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Historical Background :[1-3]

Alchemy (331 B.Cz 18t Century) -
chemistry chaos, empirical chemistry
recipes, not atrue science

L-J. Prous{1788) - reactive modules,
whole integer relationships in
reactions/assemblies

A.L.Lavoisier(1789) - chemicalevidence
for reactive modules atoms/elements
(Traite Elementaire de Chemie

J.Dalton (1808) - First example d atom
mimicry, wood spheroids (first CPK
models), table of chemical elemers,
compound atoms, firstchemical
symbols/chemical language(front page).

Atoms:

> B>

Form chemical londs

Bond with discrete valerniesand
stoichiometries

Bond with dscrete drectionality
Exhibit systematicproperty trends

J. Brzelius(1832) - first universal
chemical language based on chemical
symbols, isomerism etc.[4]

Others: S. Cannizzar¢1860), J. Newland
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many mini-periodic property patterns
associated with the elements.

Pre-Mendeleev Elemental physical
properties depend on mass (size);
Chemicalproperties depend on valency

Mendeleevd Dream:

A 19t Century Concept (1808 -1869)

Mendeleev dtempted to rationalize mini
periodic patterns. Thisled to systematic
framework for all atomic elements
i - AT A A iP&iddi&Téble) . [5]

19t and 20t Century Chemists/P_hysicists

A traditional chemistry system and

nomenclature evolves-z&entral paradigm .0

A 20th Century overview of the Periodic
Table:

Based onobserved periodic patterns and 20
century insights the atomic elements may be
viewed to exhibit general trends andCritical
Atomic Design Parameters # | $[6,8] Q€]

described inFigure 1.

Critical Atomic Design Parameters (CADP’s)

Surface Chemistry
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A 21st Century Concept (1985 -1990)
e Reportedfirst synthesis of complete

dendrimer familyj E8 A8 h 8]and! - 8 O(Q
their useasprecise, systematicnanoscale
building blocks for construction of new

?)gngrs calledO3 OAOADOOO

IyI

e Subsequentdendrimer studies provided

insights into the importance of @ritical

structure control DA OAT AOAOOG

the atomic CADR, small molecué CMDP,
and nanoscaleCNDPlevels; namely: (a)

size, (b) shape, (c) surface chemistry, (d)

flexibility /rigidity, (e) architecture/
topology, (f) elementatomposition.
Performing iterative reaction sequences
(i.e., aufbau stepspaccording to dendritic
growth principles transferred CADR
>CMDP>CNDPand produced precise,
synthetic nanoscale macromtecules with
structure control equivalent to precise
biological macromolecules such as
proteins, DNAand RNA[5]
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All summed up in Angew . Chem. Abstract- Questions asked:
(1990) z ISl citations: >2100. [6]

e (Tould traditional chemistry % principles

Abstract . . . . be used to define eentral paradigm for
Starburst dendrimers are threelimensional, highly synthetic nanoscale chemistrg?

ordered oligomeric and polymeric compounds e Based on thepresumed conservation and
formed by reiterative reaction sequences starting

from small molecules OE1 EOEAOQT O Al OA 05 CHHWRRCAUR of critical atomic design

ammonia or pentaerythritol. Protecting group parameters (CADB) from atomic to the
strategiesare crucial in these syntheses, which molecularand nanoscaldevel?
PDOT ARAA OEA AEOAOAOA 0! O&AA Gouldaeiegpkd toGdeadatidsiof 61 A0
generations. Critical molecular design parameters atomic elenent (atom mimicry),
(CMDPs) such as size, shape, and surface chemistry compound formation angberiodic
may .be controlled by reactions and s'ynthetic property patternsfor well-defined
bqlld_mg blogks usd. $tarbur§t dendrlmer§ can nanoscale module.e., collections of 03 -
mimic certain properties of micelles and Ilp.osomes 10°atoms; 10 -101daltons) that are10°
and even those of _blomolecul_es and t_he_ still more larger than atoms
complicated, but highly organized, building blocks )
of biological systems. Numerous applications of
these compounds are coneaible, particularly in The Concept
mimicking the functions of large biomolecules as A systematic framework is proposed for unifying and
drug carriers and immunogens. This new branch of defining nanoscience.
é O O b O A i ll. i A A Oi A O A E A i E o O O U 6 This systematic framework is based on the same “first
deve|opments in bOth organic and macromolecular principles” initiated by Ln':tvo.r'sier, Dalton, Mendeleev an.d
. others that led to a “periodic system and central paradigm”
Chem |Str)’[6] for traditional elemental atom and small molecule
| sones chemistry.
ANGEWANDTE
@MEMDE - Published work to answer these guestions
ternational Edition in Engl 29/2
1990 1. Adv. Materials (1994) - Atom mimicry at
the nanoscaldevel observed for
dendrimers--modular reactivity/nano -
compound formation[7]
2. Progress in Polymer Sci.(2005) -
Quantized nanoscale building
blocks/modules|8]
3. NSF Workshop (2007) entitled :
00 A O E I tekris Reldtidnéhips and
Categories of Well DefinedNanoscale
" OEI AET @@ "1 1 AEOG S8
obo Reprint 4. J. Nanoparticle Research(2009) - O) 1
L e Quest of aSystemfor Unifying and
. Defining Nanoscienc®[H)]
ISV;?){?:J;;rE)I,‘:‘:‘T[gz:trol of Size, Shape, Surface Chemistry, 3. SOft Méltter (20(2\9. ,in Dl’eSS)A T .
Topology, and Flexibility from Atoms to Macroscopic Matter ** 0% AT AOTI 10O s AT AOEiI AOO db
By Donald A. Tomalia,* Adel M. Naylor, and William A. Goddard III Nano-Element Like Building Blocks for
Soft-Soft and Soft Hard NarCompound
Figure 2.[6] Synthesis3[H1]

Further Elaboration/Expansion of the
04 EDAS (1694-2009):
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Fulfilment of (The Dreamd:

(@) Atom mimicry principles are exhibited by
all presently known categories of Qvell-
definedT AT T 1 AOAOEAIT 006
matter).

(i.e.,conservation of structure controlled
CMDPs/CNDB), sixcategories of soft
particle nano-elements and six categories
of hard particle nancelements have been

i E8 A gfoposeti[mD AT A EAOA

Picoscale Matter E‘e‘"f‘”‘s Exhibiting Qo Qo Q
oble Gas
(Atoms) Configurations e Ne A
Electron shell levels: 1 2 3
Shell Components ~ Diameters: 064nm  .138nm  .194nm
n (Electrons) Saturation values (n): 2 10 18
Atomic weights: 400 2017 39.94

Hard Nano-Matter _ Full-Shell
Gold Nanoclusters) fMagic Numberd @‘
(Gol Clusters
Atom shell levels: 1 2 3
Shell Components ~ Diameters: .864nm  1.44nm 2.02nm

n (Au Atoms) Saturation values (n): 12 54 146
Nano-cluster weights: 2560 10833 28953

Soft Nano-Matter Saturated
Monomer
(Dendrimers) Shells
Monomer shell levels G=1 G=2 G=3 G=4 G=5
Shell Components ~ Diameters: 158nm  22nm 3.10nm 40nm 53nm
n (Monomers) Saturation values (n): 9 21 5 93 189
Nanostructure weights: 144 2414 5154 10632 21591

Figure 3.

Self-Assembly of PAMAM Dendrimers (G9)
(Atom Mimicry)
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D.A. Tomalia, et al., Pure and Applied Chem., 72, 2343 (2000).

Nanomaterials Classification Roadmap

Nanoparticles

Atom-Based Structures/Assemblies

Category Il
Diameters:  1-100 nm

Votatoms: 1008
# of Atoms:  10°-10° Undefined Materials

Topology:  0-Dand 1-D
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Figure 6.

Figure 4.

Nano-Element Valency :[H-1] type; [Cubic-(Ag),]

[Metals]® =

“(CH2)-n=34

= 3-D Assembly

M. Rycenga, J. M. McLellan, Y. Xia; Adv. Mater.,(2008), 20, 2416-2420

Figure 7.

Figure 5.[12]

(b) ANanomaterials Classification
Roadmap has been proposed for all well
defined soft and hard nanoparticles (i.e.,

0-D/1-D). Based orOAOT I [ Ei EAOL

other traditional chemistry 1st principles

Monodispersity Criteria:
Atom-Like, 3-D Nano-cluster Super Lattices

Required >90%
monodisperse gold
@Aﬁ — ", nanoclusters to

I Wi <k e ‘ - obtain well-defined
et SO nee, X Wi X-ray patterns
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S.Y. Park, C. Mirkin et al., Nature, 451, 553-556 (2008).

Figure 8.[13]
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