
CHAPTER II

THEORY

2.1 Equilibrium Constant

2.1.1 Equilibrium Concentration Constant

A n  e q u ilib r iu m  constant is a q uo tien t in vo lv in g  the concen tra tions o r  a c tiv itie s  
o f  reac ting  species in  s o lu tio n  at eq u ilib rium . R eg u la rly , i t  is defined as the  ra tio  o f  
p rod uc ts  o f  the  a c tiv itie s  a  o f  the  reac tion  products, raised to  th e ir  s to c h io m e tric  
c o e ffic ie n ts , to  the  p ro d uc t o f  the ac tiv ities  o f  the reactants, raised the  s to c h io m e tric  
c o e ffic ie n ts  p o w e r, illu s tra te d  by equation  (2 .1 ) w here  a, b, c, and d are the  
s to c h io m e tr ic  c o e ffic ie n ts  o f  th e  s o lu tio n  species A , B , C and D , respective ly .

T h e  d e te rm in a tio n  o f  the  ac tiv ities  o f  com p lex io n ic  species a t b o th  in fin ite  
d ilu t io n  and in  rea l so lu tio n s  is a com plicated and tim e -co n su m ing  ta sk  Because 
c o n c e n tra tio n  p a ra lle l a c tiv itie s  o f  io n ic  solutes as illu s tra ted  by e q ua tion  (2 .2 )  w h e re  
<7X, y x and [x] are a c tiv ity , a c tiv ity  coe ffic ien t and concen tra tion  o f  X, respective ly , 
w h e n  th e  io n ic  s treng th  is co n tro lle d  by a non-reac ting  e le c tro ly te  present at a 
c o n c e n tra tio n  fa r  in  excess.

a  A  +  èB c C  +  d D (2.1)

« = r* M (2.2)

T h e n  th e  a c tiv ity  in  the  eq uation  (2 .2 ) can be substitu ted  in  eq uation  (2 .1 ). T h e re fo re , 
the  e q u ilib r iu m  constant (.K eq) can be re w ritte n  as fo llo w .
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êq «  = YcYD [ c f [ D r
ท Y a Y B [a ] [b ]4

(2 .3 )
A B

I t  is o b v io u s ly  ind ica ted  th a t the  te rm YcYJp
K r i

is constant, then  the  te rm  K t Y a Y b

Y c Y d
IS

also a constant. T h e re fo re , the  e q u ilib rium  constant can be expressed in te rm s o f  the  
reac ting  species, called e q u ilib rium  constant, K c can be w r it te n  as illu tra te d  by 
e q u a tion  (2 .4 ).

Cl A  + b B  -  c C  +  d D r - [cffpr
w w (2 .4 )

E q u ilib r iu m  constant, K c is k n o w n  as the  s toch iom e tric  e q u ilib riu m  constant w h e re  as 
Keq is ind ica ted  b y  e q ua tion  ( 2 . 1) w h ich  is k n o w n  as an e q u ilib riu m  a c tiv ity  constant o r  
th e rm o d y n a m ic  e q u ilib r iu m  constant.

c d
T h e  te rm  in  eq uation  (2 .3 )  m ay be m ain ta ined e ffe c tiv e ly  constant by,

Y a Y b

a) hav ing  a la rge  excess o f  an in e rt background e le c tro ly te  present w h ic h  
does n o t react w ith  m etal, ligand o r m e ta l-ligand  species w h ic h  are in  the  
s tud ied-system .

b) us ing  o n ly  lo w  concentra tions o f  m etal and ligand so th a t any change in  
th e ir  concen tra tions as a resu lt o f  th e ir  reac tion  to g e th e r has an 
in s ig n ific a n t change on  the o ve ra ll ion ic  strength o f  the  m ed ium .

T h e  io n ic  streng th , p  is n o rm a lly  defined by the  eq uation E = c ,z ;

w h e re  Ci and Z; are the  concen tra tion  and the  charge o f  species i, respective ly . 
H o w e v e r, i t  has a lso been show n  th a t io n ic  strength  should  be defined by the  eq uation

น =  j ] T c , | z , | .  T h e  tw o  d e fin itio ns  are identica l fo r  u n iv a le n t ions  but w hen

s ig n ific a n t conc e n tra tion s  o f  m u ltiv a le n t ions are present the la tte r shou ld  be used.
In  genera l, it  is possib le to  replace about 5%  o f  the ions in  the  background  

e le c tro ly te  w ith o u t appreciab ly a lte ring  the a c tiv ity  coe ffic ien ts  o f  the  m in o r  species
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present. Because one o f  the  p rinc ipa l app lications o f  s ta b ility  constant data is com pare 
one ligand  w ith  a n o th e r o r  one m etal io n  w ith  another, the  s to c h io m e tric  s ta b ility  
constants  are u s u a lly  as good  as therm odynam ic  s tab ility  constants. H o w e v e r, in  
re co rd ing  a s to c h io m e tric  s ta b ility  constant, it  is essential to  record  n o t o n ly  the 
c o n c e n tra tio n  o f  the  background  e lec tro ly te  but also its  na tu re , since the  a c tiv ity  
c o e ffic ie n ts  depend on  the  e lec tro ly te . C onsequently, o f  course, in  com paring  s ta b ility  
constants, o n ly  data ob ta ined  under ve ry  s im ila r cond itions  should  be used unless the  
d iffe rences b e tw een th e  s ta b ility  constants are large.

2.1.2 Acidity and Basicity Constants

Just as com p lex  e q u ilib ria  can be characterized by s ta b ility  and in s ta b ility  
constants, th e  acid-base e q u ilib ria  o f  the ligand can be trea ted  by p ro to n a tio n  and 
d e p ro to n a tio n  constant. P ro to n a tio n  o r  basic ity  constant is th e  e q u ilib riu m  constant 
fo r  th e  a d d itio n  o f  the  ท111 p ro to n  to  a charged o r uncharged ligand. T h e  rec ip roca l o f  
p ro to n a tio n  cons tan t o r  a c id ity  constant w h ic h  is defined as the  e q u ilib r iu m  constant 
fo r  th e  sp litt in g  o f  ท'11 p ro to n  fro m  a charge o r uncharged ligand. T h e  equations fo r  
these e q u ilib r iu m  constants are show n as fo llo w  :

L  + H L H i t , -  [ L H ] (2 .5 )

L H  + H -------- l h 2

[ L ] [ H ]  

1,  _  [ L H 2] (2 .6 )

L H 2 + H ^ = ^  l h 3

z [ L H ] [ H ]

,  _  [ L H , ]
3 [ L H 2 ] [H ]

(2 .7 )

[ L H n.1] [H ]
L H n. 1 + H LH , (2 .8)
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A n o th e r  w a y  o f  expressing  the  equ ilib ria  re la tion  can be show n  as fo l lo w  :

L  + H „ ------- L H A -  [LH1[ L ] [ H ]
(2 .9 )

L  + 2 H ^ = ^  l h 2 A -  [ L lH
[ L ] [ H ] 2

( 2 . 1 0 )

L  + 3 H ^------- L H 3 : A -  [ L H ’ [[ L ] [ H ]3
(2 . 1 1 )

L  + n H ^ = ^  L H n : A -  [LH J  [ L ] [ H ] n
(2 . 1 2 )

’ร and Pi ’ ร are called the stepw ise and cu m u la tive  p ro to n a tio n  constants,
re sp e c tive ly  (w h e re  i  represents 1, 2  ,3 , . . .ท).

2.1.3 Stability Constants

Because o f  e q u ilib r iu m  constants depend on in te ra c tio n  o f  m e ta l and ligand  are 
re fe rre d  to  as s ta b ility  constants. The re  are tw o  types o f  s ta b ility , nam ely 
th e rm o d yn a m ic  and k in e tic . E q u ilib r iu m  constants characterize  the  s ta b ility  o f  the  
com plexes w h ic h  are u su a lly  called s tab ility  constants and som etim es are represented in 
th e  re c ip ro ca l o f  s ta b ility  constant, nam ely in s ta b ility  constant.

I f  the  stud ied  s o lu tio n  have ligand, L  and m eta l ion , M  and correspond ing  
e q u ilib r iu m  constants are expressed as fo llo w .

M + L „ ------- M L K l - [ M ] [ L ]
(2 .1 3 )

M L + L M L 2 : 1,  _  [ M L J  
[ M L ]  [L ]

(2 .1 4 )

M L 2 + L -------- M L 3 : r  _  [ M L , ]  
[ M L  2] [L ]

(2 .1 5 )
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MLn- 1 + L M L n Kn =_ [M LJ
[MLn,][L ] (2 .1 6 )

A l l  e q u ilib r iu m  constants w h ic h  are stepw ise constants fro m  equations (2 .1 3 ) to  (2 .1 6 ) 
are sp ec ify ing  in  s to c h io m e tric  s tab ility  constants w h ic h  are show n in  concen tra tion  
te rm ; since the  te rm  a c tiv ity  are constants. I f  the  e q u ilib rium  constants are ind icated  by 
th e  p ro d u c t o f  a c tiv ity  coe ffic ien t te rm  and concen tra tion  te rm  as illu s tra te d  by 

e q u a tio n  2 .1 7 , w h e re  y M , X m l , y L are a c tiv ity  coeffic ien ts , co rresp ond ing  to  th e ir 

species.

M  +  L  ^ = ^  M L  K i  =  - ^ -  - { -̂  - (2 .1 7 )
7 น ท  [ M ] [ L ]

T h e  o v e ra ll o r  c u m u la tive  s ta b ility  constants fo r  ท e q u ilib ria  are expressed as fo l lo w

M  + L

M  +  2 L

M  + 3 L

M + n L

M L  : A -  [M L 1 [ M ] [ L ]
(2 .1 8 )

M L 2 ! A -  [M LJ2[ M ] [ L ]2
(2 .1 9 )

M L s  : A -  [ML>][ M ] [ L ]3
(2 .2 0 )

M L n  : A -  [M LJ[ M ] [ L ] n
(2 .2 1 )

T h e  re s u lt o f  /3ท can be ob ta ined  the p roducts o f  K \  to  K n.
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2.2 Secondary concentration variables

In  o rd e r to  eva lua te  the s tab ility  constant, K , fo r  a sim ple system  such as

M  + L  M L  K \  =  4*7777“  (2 .2 2 )[ M ] [ L ]

i t  is, in  th e o ry , o n ly  necessary to  prepare a single so lu tio n  con ta in ing  a k n o w n  to ta l 
a m o u n t o f  m e ta l ion , [M]t, and ligand, [L]t, and measure one o f  the  th ree  rem a in ing  
u n k n o w n  concen tra tions. These are the  free  m eta l io n  concen tra tion , [M ] ,  the  free  
lig and  c o nc e n tra tion , [L ] , and the  m e ta l-ligand  com p lex concen tra tion , [M L ] ,

T h e  advantages o f  the  large am ount o f  data obta ined are c o n firm in g  the  system  
as illu s tra te d  by e q ua tion  (2 .2 1 ) and eva lua ting  s tab ility  constant, K . T o  take  fu l l  o f  
advantage o f  th e  la rge am oun t o f  data obta ined, a num ber o f  ing en ious and subtle 
a lgebra ic  dodges have been developed. T h e y  are c o lle c tive ly  k n o w n  as secondary 
c o n c e n tra tio n  variab les.

2.2.1 The protonation formation, p

P ro to n a t io n  e q u ilib ria  o f  a ligand L  in te rac ting  in  a so lu tio n  o f  constant io n ic  
s tre n g th  can be w r it te n  as fo l lo w  :

L  + H L H II r a (2 .2 3 )
ผ  [H ]

L H  + H L H 2 : II r1 a to 1__
1

(2 .2 4 )
[L H ]  [H ]

- _  [ L H J  
"  [ L H n.1] [H ]

LHn- 1 + H LH, (2 .2 5 )
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where ท is a number of the proton bind to the ligand, L. The mass balance equation for 
the total concentration of the ligand and proton can be illustrated by

[L]t = [L] + [LH] + [น {2] + ...+  [LH„] (2.26)
[H]t = [H] + [LH] + 2[LH2]+...+ n[LHn] (2.27)

A function, p, defined as the average number of proton, H, bind to the ligand, L, 
can be expressed in equation (2.28)

_ total bound proton _ [H*]T - [H+] + [OH ]p = total ligand [L ]t
(2.28)

where [H+] is concentration of the free proton obtained from the measurement. [OH‘] 
is the concentration due to the titrant base, which can be converted to [HT], via the 
relation of the autoprotolysis constant of methanol. The relationship between the p 
and the in creasing of proton, as log [ET] should be illustrated the curve as shown in 
Figure 2.1.

log [H+]
Figure 2.1 Plot of the protonation formation function, p against the logarithm of the 
free proton concentration, log [H+] for tetra acid.
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2.2.2 The complex formation function, ท

Consider a metal ion, M, and a ligand, L, interacting in a solution of constant 
ionic strength. The equilibria present are :

Kx
M + L V—-  ML

K 2
ML + L ะ ML2

Kn
M + nL MLn (2.29)

The maximum value of ท, written N, will be a function of both the maximum
coordination number of the metal ion and the multidentism of the ligand. Now, we 
can write mass balance equations for both the total metal ion, and total ligand 
concentrations :

[M ]t =  [M] + [ML] + [ML2] + . ..+  [MLn] (2.30)
[L ]t = [L] + [ML] + 2[ML2] +... + ท[MLn] (2.31)

A function, ท, defined as the average of ligands, L, attached the metal, M, may 
be written

_ _ total bound ligand = [L]t -  [L] 
[M]ttotal metal (2.32)
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จุพาลงก1ณมหาว ทยาลย

Substituting equations (2.30) and (2.31) in (2.33) yields
_ [ML] + 2[MLi ] + ... + n[ML 11 ]

[M] + [ML] + [ML2 ] + ... + [MLn ]

In summation terms equation (2.33) becomes

fn [M L J
ท = รุ-------- (2.34)

[M ]+ g [M L J

where N is the maximum coordination number for the metal if  L is a monodentate 
ligand. Inspection of equation (2.34) shows that it will not help a great deal in 
evaluating ท, as [MLn] and [M] are not in general readily obtainable as experimental 
observables. Kn is defined by

[M LJ  
[MLn_1] [L]

and Pn as

p n  =
[ML.]

[M ][L]n

(2.35)

(2.36)

In addition, Pn =  Kx.K2.K-i...Kn (2.37)
and, on substituting Equation (2.35) into (2.33) gives

ï ï  K , [ M ] [ L ]  +  2 K , K 2[ M ] [ L ] 2 + ... + nAT,K 2 . . K n [ M ] [ L ] n 
= [ M ] + ^ 1 [ M ] [ L ] + ^ ,  7 f2 [ M ] [ L ]2 + ... +  ^ ^ . . L J M ] [ L ] n

and after dividing through by [M] and remembering equation (2.37)
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ï ï  /? ,[L ]  +  2 / î 2[L J 2 + ... + /?n[L ]n 
= 1 + /? ,[L ]  + /?2 [ L ]2 + ... + /?„ [ L ]n

(2 .3 9 )

w h ic h  m ay be m o re  c o n ve n ie n tly  w r itte n  in  sum m ation  te rm s

ผ "  " f n / w

1 + " £ / พ  = Z A [ L ] n
(2  4 0 )

Figure 2 .2  P lo t  o f  the  fo rm a tio n  fu n c tio n  ท, against the  lo g a rith m  o f  the  free  ligand  
c o nc e n tra tion , lo g [L ]  fo r  m ononuc lea r com plex.

2.2.3 The degree of formation, a Q

F o r  any in d iv id u a l com ponent o f  the  system, a va riab le  a z can be defined such

a. [ M L . ]
[ M ] t

fo r  c = 0, 1, 2 , . . .N (2 .4 1 )
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T h is  va riab le  a c is the  p a rtia l m o le  fra c tio n  o f  the com ponent M L C. T h e  degree o f  

fo rm a tio n  o f  the  system  as a w h o le  m ay be considered, and a no the r variab le , a T can be 

defined

« T  = cf  «C (2 .4 2 )

H ence, a T is the  fra c tio n  o f  to ta l m eta l m eta l bound to  ligand in  th e  fo rm  o f  a 

com p lex. B y  an ana logous procedure to  th a t used to  derive  e q ua tion  (2 .4 0 ) w e  can 
s h o w  th a t :

1 +  I A M  = I A  ผ '
(2  43 )

O ne in te re s tin g  s o lu tio n  to  eq uation  (2 .4 1 ) is w hen  c = 0 and hence

T h is  fu n c tio n , a 0 , g ives the  species d is tr ib u tio n  fo r  the free  m e ta l io n  in  the  so lu tio n .

2.2.4 The degree of complex formation, <f>

T h e  degree o f  com p lex  fo rm a tio n , <f), is defined as :

# . =  ^ -  = I + Z / U L ] *  (2 .4 5 )

A t  th is  stage it  is va luab le  to  sum m arize the d e fin itio n s  o f  the  th ree  secondary 
c o n c e n tra tio n  variab les th a t w e  have m et so far. T h is , to g e th e r w ith  exp e rim e n ta l data 
th a t m u s t be ava ilab le  to  use o f  them , is g iven  Tab le  2.1.
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Table 2.1 S u m m a ry  o f  the  secondary concentra tion  variab les, ท, a c, and <j).

V a ria b le T it le D e fin it io n
E xp e rim e n ta l observables 

requ ired

C o m p le x  fo rm a tio n
M r ~ M

[m ]t
ท

fu n c tio n
[M ]t, [ L ] t , [L ]

degree o f  fo rm a tio n [ M L J
[M ]t

[M ]t, [L ]t, [L]

<f>
D eg ree  o f  com p lex 

fo rm a tio n
M r
[M]

[M ]t, [M ]
11

2.3 Calculation of equilibrium constants

T h e  a c id ity  and basic ity  constants w e re  calculated by f it t in g  the  p H  data to  the 
S U P E R Q U A D  [6 5 ] w h ic h  has been w id e ly  used to  ca lculate the  e q u ilib r iu m  constants 
o f  m any ligands in  so lu tio n . T h e  S U P E R Q U A D  p rog ram  also p e rm its  re fin e m e n t o f  
an reac tan t c o n c e n tra tio n  o r  standard e lectrode p o ten tia l. T h e  re fin e m e n t o f  any 
reac tan t c o n c e n tra tio n  o r  stand e lectrode po ten tia l. T h e  re fine m e n t is inco rp o ra ted  
in to  n e w  p roced ure  w h ic h  can be used fo r  m odel se lection. T h e  assum p tion  fo r  
e va lu a tio n  o f  fo rm a tio n  constants by S U P E R Q U A D  could  be described as fo llo w s .

A s s u m p tio n  : T h e re  are a num ber o f  assum ptions u n d e rly in g  the  w h o le  
tre a tm e n t, and each needs to  be considered exp lic itly .
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1 . F o r  each chem ical species A aB b... in  the so lu tio n  e q u ilib ria  the re  is a 
chem ica l constant, the  fo rm a tio n  constant, w h ich  is expressed as a conc e n tra tion  
q u o tie n t in  eq u a tion  (2 .6 1 ).

B ab ... = m (2 .4 6 )

A , B . . .  are the  reac tan ts (S U P E R Q U A D  a llo w s  up to  fo u r  o f  th e m ) and [A ] , [B ] are 
th e  c o nc e n tra tion s  o f  ‘ fre e ’ reactant; e lec trica l charges m ay be attached to  any species, 
b u t th e y  are o m itte d  fo r  the  sake o f  s im p lic ity  in  th is  d iscussion. S ince the  
th e rm o d yn a m ic  d e fin it io n  o f  a fo rm a tio n  constant is as an a c tiv ity  q u o tie n t, i t  is to  be 
assumed th a t the  q u o tie n t o f  a c tiv ity  coeffic ien ts  is constant, an assum ption  usua lly  
ju s t if ie d  by p e rfo rm in g  the  experim ents w ith  a m ed ium  o f  h igh io n ic  streng th .

2. E a c h  e lec trod e  present exh ib its  a p seudo-N ernstian  behav io r, eq uation  
(2 .6 2 ) , w h e re  [A ]  is the  c oncen tra tion  o f  the  e lec tro -ac tive  ion , E  is the  m easured 

p o te n tia l, and E °  is the  standard e lectrode po ten tia l.

E  = E °  +  ร L lo g  [a ] (2 .4 7 )

T h e  idea l va lu e  o f  th e  slope, Sl is o f  course — - ,  bu t w e  assume o n ly  th a t i t  is a
nF

c o ns ta n t fo r  a g iven  e lectrode. T he  values o f  E °a n d  Sl are u su a lly  ob ta ined  in  a 
separate c a lib ra tio n  experim ent. F u rth e r there  is a m od ified  N e m s t eq uation  (2 .4 8 ).

E  =  E °  + S L l o g [ f r ] + r [ E r ]  + s [ f r ] ' '  (2 .4 8 )

T h is  e q u a tion  w as f ir s t  suggested as a means o f  ta k in g  in to  account ju n c tio n  p o ten tia ls  
in  s tro n g ly  acid ic and s tro n g ly  basic cond itions.

3. S ys tem a tic  e rro rs  m ust be m in im ized  by care fu l exp erim en ta l w o rk . Sources 
o f  sys tem atic  e r ro r  inc lude  e lectrode ca lib ra tion , sample w e ig h ting s  and d ilu tion s , 
s tan d a rd iza tion  o f  reagents (use o f  carbonate-free  a lka li in  p a rtic u la r), tem perature ,



2 6

v a r ia t io n  and w a te r q u a lity . W a te r m ay be contam inated  by titra ta b le  species w h ich  
can pass tro u g h  d is tilla t io n  co lum n by surface action. A ll  s ta tis tica l tests are based on 
th e  assum p tion  th a t system atic  e rro rs  are absent fro m  the  data.

4. T h e  independent va riab le  is n o t subject to  e rro r. E r ro rs  in  the  va riab le  are 
assum ed to  have a no rm a l d is trib u tion . I f  these assum ptions are tru e  use o f  the 
p rin c ip le  o f  least squares w i l l  y ie ld  a m ax im um  lik e lih o o d  resu lt, and com puted  
res idua ls  shou ld  n o t show  system atic  trends.

5. T h e re  ex is ts  a m od el o f  the e q u ilib rium  system, w h ich  adequate ly accounts 
fo r  th e  e xp e rim e n ta l observations. T he  m odel is specified by a set o f  c oe ffic ien ts  a, 
b . .. ,  one fo r  each species fo rm ed . A ll  least-squares re finem ents are p e rfo rm ed  in  te rm s 
o f  an assumed m odel. E x a m in a tio n  o f  a sequence o f  m odels should  y ie ld  a best m odel 
w h ic h  is n o t s ig n ific a n tly  d iffe re n t fro m  the  tru e  m odel. C ho ice  o f  the  best m odel is 
k n o w n  as species selection.

2.4 Potentiometry

P o te n tio m e try  has been and s till the  m ost pop u la r m ethod  fo r  the  d e te rm in a tio n  
o f  s ta b ility  constants  because o f  its  h igh accuracy and precision.

T h e  m a jo r  l im ita t io n  in  the  use o f  p o te n tio m e try  is th e  essentia l req u irem en t 
th a t a su itab le  revers ib le  e lec trode exists. E lec trod es develop  p o te n tia l th a t are 
dependent on  the  a c tiv itie s  o f  the  species present. These p o te n tia l o rig in a te  fro m  tw o  
m a in  types o f  phenom ena, nam ely o x id a tio n -re d uc tio n  e q u ilib ria  and the  fo rm a tio n  o f  
io n ic  c o n c e n tra tio n  g rad ients across membranes. In  the  case o f  an o x id a tio n -re d u c tio n  
e q u ilib r iu m  o f  the  type,

M m+ + n e "  ะ M (๓-nK (2 .4 9 )

th e  observed p o te n tia l, E  is g iven  by the  N e rn s t equation,

E  =  E '
( m - n } f

nF ‘ M
(2 .5 0 )
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w h e re  E °  is the  standard p o te n tia l at 25 °c w hen all the  species are at u n it a c tiv ity , 
F  is one fa rad ay o f  charge (9643  c o u lo m b .m o l'1), ท is num b er o f  e lec trons in vo lved , 
and a x is the  a c tiv ity  o f  species X. In  the  case o f  ion ic  p o te n tia l g rad ients, the  observed 
e .m .f. is g iven  by,

E  -  E°M„ . Æ n V . (2 .5 1 )

w h e re  E ° 111. is the  standard p o ten tia l o f  the M n+ e lectrode at 25 °c. Because o f

a c tiv ity  is re la ted  to  c oncen tra tion  and i f  the a c tiv ity  c oe ffic ien ts  are m ain ta ined  
constan t by us ing  a s u ff ic ie n tly  h igh concentra tion  o f  an in e rt background  e lec tro ly te , 

then  the  eq u a tion  (2 .6 6 ) in  te rm s o f  concentrations, and rep lac ing  E °  in  E ° ,  can be 
re w r it te n  by

E  =  E 0' +  — ln [ M n+ (2 .5 2 )
nF

w h e re  E ° =  E °  + — ๒ [m H  (2 .5 3 )
nF

2.5 Inert background electrolyte

T o  s tud y acid-base characteristics o f  ligand th e ir  c o m p le xa tio n  p rop erties  
to w a rd  m eta l, in o ic  s treng th  are con tro lled  by in e rt background e le c tro ly te  present at a 
c o n c e n tra tio n  fa r  in  excess th a t o f  the  reacting  io n ic  species u n d e r in ve s tig a tio n . 
A n o th e r  nam e o f  in e rt background  e lec tro ly te  is in e rt b ackg round  so lu tio n  o r  
su p p o rtin g  e le c tro ly te  w h ic h  does n o t react w ith  any o f  reacting  species such as m eta l 
io n , ligand  o r  m e ta l-lig a n d  species in  the  e q u ilib rium  being studied. T h e  m ain  fu n c tio n  
o f  the  in e rt b ackg round  e le c tro ly te  is to  keep the  o ve ra ll io n ic  s treng th  and a c tiv ity  
c o e ffic ie n t constant. P ro p e rtie s  o f  the  chosen in e rt background  e le c tro ly te  m ust m eet 
th e  fo llo w in g  req u irem en t
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1 . a s trong  and non  reacting  ( in e rt)  e lec tro ly te ,
2 . no  p a rt o f  e le c tro ly te  in vo lved  in  e q u ilib rium  under inve s tig a tio n ,
3. its  c a tio n  m ust n o t associate w ith  the ligand and w ith  the  ligand  and w ith  the 

c o m p le x  species,
4. its  a n io n  m ust n o t associate w ith  the  centra l m eta l io n  and w ith  the  com plex

species,
5. re d o x  re ac tio n  m ust n o t occur betw een the  cons tituen ts  o f  the  in e rt 

e le c tro ly te  and the  centra l io n  o r  ligand,
6 . its  s o lu b ility  has to  be large enough,
7. its  c o n tr ib u tio n  to  the  m easured physical o r  chem ical p ro p e rty  m ust be 

neg lig ib le .
In e r t b ackground  e lec tro ly tes  are classified in to  aqueous so lven t, non-aqueous 

so lve n t and th e ir  m ix tu re s
In  aqueous system , sod ium  perch lo ra te  (N a C 10 4), sod ium  n itra te  (N a N O s), 

so d iu m  c h lo rid e  (N a C l) , potassium  n itra te  ( K N 0 3) and p o tass ium  c h lo rid e  (KC1) 
p o ta ss iu m  p e rch lo ra te  (K C IO 4) are usua lly  used as the  background  e lec tro ly tes . In  
case o f  non-aq ueous system , te tra e th y la m m o n iu m  p e rch lo ra te  ( E t4N C 1 0 4), 
té tra m é th y la m m o n iu m  ch lo rid e  (M e 4N C 1 0 4) and te tra b u ty la m m o n iu m  tr i f lu o ro -  
m e th a ne su lfo n a te  (B U 4N C F 3S O 3), te tra e th y la m m o n iu m  n itra te  (Me4NN0 3). 
T e tra m e ty la m m o n iu m  p erch lo ra te  (M e 4N C 1 0 4) and te tra b u ty la m m o n iu m  perch lo ra te  
(B u 4N C 1 0 4) are w id e ly  used as the  background e lectro lytes.
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