

31: (0.05 +x) = (0.05-x) ~ 0.05
1.8 X 10 = (x) (0.05 + X) / (0.05 - x)
=x(0.05) / (0.05) =x = [H'] = 1.8 x 10-°M
pH =—1log(1.8 x 105) = 4.74

SRl 7.24
0.10 M 3THIT=T foe@ &t pH T 0T hifstu)
39 fae@= o 50 mL &l 0.10 M o HCl o
25.0 mL ¥ A9fsha F@™ T pH HT TOMET
HifST) staifTan 1 forrem feedis K, = 1.77 x
10° 2l

2018-19
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&'A

NH, + H,0 — NH, + OH

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

[NH,"] = [OH] =x

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

gafere [H'] = K, / [OH]= 10"/
10 %/(1.33x 10 =7.51 x 102
pH =-log(7.5 x 10%) = 11.12

25 mL 0.1M HCI faera (31eiq 2.5 fheft da
HCI) ! 50 mL 0.1 M 37T foeraa (e7eaiq
5mL Hd NH,) H fAar w 2.5 fielt dia
S 310 IR & S €1 99 75 mL
foeed o eTREiEd 2.5 e[ NH, 319
qen 2.5 foeliHel NH, © S 2

NH, + HCI — NH;+ CI

5

2.5 2.5 0 (0)
HHITEET I
0 0 2.5 2.5

RumHr 75 mL faere | 2.5 fuemiel NH,
3FH (0.033 M) aer 2.5 et

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

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

Sely = [OH] = [NH,']

RO 75 mL faerad, SR & 9eEn
2.5 fiefiiiel NH, 3T (0.033 M) § JoK il
21 37 NH, 1 el Tiadl 396 bR & S0t 8-
[NH,] =0.033 +y

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

& W ® T

K, =[NH,'I[OH] / [NH,OH]
=y(0.033)/(0.033)=1.77 %X 10° M
3:y=1.77 x 10° = [OH |
[H]1=10"/1.77%x10°=0.56 x 10
pH=9.24
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7.11.9 TIEUN ST WA-TTIS UG gk Taetam
<hl pH

TRl A &R o T 1ama o eifaferan g/ s
T AU 1 STt | SATH BIell 1 3T gRI s &A1,
FUEA Seltd faeEd § Serited 8 2 A S 9§
sifaferan ¥k Ut Yepfd o STTER 7% A1 &R 1
SIS Hid &1 STel 91 P S1Fe SO A1 <A
Qe el ST feHa i Siel-2Tqsea | Fed &1 39
T4 TR 9 pH wiferd et €1 weiet &Tieht g fRu
T ARA (3IEWONG— Nat, K, Ca2*, Ba2* 37f]) den
Yo STl g ST T KA (I[EIm— Cl Br
NO;, CIO; 3% Theret STa-Aferd i &, STet-3Tqefed
TET B T | ST Yool 7wl a2 Jeel & © & e eoli
o =iel SIEH B €1 A SR pH 7 2t Bl Fafy
3= YR o ol o1 STl ST Bl

o/ g9 fefafad oaui o Sa-3TTeed W

foe 5 €

() TS Tl UF Yool &I oh a0, IEL0Mmed—
CH,COONa

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

(iii) JoCT ST A o1 &TRehl oh aIdvl, IRRL0M—
CH,COONH,

Y| 3B H CH,COONa, Tdd A
CH,COOH Tl Yol &R NaOH &1 @@ &, Sl
Sfeft forera o qoiqen emafa g St )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

T YR T4 THIS @A Sd o dY S
STqeEfed gl UHifesh 37 e OH- ST ot fmfoy
F &

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

UHifes ot Th geel I ® (K, = 1.8 1079),
it foere & srm@fad & T €1 59eh SR faeree ®
OH 317l &1 Figal ® gfg &1 <t 2, S T =
AT oA B1 39 YR o4 foerad 1 pH 7 9 S
Bt 2

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

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

e fagm

SATTE A 1 S T8 89 ¥ NH,OH
3R H* 1 & €l
NH} (aq) + H,O(1) = NH,OH (aq)+ H* (aq)
A BEGES (K, = 1.77 X 10°) Th
Toa AN €1 98 foee o oFEfa wd @)1 56
IRy foerad § HY ST Wikl 9g Sl @ SR
foaea™ =i sl a1 It €1 e1a: NH,Cl & 5ia
foeras &1 pH 7 ¥ %9 g
To STFA A A &Rk G ST T A0
CH,COONH, & Sd-38ed &l 3@ 39 g1 KU
T ST T ST TH YR Bl e—
CH,COO + NH; + H,0 « CH,COOH +
NH,OH
CH,COOH @1 NH,OH ¥ ®9 ¥ 39
TR SFAIHd @ B
CH,COOH = CH,COO" + H"
NH,OH = NH," + OH-
H,O = H'+ OH
foea | o foru fomr wer s gk @
ST~ 3TEA 1 A foera 1 digdl 9§ s gl 2l
1q: fore™ =1 pH 2—
pH =7+ (pK - pK) (7.38)
forer@ =1 pH 7 | ST &1, A} ST
Bl e pH 7 ¥ ¥ B, A% M FOMHS -

3QMEXUT 7.25

UHifesh 37 1 pK, T STHIMIH TSRS
F1 pK, FIE: 476 IR 4.75 T I
THee fae@™ &1 pH &1 TUMT Sifaq)

k33l
pH=7+ % [pK, - pK,]
=7+%[4.76 - 4.75]
=7+%1[0.01] =7+ 0.005 =7.005

7.12 IRI-Tae™aq

IR Iufted g W (IR AT ) F
f4fyea pH B €1 376k pH o g3N IRed IR o
3% 9 FH T FE (Malfunctioning) T {3 %I
#% THEtE T Sfaew efdfmaet ¥ st pH W
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AT ERAT

I S Tewyul i €1 w2 ST ue g
TEquTf (Consmetic Formulation) =i fordt foeim
pH W @1 Sl € e Y8R | gl @ < 81 i
faer=m, foeht pH o9 & 319aT 3T o1 &Rk
T At AT e oF @1 ot staRafda e
2, ‘aw-faereq’ wEeld &1 9 pH & faoeH o
ST I pK, T & o pK ok fafcd #HT den
Il 3R oeul o ST A TRl qel &Il o
U & e g s € tfafek e qen
Hifeaw wfgee &1 AU @ pH, 4.75 HT TH
faeraa a1 € den rEifEn aoiRiEee Ud S
TESIFIZE 1 990 pH, 9.25 &l B 9% fererrmt
o a1 | S=a s | g 3R et 9

7.12.1. 9% TIe&= ST
pK,, pK,3iR TrfEerie 1 99 &H ¥ pH &1
gh r°|('1¢|"| EEIE! "-ll Holddl on{dl %l SIEY i@

o &9 I8 Y FT THd B

TAT-THT TATT

3T pH 1 W S o AL &0 goa o
SR TU% §W WAE &R & WY a9 SH e
G0 1 SUAN HL Bl B pH, oA A &
qre feoish K, #iR gefel orwet ok geh wfe
& 1 Figdlell oh TAA H Ty Tfd w
Al FEfeRToT Tnfid hd €1 Uk g feerfa o
el ool 9T HA Sl § STEisha e €,

HA+H,0 = HO +A

g foru wn frefofed e foa gd 8-

[H,0*][A7]

K. = "HA]

ST s I JiAareed ®e W

_IHA]

= KA

T TR T AU T o 918 TaI ! eAafeerd
FH W EH U el e-

[H,0"]
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[A]
K =pH -1
pK,=pH-log (HA]
[A7]
H=pK,, +]1
e pH=pK,+ Og[HA] (7.39)
B [Ggfima  &m&, A7)
pH=pK, +log (o, HA] (7.40)

ST (7.40) TEUT-gaeTaNd GHIHT0T hgetrdl
%|%,a’gﬁqaw (RoTE) 3R fagor o
IUfEerd eTret T FIEAIStl 1 STUA 31 370 ot
B o HRUT 9gd HH TR B § SR Fisdl
[HA], 9% §9M @1 T T 7w &t digar §
oRmE @ e ek ¥ g @, srfumat waf
N, [A], 3T o I o AFHIhd BH § W
eI 1 SEY TN eReh i Wigdl ool ohi
g 9 hael ovEE = grf safere Feientor

o o

(7.40) Frefafad veR 9 ®9@id 21 S 2-

[FerT]
[ ]

g TR (7.39) H, [A-] ST Hixdl [HA] i
igdl o SUE B @ pH = pK, B, Hi(h log] T
M I B 1 TEiT A gH o SR ofE
(Fgf9a &Reh) i AeR Fixdl S o a T
%1 pH 371 o pK_ o a0 BT 37d: 3T9fard pH
1 T T o T g0 T ST &1 =T A
& ftget pK, e1iferd pH o SRIeR 2l 21 WHifeeh
T KT pK, UM 4.76 Bl ¥, AT Uik
3T iR wifeaw teiee &1 SR AT H Sl
AT T IH T pH T 4.76 B

gecl @ 3R 3Weh WfHd o § &
IEX 1 T B favemn fafatea afem &,

[afad s, BH ']

[&r=, B]

pH =pK, +log

pOH = pK, + log

(7.41)
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TR Toera o pH &1 dReher, THIH pH
+ pOH =14 <h1 39ANT <hich rchfﬂ ST Hehdl %l

g9 9 2 f% pH + pOH = pK_ X
pK, + pK, = pK |37 HAl &l GHH (7.41) |

W@ R THe FEfafad 960 9 gl 2o

[wafima e, BH)
K _—pH=pK —pK +1lo
P&, —pHo=pAK,, —PK, g (5, B]
a7ere
Haf +
pH =pK, +log [ s, BH ] (7.42)
[emeR, B]

A a3 3 WYfma ove (WAEE) Y
Il 9UeR & a 9w fae@s @1 pH &R o
pK, o SEX BN STHIMAT 1 pK, A 9.25 Bl
§, 37: 9.25 pH 1 a% T TN Higal ard
et faere oiR emitem Fenee fooe 9
TR S Hehdl 81 STHIEH FANES SR ST
TESFARE ¥ 9 W faeaq o foau g
(7.42) 1 WEY AN~

pH = 9.25 + log L% s, BH' |
(&R, B]

TR ToIeE o pH W TR0 H1 STER &l
ISl Hifch U °h SAdd STH dfell U]
Tfafdd T 7

7.13  UfTAT TGN okl Taei=ar
HIETTE=AT

Y 9@ € T o ® ety Sl 1 factmar o
ogd 3R a1 21 39 § o dl gad et faea
(S8 hfeaam FarEe) € fo 3 gfa o smanmet
Bid € au1 argHed | So-ard wifad e od gl
FO I (S8 fuTH wqsiuEe) w1 et
za % B fom 38 g W | erfaeta’ whed )
foretaar ¢ ol W frdt s 2, o 9 g v,
AN I STeTh ST (Lattice Enthalpy) dei faeraa

e fagm

o el w1 faemas woedt B UH @@ o
foamees ® oied o fau oA o U9 gad
STHYT g (et Tedt) | STH-Taemaes ==
foren atfues g1 =few) emaat &1 faemaes Teed
] faamea & ®9 § feid &9 8, s 999
FUCHs Bl 21 374 faemasta ufewan § ot qa
Bl B | Taetentad St 61w foemas #1 gehid
R faft et 21 sy (weEAw) faams o
e T Teedt 1 | HH Bl ©, S oer &
SINERCEIREIRC ] (Overcome) HE | 9ey el
2| TR Tau sye faeas § Te et 2
Ifg ST T Tk IE 20 ° S § g gehar
2, A sHH! faarasiad TSl oau ®1 STl
Tt 9 erfuek BT AIfETl Yodeh @e0 H1 Uk
sAfqenemia facad i €, st a9 w fdt
21 U ogu 1 9t fafyre faetaan gidl ®1 =@
R ek w2179 3T qEi i AR faca
& SHR T AT o | fasea s 2

il | foem fo=ada > 0.1 M
0| S & foaom 0.01 < faera <0.1 M
it 11| 31y faem faetad < 0.01 M

39 TH o foo oEfte @@m qu 9ok
Hqw et faeed o 9 g | TR &

7.13.1 faerEar oHwe fe/is

Sefta faerm & dueh o 7, W foaR ) srefed 3|
oIl Sk g faeras o ST oh Hed WTmaeel i
frafafea aiwr g7 weféa faar s 8-
BaSO,(s) —29 . BaZ'(aqg) + SO,*(aq).

e fremis frefafaa e g wei¥a
fepan S 28—

K = {[Ba*][SO21} / [BaSO,]

35 39 g w1 wigar fer e 2
Ad: KSp = K[BaSO,] = [Ba*][SO}] (7.43)

K, ! ‘facad qomshe-feris’ a1 ‘ foerad
W’qv_c'{ ' Ed ¢ | ST FHww H K 1 AT

T 298 K W 1.1x 1010 31 e a7 7w &
W AEH Hehe, S T Hgw faeem & @y
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el | 7, o fou g qun Gothe SEal &
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ARl 7.9 298K W & WM AR AUN oh

Higaistl 1 [UHAE $Heh foretadi-ToHhe feeriss farcraar-Ture feois K, o A
&g@@mélﬁﬁmﬁwéﬁmﬁem e - =
&1 Aier-factzar & ser grf| afg Ao faerad foeeR simrEe AgBr 5.0 x 10-13
'S 33[, Fﬁ @m@ w 2g2C03 8.1 x 10j12
g:CrOs 1.1 x 1012
1.1 X100 =(S)(S)=S% A S=1.05x 107 gmm AgCl 1.8 x 1010
Agl 8.3 x 10-17
TH YHR IRET Tethe 1 HieR- e T TS ASOs | Tax 105
. _ Im wive Al(OH)s 1.3 x 10-3
1.05 x 10-5 mol L! gt S e SR S
907 TS & Horeey _ SICH e Tehe BaF 1.0 x 10-6
aﬁé i fom-fom %l%\q'qumaﬁz BaSi)z; 1.1 x 10-10
e A A A Y HAHF B A AR | Wehdl B me cag: 2B 10
o FEEERIES] aF2 .3 x 10
I ok fefu— 3mEy, gH fShifem wiehe (zrtY), o SRR Ca(OH) 5.5 x 106
: Ffeaan gethe CaC20 4.0 x 109
(PO,>), T Tav R foem &Y, St =R eATerare et areEze CasOs 9.1 x 106
T SR STEAl T @ 0T STevTare 4 HIEhS efirm FeREs CdOH)p | 2.5x104
. HIHTH TGRS Cds 8.0 x 10-27
SRUEAl | Tt s 21 afg fSehifaa wehe & EEin mm Cr(OH)s 6.3 x 1031
CuB 5.3 x 109
Her- ot 'S &, @ 39 M & o e 0. | 14x 100
T AR FIESIERIESS CuCl 1.7 x 10-6
- . RS Cu(OH) 2.2 x 10-20
[Zr*] = 3S @M [PO,>] = 4S B HHES cul 1.1x 1012
T FEHe CuS 6.3 x 10-36
3: K, = (3S)° (4S)! = 6912 (S)° S s FeCOs | 32x 1o
TSI, XA e, T | mop | 1
[$ g .0 X -
P+ 74~ PR FES FeS 6.3 x 1018
A Toelt S e, Torereht |= 99 My X N =3 He,Brs 5.6 x 1023
B, S T Wy foeras o Wy | § g aen Wﬁmﬁg He:Cl e
golo .5 x 10+
forgent Arer-faeraar 's' &, &1 fF=Afafad s TewTEe Hg>SO4 7.4 % 107
_ i e HgS 4.0 x 10-83
SN oo T T Weha @ M MgCOs 3.5 x 10
N . ~ FREH erEer MgF 6.5 x 109
M,X (s) = xMP*(aq) + yXo (aq) g%w mﬁ"v S M§((§H)2 8 x 1041
TX XD =V X FAHE MgC:0 7.0 x 107
ﬁgjmx i yﬁsjr)'m P | i e i | o
REIRERE —TUH® A RS Mn$S 2.5 x 10-13
ohel BTEgloES Ni(OH) 2.0 x 10-15
HHiehLo1 gR1 e TR STl B— S s NiS 4.7 x 10
= [MPE[XE I = (xS)X(yS)Y (7.44) WS RS PbBr2 4.0 x 10-5
= x5y S ki Bch | Lexi0s
=x* .y . 2 6 x 10-
Sk =K [/ x%.yY RERGEINES PbF» 7.7 x 108
sp Y ;E HESERIESS P’E(OH)Q ;.2 x 18-15
T S=(K_/x*.y)/x*y (7.45) HASTES Pbl 1% 1079
> T Hethe PbSO: 1.6 x 108
THRIOT | S9 Teh AT SAfeeh THeisy bl T ﬁéﬁwrs@ PbS 8.0 x 1028
X -28
SThT TR TS T Bl §, 9 K ® QW WW@EEW“ §2‘§H’2 10 10
Wﬁwmw%(é@mﬂamlwéﬁs Tt e SrCOs 1.1x 100
AR R K, = Q) ¥ €, fehg o= uRfeferi | 20 TR S0, 5 i0r
Te LT A (R (Dissolution) ¥Rt &1 e TR TIBr 3.4 x 106
x 10-4
e 21 1 WO 7-0 208 K W WA @i | 0 e w R
o faeiaa-Torwe fremist o W fKe Ty € o e ZnCO; 1.4 x 10-11
IRETRIESIEIES) Zn(OH) 1.0 x 10-15
IEERGIES) ZnS 1.6 x 1024
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7.13.2 3Tk AGUN eh TH=AT U @9 =9
PoICH

- Iafers fagTd o STER, J8 319 &1 <t © T afg
et Traror foretam o fordt U 3TaA it |igd e W
ST 39 TAORIT STeeT oF ST oF | TANT hOm qel
oo 9 o @av a9 9o STaeifud B, 59 7o T 9R
K, =Q,, 78 S A fordl s <kt Fisar s
qfeh fRL K, =Q,, B ST 7 forerd el ok fer +ft @
2, forerr 55h o STl 1 3 Wisa o o Q| o
H el o T W H Fishad (activities) 1 TN
F €1 39 YR Tifea FARIEe o Gqw e 5 HCI
o TIAIS 9 W SelIsS ST i Tigdl (Ffshad) 96
S o SHROT TSI FANES 1 S0 Bl Sl 81 39
fafu @y Fifeam Feikes o5d €1 IS Bl 81 39 TR
&1 Hifeam stera Hrferem Hothe SiE sTyfgal Wt
A €| IR fargeivor o et 31 oh1 argd o faetma
At 3Tk 31eq faeid oa & &9 § quieer seeifid
T W o T S qTE 1 A R S €1 56 YRR
TH AR favervor | faear 31eM &1 staemur faear
FANZS o T4 H, BReh 375 o1 ALV Hikeh TESFIRS
o T9 H A1 STHEIU SRFH 3T & 9iad Hethe oh &9
o Y e B

3o 3T oh IaUN i faerdal %9 pH T agdl

2, @it %7 pH W RUMFH 1 Hgdl 6

IRl o RO Al €, S A0 i Tt

1 G A EI T K = 9, FH A W B

T W HEA B 3 FA K = [M'] X,

HX(aq) = H" (aq)+ X" (aq);
« [ (ad)][X (aq)]
) [HX (aq)]

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

2018-19

e fagm

TH: FhH o T EH W B [X] / {[X] +
[HX]) ==K,/ (K, + [H'])| 7€ 3@ ST Thal ¢
o pH o =23 W f ot 521 21 afg &t T pH
R dqu &I faeEa s &,

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

S=IK, (H1+K,) /K, " (7.46)
3: S, [HY] & &+ A1 pH & ¥ed R foema
et Bl

ISR 7.26

g AMd BT foh Tl off TR o oA 5@ °
sifafshan T8l 3d, Y 5 J A, X, 1 foretara
T TOET HIU A,X, 1 = oHwe K
=1.1x107° @l

&

AX, — 2A° + 3X°

K, = AP X =11%x10%

IR S = AX,, 1 foerma, a

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

W ¥R K, = (29)°(35)° = 108S°
=1.1x107

s@: S°=1x10"°

S=1.0x 10° mol/L.

I 7.27

T 3feq faerg @O Ni (OH), T3 AgCN oh
foerRd-TUA% o W HE9T: 2.0% 10 ° T 6
x 1077 €| ®H W TEu stfush foaem 82

'

AgCN = Ag" + CN~

K, = [AgICN]=6x10""

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

K, = INi”'JJOH]* =2 x 107"

I [Ag'] =S, W[CN] =S,

i [Ni*] = S,, a1 [OH] = 2S,
s,’=6x10"",s,=78%x10"
(S,)2S,)°=2x107"°'S,=0.58 x 10
AgCN ¥ Ni(OH), ! facrar i 2
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IIEITT 7.28 et forex a1 2, élﬁm OF 1 et Wizl OH
0.10 M NaOH H Ni (OH), ! Hier faerrar &1 (0.10 +28) mol L™ Bl Fifeh foerer  weet #

2 NaOH 9 Id 0.10 mol L™ 3ufterd 21
AT fRSTT Ni (OH), 1 3TRIfHF TUHwA
e K,,=2.0x10" "= [Ni*'] [OH]* = (S) (0.10 +2S)*

2.0x107"° ®I :

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

H fF Ni (OH), % faerd S mol L™ & faeta 3?’4)1& e ,

B § Ni®* o (S) HId T OH % 2Smol L Sy i)

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

9T

% 59 @ Fiehoaret st w1 G o9 @ 59 § dieddre STupel 1 Ge o ae 8, dl O et
Bl Sl | TE el Feptd w1 eial ¢ Wreeree ifde T THEtTen, <l WehHi gR T 8 Hehdl
TH ST W 3 S U ARl i U HHH Bl 81 STl whi WIKAl w1 SATWehReh! 1 Higdl § FHT <
W B Y TS ] WHHHIHIOHA e o W0 o ®9 H W feedies K, 1 e % ¢

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

o a9 R g feei %1 O e @ @1 39 ot | gt Toe o1 S 9igdl, S g
feem Tt €1 Tt aifafsran o forg remeen feemier ®1 K § o e €1 36 S fers i
Tl o T W &1 A <6 foed 21 ifafwan &1 fken &1 orue sifafsan smeet @ & o s
€, S W WK, o SRR Bl 81 T- Yo fagid’, °h STER A1, I, Wgdr e hreh! ¥ 9 R
T § qREd o 0T wreraen e fewn § fazenfuq Bt 2, St IRedd % UWE H HH A1 T H G
THHT SYAN T HRehl SIH 19, T, e, Sk 3R 21l 6 o Tt 1 TG W 99 o 77
T fopal ST € qef STUTE 1 W o1 25101 39 FReh! o1 TE0A Sieh fohan ST Fehal 21 aafuferan fasm
o WEEE FeH &l I UaIfad &l oial, forg eifufsan &t 7ifa &t v f1=1 Sei-va # sifveras
T SR g1 et SR ¥ SAfqhRes W aereht 9 ¢l

3 gl wred, St Sl faeree o ford 1 =eH S €, ‘fag oraeed’ see €1 oTd, &N a9l
oo * fergge 3TTerea’ €1 A et forera § st 1 SIE g1 UFTEA Ud SROTEA o Sedled o ROl fagd
1 =eH H T ool g sraeed quld: fomifsa e s &1 3ot faga erased o emafid ue ermEf
UL o HEA T el 81 SR o SER, Sl faete § e, gIsgie ST qe e, BIggierTel
TF <A 21 FIE G 3 31 B THY AR SIS - A ST ki WS % Y Ue &N Feued
o w9 B IR fohan e Tk SRRe-R 3T Ush ke 9 SIfafehar el ], q9 I8 el §d Tt
&Rk Te Tohal i ol &7 o G Tt 3Tret ki ST €1 39 YehR GTH o7~ &R & Shelcl Teh G2
1 SR I T AW, TFH 7 A I WA T el IR T &N hl e A o B9
o witefia foran| e 1 9 o STIER, 3a o7 o fodie o fau feemish (K) 9o 3@ &R &
ferars oh faw feerisn (K) o =St &1 foskfaa feran o sTae &t w60 e 39kt Wisdl W s qen
A 3 1 e fohan T @1 erEee ST Wt igal (Wiwad) o T pH HIYHH (pH = -log[H'])
TEGA R T 1 e S o7 T & o feRafa R (pOH = - log[OH)) ; pK, = —loglK | ; pK, =
—loglK, w1 pK_ = -log[K | ST%) 1 | Sct oh T 1 7797 it T 86 @4 § foh FHeheor pH +
pOH = pK_ T Hq= Bl T Tl 370 T qoiet &R, Jocl 37Fet T Ul &R ¥R qaiet o7l T 3o
& o TN Rl STl fIea § Siel-STue el @1 IR foerae 1 qRee de SUeh Hew & Gfee S
o T 21 s1e e e 3 forcrran weieht @i 1 vl ud faea o feerrs (k) 1 At w
T THHT Hey Tl w1 fererara  wenftd fopan | foaere | @ & Sraeur A 35 Sl | foera i v
i1 Fuitor fofan = 21 Hw o U oty foeid wan i faor & Hewd w1 oft fade w5 T 1
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e fagm

faenféra & fow 3@ weher W dHeifm Fdfvm foramd

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

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

(1) d Hifeqn wHike e wHifew 3 1 fHiE W 5w awt faedd o ¥ehd € T pH W
1 STANT HT SAHT pH A HT Tohd 2l

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

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

(9) 9 27eq foeid @eu w1 faeiaa W SH A Y96 Hl 3@ Thd 2l

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

7.1

7.2

7.3

7.4

7.5

A

T g9 & Hoee ue § fifved a9 W gges arsy % WY 9§ W@ S g e 6
AT SR Sl fean S

(%) TTU-TE YREE 1 GRS TROTH F1 T2
(@) URY W o9 o WO i ST ohd aeerdl ©2
(1) T, 59 TR 9 g ST 9 9 Tefud g ST a9 Sifw ST @ 3 g2

et W o5 forw K 38 i, aft o W g e # @i § (SO, l= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

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

T = a9 td Fd @ 105 Pa W AEEN asq H SETAEER 40% SEEH
T i €

L (g = 2I(g)

e & faw K, 1 O i)

frerferfea & 9 vem afufwan & forg o femi® K, @1 =i fafae-

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

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

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

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

K % WM 9 fefafad 9 9 g 9 o fag K 1 7 9 s

@ 2NOCI(g) = 2NO (g +Cl, (g); K=1.8x10?2at 500 K

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

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

T NO (g) + O, (8) = NO, (g) + O, (g) = T 1000K R K_=6.3 x 10 2|
g § o1 Uy S stfufsmard werfies w9 @ fgeroes €1 wdiw sifufeman ok ferg
K_r 2?

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

N, O, & " frfafaa sifafwan sid &—

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

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

frefafaa sfufsan o sgar Efer sAfwEe Br, ¥ sifufsa w2 TEdfaa amss
T B

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

e feer A9 W U &€ 9 H 0.087 Hiel NO T 0.0437 Hiel Br, fafs fehw s
€, @ 0.0518 W@ NOBr W< @it €1 NO TS Br, %1 | 6T 91 #ifew
|1 250,(9) + O,(9) = 2S0, (@) % fw 450K W K = 2.0 x 10'° bar #1 38 a9
WK 1 A A ity

HI(g) 1 T T 0.2 atm T T T Gk H T@l Sl €1 | W Hl(g) 1 37iferh
T 0.04 atm B el 3T TC w1 % fAq K, &1 7 @ gm?

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

500K 4 W T 20L 9 # N, & 1.57 Hiel, H, % 1.92 Hiel T NH, & 8.13 Hidl
=1 fago femn s 21 sifafsen N, (g) + 3H, (g) = 2NH, (g) & faq K &1 °M
1.7 x 102 81 @ stffspan-fagor wma # 22 af 78, @ Je sifaferan =1 faen @ 22

e T At o fag

O]
“Nof (o &
9 5k oh fag Hfera Tt g fafau)

H,O &1 T Hidl T6 CO &1 T Aid 725 K ad W 10L % 79 ¥ faw v 21
W 40% Sl (9ARIeHSR) CO o Tl FAferiaa THiehtor o SgaR stfafman s 8-

H,0 () + CO () = H, (g) + CO, (9)
aAfferan o fore wme feeies &1 7o wifsy
700K a9 R sfafwan H, (g) + 1, (g) = 2HI (g) & fore o feeris 54.8 13k

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

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

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

I i U § 899 K W K, %1 9 0.04 atm 81 C,H, &1 H/F T Hisgdl &

c
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7.18

7.19

7.20

7.21

7.22

7.23

7.24

i A 4.0 atm @ W C,H, %1 T Tk H W1 T 8 T [ |

ST &2

C,H, (@ — CH, (g +H, (g

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

T S Hehell B—

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

@) 3§ efuafren o fou wiza st (sifafwa-amrea) Q, fafaw (feoof « =@t
W ST e e § ud et off T @)

(i) @K 293K ™ 1.00 A TEifesh 37 TF 0. 18 Al THATA IRA H ford Se
affer g fagor 9 0,171 dict Tt Teiee €1 | feeris w1 o wife)

(iii) 0.5 A/ TIATA TE 1.0 it THifesh 377 ¥ YRY i3d g¢ 293K 9 W FD
I 9¥Er UIA TEee & 0.214 Wid 9 T O R | w©fud 8 T

437K A W feid & PCL, 1 Toh T T Fearesh H feran 21 | weifid gH

PCL %1 Wiz 0.5 x 10~ mol L W1¢ 7, Ak K_ &1 A 8.3 x 10°8, @ ®F W

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

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

e ST ¥ Widl a1 gHd S AfiiRar et €, 9% S (11) SATIEe 1 Hie

HHIFEE o G STTEeE € T HY wifas @i wd CO, faerd 2

FeO (s) + CO (g) = Fe(s) + CO, (8); K,= 0.265 atm at 1050K

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

T T

Peo= 1.4 atm W p.,, = 0.80 atm
#fufsra N, (¢) + 3H, (g) = 2NH, () & fau (500 K W) ¥ feeris K. =
0.061 7| T fagis 9g o fago) &1 Tued 39 YR 2—

3.0mol L' N,, 2.0 mol L' H,T& 0.5 mol L' NH, 1 siffsan @ ® 22 afk
&, @ W Tfud s o o stfafeen fee faem o s ghi?

S BETEe Brel faefed 2ies sidie Td e a1 § qen are weonfud g 2
2BrCl (g) = Br, (g) + Cl, (g)

3Tk fTT 500K W K = 32 ¥1 3k 7R9 § BrCl &1 9izdl 3.3 X 10-° mol L&,
= R fAgor o gt digar = g?

1127KTd 1 atm @ | CO @1 CO, o T fasmn H wramemen | S e §
90.55% (@) CO B

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

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

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

sfufsran o faq () AGe wd (@) 9= feemisr =1 TOMT Hifsu—
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7.25

7.26

7.27

7.28

7.29

7.30

231

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

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

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

frefafad § 9 < 9gM R SF-®E d Afufmard yarted enf? 98 o gard f&F e
qiedd 0 W AfAfran 3w =1 wdtg fen § fqas gi?

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

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

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

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

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

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

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

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

3% HBr % 10.0 bar Hegad o ¥ el oMY, df 9t 9l o 1024K W 9 &
A Hifs

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

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

(F) ST sfufshan < fee K 1 =ik fafem

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

(i) a9 = fa S

(i) 3UF TFF fRa SMQ

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

(%) H, frem =

(@) CH,OH frem ®

(A1) CO®TH W

(%) CH,OH®H W

473K W FEHRY Yeacige PCL % famed & faw K, &1 71 8.3 10581 4z fomes
39 WhR SR WY, df PCL (@) = PCL (g) + Cl, (g) AH° = 124.0 kJ mol!
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7.31

7.32

7.33

7.34

7.35

7.36

7.37

7.38
7.39

7.40

7.41

7.42
7.43

e fagm

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

(@) Wi AR o fg ¥9H a9 W K %1 7H F= S

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

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

T AT ST 81 J GRere stfufsher § ger e § CO e H, adt 81 gER 9% § Wem

g H & STl CO R stfen wa o siffman s 2

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

g 400°C R fAfha 9 § CO W& 919 &1 FHACK {901 36 &R fa=n s &

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

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

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

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

25°C R #fafwan 30, (g) = 20, (g) F AU K 1 71 2.0 x10-5°8| At a0
25°C A9 W O, %1 e Wgdl 1.6 X 1028, a O, Higdl w1 BFiT?

CO(g) + 3H,(g) = CH,(g) + H,0(g) =fufswan s fefer wss d 1300K T
TR ¥ €1 389 CO % 0.3 Wi, H, % 0.01 Hid, H,0 % 0.02 el T CH, &
T W B KU T q R sfafwn o fow K w1 HE 3.90 21 fasm ¥ CH, %1 A
BRI

T 7R 8R T k1 o 1ef 77 fefafed wieis o foa Tt ste/am S
HNO,, CN-, HCIO, F -, OH~, CO} TdS?*

frfafed & 9 9 9 9 9 87

H,0, BF,, H* & NH

et smeerl o fory S el o o3t fafan -

HF, H,SO, @ HCO,

FEH NH;, NH, o1 HCOO™ & Tt ena fafan—

iR H,0, HCO;, HSO; T2 NH, 2337 T &Reh—ari &1 A e &
&1 Yo o W 3T qel el SISy

Frefafad el & TE9 o7 T &N | afiehd ehitelg a2 Jarsy fof 3 fFd TR
TR ST-&NE o §OH w1 FW - (F) OH- (@) F- (1) H* (%) BC,

T g U9 % T H eEeeH AP F1 FiEdl 3.8 X 10°M 21 SHHT pH uiehfaa
it

foeh & U T *1 pH, 3.76 T, 3TN TESSH A HT FiEdl [ it

HF, HCOOH @& HCN =T 298K W 319 feerish shA: 6.8 x 1074, 1.8 x 10-*del
4.8 x 10T TTF Td TIH! QRi oh FA fLerieh F1q Hifsu)
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7.44

7.45

7.46

7.47

7.48

7.49

7.50

7.51
7.52

7.53

7.54

7.55

7.56

7.57

7.58

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

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

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

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

(%) 0.003M HCI (@) 0.005M NaOH
(7)) 0.002 M HBr (1) 0.002 M KOH
frefafed faee o pH 3 shifsu—

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

(@) 0.3 U™ Ca(OH), &l S | =ietsht 500 mL fefedq A s

(31) 0.3 IM NaOH = I ¥ =@t 200 mL faeas = sy

() 13.6 M HCl1 & 1mL &l a1 ¥ TIh01 Hieh el e 1 e fepen sy
SHICHifee 37 BT ST 1 A1 0.132 ¥10. 1M 37 &1 pH q2 pK, 1 A4 T
it

0.005M #EH (C H, NO,) faer %t pH 9.95 2| 3! o feerish T Hifs)

18721

0.001M Tl fera &1 pH a1 22 T &1 21 feerie arolt 7.7 9§ & gahd
E1 sUeh G 3T o1 T el T Sits)

4tz 0.05M TEiifes 37 & pK, 1 0 4.74 8, W ST 1 761 A0 hier) afg
T (1) 0.01M (F) 0.1M HCI faeram & gren S, @ fazse &1 461 f7g ya6R
yoferd et €2

TR THA 1 T feeri® 5.4 X 104281 39 0.02M fore™M &1 T &1 90
1 AT hiteu| If€ 98 faetad NaOH 9fd 0.1M & o SEAIfe THHE 1 giaee
AT T BAT?

frfataa Siftae o, i pH & ¢ €, 1 SrReisH 18" Wigdl ufehiord shifey—
(F) HHEE W 549, 6.83 (@) ¥9Ma 374, 1.2
(7)) THa wR, 7.38 (9) Mg @R, 6.4

TY, I, TAR WM, 719 T 201 31 &1 ¥hal & pH &1 91 %A 6.8, 5.0, 4.2,
2.2 91 7.8 31 Y% & HTd H* 3@ 1 Higdl F1d HIferg)

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

298K W Sr(OH), foer =t foerat 19.23 g/L 71 Wi qen g s &1
qigar den foee &t pH 91d &l
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7.59

7.60

7.61

7.62

7.63

7.64

7.65

7.66

7.67

7.68

7.69

7.70

7.71

7.72

7.73

WUHgeR 3T 1 ST TEerieh 1.32 X 105 81 0.05M 31 o= o e i a1l
de pH 9 &ifsw) AfE foe=a 5 0.01 M HCI fHarn ST af 36 ST &t A6
T HIT|

IfE A 37 (HCNO) & 0.1M faer &1 pH, 2.34 &1, @ 37 oh 3T feeisn
TN ST T AT T hife

i Tg2H 3T 1 SFA feeir 4.5 x 1048, @ 0.04M Hifeaw reerse foem it
pH TeN SIS 1 A F1d i)

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

Frefafea oo o Sefa foeet oF I3, STl qe S 8H w1 IR hifau—
NaCl, KBr, NaCN, NH,NO_, NaNO, 7 KF

FARITE IR 310t o1 EH Teeiss 1.35 x 10381 0.1M 1= a2 38k 0.1M
Hifsa™ @@l &1 pH 91 it

310K W S 1 e oS 2.7 x 1071431 g drdshd W SIH wet 1 pH
T HI|

frefafea fasoi &t pH aftefad Hifse—

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

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

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

faeer e, AfEm Hife, BT FESFIEE, o FINES 71 HRtd sTHeEe faeed
T AR 7.9 ¥ U T foerar ToAwa femid &t Fer 9 faear 1 sifae qen
JF 3T 1 Hierkal Ht F1q i)

Ag,CrO, 71 AgBr 1 faetadl uHwet fEerisr sH: 1.1 x 10712441 5.0 X 10718
21 Soh WqW Tao 1 HioRdl 1 S 6 S

A 0.002M FisdEm! Hiead R a0 Ffew e faeta™ & TaF T i e
ST, T IR A FT ST M2 (RN AL % fIU K = 7.4 X 10°)
Sl STl k1 ST feri 6.46 x 10757 faeer S &1 K 2.5 x 1071
21 3.19 pH el I foerm § fea s=iwe Sl 1 qorn o fohan 11 faem gm?
T Wethe qU1 HITSTH TehEs o THHCR faeri shi Sfushad Hisdl Sy S/d ek
M A oM W SRA Ocwise Sfaaifya 9 =l (STPRT HewRs o fau
K =6.3x10"%)

| U hfeTaH Tethe i S o Q1 9 1 fehae STFd Sel S STagaehdl 2?2
(hfewam Hethe & fag K =9.1x 109)

0.1M HCI ¥ eEgiSH Hehize ¥ Hqw foe™ &1 @igar 1.0 x 107 M 21 afE 29
faera @1 10 mL fr=fafed 0.04M fae@a & 5 mL Sl S, ot f faeeet 9
3fae W<l em? FeSO,, MnCl,, ZnCl,, T CdCl,.
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