
This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 10:53
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

The Chemistry of
Organofunctionalized Silicon
Cubanes in Swelling Smectites
D. Petridis a , D. Gournis a & M. A. Karakassides a
a N.C.S.R. “Demokritos”, Ag. Paraskevi, Attikis, 153
10, Athens, Greece

Version of record first published: 04 Oct 2006

To cite this article: D. Petridis, D. Gournis & M. A. Karakassides (1998): The
Chemistry of Organofunctionalized Silicon Cubanes in Swelling Smectites, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and
Liquid Crystals, 311:1, 345-350

To link to this article:  http://dx.doi.org/10.1080/10587259808042409

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808042409
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

53
 2

0 
A

ug
us

t 2
01

2 



Mol. Crysr. Liq. Crysr., 1998. Vol. 311. pp. 341-350 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license 

under the Gordon and Breach Science 
Publishen imprint. 

Printed in India. 

The Chemistry of Organofunctionalized Silicon Cubanes in Swelling 
Smectites 

D. PETRIDIS, D. GOURNIS and M.A. KARAKASSIDES 
N.C.S.R. "Demokritos", AgParaskevi, Attikis, 153 10, Athens,Greece 

Abstract: The intercalation of a cubical octamer derived from the controlled 
hydrolysis of 3-a~ninopropyltriethoxysilane with smectite clays has been examined. 
The organosilicon cubanes are adsorbed in an amount that exceeds the cation 
exchange capacity of the mineral. The excess quantity is incorporated in the form of 
physically adsorbed ion pairs. The results suggest that the physically adsorbed ion- 
paired cubic units, participate in alkylation reactions affording the corresponding 
tetraalkylammonium derivatives under triphase conditions. The akylated products 
were studied by chemical analysis, X-ray difiaction and FT-infrared spectroscopy. 

Kevwords: triphase reactions, smectite. intercalation, organosilicon oligomers 

INTRODUCTION 

Under controlled conditions of hydrolysis organofbnctional alkosilanes of 

the type @0)3Si(CHz).A yield oligomeric polyhedral organosilicon 

derivatives which have been proved to be ideal precursors for pillaring 

smectite clays with silica [l]. The general formula of the oligomeric 

derivatives is (ZSiOl.s)n, n>4, where Z= 2-ethylpyridine, 3-aminopropyl. The 

aminofbnctionalized derivatives can not be isolated but gel permeation 

chromatographic [2] and 29Si NMR spectroscopic [3] studies have shown that 

octameric species, n=4, are predominantly formed in methanolic solution of 

[753]/34S 
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the monomers upon addition of water. The cubane structure has been 

established from a single crystal X-ray analysis of the (3-IC3&)@~012) 

member [4]. 

In the present work we report the intercalation of a cubical octamer, 

denoted herein as Sia-APTEOS,derived from the hydrolysis of the 

commercially available 3-aminopropyltriethoxysilane and some alkylation 

reactions occurring in the interlayer zone of the clays. 

EXPERIMENTAL 

Naturally-occuring sodium montmorillonite obtained from the source 

SWy-1, Crook Country Wyoming USA and the organosilane 3-aminopropyl 

triethoxysiane, (APTEOS), HzN(CH2)3Si(OCH2CH3),, from Janssen Chimica, 

Belgium were used in this study. The APTEOS-clay complexes were prepared 

by reacting a 0.5% wt clay suspension with aliquots of 0.45M APTEOS 
solution such that the ratio, R=[ApTEOS]/[clay], was 3. The n-alkyl iodides 

@=methyl, ethyl) reacted with clay APTEOS complex (solid phase) under 

triphase conditions using toluene (organic phase) and aqueous Na2CO3 

solution (aqueous phase) in order to prepare the alkylated products. 

RESULTS AND DISCUSSION 

In order to examine in detail the uptake of the Sia-APTEOS cubes by the 

mineral surfaces we have determine the corresponding adsorption curve shown 

in Figure 1. The steep rise of the curve at low APTEOS concentrations 

indicates the high preference of the clay for the hydrolyzed AFTEOS cations. 

From the plateau of the curve we observe that the amount of the adsorbed 

APTEOS corresponds to 1.8 times the cation exchange capacity of the clay. 
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The excess uptake of APTEOS can be attributed to the formation in the 

interlayer zone of the clay of ion-paired units such as [ H ~ N ( C H ~ ) ~ S ~ S ~ I ~ ] [ X ] S .  

In previous studies such ion-pair formation has been proposed for the binding 

of tris-bipyridyl or tris-phenanthroline metal chelates to the 

smectite clays [ 5 ] .  

surfaces of 

FIGURE I .  Adsorption isotherm of SIB-APTEOS cubes on Na-montmorillonite 

The XRD patterns of the Na'-saturated montmorillonite and of the 

product obtained after the intercalation process and triphase reactions are 

shown in Figure 2.The spectrum of the Na'-clay sample (a) exhibits a single 

peak at 12.7A which corresponds to an interlayer distance of 3.28, 

characteristic of the expansion of the clay by the presence of hydrated sodium 

cations. When the clay was treated with APTEOS solution the XRD peak for 

an unwashed product (b) shifted to 19.1 & indicating of the intercalation of 

the cubic species into the clay interlayers. Repeated washings of the sample 

caused a significant lowering of the d-spacing from 19.18 to a value of 16.58. 

This decrease is attributed to the removal of ion-pairs units from the clay 

interlayer. After the alkylation reactions the XRD peak was shifted from 
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19.1A to 20.6A as shown in figure 2(b-d). This shifl, which corresponds to a 

gradual increase in the interlayer distance from 0.8A to 1.5A can be attributed 

2 4 6 8 
2 0  . 0 

FIGURE 2 XRD pattern of the original clay (a), &r intercalation with Sig- 
APTEOS cubes (b) and after triphase reactions: methylation (c), ethylation (d). 

to the substitution of the hydrogen atoms of RNH3’  groups by the larger in 

size alkyl groups such as -CH3 and -C~HS. Two observations are of particular 

merit. At first, the alkylation reactions do not occur after a thoroughly 

washing of the clay which removes the physically adsorbed ions-pairs units. In 

addition, in polar solvents, such as alcohol’s or water, the N H 2  group on the 

third carbon atom from silicon has been found to be virtually inert [6].  A 

schematically illustration of the alkylation reactions is shown in Figure 3. 

Figure 4 shows the infrared spectra in the frequency region 1350-1600 

cm-’ of the original clay and the clay-organosilicon cubanes products. The 

spectrum of the intercalated clay with Si&PTEOS cubes exhibits the 

strongest bands at 156Ocm” and 1500cm-’.These bands are assigned to the 

asymmetric deformation of NH,’ groups [7,8]. Specifically the band at 
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lSOOcrn-' originates from a vibration in which the C3 axis of NH3' group is 

-allel to the layers, while the band at higher 

I C L A Y  S H E E T  I 

2 x- 

I C L A Y  S H E E T  

frequency (1 570cm-I) is due to 

Where: 

R= -C% or -C+Cl-$ 

=cubic unit 
electmrtatical ly  
bound to the 
day wfaca 

FIGURE 3 The triphase reactions into the clay interlayer 

a similar vibration however with the C3 axis in its normal position to the layers 

[ 81, In addition, the large upshift in frequency suggests hydrogen-bonding 

interactions between the N H 3 '  groups and the surface oxygens. The weak 

bands at lower frequencies are attributed to the bending vibrations of CHI and 

CH3 groups. The alkylation of the Sis-APTEOS cubes change drastically the 

spectrum as shown in Figure 4(c-d). The new bands appearing at 1490cm-' 

and around 1475cm-' arise from the asymmetric N'-CH3 deformations, while 
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the weaker at 1420cm-' can be attributed to a scissoring vibration of 

methylene groups adjacent to charged nitrogen of the Si8-APTEOS cubes. 

I 1475 I 

I \  1420 

FIGURE 4 infrared spectra of the original clay (a), after intercalation with 
Si&PTEOS cubes (b) and after triphase reactions: methylation (c), ethylation (d). 

The broad band at 1455cm" in the spectrum of ethylene product (d) can be 

attributed to the CH2 vibrations of aliphatic chains [9], indicating the 

alkylation of Sis-APTEOS cubes. 
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