
0
- 2+

0



2 7 2

hwn’ WomdmuimnlS  Ednmul6&qi

6&%%  1 $ L’h-frI  monodentate liiands

61’ldn’  2 i t%Inii bidentate ligands

t%‘lM%kJlnn~l  1 d l%Inil  polydentate ligands

WlnJfi  9.1 9bCilJ  ‘JllflUk%I  monodentate

H20 F-, Cl-, Br-, I-

N ’% SCN-, CN-

RNH2
OH-, RCO2-,  S

2-
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Type StNcturc Name

Bidentate
NH2

Terradentate

O&dentate

H\ n
N NY

(
NH2

HAN\_/

0
\\

icTNr  c\
H O

L

O H

C - O H
4

0

Ethylencdiaminc (en)

Ttiethylenetetraamine
(Ttien)

Nitrilotriacetic  acid
(mA)

a&tic acid (EDTA)

Cyclohcxancdiaminctetraacetic
acid (CDTA)

Diethylenetriaminepenta-
acetic acid (DTPA)



LJU

Ei
3+ + cl-  ===

BiCl
2+ + cl-  ==i:

BiC12+ + cl- ===

BiCI3 + Cl- o==

Bi3+ + 4CI-  ===

BiCl
2+ K,  = PiC!2+l

[Bi3+][Cl-]
= 1.6x IO2

BiCl2+ Kp =
[BiC12+]

[BiC12+][Cl-]
=2.0x  IO’

BiCl3 Kg =
[BiCl,] 2

[BiCl,+][Cl-] = 2’o  ’ lo

BiCl4-  ’ K4 =
[BiCl,-]

[BiCl,]Cl-]
= 1.0x  10

BiCl4- KSW = KjK,zK3K4  = 6.4 x 1 O6
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[AlF$  = A?+  + 6F‘ 2 x 1 o-21

[FeF,j3-  = Fe3+  + 6F- 1 x lo-l6

[AI(OH = A13+  + 40H- 1.2 x 1 o-34

[Zn(OH),f  = Zn”  + 40H- 2.5 x 1 O-l5

[Cd14f  = Cd*+  + 4l- 7 x 10.’

[Hg14]*-  = Hg2+  + 41. 5.3 x 1 o-3’

[AI(C,04)J3-  = AI” + 3C,0,2‘ 5 x lo-l7

[Fe(C,04)J3-  = Fe3+  +3C2042- 6 x 1 O-21

[HgS,]‘-  = Hg”  + 2S2- 2.0 x lo-=

[Ag(S0,)J3‘  = Ag’ + 2SOa2- 3 x 1o-g

pqaenb ===  Ma+  + nLb- : bnst =
[Ma+][Lb-1”

[ML$-nb]
= 6 (9.1)



Pd’JHd~l+ === [Ag(NHs)]+  +  NH3

kW3)1+[NH31 1
Kinst =

[AgW$)~l+
= 1.18x 10-4=-

Kf2

Ws(NHdl+ === Ag+  t NH3  ;

Kinst =
Wg+lW,l 1

L‘WM3)1+
= 5.0 x 1o-4  = -

Kf2

(9.2)

(9.3)

Kinst =
Pg+l+W,12

=5.9x10  2
-8

Pg(NH3)21+ Kf
(9.4)



mareiu~ij  [Ag(NH3)2]+  tu’uuir  0.020 M LLA::  NH3  tbh 0.20 M ?h-mwau~u  Nal tu’uuir

NdNHd2+1 = 0.010 M

W-M = 0 .10  M

LLAI [I-  1
- 6

= 1.0x10  M

dau?a  1: [Ag+] = x

IAs(NHd2+1 =  0 . 0 1 0  - x  M 0 . 0 1 0  M

N-W =  0 . 1 0  + 2 x  w  0 . 1 0  M

ttnunmhrhtmiiG  aJlufwni3  (9.4) tmtl&i
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x (0.10)*/0.010
- 8

= 5 . 9 x 10

n%
X = Ps+l = 5.9 x 10

- 8
M

nww&u  t-m:~R”

k%+lD  -1 = (5.9 x 1o-8)(1.ox  10-y

- 4 - 1 7
= 5 . 9 x 10 ) 8.5x 10 =  K,(W)

&&A  trr57~iiFiiwa~tuuoJroaw7nilcii  K,, Agl orw-wnou

l?T-milJ~ 9.2.

hrwi(ui(7T%xw  CaCl2  lu’u~u 0.0100 M dw’au  25.0 mL  n’yal~~~~10  EDTA (to??%&

~~a~iiutslR~ta~~~nrla~~,  (HO2CCH2)2NCH2CH2N(CH2CO2H)2  llnunill  H4Y Thuihnla

~~bisrhtuuo~n-i%  Na2H2Y wf$$)  tu’uh  0.0086 M hr~u  75.0 mL  uwuowqnih~lorl?

d pH  1 0 . 0 0  aafhu?m  [Ca*+]  ~I~JWR~J

-10
1fin7

vlwwau CaC12 = 25.0 mL x 0.0100 mmol/mL = 0.250 mmol

ihJ EDTA = 75.0mL  x 0.0086 mmol/L = 0.645 mmol

lJ7iWWFp  (Ca) : 0 . 0 0 2 5 0

u-~afiqa  (EDTA) :  0.00645

hfu ~7nn-wmnf&f&f!  4 hvisll  EDTA

= [Ca*+]  + [Cay*-] m [Cay*-]

= [HY3-]  + [v4-] + [Cay*-]



2 7 9

K4 = 5.5 x 10-l’
(I.oxlo-*“)[Y4-  ]

=
d- 1

2  x  10-l’
[Ca2 + l(1.40  x 10-j)

=
2.5 x 1o-3

kth [Ca2+] =  3 . 6  x .lO
- 1

M ~OJOI~I  [Ca2+] = 3.6 x 10-” <<  0 . 0 0 2 5 0  =  [CaY2-]

(Distrlbutlon  and Logarithmic Diagrams  of Complex Ions)

1
2

l+  KIIL]+ K1K2[L]  +...+KlK2...K,[L]”
(9.5)

K, [Ll

I+KI[L]+KlK2[L]*+...+KIK2...K,[L]”
(9.6)

K1K2  PI*
-l+Kl[L]+KlK2[L]*+...+KlK2...K,[L]”

(9.7)



KIK2...K,[L]”

l+KI[L]+K1K2[L]2+.,.+K1K2...Kn[L]n
(9.8)

~uffl~A-rJlu~~~~lnn1~~~~  NH3 riiwh  0.804 M +nr~u  20.0 mL  uR:  AgNOg tu’uuir  0.0080 M

R’nut$u’uuiruaJ  N H ,  : CNH,  =
(0.804) x (20.0)

40.0
= 0.402 M ,

+-mutIhu’uuaJ  A g CAg =
(0.0080) x (20.0)

= 0.004 M
40.0

k~U”?7uL~~~U~OJLLOU~ULiiUa~rijFi’lL~i7nUU  0.402 - (2 x 0.0040) = 0.394 M kk.4
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&+ 1PO  =-
‘Ag

&+I 1

= 0.0040 = 1 + (2.0 x 103)(0.394)  + (2.0 x 103)(8.5 x 103)(0.394)2

= 3. 79 x lo-’ M

[Ag’l = 1.52 x 10.-‘M

Pl =
[Ag(NH3)+l

‘4

[&+I (2.0 x 103)(0.394)
=-

0.0040 = 1 + (2.0 x 103)(0.394)  + (2.0 x 103)(8.5 x 103)(0.394)2

= 2.99 x 1O-4  M

VW’%)  ‘I = 1.20 x lo-‘M

P2  =
[Ag(NN3)2+l

%

I&+1 1=-
0.0040 = 1 + (2.0 x103)(0.394)  + (2.OxlO3)(8.SxlO3)(O.394)2

=  0 . 9 9 9 7  M

[AdNH,),+l =  0 . 0 0 4 0  M



\ WI+1 %
w CAg

= 1+KW31+KlKZW312

(&Go tnau&aJuaJ6Yml3ihil  CC  1) trw3:!$

log [As+] = -2.00

olnmm  (9.6)

‘AgK1w3]
Pg(NH3)+1 = CAgKl  [NH31

= ~+K[NH31+K1K2[NH312



log [As(W)+1 = log cAg  + log Kl + log [NH31

&&I  tthna~iift?~ua'u  +l ~IH~U [NH31  = 1 .OO x 10 -8
M mil:rA

log  IAs(Nf-b)+l = -2.00 + 3.30 - 8.00 = -6.70

CAgK1K2m31
2

amfufm~  ( 9 . 6 )  [Ag(NH&+]  =
1+K[NH31+KlK21NH312

= CAgKl WNH312

LLR::

log  h&‘%h+l = log cAg  + log K1 + log K2 + 210g [NH31

&ht~uiir~r~ddn~~u~u +2 &I#%I [NH31 = 1.00 x 10 -8 M tnor!6t

log b’dNH3)2+1 = -2.00 + 3.30 + 3.93 - 16.00 = -10.77

2 .  hM%  1 0
-3.30

<<  [NH31  <  1 1T-l-J~~’

[&+I
% %=-

1+WH31+KlK2[NH312
w

K1K2W312

tta::

log  h+l = log cAg  - log Kl - log K2 - 210g [NH31

.  l.i~~8l~UiuRs~~iif1?lu~U  - 2  &IH?u [NH31  =  1 . 0 0  M  tno:\m’

log  /As+1 = - 2.00 - 3.30 - 3.93 = -9.23

[&#%)+I
'AgKIw$

= l+KINH31+K1K2[NH312

11x log  [k+JHd+l = log CAg - log Kp  - log [NH31

&da tEiu@s~iin?~~~u  -1 &V&I  [NH31  = 1 .OO M tmF)z~tii

'AgKIK2w+
2

[AdNH,),+l
= 1+K[NH31+K1K2[NH312

w %

K2m3]

w
%
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ttat log  Ws(NHd~+l = log c,, = -2.00



I I I 8 I I I I
-8 -7 -e -I -4 -!J -2 -, 0

‘09  [“‘%I

yhdu  [As+] UB:: [Ag(NHs)+]  (d&  [Ag+]tta:  2Ag(NHs)+]

dhilttaU%m  Lyi’H%I  log [NH31  = pK1 tmfiltnidl6~UmunT  (9.5) hk~

[NH31  = 10-3’30  tmr~’

log [As+] = -2.80 = log [PAg(NHa)+]
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~w%~inua~tEiir  [Ag(NH3)+]  ttP:  [Ag(NH3)2+]  dfi~tta~~a~ltvii~u  log [NH31  = pK2 oin

mm73  (9.6) th+  [NH31  = 20
-3.93

rrlo~lcY

log [Ag(NH3)+]  = -2.80 =  log [Ag(NH3)2+]

~wm”nuaJt&k  [As+] LtWr  [Ag(NH3)2+]  a:iha%ituntti~fh  log (NH3) = (pK1  +

pK2)/2 i1lnmmd  (9.7) &IH%J  [NH312  = 10
-3.30 -3.93

x 10 &&tia  hn?iu [NH31  = lo-

3.62
tn%%i  log [Ag(NH3)2+]  = -2.40 = log [Aq+]



1

1+  104~3’(0.00255) + 1o4.31x1o 3.67(0.00255)2 + 104~31x103~67x103~04(0.00255)3  + 104~31x103~67x103~04x102

Bo= l/3294 = 3.04 xl o-4

i17ufwn73~  (9.5)

[Cu*j = ~&, = 3.04 x10-4(0.0020)  = 6.1 x10-? M



2 8 7

9 . 1 .

wapl

9 . 2 .

AOPl

9 . 3 .

RDU

9.4. VJiTilJ
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9.6.

9.7.

(Aau

9.8.

vlau

9.9.

siau

9.10.

olau

9.11.

1JdlU?nr~l~~l015(ijR~~R3)210JRISRIR70  Na,S,O,  L~~~UO.100  M &BJnlT\U

nlmmu  AgBr 0.0939 g k%hi~u~d

12.2 mL

A1XCRlU

3.7 x IO-’  M

9JfilU?fU Molar solubility  llOJ Ag,S  hlSR:RlU NH, lu’uh  1 .OO M

OIOY 5.6 x 1 O-l2 mol/L



9 . 1 2 .  Wfh4?1~  M o l a r  solubilily  YEIJ

n) AgBr  ~~~ITR~AI~  NH, rh~yir  0.100 M

9) Agl hVX-na:a-\o  NH, &ui 0.100 M

09olJ n ) 2.75 x 1 oe3 moVL  ¶I)  3.80 x lo-’ mol/L
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