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Abstract

The oxime and Schiff’s base of N-furoylphenylhydroxylamine form complexes with Co?*,
Cu*, Zn*" and Fe**. These complexes were studied by means of the UV — Vis. spectra of nujol
mulls, electron spin resonance (ESR) spectra and magnetic susceptibility to determine their
stereochemistry. The complexes were characterized via elemental analyses, molar conductivi-
ties and thermogravimetric analyses. Organic reagents were used for the gravimetric determi-
nation of Co®*, Cu?* and Fe** through the precipitation of their complexes. The compounds
were also used for separation of a binary mixture of Cu?* and Cu**. Interferences were studied.

Keywords: analyses of metal chelates, determination of stereochemistry

Introduction

Hydroxamic acid derivatives have been used as analytical reagents for the
analysis of many metal ions [1-5]. The coordination phenomena occurring in
oximes and Schiff’s bases of hydroxamic acid derivatives, and also the forma-
tion of stable metal complexes have been investigated by many authors [6, 7].

In the present work, the complexes were isolated in the solid state and char-
acterized by means of spectral magnetic measurements and elemental and ther-
mogravimetric analyses. The organic reagents were used for the gravimetric de-
termination of metal ions after quantitative precipitation of the metal chelates.

Experimental

The oxime (I) and Schiff’s base (II) of N-furoylphenylhydroxylamine were
prepared [7, 8] with the general formula:

0368-4466/97/ 8 5.00 John Wiley & Sons Limited
© 1997 Akadémiai Kiado, Budapest Chichester



464 MOUSTAFA: ANALYSES OF METAL CHELATES

O—y—o»
C=N-—X
oo

where X=—0H (1) and X= )

The solid complexes were prepared by mixing a hot solution (0.01 mol) of
Co**, Cu®, Zn™ or Fe’* chloride with the appropriate amount of the organic re-
agents sufficient to form 1:1 or 1:2 (M:L) complexes in the case of divalent cat-
ions and also 1:3 (M:L) complexes in the case of trivalent cations. The reaction
mixture was then refluxed on a water bath for 2 h. The solid complexes sepa-
rated out from the mixture, and were #§ltered off, washed with dry ethanol and
dried over dried silica gel (vield in the range 78.5-91.7%). They were subjected
to elemental micro analyses for C, H, N, metal and chloride ion content. The re-
sults were in good agreement with those calculated for the suggested formulae.
The molar conductivities are listed in Table 1. Their structures were confirmed
by spectroscopic techniques and thermogravimetric analysis. The structures of
the solid chelates were previously suggested by the IR and "H NMR spectra [9].

To determine the metal ion content [10], the solid complexes were digested
with conc. HNOs, and then diluted to a measured volume. The determination
was performed by EDTA titration. The analysis of the solution for its chloride
ion content was performed by Volhard’s method [11].

Physical measurements and apparatus were as detailed earlier [7, 12, 13].

Results and discussion

The absorption spectra and magnetic moments of the complexes are given in
Table 1. The electronic absorption spectra of the ligands and their solid com-
plexes with Co®*, Cu®*, Zn®" or Fe’* were measured in dimethylformamide
(DMF), and also for solid complexes dispersed in nujol mull [14] (Table 1). The
visible spectra indicate that the CT bands for the ligands (281309 nm) are red-
shifted on complexation. The Co** complexes exhibit a band at 400—428 nm, as-
signed to the *4,,—"T}, (F) transition, which indicates an octahedral structure
[15]; transformation takes place through the coordination of two solvent mole-
cules (DMF), leading to the six-coordinated complex. The observed magnetic
moments of these cobalt complexes are 4.26—4.55 B.M. at room temperature.
The Cu®" complexes exhibit a broad band at 605-640 nm, assigned to the
?Ey—" Ty, transition, which indicates square planar geometry. The magnetic mo-
‘ments of the copper complexes were found to be 1.78-1.96 B.M. a dsp” hybrid
orbital being involved. The Zn** complexes exhibit a shoulder at 455—480 nm,
assigned to the 2Blg—>1Alg transition. This may be ascribed to square planar ge-
ometry. The Fe’* complexes exhibit a band at 510-533 nm, which may be as-
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Fig. 1 ESR spectra of Cu?*-chelates with ligand I

signed to the 6Alg—>"'ng (G) transition in octahedral geometry of the complexes.
The observed magnetic moments of the Fe’"complexes are 5.53—5.90 B.M.
Thus, the complexes formed have octahedral geometry involving d*sp® hybridi-
zation in the Fe*" ion.

The ESR spectra of the Co>*, Cu®** or Fe** complexes, measured at room tem-
perature, exhibit an intense broad signal and no obvious hyperfine structure for
the Cu”* complexes (Fig. 1). The g« values of the chelates are given in Table 1.
The data in Table 1 may indicate elongated octahedral geometry for the Co™,
square Planar geometry around the Cu®" and elongated octahedral geometry for
the Fe’". The positive contribution to the g.i; value over that for a free electron
(2=2.0023) may indicate an increase in the covalent nature of the bonding be-
tween the metal ion and the ligand molecule [16]. The magnitude of covalent
bonding varies according to the nature of the ligand and the metal ion in the com-
plex.
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Fig. 2 Thermoanalytical curves of Zn**~chelates with ligand II
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The molar conductivities (Am) of 1x10™> M solutions of the metal complexes
in DMF at 25°C are in the range 4.6 —24.5 ohm™ cm”? mol”l, i.e. the complexes
behave as non-electrolytes. Accordingly, the chloride ions contribute to the co-
ordination sphere in the complexes under investigation.

The thermogravimetric analyses of some of the solid complexes were per-
formed in nitrogen atmosphere (Fig. 2). The loss in mass was measured from am-
bient temperature up to 900 °C at a rate of 10°C min™". Each inflection in the TG
curve is accompanied by an endothermic peak in the DTA curve, corresponding
to certain phase transitions. From the TG curves of the Co2+, Cu2+, Zn*" and Fe**
complexes, the loss in mass of each chelate was used to calculate the number of
water molecules (Table 2). The metal content was confirmed by calculating it
from the residual mass, after complete decomposition of the chelates to the cor-
responding metal oxide, the method described in [17] being applied (Table 2).
According to the literature [18], water eliminated below 120°C can be regarded
as crystal water, whereas water eliminated above 150°C is water coordinated to
the metal ion in the chelates. The coordinated chloride ion is volatilized within
the range 270-325°C. Above 335°C, decomposition of the complex species
takes place with an inflection over the range 380-580°C in the range
30-55 wt%, indicating the transformation of another type of complex at this
temperature. The formation of metal oxides starts above 600°C for the com-
plexes. The final inflection shown by the 1:1 solid chelate in the 16.8-23.2 wt%
range corresponds to the metal oxide residue, whereas for the 1:2 chelate it oc-
curs at 11.0—15.2 wt% for the Co**, Cu®*" and Zn** complexes. The thermal deg-
radation of the Co®*, Cu®" and Zn** complexes can be represented as follows:

[ML-Cl-H,0]H;0 w;Hior» ML-CL-H,0

-120°C
- H,0 -Cl

——— ML.C| ———— [ML

160-180°C 270-310°C [ML]

above 650 °C
decomposition

metal oxide (CoO, CuO or ZnO)

. ~H;0 . —H,0
MLy2H0 T See MLrH0 T oose

270-360°C bove 650°C
ML, [ML] above

decomposition

metal oxide (CoO, CuO or ZnO).

The thermal degradation of the Fe’* complexes can be postulated as follows:

[FeL-2C1-2H,0]H,0 ﬁ% [FeL-2C1-2H20]
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—2H20 . Fel 2C1—2 [FeL]
180—-190 C 300-310 C

decomposition

FeO
480-650 C

—-2H,0

[FeLs}- 2H:0 ="

Fels

above 400-650°C
decomposition

FeO

The DTA curves of the metal complexes are characterized by the presence of
an endothermic peak in the temperature range 80-220 °C. This is the tempera-
ture range in which water molecules are expelled. The DTA curves (Fig. 2) show
several endothermic peaks at =600°C, which are due to the decomposition of the
anhydrous complexes (ML) to the metal oxide in the experiments carried out by
using a nitrogen atmosphere. The energies of activation (%,) of the thermal de-
composition of the complexes are evaluated from the thermal curves (Table 2)
as given in a previous work [19]. Generally, the reaction follows first-order ki-
netics. Arrhenius plots were constructed (Fig. 3) and E, was obtained from the
slope.
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Fig. 3 Arrhenius plots constructed from DTA curves of some solid complexes

. . . . + + +
Gravimetric determination ofCo2 , Ci*" and Fé’

The organic ligands were used as reagents for the precipitation of Co*", Cu®*"
and Fe’* complexes by using a buffer solution of 10% sodium acetate and dilute
HCl to adjust the pH to the corresponding values for Co*'=6.0-6.8, Cu**=4.0—
5.5 and Fe'*=3.0-3.8. The complex precipitate was filtered off on a G-4 sintered
glass crucible, washed with hot distilled water, dried at 120°C to constant mass
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and kept in a desiccator over dry calcium chloride. To determine the quantity of
Co**, Cu** and Fe’”, the precipitate was ignited at 750°C to yield the oxides (Ta-
ble 3). The free ligands I and II are colourless while the complexes exhibit dis-
tinct colours, e.g. pale-brown complexes of Co**, greenish-yellow complexes of
Cu’" and red complexes of Fe**.

Table 3 Determination of metal ion as oxide

C Wit. taken Wt. of oxide Wt. found % Error
omplex +
mg -
Co?*-1 2622 68.00 26.16 0.13
Co®™-11 25.17 66.50 25.32 0.12
Cu®'1 58.50 74.61 58.57 0.10
Cu?*-11 53.81 68.82 53.90 0.21
Fe*'-I 29.94 34.83 29.70 0.80
Fe*-II 18.71 21.75 18.55 0.85

. . . . + . +
Gravimetric determination ofCo2 in presence ofCu2

A mixture containing known amounts of Cu®** and Co?* was diluted to 80 ml
with distilled water. A 10% buffer solution of sodium acetate and dilute HCI was
then added to adjust the pH to about 4.8. The solution was heated to boiling and
copper was precipitated by the gradual addition of the organic reagent I or II
(30 ml of 1x107> M solution). The precipitate of the Cu** complex was heated on
a-‘water bath for 2 h with occasional stirring, filtered through a No. 4 sintered
glass crucible, washed well with hot distilled water and dried at 110-120°C to
constant mass. The copper content of the precipitate was calculated by multiply-
ing the mass of the precipitate by the chemical factor. Before the subsequent de-
termination of Co”*, 10 ml of 2% hydroxylamine hydrochloride was added. The

Table 4 Determination of Cu®* and Co®" ions in a mixture

Mixture Taken Found % Error
No. mg
cu®* + Co** cu® + Co*" cu* Co*
1 33.10 26.21 32.97 26.30 0.14 0.10
2 27.80 28.32 27.64 28.36 0.20 0.08
3 30.44 29.35 30.58 29.31 0.15 0.10
4 39.71 31.46 39.62 31.48 0.13 0.04
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Co”" in solution was then determined as described above after adjusting the buff-
er solution to pH= 6.5. A known mass of the precipitate of the metal complex
was ignited to the metal oxide. The metal content was calculated by multiplying
the mass of the metal oxide by the chemical factor. The metal ion concentration
in the separated complex was determined after igniting a known mass of the
complex, dissolving the remaining metal oxide in conc. HNQO; and removing the
excess HNQOjs by evaporation. The metal ion was then determined compleximet-
rically [10]. Table 4 indicates that Cu** and Co*" can be separated quantita-
tively, and hence they can be determined separately.

The average error for several determinations by gravimetric methods was
found to be less than 0.99%.
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