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Abstract

Complexes of Co(II), Ni(II) and Cu(Il) with 8-aminoquinoline were prepared and charac-
terized, and their thermal behaviour and decomposition pathways were studied, The thermal sta-
bilities are discussed in terms of ionic radii, crystal field splitting energy and steric hindrance.
The effective roles of the counter-ions (CI” and NO3) on the decomposition temperatures and the
final products were also clarified. The energies of activation (E,) and the orders of some decom-
position reactions were determined. Light is shed on the nature of the interaction of the water of
crystallization and the polymorphic transformation phenomenon.
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Introduction

Thermal decomposition studies on metal complexes have demonstrated various
correlations of the decomposition temperature with the metal ion, the ligand char-
acter or the counter-ion [1-6]. A literature survey reveals that little work has been
done on the metal complexes of 8-aminoquinoline and their thermal properties
[7-10]. We recently reported the effect of precipitation on the thermochromic be-
haviour of nickel(II) complexes with 8-aminoquinoline [11]. Our present work has
been devoted to the characterization and thermal investigation of other metal 8-ami-
noquinoline complexes. The work also concerns the effects of the ionic radii and
crystal field splitting energies (10 Dq) on the thermal stabilities of the isostructural
octahedral nitrato complexes.
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Experimental

All reagents were of analytical grade; they were obtained from Aldrich and used
without further purification. Complexes 1-5 were prepared by addition of the
stoichiometric amount of the hydrated metal chloride or nitrate salt in EtOH to a so-
lution of the ligand in CHCI; at a 1:2 molar ratio, and the reaction mixtures were
stirred in air at room temperature for 2 h. The precipitates obtained were filtered
off, washed several times with CHCl; and dried over CaCl,/P,0,5. The copper
complex 6 was prepared by the same method, except that the molar ratio was 1:1.
The elemental analyses (C and H) were performed at the Micro-Analytical Centre
of Cairo University. The metal contents in the respective metal complexes were de-
termined complexometrically, gravimetrically (DMG) and iodometrically for co-
balt, nickel and copper, respectively. IR spectra were recorded by using KBr discs
and a Perkin-Elmer 1430 spectrophotometer. Electronic spectra were registered
with a Perkin-Elmer Lambda 4B spectrophotometer. Magnetic susceptibility meas-
urements were carried out at room temperature on a modified Gouy type magnetic
balance. Conductivity measurements on the complexes were performed in EtOH or
MeOH at a concentration of 10> M with a Tacussel CD6N conductimeter. The
thermal analyses (DTA and TG) were carried out in air with a Simadzu DT-40 ther-
mal analyser, at a heating rate of 10°C min~!. X-ray diffraction measurements were
made with a Simadzu XD-3 diffractometer with CuK, radiation.

Results and discussion

The complexes are stable in air and soluble in water and some organic solvents,
The nitrato complexes do not melt, but decompose above 180°C. The chloro com-
plex 6 melts at 240°C. The chloro complexes 4 and 5 change into green tetrahedral
complexes upon heating in mull and dissolution in DMF or CH3;CN, showing thermo-
chromic and solvatochromic behaviour. This transformation is attributed to the loss of
one ligand molecule, as demonstrated by thermal and spectral measurements. The mo-
lar conductances (Table 1) indicate the non-electrolytic nature of the complexes [12].

Vibrational spectra

The bands observed for the ligand and its complexes are listed in Table 1. The
ligand exhibits bands at 1610, 1595, 1560 and 1465 cm™!, assigned to v(C-=-C)+
+Vv(C==N) of the quinoline ring; these are shifted to higher frequencies for the
complexes. The ring vibrations at 980 and 380 cm™! for the free ligand also shift to
higher frequencies (990 and 430 cm™'). These observations suggest coordination
through the quinoline ring nitrogen [13-15]. The complexes also display bands at
ca. 3320-3040 and 1315 cm™!, assigned to coordinated v(NH,) and v(C-N), re-
spectively. We therefore conclude that the ligand is bidentate, chelating through
both nitrogen atoms. The nitrato complexes give additional bands at ca. 1380, 1350
and 1025 cm™, which are assigned to monodentate nitrate [16].
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Electronic spectra

The electronic spectra of the complexes are recorded in Table 1. The bands ob-
served for the Co(Il) and Ni(II) complexes within the range 800-410 nm confirm
octahedral geometry around the metal ions [17-19]. This is supported by the mag-
netic moment values at room temperature (Table 1), which are typical for octahe-
dral geometry [15, 17, 20]. The Cu(lI) complexes 3 and 5 display bands near 585
and 410 nm, which are assigned to octahedral geometry [17-19], while complex 6
exhibits a broad band with a maximum at 700 nm, indicating tetrahedral geometry
[17]. The above findings, together with the results of the elemental analyses and the
TG data, indicated that the following structures became more significant.

N

N——Mp2 | nH0
X
1: M=Co, X=NO,, n=2; 2: M=Ni, X=NO,, n=2;

3: M=Cu, X=NO,, n=0; 4: M=Co, X=Cl, n=2;
5: M=Cu, X=Cl, n=2

N
/ |
Cu
]

(g “>8-aminoquinoline (L) (6)

Thermal studies

The DTA curve of the ligand (Fig. 1) shows endothermic peaks at ca. 72°C
(sharp) and 160-265°C (split). These peaks are assigned to melting and volatiliza-
tion with decomposition, respectively (as shown on a hot-stage microscope).

Nitrato-complexes (1-3)

The DTA curves of the cobalt and nickel complexes 1 and 2 display an endother-
mic peak in the temperature range 69-122°C, corresponding to the loss of water of
crystallization. The mass losses obtained from TG (Table 2) confirm the loss of two
molecules of water. The lower temperature of desolvation, together with the slight
differences in the IR spectra of the complexes before and after desolvation, indicate
the weak interaction of the water of crystallization, i.e. the water makes no contri-
bution to the lattice forces and is trapped in the crystal voids [21, 22]. The exother-
mic peak (120-150°C) observed in the DTA curve of the copper complex 3 may be
attributed to a phase change, as deduced from TG, which shows no mass loss in this
temperature range (Fig. 1). The X-ray patterns of the complex and its heated form
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Fig. 1 DTA and TG curves of the ligand and the complexes

are different (Fig. 2), confirming the phase change. Moreover, the IR spectra of the
complex and its heated form exhibit significant differences, especially for v(NH,),
v(C—C)+v(C—N), v(NOs) and the ring vibrations. These changes may be attrib-
uted to a polymorphic transformation [21, 22]. The curves of the complexes also
display a number of exothermic peaks in the temperature range 173-380°C, which
are assigned to material decomposition. The mass losses (Table 2) indicate that the
decomposition starts with the scission of M—N bonds, giving the free ligand and an-
hydrous metal nitrates, which are spontancously decomposed in the same tempera-
ture range. The formation of metal nitrate during the decomposition pathways was
confirmed by the IR spectra of the complexes after heating up to 215°C (initial pe-
riod of the reaction). The spectra show a sharp, strong v(NO;) at 1380 cm™!, whereas
the characteristic peaks of the ligand have disappeared. Moreover, the sequence of the
decomposition reactions and their corresponding defined steps as deduced from the TG
and DTA curves (Fig. 1 and Table 2) are presented below.

J. Thermal Anal., 48, 1997



DONIA, EL-BORAEY: 8-AMINOQUINOLINE COMPLEXES 1331

ofter heoting

%

Wi

befor heoting j/\/\)

& W T 10
20
Fig. 2 X-ray patterns of Cu(II) complex (3) before and after heating

units )

(arbitrary

Intensity

a) Co-complex

69 - 122°C

[COL,(NO,),] 2H;0 —————— CoLy(NOs), + 2H,0 (1)
173 - 237°C
3CoL,(NOy), ——— 6L + 3NO, + 0.50, +
+ 0.5C0;0, + 3/2Co(NO3), (2)
290 - 374°C
3Co(NO,;), ——————— 6NO, + 0, + Co,0, 3
b) Ni-complex
72 - 120°C
[NiL,(NO3)],2H,0 — . NiL,(NOy), + 2H,0 (1)
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242 - 274°C
3NiLyNO3); —— 6L + 6NO, + 3/20, + 3NiO )
c) Cu-complex
199 - 289°C
2Cul,;(NOy), — 4L + 2NO,+ 0.50, + CuO + Cu(NO;), (1)
305 - 374°C
Cu(NO;), —— 2NO, + 0.50, + CuO )

It is seen from the above results that the cobalt and copper complexes lose their
ligand molecules in the first decomposition step. The metal nitrates obtained de-
compose in one or two steps according to their rate and temperature of decomposi-
tion. The decomposition reactions of all complexes are of first order (Table 3), as
indicated by the peak asymmetry method of Kissinger [23]. The energies of activa-
tion (E,) of these reactions are also listed in Table 3, as found by the method of Pi-
loyan et al. [24] (Fig. 3). The temperatures of initial decomposition (thermal stabil-
ity) of the complexes follow the sequence Ni>Cu>Co (Table 2).

Table 2 DTA and TG data of the complexes

Temperature range/°C Mass loss/ % .
Complex Reaction
DTA TG Found (calcd.)
(1) 69-122* 69-122 7.2(1.1) a
187-237 (ex0) 173-237 66.5 (67.0) b
290-374 (exo0) 290-374 8.5 (10.1) c
(2) 72-120* 72-120 7.3(7.1) a
242-274 (exo0) 242-274 79.1 (78.3) b
3) 120-150* phase change
199-289 (exo) 199-289 73.0 (72.0) b
305-374 (ex0)  305.374 11.7 (11.4) c
@) 90-150 90-205 39.0 (39.6) formation of
195-220 (exo) tetrahedral (CoL.Cl,)
220-500 (exo) 205-480 41.0 (42.6) b
) 90-150* 80-240 40.0 (39.2) formation of
190-245 (exo) tetrahedral (CuL.Cl,)
300-500 270480 32.0 31.9) b
6) 240* melting
310-390 (ex0) b

a desolvation

b decomposition

¢ completion of decomposition of metal nitrate obtained
* endo
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Table 3 Initial temperature of decomposition, ionic radii ("), crystal field splitting energy
(10 Dq), activation energy (E,) and order of reactions (77)

Complex Initial temp. 2*/Pm 10 Dg/ E/ 7
of decomp./°C kJ mol™ kJ mol™
1 173 74 199 170.4 1.06
2 242 69 213 207.9 1.10
3 199 72 204 232.8 1.09

(10 Dq calculated from the electronic spectra of complexes)

Cu

sof NP e

3.0p

In AT

20¢

1.0f

s

1.8 20 22
1000/T K

Fig. 3 Plots constructed from the DTA curves of nitrato-complexes

The effective role of the central metal ion in the thermal stabilities was con-
firmed by the correlation between both ionic radii and the crystal field splitting en-
ergy (10 Dq), and the temperature of initial decomposition (Fig. 4). It is seen that
as the ionic radii decrease (higher charge/radius ratio), the thermal stability in-
creases. This can be explained by the higher metal-ligand interaction, which results
in a higher crystal field splitting energy (Table 3). Since the complexes are iso-
structural, the correlation obtained between 10 Dq and the decomposition tempera-
ture confirms that the ionic radius is the only factor affecting the metal-ligand in-
teraction (bond strength).

Chloro-complexes

The chloro complexes (except 6) have lower thermal stabilities than the nitrato
complexes. The octahedral complexes 4 and 5 change into green tetrahedral 4a and
5a in both the solid state (upon heating in mulls up to 120°C) and solution. The
thermal studies indicate that the geometry change can be attributed to the loss of
one ligand molecule and water of crystallization. The electronic spectra of 4a and
5a show bands at 670-610 and 700 nm, respectively. These bands are assigned to

J. Thermal Anal., 48, 1997
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Fig. 4 A plot of ionic radii and crystal field splitting energy with the initial temperature of
decomposition of nitrato-complexes

tetrahedral geometry [17]. On the other hand, the IR spectra of the complexes are
typically consistent with that of the green tetrahedral complex 6. The DTA curves
of complexes 4 and 5 (Fig. 1) reveal an endothermic peak at 90-150°C, which is as-
signed to the loss of water of crystallization together with the melting and partial
volatilization of the separated ligand molecule. The exothermic peak observed in
the interval 195-245°C is assigned to the completion of decomposition of the ligand
molecule to give the tetrahedral complexes with formula MLCl,, which in turn start to
decompose at 205 and 270°C for 4 and 5, respectively. The higher thermal stability of
the copper complex than that of cobalt is in accordance with the above observation for
the nitrato complexes. On the other hand, the following pathways of the decomposition
reactions are suggested, as demonstrated by the TG and DTA data (Table 2):

a) Co-complex

[CoL,Cl,]-2H,0 20 - 25°C CoLCl, + L + 2H,0 (1)
CoLCl, + 2/30, M L + Cl, + 1/3Co50, (2)
b) Cu-complex
[CuL,Cl,]-2H,0 80— 240°C CulLCL, + L + 2H,0 1)
CuLCl, 270 - 480°C CuCl, + L (2

Finally, and from the above arguments, the following points are considered.

J. Thermal Anal., 48, 1997
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i) The nitrato complexes give the metal oxides at lower temperatures than those
for the chloro complexes. This may be attributed to the oxidation effect of the nitrate
anion.

ii) The octahedral nitrato-complexes have higher thermal stabilities than the cor-
responding chloro complexes. This may be attributed to the distribution of the li-
gands around the metal as shown in Scheme 1 (molecular models indicate that the
ligand coordinates in two perpendicular planes).

Scheme 1

According to the above scheme, the chloro complexes exhibit a higher steric hin-
drance, which leads to the loss of one ligand molecule to relieve the strain in the
molecule. This explanation can be confirmed by the higher thermal stability (above
300°C) of the octahedral chloro-complex of the nickel analogues [11].
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