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Crystalline materials play an important role in modern physics and electronics. Therefore,
the demand for crystals with functional properties is increasing strongly, due to the technical
advance in different fields: telecommunications, computer devices, lasers, semiconductors, sensor
technologies, etc. At the first stage, natural minerals (e.g., quartz) were widely used as piezoelectric
and optical material. Later on, after the creation of the first laser, interactions between lasers and
materials have been investigated: radiation at the double the frequency of a ruby laser was observed
as the fundamental light passing through a quartz crystal [1]. This phenomenon became a substantial
contribution to the field of quantum electronics and nonlinear optics. However, natural single crystals
usually have insufficient purity, size, occurrence, and homogeneity, or do not even exist in nature. That
is why the material scientists began to develop important basic materials with the desirable properties.
As an example, at the beginning of the 1960s, this resulted in Czochralski growth of Y3Al5O12 crystals,
referred to as YAG, which is the progenitor of the large group of synthetic materials belonging to the
structural type of natural garnet family A3B2(SiO4)3 [2]. Owing to a reasonable growth technology,
these crystals and their numerous derivatives including transparent nano-ceramics are dominating the
elemental base for solid-state laser engineering and various practical applications.

In the meantime, natural and even highly technological synthetic crystals have reached the limit
of their potential for fast-progressing science and engineering. The creation of new crystals with
predictable structures and, therefore, desirable physical characteristics is restrained by the theoretical,
methodological, and technical problems connected with their crystallization from multicomponent
systems. Among them, more than 1000 representatives of the anhydrous borate family are listed
in the Inorganic Crystal Structure Database [3]. These compounds are characterized by the great
variety in their crystal structures, caused in the linkage of planar BO3–triangles and BO4–tetrahedra
as fundamental structural units. This also leads to glass formation in viscous borate-based melts.
Therefore, investigations of “conditions–composition–structure-properties” relationships can help
to develop the technology of single crystal components for high performance electronic and optical
devices for industrial, medical and entertainment applications. These research works have quickly
opened a new field of materials science.

Most of the borate materials attract considerable attention owing to their remarkable characteristics
and potential applications. For instance, they demonstrate nonlinear optical and piezoelectric
effects (CsB3O5, LiB3O5, CsLiB6O10, KBe2BO3F2, Sr2Be2BO7, K2Al2B2O7, Ca4GdO(BO3)3, β-BaB2O4,
R2CaB10O19, RM3(BO3)4, where R – rare-earth elements; M – Al, Cr, Ga, Fe, Sc) [4–6], etc., luminescent
(RBO3) [7–9] and magneto-electrical properties (RFe3(BO3)4, RCr3(BO3)4, HoAl3(BO3)4, TbAl3(BO3)4)
which appear to be multiferroic materials, i.e., they can be used as magnetoelectric sensors, memory
elements [10–13], etc.
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Comparatively recently, great attention has been paid to orthoborate crystals co-doped with Er
and Yb is associated with their potential as efficient active media solid-state lasers emitting in the
spectral range 1.5–1.6 µm [14,15]. Due to high phonon frequencies (more than 1000 CM−1), efficient
energy transfers from Yb to Er ions take place in these crystals that is one of the crucial conditions
for efficient laser action in Er-Yb co-doped materials. First of all, the laser sources in this spectral
range are of great interest because of the several reasons: (1) Their emission is eye-safe since it is
absorbed by cornea and does not reach retina; (2) it has low losses in atmosphere and quartz fibers;
(3) room temperature sensitive detectors exist in this spectral range. Diode-laser pumping with high
brightness and efficiency and long lifetime implies opportunities for the development of compact laser
sources with unprecedented out parameters in different modes of operation for practical applications.
Mode-locked lasers emitting in the spectral range 1.5–1.6 µm with high repetition rate are especially
useful as pulse generators for high bit rate optical networks.

Single crystalline thin layers of (Er,Yb):YAl3(BO3)4, Er:YAl3(BO3)4 and Yb:YAl3(BO3)4 on the
undoped borate substrates also are of great interest due to their device potential. Because of the
difference in the refractive index of thin film and substrate, grown epilayer exhibits waveguide
properties. Potential applications of active waveguides are systems of integrated optics for high-speed
signal processing.

Thus, borate crystals with huntite type structure including their derivatives are attractive for
different technological applications because of their favorable physical and chemical properties like
stability, high transparency, high thermal coefficient, and in particular a very high non-linear optical
coefficient, making it the ideal active medium for realizing self-doubling diode pumped solid-state
lasers. Wide isomorphous substitutions in R positions make it possible to extend new generation
functional devices based on these solids.

In this Special Issue, different aspects of multifunctional borate materials are discussed: from
ortho- and oxyorthoborates to compounds with condensed anions and from their nonlinear optical
and laser properties to piezoelectric characteristics. For example, J. Dawes and coworkers investigated
liquid-phase epitaxial growth of the neodymium-doped YAl3(BO3)4 optical waveguides as potential
active sources for planar integrated optics [16]. E. Cavalli and N. Leonyuk also analyzed the emission
properties of the same orthoborate family [17]. Selected excitation, emission, and decay profile of
rare earth-doped YAl3(BO3)4 crystals were measured and compared with those of the concentrated
compounds. The effects of the energy transfer processes and the lattice defects, as well as the ion-lattice
interactions are considered taking into account the experimental results. J. Buchen at al. compared
twinning in YAl3(BO3) and K2Al2B2O7 crystals, which may degrade crystal quality and affect nonlinear
optical properties [18]. Space-resolved measurements of the optical rotation related to the twin structure
were made, in order to compare the quality of these ortho- and polyborate crystals to select twin-free
specimens. The piezoelectric ringing phenomenon in Pockels cells based on the beta barium borate
crystals was analyzed by G. Sinkevicius and A. Baskys [19]. It was estimated that piezoelectric ringing
in this metaborate crystal occurred at the 150, 205, 445, 600, and 750 kHz frequencies of high voltage
pulses. F. Chan et al. also reported single crystal growth and electro-elastic properties of α-BiB3O6 and
Bi2ZnB2O7 crystals with the largest effective piezoelectric coefficients being in the order of 14.8 pC/N
and 8.9 pC/N, respectively [20]. Finally, G. Kuzmicheva et. al. reviewed structural aspects and
crystallochemical design of orthoborates belonging to huntite-type family [21]. Particular attention
was paid to methods and conditions for crystal growth, affecting a crystal real composition and
symmetry. A critical analysis of literature data made it possible to formulate unsolved problems in
the materials science of rare-earth orthoborates, mainly scandium borates, which are distinguished by
an ability to form internal and substitutional (lanthanide and Sc atoms), unlimited and limited solid
solutions depending on the topological factor.

Complex investigation of phase formations in multi-component borate melts and the study
of crystal growth conditions for novel high-temperature borates will provide a scientific base for
development of growth technologies with device potential. On the other hand, investigations of
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crystal “conditions–composition–structure–properties” relationships in complex borate melts with
anion polymerizations can help to create a physico-chemical base for crystal growth technology of
high performance electronic and optical devices and components with a variety of industrial, medical,
and entertainment applications. In the meantime, these relationships can help to estimate an affinity of
synthetic borate materials with their natural prototypes and structural analogs.

The structural stability of many silicates, phosphates, and germanates also depends on the
delocalization of formal charges of the AnOm (A = Si,Ge,P) anions as a result of their polymerization.
The regular variations in their structural motifs make it possible to forecast (optimistically, more or less)
new phase systems for the synthesis of advanced materials as well, because currently most of these
single crystals are not available in good size or quality. A further analysis of these inorganic polymer
structures will set out judicious ways towards a better understanding of the growth mechanisms of
multifunctional crystals, and this Special Issue is intended to fill this gap in the field.

Acknowledgments: The Guest Editor thanks all the authors who made this Special Issue possible and the Crystals
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