




, W =z= H  + +O,--

K =
[H+lW-I

[H201

W,Ol = &, = [H+][OH‘]  = 1 .O x lo-l4  (#I  25’C) ( 8 . 5 )

Y
fii  q &m-h  waf$IaaauuaJ17

P%V =  pH  +  pOH (8.6)

K, = [Hi]’  = 1 .O x 1 O-l4  (+I  25%)

PH = 7.00

8.5. dWl&&Wil3UWl@%  (The Dissiciatlon constant)



2 1 9

W’l  [A-la 5 -=-
c c (8.8)

[H+l = [A-) = CI C (8.9)

(naiu%&hh%~a  [H’] = [A-]  + [OH‘] LihWmhk?rrJ?R  trd  [OH‘] ikhtrtmn~)

H A  =  C-UC =C(l-Ct) (8.10)

LLR::

ac. ac
Ka =  C ( l - a )

(8.1 1)
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K _ W301[Cl-l
w- [H2W-W

N 213  : und 8 a.~m=hu”ralun

(8.14)

(8.15)

HA + H,O ===  H,O+  +  A - (8.16)

K = W+I[A-I
a

WI

(8.17)



K _ W30+I[NHjl
a -

[MI&j+1
(8.21)

)6=
[M14+1W-l

[NH31

(8.24)

(8.25)



aunlrlJ-lRRu?R C = [A-] + [HA] (8.26)

m.mml3t~ IH+l = [A-] + [OH-] (8.27)

5l:lC IA-1 = [H+] - [OH-] (8.28)

TJURaJnl3d  (8.26). (8.28) t?-w~:m

WI = C -[A-] = C -[H+]  + [OH-] (8.29)

vmwnv  (8.7). (8.25). (8.28) uB: (8.29) lilusrdd  4 FwJM3  llFc.dn’?rah~wil  4  &#a

[H’], [OH-]. [HA] UR::  [A-] lmwil  [A-] 11~1  [HA] i1lnBunl~  (8.28) UR::  (8.29) twhiwnlT  (8.25)

ttFi~‘l&7tJnl~  (8.7) tmr%

Ka
[H+IW+l- Kw  IN+1

=
C -  @I+]+  Kw/[H+]

(8.30)

[H+13  - K,[H+]
=

C[H+] - [H+12 + Kw



VI% Ka M Ck,4 (8.34)

K = W+I[F-1
a = 6.9 x  1O-4 d 25Oc

PI

auy&pud  1. nimn  [OHmI  (~1%  [H’]) olnnlTunn~~iiuaJI-i7~~~~a~~ln~~~~~~  ci;jw”w

W+l = [F-j LLR: HF = 0.00100 - [F-j =O.OOlOO  - [H’]

&&to hwnls (8.25) amhxp+iii  &l&-h

K, =
[H+ I* = 6.9 x  1O-4

O.OOlOO-  [H+]
(8.35)

ZNL+%JIU~  2. ts~aa~y?ii~  [HF] >> [F- ] da HF M O.OOlOOM  LLW:: iWn-i5(8.35)  ;?lvilb?

kGh4

K,
W+l*E = 6.9 x  1O-4
0.00100
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mwrt~&&i [H*][OH‘]  = 1.00 x lo-l4

[OH-f  + K,[o~-~i*  - (cK,+KJ[oH-]  - &K~ =  0 ( 8 . 3 6 )

Kb  M
[OH-l2

(8.37)
C - [OH-]

[OH-]’  +  KJOH-]  - CK,  =  0

M W-l2
b -C

[ O H - ]  = ‘/CK, ( 8 . 3 9 )





2 2 6

log K, = log Kao +2A j.L4

21) 81n% HPO’-, tnarlb

log K.* = log K, + log f’,+ ’ ‘-+ log  f F.0, - log f’ HP042-

= log K,. - A 1(p -9 A ‘iv  + 4A +

log K, = log K,* t6A p4 ( 8 . 4 4 )

n) hn%  N H , + rna~rai

log K,’ = log K, + log 1’,+ ’+ log  f ,,, - log  f NH.%+

L&Jam f,,,  M 1 11FIr  l o g  f’,+ = log f’,,,’

zz log K, - A dp -9 A $ + 4A +

log K, = log K,* ( 8 . 4 5 )

(Acldlty,  Neutrality  and Alkallnlty  In Aqueous Solutions)

Y

-ilh.h  ati [H’]  = [OH-J = 1 .OO x 1 O-7M n’ 25 *C  h~~~armu HCI &J'~u  0.200 M ~~atbhd

[H+]  = 0.200 M &&b [OH- ] = 1 .OO x 10-‘4/0.200 = 5.00 x 10-14M

‘Iwvilua~l~u?n’u  ‘Z~m5~zmu NaOH  lu”uh 0.500M rnazjti [OH-] = 0.500M Qi~h

[ H + ]  = 1.00 xIO-‘~/ 0.500 = 2.00 x 1 O-l4  M



2 2 7

m3a~~l~1t0tf’1~u~  ii [H’] = 1 .OO xl O-‘M d 25 ‘C irunii  mmmuiilunfm

fi~f~:~lut~lln~ufi  ii [H’] > 1 .oo xl Om7M  h.&i  IHi] > [OH-]  istrnil  iTmi~R7ul~UnSW

mTa~Rlutatn~u~ 3 [H’] <l .OO xl Oe7M  h&u’ [H’] < [OH‘] ifun’i7  mxmudutwi
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WilU?ntlnou [H’], [OH-I, pH 11~:  pOH hn~~~u~~~t~lu  Ca(OH),  0.025 M (ruykhtwm6~~6

ru&ld  )

lrlii W-1 = 2 x 0.025 = 0.050M

W’l = 1.00 x lo-l4  / 0.050 = 2.00 x lo-%

PH = -log (2.00 x 10-13) = 13-0.30 = 12.70

LLfc POH = 14.00 - 12.70 = 1.30

&7i?o(ilJd  8 . 4

PJ~I~-JTU  pH IIDJN-I(~~~SI-IU  HCI tihu’u 1.00X  1 0-‘M

PH = log (1.oox1o-7)  = 7.00



2 2 9

IH’I = 1.62 x lo-’

&&.4 pH =  - l o g  ( 1 . 6 2  x lo-‘)  =  6 . 7 9 .

1 3 . 0 0  mJi31&J

aI 0asni

W’l,,

W-l,,,

6hhm-m~~~  paid  [OH-]  uinthwo

PH

= O.OlOOM

= O.lOOM

= (O.lOO-0.0100)/2 =  0 . 0 4 5  M

= -log (1 .oo x 1 o-‘4/o.o45) =  1 2 . 6 5

iY-milJ~  8 . 6
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WSO,-I =  0 . 0 2 0 0  - 0 . 0 0 6 3  =  0 . 0 1 3 7  M

W’l = 0 . 0 2 0 0 + 0.0063 = 0.0263 M

W-1 = 1 .OO x 1 0-14, 0.0263= 3 . 8 0  x 1 O-l3 M.

+
Hln ===  H + In- ( 8 . 4 9 )

(@m) ($hJ”)

KHh
dlb-1

= [HIn]
( 8 . 5 0 )

PH
[Hhl

= PKHh  -109 -
b- 1

( 8 . 5 1 )

P’Wutun =  pk,,l,,  - log l/l0  = pkHl,,  + 1 ( 8 . 5 3 )
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A.pH = ~HGIurua -pHZIunln = (PkHln  +I) -(PkHln  -1) ii 2

methyl Yellow 3.3 2.9-4.0

Methyl Yellow 4.2 3.1-4.4

Methyl Yellow 5.0 4.2-6.2

Chlorophenol Red 6.0 4.8-6.4

Bromothymol blue 7 . 1 6.0-7.6

Cresol  Purple 8.3 7.4-9.0

Phenolphthalein 9.7 8.0-9.8

Thymolphthalein 9.9 9.3-  10.5

u-4 [H+l
-6.40 -7

= 10 M = 3.98x10  M

6J&4 KHln = Ll+ib:J  = (3.98 x IO?(l)  = 9.95 x 1O-8

[Hin] 4



Polyprotic acids and Polyacldlc Bases)

K, = [H+I[HS-1  = , ox  ,o-7
W2Sl ’

HS- === S2-  + H*

6 = W+1[S2-I  = , ,. x, o-~4

W-1

(8.54)

(8.55)

40 === OH- t H’

OlnmnlS  (8.7) K,,, = [H+][OH-] = 1.0 x lo-l4

umixmiump(ih&S)  C : [H2S]  + [HS-J  + [S2-J (8.56)

runlsd~c~a~~a : [H’] = [OH-] + [HS-] + 2[S2-] (8.57)

U~J~IT~JV~R~’  5 m~r1-13  Wiawk  5 6’aUdT  &I  [H’] , [OH-], [H2S],  [HS-] [S2-]

lu~751mkun731~an7s\77uiu’uuir  rnR7u73n~7r~un7~~~t~~l~~~~~  fmay%iamm5  (8.31)

tmt  (8.36) rnorw [H’] khw.m?~

[H’f  + K;[H’f  + (K,K,  -CK,  - K, )[H+f  + (K,Y, + 2K,K,  )[H+]  - K,K,  & = 0 (8.58)



Ev213: unde  mqm”“M~ll. 2 3 3

c = [H’] + [HS-] (8.59)

[H’l  = W-1 (8.60)

launin-wmmd  (8.54). (8.59) UR::  (8.60) LrwlA

. K, = 1.0 x 10  -’ W+ I*=
c - lx+1

(8.61)

-w&unmu7whuxum  [H*](~HitJiuUtnluLIuunl~~~aUn,~(8.35)  UAL (8.37)

rfi~~un7sl~aJ~u~d~in rvrn,-lxi~en,5Umtfikd 2 MM H,S  n-to:~R  C = 0.10 M  d 25’C  UR:

nmun'u  1 UxuiniwtR::  [H’]<<  C ;iJtu

W’I = 41.0x  10‘‘x0.10

= 1.0x  lo-‘M  = [HS-]

IV1 = 0.10 - 0.0001 = 0.10 M

W-1 = 1.00x  lo-“/  1.0x  lo-‘=  1.0x  lo-‘“M

[S-‘]  ?~dlu?ru~dRurunlr  (8.55) dk~

K* = 1.0x  10-l’  =
(1.0 x 10-4)[s*-  ]

(1.00x 10-4)



P-N

W-1

[s2-l

[H+12 C
=

+2[H  1 ++KJH  l+KIK2

KJH+lC
=

[H+12  + KJH+] + K1K2

K1K2C
=

[H+12  + KJH+]  + KlK2



VU-I  ( 8 . 5 4 )  H,S =o=  HS-  + H+ : K, =
[H+lcHS-1

[HZSl

q~n  (8.55)  HS-  ===  S*-  + H’ : K,  =
[H+1[S2-l

W-  1

LLAf

C : [H2S]  + [HS-]  + [S’j

% I IH,WC

a, = [HS-  l/C

% = [s2-  J/C

UI:: a,+ a,+ a2  = 1

F1-m  (8.54)

aln ( 8 . 5 5 )

K-1

[S*-l

K W
= 1 2

sl

P+l

rhnlm.faunl~~  (8.64),  (8.69) MI:: (8.70) 1uir-h tm1~~6

C = [H2S]  +
KI[H2Sl

+
KlK2  [H2Sl

[H+1 [H+12

ttfkunlr  (8.7 1) fi~n?u [H2S]  tnse!tm'

[H$l =
[H+12 C

[H+12  + KJH+]+  KlK2

235

(8.62)

(8.63)

(8.64)

(8.65)

(8.66)

( 8 . 6 7 )

(8.68)

(8.69)

(8.70)

(8.71)

(8.72)

ttnudluna  [H,S]  mnti’unls  (8.72) i=iJhauni~  (8.65) rnPr!&
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a0  = /!+I2

@I+12  + K,[H+]  + KlK2
(8.73)

a, =
K,B+l

lM+12  + K&3+1+  KIK2
(8.74)

a2 = KlK2

[H+12  + KJH+]  + KIK2
(8.75)

9lnaWIl~  (8.66) uar  (8.74) tmL?L<

[HS-]  =
KIIH+IC

[H+12  +KI[H+l+KIK2

tkwrmwmd  (8.67) uar  (8.75) WIP:%

a, = [H+ln

[H+ln + K$H+f  -’ +KlK2[H+]*T2+...+KlK2...K,
(8.76)

a, =
K1[H+ln-’

[H+]”  + K,[H+ln-’ + KIK2[H+]“-  2+...+K,K2...K
(8.77)

n



a2 =
KIKZIH+ln  - 2

[H+f + K,[H+]n-  ’ + KIK2f,H+ln-  2+...+K1K2...Kn

a3 =
KIK2K3w+]n  - 3

[H+ln + KIIH+ln-  ’ + KIK2v+]n-2+...+K,K2...Kn

(8.78)

(8.79)

a, =
K1K2K3...K

n

m+ln +K1[H+ln-’ +  n - 2
(8.80)

+KlK2[H 1 +...+K1K2...K
n



2 3 8

PHPH

D-W w+1
CL, c a, = - = W+l

C [H+l  + Ka
nio [HA] =

iY+l  + Ka
(8.81)

P-1 Ka
CK

I& = CL, = - = n% [A-  ] =
a

C IX+1 + Ka iY+l  + Ka
(8.82)



hnfh.sCi  8.9

log[HCN] = f(pH) (8.83)

log[CN-] = dp”) (8.84)

fiinum~7wil’lnaa~tuda  [pKa.  log(C/P)]  M?a  (9.4-0.3)

t+ln%  [H’] >> 4x 10e4M  &+?a fkil pH  Gaijonbil  pK, ulnq  mJnw  (8.81) LtRt (8.82)

er~nr?iX~iuilu  (HCN = HA)

tHCN1 = c = l.OOM (8.85)

EN-1 = CK,/[H+] (8.86)

log [HCN] = IogC = o

(log[HCN]  b&ba+il  pH)

log[CN-] = IogC  - pKa  + pH  = -9.4+pH

(8.87)

(8.88)
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(mofvltii4R7JA~n?luaicu  =  + 1)

h~ii)[H+]<<  4x 10 -lo  M  ii&in  &I pH >a  PK,  W-WI’)  FWd  (8.81) MT.  (8.82) mum

~l\fih&UiJU

[HCN] = C [H+]  /Ka (8.89)

[CN-J  = C =  l.OOM (8.90)

(8.91)

(8.92)

log [HCN] = IogC  + pK,  - pH  = 9.4-pH

(tflofvltliitsYJfiilflllu~i  =  - 1)

bPJ-I = IogC  = 0

(log[CN-]~&+J&-I  pH)

hniYRl7RrRlutotfliuRlR9  t7lo:ln’

bW*l = -pH

(ttGl7J~ii”mJair  = - 1)

(8.93)



2 4 1

PH



pH = pKa + log -
%A

(8.95)

pOH = pK,  + log -
CB

(8.96)

[HiI
=K Cm - [H+l  + W-l

’ CA +  [H+]  - [ O H - ]
(8.97)

[OH-] = Kb
CB - [ O H - ]  +  m+]

CA +  [ O H - ]  - [ O H - ]
(8.98)

~nunl~?aJ&IfWll7  (8.7) ~u~~ltYuuaJAanli~uunJ  Henderson-Hsaaellbalch &rnhu

YaJn?7UtYYU’Uu~uBUn7~tHC~~~~~ttnu~~uBIJn11(8.95)  ttix (8.96)

(Ruah+i  8.10

fii pH uoJm.r~~~lu~~tdai~~~na~~~u  0.025M  NaHCO,  - 0.025M Na,CO,hn%hhm&~

Fii pH 2105  pH meter #a 10.00 oJa~~luni~fiw?ntv+i  pH hbihantii
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W03- lfHC03-
aH+ =%

1q2-  PC0  2-
3

( 8 . 9 9 )

aH+
= 4,8 x ,.  -II W’WC’.7W

= 1.12 x lo-lo
(0.025)(0.324)

( 8 . 1 0 0 )

cR0?oeilJd  8 . 1 1

aJFilu7nml5rll~ouu~~J~aJFil  [H+]tw  pH ~Uffl3R-Rlo~~~rloi~~~~n~~~7~

0.500M CH,COOH-0.500M  CH,COON;  &I

1)rhNaOH  dril~ua~~,~~a~l~ffl3~~~1~  W4~n'n7llJtu"uhaJ  NaOH  rilu  0.010 M



a. .-mm

1) hM-mmJl~U~u tm:d

W’l = 1.8 xl O-5(O.5OO/O.5OO) = 1.8x  10-5M

PH = -log [H+] = -log (1.8 xd) = 4.75

dftdu NaOH FiJhu’rllVkIf  Wihd~nkn’~~hhf  (RtJZ.$iill?vhhihk~lqt~  1 L)

CH&OOH  +  O H -  === CH,COO‘  + H,O

0.010 mot 0.01 Omol 0.01 Omol

1s W’l = y n$JwnthJ  NaOH aJ!d

[CH,COOH] = 0.490 - y

= 1.8x  10
-5 0.490-y

OSlO+ y

-5 0.490
=1.8x  1 0  - =1.73x 10 -5 M

0.510

PH = - log [H+]  = - log (1.73 x 1O-5  ) = 4.76

~JW"U  waaln75thJ  NaOH a~tui~~siwilu&hh~~  T~:thb!  [H’] twoin  1.8 xl Oe5  M

tilul.73 x 1 0-5M &dio  ~XWI~U 4% ‘lu?~fud pH dh.~~~~~:~lnb 4.76 - 4.74 = 0.017 nli7fJ
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2) ldalh~n~~  HCI aJ’l~?.hhh+  Wiid~nhn’JdD~d~

CH,COO-  + H’  === CH,COOH

0.010 mol 0.010 mol 0.0 10 mol

1fi [H’l = z m?Jwnt?w HCI aJ\d

[CH,COOH] =  0 . 5 1 0 - z

[CH,COO’] = 0.490 + z

= 1.8 x lo+
0.510-z

0.490 +z

0.510
%1.8x 1 0

-5 -5
- = 1.87 x 1 0 M
0.490
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P
K

= 2.303[+ + [H+1+
CK,[H+l

[H  1 W+l + W2’
(8.102)

(8.103)

kOi,J#  8.12

hJnm  (8.103) LLR:: (8.101) olnhf%mdlJd  18.11

1) dC, 0.010
dpH  =

P =0.576  =
0.017=  APH

2) dpH  = _dC, 0.010
= 0576 = -P 0.017 = APH

ihd’d 8 . 1 3

OJ~~U?R)  pH LLRr Buffer capacity, p uojffl~RrelLl~mjlnn7rUffU  H,PO,  thh 0.1325 M

h.t?u 112 mL  rk Na,HPO,  ty’u’h 0.1450M  ilU?U 136 mL

H,PO,  + Na,HPO,  === 2NaH,PO,



2 4 7

C
(136tnL)(O.145Ommol/mL)-(112mL)(O.1325mol/mL)

Na,HPO,  = [ (136+  112)mL

C NaH,PO,  = 1
(112 mL)(O.l325mmol/  mL)x2  _ o , , 97 M

(136+  112)mL

[fq2- 1 0.01968
ttwz pH =  pK, +  log [H2p04-l = 7.21 + log- = 6.43

0.1197

8.13.2.  ~151~~~~~1~~~~1~~~t~~~ (Preparation  of buffer solutions)

HSO; + H,O ===  H,O+  + SO,-’

pH = pK, - log
W04- 1

[sq2  1

WO4 - 1 3.3 x lo-2
=[so,-2]  1 . 2  x 10 -2 = 2.75 : 1

h?ia&ia”aJwaU NaHSO, ttn: Na,SO, hh’l~?u 2.75 : 1 ( hlhW4hi) %F~~%&TI~~W~FIIU~W



&miwcf  8.14

PH = pK, - log E
s a

H,PO,  + Na,HPO, === 2 NaH,PO,

nkalnwrur%u~~ LTFJ~Ib

I

‘Na2HP04  =
(136 mL)(O.1450  mm01  / mL)  - (112 mL)(O.1325  mm01  / mL)2

(136+112)mL

= 0.01968 M

‘NaH2P04  =
(112mL)(O.l325mmol/mL.)2

(136+112)mL

= 0.1 197 M
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UA: pH
[Hpod2-  1

=  pK*  +  ‘yH2q-]

0.01968
= 7.21 + log-

0.1197

= 6.43

P
(0.1197x0.01968)

= 2’303  (0.1197 + 0.01986)

= 0.0389

2.75
pH  =  5 . 0 0  +  l o g - = 5.74

0.500



1.00 x 10-14 - 1 0K
=

=a 5.6 x 10
1.8 x

1O-5

RU~$%&.IJ~II~~~”  NH&I  y mL  LtRI NH,(SO-y)  mL

(y mL)(0.500  mmol/mL) = 0.500~  mmol NH,’

LLR::

(200-y)mL(  0.500 mmlo/mL) = (loo-0.500~)  mmol NH,

@77?0$1,fi  8.18

R:RILI  0.400M  CH,COOH  ~U?U  150mL



2 5 1

hlaut%J&.4  n-Iii

(100 mL)(O.ZOO mmol/mL) = 20.0 mmol NaOH

LLRt (150 mL)(0.400  mmol/mL) = 60.0 mmol CH,COOH

bmwhmiracr~w  oru’ CH,COO- h& 20.0 mmol &&~TIUFII~ CH,COOH lh%a$i  40.0 mmol 157

20.0 / 250
PH = 4 . 7 4 + log = 4.44

40.0 I250

- y M NaA  ~~R:+I~&ITR~wu~  pH  = 5.30 OJfh~XUvtl  pH  ltf1.Wlsn:a7u~~l~oi  EflJ$ihh&I5

uo~&hrhs”2itd&~uttd~~  (K,, = 1 .OO x 1 O-5)

[HA] =
(100 x 1.20) - 40.0

100

[A’] =
(1Ooy  + 40.0)

100

rwwii [HA] 11~::  [A‘] FGhJnl~  (8.30) ma:~:m’

5 . 3 0 = 5.00+ log
(100y+40.0),(120-40.0)

100 100

PH



HA , &~J&J~u  C t~nnis’lalnslRgr~J~~niY

A -  +  H20 ZZE HA +

K h
= WIPH-1

b-1

runmPioWi+pvYm

[OH-]3  + Kh [OHj2 - (CKh+K,)[OH-]  -KwKh

Kh
~ [OH-l2

C -  [ O H - ]

OH-

‘ %

= o

(8.104)

(8.105)

(8.106)

n% W-1  !+i  4 CKh

h-l
[OH-l2me-

C

(8.107)



Kh
= [IIP-IW-IW+l Kw=-

[A-l[H+l Ka
(8.108)

mJmJn1~  (8.107) LLA:: (8.108) 1110~~~

[ O H - ]  = d CKh/K, (8.109)

a2C
Kh =-

l - a

kdhw.ms  (8.11)

(8.1 10)

Kh =

[CH 3COOHl[OH-  ] [OH-l2 K,

[CH3COO-] =  C - [ O H - ]  =  F
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1.00 x lo-l4
5

1.8 x lo-’
= 5.56 x 10

- 1 0

lTIX~$l” [ O H - ]  cc  C  &;;u”U

[ O H - ]  =  d(5.56 x  10-‘“)(0.180)

= 1.00 x 10
- 5

pOH  = - log (1 .oo xl o-5) = 5.00

PH =  14-pOH =  9 . 0 0

W-lmmmni5tttm&,  CL = ~ =
1.00 x 10-s

5.56 1 0
- 5

= x =
C

5.56
0.180

x 10-3%a

Kh =K,, =
[NH,1[H30+1 [NHp+1

lM,+1 = NH,+1
(8.1 I‘,)

[H+13  +  KJH+]*  - (Ck, +  KJ[H+] - k,,y, = 0 (8.1 12)

(orrMdau~IJaun?T  (8.31) fhvilnl~llnudl  K, %u K,)

Kw
K,  =-

Kb
w

[H+12

C -[H+]

WC1 = Ck,=4 ‘/ CkJ%

(8.1 13)

(8.1 14)



(8.116)

Kh =
A1(H20)5(OH)2  +[H+] W+12 -5

[Al(H20)63+l
.B

0.200 - [H+]
= 1.12x 10

F1innint~~unisn7a~~~n  ts151:Ei

S++1 = 1.49  XIO-3M

di& pH  = - log (1.49 XlO-3)  =  2.83

1.49 x 1o-3
=  0 . 0 0 7 4 6  = 0 . 7 4 6 %

0.200

(Hydrolysls of salts of weak monoacldlc bases)
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BH+ + A- + 2H20 === B+ HA + H30++OH-

(Al BH+ +A- I== B + H A  )

Kh  = Plw4

[BH+lb-I

ffun~mk~‘ldiflh~U~a~~  (KHA = K, d16.1 HA MI::  KBH = K, &%&I  BH+)

(8.117)

[H+]4  + (C + KHA + KBH+  )[H+13+  (KHAKBH+ -Kd[H
+2
1 + (CKHAKBH+  + KWKHA  + KwKBH+)

[H+l  + Kw  KHAKBH+ = o (8.118)

Kh
- -- PIl-W[H+lW-1

-  =
KW=-

[BH+][A~~~+I[o~-I K&b
(8.119)

a2
Kh  =

(1-a)'

W+l = dt$

(8.120)

(8.121)

K +
?BH+ =

K,,+  B:W ]

aA-  = [H’l
Km +W+l

(8.122)

(8.123)



eh&-~~~  8 . 2 0

%Y~?WJ&I  pH ‘IIDJRI~~~~ILI  NH4CN  tu’uuir 1 .O xl 0
- 4

M UR’aJ~lYaJnl7~a~n7~A~~aJ  NH+4

IH+l =  ‘/(4.0x  1O-1o)(1.Ox 1O-14)/(1.8x  10-5) =  4.7x10-“M (8.122)

PH = 9.33

ilinn7xtr%wnlf.  (8.1 18) bwii~sruint  tnwzt&ildttfi~%uoJ  [H+]  =5.5  x10
- 1 0

M

PH = -log (5.5 x10-‘O) = 9.26

kwrm~~~~nlr~  (8.122) UAI (8.123) lm:~n’

5.6 x 10-l’
aNH4+  =

5.6 x 10-l’  + 5.5 x 10-l’
= 0.50 njio  50%

5.5 x lo-lo
aCN- =

5.6 x lo-lo + 5.5 x lo-lo
=  0 . 5 8  ylia 5 8 %

8.14.5  n75~a~~s~n8naoJrn~onsGnnJnsRdDH(Hydrolysls  of acid salts of weak acldr)

ruy~iirm~mTa~airrtnijo  NaHA ~iin?lutu’uuirs?utiu  C uou~aaauuami3ao~tiu

ttoulA6  ~a~~rwqa~~t~untjn~nttR::tUR

HA- +H20  =z= H2A + OH-

Kh
[H2AIPH-l  K

= [HA--]
=w

K1

HA- + H20 === A
2 -

+ OH-

(8.124)

K2
W+1W2  -1

= [HA-]
(8.125)



2 5 8

[H+]  = 4
KIKZC  +K,K,

C+K,

+I Kl<<  C m:  KlK,.,  <<KlK2C  mm  (8.126) m-miu~ih

[H+] k d KIKZ

(8.126)

(8.127)

t+%aLil~cf  8.2 1

alnnld%wJnl~ (8.126) rm:t&

W+l
~ ,/ (4.2 x 10-7)(4.8  x 10-l’ )(O.OlO)  + (4.2 x 1O-7)(1.Ox 10-14)

4.2 x 1O-7  + 0.010

W  4.5x lo-‘M

&UU PH = -log (4.6 x10-‘)  = 8.34

unufii [H+]  ~J~ur~ni~ltanJcilnl~lt~n~~,  K1 1510lfhU1ntM1  [H2CO3] ~bh~;‘wn’o

4.8 x 1O-7
(4.5 x lo-g)(o.olo)~

D
tHzCO3l

IH,CO,l = 1.1 x 10-4M

hti~uo~du?n’u  [ C03-2]  o:siiu?ruttiwn  Kp t.h#o

4.8X10-”  =
(4.5x10-9)[c032  -1

0.010

[co32-1 * 1.1x10
- 4

M



[HC03-]  = C - [H2CO3] - C032-]

LTlP:Vi

WO3-1 = 0.010 - 1.1x10
- 4

M 0.0098 M
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(8.128)

11x INa+ = C = O.OlOM

5mfi~d~~~lnnl5diU~nr  aw.mn~~“l~~~l  [H2CO3] + [C032-]  e 0.02 [HC03-]

&.J$u  nlhhll~  (8.126) Uau?LI% OLilJ~S?%i  n”l&lt4iLlfilfl?ltJllh’uuir  C blq  lYlVW~1 [H2CO3]

+ [co32-]  2 O.lC  LdolM~&~l~~nm'aJdJu4r  lnn~riltfilU?TU11lC11lUL~~UYLIYi(llaJR'il~iQilJ~  GkiabJ

u"

$h.mwmii  [HC03-  hJlmufilhaunl5

[H+] = 4
KIKZ [HCOJ  + KIK,

(8.129)
[HC03-]  + K1



2 6 0

8.1.

8.2.

8.3.

8.5.

8.7.

mall 1.6 x IO-’



8 . 8 . ~~alilJuaJnJnjouluru~~~~n  ( HA ) tdartln73mmsPlnillfflSRfA,LI  NaOH  nA’Jwx&J

NaOH  aJ!d  10.00 mL  fh pH  #a 5.70 niwni7LhlWdaJ  NaOH  fkaJ~‘i?tda~<~J?n~~

@ia  30.00 mL  ilJd~u~~~ldlnJ~nl~tt~neiivaJn~~

Blall 1 .oo x 1 o-6

8.9. cn~Rtwiun~&ldaururu~~~~n  ( HA ) ru’ulh  0.120 M +xnu  50.0 mL  vhndntnswhu

RIXCXTIU  NaOH  tbh 0.200 M n~Jn75tburwwiJ~d  17.5 mL  pH  II~JXIXCRIU~~~~~I

&I  4.80 wh&71unlfil  K, YaJnSR  HA

(R.au 2 . 2 2  x 1o-5

8 . 1 0 . t?nTn  HA rr@n&?m&  4.0 % ~TI~W~AILI&J’UYU 0.20 M i)Jnl11ul~~aJnl5ttBlntiijyDJR13

txaiunsntbui  0.50 M j

6lmJ 2 . 5 5 %

8 . 1 1 .  oJd~u?nrvui~~aJnlru~n~7~J~~~aJ~~~~~na~~lJc)pia~~~‘lu~~ac~lotatniua

d 25’C

n) HCN U)  CH,COOH n) NH,+

mau n) 0.4% w)  99.45% n) 0.55%

8.12. ni~iio~n’oJ~lnl3t~a17JEF1~AtllunS~  HA tlbiiu  0.100 M +IU?U 200 mL  ouilJju161~

tilutvil~s r~a’ln~m’uu~nuaJnl3uen~7t~~t~u  3  tyii  ?iinu&I%ii  K, ?IaJ  H A  #a

1 .oo x 1 o-5

stou 1.56 M



(RDU 154mL

8.16. oz&b3th1lJRl~R:Rl~  NH, tbh 0.300 M dlU?U  10.0 mL  OUhhll01fll’il~T  L&lbh

amuii  [OH-] = 4.6 x 10%

m u 17.0 L

6.17. W+hUXU  ( H+ ) ltwil  pH U0~RlSRCFi10oi0~~~  ,

(n) HCI ~u’nalu~uiuriu  1.095 g/mL  ~~txi~&  HCI 20.0 96 hnhu’niiu~u

5.00 mL  LLRzRl~~tmtl  NH, LU’U~U 1 .OO M ilU7U 40.0 mL  kk~o~~&?u~~auu’

ll%JlGdlU 200 mL

n) [ H’] VOJR73Fcxiwn361  HCI dfi  pH = 1.40

U) [OH-] ~~DJR~~~RzRILI  NaOH  kk  pH = 12.60

(RDU n) 4.0 x lo-’  M II)  4.0 x lo-’  M

8.19. dlu?uns’uuoJ  NH&I  &?sozx?wd.h  NH, lh~u’u 0.100 M +IU~U 250 mL  rw’a&

[ Hj till4 100 1yi1

OlOU 1.79 g
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8.20. OJU7IU~?lUl’UYU~U~OJKIIRrR7LI  Ba ( OH), 0.050 M ‘LU~VIW  [H’], [OH-] pH  UA: POH

ROU [H+]  =l.OO  x lo-l3 M .[OH-]=O.lOOM,  pH=13  ur~:pOH=l

8.21. hmm%JvoJ NH&I  dn’aJn73tAar~iouffl3ara7LICld  pH  4.45 +IU?U 250 mL

@mu 3 0 . 3  g

@-IOU  3 . 6 6  g

8.23. nivtv-dlh=fIseta7~rnjj  [ H’] = 1 O[OH-]  fil  pH  YaJRISBLRlLIQtiktvil~S

mau 2.51%

m0I.I  2 . 0 8

8 . 2 6 .  OJfilU1fWWil  pH  tt~t~?l~l~~~U~DJ~OOOULLRt~ULW~RBi7J  +Wl31:R-l”OiO~~d

(n) 0.225 M Na,SO,

(II)  0.0500 M(NH,),CO,

mau n) pH  = 10.30 , [Na’] = 7.7 x 10-13M , [SO,*‘]  =  0 . 2 2 5  M

u) pH  = 4.42 , [NH,‘] = 0.0556 M ,  [CO,*-]  =  0 . 0 0 5 6  M

~.~~.~J~Iuxw~I  pH  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  qh

(n) 0.200 M NaOH  ,

(?I) 0.160 M HCI

(n)  0 . 1 2 0  M  Na,HPO,  LLRI

(J) 0.120 M NaH,PO,



ROU  2.26

8.31. 'JJh&?fUfil pH  %BJRlIR:RlUeia\dt

n) 1.00 x10-’  M NaOH

TI) 1 . 0 0  x lo-‘M  NaOH

olau n) 7.21 ?I) 7.02

8.32. ilJfhU?cUfh  pH  uoJR7.rR-RlU~r~~lnnl~~~~~~~~lU  HCI &~hO.O500  M ~~IWJU 50.0

mL  UlwrfUrTu

n) H,O hi& 50.0 mL

U) NaOH  t?bh  0.0400 M ~IUW  50.0 mL
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REllJ

8 . 3 3 .

lmu

8 . 3 4 .

6lm.l

8 . 3 5 .

QIOY

8 . 3 6 .

n) B a  ( O H , )  ty’uh  0 . 0 2 5 0  M h&X4  5 0 . 0  mL

4)  AgNO,  lu’uui  0 . 0 1 0 0  M  hJ?U  5 0 . 0  mL

Q)  N H ,  rhh  0 . 0 5 0 0  M  h1U 5 0 . 0  mL

n ) 1 . 6 0 ?I)  2.30f1) 7 . 0 0 .l ) 1.60 3) 5 . 4 3

.~fi-wafufii  pH uo~Kl.rR~RiU~~~~innl~~l~~~~~l~  NH, ru’uuir  0.0840 M hrm  25.0

mL UlU&kl

n )  H,O  hr~u  2 0 . 0  mL

u) HBr  &Jh 0 . 0 6 0 0  M hU1U  2 0 . 0  mL

n) NH&I  thh 0 . 0 6 0 0  M ‘hu?U  2 0 . 0  mL

4) CH,COOH  &Jui 0 . 1 0 5 0  M  +iU?U  2 0 . 0  mL

n ) 1 0 . 9 6 ll) 9.13 n) 9 . 5 0 J )  0 . 0 4 6 7

~fhU?11(fh  pH ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  h&N 7 5 . 0  mL UluNuiiU

n )  0 . 5 0 0  M  N H ,

?.I)  0 . 0 5 0 0  M  H C I

n) 0 . 1 0 0  M  NH&I

9 . 7 3

Fi7nJ~n75uoln~~?uoJ^ou~l~l~a~  Hin da 4.00 xl 0“ F1Jd7u?~~li8uR~Y8J~U~l~l~8~~

o$&phm  ( acid form) n”i  pH

n )  7 . 1 6 Y)  8 . 1 6 n) 9 . 6 0

n )  6 3 % ‘ I I )  1 4 . 7  46 R) 0 . 6 2 %

hm.t~a88msttar  NaOH  tu’uu”u 1 .OO M ~R7~o-tlURJrll~UfflsArR7tl  CH,COOH  t’h

h 0.100 M blU?U  200 mL d; bromo cresol  green t?hJ?h  1 .OO xl Od4  t&&.&ht~o~

( pK,,,  = 4.9) t&t$hk7lSR:R’IU~ii
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flou

8.37.

mDY

8.38.

8.39.

mDY

8.40.

mou

8.41.

@mu

8.42.

n) ( Hln) 1 (In-) = 1011

II) ( Hln ) ( In-) = 1 /lO

X&lJ  logarithmic concentration diagram 1IOxflTRtR7U  H,A LY’Uuir 1 .OO M

( pK,=2.96,  pK, =4.16  )

im~:Rlu CH,COOH  ll$wi~~d  1 .OO % nluil  [H+]  ~l&iwiib  nirftu  CH,COONa

xiluauO.82g  aJr~luR7rRrR7unsnAiirliu&lr  100mL

3.21 x 10-5M

WklU?fu  [HI] ~uA73A~Rlu~~~~lnn~~t~~~5~~~~u  NaOH  t&.&b 0.20 M diu?u  20.0

mL  RJ’IUWl3AfRlu  CH,COOH  tbvi 0.30 M iiwu 160 mL

2.0 x 1 o-4  M

4.34 mL

~.?vbb~ CH,COOH  - CH,COONa  ddl pH = 4.85 ~Trnou~~urrriil~i~,ilunsno-afln

VtOU 0.280 M



8.43.

09DY

8.44.

(Roll

8.45.

mou

8.46.

0lDl.l

8.47.

8.48.

t&th~  HCI ~W?U  40 mmol F+J~~~I%~~(D%IJ  1.20 M NH,-NH&I  t%lk~~lS  100

mL  URrRl~R~Rl~~~‘iifil  pH  = 8.96 OJfilW?Iufil  pH  llf~Jl?~tdB~

9.26

~~JF~Iux!~~w~I  pH  ~rrl~~l~~~fJ~~2lil~UUYl~rlain~~::na~niU  0.500 M NaHSO, -0.500 M

Na,SO,  &I

n) ltu NaOH  llhih  0.100 M h&?U  20.0 mL

n) 0.087 ntiw u)O.O87  ntii?u

ioJnl5lni~~~~l~oilU~U  1 blT?lOJ  0.500 M NH&I  - NH, i% pH  = 10.00 WkIJb?

NH,CI  dlU1U~n~~LLR::~SR~WlLILLDU~UL~LlL~u~U  (15.0 M) dlU?Uikh?ih

185mL

at’tmjuum~a:a7or?rllrloi  NH,- NH&I  if~u?u 1 fhiki  ( NH,) + (NH,‘) = 0.200 M

UR:  pH  = 9.00 ‘Jlnff15tx1iu  1.50 MNH, URL  1.50 M HCI kxtil%~h~~~

15 1.50 M NH,h.&~u  133 mL  ux  1.50 M HCI thu?u 86 mL  ~k&l  781

F~JF~IU?~~I~~UI~~~OJ~~RAILI  0 . 5 0 0  M  CH,COOH 11~::  0 . 5 0 0  M  CH,COONa d

n'8J'l~unisrsliuu~~tvlai~lu?u  400 mLh  pH  = 4.00



8.49.

eKw

8.50.

QlmJ

8.51.

mau

8.52.

l%M17lIaJNl7Rrt4lU  0.500 M  URZ  0.500 M  =  339CH,CCOH  CH,COONa ua:  61

mL  VWh%

n) 0.50 M  H,PO,

Y) 0.50  M NaOH UA: 2 . 0 0  M NaCIO,

0.50 M  H,PO, = 200 mL ,0.50 M  NaOH=  276 mL  UR:: 2.00 M  NaCIO,  = 162

mL  1Gi&UG~U101f  1 L

CH,COOH  lu’uuir  0.100 M ~W-JU  25.0 mL  r~ar&UJ&hvdai&i  pH  = 5.00

16.1 mL

o~dlu?rucil  pH  uaJ~s~~~lukr~~uU~~~lnnl7l~~~~~~Rlu  NaOH  ra’uui  0.100 M



8 . 5 4 .  ~TIU~&J~?.I~J  H’ %I~~uK~~A~A~uI.%~~  CH,COOH - CH,COONa ddithh

9.0 xl Om6M  ~JdlU?~~l~?~~lu’u~Ul~U~~~~~~J  CH, COOH UR::  CH,COONa $%l’Ld

[He]  naioih  1 .OO xl Oe5  t&t&~  HCI 10.0 mmol ~J~~~Un~~ralLl~~L~ai~lU?U  1 L

BlQLl 0.280 M

8.55. F)JfiluXU~l  pH  Y6Ja73w~RlUiirlt~ait~~U~~~~U~~~lU  CH,COONa ~lU?u  4.92 9 lu

rilxwilu  HCI tu’uui,  0.200 M ilu?W  200 mL  b~Ufil~ldlitl&~UttdfiJ

olou 4.44

8.56. oJciiu?rUni~TUl6lruaJKlrat~iu  HCI t&~uir  2.00 M &iueJ~d’lu~~xwilu  NH, tu’uui

0.100 M +~u?u 1 %IS t~at&uur?hhI~fii  pH = 9.00

(AQU 4.44

8.57. %nmhn$?uua.Jtmiciau  ( B ) tbh  0.100 M ttiWmttfi  (HCI ) Y&J&  0.0500 M d

~a~~~wn~~t6liuu~~t~~~~~~i  pH  =  9 . 0 0  +TU?U  1  &IT  (FilnJ~nl~ttan~~uoJlua,

K,= 5.0~10-~)

@NW B : HCI = 375 :625

8.58. aJFiiu?~n~~JiuiasuaJai5ar~iu  NaOH  tu’uui  1 .OO M ~~aJttrJaJr~lun~~oan~ltn

iiuw  0 . 9 0 0 4  t~at@&Jui%tviai~  pH  =  4 . 4 3g rdat~aoi.mdd%ms 100 mL

olou 15.7 mL

8 . 5 9 . mmmu&ItYlai  (CH,000H  - CH,COONa)  2 GR ~~ttdt~~fii~~d (CH,COOH  ) +

(CH,COO-)  = 0.100 M 15;  pH  = 4.00 LLX  5.00 nihu’v)tdai  2 d%l  JJ-~WwJutiliU

d%~l&ttiln’u  fil  pH  uaJ~nsarRlu~~~~~lt~1~~



( fh”~+h~~unn~~?ua~ns”  K, = 5.0 x 1 O-5)

@mu 37.5 : 62.5

8.61. (1) h?Un?uW0J  NaHCO, fk~&iua~bh  Na,CO,  3.16 g tdat61h~~dtda~~~~~~

ni;irfisuwi~  500 mL  ikil  pH  =  10 .68  ?

( 2 )  f i l  pH  ‘~~a~~~x=ix~~~t~nivoJ  ( 1 )  i~rt8uad1J~s ~I~XJRI~R~RIU H C I  tu”uui

1 .OO M dium  1 .OO mL  w!d

elou n )  l.loog U)  10.63

8.62. o~t~U~tGiUucl?~~?~aJ~~t~~~~~~~~~~lu~~t~a~  3 aiiwiddd

n) 0.010 M CH,COOH - 0.10 M CH,COONa

II) 0.010 M CH,COOH - 0.0040 M CH,COONa

n) 0.010 M CH,COOH - 0 .0010 M CH,COONa

mlu n )  0 . 0 2 1  ll) 0 . 0 0 6 6  n) 0 . 0 0 2 1

8.63. QJfhU?fUfi'l  pH  LLlt21Ul~llaJTIlStt~neij~DJm~~~a7u  AICI,&‘UU  0.100 M

G%lu 2.98, 1.05%

8.64. ~JdlUXUfil  pH  'JlOJRl5RtA-lLi  NH,CN  ru'uh 1.00X1  O-5  M ttci:?b&~~YO~n~5~twt&

Y
@bn.hua~ NH’, LLix  CN-  taaau

RmJ 8.92, 32% URI  75% ~wJ~-!I&u


