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Abstract 

The thermal dissociation of 1-phenyl-3-methyl-4-(X-phenylhydrazo)-5-pyrazolone metal che- 
lates [M(XPhHyPy)](X = m-OH (I), m-OCH3 (II), m-COOH (III), p-CH3 (IV), p-OCH3 (V) or 
p-COCH3 (VI) was studied by TG, I7IY3 and differential thermal analysis (DTA). A rough se- 
quence of thermal stability, obtained from the peak maximum temperatures, for the various metal 
chelates was Hg(lI) < Cu(II) < Fe(llI) < UO2(II). The bonding of the ligands to metal ions was 
investigated by elemental analysis and infrared spectroscopy. The number and relative energies 
of nitrate combination frequencies are discussed in terms of the complexation of para-substituted 
hydrazopyrazolone with Th(IV) and UO2(II) metal ions. 
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Introduction 

One of the less frequently studied aspects of analytical and coordination 
chemistry is the thermal behaviour of metal complexes with organic chelating 
agents. We have recently carried out stability, conductometric and po- 
larographic studies [1-5] of the coordination selectivity of some lanthanides, 
actinides and transition metals with hydrazopyrazolone derivatives. The present 
study deals with the preparation, characterization and thermal behaviour of 
metal complexes of Fe(III), Cu(II), Hg(II), Th(IV) and UO2(II) with hydra- 
zopyrazolone ligands I-VI. A literature review suggested that such a study has 
not been attempted so far. 

The hydrazo structure of the ligands I-VI is depicted in Formula 1. 
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Formula I l-Phenyl-3-methyl-4-(X-phenylhydrazo)-5-pyrazolone 
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1300 STEFAN: METAL CHELATES 

x = m-OH (3-OH-PhHyPy) [I] 
X = m-OCH3 (3-OCH3-PhHyPy) [II] 
X = m-COOH (3-COOH-PhHyPy) [III] 
X = p-CH3 (4-CHrPhHyPy) [IV] 
X = p-OCH3 (4-OCHrPhHyPy) [V] 
X = p-COCH3 (4-COCH3-PhHyPy) [VI] 

Experimental 

All reagents used in this work were of A. R. grade or equivalent. Solutions 
of Hg(II), Cu(II) and Fe(III) were prepared from their chloride salts. Solutions 
of Th(IV) and UO2(II) were prepared from the nitrates. The solid complexes 
were prepared by mixing equimolar amounts of aqueous solutions of the metal 
salts and the respective ligands [4] [dissolved in 75 % dioxane-water (v/v)] in 
thepH range 5-7. The reaction of ligand I with Hg(II) was an exception, where 
the mixing was performed at a ligand : metal molar ratio of 2:1. Each mixture 
was heated to 60~ with stirring for about 2 h, and was left to stand overnight. 
The solid complexes were collected, washed with double distilled water fol- 
lowed by alcohol, then dried in air and stored in a vacuum desiccator. The re- 
sults of elemental analyses are given in Table 1. 

The thermal stabilities of the solid complexes were studied by using TG, 
DTG and DTA techniques. The measurements were made with an OD-102 
Paulik-Paulik-Erdey derivatograph (MOM, Hungary). The samples were heated 
in platinum crucibles in static air atmosphere at a heating rate of 5 deg-min -1 up 
to 600~ using ot-A1203 as a reference compound. 

The infrared spectra were obtained from 4000 to 200 cm q on a PERKIN- 
ELMER IR spectrophotometer, with samples dispersed in KBr discs. 

Results and discussion 

Thermal Analysis 

The determined temperature ranges, % losses in mass and thermal effects 
accompanying the changes in the solid complexes on heating are given in Ta- 
ble 2, which revealed the following findings: 

(i) The observed loss in mass within the temperature range 50--130~ could 
be correlated with the loss of water of hydration. At higher temperatures 
(130-210~ the coordinated water could be eliminated from all complexes. 

(ii) Coordinated CI could be removed within the temperature range 
180-280~ and coordinated NO3 could be eliminated within the range 
210-3 lOOC [5]. 
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(iii) Exotherms due to oxidation, decomposition of the complexes and the 
formation of metal oxides were present in all curves except those for com- 
pounds containing Hg(II). 

(iv) From complexes containing Hg(II) (Fig. la), mercury began to sublime 
within the temperature range 210-240~ [6]. The organic part of the chelate 
gradually burned away and the crucible became empty within the temperature 
range 410-550~ The degradation of the organic part of the chelate was an en- 
dothermic reaction, which resulted in carbon as residue. The combustion of 
carbon to carbon dioxide was an exothermic reaction [71. 
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Fig. 1 TG, DTA and DTG curves of a) Hg(II) complexes of 1-phenyl-3-methyl-4(X-phenylhy- 
drazo)-5-pyrazolone ligands; b) UO2(II) complexes of 1-phenyl-3-methyl-4(X-phenyl- 
hydrazo)-5-pyrazolone ligands; e) Th(IV) complexes of 1-phenyl-3-methyl-4(X-phenyl- 
hydrazo)-5-pyrazolone ligands 
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(v) The thermal behaviour of the uranyl complexes (Fig. lb) shows that, in 
the cases of ligands I and III, two close exotherms (in addition to that for the 
coordinated NO3 at 235-310~ are observed (Table 2). One is related to the X- 
phenylhydrazo moiety (X = 3-O1-1 or 3-COOH) and the other to the release of 
the rest of the ligand itself [8], the final pyrolysis product being UO2. In the 
other derivatives, one strong exotherm (in addition to that of the coordinated 
NO3 at 210-290~ is observed (Table 2) and is related to the decomposition of 
the complex, with the formation of UO3 as final pyrolysis product [9, 10]. 

(vi) The Th(IV) chelates undergo almost explosive decomposition (exother- 
mic explosion) in the temperature range 215-250~ (Fig. lc). The results sug- 
gest the following general decomposition processes: 

70 - 170~ 210 - 260~ 
ThL(NO3)3.nH20 ' ThL(NO3)3 

300 - 470~ 
ThOC03 " ThO2 

where n = 4, L = (p-CH3PhHyPy) and n = 2, L = (p-OCH3PhHyPy); and 

150-  160~ 170-  210~ 
ThL(NO3)3-H20 �9 ThL(NO3)3 

300 - 460~ 
ThOCO3 + Th(CO3)2 + C ThO2 

where L = (p-COCH3PhHyPy). 
It is possible that the intermediate is not pure ThOCO3, but a mixture [11] 

of 

ThOCO3+Th(CO3)2+C 

o r  

ThOCO3 + Th(CO3h + ThO2 + C 

The explosive decomposition of Th(IV) hydrazopyrazolone complexes indi- 
cates that the nitrate groups do not participate in the chelation [12]. 

The results show that the thermal decompositions of the thorium(IV) 
chelates are similar to those of Th(IV) isophthalate and Th(IV) terephthalate 
[121. 

(vii) A rough sequence of thermal stability for the complexes, obtained from 
the peak maximum temperatures, is Hg(II) < Cu(II) < Fe(III) < UO2(II) 

The results for the metal contents [%M], calculated from the masses of the 
residual oxides, support the stoichiometry obtained from the elemental analy- 
ses. 
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Infrared spectroscopy 

The bonding of the ligands to different metal ions was investigated by com- 
paring the IR spectra of the free ligands [ 13] with those of their solid complexes 
(Fig. 2, Table 3). The following conclusions can be drawn: 
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(i) The spectra of the solid complexes exhibited a broad band at 
3500-3400 cm -~, which could be attributed to vtOH ) of the associated water 
molecules, while the band observed at approximately 760 cm -1 was assigned to 
coordinated water molecules [2], this being supported by results of TG and de- 
hydration methods [14]. 

(ii) The carbonyl absorption band V(co) (of the pyrazolone ring), at 1632, 
1642, 1650, 1645, 1635 and 1650 crn -~ [15] for ligands I, III, II, IV, V and VI, 
respectively, was shifted to frequencies higher by 30-15 cm -~ for all complexes. 
The changes in the carbonyl band position [16] in the IR spectra of the metal 
complexes indicate that the carbonyl group in the hydrazopyrazolone com- 
pounds is coordinated to the metal ions. 

J. Thermal Anal., 42, 1994 
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(iii) Additionally, the band of the free ligands located at 1592-1570 crn -~, 
due to v(>C=N) (attached to the hydrazo group), was shifted to frequencies 
lower by 10-35 cm -~, due to chelation with the metal ions [16]. 

(iv) The disappearance of the v(>NH) stretching frequency (located at 
2090-2030 cm -1 for the free ligands) on chelate formation may be caused by co- 
ordination of the hydrazo-nitrogen to the metal ion upon complexation. 

(v) The IR spectra of the solid complexes of ligands I and III show that the 
v(OH) phenolic and v(>C=O) (of the COOH group) bands are still at the same 
frequencies as for the free ligands. This indicates that m-hydroxy and m-car- 
boxylate groups do not participate [4] in chelate formation leading to a bidentate 
ligand, as shown in the following Formula: 

�9 CH a 

X 

X :OH or COOH Ph 

(vi) For UO2(II) complexes with m- and p-hydrazopyrazolone derivatives, 
the spectra show v(NO) stretchings at 1506-1500, 1270-1283 and 
1028-1030 crn -1. This indicates the coordinated nature of the nitrate group, 
which acts as a bidentate ligand [17]. 

(vii) The IR spectra of Th(IV)-hydrazopyrazolone complexes exhibit bands 
near 1770 and 2400 cm -1. That near 1770 cm -1 is relatively strong (very sharp) 
and could be assigned to a combination of the vl symmetric stretch and the doubly 
degenerate in-plane bending mode v4. The band near 2400 cm -* is weaker and 
more or less broad. The above two bands indicate that the nitrato group does 
not participate in chelation [18]. 

(viii) The spectra of the solid complexes of Fe(III), Cu(II) and Hg(II) exhibit 
a band in the range 315-360 crn -1 that could be attributed to M--CI [19, 20]. 

(ix) The new bands appearing in the ranges 647-605 and 503-422 cm -~ are 
assigned to v(M--O), while those at 579-540 and 387-360 cm -~ are assigned to 
v(M-N) [21]. 

(x) A sharp, intense band near 900 crn -~ in the spectra of all uranyl com- 
plexes is assigned to the asymmetric uranyl stretching frequency v(U=O) 
[22-24]. 

(xi) Bands corresponding to those at 605-617 and 422-468 cm -~ in the 
uranyl complexes were present in nearly all spectra and were the principal 
bands in the far IR region, exhibiting appreciable substituent sensitivity. Their 
assignment to v(u-o) was therefore preferred. Moreover, the corresponding 
bands at 630 and 500 cm -~ in the spectra of copper complexes were reliably as- 
signed [25] to V(c,_o) on the basis of normal coordinate [26, 27] and ~SO label- 
ling [28] studies. The finding that voJ_o ) is at lower frequency than V(c,.o) is 
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expected in view of the greater mass and higher coordination number of the ura- 
nium atom. 

(xii) The ligand orbitals of hydrazopyrazolones are group theoretically, ener- 
getically and occupationally suitable for participation in both donor (U--->L) and 
acceptor (L---~U) n-interactions with the uranyl ion [29-31]. Convincing evi- 
dence [29] has been adduced that U--->L n-bonding makes a significant contri- 
bution to the bonding in uranyl complexes, whereas in copper(II)-hydrazo- 
pyrazolone, Cu-->O n-bonding is generally considered to be relatively weak 
[32, 33]. This idea is supported by our thermal stability measurements. 

(xiii) Electron-withdrawing substituents appear to decrease the donor capac- 
ity of the carbonyl groups. This is evident from the V(c-o) values of our com- 
plexes and is a general feature of all transition and non-transition metal 
13-ketoenolates, with electron-withdrawing substituents [25]. At the same time, 
U---~O n-bonding will be facilitated by such substituents, leading to a positive 
contribution to v0J-o). 

The author wishes to thank the Department of Inorganic and Analytical Chemistry, La- 
jos Kossuth University, Dcbrecen, Hungary, for the elemental analysis and use of the instruments 
used in this manuscript. He would also like to thank Prof. Dr. Ern6 Brficher, Head of the De- 
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Zusammenfassung - -Mi t t e l s  TG, DTG und DTA wurde die thermische Dissoziation dcr 1- 
Phenyl-3 -mcthyl-4(x-phenylhydrazo)-5-pyrazolon-M ctaUchelate [M(x-PhHyPy)](x=m-OH(I), 
m-OCH3(II), m-COOH(III), p-CH3(IV), p-OCH3(V) und p-COCH3(VI) untersucht. Die anhand 
der Pcakmaxima-Tempcraturen erhaltene ungef'ahrc Reihenfolge ffir die thermische Stabilit~t lau- 
tetc: Hg(II) Cu(II) Fc(III) UO2(II). Die Bindung der Liganden an den Mctallionen wurde mit- 
tels Elementaranalyse und IR-Spcktraldaten untersucht. AuBerdem wurde die Anzahl und die re- 
lativcn Encrgien von Nitrat-Kombinationsfrcquenzen bei der Komplexierung yon para-substi- 
tuicrtem Hydrapyrazolon mit Th(IV)- und UO2(II) Mctallionen diskutiert. 
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