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Abstract : Three mononuclear complexes were synthesized and characterized by elemental analyses.molar conductivity and

IR spectral studies- A kinetic study of the thermal decomposition reactions of copper( Il ) complexes with N. N’ ~bis(alky~

laminoalkyl ) oxamide was carried out using TG and DTA technique under dynamic air atmosphere -The nonisothermal ki~

netics data were analyzed by means of the Achar method and the Coats — Redfen method -The most probable kinetic model

was suggested by comparison of the kinetic parameters-The activation energies entropies: and the pre-exponential factor of

the thermal decomposition reactions were calculated with thermogravimetric curves-The initial temperature of decomposition

was compared with those obtained for the complexes N N”bis(Z’aminopropyl Yoxamidocopper( 11 ), N, N”bis(z’aminopro’

pyl)oxamidoc-opper( Il ), and N, N ,’bis(3’amin0propyl)oxamidocopper( II'). The sequence of thermal stability is : Cu(ox~

pn)—Cu(oxap)—Cu(oxen) -
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1 Introduction

One of the best strategies to design and synthe-
size heterometal polynuclear complexes is the use of
mononuclear complexes as ligands i-e-; “complex
ligands™ that contains a metal and can function as li-
gands to a second metal ion" It is known that N.
N'bis (alkylaminoalkyl ) oxamidocopper ( Il ) com-
plexes would be suitable candidates of ““complex 1i-

4 .
" because they can coordinate to another

gands
metal ion through the oxamide oxygens to afford

polynuclear species and the remarkable efficiency of
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the oxamidate bridge to transmit electronic effects
between the metal ions, and hence this family of
“complex ligands”has been played an important role

1,2,4—10 . .
: '.In order to investi-

in molecular magnetism
gate the magnetism of heterometal polynuclear com-
plexes: we have previously adopted this strategy to
synthesize a series of heterometal polynuclear com-
plexes using mononuclear complex N Nl’bis(z’ami’
noethyl )oxamidocopper ( I ), N, N'-bis (2-aminopro-
pyl) oxamidocopper ( Il ), and N, N'-bis ( 3-amin-
opropyl ) oxamidocopper (Il ) (abbreviated Cu (ox-
en);Cu(oxap)>and Cu(oxpn)) as ligand[“'g’w] -In

spite of the considerable importance of this“complex
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ligands” to synthesize the heterometal polynuclear
complexes, very little work has been done on the
thermal properties -

Methods of thermal analysis have made tremen—
dous progress during the last few decades and have
found wide applications range of -Nowadays these
techniques are important tool in research and routine
analysis -TG and DT'A are valuable techniques for the
study of the thermmal properties of various com~
pounds -

The aim of the present work is to pursue a more
detailed study of the transformation of these mononu-
clear complexes when they undergo upon heating,
and to understand the mechanism and the conditions
and products of their thermal decomposition-Furthe-
mmore s we have studied the non-isothermal kinetics of
thermal decomposition of these complexes-The kinet~
ic parameters were obtained by integral and differen-
tial methods -The possible mechanisms of the thermal

decomposition have been discussed -

2 Experimental

2.1 Preparation of complexes

All chemicals used in the work were analytical
grade-The mononuclear complexes Cu (oxen ), Cu
(oxap) and Cu(oxpn) were prepared by previously
published procedures[B] -‘They were recrystallized
from water and dried in vacuum -

2.2 Apparatus

Analysis of carbon, hydrogen and nitrogen was
performed with a Perkin“Elmer elemental alalyzer
Model 240. Metal contents were determined by ED-
TA titration-IR spectra were recorded with a Nicolet
FTR spectrophotometer using KBr pellets - Molar
conductances were measured with a DDS-11A con-
ductometer -

Thermal studies were performed on a TGDTA92
simultaneous analyzer (Setaram Corp- ) -TG and DTA
runs were carried out at a heating rate of 7.5C .
min = under a dynamic air atmosphere using a flow

.1
rate of 40ml emin -2 —Al20; was used as reference

material - Alumina crucibles were used to hold 3~

omg samples for analyses -

3.Results and discussion

3.1 Flemental Analysis

Results from the elemental analysis are listed in
Table 1.
3.2 General Properties of the Mononuclear
Complexes

These mononuclear complexes are very soluble
in water to give stable solutions at room temperature ;
and practically insoluble in ethanol , methanol ; carbon
tetrachloride, chloroform and bemzene-In the solid
state all of the Cu( Il ) mononuclear complexes are
fairly stable in air, thus allowing physical measure-
ments-For the three Cu( Il ) mononuclear complex-
es»the observed molar conductance values in water
solution at 25°C (in the 10~ 20Q " em’mol
range ) are given in Table 1. These values indicate
that the three comploxes have nonelectrolyte proper-
ties -
3.3 Infrared Spectra

Since the IR spectra of all the three mononucle-
ar complexes are similar, the discussion is confined
to the most important vibrations of the 200~4 000
em | region in relation to the structure- The IR ab-
sorption bands of the complexes are given in Table
1. We will only discuss the selected infrared bands
with most relevant IR absorption bands from the IR
spectra of the mononuclear N, N'—bis (alkylamino~
alkyl) oxamidocopper ( Il ) -The IR spectra at 1 585
~1 620cm ' for the mononuclear fragment attribut -
able to carbonyl stretching vibration[v(C=0) ] -On
the other handthe IR spectra at 710~730cm  are
due to carbonyl bending vibration[(C=0)] of the
complexes-In addition, the appearances of the band
at 3250 ~3320cm " are assigned to v (NH:)
stretching of the amido group -
3.4 Thermal decomposition reactions of Cu
(oxpn) (1)

The TG, DTG and DTA curves of Cu (oxpn)
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complex are shown in Fig-1. The DTG cwve indi-
cates the decomposition of the complex in two stag-

es-The first transition occurs from 261 to 321°C, and

Fig-1 TG —DIG—DTA curves of Cu(oxap)complex

the mass loss is 28-68% versus the calculated loss
of 28.86%, corresponding to the release of CsHi

N: -The second transition is from 321 to 422°C, and

TBO(") 1A FLO¥ (@icTov) DTS (%/min) | the mass loss observed is 41.09% vs.the calculated
D.T6

- loss of 40.98%4, due to the release of all other or-

20 ganic ligands -The thermoanalytical data for Cu (ox~

-30 L

0 pn) complex are given in Table 2.

50 The DTA curve shows two exothermic effects at

-60 289.7 and at 365.9°C . The exothermic effect indi-

s : cates that organic groups are oxidized under air atmo-

-8 . TEMPERATURE (C)o | .

o050 1o 150 200 250 300 350 400 450 500 550 _jo sphere -The former corresponds to the decomposition

of the complex to CuCsHiN20z -The second exother-

imic peak corresponds to the formation of CuO-

Table 1  Analytical data of the complexes

Found(Calcd~)(%) Ay IR(cmil)
Complexes  Color , L - o
C H N Cu  (Seem” emol ') v(C=O0) 0(C=0)  v(NHz)
36.28 5.98 21.09 23.87 _ )
Cu(oxpn)violet —red 10 1620 725 3285
(36.43)  (6.11)  (21.24) (24.09)
36.30 6.02 21.12 24.21
Cu(oxap) pale —red 1588 716 3320
(36.43)  (6.11)  (21.24) (24.09)
30.31 5.02 23.51 26.72 7
Cu(oxen)violet —red . 1585 720 3250
(30.57)  (5.13)  (23.77)  (26.95)
Table 2 Themmal decomposittion data for Cu( I )complexes from TG—DI'G—DTA
Decomposition DTA/C mass loss/ /0 probably
Complexes Stages . expelled
temperature range/ C T, TG Theoretical composition
(D) 261—321 290(exo) 28.68 28.86 N:2C3Hiz
Cu(oxpn)
(2) 321—422 366 (exo) 41.09 40.98 CsHiN2O
) 213—259 25 (exo) 14.72 14.44 INH; +4H
Cu(oxap) (2) 259—308 285(exo0) 13.33 13.66 3C
(3) 308—456 373 (exo0) 40.83 41.74 CsHsN2O
. wo @ 161—266 223 (exo) 10.43 10.65 NCH
u(oxen) -H: (3) 266—361 294 (exo) 9.26 9.47 NH: +6H
(4) 361—468 421 (exo0) 41.57 41.81 CsH2N20

al', :temperature of peak ; endo ; endothermic ; exo ; exothe mic

3.5  Thermal decomposition reactions of Cu
(oxap) (2)
The TG, DTG, and DTA curves of the Cu(ox~

ap) complex, are shown in Kig-2-Jt can be seen that

stages of the dissociation of complex are observed in
DTG curve -The decomposition starts from 213°C and
ends at 259°C, showing that two moles of ammonia
and two moles. of hydrogen are escaped-The mass
loss observed is 14.72)% against  calculated
14.44% . The second stage is in continuation with

the thermal dissociation of the Cu(oxap) complex is

different from that of the Cu(oxpn) complex -Three
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Fig-2 TG —DIG—DTA cuves of Cu(oxap) complex

the first stage from 259°C to 308°C .The mass loss
observed is 13.33% against calculated loss of
13.66%, corresponding to the dissoclation of three
carbons -The third stage is from 308°C 10 456°C .The
mass loss observed is 40.83%% against calculated
loss of 41.73%. due to the release of all other or-
ganic ligands -The thermoanalytical data for the com-
plex are also listed in Table 2.

There are three exothermic peaks in DTA curve
corresponding to the transitions observed in the TG

curve-The  exothermic peak temperatures —are

245.5C ,284. 5C and 372. 8C .The first dec()mpo_
effect
CuCsHsN202 -The second to its decomposition to

sition  exothermic corresponds  to

CuCsHsN20: and the latter exothermic peak corre~
sponds to CuO -

3.6 Thermal decomposition reactions of Cu
(oxen) *H20 (3)

The TG, DTG and DTA curves of the Cu(oxen)
*H:0 complex are shown in Fig-3. Four stages of
the dissociation of complex are observed in DI'G
curve -The decomposition starts from 37°C and ends
at 161°C . the mass loss observed is 7.13%% against
calculated 7-10%0, corresponding to the release of
one mole of water-The second stage is from 161°C 1o
266°C .The mass loss observed is 10.43 versus cal-
culated 10.65%, showing that one mole of NCH
group is expelled -The third stage, is in continuation

with the first stage from 266°C to 361°C .The mass
loss observed is 9.26% against calculated loss of

9.47%, corresponding to the dissociation of one
mole of ammonia and three moles of hydrogen-The
last stage is from 361°C to 468°C .The mass loss ob™
served is 41.57% against calculated loss of
41.81% . due to the release of all other organic i~
gands -The thermoanalytical data for Cu(oxen) +H:0
complex are listed in Table 2.

T8 (%) HEAT FLOW(microv)
xp
125

DTG (%min)

7
TEMPERATURE (C)
-go 50 140 150 200 250 300 350 400 450 500 550

Fig-3 TG —DIG—DIA cuves of Cu(oxen)H20 complex

The DTA curve shows one endothermic effect at
76°C and three exothemic effects at 223°C , 294°and
421°C .The former corresponds to the release of one
mole of water to CuCsH12N1Oz , the second to its de~
composition to CuCsHi1 N3Oz > while the third corre-
sponds to the decomposition of the complex to
CuCsH2N202 > and the latter to its decomposition to
CuO-

Therefore s according to the results of the above
mentioned thermal analysis-The thermal analysis da-
ta were compared with those obtained for three com-
plexes - The initial temperatures of decomposition in~
dicate that the sequence of thermal stability is .

Cu(oxpn)—Cu(oxap) —Cu(oxen)

This results shown that the N, N’ —bis (alky-
aminoalky )oxamidocopper ( I ) complexes with 6—5
—6 member fused chelates are more stable than the
complexes with ©—575 member rings-and 55—
5 member fused chelates are stable than 4 —05—4
members rings -

3.7 Kinetic studies of non—isothermal decom-
position

In the present paper; the Achar? and the
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Coats — Redfen"”) methods were used to derive the
kinetic parameter and a possible kinetic model func-
tion of thermal decomposition was suggested by com=
paring the kinetic parameters-The integral and dif-
ferential equations are as follows .

In[ (do/ d)/f( @) ]=InA—E/RT (1)

In[ g( @)/ T 1=In(AR/BE)— EIRT  (2)

where @ is the fraction of decomposition dal dt
is the fraction decomposed per second,T is the tem~
perature in degree Kelvin. B is the heating rate, E is
the activation energy in kJ mol . A is the pre ex~
ponential factors R is the gas constant in kJ mol
K S(a) and g( @) are the most probable kinetic
model functions' -

The basic parameters of T, @, and dol di were
obtained from the TG and DTG curves of Cu(oxpn);
Cu(oxap )» and Cu (oxen) complexes, respective-
ly -The kinetic analysis was completed with the linear

least — squares method - Comparing the kinetic pa-

rameters from different methods, we selected the

probable kinetic model function by which the calcu-
lated values of E and InA were close to each other
with the better linear correlation coefficient -Then it
can be concluded that kinetic equation of thermal
decomposition of three complexes for the every stage -

The calculated values of the kinetic parameters
of three complexes for each transition and their prob-
able kinetic model functions were given in Table 3
and Table 4.

The entropy of activation (2s ) was calculated
from the equation .

As*[R

(3)

A=k %e

where k. Bolizmann s constant; /: Planck s
constant; T': DTG peak temperature-The obtained
values of 8s * were also given in Table 4.The val-
ues of activation entropy for three complexes are neg-
ative indicating a more ordered structure in the acti-
vated state than reactants and that the reactions are

14,15
slower than the normal'"" "’ .

Table 3 Mathematical expressions for different mechanisms

Complex Stage mechanism symbol f(a)= 1/ k(da/ dt)
(hH) Chemical reaction (second order) Co (1*(1)2

Cu(oxpn)
(2) N and G As 1=«
(D) Chemical reaction (second order) Cz (l*o()2

Cu(oxap) (2) diffusion 3D Ds 3/2(1*0()1/3{[1/(1*0{)1/3]*1} !
(3) N and G A 1—a
(L) Chemical reaction(second order) Cz (l*o()2

Cu(oxen) *H20 () Nand 6 A } e ~

(3) diffusion 3D Ds 3/2(1—a) " ([ (1— ) ]—1}
€ diffusion 3D Ds 32— {[1—y*1—1} "

Table 4 Kinetic parameter of the Copper( I )complex

Integral method Differential method

Complex 000 ool 1Al " A K 'mol '+ Edemol 'als | A5 K 'mol
(1)  369.42 78.86  —213.82  0.9953  353.01 78.99  —213.81  0.9800
Cuoxpn) (2)  210.54 38.39  —220.86  0.9993  193.84 39.07  —220.72  0.9900
(1)  603.17 140.98  —208.31  0.9842  610.10 145.28  —208.06  0.9783
Cu(oxap)  (2)  477.86 101.04  —211.68  0.9979  460.32 99.81  —211.79  0.9979
(3)  159.08 28.75  —223.36  0.9981  162.01 33.09  —222.19  0.9984
(1) 68.95 22.74  —220.18  0.9890  67.21  23.87  —219.77  0.98%4
300 115543, 26,23, 1221921 1100-9373 Py 860 2803 ATI22L137 e 9742
Culoxen) HOT 5 ™ Tor035 54043 —217.14 0.9758  226.41  54.09  —217.03  0.9752
(4)  254.85 43.13  —220.58  0.9949  232.27 43.08 ~ —220.59  0.9856
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