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@ Using Light to Create Defect-Free Structures

QO Aim: create defect free multi-component composites @ A<B
r

= Exploit photosensitive chemical reaction and phase separation

Q Inspiration: controlling morphology of blends using light in
experiments (Q. Tran-Cong et al Macro. 33 (2000) 4301)
= Photo-induced isomerization of stilbene on PS (PSS) in PSS/PVME blend
= Coarsening is arrested at characteristic domain size

= Controlled by light intensity
= Morphology resembles diblock copolymers

QO Key aspect: use space and time dependent reaction rates T, _(t,r)
to create variety of multi-components defect-free structures




@ Model (ABC Reactive Blends)
Q Two order parameters I
& O=Pr— sy V=Pc ;here Zpi:]_ @) A<F:,>B
Q Evolution in time: Free energy:
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Phase separation between ABC
<« Reaction: I'_ =I"_=TI(t,r), Cis non-reactive

= Use CDS approach, 3D simulations

Q Hierarchically ordered thin films Langmuir 2006
= Rui Travasso, Thursday, W12.00014  22(6), 2620




@ Binary AB Reactive System

Q Different intensity in two regions
= Background light, I" =T
< Secondary light, ' =T, >>T;

Q Within T, region:

= Domains are smaller, A(T,) < A(I)

< Domains are more intermixed
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0O Dependences A~T7"*; ¢, (")

= |n agreement with earlier studies
(e.g., F. Liu, N. Goldenfeld, PRA, 39(1989)%:'
J.J. Christensen et. al., PRE 54, 3(1996))
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Q I, region creates “neutral” boundary
< Domains in I tend to orient normally
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@ “Combing” Binary AB Blend

Q Rastering light, 1, >>1;

A

= T,-3.102,T,=3.10% %

= Rastering velocity vV < 21, W.
= Reach equilibrium
with T7,.

Q Ordering in z-direction
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= B, =1 (perfect order)
for high T, /T7.
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@ ABC Blends: Stationary I', Region

Q Cdiffusesto I, region

1
Early time Late time Colt) = fj p(t)avr,
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= C fills T, region the faster the higher I,
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1 0
Fm = Vi Fas () HV 3 (0) +Vo e [+ Ao

r
MV

FyD)

Frs () = F(00) +

j drdr'G(r —r') g{r) (")

—0.08

@n) i

0

oo1 I’ 0.02

v



@ ABC Blends: Stationary I', Region I

Q Cdiffusesto I, region

1
Early time Late time Colt) = fj p(t)avr,
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= C fills T, region the faster the higher I,
O Cdiffuses to T, region: total free energy is minimized

1
Fow = v B/m +V g Fag (1) +Vc Fe ]+ AcOpc
< Migration to I',region is robust for any C if V. =V .

= Sharpness depends on shape of I, region and interfacial tension o,..




@ ABC Blends: Ternary Systems

O Two simultaneous processes in ternary system:
+ C migrates to high T, regions Moving

! . _ region
= Moving comb introduces order in AB Stationary
time N [, =0.03 region
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= AB are ordered in z direction, no order in X, y
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@ Ternary Systems: Improve Ordering in X,Y

Q Introduce order in x and y: 2 step process
= Move stripe in x-direction, after the system is ordered in z

Moving
I, region

Step 1

/1

Moving
I', region

O Ordering in x-direction (within the AB region)

= BO=(<p)>] /<o) >,),

Z

Step 2




@ Ternary Systems: Improve Ordering in X,Y

O Move stripe in xX-direction

time

= Complete ordering within AB domains at late times,
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@ Conclusions

O Harnessing photochemical reactions to:
< Create multi-component three-dimensionally ordered

materials
< \Write with the C component using light higher intensity light

< Advantages: technique Is reversible and non-invasive




