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                    Abstract
More than 100 years passed since 1906 when M. Cremer has measured for the first time the emf which builds up when two aqueous solutions with different acidity or alkalinity are separated by a thin glass membrane and since 1909 when F. Haber and Z. Klemensiewicz have obtained acid–base titration curves with the help of this device, thereby developing the glass electrode (GE) as an analytical tool. Twenty years later рН measurements with GEs became one of the most frequently performed procedures in research and industrial laboratories, in medicine, biology, agriculture, etc. That happened thanks to the progress made in measuring techniques and also in the development of special glasses. The latter, in turn, was a consequence of studying the dependence of electrode properties of glasses on their composition. That also resulted in the development of glasses for GEs having sensitivities toward M+ ions (Nа+, K+, Аg+, etc.) and glasses for measuring redox potentials. The data on the properties of GEs accumulated in the twentieth of last century formed the sound basis of the theory of glass electrodes. B.P. Nikolskii’s thermodynamic ion exchange theory has gained general recognition since 1937. Nikolskii's equation is widely used for the description of behavior not only of GEs but also of other ion-selective electrodes. Two approaches are distinguished in the evolution of the theory: one that is based on the assumption on the non-ideality of a glass membrane (Izmailov et al., Lengyel et al., Schwabe et al., Eisenman, and others) and the other approach based on the concept of various ionogenic groups in glass and their dissociation (Nikolskii, Schultz, and their colleagues, later Buck and Morf). The understanding of the potential of a glass electrode as an interfacial potential was replaced by the idea of a membrane potential, i.e., a potential drop including two interfacial potential drops and two diffusion potentials (Eisenman, Nikolskii's school, Doremus, etc.). The equilibrium at the boundary which determines the interfacial potential specifies the boundary conditions for the diffusion potential. The electrode properties of the glasses (the extension and slope of electrode function, its selectivity, etc.) in many respects depend on the mobilities of ions and the mechanism of their transport in the glass. A deeper insight into the functioning of the glass electrode was achieved by studying concentration profiles of ions in the glass layers which were altered by interaction with a solution, especially in combination with studies of the chemical and electrochemical processes on the glass/solution boundary, the dynamics of the GE potential, and the other properties of the glass surface. Dr. F.G.K. Bauke has made a significant contribution to GE studies. Using high-resolution techniques (IBSCA and NRA) to study the glass surface, he was able to give the most detailed description of the surface layers in case of lithium silicate glass. He described the equilibrium at the glass/solution boundary as a dynamic equilibrium not only in terms of thermodynamics, but also of electrochemical kinetics. For the first time in the literature of GEs, he has pointed to the electrochemical mechanism of formation of the GE potential as a consequence of charge division at the boundary (the dissociation mechanism). His activity in the field crowns the century with dignity.
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                    Notes
	Here and later, we will designate the alkali metal of glass as Me, but the same or other one from solution as M+.


	Karl Horovitz (1892–1958) became Lark-Horovitz when he married Betty Lark in 1926. Since 1929 till 1958, he was head of the Physics Department of Purdue University, USA.


	The term “simple” theory did not appear before the main theoretical concepts had been developed in the generalized theory (1945–1953) considered later.


	The paper [65] was the most cited Nikolskii’s work outside Russia. So some time, the reference to [65] has been omitted by many authors because of his world-famous equation type (Eq. 1). It is worth noting that the equation was derived, its experimental testing [66, 67] was made at Leningrad University, and respective papers were ready as early as in 1934, but in 1935, Nikolskii and his family, as many other Leningrad intellectuals, was subjected to repression and forwarded to exile in the city of Saratov. The papers [64–67] were represented by Saratov University.


	From the point of view of electrochemical kinetics, in the H+-function region exchange current densities \( i_{{{\text{H}}^{ + }}}^0 > i_{\text{Na}}^0 \), in the Na+ function region \( i_{{{\text{H}}^{ + }}}^0 < i_{\text{Na}}^0 \).


	In [83] an empirical equation is quoted under this name, which was derived neither by Nikolskii nor Eisenman.


	The formulae were reported in 1945, but involvement of Nikolskii in the Soviet atom project hindered the publication.


	The Lark-Horovitz Eq. 3 could be recast to this form.


	The integration was made in [99], and stepwise curves were described, when the vacations and defects were taken in account for the phase boundary potential, but for diffusion potential, free ions moving over interstitials were assumed (see also [9, 10]).


	For review of this topics till 1974, see also [9].
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