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Abstract: We demonstrate microbubble-assisted preconcentration of biomolecules on 

plasmonic moiré chiral metamaterials, enabling enantiodiscrimination of L-glucose and D-

glucose at picomolar level, which is 107 times improvement in sensitivity. 
OCIS codes: (250.5403) Plasmonics; (280.1415) Biological sensing and sensors.  

 

1. Introduction 

Plasmonic chiral metamaterials with strong chiroptical responses have proven to be promising in sensing 

biomedical chiral molecules such as amino acids, DNA and proteins [1]. However, despite recent 

advancements in plasmon-enhanced sensing of chiral molecules at picogram level [2], it remains challenging 

to enantiomerically detect chiral molecules below 1 mM, as required by practical applications in biomedical 

and pharmaceutical industries. Optically generated microbubble via plasmon-enhanced photothermal effects 

has recently emerged as an effective way to print and concentrate nanoscale particles and molecules on 

plasmonic substrates to further enhance the light-matter interactions for sensing [3,4]. Herein, using the 

microbubble-assisted concentration of molecules on moiré chiral metamaterials (MCMs), we demonstrate 

the ultrasensitive (~100 pM) label-free enantiodiscrimination of L-glucose and D-glucose. Our method shows 

107 times greater sensitivity than the state-of-the-art chiral sensing techniques, paving the way for 

ultrasensitive enantioselective discrimination of chiral molecules in applications including biomarker 

detection and drug development. 

2.  Results and discussion 

As shown in Fig. 1(a), both left-handed (LH) and right-handed (RH) MCMs consist of two layers of 

nanohole arrays with interlayer rotation. The optical chirality can be tuned by their interlayer rotation angle 

(Fig. 1(b)). The strong chiroptical effects of MCMs greatly enhance the interactions between circularly 

polarized light and adsorbed chiral molecules, enabling the detection of molecular chirality [5].  To 

improve the number of molecules adsorbed near the electromagnetic hot-spots of the metamaterial, a laser 

is applied to generate microbubble on the MCM to attract suspending molecules from the solvent toward 

the substrate via Marangoni convection (Fig. 1(c)). The simulated temperature distribution and flow 

velocity around the bubble are shown in Fig. 1(d) and (e). The microbubble-induced flow has a maximum 

velocity of ~800 mm/s, rapidly dragging molecules from hundreds of microns away towards the laser spot.  
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Fig. 1 (a) SEM images of the LH and RH MCMs, respectively. (b) CD spectra of the LH and RH MCMs. (c) Schematic illustration 

showing microbubble-assisted concentration of biomolecules on MCM. Simulated cross-sectional (d) temperature distribution and (e) 

flow velocity distribution around a laser-generated microbubble with diameter of 8 μm. 

 

The enantiodiscrimination is achieved by comparing the CD spectra shifts of LH (LH-MCM) and RH 

(RH-MCM) MCMs after each bubble collapses. We have observed continuously opposite spectra shifts for 

D/L-glucose after multiple microbubble-assisted preconcentrations (Fig.2 (a,b)). We have further 

performed controlled experiments without microbubble-assisted preconcentration, in which the spectra 

shifts in the CD spectra of MCMs before and after the self-adsorption of D/L-glucose are characterized. 

The comparison in peak shifts demonstrates large enhancements in chiral sensing performances, as 

quantified by dissymmetry values (ΔΔλ = LH-MCM - RH-MCM), induced by the microbubble 

preconcentration. As shown in Fig. 2 (c, d), when the molecular concentration decreases to below 10 mM, 

the dissymmetry values reduce to near zero for both D/L-glucose without microbubble-assisted 

preconcentration. When microbubble-assisted preconcentration is applied, the dissymmetry values are 

distinguishable down to 100 pM for both D- and L-glucose (corresponding to 18 pg/mL), showing 107 

times greater sensitivity than the state-of-the-art chiral sensing techniques.  

 

Fig. 2 (a,b) CD spectra of LH and RH MCMs after multiple microbubble-assisted preconcentration of D/L-glucose. (c, d) CD spectra 

shifts () and dissymmetry values () of (c) L-glucose and (d) D-glucos with and without microbubble-assisted preconcentration.  

3.  Conclusion 

We demonstrate enantiodiscrimination of L-glucose and D-glucose at ultralow concentration (~100 pM) 

using the microbubble-assisted preconcentration of molecules on MCMs. With the rapid and ultrasensitive 

sensing performances, our method is promising for a wide range of applications in pharmacology and 

toxicology.  

References  

[1] E. Hendry, T. Carpy, J. Johnston, M. Popland, R. V. Mikhaylovskiy, A. J. Lapthorn, S. M. Kelly, L. D. Barron, N. Gadegaard, and 

M. Kadodwala, "Ultrasensitive detection and characterization of biomolecules using superchiral fields," Nat. Nanotechnol. 5, 783-787 

(2010). 
[2] Y. Zhao, A. N. Askarpour, L. Sun, J. Shi, X. Li, and A. Alù, "Chirality detection of enantiomers using twisted optical metamaterials," 

Nat. Commun. 8, 14180 (2017).  

[3] B. B. Rajeeva, Z. Wu, A. Briggs, P. V. Acharya, S. B. Walker, X. Peng, V. Bahadur, S. R. Bank, Y. Zheng," Moiré Chiral 
Metamaterial," Adv. Opt. Mat. 6, 1701213 (2018). 

[4] L. Lin, X. Peng, Z. Mao, W. Li, M. N. Yogeesh, B. B. Rajeeva, E. P. Perillo, A. K. Dunn, D. Akinwande, and Y. Zheng, "Bubble-

Pen Lithography," Nano Lett. 16, 701-708 (2016). 

[5] Z. Wu, and Y. Zheng," Moiré Chiral Metamaterial," Adv. Opt. Mat. 5, 1700034 (2017). 


