Introduction

Modified electrodes functionalized with various organic monolayers and thin
films attached to conducting surfaces have found numerous applications in elec-
trocatalysis, sensors, and fuel cells [1-7]. Particularly, active research has been
directed to the applications of modified electrodes in different bioelectrochemical
systems [8, 9], including biosensors [10—13] and biofuel cells [14—17]. In the past
two decades, different modified electrodes functionalized with signal-responsive
molecules [18], polymers [19], or supra-molecular complexes [20] were developed
to facilitate the “switch-on-demand” electrochemical properties of the electrode
surfaces. Their applications in switchable biosensors [21], fuel cells [22], and elec-
trochemical systems processing information [23] have been suggested. Various
physical or/and chemical signals as well as their combinations were used to switch
electrochemical properties of the modified interfaces between active and inactive
states for specific electrochemical, electrocatalytic, and bioelectrocatalytic reac-
tions. Light signals (irradiation of electrodes with visible or ultraviolet light) [24—
31], magnetic field applied at electrode surfaces loaded with magnetic nanoparticles
or magnetic nanowires [32—43], and electrical potentials producing chemical
changes at the electrode surfaces [44—48] were used to reversibly alternate electro-
chemical properties of the modified electrodes. Chemical [29, 49-51] or biochem-
ical [52] signals resulting in reversible changes of the interfacial properties were
also used to switch the electrode activity ON/OFF for specific electrochemical
transformations. Particularly, important progress has been achieved in switchable
bioelectronics, where signal-controlled electrodes have been used for adaptable
features of novel bioelectronic devices [53]. This book gives an overview of the dif-
ferent signal-responsive electrochemical interfaces and complex multicomponent
electrochemical systems, particularly emphasizing the importance of scaling-up
the complexity of the signal-processing systems.

References

1 Albery, W.J. and Hillman, A.J. (1981). Annu. Rep. Prog. Chem. Sect. C: Phys.
Chem. 78: 377-437.

2 Murray, R.W. (1984). Chemically modified electrodes. In: Electroanalytical
Chemistry, vol. 13 (ed. A.J. Bard), 191-368. New York: Marcel Dekker.

Signal-switchable Electrochemical Systems: Materials, Methods, and Applications, First Edition. Evgeny Katz.
© 2018 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2018 by Wiley-VCH Verlag GmbH & Co. KGaA.



2

Signal-switchable Electrochemical Systems

O 00 N O U1l D W

11
12
13

14

15

16

17

18

19

20

21

22

23

24

25

26

27
28

29
30
31
32
33
34

Murray, R.W. (1980). Acc. Chem. Res. 13: 135—-141.

Wrighton, M.S. (1986). Science 231: 32—37.

Abruiia, H.D. (1988). Coord. Chem. Rev. 86: 135—189.

Chen, D. and Lj, J.H. (2006). Surf. Sci. Rep. 61: 445-463.

Zen, ].M., Kumar, A.S., and Tsai, D.-M. (2003). Electroanalysis 15: 1073—1087.
Rusling, J.F. and Forster, R.J. (2003). J. Colloid Interface Sci. 262: 1-15.

Willner, I. and Katz, E. (2000). Angew. Chem. Int. Ed. 39: 1180-1218.

Wang, J. (1999). J. Pharm. Biomed. Anal. 19: 47-53.

Wang, J. (2008). Talanta 75: 636—641.

Gooding, J.J. (2008). Electroanalysis 20: 573—582.

Wollenberger, U, Spricigo, R., Leimkuhler, S., and Schronder, K. (2008). Protein
electrodes with direct electrochemical communication. In: Biosensing for the
21st Century, Advances in Biochemical Engineering/Biotechnology, vol. 109 (ed.
R. Renneberg and F. Lisdat), 19—64. New York: Springer.

Moehlenbrock, M.]. and Minteer, S.D. (2008). Chem. Soc. Rev. 37: 1188—1196.
Davis, F. and Higson, S.P.J. (2007). Biosens. Bioelectron. 22: 1224—1235.

Bullen, R.A., Arnot, T.C., Lakeman, J.B., and Walsh, F.C. (2006). Biosens.
Bioelectron. 21: 2015-2045.

Barton, S.C., Gallaway, J., and Atanassov, P. (2004). Chem. Rev. 104: 4867—-4886.
Katz, E., Willner, B., and Willner, 1. (1997). Biosens. Bioelectron. 12: 703-719.
Motornov, M., Sheparovych, R., Katz, E., and Minko, S. (2008). ACS Nano 2:
41-52.

Flood, A.H., Ramirez, R.J.A., Deng, W.Q. et al. (2004). Aust. J. Chem. 57:
301-322.

Laocharoensuk, R., Bulbarello, A., Hocevar, S.B. et al. (2007). J. Am. Chem. Soc.
129: 7774-7775.

Wang, J., Musameh, M., Laocharoensuk, R. et al. (2006). Electrochem. Commun.
8:1106-1110.

Shipway, A.N., Katz, E., and Willner, L. (2001). Molecular memory and
processing devices in solution and on surfaces. In: Structure and Bonding,
Molecular Machines and Motors, vol. 99 (ed. J.-P. Sauvage), 237—281. Berlin:
Springer-Verlag.

Lion-Dagan, M., Katz, E., and Willner, I. (1994). J. Am. Chem. Soc. 116:
7913-7914.

Katz, E., Lion-Dagan, M., and Willner, 1. (1995). J. Electroanal. Chem. 382:
25-31.

Willner, L., Lion-Dagan, M., Marx-Tibbon, S., and Katz, E. (1995). . Am. Chem.
Soc. 117: 6581-6592.

Willner, L., Lion-Dagan, M., and Katz, E. (1996). Chem. Commun. 623—-624.
Doron, A., Portnoy, M., Lion-Dagan, M. et al. (1996). J. Am. Chem. Soc. 118:
8937-8944.

Doron, A., Katz, E., Tao, G.L., and Willner, L. (1997). Langmuir 13: 1783-1790.
Liu, N.G., Dunphy, D.R., Atanassov, P. et al. (2004). Nano Lett. 4: 551-554.

Liu, Z.F,, Hashimoto, K., and Fujishima, A. (1990). Nature 347: 658—660.
Hsing, LM., Xu, Y., and Zhao, W.T. (2007). Electroanalysis 19: 755-768.

Katz, E., Baron, R., and Willner, 1. (2005). J. Am. Chem. Soc. 127: 4060—4070.
Katz, E., Sheeney-Haj-Ichia, L., Basnar, B. et al. (2004). Langmuir 20: 9714—9719.



35
36

37
38
39

40
41

42

43

44

45

46

47

48

49

50

51

52
53

Introduction

Willner, I. and Katz, E. (2003). Angew. Chem. Int. Ed. 42: 4576—4588.

Katz, E., Sheeney-Haj-Ichia, L., and Willner, L. (2002). Chem. Eur. J. 8:
4138-4148.

Hirsch, R., Katz, E., and Willner, L. (2000). J. Am. Chem. Soc. 122: 12053—12054.
Wang, J. and Kawde, A.N. (2002). Electrochem. Commun. 4: 349—352.
Laocharoensuk, R., Bulbarello, A., Mannino, S., and Wang, J. (2007). Chem.
Commun. 3362—-3364.

Wang, J. (2008). Electroanalysis 20: 611-615.

Loaiza, O.A., Laocharoensuk, R., Burdick, J. et al. (2007). Angew. Chem. Int. Ed.
46: 1508-1511.

Wang, J., Scampicchio, M., Laocharoensuk, R. et al. (2006). J. Am. Chem. Soc.
128: 4562—-4563.

Lee, ], Lee, D., Oh, E. et al. (2005). Angew. Chem. Int. Ed. 44: 7427—-7432.
Zheng, L. and Xiong, L. (2006). Colloids Surf, A 289: 179-184.

Riskin, M., Basnar, B., Katz, E., and Willner, I. (2006). Chem. Eur. J. 12:
8549-8557.

Riskin, M., Basnar, B., Chegel, V.I. et al. (2006). J. Am. Chem. Soc. 128:
1253-1260.

Chegel, V.L, Raitman, O.A., Lioubashevski, O. et al. (2002). Adv. Mater. 14:
1549-1553.

Le, X.T., Jégou, P,, Viel, P,, and Palacin, S. (2008). Electrochem. Commun. 10:
699-703.

Hou, K.Y, Yu, L., Severson, M.W., and Zeng, X.Q. (2005). J. Phys. Chem. B 109:
9527-9531.

Tokarev, L., Orlov, M., Katz, E., and Minko, S. (2007). J. Phys. Chem. B 111:
12141-12145.

Tam, T.K., Ornatska, M., Pita, M. et al. (2008). J. Phys. Chem. C 112: 8438—-8445.

Tam, T.K., Zhou, J., Pita, M. et al. (2008). . Am. Chem. Soc. 130: 10888—10889.
Parlak, O. and Turner, A.P.F. (2016). Biosens. Bioelectron. 76: 251-265.

3






