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(2.98 B.M.) of the Ni11 complex corresponds 
to an octahedral geometry having two unpaired 
electrons in the e0 level10 • The diffuse reflectance 
spectra of the complex give three bands at 920, 
570 and 340 nm corresponding to the transitions 
•A10(F)-+ 8 T 111(F), 8 A 90(F)-+ 8 T 111(F) and 
a AliQ(F)-+ 8 T 10(P), respectively, as expectedn 
for octahedral Ni11 ion which is further con­
firmed17 by r1 /v 1 ratio of 1.62. The lODq value of 
the complex indicates that TANAH produces a 
weak field. The Cu11 complex has a magnetic 
moment of 1.96 B.M. corresponding to one 
unpaired electron11 • Two bands at 820 and 760 nm 
corresponding to the transitions, 11 B10 -+ 1 B1111 

and 11 B10 -+ WEa in the diffuse reflectance spectra, 
point out to the distorted octahedral geometry16 

of the complex. Zn11, Cd" and UOP complexes 
are diamagnetic. 

TABLE 2-MAGNETIC MOMENTS AND LIGAND FIELD 
PARAMETERS op TANAH (LH) CoMPLEXES 

Compd. P.eJJ lODq .-.Jv, B' fl 
B.M. em-• em-• 

flo 

CoL1 .'2H1 0 4.91 11 530 2.13 924 0.951 4.84 
NiL1 .2H10 2.98 10870 1.62 963 0.912 8.78 
CuL1 .2H1 0 196 12 840 

Znll, Cdll and UO,r I complexes are diamagnetic. 

Thermogravimetry: Loss of two moles of 
water per mole of the complexes in the temperature 
range 160-320° suggests that they are present in 
the coordination sphere of the metal ion111 ·ao. 
The complexes are thermally unstable at 280-360° 
and complete decomposition to metal oxides occurs 
at 560- 720°. 
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T HE complex forming tendencies of catechol and 
pyrogallol have been reported earlier1 - 8 • A 
survey of the literature revealed that no effort 

appeard to have been made on the determination 
of the thermodynamic stability constants and 
thermodynamic parameters of the complexes formed 
by Mn.rr, Fe11 , Co11, Ni11, Cu11 and Zn" with 
catechol and pyrogallol. The present work deals 
with the potentiometric determination of thermo· 
dynamic stability constants and related thenno· 
dynamic parameters. 

Experimental 
The solutions of the metal sulphates (AnalaR) 

MnS06 .HaO, FeS06 .7H11 0, CoS06 .7Ha0, NiSO,. 
7H20, CuS0,.5HaO, ZnS0,.7HaO, catechol and 
pyrogallol were prepared in conductivity water. 
The solutions of the metal sulphates were 
standardised by known methods. Ferrous sulphaCe 
solution was freshly prepared for each set 
of titration to avoid the possibility of hydrolysis. 
A Philips PR 9405 M pH meter with glass and 
calomel electrodes assembly was used to measure 
the pH. The instrument was calibrated using buffers 
of pH 4.0 and 9.2. 

The titrations were carried out in a specially 
designed double-walled beaker (250 ml, pyrex) U.S~ 
Calvin-Bjerrum 11 '1° titration technique as~ modiu;v 
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by Irving and Rossotti12, and performed in 
duplicate in order to establish the reproducibility of 
the measurements. The following three solutiOnS 
were prepared and titrated agamst standard alkali 
(0.4M): (i) 4xto-sM perchlonc acid, (it) 4x I0- 8 M 
perchloric actd + 3x w-sM ligand, and (iii) 
4 X w-s M perchloric actd + 3 X 10-s M ligand+ 5 
X 10-' M metal ion solution. The total volume 
was kept 50 ml and an appropriate amount of 
sodium perchlorate (2M) was added to maintain 
the desired ionic strengths. 

Results and Discussion 
The pH range investigated for M(n)-catechol and 

M(II)-pyrogallol systems (M=Mn, Fe, Co, Ni, Cu 
and Zn) were 6 8-8.8, 4.2-6.8, 7.0-8 8, 7.2-9.0, 
6.8-8.6 and 5.0-7.4; and 7.0-9.0, 4.0-6.4, 6.4-
8 8, 6 8-9 0, 6 4-8 6 and 4.4-7 0, respectively, 
at .u=O.I (30°). The proton-legand stabilily cons· 
tants (log K'! and log K';) of catechol and pyrogallol, 

and stepwise formation constants (log K,.) of their 
chelates with bivalent metal ions were determined 
using the method of lrving-Rossotti and the values 
were further refined by using different computational 
techniques11 The final values are given 10 Table I. 
Catechol and pyrogallol behave hke weak dtbasic 
acids, the third proton in pyrogallol does not 
dissociate (iiA values remain above I even at higher 
pH). In all the M(u)- catechol and M(u)­
pyrogallol systems the values of ii vary between 0.2 
to 1.9, thereby indicating the formation of 1 : I and 
1 : 2 complexes. A survey of the data (Table I) 
revealed that stability constant values decrease with 
the increase in temperature and thus, lower tempera­
ture is favourable for complex formation. The log K,. 
values also decrease with an increase in the ionic 
strength of the medium. The thermodynamic 
&tabthty constant values (log K,.JJ.-o) were evaluated 
by extrapolating the concentration stability constants 
to zero ionic strength {Table 1). The general trend 

TABLE I-STABILITY CoNSTANTS AND THERMODYNAMTC PARAMETERS OF ~OME DIVALEI'-T TRANSITION METAL COMPLEXES 
WITH CATECHOL AND PYROGALLOL 

Metal L1gand 
ion 

30±o.so 40+0 s• 50±0 5" 30±0 5" 40±0 so 
J.&-005p-0.10p-015p•020!'·0.0 p-Ol p-0.1 -b.G -b.H 6.'!> 

kcal kcal cal K-• mol-• 

CAT!ogKlf 11.72 1159 11.~4 1124 11.92 
log K~ 9.32 9.21 9.14 9.03 9 41 

11.2211 
9.05 

11 08' --8.92 

PYR log Kif 1095 10.85 10.70 1067 11.02 10.67 1065 
log K'; 8.82 8 76 8.66 8 64 8 87 8 66 8.60 

MnZZ CAT log K, 7.38 7.27 7.18 7 12 7.45 7 40 
log fl. 13.43 13 20 12.98 12 51 13.70 13 38 

PYR log K, 6.47 6.41 6 30 5.50 6.55 5.73 
lo&f:l. 11.17 10.82 1065 9.65 1147 993 

Feiz CAT log K, 14 33 13 89 13 73 13.66 14.50 13.50 
log {:l1 26.46 25 80 25.55 24 99 26.83 24,50 

PYR log K 1 12.93 12.88 12.70 12.33 13.01 12 54 
log {:l1 23.89 23.66 23.47 22.93 24 25 23.01 

CoU CAT Jog K 1 7.97 7 81 7.49 7,35 8 45 7.58 
log P. 14 65 13.99 13.55 13 13 15.05 13.76 

PYR log K, 8.16 8.10 7.76 7.63 8.55 7.89 
log fJ 1 14 25 13.86 13.40 13.13 15.10 12.60 

Niu CAT log K, 1.60 1.59 7 40 7.32 7.70 7.48 
log fJ. 13.74 13 63 13 35 12.90 14.06 13.52 

PYR Jog K 1 1.85 7.40 7.15 7.10 8.03 
log fJ. 13.27 12 75 12.32 12 20 13.45 

7.23 
11.99 

Cull" CAT log K, 13.06 12.96 12 68 12 35 13.32 12.54 
log fJ. 23.46 23.30 2! 92 22.20 23.70 22.54 

PYR log K, 12 70 12.54 12 40 12.23 12 89 12.30 
log fJ. 23.23 23.01 22 85 22.51 23.44 22.35 

ZnU CAT log K 1 8 73 8 48 8.38 7,89 8.96 8.38 
log {:l1 15.87 15,51 15.32 14.46 16.10 15.32 

PYR Jog K 1 8.67 8.41 8.37 7.95 8.94 8.42 
log fJ1 15.47 14.87 14.67 14.18 15.89 14.51 

7 11 
12.89 

5.70 
9.86 

13.15 
23 94 

12.36 
22.77 

7.48 
13.62 

7.82 
12.52 

7.40 
13.05 

7.17 
11.77 

11.90 
21.11 

12.27 
22.27 

8.02 
14.64 

8.23 
13.94 

mol-• moJ-• 

10.08 2.61 23.85 

8.89 7.62 4.05 

19.27 8.30 35.03 

17.87 7.03 34 62 

10.83 3.66 22.91 

11.24 3.39 25.07 

10.S3 3.04 23.92 

10 27 2.77 23.95 

17.98 13 05 15.74 

17.39 4.57 4028 

11 76 6.09 18.10 

11.67 2.03 30.78 
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in the values of log K l'•o and log {J l'•o (30°) 
i . 1 I 
nd1cate that the stability of Co11 complexes are 

somewhat higher than N111 complexes. In the 
above systems, the values of log {J 9 11 " (n=O.OS, 0.10, 
0.15 and 0 20) were plotted against inverse ionic 
radii (r-1 ) at ddi'erent temperatures. The points 
corresponding to Mn11, Ni11, Cu11 and Zn11 

complexes be on linear curves and those 
of Fe11 and Co1 1 complexes lie above. Sim1lar 
trend was observed by plotting the values of log 
JJ 1 11 " (n=O.OS, 0.10, 0.15 and 0.20) vs second 
ionisataon potenttal of metal ions. The stab.hty 
constants of the metal chelates follow the order, 
Mnll <Fell> Co11 > N111 <Cu11 >Zn11, which 
agrees w1th the Irving-Wilham's16 natural order, 
except Co11 • The greater stabihty of Co11 complex 
as compared to N111 complex may be due to the 
addttional stabilisation acquired by Co11 complex 
due to Jahn-Teller distoruon, and the higher 
ox1dation state in the complex11 • A number of 
workers reported higher stabihty for cobalt 
complexes10-u as compared to that of nickel. 
Abnormally high stability in case of ferrous complex 
may be as a result of the orbital stabilisation and 
additional resonance energy stabilisation introduced 
through the ligands carrying an aromatic ring 
systemu, and the higher oxidation state in the 
complex. In general, catechol complexes are more 
stable than pyrogallol complexes, which can be 
justified on the basis of basicity of the ligand. 

The thermodynamic functions I::!. G. 6H and 6S 
were calculated using the standard equations18• 

The ~H values were calculated by plotting the 
values of log K., at different temperatures as a 
functton of ( 1/T) and equating the gradient of this 
plot with- b,H/4.51. The values of b,G, !:::t.H and 
6S are given in Table 1. Chelates of Mn11, Fe11, 

Co". Ntu, Cu11 and Znll are formed sponta· 
neously as is obvious by the negative values of t::.G. 
The negattve values of 6,H ensure that the reaction 
is exothermic. Positive values of !:::t.S indicate that 
entropy is the principal driving force for complex 
formation. 
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I N continuation of our work on complexes of 
2-hydroxydeoxybenzoin1 with Fell', Cu", znu 
and Cd11 ions, the present study descrtbes tho 

sequestering efficiency of 2,5-dihydroxydeoxy­
benzuin with the same metal ions The Calvin­
Bjerrum•s titration technique as modified by Irving 
and Rossotti 1 has been adopted. 

The proton -ligand and metal-ligand thermo­
dynamic stability constants have been calculated 
from the results of titration of the following solutions 
against standardised carbonate-free NaOH solution 
(0.214 3 mol dm-s ; dioxan-water medium 1 : 1 by 
volume): (i) HCJO~ (4.5 mol m-•) + Na1S0~(0 20 
mol m- 8 ), (ii) HClO~ (4.5 mol m- 8)+Na1SO~ (0.20 
mol m-s) + ligand {2.00 mol m-•), and (li11 metal 
sulphate (0.20 mol m- 8 ) in HClO~ (4.5 mol-am-•) 
+ligand (2.00 mol m- 8 ) each in 20 ml of dioxan­
water (1 : 1 by volume) containing NaCIO~ (O.OS, 
0.10, 0.15 and 0.20 mol dm-•, respectively) at 298 K. 
The changes of the thermodynamic parameters, 
6,G, tJ.H and 6.8 associated with the complexation 
reaction have been evaluated using the temperature 
coefficient of stability constant and Gibbs­
Helmholtz equation from the rcsulta at three 


