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Nanotechnology
“Development of research and technology at atomic, molecular or
macromolecular levels in a scale of approximately 1-100 nm tomacromolecular levels, in a scale of approximately 1 100 nm, to
obtain a fundamental comprehension of phenomena and
materials in such nanometric scale and to create and use
structures, devices and systems possessing new properties andstructures, devices and systems possessing new properties and
functions due to their size…”



Nanoparticle Assembly



Self-Assembly

C.B. Murray, IBM, U. Penn



Directed self-assembly of nanoparticles

Glotzer&Solomon, Nat. Mater., 2007, 6, 557Grzelczak et al., ACS Nano 2010, 4, 3591



Directed self-assembly by external fields

Grzelczak et al., ACS Nano 2010, 4, 3591



Surface plasmon modes in nanometals
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Nature Phys. 2007, 3, 348
Angew. Chem. Int. 2007, 46, 8983
Chem. Soc. Rev. 2008, 37, 1792



The anisotropic optical response of Au rods
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Chemistry as a “Directing Agent” for nanorod assembly



Au nanorod synthesis by seeded growth

Carbó-Argibay et al.,
Angew. Chem., in press
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Murphy, Adv. Mater. 2001, 13, 1389
El-Sayed, Chem. Mater. 2003, 15, 1957 Coord. Chem. Rev. 2005, 249, 1870



Nakashima et al. Langmuir 2008, 24, 5654



Phospholipids vs. Gemini surfactants

Gemini or dimeric surfactants are now available as excellent scaffolds for 
structurally mimicking the bilayer formation of lipids in water.

Conventional 
Surfactants Phospholipids

Gemini 
Surfactants

CMC

Water surface tension

High LowHigh → Low

High LowHigh → Low

Self-assembly in 
water

Spherical 
micelles

Bilayer 
structures

Rod-like 
micelles

Spherical 
micelles →

Self-assembly on 
hydrophilic surfaces

Rod-like 
micelles

Rod-like 
micelles

Bilayer 
structures→

Bilayer 
structures



Self-assembly of gemini surfactants

Gemini surfactants with different spacer lengths lead to control 
over interfacial aggregate geometry at solid-liquid interfaces.

Self-assembly in Self-assembly on 
water hydrophilic surfaces Low

er curvature

Gem4

e vs. paccking

Gem1

Tieke et al. Langmuir 1999, 15, 391
Manne et al. Langmuir 1997, 13, 6382

(oligooxa)alkanediyl-α,ω-
bis(dimethyldodecylammonium bromide



Synthesis of gold nanorods using gemini surfactants

A. R. ~ 3.0 A. R. ~ 4.0
Gem1-NRs vs. CTAB-NRs

Surfmicelle Surfmicelle-AuCl4- Surfmicelle-AuCl2-

Guerrero-Martínez et al. Angew. Chem. Int. Ed. 2009, 48, 9484



Self-assembly of Gem1 Au nanorods

C(Gem1) > CMC V(drop) = 10 μL

≈ 10-7 M ≈ 10-6 M≈ 10-8 MC(NRs)  ≈ 10-9 M

2D 3D1D-2D1D

Guerrero-Martínez et al. Angew. Chem. Int. Ed. 2009, 48, 9484



Au nanorod Self-assembly: CTAB vs. Gem1

C(Gem1 or CTAB) > CMC

i) CTAB 
Synthesis
ii) Gem1 
Exchange

NRs ≈ 10-7 M
Gem1 SynthesisCTAB Synthesis

Guerrero-Martínez et al. Angew. Chem. Int. Ed. 2009, 48, 9484



Self-assembled Gem1 Au nanorods: Optical response

C(NRs)  ≈ 10-6 M
Gem1-NRs

C(Gem1) > CMC

ITO substrate

Gem1-NRs-ITO
CTAB-NRs-ITO

Gem1 NRs waterGem1-NRs-water
CTAB-NRs-water

Guerrero-Martínez et al. Angew. Chem. Int. Ed. 2009, 48, 9484



Au nanorod Self-assembly: mechanism?

Distance between two 
neighboring Au centers 
in the same layer:in the same layer:    
14.9 ± 0.9 nm

NRs width: 12 ± 2 nm

Interparticle distance: 3 nm

G 4

Rold-like micelles on 
hydrophilic surfaces 

.similar to CTAB

Gem1

Gem4 CTAB

Tieke et al. Langmuir 1999, 15, 391



Synthesis of Au NanowiresSynthesis of Au Nanowires

HA Cl•HAuCl4

Cl Cl

Cl Cl

Au

25ºC, 24 h 30- 50ºC, 5 days•Oleylamine
Au (wires)

S l t•Solvent
•Octadecene
•Chloroform
•Toluene…

S. Sun et al., Angew. Chem. Int. Ed. 2007, 46, 1
N. Pazos-Pérez et al. Langmuir 2008, 24, 9855



Self-assembly of Au NWs@oleylamine

3nm3nm

Pazos-Pérez et al., Langmuir 2008, 24, 9855
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