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ABSTRACT

The adsorption behaviors of Hematoporphyrin-IX (HP-IX) on Kaolinite
and Montmorillonite were studied. The adsorption behaviors differed no-
ticeably according to the structure of the clay. The adsorption was more
preferable on Montmorillonite than on Kaolinite.
HP-IX adsorption is affected by temperature and increased by increasing
the dielectric constant of the used solvent. The adsorption capacity fol-
lowed the order ethanol<methanol<water. Langmuir and Freundlich equa-
tions were used to analyze the adsorption behaviors and quantify the ad-
sorption isotherms. The maximum adsorption showed a higher value for
Montmorillonite than Kaolinite. The HP-IX adsorption on Kaolinite clay
increased at acidic pH, while it decreased continuously in basic medium.
It was noticed that understanding HP-IX adsorption could be obtained by
studying the relationship among HP-IX properties and the kinetic param-
eters of the reaction, taking into account the effect of experimental tempera-
ture and clay type on adsorption. Thermodynamic parameters of the kinetic
reaction confirmed the adsorption isotherms data.
 2013 Trade Science Inc. - INDIA
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INTRODUCTION

The adsorption of Hematoporphyrin on clay sur-
faces is not only an academic interest, but also a basic
phenomenon in many applied processes. For example
the application in the remediation of contaminated
ground water and industrial effluents as sorption tech-
nique produce high quality treated effluents. The sorp-
tion process has been investigated as a method to re-
move dye from waste water. In recent years, clays have

been accepted as one of the most appropriate low cost
sorbent[1].

Clay-Hematoporphyrin complex attracted much in-
terest in the view point of materials chemistry as
nanostructure; the lifetime of Hematoporphyrin on the
clay surface is estimated to be in the order of nano sec-
ond. These materials could be useful for electric and
photo-responsible devices[2].

Hematoporphyrins considered as an evidence for
the biological source of petroleum and a variety of geo-
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logical and environmental research due to their exten-
sive roles in both plant and animal biochemistry and as
sorbed on the clay[3].

The objective of the present work is to examine the
adsorption process of HP-IX on two clay minerals
(Kaolinite and Montmorillonite). Also the factors influ-
encing the adsorption such as concentration, solvent
dielectric constant, and temperature will be studied.
Finally, kinetic reaction of this material will be exam-
ined to find out the thermodynamic parameters.

EXPERIMENTAL

The experiments were carried out using Na-satu-
rated Kaolinite (Aswan, Egypt) and Na-saturated
Montmorillonite (South Dakota, USA) as sorbents[4]

and HP-IX Figure 1 as adsorptive material.
The chemical analysis of Na-Kaolinite and Na-

Montmorillonite was presented in TABLE 1. Cation
exchange capacity (CEC) of Kaolinite and Montmoril-
lonite clays was measured according to the standard
method[5].

constructed at two temperatures 5 ºC and 25 ºC. The

experiments were carried out by using three different
solvents (methanol, ethanol, and water) to prepare the
HP-IX solutions.

Parameter Na-Kaolinite Na-Montmorillonite 

Ignition loss 13.20 8.44 

SiO2 45.60 52.52 

Al2O3 39.20 23.66 

TiO2 1.10 1.54 

Fe2O3 0.87 10.72 

CaO 0.20 0.42 

MgO 0.08 3.23 

Na2O 0.01 0.82 

K2O 0.01 0.40 

P2O5 0.00 0.10 

TABLE 1 : Chemical analysis for Na-Kaolinite and Na-Mont-
morillonite

Adsorption isotherms were determined by shaking
0.05g of Kaolinite or Montmorillonite in dark 100 mL
vessels with HP-IX solutions containing 1, 5, 10, 15,
20, 25, 30, 40, 50 and 70 ìmol. The pH of these sus-
pensions was adjusted at 7.0±0.05. After 24 hours the

vessels were centrifuged. The remaining HP-IX in the
supernatant was measured by UV-VIS spectrophotom-
etry[6]. The amount of adsorbed HP-IX was calculated
from the difference between the initial and the final equi-
librium concentrations. The adsorption isotherms were

Figure 1 : Structure of Hematoporphyrin IX

A kinetic study of the adsorption process was fol-
lowed up by monitoring the progress of the adsorption
process at different time intervals. For these purpose
two identical sets of a certain concentration (the con-
centration at maximum adsorbed amount) of HP-IX in
methanol, ethanol and water were run simultaneously
at two different temperatures (5 ºC and 25 ºC). The

adsorbed amount of HP-IX was estimated at different
time intervals.

RESULTS

The results were examined by using the Freundlich
equation that is expressed by:
log x/m = log K +1/n log C (1)

Where x/m is adsorbed porphryin ìmol/g, C is equilib-
rium concentration of HP-IX, ìmol/mL, K is the index
for classifying the degree of adsorption, and 1/n is the
intensity of adsorption.

If 1/n <1, bond energies increase with the surface
density; if 1/n>1, bond energies decrease with the sur-
face density and when 1/n=1, all the surface sites are
equivalent. The 1/n is often to be less than one and it
various with the degree of heterogeneity.

The verification of the Freundlich equations was done
by calculating the standard error of the estimates (S.E.),
given by:
S E = Ó (q* q / n) 1/2 (2)

Where q measured HP-IX adsorption, q* is the pre-
dicted HP-IX adsorption, and n is the number of iso-
therm points
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Adsorption behavior of HP-IX on Kaolinite and
Montmorillonite

The adsorption of porphyrin by heterogeneous sur-
faces such as clays are usually follows a complex iso-
therm which may represent a combination of adsorp-
tive mechanism[7]. The complete isotherm obtained
throughout this study didn�t confirm to a single isotherm

type (Figure 2 and Figure 3). Since Langumir isotherms
are valid up to the formation of monolayer and charac-
teristic of molecules that adsorb flat on substrate, the
obtained data couldn�t be explained by using this equa-

tion. The adsorption isotherms as shown in Figure 2
and Figure 3 have been divided into three distinct re-
gions. These three regions were obtained for HP-IX
adsorption on both of Kaolinite and Montmorillonite
surfaces[8]. The results revealed the following observa-
tions:

3. The linear area of the isotherm at medium to high
concentrations.
For that reasons the results of the HP-IX adsorp-

tion on the two studied clays were represented well by
using Freundlich equation.

(a) Adsorption isotherm of HP-IX on Kaolinite

Freundlich�s equation was used to analyze the ad-

sorption behavior, to quantify the adsorption isotherms,
where it fits the sub-monolayer range, especially if the
adsorbent surface possesses heterogeneous structure[9].

Figure 4 showed that all the adsorption isotherms
of HP-IX on Kaolinite in the different solvents obeyed
Freundlich�s equation. The adsorption isotherms had

identical forms for all solvents. This indicated that the
mechanism of the adsorption is similar, which fits the
physical adsorption in sub monolayer range especially
if the adsorbent surface posses heterogeneous struc-
ture. The data of TABLE 2 and Figure 4 of the iso-
therms indicated two-step mechanisms, as the isotherm
is split into two straight line parts.

Figure 2 : Adsorption isotherm of HP.IX on Kaolinite clay in
three different solvents at two temperatures

1. At low HP-IX concentration, the adsorption iso-
therm rises very steeply, remaining close to the y-
axis.

2. The region in which the isotherm becomes convex
to the x-axis.

Figure 3 : Adsorption isotherm of HP.IX on Montmorillonite
clay in three different solvents at two temperatures

Figure 4 : Freundlich adsorption isotherm of HP.IX on Ka-
olinite clay in three different solvents at two temperatures

This indicated that two adsorption mechanisms are
involved throughout these isotherms. There is a change
from one type to another with increasing HP-IX con-
centration. As the Freundlich constants are different,
TABLE 2, so there should be a significant difference
between these two parts. This would be possibly due
to that Kaolinite clay contains specific sites having dif-
ferent binding characteristic and the adsorption would
depend on the occupation of these sites[10]. Freundlich
1/n parameter, related to the adsorption affinity for the
first and second linear parts, TABLE 2, proved again
that there is a significant difference between the two
parts of these adsorption isotherms. Such phenomenon
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was discussed[11] and postulated that, Kaolinite clay
contains specific sites of different binding characteris-
tics and adsorption would thus depend on the percent
loading i.e., the occupation of these sites. The increase
in prophyrin concentration and the change from one

type of energy level of Kaolinite binding sites to an-
other is probably responsible for the variation among
Freundlich 1/n parameter values obtained from these
isotherms TABLE 2.

It was noticed from these values that:

Type of clay Na-Kaolinite Na-Montmorillonite 

Type of solvent Methanol Ethanol Water Methanol Ethanol Water 

First = 0.65 First = 1.16 First = 0.51 
Temperature 25 oC 

Second = 0.27 Second = 0.33 Second = 0.27 
0.69 0.93 0.51 

First = 1.6 First = 0.9 First = 0.59 
1/n 

Temperature 5 oC 
Second = 0.26 Second = 0.21 Second = 0.21 

1.13 0.67 0.63 

First = 3.15 First = 0.34 First = 4.69 
Temperature 25 oC 

Second = 4.33 Second = 3.19 Second = 5.21 
0.21 0.03 0.79 

First = 0.61 First = 0.12 First = 2.96 
K 

Temperature 5 oC 
Second = 3.33 Second = 2.19 Second = 5.88 

0.03 0.01 0.34 

TABLE 2 : Freundlich isotherm constants of Hematoporphrin IX adsorption on Kaolinite and Montmorillonite

1. 1/n values of the second linear parts for the three
solvents are lower than the first parts which means
these parts of isotherms represent specific sites with
higher binding energies than what are represented
by the first parts. For that reason the adsorption of
the prophyrin on Kaoilinite could not be represented
by using Langmuir equation.

2. The values of 1/n in the two parts are lower for
Water than Methanol and Ethanol. It means that
the affinity increases by increasing the dielectric
constant of the solvent.

3. The K, predicted quantity of adsorption, is higher
for the second linear parts than the first parts. The
lowest value was for Ethanol at the two linear parts.
This is again could be attributed to the dielectric
constant of Ethanol.
As shown previously in Figure 2 the HP-IX ad-

sorption was influenced by changing the solvent. In sus-
pensions containing charged macromolecules and a
charged surface, the interaction between both is sub-
stantially affected by the polarity of the medium. Obvi-
ously, a high dielectric permittivity of the solvent causes
a greater unfolding of the HP-IX molecules due to elec-
trostatic repulsion arising from the partial ionization of
the residues originally buried in the folded HP-IX in the
non-ionized form. Therefore, the adsorption increases
with increasing dielectric constant because of the un-
folding of HP-IX molecules. Under this condition the
degree of HP-IX exposure to the sorbent surface in-

creases[12].
The magnitude of adsorption had the order: water

 methanol  Ethanol, although in the case of water there
will be a little aggregation of the HP-IX which may de-
crease the adsorption. The high dielectric constant of
water and its smaller molecular volume comparing with
the alcohols, there would be no competition between
water and the HP-IX molecules. This may cause in-
creasing in the adsorption process. These results clearly
implies that the adsorbed amount constantly decrease
with an increase in the number of carbon atoms so the
order of adsorbed amount was as follows: Ethanol <
Methanol. This result can be explained that upon addi-
tion of aliphatic alcohol to the suspension there may be
interaction between alcohol and clay and it may get
adsorbed on the active sites of the clay. With increasing
the number of carbon atoms there will be more effec-
tive sites to be adsorbed on the clay. This would in-
crease the competition between HP-IX and ethanol
molecules to be adsorbed on the clay, resulting in the
decreasing the adsorbed amount of HP-IX.

As shown in Figure 2 and Figure 4 the adsorption
was greater at 25 oC than at 5 oC, this means that the
adsorption is an endothermic reaction process[12]. This
can be explained that at higher temperature the HP-IX
unfold and agglomerated, so that its hydrophobic part
interacted with the hydrophobic part of the clay. In ad-
dition the mobility of the HP-IX increased which re-
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sulted in increasing the adsorption by raising the ther-
mal energy.

(b) Adsorption isotherm of HP-IX on Montmoril-
lonite

As illustrated in Figure 3 the adsorption isotherms
of HP-IX on Montmorillonite showed a turning point
of the curve which indicate the completion of the first
layer and the subsequence rise represents the develop-
ment of a second layer of adsorption. This develop-
ment can be treated as that, for the first with the differ-
ence in the place of the substrate surface, the adsor-
bate is attracted by a layer of its own molecule in a
particular orientation. The forces generates for the sec-
ond are weaker than those generate the first. This means
that the second rising portion of the isotherm is likely to
be S � shape[13].

As shown in Figure 3, the adsorbed amount in-
creased with increasing the temperature and the dielec-
tric constant of the solvent taking the same behavior as
in Kaolinite clay. As illustrated in Figure 3 and Figure 5
the adsorption of HP-IX on Montmorillonite is much
higher than on Kaolinite. This result can be attributed to
the fact that each clay contains specific sites of different
binding characteristic specific for its own. It is also due
to the difference in surface area, cation exchange ca-
pacity and structure of the clay. Kaolinite and Mont-
morillonite clays represent two different families of clays.
Montmorillonite clay, has a much higher available sur-
face for adsorption than Kaolinite clay, and this is prob-
ably responsible for the larger amount of HP-IX
adsorbed on Montmorillonite as compared with Ka-
olinite[14].

Figure 5 showed that the adsorption isotherm of
HP-IX on Montmorillonite can be represented by
Freundlich equation. The data was represented with-
out using the splitting technique. By comparing the val-
ues of 1/n in Freundlich equation of the three solvents,
they had the same order of Kaolinite and followed the
sequence of water  methanolEthanol. It means that, the
binding of HP-IX on Montmorillonite depends on the
dielectric constant of the solvent. Beside that the K val-
ues followed the same sequence. From the data of 1/n
and its relation with temperature it can be declared that
the affinity for HP-IX adsorption into the three solvents
increased by increasing temperature. This behavior can

be explained again through the effect of the adsorbant/
adsorbate interaction.

Figure 5 : Freundlich adsorption isotherm of HP.IX on Mont-
morillonite clay in different solvents at different tempera-
tures

Kinetic and thermodynamic studies

Studying HP-IX kinetic of adsorption process onto
clay-liquid interface is one of fundamental importance
for complete understanding interfacial phenomena. Nor-
mally, the adsorption of HP-IX molecule from a bulk
solution onto clay is considered to occur in the follow-
ing three steps:
a. Diffusion of HP-IX molecule from the bulk of the

interface.
b. Attachment of HP-IX molecule to active sites of

the surface.
c. Reconfirmation of the structure of the HP-IX mol-

ecule after adsorption.
Of these three steps, the last one is not only con-

trolling the adsorption kinetics of HP-IX, but also it
modifying the surface properties of the substrate[15].

The rate of HP-IX adsorption on the clay can be
calculated by using multiple-order kinetic equation

an
aCK

dt
dC

 (3)

Where C is the HP-IX concentration in solution, t is the
reaction time, K

a
 is the rate of HP-IX adsorption and

n
a
 is the order of the reaction.

Integration of this equation gives, in its simplified
logarithmic form:

  tlog
n1

1
K1nlog

n1
1

Clog
a

aa
a 




 (4)

Thus, plotting log C as a function of log t according to
(Eq. (4)) will gives a straight line. The rate of adsorp-
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tion; K
a
 can be calculated from the intercept of the line,

while the order of the reaction; n
a
 can be calculated

from its slope[16].
The standard enthalpy change of adsorption �H

a

can be determined through Van�t Hoff relationship:


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In terms of absolute reaction rate theory, the reaction
rate constant K

a
 at two temperatures T

1
 and T

2
 for ad-

sorption can be expressed as:

  






 


RT

H
exp.R/Sexp

h
TK

K a
a

*

a (6)

Where K
a
 is the rate constant, K* is Boltzman con-

stant, h is Plank�s constant, T is the temperature, and

H
a
, S

a
 is the enthalpy and entropy energy respec-

tively.
Eq. (6) would enable the calculation of S

a
 since

H
a
 is found from Eq. (5).
The activation energy E

a
 and the change in the free

energy G
a
 can be calculated using the following rela-

tionships:
RTEH aa  (7)

aaa STHG  (8)

The thermodynamic parameters calculated from the
adsorption kinetic data of HP-IX on Kaolinite and
Montmorillonite clays at 5 oC and 25 oC are presented
in TABLE 3. The effect of temperature showed that the
process is an endothermic reaction process which was
proved by the positive values of H

a
[17].

The absolute rate constant of HP-IX adsorption
K

a
 increased with increasing the temperature. This is in

agreement with the data obtained from the adsorption
isotherms. Also the values of this parameter were higher
for water than methanol, which noticed in the adsorp-
tion experiments. Beside that the rate constant K

a
 in the

case of Montmorillonite is lower than in the case of
Kaolinite which means that the HP-IX molecule is eas-
ily adsorbed on Kaolinite rather than on Montmorillo-
nite. This is due to that Kolinite is 1:1 clay mineral type,
therefore its available exposed surfaces for adsorption
is much more accessible than Montmorillonite[18]. These
observations are further supported by the magnitude of
the activation energy E

a
 values. Hence at adsorption

process on the Kaolinite clay the Ea was lower than in

the case of Montmorillonite clay means that the rate of
adsorption in the first case should be larger than the
second one. The low values of the activation energy
under different conditions indicated that the type of HP-
IX adsorption is physical in nature on these two clays.

Type of Clay Na-Kaolinite Na-Montmorillonite 

Type of Solvent Methanol Water Methanol Water 

Temperature 
5 oC 

2.12 1.88 12.04 8.898 
na Temperature 

25 oC 
1.94 1.77 10.18 6.51 

Temperature 
5 oC 

2.13 * 10-3 6.7 * 10-3 7.3 *10-21 1.4 * 10-15 
Ka 

(µmol T-1) Temperature 
25 oC 

4.89 * 10-3 11.7 * 10-3 9.14 * 10-18 1.48 * 10-11 

Ea (Kcal/ µmole) 2.88 * 104 1.93 * 104 24.6 * 104 32.1 * 104 

Ha(Kcal/ µmole) 2.6 * 104 1.68 * 104 24.43 * 103 31.8 * 103 

Sa (esu) -133.64 -157.4 -317.06 -683.2 

Ga (Kcal/ µmole) 6.18 * 104 6.371 *104 14.98 * 103 11.45 * 103 

TABLE 3 : Kinetic and thermodynamic parameters of He-
matoporphyrin adsorption on Kaolinite and Montmorillonite

n
a
 is the order of reaction and K

a
 is the rate of Hematoporphrin

adsorption

The positive values of H
a
 as expected; proved

again that the reaction is endothermic and agreed with
the adsorption isotherms experiments. Also it is in agree-
ment with the Hemoglobin adsorption on the clay min-
erals[19].

The negative S values indicated that the HP-IX
molecules become more ordered after their adsorption
on the clay surfaces. The values of S were more nega-
tive in the case of Montmorillonite than Kaolinite means
that the arrangement of the HP-IX molecule on the
Montmorillonite surface is more ordered as it has more
surfaces to accommodate HP-IX molecules.

The free energy of adsorption G had lower posi-
tive values for Montmorillonite than for Kaolinite. The
low positive values of G means that HP-IX molecules
can approach the surface more closely, resulting in stron-
ger adsorptive forces with more ordering. As the value
of G becomes low the adsorption increases, this ex-
plains the reason for more adsorbed HP-IX on Mont-
morillonite than Kaolinite. This is agreed with all the
previous kinetic parameters and the reasons that have
been mentioned earlier[20].

CONCLUSION

Adsorption and kinetics of Hematoporphrin were
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significantly depending on the status of surface sites avail-
able on the clay minerals, dielectric constant of the sol-
vent, pH and temperature of the media. For thermody-
namic parameters especially S; it can be concluded
that the type of the clay surface and its ordering ori-
ented S values toward more negativity. These param-
eters should be considered during the application of
Hematoporphrin in fields such as nanostructure, search
of petroleum and diagnosis of animals and plants bio-
chemical properties.
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