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Time Scale

ms

*Electron Dynamic *Charge Transport
*Dynamics of segments
*Solvent Dynamics

1-100nm

Length Scale

Quantum --- Atomistic

device life time

*Macroscopic Structure Evolution
*Interfacial Reengagements
*Macroscopic Solvent D

Continuum




Multiple Length Scale in Scattering
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Responsive Soft Materials

Soft Colloids

>Elastic and Inelastic Scattering

Lujan, HFIR, SNS, NIST

>Computational Studies

CINT

-

>
Poly Dots




A Few Words on Scattering

scattered neufrons
momentum k;, energy E,

incident neutrons
momentum k;, energy E

k¢ E Q=k-k, momentum fransfer
(-‘Tﬂ‘-"l‘\E=Ei-Ef energy transfer

Elastic scattering corresponds to E=0. Investigate structures.

SANS and NR are elastic scattering techniques.

Elastic: Correlations
Inelastic.  Dynamics

=> Ensemble Average



Multiple Scale

Information Scattering

Ensemble Ensemble
Structure Dynamics

Computational
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Careelations n the Motion of Afoms in Liquid Argon'

A, Ramioa

VI. CONCLUSIONS

A classical 864-body problem with a truncated two-
body interaction of the Lennard-Jones type, with
periodic boundary conditions 1s, by itself, a problem of
interest, in which case the assumptions involved reduce
simply to the assumptions in solving the set of differ-
ential equations as a set of difference equations.

The question of identifying such a system with a
physical system like liquid argon is very difficult to
answer on the basis of the limited amount of information
presented in this paper. Firstly, the value of the diffu-




Poly Dots Overview

Light Absorbing/
Emitting
Polymers

**Conjugated Polymers

“*Poly Nano Dots

*» Structure

e

“*Dynamics




e-in a 1-D Box ’/

“*QOrganic Electro-Optical Devices

LY j Self assembled Nano Clusters
A




Optically Active Polymer Nano Particles

“*Cellular-Imaging
*»Cellular Targeted
Treatments = @ — @00 ——

Q:QSensing = L ee—

“+Building Blocks for Devi




Poly Dots Parent Polymer

14 R R

CH;:._>/_Z_>\/ >_///T:CH3

n-2

poly(para-phenyleneethynylene) (PPE)

Conformation === Conjugation length (L) = Emission and absorp
properties

Bunz, U. H. F., Macromolecular Rapid Communications 2009, 30 (9-10), 772-805.



Poly Nano-Dots: Wish List

<

. Remain in Confined Geometry:
for extended time

while passing across membranes
while assembled into devices

L)

X Remain fluorescent in confined NP
geometry.

X Remain optically active upon integration.




Challenges

s Conjugated polymers are often rigid:
folded into a nano particle does not yield
a stable state

“*Conjugated polymers are highly interacting
Integration may result in lost of
optical activity




Single Molecules in Toluene

SANS
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“*Single Molecules are Fully Extended!




FIeX|bIe Polymer
Conformatlons



Conformation of a single Molecule

120 mers In toluene

R =788.36 A
R =948 A (fully stretched)

120 mers g
B In poor solvent

R=780.16 A
R =948 A (fully stretched)

Extended conformation up to
N=2000 in all solvents

Maskey,S.; Pierce,F.;Perahia,D.;Grest,G.S. J. Chem Phys. 2011



Structure From MD Simulations
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- M — 1 <*Molecules are

1 stretched out in good
] e olvents

S(q)
T
|

n =20 (toluene)
= = n =60 toluene)
v n=1200toluene)
— n=60{poar)
n = H{ good)

00()1__ c= n=4801(good)

= n=2000{good)

(a) diethylhexyl
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ss*Backbone is stretched out
* Side chains lie away from the backbone

s Aromatic rings are not co-planar

Where are the solvent molecules?




Solvent-Molecule Resonance Time
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*sFraction of tol resides next to the PPEs longer than tol-tol in
neat toluene




Single Molecules in Toluene: NSE Dynamics
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Effective Diffusion
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s*Dynamics with a characteristic length scale that corresponds to the
rigid segment of PPEs measured by SANS




Dynamics of A Single Molecule
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s»Effective Diffusion on the Order of
Magnitude of the Experimental Results
**The side chains are significantly more
dynamic than the backbone




Isolated Conjugated Polymer in Solvents

+*PPE molecules remain extended

*NoO correlations are observed within the
backbone

“*The polymer backbone remains
dynamic

*Toluene Is associated with the PPE
backbone.

&5 What is Next? Assembly of the PPEs




POIy Dots Good Solvent

Poor Solvent

+»Conformation

What affect the: @ Dyna_lr_nics 7
“»Stability




Scattering:

10"

SANS & Structure

ﬁ,...

- ® Solution in THF
(0.01wt%)

L 25°C

Ethex-PPE

'q ® Nano dots- 10ppm

0.01

* Line shapes and intensities

q(A™)

are different




Shape of a Poly Dot

Ethx-PPE- NP-10ppm

Ethex-PPE
= Nano-dots-10ppm ]
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+» In good solvent, stretched out conformation of the PPE

+ Nano dots assume hard sphere shape in water




Open Questions

Internal Structure

Correlation between the aromatic rings
Correlations between the side chains
Density away from the surface

Internal dynamics
Backbone

Side chain
Dynamics away from the interface

Forces: What hold the NP together?




Formation in Simulation

diethylhexyl PPE (n=240) at =0

ey ] s i o M P 3 T M S S e ot

PPE after t =1ns
forms a nanoparticle of 5nm
diameter

PPE after 0.5 ns

= Polymer chain was enclosed in a large sphere and radius of the sphere
decreased as a function of time until nanoparticle of desired diameter

formed.

Maskey,S.; Pierce,F.;Perahia,D.;Grest,G.S. CSRI Summer Report ,Sa



S(q)

Simulation

0.1F

0.01

0.001+

. -
¢ -1
q(A)

Experimental

10 — -
2. " Nano dots-10ppm
: "
3.7
1k . -
? b \
— |
=S m
3, "
— |
0.1} . .
C L] E
0.01 —
0.01 0.1

q (A%

» Experimental and computational results:

poly dots are spherical in shape



Structure of Poly dots

I.S 1 I 1

B=l Polydots with side chains
5 Bl Polydots without side chains

density (g/cc)

0 10 20 30 40 50
. o
distance (A)

A full sphere with a bit of a density decrease at the interface




Time Evolution of Nanoparticles

Nanoparticle

¢ In poor solvent, nanoparticle unravels at beginning but remains steady w
time
¢ In good solvent, nanoparticle keeps on unraveling with time

Maskey,S.; Pierce,F.;Perahia,D.;Grest,G.S. CSRI Summer Report ,Sa




Rg as a Function of Time
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Maskey,S.; Pierce,F.;Perahia,D.;Grest,G.S. CSRI Summer Report ,Sandia 2010.
Maskey,S.; Pierce,F.;Perahia,D.;Grest,G.S. To be submitted




Side Chain Effects

12

<  without side chains
A with side chains

R /R (0) (A)

t (ns)

» Rg increases as a function of time in good solvent.

» Rg remains constant in poor solvent.




NP Stability

100 ' | ' | ' | ' |

80

40

2(F

< H

20 40 60 80 100
t (ns)

‘s Temperature has very little effect




Dynamics
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*» The side Chains Remain Dynamics
<+*Limited motion Is observed for the
backbone




Summary

dPoly Dots are spherical objects
(L No Internal Correlations within the backbone

dRemain Dynamic in Confinement

d Future:
1 Effects of the chemistry of the side chains
d Assembly



Silica-NPs Grafted with PPEs in Poor Solvent

=300 K
t= 20 ns

<« 150A —>
6 monomers of PPE

— 350 A—m—ms
20 monomers of PPE

650 A
40 monomers of PPE

+¢ Clusters of PPE chains are formed in poor solvent.
*» With increase in molecular weight, the clusters become more distinct

and PPE chains are branched.



