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Molecular Recognition



Molecular Imprinting

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Brady, P.; Sanders, J.K.M.  Chem. Soc. Rev. 1997, 26, 327
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Thermotropic Liquid Crystals
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Nanosegregation in Smectic A and C Phases
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Chiral Liquid Crystals

QuickTime™ and a TIFF (Uncompressed) decompressor are needed to see this picture.
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Polar Order in the SmC* Phase
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SSFLC Light Shutter
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Induction of a Chiral SmC* Phase
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Molecular Origins of Polarization:  The Boulder Model

Walba, D. M. et al. J. Am. Chem. Soc. 1991, 113, 5471
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Molecular Recognition in the SmC* Phase

δp is independent of host structure

δp varies with host structure
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Molecular Recognition in the SmC* Phase

Stegemeyer, H.; Meister, R.; Hoffmann, U.; Sprick, A.; Becker, A.  J. Mater. Chem. 1995, 5, 2183
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Induction of Polarization:
Atropisomeric Biphenyls



Atropisomeric Biphenyl Dopants

QuickTime™ and a
GIF decompressor

are needed to see this picture.

Lemieux, R.P.  Acc. Chem. Res. 2001, 34, 845
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Synthesis and
Resolution
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Assignment of Absolute Configuration
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Conformational Asymmetry
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Polarization Power: Host Dependence

D. Vizitiu, C. Lazar, B.J. Halden, R.P. Lemieux  J. Am. Chem. Soc. 1999, 121, 8229
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Polarization Power: Host Dependence

D. Vizitiu, C. Lazar, B.J. Halden, R.P. Lemieux  J. Am. Chem. Soc. 1999, 121, 8229
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Chiral Nematics Analogy
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Polarization Power: Correlation with SmC* Pitch

helical
pitch

QuickTime™ and a
Photo - JPEG decompressor

are needed to see this picture.

150 µm film viewed by polarized 
microscopy (100 ×)



Polarization Power: Correlation with SmC* Pitch
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Polarization Power: Correlation with SmC* Pitch

Vizitiu, D.; Lazar, C.; Radke, J.P.; Hartley, C.S.; Glaser, M.A.; Lemieux, R.P.  Chem. Mater. 2001, 13, 1692
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Effect of Chirality Transfer
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Probe Experiment: PhP1 Mimic

Total  Polarization  =  PS (C9)  +  PS (MDW950)
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Probe Experiment: PhP1 Mimic
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No Perturbation: Hypothetical

xd (MDW950)

P o  ( n C / c m 2 )

δp = –435 nC/cm2

xd (MDW950)

P o  ( n C / c m 2 )

(S)

(R)

N
C8H17 O C5H11

F

F

MDW950
O2N

NO2

O

O

O

O

C9H19O

OC9H19

N
C8H17 O C5H11

F

F

MDW950

+

C9, 4 mol%



No Perturbation: Hypothetical
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Effect of Chirality Transfer
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Probe Experiment: Hexamethyl Dopant

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

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

Hartley, C.S.; Lazar, C.; Wand, M.D.; Lemieux, R.P.  J. Am. Chem. Soc. 2002, 124, 13513
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Effect of Chirality Transfer
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Analogy to Molecular Imprinting ?
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QuickTime™ and a
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Induction of Polarization:
2,2’-Spirobiindan-1,1’-diones



Conformational Asymmetry
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2,2’-Spirobiindan-1,1’-dione Dopants
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Conformational Analysis: AM1
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Conformational Analysis: 5,5’ vs 6,6’
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Stereochemistry: Exciton Chirality

N. Harada and K. Nakanishi, Circular Dichroic Spectroscopy: Exciton Coupling 
in Organic Photochemistry, University Science Books, New York, 1983
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Stereochemistry: Exciton Chirality
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Dopant-Host Compatibility
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Dopant-Host Compatibility
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2H NMR @ T–TC = –10 K
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2H NMR in a Chiral Nematic Host:
Poly-γ-Benzyl-L-Glutamate
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Evidence of Chirality Transfer ?
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due to chirality transfer ??
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Polarization Power @ T–TC = –10 K
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Conformational Analysis: 5,5’ vs 6,6’
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Polarization Power @ T–TC = –10 K
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Conformational Steric Demand

P C2



Conformational Steric Demand

N

N
C4H9O OC8H17

O

O
C10H21O

O
C7H15

CN

C6H13
C9H19 C7H15

F F

9.7 Å 15.1 Å

shift towards P

shift towards C2



Polarization Power @ T–TC = –10 K
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Modulation of Polarization:
Ambidextrous Thioindigo



Optical Switching of SSFLC
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Optical Switching of SSFLC
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Photomechanical Effect

O
C3H7O

O

O

O

O

O

C2H5

F

Cr 38 SmC* 64 SmA 110  I

PS PS

Ikeda, T.; Sasaki, T.; Ichimura, K.  Nature 1993, 361, 428

365 nm

N
N

O

365 nm

> 450 nm

O

N
N

O
O

O

O



Transverse Dipole Modulation
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Thioindigo Photochromism
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PS Photomodulation
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Photoinversion of PS
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“Ambidextrous” Thioindigo Dopant
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Synthesis
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PS Photoinversion
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Ambidextrous Photoswitch
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