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Abstract. Macroheterocyclic compounds, such as metal porphyrins have unique physical and chemical properties. New possibilities 

of the functional use of porphyrin and phthalocyanine compounds have been revealed recently, their capability for self-organization 

(self-assembly) can form a basis for nanotechnologies. 

Some supramolecular aggregates has been investigated in this paper using TGA/DTG. Thermogravimetry (TG) have been used to 

examin the thermochemistry, to study the thermal stability and thermal decomposition of a wide set of complexes of porphyrins and 

phthalocyanines. The composition of these compounds were determined from the TGA curves and confirmed by carbon, nitrogen, 

sulphur and hydrogen micro-analytical determinations.  

The current study focuses on characterizing the new nanomaterial system using dynamic light scattering (DLS). Observations of 

material-specific surface properties were also recorded. Additionally, a stock solution of nanomaterials was analyzed for changes in 

agglomeration and zeta potential of the material over time. In summary, our results demonstrate that the nanomaterials agglomerate 

in solution and that depending upon the solution particle agglomeration is either agitated or mitigated. It was also observed that 

sonication slightly reduces agglomeration and has minimal effect on particle surface charge. Finally, the stock solution experienced 

significant changes in particle agglomeration and surface charge over time. 
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1. INTRODUCTION  

Porphyrins (P) either as free bases or metallocomplexes 

have been intensively studied during last few years 

because of their electrical and optical properties as well 

as their chemical and thermal stability [1]. One of the 

most important properties of the porphyrin molecules is 

their ability to coordinate to metal ions, yielding stable 

intercomplex salts. Stable complexes of metallo-

porphyrins results from formation of four equivalent σ 

bonds N→ M [2]. Metallo-porphyrins have a planar 

macrocycle with an 18 π-electron system and large 

aplications due to their unique optical, electronic, 

catalytic and structural properties [3].  
The main application of the metalloporphyrins are 

related to π-electron conjugated system, thermal and 

chemical stability allied to the self-organization 

capability. Metalloporphyrins are fairly stable to some 

thermal and oxidative processes, and parameters of that 

process depend on the number, position of the 

substituents. However, the synthesis of tungsten and 

titanium porphyrins are difficult. In the W porphyrin 

system, the effect of peripheral functional groups or 

spacer ligands on the thermal stability has not been fully 

investigated [4-6]. 

The rarity of these metalloporphyrins is explained by 

their reduced photostability [7-10].  

It is known that the enhanced stability and the efficiency 

of the metalloporphyrins are due to their stereochemical 

features and to the electron-withdrawing halogen 

substituents. The metallo-porphyrins are very susceptible 

to photodegradation due to the instability of their excited 

states. 

In this work, the stability of metallo-porphyrins (MTPP)  

has been studied through thermogravimetry analysis 

TGA/DTG and Dynamic Light Scattering (DLS). 

 

2. EXPERIMENTAL 

 

2.1. Materials and methods 

Porphyrins are tetrapyrrolic pigments, Fig. 1, with four 

pyrrole subunits joined together by four methine bridges 

to give a cyclic molecule. With a highly conjugated 

skeleton, porphyrins have a characteristic ultra-violet 

visible (UV-VIS) spectrum. The spectrum typically 

consists of an intense, narrow absorption band at around 

400 nm, known as the Soret or B band, followed by four 

longer wavelength (450–700 nm), weaker absorptions 

(free-base porphyrins) referred to as the Q bands.  

 

Fig. 1 Chemical structures of metallo-tetraphenylporphyrin 

MTPP 
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The TG curves of the samples were performed on a 

thermogravimetric analyzer Mettler Tolledo sistem 

TGA/SDTA 851
e
 under nitrogen atmosphere (99.999%) 

from 25 to 900 
0
 C, in Al2O3 crucibles (70 µL). The 

heating rate was 200 C /min and the flow rate of nitrogen 

was 80 mL /min. The TG equipment was calibrated by 

indium and aluminium pills. 

Determinations about particle size measurements by 

Dynamic Light Scattering (DLS) will establish the nano 

dimensions of these porphyrins and phthalocyanines. 

 

3. RESULTS AND DISCUSSION 
 

Metal complexes derived from porphyrins are fairly 

stable to thermal and oxidative decomposition, and 

parameters of that process depend on the number, 

position, and on the presence of other substituents.   

The effect of peripheral functional groups or spacer 

ligands on the thermal stability has not been fully 

investigated. 

One of the most important properties of the pophyrins 

molecules is their ability to coordinate to metal ions, 

yielding stable intercomplex salts. It is well known that 

phthalocyanine unit is resistant to thermal oxidation. 

 The thermal oxidation of the porphyrins occurs in 

several steps involving the oxidation of peripheral 

substituents, accompanied by some macrocycle breaks, 

and metals oxidation to higher oxides [8].   

Metal complexes derived from pophyrins are fairly 

stable to thermal and oxidative decomposition, and 

parameters of that process depend on the number, 

position, and on the presence of other substituents [11-

14]. The decomposition consists of two stages for 

TPPTiCl2 and TPPWCl4 (Table 1).  

 

Table 1.  Thermal decomposition data 

 

 
Fig. 2 TGA curves of ( TPPTiCl2, TPPWCl4 )  

 

All the samples exhibit high thermal stability however 

TPPTiCl2 temperature suggests that this complex has 

higher stability than TPPWCl4 (Fig. 2).   

DLS measures Brownian motion and correlates with 

particle size. This is achieved by illuminating the 

particles with a laser and analyzing the intensity 

fluctuations of scattered light. The particles suspended in 

liquid are constantly moving due to Brownian motion. 

Brownian motion is the random movement of particles 

due to collisions with the molecules of the liquid 

surrounding the particle. An important feature for DLS 

Brownian motion is that small particles move faster and 

larger ones more slowly. Zetasizer Nano device 

measures the scattered light intensity fluctuations and 

uses them to calculate the particle size of the sample. If 

large particles are measured, the intensity of scattered 

light will vary slowly. If small particles are measured 

scattered light intensity will fluctuate quickly. 

TPPTiCl2 is the most stable and nano-aggregates 

appeared in solution TPPWCl4. 
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Fig. 3 DLS analysis of TPPTiCl2 

 
 

Compounds Temp. 

range 

(0 C) 

Mass loss 

calculated 

(%) 

Mass 

loss 

found 

(%) 

Tentative 

assignment 

TPPWCl4 25-380 

380-900 

7,1 

43,6 

7,3 

40,7 

 

TPP ring 

TPPTiCl2 25-350 

350-900 

15 

39,1 

15,9 

32,3 

 

TPP ring 



The Scientific Bulletin of VALAHIA University – MATERIALS and MECHANICS – Nr. 8 (year 11) 2013 
 

 65 

0

10

20

30

40

50

0.1 1 10 100 1000 10000

In
te

n
s

ity
 (

%
)

Size (d.nm)

Size Distribution by Intensity

Record 4: TPPWCl4 1 Record 5: TPPWCl4 2 Record 6: TPPWCl4 3

 

0

10

20

30

40

0.1 1 10 100 1000 10000

V
o

lu
m

e
 (

%
)

Size (d.nm)

Size Distribution by Volume

Record 4: TPPWCl4 1 Record 5: TPPWCl4 2 Record 6: TPPWCl4 3

 

0

10

20

30

40

50

0.1 1 10 100 1000 10000

N
u

m
b

e
r 

(%
)

Size (d.nm)

Size Distribution by Number

Record 4: TPPWCl4 1 Record 5: TPPWCl4 2 Record 6: TPPWCl4 3

 
 

Fig. 4 DLS analysis of TPPWCl4  

 

 

4. CONCLUSIONS 

In this work, the stability the metalloporphyrins 

TPPTiCl2 and TPPWCl4 has been studied through 

thermogravimetry analysis and DLS analysis. Thermal 

properties of the metalloporphyrins were investigated by 

TGA/DTG methods, trying to appreciate the thermal 

stability of these compounds.  
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