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PoGora mnpucBsueHa IOCHIKEHHIO BIUIMBY MOJU(DIKAIi HEOpPTraHIYHUX
aHIOHIB Ta 130MOP(HOr0 3aMIlIEHHS AJIKIJIAMOHIEBUX KAaTIOHIB Ha CTPYKTYDY,
(a3oBi nepexou, ONTUKO-(I3UYHI 1 MarHiTHI BJIACTUBOCTI KPUCTATIUYHUX (EPOIKIB,
K1 MICTSITh Y CBOIM CTPYKTYp1 KOMIUIEKCH 10H1B TIEPEXITHUX METAIIB.

Ha OCHOBI pEHTreHOCTPYKTYPHHX JOCIIDKEHb MiATBEPHKEHO XIMIYHHMA
ckimang MoHokpuctaniB  [(CHz)sNH]JMNnC13x2H,O (TrMAMNCI) i yrouHeHi
napaMeTpyu IiXHbOI KpPUCTaJII4HOI TpaTkh. BuMIproBaHHsS TeMIepaTrypHoi Ta
MOJIbOBOT 3aJIKHOCTI MAarHiTHUX mapameTpiB mnokazand, mo TrMAMnCl e
OJTHOBUMIPHUM aHTHU(PEPOMArHETUKOM 3 TMPUXOBAHMM HAXWJIOM CIIiHIB B3/I0BXK
oci b. Crpykrypa TrMAMNCI GopMyeThCs CYKYIHICTIO OJHOBHUMIPHHUX JTIHIHHUX
JIAHITIOTIB KOMIUIEKCIB XJIOPHIY MAaprafifo 31 ciaabkuM aHTH(epOMarHiTHUM
3B’SI3KOM B3JIOBXK JIAHITIOTa, a TaKOXX MK JaHIioramu. [llupokuit MakcumyMm Ha
TeMIepaTypHiil 3anexHocti HamarnideHocTi kpuctana TIMAMNCI npu T = 25K
NOSICHEHUH MPOSIBOM €KCTEHCUBHUX B3a€MOJI1N OJIMKHBOTO MOPSIZIKY.

Ha ocHOBI [OCHIIPKEHHS  TEMIEpaTypHOi  3aJIeKHOCTI  CIIOHTAHHOI
NoJIApU3allli BCTAHOBJIEHO 1CHYBAHHS HEBJIACHOT CETHETOENIEKTpUYHOI (a3u B
kpuctam [N(C,Hs)4].CoCl,Br, (TEACCB-2) Hmwkue temneparypu 1. AHOMAaII,
[0 BIANOBIIAIOTH I1OMY (Da30BOMY TME€pPEXO]ly, TaKOX CIOCTEepirajucs B
TEMIIEpaTypHUX  3aJCKHOCTAX OOEpHEHOI MAarHiTHOI CHOPUNHSATIMBOCTI  —
BiamoBigHo mpu 227,7 K Ta 226,4 K 3anexHO BiJ Opi€HTallli MarHiTHOTO TOJIS.

HasBHicTh aHOMaTiii MarHiTHOI CHPUUHATIUBOCTI Tpu 7T, TMIATBEPIKYE SK



dbepomardiTHi B3aeMOJIIi y JyKe BY3bKOMY Jiala3oHi TeMIepaTryp B OKOJI Il€l
TOYKH, TaK 1 CIIOHTAaHHUI MarHITOENEKTPUYHUN e(eKT, 10 BUHUKAE y ¢asi, sSKa
OJTHOYACHO € HEBJACHOIO CETHETOENEKTPUYHOIO Ta mapaMarHiTHowo. Lle cBimuuTh
PO Te, IO CETHETOCJICKTPUYHE BIOPSAIKYBAHHS TICHO TOB'SI3aHE 3 MAarHITHOIO
B3aeMoIiero Mix ioamu Co™,

BusnaueHi edeKkTHBHI 3HAYEHHS MAarHiTHUX MOMEHTIB IS KPHUCTaJiB
TEACCB-2 € BumunMu, HiXK 3HaUE€HHS pO3PaxOBaHi TUIBKH 3 BpaxXyBaHHSM CITIHIB,
0 € pe3yJbTaTOM CIIH-OpOITaTbHOI B3a€MO/IIi. 3HAUCHHS Ueff, PO3PAXOBAHI IJIS
iona Co (II), 3 BUKOpuCTaHHAM 3Ha4YeHb L, S Ta J OCHOBHOrO TepMma BiJILHOTO 10HA
(4F9/2) BKa3ylOTh Ha T€, L0 BIAMOBIAHUI KOMIUIEKC € 130JbOBAaHUM 1 BOJIOIIE
TEeTpaeIpu4yHol0  (PopMOIO, 10  Y3TOMKYEThCS 3  JaHUMH  TOIMEPEIHIX
cnekTpockomyHux gociaikeHb. Kommiekcn Co (1)  xapakTepus3yroThes
aaTudepomaraiTHoro B3aemoiero (6 < 0 K) HaBKoJ0 1IeHTpaIbHOTO 10HA.

3anponoHOBaHO MOJIEJIb €MHICHOTO JAaT4yWKa MarHiTHOTO IOJISi Ha OCHOBI
kpuctaia [N(C,Hs),],CoCIBr3, sikuii BoJIoIi€ MarHiTOMiCACKTPUIHUM e(hEeKTOM.

MeTo/10M aTOMHO-CHJIOBOI MIKPOCKOIIT MPOJEMOHCTPOBAHO, 110 KPUCTAIH
[(CH53),CHNH3]4Cd3Clyg IPACC) xapakTepu3yloThCsi CErHETOCIaCTOCICKTPHYHOIO
(CEE) nomeHHOIO0 CTPYKTYpOIO, MOJIIOHOI0 A0 BIAMOBIIHOI Y TOMY K KpHUCTall,
neropanomy wmimaio (IPACCC). Bognouac, BUsBIEHA 1CTOTHA BIJMIHHICTD MIXK
nsoma kpuctaiamu. B [IPACCC Ha perynsipHy KapTHHY MapajlelbHUX CMYT 13
CEpEeIHBOI0 TOBIIMHOIO MOPSAKY 4 MKM Hakjaaajiacs CUCTEMa JOMEHIB Y BUTJISIIL
TOHIIUX CMYT (Topsinky 1 Mkm). CTIHKM IIMX MEHIIUX JOMEHIB PO3BEPHYTI, IO
BiHOLIEHHIO JIO0 CTIHOK OiJBIIMX JOMEHIiB, Ha KyT, Aemo MeHmmii 3a 100°. Ha
OCHOBI MPOBEACHUX JOCIIKEHb pi3HHUX 3pa3kiB kpuctaiiB IPACC moxHa 3po0uTn
BHCHOBOK, IO iM MPUTaAaMaHHUM TUIBKU OJUH TUN JIOMeHIB. lle cBimuuTh mpo Te,
110 JIETYBaHHS MIiJIF0 TMPHUBOAMUTH 10 1cTOTHOI 3MiHM mapameTpiB CEE nomenHoi
cTpykTypu. BusiBneno crienudiune tpasnenns 3paska IPACC 3 pi3HOIO MIBHIKICTIO
st cycigHix CEE nomeniB, 3yMOBJIEHE BOJIOTO10, SIKa KOHJIEHCYEThCS 3 aTMoc(epu

Ha moBepxHi kpucrtana. IlIBuaKicTE I1LOTO TIpoOIECY 3aJEKUTHh BiJl 3HAKY
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BIJIMOBITHOTO M'€30€JIEKTPUIHOTO KoedilieHTa abo 3HaKy MoJisipu3aliii, BAKJIMKAHO1
MEXaHIYHUM HaIPYKEHHSIM 3CYBY, III0 BUHUKAE B MPOIIECI CKOIIOBAHHS KpUCTAIA.

Bcranosneno, mo mopdororis  moBepxHi  kpuctanmiB [PACC, ski
30epiraroThCs MPOTATOM TPUBAIOTO Yacy (BiJl OMHOTO A0 JABAHAIISATH MICSIIIB) Ha
BIIKPUTOMY TIOBITPi, 3a3Ha€ 3HAYHUX 3MIH TMOPIBHSIHO 31 CBIXOCKOJOTUMHU
3pazkamMu. 30KpeMa, Ha MEePIIOMY €Talll CHOCTEPIraeThCs PICT HAHOKPHUCTAIIB, K1
NIEPETBOPIOIOTHCS Y MIKPOKPUCTAIN HAa HACTYIMHHUX CTalifAX CTapiHHS 3pa3ka. Taka
MOBE/IIHKA TOB'sA3aHa 3 neBHOIO rirpockomnivHicTio IPACC. Ilpu nocTaTHhO BUCOKIH
BOJIOTOCTI HaBKOJIMLIHBOIO CEPENIOBUINA BOJA, KA KOHJIEHCYEThCS Ha IOBEPXHI
00’€MHOTO 3pa3Ka, BUKJIMKAE MOYEPTOBI MPOIECH PO3UYMHEHHS MOHOKpHCTala Ta
pOCTYy Ha HOTO MOBEPXHI HaHO- 200 MIKPOKPHUCTANTIB, SIKI MalOTh TabITyC, CXOXKHIA
Ha ra0iTyCc BHUXIJIHOTO MOHOKpHCTaja. [HIIMIA TUN eleMEeHTIB, fKI POCTYyTh Ha
MOBEPXHI MOHOKpHCTaja — 1€ HaHO- ab0 MIKpOCTEpXkHI. 3a SKICHUMH JaHUMU
€HEpProAMCIIEPCIHOrO aHalli3y BOHM MICTATh KHCEHb, 10 MOK€ OYTH IHOB'SI3aHO 3
YTBOPEHHSIM KPUCTAJIOTApaTy.

Ha ocHoBi gocnimkenHs koiauBHuX crektpiB kpuctaina [IPACCC 3pobiieHo
BHCHOBOK, IO HOr0 CTPyKTypa OnM3bKa 0 CTPYKTYpHM BHXIAHOTO KpHCTala
IPACC. B o000x BuNajkax aHIOHHUM KOMIUIEKC Ma€ OJIHAKOBY CHUMETPIIO 1
CKJIQIAE€THCA 3 TPHhOX METAI-TAJIOTCHHUX OKTaeApiB 3 PI3HOI0 OPIEHTAIIEI0 IXHIX
ocell BiIHOCHO TONOBHHX Kpucrtazorpadiunnx mampsmis. Iom Cu®* y xpucrami
IPACCC craructiuno samimrye ion Cd®*. ¥V crektpi MOrIMHAHHS KpHCTama
IPACCC BHSBICHO IIHPOKY aCHMETPHYHY CMYTY 3 MAKCHMyMOM IpH 3464 cm™,
gKa He crocrepirajacs |y BUXIAHOMY Kpuctaini. Bona moB'sizana 3
BHYTDIIIHbOIOHHHME mepexogamu B ioHi Cu’’. TemmepaTypHa eBOIOLis ii
IHTEHCHUBHOCT1 Ta TOJOXKEHHS BIIOOpa)kae 3MiHY CTYIIEHSI CIIOTBOPEHHS MeETall-
TaJIOTEHHUX TOJIePIB Ta KOPEIIOE 3 BUCHOBKAMH, 3pOOJICHUMH PaHillle Ha OCHOBI
aHaJTi3y CIEKTPIB KPUCTATIYHOTO TOJIA. AHAJI3 YaCTOT Ta IHTEHCUBHOCTI KOJIMBHUX
MOJ TpHU PI3HUX TeMIeparypax HIATBEPAUB HAsABHICTh (PAa30BUX NEPEXOJIB B
IPACCC npu T, = 358 K, T, = 293 K i1 T3 = 253 K. BucokoremneparypHuii

¢azopuii nepexin (OI1) Tumy 3mitteHHs npu 73 4iTko nposBisieTbes B [U cnekrpax
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MOTJIMHAHHS BUHUKHEHHSAM JIOJATKOBUX MO/, fKI BiJNOBIJAIOTh BHYTPIIIHIM
KOJIMBaHHSIM KaTiOHIB Ta iXHIM o0epToHaM. HuspkoTemmnepatypHi (pa3oBi nepexoan
CYNPOBOJIKYIOTBCS CYTTEBOIO 3MIHOIO MMapaMeTpiB KOJMBHUX MOJ OPraHIuHUX
KOMIUIEKCIB, IO BIJOOpaXkae iXHE BIOPSIKYBaHHS.

[IpoBenenuii aHami3 MOJEKYJISPHUX CIEKTPIB SIK BUXIJIHUX KPHUCTAJIB
IPACC, Tak 1 KpucrtamiB, JeroBaHux Miaao. lle [03BoJMMIO OJHO3HAYHO
ineHTHdiKyBaTH peasbHi (POHOHHW, TEPEBAKHO 3adydeHi y (OpMyBaHHS Kparo
NoTJIMHAaHHA. BeTaHOBIEHO, 110 €peKTUBHI 3HAUCHHS eHEepriid (JOHOHIB, SKI OEPyTh
ydyacTb B elekTpoH-¢oHOoHHIN B3aemonii (E®B), nyxkxe Omm3pki 10 eHeprii
BHYTPIIIHIX KOJIMBaHb METAJ-TaJOTEHHUX OKTaeApPiB Ta CKEJIETHUX KOJUBaHb
karioHa [PA.

[IpoBeneHi coekTpaidbHl JOCHIIPKEHHS 3acCBIAYMIM  ICTOTHUM  BILIUB
€JIEKTPOH-(POHOHHOT B3a€MO/IIi HA TOJIOKEHHS Ta (OpMY Kparo MOTJMHAHHS B
KpHUcTanax (NH,4).CuCl4;x2H,0 Ta H1TBEPIAIH ICHYBaHHS
CErHETOENIACTOCNEKTPUYHOr0 (pa3oBOro nepexoay npu temmeparypi T, = 200,5 K.
B pesynbrati 1s gaszu, m1o JeKUTh BUIIE BiJ T, 1 TEMIEpATypHOI 001acTi HUXKYE
100 K, HM3BKOCGHEPTreTUYHUN «XBICT» KpalOBOi CMYTH OMHCYETHCS EMIIPUYHUM
npaBuwioM Ypbaxa. B Touni T, BUsIBIEH1 aHOMAIIi Ha TEMIIEPATYPHUX 3aJIEKHOCTSIX
napameTpiB mnpaBmiaa Ypbaxa, 3okpemMa o i E, xapaktepni mus ®IT I pomy.
3Ha4YeHHS 0y BUSBHIIUCH ICTOTHO BUIIIMMU MOPIBHSHO 3 BIAMOBIIHUMH JJISI BUTIAJIKY
KpaioBOi CMyTH JIOKAJII30BaHMX EKCUTOHIB, SIKA CIIOCTEpiraigacs y CIOpIAHEHHX
dbepoikax poaunu A,BX, 3 ankiaMoHi€BUM KaTioHOM. lle CBIAYUTH MPO MEHIITY
cuny E®B y kpucranax (NH,),CuClyx2H,0, 1m0 xapakTepHo i KpaHOBHX CMYT
TUIy TIEpEHECeHHs 3apsiay. BcTaHoBieHO, MO po3paxoBaHa edEKTUBHA CHEPTis
(xBUIILOBE YMCIIO) (DOHOHIB, SIKI O€pyTh y4acTh y (hOpMYBaHHI Kparo MOTJIMHAHHSA Y
CEE ¢as3i, signosigae aedopmariitnum xomuBanasM O(CI(I1)-Cu-OH,) merai-
rajloreH-rifpatHoro Kkomruekcy (242 cm™), 1m0 crocTepiramucs y CHEKTpax
KOMOiHamiHoOro posciroBanHs cBiTia kpuctamB  (NHy),CuCl,x2H,O. VY

BHUCOKOTEeMIEpaTypHid (a3l Jekiibka (OHOHIB, TMOB’SI3aHUX 3 KOJHMBAHHSIMU
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KpUCTaJIi3aIliiHol BOAM, OepyTh ydacTh y (opMyBaHHI HHU3BKOECHEPTETHYHOI
YaCTUHU Kparo CMYTH MIEPEHECEHHS 3apsy.

Ha ocHoBi nochimkeHHss aOCOpOIIMHUX CIIEKTPIB 3 BUKOPUCTAHHAM Teopli
KPUCTAJIYHOTO TOJISi TMPOAHANI30BaHI TEeMIEpaTypHi 3MIHH (GOpMH 1 CUMETpii
okTaeapa, chopmoBaHoro HaBkomo iona Cu®* B kpucramax (NH),CuCl,x2H,0.
[TokazaHo, 110 CErHETOENIACTOCNIEKTPUYHUI (Pa30BUN TEpexi] CYNpPOBOKYEThCA
AHOMAJBHOIO 3MIHOIO CTYNEHA TETPAaroHaJbHOTO 1 POMOIYHOTO CHOTBOPEHHS
okTaeapiB. TeopeTuuHi po3paxyHKu ab initio B paMkax Teopii (yHKIIIOHATY
ryctunu MetonoM GGA+U (U = 7,5 eB) 3a0e3neuninn ajgekBaTHy 1eHTU(IKAIIIIO
CMYI MOIVIMHAHHA Ta BIANOBIIHUX €JEKTPOHHUX mepexoxiB. Ilokazano, 110
IHTEHCUBHI CMYTU TIOTJIMHAHHS, Kpail IKMX CrocTepiraBcs B OJMKHIA YO MiIsHIN
CIEKTpa, JUIsl CBITJA, MOJIIPU30BAHOTO B3/OBXK OCI Z, BITHOCUTHCSA JO MEPEXOIB
nepeHeceHns 3apsay 3 d-opbitaneit Cu”* Ha S-p-ri6puamsosani opbitani ClI' ta O
y HWKHIA YacTUHI 30HM TPOBIIHOCTI, a JJs CBITJIA, TMOJISPU30BAHOTO
NEePHEHIUKYISPHO J0 OC1 Z — 10 MEPEXOAiB MepeHeCceHHs 3apsaay 3 P opoOitaneit Cl
Ha d opOirai Cu2+, ToAl SIK PyHIaMEHTAIBHUIN Kpai MOTJIMHAHHS JISKUTH BUIIE Bij
50000 cm™.

[IpoBeneHo neransbHE JIOCHI[DKEHHS TPOSBY PO3MIPHUX €(EKTIiB Yy
CIIEKTPAJIbHUX BJIACTUBOCTAX HaHO- Ta Mikpokpuctamis [NHy(C,Hs),].CuCl,
(DEACC), BIpoBa/pKEHHUX Y TMOJIIMEPHI MaTpwili. BCTaHOBIIEHO, M0 KOMIIO3UT 3
CepemHIMU  po3MipaMHd  HaHOKpHCTamiB 160 HM  3a3Hae  HEMEPEPBHOTO
tepmoxpomHoro II, skui, Hacammepen, BIUIMBA€E Ha IApaMETPU CMYTH
MIEpEHECEHHS 3apsiay, aje He BIUIMBAE CYTTEBO HA KOOPMHAILIIIO 10HIB Cu?

[IpomeMoHCTpOBaHO, MO MIKpPOKOMIO3UTH Ha OCHOBI kpuctainiB DEACC
MaroTh TEPMOXPOMHI BJIIACTUBOCTI, AYX€e MOJ10H1 JO BIACTUBOCTEN MOHOKpHUCTAJIA.
Bonu 3a3HaroTh nemo po3muToro tepMmoxpomuHoro ®II mepmioro poay B okoJi
316 K (mpu HarpiBaHHi) y BUMAJKy JaTEKCHOT MaTpuili. MIiKpOKOMIO3UTH 3
MOJIICTUPOJILHOKO MATPHUIIEIO IEMOHCTPYIOTh AyXke pi3kuil TepMoxpomuuii ®II npu
3HayHO BUIIKM Temmepatypi — 337 K. BusBieHO NMOMITHHI BIUIMB TOJIMEPHOI

MaTpuill Ha (i3MKO-XIMIYHI BJIACTUBOCTI 1 Temmepatypu (a3zoBUX MEPEXOJiB Y
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Mmikpokpuctaiax DEACC. B kommo3uTi Ha OCHOBI TOJICTHPOJIY 3MIIICHHS
temnepatypu I nposBiserbes Habarato iCTOTHIIIE, HIK Y MIKPOKOMITO3UTaX Ha
OCHOBI JlaTeKCy. OCKUIbKH TOJIICTUPOI € KOPCTKILIUM MOJIMEPOM, HIXK JIATEKC, BIH
CYTTEBIIIE BIUIMBA€ HAa aHIOHHY T€OMETPII0 KPHUCTAIB 3aBISKU I €30XPOMHOMY
eeKTy, TUM CaMUM ICTOTHIIIIE 3MILTYIOYU TeMIIepaTypy (pa3zoBOro Nepexoy.
3arporoHOBaHO CHOCIO OTPUMaHHS TEPMOXPOMHOTO MIKPOKOMIIO3UTA Ha
ocuoBl kpuctanie DEACC. Bin xapakTepu3yeTbcs YITKOIO 1 PI3KOI0 3MIHOIO
3a0apBIICHHS, SIKA MIPOSBISIETHCS Y CIIOCTEPEKEHH] TPSIMOKYTHOI METI1 T1ICTEPE3UCY
Ha TeMIIepaTypHii 3aJIeKHOCTI ONTHYHOI rycTuHu. Llei crocid no3Bossie oTpuMaru
MaTepiall 3 TEpPMOXPOMHUMU BJIACTUBOCTSIMU B 3py4HIN o0nacti Temneparyp 326 -

337 K (3anexHo BiJl HANPsIMY 3MIHU TEMIIEpaTypH).

KuarwuoBi ciaoBa: MynbsTudepoiku, ¢a3oBi mnepexoiu, MarHiTHI BJIACTHUBOCTI,
MarHiToenekTpuuHuit edext, abcopouiitii crektpu, crnektpu KPC, 14U cnekrtpw,

CCTHCTOCIACTOCIICKTPUKH, CCTHCTOCIICKTPUKHN, HAHOKOMIIO3HUTH, MiKpOKOMHOBI/ITI/I.



ABSTRACT

Chornii Yu. V. Influence of modification of the metal-halogen complexes
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ferroics. — Manuscript copyright.

Thesis for the Doctor of Philosophy, specialty 105 “Applied Physics and
Nanomaterials” (10 — Natural Sciences) — Ivan Franko National University of
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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 in their structure complexes of the transition metal
ions.

X-ray diffraction study confirmed the chemical composition and symmetry
of the investigated [(CH3)sNH]MnC1;x2H,O (TrMAMNCI) 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. The structure of TrMAMNCI is formed by a collection of one-
dimensional linear chains of the manganese-chloride complexes with a weak
antiferromagnetic coupling along the chain as well as between the chains. The
broad maximum of the magnetization observed at T = 2,5 K was related to the
effect of noticeable short-range order.

Investigations of the temperature dependence of spontaneous polarization
confirmed existence of the improper ferroelectric phase in [N(C,Hs)4],CoCl,Br,
(TEACCB-2) crystal below T,. The anomalies corresponding to the ferroelectric
phase transition were also observed in the temperature dependences of the
magnetic susceptibility — respectively at 227,7 K and 226,4 K depending on the
orientation of the magnetic field. Presence of the anomaly of magnetic
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susceptibility at T, confirms both ferromagnetic interactions in a very small
temperature range around this point and the spontaneous magnetoelectric effect
arising in the phase which simultaneously is improper ferroelectric and
paramagnetic. This testifies that the ferroelectric ordering is closely connected with
magnetic interactions between Co?* ions.

The effective magnetic moment values calculated for TEACCB-2 crystal
were found to be higher than the spin-only worth that results from a spin-orbital
coupling. The values of ue calculated for Co(ll) ion using the values of L, S and J
of the free ion ground term (*Fq,) indicate that it is a complex with tetrahedral
structure. Such a conclusion fairly well correlates with the data of previous
spectroscopic studies. The analyzed Co(ll) complexes are characterized by the
antiferromagnetic interaction (6 < 0 K) around the central ion.

A model of a capacitive magnetic field sensor based on [N(C,Hs)4].CoCIBr,
crystal, which possesses a magnetodielectric effect, was proposed.

Using the AFM methods it was confirmed that [(CH3),CHNH3]4,CdsClyg
(IPACC) crystals are characterized by the ferroelastoelectric domain structure
similar to those in the same crystal doped with copper (IPACCC). On the other
hand, one can suggest that there was observed a considerable difference between
both crystals. In IPACCC the regular pattern of the parallel strips with an average
thickness of nearly 4 um was superimposed with the system of the thinner strips
(nearly 1 um). The boundaries of smaller domains were found to be turned in
respect to the boundaries of the larger domains by the angle a little less than 100°.
On the basis of the performed investigations of different IPACC samples one can
conclude that the initial crystals possess only a one type of domains. This testifies
that doping with copper would considerably change the parameters of 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. One can suggest that this process depends

on the sign of the corresponding piezoelectric coefficient or the sign of the
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polarization caused be the shear mechanical stress arising at the process of crystal
cleavage.

It has been found that the surface morphology of IPACC crystals kept for a
long time (from one up to twelve months) 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. Such a behavior was
related to a little hygroscopic nature of IPACC. At the enough high humidity of the
environment the atmospheric water condensed on the bulk crystal surface causes
the alternating process of crystal dissolving and nano- or microcrystal growth. By
their shape these nano- or microcrystals look very similar to the bulk crystal habit.
Another type of the elements observed on the surface would be considered as
nano- or microrods. According to the qualitative data of the EDX analysis they
contain oxygen that may be connected with formation of a crystal hydrate
compound.

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. Cu* ion in IPACCC crystal
statistically replaces Cd®* ion. In comparison with absorption spectrum of the
initial crystal the new wide asymmetric band with a maximum at 3464 cm™ has
been detected in IPACCC. It was related to intra-ion transitions in Cu?*. It was
shown that the temperature evolution of its intensity and position reflects the
change of distortion level of the metal-halogen polyhedra and correlates with the
conclusions made on the basis of analysis of the crystal field spectra. The analysis
of frequencies and intensities of the vibration modes at different temperatures
confirmed the phase transitions in IPACCC at T;=358, T,=293 K and T;=253 K.
The high-temperature PT of a displacive type is clearly manifested in the IR

spectra by appearance of the additional modes corresponding to the cation internal
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vibrations and their overtones. The low-temperature phase transitions are followed
by a considerable variation of the parameters of the organic complexes’ vibration
modes reflecting their ordering.

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. The effective values of the energies of
phonons participating in the EPI were found to be very close to the energies of the
internal vibrations of the metal-halogen octahedra and skeletal vibrations of IPA
cation.

Performed spectral investigations confirmed a strong influence of the
electron-phonon interaction on the position and shape of the absorption edge in
(NH,),CuCl4;x2H,0 crystals and existence of the ferroelastoelectric phase
transition at temperature T, = 200,5 K. As a result, for the phase lying above T, and
the temperature region below 100 K the low energy tail of the edge band follows
the empirical Urbach’s rule. At T, point there were observed the anomalies in the
temperature dependences of the Urbach’s rule parameters, in particular of oand £,
characteristic of the second order phase transition. The values of o, were found to
be larger in comparison with those for the case of the localized exciton edge band
observed in the related ferroics from A,BX, family with an alkylammonium
cation. This testifies to a smaller strength of the EPI in (NH,),CuCl;x2H,0 crystals
that is characteristic of the edge bands of a charge transfer type. It has been found
that the calculated effective energy of phonons participating in formation of the
absorption edge in the ferroelastoelectric phase precisely coincides with the
frequency of the &(CI(IT)-Cu-OHy,) binding vibration of the metal-halogen-hydrate
complex (242 cm™) observed in the Raman spectra of (NH,),CuCl,x2H,0 crystals.
In the high temperature phase, several phonons associated with the rocking
vibrations of the crystallization water are involved into formation of the low-
energy part of the charge transfer band edge.

On the basis of study of (NH,),CuCl4x2H,0 crystals’ absorption spectra the

temperature changes of the shape and symmetry of the octahedron formed around
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Cu?* 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
(U=7.5¢eV) provided adequate identification of the absorption bands and
corresponding electronic transitions. It was shown that the intense absorption
bands with the absorption edge in the near ultraviolet region in the calculated
spectrum for the light polarized along z axis has to be assigned to the electron
transitions from Cu®* d-orbitals to the s-p- hybridized orbitals of CI" and O? in the
bottom of the conduction band, whereas for the light polarized in the perpendicular
directions — to the charge transfer from the p orbitals of CI" to the d orbitals Cu**
The fundamental absorption edge is located above 50000 cm™.

The detailed study of the size effects’ manifestation in the spectral properties
of the nano- and microcrystals of [NH,(C,Hs),],CuCl, (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, which, first of all, affects the charge transfer band but practically does not
affect the coordination of Cu®* ions.

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. The significant
effect of the polymer type on the physical and chemical properties and
temperatures of PT in DEACC microcrystal was detected. The shift of the phase
transition temperature is much more pronounced in the composite based on
polystyrene than in the latex-based microcomposites. Since polystyrene is a more
“rigid” polymer, it significantly affects the anion geometry of the crystals due to

the piezochromic effect, thereby shifting the phase transition temperature.
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A method of producing of the thermochromic microcomposite based on
DEACC crystals was proposed. It is characterized by a clear and sharp change of
color, which manifests itself in the observation of a rectangular hysteresis loop on
the temperature dependence of the optical density. This method allows to obtain a
material with thermochromic properties in the convenient temperature range of 326
— 337 K (depending on the direction of temperature change).

Key words: Multiferroics, phase transitions, magnetic properties,
magnetoelectric effect, absorption spectra, Raman spectra, IR spectra,

ferroelastoelectrics, ferroelectrics, nanocomposites, microcomposites.
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