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Abstract—The stability constants of metal chelates of 2-hydroxy-1-naphthaldehyde have been
determined. The results have been compared with existing data for similar ligands in terms of their
double bond character. The large values of AS suggests a marked change in the solvation sphere
of the actions.

INTRODUCTION

StABILITY constants for 2-hydroxy-1-naphthaldehyde complexes are known
only for Cu(lII) derivatives[1]. Here we report the stability constants of the Ba(II),
Ca(1I), Cu(1l), Mg(1I), Ni(II), Sr(I1) and Zn(II) derivatives, determined by the
potentiometric method at constant ionic strength, 0-3M in NaClQ,, in a 50:50
water dioxane mixture. Calculations were made applying the correction factors
introduced by Van Uitert[2] to the Bjerrum’s method[3]. The measurements
were carried out at 15, 25, 35 and 50° in order to estimate the AG?, AH? and AS°
values for the complex formation reactions.

EXPERIMENTAL

All the chemicals were reagent grade, except for Ca and Ba perchlorates, which were prepared
in solution from the corresponding carbonates and perchloric acid.

Potentiometric titrations were carried out using a Metrohm E-388 potentiometer with a combined
EA-120-X glass electrode, calibrated against aqueous buffers at pH 4 and 7. A dioxane-water mix-
ture, 50:50 was used as solvent. The determinations were made at 15, 25, 35 and 50° in a constant
temperature bath (+0-02°). The glass electrode, a 2 ml microburette, a thermometer and a gas inlet
tube bubbling nitrogen were introduced to the cell through a four hold rubber stopper. A typical
solution to determine the pXj, of 2-hydroxy-1-naphthaldehyde was 0-01M in HCIO,, 0-02M in ligand
and 0-3M NaClO, in 100 ml water-dioxane, 50:50. This solution was titrated with 1M aqueous
NaOH. To determine the stability constants, the solutions contained also 2-5 X 10~*M of the corre-
sponding cation as perchlorate. In the case of Mn(Il) it was not possible to otbain useful information
due to immediate precipitation of a fine deposit at low pH.

RESULTS

In Table 1 the values of log K, log K, and log 3, are given for all the deriv-
atives studied. The observed stability order is given by Cu > Ni > Zn > Mg >
Ca = Ba > Sr as expected, except for the alkaline earth ions. The ratio log
K,/K,, as well as the magnitude of these constants, are within the limits expected
by comparison with other similar systems, and show that structural factors related
to the metallic ions are more important for the Cu and Ni derivatives.

*Contribution No. 328 from the Instituto de Quimica, Universidad Nacional Autonoma de
Mexico, Mexico.
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Table 1. Stability constants of 2-hydroxy-1-naphthaldehyde
metallic derivatives, determined from at least 3 different
measurements. The deviation shown is never greater than

+0-1 log unit. AG in kcal/mole

Temp., (°C)
Cation 15 25 35 50
log K, 648 673 6-80 685
log K, 513 5-41 550 5-59
log 8, 11-61 12-14 12-30 12-44
Cu log K,/K, 135 1-32 1-:30 126
—AG, 854 9-19 9-59 10-13
—AG, 677 7-38 7-76 827
—AG 15-31 16-57 17-35 18-41
log K, 4-57 4-63 466 4-85
log K, 3-54 3-68 3-78 3-8
log B, 811 8-31 8-44 873
Ni log K,/K, 1-03 0-95 0-88 097
—AG, 6-03 6-32 6-57 1717
—AG, 4-67 5-02 533 574
—AG 10-70 11-34 1191 1291
log K, 3-86 3-87 390 401
log K, 2-88 3-17 334 337
log 3, 674 7-04 7-24 738
Zn log K,/K, 0-98 0-70 0-56 064
—AG, 5-09 5-28 550 593
—AG, 3-80 4-32 471 498
—AG 8-89 9-60 10-:22 10-91
log K, 3-18 3-46 3-43 375
log K, 2-63 2-73 2-89 302
log 8, 5-81 6-19 6:32 676
Mg log K,/K, 0-55 0-73 0-54 073
—AG, 420 472 4-83 554
—AG, 3-47 373 4-08 4-46
—AG 7-67 8-45 891 10-00
log K, 310 3-24 3-35 352
log K, 2-48 2-61 271 2-81
log B3, 5-58 5-85 606 633
Ca log K,/K, 0-62 0-63 0-64 071
—AG, 4-09 4-42 472 521
—AG, 3-27 3-56 382 415
—AG 736 7-98 8-54 9-36
log K, 3-04 310 320 3-37
log K, 2:47 2-56 264 272
log 8, 5-51 5-66 584 608
Sr log K,/K, 0-57 0-54 0-56 0-65
—AG, 4-01 4-23 4-51 498
—AG, 325 3-50 373 402
—AG 7-26 773 824 9-00
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Table 1 (Contd.)

Temp., (°C)

Cation 15 25 35 50
log K, 3-09 3-29 335 342

log K, 2-50 2-:60 2:69 2-78

log 8, 5-59 5-89 6:04 620

Ba log K,/K, 0-59 0-69 066 0-64
—AG, 4-07 4-48 473 506

—AG, 3-30 3.55 3-80 4-12

—AG 7-37 8-03 852 919

A comparison of our results with those for similar systems is given in Table 2.
The trend shown is acetyl acetonates > 2-hydroxy-1-naphthaldehydates >
salicylaldehydates (columns *, i, ', Table 2), in agreement with their double
bond character as defined by Calvin[1], irrespective of ionic strength of the
medium. In the case of the salicylaldehyde complexes there are not enough data.

In Fig. 1 the values of log K, and log K, for some 2-hydroxy-1-naphthaldehyde
derivatives are plotted against the corresponding values of the acetylacetonates
determined in similar conditions. All the points lie on the same line, indicating
that both ligands react in a similar way and the differences in the magnitude of
the stability constants depend mostly on the character of the double bond.

The calculated values of AH, and AS, for the step, as well as for the total
reactions, are listed in Table 3. The entropic term is always larger, as a direct
result of the desolvation of the ions. Except for Zn(II), AS, > AS, indicates that
the first step produces the more marked change in the solvation sphere of the
cations. If one applies the Yatsimirskii relationship [4]
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Fig. 1. Correlation of formation constants of acetyl acetone chelates [6] and 2-hydroxy-1-
naphthaldehyde chelates for Cu, Ni and Mg.

4. K. B. Yatsimirskii and V. P. Vasilev, Instability Constants of Complex Compounds p. 70. Van
Nostrand, New York (1966).
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Table 2. Comparison of stability constants for similar
systems measured with and without constant ionic

strength
Cation * + t § I
Cu 22-59 21-21 16-08 12-34 13-31
Ni 17-40 14-63 11-36 851 9-19
Zn 17-20 14-05 9-54 7-24 810

Mg 13-58 10-65 7-30 639 680

*Stoichiometric stability constants for acetylacet-
onates measured without constant ionic strength at
30°C in dioxane water, 75:25 (v/v), Ref.[5].

+Thermodynamic stability constants for acetylacet-
onates determined in NaClQ, 0-05M, at 25°C in dioxane
water, 75:25 (v/v), Ref.[6].

fStoichiometric stability constants for 2-hydroxy-1-
napththaldehydates, without constant ionic strength,
at 25°C in dioxane water, 75 :25 (v/v), Ref.[7].

§This work.

IStoichiometric  stability constants for salycilal-
dehydates, without constant ionic strength, dioxane
water, 50:50 (v/v), Ref.[8].

Table 3. Thermodynamic parameters calculated from log
Ba(x0-1) at four temperatures

Cation AS, AS» AS +AH, +AH, +AH

Cu 45 43 88 4-2 54 9-6
Ni 38 31 63 33 41 75
Zn 24 34 58 1-9 5-8 7-7
Mg 36 29 66 63 49 111
Ca 32 25 58 5-1 40 91
Ba 28 24 52 39 35 7-4
Sr 28 22 51 4-1 31 72

to the overall values of AS, one obtains a slope of 0-12 with a correlation coef-
ficient of 0-76, but if it is applied to AS, the slope is of 0-07 and the correlation
coefficient is 0-83, whereas for AS, the relationship breaks down completely.

The large values for the entropic terms may be due to the contribution of three
factors, the decrease in the number of particles, the reduction in the ionic nature
of the medium as the complexes are formed and finally, the profound change in
the solvation.
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