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A binuclear copper(ll)--urea complex was synthesized and its structure was established from 
elemental analyses, IR, UV and visible spectroscopy and magnetic susceptibility measurements 
to be [OC(NH2)2Cu(OH)2] 2. The kinetics of the thermal decomposition of the complex were 
studied by recording thermogravimetric measurements in streams of nitrogen and oxygen. TG 
analysis showed three main steps of decomposition, leading to Cu20 formation in the final stage~ 

Metal coordination compounds containing urea have been studied intensively 
both structurally and spectroscopically [1-4]. So far, however, the number of 
thermochemical investigations on urea complexes is rather limited [5]. No thermal 
analytical studies ofcopper(II), a metal which is known to coordinate to urea, have 
been reported so far. It is known that, apart from the coordination bond between 
the copper ion and urea, the complex also plays an important role in catalysing the 
enzymatic activities in plants, as well as urease inhibitor properties. 

Experimental 

Preparation of the complex 

The complex was prepared from an aqueous solution of copper sulphate and urea 
in I : 1 molar ratio, at pH 3.2. The solution was allowed to evaporate under heating 
for about an hour; the resultant solid complex was filtered off and washed with 
ethanol and anhydrous ether to apparent dryness. The complex was stored in a 
vacuum desiccator over calcium sulphate until used. The complex was muddy- 
green in colour and gave the following elemental analysis. 

Anal. calcd, for [OC(NH2)2Cu(OH)2]; C, 7.69%, H, 3.85%, N. 17.83% and Cu, 
40.12%; Found C, 7.72%, H, 3.70%, N, 17.91% and Cu, 40.40%. 

* This paper was presented at the National Symposium on Reaction Mechanism and Catalysis, 

Allahabad, India, Feb. 1985. 
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Apparatus 

The IR spectra were recorded in the range 4000-250 cm- t with a Beckman IR 
20A infrared spectrometer, using KBr discs. 

Solid-state electronic spectra were recorded with a Cary 14 spectrophotometer 
provided with an automatic recording system. The spectra were taken in Nujol 
mull. 

Magnetic susceptibility measurements were carried out by the use of Gouy's 
method. Molecular susceptibility was corrected for the diamagnetism of the 
component atoms by means of Pascal's constant [6]. 

Thermal studies were made as reported earlier [7]. 

Results and discussion 

The elemental analysis results on the complex agreed with the molecular formula 
[(N2H4COJCu(OH)2 ]. qhc compiex has a room-temperature magnetic moment 
(1.52 BM) lower than the spin-only value (1.73 BM). The decrease in magnetic 
moment indicates an ar.tiferromagnetic exchange interaction. The electronic 
spectrum of the complex shows a d d transition absorption band at 15,600 cm- 1, 
which corresponds to squa~e-91anar ,,tereochemistry [8, 9] for the copper(ll). The 
band is assigned to the transi~itm :B~,, ~ 2Eu in a ligand field of D4h symmetry. The 
presence of an additional weak absorption band at 17,000 cm -1 [2A1 ~---, 2Bl,] 
suggests partial tetragonal distortion in the molecule. 

The I R active vibrational frequencies ~.~f urea have been reported previously [10]. 
The most important IR absorption bands of diagnostic value and their tentative 
assignments for urea and the complex [OC(NH2)2Cu(OH)2] are listed in Table 1. 
The spectrum of the complex molecule differs significantly from that of the urea 
molecule. The VNn stretching frequencies in urea have been found to be sensitive to 
coordination to copper. This leads to a shift in v~y~,NH (3450 cm -1) and a 
deformation in v~rmNH (3350 cm-1) for the urea molecule. The Vc=o (1670 cm- ~) 
and bending NH + Vc=o (1600 cm- ~) of the urea molecule are observed at almost 
the same frequencies in the complex. However, due to the intramolecular hydrogen- 
bonding in the free urea molecule, the shift in vNH is not nearly as great as in the case 
of the carbonyl [Vc~o] coordinated complex [811 The absorption band at around 
3570 cm 1 (indicative of the OH stretching frequency) and another at around 
i .:,70 cm - ~ (indicative of the bending mode of OH) both confirm the presence of the 
hydroxyl group in the complex. The far I R region of the complex shows the 
presence of additional bands at 410 cm- ~ and 480 cm-~ 1, due to C u ~ O  and C u -  
N. The values of the force constant (K) for Cu---O and C u ~ N  bonds have been 
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calculated [11] and are found to be 2.48 • 105 dyne/cm and 2.62 • 105 dyne/cm, 
respectively. 

Thermal studies 

From the experimental data it can be concluded that the decomposition of the 
complex:_ [OC(NH2)zCu(OH)z] can be described by the following reactions: 

[OC(NFI2)2Cu(OH)2] -*Cu(OH) 2 + OC(NH2) 2 (i) 

Cu(OH)2 -+CuO (ii) 

CuO ~ C u 2 0  (iii) 

Flexure l snows the TG corves obtained for the complex under dynamic nitrogen 
:~nd ~.Jdiziag atmospheres. These thermal curves were recorded at a heating rate of 

32 
~o2 ~, N2 atrn. 02 aim. 

1 

o 
0 200 400 600 800 1000 

Temperature~ oC 

i.~. 1 TG pk~ts Ibr the complex in N, and 02 atmospheres 

10 deg/min. ~I be L, atares of tb.e TG curves in the two atmospheres are analogous. 
The complex shows a first decomposition stage between 200 ~ and 4502, in which a 
weight loss occurs corresponding to one urea molecule. The DTG curve in air (Fig. 
2) shows two distinct decomposition peaks, at 300 ~ and 45ff ", which reveals that the 
loss of the urea molecule is complex in nature. The broad endotherm at 425" in the 
DTA curve (Fig. 3) indicates the loss ofligand in the gas pha~e. The above findings 
can be used to speculate on the reaction pathway in the thermal lo.~s of gaseous NH 3 
from urea, The schematic ~eprcscntation of urea decomposition involves 
rearrangement through a cyclic urea structure: 

O = c / N H 2  __, HN = C  / O  ~ N H z  "~'NH3 --*NH3T + NH = C = O 

No intermediate is isolable, due to the complicated nature of the decomposition of 
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Fig. 2 DTG curves for the complex in (!) N 2 and (11) 02  atmospheres 
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Fig. 3 DTA curvcs for the complex 

the complex. The second and third steps of the decomposition reaction show 
continuous weight loss up to 850 ~ and the final residue corresponds to Cu20 
(weight loss: experimental 34%, theoretical 34.2%). 

Kinetic parameters 

The thermogravimetry data have been used to study the kinetics of the thermal 
decomposition. The methods of Satava [12] and Coats-Redfern [13] were ap- 
plied to evaluate the activation energy and reaction order in the process 
(urea)Cu(OH)2---}Cu20. Deduction of the mechanism of reaction by means of 
nonisothermal kinetic methods has been discussed by Satava. In this programme, 
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the experimental TG data are anul)~d via the linearity of the function Iogg(~) ver- 
1 

sus ~. Plots of logg(~) against 1/T are found to be non-linear (Fig. 4), pointing to 

a heterogeneous decomposition. The plots are all curved, with comparatively sharp 
turning points. The characteristics of  the plots do not provide an accurate 
understanding of  the reaction mechanism that controls the thermal decomposition 
of  the complex over the considerable temperature range. From the curves it can be 
said that the complex decomposes first wilh a large slope, corresponding to a high 
activation energy, followed by a second step of decomposition, associated with a 
small activation energy. In no case can the entire course of the reaction be described 
by a single rate equation. 

t 
-30! 

tr ! C.. 

_2.~,1 h t " 

1o! ' ~ , I , 
1.0 li~ 14 1.6 

lit ~ x l 0  3 K 

Fig. 4 Sa tava ' s  plots  for the complex  

For a reaction in which the order is known, the final equation described by Coats 
and Redfern has the form 

log [1 - (1 - ~) ' -"]  _ ~-ffAR[ I - - -2ET ] E 
TZ(1-n) l o g . ,  2.3RT 

where ct is the sample fraction decomposed at time t and a is the heating rate. This 
ha~ been applied here to obtain the activation energy for the decomposition of the 

complex. The plot of log [I - (1 - a) ~ -"/[T z(1 - n)] against I x 10 3 (Fig. 5) showed 
1 
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Fig. 5 Coats and Rcdfcrn's  plots for the complex 

two breaks for each value of n. A number of such relationships are nlotted for a 
number of assumed values o f n  = 0, 0.5, 0.66, and 1.0. The activatie'~ energy for 
each line is calculated from lhe equation E = 2.3 R tan fl (where tan fi = the slope 
of the straight line and R = the gas constant). The decomposition of the complex is a 
three-step process, since t~o breaks are observed in the Coats and Redfern plots, 
and thus three values for the activation energy are reported (Table 2). The 
activation energy for the first curve corresponds to the gaseous decomposition of 
the ligand, while the activation energies of  the second and third curves are due to the 
decomposition of the hydroxyl groups and the conversion of CuO to Cu20. 

Table 2 Values of  acti,.:~lion energy 

n Et.  kJmol ' 

0 9.00 

0.50 5.30 

0.66 9.20 
1.00 I 1.00 

E z . kJmol - l E3. kJmol -  1 

7.03 49.50 

2.68 60.12 

10.04 35.14 

13.80 132.6 
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Zusammenfassung - -  Der zweikernige Kupfer(ll)-Harnstoff-Komplex wurde dargestellt. Durch 
Elementaranalyse, Spektroskopie im IR-, UV- und sichtbaren Bereich sowie Messung der magnetischen 
Suszeptibilitiit wurde die der Formel [OC(NO)2Cu(OH)2] 2 entsprechende Struktur ermittelt. Die 
Kinetic der thermischen Zersetzung des Komplexes in Stickstoff und Sauerstoff wurde aus 
thermmogravimetrischen Kurven bestimmt, die drei Hauptzersetzungsttufen erkennen lassen. Endpro- 
dukt der thermischen Zersetzung ist Cu20. 

Pe31oMe - -  CrlHTe31,1pOBaH ~ByXa~.epHblfi t<OMn3eKC Me~.b(ll) - -  Moqeamta n Ha OCHOBaHUH 
3xeMeHTHOFO anaan3a, HK cneKTpOCKOIIHH, 3JIeKTpOHHblX cneKTpoa norJlottlenna rt H3Mepenn~ 
MaFHI4THOH BocupHI.tMqH BOCTH ycTanOB.rleHO, HTO COCTaB ero COOTBeTCTByeT qbopMyJle 
[OC(NH2)z'Cu(OH)2]2. KnueTnKa TepMn~ecroro pa'3ao~<e..a roMuaeKca 6blaa nBy~eua nyTei 
TepMorpaBnMeTpnqecK.x .3MepeHn~ B HOTOKe aaora u ~ucaopoaa. Pa3aoxeuue roMno~erca 
upo~'eKaew a Tplt CTa~Hn C o6pa3oBaHHeM 3aKncn Me~tu a KaqecTae roaet~uoro npo~yrTa peat<HUn. 
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