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The antimony(Ill) trihalides, SbX 3 (X = CI, Br and I), react with the title ligands to give the 
compounds SbX3L, where L = benzoyl- and monochlorobenzoylhydrazones of 2-furaldehyde 
(FBHH and FCIBHH), 2-pyrrolaldehyde (PBHH and PCIBHH) and 2-thiophenaldehyde 
(TBHH and TCIBHH). The characterization of the new species was based on their elemental 
analyses, spectral data (IR and UV-Vis) and thermal studies. The ligands appear to offer two 
coordination sites (the carbonyl and azomethine groups) and perhaps a third one (the 
heteroatom of the heterocyclic ring). The thermal decompositions of the studied complexes 
proceed via one or three stages, the number of stages depending on the nature of both the 
hydrazones and the halogens. The structures proposed for the investigated complexes are either 
pseudo- or distorted octahedral. 

Our project concerning the complexes of monohalogenobenzoylhydrazones 
started several years ago. In the course of this work we have prepared and studied 
the Sn(lI) [1] and Ni(lI) [2] complexes, as well as those of the liB subgroup metals 
[3]. After these first attempts, our interest focused on the synthesis of Ti(IV) 
complexes, and a distorted octahedral structure was accepted around the titanium 
atom [4]. In order to test the coordination ability of the monohalogenobenzoylhy- 
drazones towards metals from other parts of the periodic Table, we tried reactions 
with Pt(II), Pd(II), Rh(lll) and Sb(lII). The former metals gave several interesting 
compounds; their synthesis and structural study have recently been published [5]. 
The crystal structure and spectroscopic study of one of the latter complexes have 
already been reported [6], while the study of another one is still in progress [7]. 

In the present paper we almost complete our investigation on Sb(IIl) complexes 
by reporting the preparation of some new ones. The IR and UV-Vis spectra of all 
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complexes, and the thermal data on certain selected ones, are reported and 
discussed. 

Experimental 

C, H and N analyses were performed with a Perkin-Elmer 240 microanalyser. 
Infrared spectra were recorded with KBr discs on a Perkin-Elmer 467 spec- 
trophotometer (over the range 4000-200 cm-1). Electronic spectra were obtained 
in 1 cm quartz cells on a Perkin-Elmer/Hitachi 200 spectrophotometer. The 
thermoanalytical investigations were carried out with a Mettler TA 2000 system 
equipped with a Metrowatt SE 460 recorder. A sample weight of ca. 20 mg was used 
and the heating rate was 10 deg/min. A dynamic N 2 atmosphere was applied in all 
cases, to avoid oxidation of the sample. 

Benzoyl- and monochlorobenzoylhydrazones were prepared by literature 
methods [8]. 

Preparation of complexes 

All these were prepared according to the following general procedure: 
Equal volumes (10 ml) of equimolar (1 mmol) solutions of hydrazone and an 

antimony(Ill) trihalide in dry methanol were mixed, and the resulting solution was 
stirred for 1 h at room temperature. It was then concentrated to half its volume, 
affording a residue. The solid was removed by suctional filtration, washed with 
diethyl ether (2 • 10 ml) and dried in vacuo. 

The procedure could be accomplished in considerably less time by warming the 
reaction mixture at 40-50 ~ . 

All the new compounds could be recrystallized from warm methanol. 

Results and discussion 

Treatment of antimony(III) halides with the title ligands in 1 : 1 molar ratio in dry 
methanol resulted in formation of the complexes I-XV. The new compounds are 
microcrystalline solids, very stable in dry air. They appear to be soluble in polar 
solvents, e.g. ethanol~ methanol, DMF and DMSO, whereas they are insoluble in 
the most common organic solvents. It had been anticipated that the new complexes 
would undergo hydrolysis [9]; indeed, they react rapidly with water, affording 
analogous products. Analytical results, colours and yields of I-XV are displayed in 
Table 1. 
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The conductance data on all complexes in methanol solution indicate the 
presence of non-electrolytes. 

Electronic-infrared spectra 

The absorption maxima of the studied complexes in methanol solution are listed 
in Table 2. The two intense absorption bands in the ranges 220-241 and 
307-325 nm are due to intraligand transitions of Ir*~ rr and rr*~ n types, located 
mainly on the C = N and C = O groups, respectively [10]. No appreciable shifts were 
observed when the spectra of the complexes were compared with those of the free 
ligand. Consequently, we cannot rely on the electronic spectra in order to draw 
conclusions concerning the possible coordination sites of the ligands. Bands 
occurring in the region 480-580 nm for complexes VI and XIII-XV may be 
assigned to ligand-to-metal charge-transfer transitions, which are considered 
responsible for the colour of the compounds. However, the IR spectra are more 
informative about the possible coordination sites of the investigated ligands and of 
the others incorporated in complexes I-XV. In particular, the IR spectra of the 
compounds show bands due to v(C = O) at lower frequencies than those of the free 
ligands [11-13]. The lowering lies between 15 and 75 cm -~, indicating that the 
C = O group is one of the coordination sites of the ligands. The absorption bands 

attributed to the/N'C = N stretching frequency in pure hydrazones shifted to values 

lower by 15 to 65 cm- 1, indicating that the nitrogen of the azomethine moiety is the 
second coordination site [11-14]. The existence of bands assigned to v(Sb-O) (Table 
2) and to v(Sb-N) lends further support to the above arguments [11-17]. Moreover, 
the new complexes show peaks due to v(Sb-X) (X = C1, Br, I) [12, 13, 17, 18], along 
with bands at around 920 cm- ~ assignable to v(N-N), which are shifted to higher 
frequencies than those of the free ligands [19, 20]. Another feature of the I R spectra 
is that they exhibit bands in the range 3300-3140 cm-], indicating the presence of 

the ~/N-H group in the complexed molecules [9-11]. Taking into account only the 

above IR data and the analytical results on all the complexes, one can presume their 
pseudooctahedral structure. However, the existence of bands in the region 
375-345 cm - 1 in the IR spectra of VII-XII, which can be assigned to v(Sb-S), is an 
indication that the ligands may offer the heteroatom (O, N, S) of the heterocyclic 
ring as a third coordination site. Unfortunately, we have been unable to detect 
bands due to v(Sb-O) and v(Sb-N) in the spectra of the other complexes, the reason 
probably being either that they are obscured by related absorptions or we cannot be 
certain about theirpositions. Consideri~ag the known tendency of antimony(Ill) to 

J. Thermal Anal. 35, 1989 
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achieve hexacoordination in its complexes [11], we can conclude that the new 
compounds may have a distorted octahedral structure. 

Thermal analysis 

TG, DTG and DTA curves for selected antimony(III) complexes of mono- 
chlorobenzoylhydrazones are shown in Figs !:LS. Detailed TG, DTG and DTA for 
the same complexes, and corresponding temperature ranges, mass losses and 
residue masses, are listed in Table 3. 

4C 
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Ternperoture, ~ 

100 300 500 700 
IG i ~ % ~  I ' I ' 
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-DTG 
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Fig. 1 Thermoanalytical curves for SbCI 3 �9 FpC1BHH 

Generally, the thermal decompositions of the investigated complexes proceed via 
one or three stages; the number of such stages depends on the natures of the 
hydrazone and of the halogen involved. 

A common feature of the thermoanalytical curves is that the DTA curves exhibit 
peaks at lower temperatures than those at which the TG profiles indicate the 
beginning of fhe actual mass loss. This abnormality could be rationalized by 
accepting that the complexes absorb energy prior to the starting of the 
decomposition, which is used to cause excitations and possible rearrangements of 
certain bonds, the rupture of which occurs at higher temperatures. Moreover, none 
of the DTA curves of the complexes show any peak corresponding to the main 
decomposition; this could be due to concomitant exothcrmic and endothermic 
reactions, each of them diminishing the effect of the other. 

The TG profile of SbC1 a �9 FpC1BHH shows three consecutive steps. The first step 
corresponds to the evolution of a chlorine atom, whereas the second and the third 
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ones indicate the removal of  the FpC1BHH ligand and the loss of  another two 
chlorine atoms, respectively. The experimentally found percentage of the final 
residue (25%) is very close to the calculated one (25.54%), if it is considered to be 
elemental antimony [21]. 
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As far as the complexes SbC13 �9 TpC1BHH and SbBr 3 - TpC1BHH are concerned, 
their thermoanalytical curves exhibit only one step. Consequently, they appear to 
lose one ligand and three halogens simultaneously. However, the D T G  curve of  the 
latter complex shows a peak and a shoulder at 315 and 355 ~ respectively; the 
former corresponds to the loss of one ligand and a halogen, and the latter to the 
evolution of two halogens. The percentage of the residue left for SbBr 3 �9 TpC1BHH 
is almost the same as the calculated one, whereas the percentage for 
SbCI3"TpC1BHH is much lower than the expected one. 

The TG curves of SbI 3 �9 TpC1BHH and SbI 3 �9 PmC1BHH do not display well- 
defined stages and their other thermoanalytical data are not very informative about 
their mode of degradation. In particular, the thermal decomposition of 
SbI 3 �9 TpC1BHH appears to be rather complicated because i t s / )TA curve contains 
more peaks, mainly, exothermic, than the curves of all the other complexes in 
question. On the other hand, its TG curve suggests that it loses one ligand and two 
iodine atoms in one  step, or one ligand and three halogens in the first two stages. 
The complex SbI 3 �9 PmC1BHH seems to lose two iodine atoms and one ligand in 
three overlapping steps. The percentage of  the residue left is much lower than the 
expected one for SbI3.TpCIBHH, and slightly lower for SbC13 �9 PmCIBHH. 

In conclusion, the thermal  investigation of  the studied complexes showed that 
only the decomposition of  s b c ! 3 . F p C I B H H  proceeds in a fairly smooth and 
understandable way. The TG curves of  the other compounds show decompositions 
occurring either in one step or in three overlapping steps. This situation may be due 
either to the physical" condition of  the decomposing solid, which may not allow the 
evolved moities to escape easily, or to the volatility of the halogen involved. The 
latter could mean that the evolution of a certain halogen could take place in two 
consecutive steps, therefore making them overlapping. A combination of the two 
factors may perhaps play the most important  part in the decomposition of  the 
investigated complexes. 

The mass spectra in no cases exhibit peaks due to molecular ions, whereas 
fragments of the ligands involved were detected, as well as some halogenated species 
of antimony(Ill  ), SbX~ (X = C1, Br and I; n = 1-3). 

From the available thermoanalytical data and the data obtained from the mass 
spectra, we propose the following decomposition reactions for complex IV: 

SbC13(FpCIBHH ) --*{SbClz(FpC1BHH)} + C1 " 1st step 

[~{SbC12} + {FpC1BHH} 2nd step 

~ S b  + 2C1 3rd step 
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TOSSIDIS et al.: MONOHALOGENOBENZOYLHYDRAZONES 1349 

Unfortunately, the available thermoanalytical data on the other studied 
complexes do not allow us to be sure that the above mechanism also holds for them. 
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Zusammenfassung - -  Antimon(III)-trihalogenide, SbX 3 (X = C1, Br und I) reagieren mit den 
Titelliganden und liefern Verbindungen der allgemeinen Formel SbX3L (L = Benzoyl- bzw. 
Monochlorobenzoylhydrazon von 2-Furfuraldehyd (FBHH und FC1BHH), von 2-Pyrrolaldehyd 
(PBHH und PC1BHH) und von 2-Thiophenaldehyd (TBHH und TC1BHH). Die neuen Verbindungen 
wurden mittels Elementaranalyse, Spektraldaten (IR und UV) sowie thermischen Untersuchungen 
beschrieben. Zwei Koordinationsstellen scheinen von den Liganden bevorzugt zu sein: die Carbonyl- 
und die Azomethingruppe. Eine dritte k6nnte das Heteroatom des heterocyclischen Ringes sein. Die 
thermische Zersetztmg der untersuchten Komplexe vollzieht sich in Abh~ingigkeit vonder  Natur der 
Hydrazone und der Halogene in einem oder in drei Schritten. Als Struktur fiir die untersuchten 
Komplexe wird eine pseudo- oder verzerrte oktaedrische Struktur vorgeschlagen. 

l P e 3 ~  - -  Faaomlu TpexaanenTaOfi cypbMbI SbX 3 (X = C1, Br, I) pearnpyloT c 6erl3olLrl- H 
MOltOxaop6erlaomn'n/ipaaorlaMn qbypqbypoaa, 2-nnppoaa.ab~lerrtaa rl 2-TriOqbena.nb~eri~a, ~laBaa 
coeamaeaast o6mefi tllopMy.rlbl SbJ(3L. XapaKTepHcTlaKa HOBblX coeAuaeanfi 6blaa IlpOBc,aeaa 
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9aeMeHTltblM aHa.rllt3OM, cnegTpOCKOIll, lqecl(liMl.I ncc.aeaoBaaxaMrt ( H K  cneKTpocKon~ta rt cnel<Tpoc- 

gonrta B yabTpadpHOheTOBOfi Vi BI4~HMOfi O6JIRCTH), napstay c ax TepMBtleCKHM accaeaosaaaeM.  3]rlt'altabl 

Hpcd.Ll, llOtlTHTe21bHO Koop,/lI4nHpytoTC2 fro Kap6out4.abHOfi H a3OMeTt4ltOBO~ rpynttaM H, BO3MO)I(HO, 

TaK)Kt~ 14 IIO I'eTepOaTOMy reTepOtlHKfla. TepMHqeCKOe pa3Jio)geHHe KOMII31eKCOB npoTeKaeT a oLltly HJII4 

21Be Cl'a21HI4 B 3aBHCHMOCTH OT rlpHpoJlbI O6OHX FHJlpa3OHOB 14 FadlOH,KOB. I-Ipe~IOXeHHblMH 

cTpyKTypaMH 2tSla KOMIIJleKCOB }IB31}IIOTC~! nceBllOOt~Ta3ItpHqecKaa ri.arl 8apymeHHa~ oKTa3~tpxqec~a~. 
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