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Polymers as flexible chains
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From P.-G. de Gennes, Scaling Concepts in Polymer Physics, Cornell University Press, Ithaca (1979).



10 ~50 nm

Ch-3 P= 0 trans
P= 120° gauche (g+)
P =-120° gauche (g-)

From P.-G. de Gennes, Scaling Concepts in Polymer Physics, Cornell University Press, Ithaca (1979).



Structured planar brushes

From M. Miiller, Phys. Rev. E65, 030802(R) (2002).



structured planar brushes
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From S. Minko et al., Phys. Rev. Lett. 88, 035502 (2002).



What if the substrate
IS a nanoparticle?



Spherical polymeric assemblies

Typical polymer size: 10 ~ 50 nm

Micron-sized particle

Nanoparticle

> Planar assemblies

>  Spherical assemblies




Real spherical polymeric assemblies

Dendrimers
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From A. W. Bosman et al., Chem. Rev. 99, 1665 (1999).
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R = Benzyl
From A. W. Bosman et al., Chem. Rev. 99, 1665 (1999).




watermelon hot air balloon



Model

J.-R. Roan, Int. J. Mod. Phys. 18, 2469 (2004), Phys. Rev. Lett. 96, 248301 (2006).

fo, Na, Do fg, Ng, bg

v =0, miscible
Vas: Ves: VaB { v =1, immiscible



Edwards model for polymers

A polymer chain A random walker
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Self-consistent field
(SCF)



Binary spherical brush
u(r) = $r(r) + G (7)
On(r) = 0u(0,)0(r — R)

/ 0ul0,0)AQ = f/ R
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Self-consistent-field equations
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Go(r,0) = 1
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Solving the (3+1)-D SCF equations

1. Discretization:

nR+ic%%fR>,iQL“nN}

2. Imposing periodicity:

W(T‘, _93 99) — w(ra 93 2 T ﬂ-)a

Yr,m+0,0) =P(r,m =0, 0+ m);



Solving the (3+1)-D SCF equations

3. Modified alternating direction implicit method (ADI):
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 unconditionally stable
* locally second-order correct in space and time
* solvable tridiagonal algebraic systems

nonlinearit
AD] n—— 0dificd ADI

4. Iteration until self-consistency 1s obtained



Parameters

System types:
* A-S system, Vg = 1

* A-B-S system, Vyg = 1, Vo = 0, Vgs = 0 (good solvent)

* A-B-S system, Vpg = 1, Vo = 0, Vgs = 1 (selective solvent)

Grafting sites:
e uniform: o, (6, p) x 1

» gradient 1: 0,,(0, ) oc 1 4+ Yi0(6, @)

e gradient 2: Um(ea 99) X 3+ YlU(Q’ 99)

* step: o.(0, @) o step function



Discretization parameters:
* N, =25~35

e N,=24~32
+ N, = 48~64
« An=0.1,N_= 10~30;

+ N, xNyxN,=30,000~70,000

N, = 100~200

System parameters:
b =1

‘R=4
- N_= 10, 15, 20, 25, 30

e f,/fz = 150/30, 120/60, 90/90, 60/120, 30/150;
100/20, 80/40, 60/60, 40/80, 20/100;
50/10, 40/20, 30/30, 20/40, 10/50



Results!



A-S system; uniform A



N,=30, f,=8 in a poor solvent




A-B-S system in a solvent good
for A and B; uniform A and B
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N,=30, N5=30, f,=120, f,=60 N,=30, Ny=25, f,=120, f;=60
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N,=30, NB:SO, f,=120, f,=60 N,=25, No=25, f,=120, f;=60

R — e ———

0.25 e __‘:f" - = 4 4
1L 0. 7 A
i nL = d

- ‘
—-“--Z'; 1




N,=25, Ng=25, f,=90, ;=90 N,=15, Ny=15, f,=90, f,=90
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N,=30, N3=30, f,=30, f5=30 N,=30, Ng=25, f,=30, f;=30
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N,=30, ,=120, f,=60

Re-entrance
transition
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How are the islands
arranged?



Dense Packing and Symmetry in
Small Clusters of Microspheres

Vinothan N. Manocharan,! Mark T. Elsesser, David J. Pine'2#
Science 301, 483 (2003).

Swollen particles in toluene Toluene droplets in water, with particles at Clusters of solid particles in water
the interfaces {stabilized by surface charges)

& L
0 seconds

1) Particles diffuse about surface of droplet 2) Particles crowd and jam l 3) Droplet deforms ‘ 4) Cluster dries
Spherical packing Rearrangement
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76: N,=30, Ng=25, f,=30, f;=30

Octahedron



Z8: N,=30, Ny=25, f,=120, f,=60
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79: N,=25, Ng=25, f,=80, f;=40

D3

Triaugmented triangular prism



710: N,=25, Ng=20, f,=120, f,=60

0 0.5 1 1.5 2

Gymeln gated square di pya'am id
-



Z12(ICO): N,=20, Ng=20, f,=120, f,=60




A-B-S system in a solvent good for
A and B; non-uniform A or B
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N,=20, N;=20, f,=120, f;=60 N,=20, Ng=20, f,=120, f;=60
A: uniform; B: gradient 2 A & B: gradient 2
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N,=25, Ng=25, f,=60, f;=60 N,=15, Ng=15, f,=60, f;=60
A & B: gradient 2 A & B: gradient 2




Giant-clam (GC) structure

Credit: Georgette Douwma/Science Photo Library
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N,=25, Ng=25, f,=60, f;=60 N,=25, Ng=25, f,=60, f;=60
A & B: gradient 2 A: gradient 1; B: uniform
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A-B-S system in a selective
solvent; uniform A and B



N,=20, Ng=20, f,=120, f;=60 in a solvent poor for A but good for B
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N,=20, Ng=20, f,=120, fz=60 in a solvent good for A but poor for B
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N,=20, Ng=15, f,=120, f;=60 in a solvent poor for A but good for B
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N,=20, Ng=15, f,=120, fz=60 in a solvent good for A but poor for B
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N,=20, Ng=10, f,=120, fz=60 in a solvent poor for A but good for B
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N,=20, Ng=10, f,=120, fz=60 in a solvent good for A but poor for B
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Applications?



Nanostructured Nanoparticles



Spontaneous assembly of subnanometre-
ordered domains in the ligand shell of
Mmonolayer-protected nanoparticles

ALICIA M. JACKSON, JACOB W. MYERSON AND FRANCESCO STELLACCI*
Nature Mater. 3, 330 (2004).

Binding of mercaptopropionic acid (MPA), HOOC—(CH,),—SH and
octanethiol (OT), CH;—(CH,),—SH on a gold nanoparticle.
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Domain spacing (A)
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N,=25, Ng=25, f,=60, f;=60
A: southern hemisphere;
B: homogeneous
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What might have happened...
surface-induced structures




Smart Drug Carriers



Environmentally Responsive “Hairy” Nanoparticles: Mixed
Homopolymer Brushes on Silica Nanoparticles Synthesized
by Living Radical Polymerization Techniques

Dejin Li, Xia Sheng, and Bin Zhao*
J. Am. Chem. Soc. 127, 6248 (2005).

ATRP NMRP (
= > >

t-BA  Styrene

silica
nanoparticles Y-SAM mixed PfBA/PS brushes mixed PAA/PS brushes



Self-assembly of Structured Particles
(Chemistry of “Colloid Molecules”)



Self-Assembly of Patchy Particles

Zhenli Zhang' and Sharon C. Glotzer* '
Nano Lett. 4, 1407 (2004).
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Fabrication of Multivalent Nanoparticles



Colloidal nanocrystal synthesis and the
organic-inorganic interface

Yadong Yin' & A. Paul Alivisatos'
Nature 437, 664 (2005).
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Polymer Nano- and Microspheres with Bumpy and Chain-Segregated
Surfaces

Ronghua Zheng, Guojun Liu,* and Xiaohu Yan

JACS 127, 15358 (2005)

PCEMA-PGMA and

PCEMA-PSGMA in
Mix
| PCLA In CHCL | ]

walcr




Biomolecular Recognition
and Templation/Catalysis



Surface recognition of biomacromolecules using nanoparticle receptors

Ayush Verma and Vincent M. Rotello*

Chem. Commun. 2005, 303 (2005).
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a) Ac-W-A-A-D-A-K-A-D-A-A-D-A-A-A-D-A-K-NH2
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Discussion

* A pure mathematical problem: Packing on a sphere

— Thomson’s problem, Tammes’ problem, VSEPR, etc.

« A practical technical problem: Nanostructured nanoparticle
— “Atoms” for multivalent chemistry of colloids, templates for

materials with hierarchical structure, etc.

e What do we need to know?

— N,, Ng, T, fg, and interaction parameters V,g, Vas, Vgs-
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