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Modification of multi-wall carbon nanotube surfaces with
poly(amidoamine) dendrons: Synthesis and metal templating
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Hydroxyl functional poly(amidoamine) dendron wedges have
been reacted with the surface of multi-walled carbon nanotubes
and used for templating silver nanoparticles.

Carbon nanotubes (CNT’s) have attracted considerable interest
since their discovery in 1991." They exhibit appealing electronic
features as well as remarkable thermal and mechanical properties.
For example, CNT’s have been reacted with nanoparticles®> and
protein/genes®® which have resulted in their use in diverse
applications including chemical sensors, catalysts and protein/gene
transporters. However, in some cases their practical use has been
hampered by poor solubility, in both organic solvents and water.
Modification of CNT’s with polymers is a commonly used strategy
to overcome this problem. Both branched™'® and linear synthetic
polymers' ™ have been used for this purpose. The resulting
hybrid conjugates show superior solubility over unmodified CNT’s
in addition to a number of interesting chemical and physical
properties, intrinsic to the conjugate used in the modification.

Star-shaped CNT’s have been previously prepared using
poly(amidoamine) dendrimer (PAMAM) with amine as peripheral
groups as a cross-linking reagent”’ PAMAM dendrimers have
been utilized in different fields since their discovery in 1985.2%%
Their ability of interacting with anionic materials such as DNA
has led to their use in pharmaceuticals as potential gene delivery
therapeutics'>**?” and templates for dendrimer-coated metal
nanoparticles.® ** PAMAM dendrimers have also been employed
as protein/enzyme mimics due to their structural similarities to
natural proteins and to coat solid surfaces.* ™

Herein, we describe the functionalisation of the surface of
CNT’s with PAMAM derivatives which, to the best of our
knowledge, is the first chemical modification of CNT’s with
dendrimers.** 2-(2-Amino-ethoxy)-ethanol, was used to prepare
the required hydroxyl-terminated PAMAM dendron (4). Four
dendrimer generations were grown by sequential double Michael
additions of methylacrylate to primary amines followed by
amidation with a large excess of ethylene diamine (see supporting
informationf).

Commercially available multi-wall CNT’s (MWCNT’s) were
treated with nitric acid to form carboxyl groups at the surface (1)
followed by reaction with thionyl chloride to give the correspond-
ing acid chlorides (2) (Scheme 1) prior to conjugation with focal
point monohydroxyl-functionalised dendrons via ester linkages to
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Scheme 1 Reagents and conditions: (a) nitric acid, (b) thionyl chloride.

give the expected PAMAM-MWCNT’s hybrid material. Direct
detection of the dendrons grafted at the MWCNT’s surface using
TEM microscopy proved to be problematic due to the relatively
small size of the dendron. We reasoned that the deposition of
appropriate metal particles onto the CNT’s surface using
dendrimers as templates could furnish a direct observable proof
of the presence of dendrimers at the surface of the nanotubes,
whilst also highlighting the potential application of these hybrid
materials to act as starting materials for the preparation of more
complex nanomaterials. Addition of formaldehyde as a reducing
agent to a hydroxyl-terminated PAMAM dendron (4)-AgNO;
solution led to the precipitation of Ag(0) particles in less than three
seconds. The test was then repeated using the PMAM-MWCNT’s
conjugate (3) in place of the unmodified dendron (4) (Scheme 2).

Thermal gravimetric analysis (TGA, Fig. 1) of the MWCNT’s
starting material (curve 1) and MWCNT’s-COOH (1) (curve 2)
gave very similar results, with no significant weight loss up to ca.
400 °C. At the same temperature the PAMAM-MWCNT
conjugate (3) (curve 3) showed 39% weight loss ascribed to the
presence of the dendron grafted onto the surface (Fig. 1). As
expected the Ag(0)-containing material (curve 4) showed a profile
analogous to that of the unmodified conjugate (3), with lower

Ag(0) particles

Scheme 2 Synthesis of dendrimer-MWCNT-Ag(0) hybrid materials.
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Fig. 1 TGA of native and functionalized MWCNT’s.

percentage weight loss. This is consistent with the lower dendron
content of this material, due to the presence of an estimate 23%
weight content of Ag(0).

Transmission electron microscopy (TEM) images of the
MWCNT’s before and after modification with the hydroxyl-
PAMAM (4) are shown in Fig. 2.

Energy-dispersive spectral (EDS) analysis of the micrographs
showed that Ag(0) could only be detected at the surface of
MWCNT-dendron conjugate (3.0 K ev) (Fig. 2D and E). This
indicates nanoparticle formation occurs via Ag(1) coordination to
the PAMAM dendron nitrogen donors, followed by reduction
with formaldehyde. No silver deposition was observed neither in
the background (Fig. 2D) nor with MWCNT-COOH (1) (Fig. 2C),
in agreement with the proposed mechanism.

Fig. 2 TEM images of: (A) MWCNT’s; (B) dendron-MWCNT
conjugate (3); (C) MWCNT-COOH (1) + AgNO; + formaldehyde; (D)
dendrimer-MWCNT (3) + AgNO; + formaldehyde; (E) EDS spectrum of
Ag-dendrimer-MWCNT’s.

In summary, novel hydroxy-terminated dendrons have been
prepared and covalently linked to MWCNT’s via ester bonds. The
corresponding dendron-MWCNT’s conjugates have been char-
acterized by FT-IR, TGA, and TEM. In addition these hybrid
materials have been employed as templates for the deposition of
Ag(0) nanoparticles, vie dendrimer coordination of Ag(l) ions,
followed by reduction with formaldehyde. Silver particles were
visible on the nanotubes surface by TEM/EDS analysis.

The ability of these dendron—carbon nanotubes to undergo gene
absorption and their potential in a number of other potential
applications are currently under investigation.
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