
Re fe ren ces

1. Cavani F., Trifiro F., Vaccari A., Catal. To day 11 (1991),
173-301.

2. Rives V. (Ed.), Lay ered Dou ble Hy drox ides: Pres ent and
Fu ture. Nova Sci ence Pub lish ers, New York 2001, pp.
251-411.

3. F. Wypych, K.G. Satyanarayana (Eds.), Clay Sur faces:
Fun da men tals and Ap pli ca tions. Elsevier 2004, pp.
374-546.

4. Kovanda F., Jirátová K., Kalousková R., In: Gearad F. L.
(Ed.), Ad vances in Chem is try Re search, Vol ume 1, Nova
Sci ence Pub lish ers, New York 2006, pp. 89-139.

5. Miyata S., Clays Clay Miner. 23 (1975), 369-375.

6. Lang K., Mosinger J., Wagnerová D. M., Coord. Chem.
Rev. 248 (2004), 321-350.

7. Bon net S., Forano C., de Roy A., Besse J. P., Maillard P.,
Momenteau M., Chem. Ma ter. 8 (1996), 1962-1968.

8. Tong Z., Shichi T., Zhang G., Takagi K., Res. Chem.
Intermed. 29 (2003), 335-341.

9. Barbosa C. A. S., Ferreira A. M. D. C., Constantino V. R.
L., Eur J. Inorg. Chem. (2005), 1577-1584.

10. Costantino U., Nocchetti M., In: Rives, V. (Ed.), Lay ered
Dou ble Hy drox ides: Pres ent and Fu ture, Nova Sci ence
Pub lish ers, New York 2001, pp. 383-411.

11. Kováø P., Pospíšil M., un pub lished re sults, 2007.

12. Lang K., Bezdièka P., Bourdelande J. L., Hernando J.,
Jirka I., Káfuòková E., Kovanda F., Kubát P., Mosinger J.,
Wagnerová D. M., Chem. Ma ter. 19 (2007), 3822-3829.

ADSORPTION OF THE CATIONIC SURFACTANTS ON
MONTMORILLONITE

Petr Praus1, Miroslav Pospíšil2

1
De part ment of An a lyt i cal Chem is try and Ma te rial Test ing, VŠB-Tech ni cal Uni ver sity Ostrava, 17. listopadu

15, 708 33 Ostrava, Czech Re pub lic, petr.praus@vsb.cz
2
Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity Prague, Ke Karlovu 3, 12116 Prague 2, 

Czech Re pub lic

Keywords: 

Ad sorp tion, in ter ca la tion, mont mo ril lo nite, cationic sur -
fac tants, cetyltrimethylammonium, cetylpyridinium

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 phenan -

threne [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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y ses were fil tered out on 1.2 mm glass fi bre fil ters
(Whatman) and washed several times with wa ter un til a re -
ac tion with a 1 % AgNO3 so lu tion was neg a tive. The lab o -
ra tory tem per a ture var ied from 20 to 24 oC.

An a lyt i cal and test ing meth ods
The amounts of cationic sur fac tants ad sorbed and metal
cat ions desorbed were de ter mined by the method of cap il -
lary isotachophoresis (EA 102, Villa-Labeco, Slovakia)
de vel oped for this pur pose [12]. Only po tas sium was de ter -
mined by the atomic ab sorp tion spec trom e try (Spec tra
AA30, Varian Inc., USA) us ing a con ven tional method.
The IR spec tra were ob tained by the KBr method us ing
Fou rier trans form (FTIR) spec trom e ter (NEXUS 470,
Thermo Nicolet, USA).

The sur face ar eas of the MMT sam ples were mea -
sured (Sorptomatic 1990, Thermo Elec tron Cor po ra tion,
USA) us ing ni tro gen as an ad sorb ing gas and cal cu lated by
Ad vance Data Pro cess ing soft ware ac cord ing to the BET
iso therm within the range p/p0=0 to 0.3 at a tem per a ture of
77.31 K. Mois ture ad sorp tion on the MMT sam ples was
stud ied by us ing a dy namic vapour sorp tion (DVS) sys tem.
The ad sorp tion iso therms were mea sured by weight ing of
sam ples un der static hu mid ity con di tions at 297 K. 

Anal y sis of equi lib rium data
Ad sorp tion data were fit ted us ing sev eral ad sorp tion iso -
therms de scrib ing the monolayer ad sorp tion: Langmuir,
Freundlich, and Langmuir-Freundlich (Sips). Non-lin ear
re gres sions was per formed by the Gauss-New ton method.
The best fit ting model was cho sen ac cord ing to the sta tis ti -
cal re gres sion cri te ria: Re gres sion co ef fi cient (R), Akaike
in for ma tion cri te rion (AIC), and mean er ror of pre -
dic tion (MEP).

Mo lec u lar mod el ling
The mont mo ril lo nite sur face was based on the struc -
ture data pub lished by Tsipursky and Drits [13], space 
group C2/m. The unit cell pa ram e ters ac cord ing to
Méring and Oberlin [14] have been used to de fine the
pla nar unit cell di men sions: a = 5.208 C; b = 9.020 C.
To cre ate a suit able supercell for cal cu la tion, we used
the fol low ing layer com po si tion: (Al3.25Mg0.75)Si8

O20(OH)4. The crys tal super cell 2a ´ 2b ´ 1c with the
com po si tion (Al13Mg3)Si32O80 (OH)16 was build with
the cor re spond ing layer charge (-3) per one supercell. 
Af ter that one mont mo ril lo nite layer was cleaved in
Sur face builder mod ule to cre ate a plat form for solv -
ing mol e cules ar range ment above the layer sur face.
The layer was built as a pe ri od i cally re peated
supercell in 2 di men sions. Un der the ba sic layer unit
there was 1 Na+ cat ion and above the layer there were
2 cat ions (CP or CTA) which com pen sate there the
neg a tive layer charge. Gasteiger method was used for
charge es ti ma tion.

Data pro cess ing
Isotachopherograms and electropherograms were re -
corded and eval u ated by us ing the programme
ITPPro32 (KasComp, Ltd., Slovakia). The non-lin ear 
re gres sion (the Gauss-New ton it er a tion method) and

all sta tis ti cal cal cu la tions made at the a = 0.05 sig nif i cance
level were per formed by the pro gram QC.Ex pert 2.5
(Trilobyte Sta tis ti cal Soft ware, Czech Re pub lic).

Mo lec u lar me chan ics and clas si cal mo lec u lar dy nam ics 
were car ried out in a Cerius2 mod el ing en vi ron ment [15].
The strat egy of en ergy minimization was based on the fol -
low ing es ti ma tions: The montmorillonite layer and the Na+

cat ions were fixed with re spect to the Car te sian co or di nates 
(atom moves are not pos si ble) and all cat ions or mol e cules
above the layer were with out any re stric tion in po si tions
and ro ta tions. En ergy was cal cu lated on the  uni ver sal force 
field pa ram e ters base [16].

Re sults and dis cus sion

Ad sorp tion iso therms of cationic sur fac tants
All ad sorp tion (batch) ex per i ments were per formed in wa -
ter-meth a nol (50:50, v/v) so lu tions to avoid micellization
of the cationic sur fac tants [17]. The cationic sur fac tants ad -
sorbed and metal cat ions desorbed were ana lysed by the
cap il lary isotachophoresis and the atomic ad sorp tion spec -
trom e try, re spec tively. In or der to un der stand ad sorp tion
mech a nisms, the ad sorp tion iso therms were con structed
(Fig. 1). These equi lib rium data were ana lysed by their fit -
ting with the monolayer iso therm mod els: Langmuir,
Freundlich, and Langmuir-Freundlich. The non-lin ear re -
gres sion re sults are given in Ta ble 1.

Ac cord ing to the R and AI cri te ria, Langmuir-
Freundlich iso therm is the most suit able model char ac ter iz -
ing the ad sorp tion of CTA on MMT (Fig. 1). In the case of
CP, all re gres sion cri te ria show that both Langmuir and
Langmuir-Freundlich mod els are po ten tial for the ex per i -
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Ad sorp ti on mo dels – ad sorp ti on of CTA (n=11)

Pa ram. Lang muir Freu nd lich
Lang muir-
Freu nd lich

am 0.5288 ± 0.0251 0.5514 ± 0.0462 0.5564 ± 0.0452

k 100.5 ± 46.3 — 100.1 ± 47.1

p/r — 9.326 ± 4.253 0.7008 ± 0.2680

R 0.9579 0.8824 0.9769

MEP 0.0021 0.0034 0.0118

AIC -76.68 -65.80 -81.16

Ad sorp ti on mo dels – ad sorp ti on of CP (n=12)

Pa ram. Lang muir Freu nd lich
Lang muir-
Freu nd lich

am 0.6408 ± 0.0231 0.6769 ± 0.0608 0.6574 ± 0.0372

k 139.6 ± 33.1 — 131.5 ± 37.6

p/r — 7.866 ± 2.652 0.8137 ± 0.2503

R 0.9842 0.9147 0.9868

MEP 0.0011 0.0054 0.0014

AIC -90.6 -69.1 -90.9

Ta ble 1. Re sults of the ad sorp tion iso therms fit ting



men tal data smooth ing. In ad di tion, the power con stant r is
sta tis ti cally equal to 1 (see the r con fi dence in ter val), which 
means that the Langmuir-Freundlich can be re placed by the 
sim pler Langmuir one. The eval u a tion of the best fit ting
iso therms could elu ci date how the cationic sur fac tants are
ad sorbed on the mont mo ril lo nite sur face.

CP was ad sorbed in agree ment with the Langmuir
model which was the o ret i cally de rived sup pos ing no in ter -
ac tions be tween the com pounds form ing monolayers on
sol ids. On the other hand, the ad sorp tion of CTA is better
de scribed by the Langmuir-Freundlich iso therm with r < 1
which in di cates that an an other sig nif i cant type of the CTA
in ter ac tion with MMT ex ists. It is likely its in ter ca la tion
into the MMT interlayer space which was rec og nized by
mea sure ments of the MMT basal spac ings d001. It was
found that MMT sat u rated with CTA ex hib ited a higher
basal spac ing (d001 = 1.75) than in the case of CP (d001 =
1.66) [17] which can in di cate that CTA was in ter ca lated in 
a higher amount than CP. That is why CTA is sup posed to
be bound to the MMT face by stron ger forces than CP. It
agrees with the re cent find ings of mo lec u lar dy namic sim u -
la tions [18, 19]. Both CTA and CP were sug gested to be ar -
ranged within the interlamellar space in a liq uid like
dis or dered monolayer. Be sides, the lower CP d001 val ues
also in di cate that CP has to be pre dom i nantly lo cated on the 
ex ter nal MMT sur face.

It is also ob vi ous from Fig. 1 that CP is sorbed in sig nif -
i cantly higher amounts than CTA. The FTIR spec tra of the
sat u rated MMT sam ples dem on strated in Fig ure 2 show a
higher por tion of sorbed CP, as well. Gen er ally, there are
the two most im por tant mech a nisms of the cationic
surfactant sorp tion on sol ids: i) ion ex change and ii) the hy -
dro pho bic chain-chain in ter ac tions [20]. Some CSs ad sorp -
tion ar range ments are il lus trated in Fig ure 3 showing the
CSs ad sorp tion on the ex ter nal phyllosilicate sur face. If the
monolayer gov erned by ion ex change re ac tions is cre ated,
a ra tio f be tween the amount of a cationic surfactant
(meq/g) ad sorbed and met als desorbed (meq/g) should be
f = 1 in agree ment with this ion ex change re ac tion:

MMT-M+ + CS+ = MMT-CS + M+ (1)

A bilayer ar range ment formed on the ba sis of hy dro -
pho bic in ter ac tions should be com pleted if f  = 2. When 1< f
<2 an in com plete bilayer is be ing formed. Ac cord ingly, the 
CTA monolayer (f  = 0.992±0.028, n = 6) and the CP in -
com plete bilayer (f = 1,159±0.029, n = 6) for ma tion on the
MMT ex ter nal sur face should be ex pected. How ever, the
CP monolayer ar range ment was con firmed by fit ting the
sorp tion equi lib rium data with the Langmuir curve.

Mont mo ril lo nite sur face anal y sis
From the facts given above it fol lows that the ex ces sive
non-stoichiometric amount of CP is likely ar ranged in the
dense monolayer lo cated on the ex ter nal MMT face. To
prove this idea, a sorp tion of wa ter on the sam ples of nat u -
ral MMT and MMT cov ered by CP (MMT-CP) and CTA
(MMT-CTA) was ex am ined [17]. Sup pos ing the CP
bilayer for ma tion ac cord ing to Fig ure 3c, the pos i tively
charged CP headgroups should en hanced the wa ter ad sorp -
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Fig ure 1. Ad sorp tion data fit ting with the Langmuir and
Langmuir-Freundlich iso therms.

Fig ure 2. FTIR spec tra of MMT-CTA and MMT-CP.

Fig ure 3. Ar range ments of alkylammonium cationic sur fac tants
ad sorbed on phyllosilicates. a) in com plete monolayer (f < 1), b)
monolayer (f = 1), c) in com plete bilayer (1 < f < 2).



tion in com par i son with MMT-CTA. But from Fig. 4 it is
clear that the low est ad sorp tion of wa ter oc curred on
MMT-CP. These re sults well agree with the high amount of 
CP fixed on MMT which makes its sur face more hy dro -
pho bic in com par i son with MMT as well as with
MMT-CTA.

The ad sorp tion of the cationic sur fac tants on MMT
mod i fies its sur face so that it be comes  hy dro pho bic and its
po ros ity and spe cific sur face area are changed. The to tal
spe cific sur face ar eas of MMT, MMT-CTA, and MMT-CP 
were de ter mined us ing the BET method (Ta ble 2). The

5-50 nm and 50-1000 nm pores ar eas were es ti mated by
means of the Dallimotre Heal iso therm. The area of the
pores with r <  0.5 nm was cal cu lated as a dif fer ence be -

tween the to tal sur face area and a sum of the 5-50 and

50-1000 nm pores ar eas. The area of 0 to 50 nm pores sig -
nif i cantly de creased by the surfactant ad sorp tion. Even in
the case of MMT-CTA, the nearly zero area of the pores
with r < 0.5 nm was found be cause of their to tal blind ing by 

this surfactant. On the con trary, the 50-1000 nm pores of
the both mod i fied MMTs en larged.

Math e mat i cal mod el ling of the cationic sur fac tants ad -
sorp tion
In ter ca la tion of phyllosilicates with alkylamonium cat ions

was firstly de scribed by Lagaly [21-23]. His sug ges tions
have been con firmed by many ex per i men tal works and also 
by us ing com puter sim u la tions [15, 18, 19]. In this work,

the mo lec u lar mod el ling de scrib ing the cationic surfactant
ad sorp tion on the ex ter nal MMT sur face are pre sented.

The first set of ini tial mod els was built above the ba sic
sur face unit with two CP cat ions which were placed ran -
domly above the ba sic layer. The initial mod els were cre -
ated with alkyl chains lay ing (i) par al lel with the MMT
layer, (ii) per pen dic u lar to the MMT layer and head groups
of CP ad ja cent to the sil i cate layer or in an op po site po si -
tion, (iii) un der dif fer ent an gles be tween the alkyl chain
and the layer. The initial mod els were op ti mized and min i -
mized un der the con di tions men tioned above and the
model with min i mum en ergy was se lected for sub se quent
cal cu la tions. This cal cu lated min i mized sur face struc ture
has CP head-groups near the sil i cate layer (Fig. 5). The
same pro ce dure was done for the MMT sur face with the
CTA cat ions. The model with min i mum en ergy has the
head-groups ad ja cent to the sil i cate layer and also the sec -
ond part of the alkyl chains is ad ja cent to the sil i cate layer.
It looks like let ter u with up per part turn ing to the layer
(Fig. 6). Both the min i mized and op ti mized mod els were
used as the ini tial mod els for sub se quent cal cu la tions with
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Fig ure 4. Wa ter ad sorp tion and desorption iso therm plots.

MMT MMT-CTA MMT-CP 

To tal sur fa ce area
 (m2/g)

28.5 4.4 8.8

< 0.5 nm pore area 
(m2/g)

21.8 0.4 2.6

5-50 nm pore area
 (m2/g)

6.4 2.8 4.4

50-1000 nm pore area
 (m2/g)

0.3 1.2 1.8

Ta ble 2. Pores ar eas of the nat u ral and mod i fied mont mo ril lo nite. 

Fig ure 5. Op ti mized struc ture with min i mum to tal crys tal en ergy 
CP with out wa ter and eth a nol.

Fig ure 6. Op ti mized struc ture with min i mum to tal crys tal en ergy
CTA with out wa ter and eth a nol.



55 wa ter and 17 eth a nol mol e cules which cor re sponds to
the com po si tion of the wa ter-eth a nol mix tures (50 %, v/v).

The se ries of new ini tial mod els were built with the wa -
ter and eth a nol mol e cules placed above the CP cat ions,
which were ad ja cent to the MMT layer. It re lates to the
model (marked as CP1) with the high est dis tance of the wa -
ter and eth a nol mol e cules bulk from the MMT layer. This
dis tance was grad u ally de creased in the mod els CP2, CP3,
CP4 and CP5, where the CP cat ions (Fig. 5) were com -
pletely im mersed in the wa ter and eth a nol mol e cules bulk.
The same pro ce dure was done for the CTA cat ions. The se -
ries of the ini tial mod els were sub se quently min i mized and
op ti mized and the in flu ence of the wa ter and eth a nol mol e -
cules on the CP or CTA ad sorp tion was in ves ti gated.

The re sul tant val ues of crys tal en ergy and its com po -
nents are pre sented in Ta ble 3. The to tal crys tal en ergy con -
sists of va lence (bond, an gle, tor sion, in ver sion terms) and
non-bond (van der Waals, Cou lomb) com po nents. The en -
ergy val ues in Ta ble 3 show a very in ter est ing con trast be -
tween the CP and CTA mod els. Wa ter and eth a nol

mol e cules im mer sion is avail able for the CP cat ions be -
cause of the en ergy val ues are lower for the mod els with
sur round ings cat ions. On the contrary, from the en ergy val -
ues of CTA mod els we can de rive that a grad ual im mer sion
is stopped and the spe cial po si tions of the CTA cat ions suc -
cess fully in hibit the sub se quent wa ter or eth a nol im mer -
sion. 

On the basis of these re sults as well as the value of to tal
crys tal en ergy we can de rived that the CTA cat ions have
the stron ger in ter ac tions with the MMT layer than the CP
cat ions. More over the CTA cat ions prob a bly in hibit not
only the wa ter and eth a nol im mer sion but likely also sub se -
quent ad sorp tion of an other CTA cat ions. The optimized
struc ture with the min i mum to tal crys tal en ergy is shown in 
Fig ure 7 and 8 for mod els CP4 and CTA2, re spec tively.

This idea was con firmed by the models with ad di tion of
higher amount of the CP and CTA cat ions on the MMT sur -
face. From the sub li ma tion en ergy val ues in Ta ble 4 it fol -
lows that by an ad di tion of an other cationic surfactnats the
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Mo del Bond An g le Tor si on In ver si on v dWa als Cou lomb To tal

CP1 10.2 23.1 13.7 0.0 -195.3 -431.5 -579.3

CP2 9.2 21.2 13.8 0.0 -208.5 -535.0 -698.7

CP3 8.0 19.6 12.9 0.0 -209.1 -525.8 -693.9

CP4 7.8 23.3 18.8 0.0 -166.7 -602.0 -718.6

CP5 8.8 25.6 19.6 0.1 -153.9 -610.8 -710.6

CTA1 13.9 29.8 11.7 0.0 -201.0 -585.0 -730.6

CTA2 13.7 32.3 15.1 0.0 -211.1 -646.4 -796.3

CTA3 13.6 36.6 17.2 0.0 -174.0 -622.7 -729.4

CTA4 12.2 38.0 19.9 0.0 -152.7 -587.2 -669.9

CTA5 12.0 37.2 19.3 0.0 -175.9 -580.8 -688.1

Ta ble 3. To tal crys tal en ergy and its com po nents [kcal/mol] for MMT sur face with CP and CTA
cat ions im mersed into 55 wa ter and 17 eth a nol mol e cules.

Fig ure 7. Op ti mized struc ture with min i mum to tal crys tal en ergy
CP in the pres ence of wa ter and eth a nol.

Fig ure 8. Op ti mized struc ture with min i mum to tal crys tal en ergy 
CTA in the pres ence of wa ter and eth a nol.



to tal sub li ma tion en ergy val ues of these mod els de creased.
In ad di tion in the case of CP, the en ergy de creased steeply
than for CTA. It con firms the eas ier ad sorp tion of the
higher amount of CP mol e cules on the MMT sur face. It
was also ob served ex per i men tally.

Con clu sion

The ex per i men tal re sults of this ad sorp tion study re vealed
the monolayer ar range ment of both sur fac tants on the
MMT ex ter nal sur face. In ad di tion, CP was found to be
bound in the higher amount than CTA which was ad sorbed
ac cord ing to the ion ex change stoichiometry. The CTA
stron ger in ter ac tions with the MMT lay ers were also con -
firmed by the out puts of the mo lec u lar mod el ling and in di -
cate that CP could form the dense monolayer in which its
mol e cules can be eas ily re-ar ranged.

By the sur fac tants cov er age the mont mo ril lo nite sur -
face was sig nif i cantly mod i fied. It be came very hy dro pho -
bic and its po ros ity was sub stan tially changed so that
mi cro- and mesopore were com pletely dis ap peared or di -
min ished, re spec tively. Such pre pared MMT sur face is po -
ten tial for the ad sorp tion of var i ous toxic com pounds as we
in tend to in ves ti gate in fu ture.
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Ó Krystalografická spoleènost

Ad sorp tion of the cationic sur fac tants on mont mo ril lo nite       37

Mo del v dWa als Cou lomb To tal Decre a se

2xCP -236,9 -645,9 -882,9 0

3xCP -285,3 -863,5 -1148,8 265,9

4xCP -321,7 -1097,2 -1418,9 270,1

2xC TA -267,2 -733,0 -1000,3 0

3xC TA -285,9 -864,0 -1149,9 149,6

4xC TA -266,8 -998,6 -1265,5 115,6

Ta ble 4. Sub li ma tion non-bond en ergy [kcal/mol] for the MMT
sur face cov ered with dif fer ent num bers of CP and CTA.

Note: De crease – A de crease of the to tal sub li ma tion en ergy con -
nected with ad di tion of an other mol e cule. 


