
nsGl t$6IJai

HCN CN-

CHKOOH CHEOO-

HzCOs HCO;

HNOJ N O J

CH 233 (H) 143



d) H,AsO,- d) C6H,NH2 ( a n i l i n e )

b) CO:- e) *C,H,O-  (phenolate)

c) Fe(OH)(PLO):+ f 1 HC,& $-(hydrogen  citrate)

a )  H,AsO,

b)  HCO,

c) Fe(H,O);+

d )  C,H,NHj

e )  C,H,OH

f) HCHO-2 8 5 7

5) ?h-&wb%iaa~ur~4

6) whuanr~~  PH  Y~JUI~RLAIU~~~~~

a) 0.0025 M HNO,

b) 0.0093 N yS04

144

c) 0.0153 M  HCl

d) 0.00050 M Hz  SO+

e)  10-"" N HClO,
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4 Kl4~~‘alU  0.0025 M HNO, 0:;

[H;O] =  0 . 0 0 2 5  M

-log [H$O]  = -log (0.0025)

PH = 2.60

b) tfl9ElZX-W 0.0093 N H,SO,  TXi

[H;O] = 0 . 0 0 9 3  N

-log [H;O] = -log [0.0093]

PH = 2.03

4 tTl~tl::alfl  0.0153 M HCI ild

[HjO] =  0 . 0 1 5 3  M

-log [HjO] = -log (0.0153)

PH = 1.82

d) tmazaiu  0.00050 M H,SO,  WI

[H;O] G 0.00050 x 2 E 0.00100

E 1 x 1o-3

PH z 3

~l~~st7l~~lPda~~~~~~l~~~~~~~~~~~~~~~~~~l~~~~~  4.2  dl 338 ~UW~&iS

ansian-s1zi 1

e) nxazaia  10  -&I5 N HCIO,  0zI-I

[HjO]  = 10-4.‘” M

-log [HjO]  = -log lo-‘-

PH 1 4. I5

7 )  ~~IU-J~WVII pH wwm.w7”do\dd

a) 0 . 0 3 6  N NaOH

b) 0.250 N Ba(OH),

c) 1.00 N KOH

d) 0.0048 M Ba(OH),

e) 0.0000077 M Ca(OH),

CH 233 (H) 1 4 5



'hldU (ISaWlF&l a) LLW  b))
*

a) ‘bllS~~~lU 0.036 N NaOH  tl:i

[OH-] = 0.036 N

- l o g  [ O H - ]  = -log (0.036)

POH = 1.44

PH = 14 - 1.44

= 12.56

b) tfl?SZllU 0.250 N Ba(OH),  Ed

[OH-] = 0.250 N

-log [ O H - ]  = -log (0.250)

POH = 0.60

PH = 14 - 0.60

= 13.40

a) 5.ox1o-3 e) 2.5x1o-3 i) 4.ox1o-13

b) 8.0~10-~' f) 8.5x1o-L j) 2.4x10-'

c) 4.5x10+ g) 1.2x1o-1o k) 0.80

d) 2.0~10-~* h) 5.0x10-’ 1) 2.0

pH = -log 5.0x  10” = 2.30

pOH  = 14-2.3 = 11.70

= 2.0x10-"

pH = -log 8.0x  lo-” = 9 . 1 0

pOH  = 1 4 - 9 . 1 = 4.90
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I OH-  I = 8t,xx1;;t~o = 1.25 x 10-S
1
1 c) 4.5 x 10-5  ]

pH = -log4.5xlo-~  = 4.35

pOH = 14-4.35 = 9.65

iOH-]  = 1x10-”
4.5 x 10-5 = 2.22 x lo-‘0

[d)2.Qx

PH  = -log 2.0x 10”’ = 11.70

pOH - 14-  11.70 = 2.30

[ e)  2-J  x 10‘3 1

PH  - -log 2.5 x 10’” - 2.60

pOH  - 14 - 2.60 = 11.40

[OH-I =  ;.;;;;m; = 4.0 x 10-L’

pzq

PH  = -log  8.5x lO-6  = 5.07

pOH - 14-5.07 = 8.93

(OH-1  =  8’1;;;;m; = 1.12x 10-9

[8)j

pH =  - l o g  1.2i10-‘” = 9.92

pOH = 14-9.92 = 4.08

I OH-  1 = lt,“,“;::o = 8.33 x lo-’

pH = -log  5.0x IO-’ = 6.30

pOH = 14-6.30 = 7.70

CH 233 (H)
1 4 7



[ i) 4.0x  IO-‘j

pH = -log 4.0x  lo-” = 12.40

pOH  = 14-  12.40 = 1.60

1 OH-  I = 4fox;;;‘:3 = 2.5x10-2

1  j) 2.4x  10-O  1

pH = -log 2.4x  10-O  = 7.62

pOH  = 14-7.62 = 6.38

[ OH- ] = ;,x;O;m; = 4.2x  lo-’

pH = -1ogO.82 = 0.09

pOH  = 14-0.09 = 13.91

[OH-]  = G = 1.22x 1o-‘4

1  1) 2.0 J

pH = -log 2.0

pOH  =  1 4 - ( - 0 . 3 0 )

= -0.30

= 14.30

[OH-]  se  F = 5.0 x lo-=

9) 'Wh.n~WHl  [H;O],  [OH-] UA:  pOH  lkMl3~~Alf~~~ pH k@idd

a) 3.25 d) -cl  -48 g) 7 .04 j) 11.12

b) 10.90 e) 4.07 h) 9.36 k) 12.50

Cl 0.70 f) 5.42 i) 10.92 1) 13.26

-log [ H*a  ] = 3.25

log [ H+&  ] = a.75

[ Hi& ] = 5.62x  IO-*
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= 1.77 x 10-11

pOH  =  -log  1.77x  t o - ”

= 10.75

logf H;O  ] = ii.10

IH;O]  = 1.26x10-”

[OH-]  = 1x1o-‘4

1.26x  10-l’

= 7.93 x 10-e

POH  = -log 7.93 x IO+

= 3 .10

1 c)  0.70 1

log1 H;O  ] =  1 .30

(H;O]  =  0 . 2 0

= 5.0x lo-‘*

pOH = -log 5.0x IO-”

= 10.30

log  [ Hi0 ] =  0 .48

I Ha ] = 3.02

= 3.31 x 10-l”

pOH  = -log 3.31 x lo-”

= 14.48

1 e)  4.07 1

log[  H;O)  = 3.93

[H;O)  =  8 . 5 1  x10-’

CH 233 (H)
149



= 1.17x lo-‘0

POH = -log 1.17x lo-‘0

= 9.93

1 f.l 5.42 ]
log [ H;O] = z.58

[ H,O*]  = 3.80x  IO-

= 2.63x  lO-9

PO’-’  = -log 2.63x lo+

= 8.58

log [ H+&  ] = 5.96

[Ha] = 9.12x10-’

[ O H -  ] = ,‘,‘I;,-;;,

= 1.09x10-’

pOH = -log 1.09x lo-’

= 6.96

log [ H;O ] = ik70

[ H;O ] = 5.0x  10-l’

I OH- 1 = 51b”x’;,::o

= 2.0x  lo-’

pOH = - log 2.0x  lo+

= 4.70 l

1 i) 10.921

log ( H+@ ] = ii.08

[ HSO’  ] = 1.20x lo-”
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= 8.33 x lo-’

pOH  = -log  8.33 x 1o-4

= 3.08

1% I  H+@l =  71.88

[ 60 1  =  7.59x IO-‘~

[ O H - ]  i__ 1x@4
7.59x IO”2

= 1.32~10‘~

POH = -log  1.32x10-~

= 2.88

l o g  [H+&  ] =  i5.50

[ H*&  ] = 3.16x IO-l3

= 3.16x IO-’

pOH = - log 3.16 x IO-’

=  1 .50

log[H;O]  = E.74

iH;O  1 = 5.5ox10-‘~

[OH-]  = 1x10-‘4
5.50x lo-l4

= 0.18

POH  = -1ogO.18

=  0 .74

CH 233 (H)
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10) 1JfilW?IuMl  PH [H;O]  ttte [OH-] mmn:w~u~d  pOH &vio\&

a) .4.07 d) 11.57 g) 5.26 j) 11.90

b) 10.92 e) 0.00 h) 7.70 k) 12.24

C) 7.12 f) 3.80 i) 10.49 1) 14.70

POH  = -log[ OH- ] = 4.07

logI OH-1 = j.93

1 OH- ] = 8.51 x IO-’

[Ha] = 1 x1o-14
8.51 x10-’

= 1.17x 10-10

pH =  - l o g  1.17x10-"'

= 9.93

lo8[  OH-1 = ii.08

[OH-I = 1.20x10-”

I I

= 8.33 x IO-.

PH = -log8.33xlO-’

= 3.08

1 c)  7.12 t
I I

IogIbH-  1 = g.88

I OH- 1 = 7.59x IO+

= 1.32x lo-’

PH = -log 1.32x10-’

= 6.88
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(d)
log[OH-]  =  r 2 . 4 3

[ O H -  ] =  2.69x IO-”

= 3.72 x IO+

PH = -log  3.72 x 1O-3

=  2 .43

hIOH-I  = o.oo

[OH-]  = 1.00

pH  =  -log  1 x  lo-l4

= 14

log [ OH-] = i.20

I  H O -  I =  1.58x  IO-

= 6.33 x IO-”

PH =  - l o g  6 . 3 3  x  IO-”

= 10.20

pq

log[OH’]  =  i i . 74

[OH’]  = 5.50x10-~

= 1.82x10-~

PH = -log I.82 x 10-9

= 8.74
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log[  OH- ]  = ii.30

[OH-J = 2.00x  10-0

1 x 10’”[H’&]  ii  - -
2.00 x 10-a

= 5.00x  lo-’

pH = - log 5.00 x 10-7

= 6.30

log[OH-)  = i-l.51

[OH- ]  = 3.24 x lo-

= 3.09x  10”

pH = -log 3.09 x 10-4

= 3.51

log [ OH- ] = fi.10

[ O H - ]  = I .26  x lo-”

= 7.94x  10”

pH = -log 7.94 x 10-f

= 2.10

lOg[  OH-] = 5.76

[OH- ] = 5.75 x lo-l3

= 1.74x 10-l

PH  - - log 1.74x lo-’

= 1.76
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log[  O H - ]  = i3.30

[ OH- ] = 2.00x  10-l’

- 5.00

PH = -log 5.00

s -0.70

a ) 2.43 d) 5.09

b) 0.64 e) 1.12

cl 4.33

filPlOU  (ISaWlY&l  a )  Ita%  b) )

PII = 2.43

-log [H;O]  = 2.43

log [H;o]  = 3.57

[HjOl = 3.72 x W3 M

6ll.J3Ufhi%JWUCN HCI  &hh?  =  3 . 7 2  x  1O-3 x 250

= 0.93 3aam

1  b) 0.64 1

PH = 0.64

-log [HjO]  = 0.64

log [HjO]  = 1.36

[WI = 0.23

o”lU3.di=k?~lJ~lJ8~ HCI h%N!‘=i? = 0.23 x 250

= 57.5 ihaun
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a) 9 .45

b) 12.67

c) 13.75

d) 8 . 9 0

e) 10.40

fh@ltRl  (IQI4lC&l  a) LLtl:  b))

pxiq

PH = 9.45

POH = 14 - 9.45

= 4.55

- l o g  [ O H - ]  = 4.55

[OH-] = 2.8 x 1O-5  M

5hU~U&lt?hT?J8~  NaOH fhJ%J9~#  =  2 .8  x  10m5  x  313

= 0.0932 fklfhi

PH = 12.67

POH = 14 -'12.81

= 1.33

- l o g  [ O H - ]  = 1.33

[OH-] = 4.7 x IO-’

5hUX!fkl~~¶JWUO~  NaOH w”‘&lS~‘T?  =  4 .7  x  10m2  x  333

= 1.57 iham
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a) 0.10 M

b) 0.25 M

cl 0.70 M

d) 0.030 M

e) 0.15 M

f) 0.20 M

g) 0.040 M

h) 0.020 M

i) 0.50 M

j) 0.40 M

filLWILl

a) 0.10 M acetic acid

acetic acid

ammonium hydroxide

hydrofluoric acid

boric acid

benzoic acid

formic acid

hypochlorous acid

ammonia

ethylenediamine

pyridine

HOAc+HzO  =H+&+OA:  K. = 1.75x10-’

0.10-x X X

[ H;O I[  AO;  ] X1
w

= (0.10-x)
= 1.75 x 10-s x lhJu10~~~~~'

[ HOAc  ]

X2 = 1:75x 10-6

x=JixGF

= 1.32x IO+
.

.‘.  [ H;O ] = 1.32 x lo-’ M

pH = -log  1.32x IO+

= 2.88
r ,

b) 0.25 M ammonium hydroxide

NH,OH  * NH;+OH-

0.25-x x x

CH 233 (H) 157



Kb  = [NH:IIOH-1  =
I N&OH I

1.76x10-’

X2

(0.25 -x)
= 1.76x  IO-’ x ‘&“¶Jlfl~~~Jli;

x= = 0.25 x 1.76x  lO-5

= 4 .4x 10-6

x  =  2.lxlo-3

:. [ OH- ] = 2.1 x lO-3

pH  = 14-(-log2.1x10-J)

=  14 -2 .68

= 11.32

c) 0.70 M hydrofluoric acid

H F  +HzO= H;O+F-

0.70 - x X X

K m = IH:OI[F-I  = 72x1o-,
IHFl  '

X2- =
0.70 - x

7.2 x lO-4

x2+7.2x1O-4x-5.O4xlO-4  =

x =

=

:. [ H:O  ] =

pH =

=

I d)  0.030 M boric acid I

5.04 x lo+- 7.2 x lO-4x

0

-7.2x10-4~~S.18x10-‘+4x5.04x10-4
2

2.21 x lo+.

2.21 x lo-‘M

-log 2.21 x 10-z

1.66

HJBOa+  HP * H+&  + H&303

0.03 - x X X

K
a

= I H+fi 11  I-M%  1 = 5 83~  IO-‘0
]H3B031 ’
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X3
Y

(0.03 - x)
5 = J.83 x IO-” x w'ouulo~~~J~n'

x2 = 0.03 x 5.83 x IO-”

x  =  4.18x1o-6

[H;OJ  = 4.18~10-~M

pH = -log4.18~10-~

= 5.38

e) 0.15 M benzoic acid

C&COOH+  H&II * C & C O O - +  H;O

0 . 1 5 - x X X

K 0 = I Cd-WOO-  I I H&+  1 = 6 14x  1o-s
[ CsHscooH 1 ’

X2
Y

(0.15 -x)
= 6.14x lo-’ x lhnJlfl~n~J~~

X2 = 0.15x6.14x  10-s

x = 3.03x lo-3

[ Hi0  J = 3 . 0 3 x  10-S M

pH  =  -log  3 .03 x  1O-3

= 2.52

f)  0.20 M formic acid

HCOOH + H 20 = H;O + HCOO-

0.20 - x X X

K II _ [ H:O II HCOO-  1 = I,,7 x 1o-4
( HCOOH 1

--E.f-- =  1 . 7 7 x  1o-4
Y

(0.20 - x)
x &waJln~~iJY~

x2 =  3 . 5 4 x  lo+

‘x = 5.95x10-’

[ H;O  ] = 5.95 x lo+ M

pH  =  -log  5 .95 x  lo+

= 2.23
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g)  0.040 M hypochlorous acid

HOC1 + Hz0 == H;O + Ocl-

0 .040-x X X

K a = IH:Ol[OCI-l  = 3.ox,o-8
[ HOC1 ]

X2

(0.040-x)
= 3.0x  10-e

x2 =  0 . 1 2 x  10-N

x = 3.47x10-5

[ H;O ] = 3.47x IO-’ M

pH  = -log  3.47x IO-’

= 4.45

h)  0.020 M ammonia

NH2 +HzO == NH;+OH-

0.02-x X X

Kb = fNH:llOH-I  = 176x,o-s
INHsl '

X2

(0.02-x)

X1

X

:. [ OH- ]

PH

= 1.76x lo-’ x &“lJvdnmk4rn’

= 0.352x  10-

= 0.593x lo-’

= 5.93x10-‘M

= l4-(-log5.93xlO-+)

= 10.77

i) 0.5 M ethylene diamine

H&KZHCH~HI+HZO  * HINCH$HINH;+OH-

0 .5 -x X X

Kb = A = 8.5x lo-’
(0.5 -x)

X1 = 4.25x  lo+
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x  =  6.52x10-’

:. [ OH- ] = 6.52 x lo+ M

pH = 14-(-log6.52~10-~)

= 14-2.19

= 11.81

CSH&J+HIO * CsHsNH++ OH-

0.40-x X X

Kb = [ C&NH+ II  OH-1
[CSHSNI

= 1.7x lo+

X2

(0.40 - x)
= 1.7x10+

x2 = 0.68x lo+

x = 2.61x 10-s

[OH-] = 2.61x10-s M

pH = 14-(-log2.61xlO-5)

= 9.42

a) 0.0 50 M benzoic acid f ) 0 -40 M hydrocyanic acid

b) 0 -025 M formic acid g ) 0 -50 K nitrous acid

c) 0 -40 M hypochlorous acid h) 0 -080 M ammonia

d) 0.050 M aceticacid i) 0.03 k ammonia

e) 0 _ 20 M boric acid j) 0.30 M ammonia

t+tOIJ

a) 0.050 M benzoic acid

CsHsCOOH + Hz0 = C&COO-+ H;O K. = 6.14x10-s

0.050 - x X X

X2

(0.050 - x)
= 6.14x lo+
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x2  = 6.14~1O-~xO.O50

1  b) 0.025 M formic acid 1

HCOOH + Hz0 = HCOO-+ H;O K. = 1.7x10-’

0.025 -x X X

X2

(0.025 -x)
= 1.7x10-4

x2 = 4.25 x 10-6-  1.7 x 10+x

x’+l.7x10-4x-4.25x10-6  =  0

x = 2.05x  lO-3

= a.2

c) 0.40 M hypochlorous acid

HOC1 +HzO  fH+a+OCl- K. = 3.8x  10-R

0.40-x X X

X2

(0.40 - x)
= 3.8x IO-~

x2  = 3.8x  IO-8~0.40

= 1.52x IO-’

x  =  1.23x10+

q. n1511nn~Q = 1.23~10-4~1~
0.40

= 0.03

d) 0.050 M acetic acid

CHEOOH+HzO=H@+CHfiOO-  K. = 1.75~10-~

0.050-x X X

X2

(0.050 - x)
= 1.75 x 10-S
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X2 = 1.75 x 10+x  0.050

= 0.88x 10-6

x  =  0.94x lo-’

q. tmuvwi? = O*:&~+X 100

= 1.88

HtBO3  +HzO * HP+ Ha03 K.  =  5 .83  x  lo-lo

0.20-X X X

x’
(0.20-x)

= 5.83 x10-"

x2 = 5.83 x IO-"'x0.20

= 1.17x lo-

x = 1.08~10-~

= 5.4x1o-3

f) 0.40 M hydrocyanic acid

H C N  +H20  = H;O+CN- K.  =  2 . 1  x  lo-’

0 .40 -x X X
X2

(0.40 - x) = 2.1x10+

x2 = 2.1x10-9x0.40

= 8 .4x lo-l0

x  =  2.9x IO-’

8) 0.50 M nitrous acid

= 7.2x 1O-3

HNOl + H,O  = l-l;0  + NO; K,, = 5.1x10-’

0.50 -x X X

CH 233 (H)

X2
(0.50 - x) = 5.1 x 1o-3
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x2  = 5.1 x IO-‘x0.50

x  =  1.6x10-’

% n1swmeJ  = 'y5~-*x*otJ

= 3.2

Ih)]

NH3  +HzO = NH;+OH- Kb  = 1.76x IO-’

0.080 - x X X

X1

(0.080 - x)
= 1.76x IO-’

x2  = 1.76x 1O-5xO.O8O

x  =  1.18~10-~

= 1.48

NH3  +Hfi * NH:+OH-

0.03 - x X X

X2

(0.03 - x)
= 1.76x IO-’

x2 = 1.76~1O-~xO.O3

x = 0.73x 1o-3

%I nlwm~~  = “.73go-3  x lof)

= 2.4

j) 0.30 M ammonia

NHs  + HP  ==  NH;+OH-

0.30-x X X

X1

(0.30 - x)
= 1.76x IO-’

X1 = 1.76x lO-sxO.3O

= 2.3x  IO-
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15) wlawcaluio9nld~aad~;lalua”~~~~~l~~~li?dl~oi~lu~nl~~Ib~n~~~~isio~~~

a) Acetic acid, 1.3% f)  Hydrazoic acid 1.3%

b) Nitrous acid 4.5% g) Hydrazonium hydroxide 3.0%

c) Benzoic acid 2.5% h) Ammonia 2.5%

d) Hydrofluoric acid 5.0% i) Ammonia 8.0%

e) Acetic acid 4.0% j) Ammonia 10.0%

= 1.3x10-‘A

(‘HEOOH  +HzO * CH,COO-  + H+a

A-1.3x10-‘A 1.3x10-*A  1.3x10-‘A

K, =  1.75x lo-’  = (1.3 x IO-‘A)’
(A- 1.3x IO-‘A)

1.3x10-‘A<<A

1.75x10-“A  = 1.69~lO-~A’

A = * 1.75 x lo-s
1.69x lo-’

= 0.104 M

nswoz7Gn  ih-J1lJ&¶J&4  = 0.1&j M

b) Nitrous acid 4,5 %

HNOZ +H,O  F’, NO; + H;O
L

A-4.5x  IO-=A 4.5 x lo-‘A 4.5 x IO-=A

K. = 5.1 xIO-~  = (4.5 x lo-‘A)”
(A - 4.5 x IO-‘A)

5. I x lo-‘A  = 20.25 x lo-‘A’
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A = 5.lxlo-4
20.25 x 10-4

=  0 . 2 5 2 M

.  nmhns’n  hm~6&~&.d  = 0 . 2 5 2. . M

c) Benzoic acid 2.5 %

C&COOH + HP j: C&SsCOO-  + H+fi

A-2.5x10-=A 2 .5  X lo-‘A 2.5 x lo-‘A

Ka =  6.14x lo-s  = (2.5 x lo-’  A)’
(A - 2.5 x IO-’ A)

6.14x lO-5 A = 6.25 x lO-4 A”

A = 6.14~10-~
6.25 x lo-’

= 0.098 M

:.fl%36UUhi?M  &l’NlJ&J&l=  0 . 0 9 8  M

d) Hydrofluoric acid 5.0 9’0

HF +HzO  * H;O + F-

A - 5 x 1 0 - ‘ A 5x10-‘A  5x10-‘A

Ka = , 2x lo-4  = (5~ 10-2A)2
(A - 5 x IO-’  A)

1 .2  x  lO-4 A = 25 x lo-“ A’

A = 1 . 2 x  lo-4
25 x lo-4

= 0.288 M

.  flS’d8~d~OO%  ihl?llJl&J’&l  - 0 . 2 8 8  M. .

e) Acetic acid 4.0 %

HOAc +H&* H30 + OA;

A-4.0x  10’‘A 4.0X10-‘A  4.0x10-‘A

K. = 1.,5  x  1o-~  = (4.0x  10-l  A)’
(A - 4.0 x IO-’  A)

1.75 x lO+A  = 16.0x IO-‘A’

A = l.75xlo-s
16.0x lO-4
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= 1.09 M
:. fnlUtGJduoo~nlRo=3~n  = 1.09 M

f) Hydrazoic  acid 1.3 %
HNJ +HaO*  H*P  ,+ N

A- 1.3~ IO-‘A 1.3x10-‘A  1,3x10-‘A

K. = 1.9x10-’ =

1.9xlO”A  =

A =

(1.3 x IO-’ A)’
(A- 1.3~ IO-‘A)

1.69x lo-’ A’

1.9x lo+
I .69x IO-’

1.12 M

1.12 M

g)  Hydrazonium hydroxide 3.0 TO

HONHz  * NH; + OH-

A-3.0x  IO-‘A 3.0x10-‘A  3.0x10-‘A

Kb  = ,.o,~,o-”  = (3.0x  10-A)’
(A-3.0x IO-‘A)

* h)  Ammonia 2.5 %

NHJ +HaO*  NH: + OH-
A-2.5x  IO-‘A 2.5 x IO-‘A 2.5 x IO-‘A

Kb  = L.76x  lo-s  = (2.5x  1o-‘A)2
(A-2.5x IO-‘A)

1.76x lO+A =i 6.25 x 10-A’

A = 1.76x10-”
6.25 x lo-’

= 0.028 M

. fl15%tW10ubJ&  &l&  0.028 M. .
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31) W+lUXU~7  PH ~~J~l5~~~lU~l~~~lnnl5t~~  12.0 FW.lftJ.  llFJJ  0.25 M

H,SO,  RJh  6.0 WlJ.WJ.  VF3J  1.0 M NH,

3.. FWH,)ISO,
3

= (12 + 6) = 0.167

NH;  +  H,O c$  N H ,  +  HjO

KW [WI  [NH,1 1  x lo-”
*

-=
Kb [,NH;]  =

=
1.7 x 10-5

5.9 x lo-‘0 . . . . . . . . (1)

so:  + H,O CC H S O ;  +  OH-

Kw [HSO;]  [OH-] 1 x 10-l’-=
K

aa2 [so*=] = 1.2 x 10-2  =
8.3 x lo-” . . . . . ...(2)
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H,PO,  + H,O = HjO + H,PO; K, = 7.11 x 1O-31

Kal
1H;Ol  1 H,PO;l=

P-&PO,1

7.11 x 1o-3  = 1 x 1o-3 [wo;l

[%RO,l
IW’O;l 7 . 1 1  x  lo-3

[H,PO,l =
zz 7.11

1 x lo+

[H,PO,l  = & =  0 . 1 2 3 3  M

[H,PQ;]  = l - 0 . 1 2 3 3  =  0 . 8 7 6 7  M

0.8767 x 200=
1000

x 136.09

= 23.86 ns’u

&.I~%
[H,PO,]

&¶Ju’U 0.1233 x 98 x 100 2 0 0
=

85 x 1.69 xiEl

...... ..(I)

. . . . . . . (2)
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a) 0.125 M aceticacid (PK,  = 4.74)

b) 0.100 M arsenic acid @AsO,,,)  (pKa =  2 .22 )

c ) O-250 M hypochlorous acid (PK = 7.53)
a

d) 0 - 500 M pho$phoric acid (p&  = 2.12)

e) 1 -00 M benzoic acid (PK = 4.18)
a

filVlOU

a) 0.125 M acetic acid (PK. = 4.74)

CH,COOH+H& *HH;O+CHJXO-

0.125 -x x X

K .  = X1

0.125-x

pK. = 4.74

log K. = -4.74

= T.26

K. = 1.82~10-~

1.82x lO-5 = X1

0.125-x

x1 = 2.275x10-’

x = 1.51x10-3

:. [H*&]  = 1.51x10-‘M

b) 0.100 M arsenic acid (HA03  pK. = 2.22

pK. = 2.22

108 pK. = -2.22

= 5.78

K. = 6.03x  lo-’

HAsO,+HaO  ==HHsO;+H+&

0.100-x X X
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K.  =  6.03x IO+ = x2
(0.100-x)

x2+ 6.03 x lo-‘x  - 6.03 x 1O-4  = 0

x = -6.03x  lO+k  ,/3.64x1O-s+24.12xlO-4
2

:. [H+&  ] =  0 . 0 2 1 7  M

c) 0.250 M hypochlorous acid (PK.  = 7.53)

pK.  =  7 .53

l o g  K.  =  -7 .53

= i i . 4 7

K.  = 2.95x IO-’

HOC1 +HP + H+&  + OCI-

0.250 - x X X

X1
2 . 9 5  x IO-*  = (o.250  _ x)

X2 = 0.250 x 2.95 x 10-O

x  =  8.59x IO-.

:. [ H+@] = 8.59x IO-‘M

d) 0.500 M phosphoric acid (PK.  = 2.12)

pK,  =  2 . 1 2

l o g  K ,  =  - 2 . 1 2

= T.88

K,  = 7.59x10-’

H904 +H10 == H+&+H&‘O;

0.500 -x X X

K,  = 7.59X10-’

X1

=  ( 0 . 5 0 0 - x )

x2  - 7 59x10-‘x0.500- .

x = 0.062M
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:. [ H*a 1 = 0.062 M

c) I .OO M bcnzoic acid (PK.  = 4.18)

pK. = 4.18

log K. = -4.18

= 3.82

K. = 6.6lxlo-s

C&I&OOH + Ha0 * CsHsCOO-+  HP

1.00-x X X

6.61x10-S  = X1
(1.00-x)

x1 = 6.61 x lo-’

x = 8,13::lO-’

:. [HP] = 8.l3xlO”M

18) Od6lW?KUnl  PH VfNRl5R:AlUdO~dd

a) 0.125 M NH,NO,

b) 0.250 M tiH,ClO,

C) 0.100 M (NH,),s o4

d) 0.0100 M NH,Cl
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Kvv 1.0 x  lo-l4
N H ;  +  H,O = N H ,  + H;O K,’ =

iT;;= 1.76 x 1O-5
0.125 -x x x

KW 1.0 x  lo-l4 [NH,1  W;Ol
- = =
Kb 1.76 x  lO-5 [NH;1

5.68 x  10-l’ = ,,l;;-  x

:.

X2
= 5.68 x IO-”

0.125

x = JO.125 x  5 .68  x  10-l’

[WI = 8.43 x  1o-8

PH = 5.07

L 1.0 x  lo-l4
N H ;  +  H,O = N H ,  +  H;O K,’ =

iq= 1.76 x  10m5
0.250-  x x X

x2 1.0 x  lo-l4

=
= 5.68 x  10-l’

0.250 - x 1.76 x 1O-5

X2 = 0.250 x 5.68 x 10m”

x zz 1.19 x  lo-5

:. [HjO] = 1.19 X lO-5

PH = 4.24

c) 0.100 M (NH,), SO,

K W 1.0 x  lo-l4
N H ;  +  H,O = N H ,  +  HjO K,’ =

iq= 1.76 x lO-5
0.200 - x x x
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x2 1.0 x 10-l*
0.200-x = 1.76 x lO-5

X2

0.200
= 5.68 x lo-lo (x &xJ%.61”&JY”~

X = Jo.200 x 5.68 x lo-lo

:. [HjO] = 1.07 x 1o-5

PH = 4.97

N H ;  +  H,O i$  N H ,  +  H;O
KW

Ka’ =
1.0 x lo-l4

K= 1.76 x lO-5
0.0100 - x x X

X2 1.0 x lo-l4
0.0100-x = 1.76 x lO-5

X2

0.0100
= 5.68 x’lo-‘O

X = J 0.0100 x 5.68 x lo-lo

:. [HjO] = 2.38 x 10-O

PH = 5.63

a) 0.0250 M Ca(C 2 H 3 0 2 > 2

b) 0 . 1 0 5 0  M  NaClO

c) 0 . 2 1 3 4  M  KC,H,O,  @otassiumbenzoate)

d ) 0 .1000 M LiC,  H,  0, (lithium propionate)

ef 0.1250 M CsC,H,O,  (Cesiummalate)
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a) 0.0250 M Ca(C,H,O,),

C,H,O;  + H,O  = C,H,O,H  + OH-

0.0500 - x x x

Kw
Kb’  = it- =

1.0 x lo-l4 [C,H,O,Hl [OkI-1=
a 1.75 x 1o-5 IC,H,O;  I

5.68 x IO-" =
x2

~:osoo  - x)

x2 zz 0.0500 x 5.68 x 10-l'

x = 5.33 x 1om8

:.  [OH-] = 5.33 x 1Om8

POH = 5.27

PH 1 14 - 5.27

= 8.73

b) 0.1050 M NaClO 1

ClO-  +  H,O  c$ HCIO  +  OH-

0.1050 -x X X

KW

Kb' = K =
1.0 x lo-l4

a 3.8 x lo-’

[HCIO] [OH-]  = 1.0 x IO-l4
[clo-] 3.8 x 1O-8

X2
= 2.63 x 1O-7

O.lUW-x

X2 = 0.1050 x 2.63 x lo-’

X = J2.76 x lo-*
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:. [ O H - ] = 1.66 x 10-4

POH = 3.78

PH = 14 - 3.78

= 10.22

a) 0.1 M benzoic acid LLAE  0.50 M sodium benzoate

b) 0.50 M ammonia LLA:: 0.10 M ammonium chloride

c) 0.30 M nitrous acid LLR:: 0.50 M sodium nitrate

d) 1.0 M ammonia LLRZ  0.25 M ammonium sulfate

e) 0.20 M acetic acid LLRZ  0.10 M sodium acetate

f)  0.10 M acetic acid LLR: 0.20 M sodium acetate

g) 0.050 M acetic acid LLA: 0.10 M sodium acetate

h) 0.25 M ammonia UR: 0.20 M ammonium sulfate

a) 0.1 M benzoic acid IlfE  0.50 M sodium benzoate

[ H;O ] = 6.61 x 10-%0.1
0.5

= 1.322x  10-s

pH = 4.88

b) 0.50 M ammonia ttar  0.10 M ammonium chloride

l

K‘, = [OH-]%

= [OH-]w]

[OH-] = 1.76x lo-sx”z
0.10

= 8.8x1o-5
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pOH  = 4.06

pH = 9.94

c) 0.30 M nitrous acid 110:  0.50 M sodium nitrite

K,,HNOl  = 5.1x10+

F
K. = [ H+fi  ] e

1

:. [H:O]  = S.IXIO-~. $$

= 3.06x lOA

pH = 3.51

d) 1 .O M ammonia lb% 0.25 M ammonium sulfate

Kb ammonia = 1.76 x 10T5

WHdzSO~ * 2 NH:+ SO;

[N&l(OH-1  = KyNHzl

= 1.76x ~O-‘X~~

= 3.52x IO-’

pOH = 4.45

pH = 9.55

e) 0.20 M acetic acid 11%  0.10 M sodium acetate

K. acetic acid = 1.75 x IO-’

K a = iHDl[CH&00-1
[ CHsCOOH  ]

[ Ha ] =--‘;  .75 x 1O-5  VI

= 3.5ol10-s

pH = 3.46
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t) 0.10 M acetic acid tlW 0.20 M sodium acetate

I H:O] = 1.75x10-~=

= a.75 x 10-e

pH = 5.06

g) 0.050 M acetic acid ttnz  0.10 M sodium acetate

[Ha] = 1.75~10-~~

= a.75 x 10-6

pH = 5.06

h) 0.25 M ammonia U’K 0.20 M ammonium sulfate

[ N H ; ]  =  0.20x2

= OAOM

[ O H - ]  =  1.76x lo-sx”&$

= 1.1 x10-$

pOH = 4.%

pH = 9.04

21) admmw,l  pH vosw,sw~:ln~l8eraJelnnlcberwu  20.00 n’u.66Z-J.  lE.13  0.1200-  F

fl3WEl~h?iTl  (salicylic acid) ~IJiElwTTGkl”aI.$

a) 20.00 RIJ.%IU.  llO9G-l

b) 20.00 WJ.%BJ.  lIEI9  0.0500 F NaOH

c) 30.00 tT¶J.q%J.  YO9 0.0800 F NaOH

d) 20.00 aIJ.?lU.  WI9 0.2000 F NaOH

e) 19.00 tW.~.lJ.  WI9 0.1200 FNaOH

f) 14.00 I?J.%U.  WI9  0.1000 F Sodium salicylate

g) 20.00 WlJ.%U.  WI9 0.5 F HCI

Q
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pl

a) 20.00 tlIJ.JIJ.  %tl-3$1

K. UOJ  CJda(OH)COOH = I .05 x 10“

K 0 = [ H+a  11 Cdh(OWCOO- 1
1 CsH.a(OH)COOH  1

Cd&(OH)COOH+HP = C&(OH)  COO- + H+@

o.o600-x

1.05 x 1o-3  =

x2+ 1.05 x 10+x  - 6.3 x IO-’ =

x =

=

pH =

X X

X2

0 3 6 0 0 - x

0

- 1.05 x IO-‘+  4 1.1 x 10++2.52x  lo-’
2

1.45 x lo-

2.13

b) 20.00 MJ.TfoJ.  WI)9  0.0500 F NaOH

rP ?s;tsa-llJ = 20.00 + 20.00
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= 0.025 F

K a = [ H*B  II Cd-LKW CCKr I
1 Cd&  (OH) COOH  1

[H++]  = 1.05x lO+x’j

= 1.47 x 10-3

pH =  2 .83

X2

= (0.048-x)
(x < < 0.048)

I x lo-l4 x2--=-
I .05 x lo+ 0.048
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x1 = 0.46x10-”

x = [OH-]

= 0.68 x lo+

pOH  = 6 .17

pH =  7 .83

d) 20.00 fl’u.cII3.J.  VO9  0.200 F NaOH

F 1.6NPOH  = -40

e) 19.00 tl¶J.WJ.  “UOJ  0.1200 F NaOH

~lU?I4&?~~lJCRlCl~  &OH = 19.00x0.1200

= 2.28 cilun
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= 5.8x  10-l

n3lulGuu’uusJfls~tolrl~~~“a”  I _0.12
39.0

= 3.1x10-’

IHO1 = K.{CsH4(OH)COOH  1
[ Cd-I4  WI)  COO- 1

= , 05X 10-Jx3.1  x lo-’
5.8 x lo-’

= 5.61 x IO-’

pH = 4.25

[ H*&  ] = 1.05 x lo-‘x  “05  x lo-’
4.12 x lo-’

= 1.8x10-’

pH = 2.74,

g) 20.00 i=W.ell¶J.  9109 0.045 F HCI

= 0.0600F

R?lUIlhhJ6~  HCI = 20.00x0.5
40

= 0.25 F

C&I4(OH)COOH+HP  ==C&L(OH)C~-+H*a

o.o6oo-x X X

lldfl?l~tu’uuilJ0J  [ H*a 1 Q,‘)JlOlfl HCI &Cl
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: .  [ H;O  ] hlWl = 0.25+x

1.05x  10-J  = x
(0.06oo  - x)

x = 1.05x  10-‘x0.0600
0.25

= 0.252 x lo-’

[ H+&  ] = 0.25 +0.252x 10-j

2 0.25

pH = 0.60

a) ah  0.0470 fl?IJ”oJuos%lnslihash  75 tW.%oJ. 9109  0.0300 F HCI

= 1.47 GaSha

h.Jau~ai%JauEH  HCl  ?&I~ = 7 5 x 0 . 0 3 0 0

= 2.25 h%Ja

:. l~~dli.! H C I  UlnlriUwen~~oln~l~~~~Ul

= 2.25 - 1.47

= 0.78 ijati’iua
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HflNH: +H# == HflNHa+H+a

1.%x  lo-‘-x X X

[H+@ J ri,ii~jUo,n”,5rer~nslndnvOJ  NzNNH;  = x

:. [H+&  ] hJ@l  = 1.04~lO-~+x

=  I HJVNHz  l[ H+&  I
I H2NNH:  1

1.0x  lo+ = x(1.04x lo-*+x)
1.3 x 10-6 (1.96x  10-‘-x)

x = 1.0x  10-‘4xl.96x  I O - ’
1.3x1o-6xl.O4xlo-2

= 1.45 x lo-8

:. [H:O] = 1.O4xlO-2+1.45xlO-8

2 l.O4xlo-1

pH =  1 . 9 8

b) WtfoJ 400 t=W.Tf%I.  9109  0.150 F ~WI51&4  fk 300 ~IJ.Tf¶.J.  WI9 0.200 F HCl
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= 0.086 F

HzNNH;+Ha  c=  HINNHz+H+&

0.086-x X X

I 1 HJJNHz  I[ H+B  I
I HaNNH~  I

1.0x10-”  = x1
1.3 x 10-6 (0.086-x)

(x < <0.086)

x2 = I.ox1o-"xo.o86
1.3x lo-

= 6.6 x lo-‘O

x = 2.57x10-'

pH = 4.69

dlU-JUihiihJtlW  HCI dihtj  = %x10’

= 75

F
157-75_

H,NN”, 750

82=-
750

= 0.1093 M
F 75",NN",Cl = 7';.

= O.lOWM
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,.3x1o-6  = IOH-lIO.1~1
[ 0.1093 ]

[OH-J = 1.42x10-O

pOH =  5 . 8 4

’ pH  = 8.16. .

F
1.5 1,000

NG’,
=

106 x 4 0 0

zz 0.177

F
6.0 1000

NaHCO, =
s4  x 400

zz 0.179

HCO, + H,O  ti HjO  + CO;

0.179 - x X x
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Ka,

X

[H;Ol [co,‘1
= 4.7 x lo-" =

[HCO;l

x (0.177 + x)=
(0.179 - x)

(x &mJ,"@%li~l~

0.179= 4.7 x lo-"  x -
0.177

= 4.75 x lo-”

:. [Hjo]  = 4.75 x lo-”

FNaOAc
6.85

= -
250

Franc
4.43

= -
250

HOAc + H,O = HjO+

K, =

[OAc-]  =

[HOAc]  =

K,  =

x

[HjO]  [OAc-]

[ HOAc]

FNaOAc + ’

FHOAc - x

OAc

X

6.85=
25o+x

4.43= - - x
250

x (6.85)=-
(4.43)
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X = [H;O] = 1.13 X lO+

:. PH = 4.95

K a2

[HjOl  [CO:  ]
= 4.7 x lo-"  =

[HCO;l

[q= I 4.7 x 10-I'= G 10-l
IHCO;l 4.75 x lo-lo

lO[CO;]  =  [ H C O , ]
Y

%odnauas'u~~~naloJ6~~~~~~~~~~

[ H C O ; ]  +  [ C O ; ]  =  0 . 1 7 9  +  $177

10 [COT]  +  [ C O , ‘ ]  = 0.356

[co;  I 0.356
=-

1 1

[HCO;l = 0.356 - 0.0324

= 0.356

= 0.0324

= 0.324

........ (1)

...... ..(2)

CO,= + H;O = H C O ;  +  H,O

-&&I ~~sl~unsnlbriaslnl6~1~~  0.177-0.0324 htld8  BlJ.ClU.

:. ifd6&14niwiciGi (p) = 0.145 luada  au.w.

Ka
[H,‘O]  [OAc-I

= 17.5 x 1o-s =
[ HOAc]
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25) OJfhUXUHl  pH V~WXF+%~“HF&~!&

a) 0.50 M propionic acid &I  0.50 M sodium propionate (NaC3H502)

b) 0.010 M sodium benzoate n’y  0.0150 M benzoic acid

c) 0.15 M disodium hydrogen phosphate (Na2HP04)  ?%I  0.25 M sodium dihydrogen

phosphate (NaH2P04)

d)  0.22 M Na2HP04  t’kl  0.18 M Na3P04

e)  0.25 M NH40H t%J  0.050 M NH4CI
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a) 0.50  M propionic  acid fk 0.50  M Sodium propionate  (NaC,H,02)

Ka
I301  1 C,H,O;  1

=
[G-VW1

1.34 x 1o-5
(0.50)

= [WI  (0.50\

[H;O]

PH

= 1.34 x lo+

= 4.87

b) 0.010  M Sodium benzoate f?¶J  0.0150  M benzoic acid 1

Ka

6.14  x 1o-5

:. [HjO]

PH

[H;O]  [C,H,COO-1
=

[C,H,COOH]

(0.010)
= tHio1  (0.0150)

(0.0150)
= 6.14  x lo+ -

(0.010)

= 9.21 x lo-+

= 4.04

IHjO]  = 1.34 x lo-’

1.34 x lo+ = 1.34 x lo-B
[C&O;1

[C,H,O,W

[C,H,O;]  = 10  [C,HP,H] . . . . . . . . (1)
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[C,H,O,]  + [C,H,O,H] = 0.50 + 0.50

:.  11  [C,H,O,H]  =  1 . 0 0

[C,H,O,H]  = h = 0.091

%Wll5lhJUJtWh~W'7%W" [C,H,O,H]  51WBQ

IhJltM [C,H,O,H] &=WW  = 0.50 - 0.091

= 0.41

:. P = 0.41 Fuasio a¶J.k-lu.

b) 6ii8kkJ6Uti66n’Wtil~If  pH 6VkJ’&.J  1 HkJU

PH = 4.04 + 1 = 5.04

[H;O] = 9.21 x lo-’

. . ...*.. (2)

6.14 x lo+ = 9.21 x IO-’
[ C,H,COO  -1

[ C,H,COOH]

[C,H,COO-]  =  6 . 6 7  [  C,H,COOH] . . . . . . . (1)

[C,H,COO-]  + [C,H,COOH] = 0.010 + 0.0150

= 0.0250 . . . . . . (2)

66olU  (1) ash  (2)

7.67 [C,H,COOH]  = 0.0250

[C,H,COOH]  = 0.0033

[C,H,COOH]  Wla9  =  0 . 0 1 5  - 0 . 0 0 3 3

= 0.0117

:. s = 0.0117 FlJo&l  mJ.Flu.

27) %$iX.WU pH vosn,SA~:,~~~b~~0a6~DqEjd

a) 0.0405 F NH3 LLRZ  0.0216 F (NH4)2S04 VlalJ  9.22

b) 0.0176 F phenol LLR:  0.0254 F sodium phenolate OlDY 10.16

c)  1 .OO  F trichloroacetic acid LLR:.  0.500 F sodium trichloroacetate mu  0.79

d) 0.164 F ethylamine UR:  0.272 F ethylamine hydrochloride ml.6 10.41
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a) 0.0405 F NH, 1lPZ 0.0216 F (NH&SO,

Fnnj = 2x0.0216

= 0.0432

[ O H - ]  = K,$$
4

= 1.76~  10-5’=
0.0432

= 1.65 x IO-’

pOH  = 4.78

pH = 9.22

b)  0.0176 F phenol 11% 0.0254 F sodium phenolate

K. = [H~lICsH~-l
[ C&OH  I

1.00x lo-”  = [ H*@ ] OS6

[ H*&  ] = 6.92x lo-”

pH = 10.16

c) 1 .OO F trichloroacetic acid 1lW 0.500 F sodium trichloroacetate

K. trichloro acetic acid = 1.29x IO-’

Cl#XOOH  + Ha = Cl$XOO-+  H+&

1.00-x X X

Fc,,-”  = 1.00-x

Fcr,ccvo-  = o.mo+  x

Ka = [H~li'JEC~-l
[ Cl#XOOH  ]

1.29x10-’  = ‘m
. -

1.29x lo-‘-  1.29x IO-lx = 0.500x+x’

x’+O.629x-0.129  =  0
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-0.629~  ,/0.3%+0.316
2

0.613

0.79

d)  0,164  F ethyimnlne ltftZ  0.272 F ethylamine hydrochloride

K, CHfHrNHa  - 4.28x  10”

Kb - I CHsCHaNH;  11  OH- 1
t CH42HrNHz  1

4.26x  IO-’  - (OH- ] O.272
0.164

I OH- 1 = 2.513~  IO-’

pOH  = 3.59

pH = 10.41

a) 0.0400 F HNO, mu  0.95

b) 0.0400 F NaNO, LllE  0.0400 F HNO, WOpl  0.48

c) 0.400 F NaNO, LlFlZ  0.400 F HNO, wopl  0.04

a) O.MoD F HNOI

fhwrun~  pH tiautlulua

HNOs +H@ * H*fi+NOi

0.04-x X X

X1J.lxlQ”  = -
0 . 0 4 - x

X1 - 2o.4x1o-6

x = 4.52x  IO”

pH = 2.34
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klUXllVll  pH th%JtU~

&~lUtf  NaOH  = 0.0200 x SOdO

= 1.00 iK%Ja

HNOa  ibhj = O.OdCOx  50.00

= 2.00 hautl

:. HNOa iihd = 2.0- 1.0

= 1.0 k=liYlun

1.00FHNO,  = - = 0.01
loo

F 1.00NclNO, = -100
= 0.01

5.lxlo-4  = [ H;O  I[ 0.01 I
[ 0.01 ]

(H+&) = 5.1x10+

pH = 3.29

’ pH &~ii”U,lh  = 3.29-2.34. .

= 0.95

b) 0.0400 F NaNO*  16X 0.0400 F HNOl 1

fhJXUN1  pH fiDUh.J~~fl

HNOz+ HP z=  H+&+NHi

K
a

= IH+@l[NOil
[ HNOa  1

5.1x10-~  = [H+Ol$$$$

:.  [H+@ ] = 5.1 x IO-’

pH = 3.29

l&ll~lJlLl~  NaOH  0.0200 F hU?U 50.00 IJn.

l%JlLlfl NaOH  = 0.0200x50.00

= 1.00 imun

NaOH+HNOl  + NaNOz+H&
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hl?UhlWl~  HNOz  i%hj = 0.o4oox50.00

= 2.00 iha=illn

. 6lfl+-lhi  HNOl kd~fl~. = 2.00-1.00

= 1.00 ih=alJn

fWJl&Ju'u  HNOz  = s

= 1.00x10-’  F

fl?lIJlsl"u&l  NaNOl  = 1 .oo + (0.04m x 50)
100

= 3.00x 10-l F

HNOz  + Hz0 ==HH;O+NOi

5.1x1o-4  = [ H+@  ][ 3.00x IO-’ ]
[ 1.00x lo-‘]

[Ha] = 1.7~10-~

pH = 3.77

:. pH ii&“Wh  = 3.77 -3.29

= 0.48

c) 0.400 F NaNOl  11%  0.400 F HNOl

pH n’DU,~urun~lu?ful~uutdua~~~a  b %%hWJl~ln’u  z;O

pH = 3.29

Ahwmdhl  = 0.0200x 50.00

= 1.00 ihiilun

HNOa+NaOH -, NaNOz+HD

o’lU?UhlW  HNOl  iiihtj = 0.400x50.00

= 20.00 imun

:. tlk%Wh~~  HN02 It&~ = 20.00-1.00

= 19.00 rjrdlufl

HNOl  lu'u& = e

= 19.00x IO”  F

NaNOl  d&Jd = 0.400x50.00+1.00
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= 21.OOxlO“  F

HNOz+  HO * H;O t NOi

5.,  x ,o-,  iT  [ H*a  1121.0x lo-‘1
[ 19.0x 10” 1

[ H’&]  = 4.61 x 10”

pH = 3.33

:. pH ikktu,,tinJ = x33-3.29

= 0.04

29)  ssnf~i~lonlsaRferuwla~~:l~~~l~~45luau  50.00 W.TUJ. %I?i pH = 9.75

b@EJflTJW@U  0.331 F ethanolamine 5I-l  0.222 F HCl

m-iltJ  HCI 17.52

cm5 ethanolamine $0  HOC,H,NH,

ethanolamine dfI~l¶&t?~~%J  HCl TE?&fk%  ethanolamine  hydrochloride (HOC,H,NH,cI)

F nOCIH,N”l  =

=

=

<II ethanolamine hydrochloride

mJ.cIIu.

mJ.%pJ.

[0.331x-0.222(50.00-x)  1
50.00

(0.553x-  11.10)
50.0

0.222(50.00-x)
50.00

(11.10-0.222x)
50.0

HOCPINHz+ H P = HOCP,NH;+OH-

Kb = [ OH- ][  HOW&NH; 1
[ H0CtH.W-b  1

t90 CH 233 (H)
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3.18x 10-S = [OH-][ 11.10-0.222x]
[0.553x-11.10]

lonGfhww~ltkfisnmu~  pH = 9.75

pOH  = 4.25

[ OH-] = 5.62x IO-’

’ 3.18x10-’  = 5.62xlO+[  11.10-0.222x]. .
[0.553x-  ll.lO]

x = 32.48

:. P?OJ1l?  ethanolamine = 32.48 mJ.%U.

H C I  = 50.00-32.48

= 17.52 mJ.4u.

aU”,sac;ls”uUlar7sa~~~~~~~~~~~~  pH 9 . 7 5  hU-U  5 0 . 0 0  BEI.cII¶J.  SliUUblfl~~

ethanolamine I&J’&  0.331 F 8lpd~U  32.48 WaiIJf%J  HCI L&.&U  0.222 F &UW 17.52

tl¶J.%pJ.

PH = 10.30

POH = 14- 10.30

= 3.70

[ OH- ] = 2.0x lo-’

NH, + H,O =+  NH: + OH-

Kb  =  [NH:lIOH-1
I NH3  1

1.75 x 10-S  = [ NH; ] [ 2.0 x IO-’ ]
0.137

:.  [ NH; ] = 0.137x1.75x10-5
2.0 x 1o-4

= 1.19x10-*
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K W [HjOl  [NH,1 1 x lo-‘*-= =
Kb [NH;] =

5.9 x lo-lo
1.7 x 1o-5

. . . . . . . . (1)

so:  + H,O = HSO; + OH-

&V [HSO;]  [OH-] 1 x lo-l4-=
[so;]  =

=
K 1.2 x 10-2

8.3 x lo-l3 . . . . . ...(2)
a2

[NH,1 o [HjO]

VW1 3 ~F(NH&so,  - [I-WI = 2 F(~~,),~~,
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Kw W;O12
:. - = = 5.9 x lo-lo

Kb 2F(~~,),~~,

[HjO] = d5.9 x 10-l’  x 2 x 0.167

= 1.404 x lo-5

pH = 4.85

H,PO,  + H,O = HjO + H,PO; K al
= 7.11 x 1o-3

[H;Ol [ H,PO;l
K al

=
[H,PO,l

7.11 x lo+ = 1 x lo-3
[H,PO;l

V-V’O,l
[H,PO;l 7.11 x lo-3

W,PO,l = =
7.11

1 x 1o-3

W,PO,I = g& = 0.1233 M

[H,PO;]  = 1 - 0.1233 = 0.8767 M .

=
0.8767 x 200 x 136,09

1000

= 23.86 n?s.J

+kN%# 0.1233 x 98 x 100 200
[H,PO,]

k&J&
= 1.69

x
85 x i?iG

........ (1)

..... ..(2)
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a) 0.0500 F H,AsO,tW 0.0200 F %A&,-

b) 0.0300 F NayAsO,  U61: 0.0500 F N%HAsO,

C) 0.0600  F Na,CO, Ul: 0.0300 F NaHCO.,

Mill 2.06

RfllJ 7 -20

d) 0.0400 F H,PO,, UR:: 0.0200 F NaH,PO,

e) 0.0500  F NaHSO, URt: 0.0400 F Na,SO,,

a) 0.0500 F H&O,  11%  0.0200 F H&O;

K., =
[ H;O  ] [ H&O;  ]

[ H&so.  I

HJAsO~+  Hz0 * HzAsO;+  H;O K 0, = 6.0x lo-'
0.0500 - x X X

[ H&O,  ] = 0.0500 - x

[ HIAsO;  ] = 0.0200+x

6.0x  1O-3 = [ x ]  [0.0200+x)
[ 0.0500 - x ]

3.0x  IO-. - 6.0 x lo+ x = 0.0200 x + x*

x’+26.0x10-3x-3.0x10-4  = 0

x  =  [H;O]

= 8.65 x lo-'

9m.l 10.63

RmJ 2.09

ROU 2 .Ol

:. pH = 2.06
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b) 0.0300 F NILH&sO,  11%  0.0500 F NazHAsO4

ti *AsO;  + HP + H;O+HAsO; K., = 1.05X lo-’
0.0300 - x X X

[ HzAsOi]  = 0.0300-X s 0.0300

[ HAsO;  ] = 0.0500+x = 0.0500

K 0,  =
[ H;O  ] [ HAsO;  ]

[ H&O;  ]

1.05  x to-7 = x (O.OSW
0.0300

x  =  [H;O]

= 6.3x  10-O

:. pH = 7.20

c)  0.0600 F NaCO,  LW  0.0300 F NaHCO,

HCO;+H#  * H*a+CO; K,,, = 4.7x10-”
0.0300 - x X X

[ HCOJ]  =  0 . 0 3 0 0  -X 1 0.0300

[co;]  = o.o6oo+x 2 o.o6oo

K 01  =
[H;Ol[CO;l

[ HCOS  ]

4*-jx 10-11  = x [O.@-  1
[ 0.0300 ]

x  =  [H+a]

= 2.35 x IO-”

:. pH  =  1 0 . 6 3

d) b.0400 F H3P04  ll% 0.0200 F NaHzPO,

HaPO,+ Ha0 = H;O  + HzPOi
o.o4oo-x X X

K., = 7.1 I x 1o-3

CH 233 (H)

[ &PO.  ] = 0.0400  - x

[ HzPO; ] = 0.0200+x
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K m, =
[ HD I[ H2POi I

[ HJ’O.,  ]

7.11 x 10-J  = x (0.0200 + x)

(0.o4oo  - x)

2.84x  lo-‘-  7.11 x lo+ x = 0.0200 x+x1

x1+2.71 x lo-‘x  - 2.84x  lo-’  = 0

x  =  [H;O]

= 8.05 x lo-’

:. pH = 2.09

e) 0.0500 F NaHS04  IW  0.04W  F NaaS04

HSO;+HaO  = H:O+SO;
0.0500 - x X X

K -2 = 1.20x10-~

[ HSO;) = 0.0500-x

[so;]  = o.o4m+x

K ox =
[H;Ol[SO;]

[ HSO; ]

*.20x,o-2  = x(O.~+x)

(0.0500 - x)

0.06x10-‘-  l.2oxlo-2x  = 0.0400x+x’

x3+5.2x lo-‘x  -6.0x  lo-’ = 0

x  =  [H;O]

= 9.75 x lo-J

pH = 2.01
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4.0=-
100

HJPO~+  Hz0 * H;O+ HzPO;
0.06 - x x x

K 0, = 7.11 x10-
2 d

UUflO  [ H3P04  ] = (0.06 - x)

[ HIPO;]  = (0.04+x)

K LI,  =
[ HPO; I I GO 1

I W’O.  I

7.1,  x 10-3  = x @JJ4+x)

(0.06 - x)

4.27 x IO+  - 7.1 I X 1o-3  X = 0.04  X + X2

~‘+4.71xlO-~x  -4.27x10+  =  0

x=[H+#]
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=  7 . 8 X  10-a

pH = 2.il

b) 50.0 tlfl.cHxI.  4169 0.012 F I$CI

= 6.0x lo-’ hJn/ a¶J.mJ.
\

7 . 1 1  x  lo-’  = x (9.4 x lo-‘+  x) \
(6.0x IO-’ - x)

42.66x1O-6-7.11x1O-3x  = 9.4x10-‘x+x’

x’+101.11x10-‘x-42.66x10-L  = 0

x  =  [HP]

= 8.4x10-J

:. pH = 3.08
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[HCO; ]  =

K., =

4.7 x 10”’ =

9.4 x lo+  - 9.4 x 10‘”  x =

13.49x 10”’  x =

x =

=

[ HCl  ] ihtlr

tlJfl/  n¶J.FllJ.

JH*#  ] [CO:]
[ HCOi 1

2.51 x lo-‘0  (0.5m  x - 200)  x 10’3
(200  - 0.200  x)x 10”

1.255 x IO-lo  x - 5.02 x 10-O

5.96  x 10-n

4 4 2

442 mJ.%al.

1.000-442

558 mJ.%¶.l.
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:. &lW%J  HPO; >4OOxO.200  = 80

alJy~l~d?uril~lJltiw =  x

lltiF~&%Jl~ll  NazHPO,. 2HlO aa?llJFl  = 80+x

9lflZflJfW  [H1P04]  = -&x2

[ HPO; ] = -&

K .I  =
[ H;O ] [ HPO:  ]

[ HaPOS  ]

6.34  x lo-’ =
5.01 x 10-O  (&)

1.01 x lo-5 = 5.01 x lo-@ x

1.01 x lo+
x =

5.01 x lo+

= 201.6 ¶kli%Jn

:.  &‘astil.J  Na,HP0,.2H,O = 80+201.6

= 281.6 x 173 x 1O-3  tl?iJ

= 48.7 f&J

37) QJfilW?~UHl  pH YoJRmar~+l”vio~dd

a) 0.0525  M NaHC,ti,O,  (sodium hydrogen malate)

b) 0.074 M Na+ PO,

c) 0.100 M Na,HPO,

d) 0.1250 M Na,t$C,,HL,%N, (disodium

a) 0.0525 M NaHC,H,O,  (sodium hydrogen malate)

206

K al = 1.2 x lo-*

Kat = 5.96 x IO-’

salt EDTA)
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fl~l¶J&J'&  0.0525 M Ulfdl  3 Kal (3 x 1.2 x 1O-2  = 0.036)

2%
W-Wi%Jeu"u  0.0525 M ¶Jlfdl K (2 x

1 x lo-l4
= 3.35 x 10-E)

a2 5.96 x lo-’
:m&mJlsn%~~ws .

[WI =dqq

= J 1.2 x 1o-2 x 5.96 x 1O-7

= J7.152  x lo+

= 8.45 x lo+

pH = 4.07

'?ll&U?fM%Wl&JFl  LWJtlIJ"ld 8.127 %UMtk%Ml~ilRJl~~ 1 dl 330 O:!n"

[HjOI  =
KaIKaP  [HC,H,Osl  + KalKw

Ka, + [HC,H,O;l

1.2 x lo-* x 5.96 x lo-' x 0.0525 + 1.2 x IO-* x 1.0 x lo-l4
=

1.2 x 1o-2 + 0.0525

0.375 x lo-g + 1.2 x lo-l6=
6.45 x 1O-2

= J58.14 x lo-lo

= 7.63 x 1O-5

pH = 4.12

b) 0.074 M NaH,PO,

Ka,  H~Po, = 7.11 x w3

Ka2 HW, = 6.34 x lo-@

Kas HsPO, = 4.2 x lo-l3

R~l¶J&J&d  0.074 M ¶Jlfdl 3 Kal (3 x 7.11 x 1o-3 = 0.0213)

2 Kw
fl?llJ&J&  0.074 M ¶Jlflfl-h  K (2 x

1 x 10-l”
= 3.15 x 10-7)

a2 6.34 x lo-’
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[WI =J-qq

= J 7 . 1 1  x  10-s x 6.34 x lO+

= J 4 . 5 1  x  lo-lo

= 2.12 x 10-5

pH’ = 4.67

a) hydrogen sulfide

b) sulfuric acid

c) ethylene diamine

d) sodium sulfide

o)OlJ  4.61

vl0l.l 1.21

mml 11.35

Ql0l.l 12.74

a) hydrogen sulfide

HIS  + Hz0 = H;O + HS- K, = 5.7x IO-’

HS- + Hz0 f H;O + S’ K1 = 1.2x IO+
Y

K2 << K, n’J~~“lsn”7u?cun,U,5”~~“,5,1Bl”~~”~~ni  2 n’&?

K, = [ GO 11 HS- 1
IHSI

[H;O]  = x

[ HS-]  = x

[ HZS ] = 0.0600 - x

5.7x10-8 = x2
(0.o6oo  - x)

(x lhJn31 0.0600 u-m njcl.J&nkJY$I">

x = J5.7x  10-8xo.0600

= 2.45x  10-s

:. pH = 4.61

208 CH 233 (H)



.-’ N X

Z X h “s, i X rid

00 in X z : II

“0 X II

?T II I
-

x II N k 0, X 6 A

II

P
0

8
 

8
%

I *
! x



d)  sodium sulfide Na,S

S’+ H,O = HS- + OH- K& = F

= 1”: 10-l’
1.2 x 10-1s

=  8 . 3 3

HS-+H1O*  HJ+OH-  Kt, = K-
K-1

= 1x10-”
5.7 x 10-a

= 1.75 x lo-’

Kb,  = IHS-I[OH-I
I S’  1

lX[OH-]  = [HS-]  =  x

X2

8.33  =  (0.o6oo  - x )

0 . 5 0  - 8 . 3 3  x  =  x2

X2+8.33x-0.50  =  0

x  =  0 . 0 5 5

pOH  = 1.26

pH = 12.74

43)hWU pH YE~X+~~~~~I~%~J~U  0.0400 F &!I$

a) sodium hydrogen sulfide

b) sodium hydrogen oxalate

c) sodium hydrogen sulfite

d) ethylene diamine hydrochloride (NHf2H4NH3CI)

filGltNJ

a) sodium hydrogen sulfide (NaHS)

HS- + Hz0  = H*&  + S” K 01 = 1.2xlo-‘s

HS-+HzO=HHB+OH-  K, = 5
K-7

@JOY  9.92

OlfnJ  2.95

@lDlJ  4 . 5 6

VIDLI  6 . 3 9

. . . . . ...(I)
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[H:O]  =
K,,  K.,  I HS-  I+ Kw K,,

Kw,+[  HS-1

K,,  = I HzS  ] [OH- I
[ HS-  1

lir’[H,S]  =  [ O H - ]  =  x
Y

[HS-]  = 0.0400-x ~0.0400 x &mm&#i~Yn"

x21.75x10-7 = -
0.0400

x1 = 0.07 x lo-’

x =  [ O H - ]

= 8.37 x IO+

pOH  = 4.08

pH = 9.92

[ b) Sodium hydrogen oxalate (NaHCzO,)  ]

HCzOd+ Hz0 * H;O+CzO; K 9 = 5.42 x lO-s

HCaOO;+  Ha0 * HzCzO,+OH- K, = $
01

. . . . . . . . (1)
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= 1x10-” = 1.87 x lo-l3
5.36 x IO-’

a

[H;O]  =
Km, K., [ HSOi  I+  IL K.,

K.,  + [ H&OS  1

. . . . . . . . (2)

=J (5.36~ IO-‘) (5.42 x.10-3 (0.0400) +(I x lo+)  (5.36x 10-l)

5.36x 10-1+0.0400

= 1.11 x10-J

pH  =  2 . 9 5

c) Sodium hydrogen sulfite (NaHSOJ)

K,, HzSOJ = 1.72x  IO-”

= 6.43 x IO-’

ti;o  = Ka,Ka, [HSO;] +cKwK.,

K.,  + [HSO;]

1.72x10-‘x6.43x10-Bx0.040+lx10-‘4x1.72x10-2=
1.72x  lo-* + 0.040

4 42x lo-“+  1= *
0.05;

72x lo-l6

= 2.77 x IO-’

‘.  pH = 4.56

d) ethylene diamine hydrochloride (NHIC,H&H3CI)

NHKANH; + Hz0 = NH; - CzH, - NH; +OH-

K b2 = 7.1 x lo-

NHICIH.NH;+ Hz0 = NHGH,NHz+  H;O

= 1 x lo-l4

8.5 x 10“

= 1.18x  10-l’
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44) +I%W~b&il pK,  2105  H3P04 u”&~

PKq= 2.12 , pK,  1 = 7.21 , pu,  3 = 12.32

%.dW-hft  pH oio2~~~:dua7aa=R7u~r;,ggf2n  H3P04, H2P01;,  HPO;, PO;

aJltld6yl

a) 12.32 b) 15.0 c) 7.21 d) 10.0 e) 4.0

46) 4 pH 2.00, 4.00, 6.00, 8.00, 10.00 UN” 12.00 asAluanavrlFi7 a CheJLadnt

idYJ~6llnswnn~~lfJdn~d~

a) phthalic acid b) phosphoric acid c)  citric acid a) arsenic acid
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b) phosphoric acid [ H904 ] 1

aa = [HPO:]

CT

a , _ [PO:1
Ct

a0 = .JHsO  +K0, H
[Hal3  H’O  +
+ a, q 3 0, .a 03

4, = [ HD I’ L,
,[H~]3+~.,[~p]‘+K.,K.,[H~]+K=,K.,K.,

[ HZ0 1 K.,  L,
Oa  = [H;O]3+K.,[~:~]z+K.,K.,~H~]+Ka,K~~K=~

a,  = K.,  K.,  L,

[ Ha Ia+  K., [ H;O I’+  K., Km, [ H;O ] + K., K., K.,

K., = 7.11 x lo+

K -1 = 6.34 x IO-*

K *3 = 4.2 x lo-l3

K., K., = (7.11 x 10-q  (6.34x  10-y

= 4.51 x 10-10

Km, L, K., = (7.11 x 10-q  (6.34x  10-Y  (4.2 x lo-‘?

= I .89  x lo-”
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Wilfh 3.0, 4.0, 5.5, 6.0, 6.5 UN:: 7.0

HIn  + H,O  = H;O + In-

KI

b-1
:. -

[HInl

&Ii! pH =  3 . 0

[In-l
Wnl

ikd  pH =  4 . 0

IIn-1
WInI

&.d  pH =  5 . 5

[In-l
[HInl

&I~ pH =  6 . 0

[In-l
[HInl

dFd pH = 6.5

IIn-
WInI

dd pH =  7 . 0

[In-l
[HInl

CH 233 (H)

[Hi01  [In-l
=

Wnl

Ki
= [HjO]

lO-5
=-

1o-3

lO-5=-
1o-4

lo+=-
10-5.5

lO-5=-
1O-B

lo+
=-

1o-8.5

1o-5
=-

IO-’

= 10-Z

= 10-l

= 100.5

= 10

= 101.5

= IO2

= 0.01

= 0.1

= 3.17

= 31.7

= loo
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1)

2)

3 )

4 )

6)

Convert the following values of hydrogen ion concentrations to pH:
(a) 0.0050; (b) 0.10; (c) 1.0; (d) 10; (e) 4.0x  10-s; (f) 8.0x  10-l’.
Convert the following values of hydroxide ion concentration to pH:

(a) 2.0x  IO-‘; (b) 1.0; (c) IO; (d) 0.40; (e) 4.0x  lo-‘s; (f) 5.0x  lo-”
Convert the following to hydrogen ion concentration:

(a)  PH  = -0.70; (b) pH = + 0.70; (c) pH = 4.74; (d) pH = 10.30; (e) pOH  = -0.30;
(f) pOH  = 14.40; (g)  pOH = 8.26; (h) pOH  = 1.70.
Calculate the pH of the following solution:
(a) 20 g of NaOH  in 200 ml of solution.
(b) 0.0365 g of HCl  in 2.00 Lof  solution.
(c) 600 mg of HOAc  in 50.0 ml of solution.
(d) 1.7 g of NH3 in 0.20 I.of solution.
(e) 100 ml of solution containing 10.0 mmol of HOAc  and 10.0 mmoi of NaOAc.
(f) 100 ml  of solution containing 10.0 mg of HOAc  and 10.0 mg of NaOAc.
(g)  82 mg of NaOAc in 100 ml of solution.
(h) 0.0535 g of NH&l  in 10.0 ml of solution.
(i) IO-”  moles of HCl  in liter of solution.
(j) 12 g of NaHSOd in 1 liter of solution.
Calculate the pH of the following solution. Assume the volumes are additive
(a) 60 ml of 0.10-M formic acid +40  ml of 0.15-M NaOH
(b) 60  ml of 0.080-M NHr +20  ml of 0.16-M HCI
(c) 50 ml of 0.10-M HCl  + 50 ml of 0.08-M NaOH
(d) 40 ml of 0.15-M HCI + 60 ml of 0.10-M NaOH
(e) 50 ml of 0.10-M HOAc  + 50 ml of 0.12-M NaOH

(f) 50 ml of HCI, pH = 2.00, + 50 ml of pure water
(g) 50 ml of NaOH,  pOH  = 2.00, +50  ml of NaOH,  pOH  = 4.00
(h) 50 ml of HCI. pH = 2.00. +50 ml of NaOH,  pOH  = 8.00
(i) 50 ml of 0. IO-M NaCN  + 50  ml of 0.10-M HCI
(j) 60  ml of 0.10-M NH&I  +40  ml of 0.05-M NaOH.
A weak acid, HX, is 2.0% dissociated in 0.10-M solution.
(a) Calculate the dissociation constant of the acid
(b) Calculate the percentage dissociation in a 0.05-M solution
(c)  At what concentration is the acid 1.0% dissociated?
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7 )

12)

14)

15)
16)

17)

18)

1%

21)

A weak base, BOH, has a molecular weight of 125 g/mole. A solution prepared by dissolving
0.500 g of BOH in 50.0 ml of solution has a pH of 11.30. Calculate the dissociation constant
of BOH.
The pH of a 0.10-M solution of the salt NaY (salt of weak acid HY) is 8.30. Calculate the
dissociatin  constant of HY.

A chemist wishes to prepare 500 ml of a solution of pH 2.30 by dissolving an acid in water.
Calculate the number of grams required if the acid is (a) HCI;  (b) formic acid; (c) benzoic acid.
Calculate the volume of O.-O-M HCI required to chang  the pH of 100 ml of water from
7.00 to 4.00.
Calculate the pH of solution resulting from mixing equal volumes of the following solutions
of strong electrolytes: (a) pH l.OO+pH  2.u); (b) pH l.OO+ pH 3.00; (c)  pH l.OO+pH  5.00;
(d) pH l.OO+pH  13.00; (c) pH 1.00 tpH 14.00; (f-J  pH 5.00+9.00.
Calculate the concentrations of the various species in the following solutions, writing all
exact equatlons and making the appropriate asumptions:
(a) 0.02-M HOAc  + an equal volume of 0.05-M NaOAc; (b) 0.02-M NaCN;  (c)0.02-M  HCI
+ an equal volume of 0.02-M NaF.
An analyst wishes to prepare I00 ml of a solution of pH 12.60 from soluticn  of HCI, pH
= 0.70, and NaOH,  pH = 13.60. How many milliliters of each solution should be mixed
to give the desired solution. Assume the volumes are additive.
Calculate the percentage hydrolysis of the following in 0.10-M solution: (a) F-; (b) CO:-
(to HC03; (c) S*r  (to HS-); (d)  NH;
The pH of a solution of NH&J  is 5.28. Calculate the concentration of NH; in the solution.
How many grams of sodium formate,  NaHCOr,  should be added to 500 ml of a 0.050-M
sohttion  of formic acid to make the pH = 4.00 ?
The pH range of an indicator HIn is I.60  units. The ratio of IHlnj / (In-1  required so that
only the acid color is seen is the same as the ratio of IIn- / [Hlnl  required to see only the
basic color. What pereentage of the indicator must be in the Hln from the eye to detect
only the acid color?
A buffer solution is prepared by dissolving 6.0 g of acetic acid and 16.4 g of sodium acetate
in 1 .O liter of solution (a) Calculate the pH of the buffer. (b)  Calculate the pH.of  the solution
which results when the following are added to separate 100 ml portions of the buffer:-
(1) 5.0 mmol of HCI; (2) 5.0 mmol of NaOH;  (3) 4.00 mg of NaOH;  (4) 730 mg of HCI;
(5) 480 mg of NaOH
It is desired to prepare a buffer of pH 5.00.  Three weak acid and their salts are available:

A, K. = 2 x IO-‘; B, Ka = 5 x IO-‘; C, K. = 5 x 10T6.  Calculate the ratio of acid to salt
required for eacn  acid to prepare such a buffer.
The three buffer of pH 5.00  (Problem 19)  are prepared with the component in larger
concentration being 0.20-M in each solution. Calculate the changes in pH which result
when 5.00 mmol of (a) hydroxide ion and (b) hydrogen ion are added to 200 ml of each buffer
A buffer is prepared from an acid, HA, K. = 5 x IO-‘,  and its salt. The concentration of
HA in the buffer.is 0.25-M. To I00 ml of the buffer is added 5.0 mmol of NaOH,  and the
pH of the  resulting solution is 5.60. What was the pH of the original buffer?
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22) II is desired to prepare 200 ml of a buffer solution of pH 9.49 using NH, and NH&I  such

that the change in pH will not be greater than 0.12 pH units for the addition of 1.0 mmol
of either H’ or OH. What weight of NH&l  and what volume of 1.0-M NH> should be used
to prepare the buffer?

23) It is known that the total concentration of all phosphate species in solution A and B is
0.10-M each. The pH values of the two solutions are: A = 7.21 and B = 6.91. Calculate

(a) the concentration of HPO:- ions in solution A and (b) the concentration of HPO:- ion
in solution B. (c) I7 millimoles of NaOH  are added to I liter of solution B. Calculate the
pH of the resulting solution. (d) I7 millimoles of HCI are added to another liter of solution B.
Calculate the pH of the resulting solution.
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