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Abstract

Strontium complexes of 3,7-dibromo-, 5,7-dichloro-, 7-iodo- and 3-chloro-7-iode-8-hydroxyqui-
noline were precipitated from an agucous ammonia and acetone medium. The complexes obtained
were SH{CyH ONBr)]2.5H,0;  Sr[(CyH,ONCLYOH)]1 1.5H,0;  Sr[(C,H,ONI,)SH, 0 and
St[(C,H,ONICI)(OH)]-1.25H,0. The residues of their thermat decomposition were StBry; a mix-
ture of §1Cl,, SrCO, and 8r0; SrCO, and SrCO;, respectively. All were characterized by means of
thermogravimetry, differential thermal analysis, complexometry with EDTA, atomic absorption
spectroscopy, IR spectroscopy and X-ray diffraction.
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Introduction

8-Hydroxyquinoline forms complexes with more than forty metal ions in differ-
ent oxidation states. For cach metal ion, there is a pH interval in which complete pre-
cipitation occurs; the use of difTerent conditions can lead 1o complexes with different
degrees of hydration and different crystal structures [1-5].

Halogenated derivatives of 8-hydroxyquinoline have been investigated as ana-
lytical rcagents for the determination of metals under different conditions, such as
precipitation agents in absorptiometry and extraction from selvents [6].

Wendlandt and Horton studicd the thermal behaviour of 8-hydroxyquinoline,
5,7-dichloro-, 2-methyl-, 5-iodo-, 5,7-dibromo- and 5,7-diiodo-8-hydroxyquinoline
and 8-hydroxyquinoline complexes of Cu, Zn and Cd and also the 8-hydroxygquino-
line derivative complexes ol Th, Al and Cu. The peaks observed in the DTA curves
were attributed to dehydration, fusion and/or thermal decomposition of the chelate
agents and o thermal decomposition of the metal complexes [7].

The present work reports the synthesis of strontium complexes with some 8-hy-
droxyquinoline derivatives.
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The influence of the halogen in the formation of the complexes and in the thermal
decomposition processes was investigated.

Experimental

The reactions of 8-hydroxyquinoline with the respective halogen in a medium of
acetic acid/water resulted in the ligands 5,7-dibromo-, 5,7-dichloro- and 7-iodo-8-
hydroxyquinoline [8]; the reaction of 7-iodo-8-hydroxyquinoline with chlorine in
aqueous  medium  fuenished  5-¢hloro-7-iodo-8-hydroxyquinoline.  CoH4ONDBr;
(m.p.=199.1°C, N=4.56%, C=36.25%, H=1.41%); CeH4ONCl, (m.p.=182.1°C,
N=6.51%, C=50.6%, H=2.37%) and CyHsONI (rm.p.=136.5°C, N=5.49%, C=33.3%,
H=1.56%).

The solid-statc compounds of strontium with these 8-hydroxyquinoline deriva-
tives were preparcd by mixing, under constant stirring, an aqueous solution of stron-
tium nitrate and an acetone solution of the relevant 8-hydroxyquinoline derivative.
The pH was adjusted to 9 with concentrated aqueous ammonia solution under con-
stant stirring and the mixture was heated for 1 h and then allowed to stand al room
temperature until complete sedimentation had occurred. It was next filtered and the
precipitate was washed scveral times with dilute agueous ammonia solution in order
to climinate the excess of the ligand. The precipitate was dried at 60°C and stored in
a desiccator containing anhydrous CaCl,.

The number of' water molecules was established rom the TG curves; the 8-hy-
droxyquinoline derivative contents were found from the TG curves and from cle-
mental analysis; and the strontium conlents were determined from the TG curves and
atomic absorplion spectrophotometry.

TG and DTA curves were obtained with an SDT 2960 apparatus (TA Instru-
ments) in a synthetic air almosphere, with a flux of 150 ml min~!, at a heating rate of
20°C min', with a sample mass of around 8 mg, in an alumina crucible,

The strontium contents in the complexes were determined by using inductively
coupled plasma spectrometry (ICP) (Thermojarrel Ash, model CID-DUO, line
189.989 {136]).

IR absorption spectra were obtained in the region 4000-400 ¢m™! by using a Ni-
colet Infrared Spectrophotometer model 400 with 4 cm™' resolution, on solid com-
plexes run as pressed disks in KBr as dilucnt.

Elemental analysis data were obtained with a CHNS-0O, model Ea 1110 instru-
ment (CE Instruments).

Results and discussion

TG-DTA curves

Sr{CyH4ONBrR),]-2.5H20 (Fig. 1a) displayed one step ol mass loss in the TG
curve up to 220°C, reflecting the dehydration of the compound, with a correspond-
ing endothermic peak at 139°C in the DTA curve. The thermal decomposition of the
anhydrous complex occurred in three consecutive steps of mass loss up to 675°C,
with the formation of StBry (37.9%) plus a carbonized residue. In this temperature
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Fig. 1 TG and DTA curves of the complexes: a - Sr[(C,H,ONBr,},]-2.5H,0;
b~ Sr{(C,H,ONCI,),]-1.5H,0; ¢ - $1[(C,H,ONL,)]-5H,0 and
d - Sr[{C,H,ONICI){OH)]-1.25H,C

interval, the DTA curve contained an endothermic peak at 274°C, followed by two
intense exothermic peaks, at 468 and 594°C. The presence of SrBr; as the residue of
the thermal decomposition was verificd through the fusion peak at 641°C in a cool-
ing/heating DTA curve (Fig. 1a’) and through qualitative tests for bromide ion [9].
Mass losses above 700°C were attributed to SrBr, volatilization, which was not com-
pleted up to 1200°C.

S{(CyH4ONCIL)(OH)]-1.5H,0 (Fig. 1b) gave an ecndothermic peak at 145°C in
responsc to the dehydration of the complex. Following this process, consecutive
mass logees were verified, with a corresponding intense exothermic peak at 442°C,
which reflects the thermal decomposition of the complex up to 545°C, with the for-
mation of a residue containing SrCO5, SrO and a small amount of SrCl,. Between
545 and 900°C, SrCQO underwent thermal decomposition to SrO. The mass losscs
observed above 900°C were due to the volatilization of SrCly present in the residuc.
The presence of SrCl; was verified through qualitative tests for chloride ton [9];
SrCO4 and SrO were identified by X-ray diffractometry (Fig. 2a).

The TG-DTA curves of Sr[(CqHsONI),|-5H,0 (Fig. lc) indicated two consecu-
tive mass losscs up to 240°C, with only one endothermic peak, at 138°C, which char-
acterizes the dehydration of the complex, Between 240 and 740°C, there were two
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mass loss steps, with corresponding exothermic peaks at 222-523°C and 634°C, ac-
companying the formation of SrCO3, which decomposes between 750 and 990°C, as
seen in the TG curve, and an endothermic peak at 888°C in the DTA curve, associ-
ated with the formation of SrO. The presence of SrO in the [inal residue was verified
by X-ray diffractometry (Fig. 2b).
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Fig, 2 XRD patterns of the complexes residue: a - Srf{C,H,ONCI,),]-1.5H,0 at 800°C;
b — Sr[(C,H,ONI,)| 53,0 at 750°C; ¢ — Sr[(C,H,ONICH(OH}]-1.25H,0 at 800"C and
d - St[(C,H,ONICI(COH))1.25H,0 at 1200°C

The TG-DTA curves of St[(CoH,ONICH(OH)]-1.25H,0 (Fig. 1d) contained two
consccutive mass losses up to 220°C, with corresponding endothermic peaks at 115
and 156°C, relating to the dehydration of the compound. At around 300°C, the hegin-
ning of thermal decomposition of the anhydrous complex in two main steps was ob-
served, with exothermic peaks at 274-519°C and 686°C, corresponding to the for-
mation of SrCO;, and also that of SrCly at 725°C. The SrCO; formed decomposed
and the SrCl; volatilized above 800°C in two mass loss steps up Lo 1 100°C, where the
presence of SrO could be observed, as revealed by X-ray diffractometry (Figs 2c, d).
Corresponding endothermic peaks occurred at §50-950°C and at 950-1060°C, re-
spectively. The presence of SrCly in the final residue at 725°C was verilied through
qualitative tests for chloride ion [9].
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IR spectra

The IR spectra cxhibited characteristic bands [10] for each of the complexes
(Figs 3a-d). Sr[(CoH4ONBr;),]-2.5H,0 gave bands of medium intensity at 731 and
675 cm™', clearly related 1o the equatorial and the axial C-Br stretching vibration,
respectively, The absorption bands at 928 and R5R em”™! ean he attributed 10 the de-
formation vibrations of the C—-C bond corresponding to the carbon-bromo bond. For
the compound containing two chlorine atoms, the absorption bands in the region of
7%0 and 742 em™} were ascribed to the stretching of C-Cl axial, while for the com-
pound containing iodine, the absorption bands at 723 and 653 et are due to the
stretching of the C-1 bond. For Sr[(CyH,ONICH{OH)]-1.25H,0, weak bands were
verificd at 653 and 548 cm™', and were attribuled to the stretching vibration of the
C-Cl axial and of the C-1 equatorial; however, only stretching of the C-Cl equato-
rial can be ascribed to 820 em™ and stretching of the C~1to 569 ¢cm™".
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Fig. 3 IR Spectra of the complexes: a - St[(C,H,ONBr,),]-2.5H,0;
b - S1{{C,H,ONCI1,),}-1.5H,0; ¢ ~ St[(C,H,ONI,)]-5H,0 and
d - Sr[(C,H,ONICT(OH))-1.25H,0

St[(CyH,ONCIYOH)]-1.5H,0 and Sr[(CyH,ONICH(OH)] 1.25H,0 should pre-
sent bands due to symmetric and asymmetric H-OH stretching vibrations, but they
could not be identified: all of the spectra contain bands in the region 3500 to
300 cm™! that relate to the moisture content of the KBr used to prepare the pressed
disks of the chelales.
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Table 1 Metal, ligand and water contents from analytical and thermoanalytical {TG) data

Strontium % Water % Ligand %
Compound
Theor. TG AAS Theor. TG Theor. TG
Sr[(C,H,ONBr,),]- 2.5H,0 11.90 1280 12.43 6.1 6.50 8199  R0.70
Stl(C,H,ONCL)OH)]1.5H,0 2542 2515 2533 7.84 721 6674 67.64
St[{C,H,OND),]-5H,0 1221 1226 1220 1255 12.00 7524 7574

Sr[(C,H,ONICH(OH)]-1.25H,0 2030 1965 1983 522 501 7448 7534

Table 2 Results from elemental analysis

C% H % N %
Compound
Theor.  Exper. Theor.  Exper. Theor.  Exper.
St[(C,11,ONBr,},]-2.5H,0 29.35 31.91 1.79 1.83 3.80 393
Sr[(C,H,ONCL)YOH))-1.5H,0 31.36 33.73 2.34 2.08 4,06 4.27
S1[{C,H,ONI},|-5H,0 30.12 29.61 3.10 2.67 3.90 4.10

Srl{C,H,ONICI)}(OH)]-1.25H,0 25.04 27.37 1.75 1.29 3.24 2.60

Conclusions

The presence of halogen on the 8-hydroxyquinoline ring resulied in changes in the

thermal decompositions of the complexes, and also in diversity in the residues formed.
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