
a) AgCl RZRIU~U  1.0 M KNO3 \G”‘fl!Ut!7

b) AgCl A:RlfJ~U  1.0 M HCI !%T+-I~&-I

c) AgCl AfAlU\U 1.0 M NH3 !‘%if&~Ui;?

d) AgCl RtRlUtW  0.01 M HCl  %&J?li&&

e) Fe(OH)2 RtRltJ!U  0.10 M NH3 ~&kltlfl~7~P(t!7

f’) Zn(OH)2  RZAlU?U  0.10 M NH3 l&%li71U:7

9) CaF2  RXhhWl~R~R7”~~  pH 3 b%h-h pH 4

h) Ag2Cr04  R:RlLII[W  0.01 M AgN03  kk%-Wlil~U 0.01 M K2Cr04
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2NH,
+

2H,O

Ag&rO, = 2Ag’ + CrOr

2 x x

Ksp = I.1 x lo-‘* = [Ag’12  [CrOd]
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%Pdk=flZWllU  0.01 M AgNO,

[Ag’l = 2x + 0.01

[cro4=  ] =  x

:.  (2x + o.ol)2  (x) = 1.1 x lo-‘2
Y

2x tGmJ1nn’n~9?n”

1.1 x lo-l2x =
(o.ol)*

X = 1.1 x 10.”

%U-alXiZllfJ  0.01 M K,CrO,

[&+I = 2x

[CrOd]  = x + 0.01

:.  (2x)2  (0 .01 + x)  =  I.1  x lo-l2

4x2 =
1.1 x lo-l2

0.01

LIZ 5.24 x lo;”
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2. Ag1*Ag*+1-
s s

(s) (s) = 8.3x  10-l’

(s) = 9.1 x 10-9

nl5nmuuo~  Agl =  9 . 1  x  10-9  hmio  mJ.flIJ.

3. PbI2  ==  Pb*+  + 21-
S 2s

(s) (2s)2  =  7 .1  x10+

s3 = 7 .1x10-9
4

s = 1.21x10-’

* ~15t=WllUUU~  PbIl = 1.2x 1O-3  kin’8  A’LI.(“I¶J.. .

4. BiIo * Bi’+  + 31-
S 3s

(s) (3s)’ = 8.1 x lo-l9

s’ = 8.1 x lo-l9
27

= 3.0x  lo-‘0

b) tXXWJhJ  0.10 F NaI

1. TfI ==  Tf+  +  I -
S S

[I- I hlu@ = (s+O.lO)

.: (s) (s+O.lO) =  6 . 5  x10-’ s<<O.lO

s = 6.5x  lo-’
0.1

* fll5WXllU%U~  Tf I = 6 .5  x  lo - ’  hWifl  ZW.@l¶J.. .

2. AgI  ==  Ag+  + I-
S S

c
[ I -  1 noun =  s+~.~~

84 CH 233 (H)



3.

(s)(s+O.lO)  = 1(.3x10-” s<<O.lO

s  =  8.3x lo-l6

’ fWa=tWMN  Agl =  8 . 3  x  lo-l6  hn’D  npI.au.. .

PbIl = Pb*+  + 21-
s 2s

[I- ] &JnlJn  = (2s+O.l0)

s(2s+o.l0)*  = 7 .1  x  lo+ 2s < < 0.10

s  =  7 .1x10-7

fll-aa~alU=UO4  Pb12 = 7 .1  x  lo-’ FlJan’o  alJ.FllJ.

4. Bill  * Bi”+  + 31-
S S

Y
[ I - ]  ‘hlJ6l =  3s+O.10

. . s(3~+0.10)~  = 8 .1  x  lo-l9 3s<<o.10

s = 8.1 x lo-l6

Pb12  > TII  > AgI  > Bi13

. . (s+O.lO)  ( s )  =  6.5x lo-’ s<<O.lO

s = 6.5 x lo-’

fIlSa~alU%O4 T1  I = 6.5 X lo-’ hado  au.tw.

2 . Agl + Ag*  f I -
S S

[ A g + ]  &Wu~  =  s+O.lO

(s+O.lO)(s)  = 8.3x10-” s<<O.lO

s = 8.3x lo-l6

.  matawum ,4gI  =  8 . 3  x  10-16  hado  au.ew..
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3. PbI2 ==  Pb2+ + 21-
s 2s

[ Pb’+  ] &WJW  = s+O.lO

:. (s+O.lO) (2s)2  = 7.1 x10-9 s < < 0.10

2 = 1.8x 10-O

s = 1.3x10-4

* fll5NXllUUQ~  PbIl = 1 . 3  x  1O-4  h=Ni~  R¶J.tlU..*

4. BiIJ  * Bi’+  + 31-
S 3s

[ Bi”] ?fWlJFl = s+O.lO

(s+O.10)(3~)~ = 8.1~10-‘~  s<<O.lO

s3 = 8 .1  x  lo-l9
27

= 0.30 x lo-l8

s  =  0 .74x 10-6

:. fll~ZWilUWl~  Bi13  = 7 . 4 x  lo-’ Fw&  iw.6lOJ.

tiuJni~n~niuP1i~Jbi~u9in~~n~~~uu

PbIl > Bi13  >,TU > AgI

nirds=nsu mulumouw  PK,~

a) Cu W-Ih mg/dm 3 19.07

b) WOHh mg/lOO  cm3 15.60

c)  Ca3PW3 g/dm3 28.70

d)  AgCl mg/cm3 9.81

e)  WOW3 M 30.22
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a) Cu(OH)z =: Cd+  + 20H-
s 2 s

Kp = [Cl?+ ] [OH- 1’

(s)(2s)2  = lo-'-'

= 8.5x  lo-'o

S3 = y x 10-20

= 2.13~10-~~

s = 2.11x10-7 %uads  a¶J.Flu.

* ~~5~=aWUN  CU(OH)I  = 2.77x  IO-‘x94.9x  IO-’.  .

= 2.62x10-* i2aiKwi8  auw.

b) WOWz * Co’+  f 20H-
S 2 s

K w =  [Co ” ]  [OH- ] ’
= 10-‘uo

:. (s)  (292 = 1p.m

= 2.5 x 10-16

s3 = yx 10-16

= 6.25 x 10-l’

s = 3.91x  10-6 hadi3  au.m.k

. .’ fWWWUd~ Co(OH)2 = 3.97~ 10-6x92.9x+!!?--x  1,000

= 3.68x10-' Saihfu’um’o  100 au.w.

6 CadPOd * 3Ca’+  + 2PO:-
3s 2 s

K, = [ Ca’+  1’ [ PO:- ]*
= 10-26.70

(3s)3 (2s)f = 10-‘8.”

= 1.99s x 10-2p
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Se  = 1 .995 x  1o-‘g
21x4

= 1.85 x lo-=

5 log s = log 1.85x  lo-=

logs = 0.2672 + (- 31)5

- 30.7328=
5

= - 6.1466

= 7.8534

:. s = 7.13x10-’ luade  mJ.OOJ.

:. fll~XXllUTl~~ Cal(PO& = 7.13 x lo-‘x 309.94

= 2.21 x 10-4 fxhio alJ.wu.

d) AgCl = Ag*  + Cl-
s s

K, = [ &+ 1 [ Cl-  1

= 10-9  81

(s)  ( s )  =  1o-9.8’

= 1.55 x lo-I0

s  =  1.25x10-’ hwio a¶J.6l¶J.

= 1.25x10-“x143.32x~

' ~15~=CllUWl~  AgCl = 1.79x  lo+  ~~;n~~“oJn’~  nu.qff).. .

e) Cr(OHh = Cr” + 30H-
S 3s

K, =  [  Cr3+  ] [ O H -  1’

( s )  (3s)3 =  10-M.22

= 6.03 x IO-“’

s’  = 6.63 x lo-”
27
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= 2.23 x lo-“*

s = 1.22x10-’  h&l  a¶J.tlIJ.

* fll5tlZTllUUQ~  Cr(OH)o = 1.22x 10-O  ?¶JtldO  tMJ.WJ.. .

n15ll5m0u tl15nXl1u

a) AWZO~ 3.30 x 10-l g/dm3

b) 4x1s 5.70 x lo-l6  m&cm3

c)  Cd(OH)z 2.60x  lo-*  m&100  cm3

d)  CdS 1 .O x 10m9 mg/dm3

e)  BiS3 3.10x  lo-*’ mg/lOO  cm3

= 1.09x 19-4 ha& k=nJ.tuJ.

A82czo4 ==2Ag++c~oo;

KJP = [Ag+]‘[CzO;]

[Ag+]  = 2x1.09~10-~

= 2.18x 10-4

[ clo;]  = 1.09x10-4

K,p  = (2.18 x 10-3’  (1.09x  10-p

= 5.18x lo-*’

b) fll5=%lUVDJAg,S  = 5.70x  lo-l6  ih&Yh”lJn’o  $w.%pJ.

= 5.70x  10-16
247.74

= 2.3x10-"  hWiQ  tUJ.@l¶J.
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432s  * 2 Ag+  + S’

K,p = [ Ag+  1’ [ S’ ]

[Ag+]  = 2x2.3x10-‘*

= 4.6 x lo-”

[S-j = 2.3 x IO-”

K,p  = (4.6 x lo-“‘)’  (2.3 x lo-‘?

= 4.9 x lo-=

c )  fll~~=~l~‘WJ~  Cd(OH)z  =  =  2.60x  lo-’ &&v%“P~  ~U.%XI.

= &60X 10-2x 103x  10
146.4

= 1.78x lo-’ ham’?  mJ.~¶J.

Cd (OH)2 * Cd2++20H-

K, = [Cd’+  ] [ OH- 1’

[Cd’+] = 1.78x10-’

[ O H - ]  =  2x1.78~10-~

= 3.56 x 1O-2

K,p  = [ 1.78x lo-’ ] [ 3.56 x lo-’ 1’

= 2.3 x IO-’

d )  fIlSX%=llUVOI  CdS  =  1.0x lo+ 3a~fl~¶J6is  a¶J.FlPJ.

= 1.0x 10+x  10-j
144.4

= 6.9 x IO+’ FaJa&l  tllJ.Glu.

CdS  == Cd’+ + S’

K SP = [ Cd*+  ] [ S’ ]

= [ 6.9 x 10-l’  ] [ 6.9 x 10-l’  ]

=  4.8 x 10-29

e )  fll5fWWJ’UO4  BiSl  = 3.10x  lo-” flGJ&J loo  mJ.elloJ.

= 3.10x  1o-‘8x  10
304.98

= 1.02x lo-‘9 h&l  RlJ.b?U.

.‘.  [  Biw]  =  1.02~10-‘~
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IS’-]  = 3~1,02xlO-‘~

= 3.06 x 10-19

BiSJ * Bi6+-t3S=

K*P = [ BiM ] [ S’ 1’

= [ 1.02 x lo-l9  ] [ 3.06 x lo-l9  1’

= 2.9 x lo-=

fh9lOIl  (bQWlZ%l  a ) ,  b) LLGlt  c))

a) PbF,  xz Pb” + 2F-

s 2s

K,p = 2.7 x lo-’

( s )  (2~)~  =  2.7x  lo-’

S3 = 6.75 x lo+

s  =  1.89x1o-3 FlJa&l au.&

. . PbF2  t’l%W’$X  = 1.89x10-3x245.19  f&JGi0 tNJ.FIoJ.

= 0.463 x IO3 alaih~¶J”oJn’o  all.@llJ.

&&~fma~a~u  io.03ahTu  &19I~Ytii  = 10.0X103
0.463 x 10’

apI.voJ.

= 21.6  a¶J.%¶J.

b) BaS04 * Ba2+  + SO’4
s s

Kap  = 1.3x1o-‘0

s2 =  1 . 3 x  lo-‘0

s  =  1.14~10-~  hado  auto.

nl5a:a7UVoJ  BaS04  = 1.14x  1O-5x233.40

n-
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= 2.66x10-’  fls”udQ i=l¶J.All.

= 2.66 l.KkrbiFJ  nlJ.flu.
”

&l&JWl5tlXWJ  BaSO,  0 . 5 0  ijndn?&).~%qj?$l  = O.‘,“,@

=  1 8 8  mJ.%U.

c) CaWM2 * Ca2+ + 210;
S 2s

Krp = 6.5x10-’

~(2s)’  = 6.5x  lo-’

S3 = 1.625 x lo-’

s  =  5.46x  IO+ Fwldo mJ.mu.
. . . fllSRXllUVBQ  Ca(10,)2  = 5.46x  IO-‘x390  f~s’ukh  FiY.FW.

= 2.13~10’ ~n~fl~¶Jdfl  RlJ.cllJ.

20 x 103
= 2.13~10~

=  9 . 4  mJ.%oJ.

a) [ Ca*+]  = !?$!!?

= 0.005 M

[ O H - ]  =  y hj
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= 0.005 M

Ca2’ + 20H- * Ca(OH)?

ICP = [ Ca3+ ] [OH- 1”

= (0.005) (o.oo5)2

= 1.25x10-’

b) flbml59xJ  = IOt.J+200 = 300 mJ.%aJ.

[Ag+  1 = 100x0.00153oo =  0 . 0 0 0 5  M

200x0.0010[cl-l  = 3oo = 0.00067 M

ICP = (O.om)  (040067) = 3.35x lo-’

K+,  AgCl = 1.82 x lo-I”

I C P  > K,R

~,n~J?‘,n,5wau~a,u,~“~“~~“~u~~

“=  1.0~10-~ M

[CrO;] =  0 . 0 5 0 M

ICP = (1.0x  10-3 (0.05)

= 5.0x  10-6

K,n  SrCr04  = 3.6 x lo-’

d) [ Ag+  ] =  ‘.;;l;-*  x +!$-

=  1.85x10-’  M
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[I-  ] = l.oxlo-~xl,ooo
127 500

=  1.57x10-’ M

ICP = (I 45 x 10-q (1.57 x 10-q

= 2.9 x lo-l6

K‘P = 8.3 x 10-l’

d [ Ca*+  ] = l.O;x$F

= 6.25x  lO-6  M

[ c*o;  ] = y;  “y

= 8.06x  lO-6  M

[ ICP  ] = 6.25 x 10+x 8.06 x lo+

= 5.04x  lo-”

K,p CaC204  = 2.3 x lo+

&$‘O, S 3Ag  + + PO;-

KSP = IAg+13 [PO;-] = 1.0 x IO-*~

(o.l)3 [PO;-]  = 1.0 x 10-21

r’q-I 1.0 x 10-2l= = 1.0 x lo-‘8
lO-3
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=  3x10-" M

= 3 x lo-‘Ox  54.93

=  1 . 6 4 x  10-a fl%Jm’a  mJ.mpJ.

.  dlU?U  [  Mn”  ] hh~~~flU~Ut’f7~tl~~~~  100 fi¶.J.cHU.. .

=  1 .64x lo+  flGJ& 100  mJ.cHoJ.

= 1.64x lo-6  SaiwiJdo  100 mJ.JU.

a )  SOi Na2S04

b) CrOf K2Cr04

c) Fe3’ FeCL

d)  &+ Ad’0

BaCl*

PbClz

NaOH

K I

Ba” = o.oo5

Pb2+  =  0 .010

O H -  =  1.0x lO-4

I- =  0 .033
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ion left =
K

final i: (M)

a )  [ S O ; ]  =
1.3 x 10-10

0.005

ion left (M)

2.6 x 10-e

ion left mg/lOO  cm3

6.1 x lo-“

b )  [GO;] = 1.8 x lo+’
0.010

1.8x10-‘* 5.8 x lo-’

c) [ Fe3*  ] = 4 x 10-38
(1.0x 10-y

d) tAg+  I = 8.3x  10-l’
0.033

4.0 x 1o-26 4.3 x lo-=

2.5 x lo-‘5 5.9 x lo-”

&SD4  * 2Ag++CzO; K w = [Ag+]‘[CzO;]

= 3.5 x 10-l’ . . . . . . . . (1)

CtO; + H;O  = HCzO;  + HtO K2  = [H;Ol[GO~l

[ HC,Oi  1

= 5.42 x lo-’ . . . . . . . . (2)

H&O;  + H:O + H2Cz04+Hz0  KI = [ H;O  ] [H&O;  ]

[ HzCzO4  I

= 5.36x  10-l ,........  (3)

owl  (2)

ml (3)

9 6

[H&O;]  =
[ H;O  ] [ CzO; ]

K2

= 0.1 x [ c20; ]

5.42 x IO-’

= I.85x103[C20;] . . . . . . . . (5)

[ H2C204  1 = [ I-GO 1 [ HCz0-i  1
KI
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= 0.1 x1.85x  10’ [C/,0;]

5.36x lO-2

= 3.45x103~c20;] . . . . . ...(6)

~1l~~r0nGn',wuw~w"o~lualsn~merussT4~~~11~0n~11n~~~~~~ 0.02M ~~~~~a'1

0 . 0 2  = [ CzO; ] + [ HCzOi  ] + [ HzCz04  ] . . . . . ...(7)

1lWU  (5) h%(6) tlJh ( 7 )

0 . 0 2 = [ C20;  ] + 1.85 x 10’ [ CzO; ] + 3.45 x 10’ [ CD: ]

= 5.3 x lo3  [ c,o;  ]

:. [C,O;]  = 3.8x10-’  M

unufii [ C,O;  1 tdu  (1)

= 9.21 x lo+

[  Ag+] =  3.03x10-’

fllXW-dhJ~¶J~l~  = ;[ Ag+]

= 1.5x10-”  M

PbS T=  Pb=+  + S= K w = 7.1 x 1o-29

MnS + Mn2*  + S’ K SP = 1.1 x 1o-‘s

QlfdlK,p  Lli%ldlPl~*+  O~:Bln~=nOUnlDUlWSl=~lK,~  dfh&dl

Qldl  K,,,

[ Pb2+  ] [S:  ] =  7 .1  x  1O-29

[Mn*‘]  [ S ’ ]  =  1.1x10-”

. . . . . . . . (1)

. . . . . ...(2)

. . . . . ...(3)

. . . . . ...(4)
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(3) + (4) [ Pb’+  ] [ S=  ] = 7.1 x lo-29
[Mn*+j[S=] 1.1 x10-‘”

[ Pb’+  ] = 6.5 x IO-l4  [ Mn**  ]

[ Pb*+  ] W&l~~i~U  6.5 x IO- ”  ~n’lWlJ  [ Mn2+  ] & [  Mn’+  ] ~~lJVi~WTlDlJ5ld~~ltJ
* .

:.  [  Pb2+]  =  6.5x  lo-“x0.100

= 6.5 x 10-l’ M

= 6.5x  10-‘sx207  f&J& tl¶J.@loJ.

= 1.34x lo-“xyg  ik&rhiFJ  100 clpI.%sJ.

= 1.34x lo-‘0 ¶kkTiJd8  100 mJ.%¶J.

22) %ldlUaluHlnlJR:RlullQJ  BaS04 tummzmIdo~dd

a) Rl5R:filU?b.4~RlJ

b) 0.100 F HCl

(HSO;  + H20 wH;O  t  SO; K2 =  1.2~10-~)

QlOIJ l.l~lO-~ F

MRl 3.5~10-~  F

BaSO, + Ba” + SO6 K,,,  = 1.3 x lo-”

s2 = ‘1.3 x lo-‘0

S = l.lxlo-5

:. fll5WCllWUDJ  BaS04 = 1.1 x 10e5

b) 0.100 F HCl

fWXltXMJV64  BaSO., = [ Ba** ]

= [SO;]+[ HSO;]

Ixriwia  mJ.6lu.

. . . . . . . . (1)
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= 0.100 [so;]
1.2x 1o-2

= 8.3[SOf]

rinufhlw  (I)

~wxI~XWJUU~  BaS04 = [ Ba2+  1

= [SOt]+8.3[SO;l

= 9.3[SO$]

[ Ba2+  ] - 9 .3  xT&

. . [ Ba’*  1’ = 9.3 x 1.3 X lo-”

[Ba2*]  = 3.5x10-’ h=ld,  tllJ.A¶J.

fll5WXllUWl~  BaSO.+  = 3.5 x IO-’ Fwio  wll.Elu.

filPlO¶l

sJ~~io~~tri”:wSw”,*a~a,o~~~J

(1) &GO4 = 2Ag++C#; ;K, = [ Ag+  I’ [ C,O:  I

= 3.5 x lo-”

( 2 )  GO:+  H;O 1* HCzO;+HzO  ;  - = [ HC20; 1
K2 [GGlIH;Ol

1
= 5.42 x lo-’

( 3 )  H&O;+  H;O ==  H&04+  Hz0  ; -!- = [ H2C204 I
Kl [ HGO; ] [ H;O  ]

CH 233 (H)

1
= 5.36x  IO-*

99



ml  (3)

= [ C2Oi  ] + [ HCzOi ]+ [ HzCDa  ] . . . . . . . . (4)

[H&O;] = [C,o;][H:O]
5.42 x lo+

fH2C204  I = [ HGOi I [ Hz0 J
5.36 x lo-’

. . . . . . . . (5)

[ GO; ] [ H;O 1’
= 5.42~10-~~5.36~10-~

= [C20:1  [H:Ol’

2.91 x lO-6
. . . . . . . . (6)

llnU  (5) 11%  (6) aj’lu  (4)

; I &+ I = 1 GO; I+ [C20~1[H:01+[C20~1[H;0]25,42x  1o-5 2.91 x lO-6

= [$]’  [i+5.[4~$)-5+2!~;xq~61

[&+I”  = 2x3.5x10-”  [ I + ,~~;-5+2’9~:,9;f6]  . . . . . ...(7)

a) do [  H;O] =  1.0~10-~  M

IlVlUdl [ H;O ] tN’2U  (7)

[ Ag+  ]” = 7.0 x lo-” [ 1 + 51,f2;110--s  + ‘::“,;;;;?;  ]

= 7.0x10-”  [ l+l.8xlo-2+3.4xlo-~]

= 7.1 x lo-”

[ Ag+  J = 4.1 x IV F¶Jns(o  mJ.AlJ.

fl-l~~:aluuDQ Ag,C204  hWi~ttXln*~  H:O &J&  1.0~  lo-* M &il~w’ln”u

; [ Ag+  ] = + lo-- ‘h&l  nu.@laJ.

= 2.05 x 10-4

W &I [  H;O] =  l.o~lO-~

ildl  ( H;O ] dU (7)

[Ag+]’  = 7.0x10-”  [l+‘p,:‘,“ll-~+(:.~,“:~~16’]
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= 7.0x10-”  [1+1.8+3.4x10-4,

= 19.6 x lo-”

[  Ag+] =  5.8x10-’ luado alJ.6laJ.

f-ll=it-?:alu~8~  A&C@.,  tutfl5~~ttlUii  H;O  t&&i  1.0~  l()-‘M  &illw’+J

;[&+I  = +@ lua6io alJ.Flfl.

= 2 . 9 x  1o-4 l¶Jado  alJ.nu.

c) &J  [H:O]  = I.OXIO-~  M

ll~dl  [ H:O ] i-Nb.4  (7)

=  7.0x10-”  [  1+1.8~10’+34]

= 1.5x10-8

= 2.5x 10-3 b.Ja&J  a¶J.mJ.

n15i%n7u%0J  A&C301  hfl5flX-llUii~  [ I-@ ] l&J&l  1 .O x lo-’ M &ilL?ilf?iJ

; [ Ag+  ] = YX  lo-”

=- 1.25 x 1o-3 IuaGio  alJ.L4u.

1 )  ~~~lu'~dan?lurilud~~u~~co;

BaCOa  * Ba”+CO; K,p  = 5.1x10+
S S

[Ba’*][CO;] = 5.1~10~~

(s)l = 5.1 x lo-

s = 7.1x10-5
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* nl5ntxmJuo~  Bacos  I& f 7.1 x 10-s. . hwi8  n¶J.nu.

2) nl~~~~~aluliJUlU’LIUO~CO;

(1) Baco, * Ba’+  + CO: K,m = 5.1~10-~

( 2 )  CO;+HaO  *HCO;+OH-  K, = +
‘1
1 x lo-”=

4.7 x 10-l’

= 2.1x10-’

( 3 )  HCO;+HzO  * H,COs+OH-  Kas  = +
-,

1 x 10-l.
= 4.45 x lo-’

(4)

= 2.2x 10-e

2H& * H;O+OH- K,  = 1 x 10-l’

solubility  = [ Ba*’  ] = [ CO; ] + [ HC03  ] + [ HXO, ] . . . . . . . . (5)

2[Ba”]+[H;O]  = 2[CO;]+[Hco;]+[oH-] . . . . . . . . (6)

~lntflJnl5 (2) WiiUil  CO; ,jen~n,“;il,,n’3~7’LHiiiCl  OH- &dU~U~l~%~lU*~
Wi9~t&~U~ti  I.?U& [ Hi0 ] < < [ OH- ] da [ OH- ] WJlm [ CO; ] %wn

nl5nmuuoa  BaCO,  &;ju”U  [ H*fi ] < < < [ ~a’+  ]

olnnum5ni  (6) iimwh

2[Ba’*]  = 2(CO;]+[HC03]+[OH-] . . . . . . . . (7)

IWmJnl5n’  (2) IIn: (3) dU%%dl K,: < < Kb;  liff Wh  [ HaCOa  ] dkmft%dU

l&hun?‘i  HCO; o&n  tiu~o mm5  (5) orlX

[Ba’+]  = [CO;]+[HCO;] . ..I.... (8)

(7)-(8)x 2

0  =  [OH-]-[HCO;]

:. [OH- ]  =  [  HCO; ] . . . . . . . . (9)

oin (2)

K, = 2 1 x 10-4
K., ’
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= [HCOil  [OH-]
1co:1

[ HCG]’_
[co:]

[HCO;]  = JZ.lxlO-‘[CO;]

ttllUfiltb¶bd~lJ”7d (8)

[ Baa* ] = [co;]+J2.1x1o-4[co;f . . . . . . . . (10)

ml (1) [co:1  = (z+l

= 5.1x10-9
[ Baa’ ]

rnludl[co;]  ndu (10)

[ Ba’+  ] = yB;;l;+  42.1  x  lo-4x21 x  10-g
[Ba  I

[Ba’+]1-11.03x10-6(Ba’*]*-5.1x10-9  = 0

WlUfil [ Ba”] = 1 x10-4

[ 1 x 10-s  ] - 1.03 x 10-6  [ 1 x 10-4  j - 5.1 x 10-9 = - 5.4 x 1o-9

IlWUfil [ Ba’*  ] = 1.5 x lo-’

[ 2.25 x lo-*  ] - 1.03 x lo+ (1.22 x 10-l) - 5.1 x 1O-9 = 4.8 x 1O-9

unufii [Ba’*]  = 1.3~10~’

[1.69x10-‘]-  1.03x10-6(1.14~10-3-5.1~10-9 3 0
id 4

UUfRl  fll5WWJUElJ [B&Q]  = 1.3~10~' M

25) filHUR%

‘%3+ + 2NH3  ,-. +
- Ag(NH3)2  K = 1.62 x 10’

AgBr w& Ag+ + Br -  K
SP = 5.25~10-1~

o~cilu?nr~l~?lrJtu’uuu~uu~~~t~u~~u~~~t~u~u~~u~~~~t~“nl~R”Rr

flOU  AgBr bWlXWldi  0.025 M Br- UR:  0.045 M Ag(NH3);
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[AgWH,);l

[&+I [NH,l* =
1.62 x IO7

[&+I
1.62 x lo7  [NH,]’

. . . . . . . . (3)

01ndml4 Ksp  = [Ag’l [Br-1 . . . . . . . . (4)

mldl (3) asau  (4)

5.25 x  lo-l3
[AgWH,l;l

=
1.62 x  IO7 [NHJ2

x [Brf]

&I [MNH,);l = 0.045 M

[Br-I = 0.025 M

:.
5.25 x  lo-l3

0.045
= x 0.025

1.62 x lO’[NH,]*

[NH,]’ 0.045 x 0.025
=

1.62 x 10’ x 5.25 x IO-l3

= 1.32 x  10’

:. [ N H , ] = 11.5 M

~~~D~~Sa~~alxlb~~~~S109  [NH,] 6dl9$W 11 S M ?hiXw"l~gA"ad6?16lPl%~N4  AgBr
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a) Mg  (OH), = Mg”  +  20H- Ksp  =  1 . 8  x  10-l’

pH = 12.30

pOH = 14 - 12.30 = 1.70

[OH-] = 2.0 x lo-*

bkll5~~~lUV8~  Mg(OH),  id1 x l

[Mg2+]  = x

[Mg”]  [OH-]’  =  1 . 8  x  IO-”

(x) (2.0 x 10-y*  = 1.8 x lo-”

1.8 x IO-l1
X = = 4.5 x lo-’ M

4.0 x lo-4
L 4
UldflD fll3tl~tWlWl~  Mg (OH), i! pH 12.30 = 4.5 x lo-’ M

b)

CdS = Cd’+ + S2-

KsP = [Cd”] IS*-]  = 2.0 x IO-*’

%&l~Xl%=llfJ&il = x = [Cd*+]
1 .

. . . . . . . . (1)

6.8 x lo-24

= (2.0 x 10-y*
(pH 1 .70  ij [H;O]  = 2.0 x IO-*)

= 1.7 x lo-*o

bbMwi1 [s2-]  as%umJfl1siY  (1)

(x) (1.7 x 10-y  = 2.0  x  lo-Z8
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2.0 x lo-=:. x =
1.7 x lo-2o

= 1.2 x lo+
2 4

UUflO  fll%i=i%=tlfJW0~  CdS  ‘i pH 1 .70  fkil6w’lf%  1.2  x  lo-’ M

zns  -- zn2+  + s2-

KsP = [Zn2'] [s2-]  = 4.5 x lo-24

I&ll~tlXTKJ  Gil =  x  =  [Zn”]
. I

Is2-l = 6.8 x 1O-24

W;012

6.8 x lo-**=
2.5 x 10-l

(pH 0 .60  i [H;O]  = 2.5 x 10-l)

= 2.7 x 10mz3

anwii  ~42-1  ashami-s3  i

(x) (2.7 x lo-=) = 4.5 x IO-=

4.5 x lo-24
X =

2.7 x IO-=

= 0.17
L 4

uunmi3a~aiu”ut39  ZnS  4 pH 0.60 &hKJ  0.17 M

27) aJfiiu?fltniniTR=Rierti)u1UA7j wmf-1~d~~no~9ioldi

a) CaF2  ‘lU  HCl  i pH = 1.70
b) CaC204  It4  HCl  n”  pH = 2.30

c)  MgF2  hi HCI  n”  pH = 3.00

Alolall  (KAWldkl a))

a) CaF, CS Ca”  + 2F-
+
2H;0
II‘

2 H F  +  2H,O

106

Gla¶J 4.4x 1o-3

VlQU 4.2~10‘~

'+lOU  2.3~10‘~
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K SP = [Ca”]  [F-l’ = 4.9 x 10wl’

[H;Ol [F-l
K, ’ =

[HF] =
2.4 x 1O-4

M o l a r  S o l u b i l i t y  9109 CaF,  =  [Ca”]  =  h ([F-l +  [HF])

-tlln~ufll%~  (2)

[HjOl  [F-l
[HF] =

2.0 x 1O-2  [F-l
=

2.4 x 10m4 2.4 x W4

aawu~la~~uaru"l5d  (3)

[Ca”]  = ; (IF-1 + (

........ (1)

...... ..(2)

. . . . . ...(3)

= ; (84.3 [F-l)

= 4 2 . 1 5  [F-l

T&J  [F-l
= [Ca*+l

42.15

[Ca2’]3 = 8.7 x lo-*

[Ca*+] = 4.4 x 10e3

~U&l fll5Ci~tllfJVO~  CaF,  IT4 HCI i?i  pH =  1 . 7 0  =  4 . 4  x  10e3  M

a) AgCl IU  1 .O M NH3

b) AgBr ‘LU  4.0 M NH3

c )  AgIh  15MNH3

filPl0Ll (L~VlSkl  a))

a) AgCl e Ag’ + Cl- KsP
=  [Ag’]  [ C l - ]  =  1 . 0  x  10-l’

. . . . . . . . (1)

L
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Ag’  +  N H , c== Ag (NH,)’ [Ag N-4)+1
K ,  =

[Ag+l[Wl
= 2.0x103 . . . . . . . . (2)

&W-J)' + NH, G Ag (NH,); K, =
[&WW;

[Ag (NH,)+1  [NH,1

= 6.9 x IO3 . . . . . . . . (3)

fWtI%WJ = S = [Ag’) +  [Ag(NH,)+] +  [Ag(NH,);]  = [ C l - ] . . . . . . . . (4)

Ol~d9J~l9  ( 2 )  [Ag(NH;)] = K, [&+I [NH,1 . . . . . . . . (5)

8lfl~Wll5  ( 3 )  (Ag(NH,),]  = K, [Ag (NH,)+1  PJH,l

= K,K,  [Ag’l PJHJ2 . . . . . . . . (6)

NlWfil (5) URZ (6) tN%U  (4)

S =  IAg’J  +  K,[Ag+J  [ N H , ]  +  K,K,[Ag+]  [ N H , ] ’  =  [ C l - ] . . . . . . . . (7)

dih6Vli3lJ  [Ag’] %&$hltJ¶J  [ C l - ]

9l"mJ"75ii  (1) OdX

KSP[Ag’] = -
la-1

. . . . . . . . (8)

6Mdl (8) tN%U  (7)

S KsP

[cl-l +

K,Ksp  W-&l=-
[cl-] +

K,K,Ksp  W-U *
= [cl-]

[cl-l

S2 = [cl-]2  = Ksp  + K,Ksp  [NH,1  + K,K,Ksp  W-U2

slwufildl~  q aJ9wmJfll~

s" = 1.0 X 10-l’  (1 + 2.0 X lo3  x 1.0 + 2.0 x lo3 x 6.9 x lo3 x (1)2)

= 1.0 x lo-lo x 1.38 x 10’

= 1.38 x IO+

S = 3.7 x lo-2 1aJade  mJ.@l¶J.

= 3.7 x lo-3 FlJado 100 mJ.wJ.

= 3.7 x lo+ x 143.4 fl5Jdo 100 mJ.%oI.

= 0.53

IiUdB  fllstlXlltlW9  i4gClh  1.0 M NH, &il&ilO.53  f&h'i~ 100 t%J.cIIU.
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29)  Aqs) + ci-.d &Cl; KX = [AgCl;l = 2.0~lO-~

Cl-

A&l;  +  C l -  .m A& &= [AgCl,=Il  = 1

a) 2.0F Ql0l.l 1.2~10-~ F
b) 0.50F Vl0l.l 1.5~10-~ F
c) 5.0x  10-2F OlEllJ  1.1x10-6F
d) 5.0X 10-4F 0)Ol.l  3.7x10-‘F

AgCl == Ag++Cl- Ksp  = [Ag+][Cl-J

= 1.82x lo-“’

fYl~~~tllU~~~  AgCl = [ Ag+  ] + [ AgCli ] + [ AgCi:-  ]

=  &+K,  [Cl-]+K,Kz  [ C l - ] ’

= ~~~~x;"-10c2.0x10-" [a-]+2.ox1o-s  [ cl-]’

a) [Cl- ] = 2.0 F

f115tWllU’UfN  AgCl = 1*82;~“o+2.0x  10-sx2.0+2.0x  lo-‘(2.0)’

= 9.1 x lo-“+4.0x  IO-‘+8.0x  lo-’

= 1.2x10-’ F

b) [Cl- ] = 0.50 F

fn5n~nlulJoJ  AgCl = 1*82x  1O-‘o+2.ox  10-5x0.50+2.0x  lo-s(o.50)’
0.50

= 3.6x  lo-“+ 1.0~ lo-‘+0.50X IO-’

= 1.5~10-~ F
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c )  [ C l - ]  =  5.0x10-’  F

nlsixniuuo~  tici  = 1.82x  lo-”
5.0x lo-’

+2.0x  lo-Sx  5.0x  lo-‘+  2.0x  1o-s(5.ox  10-y

= 3.6x1O-9+1.OxlO-6+5.Ox1O-*

= l.l~lO-~  F

d) [a-l = 5.0x  lo-. F

nimniuw  Agcl  = *l 82x  l”-‘O  +2.0x  10-sx5.0x10-4+2.0x  lo-‘(5.0x  10-y
5.0 x lo*

= 3.6x  lo-‘+  1.0x lo-‘+5.0x  IO-”

= 3.7x10-’  F

Pb(OH),(s)+OH- * Pb(OH);  ; K  =  5.0x  IO-a . . . . . . . . (1)

Pb(OH)a * Pb’*++OH-  ; K ,c  = 2.5 x IO-” . . . . . . . . (2)

~lcr;oW13~~Pb(OH)1  nth  0.200 nr’u nrniulA;iualuni5nzniu  m un.

nl7~~mIvO~  Pti(OH)l

:. 4.1 x10-J

rm (1) K

= o*mxI.oooF
241.2 200

= 4.1x1o-3 F

= [ Pb” ] + [ Pb(OH)i  ]

= [ Pb’+  ] + [ Pb(OH)i  ]

= 5.0x10-’

1 PWWS  I
F [ Pb(OHh  I 1 OH- 1
k 1 rwsl~ildu9JoJL6ii~

:. [ Pb (OHj)]  = 5.0x  lo-’ [ OH- ]

[ Pb’+  ] [ OH- 1’ = 2.5 x lo-‘**in (2)

. . . . . . . . (3)

. . . . . . . . (4)
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[ PbJ’ ] = 2.5x10-16
[ OH- ]’

unurii  (4)  ~lnz (5)  nJlu  (3)

4 , x lo-a = 2.5X  1o-‘6+5.Ox  lo-*  [ OH- ]
‘ [ O H - I ’

4.1 x lo-’ [ OH- 1’ = 2.5 x lo++  5.0 x 10”  [ OH- ]”

5.0x  lo-’ [ OH- I’-4.1  x lo-’ [OH- ]‘+2.5  x lo-l6  = 0

. . . . . . . . (5)

‘I¶?% nl~~UlUlUll~~~~~Wnl~  (Trial and error)

wwfii [ O H - ]  =  1.0~10-~ F

5.0x10-‘x10-“-4.1x10-5x10-‘2+2.5x10-’6  = -38.5x10-”

mwrii [OH-] = 1.0x10-’ F

5.0x  10+x  lo-“-4.1  x10-‘x  lo-‘.+2.5x  10-l’  = 2.69x  10-l’

iinudi [ O H - ]  =  0.5~10-~  F

5.0x  lo-‘x6.25x  10-Jo-4.1 x lo-‘x2.5  x lo-“+2.5  x IO-l6  = -7.75 x lo-l6

mdi [  O H -  ] = 0.248x  lo-” F

5.0x10-‘x3.78x10-“-4.1x10-3x6.15x10-’4+2.5x10-’6  2 0

lln~ta7'lr\?lulu'uu'uuoJOH-  &&%ilt-k2.48x10-’  F

pH9  = 5,6x IO+

pHl0 = 2.2x  10-~
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MgNH,PO,  * Mg’*  + NH: + PO:

K ,n = [Mg2*][NH;][PO’:l

= 2.5 x10-12

NH;+H# = NHa+H+&

Ka = [NHal[H:Ol
[NH:]

= 5xlo-‘O

Mg’+  + OH- ==  Mg(OH)+

K = [ Mg(OW+ 1

[Mg”*l  (OH-1
= 300

PO:+ Hz0  * HPO;+  OH-

= [OH-I  [HPO:]
[Ml

= 1 x lo-l4

1 x lo+.’

= 2.5x 10-l

HPO: + Hz0 * HzPOi+OH-

= [OH-] [HJ'Oi]
[ HPO: ]

= 1x1o-‘4

1 x 10-7.5

= 1.4x10-’

HzPOi+  Hz0  * H3P04  +OH-

. . . . . . . . (1)

. . . . . ...(2)

. . . . . ...(3)

. . . . . ...(4)

. . . . . . . . (5 )
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~ [OH-l[Hd’O,l
[ H90i  I

~ 1 x 10-14

1 x lo-‘.‘5

= 1.4 x lo-‘2

fll¶fWl’ltl%tV  MgNH,PO,  = s

= [ Mg’+ ] + [ Mg(OH)*  ]

viiukd NH;+NHa  = 0.2 M

H&‘04+HJ’Oi+HPOi+PO:  = 0 . 0 1  M

fldi&l  = 8(pOH = 6)

Wfl(3) [ WWW  I = 300x( Mg’*][OH-]

= 300x 10+x  [ Mg2’  ]

duihrnznw = [Mg”]+3xlO-‘[Mg”]

= 1.m3  [ Mg’* 1

a [ Ml?  I

nn (2) [ N H ; ]  = [IWIIH:Ol
5 x 10-10

[NH~]xI?-~_

5 x lo-‘0

= 20[NH3]

llnudl [ NH: ] n&4 (8)

NHs+20[  NH,] = 0.2 M

[NH~] = +f

= 0.0095 M

:. [NH;) = 0.0095 X20

= 0.19

W-I (4), (5),(a) [ HPOi  ] ,= 2-5;j,2  [ PO?  ]

= 2.5~10’  [PO:]

. . . . . . . . (6)

........ (7)

........ (8)

...... ..(9)

. . . . . . . . (10)

. . . . . . . . (11)
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lHsoil  = 1.4x10-‘x2.5x104~PO~l
10-6

= 3.5x105[Po:]

[ H,PO,  ] = 1.4 x 10-=x  3.5 x lo3  [ po: ]
10-6

= 4.9x lo+ [ _poi ]

WlUfh  [ HsP04 1,  [ HQOi  1.  [ HPO;  ] nab  (9)

4.9 x 10-J  [ POf ] + 3.5 x 10’ [ PO:  ] +2.5 x 10. [ PO:  ] + [ PO:  I = 0.01

2.85 x 10’ [ PO: ] = 0.01

[PO:1  = 280;;,o.

= 3.5x10-7 . . . . . . . . (12)

mu (11) 1h3:  (12) mlu (1)

[Mg”]  (0.190) (3.5 x lo-') = 2.5 x lo-"

[M&t’+]  = 2.5 x lo-”
0.190 x 3.5 x lo-’

tl15Wd  pH 1G  = 2.2x  1O-6 M
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3)

4)

9

6)

7)

8)

9)

10)

11)

12)

Calculate the solubility product  constants  from  the given  solubilities:  (a) AgI  0.00235  mg/l;
(b)  Mg(OH)s,  0.000793  g/100 ml; (c)  AgzCz04,  3.28 mg/lOO  ml.
From  the solubility  product  constants  listed  in the appendix, calculate the following

solubilities  in water,  neglecting  such  effects  as hydrolysis:  (a) PbSOd  in mg/ml;  (b)  CaFs
in g/100 ml; (c)  Cu(IOs)s  in mg/tOO  ml.
Calculate  the molar solubilities  of the following,  neglecting  such  effects  as hydrolysis:
(a) BaS04 in 0.01 - F KzS04;  (b)  MgFz  in 0.20  - F Na  F; (c)  AgzCsOl  in 0.001 - F AgNOs.

Calculate the molar solubilities  of the following:  (a) Mg(OH)s  at pH 12.30;  (b)  CdS  at
pH 1.70,  solution saturated with  HzS;  (c)  ZnS  at pH 0.60,  solution saturated with H

F
Calculate the molar solubilities  of the following:  (a) CaFz  in HCI,  pH = 1.70; (b)  CaCsOd
in HCI,  pH = 2.30;  (c)  MgFs  in HCI,  pH = 3.00.
Calculate  the solubilities  in g/100 ml of the following:  (a) AgCl  in 1 .O  -M  NHs;  (b)  AgBr

in 4.0  -M NHs;  (c)  Agl in 15 - M NHs.
Calculate the following:  (a) pCI  of 0.02-F  NaCI;  (b)  pBr of 0.05 -F  CaBrs; (c)  pl of
0.001 -F Mgls; (d)  pCI  of 0.01 -F  CrCIs.

Calculate  the values of pC1  and pAg of the solutions made by mixing
(a) 75  ml of 0.10  - F NaCl  + 25  ml of 0.12  - F AgNOs.
(b)  40 ml of 0.10-F NaCl+  60 ml of 0.15 -F  AgNOs.
(c)  40 ml of 0.15-F NaCl+6Oml  of 0.10-F  AgNO,.

(a) Calculate the value of pC1  of a solution made by mixing 50 ml of HCI,  pC1  = 2.00,
with  50 ml of HCI,  pCI  = 4.00;  (b)  Calculate the value  of pAg in a solution made  by mixing
equal volumes  of a solution of AgNOs,  pAg = I .70, and of NaCI,  pCI  = 2.00.

50 ml of 0.0600  - F KsCr04  is mixed  with 50 ml of 0.080  - F AgNOs Calculate  the following:
(a) the solubility of AgsCr04 in the solution  in moles  per liter;(b)  the concentrations  of the
following ions:  Ag’,  CrO:-, K’, and NO;

(a) Calculate the pH required  .iust  to prevent  the precipitation of CdSfrom a solution  which
is 0.050  - M in Cd2’  and is saturated with  H& (b)  What should the pH be  if it is desired
to lower  the concentration of Cd’*  to 10w6-  M by pre  precipitating  CdS?

To 60 ml of 0.10  - F NaCl  is added 40 ml of 0.16  - F AgNO3:  (a) Calculate the number of
milligrams of Cl- not precipitated; (b)  The  precipitate is washed  with  75  ml of water  at
room  temperature.  Assuming solubility  equilibrium is reached,  how many  milligrams of

AgCl  dissolve  in the wash  water  ?
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1 3 ) it is desired to separate two metals M2*  and N’  by precipitation of their sulfides from a
solution which is O.lO-  M in H’ and saturated with HIS. What is the minimum ratio of
the K.r of MS to that of NsS  in order that the concentration of N’  be reduced to 10s6  - M

without precipitating M*+  from a 0.10 - M solution ?
14) Calculate the molar solubilities in water of the following, taking into account hydrolysis

of the anion: (a) calcium carbonate; (b) barium chromate; (c) silver chromate; (d)  zinc
sulfide; (e) silver sulfide.

IS) If exactly I .OO liter of 3.0 - M NH3  (final concentration) is required to dissolve 4.00 mmol
of the silver salt AgX, what is the K,, of the sait ?

1 6 ) One mmol. of AgCl is dissolved in 500 ml of ammonia, the final concentration of NH,

being O.SO-  M. Calculate the concentration of uncomplexed  Ag’ ions in the solution.
1 7 ) LOO  ml of a solution that is O.lO-  M in Cu”  and O.lO-  M in H’ is saturated with HIS.

Calculate the milligrams of copper left in the solution, taking into account the fact that

the precipitation of CuS  produces hydrogen ions.
1 8 ) (a) Show that the molar solubility of the salt MX, where

M X  * M2’+X2-

is given by

s =
K., x K., x K.s  + K., x K., [ H’ ] + Ksp  [ H* ]*

K., x K.,

Here K., and K., are the two dissociation constants of the acid HzX.

(b) Some texts give the following expression for the solubility of a metal sulfate, MS%

in acid media:

s = K,,t x Ka, + K,, [ H’ I

K‘2
HOW do you rationalize this expression with that in part (a) ?
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