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Bl 81 3@ YR R for Greewen wged sk feha
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S e e s e e e
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() fedfa oge & 9 sfufeand ot €, fod @1ga
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o WY ohelel IST-| § UfEfdd eidl 81 39 YRR I8
frepra Tfaer GrEmEEen W e € 3Ed fefeted
e T B ® -
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H,O (§d@) —= H,0 (3r™)

qrererEen | Sa-STus 51 3cad <@ fohet iU
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arq-gre fafi= gid €1 STveiehd Seu areq <7e el
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iferer =1 @A SAfAfHet W WrETEe i Yehla edwn s el ¢ YeAfaed FHeeRi o E gN
79 924 %1 YERI fohan ST wehar 21 forg fondht fermmer 1 waimemmen o 58 wef¥ e a2t 21 Frefatea
TN Hh 39 qe H 5-6 I o T w1 ST 9 e S g © -

100 mL <k T OT9F faferex (SR 1 e 2 fa@n &1) W& 30 cm @t s i 1 Afeat forg) afemi s
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o 7.4: aifafEn N, (g) + 3H, (g) = 2NH,(g) #1
gregreaeer &7 e

N,(g) + 3H,(g) = 2NH,(g)

2NH,(g) = N,(g) + 3H,(g)
T WK &1 IfafRa H,(g) + L(g) = 2HI(g)
W forr {1 Al B0 H, T I, o SeR-a0e GRf9eh
igor § sifafewan 3@ &, eifufsan oifim feom o
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HI
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s
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g ffY=a s § H ©d [ o 9eemogsti &
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7.3 AR ATETEem & g qer
[rETeen feedian
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fgor’ wed 81 e o 39 WM H W HHO o
Toed & "y H 3 Y W 89 faur &3
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FReh uRafdd w Tehd 82 SiiEifer gfie o Syant
@A S — (H,, NH, 721 Ca0) & Hyem & fag
EYTF Tl 1 Tuie g femen S 272
T T o I & fou g9 Fmfated g
Ihuia 1fferar W faamr &3 —
A+B=C+D
Tel 39 Hqfed TR § A 9O B SRS
T C 9¢1 D SR &1 3 IchAvl sAfufwanet o
TR I o YR W (e o EEERl ohel
ﬁﬁFHﬁI'rFFEFT W’f (Cato Maximillian Guldberg)
Qﬁftﬁ?{aﬂﬁ (Peter Waage)ﬁ‘él’r{\1864ﬁ‘5lﬁ'qrﬁﬁ
fem fo fodt faso o @igaet « fmfatea
- HehT0T GRT ST ST TFehell ©—
_[€]D]
= [A][B] (7.1)
el K O feeris € de qE SR 1 S
‘g Teeie oS el B T AT-HHISRTT
H ‘A srgurt foram w1 fEM' (Law of Mass
Action)“ﬂﬁﬁ%l
T a1 ATl g Afqaied GEmal i T8l e
W@WW@%@?W(SealedVessel)ﬁ 731
K W 19 H, & 79 [, % o= aifafean ) fa=r
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WROT 7.2 YR T Qreresen wW H, I, ta HI st |igard
2 2
AT HE AR FWEAT /mol L' WEERIT YT |igaT /mol L'
[Hz(g) ] [12(g) | [ HI (g) ] [Ha(g) ] [12(g) ] [HI (g) ]
1 2.4% 102 | 1.38 x 107 0 1.14 x 10° 0.12 x 107 2.52 x 107
2 2.4%x 107 | 1.68 x 102 0 092 x10% | 0.20x 10> 2.96 x 107
3 244 % 10° | 1.98 x 102 0 0.77 x 102 | 0.31x 10 3.34 % 10
4 2.46 x 102 | 1.76 x 107 0 0.92x10° | 022x10” 3.08x 107
5 0 0 3.04x10° | 0.345 x 10> | 0.345x 10> | 2.35x 10~
6 0 0 758 x 102 | 0.86x 102 | 0.86x 10> 5.86 x 107
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feer 71 ME, retfq—ureTaRen Tenfud @ M o J
I (§. 5 T 6) shael 6E HI Set 9 fhw Ty
39 YR fauda sifuferan o wremewen oy gsl
ot 7.2 | 3 9t ®: T o sites fu T g
TAN-HEA 1,2, 3 U6 4 ¥ F€ @1 S Gkl @
fh— eAfyehd H, o il o1 W&l = Af9%d [, o Al
FT & = Yo (IR HI o Al i §&A)
TAN-HE© 5 qA1 6 H BH S@d § fh—
[H,()L,, = L],
HrEEl R STfhRehl Td Scael i Higdl o
o FaY Tfid T o faQ g9 s Gveie o fawa
H HWe HWehd 81 e U T g oS W OgH
faar -
[HI(g)],,
[H,(9),, |[L(9]],,
RO 7.3 3TFTchHehl oh AT Higar-Geael s&sieh
H,(g) + L(g) = 2HI(g)

e [HI(@)],, [HI@)Z,
[(H,(@)]eq [L(@)]eq | ML)l [L(@)]eg
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 § fU U eAiehel ot FerEar 9 afg gq
AfTHRAT Td IR HT ATATIET-HISAT i SUUR
o § W, @ 39 Fee @1 O fer T8, afew
fiya-fiya g (Fwreft 7.3) 1 3t gn fr=fafaa =isw
S

[HI(9)],,
[H,(9)., |[L.(9)],
@ & ad o |t ®:, gE § T oo fer
T a1 (SE R 7.3 | @ ™ R) 1 96 @
S Wehal B T 38 oo § YRRl T Iag oh
qigoi § Hd (Power) 1 AM o9& ©, S THREIH
sifaferen o gl | foe 3o TEHieR oI
Uik (Stoichiometric Coefficients) &1 wrereree o
TH S o WA W Ereree fenis’ FEl S ©
A 39 K. TR I SR S ¥ 6 YRR AfAfm
H,(g) + L(g) = 2HI(g) & fau K, 31uiq dremereen
feerien 1 3@ ®9 ¥ foran < 2
(=19,
© R, L),
TN U T =S, Aigdl o q=Ki% oF &9 7 S
’eq'ﬁ@w%,%m:ﬁmw%,ﬁﬁ?
g A S € R K o oS ¥ WiE@ R AW
e W B o B foad g

[HI(g)]
K =—t—
© [Hy(9)][L:(9)] (7.3)

(7.1)

(7.2)



AT EAT

W ¢ 3w © R KT W EiEe %
A mol L H o5 e < 2
feu Tu Rt a9 R eAfufmar-Saarsl i digar @
STFASRIER] T TIxAT o UMHA 1 I EeR &al
21 TH I T Wigdl o S o fau el
TS T H AfeRel Td SR o ™
YU T[T 1 3! TIgd & dish & &Y
o o foran S 2
3H PR Tk HHI AR aA + bBB= cC +
cD & fou greeeen feris &1 feAfafead s 9
= fora Sl -
k__[cr r
[A]*[BP
Iffshan IR (C a1 D) 19 § a0 AR
(AT B) B H Bid €1 Todsh Higal (3g@wndd— [C],
[D] 3Tf]) =1 dgfea sifaferan & oo
ST T[T o Wl o ®9 H o fehal Sl 2
S’ 4NH, + 50, (g) = 4NO(g) + 6H,0(g) Stfafsan
& foau gremaen R # 79 W ¥ B e
T B

(7.4)

_[NOF* [H,0P
© " [NH,I'[O,F
ICIGERS:CRCI] (Species) Eq) Iﬁ?ﬂ—@?@ﬂ H IR
THR FIGF H TR ST ST & q1 I8 HAT SAell
2 for 3 wreTen wigad € W qeh g Sevd |
e, 79 ok Qe T o wiesh W Wy
(3, 59 = ) =& fagt s 2
T WA SuE O wed 29 €,
S/ afe g erfaferan geiehRor i fFEt SeE (Fac-
tor) W TUN &L, T wrTERen e & fau =eew
e v gg gy e =ifey i o8 =i 5
qRadad &l o e H
SfafF H,(g) + L(g) = 2HI(g)
o YR sl hi 39 YR foad g
[HIF
K, = EATH =X (7.6)
@ wdta AfufRan 2HI(g) = H,(g) + L(g) % faT
qreTeaEe-feemis 39 Y W 39 YhR g—

(7.5)
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o J[HL]_1_ 1
c [HI]2 X KC (7.7)
39 UhR,
1
K, = K (7.8)

Sahd ITfUfehar et Arrmawen ferier hm
arffsran o wrereren feris & SoRT BT R
ISW tfferan i 39 w9 ° famq ®

Ys H,(g) + V2 L(g) = HI(g) (7.9)
wrerereen feenier &1 HH -
K!= [HI] / [H,]'?L]'? =x'?=K'?  (7.10)

39 YRR IS FH FHEHT 7.5 Hl n ¥ O &Y,
@t efafsen nH,(g) + nl(g) = 2nHI(g) Y= &Rt
T 3Eeh WAeRe-fedie w1 WM Kt Bl
RO 1 WRON 7.4 H SRR TR T R

AR 7.4 Teh AW SRATHE TTATshan o drerewaT

Tk THIRTOT AT
feerian
aA+bB = cC+dD K

[}

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

naA+nbB = ncC + ndD

TET % £ @ =T & K 9 K % 3Tifheh
7 form i 21 sEfe a7 savas @ o are-steren
T &1 7M foad T dqfaa Tt SHeo
& Ied BRI
ST 7.1
500 K ® N, 91 H, ¥ NH, o+ % <NH
eyt ¥ fefafea @igad o g8
[N, = 1.5 x 10° M, [H,] = 3.0 x10> M @I
[NH,] = 1.2 x 10" M. Sreareen feerisr st Tom

Hifa|

&
FAf9fsHa N,(g) + 3H,(g) = 2NH,(g) & fag
=y feerier 39 ®9 | o s gehar 8—

K. = !)
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|:NH3 (g)]z
[N.(9)][H.(9)]
) (1.2x10%)
~ (1.5x10?)(3.0x10)’
=0.106 x 10" = 1.06 x 10°
3@ 7.2
800 K R fHfshadl N,(g)+ O,(g) = 2NO(g)
% foru e wigad fefafed §-
N,=3.0 x 10°M, O, = 4.2 x 10°M
TA NO = 2.8 x 10°M
sfafsran & faT K 1 99 @1 Brm?

&

s1fafsran o faw wr=r feerish 59 Y& foran <

kel &

Kk - NO]

© [N,][O,]
(2.8x10°M )’

" (8ox10°M)(2.2x10°M) 0622

2

7.4 GHTT QTRITIEAT

fodt g free o 9t s Re T9 S T
TAM g § B 71 S0 o fou-Tdig stfufwen
N,(g) + 3H,(g) = 2NH,(g) H Y& de1 IR
geft wHi He-vEeen § 2

TH TR

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

+ C,H_,OH (aq)
qel Fe®* (aq) + SCN(aq) = Fe(SCN)?* (aq)
afafeanst ¥ |t ifvene qen Iaurg 9um
foreram-wreen & €1 o1d &H F GA sfafwansti o
-l & 9 ° TRl
7.4.1 ¥ frerm # wmETERn fowis (k)
T 4t dp ARl e S % HieR” |ig o
®q H graraee feonis # oFa fRa § den =9
T K gW wien #1 e afafwaet & fo
qreeel feris & 2T 9 o ®9 ° Y¥E wE
Afereh geerere 2

ECIE I CRIE

STeet H9-FHiRI (THB-2) Fi TH T F A
e F B

pV = nRT
I
n
= —RT
b \%

&l <M (p) 1 bar H, 19 &1 AN 1 Al i
T '’ g ST, 'V ki feel () § q«m 919 i

hfead (K) § o9& it W P=CRT(§=CJ ERED

'R’ %1 HM 0.0831 bar L mol 'K &l |

S n/V &l 80 mol/L W = i €, T8
igor ‘¢’ Z9ar g1 I1a:

p =cRT

feeR qmT W 9 H1 @ ST TEU ok FHEI
gl ©, FA p a [9] o7d: Sod Hay &l
p=[T9] RT % ®9 ¥ +f foran s gea 21

greereen | AR H(g) + Lg) = 2HI(g)

_ [HI(9)
F f K = T, ()L (9)]

(Pw)’

K =
s ‘ (sz )(plz) (712

=% pu =[HI(9)|RT p,, =[H,(9)|RT

e p, =[L(g)|RT

BRI

2

« _ (pa) _ [HIg)][RT]
’ (pH2>(p12) [Hg(g)]RT.[Iz(g)]RT

__[mer
[H,(9)][L(9)] °

ST S H K =K, © 37 2 S
feoRiant o oM TR €, fohg T% =0 9 T B R
e o fag - Afufea Ng) + SH@ =
2NH,(g)¥

(7.13)



(pNH3 )2 [NHB (g)]2 [RT]2

K = 5 = - -~
" (p,)(p,) [Na(9)]RT[H,(g)] (RT)

-2

_[NHL@TIRTT oy
[NQ (g)] [Hz (g)]
#Uiq K, = K, (RT) &l (7.14)
9 YHR TF FEON € sifafma
aA +bB = cC+dD

)(p,) [C] [D]" (RT)“
o) [A]"[B]" (RT)™”

[c] [D]" (RT)c

b

_ler[p)*
©o[Al[Bl
el Hqfera TEmEtTs TR § An = (T
SRl o At i Fe) — (e aifafwast o wel
F Hem)] Bl T e € R K O
I @ H HH bar B WA 18T, Fifd @ Hi
WHITUTh ST 1 bar €1 Theh | ¥ 86 o @ T 1
pascal, Pa = 1 N2 A9l 1 bar = 10°Pal

arel 7.5 H e =t stfAfwRanet o forw K
@& o+ f&T Ty B

AROM 7.5 W B TAq ATHHATST oF HreTereen

(RT)" = K, (RT)™" (7.15)

Teertien K, o AT
srfrfeman g /K K,

Na(g) + 3Halg) = 2NHs 298 6.8 x10°

400 41

500 3.6 x10™
2504(g) + O2(g) = 250s(g) 298 4.0 x10”

500 2.5 x10"

700 3.0 x10*
N204(g) = 2NO2(g) 298 0.98

400 47.9

500 1700
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SETEUr 7.3
500 K R PCl,, PCL, 3iR CL, Trraeen | § qen

. &

Higard HY: 1.41 M, 1.59 M TS 1.59 M &
sfafsan PCl, = PCL, + CL, % faU K, i
UM SIS

'
SWaa Afafsren o fou gremaen feris =9
®q T Yehe fohal S Hehdl 8—

_[peL]ct,] (1.59)°
° [PClL]  (1.41) =179

3qME0T 7.4

79 IfafeRan o flt 800K W K, = 4.24 3
CO(g) +H,0(g) = CO,(g)+H,(g)

800 K W CO, W& H,, CO T H,0 & |

R HgASAT &1 TN FHifoQ, I IRT § Had

CO T H,O & 3ufterd i qefl o i |igdl

0.1 M=

&

ffafea sifafeen & fau:

CO (g) + H,0 (g) = CO, (g) + H,(q)
IRT H :

0.1IM 0.1IM 0 0
R3IRS2 RN
(0.1-x)M (0.1-x)M xM xM

W&l W W CO, T H, %1 " xmol L &1
314 T Feenier 1 39 YehR foran ST Fehdl g—
K, =x/(0.1-x° = 4.24

X' =4.24(0.01 + X' - 0.2x)

X’ =0.0424 + 4.24x° - 0.848x
3.24x°-0.848x + 0.0424 =0
a=3.24,b=-0.848, c = 0.0424

T fgemd T & faT ax® + bx + ¢ = 0,
(—bir M)

2a

X =

x= 0.848
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+./(0.848) — 4(3.24)(0.0424) /(3.24 % 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 W1 Fehell €, (e

igar § e 2
3 HrEEE W HiEa 3 €,

[CO,] = [H,] = x = 0.067 M
[CO] = [H,0] = 0.1 - 0.067 = 0.033 M

Aol 7.5

39 W™ 2NOCl(g) = 2NO(g) + Cl,(g) 7
1069 K 19 W | feqish K =1 WM 3.75 x
10° 31 39 A W 3 sAfufwa & fam K i
UM SIfST)

&1

B Sd ® o

K, = K (RT)"

SR Afafsan & fag,
An=(2+1)-2=1
K,=3.75x10 " (0.0831 x 1069)
K,=0.033

wreTaET feries o A

T K HF fehTerd 99 SE0 1 mol L
H @ K o1 HH fehTerd TH STk <1 F Pa,
kPa, bar %@l atm ¥ e a1 STl €1 38 YhR
qreaEen i 1 U Figdl A1 6 % T W
R B 9 Qe S5sieh o 3{9 W SIdish! 1
TN B H Wil o AN oh SUeR Bl srfafwen
H,(g) +L(g) = 2HI K, 921K, ¥ % AE &
g1l N,0,(g) = 2NO, (g), K. %1 "% mol/L
qe K, &1 W bar 2|

I} AFTHRHT TE SRS ! GHIUTH Taeen |
fam wmu @ wremewen feerisl wt famwEe
(Dimensionless) THI3A T ST 4 21 3R]

ECIE I CRIE

TS S| kI YA STeeen § Y5 19 1 Wi
ST Tk bar B €1 38 YHR 4 bar <19 WHIf0R
3TN o Grue ° 4 bar/ 1 bar=4%ﬁ'¢ﬂ%,€ﬁ
fommeia 21 Tk ot & fag wrfors steeen (C,) 1
Hier foers & 9o o7 Wigand et & arder § ot
STt €1 WreEfieRis 1 Sifshd A A g2 qrmifurR
TR T AR e 21 W TER W gomed § K,
qen K, 31 fommeta afere € forg et stifher o
ot yIfoTeh STereen € o ROT fie e T 2l

7.5 fauarT wrereEar

T 9 31fsh g aret fasem o wenfuq dmareren
1 * e Hreereen’ el Sl 21 S0l o felu—Th
a2 9B # oA U e % e e
reerEen  fawwi |rereen’ 2|
H,0() = H,0(g)

T I A TR TG geRen 9 O 54
T ®1 S e S U 56k Wqw e o
Terrfi wrerereen ot o wreeTen 81 Sh-

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

oo wrmEenet | Sifued E 39 A IS
%9 W o € T arreeen (e g 39
IS 59 T) o WEEEA-SASe WS SR S
Gehal B, Fifeh TG 9 T IS 59 1 HioR FZ0
It AN R el T g, afes fer g #1 @
IR H—HEEE W T I X H W 59 o @,
[X(s)] T [X()] o " feer g € sheh fawda 4k
X' ot "N ferelt e emde o a<erdt €, @ [X(g)]
A [X(ag)] & TH ot s€erd 1 78T ed Tk U=k T
el Ao TEEfeh e ShicHaH HEe
&% T faaeH ) faer -
CaCO,(s) = CaO (s) + CO,(g) (7.16)

IR THIRTON o SHR W &H fora Tehd € T

[cao(s)][€O, (9)]
“~[caco, (9)]

<% [CaCO,(s)] W& [CaO(s)] T feer 1 zofery
I Afaferan o fau SXefiera aramaen feeris
K, = [CO,g)] (7.17)
M K, = Peo, (7.18)
T T B ¢ fF ww ffvea @ W co,(g)




AT EAT

%1 Toh ¥ "gdl a1 6 CaO(s) T CaCO,(s)
o WY gl § @d @1 5w W g8 Il
<o © T 1100 K W CaCO,(s) T CaO (s) &
e HreEerEel ¥ 3qfd CO, 1 W 2.0 x 10° Pa
2 THfT SWie sAfafwan & fou qrereen fexis
T AH 39 ThR BIT—

K, = pco, = 2x10°Pa/10° Pa=2.00

Tt gRR Trordl, e ARleRaEe Td fond
SHTeiTTel o site Tefya fawei S (fohet o
YfgHTT o ge) TR —

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

o qreee e w1 91 39 ®9 | for@n s 8-

[Ni(CO), ]
[coT’

g M @ o qrmawen w@iftd gF o e s
werell w1 Suftea savees § (Wel € SR | giEt
7)), fohg 7ok Agu1 A1 I@, WrTEee - femi® o6
=Stk | Tl 8| oTd: WM fufd ¥ g 59 @ Us
3T I G- feeies o e | el feran S
21 stfafsman—

Ag,0 (s) + 2HNO, (aq) = 2AgNO, (aq) + H,O ()
H e feerie o1 91 39 w9 § foar s -

c

[AgNO,]*

K, = 2
[HNO, ]

c

IR 7.6
sl o, (g) + C(s) = 2CO0 (g). % fag
1000 K W K, ®1 94 3.0 81 Ak w9 #
Pco,= 0.48 bar @1 P, = 0 bar 8 &1 TS
YTz IUTErd =1, A CO a4 CO, & | W
23T <re =i IO e
&
3 rfafewan & foan-
Ik Cco, T@ | HHT x B A

CO, (g) + C(s) = 2CO(g)
YRA H : 0.48 bar 0
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9™ T ;. (0.48 - x)bar 2x bar

Pco,
K, =(2x°/(0.48-x)=3
45" = 3(0.48 - x)
4 =1.44-x
4 +3x-1.44=0
a=4,b=3,c=-1.44

(—bir Jb? - 4ac)

2a

X =

=[-8 = (3P ~44)(-1.44)]"/2x 4
= (-3+5.66)/ 8
(% x 1 O HOMHES &l 2IaT, 31: 39 7F
1 IULN T 2 B1)
x=2.66/8=0.33
e W 3T I@ % 7 39 YHR Bi—
P.,=2x=2x0.33=0.66 bar

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

7.6 AT Te’ish oF TR

greqraEe-feoRis o STy W faer ¢ ¥ Ted

T 3Eer fHfafEn Te@qel aal W s 3

%, WreEe-feRiE # SeE ad ST B €,
Ta AfTHRh] T IR I Tigdl Ar=mael 1)
feeR 71 Sy

@, graEeer-faelie w1 UM ifYeRel U Isl
1 IR wigar W R @ e 2

1 femi® &1 AF TE ddfad Ao gN e
Tt e o o ffvea am = faferse g
2, Sl 19 a<e o | weerd 2

. Ipd Afafsen 1 Aremawen-feris  etuedt
sifvfshan o6 Araen-feeris o AM 1 Fohd
B B

T fordl sifvfsran @1 Araeaee-fegs K 39 9
sAfuferan o araeen fes 9 Hafud B @
et THfientor o sifafshan oF weieRo o foRdt
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BN qufr F TOT A1 9O | W I Il B
319 &9 qreae ferid & sy W foer
FH4T qen et A fefafea faget 9 defua gt
% I A H A
o rEE-feemish o IRHAMT F WerE | Afufha
1 HHT 1 STIHE T

o AfYfwam &+t fS3N 1 91 oI WS
o  TAEE-GIZOT i T A

7.6.1 STTAfeRaT l HHAT T STTHTT TR
TrTaee-feale o1 ofifher WM fufshan &1 W
! Tl €, Wq F WA Hewequl ® foR |
T o8 7 sqamar fo Gremeen fea 9 g
T 81K, K %1 TRAT STR) Hi Higdl o T
B ® (Fieh T8 FreEen-fenis e o AW
(Numerator) § for@n Sar @) e foremerar] =
Tl o FRAA el 8 (FifR Tg H & &
(Denominator) § fer@t St )| Grererer feeren
K 1 3%9 9 SE] %1 34 |igdl &1 didesh 21 36
YR K 1 =1 a1 Scal & =1 A4 i gwifar 21

= fasror o Geed 9 gt Fefafed amm=
ﬁmwm%

Ik K. > 10° &, t SAg IRk &bl g |
ST SN AR K T A TR S 7, @ SAtafme
e guidr & e Bidl 1 Seredoned -

(%) 500 KT H, T O, % Sf4fshan drerereen gg
feoi® K = 2.4 x 10"
(@) 300 KW H,(g) + Cl,(g) — 2HCl(g);

K.=4.0x 10°
(1) 300 KW H,(g) + Br,(g) — 2HBr(g);

K.=5.4x 10"

I K, < 10°, f9&Re &1 o § I8 &H
g Ak K, 1 9 e7eu 7, stfafwan gefa svawen
A & Hud gt 81 Frefafad Seewl g 98 T 'l
S 8-

(%) 500 K W H,0 &1 H, a1 O, § faeed =

e -feerieh 9gd ®H € K. =4.1 x 10
(@) 298 K W N,(g) + O,(g) = 2NO(9);

K.=4.8%x10"

ECIE I CRIE

afk K, 10° ¥ 10° %1 WWE (Range) H T ¢,
T SIS qAT ATTHRE AT b1 Wsad Hardoish gl
21 Trefafad 3e@ w faar & -

(%) 700K R H, T [, ¥ HI 71 W K, = 57.0 &l

FTF TH ) K, l/ ERIEE
aAfafwm wfeT 1(|)<3 ‘|[ ’|C|)3 AR = A W
A w E s amrm EE ®

w9 It

ferT 7.6 K, W f4fan &1 |1 a1 (4%

(@) 3t 9R T = A9fEA N,0, F1 NO, H
fome 7, foweh faw 25°C MK, =4.64x 107,
S @ wH § SR T SR T W fasmn §
N,O, T NO, %! Hisdd Harseqe sl 39
=i i e 7.7 o <t ww

7.6.2 Itfurferam st faom =t ster
TR W Saaai o fepet stfuferen-fasior o eifufsran
w1 feon &1 U@ e A off gremeen femid @
SuAm feman ST €1 g9 fore g arfaferen wrTeRer
(Reaction Quotient) 'Q’ 1 U I &1 Tr=ITaE
T &t & WE AfafwRan arThRa i ot eifufsman
&t forelt ot fearfa & fore oftenfoa (Fer wigw 9 g
qen SR @ @ Q) R T Wk 21 et
arfafsran o fag
aA+bB = cC+dD (7.19)
Q. = [CF[DI* / [AF[BP (7.20)

e Q@ > K @, o Afafshan sAfHepmehl &1 3R
sPEfa s (foada stfafewan)

e g < K @, @ ifafwan SRl w sk
snrafta e,

g @ =K @, qf stfafswan Mo ammeen
o Bl

H, % @ [, &1 6 afafn | fa=R
I T

H,(g) + L(g) = 2HI(g)
700 KR K_=57.0
A T B4 [H,]=0.10M, [I,], = 0.20 M



AT EAT

SR [HI], = 0.40 M. femn
(T Tohd W UK ¢ H A9d I ¢ f®
wigaett o1 7o foedl wma ¢ W) fepen wen ®, A
e W)
TH TR, AR AR @ AfHHAT i 39
feafa & fean mn 2
Q.= [HI]? / [H,], [T,]. = (0.40)?/ (0.10)x(0.20) = 8.0
T T Q_(8.0), K_(57.0) & SR &l 71 o7:
H,(g), I(g) TN HI(g) %1 fasion g & 7 €1 gehfere
H,(g) 3 I,(g) 3Tl ek 3R siferk Hi(g) smds
T Ik WKVl T Tk N, S Th @ =K T B
S|
Affsha-9mTHRe @, 9o K o HFl &1 ol
weeh Afufwar-faen &1 iy wE@ o 3w 2
39 THR, sifuferen &t fsen o @y # =&H
e S URon S Fehd e
o AR Q <K, @, T AR Afufrn € W TE AR
i Bl 1
. AR Q> K3, e sifaE < @ o s
i Bl 21
. W&QC=KCﬁ,ﬁﬁEﬁWH§W%I

. x
gl

> I afgEnE sl ATTERF €— 3SR
IER WEEE o
ferar : 7.7 Afuferar &1 feom &1 aty

K,

K.

AR

SalIul 7.7

2A = B + C sfafsan & faw K, &1 79
2x107° @l

e T wma ¥ stfaferan-fagor &1 99eq [A] =
[B]=[C] =3 x 10™* M &1 @ifaferan = Gt faan
H swfaa grft?

&

_IBliC]
[AF

srfferan o forw sifufsrean smmeer O.
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[Al=[B]=[C]=3x10*M
[3x107*][3x107]
[3x107'F

3 YHR Q. > K, 3Hfaw sifafswan fawdia fean
¥ emfea et 2

Q.= 1

7.6.3 AT WiZAT3T okl TUTAT

g, @ frfafed @ o= ¥ 38 g s
ug 1: JAfufeen & fau dgfea g faa
g 2 : Gaferd THR o fag uek grelt s, e
sifafsran # wfdfed g wsied #i getag fwan =
(&) IR diga
(@) Wl W SH o fa wigar o uftedq iR
(1) HrEATEER Higdl
RO o9 § et T sifehie &t g i

x @ ®Y W, S GrEeEer W g s iR w ek
frx arfaferan 1 wEHiswiada @ o= ggret i
A i x oF ®9 H T B
UE 3: x hl 81 L oF folw A gHteRIor § 9ry
igaiati ol wfaeentud i 81 A SMaehi o weteRLor
A D B, A T8 TG TG 94, SR qEEftw
a1 =
U 4 : URepfad WM o 3MUR W A Gisdieqi i
UM R
UE 5: 3% U THE H gfaeenfuq & et
gfom & S i

SETEI0T 7.8

13.8 UM N,0, Sl 1 L I ¥ T@1 9l 2 df 3

THER T wfid e e

N,O,(g) = 2NO,(g)
IS HrEATEEel W e <€ 9.15 bar 9@ T4,
dl K, K, T Hrereree W A < T T

EalsIy

&
& S € T pV = nRT
el A (V)= 1 L
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IR (N,0), =92 g
T9 o Al =13.8¢g/92 g
=0.15
T-feerie (R) = 0.083 bar L Hiei’ K
T =400 K
pV = nRT
px1 fdX =0.15 9@ x (0.083 bar L
mol ' K') x 400 K

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

9 W (4.98 —x) bar 2x bar
SAd: W™ W po = Pr,o, + Pro,
9.15=(4.98 - x) + 2x
9.15=4.98 + x

x=9.15-4.98 = 4.17 bar

rEe W AR T4,

Puo, = 4.98-4.17 = 0.81bar
Pro, =2x=2x%4.17 = 8.34 bar

K, = (pNO2)2 /191\1204

=(8.34)°/0.81 = 85.87
K, =K/(RT)"
85.87 = K_(0.083 x 400)"

K, =2.586 = 2.6

S 7.9
380K W 3.00 Hid PCL, ! 1 L &% 95 | @l
ST €| HrErerE W 0 1 HeeA w ity
af% K = 1.80 ®I

T

PCl, = PCL+ Cl,

TRIH 3.0 0 0
WWPC%a?‘;Iﬁfﬁﬁﬁﬁxmolﬁﬁﬁﬁ
B 1 qE-

s W (3-x) X X

[PCL,[CL,]
K.="Ipcy ]

ECIE I CRIE

1.8=x"/ (3-x)

X +18x-54=0

x=[-1.8 (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=1.41M
[PCL] = [CL] = x = 1.59 M

7.7 arEmaeen freias k, ethufewar
URTRE g deT fiTest et ¢ ® daer
et siffsran o6 faw K o1 9@ sifafsean =6t wifqent
R Fref T e 1 S TR o1 Uk - 6 W UG goh
&, a5 Afaferan F1 SeANTaeR!, fava: fieg oot §
Red = R 8-

I AG RUTHS B, a9 AT9fHaT w@a: Fatdd
A S € den o fewn W W B @)

G AG YA ©, e SATafswa Ta: yafdd Tel
BRI SEh! ST Telt9 Tffshan B9 AG S=oTTesh Bl
31d: oW SifafRan o IcuR sifeies H afafda =i
ST

IR AG A B @, sAfafoRan FramEen wi urw
At

TH SN T4 hi S 39 THIR0T § i
S TR -

AG =AG® + RTInQ (7.21)

Sdfh AGE W fiTsy Sstl 2

el W S AG=0 9 Q = K_ @,
THRTT (7.21) TH YHR B—

AG=AG° +RTInK =0 (K, & ®H WK A

[
AG® = - RT InK (7.22)
InK =-AG® / RT

A 3R Hfaery o T W

K= AG°/RT (7.23)

3T: THIIUT 7.23 1 SUAN HL, AG® & Tl &
w9 T HATAlHa h T :Fafdal bl THET ST Hehal —

I AG® < 0T/, @ -AG® /RT ¥ BN 37d:
e26° 5 1 B E K> 1 BT, S ATk it oy




AT EAT

! Tl © Sten o fewn ® s@ @ q% en @
e fF saOR enfusa o 1)

IR AG® > 0 @, d -AG°/RT FUIHS BT
3W: pa¢°/RT _ 7, B ¥ K< 1 B S aIfafswan
# erq:yafda <wiar @ @ erfufmer s feem #
39 W 9k e T, S SR =Eem s
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1 STETIRA &1 SN~ N, T H, § ST 6
YS9 o BT UohH ¥ YR gRiEafaat o1 =ed
Ireqd H i &9 ¥ mewgut 21 fava § s
aftfer Scaree 100 faferaw 27 81 g9t g&1 Syan
el o ®9 U B B

rerereen feerish K Orfer |igaren W v T

3T 7.10
TARRIAETE § TR o HIChNEASE o
faq AG® &1 9 13.8 IJ mol ' &1 298 K W
K, 1 9 J6
&
AG® = 13.8 kJmol ' =13.8x 10° J mol’’
AG® = -RT InK,
InK,=-13.8 x 10°J/mol

(8.31Jmol "K' x 298 K)

InK, =-5.569
K = e—5.569

K,=381x10°

T 7.1

T & - W T SR R
Frrferfea sifafsren & ergar firea 2—

| @ + H,0 <= T&HE + HeR™

300 K R Afafswan o faq arameeen feeris
K, 2% 10" %1 300K ® AG® & W &1 TUMT

Hifsa|

Rl
AG® = - RT InK,
AG® =-8.314 J mol 'K

x 300K x In(2x10")
AG® =-7.64 x10* J mol’
7.8 | ohl YT hid Tl hileh

@A G0 % Y@ SevA W 9 U 9% ¢ T
IAqH Sl oh o9 oh WY SIfRReRl T SR o
afreham afterd @1, fomem o1 8- Saml i
Sifyehad Sfe 19 qe |19 it qeAq gRiafa 9 8
Ifg wE 7 B ®, i g afifeefaat § afted

el B TG A HrereeeTel ot fenr o stfirenrent
71 IR B 9 TR s & 9iger o uftedq feen S,
at frerra o wreareen T T U @ qen w2 srfafmen
T: q9 Ik Bl W €, 9@ qF ™ H
[reaTeeel TAUd A 8 SU)| Yreeel Sreee W) arg
1 J9Td Ud 3l i faeied & 91 W 86 Yed € UG
o €1 89 g8 ot 3@ g 2 6 @ 1 ufed e
TR Bl €1 TE ot S S e @ o fRE ama
afg erffsran o wrTeen-feris =1 wH I @
foret yRfYe wisor 9 39 iffshan & sifaeret T8
SISl o GreEATeRe | WISV Y MO hi ST Gehdl B
T8l 7 foh B0 afs wrameren feedish &1 av & @y
e & off 3 @, @ e R T er-vmaten
Tagia &t 1t 9 uRftafal o 9fiead 9 gramEen
T YEHaTe Y16 o 9R H T (TR 9 T
Tehd Bl 39 g o o1 ar ferdt frrer st wremaen
uftfeerfaal st fuiffa wae s (|igo,
Tw ud am) ¥ § feet ¥ of ufedt g W
Hreraeet 39 faon § ot gt 31 frad e
T TR FAT AT A JASAT WA &1 ¢ T8
off sifier Td TEElTeR greEeRee | @] g 8 T
g fagor & gued & gRafdd s & fau sHs
FHH 1 ST TR S Fehal -

frfafad SuEel ¥ 89 Sramewen g,
T, AU TH IARE o 996 R fo=R H3-

7.8.1 WigdAT-UEad™ sl qoTg

= o9 fedt i eReR/3eg @t sifufswan |

fire o feprem @ wreTERen gfEfdd sk §, d

THHRT A A fogia’ o SMER T A

S Hehdl B—

o IYFHRH/IER T fHAH ¥ KAl W I8 IAEG !
T o fou stfafewan 39 e 1 3R 3R
Bt €, dfer foeire Tu uered 1 U @ Heh
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o IMYHRH/IER o (TR | Fgd W IAE Hi
1 FH ok fau Afafean 39 fIen &t 8RR
Bt B aifer erfaferan 9 faeprel @ u=ref Y ofd
B Toh 3T VISRl H—

“Sa fordt erfaferen o efeRrent =1 SRl | 9
fopelt Wk 1 oft WK HreETerRen W aee fEa S ?,
q G g o Gued H 39 YRR uikadd s
2 for Wigor Uiad= o HROT TSHeTell GHE HH e
3= = )

AR, H,(g) +I,(g) = 2HI(g) 3ffshan = fo=m
| AfE Freeeen W afafwa fago # 9wl 9 H,
9 St WY, @ WrEeRel % YH: T o oy
Hfafsran 3@ feen & smrem 2rft f5@ o |, Suifia
B st SR sifures H, U I, fen R HI foRfem
HAN qA 3fdq: Grmaeen <R (Atm) feem o
faenfua gt (o 7.8)1 =@ on-vMafew o6 fagia
o 3red & TSEeh TR I Neh/Serg o A i
fearfa & =8 wreamaeen wenfua gt oo SifverRer /s
T S STk AN H o TG § HH 741 T 70
9 sifys g =fen)

S— L
[H.]
(L]
[HI]
T B
H, EeH W/

fas 7.8 H,(g)+IL(g)=2HIg) sifafear 7
greeee W H, & S/od W Af@Re Td 3l &
qrsor ° qRadT

ECIE I CRIE

frfafea sifafsan arTrRa & sTaR W ot &n

ot frekd W ugE Hehd B
Q. = [HIF/ [H,][L]

If% Freeen R H, foetren St €, @ [H,] e
€ 3R Q 1 "M K ¥ %W e S 1 gHfery stfafsma
7€ (37y) faem Y SR @ STER B €1 ST [H,) 7o
L] ¥ SR [HI 79 9 951 8, 99 % Q. = K_
9 B WU A R SrEEel Tfyd g Sl
AT TohAl W SEUTE S 3Tl HTA AfH® g
Heequl Bl ¢ ST WrereEe W e SeuTg i STl
2 fean < 7, i sifafsran, < qof g fomm wrereen
W TEE T 7, [ Am fon & =er ot @1 S
Il H @ I 19 e A arodiehd e eren a8,
T I HT AT HE A Bl S SAHTET H
At fmior o e 1 geter #T ok, S§
arer Y fomn s © foew arfafsmen eifim feen o
Bt @t 21 T YRR CaCO, ¥ CaO S o &
1 T ey WA #, % sieif fe § w219
CO, ! TR Tt Sifafsman i w3E =t 81 a8
IR, T A6 foh SR AR g ©F ¥ Q1 A
K, ¥ &0 %7 9 @ €, foaw sifufewan sfim faen
A gt w2

HigdT AT YHTE-Teh WaT

39 frefafea sifafsran g w_i¥@ feanm <
kel B—

Fe’* (ag)+ SCN™ (aq)=[Fe(SCN)[*' (aq)

et TEH e A

__ [Fe(SCNJ” (aq)
C_[Fé*(aq)][SCN'(aq] (7.25)

Teh RETelt | A (I1) g2 faeraa &1 ImL
AR SHY I o5 URfIEm amEEEe faeee gt
T Wi fee™ W foera 1 1 el 8 S ®, S
[Fe(SCN)P* & & shRUT Bl €| e €enfa
B TR T Y e feer g W 21 SR A SR
1 srfafsran st Armeeen W fiem | |reraen &
ST =1 wedg femed # oTu seerger favenfua #X
Thd Bl [Fe®]/[SCN] 3F &1 &l & o
afiyerrent =t e w ar= faoda feen o fowenfua
F TWhd &1 SH—eiferer 3t (H, C, O,), Fe®

2 2 4




AT EAT

A 9 fora ek et Sga A [Fe(CL0,) 1
T &1 SFd: Yol Fed* 3T shi Wigdl 4 @l Sl 21
-V f951d o STER Fe* ¥ &l g 9
I HIKAN TAE 1 [Fe(SCN)J> o foaisH g1 Fe?*
T T Ufd H ger fohan S ©1 e [Fe (SCN)P
1 WiEd Tedl €, 3Ad: el U1 1 Aol wH 8l Sl
g Sefa HgCl, faam ® «ff @ra @1 &1 diorn 4
Bt 1

Fifh Hg? 3T9F, SCN- 3TFAl o | 1ffsran
FX T WpA M [Hg (SCN),J? 991 €1 e
SCN- 3Tl &1 Ul U [7.24]H A=A Hl a8
T I AR SCN- AT T g 2 faeenfad w3t 7
TR AR e T SCN- T |gU 5@ Sl
21 o7 gEfay wreree o feen ° (S Ww) 9%
St @ e faerad o 1 @ diedr &% Sl @

7.8.2 SA-UREAT Rl YN

et et srfafsan o stEas 9iadH g S« a5
Y IS 1 AGN YT el €1 9 a4 B €, S
sfafwan &1 < o TEETe S § T
AFTRTERT o Hicdl 1 G qe TEE SE] o el
1 Fe | fa=ran gidt 21 famid @ 9 en-vimatay
fogid, & 99 & W 3™ T Fal W @ K
IRadT 1 IUET HT S GHA ¢ FE SrE/ET H
I (TS Higdn) g R/ R T o 21 Fefafea
arfafsran 94—

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

T sAfaswti (CO + 3H) o 9R "l § SR
(CH, + H)0)% T Hid 9d &1 ST aIfafswan
qreEraeen s &t g a9 | fied o
fafeet § W@ T@ I L 3Tk Jo ST hl
anen R T T 39 YR AMTRRE Td IR
YT < WS 39k Bola®y 3T 9501 §ge T
21 o7 Tugror grerereen | €Y ®© T |1 -9ty
fagia, @m] weh sAfuafswar 5 faon o SR :
Hrereree Tofud Shidt @, STl Al Sl S Hehdl
21 S 9 A T R, o1 grereen ow fEwm
(e el =1 e T <9 %9 B 7)) H SRR
Bl 21 (8H S € fop <1 9 o diell ot Se o
QU € ) 1 58 kA wnTEe @ 5N gl
S Gehdl B SW A TE W a9H w1 rfafwar |
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[COI, [H,], [CH,] TS [H,0] fshaf¥ehiehl i Hremereen
o WK Rl YR wd €1 S rfafewmen fagor @
AT ST KT T S 8, ot Sk Sifvres < ue
igol T 8 S €1 o1 gn SIfufmar qnrhet 1 A
e 1 A HH W@ W T Hehd 8
_(2[CH,](2[H,0]) 4 [CH,]H,0] K,
" EcopR) 16 [CO[H] 4
Ik @ <K T, 1a: sifafwman e fon R g
gl C(s) + CO,(g) = 2CO(g) feHan & <& <@
@ Sl @ q safafsman fauda (o Sed) fen o
Bt B, iter 1w feen § diel %1 e 9g St )

7.8.3 31fera T & ANT kT UHTE

I e feer W@d € @R U eifwa e (Se-
) <t erfafswan § wm 72 ot €, 1 fred €
e SaiEfda @ar g1 @it fEer e R eAfha
e fie W srfafsan § 9w o are a9 ®1 Her
iganat tere Srel | g qied el e €1 fafenan
AMTHS | e shael a4l Bl © s/a THerE T2 7|
srfafrn o W1 o1 9 AfYERE a1 SR B

7.8.4 AU-UEdT T UHTT

& Ft G AT A | uRedd o RO 91 |igdl
faere et €, a9 9 fagor o1 gered aiafdd g
2, ifer sifafwan TrTRe (@) W feoi® (K)
o SR &l T U, Sifh S& didshH § e siar
2, g feeish (K) 1 W aRErdd & s R
HM=IG: dashd W feris &t fHefar sifafswan o6 AH

& fag o fAe et 2

o FomiEl SfAfRAT (AH RO ) T ATRTeEel
fterieh QMU & ag4 W Tl B

o oI SfAfRAT (AH ¥FTCHS® ) 1 ATTeRel
fterieh qIUehH & W@ W el
qIhY B gfed greeeen feris ug sifufewan

o of § qfierdd o @

Frfafaa sifafsran o T7ER sHif=n 1 3caeA
N,(g) + 3H,(g) = 2NH,(9g);
AH=-92.38kJmol™*
TH IHEN YA B ‘er-viaree fagi’ o
IR, AIIHH T TR AT o1 o # TG
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Bl S © TS ST Y G |igd FH 8 Sl
21 3 TRl H, ®H q9HH AW H] I Al ok
AT g ©, Wi TR ®9 § STcfee %9
W erfafswan &1 i i 8 S R, o1 S T
o forn s 21

AT T YT - Teh W&

NOZﬁH (‘{{Df) EI'TINZO4ﬁHﬁf§?I'€FT (Dimerization)
1 3rfufshan oF gRT Wr=TeE W A9 k1 Y96 RIS
fan s "Rt B

2NO,(g)= N,O,(g); AH=-57.2kJ mol’

() (TEH)

Tlx HNO, ¥ dfd &1 Bie STeie 4 NO, T8
TR T ® A1 39 Teh TehTEell 1 Weradl 9 5mL
Treft < Al H ghed w &1 I wRaEAterdt o
T ! el THE Bt Afeul 316 WeeEe (araldit)
T eIl ¥ @A o WIWR (stopper) Tl ] HY
2 21 250mL e A ST AW HEA: 1, 2 T 3
fepd d Bl ST A, 1 ol fEHeR[ sl (Freezing
mixture) ¥ ST A, 2 T FW & qYAA A 9 T
et H. 3 I A (363K) a1 ¥ R <ifera) <& gt
AT i et . 2 W @ W §, a9 7 o 91
{1 ) ot TAE fT@E @ 1 FW % 9 9
It § 8- 10 fae a%F waEAferdl &t W & 918 39
frrTeTRt T TEAEl! Rl SR . 1 oh Sl § ael
TH W@ I SR 1. 3 o S | F@u) AR
! fEen W a9 1 gae 39 vam 9 fata e s
Gehdl 81 HH 99 T A A, 1 H SEARNY 3
SIfafsa R N,0, 7 1 TelE fHerdt € e NO,
F FHH TH F RO W W H Ao Tt €, Ten
R A, 3 H =9 a9 W 3Iopd Ifufean i weie
faerdt 2, f99 NO, @ €1 wRomEd: s T
ECIIC S

T

(2)
f’frrmﬁ g FH F A
T T (298 K)
(270 K)

T &l
faT 7.9 : siffsEa 2NO,(g)= N,0,(g) FT Tr=mEer .
qrq <hl 94919

(363 K)

ECIE I CRIE

TreATEEdl O A9 1 Y9 Th SEL SRS
srfaferan o off T <1 whar B
CoH,O) (aq)+ 4Cl " (aq) = CoCl; (ag)+6H,(1)
NSIE RUEIE] e
FW H qY W [CoCL,P o RO HEee
g 61 31 Hien B S @1 59 T femeard fagon o
321 foan ST S 7, A fAs 1 9 [Co(H,0) P

RO T[eATs 81 S 2l

7.8.5 ST HT YW
I Toharshenl o IRl W aferdd 8q FH Sl
ST T A SUcTe TRt AR o a7 ! 9@l
<1 81 T8 Tk & WehHUI- 31w | ToRA aell 31 ol
i arfafsranett o S Wi S a1 §, Seifeh GrereEe
1 qRAfdd Te1 LTl SETh 3T TF Yatg sifaferan o
foau d@fao S & §9E WE0 H ®H R B
IAH W TH W9 Afaferan fasor w areamawen
o o aftafda T €1 7€ qfea gt §
T FreEe feis Gl § ehe e Bl 2
NH, o ggIsH o ggger ¥ fofor @ fa=m
#R, S Th 3reda oA ifufwear @ T S o
ol Tl i @ ATHHIHT o Wl ¥ H el
el s qIushd 1 SeM ¥ ed g1 FH
T AR S e € Te e W uged | a1y
% GHY Ol ®, S $ed A W fEA @l
GroSies Bl €, W ofed & gl 2

ST TS B 2R A g9 @ fo lle Sake
1 guftefd § sifafswan warsies < 9 e €, et
NH,, 1 STeTeel |igdl s a1l €1 i 3eas
o Hidl &1 G& ATHRHI & Tl hl G& ¥ HH
€1 3T: NH, 1 30IRA <@ aereh 3ifue fapan
kel 1
NH, & H¥I0 3q 9 T <6 1 STIeperad
TRl 500°C W6 200 TS <& B 2
T THR, wyeh fafy g e o &
frmtor o
2S50,(g)+ 0,(g) = 2S0,(9);K, =1.7 x 10*°
qrereeen feets & 9oy o STER sfafea
1 Te gl # S =fey, fRg SO, #1 SO, H




AT EAT

SRR Sgd it R W gl 71 wife st
ST el (v,0,) S # sufe
sfafsran o TR 98 ST 2

Me: At et sifufren & ar=memen feeris
1AM HIHBT HA BN 8, O ITH I 9gd HA
TRl T Tl B

7.9 Tae=m # mafer Qe

= T e W wiga 9Radd & g9 9 99T |
g Frefafad st 9 o G § e -
Fe’ (aq)+ SCN™ (aq) = [Fe(SCN)F" (aq)
€ TEl B0 37 W o e | e wafered § R
= & el forera o fare om0 wenfed 7@ &t 2,
Safeh ST H HERO T9d (Fifeaw wage) e
W THY fagd ¥R 1 YaTE BT § 91 90 i Fisdl
G o WY Toera 1 wrerehd el 81 AEgshel i
J ure 1 IART T TNeTehdl Sl % SMHR W I
M o fiha foha— U ot o usted Seftg faered |
fereq ¥ wenfed &t €, 3 ‘o sveed’ #Ean €,
SIfeh R S T Rl I, S 3T TUHd heeld
&1 e 7 T Taeeal ®i YH: el Td el aga
srqeredl ® onffepd femaml Weel S STaeId WA W
foer e omem qof w9 9 i g 2, St
da ergeea enfuw w9 © emafia v €
ITENS-Tf eI FAREE o S faaem § g&
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®Y 4§ Hifeqd ToF T8 FANEE EH 9 S T,
Safs THfesd o § THRE oM TS sRefTm
3P B €1 39T SRl 98 € o Gifesm FikEe &
N 100% 3T Bl &, Sdfeh UHifesh v, S
qeic, T 2TveIed ®, 5% € STt el €1 78 &
® for gda form omoeedl & oAl qen emmfTd
g o Te W Tfud B 1 59 YN T 9re,
e et faer o 3T 91T S 2, 3TrIfer |re
FHEA T 3T, QR T A0 g SAT=AT ok o
T o €1 A Yol Il ol ogd ATl i e
IR H &

7.10 3T, &k TS 90T

3T, &TReh TS 0] Yepid | =419k &9 | Y 9 B
AR g =R 9460 (1.2-1.5 L&) o =nfad g
21 TE WA WA o oy e arewas @)1 foen
T Sagd THifeH o7t §1 g Td TR ok W@
fafes v Ud UEnifde o771 qAT SHG H TRRE
3T I STl @1 AR 3 W@E § W B B,
wifed w1g Acidus 9 =1 ' tfqe’ vIss ek faw wge
eran 8, Torent a1l & @ea o et ferewd &1 e
F A B a1 D uTgett o rfafmar ek SRR
I I Bl 3 YRR &Reh el ferewd &t e
Fd € de1 @R H wed R el § " g €
&R 1 Tk HH= ST FHIS ¢ 1 Tiel 7, S

IS 1 S A o T Tk Wit Wie a1t 9RaR | ge i ol 14 o 1S9 ° 9% T 39
fSie=@ (Book binder) 3 &1 & HReM Tl 399 3 39 fohamal &1 Tgd i 82 < ot
Seeht fSeg o e oml e B9 9% (Davy) T FEREICT HelEd o T del T
1813-1814 ¥ IS ok T1Y WEEIY 1 I51 W =el TC| @ I o S of SH G0 o g
ST ST & Toeh § U IR STk el ¥ Sga Hianl & 1825 ® el o o5 9 Waa
HEIM WARRTEsti (Royal Institute Laboratories) o fRe® a9 qem 99 1833 H o &&A
I o YUH Feiad e (First Fullerian Professor) 91| e @1 qeell TEqut
1 -fageioor WA | ol T 1821 o S8 ST ARt i fogd U eehed qe o1 e

(1791-1867)

Jrh fogidl O Hafad o 3 & faemi o emuR W sy & fagia’ 1 ufausd gaml B 1834 H 3=
foreq eTores @ wefua <1 fremi 1 @iet i1 e T ogd € o9 Ud <A1 hid & At 9 S gt g
1 oF ¥ IR L T o geft S foamel | U W1 A TN STohel W AT THS A 91 I el off e
&l @ Seiq fogm =i fe-fim alswi @ v9iia (Disseminated) T, f5ad 39 /1 Uaa 9eo9 o 9RY
%1 T Yeeh Y[haR oh WITH 1 HIOUTHICT WiEHord €1 HiHet o Tt faerd’ T W e fanema smerH
o oTT o T 9| S T 450 SRR SeTs Fhii o)
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TS o ToTT Yge BIal €1 Sel 377l TS &TXeh ol Tl
U W e ©, o oo | rffeman e ok e
T & FEUl % FT YT IR FieqH FANEE,
AT gethe, difeaw Agee onfs 21 wifeam FiNEe
(HIURTT k) THAR WISH o1 Th &4 ¥ ©, S
TSIl 3T Td |ifeay TESIFIEE i fohan 9
W el 21 98 3 ereeen H uen W €, foed
YFTEfTT WIfeam T HUMAR FANES 3T 399 |
faudia smafyra e o wea feoR oea steRtor o
HROT o o1 oid €1 T STEel o "o feer dgd =t
MeqH o WAl o SohHIdl Bl ©1 S
reifsen foremmes €, fSEeh TXeEmie 80 81 36 YhR
o HITETH FANES 1 Sl | Hiel Sl 8, a9 A
o e feord oEd SMREUl ot 80 % U W g @l
ST €, ford e foreram ® goa ®9 @ T R 2
Y SA-SAu[l o WY S BiehY g &1 S

d o© o
:) \') Ng
o )
§) . ol vo
O® K SN -
a4 Sl Na
o9 Cl N
o cl
" Q
o :
2 o 6.0
O Na _)3 . 00
. e 9 ClI £
- Oo"‘

fora 7.10 w1 9 Gifeam F@REe #1 faae Na© aer CU
ST YT STT-377] 3 GIe TErifoId gl LTt

gl wrd 81
A H RSN 3T o ST &l gar
UHifesh e o EFE ¥ G W EH T el © TR
Tafy <A & et o) §, R ot e e
AU FEFet A § ol w9 ¥ St g €, Wy
UHifesr o e &9 W (<5%) € ARt g 2l
ST 1 AT 3ok HeEA SUTeord aei st arqed qen
A o St Al W R s ®1 qd o
o qen oo 1% fm-faa erelt o ugea foe s
® B foo™ o oM, S SHe! o aewen ® ot
foomm ®d &, & W ° guswor &1 giEar &
‘oo’ shed € (STEwnd -t FAEe ), Sl

ECIE I CRIE

AR o8 ke 7, e S o) faemm o 22t
AT 3P 4 €1 I8l &9 3 <Al TR T STdeRa
cagepesiicaul

7.10.1 3TRA qUT ANk ol STRAH LUTT-
sfEe & fagiager ort 9w €, st W o
SEfed BT TESISH SPF H), , 34 € o & o

uqed €, S erEgifede S OH,, 34 1 39 UK
T | ek 3T HX b1 3TEAH feferfed geenon o
Y forelt T oF g Y= fepan ST Hehen ©-

HX (aq) - H' (aq) + X (aq)
A HX (ag)+ H,O(L) - H,0' (aq) + X (aq)

Th U Wi, H St fmanie g @)
s ®9 § woftd oo § sEd sfe 7@l 2
75 foomas i@ o] o SifefisH ¥ dfud g
it ffidl eeif@w omeF, HOo 2@ ©
(afed 3@)| B9 H'(aq) 9= H,O'(ag) I &1 &
AT BEge oTeH, S Sid AvsT § fou gan
T WeH €, % B9 § YA § O 21 39 e o
3@ HERUd: Hf(aq) a1 H,0%(aq) H 3qasa H
AR | gHe a1ef SerEifed Wer 2

7 YR MOH §5¥d Tehlt &Reh o1 379] Sielt

TSI U ETSgiferaet 3o
(" =10"%cm) T T S 37 R Te faeq &=
B % HROT TF i SA-ST0] W ISYTEAT I Teh1h!
7 | Rt TF % WY JeHt H,0' 3 21 W
SR i 2 A (STEL-H,0°CL) o 2™
e § YgE A €| et oo § engitem
3T e @ Sterifsa gt H,0;, H,0; @& H,O;
Ty Teis s 21 6 YR SRl A
SIS BlehT g BT T H,0,", H.O,”
el H,0; S S 8
H/(\_H‘~.' :
5 AR
VSN
<R

HO;

9 4
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SMFIE #1 S wWied § IYWen & e gom on WA 1884 W IR UM
| fovafoemea ¥ fagg sToeeg fae@ & Srasasti W MY T (Thesis) T4 fhal
STTS 5 9N T I 9gd AMY i qe AT o WY ShEl W M T 1895 H o T4
Tt ik favafaamea o Sifqet o e 18 R fgsa fre T o9 1897 @ 1902
% o THok WX ft W T 1905 T 10 Gog Tk of W™ ok ool G o difqent
TP o fREIe 98 TR T I W@ d h au ok Toreq-STTeed faerml W M &
W 1899 H S Th GHIHN, S M WHA: ARG GHIH0T, Head €, &
STYR W AMTRAT-TT &t a9 | i 1 aoi9 fowam

I #E &3 H wm fwan gfwmen WEA (Immuno Chemistry), siais fagm
(Cosmology), Sa- @1 &G (Origin In Life) Ten feu-gm % &R (Cause OfIce Age) Taxt &= H Ieh
Ul AR @1l 3 TH Yo =Afed o, 9= A 3189 uwE’ 1 98 AW I sHeh! foeem il 9
1903 H Tor[q-eTaeredi <6 foreres & fogia T W fom o fod o sqent ST | 3= wWed foam

@i ARfTaE

(1859-1927)

1 AEd (SR e

faerem o fr=fafea et & dA9ER emafa
B &
MOH(aq) — M" (aq) + OH (aq)

TEeiforae A off Seia faoaq o Seraifsa
T Y Al § (SR 3) | WY SR Y - e
RO ! 3 HHEE §| T8 oheel qgiel o Sl
faerea W & on Bt ?1 F s Sg s %
e e 2l
7.10.2 2 N 3N U &Nk

9 WA SR 9712E (1874-1936) A SUS
W o9 W ol (1874-1936) F 3T&dl wd
GReh] 1 Teh AT A9 GRA < LAl
fagid & TR 3 ugred, St foerem o e B 3 |
e ®, ot € qen A ugred, S faere @ e j
TEUT i § HeH B, & &

Hegq § o7 WAl qel &Re WieH el
2

T8 B9 NH, & H,0 § faemm & 3q= W
foam ¢, fg Frafafes afe o safn 0 €,

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

Fdl 2

BISSIA 3Tl 1 SURYTd o HROT &
faer o1 §1 Suled st o St giefq w @
qen I W @1 sufy 3R wHer: SRS
T A IRk hed &1 Sohd SAfafar | Wi NH
¥ OH ! TMANG Bl 81 F87 NH, 7% 37 TS
OH =<3 &N &1 %1 & 8| H,0T8 OH 31erl
NH, TS NH, 9391 377 3R &R o I8, Sl hoe:
Teh Ulei i Sufeerfa o stufeerfa & wro g fd
g, G oT- Rk I FEe &1 TH UHER H,0
1 T G OH & T &7k NH, 1 T 37
NH! 21 3fE 92T 7 ot © o 39T SgTHT &Rk
Tt AT qeN A% o2 37ret gt ©, al SR St
&R Y BT F&T 4 < I 91 I8 ¢ o wgrd
I | U Afafed Jiei 2 € qe T T aR
o T W HH e 2

A H TRGEANE T & 3T TR0 W
faam X HCl (ag), H,O 319 & FIeiH I 377 i
ifd T H,0 & i +ifd SFIeR FI 2

|—‘;1E‘|'=Ia'rn‘a‘1

HCllag) + H,0 ) == [—[30+[alq] + Cl(ag)

A TR

;;IE-F!- Iﬁf" &l E:'
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IR THIHTOT W @1 S Hehel ® T st off
TEUT Il €| S Sl HCL ¥ 9ie T80 & €,
H,0" wfiefs 1 fmior g 21 e1a: CL 8T HCl
3T 1 G N € T HCL, CL &R 1 Gt
T 71 T HR, H,0 Wt H,0* 37 1 HIHI &R
Ts H,0%, H,0 & &1 T 37 2|

g ek 24 © ToF 1 U 3771 a1 U &
1 e el it gwiiar ]1 HCL o | safafepan
T S &R 1 TE HTeR HId ©, Sfh AT oh
Y i R Tk 37 1 Hifd Taer Hl 2

ECIE I CRIE

7.10.3 39 3T T &k

SH.UA. T A T 1923 H A I ‘oG FTHITET
AT &Ik ehl ‘TG JTHSTAT' oF ®Y | YT
feram ST % &I 1 oA €, FRLS-AI &Rk et
T ARE W wiE fow FR T 7, Fifw 4 @
fagial § &R THH! Soa[T I @1 7, W I
el Tagid & SIER, 9gd 9 T8 wael o o €,
o wiel 7 ¥1 %9 seiwe Ot BF, %1 NH, 9§
AfafRan THeh T fafime 3SR 21 39 YRR dRiRfEd
TS SoiaR ® FH ST BF, ARTE NH, % WY
ToRaT T ITHT THTh! Saide TH TR %A hl &1

SR 7.12
Wmm&mwﬁ&w{asw
?

HF, H,SO, @ HCO,
‘A
TOH % S &Nl H TH WM ®H B
MET Fd: W HIH & HA: F, HSO,
q= HCO,
SR 7.13
T W&l NH,, NH, d@1 HCOO & fau
A SR 3 fafau)
‘A
T 3R oF UMY &Nk ohi STUET Tk Wied
3Tk BT =1feu) 37d: §a W ST HEw:
NH,, NH,, 7¢I HCOOH %!
EEUSLIINE
H,0, HCO,, HSO, T&l NH, S==8aTed qef
LT AR -1 TR W T HT Tehd | FIh
o fou @ g s qen R fafau)
'

SR Tefortad el o fean T 8-
H,0 H,0" OH
HCO, H,CO, coZ
HSO, H,SO, s0;”
NH NH, NH,

3 4 2

T €| 3§ eAfufwan & frefaiad e g
e feran S HeRar 28—
BF, + :NH, — BF,:NH,

Tee g% Wi, S¥ - AICL, Co™, Mg
e o[58 7 1 Wifq IR wf €, Sk H,O,
NH,, OH ¥fiefis1 Sl Toh SefergH JH I HT Fehell
2, Y9 GRS HI TWE HITEN H 2|

I 7.15

oI e e w A A i

FHIT 3R AT o 3 T Faer i 9 2

(%) HO (@) F (M) H (¥) BCl

&'A

(%) = TS ST TH EE & T,
Td: 9% TOiF I I HT Tkl Bl

(@) St wIRES TP EH 4N €, o:
78 91 soiaen g | § fRe TF 1 qW
F Gehall 2l

() =i 9 oY oA €, o1d: SRSl
I N ARSI, S¥— &ehl 9
TR I o Gehal 2l

(M) <f 9IRA TEFAREE BCL, 9 3 T,
3T STHIFA ST 3THIA STujsti oM &TRent
e s e

7.11 %Al U IRl ahl ST
Aferehel TEEiTeh Td Sifeeh tfafspamd Sieftg wesm
H Bl 1 3% WHEH o fofu AR i i ok




AT EAT

STIHR TRl TS &Nenl oh 3T ohi T Iuartt
B AR 37T (HCLO,) BTEgIeRliieh 37 (HCU),
TEEHIMHE T (HBr) TeeiRTRifeH 3T (HI), ek
IR (HNO,) o Hewfieh 3= (H,SO,) s 3w
‘yerel’ e §, i Te Selld WA § Sa S
o e qoid: foifsd gien giefem o §AaH &
Fd B1 TH YRR oo grEgiemge (LiOH), difea™
TRSIFEE (NaOH), TeREn eEeiEe (KOH),
a9 gEgiMEeE (CsOH) Td dfa TEgimEs
Ba (OH),, Sieita e | |d Al | 9T qofd:
fo@ifsa gl H,0 9 OH 33 34 €1 emfe
fagid & o9UR, 3 Yool &R €, Fifh 3 Aoy
wufd: fomifsa ges e OH 319 WSH i T
fashoqd: T a1 &R o1 Al Tl T &Nehl oh
TN fogia o SIER W ST EWehdl €1 Sk
SER, ‘Yaa 3T’ W Acqd (U AW R’ ud
Yo & 9 e ‘39 gl gl

3dd T HA o ST-&R foaiee o W
faar w-

HA(aq) + H,0(l) = H,O0'(aq) + A (eq)

T gk T o WY

@e 7.10.2 ¥ T <@ foh oA (A &Re)
fooem o & 9o % o uwd wdaig foum H
THIROT § el Teh TTeieh Tere 1 316 98 Y Sl
2 for afs @ e 2, < o w9 o Wiy e T
o SER BIM? 39 GHIiad e W ol i 9
82 3 99 % SW 3 & faw &w fadem wmg o
gfmfad gt Tl (A1 &Rei) & |Hed &t gar o
e H faam & S afvlq oTa-fadem 9 o
Sufeerd € el HA T8 H,0* R fo=R {1 35 7
G B TR ST Y AT Tae SR 8 W
T #1 fomst ot ygfa o= @ eifuss =i, 5% ‘et
3" TSN T | goal TR ol {9 H TR
T S, AR HA, H,0* ¥ J9a 37 €, & HA Wi
T HAM, H,0* &l fooma 4 q&0 ¥4 94 A @
H,O* 37 81| 9 gaa o7 e &R &1 feem o
T BT €, FiTeh Hael 3T Wealel QT el Wi
a2

T IR, Foel 31 STt B quld: At g
21 U eRe STed g g, Steiiq et STt o

213

G & 3T ool eid B 1 Jeel 3T%et S TRl
T HCIO, TESENG 3T HCL BTEgiets
3% HBr, BEgisTAElees: 7 HI, TEfH 377 HNO,,
e A H,SO, 37fs Yol Al o gt
g7 ClO;, Cl, Br, I, NO; @A &, st H,0 ¥
i gefer TR B T YHR T Yo &R, 3T
qdot I M, Sfeh Tk gl o7, S— HA 1]
Iufterd @ 32H 37 (HNO,), BRSFRISANE 37
(HF) T8 tffes 7 (CH,COOH) SdiehlcHe: ot
I B| T8 9 A W@ A ® T gea et o
G ek 3T Yool BId © 1SS0 o ford, NH-
,, 0% T H- 390 Wl 81 $1a: H,0 ¥ 37d e
AR 21 fRAmerelE, SmeEde s onft Wi o
foretar shTeifTeh ifiTer gaiet o7eal i Wi SHeBR i
gl b S (HIn) 9o WY &R (In) 9= @
Teri §)

HIn (aq) + H,0(l) = H,;0" (ag) + In" (aq)

A LAh BRI IR I
-k -9
T ATl 1 ST A R STATTA H Gk

% w9 H H* A i Wl e & faw fwan
S

7111 S T MU fReias TS 3HahT
AR TUTIHA

T WE 7.10.2 ¥ 9% 3@ TR F9 wwed (SR 5eN)
31 faf¥re Tuil & Rl o7 TS ARE— S St WE
IR F Fehd €| 3 HA o1 Sufefa § =g g
TV HAT € T &R i e FIeR Il 8, ik
g% B i UM | I8 W I T hl e
SRR H 1 Y§ ST H,0 T Tk 3T0] 9 2l &
TS ST 1 e IR HdT © AT STl H1 HA 377
TH W TRV F T T I THA HRE B @
SEER LAl B | Teferiad arareeen Tenfia g 8-
H,0() + HO@) = H,'(aq) + OH(aq)
I ERh T ST R
feaare feerien 1 B9 39 0@ W= S -

K = [H,07 [OH ] / [H,0] (7.26)

STl W1 Higdl bl B W B 3d €, Fih gEeh!
Tz fer Wt B (H,0] 1 " feomie wimfad
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FH W T ferd K, ww w2, S @@
AR PEwA Fed 7
K, = [H*][OH] (7.27)

298 K W YMEIfTh €9 H* A™F &I igdl
1.0x 107 M WE TE ® 3R 5t o feriise & S HY
3R OH Al H1 Hen s B 2,

BEgoa Al &1 Wisdl, [OH] = [HY] =
1.0x 107 M

T YR, 298 K W K, & AF
K, =[HOOH]=(1x 107)?= 1 x 1074 M?

(7.28)

K, & ®H 99 W fR w5 R, wfE 9w
e e 2

IS ST & T 1000 g/L 8 R $HRT Hier
A 18.0 g /mol &1 390 G Sl o1 Hielal &
™ T e gd 3

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

39 YR, fouifsa wa stfomnfem aifsa s@ &1
ST

107 / (55.55) = 1.8 x 10%0r ~ 2 in 1079

(39 YR 9 ge&Id: ifadifad siat o STy
FT A T 2)

A, aRkE iR SIEH Wil faeeal @
H,0* Td8 OH ! WAl = ®ufeer aH go
fadifea foran s Hemar 28—

ITRAE [H,0'] > [OH' ]
ITEA [H,0"] = [OH ]
& : [H,0] < [OH]

7.11.2 pH &FeA
BIESIIY 312 1 HioRdl B WIS i Tk AR

HYshH (Logarithmic Scale) T et 9 wefeg foen
S 2, 9 pH Whet w8l Sl 2l

BRI ST ®I Gihadl (q,.) o RS
10 3T SO M &1 pH ed €1 8 Figdl
(<0.01M) W TESSH 3T i Glhddl, T&ATHE
®Y Y THHRT Hiowdl, S (HY) R Y& w1 Sl 2, B
I Bl 21 SIEGISH T 1 FiHAAT F1 FIE ThTE
&l B T, 39 3@ e g IR feRen S
kel B—

ECIE I CRIE

a,. =[H]/ mol L

frfafaa Tt pH T gEgie 2 digd
T ey g9t 8-

pH =-log a,, =-log {[H*] / mol L'}

39 YR HCL o 3T faea™@= (102 M) & pH
HN AE = 2 BN 2| T TWE NaOH & TH &R
foer=, & [OH ] = 10 @1 [H,0] = 107"° M &1
pH = 10 BFftl S o1 I[EHE A d 298 K W
BIZSISH STFH 1 Wigal 107M Bt €, Safeig 36kt
pH =-log (107) = 7 B

Ife 2 Seltg faera sl 2, 9 SHe1 pH 7
¥ %1 Ud A% 9% &g ?, 9 SUH pH 7 W 3Mfeh
BATII

Y TN,

Tty faera & pH< 7

i fae@ &t pH< 7

3] fae@| &t pH=7

318 298K W TAfdAR FHIHIT 7.28 T Hi—

K, =[H,0* [OH ] = 10714

YRl o6 Ml 3TR 1 FOTCHR TUI o U

-logK = -log {[H,O'] [OH]}
- log [H,0'] - log [OH']
—log 1074

pK = pH+pOH = 14 (7.29)

oA 3 A 9 a8 € fF afe K w1 ae
AUy o WY gRafda idr 21 qenfy qrasRH o @
pH % WH ¥ URedA 304 1 Bid © foh 8H SThE
ITHT U HT W B

pK Siei et o fere meagel afer gt 21
g BIZSIoM a1 SRS ITFae STl ! Tigal i Ffa
Tl €, Hfth $TR1 UGS Rl gl B oFd: T
e @ foh pH HT9shH S0k Biel 81 pH o M
H Tk 3HhE IRe a1 ot ® (] 1 Gigar § Ui
10 &1 Aol 6 YR ARG BESISH SAFH |l
[H*] ® 100 TUT% &1 9@ &, @ pH o A1 | 2
SHTS 1 IR BT 319 3119 99 T it fo o g
SN pH § URed" 1 el &9 % 3 B

Siferer e gEneA-Heet syant o foerEm o
pH =1 WA 3Tc(eeh 3Te9aeh €1 pH TN, i e
pH ot Torerm & fom-fam @0 31 2, 61 "eEa 9§




AT EAT

pH o SIS} 1 Il o1 S Gkl 21 SSThal
IR JHAEl pH TR foerar @1t & W fm-fim
ufeeat fom-fum @1 <@t ® (Fost 7.11) pH TR g1 1-
14 7% % pH AM @9 0.5 &I Jefd d&% A
o < ekl 2

o 1 2 3 4 5 6 7 8 9 10 1 12 13 14

11
- NN
HEEEEREEN
HEN
ferg 7.11: g8 pH R i 7 3Hareft pH R &1 91
iece

<

3T IAAA F U pH HeRX &1 3T foma
ST 81 pH HieX Tk wH A5 €, S wdieror-foere o
forga-fawa W aaRa pH 1 A9 0.001 J2nea
‘deh hdl %| SISEIYECISIEY ﬁ hcH 35 S H[h X[
pH HIX U= &1 T B $ A gl &1 pH
oot 7.5 § € T @

IS 7.16
T e o TA W SRS A i Higdl
3.8x 10°M &\ T pH F1 T2

&

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

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

3d: 7 U ® pH 2.42 § TE AT B
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IS 7,17
1.0 x 10 °MHCI T % pH = M1 &1

A

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

HH x=[OH |= i ¥ 91< H,0" |

H,O" 9zl (i) S 9fer HClL Wi &t & Shi—

HCl (aq) + H,0 ()= H,0" (ag)+Cl (aq)de

(i) STcTh SR @ UIw eIt {1 F@l gHi

H,O0" 3T W fa=r ®& am—

[H,0']= 107 + x

K,=(10° + x)0d = 10

el X+ 10°x- 10" =0

[OH = x=9.5x 10"

3d: pOH = 7.02 741 pH = 6.98

7.11.3 g A oF NI Feerian

3T, et foeram o oTif¥res &9 ¥ 1t Tk o
T HX W foem & ffataa gt o 9 fodt
ot TRl g Afofea HX W& & He (ag) 9
X(aq) o AT TTYq FrE=TeE S UsfeE fear
el 2

HX(aq) + H,O() = H,O*(aq) + X (aqg)
YRR |igar (M)

c 0 0
M o SR 1 ABI B

qigar ¥ e (M)

-CQL +co +co

WU 7.5 F© AW STt @t pH & WA

g9 o AW pH ¥d o AH pH
NaOH &1 9q< feerd ~15 I hIHT 5.0
0.1 M NaOH faeraa 13 THE T ~4.2
EEI Ikl 10.5 g 99 TR1e qen feht ~3.0
foee et Hr=fifern 10 BIEREIE ~2.2
31 1 WHE N, TR S 7.8 - ~1.2
A% 7.4 M HCl Toeraq ~0
™ 6.8 g HCl ~-1.0
A~ TeTSAT 6.4
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e s (M)
C-Co ca ca
el ¢ = Afaaifer et HX i YR iga
A o = HX o SE 1 760 B
T Hohdsl 1 SUANT T F TH SUIH T
foarem W o fau arameen feried Faa &
Tehd &
K =c?/ c(1-0) = co® / (1-0)
K I 37 HX 1 T o maee i
%ed ¢ 34 dehieush ®9 H 8 3§ YR Hiord & &9
o yefi Y wehd &
K =[H'][X]/ [HX] (7.30)
ferelt fafyera @ wX K, o1 A ot HX &t
VeI T WY §, 3Tl K, o1 A T srfaen
BT, 3T ST €t ik weret grm K, fammfea
1M 2
FB 1 U 3TAl o - FEeh areft 7.6 |
faw T €

BISSISM 3T FIgdl o U pH A9 31 YA
T fF 28 pK & stfafid o wiefis o afvmt o
fau ot v T T 2
'Y UhNY,

pPK =-log (K) (7.31)

A o A i K den grfyer §igd ¢
T EH T IS TS i G Gkl qOn 7 ok
I 1 91 9 foer@d # pH 1 M1 G99 2

ARUT 7.6 298K W FS T T gacT 3Tl oF AT

Teertier o A=

3T I feerier (Ka)
TESRIRS T (HF) 3.5%x 107
TEH A (HNO,) 4.5x 107
HIfHeh 3T (HCOOH) 1.8x 107
fraE= (c,H,NCOOH) 1.5x 10°°
UHifesws A (CH,COOH) 1.74 % 10°°
a~igdh T (C,H,COOH) 6.5x 107
BEAFARE 3= (HCIO) 3.0x 1078
TRSE™MS: T (HCN) 4.9x 10710
HHA (C;H,OH) 1.3x 10710

ECIE I CRIE

T EASTTEA 1 pH T TSI ¥ TRl ST SRt
Fa
ug-1  foem @ qd sufkem wftefist &1 9=
TR/ oF ®9  J1d TRa S 2
ug-2  ueft denfaa siffsmeneti o fore Hgfera Tieor
forg S 8, Se—wfivfis, S o7l W e Sl oh
w9 | % w2
US-3 e K, ol Afafman i wethen sttt
& ®9 | fafed fhan a1 7, wafew o= stfafpam
T SRR Bt 7
uyg-4 wafhes afafean &1 a9t wivis & =
A ! GRO o &9 H geEfag e S 2
(%) 9IRS g, ¢
(@) | hT AR ST H W 3 i AT o
w9 ¥ Wigd § qRed
(1) | gl
ug-5 H& Afafear & fau wmemeen fems
T § W Gigdedl S W o 6 fau '
FW 2l
Ug-6 HeA Afufshan skt wftefis st |igar i T
FW 2l
Ug-7 pH &I T
pH =-log [H,0]
ST faf i 58 ST | FHern T g

SqMEY0T 7.18

HF &1 & el 3.92410% 81 0.22M
foreta § HF &1 S99 &1 A760 1 3R faerm
o 3ufted e wfwftE (H,0°, F 99 HF)
1 Fgdl qeM pH i UM hifeg)

'
frefafad W wemme sifafkan e §-
()HF+H,0 = H,0'+F K,=3.2x10"
(2) H,0 + H,O = H,0"+ OH
K,=10x10"
Fifeh K, >> K, 784 sifafsman
HF + H,0 = HO + F
YRIR igdr (M)
0.02 0 0 (0
Higdl qREa (M)



—0.02a +0.020. +0.020
o "isdl (M)
0.02 - 0.02 o 0.020 0.020

T stfafshen o foe 9 wigaret =i wiaeenfaa
HH W

K, =(0.020)" / (0.02-0.020) = 0.02° / (1
~0)=3.2x10"

&Y Fferiea fgoma St g e 8—
o’ +1.6x10°0-1.6x10°=0
feema-aHieRToT i g6 T W o o I TH W
B B
a=+0.12 X -0.12
o, T SRUTCH HH H9E &l 81 &7d: o = 0.12
e ¢ fF S 6, o= 0.12 ¥ a3
Tl (SR—HF, F 99 H,0") 1 et disand
79 THR B—
[H,O0']=[F ]=co=0.02%0.12 =
24x10°M
[HF = c(1 -a) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = - log[H'] = -log(2.4 x 10°) = 2.62

SEEIUT 7.19
0.1M Tshel &R 31 &1 pH 4.50 B T
T H',A 991 HA 1 Higdl s AT SifSQ)
Y B Tk &Y 3 oh K, 991 pK, % HH
1 ot T FIfST

'A

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

K, =[H']A] / [HA]
[HAL.,=0.1-(3.16 x10°)= 0.1
K,=(3.16x10° /0.1=1.0x10"
pK, =-1og(10°) =8

dnfeqs &9 9 ‘foisH wiaemaar’ fadt goa
3T HY WML FY UM HT STANT HOHH 2
30 39 YR e T e
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= [HAl e/ [HAL i X 100% (7.32)
SEE 7.20

0.08 M TEUEIRE 3T (HOC!) o faer== &
pH I AT HifGU| 3T &1 A Teers
2.5 % 10° 1 HOCL % Tadrsm-gfaerar
Al
&

HOCl(ag) + H,O () = H,0'(aqg) + ClO (aq)
YRS Higdt (M)

0.08 0 0
grmae & fae e (v)

-x + X +x

e Higel (M)

0.08 — x X X
K, = {(H,0"][ClO"] / [HOCU}
= x* / (0.08 )
X /0.08=25x%x10"
X¥=2.0%x10° 38 YR, x=1.41x 10"
[H']=1.41x10°M.
3d:
fereist wfderadn = ({HOCU, ;. / [HOCU,

-
x 100=1.41%10°x 10° / 0.08 = 1.76 %.
pH =-log(1.41 x 10°) = 2.85.

7.11.4 ST Qehl hT T

§Res MOH 1 g+ frefafad gwisor g wei¥
IERIIS [lCor
MOH(aq) = M*(aq) + OH (aq)

3T ST TTAET hi RE ol &Rk (MOH)
YT ®Y W ¥MRE M+ U9 R/OTEH OH W 3tafa
B S| &N S o graraee-fieli® i ek
3T ferien et ST 81 39 B9 K, ¥ Wefi| e
Tl qeft et =) QreeTen Qiga derd | fefafeaa
THieRTT R YY1 S 8-

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

forrea: 9f€ c= &R w1 YRR Higar
o = GRS o I I A
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S Gl YW el ®, qd | fEemis
frefafed w9 9 fomar <1 g -

TS I BT &I o STaH-Feelis K, o A
groft 7.7 | fEu T )

HRUT 7.7 298 K W TS ot QNI o TEH-Reih

& HH
&eh K,
SEAfeE  (CH),NH 5.4 x 10
TEUERE (C,H),N 6.45 x 107
I NH, or NH,OH 1.77 x 10
T (T o eafaes 3eR) 1.10 x 10
i cHN 1.77 x 109
e C,H,NH, 4.27 x 1071
IR CO (NH,), 1.3 x 10714
% e AfiTh THE 1 TE 3o 4R 2

=g st & g ®, T @ erfus
TIESISH Y] 37 Fel g wiagenfua g € SH—
Afoered=, ®ieH, foady qen fepifes, @t @ga
TH & § THAT Tk K, & A 9gd 91 & &
it Si& § fr=fafaa sifuafsan & wemas9 OH
P S H B

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

TIESISH 3112 Higdl 29 pH el a1 ST 2
& 38 o= wiifs wa Tl & forw ot v foan
T #1 39 YER

PK, =-log (K) (7.34)

ISTEIT 7.21

0.004 M TTEeSiA fae@m &1 pH 9.7 €1 36
K, @ pK, &I U i

'A

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

B9 pH ¥ TEGISH 3T HiEdl 1 AT &
Tohd &1 BESISH ST Tigdl Td hich 3R vl
o AR TOhE W B TSI STEH i
Tigdl 1 TN HW T 39 TRR,

[H'] = antilog (-pH) = antilog (-9.7)
=1.67 x10"°

ECIE I CRIE

[OH]=K,/[H]=1x10""/1.67x 10"’
=5.98%x10°

Tq BESSH9H 3T¥H i Gisdl 1 AF o

BTSSR i FIgdl oF THE RN 34 <Al

SR T TiEdl 5gd kA Tl 21 Afeifea eame

1 FigAl 0.004 M < <1 Fehell 81 39 TN,

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

=(5.98x 10°)° / 0.004=8.96 x 10"

PK,= -logK, = -10g(8.96 x 107) = 6.04.

ITTEIOT 7.22

0.2M NH,CL 9 0.1 M NH, o Tz 9 s

foetaa = pH %1 AT HIST NH,, T =t

PK, = 4.75 @I

'

NH, + H,O =
NH,, &1 313 feertien
K, = antilog (-pK,) 3707,
K,=10""=1.77x 10° M

NH, + OH

NH, + HO = NH;, + OH
YRR |igdar (M)

0.10 0.20 0
e W URadq (M)

—X +x +x
Tl W (M)

0.10 — x 0.20 + x X

K,= [NH,"JJOH] / [NH,]

=(0.20+x)(x) / (0.1-x)=1.77x 10"
K, %1 AF %H 8 0.1M TS 0.2 M &1 g |
x % &H SUferd Y Fehd B

[OH ]=x=0.88x 10"

zgfee [H']=1.12x 10°

pH =-log[H'] = 8.95

7.11.5 K, 99T K, § G&e

39 S | 7 g 9 € % K a1 K, T 5
3R &k T Gmed i <l € G Se-aR g
T 3 TH-g U Welad ®9 ¥ Held g 21 A
1 HE TG 8, T G F A R ST HRA 1 NH:



AT EAT

A NH, o ISTe0 &1 fodrer e &

NH *(aq) + H,O(l) = H,O'(aq) + NH_(aq)

K =[H,0][ NH,] / [NH,"] = 5.6 x 10°1°

NH,_(aq) + H,O() = NH_‘(aq) + OH (aq)

K, =[NH][OH] / NH,= 1.8 x 10°

< 2 H,0() = H,0'(ag) + OH (aq)

K, =[H,O[OH]=10x 10" M

K NH: 1 377 & ®9 H 921 K, NH, % &%
o &9 ¥ gmed i 21 e erfafeman o e <4 A
a1q 7 ¢ Tor Siet v erfufswan o wre feoisn 1AM
K, 1 K, o UMt & SUeR gl g
K xK ={H,0'J[NH,] / [NH, ]} x {[NH* ]

[ OH] / [NH,]}

=[H,0'[OH] =K,
= (5.6 x109) x (1.8x 10°) = 1.0x 10* M

TH 39 HEhI0T G S ST Hehdl €— &1
et ARfeRaTa sl |iigs TR SHent A o arfufsrar
HT ATETan-feerTd yaw afufear a9
AreTeReT-ferish o UMEA & s gar &

KﬁE=K1 XK, X.... (3.35)
U YR ST &R g & fau
K xK, =K, (7.36)

IS Tk 1 TH I B, A T I @ FRA 5
Tkl &1 I8 A <1 =6y foh gt o7ret 1 T
R gofel qe ool 3Tk ST HYTHI &R Yeiel el €l

JohfeTh 9 ¥ STYH FHEW K = K x K,
I R ToarsH aremeaeen sifaferen ¥ «ff 89w
T Thd B

B(ag) + H,O() = BH*(aq) + OH (aq)

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

ofh ST HI Wigal feR @ ?, o W W
Y g G T @ SR fodem T o wfiwfed
F & T B Suged @O Wl [HY W T
FE qAT AR T W

K, = [BH*J[OH][H'] / [BI[H*]

={[ OH'|[H*[}{|BH'] / [BI[H']}
=K /K,
K xK =K,
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T M < A o1 ® T AfE S iR eepporen

forn ST, o S ST qe &R o WAl Rl warud
fopa < wWehaT B

pK, + pK, = pK,_ = 14 (298K ™)

ISTEIUT 7.23
0.05 M 7if=n faer= &) 9= A 991 pH
G HIfSU ST & STEAA-fEeries &1 AF
diferest 7.7 & fgan @ @1 srfEn o G
3T 1 A e off [ wifew)

&
S W NH, %1 & 39 YR @ S
kel B—

NH, + HO = NH,” + OH
(7.33) GHIHIOT ST SUART R o &9 SRS
P 1 FEAT T UM HL Fohd ©—

[OH |]=cao = 0.05 o
K, =0.050°/ (1-a)
o, %1 UM A ¢, 3d: THH0 | TE AN o T
1 1 ol § o 1 09 AH Fohd T
3d:
K, =ca’® or a=\ (1.77x 107 / 0.05)
=0.018.
[OH]=ca=0.05x0.018=9.4x 10 *M.
[H']=K,/[OH] =10""/(9.4x%107)
=1.06x 10"

=il

pH =-log(1.06 x 10 ") = 10.97.

T 3T &R T o6 oL HaY TP i W

K, xK,=K,

dfetert 7.7 | W€ NH,, % K, &1 71 WA W 8

NH, o T 3T/t whl Higal Fhret Tehet &

K,=K,/K, =10"/177x10"
=5.64x10"°

7.11.6 g T ag &t v aon fg wd og
ITATT AR

sTfcsh 3T, eI o7 T HIEhife TR

3 F© Tl | Ufd 310 T | Afyes sTafa 8
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At W B B 1 UH TRl ohi Sig-&TNehT A1 Tiferifees
3 o A Y W Sl 21 Serekoned - fgame g e
H, X3 T s stfafswan frafafad afeon gm
CHIERS |
H,X(aq) = H'(aq) + HX (aq)
HX(aq) = H'(aq) + X*(aq)
T HA Wreree FHieRtor fefetad 8-
K, = {[H][HX]} / [HX]
@ K, = ([HX] / [HX] (5.17)
K, T K, &%l 3% H,X &1 998 T4 fgd
ST fEerish ed 21 38 YR H,PO, SR et
I o foU dF SErE-Tews 1w deiiies
Il ok S TR o w1 |Ro 7.8 | 3ifeRa
WRUT 7.8 298 K W D WA Ulciiiesh 30l o
- FeerieR

(8.16)

T Ka, Ka, Ka,

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

59x10°
7.4 x10*
1.7 « 10
AR
4.3x107
74 x 10"
75107

P —
TR ST
HERRH 3
o] T
FEH A
wrefe s
R

40%107
49% 107

TH YR 3@ S Tkl € T &g wifess ot o
3=4 Fife & AP (K, K, | ferisl %1 7@ fr=
Fife & SEA-fer® (K ) T w9 39 &1 59 wRT
7 © fop e forp-=icil o RO e 3o 9
¥ Hiei Fshiid e ivehel ©1 38 S
H,CO, T $ER[ HCO, ¥ 9 ke 9 <@ s
Tl ¢l T YRR fgemefed HPO? %O § H, PO,
I qer W WeEH 1 FTehEe wied g gl

g Hifesh ome faera o st o1 oo g @
H,A 59 fguifes o o fee, H,A, HA 3R A> &1
fagon g 21 mufaew sfafen & HA 1 forem
qe H,0* |fmfed e 8, S fais o germ =xor 9
T B 2

ECIE I CRIE

7.11.7 3TA-HTHL hl THTITId HTAATA hIh

3T qAT GReh] i AEHS ded i fag=m &
Tarq &9 TRl fSU gU 7 i pH A w1 T T
Tohd €1 Y Ie Tor=an So Bl € o o et e
FT o § Yael i i €2 3= 31fush Yo ST
HRh F1 €2 TUHT I Teh et qea 21 Afeh ge
®U W B UE hE Gohd € foh Teh o7%A 1 o i
T H-A 99 & 9med T8 gauar | R
F B

I ST H - A 59 %1 |med st €, a1eiq
4 & faaet § ereavas e uedt €, df HA W
IA-Tmed agdl ©1 TE WehR S HA 3T 31fereh
Yyl B ®, eiefq H dem A WS % med
fIga- R/l 1 SFR Tedl 7 SN AEY YR
it erl §, il SaY w1 forEie e 8 S €, S
it o gfg & 2

WY TE A T A o1 98 ® fop oW v A
3Tad 9RO o6 SE §EE oF a<d 8l, @ 9Y & yEE
YHfd 1 AN H H- A Ty gmed swfiad o
fruftor § yq@ #R e 21 ot ¥ = w SR S
S-S A T AHR 651 8, - H-A 3Ta
gmed Tedl § a3l Wl Sedt 21 Sermioned—

3MHR ¥ gfg
HF << HCl << HBr << HI

s 9med H gig
T TER H,S, H,0 ¥ JIaw 37 ¢
T S T A AR A s A
1 ferorer e § dl H- A 37elel shY Yoo 3Ted-armed
1 fuifd #0 & Aoyl FRE 71 S {1 S-S
A Y fagaRom qgdl 7, - ot i gmmed ot
Tl 81 SerETone—

A &t faggRoa ¥ gfs
CH,<NH,< H,O<HF >
p—— >
7.11.8 ITAl Ud AWehl o A W HW
S IDER RG]

3N, UHifeeh 3Tt o1 SN0l o, fSent foasm =4
e N Yeida fan s Hehan B



AT EAT

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

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

tdifes e o faoaw # wHiRe S &l
e T SESISH SEAl 1 Higdl T2t 81 36 RN
fe 9@ Hid ¥ 1 3 foee Sie, @ S
srferifo TEifesw o1eet o1 o foreenfud &1 St
storfq 39 faon o swem =Rt €, fowe eregiee smem
Higdl [HY] S Bl G S WH SYEE GHE
3T 21 et W uered o e @ S fersres |
¥ ud O Sufterd omaftr ivfis &l 3R Sucisy
AR TrEER i fowenfud #ar €, o' |w
AT UGS’ FHEell 2l

31d: B9 e Tohd © foh UY ST UWE oAl-vaferd
fagia @ enufia 2, f59 g9 @ 7.8 & 1g g 2l

0.05 M THZ 399 &l 0.05 M THifew v
T fHel™ W pH 1 0 89 39 YHR T hd 2—

HAclaq) = Hf(ag) + Acl(aq)
YRfYeR |igar (M)

0.05 0 0.05
Afg x THifesd o o oA &1 °En e, @
sar | 9Rex (M)

X +Xx +Xx
g gisdl (M)

0.05-x X 0.05+x
T YRR

K = [H'][Ac ]/[H Ac] = {(0.05+x)(x)} /(0.05-x)
e o & fau K W = € x << 0.05
#T: (0.05 +x)~ (0.05-x)~ 0.05

1.8 x 10 = (x) (0.05 + ) / (0.05 )

= x(0.05) / (0.05) = x = [H] = 1.8 x 10°M
pH=-1og(1.8 x 10°) = 4.74

I 7.24
0.10 M 3T faet@ &1 pH @t TUHT it
39 fa@@™ & 50 mL 1 0.10 M & HCl &
25.0 mL ¥ AffRa H@W W pH HT TOA
HIfSQ) i o1 foas feelis K, = 1.77 x
10° 2l
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&

NH, + H,0 — NH, + OH

K, = [NH,'JJOH] / [NH,] = 1.77 x 10"
ST F g

[NH,'] = [OH ] = x

[N J=0.10-x = 010

X /0.10=1.77%x10"
x=1.33x10°=[OH]

wHfeT [H'] =K, /[OH‘1—10‘“/
10/(1.33x10°) =751 x10 "
pH=-log(7.5%x 10 %)=11.12

25 mL 0.1M HC! fae=e (s19iq 2.5 foefl 7
HCL) &1 50 mL 0.1 M 3T foeraa (31eiq
5mL " NH,) ¥ fieam @ 2.5 ficdft A
aﬂﬁﬁmwe‘q’mﬁ%ﬁaﬁélw 75 mL
foeram  sgeEiiga 2.5 fHefidiel NH, 317
qe 2.5 foeldel NH, @ 9 €|

NH, + HCl — NH:+ cr

2.5 2.5 0 0
HHEITEE T T
0 0 2.5 2.5

ot 75 mL faeraa 9 2.5 faefdia NH,
3 (0.033 M) 2N 2.5 THefe

NH, 319 (0.033 M) T& W | Hrmaee | 98
NH,, 39 T&R &l &

NH,0H = NH + OH
0.033M -y y y

Sy = [OH] = [NH,']

IRom 75 mL foers, ST & 99En

2.5 fuefidiel NH, 1= (0.033 M) § I =il
21 o7: NH; aﬁwwsﬂwﬁw%—

[NH,'] = 0.033 +y

<f y=u 7, [NH,OH] = 0.033 MT [NH,']
- 0.033M.

&9 Sd ® foh

K, = [NH,'[OH ] / [NH,OH]
=y(0.033)/(0.033)= 1.77 x 10° M
3 y=1.77x10° = [OH |
[H1=10"/1.77x10°=0.56x 10"’
pH=9.24
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7.11.9 AU T TeA-3TTEST UG ek faetam
<hl pH

STRAl AT &TReh] o Tfv=a oTgaa | s1fafRan g/ se
T AU 1 STet B ST BIel 1 3T gRI s+ &1,
A Seltd foerd § Sorited 8 8 W S 9§
ITfshan ek 3TI Yehfd o STTER oW a1 &R ol
TS Hed &1 STt 9T S S1El SEOE 41 <A
Qe el ST fha i STeA-31q5e ' wed 21 39
3= feoman o pH 9o gt &1 geet &TReh! g fEw
MY ¥FRE (TN~ Nar, K+, Ca?*, Ba?* 37g) den
Yol STl g U T KA (3I[@InY— CL, Br,
NO;, CIO; #%) e STet-3ifsd eid €, wTel- 3Tsfed
el B4 2| THiaT Yare 3Tl def Tael & g & efer
o Slicl ST B &1 I SR pH 7 el 81 FEiy
3= YR o ol o1 Sl ST Bl B

e 7Y f=fafeq oo o Sa-298ed W
WW%
(i) 3JIA STRA U oA &GhI oh Aavl, IZEI0Mei—

CH,COONa
(ii) TS ST TS gocl &R oh 0], IR —
NH,CI, T
(it)) T STFAI T ool &I oh Tav], IR —
CH,COONH,

YUH 3= H CH,COONa, 3dd 31+
CH,COOH T Y91 &R NaOH %1 Taw ¥, i
Seftar foreem § goiqen st e S 2

CH,COONa(aq) — CH,COO (aq)+ Na*(aq)

T YRR 1 THRS AT S o6 WY o
sTqEfed gl UHifesdh o qen OH- I &1 fmfoy
I B

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

THhifewn 3t Tk gee oA § (K, = 1.8 x 10°9),
S farera o et € @l B1 56k Rl oo |
OH- i &1 Hisdl & gfg & it &, < foera =1
& I 81 39 WehR & faeta sl pH 7 @ S
Bt 1

THl YR o &6 NH,OH 1 Jael 37
HCL ¥ 9 NH,Cl i@ H qufeen smafsa & S 21

NH,Cl(aq) -» NH; (aq) +CL (aq)

ECIE I CRIE

SAEH A 1 A STIeed 34 § NH,OH
R H* 3 5 €
NH} (aq) + H,O(l) = NH,OH(aq) + H' (aq)
I eEgleEe (K, = 1.77 x 10°) TH
Tl @R ¢ T foerdd | S el 1 s
TRoTerEy foeeE W Hr STeF |igal §¢ St © 3R
faera™ =i s o It €1 S NH,ClL % 5ia
faera= =1 pH 7 9 &7 g
qddl ST T 39 &Reh N dAIL T SAqu
CH,COONH, % Widl-3Tqe/e 1 3@ 390k gR XU
TT ST T 3198 39 TN Bl o—
CH,COO + NH; + H,0 = CH,COOH +
NH,OH
CH,COOH @1 NH,OH ¥ &4 ¥ TH
THN SEAIH &/ e
CH,COOH = CH,COO + H*
NH,OH = NH; + OH
HO = H'+ OH
foar @ o fopu fom et 1 wehar ® T
STeA-3T9EE k1 A foeram Y Figar ¥ s gl @l
?ﬂﬁzﬁw?ﬂpH%—
pPH=7+ %2 (pK - pK) (7.38)
foeras &1 pH 7 | S9R1 B, S ST e
Bl A pH 7 ¥ %¥ TN, IE AR FHOMHS -

3qME0T 7.25

UHifesh Tl &1 pK, qA1 STHIEH BEgiIES
F pK, HW: 476 IR 4.75 B oTwEiEw
THee fae@ &1 pH &t UM Shife)

T
pPH=7+ Y2 [pK, — pK,]
=7+1[4.76 -4.75]
=7+%[0.01] =7+ 0.005 =7.005

7.12 IERI-faetaq

IR H 3Iuflerd % WA (ITRONA—TH A JH) ok
Y= pH B €1 37 pH § g1 ied IR o
3F 9 FM T FA (Malfunctioning) T ¥{Jh 21
%2 qEEtE T St statwaet 9 W pH W




AT EAT

=T Sgd weeut i €1 R ST ue g
HEquy (Consmetic Formulation) =l fordr fovw
pH ™ @I Sl & T IR H Hferee s S 21 U@
faeram, fSehT pH @7 A 31T 30 1 TR
Tt Mgt W A e o A ot sraftafda A
T, ‘wu-faea’ wEed ¥ 96 pH & foedd &
A 1 pK, 1 &R % pK, o fafcd =T e
Il R U o ST A1 STl qel &Nehl o
I & o gR s € tfafek et qen
difeaw wfgee &1 {0 T pH, 4.75 $1 TH
faoram 3@ @ den erEifEn woiREe Ud S
TESIHAES 1 THHU pH, 9.25 2dl 21 I faerai
o R § I=u wmeneti W vH 3R atfiren we

7.12.1. IHY fae=@= a_mT

PK_, pK 3R Frafeeris &1 99 &8 T pH &
Y faerd 99R § el Sl §l SR g
f 89 9% 4 FL THd B

JTAI-A T T

3T pH 1 9 991 o faT g0 goa o
SR 3% W YEE &R & W™ Y GH e
A0 T SYANT HTd B| BH pH, oA A
e feerish K, 3R goal o7t 3iR 3ok wyfaa
g 1 HIKAST oh AIAT H TEY TG HH
ATl FHHT0T T Hid &1 Teh | feef o
Sl g o HA Sia § SRR e ®,

HA+H,O0 =& HO +A
T fou gn fefafaa =9 fo@ 9od o

[HO][A]
K. = —mA]

ST s I [IeAAdd HH W
N [HA]
[H,O'] = Kam
Tl SR T AT T o 91K T3 bl GAarerd
HT W eH Ww gl 8-
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[A ]

K =pH-1

pK,=p og (HA]
[A]

H=pK, +1o

sigar pH=pK, g[H (7.39)

WA &R&, A

pH=pKa+log[ | (7.40)

[e1=1, HA]

FSF (7.40) TET-TATTE THIHIU FHEeAral
%lﬁ,mw(w) SR fagor o
Sufterd 3Tt shi WigdTStl &1 UM €1 3Td goel
TH % FRU SEd HH SEAF S § S i
[HA], %% 99 &1 faQ@ U o7 &t |igar §
oM F O B B W &, sfusd S
G, [A], S oF AU o ARG BH W W
eIl B T WgfiTd ek Wl Wil ofeu i
il ¥ ohael oemE = gl safey SR
(7.40) Trfafed ¥R ¥ SARd 8 S 2-

[er=mT]
H=pK, +1
p pPK, Og[m]

7fg et (7.39) |, [A] T Wisdl [HA] 1
TIEAT o SeR 81 @ pH = pK, BT, (e logl T
M ¥ T ¢ 8 ik w9 o iR o
(T Hd 9R) i AleR FIsd SR o af T
%1 pH 3% o pK_oh SR BT 37d: 374 pH
FT IR I o fU g0 T TR 1 99
& Fofeht pK_3Tifard pH S aeR g 81 Uife
ST 1 pK M 4.76 B €, T@iU UEfew
I SR Hifeaq THiee i e °e1 | oAt
AU T FH T pH T 4.76 B

A 4Rk IR TS g o 9 o
T T T € favewe fAfafea aftom <m,

[Fafma s, BH |

[&r, B]

pOH = pK, + log (7.41)
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THY f9e@ o pH &1 UReher, T pH
+ pOH =14 1 SYFNT H{eh (a1 ST Fehal Bl
g9 §id € f% pH + pOH = pK_ %
pK_+ pK, =pK |31 AFl &l G601 (7.41) |
WA R gheH FEfafiad 9o g g -

[e3f v, BH' |
K, —pH=pK —pK, +1o
P&, —pH=pA,—PpA,TI10g (a1, B
A
i +
pH=pK, +log [ [%n_;m]’s]BH ] (7.42)

If% &N oiN 3O Gfoa o/t (¥FEA) &
Higdl saR 8 a@ 9% fae@e @1 pH &R& o6
pK, o SISR B STHIE 61 pK W 9.25 il
2, 3: 9.25 pH 1 99 Tk GHE Higdl a
it foeem @R emifEm wiee foeee 9
T S Fehal B SHITEE FANEES SR St
TES(FARE T I IR fgor@q o fau gtetor
(7.42) H1 WEY BT~

e +
pH=9.25 + log [  BH ]
(e, B]

T fae@d o6 pH T a0 1 SR &l
ISdl Hifh U oh AT 3TH ATl U]
iEfaa @ 2l

7.13 UG AGUN ki facraar
AT

T A © fr v § et Sl i focigar o
g4 3 Wl B 31 @ Fo @ o nfuek faeta
(318 hfewem Faree) ¢ fo 3 yofa o smamm
B4 € a1 arHed W Sol-arey Iifd W od 2
FO I (SU ofifemm wqentEs) w1 factE
zal %A € o 58 e aron o erfaeta’ wed €
factaar w2 amal W el w5 2, i 9@ g R,
AU i STeteh S (Lattice Enthalpy) @ fae@m

ECIE I CRIE

o et w1 oo TSl ¥ TH wEu @i
foemeer § ieH o fau el o weg ydd
STHYT I (STTeTeh Tdedt) | SToH-faemas 3=
foran arfuer g1 =feq) oot &1 foemae Teedt
! faamee & &9 § feid &) 8, st 989
FOTCHS Bt 21 o7d: faamasia gfewan ® S gaa
Bt 21 faatrrehiam oft st ann foamas &1 gfa
W fadft et @1 e (wewAS) faams o
et Tedt 1 AN w9 Bidl ®, S 9 &
STeTeh 911 sl 90 (Overcome) T | H&H &l
2| qROTHEeEY TEu SpeEt foaerds § TE et 2
Ifg I3 Tav Th 9 Fom ° S ° g g
2, q sHH! faamEsa Uded e ®1 S
Toedt @ srfer Bl WU Yo @Eu &1 TH
srferenarita factgar gidt 2, st ara el st
21 Y oo 1 19t fafyre faetaan gl 81 @@
A R ek FTl {170 3T FEvn I AT faca
% YR T d9 o | faafod s g—

il | foem fa=a > 0.1 M
o0 | TS %A foem 0.01 < faem=a < 0.1 M
it 1| 31 faem faeadr <0.01 M

3@ T 9 fooa st @em don sEeh
Hqw et faeem o &9 aramEeen | faur &

7.13.1 Taer=ar oEwe ferts

MY, dREH Hothe WEY 3 oY, S 3Heh Hq
Stefa faere & dueh o 7, W foer 1 srgfed 3|
oIl 9k g faeTa o ST oh Hed Wrmaeel i
frfafad e g7 v fhar S 8-
BaSO,(s) —I9  Ba**(ag) + SO,*(aq),

greerEen feemisr fefafed T g/ gféa
fepan s 23—

K = (IBa*]ISOZ]) / [BaSO,]

IS o9 v w1 wigar feer Bt 2
o K = K[BaSO,] = [Ba*][SOZ] (7.43)

K, 1 ‘foetan qorthe-feers’ = *faciga
U ' HE €| SR TR § K W

U 298 K W 1.1 x 1071 21 361 31 o8 ¢ f%
I\ IfEm gehe, S oI OgwW faew o Wiy
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e | €, o fou AfEw den gothe AEA ®1 WUl 7.9 298K U S €T smafte @@t &

HigAIS 1 UG SHoh aead-ToHhe s foerear-Turwe foris K o 7
o qed Bl 81 39 A ST i WKl ST dehe T = r
FI HieR-foer@ar & auer gl afs Arer faersmn e s AgBr 5.0 x 1019
'S 8t foest FEkE AgaCOs 8.1 x 10-12
’ e Fw e AgaCrO4 1.1 % 1012
1.1x101°=(S)(S)=S* A S=1.05x% 107 foen FwEs AgCl 1.8 x 10-10
Toe=n et Agl 8.3 x 1017
Y JahX dfTH gethe 1 Arer-facad A TR AgaSOs 1.4 % 105
- wfan wEe Al{OH]3 1.3 x 10-33
1.05 x 105 mol L* M| ot s s ol
997 foSH o Fegey _ S ICHI A Aok BaFz 1.0 % 106
aﬁg a; fo-fo mmﬁa BaS0: 1.1 x 1012
oS q A I Y SAE HURE A HAEE S Gl Bl | fews wEmes o 28= 100
~ g b 3!3315!'\"—133 akg e g i
I F AU oTEn, w0 s B (2rt), | S s CaOHl | 55%10
_ : Crzen e ) CaCaOy 4.0 x 10
(PO,%), T Ao W fo=aR &Y, S =R eHAEEr S et st CaSOx 9.1 x 10
T i STl Td i 207 STevETe 4 HWehe SrEfT TS Cd(OH | 2.5x 10
. HIHIH FEEEAEE Cds 8.0 x 1027
ol o feRifSra g 21 g foehifEm wehe I A Cr(OH): 6.3 x 1031
Iﬁ?’l—{ ﬁé’aﬁﬂ o Zﬁﬁ’@ EFEIFI@E FE CuBr L e I K
_ S ﬁ, ?ﬁ W éF TFIWW@T&I?W’:{ mm CuCo; 1.4 % 1010
A TR BESIFES cucCl 1.7 x 106
- . MRS Cu(OH): 2.2 x 100
[zr+] = 3S T [PO ] = 4S =Ml e Cul 1.1x 1012
FHEAZ CusS 6.3 x 1036
W K, = (3P (49)' = 6912 (S ikl et o
= 3 1/7 = 1/7 HitE FESEEE Fe(OH): 8.0 x 1019
T S={K_ /(x4 =(K_ /6912 el e o
afg fereht St oo, fomen Jmer g MY X4 | O e iies G 10
. o TRE FAES Hg:Br> 5.6 x 1023
B, S 310 Hgw oo o e grreee | g aen Ty b Sk
R golo o % L
ot Arer-faeraar ‘s’ &, & f=fafaa aeso T e Hg:SO04 7.4 x 107
TrTEE FA HgS 4.0 % 1083
BRI S fehall S Wl - Frforn s MgCOs 3.5x 10
" HreifirE wEat MgF: 6.5 x 109
MX,(s) = xMr(ag) + yX" (ag) e e MEOH: | 18x 10
@RI xxp'=yxq) T T MgC20s 7.0 x 107
i T HEERE MnCOs 1.8 x 10-11
qdl TGhI ﬁé-qm—gcrmm—qr feems fefafeg ﬁ:ﬁg TeHEE MnS 2.5 % 10-13
A TIEGIEEE Ni(OH) 2.0 x 10-15
T gRT e fRAT ST 8- Frdher snic NS | 4710
K = [MP[Xa v = (xSP(uyS)V 7.44 S FHAES PbBr: 4.0 x 10-5
o = IMPFIXT P = OSFYS) ( ) E FATR PbCOs 7.4 x 10-14
=x° .y . Sk ¥E T PbCL 1.6 x 10
Sy = K ERT arg TS PbF2 7.7 x 104
ER I EEERIEES Pb{QH)z 1.2 x 1015
gy S= K X<, yy)l/xry 7.45 WE SHERES Pbl; 7.1 % 103
(' P / ) ( ] ) g TR PbSO4 1.6 x 108
TR B 9" Tk AT 3k TSt i g HE WS gbsOH ?g{gs
w=AH E: 151 o A q
IR WEEE Higd TE el €, K Q. Ee) mwﬁii'ﬁg Sn(S & 1.0 x 1025
e fR W § (3 E 762)1 TR R ORE | i e SrC0s Lix 10w
LTEITIERAT ‘Tﬁﬁqﬁﬁ ;a M S’Iiﬂﬁ"&" T2 R -
q—{ K Q m % ﬁﬁ m ﬁ :z:l‘.ﬁm_qq ;ﬁ;—h SFSOA]. 3_2 ® 10_7
TE ST A A (Dissolution) WEFAE 1| dem s TIBr 3.4 x 10
;ﬁméﬂ%lwﬁ%gﬁzngq?@am?wﬁ " m oo e
T TUH%S EeRiel o | | i =@ ZnC0s 1.4 x 1011
e ™ 1% g Zn(OH}z 1,0 x 1015
i gerns ZnS 1.6 % 1024
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7.13.2 3TMAfeh TGN eht Tae=ar U 99 ST
PR IE)

ATt fagTd o SR, 98 3Ten &1 <t § fof afg
et Traror faeram o forddt Wk 3TaH &t |igdl 9gH W
ST 9 THURIT STTeeT o6 ST oF | FAT h T qel
o 9 e Tav 76 Toh STaafud g, i qeh Teh IR
T K =Q, T ST A ferdt e i wigar sier
qifer TR K = Q@1 ST 78 feredd efermi o forg oft oy
2, foam e o STl 1 3= wiEd o U1 QTS
T HioRdl o T T gH Ffhadl (activities) FT TR
% 1 39 ThR Hifean Fse & g foeq § Hel
o TIAIe 9 U FeIRIgeS 31199 ohi |igal (Gfshadn) 96
W o HROT TSI FANEES 1 STEET0T &l Sl | T
faf @ e wifeaw aiives ogd €1 IS el 81 368 TR
&1 Tifeam steran HrifeEm Tothe SiEt eTgfgal R 9
A 1 IRIH fargeiyor o fohdt o119 o1 wgd & oot
A Gk 3T T oav1 o &9 § quieyor sTaefid
T ot T ST YA 1 TN TR S 8| 56 YRR
TH RIH foeeto H fHeer 3Te o1 staeu faeer
FANEE o €9 H, ek 3T Tl TV R TEGFES
o &9 H qeI ST SfEH ST i SfaH Hethe o €9
H Y TR 2|
3o 3T oF @AUN i foeiadl A pH W d&dl
2, Fifs FH pH T FHIMEA F1 Wgdl Hh
WAL & RO S €, S Ao &t Tt
P eI A T T K, = TH I W i T
Y W FA B, UMK = [M] [X],

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

« L (a@)][X (aq)]

© [HX(aq)]
[X°]/ [HX] =K, / [H']
Tl WP HT FhT AR | ST W 6 I
B
[Bx] . _[H]

E-I-IZK—a-I-l

WA faae

A: kA o T EH 9 BT [X] / {[X] +
[HX]} = f=K, / (K, + [H])| T 3@ 1 Tehell &
5 pHo ¥ W 't e 21 s & T pH
R A &1 foeFa SE,

K, =I[SI[fSI=$" K,/ (K, +[H])}

S={K,([H]+K,) /K, ]'? (7.42)
3: S, [H*] o 9g1 a1 pH o w124 R faea
e B

IR 7.26

g AMd gL fh fohet off TR oF o 5@ |
HAfafsran T8 w1, Y& S H AX, 1 foeiaa
1 TOET KT AX, T fTeiad oHwe K
=1.1x 107 R

&'A

AX; — 2A% + 3X°

K, =" X F=1.1x10"
e S = AX,, 1 faeaar, @

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

W TR K, = (29)(3S)° = 108S’
=1.1x10%
s S°=1x10"

S=1.0%x 10" mol/L.

ISTEIOT 7.27

T o9 faei@ @O Ni (OH), T8 AgCN &
foeaId-TUHRe % W HE: 2.0x 10 T 6
x 1077 B % o oo feren foe 22

'

AgCN = Ag' + CN

K, = [AgICN]=6x10""

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

K, =[NJJOH =2x 10"

If [Ag'] = S,, AW [CN] = S,

I [Ni*] = S,, @ [OH ] = 2S,
S?=6x10"",5,=7.8%x10"
(S)(2S,)°=2%x10"°,5,=0.58% 10"
AgCN ¥ Ni(OH), &t facam sifus 2
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3T 7.28 e feeX I €, élﬁm OH_ %! %« Hixdl OH
0.10 MNaOH ¥ Ni (OH), %1 HreR faerm &1 (0.10+28) mol L Zrft, it forer o weet #

-
o BT N (OF), 1 o o & NaOH 9§ 91 0.10 mol L™ 3ufterd 2

2.0x107% 3 K,,=2.0x10"° = [NZ'] [OHT = (S) (0.10 +2S)°

g'ﬁ 3 K,, 1 TH F7 81 25 << 0.10 3T: (0.10 +
_ 25)~0.10

A T Ni (OH), %t foeiad S mol L' & foeia 3194){1 s )

2R A NiZ* % (S) Hiel T OH % 2S mol L SO )

S=2.0x 10" M= N

QIIIT

% 59 9 Fieheriaret Tusti w1 §@ a9 ¥ 59 § ofieiarel STujel i GEA o SR e, d | Tt
Bl Sl 81 7 Tiesiiel Yehf 1 Bl €1 Arearee Hifde o TEEtTn, <Al Fehhl gRI T e Fehdl 2
T TR § 37U S Ued ATAfHA K1 S GHE Bt €1 S I Fisdl kI AIHReT Bl Gigar I W7 A
W FH TR U ] TWEHRTEGE foriw o = % w9 | 6 femieh K e F &

AffFN aA+bB = cC+d D% fm K = [CfIDf'/[AlB

7 A W g feris w1 9F fd @ ) T8 sewen ¥ geft T or S Fisd, < S
feer & 21 efr sifafsran o for wmammen feomisr 1 K ® oo oed €1 56w fems o
Tl o TIF W &0 S7ifereh @ forad 1 ifafsan 1 faem 1 o sifufsran ahe @ @ e S
®, S FrETEe W K o SRR g1 ¥ - Wl fagid’, 3 STfER A1, <16, Wigdl oK e ¥ § et
T | IREd o R greresen SE faen  faenfua gt 8, S uiad o 9w i w9 A1 T2 H Hoh
IHHT SYAN Tofe= HRehl S a9, W1, <76, Sk AN S i o W 1 faen W Y96 o AL
T fopa ST € G ST 1 W 1 FE01 37 SR 1 A wien oA s wehar ©1 Afufwan fago
o el SIS i Sk YHifo 8l s, fhg atfafshen &1 1fa &1 9T =1 Sei-991 5 Afanes
T SR g1 i SR ¥ SATwRS | a<erhl Sel B

3 goft ued, St Sl foerm o foe 1 wer wid €, foR oreea’ wednd €1 ST, &Rk del
el * forge 3TTerea’ €1 A et forera W foreiei =1 SIE gRI SR TS ST o Sede o Shiul T
1 =eH H E Yot g sTaeed qula: fomifsa e s #) et e sroeea § e we emEf
ST o WeA W Bl 81 SARMA o IR, Sl foerad o o1t STggIeH SITE a1 &R, BlEgiieel
T < €1 TG G 1A Al 1 T SN SIS A 31 i WIS o Y H Ud &7 WU
o H9 H IRYMG foha 59 Tk SRRe-dk 3T Uk &R § SIfufwRan hidl ®, d 98 SHeRT Gid qgre
&Rk Tol Fohall hid ol &7 o G AT 31 i o1l 21 39 FohR YT 37ee-&1R H ohefel Th Wi
T R S T AW, TEH T A I WU T H ToldH IR TS R h ol TSI ok T
o wftenfe foram ST &7 9T o STgER, ga o7 o faEeH o fa feedis (K ) 9o geia &R o
forars o6 foae feei (k) o =516 1 faerfaa foran a1 STaAA 1 A e 3§kt disdl W s qen
TH A 1 Toe= e e R SRS STEH i Wigdl (WiHed) o U pH HG%H (pH = -log[H'))
TEgA foRan T 21 qen 9 et fvEt o for fawaf@ A (pOH = - loglOH)) ; pK, = ~loglK ] ; pK, =
—log[K, w1 pK = ~log[K_ ] 3Tf&) 741 | STe1 & SIEH 1 315787 il W 0 @A ¢ foh THIR0T pH +
PpOH = pK THYN T B ¢1 Joet 370 T g9l &R, Jol o7t T oI &R 3R qoe o7t T goid
&R o AN k1 Wl foera" § Siol-27ue el 1 I foera w1 uRemn qon SHeh Hewd w1 Wik aui
fofa T 21 s7eq foer ot o focran Hadt wr o1 vl we faekrn o feerie (k) 1 A F
Tl 3T Heiy el 1 forerar § wenfid fopn W foerr @ ot & S o 35 Sl H el S v
1 Freieer e 7o 81 TW S Ud ore foeia wauil i foern o wew w1 ot feerer i T 2
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ECIE I CRIE

faenférat & fow 3o uewher @ Gefta e feramd

(%) faeneff fafyst arm well Td wfesal o W, T3 99, IR 9=14 59 U6 3Uaisd S oF Al
%1 pH A % o T pH U 1 S9N HT Fehd 2l

(@) pH YR 1 394N fafs=1 oo o1 foeem &1 pH [ & § o foman s gehar €1 98 98
T Y Hehd/Fehd € T A gaci/gee el A e | &g Y ©

(1) d Hifeaw wHiRE e THifew 3 1 T Y 5 9w foeEe o Hehd § U6 pH W
1 SUANT Y STRT pH T HT Fehd B

(%) 3= fafes pH faerarl  fafes a1 9fem w6 o e g fTu <1 o 2

(T) Gohl 1 SYAN HY hD A &R STIA HT Hehdl &

(9) 9 31 foeig @avl &1 faead W g9 3@F 996 i 2@ Fhd 2l

(®) afg foene™ o pH W Suersd &1, @ 9 399 pH A9 & 3UH! pH TR ¥ I qRom o
T T T B

7.1

7.2

7.3

7.4

7.5

A EH

T g9 & Hioreg ue § FY=d 919 W 39k aTog o WY Wi H @ Sl 21 9
A ST ag1 & S B

(%) T9-TE IREdA 1 IRITEH IROMH =1 8?2
(@) YRH § oo e GoA i <X b Seerdl €7
(1) o BT, 59 TR 9 O Sifd €9 9 wRfd 8 Som a9 SAfaq arss 3@ 3 g

1 e o fom Ko B, aft 9 W yeis e &1 " © [SO, k= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

2S50,(g) + O,(g) = 2S0,(g)

T ffv=d a9 @ $d @ 10° Pa W AAEH a0 | STEAAHER 40% STERH
] B 2

I,(g) = 2I(9)

o o feaw K, 1 oA i)

frafafed ¥ o yo&e Afafsran o foau o feemis K, &1 e fafe—
()  2NOCl(g) = 2NO (g) + CL, (g9)

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

(i) CH,COOC,H (aq) + H,0() = CH,COOH (aq) + C,H,OH (aq)
(iv) Fe* (aq) + 30H (aq) = Fe(OH),(s)

(v) I, (s)+5F, = 2IF,

K % WM 9 fefated § 9 9o 9 o fag K 1 96 S i

()  2NOCl(g) = 2NO (g) + CL, (g); K=1.8x 107 at 500 K

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



7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

"= NO (g) + O, (g) = NO, (g) + O, (g) % T 1000K® K_= 6.3 x 10 2|
e o U g g stfufsmard werfes w9 @ fgeros €1 vt erfufwer & fag
K w1 27

g feeien o1 e o 999 9HeRT 6 I 59 9 Sl i 3ufaa a1 fohan s
TR €2

N,T& O, % #ea frefafaa sifafwan s 8-

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

IS TF 10L% T § 0.482 W@ N, T8 0.933 7@ O, ST qe T A, fram
N,O feon wmQ af | fagor =1 Hered Jd Hifoy K = 2.0 x 10971
frefefea sifafsran o TTeR Efes TiwEe Br,d sifufsan s TE2fad dmEs
AT 3

2NO (g) + Br, (g9 = 2NOBr (g)

e feer a9 W Tk &% 9§ 0.087 Hiel NO o 0.04.37 1t Br, fafsrd ferw <
2, 7@ 0.0518 W@t NOBr W<t &t 81 NO U Br, %1 ¥ A1 9@ Fifag)
| 2S0,(g) + O,(g) = 250, (g) ¥ AW 450K K = 2.0 x 10 bar &1 38 a4
W K 1 HH F1 i)

HI(g) 1 T F51 0.2 atm 6 R Tk eh | @1 Sl &1 9 R Hl(g) 1 AR
T 0.04 atm 2| F&T KU T 9= % AT K, 1 A @@ em?

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

500K ™ W T 20L9H ¥ N, o 1.57 iel, H, % 1.92¥ Ts NH, o 8.13 4
w1 fago fern S @1 sifafEn N, (g) + 3H, ()= 2NH, (g) % fau K 1 oM
1.7 x 102 €1 T stfafemen-fasgor v # €2 =ft 72, A Je sifafsman & faen s erir?
% T srfafwa o fag

_ [z ][O,
oy oy * 7
9 S o fou dqfea qemafe gt fafa)

H,0% T& "1l T8 CO &1 T "t 725 K9 R 10L%F T4 ¥ e < 21 3
W 40% S (RHFR) CO o T FreAfeafad geienn o @R sifufwan i 8-

H,0 (g) + CO (g) = H, (g) + CO, (9)
arfferen o fore arr feeriar &1 TTomT sifsm)
700K R fufwa H, (g) +1, (g) = 2HI (g) % fore o feeriw 54.8 71 3%

T YE ¥ Hl(g) fon &1, 700K ara | wonfad &1, 9 9 W 0.5 mol L HI(g)
3ufeerd &, @ W W H,(g) T L(g) T Higand & i?

ICI, Tt Tizan 96 § 0.78 M T, %1 A ¥ W &1 faan <, af weish &1 wre
T Higane O e?

2ICL(g) = I, (g)+CL (g):; K=0.14

= Twfe e W W 899 KW K, %1 71 0.04 atm 81 C,H, %1 9 T Higdl
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7.18

7.19

7.20

7.21

7.22

7.23

7.24

e A 4.0 atm I@ W C,H, 1 T TRk T T T 8 o [ree W M

Sfrar &2

CH, (g = CH,(g) +H,(9)

Tl Ud UEifesn oreet whi fafshan § Wi THide ST Sl § WS U whi 39 Wb

T ST Hehdl B

CH,COOH () + C,H,OH () = CH,COOCH, () + H,0 (I

(i) =9 Ifaferan o fore igar stua (Afuafsman-amree) ch (feooft : et
W St onfee o T € ud faemae off @ ?)

(i) A 293K® 1.00 9 TEifesh 377 TS 0. 18 Aiel Tl R ¥ oy e at
sffe g fagor § 0,171 et o Teiee @1 | feerish & o ife)

(iij) 0.5 @ A & 1.0 Wi THifesh 317 § URY id g¢ 293K 19 W FD
T qvE UUe UHieE o 0.214 Wi T T A R 6 $RIfad g T

437K W fdid § PCI, %1 T T4 U Felresh | feran 2 | e gF ®

PCL %} Wigdl 0.5 x 10 mol L WE 7, aft K &1 9 8.3 x 10°%, @ W& W

PCL WS Cl, =1 HIZarg =1 eiii?

PCl, (g) = PCl,(g) + Cl,(g9)

die s ¥ ©id 91 99g S AfafEwan gl €, 98 AR (I]) SATRIES o1 e

HHIFEE o gRT ST © U 36 Wi @ @ CO, fae F

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

1050K™ CO Wd CO, s | W AR <« 71 B, 9 37k qRfHew ARreh

@ -

Peo= 1.4 atmTd p,, = 0.80 atm
sfafn N, (g) + 3H, (g) = 2NH, (g) % fau (500 K W) 9 feris K, =
0.061 7| T fagis g9g W gl 1 Hoed 39 YR 2—

3.0mol L' N,, 2.0 mol L' H,UWs 0.5 mol L' NH, %1 3tfufsan are o 22 3f%
Tl a1 9 Tenfya & o fau stfufwan fea feen § e = ii?

A gHedTEe BrCl faafed gt 9 T8 FaidH a1 © a9 | wefid i 8
2BrCl (g) = Br, (g) + C, (g9)

3Tk fIT 500K ™ K = 32 71 af IR9 | BrClw! Wigal 3.3 x 10 mol L7,
g W g § sERT digdr = B ?

1127KTE 1 atm @ W CO TN CO, % T fagmn & Hraewen R S/ Hieq o
90.55% (REF) CO &l

C(s)+CO,(g) = 2CO (g9)

I q9 R Afufsma & fag K o 99 &1 o s
298K ® NOTE O, ¥ NO, It &—

NO (g) + ¥2 O, (g) = NO,(g)

Hfufsan =& faq () AGe wa (@) " feeis &1 1o sHifse—

ECIE I CRIE



7.25

7.26

7.27

7.28

7.29

7.30

AfGe (NO,) = 52.0 IJ/mol
AfGe (NO) = 87.0 kJ/mol
AfGe (O,) = 0 kJ/mol

frfefad ® o Yol 9 § S SIEde Sgeh <16 A Al Sl €, q Sy b
AT o Scael o Hicll 1 WEA dgdl © A1 Sedl € A WHA @l 82

(%) PCI,(g) = PCL, (g) + CL, (g)
(@) Cao (s) + CO, (g) = CaCoO, (s)
(A1)  3Fe (s) +4H,0 (g) = Fe,O, (s) + 4H, (g)

frefefad § 9 <@ 9gM W HHE-SE @ fafward guifaa g2 7 o sard fo <=
Titere & W stfafwan e = vy fgen § wfqme g

() COCL, (g) = CO (g) + CL (g)

(i) CH,(g)+2S,(g) = CS,(9)+ 2H,S (9)

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

(i) 2H,(g)+CO (g) = CH,0H (g)

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

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

frefafe erfafwar o fog 1024K R 9 feoris 1.6 x 10° 21

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

af% HBra 10.0 bar 9ogs o & S/l ST, af g+ ¥ & 1024K W 94 I
M i

frrfefea s stfufsran & SIER st gr SEeEesH 14 wepfas | 9
T HT S e

CH, (g) +H,O(g) = CO(g) +3H, (9)

(F) ST sfufshan o forw K 1 =iorh fafaw

(@) K, & aAfafsmen o &1 9 @ Heed o yeR geted g, )
() =9 Fe fean s

(i) T S far s

(iii) SRE ygF fohan ST

T 2H,(g) + CO (g) = CH,OH (g) T JTa 9arsu—

(%) H,frem =

(@) CH,OH fre ®

(M) COTH W

(%) CH,OH &H W

473K W HEhRE YeainEe PCL S famed & fw K, &1 71 8.3 x10°%1 A% fames
39 YR T S, 91 PCL (g) = PCL, (g) + Cl, (g) A H® = 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

741

7.42
743

ECIE I CRIE

(%) Afafswan = fag K 1 = fafay

(@) W Al o fag T9 A a9 W K F1 A7H F B2

(M FR (@) R fuw PCL faamn S, (i) 19 SGEn ST qe (i) q SgE
ST, @ K WG9 g2

TR fafer o woet BTESISH i Wiehfaeh 16 W Wi WO w1 S 919 i W9 ¥ fha

T AT S 2| S IRiere stfafEar § g U W CO U H, S 81 g8 0K H Yo

W H I Al CO SR fyw 9 ¥ sifafwar H 2

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

FfE 400 °C W &Affshan o= § CO ol 919 1 THACR 907 389 Y feran Sy o

Pco=Pr,o= 4.0bar , H, %1 Ao W S I 1 82 400°C RK = 10.1

aTeu fop Foretffed § @ frg afafwan § sfueren Te Serel B aisd gied g

(F) ClL(g) = 2ClL{g K =5x10%

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

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

25°C R #fafswan 30, (g) = 20, (g) F fau K &1 71 2.0 x10°°81 A arg

25°C T W O, % e Wadl 1.6 x10°28, @ O, %1 Tixa w1 erit?

CO(g) + 3H,(g) = CH,(g) + H,0(g) 3fufsa w& foret wemes § 1300K W
TrEEEe | 81 39 CO% 0.3 Wi, H,% 0.01 9, H,0% 0.02 %@ T& CH, &
T W €1 3w T q W sAfafwn % faw K w1 AW 3.90 @1 fasm # CH, %1 wen

A Hifs)

Gl eTe-oIR T 1 o o1 @7 Frefafea witeis o foe gt erer/aR saee-
HNO,, CN-, HCIO, F~, OH", CO? T S*

frafafed o @ & 9 oga ot 77

H,0, BF,, H*T& NH}

frefafed smgerel o fag g9 emel = ¥ faftan-

HF, H,SO, & HCO,

FRRENE NH,, NH, @ HCOO™ % |+t e fafan—

wi¥fst H,0, HCO;, HSO, T NH, F~=83T Qe &R —3Ml 1 i eeR Hed
g Y o HgTH 3R A1 &N SaIgy|

Frefafea i =1 Tgd 317 q &R | afichd Shifwg qe aisy fF 3 fofd 7R
TR -4 o WM HE kW ©— (F) OH (@) F (1) H* (%) BCL

T 3 T o A9 § SRS A I Gisdl 3.8 x 10° MR T pH IRk erd
FHifsa)

foReh & % T3 *1 pH, 3.76 €, 396 RGN EE F1 Fikdl Ad St

HF, HCOOH @1 HCN %1 298K W 35 feerish Hl: 6.8 x 104, 1.8 x 1047l
4.8 x 1091 T FTd G &N o T ek I Hifer)




7.44

7.45

7.46

747

7.48

7.49

7.50

7.51
7.52

7.53

7.54

7.55

7.56

7.57

7.58

Wil w1 A TEeRish 1.0 x 107981 0.05M ®iicl o foeta § hidiele 3T &
Higdr e 0.01 M Fifeqq ®ie foe™m | ITeh =9 &1 91 A1 it

H,S ™1 92/™ 3T feeris 9.1 x 10°5%1 396 0. 1M foema 5 HS- et 1 wisa
T TUAT HITSC T FaEC foh afs s69 0.1 M HCL < 3uferd =, @ dixar fohd TR
wIfaa B, Afe H,S 1 fgdta faeiem feemisr 1.2 x 107931, A1 dehme S> &AMl
T I feefqi & |igdr 1 7O Hifer

e 3T o SIE feemish 1.74 x 10921 39 0.05 M e o fadiem &t we,
THIE 3TFF Tigal ael pH 1 URehe sifaq)

0.01M %Tefeh 37t (HA) o Tore@q &1 pH, 4.15 21 $8eh SR 1 Higdl, 37
1 A feeries e pK HH 9Renterd shifsig)

qui foie A gC Fefatea fafaedi & pH 9@ &ifs)

(%) 0.003 M HCl (@) 0.005M NaOH
(71) 0.002 M HBr (71) 0.002 M KOH
frfafea fae@i o6 pH 9@ hifae—

(%) 29™ TIOH & 9 | = 2 faex faeem s s

(@) 0.3 9™ Ca(OH), ! S/d | "iest 500 mL foer@ s s

(A1) 0.3 IM NaOH &l i@ | "l 200 mL faeas aamn s

(&) 13.6 MHCLIS 1mL %! 9id ¥ TR0 Hleh Fd &ad 1 fee foman s
ST ek ST T ST T AT 0. 13271 0. 1M 3T %t pH el pK_ &1 7F T
Hife)

0.005M %= (C, H, NO,) faea 1 pH 9.95 2| 01 ST feerieh J i)
0.001M THE e &1 pH o1 82 THiciH o1 31+ feeris aroft 7.7 9 o Tehd
g SEeh WG 3T T YA e T Shife)

A% 0.05M UHifesw 37 o pK 1 HH 4.74 8, T ST 1 761 T il afg

W (21) 0.01M (¥) 0.1M HCLfae== § gen 5w, qf fozisq &t 76 fog 9ar
guiferd Bt 272

SRS THI ol STEA e 5.4 x 10471 386k 0.02M o= &1 31 &1 |5
Ft UM Hifeel AR F7 faerm NaOH 9fd 0. 1M @ @ SEHifye THH &1 Jfavm
3T T B2

frefeaa Sifaes gai, T pH g T %, %1 gRgie 1a" Figal ufehiord shifeg—
(%) WM WeE 54, 6.83 (@) 99 3 54, 1.2

(M) 9HT w@, 7.38 (%) e @R, 6.4

T, D], TAR W, 9 ™ M1 31 &1 Thal oh pH H AF HF0: 6.8, 5.0, 4.2,
2.279 7.8 Y% o WA H* ¥ 1 Wigdl A i)

298K ™ 0.561 g, KOH ¥/l & e W 9ra 200 mL o= &1 & pH, drefyrm,
BIESISH A BEGIoeel STFAl i WEdd A1G I

298K W Sr(OH),, fawe =1 faciaar 19.23 g/L 3| Wi qen sregiieret o i
Higar qen fae@ &1 pH 9 Sifaw)
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759 HUAEE 3T o1 A feriE 1.32 x 10071 0.05M 31 faeiad & S &1 HE
el pH 91 &itse) Afs faeas 5 0.01 M HCL A& S af 3§er 3FAH &1 A
JM =i

7.60 AR WEM® 3 (HCNO) & 0. 1M factad &1 pH, 2.34 71, A 3% o T feerish
I 3T 1 AT A1 HiTrT

761 AR AEIE A 1 AFAA e 4.5 x 1048, @ 0.04M Gifeam gerEe faemm &t
pH T SE@SH & A A1 SIS

762 A% drifetaw eEeeH kS % 0.02M faered w1 pH 3.44 ®, @ W€ #
A e 9@ SifSTw)

7.63  TrAfaiEa e o Seite foemml o SaEH, STl a0 i 8 1 I Hifau—
NaCl, KBr, NaCN, NH,NO,, NaNO, @ KF

764  FARICHITCH ot w1 A Teei 1.35 x 10°%1 0.1M 3% ael 38 0. 1M
Hifsa™ @@ &1 pH T ST

765 310K W Sl 1 S OAEA 2.7 x 1071421 $6t qI9sH W ST 5ot i pH
EIREEAIEL

766  Trefafea fagoi # pH aRekfer Hife—
(F) 0.2M Ca(OH), F1 10 mL + %1 0. 1M HCL %1 25 mL
(@) 0.01M H,SO, %1 10 mL + 0.01M Ca(OH), %1 10 mL
() 0.IM H,SO, %110 mL + 0.1M KOH %110 mL

767  ToeR FMe, AfEm Hibe, BitE TESIFIRS, o FiNES 791 HRR™ sTHeRs faeaq
T ARt 7.9 ¥ U U foerar orwa e 1 Ferar 9 foerar 9 St aen
Y& ST T HieRdl 9 Hq FHifel

768  Ag,CrO,q AgBr 1 faeid othel feeris #a: 1.1 x 107291 5.0 x 10713
21 7o Hqw foeraq 1 Hiedl 1 U Hd e

769 AR 0.002M HisdET Hifead TRiee a1 Hf FRe faeer o THM STEH &l fiermn
ST, Tl 1 IR ARG T S0 TM7 (FIR RS & fACK = 7.4 x 10°%)

770 SIS A HI A FEelE 6.46 x 107570 fHeR I=wE #1 K 2.5 x 1071
21 3.19 pH el I foreta W foeer swiug sTet &1 qerl | feha 71 foreia im?

771 G Gethe 91 WfETH HeHES o HHAICR foetai st Stffehan TIgdl Saigy, sd $-eh
A A AN W AR 9edEe SEafyd 7 8l (ST 9ewie & fag
K, =6.3x10")

772 1 UM ShicEaH Tethe whi SieH o folq vH o & fehae STTa STel shi SATeshl BRi?
(hfewam wethe & foe K = 9.1 x 10°)

773 0.1M HCl¥ BRSiSF Towhiee d Hqw foed &1 @igar 1.0 x 1079 M 2| afg 39
faerm &1 10 mL fr=fafed 0.04M fae@ o6 5 mLeren ST, ot foe faeeet 9
3fee yr g2 FeSO,, MnCl,, ZnCl,, W& CdCL,.




