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T ND,) T STge1sglsH 31 (H,, HD 1 D,) ¢
S &1 394 Te Tt feherar @ foh @remereen & g
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S (ST | qreREd WHTE %1 U e et TiF Sid 9Ad) w1 @ e fafaet-2 1 @l @ B
faferet-1 o s oft qon faferet-2 & SEd 7oft T 21 faferes-1 el et o S0 fog il el @ g A
Td 39 el TR § R T S w6l faferet-2 ® el fafiet2 § @it el 1 wE i gu @ weR
faferer-2 ¥ fafre-1 ¥ 9o THiaia &3l 38 YR A1 Afcral st gerar 9 fafee-1 9 fafae-2 5 wd
faferet-2 @ faferet-1 o Ui STl 9R-9R q d% TMARd $ 21 S qeb el Tafaed § OiF Sd o1 &1
TAH 7 S|

I 37 7 fafered o T foeam o1 TIHERT T 9 W 9 &, a1 37 fafered J T 9 & &R | 3™
g gfeda e g Afg 37 <t fafed 5 ¥ 5ot & &R &l g0 A3 TSR] Td STRl & 90 & &9
o 3@ o W e Wehd © 1o I8 WihA W WihAT o1 ek Wehid shi SOTA il ©, S i STt b1 T Tt
B W ot S @t B1 A B9 36 A i fafiw sareeret | Ao 1 gedd @ <edd, af g9 <@ 6
3 fafded ® ¥ a1 o TR f9a 8171 39 < fafered o TiF ot & &R H @ f99 = &) Afaal & wro
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\smsﬂw (ATTFRF)

oeR digd@ —>

SRS (ATHRNH)

I S

qqg —>

farT 7.4: sifafwan N, (g)+ 8H, (g) = 2NH, (g) #t
qrEAIEee] &1 %90
N, (@) + 3H,(9) = 2NH,(g)
2NH,(@) = N,(g) + 3H,(g)
TH YRR B AfsRaT H,(g) + L,(g) = 2HI(g)
W forr Y| Al B0 H, ol 1, o SRIeR-ae GRf9H
qigor 9 sifafwan & &L, @ Afaferan s1fim feen o
SRR B H, T 1, 1 W& %7 §H @ € T HI
T WA TG TN, 56 qh ARl Tfd 7 8l
STe (o= 7.5)1 ¥R 89 HI ¥ & & AR il
foadra feom o g9 <, @ HI &1 9igar &9 gH TR
T H, To I, sl Higal 99 o dedl @ S qoh
qrepraEe w@rfad 9 8 s (e 7.5)

HI

Ear —>

HI

Ty ———> qEEen — T

faT 7.5: Hy(g) + 1(g) = 2HI(g) 3if4lskan 4 9
qrerEey] el st fren | Ty g gedt 8l
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g fAfeea saaT & H T 1 oF TEsT &
Fd W& FE B, A IR TH Y ATRHGI o
sfafsran g€ =X, I YE IR T8 e
fagor e g 2

7.3 e QAT &r fam aar
[rRTaeen feria
e § ARl Td SRl o 0T i H
fagor’ #ed 1 T o TH WM § 9 fage o
e & He9y § 3 Yel W 89 faeur &3 T
A= fasgor & Afiehien! e SRl i Figdret |
ey B2 R Figaisl 9 9 Sigaisd ol hd 0
fman <1 "ol 27 9 fHgl o HEed @ % 9
FH qRafdd FX gehd 72 SiEifie sfie o swmh
TEEA S — (H,, NH, T2 CaO) % Heei & fag
MEYTF Tl 1 TuRer ohg feren Srar 872
T U9 O I o fow g9 f=fafed amm=
IRl srfufsran W famm w3 -
A+B=C+D
el 39 Hqfera gl W A 9o B 3R
Tl C 991 D SIS 81 3k Schuvuit tfafsmanet o
TR e oh STYR W Afe o TEEERl ohel
Afafaferm qee (Cato Maximillian Guldberg)
Qﬁftﬂ?{a’ﬁ (Peter Waage) af“v'FL 1864 | gfqurfed
e f& fedt fago o wigaet & F=fafed
- HeRT0T GRT ST ST Hehell T
x - [CI[D]
‘= [Al[B] (7.1)
78T K W feris € qon € S F1 e
‘e feeier oo hEddl €1 TH AT -HHIeRTuT
H ‘g oIt fwen @1 M’ (Law of Mass
Action)‘lﬂ_clﬁﬁgl
T[] A ATt g HfadTisd geral i oT=st TE
W%WWWW(SeaIedVessel)ﬁ?Sl
K W 9 H, T T3 1, & o= sifafrn ) TR
| 39 srfuferan o1 stemm fafve wrnfites aRfarfaat
H B: TR g TR -
Hl@ + L = 2HIg
1 9 1 | 2 T
Tl W) (1,2, 3 T 4) ¥ o YRS § 5%
uE | hee T H, T T 1, 91 &S A
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196 W fogm
ARt 7.2 YRFWE UE WEmERen W H,, 1, Te HI @t |igand
TINT W& TRtk |igar /mol L7 WIEERT 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 10 0 077 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 102 | 2.35x 10
6 0 0 758 x 102 | 0.86 x 102 | 0.86 x 10° 5.86 x 107

BEgoH Ud e o faa-fie |igor o @y e
T S GHA % 9] 95 H HHO o W1 H Ao
feer 71 T, steiq—grEreRen wfd 8 M o
AN (. 5 We 6) ohelel T HI oot IR¥ fer )
9 YR faqda sifuferen ¥ wrmemen wonfya gsl
grelt 7.2 § 3 @t ®: W@ o stk fRu e g

TAN-HEA 1,2, 3 T 4 § F€ @1 S Gkl @
fh— eAfoehd H, o Hidl 1 He& = Af9hd 1, o A
T G& = Y (IR HI o AT &I G&A)

TAN-HEA 5 G 6 W BH 2@ © fh—

H,©@],, = L©],

el R fehReh Ud SRl I Hisdl o
e Hev Tnfyd s o faq 9 &8 gemeamnst o foam
¥ W9 Ehd 21 e U T e oFse W OEd
foamr -

[HI(g)],,
[H, (@) ][L©)],
WROT 7.3 3TRIRHehl o A Aigar-Gaelt Sisleh
H,(g) + L(g) = 2HI(g)
. [HI(g)],, [HI(@)]Z,

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

1 1840 46.4

2 1610 47.6

3 1400 46.7

4 1520 46.9

5 1970 46.4

6 790 46.4

qrot 7.3 ¥ fU MU Aihel @i Ferd 9 Ak gy
SRR TS SRS i ATTETE-TIEdT 1 ST
ok § W, d@ 39 sk 1 99 feer T&l, afew
fym-faa g (FReft 7.3) 1 afk &n fAfafaa e
S

[HI@T,
[H, (@), ][L@],
@ g| wd fm w3, wa ¥ 9 e fer
M <1 & (S Gront 7.3 | fa@en w0 €)1 98 <@
S Tehal B foh 39 oo § YRRl Te I
jEIT?{U]:fffETI?T(Power) wnﬁaﬁ%sﬁwﬁ?ﬁ
ifafsran o TR o fod 3o TqEHieR oI
T‘W (Stoichiometric Coefficients) %I e o
TH o oF WM o EreEEe e’ el S @
A T 'K Welieh G SR ST 81 36 Wb At
H,(@) + L(@) = 2HI(g) % feTT K, s7eiq aremereen
frerisr 1 39 ®9 § foran s 2—
_ [HI@L,
© @), [Le)],
W 3T 7T s, WS o IR_IH o &9 § Sl
‘eq'mw%,ﬂﬂw:ﬁﬁ@w%,m
I A S € R K % oS H WiEdl w1 HE
e W §) ord: gH forad -
_ [H@f
© [HO)L©]

(7.1)

(7.2)

(7.3)
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Wk ¢ 3w € BF K 1 W EiEm %
A mol L ¥ = feran T 21
feu o fohdt am w Afufsmar-sasi =t disar e
SRR T Fxdl o (UGS 1 3T FEeR @ar
21 T I A Wigdl oFK U o fou Hferd
THEE T H ARl TS SRl o ™
YHIRIOIAAT TN i STh! HgdT & =ik o &9
o s foran S 21
Y YR Tk HHH 39fRAT aA + bB = cC +
cD & foru arereazen feemis &1 f=fafed 9w 9
e foran <l B—
K _lCr o
[A] [B]
sifuferan 3R (C a1 D) A9 § o AYHhRH
(A @1 B) B H e 81 Yl Higal (Skeoned- [C,
[D] 3f%) <! Hdfera eifuferen o ToeietoHd™
UM Ui o Wl oh ®q § oI fehal Sl R
S— 4NH, + 50, (g) = 4NO(g) + 6H,0(g) #tfwfwan
% fou greewen ferid # g9 39 ®9 A
T B

(7.4)

_[NOJ* [H,0°
© " INH,]'[O,P
faf\w sre=al (Species) T HICR-HIEdT i 3=
TSR HISeh H THT I ST € AT 78 HAT Sl
 for 3 wreeren wigad €| W6 o W SAEvgsh
B, 99 qh wree feRis o ofwe § gt
(3w, 5@ = T\) T faeh S g
T T SO UNE §ed 29 €,
S afg R fafwar gefieor wt fFE s (Fac-
tor) § TOT Y, A ArATERe feerieh o faw e
fored a7 =g gHi=a & =T fF 9% e 39
qRedds i ot e wRI

afafsha H,(g) + L(g) = 2HI(g) (7.5)
o AT SN Hi 39 THR e o
[HIP
== (7.6)

© T H,IIL]
a1 wdta SAffshan 2HI(g) = H,(g) + L(g) o fag
- Tt SH 99 W 39 YHR Bhm—

197

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

SohA ATATRar ot wrETaen ferie 1fim
arfuferar oF wreETaReT Redie & SIeRT BT 2
IR rfaferan =i 39 w9 ° famd w

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

9 YR A TH FHIHIT 7.5 i n § TOT &,
ar SAfAfsRan nH,(g) + nl(g) = 2nHI(g) T BH
T THeh wrAEEd-fedied WM K® Bl T
ROl i HRON 7.4 | R fRAr w2l
ARUT 7.4 Teh WTHTA SSRAUITE TRATeRam o wTeTere
ATk THIRIUT AT
feertien
aA+bB = cC+dD K

(&

K =(1/K)

cC+dD = aA+bB

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

TET % &AM e =T & K 9 K o 3Tk
7 fom 2 €1 sufe a7 savas @ fF am-steen
e @1 WM forad w9 Hqfaa TEEtTe SHiH
1 SeeiE H
ITTEIOT 7.1
500 K W N, 91 H, ¥ NH, s- o <RH
e o et |igard 9w g9
N,] = 1.5 X 10° M, [H,] = 3.0 X10> M @I
[NH] = 1.2 X10 > M. Sriereen feerie st om0

Ay

&'A
AR N,(g) + 3H,(8) = 2NH,(g) o foT
e feetis 39 ®q § for@n s wehdl g
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_ e (9T
[N, (2)][H, (2)]"
(1.2x102)’
(1.5x102)(3.0x10)°
=0.106 X 10* = 1.06 x 10°
SETEA 7.2
800 K T 3AfHAfHAT N,(g) + O,(g) = 2NO(g)
% fore areeRen Wiz ffafed 8-
N,=3.0 X 10°M, 0, =4.2 x 10°M
T NO =2.8 X 10°M
sifafsran o forT K &1 @9 @1 B2

&
sifuferan o for wr feemis 39 Y& foran s
kel &—

_ _[nop

° N,][O,]

) (2.8x10°M )’

" (3.0x10°M)(a.2x10°M) ~0:622

7.4 QU QISR

forelt T fepma o 9l sifves wd 3R T
THE o | 2 €1 331l o feru— e sifafgwen
N,(g) + 3H,(g) = 2NH,(g) # YN qo1 g
geft g TH-green § 2

T THR

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

+ C,H,OH (aq)
dem Fe®* (aq) + SCN-(aq) = Fe(SCN)** (aq)
afafeanett ® |t AfYswReE qen I gHm
farera-wreren o €1 o190 B0 %o guin fafmansti o
AT feefid & 9 ° TRl
7.4.1 T T ® wrETEwer feris (K )
T 1ot deh SRRl Td SISl o HioR |ig0 o
®Y H grEee femis #i e fwa § qen =9
T K g i 21 e sifafwerst & fo
e feerish i AT @ o ®9 ° YR T
Afereh gaerere 21

e fagm
eyl NG-gHRTT (THF-2) hl BH 39 ®Y H
o F o
pV = nRT
0
_n
p—VRT

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

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

'R’ %1 | 0.0831 bar L mol'K Bl B

S& n/V %! 84 mol/L H = & €, dl 98
IS ‘¢’ T ] 37a:

p=cRT

feeR qI9 W T 1 I IR FKI S FEU!
gl T, A p o (9] od: S Hae i
p= [T9] RT & ®9 § *ff foran s gehar 21

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

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

(Pr)’
Py, ) (Py, )

aa-oan—(

(7.12)

Ejﬂ%ﬁ Py = [Hl(g)] RT Py, = |:H2 (g)] RT
dar py, = |:12 (g)] RT
THfeTy

w _ (pa) _ [H(@T[RTT
" (pw,)(p,) [H(2)]RT.[L (2)]RT

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

ST ST H K =K, § 7eiq 3 Sremeren
feeRiant o I SR €, TR g% =8 T T 2 R
SR W fau - aAfulEd N + SH(® =
2NH,(g) |

(7.13)
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HETTEAT 199
2 2 2 3STgYuT 7.3
(o) [N (@T[RT] 500 K T PCL, PCL, 3R CL, e & & qor
P 3 T 3 3 5° 3 2
(o )(pw )" [N. () JRT[H, ()] (RT) TiEad AL 1.41 M, 1.59 M T 1.59 M &
DR #fafsea PCl, = PCL, + Cl, o fau K, &t
_ [NHs (g)] [RT] _ =K, (RT)*Z TOET qﬁﬁ'@
[N, (g)][H, (g)]
T
FAL K, =K, (RT) &M T e siffwan & fon amemeen feris T
TH YR ek quit et sifuafsman ®9 § Weohe AT ST Hehal B
aA+bB = cC+dD « _[PcL][cL] _(1.59)" 179
o o ©T U [PCL]  (L.41)
« _(po)(py) _ [Cl'[D]" (RT)
" (py)(p) AT [B] (RT)"™ SEURI 74
79 aifafshan o fu 800K W K, = 4.24 &—
_ [C]: DI pepyerartarn CO (g +H,0(g) = CO, (@ +H, (@
(A" [B] 800 K T CO, W H,, CO @l H,0 % T
. T HIEATS 1 TOAT HIC, A IR | shad
Kk, <[Pl pryan _g (grya® CO M H,0 & Sufeerd & 7o Wi 1 Fisdl
P a b c (7.15) 2
[A]"[B] 0.1M =

el Hfera TEEteh Sl § An = [(TE
S B el # W) - (i st & e
1 TEm)] B FT SToRAE ¢ B K H T w frefafeq sifafsan < fere:

HHI T@ H1 AH bar H @A =16T, Fiifeh @ i CO (g + H,O (g) = CO, (g) + H,(g)

IO ST 1 bar ®1 Tk 1 ¥ &8 1 ¢ fF 1 TRA H

pascal, Pa=1Nm™ d 1 bar = 10°Pal 0.1M 0.1M 0) 0)
ot 7.5 # pw =@l afafwemet % fag K| LR R

& AF fgu U g (0.1xM (0.1xM xM xM

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

WUt 7.5 W B wAa SAfHiRarel o e S T TrepTE ] T8 TR T S e

feot® K, & °H ) )
K,=x"/(0.1-x)"=4.24
srfrforam /K K, x> = 4.24(0.01 + x>~ 0.2x)
Na(g) + 3Ha(g) = 2NHs 298 6.8 x10° x> =0.0424 + 4.24x* - 0.848x
400 41 2
— -+ =
S0 5.6 x10% 3.24x° - 0.848x +0.0424 =0
2505(g) + 02(g) = 250s(g) 298 4.0 ><1012;l a=3.24,b=-0.848, c = 0.0424
?gg g-gxi& T fgam Tl o fAgax®+ bx + ¢ = 0,
.U X 2
N204(g) = 2NOx(g) 298 0.98 . (—b Vb - 430)
400 47.9 2a
500 1700 x= 0.848
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+./(0.848)> — 4(3.24)(0.0424) /(3.24 x 2)
x=(0.848+0.4118)/ 6.48
x, =(0.848-0.4118)/6.48 = 0.067
x,=(0.848 +0.4118)/6.48 =0.194
M 0.194 1 SUET 1 S Hehell ©, i1
igar § e 2
A HEEE W HiEda] 3
[CO,] = [H,] =x = 0.067 M
[CO] = [H,0] = 0.1 - 0.067 = 0.033 M

3SMEXT 7.5

39 9= 2NOCl(g) = 2NO(g) + Cl,(g) 3q
1069 K dY W Hr+g feqmish K, 1 A 3.75 x
10° 81 38 99 W 35 A % fag K,
TUMAT HITT|

T

T 9 € R

K, = K RD"

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

e foRie o A

e K o1 W fehieid 999 FiEv @1 mol L
H @ K <1 HH fehrerd g SAferh <16 F Pa,
kPa, bar 319@T atm ¥ =¥ 61 ST ¢ 39 TR
[reTaen fEerish 1 A |igdl A1 {76 o [Hh T
T B 1 TS WreAee Ssieh o 39 § SIishi
I B H SRl oh A oF aWeR Bil sifufema
H,(g) +L(¢) = 2HL K qM K, H %S Al el
g1l N,0,(9) = 2NO, (g), K, %1 6% mol /L
qeM K, %1 A5 bar 2

I} AfYRReR] Td IR ! GHI0TH TN |
fam wmu @ Grerewen feeriwl #t famEA
(Dimensionless) A= & =ad 3 ¢ STTRNER]

e fagm

TS SR HI JEIR SFereen | Y 19 R WrEifores
TETE T bar il 21 36 YR 4 bar <@ FHE0H
37X o WUe | 4 bar/ 1bar=4%ﬁ?ﬂ%,3ﬁ
fommeia 21 Tk forer o ferg wmmifores steeen (C) 1
HIeR foera & 9o o= Tixand s6it o qrder § ardt
STt €1 |reEfeRi 1 SAifhd 7 g gE qraieR
7o T AR a1 21 39 YRR W WONEr ® K,
qe K, 31 fomea aferet & forg seent stifher =
et yAIfoTeh STareen B o RO e B gk 2l

7.5 Ta9UTT QrETSRT

T 9 Al graen aret e o wenfua arreren
1 * FroHiT TreTeEen’ el S # 1 SIEI0 o feu-uw
95 UE H SA-ard U9 S@-5d oh drg Tefid
e e qrereee’ 2

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

T IR H U G gewen e gl wd
e B1 S e 39 Td 3Heh Hgw T o |
Toftd Hrereren ot fawmin qrereeen g1 S6—

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

Torsm AreTEEenst | Sifued E 39 A IS
59 9 o &1 T gremeen (e 3 3| @
IS 59 B) o AEEEA-SASE i WS SR Sl
okl B, FiTh G 9 T G %9 1 HeR HK0
St 7 W et T2 e, afess frer grar @1 g
YT H—ErRATeEe W T 931 X Al S Al @,
[X(s)] T [X()] o " feer g € 5o foada afg
X' Y A ferdt fAfyea emad o sgerdt €, @ [X(g)]
TN [X(aq)] o AH ot i §1 78T 79 TH Tk TS
TEqUl faoH TERS Areee shfcHad Hae

& i foe @ foamr Ha-
CaCO,(s) = CaO (s) +CO,(g (7.16)
ST TR & SR R &9 forg wehd € &
_[CaO(s)][CO, (g)]
‘ [CaCO, (s)]

<l [CaCO,(s)] T [CaO(s)] THI fEeR F| zafery
I sTfuferan o fou oRefieha areamaen feris
K =[CO,(g)] (7.17)
T K, = Peo, (7.18)
T T B ¢ 6w fAfved 9w W co,(g)
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%1 T Ti¥=Id |igdl 1 <@ CaO(s) &1 CaCO,(s)
o Ty g ¥ ®dl §1 WA S W g adl
e ? fF 1100 K W CaCO,(s) Td CaO (s) &
T FrEerl § 3 CO, 1 < 2.0 X 10° Pa
2| THfT Swlie sAfafsren o foru wremereen feenis
T O 30 YFHR BAM—

K, = Peo, =2%10°Pa /10° Pa =2.00

T THR THohet, e AFISTRIES Te ohal
SHTeiTTeT oh sie Tenfyq faom wreeeen (fehet o
YfgHTT o g) FHIH —

Ni(s) +4 CO (g = Ni(CO), (9
o wrerereen feeris 1 A 39 w9 H for@n s 8-
[Ni(CO), ]
[col’

g oI R T arearawen Tenfya g9 o fou g
werell st Suftefa eavaeh ® (9ol € St /e eiet
gl), Tohg 3Tk x0T A @, AreATeare—feri® o
=ieish | 7 g o1a: " feafd | 3g %9 @ s
3T F e feeies oF ek | Tl foran S
21 arfaferan—

Ag,0 (s) + 2HNO, (ag) = 2AgNO, (aqg) + H,0 (1)
T e feemiss %1 99 39 w9 H fown S 8-

c

K = [AgNOS ]2
*~ [mNo,

ST 7.6
Al CO, (9) + C (s) = 2CO (g), & fag
1000 K W K, & 74 3.0 21 A ure
Pco,= 0.48 bar 991 P, = 0 bar & a1 Y5
UthTge Iufterd 81, @ CO ¢l CO, & 9 W
SR SM@l Sl O SHifST
'
39 sfafsran o fo—
I CO, @ H HHT x Bl q—

CO, (g +C(s) ==2CO (g
YRY # : 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+ (37 - 4(4)(1.44)]"/2 x 4
=(-3+5.66)/ 8
(SR x 1AM FUMcHH T eI, o1d: 36 9
1 IUeN HT A B1)
x=2.66/8=0.33
e W SRR el oh A 36 YRR Bi—
P.,=2x=2x0.33 =0.66 bar

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

7.6 TR RReRieh oF STWANT

greraEe-feeris & SyarT W faur 9 ugd

T 3Ho fHfafEd Few@yel aao W e 3

%, WEEE-feRi® &1 SF9e ad STEr B
S AfTHRET TF G i Higal GrmeEen W)
feer =1 |

@, grEe-faeie w1 oM SifueRel U IR
1 R Tigar W el & we 2

T fRemi® &1 AM TH Had THH R e
T T o fon ffvea am w fafirse g
2, Sl A9 "o o WY aeerd 2

H 3opd Afufean w1 armewen-ferd  eadt
sifuferan o ArTERe-ferie o WH &1 kA
Bl B

T, fordr erfufsran o1 grameaen-fefis K 39 97d

sAfaferan o wrereeen feris ¥ Hefud g e
Torent Tt o sAfufsran o6 qeieeo § et
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DI quIfh F TOT A1 AT < W W Bl 2
319 T qreEaE feried o sy W foer
FHT qA R FAN FAfared foget 9 dafud gei
o IW 3T H w4
o TrATIE-feerich o URAT T TETHar W AR
1 T 1 STTHE T

o fYferan &1 fS¥m &1 Tar o TS
o QEATEEA-HIZUT i UM HIAT|

7.6.1 STFAfRAT Sht HHT T STTAF T

TrTae- TRl &1 oAifeheh AW AffRan &t i
1 1 €, Wq Fe ST mewequl @ fob wreeen
T @1 &1 qaTan foF aremEen fee R 9 g
T 21 K, K, %1 TRAT SRS T W 3 G
B © (R Te arEeR-fenie ANEH &
(Numerator) ¥ forar S @) den forarement 1
Tl o FRHAR el € (Fifh I8 SHoh o &
(Denominator) ¥ fer@t St ?) | wreeEen fenis
K &1 3= A SR &1 3= Wigdl &1 dids 8l g6
R K 1 F=1 A Sl o =1 A w1 g@ifan 21

= fasyor o Heed 9 ety fHefafaa e
ﬁwwm%

Ik K, > 10° &1, a1 SAE AfYhReh &I o o
ST S AfE K T A TR SO R, @ st
e guidr o ke Bt §1 Sreuned -

(%) 500 KT H, @ O, Fi AAfha Frameeen 3
feeigh 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°, 3ifYsias &1 go o IR ®H
B Ak K, 1 I 3769 7, @ sifafmar geie srawen
o & Hud et 81 Frfafiad seew g 98 T @
ST 8-

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

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

e fagm

Ik K, 10° ¥ 10° 1 WWH (Range) ¥ Bl T,
@ IS q AR R AT T WigdTd Hardseh it
2| FrefafEa 3@ W foaEm & E W

(%) 700 K W H, 91 I, ¥ HI 974 R K, =57.0 T

>W

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

sifuet® qen fRaThas -
A R Sufatad §

ferT 7.6 K, W Af4fsha1 &1 91 1 (749 e

(@) 3l TR T 3= sfafsRan N,0, &1 NO, |
faere 7, foger folw 25°C WK =4.64% 107,
ST %A T SR T SR e | fago o
N,O, I NO, FT HZd HdrTsmeh Bl 36
=R 1 foae 7.7 § <ertan T 2

7.6.2 rfuferan st faom = Sy
31feRRer Td el o ferdlt erfaferan-fagor & sifferan
HI feom &1 A o § ot wrereRen femis @
I fepa a1 B 1 5ok fow ew srfaferar wrTwet
(Reaction Quotient) 'Q’ 1 TOFT hTd B | e
oo 1 € we ifufewan varwa w1 ot sfafsman
w1 fopelt oft feerf of forg ol (AR |50 6 Q.
e S7iferR @ @ Q ) o T W 21 et T
arfuferar & fog
aA+bB=c¢cC+dD (7.19)
Q.= [CI[D]* / [AF[B] (7.20)

I @ > K_#, d sfafsran sifaesresl &1 31
swEfa grft (faadia sifafsan)

e 9 < K @, qf sAfufwan IRl w1 sk
smraftd ent,

Ifs @ = K &, qf sifafswan o armesen
o Bl

H, & @ I, & T afafea | =R
T B

H,(g) + L) = 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
(T Hohd W IR t HT a0 aE T TR
Tigaed 1 A fRE W ¢ W fRe mn €, 9 f
e W)
3H TN, ATfhal AR @ Afufhan &t 39
feorfa o fean &
Q.=[HI?2 / [H,], [L,], =(0.40)/ (0.10)X(0.20) = 8.0
T T Q (8.0), K_(57.0) & SR &l 71 370
H,(9), 1,(g) T Hi(g) 1 s @ o 7 1 gehferg
H,(9) T 1(g) Tfafsan ook iR sifesh Hi(g) sHmds
T Ik HIKU q9 qh W, & q% Q =K 7 &l
B
AffFA- IRl @, 94 K_ o WMl 1 ol
HTh Afafwar-faen 1 ay wH | swEnt 7
T8 YR, sfafsea w1 foen o Haw 9 @H
frfefad amF oRon 71 g &
o IR Q <K @, @ e afufma o€ ¥ <€ @R
SR Bt 7
o AR Q,>K B, e afuf € ¥ 96 R
SR Bt 7
. aﬁQ;Kﬁﬁ,aH‘aaﬁwm%g%ﬁr%l

. e
gl

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

fer - 7.7 Afuferar &1 feem &1 e

K,

IETEIT 7.7

2A = B + C df4fean & fau K, &1 w1
2 x 10° R

U T T | sifafeman-fasor o1 g9eq [A] =
[B]=[C]=3x 10 M ®| eifafeman =i €@t feon
T emfaa g ?

T

siffsran o fom sifuferan amee Qc:[?\;z(:]
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[A]=[B]=[C]=3x10"M
_[3x107*][8x107%]
; [3x107*P B

39 YR Q> K, gafery sAfufsean fawdia feem o
sfed it 2

Q. 1

7.6.3 QT HEAr3l ki TUMET

g, @ fAfafed @ w& ¥ 39 9w
ug 1 : ifafean o fou wqfaa g foat
U 2 : Fferd THIR0T o fofe weh grof A, foes
sifafsren o fafed yoisr usred 1 geteg e =
(&) R digar
(@) W RS & fag |igar § aftedq iR
(1) HrEATerERN Higdl
RO o9 § TRt T iR i Tigdn i

x o B9 W, S GreeEen W R i Rt B SR
fr arfuferan =1 odiemfada @ o= agiet i
A i x & ®I H Fad Hi
UE 3: x &I A L o T A U1 | A
Higaetl = wiaeeiid i 81 A 3Maeh! o Gt
T T B, A T8 A T g, e qHEfE
a1ed 7|
U 4 : URepfad O o SMUR W A Figdishi i
TUMT R
Ug 5 : IR U THEW § yfaeenfud & s
oM @) St i

IETEIT 7.8

13.8 UM N,0, &l 1L 9= | T 5l © df 39

THR | Tfd e e

N,0,(g) = 2NO,(g)
Ife Grereel W el T@ 9.15 bar TR A,
dl K, K, 91 Sremeee B SAifireh 1 i o1

ifsTa|

&
g9 WA € f% pV=nRT
el A (V)= 1 L
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3UHR (N,0), =92 g

TH o Al =13.8 g/92 g
=0.15
T9-feeri® (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
Hd: W W Pga = Pn,0, T Pro,
9.15=(4.98 - x) + 2x

9.15=4.98 + x

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

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

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

K,=2.586=2.6

SAEIW 7.9
380 K W 3.00 Hiel PCL, &l 1 L &% 95 | 1@l
ST &1 HrEE W T 1 HEeT [ it
If% K. =1.80 @I
T

PCl, = PCl, + Cl,

TRIH 3.0
WWPCI%Qﬁﬁﬁﬁ@xmolﬁﬁﬁﬁ
B ) qE-

¥ T (3x) X X

[PCL,]ICL, ]
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 ArETaedr freier K, ITFafeRarT
WNTReT g T fiest it ¢ W Hae

forelt safafsran o foru K a1 A sAfafsran =6t wifaent
R fieft T e $1 S o ST TR - 6§ Ug 9%
g, I8 sfaferan 1 FoAmfaest, foeva: firsy s o

fadd W R e 8-
IS AG RUHE B, da fufwan T&d: gefdd
Y S © qen 31w feRn | e 't 2

g AG ¥FTHe €, a9 Ifufsman wa: yafda e
BAT| TR ST U9 TR 89 AG Fe0TTcash Bl
31 oW SAffehan o IcaR AfTRRE o dRafdd @i
ST

IR AG A B @, TAlhan Frmeen &y
Eauifl

T SHMIAE qeF i RS 39 GHIHTT T i
S TR B

AG =AG® + RT InQ (7.21)

Sefeh AGe HFeh fiTsst Sl 21

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

AG=AG®° +RTIn K =0 (K o M WK A

g
AG® = - RTInK (7.22)
InK = - AG® / RT
Tl SR Wi TR T W
K=e AG°/RT (7.23)

37d: THIHIUT 7.23 1 SN T, AG® & Tl &
w9 W Aafsha o1 T el shi THET ST Hehell 3—
I AG® < 0Bl @ —AG®/RT ¥ BRI 37d:
o6 51 BT K> 1 B, S eifaferan ot o afdar
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i Tl € A¥en U fown o 39 W 9% el @
oo o 3 enfas o =M

I AG® > 0 ®, @ -AG°/RT FUTHS B
3T: oa6°/RT o1, BH W K< 1 B S stfafeRan

1 SFEd etddl geian € a1 fufwer ewm fgem #
Sq dm qF e 2, e S| gEam s

IETEITT 7,10
TARHIARTE H ThiE o HIOhREENH o
foIT AG® &1 9H 13.8 kJ mol* 21 2908 K W
K, 1 | I 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"°

SETEAOT 7.11
T o ol-0E H b SR e
freferfaa sifafsman o ear fiea 28—

GhIE + H,0 = 9 + Ther™
300 K W fufsran & fau dnarewen feeds
K, 2x 10" €1 300 K R AG® & WM & TUHT

ifsTa|

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

7.8 | okl YHTTAT oA a1 hileh

TEETTH G % Y@ el W W U 98 © f
AT HS oF A9 oh WY SRR H1 Il o
stfrehan afterds @f, fomer el 8— SaRl &1
STfyehay afed a9 qe I i Heam qRikef 5 2l
IfE To L e ®, @yt giifefas o aiteds

205

1 SRR 8| IEMI— N, T2 H, ¥ ST o
YUl o TR YohH H WAIfeh qRierfaal 1 ==
e | o7k w9 ¥ Hewqul 21 fova ® et @
aiftier Seared 100 Toferm 27 B1 g9e1 qe sum
el o & § B 2

Fregreree feertiss K aRfveh wisgarel o e e
1 B TR A Gt fohedt e o sifshrent
1 IR H 9 TR Tk o Fixer § uRadq fohan S,
At Frera o Hreeren T T Ui © den He sifufwen
T q9 d el @dl ©, S dh (e § A
[reATaE Tfud 7 81 S| Jraee reasel ) ad
1 Y99 TF 3l i faeEd & 9R § B9 Yed € U8
9o 1 &0 78 ot 3@ 9ok € foh a0 %1 ufady frg
TR Bl €1 @ ot S S TRt @ foh foRet qm W
afg srfafsran o Ar=reTen-feris &1 79 9 @ ot
forelt IR wisw § 3§ Ifuforan o sifiehranl wd
IR} o GrEeee o QKT k1 TN IS Ghdl 7
T2l qo fop e A Grereren foris w1 a9 o Y
Ifedq &l ot 9§, 9 e fku T en-vmaten
Tagia =1 7183 ¥ tRiRufal o aReads 9 armeen
TR YT Y9TE o 91 H O R g1 9 e
Tohd 21 39 Fagid & TeR ferelt TR =it wmearerar
uftftarfaal @ fraifa sqee wren (@i,
T@ U aw) § | el ¥ off ufedT g w
e 39 faun ¥ R gt ) fed e
T TN E3T YA T TGS GHIA &1 I T8
off ofiferer T TR TS | @ g €1 Th
= fHsr o TEed &1 gRdfdd & o fau o\
HHT T ITAN oA S Tk B

frfafed STEsl # &0 anamesen ™|,
T, qY T IAE o6 96 W faar -

7.8.1 Wigal-URedT st 9T

A S9 fedl SIfYeReR/3eg & sifufwan o

frem =1 e § wreErereen gREfdd B ©,

THHRT ATAA - fagia’ o SER T o

ST ekl B—

o IYFHRH/IER Fl fHAH ¥ Higdl W IS 9G]
1 & o foru eifuferan 39 fSen =61 3R 3R
Bt €, difer fHere 7wt <1 3uE € Tl
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o AMYYHNH/IAR o FshTE ¥ Higal | ad &l
&Y F o fou sifafean 39 fen &1 8Tk s
Bt ® aifer safaferen o faerel @ aaref w6 ofd
Bl ok 3T ISRl H—

‘e fordt erfafsren o IRl o 3Rl § 9
fopelt Tk 1 off QKO HrEerEen W faan S §,
qr areraEen s oF Hued | 39 YR qiadd g
2 for Wigor IRerd= o 0T TEHeTe THE HH S
3= = Sy

B, H,(g) + L,(9) = 2HI(g) Affshan W fo=r
F| AR | WAt fagor § 9T €@ H,
9 Srell WU, @ WrEeRl % [H: T o oy
Hfufsren 37 foen o srrex gnit fom 9 H, Su+ifi@
2 a1 SR tferes H, w1, R w HI ferfem
HON qA 3da: GrAEeen IR (Afm) foem o
foeenfya srft (o= 7.8) 1 I8 @n-vidfa o fagia
o 31eY ® TSEeh SUR SIfHNH/STE o AN i
feorfq # =€ wreerEen Tenfud ent o S ehRes/3aR
T HZd IHeh AN i & THF ¥ 6T a1 g fHg0
q sifye g =few)

t1 t2

S r Ewmgj—r:w
[H] !

[1.] —_‘\ :
[HI] —»/

!
e
™ T E

H, ST

fax 7.8 H,(g)+L(g)=2HI(g) sfufear 7
e W H, & S W SRS 19 3Rl &
Tz F gRadT

e fagm

frefafea sfafshan arTera o STUR | ot 24

Tt frehd W UEE Hhd B
Q. = [HI]?/ [H,]IL,]

IfE FrEreEen W H, faemn S, @ [H,)] Ted
T SR Q 1 HF K ¥ %7 e S €1 afe sifuafwan
T (7)o RT SR W SR A T S [H,] qen
[1,] 5/ & 3R [HI] 79 Tk 9l ©, S a% Q=K
T B WU SIAfq AT WreEeRen Tfyd 9 @ Sl
AT Fordl § SEUIE ol 3Tl il Al aga
Hewqul Bidl €| STl TrAreree] W R Searg w1 Srer
3 ez S 2, sifafsman, <t qof gu fomm grerereen
W UgE TE ¥, Y[ M e o "o ot €1 S«
IR H 9 R 19 8 A1 ardieha g aren ugief @l
Al SR T S HIA G il B SN
treifites fmfor o eyt 1 et w2 o, 39
aer R foran wan ® g erfufspan eifim feen o
2t Wt ?1 76 THR CaCO, ¥ CaO St 9o &M
1 T TEE A ¥, % s e § g
CO, i TR e Afafehar qui w3 et ©1 9%
IR, TG AT, foh IR AR g2 ©H § Q_ 1 AN
K, BHYN %7 o Tear 8, foww stfafsman sifim feen
H Bt Tt 2l

WigdT T YHTE-Teh TN

9 fAfafea sifafean g w_f¥@ feen <
kel &

Fe™ (aq)+SCN" (aq) = [Fe(SCN)F (aq)

et TEH el &t

[Fe(SCN)[*" (aq)

°” [Fe3+ (aq)J[SCN’ (aq} (7.25)

Teh @ | SARA (111) e foet@™ &1 1mL
AR IH I I IR e faeeE SRt
A ! fee™ W T o1 1 ol 8 S €, S
[Fe(SCN)]>* S+ o RO il €1 Frereeen Lenfud
B R AT A e feer g Sl 21 tfiehies A1 S
=1 srfuferan it GrETEEen W e | Arereen &
ST =1y femstl # oo seegER fawenfua &
Thd Bl [Fe*]/[SCN] Al &l &l & e
rfirerrent =1 faam w wr= fauda faen o fowenfua
# TWehd | SH—emifereh 3 (H, C, O,), Fe®*

2 2 4
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AP ¥ foran wten TR "epel 3P [Fe(C,0,),1*
T & o7d: Gl Fed* MM i Gigdl &4 2 Sl 2|
ATy, fagid o STER Fe® A &1 g2q 9
3T FIgdl aTd i [Fe(SCN)]2* o foais gR1 Fes*
A Y gfd ) g foban S 21 =R [Fe (SCN)P2*
1 Higal Sedl €, o7d: el U1 1 digal 8 2l Sl
T Sefa HgCl, faam | <t ara 1 &1 e s
Bt 2

Fiifeh Hg?* 38, SCN- 3Tl o el Afafepan
FT TR Hpd A [Hg (SCN), 2 91 &1 o
SCN- 3Tl i HHT THIRT [7.24] H A 1 918
T [ 3 SCN- 1Al 1 g 2 forenfad et 21
W GrEEETe e W SCN- 1 WK 9 Sl
21 erq: sfery | o fen ® (€ @) g
St @ e faerad oF T w1 died s Sl €l

7.8.2 SA-URSdT ohT THTS

ot et srfafswan & sqe aRed g S« ager
Y IR 1 AN FAIfEd Sl €1 98 a9t B €, S
sfaferan o1 < el TEmEtE SR § T
AFTRTER] o Hicdl 1 G qe TEE el o Hidl
%1 G | f=ran et 21 T | W en-3dfae
fogid, o Yga & W 3 W@ Fa W I ok
IR 1 IUET HT S HhAl 2| AR SE/EH H
AT (TS Higdl) Ta W R 7 e 21 Frefafaa
arfferan H—

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

T sifasReRl (CO + 3H,) o WR W@ ¥ SRl
(CH, + H,0) % I Hidf o &1 ST sifaferan o
arraee s it fHfvea a9 | fres o
fafeTet § @& @ A F 3T A AT Rl
aen R o T 39 YR AfFReRl UE ARl &
AT <19 TH 39k Holka®y SehT TIg0T 98] T
21 o7a g grerereen ® Tl ®© T ? 1 -9
fagia, @m] wer stfafwan fa fen & s e
Hregreree]] TAIfUd Hidt ®, SHhT Idl S S Hehdl
21 <feh @ T T T, o7 wrEeeen o fen
(e il =1 TN e @ %Y el ®) W SRR
B 81 (B9 4 € foh <@ T o diell 1 @ o
QU e €)1 T8 sifufka wrhd Q5N wen
S Hehdl Bl SW & T WAT a9 H w1 eAfufmar o

207

[CO, [H,], [CH,] W& [H,0] fshaf¥ehrrehi shi wremereen
& iU H YRR Hwd &) S Afafeman fasor
ARG e FR T < 2, df ek AR < e
TSV A B 9 #1376 g1 AfAfeRa qrhe %1 OH
e 1 A 0 @Rl Wi T Hehd
_(2[CH,](2[H,0)) _ 4 [CH,]H,0] K.
© @[cope[H,]f 16 [CO|H,] 4
IfF Q, <K, 7, ora: ifuferan sm fen & smeR eid
21 C(s) + CO,(g) = 2CO(g) #ffepan & & =
G ST @ q ertafsman faada (a1 SoRd) faen o
el B, wifr 3w feen § Hiel %1 em 5g St el

7.8.3 3TfehT T & IANT &1 YT

e ede fier wad ® SR Uw SAfET T (SE—
FAfiA) S erfufsman & wm & odt €, i fred €
e euiEfda @ar €1 it fier e W fne
g e W erfafsan § wm o are ggef i der
Higaretl 31efen Sl | i ufedd el eran 21 stfufsman
qhel § IRed eharel a4l Bl © S/a THels T8 T
srfafwan § W o 9N SAfYERE a1 SR Bl

7.8.4 AM-URad hl THTS

Ta FHHt @ AT A H REdd o RO A FWigdl
faeger B ®, a9 G g 1 Geed aRafda g
2, it sifafran amwe (Q) TrEEEen feeri® (K)
o SR Tl T Ul Sifhd 5@ ardehd H IR siar
2, wreAreen feeish (K) 1 HF 9Rafdd g S )
M q9shH W e @1 fefar sifafswan & AH

o fag @ faet st 2

o oMYt SAfHfeRaT (AH RUTH®) T HRITEEe
fteriehr qIUsh™ o 9g W Hedl B

o oA AMHAT (AH HFTHSR) T ATRTEEeN
fterieh qMUshH & 9T T wedl &
ARy | 9fed arraen feris e stfafewan

o o7 § qiteds o 2l

Frfafea sifafshan o STTER THIf= 1 Scared
N, (g) + 3H,(g) = 2NH,(g);
AH=-92.38 kJ mol™
TH IHET THH 2 ‘en-vmanay fagia’ o
STIER, AYhH d¢- T TrEEe a1 fSun o Tmm=aRa
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Bl Sl © TS ST 1 WreTeren |igdl % 8 Sl
21 39 =Rl |, FH A9 SFEIA H) 3= Al F
AT S ©, Wifehe Ui &9 9 STcfees %9
T eAfafman 1 Tia il e S €, o1 S W
o forn s =

AT T q9E - Teh TART

NOZﬁH (‘{{Df) Rl N204ﬁ'ﬂﬁ@ﬂ'ﬂ? (Dimerization)
1 Tfaferan oF gRT ArITeEe W Ard 1 99re YRS
o < gl B

2NO,(g) = N,0,(g); AH=-57.2kJ mol™!

() (TEH)

% HNO, ¥ Td &1 Fier Srerh &9 NO, 14
TR T © A1 W Tk (HeRreell 1 GeEdl € 5ml
el § WA o 331 Hd & Al W §
T ! ddl GUE SFT A1feT) 376 TSRS (araldit)
aﬁm@wﬁ%gm(stopper)aﬁﬁm
2 Tl 250mL F o ST TR FAA: 1, 2 T 3
sffend e €1 ML . 1 I feusrt fag0 (Freezing
mixture) ¥ SF 7. 2 HI FW &F qYAA A § TG
T F. 3 I /A (363K) A ¥ R S & =l
AT w1 et |, 2 W T W €, a6 T %
1 1 digar Toh ToE @ <t 81 s & a9
It | 8- 10 fHe I WEAfedl i W o a1k 39
TRt T TWEAell il T A, 1 oF Sl B ael
THA @A Wl SR 1. 3 o S | A stfsRan
&1 feen W arg 1 g9e 39 wan 9 fata fe s
Hehdl B HH A9 W AR 7. 1 W SARIN W
IfafsRa BRT N,O, & 1 Telg fierdl € @ NO,
FT FHH TH F HRO R T FT dodr Tt T, Jafen
HT A, 3 H 3= a9 W 3Iopd AR 1 asie
fredt 2, 9™ NO, =war 81 ufoma: s T

ECIRC S
(1) (2) (3)
femendt fagmor HHR & qY (363 K) W A
T ST (298 K)
(270 K) T S

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

e fagm

HrATEEl W 9 1 Y Teh GO SSHTIS
arfuferan & ff Toen <1 W B
Co(H,0)>"(aq) + 4C1 ™' (aq) = CoCl3 (aq)+6H,0(1)
Tt TR e
FH % qY W [CoCl, > o HROT HrTEee
s &1 31 Hien & S 81 5 2 ferhry fagor o
Je1 feran St S 2, @ fason 61 9T [Co(H,0), 1 T

HROT T 81 S 2l

7.8.5 3Tk ohT THTS

SO TohamRRal o IRl § IREdA B FH Sl
AT T A SUcTed HedTehT AR o a7 ! 9@
<1 8| T8 e & HehHOI- 3T § oA aell 37 Te
it stfufsmaneti & S w1 agr <1 €, Sefh e
o1 afEfdd T8t Tl IERb T TS Jarg Afaferan o
e dfpeor o # wHE 9En § w6 w2
IAGE W TA g AfafRar s | arEreen
oA 1 qidfdd et il B I8 Gqferd THe o
7 g feeris Tl § yehe el Bl 2

NH, o A1gdIsH o gEger § fHfor o fa=m
#X, S T rca et srfufmar @ sy S ok
el Hiedl o1 &M SATTHREH] o el ¥ H et 2
e s qushd 1 S § Ted g1 w9 a
R Al ST el © U e R g o 3ty
% GHI Ol ®, S Sed A W fEA & R
Garosieh Bl €, T ofed ¥ Bl &l

ST TR Wi g 7 39 § foR g SR
=1 Sufeerfa o erfafwan Gdreme < 9 el ], S
NH, %1 SITereel Figdl Harsme il ¢1 i g
o Tl ®1 @ ARR] o Tl w9 9 HY
€1 37: NH, 1 3cq&T q@ aereh sfue fapan
Tehal 21

NH, & H¥IY0 B 19 o <6 1 STJHeiaq
Rfefd@i 500°C T 200 agHSA™ T el 2l

T TR, wyeh fafy gu SeRf o o
fmfor o

250, (g) + 0, (g) = 250, (g);K, =1.7 x10?°

qreeeer feemie o qRomd oF ST ER ifufera

%! THT gl g S ey, fRg SO, w1 SO, #
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SHIFHIHT dgd it R ¥ g1 71 wife™ e
TEUHfeTH TRl (V,0,) SR &1 Sufefd |
st o HTRT &% ST 2

e afg fedt sifafwan & AmmaRen feris
T TH HIBT 6T B B, O ITH Ih 9gd hd
HEal T Il 2

7.9 Tae@= o smafver ArTawen

9 i T R Fixar 9o o 99e ol 99T o
o Tefotad eafTer O o Woeh § Sy B
Fe®'(aq) + SCN ™ (aq) = [Fe(SCN)J**(aq)
€ T2l B0 7 w1 SterE | 9 wafered § R
< o STetta et o fag om0 warfed &t et €,
Sefer ST W HERO THE (FfeTm Fage) fHem
W Y fogd ¥R T YaTE BT § 9o el shi Wil
qG o WY foIerd w1 eiehdl dedl 81 WEehel Hhie
J urefl 1 SR TR TTeTshal Al o STHR W &
ot H afihd fohan— Tk &t o Ut Sef faeram o
fereq ¥ Wenfed ed €, 3 ‘o s9eea’ seen €,
Sefeh T S UET TRl A, AYd 3 IUHI FHEan
T e 7 foe Teeal &l YH: Yool Td el aga
sl offepd femanl Welel SR STUed Wt W
foer ge o qof &9 9 It B §, Sefh
@ srgeed oriferr w9 @ smaftd w2
IO -HIfeaH FANEE o woig foaeed °§ q&=

209

w9 ¥ Gifead PF Td RANES HEE T S ®,
Safs THfed o § THRe oRF TS sEefTEm
M B &1 THHT RV 7% 7 T Gifean awgs &
T 100% ST Bl &, Seifeh UHifesk 310, <
geic, Torga-31aeied §, 5% € @t gl 81 98 &M
® T gda fogq stumeal o ool dun et
g o T W Tfud B ©1 59 YN kT 9T,
e STefta foeem o 31 arg o §, airafien ana
FHEA &1 ST, &Ik q 01 A TTeA o o
T o B1 3 Yool S1al gt dEd STIeEAl i g
HTER Hd

7.10 3T, &Rk TS aUT

A, &% We oe01 Yehid | oA19eh ®9 § UIT = 2
ST gR IR A6 (1.2-1.5 L/f&) o =nfad gran
21 =€ U= Uihan o T @il eaweas @1 foen
T 197d THifew o B g T HR F W
fafew ot Ud UERIfdd v M UM H TR
3T IR Sl 1 SAhiel 37 e W @ B ®,
ifed 1% Acidus @ 51 ‘T’ WIsg g Tl et
el 8, Torent e1ef ® wee et it fetewd i o
FR A € N FD ergeti W A ek SReEgeH
I H E| THI YR &R ol foleHd ol e
#W € qu1 @R ° wed 3 Tyl § WeA e 2l
&R 1 Tk QA ST FHIS €F T Giel 7, <

IS 1 9 oS o T Tk i GreF ol IRER § g3 o1l 14 99 %1 39 § 9% U 341
fSieg@t (Book binder) & J&l %W WG ol S8 3= 9 fohdmel i g i B2 I ofi|
et fSieg a7 dfear onl areest Sdt 98 (Davy) 1 FANRIl 9EEe §F T 9Ol 9
18131814 H HIe 3ok W1 HEIEIY 1 I W Il Y| 3G A6 o SRHE o SH GHT & e
SO SR o Toeh § 1T 3R Sk el @ wgd @ o 1825 | 2ot & 9% o 4o
HEIM JAFRensl (Royal Institute Laboratories) & fRem® o+ e 91 1833 | o T@RH
I o §UH Poiiad e (First Fullerian Professor) sH1 %€ =1 dgel eI
T -fIgeioor TEE | ol T 1821 ok SR S SAfushak d e U gaehed qen o1 Sy
IR fagTdl o Hafaa o 321 o fa=mi o ouR W ‘enyfiew &= fagia’ 1 gfqaes gem 91 1834 H 3=
forgq eToeres @ weifua <1 i 1 @ie 11 HIE Tk 9gd & 318 U 341 Wi o wfe o S wedt ge
1 OF W IR F e 3 geft SR foamel | X W1 A T STohel T T TS R 9| S Heft off T
&l @ Seiq fogm &t fae-fie 9l 9@ y9iika (Disseminated) fan, foad 39ep /1 Uoal 9e@ o 9RY
1 T Yesh YR ok V9 shi SToorETen Gftmferd 21 ‘ Hidsmit o Tamafe s’ fama o frama s
o ToIT & T 911 S TN 450 S TS YRy fRu

HEFT Hare

(1791-1867)
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YT o fTU Y il 21 e 37t U &Rk ol TEt
Iura | foemd €, a1 o e1rag o siffewman i & w9
@ E| oEvll & FT GHHT ST FWifeqH FANEE,
e ethe, Hifeam Mede ofk 71 Wieaw FrEe
(IR 9 ) TR HISH 61 Tk &7 ¥ €, S
TIESIAeh 3T Td Tifedy TRgIFRE &1 fohar 9
W el 21 98 39 eraeen ® U S 2, o
YA Hifea™ T HUMEARG FANES A 399 |
faudia emafera wfeis o wea feer de@ smwdor o
HROT o o1 ofd €1 3 STawl o e fer dgd =
HMeqq o Qe[ o SJohHIA Bl B S
wratren foreme €, fordent queRis 80 21 36 WK
9 Hifeam NS & 9id § Hiel S S, 79 e
o e feord e TRl St 80 o U W gl @l
ST 2, fored a1 faeraa o god &9 @ T A 2
Y S-S & Tl Seifed gkl gUe 8l W 2l

]
oY _©O
[+ 2% %
o9 9 »
0 cr voO
6@_@% “ N cl
\_’( Cl N Ng .
00 ClNd
Q Cl
. é o
oo L
O N& j) = oo
CO O O C_O
L |
0O

ferg 7.10 51 9 Gifeam FaRiss &1 fagrs1 Na© e CT
ST e STeT- 317 & Hrel ST gl Tt

gt s 2
A H TR T oh A i go
UHifesh 37tel o SF | % W EH T Bl @ b
Tl S &yt o1 €, fR off eEgeiis st
9 SFaFet el @ ol w9 @ sl e 2w
Teifesn ot iR &9 9 (<5%) € Tt e B
ST T U 3ok Hed IURkerd df sl wmmed qen
APl o SerEeH Bt wen W MR s @1 qd o
o qen oA ug fim-fiaa steff o ygea forg s
® B facig & oM, S STl 39 sewen § o
faome wd €, & 9 § QUFRO &1 UikAT i
‘et hed § (SSrewnd-Hifean FikiEe) , St

e fagm

A 8 Wik €, Fored S o) foerem | 2o
AR 3P 3 € F-T &H T <Al U T STdeRe
FH TH B

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

T ¥, S EEeifeue M OHy,, 39 21 39 TSR
S ° Tk 3T HX oh1 394 f=fafad weneon o
Y fordll wh o g R foan ST wehar @-

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

Th U WieH, H* Scafies fememsier g @)
e ®9 U wel foeen | gEeh stfie T/ 2l
I8 foemee Si@ 1] o offeRdls § Sfud gt
frepivia ffidl ergifem omeH, HO* 2@
(Sl 2@)| B4 H(aq) I H,O%(aq) Al &l &
Sfed gEgeT 8TEH, St Sidt STupstl § o gam
TH WA 8, o ®9 § 94T H O 21 39 e o
TH WIMTUW: HY(aq) a1 H,0'(aq) i 3Adesd T
TN w3 TR Y St deF 2

3T YhR MOH 999 fohdl & o1 377] Seita

ETESIIH T EEgade I

(39 =10"%cm) BH TS 51 319] W e fagq &=
T o HRUT W T SA- 3] TR ST I THTHRT
gl § foRdl TR & WY JeR H,0* I 71 W
TitefisT 1 &% AR (IATeM—H,0"Cl) ® 3
e § Y T B | SeAtd faere o ety
3T T 9 Serifor ge H O, H,O0 W& H O}
Ty TS WAt €1 SE YR BESiee SEE
Serifs Bt 3 Seoees wfieiis H,0,~, H.O,~
a2 H,0; 1t = <1

H,o\—H
Jred o, 15, X
& % ,9/ \~Z~

HO'

2020-21
Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

AT ERIT 211

| SR Rl S WS W OSUHen o e gI el W 1884 W S SuHwel
| | Tovafaerem o fagq sToeed fae@a 1 Sraediel T WY U9 (Thesis) T&4 fhal
3TTE 5 OO T SRI4 Sgd ATE i deT TXUT o W Skl W T T 1895 H 9 A
T wihem favafaemed & difawt o e 18 R e fre 1T o1 1897 9 1902
% o 39k W ot W1 T 1905 W 19 G % o Wicheld o Aoiet FeH 8 fifeert
A o fR9e 98 W M Hd W S a1 qoh agd-3TIEed faeradl W & S
W 1899 W I=IH Tk TR, S 3T THIG: NG 0, FHeam &, &
MR T AMITRAT-3T Sl a9 W Fsfar 1 ol fwam

IR HE & o W fHAn gfRen WEA (Immuno Chemistry), s&e fagm
(Cosmology), STte &l id (Origin In Life) T fgA-F7 o &R (Cause Of Ice Age) Fadll &3l § ITeh1
TEYUl ANRH @1l d TH g =fed o, 9l ‘I 3189 g9@’ i 98 A I Eh! oo il 91
1903 ¥ foRq-eTeredl o6 fomre o fagid T W fogm o fohd o sHent STl W 3w WA foam

@i ARTIE

(1859-1927)

1 A6 R fHa

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

TEeifod oF ft Sefa faoem o Seitaa
T W @l § (9 ) | T AR Y ST e
YROT 1 3% G €| T8 ohadl qiel & Sl
faem ® & on] et 31 Te it S8 sl %
e i 2l
7.10.2 92T AR 31T Ud &AWk
e AT SierE FReE (1874-1936) e 310N
WA o9 T A’ (1874-1936) 3 3T/l wd
Q! hl Teh A =AT9eh TR | SRLs-ar
fagid o TER 3 uged, S faeras § weld He 39 |
e ¥, ot € den o ued, S faere @ we v
U i geW €, AR 2

g H ST WS del &k e el
&

T&l B9 NH, & H,0 ¥ fae@e o 3@ |
foar =Y, fo frafafed et § <ot T 2,
I—uﬁfﬁém%
NH,(ag) + H,00) = NI} (ag) + OH (ag)
aicen A Tgfhq o/ HEHd &N

| e ]

F B

BEifd ool &1 Iufeafd o HRU &RA
foerm aar 81 ST erffsmen § Sl qie g @
q I W 21 sufe 3R wEE: SRS
T AU AR hed & Sohd AR § W NH
¥ OH ! TYFIANG B &1 T&l NH, I==% 37 T
OH FRT &R I w1 Hxd &1 H,0 T OH 37erl
NH; TS NH, T 37 3R &R o I8, S A
Teh WIS i Iuferfd = stgufertd o &R 3R fvm
g, G TT- ek I FEAd & T UHR H,0
T G RF OH © qe &R NH, 1 TIHT 37t
NH: 1 9% 5723 o1t Yot © ol STkt I &
T BT AT A LT ST e ©, Tl ST T
&R Yo BT T 4 <4 I 91 98 © foh St
3 | T AR Wi 2 © qe s T &R
o Tk g wH e €l

S H TESHCh ST % 3 SR W
fa=am & HCI (aq), H,0 319 %! UIeiH 3T 37 i
ifd T& H,0 &7 1 i esR i 2

I—uﬁzﬁém%l

HCllag + H,00 = HgO+ (ag + Cl(ag)
qgfa e 9T &R

Skl &

e G Al €
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ST GHIHT F <@ ST Gohel & fF St o
TEU1 Ll &1 W& Sl HCl | WS g i €,
H,O* Tf¥fist &1 faio1 € €1 31: CI 37 HCl
3T T G &N © TS HCL, Cl° &R k1 Gt
ST 71 6 YRR, H,0 ft H,0* 37 &l T &R
TS H,0, H,0 &% %1 T 37 €|

e Uik e ¢ o STel Ueh 37 qe U &N
1 e el it <wiar 1 HCl o @ sifafewan
T St IR 1 @E ATeR Hdl €, Sefh HIfEr o
Y WEH T Teh 37 i Hifd SqeER il 2l

e fagm

7.10.3 T3H 3T Td &<k

ST, T T 1923 H 1 Wl ‘oA (TLTEET
qLT TR ol ‘T THETAT oF &Y | UTRATToa
Teram <&l T &Teh 1 U9 €, S=E-ali &a den
oY N U w2 a9 of® T 7, Fifw <+ &
fagidl o &TReh ThTeh! TiaA I A1 ®, Wq =
et TGl o SER, 9gd 9 U9 uqe off e ©
o wieft 7 ¥1 F9 o[ a1 BF, #1 NH, 9
AfafRan s T fafime ST 71 36 YRR Wi
TS SoidE i wH a1en BF, A NH, o @9
e Y SUHT THThT STae JTH Tkl 3T hl T

IETEITT 7.12
frefafead F==T ol % foru St s @
€2

HF, H,SO, 2 HCO,
T
TE o G &R H TH W wH e
MeV| 3d: | HIH &NH HA%: F, HSO,
T HCO; T
ISTEIOT 7.13
FLT &Nl NH,, NH, d@1 HCOO™ & fau
T sE o fafeam)
'
Gl 3T °h UM &N ohl STUET T Wi
STfeh BT =1feU| 3Td: 90 HITH 378 Shuel:
NH,, NH, d¢1 HCOOH ®|
EEUSUINE
H,0, HCO,, HSO, e NH, S==S3Td el
FRT AREH-SHl IR H F1H FR Tohdd 2| TIh
o feIT WTa WY el den ek fetau)
T

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

3l 81 3@ sifufwar & frefafad g gr
WS feran ST Hehdr 2
BF, + :NH, — BF,:NH,

Toide &% TS, S® — AICL, Co*, Mg?
oTfE TEH 3T 1 I eeR HI 8, Sk H,0,
NH,, OH ¥iilst Sl U el I8 < T Fehell
2, TEY % H WE FTER H <

ITEI 7.15
fretfrfad 1 o o qen AR ¥ S
HIWT IR ST foF 3 o =0=R i 39 &7
(%) HOO (@) F (1) H (%) BCL
&
(%) T TR APH TF JE9 &NF ¢,
d: T8 AR FH T HT Gohel T
(@) dfr TIANES AEH oEE aRE €, I:
Tg 91 Toee W | ¥ fRE TR a1 W
T Hehell B

() wfer W oEE ot B, ord: gl
P T TSNS T, S & o
TR T o Wbl 2

() T IRF TRFANES BCl, 59 3T T,
3T STHITAT ST 3THIT STUjsti o1 eTehi
R o A T R

7.11 3TN U &Nehl ahl STTEAA
it TEmEfTeh To Siferer Afafshame Sefta wesm
o et €1 3% wHgH o forg emifae w5t gl &
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STIER 3TFell TS &kl oh A ohi foe=r Iuamt
BT | WA 37 (HCIO,) BEgleiliieh 317 (HCI),
BRSBTS T (HBr) TESRTAIfSH T (HI), TRfeh
=1 (HNO,) T "o 3= (H,S0,) 3 3w
‘Y1’ e &, HFifeh I8 Selld wied W Wi Sl
H T quia: foifea gl Wersm o 99 &
T &1 TH HR HfuEn BEeieEe (LIOH), difead
TESEHES (NaOH), UM BEge™Es (KOH),
e gEgieEe (CsOH) Ud afFm grRgieEs
Ba (OH),, Seital /&g | S Al | @ qoid:
fo@ifsTd gl H,0 9o OH- 3T < ¢ smfva™
fHgId o STER, 3 Yol &Rk €, ifh 3 Hiemm o
wui: foaifd el suer: OH- 3TPF WM & &
fashoqd: T a1 &R 1 WA o7l TS &Nehl oh
TN fagid o SER Wa ST Wehdl €1 Sk
SR, ‘Yad 3T’ | dedd U 399 WeHRal’ T§
Yo ek ¥ qeqd ‘39 Sl gl

TEA I HA o -8R foris am W
IEEIdETS

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

A gk T T WY R

@e 7.102 H T <@ fo o (A &)
foae" 9= UF WM o o ud ydm fewm o
THIAROT H Jeord Ueh TIicieh STarE €1 376l 78 U9 Sl
2 for =fe @ ik ©, 1 o w9 & =iy R T
o e BN? 36 gifad el Yk el i |
22 31 9 & SW < & fow eq foasm g o
gfmfad g ol (A1 §Rehl) o e &1 gor &
Hof o foar 371 SWie afvia s fadism o= o
Sufeerd € 3wl HA T H,0" W fo=r | &4 I8
AT B T 0 W RIA-91 Yol SeHeE 21 WeH
W # gt Ot ygfa 3= @ eifuss B, 9% ‘e
3T’ ST Ud | goel 3R ohl 9 H TR
B S, A HA, H,0* ¥ 79 37 ¢, df HA Wei
TE HAM, H,0* Tl fooaa ¥ 4= ®9 9 A
H,O" TP 31| | gad o7 Ta &R i fen o
TR BT B, FiTh Wealel 37T Uelel &) <Rl WISl
4 B

Tk ITIHR, Joel 3T Sl H quid: STafd e
21 TRt e STed o B, STl Weet Tl oh
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G &R 3T goel Bl &1 Yool STt S TReeAlieh
3 HCIO,, SRS 3 HCl, BEgEts
317 HBr, BEgISTEITSs 37 HI, TEfH 37 HNO,,
TRk 3l H,SO, AME Wael arwedl o W
& ClO;, CI, Br-, I, NO; 3= @i, St H,0 ¥
ffursh oot &k 21 S8 YR 3Tcdd Jeel &I, 3T
qdot 3 M, TR Ueh gl o7, - HA 7]
Iufterd @ AEgH 37 (HNO,), BIEgIHRaiifish 37
(HF) Td Tffess e (CH,COOH) WdlehicHeh geiel
T Bl e A A e A @ T gee el
T N Td Jad eld 1 S0 ok fau, NH-
,» 0% T H- 3TH WMl 81 31a: H,0 ¥ 37ed el
aRe T fRAeedE, smenEde s onfe Wt |
foeia shTeifen ifiTeh geiet el sl ifd STaer wid
g1 39 e (HIn) 9o S &R (In) =1 <
Teri #)
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
T gIh I ST T AR
-k -9
T TRl T ST A §R STTATGA H Gerhl
% ®9 H H* T & @igd Feprerd o faw e
S 1

7111 A T I feiar wa s@aT
AR U

T WE 7.10.2 ® TE 3@ T g wwed (S8 S
310 fafdrse TJoif o6 HRUT 37 TE &R&F— AT i /e
TR H Fehd €| 3T HA 1 Sufearfa o =g g
TN YAl © T & 1 TE FaeR Hidl 8, Sdieh
§ B~ i SUfefd ¥ 9% W[ I 3T i 0@
SRR Il €1 G Wl H,0 1 Tk 370 W a1 2
TS STl 1 T HFER HIAl € 91 STet 1 T 7]
TH W TeU A & TH I THA &NF H WE
BN HYdl 8| FreAfeiaa wreeeen Tefd et e—
HZO(I) + HzO(l] = HSO*(aq] + OH7(aq)
8RR T[T ST
foarem feeri® #i 39 39 We WRRE wd 2
K=[H,0°] [OH ] / [H,0] (7.26)

STl 1 igdl ol e W B A B, Al gHeR!
Tz feer @t 71 [H,0] F o et wfmfad
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FH W T feRid KWW e 2, S @
IR U Fed 2|
K, = [H*][OH] (7.27)

298 K W YR ®4 H* 3T &I Higdl
1.0x 107 M % 7€ ® 3R 5Tt o fardier 9 s 1
3R OH P &1 H& aer Bl 2,

gEifd 3TEHl &l Higd, [OH-] = [H'] =
1.0 x 107 M

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

(7.28)

K, & 99 a9 ® fRk & 7, #ifE a8
e feetis 2l

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

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

9 YR, fouifsa wa sifoeifsa aifsa si@ o1
SAFHIA—

107 / (55.55) =1.8 x 100r ~2in 10™°

(3T YR 9 g&d: Sifadiftsd Siat o oTugsii
FT S T 21)

T, g 3R SIRA Weltd oo
H,O0* W& OH ! HWigdisdl o @dfeess /Ml gh
fasifea foren < wehar 2—

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

7.11.2 pH A
TRSIIY ST 1 HieRdl B Tigdl i Tsh T UTh g

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

TESNA AEA K GHAA (a,,) F FUTHS
10 3T TEOhTE 1 i pH ed €| HH Figdl
(<0.01M) W TESSH AFH &1 Tfhad, TEHS
®Y Y THHRT Howdl, S (HY) 51 YRR #1 S 7, o
T Bl | BN I 1 ARl &1 whig gohre
Tl B T, T 39 G0 g uReifia feRe S
ekl B—

e fagm

a,. =[H"]/ mol L
e FHEH pH TS TEgISH S Hisdl
o ey gt 8-
pH =-1log a,, =—1log {{H] / mol L'}
39 YR HCI & 3™ fae@ (102 M) & pH
HN HA =2 T T T WE NaOH & Th &4
forers, fS/e™ [OH] = 10 @1 [H,0°] = 10'° M 1
pH = 10 TRl Y[ a1 STEHH 5 H 298 K W
BIEEISH S 1 Tigdl 107M eidl 8, Safery geh
pH = —log (107) = 7 &I
I hig Seltd T el €, 9 SHe1 pH 7
¥ %1 @ K 9% &K T, 9 SUH pH 7 U Ak
BT
'Y U,
STt foera &t pH< 7
T o= #1 pH< 7
I fae=A &t pH=7
319 298K T AER FHIHII 7.28 T THi—
K_=[H,0" [OH] =10
GHhTul o Sl 3IR T TS L0 o W
—log K, = —log {[H,0*] [OH]}
= —log [H,0"] - log [OH]
=—-log 10'*
pK,= pH+pOH= 14 (7.29)
oM 3 A 9 a8 fR wmfe K s am
AMUHH o T qRafdd B &1 qenfa qosRE o e
pH & #M ¥ URad 3a 7 e § T 8H e
ITHT YT HT I
pK_ Setta T o fee aeweref afer g 8
g BIESISM aT BESIaae STl i @igal i Fafa
Tl §, Hfeh $TRT UGS R gl §1 ord: IE
e @ Toh pH WI9shH o0k eial @1 pH o HM
o W 3ohTE qiEdH 1 e © [HY] 1 Eiga § s
10 &1 9RedA| s& YR 9f% BESeE SEA |igdl
[H] ® 100 T[UT& o1 GRedd &, df pH o A ¥ 2
THTS 1 UREH ST 3Tal 39 T9e T Bht o 3/ g
g pH W 9Rede 1 el &9 T 3d 2|
Siferer T wEneA-HeEt eyEnt o oo &
pH &1 A9 STcafeeh eegdes €1 pH IR, S fafim
pH =Tt forerad & fom-fom w1 a1 €, 1 wewa 9o
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pH & SIS | %1 Tl T ST Hehdl 21 SATSTehed
IR gl pH R foed 81 0% & R fe-fm
ufeea - w1 3t & (f5 7.11) pH TR ER 1-
14 T o pH AM T 0.5 I JAfd dk A
fepa ST Weman 21

o 1 2 3 4 6 &6 7 & 9 10 11 12 13 14
il
N
¥ REEEER
e
ferg 7.11: T pH W 97 37 34areft pH R & 9)
gfzzar

<

Ied geqeddl o fau pH HieX &1 S9Am foman
ST €1 pH HeR Tk TH 45 7, S wliero-faera o
forga-fava W aaid pH &1 A9 0.001 Jeefan
T YAl & STSTehel SSIR § et o ser SehRare
pH HieX 39asd e U €| Fs qm= g w1 pH
ot 7.5 § & T @

IERAUT 7.16
T Y o T H BTSSR 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 uSref T pH 2.42 ® I8 A 2l

215

IS 7.17
1.0 x 10 "M HCI faet 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) St 9fefd HC1 ¥ 9T 2t & S/—

HCl (aq) + H,0 () = H,0" (ag)+CI (aq) 7=

(i) STeToh STERITT ¥ Wi eidt &1 F i <

H,O" 3™ W fq=m & sim—

[H,0'1=10" +x

K,=(10° +xx = 10"

3l x° + 10°x - 104 =0

[OH |=x=9.5x%10"°

37d: pOH = 7.02 T pH = 6.98

7.11.3 o A o AT Feerish

HEY, Seity et o s &9 9 A T geiel
37 HX W o= &Y frafafaa aefemon 5 o fodt
ot gteRtor g0 ifaifd HX Wd 3T@Fl He(aq) den
X-(aq) o A Tonfud Grereen & Y femen sn
Tehal 21
HX(aq) + H,0(1) = H,0O%(aq) + X"(aq)
YRR Figar (M)

c 0] 0]
M o ST 1 AGT B

igar ¥ qiadq (M)

-CO +Cco +Cco

WRUT 7.5 TS AR USTT st pH ok WA

gd o AW pH o9 o AH pH
NaOH 1 9qw foera ~15 EAiicakal 5.0
0.1 M NaOH farerd 13 AR H ™ ~4.2
A HT qET 10.5 g U a1t qen fawe ~3.0
foaeek @it Hr=ffern 10 - 2,0
31 1 WHE WF, THAI 5 7.8 - ~1.2
RISCERIER 7.4 IM HCI oo ~0
ECl 6.8 Hig HCl ~1.0
EIEER L 6.4
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e Figdl (M)
C-COl (¢{04 (¢{04
el ¢ = Sffaaifs 3w HX o1 GRiWeh Figd
Mo = HX o 3TEH 1 A6 B

T Hohdehl 1 SYAM HT o TH ST T
foarem W o fau arameen femis Joad a1
Hohd 21

K =c*?/ c(1-0) = co® / (1-a)

K_ o 377 HX %1 Taasm an omaee feemion
ed 81 T8 denfeqs &Y W 8 3 FehR Hiokdl & &Y
o wefi Y Wehd B

K, =[H'][X"]/ [HX] (7.30)
feret Ty oo WX K| &1 A oA HX
Vel ST AT €, rgid K, o1 Wi Taer siferen
TR, 37 3T € Siferk v gem K, famwtea
Tfyn &, Forad it witsiier et Higar st areR-3TawEn
1M &1
FS I gU Al oh STIAA-TEuis ARO 7.6 H
faw T ¥

BISGISH AP Wigal o Q. pH ATHH ga1 AT
g fo 38 pK_ & Ifaftaa o= T v afer o
faw ot wge foman = 2
'Y N,

pPK =-log (K) (7.31)

37 o I feeier K, e IR @isdl ¢
A BF W I TS T A Fdl qfl ST o6
AP BT AT W faer@d w1 pH 1 0 H9E 2

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

feertier & W=

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

e fagm

T ST 1 pH 3 U&1 ¥ fehrelt S Teheft
Fa
ug-1  foue @ 4d 3ufeerd wfefs i sRes AR
TR/ oF ®9 W T A S 2
ug-2  qeft Herferd sifufsransti o foa wgfera TR
forg S €, Se—wdfiefisr, St et Te &R <M o
®Y § ®F w2
qg-3 I=d Kol Afafsean s mefiss sifafsean
& w9 | fafeq ffan sman 7, wefew o= sifafwang
e Afafwra i
ug-4 wAfhs Afafean &t it wivis o =
A 1 GRON o &Y | el far S 2
() IR Fisa,
(@) 9 &1 AR SR TH W 3EAT &1 061 o o
w9 H Higa H gRawq
(1) A Higal
ug-5 & Afafear & fau amaeeen fems
THEOT | G Gigastl o WHl o o fau '
F 2
Ug-6 HEA AffhAT k1 TSt kT Higdl i 7M1
F 2
UE-7 pH I T0H
pH = -log [H,07]
Sy fafer 1 30 I ¥ qHART T 3

3STEXUT 7.18

HF 1 394 feo® 3.9%x10% 81 0.22M
forer § HF &1 T3 &1 |60 1 31 T
o 3uferq ¥ wfiefs (H,0', F~ 9 HF)
1 Higdl qA1 pH ki TUAT HifSTl

'
frfafad wei T sifafkan @ae &
(1) HF + H,0 = H,0"+F K ,=3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=10x10"
Fifh K, >> K, 987 aAfafsman
HF + H,0 = H, 0" + F
YRR Fisdr (M)
0.02 0 0 (0)
Higdl 9REd (M)
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HIHETIET
-0.020 +0.0200  +0.020.
e "wisd (M)
0.02 - 0.02 o 0.02a 0.020

T Stfferan o fow wm Aiganeti =1 gfaeenfua
HH W

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

&Y frefafaa fgema St g giar 28—
o +1.6%10%0-1.6%x107=0
oo aHishor i &6 % W o o I qE I
B B
o=+0.12 3R -0.12
o, T SRUTCHe W E9e &l 1 &7d: o= 0.12
e ® fF e WE, o= 0.12 @ al e
TS (SR—HF, F~ qe H,0") ! T igemd
79 TR B—
[H,0']=[F ]=ca=0.02%x0.12 =
2.4%10°M
[HF] = c(1 - ) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = - log[H'] = -log(2.4 x 10°) = 2.62

33Tl 7.19

0.1M Tehel &I 37eeA 1 pH 4.50 81 Hremeree
T H',A™ 991 HA ! Higdl i AN SHIFSW
Y Bl Tkl & 375 & K, 91 pK, o A
St o TUET FHIS

E)

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

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

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

denfeqs &9 4 ‘foaieH wiaeaar’ el goa
3T HY "M T TUAT T STANT HIOHH B
30 39 YR fea T B

217

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

0.08 M ERUFARY T (HOCI) o fae=d
pH @I UMl HINW| 37T 1 AT Rerish
2.5 x 10° 21 HOC1 &1 fqaism-vfaerma s
Al
&
HOCl(aq) + H,0 () = H,0"(aq) + ClO (aq)
YRS Higd (M)

0.08 0 0
grreEe & fog aieadd (V)

- X + X +xX

M Higdl (M)

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

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

7.11.4 GO R T T

&R MOH 1 313 fr=farfaa Tvierwor gr wefém
e ST TR T
MOH(aq) = M*(aq) + OH (aq)

3T ST IR Y TE 3ol &R (MOH)
YR 9 ¥ ¥9EE M* T RO OH- ¥ stafa
BT 81 &N 3TF oh Hrerereef-feeish ol &eh
3T ferieh et ST 81 39 B9 K, ¥ TR s
21 gt wiefis s e Higd ok ¥ fefied
TR0 SR YT T S @

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

foshedd: A€ c= &N 1 RS Figdl 3R
o= &N o I Hi A
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S G WW el @, qd 6 fenisw
frefafed w9 9 foman <1 " 28—

T 1 gL & o FA-TEelisw K, o °H
groft 7.7 § fau w €

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

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

i et o e €, T wh o eifus
TIESISH THTY] 3 Fel g wfagenfud g € sH—
foretdi=, HieH, foar= qean fepifes, @@t sga
I &N €| T 39 K, o T 9gd B 8 &
s St H fefafaa fafshan o weawasy OH-
SR I T -

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

TIESIST ST Higal g pH Thel a1 STANT ©
o 39 o= wieis v Ul o foe off e fohan
T ¥ TH THER

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

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

'A

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

TH pH ¥ TR 3T¥H KAl i UM HT
Tohd &1 BIEGISH ST Tigdl Td hieh 3R <l

o AAM® [UARA § TH SRSIRIA ST i
Higal w1 0T 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"

Hd BESSHaY 3TFH i Higdl 1 AH ot
BEg oI ST hi Hixdl o T BT ST JHT
SR 1 TGl 9gd FH T 37d: Ao &R
T Hisdl 0.004 M ol T Hehell &1 39 YR,
K,= [NH,NH,'|[OH ] / [NH,NH,)]
= (5.98 x 10°)* / 0.004 = 8.96 x 10
pK, = -logK, =-10g(8.96 X 10) = 6.04.
ISR 7.22
0.2M NH,Cl d# 0.1 M NH, & 301 § &1
oo s pH T TUAT HIfSTI NH,, foerad st
pK, = 4.75 ®|

k33!
NH, + H,0 =
NH, =T 3{F e

K, = antilog (-pK,) 311,
K, =10*"=177x10°M

+

NH, + OH"

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

0.10 0.20 0
[rETaEel W REdd (M)

—X +x +x
TrTEE T (M)

0.10-x 0.20 +x b:¢

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

=(0.20+x)(x) / (0.1-x)=1.77 x 10™

K, %1 99 %8 21 0.1M Td 0.2 M i go1
x 1 B9 IURTd T Hehd B
[OH]=x=0.88x 10"

ggfe [H]= 1.12 x 107°

pH =-log[H'] = 8.95

7.11.5 K, AT K, ¥ Ha"

T 1V W BH UE 9 ¢ [ K, A9 K, I 3T
R ek 1 wrHed 1 gwid &1 HgrH - e g
T 3 Th-gR W Welad ®9 9 Heifd g 21 A T
1 A TG 8, @ G H A FHA ST HRA 1 NH;
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AT ERIT

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

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

K =[H,0"][NH,] / [NH,"] = 5.6 X 10-°

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

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

F€: 2 H,0() = H,0*(aq) + OH(aq)

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

K NH; 1 3771 o ®9 § a1 K, NH, &1 &
o ¥4 H e <uiar 21 Ae sifufan o e <A A
a1 7e ® fop Siet 7 stfufan o @ feerie w1 W
K, @ K, o {0 & aeR el e
K, x K, ={[H,0l NH,] / [NH," |}  {[NH," |

[OH] / [NH,]}

=[H,0"][OH] =K,
= (5.6 X109 X (1.8 x 105) = 1.0 X 104 M

T TH AR R SR ST Tehdl §— &1 9t
et ATffeRamatt st Se W SeRt we & SrfufeRar
w1 grEraeen-fretes y@ew srffewar 9=
AreTeEeT-ferieh & UHEA & sk gl g

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

IS Tk 1 TH TG B, A1 T Rl A TR S
Tohdl B1 I€ &AM <1 =IfET foh qeot o1ret 1 Gl
&R el Ml et TR sh1 HYTHI &R Yelel eidl 2l

JehfeTh &9 § STEH HHHEW K= K, X K,
i e -foas wmmeen Afafshar 9 o 89
T Thd B

B(aq) + H,0() == BH’(aq) + OH (aq)

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

S v T wE fer wd L oW W w
Y g G e 7 SR o femie W wimfew
F N T 2 ST e HO(H] ¥ O
FH AT AN A W

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

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

K. XK, =K,

219

T M < A o1 ¢ T A S S epperes
foren S, qF ST ST qe &R °h Wl bl Sarud
fepan ST Wkl B

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

IETEAOT 7.23
0.05 M STHIAT foe@q it STEEA 7 9201 pH
T SIS STHIET o Ao &1 AF
afeeset 7.7 ® fn @ 21 emitn o wgrdt
3T 1 AT feeaiar ot Fd wiferu)

Kyl
S H NH, & & 39 YR <M 7
el 3
NH, + H,0 = NH,” + OH
(7.33) TEHIRTOT T YN L o BH BIES TR
ST 1 TiFAl i UM X Gehd! &
[OH]=ca=0.05a
K, =0.050"/ (1 -a)
o T HF FH T, 3d: THHWT § T 3R o &1
1 1 g ® o 1 T0T qH Hohd B
HAd:
K,=co® or o=\ (1.77 x 10° / 0.05)
=0.018.
[OH]=ca=0.05x0.018=9.4x 10 ‘M.

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

T 3T R T oh fol Ty 9ga hid W
K, x K, =K,

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

7.11.6 T5 T& ag et ot qun 5 a =g
I AR

sTfc 3T, eI 3T TS HIThHING T

3T F ol | Ufd 9] T § Ifyes sfa 8F

2020-21
Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

220

Al W Bid | W STl ol Sg-&TReh! 41 UifeTsiiesh
377 o T W S ST 81 Serene—fgameta st
H,X & fau st sifafsean frefatea st g
T St &

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

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

oI TG WreEEe] HHe frEfatEd 2
K, ={[HHX]} / [HX] (8.16)
g K, ={H[X>]} / [HX] (8.17)

K, W K, & 3 H,X &1 oM T fgda
ST feerieh e €1 38 TR H,PO, S Fremerra
A o foq dF SE-Teewis 1 deliies
7Tl o SMFH- iRl oF o TRoft 7.8 | 3ffehd B
WRU 7.8 298 K W S WM Ulciylieeh 30l o

E-feerien

A Ka, Ka, Ka,

e 3T
TEhIfeeh TR
HERRH T
e 3T
TSR 3T
RIHEEELS|
THIEhING 3T

6.4x10°
1.6 x 10
6.4 x10°
1.2 x 107
5.6x 107
1.7x10°
6.2 x 1078

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

4.0x 107
42x 1078

TH YehR 3@ S Gehal § T @g difess ot
=4 Fife o N (K, K,,) s &1 a9 =
Fife & SEA-fer® (K) ¥ %1 89 &1 T R0
7g ¢ for oo foga-acil o RO HomcHe 3@F 9
YT Wiei Fsehiied e qehel 21 39 S
H,CO, Tl AE&f[ HCO; | Href fehrad | <@ s
TehdT ¢l T TR fgemef HPO? UM § H,PO;
1 G § W 1 FTehEe wied g 2

g Wiew ot faerem o el &1 fsor g 2
H,A ¥ fggifes e o fa, H A, HA- 3iR A2 &
fagor g 21 mufoew sfufean & HA &1 fodem
qe H,0* Wfmfera g 8, St s o yerm =xo 9
T I

e fagm

7.11.7 FA-HHS hl AT FAATA HReh

ST qUT &Rehl i AETHS Aqed &1 fag=T &
qeaTq B9 fohelt U gU 317 &l pH H1H i TOMT &2
Tohd €| W e e Sot 2t € o pw et 1
I ol § Yool i eid 87 3= Afesh Yo ST
FR FI &2 TUHT I Teh Sifeet q27 21 aAfeh ge
®9 W B € e Hehd ¢ Toh Ueh 70 &1 e i
T H- A 99 & 9Wed T8 gauar | R
Exoil g

I ST H - A &% 1 T sedl €, 1ty
a4 o faaet § oreavas e ged ®, @ HA W
ITrA-gmed wgal 21 S YR e HA e fereh
gl g ®, eiefq H den A WS % me
IR0l 1 FR d&al 7 AR AAY YFRI
gfterd e €, i eay w1 ferier e 8 S €, S
et | gfig L €l

W T8 &AH 3 A o 98 ® fm o av A
3Tad 9RO o 3HT §HE o aw 8l, @ 94 & Y&
Yhfd I ol H H - A &Y aHed sl o
frefeor & yq@ wR g €1 o H = # e 9W
RS- A T AR aGdl 7, -l H-A 3Te
gmed wedl © a3l |Hed sedl Bl Seretoned—

HHR ¥ g
HF << HCI << HBr << HI

s wed H gfg
T YR H,S, H,0 ¥ Jaam 37 ¢
e e
1 e e € Al H- A STl it georan eet-gmed
1 fifid #0 & Aoyl wRE 71 S g1 S-S
A Y fagRom sgdt ©, - o w1 gmed st
Tl &1 IS —
A &t fageRa ¥ gfs
CH, < NH, < H,0 < HF
s 9ol H gfg
7.11.8 Al Ud &Nkl o M ® O°
3T YHTT

33N, UHifeeh 37 o1 3Rl o, fordent foae 39
e gR1 WEid fohan ST Fehal 2—

Y

-

»
>
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RESIERS|f

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

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

Tdifess ome o faoem o THiRe oA &
e W BEgISH APl 1 Figdl Hedl ¢ 36 qhR
I e |d 9 1 e fieny S, @ grereren
sferifo Ueifes et o1 o fereenfud & St 2,
teiq =9 foon # owRR B 7, food grEeer
Higdl [HY] St €1 TE TS WH I YA
3T 21 ot v ueref o fem @ S forsres @
¥ ud o Sufterd emafie wiefi 1 SR Sy
FIEHY e 1 faeerfud il ®, 98 9w
T HTE’ el 2l

31d: B9 HE Hohd ¢ Toh TH ST Y9G SAl-Sdferd
fagia W emenfia 8, 79 &0 @ 7.8 § 9 g% €l

0.05 M THeZ ¥ &l 0.05 M UHifesw o1
o el W pH 1 T 9 39 YehR Y Fehd &—

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

RIS FEar (M)
0.05 0 0.05
g x THifewr A U A=A ki °E0 B,
Tigar | gRedq (M)
—X +xX +X
g gigdl (M)
0.05-x b:¢ 0.05+x
TH UHR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-x)
et o7 o felg 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(0.05) / (0.05) =x=[H']=1.8 X 10°°M
pH =—-1og(1.8 X 10%) = 4.74

AR 7.24
0.10 M 3THIT=T foe@ st pH T 0T hifsu)
39 f9e@= o 50 mL &l 0.10 M & HCl o
25.0 mL ¥ A9fsha F@M T pH HT TOMET
iU steifTan 1 forrem feedis K, = 1.77 x
107° |

221

&'A

NH, + H,0 — NH, + OH

K, = [NH,'[OH] / [NH,] = 1.77 x 10
EECIRIERUIIC G|

[NH,"] = [OH] =x

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

gafery [H'] = K, / [OH] = 107" /
10'*/(1.33 x 10°%) =7.51 x 102
pH =-log(7.5 x 10%) = 11.12

25 mL 0.1M HCI faera (31eiq 2.5 fheft da
HCI) ! 50 mL 0.1 M 3T foere (37eiq
5mL Hd NH,) H faad W 2.5 fielt dia
A 310] IR & WA €1 99 75 mL
foeed o STREERd 2.5 el NH, 319
qen 2.5 foeliHel NH, @© S 2

NH, + HCI — NH;+ CI

5

2.5 R 5 0 0]
HTHITETET 91X
0] 0 2.5 2.5

RO 75 mL faere | 2.5 faeimiel NH,
3 (0.033 M) a2 2.5 el

NH, 319 (0.033 M) & W &| Treqreeen § 78
NH, 39 YR T&dl 28—

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

Sy = [OH] = [NH,"]

RO 75 mL faerad, SR & 9eEn
2.5 fiefiiiel NH, 3T (0.033 M) § JoK il
1 31: NH; &1 el Tisdl 36 TR & St 8-
[NH,'] = 0.033 +y

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

&0 W ® T

K, =[NH,'I[OH] / [NH,OH]
=y(0.033)/(0.033)=1.77 X 10° M
3:y=1.77 x 10° = [OH |
[H7=10"/1.77%x10°=0.56 x 10
pH=9.24
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7.11.9 TIEUN ST WA-TTIS UG gk Taetam
<hl pH

TRl A &R o TfY=ra 1ama o eifwfsran g/ s
T AU 1 STt | ST BIell 1 3T gRI s &1,
A Seltd faeEd § Serited B 2 A S 9§
Sifufehan ¥k Ut Yepfd o STTER 7% A1 &R 1
SIS hd &1 STel 9T P S127e SEOe 1 SHI
Y e el ST feHa i Siel-2TqseA | Fed &1 39
=0 TR & pH w1ferd it ©1 vt &Tieht g1 fRu
MY APA (3TN — Na*, K, Ca2*, Ba2* 37f]) den
Yol STl g ST T KA (I[@Im— Cl Brr,
NO;, CIO; 3% et STa-Aferd i €, STet-Tqefed
TET B T | ST Yool 7wl a2 Yeel & © & e eoli
o =iel SIEH B €1 A SR pH 7 2t 21 Fafy
3= YR o el o1 STl ST Bl

o/ g9 fefafad e o Sa-3TTeed W

foe 5 €

() TS Tl UF Yol &I oh a0, IIEL0Mmed—
CH,COONa

(i) el ST o Jecl &Reh] oh oidvl, IR —
NH,CI, qe

(iii) JoCT ST TS o1 &TRehl oh v, IR0 —
CH,COONH,

YH 3@ H CH,COONa, a1 3+
CH,COOH Tl Yol &R NaOH &1 @@ &, Sl
Sfeft foreram o gulqen emafa g St )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

T YRR o1 THRS P S o WY 5 d
STqEfed gl UHifesh 3T e OH- I ot fmfoy
F B

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

THifes ot Tk et o ® (K, = 1.8 X 1079),
St foreram | ermEfd € @l Bl 3o R0 faera o
OH" 317l &1 Figal ® gfg & <t 2, S fae=m =
AT oA B1 39 YR o foerad 1 pH 7 9 S
B 21

T YR a9 &Rk NH,OH @ Jaa o7
HC1 § 91 NH,Cl 5@t | qufcan smafa &t s 2

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

e fagm

SATEH A 1 S =T 89 ¥ NH,OH
3R H* 1 & €l
NH} (aq) + H,O(1) = NH,OH (aq)+ H* (aq)
AT BEGES (K, = 1.77 X 10°) Th
qdel @R 2| FE faerdd | SRt @l 81 56
IR foerad § HY ST |igal 9g Sl @ SR
foea™ =1 s/l o It €1 e1a: NH,Cl & 5 §
foera= &1 pH 7 ¥ %9 gl
Tec A ql gl &Reh R ST T A0l
CH,COONH, o Tel-3T99e &l 38| 39 51 &Y
T Al T AT 9 YRR Bl T
CH,COO + NH; + H,0 < CH,COOH +
NH,OH
CH,COOH @l NH,OH ¥ ®9 ¥ 39
ThN SFAIHd @ B
CH,COOH = CH,COO" + H"
NH,OH = NH,” + OH-
HO = H'+ OH
faea | o fopu fomr wer s gk ®
STe-3T9EEA 1 A foaera 1 digdl 9§ s gl 2l
31q: fore™@ =1 pH 2—
pH =7+ (pK - pK) (7.38)
foe@ =1 pH 7 ¥ AR B, AR STaTcreh
Bl e pH 7 ¥ ¥ B, A% @ FOMHS Bl—

3QMEXUT 7.25

UHifesh 3T 1 pK, T STHIIH TESES
F1 pK, FHE: 476 AR 4.75 T STHIEH
THee faer@™ &1 pH &1 TUMT Shifaq)

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

7.12 SRI-Tae™aq

IR Iufted g W (ITEONA—TK AT ) F
f4feea pH B €1 376k pH o geN IRed IR o
3% 9 FH T FE (Malfunctioning) T {3 %I
#% THEte T Sfae efdfmaet ¥ st pH W
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AT ERIT

=T Sgd Hewyul B €1 w2 ST u g
TEquTf (Consmetic Formulation) =i fordt faeim
pH W @1 Sl € e YRR | gl @ < 81 i
faeram, foeht pH @ &3 19T 30T a1 &Rk
Tt A W AT e oF @1e ot stuRafda e
2, ‘aw-Taeeq’ wEeld &1 9 pH & faeeH o
ST I pK, T & % pK ok fafcd #HT den
Il 3R oeul o ST A TRl qel &I o
FUE & e g s € tfafek e qen
Hifeaw wfgee &1 AU @ pH, 4.75 HT THL
faoraa a1 € den srEifEn aoikiEe wd S
TESIFIZE 1 990 pH, 9.25 =l ©1 9% fererrmt
o a1 | S=a s | g 3R et 9e

7.12.1. 9% TIe&= ST
pK,, pK,3iR Trfeerie &1 99 &5 ¥ pH &1
h r°|('1¢|"| EEIE! "-ll Holddl on{dl %l SIEY i@

o &9 I8 Y FT THd B

ITAT-THT T

3TA pH 1 %R 99 o oL &0 goa o
SR TH% g WAE &R & WY a0 SH e
AFU 1 SUANT Hd &1 BH pH, oA A &
qre feoish K #iR gefel oret 3R geh Wi
& 1 Figdlell oh T9d H TRy wfd w
Al FEfeRToT Tnfid hd €1 Uk qmEe feerfa o
el el 9TFA HA Sl § STaisha el €,

HA+H,0 = HO +A

oo foru wn frefofed e foa ged 8-

[H,O"][A"]

K. = TTHA]

ST s i JieAareed ®e T

_ HA]

=~ KA

T TR T T T o 918 TaI ! AeAafeerd
FH W EH U el -

[H,0"]

223

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

ST (7.40) TEUT-gHTad GHIHT0T heetrdl
%|%,a’gﬁqaw (RUE) 3R fagor o
IUfEerd eTret T FIEAIST 1 STUE &1 3T goiet
B o HRUT 9gd HH ST Bl § SR Fisdl
[HA], 9% §9M @1 fa@ T 7wl &t digar o
oRmEE @ e Sk ¥ g @, sifusmat waf
N, [A], 3 o 0 o SAFHIhd 8H § W
Bl 1 SEY TIfEd eeh Shi Wigdl ool ohi
s § hael ovEE = gRTT Safere FHieRIor

o o

(7.40) Frfafad veR 9 ®9@id 21 S 2-

[FerT]
[

g TR (7.39) H, [A-] ST Hixdl [HA] i
Tigd o SE B A pH = pK, B, (e log] T
M I B 1 TEiT A gH o SR e
(Fgf9q &Reh) 1 AeR Fixdl SR o a T
%1 pH 31 o pK_ o a0 BT 37d: 3T9fard pH
1 T T o U g0 T ST &1 =TT R
& ftget pK e1iferd pH o SRR 2l 21 WHifeeh
T KT pK, UM 4.76 Bl §, AT Uik
3T iR wifeaq teiee &1 SR AT H ol
ST T IH T pH ST 4.76 B

gecl &N 3R 3Heh WfHd o @ &
IE 1 T B favemn fafatea aftem g,

[Gafad e, BH ']

[&r=, B]

pH =pK, +log

pOH = pK, + log

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

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

W@ W THe FEfaiad 960 9 gl 2o

[wgfima e, BH
K_—pH=pK_ —pK +lo
P&, —pHo=DpAK,, —PK, g (5, B]
aFere
Hfi +
pH =pK, +log [ s, BH ] (7.42)
[emeR, B]

A a3 3 WYfma ove (WAEE) Y
ISl 9UeR 8 a 9w fae™e @1 pH &R o
pK, oF SEX BN STHIMAT 1 pK, A 9.25 Bl
§, 37: 9.25 pH 1 a% T TN Higal ard
et faere iR emitem Fonee faeeq 9
TR S Hehdl 81 STHIEH FANES SR ST
TESFEARE ¥ a1 W faeq o fau g
(7.42) 1 WEY AN~

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

TR e o pH W IR0 1 STER Tl
ISl Hifch U °h S STH ol U]
Tfafdd T 7

7.13  UfIAT AU okt faeiaar
HIETTE=AT

Y 9@ € T oo ® ettt Sl 1 factmar o
ogd 3R a1 21 390 § o dl gad et faea
(3% hfewom FaREe) € fo 3 yofa § sdanmet
Bid € au1 argHed | So-ard wifad e od €l
FO I (S8 fuTd wqsiuEe) w1 et
zal % B fom 3¢ g W | erfaeta’ wed B
foretaar ¢ ol W fredt s 2, o 9 g v,
AN I STeTh ST (Lattice Enthalpy) a2 faeraa

e fagm

o el w1 faemas woedt ¥ WH @@ o
foamees # oied o fau & o U9 gad
STHYT g (et Tedt) | STH-Taemaes 3=
foman atfues g1 =few) emaat &1 faemas Teed
] faameT & ®9 § feid &) 8, it 999
FUTcHs Bl 21 374 faemasta ufewan § ot qa
Bl B faetentad St 61 wnn foemas ®1 gehid
R faft et 21 ey (weEAsw) faams o
e T Teedt &1 | HH Bidl ©, S o@r &
SINEREEIREIRC ] (Overcome) HE | 9e9 el
2| TR Tau sy fae s § Te et 2
Ifg ST T Tk IE 20 ° S § g gehar
2, A sHH! faarasiad Tdedl oqu &1 STl
Tt 9 erfuer BT AEU| Yedsh e H1 Uk
sAfyernemia facada i €, st a9 w) fdt S
21 Ui ofdul 1 19t fafyme faetaan gidl 81 =@
R ek w2179 3T qE i AR faead
& SHR T AT o H fasia s 2

il | faem foc=da > 0.1 M
0| S & faom 0.01 < faer™a <0.1 M
it 11| 3Ty faerm faetTd <0.01 M

39 TH o foo oEfie dEm qu 9ok
Hqw et faeed o 9 g | fa=ar &

7.13.1 faerEar oFwe e/

Sefta faee & dueh o 7, W faeaR 1 srefed 3|
oI Sk g faerae oh ST oh Hed Wraeel i
frafafea aiw g7 w=féa faar s 8-
BaSO,(s) —>9 . BaZ'(aqg) + SO,*(aq).

e fremis frefafad e g wei¥a
fepan S 2

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

35 39 g w1 igar feer et 2
Ad: KSp = K[BaSO,] = [Ba*][SO}] (7.43)

K, 1 ‘oo qoetwe-feemis’ a1 ‘ foerad
W’qv_c'{ ' Ed ¢ | ST T H K 1 AT

T 298 K T 1.1x 1010 31 e ¢ 7w &
IW AEH Hekhe, S T HgwW faeem & @y
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el | 7, o fou Jfad qun Gothe STEal &

225

ARl 7.9 298K W & WM AR AUN oh

Higarstl 1 [UHAE $Heh foretadi-Torhe feeriess farcraar-Ture feois K, o A
o o Bl 81 39 <A1 ST 1 WK o Tethe T - =
I AreR-foeaar o sUeR grf| A #er faer foeeR simrEe AgBr 5.0 x 1013
'S ' ar TR @i Ag2CO3 8.1 x 10-12
’ R v AgsCrOq4 1.1 x 10-12
1.1 X101 =(S)(S)=S> A S=1.05x% 10° g?g AgCl 1.8 x 10-10
Al 8.3 x 1017
TH YR SR Wethe whi HieR-foetrd Q@ﬁﬁa;m% AgSOs 1.4 x 105
1.05 x 10 mol L' 81| m %Tﬂrrs@ AllOF)s 1310
4 2 X -
1907 TS & Horesy _ SICH Sfm Fethe BaF. 1.0 x 10-6
Ehﬂ_si i fom-fom éﬁ?\q’qumaﬁz BaSi)z; 1.1 x 10-10
ol & A W AU HOMEA A1 A % Fehdl € S WA CaCos 2.8 x 109
ST 3 o e, T P Wb (), | L Calottn | S5 104
’ 3 al 2 X h
(PO,*), TSV @I W foaR &, St IR ¥AmERE Sl Tl gagéo“ g? ! }82
’ el TSRS aS04 .1 x 10-
T fSeifam STAl Ud 9 207 2TavTeTe 4 WIehe el HehEe Cd(OH)2 2.5 x 1014
. : cds 8.0 x 1027
SEUEAl | TS s 21 afg fSehifa wehe & Eopt mm Cr(OH)s 6.3 x 1031
i CuB 5.3 x 109
Hier-foeta 'S' &, 9 39 ATk o T FiEe CuC0s 1.4 x 1010
S REIG] 3TAR GESESIES] CuCl 1.7 x 10-6
- . RS Cu(OH)s 2.2 x 10-20
[Zr*] = 3S T [PO,*] = 4S &M T cul 1.1 x 1012
T FHIEME CuS 6.3 x 10-36
ad: K, = (35)° (45)* = 6912 (S)° Y EESRIEE FeCOs 3.2 x 10-11
aqM S={K_/[Bx4Y}7"=(K_/6912)"7 Q TEGIFIES gezgggz 213.8 x }8—16
sp Sp HehIZS el 3 .0 x -38
oot 997, TSR 9H Pt 4= TRRE SIS FeS 6.3 x 10-18
i 3 ’ My Xy TR FANES Hg»Bro 5.6 x 1023
B, S 9 Hqw o= oF @i wraEen ¥ woaen W@mﬁg He:Cl ek
golo .5 x 10-
forgent Arer-faetaa 's' &, &1 fF=Afafaa s TewTEe Hg»SO4 7.4 % 107
o TR ST gehar e— YifyEm HEme HgS 4.0 x 10-53
MX(s) = xMr(aq) + yX* (aq FUL o | G
Tx X P =vXq S FEe MgC:0 7.0 x 107
(FeTx X pT =y xq) T TEFES MnCQOs4 1.8 x 10-11
q 91 facaa-Tomwe feris ffafea e TerEe MnS 2.5 x 10-13
5 a0 RAEY % [EEIE IS Ni(OH)2 2.0 x 10-15
S - TChIZS NiS 4.7 x 10-5
= [MPE[XE P = (xS)*(yS)Y (7.44) WS RS PbBr2 4.0 x 10-5
. e Frae PbCO3 7.4 x 1014
=x*.yv. Sk Sé LS PbCly 1.6 x 10
x+y) = x ENEINES PbF2 7.7 x 10-8
SE KSP /Xy SEREEIERIEES Pb(OH)2 1.2 x 10-15
T S=(K_ /x*.y)!/x*y (7.45) e TErRS Pbl; 7.1 x 109
> e Hethe PbSO. 1.6 x 108
THRIOT | N9 Teh A7 SAfeeh THeist bl T e TEHES PbS 8.0 x 1028
ST TS HiEd T e §, @ K w QW Qm Sn(OHp [ 1.4 x 108
TS SnS 1.0 x 1025
S TR S R (3@ TR 7-6-2)1 TR § fF Wmmm S:C0s L=
T. O X N
AT R K = Q9 &, fohg o aftfeft R‘Tﬁ?‘l’*ﬂﬁ;ﬂ;ﬁﬁ SrS0: 3.2 x 107
Te LT A (R (Dissolution) WfwaneT &1 e TR TIBr 3.4 x 106
x 10-4
T 1 1 WO 7-0 208 K W WA @i | 0 e o AR
o faeiaa-Turwe fremist o W fRe Ty € o e ZnCO; 1.4 x 10-11
IREIRIESIEIES] Zn(OH)2 1.0 x 10-15
N TewEe Zn$S 1.6 x 1024
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7.13.2 3Tk AGUN eh TH=AT U @9 =9
PoICH

- IAfers fagTd o STIHR, J8 319 &1 < © f afg
et a0 foretam o fordt T 1A it |igd e W
ST 39 TAORIT STl oF ST oF |l |AT M qel
oo 9 o @av a9 I STFeIfid B, 59 7o T 9
T K, =Q,, T8 S A fordl st <kt Fisar s
qifeh R K, =Q,, B ST T forerd e ok fer +ft @
2, fererer 55h foF STl 1 3 Wisa o o1 Q| =eTh
H el oh T W H Fishad (activities) T AN
F €1 39 YR Tifea FARIEe o Gqw e 5 HCI
o TIAIST 9 W SFeTisS ST i Tigdl (Gfshad) 96
S o SHROT TIFETH FANES 1 S0 Bl Sl 81 39
fafu @y Gifeam Feikes ogd €1 IS B 1 36 TR
&1 Hifeam stera Hrfeem Hothe SiE sTyfgal Wt
A €| IRIH fargeivor o et 311 shl argd o faetma
At 3Tk 31eq faerd e & &9 § quieder seeifd
T H o T8 S q9TE 1 T R S €1 56 e
TH qRIH faveioor o faear 31eM &1 staemu faeer
FANZS o €U H, TReh 375 T AL Bk TESFARE
o T H G STaE90] S ST 1 JfE™ Hethe o &9
o Y Tehd B

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

2, *ifh %9 pH W MU &1 Wgdl 6

WAL o RO Al €, S A0 i faetaa

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

Tl W HEA BA g, FA K, = [M'] X,

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

X1/ HX] =K, /[H']
T R T FhH TR | SgT W gH W

e fagm

TH: FhH o T EH WK B [X] / {[X] +
[HX]) = f=K_/ (K, + [H*])| 7€ 3@ ST Tl
o pH o =24 W f ot 521 21 A &t T pH
R @9 &1 foeEa s &,

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

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

ISR 7.26

I8 AMd BT foh el off TR o oA S °
sifafshan 81 3d, Y 5a J A, X, 1 foretar
1 TOET KU A,X, 1 foead oEwe K
=1.1x107° @l

&

AX, — 2A° + 3X°

K, = A" X =1.1%x10%

IR S = AX,, 1 foera, a

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

W ¥R K, = (29)°(35)° = 108S°
=1.1x10"

s@: S°=1x10"°

S=1.0% 10" mol/L.

I 7.27

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

'

AgCN = Ag' + CN~

K, = [AgICN]=6x10""

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

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

I [Ag']1 =S, M[CN] =S,

IfE [Ni®] = S,, a1 [OH] = 2S,
s’=6x10"",s,=78%x10"
(S,)2S,)°=2x107"°S,=0.58 x 10
AgCN ¥ Ni(OH), ! facrar s 2
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IIMEITT 7.28 et forex a1 2, élﬁm OF 1 et Wizl OH
0.10 M NaOH H Ni (OH), ! HleR faerrr &1 (0.10 +28) mol L™ &l Fifeh foerer  weet #

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

2.0x107"° 21 :

= =i K,, 1 W1 F9 81 25 << 0.10 37: (0.10 +
2S) = 0.10

H fF Ni (OH), %! faer=d S mol L™ & faeta aﬂ)ﬁ e ,

gH § Ni** o (S) HIdd T OH e 2Smol L Sy i)

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

RI9T

% 59 @ Fehoaret st w1 4 o7 @ 59 § dieddre STupel 1 Ge o ae 8, dl O Lt
Bl W1 | FE el Feptd w1 eial ¢ Wreeree Hifde T THEten, <l WehHi R T 81 Hehdl
TH STEE W 3 S U Al i U HHH Bl 81 STl shi WKl i SATWehReh! 1 Higdl ¥ 9T <
W B Y TS ] WHHHIHOHA e o W o ®9 ¥ W feedieh K, 1 A9 I ¢

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

o a9 R e feeris %1 UM e @ @1 39 ot | gt Toe Tur S 9igdl, <9 g
feem T €1 Tt arfafsran & forg wrmeen feomier ®1 K § o e €1 39 S e s o
gl o T W &1 A <6 foed 21 ifafsan w1 fen &1 orue sifafshan smeet @ 9 o i
%, S WrETEEe WK, o SRR Bl 81 Tl- Yo fagid’, ok STER A1, <, Wigdr S heh! § 9 R
TF ¥ qREd o HRoT |reraen e fewn § fawenfud Bt 2, S URedd % UWE H HH A1 T H G
THHT SYAN T HRehl SIH 19, W, <o, Sk 3R Al 6 o Tt 1 fGe W 999 o 77
T fopa ST € qef ScUTE 1 W 1 5101 39 FReh! i a0 sieh fohan ST Fehal 21 sifuferan fasm
o WEEE FeH &l I UeIfad &l o, forg eifufsan =t fa &t ¢ f1=1 Seii-vy # sifvenas
U SR g1 et SR @ SRR W a5t 9 ¢l

3 gl wed, St Sl faerea o ford 1 =eH S €, oy oraeed’ see €1 ot &N qel
o1 * fergge 3TTerea’ €1 A et forerad W foeiei 91 SIE g1 UFIEA Ud SROTEA o Sedlsd o ShROT fagd
1 =eH H T ol g eraeed quid: fomifsa e s &)1 3ot faga erased o emafid ue et
UL o HEA G el 81 SIRTIE o SER, Sl faete § e, gEgier ST a9 &N, BIggieTel
TF <A 1 FE G 3l 3 B TEY AR SIS - 3 ST ki WSl % Y TS &N Feuel
o w9 IR foman e Tk RS- 3T Ush ke 9 SAfafehar il ], q9 I8 el §d Hgt
&Rk To Tohal T dTel &7 o G Tt 37ret ki ST €1 39 YehR GTHT o7~ &R § Shelcl Teh G2
1 IR I T A, gH J A I WA T W el IR T &N hl oae A o B9
o wiemifea foram| s 1 aRa o STIER, Taa o7 o fodie o fau femish (K) o 3@ &R &
forars oh e feerien (K) o =St 1 foskfaa feran o STAA &t wen Ud 39kt Wisdl W s qen
A 3 1 e fohan T @1 eEgee ST Wt igal (Wiwad) o T pH HIYEH (pH = -log[H'])
TEA R T 1 e S T T & o feRafia R (pOH = - log[OH)) ; pK, = —loglK | ; pK, =
—loglK, w1 pK_, = -log[K | STX) 71 | Sct oh T 1 7797 hid T B0 @4 § foh FHeheor pH +
pOH = pK_ T Hq= Bl T Tl 370 T qoiet &R, Jocl 37Fet U Ul &R 1R qaiel o7l T 3ol
& o N Rl STl faea § Siel-2Tue il 1 IR foerae 1 qReo de SUsh Hew & Gfee Jui
e e 21 s1e e e 3 forcrran waieht @i 1 vl wd faeer o feeris (k) 1 At w
T THH Hey Tl w1 ferera Tt fopan | faere | @ & Sraeun A 35 Sl § foerar i v
i1 Fuitor fohan T 1 ww S U oty foeid wan i faori & Hew w1 oft fade 5 T 21
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e fagm

et & fore 59 e & i i e

(%) foeneft fafiys o wal wa Afssal o Wi, 95 99, IRR 9«10 3ol 6 Iqasd S oF T
%1 pH T1d %3 o fAw pH TR 1 ST HT Tohd 2l

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

(1) ° Hifeqn wHike e wHifew 3 1 s W 5w a6t faerdd o ¥ehd € U pH W
1 STAN HT SAHT pH A HT Tohd 2l

() 3% fafis pH & oot ® fafus a1 dferd w6 o forg goe KU <1 9s6d 2

(T) GuH! o1 SYAN L D A &R AT HT Feohd 2l

(¥) 9 27eq foeid @eu w1 faeiaa W EH A Y96 Hl 39 Thd 2l

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

7.1

7.2

7.3

7.4

7.5

A

T g9 & Hioeg ue § fifved a9 W gges arsy & WY 9§ W@ S 8 e 6
A ST @l fean S

(%) TTU-TE IREE 1 GRS TR F21 5?2
(@) URY H o9 o e i ST Rl aeerdl ©2
(71) T, 59 TR 9 g Sifod ® 9 Tefud g ST a9 sifw ST S@ 3 g2

fet W o5 forw K 30 @i, afe o W g e # @i € (SO, ]= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

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

T = d9 td Fd @ 105 Pa W AEEN asq H SEANER 40% AEEH
T T €

L = 2I(g)

e & faw K, 1 O i)

frerfefed & 9 voim afufwan & forg o femi® K, @1 =i fafae-

()  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,

K % WM 9 fefafad 9 9 gois 9 o fag K 1 3 9 wise-

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

g feerieh o1 =S forad e 99=ET o Us 5ai U9 3l o1 Sufard o fehan s
Tkl 87

N, O, & " frfafaa sifafwan sid 8-

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

I T 10L % 919 § 0.482 Hi@ N, T 0.933 "t O, 7@ ¢ qen T ar, foram
N,O & &2 St &t fHo7 1 Hered 3 hifog K= 2.0 x 10771

frefafaa stfufsan o sgar Efer sAfwEe Br, ¥ sifufsa w3 TEdfaa amss
CEICI

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 #ifow
|1 250,(9) + O,(9) = 2S0, (g) F fAT 450K W K = 2.0 x 10'° bar #1 38 a4
WK 1 A S ity

HI(g) 1 T T 0.2 atm T T T Feleeh H T@l Sl €1 |0 W HI(g) 1 37iferh
T 0.04 atm B el 3T T 9= % fAw K, &1 79 @ gm?

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

500K @M W s 20L 95 | N, o 1.57 Hiet, H, % 1.92 Hiel W6 NH, = 8.13 Hiet
=1 g femn s 21 Hfafsen N, (g) + 3H, (g) = 2NH, (g) & faq K &1 °M
1.7 x 102 81 @ stffspan-fagon o 22 af 78, @ v sifaferan =1 faen = 22

T T At % fag

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

H,O &1 T Hid U6 CO &1 T Hid 725 K ad W 10L % 79 | faw v 21 5
W 40% Sl (9IS ) CO o @1l FAfeiaa THiehtor o SgaR stfufman s 8-

H,0 () + CO (g) = H, (g) + CO, (9)
aAfferan o fore wm feeies &1 7o wifsy
700K @ R sifafswan H, () + 1, (9) = 2HI (g) % fore = feeriss 54.8 13k

B9 Y& ¥ HI(g) fo=n 81, 700K A9 | €1fad &1, de | W 0.5 mol L HI(g)
Safterd =, @ 9 W H,(g) T L,(g) T Wigand = si?

ICI, fSeh! Tizan get % 0.78 M €, 1 afE | T 37 fen S, ot yeoeh bt &
T HiganE = B?

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

I i T e § 899 K W K, %1 9 0.04 atm 81 C,H, &1 HF T Hisgdl &

c
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i A 4.0 atm @ W C,H, %I T Tk H W T 8 T A |

ST &2

CH, (g = CH, (g +H, (g

et T UHifesR et T erfufenan @ e T SR ST @ U 9 i 39 YR

T S Hehel B

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

@) =9 efuafsren o foau wiza st (sfafwa-amrea) Q, fafan (feoof : =@t
W A e ¥ e 7 e faemae off T @)

(i) @ 293K ™ 1.00 A TEifesh 37 TH 0. 18 Al AT IR H ford St
e g fagor 9 0,171 dict Tt Tee €1 | feeris 1 o Sif)

(iii) 0.5 A/ TIATA TE 1.0 7 THifesh 377 ¥ YRY i3d g 293K 9 W FD
I 9¥Er UIA TEee & 0.214 Wid 9 T @ = | w©fud 8 T

437K 9 W feid & PCL, 1 Teh T T Felresh H feran 21 | Teifid g ®

PCL %1 FEa1 0.5 X 10 mol L' WE 7, af K_ &1 71 8.3 x 10°%, @ 95 W

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

PCL (@) = PCI,(g) + Cl,(g)

e oI ¥ widl a1 gud S AfiiRan et €, 9% S (11) SATIEe 1 Hie

HHIFEE o G ST € T 369 wifes @it CO, fae 2

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

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

T T

Peo= 1.4 atm T p.,, = 0.80 atm
#fufsran N, (¢) + 8H, (g) = 2NH, () & fau (500 K W) ¥ feeris K. =
0.061 2| T fagis g9g X fagor &1 92T 39 YR 2—

3.0 mol L' N,, 2.0 mol L' H, W& 0.5 mol L' NH, 1 sifafsran @ o 22 afk
&, @ W Tfud s o o stfafeen fee faem o s Bhf?

S HFERTES Brel faufed 2o e U8 el a1 § aen 9re Lefd g 8
2BrCl (g) = Br, (g) + Cl, (g)

7Tk fIT 500K W K = 32 ¥1 3k TRY  BrCl &1 9izal 3.3 X 10° mol L&,
= W Agor o gt digar = g?

1127KTd 1 atm @ R CO 1 CO, o T fasmn H wraemen | S ieq §
90.55% (9R@®) CO B

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

IWe q9 R Al % fag K o6 |71 &1 10 i)
298K ® NO T O, & NO, adt &—

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

sfufsran o faq () AGe wa (@) 9= feemiss =1 TOMT Hifsu—
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AG° (NO,) = 52.0 kJ/mol
AG® (NO) = 87.0 kdJ/mol
AGe (O,) = 0 kJ/mol

frefafad & o gt 9 W S SIEde 9G] <6 S fShA1 Sl €, 99 Saersy
AR o ST o Hiell w1 HEA dGdl @ A1 TS @ A qHH Wal 2

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

frefafad § 9 < 9gM W SF-®E d Afufmard yarfed enf? 98 o gard fF e
qiedd e W AR 3 =1 wdtg fen § fqas gi?

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

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

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

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

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

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

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

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

g% HBr % 10.0 bar @ega o § el oMY, df 9+t 6l o 1024K W 9 &
A Hifs)

frrfefiaa e siffwen o STaR ST g SEeRgeH 19 wrfw 6 4
WS T ST B

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

(F) SW aqfﬂﬁm%ﬁq}{paﬂm%f@m

(@) K, o srfafshan fsm 1 9 W Hoed fohg gehr gefed g, 4t
@) =@ e feo s

(i) 9 = fa S

(iii) 3EF TFF fRa SMQ

w#= 2H,(g) + CO (g) = CH,OH (g) T 9419 S~

(%) H, fream =

(@) CH,OH fem ®

(A1) CO®H W

(%) CH,OH &M W

473K W FEhRE Yeacige PCI % famed & faw K, &1 71 8.3 x10°5%) 4z fawes
TH WhR SR WY, 9 PCL (@) = PCL (g) + Cl, (g) AH° = 124.0 kJ mol!
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(%) sAfufsran = fag K =1 =se fafay

(@) Wi Afshan o fIg ¥HH a9 W K 1 7H F B?

(M 3R (i) 3R ek PCL et ST, (i) 3@ TG0 ST 9T (i) @ agrE
e, @ K T 9 G B

TR fafer o woe e1gSIST i Wiehfdeh 19 W W WO 1 $vd g i 99 9 T

T AT ST 81 J GRere sAfufsRer § ger e § CO e H, St 81 g6 0% § Yo

oS H S deft CO iR wfush g o sifafwan e 2

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

g 400°C R fafshan 9 H CO W& A9 &1 FHACK {901 36 &R fa=n s &

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

Farsy for fAfafed o 9 fora sfufsran o s1fyerenl e SRl 1 Aisa gued M-
(F) Cl, (g = 2Cl(g) K, =5 %10

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

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

25°C R #fafwan 30, (g) = 20, (g) F fau K 1 71 2.0 x10-50| At a1
25°C A9 W O, F1 @ Wigdl 1.6 X 1028, @ O, F1 Higdl w1 Bri?

CO(g) + 3H,(g) = CH,(g) + H,0(g) =fufsran s fefer % d 1300K T
TR ¥ €1 389 CO % 0.3 Wi, H, % 0.01 Hid, H,0 % 0.02 Hiel T CH, &
T W 71 KU T q R sfafwn o fow K w1 7E 3.90 21 fasm ¥ CH, %1 A
M i)

G eTeA- IR g 1 9 a1 @2 fefefaa wiefis o forg ggredt srey/am sae—
HNO,, CN-, HCIO, F -, OH~, CO} TiS?*

frfafed & 9 9 9 9 o 87

H,0, BF,, H* & NH

forAferfian sreeeTll & forg wa AR & g ferfa—

HF, H,SO, ™ HCO,

F=EH NH,, NH, o1 HCOO™ & Tt ena fafan—

TR H,0, HCO;, HSO; T2 NH, F=2=3T Tl &Reh—ari @i A e &
g1 T o T 3T el el SISy

Frfafad el & TE9 o7 q &k | afiehd ohifelC a2 Jarsy ff 3 fFd TR
TR ST-&N o §OH w1 FW - (F) OH- (®@) F- (1) H* (%) BC,

T g U9 % T H TESeH AP F1 FiEdl 3.8 X 10°M B SH*! pH uiehfaa
EISI

foeh & U A *1 pH, 3.76 €, 3TN TEeH A HT FiEdl [ it

HF, HCOOH @& HCN =T 298K W 319 feerish shAwl: 6.8 x 1074, 1.8 x 10-*del
4.8 x 10T T9F Td TIH! GRHI o A fLerieh [ Hifs)
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Wi 1 3P feri 1.0 x 101021 0.05M Hiiet & faerm | wiHice g i
zar a1 0.01M Hifeam ®iHe faeae o 36k & &1 A7l 91 Hifa)
H,S W1 J2/| ST feer® 9.1 x 10481 3k 0. 1M faeem § HS- St &1 i
T UM HITC q2 Farsy fF af€ 89 0.1 M HCI ot 3ufeerd 81, @ wigd fhd TR
woiferd BT, AfE H,S =1 fgdt fomism feerisn 1.2 x 1071381, @ Hewige S A=l
T 3AI feefoal § igar HT T0ET FifS)

ufHfesh 3T T A TR 1.74 x 10-5%1 39eh 0.05 M ferera | ferier st we,
THIee ST Tigdl aen pH &1 9Rehe &ifsa)

0.01M Srafieh 37 (HA) o faer@d 1 pH, 4.15 21 $8eh U &1 Higdl, 37
1 A feerier de pK A qehierd shifsiq)

ot femiem A gU ffafed fafers i o6 pH @ i)

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

(%) 2 7MW TIOH = 9 ¥ =ieeht 2 faex faeem smn sy

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

(31) 0.3 IM NaOH = I ¥ =@t 200 mL fae=s a=mn sy

() 13.6 M HC1 & 1mL &l a1 ¥ 01 Hieh el e 1 e fopen sy
SHICHifee S BT ST 1 A1 0.132 10, 1M 37 ST pH @2 pK, 1 A1 T
it

0.005M #EH (C H, NO,) faer %t pH 9.95 8| 39! o feerish T Hife)

18721

0.001M THieli feta &1 pH 1 22 T &1 1o feerie arolt 7.7 9§ & gahd
E1 3T G 3T 1 ST el T it

4tz 0.05M TEiifes 37 & pK, 1 0 4.74 8, W ST 1 761 A0 Hifsr) afg
T (31) 0.01M (3) 0.1M HCI fae= ¥ eren S, at foeise &t 7 fhd g
woferd et €2

TR THA 1 TR s 5.4 X 104281 39 0.02M foe™M &1 T &1 90
1 AT hifeW| I g8 faetaa NaOH 9fd 0.1M & o SEHIfe THHE 1 9faee
ST T B2

frefafaa Sifae o, i pH & T €, 1 srReisH 1a" Wigdl ufehiord shife—
(%) W9 T34 39, 6.83 (@) HFE 3= 5d, 1.2

(M) A4 wfR, 7.38 (%) ¥WFE @R, 6.4

T, ], THRL W™, T T q01 1€ F A%l & pH F AW FA: 6.8, 5.0, 4.2,
2.2 a1 7.8 €| Y o WA H* 39 i Higal 1 Iy

298K W 0.561 g, KOH ¥el # e R 9 200 mL faera &1 & pH, weferm,
TSI a1 BIESierdel P! 1 Higad T STy

298K W Sr(OH), forer =t focrat 19.23 g/L 71 wiferem qen g s &1
qrgar den foeea &t pH 71 &l
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TiUHEe 3Tt 1 119 feeria 1.32 X 107 §1 0.05M 31 fefetad o g &t A
T pH I ®ifsw) AfE foe=a 5 0.01 M HCI fHarn ST af 36 STEH & A6
M il

IfE " 37 (HCNO) & 0.1M faer &1 pH, 2.34 1, @ 37 oh 3T feeien
T ST 1 A TG HifSU

7 Mg2H 370 1 SFA Feelir 4.5 x 1048, @ 0.04M Hifeaw "reerse foear =t
pH T SIS 1 A F1d i)

Iy diifefam eEgiem FEe & 0.02M fae@a %1 pH 3.44 €, @ REH =
S feeisr A Hifu)

Frefafea oo o Sefa foeet oF I3, ST qei S 8H i IR hifu—
NaCl, KBr, NaCN, NH,NO_, NaNO, 7 KF

FARTH e 3Tt T SEAA el 1.35 x 1071 0.1M 37 a1 36k 0.1M
Hifeam @01 i pH I1d &S

310K W S 1 e oS 2.7 X 1071431 g drdehd W SIH wet 1 pH
A il

frefafaa fasmoi =t pH ufewfaa wifse—

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

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

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

faeer e, AfEm wife, BT FESFIES, o FANEe a1 Rt sTHeEe faeed
T AR 7.9 ¥ U T foerar ToATe femid &t FerEd 9 faerar 9 sifae qen
Y&E I I Hiowdl 9 A Hisal

Ag,CrO, e AgBr &1 faetadl uHwel fEerisr sHwT: 1.1 x 10712441 5.0 X 10718
21 S9oh WgW T 1 HioRdl 1 S 6 S

A 0.002M FisdEm! Hiead SR a0 Ffew e faeta™ & ToF T i e
ST, T IR A FT STAEA M2 (RN A % fAU K = 7.4 X 10°)
SIS STt kT ST feri 6.46 x 10751 faeer S=iee &1 K 2.5 x 1071
21 3.19 pH et I foerm § feaw s=iwe Sl 1 qorl o fohan 1 faem gm?
T Gethe d HIfsad ohies & THAICR ol shi iferhd Tigdl sy Sie Sk

TH A A W R 9ohizs Sfaefyd 9 Bl (TR 9o%hlEs o fag
K =6.3x10718)

1 U1 HfeHH Tothe 1 Hiem o Tt &9 § 1 fhdd STodA ol i STevaehal a2
(hfewam Hethe & fag K =9.1x 109)

0.1M HC1 ¥ eEiSH Te%iEe § Hqw faerm =1 @igar 1.0 x 109 M 21 9% 39
faer@™ 1 10 mL f=fafEd 0.04M fae@a & 5 mL Sl S, ot foa faoa 9
3faed 9l em? FeSO,, MnCl,, ZnCl,, T CdCl,.
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