
( 1 )  dot%JtllZ’f NaOH  =  5 . 0 0  iYlY.WJ.

C 25.00x0.1000-5.00x0.1000
HCI  = 25.00+5.00

= 0.067

. [H;O]  = 0.067. .

pH = 1.17

( 2 )  t&&.JlulJfl  NaOH  =  1 2 . 5 0  ZW.WJ.

C
25.00x0.1000-12.50x0.1000

“Cl  = 25.00+ 12.50

= 0.033

. [H;O]  = 0.033. .

pH = 1.48
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( 3 )  &lkJlll~  NaOH  =  1 7 . 5 0  zW.%U.

cHCl  =
25.00x0.1000-17.5oxo.1ooo

25.00+ 17.50

= 0.0176

’ [H;O]  = 0.0176.

pH = 1.75

CN&H fii?u =
30.00 x 0.1000 - 25.00 x 0.1000

25.00+30.00

= 9.0x  10-j

’ [OH-] = 9.0x  1O-3. .

‘C,H,COOH  =
25.00x0.1000-5.00x0.1000

25.00+5.00

= 0.067

‘C,H,COONa  =
5~ooxo~1m  = 00167
25.00+5.00  '

K, =
[C,H,COO-][H;o]

[c,H,c00~]

6.14x 10-j =
o.o165[H;O]

0.067

[H;O]  = 6.14x  lO-5xO.O67
0.0167

224

= 2.46x  1OA
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pH = 3.61

( 2 )  tddJWtf  NaOH  = 1 2 . 5 0  EWalllJ.

%,H,COOH  =
25.OOxO.1OOG-  12.50~0.1000

25.00+  12.50

=  0 .033

C
12.50x0.1000

C,H,COONa =
25.00+  12.50

=  0 .033

[H;O]  = K, ‘l”c’;Fo;’
6 5

= 6 .14  x  lo-‘%

= 6.14x lo-’

. pH = 4.21. .

( 3 )  ~hhl~ NaOH  =  1 7 . 5 0  t~Y.olllJ.

CC6H,COOH  =
25.00x0.1000- 17.50x0.1000

25.00+  17.50

=  0 .0176

‘C,H,COONa  =
17.50x0.1000
25.00+  17.50

=  0 .0412

[ H;O] = K, ‘;h;s”o”o;’

= 6.14~10-~%

= 2.62 x  IO-’

pH = 4.58

C
30.00x0.1000-25.00x0.1000

NaOH  = 25.00+  30.00

= 9.0x 10-3

. [OH-] = 9.0x 10“. .
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pOH = 2.05

pH = 1 4 - 2 . 0 5

= 11.95

2 )  ?JfhWUM? pH Tl~JtWWlfJdo~~~

a) 50 RY.lW. llOJ 0.12  M HsPO.,  + 60 AlJ.TlIU. VOJ 0.20 M NaOH

b) 50 AY.WJ.  ‘IIQJ  0.10 M NasPO,  + 50 AY.%IU.  VOJ  0.20 M HCI

c) 3.00 fR%lRUOJ  Na,CO, + 40 IJlJ.W.J.  llOJ  H,0+60  AlJ.%J.  WIJ  O.lOM  HCI

d) 40 AY.WJ.  llOJ  0.20 M H,CO,+20  AlJ.‘IIU.  ‘UOJ  0.80 M NaOH

e) 50.0 Rll.TlU.  WIJ  0.10 M NaJPO,  + 50 RY.llU.  li0J 0.30 M HCI

f) 40.0 RLLQU.  2)OJ  0.10 M NaH,PO, + 50 RlJ.WJ.  ‘UfJJ  0.080 M NaOH

I a) 50 tllJ.‘%lJ.  YBJ  0.12 M H3P04  + 60 tW.WJ. UDJ  0.20 M NaOH I

HaPOd  +  NaOH  --* NaH,PO.,  +  Hz0

NaH2POo  +  NaOH  --) Na2HP0, +  Hz0

o’lUX&l”nhtl HgP04  =  5 0 x 0 . 1 2

= 6.0 ikl’ilun  .

o”lUW&&JtT  NaOH  %?W =  6 0 x 0 . 2 0

. . . . . . . . . . (1)

. . . . . . . . . . (2)

cN,HPO,  =
50x0.12
50+60

= 0.055 M

WVfl?llJlbhlfJJ  Na,HPO, TJ&hJlflfl~l 3K,*  1lzIZ  -
%

. [H;O] = q. .

= J6.34~  10“ x4.2x  lafl
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= J2.66 x 1O-z6

[H;O]  = 1.63x IO-”

pH = 9.79

I b) 50 tilJ.cIIlJ.  WJ  0.10 M NqP04  + 50 tW.W.  VDq  0.20M HCI I

Na,PO, + HCl  + N&HPO, + NaCl . . . . . . . . . . (1)

Na,HPO, + HCI + NaH,PO, + NaCl . . . . . . . * . . (2)

hdXJh%JtMJfJ~  Na,PO, = 50x0.10 = 5.0 OnaJa

ilU?U3~3IlJ~VO4 HCI  = 50x0.20 = 10.0 SuiillJn

rlnnailltinll~~3ul  (1) LlP::  (2) ounaJysd lumrn~nlu9~~rlpirn~o

NaH2P0.,  ‘&ih?W&Jh?~ii

CNaH,PO,  =
5OxO.lO

l o o

= 5.0x10-2

2K
ft?lIJ&Ju'uUtbI  NaH2P0, khhJlnn~l  3K,,  1lW  K

9

:. [H;O] = m

= 47.11 x 10“ x 6.34 x IO-’

= J4.51 x lo-lo

= 2.12x10-5 .

pH = 4.67

3) 50.0 tw.mJ.  IIQJ 0.250 M nmu&in  ~nJiuiIntnsv$~ 0.250 M Iattuu~a~~nn-

I’ll6 OJfhW11UHl  pH WlJWl~AEWlLk&lLhJ  NaOH  RJ\d

a) 0.00 RU.%U. b) 5.0 RZ1.W.  c) 25.0 WlJ.%%J.

d) 49.0 RLI.BU. e) 50.0 AlJ.Tf%J.  f) 50.1 RlJ.mJ.

g) 51.0 alJ.mJ.

CH 233 (H) 227



CH$XOH+HP = CHJCOO- + H+&
0.250 - x X X

Km = 1.75 X lo-’

X1

= (0.250 - x)

X0 = 4.38 x 10-6

x = 2.09x10-3

:.  [H;O] = 2.0!9~10-~

pH = 2.68

FCN,C,WN  =
(50.0 x 0.250) - (5.0 x 0.250)

55.0

= 0.204

hpo~. =
(5.0 x0.250)

55.0

= 0.023
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= 1.55x 10-4 M

pH = 3.81

c )  2 5 . 0  mJ.mJ.

F C”+xwH  =

=

F cn,cvoN0  =

[ H;O  ] =

I

=

pH =

=

d) 49.0 mJ.%lJ.

F C”,clw” =

=

FCH,COON~  =

(50.0 x 0.250) - (25.0x  0.250)
75.0

6.25
75.0

(25.0 x 0.250)
75.0

l 75x  lo-s  6.25175.0
6.25/75.0

1.75 x lo+

PK.

4.76

(50.0 x 0.250) - (49.0 x 0.25)
99

0.25
99

(49.0 x 0.25)
99

12.25=-
99
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0.25

= 1.75 x lo-‘.&
A

99

= 3.57 x lo-’

pH = 6.45

e )  5 0 . 0  illJ.WJ.

&‘il.l  NaOH

FON,CTWN.  = (50.0 x 0.250)
100.0

= 0.125

CHJCOO-+  Ha = CHEOOH  + OH-
0.125 -y Y Y

Kb = $
.

= [ CHFOOH  ] [OH- ]
[ CHJCOONa  ]

a I x 10-I’
(0.125 -Y) p 1.75x lo-’

y’ = 0.714x lo+

y = 0.845x 10-0

pOH  = 5.07

PH = 14 - 5.07

* a.93

f )  5 0 . 1  mJ.%lJ.

FN.ON  =

w

[ O H - ]  =

. 230

(50.1 x 0.250) - (50.0 x 0.250)
loo.1

2.5 x IO-*

2.5 x lo-’
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pOH  = 3.60

PH = 14 - 3.60

= 10.60

g )  5 1 . 0  iMJ.cI(u.

F W.0”  =
(51.0x0.250)-(50x0.250)

101.0

= 2.48x lo-’

[ O H - ]  = 2.48 x lo-3

pOH  = 2.61

PH = 14 - 2.61

= 11.39

4) 40.0  mm.  71oJ 0.1500 N  koulurhuhronIab y&wi~ntnmrh 0.1200 N

HCl  F)J~~WJ~UUH~  pH VOJRl3R:A7ULdOb~U  HCI F&hi

a) 0.0 WUIIXI. b) 10.0 RU.II8.J. c) 24.0 RU.‘iflJ.

d) 49.0 AlJ.BU. e) 50.0 RU.mJ. f) 52.0 AU.‘lIU.

dl@WXl

a )  0 . 0  ZVJ.WJ.

NHa+  H&
0.1500-y

Kb  =

Y3 =

Y-

pOH  =

pH =

zs

b )  1 0 . 0  nu.?ru.

FM,  =

* NH; + OH-
Y Y

1.76x lo-’ = y’
(0.1500 - y)

2.64 x lo-‘

1.28 x lo-’

2.89

14 - 2.89

1 1 . 1 1

(40.0x0.1500)-(10.0x0.1200)
50.0
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0

Fnn.ct  =

li

[ O H - ]  =

0

pOH  =

PH =

t

1 c) 24.0  nll.rl+ ]

FM,  =

=

(40.0x0.1500) - @4.0x0.1200)
64.0

0.049

F NH,CI  =

=

(24.0 x 0.1200)
64.0

0.045

[OH-] = 1.76x 10-sxo.049
0.045

= 1.916 x lo-’

pOH  = 4.72

pH = 14 - 4.72

= 9.28

d )  4 9 . 0  nu.W.

FNH,  =

=

F ““.a  =

0.096

(10.0x0.1200)
50.0

0.024

FJWKb.-
F NR.CI

1.76x10-‘.$$$

7.0) x lo-*

4.15

14 - 4.15

9.85

(40.0x0.1500) - (49.0x0.1200)
89

1.35 x lo-’

(49.0x0.1200)
89

= 6.61 x lo+
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[ OH- ] = 1.76x  IO-‘x A’; “,  $1

= 3.59 x lo-’

pOH = 6.44

pH = 14-6.44

= 7.56

FNH,  =
(40.0x0.1500) - (50.0x0.1200)

90.0

NH;+HzO  * NHa+H;O
0.067 - x

K. =

=

X1

(0.067 - x) =

x1 =

x =

[HaI =
pH =

f )  52 .0  nLi.WJ.

CH 233 (H)

FHCI  =

=

[H@l  =
pH =

X X

KW

K

[NHa][H~l
[NH:]

1 x lo-’
1.76x  lo-’

0.38 x lo-”

0.62 x lo-’

0.62 x lo-’

5.21

(52.0x0.1200) - (40.0x0.1500)
92.0

2.61 x lo-’

2.61 x lo+

2.58

233



d) Rl~R~RltlMddi  pH 8.20 &&J?l5”R,l~d  22.0 RUTlU.  LlVitk’l~~J~R

RXl~R&Jl&JnWl  33.0 RLi.‘IIU.

e) pH YOJRI~R~RILIL~U  11.30 ldO~Yll?l~R~~  20.0%

f) LlJRdW MOH ~nkWl&Xl  HCl  +RRU$lR  [M’] = 0.500 llRtRl5RtRlU~

pH = 4.00

IliWlJi~d  [A-] tii”&l 300= -
40

ai gn&hm5hn5RhJ  30.0 m.w.  otdn5mfh  = loo- 30x  100
4.

~~an~iiii [HA] tn”no 100= -
40

I~QRSR$QWQ~~UfflJ~::~,“UQJ~~

HA + Hz0 == H;O  +  A -

K, = [GOI  [A-j

[HAI

litQbl,ns~~d~~  30.0 QU.%U.  til5RZRlUii  pH = 4.70

[H;O]  = 2.0x10-’

llflRJi1

%

%

vo

%

%

. K, =
2.0x  10-y T).

. *
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= 2.0x10-5x3

= 6.0x IO-’

= 7.08x IO-‘x  30
70

= 3 .03  x  lomh

a) 50.0 R¶J.WJ. lIEI9  O.OlOON  HCI

b ) 50.0 A¶J.YlU.  YEI 0.001000 N HCl

c )  4 0 . 0  R¶J.%IIU.  llO9 0.0500N  NaOH

d ) 100.0 AEI.qIJ. llO9 0.0100 N NaOH

e )  5 0 . 0  WpI.WJ.  YEN  0.200N  HC2HzOz

f )  50 .0  W¶J.WJ.  lIEI.? 0.0200N  HC2H,02

9) 200 a¶J.lW.  YO9  0.0250 N NH,OH(NH,)

h ) 50.0 W¶J.%%J.  “1109  0.500 N NHzOH

4 100 RlJ.%%J.  lIEI 0.100 N HBO,

j) 40.0 Rll.%IIU.  9109  0.100 N KCN

k) 40.0 aE1.W.  ?I09 0.0200 N C,H,NH,Cl

Iwaa?m~
0.0100 N NaOH

0.00100 N NaOH

0.0500 N H,SO,

0.100 N HCI

0.200 N NaOH

0.0200 N NaOH

0.250N  HCI

0.500N  HCI

0.200 N NaOH

O.lOON HCI

0.0200 N NaOH

I ) 50.0 A’ll.WJ. llO9 0.200 N NaBO, 0.400N  HCI

b.
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HOAc + Ha * H;O  + OAc-

K. = [H*dl[  OAc-1
[ HOAc ]

1.75 x lo+ = (5.37 x 10-p (2.00 - x)/45.00

[ y - (2.00 - x) ]/45.00

1.75 x 10-S y - 3.5 x lo-‘+  1.75 x 10-s  x e 10.74 x lo-’ - 5.37 x 1o-5  x

1.75x10-sy+7.12x10-‘x  = 14.24~10-~

1.75 y+7.12x  = 14.24

\hN~%.l  NaOH E 32.00  W.W.;  pH =  5 . 5 0

I~tVPIdll~lJ NaOH = 32.00x0.100

= 3.2&I irn%Jn

. . . . . . . . (1)
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%&l  NaOAc =

iHOAc  ltld00tj  =

Jiul~ssalJuo~nlrn~nlu =

=

F NOOAS  =

F HO&  =

K. =

1.75 x lo+ =

1.75x10-5y-5.6x10-5+1.75x10-sx  =

1.75x 10-sy+2.066x  lo-‘x =

1.75 y+2.066  x =

(1) - (2) 5.054x  =

x =

:.  [ HCI ] =

=

unufii x n~lw  (2)

1.75 y+3.098  =

Y =

=

[HOAc]  =

3.200 -x iha1lJn

y - (3.200 -x) ikldTlJn

25+32 All.mJ.

57.0 ihiilun

(3.200 - x)
57.0

[ y - (3.200 -x)  ]
57.0

[H+fil  [OAc-I
[ HOAc ]

3.16x 1O-6(3.2OO-x)/57.O
[Y - (3.200 -x) I / 57.0

10.112x  lo+-  3.16x 10+x

6.661 x IO-’

6.661

7.579

1.4996

I .49%
25

0.060 F

6.661

6.661 - 3.098
1.75

2.036

2.036
25

0.081 F

0.060 hl/nu.Axr.

0.081 hllnlJ.mJ.

. . . . . ...(2)
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[ HCI ] = 0.3646
(25 + 11.35)

A- + Hz0 = HA + OH-

I$ = [HA][OH-1

LA-1
. . . . . . . . . . (1)

a

oinlond pH = 9.00

pOH  = 14.00-9.00

= 5.00

[ O H - ]  =  1x10-5

[ H A ]  = [ O H - ]
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t*~ucilnJluzrunl5C;”  (1)

5 = 1.0x  lo-l4  = (1 x10-y
K, 1.0x  lo4 [A-l

[A-] = lxlo-‘ox  1.0x1@
1.0x  10-14

= 1x10-2

= 0.01 M

A~~J&J~IJEIJ  [ A - ]  +$i =  ~[HA]  &k~flwmudu&.~

. [HA] = 2~0.01. .

= 0.02 M

9) 'iTl5~aQ~lJd5tnQlJ~aU  NazCOp  LLI:: NaHC03  wh 0.500 f&J  LdOP:W7U~U~7

50.0 RlJ.TiL  ~t?h~~Efl5t3XWJ~  pH = 9.70 PJh41fUHlLlh~thdklJ  Na2C0,

lunlriiaQh

iWl$~  i Na,CO, bJKl5m'?tlth4  =  x ns’u

. 2 NaHC09  'lUffl5di?0h = 0.500-x. . f&J

[Na2COI]  =  &XT M

[ NaHCOs]  =  (“‘5~-x) x* M

HCOj  + Hz0 = H;O + CO;

(1)

pH = 9.70

[H;O] = 2.0x10-”
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4.7 x lo-‘]  =
2.0xlo-t0(&-x*)

( 0.5;-x,  x ‘~g)o

( 0 . 5 0 0 - x )  = 2.0x  lo-‘0 xx
84 4.7 x lo-” 106

0.500-x = 3.37x

4.37x = 0.500

x = 0.114

. [Na,COj]  = 0.114.

[NaHCO,] =  0 . 3 8 6

n-h

n3.l

fl%J

% NazCO, = sx l 0 0  = 22.8

% NaHCO,  = 0.386-xl00  =  7 7 . 2
0.500
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g)  0.210 M sodium carbonate

h) 0.180 M sodium sulfide

i) 0.240 M sodium sulfite

j )  1 . 0 0  M  Na,PO,  (dlU?EU  pH ~ICl~JnR1JLLR’PRf(U~~~~~~  3  &El)

n”lVlOU

a) 0.0300 M oxalic acid (H&O,)
I I
iitpi&

HCxO,+  Hz0 = H+&  + H&O; K.1 = 5.36 x lo-’

HC@;+Ha  * H+B+C#; K, = 5.42x lo+

K,,, < < K,, kkllJl%l

5.36x lo-” = x1
(0.0300 - x)

1.608 x lO-3 - 5.36x 10+x  = x2

~~+5.3xlO-~x-  1.608x10-” =  0

x  =  2.14x10-’

pH =  1 . 6 8

~~~fi~“rnJu*~pRuu~u~~~tt~”

H2C204+NaOH  -) NaHC&+Hfi
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= [ H+@  ] O.O300/3V
o.o300/3v

:. [ H+&  ] = 5.36x  1O-2

PH = PK.,

= 1.27

IH+@l  =
K., K., [ H&OS 1 + Kc.,  K,

L,  + [ I-GG I

= 0.0150 M

[H;Ol = 5.36x lo-‘x5.42x  1O-5xO.O15O+S.36x  IO-‘x  1 x IO-”

5.36x  10-1+0.0150

= 1.97 x lo-’

:.  pH = 3.10

K., = [HDl[GO:l
I H&G I

tH;O 1 = K.,

= 5.42 x lo-’
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PH =  P K . ,

= 4.21

NaHCzO.,+  NaOH  + Na2C20*+  Hz0

C,O;+  Hz0 = HC,O; + OH-

KKb’,  = 2 = 1 x lo-l4
KS2 5.42x IO+

= 1.85x IO-"

H&O;+  Hz0 = H&O,+ OH-

KKS;  = 2 = 1 x lo-‘*

K.3 5.36x lo-’

= 1.87 x lo-l3

0.03003.. [ c20; ] = -
3

= 0.0100 M

Kd,  = [ OH-  1 I HCD;  1
[ Go;  1

1.85x10-" = '*
(0.0100 - x)

x2 = 1.85 x lo-”

X = 1.36~10-~

pOH  =  5 . 8 7

pH  = 14 - 5.87

= 8.13

b)  0.200 M tartaric acid HOOC(CHOH),COOH  [ H2Ta ]

phdu
H,Ta  + HZ0 *  Hz0 t HTa‘
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K., = IHTaI  [Hi01
[ HJa I

= 9.2x10’+ . . ...(I)

HTa-+ HZ0  * Hi0 + Ta”

K “1  = lTa’l[H;O]
[ HTa-  ]

= 4.31 x 10-S . . ...(2)

2H20 t H;O + OH-

L = [H;O][OH-]

=  I x  10-4 . . ...(3)

1

IHSOI = iHTa-]+2[Ta’]+w tkvJlJln~~n’~2~

. . ...(4)

FTor  = [HzTa]+[HTa-]+[Ta”] . . ...(5)

[ H,Ta ] = IHTa-][H;O]
K.,

. . ...(6)

’ HTa-  I =
I Ta’ ] [ H;O ]

K
. . ...(7)

‘1

[ H,Tal = [Ta’]  [H;O]*K K
“1 “1

. ..(8)

0.200 =
]Ta=]]H:O]*

L,K,,
+ I Ta’ I I GO  1 + [ Tas l

K “2

0.200 K.,K,,
’ ITa=  I = [ H;O12+[  H:O]  K,,+K.,K,,

. . ...(9)

LlvlU (9) aalu (7)

I HTa-)  = 0.200 K,, [ H;O 1

I “;O I*  + I I-GO  1 K,, + K.,K,,
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mu  (9) ~21~  (10  mlw  (4)

[H;O]  =
0.0200 K., [ H;O  ] 2 x 0.200 K.,K.,

1 %O  I*  + I HZ0 1 K., + K., K.;t  [ H:O  12+  [ H:O  ] K., + K., K,,

[H;O] =
O.u)o  K., [ H;O  ] + 0.400 K,,K,,
[ H$O  I’+ [ H;O ] K., + K.,K.,

[ H$3 Ia+  K., [ H:O  ]‘+ K.,K.,  [ H:O  ] = O.ux)  K., [ H:O  ] +0.400  K.,K.,

[H;O]3+9.2x10-4(H;O]‘+3.97x10-‘0[H;O]  = 1.84x10-4[H:O]+1.59x10-n

[H;O]3+9.2x10-4[H~0]1-1.S4~10-4[H:O]-1.59x10-8  =  0

h?%IIUlUllJdl?~hEll~  (Trial and error)

WlUf-h  [ H:O  ] = 0.100

.

1xlO-4+9.2x1O-6-1.84x1O-s-1.59XlO-8  = 9.08x10+

1lVlUfi~  [ H;O  ] = 1.0x lo-*

lxlO-6+9.2x1o-E-1.&x1O-6-l.59x1O-’  = -0.76~10-~

WlUfil  [ H;O  ] = 1.5 x 10-l

5.1x1O-6+2O.7x1O-*-2.76x1O-6-1.59x1O-~  = 2.53x10+

llVlUfil [ H:O  ] = 1.21 x lo-’

2.144x 1O-6+13.469x 10-*-2.226x  lo-‘-  1.59x 10-O  I 0

:.  [ H;O]  = 1.21 x 1O-z

pH = 1.92

= I HZ0 II HTa- I
I HJa  1

( H;O  ] = 9.20x  lo-’

pH = 3.04
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NaHTa + NaOH  * Na5Ta + H50

~l~~~lU~l~U~?J~~lU~~~~~~~  [HTa-]  = [Tag]

K.,  = 4.31 x 10-s

= [HDIITa’]
I liTa-

:. [H:O]  = 4.31x10-5

pH = 4.37

n’pq0”QJ~  2

~~~ZKW~W.~~KI~J~XI  Na5Ta

Ta’ + H50  * HTa- + OH-

= 1x10-”
4.3x10-5

= 2.32 x 1O-‘o

HTa-  + Ha0 * H5Ta  + OH-
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2H20 * H;O  + OH-

K,  = [ H;O  )[ OH- ]

= 1 x lo-‘4
/

[H;O]+[Na”]  = [HTa-]+2[Ta’]+IOH-] . . ...(3)

1 NazTa  1
I Na* 1

= O+M (Iwsl=grnnus?no~~~~ul~~~~u 3 LY;l'uElJ~i

O&h)

INa+] = 2x;2oo

= 0.1333 M

llYlUd1  [ H;O  ] = K,
[OH-I m%w (3)

KA+O.1333  = [ HTa-]+2[  Ta=]+[  OH-]
IOH- . . . . . ...(4)

i-fUfllWl?MlFp

F NQT.2

(4)-(S)

Ky + 6.67 x 10-Z
[OH-I

ml (I)
[ HTa  ][ OH- ]

[ Ta’ ]

[ HTa’ ]

ox-l (2) 1  HlTa  I

MlUfil (7) RJh.I (6)

2.23 x lo-‘Ox  1.09x 10-I’ [ Ta’]=

[ OH- 1’

K-r-+6.67.x  IO-' = [Ta’]+[OH-] - 2.43 x lo-*’  [ Ta’ ]
I OH- 1 [ OH- 1’

= 6.67x  lo-*

= [H,Ta]+[  HTa-]+[Ta’] . . . . . ...(5)

= (Ta’]+[OH-]-[H,Ta] . . . . . ...(6)

= 2.32x  10-l’

2.32 x lo-” [ Ta’ ]=

I OH-  1

1 x 10-l’  [ OH- ] + 6.67 x IO-’ [ OH- 1’ = [ Ta’ ][ OH- I’+ [ OH- I’-  2.43 x lo-” [ Ta= ]

. . . . . . . . (8)
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1 x lo-+’  [ OH- ] + 6.67 x lo-’ [ OH- 1’ = 6.67 x lo-’ [ OH- I’+ [ OH- 13- 2.43 x lo-*’

x 6.67 x IO-’

[ OH- 13- 1 x lo-l4  [ OH- ] - 1.62 x lO-2’ = 0

g,“‘,~wUlUlulln~~~~~l~ (trial and error) Q34ln’l [OH-] Y$lVhn”ll 2.2x  IO-’

[OH- ] = 2.2x  IO-’

pOH  = 6.66

pH = 7.34

c) 0.0600 M sulfurous acid

K% = 1.72x IO-’

K.2 = 6.43 x lo-*

+Adi4

K., <<K,,,  n’j~~‘lu’~*‘o~,u*Jii~“,sll~“~~‘?n~~n’  2

HISO, +HIO * H;O+HSO;

o.o6oo-x X X

1.72x lo-’ = X2
o.o6oo-x

x’+l.72x10-ax-1.03x10-3  =  0

x = 2.46x IO-’

= x (0.02 +x1
(0.02 - x)

276 / CH 233 (H)



[HjOl  = d K.,K.,  1 HSO3  1 + KJL,
K,,+tHSOil

[HfO]  = 1.72x lo-‘x6.43x 1O-8xO.O3OO+ 1 x lo-“x 1.72x lo-’
1.72x 10-a+0.0300

= 2.65 x IO-’

pH  = 4.58

: .  [ Hi0  ] = 6.43x  10”

SO;+HIO * HSOi+OH-

LK,;  - -
K l  s

1 x IO”’
- 6.43x  lO-’

= 1.56x  lo-’

HSO;  + HI0  M H&IO,  + OH-

CH 233 (H)
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= 1x10-”
1.72x lo-’

1.56x lo-’  = [ HSO; I(  OH- ]
rso:1

[So;  1 = ‘* (dh.narni~~auyan~~i  2 o&du

3 niluo~~au,fudiir)

X1

cm2oo  - x) = 1.56 x IO-’

x = 5.58x 10-S

pOH = 4.25

pH = 9.75

d) 0.333 M phthalic  acid

K0, = 1.12x 10-3

i4jtiAJ&  Rrc,d”nllRnK;;“~~,~~~x  l o -

&P + Hz0  - NfO+  HP’
0.333 -x X X

1.12x10”  - xx)
(0.333 -x)

x2+1.12x10-‘x-3.73x10-’  = 0

‘X = 1.78 x 10”

pH = 1 . 7 5

nd~*~4”ms~asma~nt~~~~~~~~~~~~~~”

(HzPl  = [ H P - I

:. K., = [ H;O ]

[ H;O] = 1.12x10-’

pH = 2.95
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[GOI = Jx

= J1.12x10-‘x3.91x10-”

= 6.62 x lo+

P=+ Hz0 ==  HP-+OH-

= 2.56x  lo+

HP-+H1O  ==  H,P+OH-
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x = 1.69x10-’

[ O H - ]  =  1.69x10+

pOH  = 4.77

pH = 9.23

e) 0.0500 M hydrosulfuric  acid (H,S) Km,  = 5.7 x IO-*

K “La = 1.2x 10-13

i+&dFi(  K.,  > > K,, !&k~nnrcmnsiif~t~jn’  2

HaS + Ha0 * H:O  + S”

0.0500 - 8 x x

5.7x 10-a  = x2
(0.0500 -x)

x = 5.34x 10-s

pH = 4.27

~gAdnJ”a,4va~rn~lnl~~~~~~~~~~~~ll~~

IHzS]  = [HS-J

[ H;O  ] =  K,,  =  5.7x  lo-’

PH  = 7.24

[HS-]  = ‘9

= 0.02500

[H;O]  = /m

0,

= 1.71 x10-“+5.7x10-”
5.7 x lo-8+0.025
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S’+  Hz0 * HS-+OH-

Kbl
’ _ 1x10-”

1.2x lo-la

= 8.33

8.33 = w
x  =  1.98x10-’

= [ O H - ]

pOH  = 1.70

pH = 12.30

~WWydd  2 Wt%l~l~d~~tlDlJ  NaaS = ‘9

= 1.67x lo-’

S’+  Hz0 * HS-+OH- ,

KKb, = 1
K ‘1

1 x lo-‘.=
1.2x lo-‘5

= 8.33

HS- + Hz0 * H,S+OH-

= 1.75 x lo-’

h?%fWhU'lQJ~a;Ufiil~~  bd~“l&JViiW~~

[ OH-]‘+8.33  [ OH- ]‘-0.139 [ OH- ]-4.87x  lo-’ = 0

9~~~wululu~rn~~w~l~

[ O H - ]  =  1.63x10-’
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pOH  = 1.7Y

pH = 12.21

H~OiflW%UkiU%4~1  K, < < K, fflU?tU [ OH- ] $lfl  K, eu’l&J?

8.33 = y=
(1.67 x IO-’ - y)

y’+8.33  y-O.1391 = 0

y  =  [ O H - ]

= 0.166

pOH  = 1.78

pH = 12.22

f) 1.50 M phosphoric acid K,,,  = 7.11 x 10s3

K ‘I = 6.34 x IO-’

K = 4.2 x IO-‘”

q@-llLR  ~R~,“~,3llR~~a~~~lls”l~~to~,~lA”a

HaPO,+ Hz0 * H,POi+  H;O K., = 7.11 x lo-’
1.50 - x x X

X’ = 7.llxlo-J
(1.50 - x)

x2+7.11x10-3x-  1.07x10-*  =  0

x = 0.100

pH = 1

~a”n~“al~uo~“l~~nl~s~~~~~~~~~~llan

I&PO,1 = IW’Oil

7.11~10-~ = [H:O]x\;~‘;
3 4

[H;O]  = 7.11x10-’

pH = 2.15
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~“uuy”fl’Q4llJ” ,

[HaPO;]  = !+

= 0.75 M

HzPO; + Hz0 = H,PO,+OH-  K, = E
0,
1 x lo-‘.

= 7.11x10-’

= 1.41 x lo-”

H,PO:+HIO * HPO;+H;O  K., = 6.34x  10-O

HPO;+H,O  = PO; + H;O K,, = 4.2x 1O-‘3

K., ILR::  K, < < < K.,

K = 6.34 x IO-* X2** = (0.75 - x)

x = 2.18x10-’

pH = 3.66

gR~s”R,sve3”,%Ynl~~~~“R~~RR~~~  2

[ HIPO;  ] = [ HPO; ]

K-2 = [H;O]

= 6.34x  10-O

pH = 7.20

[ HPO;]  = y

= 0.50

HPO;  + Hz0 ==HH,PO,+OH-  K, = $
01

1 x 10-1’
= 6.34 x IO-’

= 1.58x lo-’

CH 233 (H) 283



HzPO;  + Ha0 s= H3P04+OH-  K, = 5
-1

= 1x10-”

7.11 x 10-J

= 1.41 x lo-”

HPO;+H,O  t PO: +H:O K., = 4.2x  lo-l3

K,; > > K, IlQZ  K.,

:. fitWWdl::Ky

1.58x10-'  = &q

y  = [ O H - ]

= 2.81 x lo-’

pOH  = 3.55

pH = 10.45

PO: + Hz0 G=  HPO; + OH- K,; = E
9

= 1x10-”
4.2x10-"

= 2.38x  lo-’

2.38x  lo-3 = Y toe214 + Y)

(0.214 - y)

y'+O.238  y - 5.09x  1O-3  = 0

y = [ OH- ]

= 1.97x1o-z

pOH  = 1.71

pH = 12.29
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[ PO; ] = 0.375 M

3~rleinlaaii~~ehna9a~~~~~~~~”

PO: + Hz0 = HPO; + OH- K,; = 2.38x  IO-’

2.38x10-l = y2
(0.375 - y)

y1+2.38x10-5  - 8.92x10-’ = 0

y  =  [ O H - ]

= 8.31x  IO-’

pOH  = 1.08

pH = 12.92

g)  0.210 M sodium carbonate

K,,  HzCO, = 4.45 x lo-’

K., H2C03  = 4.7 x lo-”

CO;+H,O ==  HCO;+OH-  K,, = +=
9

= 1xlo-‘4
4.7x lo-”

= 2.1x10-4

HCO; + Hz0 “-H&O,+OH-  K, = F
0,

1 x 10-l’=
4.45x lo-’

= 2.2x 10-e

K, > > K, fiFtlWi1::  K,

2.1 x lo-4 = X1
(0.210 - x)

x*  + 2.1 x 1o-4  x - 4.41 x 1o-5 = 0
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x = 2.1x1o-3

pOH = 2.68

pH = 11.32

g~~s”alsun4”la~nanaelgRaor~an~~~la”

[HCO;] = [ C O : ]

K a* = [SO  1

= 4.7 x IO-”

pH = 10.33

qmruyanhnn

[HCO;]  3 y

= 0.105 M

IHi = Jx

= 4.57 x 10-P

pH = 8.34

g”~~“alsuas”la~nan~~~~~~~an~~~  2

[H&OS  ] = [ HCOj ]

IHfOl  = Km,

= 4.45 x lo-’

pH = 6.35

qRnuya&ii  2

[H&O,]  = ‘+

= 0.07 M

hlQWlZ K,,

H#ZOa  + Hz0 = H;O+HCOj  K., = 4.45 x lo-’

K., = 4.45 x lo-’ = X1

(0.07 - x)

x  =  1.76x10-’

pH = 3.75
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h) 0.180 M sodium sulfide Na$

SE+  Hz0 = HS‘+ OH- K, = g
“1

= 1x10-14
1.2x 10-1s

= 8.33

1
8.33 =

(0.180 - y)

y2+8.33 y- 1.50 = 0

y = 0.176

pOH = 0.75

pH = 13.25

l”~sna,941Pls”,%Yw~~~~~~~~~~~~~ll~”

[HS-] = [S-l

= 0.06

S=+HzO  = HS-+OH- Ki, = 8.33
X X

8.33 = (0.06 + x) x
(0.06 - x)

x = 5.9x10-2

pOH = 1.23

pH  = 12.71
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[H;O]  = K., Km, 1 HS-  I+ K,  K.,
L,+IHS-1

[H2S]  = O.18 = 056  M
3 .

JL = 5.7x 10-6

X2

= (0.06 -x)

x = 5.84x 10-s

pH = 4.23

I i) 0.240 M sodium sulfite I

K.,  Hz!303  = 1.72 x lo-’

K., H2SOa  = 6.43 x lo+

piudi;r

SO: + H20 =HSOj+OH- K, = +
a1

I x lo-‘4
= 6.43 x lo-’

= 1.56x lo-’

HSO; + Hz0 =H2SOj+OH-  K, = +
0,
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[H&h1  - y = o.080 M

HaSO,  + Hz0 * HSO; + HfO
X X

1.72x10-’  = X1
(0.080 - x)

x’+  1.72x 10%  - 1.38x lo+=  0

x = 2.95x  lo-’

PH = 1.53

K., HsPO, = 7.11 x 1O-3

K.2 = 6.34x  10-O

PO:+H1O  *HPO;+OH-,  K, = 2
0s

1 x 10-1’I - -
4.2 x lO-‘3

= 2.38 x 10-l

2.38x  lo-’ = y’
(l.W-  Y)

y’+ 2.38 x IO-5  - 2.38 k lo-’ = 0

Y =  [ O H - ]

= 0.143

pOH  = 0.84

pH = 13.16

~~~~“a~~ue~“~aYnl~~Plg”rruyPgnll~”

[PO:]<=  [ H P O ; ]
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1=-
3

=I  0.33

PO:+  Hz0 =s HPO: + OH- K, = 2.38 x lo-’

2.38 x IO-’ = Y @.33+Y)
(0.33 - y)

y = 2.09x lo-’

pOH  = 1.68

pH = 12.32

= 0.500  M

HPO; + Hz0 = HtPO; + OH- K, = 1.58x10-’

HIPO; + Hz0 * HaPOd  + OH- K, = 1.41 x10-”

HPO; + HtO  -c;  PO: + H:O K =3 = 4.2 x IO-

&,, > > K, ui% K,

:.  i%NQWlr  K,

1.58x10-’  = &

y  =  [ O H - ]

= 2.81 x lo-’

pOH  = 3.55

pH = 10.45
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[H2P0;J  = ;

= 0.33

H,PO;  + Hz0 * H;O+HPO;  K., = 6.34x  10-O

HPO; + Hz0 ==  H;O+  PO: K., = 4.2 x IO-”

HIPO;  + Hz0 = H,PO,+  OH- Kba  = 1.41 x lo+

K., > > Kb, IlflZ  K,,

6.34x  10-O  = x3(0.33 - x)

x  =  1.45x10-’

pH = 3.84

gR~s”~,JuersnlaPn~n~~~~~~~~~~~~  3

[&PO;1 = [IWO,1

Km, = 7.11 x10-j

= [H;O]

pH = 2.15

j‘mnplk$  3

[ HsPO*  ] = 0.25

Flmnw1::  K,,

7.11x10-’ = X1
(0.25 - x)

x*+7.11xlO-3x-1.78x1O-3  =  0

x = 3.88x  lo-’

pH = 1.41
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PH  = .;(pK,,  +pKal) - ;,og s
G

A-+H,O  = -HA+OH- . . . . . . . (1)

HB + Hz0 = H;O + Bm . (2)

Wll3%4XltW~Zl (MBE)

C: =: [A-I  + IHA]

cz  ZT IB-j  + IHB]

( 3 )

( 4 )

INa+]  + 1 H;O]  = [A-]  + [B-j  + /OH-] .I.....  ( 5 )

_. ( 6 )
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[HA] + [H;o]  = [O H-] + [B-]

[H;o]  - [ O H - ]  =  [B-]  - [ H A ] %wilfhJnu"lsnd  7

Ka,  = LA-1  [GOI
IHA]

. LHA] = IA-lp. . . . . . . . . . . .
a,

Ka*  = [B-~[H;O]
[HBI

K, [HB]
.‘. [B-I  = ,;l;o, . . . . . . . . .

66vlU (8) 66RZ  (9) aah (7)

(8)

[WI  -&
Ii1  K,,[H;O]  QN”nDn

[KO]ZK,,  - KS,,

hh

[ H;o]‘K,,  + [ ~;o]’  [A-J

[H;O]*

Inu¶Jn~ K,,  cc  LA-1

= K,[HBl  [A-I[H;Ol
[W] - Ka,

. . . . . . . . . . (10)

= K,~K,~[  HB] - [H;o]’  [A-]

= K,,K,[HBl  + K&xl

= K,,K,&B]  + KJ,,
5, + LA-1

66R~

jH;O]’  = %,K,[HBl
[A-l

. . . . . . . . . (11)

IW5X-h HB ?%Qf&lwsm

:. [HB] = c, . . . . . . . . . . (12)
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pH = K,,  + pK,) - f log 2

14) %3hXWl  pH ~gnau~Ruosnlarnrwsmi*~~~

a) 50.0 R’Ll.%U.  9109  0.200 M CH,COOH(pK,  = 4.76) hJ 0.100 M NaOH

b) 25.0 RIJ.TfII%J.  1109  0.100 M NH, (pk, = 4.74) n”aU  0.250 M HCI

c) 30.0 NJ.7.lZ.l.  1109  0.50 M sCICHzCOOH  (pK, = 2.85) $aFJ  0.150 M NaOH

d) 50.0 RUIIU.  9109  2.50x  10e3  M HOC1 (pK, = 7.55) m”?fJ 0.100 M NaOH

CHzCOOH + NaOH --) CH,COONa + H,O

~?AnuynorSDs%~~~u,Rs~D~  NaOH  h,-Jw”

V 50.0 x 0.200
NaOH  = 0.100
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CHjCOO- + H,O = CH,COOH + OH-

K_?I
K,

1 x lo-l4
,o44.76

/OHI

[OH-]

[W]

PH = 10.77

= [CH,COOH][OH-J

1 CH3COO-j

[OH-]’
= (0.067)

= 0.067 x 10-9.24

= 5.87x10A

1 x lo-l4zz
5.87x  10-O

= 1.70x to-'I

% titration error = (&~m-ao)  x 1oo
A

a’Wl~~~f$dQi; pH f 4.50

jH;O] =  lOA.” =  3.16~10-~

[OH- ]  =  1O-9-5o  =  3.16x  10-l’

c, = 5o'oxo'200  = 0,067 M
150

cro = 3.16x  lO-5
3.16x  d<1.74x  1O-5

= 0.645

% titration error = ( 3.16~  10-&6x 1W5 -0,645)  xloo
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= (- 3.1;;;;@  -0 .645)  x  100

= ( -4 .73x  10- ‘ -0 .645)x  100

I - 64.6%
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1)

2)

3)

4)

5)

6)

7)

8)

9)

IO)

11)

A solution of Formic acid is titrated with NaOH. Calculate the pH  when the following percentages
of the acid have been neutralized: (a) 25%; (b) 33%; (c) 50%; (d) 75%; (e) 99%; (I) 99.9%;
(g)  99.99%.
A solution of foimic  acid is titrated with HCI. Calculate the percentage of base neutralized

of the following pH  values: (a) 9.86; (b) 9.56; (c) 9.26; (d) 8.96; (e) 6.26.
50.00 ml of 0.100-M HOAc is titrated with 0.10-M NaOH.  Calculate the hydroxide ion
concentration produced by the reaction

OAc‘  + Hz0 * HOAc + OH-
after the addition of (a) 49.90, (b) 50.00, (c) 50.10, and (d) 51.00 ml of NaOH.
A student is to titrate a sample containing the weak acid HA, pKa = 5.00 by mistake he
stops the titration at pH  7.00. If his sample contains 30.0% HA, what percentage will he find?

A 0.50-g sample containing 20% HOAc is titrated with 0.100-M NaOH.  The volume of
solution at the equivalence point is 100 ml. The titration is stopped at a pH  0.50 units
higher than the pH  at the equivalence point. How much excess base is added?
40.00 ml of 0.0900-M HCI is diluted to 100 ml and titrated with 0.1000-M NaOH.  Calculate
the pH  after the addition of the following volumes of titrant: (a) 0.00; (b)  10.00; (c) 18.00;

(d) 30.00; (e) 35.95; (f) 36.00; (g)  36.05; (h)  40.00 ml.
Repeat Problem 6 for the titration of 40.00 ml of 0.0900-M NH,  with 0.1000-M HCI.

3.0 mmol of NalCOl  are dissolved in 90 ml of water and titrated with 0.10-M HCI. The
reaction is

CO;-+2H’ * HrCO,
Calculate the pH  (a) at the equivalence point, and (b)  two drops (0.10) ml beyond the
equivalence point (c)choose a suitable indicator. (d) Would you expect the end point to be
very sharp?

30 ml of 0.10-M NaOAc is diluted to 70 ml and titrated with 0.10-M HCI.  Calculate the
pH  at the equivalence point and two dr&s  (0.10 ml) beyond. Is the titration feasible?
A 0.900-g sample containing a weak acid HX (M.W. = 75.00) is dissolved in 60.00 ml of
solution and titrated with 0.1000-M NaOH.  When half of the acid is neutralized, the pH
is 5.00; at the equivalence point the pH  is 8.85. Calculate the percentage of HX in the sample.
Calculate the pH  of the following solutions. Assume the volumes are additive.
(a) 50 ml of 0.12-M HsPOa  + 60 ml of 0.20-M NaOH.
(b) 50 ml of 0.10-M NasP04  + 50 ml of 0.20-M HCI.

(c) 3.00 mmol  of NasCO,  f 40 ml Hz0 + 60 ml of 0.10-M HCI.
(d) 40 ml of 0.020-M HzCO3 + 20 ml of 0.080-M NaOH.
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12)

13)

14)

15)

16)

(e) 50 ml of 0.10-M NajPOa  + 50 ml of 0.30-M HCI.
(f) 40 ml of 0.10-M NaHzP04  + 50 ml of 0.080-M NaOH.

50.00 ml of 0.100-M HjP04 is titrated with 0.100-M NaOH.
(a) Calculate the pH  after the addition of the following volume of titrant:
(a) 0.00; (b) 10.00; (c) 25.00; (d)  50.00; (e)  65.00; (f) 75.00; (g) 100.00; (h) 110.00 ml. Plot
the titration cure.
(b) Select suitable indicators for stopping the titration at the first and second equivalence points.
A sample that may be NazCOr,  NaOH,  NaHC&,  or mixtures thereof uses 40 ml of 0.10-M
HCI For titration to the phenolphthalein end point. (a) If the sample contains an equal

number of millimoles  of NazCO,  and NaOH,  how many milliliters will be required to go
from the phenolphthalein to the methyl orange end point? (b) If the sample contains an

equatnumber  of moles of NazCOr  and NaHCO,,  how many milliliters will be required to
go from the phenolphtalein to the methyl orange end point?

A sample that may be a sodium carbonate-bicarbonate or sodium carbonate-sodium
hydroxide mixture is titrated using the two-indicator method. A 1.000 g sample required
32.24 ml of 0.2000-M HCI to reach the phenolphtalein end point and an additional 12.84 ml
of 0.200-M HCI to reach the methyl orange end point. Identify the mixture and calculate

the percentage of each component.
A sample of pure NaHCO,  weighing 0.840 g is dissolved in water, and 0.240 g of pure
NaOH  is added to the solution. The solution is then diluted to 200 ml in a volumetric flask.
A 50 ml aliquot is titrated with 0.1000-M HCI using phenolphtalein indicator. How many
milliliters are required? What volume will he required if methyl orange is used as the indicator?
Carbonate mixtures are sometimes analyzed by titrating two sample of the same size, one

using phenolphthalein, the second using methyl orange as the indicator. If V, is the volume
of acid used with phenolphthalein and V, that with methyl orange, answer the following:
(a) What is the relation between V, and V, if the mixture contains and equal number of
moles of NaOH  and NalCO,?  (b) What is the relation between Vp and Vm if the mixture

contains twice as many moles of NaHCOr  as NalCOs?
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