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Cu(II) complexes of acenaphthaquinonemono(4-methylquinolinyl)hydrazone (AMH) of 
general composition [CuLX2] (where L =AMH; X =CI, Br, I, OAc or NO3) with the exception 
of sulphato complex, where the composition is found to be [CuLSO4]2 have been synthesized 
and characterized by elemental analyses, magnetic moment measurements, conductivity meas- 
urements, IR, electronic and EPR spectral techniques and by thermal analysis. A planar 
geometry is indicated for all the complexes. TG curves show one step decomposition of com- 
plexes and formation of Cu20 at the end of the step. 

Keywords: complexes, coordination chemistry 

Introduction 

Coordination chemistry of substituted hydrazones has been provided by 
remarkable anticancer [1], antibacterial [1], antileukemic [2] activity observed 
for these compounds which has since been shown to be related to their metal com- 
plexing ability. Substituted hydrazones exhibit a wide range of stereochemistdes 
on complexation with metal ions [3-5]. In this paper we describe the synthesis, 
spectroscopic characterization and thermal studies on Cu(II) complexes of AMH. 
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Experimental 

Physical measurements 

The complexes were analysed for C, H and N in Microanalytical Laboratory, 
I.I.T., New Delhi (India). Copper was estimated on a Perkin-Elmer 703 atomic ab- 
sorption spectrophotometer in solutions prepared by decomposing the complexes 
in conc. HNO3. Magnetic susceptibility measurements at room temperature were 
carried out in the powdered state on a vibrating sample magnetometer PAR 155 
with 5000G field strength, using high purity nickel metal (saturation moment 55 
emu g-l) as calibrant. Molar conductances of complexes in DMF solution were 
measured at room temperature on a systronic digital direct reading conductivity 
meter model 304 using platinum electrodes. The electronic spectra (900-300 nm) 
of the complexes in ethanol were recorded on a Perkin-Elmer 554 UV visible 
spectrometer. IR spectra were reported in the range 4000-400 and 800-200 cm -1 
as KBr and CsI discs, respectively. EPR spectra in polycrystalline state at room 
temperature were recorded on a varian model E-4 spectrometer (X-band) using 
DPPH (g -- 2.0036) as the standard. The PMR spectra of the ligand was recorded 
in CDCI3 on Perkin-Elmer model R-32 NMR spectrometer operated at 90 MHz. 
TG was recorded on Stanton Red-Croft TG 770 thermobalance using 5-10 mg 
samples and the heating rate was 3 deg.min -1. 

Materials and methods 

All the reagents used were of commercial grade and were used without further 
purification. 

Preparation of AMH 

2-Chloro-4-methylquinoline synthesized by reported method [6-7] was 
refluxed with hydrazinehydrate which gives 2-hydrazino-4-methylquinoline. 2- 
Hydrazino-4-methylquinoline (3.46 g, 0.02 mol) was dissolved in 25 mlof HCI. 
Acenapththaquinone (3.64 g, 0.02 mol) dissolved in 100 ml of ethanol was added 
to 4-methylquinolinylhydrazinehydrochloride. The contents were refluxed for 
half an hour and the product obtained was filtered, recrystallized from ethanol 
and dried in vacuum desiccator over P205 (Found: C, 78.68; H, 4.51; N, 12.43%. 
Calc. for C12H15N30: C, 78.33; H, 4.45; N, 12.46%). 

The purity of the ligand was checked by TLC and characterized by elemental 
analysis, IR and PMR spectroscopy (8 value ppm) in CDC13 [2.4(s, 3H, -C-CH3); 
7.2-7.9(m, 9H, aromatic protons); 8.8(s, 1H, N-NH-C); 8.2(s, 1H, ring NH 
protons)]. 

Synthesis of complexes 

Ethanolic-water solution of various Cu(II) salts (1 mmol) was added to an 
ethanolic solution of AMH (2 mmol). The resulting mixture was refluxed for 3h 
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and the volume was then reduced to one-third by distillation under reduced pres- 
sure. On cooling shining crystals of complexes were separated out. These were 
filtered and washed with water and benzene and purity was checked by TLC. 
Other ratio of M:L were also tried, but in every case, complexes with similar com- 
positions were observed. 

Results and discussion 

AMH reacts with Cu(II) salts in neutral condition and produces [CuLX2] 
(where L = AMH and X = CI, Br, I, OAc, or  NO3) with the exception of sulphato 
complex where the composition is found to be [MLSO4]2 (Table 1). These com- 
plexes are insoluble in water and common organic solvents but have appreciable 
solubility in DMF and ethanol. The molar conductivity of the complexes have 
been found to be consistent with non-electrolytic nature [8]. 

Magnetic measurements 

The room temperature magnetic moments (Table 1) of the complexes fall 
mainly^in the range 1.7-1.9 B.M. very close to the spin-only value of 1.73 B.M. 
for a d ju ion and are consistent with planar coordination around copper. 

IR spectra 

The significant IR bands are presented in Table 2. The IR spectrum of AMH 
shows an intense strong band at 1670 cm -~ due to vc=0, undergoes a negative shift 
of 20-40 cm-1; pointing to the oxygen atom of the >C=O group as a possible 
coordination site in the complexes. The other strong band appearing at 1605 cm -1 
due to v c=r~ in the free AMH spectrum undergoes a negative shift of - 10 cm -1 in 
the complexes indicates the involvement of the nitrogen of C=N group in bond- 
ing. However the band due to vrca at 3400 cm -1 in AMH remains intact in the 
complexes indicating non-involvement of the nitrogen o f - N H  of hydrazino 
group. The low frequency bands in the regions 460-445 and 410-380 cm -l in the 
complexes are attributed to vc~--o and Vc~N respectively [9-11]. The other low 
frequency bands in the regions 340-330 and 250- 240 cm -1 in the complexes are 
assigned to vc~-cl and VC~B, respectively indicating that chlorine and bromine is 
terminally bonded [12-13] rather than bridging. The ratio VC~Br/VC~--Cl is 0.69 in 
all the cases which are consistent with the values for the complexes of first row 
transition metals [14]. 

Absorption bands corresponding to metal-iodide strengths could not be as- 
signed as they were beyond the range of instrument. The additional bands ob- 
served in the complexes having polyatomic ions, confirm the monodentate nature 
of acetato [15] and nitrato [16, 17] groups. The band at - 320 and 300 cm -x are 
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assigned to VC~,--OAr and VC~-NO3 respectively. In sulphato complexes, vl band is a 
weak band while v4 is of medium intensity. The strong band v 3 is found to split 

into three bands in the range 1170-1100 cm -1 indicated that SO 2-ion acts as a 
bridging bidentate ligand [18-21] and the complex so formed is dimeric in nature. 

Electronic spectra 

The significant electronic absorption bands in the spectra of the complexes in 
ethanol presented in Table 3. The electronic spectra of the complexes display, two 
weak and broad ligand transitions in the vicinity of 20700-19000 cm-" and 
15800-15400 cm -1 in an idealised square planar symmetry. The two bands may 
be assigned as 2 Big ---> 2 ~g and 2 Big ---> 2 Alg transitions respectively as suggested 
by Figgis [22]' and Dave et al. [23]. These bands are comparable in positions with 
the earlier reported square planar copper(II) complexes which leads to believe 
that all the Cu(II) complexes are essentially planar. One or two bands are also ob- 
served in most of the complexes in the region 32000-23000 cm -1 are reasonably 
taken as Ligand ---> Metal charge transfer bands as suggested by other workers 
[24-26]. 

Table 3 Electronic spectral data (cm -1) of copper(II) complexes 

Complex 2 Big "'> 2 Alg 2 alg "--> 2 Eg Charge 
transfer 

[CuLC12] 15800 20080 23470, 
28900 

[CuLBr2] 15680 20700 - -  

[CuLI2] 15620 20400 - -  

[CuL(OAc)2] 15800 20270 30300 

[CuL(NO3)2] 15800 20600 25000, 
31250 

[CuLSO4]2 15800 20080 22730 

EPR spectra 

EPR spectral data of few complexes were recorded in polycrystalline state at 
room temperature (Table 4). The spectra of the complexes show a strong signal at 
high field and a weak one at low field corresponding to gi  and gIz respectively. 
For tetrahedral complexes gay is found to be isotropic. The anisotropy due to 
Jahn-Teller distortion is beyond detection at room temperature. The g• gn and gav 
calculated for the isolated complexes are in consistent with square-planar 
geometry [27-28] and gzi values for the present complex show considerable 
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covalent character. The EPR spectra at liquid N2 could not provide any additional 
information. 
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Thermal studies 

Thermal studies have been carried out to evaluate kinetic parameters [29-32] 
of solid state reactions involving weight loss (or gain). Freeman and Carroll [30] 
have stated some of the advantages of this method over conventional isothermal 
studies. From TG curves, the order of reaction (n) and activation energy (E) of the 
reactions have been enumerated. The weight change is plotted on the ordinate 
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Table 4 Room temperature EPR spectral parameters of copper(II) complexes in 
polyerystalline state 

Complex gn gx gay giso 

[CuLCh] 2.139 2.069 2.092 - -  

[CuLBr2] 2.157 2.069 2.096 - -  

[CuL(OAc)2] - -  - -  - -  2.076 

[CuL(NO3)2] 2.138 2.028 2.065 - -  

with decreasing weight downwards and temperature (T) on the abscissa increas- 
ing from left to right. The methods of Coats and Redfern [33] has been used for 
deriving kinetic parameters. 

The complexes [CuLCI2], [CuLBr2], [CuLI2], [CuL(OAc)2], [CuL(NO3)2], 
[CuLSO4]2 a re  stable upto 393,423,513, 483,473 and 473 K respectively. The 
decomposition of these complexes continues upto 1202, 1033, 953, 1193, 1183, 
823 K respectively. In all the cases, a horizontal plateau in TG curve is observed 
indicating one step decomposition as shown by the presence of breaks in TG cur- 
ves. The weight loss of 82.92% (Calc. 84.72) for [CuLCI2], 84.31% (Calc. 85.74) 
for [CuLBr2], 82.04% (Calc. 81.68) for [CuLI2], 79.89% (Calc. 79.11) for 
[CuL(OAc)2], 76.19% (Calc. 76.00) for [CuL(NO3)2] and 84.00% (Calc. 84.91) 
for [CuLSO4]2 corresponds to the formation of Cu20. 

RHN 

Ng. 2 [CuLX2I (where L = AMH; X = CI-, Br-, I-' OAt-, NO~ 

o. ?o 

RHN ~....~. 
O' 0 

Where R - -  

Fig. 3 [CuLSO412 (where L = AMH) 
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The  re levant  data needed for plott ing linearization curves are recorded in 
Table 5a-5b and l inearizat ion plots  are shown in Fig. la-f .  The decomposi t ion 
temperature,  order  o f  react ion and activation energy are presented in Table 6. The 
order  o f  react ion in each case is found to be one. 

Table 6 Thermal data for copper(II) complexes 

Complex TG 

Temp. range/K n / order of reaction E/kcal.mo1-1 

[CuLC12] 393-1202 1 10.98 

[CuLBr2] 422-1033 1 16.02 

[CuLI2] 513-953 1 25.62 

[CuL(OAc)2] 483-1193 1 21.96 

[CuL(NO3)2] 473-1183 1 21.35 

[CuLSO4]2 473-823 1 16.77 

Thus,  on the basis o f  above  phys ico-chemica l  data in conjunct ion with con- 
sideration o f  r ing strain, square planar structure (Fig. 2) seems to be likely for all 
the complexes  except  sulphato complex  which seem to exist as dimer  (Fig. 3). 

One of the author (P.K.S.) is thankful to UGC, New Delhi (India), for providing 
financial assistance and is also indebted to the Department of Chemistry, University of 
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ZusammenfassungmCu(II)-komplexe yon Acenaphthoquinonmono(4-methylquinolinyl)- 
hydrazon (AMH) der allgemeinen Zusammensetzung [CuLX2] (mit L = AMH; X = C1, Br, I, 
OAc oder NO3) (beim Sulfatokomplex lautet die Zusammensetzung [CuLSO4]2) wurden 
hergestellt und mittels Elementaranalyse, Messungen des magnetisehen Momentes, Konduk- 
tivit~itsmessungen, IR-, Elektronen- und EPR-Spektroskopie sowie mittels Thermoanalyse be- 
schrieben. Fiir alle Komplexe wurde eine planare Geometrie nachgewiesen. Die TG-Kurven 
zeigen eine Zersetzung in einem Sehritt, an dessen Ende die Bildung yon Cu20 steht. 
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