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Evaluation of $tability Constants of 

Mixed Ligand Complexes pH-metrically 

S. HAMAMOO-RTHY & 1\1. SANTAPI'A 

Dcpar( lile;, r -of Physical Chcmistry, University of Madras 
Madras 25 

AI dll7lscript ;'ccdi1Jcd 23 NO/Jembcr 1 'J70 

pU-/I1eh'lc evuluntlol1 oC stnblllfy COl1stalllR oC Ill/xed 
/I~"n~1 NyslcnHl, /lIelol l()n-ll~tIlH/J"1/4atJtI~ III de~cr//)l'd. 
;i'he method Involves pl'lmarlly the Idcntlflcation of the 
mixed complex and </eterm/nat/on of the course of 
~qullibria for its (ormatloll f!'Om the shifts III the prec/­
;litntion points as cOlllpul'ed with thosc for Iildiv/dual 
;imple complexes, metal lon-ligand. Equations for the 
ietermination' of stability constants of the mixed com­
)Iexes involving up to three ligands have been derived. 

\1.ETHODS of cvaluation of stability constants 
' of 1: I complexes of mctal ions-ligand are 
i,dl known. The e\'aluation of the fanner for 
lixed ljg;~iid :"ys(crns metal ion-ligand,-ligand2 is 
receded hy t1H~ identi/lcation of the mixed cOl1lplex 
nd delr'I'JlIinatioli of the co'lIrse of the (:'l.uW/II'ia 
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for 'its formatioll" [rom the shifts in-the preci­
pitation points as compared to corresponding indi­
vidual, l\-1-ligand1 ancl M-ligand2 systems and super­
imposition of the titration curves. In the titratioll 
of metal ion-mixed ligand systcmagainsfstandard 
sodiuf11 hydroxide, solution, most probable,.equili~', 
bria may be concluded, from;,: a,: C9mparis,on,of .', 
~/j;lpr:~; and positiol1~' of the' titratiO/l';Cl1rvcs:)ind .. ," 
sllperill1posil1{{ the I : 1: 1 mix(!d.ligand, titration:', " 
r:urves Oil I:he titration curves of1 :11\-1 ... 1. <~tlid_, 
M-1.' systems. The stability constant :(I(/tfl.t:)oHhc ' 
mixer! complex (MLL') mil\, then be calculated either" 
by metliod I (stepwise) or il1ethod II (simultaneous). ,': 

flEet/lOti I (jor stc/J12Jise equilibria)- The fO'1'JnatiOll 
of the mixed complex MLL' by two succcssive , 
steps may be simply comparee! to the' formation" 
of 1: 2 complex, .ML2 ane! hence a general equation 
for the stability constant ]{MLL'O(, the mixed 
complex formed by' successive equilibria may be 
deri\'ed by replacing l'vf(=L) by l\IL or AIL' in the 
equation 
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TABLE 1 - EQUATIONS FOR THE CALCULATIO:-: OF SrABlI.ITY COSSTANTS Fait :'>hXED CO~[PLEXES 

System 

Type (1') 

Type (2) \ 

Type (1) 

Type (2) 

Type (I) metal ion·tnono· 
basic·dibasic add 

Type (2) metal ion· mOllO­

basic-monobasic·dibasic 
acids 

Type (2) metal ion·mono­
basic-dibasic·dibasic acids 

Stability CDnstants· 

KMLL' = (T .. -{(!).[A]··\l) 
(i».[A]".X 

(T,,-m)·[A}.X}) 
1\ MLL'L' = W'.[A]'_Y 

1\,m' = (T~m)·[:\~··Y1) 
W,.(\:p-:-.y'" 

K,m'c" = (T,,-{(!).[AJ .. Yl) 
i})"L'-\'='·X . 

K,m' = (T,.-{(!1·LA2··,\')1 
W··[AJ'.X 

h'''U'L' = (T .... -_\(1).rALY1) 
(l),·~,'\J'~\=---

-'. (T,,-«!;).[.\},,~· 
1{"LL'L" '= --(f)'T.:;:i':':-

(TN = Tt. = Tt.' = Tt.") 

[A] 

MONOBASIC ACIDS 

2T .. +P-ToH -[H+] 
2[I-i·] 

Kl+K~ 

3T,,+P-ToH-[H+] 
3[H+) 

} • -1" K" {l+ ~l+ 1 

D!SASIC ACIDS 

4T".LP- Ton-~H-, 
--2Cg-] _--'4Lfl.~-V~~= 
(J(~+R;) • (KIK2l+(£\~K;1 

6T,,+P-T"!I-[tU: 
-mi-' 6-'-il~:'------.----~~ + - .. -.--.-.-.~-;-)-' ~ .. -~,,-:;;-
(1~:! +1\"-,1>:2) (1\ 1 A:::) T (I~ I "~h- (1\ 1]\2) 

MONOBASIC + DIB .... SIC ACIDS 

3T,,+P-ToB-[H-) 
-2[W} . 2[r[+]· 

U .I.. T." '7' 'r.' R'­
.Ll.2 I .1\.1 ..nl· ~ 

4T ,,+t>-Ton-[H': 
-3TH;:'---Y}F-! ,- + - . 
(K:.:+[(~+K~) J\ll\~' 

5T ,.+P- TOM -[H') 

_~[W} _ + _~~:-f}lE--=-= 
1\~+K;+K; {(Kl.K~H-(I\>-;·)} 

f'- l , X~. X~ = dissociation constants oi the three 010nobask ac.;,\s re~~ti",~ly (l\. 

l\.-l' A--:.. l\~. K; and }\'~. I{~ = fir~t ~.nd ~('cond di.s~ociat1on con:-:;tants of three dib,:;sk a.~id:; rl."'.~pecth·l:"ly 01" 

, 2(H+j 

-r- Kl+-h~ 

. 3[H+] 

., K 1 +1{~ +-1~:~ 

x 

2'~}I-:, 2~1-{~j~ 
-_.;-. T -.----.-.--.; I 

(l\:::+iI."~) (X/,'J+(K;f':::) 

3CW]. 3:H-] 
- -. ---,--,,-;---"-----, -,----.--;,-

\K:::+iI.":::+ K 21 (KI!\) -H1'.:lh'~l +V{l K~l 

2;r!', [H+" 
I.L --'-' +--' 

. K2+}{~ 1(1'[{2 

3ffP) [I.p], .L __ ' ___ .+_' _'--
• l'::.!+K~+K; K11\'l 

. 3[W] 2[W)' 
1 7 -:--. -;;;;----:-" + ~.. .' .. '(r 

], 2T H. 2 +A 1 (l~lK:!)+(Kln21 

K~. h..~ = rli.$Sociatiol1 constitnt:-; cf rr.0c,-,b~~i.: il:i\~~, j\I, l\.~" anJ l\·~, i\':;. = fir~t .l::ll sl~'~'ond dis::;.Kio.tion (;01\:·<t:.nt~ of the two dibasic acids res~tively. 
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w}lcre TM = [metal ionJtoloJ, fL] = rrru~ ligalld] ane! 
,I H ~F [H~J ;\ = ...... --+-----+1. 

(K.J(2) 1(2 

M cl/tod 11 (sillwllancous equilibria) -- SillJ;lel ig~llId 
systellls forming only 1: 1 c.omJllexl·~ witll Irwfal 
ions SCI~rrJ to -he -ideaJ fl)l' mixed lif:alld SI·lIcii" ... l-a. 
Th;:,.;,taIJijity Cl)lIstallt (J(MU:) lrJav I/'~ calclllal,:d 
\'.:-;-1 Jiollt the knowledge of individual s(;:)I\\'is', ~l:tlli­
Iity constants, (l{Md or (J\-~IL')' Th.l( [LJc-.=fL'J, 
i~ a II(~C'~ss:u-y a',;slIlIJptioll for lhe ("Illilihrillill . 

[M] -I- ([ L]-I-fL'J) ~[;\/ LL'J 
where ([LJ + fL']) = [1\], total fn:(! ligand C/)IIC"I1-

tratioll and /MLL']=(TL+Td-([Al._X)_ 
For a s\,SI".11l 'If Ilwtal ion-ciialJ:lsi<: a,.·i" (1.1.­

dil!<lsic, acid (2) 

fAI U:.1 = TM-{(J).[A].X} (':TM=h:=Tr:l 
'I'll :-= 21112LI12rIJ2'-']-I-[11L] I-CIIL'li /11'1 
'.\'11.:1'1' '1'1. ='" 1.1 igallcl j'l,nlaJ and T,:=~ /I i!~:llId:! /, .. , .. 1 

(2'1'1. -!,2T1:) _I_I' - TOIl-[ll +]=2l H2 L]+ 2[II 2L'J 

... (1) 

".(2) 

;.+ (J-IL]+[IIL'] ... (3) 
p = Initial [HCI04]; and TOH~rNaOHJ 

.. : [L] =: [L'J; [H2LJ ~ [H2L'] and [(L+L')]'= [A], 

-- .- ,," " 2[H+J2[L J . [H+J2(A] 
l\l"~ry' Al.J\~ .. ~ (H2L] . = [HJ.]' ... (4-) 

t Now substituting (4) into (3) and rearranging 
yields (5) 

[II) ~"" ,~~_!~2~_~!J_::L~~~ __ T(!!!.-[H+! ... (5) 
, 4[H+]2 . 2[H+] 

--;- ._;. ~""""~":'-. ~.~, -\- .-~-.-. '; i 
l\,.I\.~'1-1\ 1·1\.2 /\2'+'/\2 

\\'I,cre 2'J'I.-I,2TL'~=4-TM 

alld 

• if 

:1.11,1 

r~rl 

X 
[I.J '" IL'J :'., ~ 1 i\i 

Silllihrly, eqllaliolls for th,; stability ,:r)JI~LII"" 
IIi J: 1: 1: 1 mixed [mcial i(Jil-ligand (1)-lj'~:'Jld(.~­
lil~:Ul" (3)] cl)lIJpl(~xes a~; w,'11 :1:, fflr· v:!rilllls ""11-11. ... 
Jlat jon:.; (If mOll(tlJa!;ic and dih:tsicacid'; arc d,,­
li\'('d alld giwn in Table 1. 'I'll(' v:didil\' '-11' l1.e 
a:;',1 I IJ't pi iOIl'of (~qllilihria allri. r:fllIsel)lI<'llt ;:'jlla(j()W; 
tI<t:d lor tfll: (!l'alll:l.[i'Hl . (1/ s[ahili! v C(I 11'; ( :lId, 1111 

(If/' IlIix,'" cOlllplexes prop(isc,l II\' 'IIS f(lr (Ii,' lil';i 

(ill'" (hut" two lil~;II"ls as well :I:; 1./11'1:1: li.~;J;,.l :,:,'; 
tellls) is attested bv llie const:lI]cy ill I III! ~f:t.I)i· 
lit\' vailies calculated liver a lI'id\, r;llIg<' "I' i,ll 
for the systems studied hy I1S allIl rcp(lrlnl "arli,~,J"", 
Of course otlier experimental olJscf\'afiolls such 
as shift in the precipitation points of the n;jxl:;d 
systems compared to those of illdividual systelns 
and intensification of the corour of the solul idll 
were direct evidences lor the (ormati()11 of the 
mixed complex. 
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