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The interaction or Mgll, Call, Srll, Ball, Cull and Hgll ions with phthalic 
add is followed by pH·metry. It Is round that Mgll and Ba1 1 do not form complexes 
whereas Call and Srll form 1 : 1 complexes only at !':!i',;O.OZ. Cull and Hgll react 
with phthalate to give J : 1 complexes at p. " 0 1. The stability constants and tbe 
thermodynamic functions are calculated. 

Call and Ba" ions form 1 : 1 metal to ligand 
complexes with phthalate as mdicated from 
conductivity1 , E M.F. • and solubility measure-

ments•. Cu11 ion forms either I : 1 •-• or 1 : 1 
and l: 2•-a complexes as revealed from potentio­
metric'-8, solubility•, spectrophotometric' and 
polarographic• data. No report appeared in the 
litenture describes the interaction of phthalate with 
Mg11 , Sr11 and Hg1 1 • This work was undertaken 
to investi~ate the complexation of Mg11, Ca", 
Sr11 , Ba11, Hg1 1 and Cu11 by pH-metry with a 
view to determme the stoichiometry of the com­
plexes formed, if any, thetr stabthty constants and 
the tbermodynamtc parameters. 

Experimental 
Calvin-Bjerrum's technique as adopted by 'rving 

and Rossotu9 was used to detennine the proton­
association constants of the hgand (phthalate) and 
formatton constants of its metal compleJtes at 2~0 m 
aqueous solutions. 

pH measurements were carried out on a Coming 
601A precision research ionalyzer dtgital pH meter. 
During the titrations, oxygen-free nitrogen was 
bubbled through the <~olution. The solutions of 
Mgrr, Ca11 , Sr11, Ba11, Cu" (A.R., B D.H.) and 
Hg1 1 (Cambrian Chemicals) as chlorides were 
prepared and titrated complexometrtcally by EDT A. 
Perchloric acid (B D.H) and phthaltc (ProldbO) 
were reagent grade. 

The following solutions were titrated potentio­
metrically against standard carbonate-free sodium 
hydroxide (0.5 M) solution : 

(i) 0 02 M HCto. 

(ii) (i) + 0.02 M phthalic acid (H1L) 
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(tii) (ii) + ~ x to-• M metal chloride solutton. 
The total volume was adjusted to 50 ml by adding 
double-distilled water in each case. 

The titrations were performed at ddl'erent ionic 
strengths, viz. 0.02, 0.04, 0.06, 0.08 and 1.0 M by 
addmg NaCIO, solution and at 30, 35, 40 and 45• 
(1'=0 1) in order to determme the thermodynamic 
functions. 

Results and Discussion 
Representative titration curves are shown in 

Fig. 1. The values of ft_. as determined by the 
method of Irving and Rossotti9 were compiled from 
the titratton data using solutions (t) and (1i). 
Calculations of proton-bgand association constant& 
were carried out by plotting a graph of fiA against 
pH. The graphs are almo11t lmear (Fig 2). The 
values of log K~ and log K~ (the first and the 
second proton a&soctation constants of phthalate, 
respectively) are conesponding to n.~=O 5 and ii.~= 
1.5, respectively. The values of log K~ and log .K~ 
(Table 1) agree quite well wtth those previously 
reported10• 

The tttration curves of tbe metal-ltgand solution 
(iii) is well separated from the Jigand solution (h) 
(Fig. 1). Thus, the replacement of H+ ions are due 
to l'nmplexation. However, m the case of Mg1 1 and 
Ba11 the separation of the curves were no longer 
observed under the present set of experimental 
condittons. Therefore, these metal tons are not 
capable of forming complexes with phthalate. The 
literature reveals that few reports have appeared 
descnbing the formation of 1 : l Ba-phtbalate com­
pleles with Jog K1 =2 33 (1'=0)1 and 0.92 (p= 
0.15)11 • The titration curves ofCa11 and Sr11 were 
observed to be separated from the ligand titration 
curves only at low ionic strength, viz. 0.02 M. 
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Fig. 2. Proton-phtbalato formatioolcurves at different ionic 
strengths c (a) 0.02,,1(b) 0,04, (c) 0.06, (d) 0.08, 
and (c) 0.10 M. 

TABLE 1-Bl'PECT OP IONIC STRENGTH ON PROTON 
ASSOCIATION CoNSTANTS OP PHTHALATE 

AND FoRMATION CoNSTANTS or 
ITS COMPLEXES (log K} 

Temp. 25° 
p. H+ Cau Cull Hgll Srll 

M 
K. K. 

0.00 5.90 2.97 4.4.5 3.40 
0.02 5.61 2.82 2.43 3.81 3.03 :us 
0.04 5.52 2.80 3.72 2.97 
0.06 5.40 2.72 3.51 2.88 
0.08 5.33 2.66 3.39 2.65 
0.10 .5.30 2.64 3.25 2.41 

Above this ionic strength, Ca 11 and Sr11 iona aeem 
to be inactive towards complexation with phthalate. 
However, solubility measurements carried out by 
Ghosh and Nair• indicate the formation of calcium 
phthalate complex with log K1 =2.41 at 2S• anfil 
p=O.l. On the other hand, the E.M.F. and conduc­
tivity data gave the values oflog K=l.07 (p==1.15)• 
and 2.43 (p...0)1 , respectively. 

From the titration curves using solutions (ii) and 
(iii), ii (average number of ligand molecules attached 
per metal ion) and pL (free ligand exponent) values 
were calculated11 • The ii values were plotted against 
the corresponding pL values to get the formation 
curves of the metal complexation equilibria. The 
formation curve of Hgzz·phthalate system is shown 
in Fig. 3. From these formation curves the values 
of stability constant listed in Table L were deter­
mined using the half-integral method11 • Only 1: 1 
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Fig. 3. Hgll-phthalate formation curves at different ion(c 
strengths: (a) 0.02, (b) 0.04, (c) 0.06, (d) o.ea 
and (c) 0.1 M. · 
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metal to ligand complexes are formed between Ca11, 

Sr"1 , Hg"1 and euu ions and phthalate. 
Effect of ionic strengths : The stability constants 

at different ionic strengths (0.02, 0.04, 0.06, 0.08 and 
0.10 M) at 25° reveal that both the proton-ligand 
and the metal-ligand formation constants gradually 
decrease with increasing ionic strength. This shows 
that the ligand is mteracting with metal ions both in 
undissociated and dissociated forms simultaneously. 
The thermodynamic stability constants were 
obtained by extrapolating the linear plots of log K 
vs v' jj to zero ionic strength (Tab1e 1). The corres­
ponding values of Ca11 and Sr11 were not doter­
mined since the complexation was not observed at 
p > 0.01 M. The values of log K1 of the Cu11 

and cau complexes are in accordance with those 
reported carlierM·•. No data are available in the 
literature concerning the phthalate complexes of Hg 
and Sr for comparison. 

Effect of temperature: It is obvious from the 
data listed in Table 2 that log K values of the metal 
ions phthalate formation constants gradually 

TABU! 2-EPl'Ecr OP TI!MPERATVI.U! ON PROTON ASSOCIATION 
ANDCoM"PLBX FowAnoN CoNSTANTS (loa K> 

~<•O.IM 

Temp. oc H+ cu.r.r Hgl.r 

Ki Ka 
2S 5.30 264 :3.25 2.41 
30 5.26 2.62 345 2.94 
35 5.21 2.60 3.79 3.09 
40 5.13 2.58 4.07 3.20 
45 5.05 2 56 4.36 3.29 

TABLB 3-THBRMODYNAMlC DI,.TA FOR PH11tALIC ACID 
DISSOCIAnON AND Mil-PHTHALIC ACID 

CoMPLBX fORMATION 

I' -O.lM at 400 
Reaction -6H0 -60° 

keal mol-• kcal mot-• 
+65° 

cal mot-• deg-• 
- 7.24 7.35 0.30 
- 1,69 3.68 6.35 
+2492 S.81 9817 
+ 9.52 4.57 45.01 

increase on increasing the temperature. Endother· 
mic heats are not uncommon in reactions where 
electrostatic interactions predominate11• The proto­
nation constants seem to be slightly decreased on 
increasing the temperature. The values of t:. G•, 
t:.H• and t:.S• have been determined and presented 
in Table 3. The positive values of t:.S favour the 
complex formation. 
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