
Introduction

Schiff bases and related metal complexes, with interest-

ing ligational features, have experienced long standing

applications in biological, pharmacological, catalytic,

analytical and various other fields [1–5]. Among the

prodigious number and variety of Schiff base com-

plexes, those of inner transition metal ions, containing

benzothiophene ring system have received only spo-

radic attention so far [6]. In this communication we de-

scribe the synthesis, spectroscopic characterization and

thermal decomposition studies of lanthanum(III) chlo-

ride complexes of three distinctly different heterocyclic

Schiff bases viz. 2-(N-indole-

2-one)amino-3-carboxyethyl-4,5,6,7-tetrahydro-

benzo[b]thiophene (ISAT), 2-(N-o-hydroxyacetophe-

none)amino-3-carboxyethyl-4,5,6,7-tetrahydro-

benzo[b]thiophene (HAAT) or 2-(N-benzoin)

amino-3-carboxyethyl-4,5,6,7-tetrahydrobenzo[b]thio-

phene (HBAT). These Schiff bases have been obtained

by condensing 2-amino-3-carboxy-

ethyl-4,5,6,7-tetrahydrobenzo[b]thiophene with isatin,

o-hydroxyacetophenone or benzoin respectively. Dur-

ing our studies, IR, UV-Vis and proton NMR spectro-

scopic methods were employed together with analytical

data and molar conductivity measurements. However it

was amazing how suitable thermal analysis was in the

study of our complexes. Apart from providing valuable

insight into the thermal stabilities of the ligands and the

lanthanum(III) complexes, suitable mechanisms have

been also proposed for these thermal decomposition re-

actions. Kinetic parameters have been also calculated

for each step of the decomposition reaction using

Coats–Redfern equation.

Experimental

Materials

Lanthanum(III) chloride was prepared by dissolving

La2O3 in 50% hydrochloric acid followed by crystalli-

zation. 2-amino-3-carboxyethyl-4,5,6,7-tetrahydro-

benzo[b]thiophene was prepared according to the

method suggested by Gewald et al. [7].

General method for the preparation of the Schiff bases

The ligands ISAT, HAAT and HBAT were prepared

by condensing 2-amino-3-carboxyethyl-4,5,6,7-tetra-

hydrobenzo[b]thiophene (0.01 mol) with isatin

(0.01 mol), o-hydroxyacetophenone (0.01 mol) or

benzoin (0.01 mol) in ethanol, respectively. The crys-

tals of ISAT, HAAT and HBAT formed were

recrystallised from ethanol.
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Preparation of the complexes

All the complexes were prepared by a general

method. Ethanolic solution of lanthanum(III) chloride

was prepared and added to a hot ethanolic solutions of

the ligands in 1:1 molar ratio. The solution was

refluxed on a water-bath for about 10 h. The pH of the

solution was adjusted to 6.5–7.0 and refluxing was

continued for about 8 h. The resulting solutions were

concentrated and kept overnight. The complex sepa-

rated was filtered, washed successively with ethanol

and ether and dried in vacuum.

Lanthanum content of the complexes was deter-

mined by the oxalate-oxide method [8].

TG and DTG analyses of the complexes were

carried out using Mettler Toledo STAR
e

system with

a heating rate of 10°C min
–1

in dynamic air. In all the

cases, the compounds were subjected to independent

pyrolysis and the observed percentage of mass loss

was compared with those from the TG data.

Results and discussion

The formation of the complexes can be represented by

the following equations

LaCl3+ISAT�[La(ISAT)Cl3]

LaCl3+HAAT�[La(HAAT)Cl3]

LaCl3+HBAT�[La(HBAT)Cl3]

Attempts to prepare 1:2 complex were not suc-

cessful presumably due to steric factors. Formulation

of these complexes was made on the basis of their ele-

mental analytical data (Tables 1 and 2) and molar

conductance values. Molar conductance values

(Table 3) in DMSO, DMF and nitrobenzene ade-

quately confirmed the non-electrolytic nature of the

complexes. Molecular masses of the complexes were

determined by camphor method and the values ob-

tained were close to monomeric values.

Electronic spectra

The electronic spectrum of ISAT in DMSO exhibited

two absorption bands at 264 and 300 nm and the elec-

tronic spectrum of HBAT in DMSO showed two ab-

sorption bands at 266 and 312 nm. These are due to

���
*

and n��
*

transitions respectively of the

azomethine moiety. The electronic spectra of their

complexes were dominated by ligand band, with a

slight red shift. This shift was attributed to the effect

of crystal field upon the interelectronic repulsion be-

tween the 4f electrons [9].

The ultraviolet spectrum of HAAT gave a peak

at 320 nm characteristic of enol-imine form of the

ligand [10, 11]. In the metal complex, the band did

not undergo any appreciable change but slightly red

shifted indicating that the ligand moiety exists in the

complex in the enol-imine form itself.

However in the visible spectra of the complexes

there is a weak band ~735 nm due to weak f–f transition.

Infrared spectra

The infrared spectrum of ISAT exhibited a strong band

at 3170 cm
–1

, assignable to �N–H of the indole ring of

isatin moiety. This band remained almost unaffected in

its lanthanum(III) complex, indicating that the ring ni-

trogen atom of isatin moiety is not involved in coordi-

nation. A strong band at 1730 cm
–1

in the ligand char-

acteristic of �C=O of ester has been shifted by 68 cm
–1

to

lower frequency upon complexation indicating coordi-

nation of ester carbonyl with lanthanum ion [12].

260 J. Therm. Anal. Cal., 95, 2009

THANKAMONY et al.

Table 1 Analytical data and other details of the ligands

Ligand
Yield/

%

M.P./

°C

Analytical data/%
*

C H N S

ISAT 78 102 64.36

(64.40)

5.01

(5.08)

7.88

(7.90)

8.98

(9.03)

HAAT 72 105 66.37

(66.40)

6.08

(6.10)

4.01

(4.08)

9.31

(9.33)

HBAT 75 99 71.49

(71.59)

5.83

(5.96)

3.31

(3.34)

7.56

(7.60)

*
Calculated values are given in brackets

Table 2 Analytical data of lanthanum(III) chloride complexes

Complex

Analytical data/%
*

Metal C H N S Cl

[La(ISAT)Cl3] 23.08

(23.18)

37.97

(38.03)

3.63

(3.67)

4.61

(4.67)

5.28

(5.33)

17.89

(17.76)

[La(HAAT)Cl3] 23.43

(23.60)

38.61

(38.74)

3.43

(3.57)

2.21

(2.38)

5.36

(5.44)

17.90

(18.10)

[La(HBAT)Cl3] 20.83

(20.91)

45.01

(45.15)

3.74

(3.76)

2.08

(2.11)

4.71

(4.82)

15.91

(16.03)

*
Calculated values are given in brackets



A strong band observed at 1650 cm
–1

, corresponding to

�C=O of isatin moiety has been shifted downward by

41 cm
–1

indicating the coordination of carbonyl oxy-

gen with lanthanum ion. A medium intensity band at

1596 cm
–1

in the ligand due to �C=N of azomethine has

been shifted to lower frequencies by 24 cm
–1

upon co-

ordination with lanthanum ion [13].

The IR spectrum of the ligand HAAT showed a

broad �O–H band in the region 3400–3100 and cen-

tered at 3256 cm
–1

, characteristic of internally hydro-

gen bonded OH group. A strong band at 1645 cm
–1

as-

signable to internally hydrogen bonded ester carbonyl

group and a medium band observed at 1587 cm
–1

has

been characteristic of internally hydrogen bonded

azomethine group. Thus a bifunctional hydrogen

bonding was observed in the case of HAAT. In the

metal complex, the phenolic O–H band became less

broad showing a peak centered at 3300 cm
–1

. The

strong band at 1285 cm
–1

can be attributed to the phe-

nolic �C–O of the ligand. But in the complex �C–O was

only slightly shifted towards higher frequency by

15 cm
–1

indicating that the OH group is coordinated to

the metal ion without deprotonation. The band at

1645 cm
–1

of �C=O in the free ligand showed nega-

tively shift by 48 cm
–1

indicating coordination of ester

carbonyl with lanthanum(III) ion. A medium intensity

band at 1565 cm
–1

in the complex has been due to

�C=N. The negative shift of this band is a clear indica-

tion of coordination of azomethine group with lantha-

num ion [14, 15].

The IR spectrum of HBAT showed a broad band

in the range 3406–3296 and centered at 3264 cm
–1

,

assignable to be hydrogen bonded OH group. This

was shifted to 3380 cm
–1

and became less broad, indi-

cating that the hydrogen bond got weakened and the

oxygen atom coordinated to the metal ion without

deprotonation [16, 17]. The most informative and in-

tense band due to the internally hydrogen bonded es-

ter carbonyl group was recorded at 1674 cm
–1

in the

ligand and this band shifted to lower frequency at

1647 cm
–1

in the complex, which demonstrated the

coordination of ester carbonyl oxygen to lantha-

num(III) ion [18]. Coordination of the hydroxyl oxy-

gen without deprotonation has been apparent from the

observation that the strong band at 1350 cm
–1

due to

�C–O in the spectrum of the ligand has shown a slight

positive shift in the spectrum of the metal complex by

18 cm
–1

. A medium intensity band at 1589 cm
–1

in the

ligand due to �C=N of azomethine was shifted to lower

frequency at 1566 cm
–1

upon complexation of

azomethine nitrogen with lanthanum(III) ion.

In all cases the substituted thiophene ring vibra-

tions occurring in the ligand at 1525, 1410 and

1370 cm
–1

did not show any appreciable change in the

metal chelates. This gave adequate evidence to the

non-participation of ring sulphur atom in coordina-

tion [19].

Far infrared spectra of the metal complexes

showed several absorption bands which were not ob-

served in the ligand spectrum. The non-ligand bands

of medium intensity appearing at 430, 360 and

324 cm
–1

could be assigned to �Ln–N, �Ln–O and �Ln–Cl

modes respectively. Absence of �M–S band gave

added support to the non-participation of ring sulphur

atom in coordination.

1
H NMR spectra

The proton NMR spectral data of the complexes re-

corded in DMSO-d6, further substantiate the mode of

coordination suggested by IR spectral studies. The

ligand ISAT showed signals at 11.0 ppm due to NH pro-

ton, which did not show any appreciable change in the

complex, confirming non-coordination of NH moiety.

The characteristic signals appearing at

12.96 ppm in the free ligand HAAT and at 12.71 ppm

in the complex could be attributed to the phenolic

proton and the peak positions indicate that OH coor-

dinates to the metal ion without deprotonation.

The proton NMR spectrum of the ligand, HBAT

displayed a signal at 6.09 ppm characteristic of –OH

proton which was shifted downfield to about 0.2 ppm,

indicative of coordination by the hydroxyl group

without deprotonation. The ligands and the com-

plexes also exhibited signals at 1.3–1.8 ppm due to

CH3 protons, 2.4–2.6 ppm due to CH2 protons,

~3.4 ppm due to ring of cyclohexane moiety protons

and 6.9–7.5 ppm due to aromatic protons.

On the basis of the above spectral data the fol-

lowing structures have been tentatively assigned for

the complexes (Figs 1–3).

Thermal decomposition of lanthanum(III) chloride

complexes

ISAT and its lanthanum(III) chloride complex

The ligand ISAT was stable upto 150°C and regis-

tered decomposition in two stages (Fig. 4). The first

stage of decomposition occurred in the temperature

range 150 to 250°C with a mass loss of 36.9%. This
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Table 3 Molar conductance of lanthanum(III) chloride com-

plexes

Complex

Molar conductance/�
–1

cm
2

mol
–1

DMSO DMF Nitrobenzene

[La(ISAT)Cl3] 6.5 12.5 3.6

[La(HAAT)Cl3] 9.5 15.4 6.1

[La(HBAT)Cl3] 6.3 12.4 3.4



percentage mass loss was assigned to the loss of isatin

moiety from the ligand. The DTG curve indicated a

peak at 211°C. The second stage of decomposition

started at 270 and continued upto 480°C. The mass

loss agreed well with the loss of the remaining part of

the ligand giving a DTG peak at 382°C in the DTG

curve. Lanthanum(III) chloride complex of ISAT de-

composed in three stages (Fig.7). The first stage of

decomposition started at about 150 and completed at

240°C, corresponding to a mass loss of 21.84% which

could be attributed to the loss of isatin moiety of the

ligand. The second stage of decomposition occurred

in the range 270–460°C with a mass loss of 37.19%

which may be due to loss of the benzothiophene part

of the ligand. The third stage of decomposition in the

range 560–640°C followed a mass loss of 17.7%,

which could be assigned to the loss of chlorine and

the oxidation of the metal to La2O3 which has been

stable above this temperature [20]. The three stages

were denoted by the DTG peaks at about 194, 437 and

628°C, respectively. The mass of the residue has been

agreed well with that obtained in independent pyroly-

sis experiment.

HAAT and its lanthanum(III) chloride complex

Quite contrary to the decomposition pattern of ISAT,

the decomposition of HAAT was found to be in one

stage (Fig.5). The ligand was stable up to 130°C and

decomposed completely in the range 130–210°C as

indicated by the DTG peak at 181°C. But its lantha-

num(III) chloride complex showed two decom-

position stages in the temperature ranges 160–260

and 510–600°C (Fig. 8). They were denoted by the

DTG peaks at 238 and 575°C. The first stage of de-

composition agreed to a mass loss of 58.22% which

may be due to the loss of the ligand completely. The

second stage indicates a mass loss of 18.26% which

may be attributed to the loss of chlorine and oxidation

of the metal to a residue of La2O3 which was stable

above this temperature. The mass loss was in good

agreement with the independent pyrolysis experi-

ment.

HBAT and its lanthanum(III) chloride complex

As in the case of the previous ligand, HBAT showed a

single stage decomposition ( Fig. 6). The ligand was

stable up to 150°C and decomposed in the range

150–320°C as indicated by the DTG peak at 236°C.
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Fig. 1 Structure of [La(ISAT)Cl3]

Fig. 2 Structure of [La(HAAT)Cl3]

Fig. 3 Structure of [La(HBAT)Cl3]

Fig. 4 TG and DTG curves of ISAT



The lanthanum(III) chloride complex of the ligand was

thermally stable up to 140°C and decomposed in two

stages in the temperature ranges 140–240 and

280–600°C which were denoted by the DTG peaks at

179 and 450°C (Fig. 9). The first stage of decomposi-

tion followed a mass loss of 29.54% which may be due

to the loss of benzoin moiety of the ligand and the sec-

ond stage showed a mass loss of 49.63% which could

assigned to the loss of remaining part of the ligand, loss

of chlorine and the oxidation of the metal to La2O3.

Mass of the residue was in agreement with the mass of

residue obtained in independent pyrolysis experiment.

Kinetic aspects

The kinetic evaluation of the thermal decomposition

of the ligands and the lanthanum(III) chloride com-

plexes was carried out. All stages were selected for

the study of the kinetics of decomposition of the com-

plexes. The kinetic parameters, the activation energy

E and the pre-exponential factor A were calculated us-

ing Coats–Redfern equation. Here, lng(�)/T
2

vs.

1/T·10
3

plots gave a straight line whose slope and in-

tercept were used for calculating the kinetic parame-

ters by the least squares method. The goodness of fit

was tested by evaluating the correlation coefficient.

The entropy of activation �S could be calculated us-

ing the equation

�S R

Ah

kT

� ln

s

where R=gas constant, A=pre-exponential factor,

k=Boltzmann constant, Ts=DTG peak temperature,

h=Planck’s constant.

Analysis of the data using Coats–Redfern equa-

tion revealed that the ligands have fractional order of

decomposition but complexes have fractional order of

decomposition and unity. There were no regular vari-

ations in the values of the kinetic parameters of de-

composition as with other common physical con-

stants. The activation energy of the decomposition re-

actions was in the range 54–334 kJ mol
–1

which indi-

cated that the metal-ligand bond has been weak [21].

These values were comparable with those reported for

similar types of complexes [22, 23]. There was no

definite trend in the values of the entropy of activa-

tion. But the negative value of the entropy of activa-

tion indicated that the activated complex has a more

ordered structure than the reactants and the reactions

are slower than normal [24–26].
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Table 4 Thermal decomposition data of ISAT and [La(ISAT)(Cl)3]

Compound
Decomp.

stage

Temp.

range/°C

Peak

temp./°C

Mass

loss/%

Cal. mass

loss/%

Probable

assignment

ISAT I 150–250 211 36.90 37.00 Loss of isatin moiety

II 270–480 382 63.10 63.00 Loss of benzothiophene moiety

[La(ISAT)(Cl)3] I 150–240 194 21.84 21.85 Loss of isatin moiety

II 270–460 437 37.19 37.20 Loss of benzothiophene moiety

III 560–640 628 17.70 17.77 Loss of anion and formation of La2O3

Fig. 5 TG and DTG curves of HAAT

Fig. 6 TG and DTG curves of HBAT



Mechanism

Elucidation of the mechanism for the solid-state ther-

mal decomposition reaction is difficult. All the heter-

ogeneous processes can be classified into three cate-

gories – nucleation and growth, diffusion and phase

boundary reactions. Several kinetic equations have

been derived corresponding to the above three possi-

ble rate-determining steps. The kinetic equations

which govern the reaction mechanism are based on

the assumption that the form of g(�) depends on the

reaction mechanism. In the present investigation nine

forms of g(�) have been used. The form of g(�) best

representing the experimental data was considered as

the mechanism of the reaction. In all the compounds

and in different stages, the highest value of the corre-

lation coefficient is for g(�)=–ln(1–�), which the ran-

dom nucleation mechanism with one nucleus on each

particle. This represents the ‘Mampel model’.
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Table 6 Thermal decomposition data of HBAT and [La(HBAT)(Cl)3]

Compound
Decomp.

stage

Temp.

range/°C

Peak

temp./°C

Mass

loss/%

Cal. mass

loss/%

Probable

assignment

HBAT I 150–320 236 100 100 Decomposition/oxidation of the

compound completely

[La(HAAT)(Cl)3] I 140–240 179 29.54 29.50 Loss of benzoin moiety

II 280–600 450 49.63 49.52 Loss of anion and formation of La2O3

Fig. 7 TG and DTG curves of [La(ISAT)Cl3]

Fig. 8 TG and DTG curves of [La(HAAT)Cl3]

Fig. 9 TG and DTG curves of [La(HBAT)Cl3]

Table 5 Thermal decomposition data of HAAT and [La(HAAT)(Cl)3]

Compound
Decomp.

stage

Temp.

range/°C

Peak

temp./°C

Mass

loss/%

Cal. mass

loss/%

Probable

assignment

HAAT I 130–210 181 100 100 Loss of the compound completely

[La(HAAT)(Cl)3] I 160–260 238 58.22 58.28 Loss of the ligand completely

II 510–600 575 18.26 18.10 Loss of anion and formation of La2O3
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Conclusions

From the thermal decomposition studies of ISAT,

HAAT, HBAT and their lanthanum(III) chloride

complexes, it could be concluded that the nature of

decomposition and stability changes with the nature

of the ligand. All the complexes give a stable residue

of La2O3 around 600°C. The initial decomposition

temperature is frequently used to define the relative

stabilities of metal complexes [27]. On the basis of

this, the relative thermal stabilities of the ligands can

be represented as: HBAT>ISAT>HAAT. However,

the stabilities of the complexes is in the order:

[La(HAAT)Cl3]>[La(ISAT)Cl3]>[La(HBAT)Cl3].
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