Induction and Modulation
of Polarization
in Ferroelectric Liquid Crystals.

Robert P. Lemieux
Chemistry Department, Queen’s University
Kingston, Ontario, K7L 3NG6
CANADA



Chirality

OH O O OH tallizati
*H,N _ONO_ o N —o)H/'\H/O_ NH,* crystallization
O OH OH O
D-(-) L-(+)
dextrorotatory levorotatory

Ranked as the “most beautiful experiment in history”, C&EN, 2003, 81, 27-30



Arieic acid Aminoacyl-tRNA
Ox., i synthetase (enzyme)
0

(I Adenosine
i
Pyrophosphate @)

v
®;
Phosphate ® 6 \

tHNA@ —

¥
(3]

|"t

(P){ Adenosine
AMP

\

Aminoacyl tRNA 4_/'/
(an “activated
amino acid”) o

©1508 Addison Wesley Longman, Inc.

Molecular Recognition




Molecular Imprinting
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Thermotropic Liquid Crystals
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Thermotropic Liquid Crystals
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Nanosegregation in Smectic A and C Phases

() i/ ) 4 , \ N § \ '

QS 0 XY PSS 4V

DX AN \'e) ™, ’.

9& \( } l el
\/\\//I//\\\\{\'\\\//’\‘\’/} ”
Q ¢ : p ‘ N \)’ O O ¢ 3500 - layer periodicity
" 0’0 ‘x ‘% (: ‘ ’§~ ‘\ ) 3000%

X )\ \l} /‘ \' ’f ?‘ ‘Q Y \ > 2500
e \»* ot

0 \ <

O

(\‘ g/ : 1500%
g r/ ' ‘ 1000 — intermolecular
"4 ~ "\ “ 500% j L spacing

¢ \, z"\x‘ ]
§/ g ‘\’\\\ J ,/ i 7\;\\, ,;}, S w w5
S 'o OQ

diffuse layer structure {’ interlayer fluctuations

®* no packing order



Chiral Liquid Crystals
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Polar Order in the SmMC* Phase
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Induction of a Chiral SmC* Phase
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Molecular Origins of Polarization: The Boulder Model
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Molecular Recognition in the SmC* Phase
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Fig. 6 Tilt-angle-reduced polarization, Pg vs. xg for the chiral dopants
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Fig. 11 Polarization, P, vs. x¢ for the type II-2 dopants AS157 (open
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Molecular Recognition in the SmC* Phase
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Induction of Polarization:
Atropisomeric Biphenyls



Atropisomeric Biphenyl Dopants
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Assignment of Absolute Configuration

0 H OMe OH OH
N O,N NO,
o ® J
S —— +
(o2 3 C
°S
H NO, O,N

MeO o OH OH

(S,S.R) (R) (S)

first eluant second eluant

Hartley, C.S.; Wang, R.; Lemieux, R.P. Chem. Mater. 2004, 16, 5297



Conformational Asymmetry

B3LYP/6-31G*

(R) enantiomer
-1738 nC/cm?
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Polarization Power: Host Dependence
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Chiral Nematics Analogy
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Polarization Power: Correlation with SmC* Pitch
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Polarization Power: Correlation with SmC* Pitch
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Effect of Chirality Transfer
(i) Polar Ordering of the Host
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Probe Experiment: PhP1 Mimic

Total Polarization = P4 (C9) + P (MDW950)

Hartley, C.S.; Lazar, C.; Wand, M.D.; Lemieux, R.P. J. Am. Chem. Soc. 2002, 124, 13513



Probe Experiment: PhP1 Mimic
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No Perturbation: Hypothetical
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No Perturbation: Hypothetical
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Effect of Chirality Transfer
(i) Polar Ordering of the Host
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Probe Experiment: Hexamethyl Dopant
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Probe Experiment: Hexamethyl Dopant
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Effect of Chirality Transfer
(i) Polar Ordering of the Host
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Analogy to Molecular Imprinting ?
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Induction of Polarization:
2,2’-Spirobiindan-1,1’-diones



Conformational Asymmetry

B3LYP/6-31G*

(R) enantiomer
-1738 nC/cm?

D. Vizitiu, C. Lazar, J.P. Radke, C.S. Hartley, M.A. Glaser, R.P. Lemieux Chem. Mater., 2001, 13, 1692



2,2’-Spirobiindan-1,1’-dione Dopants

O

O’.O OC7H1s5

C7H450 O

5,9’

O

C7H150 ‘ ‘ |
O’.O OC7H15

O
6,6’



Conformational Analysis: AM1
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Conformational Analysis: 5,5’ vs 6,6’
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Stereochemistry: Exciton Chirality
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‘HNMR @ T-T;=-10K
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2H NMR in a Chiral Nematic Host:
Poly-y-Benzyl-L-Glutamate
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Figure 4. Proton-decoupled 2H NMR spectra in PBLG/CH;,Cl, salvent
of (a) racemic CsDs—CHD-OH at T = 300 K, and (b} nonchiral CsDs—
CD-OH at T = 306 K.
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Figure 2. *H—{'H} partial spectrum of perdeuterated ethanol dissolved
in the PBLG/CDCl; phase. A Gaussian filtering and zero filling to 8K
data points were used to improve the spectral appearance and the digital
resolution. (*, o) Components of doublets belonging to the methylene
group. (&) Components of the doublet belonging to the methyl group.
The measured quadrupolar splittings for the —OD group and CDCl4
were 765.8 and 841.3 Hz, respectively. Only the shielded component
of each doublet is shown in the figure.
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Merlet, D.; Loewenstein, A.; Smadja, W.; Courtieu, J.; Lesot, P. J. Am. Chem. Soc. 1998, 120, 963.
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group. (&) Components of the doublet belonging to the methyl group.
The measured quadrupolar splittings for the —OD group and CDCl4
were 765.8 and 841.3 Hz, respectively. Only the shielded component

CD,-OH at T = 306 K.

of each doublet is shown in the figure.

Czarniecka, K.; Samulski, E.T. Mol. Cryst. Liq. Cryst. 1981, 63, 205.

-100  -200

Meddour, A.; Canet, |.; Loewenstein, A.; Péchiné, J.M.; Courtieu, J. J. Am. Chem. Soc. 1994, 116, 9652.
Merlet, D.; Loewenstein, A.; Smadja, W.; Courtieu, J.; Lesot, P. J. Am. Chem. Soc. 1998, 120, 963.



Evidence of Chirality Transfer ?

CsH13

no chirality transfer
CeHiz O

N

diastereotopic in the SmC* phase
due to chirality transfer ??

10 mol%

T T
-60000  -40000  -20000

T
0
Hz

T T
20000 40000 60000

5 mol%

T T
-60000  -40000  -20000

T
0
Hz

T T
20000 40000 60000
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Conformational Analysis: 5,5’ vs 6,6’
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Conformational Steric Demand




Conformational Steric Demand

FF
0
N= CN
N

¢rAY

shift towards P

>
shift towards C,



Polarization Power @ 7-T,=-10K

(0] o]
C-H.:0
OC7H15 7115
’.O pee
C7H150 o a OCyHys

(R)-5,5'

N=
CHO— ) )—0CaHy;
N

PhP1

O
Cu¢b1o‘*<::>*_<
PhB

(R)-6,6'

749

CTF contribution ? —>

-1037

(R)-5,5'

(R)-6,6"




Modulation of Polarization:
Ambidextrous Thioindigo



Optical Switching of SSFLC
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Optical Switching of SSFLC

A) Polarization Modulation

B) Polarization Inversion




Photomechanical Effect
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Transverse Dipole Modulation
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Thioindigo Photochromism
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P< Photomodulation
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Photoinversion of Pg
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“Ambidextrous” Thioindigo Dopant
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Synthesis

2 2 HSCH,CO,CH PoH
/@LOCF@ NaH /@ﬁLOCHB 2L0,CH; : ,(\ (0]
HO NO, CH;0CHCl oMo NO, LiOH, DMF \16m0 S OCH;
THF (70%)

(66%)

o) ON—@—N(CHg)z 0
15 % KOH
E—— —_— N
EtOH/H,0 MOMO S Na,CO;, H,0 MOMO S Q
A

A
(98%) (76%) N(CHg),
(0] (0] a) NaN02, H2804, (0] O O
Cﬁ( OH cyclohexene OH H,0 OH Ac,O 0o OH HNO; OoN OH
02N Cl Pd/C H2N Cl b) sto4’ Hzo, A HO Cl A (@] cl AcOH HO Cl
EtOH, A 0% (77%) (90%)
(66%) (60%)
0 (S)-(+)-2-octanol ) OH e
DIAD HSCH,CO,CH

MeOH OzNj@ﬁLOCHg OZN:@{J\OCHC, 2CO,CHs OzN:@E\g_/f 15 % KOH OZNm
H,S0;4 HO Cl PPh; o) o LiOH o) S OCH3; EtOH/H,0 o) S

A CH,Cl, . DMF ., A .
(90%) (86%) CeHiz™ (88%) CeHig™ ™ ©7%) CeHism

0 F

m,\j CsH11 \/\/OTS
MOMO S @ O,N OMOM HCl OoN OH E
piperidine, PhCl AcOH LiOH, DMF

(44%) . A
C6H13 (84"/) C6H13 (28%)



P Photoinversion

o) F O O
O2N O S O O\/er5H11 510 nm OZN F
o S F A o S S O/\:/\C5H11
P 0 F

)"'
‘

CeH13 o CeH13

0
C10H21o—©—/<
Ve R &

PhB; Cr 35 SmC 70 SmA 72 N 75 |

1.0 mol% in PhB 2.0 mol% in PhB 4.0 mol% in PhB
e O Y ° —|. [ ] o O .M

] P 7 ) /

° 1®
Q gyt ° Q gyt ] °

] e ] °

g ] o

-"'I T T T T 1 T :.'"I LI LRI ILELEL L BLELELELEN BLRL LA B

T(°C) T(°C) T(°C)



Ambidextrous Photoswitch
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