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Polymerization induced diffusion: a long DPI history
with numerous spin-offs
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Photo-embossed mirrors for
reflective displays
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Polymerization-induced diffusion in
photopolymerizing systems
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Polymerization-induced diffusion in
photopolymerizing systems @
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Materials transport can be described /{\\ % :E v/? (%) i%g )/7
in terms of chemical potential of Nt sl ~'Le

the reacting components:

« monomer reactivity differences monoferz morgmer 1

« interaction parameters (y’s)

e monomer size (diffusion, size entropy)

« monomer and polymer volume fractions

« network elasticity (deformation of polymer
network under swelling)
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Photo-embossing

actinic radiation at RT

Exothermic heat flux {(mW)
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Important aspect: surface remains (almost) flat when stored at RT
But when heated monomer diffusion is enabled
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Relief can be adjusted by mask, exposure

and heat development conditions
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Paintable displays by polymerization-induced
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Two sequential diffusion processes provide the
mechanical integrit e Y ‘ :
_oehieNy o AT Cb Gb%vqlf

2.

Absorbance

]

2800 300 30 D 360 380 400 420
Wavelength (nmj)

X .
S

._‘e
06%6%5000°0.0
OOOOOO)
9.0,0.0.0.0.0 X
9,0.9.0.0.0.0.0.0.0
9.90.0.0.0.0.0.0.0.0
9.0.9.0.0.0.9
9922 % %%
.A.AAA.A.
LiC orientation by,

S rYS S X X X |

.. ( .
g | |

R.Penterman, S.Klink, J. Vogels, H.de Koning, Jacqueline van Driel, Edzer Huitema PHILIPS

Why stratification and not PDLC ?

K15 profile by confocal Raman:

=)
£

=
o
>

°

=

j=2)
c
Q
-

T T T T T
600 800 1000
Length X (um)

R.Penterman (TU/e thesis), S.Klink, Joris Vorselaars, Hans Kloosterboer PHILIPS

1400

1200

1000

800

600

400

200




Interdigitated electrodes for in-plane
switching of liquid crystals
top layer +

(coated) polarizer
= £T & =& /
liquid crystal layer
eratentn
substrate with

IPS-electrodes

polarizer + mirror

Stratified layer: 20-30 um
LC thickness: 10 um
Pixel size: 400 um

R.Penterman, S.Klink, J. Vogels, H.de Koning, Jacqueline van Driel, Edzer Huitema PHILIDS

Interdigitated electrodes for in-plane
switching (IPS)

top layer +
(coated) polarizer

et
- o &F &5 5
liquid crystal layer
s dot
sUbstrate with
IPS-electrodes #

polarizer + mirror

R.Penterman, S.Klink, J. Vogels, H.de Koning, Jacqueline van Driel, Edzer Huitema p|.|||_|ps




Multilayer stratification using cholesteric LC
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Multilayer stratification using cholesteric LC +
dichroic photoinitiator
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Multilayer stratification
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Sealing of microfluidic devices by
photoembossing

oembossing film
swith latent pattern
* activated by heating

* bio-analytical applications &
* lab-on-a-chip assays
« cell sorting & analysis
* micro-reactors
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Polymerization-induced diffusion brings
polymers in motion

In water:
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Polymerization-induced diffusion brings
polymers in motion
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Polymerization-induced diffusion brings
polymers in motion
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Polymerization-induced diffusion brings
polymers in motion
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Polymerization-induced diffusion brings
polymers in motion

acryla
¥—.Cr 10 nm)
acrylate
electrode
Applications:

« Electro-optical switches (e.g. large area displays)
* Microfluidic elements
e Micro-pumps )
- Mixers TU/e i S7%SDPI
* Solvatizers . . .
New project on responsive materials
with other driving mechanisms
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Formation of LC networks by
photopolymerization of LC monomers

liquid crystal with reactive groups
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Review:
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Controlled thermal actuation in
splayed LC networks
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UV light driven
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Hydrogen-bridged LC (H-bLC) networks

H-bLC polymers in literature:

L. Strezelecki, L. Liebert, Bull. Soc. Chim. France, 597 (1973) & 605 (1973)
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Covalently X-linked nematic H-bLC networks
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Anisotropic swelling in alkaline buffer solution

2 == 4 K

0.18 -
oo o & & ¢ o ....... pH13 immersion 0:3
. m5s
R ‘', A 108
ESEEEEEEm *
| “‘lllnlnganan;::::=l.. - x15s
AxAxAxy,m 0 " u h‘:' * xi:s
I WX Mx My n n 405
Xxxxxxxxxxx:x§ =- . —
xf*f‘f";x‘x! 4 a .
O P - xExbxbxdxuy Xm ' m

L ]
b 4 A 0..
*
§§!§!’llllu ¢
20 40 B0 B0 100 120 140 160 180 200 220
Temperature (C)

—— Perpendicular
——Parallel

|
o 0.4 | ALJ_ > AL// . :
02 r L, L, Q‘ﬁ decreasing SI

0 05 1 15

2_ 25 3 35 4 45 5
Time (min)

TWie =00 K. Harris, C. van Oosten, C. Bastiaansen (TU/e), J. Lub (Philips) PHILIPS




Activate by KOH dip — deactivate in acetic acid
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Or activate dynamically by changing pH of buffer
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Smectic responsive networks
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Covalently X-linked smectic H-bLC networks
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Covalently X-linked smectic H-bLC networks
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Covalent X-link bridges conserve order during
heat cycling
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Covalent X-link bridges conserve order during
heat cycling
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Opening of the network at hlgh pH
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« High order of the layers
e Low order within the layer
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Opening of the network at high pH
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Conclusions

» demonstration of a successful interplay between DPI
and a company

* plurality of products, but also source of inspiration for
new projects

» and there are more examples:

* project on holography =»LCD backlights =»E/O switches =
outcoupling for LED lighting=>»=» new biosensor principles

» maskless lithography =»3D structuring =»E/O switches =»=»nano-
channel membranes and ionic filters
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