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Spin-phonon coupling has been investigated in several materials because it is used to probe and design
new multiferroics.! Importance of the spin-phonon coupling was emphasized for example in EuTiO;
where ferroelectricity and ferromagnetism have been induced in epitaxial strained thin films,“? although
the bulk EuTiO;3 is a quantum paraelectric antiferromagnet. Recent first principles calculations predicted a
large spin-phonon coupling in various manganites, chromides and ferrites with perovskite structure,® so
these materials can theoretically become new bulk multiferroics with appropriate doping or as thin films
under strain.

In this work, we focus on polycrystalline Sr;..Ba,MnQO; (x=0, 0.4, 0.43 and 0.45) and Sry,Ba,Mn,Ti,O3
(x=0.5 and 0.6 and y=0.06 and 0.1) perovskites for which we demonstrate phonon anomalies near
ferroelectric and antiferromagnetic phase transitions. Pure SrMnO; crystallizes in cubic perovskite
Pm3m crystal structure and exhibits magnetic phase transition to antiferromagnetic G-type phase near
230 K.* Close to this temperature, the 23% hardening of the lowest-frequency phonon was revealed in the
IR spectra due to spin-phonon coupling.” Although SrMnOj; is paraelectric down to liquid He
temperatures, recent first principles calculations predicted that system can become ferroelectric and even
ferromagnetic under a biaxial strain.® Neither strain-induced ferroelectricity nor ferromagnetism have
been confirmed experimentally in SrMnO; thin films but Sakai et al.” expanded the SrMnO; lattice with
Ba substitution and successfully induced ferroelectricity in Sr;4Ba,MnQO; (x > 0.45) crystals at T¢ ~ 400
K while Néel temperature of Ty ~ 180 K is the same. Important fact is that in this case the large
spontaneous polarization (Ps ~ 13 pC/cm?) is driven by displacement of magnetic Mn** cations, so
exceptionally strong magnetoelectric coupling is expected and should be verified.

Initially we performed low frequency (100 Hz — 1 MHz) and microwave (1 MHz — 1.8 GHz) dielectric
studies on Sr;.4Ba,MnO; ceramics (x=0.4, 0.43 and 0.45). Unfortunately, leakage current strongly
influenced the dielectric measurements and therefore a giant permittivity was observed in these
compounds above 100 K. Conductivity was strongly reduced in THz and completely suppressed in IR
spectra. THz permittivity exhibits a step up on cooling below Ty confirming the strong spin-phonon
coupling in these ceramics. Moreover, IR spectra of SryssBag4sMnO; reveal phonon anomalies near 350
K supporting ferroelectric phase transition observed already in structural studies with X-ray and neutron
diffractions.”®

Hopping conductivity is expected to be strongly reduced by Ti doping. For that reason we investigated
SrixBa,Mny.,Ti,O; (SBMTO) samples. Dielectric spectra in the kHz range still show a giant permittivity
in paramagnetic phase, but decrease by several orders of magnitude was observed in conductivity and
permittivity of SBMTO at Néel temperature near 170 K. Microwave permittivity and conductivity
remains influenced by hopping conductivity, nonetheless permittivity of Sry4BagsMngeqTio0603 exhibits a
peak at ferroelectric phase transition near 400 K. Ferroelectric phase transition is seen as well in phonon
permittivity (see Figure 1) obtained from fits of the THz and IR reflectivity spectra. Moreover, phonon
permittivity exhibits significant increase on cooling below Ty, evidencing the presence of spin-phonon
coupling. Spectra of SrqsBagsMnggTig10s did not reveal a ferroelectric phase transition, however the
manifestation of spin-phonon coupling was still present in phonon permittivity near Ty. No change of



THz permittivity of STMnOz and St 4BagsMno 04 Tip.0603 ceramics was observed in external magnetic field
up to 7 T. It indicates that magnetodielectric effect is quite small for the G-type antiferromagnetic phase
despite of huge spin-phonon coupling present in investigated ceramics.
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Figure.1l Temperature dependence of static permittivity of Sro4BagsMngosTig0s03 Obtained from the fits
of phonon spectra measured in THz and IR range. Dielectric relaxation of central mode (CM) presented
below phonon frequencies comes from lattice anharmonicity as well as from hopping conductivity mostly
at higher temperatures.

[1] C. J. Fennie and K. Rabe, Phys. Rev. Lett., 97, 267602 (2006).
[2] J. H. Lee et al., Nature, 466, 954 (2010).
[3] J. Hong et al., Phys. Rev. B 85, 054417 (2012).

[4] O. Chmaissem et al., Phys Rev. B, 64, 134412 (2001).

[5] S. Kamba et al., Phys. Rev. B, 89, 064308 (2014).

[6] J.-H. Lee and K.M. Rabe, Phys. Rev. Lett. 104, 207204, (2010).
[7] H. Sakai et al., Phys. Rev. Lett. 107, 137601 (2011).

[8] D. K. Pratt et al., Phys. Rev. B, 90, 140401(R) (2014).



