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1. BriiuB i30MOp(QHOTO 3aMillleHHs i0Ha MeTajly Ha [ieJIeKTPUUHY AMCIIepCilo, MarHiToeJeKTPUYHI B3aeMoii i
OINTUKO-CHEKTPasbHi BractuBocTi kpuctanisB NH2(CH3)2Me(SO04)2x6H20 (Me=Al, Ga, Cr)

2. Influence of isomorphous substitution of metal ion on the dielectric dispersion, magnetoelectric interactions
and optical-spectral properties of NH2(CH3)2Me(SO4)2x6H20 (Me = Al, Ga, Cr) crystals

Pedepar:

1. PoboTta npucssueHa LinecrnpsMoBaHiil Mogu@ikanii cTpykTypH, eneKTpogi3nyHUK, MarHITHUX i ONITUKO-
CHeKTpaslbHUX BiaacTuBocTeil kpucTaniB NH2(CH3)2Me(S04)2x6H20 (DMAMeS, ne Me=Al, Ga) mnsxom
isomopdHOro 3amimieHHs i0HiB Me XpOMOM 3 METOI0 OTPUMAaHHS €(DEKTUBHUX CErHETOENeKTPUYHUX i
MAarHiTOeJIeKTPUYHUX MaTepialiB [J1s (PyHKLIOHAIbHOI €JIEKTPOHIKY i KOMITIOTEPHOI TexHikKu. OTpUMaHO KpUCTalIU
DMAAII-xCrxS 3i 3HaUHOIO MarHiTOEJIEKTPUYHOIO B3aEMOZI€I0 Ta IPOJEMOHCTPOBAHO MOXKJIMBICTh MOAU(iKallii
BEJINYMHY Ta 3MiHM 3HaKy KoedilieHTa Takoi B3aemoii nisixom Bapiauii konueHTpanii Cr3+. [TokazaHo, mo
isomop@He 3amileHHs i0HIB aIIOMiHiI0 ioHaMu XpOMY ITOMITHO BIJIMBAa€ HAa TEMIIEPATYypy IEPEXOLY B
CErHeTOeJIEKTPUYHY a3y, BeIMUMHY CIIOHTAHHOI [10J1sIpy3allii i xapakTep JieseKTpUYHOi Aucnepcii, CIpUYMHEHO1
PYXOM JJOMEHHUX CTiHOK B KpucTanax DMAAIL-xCrxS. BussieHnuniil epekT 3yMOBJIEHUI TUM, 1[0 iOHU XPOMY

reHepYITh BUHMKHEHHS JIOKQJIbHUX JledopMaliill 'paTKHy, sIKi yepes I'e30e/1IeKTPUYHUN edeKT BIJINBAIOTH SIK Ha



BEJINYMHY CIIOHTAHHO]I MOJISIpU3allii i TeMIIepaTypy CETHETOEIEKTPUYHOr0 (ha30BOro Nepexoy, TaK i Ha napaMmeTpu
IienekTpruyHoi gucnepcii. BogHouac, isoMmopdHe 3aMileHHs ioHa MeTasly [IPaKTUYHO He 3MiHIOE BiAMoBifHi
napametpu a5t DMAGal-xCrxS. Lle nosicHoeTbCs 61kuuMy po3Mipamu ioniB Cr3+ i Ga3+ Ha BigMiHy Bif, BULIQOKY
napu Cr3+ i Al3+. Ha 0CHOBi OITUKO-CIEKTPaJIbHUX AOCIIIPKEHb BCTAaHOBJIEHO, 10 KoMIlekeu [Cr(H20)6]3+ B ycix
IOCJIiIPKYBaHUX KPUCTA/IaX MAlOTh IIOMIiTHO CIIOTBOPEHY OKTaelpuiHy Gopmy. BinnosingHo 10 mpoBeneHoro
CHMETPINHOrO aHali3y, yCi MeTalI-TiIpaTHi KOMILJIEKCHU B JOCJIII)KEHUX TBEPAUX PO3YMHAX TA Y BUXIIHUX KPUCTaIaX
MaloTb LIEHTp iHBepCii py KiMHATHIN TeMmniepartypi. Ha 0OCHOBI aHasi3y TeMIlepaTypHOi €BOJIOLi CIIEKTPIB
NOTJIMHAHHS, 3 BpaXyBaHHAM JaHuX criekTpockonii KPC, 3po6sieHunil BUCHOBOK IIPO Te, 0 (a3oBuil nepexin y
cerHeToesieKTpu4yHy a3y CyIpoBOIKYEThCS 3HaUHOIO Aedopmauieio komiekcy [Cr(H20)6]3+ ta HaBiTh

BiIXUJIEHHSM MOTO CUMETPIi Bifl LEHTPOCUMETPUYHOI.

2. The work is devoted to the purposeful modification of the structure, electrophysical, magnetic and optical-
spectral properties of NH2(CH3)2Me(S04)2x6H20 (DMAMeS) crystals (where Me = Al, Ga) by isomorphous
substitution of Me ions with chromium in order to obtain the effective ferroelectric and magnetoelectric materials
for the functional electronics and computer technique. The single crystals of NH2(CH3)2A10,8Cr0,2(S04)2x6H20
solid solutions were found to grow mainly in a polydomain state. It was shown that the value of chromium
concentration in the two groups of ferroelastic domains with different signs of mechanical stress differs
significantly - 17.6% and 20% respectively. Such are feature is caused by difference in the thermodynamic
conditions of crystal growth due to the different signs of a mechanical stress in two groups of domains
accompanied by different degrees of the metal ion substitution. The investigations of the nanoscale and
microcrystalline structures formation on the surface of DMAAI0,8Cr0,2S single crystals kept under the conditions
of high environment humidity were performed and the corresponding model was proposed. It was shown that the
partial isomorphous substitution of the metal ion is followed by the nontrivial change of the ferroelectric phase
transition temperature in DMAAII-xCrxS crystals. The largest shift of this temperature was observed for the
samples with a lower chromium concentration (x = 0.065). The detected effect is caused by the fact that chromium
ions generate the local lattice deformations that through the piezoelectric effect affect both the spontaneous
polarization and phase transition temperature as well as the size and the dynamics of the dipole clusters
responsible for the dielectric dispersion. At the same time, no noticeable changes were found in the dielectric
properties and the ferroelectric phase transition temperature Tc for DMAGal-xCrxS crystals. This is explained by
the closer sizes of the Cr3+ and Ga3+ ions, contrary to the case of the Cr3+ and Al3+ pair. DMAAI1-xCrxS crystals
with a significant magnetoelectric interaction were created and there was demonstrated the possibility to modify
the magnitude and to change the sign of the coefficient of such an interaction by variation of the Cr3+
concentration. The obtained results suggest that the magnetoelectric effect may exist in the paramagnetic
compounds without the noticeable magnetic anomalies near the ferroelectric phase transition. The model
explaining the nontrivial dependence of the parameters of the dielectric dispersion caused by the domain walls
dynamics on the chromium concentration was proposed. Chromium ions may be considered as the sources of
local lattice deformations, that lead to formation of the massive dipole clusters in vicinity of the ferroelectric phase
transition at lower concentrations of chromium. Increasing of its concentration is followed by fragmentation of
the clusters and corresponding decrease of the dispersion of the relaxation times distribution and Vogel-Fulcher
temperature, that correlates with the Curie temperature decrease. At the same time, the aforementioned local
deformations hinder reorientation of the DMA dipoles responsible for the domain walls motion. This leads to
increasing of the relaxation time and activation energy with increasing of Cr3+ ions concentration. It is shown that
DMAAIO0,8Cr0,2S crystals possess a significant proton conductivity. It was concluded that similarly to initial
DMAAIS crystals, the conductivity is realized through the Grotthus mechanism. A detailed analysis of absorption
spectra of DMAMel-xSrxS crystals (Me = Al, Ga) allowed to refine the energy diagram of Cr3+ ions in the
octahedral coordination and to calculate the parameters of the crystal field and the Racah parameters. It has been
shown that [Cr(H20)6]3+ complexes in all investigated crystals possess a considerably distorted octahedral shape.
The determined parameters describing the crystalline field, as well as electron-electronic repulsion, were found to
be very close for all considered compounds. This allowed to conclude that [Cr(H20)6]3+ octahedra in considered



DMAMel-xCrxS crystals are very similar by sizes (metal-distance distances) and even by a character of distortion.
This conclusion is confirmed by investigations of Raman spectra. According to the performed analysis of
symmetry, all metal-hydrate complexes in the investigated solid solutions and in the initial crystals possess an
inversion center at room temperature. On the basis of analysis of the absorption spectra temperature evolution
and the Raman spectroscopy data it was concluded that the ferroelectric phase transition is associated with a
significant distortion of the [Cr(H20)6]3+ complex and even with removing of the inversion centre.
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