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& [HI(@)P,, /[H, (gL, [L, (@],

B F Bt Ut et S 2

-(4". l.f&lagu: 7.3J}Ag~(l<,‘?)-§-

LJed LH,@+Le=2H@JV 7.3
ertledsd SS9

[HI@]Z, [HI@)],, -

[Hy(8)leq [12(8)leq | [Hy(8)leq [12(8)]eq sk
46.4 1840 1
47.6 1610 2
46.7 1400 3
46.9 1520 4
46.4 1970 5
46.4 790 6

SF e Ut etk 1 S IF b L
S bl £ S =5 S
JU 14 Ut (Stoichiometric Coefficient) {*§ Jk
UL 7.1 2l L H,(g) + L (@=2HI(g)
= P fuik, i



7.1
UINFUE S INH,) e H, 41N, ) 4 172 500K
J P Jéla S8 ‘J:)' DK = L
s [H]1=3.0x102M ([N,]=1.5x102M
- e d SN INE,] = 1.2 x107M

Uild L L Ny(g) + 3H,(@ = 2NH, (@ JU
e PGl U ki
__ INH,(9)f
© [N, (QIH, (g)P
_ (1.2x102)
T (1.5x107%)(3.0x102)

=0.106x10* =1.06x10°

7.2

LGl LN, @+ 0,0 = 2N0(g;$5\
(N,=3.0 x 10°M J#ul b £ 17, 890RCY
Z| NO=2.8x10°M 1l O, = 10°M
?Jyz Yed Ik Jo_ &L

© S
< LWL UK, il £ J6

O
xO
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(7.7) K, =[HIIL]/HFP =1/x=1/K,
LAY
(7.8) K,=1/K,

) J@&/ﬂﬁd]l?éég}@&)é’%”
—e b bl Bund
c%/"ngai'lﬂcdjﬂfaUVégJ(ﬂﬁ
E S NI S i Pl 6L S
Lo TGS 1 SABIE 13 Kot
‘ISZ/)J’[TE)‘"’"V/?{'”»
(7.9) 2H,(@ + % L@<=HIg

Lﬁb L Z//QQ\‘ES’”UJU’&L Jb’ UL.?/M)’

"
@ﬁ / [H,12IL1Y? = {[HIP/ [H,][L]}?
@?’ = }(1/2 = Kl/2
3U:‘Z{.L/~g/"c_n)’/7.5oi;u
7.11 nH,(g) + nl,(g) = 2nHI(g)
_‘L&ngﬁb
o by sl N bR 5 L
L. K L K g LS
gL LA T.ae

2L Sy Biid LSS Li7.4U

_ INOF’ FuL
"IN, ][O, ] y -
ebledle S
B [2.8x10°MP
[3.0x10°M][4.2x10°M] aA+bBw—=cC+D K

=0.622 cC+dD=aA+bB K, =(1/K.)

o 5w na A + nb B = ncC + ndD K, = (KS)
UM 7.4

(Homogeneous Equilibria)

Ut Znh e S HS e Bt e g
N,(g) + 3H,() = 2NH,@JW & fi, 4L S

u“’u} d)ﬁJK'CJ)’KCUWC)ﬂ;J/LLJ};JG’:
el L el d/ﬁz’”u)l?f% Mg -t il
L2 b T Pl il (L s
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7.12 K = (pH’)2 ( ‘01“?7C/d’-uzé"—nuﬁo’ad'lf’vgdﬂmd’wu:
(7.12) ° (py)p,) *  CH,COOC,H, (aq) + H,0 ()=CH,COOH(aq)

+ C,H,OH (aq)
écﬁ Fe®* (aq) + SCN™(aq) = Fe(SCN)* (aq) 2

(Homogeneous anﬁg/L?‘J"Lme(L?

P = [Hl(g)]RT

p, =[L(g)RT C e b e u" @’m{ (7 ! Ut U Solution Phase)
Py, =[H, (@)RT L5 B3l

W (Bquilibrium S uiied L 6 s 741

K - (Pw) _  [HIg )| [RTT Constant in Gaseous Systems)
(po,)(p,) M (¢)JRT[L(g)]RT Lo 56 /(\;u/lié s
(7.13) = [H[HI a)f =K - U @{ erte . Z Jinlgr L b

@il /Mum& d/Jvu*‘Cub(wﬁfc’. el

WU sl B iU K, = K, A G
fﬁ J@ }EJ@‘CL}’JJMdJ n)L/Qgﬁ Us L lbe d/ (Partial Pressure) 3} (27
{/ Uy ) ¢ oM
) <& —e bl T

N,(@ + 3H,(g = 2NH,(g O
) L(}WJ c)wuwuf o
= (pNHB) . (j,}\, pV = nRT
(pNz )(sz) &% :>p=£RT
2 o \%
NH - 7 PR
T H,( _ .
% -ﬁ:—ufc))[aﬂi,'mei; ggﬁwu:msfgfﬁ;
NH, (g)['[RT PP
[[N T - O 6 motm v
T S post U mol/dm? | mol /L g1 )
orK,=K, (RT) R
(7.14) )
megwo" p=Igas] RT:(¢ imﬁfc)w(‘:,u
aA+bB =¢c¢cC+dD -&R=0.0831 bar litre/mol Kulz
“ié .g/l.’::i)@'ﬂiu"f@) K‘I{u/;;wi].y)yy
« _(P)(p,) _[cT ol (RT)™ p = [gas] Sree_ byt
" (P)(p;) [AT'[BF (RT) L UL S
[T [T (RT)S H,(g) + L(g) — 2HI(g)
[AI'[B ol 2
c D[ n " -
(7.15) . ]a[ ]]b (RT)™" =K, (RT)" K - [Hi@]

© [H, ()L, (g)]
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-

‘Hy«CO, £ 800K -<_ K, = 4.24 /800 KL L
S L p IR 6 9L H,0 51 CO

_U#0.10M JEuIZ H,051CO

S
J&
CO(® + H,0(® —=CO, (9 +H, (g
bl £
0.IM  0.IM 0 0
_uggjwdrxédﬁt.gﬁféut
=ity
0.1-x)M (0.1-x)M xM x M
-t 445§ Hy i) COp s L T X UL
e P Sutd iy i1
K.=x"/(0.1-x)° = 4.24

X" =4.24(0.01 +x°-0.2x) X

X’ = 0.0424 + 4.24x°-0.848x %{}
3.24x°~0.848x +0.0424=0 N\

a=3.24,b=-0.848,c=0.04 2

:J“.cf,ax2 + bx + e lslr (520
@ (—bi\/b2 —4ac)
-
x = 0.848 + V(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

L Sy Bl o (C ook B 0,194
e wbie Kz e d s
: & st 5o 560 3151
[CO,] = [H, ] =x = 0.067 M
[CO] = [H,0] = 0.1 - 0.067 = 0.033 M
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L2l ﬁ):Anwgu,ng{uﬂ?ugugz
< d»ﬁd)(;iﬂd/uﬂrzi sl Jf)-(;fﬂtfu}r
Ll A BT e d (K en S
SUEb e 1k (e 1bareb Gl

10° Pa =,{ 1,/ 1Nm™=Pa :J{/gl

u?‘gd/Kp/? <7 21 .—aﬁ;éj- Z g&@oﬁ.‘fm{

_ug&ﬁu?uﬁ 7.5Jug
k, &I L e b iied, 7.5 e
K, K /740 Ji
\"4

6.8 x10° ‘ %é‘ Na(g) + 3Hs(g) = 2NHs
41 400

3.6 x10° \)‘Q 500

N

4.0 x10 2N 298 2501(g) + Oa(g) = 2S0s(g)
2.5 500
3.0@? 700
Q98 298 N204(g) = 2NO2(g)
(379 400

\{:} 1700 500

7.3 .k

Ut Ut =l Switd O, sl PCL,, PCL, 500 K
231 1.59M CL¢1.59 M PCls J€u1 L i ol
L pCl,=PCl, +Cl, JU (¢ 1.41 M PCl,

eSS N

S
oW U1K, S itie £ S e

=

=[1>c13][c12]=(1.59)2 170
°T [PCL]  (1.41)

7.4 .

J@J}gzﬂ

CO@E@+HO(@ —CO, @+H, @
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CaCO,(s) == CaO(s) + CO,(g)
_uggagﬂ{)&* J@!)V&g —

K - [CaO(s)|[CO,(g)]
© [caCO,(s)]

a1 et U 1Caco, ()] 1 [Caos)] 62
Lo Jrd L AL qz/t{(f‘f

(7.16)

6l )Jl
(7.17) K, =[CO,(g)]
b
(7.18) K, = Dco,

KIS g 17
(Units of Equilibrium Constant)
SSx e mol/L S U $ 3615 § K, i gid
kPaPa {3 52 L LK, e &l SeL

iy

7.5
< L 2NOCl(g) =2NO(g) + ClL(g) W17
U1-¢-3.75 x 106 £ 1069K =720 K, )1

?é 4 K cJ.LJGJ{:AV.w
<+ Kps ’ :

SHEf
K, = K (RT)™
L Lol i
An =(2+1)-2=1
K, =3.75 xl&“\‘\%.0831 x 1069)

K, = 0.033\
RN\

N

ujliujl;“’/j 7.5

‘QQ) . (Heterogeneous Equilibria)

8L g E S L S e atmiba wO Wiy S F i L o L ez ol =

Sl bea AT Ut G Sl U1 S i

uL«,,( Ve sl u)»v'.,,)/m,&%f..f 3 l:‘n'{
_usne

LK, H,(g +1,(@ = 2HI QJJ“;‘ e
N,0, (@==2NO,(@)_c(@% ¥ {/ Uk, » &
-‘Q/QJKI Kpmmol/LJKrJKC

AU F S U S erls HIUS~ YT
L3t e S sSSP
&b‘fjl} U'/}J_‘a 1 bar&bdz?éé‘f{/f}&
% 4bar/1bar=4-< CJ:lw g/;U: C}J!:’/AL bar U«
L F Li-c 14 Dimensionless) 1z # ]
L9 $158 Gt = S 1(Co) Ml iler ok
Ghor Fred G § B ii g E b g b
LS U Ko1K, Us (YU 8%/4 <
Sule 2 Juﬂled/lzvﬁggugq/lﬁ»d/yw
-ug&n.ﬁf;ﬁdm

A ug~L/z LU-:*’/ (Heterogeneous Equilibrium)
-‘LJ&Jwi?ujg?‘/f:u;l?uwi[}gmu}.tuﬁ

H,0() = H,0(g)

Ul-e ez B rmmie ez Ut Jeur
L 13 s & JF ok 2 L 1l P LN
-ﬁ;d]l;ujl}"/zz

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

Zn JEFL AP L e IS S
AL L u)u?dl;”’ch; AL F St
L B\ PP B 2 S TIEIL yitd
e (rlxn 1}’:./1,@@)-@’ Lxn Jx/)&“j!
Z U J:‘:" (XO)] #/[X(s)] Fe Jex & U s
U [X(aq)] 2 [X(g)] Jg/ L S St S xold
-‘a&lgndjg’/!ﬁurxuﬁf’;ngjvgf[&d/'
S Aer 2 SOl qz/t{(f‘fﬁé_u’
e JEfs L



(0.48-x) bar 2x bar =L u)i?
K — pgo

° Pco,
K,=(2x)*/(0.48 -x) =

4x? = 3(0.48 - %)
4x? =1.44 -x
4x* +3x-1.44=0
a=4,b=3, c=-1.44
(—bi\/b2 —4ac)
2a
=[-3 = V(3P - 4(4)(-1.44)1/2 x 4
=(-3 = 5.66)/8

= (-3 + 5.66)/8
%:L!ﬁ%alﬁ!ﬂ&ﬁnﬂd}@g‘}/x.{}z)
(ur

M=

x=2.66/8 =0.33

L Ungi}g/pfpd;?u/i&
Po= 2x = 2 x 0.33 = 0.66 bar é‘:}

Pu,=0.48 —x = 0.48 - 0.33 = O.Q‘
&,

(Applications Jl.’:“l ,4%)’5’” u;’!; 7.6

of Equili{\t:):zium Constants)

S m LT o ES S L gy

i LSl e orP A

JAm S a o b Je1 3 g1 sty 1
~G L BN e 1L

e 8 e & S S s § ) 2
- 8}1)1)7

Z oS u’f.‘a (o /4 e Bt Y 3
L bl el Ponine s \PIE
- angff%;l;/’:’ug/ﬁ d/u’l bl Vs
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(}VK COy 4 =il 720 JSb ug,l/‘a t’n/;lb'g J!
—e bn Ut W17 AL Cacoy(s) 4ICa0() 3 L K
41Ca0(s) 7312 €O, 4 1100K S U 203 L F
- 2.0 x 105 Pac U* W17 £ L CaCoy(s)
18 L 5 pier i) 17 € SGUL 2ukny 1100K

K, = Do, =2x10°Pa/10° Pa=2.00

SE) Sk B I Tor ik b 50
e E (U1t A

Ni (s) +6CO (@<=Ni(CO), (g
| 6;(\ ‘a (CWIg b et

‘Q\\ K - [Ni(CO), |

[cof'

g}\wuu‘ UJI}’UJV/ILB b4l .
?ﬁﬂ P 19) b PN S P AL
V)VJJW”UJU sz L Igy 1~ ulugr(u;f
e JwJ;gzy-Lnuﬁ}lﬁ
Ag,0(s) + 2HNO, (aq)==2AgNO; (aq) +H,0()

_[agno,J*

°  [HNO,T?

7.6 L4

254 K Lo, (@ +C (9) = 2¢O (@ SV
Peo,= 0.48bar Ut {17/1 - 3.0 £ 1000 K
21 CO ¥ 51 3824 d’/’bg/'/udla 21 peo =0 bar .l

sz Uil co,

S

LLJu

S SIE e co, SE ol
CO,(g + C(s) = 2CO(g)

0.48 bar 0 3l 3L
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L H,(@ + Br,( =—=2HBr (@ JW/ 300K (o)
<K, =54x10°<
:Zu{/d‘b.:iqgj‘}l. S Ink < 109
o K2 5 LTSG i fc,/bwf SN
122 KU}
il £ JE to, s, ¢ mo 4500 K (@
K, =4.1x107 I‘L[&;ﬂ,—lﬁ"
£298K L L N,(@ + 0,(==2NO@ ()
< K, =4.8x10""
FN ol S Je Ut &4 10—3L103Kc/7 .
:ﬁ; ugl}"qf“},?/ﬂ ,d/un»?}"q’/!ﬁqfu]u
K, =57.0J6,700 K€ s H,d L & GHI (a)
JE G SSIL e U Uin0,d N0, )
er¥ife K, =4.64x10°725% kU e
INO u"z_/‘iuﬂicj. Ul- fw,/nc.m//\
J“)/.?JMVL{.]J” - Lla ;L  UsNO

«d‘d@/w «f’

e B | K. ,QV :> bt
L 10° { 1I §"\
S ~./JL’J qutduu/u Lk PG
?&2&7@ ugmru)»J"Lm (‘;‘?

el g K a5 Ll 7.6 S0

(Predicting the (/U F ferd SV 7.6.2
Direction of the Reaction)

Ols &0 Sl ¢ G vl e 17

e Luiie it L S o fer

e JU U &+ (Reaction Quotient) @ e

S (ALl 6oz 9,41 5L 61 Q) e

kL3 Z PP e Suktboras/

iy

ooy g Ergid CJoen ey _a
‘%anzﬂzéypé.lﬁ”c))!?é
L JOSE N K il Lo s
LA oS en e B B
-g:-@l,vd/flaifrfﬁ&yﬁf—wg
Ay e L G il & Js e AET
S
LIS
MDY 2 SarfS o
N

\C}\q, YA ISS A
A SRS S S 761

X

(PrQi’éting the Extent of a Reaction)

< " .
\Q&Tumerical Value) /& ($1.4 d/ e UJD’L J B (f(

O (e S e L e SO

‘Lgc/Jwan/m,g;J?L“/ufﬂ/';,hkf

e & 360 F2N D JKPL K -c 6% iliy J

co#’ﬁ@dﬁ:«)l{?d/ﬁpu}l?fw?)ufw@'uu

SO I b B L S (Ut Gt 26

S bmliend KRS Ak Uioe doe (U O

_ﬁﬁémm‘aé&wﬁmupwé
/ﬁ@&bf&)yjﬂﬂyc*{/}uc_ﬁTuﬂ;

24

Z uiJ/J"lpaﬁr/? JerJ ik, 51031 o

st,?/,cf_?% :’/(C“W'l Q/’JJLQ Je uLJo/.KCfu}’f

1 b KU

S idy Ln JU AL 0,6H, 2500 K (a)
K.=2.4x 10" ool st

L H,(g) + Cl,([) == 2HCl(g) S £ 300 K (b)
K, =4.0x 10"



_KL@MQ{ULQ{QJL;QC<KC/(I .
-KL@MU:IQQJ/l;Jb’“?QC>Kc/;I .
_Knuf}J@.bj&/?Qc = Kc/ﬁ .

7.7 5
2x10%ed (K& L 2a=B+C JU
- J;ﬁTUJ!?{ =h v Al e
e J S Al =[BI=[C1=3x 10" M

=z

- Loz LTU:

S

ce PLbt Au1ge Tt b Jud LSV
Q. = [BICI/ [AP
L

[B] = =3 x 10™"M

e |Al = [B] = [C]

Q. = (3x107)3 x 10%) / (3 x10°f = 1 %

N
_{nc)/a% JGJ’L(}J‘LQC > I&@

-

o’ § 60 7.6.3
(Calculating Equilibriu centrations)

IS A s o Ut e
LUl S s ST E e S
gguwuﬂhj.é JU _1p8
SO et e L1Z L bl 200
A berdd Cusid b oyt
Sl (@
/;1ngu”{):iu:)6“/l¢:9fdi"/.:/‘d/u]l; (b)
_ujf@é SN (0

Z e (f/ LnzzyeclUiies It e
¥ dg AN L J1E e xd (mol /1)
_E e Ll L U pnind S
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IS Jd»/uﬁQCIL SNt &S
:{_LJ@(VH‘Q-UMQF‘E
(7.19) aA+bB=cC+dD
(7.20) Q. =[Cr[DI" / [AF[BP
e e Ly e S ST g > K i
-(Jv
JJJ)K&/JJJ"?LJWJQ > K, 1
(Jv
LTS5 Q.= KN
/f/u“wg‘;’wil K H,
h-<K, = 57’\@700 K{H2(g) + 12(g) 2HI(g)
sl = (IH,],=0.10M S bl e e S
EW< N i1 2 terte J 25) HI] = 0.40 M
éeg‘{ =3 (Arbitary) | u"gf( QJ!IL dl/.« =
-(yu"u/u’,fa u”d/,/,,m

auﬁuuc}m,ﬁ/cjwwé’ JISSGdy
0, = [HI)2 / [H,), L], = (0.407/ (0.10)x(0.20)
=8.0

W e 21z £ K, (57.0) K, (8.0) U TS e
Hﬂ/‘}’i e ufu’: 10T 6 Hi(g) 9/ 1,(g) <H,(g)
Q, = Kcu(;//g HI ool S o IZJf
&l u{jﬁ)&“ﬂ& Uil s

P ST &S b/uu,f:d/KC/,lQC
-LatnmﬁzéxuﬁL/&fw%’JwJJch

:uzé/?gokf’ii}gﬂﬂycadif@lﬂ

.

QK/ K,

1-8

“LU:UJ’?U-‘

O

el —> e 2L e 2l b el €— =2l
DA
LS S5 ot 5 e 5 S 7.7 S5
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iy

9.15 = 4.98 - x) + 2x Fred St e gnifJ 3pd
9.15=4.98 + x /f@!;b&/);;@?fﬁ-é(}”o{? d/x/
x=9.15-4.98 = 4.17bar Sl v s e QL i i Py

I Iy P -n ke
Prno, =4.98-4.17 = 0.81bar N T = s Sed prl’””i Lx-aps
Pro, =9x=2x4.17 = 8.34 bar ey
K = (Pno,) /Pup, u;z’"&@@uvu:u,vwl}étg Jagm;_; -5,»,3
= (8.34)°/0.81 = 85.87 S
K, =K (RT)"
85.87 = K,(0.083 x 400)' @e} U2
K, =2.586=26 VI »g@&\.u 1L 400K 4 N,0, 13.8¢
3O et b E I fuitiie
7.9.4 Q}Q N,0, (=2NO,(g)
Ut e W4 L1 114300 K PCLy Uy 3.0 3, 31915 bardls Feh L it
T iy u/u/i L SFsund {,;Q S PSR,
K.=1.80- L@wL’{J/Aé\' F
&%’ pV=nRTS LA
PCl, = PCl, + CI Q/Q" W =1LAF
3.0 0 63z 92 gJ@UVJNZO
mJl}”@rxLPmSéuL (n)JfO 15=13.8g/92 ng’Juﬂr
BX X X el (R) = 0.083 bar L mol 'K g+
K. = [PCLIICL]/[PCI] 400 K=(T)= 1722
1.8 =x*/ (3% pV=nRT
2+ 18x 540 px 1L =0.15 mol x 0.083 bar L mol 'K '
x=[-1.8 = V(1.8 -4(-5.4)]/2 X 400K
p=4.95 bar
x =[-1.8 £ V3.24 + 21.6]/2 N,0, = 2NO,
Bl 4.98 bar o sbdue

i =l T BRI = L (4.98-x) bar  2x bareh L 17

[PCL] =3.0-x=3-1.59=141M Y.

[P013] = [CIZ] =x=1.59M Piotal :pN204 +pN02 b":.’)é: u/";
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-

e AG/RT 1 e ~AG®/RT 5.AG® >0 Jf
}?JLQMLJQ}?JI}I‘LWK& K< 1[5}3
/?Jﬂhufziﬂquffn{&’lfnwd/ff

_Ex

7.10 L+

U:}g‘/}"ﬁ&]}g{uﬁ (Glycolysis) J‘J}?lbz
_"—4{’.: L/(AGe “i L (Phosphorylation)
& e d § K 4298 K- 13.8kJ/mol

J

AG® = 13.8 kJ/mol = 13.8 x 10°J/mol

AG® =-RT InK, JS(§%, s

In K, =-13.8 x 10°J/mol /5?

(8.314 J mol 'K x 298 K)
In K, =-5. 569

K, eés@
: -(g@

(:) 7.11 L~
e J U (Hydrolyéis) J{:‘; LTk

Ry
¢

Sucrose + HoO = Glucose + Fructose
< 2x10'3 K, L)1, 300 Kl & o hsls
-y (}’”AGG

JS

AG® =-RT InkK,

=-8.314J mol 'K 'x
300K x In(2x10'?)

AG®

AG® =-7.64 x10* J mol™
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St ge b b JPa By 7.7

(Relationship Between u;_,;u, G
Equilibrium Constant K, Reaction
Quotient @ And Gibbs Energy G)

Geu L A edued SR LUvs”
/:!:/VU/JJJJL:&/LBY/U‘GHLLV!/W(t’
//Ldf/f'..,«/l/ul//AGuLiu*dW‘fCMu‘la
K2 e SN SSTe §AG o
JGJ/,L J/ﬂ ‘Q%?J!Jw" e =BAG e
JL:»J"}@ w_»/u'::d/rAGd”/Mé

\ -Lu’ La/J,v
df?ﬁiw e WSS JGie pac o
\QQ) -ﬁwzitfdwiau“irdw;m
QL L Lo F AL gnd
e Fle$rba5L ablodt s o
(7.21) AG =AG’ + RT InQ

< dui el

ol € Q=K »AG=0=2 el d/ét!?
St pfo721

AG=AG"+RTInK=0

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

> tﬂ&buﬁmé&ﬂ@&imglguiu

(7.23) K=e AG°/RT
S S m &S S 6 (7.23) e bsls 11

-4U:lpbfubu“cubétJAG 8K
€y e AGO/RT 41§y =3 AG®/RTYAG® < 0/l .
JWD}LJL}U}’/II‘LWgJ%_KQ&K>I}?
G S S S e B 12
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JSSGSs 6 Sl S L Les .
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U&/ub/?cuﬁqui! HPO, =30 (@(L/;»u{
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ngb,l/ SPLIHA- u‘d_}’A Ly
s UFsle b 1216 HoA Ut S il Je 2
e tTed  GiAd b om0
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(Factors Affecting Acid Strength)

N L& a5 g STt Ny s G
£ J¢ pH JJ};L}’Z&“_) L AUz Ty b
Uy EAS 2 L A
U2 M oo Sur mud $inlitd L
sasrws Ly S REUI LS

iy

Ko =ca’ ora =(1.77 x 10-5/0.05)
=0.018.
[OH ] =c o =0.05 x 0.018 = 9.4 x 10°*M.
[H'] = K,_/[OH ] = 10/(9.4 x 10™*)
=1.06 x 107"
pH = -log(1.06 x 107"") = 10.97
EI)eIFL iz B
K, xK, =K,
ed G ENH e 7.7 e
J s ig6 NH; iz
K, =10" /1.77 x 107°
=5.64 x 107"

G’}‘(ZLn%

K, =1/
N
>

K,) &

&

7%
~ .
u’b@%}@uwmu ZSE-d37.11.6

and Polybasic Acids and Di-
and Polyacidic Bases)

U 4l o6 et S S K\ ST S8 e
uﬁﬁé‘jﬁiﬁft{!’upcVQJ:LVVQALM!
oy Z L Polybasic) U1 -t Lty
o S5 K 2L Ji 21/ 1% (Polyprotic)
,33/51 a!;b‘d;’gzﬂ[d‘@ﬁft{fé L H,X 55
—e bbb

H,X(aq) = H'(ag) + HX (aqg)

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

Ut Sossr B I L (5100

= {[H'][HX"]} / [H,X]
K, ={H'IX27]} / [HX"] _y

s &L H,X CIF K, s K, Ul
& S LA ST - E T
AL un ﬁ""ﬁ'/’tﬂufug;mééngoLl
VA 7.8Use ECFE AT L ung iy s
- éZ{.}
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e de St FUG et iy f S Ji
VIR e derordl 3 I E 12
G E AU U e 3o LI Tonre &
/ifd@i,/)utisui?z%fw,gﬁﬂqf_f;}‘f
— byl JJ/IL

Fid UszT 22(5210.05M U il L6410.05M
.,g(«“ié é@/&idl;LnuﬁpHJJﬁgL/
LGS KNI AL 12 s A

HAc(aq) = H'(aq) + Ac (aq)

iy | "\O
M) & ug&u

O

0.05 0 d@'
-g.XyJﬁithLiQéd“éut
(fﬂ/&wzm

" R

@, .
& Sy

0.05-x X 0.05+x

!

K, =[H'l[Ac” ]/[H Ac] = {(0.05+x)(x)}/(0.05-x)
X<<0.05¢- st b et K, & iz Fen k7,
(0.05+x) = (0.05 - x) = 0.05 i,L‘.')

LAV
1.8 x 10° = (x) (0.05 + %) / (0.05 =)

=x(0.05) / (0.05) =x = [H'] = 1.8 x 10°M

pH = —log(1.8 x 10°) = 4.74
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< HF << HCI << HBr << HI _
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Juluﬁc«}’dl’/f

—e NSt B L H0H,SUAST

&f{/b’é/w}(ﬁ\.gd/duyd/»ﬂ?«%‘jg
o Sl L/f/afdﬂfagﬁk HAd LS
Frfedboz ey e iod actere (b
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CH, < NH, < H,0 < HF
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ISTIZ O FAF ey TE U linl Ui 7.11.8

(Common Ion Effect in the Ionization

»

Y VY

of Acids and Bases)
i Je S IO s f 5 e
CH,COOH(aq)=H"(aq) +CH,COO (aq)
HAc(aq) =— H'(aq) + Ac™ (aq) L

K, =[H"][Ac” ] / [HAC]
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= [OH] = INH;l iz

== % e J’L; 75mL dl:"vl/v’ Z J:,vﬁ
S NH; 47 (0.033M) ¢/ T NH; 2.5m mol
S (P16

[NH;] = 0.033 +y

INH,OH] = 0.038 Mo forod (v 7
[NH'] = 0.033 M

SRE A

K, = [NH;][OH] / [NH,OH]
=y(0.033)/(0.033) = 1.77 x 10° M
y=1.77 x 10° = [OH | AU

[H']=10" /1.77 x 10° = 0.56 x 10”°

pH = 9.24 i}

(Hydrolysis of Salts L{J‘C.: b ‘.’TU( UJC; 7.11.9 O
% \Q

and the pH of their Solutions) P

J@Ll,L/JV/t:J}‘”JquJ ' :7/:
STEU e Qo 2L Tt QL G 2
wutu“dﬁd'ww/w : LL!ML
JJJU)QL/J{JLL&L&@@LL@/JUM
LTyl wf’.u*&u Jw/_,f/ dr L
el Sy TS TR S SG AL (L KU
L urbi§ie doe 2 pd e S Ui
L U}ﬂ'/:d;"/;'(aﬁ;) rlez+rCaZ+rI{+rNaij-f”)‘j:";"/,.r
Z_bsroue 732 (45 ClO; < NO; Br«CI' 1) o/ Te/l
= ULl Uiz S - J/JJML_,;JU:J%«
- dr7pH U’JU*L/(}M’J)HL u}’Ll;¢
- Z_la/uﬂt - ‘JL’)é/deg/JG/ﬁ)
_Lu’/;ﬂb‘gd/,vﬂu'd/"L»”J):/Md/u:éfu'
CH,COONal&* L S is s’ @)
NH,CLUE L s sl 263 (i)
CH,COONH, B+ G Ui Fosl s A i)

iy

7.24 S
L U¥u1ca gt pud ¥ Lrr0.10m
Z J¥ 25mL £ 0.10MHC1 S § 50.0mL
JAL L eribn pH A T bl L AL

< K, = 1.77 x 10° K&~

JS

NH, + HO — NHS + OH
= [NH; ][OH ] / [NH,] = 1.77 x 10

Lo S

Q[NH *1=[OH ] =x
"‘) [NH,] =0.10 - x = 0.10
\\
x?> /0.10 =1.77 x 107°

Q;Q x=1.33x 10° =[OH | {1
Q‘“ [H'] = K, /[OH | = 10/ L}
(1.33x10°%) =751 x 10"

H = -log(7.5 x 10?) = 11.12

% 50mL L (1 5m mol (%) J# bs10.1M
AL LK eriasmLl J# 0.1 Hel
44-2.5m mol £ L2»14(2.5m mol s HC1(5>)
o~ J,L{ 75mLd_Is s J"u_ﬁ u:/lgn“ J“,vj
L NH; s/ 2.5m mol £ U}JL’ Lol okl JL

L u:/lguérl/uﬁdﬁ/:; 2.5m mol

NH, + HCI — NH; + CI'

2.5 2.5 0 0
S IP SO,
0 0 25 2.5

LT NHé 2 gt ¥ 75mLes f b
L UL NH, #1(0.033M (¥) 2.5m mol
2147 NHy o ~L Ust (0.033M %) 2.5m mol

LA VR
NH,OH — NH, + OH
0.033M -y y y
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(738) pH=7+ "% (pK, - pK,)
l/}'c. u‘é/ u)L/;?pHd/Jﬁ!L wd//
_Jr fc?pHia o)
7.25 %+

<A pk, § XU T (- I8IpK, Sl
¢# pH $ ¥ at (ol - 4.75 41 4.76
=

X3

JS

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

(Buffer Solutions) J¥—2b7.12
&anLf!‘gd/a/f}y%/ﬂufﬁcuﬂf/&b@cc«/
o KJ/KVV'JJ/J//LE/J pHE Uil
fm/prwwm,wwLJ_
JLe Juli}’”v@““}'(ﬁ»’dd_a Cor 4
Gbﬁ (J)gd“'_‘a d/ u/)/d/é/ pHup}“;
d U pHL L UL UGS
(Buffer Solution)dﬁg b

z_/ u)

Stz $ok S ¥ oot £ prbad g 20
J)’VC/L\—J’/J}’J//”/)L* ) prLJHA’pKa
e 2 e o S STl g1

,/b/c}JJ}i»uJu/LpH 4750276 wk
pH9.2502T6 % Yy L /U}’flugf}"mla e
u)ﬁb,zlab;!ui Uz e L/(KC/J.,?.&/?
-Zq/f@m#@puﬁ;/gé
e JFE 7,121
(Designing Buffer Solution)

L J# AL g el § i 31 Pl Pl
e L (cab) Bl

/)JLE/}‘..«'//}/("&LL///V/’(pHd'/
S g 2SI L gy JEe g
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CH,COOH /%1 £l CH,COONa U J& ¥
S U S x JfJ NaOH: L1 § 5l
e dbn &L dia U
CH,COONa(aq) — CH,COO (ag)+ Na'(aq)
I ot St oa | TR QLCH,COO U & AU
' ' - (:sOH s
CH,COO (aq)+H,0()=CH,;COOH(aq)+OH" (aq)

2w s L (CH:COONa) A2 i
—e bt bt ¥ (K, =18x107) =
SUIFEae bl oy 816 o UE JFe Su
ol 7pHJJ}VdLL Clox

¢ = HClsé)\r‘ u’iuWH@HJMu/@) S
\,}?. t‘lgﬂd'/’@)dz{fdfd&NH‘LClVC’Ul)

My NH,Cl(aq) — NH;(aq) +Cl" (aq)
A@NH cméJmuwvédt I\
S TH*

NH; (aq)+H,O(1)= NH,OH(aq)+H" (aq)
(Kb = 1.77 X 105)¢JL/U;/J l/bﬁ»’t(ﬂ
e n§U-c b g 7T L Pt AL L s
LNHALC]UJ-QL“L'(}’/}J/J}L;}’L s U6 H U
e A {c 7pHJJﬁd!
ij&LU’VD}/A'CH::,COOH..J/:/}/
Ssomier 2 UETL 18 & _ 2% Ji» SCH:COONH:
< &ﬂ UC.’.:EVTLZ,{—/
CH;COO + NH: + H20 = CH3;COOH + NH,OH
L Ut F 832§ NH,0H I CHyCOOH
Ny 2
CH,COOH = CH,COO" + H'
NH,0OH — NH! + OH"
H,0 — H'+OH

d/u(,wl,uffabclp Jﬁ;bwv«j&w
d/u’pHJJﬁdJu'L d;’)‘/';/%ﬂé J’L{u///)
_‘ad(gd/uf/a.{./:éuyﬁ’pli
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ujé @‘4 éd};/ﬂﬂcdféc.;(/)bd’
[z, BH']
[ vv, B]
&S )% pH+pDH=14: = sbapH § Jo# 2
S e e’
pK, + pK, = pK, ,, pPH + pOH = pK
QxS (7.41) i A-8) L3

[—1%e, BHY]

pOH = pK, + log

(7.41)

pK, —pH=pK, —pK,+ log

[vir, B]
k
NEny, BH+
pH =pK, + log L7 | (7.42)
[ut1, B]

8 b 6 (Fed) DI Lol U1l S
Sn ol L e, St ipad J#u s oL
§1hefcflo25d Ul 0.25.,.5 pKod L+l
/?/L}{J};f»/’/}g(i}”bﬂJﬁg.l(‘!"é:}@)'d}"uw:}.’
Jﬁ/’ = j‘r/LJ/T)/jb/Er ﬁ:rﬂiﬁ!fv/!/}gfiy"_ba Cﬂb "l/
e Qb (7.42) e lslrg
pH =025 + log =76 BH'1 00
) [ov, Bl A

JﬂLb/ﬂf{f&ﬂuﬁ;}zU’p /dc;fq,
e
g”'d“/,gd’ﬁ‘,éﬁ,d’dr’” 7.13

(Solubility Equilibria Of Sparingly

Soluble Salts)
w38 SAUSAETS b A
LS CE D e S e s PE
Je ot & ¢(Hygroscopic)u£:¢}/:69@/’5ufuz L
b ) oo 2 S e fle B F
e telzh S e dos e dnfEis i JE
i fue dn Py Me e f
Gl G I U TUr S
Jj’ifuy/;zi Ul Lo fr Y
SusTe ST e J Sy, (dud o)
220 bl YUl U LIl AL (B L
e B e S I Gre (n

iy

Ka SE-09E iZsFpHS U172 U & S06 il

i L e S I S 1

< &n‘ §) /:q U dL J HA ui/:"/}//utz? W ca/}“u'}{ﬁ
HA + H,0 5 H,0" + A"

et frd L

[H,0'][A"]

K. = "HA]

et U e )
. [HA]

[H,0°] = K, 5]

o L/%f/"ul:u thmz.n % ,’”/;'j./lp U
Pk, =pH;{(\@’;¥
P

[HA]

N b
A
pHs)Qaﬂog A (7.39)
X
Q**pH:pK +log LIE AT (7.40)

« 08 T s HA

< . .
i UL ik d7 . 40) el Qb

/L@'f..‘L &Uv‘((Henderson—Hasselbach equation)
LguﬁW’JJW&(J@r)u’w@,m{.,rﬁ‘%
ceere L IEL
G Ul (fb“ﬂ"d e Y Sy
9 P b.«”/:éz “i c/;’.‘/ﬂ SN L [HA] sl <
Sl 6 () U Easp gk e b 35U B
TUErd Jea tr e Sibum Stz e
bl S1En 35U G 6L Lt L
2935/1@'&%7.40
[ <]
[+7]
L 6 Z HALE € (A e J4(7.39) e lols
f’:ﬁéJ"%}i/‘leongr.ﬂpH=PKa;“Ld’t’”‘
Jﬁ/ﬂ?w{u%ﬂmdr&(uwauf)v(imgﬁ
A ng/{/)c“J. JI- J)’Z U’)PL pkad/bg"/:‘ pHJ
Spka$U g L ST AL L ¥
& U1-c 4.76 1pka § il L S n f37L pH
Eir i B S1 L L i Gsler SR
-JMJ&JT£4.76:pHJJm Ve w2
LHpL i e N lmrl Sl F L

pH =pK, +log



T s SN Lo L s
1.1 x 10" = (S)(S) =

S=105x10° |

1.05x 10° mol L' (S 4 S § bz 11
_d/}"/1/£

u"ﬁ.)//}’u”’u'lubguL:)MLJ’/"VC’J
Ly bl Jo g L B L Pe e
bl QUL KPP it ;Mf.&
VT SIPIE U1 f (26, (PO )4
N’ 3/Juuwu/wm@u+4/u’aw
_/L«d/.f/irsu’/,o f/y‘(}/wb (3’///_4
Ltﬁlpb(;,./c;dlf
(PO} ] =4S Lyl [2r*] =38 S
= (39)° (49)* = 6912 (S)

=K, / 6912)“7

sp

{K / [33 % 44] 1/7

J),J/ML’-L boe u}’jﬁlfi J}L;u/ \VL

a&bb@-l&%{ﬁvbv

M, X, (s) xM"* [ag})%rxq‘ (aq)
@ P’ =y xq)

o (Fl R N Sk 6L
(744) KSP = [MP+ ]x [Xq— ]y - (XS)X [ys]x
- xx yy X S(x+yl

S{X+y] = K / x* yy

y)l /X+y

(7.45) =K, /x" .y
J"’C)‘L Cl l:’//zlbc Qsp:( KspZ/Ub"’u: sl
2 N I I L2 (7.6.2
uﬁa//d/uugKSp = Qspuﬁ:)bJUJ’;f‘Lﬁw
-~ (3// ks :/’)’/ Jj L u“']:’l L(Precipitation)es 7y
7.9 £ 298 Kﬁ"l}"’td{};d’iuﬂﬂc%
_ujéé_;uﬁ
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e Gnfl Pt P e/ 0 ke
G Qe L £ LS onf ot 28
uf//;béz_ﬁbu'/..f L!J‘/fu"yu»/u&
FSNL L Lngs St SAITL
J;!/Cd!fifL“LlpdruL/:.qu’" Al
(}fd“/,gfu’r‘;dufu&/ gbd/u)}‘“‘;luéﬂl
d/u’{,g fd/ul/ubc’f‘L Lf/v/!f.w/lﬂ K‘fa

_wL/fﬂJUfVJJ))/M/}V

0. 1M<d/,uf g,,uf
0.01M< (74 g&i@%/[ ik J’f/

4@@0 0IM sk Sl

z Jﬁéf;‘y L A ST h P A
Q)Q L u/..w K9l

[e=s(2

Neslz

sz

0\0 LS s S 7180
S Urk S M XT blort KU LB \\

(Solubility Product Constant)

JFTos o 1 K.,«W(’/fdu’/.fﬂu¢¢!
J'U‘J}L{DM//)’J}%OMJ/ LJ/,:JngJbJL
= U:lgl:’//;lb,g/)é VBL/J;,?/M:(J/UUQ‘AL

Ba*(aq) + SO,*(aq),

BaSO,(s) %/,
(2 Ll e hilaf s puie S
K ={[Ba™][SO; |} / [BaSO,]
g E S = el LA A
(7.49 K,, =K[BaSO,] = [Ba™][SO7 ]
(Solublity aiwwws fe> b o4 |~ ;Ksp (Z
b=l sy = 3# L Product Constant)
208 i e habs U s Ut TJ (Solublity Product)
S KUl 1ax100 S &Q;JKSP/?K
Lt IS L JFid r e 1L L i ¥
4% SL U Jj?l. L 0L sl skl f “L Z
LN L s T U Lsedls £ i f2



243 Uiy
. D oo,
S SL uﬁ@l(lﬁ@{{ 208 K 7.9 e
i 7.26 X
K&~ -~
s . 7 vt N . 9 .
60 T Ko Ll ZE oG S AL
Silver Bromide AgBr 5.0 x 10-13 . 7 b K 7 .
Silver Carbonate Ag2COs 8.1 x 10-12 J’g A2X3 L/u’?/JL’)‘ d..L. L'J: ’ Z: r”U}'})J
Silver Chromate AgaCrOa4 1.1 x 10-12 03 (u* o
Silver Chloride AgCl 1.8 x 10-10 e K, =11 x 107 Lk
Silver Iodide Agl 8.3 x 10-17
Silver Sulphate Ag2S04 1.4 x 105
Aluminium Hydroxide Al(OH)s 1.3 x 10-33 J’
Barium Chromate BaCrO4 1.2 x 10-10
Barium Fluoride BaF> 1.0 x 10-6 3+ 2-
Barium Sulphate BaSO04 1.1 x 10-10 A Xy — 247 +3X
Calcium Carbonate CaCOs3 2.8 x 10-9 _[A3+R2 213 _ 93
Calcium Fluoride CaF2 5.3 x 109 KSP =A"T X7 =1.1x10
Calcium Hydroxide Ca(OH)2 5.5 x 10-6 Q . z
Calcium Oxalate CaC204 4.0 x 109 Q) v Sy k F d/ AX, = s/i
Calcium Sulphate CaSOs4 9.1 x 10-6 :
Cadmium Hydroxide Cd(OH)2 2.5 x 10-14 (ZSK =108S° = 1.1 x 107 iy
Cadmium Sulphide CdS 8.0 x 10-27
Chromic Hydroxide Cr(OH)s 6.3 x 10-31 S°=1x10*°(, )u’ f
Cuprous Bromide CuBr 5.3 x 109
Cupric Carbonate CuCOs 1.4 x 10-10 Q S=1.0x%x 107" mol/L
Cuprous Chloride CuCl 1.7 x 10-6 Q}
Cupric Hydroxide Cu(OH)2 2.2 x 10-20
Cuprous lodide Cul 1.1 x 10-12 %
Cupric Sulphide CuS 6.3 x 10-36 QQ} 7'27‘1'/
Ferrous Carbonate FeCO3 3.2 x10-11 - . .
Ferrous Hydroxide Fe(OH)2 8.0 x 10-16 Xé} Q:Jﬂ Ksp JAgCNJ}’ Ni(OH), u&{,}; de}}/‘))
Ferric Hydroxide Fe(OH)s 1.0 x 10-3&\' . * .
Ferrous Sulphide Fes 6.3 1067 3k) L L I Ut 6x10717 12.0x10715 7 7,
Mercurous Bromide HgoBr2 5.6 -
Mercurous Chloride HgoClo & il </ ,;’ Jp
Mercurous Iodide Hgolz 1020 © o F
Mercurous Sulphate HgoS04 4 x 107
Mercuric Sulphide HgS Q 4.0 x 10-53 JP
Magnesium Carbonate MgC 3.5 x 108
Magnesium Fluoride 6.5 x 10-9 . 5
Magnesium Hydroxide )2 1.8 x 10-11 AgCN — Ag" + CN
Magnesium Oxalate MgC204 7.0 x 107 "
Manganese Carbonate nCO3 1.8 x 10-11 Ksp = [Ag'][CN | =6 x 10°
Manganese Sulphide MnS 2.5 x10-13
Nickel Hydroxide Ni(OH)2 2.0 x 10-15 Ni(OH), Ni** + 20H
Nickel Sulphide NiS 4.7 x 10-5
Lead Bromide PbBr2 4.0 x 10-5 K = [Ni2+][0H_ ]2 =2x 10"®
Lead Carbonate PbCO3 7.4 x 10-14 =P
Lead Chloride PbCl2 1.6 x 10-5 +1 _
Lead Fluoride PbF: 7.7 x 10 [Ag'T =S, ..é Gl
Lead Hydroxide Pb(OH)2 1.2 x 10-15 -1 _ -
Lead lodide Phl, 7.1 109 [CN]1=S,
Lead Sulphate PbSO4 1.6 x 108 5
Lead Sulphide PbS 8.0 x 10-28 [Ni”'] = S, %’3} ol
Stannous Hydroxide Sn(OH)2 1.4 x 10-28 _ -
Stannous Sulphide SnS 1.0 x 10-25 [OH] = 2S, y
Strontium Carbonate SrCOs 1.1 x 10-10
Strontium Fluoride SrF» 2.5 x 10-9 812 =6x 107", S, =7.8x 10°
Strontium Sulphate SrSO4 3.2 x 107
Thallous Bromide TIBr 3.4 x 106 (S,)2S,” =2x 10", S, =0.58 x 10™
Thallous Chloride TIC1 1.7 x 104
Thallous lodide TII 6.5 x 10-8 o . - O
Zinc Carbonate ZnCOs 1.4 x 10-11 -4 JODJLJQ%-UM':AgCNuC’ Ni(OH),
Zinc Hydroxide Zn(OH)2 1.0 x 10-15
Zinc Sulphide ZnS 1.6 x 10-24




_c“.)ﬁr‘OH‘ 0.10mol/L
K, =2.0x 10"° = [Ni*"] [OH P
= (S) (0.10 + 2Sy
25<<0.10< b K, £
(0.10 +2S) = 0.10.L
< U

2.0x 10" =S (0.108°
S$=2.0x 10" M= [Ni**]

/pH{d/) J"Juﬂzi be{‘_’ ul//;//
Py £ I8 T (T S B
dﬁ.ﬁ’u‘ Py v - Gl {JZ: (Protonation)
ALK, =9, f@/d":ab)w/fd/,uf
(e b SIS 55

K, =M [X]
HX(aq) =H"(aq)+ X (aq):

K [H* aq ][X ack}?\\
) [HX(aq)| TV

[X"] / [HX] =Q./ H']

Z‘LCLUf‘ZcC/:"WK IAlL/a UseUsh

(HX]+[H ] _[H']+K,
X' K,
P A R oYY
(XX +HXN) = f=K, /(K, +[H'])
_LL‘{fm’V!VL&/LprLLCIpu{MM
msmfu’.@pﬂwﬁ i

K, =[S1lfS] =8 K, / (K, + [H])

9/
(7.46) =K, (H1+K,) /K, I'*
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