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Abstract

Copper(1l), zinc(1l) and cadmium(II) complexes of the Schiff base, fluorenone anthranilic
acid were prepared and characterized by elemental analysis, magnetic measurements, conductiv-
ity experiments and electronic and infrared spectral studies. The thermal decomposition kinetics
and mechanism of these chelates was studied from TG data.
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Introduction

Transition metal complexes of Schiff bases have important technical applica-
tions. The thermal properties of metal chelates with different types of chelating
ligands were studied extensively by Wendlandt and co-workers [1-5] and Hill
and co-workers [6, 7]. Such studies on thermal decomposition and kinetics of
metal chelates with Schiff base ligands have been done by a few workers
[8-11]. In continuation of our earlier work on thermal decomposition kinetics
of metal chelates of Schiff bases [12—14], we report in this paper the syntheses,
characterization and thermoanalytical data of three transition metal complexes
of a novel Schiff base, fluorenone anthranilic acid.

Non-isothermal methods have been widely used to study the kinetics and
mechanism of thermal decomposition of solids [15-17]. This study therefore at-
tempts to establish the mechanism of decomposition of [CuL(Ac)(H.O)],
[ZnL(Ac)(H;0)] and [CdL(Ac)(H,0)] from TG and DTA experiments.

Experimental

The ligand fluorenone anthranilic acid was prepared by refluxing an ethanolic
mixture (1:1) of fluorenone and anthranilic acid for 5 h [18]. Yellowish brown
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crystals separated on cooling were purified by recrystallisation from methanol
and characterized on the basis of analytical and spectral studies, m.p. 95°C.

Analytical data found: C, 80.68%, H, 4.21%, N, 5.14%
Calculated for C;0H3NO,: C, 80.27%, H, 4.35%, N. 4.68%

Samples of Cu(ll), Zn(Il) and Cd(II) chelates of fluorenone anthranilic acid
were prepared by adding methanolic solution of the ligand to an aqueous solu-
tion of metal acetate in 1:1 ratio. The mixture was refluxed for 2 h and the pre-
cipitated complex was filtered, washed with aqueous methanol and dried in
vacuum desiccator.

The complexes having general formula [ML(Ac)(H20)] were characterized
by elemental analysis, conductance and spectral data (Table 1). The mfrared
spectrum of the ligand shows a band of medium intensity at about 1692 cm™
and a strong band at 1577 cm™'. The first band may be attributed to the carbonyl
stretching frequency of the carboxylate group [19] and a shift of this band to
lower frequencies indicate chelatlon of the ligand through the carbonyl oxygen.
The sharp band at 1577 cm™ ass1gnable to v(C=N) shifts to lower frequencies
at 1542, 1536 and 1526 cm™' in the complexes indicating coordination of the
azomethme nitrogen [20]. The presence of coordmated water is confirmed by
the observation of a broad band at 3300 cm™*

Table 1 Analytical data, magnetic susceptibility and molar conductance of [CuL(Ac)(H;0)],
[ZnL(Ac)(H20)] and [CdL(Ac)(H20)]

Substance Colour Metal/ % Hesr Molar conductance
found calculated B. M. Ohm™ em*mol™
[Cul.(Ac)(H20)} light green 14.98 14.49 2.12 1.4
[ZnL(Ac)(H,0)] cream 15.27 14.84 D 3.7
[CdL(Ac)(H20)] white 23.59 23.06 D 2.3
Instrumental

Thermal analysis was carried out using a Schimadzu thermal analyser sys-
tem in static air atmosphere. A constant heating rate of 10 deg-min™" and a sam-
ple mass of °5 mg were employed for the entire study. computational work was
performed with a Horizon III minicomputer using the programming Language
Fortran.

Thermal behaviour

Evaluation of the mechanism of reactions from nonisothermal methods has
been discussed by estak and Berggren [21] and atava [22]. For evaluating ki-
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netic parameters from the mechanistic equations given by Satava, Coats and
Redfern [23] equation was used in the general form

Ing(c)/T? = InAR/@E-E/RT

and the various g(a) values were substituted. This has been recommended to be
one of the best solutions by several authors [24, 25].

Alongwith the mechanistic equations, two non-mechanistic methods sug-
gested by Coats and Redfern and Horowitz-Metzger [26] were also used for
comparison.

Results and discussion

The TG curves of [CuL(Ac)(H;0)], [ZnL(Ac)(H,0)] and [CdL(Ac)(H>0)]
exhibited two-stage decomposition patterns. Mass loss considerations and X-ray
diffraction data confirmed the products to be the corresponding oxides. The TG
curves are represented in Figs 1, 2 and 3.

The TG curve for [CuL(Ac)(H,0)] gives a two-stage decomposition pattern
which is supported by DTA data. The first stage, which is a rapid one, repre-
sents the loss of one HO molecule and the fluorenone part of the ligand moiety
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Fig. 1 TG and DTG curves of [CuL(Ac)(H20)]
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Fig. 2 TG and DTG curves of [ZnL(Ac)(H,0)]

above 230°C. According to Nikolaev ef al. [27], water eliminated above 150°C
can be considered as coordinated water. The second stage, which consists of
two sub-stages in an overlapping manner, represents the loss of anthranilic acid
part of the ligand and the acetate group. DTA curve gives well-defined peaks in
the appropriate region. The overall loss of mass from the curve is 82% while
the theoretical loss in mass for the conversion of [CuL{(Ac)(H,0)] to CuO is
81.87%.

Zinc(II) and cadmium(II) chelates also show a two-stage decomposition pat-
tern, although an overlapping effect is observed in the case of cadmium(II)
complex. The first decomposition stage represents the loss of water molecule
and fluorenone part of the ligand while the anthranilic acid part of the ligand
and the acetate group are lost in the second stage.

The thermal data for the metal chelates are given in Table 2. Independent py-
rolytic experimental data are also given in this table. The corresponding E, A,
AS and r values from non-mechanistic equations (Coats-Redfern and Horowitz-
Metzger) and the appropriate mechanistic equations are given in Table 3.

The activation energies obtained for the main decomposition stages of the
three complexes are also comparable to those of coordination compounds of 3d
transition metals having similar structures [28, 29].
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Fig. 3 TG and DTG curves of [CdL(Ac)(H20)]

Initial decomposition temperature and inflection temperatures have been
used to determine the thermal stability of metal chelates [30, 31]. On the basis
of our findings, the relative thermal stabilities of the metal chelates can be given
as [CuL(Ac)(H,0)]<[ZnL(Ac)(H>0)]~[CdL(Ac)(H,0)]

Decomposition Kkinetics

From Table 3 it can be seen that more than one equation gives good linear
curves with a high value of correlation coefficient so that it may become diffi-
cult to assign the reaction mechanism unequivocally from the linearity of the
curve alone. In such cases, some authors have chosen the function g(a) which
gives the kinetic parameters in agreement with those obtained by the numerical
method. In the present case, it is observed that, for the second stage of decom-
position of the Cu(II) and Zn(II) complexes, the E, A and AS values obtained
from the Coats-Redfern equation with n=1 are in good agreement with E, A
and AS values obtained from the Mampel equation which is based on random
nucléation, one nucleus on each particle. For the first stage of decomposition of
the Zn(II) complex and both first and second stage of decompositions of Cd(II)

J. Thermal Anal., 45, 1995



THOMAS, PARAMESWARAN: COMPLEXES

1496

0181998 4 proe 90°'€L

OlluRIyIue JO SSO7 - 1€°9¢ 00° €Y (1154 oTy OLY—0S€E II
suousionyy
+ OH jo sso - SE'LE 00°0€ ove ore 0S€-0¥1 I [(0*H) (V) TPD]
9jela0E 4 PpIoE 66°08
dlluviyiue Jo SSOT - 81°0 00°ty 09% oty 0LY—0S¢E 11
suoualonyy
+ QCH Jo sso] - 0E’ 1V 00°0v 0S¢ ore 0S€—011 I [(O*H)(ovy)TuZ]
vE18
JeP0R + proe - (S04 00° 1y 0S¢ OLE 08¢—0S¢ qii
Olfiuedyjue JO $SO7] 0ze 0l¢ 05€-00€ el
suouaronij (pider)
+ OCH Jo ss07] - 44 00T+ 0LT 0LT 00€-001 I [(0*H)(ov) D]
(sso] ssew [e)03) ol
wowudisse stsAjo1dd worg [eonpIcay] oL Wolq /Vlq ur /DL ut /DL ut afeig saoueIsqng
dure) .
s[qeqoig 94 /SSBU JO SSO7] "duroy yeod Yeoq soduer dway

[(O*H)(V)TPD] P [(OTH)(oV)TuZ] ‘ [(OFH)oV)TnD) Jo wiep uonisodwioosp jeulisy], 7 AqeL

J. Thermal Anal., 45, 1995



1497

THOMAS, PARAMESWARAN: COMPLEXES

ML (WORNET] S LT e Bic S
¥0L6°0 6v°82C-  (01x69°1 £€°TS LTY6°0 157152~ Lot ST°8€ 11 93e3g
00860 OL'TET~  GOIXIS'] 0L ¥01 L6960 LE'SOT-  ,0IXL6'T SL'S8 1 93e15

(0tH)(oV)1PO]
6866°0 6L°€l cf0Tx6L'L $0°122 0866°0 8981~  ,0IXLS'T £9°€61 11 °8e18
78860 9P6£1~  01x899 EE'SL L086°0 TEELI-  OIxpIT 88°SL I 9315

[(otH) V) 1uZ]
0,660 90°191-  0IX¥T'S 16°L8 7966°0 60°SLI~  01x99°6 TTSL qI] 23eig
LSS6'0 L8'98 L101XVT Y 6€°CTET £956°0 98°6L L OTXE8'T 9T°LTT e[ 23u1g
[(0?H)(o¥) 101
! sV 4 a ! Y v q sadurisqng
1082 IN-2IMOIOH UIJpayY-5180D)
suonenbo

onsteysow-uou Jutsn oI, woxy [(0TH)(EV)TPD] pur [(0?H)(EV)TuZ] ‘[(0?H)@V) IO Jo uonisodwoosp ays sof sispwered onoury ¢ ey,

J. Thermal Anal., 45, 1995



THOMAS, PARAMESWARAN: COMPLEXES

1498

(owe L /8 ¢ S/ < ou /T ,

Kxpuwfs jesurpuyo
‘uoryoeal A1epunoq aseyd

€/1 IIIA uotienbg 1Iv6'0 €1 9vT- £0°C 122 47 HEELN
Kxpwwds eoupurfo
‘uonjoeal L1spunoq aseyd
€/1 ‘TIIA uolhrenby $696°0 91°891- HOIXCT el 1 98ms
[(OtH)(ov)TPO]
uorgenbs [adwrey
I ‘A uonenby 08660 89°81- 01XLS'T £€9°€61 11 28w
Krpwwds jeoupur£o
‘uorjoear L1epunoq aseyd
€/1 1A uotenbg Y8L6°0 887691 HOIXTLT 69°08 1 °8®18
[(OZH) (V) TuZ]
uotjenbe
I :A uohenbg 29660 60°SL1- (01%99°6 <TsL qI1 98w1s
uonenbo odwep
I ‘A uoljenbg £956°0 98°6L L10T%E81 9C°LTT e[| 93815
[{otH)(ov) D]
. “ ! sV L4 4 S20UEISGNS
JUOY}ORAI JO JAPIQ pamo[[oJ uonenba oystuBYOIN
ponunuod ¢ IqEL,

J. Thermal Anal., 45, 1995



THOMAS, PARAMESWARAN: COMPLEXES 1499

complex, good agreement is resulted between the kinetic parameters obtained
from Coats-Redfern method with n=1/3 and the R, mechanism based on a
phase boundary reaction, cylindrical symmetry.

x *x X

Authors are grateful to STEC, Government of Kerala for financial assistance.

References

1 W. W. Wendlandt, Anal. Chim. Acta, 17 (1957) 428.

G. D. Ascenzo and W. W, Wendlandt, J. Thermal Anal., 1 (1969) 423.

G. D. Ascenzo and W. W. Wendlandt, Anal. Chim. Acta, 50 (1970) 79.

F. C. Chang and W. W. Wendlandt, Thermochim. Acta., 2 (1971) 293.

D. L. Perry, C. Vaz and W. W. Wendlandt, Thermochim. Acta, 9 (1974) 76.

C. G. Scency, J. O. Hill and R. J. Magee, Thermochim. Acta, 11 (1975) 301.

C. G. Scency, J. F. Smith, J. O. Hill and R. J. Magee, J. Thermal Anal., 9 (1976) 415.

8 M. Lehtinen and K. Maire, Acta Pharm. Fenn., 90 (1981) 187.
9 K. N. Johri and B. S. Arora, Thermochim. Acta, 54 (1982) 237.

10 L. Pardeshi and R. A. Bhobe, Acta Cienc. Indica, 8 (1982) 178.

11 L. Pardeshi and R. A. Bhobe, Acta Cienc. Indica, 9 (1983) 18.

12 V. Indira and G. Parameswaran, J. Thermal Anal. 39 (1993) 1417.

13 S. Laly and G. Parameswaran, Thermochim. Acta, 168 (1990) 43.

14 S. Laly and G. Parameswaran, React. Kinet. Catal., 43 (1991) 169.

15 F. Skavara and V. Satava, J. Thermal Anal., 2 (1970) 325.

16 B. Carroll and E. P. Masche, Thermochim. Acta, 3 (1972) 442.

17 K. N. Ninan and C. G. R. Nair, Thermochim. Acta, 23 (1978) 161.

18 R. Holm, G. W. Everett and A. Chakravorthy, ‘Progress in Inorganic Chemistry’, 7 (1964)
83.

19 K. Nakamoto, ‘Infrared Spectra of Inorganic and Coordination Compounds’, John Wiley,
New York 1966.

20 R. L. Dutta and G. P. Sengupta, J. Chem. Soc., 48 (1971) 33.

211 Sestak and G. Berggren, Thermochim. Acta, 3 (1971).

22 V. Satava, Thermochim. Acta, 2 (1971) 2.

23 A. W. Coats and J. P. Redfern, Nature (London), 201 (1964) 68.

24 M. D. Judd and M. T. Pope, J. Thermal Anal., 4 (1972) 31.

25 J. Zsaké, J. Thermal Anal., 8 (1975) 349.

26 H. H. Horowitz and G. Metzger, Anal. Chem., 35 (1963) 1464.

27 A. V. Nikolaev, V. A. Logvinenko and L. I. Myachina, Thermal Analysis, Academic Press,
New York 1969, p. 779.

28 S. Vatsala and G. Parameswaran, J. Thermal Anal., 31 (1986) 883.

29 R. S. Naidu, E. N. Rao, R. Ruby and K. G. Mallikarjun, Thermochim. Acta 131 (1988) 299;
140 (1989) 97.

30 V. Seshagiri and S. Brahmaji Rao, Z. Anal. Chem., 262 (1972) 275.

31 R. S. Naidu and R. R. Naidu, Indian J. Chem., 154 (1977) 652.

NN s W

Zusammenfassung — Kupfer(II)-, Zink(Il)- und Cadmium(II)-komplexe der Schiff’schen Base
Fluorenonanthranilsiure wurden hergestellt und mittels Elementaranalyse, magnetischen
Messungen, Leitungsfahigkeitsexperimenten sowie Elektronen- und IR-Spektraluntersuchungen
charakterisiert. Die thermische Zersetzungskinetik und der zugehdrige Mechanismus dieser
Chelate wurde anhand TG durchgefiihrt.
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