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ARTICLE INFO ABSTRACT

ATfiCl_E history: ) Layered nanohybrids are heterostructured materials composed of two-dimensional inor-
Received 20 April 2012 ) ganic host and intercalating inorganic-, organic-, bio-, or polymer guests. Such materials
Received in revised form 24 April 2013 have been extensively explored to create new multifunctional hybrid systems that integrate
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: . nanotechnology (NT), biotechnology (BT), information technology (IT), and even congnitive
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technology (CT). In this review, an attempt is made to classify and highlight recent advances
in multifunctional nanohybrids based on layered materials and their related application

ﬁiﬁ‘zﬁ;ﬁ.id systems; (i) red nanohybrid on life science and health-care sectors, (ii) white nanohybrid
Layered materials on energy and environmental ones, (iii) green nanohybrid on agriculture and food ones, and
Polymer (iv) blue hybrid on aqua and marine ones. In details, the structural features and functions

Supramolecule of the layered nanomaterials and their hybrid systems are discussed in each section.
© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Hybrid is a reflection of the combination of multidis-
ciplinary technologies such as nanotechnology, biotech-
nology, information technology and cognitive technology
resulting in various new multifunctional systems and
advanced scientific knowledge [1-5]. Particularly, hybrid
materials at nanometer scale have been extensively studied
and widely practiced in different fields of life science [6,7],
eco-environment [7,8], power generation [9], electronics
[9,10], fine chemistry [3], and polymer engineering [10]. At
present, these hybrid materials at nanoscale has increas-
ingly penetrated into diverse areas such as bioinspired
or biomimetic materials, medical health-care, renew-
able energy supply, agricultural process, food industry,

remediation, or water treatment [11-15]. Therefore,
utilization of “nanohybrid” or “nanocomposite” has nat-
urally become a common concept in the development
of heterostructured nanomaterials and their combined
applications.

Among the heterostructured nanomaterials, layered
nanohybrids have received intense attentions in many
areas due to their unique physico-chemical and mechani-
cal properties, those which cannot be obtained from other
analogous nanohybrids [16-18]. These layered nanohy-
brids are in general prepared through soft-chemical lattice
engineering routes on the basis of intercalation chem-
istry. According to the definition of intercalation reaction
[19,20], it describes the reversible insertion of guest
species, whatever they are inorganic-, organic-, bio- or
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