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For several decades scientists have been trying to understand the

laws of biological growth and morphogenesis, with materials

scientists and engineers making models of wonderful natural

creations in order to reproduce their functional properties. The

fact is that millions of years of evolution have created materials

with characteristics that are still unattainable for artificial materi-

als. A well-known example is the lotus leaf phenomenon, i.e. the

lotus leaf self-cleaning ability, which has been well studied and

widely applied in technology. A number of papers are devoted to

studies of the structure of the natural shells of molluscan shellfish,

which exhibit mechanical properties that are currently unfeasible

for synthetic materials. Among the unsolved problems of biomi-

metics is that of reproducing the structure of nacre exhibiting

a phenomenal external load stability. An intensive search is
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underway for materials capable of copying nature and the meth-

ods necessary to synthesize them, i.e., ‘biomimetic’ methods (as an

example [1,2]). It has been found that the superior properties of

natural materials are due to their architecture and their hierarch-

ical structure. The creation of hierarchical structures in man-made

materials, formed during synthesis, is crucial to biomimetic meth-

ods. Another important question is: is shape control of the model

and their reproducible fabrication feasible?

At the Institute of Solid State Physics RAS, where materials

science is one of the major research fields, we studied nanostruc-

tured metallic coatings and nanowires with magnetic and super-

conducting properties. In the course of nanowire growth by

electrodeposition of metal on porous membranes, our attention

was drawn to the meso-structures forming on the membrane.

These structures grow on porous membranes by means of pulsed

current electrodeposition if the electroplating is continued after

the nanowires appear on the membrane surface. There are two

scenarios possible for growing metal nanowires in porous mem-

branes by means of pulse current electrodeposition. The first one is

when nanowires, after they have appeared on the membrane

surface, continue to grow separately. The second one, considered

in the present discussion, is when nanowires form nanostructured

‘vegetable’ metallic meso-samples on the membrane surface. This

occurs in the case of self-assembly of nanowires that appear on the

membrane surface simultaneously with relatively small distances

between the nanowires. Both methods were implemented by us.

The results presented show that pulse current electrodeposition

on porous membranes ensures controlled growth of nanostruc-

tured metallic models of natural objects, plants and fungi, i.e., it is

a biomimetic method of their synthesis. We have succeeded in

preparing pores of definite configuration on a polymer membrane,

which together with a precisely fixed regime of pulsed current

electroplating, results in single type convex–concave structures

resembling shells.

The architecture of the ‘shells’ was revealed by their fragmenta-

tion in an ultrasound bath and chemical etching. The self-orga-

nization of the metallic nanowires grown from the membrane

gave rise to nanosize conical elements acting as ‘bricks’ to build a

layered hierarchic structure at the nano-, micro- and meso-levels.

Our models appear to replicate not only the exterior form of

biological objects but also their hierarchical structure.
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We make it visible.

The SUPRAW is a general-purpose ultra high

resolution FE-SEM based on the unique

ZEISS GEMINIW Technology. Excellent ima-
ging properties combined with analytical

capabilities makes this high end FE-SEM

suitable for a wide range of applications in
materials science, life science, and semicon-

ductor technology. The large specimen

chamber for the integration of optional detectors and accessories

enables the user to configure the SUPRAW for specific applications
without sacrificing productivity or efficiency.

For more information about Carl Zeiss Microscopy and our comprehen-

sive product portfolio ranking from light- and laser scanning micro-

scopes to a uniquely broad electron- and ion beam portfolio, go to
www.zeiss.com/microscopy.
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Structural diversity, controllable shaping and the remarkable

resemblance to mushrooms, plants and shells, as well as the

hierarchical structure suggest that pulse current electrodeposi-

tion on templates can be regarded as a biomimetic method for

creating metallic structures. These arguments allow us to put

forward the hypotheses that pulsed growth on templates is a tool

of morphogenesis for most mushrooms and plants which is

accompanied by self-organization of the growing clusters and

fibers and fractal branching. By varying the pore size and pore

pattern in a membrane, and by varying the electrolytes and the

pulsed current parameters, an impressive manifold of metallic

nanostructured mesostructures resembling natural objects

(mushrooms and plants) was produced [3–5]. Nanostructured

models have been grown from normal (Ag, Pd, Rh), magnetic

(Ni, Pd–Ni, Pd–Co) and superconducting (Bi, Pb–In, Pb–Bi) metals

and alloys which opens up prospects for their use in the creation

of nanodevices. Nanostructured large surface models such as

‘silver wood’ and similar structures from other metals are of

interest for applications including catalytic filters, batteries and

supercapacitors.

This month’s cover image shows the mesostructure of a Pd–Ni-

alloy grown from specifically prepared pores. The image was

captured using a SUPRA-50 VP scanning electron microscope.

These delicate leaves are reproduced as a result of the self-organi-

zation of nanowires growing on the porous membrane over the

course of pulse current electrodeposition. ‘Leaves’ start growing

from the ‘root’ (‘bottom’) which is a stub-like site of layered fibers.

The grown ‘leaves’ are an example of a metallic woven multilayer

surface. The inner ‘leaf’ surface exhibits a nonuniform relief, a

pronounced woven pattern; its lines directed from the ‘root’ to the
periphery. This relief is a manifestation of the inner architecture

on the surface layer. Due to its technological simplicity, template

growth of nanostructured metallic coatings may be used to fab-

ricate superhydrophobic surfaces for practical applications.
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