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Abstract 

Seven mixed-ligand complexes of cobalt(II), nickel(II) and copper(II) containing benzoyl- 
acetone and L-proline (HL1), 2-pyrrolidone-5-carboxylic acid (HL 2) or L-thioproline (HL 3) 
were prepared and characterized by means of elemental analysis, IR, electronic spectra, mag- 
netic moment measurements and molar conductanqe. Both HL z and HL 2 coordinate with these 
metal ions in a neutral zwitterionic form (-NH2-CH-COO-),  whereas HL 3 coordinates as a 
monobasic chelating agent (O/N). The continuous thermochromism of the nickel(II) complex 
of HL 1 (2) was attributed to a geometry change; it was investigated by DTA, TG, electronic 
spectra and X-ray powder diffraction techniques. 
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Introduction 

Mixed-ligand metal complexes find numerous applications in the fields of 
improvement of lubrication oil [1], photosensitizers for photooxidation reac- 
tions [2], selective production of colours in photoimaging [3] and extraction of 
metal ions [4]. Different mixed-ligand complexes have been studied by different 
authors [5-8]. Recently, we prepared and characterized metal (Co, Ni and Cu) 
complexes of L-proline and L-thioproline [9]. The preparation was carried out 
from mixed solutions containing the ligand and acetylacetone or dibenzoyl- 
methane (in attempts to obtain the mixed-ligand complexes). The results ob- 
tained showed that acetylacetone did not take part in the reactions, whereas 
dibenzoylmethane did, and its complexes were formed. The present work was 
devoted to a study of the complexes obtained from mixed solutions containing 
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benzoylacetone (which has properties intermediate between those of acetylace- 
tone and dibenzoylmethane) and L-pr01ine (HL1), 2-pyrrolidone-5-carboxylic 
acid (HL 2) or L-thioproline (HL3). 

H H H 

L-ThioproUne (HL 3 ) 2 -py r ro t idone  - 5 -  carbe~yt ic  acid (HL 2 ) L -p ro t ine  (HI~)  

Experimental 

Preparation of complexes 

All chemicals were of reagent grade, and were obtained from Aldrich. The 
complexes 1-7 were prepared by mixing equimolar amounts (10 mmol) of ben- 

1 2 3 zoylacetone and HL or HL dissolved in ethanol or HL dissolved in water. An 
appropriate amount of a 2 M solution of Na2CO3 was added to the ligand mix- 
ture. The solution was stirred with heatinguntil effervescence ceased. The metal 
chloride (10 mmol) solution in ethanol was added dropwise to the reaction mix- 
ture with heating and stirring. The precipitates obtained were filtered off and re- 
crystallized from ethanol to remove the inorganic salt (NaC1) formed during the 
reaction. The isolated complexes were dried over CaCI2/P4Olo. 

Working procedures 

Elemental analyses (C and H) were carried out at the Micro-Analytical Cen- 
tre, Cairo University, Egypt. The metal content was estimated with a Perkin-E1- 
mer 2380 Atomic Absorption Spectrometer. IR spectra were recorded in KBr 
discs on a Perkin-Elmer 1430 spectrometer. Electronic spectra were measured in 
nujol mulls, using a Perkin-Elmer Lambda 4B spectrophotometer. Magnetic sus- 
ceptibility measurements were carried out at room temperature on a modified 
Gouy-type magnetic balance. The molar conductivity measurements were made 
in DMF with a WTW LF90 conductance bridge. The thermal analyses (DTA and 
TG) were carried out in air with Shimadzu XD-30 and TGA-50 thermal analys- 
ers at a heating rate of 10~ min -1. X-ray powder diffraction patterns were re- 
corded on a Philips PW 1728 diffractometer with CuKa radiation. 

Results and discussion 

The complexes display thermal stability up to 100-220~ as indicated by 
their DTA and TG data (Table 2). The DTA curves contain endothermic peaks in 
the temperature range 17-220~ which may be assigned to the loss of solvent 
molecules (H20/EtOH) from both the inner and the outer spheres. The curves 
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also exhibit a number of exothermic peaks after desolvation, characteristic of 
material decomposition. These assignments were confirmed by the TG mass 
losses, and the IR spectra of the complexes before and after heating up to the cor- 
responding temperature ranges�9 The molar conductances of complexes 2 and 3 in 
DMF (Table 1) are consistent with those of 1:1 electrolytes in that solvent [10]. 
The values for the other complexes indicate a non-electrolytic nature [11]. The 

�9 �9 2 . . . . . . .  complex of mckel(II) with HL (5) displays considerable dissociation, which is 
responsible for the higher conductance [ 11 ]. The analytical and spectral data (Ta- 
ble 1) confirm the formation of mixed-ligand complexes�9 

Vibrational spectra 

The vibrational spectra of the complexes (Table 1) contain bands at 
1566-1550 and 1485-1480cm -1. These bands are assigned to the f3-diketone 
ring (vC-C+vC-O combination) and the phenyl ring, respectively [12, 13], and 
confirm the presence of the benzoylacetone moiety�9 The bands observed at 
1595-1563 and 1414-1390 cm -1 are characteristic of Vas(COO-) and vs(COO-), 
respectively [ 12, 13]. The complexes derived from HL 1 and HL2give additional 
bands at 3200-3190 and 1511 cm -1 as ((z-amino acids), assigned to v(lqI-I2) and 
8(/qi-I2), respectively [13]. The complexes of HL 3 also afford a coordinated 
v(NH) band at 3275 -3250 cm -1 [ 12]. The above assignments indicate the forma- 
tion of mixed-ligand complexes. On the other hand, both HL 1 and HL 2 coordi- 
nate in the neutral zwitterionic form (-NH2-CH-COO-) through the carboxylate 
group, whereas HL 3 coordinates as a monobasic chelating agent through N/O. 
This coordination behaviour is consistent with our previous data obtained from 
the optimized structures of the ligands and calculated proton affinity values [9]. 
The spectra display further bands at 3468-3420, 3115-3070, 2985-2930 and 
458-418 cm -1, assigned to v(OH) of water and/or EtOH, v(Ar-CH), v(alph.CH) 
and v(M-O),  respectively [11, 12]. The possible bridging of the carboxylate 
group in some complexes was taken from the separation value of the frequencies 
v(CO0-) [8, 12]. 

Electronic spectra and magnetism 

The electronic spectral bands of the complexes in nujol mulls are given in Ta- 
ble 1. The spectral patterns of the cobalt complexes reveal a number of bands 
within the range 690-500 nm. The bands appear as shoulders of a strong absorp- 
tion band near 400 nm, which is probably assigned to a charge-transfer transi- 
tion. The magnetic moment of the cobalt(II) complex of HL 3 (6) coincides with 
that observed for high-spin five-coordinate Co(II) complexes [14]. The values 
for complexes 1 and 4 indicate low- and high-spin five-coordinate configura- 
tions, respectively [14]. The slight increase in the values may be attributed to the 
distortion, which predominates in the five-coordinate structures [14]. The 
nickel(II) complex of HL I (2) gives a multiple strong band in the range 
800-400 nm, indicating tetrahedral geometry around the Ni(II) [14], while the 
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magnetic moment of the complex exhibits an anomalous value (2.09 BM). This 
value is lower than would be expected for purely tetrahedral geometry, suggest- 
ing a flattening towards a planar arrangement [15]. The spectrum of complex 5 
displays a broad band at 638 nm, assigned to the transition Vz[3Azg--->3Tlg (F) in 
octahedral geometry around the Ni(II) [ 14]. The magnetic moment of 3.1 BM 
confirms the octahedral configuration [16]. The broad band observed near 
660-650 nm in the spectra of the copper complexes indicates square planar ge- 
ometry around the Cu(II) [ 17]. The magnetic moments obtained are much lower 
than expected for monomeric copper(II) complexes. This indicates that there is a 
considerable interaction between the copper atoms [18]. On the basis of the 
above arguments, together with the analytical data (Table 1), the following struc- 
tures can be suggested: 

~2 ,2  
c 

c, ? /  \ ~,o .. 
f o \  i/~ ~ 
k._o /k  ~ oO/',,c, 

|11 

I.,H  {4) 
o 

= benzoylQce~one 
0 

~ 2 

( ~  / ,  , 

M = a i ,  x . e .  y=~  121 

k ~ ( u ,  X I , Y : I t Z  {~3 ) 

~ 
EtOH 

tS) 

i Q. .el. ~ EtOh 

[ ~ ' ~  j I~, o 

iT) 

Thermochromic behaviour of complex 2 

The complex undergoes a continuous colour change from bright-green to yel- 
low over the temperature range 50-220~ The change in colour is irreversible in 
air at room temperature. The temperature range of the colour change coincides 
with the endothermic DTA peak (Fig. 1). The TG mass loss (Table 2) corre- 
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<1 

Q 

I 

I l I I I 

100 20o 300 too 500 
TemperaturefC 

O 

Fig. 1 DTA and TG curves of complex 

i \  
i \ ,  ffN~x bright green form 

*1" / \ ",. 

400 600 800 
Wavelength (nm) 

Fig. 2 Electronic spectra of bright green and yellow forms of complex 

sponds to 2H20+EtOH. The electronic spectra of the two forms are significantly 
different (Fig. 2). The characteristic multiple (d-d) transition band of the bright- 
green tetrahedral form disappears from the spectrum of the yellow form, indicat- 
ing a change in coordination geometry towards the planar configuration. This be- 
haviour confirms the flattening, together with the lower magnetic moment value 
obtained for the bright-green form. The continuous thermochromism is therefore 
attributed to a change in geometry, which takes place together with desolvation 
of the complex. The X-ray diffraction patterns of the two forms are typically the 
same (Fig. 3), confirming the same packing for the two forms, and therefore the 
considerable flattening in the bright-green form. The slight changes observed in 
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Table 2 DTA and TG data of the complexes 

T/~ Mass loss/% 
Compound Assignment 

DTA/TG F (calc.) 

(1) 36-179 7.6 (8.1) 3H20 a 

180-388 34.4 (35.0) 2HL 1 b 

(2) 37-220 18.8 (18.8) 2H~O+EtOH a 

220-374 38.0 (38.2) 2HL2+HC1 b 

(3) 19-262 40.7 (40.5) 1/2 EtOH+H20+2HL 1 a+b 

(4) 31-210 6.3 (6.6) 3/4 EtOH a 

210-350 52.6 (53.3) mba+HL 2 b 

(5) 20-170 4.3 (4.0) H20 a 

170-470 47.3 (46.4) EtOH+mba b 

(6) 29-189 11.2 (11.6) EtOH a 

189-244 32.5 (32.9) L 3 b 

(7) 17-101 2.6 (3.0) H20 a 

101-292 48.2 (47.5) HCl+mba+ b 

EtOH+2H20 

a= loss of solvents, b= decomposition 

o= 

bright green form 

e I I . ,  J I 

70 50 30 10 
20 

Fig. 3 X-ray powder diffraction patterns of bright green and yellow forms of complex 
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Table 3 X-ray powder diffraction data of complexes (2) 

Bright green form Yellow form 

20 degree I/l~a.u. d/A 20 degree I/~a.u. d/A 

26.6 8 3.3482 26.6 8 3.3482 

31.1 97 2.8732 30.9 93 2.8914 

44.8 100 2.0233 44.7 100 2.0256 

55.9 28 1.6434 55.8 35 1.6461 

66.1 14 1.4123 65.9 17 1.4164 

74.8 29 1.2682 74.8 36 1.2682 

d=inter-planar spacing 

the relative intensities and in the positions of some lines (Table 3) may be attrib- 
uted to a lattice rearrangement rather than a phase change. Again, the lower tem- 
perature of desolvation (wide TG) and the above X-ray result indicate that the 
solvent of  crystallization do not make a significant contribution to the lattice 
forces [ 19]. 
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