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Project Overview

Study nematic domain structure during formation
of mono- and polydomain LCEs

Method: Laser scattering to probe structural
Information on um scale

Light scattering pattern analysis provides:
— Size and shape of LCE domains
— Degree of domain orientation along nematic director



Liquid Crystal Elastomers

Consists of crosslinked polymer network that
Incorporates mesogenic groups, allowing for
orientational order in a solid rubber.
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Sample Preparation
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» Synthesis follows Finkelmann’s two-step procedure7L

« Components (1,2,3) dissolved in toluene and react in presence of
Pt catalyst

« The terminal C=C of the mesogen and crosslinker reacts with
Si-H of the polymer to make bonds that form the network

[1] J. Kupfer, H. Finklemann Makromol Chem., Rapi€ommun(1991)



Sample Preparation

« Centrifuge spin casts elastomer @ 10,000 RPM for
1 hour (T= 65 °C)

« Swollen elastomer is removed from centrifuge, lifted
from Teflon strip, and suspended




Experimental Procedure

spin casting

x no load (Sample 1)

$ applying mechanical Fully cured
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our focus: x +
v Swollen, still crosslinking Terentjev
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[t] S.M. Clarke, E.MTerentjey |. Kundler, H.FinklemannMacromolecule$1998)



Light Scattering Setup
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Light Scattering Theory
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Scattering Patterns
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direction
Vertical scattering lobes: Horizontal scattering lobes:
Domain texture variations Domain texture variations
|| to stress axis U to stress axis

Laser scattering shows anisotropic domain structure in nematic LCEs



Domain Size Determination

Domain size 3y calculated by
measuring scattering vector q:
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& is wavelength, n, is the
elastomer refractive index, and
d is scattering angle.

Scattering peaks define the LCE'’s characteristic length



Scattering Pattern for Rotated Sample




Polydomain to Monodomain Transition

Stretching direction

1 »

 Scattering patterns for nematic LCE under constant strain, ¢, applied
along n:

* Fully aligned monodomain A No scattering pattern

* Typical domain size (3 ~ 2 um) remains constant for all £



Light Scattering Experiment

Siloxane polymer
chain lengths studied:
« 5.2k (85 units)

e 9.0k (147 units)

no additional load

. . : experiment duration: 3 hours
load increased at timed intervals P
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Time Slice Data: Sample 1 (no load)
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Scattering patterns are four-fold symmetric and have
comparable size during the experiment.



Time Slice Data: Sample 2 (under load)
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« 5.2k: decrease in 3, to ~1.8 um for t >100 min

* 9.0k: constant 3, ~2 um for all t
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Time Slice Data: Sample 2 (under load)
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« 5.2k: decreases in 3y to ~1.25 um for t >100 min
« 9.0k: constant 3, ~1.5 um for all t



Conclusions

 Domain sizes ranged from ~1-2.5 um

« Lobes along stretching direction diminished
significantly after addition of 4™ l[oad (t~110 min)

9.0k LCE shows more rapid preferential alignment
under strain as compared to the 5.2k elastomer.

* 9.0k polymer yields slightly larger domains

* Investigations under way measure scattering from
main chain elastomers and LCEs with bent core
mesogens
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