
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2022.23736

INTRODUCTION

The structural studies of the porphyrin molecules have
revealed that four pyrrole rings have joined together with four
methine bridges to give a macrocyclic planar structure. It is an
extended conjugated 18 π-electron system makes it an aromatic
molecule. Further, it has a cavity at the centre, which allows
insertion of several metals and is the basis of the different
metalloporphyrins [1,2]. A free-base porphyrin (e.g. TPPS4)
can form chelate with various metal cations and exhibit the
conformations such as planar, ruffled, domed or saddled, etc.
It is also observed that depending upon the size of the metal
ion there are two types of porphyrins. If the metal cation is
having a size of 55-80 pm then in-plane metalloporphyrins
are formed, where the metal centres are situated in the plane
of porphyrin ring. In addition to the size of the metal ion other
affecting factors are axial ligands or the size of the peripheral
substituents, whereby, they can give rise to the typical distorted
geometries. If the metal ion is having the size greater than 80-
90 pm, then out-of-plane or sitting atop (SAT) metalloporphyrins
are formed, where the metal ions are situated out of the plane
of porphyrin ring [2,3].

The synthetic porphyrins are the promising candidates for
treatment of diseases [4], industries [5], biological imaging [6],
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analytical purposes [7], photocatalytic heterogeneous catalysis
[8-12], non-linear optics [13] and molecular photovoltaics [14,
15]. Further, in the recent past, the applications of porphyrins
are extended in the fields of single cell imaging [16-18], drug
delivery, chemosensors [19], MRI and photodynamic cancer
therapy (PDT), etc. Advanced researchers have prepared broad-
spectrum porphyrins which are also known as texaphyrins and
their metal complexes for potential applications in magnetic
resonance imaging, where imaging relating modalities such
as magnetic resonance imaging (MRI), position imaging tomo-
graphy (PIT), photoacoustic tomography (PAT), fluorescence
imaging (FI), ultrasonography and X-ray radiography are
involved [20-22].

It is to be noted that in chemical industries, around 80%
of the chemical transformations are carried out by catalysis
[23,24]. It is also an evidenced fact that in the past decades,
nanocatalysts have gained the utter importance due to their size
effect [25]. Therefore, reducing the particle size was specially
emphasized to boost better catalytic activity, where, the attempts
were done to make the catalyst to atomic size dimension [26].
Thus, with the advent and advancement of aberration-corrected
transmission electron microscope (AC-TEM) and X-ray adsor-
ption fine spectra (XAFS), the characterization of catalysts at
atomic level was possible. It was also observed that when the



size of the particle gets reduced to the atomic level, it shows
distinct and unique catalytic properties from nanoparticles.

The natural metalloporphyrins such as haemoglobin used in
oxygen transportation or chloroplast required in photosynthesis
are long known. Exploring the idea of biomimetics, applications
of porphyrins are extended to many catalytic reactions, viz.
electrocatalytic oxygen reduction reactions (ORR), epoxida-
tion of olefins, oxidation of alkanes and coupling reactions
[27-31].

The objective of present study is to focus on the thermal
stabilities of TPPS4, FeTPPS4Cl, (FeTPPS4)2-O and SnTPPS4Cl2,
which are used for variety of reactions in chemistry, diagnostic
therapies, homogeneous and heterogeneous catalytic reactions.
All the respective porphyrins were subjected to the thermal
analysis for the fixation of water of crystallization molecules,
their all-decomposition temperatures in synthetic air medium,
qualitative and quantitative analysis for the presence of %Na+,
%SO4

2−, %M of respective metal oxide (in case of metallo-
porphyrins), % of carbon, etc.

EXPERIMENTAL

A free-base porphyrin, tetrasodium meso-tetra(p-sulpho-
natophenyl)porphyrin (TPPS4), was synthesized by using
vacuum dried tetraphenyl porphyrin (TPP) and conc. H2SO4

in the molar ratio 0.003:0.5. The reaction mixture was refluxed
for about 8 h and allowed to stand for 48 h undisturbed. Further,
the lime and distilled water were added to the assembly to get
purple colour. At this stage the byproduct CaSO4 was removed,
the pH of the solution was adjusted to 8-10 by the addition of
Na2CO3. The precipitate of CaCO3 was removed followed by
addition of ethyl alcohol as requirement. The filtrate was dried
in oven at 100 ºC for continuous 2 h to get purple coloured
deliquescent crystals of TPPS4. The dry column chromatography
was used to purify the product. The stationary phase was empl-
oyed as basic alumina and the mobile phase was prepared by
addition of water, methanol and acetone in the ratio 7:2:1.
During purification, only purple band (TPPS4) was selected
and remaining green band due to dication was rejected. After
purification, the product, TPPS4 was vacuum dried and preserved
in air-tight container for subsequent synthesis of metallopor-
phyrins [32].

The synthesis of metalloporphyrins was carried out by
introducing the metals such as Fe and Sn into the free-base
porphyrin hole. Trivalent metal porphyrins such as FeTPPS4Cl
and its dimer [O-(FeTPPS4)2] were synthesized by using the
reported method [33] with the modification, where the metal
salt was added in excess than stoichiometric proportion required.
The difficulty was in the synthesis where, 10-fold excess salt of
tetravalent Sn was required to get the formation of SnTPPS4Cl2.
For purification of above synthesized porphyrins, dry column
chromatography was used, where green band due to dication
[H4(TPPS4)2+] and colourless band due to unreacted excess
salt were rejected. Thus, the appropriate band due to a specific
metalloporphyrin was selected, tested for purity using TLC,
concentrated, vacuum dried, placed in an air tight container
and were used in subsequent operations.

The characteristic absorption bands in UV and visible
regions were recorded using Shimadzu spectrophotometer
(model UV/2450UV). The infrared spectra of these porphyrins
were recorded on Shimadzu spectrometer (model prestige/
21FTIR). The mass of the specific metalloporphyrin was deter-
mined using High-resolution mass spectrometer using (model
Varian 500-MS). The TG-DSC analysis of the above comp-
ounds was carried out on NETZSCH-Geratbau Gmbh thermal
analyser (STA 409PC) from room temperature to 800 ºC.

RESULTS AND DISCUSSION

UV-visible studies: The porphyrins as synthesized above
viz. TPPS4, FeTPPS4Cl, (FeTPPS4)2-O and SnTPPS4Cl2 were
characterized by UV-visible spectroscopy with reference to
their characteristic bands in visible and Soret region as shown
in Figs. 1 and 2. It is observed that as a representative porphyrin
for (FeTPPS4)2-O, the two different concentrations i.e. 10-4 M
and 10-5 M were used. For higher concentration, the resolution
of peaks was not observed whereas for the lower concentration
(10-5 M), the peaks are clearly seen. In soret region, it was
observed that depending upon the respective porphyrin, the
absorption bands were 413 nm (TPPS4), 394 nm (FeTPPS4Cl),
395 nm (FeTPPS4)2-O and 418 nm (SnTPPS4Cl2), respectively
[33,34].
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Fig. 1. UV-visible spectra of (FeTPPS4)2-O (a) 10-4 M concentration, (b)
10-5 M concentration

FTIR studies: In sulphonated porphyrins, the key charact-
eristic bands are the confirmation of substitution of SO3Na
group at four para-positions in phenyl rings of tetraphenyl
porphyrin molecule. These bands in TPPS4 were 1041, 1128
and 1184 cm-1, for FeTPPS4Cl: 1240-1175, 1130 and 1141 cm-1,
for (FeTPPS4)2-O: 1188, 1128 and 1041 cm-1, for SnTPPS4Cl2:
1195, 1130 and 1041 cm-1 respectively [33,34]. Further, it
should be noted that the monomer FeTPPS4Cl and a dimer
(FeTPPS4)2-O are distinguished from each other by 850 and
881 cm-1 bands due to Fe-O-Fe stretching in dimer (Fig. 3).

High resolution mass studies: As a representative comp-
ound of porphyrins, FeTPPS4Cl was subjected to high resolution
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Fig. 2. Overlay of Soret bands in UV-visible region for selected porphyrins

4000 3500 3000 2500 2000 1500 1000 500

40

60

80

Wavenumber (cm )
–1

Tr
an

sm
itt

an
ce

 (
%

)

Fig. 3. IR spectra of FeTPPS4Cl

mass spectrometry for the calculation of the molecular weight
and it was confirmed as shown in Fig. 4.

TG/DSC studies: The TG and DSC analytical methods
revealed the various inferences, which were systematically
recorded for all porphyrins under study from room temperature
to 800 ºC in synthetic air atmosphere. Fig. 5 shows TG/DSC
curve for TPPS4. The compound is highly hygroscopic in nature
therefore the endothermic peak at 74.5 ºC is seen and it shows
a weight loss of 7.8% due to water of crystallization. From this
observation, the number of molecules of water of crystallization
were confirmed as five and therefore, the molecular formula
of a compound can be written as TPPS4·5H2O (Table-1). The
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Fig. 4. High resolution mass spectra for molecular weight of FeTPPS4Cl
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Fig. 5. TG/DSC curve for free-base TPPS4

subsequent mass loss after loss of water molecules is observed
at 360 ºC, it is seen that compound starts decomposing which
is shown by DSC curve (Fig. 5). The next decomposition temp-
eratures are 468 and 605 ºC, respectively. After the last decom-
position temperature, the calculation shows that the TPPS4

loses 44% of the total material and residue remaining is 56%
(Table-2). The TG-DSC event clarifies that TPPS4 decomposes
in three stages and the thermal stability of a compound is up
to around 360 ºC.

Analysis of residue of TPPS4: The qualitative analysis
of the residue of TPPS4 has shown the presence of Na+, SO4

2−

and a coal, which is a decomposition product of aromatic
ring of porphyrin. The TG-DSC analysis confirmed that Na+

ion is not lost during thermal analysis because its b.p. is 881
ºC and our experimental limiting temperature is up to 800 ºC.
In the context of SO3

2− substituents on the phenyl rings, the
TG-EGA-MS analysis [35] has shown that the loss of S+, HS+,

TABLE-1 
FIXATION OF WATER OF CRYSTALLIZATION MOLECULES IN AQUEOUS-PORPHYRINS 

Porphyrin Weight taken for 
TG-DSC (mg) 

Loss due to 
H2O (%) 

Molecular weight of 
anhydrous compound 

Molar 
ratio 

Number water of 
crystallization molecules 

Formula 

TPPS4 10.000 -7.80 1024 1:5 05 TPPS4·5H2O 
FeTPPS4Cl 11.700 -15.52 1115.25 1:11 11 FeTPPS4Cl·11H2O 
(FeTPPS4)2-O 12.600 -9.44 2177.7 1:13 13 (FeTPPS4)2-O·13H2O 
SnTPPS4Cl2 12.200 -2.86 1213.5 1:2 02 SnTPPS4Cl2·2H2O 
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TABLE-2 
% TOTAL LOSS OF THE MATERIAL AND THE RESIDUE 

REMAINING DURING AND AFTER THE TG/DSC OPERATION 

Porphyrin 
Loss due 
to H2O 

(%) 

Loss due to 
porphyrin 

(%) 

Total 
loss (%) 

Residue 
remaining 

(%) 
TPPS4 -7.80 36.23 44 56 
FeTPPS4Cl -15.52 30.48 46 54 
(FeTPPS4)2-O -9.44 35.56 45 55 
SnTPPS4Cl2 -2.86 39.14 42 58 
 

H2S species is observed. It is to be emphasized that the part of
the sulphur from SO3

2− is lost in the form of above-mentioned
species and remaining part of the SO3

2− group is oxidized to
SO4

2− ions due to the synthetic air environment. This was
confirmed by the necessary confirmative tests. Therefore, the
residue of TPPS4 after TG-DSC analysis has shown 8.97% Na+,
37.49% SO4

2− and 53.53% carbon (Table-3).
TG/DSC of FeTPPS4Cl: The TG/DSC curve for FeTPPS4Cl

is shown in Fig. 6. The TG curve shows 15.52% loss due to water
of crystallization at 80.8 ºC. The molar ratio of the compound
to water was calculated as 1:11, therefore, the molecular formula
of the compound can be written as FeTPPS4Cl·11H2O (Table-
1). The loss due to porphyrin ring is 30.80% and hence it is
evident that total loss in the compound including the loss due
to water molecules during thermal analysis is 46% and the
residue remaining is 54% (Table-2). The DSC curve for the
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Fig. 6. TG/DSC curve for FeTPPS4Cl

compound shows six different decomposition temperatures at
429.6, 514.5, 569.5, 598, 643 and 732 ºC. This indicates that
the porphyrin FeTPPS4Cl is stable up to 429 ºC.

Analysis of residue of FeTPPS4Cl: The residue of the
above compound was analyzed after the completion of TG-
DSC operation at 800 ºC. The results were obtained as 8.27%
Na+, 34.43% SO4

2−, 45.65% carbon and 11.63% Fe2O3 (Table-3).
The magnetic studies of the compound  revealed the a low-spin
chelate. Since, synthetic air environment is used for the TG-
DSC operation, which is highly oxidizing, the expected metal
oxide is Fe2O3.

TG/DSC of (FeTPPS4)2-O: For (FeTPPS4)2-O (dimer of
iron), the TG-DSC curve is shown in Fig. 7. The TG curve of
a compound shows 9.44% loss due to water of crystallization
at 92.7 ºC. The corresponding molar ratio obtained for this
compound was 1:13, therefore, the molecular formula for this
metalloporphyrin can be given as (FeTPPS4)2-O·13H2O (Table-
1). When loss due to porphyrin ring is taken into account it is
35.56% and total loss including water of crystallization is 45%,
while the residue remaining is 55% (Table-2). The DSC curve
for (FeTPPS4)2-O shows that the compound decomposes in
four different stages at 432, 524.4, 573 and 696 ºC, respectively.

0 100 200 300 400 500 600 700 800 900
-2

0

2

4

6

8

10

Endo

Exo

696

573
524.4

432

92.7

-9.44%

Temperature (°C)

D
S

C
 (

m
W

/m
g

)

T
G

 (
%

)

32%

50

60

70

80

90

100

Fig. 7. TG/DSC curve for (FeTPPS4)2-O

Analysis of residue of (FeTPPS4)2-O: The residue of the
compound after TG-DSC analysis gave 4.23% Na+, 16.26%
SO4

2−, 67.60% coal and 11.90% Fe2O3 (Table-3). The magnetic

TABLE-3 
QUANTITATIVE ANALYSIS OF RESIDUE OF PORPHYRINS BASED ON TG-DSC MEASUREMENTS 

Porphyrin TPPS4 FeTPPS4Cl (FeTPPS4)2-O SnTPPS4Cl2 
Wt. of porphyrin taken (mg) 9.40 11.70 12.60 12.20 
Residue remaining (mg) 5.26 3.63 6.93 10.00 
Residue loss (mg) 4.14 8.07 5.67 2.20 
Amount of Na+ (mg) 0.47 0.30 0.29 0.76 
Na+ (%) 8.97 8.27 4.23 7.58 
Amount of SO4

2- (mg) 1.97 1.25 1.13 3.16 
SO4

2- (%) 37.49 34.43 16.26 31.64 
Amount of metal oxide (mg) – 0.42 0.82 1.24 
Metal oxide (%) – 11.63 11.90 12.41 
Amount of coal 2.82 1.66 4.68 4.84 
Coal (%) 53.53 45.65 67.60 48.42 
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measurement has shown that it is a low spin paramagnetic
chelate and its final chemical composition as a metal oxide
expected is Fe2O3 as a most stable oxide of Fe.

TG/DSC of SnTPPS4Cl2: Fig. 8 shows TG-DSC curve
for SnTPPS4Cl2. The TG curve shows 2.86% loss at 60.6 ºC
due to water of crystallization. The respective molar ratio obtained
for this was 1:2, therefore, the molecular formula can be eluci-
dated as SnTPPS4Cl2·2H2O (Table-1). It is also seen that the
loss due to porphyrin material as shown by TG curve is around
39.14% and therefore, total loss sums up to 42% and the residue
remaining is 58% (Table-2). The DSC curve for SnTPPS4Cl2

shows three decomposition temperatures as 409, 458 and 563
ºC, respectively.
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Fig. 8. TG/DSC curve for SnTPPS4Cl2

Analysis of residue of SnTPPS4Cl2: The residue of the
compound after TG-DSC analysis gave 7.58% Na+, 31.64%
SO4

2-, 48.42% coal and 12.41% SnO2 (Table-3). The magnetic
measurement has shown that it is a diamagnetic chelate and
its final chemical composition as a metal oxide is expected as
SnO2 as a most stable oxide of Sn.

First decomposition temperature and relative thermal
stabilities of porphyrins: The information of first decom-
position temperature of a respective porphyrin confirms the
thermal stability of the corresponding porphyrin, which can be
used for any suitable applications (Fig. 9). Similarly, the total
loss brought about due to exclusive porphyrin ring is shown
by thermogravimetric curves in Fig. 10. With regards to the
observation, it is seen that (FeTPPS4)2-O is the most thermally
stable metalloporphyrin. In the structure of this compound,
two porphyrin rings are joined together with a bridge of oxygen
to two Fe3+ ions, where slightly more energy would be required
to rupture two O-porphyrin bonds. In case of FeTPPS4Cl, first
there is a removal of axial Cl ligand and then subsequently
fragmentation of porphyrin ring is followed, which will be
having more or less same thermal stability as of the dimer due
to loosely bonded Cl and strongly bonded Fe-N in the core of
the porphyrin. For SnTPPS4Cl2, there are two axial Cl ligands,
one above and another below the square plane. It may be
expected that when both the similar ligands are simultaneously
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Fig. 10. Loss of exclusive porphyrin during TG measurements

removed in the thermal event, would be causing the instability
in the structure to decompose at the lower temperature of 409
ºC as compared to above metalloporphyrins. In TPPS4, which
is a free-base porphyrin has no metal but two N-H bonds in the
core of the porphyrin ring. Due to these stretching vibrations,
the compound is comparatively less stable as compared with
the preceding porphyrins and cleavage of the bonds would be
commencing from the pyrrole rings and then opening up of
the phenyl rings. Therefore, TPPS4 shows comparatively least
thermal stability among the selected porphyrins. Hence, the
order of thermal stability for the above porphyrins can be given
as:

(FeTPPS4)2-O > FeTPPS4Cl > SnTPPS4Cl2 > TPPS4

Conclusion

The precursor tetrasodium meso-tetra(p-sulphonatophenyl)-
porphyrin (TPPS4), a free-base porphyrin was used for the
synthesis of metalloporphyrins e.g. FeTPPS4Cl, SnTPPS4Cl2,

Vol. 34, No. 8 (2022) Thermal Studies of Aqueous Free-base Porphyrin and Metalloporphyrins of Metal Ions  2053



(FeTPPS4)2-O and characterized by the standard established
methods. These aqueous- porphyrins were highly hygroscopic
in nature, therefore, the number of molecules of water of crysta-
llization were calculated for each porphyrin as TPPS4·5H2O,
FeTPPS4Cl·11H2O, (FeTPPS4)2-O·13H2O and SnTPPS4Cl2·2H2O.
The TG-DSC measurements were used to determine the total
loss of the porphyrin, the amount of residue remaining after
operation and the first and subsequent decomposition temp-
eratures. The remaining residues after the TG-DSC operation
was used to determine the %Na+, %SO4

2−, % carbon and % of
respective metal oxide in case of metalloporphyrins.
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