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ABSTRACT

Thermogravimetric Analysis (TGA) abstract describes using
a material's weight change versus temperature/time to analyze
its thermal stability, composition (volatiles, fillers, moisture,
decomposition products), and degradation Kinetics, revealing
thermal events like drying, oxidation, or decomposition in
controlled atmospheres (inert/oxidative) for applications in
polymers, composites, and materials science. The results, often
shown with Derivative Thermogravimetric (DTG) curves, help
determine product quality, estimate service life, and understand

material structure.

INTRODUCTION
Thermogravimetric analysis (TGA) isa thermal analysis
method that measures a sample's mass change over time as its

temperature is precisely controlled, revealing physical changes

(like water loss, desorption) and chemical reactions (like decomposition, oxidation).

A thermo balance, furnace, and controlled atmosphere are used to generate plots of mass vs.

temperature or time, helping determine material composition, thermal stability, moisture

content, and degradation kinetics for polymers, pharmaceuticals, and other materials.

Method

A small sample is placed on a sensitive microbalance in a furnace. The temperature is

increased (or decreased) following a programmed profile. A controlled gas (like nitrogen or

air) can flow over the sample. As the sample undergoes thermal events, its mass change (loss
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or gain) is continuously recorded.

What it Measures & Reveals

Mass Loss: Loss of water (moisture), solvents, or decomposition.

Mass Gain: Reactions with the surrounding atmosphere, such as oxidation or reduction.
Physical Phenomena: Phase transitions, absorption, adsorption, and desorption.
Chemical Phenomena: Thermal decomposition, chemisorption, and solid-gas reactions.

Applications

o Polymers: Determine degradation temperature, composition, and additive levels.

o Materials Science: Assess thermal stability, purity, and inorganic/organic content.
o Pharmaceuticals: Study stability and volatile content.

e Food Science: Analyze composition and moisture.

RESULTS AND DISCUSSION
A graph (TGA curve) plots percentage weight vs. temperature/time, showing distinct steps
for different events, according to

Thermogravimetric analysis (TGA)
Thermogravimetric measurements taken on Perkin-Elmer thermal analyzer at heating rate

15°C /minute from 27°C to 1020°C. Thermogram of the complex is shown in figure 3.22.

Thermogravimetric analysis of the Mn(I1) complex of the ligand L*

Thermogram of the Mn(I1) complex is shown in figure 3.22. The thermogram showed a first
inflection point at 298 °C with the weight loss of 15.10 %, which amounts for the loss of -
CgHio. This practical weight loss of 15.10 % corresponding to -CgHj» is in agreement with
theoretical weight loss of 15.20 %. Continued process of heating resulted in second inflection
point at 680 °C with the weight loss of 69.70 %. Which amount to loss of -CyH10NgO3
species in the TGA curve. The practical weight loss of 69.70 % of this second stage
decomposition is accordance with theoretical weight loss of 70.25 %. The partially
decomposed complex is unstable after this temperature (>1000 °C) and showed a continuous
weight loss till 1020 °C (as shown in the thermogram), with the loss of rest of the organic
matter leaving behind the metal oxide as residue.® The thermal decomposition of the Mn(11)

complex with probable assignments are given in the table 3.11.
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Table 3.11: Thermal decomposition of Mn(II) complex of Schiff’s base ligand L.

Combplex Stage Peak Temp. Loss of Mass (%0) Probable
b g TG (°C) Practical | Theoretical Assignments
_ _ _ _ CstgzMnN604
| 298 15.10 15.20
-CeH1o
[Mn(C26H22N604)] [Mn(C2H10N604)]
I 680 69.70 70.25
-C20H10N603
MnO
FOFI.-\::|0 g &YR'S OfA_ \SAIFDT0SOE2TB0N( ) 18d
35 { Onset Y = 3.510 mg. 15.10%

' Onset X=208'C

Onset ¥ = 1.523 mg, 69.70 %
Onset X=680'C

0 946
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Tempecature ("C)

02A15/2011 11:20:25 A
1) Heat trom 28 £6°C 10 1016 00°C at 18 06" Cimin

Figure 3.22: Thermogram of Mn(I1) complex of ligand L* (HMOHAD).

Thermogravimetric analysis of the Ni(ll) complex of the Schiff’s base ligand
L>(HECHCC)

Thermogram of the Ni(ll) complex is shown in figure 4.15. The theromogram showed a first
inflection point at 232.30 °C with the weight loss of 5.09 %, which amounts for the loss of
four methane molecules. This practical weight loss of 5.09 % corresponding to four methane
molecules is in agreement with theoretical weight loss of 4.80 %. Continued process of
heating resulted in second inflection point at 336 °C with the weight loss of 56.15 %. Which
amount to loss of -CzsH30N4Og species in the TGA curve. The practical weight loss of 56.15
% of this second stage decomposition is accordance with theoretical weight loss of 56.94 %.
The partially decomposed complex is unstable after this temperature (>1000 °C) and showed
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a continuous weight loss till 1010 °C (as shown in the thermogram), with the loss of rest of
the organic matter leaving behind the metal oxide as residue. The thermal decomposition of

the Ni(Il) complex with probable assignments are given in the table 4.8.

Table 4.8 Thermal decomposition of Ni(II) complex of Schiff’s base ligand L°.

Complex Stage Peak Temp. Loss of Mass (%) Probable
P %1 16 (C) Practical | Theoretical Assighment
[Ni(C39H34N408)]
-4CH,4
[Ni(CsoHaaNOg)] | | 232.30 5.09 4.80 Ni (CasH3N4Os)
1 336.00 56.15 56.94 -C35H30N4Og
NiO

Figure 4.15: Thermogram of NI(11) complex of ligand L°.

Thermogravimetric analysis of the Mn(11) complex of the ligand L®

The decomposition pattern was concluded, where by the complex decomposed in three stages
shown in figure 5.11. The thermogram showed a first inflection point at the temperature 250 °C
with the weight loss of 16.20% which accounts for the loss of -C1oHg molecules. This weight loss
16.20 % is in agreement with theoretical weight loss of 16.80 % calculated for removal of -CyoHg
molecules, continued process of heating resulted in second inflection point at 360°C with the weight
loss of 40.90 %, which amount to loss of -C1,HgO4 molecule, in the TGA curve. The practical
weight loss of 40.90 % of this second stage decomposition is in accordance with theoretical weight
loss of 40.38 %. The third inflection point results at 690° C, amount to the loss of 90.25 %

corresponding to the loss of -C1,H7N,O; species is in agreement with the theoretical weight loss of
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83.11 %. This partially decomposed complex is unstable after this temperature (>1000 °C) and

showed a continuous weight loss with the loss of rest of the organic matter leaving behind the metal

oxide as residue. The thermal decomposition of the Mn(Il) complex with probable assignments are

given in table 5.11.

Table 5.11 Thermal decomposition of Mn(I1) complex of the Schiff’s base ligand L°.

Peak Loss of mass (%) Probable
Complex Stage temp. . : _
TG (°c) | Practical | Theoretical assignments
[Mn(C36H2812N4Og)
[Mn(C3sH2s12N4Os)] B B ~ ~
l' CioHs
I 250 16.20 16.80
[Mn(C26H20N40s)]
l C12H9O4
I 360 40.90 40.38 [Mn(C14H11N404)]
'£12H7N202
i 690 90.25 83.11 [Mn(CzHaN0;)]
MnO

SAIFOTOE00TH-04( 6)

D Wi DA \SAFDTOROA2TB-04( 8) sond
Oparater 1O snc

PacsnEimer Thermad Analyss

Onset ¥ = §.520 mg, 16.20 %
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Figure 5.22: Thermal decomposition of Mn(ll) complex of the Schiff’s base ligand
L® (HMCHBA).
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