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ABSTRACT

The thermal behaviour of the chelates of 5,5-methylendisalicylhydroxamic acid with
Pb(I), Zn(II), Ni(I), Cd(IL), Fe(Ill), Cr(IIl), AKIII), Ti(IV). V(V), Mo(VI) and Cu(II) has
been studied by thermogravimetry (TG), differential thermal analysis (DTA), IR spectros-
copy and X-ray diffraction.

The compounds decompose through three major steps, dehydration, transformation of the
anhydrous hydroxamates to intermediate N-hydroxylactams, which decompose to yield metal
oxides as the final products.

INTRODUCTION

Most of the common hydroxamic acids have been investigated as precipi-
tating agents for metal ions [1], but practically no work has been reported on
the thermal decomposition of these compounds and their metal complexes
[2].

Our recent paper [3] presents the synthesis and physico-chemical proper-
ties of 5,5-methylendisalicylhydroxamic acid (MEDSHA) as well as its
coordination ability to numerous metal ions in aqueous solution.

In this paper, we present a study of the thermal stability of metal
complexes of MEDSHA with Pb(II), Zn(II), Ni(II), Cd(1I), Fe(1II), Cr(III),
AI(IIT), Ti(IV), V(V), Mo(VI) and Cu(II).

EXPERIMENTAL

Preparation of reagent and chelates

All chemicals used in this work were reagent grade. The S5,5'-
methylendisalicylhydroxamic acid was prepared by the method reported
earlier [3]. B S |
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The metal chelates were prepared by interaction of reagent and the
corresponding metal solutions in hot water [4]. Table 1 contains elemental
analysis data. The water content in the substances, was obtained from the
TG curves, and the metal content gravimetrically as oxides.

Apparatus

The simultaneous TG and DTA were performed with a Setaram GDTD-10
thermoanalyzer fitted with a B-70 electrobalance with thermocouples of
Pt/Pt-Rh in an alumina base. The measurements were made in static air
atmosphere, at a heating rate of 2°C min~!. Approximately 10 mg samples
were taken in an alumina crucible using calcinated a-alumina as reference
material.

Infrared spectra were recorded with a Beckman 4240 IR spectrophotome-
ter in the 4000-250 cm™' range,. using the KBr pellet technique. X-Ray
analyses of the residues were carried out on a Philips PW 1060.

RESULTS AND DISCUSSION

Thermogravimetric analysis curves for the metal chelates of MEDSHA are
present in Fig. 1 and differential thermal analysis curves are given in Fig.2.

Woight loss
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Fig. 1. Thermogravimetric analysis curves of the metal chelates of 5,5-methyl-
endisalicylhydroxamic acid. A, RH,Pb; B, (RH,;)Zn-2H,0; C, (RH,)Ni-2 H,0; D,
(RHz)Cd‘Z.S Hzo; E, (RH2)3Fe2'6 H‘_)O; F, (RHz)Cr(OH)'Z Hzo; G’, (RHz)AI(OH)'
2H,0; H, (RH,);Ti,(OH),-4 H,0; I, (RH;)V0,-2H,0; J, (RH,)Mo00,-3 H,0; K,
(RI{)z(RHz)C94‘5 H,0.
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Fig. 2. Differential thermal analysis curves for the metal chelates of 5,5-methyl-
endisalicylhydroxamic acid. A, RH,Pb: B. (RH,)Zn-2 H,0; C. (RH;)Cd-2.5 H,0O; D,
(RH,)Ni-2 H,O0: E. (RH,);Fe,-6 H,0: F, (RH,)Cr(OH)-2 H,0; G. (RH;)AlI(OH)-2 H,0;
H. (RH,),Ti;(OH), -4 H,0: I, (RH;)VO,-2 H,0: J. (RH,;)Mo0O, -3 H,0: K,
(RH),(RH,)Cu,-6 H,0.

The temperatures and the characteristics of the peaks occurring on the
DTA curves for all investigated 5,5-methylendisalicylhydroxamates are
shown in Table 2.

In order to obtain some direct evidence concerning the thermal decom-
positions, the infrared spectra of sinters were studied (see Table5). The
sinters were obtained under conditions similar to those used in thermal
analysis.

Dehydration

At the first stage of the thermal decomposition of hydrated complexes,
water is eliminated with a corresponding mass loss on the TG curves
occurring between 50 and 200°C. The data for calculated and observed
weight losses and the corresponding temperature ranges, for the dehydration
processes, are given in Table 3.

The dehydration reactions start at a relatively low temperature, 50-60°C,
except for the vanadium complex (105°C).

The DTA curves of these compounds exhibit an endothermic effect in one



19

SO'N"H*'D="HY «

DAISUIIUL OXD $97 0X2 67¢ opud (91 ‘0pud L0} O°H 9-"nD(*HY*(HY)
opud ¢y JAISUDIUI OXD ()€ 0x2 $07 opu2 (3 O%H ¢ (“0oN)(*Hu)
Opu? (99 0X2 GGp ‘DAISUINUL OXI 967 0% P61 opud |1 O°H ¢-“0A(*HY)
AISUDIUL OXd £EE ‘OXA (LT 0Xd 77¢ opud (01 O°H ¥-“HOV* I (*HY)
DAISUIIUL OXD [GE “IAISUNUL 0XD | [§ 0% OpT opud (L[ ‘opud G0l O°H - (HOIV{*HY)
JAISUIIUT OXD (8T ox? 67¢ opud |01 O°H T-(HOMD(*HY)

DAISUDIUT OXD (LT 0xd 307 opud G¢| O°H 9-“34*(*HY)

ATSUDIUL OXD-[RE ‘OXD Ol € oXd £17 opud 16 O°H $'T-PO°HY

JAISUIIUL OXD GTE 0X2 67z (19pInOYs) opud (g ‘0pud QO] O°H U-IN“HY

0X2 ()G 'IAISUIIUT OXA (LE 02 9€T opud {[1 O%H 7-uZ*HY

AAISUNUL OXD 1y JAISUIIUT OXd BT Qd*HY

syead vy Jo s1doereyd pue (D,) saampesodwag, + punodwo))

sajewexoIpAyjAoifestipudjAyiou-, s Jo soxmeradwd) yead v

(A gtiA AN



20

step for the Zn(II), Cd{1l). Fe(1Il), Cr(IIl) and Ti(IV) complexes, in the
temperature range 50-190°C, which can be ascribed to the loss of 2, 2.5, 6, 2
and 4 molecules of water, respectively. For the Ni(Il), AKIII), V(V) Mo(VI)
and Cu(II) complexes, two dehydration steps are observed according to the

schemes shown in Table 3.

In the Mo complex, the second step of dehydration is accompanied by
partial decomposition of the hydroxamate, as indicated by a substantial

TABLE 3

Temperature ranges and weight losses for the dehydration processes

Reaction Calculated Observed wit. Temperature
wt. loss (%) loss in TG (%) range (°C)

(RH,)Zn-2 H,0—+(RH,)Zn

+2H,0 8.62 8.3 68-165
(RHI)Ni'Z Hzo_’(RHI)Ni'Hzo

+H,0 4.38 4.1 70— 95
(RH,)Ni-H.O—(RH,)Ni+H,0 4.38 4.2 117-180
(RH,)Cd-2.5 H,O—(RH.)Cd

+2.5 H.,O0 9.51 8.6 66-187
(RH2)3F62'6 HzO""(RHz)_;FEz

+6 H.O 9.25 8.8 63-180
(RH.)Cr(OH)-2 H,O0~

(RH.)Cr(OH)+2 H,O0 8.55 8.6 50165
(RH,)AI(OH):-2 H,O—~

(RH.)Al(OH)-H,O0+H,0 4.55 4.5 60-105
(RH,)AI(OH)-H,0—

(RHHAIOH)+H,0 4.55 4.5 118-160
(RH: )JTi z(OH)z' 4 Hzo_’

(RH,);Ti,(OH), +4 H,O 6.25 6.1 60-155
(RH;)VQ0,-2 H,0—(RH;)VO,-

H,0+H.,0 4.13 4.2 105-150

+H,0 4.13 4.0 150-203
(RH,)(Mo00,)-3H,O0~

(RH,)M00,):2 H,O+H.O 3.61 3.7 65-103
(RH,)(Mo00,)-2 H,O0—

(RH,)(M0O,)+2 H,0+disso-

ciation product 7.22 150-?
(RH)I(RHI)CU4'6 HZO—’

(RH):(RH:)CU4‘4 H20 :

+2 H,0 2.7 2.7 65-115
(RH)z(RHz)CU4'4 Hzo_'

(RH),(RH,)Cu,+4 H,0 5.5 5.4

134-208
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modification on the IR spectrum of a sample obtained isothermally at
190°C.

Common features of the spectra of the hydrated compounds are the broad
vOH band above 3200 cm™' and the SHOH band near 1630 cm™' [5]. All
synthesized compounds, except the Pb complex, have a shoulder band (see
Table 5) between 3400 and 3700 cm™! which disappears on heating, hence it
is suitable for assignment to the yOH (H,O) vibration. In the case of the Zn,
Ni, Fe and Ti complexes, the absorption in the region 1600-1665 cm™! is
removed by heating and may be thus related to the §HOH (H,O) band.

Decomposition of anhydrous complexes

Thermal decomposition of the anhydrous chelates is a multi-step process
as indicated by the thermoanalytical TG and DTA curves. The procedural
decomposition temperatures, for the first step, obtained from these curves
are given in Table4.

It can be seen in the DTA curves (Fig. 2) that all of the chelates exhibited
an exothermic peak or shoulder between 190 and 250°C, involving mass loss.
The IR spectra of the heated compounds (Table S) contain a strong absorp-
tion centered around 1750 cm™!. This frequency is characteristic of a
stretching of a C=0 which belongs to a four membered ring [6]. Further-
more, the SOH phenolic band (at 1360 cm™! approx.) is decreased in
intensity on heating. These effects must be attributed to the N-
hydroxylactam formation according to the reaction.

0
> _
.4 c=0
N—O n+
H P I /M n
OH H, -0

It was observed that the transformation degree depends on the heating
time of the samples. The same thermal behaviour was observed with the

TABLE4

TG procedural decomposition temperatures (°C) for 5,5-methylendisalicylhydroxamic acid
chelates

Chelate T (°O) Chelate 7¢O
Pb(1I) 180 Al(III) 180
Zn(1D) 185 . Ti(IV) 184
Ni(ID) 180 ‘ v(V) 250
Cddn _ 187 Mo(VI) ?
Fe(11Y) 180 Cu(Il) 220

Cr(I1) 182
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TABLES

Fundamental frequency assignment

Compound Frequencies of vibration (cm™!)
»(C=0) »(C=0) »(OH) 6(HOH)
hydroxamic N-hydroxylactam (H,0) (H,0)
Pd 1590 s
200°C sinter 1560 s 1750 m
Zn 1590 s 3400-~3700 sh 1630 sh
209°C sinter 1590 s 1745 m
Ni 1600 s 3400-3680 sh 1615 sh
200°C sinter 1600 s 1740 m
Cd 1618 s 3400-3660 sh
200°C sinter 1618 s 1750 s
Fe 1610 s 3400-3680 sh 1665 sh
200°C sinter 1610 s 1750 m
Cr 1600 s 3400-3680 sh
200°C sinter 1600 s 1755 m
Al 1610 s 3400-3700 sh
200°C sinter 1610 s 1750 s
Ti 1595 s 3400-3660 sh 1630 sh
200°C sinter 1600 s 1760 s
v 1600 s 3400-3660 sh
200°C sinter 1600 s 1760 m
Mo 1615 s 3400-3680 sh
200°C sinter 1615 s 1760 s
Cu 1605 s 3500-~3700 sh
225°C sinter 1605 s 1750 s

reagent [3] which loses two molecules of water between 150 and 202°C.

The decreasing order of thermal stability for decomposition of the Cu, Zn
and Ni chelates is Cu > Zn > Ni, which is in accord with the Irving—Williams
[7] order for divalent metal ions of the 3d series. The order Zn > Ni has been
observed earlier [8], where the relatively low value of Ni was attributed to
steric hindrance preventing the formation of a square planar structure.

Finally, the intermediate N-hydroxylactams decompose in the temperature
range 250-500°C, exhibiting one or two pronounced exothermic peaks.
These must be attributed to the combustion of the organic matter. The final
products (residues) were oxides, as revealed by X-ray pattern.

Apart from these thermal effects, small endothermic effects can be ob-
served in the DTA curves of the V and Mo compounds at 660 and 785°C,
respectively, corresponding to the fusion of the oxides. These temperatures
agree with published data [9]. '

In order to find complementary information about these compounds, we
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are investigating at present the evaluation of the kinetic parameters of the

pyrolytic decomposition of metal complexes of 35,5 -methylendi-
salicylhydroxamic acid.
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