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ABSTRACT

Ni(II) complexes of 2-hydroxy-1-naphthylidene-4-aminoantipyrine (I) and sahcylidene-4-
aminoantipyrine (II) display a change of colour upon heating The change 1n II 1s reversible 1n
the presence of moisture The thermochromism in crystalline I and II has been studied using
differential thermal analysis (DTA), electronic and IR spectroscopy, X-ray powder diffrac-
tion and electrical conductivity Thermochromism 1n these complexes has been attnibuted to
dehydration

INTRODUCTION

Antipyrine and 1ts derivatives have diverse medical uses [1,2] e g. anti-
pyretic, analgesic and antirheumatic [2] Antipyrines have also been used as
analytical reagents in the estimation of some metal 1ons {3-6] Their com-
plexing abilities have been modified by the preparation of Schiff base
denivatives [4-7]. A number of transition metal complexes of some Schiff
base derivatives of antipyrine have recently been prepared and characterized
by a vanety of spectral and analytical methods to clanfy the structure and
the nature of bonding 1n these complexes [§]

In this paper, we report the thermal behaviour of Ni(II) complexes with
some Schiff base derivatives of 4-amioantipyrine The observed thermo-
chromism 1n these complexes 1s discussed 1n terms of structural and spectro-
scopic changes

EXPERIMENTAL

The hgands 2-hydroxy-1-naphthyhidene-4-aminoantipyrine (HL1) and
salicylidene-4-aminoantipyrine (HL2) were prepared by condensation of
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4-ammoantipyrine with the corresponding aldehyde The condensation was
carried out by refluxing ethanolic muxtures for about 15 mun and the
precipitate obtained upon cooling was collected and recrystallized from
ethanol. Ni(II) complexes were prepared by adding the stoichiometric
amounts (1 1 metal hgand) of hot ethanolic solutions of NiCl, 6H,O to
hot ethanolic solutions containing the ligand and sodium acetate in 1 1
molar ratio A precipitate was obtained upon refluxing the mixtures for
approximately 2 h The precipitate was filtered off, washed with ethanol
several times and dnied over CaCl,/P,0,,

Thermal analysis of the complexes was carried out using a Shimadzu
XD-30 thermal analyzer X-ray powder diffraction was recorded using a
Shimadzu XD-3 diffractometer by applymng the Cu Ka line Electronic
spectra were measured 1n Nujol mulls using a Perkin—Elmer 550S spectro-
photometer IR spectra were measured in KBr discs using a Perkin—Elmer
598 (4000-200 cm™') spectrophotometer Conductivity measurements were
taken using a Super Megohmmeter Model RM 170 with an applied voltage
of 50V

RESULTS AND DISCUSSION
Thermal behaviour

The Ni(IT) complexes with HL1 (I,) and HL2 (II,) are yellowish-green
and change to orange upon heating to approximately 160°C for about 5
min The corresponding orange form are hereafter known as I, and II,,
respectively The change 1n colour 1n system II 1s reversible and the orange
I, form changes to the yellowish-green II, form on leaving 1n air at room
temperature This reversibility 1s not observed 1n system I The temperature
range of thermochromism coincides with the endothermic peaks of the
differential thermal analysis (DTA) curves as shown m Fig 1 The DTA
curve of I, shown m Fig 1, consists of an endothermuc peak at about
160° C, followed by a relatively sharp exothermic peak at about 307° C that
1s assigned to material decomposition Other analytical techmiques (see
below) indicate that the endotherrmc peak at about 160°C 1s assigned to
dehydration of I, giving the orange form I, This endothermic peak is
absent in the DTA curve of the orange form I, The exothermic peaks at 320
and 380°C appearing in the DTA curve of I, are also assigned to decom-
position processes The energies of activation (E,) of the dehydration
processes of I, and II, have been evaluated from the DTA curves using the
formula of Thomas and Clarke [9] The thermal dehydration follows a
first-order kinetic law for which the rate constant (K) 1s obtained from the
DTA curves at a certain temperature T by the relation [9]
dH/d:
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Fig 1 DTA of the sohd complexes 1, I;, and II,

where d H/d¢ 1s the deviation of the curve peak from the base line, A4 1s the
total area of the dehydration peak and a 1s the area swept up to a
temperature 7 Arrhemus plots were then constructed as shown in Fig 2
and the energies of activation E, were obtained from the slopes as E, = 139 6
kJ mol~! for I, and E, =167 6 kJ mol~! for I,
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Fig 2 Arrhenius plots constructed from DTA curves of I, and II,



The endothermuc peak at about 160 ° C 1s obtained 1n the DTA curves of
both II, and II, forms This 1s due to the hygroscopic nature of the orange
II, form which undergoes reversible hydration giving the original yellowish
green (II,) form (Fig 1) This process can be used as a quick and simple
method for testing the dryness of some organic solvents

Spectroscopic study

The yellowish-green Ni(II) complex I, and 1ts orange thermoproduct I,
were 1nvestigated by means of UV and IR spectra. The electronic spectrum
of I, (Fig 3) shows bands of relatively low mtensity around 605 nm (16 528
cm ™) and 420 nm (23809 cm™") These bands were assigned to *T;,(F) «
*A,,(F) and Ty (P) «4,,(F) transitions, respectively, indicating an oc-
tahedral geometry for I, [10] The spectrum of I, shows a band with strong
intensity near 450 nm (22222 cm™!) indicating a square planar geometry
[10]

The IR spectrum of I, has been discussed previously [8] The IR spectra
of both I, and I, (shown in Fig 4) are nearly the same with an extra broad
band appearing at about 3400 cm ™' 1n the spectrum of I, that 1s assigned to
»(OH) of water. This supports the view that the transformation from I, to I,
1s associated with dehydration Both ring stretching and out-of-plane #-CH
bands at 1280 cm ! and 755 cm ™! [5), respectively, are less intense and are
shghtly shifted (by about 5 cm™!') 1n the spectrum of I, compared with I,
This mught be due to the structural change accompanying dehydration. The
analytical and spectral data that have been described previously [8] indicate
the following chemical formulae for the complexes I, and I, I,
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Fig 3 Electromc spectra of the complexes I, and I,
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Fig 4 IR spectra of the complexes I, and I

(yellowish-green), [N1(HL1)(H,0),]Cl, 3H,O, II
[NyHL2)(H,0),Cl,] H,O

The thermal dehydration of I, (octahedral structure) leads to a product of
square planar geometry The process involves the diffusion of Cl™ 10ns from
the outer sphere of the complex to satisfy the coordination number This 1s
not the case in Il Since mass transfer in the form of Cl™ 1s difficult in the
condensed phase, the back reaction I, —» I, 1s largely prohibited in I
compared with the corresponding transformation in It

The structural change accompanying the dehydration process I, — I, has
also been examimed by X-ray powder diffraction as shown mn Fig 5 The
dehydrated specimen I, possesses broader diffraction peaks indicating a
lower degree of crystallimity and a possible existence of microstrains [11,12]

The changes 1n electrical conductivity ¢ of I, as a function of heating are
shown 1n Fig 6. At temperatures lower than the dehydration temperature,

a (yellowish-green),
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Fig 5 X-ray powder diffraction patterns of the complexes I, and I,
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Fig 6 Temperature dependence of electrical conductivity of I,

the conductivity o decreases as the temperature increases Thus 1s character-
1stic of metallic behaviour It seems that the loss of water of crystallization

at

some lattice sites creates some voids and defects that function as traps of

current carriers When the dehydration process 1s over, however, the matenal
shows a semiconducting behaviour The inflection temperature between the
metallic and semiconducting behaviours coincides with the dehydration
temperature of I, — I
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