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Abstract: The thermal decomposition of copper( I ) complex with N, N :bis( 3-aminopropyl) oxamide and non-
isothermal kinetics under dynamic air atmosphere were studied by TG, DTG and DT A technique- The non-isother-
mal kinetics data were analyzed by means of the Achar method and the Coats-Redfen method- T he possible kinetic

model function was suggested by comparison of the kinetic parameters- The kinetic equation for first stage can be

cxpressed as:d Fde=Ae (1~ q‘) - The second stage is: d¥de=Ae “"(1~ .

The mathematical expressions of £ and [nA were derived from the kinetic compensation effects-
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O Introduction

It is known that N, N “bis( alkylaminoalkyl)
oxamidocopper ( ") complexes would be suitable
candidates of Eomplex ligands “), because they can
coordinate to another metal ion through the oxam-
ide oxygens to afford polynuclear species and the
remarkable efficiency of the oxamidate bridge to
transmit electronic effects between the metal ions,
and hence this family of 'éomplex ligands has been
played an important role in molecular mag-

. 1,2,4-10)
netism .

In order to investigate the mag-
netism of heterometal polynuclear complexes, pre-
viously we have adopted this strategy to synthesize

a series of heterometal polynuclear complexes us-
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ing mononuclear complexes N, N “bis ( 3-amino-
propyl) oxamidocoppe( Il ) » [Cu( oxpn) 1O A
a part of our study on the magnetism of polynucle-
ar complexes, we have studied the nonisothermal
kinetic of thermal decomposition and thermal be-
havior of mononuclear Cu( Iy complexes to get in-
formation on its thermal stability by TG and DT A
in this paper- The kinetic parameters were ob-
tained by integral and differential methods- The
possible mechanisms of the thermal dissociation

have been discussed-

1 Experimental

All chemicals used are of analytical grade- N,

N “bis( 3-aminopropyl) oxamidocoper( Iy, Cu(ox-
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pn) » are prepared by previously published proce-
dures®’. They are recrystallized from water and
dred in vacuum-

Thermal studies are performed on the TG-
DT A 92 thermal analysis system ( Setaram Corp-) -
TG and DT A runs are carried out at a heating rate
of 7.5C « min " under a dynamic air atmosphere
1

using a flow rate of 40 ml * min -

2 Results and discussion
2.1 Thermal behavior of Cu( oxpn)

The TG, DTG and DT A curves of Cu( oxpn)
complex are shown in Fig- 1 The DTG curve indi-
cates the dissociation of complex in two stages-
The first transition changes from 261 to 321,
and the mass loss observed is 28. 68 against the

calculated

loss of 28.83%, corresponding to the release of
two nitrogens and four carbons- The second tran-
sition is from 321 to 405, and the mass loss ob-
served is 41. 09 against the calculated loss of 41.
01%, due to the release of all other organic lig-
ands- The thermoanalytical data rof Cu ( oxpn)

complex are given in Table 1.
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Fig-l TG-DTG-DT A curve of Cu(oxpn) complex

Table 1 The thermal decomposition data of Cu(oxpn) by TG-DTA

Stages of Decomposition DTA/ T mass loss/%
decomposition  temperature range/ ¢ TR TG Theory
() 261—321 289.7( exo) 28.68 28.83
(2) 321—405 365.9( exo) 41.09 41.01

T pindicates the temperature of peak in DT A curve

Two transitions are cxothermic in DT A curve
corresponding to the transition observed in the TG
curve- The exothermic transition indicates that or-
ganic groups are oxidized under air atmosphere-
Both of the exothermic peak temperatures are also
given in Table 1.

The sequential thermal dissociation process of
the complex is shown as follow :

CuCsHisN10Oz —>CuCtH16N202 —>CuO

2.2 Kinetic studies of non-isothermal decom-
position

In the present paper, the Achar"" and the Coats-
Redfen"”) methods are employed to derive the kin-

etic parameter and a possible kinetic model func-
tion of thermal decomposition was suggested by
comparing the kinetic parameters-
The integral and differential equations are as
follows:
In((dHde/f( ¥)=InA —E/RT (1}
Inlg( &/T")=In(AR/&) —E/RT (2
where is the fraction of decomposition, T is
the absolute temperature Bis the heating rate, E
is the activation energy in KJ - mol ', A is the
pre-exponential factor: R is the gas constant in K]
' ! f( & and g( Sare the most probable

*mol - K
kinetic model functions(listed in T able 2) -
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Table 2 Mathematical expressions for different mechanisms
No- mechanism symbol (= J;i—; =kt f( & =%( 'tfx)
1 Powerlaw % 4 g/
2 &” 3&8
3 & 2&”
4 o 1
5 &~ Zl/
6 Avrami-Erofeev (TIn(l— g}~ 3 (1= g(~In(l—g)”
7 Avrami-Erofeev [—ln(l—qjl/z 2 1_q[_ln(1_q]l/Z
8 Avrami-Erofeev [_ln(l_qjlﬂ 1—q[—ln(1—q]m
9 Avrami-Erofeev (TIn(l— q]l/‘ 4 1_<3f[_ln(1_cf]3/1
10 Prout-T ompkins (“In(l= g} (I=g(~In(l= 9]
1 (~In(1— g} (1= 9 (TIn(l—g)™
12 (“In(1= g} (7o (TIn(l= )™
13 Abstract surface 1= (1= qg!# 2(1—g'#
14 Abstract surface I=(l=qg!# 3(1—gA
15 1-D diffusion & 1/(2q
16 2-D diffusion at(l=gln(l— g (TIn(l=g)™!
17 3-D diffusion (1—(1=dAY (1=l (1= g'A)7
18 Ginstling-Brouns (1=2q3) —(1—g*# ‘25—[(1_ g A=1y
19 Avrami-Erofeev “In(l—«g 11—«
20 Second order (1= q"l -1 (1= qz
21 Third order (1—=g7* ;—(l—q]s
22 I=(l=qg'# 41=qg/
23 (1= g7t~ S (l=g7F
24 (l—g7'/A-1y S(l-g il
25 (1=(1= gy 61— g (1= (1= A )/
26 (1=(1= iy H-gU—(1=q)” b
21 I=(1- ¢ +(l-g”
28 1—(1—¢* 4 (1-g)
29 I—(1—qg! +—(l-q7
Table 3 Basic data ror Cu( oxpn) determined by TG-DT G
Stage | Stage 2
No- T /K d odt No- T /K [ d Ade
1 539.56 0.0208 1.1522 1 618.66 0.1429 2.9860
2 542.66 0.0312 1. 8686 2 621.76 0.1805 3.5911
3 045.76 0.0625 2.9443 3 625.16 0.2180 4.7294
4 548.96 0.1042 4.7318 4 628. 36 0.2556 6.0555
5 552.16 0.1562 6.8786 ) 631.76 0.3083 7.2565
6 555.56 0.2500 8.7379 6 636.06 0.4211 7.9752
7 59. 86 0.4271 9.6351 7 640.06 0.5113 7.7503
8 63.96 0.6146 8.7356 8 643.06 0.5639 7.1892
9 67.36 0.6979 6.9272 9 645.76 0.6241 6.5865
10 570. 36 0.7500 5.0332 10 648. 66 0.6842 6.1831
11 573.26 0.7917 3.5795 11 651.86 0.7444 5.9303
12 576.16 0.8438 2.9374 12 654.66 0.8045 5.5293
13 79.06 0.8750 2.5664 13 657.66 0.8571 4.9149
14 81.86 0.8958 2.2998 14 660.16 0.8947 4.1383
15 84.86 0.9375 2.0773 15 662.66 0.9398 3.2782
16 87.76 0.9583 1.8732 16 665.26 0.9624 2.3809
17 90.56 0.9792 1.7480 17 667.66 0.9774 1.5950
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The basic parameters of T & and d ¥dz ob-
tained from the TG and FTG curves are listed in
Table 3. Twenty-nine types of kinetic model func-
tions are into E(qs-( 1) and(2), respectively- The
kinetic analysis was completed with the linear
least-squares method and the results are shown in
Table 4and 5 When the values of E and InA ob-
tained with the two methods are approximately the
same and the linear correlation coefficiet is better
it can be concluded that the function is the function
of the probable thermal decomposition mechanism
of the complex -

For the first stage, the kinetic equation of
thermal decomposition If Cu( oxpn) complex is:

dode=Ae""(1— g

It shows that thje first stage of dissociation

Table 4 Kinetic parameter for the thermal decomposition data of Cu( oxpn) :

for Cu( oxpn)is controlled by Fz( chemical reaction)
mechanism -
The kinetic equation of decomposition for the
second stage of the complex is:
doddi=Aae""(1— g
It shows that the second stage of decomposi-
tion for Cu( oxpn) is controlled by Fi( nucleation

and growth) mechanism -
2.3 The kinetic compensation effect

According to the frequently used mathematical
expression for the kinetic compensation effect InA
=@ *+b", we fitted the kinetic parameters ( E and
InA) obtained from the integral methods by the
linear least-squares method- The kinetic compen-

sation parameters a and b are listed in T able 6.

stage 1

Function Integral method Differential method

No- E/kJ - mol ' InA /s_1 r E/K] - mol ' lnA/s_l r

1 38.76 5.76 0.8901 —163.59 —34.11 0.9527
2 54.83 9.43 0.9010 —147.54 —30.50 0.9321
3 86.92 16.54 0.9103 —115.45 —23.44 0.8603
4 183.24 37.24 0.9184 —19.18 —2.81 0.1084
5 119.03 23.51 0.9145 77.09 17.53 0.4758
6 166.49 34.30 0.9679 79.01 19.16 0.8218
7 122.53 24.73 0.9667 35.05 9.62 0.5702
8 78.56 15.02 0.9640 —8.90 —0.05 0.1813
9 56.56 10.06 0.9609 —30.88 —4.96 0.5405
10 518. 34 109.55 0.9703 430.65 94.33 0.9618
11 782.16 165.54 0.9706 694.37 151.39 0.9666
12 1046.02 221.42 0.9708 958.10 208.96 0.9683
13 213.68 43.41 0.9443 73.87 16.94 0.6642
14 226.02 45.78 0.9530 104.89 23.36 0.8055
15 375.87 77.85 0.9221 173. 36 37.76 0.6916
16 411.39 85.10 0.9364 244.55 52.74 0.8260
17 461.46 94.73 0.9549 340.19 72.25 0.9225
18 427.61 87.20 0.9430 216.13 44.99 0.7793
19 254.47 53.26 0.9992 166.92 38.09 0.9263
20 369.42 78.86 0.9963 353.01 78.99 0.9800
21 362.98 79.87 0.9519 539.11 120.58 0.9791
22 232.64 46.98 0.9572 120. 39 26.48 0.8505
23 83.70 17.02 0.9444 —143.25 —29.39 0.7209
24 585.58 122.25 0.9828 526.29 113.15 0.9806
25 108.31 20.93 0.9489 —12.77 —1.44 0.2396
26 102.16 19.72 0.9394 —37.62 —6.70 0.5707
27 143.12 28.80 0.8750 —205.28 —43.02 0.7974
28 118.21 13.46 0.8421 —391.38 —83.52 0.8809
29 101.01 19.74 0.8156 —577.47 —124.13 0.9079
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Table 5 Kinetic parameter for the thermal decomposition data of Cu(oxpn) : stage 2
Function Integral method Differential method

No- E/kJ *mol” Ind/s r E/KJ *mol”  InA/s” r

1 23.23 1.18 0.9546 —135.68 —24.64 0.8817

2 34.52 3.63 0.9627 —124.37 —22.30 0.8569

3 57.14 8.24 0.9697 —101.76 —17.79 0.7888

4 124.94 21.34 0.9745 —33.93 —4.77 0.3431

5 79.73 12.68 0.9722 33.89 7.95 0.3028

6 136.80 24.24 0.9994 120.07 24.94 0.9761

7 99.92 17.06 0.9992 83.18 17.79 0.9533

8 63.06 9.74 0.9993 46.30 10.52 0.8716

9 44.62 5.96 0.9992 27.86 6.80 0.7324

10 431.74 80.27 0.9993 415.12 80.94 0.9972

11 652.95 121.84 0.9993 636.40 123.62 0.9984

12 874.18 163.30 0.9993 857.70 166.75 0.9988

13 161.05 27.89 0.9924 79.95 16.46 0.8555

14 175.938 30.44 0.9962 117.91 23.36 0.9565

15 260.51 46.70 0.9764 101.72 20.56 0.6447

16 302.20 54.24 0.9869 187.36 36.40 0.8948

17 362.56 64.57 0.9965 304.59 57.46 0.9877

18 321.66 56.55 0.9909 152.75 28.23 0.8202

19 210.54 38.39 0.9993 193.84 39.07 0.9900

20 352.60 66.20 0.9805 421.59 82.91 0.9685

21 444.68 85.64 0.9165 649. 36 127.45 0.9541

22 183.98 31.75 0.9976 136.89 26.72 0.9752

23 103.16 18.43 0.9052 —185.78 —33.31 0.7658

24 514.37 94.14 0.9967 532.36 101.30 0.9922

25 82.65 12.99 0.9958 24.57 5.96 0.6238

26 75.18 11.66 0.9912 —5.96 0.29 0.1467

27 79.31 12.69 0.9242 —261.70 —47.93 0.8122

28 53.00 7.50 0.8704 —489.46 —91.36 0.8647

29 36.30 4.08 0.8134 —717.23 —134.92 0.8831

Table 6 The stage s kinetic model function and compensation effect of Cu(oxpn) complexes

Function Integral method Differential method Compensation effect
E E/KJ +mol™ Ind/s™ v E/kJ-mol™! InA/sT! r a b r
(1 20 369.42 78.86 0.9953 353.01 78.99 0.9800  0.2128 —1.17 0.9999
(2) 19 210.54 38.39 0.9993 193.84 39.07 0.9900  0.2903 —2.23 0.9999
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