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AnHoTanms

Jna tpex 6'-nmaHo3aMeleHHbIX crupoHadTookcadnuo (SNO) obHapysKeHbl (POTOXPOMHBIE CBOWICTBA
B IJIEHKAX, [TOJIyYEHHBIX U3 paciaBoB. Onpe/esieHbl KBAaHTOBbIE BBIXOZbI IIPAMOI 1 00paTHOM (PoTOXMMMYEC-
KIX peakIimil. B oTymdne oT peHaHTPOIMHCOAEPIKAIIMX CIMPOOKCAa3MHOB HosmKpucTaaiasl SNO He objazaoT

(POTOXPOMHBIMIM CBOVICTBAMIL.

Kmouesrblie cioBa: (poToxmmMud, (POTOXPOMIU3M, KBAHTOBBIN BbIXO/, CIIPOOKCAZMHBI, TIOJIVKPUCTAJIINYECKIE TITIEHKI

BBEAEHME

Opranuueckue (POTOXPOMHBIE COEIMHEHUA
IIePCHEeKTUBHBI JJIA CO3JaHUA Pas3JMYHBIX (PO-
TOYYBCTBUTEJIbHBIX CHUCTEM: ONTUYECKUX CpPes
C HEJMHENHBIM IIOIJIOIeHNEeM, CUCTEM OITUYeC-
KOl 3anmcu uHQOpMAIMM, ONTUYECKUX Iepe-
rarouaTesent [1]. OcoOblil MHTEpPEC MpeaCcTaBIA-
0T COEIMHEHUA, COXPAaHAIIINE (POTOXPOMHBIE
CBOJICTBa B KPUCTAJIINYIECKOM cocToAHum [1, 2].
OCHOBHOE TPEUMYIECTBO KPMUCTAJINYIECKUX
(POTOXPOMOB 3aKJIOYAETCA B IOBBIIIEHHON yC-
TOMYMBOCTU K (poTOnerpaganmnm, o0yCJIOBJIEH-
HOJ, KaK IIPaBUJIO, PEAKINAMY C yUIaCTHEM MO-
JIEKYJI paCTBOPUTEJA (MM IOJMMEPHON MaTpy-
upl). JIMIIE HEMHOTME COENVHEHUSA COXPAHAIT
poTOXpOMHBIE CBOJICTBA B MOHOKPUCTAJIINYIEC-
KOM MJIM MOJUKPUCTAJINUECKOM COCTOAHUINL.
K rakum kjaccaM CcoeqUHEHMII OTHOCATCA OVI-
apuisTeHsl [3, 4], TpOM3BOJAHBIE CAJIUIUIIAIb-
nmerunos [1, 5], apuaruapasunsl [6], PyIbrumb
[7] n HexoTOpBIE XpOoMeHE! [8].

CouponupaHbl ¥ COMPOOKCABUHBI OTHOCATCHA
K OJJHOMY 13 OCHOBHBIX KJIACCOB OPTaHUYECKUX

doroxpomos. J[o HeJaBHETO BpEMEH! CUUTAJIOCH,
4TO OHM HEe (POTOAKTUBHBI B KPUCTAJIINIECKOM
cocroAgHUM [9]. OTO OOBACHAIOCH OTCYTCTBMEM
cBOOOHOTO 00beMa, HEeOOXOAMMOTO MJIA M30Me-
pusanyy. VICKIIOUEHNAMM CUUTAJINCh KPUCTAJ-
JIBI COJIeli, BKJIIOYAIOINe NMPUIMHNUEBBI (par-
meHT [9—11], b0 coemnHeHMA C OUYEHb OOJIb-
MMM pa3MepoM OJHOW M3 (PYHKI[MOHAJJIbHBIX
IPYIIN, MMEIIE II0JIOCTM B KPUCTAJINYIECKON
ynakoBke [12]. OpHako HeZaBHO OIyOJIMKOBaH-
Hble pe3yabTaThl [13, 14] mosBosmay mpenroso-
SKUTb, YTO (POTOXPOMM3BM CIMPOOKCABUHOB
B KPUCTAJJIUYECKOM COCTOAHUU — HABJIEHUE
He CTOJIb peJiKoe, KaK CUMTAJOCh paHee. B mpo-
JIOJKEeHIe MCCJIeIOBaHNI, HauaThIX B [14], B Hac-
TOsAIIeN paboTe N3yUEeHbI CIIMPOCOEIMHEHN, (PO-
TOAKTUBHBIE B IIOJIMKPUCTAJINIECKOM COCTOSHIL

SKCNMEPUMEHTAJIbHASl YACTb

3yuena dporoxumusa Tpex 6'-1aHo3aMeIreH-
HBIX cunupoHadTookcazuHoB (SNO1, SNO2 n
SNO3) ¢ zamecTUTENAMM PABIUIHON HJIVHBI
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Cxema 1.

B IIOJIOMKEHMM D MHJIOJMHOBOM YaCTU MOJIEKYJIbI
(cxema 1). CunTes n (PpU3UKO-XUMUUECKNE CBOVi-
crBa SNO ommcanel B paborax [15, 16]. PoTo-
xpomusaM pacTBopoB SNO B MeTaHOJe U TOJyO-
Je orycaH B [16]; 3ameTHOI poTOAErPAAIINI CO-
eIVIHEHMII Ha IPOTAMKEHNUY HECKOJIbKUX JeCAT-
KOB I[MKJIOB He mpoucxoano. CImpooxcasmHb
SNO mnpencTaBiA0T co0O0M MONMKPUCTAIIINYIEC-
Kye IOPOIIKM. POTOXMMMIO BTUX COEAVHEHNI]
B TBePOI (pasde COIOCTaBIAMM C (poToXMMMEl (he-
HaHTPOJIMHCOIEPsKaIero crpookcasruaa SPO1L (cm.
cxeMy 1), cBOIICTBa KOTOPOTO MCCJENOBAHEI B [14].

B pabore ncnosnbzoBanmck 06pasibl Tpex TU-
rroB. O0pasIbl IePBOro THUIIA IIPEICTABIIANN CO-
601t mopomok SNO, IOMeIIeHHbII MEeXAy IBY-
MsA IOJIMPOBAHHBIMM KBAPIEBBIMMU I1JACTVHAMIL.
Hasnuane MUKPOKPUCTAIIIOB IPUBOIUT K pacce-
SAHMIO CBETAa U POCTY (POHOBOI ONITUIECKOI ILJIOT-
HOCTM oOpasla, CYIIeCTBEHHO BO3pacTalolleil
B Y®-obsactu crekrpa. O6pasIisl BTOPOro THUIIA
B BUJe IIJIEHOK TOTOBMJINCH U3 pacTBOpoB SNO.
B kauecTBe pacTBOpMTEJIEN MCIIONBL30BAJN alle-
TOHUTPUJ U ndonponaxosa (Aldrich). Ilnenkn ma
KBapIEBBIX IIOJJIOMKKAX IIOJIyUYaJM MCIIapeHMeM
pacTBopuUTeNA Ha BO3AyXe PV KOMHATHOM TeM-
Iepatype. 3aTeM 00pa3Ibl IIOMEIAJN B DKCUKa-
TOP ¥ BBIJEPIKUBAJM IPU JaBJIEHUNM OKOJO
0.1 Topp B TeueHue 3—5 4 AJA yAaJleHUA OCTAT-

Cxema 2.

KOB pacTBopuTessa 1 Bojabl. OOpasmel TpeTbero
THUIIa TOTOBMIMCh M3 pacraBoB SNO u mpen-
CTaBJIANNM cO00I ITpo3payHble IJIeHKN. Pas30BbIi
COCTaB MJIEHOYHBIX 00Pas3I[0B BTOPOTO ¥ TPETHETO
TUIa He omnpeneseH. TeopeTndecky, OHM MOTJIN
OBITH KaK MOJIMKPYCTAJIINYIECKVIMI, TaK M aMopd-
HBIMJ; He JICKJIIOYEeHO, YTO B 3TMUX 00pasmax
MIPUCYTCTBYIOT 00e (ha3bl. OTHOCUTEIBHAA HEOTHO-
POIHOCTb OIITMYECKOTO IIOTJIONIEHNA BIIOJb IIJIEH-
KU ILIOIIA b0 OKOJIO 3 cM? ZIJIA 00pasiioB BTOPOTO
1 TpeTbero TUIOB He mpesbimnatna 30 u 10 % co-
OTBETCTBEHHO. JIJI KOJIMYECTBEHHBIX M3MepPeHMII
JICIIOJIb30BAJIVICh HaymboJlee KadecTBEHHBIE II0 OIl-
TUYECKMM CBOJCTBaM 06pasiibl TPEThEro TUIIA.

Obpasie!r 006Iy4Yanucs CBETOM PTYTHOM JaM-
nbel BbIcokoro pasjeHua IIPIIT-500 c mabopom
CTEeKJIAHHBIX (PUJIBTPOB [JIA BBIZEJIEHUS UIJIY-
YeHNs C HY’KHOJ JJIMHOJ BOJIHBI MJIM JIa3ePHBbI-
vu guomamu (Sensor Electronic Technology,
Inc., USA). KBaunToBble BBIXOABI (POTOJIM3A
B TBEPJOM COCTOAHUM OIIEHMBAJIVCH II0 METOAVI-
Ke, OIMCcaHHO B pabore [14]. YP-cnekTps! 1mo-
IVIOIIEeH)A 3alMChIBAJIVICh Ha CIEKTPO(OTOMET-
pe Agilent 8453 (Agilent Technologies), kune-
TUYECK)e KPUBBbIE TEPMUYECKNUX peaKIMii pe-
IYICTPUPOBAJINCE C MICIIOJIb30BAHNEM KMHET/YeC-
KOJ MOJBI TOro mpubopa.

PE3YJIbTATbl U OBCYXXAEHUE

PoTOXPOMHEBIE IIPEBPAIeHNA CIMPOOKCA3Y-
HOB ¥ OJIM3KMX II0 CTPOEHNIO CIMPOIVPAHOB
00yCJIOBJIEHBI IepeXofiaMy (cXeMa 2) MeXKIy 3aK-
peITON crimpodpopmoii (A) M OTKPBITO MepoI-
aHMHOBOI opmoii (B). B 3akprIiTOit hopme MH-
JOJIMHOBAA ¥ OKCAa3WHOBAA YaCTM MOJIEKYJIBI
IIOYTH MEePIeHAVKYJIAPHBL APYT IPYTYy U He 00-
pas3yoT COIpPAMKEHHBIX cBA3eil. MoJsekyJa B oT-
KPBITOM (POpMe MMeeT MPaKTUYECK) IIJOCKYIO
TeOMEeTPUIO ¥V eNVHYIO COIPAMKEHHYIO T-DJIeKT-
POHHYIO cuCTeMy. B coOTBeTCTBMM CO CTPOEHMU-
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eM 3aKpbITasd (popMa MMeeT IOTJIOIIEHME TOJIb-
KO B Y®P-obsacTy criekTpa, a OTKpbITad popma
MMeeT OYeHb VHTEHCMBHOE IIOIJIOLIEeHMe B BU-
JIIIMOIL 0o0JiacTu crieKTpa (KodPPUIMEeHT DKCTUH-
ki ~50 000 M~ lem?). Kax mpasuio, obmryde-
HJe CIMPOOKCAa3MHOB B Y®P-objacTy crekTpa
IPUBOAUT K OKPAIIMBAHNWIO 00pas3loB B CUHMIA
IIBET BCJEACTBME (POTOXMMUYECKON PpPeaKrI[Uu:
A - B. Obparnasa peakuuda (B - A) npoucxonur
KaK TepMUYECKH, TaK U (POTOXUMUIECKI.

Kak mpaBmiso, ciMpoOKCas3yHbI IIPeACTaBIIA-
10T co00J1 PaBHOBECHYIO CMeCh OTKPBITON M 3aK-
perroit popm. na SNO paBHOBecue Ipu KOM-
HaTHOJ TeMIlepaType CUJIbHO CABUHYTO B CTO-
POHY B3aKPBITOI (DOPMBI: COMeprKaHNE 130MEPOB
OTKPBITON (popMmbl cocTaBidgeT meHee 0.5 % [16].
Ina usyuyennoro B pabore [14] cnmpooxcasnuHa
SPO1 o6pasnsl Bcex Tpex TUMIOB ObLIM POTOAK-
TUBHBIMIU. IIpM 3TOM HNPMHIMIONAJIBHO BasKHOE
3Ha4YeHNe uMeeT (POTOXPOMMU3M 00pasIioB IIePBO-
ro Tumna (IOPOIIKOB), IIOCKOJBKY OHM 3aBEJIOMO
MTOJIIKPUCTAJIIIMYECKNE, B TO BpeMsA KaK I1JIeHOY-
Hble 00pasIlbl MOIVIM BKJIIOUAThL aMOpP(HY0 (asy.

Il 6'-1maHo3aMelleHHBIX CIIMPOHA(TOOKC A~
3VHOB CUTyalMdA OKa3ajlach MNPVHUIUIIMAJIBHO
nHOoM. OOpasipr SNO mepBOro M BTOPOro THUIA
BOOOII[e He IIPOABJIAIT (POTOXPOMHBIX CBONCTB.
B 10 xXe Bpema obpasupl TpeTbero Tumna, Io-
JIydeHHBble 3aTBepJIeBaHMEM pAacCIJIaBOB, OKas3a-
JIICH (POTOXPOMHBIMIL.

Ha pnc. 1 nokasaHbl cieKTpaJbHbIE U3MEHEe-
HUA, NIPOUCXOnAIINe B Xofe npamoit (A - B)
u obpaTtHoil (B —» A) poTOXUMMMUUECKUX PEaAKITNIL
Bunuo, uro obsnyuenne niaesnok SPO1 B YP-00-
JIacTy B HAYaJIbHO CTaAUM IIpoljecca MHUIUM-
pyeT B OCHOBHOM Iepexon A - B (cm. puc. 1, a).
IIpm npomosKNTEeIbHOM 00JIyYeHNY CTAHOBUTCHA
CYIIeCTBEHHON (oToXMMMUUecKas pearIud
B - A, uTo npMBOIUT K JOCTUIKEHUIO (POTOCTA-
LMIOHAPHOTO COCTOAHMA. KBaHTOBBIN BBIXO] IPA-
MOJI PeaKIy OIIpeesIAJICs 110 Ha4aJIbHOMY y4IacT-
Ky (DOTOKMHETNYeCKNX KpUBBIX. TepMudeckas pe-
aknua B - A mporekaeT MeIJIeHHO, IIO9TOMY
MOJKHO OIIPeJIeJINTh KBAHTOBBIE BBIXOJBI 00paT-
HOJ peaxLyy NIpy BO30Y:KIEHMM B IIOJIOCY IIOTJIO-
mennsa B-copmer g aToro corosmzom B YP-
00J1aCTM HaKaIIMBAJIACh IOCTATOYHO OOJIBIIIA KOH-
LeHTpaima B-dgopMel, mocse dero omnpezesasica
KBaHTOBBII BBIXOJ] ee (POTOJIM3a MIPU OOJIyUeHNUN
BUVMBIM CBeTOM. KBaHTOBBIE BBIXOMBI MPAMBIX
7 00paTHBIX PeaKLMii AJ1A 00Pa3I[0B TPETHETO TUIIA

ITorgyomenne

600 700 800

ITormomrenne

500 600 700 800

Puc. 1. CrekrpaJibHble U3MeHeHUs npu orosmse obpasia
SNOI1 no peakmuam A - B (a) u B - A (6): a — obayde-
Hue B obJsiacty 313 HM; mpopoJsKUTeNbHOCTH, ¢ 0 (1), 8
(2), 25 (3), 60 (4), 120 (5), 180 (6), 240 (7); 6 — obsuyueHue
A-dopwmbr B obmactu 313 (1) nm 630 HM (2—7); IPOROIIKI-
TeJBHOCTb ObJsyuenwms, c: 120 (1), 10 (2), 20 (3), 40 (4),
90 (5), 180 (6), 600 (7).

npuBenieHsl B Tabsr 1. JIyia cpaBHeHMA 37eChb Ke
yKa3aHbl 3HaUeHNA KBAHTOBBIX BBIXOOB IIPAMOTO
doTomza B pacTBOpax (TOJIYOJI).

Habsromaemoe noBefieHye ILJIEHOK, IIO BCeil
BEPOATHOCTHM, 0DYCJIOBJIEHO OTJINYMEM B pas3o-
BOM cocTaBe 00pasIioB IIepPBOro, BTOPOrO U Tpe-
Teero tvunos. O0pasibl BTOPOro TUIIA, IIOJTydIeH-
Hble JCIIapeHVEM PacCTBOPUTENS M3 PacTBOPOB,
IOJIMKPUCTAJIINYECKNe U, MONO0OHO oOpasiam
[IepBOro TuUma, He 00JIaNal0T (POTOXMMUYECKON
aKTUBHOCTBIO. POTOXMMUYIECKY aKTUBHBIE 00pas-
IIbl TPEThEro THUIIA, IOJIyUYeHHbIE OXJIAMKIEeHVEM
pacmaBa, IpeACTaBIAIT co00i TepeoxXIakIeH-
HYIO KMIKOCTb MJIM CTeKJO0. TeMmeparypa CTeK-
sgosarua T, = 0.67T  [17]

B Tabn. 1 nmpuBeneHB! [aHHBIE IO TEMIIEpa-
TypaM IJaBJieHns u creksoBaHua SNO, ompe-
nejeHHble HamMu B [15]. BupHO, 4TO mJIeHKM U3
HamboJiee TYTrOMJIAaBKOro cumpookcazmaa SNOI1
aMopdHble, B TO BpeMsa Kak mieHkrn SNO2 n
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TABJIVITA 1

KBaHTOBBIE BBIXOABI IIpAMOIN (313 HM) 1 o6paTHOI (630 HM) (DOTOXMMMYECKMX PeaKUUil U mapaMeTpbl TePpMUYeCcKOi

peakuun B - A (anmporkcumanma no ypaBHenuio (1)) giaa SNO (o6pasipl 3-ro Tuma)

O6pasibt T, °C Tep °C Oar B D, T, C A, Ty, C
Tosryos (313 Hm)** 313 HM 630 HM

SNO1 160 27 0.13 0.012 0.08 0.62 4.1 00° 0.27 1.3 10°

SNO2 135 0 0.13 0.082 0.033 0.68 230 H. 1 H. n

SNO3 85 -33 0.135 0.076 0.027 0.61 130 H 1 H 1

IIpumeuarue. H. 1. — HET NaHHBIX.
*IIo mauHbIM [15].

**Tlo mauHBIM [16].

SNO3 npencraBiAOT co00M BA3KME ITePeOXJIark-
JIeHHbIE YKUIKOCTI. OTO IIOATBEPIKAAETCH KIHe-
TUYECKUM IIOBeJleHyeM OOpaTHOM TepMUYecKoil
peakmuu B - A.

naa SNOI1
HE3KCIIOHEHIMAJbHBIt, YTO XapaKTepHO [JA pe-
akumii B TBepnoil paze. CyliecTBYIOT pasJindHble
ITOJIXOZbI K OIVICAHMIO KMHETVIKY XVIMIYECKIX IIpe-
BpallleHuii B TBepnoil cpase, ¥ OJVH U3 HUX CBA-

Kunerngyeckme Kpussble

D (675 um)

0.2

DKOH

0 5000 10000 15000 ¢, c

Puc. 2. Kunetuka Tepmmueckoil peaknunu B - A niaa SNO1
(obpaser; 3-ro Tmma): 1 — 3KCIepUMeHTaJbHAdA KpuUBasd,
2 — anmpokcuMalys 1o ypaBHeHuio (1) ¢ mapamerpamy, Ipu-
BeleHHbIMI B TabJi. 1; TOpMB30HTAJNBHAA JIMHNUA COOTBETCTBY-
€T PaBHOBECHOMY 3HA4YeHMIO ONTUYeCKOi IJIOTHOCTU D, .

3aH C JMCIIOJIb30BAHMEM IIOJIVMOKCIIOHEHIVAJIBHOM
byHRIVIMI

DA, t) = Z D;(N)exp(—t/ 1)+ D, 1)
rme D(A, t) — usmensioeecsa BO BpeMeH!U 3Ha-
YeHMe ONTUYECKON IJIOTHOCTM B IIOJIOCE IIOTJIO-
meHua B-dopmbr; D,(A) u T, — aMIUINTyZIHbIN
haKkTOp M XapaKTepHOe BpeMdA AJA 1-T'0 UJIeHa
pas3JI0KeHNA COOTBETCTBEHHO; D, . — KOHeuYHasd
ONTMYEeCKas IIJIOTHOCTBb. OKCIIepUMeHTaJbHbIE
KIVHEeTIYeCKe KPUBBIe 1A 00pas3I[0B, 10Ty YeH-
HbIX 13 pacmiaBoB SNOI1 (puc. 2), MOryT OBITH
YOBJIETBOPUTEIBHO ONVICAHBI OMOKCIIOHEHIIN-
aJBHBIMI (DYHKIMAMI. SHaYEHUA ITapaMeTPOB CO-
OTBETCTBYIOIIVX SKCIIOHEHT IIPUBE/IEHBI B Ta0. 1.
Jloia SNO2 1 SNO3, npeacTaBIIANIX co00ii BA3-
KIe SKMUJIKOCTM, KMHEeTUYeCK)e KPUBbIe DKCIIO-
HeHIaJbHbIe (cM. Tabu. 1). IIpu sTOM 3HAYEHNUA
BpeMeHM *KVUB3HYU B-hopMbl OyM3KM K 3HAYEHMAM,
XapaKTePHBIM JJIA $KMUJIKMX pacTBopos [15, 16].

3AKJIFOYEHME

IlonyueHnHble pe3yabTaThl CBUIETEILCTBYIOT
0 TOM, 4UTO HaJu4ye (POTOXPOMU3MA CIIMPOCO-
eIVHEHUII B TBEPJON (pa3e MOKET B BHAUUTEJb-
HOJ CTeIleH) 3aBUCETb OT CIIOCO0a IPUTOTOBJE-
H1A 00pasnoB. B oramume or aMOpP(HBIX ILIe-
HOK, JIJIA TIOJIMKPIVICTAJIIIOB (pOTOXPOMM3M HaOJI0-
naerca penko. Ilo KuHeTMYECKUM 1 (POTOXMMU-
YeCcKMM ITapaMeTpaM aMopdHbIe IIJIeHKN 1107100~
HBI PacTBOPaM.

Pabora BeIIOJIHEHA IIPM (PMHAHCOBON MOAMEPIKKE
PPDU (rpanter Ne 09-03-00283-a, 11-03-00268-a)
u ITporpammer OXHM PAH 5.1. 2009—-2011 rr. (rpaHT
Ne 5.1.9).
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