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oxide, % of Na*, % SO.,* and % coal respectively.

INTRODUCTION

The research in the last three decades has proved that the
practical applications of porphyrins in the medicals, where
drug delivery is focussed and other areas where clinical studies
have incorporated bio-imaging or bio-sensing as the most reli-
able advanced techniques [1]. The porphyrins are basically
metal-organic compounds with adjustable porous structures;
therefore, they possess very high drug loading capacity and
biodegradability. Due to these properties of porphyrins the
delivery of the drugs can be maintained at the controlled rate
in various therapeutic applications. The use of metalloporphyrins
in drug-delivery may be explored in the administration of drug-
doses and other side effects due to unlocalized distribution of
drug [2-4]. It is to be worth noting that the various types of
bonds between porphyrins and drug molecules such as hydrogen
bonding, van der Waal’s interactions or other hydrophobic
interactions are responsible in releasing drug from the metallo-
porphyrins depending upon the stimuli-response. In this regard
temperature and pH are helpful in controlling the release-rate
of the drug [5,6].

The porphyrins are being extensively used as theragnostic
agents where a combination of therapeutics and diagnostics is
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Present study is intended on the thermal behaviour of the free base aqueous porphyrin and the corresponding metalloporphyrins of some
of the transition metal ions such as Cu, Ag and Mn. The respective porphyrins were synthesized and characterized by ultra violet-visible |
spectroscopy, infrared spectroscopy and high-resolution mass spectrometry. These porphyrins thus obtained were then subjected to thermal
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porphyrins were subjected to fixation of number of water molecules of crystallization and quantitative analysis with respect to % of metal |

Keywords: Aqueous-porphyrins, Thermogravimetry, Differential scanning calorimetry, Relative thermal stabilities. |

used in MRI, photodynamic cancer therapy (PDT) and single
cell imaging [7-10]. MRI is useful in the visualization of the
human body. This is a non-invasive in vivo technology and
considered to be the most reliable imaging technique [11,12].
The porphyrins are extensively used as contrasting agents in
MRI for the localization of tumour [13-15]. In actual practice,
there are variety of clinically-approved contrast agents, but to
treat malignant neoplastic diseases hardly they are available
commercially. This has made to focus more attention on the
use of porphyrins and metalloporphyrins [16-18]. Therefore,
it essential to have compatibility of size of the metal and porp-
hyrin cavity for highly stable chelates for the application in
vivo imaging techniques. The molecules of porphyrins are
looked upon as having multiple functionalities with the high
tissue penetrating power.

It is a documented fact that 15% of the death in the entire
globe are caused due to cancer [19,20]. The growth of the
abnormal cells in the body is a consequence of several factors
such as weakness of immune system, harmful radiations, some
typical chemicals and inherited mutations [21,22]. In photo
dynamic therapy (PDT), the porphyrins are widely used because
they have unique affinity for tumour tissues on account of
their photosensitizing property. In addition, they are also good
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carriers to transport other active drugs into tumour tissues.
Unlike other cancer therapies, PDT is non-toxic and slightly-
invasive, therefore, it can be applied to the places where surgery
is not possible. The range of applications of PDT can be exten-
ded to oncology, cardiovascular diseases and other infectious
diseases.

The inherent macrocyclic structure of free-base porphyrin
and metalloporphyrins makes it suitable for clinical studies
including chemo sensors [23,24]. In recent past, it is also
evidenced that the synthetic porphyrins play an important role
in the disease treatment as a promising candidate with respect
to their photochemical, biological and photo physical prop-
erties [25]. Besides this, they also find applications in photo-
catalysis [26,27], molecular photovoltaics [28] and non-linear
optics [29].

In present study, the relative thermal stabilities of the
synthesized porphyrins are investigated and the subsequent
decomposition temperatures in synthetic air, the fixation of
water of crystallization molecules and the quantitative analysis
of the residue remaining after TG-DSC operation.

EXPERIMENTAL

Tetraphenyl porphyrin (TPP), a precursor, was used for
the synthesis of aqueous free-base porphyrin tetrasodium meso-
tetra(p-sulphonatophenyl) porphyrin (TPPS,) [30]. Vacuum
dried TPP and conc. H,SO, in the molar ratio 0.003: 0.5 were
refluxed in a flask for 8 h and the entire reaction mixture was
kept undisturbed for next 48 h. Further, the distilled water
followed by lime was added to the reaction mixture to attain
the purple colour. The byproduct CaSO, was removed and pH
of the solution was adjusted to 8-10 by the addition of Na,CO;.
The next step was removal of CaCOsprecipitate and subsequent
addition of ethyl alcohol as per requirement. This filtrate was
concentrated on a steam bath and was dried in an oven at 100 °C
for continuous 2 h. The crystals of TPPS, are nearly delique-
scent in nature, therefore, kept in an air tight container. They
were further purified by dry column chromatography, where
stationary phase was basic alumina and the mobile phase was
a mixture of water, methanol and acetone in the ratio 7:2:1.
Out of different bands developed on the column, only purple
coloured band, which was due to TPPS, was selected and another
green coloured band due to dication was rejected. Every time
TPPS, was vacuum dried and used for subsequent preparation
of metalloporphyrins.

The synthesis of metalloporphyrins was carried out by
introducing the metals such as Cu, Ag and Mn, in the porphyrin
moiety by standard method. The respective metalloporphyrins
were synthesized by refluxing the corresponding salt of the
metal with aqueous solution of TPPS, for 0.5 h. The reaction
was not proceeding as per the stoichiometric proportion there-
fore, two fold or sometimes more salt was required for the
completion of the reaction to get CuTPPS, [tetrasodium meso-
tetra (p-sulphonatophenyl) porphinatocopper(Il)], AgTPPS,
[tetrasodium meso-tetra(p-sulphonatophenyl)porphinato
silver(Il)] and MnTPPS.CI [tetrasodium meso-tetra(p-sulpho-
natophenyl)porphinatomanganese(III) chloride], respectively.
All of them were purified by dry column chromatography with

stationary and mobile phases as mentioned above. The yield
of the metalloporphyrins after purification was found to be
about 80-85%.

The ultraviolet-visible spectra were recorded using Shimadzu
spectrophotometer (model UV/2450UV) for 10 M concentra-
tion. The infrared spectra were recorded on Shimadzu IR spectro-
meter (model prestige/21FTIR). The high-resolution mass
spectrum for TPPS, was recorded using (model Varian 500-MS)
and the respective mass of the compound was calculated. The
thermal analysis of these compounds was carried out using
NETZSCH-Geratbau Gmbh thermal analyser (STA 409PC)
from room temperature to 800 °C.

RESULTS AND DISCUSSION

UV-visible studies: The porphyrins are chromophoric
compounds, where they absorb strongly in UV as well as visible
regions. There are two types absorption bands obtained viz,
Soret bands and Q bands, respectively. Soret bands are very
intensive in the range 394-422 nm, which is a special property
of porphyrins. Fig. 1 shows overlay of above porphyrins, where
the Soret bands are for TPPS; (413 nm), CuTPPS, (412 nm),
AgTPPS, (422 nm) and MnTPPS,CI (413 nm), respectively
as observed for 10 M concentration. These are in good agree-
ment with the literature values [31,32]. They also give less
intense Q-bands in the visible region, where, with the introdu-
ction of metal in the porphyrin hole, some bands disappear
and confirm the formation respective metalloporphyrin.
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Fig. 1. Overlay of porphyrins for intense Soret band for 10° M concentration

Infrared studies: The difference between non-aqueous
and aqueous porphyrins is that in latter case there is substitution
of SOsNa group at para-position of four phenyl rings to make
it an aqueous-porphyrin. The characteristic stretching frequen-
cies for the substitution of SOsNa group are TPPS, (1184, 1128
and 1041cm™), CuTPPS, (1184, 1130 and 1041 cm™),
AgTPPS, (1186, 1130 and 1041 cm™) and MnTPPS,CI (1192,
1128, 1041 cm™), respectively. Fig. 2 shows the characteristic
peaks for O-H (water of crystallization) and C-H (pyrrole)
stretching frequencies at 3523 cm™ and 3120 cm™. Fig. 3 shows
substitution of SO;Na group in phenyl ring [33].
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Fig. 3. IR spectra of AgTPPS, for substitution of SOsNa group in phenyl
ring

High resolution mass spectrometry: As a representative
compound of porphyrins, TPPS, was subjected to high resolu-
tion mass spectrometry for the calculation of the molecular
weight and confirmed (Fig. 4).

TG/DSC studies: The thermogravimetric and differential
scanning calorimetric methods were used to study the various
thermal events in porphyrins taking place after the application
of heat from room temperature to 800 °C in synthetic air.

TG/DSC of TPPS,: The TG/DSC curve for TPPS, is shown
in Fig. 5. The weight loss of 7.8% is shown by TG curve and
an endothermic peak is shown by DSC curve at 74.5 °C. Since
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Fig. 4. High resolution mass spectra for molecular weight of TPPS,

the compound is nearly deliquescent, there is a loss of water
of crystallization from the compound at this temperature. The
number of molecules of water of crystallization for this comp-
ound are found to be five, therefore, the molecular formula of
compound is deduced as TPPS,;-5H,O (Table-1). Further, there
is continuous mass loss and at 350 °C, the compound starts
decomposing as shown by DSC curve. The next decomposition
temperatures were observed at 468 and 605 °C, respectively.
After this temperature, the total per cent loss of mass is about
55.5%. Thus, TPPS, decomposes in three different stages as
mentioned above. Therefore, the thermal stability of the
compound is up to around 360 °C.
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Fig. 5. TG/DSC curve for free-base TPPS,

Analysis of residue: When the residue of TPPS, after
TG/DSC analysis was subjected to qualitative and quantitative

TABLE-1

FIXATION OF WATER OF CRYSTALLIZATION MOLECULES IN AQUEOUS-PORPHYRINS
Porphyrin Weight taken for ~ Loss due to H,O Molecular weight of Molar ratio Watc-:.r of Formula

TG-DSC (mg) (%) anhydrous compound crystallization

TPPS, 10.000 -7.8 1024 1:5 05 TPPS,-5H,O
CuTPPS, 10.000 -14.11 1087.55 1:10 10 CuTPPS,-10H,O
AgTPPS, 11.400 -13.84 1131.86 1:10 10 AgTPPS,-10H,0
MnTPPS,Cl 10.600 -13.53 1114.39 1:10 10 MnTPPS,CI-10H,0O
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analysis following results were obtained. The residue showed
the presence of Na*, SO,* and coal (porphyrins being aromatic
hydrocarbons). It is observed in TG-EGA-MS analysis [34]
Na* ions are not lost during process because its boiling point
is 881 °C and our limiting temperature is 800 °C. But in case
of SO;” group, it seen in TG-EGA-MS analysis that it is lost
in many possible ways as S*, HS*, H>S, efc. Similarly, it is also
observed that in the synthetic air, SO;* gets oxidized to SO.*,
confirmed by confirmative tests in qualitative analysis.
Therefore, the amount of SO,* should be calculated in the
remaining residue after thermal analysis. The results of this
calculation are shown in Table-2. In case of TPPS,, itis 8.97%
Na*, 37.49% SO.* and 53.53% coal, respectively.

TG/DSC of CuTPPS,: The TG/DSC curve for CuTPPS,
is shown in Fig. 6. The TG curve shows 70% of total loss of
compound up to 800 °C and 14.11% loss is due to the water of
crystallization at 72 °C. The molar ratio of the compound to
water is found as 1:10, therefore, the molecular formula can
be deduced as CuTPPS;-10H,O (Table-1). The DSC curve
further shows two major decomposition temperature at 462
and 475 °C, which give substantial evidence for the opening
of pyrrole and phenyl rings. This curve confirms the thermal
stability of CuTPPS; at around 375 °C.
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Fig. 6. TG/DSC curve for CuTPPS,

Analysis of residue: After the completion of TG/DSC
operation at 800 °C, the residue was analyzed and following

results were obtained as 8.46% Na*, 35.31% SO.*, 48.91%
coal and 7.31% metal oxide (Table-2). The magnetic moment
revealed that it is low-spin chelate. Therefore, the oxidation
state of central metal Cu is expected to be as +2, similarly, the
operation was conducted in highly oxidizing synthetic air,
therefore, the formation of CuO as a stable oxide is strengthened.

TG/DSC of AgTPPS,: The TG/DSC curve for AgTPPS,
is shown in Fig. 7. The total loss observed for this metallo-
porphyrin was 70% whereas the loss due to water of crystalli-
zation was observed at 85.5 °C as 13.84%. The molar ratio for
this loss was in the ratio 1:10, therefore the molecular formula
with water of crystallization for a compound is deduced as
AgTPPS,-10H,O. The DSC curve shows three major decompo-
sition temperatures at 450, 548 and 584.7 °C, which confirms
thermal stability up to 350 °C (from TG curve). The temperatures
450, 548 and 584.7 °C give the information about the opening
of pyrrole ring followed by phenyl rings.
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Fig. 7. TG/DSC curve for AgTPPS,

Analysis of residue: The analysis of the residue remaining
after the TG/DSC analysis as 8.13% Na*, 33.92% SO.*,
47.71% coal and 10.23% metal oxide (Table-2). In this case,
due to oxidizing environment, the most stable oxide of silver
i.e. Ag,0O is expected.

TG/DSC of MnTPPS,Cl: As shown in Fig. 8, the weight
loss due to water is observed at 13.53% at 92.1 °C. The molar
ratio found for this event is 1:10, therefore, the compound can

TABLE-2
QUANTITATIVE ANALYSIS OF RESIDUE OF PORPHYRINS BASED ON TG-DSC MEASUREMENTS
Porphyrin TPPS, CuTPPS, AgTPPS, MnTPPS,Cl
Wt. of porphyrin (mg) 9.40 10.00 11.40 10.60
Residue remaining (mg) 5.26 3.500 3.19 2.01
Residue loss (mg) 4.14 6.500 8.21 8.59
Amount of Na* (mg) 0.47 0.30 0.26 0.17
Na* (%) 8.97 8.46 8.13 8.26
Amount of SO, (mg) 1.97 1.24 1.08 0.69
SO,* (%) 37.49 35.31 33.92 34.45
Amount of metal oxide (mg) - 0.26 0.33 0.13
Metal oxide (%) - 7.31 10.23 6.36
Amount of coal 2.82 1.71 1.52 1.01
Coal (%) 53.53 48.91 47.71 50.42
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be formulated as MnTPPS,Cl-10H,O. Thermal curve also
shows total loss of 82% of metalloporphyrin including loss
due to water. The DSC curve shows three decomposition temp-
eratures at 437.6, 525.6 and 590.5 °C, therefore, thermal
stability of a compound is around up to 437 °C. The residue
after 800 °C of MnTPPS,Cl exhibited 8.26% Na*, 34.45% SO.*,
50.42% coal and 6.36% metal oxide (Table-2).

First decomposition temperature and relative thermal
stabilities of porphyrins: Thus, the first decomposition temp-
erature of the porphyrin furnishes the information about its
thermal stability. It is observed that TPPS, is thermally stable
up to 361 °C, MnTPPS.CI at 437 °C, AgTPPS, at 450 °C and
CuTPPS, up to 461 °C (Fig. 9). In case of TPPS,, a free-base
porphyrin with no metal at the centre of the porphyrin ring,
similarly, the vibrations between N and H at two sites make
the ring comparatively unstable, TPPS, therefore, decomposes
early. In MnTPPS,Cl, when Mn** is introduced in the porphyrin
hole, a perfect square pyramidal but ruffled structure is obtained.
The Cl bonded to central Mn** ion is comparatively weak and
itis lost first in the beginning of the TG/DSC event. This makes
the compound to start the decomposition at 437 °C. In AgTPPS,
and CuTPPS,, a nearly perfect square plane is observed because
the ionic radii of Ag**and Cu**are 79 pm and 73 pm, respec-
tively, which gives them nearly same stability. Thus, we see
their (metalloporphyrins) decomposition temperatures are
comparatively higher and make them more thermally stable.
Fig. 10 gives the information about relative thermal stabilities
of these porphyrins with reference to thermogravimetric
curves. Therefore, the order of thermal stability for the above
porphyrins can be given as:

CuTPPS,> AgTPPS,> MnTPPS,Cl1 > TPPS,

Conclusion

In conclusion, the aqueous free-base TPPS, and metallo-
porphyrins such as CuTPPS,, AgTPPS,;and MnTPPS.Cl were
synthesized and characterized for their thermal studies. The
synthesized porphyrins were nearly deliquescent in nature,
therefore, using this property the number of molecules of water
of crystallization for each compound were confirmed as TPPS,-
5H20, CUTPPS4 IOHQO, AgTPPS4 IOHzo and MHTPPS4C1
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Fig. 9. First decomposition temperature for selected porphyrins
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Fig. 10. Relative thermal stabilities of selected porphyrins

10H,0. The TG/DSC measurements conducted from room
temperature to 800 °C were used to determine the total loss of
a substance, its decomposition temperature and ultimately the
thermal stability of each porphyrin. Thus, the order of thermal
stability is given as CuTPPS,>AgTPPS,>MnTPPS,CI > TPPS,.
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