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Abstract

The free base tetraphenyl porphyrin (TPP) and its metalloporphyrins such as tetraphenylporphinatomanganese chloride
(MnTPPCI), p-Oxo-bis [tetraphenylporphinatomanganese [O-(MnTPP),], tetraphenylporphinatoiron chloride (FeTPPCI) and
p-Oxo-bis [tetraphenylporphinatoiron] [O-(FeTPP),] were synthesized in the laboratory and characterized by UV-visible,
IR, Proton NMR and Fluorescence spectroscopy. Diffused reflectance spectroscopy revealed that all these compounds are
low band gap semiconducting type materials. The photo-degradations of Amido Black 10B were performed to explore
the photo-catalytic activity of these porphyrins using solar radiation at different pH conditions. In the present experiment
attempts were made to use metal porphyrins without any supporting material, indirectly also to prove the photody-
namic capabilities of these materials. It was revealed that pH plays an important role in the degradation of dye. The HPLC
analysis of the product showed three components with same retention time irrespective of pH and ion chromatography
indicated the mineralization of dye during degradation process. The results have shown the mineralization of the dye by
redox reactions that are taking place at the respective groups present in the dye molecule. This eco-friendly remediation
appears as a promising technique for degradation or mineralization of organic matter from contaminated water resources.
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1 Introduction

It is well known fact that industrial and textile dyes are
continuously discharged intensive aromatic color wastes
with high toxicity and often carcinogenic in nature. These
dyes are also responsible for serious water pollution
and percolation of such wastes into underground water
sources causing a serious problem to the natural water
resources. As far as current legislation regarding wastewa-
ter is concerned, it is mandatory on part of the concerned
industry to treat this effluent by physical, chemical or bio-
logical methods before it is discharged into the respective
sinks [1, 2]. Among the variety dyes used by the various

industries, the azo dyes constitute nearly 60-70%. During
the course of production and application, about 10% of
them are lost in the form of colored effluent wastes [3]. It
is a frequently observed that some azo dyes are oxidized
aerobically. Nevertheless, sometimes they are degraded
anaerobically, giving aromatic amines followed by further
aerobic degradation [4]. In azo dyes, removal of color is
possible only after the destruction of chromophoric struc-
ture. Their solubility in water are increased by presence
of sulfonic acid group, which plays a role of auxochrome.
Thus, due to large amount of organic compounds present
in the dyes and their stability, modern dyes cannot be
treated by conventional biological methods [5-7]. Besides
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biological treatments, it is cost expensive with limited
range of applicability.

In order to overcome above difficulties, heterogeneous
photo-catalysis with semiconducting materials like TiO,,
ZnO, CdS etc. being used by different research workers [8].
Many researchers used mercury lamp, fluorescent lamp
and halogen lamp to degrade the dye solution [9-11].
Further, the attempt is made to use naturally available
solar radiation and observed that it is an effective source
for the degradation processes, which can be applied to
the wide range of the dyes [12-14]. In tropical countries,
solar radiation is abundant and freely available for more
than 8 months therefore, solar energy can be utilized
to carry out photo-degradation of the azo dyes. TiO, is
active only in ultraviolet portion of the solar spectrum. As
a consequence the significant efforts have been made to
develop modified forms of TiO, that are active in visible
region (>400 nm) by doping with suitable metal ions and
functionalizing TiO, with photo-sensitizers that absorb
visible-light [15-20].

In the recent past, it is a well-established fact that syn-
thetic porphyrins are important because they are struc-
turally related to biologically important compounds like
heme, chlorophyll, cytochrome, vitamin B,, etc. Among
their various versatile properties such as radiation sensitiz-
ers or protecting agents against radiations, they are also
active elements of biosensors, elements of selective elec-
trodes and non-linear optical materials [21, 22]. Further,
photo-catalytic properties of synthetic porphyrins [23, 24],
their role as pigments and dyes, semiconductors, analyti-
cal reagents and photodynamic therapy have proved their
indispensability in the scientific domain.

The present objective of photo-degradation of Amido
Black 10B emphasizes the use of self-synthesized tetra-
phenyl porphyrin, monomer and dimers of metallopor-
phyrins in pure form containing Mn and Fe metals. As
discussed above that the few research workers have
used porphyrins, which were supported on TiO, or any
other suitable inorganic photo-catalyst, to carry out
photo-degradation in the visible region. However, in the
present studies, attempts are made to use porphyrins
without any supporting material, indirectly also to prove
the photodynamic capabilities of these materials. Prior
to use as photo-catalysts, their thermal stability meas-
urements are carried out and it is found that they are
quite stable up to 400 °C [25]. It is further investigated
the co-relationship between photo-degradation activity
of porphyrins with fluorescence exhibited by the respec-
tive metalloporphyrins. The simple reaction assembly
was designed for photo-degradation. The use of oxidiz-
ing agents such as hydrogen peroxide (H,0,) or potas-
sium per sulfate (k,S,0;) was purposely avoided to verify
the efficiency of the reaction. The reaction mixture was
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stirred with a time interval of 10 min. In addition to this,
complete degradation of Amido Black 10B was verified
with HPLC and quantitative estimation of mineralized
cations and anions was done by ion-chromatography.

2 Methodology
2.1 Synthesis of TPP

The free-based TPP was synthesized by the established
method [26]. An equimolar quantity of AR grade pyr-
role and benzaldehyde were refluxed in propionic acid
for half an hour. The assembly was cooled, filtered and
washed with hot methanol followed by hot water. The
shiny purple colored crystals of TPP were recovered and
subjected to vacuum drying for removal of any remain-
ing moisture. Further, this product was purified by dry
column chromatography where silica gel was used as a
stationary phase and CHCl; as mobile phase. The purity
of TPP was checked using thin layer chromatography
(TLC) where thin layer was comprised of petroleum ether
and chloroform (80%: 20%).

2.2 Synthesis of metalloporphyrins

The monomers tetraphenyl-porphinatomanganese(lll)
chloride (MnTPPCI) and tetraphenylporphinato-iron(lll)
chloride (FeTPPCI) were synthesized [27] by adding the
corresponding salt of the metal to refluxing solution
of dimethyl formamide (DMF) containing TPP in stoi-
chiometric proportion. The refluxing time for the reac-
tions was modified to more than 1 h. The dimer of Mn
i.e. u-Oxo-bis [tetraphenylporphinato-manganese(lll)]
[O-(MnTPP),] was synthesized by dissolving purified
MnTPPCl in pyridine and then 30% KOH was added. Then
the reaction mixture was evaporated to dryness on a
steam bath. The alkali was removed by washing the solid
with water. This process was repeated for two times. The
final dried product was recrystallized from benzene.The
crystals were collected and dried in vacuum desiccators.
The dimer p-Oxo-bis [tetraphenylporphinato-iron(lll)]
[O-(FeTPP),] was synthesized using suitable method by
dissolving purified FeTPPCl in CHCIl; and adding 25%
KOH and the solution was stirred for 1 h [28]. The chlo-
roform layer was separated from water layer and further
purified by dry column chromatography with silica gel as
stationary phase and a mobile phase consisting of gra-
dient mixture of chloroform and methanol (50%: 50%).
TLC checked the purity of above metallo-porphyrins as
above.
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2.3 Characterization of porphyrins

UV-visible spectra were recorded using Shimadzu UV-vis-
ible spectrophotometer (model UV/2450 UV) for 1074 M
and 10~ M concentrations for each porphyrin. Infrared
analysis was carried out using Shimadzu FTIR spectrom-
eter (model prestige/21 FTIR). Proton NMR spectra were
recorded using Varian 300 MHz model. Fluorescence study
for the samples was carried out using Shimadzu spec-
trofluorimeter (model RF-5301 PC). Diffused reflectance
spectroscopy (DRS) study was performed to calculate band
gap energies on Shimadzu UV-visible spectrophotometer
(model UV/2450 UV).

2.4 Photo-degradation of Amido Black 10B

Solar assisted photo-catalytic degradations of azo dye
Amido Black 10B were carried out using above synthesized
free-based TPP, monomers and dimers of Mn and Fe dur-
ing 11.30 a.m. to 3.30 p.m. in the afternoon. This hetero-
geneous photo-degradation process was then employed
for the dye solution of 107> M concentration in aqueous
media, which was pre-saturated with oxygen for 5 min
at pH values of 6, 7 and 10 respectively. This mixture was
placed in a closed glass reactor, which was kept in sun-
light for the photo-degradation reaction. The mixture was
stirred after every 10 min gap. The reaction was studied at
different pH conditions. The degraded reaction mixtures
at pH 6 and 7 were subjected to high performance liquid
chromatography (HPLC) using Perkin Elmer SERIES-200
with C18 column of dimensions 250x 4.6 mm and parti-
cle size 5 mm. The solvent system selected was methanol
and water 80: 20% with UV detector, which functions at
254 nm. The degraded reaction mixture at pH 7 was then
subjected to ion chromatography using cation and anion
exchangers. lon-chromatography using Shodex-CD 5 ana-
lyzer, did the qualitative and quantitative analysis of dye
mineralization. The basic objective of these studies is to
find the efficiency of dye degradation or mineralization
efficiency by this process.

3 Results and discussion
3.1 UV-visible spectroscopy

The porphyrins TPP, MnTPPCI, [O-(MnTPP),], FeTPPCl and
[O-(FeTPP),] were characterized by UV-visible spectros-
copy. The absorption bands appearing for these com-
pounds in the soret and visible region are in good agree-
ment with the literature values and is shown in Table 1.
In the above series, TPP is a free-base porphyrin where
there is no metal and remaining metalloporphyrins

Table 1 Absorption peaks in Soret and Q-bands

Porphyrin Absorption bands
Soret band — Q-bands —
TPP 416 515 549 590 647
MnTPPCI 376 479 582 618
O-(MnTPP), - 479 527 580 616
FeTPPCI 416 509 572 609
O-(FeTPP), 408 571 611
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Fig.1 UV-visible spectra of MnTPPCI (a) 10~* M concentration, (b)
107> M concentration

are called hyper porphyrins due to the strong interac-
tion between metal and porphyrin ring. The monomer
MnTPPCl shows 376 nm and 425 nm absorption bands
in soret region whereas these bands are absent in its
dimer [O-(MnTPP),]. In the visible region, the band due
to dimer [O-(MnTPP),] i.e. 527 nm is blue shifted in com-
parison with MnTPPCl band i.e. 582 nm. Similarly, dimer
[O-(FeTPP),] shows blue shift in soret as well as in visible
region in comparison with FeTPPCl. When the absorp-
tion bands of MnTPPCl and FeTPPCl are compared, it is
seen that latter shows blue shift and when the dimers
[O-(MnTPP),] and [O-(FeTPP),] are compared the same
trend of slight blue shift is seen in the Fe-dimer. Figure 1
shows UV-Visible spectra of MnTPPCI for 10™* M and
107> M concentrations where all bands are completely
resolved for 107> M concentration.
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3.2 Infrared spectroscopy

The above porphyrins show various absorption bands
in infrared region of which some are characteristic for
a given porphyrin. TPP shows medium N-H stretching
vibrations at 3317 cm™'. When a metal is inserted into a
porphyrin ring this band disappears due to replacement
of two acidic hydrogens by metal and further individual
characteristic bands are developed. Therefore, IR is used
for characterization of metalloporphyrins. Figure S1 (in
supplementary) shows IR spectra of O-(MnTPP), as a rep-
resentative sample.

The strong absorption band near 1000 cm™' appears
due to vibration of the porphyrin ring or pyrrole units,
which is sensitive to the nature of the metal ion. Further,
it establishes the strength of the metal-nitrogen bonds
in the TPP chelates. The Recorded IR spectra of all the
above metalloporphyrins show that the strength of the
metal-nitrogen bond is in the following order i.e., FeTP-
PCl < O-(FeTPP), < MnTPPCl < O-(MnTPP),. The character-
istic absorption bands for respective metalloporphyrins
in the region 820-940 cm™" are shown in Table 2. These
frequencies are characteristic of the C-H rocking for the
pyrrole rings of a particular porphyrin [28, 29].

3.3 Proton NMR spectroscopy

Proton NMR spectroscopy is used as characterization
tool with reference to chemical shift, the splitting of
absorption signals due to spin-spin interactions and
the intensity of absorption signals. In the above syn-
thesized porphyrins, MnTPPCI, O-(MnTPP),, FeTPPCI
and O-(FeTPP), are paramagnetic in nature, only TPP, a
free-base porphyrin is diamagnetic. Further, as a repre-
sentative compound of all synthesized paramagnetic
metalloporphyrins, FeTPPCl shows following results.
The chemical shift due to m-phenyl protons is 7.2 ppm,
p-phenyl protons 6.4 ppm and peak due to 3-pyrrole
protons is 7.7 ppm respectively, which is shown in Fig.
S2 (in supplementary).

Table2 Infra red spectra, Band gap energies and Fluorescence
intensities of TPP and metalloporphyrins

Porphyrin Absorption Band gap (eV) Fluores-

bands (cm™) cence

intensity

TPP 850 (w) 1.75 14.69
MnTPPCI 833 (w) 1.70 56.72
O-(MnTPP), 867 (s) 1.69 46.06
FeTPPCI 834 (w) 1.71 2.88
O-(FeTPP), 878 (s) 1.58 2.71
SN Applied Sciences
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3.4 Fluorescence spectroscopy

The fluorescence spectra of above synthesized por-
phyrins were recorded at an excitation wavelength of
420 nm. Among these, TPP, MnTPPCI, and O-(MnTPP),
were found fluorescent whereas FeTPPCl and O-(FeTPP),
were seen as non-fluorescent as shown in Table 2. The
degree of fluorescence intensity of the respective fluo-
rescent porphyrins is shown in Fig. 2, which are in the
following order i.e. MNTPPCl > O-(MnTPP), > TPP. Further,
it was revealed that fluorescent porphyrins are effective
photo-catalysts than non-fluorescent porphyrins in the
photo-degradation process. The reason is that free-base
porphyrins and other metalloporphyrins possess sharp
and intense long wavelength electronic transitions with
relatively long-lived excited states. This makes them
ideal photo agents.

In porphyrins excited states are due to m-m* transi-
tions and they are not perturbed energetically due to
the substitution of different metals. However, the dif-
ferent metals influence the life spans and luminescence
properties of the porphyrins [30]. In above studies it is
evident that even though fluorescence intensity of MnT-
PPCl is higher than remaining two such as O-(MnTPP),
and TPP, the long lived excited states would be more for
these two than former one. This makes MnTPPCI rela-
tively a weaker photo-catalyst than O-(MnTPP), and TPP
respectively.

30 T T T T

1 a- MnTPPCI /
{ b - O-(MnTPP)2 ||‘
c-TPP '

40-

Intensity
o
T

600 K 650 ' 700
Wavelength (nm)

Fig.2 Fluorescence spectra of TPP, MnTPPCl and O-(MnTPP),
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3.5 Diffuse reflectance spectroscopy

The band gap energies of these porphyrins are calculated
using diffused reflectance spectroscopy (DRS) as shown
in Table 2. It is also seen that band gap energies range
between 1.58 and 1.75 eV, which indicates that they are
low band gap metal-organic semiconductors.

Further, it was felt interesting to employ these semicon-
ductors for the photo-degradation of diazo dye like Amido
Black 10B as a model reaction and subsequently assess
their individual capacity as photo catalysts. Since porphy-
rins are chromophoric pigments which impart them very
strong intense colour, therefore, the DRS spectra of solid
powders show some absorption peaks which match with
the absorption peaks in solution form with some shifts in A
values [31, 32]. Figures S3 and S4 (in supplementary) show
DRS spectra of MnTPPCl and O-(MnTPP), as representative
samples.

3.6 Photo-degradation process

Photo-degradation of Amido Black 10B was carried out
using solid powders of TPP, MnTPPCI, O-(MnTPP),, FeTP-
PCl and O-(FeTPP), as heterogeneous photo-catalysts in
the glass reactor. The visible spectrum of Amido Black 10B
atpH 6,7 and 10 is found to be A,,,,=618 nm in aqueous
media. The progress of the photo-degradation process is
examined by measuring the absorbance at above-men-
tioned wavelength with time interval of 1, 2, 3 and 4 h
respectively. For above degradation process the optimum
conditions are used by taking into account the different
parameters such as absence of catalyst, presence of cata-
lyst with specific amount, saturating reaction mixture with
0, and without O,, time of irradiation, use of surfactants
as promoters and different conditions of pH at 6, 7, and 10
respectively. This is to measure the efficiency of activity for
degradation or removal of dye at different time intervals.

3.7 Amount of catalyst

The optimum amount of photo-catalyst was determined
by varying the amount of porphyrins and recording the
corresponding absorbance for a 100 mL of 107> M dye
solution. Therefore, the amount of photo-catalyst in mg
was varied from 5, 10, 15, 20, 25, 30, 35, and 40 respec-
tively. Further, it was found that for 25 mg of photo-cat-
alyst the minimum absorbance or maximum degrada-
tion was seen under ideal conditions and therefore, this
amount was fixed for all photo-catalytic reactions. It was
also observed that when the amount exceeded 25 mg,
the efficiency of degradation is reduced. The reason for
this may be attributed to that when the amount of photo-
catalyst is more than optimum quantity then the rate of

deactivation of activated molecules increases due to colli-
sion with ground state molecules hence reduction in activ-
ity of the photo-catalysts [33, 34].

3.8 Reaction assembly

By examining all the ideal possibilities for effective photo-
degradation with due emphasis with respect to above
parameters following reaction assembly was prepared. In
a simple glass reactor or simple conical flasks of 150 ml
capacity were used, 100 mL of 10> M dye solution was sat-
urated with O, for 5 min and loaded with 25 mg of respec-
tive photo-catalyst; the solution was stirred and kept in
sunlight always between 11.30 a.m. to 3.30 p.m. The solu-
tion was intermittently stirred with a gap of 10 min.

3.9 Photo-degradation at different pH

The above-mentioned synthesized porphyrins were used
as photo-catalysts for the degradation of Amido Black 10B
atpH 6, 7,and 10 as shown in Figs. 3, 4 and 5 respectively.
As per the observations, it is seen that photo-catalytic
activity is maximum at pH 6, good for pH 10 and minimum
at pH 7. The concerned photo-degradations were carried
out for 1-4 h with solar radiations during above-men-
tioned time. At pH 6, it is seen that, O-(MnTPP), and TPP
showed 100% degradation of the dye, MnTPPCI showed
nearly 90% whereas O-(FeTPP), and FeTPPCl gave 36% and

0.14

Blank

TPP —
MnTPPCI

M nTPdi
FeTPPCI
FeTPDi

Absorbance
- a0 ow

Time (h)

Fig.3 Photocatalytic degradation of Amido Black 10B at pH 6
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Fig.4 Photocatalytic degradation of Amido Black 10B at pH 10
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Fig. 5 Photocatalytic degradation of Amido Black 10B at pH 7

28% degradation respectively as seen in Fig. 3. For pH 10,
O-(MnTPP), showed 90% degradation, TPP—81%, MnTP-
PCl—32%, O-(FeTPP),—25% and FeTPPCI—23% (Fig. 4).
At pH 7, O-(MnTPP), gave 54% degradation, TPP—45%,
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MnTPPCI—40%, O-(FeTPP),—13% and FeTPPCI—10%
respectively (Fig. 5). The blank solution at pH 10 showed lit-
tle degradation, might be due to the presence of OH™ ions,
which are responsible for the production of OH’ radicals
and further degradation of the dye. At pH 7, the activity of
dye was low, therefore, five drops of 0.1% of sodium lauryl
sulphate (SLS) was added as promoter whereby photo-
catalytic activity enhanced comparatively in the same
order. Since at pH 6 showed maximum efficiency indicates
that the H" ions may be beneficial in the formation of OH'
radicals which are responsible for photo-degradation on
these catalysts. In spite of higher fluorescence in MnTPPCI
showed little lower activity than other fluorescent com-
pounds. This is due to MnTPPC| contains chloride which
normally suppresses the catalytic activity.

Thus it is seen that at pH 6, 10 and 7, O-(MnTPP),,
TPP and MnTPPCI are the most effective photo-catalysts
whereas O-(FeTPP), and FeTPPCl| showed low photo-
catalytic activity. The reason may be attributed to the
fact that O-(MnTPP),, TPP and MnTPPCI are fluorescent
porphyrins whereas O-(FeTPP), and FeTPPCl are non-flu-
orescent metalloporphyrins. Since, fluorescence intensity
is directly proportional to the amount of solar radiation
absorbed; therefore, these photo-catalysts are effective
as there is a constant and steady supply of longer wave-
length solar radiation required for the dye degradation
process. Among them O-(MnTPP), and TPP are the superior
because they would be maintaining comparatively more
long-lived excited states as compared to MnTPPCI. Figure 6
shows the photo-degradation of Amido Black 10B at pH 6
by O-(MnTPP), with time. Further, to check the reproduc-
ibility of the photo-catalytic activity, TPP as a representa-
tive sample was recycled for three times. It was observed
that it's catalytic activity decreases for the second cycle
and remains constant for next cycle. It was also observed
that there is no change in the chemical composition of the
photo-catalysts after photo-degradation reaction that was
confirmed by UV-Visible and IR spectroscopy.

3.10 HPLC analysis

HPLC analyzer containing C-18 column was used to know
the number of components, if any, are present in the un-
degraded and degraded solution of Amido Black 10B at
pH 6 and 7 respectively as shown in Fig. 7. It is seen that
un-degraded solution of the dye does not show presence
of any components. On the other hand, it is seen that at pH
6, the degraded solution shows three components, which
are in very small amount and are separated at the reten-
tion time 3.37, 3.57 and 7.04 s respectively. Similarly, at pH
7, the retention time observed for the three components
of the degraded dye solution was 3.37, 3.61 and 7.17 s
respectively. Thus, it can be concluded that irrespective
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Fig. 6 Photocatalytic degradation of Amido Black 10B at pH 6 by
O-(MnTPP), with time (a) after 1 h, (b) 2 h, (c)3hand (d) 4 h
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Fig.7 HPLC results showing a undegraded Amido Black 10B solu-
tion, b degraded solution of Amido Black 10B at pH=6, ¢ degraded
solution of Amido Black 10B at pH=7

Degraded dye at pH 6

—

pH of the solution, the identical components are separated
in a photo-catalytic reaction solution.

3.11 lon-chromatography analysis

The qualitative and quantitative study of mineraliza-
tion of the dye was carried out using ion-chromatogra-
phy with Shodex-CD 5 analyzer. From the knowledge
of the structure of Amido Black 10B, the cation analyzer
was calibrated for the presence of Na* and NH,* ions
whereas anion analyzer was calibrated for NO,~, NO;™ and
S0,% ions respectively. Figure 8 show cation-chromato-
grams for un-degraded (A) and degraded dye solutions
(B) at pH=7. It is also seen that un-degraded solution
contains small amount of Na* ions i.e. 1.41 pg/mL which
can be compared with amount of Na* in degraded solu-
tion which is 11.29 pg/mL. Similarly NH," ions are absent
in the un-degraded solution and the amount of NH,*
ions in degraded solution was found to be 0.59 ug/mL.
Figure 9 shows anion-chromatograms for un-degraded
(A) and degraded solutions of the dye (B) at pH=7. It is
seen that very small amounts of NO;™ (2.11 pg/mL) and
S0O,% (0.50 ug/ml) are present in degraded solution. The
above information is summarized in Table 3. These results
reveal that during the process of photo-catalytic reaction
along with the destruction of the azo groups of Amido
Black 10B, a process of mineralization has taken place
where possible inorganic ions are present on the micro-
gram level. Similarly, it is seen that NH, group is reduced to
NH,* and NO,™ and SO5%" groups are oxidized to NO;~ and
5042‘ respectively. Thus, redox reactions are seen to be
taking place at the respective groups present in the Amido
Black 10B molecule.

3.12 Mechanism of photo-catalytic reaction

It is well-evidenced fact that for the degradation of the
dye, destruction of azo group is required. In general, de-
colorization rates of the dyes are different due to the
complicated chemical structures containing polyatomic
and sulfonate groups. Similarly, azo compounds with
hydroxyl groups or with amino groups are more likely to
be degraded at faster rates than those with methyl, meth-
oxy sulfo or nitro groups [35]. By exposing to solar radia-
tions, metal porphyrin semiconductors will be excited by
light to give excited state porphyrins. This excited state will
generate electron (e7) in conduction band leaving hole
(h*) in the valence band. This e” is then trapped by molec-
ular O, forming O,~ ions. The valence band h* generates
hydroxyl radicals (OH) from OH™ ions. These hydroxyl radi-
cals readily attack the adsorbed dye, leading to degrada-
tion. It is a well-documented fact that hydroxyl radicals are
responsible for the degradation of the dye since they are
highly reactive and non-specific oxidant with an oxidation
potential of 2.8 eV. Due to their very short life span (70 ns),
they attack immediately in their vicinity, especially at the
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Fig. 8 lon-chromatography results for cation analysis at pH=7 a undegraded Amido Black 10B solution, b degraded Amido Black 10B solu-

tion

Fig.9 lon-chromatography
results for anion analysis at
pH=7 a undegraded Amido
Black 10B solution, b degraded
Amido Black 10B solution

Table 3 lon-chromatography
results
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(a)
2.0E+047
0.0E+007 —_—— e ——
2.00 4.00 6.00 8.00 10.00 12.00 14.00 [min)
(b)
5.0E+047
NO:; SOs
Y 1{}
0.0E+00T— //" U
200 4.00 6.00 3.00 10.00 ([min)
Parameter Undeg Deg Undeg Deg Undeg Deg Undeg Deg
Na* Na* NH,*  NH,” NO;~  NOj~ S0, SO,
Conc. (ug/mL) 141 129 - 059 - 211 - 0.50
Retention time (min) 2.017 2.017 - 2.708 - 4.025 - 4.683
Peak area (uV s) 1950.5 16,4976 - 8462 - 27,9344 - 9301.5

Undg undegraded dye solution, Deg degraded dye solution
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ni-bonds in the azo groups [36-38]. This is similar to Lang-
muir- Hishelwood type model in which require asorbed
state of hydroxyl radicals and dye on the active sites near
the porphyrin semiconductor catalyst for the redox reac-
tion to take place for degradation. Further, it was proposed
that this degradation process passes through the plausi-
ble mechanisms such as radical de-nitration, radical de-
sulfonation and formation of keto-imine [39]. Thus, the
degradation process of the dye seems to be complicated
and various intermediate products are involved in it.

4 Conclusion

The monomers and dimers of manganese and iron tetra
phenyl porphyrins were synthesized and purified by modi-
fied dry column chromatography. They were characterized
by UV-visible spectroscopy, IR spectroscopy, NMR spec-
troscopy and fluorescence spectroscopy. Their semicon-
ducting property was confirmed by Diffused Reflectance
spectroscopy and used for degradation of Amido Black
10B at pH 6, 7 and 10 respectively. It was also observed
that degradation of the dye is maximum at pH 6, good at
pH 10 and low at pH 7. Further, it is seen that fluorescent
photo-catalysts such as (TPP) and its metalloporphyrins
such as O-(MnTPP),, MnTPPCI are efficient than non-
fluorescent O-(FeTPP), and FeTPPCl compounds. HPLC
results have shown that in degraded dye solutions at pH
6 and 7 there are three products of very low concentra-
tion with nearly same retention time, which confirm the
same reaction products are formed irrespective of the pH
of degraded solution. lon-chromatography results have
shown the mineralization of the dye into Na*, NH,* (reduc-
tion product), NO;™ and 5042‘ (oxidation products) as a
part of the degradation process. This indicates that redox
reactions are taking place at the respective groups present
in the dye molecule.
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