Making Nanomaterials Using Templates

Nanomaterial synthesis has wdkfined needs:

A Control over dimensionality of morphology
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2D, 3D

A Monodispersity

A Parallel vs. serial

A Nanoscale in at least one dimension



Template approaches to synthesis

A Surface, edge, channel, or volume must serve
as a template for the accumulation or
synthesis of a nanomaterial

A Template must be releasable by physical or
chemical means

A Template should be inexpensive and
recyclable
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A Accessibility often derives from self assembly
A Lifetime of template must be >> reaction time

A Template must offer chemical or energetic
contrast for incoming reagentgxclusivity
depends on this contrast

A One dimension of a material (line, edge,
vertex) often has a higher surface energy
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A Template as a means to position or array
nanomaterial




¢t2RI & X

Examples of template approaches to making
nanomaterials:

A Lipid bilayer assemblies

A Surfactant assemblies

A Block copolymer self assemblies

A Step edges on single crystals

A Biopolymers
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urfactant Packing Rules

Mean (dynamic) packing shapes of lipids and the structures they form

Critical
packing Critical Structures
Lipid parameter packing shape formed
vignl,
Spherical micelles
Single-chained lipids
[surfactants| with large <13

head-group arass:
SDS in low s3ir

Truncated cone
Single-chained lipids

waith smail head-.group m
areas: 1S-12
SOS and CTAB in high sait,
namionic lipic's

Double-chained lipidswith
large head-group areas, fluic
chains:

Phospharidy! choline (lecithin)
priosphatidyl serine,
phosphatidy! glycerol, e
phosphaticyl inositol,
phosphatidic acid.
sphingomyelin, DGOGH,
cikexacecy! phosphate,
dialkyl dimethyl armmonium
saits

lamar
Oouble-chained lipids Cylinder Planar bilayers

with small head-group
areas, anicnic lipids in high

salt, saturated frozen chains:
phoscharidy! ethanoia
phosenatidy! serine - Ca

e
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truncated cone micelles
or wedge

Doub'e-chained lipids with
small head-group areas,
nonionic lipids, paly (cis) i
unsaturated chains, high T x
unsar. phosphatidyl echanolamine.
cardialipin v Ca**

phosphatidic acid + Ca**
cholesterol, MGDG®

4 DCOC. digalactosyl diglyceride, digiucosyl diglyceride.
® MGDG. monogalactosyl digivceride, monoglucosyl digiyceride,






eoes



Narow /s boa nancconrpos tex

Figure 3. a) Schematic representation of the formation of 3D confinuous

macTikopic meial nanow e nelworks hy a templste = lecirodeposation
techmgue. Reprinted with permesion from reference [13h]. { Copyright
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Fig. 5. Schematic illustration of how a surfactant liquid crystal 1s first so-
lidified and then transformed into a mesoporous material by removal of the
surfactant. Surfactant removal can be made either by washing or by calci-
nation.



l. Lipid Bilayer Membranes as Templates ft
Polymer Growth
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