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Formation Constants and Thermod Xnamic Parameters of
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Stability constants and thermodynamic data of the chelates of
4-formyloxime-1,3-diphenyl-2-pyrazolin-5-one, 4-formyloxime-1-
(2’,4’—dinit.rophenyl) -3-phenyl-2-pyrazolin-5-one and 4-formyl-
oxnme-l (2’ dlmu'oghenyl) -3- methyl 2-pyrazolin-5-one with

*, Co?*, Ni¥*, Cu®* and Zn®* have been deterrnined of 25 and
35°C in70:30 (v/v) dioxane-water media and 0.1 M KNO;, using
Calvin-Bjerrum technique as applied by Irving and Rossotti. The
stability data have been calculated using the different computational
methods. The order of stability constants at both the temperatures
is found to be Mn < Co < Ni < Cu > Zn for all systems. AG, AH
and AS for the cornplexation have been dcrived.
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INTRODUCTION

In continuation with our studies on potentiometric studies of 4-substituted-
2-pyrazolin-S-one'™, here we report the stability constants of some chelates formed
by 4-formyloxime-1,3-diphenyl-2-pyrazolin-5-one (HFDPPZ), 4-formyloxime-
1-(2’,4’-dinitrophenyl)-3-methyl-2-pyrazolin-Sone (HFMNPPZ) and 3-methyl-
4-formyloxime-1’(2’,4’-dinitrophenyl)-3-phenyl-2-pyrazolin-5-one (HFPNPPZ)
with Mn?*, Co?*, Ni?*, Cu®* and Zn** by Calvin-Bjerrum technique as applied by
Irving and Rossotti® at 25 and 35°C. For all these systems, stability constants were
calculated using different computational methods, viz., half integral, point-wise,
mid-point slope, linear plots and least-squares5' 6, Using the mean log B,, the
thermodynamic parameters such as AG (free energy change), AH (enthalpy change)
and AS (entropy change) have been computed for the following equilibrium:

[M(H,0),]** + 2HL = ML,(H;0); - , + yH,0 + 2H'(aq)
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[M(H,0),]** represents the aquated divalent transition metal ion and HL is the
ligand.

EXPERIMENTAL

The ligands HFDPPZ, HFMNPPZ and HFPNPPZ were prepared by the
literature method”®. The solutions of the ligands were prepared in distilled
dioxane. Metal nitrate solutions were prepared by dissolving the corresponding
nitrates (AnalaR) in double distilled water. Potassium nitrate (AnalaR) was used
to keep ionic strength constant. Standard carbonate-free sodium hydroxide
solution was prepared by the method of Allen and Law®. The pH-metric titrations
were carried out against 0.1 M KOH solution with a Systronic 331 digital
pH-meter using glass and calomel electrodes. The instrument was standardized
against 0.005 M potassium hydrogen phthalate solution (pH = 4) in the beginning
of each titration. The total volume 50 mL and (u = 0.1 M KNO;) of each system
were kept constant in the beginning of each titration.

RESULTS AND DISCUSSION

The proton ligand stability constant for ligand was calculated from the
pH-metric titration curve of nitric acid in the presence and the absence of the
ligand. All the ligands show-a maximum n, = 1.0 in dioxane-water media,
indicating that ligands have one dissociable proton. The results obtained in
Table-1 suggest that there is very little effect of substitution of 3-position and
I-position. It is interesting to indicate the log pKy values in relation to the
structural features of the ligands. The 2-pyrazolin-5-one ring does not show
aromatic stability, although in many cases it assumes an aromatic structure!°. The
possible resonance structure of the 1,3-disubstituted-4-formyloxime-2-pyrazolin-

5-one are:
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TABLE-1
DISSOCIATION OF HFDPPZ, HFMNPPZ AND HFPNPPZ
Ligand Half integral method Pointwise calculation Average log pKy
(Temp., °C) (Teémp., °C) (Temp., °C)
25 35 25 35 25 35
HFDPPZ 792 7.80 7.89 779 7.90 7.79
HFMNPPZ 8.22 798 8.21 7.97 8.21 197
HFPNPPZ 8.29 8.12 8.30 8.11 8.29 8.11

There is no experimental evidence concerning these structures. From the above
resonance structures these compounds may be considered to exist in oxamino-keto
form at least in the solution studies by the characterization'!.

The negative charge on the nitrozonium (= N—O~) may also be stabilized on
ketonic oxygen as follows:-
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Acid strength of the compounds depends on electron density which is
delocalized by the presence of substituted group and acid strengths are higher at
higher temperature.

Metal Ligand Stability Constants

It is observed that maximum values of n for Mn%**, Co?*, Ni¥*, Cu?
and Zn** for all systems are more than one. This indicates the formation of 1: 1
as well as 1:2 complexes. For all these systems log K; and log K, have been
evaluated (Table-2) by (1) half integral method, (2) point-wise calculation
method, (3) mid-point slope method, (4) linear plots method and (5) least squares
method. The values of log P obtain by all these methods. The order of stability
constants (log ) as regards to the metal ions with particular ligands is found to
be Mn** < Co** < Ni** <Cu®* >Zn™ which is in agreement with Irving and
Williams order!2.

The thermodynamic parameters (AG, AS) were calculated using the relation-
ships

AG=-2303RTlogK; TAS=AG-AH

The calculated AG value in Table-3 is for a particular metal ion with different:
ligands?. It is interesting to note that the AG values for metal ions with particular
ligand and its 1og 3 values are in the same order.

The AS values at 25 and 35°C have also been calculated using
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AH¢ = AG + TAS and are given in Table-4. The observed positive values of AS
indicate spontaneous formation of the complex. The AS values are higher at
35 than at 25°C for all the systems indicating that the formation of a complex is
more favourable at 35°C. The negative free energy change AG in each case
indicates that the chelation is spontaneous.

In the calculation of AH; values (Table-6), the heat of complex formation AH¢
(Table-4) and theoretical heat of hydration AHy for metal ions have been used.

The transition series contraction energy E, (Mn—Zn) has been calculated from
the following equation:

E, = —{AHu{(Zn**) + AH(Zn™")] + [AHy(Mn?") + AHc(Mn*")] )

where AH(Mn?") is the heat of complex formation (Table-4).
The average log B values are used to evaluate heat of complex formation
AH_ using the following equation:

log [Br,/ﬁT,] =-AH/2.303R[(T, - T\)/T,T,] 3)
TABLE-2
FORMATION CONSTANT OF Cu®, Ni?*, Co?*, Mn?* AND Zn?* WITH HFDPPZ,
' HFMNPPZ AND HFPNPPZ
Method of calculation
. Temp. Stabilit
Ligd | 0% | Half |Pointwise|Midpoint| Linear | Least | Mean | 00

integral | slope slope plots | square
cu?*

667 | 667 | 669 | 668 | 669 | 668 | logK;
25 | 421 | 420 | 419 | 419 | 421 | 420 | 10gK,
1088 | 1087 | 10.88 | 1087 | 1090 | 1088 | 10gB

HFDPPZ
645 | 646 | 644 | 646 | 644 | 645 | logK,
35 427 | 426 | 425 | 425 | 427 | 426 | logK;
1072 | 1072 | 1069 | 1071 | 1071 | 1071 | logB
693 | 694 | 695 | 695 | 693 | 694 | logK,
25 5.87 586 | 585 | 58 | 587 | 58 | logk;
12.80 | 12.80 | 12.80 | 12.80 | 12.80 | 12.80 | logP
HFMNFPZ 684 | 690 | 691 6.91 68 | 690 | logK,
35 578 | 577 | 376 | 576 | 578 | 577 | logK;
1267 | 12.67 | 1267 | 12.67 | 12.67 | 1267 | logB
712 | 713 7.1 7.1 713 | 712 | logK;
25 6.50 6.48 6.46 649 | 650 | 6.49 | logK,
HFPNPPZ 1362 | 1361 | 1354 | 13.60 | 13.63 | 1361 | logPB

6.81 6.80 6.79 6.79 6.81 6.80 log K;

35 6.71 6.72 6.71 6.13 6.73 6.72 log K,

13.52 13.52 13.50 13.52 13.54 1352 | logP
Contd.
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TABLE-2 (Contd.)
Ni2+
4.61 4.60 4.59 4.59 4.61 4.60 log K,
25 422 424 423 | 424 422 423 log K>
8.83 8.84 8.82 . . .
HFDPPZ 883 | 883 | 883 | logB
5.13 5.14 5.15 5.15 5.13 5.14 log K,
35 3.56 3.56 3.55 3.54 3.54 3.55 log K,
8.69 8.70 8.70 8.69 8.67 8.69 log B
5.69 5.70 5.68 5.70 5.68 5.69 log K,
25 4.20 422 421 4.20 4.22 421 log K3
9.89 9.92 9.89 9.90 9.90 9.90 log B
HFMNPPZ
5.82 5.81 5.83 5.81 5.83 5.82 log K;
35 391 391 3.89 3.90 3.89 3.90 log K;
9.73 9.72 9.72 9.71 9.72 9.72 log B
572 5.71 5.73 571 5.73 5.72 log K,
25 491 491 1.89 4.90 4.89 4.90 log K,
10.63 10.62 10.62 10.61 1062 | '1062 | logP
HFPNPPZ
590 5.89 5.89 591 591 5.90 log K
35 4.54 4.56 455 4.54 4.56 455 | ‘log K;
10.44 10.45 10.44 10.45 10.47 1045 | logP
C02+
481 4.82 4.81 4.83 4.83 4.82 log K,
25 3.61 3.62 3.63 3.63 3.61 3.62 log K>
8.42 8.44 8.44 8.46 8.44 8.44 log B
HFDPPZ
4.36 4.36 4.37 4.38 4.38 4.37 log K,
35 3.95 3.95 393 3.94 393 3.94 log K3
8.31 8.31 8.30 8.32 8.31 8.31 log B
4.63 4.65 4.65 4.64 4.63 4.64 log K;
25 3.17 3.17 3.15 3.16 3.15 3.16 log K,
7.80 7.82 7.80 7.80 7.78 7.80 log B
HFMNPPZ
445 447 4.46 447 445 4.64 log K;
_35 3.20 3.21 3.14 321 3.19 3.20 log K3
7.65 7.68 7.65 7.68 7.64 7.66 log B
4.88 4.89 4.84 4.87 4.87 4.88 log K,
25 4.09 4.10 4.11 4.11 4.09 4.10 log K3
8.97 8.99 9.00 8.98 8.96 8.98 log B
HFPNPPZ
4.89 4.88 4.87 4.89 4.87 4.88 log K,
35 3.95 3.95 3.93 393 3.95 3.94 log K>
8.83 8.83 8.90 8.82 8.82 8.82 log B

Contd.



1280 Shahetal. Asian J. Chem.
TABLE-2 (Contd.)
Mn2+
3.89 391 | 391 390 | 38 | 390 | logK,;
25 3.48 3.49 347 | 347 | 349 | 348 | logK,
7.37 740 | 738 | 737 | 138 7.38 | logB
HFDPPZ -
3.49 350 | 3.51 3.51 349 | 350 | logK;
35 3.67 3.67 369 | 368 | 369 | 368 | logk;
716 | 1.17 720 | 719 | 7.8 7.18 | logB
3.45 3.45 3.47 346 | 347 346 | logK;.
25 3.68 3.67 368 | 366 | 366 | 3.67 | logk,
7.13 7142 | 715 | 712 | 713 | 713 | logB
HFMNPFZ
3.18 3.19 319 | 317 | 317 3.18 | logK,;
35 3.79 380 | 3.81 3.81 3.79 3.80 | logK,
697 | 699 | 700 | 698 | 696 | 698 | logP
3.58 359 | 358 | 360 | 360 | 3.59 | logK,;
25 341 341 339 | 340 | 339 | 340 | logkK,
6.99 700 | 697 | 700 | 699 | 699 | logB
HFPNPPZ
3.81 380 | 379 | 379 | 381 3.80 | logK;
35 3.02 3.03 304 | 304 | 302 | 303 | logkK;
6.83 683 | 683 | 683 | 683 | 6.83 | logB
Zn*
3.82 3.83 384 | 382 | 38 | 383 | logk;
25 3.80 3.79 3.81 3.81 3.80 3.80 | logK,
HFDPPZ 762 | 762 | 765 | 763 | 764 | 763 log B
3.55 354 | 354 | 356 | 356 | 355 | iogK,
35 391 390 | 38 | 391 389 | 390 | logk,
7.46 744 | 743 747 | 745 | 745 | logP
400 | 398 | 398 | 400 | 39 | 39 | 10gk,
25 3.77 3.79 379 | 378 | 377 | 378 | logK;
1.717 777 777 | 778 | 176 | 177 | logB
HFMNFPZ 375 376 | 377 377 | 375 | 3.76 | logK,;
35 3.81 3.80 | 382 | 381 3.82 3.81 | logK;
756 | 156 | 759 | 7.58 | 17.57 7.57 | logB
419 | 417 | 417 | 418 | 419 | 418 | logK;
25 3.51 349 | 349 | 350 | 351 350 | logK;
770 | 766 | 766 | 768 | 770 | 7.68 | logB
HFPNPPZ
391 391 392 | 393 393 | 392 | logkK;
35 3.65 3.63 363 | 364 | 3.65 364 | logKy
7.56 7.54 755 | 757 | 17.58 7.56 | logB
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TABLE-3
FREE ENERGY OF FORMATION OF METAL CHELATES
AG (kcal/mol)
Ligand T(e’g;’ Zn? cu? Ni?* co®* M
25 10.40 14.84 12.04 11.50 10.06
HFDPPZ
35 10.50 15.10 12.24 11.71 10.12
25 10.59 1745 13.50 10.63 9.72
HFMNPPZ .
35 10.66 17.86 1370 1079 9.84
25 10.47 18.56 14.48 12.24 9.53
HFPNPPZ
35 10.05 19.05 14.72 12.43 9.63
TABLE-4
ENTHALPY OF FORMATION OF METAL CHELATES
AH¢ (kcal/mol)

Ligand Zn?* Cu?* Ni?* Co? Mn?*
HFDPPZ 1.56 7.14 5.88 5.46 8.40
HFMNPPZ 8.40 5.46 7.56 5.88 630
HFPNPPZ 5.04 3.78 7.14 6.72 6.72

TABLE-5
ENTROPY FORMATION OF METAL CHELATES
AS (kcal/mol)
Ligand 1;22;:. Zn?* cu®* Ni2* Co?* Mn?*

25 2.84 7.70 6.16 6.04 1.66
HFDPPZ

35 2.94 7.96 6.36 6.25 1.72

25 2.19 11.99 5.94 475 3.42
HFMNPPZ

35 226 12.40 6.14 491 3.54

25 5.43 14.78 7.76 5.52 2381
HFPNPPZ

35 5.01 1527 7.58 571 291

Assuming that all metals studied are known to form complexes having the
same symmetry, the AH for the complexes of first transition series can be
calculated by:

3u(M?) = AH(Mn®") - (n — 5)/5 E, - AH((M?') + AHu(Mn?*") — AHi(M?*)
@)
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The values for AHg(M?*) have been taken from the literature'>.

The dH value depends on the number of 3d-electrons and has been evaluated
using the George-McClure method'*. E,and 3H values (Table-6) suggest the ideal
coordination for Mn?*, Co?, Ni?*, Cu?* and Zn** ions with HFDPPZ, HFPNPPZ
and HFMNPPZ ligand. ‘

TABLE-6
STABILIZATION ENERGY (3y) OF METAL CHELATES
Parameters Mn?* Co? Ni%* cu®* Zn?
AHy 65400 | 69700 | 71600 | 71690 | 701.10
AHc 8.40 5.46 5.88 7.14 156
urpppz | AHn+AHc=AHL| 66240 | 70246 | 72188 | 72404 | 70866
£ 223 - 1850 | 2775 | 3700 | 4626
on —_ 2794 38.11 31.00 —
AHc 630 5.88 756 5.46 8.40
urpppz | AHR+AHc=AHL| 66030 | 70288 | 72356 | 72236 | 709.50
E*~ ; 3 —_ 19.68 29.52 39.36 4920
| ou — 27.18 38.02 2698 —
AHc 672 672 714 | 378 504

HFDPPZ AHy + AHc=AHp | 660.72 703.72 723.14 720.68 706.14

E, 5;—5 — 18.16 27.25 36.33 4542

oy —_ 29.52 20.87 843 —

E; = Contraction energy,
n = Number of electrons,
AHj = Enthalpy changes, _
9y = Heat of hydration of the transition metal ion,
AHc = Experimental values of for heat of complex formation,
AHyY = Theoretical values for heat of hydration of transition metal ion
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