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Abs tract

We pres ent the struc tural and photophysical prop er ties of
Mg-Al hydrotalcite-like com pounds in ter ca lated with por -
phy rins. The an ion ex change and rehydration meth ods
were used for porphyrin in ter ca la tion into the host struc -
ture. The porphyrin an ions have a tilted ori en ta tion with an
an gle of about 70° with re spect to the hy drox ide lay ers of
hydrotalcite; the sim i lar ori en ta tion was found also in the
par tially ex changed sam ples with a low porphyrin load ing.
Both in ter ca lated and ad sorbed porphyrin mol e cules pre -
served their photoactive monomeric form. The photo -
physical ex per i ments proved that the porphyrin-doped
ma te ri als have enough long life times of the porphyrin trip -
let states to pro duce sin glet ox y gen,1O2, with high ef fi -
ciency. Mg-Al hydrotalcite is an ex cel lent host for
im bed ding of the photoactive com pounds. 

In tro ducti on

Hydrotalcite, mag ne sium-alu mi num hydroxycarbonate, is
a nat u rally oc cur ring min eral of the chem i cal com po si tion

Mg6Al2(OH)16CO3×4H2O. This min eral ex hib its a lay ered
crys tal struc ture sim i lar to that of brucite, Mg(OH)2, where
each Mg2+ cat ion is octahedrally sur rounded by six
hydroxyl groups and the ad ja cent octahedra share edges to
form in fi nite sheets. The sheets are stacked one on top of
the other and are held to gether by hy dro gen bond ing. In hy -
drox ide sheets of hydrotalcite, an Mg2+/Al3+ isomorphous
sub sti tu tion in the oc ta he dral sites re sults in a net pos i tive
charge neu tral ized by interlayer an ionic spe cies.
Hydrotalcite has been taken as a ref er ence name for many
isomorphous com pounds of var i ous chem i cal com po si tion, 
which can be rep re sented by the gen eral for mula

[MII
1-xM

III
x(OH)2]

x+[An-
x/n×yH2O]x-, where MII and MIII are

di va lent and tri va lent metal cat ions, An- is n-valent an ion
and x var ies usu ally be tween 0.20 and 0.35. These ma te ri -
als, known as hydrotalcite-like com pounds, lay ered dou ble 
hy drox ides or an ionic clays, of fer a great va ri ety of ap pli -
ca tions, e.g., in het er o ge neous ca tal y sis, poly mer pro cess -
ing, ad sorp tion and de con tam i na tion pro cesses and
phar macy [1-4]. Hydrotalcite-like com pounds rep re sent
also a host in or ganic struc ture for prep a ra tion of hy brid
ma te ri als with in ter est ing phys i cal and chem i cal prop er -
ties.

Hydrotalcite-like com pounds are char ac ter is tic by a
weak bond ing be tween interlayer an ions and hy drox ide

sheets. Thus, an ions can be ex changed un der suit able con -
di tions. Car bon ate an ions are the most pre ferred ones in
this pro cess and their re place ment by an ion ex change is
very dif fi cult. There fore, the syn the sis of hydrotalcite-like
com pounds con tain ing spe cific interlayer an ions re quires
car bon ate- and CO2-free con di tions. The prep a ra tion of ni -
trate- or chlo ride-con tain ing hydrotalcite-like com pounds
has been re ported by Miyata [5]. Be cause interlayer Cl- or
NO3

- an ions can be eas ily ex changed, chlo ride and ni trate
forms of hydrotalcite-like hosts are of ten used as pre cur -
sors in an ion ex change re ac tions. 

An al ter na tive pro ce dure is rehydration of mixed
oxides ob tained by ther mal de com po si tion of a
hydrotalcite-like pre cur sor con tain ing vol a tile interlayer
an ions (e.g., CO3

2-, NO3
-). Dur ing heat ing of Mg-Al-CO3

hydrotalcite, interlayer wa ter is re leased at about 200 °C.
At higher tem per a tures (350 – 450 °C) dehydroxylation of
the hy drox ide lay ers is ac com pa nied by a loss of interlayer
car bon ate an ions and the lay ered crys tal struc ture col lapses 
to periclase-type Mg-Al mixed ox ide. Such mixed ox ides
pre pared at mod er ate cal ci na tion tem per a tures rang ing be -
tween 400 – 600 °C can be rehydrated in an aque ous so lu -
tion. It re sults in the re con struc tion of the lay ered
hydrotalcite struc ture con tain ing in ter ca lated an ions from
the so lu tion. This phe nom e non is known as the “mem ory
ef fect” and the rehydration pro ce dure is of ten used for in -
ter ca la tion of var i ous an ions into the hydrotalcite-like
hosts.

In the pres ent study we re port pro ce dures for in ter ca -
la tion of por phy rins into the Mg-Al hydrotalcite host struc -
ture. Por phy rins and re lated macrocycles are well known as 
photosensitizers pro duc ing sin glet ox y gen (1O2), a short
liv ing and highly re ac tive form of mo lec u lar ox y gen [6].
Sin glet ox y gen is in volved in nu mer ous ox i da tive pro -
cesses and can cause a se ri ous dam age of bi o log i cal sys -
tems. On the other hand, its ox i da tive po ten tial can be
uti lized in chem i cal syn the ses, photodynamic treat ment of
can cer and dis in fec tion. The syn the sis of lay ered dou ble
hy drox ides in ter ca lated with var i ous porphyrin an ions
have been de scribed [7-10], but no their photophysical
prop er ties and sin glet ox y gen pro duc tion ac tiv ity have
been ad dressed so far. The sensitizer-doped in or ganic host
ma te ri als de vel oped in this work are not only of ut most in -
ter est in terms of solid state photophysics, but also of fer rel -
e vant ap pli ca tions as photo-dis in fect ing ma te ri als and
ef fec tive sources of sin glet ox y gen.
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Ex pe ri men tal

Prep a ra tion of sam ples

The tetrasodium salt of 5,10,15,20-tetrakis(4-sulfona to -
phenyl)porphyrin, TPPS, (Aldrich), Pd(II)-5,10,15,20-
tetra kis(4-carboxyphenyl)porphyrin, PdTPPC, Zn(II)-5,
10,15,20-tetrakis(4-carboxyphenyl)porphyrin (both Fron -

tier Sci en tific Eu rope, Ltd., UK), Mg(NO3)2×6H2O,

Al(NO3)3×9H2O, MgCl2×6H2O, AlCl3×6H2O, NaOH, and
Na2CO3 (all Penta, Czech Re pub lic) were used as pur -
chased.

Syn the sis of hydrotalcite hosts: The hydrotalcite
hosts in the ni trate and chlo ride forms were pre pared by
coprecipitation ac cord ing to Miyata [5]. Car bon ate-free
dis tilled wa ter was used for dis so lu tion of chem i cals and
the prep a ra tion was car ried out un der ni tro gen to avoid any
con tam i na tion of the prod uct by car bon ate an ions. An

aque ous so lu tion (450 ml) of Mg(NO3)2×6H2O and

Al(NO3)3×9H2O with Mg/Al mo lar ra tio of 2 and to tal metal 
ion con cen tra tion of 1.0 mol l-1 was added with a flow rate
of 7.5 ml min-1 into a 1000 ml re ac tor con tain ing 200 ml of
dis tilled wa ter. A flow rate of si mul ta neously added 3M
NaOH was con trolled to main tain pH 10.0 ± 0.1.
Coprecipitation was car ried out un der vig or ous stir ring at
75 °C. The re sult ing sus pen sion was stirred for 1 h at 75 °C. 
The prod uct was fil tered off, washed sev eral times with
dis tilled wa ter and dried at 60 °C. The ob tained
hydrotalcite was de noted as Mg4Al2-NO3. The chlo ride
form of hydrotalcite with Mg/Al mo lar ra tio of 2,

Mg4Al2-Cl, was pre pared us ing MgCl2×6H2O and

AlCl3×6H2O un der the same con di tions as de scribed above.
Sim i larly, car bon ate hydrotalcite, Mg4Al2-CO3, was pre -
pared by coprecipitation of Mg and Al ni trates; an al ka line
so lu tion con tain ing 3M NaOH and 0.5M Na2CO3 was used
as a pre cip i ta tion agent.

An ion ex change: The rel e vant hydrotalcite pre cur -
sors were dis persed in a car bon ate-free aque ous so lu tion
(400 ml) of cor re spond ing porphyrin (0.001M, pH 9 ad -
justed by 3M NaOH). Por phy rins TPPS and ZnTPPC were
in ter ca lated into the Mg4Al2-NO3 pre cur sor, while
PdTPPC into Mg4Al2-Cl one. Af ter mix ing the com po -
nents, the sus pen sion was sealed in a 500 ml glass bot tle
un der ni tro gen and stirred for 6 days at 30 °C. The in ter ca -
lated prod ucts were fil tered off, washed with car bon -
ate-free dis tilled wa ter and dried at 60 °C. The hydrotalcite
host/porphyrin mo lar ra tio was ad justed to achieve 10 and
100% load ing with re spect to the the o ret i cal an ion-ex -
change ca pac ity (AEC). A 10% ex cess of porphyrin was
used for the prep a ra tion of the sam ples with 100% load ing.
The ob tained sam ples were de noted by ac ro nyms de scrib -
ing the Mg/Al mo lar ra tio in the hy drox ide lay ers, in ter ca -
lated porphyrin an ion, its load ing and the method used for
in ter ca la tion (an ion ex change, AE). For ex am ple, the
Mg4Al2/TPPS(10)AE sam ple was ob tained by an ion ex -
change and 10 % of NO3

- in the Mg4Al2-NO3 pre cur sor was 
re placed by TPPS an ions. 

Rehydration pro ce dure: Car bon ate hydrotalcite
Mg4Al2-CO3 was heated 4 h at 450 °C in air and then
cooled to room tem per a ture. Ob tained periclase-type
Mg-Al mixed ox ide was dis persed un der ni tro gen in 75 ml

of a car bon ate-free aque ous so lu tion of cor re spond ing
porphyrin (0.001M, pH 9 ad justed by 3M NaOH) and
placed in a 100 ml Tef lon lined stain less steel bomb. The
rehydration re ac tion was car ried out un der hy dro ther mal
con di tions at 120 °C and autogenous pres sure for 20 h. The
rehydrated prod ucts were fil tered off, washed with car bon -
ate-free dis tilled wa ter and dried at 60 °C. The Mg-Al
mixed ox ide/porphyrin mo lar ra tio was ad justed to achieve
10 and 100% load ing with re spect to the the o ret i cal AEC.
A 10% ex cess of porphyrin was used for the prep a ra tion of
the sam ples with 100% load ing. The ob tained sam ples
were la beled by R (e.g., Mg4Al2/TPPS(10)R).

Char ac ter iza tion of the prod ucts

Pow der X-ray dif frac tion (XRD) pat terns were re corded
us ing a Siemens D5005 diffractometer (Bruker AXS, Ger -

many) with Cu Ka ra di a tion (l = 0.1542 nm, 40 kV, 30

mA, beam mono chro ma tor) in 2q range of 2 – 80°, step size 
0.02° (10 s/point). The qual i ta tive anal y sis was per formed
with a HighScore soft ware pack age (PANalytical, The
Neth er lands, ver sion 1.0d), Diffrac-Plus soft ware pack age
(Bruker AXS, Ger many, ver sion 8.0) and JCPDS PDF-2
da ta base. The Diffrac-Plus Topas soft ware (Bruker AXS,
Ger many, ver sion 2.1) in a com bi na tion with struc tural
mod els based on the ICSD da ta base was used for quan ti ta -
tive anal y sis of the XRD pat terns.

The dif fuse reflectance UV-vis spec tra were re -
corded on a Perkin Elmer Lambda 35 spec trom e ter
equipped with a Labsphere RSA-PE-20 in te gra tion sphere. 
Tran sient ab sorp tion mea sure ments were per formed by
means of the dif fuse reflectance ac ces sory of a la ser
flash-photolysis sys tem (LKII, Ap plied Photophysics)
equipped with Xe lamp, arc pulser, mono chro ma tor and
photomultiplier tube (PMT, R928, Hamamatsu). The 20-ns 
pulsed la ser beam aris ing from an OPO (Rain bow,
Quantel) pumped by Nd:YAG la ser (Bril liant, Quantel)
was used to ex cite the porphyrin-doped sam ples within the
420 – 550 nm range and a power den sity less than 20 mJ
cm-2. Time-de pend ent near-in fra red lu mi nes cence of sin -
glet ox y gen at 1270 nm was mon i tored in a Ge de tec tor
(Ed in burgh In stru ments, Ltd.) or by a home made de tec tor
unit (in ter fer ence fil ter, am pli fier, Ge di ode Judson
J16-8SP-R05M-HS) upon la ser ex ci ta tion of the sol ids.

Re sults and dis cus si on

The pow der XRD pat terns of hydrotalcite-like com pounds
in ter ca lated with TPPS are dem on strated in Fig. 1. The
Mg4Al2/TPPS(100)AE sam ple ex hib ited a marked shift of
the basal (003) dif frac tion line to lower dif frac tion an gles,
which con firmed in ter ca la tion of bulky porphyrin an ions
into the interlayer space. The d003 value of 8.77 C cor re -
sponding to the Mg4Al2-NO3 pre cur sor in creased to about
22 C (Ta ble 1). Tak ing into ac count the thick ness of the hy -
drox ide sheet (~ 4.8 C), the interplanar dis tance cor re -
sponds to about 17 C. This value in di cates that the pla nar
porphyrin units can be ori ented per pen dic u larly to wards
the hy drox ide lay ers with four pe riph eral sulfo-groups in -
ter act ing via the hydroxyl groups with the pos i tively
charged sites of the brucite-like sheets [7]. Based on the
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anal y sis of the TPPS so lu tion be fore and af ter an ion ex -
change, the TPPS load ing reached about 80 % of AEC. The 
TPPS-in ter ca lated phase with d003 of about 22 C was also
con firmed in the Mg4Al2/TPPS(10)AE sam ple (Ta ble 1). It
means that TPPS an ions are ori ented sim i larly to the
Mg4Al2/TPPS(100)AE sam ple re gard less of the low
porphyrin load ing.

Ta ble 1. The porphyrin load ing of the in ter ca lated hydrotalcite
sam ples and the eval u ated d003 val ues.

Sam ple
Por phy rin loa ding 
(% AEC)

d003  (C)

Mg4Al2-NO3 - 8.77

Mg4Al2-OH - 7.63

Mg4Al2/TPPS(100)AE 80 22.5

Mg4Al2/TPPS(100)R 70 21.4

Mg4Al2/PdTPPC(100)AE not de ter mi ned 23.3

Mg4Al2/PdTPPC(100)R 72 22.4

Mg4Al2/ZnTPPC(100)R 70 22.4

Mg4Al2-CO3 - 7.64

Ac cord ing to the mo lec u lar mod el ing re sults [11],
the plane of guest porphyrin an ions is tilted with an an gle
of about 70° with re spect to the hy drox ide lay ers. The
porphyrin units are par al lel and shifted to each other with a
shift ap prox i mately a half of the an ion di am e ter. The tilted
ori en ta tion of porphyrin an ions can be ex plained by the
pres ence of interlayer wa ter as the wa ter mol e cules pre -
dom i nantly fill the space be tween the hy drox ide lay ers and
porphyrin mol e cules due to a rather hy dro pho bic char ac ter
of the porphyrin ring. The mo lec u lar mod el ing of the
hydrotalcite struc ture with a low porphyrin con tent in the
interlayer space showed sim i lar ori en ta tion of porphyrin
an ions.

Dur ing rehydration of the cal cined Mg4Al2-CO3 pre -
cur sor, the hy drox ide form (Mg4Al2-OH) with the basal
spac ing d003 of 7.63 C was formed. The in ter ca lated phase
with d003 of 21.4 C to gether with the ad mix ture of the
Mg4Al2-OH phase were found in the sam ples rehydrated in
porphyrin-con tain ing so lu tions (Fig. 1). The d003 value of
the in ter ca lated phase was close to that of the sam ples pre -
pared by an ion ex change. Ev i dently, dur ing the
rehydration pro cess hy drox ide an ions in the interlayer
space are sub sti tuted by the porphyrin mol e cules.

A se ries of the Mg4Al2-CO3 sam ples with ad sorbed
por phy rins was pre pared in or der to com pare photo -
physical prop er ties of in ter ca lated and ad sorbed por phy -
rins. The sam ples were pre pared un der the same
hy dro ther mal con di tions as the rehydrated ones us ing the
Mg4Al2-CO3 pre cur sor in a porphyrin-con tain ing so lu tion.
The hydrotalcite/porphyrin mo lar ra tio was ad justed to
achieve a 10 % load ing with re spect to the the o ret i cal AEC. 
The ob tained prod ucts ex hib ited no shift in d003 basal spac -

ing, i.e. no porphyrin in ter ca la tion took place (Fig. 2).
These sam ples were de noted as “ads”.

Dif fuse reflectance UV-vis spec tros copy showed that
nei ther in ter ca lated nor ad sorbed porphyrin mol e cules ag -
gre gate when bound to the hydrotalcite hosts, but pre dom i -
nantly pre serve the photoactive monomeric form. Since the 
ki netic pa ram e ters of the sensitizer trip let states pre de ter -
mine the 1O2 for ma tion, the trip let state dy nam ics within
solid hydrotalcite sam ples was stud ied by means of
time-re solved dif fuse reflectance [12]. We ob served that
the trip let states of in ter ca lated and ad sorbed por phy rins
are quenched by ox y gen. In air at mo sphere the life times of
the trip let states were in the mi cro sec ond range. Our at ten -
tion was fo cused on the porphyrin sam ples with 10 % load -
ing with re spect to the the o ret i cal AEC since the sam ples
with lower con cen tra tion of in ter ca lated por phy rins (2%
AEC) yielded small spec tros copy sig nals and those with
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Fig ure 1. Pow der XRD pat terns of Mg-Al hydrotalcite in ter ca -
lated with TPPS by the an ion ex change (AE) and rehydration (R)
meth ods: Mg4Al2-NO3 – start ing ma te rial for an ion ex change,
Mg4Al2-OH – prod uct ob tained by rehydration in dis tilled wa ter,
Mg4Al2/TPPS(100) and Mg4Al2/TPPS(10) – prod ucts ob tained
un der con cen tra tion con di tions for 100% and 10% porphyrin
load ing with re spect to the the o ret i cal AEC.



the high est load ing reached (up to 80 % AEC) were op ti -
cally too dense. 

To as sess the ef fi ciency of the 1O2 gen er a tion we mea -

sured its photoluminescence at lem = 1270 nm upon pulsed
la ser ex ci ta tion [12]. Emis sion at this wave length arises
from re lax ation of 1O2 back to the trip let ground state. Fig.
3 shows the time de pend ence of the 1O2 lu mi nes cence in -
ten sity pro duced by the sam ples with in ter ca lated
(Mg4Al2/TPPS(10)AE), and ad sorbed porphyrin mol e -
cules (Mg4Al2-CO3/TPPS_ads) in the pres ence of ox y gen.
It is ev i dent that the 1O2 signals ob tained for the sol ids con -
tain ing in ter ca lated TPPS are sig nif i cantly larger than for
those with TPPS ad sorbed at the hydrotalcite sur face. The
most ef fec tive pro duc ers of 1O2 were the hydrotalcite sam -
ples with in ter ca lated or ad sorbed PdTPPC mol e cules. We
as cribe it to the higher yield of the trip let state for ma tion of
Pd(II)-con tain ing por phy rins. Hav ing proved the abil ity of
the solid sam ples with in ter ca lated photosensitizers to act
as sin glet ox y gen sources, a con tin gent ap pli ca tion will de -
pend on the life time of 1O2 since the lon ger the life time the
more pow er ful its ox i da tive per for mance. There fore, we
an a lyzed the fac tors de ter min ing the sin glet ox y gen life -
time. The 1O2 life times were de rived by a bi- or
monoexponential fit ting of the sin glet ox y gen de cay curves 

and var ied be tween 12 and 30 ms. The larg est life times
were ob tained with the Mg4Al2/PdTPPC(10)AE and
Mg4Al2-CO3/PdTPPC_ads sam ples while ex ci ta tion of the
Mg4Al2/PdTPPC(10)R sam ple pro duced 1O2 with the life -

time of 12 to 15 ms. The de tails of photophysical mea sure -
ments are dis cussed else where [12].

Conclu si ons

The struc tural and photophysical prop er ties of the
hydrotalcite hosts doped with porphyrin sensitizers were
ex am ined. A marked shift of the d003 basal spac ing in di -
cated a suc cess ful in ter ca la tion of the bulky porphyrin an -

ions into the hydrotalcite interlayers. Based on d003 val ues
and mo lec u lar mod el ing re sults, the porphyrin an ions have
a tilted ori en ta tion with an an gle of about 70° with re spect
to the hy drox ide lay ers; the sim i lar ori en ta tion was found
also in the par tially ex changed sam ples with a low
porphyrin load ing. The photophysical ex per i ments car ried
out un der de fined con di tions proved that the porphyrin-
doped ma te ri als ex hibit enough long life times of the
porphyrin trip let states to pro duce 1O2 with high ef fi ciency. 
The prop er ties of the photoexcited trip let states do not
seem to be crit i cally al tered by the sur round ing ma trix with
re spect to their be hav ior in so lu tion. The life time of these
trip let states de creases in the pres ence of ox y gen as a re sult
of en ergy trans fer to O2 mol e cules and gen er a tion of 1O2.
This pro cess is found to be very ef fec tive in case of the
PdTPPC-doped sam ples. Mg-Al hydrotalcite ap pears to be
ex cel lent host for im bed ding photoactive com pounds. On
ac count of the long life time of 1O2 pro duced by this hy brid
ma te rial, we con clude that the sin glet ox y gen mol e cules
gen er ated in the in te rior of the hydrotalcite ma trix can dif -
fuse out of the solid and re act with an outer sub strate. We
en vis age hydrotalcite-like com pounds with the in ter ca lated 
PdTPPC mol e cules as ef fi cient, easy-to-use sources of sin -
glet ox y gen.
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Ab stract

Ad sorp tion of cetyltrimethylammonium (CTA) and
cetylpyridinium (CP) on Na-rich mont mo ril lo nite (MMT)
was stud ied. For this pur pose, the ad sorp tion iso therms of
CTA and CP along with desorption curves of metal cat ions
(Na+, K+, Ca2+, Mg2+) were con structed.  The ad sorp tion of
CP is well de scribed by the Langmuir iso therm. In the case
of CTA, the best fit ting Langmuir- Freundlich model with
the power con stant r<1 was found. It can be ex plained by
the CTA higher de gree of in ter ca la tion into the MMT
interlayer space. In fra red, X-ray dif frac tion pat terns, spe -
cific sur face area, po ros ity, and mois ture ad sorp tion mea -
sure ments of mont mo ril lo nite also re vealed that both the
sur fac tants were ad sorbed in a monolayer ar range ments but 
CP in a higher amount than CTA.

The re sults of mo lec u lar mod el ling showed that in -
ter ac tion en er gies be tween CTA and the ex ter nal MMT
sur face have lower en ergy val ues than in the case of CP.
This sup ports an idea that CTA keeps more strongly near
the MMT layer and also re strict in ter ac tion of an other CTA 
cat ions with the layer. This find ing agrees with the ex per i -
men tal de ter mi na tion of higher amount of CP bound to the
MMT face.

In tro duc tion

Phyllosilicates are lay ered sil i cates in which the SiO4 tet ra -
he dra are linked to gether in in fi nite two-di men sional sheets 
and are con densed with the lay ers of AlO6 or MgO

octahedra in the ra tio 2:1 or 1:1. The neg a tively charged
lay ers at tract pos i tive cat ions (e.g., Na+, K+, Ca2+, Mg2+)
which hold the lay ers to gether. Their large cat ion ex change 
ca pac i ties en able them to ad sorb heavy met als and to be
mod i fied with qua ter nary salts [1] in clud ing cationic sur -
fac tants [2]. One of the ex cep tional prop er ties of such pre -
pared organo-phyllosilicates is their abil ity to sorb
hy dro pho bic or ganic con tam i nants, such as chlo ri nated
phe nols [3,4], per chlor ethy lene, naphtalene and
phenanthrene [5-7], an i line [8] or phe nol [9] etc. The re ten -
tion of in or ganic oxyanions, such as chromate, ni trate, and
ar se nate, on organo-kaolinite [10] and organo-
clinoptilolite [11] have been stud ied, as well.

The aim of this work was to un der stand the cationic sur -
fac tants (CSs) sorp tion on phyllosilicates in or der to pre -
pare ef fi cient and se lec tive organo-phyllosilicate
adsorbents. For this study Na-rich mont mo ril lo nite was
used along with the typ i cal cationic sur fac tants, such as
cetyltrimethylammonium and cetylpyridinium.

Ma te ri als and meth ods

Ad sorp tion pro ce dure
 Na+-rich mont mo ril lo nite type Wy o ming
(Al2.90Mg0.59Fe3+

0.49Ti0.01)3.99 (Si7.92Al0.08)8.0 O20(OH)4 with
a cat ion ex changed ca pac ity (CEC) about 0.9 meq/g was
used as the host struc ture for the ab sorp tion of CTA and
CP. The cationic sur fac tants were dis solved in a mix ture of
wa ter and eth a nol (50:50, v/v), a por tion of MMT was
added and this sus pen sion was shaken vig or ously for 2
hours. The sus pen sion was cen tri fuged for 20 min utes and
a supernatant was ana lysed by a cap il lary isotachophoresis
and the atomic ab sorp tion spec trom e try. The organo-mont -
mo ril lo nite sam ples in tended for spec tral and sur face anal -
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