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h  i g  h  l  i  g  h  t  s

� Asymmetric gold  nanoparticles  syn-
thesized  in  a  tubular  template  phase.

� Maltose-modified PEI  used  for  the
transformation  of  the template
phase.

� Maltose-modified  PEI  as  reducing
and  stabilizing  agent  for  the  gold
nanoparticles.

� Nanostructured gold  triangles,
hexagons  and  long  bent  rods.

� Thin gold  triangles  consisting  of
{1  0  0}  and  {1  1  1}  facets.
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a  b  s  t  r  a  c  t

A  self-assembled  tube-like  network,  spontaneously  formed  by  adding  maltose-modified
poly(ethyleneimine)  (mal-PEI5000)  to mixed  phospholipid  vesicles,  can  be  used  as  a template  for
the  formation  of gold  nanoparticles.  High  resolution  TEM  indicates  that  the  growing  process  leads  not
only to the  formation  of  spherical  gold  nanoparticles  with  an  absorption  maximum  at 520  nm,  but  also
very  flat  triangles,  hexagons,  and long  bent  rods  are  formed,  revealing  an  absorption  maximum  in the
NIR at  about  850 nm.

One  can  conclude  that  nanorods,  nanotriangles  and  nanohexagons  are  predominantly  formed  in the
tubular  network  structure.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The synthesis of gold nanoparticles has been of interest, start-
ing with investigations of “soluble” gold, appeared around the
5th or 4th century B.C. in Egypt and China to make ruby glass
or coloring ceramics. In the Middle Ages colloidal gold sols were
used for various diseases, such as heart and venereal problems,
epilepsy, and for diagnosis of syphilis. In 1857 Faraday reported the
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formation of colloidal gold solutions by reduction of chloroaureate
using phosphorus in CS2, and described the optical properties of
resulting films [1].

In  1951 Turkevich et al. [2] produced spherical gold nanoparti-
cles in aqueous solution by using citric acid as reducing agent, and
1994 Brust et al. [3] have shown that ultrafine Au nanoparticles can
be produced in organic solvents.

During the last 20 years, gold nanoparticle chemistry and
physics has emerged as a new subdiscipline in colloidal research
because of the extraordinary electronic, optical and catalytic prop-
erties of stable noble metal nanoparticles in the size range between
1 and 10 nm [4–7]. The unusual properties of small gold nanoparti-
cles, the size dependent electrochemistry, and their high chemical
stability have made them the system of choice in different fields
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