Available online at www.sciencedirect.com

SCIENCE DIRECT® JOURNAL OF
Colloid and
Interface Science

s

ELSEVIER Journal of Colloid and Interface Science 288 (2005) 629-633

www.elsevier.com/locate/jcis

Note

Surfactant intercalategl-hydroxides of cobalt and nickel and their
delamination-restacking behavior in organic media

C. Nethravathi, G. Harichandrah, C. Shivakumarg N. Ravishankat*, Michael RajamatHt*

@ Department of Chemistry, S. Joseph's College, Lalbagh Road, Bangalore 560 027, India
b Department of Polymer Science, University of Madras, Guindy Campus, Chennai 600 025, India
¢ Solid Sate and Structural Chemistry Unit, Indian Institute of Science, Bangalore 560 012, India
d Materials Research Center, Indian Institute of Science, Bangalore 560 012, India

Received 1 November 2004; accepted 4 March 2005
Available online 16 April 2005

Abstract

Dodecyl sulfate and dodecylbenzene sulfonate intercalatbgdroxides of nickel and cobalt were synthesized by ammonia precipita-
tion. These solids delaminate to give a colloidal dispersion of layers in organic solvents such as 1-butanol. The dispersed layers could be
reassembled either by evaporation of the colloid or by coagulation by the addition of a polar solvent.
0 2005 Elsevier Inc. All rights reserved.
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1. Introduction phosphonatefs,7], and clayd8] has been achieved by ma-
nipulation of interlayer interactions.

o ) ) ) Among the clays, cationic clays, also known as smec-
Delamination of layered solids leads to highly dispersed (a5 which consist of negatively charged aluminosilicate

phases, which form the basis of synthesis of novel layered |ayers and interlayer cations swell and delaminate readily in
composites and mesoporous solids with unique propertiesaqueous medium due to their low layer charge density. An-
[1,2]. Usually delamination is carried out in solvents, where jonic clays that consist of positive metal hydroxide layers
intercalation of a large number of solvent molecules between and interlayer anionic species do not delaminate in aqueous
the layers increases the distance between the layers to suchedium due to their high layer charge density. Dense inter-
an extent that each layer behaves like an independent partifayer hydrogen bonding leads to tight stacking of the layers,
cle. By vigorous stirring, complete separation of layers could making delamination difficult.
be achieved to form colloidal dispersion of layers. This col- Exchange of interlayer inorganic anions of anionic clays
loidal dispersion is thermodynamically unstable with respect for organophilic anions takes place read®y. Introduction
to reflocculation but may be stabilized by appropriate choice of such species weakens the stacking of the layers and favors
of solvent and/or pH3]. interaction with organic solvents, thus enhancing delamina-
Delamination of different types of layered solids has tionin organic media. Adachi-Pagano et al. first reported the
been studied extensive[B]. Exfoliation of layered struc-  delamination of surfactant intercalated layered double hy-
tures such as graphii4], MS, (M = Mo, W, Ti) [5], layered droxides (LDHSs) in organic medifl0,11] Following this
work, delamination of different LDHs in organic media by
various approaches has been repofied-14]
mspondmg authors. _VVe_ are interested in investigating the organic-delarr_lina_ble
E-mail addresses: nravi@mrec.iisc.ernet.itN. Ravishankar), anionic clays. We have recently reported the delamination
mikerajamathi@rediffmail.cortM. Rajamathi). behavior of hydroxy double salts, which are similar in struc-
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ture to LDHSs[15]. In this work, we study the delamination The dispersed monolayers oef-hydroxides were re-
behavior ofe-hydroxides, another class of compounds that stacked by adding 100 ml of acetone to 100 ml of the
can be considered as anionic clays. colloidal dispersion. Coagulation occurs slowly and most

Hydroxides of divalent metals, especially those of the first of the solid settles down within 24 h. The settled product is
transition series, crystallize as layered structures. Divalentwashed with acetone and dried in air at room temperature.
hydroxides of the formula M(OH)[M = Ni, Co, Fe] are Restacking was also carried out by slowly evaporating the
isostructural with the mineral brucite, Mg(Of{)and con- colloidal dispersion at 65C until the solvent was removed
sist of hexagonal packings of hydroxyl ions witt?#ions completely.
occupying alternate rows of octahedral sif#6]. The hy-
droxides of Co(ll) and Ni(ll) are extensively studied as they 2.3. Characterization
are widely employed as electrode materials in alkaline sec-

ondary batteriefl 7,18] Studies on the delamination behav- All the samples were characterized by chemical analysis,
ior of these solids will form the basis of developing novel powder X-ray diffraction (Philips X'pert Pro, QU radia-
composites with enhanced electrochemical properties. tion, secondary graphite monochromatdr22 per minute),

The hydroxides of nickel and cobalt crystallize in dif- infrared spectroscopy (Nicolet Impact 4000 FTIR spectrom-
ferent polymorphic modifications, mainly the- and the eter, KBr pellets, resolution 4 cnt), and thermogravimetry
a-form [19,20] The g-form is of the formula M(OH) (Mettler Toledo STAR SW 7.01, under K flow, 5°C per
and it is an ordered stacking of neutral layers of the com- minute). The as-prepared and restacked samples were also
position [M(OH)] with an interlayer spacing of 4.6 A.  characterized by transmission electron microscopy (JEOL
The a-form is a hydroxyl-deficient compound and con- 200CX) operated at 160 kV. In situ X-ray diffraction of the
sists of a stacking of positively charged layers of compo- colloidal dispersions was carried out in order to understand
sition [M(OH),_, (H20),]**, which intercalate anions such the nature of the colloids.
as NQ;, CI-, OAc~, SG;~ along with water molecules in
the interlayer region to restore charge neutrdlty]. Con-
sequently, the:-hydroxides have a larger interlayer spacing, 3. Resultsand discussion
which varies with the size of the interlayer anion.

In this paper, we describe the synthesis of surfactant- The pXRD patterns of the as-prepared surfactant-interca-
intercalatedr-hydroxides of nickel and cobalt, delamination lateda-hydroxides are shown iig. 1 DS and DBS interca-
of thesen-hydroxides in organic solvents, and restacking of lateda-cobalt hydroxidesKigs. 1a and Lpare moderately
dispersed layers to recover the parent solids. ordered along the layer stacking direction, as we observe in

a number of 00 reflections. The basal spacings calculated

from these reflections are 25.82 and 30.19 A, respectively for
2. Experimental DS and DBS intercalateg-cobalt hydroxides. These values

confirm the incorporation of the surfactant anions. The alkyl

2.1. Yynthesis

g (©)

Surfactant-intercalateg-divalent metal hydroxides were
prepared by the addition of 35 ml of a solution containing
metal acetate, M(OAg)[M = Ni, Co], and the surfactant
[dodecylsulfate (DS) or dodecylbenzene sulfonate (DBS)] in
the mole ratio 1:0.9 in 50 ml of 0.5 M Nsolution with
constant stirring. The solid product formed was immediately
centrifuged, washed free of anions with water followed by
acetone, and dried in air at room temperature.
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2.2. Delamination and restacking

The delamination of the DS or DBS intercalated
hydroxide was carried out by subjecting a mixture of 25 mg
of the sample and 100 ml of the solvent (1-butanol, 1-
octanol, or 1-decanol) to sonication at QD for 2 h. The - . -
dispersion was then centrifuged at 2000 rpm to remove any
undispersed solid and the stability of the resulting translu-
cent colloidal dispersion was studied by allowing it to stand Fig. 1. pXRD patterns of the as-prepared DS (a) and DBS (b) intercalated
undisturbed for several days at room temperature. «-cobalt hydroxides and DS intercalateehickel hydroxide (c).
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