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Polymer nanocomposite thin films @) #x..

Goal: Integrate functional nanorods into a (functional) polymer matrix

Use polymer brush to control nanorod spacing via interactions between
the brush and the polymer matrix
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Orientational control: end-end linkage (@) &,
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Controlled hot-spot generation in dynamic solution phase
via end-to-end NR assembly

Can we preferentially obtain end-end assembly via an entropically
controlled system of chemically identical brush /matrix polymers?
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Experimental system ) i,

CdS nanorods (5 x28 nm)
Grafted polystyrene (PS) brushes
PS homopolymer matrix

Spin-coated to an average thickness 36 nm.

Controlling end-to-end vs side-by-side aggregation:
1. Bare nanorod ends

2. Comb-over effect
3. Brush, matrix, rod parameters
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Self-consistent field theory ) S,

Many-body interaction Mean-field theory

« Chain statistics determines polymer density ¢(r) which
determines external field w(r) which determines chain statistics

* Mean-field approximation accurate for melts, exact as N — oo

* Free energy functional is known: F[¢"(r),w”(r)]




SCEFT model ) i

Laboratories

end-to-end side-by-side

Lrod

Ry od
Key parameters:
brush /matrix polymerization

* grafting density

* nanorod radius AR? 1/2

* nanorod length H) = _ brod ALpoqR..
W(H) 12H? W(H) = - 24H3/go

Total interaction energy is then the sum:

Fiot(H) = F(¢(r),&(r); H) + W(H)




Side-by-side brush profiles

increasing matrix/brush
polymerization ratio
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Side-by-side interaction energies  [@&s.,.

Grafting density Matri.x/ brush . Nanorod radius
polymerization ratio

increasing R/Rg
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Side-by-side dispersion maps ) e

Total interaction energy:  Eiotar = LAF(H) + Wyiqe(H)
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['otal brush profiles ) .

total: end + side total: end + side total: end + side side only




End-to-end aligned nanorods ) o

non-interacting end-linked
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End-to-end interaction energies (i) &=,

P/N = 0.5: wet brush P/N =10.0: dry brush
High grafting density High grafting density

AF(kgT)

« Homogeneous grafting: side-by-side aggregation
observed over end-to-end

» Nanorods with bare bare end caps: aggregation at
contact predicted
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Tuning end-to-end separation ) .,

decreasing N, at constant N4, and P
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Tuning end-to-end separation

[z—Hi0a](Ry)

High grafting density, 0 = 3
P/N (side) = 5
RI‘Od/Rg = 3.1
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Conclusions

* Side-by-side aggregation predicted for homogeneously-
grafted nanorods

* Finite size of end caps leads to interesting combover effects
and end-to-end behavior

 End-to-end linked nanorods achievable by independently
varying side/end brush molecular weight

« The gap, and therefore the field enhancement, is tunable
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