Integrity »* Service »* Excellence

DISTRIBUTION STATEMENT A — Unclassi

Organic Materials
Chemistry

Date: 7 Mar 2013

Charles Lee

Program Officer

AFOSR/RTD

Air Force Research Laboratory

fied, Unlimited Distribution AFR



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
07 MAR 2013 2. REPORT TYPE 00-00-2013 to 00-00-2013
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Organic Materials Chemistry 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Air Force Office of Scientific Research ,AFOSR/RTD,875 N. REPORT NUMBER
Randolph,Arlington,VA,22203
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR'’ S REPORT
NUMBER(S)
12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution unlimited
13. SUPPLEMENTARY NOTES
Presented at the AFOSR Spring Review 2013, 4-8 Mar ch, Arlington, VA.
14. ABSTRACT
15. SUBJECT TERMS
16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Same as 31
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



\ /
\/ 2013 AFOSR SPRING REVIEW

«QQr
NAME: Charles Lee

BRIEF DESCRIPTION OF PORTFOLIO:
To exploit the uniqueness of organic/polymeric materials
technologies for enabling future capabilities currently unavailable by

discovering and improving their unique properties and processing
characteristics

LIST SUB-AREAS IN PORTFOLIO:
Photonic Polymers/Organics
Electronic Polymers/Organics

Novel Properties Polymers/Organics
NanoTechnology
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A 2 NPs Synthesis by Novel Amphiphilic
\/ Star-Like Block Copolymers as

Q= p-CD Hydrolysisﬂln TFA
Precursors

PS :’. .':
In mixture R
of DMF and

benzyl alcohol
21-arm star-like PAA-b-PS\P

Refluxing

In mixture
of DMF and
benzyl alcohol

s
Ay

AA
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Core/shell nanostructures are
conventionally obtained by dissimilar
materials epitaxy, which requires
moderate lattice mismatches (<2%o)
between the two different materials in
order to obtain high-quality core/shell
heterostructures, which would
otherwise be difficult to obtain.

Fe,0,/PbTiO,

Dresos = 6.1+£0.3 nm (core)
Doprios = 3-1+£0.3 nm (shell)

> Despite more than 40% lattice mismatch between Fe;O, and PbTiO; Fe;O,/PbTiO,
core/shell nanoparticles can be readily crafted by this approach!!!
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\./ Hollow NanOpar.ncles
Dot — Au Nanoparticles
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\/ Phototropic liquid crystals

° Tim White, Tim Bunning, AFRL/RX
Q0

“Phototropism”: A term used to describe light induced phase changes in liquid crystals.

An example of \j Scheme for Light Induced Order-

NS S

A A\ A S\

CETRIOUTION STATOMONT A -Urebstafiesd Ui Churbosion HL 3
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\/ Light Induced Disorder-Order iIn
o Napthopyran (AMI15)/LC Mixtures
 New class of photochromic molecules that increase order upon

light exposure employed for disorder-order transitions.
 Demonstration of full gamut of Light Induced Phase Transitions

| phase

In this case of “positive” phototropism, illumination increases the compatibility of
the napthopyran as the molecular shape becomes planar and quasi-rod like
aligning favorably with the liquid crystalline phases. AER
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\/ AMI15/8CB Mixture

hows Additional Transition

S
AMI15/8CB shows Photoinduced
== * |sotropic to Nematic Transition

8CB « Nematic to Smectic A Transition

Before light With light (365 nm) After light

Isotropic Isotropic

T. Kosa, L. Sukhomlinova, L. Su, B. Taheri, T.J. White, and T.J. Bunning,” Light Induced Liquid Crysta lr:.lty
Nature, 2012, 485, 347-349.
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\/’ Different Phase Change
with Chiral Dopant

AMI15/5CB/R1011 Mixture shows Photoinduced:
* Isotropic to Cholesteric Phase Transition

Before irradiation — sample completely transmissive in VIS and NIR
100

R1011 — a chiral dopant from Merck
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Data collected at AFRL/RX After irradiation — sample becomes both absorptive and reflective
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Data collected at AFRL/RX

/ Clear Blue-reflecting

DISTRIBUTION STATEMENT A — Unclassified, Unlimited Distribution



Naphthopyran Phototropic Mixtures
Unprecedented “Photo-dichroism?”

For the Isotropic to Nematic Transition in

A

MI15/5CB Mixtures,

Dramatic light induced changes in dichroic ratio

from ~0to 0.722

No dichroism evident in isotropic state Dichroism in nematic phase
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Wavelength (nm)

The mixture changes color and becomes polarized at the same time

(Plain Glasses become Polarized Sunglasses)
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\/ COE Georgia Tech/AFRL
< Joint Project

» To craft novel organic-inorganic nanocomposites composed of
Superparamagnetic Iron Oxide Nanoparticles (SPION) intimately and
permanently connected with nematic liquid crystals (LCs) and chiral

azo molecules with high helical twisting power (HTP) for many
potentlal appllcatlons

PS € :.._‘.--.,_.‘

Adding

0 e % e ).
)H( 45 VVV 2{ TR Y, ATRP Hydrolysis
—

W % %\EX\ BA St in TFA Precursor
B-CD S( 0= p-CD \
21Br-p-CD initiator PAA Precursor
21-arm star-like PAA-H-PS
i Kosa and White et. al, Nature, 2012, (485), 347-349.
“Closed form” “Open form”
LR S Light —induced liguid crystallinit
" g g Y Y

‘ Dark

With light (365 nm) CsHy1

Color switching

After light
CsHy4

potential for application in communication devices, molecular devices, light-controllable

devices, optical display system, optical data recording, photo-optical triggers, polarizers,
and reflectors, and electromagnetic sensors, etc.
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Background on 1-D Metal Chains:
* Solid-state mixed-valence
« Aqueous mi

-There are a few reports of infi
chains in the solid state with
bonds.

-Not solution stable; Solid-stat
* take several days or weeks

low yield (usually 50% or less)
small scale (< 100 mg)

Angew. Chem. Int. Ed. 1969, 8, 35.
Angew. Chem. Int. Ed. 1996, 35, 2772.
J. Organomet. Chem. 2000, 596, 130.
Inorg. Chem. Commun. 2001, 4, 19.

DISTRIBUTION STATEMENT A

One-Dimensional Palladium Wires
Tobias Ritter (YIP), Harvard U

1-D chains with Metal-Metal bonds

lITM Bll

Y Y

N N
] 1

"bridge™:

.
- m

f 1-D metal chain

erized

ce (d’-d8) oligomers: Pt blues,
blues, Rh oligomers.

Chem. Ber. 1908, 41, 312.
Science 1982, 218, 1075.
Coord. Chem. Rev. 1999, 182, 263.
Angew. Chem. Int. Ed. 2001, 40, 4084.
J. Am. Chem. Soc. 1981, 203, 2220.
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\/ New Chemlstry _Solutlpn
< Processible Palladium Wires

From Dimers to Wires:
* InORitkabdre badipdiadinlIF)aieniplerasedibly cotadiomytshallography
* Rapidndigh-YielsdsgoGramrpeatewditl ¢boareasensynthesis

between the metal atoms.

S
SN
O Pd:O Me
1.00 g 3’>\
> rild M SN, |
SN <Sr-PIQ

CH,Cly, -50 *CZ—>3
97% (-’

lXer (1eq.) -> Z

S N ==
The polymerization occurs in solution in less than 5 minutes, giving pure material
Iarge scale DISTRIBUTION STATEMENT A — Unclassified, Unlimited Distribution AFR




\/ Solution Stable 1-Dimensional

[ 4
-

Palladium Wire

1-D metal wires are predicted to display room
temperature superconductivity

e Lengths up to 750 nm
(>1,300 Pd atoms)
observed in solution

* The longest solution-

stable metal-metal bonded
chain previously reported

with assigned length

contains 12 metal atoms#¥.

* Choice of counter-Anion
controls chain length

* Enabled efficient device
fabrication, not possible
with previous 1-D wires

wnn _| n
NS, 0-J g nBF,
Pd_N ~pd:N 4
¥ & Me:{(o 3 4o|
3 0\ » O~ p L[>
" Me
08 1 = ~
350 nm Iength 750 nm length
(>600 Pd (>1,300 Pd
atoms) atoms)
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o
=)
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o
~
!

:
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1
H
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0.2 7
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Wavelength [nm)

Nature Chem. 2011, 3, 949-953.
3. Am. Chem. Soc. 1981, 203, 2220-2225.
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\,.{Four Point Probe Measurement &

o

Thin-Film Conductivity:

» Four-point probe device used to measure conductivity of 1-D wire polymers film

e

Devices were fabricated Me\(g "@
using thin films of the 1-D Me/<°~ |'"/3
wire polymers, which Semiconductor

TAS S SN i

could be deposited from
dichloromethane solutions
either by drop casting or

spin coating.

Nature Chem. 2011, 3, 949-953.
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\/Tunmg of Electronic Propertles

0

Side Group Solubility
Counter lon
Pd Oxidation State

Tuning Flexibility:

Films based on
Pd(2.5)display the

geeTsinaing B,
AueAS; dispiay lower

In{Conductance)
L/

6 - pressure for a

5 . . . 140 metal wires.
0.0037 0.0039 0.0041 0.0043 .
120 *
1/T (1/K) /

BAREIARd at ambient

Hengex shains yith less

polymer based on 1-D

Solution-stable 1-D metal wires with tunable conductive properties may have an
Impact on areas such as:

e Next-Generation Solar Cells
* Molecular Sensors
e Molecular Wires for Nanoscale Circuits

Nature Chem. 2011, 3, 949-953
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\/ Power Generation with Body Heat §

q:» Choongho Yu & Jaime Grunlan, Texas A&M

First demonstration of electricity generation from polymeric materials

Connected to
a multimeter

Flexible TE polymers
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\/)Alr stable fabric thermoelectric modules made of
b4 n & p-type composites

Objective: Demonstrate power generation & cooling with organic composites

(1) Flexible composite (2) Module fabrication (3) Multiple junctions in series

N-type P-type

Carbon \ Carbon

nanotubes + nanotubes

Poly- + Paper

ethyleneimeine (cellulose

T (PEI) + fibers)
<=="M NaBH, treatment

| Voltage ‘output VS Temperature Power output vs Temperature

7_||||||||||||||||||||||||

i 25 LA L L | LN DL AL L L DL L L L L L
6 :_ O 1junction _: I o o ]
: v 2junctons B O Lumetion ] Voltage and
C O 3junctions ] r . . T .
sf ' . : - [ 3nctons 1 power are being
> ] — L 4 .
Eaf v 1 g ° .Y ]increased by:
gaf - v 18 | 1 (a) stacking more
3 (] v Q‘? 10 C OV b I .
2 o ° : : o : ayers;
% Lo © ER Y 0o g 1 (b) connecting
[ ] F <y E
- g7 o : L g ] more modules
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A ) . .
\./ Improving Power Factor by Tuning P-type

composites with multiple CNT stabilizers

N
\Q_%\»f

Objective: Produce the highest possible power factor (PF) for fully organic,

Electrical Conductivity (S/m)

Electrical
concentration; while the Seebeck coefficient remains
relatively insensitive.

150,000 100 1,500

30,000 r

flexible composites

Double-walled carbon nanotubes (DWNT) are "‘:\g\@\/ jjjj

- . . . . B i
stabilized with two different molecules in poly(vinyl o Xoit \\J:j -
acetate) latex: e MS s I,

o PEDOT:PSS (conductive) "G O O

o TCPP (semi-conductive)

DOElectrical Conductivity

120,000 - O Seebeck Coefficient | 1250 nghest PFE ever
1000 reported for fully
90,000 | 11 organic composite

750 r

Seebeck Coefficient (uV/K)
Power Factor (uW/(m-K?2))

D
60,000 20 at ~500
| <[> ¢ 00 | HW(m-K2)!
B 4 60 250 |
= 0 .
0 1 1 1 Il 50
0 10 20 30 40 50 0 10 20 30 40 50
DWNT Concentration (wt%o) DWNT Concentration (wt%)

The power factor (S20) increases with DWNT concentration and
is within an order of magnitude of traditi ' a
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\/’ Different Module Design Concept =

I | &
<% David Carroll, Wake Forest U. &)

Sgpact
\\3/

s and

Figure 11: SEM image of multilayer
in the p-type films (1), and -V in the
films (4) adds the potentials in series.

The garment has recently been shown on
CNN International, CNBC, and the

Discovery Channel.
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\/ Photorefractive Polymers
<% Multi-TD’s Interests

 Laser Refraction

« Optical Signhal Processing

« Wave Front Correction

3D Holographic Display

Image Correlation
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\/ Two Beam Coupling Optical Correlation/:
<’ Jed Khoury AFRL/RY (11RY01COR) %

compression developed by
AFRL/RY (Jed Khoury)

2. Organic photorefractive material
that was developed by University
of Arizona/Nitto Denko

Both efforts funded by AFOSR
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Computer Simulation Comparing Two-Beam
Coupling Correlation vs SOA Correlation Algorithms

No correlation filter in the last 50 years, since the first correlation invented by
Vander Lugt (1963), have been designed that can improve simultaneously the
discrimination, the signal-to-noise ratio, and the peak-to-noise ratio.

100

Yaroslavsky

Optimal filter ¢l

o

Z
(2

40

20
Phase-only

Matched filter - %=

first order correlation Peak-to-Noise Ratio

T T T T T T

e d gain = -2
—— = Gain=-4
gain = -6

i) b S

Input

L

.

PR CCD

Using input that has a lot of background
noise, Two Beam Coupling Correlation is:

« 1.5X better than Yaroslavsky Optimal filter

10X better than Phase-only filter
superior to Matched filter (failed to

recognize target)

Two Beam Coupli

e == n |
oisTMBSRRAHIRNENT A - RHRSERANNFNEE pisrib GHMPression filteAFF!




A y BULK PHOTOREFRACTIVE CORRELATION VS
NZ

THIN FILM PR POLYMER CORRELATION
«QQr Jed Khoury, AFRL/RY

e

A Thick BSO Crystal A Thin Nitto Denko Organic Material

Point source
(O-function input)

Point source
(O-function input)

Thin diffracted beam
(Narrow impulse response )

Thick diffracted beam
(Broad impulse response)

Dephasing Factor is small in thin film holographic materials.
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ynamic range compression increases
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\/ Applied to Synthetic
Aperture Radar Data

Low I, et ‘%c
resolution S e'a N - )
images T e M
Synthesized oS v . 4 Reference %h\.
from -l - 2o template S
the MSTAR 1. aa e
data base

The first correlation filter that can improve simultaneously the
* SNR (100X)

 PNR,

« Discrimination (3 orders of Magnitude)

Material Chemistry Makes It Possible!!!

Correlation filter that outperforms optimal digital correlation filters
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\ 4 Portfolio Trends

Decreasing Emphases:
-Organic Solar Cells
-Organic Transistors

Increasing Emphases:
-Self Assembly in Solid State
-Radical, Spin and Excited State Controlled
Properties
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\/ Summary
«QQr

Program Focused on developing New and Controlled Properties

Not applications specific, but often use applications to guide
the properties focuses

Scientific Challenges
- Discover New Properties

- Control Properties

- Balance Secondary Properties

General Approaches
- Molecular Design

- Processing Control

- Establish Structure Properties Relationship
-“;;';"&;
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