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1. BnnuB moau@ikauii MeTasn-raJoreHHUX KOMILJIEKCIB Ta KaTIOHHOTO 3aMillleHHS Ha IpUpoy (a30BUX MEPEXO/iB B
OpraHiYHO-HeopraHiyHuX Gepoikax

2. Influence of modification of the metal-halogen complexes and cationic substitution on the nature of phase
transitions in the organic-inorganic ferroics

Pedepar:

1. Po6oTa mpucBsiueHa JOCJiIKEHHIO BIUIMBY MoAndiKallii HeOpraHiYHMX aHiOHIB Ta i30MOP(HOro 3amilleHHS
aJIKiTaMOHi€BUX KaTiOHIB Ha CTPYKTYpPY, (pa3oBi nepexou, onTUKo-QisuyHi i MarHiTHi BJaCTUBOCTI KpUCTAIIYHUX
(depoikiB, sIKi MiCTSITh y CBOIll CTPYKTYPi KOMILJIEKCH 10OHIB IEpeXifHUX MeTajliB. Ha OCHOBI peHTT€HOCTPYKTYPHUX
IOCJIiIPKEeHb MiATBEPAXKEHO XiMiuHui ckiaaa MoHokpucTanis [(CH3)3NH]MnC13x2H20 (TrMAMNCI) i yroyneHi
NapameTpy iXHbOi KPUCTAJIYHOI IPpaTKU. BUMipIoBaHHS TEMIIEPATYPHOI Ta M10JIbOBOI 3aJIEXKHOCTI MarHiTHUX
napamerTpis nokasainy, mo TrMAMNCI € 0jHOBUMIPpHUM aHTHU(PEPOMArHETUKOM 3 IPUXOBAHUM HAXMJIOM CIIiHiB

B370BX 0ci b. Ha 0CHOBI focimpkeHHs TEMIIEPATYPHOI 3aJIEXKHOCTI CIOHTAaHHOI NOJIsIpr3allii BCTAHOBJIEHO



icHyBaHHS HEBJIACHOI cerHeToesieKTpu4yHoi ¢pas3u B kpuctasui [N(C2H5)4]2CoCl2Br2 (TEACCB-2) Hik4e
temnepatypu T2=227,7 K. HasiBHiCTb aHOMAJIi}1 MarHiTHOI cIpuiHSATANBOCTI pu T2 migTBepIKye K depoMarHiTHi
B3a€MO/Iii B OKOJII 1iiei TOYKU, TaK i CHOHTAHHUIN MarHiToeaeKTpUudHUil eekT. 3arpornoHOBaHO MOJIEIb EMHICHOTO
JaTYMKa MarHiTHOTO 10JIst Ha ocHOBI KpucTana [N(C2H5)4]2CoClBr3, sikuil Bosojiie MarHiToieIeKTpUYHAM
edexTom. MeTOI0M aTOMHO-CUJIOBOI MiKpOCKoMii IpogeMoHCTpoBaHo, mo kpuctanu [(CH3)2CHNH3]4Cd3Cl10
(IPACC) xapakTepusyroTbcs cerHeroesnacroesekrpuyHolo (CEE) oMeHHOI0 CTpyKTypoto. BusiBsieHo cnienudiyHe
TpasJyieHH4 3pa3ka [IPACC 3 pisHoo BUIKiCcTIO 1114 cycigHix CEE nomMeHiB, 3yMOBJIEHE BOJIOTOI0, KA
KOHJIEHCYEThCS 3 aTMOC(epU Ha IOBEPXHI KpucTasa. BctaHoBieHo, o MmopdoJioris noBepxHi KpuctaniB IPACC, ki
30epiraloThCs IPOTSIrOM TPUBAJIOTO Yacy Ha BiTKPUTOMY IOBITpi, 3a3Ha€ 3HAYHUX 3MiH [IOPIBHSHO 3i
CBI’KOCKOJIOTUMMU 3pa3KaMU. 30KpEMA, Ha IIEPLUIOMY €Talli CIIOCTEPIraeTbCs piCT HAHOKPUCTAJIIB, SKi
[IEPETBOPIOIOTHCS Y MIKPOKPUCTAJIM Ha HACTYIIHUX CTafligIX CTapiHHA 3pa3Ka. [HIINI TUI €JIEMEHTIB, SKi POCTYTb Ha
IIOBEPXHi MOHOKPHCTAJIA — Lie HaHO- a60 MiKpocTepykHi. Ha OCHOBI fOCiI)KEHHS KOJIMBHUX CIIEKTPIiB KpUCTaa
IPACCC 3p0671€HO BUCHOBOK, 110 10r0 CTPYKTypa 0J113bKa 10 CTPYKTYpH BuxigHoro kpucrana IPACC. B o6ox
BUIIAJIKax aHIOHHMN KOMIIJIEKC Ma€ OJJHAKOBY CUMETPIIO i CKJIalaeThCsl 3 TPbOX METaJI-TaJIOTEHHUX OKTAEPiB 3
Pi3HOIO OpieHTali€l0 IXHIX OCeH BilHOCHO rOJIOBHUX KpUcTanorpadiyaux Hanpsmis. Ion Cu2+ y kpucrani IPACCC
CTaTUCTUYHO 3aMilnye ion Cd2+. AHasi3 4acTOT Ta iIHTEHCUBHOCT] KOJIMBHUX MOJ, IIPU Pi3HUX TeMIlepaTypax
nigTBepAUB HasiBHICTh ¢azoBux repexofis B IPACCC mpu T1 = 358 K, T2 = 293 Ki T3 = 253 K. [IpoBenenuii anaia
MOJIEKYJISIPHUX CIIEKTPIB AK BUXigHUX KpuctaiiB IPACC, Tak i Kpucraslis, JIETOBaHUX Mif10, J03BOJIUB OJHO3HAYHO
inenTUdiKyBaTH peasnbHi GOHOHU, IEPEBAKHO 3a/ly4yeHi y GOpMyBaHHS Kpalo NoryirHaHHA. [IpoBeieHi criekTpasbHi
IOCJIiIKeHHS 3aCBilUMIN iCTOTHUM BILIMB €J1eKTPOH-(POHOHHOI B3aeMO[Iii Ha MTOJIOKEHHS Ta GOpPMY Kpalo
noranuHaHHg B Kpucrtanax (NH4)2CuCl4x2H20 Ta nifTBepuiy iCHyBaHHS CETHETOEIaCTOEIEKTPUYHOTO (a3oBOro
nepexoay npu temmneparypi Tc = 200,5 K. B pe3dynbrati, 17151 ¢dasu, ska nexuTs Bulle Bif Tc, i TeMnepaTypHOi
ob6sacTi Hwk4e 100 K, HuU3bKOEHePreTUYHUMN «XBiCT» KpaloBOI CMyTHY OIMCYETHCS eMIIIpUYHMM MTpaBUioM Ypbaxa.
Ha ocHoBi mocnifmkeHHs] abCOpOLiHNX CIIEKTPIiB 3 BUKOPUCTAHHIM TeOpii KPUCTaTiYHOTO T10J1s1 TpoaHasi3oBaHi
TeMIIepaTypHi 3MiHu ¢popMu i cuMeTpii okTaeapa, cOpMOBAHOro HaBKOJIO ioHa Cu2+ B KpUCTaiax
(NH4)2CuCl4x2H20. IToka3aHo, 1[0 CETHETOEIaCTOeIeKTPUYHNMI (Pa30oBuUil Nepexis CyIIpOBOKY€ETHCSI aHOMAJIBHOIO
3MiHOIO CTyIIeHs TeTParoHaJbHOro i pOM6IYHOrO CIIOTBOPEHHS OKTaenpiB. TeopeTruyHi po3paxyHku ab initio B
paMKax Teopii pyHKuioHany rycTuHu Mmetogom GGA+U 3abe3neyuniy afeKBaTHy ifeHTudikaliiio CMyr NorJIMHaHHS
Ta BiANOBIJHUX €JIEKTPOHHUX NepexoiB. [IpoBeleHO NOCiIKEHHS [IPOSIBY PO3MiPHUX €(EKTIB Y CIIEKTPAJIbHUX
BJIACTMBOCTSIX HaHO- Ta MikpokpucTasuiB [NH2(C2H5)2]2CuCl4 (DEACC), BpoBap)KeHUX Y [10JIiMepHi MaTpUL.
BcTaHOB/IEHO, 1110 KOMIIO3UT 3 CEPEIHIMU PO3MipamMy HaHOKpUCTaJIiB 160 HM 3a3Ha€ HEIIEPEPBHOTO
tepmoxpoMHoro OII. [IpogeMOHCTPOBAHO, 0 MiKPOKOMIIO3UTH Ha 0CcHOBI KpucTaniB DEACC MaloTh TEPMOXPOMHI
BJIACTMBOCTI, Ay>Ke MOJi6Hi 10 BIaCTUBOCTEN MOHOKPHCTAJA. BOHM 3a3HAIOTH Jel10 PO3MUTOTO TePMOXpPOMHOro PI1
nepioro pony B okoJi 316 K (nmpu HarpiBaHHi) y BUIanKy jlaTeKCHOi MaTpuLii. MikpOKOMIIO3UTH 3 0J1iCTUPOJIBHOIO
MaTpULEI0 JEMOHCTPYIOTh AyXe piskuil repmoxpomuuil OI1 npu 3HauHo BUILi Temneparypi o 337 K.

3anponoHOBaHO CIOCi6 OTPUMaHHS TEPMOXPOMHOIO MiKpOKOMIIO3UTA Ha OCHOBI KpucTaniB DEACC.

2. The work is devoted to study of the influence of inorganic anions’ modification and isomorphic substitution of
alkylammonium cations on the structure, phase transitions, optical-physical and magnetic properties of the
crystalline ferroics, containing complexes of the transition metal ions in their structure. X-ray diffraction study
confirmed the chemical composition and symmetry of the investigated [(CH3)3NH]MnC13x2H20 (TrMAMnNCI)
single crystals and refined their lattice parameters. Measurements of the temperature and field dependences of
the magnetic parameters have shown that TrMAMNCI behaves as a canted one-dimensional antiferromagnetic
with a hidden canting of the spin along the b axis. Investigations of the temperature dependence of spontaneous
polarization confirmed existence of the improper ferroelectric phase in [N(C2H5)4]2CoCI2Br2 (TEACCB-2) crystal
below T2=227,7 K. Presence of the anomaly of magnetic susceptibility at T2 confirms both ferromagnetic
interactions around this point and the spontaneous magnetoelectric effect. A model of a capacitive magnetic field
sensor based on [N(C2H5)4]2CoCIBr3 crystal, which possesses a magnetodielectric effect, was proposed. Using the
AFM methods it was confirmed that [(CH3)2CHNH3]4Cd3Cl10 (IPACC) crystals are characterized by the



ferroelastoelectric domain structure. The observed specific etching of a sample with a different rate for the
neighboring domains is caused by water condensed from atmosphere on the crystal surface. It has been found that
the surface morphology of IPACC crystals kept for a long time in the open air undergoes the considerable changes
in comparison with the freshly cleaved samples. Particularly, the samples are characterized by growth of the
nanocrystals on the first stage and larger microcrystals on the next stages of the sample aging. Another type of the
elements observed on the surface would be considered as nano- or microrods. On the basis of the investigation of
vibrational spectra of IPACCC crystal, it has been found that it's structure is very similar to the structure of initial
IPACC crystal. In all cases the anionic complex possesses the same symmetry and consists of the three distorted
metal-halogen octahedra with different orientation of their axes in respect to the main crystallographic directions.
Cu2+ion in IPACCC crystal statistically replaces Cd2+ ion. The analysis of frequencies and intensities of the
vibration modes at different temperatures confirmed the phase transitions in IPACCC at T1=358, T2=293 K and
T3=253 K. Performed analysis of the vibrational spectra of the initial IPACC and doped with copper crystal allowed
identification of the real phonons most of all involved into formation of the absorption edge. Performed spectral
investigations confirmed a strong influence of the electron-phonon interaction on the position and shape of the
absorption edge in (NH4)2CuCl4x2H20 crystals and existence of the ferroelastoelectric phase transition at
temperature Tc=200,5 K. As a result, for the phase lying above Tc and the temperature region below 100 K the low
energy tail of the edge band follows the empirical Urbach’s rule. On the basis of study of (NH4)2CuCl4x2H20
crystals’ absorption spectra the temperature changes of the shape and symmetry of the octahedron formed
around Cu2+ ion were analyzed using the crystal field theory. It was shown that the ferroelastoelectric phase
transition is accompanied by an anomalous change of the level of tetragonal and rhombic distortion of the
octahedra. Ab initio theoretical calculations within the density functional theory using GGA+U method provided
adequate identification of the absorption bands and corresponding electronic transitions. The detailed study of the
size effects’ manifestation in the spectral properties of the nano- and microcrystals of [NH2(C2H5)2]2CuCl4
(DEACC) embedded into the polymer matrices were performed. It has been found that the composite with the
average nanocrystals’ sizes of 160 nm undergoes a continuous thermochromic PT. It was shown that the
microcomposites on the basis of DEACC crystals possess the thermochromic properties very similar to those in a
bulk crystal. They undergo clear but a little diffused thermochromic PT of the first order in vicinity of 316 K (at
heating) in the case of a latex matrix. The microcrystals with a polystyrene matrix show a very sharp
thermochromic PT at 337 K. A method of producing of the thermochromic microcomposite based on DEACC
crystals was proposed.
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