Co*, Ni*") family has intriguing magnetoelectric properties and the << _
entangled spin excitations. They demonstrate a tight coupling of the
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Multiferroic IR vibrational modes in LIN1PO,

The olivine-type lithium orthophosphates LiMPO, (M=Fe¢’*, Mn**,

phonon, electron and magnetic subsystems.

The

substantial

dynamic calculations.

At low temperatures, the measurements of infrared reflection (IR)
spectra were carried out using BRUKER IFS125 Fourier spectrometer
equiped with a helium bolometer (50-700 cm') and MCT detector
cooled with liquid nitrogen (700-5000 cm™!). The sample was cooled in a
CRYOMECH PT403 closed-cycled helium cryostat with polyethylene

windows.

Reflectivity

interest

in olivine-structured orthophosphate
LiNiPO, is caused by its possible application as the electrode material in
the batteries and as multiferroic element in magnetoelectric devices. The
present work is aimed at examining more closely the lattice excitations
in the LiNiPO, single crystal by the combination of the polarized IR
reflectance spectroscopy in the temperature range of 7-300 K and lattice

Previous IR data |2]
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@=10.032 A, b=3.834 A, ¢=4.677 A at T=300 K,
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Table 1. Optical parameters of phonons of the B, ,, B, (70
K), and B,, (80 K) symmetry: frequencies of transverse
vibrmii:;ns vro. Plasma frequencies wp, and half-widths y (all
iIncm- )
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Fig. 2. Magnon dispersion curves in LiNiPO,
crystal [1].

Fig. 3. Magnetic cell of LiNiP O, and scheme of
exchange interactions. Ni** ions are showed [1].
Parameters of model (in meV):
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T =21.8 K, magnetic group Prum’a (Z=4).

(I'yx = 20.8 K — commensurate (C) antiferromagnetic phase,
By By, By, T, = 21.8 K - incommensurate (IC) antiferro-magnetic
Vio | Wp | Y vio | @p | v || vio | @p | ¥ phase, above 21.8 K - paramagnetic phase).
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Wave number, cm™ IR spectra.
New IR data
0.6 - /,\ ! Table 2. List of the experimentally observed and calculated
" > oy == 50 K frequencies of the B, , B, , and B,, phonon modes.
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i : ff}_." 1“:' :‘ _F_,,"! 1‘ Fig. 5. IR spectra of LiNiPO, single crystal taken in the 381 396 951 341 >80.6 376
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Ele B A Conclusions
(C) ,'“‘ ||C, lu | E lﬁ‘ The analysis of the taken spectra, for the first time, has revealed a number of
: irh A ;' H the phonons indicating the strong coupling between the magnetic and lattice
I ,!': 0 A 5': ! i excitations. The B, mode demonstrates the anomalous behavior during the
: ny Lf ': ! 3 I ! E{ \ transition to the magnetically ordered state (see Fig. 5). The displacement vectors
sl A : : | — l,'ﬂ}l for the indicated mode were determined by performing the calculation using the
! Rt LG GULP package (Fig. 6) [3]. This mode is assigned to the complex normal vibration
including the librations of the PO, tetrahedra, out-of-plane vibrations of the Li
atoms, and the in-plane vibrations of the magnetic Ni atoms along b-axis,
h indicating its coupling to the magnetic subsystem. The temperature behavior of
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Fig. 4. IR-reflectivity experimental 30 K (solid
lines) and modeled (dashed lines) spectra for
different polarizations: (a) E||a, B, - modes, (b)
E||b, B, ,-modes, (¢) E||c, B, -modes.
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Vibrational

eigenvectors
calculated 194 cm! (B, ) phonon mode shown
in the unit cell of LiNiPO,.
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this mode reflects the significant spin-phonon coupling at T, The detected
phonon shift at T can be explained by the striction phenomena.
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