HTEITEAT
EQUILIBRIUM

ELE

TG Theh oh 1T o 918 AT —

Aifder wa qEmEteE giEwmet § 9=
it Tfqeh Yhfd 1 9eEM Heh;
wifqer Ta qamEteE gfwast & 9=
T AT o Ao vl 31fi7emea
Wﬂéﬁ_ﬁ;

frdt < T etfafwen & fou 9=
TR SHisTeh ford Tehl;

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

Afafsran 1 ArATEE 1 gIfed
ch [ ﬁﬁq'_ﬂ °h|{°h\|. Elﬁ Al h

N

, TRLS-AR T Ted FRomS
o 3MUR R U1l 1 3T 27201 &Ri
T aiffepd HT Hahl;

T qAT AR o WA Hi AR
Ik 3T feeiehl & ®9 § W
Hehl;

YA ST AU U HI HSdl
TR ST ohi T hi TAYRAT i SR
Wﬂéﬁl;

BIESISH T 1 HieR Aigel 1 pH
Thol o &9 H gUH Y Tohl;

A oh 3TE U SHeh] 3TRA defl &R
% &1 H el ekt w1 vl R

N

HohTl;

11084CHO7

I Sfeeh T yEteRoie uimare § Tt 9 wewyt €
RN — AR Sl § HIFURME! d% O, o uied Td foawor §
0, 3T To ETHreifer o HeA W ki T ot ikt 31 gt
YR CO STU[3T Qe SHHiallfer o Hed 9 CO i famermar &
O] AT 2

el ol &€ U ¥ U g9 oiftad Bia €, @ Se TS Sl
At 319 5 i Tde W a1 Yo § 9ol S © a1 ek Sl oh
3] 5 1 TdE Y THUHL AT JIawe U 59 Frowen | guifed &
S | 39 WehR 5o e o159 o Heq ek TSl |1 €A & S
2, Toreen aRomEEy 5o 1 Hag W T e s 3o el
2| 59 ST T AT YRY 81 Sl &, qef STt hl A4S g el
g 9N oid ® fer @ v T fefd § e e ® fE e
(System) o Greeen Tonfad e T €1 F@fy Te ar wifdw T
2 1 5o 1 W8 W e TS 1% o ot ek {hAheld B @d
21 T8 YhR HETEEY W ST shi S HEAH-2L o sl 81 Sl 2|
TU 39 YR <A1 S €

H,0 (39)  H,O (3r™)

75l < @1 A 39w i <vld € for < feemed # wiemand
HU-H1 Bl & qe SATAThaeh] o Scarel o Trerereen W o i
‘e fustor’ wed 21 ifaes weRal qen TEmEtes stfafsmanet <=t
o e Ty 8 Wehdl @ Afafha 1 <fe e Wy e
ITHT THa Te e gRftefaE w R w21 w/@ fer a
W UF d9€ UH § AffHad R w ok ScuE s ®, ST
Higdl #R-efR w7 e ST § 99 SR H1 igdl gedt @l 2
forq o THF qvE T a1 ifafwael & @igu ¥ SR T & SRl
o Hig0 § i qitedd e 21 U feufq o e o wiiters e
(Dynamic Equilibrium) Tnfa g S g qen 3 TS ETH
arfafmanetil 1 X wHHE @ St @1 e wReT 3H o ereen |
srfafman-fagor o sufeerq fafse w2l & @igor o g alady &l
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Bl Bl 9 SMUR W R Grereen wged ash Tl
sAfafewan gof & gt 8, Iu TEEtE sifafmae
1 Frefefea @ ggel § affea feran smar 28—
@) vom Tge ¥ 9 stfufmand o €, i omrem ot
Bl St © qe SATafshaen shi Figdl 70g & St
2 o afufret § @ sfufrasl =1 Qi
T A Bl Wt € TR SR wdieror A g)
G &l e a2
(i) fedta oo ® 9 erfufpand et €, foee g
#Y AEN W SER oMd € AUl HhEeEE] W
HAfafsreehl 1 STferRat YT STafafdd @ S 2
(i) T TE W S rfufsmansti w1 @ wn v, fo
Afferoehl T Scael W1 Wigdr wreEeEer o
o A g
T W AtafRen fohe En qen gof et @
IE U T it SH—stfafEmaeRl @
igdl, a9 21fE) W e Lt €1 S qen yEnmeen
T gfareq aitfeafaat (Operational Conditions) <l
TRAHIHT (Optimize) T 9gd Hewlqul Bl €,
qIfeh TTE=Teen 1 3hTd 3fead SeaR i fem # &l
TE Toheh | &9 ifaer 92 THEteh YohHl § | oh
FT AedUl TRl o WY-WY Soid faeeE '
el o T, TS smafies @ wed ®, i ot
qftgfea wa
7.1 wiifder WeRHl ® ATETERT
s TehHl ok STeIA g AreeEen o fRd freRm
o AT ki ST TRe THSA ST Gehell T WL
®UIALUT YshH (Phase Transformation Processes)
9ok gfafd 3o €1 ST
3™ —— 3d
™ — g
W — T

7.1.1 3ME-Sd ATEATIET

W@Wﬁ%ﬁ (Insulated) WW'&T@H@?QE{
I (I8 T gU T Tereh o W usre ue ufEae §
o1 1 fafma 72 g ) 273 K qen agHee
T W HrEEE | B €1 78 e een safqereror
1 g9l 21 B9 Fel <@d ¢ o 9 o -y o

e fagm

T el o FeAHHI ol g URed el erdl € e ard
TR Tedn B, Wq g Wiaew T& 81 9% @ 5o
o e aneft oft g wfafewmand gt 1 <9 <t & e
I Y THTHL SHH FHIEd € S € 9 I o FO
U] 59 Jreee H 9l 9 21 9 TS St o 5eaqH
o &g gftada &t g ®, Fifr Soi-sopst i 9k
Y Sl H TG0 i &L T ST § 9% § ST
F W 273 K 3R Tk aHSA @ T e Bl 2l

e T ¢ o 9% o 5o shael TRl formiy arg
TS @ R & FreEEen | g ¥ e 19 W
ferelt 715 vl o forg = o, fowaT o w 7|
reRaTd @rEraken § g ¥, ustedh @ ‘umen
TMeHeR' AT U Tetich' gt &1 I e 3@
o WY ohelel TS| € UREfid Bl 21 39 YR I8
frepma Tifaer wrmEEen o e €1 zEd fefeted
foeep o B ® -
@) s TR wfwand wmy-wy e 2
() S wfmad THE < 9 B €1 sed o T o
1 oI TEeR &l B

7.1.2 |SA-dTO] QETGET

g qeF i f=fafad g=m o meag 9 9usn S
Gehdl B Th U MR 1 Aferent, Toed 9/ o1 &
(FAeR) , 1 Tk SiE (31 wIREH) & IREe s
Y Wig <0 B o W Tk 9/ e a1 ud few A
sieit ehfeaam AES (A FIEHRY YSHEe)
S ST W@ A i d1g hl FS A
@M Sl 81 39k U SR il STeX Fente
foran S 21 AR i Toh W el SHH Sordied
Teh o T (A1 U <€ten) ki ity T e s 2
AR 1 3@ W I Jod 7 o F9 g9 qeE
THHT T o H IR - oear © SR efad: fer
B S ®, 1l S § S Ued "l € 3R fRe
o B Sl €1 A= T ford T STet 1 A off
%9 g S @ (o 7.1) | 9”9 | e o Steraroy Te
Bt € A1 oSt ©t € Tkl ©, Tohq ST STt w1 o
B W T qrereen o S-S0 o §Ee o SRl
A1 &G Sl 8, a0 a1 g w1 5T e el 2|
TH o WI-91 S A1 ghg- H HH e a2l
el | Tqifid Bl S € ol e el e gl
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9e feur # S@

ferT 7.1: ek @19 W ST &1 Griae] &7 arg-sid q19T

THHT A e 7, o SIH-S19 5Tet o STupeH i wE
et srareen o 9 ot €, dH-99 T srawen 9
ST oF T[T hi Fa-3TAEA H oA i I AT
Ty BH d et Tedt 71 teiq—
eIl T ¢ A0 i W ———  FEAT I
H,0 (W) —— H,0 (Im™)

qrererEer | S-St g 30 I fohet iy
19 W feeR TEdl €, 39 el ol W ar <, (A1 S
T GTSY-TM) FHEd &1 K9 K1 A AT ok 1
Tl 21 4% 7e FA Aot Uehieial, T e e
o |9 A S, df Te Uik g @ o gen e
arq-gre fafq=1 g4 €1 eTueiehd Seu A <76 Sl
59 Afus aromiicl g € TS ST FEeHE HY
B B

I T are-TaE § UHieH, T Uehieia Td
A H % h1 1 mL TgHSA H Gall W@ ST a4
T TN I Th W W H 3 gdl ok -
I o T e ST df 89 F8 WA foh 37 @edt
v | 59 1 qof SrsfieRTor € S 21 gof ST 6
HHI (i) T 1 Ghid, (i) T T AL qAT (i) T R
e et B1 S 9T T 1 SgHed § Gel Wl
STl €1 dl AT whi Xl feer et €, Wy a9t
] HH oF R A H el S §| Fd: a9 W
FI- TN H WA k1 X A HT R Y HH B T
TH% IROTHEEEY Tl 59 S1foqd @ S 21 98 T
ol e 1 ST @1 Gt R o arereen i
TG B G e 2

3 U § SIdl Ud S@-ar U argHedd e
(1.013 bar) @& 100°C a4 W @ feufa # €
1.013 bar @ T Sl 1 HH FHH 100°C &1

ot 3§ 5@ & fow & agHee™ 3@ (1.013
bar) R 9% M, TR 5a w5 a7 ArmeEn ¥ 7,
‘S 1 WM Tl Al 81 S T AUl
IHeAd & R TR H 1 T8 T ok SHA
(Famg) W ot Feit s 21 Al S=aie W g
TR Tl B

7.1.3 SE-STo HTEATIET

31d & U9 el W fomm i, STel S oy areen
¥ Seduifad g €1 4% en T &t o9 ue o
W, 9 TS THY GTA T A o9 S S ©
T A o WI-F1e T H el 9 g et 81 o
9 GHT T 1 kT i feer e St €1 39 feafa
o greRy i e S € ofd: S| ST
FeATTied Blehy SIS oTod et © AU WTereel i
™ &Y § 9 < Ghdl ® -
I, (3) —— 1, (ar)
TH THN o I o 3T IR &
FR (M) —— HR (aTH)
NH,CI (3®) —— NH,CI (ar™)

7.4 ¥9 ¥ 319 AT T H TeAviierdr-
weedt ar

Tal # 3|

B T 39 W I W4 ¢ o &y U 5ot ) wh
FAfe=ra A H W 99 W 9 91 =i+ S O i
A € et 71 AfE 50 3= d19 W == BT =T 9
3R 39 Se1 Y, dl =i o fereed gersk &1 S| feret
A W fEu U fgerm o afx i) aifus faeia 9 g
W, qr Q’@[ faera =t ‘Hﬁ"ﬁ fae™@H, (Saturated)
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Fed 2| faeia =1 faeiaa v w feR s 81 Hgw
ot o s1upetl it 319 eTereen 14 faer o faorae o
AT o ot Tider HrETEE w2

= (faerm) _— =+ (3)

qe greee o,

= o e Wl W = 4 o fREe #

feamtfaeaagaa = #1 erda 9 SWe <
ol WETEE 1 ek Yehtd b1 Tag feman o 21 AfE
%‘?i‘%ﬁ@ﬁ%ﬁﬂﬁ‘l (Non-radioactive) Eﬂ'—ﬁéﬁm
foerem ® eanifaeaar 9o =i+t =1 $ o5 T <,
@ FB T 918 7H I o Te 3 =, e
IR o AeAndfoead Jaa = o 1] & o, fhg
Hremeeel i Tfdeh Yhia o RO AeAfradage
e fednfaaEq =i o e o faftam E
Werenati 1 B 81 e Yeanfad we eanfaeadm
=it ST 1 ST 9 Tk FE @dl €, S O A8
T feeR A q% TEl ge S
gat o
e Giel-areR 1 e Giell <t 8, q9 3T geil g8
HTe SESAFAEE T H FH AGT oSt W Y
e ot B 1 =T < W STl | e SEstieEe
&1 Tt faeteran & SRoT T eiar €1 feer a9 ue gE
W TG % Afger Ao Us w9 H ol s ok o=
e T @t 21 S -

Co, (M) —— co, (faem= #)

g AreTEE] B o TEMIER €1 e eEn,
“forelt a@ WX S T TE A ok Taeraew ® et
T T ot aen faomaes % I T F 9w &
FATUTEr Bl ¥17 A9 ST oh WU-ie I8 Wl
e St 81 CO, T i We-aeX T aieet § 1ok
@ R sk fmar 81 30 @ W T & agd A
3] g o o™ & S €1 S € et @ieft st @1
I8 & diqet & 59 FT e W I T=ES HH € Sl
2, foe 5t § Heit g8 e SEeiemEs fadet
= argHeda @ W 7S TEAER hi AR ST
Bt B1 A WeT-a1e # 39 diqed i FD AT Th
g o ol Big fEan o, df 398 @ w9
IRETGAS il

TE G ®9 H Fel S Gehdl © foh—

e fagm

() 3N = 59, FrAEEe & fau agHeea §@ W
(1.013 bar) T & a9 (Teish) TH Bl €,
SR =l weemd W S ¥ afx afeer 9
o &1 fata 9 @, @ Sl weenst ok
T e B 2

() I = Za, e & foau fedt ffyea am
W ard-<e fEer e 2l

(i) I H 39 i Fomehera o fog fedt ffeem
Y W gd | 3 w1 foeEar fHfvea g @)

(v) %9 ® 9 & fooiTar g9 % TR T % @
(A1) o HHHE Bl
7 fremel =1 groft 7.1 | fan mn @ -

ARt 7.1 iifaes ArETaEen W % favrean

ehH e
Fol = o ffyed a9 W p,, R
H,0 () = H,0 (g = 2
3G =<4 TR 3@ W e fAfv=a
H,0 (s) = H,0 (1 = 2
faea (3m) = fooia | fooem o fooa <t @i
(faemm) | ffved a9« fer 8@ 2
= (W) = =+
(faem=m)
T (@ = ¥ (aq) [ (aq) 1/ [T (g)]
ffved a9 W fer g 2
CO, (g = CO, (ag) |I[CO, (ag)l/ICO, (g)]
ffved a9 W fer g 2
7.1.5  oifaes Uehdl § QTSR o QIHT

ITFeTeroT
SR ifeh Tehdl § Gt FHepm-areree o 9
sfeter frefafea B
(6] fafy=a 99 W paet &< (Closed System)
o & wrEeR q9e 2
(i) SrEEEN R SE foRiedt stfufsmand ster o |
Bl ©1 T Wiiaen, fohq Tl sraen Bl €
(i) R o @t WA A qo-ue feer B €
(v) & el difdes wwm o wremeeen it 8
St ®, df |roft 7.1 | aft Awedet § 9 e
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HTHATSERT

Th w1 A fAfEd a9 W fer g afiia
FrEERE 1 UEEH B

v) fodt off g 53 iyt &1 99 g% <via € fw
YR d Uged o qd fifas whe fRw
o a% TR 9 g1 2

7.2 TEEAR TehAl B ATRITSEAT-TTdh

|
Ig Teet & FqrEn < g ¢ fF S fea § &5 9 e
el TR Sifafmard efad: wrereren i feafg o
wge Wt €1 3 rfufeward off sifim qen wdta fegmet
o HOA B Gehdl &1 59 W T gdty sifafwae w1
=X HAM 81 S §, @ ST ReR! qen SaIe) 1 |igan
feeR <t B T8 TEEE W Sl STl ¢l UE
Tifaer ArETaen 3w Afufean (o sifieis SR
¥ 991 W ©) qen g Afafwan (e sas qo
AfehRer § 951 S ©) 9 et Scae Bidt 81 39
g o fau gn fafafea soraeia eifafsa w
faar = (e 7.2)-

A+B=C+D

T didd oF 1Y IfYEReRl (A den B) Wi
Higdl edl © 91 IRl (C 941 D) %1 S=E Bl 2l
31 ifaferan w1 <0 Tedt St @ SR wdtg st
1 T agdl Sl 21 Theraed Tk UE feufa ot €,
el ST eAffsmanet i X WHE 81 Wt ¢l g fefa
o frepm o HreraEen T B Sl €)1 et S
C T D o o= Afaforan et off W it ST Hehat
219§ o frdt ot feen 9§ 39 wreETen w1 grerd
UG 2 A+B=C+D I C+D=A+B

C 3Ydl D

Hgar —>

A 3AYAl B

THY —> 9HEeRr

ferT 7.2 : TErEfE G #1 9

193

TER-Tafy g/ S| o Hvav vl § qHfeh
TR hi e Yehfd shi ST ST Tehall B1 TR
+ 3=9 A9 A1 J@ T ARSI Ul SEERGISH hi
fafys s/ amEnet o W Afafwar wuew
ST T STHTAT T HEAT TN hi| Tk STER W
3= AffRaT § I SRS qo SRR S i
Higd T w1 o= 7.4, (U0 195) <00 © o wh
ffeea a7 o 9% 5 TSRl o W © W o
STHIT BT WK W fHso7 o1 Weed ot & &l |
fhisor o Hered w1 Feerd 39 a1 1 Hehd 2t © T
e Tt g g ?)1 eifufwmen ot iae gpfa
i U ok T T 1 T 3% Ha-HAd
IRy uRfefaal (34t o7 3@ w6 am ), fhg
H, %1 S8 D, (Deuterium) &e¥ fofa om H, =
D, & W Af4fsra U T HrEEen WOgHA
gereTaren sifufea-fasor gy wtar €, g
Hfufsra-fH2o1 § H, T NH, o M T HE: D,
TS ND, HISE &d ¢ TR @i g o 9%
Tl fagor (9999 H,, N, NH, @21 D, N,, ND, B
?) & o H et %o g9 % oy sig 2 2
a1 39 1 &1 favemo S W gar e €
SFEiIfn 1 Wigar Tufafdd &t

Blcilieh <1l 39 TSI <Rl foeeion semM TagmieX
(Mass Spectrometer) g IE RIS % ar '51@5[
egdifemge fafi smifn 319 (NH,, NH,D, NHD,
T ND,) T STgelsglsH 319 (H,, HD 1 D,) ¢
S B 369 g8 Tt feperdr © fo wremesen & o5
oft figror o S1fim wd ydtg srfafswand e ® o SR
e W H a9 D TEV[S &1 MU0 (Scram-
bling) Bl &dl &1 e Tifid gF o =18 afg
fferan Tare B St @, @ 39 WehR o1 THE0T 9
B H9a e gl

I o gyewur o gEeenfie (Deuterium)
o YA § € I Bidl @ T vEEqe sififmanen 5
T QrETEeeT TIfUT 81 W S T gy STfufmnsi
%1 ¥ GEM gl & d97 599 HE0 & gued q #iE
g9Te 9Rad 7&1 giar

qrereeen H feenetl gR Tenfad &t S dehdt
€, 9% H,(g) T N, () 1 ifafehan FT NH,(9)
W i SY A1 NH,(g) 1 s Tt N,(g) T
H,(g) I i S
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e fagm

Tfeh ATATERAT-BE % fTT T WA

qifer =1 THETR AffmaTeT § e w1 Yhtd g ek el €| et wHeatient o ET g
79 927 ! YRR fohan ST wehan 21 g Feret foremera <61 wammemen ® 9 Wi e Hod @ 21 Frefatea
TN H¥eh 9 AL i 5-6 THNEl o GHE i et 9 fa@mEn s ushar § —

100 mL % < A9q faferet (fm 1 qen 2 feran 1) Ud 30 cm <Adlt i i <1 el oifsw) Afa=t &
G I G B Hehdl @ A T4 3 U 5 mm d% [ 8 Hehdl ¢ WA faferei-1 o ene 9 o wie
S (ST H GeREH WHTE %1 T e et Ui Sia o9d) 99§ aun fafie-2 @i e W@ 2
faferet-1 o s oft qon faferet-2 & SE 7oft T 21 faferex-1 areft el o T fiog o el @ &g =L
Td 3 el TR § R T S w6l faferet-2 ® el fafet2 § @it el @ wE S gu @ weR
faferer-2 ¥ fafere-1 ¥ 9o TuHiaia &3l 38 YR I Al st gerar 9 fafee-1 9 fafde-2 5 @
faferet-2 @ fuferet-1 o Ui STa IR-aR q4 e TR w3 21 S qe < afesd o T Se 1 &
TAE & S|

I 37 7 faferedl § T faeam &1 SHae T 9 W ¥ %, df 39 fafored o ¥iF 9id o &) | o4
g Ufedd T2t g Afg 37 3 fafered o TiF a1 oF &R 1 &7 ST AYHRA! Td SRl o 950 o &9
o 3@ 1 &H e Hehd © T I8 Uiha 9 UlHA 1 Tk Uehid w1 3ATd dl ©, S A STl o1 &R Tl
B W ot S @t B A B0 36 WE i fafw sarEeret | Ao S gerdd 9 <, af g9 <@ 6 g
3 fafied ® ¥ a1 o TR 9= 8111 39 <1 fafered o U9 ot & &R H @ fa = &) Afaai o wron
Bl B

= = =7 =

(=) (@)

fer 7.3 Wifaes QreEee &1 953517 (%) RIS 3faeer (@) Sifaq sraeer
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\smsﬂw (ATTFRF)

oeR digdam  —>

SRS (AfHRI®)

T SaUs

qHg —>

farT 7.4: sifafwan N, (g)+ 8H, (g) = 2NH, (g) #t
qrEIEee] 1 &g
N, (@) + 3H,(9) = 2NH,(g)
2NH,(@) = N,(g) + 3H,(g)
THT YRR BH A9fsRA H,(g) + L,(g) = 2HI(g)
W forr Y| Al 0 H, ol 1, o seR-ae GRI9H
qigor 9§ sifafran & &, @ Afaferan s1fim feen o
SRR B H, T 1, 1 W& %7 8H @ ¢ T HI
T WA TG TN, 56 qh SRl Tfd 7 7l
STe (o= 7.5)1 PR 89 HI § & & TAfRa i
foadra feom o g9 <, @ HI &1 9igar &9 gH TR
Tl H, To I, %1 Higal a9 T Sedl @ S qoh
qrepTaEe w@rfd 9 8 S (o 7.5)|

HI

Tigdr —>

HI

g ———> qEEn — T

faT 7.5: Hy(g) + 1(g) = 2HI(g) 3if4lskan 4 Tar@fT%
qrerEey gl st fren | wnfyd g gedr 8l

195

g ffeed sadT & H T 1 o TEsT &l
Fd W& FE B, a1 9% BH LS ATRHE I
sfafsra g€ ®, O YE SR ° @ e
frgor e g 2

7.3 WA ArEEeen o =m qor
[rETaeen feris
e § ARl T SRl o {0 i H
g’ #ed | The o 3@ WM § 9 fagr o
e o Gy § 3% Y W g9 foaR &3 T
A= fagor | Afierent qen SeIgi ol TisareT o @
oo 7 YRR Higarsll § 9 Gigdied ol ohd i
fman <1 gl 27 9 fHgr o HWEed & % 9
FH qRafdd F Tehd 82 sfEifes sfie @ swEnt
TEEA ¥ — (H,, NH, T2 CaO) % Heelww & fag
MEYTH Tl 1 TuRer ohg feren Srar 872
T I9l o I o fow g fmfated g
IRt srfufsran W fomm w3 —
A+B=C+D
T2l 39 Hqfera TR § A qe B 1R
Tl C 991 D SIS 81 3 Schdul fafsmanet oh
TR e oh YR W Afe o TEEERl ohel
Hfsafafera W’f (Cato Maximillian Guldberg)
T e 9l (Peter Waage) el | 1864 T gfqufed
o f& fedt fago o wigaet & f=fafad
- FehT0T GRT ST S Hehell B
x - [CI[D]
‘= [al[B] (7.1)
78 K W ferid € qo <€ SR w1 e
‘e feeier ook’ hEddl €| 39 AT -HHIeRTuT
H ‘g oIl fRen @1 M’ (Law of Mass
Action)‘lﬂaﬁﬁgl
T[] A1 ATt g HfadTisd gerdl i oT=s! TE
jEl'l:IS;Ief#fFi'QQT’F‘E‘igﬁf_‘x'qﬁf(SealedVessel)fl’?Sl
K W 49 H, T T4 1, & o= sifafmn ) TR
| 39 srfuferan o1 steram fafie wrnfites aiferfaat
¥ B: TR g fwen -
Hy(g + L@ <= 2Hi(g
1 9 1 | 2 T
T8l W) (1,2, 3 T 4) ¥ § YRY ¥ 5%
W e T H, T T 1, 91 I&E T
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196 W fogm
AUt 7.2 YRFWE UE WEmeRen W H,, 1, Te HI %t |igand
TINT T TRtk |igar /mol L7 WIEERAT 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 0.77 x 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 10> | 2.35x 10
6 0 0 758 x 102 | 0.86 x 102 | 0.86 x 10° 5.86 x 107

BIESIoM Ud STAEH o foad-fim digor & @y fean
T S GHA 1% 9% 95§ HA0 o W & e
feer 7 T, steiq—arreRen wfad 8 M T
AT (§. 5 TS 6) sheel TEE HI et IRY fhT )
39 YR faqda sifuferen ¥ wrmewen wonfya g3l
el 7.2 § 3 @t ®: W@ o stfee fRu e g

TAN-HEA 1,2, 3 T 4 W F€ @1 S Gehdl @
foh— eAf¥ehd H, o Hicl &1 & = HAf9hd 1, o A
T & = Y (IR HI o Tl &1 G&A)

TAN-H©A 5 q 6 § BH S@d © fh—

H,©@),, = L@,

el R IfehRehl Ud SRl i Higdl o
e Ga TYd s o folt g0 g et o foao
H W9 Ehd 21 e U T e ohse W Ed
faamr -

[HI(g)],,
[H, (@) ][L©)],
WRUN 7.3 STFHHGI o AT Aigdr-Gael 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

groft 7.3 o fu T stfenel ) FeEar 9 4fg g
SRR TS IR T ATTEE-TIZdT i SUIK
ik § W, 9 39 sl @1 O feer 18, afew
fym-faa g (\Reft 7.3) 1 afk &n feAfafaa 9w
S

[HI@T,
[H, (@), |[L@],
@ &9 adn o weft ®:, vE § g8 e e
T & € (S| grelt 7.3 | @ w @) | 98 @
S Tehal ® T 30 oo § YR T ScE oh
j\:TIO?{UﬁfI’ETIFT(Power) aﬂﬂﬁaﬁ%ﬁwﬁiﬁ
sifafsrean o TR o o 3o TqgHieRRoTad
QUTW (Stoichiometric Coefficients) %I e o
TH & oF WM ) WrEEe e’ el Sl @
A T 'K Welieh GRS ST §1 36 Wb At
H,(g@) + (@) = 2HI(g) % felT K, s1erfq qremsreen
frerisr 1 39 &9 ¥ foran s 2—
_ [HI@L,
© L@, [Le)],
W 3T 7T Ao, Wgdl o I&H o &9 H S
‘eq'ww%,%ﬂw:ﬁww%,%
g A S € R K % oS § Wi R M
e W 81 ord: en forad -

[Hi@]
K=—+—2>1 _
< H,@)[L @) (7.3)

(7.1)

(7.2)
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TR ¢ 3w € fR K T W EiEm %
A mol L ¥ =k T T 21
fu T fordt a9 W sAfafra-3R] w1 wisa e
SRR T Fxdl o UGS ] 3T TR @l
21 TH I THA Wigdl o9 S o U Eferd
THEAE T H ARl U9 SRl o ™
GHIHTOITHA TN ! 3! TS o STdish o ®9
o oo feman ST 2
Y YhR Tk HHHT 3IUfRAT aA + bB = cC +
cD & fou arerazen feemis =1 f=fafea =9 9
o feoran Sl 2—
K _lCr
[A] [B]
sifuferan SR (C a1 D) A9 ¥ qo AYHRH
(A @ B) & H e €1 Uosh Higdl (Ssend- [,
[D] %) ol dqfera eifuferan o oA
I Ui o Wl o ®9 § e fehal Sl B
S— 4NH, + 50, (g) = 4NO(g) + 6H,0(g) #tfwfwan
% fou grerewen feis # g9 39 €9 H I
F &

(7.4)

_[NOJ* [H,0°
© " INH,I'[O,P
faf\w sroat (Species) 1 HICR-FIEdT il S
THR HISeh H TR I ST € A1 78 AT Sl
& for 3 wreeren wigad €1 W@ o wgd SEvdsh
B, 99 doh GrmEe feeRie o ofee § geeend
(3w, 5@ = T\) T fae S g
T I SO ON% §ed 29 ®,
- afe R rfafear gfieor w fRE S (Fac-
tor) § TOT Y, T ArAERen feaie o fau e
fered 7 =g gHi=a &3 = fF 97 =5 39
qRedds i ot e wR|

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

a1 wdtg iR 2HI(g) = H,(g) + L(g) & fau
e Tt SE 99 W 39 YR B—

197

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

SohA ATATeRaT ot wrETaRen ferie I 1fim
srfurferan oF WrETeReT Reieh o SIeRd BIAT £
IR rfaferar =i 39 w9 ° famd ®

v H,(@) + 2 L(g) = HI(g) (7.9)
wreTerEer feerier 1 M Bm—
K/= [HI] / [H]'°[L]'> =x'2=K /> (7.10)

39 YHR A 8 THIH 7.5 I n & TOT &,
ql AfAfsHa nH,(g) + nl(g) = 2nHI(g) T< BH
T THeh wrEE-fedie ® WM K® Bl S
oo B wrReft 7.4 H SRk fREn T )
WRUN 7.4 ek WIHTT Schrduita RIfshar o armawen
TETEeh THIRTOT ATETEET
feertien
aA+bB = cC+dD K

(&

K =(1/K)

cC+dD = aA+bB

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

T&1 I8 A @l AT foF K 9 K o oTifheh
7 fom 2 21 SEfe e sTavas © foR A staeen
e &1 AM forad 9@ dqfad TEmEtTe THeR
1 SeeiE H
IITEIOT 7.1
500 K W N, 91 H, ¥ NH, s° o <A
e o et |igard 9T g9
[N,] = 1.5 x 10° M, [H,] = 3.0 107> M @I
[NH] = 1.2 X10 > M. Sriereen feerie & o1

ifsra)

&'
AR N,(g) + 3H,(8) = 2NH,(g) o foT
e feetis 39 9 § fer@n s Fehdl g
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- [N ()]
C ([ ()]
(1.2x102)’
(1.5x102)(3.0x10)°
=0.106 X 10* = 1.06 x 10°
ST 7.2
800 K T 31fHfshaT N, (g) + O,(g) = 2NO(g)
% fore wreeRen Wiz fefafed €
N,=3.0 X 10°M, 0, =4.2 x 10°M
T NO =2.8 X 10°M
stfafsran o forw K o1 @9 @ Bhm?

&
sifuferan o foru wr= feemis 39 Y& foran s
kel &
_ _[nop
° N,][O,]
. (2.8x10°M )’

" (3.0x10°M)(a.2x10°M) ~0:622

7.4 THET GrETaer

forelt T fepma o 9l Afvehiss 9 3 T
THME JoEe | B €1 39 o feu—ige st
N,(g) + 3H,(g) = 2NH,(g) # YN qe1 3cig
geft g rg-grereen ¥

T THR

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

+ C,H,OH (aq)
qem Fe®* (aq) + SCN-(aq) = Fe(SCN)** (aq)
afafeeanett ® |t AfYeReE qen Iaure gHm
fareta-wrareen o €1 o719 B0 $w guin fafmarst o
AT fefid & 9R H TRl
7.4.1 T Trepma ® wEmErer fewis (K )
T 1ot dh AfYRTehl Td S o Hie” |ig0 o
®Y § grEe femis %1 e R § qen =9
T K g @i B T sfafwenest o fow
e TRl i AT @ o ®9 H YR
Afereh geerere 2

e fagm

eel TH-THIRTT (Uheh-2) i BH 3@ &®q H
e H o

pV = nRT

R

n
= —RT
p \%

&l <M (p) I bar H, 19 1 AN ! Al &
T 'n' g SEEH, 'V i faeX (L) ° den 919 i

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

'R’ %1 | 0.0831 bar L mol'K Bl &

& n/V & 4 mol/L ¥ oI5 & B, A1 T8
IS ¢’ T ] 37a:

p=cRT

feeR qMT W T 71 I 3Tk WKV S FHII
Bran % 3194'fFLpoc [ﬁﬂ] Ad: S TGEY i
p= [T9] RT & ®9 § +ff forn s gehar 21

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

_ [m)7T
* K T, 9T (@]

2

(Pu)
Py, ) (Py,)

aa-oan—(

(7.12)

EII%F Py = [Hl(g)] RT Py, = |:H2 (g)] RT

qe p, = |:12 (g)] RT
FHfeTy

[H1(g) ] [RTT

K —_(Pu)
[H, (g) JRT.[1, (¢) JRT

* b))

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

ST S H K =K, § $7e0iq 3 S
feeRiont o M SR €, fhg ge =89 T T 2 R
SR W fau - sAfulEd N + SH(@ =
2NH,(g) |

(7.13)
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" (py,)(pa,)’

_[vH, (g)] [RTT

[N, (9)][H, ()]

K. (RT)

[N, (g)]RT.[H, ()] (RT)’

LK, = K. (RT) T (7.14)
9 ¥R T T e st
aA+bB & ¢cC+dD
K = (pccz)(pdn) _ [C]’[D]* (RT)"“"
’ (pi)(p;) [A]a [B]b (RT)(a+b)
[C]° [D]d (RT)(ﬁd)f(:ﬁb)
[A]' [B]
= m An An
K, = (Al [B] (RT)™ =K, (RT) 1)

el Hqfera TEEte Sl § An = [(TE
S 3 iell A wen)— (i e o e
F Tem)] 2| AT AEwIE © K H 0
T <@ 1 AH bar H W1 =@1f6T, FHifh 9 i

YTHIfOTeR 37l 1 bar ¢ Theh 1 9 84 914 © &

1

pascal, Pa=1Nm= d 1 bar = 10°Pal
el 7.5 | o At AfuicRane o fow K
& 7+ f&T T R
WA 7.5 W FB FAa TAhHATSN o Araawen
feertien K o w0
arfufsran " /K K,
Na(g) + 3Ha(g) = 2NHs 298 6.8 x10°
400 41
500 3.6 x10”
250s(g) + O2(g) = 2503(g) 298 4.0 x10™
500 2.5 x10'°
700 3.0 x10*
N204(g) = 2NO2(g) 298 0.98
400 47.9
500 1700

2019-20

3ETET 7.3
500 K W PCl,, PCl, 3R Cl, Gremeeen | § qen
Tz HAL: 1.41 M, 1.59 M T 1.59 M T
sfafsan PCl, = PClL,+ Cl, & faU K, =1
TUMET RIS

'
ISWad Afufsran o fou wmameaen feris =9
w9 H e foha S Hehdl o—

_[peL][cL,] _ (1.59) _ 79
° [PCL] (1.41)

SETEITT 7.4
79 aifafsan o At 800K W K, = 4.24 &—
CO (g) +H,0(g) = CO, (g +H, (9
800 K W CO, T§ H,, CO T H,0 & |
TR FIEHS T T KIS, A IRA § ohoret
CO T H,0 & Iufeerd Bl a0 Yieh i ¥igdl

0.1 M =l

s

frafafea sifafswen & fau:

CO (g) + H,0 (g) = CO, (g) + Hy(g)
URA H :

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

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

314 g Feerieh 1 39 YehR foran ST ekl 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 T W Higa 3 €,
[CO,] = [H,] =x =0.067 M
[CO] = [H,0] = 0.1 - 0.067 = 0.033 M

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

T

T W € R

K, = K RD"

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

e forier o A

e K1 A e S5 Fs0 %1 mol L
H @l K <1 W fehterd g SAiferh <1 F Pa,
kPa, bar 3191 atm ¥ =6 fora Sl 21 39 YR
qreTereer ferish o1 A Higdl A1 < o {56 |
T 21 A WreERe Sl o {9 W Hdieh] I
I B H SRl oh A °oh aWeR Bfl Sifufea
H,(g) +L(¢) = 2HI K qM K, H % A el
gl N,0,(9) = 2NO, (g), K, %1 7% mol /L
qeM K, %1 A5 bar

i 2ATRReR] T SCAE] ol YHIOTR T |
fam U @ wremezen feeiwmt &t faueE
(Dimensionless) T § e 3d 1 SRR

e fagm

Td SR H AR e ® 95 T it Wi
TETE T bar il 21 36 YR 4 bar <@ FHE0H
37X o WU | 4 bar/ 1bar=4€ﬁ'€ﬂ'§,3ﬁ
fomme €1 ue foer o fere wrfore svareen (C) 1
HieR foera & 9o o= Tixand 56t o qrder o ardt
STt €1 |reEfeRi 1 oAifhd 7 g gE qranres
T W st R B1 39 R 36 woned ® K,
e K, S fomeia aferet € forg et stifher WM
ot yHIfoTeh STareen B o SRoT O B g 2l

7.5 Ta9UIT QrETSReT

T Al graen aret e o wenfya armersen
1 * feroHiT GreATee’ e ST §1 S0 % T
9% U W SA-ar TE SA-5d b die wfud
e v qreraee’ 2

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

T ST A TR G gewen 9O e 5d
ek B1 S e 39 Td 3Eeh Hqw o o s
Tty Hrerereen ot fawwi wrereen g1 -

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

forsmr AreTEEenst | Sifued IS 3 A IS
59 A o & T greeen (v 3 3|
IS 59 B) o WEERA-SASh i WA ST S
Tkl B, T Y SF T Y %9 1 HeR Kol
! Al W R 72 e, afew feer e 21 W
] H—HreE W U 91 X A 9 of
[X(s)] TS [X()] % T TR € &1 soeh fauda afk
X' Y A ferdt fAfyea emad o seerdt €, @ [X(g)]
TN [X(aq)] o AH *ft I 1 7T 79 TH Tk T
TEqUl Ao qERS Frreel shfcea™ hEHe

o ard faaee W foer w-
CaCO,(s) = CaO (s) +CO,(g (7.16)
I TSR0 ok SR W g4 ford Fehd & T
_[CaO(s)][CO, (g)]
‘ [CaCO, (s)]

<& [CaCO,(s)] T [CaO(s)] THI fEeR F| zafery
I Tfaferan oF fou TReftera Tremaen feemis
K =[CO,(g)] (7.17)
T K, = Peo, (7.18)
T T B ¢ 6w fAfvea am W co,(g)
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%1 T Ti¥=Id Higdl 1 <@ CaO(s) &1 CaCO,(s)
o WY qreEEen ¥ Edl §1 W S WO adl
e § T 1100 K W CaCO,(s) Td CaO (s) &
T FrEerEe W 3fed CO, 1 < 2.0 X 10° Pa
2| THfT Swie Afufwan o fou aremeeen fremis
1AM 39 TR BIT—

K, = Peo, =2%10°Pa /10° Pa =2.00

Tt YRR fondt, e AHleiRaEe Td o
SHTeiTTel o sie Tenfya T e (fohet o
TIfgHTT o ) THIHRIO —

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

o wrereren s 1 A 39 w9 H for@n s 8-

[Ni(CO), ]
[col’

g oI R T areamaeen wenfua g9 o fo wg
w1 Suftefd eavaes § (Wl €1 SR A7 giet
g, fohg ek WM a1 3@, Aremeeen —Remis o
=ies | 7l g o1a: = fufd | vg 59 w6 s
I i TR feRis o =iweh | et feran s
21 arfafan—

Ag,0 (s) + 2HNO, (aq) = 2AgNO, (ag) + H,0 (1)
T e T 1 7 39 w9 H fown S 8

c

K = [AgNOS ]2
*~ [aNo,

SR 7.6
sf4afshan CO, (g) + C (s) = 2CO (g), = fag
1000 K W K, &1 A4 3.0 1 A% wRw o
Pco,= 0.48 bar @1 p_, = 0 bar & 9 s
FThTEe U &, @ CO Tl CO, & " W
3T <rel Rl UMD ShifeTa
&
zg stfuferan o fem—
I CO, 3@ H HHT x Bl q—

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

201

H T : (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+ (3 - 44)(1.44)]"/2 x 4
= (-3 +5.66)/ 8

(% x T T FUMHS L 2al, 37d: 30 AF

1 IYa HT 2 B)

x=2.66/8=0.33

T R AT S S WA SH WR el

P.,=2x=2x0.33=0.66 bar

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

7.6 TSR fRerieh oF TN

grerae-feeris & Sy W faur 9 ugd

29 THeh frafafaa mewEyel deol W e 3

%, WrEE-feRiE &1 e Al STEr BN R,
T AfTHRHT TF I i gl GrameEel W)
feer =1 S|

@, grEe-fagie w1 9F el Td 3Rl
1 R gigar W et & we 2

T e &1 AM UH Hfad THE R e
TaEte foan o fore ffyea am w fafdre g
2, S 19 SEeH o WY <o

H 3ohd Al w1 GremeRen-ferid  etedi
sifuferan o wrTeR-feerieh o WM &1 HohA
Bl 2

T. fodt stfafran @1 armeee-Reris K 39 97
sAfufern o wraEeen fers ¥ Hafud 8@ ©
Torent Tt o eafafshan o avietor o fomelt
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DI YU F TOT AT AT I R W Bl
319 T qreEaEe ferisd o sy W foer
FHT qA R FAN FAfated foget 9 dafud gei
o IW 3 H w4
o TrATIE- e o URHT T Werar § At
1 HHT &1 STIHE T

o fYferan &1 fS¥M &1 war o TS
o GEATEEAT-HIZUT i UM FHEAT|

7.6.1 ATHTSRAT St HHT T STTHTT T
wrRTaE-feeRie 1 3Tfeher WA AfufeRan w1
1 1 €, W T ST Hewqul @ R wrereen
e 9% =&l aqanal for Areamaen ffg T ¥ urw
T 21 K, K, %1 TRAT SRS T WE 3 Gt
2§ (Hieh Te EreR-fenis oS % S
(Numerator) § forar S @) den ferarmeant &
Tl o AN eIl € (FHifh I8 ok & W
(Denominator) ¥ fer@t St ?) | wreeeey fens
K %1 3= A S| &1 S=d Wigdl &1 dids 8l g6
YR K 1 T 4 Scael & 71 A6 w1 @i 21

= fasror o Teed § et Fefaiad amm
ﬁwwm%

I K, > 10° 81, A1 3R AfTHRE H1 go §
ST S AfE K 1 °H SR SO 7, @t stfafwa
T quidr o fehe Bl 21 SereToned -

(%) 500 KW H, @ O, F AAfha Frmeen g

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°, IR &l qa § IR FH
g A K, 1 O 379 €, qf eifafeman gl staeen
o & Hud et 81 Frefafiad seewl g 97 T g
ST 8-

(%) 500 K W H,0 & H, a1 O, ¥ foeed =1
ar-frerieh ogd %9 € K. =4.1 x 107*®

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

e fagm

Ik K, 10° ¥ 10° 1 WA (Range) ¥ Tl T,
IS q ATRRR I ! WSATd HarTsHeh il
¥ FrefafEd 3SR | fFER 3 W

(%) 700 K W H, T I, ¥ HI 1 W K, =57.0 T

>W

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

sifuet® qen fRaThas -
e R Sufatad §

forT 7.6 K, W Af4fHa 1 |41 &1 (90 &

(@) 3 TR T 3= sfafsRan N,0, &1 NO, H
faere 7, foeh folT 25°C WK =4.64% 107,
S @ RH T R T S o wr fasn §
N,O, T NO, %! HIZATE Harwseh Bl g
=i 1 foe 7.7 § <ertan e 2

7.6.2 rfuferan At Taom =1 =iy
TR Td el oF ferdt erfaferan-fasior & stfufsran
Hi foem &1 Uar o § ot wrereRen femies @
SuAn feRan ST 21 39eh forw g arfafsrar Wt
(Reaction Quotient) 'Q’ 1 UM L B | W
e &1 € e ifufewan varmwa w1 ot fafsman
&1 fopdlt oft feerfa of fore 9Renfid (AeR |0 6 Q.
qen SiferR <@ W Q ) o S Wk 21 et T
arfuferan & fog
aA+bB=c¢cC+dD (7.19)
Q.= [CI[D]* / [AF[B] (7.20)

s @ > K_#, d sfafsran sifaepresl &1 3R
swEfa grft (foada stfyfsran)

e 9 < K @, df sAfufwan IRl & sl
smrEftd en,

Ifs @ = K @, qf sifafswan fasor dremeeen
o Bl

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

H,(g) +1,(g) = 2HI(g)
700 KT K_=57.0
A fob g9 [H,]=0.10M, [L], = 0.20 M
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SR [HI], = 0.40 M. fern
(Tisdl Fehd W UK t FT q09d TE T TR
Tiganeti 1 Ao R gwa ¢ W e g, 9
e W)
30 TR, ATfhal 9T @ Afafsan &t 39
feafa & fam o &
Q.=[HI)?2 / [H,], [L,], =(0.40)/ (0.10)x(0.20) = 8.0
T T Q (8.0), K (57.0) & SR &l 71 o7a:
H,(9), 1,(g) T Hi(g) 1 fasor wmea & 7 €1 sehiferg
H,(9) T L(g) Tfafsan ook iR sifesh Hi(g) sHmds
T Ik HIKU q9 q W, S q% Q =K 7 &l
S|
Afafsra-9mThel @, 9 K_ o |l i qor
Fxoh Afafwan-faen &1 ay w @ o swEnt €
39 YR, sAfufsran &1 fen o Haw ¥ 7\
frefafad gmm= RO S Fehd §—
o AR Q <K @, @ e afufma o ¥ <€ @R
AR et 2
o AR Q,>K B, e wfuf € ¥ 96 R
AR et 2
. WFC\’QC=KC%1,HH'¢'3TF‘3TF9W=|%JW%|

. e
g

AfiRE —> IAR AERE R STVERE <— SR
I gremaee |

fera : 7.7 sifufemar &7 f5om &1 9y

K

S 7.7
2A = B + C dAf4fspan & fau K, &1 @1
2x 10° R

fRu U ga | sifafwan-fasor &1 §5eA [(A] =
[B] =[C]=3x 10" M = ifafswan i 9t fgen
o swfaq erf?

&

srffsran o forg sifufsran armee Qﬁliig
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[A]=[B]=[C]=3x10"M
_[3x107*][3x107™]
; [3x107*P B

3 YHR Q. > K, 38y Afwfsean fawda feen o
sEIfed Bt 2

Q. 1

7.6.3 QT Higdrsll okl TOMET

g, @ frAfafed @ 9&i ¥ 39 9w w-
ug 1 : ifafean o fou wqfaa g foat
g 2 : Tgferd THeR % fo ek wreft s, fre
sifafsren o wfafed goies usred 1 geteg e e
(&) R diga
(@) | W SH o fau disar § qiada sk
(1) HrETerER Higdl
RO o9 § TRt T iR i Tigdn i

X o ®Y U, S GreEeEen W Rl uiReig W 3R
fr arfufern =) TEEHioida 9 o= 9t ot
A i x & ®I H FH B
UE 3: x &I A F o [T G FHRIO § 9y
Higaetl 1 giaefud s 81 g smaen! o weietor
T T B, A T8 A T g, TSR THEts
a1 7|
U 4 : URepfad OH oF MUR W A= Wigadishi i
UM R
Ug 5 : IR U THIEW H yfaeenfud & et
o @) S e

IETEIT 7.8

13.8 UM N,0, &l 1L I3 | W@ 5l © df 39

THR | Tfd g e

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

Ife Grereren W el g€ 9.15 bar TR A,
dl K, K, 91 Sreameee TR STk <1l shi T

ifsra)

&
g9 SMd € T pV=nRT
el A (V)= 1 L
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IR (N,0), =92 g

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

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

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

T 9 (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
HreETeEel W AR @,

Pn,0, =4.98-4.17 = 0.81bar
Pro, =2X=2x4.17 = 8.34 bar

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

K,=2.586=2.6

IS 7.9
380 K W 3.00 HId PCL, &l 1 L &% 915 H W@l
ST 81 HrEeE W L1 1 GO [ it
If% K. =1.80 @I
'

PCl, = PCl,+ Cl,

TRIH 3.0
WWPCI%?&TWﬁ@meIWﬁH
B 1 qe-

T 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, IrtWfewmar
WNTReT g T fiest Stt ¢ W Hae
et safufsran & forq K a1 w1 sAfafsran =6t wifaent

R feft T e $1 S o ST TR - 6§ UE qF
g, ue aAfafwan 1 swmiawt, faga: fies s o

fadd W A e 8-
IS AG RIS B, da fufwan wd: gefdd
A S © qen 31w faRn | wud ' 2

TG AG HFTcHes €, da 3Tfafnan Tord: Wafda e
BAT| TRt ST U9 TR 89 AG Je0Tesh Bl
31d: 3 AR o6 I] AfeRe H uRafdd &
Sl

IR AG I B @, TfAfeRan WrTERen ®i e
|

T ST qeT i AR 39 GHIEHT 9 i
S TR T

AG =AG® + RTInQ (7.21)

Sefeh AGe HFeh fiTsst Sl 21

el W S AG=0 T Q@ = K_ B,
HHIRTT (7.21) 3@ TR B

AG=AG®° +RTIn K =0 (K o M WK A

g0)
AG® =-RTInK (7.22)
InK = - AG® / RT

TH 3R Hfaery T o1 W

K=e AGS/RT (7.23)

37d: THIHIUT 7.23 1 ST H3, AG® & TGl &
wY § fran o1 Td Fafddl sl SHEE ST Hehdl B—

I AG® < 0Bl A —AG®/RT &I BRI 37Td:
e3¢ 51 BH T K> 1 B, S eifaferan ot o afdar
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w1 Ul ¢ sreren o fawm ® W dm 9% @ @
oo for saum snfae 9 o)

I AG® > 0 B, q@ -AG®/RT FRUTHS B
3T: oa6°/RT o1, B W K< 1 B S stfafeRan
w1 At i € efufwAr o fewm
39 W qF e 2, (e SaR =Hed S

205

1 SRR 8| M- N, T2 H, ¥ ST o
YT o BTeR UohH W YRR aRfeerfaet &1 ==
Ireqa | o7k w9 ¥ Hewqul 81 fava ® et @
Aftfer I 100 THferam 27 B1 S9eh1 q&3 39
ekl o ®9 F Bl 2

reereen feeish K ARf9es wisdedl w e 72

IETETUT 7.10
TSRS AT H Teehie oh HITHRIEORE o
fIT 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"°

3ETET 7.1
T o S-S ¥ T 3R HeR™
freferfea sifafsman o ear fiea 28—

GG + H,0 = ThE + o™
300 K W sfufsran & fau dnereren feems
K, 2x 10" %1 300 K R AG® & WM &1 70T

ifsTa|

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

7.8 ATH ol YHTfad hid T ek

TEETTS G % Y@ el W @ U 98 © f
A ol o A9 o WY ATTRERRI BT IR o
sfereray uftadd e, fogewr ared 23— Sal &t
STfyehay afed a9 qe I i Heam qRikfa 5 2l
Ife To 7 e ®, @y giifefes o aiteds

3l B1 W A Hreere e Fend o stfienren
1 IR | § fhdl TH o wgu § gfe fRan S,
At Fren A GreEeen FEl ® I ® qen e st
T 99 q% SRl Wl €, 5d dk e § g
YR Tftd = B SQ) qrereel S W
1 999 TS 39l I foeiadr & 9R | g6 9 € 1%
9% 21 79 9% ot 3@ g ? R a9 aiedd e
TR il 21 78 ot s S g @ R fRe a w
afg stfaferan o aremeen-feri® &1 79 Jd 8
fordt URfae wiger 9 39 stfufsran o s1fueil Td
ICTE] oh WEATER | FIEUT i UM i S Wehdl B
T8l d for e afe qremereen feeriss &1 a9 o |y
e 7 off 3@ @, @ e fRu T ar-vmatan
Tagia =1 ass 9 uftfeafaal & afeda @ amamaen
R YSHdTe YHTE o 9R § 0T ThY g1 U Y
Tehdl €1 39 g o ER ferdt fremrr it wreaeren
gftfeafaat &1 i e wren (|igoT,
T@ TE a9) § ¥ Tt § ot uiads g w
HreTaeet 39 faon # oEw gt ) foed e
T AT T3 WIS HH SIS THIA & Y T
off ofiferer Tl T TrEEEne | @ g €1 Th
g fagor & TEed & 9Rdfdd i o fau sHs
FHRFH 1 ITAN RIS FRAT o

frafafad Swesl o g9 GrEmEen W9,
TE, 919 Td 3 o G9E W =R Hi—

78.1 WiEgar-ufRads ol 9

= Se foRdl A eRes/3dg &t sifufsan |

fre =1 e § wreereen gREfdd B ©,

TEHT STIHA ‘l-3Mafery, fagia’ & e o e

ST Hehdl 8-

o IYHRH/IER & fHAH ¥ Higdl W IS IAEG &l
1w o foru eifuferen 39 e =61 oIk 3R
Bt €, difer fHere 7wt <1 39T @ wehl
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o AfYHRH/IAR o TR ¥ Higdl W a6 Hl
FH H o fou Afafshan 39 fom 1 3R TR
Bt ® aifer safaferen o faerel @ aaref 6 ofd
Bl Toh T VISRl H—

“Sta Tt stfafsran o eifireRrent = Saal | @
fopelt Tk 1 off QKO HrEerEen W faan S €,
q G s o Heed | 39 YR uidadd e
2 for W01 IRerd= o HIOT TSHeTel GHE HH Al
3= = Sy

BN, H,(g) + L,(9) = 2HI(g) Afufshan W fo=r
H| AR | W aAtafw fagor # 9w ¥ H,
9 Srefl WU, @ WrEFeRel % [H: T o oy
Hfufsren 37 foen o smre gnft fo| o H, suifi@
2 a1 SR iferes H, W 1, fF w HI ferfem
HON qA 3fda: e I (Afm) foem o
foeenfya st (o= 7.8) 1 a8 @n-vdfae o fagid
o 31eY @ TSEeh ouR SAfmRH/STE o A Hi
fearfa o =€ TraEen Tenfud entt foad Sifverer/3ag
T Higdl 3Heh AN FH o T 9 HH a1 ga g0
9 sifys g =fen)

(H.]

B
[H1] —f

AL\

| 7o
. R

H, STeH ™

fax 7.8 H,(g)+L(g=2HI(g) sivfekar 7
e W H, & S W SRS 19 3Rl &
T 7 TREdT

e fagm

frfafea sfafshan arTeha o STUR | ot 89

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

IfE FrEreEen W H, faemn S €, @ [H,)] Ted
T SR Q 1 UM K_¥ ¥ e S 81 9o sifafswman
T (37 o R SR W SRR B T Sl [H,] qen
[1,] 5/ & R [HI] 798 Tk 9gdl @, 59 d% Q=K
T B WU A R e Tefud J 8l Sl
STENTR T H ST T TR HEAT AfIHR g
Hewqul Bl €| STl Trereree] W fShe Searg W erer
3 o < 2, sifaferan, it qof gu fomm aremereen
W UgE TE ¥, Y M g o wer o @1 S«
SAR | ¥ i 79 g A1 arvdiehd g aren uge @,
Al SIS w1 A HA AHH BT ¢ SHIE ok
freifirer frmfor & smifan w1 gefteRor Y %, 39
3t Y foran sman @ foog sifafswan aifim fion o
2t @t ?1 6 TR CaCO, ¥ CaO St 9o &M
#1 T T T 2, % s e § g S
CO, i TR e Afafemar qui w3 et ¢1 9%
IR, T AMeT, foh IR AR 82 @ §Q_ 1 AN
K, BHYN %7 o Tear 8, foew stfafsman sifim feen
H B Tt 2l

[T T YHTE-Teh TANT

39 fAfafea sifafean g0 w_¥@ feer <
Tehell B

Fe™ (aq)+SCN" (aq) = [Fe(SCN)F* (aq)

et TEH el e

[Fe(SCN)[*" (aq)

°” [Fe3+ (aq)J[SCN’ (aq} (7.25)

T @ ° SAEA (111) 1S foeta™ &1 1mL
AR 3TH < 9% IR amEEEe faeeE SRt
A ! Tee™ W T o1 1 ol & S €, S
[Fe(SCN)]>* S+ o ROl il &1 Arereeen €efua
B R AT Y e feer 8 St 21 SR Re o S
1 srfuferan it TrEEen W fAem ° qreewen &
ST =1y femstl # o7ot seergER favenfua &<
Thd Bl [Fe*]/[SCN] Al &l &l td o
Afiyerient &1 faem W g fawia feen o foenfua
# TWehd | SH—emifereh 3 (H, C, O,), Fe®*

2 2 4

2019-20



HTHATSERT

AP ¥ foran wten TEl "epel 3P [Fe(C,0,),1*
T §1 27d: G Fed* MM sl Digal %4 €l Sl 21
A-IMfTT. FHgId o STIER Fe®* 94 &l g 9
3T FIgdl aTd i [Fe(SCN)]2* o fois gRI Fes*
A 1 gfd ) g foran S 21 5fF [Fe (SCN)P2*
1 Higal Sedl €, o7d: olel U1 1 digal 8 2l St
1 Sefg HgCl, faam = «ft @ra 1 &1 doar &
Bt 2

Fiifeh Hg?* 389, SCN- 3T&H1 o |1 Affeha
FT TE Hpd A [Hg (SCN), 2 91 &1 o
SCN- 3Tl i HH! THIRT [7.24] H A 6l 915
T [ 3 SCN- 1Al 1 g 2 forenfaa et 21
W rEEETe e W SCN- w1 WK 95 Sl
21 erq: sfery | o fen ® (€ @) g
STt @ e faerad o 1 w1 dedr s S 2

7.8.2 SA-URadT ohl TS

ot Tt srfafsan & saqe ol g0 S« ager
Y IR KT AN GAIfEd el €1 98 a9t B €, S
sfaferan o1 <9 ol TEmEtE SR § T
AFTRTER] o Hicdl 1 G qe TEE ScE) & Al
=1 g | f=ran et 1 T | 9 en-3mdfag
fagid, o wgo H@ W S TS 5o W I *
IR 1 IUET T S HhAl 2| FAF SH/EH H
AT (TS Higdl) TE W R e s 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 ST sifafepan o
arraee s &t fHAfvea v | fieq o
fafeTet § @& <@ IR F 3T o AT hl
aen R T T 39 YR AR U 3Rl
AT <19 TS 39k Horka®d STehT 95Ul 95 T
21 o1a g grerereen o €l ®© T ®1 -9
fagia, @m] #¥er sifafsan g faon o SR w:
Hregrereel] T hidt ©, SHHT Il oWl S Hehell
21 <feh @ T T T T, o wEeen o fen
(TS el 1 H@N U @ %A el ®) H R
B 81 (B9 4 € T <@ 19 o Hiell 1 | o
QU e €)1 T8 Afufke wned Q5N gweh
ST Gehdl B SW & T WA a9H &1 fdfmar o
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[CO, [H,], [CH,] W& [H,0] fshaf¥errehi shi Hremereen
& WK Rl YR Hd &1 s et fasor w6
ARG e FR 7 el 2, o ok SAifTen g e
TSV A & 9§ 76 gH Afafeman qrhe %1 O
e 1 A 0 @ I T Hehd
_(2[CH,](2[H,0)) _ 4 [CH,]H,0] K.
© (2[copE[H,]P 16 [CO|H,] 4
Ik Q, <K, 7, ord: sifuferan smr faen # sweR eid
21 Cl(s) + CO,(g) = 2CO(g) fufepan § W <=
1 ST @ q ertafsman faada (a1 SoRd) feen o
2l B, wifer 3w feen § Hiel %1 e 9g St el

7.8.3 3Tfeha T & ANT T YN

e ede fier wad ® SR Uw SAfET T (SE—
i) S erfufswan § wm & odt €, i fire €
e euiEfda war €1 it fer e W eifha
e e W erfafsan § wm o o ggref i der
Higaretl 31efe <l | i ufiedd el erar g1 Afufsman
qhel § IRed sherel a4l Bl € e e T 7|
srfafwan § W o 9N SAfYERE 91 SR B

7.8.4 dAMO-URadT oAl 9T

Ta FHt @ AT A H URad o RO Wi |igal
fagrer B B, q9 g g 1 geed uRafda g
<, it sifuafsran amwe (Q) TrETeen feeri® (K)
o SR Tl T Umdl, Sfhd 5@ ardehd | uRede gt
2, wreAreen feeish (K) 1 HF 9Rafdd g S )
M qT9shA W feeier &t fefar sifafsan & AH

o fag @ fet vt 2

o oMY SIfHfRAT (AH RUMHS) T ARITEE
fterish qIUshH o 9g W Hedl B

o oA AMUMHAT (AH HFTHSE) T AR
e qIUsh & W7 T el
AR B 9fed qrreaEen feris ud stfafea

o o § qfteds o 2l

Frfafaa sifafshan o6 STIER ST 1 ScaeA
N, (g) + 3H,(g) = 2NH,(g);
AH=-92.38 kJ mol™
TH IHET WHH 2| ‘en-vanay fEgia’ o
STIER, AIhH d¢- T Traee) 915 foun o Tmaid
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Bl Sl © TS ST 1 SR |igd FH 81 Sl
21 3 Tl |, W qIUHH AT 1 3= Al
AT S ©, Wifehe T &9 9 STcfees e d
T erfufman ) Tia il 8 S €, o1 S T
o forn s =1

AT T U9 - Teh TN

NOZﬁH (‘{ﬁ) T=|'T[N204ﬁ'{:[ﬁ%ﬁ'€l7f (Dimerization)
1 Tfaferan oF gRT ATRIEET W A9 1 YHE Y8
o < gl B

2NO,(g) = N,0,(g); AH=-57.2kJ mol™!

() (TEH)

T% HNO, ¥ Td &1 Fier Srerht &9 NO, 4
TR T © A1 W Tk (el 1 GerEdal 9 5ml
el S WA o 331 A & Al e §
T 1 dedl GUE BFT A1feT 376 TSRS (araldit)
aﬁm@wﬁ%gﬁ?(stopper)aﬁﬁm
29 21 250mL % o SR TR HAW: 1,2 T 3
sffend hed €1 T A, 1 1 feashrt g0 (Freezing
mixture) ¥ SFH 7. 2 HI FH & AU A F TG
e F. 3 I A (363K) I ¥ R T a4l
AT 1 et |, 2 W T W €, a6 T %
1 1 diear Toh ToE K@ <t 81 s o a1 o
I | 8- 10 fHe 9% WEAfel i W & 9% 39
TRt T TW@EAell &l el A, 1 oF Sia | ael
THA W@ Wl SR A, 3 o S § Fau) sifafsma
&1 feen W a1 y9e 39 w3 9 fafa fe s
Hehdl B HH q9 W AR 7. 1 W SOARIN W
a3 BT N,O, & 1 Tefg fierdl € @ NO,
FT FHH TH F HRO R T KT diod T2t T, TaIfn
HT A, 3 H 3= a9 W 3Iopd AR 1 dsie
fredt 2, 9™ NO, =war 81 ufomHa: s T &

N

(2) (3)
HH & Y (363 K) T S

(298 K)
TSIt

femenrtt fagor

T SR
(270 K)

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

e fagm

HrATEEl W A9 h1 Y6 Teh SO SSHTRIS
Afufsren @ off wHEn <1 Fehar 2|
Co(H,0)>"(aq) + 4C1™'(aq) = CoCl3 (aq)+6H,0(1)
NEIE] RURIE| et
FH % A9 W [CoCl, > o THROT HrATEe
frasror =1 <1 e &1 ST 21 9 39 fedenrt fagor §
31 feran St S 2, @ fAs 61 9 [Co(H,0) 1% T

HROT Tl 81 S 2l

7.8.5 ATk HT AT

SO TohameRRenl o SRl § aRere 8g ®H el
AT T A IUcTed TR AR o o7 ! 96T
<1 8| T8 e & HehHUI- 3T § oA aell 37 e
T eAfaferanel o S T el I 7, Sefh e
%! afafdd Tt Tl SERS T TS Jadrd iR o
faq a0 st 1 THE A1 § wH T Il 2
I U WA g Afuferan fager W aremeEen
e 1 qidfdd et il B Ig dqferd T o
o1 Greeey feerieh THiehtor § yehe 7 e €l

NH, o "IgdIsH o gEger § o w fa=m
FR, Sl Tk STed e ifafewar @ W SR %
el Hiedl w1 e SATHHRH] o el ¥ H el
Hreere feeieh qusd 1 ser § Sed g1 HH d
R AR ST Al § U e R ugeH o atfy
% THI Ol ®, S S=d A W fEA # R
Garosieh Bl €, T ofed e gl &l

STHA TP G el | <9 € 5 o SaRs
=1 suftefa o sfafwan ddaoeme X 9 g 2, sats
NH, 1 TT=eel Higdl Haroseh aidl €1 Jieh e
% Hiel i & ATYFRH] o Al &1 & ° 1
€1 37d: NH, 1 3cqeT q@ agrhd sifue forar <
Tehal 21

NH, & H¥I0 B 19 T <6 1 STTperaH
Rfefaai 500°C T 200 agHSAE T el 2l

T yER, Uk fafy g wewfe o ok
frmfor o

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

qreeeen femie o qRomg o ST ER sifufema

%! @9 gl ' S o=fey, fRg SO, @1 SO, #
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SRR dgd it R W g {1 wiferd steran
SrEAfean =iEe (V,0,) SO 1 Suref |
s o HTRT &% ST 2

e afs fedt sifaferan & armaen feris
1 T HIBT 6 B 2, A ITH IAH 9gd HA
TEIFd Y Il B

7.9 Tao= ® smafver Ar=TaweT

9 i T R Fixar 9iend o 99e ol 99T |
g Frefafed st g o G | ST -
Fe®' (aq) + SCN ™ (aq) = [Fe(SCN)J**(aq)
€ T2l B0 7 W o St | U et €
< o Sttt et o fag om0 wafed &t et €,
Safh a1 H HER0 THe (Hifead FarEe) e
W Y fog ¥R T YaTE BT § 91 a0 i Hisdl
G o WY fIerd w1 =eihdl dedl 81 WEehel Hhie
J Uil T SR TR TTeTshal AT % STHR W&
M | Tfiehd foha— Wk ot o us1ed et foeres o
foreq ¥ wenfed ed €, 3 faed e1veed’ hean €,
Sefer TR S UET FEl hid, SEd o 1UEA el
&1 e 7 foe Teeal &l YH: Yool Td el aga
sqeredl § afiehd femanl Welel S STUed WA W
foer ge o qof &9 9 afid B §, Sefh
@ srgeed orniferr ®9 @ smaftd wd €
TN -Hifean FAREE o o faeed § g&

209

®Y § Hifeqy AoF U6 FNES P 9 SW S,
Safs THfed o § THRe o TS sRSfEm
TP B €1 U1 SR I8 € o difeam sk
SR 100% 3T Bidl B, Safeh WEifess areedt, S
Teic, Torga-31aeied §, 5% € @t gl 81 98 &M
® for 3@ fagm omeeal o ool qen ot
g o T T TIfud g ¥1 59 YR T 9re,
o Steftar faerm o e1reM 9T S 8, smafes |
FHEA &1 ST, &Rk T A0 I STIeal ok o
T o Bl Yool S1al gt dEd STIeEAl i e
SEIER L &

7.10 3T, &k TS 10T

3T, &R TS 01 Wehfdl § =A19eh ®9 9 1T S 2
MR 5/ TR 960 (1.2-1.5 /) o =nfaa giar
B 7E qre ik ok g etfa arerwas 81 fawek &
e 197 THifed o ¢ g TF SR F W H
fafew o Ud TERIfdE oTr qen Hel H IR
3T IR Sl @1 SAfhiel e @ W @ B ¥,
Afe 98 Acidus @ =71 ' Tfqg’ vIsg gk fore wge
el ®, Torent e1ef ® @ee e el ferend i o
T3 ¢ A D w3l U AR Hioh SEEESeH
I I B TH YRR &R offdl ferend &t e
Fd & d @R | %hed IR el § " en 2l
&R 1 Tk QI ST FHI ©F T Grel 7, <

IS 1 9 S o U Tk Wit GieH ol IReaR | ge ol 14 96 1 S% H 9% T <91
fSieg@t (Book binder) & J@l %W WG ol S8 3= 39 fohdmal i g i B2 & of|
St fSeg 9 afuar oml argeRt St 98 (Davy) H1 TARTONG Hed a9 T qe T |4
18131814 H e 3ok W1 HEIGIY 1 I T el T 3G 6T o R o SH G99 & g
SO SR o Toeh § T 1R ek el © 5gd Hi@n 9 1825 | ot ok 1% o WA
e yArRmeed (Royal Institute Laboratories) o faem a9 dem &9 1833 # o @A
I % YoM oIfad e (First Fullerian Professor) M1 %€ &1 9gall Hewaqul
Hrd-fITeioor A | ol 9 1821 ok SR S SAfushaR S1d e Ud gk qen o1 Sgd
T fagTdl © Hafaa o 321 o fa=mi o ouR W syt &= fagia’ o1 ufaaea gam 99 1834 H 3=
foregq eToeres @ gefua 31 fael 1 @i 1) S U gd & 3T U <A Yhid o oAt o Sweid gl gt
1 oF ¥ IR R e 3 et Sfen foeml § w1 A THE STehel e kAl TER i o1 3= el off gersw
&l @ S=eiq fagm &t faa-fe 9l 9 9E@ia (Disseminated) foan, foad s9ep /1 Ul 9eom@ o 9”9
1 T Yeish YR o T sh1 AIHUHTCT GiAferd 21 Higel o Tt sied’ fama w s foremg saem
o U 9 g 9 Sweid ST 450 S e g1 R

.

(1791-1867)
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YT o ToTU Yot ela1 81 ST 377l U &k ol Tl
Iurd o e €, @ o oo o stfufsman 9% & aan
@ &l @l % FP GHMT ST FifeaH FANgE,
I wethe, Hifeaw eee onfE 81 wifeaw wEe
(HIURTT Hek) BHAR WISH o1 Toh q&T o2 §, Sl
TIESIaelieh 3T Td Tifedy TRgIFdRe &1 foha 9
W el 21 98 39 eraeen ® U S ©, forw
YT FifeTq qe FHUMATT FANEe AEE 99 |
faudia eafera e o wed feer @ smeRdor o
HROT o o1 ofd €1 3 STael o e fer dgd =
Heqq o qUeEdl® o ochHIA! Bl B S
Hrafren foremes €, fordent queRis 80 21 36 WhR
S Hifea™ FANES & Sid | Sl S e, a9 At
o we feerd oEQ STeRd & 80 o U | gal &
ST 2, fored a1 foerad o god &9 9 T A 2
Y AU & W1l Sifed gkl gU 8l W 2l

]
oY _©O
[+ 2% NI
o9 9 »
0 cr vo
(5@_@% “ N cl
\’( Cl N Néi- -
00 ClNd
Q Cl
. é o
oo L
O N& ,)) = oo
CO O O C_(“
L |
o0

ferT 7.10 i1 9 Gifeaw Farise &7 faaier Na© aer CT
ST Yt STeT-377] S FIe STeTeiford glahs Tt

gl wrd g1
A H RSN T oh A i go
UHifesh 7t o SF W % W W T Bal @ b
Tafy < & gt o) ®, fR ot el e
AU SFaget el 6 ol w9 9 st e 2, 0
Uit o ¥R &9 9 (<5%) & TEfTd g 2l
ST T T oh Hed IUMLYd defl i qmed qen
APl o e Bt wEn W R st @1 gd o
TS qen o1 a8 fim-fim steff o ygaa forg S
® B oo o A, S SEH! 319 staeen § W
faomm wd €, & 9 § YU H1 URmAT i
‘oo’ shed € (SEnY-Hifean FikEs) , S ih

e fagm

A 8 Wk €, Fored S o) foerem | 2o
Ao 3P 3o €1 F=T &H T <Al TR Bl STdeRe
FH YH |

7.10.1 3T%T AAT &k okl TRTTIH LUT-
RfEE o Fagiager ot 9 uged €, st 5o |
roEifed it BlEgleH @ Hy,,) Td € a1 e 9

el ¥, S eRegiee T OHL, 34 21 39 T&hK
A H U T HX o1 1A Tefafad aieon o
T et T o 5 W A S g @

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

TH U WieH, H* SAcafes feemiier g @)
s ®Y § Sofd faemd o e e Tl gl
78 foamoe Si@ 1] o offedlsM § Sfud gt
fraivia ffiel ergifem omed, HO* 2@ ®
(afed @) | B9 H'(aq) @=M H,0*(aq) I i &
S gEgeT 8TEF, St Sid ufsti | fom gam
T WEH B, % B9 Y WA § o 21 39 e o
TH WIMTUM: HY(aq) &1 H,0'(aq) i 3Adecdl T
AT H| TERT e St We 2

Tl YR MOH 999 fohdl &k o1 370] Sfeita

HECURRLRC R ECUCE I DR

(3™ =10"'%cm) B Td el 310 W T forqq &=
B % PR T i A3 W SYRT I THIh!
gl § foRdl TR & e JeR H,0° I 71
iR 1 g TR (ST -H,0"Cl) # 2
e § YEEE T B | SeAd T | wEeity
3T T | Serifor get HO;, H,O0 W& H 0}
Ty TS oA €1 SE YR wESiiee S
SIS Bt 3 Seomess wftefist H,0,~, H.O,~
a2 H,0; 1t = <1

H,o\—H
Jred :, 15, X
& % ,y/ \~Z~

HO'
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SN &1 S TWied | Iq9en o e gl onl W 1884 H I UMl
foeafaemea # fagq sToeeg faa@d & Sashdst T MY T (Thesis) T&d Rl
IS 5 61 G SR 9gd AT hi a1 UG & W hE W MY T 1895 H I 7
T wihem favafaemed & Gifqewt & = 98 W fe fhe 7T o9 1897 § 1902
% o 39k @ o W1 T 1905 W 19 Tog Tk of Tiehei oh Ao GeH o ifqent
A o 9 98 W M Hd W 3 HE a6 qoh agd-3TIeed faeradl W & wid
W 1899 W I=IH Tk TR, S TS THMIG: SR(FE HHH0, FHEam &, &
MR T AMAfRAT-3T Sl a9 W Fsfar 1 vl fwam

I HE & § W fHAn gfRen WEA (Immuno Chemistry), s&lie fagm
(Cosmology), STte &1 &id (Origin In Life) T fgA-F7 o &R (Cause Of Ice Age) Farll &l § ITeh1
YUl AR @1 3 T YoM =faa o, =19 7 3189 yea’ &l I8 T <o S9! fad= T &l 9
1903 ¥ foRq-sTaeredl oF foaeed o fagid e WA fomm o faeh™ o 39! STAfil W 3= WA fome

@i ARIY

(1859-1927)

1 A6 R fHa

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

TESIoe e ot Seftg faee o Serifaa
T W @l § (9 ) | W SR Y ST
YR T R HHEG §| 98 e ugielf o el
faem R & on] et ?1 g it S9 sl &
e &
7.10.2 LT ARt 3FA TS &k
e T e aReE (1874-1936) e 3TN
WA o9 T A’ (1874-1936) 7 3T/l wd
IR hl Teh e oATaeh TRWT & SRLs-ar
fagid o ER 3 uted, St faeram § el He 39 |
e ¥, o1 € a1 o ued, < faeem @ we v
T HH § g €, AR 2

g H ST WS de1 &Rk Ui e
&

T&l B9 NH, & H,0 ¥ fae@e o 3@ |
foar =Y, fo frafafed e § <o T 2,

I—uﬁ'fr—r oI ©
NH,(ag) + H,00) == NI (ag) + OH (ag)
aicen A TgfAq o/ HEHd &N

| e ]

F 2

Beeifad ool &1 IufeAfd o &R0 &R
foerm aar 81 ST erffsmen § Sl qie g @
TN ST WeE €1 TEfY 3R wEe: gRes
3T T &N hed &1 Sohd AfafRan § WeH NH:
¥ OH ! TIFANT Il B1 T&l NH! S5 3T Ta
OH FRT &R 1 HE Hd &1 H,0 Tl OH 37erl
NH; T NH, 991 37 3R &R o I, S A
Teh Wi &1 3ufeerfa a1 srgufeertd o wror R e
g, G T- ek I FEAd &1 W UHER H,0
T G &RH OH © qe &Rk NH, 1 TIHT 37t
NH: 1 3% 5723 31t Yot © ol SThT U7 &Rk
T BT AT A LT ST e ©, il SRT W
&R Wael BRTI| 98T #4134 A o 9% 7 foR "yt
T § Tk AfANe Wi =TT 8 9o Uoish TITHT &l
A T 9igH w9 g 2

T H TRGFANRE T o 3T TR W
fa=am & HCI (aq), H,0 319 %! el 3T 37 i
ifd T H,0 &N H1 ifd SR HT 2

I—mzﬁém%l

HCllag + H,00 = HgO+ (ag + Cllag)
qgfa e 9T e

Skl &

Y Yo Tl €
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ST GHIHT F <@ ST Gohel & fF St o
T Ll €1 9& Sl HCl § Wi Tl &l €, df
H,O* Tf¥fist &1 fmio1 g €1 31a: Cl 37 HCl
3T T G &N © TS HCL, Cl- &R k1 Gt
ST B 36 YRR, H,0 ft H,0* 37 T I &R
Ts H,0, H,0 &% %1 T 37 ¢

g Uk e ¢ Toh STet Uk 3T qe U e
1 e el gfert <wifar |1 HCl o @ sifafewan
T el &R 1 98 HIeR Hdl ¢, ik A ok
Y e SR Tk 37 1 difd SqeeN Sl 2

SETEIUT 7.12
frefafed g==2g sttl o fow Tt ames ==
2

HF, H,SO, T HCO,
&'A
J® o I W W TH WA wH B
=fEWI 37d: Hd HIH &k HAIM: F, HSO,
T HCO; T
IS 7.13
FLT &N NH,, NH, d@1 HCOO™ & fau
HTd ss e fafeEm)
&'A
Gl 3T °h UM &R ohl STUET Tk Wi
3R BT =1feU) 37d: §a WH ST HAs:
NH,, NH, d¢1 HCOOH |
EEUSUENE.
H,0, HCO,, HSO, @ NH, S-S e
T RS FhR Y hTH T Tehdl €| TIeh
o oI i G ol e e fatau)
&'A

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 371 Td &<k
ST, T 7 T 1923 H 1 i ‘Tl gl
AT e ol ‘FART FTHATAT o w0 T i
Teram ST 7o aah! o1 99 €, TRS-RT &TReh qel
9 aRE | wE faem iR T 2, FifE A A
el THgia o STTER, 9gd ¥ T8 e ot e €,
o Wieit 7 ¥1 %9 o9 a1 BF, #1 NH, 9
AfafRa ST T fafeTe ST §1 39 R WRetRREd
TS TSR ®I FH o BF, ARTH NH, o @1
ToRaT Y SUHT ThTh! ST JTH Th 3TFA 1 1Y
#8138 eAfufpan w frefafaa g g
WET fepan ST Hehar 2
BF, + :NH, — BF :NH,

ToiFe &% TRiS, S® — AICL, Co*, Mg?
M TEq 3T T Hifd eER FI &, Sk H,0,
NH,, OH ¥iilst Sl U el T < T Fehell
2, TEY &% H WE FIER F <

IS 7.15
fretferfad 1 o o qeT TR ¥ g
HIWT IR ST foF 3 TH =a-R i 39 €7
(%) HO© (@) F (1) H (%) BCL
&
(%) HfF eTESiira PR TF TEH &aNF T,
d: T8 TAHA JH T H Gohal T
(@) Hfr TIANES AEH oEE aRE €, Id:
Tg 91 Toee W | ¥ fRE TR a1 M
T Gkl 2l

() S W[ o o €, o: wEeied
P TN FAANES T, S9— &l o
TR T o Hehl B

(%) ¥feF SRA TRFANES BCl, TEE o €,
3T STHITAT ST 3THI STt oTfS eTehl
§ R A T R

7.11 3TN U &Nehl Rl ITTEAA
it TEmEfTeh o i Afafspame Siefia mresm
o el €1 3% wHeH o foru i ot qier o
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STIER 3Tl TS &kl oh ST ol foer=m Iuarft
BT | TERAINE 377 (HCIO,) BTEgIeiliieh 31 (HCI),
TEEHIHS T (HBr) TESRTAISH T (HI), TRfeh
31 (HNO,) T "o 1= (H,S0,) 3 37
‘Y1’ e §, ik I8 Selld Hied W W S
H e qoid: forifs e giefem & 9 %
T & 3H YRR Hifean BEiedEe (LIOH), difead
TESEHIES (NaOH), WM BEgE™EeS (KOH),
Hifsam TEgiIEe (CsOH) T S BEgiEe
Ba (OH),, Seitdl 1&g | S Al H @ qoid:
fom@ifsta gl H,0 9o OH- 3T < ¢ smfva™
fagid & SER, 3 Yool &R €, Fifs 3 qream o
wuiq: faaifsd el o9 OH- 3TFF WM & &
fashoqd: T a1 &R 1 WA 3Tl U8 &Rehl oh
TN fHgia o SER W9 S Fehdl €1 5ok
AR, ‘Yad 3T’ W dreqd U AW WeHRra’ Ta
Yo ek 9 qeqd ‘39 gieuEl’ gl

dA T HA o 3T-&R fadieq 9 |
IEEIdETS

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

3T gk HH I G &R

@e 7.10.2 H T <@ fo o (A &RF)
foaeH 9= UF WeM o o ud ydm fewm o
THIAROT § Fokl Ueh TIfieh STaE €1 376l 78 U9 Sl
2 for =fe @ ek €, i o w9 & Wi Ty feen
o SUE B? 39 qIed Shinarel U ol i |
22 3 YTl % SR I o forg g9 femiem wm o
gfmfed g o7l (A §RHT) o qmed &1 ger &
el o fomm i1 S afvla st -femie o o
Iufterd < 3Tl HA T H,0" W fo=R #3184 I8
AT B fF 0§ HIA-91 Yol WEHe 21 e
W # fEt o ygfa o= @ erfuss B, 9% ‘e
3T’ HEATUN Ud | Goel 377 ohl 9 H TR
T S, A% HA, H,0* ¥ 79 37 ¢, df HA W
TE HAM, H,0* 76l fooa ¥ 41 ®9 9 A-
H,O" 3T7H BT | gad o7 Ta &R &1 fen o
TR Bl B, iR Walel 37T Uelel & Rl WISl
4 B

TR ITIHR, Jeel 3T Sl H quid: STafTd e
21 IROm &R ST qee B, Tl e ST o

213

I e ST goiet 2id 21 Telel STt S8 Wik
3 HCIO,, TEEHING 3 HCl, BEgets
3% HBr, BRgISTESs 37 HI, TEiH 3 HNO,,
TR 3T H,S0, ME ¥ael el o T
&1 ClO;, CI, Br-, I, NO; 3= @i, St H,0 ¥
ffursh oot &k 21 38 YR 3Tcdd Jaet 8T, 3T
qdot 3 M, TR Ueh gl o7, - HA 7]
Iufterd @I AIEZH 37 (HNO,), TSI 37
(HF) Td Uffess e (CH,COOH) WdlehicHeh geiel
I &1 T8 A A @A A ® T gddt sl @
T N Td Jad eld 1 S0 ok fAu, NH-
,» 0% T H- 3TH Wl 81 37: H,0 ¥ 37ed et
AR T fRAmeedE, smenEde s omfE Wt H
foreta shTeifen ifiTeh et el sl Wifd STaer wid
g1 T9ep 3 (HIn) 9o S &R (In) =1
Torid )
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
T gIH I ST T AR
- -9
T TRl T ST 1A R STTHIIA H Gereh
% ®9 H H* A &1 wigd Feper o fag fowan
S 1

7111 S T 3 Reiar W s@anT
AR UHAEA

T WE 7.102 H I% 3@ fF g e (S8 W)
310 fafdrse Tuif oF FR1 o7 TE aRE— S 1 TWE
IR H Fehdl & 3T HA 1 Sufearfa o =g gie
TS0 Al © s &N h1 e HaEN Hdl &, Selh
& B- i 3Ufefd § 9% e[ I 3T i 0@
SRR Il €1 G Wel H,0 1 Tk 370] W a1 2
TS ST 1 T HFER HIAl & 91 STet 1 T 3]
TH W TeU HIA § TH I THA GRF B TWE
BN HYdl 8| FreAfeiaa wrereeen Tenfd et e—
HZO(I) + HzO(l] = HSO*(aq] + OH-(aq)
T ERh T ST
foare feeri® #i 39 39 We R i 2
K=[H,0°] [OH ] / [H,0] (7.26)

STl 1 igdl il e W B A ¥, FAifeh sHeR!
Tz fer Wt 71 [H,0] i " feomi wfmfed

2019-20



214

FH W T feRiE KWW g 2, oS @
IR UHHE Fed 2|
K, = [H*][OH] (7.27)
298 K W YR &9 H* 3&F &1 Higal
1.0x 107 M % T ® 3R 5t o faraer o Sea=1 H
3R OH 1P &1 H&T el gl 2,
gEifd STEl &1 Higd, [OH-] = [H'] =
1.0 x 107 M
TH TR, 298 K W K 1 AN
K_=[H,0*[OH ] =(1x 10722 =1 x 10'* M2
(7.28)
K, & 99 a9 ® fRk & 7, e a8
e et 2l
IS STt %1 T 1000 g/L & 3T TR Hier
FHM 18.0 g /mol T THY Y[F el H1 HieRdl &1
30 e el Hehd B
[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.
39 YR, fouifsa wa sifoenfsa aifsa s@ o1
S —
107 / (55.55)=1.8 x 100r ~2in 10™°
(39 YR 9 geAd: ifadifad sict o ST
T A T 21)
T, g 3R SAA Weltd oo
H,0* W& OH ! HWigdisll = @ferss #Hl g/
fasfea foran w1 ke 2—

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

7.11.2 pH A

BRSIIY ST 1 HieRdl B Tigdl i T TFoTh T
HYshH (Logarithmic Scale) T e ¥ =¥ feran
S ®, 59 pH @het el Sl 2l

TSN AF HN GHAA (a,,) o RUTHS
10 3T TR T 1 1 pH Hed | HH Figdl
(<0.01M) W TESSH 3P &1 fshadl, T&IHS
®Y Y THHRT Horkdl, S (HY) g1 Y&R[ &1 S 7, %
T Bl | BN ST 1 Gfeharal &1 whig gohle
Tl B €, T 39 G g uReifE feRe S
ekl B—

e fagm

a,. =[H"]/ mol L
Foreferfian et pH TS TESISH S i
o Hey wiial -
pH =-1log a,, =-1log {{H"] / mol L'}
39 YR HCI & 3704 fae@ (102 M) & pH
HN HA =2 A T TEH WE NaOH & Th &4
forers, fS& [OH ] = 10 991 [H,0°] = 10'° M 1
pH = 10 TRl Y[ a1 STEH 5@ H 298 K W
TIEEISA 3@ 1 TiEdl 107M Bt €, Safere qeht
pH = -log (107) = 7 &I
I hig Seltd T el €, 9 SHe1 pH 7
¥ #1 @ A 9% &K 2, A TR pH 7 U Ak
BT
'Y U,
STt foer &t pH< 7
T o= #1 pH< 7
I fae=A &t pH=7
319 298K T AGER FHIHII 7.28 T FHi—
K, =[H,0* [OH]= 104
Gl o M 3TR T TR T oH e
—log K_ = - log {[H,0"] [OH]}
=-1log [H,O"] - log [OH']
=—-log 10'*
pK,= pH+pOH= 14 (7.29)
w3 A 9w € R owaf K s am
AMUHH o T qRAfdd B &1 qenfa qoskE o e
pH & #M ¥ UREd 3a %7 e § T 80 Sl
IqHT YT HT A &
pK_ Setta foeremi o fae Hewergol afen gt 2|
g BIESIoM a1 SRSIFae Mol ot Tigar i f=ifa
T §, Hfeh SR UGS R el ?1 ord: IE
e @ T pH WI9shd Uk il 81 pH o A
o U 3ohrE afiada o1 o1 € [HY] Y Figar § o
10 %1 9RedA| s& YR 9fE BRSNS SEA |l
[H] ® 100 T[UT& o1 GRedd &, df pH o A ¥ 2
THTS 1 UREH BT STal 319 99 T¢ &Rt T i g
g pH | uftgds &1 Suen g9 % 29 B
Siferer T wEeA-waH sgan o foeeE o
pH &1 |97 3T STavash €1 pH U, St fafis
pH =Tt foreraa & fom-fom @1 a1 €, 1 wewd 9
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pH & SIS | 1 Tl T ST Gehdl 21 SATSTehed
IR gl pH R foed 81t & W -
ufeea fo-fo w1 3t & (f5 7.11) pH TR ERT 1-
14 T o pH AWM T 0.5 i Ffdl o A
fopa ST Wema 21

o 1 2 3 4 &5 &6 7 & 9 10 11 12 13 14
- W
- AEEN
- FEREREN
(1 1 I
ferg 7.11: T pH R 97 37 3Haret pH R & 9R
icce

<

Ied FNeddl o faU pH WieX &1 YA foman
ST €1 pH e Tk TH 49 7, S wlero-faerad o
forga-fava W oaid pH &1 A9 0.001 J2efd
T YAl & SASTehel SSIR § el o seR SehRare
pH HieX 9@ e U €| F5 gm= gl S pH
ot 7.5 § & T @

3IERAUT 7.16
T Y o T W BTEgIS S i "l
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

37d: U9 i 1 pH 2.42 ® 98 A 2

215

IS 7.17
1.0 x 10 "M HCI fae@ 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 9fefd HCl ¥ 9T 2t @S-

HCl (aq) + H,0 () = H,0" (ag)+CI (aq) T=1

(i) SeToh STEIRITT ¥ Wi eidt &1 Fel <

H,O" 3™ W fa=m & em—

[H,0'1=10"+x

K,=(10° +xx = 10"

3 x° + 10°x- 104 =0

[OH |=x=9.5x%10"°

37d: pOH = 7.02 T pH = 6.98

7.11.3 g A oh M Feeish

3T, ety foree H 3fireh ®9 | $&d & goa
3 HX W foer &Y Frefafaa avieon o 9 fordt
ot FHTeRYl g TSl HX W 3Tl Hf(aq) @
X-(aq) o A Tonfud GreAraen i yef fear o
T T
HX(aq) + H,0(1) = H,0O*(aq) + X"(aq)
YRfeR Higdl (M)

c 0 0
M o ST 1 AGT B

igar ¥ aRkadq (M)

-CO +co +co

WRUMT 7.5 FS AE UGl St pH F A=

gd ok AW pH g9 o AH pH
NaOH 1 dqw foaerm ~15 Eaifcakal 5.0
0.1 M NaOH faerem 13 AR H ™ ~4.2
A HT qET 10.5 g U va1ed qen fawe ~3.0
foeek @it Hr=ffern 10 - -2,
31 1 WS WF, TRl 5 7.8 SS-H ~1.2
RISCERIEL 7.4 IM HCI oo ~0
0l 6.8 Hig HCL ~1.0
EIEER L 6.4
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T Figdl (M)
C-COl (¢{04 (¢{04
el ¢ = SAfaaifs 3/ HX o1 GRiWeh Figd
Mo = HX o 3TEH 1 A6 B
T Hohdehl 1 SYAM X o H ST oA
fodrem W o fau grameeen Remis Fad #
Hohd B
K =c*?/ c(1-0) = ca® / (1-a)
K_ o 377 HX %1 Taasm an emaee feemion
Ed 81 39 denfeqs Y ¥ 8 39 YehR Hiokdl & &Y
o yefi Y Wehd g
K, =[H'][X"] / [HX] (7.30)
Torelt ffyera a9 wX K T AT 3TRT HX oht
Vel ST AT €, rgid K, o1 Wi Taer siferen
BT, TR ST €1 TR Werer B K, faerfEa
Tfer &, Foraty weft whiofier 9t wigar @it Aees-stawr
1M &1
FS I gU Al oh STIAA-TEeis ARl 7.6 H
faw T ¥

BISGISH AP Wigdl o fIq pH HITRH 31 S
g for 58 pK_ & sifafiad o= wivefisr oo afer &
fau off ygaa feman w2
?H T,

pPK =-log (K) (7.31)

37 o S feeier K, e URIWeR @Sl ¢
A BF W GHE TS HT A GiEal qe A ok
AP T AT § faer@= w1 pH 1 0 9 E 2

WRUT 7.6 298K W FB T TU Sac1 3TFAl oF T

feertier & W=

TR I feiah (Ka)
BRSIHRINE 3T (HF) 3.5%10*
TELH A (HNO,) 4.5 %104
HIfHew 3T (HCOOH) 1.8 x 10~
i (C,H,NCOOH) 1.5 x 105
UHifesws e (CH,COOH) 1.74 x 1075
=g 3T (C,H,COOH) 6.5 X 1075
BEAHARE S (HCIO) 3.0 x 108
BESMAM® 3T (HCN) 49 x 1010
T (C,H,OH) 1.3x 10710

e fagm

T SEHETTEE &1 pH 3 U&I ¥ fehtelt S Teheft
T
ug-1  foue @ gd 3ufterd wfels i ses
TR/ oh ®9 W T A S B
ug-2 [t g sifafsransti o faw wgfaa weteRto
forg S €, Sie—wfiefisr, S 3l el &Nk < oh
®Y § ®F w2
qg-3 S=d K9l sAfafsean s meifies siffwan
& w9 | fafeq ffan sman 7, w@few o= sifafwang
ek AR B 2
ug-4 wAfhs Afafean &t it wiis o =
A 1 GRON o &Y | e frar S 2
() IRfYs Fisa, ¢
(@) I &1 AR SR TH W AT &1 411 o o
&9 Figar | e
() E Higal
ug-5 & Afafear o foau amameeen fers
THEO | G GigasT i WAL o o fau g
FW 2
Ug-6 H&A AffRaAl Tl TS Tl Fxdl Sl 7M1
FW 2
Ug-7 pH i TUA
pH = - log [H,0"]
ST fafer 1 39 30 ¥ qHAR T -

3QTEXUT 7.18

HF 1 oA feo® 3.9x10% 81 0.22M
forer § HF &1 ST &1 |60 1 31 forerem
o 3uferq ¥ wfiefis (H,0', F~ 9 HF)
1 Higdl qA1 pH ki AT HifST

'
frfafad wei T sifafkan @ae §-
() HF + H,0 = H,0"+F K ,=3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=10x10"
Fifeh K, >> K, 987 aAfafshan
HF + H,0 = H, 0" + F
R Fisd (M)
0.02 0 0 (0)
Higdl IREd (M)
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-0.020 +0.0200  +0.020.
e "isdl (M)
0.02 - 0.02 o 0.02a 0.020

T Stfferan o fow wm wigansti =1 gfaeenfuq
HH W

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

&Y frefafaa fgema Sefteor g giar 28—
o +1.6%10%0-1.6%107=0
oo THieor i &6 4 W o o & HH I
B B
o=+0.12 3R -0.12
o, T SRUTCHe WG9 &l §1 oFd: o= 0.12
e ® fF @ WE, o= 0.12 @ al e
T (SRI—HF, F~ q2 H,0") & 9 Tizand
79 THR 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

3alEIur 7.19

0.1M Tehel &I 37rcA 1 pH 4.50 81 Hremeree
T H',A™ 991 HA ! Higdl i T0HN SHIST)
Y Bl Tohdl & 375 o K, a9 pK, o A
St ol TUET FHIS

E)

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

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

[HA], = 0.1~ (3.16 X 10°) = 0.1
K,=(3.16x10°%/0.1=1.0%x10"°
pK, =-1og(10°) =8

denfeqs &9 9 ‘foieH wfaemar’ fedt g
3T HY WML ST TUAT T ST HIOHH 2
39 39 YR faa T B

217

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

0.08 M ERUHARY 3T (HOCI) o faeed
pH @I UM HINQ| 37T 1 AT el
2.5 x 10° 81 HOC1 &1 fqaism-faera s
i)
&
HOCl(aq) + H,0 () = H,0"(aq) + ClO (aq)
YRS Higd (M)

0.08 0 0
grreEe o fog afiEdd (V)

- X + X +xX

e Higdl (M)

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

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

7.11.4 GO QR T T

&Reh MOH b1 3TEHA T=farfad THiehor g1 v
e ST TR -
MOH(aq) = M*(aq) + OH (aq)

3T ST TR &1 & 3ol &eh (MOH)
o7f¥Teh ®9 ¥ ¥F™F M* Ud HUPH OH- H (fd
BT 81 &N 3E oh Hrerereel-Teeieh ol &R
3T ferieh et ST 81 39 W K, ¥ TR s
21 gt wiefist 1 e Higd Hiowd | frefafed
TRl gRT YRS i Sl B

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

forreua: af€ c= &Rk 1 YR Higar X
o= & o I Hi A
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S G Wiw el ®, qd 6 feemis
frefafed w9 9 fo@n s g -

T 1 g &R o FA-Tls K, o °H
groft 7.7 § fou w g

ARURt 7.7 298 K W FB ot ekl o SET-RaVich

& uH
&eh K,
SEHEA (CH,),NH 5.4 x 10
TR (C,H),N 6.45 x 10
STHIFA NH, or NH,OH 1.77 x 10°
e (T aefas 3cR) 1.10 x 10
frfig c . HN 1.77 x 10°
UfFefd C,H,NH, 4.27 x 10710
IR= CO (NH,), 1.3 x 101
% el AT TH 1 e ool 8-

g st o o ®, T uw @ erfus
BIESISH Y] 31 Gel g wfaeenfua g €1 S
TfeUHE, ®EH, ferd don feifer, s wga
TH &N €| T 39 K, o T 9gd B 8 &l
s Sia H fe=fafea sifafshan o wewasy OH-
SR I AT -

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

TIESIST ST Higal g pH Thel a1 STANT €
o 38 o wiivhis wd ufvred & forw o ygea foan
T ¥ TH TR

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

IETETUT 7.21
0.004 M BESSiH e &1 pH 9.7 81 38k
K, T pK, ! U Hif|

'A

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

T pH ¥ TR 3T¥H HIigdl i 0T T
Tohd &1 TSN ST Tigdl F1d hich 3R Sl

o AAM® [UARA H H SRSIRId ST i
Higal w1 TOMAT i 21 39 THK,
[H'] = antilog (-pH) = antilog (-9.7)

= 1.67 x10™"°

WA o

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

Hq BESSHad 3T¥H i Higdl &1 AF ot
BEgIToRIA ST 1 HIgdl oh HE BT 9 ]
I 1 TGl 9gd HH T 37d: A &R
T Wisdl 0.004 M ol ST 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.
IETEAUT 7.22
0.2M NH,Cl T 0.1 M NH, s fag9 § =1
foe@ o pH ! TUMT SHISTI NH,, oo =i
pK, = 4.75 ®|

&
NH, + H,0O =
NH,, 1 33 fEereh

K, = antilog (-pK,) 11,
K, =10*"=177x10° M

b

NH, + OH"

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

0.10 0.20 0
[rETaEel W 9REdd (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 107

K, %1 A %8 21 0.1M Td 0.2 M i g1
x 1 B9 IURTd T Hehd B
[OH]=x=0.88x 10"

ggfeT [H']= 1.12 x 107°

pH =-log[H'] = 8.95

7.11.5 K, @41 K, ¥ €&

39 S | 79 g 9o € o K, 91 K, I ST
3R ek w1 wHed  gwid &1 g ore-aR g
T 3 Th-gR ¥ Welad ®9 9 Heifed e 21 A T
1 TF TG 8, T W F G HAT ST Tk &1 NH?
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HTHATSERT

q NH, o 3T i 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%x10"M

K NH; 1 3771 o ®9 § 91 K, NH, &1 &
o w9 H gmed e 21 e aifufewman o e <1 A
a1 7 ® fop et T sffewan o @ feedies & AH
K, @ K, o {0 & SeR gl e
K, x K, = {[H,0[ NH,] / [NH," ]} x {INH," |

[OH] / [NH,]}

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

T 39 YHARI0T GRT M1 < Gehdl §— aF o
et ATfufeRamstl st Sige W Sent e A eTfufshaT
w1 grETaeeT-feets yde srRafear a9
AreTeEeT-feerieh & TUHEA & s gl ¢

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

I Tk 1 HAH TG B, A R A R S
Tohdl B1 I€ &AM <1 =IET foh qeot otret k1 Gl
&R ool M et 3T sh1 HYTHI &R Yeel eidl 2l

JehfeTh 9 § STYH HHHEW K= K, X K,
i e -TordsH wrmeTen Afafsran 9 «f &9
T Thd B

B(aq) + H,0() == BH’(aq) + OH (aq)

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

S v T wE fer wd L oW W w
Y g G e 7 SR femiem feemier o witmfem
F e T R SugEd W & 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

Ig M 3 A o1 7 foF afk S SR oo
foren S, 9 ST ST qe &R °oh WMl ohl HWafud
fepan ST Wkl B

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

SETEIOT 7.23
0.05 M STHIAT fae@= it STEEA 7T 901 pH
T HIfSIT| STHI o TEAH-feerish &1 A
affaeer 7.7 ® fen @ 21 emiftEn o wgrd
3T T A Tl oft A ity

Kyl
S H NH, & ST 36 YR <A ST
el -

NH, + H,0 = NH,” + OH
(7.33) THIHIOT HT SN X o &9 SR
ST ST TigAl i TOMAT X Gehd &

[OH]=ca=0.05a

K, =0.050"/ (1 -a)
o 1AM %Y T, 37d: THHW H T 3R ok &
1 1 g ® o 1 0T qH Fhd 2|
HAd:
K,=co® or o=\ (1.77 x 10™° / 0.05)

=0.018.

[OH]=ca=0.05x0.018=9.4 x 10 ‘M.

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

T 3T &R T oh fag ey 9P i W
K, x K, =K,

dfetert 7.7 | W< NH,, o K, <1 9 W@ W 81
NH, o T Tt ot Tl Fehret Tehd &)
K,=K,/K, =10"/177%x10"
=5.64x10"°

7.11.6 g Td ag et ot wer f5 wa =g
AT AR

sTfer 3T, e 3T TS HIEHING o d

i o Tl | ufq o] U 4 afusk et g
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L T TR R
3T oh I Y ST ST @1 Seretoned—fgemen e e
H,X o T s stffsran frefafed ateon gra
T Sl B
H,X(aq) = H*(aq) + HX (aq)
HX(aq) = H'(aq) + X*(aq)
TN HI HreTerEe GHieR frefated 8-

K, ={HHX]} / [HX] (8.16)

da K, ={H1X*]} / [HX] (8.17)

K, W K, ® 3 H,X 1 999 o fgdi

ST feorieh Hed €1 S8 TR H,PO, S Framehia

A o fog dF SEA-Teewis 1 e dieliies

el o - el & A gRoft 7.8 # sifend B

WU 7.8 298 K W &Y WHMA iUk Al o
- e

A Ka, Ka, Ka,

e 3T
TEhTfeeh TR
HeRRH T
e 3T
TSR 3T
wisfeen o
THIEhING T

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

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

4.0x 107
42x1078

TH YehR 3@ S Fehdl § T @g difess ot &
S=a Fife & oA (K, K,,) st &1 a9 fm=
Fife & SEA-fer® (K) ¥ %9 89 &1 39 FR0
7g ¢ for feer forga-icil o RO HomeHsh 3P 9
YT Wiei FTsehiiee e qivehel 21 38 SR
H,CO, Tl E&f[ HCO; | Href fehrad | <@ s
Tehdl ¢l T TR fgemef HPO? U § H,PO;
1 qo | Wi w1 frshies e i 2

g Wifew st foreram o areeli o fagor e @
H,A ¥ fggifes o o fome, H A, HA™ 3iR A2 &1
fago g €1 mufaew sfafer & HA 1 foRism
qe H,0* Wftfed giar €, St faism o gerd ==or 9
T B 2

e fagm

7.11.7 3TFA-HHE ohl YHTfad hidTc! hileh

3T qAT &Rehl i AETcH aed &i foe=m &
TyaTq g9 TRt fSu gu o7t &1 pH 9H &1 0T R
Tohd 21 Ty e T S 2t § foF e ot o=
I ol ¥ Yool T 2id €7 3% 1fush Yo SAmdre
FReE F T2 TUHT W Teh et q27 81 Afeh g
®9 Y T4 I8 FE Uhd © 1o Th T 1 foaieH &1
T H- A 99 & 9Wed T8 gauar | R
Fdl B

A ST H - A &% 1 T st €, srefq
a9 o faaet § srevas e ged ®, @ HA
IrA-gmed sgal €1 S YR e HA ey fie
gy B ¥, i H T A WHNRT % Hed
fagq-Rol &1 SR dEdl € AR AL YR
gfterd e €, i ey w1 forier & 8 S €, S
et | gfg L 2l

WY TE A 3T A 99 98 € 59 aw A
3Tad 9RO oh 3HT §HE o aw 8, @ 94 & Y&
Yhfd I qoOT H H - A EY gl swefiadl o
freieor & yq@ wn g €1 o ° = # e 9m
T S-S A T N G&dl 8, -l H- A STa
gmedd TEdl § a3l HHed Sedl 1 Seretoned—

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

3T 9l ¥ gfg
T YHR H,S, H,0 ¥ Jaam 37 ¢
T & TH 3T WROM o Teh B e o awl
1 e e € dl H- A ST 1 eorar feet-gme
1 freifa w6 o Tewyel wR @ S @)1 sE-
A Y fagRoma sgdt ©, &i- o7 &1 qmed o
EERIEL U
A = faggwoa | gfs
CH, < NH, < H,0 < HF
3T 9l ¥ gfg
7.11.8 Al TS &Nkl o 3MIA ® O°
3T YHTT

3R, UHifesh 3Tt 1 SN0l o, forgent foetie 3o
e gR1 WEi o ST Hehdr 2—

Y

-

-
>
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HTHATSERT

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

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

Hifess ot oh faeEm § UEeE P @l
e W BESISH APl 1 Figdl Hedl ¢ 36 YR
If 9@l ©id ¥ H* 1A fHee <d, ot e
oo UHifes st o1 o foreenfud &1 St
storiq 3 faen o SR Bt 7, o erege st
Higdl [HY] St €1 TE S WH IAEH YA
I 2| Tl U ueref ok fyem @ St faees wme=
¥ gd o Sufterd emafie wieli 1 SR Sy
TR e ) faeefud &l ©, 98 9w
I qHTe’ el 2

31 B9 e Hohd ¢ foh T ST 9w oA-Idfer
fagia W emufi@ 8, 799 &0 @ 7.8 ¥ 98 g% €l

0.05 M THRZ ¥4 &! 0.05 M THifeH 1
o et W pH w1 TUMFT 9 39 YR Y Fehd &—

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

RIS Figal (M)
0.05 0 0.05
Ife x THifeh 3T | ST=EA i |G B, d
Tigar | giedT (M)
—X +x +X
g gigdl (M)
0.05-x b:¢ 0.05+x
TG YK
K = [H*][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-x)
oot o7 o fefT K W B § x << 0.05

Ad: (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 10%) = 4.74

AT 7.24
0.10 M 3THIT=T foe@ st pH T O hifsTu)
39 @@= o 50 mL &l 0.10 M & HCl o
25.0 mL ¥ A9fha H@H T pH HT TOMT
HifST) staifTan 1 forrsH feediss K, = 1.77 x
10° 2l

2019-20
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&'A

NH, + H,0 — NH, + OH

K, = [NH,"[OH] / [NH,] = 1.77 X 10
SR 9 qd

[NH,"] = [OH] = x

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

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

25 mL 0.1M HCI faea (31eiq 2.5 fheft da
HCI) ! 50 mL 0.1 M 3T foere (e7eaiq
5mL " NH,) H fiem w 2.5 fielt A
S 310] IR & S €1 99 75 mL
foeed H STREERd 2.5 fHef|a NH, 319
e 2.5 foelidiel NH, @© S 2

NH, + HCI — NH;+ CI

5

2.5 R 5 0 0
HHITSET 9T
0] 0 2.5 2.5

RO 75 mL faere | 2.5 fueimiel NH,
3T¥H (0.033 M) a2 2.5 et

NH, 319 (0.033 M) & W &| Trqreee § 78
NH, 39 YR T&dl 2—

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

Sely = [OH] = [NH,']

RO 75 mL faer, SR o 99
2.5 fiefiiiel NH, 3T (0.033 M) § JKi il
21 37 NH,; ! el Hi&dl 39 ThR & St 8-
[NH,]=0.033 +y

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

& W ® fm

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

Al e &Rl o e srgaa | siffsean g s
T AU 1 STt | SATFA BIell 1 3T gRI S €A1,
FHUEA Seltg faeEd § Sorited 8 ¢ A S 9
Sifaferan ¥k AUt Yepfd o ST{ER TR a1 &R I
SIS hd &1 STel T S S1E SO A1 <A1
Y e Al ST Uihal 1 STel-37qee ' hed 21 39
3= foran | pH g1fad 2t ¥1 Jelet &ehi g1 fRu
T &I (TR — Na*, K*, Ca2*, Ba?* 37fg) qen
Yol STl g1 T T KM (I[EOMY— Cl, Brr
NO;, CIO; 37f%) Thaet STa-Afed e €, Sfet-2Tqeifea
T B T | SHITT Yeied STvedl e Jael &l 9§ & eaoi
o Siel SIEH B €1 A SR pH 7 2t 21 Fafy
3= YR o ol o1 STl ST Bl

3@ W fAfafad & & Sa-sTqeed W

foe ot €

() TS Tl UF Yael &I oh a0, IIELUMmed—
CH,COONa

(i) A 3T UG Gocl &I oh @Ia0T, e —
NH,CI, e

(iii) JoCT ST TS ool &Rehl oh dUl, IR0 —
CH,COONH,

Y| 3B H CH,COONa, Tdd 3%
CH,COOH Tl Yodl &R NaOH &1 @@W &, Sl
Sfefta T o qoiqen emafa g St )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

T YRR o1 THEE A S & 9 5
aToEfed geR UHifesh oTval aem OH- 3Tl 1 fmfor
T B

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

UHifesh et Tk gedt 3 ® (K, = 1.8 X 1079),
St forerem o ermEfd € @l B1 58 R0 faerad o
OH 3Tl &1 Figal ® gfg &1 <t 2, S o= =
AT oA B1 39 YR o foerad 1 pH 7 9 S
B 21

T YR a9 &Rk NH,OH e Jaa o7
HC1 § 9 NH,Cl 5@t | qufean smafa &t s 21

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

e fagm

SATE A 1 S 9= 81 ¥ NH,OH
3R H* 3 o )
NH} (aq) + H,O(1) = NH,OH (aq)+ H* (aq)
HAH BEGES (K, = 1.77 X 10°) Th
Tl @R 2| I8 faerdd | St @l 1 56
IRy faerad § HY ST |igal 9g S § 3R
foea™ =i sl o I ¥1 eT: NH,Cl & 5ia
foera= &1 pH 7 ¥ %9 gl
Tac T ql gl &Reh R ST T A0l
CH,COONH, o Tel-3T99e &l 3| 36 51 fau
T STl T AT 9 YRR Bl 2
CH,COO + NH; + H,0 < CH,COOH +
NH,OH
CH,COOH @ NH,OH ¥ ®9 ¥ 39
RN SFAIH @ B
CH,COOH = CH,COO" + H*
NH,OH = NH,” + OH-
HO = H'+ OH
faear @ o fopu fom e 1 Gehar © T
- 3T9ESA 1 A faera 1 digdl 9@ s gl 2l
1q: fore™@ =1 pH 2—
pH =7+ (pK - pK) (7.38)
foe@ &1 pH 7 ¥ AR BN, AR STaeTcreh
Bl qe pH 7 | ¥ BT, IS FTR FOMHE Bl—

SETEIUT 7.25
UHifesh 3T 1 pK, T STHIMIH SRS
F1 pK, FHE: 476 R 4.75 T ST
THee faer@™ &1 pH &1 U1 Shifaq)

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

7.12 SRI-Taet@aq

IR 3ufterd % WA (SIEIONL—TH A1 GA) oK
f4fyea pH B/ €1 37k pH o gem Red YRR ok
3% 9 FH T FE (Malfunctioning) T {3 %I
#% THEtE e Sfae afafwaret § ot pH W
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HTHATSERT

=T Sgd weeyut i €1 FE Hweia Ty
HEqulf (Consmetic Formulation) =l frdt faum
pH W @1 Sl € e YRR | gl @ < 81 i
faerem, 91T pH T T 3T90aT o1 a1 &R
Tt A AT e o W1e oft staRafda e
2, ‘awr-faeam’ g 81 91 pH o faora o
ST I pK, T & % pK ok fafcd #HT den
Il 3R oEuN oF ST A STRAl qe &Il o
FUE & e g s € ufafek e qen
Hifeaw wfgee 1 A0 @ pH, 4.75 HT THL
faemm <@ @ qen e Fikee wd emiftEm
TESIFIZE 1 THA0 pH, 9.25 &l B 9% ferermt
o a1 | S=a sl | g 3R atfie geil

7.12.1. 9% TIe™&= ST

pK,, pK,3iR Hr=fteieh 1 99 &8 0 pH
I oA oF o TerEd Hd §l STeU *E

o &9 I8 Y FT FHd B

ITNI-S T AT

3T pH 1 9% §9M o ¢ &0 goa o7
R THF W TEA &R F W S W A
G 1 SUAN HLd 81 BH pH, oA 3A &
qre feoish K, #iR gefel oret 3R g@eh wfea
& 1 Hisdlel o TId H Grae T&A1Md &
el TR0 Tfd hid © | U wmr feerfq o
el el oA HA STl § ST B €,

HA+H,0 = HO +A

g foru wn frefafed e foa ged 8-

[H,O"][A7]

K. = THA]

ST s i JieAareed He W™

_HA]

= KA

T 3TR T IO oF o 9% Tal o1 Jeareerd
FE W EH U Bl o

[H,0"]
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[A]
K =pH-1
pK,=pH-log (HA]
[A7]
H=pK,+]1
e pH=pKg+ Og[HA] (7.39)
B [€9fHd &, A7
pH = pK, + log (s, HA] (7.40)

oe'l.chl'z (7.40) 6*6&‘?‘1‘5|H(’|®|C"8 H"lﬁl"h{ul cnoecdldl
%|%,a’gﬁqaw (RUTEA) 3R fhgor o
SUfEerd oTret T FIFAIST 1 STA &1 37eA o
B o HRUT 9gd HH TR Bl § SR |iEdl
[HA], 9% §9M &1 fau 0 ofwar &t digar 9
e € i Bk @1 we €, iRt S
N, [A], 37 & 9 & ARPHIFd 81 | W
B B 3T TIfEd Rk i WSl o i
s 9 ael oNmEE 9 gnl safe SEeR

o o

(7.40) Frfafiad veR 9 ®9@Rd 2 Sar B-

[FerT]
[ ]

IfS GHeRuT (7.39) |, [A] ST Al [HA] i
Tigdl o SUE Bl @ pH = pK, B, Hi(h log] T
M I B 1 TEiT A eH eme SR ofe
(T3 &Reh) i HioR Figdl SRk & Al T
%1 pH 371 o pK_ o a0 BT 37d: 3T4fard pH
1 IHEL A o AU BH TH ol 1 T8
& ftgeht pK, e1iferd pH o SRR el 21 WEifean
ST T pK, WM 4.76 Bl ¥, TEfT wEfew
3T iR wifeaw teiee &1 SR AT H ol
ST T IH T pH TR 4.76 B

gecl 8N 3R TEeh SfHd o @ &
IE 1 T B favemn fafatea afem &,

[gafad s, BH |

[&r=, B]

pH =pK, +log

pOH = pK, + log

(7.41)
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TR foera o pH &1 dRehe, THIHW pH
+ pOH =14 <h1 39IANT hich i\ch‘“ ST Hehdl %|

g9 99 ? % pH + pOH = pK_ X
pK, + pK, = pK |31 HAl &l GHIHT (7.41) |

W@ R THe FEfaiEad 960 9 8l B

[wyfima e, BH
K. —pH=pK_—-pK +1o
PR, —pHo=DpK, —pK, g [, B]
aFere
Haf +
pH =pK, +log [ <, BH | (7.42)
[emeR, B]

Ife &R IR TEeh GYfHa ofe (¥FEE)
qigdl 9UeR 8 a W fa9eae &1 pH 8”& o
pK, o & BN STHIMAT &1 pK, A 9.25 Bl
?, 37: 9.25 pH 1 % Tk FHM Higal o
it faere iR emitem Fonee foead 9§
TR ST Hehdl 81 SEITEH FANES SR ST
TESFARE T 9 IR faeaq o fau g
(7.42) 1 TEY AN~

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

TR oo o pH W TR0 1 STER &l
qSdl Hifeh T oh Aad M del U
TfEfdd T 7

7.13 Ufaerd o <kt faeraan
TG

T T ? fr s o st Sl i foctgar o
ogd 3R a1 21 30 § o ql zad et faea
(S hfegam FarmEe) € fF o yefa o sdanme
Bd € aU1 agHed | So-ard wifid Y o gl
FTT T (9 Ao weiEs) w1 faerr
Za+l %4 ¢ o 5% gmr 9o o ‘ etfaea’ wed B
foretaar &% ol W Tt s 2, o 9 g v,
AUl i STt ST (Lattice Enthalpy) @i foer=

e fagm

o oIt w1 foemEe Udedt B TH e@ul w6l
foamer ® oidd o fau A o U9 gad
STHYT g (ST Ted) U H-faamees ==
fomen atfues g1 =few) =t &1 faemaes Teed
! faameed & ®9 § fefd @ §, st 989
FUMCHS Bt B 1 374 faomaenta ufswan & o g
Bl B | Taetaestad St o1 ann foemaes ®1 gehid
W fasft gt @1 eryeta (wewdArs) faemas o
e T Teedt 1 /S HH Bl ©, S e
SINEREEIREARC ] (Overcome) HE H 9eY el
2| TR Tau sy faemes § T& ser 2
Ifg ST U Tk 9E W ° S § ga gahar
2, A sHH! faarasiad TSl oqu &1 STl
Tl | Sffier el =IEUl Yodeh oaul Hi Th
sAfyenemia factaa gid €, st a9 W fadt #d
21 Ui v 1 19t fafyme faeiaan gidt 81 =%
R ek FA T 79 T A Ht AT facrEa
& SHR T AT o A fasia s 2 -

il | faom fo=d@ > 0.1 M
0| TS wH foaem 0.01 < faera <0.1 M
i1 11| 37y faem faetTd <0.01 M

39 TH o focd AEfieR e o sHeh
Hqw et faeeH o &9 aramEsen | fa=ar &)

7.13.1 Tae=ar Hwe e/

Stefta e & dueh o 7, W faam ) sTgfed 3|
oIl Sk T faea o ST oh Hed ATTaeel i
frafafea aiw g7 w=féa fawar s 8-
BaSO,(s) —9 . BaZ'(aqg) + SO,*(aq).

e femis frefafad i gr wsiéa
fepan S 28—

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

35 3@ w1 gigar fer B 2
Ad: KSp = K[BaSO,] = [Ba*][SO}] (7.43)

K, 1 ‘factad qomswe-feris’ a1 ‘ foerad
‘:[U'H'Qv_c'f ' Ed ¢ ST FHIH H K AT

T 298 K W 1.1x 1010 31 T 7 7w ¥
IW ARFH Hekhe, S 3T Hgw faeem o WY
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AR 7.9 298K W &S AR AR AUN oh

Higaistl 1 [UAE $Heh foetad-ToHwe feeis farcrar-Turwe feoid K, o A
% qed B 81 3 A S BT wiga Afem gethe T - =
F1 HieR-foe@ar o auer grft| afs der focran e AEe AgBr 5.0 x 1013
'S %3[, T‘ﬁ gg w 2g2C03 8.1 x 10j12
g:Cr04 1.1 x 1012
1.1 X 10 =(S)(S)=S? A S=1.05x% 10° g%ﬂg AgCl 1.8 x 10-10
Agl 8.3 x 10-17
TH YHR ARTT T H HioR-facma T TS ASOs | Tax 105
- - Eleaieatc Al(OH)s 1.3 x 10-33
1.05 x 10 mol L! &l S s SR |
1907 TS & Boreey _ S i dfm Fethe BaF. 1.0 x 10-6
FIE i fom-fomt %l%\q'qumaﬁz BaSi)z; 1.1 x 10-10
o < A E W AT O A HAEE | Hehdl B Wmﬁw cag: 2Bl
o FEEERIES] aF2 .3 x 10-
3R o fau— 3Msq, B9 fSehifam wivkhe (Zr*), Srforan sitatee Ca(OH) 5.5 x 106
: ST Sy et CaCz0 4.0 x 10
(PO,*), T @av R fo=m &, St =R Srefirrm areEze CaSOs 9.1 x 10
9 fSreRif=m STl Ta i R0 ST 4 HEhe Shefirm gepRe CA(OH) | 2.5x 101
. HIHTH TGRS Ccds 8.0 x 10-27
oAl | TS e 21 afg fSepitom wehe &1 T e Cr(OH)s 6.3 x 1031
ﬁ ﬁ % ﬁﬁ EPN% e CuB 5.3 x 109
- 'S’ g)[, Fﬁ sq a; WWW mg Cﬁcgs 1.4 x 10-10
T FTEAR GESIERIESS CuCl 1.7 x 10-6
ki ) AAEES Cu(OH)2 2.2 x 10-20
[Zr*] = 3S T [PO,*] = 4S &M TS Cul 1.1x 1012
FHEHE CuS 6.3 x 10-36
3Ad: K, = (3S)° (49)* = 6912 (S)” gm{-{; TS }'r:co3 3.0 x 10-11
TSTIK, XA e, T | mop | 1
S 3 0 x -
Tt v TsgeRT 9= Pt o4~ T JHES FeS 6.3 x 10-18
i B ’ My Xy TR FIANES Hg:Br» 5.6 x 1023
B, S 9 Hqw o oF @i wrEEEen o g oaen Wﬁmﬁg He:Cl 13100
golo .5 x 10+
foraent Arer-faeaar 's' &, &1 F=fafaa T TewTEe Hg>SO4 7.4 % 107
Tad TR ST gehar e— i e HgS 4.0 x 10-83
gm G‘T % 'a'r:ﬁ'ﬁ'rq'q 'c@aﬁ'ﬂs’g MgCO3 3.5 x 108
N 3 ~ AT TR MgF 6.5 x 109
MX,(s) = xMag) +yX* (aq) e SRR MEOH: | 181041
(x> p* =y X q) i e Maco, | 18101
HohEe n 3 8 x -11
Tl sHeh1 foeEa-owa ferie fefafted ﬁvﬁ;ﬁgm MnS 2.5 x 1013
TEETHIES Ni(OH) 2.0 x 10-15
TefieRToT GRS fRa S B— it TS NS | 47x10s
= [MPE[XE P = (xS)*(yS)Y (7.44) WS RS PbBr2 4.0 x 10-5
i3 e |
=x*.y. 2 6% 10-
Sk =K /x5,y ERSEINES PbF2 7.7 x 108
e =i /R i R
S=(K_/xx.y)l/x*y (7.45) 2 1 x 10
» T T PbSO4 1.6 x 108
THRTOT | S9 Teh o1 Afdeh THei i Tisdr ﬁégm@ PbS 8.0 x 1028
X -28
ST W Wigd T e 8, 96 K H QW o e o R G-
WWW%(Q@W762)|W%% i Fraie SrCOs 11x10:
A WK, = 9, # ¥, g o witfefirt | S T oo, SRR
o e A1 faeE (Dissolution) Wit YT TS TIBr 3.4 x 10
X -4
Teh A1 1 WO 7-0 208 K W WA @i | 0 e o R
o faeaa-Torwe fremist o W fKu Ty € i FTE ZnC0s 1.4 x 10-11
IREIRESIELIES] Zn(OH)2 1.0 x 10-15
N TowEe ZnS 1.6 x 1024

2019-20




226

7.13.2 3Tk AGUN ohi TH=aT W @9 =9
P CH

S-Sty fagid o STTER, 98 ST &1 Sl € foh 9t
et a0 foretam o fordt U 1A it |igd e W
ST 39 TIURIT STeeT o6 ST oF | |A T ael
foreT § s 19T el deh T8I BT, ST ek Teh I
T K, =Q,, 78 S A fordl et <kt Fisar s <
qifeh R K, =Q,, B ST 71e fereia ereroi ok fer «ft @
2, Ferarer 5h o STl 1 3t Wisa o o Q| e
T HIeRdl o TIF T EH Tl (activities) T FIART
T €| 38 YRR T SaH FAIEe o Haw farer@ § HCI
o TIAIS 9 U SeTRISS 37199 i Tigdl (Gfshadn) 96
S o HR] HIfETH FANES 1 SE8q0 g Sl 21 39
fafu @y Gifeam Feikree ogd €1 IS B 81 39 TR
&1 Hifeam steran Srferem Hothe SiEt sTgfgal W T
A €| IRIH fageivor & fehdt 31 w1 argd & faetma
el Uk 37eq foera Tav1 oF &9 | Juiedu sTaefud
S o TH S 9T 1 YEN R Sl €1 36 YhT
TH RIS fovetoo § faeer 3ToM o1 sTaaqu faeer
FANZS o T4 H, TReh 375 o1 AL Bk TESFARS
o Y T AT ALV AT ST 1 9T Fehe oF &Y
o T Hehd B

T 3T oF IaUN i faerddl %9 pH T agdl

2, *ifh % pH W RUMTH 1 Wgdl 56

W01 o HROT Sl §, S el i feretee

TG A E T K = 9, FH A WA BT

T TR kA B T, AA K = [M*] [X],

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

[X7]/ [HX] =K,/ [H"]
T T T FhH R | g W EH I

2019-20
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TH: kT o T EH U S [X] / (X +
[HX]) ==K,/ (K, + [H*])| 7€ 3@ ST Thal
o pH o =23 W f ot w21 21 afg & T pH
R AU Ht o s @,

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

S={K, (H1+K,) /K" (7.46)
3: S, [HY] & &+ A pH o Hed R foema
et

ISR 7.26

g AMd 8T foh Tl off TR oF oA S 9
sifafsan T8l 3d, Y 51a ° A, X, 1 foretara
1 TOMT KU A,X, 1 foerad oEde K
=1.1x107° @l

kYl

AX, — 2A° + 3X°

K, =[] X = 1.1x 107

AR S = AX,, 1 foera, a
[A*]=2S; [X*]=3S

3 TR K, = (29)°(35)° = 108S°
=1.1x107%

s S°=1%x10"

S=1.0% 10" mol/L.

ISTEAUT 7.27

T 3fe9 faerg @O Ni (OH), T3 AgCN oh
foeId- A% oF A HHT: 2.0% 10 ° T 6
x107"7 &1 & T TE At foem €7
T

AgCN = Ag' + CN~

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

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

K, = INi*'JJOH]* =2 x 107"

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

I [Ni*] = S, @ [OH ] = 2S,
s,’=6x10"",s,=78%x10"
(S,)2S,)°=2x107"°'S,=0.58 x 10
AgCN ¥ Ni(OH), ! facrar siferk 2
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IIMEIOT 7.28 Tt forex a1 %, @[I%m OF 1 et Wizl OH
0.10 M NaOH ¥ Ni (OH), %1 HieR fereiaen 1 (0.10+28) mol L™ &, ifeh foeer # weet |

2 NaOH 9 I 0.10 mol L™ 3ufterd 21
AT fRfSTT Ni (OH), 1 3TEIfHS UH®H
HEL K,,=2.0x10 "= [Ni*'] [OH]* = (S) (0.10 +28)*

2.0x107"° 21 :

= =i K,, 1 W1 FA 81 25 << 0.10 3W: (0.10 +
25) = 0.10

A fF Ni (OH), % faerd S mol L™ & foeta 31’*% e ,

M ¥ Ni** % (S) Hidl T6 OH o 2S mol L™ AOS LIS (10

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

9T

o 7 G T S A HET AT A 7 H S v wen % e A @ e
Bl Sl 81 7 Tiasiiel Yok o1 eial 1 W Hifde o TEEth, < a5 @i g Fehdl 8
T T § 3 US Uv™ AR ki W GHM Tl {1 SCURT kT iK1 1 SARTRRET HT el Y 7O
W B Y TS ] WHHHIHOHAS e o W o ®9 ¥ W feedieh K1 A9 Hd ¢

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

o1 a9 R AT feeris w1 WM fEd el 21 39 rewen gt Tt o S wigd, g g
feem T €1 Tt aifafsran o forg meeen feomier ®1 K & o e €1 39 S fers w §
Tl o T W &9 1 <6 foed 71 aifafsean &1 fxen &1 srqum sifufsran armea @ @ o i
%, S HrEERe W K, % SRR Bl ¥ e-Seie g’ o STER T, <, Wigdl M hRehl § 9 feRw
T § e o R wreerke St faen o forenfuq gt €, S uRerds o e 1 FH A1 T2 HL Hoh
THHT SYAN Taf=T HRehl SIH 19, W, 76, S 3R Afeha 16 o e 1 5 W q9md o 7e2q
o fopa ST € qe SCUIE 1 AN 1 (5101 37 heh] b1 faifsr shteh foman ST Hemen @1 afafeman fasmn
o GrETeEel He Wi IR UHIfad Tei wha, fog stfafshan =1 7ifa =t 9T f1=1 ei-d9 # eifveren
T SR g1 et e @ AfThRes W a5t 9w ¢l

9 gl wgred, St Sl faeea § ford 1 =em w2, o oroeed’ sedi ©1 orkd, el a9l
o1 * fergge 3Taerea’ ©1 A it ferera W foaie @1 1o gRI UFEE Te R0 o Scaled o shiRol fereq.
1 =eH H T ol e sroeed qula: foeifsa e s € et faga eraeea o s ud st
UL o HEA W el 81 SIRTIE o SER, Sl faer § e, giEgie e a0 e, eSSl
T 2 T T GG 7Rt 3l B1 TE R ST - W A 31 i WIS o Y § TS &R WUl
o w9 B IR foman e U RS- 3Tl U Reh 9 SAffsRar e ], 99 I Ul d g
&TReh Te Tohal i ATl &R o G Tt 7Rt ki ST €1 39 YehR ST oTed- &R § chell Uk FiaiA
1 AW BT T A, OEE A ITA HI G &Y H I IR T &R hl Seld I o &
o wiefea foram| e 1 R o STIER, 3a o7 o fodis o fau feemish (K) o1 3@ &R &
forars ok fore feeien (K) o =St 1 faehfaa foran 7| ST 1 A0 UF SEeh! wigal o€ fsiar qen
A 37 1 oo foman T #1 eEgieE e W Figar (Fiwad) & T pH AesE (pH = -log[H')
TEA R T 1 e S o= T o for fawamia A (pOH = - log[OH)) ; pK, = —loglK | ; pK, =
—loglK, 71 pK_=-log[K ] %) T ¥| Sfct & S 1 37797 % W g9 3@d § foh Fefieeor pH +
pOH = pK_ T Hq= Bl T Tl 370 T qoiet &R, Jocl 37Fet T Tl &R ¥R qaiet o7l 0o 3o
& o N Rl STl fIea § Siel-eTuse il &1 IR forera e st aReTen qel 9k Hew i Gfew 9
o T 21 S1e e e 3 farcrran et Wi s o e faer o feerrE (k) 1 At w
| THHT Heiw Tl 1 forerrdl § i fore T forerm | ool % STeeul I SEeh Set § faerrdl w1 vl
i1 Fuftor foa 7 21 Tw S U 3ty foeta @i i faed o Hewd w1 oft fader w6 T 21

2019-20



228

e fagm

forenférat o fow 30w & wafta Fefva foramd

(%) foeneff fafiys o wal wa Afssai o Wi, 95 99, TR 9810 o 6 ST S oF T
%1 pH T1d %3 o fAq pH TR 1 ST HT Fohd 2l

(@) pH YR &1 S9N fafq=t oigon =1 faem &1 pH o & o off fran S dehar 21 98 78
T R Hehd/Eehdl € o A gac/gee sl a1 ARl W s e #)

(1) o Hifeqw wHike e wHifew 3 i i Y 9 a9 faerdd o Fhd € T8 pH W
1 STANT HT SAHT pH A HT Feohd 2l

() 3% fafis pH & faerai ® fafus w1 9ferd w6 o forg goe fau < g 2

(T) G o1 SYAN L D A AR AT HT Feohd 2l

(¥) 9 27eq foeid @eu w1 faeiaa W TH AEH Y96 Hi 39 Thd 2l

() A fomnmera # pH HieX Iue=d 81, @ o 96 pH W9 &Y 3Uh! pH TR ¥ I« qRomd &
T T Fhd B

7.1

7.2

7.3

7.4

7.5

A

T g9 & e e H fifyed a9 W gEes oy & i 9 g W S 2| 9 6
AT SR @l & S

(%) dT9-3@ IREdH 1 IR IRomT =1 2
(@) WRA § a9 T GO h1 ST ok weerd! 82
(1) A BAT, 54 foh 9 O: oW €9 9 iU 81 ST a9 Sifim ared <6 9 g2

et T o fere K o BT, Atk e W e aeied % |iEan © [SO,l= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

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

T = a9 td Fd @ 105 Pa W AEEH ) § STETHEER 40% STEEH
T €

L = 2I(g)

= % fe K, T i)

frfafed = @ wor sifafsn & faq am fert® K. %1 =i fafan-

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

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

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

V) L, (s) +5F, = 2IF,
Kp%mﬁﬁwﬁrﬁ%ﬁ@uﬁmw&ﬁq&wmmﬁﬁq—

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

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

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

T NO (g) + O, (8) = NO, (g) + O, (g) = T 1000K R K_=6.3 x 10 2|
e ¥ o1 Uy g stfferard werfies w9 @ fger ®1 wdia sifufewan o ferg
K_ i 2?

g feerish o1 s forad e 99EsT o Us 5ai U9 Sl o1 Sufad &= fehan s
Tkl 87

N, O, & " frfafaa sifafwan sidt &

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

Ifs T 10L % 913 ¥ 0.482 Hi@ N, W6 0.933 Wit O, 7@ ¢ qef T ar, Foem
N,O & & S o |y fHe7 =1 Hered i i K= 2.0 x 10771
frefafaa stfafsan o sgar Efer sfwEe Br, ¥ sfufsan # Te2faa dmmEs
A -

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

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

HI(g) %1 TF 971 0.2 atm & T Tk Felleh H @I STl 81 T W HI(g) 1 31Tk
T 0.04 atm 1 el 2T TU W= % fAC K, A @ grm?

2HI (g) = H, (9 + 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 sAfafsen N, (g) + SH, (g) = 2NH, (g) & faq K &1 °M
1.7 x 102 2| 301 ifuferan-fagmn wm ® 22 aft 7, @ = sifufren = faem @ 22

T g st o ferg

~Nof (o &
9 5k oh fag Hfera Tt T fafau)

H,O &1 T Hid U6 CO %1 T Aid 725 K ad W 10L % 79 | faw v 21 5
W 40% Sl (9IS ) CO ok Tl FrAffaa Fienor o Sar stffman s 8-

H,0 (g + CO () = H, (@) + CO, (¢
aAfferar o fore wm feeias 1 o FifsT)
700K @ R sifafswar H, () + 1, (9) = 2HI (g) & fore e feeris 54.8 813k

B9 & ¥ HI(g) fo=n 81, 700K Ara | €A1fad 21, de | W 0.5 mol L HI(g)
3afeerd 8, @ " W H,(g) T L(g) 1 Wigand & gi?

ICI, fomrert Wiz 9w § 0.78 M 2, &1 AfE W1 W a1 feon <, @ v &t A
W FEAE o e

2ICl1(g) = L, (g +Cl, (g:; K=0.14

= i T § 899 K W K, %1 WM 0.04 atm 81 C,H, &1 HF T Hisgdl &8

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, 51 T Freh H W@ T 8 T W ) T

Sfrar &2

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

et Ue Uik et k1 erfufenan @ wfere UEiee ST ST € S Wi i 39 YRR

T S Heell B—

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

@) 3§ wfuafsren o foau Tz st (sifafwan-amrea) Q, fafan (feoof : =@t
W St enfus | e € ud o off @ ?)

(i) @K 293K ™ 1.00 A THifeH 37 TH 0. 18 Al T IR ¥ ford ST @t
sffem g fagor 9 0,171 didt Tt Teiee 21 | feekie &t o shifsm)

(ii) 0.5 HIe TIAIA WA 1.0 Hidt THifesh o | YRY &3d g 293K a9 W FH
I 9¥Er UIA THee & 0.214 Wid 9 T @ =1 | @i 8 T

437K 9 W feid & PCL, 1 Toh T T Felresh § feran w1 |t weqifid e W

PCL %1 ¥z 0.5 X 10 mol L' WE 7, af K_&1 71 8.3 X 10°%, @ 95 W

PCL, W Cl,! Higarg =1 eimii?

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

e T ¥ @ 90 99 S iR Bt 8, 97 S (I1) SifedEe 1 wred

HHIFTEES % BN STTEEE ¢ Ud 399 Hifad o T CO, faer €

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

1050K W CO Td CO, & | W AN @ 1 &M, AfK Ieh IR ST

T T

Peo= 1.4 atm T p.,, = 0.80 atm
sfafsean N, (g) + 8H, (g) = 2NH, (g) = faw (500 K W) &= fei® K, =
0.061 21 TF T g9a R 01 1 TEA 39 THR 2—

3.0mol L' N,, 2.0 mol L' H, W& 0.5 mol L' NH, 1 siffshan @ o 22 afg
&, @ W Tfud s o o sfafseen fee faem o s gri?

S HFETEE Brel faufed e e T aaidH ]a1 ¢ qe 9 wefud g o
2BrCl (@) = Br, (@ + Cl, (@

35k fIT 500K W K = 32 ¥1 3k 7’9 § BrCl &1 9z 3.3 X 10° mol L&,
= R Ay o gt digar = gh?

1127KTd 1 atm @ R CO @1 CO, o T fasmn & wmaesen | S/ eq §
90.55% (9 R@®) CO B

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

ST q9 R AfAlH o fag K o A7 &1 10 i)
298K ® NO T O, ¥ NO, adt &—

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

sfufsran o faq () AGe wa (@) "= feeriss =t oAl Hifse—
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7.25

7.26

7.27

7.28

7.29

7.30

231

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

freAfafad § o gl 9 W S SIEae agiehl <6 S fShal S €, q9 Saersy
Afufshan o ScaRl o Wiell i WA dedl € 91 Sedl § A THE @l 22

(®) PCI (g = PCl, (g) + Cl, (g
(@) CaO(s) +CO,(g) = CaCoO, (s)
(1)  38Fe (s) +4H,0 (g) = Fe,O, (s) + 4H, (g)

frefafad § 9 < 9gM W SF-®A d Afufmard yared enf? 98 of sard &6 e
qiedd e W Afaferan 3w =1 wdtg f5en § wfqams gei?

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

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

(i) 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, (¢) = 4NO (g) + 6H,0(g)
frefafea sifafwan & fow 1024K ® | feeri® 1.6 x 10° 21
H,(g) + Br,(g) = 2HBr(g)

If% HBr % 10.0 bar @ega o ¥ S/l oMW, df 9+t 6 & 1024K W 9 &
A i

FereAferfaa SeaTa Sfafshan o STTaR et g SEeRe S 19 Wehiash 19 9
WS T S B

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

(F) ST sfufshan < fae K 1 =i fafem

(@) K, o srfafshan fsmn 1 9 R §oe fofe gehr geied e, 4t
@) = e fe s

(i) @ =g e Sy

(ili)  STRE T feam ST

| 2H,(g) + CO (g) = CH,OH (g) W J9Td Iqist—
(#) H, foeH ®

(@) CH,OH fieiH

() CO B W

(%) CH,OH &M W

473K W FEHRY Yeacige PCL % famed & fau K, &1 71 8.3 107581 4% fowes
TH WhR S WY, df PCL (@) = PCL (g) + Cl, () 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 AfsRan o fIg §HH a9 W K H1 7H F= S

(M AR (i) 3R ek PCL et ST, (i) 1@ TG0 ST F9 (i) @ agrE
ST, @ K T qre g2

TR fafer o woe e1gSIST i Wiehfdeh 19 W Wt WO 1 $vd a1d i 99 9 fwan

T AT ST 81 S gRere sAfufRer § ger e § CO e H, St 81 gE 9% H Yo

g § S aelt CO AR wfush g o eifafmar et 2

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

T 400°C R Af49fhan 9 § CO T w19 1 FHARRK fH501 36 YR fomn sie fo

Pco=Pi,o=4.0bar, H, 1 SRl W S 16 941 €2 400°C WK = 10.1

Fary for fAfafed o 9 foea s1fufsren o sifere e SRl i diga gued sif—
(F) Cl, (g = 2Cl(g) K, =5 %10

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

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

25°C R #fafwan 30, (g) = 20, (g) F fau K 1 71 2.0 x10-5°8| At a1
25°C A9 W O, %1 e Wgdl 1.6 X 1028, @ O, F1 Higal 1 Brit?

CO(g) + 3H,(g) = CH,(g) + H,0(g) =1fufswan s fefer wh d 1300K T
TR ¥ €1 389 CO % 0.3 7, H, % 0.01 Hid, H,0 % 0.02 el T CH, &
T W 71 KU T a9 R sfufman o fw K 9E 3.90 21 faso § CH, 1 A
EIEdIEL

G eTe-oTR g 1 9 o1 @2 fefefea wieiis o forg ggredt see/am saee—
HNO,, CN-, HCIO, F -, OH~, CO} TiS?*

frfafed & 9 9 9 9 o 87

H,0, BF,, H* T8 NH}

frfetfad segel & for Tt e & g fafEn—

HF, H,SO, ™ HCO,

FREHT NH;, NH, o1 HCOO™ & Tt ana fafan—

TR H,0, HCO;, HSO; T2 NH, 2337 Tl &Reh—ari &1 A SR &
&1 T o W 3T el el Sarsu)

Frfaiad Sieis i TEd 3T q & | afighd hiTsIe a2 aasy foh 3 fFe JhR
TE ST-&NE o WAH FE w - (F) OH- (@) F- (1) H* (¥) BC,

T g U9 % T H eEgeH AP H1 FiEdl 3.8 X 10°M 21 SH*T pH uiehfaa
it

foReh & U T *1 pH, 3.76 T, 3UH TESeH AP H1 FEdl A it

HF, HCOOH @& HCN =T 298K W 319 feerish shA: 6.8 x 1074, 1.8 x 10-*del
4.8 x 10T T9F Hq TYH! IRl o MFA fLerieh 71 Hifs)

2019-20



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

HHHTet 1 SE feRiE 1.0 X 1071021 0.05M A o fao= § wiHlele e &t
iga qem 0.01M Hifeaq wiHe foeem ¥ 3Ueh ST¥A i |11 F1d Fifer|
H,S W1 J2i ST feeri 9.1 x 10481 3k 0. 1M faeem § HS- St &1 iz
T UM HIFC qe Farsy fF afs a9 0.1 M HCI ot 3ufeerd &1, @ wisd fhd TR
wefiferd BT, AfE H,S =1 fgdt forism feeisn 1.2 x 107181, @ Hewige S A=l
T S feefqdl ¥ Wixar i 0T i)

ufHfesh 3T T A TEeish 1.74 x 10-5€1 39eh 0.05 M ferera | ferior st we,
THIee A wigal ae pH &1 9Rehe &Sl

0.01M STafies 37 (HA) & faer@d 1 pH, 4.15 21 $8eh UMM &1 Higdl, 3
1 A feerieh 9 pK A qiehierd shifsiq)

qui faeis wd g ffataa fafes i & pH 3@ i)

(%) 0.003 M HCI1 (@) 0.005M NaOH
(71)  0.002 M HBr (®) 0.002 M KOH
frafafaa foeeml o pH 9@ hifse—

(%) 2 7MW TIOH = 91 ¥ =ieeht 2 faex foeem smn s

(@) 0.3 7™ Ca(OH), %! il | Hieth 500 mL feers s=rm )

(71) 0.3 IM NaOH = I ¥ =@t 200 mL faes - mn s

() 13.6 M HCl1 3 1mL &l a1 ¥ TIh01 Hieh ol e 1 e feran sy
FmICEifeds 371 1 STEA 1 A6 0.132 10, 1M 37 &1 pH @@ pK_ &1 A I
it

0.005M #EH (C H, NO,) faer %t pH 9.95 8| 0! o feerish T Hifo)

18721

0.001M Tl fera =1 pH 1 22 Tl o1 21 feeris anolt 7.7 9 o gahd
E1 sUeh G 3T 1 T e T it

4tz 0.05M TEifes 37t & pK, 1 A 4.74 8, W ST 1 761 A0 hifem) afg
3H (37) 0.01M (&) 0.1M HCI faetz # eren 5, qf fazsm 1 a6 59 yaRr
gifaa et 872

TR THA 1 T s 5.4 X 10421 399 0.02M fae=a &t 3=+ &1 9
1 AT hifeW| I 98 faetaa NaOH 9fd 0. 1M 8 df SEAIfYA THHE 1 giaeme
AT T B2

frefafea Sfaw <o, {578 pH & T 2, 1 ergior omeF qigar ufehfor Hifse—
(%) ¥Ha W 39, 6.83 (@) HFE 3= 5d, 1.2

(M) HEd w, 7.38 (%) ¥WFE @R, 6.4

TY, I, TARL WM, 719 T T 318 I Hal & pH &1 91 %HA: 6.8, 5.0, 4.2,
2.2 1 7.8 €| Y& o WA H* 39 i Higal 1 o)

298K W 0.561 g, KOH vel H e R 9ra 200 mL faera= &1 & pH, weferm,
BESISH q TESeel STEAl &1 Wil 1 it

298K W Sr(OH), forerar =t focrar 19.23 g/L 21 wiferem qen sregifee o i
qrgar den faee &t pH F1d &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

e fagm

Wi o7t 1 SMTFH feeris 1.32 X 1075 €1 0.05M 37 foerd o 1A &t |76
T2 pH I &ifsw| Af foe=a § 0.01 M HCI fHarn ST af 36eh ST i A6
M il

IfE " 377 (HCNO) & 0.1M faerd &1 pH, 2.34 1, @ 37 o 3T feeia
el I hl AN 1A i)

g TgEH 3T T SFA Tl 4.5 x 1042, @ 0.04M Hifeaw rEerse foer i
pH Te Serdrs 1 AE 1d i)

Iz diifefam eEgiem FEe & 0.02M fae@a %1 pH 3.44 €, @ 9REH @
S feerieh T FifST)

frefafaa o & Sefta facem o IR, STl qe &’ BF i Urfed Sifse—
NaCl, KBr, NaCN, NH,NO_, NaNO, 7 KF

FARTHI e 3Tt 1 SEA ek 1.35 x 10°%1 0.1M 37 a1 36k 0.1M
Hifeam a0 i pH Id &It

310K W S 1 @ U 2.7 X 1071431 gH drdshd W SIH wet 1 pH
M il

frefafaa fasmoi =t pH wfewfaa Hifse-

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

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

(71) 0.1M H,SO, %110 mL + 0.1M KOH %7110 mL

faeer e, Afem b, Bie TRSIHIES, e FANEe ad AR AeEe faaad
T AR 7.9 ¥ U T foerar ToAwe femid St werEd 9 faerar 1 wifae qen
YAE I I Aiowdl 9 A Hisa

Ag,CrO, e AgBr 1 faetedl urwet fEerisr sHe: 1.1 x 1071241 5.0 X 10718
21 S9oh WqW ToM 1 HioRdl 1 S 6 R

I 0.002M HiEdET Hifean e el ek e foe o M ST i fHar
ST, T IR A BT ST B2 (FIWR AL & fTU K = 7.4 X 10°)
Sl STt k1 ST ek 6.46 X 10757 faeer Siee &1 K 2.5 x 1071
21 3.19 pH ot I e # faeer S=iiwe Sial &1 qor & fohan 1 oo gm?
T Gethe q HIfsaH Tohigs & GHAICR ol shi iferhd Wigdl sy Sie Sk
A oA A W TeRd HowiEe saafad 7 B (3TPRA HewEe o fau
K, =6.3x10"%)

| UMW ShieEw Tethe whi HieH o folt 1 o %W feha ST Sel o1 STTervehal B2
(hfewam Hethe & fau K =9.1 % 109)

0.1M HCI ¥ eEgiSH Hehize ¥ Hqw faeq &1 @iga 1.0 x 1079 M 21 afE 39
foe@ %1 10 mL f=fafed 0.04M foe= & 5 mL e s, af T oo 9
3faed 9 em? FeSO,, MnCl,, ZnCl,, T CdCl,.
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