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I.

Lessons Learned from Traditional Chemistry -

ñA Central Dogmaò
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II.

Recent Lessons Leaned from 

Dendrimers - The Dendritic State
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D.A.Tomalia, et al., Angew. Chem. Int. Ed. Engl., 29(2), 138-75 (1990)  



Well Defined 

Surface

Chemistry



AFM Images of PAMAM Dendrimers (G9) 
Mimicking Atoms

D.A. Tomalia,  et al., Pure and Applied Chem., 72, 2343 (2000).



Criteria for Nano-Element Categories

ÅAtom Mimicry

Core-shell architectures 

0-D/1-D shapes

ÅWell-Defined, Structure Controlled Nano Features:

Å (Critical Nanoscale Design Parameters - CNDPôs)

> 90% homogeneous/monodisperse (i.e., size and mass)

(a) size, (b) shape, (c) surface chemistry and (d) flexibility (polarizability)



III.

Atom Mimicry:  

Core Shell Architectures/Outer Shell Reactivity
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He Ne Ar Kr XeHe Ne Ar Kr Xe

Picoscale Matter 

(Atoms)

Elements Exhibiting 

Noble Gas 

Configurations

Electron shell levels: 1 2 3 4 5Electron shell levels: 1 2 3 4 5

Saturation values (n): 2 10 18 36 54Saturation values (n): 2 10 18 36 54

Atomic weights: 4.00 20.17 39.94 83.80 131.30Atomic weights: 4.00 20.17 39.94 83.80 131.30

Shell Components 

n (Electrons)

.064 nm .138 nm .194 nm .220nm .260 nmDiameters: .064 nm .138 nm .194 nm .220nm .260 nmDiameters:

Hard Nano-Matter 

(Gold Nanoclusters)

Full-Shell 

ñMagic Numberò

Clusters

Atom shell levels: 1 2 3 4 5Atom shell levels: 1 2 3 4 5

Saturation values (n): 12 54 146 308 560Saturation values (n): 12 54 146 308 560

Nano-cluster weights: 2560 10833 28953 60861 110495Nano-cluster weights: 2560 10833 28953 60861 110495

Shell Components 

n (Au Atoms)

.864 nm 1.44 nm 2.02 nm 2.59 nm 3.17 nmDiameters: .864 nm 1.44 nm 2.02 nm 2.59 nm 3.17 nmDiameters:
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Shell Components

n (Monomers) Saturation values (n): 9 21 45 93 189Saturation values (n): 9 21 45 93 189

Nanostructure weights: 144 2414 5154 10632 21591Nanostructure weights: 144 2414 5154 10632 21591

Monomer shell levels: G=1 G=2 G=3 G=4 G=5Monomer shell levels: G=1 G=2 G=3 G=4 G=5

1.58 nm 2.2 nm 3.10 nm 4.0 nm 5.3 nmDiameters: 1.58 nm 2.2 nm 3.10 nm 4.0 nm 5.3 nmDiameters:

Comparison of Atoms with Hard and Soft Nano-Matter

D.A. Tomalia, J. Nanoparticle Research, submitted (2008).



Core-Shell (Surface Corona) Atom Mimicry: 

Metal Nano-Clusters Compared with Atoms

G.A. Ozin, A.C. Arsenault, Nanochemistry ïA Chemical Approach 

to Nanomaterials, RSC Publishing, p. 278, (2005).

Metal

Nanoclusters

Atoms
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Architectural Patterns Influencing Modular Reactivity 

(Picometer to Nanometer Dimensions)

D.A. Tomalia, et al., PNAS, 99 (8) (2002) 5081-5087
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