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Results and Discussion
Part (A)

HI-A. Kinetics of Non-Isothermal Decomposition:

Kinetic studies of the dynamic TG curves, at heating rates 2,3,5
and 10 K/min, for the dehydration of Co-nicotinate, Ni-nicotinate,
Zn-nicotinate,  Co-Ni-nicotinate, Co-isonicotinate, Ni-isonicotinate,
Cu-isonicotinate  and  Co-Ni-isonicotinate were carried out and
investigated according to of the different models of heterogeneous solid
state reaction shown in Table(I-1). Three integral dynamic methods due
to Coats-Redfern ®, Ozawa @ and composite methods %) were used to
make the kinetic analysis. The Kinetic parameters were calculated and

discussed.

Figs.(I1i-A-(1-3)) shows representative weight changes as a function of
temperature obtained from the dynamic measurements of thermal dehydration
of the samples investigated. The compounds of Cu(nic),.0.5H,0 and
Zn(isonic),.0.5H,O aren’t investigated because thé water molecules are
attached to the complex compounds through hydrogen bonding. And we are
concentrated here on the other compounds in which the water molecules

attached directly to the metal ions.

For each compound investigated the composite methods(25 ) gave
equivalent curves and identical values for the kinetic parameters and showed
that the dehydration step for each compound is described by any one of phasc
boundary (R, and R;), Avrami-Erofeev random nucleation (Az) and first order
(F1) models. The other models gave less satisfactory fit to the experimental

data and (E;) model gave the least fitting results as can be shown from Tables
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(UI-A-1,2). Figs.(IlI-A-(4-11)) show the results of data analysis performed
according to composite methods of analysis for dehydration steps assuming
(R2) and (E;) models. According to the phase boundry mechanism R,, it is
assumed that the nucleation step oceurs instantaneously, so that the surface of
each particles covered with a layer of product nucleation of dehydrated
molecule, however may be arandom process, not followed by rapid surface
growth.  As nuclei grow larger they may cventually impinge on one another.
The values of kinetic parameters were calculated assuming (R,) model, and
tabulated in Tables (III-A-3).

The kinetic parameters were also calculated according to Coats -
redfern and Ozawa methods, assuming (R;) model for each compound
investigated and the results were tabulated in Table (1I1-A-3). Figs (111-A-(12-
17)), show the graphical representation of data according to both Coats-

Redfern and Ozawa methods, assuming (R,) model.

The results obtained from Table (III-A-3) show that, both composite
methods of analysié gave identical values for kinetic parameters with less
standard deviation. These results agree with those obtained from Coats-
Redfern method and differ to some extent with that obtained by Ozawa in
which the kinetic parameters calculated at different weight changes during
dynamic measurements showed different results. This is possibly due to the

variation of reaction mechanism with the fraction reacted.

The kinetic parameters calculated according to R; model which gave
the best fit to experimental data other than (R;) model are also tabulated in
table (III-A-4). The results obtained for Coats-Redfern and Qzawa methods

are the average results.
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Fig.( III-A-1):

Dynamic measurements for the thermal dehydration of:
(a) cobalt nicotinate, (b) nickel nicotinate and (c) cobalt-
nickel nicotinate. Heating rate: A;10, B;5, C;3 and D;2
K/min
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Fig.(llI-A-2):  Dynamic measurements for the thermal dehydration of:
(a) cobalt isonicotinate, (b) nickel isonicotinate and (c)
cobalt-nickel isonicotinate. Heating rate: A;10, B;5,C;3
and D;2 K/min
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Fig.(I1-A-3): Dynamic measurements for the thermal dehydration ‘of:
(a) zinc nicotinate and (b) cupper isonicotinate. Heating
rate; A:;10, B;5, C;3 and D;2 K/min
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Fig (1II-A-4):  Composite analysis of dynamic TG data of thermal

dehydration of cobalt nicotinate, assuming (R;) and ([%,)
models.
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Fig.(II-A-5):  Composite analysis of dynamic TG data of thermal

dehydration of nickel nicotinate, assuming (R;) and (E,)
models.
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Fig.(III-A-6):  Composite analysis of dynamic TG data of thermal

dehydration of cobalt-nickel nicotinate, assuming (R2) and
(E\) models.
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analysis of dynamic TG data of thermal

dehydration of cobalt isonicotinate, assuming (R,) and

(E;) models.
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Fig.([11-A-8):  Composite analysis of dynamic TG data of thermal
dehydration of nickel isonicotinate, assuming (R,) and

(E;) models.
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Composite analysis of dynamic TG data of thermal

dehydration of cobalt-nickel isonicotinate, assuming (R;)
and (E;) models.
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Fig.( [1I-A-10): Composite analysis of dynamic TG data of thermal
dehydration of zinc nicotinate, assuming (Rz) and (Ei)

models.
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Composite analysis of dynamic TG data of thermal

dehydration of cupper isonicotinate, assuming (R;) and

(E1) models.
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fesides aned Discnssion

It should be mentioned here that in spite of the great variation in each
of the composition of the sample and their crystal structure, but all of them
are dchydrated  through phase boundary (R3) model. It means that the cations
do not play a role in the mechanism of dehydration, but it comes mainly from
the moiety of ligand or water molecules. This may be explained on the basis
of the large volume of ligand or great distribution ’of water molecules as
compared with that of cations. The contact between that large moiety affects

each others and causes the dehydration to proceed through R, mechanism.

An inspection of Table (1LI-A-3) shows that the activation energy ol the
dehydration process of nicotinic acid and its compounds decrease in the order
calculated using composite methods:

Zinc-nicotinate > cobalt- nicotinate > nickel- nictoinate >

cobalt -nickle-nicotinate.

While for isonicotinic acid and its complexes decreases in the order:
cobalt-isonicotinate > nickel-isonicotinate > cobalt- nickel-1sonicotinale -

copper isonicotinate.

The ntroducing of cations into the ligand molecule led to a change in
the rate of dehydration, table (III-A-3), This is attributed to the change

occurring in the chemical potential of the reactants and the transition states.

For determine the degree of disorder occurring during the thermal

dehydration process AS? (the entrbpy of activation) was calculated using: -

The results obtained are also given in table (III-A-3). The negative

values of the entropy of activated obtained for the dehydration step indicates
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that the activated complex formed during the dehydration process are more
ordered than the reactants, while the positive values of entropy obtained for
the dehydration step indicate a higher ordering of the reactants than of the

activated complex during the dehydration process.



Table (I11-A-3): Kinetic parameters for investigated compounds calculated using
different methods assuming R, model.

Composite [ Composite T1 Coats-Redfern | Ozawa o
Compounds | E Log A, E, Log A, E, Log A, |E, Log A, AS,
xwmol’ | min” xwmol”! | min® wmol' | min? wmol! | min" Cal/mol.
K

Cobalt bIS+3.0 | 139208 1163 14 +0.4 126412 | 155117 | 96 11 114+14 A7
nicotinate
Nickel M3£20 | 130£060 | 114£2 132 263 ] 120513 | 136217 | N7£26 13.7+3.6 | 037
nicotinate
Zinc 135+4.8 | 18.1+1.60 | 134145 | 18 £07 140+24 | 189+3.4 | 109112 143+1.8 | 2397
nicolingdc .
Cobalt Nickel IO T2 | IR 1060 [ 1021 12,1 103 103010 | 1281380 12z RN N 02
nicotinate
Cobalt 125+40 [ 15130 124+ 4 151 £06 | 13617 [ 17.1x24 | 94210 1L5+13 9.58
1sonicotinate
Nickel 122140 | 141211 123+4 142 £05 [ 144415 | 182432 [ 919 10.2£09 | 535
isonicotinate
Copper 85%1.0 10+ 0.40 87 %1 104 02 | 75¢4 87105 117413 15.1£34 | -13.46
isonicotinate .
Cobalt Nickel 122+40 | 145+1.1 1223 13.5 £0.5 ] 13247 158109 | 94+11 109+13 733
isonicotinate
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Fig ( 111-A-12); Coats-Redfern method of analysis for dynamic
dehydration of (a) cobalt nicotinate, (b) nickel nicotinate
and (c¢) cobalt-nickel nicotinate, assuming (R;) model.
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Fig (III-A-13): Coats-Redfemn method of analysis for dynamic
dehydration of (a) cobalt

isonicotinate, (b) nickel
isonicotinate and (c) cobalt-nickel 1sonicotinate, assuming
(R2) model.
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Fig.(1lI-A-14): Codts-Redfern  method of analysis for dynamic
dehydration of (a) zinc nicotinate and (b) cupper
isonicotinate, assuming (R;) model.
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Fig.(1II-A-17): Ozawa method of analysis for thermal dehydration of (a)
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Table(11l-A-4): Kinetic parameters for investigated compounds calculated using

different methods assuming R+ model.

Composite 1 Composite I1 | Coats-Redfern Ozawa

Compound

E. Log A, E, Log A, E, Log A, E, Log A,

kymol™. | min® kwmol! | min? kwmol®. | min’ wmol | min®
Cobalt 1193 143+08 | 11923 14401 | 132211 | 162216 | 96+ 11 113213
nicotinate
Nickel HT+2 135406 | 11842 136+03 [ 133126 [ 155134 | 117426 13.51135
nicotinale
Zinc 140+ 4.9 | 187216 | 13946 | 186207 | 147+23 | 19833 | 109¢ 12 107+ 1.4
nicotinate
Cobalt Nickel | 15012 122106 | 10612 124102 [ 108113 | 1264 18 | 1117122 1321 .3
nicolinate
Cobalt 128+ 4 154213 | 128+4 15406 | 145217 | 177£21 | 94+ 10 21.5+3.4
isonicotinate
Nickel 12714 145411 [ 127¢4 146405 [ 14514 [ 17419 [ 91+9 T
isonicotinate
Coppcr B3 11 103104 901 | 10,6102 T2 14 X109 7113 16.1 1 6.4
isonicotinate
Cobalt Nickel | 126+4 148 1.1 | 1263 14905 | 139+8 166+1.2 | 9411 10.7£1.5
isonicotinate

77



