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0.4206
ccaco,  = __

x 1,000
100 500

(M.W.CaCO,  = 100)

= 0.00841 M

Mx38.84 0.00841 x 50=
l,OC@ 1,000

M
0.00841~50

EDTA = 38.84

= 0.01082

fll~OQnlSLBI~UUnlSa=~l~ e, s, EDTA &J’h 0.01082 &M?U 1 tVJ.RU.

%&IJ%$  E D T A  = 0.01082 x 372.2

= 4.027 f&J

= 1.324x 1O-3 ‘i¶JtlWH  CaCO,/BY.A¶J.

= 1.324x10-‘x1OOxld ihi%l%J  CaCO,/BU.FlU.

= 132.4 mm
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TEDTA =  1 . 2 4 0  ,mg  p109  MgCO,/cm’

=  1 . 2 4 0  g  910-J  MgCOJdn?

’ F 1.240 1.240=-. EDTA =
M. WMgCO, 84.3

b)

= 0.0147

TEDTA  = FEDT,,  xM~Wc,co3

= 0.0147 x 100

= 1.47 mg CaCOj/cm3
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o'lU?Uhl  Ag' = Osx; z 1.0x10-J

* 9:s Ag+ dil = 1.0x 10+x 107.87. .

= 0.1079 nfiJn7.5 mJ.wJ.

QoAg  = o’1o79 “O” X 100’
37.5x7.25

= 19.8Qo



% NaCN  = -0.2462 x 1oo
0.6250

10)

hM?U%¶Jn CN =
2

a’lUW%¶J~ Ag’

~lM?Uh.J~ CN = 38'42x;;;022x2 = 7.85~10.'

o’luaufh CN = 7.85 x lo-’  x26

= 0.2041 n%J

0.2041
%CN = o.434oxlOO

= 47.03

C N
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dlU?Uhl  Ni’* = 5 hJ?UhAg*

0.0240x43.7 =
1,m

; hJ?Uhl Ag+

o”lU~Uh  Ag+  =  2 . 1 0 ~  1O-3

:. “-J,U&J&  [ Ag+  ] = 2”ox  :“s“’  lo’

= 0.084 F
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1) ~lfWDU~Fl&J  Zn2’ n’ll&ls’Ulf?J  EDTA

4lU ?jJl)Jn  Zn2+ = o’02~&28’”

= S.89 x lo-’ ha

* d Zn’+  Ilw’n  = 5.89~10~‘x65.37. .

= 0.0386 flfll

%Zn = $?i!!?$xlO0

2) &hJ  BAL ddih EDTA

dlU-JUhl  Pb’+  =  hK-JUhJil  E D T A

= 0.0076 x 19.3
1,ooo

= 1.48x10-’

.  WdPb’+  t&l  =  1.48x10-‘x207.19.  .

= 0.0307 ns’u

Of0 pb2+ = ‘s X 100 ’

= 7.52

3 )  dlU?Uhl  Pb’+  + dWJUh  Mg2+  = 42’21x~06

= 8.69 x lo-’

thU  X.lhl  Mga+  = 8.69 x IO-’  - 1.48 x IO-’

= 7.21 x lo-’ ha

:. Cd Mg”+  ?dl  = 7.21 x 10-.x24.3

= 0.017s

%Mg  = #xl00

= 4.29
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1 3 )  ~4~luanrHlnal0Jlb~~"P691os  Zn(NH,):’  L&A: Zn(NH,);+  dffu~bW~XT&ikQVl

Tll3WtU.J  10.0 AE1.W. ¶JO9  0.00200 F Zn(NO&  ?%.I  40.0 RY.W. llO9 0.200 F NH3

WQ¶J Zn(NH,);+ = 7.85 x IO-’ M

Zn(NH,): = 2.56 x 10.’ M

il@lW

o”lU?L!h  Zn(NO,),  = 10 x 0.00200
1,000

= 0.0200 x 10-3 hl

= 8x10-’ lun

IltT@l~‘hl&u”l  Zn(N03),  Wfl¶J&IJ  NH3 Gd NH3 O~¶Jlfl  d~~5tJ’l~l~&d

Zn2+  +  4NH,  =  Zn(NH,),Z

‘ihhfllZ=l$~~U9~i  N H ,  L&J  =  8  x  10.’ -4(0.02x  lo-‘)

= 7.92x IO-’ ha

= 7’92x  lo-’ = 0.1584  M
50 x 10-3

Zn”  +  N H ,  = Zn(NH3)2+ K,,  = 1.9x ld . . ...(I)

Zn(NH,)*’  + NH,  *  Zn(NH3): K,l = 2.2 x Id . . ...(2)

2+Zn(NH,),  +  N H ,  = Zn(NH3):+ Kf,  = 2.5x1@ . . ...(3)

Zn(NH,):’  + NH3 = Zn(NH,),Z+ Kfd  = I.lxld . . ...(4)

IX c, = [ zn*+]  + j z~(NH,)~+]  + [ ZII(NH,):‘]  + 1 z~(NH,):+]  + (z~(NH,)~+]

..I....... (5)

aZn(NH,);  =
[ -W’JW:‘]

c,
. . . . . . . . .

aZn(NH,):*  =
[Z”(W):‘]

CM
. . . . . . . . . .

(6)

(7)

o1fl (4) [WNHd~‘]  = K~d[Zn(NH3):‘] [NH31 . . . . . . (8)
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Qlfl (3) [z~(NEI&+]  = ‘LKn(yN:y  -
f3

. . . . . . . (9)

Olfl  (2) ,Zn(NH3)2+l  = /zKn(;;;i’j  = [Zn(NH,):‘12 . . . . . . . . .
f2 3 K&x [NH,]

(10)

Blfl (1) ,Zn2+l  = [Zn(NHd*‘l [ZNW):‘]
=Kr, [NHi Kfl  Kr,  Kr3  [NH,] 3

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

MWil  (8),  (9),  (10) LLW  (11) ndb (5) al”~ul~wubdPa  (7) I

c - [Zn(NHd:‘]
M - K+,>K,,[Wj3

[WNHdt+l  + [ZnWHd’l  + ,Zn(NH3)i+,
+ K+&Hjl* Kr,[NH,I

+ Kt [ZnWHd,]  [NH,]

Kr,Kr,Kr@H$. aZn(NH,):*  = I + K,,[  NH,] + K,,  Kfl[  NHj]  * + Kr, KrzKfj  [NH,] 3 + Kf,Kf2K‘,KfdNH3]4

. . . . . . . . . . (12)

‘Zn(NH,):’  =
Kr,  Kr2  [NH,] *

1  + Kr,/Wj  + KI&[W]*  + Kr,Kr&,  INH,l’ +K,1Kf2Kr3Kf4[NHd4

. . . . . . . . . . (13)

Kf, = 1.9x ld

Kr, Kr2 = 4.2x1@

Krl  Kr2  Kr3 = 1.04x10'

Kr,  Kr, Kr,  k, = 1.14x 10Y

INH,]  = 7.92x 10.~ M

aZn(NH,);  =
(1.04x 10’) (0.1584)j

T+  1.92x ld(O.1584)+4.2~  1@(0.1584)2+(1.04x  10’)(0.1584)’

+1.14x 109(0.1584)4

= 4.*33x  104  = 0.0544
7.6x  Id

aZn(NH,);  =
(4.2 x la’)  (0. 1584)2

7.6~16
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1.054x ld=
7.6x 16

= 0.00139

C
10.0 x 0.00200

Pa= 10.0+40.0

= 4.0x  10-4

aZn(NH,):*  =
Zn(NH,);+

Ct.4

Zn(NH& =.  . 0.0544 x 4.0 x 10-4

= 2.17 x IO-’

Zn(NH,):+ = 0 .00139x4.0x lOA

= 5.56x lo-’

14) PJ~IU?IUMI~?IUL~~~~~~OJR~~(~~~DJL~U[A~+,A~(NH~  )+,LlA::Ag(NH,  )*'.I

hlWWlkh'"oui;?u  0.400 FNH3  l~~~n~l~~~~u"u~7U"UQJl~U~nO~~tilYil

fhl 0.00300 M

cilo,i  Ag+ = 1.19~10-~ M

Ag(NH, )+ = l.lO~lO-~ M

A~(NH, ): = 0.00300 M

Ag’  + NH3 = Ag(NH,)+ Kr,  = 2.0Xld --/ ->.y.La>,(~)

Ag(NH,)  +  NH3 =  Ag(NH,); Kr>  = 6.9 x ld . (2)

%X Chl = [ Ag’]  + [ AgWHd’]  + j&z(W);] . . . (3)

Illfl (1)

CH 233 (H)

[ Ag’l
(yAg'  = C

-.--
M

[&PW+]
aAg(NH,)'  =

CF.4
. . . . . . . . .

[MNHd;]
aAg(NH,);  =

CM

Kf, = [AdNHd’I
[ &+I [N&l
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fAgWd+] = K,, [&+I  [ W] . . . . . . . . . . (7)

o1fl (2) Kf2 = f&W,);]
[Ag(NW+][NH,]

[AgWH&l  = K&WW)+l  [NH31
= Kf&,[Ag+~[NH3]* . . . . . (8)

66wu  (7) 66% (8) twh  (3)

Ch4 = [A$]  +K,IIAg+][NH,]  +K,,Kfz[Ag+][NH$ . . . . . . . . (9)

66vlU (9) m%u  (4)

(xAg.  =
[.%+I

[Ag+](l +K,IINH,]  +K,IK,z[NH,]i)l

1

= 1 +K,,[NH,]  +Kf,Kf@H3]*
. . . . . .

aAg(NH,)’  =
K&‘W]

1  +KfIfNH3]  +K,&fNH,]*
.

. . . (10)

*.....  (11)

aAg(NH,);  =
Kf,Kf,[NH,l*

1  +k,[NH,]  +KflK,,fNH,12
. . . . . . . . . . (12)

UWUn’l  / N H , ]  =  0 . 4 0 0  dm~“& lo

1
aAg+  =

1 +2.0x  103(0.400)  + 2.0 x ld x 6.9 x 10’(0.400)*

1
= 2.21x1$

= 4.52 x 10.’

[ A g ’ ]  =  aA,.xC,

= 4.52 x 18’  x 0.00300

’ [Ag’]  = 1.36x  1O-9  M. .

rmun’~  [ N H , ]  =  0 .400  m4wnumsii  11

aAg(NH,)’  =
2.0 x ld x 0.400

2.21 x 106

= 3.62x lo4

[AdNH3)+~  = aAg(NH,)-  Xc,
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= 3.62 x 10” x 0.003~0

. [A~(NH,)+] = 1.08 x 10.~ M

amfii  [ N H , ]  =  0 . 4 0 0  as%unun7sw”  ( 1 2 )

C(Ag(NH  ) ’  =
2.0 x ld  x 6.9 x 10’  x (0.400)*

32 2.21x 106

= 1

[MNHd;] = a,,(NH,);  Xc,

= 1 x0.00300

’ [A&NH,);]  = 0.00300 M

N?’  + NH3  * Ni(NH$ Kr,  = 4.7x Id ........ ..(I)

Ni(NH,)”  + NH3  =+ Ni(NH,)z Kr> = 1.3xId .......... (2)

Ni(NH,):’  + NH3  * Ni(NH,):’ Kf3 = 4.1x10' .......... (3)

Ni(NH,):’  +  N H ,  * Ni(NH,)f’ Kfb = 1.2x IO' .......... (4)

Ol"mJ",54 (4)

Kf4  = [ NWHd’]
1 WNHd:‘]  [ NH31

dQ [Ni(NH,)i’I  > [ Ni(NH,):‘]  10  Iw’l

Kf4 = 1.2x IO'  =

.'.  [NH,] = l,2;10,

= 0.833 F
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Mg” + Y’- + MgY’-

K, =  4.9~108  =
[M&-l

[&*+I  [p-j

0.0500zz
[MgZ+][2.6x  lo-']

[Mg”]  = 0.0500
4.9x lo8  x2.6x  lo-’

= 3.92x  1O-8 M
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a) pH 6.0 RDU 1.4x109

b) pH 8.0 olau 3.3x10"

c) pH 10.0 olou 2.2x1013

Mn’*+ Y4- t MnY2-  KMlnY = 6.2 x IO”

a) pH = 6.0 ; q = 2.2x  lO-5  (QlfI~l’j19H&  481 %U~l%hl%,‘f,l,ti  I CH 233 )

K,.,  = 6.2~~O’~x2.2xlO-~

= 1.36x IO+’

b) pH = 8.0 ; a4 = 5.4x  lo-”

Khm,.  = 6.2x  1O’3x5.4X lo+

= 3.35 x 10”

c) pH = 10.0 ; a. = 3.5x10-l

KAmY  = 6.2x  10=x  3.5 x IO-’

= 2.17x IO-”

sP+  + Y ‘- ==  STY  l- Ks,y = 4.3x 10’

a) pH = 7.0 ; Us = 4.8x  IO-’

K&y  = 4.3 x 10*x  4.8 x lo-’

= 2.06x lo5

b) pH = 9.0 ; ud  = 5.2x lO-z

K;,y =  4.3xlO’x5.2~10-’  =  2.24x 1 0 ’
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c)pH  =  1 1 . 0  ; u. =  8.5x10-’

K;,,  = 4.3 x 10”~ 8.5 x 10-l

= 3.66x10’

21) t-i1  Kf 910sor~lanoubwan~vajbbn~b~eru~o  320, 91, 20 LbAt  6.2 '#llUil6d  99

~IW?~P1IFil~~~~~l~~~~~~~~~~~~~l~~~~l~  Cd*+ fk  y4-  do

a) NH3  lu”uu”U  0.050 F LLR:~  -pH  9.0 vl0l.l 8.1x10'*
b) NH3  lu’uui  0.050 F LLtXii  pH 11.0 VlDLl. 1.3x1014

c) NH3  \u’Uh  0.50 F URtil  pH 9.0 vlall  5.0x10Q

d) NH3  lu’u’h  0.50 F LLR:ij  pH 11.0 vlfnl  .9.1x1o1o

dltWRl

Y 9
a) NH3  LVlJlJW  0.050 F Ml:ii pH 9.0 ; KC.,,, =  2.9x 1016

pH = 9.0 ; (I, = 5.2x  lo-’

acd  =
1

1 +K,  [ NH, ]+K, K1  [ NH3  ]%+K, KI  KS  [ NH3  l’+K,  Kz KS  K4  I NH3  I’

1
= 1 + 16+72.8+72.8+22.51

1= - = 5.4x10-3
185.17

K*c.+Y  = 2.9x10’6x5.2x10-‘x5.4x10-’

= 8.1x  10”

b) NH3  l&Juir 0.050 F 1ltE  pH = 11.0

U'cd  = 5.4x w

a, = 8.5~10~'

K&w = 5.4x  lo-‘x8.5x  lo-‘x2.9x  1Ol6

= 1.3x 10”

Y Y
p--..

c) NH3  I’UUVU  0.50 F IiW  pfi  9.0 >’

~~~-s--~- 1
1 + 160 +7280 + 72800 + 225680

= 3.27~10‘~
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u, = 5.2x10-'

K&v  = 2.9 x 1016x  5.2 x 10+x  3.27 x lo+

= 4.93x lo9

d) NH3  &Ju’u  0.50 F IlZtZli  pH = 11.0

UC,  = 3.27x  1O-6

a, = 8.5x  10-l

K&r = 2.9 x 1016x  3.27 x 10+x  8.5 x 10-l

= 8.1 x 10”

KNiyz-  =  4.2x  1 0 I8

%UfWi~~lfJ~ii  0.500 M N@  fh 0.500 M NH, hkil  pH nil~~

Kb  = [OH-]  [NH;]

[NH,]

1.75x lo-5 = [OH-I(+$)

[OH] = 1.75x 10‘~

[H;O]  =  ;:;;;G;  =  5 . 7 1  x  10.‘~

pH = 9.24

FIliha,  < pH 9.24

K,KzKA
a4 = K,K,K,K,+K,K,K,[H;O]  +K,K,[H;O]2+K,[H;O]‘+[H;0]4

(K,,2,3,4  ‘tWf& K, 9104  EDTA)
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KiK&Kq. .
a4  = K,KzK31<4+K,KzK3[H;O]

K4
= &+[H;O]

5.5 x lo-”
= 5.5 x lo-”  +5.71  x lO“O

= 8.79 x lo-2

I
HlFll  (-Q 1~8in~7~~40~~~9109  [NH,] = 0.500 M

ch*+  =
1

1 +K1[NH3] +K,K,[NH3]2+K,K,K3[NH,]3+K,K,K,IC,[NH,]4

(K,,2,3,4  WIJlfJk?J  Kf  9109  N?’  f%l  NH3)

1
= 1+4.7xIdx0.500+4.7xldx1.3xldx(0.500)2+4.7xldx1.3xld

x4.1x10’(0.500)3+4.7xldx1.3xldx4.1x10’x1.2x10’(0.500)4

1
= 2.21 x 106

= 4.52 x lo-’

Kkiyl- = KNiYz-  xa4 xaN, z+

= 4.2 x lOI  x 8.79 x 1O-2 x4.52x lo-’

= 1.67 x 10”

25) 79%1~19L~0~~9109n1~~p1L'yl~W  50.0 A¶J.WJ.  9109  0.01000 F Sr2’  % 0.02000 F EDTA

%URlx3t6JlLIi~ldLl+a~%i  =pH 1 1 . 0  +kam  MkWfl+iLhpSr  0.00, 10.00,

24.00, 24.90, 25.00, 25.10, 26.00 bbRZ 30.00 A¶J.@ll%J.  -IFJS!,LL,,,~

376

Sr”+Y*  * SrY’- Ksrv = 4.3x  10’

fpH = I1 ; u, = 8.5x10-’

K’S.l = 4.3 x 10.x 8.5 x 10-l
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Qlf~Pll-il& 12.7 hdido6ni?sn5lZ6 I H&481

d pH5.00 %I a4 =  3 . 5 x  10-7

K’MY = Klvly  *a4  = 1 .oo x 10’8  x 3.5 x lo-’

=  3 . 5 x  10”
*-

K’MY =

ihKWl$7TllWl~l4~  fil [M”]  = C,
;
wywJ$Jai [MY’-]  = 0.0100 M

3 . 5 x  10” =
(0.0100)

[M’+]*

[M2’j2  = 3p;“:;;,,  = 2.86x  lo-l4

C,  =  [M”]  &NnuusI  =  1 . 6 9 1  x  lo-’ M
3 ”

lG C,” = [HJn]  +[HIn-]  +[I~‘-]

CI” = MIn

K, = 1.00x IO-’ =
[H+J[HI~-]

[&In]

K, = 1.00x IO-’ =
[HI] [In’-]

Olfl (3)

,H21n,  = [H’l[HIfl
K,

66plpd (5) tN%U  (6)

[H& = [“;[:“‘-I
I 2

M

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

. . . . . . . (2)

.......... (3)

.......... (4)

.......... (5)

. . . . (6)

. . . . . . . (7)
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11vlwil  (5), (7) as%u (1)

Cl” =
IH’lZIIn?  + [H’l/ln2-~  +,In2.,

K,fL KZ
. . . . . . . . . .

K Ml” =  1.60x  10” =

(8)

[H+J*+[H+]K~ +K,K,

W&1  M”]

[H+~‘+[H+]K,+K,K,

1.60x10"xK  KI 2

(10-y  +(10-~)(1.00x  1o-2)+(l.oox  1o-2)(1.OOx 10.7)
1.60x10"x1.00x10-2x1.00x10-7

10-‘“+1.00xlo-7+l.oox10-9
1.60x  ld

=  6 . 3 1  x  IO-”

[M’+l ;qnaa = 6.31 x 10.”

WlIhlWtJOS  C, +lF$ hJWlUd1  [MZ+]w”onuz  ZM%~aiunl~

K’
[MY’-]  ’ ’

MY =
[M”]  .C,

3 . 5 x  10” =
(0.0100)

6.31 x lo-” XC,

c,=
0.0100

3.5x  IO”  x6.31 x IO-”

= 4.527x  1O-5 M

CH 233 (H) 389



390

’
4.51 x lBS  x 50 x ,()()

0.0100 x 50

= + 0.45 vo
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1)

2)

3)

4)

5)

6)
7)

8)

9)

10)

11)

12)

A sample of pure CaCOs weighing 0.4296 g Is dissolved in hydrochloric acid  and the solution

diluted to X10.0  ml in a volumetric flask. A 50.0 ml aliquot requires 38.84 ml of an EDTA

solution for titration. Calculate the formality of the EDTA solution and the number of

grams of NasHsY . 2HsO (M.W. = 372.2) required to prepare one liter of the solution.

A lOO-ml  sample of water is titrated with 12.24 ml of the EDTA solution In Problem 1.

Calculate the degree of hardness of the water in parts per million of CaCOs. Recall that

1 ppm is 1 mg/liter.

A 0.6250-g sample containing NaCN  is dissolved in water and then concentrated ammonia

and some Kl solution are added. The solution required 24.32 ml of 0.1033-M AgNOr  for

titration. Calculate the percentage of NaCN  in the sample.

A sample weighing 0.4340 g and containing only NaCN  and KCN required 38.42 ml of

0.1022-M AgNO3  for titration. Calculate the percentage of KCN in the sample.

The MgCOs titer of an EDTA solution is 1.240 mg/ml.  Calculate (a) the formality of the

EDTA and (b) the CaCOr  titer of the EDTA.

Verify the values of ~4  For EDTA at pH 2, 6 and 10.

Calculate the following: (a) pMg of a 0.02-F solution of Mg(NOs)s solution; (b) pCu of a

0.005-F CuCIs solution; (c)  pCa of a 1.0-F  CaCls solution; (d) pZn of a 0.00025-F ZnS04

solution; (e) pNa of a 0.001-F NasS04  solution.

Calculate the value of pM at the equivalence point for the titration of 1.00 mmol of each

of the following metals with EDTA at pH 5.0. The Final volume in each case is 100 ml.

(a) Ni”; (b) Mt?‘;  (c)  Sr”.

(a) Calculate the value  of a&*  for the reaction of Cu”  with ammonia in a solution in which

the concentration of free NH3 is 0.10-M. (b) Calculate the valueof  Kerr  for the reaction of

copper with EDTA in a buffer of pH = 9.0 where the concentration of free NH, is 0.10 M.

50.00 ml of a solution which is 0.0100-F in a metal ion, M”. and buffered at pH 10.0 is

titrated with 0.0100-F EDTA. The value of Kr for MY*-  is 2.0x  10”. Calculate the valua

of pM when the following volumes of titrant are added: (a) 0.00, (b) 25.0, (c) 49.9, (d) 50.00,

(e)  50.1, and (f) 55.0 ml.

Repeat Problem 10 at pH 8 and 12. Comment on the sharpness of the end point to be

expected at the different pH values.

(a) 50.0 ml of a 0.010-F solution of a cation N” is titrated with 0.010-F EDTA. Calculate

the value of K.n  for the formation of NY*-  so that when 49.95 ml of titrant is added the

reaction is complete and that pN changes by 1.00 unit on the addition of 0. IO ml of additional

titrant (b) Repeat the calculation for 0.10-F solutions.
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1 3 ) A metal ion buffer is prepared which contains 3.00 mmol of ZnY’- and 6.00 mmol of Y4-

per 100 ml of solution. The pH is 8.00. Calculate (a) the pM of the buffer and (b) the pM

of the solution after 2.00 mmol of Zn’+  is added to k&l  ml of the buffer,

14) Given the following data:

Metal Chelon, L

Complex log Kt PH -loga

M L 1 8 . 0 0 3 . 0 0 2 0 . 0 0

N L 13.30 5.00 10.00

QL 9 . 7 0 7 . 0 0 5 . 0 0

RL 7 . 0 0 9 . 0 0 2 . 0 0

SL 3 . 0 0 10.00 1.00

(a) Calculate the value of Kerr  for QL at pH 9.00

(b) 2.0 mmol of metal N is titrated with chelon L at pH 9.00. Calculate the value of pN at

the equivalence point where the volume is 100 ml.

(c) 50 ml of 0.20 F solution of M is titrated with 0.10-F L at pH 7.00. Calculate the value

of pM after the addition of 50 ml of L.

(d) Metal M is titrated with chelon L in a solution buffered at pH 5.00 with an acetic acid-

acetate buffer. If log Kerr  is 5.00,  what is the value of -log aW?
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