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DETERMINATION OF THERMODYNAMIC PARAMETERS FOR THE DECOMPOSITION
OF SOME METAL CHELATES OF SUBSTITUTED HYDRAZOPYRAZOLONES
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Therelative thermodynamic parameters of a series of metal derivatives of hydrazopyrazolone dyes containing meta
-OH, -COOH, and -OCH, groups have been determined by TGA, DTG and differential thermal analysis (DTA). The
effects of substitutent on the hydrazo-moiety of the ligand on the stability of the complexes are discussed. The affinity
of different ligands for complexation with metal ions M** [M=UQ, *, Fe**, Cu?* and Hy” ] reaches its highest value with
metahydroxyphenylhydrazopyrazolone. The relative order of thermal stability is : UO,2* > Fe** > Cu?*> Hg?*. The data
were correlated and the results were used to explain the stabilization of such chelates by dative t-bonding between M**

and the ligand.
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Introduction

The coordination sclcctivity of some substituted 5-pyra-
zolone dye chclates with lanthanides, actinides and transition
mectal ions hasrecently been reported [ 1-5]. As part of our pro-
gramme for the synthesis and characterization of solid com-
plexes [6] of UO,(II), Fe(IID), Cu(Il) and Hg(1I) derived from
hydrazopyrazolone ligands, we prescently report on the deter-
mination of thermodynamic parameters for decomposition of
thesc complexes.

From the forcgoing results [1-6] the structure of the
complexes under investigation is given in Scheme (1).
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x = m-OH-[I], m-COOH-[1I] or m-()CHS—[llI]
M =UO,*, Fe*, Cu** or Hg?*

Scheme 1.

Experimental

Substituted S-pyrazolone dyes [4] (I-1II) were prepared
by coupling 1-phenyl-3-mcthyl-5-pyrazolone [7] in sodium
acetate with diazonium salt of the corresponding amine. The
crude products were recrystallized from acctic acid.

The solid complexes were prepared [6] in 1:1 metal to
ligand ratio [cxcept [or the Hg?*-ligand[I] complex where a 1:2
metal : ligand ratio was preparcd]. The preparations were
performed by the addition of an aqueous solution of the metal
totherespective ligands dissolved in 75% (v/v) dioxane-water
solvent. The mixture was heated to 60° with stirring for about

2 hrs. and was lcft to stand overnight. The collected solid
complexes were washed with double distilled water followed
by alcohol, then dried in air and stored in a vacuum dessicator.
The clemental analysis is given in Table 1.

The thermal stabilities of the solid complexes were stud-
icd by using TGA, DTG and DTA tcchniques. The measure-
ments were made with an OD-102 Paulik - Paulik- Erdey deri-
vatograph (MOM, Hungary) with sensitivitics TG=100 mg.,
DTG=1/5and DTA=1/5. The samples were heated in platinum
crucibles in static air atmosphere at a heating rate of 5 deg.
min™ upto 600°, using ALO, as a rcfercnce compound. All
rcagents used in this work were of A.R. grade (Merck or
BDH).

Calculations. The basis for calculation was the Arrhenius
cquation: :

Ol A CraptBRIRTY = - i €))
dt

dm, C*and T werc rcad from the thermal curves,

dt

where dm — distance between DTG curve and base line, mm,
dt

m = mass loss, mg
A = frequency factor
C = extent of change given by Eq. (2):

c=Am - Am
A my [8]
where Am_= maximum loss during the given change, mg.

It was assumed from the calculation that the decomposi-
tion processcs satisfy the Arrhenius equation i.c. there are
definite valucs of A, E_ and x. In addition, it was assumed that
the increase in the reaction rate depends mainly on physical
processes (desorption, evaporation, etc.).



236 L. I ALt AND S. L. STEFAN
on
b 1% b~ 1 —
¥ M
1.2§ x = w-COOH,
T 4
n-wod
x = =-0CH3.
"o cu?*
0.7 I x = o-0H, ) .3
. w2t
| PP P | 1 N ottt ] icniicdion B i Kt A .1"9 T'.w
1.33 1.35 1.3 1.39 1.4 1.43 1,45 1.47 1,49 .51 T.53 s LY
1.6 | 1og oL
at
w8 F
1.4}
1.9 r'
.2
1a }
1.0 |
0.3 | X = m-0CH3,
o . Cul*
0.8
3 = »-COOH,
0.7 | " e cu?r
TSI N EEN B IPIN P W S T FE R NS TN NN CE NN NN N 1
1.40 1.45 1.50 1.88 1.60 1.65 1.70 1.76 1.80 1.6

Fig. 1. Graphic determination of the kinctic parameters for the final stage of metal complexes of 1-phenyl-3-methyl-4-(x-phenylhydrazo)-5-pyrazolone

ligands (substitutent (x) and the metal used in chelation as shown on the plot).

The activation encrgy was calculated from Eq. (3).

E, = 2.303 R (AN 0 ceevvreserrereennresssnsssnsssssssessenes 3)

where R = Universal gas constant; tan o = dircctional
cocfficient

10g IM = [(L) e @
dt T

log 9M + Lan o =tan 0,108 C + 2, werrrrenns (5)
dt T (8]

The pre-cxponential factor log A is the value intercepting
the straight linc Eq. (5) on the y axis. The graphical relation-
ships in Eq.(4) arc illustrated in Fig. 1. The paramcters of these
equations and the scatter of the results were calculated by the
lincar regression method [9].

The activation enthalpy AH * was calculated from AH* =
E -RT, while the activation cntropy AS * was obtained from
AS *=R[1n(Ah/kT)-1], where k is the Blotzman constant, and
h, the Planck constant. The activation free energy AG” was
calculated by the relation AG* = AH” = T AS *. The results are
given in Tables 2,3 and 4. An cxample (or the calculations of
thermodynamic parameters is given in Table 5.

Results and Discussion
The TG, DTG and DTA curves for metal chelates of
1-phenyl-3-methyl-4(x-phenylhydrazo)-5-pyrazolone ligands
[x = 3-OH, 3-COOH and 3-OCH,] arc shown in Fig, 2,

Analysis of the thermal decomposition data of these com-
plexes (Table 6), suggested the following decomposition
stages [6] (taking Cu* -3-OCH,-PhHP complcx as an cx-
ample):

-3H,0
N,0,) C1] . 31,0 ————[Cu (C,1,)N,0,) Cl] ——

[Cu(C,,H N, 1542
100 - 120°C

I

17

€, H,NO, -c
-CuCO, + C + gases &= [Cu (C(C I N,0,)]* € —
230-460°C 180-230°C

more than

e Cu0+CO,
460°C

For complexes containing mercury, Hg(IT) began to sub-
lime [10] within the temperature range 210-240°, The organic
part of the chelate gradually burned away and the crucible was
empty within the temperature range 410-550°. The decompo-
sition of the organic part of the complex was an endothermic
rcaction leaving carbon as a residue. The combustion of the
carbon residue Lo volatile carbon dioxide was an exothermic
reaction [8].

The kinctic stability of the mctal-oxygen and mctal-
nitrogen bonds (oxygen and nitrogen atoms are the sites of
chelation of our ligands undcr investigation) were expected to
vary with the basicity of the ligands. However, inspite of pK,
values (the protonation constant valucs of the ligands are
23.89, 18.00 and 11.10 for 3-OH- 3-COOH and 3-OCH,
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derivatives respectively) [4] varying in a wide range, the was intcrpreted by taking into account a significant contribu-
activation frce encrgy AG™ changed in a narrow range as scen tion of metal - ligand & - back-bonding to the bond stability.
from Tables 2,3 and 4. In the present complexes the hydroxy The complexation is increascd by incrcasing the electron
derivative of the hydrazopyrazolone ligand was expected to be density at the chelation sites. The basicity of the m-hydroxy
more stable than the carboxy and methoxy derivatives which derivative of the hydrazopyrazolone ligand is greater than that

TABLE 1. DATA OF ELEMENTAL ANALYSIS FOR UOZZ*, Fe*, Cu? anp Hg? CompLEXES WITH HYDRAZO-LIGANDS DERIVED
FROM 1-PHENYL-3-METHYL-5-PYRAZOLONE.

Complex Colour % C*® % H? % N = % Cl* %o M?*
Licanp (I)
[UOQ,LNQ, . 4H,0] Red 26.90 3.30 10.28 - 33.77
(27.54) (3.01) (10.04) - (34.15)
[FeLCL, . H,0] Green red 44 .40 3.71 13.10 15.80 13.01
43.95) (3.43) (12.81) (16.02) (12.78)
[CuLCl.2 H0O] Dark red 46.18 3.87 13.25 8.41 15.83
(46.83) (3.66) - (13.66) (8.66) (15.49)
[HgL, .4H,0° Light red 4431 4.21 13.21 = 2325
44.72) (3.95) (13.04) - (23.36)
Licanp (IT)
[UO,LNO,]. H,0 Orange 30.95 2.60 10.85 - 33.22 -
(30.40) (2.23) (10.43) - (33.68)
[FeLClL, . H,0] Orange 4420 3.50 11.90 14.77 12.21
(43.88) (3.23) (12.05) (15.06) (12.01)
[CuLCl.H,0] Red 46.15 3.16 12.24 7.85 14.80
(46.57) (3.42) (12.78) (8.10) (14.49)
[HgLCl. 2H,0] Orange 34.90 3.04 10.81 6.13 34.47
(34.39) (2.86) (9.44) (5.98) (33.82)
Licanp (I11)
[UO,LNO, . 2H,0] Orange 29.71 323 9.98 - 34.78
(30.22) 2.81) (10.27) - (35.26)
[FeLCL,. H,O] Green yellow 45.81 4.01 12.20 15.29 11.96
(45.25) 3.77) (12.42) (15.53) (12.39)
[CuLCl] .3 H,0 Red 45.03 447 12.50 7.70 . 1331
44.35) (4.56) (12.17) (71.72) (13.80)
[HgLCl]. H,O Orange 36.87 3.25 10.46 6.52 35.20
(36.49) (3.04) (10.02) (6.35) (35.88)

(a) % Found (% Calculated); (b) Molar Ratio 2 : 1 (Ligand : Metal).

TaBLE 2. KINETIC PARAMETERS OF THE FINAL STAGE OF DECOMPOSITION OF METAL CHELATES OF 1-PHENYL-3-METHYL
-4 (3-11YDROXY PUENYLIYDRAZO)-S5-PYRAZOLONE LIGANDS.

Complex E, Log A AH ™ (623K) AS * (623K) AG * (623K)
kJmol! St kJmol! JK'mol™ kJmol*!
[UO, (3-OH-PhHP)(NO,) . 4H,0] 40.2 4.87 35.02 -166.08 138.5
[Fe (3-OH-PhHP) CI, . H,0] 41.5 5.04 36.30 -162.90 137.8
[Cu(3-OH-PhHP) Cl] H,O] 72.6 5.96 674 -139.80 154.5
[Hg(3-OH-PhHP), . 4H,0] 95.8 8.23 90.5 -101.90 154.0

E, , Activation energy; A, Frequency factor; AH* Activation enthalpy; AS™ Activation entropy; AG* Activation free energy.
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TABLE 3. KINETIC PARAMETERS OF THE FINAL STAGE OF DECOMPOSITION OF METAL CHELATES OF 1-PHENYL-3-METHYL-4
(3-CARBOXY PHENYLITYDRAZO)-5-PYRAZOLONE LIGANDS,

Complex E, Log A AH*(623K) AS * (623K) AG * (623K)
kJmol! St kJmol*! JK'mol™* kJmol™

[UO, (3-COOH-PhHP)(NO,) . H,0] 56.5 5.72 513 -149.7 144.6

[Fe (3-COOH-PhHP) ClL, . H,0] 61.3 6.55 56.1 -134.1 139.6

[Cu(3-COOH-PhHP) Cl. HZO] 80.9 7.12 75.7 -123.1 152.4

[Hg(3-COOH-PhHP) CI . 2 H,0O] 134.5 10.18 129.3 -64.6 169.6

E,, Activation energy; A, Frequency factor; AIl* Activatioiin enthalpy; AS” Activation entfopy; AG* Activation free encrgy.

TABLE 4. KINETIC PARAMETERS OF THE FINAL STAGE OF DECOMPOSITION OF METAL CIHELATES OF 1-PIENYL-3-METIHYL
-4 (3-METHOXY PIENYLIYDRAZO)-5-PYRAZOLONE LIGANDS.

Complex E Log A AH* (623K) AS * (623K) AG* (623K)

B Kimol s Kimol” JK mol* KJmol”
[UO,3-OCH,PhHP)(NO,) . 2H,0] 613 622 56.1 1403 143.5
[Fe (3-OCH,-PhHP) Cl,] H,0] 84.2 7.74 79.0 112 148.3
[Cu(3-OCH,-PhHP) Cl] . 3H,0] 872 9.26 820 822 133.2
[Hg(3-OCH,-PhHP) CI] . H,0] 154.1 12.14 148.9 270 165.7

E, , Activation energy; A, Frequency factor; A" Activation enthalpy; AS™ Activation entropy; AG” Activation frece energy.

o A Yo TABLE 5. CALCULATION OF THE THERMODYNAMIC PARAMETERS
“ “..,: OF Fe** - 1-piENYL-3-METHYL-4 (3-OH-PHENYLIYDRAZO)-
e g 1 o -5-PYRAZOLOLONE LIGAND.
:_):_ . -m.l'“"'-.."/ """""""" S o ] R R -
metal = Fed* 16
i dm m T log drn Lo
§ P A dt dt T
metal = UOZ- mr:
@ om [ 20 578 1.301 1.730
wl A 26 593 1.415 1.686
1 28 603 1.447 1.658
400 i 30 613 1.477 1.631

33 623 1.519 1.605

Endo

 msossseesoe:

200 of the m-carboxy and m-mcthoxy. Thus the chelation sites of
the m-hydroxy-derivative (carbonyl oxygen and the hydra-

zonitrogen) involved in coordination with the metal ions will

100

o =3 havehigher effective negative change than those of m-carboxy
i and m-mcthoxy. On the basis of the principle that the activa-
z:: tion energy or enthalpy decreases as the attraction between
L two rcagents increases [11], itcould be deduced thatin a given
50 ng metal ion, the H* for the decomposition of m-hydroxy would
0l be less than m-carboxy- and m-mcthoxyhydrazopyrazolone li-
mup ™ gands as scen from Tables 2-4. Thus, the thermal stability of
ok ¢ the complexes depends on the nature of the substituent on the
‘:: N o M0 0 w0 s phenylhydrazo moicty. As a result, it is expected that a more

basic ligand should form more stable complexes.
Fig. 2. TG, DTG, DTA curves of metal complexes of 1-phenyl-3-mcthyl- h order of thermal stability for 1 1
4-(3-methyoxyphenylhydrazo)-5-pyrazolone ligand (metal used in chela- A rough order ol thermal stability for the complexes was
tion as shown on plot). UOZZ* > Fe** > Cu® > Hg™.
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TABLE 6. THERMOGRAVIMETRIC ANALYSIS OF SOME SOLID COMPLEXES OF 1-PHENYL-3-METHYL-4-(X-PHENYLHYDRAZO)-
-5-PYRAZOLONE LIGANDS.

X— Complex Temp.  %Loss in weight Effect Assignment
range °C Calc.  Found type
3-OH [UO, (x-PhHP) (NO, ) .4H,0] 170-210 1033  10.84 Endo. Loss of four coordinated H,O
235-260 19.23  19.87 Exo. Loss of the NO, group
330-340 36.59 3742 Exo. Loss of the organic part (HO- C;H,-N,-)
350-500 6127 6292 Exo. Loss of the rest of the ligand
(Phenylpyrazolone) and formation
of metal oxide (UO,)
3-COOH- [UQ, (x-PhHP) (NO,) . H,0]  100-110 2.68 2.80 Endo. Loss of one water molccule
260-310 1192 12.00 Exo. Loss of the NO, group
330-430 34.13 3479 Exo. Loss of the organic part (COOH-C(H,-N,-)
450-560 59.76  61.18 Exo. Loss of the rest of the ligand (Phenyl-
pyrazolone) and formation of metal
dioxide (UO,)
3-OCH, - [UO, (x-PhHP) (NO,).2H,0  105-130 5.33 482 Endo. Loss of two water molecules
210-260 1452  14.14 Exo. Loss of the NO, group
280-470 59.99 5798 Exo. Dccomposition of the complex and
formation of metal oxide (UO,)
3-OH- [Hg (x-PhHP), . 4H,0J" 190-210 8.38 841 Endo. Loss of four coordinated H,0
230-360 91.61 91.53 Sublimation of Hg (IT)
360-410 Endo. Dccomposition of organic matter, Icaving
carbon black as a residue
410-460 9999  99.94 Exo. Formation of volatile CO,
3-COOH- [Hg (x-PhHP)CI . 2H,0] 130-150 6.07 595 Endo. Loss of two coordinatcd H,O
180-230 45.87 4629 Exo. Elimination of the chlorinc atom
240-300 Endo. Sublimation of Hg (II)
300-500 65.60 66.46 Endo. Deccomposition of the organic matter,
lcaving carbon black as a residue
500-540  99.99 101.13 Exo. Formation of volatile CO,
3-OCH,- [Hg (x-PhHP)CI] H,0O 115-130 3.22 3.20 Endo. Loss of one water molccule
185-200 4545 4493 Exo. Elimination of chlorine atom
210-290 Endo. Sublimation of Hg (II).
290-450 63.87 63.38 Endo. Dccomposition of the organic matter,
lcaving carbon as a residue
450-550 9.99 100.11 Exo. Formation of volatile CO,
3-OH- [Cu (x-PhHP)CI] H,O 80-110 4.39 432 Endo. Loss of onc water molccule
180-205 13.05 12,52 Exo. Elimination of chlorine atom
205-310 4256 41.00 Exo. Loss of the organic part (HO-C,H,-N,-)
460-520 84.51 80.84 Exo. Loss of the rest of the ligand (Phenyl-
pyrazolone) and formation of CuO
through CuCo,.
3-COOH- [Cu (x-PhHP)CI . H,0] 160-180 4.11 4.14 Endo. Loss of one coordinated H,O
200-220 12.22  12.10 Exo. Loss of one coordinated Cl
230-360 4624  46.19 Exo. Loss of the organic part (COOH-C(H,-N,-)
400-540 85.51 8342 Exo. Loss of the rest of the ligand (Phenyl-

pyrazolone) and formation of CuO
through CuCo,.

(Contd....)
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(Table 6, continued...)

L.I. AL1 AND S. L. STEFAN

3-OCH,- [Cu (x-PhHP)CI] . 3H,0 100-120  11.74
180230  19.46

230-460  86.20

3-OH-  [Fe (x-PhHP)CL,]. H,0 150210 4.12
| 210-420 8721
3-COOH- [Fe (x-PhHP)CL, . H,0] 170210 3.87
220280 18.93

310480  87.98

3-OCH,- [Fe (x-PhHP)CL] H,0 85-110 3.9
210270 19.52

350-540  87.61

11.36  Endo. Loss of three water molccules
19.07 Exo. Loss of one coordinated Cl
84.77 Exo. Dccomposition of the complex and
formation of metal oxide CuO
4.18 Endo. Loss of one coordinated H,0
8145 Exo. Elimination of the chlorine atom,
decomposition of the complex and
formation of metal oxide Fe,0O,
369 Endo. Loss of one coordinated H,0
1846 Exo. Loss of two coordinated Cl
83.32 Exo. Dccomposition of the complex and
formation of Fc,0,
392 Endo. Loss of one water molecule
19.22 Exo. Loss of two coordinated Cl
83.55 Exo. Dccomposition of the complex and

formation of Fe,O,

* Metal : Ligand =1 : 2.
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