Selective Chemical Sensing Based on Molecular Switching
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Detecting trace amount of ions or molecules are important in many areas such as medicine, chemistry, biology, and environmental applications for life and environment. Various methods to selectively sensing chemical species have been tested. 
First, we have developed a biosensor based on ECL from Ru(bpy)32+ doped silica nanoparticles (RSNPs). RSNPs exhibit a strong luminescent and highly photostable signal because there are many luminophores encapsulated inside the rigid silica matrix. A sandwich type immunoassay system with RSNP was demonstrated with the various sizes of monodispersed RSNPs[1].

Second, the ability to detect trace amount of heavy metal ions is also important because of their toxic effects on many living organisms, especially to human. We have demonstrated simple, easy and reusable methods respectively for Hg2+ and Cu2+. 
Hg2+ detection is based on electrochemical signal by conformational change due to the formation of T–Hg2+–T complex[2]. The “signal-on” upon Hg2+ binding is attributed to the conformation change from open structure to hairpin structure. Among the various metal ions studied, Hg2+ shows the highest signal gain compare to the other metal ions. This sensor was reusable by unfolding the ferrocene-labeled DNA in 10 uM cysteine at 80 °C to denature hairpin structure[3] and then immersed in 1 M NaClO4 electrolyte at room temperature to unfold the conformation of the probe DNA. This sensor retained original performance after three regeneration cycles for its sensitivity and selectivity, and shows a negligible response to other metal ions.
Also, we report on a novel self-assembled monolayer of rhodamine derivatives as a turn-on and intrinsic fluorescent switch for Cu2+ detection on ultrathin and transparent platinum films[4]. Since this method is based on a specific reaction between Cu2+ and rhodamine binding, a good selectivity towards Cu2+ is achieved compared with other metal ions. Details of experiment and results on molecular switches will be discussed.
1) Yang-Rae Kim, Hyo-Ju Seo, Jeong-Wook Oh, Hyunchang Lim, Tae Hyun Kim, and Hasuck Kim, Electroanalysis, 25, 1056-1063 ( 2013).
2) Donghoon Han, Yang-Rae Kim, Jeong-Wook Oh, Tae Hyun Kim, Rakesh Kumar Mahajan, Jong Seung Kim, and Hasuck Kim, Analyst, 134, 1857 (2009).

3) J.-S. Lee, P. A. Ulmann, M. S. Han and C. A. Mirkin, Nano Lett., 8, 529 (2007).
4) Yang-Rae Kim, Hyun Jung Kim, Jong Seung Kim, and Hasuck Kim, Adv. Mater., 20, 4428 (2008).
