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The chelation of Zn(ll) with TDAA, TDPA, IDAA, DTDAA and DGA bas been 
studied potentiometrically in aqueous medium at different ionic concentrations (0.1, 
0.2 and 0.3 M NaCI04 ) and different temperatures (25, 35 and 45°) using Calvin· 
Bjerrum pH titration tecbnlque as modified by Irving and Rossotti. The tbermody. 
namic stability constants and thermodynamic functions (~G. ~Hand AS) have been 
reported. 

~~ff~~:a~s from a survey of literature1 - 4 that no 
dyna . as been made to determine the thermo· 
forme~llb stabilit~ cons~ants of the complexes 
DTDAA Y Znu 1ons wtth TDAA, TDPA, IDAA, 
of int and DGA. It was therefore considered 
Cally. e~st to study these .. systems p()tentiometri- . 
Zn(II) he therm.Jdynamic stability constants of 
the det com,Plexes w~r.e obtained by extr_apol~ti~g 
strengtherm( tned stabtl1ty constants at vanous Jomc 
strength 8 0.1, 0.2 and 0.3 M; 25°) to zero ionic 
AI-! and The thermodynamic functions (,6G, 
titratio 6S) ~ere also calculated at 0.1 M . . The 
as mod;, techntque was that of Calvin and Wilson 

. The co~centratio~ of . the common in gradients 
m the solutions were tdenttcal in all the· cases. An 
appropriate quan~ity of sodium perchlorate (2.0 M) 
was added to ·mamtain the desired ionic concen­
trations of 0.1, 0.2 or 0.3 M. These solutions were 
titrated against a solution of 0.4 M caustic soda. · 

1 ed by Irving and Rossotti•-r. 
ll:xperimental 

DTt{A~r(ials: The solutions ofTDAA, TDPA and 
bGA (J Evan's Chematics), IDAA (Sigma Chern), 
(Znso ohn Backer Inc.) and zinc su_Jp~ate 
Water ·-~HaO) were prepared in double d1stllled 
Pared. erchloric acid (0.04 M) soluti~n ~as p~e­
doub( fro_m. the stock solution by dilutiOn With 
stand e d distilled water and standardized against 
Were~~ NaOH solution. Other chemicals used 
Slllpbat A. R. grade. The stock so!utio~ of zinc 
ZnNH ~O Was standardized grav1metncally as ' .. . 

Wit~PPjratus : A Philips pH meter (PR 9405 M) 
Used t~ ass and calomel electrodes assembly w~s 
brated measure the pH. The instrument was cah-

p at PH 4.0 and 9.2 using buffer tablets. 
Was {t:cedure : The experime11tal procedure used 
tions (t sa;me as reported earlier8 • The three solu· 
Pared 0}al volume 50 ml in each case) were pre~ 

as tOllows : 

(~~) 4 X lO-s M perchloric acid, 
') ~X JO-s M perchloric acid+}x 10-s M 

(iii ligand, and · 
) ~)<}Q-a M perchloric acid+3x 10-a M 

~and+S x IO-• M zinc ion solutions. 
~ Authort 

or OOrrtapondence. 

Results and Discussion 

The pH range investigated for different 
were as follows : 

System 
Zn(Il)·TDAA 
Zn(II)-TDPA 
Zn{II)·IDAA 
Zn(II)·DTDAA 
Zn(II)·DGA 

pH range 
2.9-5.4 
4.1-5.0 
5.3-7.8 
3.7-4.7 
2.4-3.5 

systems 

The proton-ligand stability constants of TDAA 
TDP A, IDAA, DTDAA and DGA and the stepwis~ 
formation constants of their chelates with Zn(ll) 
were determ_ined at. 25±0.5", 35±0.5" and 45±0.5" 
(Table I) usmg Irvmg~Rossot!i technique, and the 
value~ were furth~r refined ustng the computational 
techntq ues 0 •10, (r) curve fitting method and 
(ii) pointwise calculation method. 

In Zn(II)-TDPA, Zn(II)-DTDAA and Zn(II)­
DGA system~, t~e ~ values vary between 0.1 and 
0.9, thereby md1catmg the formation of only 1 : 1 
complex._ In Zn(II)-TDAA and Zn(II)·IDAA 
values ?f n vary between 0.2 and 1.9, indicating th~ 
forma!ron of I : I as well as l : 2 complexes. The 
data m Table 1 reveal that stability constants 
decrease with increase in temperature and thus 
low~r temperatu~e is favo~~able for complex for: 
matton. Metal·hgand stab1hty constants increase 
with an increase in the ionic strength of the media 
The thermodynamic stability constants (Jog K~'--o 
and log K~-0) have been evaluated at the stand~rd 
state of intinite dilution and the values are given in 
Table I. 
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DGA a.ND 
'l'ABJ.JC 1-Pao'l'ON-LIGAND S'l'ABII.ITY OoNS'l'AN'fS oP TDAA, TDPA, IDAA. DTDAA AND 

FO.IUUTION OONS'l'ANTS OP TH.IUR 0BJCJ.A'l'JCS WI'l'B Zn(ll) 

Systems Stability Temperature 
45"0 ~ Constants 25"0 85"0 p.:=O.O 

1'=0.1 1'=0.2 1'=0.8 ,u=0.1 ,u=O.l 

4.17 
4.40 

TDAA LogK~ 4.88 4.25 4.18 4.22 s.2s 
Log K!' 8.14 3.11 2.95 3.09 2.87 

4.77 
TDPA LogK~ 4.80 4.88 4.86 4.61 4.51 

8,58 
LogK!' 8.68 3.66 3.74 3.54 8.58 

g,51 
IDAA LogK~ 9.86 9.25 9.05 8.88 8.79 

!!.82 
Log K!' 2.74 2.56 2.68 2.40 2.82 

4.11 
DTDAA LogK~ 8.96 3.82 3.66 8.98 4.15 

2.9\l 
LogK!' 2.82 2.66 2.62 2.88 \!.88 

4.15 
DGA LogK~ 4.06 8.94 8.84 4.06 4.18 

2.79 
Log K!' 11.68 11.49 2.42 2.64 2.85 8.14 

Zn(II)-TDAA LogK, 8.20 8.80 8.88 9.111 8.08 \!.62 
LogK, 2.67 2.70 11.76 2.66 11.65 '.!.91 

Zn(II)9TDPA LogK, 8,01 8.11 8.110 11.97 2.94 5.08 
Zn(II)-IDAA LogK, 6.95 6.811 7.70 6.92 5.89 s.96 

LogK, 4.42 4.92 5.42 4.42 4.41 2.5'A 
Zn(II)-DTDAA LogK 1 1!."18 2.93 S.11S 2."12 2.70 8.71 
Zn(II)-DGA LogKl 8.'19 S.87 8.94 8.76 8.72 

T.nr.JC !1-TBJCRKODYNA:U:IC PARAlloUC'l'JCRS OP Zn(II) COMPX.JCXJCS (16=0.1 M) -•) 
"R(C,.}.mole~ 

Ligand Temp. · - AG(Kcal.mole-•) - AH(Kcal.mole-•1_ ~ &S, 
"0 -AG, -AG, -AH1 -AH, AS, 

TDAA 

TDPA 

IDAA 

DTDAA 

25 4.86 8.64 
SIS 4.40 8.'15 
46 4.48 8.86 
25 4.11 
SIS 4.19 
45 4.~8 
IllS 8.111 
S5 8.85 
45 8.67 
IllS S.71l 
SIS S.8S 
45 8.98 

6.08 
6.'AS 
6.4'.! 

9..77 0.80 5.16 

1.47 
8.57 

1.88 1.01 21.87 

0.86 
9.118 

DGA 
IllS 5.1 '1 11.89 
85 5.119 1.66 ~ 

----------------4=5--------~5=.4:2 ____ _: __________________________ ___ 

The thermodynamic functions ~G. ~H and 
~S were calculated at different temperatures using 
the standard equations11 and are given in Table 2. 
~H values were calculated by plotting the values 
of log Kn at different temperatures as a function of 
(1/T) and equating the gradient of this plot with 
- ~H/4.57. Chelates of Zn(II) with TDAA, TDPA, 
IDAA, DTDAA and DGA are formed spohta­
neously as evinced by the negative values of ~G. 
The overall changes in the values of ~H and ~S 
indicate that the complexes are both enthalphy and 
entropy stabilized. The negative values of ~H 
ensure that the reactions are exothermic. The 
relatively smaller values of ~H as compared to 
~S indicate that entropy is the principal driving 
force for the complex formation in aqueous solu­
tion, i.e. increase in randomness in the system!\ 
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f compleX 
will ·increase the stability o 
entropy is a solvent property. 

because 

Acknowledgement ., pujati, 
kf It Prof. fl. ~· 1, bettll 

The authors are than u 0 l(uru,.s 
Head, Chemistry Departm~~t_. 
University, Kurukshetra for facthttes. 

Rererences Bull· ChBf7'' 
d H OsT.t.Jtl, 

1. M. YA!IADA, K. YAMA!lA:S:I an • Ch~' 
Soc.Japan,1960, 33, 1067. J. Inorg. Nucletllf 

2. K. B. RAJ AN and A. E. MARTELL, : Sf1l SoC·• 
1964, 26, '189. J AmBf'· 011 • 

3. 8. 0BABBRBX and A. E. ::MARTBLL, • and J'· 
1952, 74, 505'.!. Ac:s:s:ai\IIA:ili' 

4. G. BCBWARZJCNBACH, . IIA. t 1949 32, 1176, 
1\ucxsTUBL, 1Ielv. Ohtm. c a, ' 



DUBBY, BAWBJA &; PURl: STABILITY AND RBLATBD THERMODYNAMICS OF CHELATION OF Zn(ll} BTC. 

5' 1• Br•aJUJlll "Metal Ammine Formetioll in Aqueous 
6. Solution", :P. Haase and Son., Copenhagen, 1941. 

J.t.l 0At.VJN and K. w. Wu,soN, J. Amer. qhsm. Soc., 
7• a 945. ''· 2oos ~;JRVING a~d H. s. BossoT'l'I, J, Ohsm. soc., 1954, 
8, s . 

'~ll!>llA, H. L. KALilA S. N. DOBBY and D. M. PO:RI, 
• ~ndian Ohsm. Soc., i978, 55, 445. 

9. H. M. IRVING and H. 8. BoSSO'l''ti, J, Ohsm. Soc., 1958, 
8897. 

10. S. N. DOBBY and B. 0. M•saO'tRA, Indian J, Chem., 
1967, 5, 8!!7. 

11. K. B. YA'tSI:MIRSXII and V. P. VAIIII.'Jtv, "Instabfiity 
Oonstants of Oomplex Compounds", Pergamon Press, 
London, 1960, p. 59. 

1!35 


