
Hz0 -t O H -  + 2H,O Kt = 1 14
- = 1x10rr ( 9 . 1 )

H A + O H -  + A - +Ho
*

K ,Kd = LA.1_ _ .  ~-
t Kw lHAJ[OH-  j . ‘9’2)
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IOH- I = 0.05x0.1 =  5x10-’ M

100.05

POH = 4.30
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.-- 7.7 log 4.995/99.95

O.OOS/99.95

= 4.70

K a = 2x1c5

mn

Hz0 + OH- +2H,O . (3)

1 1

x, = [OH- ][H:O]

(1)'(3)

HA +OH- + A -  +H,O

Kt  = _ LA-1
[HA][OH-]

(4)

(5)

(5)  =m(4)
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no. m mole HC1  iLB;oof? = 50.0x0.100-10.0x0.100

= 4.0

= 60 B¶J.%U.

W:Ol = 4.0 F

ic

Pll = -log 4.0
0

= 1.18
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2H,O  e=====+ qo  t OJI-

Kvv = [H:O][OH-  j

[H:O]  ==  [OH  ]

*
x

x

[bJ;O] = [OH- ]

pH  :- pOH

= 1.0x10-  I4

x

zz I.oxIo-  I4

z 1.0xJ0-’

z 1x10-- ’

= 7

[OH-  1 z 50.0!x0.100-  50.0x0.100-__-.
100 .01

P 1.0~10-~  M

poll = 5 .oo

PH zz 14.00-5.00 = 9.00
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CB = [ Nat  ] = +B

vA+vB  “,” (9.4)
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( cB - 1 ) =
CA

[ OH- ] - [ Hi0  ]

CA

y.  titration error =  (  [OH-]-[H:O] )X100

[ H:O 1 = IO-“.~

[ OH-  ] = ,o-(  14-4.5 ) = ,o-“.’

D

CA = CAVA = 0.001 x 25.0 = 0.00 1~_
- M

V*”  VB 25.0 +25.0 2
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Vo titration ermr = ( lo-9.5  - lo-4.5 1 x 1oo = 6,3  o/
0

(0 .001)

b) 40 titration error = ( 10-a - lo-lo  ) x 100 = +20 %

(0.001 )

2



HO& +tl,O d ti;O  t OAc-

0.1 ooo- x x x

Ka = [JJ;O][OAc-  ]

[JlOAc]

1.75x10-5 =
*

x

(0.1000-x)

x hJulnrdor~u~n”El  0.100~0

2
x z 1.75x10- 6

x = 1.32~10-~ = [I-1:0]

%hOAc  = 10.00x0.1000 = 1 .ooo

60.00 60.00

‘HOAc = 50.00x0.1000- 10.00x0.1000 = 4.000

60.00 60.00

Ka = [H:O][OAc-  ]

[HOAC]

1.75x10-5 “:  [HZO][  1.000/60.00]

[4.000/60.00]
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%aOAc = 0.1000x50.00 = 0.0500-
100.00

OAc- + H,O e HOAc  +OH-

= [HOAc][OH-  ]

[OAC-]

[OH- 1’ = 1.oox1o-‘4  x 0.0500
1.75x10-5

[OH-  I

= 5.34x1  o- 6

PH =  14- ( - l o g  5.34x1o-6)

= 8.73
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HA (K, = 1.0x  IO-‘) bb0.E  50.05 WE1.W.  lIEI  0.100 F NaOH

net 0
16911 H A  +NaOH  -B NaA  + H,O

¶.J%J7aaaaaJYYwJa = 50.006  50.05

= 100.05

CNaA = 50.00x0.  I00

J  00.05

? 0.0500 F

A- iIf OLI-HA +OH

. 1-z [HA] = y = [OH- ]

.[A-] = 0.0500 - y

[OH-, &*aJ@t  = 5.0x10-’  +  y

Kb/ = Kv/ =  [ O H -  ][HA]

5l LA-  1

lxlo~‘4  = y(5xlo-5 ty)

1x1o‘7 (0.0500 - y)

y2+5.01x10-5y-5.0x10-9 = 0

Y = 5.0x10e5

:. [HA] = S.OXIO-~

[OH- I =  5.0x10-”  + y

POH = 4

PH IO

.
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Y = 1.33x10-3

POH  = -log  1.33~10-~

pll = 11.12

CNF1,(‘l  = 10.00x0.10 = 1-___
110 110

%H,  = 100x0.10- 10x0.10 = 9

110 110

Ktl = [Oil- ] 'NHJI

'Nl I3

[OK]  = 1.76~10~’  x 9/110__-
l/l 10

pOH = -log  1.58x10~”

= 3.80

Plf = 14m 3.80 = 10.20

&3l%J  HCI = 50.00 tl¶J.WJ.

.‘, %I 3 = ‘NH,Cl

pOH = PK,,

= --log 1.76~10-~

= 4.15



NH,Cl = 0 .100x100  =  0 .050

200

NH; + H,O + N H , + Hz0

0.05 x s x

Ktv
Kc+’  = - =

NJ, IW:Ol
Kb [NH:  I

1x10-- I4
2

x=-_
1.76xiO-’ (0.05 x)

2
x = 2.84x10-  ‘I

x = 5.33x10-5

P’J = 4.27

kh%l HCI  =  1 0 5  P¶J.cIIoJ.  hi%L&~LiiU~m~a$

:. [HCI] = 105x0.10-  100x0.10

205

( .
I
I

PFf z

2.44x10-  3

-log  2.44x10-’

zz 2.61
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PH 6-
n

Methyl red

4 -

2 -

0111111111111111
0 20 40 60 80 100 120 140

[Na+  ] + [ H;O ] = [ OH- ] + [ A- ]

I twniaamm.q~  $0 ,
,

0

CA = [ HA ] + [ A- ] = ‘AVA

“A  +“B
0

CB = [Na+]  = __‘B”B

“ A  +“B

C,+[H:O]  = [ O H - ] + [ A - ]

CH 233 387

(9.9)

(9.10)

. . (9.11)

. . (9.12)



-- 1 (9.16)

mnmn7-Gi  9.10

CA  - [ A- ] F [ HA ]

1 - [ A- ] G=  [ H A ]

CA TA

LA-1 ] = -L  HA  1-~
CA CA

(x- 1) = [OII-]-[H;O]
-

(x- 1) = [ OH- ] - 1 H;O  J

388

(9.17)

(9.18)

(9.19)

I &IA  1

CA
(9.20)

cr” (9.21)

CH 233



0% a0 =  [ H A ]

CA

0

G&l
CA = CAVA = 0.150 ;z 25.0

= 0.0875 M
‘A+  “B 43.75

[ OH- ] - [ Hi0  ]
% titration erm = - a

0

>

x 100
CA

[ $0 ] = lo-‘.’

[ OH- ] = lo---
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CY
0

= [H;O  1

[ Hz0 ] + K,

= 10-5  .o = ,0-s  .o

1,-s., + 10-4.70 lo-".o +1.74 x 10-s

= 0.365

‘XT  tilratiw  e r r o r  =:

I

(  10-9.0  - lo-“.”  )  _ o.3651 x 100
0.0857

= (-1.17 X 1O-4  - 0.365 ) X 100

= - 0.365 X 100

= - 36.5

c* = 0.0857

[ H:O  ] = 10-9.0

:. [ OH- ] = 10-5.0

[ H;O 1“0 =--
[ $0 1 + K,
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% titration emr ’ I ( 10-s - IV’  )
= ____-  5.75 x 10-s 1 x 100

0.0857

= (11.67 X 10-5 - 5.75 x 10-s ) x 100

=  ( 5 . 9 2  X lo-’ )  xl00

CB = [ NH,+  ] + [ NH, ] = C&j
-__
‘A +‘B

( 9 . 2 4 )

C A = [ cl-  ] = CiVA
~ ( 9 . 2 5 )

‘A +VB

t NH: I [ $0  1 = [ OH- ] CA
-+ t- (9.26)

C B C B C B C B

C H 2 3 3 391



vmw.m~4fi  9.24
CB

[ NH: I = CB - [ NH, ]

1 NH: I = 1 - [ NH ]
3

CB CB

unwiiwni~  9.28 ns!paaunis 9.27

x- 1 = [ Hz0 ] - [ OH- ] - [ NH, ]

CB CB

bW4lYh [ NH3 1 1 OH- I
a0 =

CB = [ OH- ] + Kb

( x - l ). . = [ Hz0 ] - [ OH- ]
Q0

CB

/ I V:O  1 - [ OH-  1

(9.27)

(9.28)

(9.29)

(9.30)

. (9.31)

¶h@l~h+lR~~~ =  5 0  +71.61 = 121.61 R¶J.%%J.
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50 x 0.222CB = = 0.0913
121.61

[ $0  ] = 1O-8.5o , [ OH- ] = 10-5.5“

% titration error =
[ Hz0  ] * [ OH-]

- %
cB

! [ Hz0  ] - [ OH- ] 1 OH- I
z - x 100

cB [ OH- ] + K,,

lo-a.50  _ 10-5.50
10-5  30= ( - j x 100

0.0913 10-5.50  +10-4.74

-
\ 0.0913

x 100

= - 14.8



= 4.88xlO~ 3

[H:O]  = 1.0x10-“’
4.88x10-  3

pH  = 10.69

(2) I'&&J  o.looF  HCI km4 1o.oom1.w.

n-diu  HCI riaPriiJ1Rau?lAs-,r~~~~~~~~~~~~"~~~~~~~~

'NaCN = 50.00x0.0500-10.00x0.1000

60.00
= 1.500

60.00
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‘HCN = -10.00x0.1000

60.00

= 1.000

60.00

@I = [<a  ‘t[CN
%klCK

T 2.1x10m9 x 1.000/60.00

1.500,‘60.00  -

= 1.4s10m9

PH = 8.85

(3) l&&l  0.100 HCI &U-Y&!  25.00 t-l¶J.WJ.  (d~kW%J$l~)

NaCN  +HCl - - -  NaCI  + H C N

= 0.0333

[ Hz0 ] = Jypg  = J 2.1x1o-9  x 0.0333

PH

= 8.37x10-6

=: 5.08

(4) && 0.100 F HCI &Pa%4  26.00 El¶J.lW.
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[ $0  1 F ‘HCl = 26.00x0.1000-50.00x0.0500

76.00

PH = 2.88

PH
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‘YM = 25.00x0.1000-5.00x0.1000
30.00

= 6.67x10-’

‘NaHM  = 5.00x0.1000
30

= 1.67x10-*

WWJf113’i  8.101 Pq$l  303 W&i 8

[ HI0 ] = Ka,  CH,M

‘NaHM
= 1.2Ox1O-2x6.67x1O-2

1.67x10-’

= 4.8x10-’
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W-  1 = 1.67x10-’ +[H:O]

lH,Ml = 6.67x10-’ [H:OJ

[H~0](1.67~10~-~ +[II;O))  =1.2x10-’ =K
a,

6.67x10-’ [H:O]

[H:O]’  +2.87x10m *  [H;O]m  8.00~10~’  = 0

lH:OJ = 1.74x10m*

[ H;o  ] F Ka,K,,  C,,- +K,,K,

= 1.20x10-* x  5.96~10-~  x 5.0~10-~  +  1.20x10-*  x 1.00~10~‘~~- .__--  .__
1.20x10-~*+.5.0  x lo--*

‘Na,  M = (25.50-25.00)x0.1000

50.50

= 0.050

CH 233

50.50

401



%aHM = 35.00x0.1000-(25.50-25.00)x0.1000

50.50
= 2.45

S.69xlO~’ = [HljO][O.OSO/~O.SO]

'Na,M  = 25.00x0.1000

75 -
= 0.0333

= 1.oox1o-'4 = [OH-][HM-]--~_
5.96x10-' [M'-1

[OH-] = [HM-]

[M*-]  = 0.0333 - [OH-] = 0.0333
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H,PO; + H,O  - O H -  +  H,PO,  Kb’ = Kw
3 = 1.41x10-  ‘*

ii:



2) %¶hA-aWil  pH lWWWrWiO~~$

a) 50 F(EJ.h6.%J.  “uO9  0.12 M HjP04  + 60 6(El.WJ.  ?I09  0.20 M NaOH .

b) 50 W.%SJ. WI9 0.10 M Na3P04 + 50 WIJ.TlBJ.  WI9 0.20 M HCl

c) 3.00 ~~86lJfVlJC1~  Na2C03+40  W.TfU. WI9 H2O+6O W.%%J.  WI9 0.10 M HCl

d) 40 61IJ.%8J.  WI9 0.20 M HzC03+20  W.Tl%J.  lIEI  0.80 M NaOH

e) 50.0 iW.%U. WI9 0.10 M NajP04+50  BIl.TJ%  WI9 0.30 M HCI

f) 40.00 R¶J.llU.  YEI9 0.10 M NaHzP04+50  flLl.%%J.  lJO9  0.080 M NaOH ’

3) (9.1) 50.0 NJ.%% WI.3  0.250 M fWlLk+%if’  t$lhlhlXl6J 0.250 M d&hJ-

haonl&

9C~~lU~tUP91  pH llOSWl%E+tA7UL~Elb%  NaOH &S!d

a) 0.00 RILTW. b) 5.0 nEl.WJ. c) 25.0 RUTW.

d) 49.0 Ru.WJ. c) 50.0 R¶J.mJ. f) 50.1 w¶J.%%

g) 51 .o ap1.66.u.

FiOlJ  a) 2.68 b) 3.81 c) 4.76 d) 6.45 e) 8.93 f) 10.60 g) 11.39

4) (9.2) 40.0 ~~1.611~.  m9 0.1500 N ~ao~luaQ~~Jlmxm~qfGi  piiui%mwamC

0.1200 N HCl %¶FhU-asla?41  pH Y~9875~LR7UbiOb;U  HCl ‘W”ad

a) 0.0 a¶J.bbU. b) 10.0 fl¶J.TEJ. c) 24.0 i=47J.%U.

d) 49.0 WEl.TW. e) 50.0 ~E1.TfBJ. f) 52.0 t3lJ.W.

Wl¶J  a) 11.11 b) 9.85 c) 9.28 d) 7.56 e) 5.21 f) 2.58
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a) 50.0 RLi.%J.  llO9  0.0100 N HCl

b) 50.0 W.WJ.  “uO9  0.001000 N HCI

c) 40.0 a¶J.WJ. WN 0.0500 N NaOH

d) 100.0 BEl.9.W.  ?I09  0.0100 N NaOH

e) 50.0 aLl.TNJ.  "1109  0.200 N HC2H302

f) 50.0 au611u. "uo9  0.0200 N HC~H~O*

8) 200 A¶J.T%J.  “u09  0.0250 N NH40H(NH3)

h) 50.0 FIUTUJ.  ?I09  0.500 N NH20H

i) 100 8¶.LTIU.  lItI9  0.100 N HB02

j) 40.0 aLI.mJ. "us?  0.100 NKCN

k) 40.0 sum. m.7 0.0200 iv C6H5~H3Ci

1 ) 50.0 W.%BJ.  ?I09  0.200 N NaBOz

han3odd
0.0100 N NaOH

0.00100 N NaOH

0.0500 N H2S04

0.100 N HCI

0.200 N NaOH

0.0200 N NaOH  -

0.250 N HCl

0.500 N HCI

0.200 N NaOH

0.100 N HCI

0.0200 N NaOH

0.400 N HCI
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c )  0 . 0 6 0 0  M s u l f u r o u s  a c i d

d) 0.333 M phthalic acid

e) 0.0500 M hydrosulfuric acid (H,S)

f) 0 . 1 5  M  p h o s p h o r i c  a c i d  ($ilU?U991  pH  ~gof?sna~;aaa-gma~~~~~~~  3

h,

8) 0.210 M sodium carbonate

h )  0 . 1 8 0  Iv!  s o d i u m  s u l f i d e

i) 0.240 M sodium sulfite

j )  1.00  M  Na,PO,  (GlU’JU  pH  ~~~~~~~~~~~~~~~~~~~~~~~  3  kiau)

CH 233 4 0 9



11) (9.6)'891~li9bnOah~nl"U09nl~~~~~~~  50.00 F~¶J.TW. ?I09 0.1000 F “uO9813 A

&iapI  0.2000 F “LadAlT B ~~JEU~~&I&~~~ B LYiT-h 0.00, 12.50, 20.00,

24.00, 25.00, 26.00, 37.50, 45.00, 49.00, 50.00, 51.00 bla: 60.00

:I  )

b)

Cl

d)

A

Na,  CO,

ethylcnediamine

*2 so,

“2 c*  0,

n

HCI

HCI

NaOH

NaOH

pH  = ; (pK,,  + pK,,)  - ; log 2
Cl

14) 6I&uam~l  pH  ~g~wu~R~oJnl%9nswam~~~~~

a) 50.0 aU%U.  "u&l 0.200 M CHfZOOH  (pK,  = 4.76) &~iaer  0.100 M NaOH

b) 25.0 BW.TIU.  “1109  0.100 M NH3 (pK,  = 4.74) %iaw  0.250 E HCI

C)  30.0 RLl.WJ. WI9 0.50 M ClCH2COOH  (pK,  = 2.85) &XJ  0.150 M NaOH

d) 50.0 k?UTl%J.  lla9  2.50 x 10m3 M HOC1 (pK,  = 7.55) 63”aeJ  0.100 M NaOH
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