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Abstract Original Research Article

The study determined the band gap of water with higher accuracy by considering the temperature dependence of
constant. The obtained value is among the band gaps of known semiconductors. The hypothesis that water and ice are
semiconductors was confirmed.
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INTRODUCTION

A chain of consistent studies led us to the need
to determine band gap of water (Yefimov, S. 2025). The
identity of the mathematical models of electrolyte
solutions and doped semiconductors, which was shown
in our previous works (Yefimov, S. 2023), (Yefimov, S.
2023), (Yefimov, S. 2024), (Yefimov, S. 2024), indicates
the direction of the search for semiconductor properties
of water. Such a property has been discovered and
claimed to be an invention called: "Diode made of ice"
(Yefimov, S. 2025). In this invention, the analogue of a
crystalline semiconductor doped with an n-type impurity
is ice doped with an acid, and the analogue of a
semiconductor doped with a p-type impurity is ice doped
with a base. The experimental data obtained and their
interpretation allowed us to draw a conclusion about the
mechanism of ionization of electrolytes in water
(Yefimov, S. 2025). The proposed mechanism
complements and expands the Arrhenius hypothesis of
electrolytic dissociation (Arrhenius, S. 1903). In this
work, we used an improved method for determining the
band gap of water. The resulting value ranks among the
band gaps of known semiconductors.

MATERIALS AND METHODS

The calculation of the band gap (Electrons and
Holes in Semiconductors. 2009) water was carried out
using reference data on the dependence of the ionic
product of water (Kw) on temperature (Haynes, W.

2014). The data was processed in a Microsoft Excel
spreadsheet. Using reference data, the pKw+3lg(T)
dependence on the reciprocal absolute temperature (1/T)
was plotted. Using the Least Squares Method, the
experimental points were approximated by a straight
line. The band gap (Eg) was extracted from the slope of
the line.

RESULTS AND DISCUSSION

The Theory of Electrolytic lonization considers
water as a semiconductor, which means that the
expression for the product of charge carrier
concentrations in semiconductors (Yefimov, S. 2025) is
applicable to it, and this product is the ionic product of
water (Kw = n, Xn,). The Ionic product values of
water have been measured at various temperatures and
are included in reference books. Using this reference
data, one can estimate the band gap of water using the
well-known equation:

—E,

Kw = C x et (1),

where C- constant, k=1.38E-23 (J/K)-
Boltzmann constant, Eg - the energy band gap, T-
absolute temperature, n. and n - the molar concentration
of mobile charge carriers, negative (n.) and positive (n)
(Electrons and Holes in Semiconductors. 2009). Taking
the logarithm of the expression (1), we obtain the value
of pKw.

pkw = C + (222 x 1 ()
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The pKw - 1/T dependence graph is
approximated by a straight line, and the band gap is
found from the slope of the line. Thus, we determined the
band gap of water to be 0.53eV (Yefimov, S. 2025). For
amore accurate estimate of Eg, it is necessary to consider
that the constant "C" in equation (1) is the product of the
effective densities of state of the valence band (Nv) and
the conduction band (Nc):

3 3
Nc —2x (mexkxT) /2’ Nv — 2% (mhxkxT) /2’ Nc %

2XTXh2 2XTXh2

N, =CxT3,

where C is a temperature-independent constant. Taking

the latter into account, we transform formula (2):

pkw +3 x1g(T) = € + (229 x 1 (3)

Using reference data (Haynes, W. 2014), we
plot the dependence of pKw+31g(T) on 1/T (Fig. 1). The
experimental points are approximated by a straight line
(Fig. 1, dotted line) using the least squares method. As a
result, we obtain the slope and the intercept with the
ordinate axis.

pKw+3*Ig(T)=2322.1%(1/T)+13.658
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Figure 1: Dependence of pKw+3Ig(T) on 1/T. Circles — reference data (Haynes, W. (2014), dotted line — linear
regression

Having performed simple calculations, we
obtained Eg=0.46eV. To check the correctness of the
calculations, we substituted the obtained Eg, constant,
and temperature T=298.15°K into equation (3) and
obtained the expected result: pKw= 14.0226, and Kw=
0.949E-14. 0.46¢eV is less than calculated without the
temperature correction (formula (2)), but the water
position among semiconductors does not change, it is
located between InSb (Eg=0.18¢V) and Ge
(Eg=0.67¢V). Available literature data, primarily
calculated, on the band gap of water vary widely, from 5
to 14eV (Bischoff, T. et al., 2021), (Fang, C. et al., 2015).
Such values are characteristic of true insulators and
exclude the semiconducting properties of aqueous
solutions. However, these semiconducting properties
have been discovered and published not only by us but
also by other researchers (Koncz, V. 2021), (Ivan, 1. et
al., 2005), (Hegedus, L. et al., 1999). This contradiction
will have to be resolved in the future. It should be noted
that the authors of the latter studies, unlike us, attempt to
explain the observed effects within the framework of the
Arrhenius hypothesis. The Law of electrolytic
ionization: “Water is a semiconductor. In water, acids
ionize by donating an electron to the conduction band,
while bases ionize by accepting an electron from the hole
conduction band, forming a hole. Salt solutions are the

product of the interaction of an ionized acid and an
ionized base”.

CONCLUSION

The more precise determined band gap of water
(0.46eV) is a good confirmation of the law of electrolytic
ionization. Among semiconductors, water occupies a
position between Indium antimonide (Eg=0.18eV) and
Germanium (Eg=0.67eV). The law of electrolytic
ionization does not replace the Arrhenius dissociation
model but rather complements and expands the methods
for describing the behavior of electrolyte solutions.
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