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Dynamic Control and Amplification of 

Molecular Chirality by Circular 

Polarized Light 

Nina P. M. Huck, Wolter F. Jager, Ben de Lange, 

Ben L. Feringa * 

The enantiomers of a racemic photoresponsive material 

represent two distinct states that can be modulated with 

irradiation at a single wavelength by changing the handedness 

of the light. Dynamic control over molecular chirality was 

obtained by the interconversion of enantiomers of helically 

shaped molecules with either left or right circular polarized 

light (CPL). Photoresolution of the bistable compound as a 

dopant in a nematic liquid crystalline phase by CPL irradiation 

led to a chiral mesoscopic phase. The chiral information 

inherent to CPL is therefore transmitted to the bistable 

molecule, followed by amplification and macroscopic 

expression of the chirality. 

Department of Organic and Molecular Inorganic Chemistry, University of Groningen, Nijenborgh 

4, 9747 AG Groningen, Netherlands. 
*   To whom correspondence should be addressed. 

The development of organic materials for reversible optical data storage and photochemical 

switches requires components whose structures and physical properties can be modulated by light 

(1, 2, 3). Photochromic compounds exist in two distinct, interconvertible forms but often suffer 

from poor fatigue resistance and destructive read-out (3). Nondestructive read-out has been 

achieved by monitoring changes in the optical activity of chiral optical switches (4). This requires 

bistable, nonracemic molecules with sufficiently different optical spectra so that the individual 

diastereoisomers can be addressed (5). Switching between the enantiomers in a racemic 

photoresponsive material would constitute a novel approach to a molecular memory element in a 

binary logic system. Because of the identical optical spectra of enantiomers, distinct states cannot 

be reached with irradiation unless the unique interaction of enantiomers with CPL can be 

exploited (6, 7). 

We show that photoresolution of helical alkene 1 (Fig. 1A) as well as photomodulation of the 

helicity is possible with CPL, and that the very small bias for one enantiomer upon CPL 

irradiation can be macroscopically expressed. Distinct from photochemical molecular switches 

reported so far, switching between the enantiomers of a racemic compound and modulation of the 

chiroptical properties and three-dimensional structure have been achieved exclusively by 

modulation of the chirality of the light. The photochemical modulation of mesophases and 

physical properties of liquid crystalline (LC) materials is a further challenge for information 

Abstract  of this Art icle 

Sim ilar art icles found in:  

SCI ENCE Online 

This Art icle has been cited 

by:  

  other online art icles 

Search Medline for art icles 

by:

Huck, N. P. M. | |  Feringa ,

B. L. 

Alert  m e when:  

new art icles cite this

art icle

Download to Citat ion

Manager 

   

Collect ions under which 

this art icle appears:

Chem istry 



Science -- Huck et al. 273 (5282): 1686 Page 2 of 6

http://www.sciencemag.org/cgi/content/full/273/5282/1686?maxtoshow=&HITS=.../200 9/27/2001

physical properties of liquid crystalline (LC) materials is a further challenge for information 

technology (8). We show that amplification of the chirality from molecule to mesophase and 

switching between chiral and achiral mesophases are also affected by CPL irradiation of racemic 

1, added as a dopant to a nematic LC phase. 

  

Fig. 1. (A) Photochemical interconversion of P (right-handed) and M (left-handed) helices of 

1 upon irradiation with l- or r-CPL light. (B) Proposed optical data storage system based on the 

chiral optical switch 1. Writing is with CPL, and reading and erasing are with LPL. 

[View Larger Versions of these Images (32K GIF file)] 

Of many sterically overcrowded chiral alkenes that we synthesized, compound 1 (Fig. 1A) meets 

the requirements for a successful switch: (i) The enantiomers are stable at ambient temperatures 

(free enthalpy of racemization, G
rac

, = 25.9 ± 0.2 kcal mol 1) and fatigue resistant. (ii) A 

stereospecific photochemical isomerization process takes place that reverses the helicity of the 

molecules. (iii) Large circular dichroism (CD) absorptions and optical rotations, essential for 

detection, are observed.

Racemic 1, 12-(9 H-thioxanthene-9 -ylidene-12H-benzo[a]xanthene, was resolved by chiral high-

pressure liquid chromatography (HPLC) on a (+)-poly(triphenylmethylmethacrylate) column. The 

CD spectrum of M-1 shows a negative Cotton effect at 314 nm (difference in extinction 

coefficient, , =  51.3 cm2 mol 1) in n-hexane:isopropanol (9:1) (Fig. 2A). The anisotropy 

factor (9) g is decisive for the selectivity of a CPL switch. The maximum enantiomeric excess 

that can be achieved upon irradiation with CPL is g/2, and for practical purposes the chiral alkene 

must exhibit sufficiently large g values at wavelengths above 300 nm. The experimental g values 

for alkene 1 at selected wavelengths are as follows: g × 103 = 2.8 (  = 236 nm;  at 

maximum = 128.6 cm2 mol 1), 6.4 (314 nm, 51.3 cm2 mol 1), and 0.4 (356 nm, 5.0 cm2 mol
1) (units for  are omitted hereafter). 

  

Fig. 2. (A) CD spectrum of M-1 taken in hexane:isopropanol (9:1). (B) The difference in CD 

absorption at 313 and 400 nm (
313

   
400

) for a solution of 1 (9 × 10 5 mol liter 1) in n-

hexane upon alternating irradiation with l- and r-CPL. Irradiation was carried out with a 200-W 

high-pressure mercury lamp equipped with a water filter, a 10-nm bandwidth mercury line filter 

(313 or 340 nm), a polarization filter, and a /4 plate (340 nm). The desired wavelength was 

selected by an interference filter. LPL was generated with a polarization filter, and CPL was 

generated from this LPL with a 340-nm /4 plate. Irradiations of degassed alkene solutions were 
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generated from this LPL with a 340-nm /4 plate. Irradiations of degassed alkene solutions were 

performed in 2-cm quartz CD cells. [View Larger Versions of these Images (34K GIF file)] 

Irradiation of P-1 at 300 nm resulted in rapid photoisomerization into M-1 without notable 

degradation. The quantum yield for the photochemical racemization was  = 0.40 (pure n-

hexane). Next, we examined photoisomerization of racemic 1 under the influence of l-CPL and r-

CPL. CD spectroscopy was used as a detection technique to establish optical enrichment, that is, 

deracemization, upon irradiation with CPL. Irradiation of the racemate MP-1 (9 × 10 5 mol liter
1, n-hexane) with l-CPL at 313 nm resulted in a negative CD absorption at 313 nm and spectral 

features comparable with the CD spectrum of M-1 (g = 4.2 × 10 6) (Fig. 2A). Because weak CD 

effects were expected, we sampled both at 313 nm, where  reaches a maximum, and at 

400 nm, where no CD absorption is found. Through use of this method, the effects of CPL 

irradiation on the difference in  at  = 313 nm and at  = 400 nm (
313

   
400

) could be 

determined accurately. Upon successive irradiations withl- and r-CPL at 313 nm, a modulation of 

CD absorptions was observed (Fig. 2B). This modulation was entirely reproducible in 

independent experiments, and no deterioration of the modulated CD signal was seen during eight 

switching cycles.

For a solution of MP-1 in n-hexane of 9 × 10 5 mol liter 1 (
313

 = 0.7), the magnitude of the 

modulation of  was 1 × 10 5 when an irradiation time of 30 min was used. These results 

indicate that switching occurs between photostationary states with excess P and M helices, with 

an enantiomeric excess (EE) of 0.07 and 0.07%, respectively. The EE values are smaller than 

anticipated, but taking into account that the light is 90% circular polarized at best and that the 

bandwidth is 10 nm at most, EEs of no greater than 0.1 to 0.2% can be expected.

A potential data storage system based on racemic 1 can be envisioned (Fig. 1B). Irradiation of a 

racemate (MP) with r-CPL or l-CPL for the writing process generates P-enriched or M-enriched 

regions, respectively. Detection (read-out) is achieved through use of linearly polarized light 

(LPL) by measuring CD, or optical rotation in transmission, or reflection outside the absorption 

band. Written information can be erased by LPL (or unpolarized light) at the original wavelength, 

regenerating MP-1. An erasable direct read after write (EDRAW) process might be executed by 

changing the chirality of the light at a particular wavelength. In principle, this system constitutes 

a three-position switch of racemic, P-enriched, and M-enriched 1, with the distinct advantage that 

all the processes can be performed at a single wavelength.

Once the switching process with CPL irradiation had been firmly established, we studied the 

photoisomerization in LC materials using racemic 1 as a dopant (10, 11). A stable nematic phase 

was obtained from 20 weight % MP-1 and 4 -(pentyloxy)-4-biphenylcarbonitrile 2. Differential 

scanning calorimetry showed a solid-nematic transition (T
s N

) at 48.2°C [enthalpy change, 

H, = 71 J/g; for pure 2 the transition occurs at 52.4°C ( H = 96 J/g)]. Irradiation of a thin film 

of racemic 2, doped with MP-1 at 313 nm for 90 min with l-CPL, analogous to the experiments 

in solution, resulted in a cholesteric phase (Fig. 3A), showing that the photostationary state P-1 

 M-1 with an optical enrichment in M-1 is also reached in the LC phase. The formation of the 

cholesteric phase was accompanied by a change in phase transition (T
s N

 at 48.7°C, H = 66 to 

69 J/g). Control experiments showed that a similar effect on the phase transition occurred with 

doping of 2 with 20 weight % of racemic 1, 1.5% enriched in either P-1 or M-1 (T
s N

 at 48.7°C, 

H = 69 J/g).  

Fig. 3. (A) Cholesteric texture observed for 4 -(pentyloxy)-4-

biphenylcarbonitrile (2) doped with 20 weight % racemic 1 after 

irradiation with 313-nm r-CPL light. Phase separation can be seen. (B) 

Cholesteric structure obtained for 2 doped with 20 weight % racemic 
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Cholesteric structure obtained for 2 doped with 20 weight % racemic 

1 enriched with 1.5 weight % M-1. A similar cholesteric structure as in 

(A) can be observed. Bar indicates 100 µm. 

[View Larger Version of this Image (143K GIF file)] 

In a separate experiment on a thin film of 2 doped with racemic 1 in which r-CPL was used 

instead of l-CPL, photoderacemization was again observed. Irradiation of the film of the 

cholesteric phase reached after CPL irradiation, containing excess M-1, with unpolarized light at 

313 nm resulted in a nematic phase. This is a consequence of the formation of a 50:50 ratio of 

opposite helices of 1; that is, photoracemization occurred. A large pitch (p = 580 µm based on 

helical twisting power 0.1) is seen in the cholesteric phase as a result of low resolution of 1 by 

CPL irradiation. We performed control experiments to establish independently the optical 

enrichment of dopant 1 as the origin of the induced cholesteric phase. An LC phase was prepared 

from 2 and 20 weight % racemic 1 enriched with 1.5% M-1. A cholesteric texture (Fig. 3B) was 

obtained similar to that observed after CPL irradiation (Fig. 3A).

Because of the high amount of dopant, some phase separation (demixing) was observed after 

CPL irradiation (Fig. 3A). This phenomenon, reminiscent of conglomerate or racemate formation 

in the solid state (12), was observed in several experiments and points to differences in the 

stability of chiral and racemic phases at low enantiomeric excesses of the dopant. The 

photochemical switching processes of the LC phases are completely controlled by the changes in 

chirality of the light at a single (313 nm) wavelength: (i) switching between LPL and CPL results 

in a nematic to cholesteric modulation, and (ii) switching between l-CPL and r-CPL modulates 

the chirality of the cholesteric phase (left-handed and right-handed cholesteric phases, 

respectively). Great care was taken in all experiments to exclude chiral contamination or any 

other sources besides CPL irradiation of the induced chirality resulting in a cholesteric phase. It 

should be emphasized that rather large amounts of racemic dopant are required, compared with 

optically active dopants (10), to observe the cholesteric phase; on the basis of an EE of 0.07% in 

solution, 0.14% enrichment can be achieved when the LC phase is doped with 20 weight % of 

MP-1. An increase of the helical twisting power and anisotropy factor of the dopant, by structural 

modifications of the chromophore in 1, may decrease the required dopant concentration.

REFERENCES AND NOTES

1. J.-M. Lehn, Supramolecular Chemistry (VCH, Weinheim, 1995). 

2. P. Ball and L. Garwin, Nature 355, 761 (1992) . 

3. B. L. Feringa, W. F. Jager, B. de Lange, Tetrahedron 49, 8267 (1993) ; I. Willner and B. 

Willner, Adv. Mater. 17, 587 (1995). For a pertinent example of a stable molecular switch, 

see S. H. Kawai, S. L. Gilat, J.-M. Lehn, J. Chem. Soc. Chem. Commun. 8, 1011 (1994) . 

4. For switching process of diastereoisomers with unpolarized light, see W. F. Jager et al., 

Angew. Chem. Int. Ed. Engl. 34, 348 (1995) . 

5. For a brief review of chiroptical molecular switches based on bistable nonracemic 

materials, see B. L. Feringa, N. P. M. Huck, A. M. Schoevaars, Adv. Mater., in press. 

6. Discriminative interactions of CPL with racemic materials have been proposed in the 

context of the origin of chirality [S. L. Milla and L. E. Orgel, The Origin of Life on the 

Earth (Prentice-Hall, Englewood Cliffs, NJ, 1974); W. A. Bonner, Top. Stereochem. 18, 

1 (1988); S. F. Mason, Chem. Soc. Rev. 17, 347 (1988); M. Gardner, in The Ambidextrous 

Universe, C. Scribner, Ed. (Penguin, Harmondsworth, UK, 1982); R. A. Hegstrom and 

D. R. Kondepudi, Sci. Am. 262, 108 (January 1990); S. F. Mason, Molecular Optical 



Science -- Huck et al. 273 (5282): 1686 Page 5 of 6

http://www.sciencemag.org/cgi/content/full/273/5282/1686?maxtoshow=&HITS=.../200 9/27/2001

D. R. Kondepudi, Sci. Am. 262, 108 (January 1990); S. F. Mason, Molecular Optical 

Activity and the Chiral Discriminations (Cambridge Univ. Press, Cambridge, 1982); A. 

Salam, J. Mol. Evol. 33, 105 (1991) ; L. D. Barron, New Developments in Molecular 

Chirality (Kluwer, Dordrecht, Netherlands, 1991); D. K. Kondepudi and G. W. Nelson, 

Nature 314, 438 (1985) ; B. S. Green, M. Lahav, D. Rabinovitch, Acc. Chem. Res. 12, 191 

(1979) ]. 

7. Photodestruction and photoresolution with CPL has been achieved [ K. L. Stevenson and J. 

K. Verdieck, J. Am. Chem. Soc. 90, 2974 (1968) ; A. Moradpour, J. F. Nicoud, G. 

Balavoine, H. Kagan, G. Tsoucaris, ibid. 93, 2353 (1971) ; Y. Zhang and G. B. Schuster, J. 

Org. Chem. 60, 7192 (1995) ]. 

8. D. Kreysig and J. Stumpe, in Selected Topics in Liquid Crystal Research, H. D. Koswig, 

Ed. (Verlag Chemie, Berlin, 1990). 

9. H. Rau, Chem. Rev. 83, 535 (1983) . 

10. Small amounts of an optically active guest molecule added to a nematic host can induce a 

cholesteric phase, and the helical organization (pitch) in the mesoscopic system is sensitive 

to modifications in the chiral guest molecule [ G. Solladié and R. G. Zimmermann, Angew. 

Chem. Int. Ed. Engl. 23, 348 (1984) ]. 

11. Recently, photochemical switching between LC phases through use of diastereomeric 

photoresponsive guest molecules was shown [ B. L. Feringa, N. P. M. Huck, H. A. van 

Doren, J. Am. Chem. Soc. 117, 9929 (1995) ]. 

12. J. Jacques, A. Collet, S. Wilen, Enantiomers, Racemates and Resolutions (Wiley, New 

York, 1981). 

13. We thank R. M. Kellogg, H. A. van Doren, and J. van Esch for usefull comments. 

31 May 1996; accepted 18 July 1996 

This article has been cited by other articles: 

l Zahn, S., Canary, J. W. (2000). Electron-Induced Inversion of Helical Chirality in Copper 

Complexes of N,N-Dialkylmethionines. Science 288: 1404-1407 [Abstract] [Full Text] 

Abstract  of this Art icle 

Sim ilar art icles found in:  

SCI ENCE Online 

This Art icle has been cited 

by:  

Search Medline for art icles 

by:

Huck, N. P. M. | |  Feringa ,

B. L. 

Alert  m e when:  

new art icles cite this

art icle

Download to Citat ion

Manager 

   

Collect ions under which 

this art icle appears:

Chem istry 



Science -- Huck et al. 273 (5282): 1686 Page 6 of 6

http://www.sciencemag.org/cgi/content/full/273/5282/1686?maxtoshow=&HITS=.../200 9/27/2001

Volum e 273, Num ber 5282, I ssue of 20 Sep 1996, pp. 1686-1688. 

Copyright  ©  1996 by The Am erican Associat ion for the Advancem ent  of Science. 

  

 




