ISSN 1024-588X. BicHuk JIbBiBcbkoro yHisepcutety. Cepisi chizudna. 2021. Bunyck 58. C. 85-97
Visnyk of the Lviv University. Series Physics. 2021. Issue 58. P. 85-97

VIIK 621.315.61; 621.318.1; 535.34; 538.91; 537.226.4 https://doi.org/10.30970/vph.58.2021.85
PACS 78.20.Ek, 78.20.Fm, 42.25.Ja, 33.55+b

Bnaus cerneroeniacroesieKTpuvHOro ¢pa3oBoro
mepexoAy Ha TeMIepaTypPHY €BOJIIOIII0 ONTUYHOTO
Kpalo MOTJIMHAHHS KPHUCTAJIB TeTPAaXJIOPKYyIpaTy
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IIpucssgeno KOCTiZKEHHIO TEMIIEPATYPHOI €BOJTIONIT ONTHYHOIO KPAo MOTINHA-
uus kpucrasiis (NHy)oCuCly-2H20 B obsacri cerneroesnacroenekrpuanoro ¢ba-
30BOrO Tepexonay. IlokaszaHo, 10 HU3BKOEHEPTETUYHA, MUISHKA KPAi0 BJIACHOTO
MOTJIMHAHHS MA€ eKCIOHEHIaIbHy (hOPMY i OMUCYETHCST EMITIPUIHUM TPABUAIOM
VYpbaxa B miamazoni Temneparyp surie 200,5 K i amxkge 100 K. 3a gomomororo
OTPUMAaHUX EKCIEPUMEHTATbHUX [TaHUX IiITBEPIKEHO iICHYBAHHS CErHeTOesa-
croesiekTpudHoro dazosoro nepexosy npu 200,5 K. Hesukonanus npasuia Yp-
0axa TPOXW HUXKYE TeMTeparypu (HPa30BOrO MEPEXOIY MOSCHEHO PO3CIIOBAHHSIM
CBITJIa HA CETHETOEJIACTOEIEKTPUIHIX JTOMEHAX.

Kirro4oBi cjioBa: CerHeToenacToeIeKTpUK, MyabTudepolk, abcopbiiiina cruex-
Tpockoriisi, ¢a30Bi mepexonn, ONTUYHUN Kpail MOrJMHAHHS, TPaBWiIo ¥ pbaxa,
€JIEKTPOH-(POHOHHA B3aEMO/Iis.

1. Bcryn

[Tomyk HOBUX KpucTATiIHIX DEPOiKiB 3aiiMae BaXKINBE MICIe B CyJacHi# HAyIIl, aKe
TaKi MaTepiaju MIUPOKO BUKOPUCTOBYIOTHCA Y MPUIALaX (PYHKIIOHATILHOI eIEKTPOHIKH,
30KpeMa, y PI3HHX JaTUMKaX, MOIY/IATOpaxX, meperBopioBadax Ta iH. Pepoiku apyro-
TO MOPSAIKY, OCOOJIUBO CErHETOEIACTOCIEKTPUKY, K i MATHITHI MYyJIbTHMEPOIKH, y AKUX
CITiBICHYIOTH MarHITHE i CErHETOEJEKTPUIHE BIOPAIKYBAHHS, HAJATO IKaBl /I MPUKJIa-
aHOI (di3uky.

Kpucran rerpaxnopkynpary amouniio murimpary ((NHy)oCuCly-2H50) 3a3nae de-
pomaruiTHOro azosoro mnepexoxy 3a remneparypu 0,7 K [1] i cerneroemacroenekrpu-
guoro (CEE) 3a remneparypu T. — 200,5 K [1,2]. ¥ CEE dasi (T < T.) makpo-
CKOIIIYHUAM TapaMeTPOM TOPSIKY € KOMIIOHEHTA TE€H30DPa TPEThOr'O PAHTY, KWl OMUCYE
’e3oesiekTpudHmii epekr. CerHeToesacToeIeK TPUYHI JOMEHH BiAPI3HAOTHC 3HAKOM Ii-
€l KOMTIOHEHTH, 8 TaKOK KOMTIOHEHTH TeH30pa ONTUYHOI akTuBHOCTI. lle o3madwae, 1110

© Kanycranmk B., Cemak C., YHopsiit 10., 2021



B. Kanyctanuk, C. Cemak, KO. YopHiii
86 ISSN 1024-588X. Bicnuk Jlbeiscbkoro yHisepcutety. Cepist pisuuna. 2021. Bun. 58

pi3Hi opieHTalifiHI CTAHU JOMEHIB MOXKHA MMEPEMUKATH, OJHOYACHUM MPUKIAJAHHAM Me-
XaHIYHOIO HAINPYKEHHs Ta €JIeKTPUYIHOrO 10U y Bianosinuux nanpsmMax [3]. 3a rakux
00CTaBUH JOCTIKEHHST MOXKJIMBOI JIOMEHHOI CTPYKTYpHU € Ayxke ckiagaumu. Ocb 4omy
BioMe Jiutiie 0OMeKeHe 9NC/I0 KOHKPETHUX MPUKJIAIIB (hepOiKiB BUIIIOTO TIOPSIKY TAKOTO
tuny. Came Tomy, kpucraau (NHy)oCuCly-2H50 € nikaBumu j1jis HayKOBIIB.

Posrasinemo jgeranphinte indgopmanioo npo npupogay CEE dasosoro nepexomy. Xoua
nepia indopmarnisa npo kpucrangiuny crpykrypy (NHyg)oCuCly-2H,0 6yna orpumana 3a
nonomoroto nudpaxkiii X-npomenis gayxe gapHo [4], indopmanis npo sokanizariio aTo-
MiB BOJHIO i XapaKTep BIOPSIKYBaHHS CTPYKTYPHUX TPy mpu (a30BOMY mepexoi Oyma
CyTTEBO noNOBHeHa ganumu Heifrponorpadil [5] ta AMP [6]. Byso nokazano, 1o nepe-
XiJl y CEerHETOEIACTOETEKTPUIHY (pa3y 3yMOBJIEHHH YIIOPAIKYBAHHIM TETpPaeapiB NHZLL i
criorsopernsiM okTaenpis CuCly-2H,0 [7-9].

3mina ToukoBoi cumerpii 4/mmm — 42m npu gpazosoMy 1epexojli, BUABJIEHA 33 JI0N0-
moror meroiy audpakuii X-upomenis [10], BiaLoOBigae CLIBBIAHOWIEHHIO IPyHa-LILAIPYyIA
vixk Buxinuoro i CEE dazamu, ske mpuramManHe TepexojaM Ipyroro pomay v dhepoi-
Kax [11].

Bingomo, 1m0 onTuvHa CHEKTPOCKOIIS € 9yJI0BUM IHCTPYMEHTOM JJjisi BUBYEHHS CTPY-
KTYPHUX 3MiH, TOB’sI3aHUX i3 HedopMaliiero XpoMohOpHIX rpyT, HANPUKJIAT KOMILIEKCIB
nepexigaux Mmeranis [12, 13]. Meroro 1iel poGOTH € IOCHIIZKEHHS TEMIEPATYPHUX 3MiH
onruaHoro kpaio norsimuantga kpucrajais (NHy)oCuCly-2HoO 3 Meroro orpuManis qojia-
TKOBOI iH(OpMAIIil Ipo CTPYKTYPHI 3MiHN HIPH CETHETOENACTOETEKTPUIHOMY (ha3oBOMY
Iepexo/ii Ta BIANOBIAHY JIOMEHHY CTPYKTYDPY.

2. Meroanka eKCIIEpUMEHTY

Kpucranu (NHy)2CuCly-2H5O 6ynu Bupoiieni MeToioM noBiabHOr0 BUIIAPOBY BAHHS
3 Boguux po3umHin coseit CuCly-2H,0 1 NH4Cl, B3aTuX y CTEXiOMETPpUYHOMY CIHiBBiJI-
HOITIEHH], TpW KiMHATHIi# TeMmmepartypi. g BUPOITyBaHHS KPUCTAJiB BHKOPHUCTOBYBA-
Jm peaktuBu 3i cryneneM dnctoru OCH. 3pa3ku BUPOCTAIN y BUTISI CBIT/IO-3€JIEHIX
KPHUCTATIB i3 9iTKO C(POPMOBAHOIO TETPATOHANBHOI OrpaHKoi. OnTHYHI JOCTIIKEeHHS
NIPOBOJMJINCA HA TOHKUX KPUCTAJIYHUX IJIACTUHKAX, TOBIMHOIO 0,2 MM, BHpi3aHmx i3
MOHOKPHUCTAJIA IEPIEHIUKYISAPHO 10 Z-0ci.

CHekTpy HOTrJIMHAHHA BUMIPIOBAJINCA y CBITJI, HOJSPH30BAHOMY B3LOBXK HAIIPAMY,
NEPIEeHIUKYIAPHOMY IO OCi Z KPHCTAJIA, 38 JOIOMOIOI IIOPTATHBHOIO ONTOBOJOKOHHOTO
cuexrpomerpa AvaSpec-ULS2048L-USB2-UA-RS (AvantesBV, Auesgopu, Hinepaanu)
3 1I33-marpureo (2048 mikcesnis), 3 BXIAHOIO IIIIXHOIO 25 MKM Ta IUMPAKIIHHOI Ipa-
troto (300 miHiii/mm). JI>KeperaMu CBiTJa CIIyryBajiii FajioreHHa 1 jgefiTepieBa JaMIm.
KoeditienT normuHamHsa 00YNUCTIEHO TPASUIIAHAM METOIOM IBOX TOBIIHH.

Ilin wac BuMipioBaHb 3pa3KW TOMIIAJIN Yy TeTi€BUN KPIiOCTAT 3aMKHYTOTO IHKITY,
ocuamenuii kpiokynepom DE-202A (Advanced Research Systems) i repMoperysisTopom
Cryocon 32 (Cryogenic Control Systems Inc.). Tounicts BuMiproBanb Ta crabimizanii Tem-
neparypu B inrepsasi 12-300 K cranosuna +0,1 K. Vci remneparypsi 3ameKHOCTI BUMi-
PIOBAHUX IAPAMETPIB IIPEJICTABJIEH] B PE2KUMI OXOJIOJI2KEHHS.
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3. OO06roBopeHHs pe3yJIbLTATIB

Awnanis cmexkrpy morsunanag mouokpucraia (NHy)oCuCly-2H0, 306paxkenoro Ha
puc. 1, mae Baxk/mBy iHMOPMAIO PO MOXKJIUBI e1eKTpoHHI mepexoau. Lleit cnekTp Mi-
CTHUThH IMHUPOKY aCHMETPHUIHY cMyTy B obmacti Bixg 1,2 mo 2 eB, sky MoxkHA po3risaarn
SK CyMy eJIeMEHTapHUX KOHTYPIB, 110 BiJIOBi/IaI0Th BHY TPIIITHBOIOHHUM TI€PEXOIAM eJIeK-
TPOHIB Mi2K PiBHSAMM 10HIB Mi/li, PO3IIEIJIEHUMUA B KPUCTAJIYHOMY IIOJI1 JIiTAH/IIB.

1204 T =290 K |

Y,

it

) I L) ] ' I ' ] I
1,6 2,0 2.4 28 3,2 3,6
E, eB

Puc. 1: Ilonapu3sosanuii ciexrp norsmuanas kpucrana (NHy)2CuCly-2H,0

JleTayibHe MOCTIKEHHST IMX BHYTPIIIHHOIOHHUX TTEPEXO/iB Oy1e MpeacTaBIeHO B iH-
mi#t poboti. Mu 2K 30cepe MO HaITy yBary Ha aHajiizi TeMiepaTrypHOI eBOJIOII] HU3bKO-
eHEPreTHYHOl AUIAHKY KPalo HOMJIMHAHHS, 110 JIEXKUTh 1100su3y 3,3 eB Ta Buie (puc. 2).

Epounouist norsmnannst kpucrana (NHy)oCuCly-2HoO B obsacti Kparo noryivHaHHs,
OTPMMAHOTO B MexKaxX TemmeparypHoro miamazony 15 -+ 300 K, mokazama ma pmc. 2.
Kpait mornmuuanns, skuii JOIIJIBHO TOB’SI3aTH 31 CMYTOI MEPEHECEHHS 3aPSIy MEeTAJI-
girans [14], 3Ha9HO 3Mmintyerhes 31 3MiHOO Temmeparypu. Coif 3a3uadnTu, 1o GyHIaMeH-
TaJbHUN Kpail MOTVIMHAHHS, SKWi BiIMOBIJA€ €JIEKTPOHHUM TEPEeXOAaM MiXK BAJIEHTHOIO
30HOI0 1 30HOIO IPOBIIHOCTI, 3a3BUYail IPOCTEXKYETbC y crojyKax poaunn AsMeXy 3
asikinamoniesumu Karionamu (ne Me — meran, a X - rajores) npu 3Ha4HO BUINMX E€HEPIi-

six [14-18]. ¥V Bunaaky IOCIIZKYBAHOTO KPUCTATIA 3 KOMIIEKCOM Cu?t dyngamenTambre
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IOIJIMHAHHS CKJIAJIHO BiJIOKPEMUTHU BiJl BACOKOIHTEHCUBHOI CMYTU IIePEHECEHHS 3apsiLy.

150
"s 100
(&
e
50
0-

Puc. 2: TemneparypHa €BOIIONis HU3BKOSHEPTeTUIHO! [ISHKY ONTUYHOTO KPAIO MOTJIMHAHHS
xpuctana (NHy)2CuCly-2H20, orpuMana B MOIAPU30BAHOMY CBITIIL

Sk 3a3Hauasocs [12,15], remneparypHa eBOJIIOIS HU3HKOEHEPTETHYIHOI [IJISTHKH OTTTH-
YHOIO Kpalo MOTJIMHAHHS B CHOIykKax tumy AsMeXy 3 aikiJlaMOHIEBUMU KaTiOHAMM,
30KpEMa, IMOB’SA3aHOTO 31 CMYrOI0 MEPEHECEHHs 3apsy, BiAMOBiTa€ eMImipUIHOMY Mpa-
Buiy Ypbaxa [16]:

a=agy X exp{@-(hw—Eo)}, (1)
kT
e, ag 1 Fy — xoucranTn; hw — emeprisg ¢poronis; kg — 1e crana bomsinmana. ITapamerp
o(T') xapakrepu3ye CTyliHb PO3MUTTS KPAIO MOIJIMHAHHS.

OueBuHO, O Jist coayK Tuny AsMeX, 1eiit eKCrioHeHIaIbHIH XapaKTep HU3bKO-
E€HEPTEeTUYIHOI UJITHKYA KPAIO BJIACHOTO TMOTVIMHAHHS (DOPMYETHCS B PE3YJIBTATI €JIEKTPOH-
abo excuron-dononuoi Blaemoii (E®@B), mio miarsepKy€eThcs HararbMa HayKOBISIMU.
VY upomy pasi mapamerp o(7T) moxkua npejcrasuty sk [12,15]:

2kgT fuw
VBT i 0

o(T) = oo oo T

(2)
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zie 6e3po3MipHuil apaMeTp o( 10B’sA3aHuil 3 eJeKTPOH- (eKCUTOH-) (POHOHHOK B3aEMO-
Jiero; hwy — edekTrBHA eHepTisd (HGOHOHIB, IO B3AEMOIIIOTH 3 (DOTOHAMH.

Hesxki BracruBocti E®B y cnonykax tumy AsMeX, 3 ankizamoHieBuMHU KaTioHAME
Gy Bcranossieni B [16]. 3okpema, nokazano, mo cuiia E®B, saka obepreno npomnopuiiina
JI0 TIapaMeTpa 0(, 3HAYHO 3aJIe2KUATH Bix npupoau kparo. Hesenuke 3nadeHHs 1poro ma-
pamerpa B cnoiykax 3 H-3B’s3kaMu 1MOB’S3aHO 3 HAABHICTIO €eKCUTOHHOI CMYT'H IIOTJIMHA-
HHSI, 1110 (DOPMYETHCS 33 YUACTIO ATKITAMOHIEBUX TPYT. Y IIHOMY BUMAJIKY MAEMO CIIPABY
3 TOPIBHAHO CHJIbHOIO €KCHUTOH-(DOHOHHOIO B3aEMOJIIEI0, SIKA JIOBOJII JOOpE ONMUCYETHCS
MOJIEJIIO aBTOJIOKAII30BaHOro ekcurona [17]. 3 iHmoro 6oKy, KoM HU3bKOEHEPreTHIHA
JILJISTHKA KPAIo TIOMJIMHAHHS Y TBOPIOETHCS Tiepexonamu nepenecents 3apsay Cl3p — Me3d
abo nepexogavu tuny Cl3p — Meds, cuna E@B BusgBuiacs 3Ha9HO HUKYOIO.

Awnajiz orpuMaHUX CIEKTPIB CBIIUUTE, IO ¥ BUXIAHIHM (pa3i Ta HU3BKOTEMIEPATYPHO-
my miamazoni (T < 100 K) CEE (ba3u Hu3bKOEHepreTnvyHa JIiIsSHKa IHTEHCHBHOI CMYTH
nepenecenns 3apsaay dpopmyerbesa B pe3ynbrari E@B i Biamosigae eMmipuaHoOMy IpaBUAITY
VYpbaxa (1). Hdificao, BcranosieHo, 1o 3auexuicrs lna= {(E) aus pizuux remueparyp y
miamazoui T > 200,5 K (puc. 3 a) Mae npsaMoiHiiHTA XapakTep, OKPIM 1IbOro, Il IpsaMi
NEepeTVHAIOTh B OfHIN Touni 3 Koopaunaramu Eg, oo (aus. tabmumio 1). Iogi6ua curya-
1ig mpocTexkyBaJsiacd 3a remneparyp, Huxkunx 3a 100 K (puc. 3 B). BogHowac npasuiio
Vpbaxa He BHKOHYEThCH B TemmeparypHomy miamazoni I' = 100 + 200,5 K, ockimbku
upsimi JiiHil He nepeTuHATHCA B OHil Touli (puc. 3 6).

Hesukonanus mpasmia Ypbaxa TpH OXOJIOMKEHHI B Tiama30Hi, IO JIEXKUTH TPOXH
HUXKYE Bif Temneparypu (Ha3oBOro mepexoy, MOXKHA, MOSICHUTH BHECKOM CETHETOEIaCcTO-
€JIEKTPUYHOI JIOMEHHOI CTPYKTYPH.

Bimomo, mo posmipm gomeniB y depoikax MOXKYTb CYTTEBO 3MIHIOBATHCH IIO Mipi
Bimmamenus Big Touku Kropi. 3Baxkaroum Ha Te, MO y OJM3bKUX 38 XIMITHUM CKJIQJIOM
kpucrajax IPACC po3mipu gomeniB € mopsaky 1 MKM, a TakoK Te, IO TaKi JOMEHH
BiAPIBHAIOTHCS MizZK CODOIO MTOKA3HUKOM 3aTOMJIEHHS, BOHH MOXKYTh iCTOTHO PO3CifoBaTH
cBiwIO, a HaATO B OKoJi dazosoro nepexoay [18]. Ilo mipi Bigmasenns Bix Temueparypu
T. po3mipu JoMeHIB 3MiHIOIOTbC (31€06L/1b1IOr0, 3pOCTAIOT) 1 BHECOK Yy pO3CisiHHs CBi-
TJTa 3MEHITY€eThes. 11eit BUCHOBOK 100pe CIiBBIIHOCUTHCS 3 BAKOHAHHSAM TTpaBuiia Y pbaxa
umxae 100 K, konu qomenu 6isibine He po3ciioi0Th ¢BiTsI0. [Tomibruit edekT mposBisBes y
cerneroesiekTprkax NHy(CHs)2Al(SO4)2-6H20 (DMAAIS) i cynpoBomzKyBaBcs 3HAYHIM
BILIMBOM Ha criekTpu noryimuanig [19]. B okomi rouku Kropi cnocrepiranacsa tak 3sana
MYJIbTHUILTIKAIS CErHETOETEKTPUIHNAX JTOMEHIB. ZIKIO BOIHOYAC PO3MIpH JTOMEHIB CIIiB-
MipHi 3 JOBKMHOIO XBUJII CBIT/Ia, iCTOTHO 3pocTae po3cisguud cBiTia. [Ipu Bimmamenni Bim
Temmeparypu 1. pO3MipH CETHETOEJIEKTPUIHUX JOMEHIB 3POCTAJIM i BOHU TE€PECTaBAJIN
po3citoBaru cBitio [19].

dBuie poscitoBaHHS CBIT/Ia HA JOMEHAX Y AOCIIKYBAHOMY KPHUCTAJI MiATBEPIKY-
€THCA TEMIIEPATYPHUMH 3aJI€KHOCTIMEA KOeillieHTa MOrIMHAHHS, BUMIPAHUMU IIPU Pi-
3HUX CTAIUX 3HAYEHHAX JOBKUHU XBUJI (puc. 4).
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Puc. 3: 3anexmocrti Ina Big exeprii poToHiB 106113y KPATO IOIIMHAHHS /IS PI3HUX TEMIIEPATYD:
a) B mexxax suxignoi dasu, T > 200,5 K; 6) y mexax 100 =+ 200,5 K; B) 3a T < 100 K
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VY pasi, Konu &|r=const BU3HAYAIU B 00/1aCTI HU3bKOEHEPIETUYHOL JUISHKY KPAIO 110~
rnuHanHsa (B = 3,4 eB abo A\ = 365 HM), flOro 3HAYEHHS CYTTEBO 3MEHIYETHCS Y BCHOMY
Jianma3oHi JOCHIIKeHb Yepe3 OJaKUTHE 3MIIEeHHST KPalo MOTJIMHAHHS MPHU OXOJIOMKEHHI
(puc. 4 a). la 3anexuicrs Takox Bimobpaxkae CEE da3oBuil nepexizn 3miHo0 Haxuiy B
Touni T..

a)

A = 3B5 Hm

B0~

B0+

40

20+

T T T T T
50 100 150 200 250 300
TK

15 6)

A= 425 HM

o, CM°
o
'

T T T T T
0 50 100 150 200 250 300
TK

6)

Puc. 4: Temmeparypri 3a7eXHOCTI KOe(IIli€HTa TIOTJIMHAHHS TPU CTAJM JTOBXKWHI XBUJIL

A =365 uum (a) i A = 425 um (6)

3 iH0ro DOKY, TEMIIEPATYPHI 3AJIEKHOCTI KOeDIIi€HTa TOTJINHAHHS, BUMIDsHI y Me-
»kax BikHa 1po3opocti (A = 425 HM), BUSBIISIOTH IPOTUJIEKHY IIOBEIIHKY — 3HAYCHHSI
Q| x=const TOUYUHAIOTH 3POCTATH IPU OXOJIOJZKEHHI 3pa3Ka HUK4Ye TOUKH (a3oBOro ie-
pexoly, 1o Bigobpakae nomirue posciroBanHs csiria gomenamu (puc. 4 6). Tinbku B
nusbkoremueparypuiii yacruni CEE dazu i mapamerpu He 3ajexkarhb Bij TeMieparypu.
Ile cBimuuTh MO Te, IO PO3MIpPHU TOMEHIB B Iiit 001aCTi € CTAOIIbHUMA. 3ABISAKA ITHOMY
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CTa€ MOKJIMBUM QJE€KBATHHUIl aHAJi3 mapaMeTpiB Kpalo HOIJIMHAHHA y [bOMY TeMIepa-
TYPHOMY JIiaIla30Hi.

Tanrenc kyra Haxuiy JiHilinux 3anexxuocreii Ina(E), HaBejeHux HA PUC. 3, BUBHAYAE
napaMeTp o JAJjid IEBHOI TeMIIepaTypu:

A(lna)

7= Ay

2%kpT. (3)

TemneparypHa 3a/1€2KHICTH IIHOTO IapaMeTpPa, a TAKOXK TEMIIEPATYPHA i30a0COPOIIiii-
HA 3aJeKHICTH eHeprii F’) mo BiAmoBizae crajomy 3HaYeHHIO «¢ (pUC. 5), BUSABJIAIOTH
aroMaytiro B Touti ¢azosoro mepexoxay. Ilapamerp E’, omocepeakoBaHO BigoOpakae eHep-
reTUYHE MOJIOXKEeHHS Kpalo norjuHanus. AnoMasbHa noseginka o ta E’ 3a T'. = 200,5 K
niaTBepaXKye icHyBaHHs (pa30BOro mepexomny 3a liel remmeparypu. AHoMaslil MalTh He-
IepepBHUi XapakTep, M0 Bigobpazkae aApyruil pi mepexoy.

0,25
1 3,7
0,20 -
0,15 36
o | :
w
0,10 - 35
.,-(cmﬂ
0054 T,
A
7 3,4
17
0,00 v T v T v T v T T T v
50 100 150 200 250 300
T, K

Puc. 5: TemmepaTypHa 3aJ€XHICTh mapamerpa o (JiBa mkama) Ta emeprii E’, mo Biamosigae
crasomy 3HaMeHHO KoedirmienTa mormHanHs: o = 80 cm ! (mpaBa mkasa)

EdexTusHi ereprii ¢pomoHIB Ay Ta KOHCTAHTH 0o Oy/ir BU3HAYEH] HA OCHOBI PiBHAHHSI
(2) (raba. 1) 3 BukopucranasaM ampokcumarii 3anexunocri o(T) (puc. 5). Pospaxosani
3HAYEHHS eHepril fwy, 3a3BUHail, MOJAI0ThCs B CM 1, MO Mepeabadae MOKIABICTh IXHBOTO
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MTOPIBHSAHHS 3 XBUJIBOBUMHU YHUCJIAMH PeATbHUX (POHOHIB, sIKi MOXKYTh OyTH OTPHUMAHI 3a
JOTIOMOTOI0 MOJIEKYJISTPHOI CTEKTPOCKOTTIT.

Tabmung 1. Ilapamerpu mpasmira Ypbaxa

Temmeparypha o61acTh ag (em— 1) Ey (eB) | hwo (em™1) | og
T > 200,5 K 7,3%x107C 4,43 812 0,623
T < 100 K 1,6x107° 4,36 242 0,202

Benuki 3nagennsa o cBiggarh npo Menmry cuity EDQB mopiBHSAHO 3 THMH, gKi 3a3BU-
4ail IPOCTEXKYIOThCS Ul BUIIAJKY CMYIH JOKajizoBanux ekcurtonis [20,21]. Leii dakr
UiATBEPIRKY€E BUCHOBOK, 3pobiienuii y [20], 111040 HOPIBHAHO c1aBKOro PO3MUTTs KPailoBol
CMyTHU TIepeHeceHHs 3apsny. PospaxoBana eeKTUBHA e€Hepria (XBUILOBE YUCIO) (HOHO-
uig (tabiu. 1), mo GepyTsh ydacrb y dbopmysanni kpato normuanas y CEE daszi, Touno
36iraeThcst 3 eHeprieio nedopmariiitroro konusauus 38’s3ky 0 (Cl(I1)-Cu-OHs) Beepenuni
MeTasI-raaoreH-TiIpaTHoro KoMItekcy (242 cm™1), o crnocTepiraeTbes B MOTEKYIAPHEX
cuekrpax kpucrana (NHy)2CuCly-2H20 [11]. Lle Burssisae npupoasbo, OCKIIbKU cMyra
[IEPEHECEeHH 3aPs/ly 3yMOBJIEHA €JIEKTPOHHUMY [I€PEXO/IAMU MiK [IEHTPAJIbHUM 10HOM Ta
JITaHIOM.

Binbin cknanna curyariis BusiBiena y Buxinniii ¢pasi. Edexkrusnae 3nagenns 812 cm™
3a MOPSIKOM BETUYWHU OJM3bKe 10 BiANOBIIHUX /[1JI KOJTUBAHD KPHUCTATI3AIIHHOI BOIH,
o crocrepirarorbes npu 693 ta 778 cm~ !y cnexkrpax kpucranis (NHy)oCuCly-2Ho0
[8] i CuCi2-2H50 [22]. ToMy MOIIIBHO MPUIYCTUTH, IO Y BHCOKOTEMIepaTypHii ¢asi
Jmekisibka (hOHOHIB 0OepyTh ydacTh y (hOPMYBaHHI HU3bKOEHEPTETUYIHOI JACTWHH KPAIO
CMYTH TIEPEHECEHHS 3aPsy.

1

Bucuosknu

Ha ocHOBI moctiizKeHHsS TeMIepaTypHOi €BOJIIONIT ONTUYHOTO KPAKO TOTIMHAHHS KPHU-
crana (NHy)2CuCly-2H50O niarBep:KeHo HasgBHICTD CErHETOEIACTOIEKTPUIHOrO (ha30-
Boro mepexomy 3a Temmeparypu 1. = 200,5 K, mpo mo cBiggaTh BiAMOBiIHI aHOMAaJIil
TeMIIepaTyPHUX 3aJIe2KHOCTEN mapaMerpiB npasuia ypbaxa o i F’.

[IpoBemeni gocimKeHHs MiATBEPIUIN CYyTTEBUI BIJINB €I€KTPOH-(POHOHHOI B3a€MO-
[il Ha nosoxkeHHs Ta (hopmy kparo norauHandg B Kpucraiai (NHy)oCuCly-2H50. B pe-
3yabraTi, A8 das3u, gKa jgexuTh Buine Bix 1., i Temneparyproi obnacti Huxxge 100 K,
HU3bKOEHEPreTUYHA [iITHKA KPAaiioBOl CMyTr'W BiANOBimae eMmipudHOMy mpaBmity Y pba-
xa. HeBukonanus npasusia ¥Ypbdaxa B inrepsasi remuneparyp 100 + 200,5 K nos’a3ane 3
PO3CIIOBAHHSIM CBIT/Ia HA CETHETOEJIACTOEIEKTPUIHUX JOMEHAX, PO3MIPH SKUX y I[HOMY
Jiarra30Hi TeMIepaTyp CHiBMipHI 3 JOBKWHOIO XBUJIi CBITJIA.

PospaxoBani 3HaveHHs KOHCTAHTH 0 BUSBUJIACS TOBOJI BEJIMKAMHY ITOPIBHSIHO 3 THMH,
AKi 3a3BUYAil CIIOCTEPIralOThCs /TS BUMIAIKY CMYTH JIOKATI30BAHUX €KCUTOHIB y (pepoikax
3 BomHeBmMMM 3B’si3kamMu. lle Binmominno cBigumTh mpo Menmy cuay E®B y kpucrami
(NH4)2CuCly-2H50, 1o nmputaMasHo /i KpAHoBOI CMYTH MEPEHECEHHS 3apsijLy.

PospaxoBana edexrusHa eneprig (xBusboBe uuciio) (HbOHOHIB, dKi GepyTh y4acrb
y dopmysanni kpato normunanas y CEE dasi, Touno 36iraerbcs 3 eHeprieio BHyTpi-
wuboro gedopmaniiinoro kosmsanus d(Cl(II)-Cu-OHz) B merasn-ranoren-rigparaomy
KoMTekci (242 cm™1), 1m0 TpoCTeXyeThCA B MOJEKYJAAPHWX CIHEKTpax KpHCTasa
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(NH4)2CuCly-2H50. Ile Buruisizae npupoitbo, OCKIJIbKKE CMyla HEPEHECeHHs 3apsiLy 3y-
MOBJIEHA €JIEKTPOHHUMU TIEPEXOJaMU MiXK IEeHTPAJLHUM i0HOM Ta JITaHgoM. ¥ BUXIiIHii
da3i TPpUINHOI PO3ZMUTTS ONTUYHOTO KPAK TOTJIMHAHHS € Y9aCTh KOJMBAHB KPUCTAJII-
3aIiitHol BOIH.
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Influence of ferroelastoelectric phase transition
on the temperature evolution of the optical
absorption edge of an ammonium dihydrate

tetrachlorocuprate crystal

V. Kapustianyk, S. Semak, Yu. Chornii

ITvan Franko National University of Lviv
Dragomanov St., 50, 79005 Lviv, Ukraine
e-mail: semak.svitlana@gmail.com

On the basis of study of the temperature evolution of the optical absorption
edge of (NH,4)oCuCly-2H50 crystal, the ferroelastoelectric phase transition at
the temperature 7', = 200,5 K was confirmed, as evidenced by the correspondi-
ng anomalies in the temperature dependences of the Urbach’s rule parameters,
in particular of o and E’. Performed spectral investigations confirmed a strong
influence of the electron-phonon interaction on the position and shape of the
absorption edge in (NH,)oCuCly-2H50 crystals. 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. Nonfulfillment of the Urbach’s rule in
the temperature range of 100 =+ 200,5 K would be associated with light scatteri-
ng on the ferroelastoelectric domains, the size of which in this temperature range
is commensurate with the wavelength of light. The values of oy were found to be
larger in comparison with those for the case of the localised exciton edge band
observed in the related materials with an alkylammonium cation from AsBXy
family. This testifies to a smaller strength of the EPI in (NH,4)oCuCly-2H50
crystals that is characteristic of the edge bands of a charge transfer type. The
calculated effective energy of phonons participating in formation of the absorpti-
on edge in the FEE phase precisely coincides with the frequency of the binding
vibration §(C1(I1)-Cu-OH,) within metal-halogen-hydrate complex (242 cm™1)
observed in the investigations of the Raman spectra of (NH4)oCuCly-2H50
crystals. This looks natural since the charge transfer band originates from the
electron transitions between the central ion and the ligand C1~ ion. Very similar
situation was found to be in the majority of phases in the related materials mani-
festing the charge transfer band. One can also suggest that in the initial phase
the rocking vibration of the crystallization water are most of all responsible for
the broadening of the absorption edge.

Key words: ferroelectric, multiferroik, absorption spectroscopy, phase transiti-
on, optical absorption edge, empirical Urbach’s rule, electron-phonon interacti-
on.



