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Currently, inorganic ferroelectrics are widely used as efficient piezoelectrics, pyroelectrics,
memory cells, and electrooptic modulators [1], but they are not biologically compatible and require
encapsulation for contact with biological environment. In this context, piezoelectric or pyroelectric
materials made from the building blocks used by nature may be used. Recent studies revealed that
the softness of hydrogen bonds in some classes of biomolecular polar materials may be the origin
of strong piezoelectric and pyroelectric properties at room temperature [2]. It was recently shown
that the peculiar molecular packing in amino acids may give rise to the strong piezoelectric
response, as exemplified by glycine [3]. Glycine is the simplest amino acid and is polymorphic in
nature being ferroelectric in its polar B-phase [4]. Its strong piezoelectricity and ability to switch
polarization under the action of electric field adds new functionality that can be further used in
biomedical applications.

Figure 1. PFM images of the as-grown domain structure types: (a) striped domains with flat charged
domain walls, (b) quasiperiodic ensembles of submicron width needle domains, (c) large
area domains with irregular shaped domain walls.

The detail experimental study of the neutral and charged domain walls in B-glycine crystals
was performed by PFM in the faceted single crystals with in-plane polar axis grown from aqueous
solution via drop drying on Pt/SiO/Si substrate in air with controlled relative humidity. Three types
of as-grown domain structure were found: (1) striped domains with flat charged domain walls,
(2) quasiperiodic ensembles of submicron width needle domains, (3) large area domains with
irregular shaped domain walls (Fig. 1). The formation of as-grown domain structure with flat
charged domain walls and a smooth change in orientation near the crystal edges can be attributed
to growth layers located perpendicular to the polar axis and representing a periodic change in the
composition or concentration of impurities [5]. The local direction of spontaneous polarization is
determined by the sign of composition or concentration gradient, so the domain walls are localized
at the places where the gradient sign changes. The formation of two other types of the as-grown
domain structure can be attributed to switching the polarization in the striped domains under the
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action of the pyroelectric field Epyr, which appears when the temperature of the crystal changes
[6].

The two types of charged domain walls written by the probe differ in morphology. The tail-
to-tail walls are straight and smooth, while the head-to-head walls are jagged and zigzag-shaped
(Fig. 2). The roughness Ra of tail-to-tail walls was about 15 nm, whereas of head-to-head walls —
about 200 nm. This fact also confirms the assumption that the charged tail-to-tail walls are
conductive, which accelerates the bulk screening of the depolarization fields created by the bound
charges, and low conductivity of the head-to-head walls leads to change in shape to reduce the
density of bound charges.

Figure 2. PFM images of the charged domain walls: (a) tail-to-tail and (b) head-to-head. Domain
walls were written by local applying of (a) positive (100 V) and (b) negative (-100 V)
voltage pulses with duration of 60 s at points located along the straight dotted line with
period 1.5 pm.

PFM response at the charged domain walls is perpendicular to the polar axis thus indicating
its complex structure. The shallow wells of 0.2-1 nm-depth and about 150 nm-width were revealed
along the charged domain walls. The formation of these features was attributed to selective etching
by water layer appeared at the crystal surface at the ambient conditions. In contrast the pits
appeared at the neutral domain walls are due to deformation of the crystal lattice in the vicinity of
the wall.

The research was carried out using equipment of Ural Center for Shared Use "Modern
Nanotechnologies™ Ural Federal University with the financial support by RFBR according to the
research project Ne 18-32-00390.

1. M.E. Lines, A.M. Glass, Principles and Applications of Ferroelectrics and Related Materials, 1% ed.,
(Oxford: Clarendon Press), 559604 (1977).

2. A.L. Kholkin, N. Amdursky, I. Bdikin, E. Gazit, G. Rosenman, ACS Nano 4, 610 (2010).

3. S. Guerin, A. Stapleton, D. Chovan, R. Mouras, M. Gleeson, C. McKeown, M. Noor, C. Silien,
F. Rhen, A. Kholkin, N. Liu, T. Soulimane, S. Tofail, D. Thompson, Nat. Mater. 17, 180 (2018).

4. A. Heredia, V. Meunier, I.K. Bdikin, J. Gracio, N. Balke, S. Jesse, A. Tselev, P. Agarwal,
B.G. Sumpter, S.V. Kalinin, A.L. Kholkin, Adv. Funct. Mater. 22, 2996 (2012).

5. V.Ya. Shur, E.L. Rumyantsev, A.L. Subbotin, Ferroelectrics 140, 305 (1993).

6. V.Ya. Shur, E.L. Rumyantsev, J. . Korean Phys. Soc. 32, 727 (1998).

282



