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A New Philosophy for A New Philosophy for
Chemistry (1808) ‘ Nano-Chemistry (2008)

A20 - Well Defined Elements A12 - Proposed Nano-Element Categories
AAIl Natural Modules Ao - Synthetic & 3-Natural Modules
Aatom Mimicry (wood spheres) Aatom Mimicry (nano-modules)

ADefined Valency/Stoichiometry ANeed to Define Valency/Stoichiometry

J. Dalton

(1808) 200 yrs.
New System ofﬁcal Philosophy '
A.Lavoisier I

(1789)
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AVA
V.
VI.

VII.

Outline

Lessons Learned from Traditional Chemistry-an Cent r al
Recent Lessons Learned From Dendrimers/Dendrons:
ARnProof of CoNane@henoistriy Gentrah Dogma?

Atom Mimicry T Taken to the Nanoscale Level:

(a) Nanomaterials Classification Roadmap
(b) Pervasive Core-Shell Architectures/Outer Shell Reactivity
(c) Structure Controlled: Critical Nanoscale Design Parameters

Proposed Nano-Element Categories
Proposed Nano-Compounds/Assemblies
Nano-Periodic Property Patterns

Emergenceofafi Cent r al fdd Symtimetio Nano-Chemistry

VIIl. Conclusions

Dogm
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Lessons Learned from Traditional Chemistry -

Dog ma 0O
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History Leading to Present Nanotechnology

Traditional Alchemy

A. Lavoisier: A Tr ai t
El ement aire d
(1789)

J.Dalton:A New Syst
Chemi cal Phi l
(1808)

@eriodic Table

\Y/ I
he EI emen

ende
of t

| t

M. Planck: Quantum
Mechanics
(1900)

Lavoisier
Bertholiet
Proust
___Richter _
Dalton

Hegel

Avogadro
Dav
Gay-Lussac
__Berzelius

Schopenhauer

Cannizaro
Berthelot

Sainte-Claire Deville
o ]
Kekulé

Medeleev
Mach

Nietzsche

Boltzmann
———

Le Bel
Van't Hoff

Oswald

Thomson
Planck
Bergson
Duhem
Rutherford
Bohr
Schrédinger
de Broglie

Heisenberg

Traditional Chemistry
ACentr al Dlo g ma o
(1808-2008)

200 Years

R. Feynman:
Nanoscience (1959)

Nano Alchemy
(1959 - ?)

(1959) (2008)

Synthetic Nano-Chemistry




Traditional Chemistryi n Cent r al Do

John Dalton
(1808)

AAtoms Form Chemical
Bonds

Aatoms Bond with Discrete
Stoichiometries, Valency
and Combining Weights

Aatoms Bond with
Discrete Directionality

AAtoms Exhibit Periodic
Properties

—

J

M
O;
o,
d
<
(),
@

Compound Atoms




Quantized Building Technology

Blocks Ages Complexity Staircase

Synthetic
Nano-Chemistry

I Central Dogma I

Dendrimers /

Traditional

Chemistry .

Central Dogma

Complex Organisms
(Humans)

Organisms
(Plants, Animals)

Simple Organisms
(Bacteria)

Biological Cells

Nanoscale
Chemistry

/

Bio-assemblies
(Viruses, Ribosomes)

~=v

Complex Compounds

Nanoscale

Nanoscale Modules
(Proteins, DNA, RNA)

Chemistry
Polymer
Chemistry

(Palytoxin, Cgp) .,|

Peptide Chemistry

/

Functional Groups

(-CO,H, -NH,, -OH)

Small Molecule

Chemistry

Sub-nano Modules

ZY

/

Nuclear
Chemistry

V4 V4

(Aliphatic, Aromatic) oy

Polymer Chemistry

Simple Compounds
(HCI, H,0O, NH3, CH,)

Organic Chemistry

Atoms (Elements) (Periodig
Table)

Inorganic Chemistry




1.
Recent Lessons Leaned from
Dendrimers - The Dendritic State
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Nanoscale
Processing
Device

(Flask)

What is a Dendrimer?

Molecular
Information

—

Nanoscale Information

(Size, Shape,
Chemistry

Amplification)

H;C

Core

»

222227
2% Zz

AY Yh

(1 nm enhancement per generation)

Size Control

Shape Control

»

z Z
z
z
CH, CH,
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Ammonia Core PAMAM Dendrimers

Number of G .
Surface : NNy Tomz_;llla
Groups Equations

G
Number of : N Np -1 | _ Number of Covalent
Branch Cells| ¢ Np-1 ~ | Bonds Formed/Generation

G
Molecular _ N Y Ny~ -1
Weights ' c c [ TRV i

Surface Groups Molecular Diameter
Generation V4 Formula MW (nm)
0 3 C15H3:N-O4 359 1.08
1 6 C,sHg-N,;, 04 1,043 1.58
2 12 C105H221N4305, 2,411 2.20
3 24 Cyo5H460N51045 5,147 3.10
4 48 Ce5Hog5N157093 10,619 4.0
5 96 Coas5H5144N3760150 21,563 5.3
6 192 C1005H3041N7630544 43,451 6.7
7 384 Cago5H7900N15310557 87,227 8.0
8 768 C1665H15845N 306701533 174,779 9.2
9 1,536 C15345H31717N613903069 349,883 10.5
10 3,072 Cao705sH63395N 1228106141 700,091 12.4
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D.A.Tomalia, et al., Angew. Chem. Int. Ed. Engl., 29(2), 138-75 (1990)




Synthetic Chemistry on Well Defined Synthetic Nanoscale

Nano-Scaffolding Surface Chemistry
CO.Me Chemistry
(Electrophilic) e TRl
2 VS COo,Me
| EDA 0
N
CNH NH,
{(Nucleophilic) N 0
NN
CNH NH,
R "
o ALOH Targeted Delivery
{Hydrophilic) _,’_NWOH < NHz)

o

Fatty-CO,H IgG Antibody
c NH-Fatty
(Hydrophobic) e N :

¥ Other Proteins
C -NH-Fatty

&)
1 x @ -

o

Other Dendrimers

Surfaces
@ 7 CO,Me
Where | R [ (a) Catalytic (d) Chelating s
(b) Photon absorbing (e) Paramagnetic

(c) Electron conducting (f) Fluorescent



AFM Images of PAMAM Dendrimers (G9)
Mimicking Atoms

250mm

D.A. Tomalia, et al., Pure and Applied Chem., 72, 2343 (2000).
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Criteria for Nano-Element Categories

A Atom Mimicry

Core-shell architectures

0-D/1-D shapes

A Well-Defined, Structure Controlled Nano Features:

A (Critical Nanoscale Design Parameters-CNDP 6 s )

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

(a) size, (b) shape, (c) surface chemistry and (d) flexibility (polarizability)
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1.
Atom Mimicry:
Core Shell Architectures/Outer Shell Reactivity
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Core-Shell Particle Architectures

(I.) (1)
Particle Masses
(daltons) Principle
Shells (n)
Me n=1
Vs n=2
pum—
/ML n=3
Satellite |_Ma n= 4
Components | n=>5
1 / n =6

G m—p

( Cofe|z, Z, Z, 2, Zs Zs| Saturation#(Z,) | (llI.)
P, P, P, P, Ps Pg| Particle # (P,) (IV.)

D.A. Tomalia, J. Nanoparticle Research, submitted (2008).
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(1) (1) (1)

() .
Principle
GO I d I\i:‘ssst:; Principle Den d rrmer D:qndrimer Shells
asses i
|\/|et8.| (daltons) Shells (n) (F)AMA M) (cattors) ((sg;n:atlonS}
n=1 . i
Nanoclusters o n=2 Architectures BT e
60861 o i
n=3 10,633 G=3;Z,
= o ok
- B-alanine G=5; Z
— n=5 {(Monomer Units) ..a...!1 223 G=6; Z;
Gold Atoms > f (1)
Cote (12 42 105204 357| | Saturation# | (ll1.) Cofe) | 3 6 12 24 48 96 192 Saturation # l
- 13 65147309561| | Cluster# | (jy)  (NH,) A0 BB B | Dendrimer# | (IV.)

{Au Atoms) ~—
Nanoscale
o
Picoscale (I1.)
Atomi Principle
omic
Elemental Masses | () :e(:)s (:
Atomic 222.00 Ne (2); Z,
Architectures 131.30 Ar@); Z;
£83.80 Kr (4); Z,
—23*?—} Xe (5); Z;
' Rn {6):
Electrons (e-) 4.00 n (6); Z

28 8 18 1832] | Saturation # | ()
21018 36 54 86 Atomic # ‘ (v.)

(=)

ProtonsiNeutrons
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Atom Mimicry: Core-Shell Architectures

Atomic Dendrimeric
(0.05 - 0.6 nm) (- 20 nm)

He
Ne
Ar

F. Aston
(1922)

.‘ " Rn

2 x

|
|
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|
Electrons |
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|
|
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Required to
Saturate Mono

Required to
Saturate Shell

Atomic Number Dendrimer Number
222.00

(Degree of Polymerization))

IIIEEEQEHH -

1

Atomic
Weights

Molecular
Weights

X
‘!;’:@ Nanoscale Structures

nm

Picoscale Structures

Bucky Ball

'YL Ll
s . o [ . e .

|

|

|

.064nm .138nm .194 nm .220nm .260nm .290 nm
He Ne Ar Kr Xe Rn

I1nm 158nmnm 22nm 3.10nm 4.0 nm 5.3nm 6.1 nm
G=0 G=1 G=2 G=3 G=4

G=5 G=6
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Comparison of Atoms with Hard and Soft Nano-Matter

Picoscale Matter
(Atoms)

Shell Components
n (Electrons)

Elements Exhibiting
Noble Gas
Configurations

Electron shell levels:
Diameters:
Saturation values (n):
Atomic weights:

He
1
.064 nm

2
4.00

Ne
2
.138 nm

10
20.17

Ar
3
194 nm

18
39.94

Hard Nano-Matter

(Gold Nanoclusters)

Shell Components

Full-Shell
fiMagic Numbero
Clusters

Atom shell levels:
Diameters:

n (Au Atoms) Saturation values (n): 12 54 146 308 560
Nano-cluster weights: 2560 10833 28953 60861 110495
Saturated : 3
S[;)ft ga_mo Mt Monomer L Wg;v* ‘r{%‘\
(Dendrimers) Shells » -
Monomer shell levels: G=1 G=2 G=3 G=4 G=5
Shell Components  Diameters: 1.58nm  2.2nm 3.10 nm 4.0 nm 5.3nm
n (Monomers) Saturation values (n): 9 21 45 93 189
Nanostructure weights: 144 2414 5154 10632 21591

D.A. Tomalia, J. Nanoparticle Research, submitted (2008).
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Core-Shell (Surface Corona) Atom Mimicry:
Metal Nano-Clusters Compared with Atoms

Nanoclusters

N/

Metal , PV N
Nanoclusters ~ ’Jﬂ;\‘(\\

Densebrush coat  Intermediate coat Diffuse coat
Low curvature and curvature High curvature

Crystallizes hcp Crystallizes fcc Crystallizes bee/bet

Atoms

Atoms

‘ No corona Contracted Diffuse valence
.. rare gases S corona electron corona
Crystallizes hcp  Crystallizes hep/fcc Crystallizes bee/bet

G.A. Ozin, A.C. Arsenault, Nanochemistry 1T A Chemical Approach
to Nanomaterials, RSC Publishing, p. 278, (2005).
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Electron Shells
(Principal Quantum Numbers)

N. Bohr
(1922)

i Neutrons 1 /TR

l -] :2:}!6'

! Protons j§ i
!

Saturated Shells
Non-reactive
Elements

F. Aston
(1922)

Unsaturated
Shells

Traditional
Chemistry
Reactivity
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Periodicity of Physical Properties within
the PAMAM Dendrimer Family

Stored - - T - ‘m - ‘ - ‘& - de Gennes
CADP =0— .‘ ) = - a Dense
or CMDP ‘ ~N—— ‘ ‘v Packing

Information Aufbau with Molecular Morphogenesis
X-Z Monomers (Molecular Shape Change)

\(I'/ » Zs@/

Generations ) 5
Surface Groups (2) 3 5) 96
Total # of Monomers 3 e 189
MW 359 1044 21591
M,,/M, 1.005 1.011 1.131

. e . . THE NATIONAL
Dendrimers & Other Dendritic Polymers, J.M.J. Frechet, D.A. Tomalia, J. Wiley & Sons (2001). DENDRIVER
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Dendrimer Monomer Shells
(Generations)

Core
(Generations) oF . 1P (21 AY
: Dendrons

Generation oL L2l 1
2 (21

(2] :[s]w Unsaturated
j[20513] Shells
a2, 1

|
Ty 2 Autoreactive

i [21% (317 ‘
i [21% 131" Dendrimers

~J
o

Saturated Shell il AL J
“Bendrimers [ 2T T
(i.e., noble gas type
configuration)

N
(8, ]

)
>
=
7
3
t 50
Q
>
2
8
Q
oc

Nano-Mass: 5154

4900 5000 5100 5200
Molecular Weight
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Architectural Patterns Influencing Modular Reactivity
(Picometer to Nanometer Dimensions)

Corei Shell
Atoms Dendrimers Tecto(dendrimers)

Unfilled Outer
Branch Cell Shell

X
>

Valency
(Reactivity)

(Corei Shell)
Architecture Induced
Reactivity
(Unfilled Shells)

Functional
Components Directing
Valency

Chemical Bond
Formation Leading to
Saturated Outer Shell:

Atoms, Dendrimers,
Core-Shell
Tecto(dendrimers)

Unfilled Outer
Electron Shell

e.g., fluorine) Unfilled
€9 ) Shell (x)

Missing One Electron
(y) in Outer Shell (x)
Penultimate to
Saturated Noble Gas
Configuration

X« Unfilled
Shell (x)

Missing One Terminal
Branch Cell in Outer
Shell (x) Exposing
Functionality (y)

5.0 0100 nm

Unfilled Outside
Dendrimer Shell

Unfilled
Shell (x)

Missing One Dendrimer
Shell Reagent Exposing
Functionality (y)

D.A. Tomalia, et al., PNAS, 99 (8) (2002) 5081-5087
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Dendron/Dendrimer Aufbau Principles

Corel Shell Tecto(dendrimers)

Partially Filled Shell Saturatedi Shell

Megamers
CNDP

Dendrimers
CNDP

Dendrons
CNDP

—~
€
c

~
()

N

)
—

S
>
O

Q
@)

=

Branch Cells
CMDP

Monomers
CMDP

Atoms
Small Molecules
CADP

Traditional Polymers

MOleCl,IlaI’ CompleX|ty —7




CADP

CMDP

(1 nm)

CNDP

CNDP

(100 nm)

N
( Dendrons

c)
z
z
NC

Branch Terminal

Core Cell Groups

(@)

(d) Dendrimers ‘
02

0

(b)
(c)
I Dendrimer
Clusters Dendrimer
=1 (d) (Megamers) Macrolattices
(Megamer Networks)
cH §
Corei Shell Tecto(dendrimers)
(e) Dendrimeric Core Dendrimeric Shell = 1 N
Z Z, L
¢ < 1
Z Zg N
1
Nc ° Nsl

2

N

s
r, T1

&
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