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Abstract:  The behavior of two porphyrin compounds,  meso-tetra-p-tolylporphyrin (TTPH2) and  meso-
tetra-naphthylporphyrin  (TNPH2)  was  studied  and  monitored  during  their  adsorption  on  cation-
exchanged montmorillonite clay (MMT). When these two compounds were reacted with MMT, the visible
absorption spectra showed a clear shift of 10 nm higher than that found in the acetic acid solution. This
suggests that the two compounds prefer to be more planar on the clay surface and, in the case of TTPH2,
in the  MMT interlamellar layers. The basal spacing of the MMT was increased by 4.4 Å when the TTPH 4

2+

cations entered the spacers. The metal-exchanged ion in the clay is incorporated into the porphyrin rings
when the TTPH2 and TNPH2 molecules react with MMT saturated with the metal ion of an appropriate size
to fit in the porphyrin ring, such as Cu(II). The process occurred when executed in a solvent miscible with
water that allowed the penetration of the hydrated sphere of the metal ion. Metalloporphyrin complexes
are formed as a result of this process. The reactions were monitored using visible absorption spectra,
diffuse reflectance spectra, x-ray diffraction, infrared spectra, and electron microscopy.
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1. INTRODUCTION

The interaction of porphyrins with clays has been
widely  studied  (1-6)  since  the  late  1970s.  The
adsorption of two meso-substituted porphyrins, TPP
and  TPyP,  on  cations  exchanged  clays  revealed
that TPP is protonated during adsorption, but TPyP
behavior  is  water-dependent.  In  the  presence  of
enough  water,  stable  metallocomplexes  such  as
Sn(IV)TPP can be adsorbed without demetallation.
While  weak  complexes  like  Fe(III)TPP  are
demetallated  (7).  The  porphyrin  compounds  p-
TMPyP  and  m-TMPyP  were  examined  for  their
adsorption  on  clay.  Depending  on  the  solution
used,  it  was  shown  that  the  orientation  of  both
compounds on the clay monolayer was parallel and

inclined concerning the clay surface (8). By using a
new  technique  for  sample  preparation,  cationic
porphyrin  was  successfully  intercalated  onto  a
transparent  clay  membrane.  When the  porphyrin
penetration  process  was  carried  out  with
water:ethanol  ratio  of  1:2,  high-density
intercalation  was  accomplished  (6).  As  discussed
earlier,  porphyrins  and  other  tetrapyrrole
macrocycles  exhibit  a  variety  of  functional
qualities. They can achieve and regulate important
functions like light harvesting,  electron transport,
and catalytic reactions when complex with metals
(9). The electron-transfer reaction that occurs after
light  harvesting is  described in a unique energy-
transfer  system  utilizing  nonaggregated  cationic
porphyrins  adsorbed  on  an  anionic-type  clay
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surface  (10).  The  m-TMPyP  and  p-TMPyP  were
found  to  be  the  most  suitable  porphyrins  for  a
quantitative  energy  transfer  reaction  (11).  The
photochemical  energy transfer  reaction  was used
to  investigate  the  adsorption  of  two  porphyrin
compounds  on  anionic  clay.  Energy  transfer
reactions of moderate magnitude were found. The
adsorbed chemicals were found to be able to travel
on  the  surface  but  not  from the  surface  to  the
sheet (12). The mechanism to deter the quenching
of porphyrins on the surface of the clay (used as an
optimum  solid  surface  for  the  transfer  of
photochemical  energy)  was  investigated  using  a
range of porphyrin derivatives (13). Hydrothermal
synthesis was used to produce saponite-type clays
with  various  cation  exchange  capacities,  which
were  then  reacted  with  tetrakis(1-
methylpyridinium-4-yl)porphyrin. It was found that,
depending on the charge density of the saponite,
the  average  intermolecular  distance  between
porphyrin molecules on the saponite surface might
be adjusted (14). During the adsorption of cationic
porphyrin  on  anionic-type  clay,  two  processes
occur:  surface  adsorption  and  intercalation  (15).
The  production  of  clay-porphyrin  complexes  and
the  spectrum behavior  of  metalloporphyrins  with
divalent,  trivalent,  and tetravalent  central  metals
with  synthetic  clay  have  also  been  investigated.
The  complex  formation,  where  the  clay  sheets
were  either  exfoliated  or  layered  in  an  aqueous
colloidal solution, resulted in a spectral shift of the
porphyrin Soret band to higher wavelengths (16).
The  energy  transfer  efficiency  and  quenching
efficiency  were  estimated  for  excited  energy
transfer  from  tetrakis(1-methylpyridinium-2-yl)
porphyrin  to  tetrakis(1-methylpyridinium-4-yl)
porphyrin  on  an  anionic  clay.  It  was  found  that
when the dye loadings increased, both the energy
transfer  efficiency  and  the  quenching  efficiency
increased  (17).  Ion  exchange  was  used  to
intercalate  the  Cu(II)  and  Fe(III)  complexes  of
water-soluble  tetrakis(N,N,N-
trimethylanilinium)porphyrin  and  tetrakis(N-
methylpyridyl)porphyrin  within  the  interlayers  of
Ca(II)  MMT.  Porphyrins  in  their  free  base  forms
were  also  reacted  with  Cu(II)  and  Fe(III)  MMT
samples.  It  was  found  that  when  the  Cu(II)
metalloporphyrins contact the acidic MMT support,
they do not demetalate. On smectite supports, the
Fe(III)  porphyrin  complexes  are  also  stable.  A
stable Cu(II)porphyrin-clay complex is formed when
a free base porphyrin metalates on the surface of a
Cu(II)-exchanged clay (18). It has been found that
vanadyl and nickel  meso-tetraphenylporphyrin are
stable toward demetallation,  whereas magnesium
porphyrin  is  notably  unstable  (19). Adsorption
studies of Sn(IV)TPyP on sodium hectorite showed
that the complex demetallates to the dication TPyP
when the clay is dehydrated, and it was found that
the procedure is  reversible (20). MMT was found to
be  useful  to  support  the  porphyrin  complex  ions
MnTPyP+  on  the  surface  by  adsorption  (21).

Moreover, the MnTPYP+ ions can penetrate through
the clay layers and, by ionic exchange, replace the
exchangeable cations (22). Another study reported
that  when  MnTPyP+ ion has  been  reacted  with
MMT,  the  ion  was  able  to  intercalate  in  a
horizontal,  diagonal,  and  perpendicular  direction
(23).  The  porphyrin  complexes  Sn(IV)TPPCl2,
Sn(IV)TNPCl2,  Fe(III)TPPCl,  Fe(III)TNPCl,
[(Fe(III)TPP)2O], and [(Fe(III)TNP)2O],  were all found
to  be  stable  on  the  MMT  surface  and  show  no
demetallation (24). 

The aim of the current research was to study the
interactions  that  take  place  when  two  different
porphyrins are adsorbed on cation-exchanged MMT
clay. Moreover,  knowing  the  new  properties  of
these  compounds  and complexes  when  they are
present on the MMT surface or between its layers,
as  this  system has  many  industrial  applications.
The  porphyrins  are  meso-tetra-tolylporphyrin
(TTPH2)  and meso-tetra-napthylporphyrin (TNPH2).

2. MATERIALS AND METHODS

The TTPH2  and TNPH2 compounds  were prepared
according  to  the  methods  described  in  the
literature  (25)  for  TPPH2.  The  MMT  sample  was
obtained  from Podmore  and  Sons  Ltd.,  England,
UK.  All  other  solvents  were  grade  reagents  and
used  without  further  purification.  Diffuse
reflectance spectra were recorded on a Unicam SP
700 spectrophotometer. Visible absorption spectra
were recorded  on Perkin-Elmer Lambda 5 UV/VIS
and  Beckman  Du-7  spectrophotometer.
Transmission electron micrographs were obtained
on a JEOL 200CX transmission electron microscope
at 100 KV. An ultramicrotomic technique was used
to prepare the sections,  on a Sorvall  Porter-Blum
MT2  ultramicrotome. Infrared  spectra  were
recorded  on  a  Perkin  Elmer  1330  infrared
spectrophotometer. X-ray diffraction patterns were
recorded  on  a  Philips  diffractometer  using  CuKα
radiation.

2.1. Cation-exchanged MMT Preparation
Cation-exchanged MMT samples were prepared by
mixing  the  MMT  sample  with  a  1  M  solution  of
different metal chloride salts on a magnetic stirrer
for 24 hours in distilled water.  Then the samples
were filtered and rinsed with distilled water many
times until the AgNO3 test for chloride ions came
out negative. The samples were then dried in the
air for 24 hours before being crushed into a fine
powder.

2.2. Adsorption onto MMT
1  g  of  the  cation-exchanged  MMT has  added  to
solutions  of  10,  20,  and 30 mg of  the porphyrin
compound in chloroform or  acetone.  The slurries
were  stirred  for  24  hours  at  room  temperature,
then  filtered,  washed  several  times  with  the
solvent used, and air-dried.
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3. RESULTS AND DISCUSSION

3.1. Characterization of the MMT Sample
The MMT clay sample used for this study has the
chemical  composition  presented  in  Table  1.  The

main oxides in the sample are aluminum oxide and
silicon  oxide,  which  represent  76.6% of  the total
composition. The rest of the oxides in the sample
are  of  iron,  titanium,  calcium,  sodium,  and
potassium. 

Table 1: The chemical composition of the MMT sample.

Fe2O3

(%) 
Al2O3

(%)
SiO2

(%)
TiO2

(%)
CaO
(%)

MgO
(%)

Na2O
(%)

K2O
(%)

Loss on
ignition

(%)

Total
(%)

3.5 19.1 57.5 0.2 1.2 2.4 1.7 0.3 13.9 99.8

A limited  number  of  impurities,  including  quartz,
feldspar, and mica, were found in the MMT sample,
as determined by X-ray diffraction studies. Figure 1
shows the X-ray diffraction pattern of the sample
which showed a basal spacing of 13 Å. Since the

thickness and regularity of  the water  layers vary
depending on the exchangeable cation present as
well as the conditions under which the sample was
prepared, the basal spacing varies from one MMT
sample to another (26).

Figure 1: X-ray diffraction pattern of the MMT sample.

Characterization  of  the  sample  by  IR  spectra
indicated the presence of Si-O stretching and OH
bending, they are the primary characteristics of the
MMT  in  the  IR  region. The  bands  have  been
assigned to Fe3+-OH-Fe3+, Al-OH-Mg, Fe3+-OH-Al, Al-
OH-Al, and Si-O at 800, 850, 880, 917, and 1040
cm-1, respectively (27, 28).

3.2.  Visible  absorption  and  diffuse
reflectance spectra 
The visible spectra  presented in this  work are in
Figures 2, 3, 5, and 7, and the diffuse reflectance

spectra  are  shown in  Figures  4  and  6.  Figure  1
shows the visible absorption spectrum of the free
base  form  of  TTPH2,  which  is  identical  to  the
spectra of TNPH2. Only the intensities of the bands
are different. They have a strong absorption Soret
band at about 420 nm and four additional bands in
the 450-700 nm range.

In acetic acid, the protonation of the free base of
TTPH2 causes  the  Soret  band  to  be  shifted  to  a
higher wavelength, 441 nm, (Figure 3), due to the
formation  of  the  dicationic  form  TTPH4

+2,  while
TNPH2 shows  a  resistance  toward  protonation
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(Figure 5). The visible spectrum of TNPH2 in acetic
acid  indicates  a  significant  proportion  of  the
molecules are still present as TNPH2 with little or
no movement  in  the main Soret  band.  However,
the  presence  of  a  smaller  band  (at  a  higher
wavelength) on the right of the Soret band possibly
indicates a very small amount of a dication form is
present.

When the free base compounds are adsorbed onto
metal cation-exchanged MMT, such as Fe(III) MMT,
the spectrum of the TTPH2 compound is similar to
that of the dicationic form TTPH4

2+ in shape but the
position of  the bands differ  (Figure 3).  The Soret
band  at  417  nm  (in  the  unprotonated  state)  is
shifted  to  452  nm in  the  adsorbed  state,  and  a
broad band appears in the red region at 676 nm
with a shoulder at 620 nm (Figure 3).The band at
676 nm is 10 nm higher in wavelength than that of
the dication in solution.

Figure 2: Visible absorption spectrum of TTPH2 in chloroform. For clarity, the y-axis in the region from
470 nm to 700 nm has been magnified by 10 times.
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Figure 3: Visible absorption spectra of (ـــــــــ) TTPH4
2+ in glacial acetic acid, (------) TTPH4

2+ on Fe(III) MMT
after adsorption of TTPH2. For clarity, the y-axis in the region from 500 nm to 700 nm has been magnified

by 10 times.

The fact that the visible absorption spectrum of the
adsorbed cationic  form shows a clear  shift  of  10
nm higher than that of the cationic form found in
acetic acid is evidence that the TTPH2 prefers to be
more planar in the MMT interlamellar and on the
surface. The width of the Soret band of TTPH2 on
Fe(III)  MMT  (Figure  3)  does  not  appear  to  be
different  to  that  in  acid  solution,  implying  that
there is only one form of porphyrin present on the
clay.  The  porphyrin  would  be  expected  to  be
restricted  to  a  more  planar  conformation  in  the
interlayer region. Clearly, some of the TTPH2 must
be  on  the  clay  surface  as  well  as  in  the
interlamellar  spacing.  The  molecules  on  the
surface also contribute to the absorption spectra,
therefore  also  generating  the  same  shift  in  the
Soret band. The molecules can only be in contact
with one surface and held flat by van der Waals
forces  and  hydrogen  bonding  from  the  acidic
surface  of  the  MMT  via  surface  protons.  It  is
therefore  also  likely  that  even  the  porphyrin
molecules in the interlayers are held flat via similar
bonding rather than squeezing. Figure 4 shows the
diffuse reflectance spectra of the TTPH2 adsorbed
on cation-exchanged MMT. The results are in good
agreement  with  visible  spectra,  as  all  cation-
exchanged  MMT  cause  protonation  of  the  TTPH2

compound.

Figure 5 presents the visible absorption spectrum
of  TNPH2 in  glacial  acetic  acid  on  a  Fe(III)  MMT
surface. Adsorption of TNPH2 on Fe(III) MMT causes
the  Soret  band  to  be  shifted  to  an  absorption
wavelength higher than that of the free base. The
shift  of  15  nm  when  the  compound  is  in  the
adsorbed  state,  and  the  behaviour  of  the
compound  in  acetic  acid,  which  showed  only  a
small  shoulder  at  a  longer  wavelength,  help  to
understand how this porphyrin behaves when it's
on  the  clay  surface  or  possibly  even  in  the
interlayers.

Clearly,  in  the  acetic  acid,  almost  all  the  TNPH2

molecules are not protonated. In and on the clay,
the surfaces are much more like a strong acid and
a  large  proportion  of  the  TNPH2 molecules  are
present as the dication, although there is evidence
that some of the molecules are still present in the
neutral form from the width of the Soret band and
the presence of the four weak bands between 500
nm and 700 nm. It  can be inferred that because
the  porphyrin  molecule  is  a  non-rigid  aromatic
system,  the  planar  conformation  is  favorably
affected by both the acidic  character  of  the clay
and the van der Waals and H bonds to the clay,
hence the dication forms.
The  diffuse  reflectance  spectrum  of  the  TNPH2

adsorbed on Fe(III) MMT sample also shows a shift
in the Soret band (Figure 6). 
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Figure 4: Diffuse reflectance spectra of TTPH2 compound adsorbed on (1) Ni(II) MMT, (2) Fe (III) MMT, (3)
Cd(II) MMT.

Figure 5: Visible absorption spectra of (ـــــــــ) TNPH2 in glacial acetic acid, (------) TNPH2 on Fe(III) MMT.
For clarity, the y-axis in the region from 500 nm to 700 nm has been magnified by 20 times for the visible

absorption spectrum of TNPH2 in acetic acid.
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Figure 6: Diffuse reflectance spectrum of TNPH2 compound adsorbed on Fe(III) MMT.

When  the  two  compounds  react  with  MMT
saturated with metal ions of a suitable size to fit in
the  porphyrin  ring,  such  as  Cu(II),  in  a  solvent
miscible with water that facilitates the penetration
of the hydrated sphere of the metal ion, the metal
ions are incorporated into the porphyrin rings. This
generates  metalloporphyrin  complexes.  Figure  7
shows  the  visible  absorption  spectra  of  the  two
porphyrin compounds adsorbed onto Cu(II) MMT in
acetone,  clearly  the Soret bands are around 420
nm, with three further bands between 530 nm and
600 nm. The spectra are similar to those reported

for a Cu (II) porphyrin complex formed in solution
(29)  and  are  typical  of  porphyrins  containing
metals  (note  the  absence  of  the  four  bands
(between  500  nm  and  700  nm)  found  in  the
unmetallated compounds.

The metal porphyrins formed on the MMT surface
tend  to  be  desorbed  into  the  solution.  These
neutral  complexes  appear  easily  displaced  from
the  exchange  sites,  presumably  by  the  protons
expelled  from  the  porphyrin  molecule  during
metallation.

647



Hansen JH, Silver J. JOTCSA. 2023; 10(3): 641-652.  RESEARCH ARTICLE

Figure 7: Visible absorption spectra of (ـــــــــ) TTPH2 and (------) TNPH2 on Cu(II) MMT. For clarity, the y-
axis in the region from 500 nm to 700 nm has been magnified by 20 times.

3.3. X-ray Powder Diffraction
The  MMT  gives  a  basal  spacing  of  9.6  Å,  when
there are no molecules between the unit layers and
13 Å if there are water molecules (30). When Cu(II)
MMT was reacted with TTPH2 in a solvent miscible
with  water  like  acetone,  the  sample  gave  basal
spacing  of  14  Å,  indicating  a  4.4  Å  interlayer
separation,  due  to  the  intercalation  of  the
porphyrin complex that formed. The 4.4 Å is lower
than expected, as the molecule thickness is 4.7 Å
(31) (Figure 8). Others (7) have also observed  a
basal  spacing  for  MMT  when  it  reacted  with
TPyPH2,  lower than expected  from the  molecular
geometry. They attributed this to a twisting of the
molecule  in  the  MMT  interlayer.  This  fact  is

supported herein by the higher shifts in the visible
spectra  found  when  the  molecules  are  in  the
adsorbed  state  rather  than  in  an  acetic  acid
solution. 

The TNPH2 compound did not show a separation of
the  layers,  probably  because  the  naphthalene
entity has difficulty lying in the same plane as the
porphyrin plane (possibly due to steric constraints
on ring rotation). Thus, TNPH2  has a greater width
than TTPH2, and in this case it needs more space to
enter the interlayer without special treatment. All
other  samples  didn’t  show  any  interlayer
separation.
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Figure 8: X-ray powder diffraction patterns of MMT (a) original sample, (b) Cu(II) MMT reacted with
TTPH2.

3.4. Electron Microscopy
The  minerals  of  the  MMT  group  are  the  most
difficult clay minerals to be characterized by their
morphology. To obtain adequate information about
the samples, a high-resolution mode of operation
was used. The MMT appeared as fibers under the
electron  microscope.  The  transmission  electron
micrograph of the Cu(II)  MMT sample,  which was
reacted  with  TTPH2 in  acetone  and  had  a  basal

spacing  of  14  Å,  is  shown  in  Figure  9.  The
interlayer  separation  was  4.4  Å,  which  was
attributable to porphyrin complex layering between
the MMT interlayers. A group of striated black lines
stacked between the MMT fabric may be seen in
the micrograph. The porphyrin complex in the MMT
interlayers  is  probably  responsible  for  the  dark
lines.
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Figure 9: Transmission electron micrographs of (left) MMT Sample, (right) Cu(II) MMT sample reacted
with TTPH2 in acetone.

4. CONCLUSION

When  the  two  porphyrin  compounds  TTPH2 and
TNPH2 react with MMT clay saturated with various
cations,  the  former  compound  tends  to  be  more
planar in the MMT interlamellar and on the surface.
If the metal ions on MMT, are of the suitable size to
fit  in  the  porphyrin  ring  such  as  Cu(II),  a  metal-
porphyrin complex is formed (evidence presented
herein).  The  later  process  takes  place  if  the
reaction  is  carried  out  in  a solvent  miscible  with
water  like  acetone,  to  penetrate  the  hydrated
sphere of the metal ion. This type of complex has
been formed in the reaction  between Cu(II)  MMT
and both the porphyrins studied in this work. It has
also  been  shown  herein  that  larger  porphyrins
where the  meso substituent is less free to rotate
(here,  TNPH2)  cannot  penetrate  the  interlamellar
spacings of the clays.
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