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IIpencraBieHBI pe3yabTaThl NCCIIENOBAHUS POCTA KPUCTAJLIOB IIPOU3BOIHOIO napa-tepdeHmwna — 4,4"-mm-
TpeT-0yTuin-napa-repdenuna (tBu-3P-tBu). MertogoM criekTpodoToOMeTpUM yCTaHOBJIEHA PacTBOPM-
MOCTB coeiMHeHUS B ToJyosie Tipu 20°C. BriepBbie MeTOmaMu pocTa U3 paCTBOPOB M ITAPOBOTO (PU3UIECKO-
ro TpaHCIopTa MoJIydeHbl MOHOKpHCTaUIbI tBu-3P-tBu 10 1 ¢M B IJIMHY U ¢ MTOMOIIBIO MOHOKPUCTAIbHOI
PEHTIeHOBCKOI audpakumu pacmudpoBaHa ux crpykrypa mmpu 85 K B TpukimHHOIL 11p. 1p. P1 (Z = 8).
[Tockue MpsIMOYTroJibHBIE KPUCTAILIBI C HAMIYYITUMU MOP(OJIOTHUECKMU XapaKTepHUCTUKAMU BbIpallie-
HBI 13 mapa. Ha pa3BuUTOI rpaHM TaKUX KPUCTAJUIOB OTMEUYAETCsl HAIMIMeE 3JIeMEHTApHBIX CTyIIeHei pocTa
BBICOTOI 1.4 HM, COOTBETCTBYIOIIMX MOJICKYJISIDPHBIM MOHOCJIOSIM B opueHTauuu rtockoctu (001). Yera-
HOBJICHO HaJIM4uue TojuMopdHoro nepexona mpu 229.2°C u Me3oMopGhHO XKMIKOKPUCTATUTMIECKOM ha-

3bI BBILIIE TEMIIEPATYPHI IUT1aBieHus 255.6°C.
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BBEAEHWE

Cpenu opraHuYeCcKuX JIMHEWHBIX TT-COIMPSIKEH-
HBIX MOJIEKYJ1 OOHMM M3 Haubonee 3(h(GEeKTUBHBIX
CLHUHTWUISITOPOB, a TAKXe JTIOMUHECIIEHTHBIM CTaH-
napToM siBiisieTcs napa-tepdennn (3P) [1-3]. B aToit
CBsI3U IIpOM3BOAHEIE 3P mpencTaBiasaioT 00IbIION MH-
Tepec IJIST pa3BUTHUS (DOTOHHBIX TEXHOJIOTHI Ha 0a3e
opraHuYeckux coeaumHeHuii. Ipynma 1uaHo-3ame-
IIEHHBIX coeqnHeHu Ha ocHoBe 3P B [4] mpenioxke-
Ha B KauyecTBE JIMHENMKHU TMepCleKTUBHBbIX MaTepua-
JIOB i1 pa3pabOTKU CBETOU3IYYAIOIIUX JTUOIOB.
IIIupokasi cepust aJKWIbHBIX MPOU3BOMHBIX Hapa-
TepdeHua, paccMaTpUuBaeMbIX B BUJIE JOTIAHTOB 151
KUAKUX U TIJIACTUKOBBIX CUMHTUJIISATOPOB, Mpemd-
craBlieHa B [5, 6]. 3mech Hanuuue pa3BETBICHHBIX
KOHIIEBBIX TPYII B MOJEKYJIaX MO3BOJISIET TOCTUYb
0oJjiee BBICOKOW pPacTBOPUMOCTUM B OpPTraHUYECKMX
pacTBOPUTEJISIX U MOJMMEPHON MaTpulle, a TakKxKe
MPUBOAUT K CHUXXEHUIO TeMIepaTypbl TJIaBJIEHUS.
C npyroil CTOpOHBI, HaIUUYUE MACCUBHBIX pa3BeTB-
JIEHHBIX KOHLIEBBIX TPYII B MOJIEKYJaX BO MHOTHX
cllyyasix co3JaeT OrPOMHBIN Gapbep sl MOJTyYeHUSs
KPUCTAJIJIOB C BBICOKOI CTEIIeHbIO CTPYKTYPHOTO CO-
BEPILEHCTBA, BEPOSITHO, MO 3TOil MPUUYMHE MHOXe-
CTBO U3BECTHBIX MpPou3BOAHbIX 3P ocraeTcs Heuc-
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CJIEIOBAHHBIM C TOYKW 3PEHUS POCTa U CTPYKTYPHI
KPUCTAJITIOB.

B [7] 6B171M o1TyOJTMKOBAHBI PE3yIbTaThl MCCIIENO0-
BaHUSI pOCTA U CTPYKTYPbI KPUCTAIJIOB TPUMETUJICU -
JiuabHOTO MpousBoaHoro 3P — 4,4"-6uc(TtpumMeTu-
cuiui)-napa-teppeHnsia — XapakTepu3yrollerocs
TPUKJIMHHO# cuMmMeTpueit Pl (Z = 2) m Xopollo
KPUCTAJUTU3YIOIIETOCS M3 PAaCTBOPOB B BUJIE TIJIaCTH -
HOK CAaHTMMETPOBOTo MaciTaba. B cpaBHeHUU ¢ uc-
XOJIHBIM napa-tepdeHnIOM HaJInure B COCTaBe MO-
JIEKYJIbl pa3BeTBIEeHHBIX KOHILeBbIX rpynm Si(CH;);
MPUBOAUT K U3BMEHEHUIO XapaKTepa yITakKOBKM U pas3-
PBIXJIEHUIO CTPYKTYPbI KpUCTAJLJIA, UTO BJIEYET 3a CO-
00i1 CHMXKEeHME TUIOTHOCTHU, YBEJIUYEHUE PACTBOPHU-
MOCTHU M HECKOJILKO 3aTparuBaeT ONTUKO-JIIOMUHEC-
LIEHTHbIE CBOMcCTBA [7].

B Hacrogieil pabote BIiepBbI€ IIPEACTaBICHBI pe-
3y/lIbTaTbl MCCICHOBAHWII PAacTBOPMMOCTH, POCTa U
CTPYKTYPbI KPUCTAJJIOB ITPOU3BOIHOTIO #apa-TepheHM -
Jla ¢ KOHIIEBBIMU TPETOYTUIIbHBIMU 3aMECTUTEIISIMU —
4 4"-mu-tperoyTiia-napa-tepdenmia (tBu-3P-tBu)
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CorinacHo [6, 8] kpucTauIM4yecKue IIJIEHKU
tBu-3P-tBu xapakTepusyroTcsi OOJBIIMM CTOKCO-
BbIM cABUTOM (7932 ¢cM™') U BBICOKMM KBaHTOBBIM
BBIXOIOM doTortoMmuHecueHnu (40%); Makcumy-
MBI B CIIEKTpaX ITOTJIOIIEHUS W JTIOMUHECHEHINN
277 n 355 HM COOTBETCTBEHHO |[8].

OKCITEPUMEHTAJIBHAA YACTDb

Mamepuansi. Cuntes tBu-3P-tBu 0bL1 ocyiiiecTB-
JIeH o cxeMe [6]. B xauecTtBe pacTBOpuUTeNeil Mc-
nonb3oBanu Toryon (OCY), 6enzon (YAA) n 6eH3U-
JgoBeiit cniupt (Y1A), ocaguteneit — U30MPOIIaHOII
(YOA) u 6yranon-1 (Y1A). B xadecTBe MHEPTHOTO
raza-HOCHUTEJISI UCIOIb30Bau a30T Mapku 6.0 (HUHN
KM, Mockga).

Hccaedosanue pacmeopumocmu. KOHILIEHTpaLIWIO
HackhIllleHHOTo pacTBopa tBu-3P-tBu B TonyoJte mipu
20°C usMmepsgnu crnekTpodOTOMETPUYECKUM METO-
JgoM [9]. Ontuyeckyio 1ioTHOCTh tBu-3P-tBu B To-
JIyojie B enuHMLAX Kod(ddulMeHTa 3KCTUHKINU
OMpPEIEISUIN T10 CIIeKTpaM ITOTJIOIIEHUS IIIECTU pac-
TBOPOB ¢ KOHLeHTpauusMu ot 2.5 1o 30 MmxM. Ilpu
IIPUTOTOBJICHUM PAaCcTBOPOB JUISI OIpPEAeIICHUSI Mace
HaBECOK M PaCTBOPUTEJISI UCIOJIb30BaIN aHAIUTUYE-
ckue Becbl OHAUS Discovery DV215CD (TouyHOCTh
m3mepenus +0.0003 r). HacelmeHHBIIT pacTBOp II0-
Jydaau TIyTeM GQUIbTPOBaHUS Yepe3 IIOJIUTeT-
padTopaTuneHoBbIN uUabTp (Auametp 1op 0.22 MKM)
pacTBOpa, HaXOMASIIIETOCS B pABHOBECUU C KPHUCTAa-
JIMYECKMM OCaJKOM IIOCJIE€ €ro BhIIEPXKKU B TeUEHUE
CYTOK Haj BBIMMaBIIMMU KpucTajaaamMu. HackieH-
HBIII pacTBOpP pa30aBIIsIM B U3BECTHOE YMCJIO pa3 U
U3MEPSUIA €r0 OITHUYECKYI0 IUJIOTHOCTh Ha JIMHE
BOJIHBI, COOTBETCTBYIOIIEH MaKCUMYyMY MOJOCHI MO-
mioieHus. PazbaBieHne IIpoBOAMIN 10 KOHIICHTPA-
1A, COOTBETCTBYIOIIMX JUHEHHOMY YYaCTKy 3aBU-
CUMOCTH OTNITUYECKOM TJIOTHOCTU OT KOHIIEHTpAIlUu1
(onTryeckasi TUIOTHOCTb pacTBOpa He IIPEBHIIIaNa
0.5 B MakcumyMe nomnioieHus ). CIeKTpbl HOIJIOIIEe-
HUSI pacTBOPOB W3MEPSUIM Ha CIEKTpodoToMeTpe
Shimadzu UV-2501PC B cTraHmapTHBIX KBapleBBIX
kioBeTtax TommmHOM 10 mMm. KosddummeHt sxkc-
TUHKLUU PAaCCUUTHIBAIU 1O JAHHBIM, MOTYYeHHBIM
TSI pa30aBI€HHOTO PaCTBOPAa C U3BECTHOI MaCCOBOM
KOHIIEHTpALIUEN.

Pocm kpucmannos. 1151 noaydeHUsI KpUCTALIAYE-
ckuXx mieHok tBu-3P-tBu npuMeHunu xopouio 3ape-
KOMEHIOBABIIWII ce0sI METOm pocCTa M3 pacTBopa
“pactBopuTenb—ocanutens”’ [7, 10], a Takke Men-
JIEHHOE U30TepMUYECKOE YIIapUBaHUE PACTBOPUTEIIS
npy KOMHATHOI Temmneparype. Kamepy ¢ moaroros-
JIeHHBIMHM pacTBopamu tBu-3P-tBu Beimep:kuBanu B
TepMOCTaTe IIpU KOMHATHOM TeMIteparype. [1o okoH-
YaHNM POCTOBOTIO MEePrOoJa C MOBEPXHOCTH pacTBoOpa
U CO THA POCTOBOTO COCYIa KPUCTAJIMYECKUE TIICH-
KM U3BJIeKaJIU METaJUIMYEeCKOil ceToukoii. beH3umio-
BBII COUPT B OTJIMYME OT OCTAJIbHBIX PaCTBOPUTENICH
SIBJISIETCS CYILIECTBEHHO O0Jiee BSI3KOM XKUIKOCThIO, U

€ro HaJluuue B pacTBOPE 3aMeJISIET TEMI pOCTa KpU-
CTaJIJIOB, YTO MOXET CITOCOOCTBOBATH YIYYIIEHUIO UX
Mopdoaorndaeckoro Kadecrtna [7]. Takxke MOHOKpHU-
crajuimdeckne TuieHKH tBu-3P-tBu BweIpamuBanm
METOIOM MapoBOro (U3UYECKOTO TpaHCIIopTa
(II®T) [11]. B ycranoske I1PT pocroBas medb BbI-
MOJIHEHA U3 JIBYX KOAKCUaJIbHBIX KBaplEBbIX TPYO C
IMaMeTpOM BHYTpPEHHel TpyObl 22 MM U UIMHOU
60 cM, Ha KOTOpYyIO HaMOTaHa HarpeBaTeJIbHas IIpo-
BOJIOKA C HEOTHOPOJIHOM MJIOTHOCThIO BUTKOB, 00€ec-
reyrBalolleil rpalueHTHOE TEIJIOBOE I10JiEe B 30HE
BO3TOHKU Y CyOJIMMallMU BelecTBa. J1Jist BepaiiBa-
HUSI KPUCTAUIOB ObLIa MKCIIOJIb30BaHAa KBaplieBasi
TpyOa ¢ BHYTPEHHUM JuaMeTpoM 19 MM, yepe3 KoTo-
py1O B T€UeHUE BKCIIepUMEHTa MpOoayBajcs a3oT CO
ckopocthio 0.4 1/4. KoHTponb pacxoma rasa yepes
30HY POCTa OCYILIECTBIISUIM C TIOMOIIbIO KOHTPOJIJIE-
pa-pacxomomepa EL-FLOW Prestige FG-200CV
(Bronkhorst, Hunepnanmasl). YopasieHue TeIIOBBIM
PEXMMOM OCYILIECTBJISUIM C TTOMOIIbIO TEPMOKOH-
tpoinepa Tepmomat-17E6 (CucteMbl KOHTPOJIS,
Ilepmb), TOYHOCTH TIOANEPKAHUS TeMIIEpPaTyphl
+0.05°C. TemniepaTypy B 30HE MCTOUYHMKA BellleCTBa B
cepMu 3KCIepuMeHTOB BapbupoBaiu ot 200 mo 230°C.

Jughpepenyuanrvno-ckanupyrowas Kaiopumempus
(IACK) u mepmoepagumempuveckuit aumaiusz (TIA).
TermoBbIe CBO#iCTBA KPMCTA/UIOB MCCIICIOBAIN B
muanasoHe temmneparyp 30—360°C mMeTomoM CUH-
XpPOHHOTO TEPMUYECKOTO aHan3a; OMHOBPEMEHHO
uzMepsiiv TeruioBoii notok (JICK) u morepro Mmacchl
oopazuoM (TT'A) Ha TepMOAHAIMTUYECKOM KOM-
ruiekce STANetzsch 449 F1. DkcriepuMeHTbI TPOBO-
I Ha o0pasliax MOJMKPUCTAIUTUIECKUX TTOPOIII-
KOB B TOTOKe cyxoro aproHa (70 Mj/MUH) pU CKO-
poctu HarpeBaHus 10 K/muH.

Mukpockonus. ®opMy KpUCTALJIOB U UX MMOBEPX-
HOCTHYI0 MUKPOMOP®HOJIOTUIO UCCIIEN0BAIU C TIOMO-
IIbI0 OMNTHUYECKOTO KOH(OKAIBLHOTO MHUKPOCKOIA
LEXT OLS3100 (Olympus, fmoHust) 1 aTOMHO-CH-~
snoBoro Mukpockomna (ACM) NTEGRA (NT-MDT,
Poccust) B koHTakTHOM pexkume (3oHab1 cepuu fpCO1
¢ xecTtkocThio KaHTuneBepa 0.03 H/M, pammycom
3aKpyIJICHUS UTJIbl — He OoJiee 25 HM), OTKaaInopo-
BaHHOTO B TOPU30HTAJIBHOM IMJIOCKOCTU 1O 00pasily
TGZ1 (NT-MDT). KaaubpoBKy U3MepeHU1 I10
Z-KOOpIUHATE BBIMOJIHSJIM 1O 3JIeMEHTAPHBIM CTY-
MEeHsIM Ha Oa3aJibHOM IpaHU KpHUCTala KajJlueBOu
CIIIObI, COOPMUPOBAHHBIM C OMOIIBIO 00OPaA0OTKU
ero “csexero” ckona B 50%-HoOM BOTHOM pacTBOpeE
TU1aBUKOBOI KucoThl [12]. ITosiydeHHBIE Tommorpam-
MBI 00pabaThiBAIM Y aHAJIU3UPOBAIN C MOMOIIBIO
nporpamMmmbl Gwyddion [13]. TommuHy IUIacTMHYA-
THIX KPUCTAJJIOB OIPENEISU C MOMOIIbI0 MUKPO-
ckona Olympus LEXTOLS3100 B koH(pOKaJIbHOM
pexume. [lonutepmMudyeckuii MHUKPOCKOTUYECKUIA
aHan3 (a30BOro MOBEACHUS KPUCTATNIMUYECKIX 00~
pas3uoB tBu-3P-tBu B xoae HarpeBa BBIIIOJIHEH B pe-
KUMeE in Situ Ha TOJSIpU3AllMOHHOM MUMKPOCKOTIe
Carl Zeiss Jenavert B mpoxoIsiux Jiydax IIpHu CKpe-
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POCT, CTPYKTYPA U ®A30BOE ITOBEJEHWE KPUCTAJIJIOB

MIEHHBIX TTOJISIpU3aTopax C UCIOJIb30BaHNUEM TEPMO-
cronuka Linkam LTS420. HarpeB o6pa31ioB mpoBo-
VIV B MIOTOKE a30Ta.

Penmeenosckas dugpaxyus. IHTEeHCUBHOCTHU U~
(¢pakIMOHHBIX OTpaxXeHHM OT MOHOKpPMCTALIa
tBu-3P-tBu pasmepom He Oosice 0.3 MM U3MEpSIU
npu Temnepartype 85 K Ha peHTreHOBCKOM audpak-
tomeTrpe Xcalibur Eos S2 (Rigaku Oxford Diffrac-
tion). DKcriepuMeHTaJIbHbIE JaHHbBIE 00paboTaHbI C
nomolnbio mporpamMmbl CrysAlisPro [14]. ITIporpam-
ma Jana2006 [15] ucnonp3oBaHa IS IOUCKA U yTOY-
HEHUsI mapaMeTpoB CTPYKTYypHOit Moaenu. Koopnu-
HaThl aTOMOB yIjleponaa HalifleHbl MeTomoM “charge
flipping” mo nporpamme Superflip [16] u yTouHeHbI
METOAOM HaWMEHbBIIMX KBaApaToB B ITOJIJHOMATPUY-
HOM BapuaHTe. KoopauHaTBel aTOMOB BOAOpOIA 3a-
(pUKCHUPOBaHBI B MOJEIN TEOMETPUUECKH.

Cnexrp peHTreHoau(pPaKIIMOHHOTO OTPaKeHMs
OT TOBEPXHOCTU Pa3BUTOI IpaHU HauboJjee KpyIl-
HBIX TJIACTUHYATHIX MOHOKPMCTAJIJIOB TaKXKe MOy~
YeH NpU KOMHATHOI TeMmepaType Ha MOPOIIKOBOM
peHTreHoBcKoM nudpakromerpe Miniflex 600 (Riga-
ku, SInonwust). Usnyyenune Cuk,, A = 1.54178 A. Cko-
pocTb 3amnucu 2 rpan/mMuH. IIpenBapurenbHO 0Opasibl
IUIEHOK OBLIU IMPUKJIEEHBI Ha KBAPLIEBYIO ITOIIOXKKY.

PE3VJIBTATbBI 1 UX OBCYXIEHHWE

Pacmeopumocms. Ha puc. 1 nipeacrasiieH CIIEKTp
nornomeHus tBu-3P-tBu B Tonyose B emmHUIIaX KO-
s dunmeHTa SKCTUHKIINYA B 00JIACTU MaJIbIX OITTH-
YeCKMX TIUJIOTHOCTEH ToJslyosia, MMeEIoNit (hopmy
¢yukuum Iaycca. Koadduuument sxkctunkiuu tBu-
3P-tBu B MakcuMyme (288 HM) COCTaBISIET €, =

= 35800 = 500 n1 monp~! cM~!. YcTtaHOBNEHHad mo
JIMHEHOI 3aBUCUMOCTU OITHMYECKOW IIJIOTHOCTU
pPacTBOPOB KOHIIEHTpAaLKsI HACBIIIEHHOIO pacTBopa
cocraBuia 6.7 & 0.5 T/71, YTO HECKOJIBKO HITXKE, UeM Y
napa-tepdenuna (8.5 r/m) [17].

Pocm kpucmannos. XapakTepucTUKU pocTa KpHU-
craioB tBu-3P-tBu u3 pacTBOpoB mpuBeAeHBI B
Taba. 1. I3 pacTBOpOB ToJIyona B aTMocdepe HaChI-
IIEHHBIX TTAPOB OCAIUTENST — U30IPoTIaHoIa HOPMU-
pOBaJIOCH OOJIBIIIOE KOJMYECTBO TUIOCKUX KPUCTAI-
JIOB ¢ HU3KUM MOPMOJIOTUYECKHUM KadeCcTBOM (OT-
CYTCTBUE TPaBUJIbHOI (DOPMBI U OTpaHKM, HAJTUUME
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Puc. 1. Cnektp nornoiueHus tBu-3P-tBu B Tonyone B
enqMHUIaX KoahhUmeHTa SKCTUHKIIV.

MHOXECTBEHHBIX CPOCTKOB, TPEIIWH M JAp. HedeK-
ToB). Kak mpaBujio, Ha HOBEpXHOCTH pacTBopa ¢Gop-
MU POBAIMCH arperaTbl U3 CPOCIINXCS TUIOCKUX KPH-
crajuioB. Hanmpumep, Ha puc. 2a NpencraBjieHO He-
CKOJIbKO TaKMX arperaTroB, BBEIPAIIEHHBIX B TCUCHHE
19 cyt. OtnenbHble KpUCTAJUIbI, BXOISIIME B CPOCT-
KM, MMEIOT IMpsMOYIrojbHyl0 ¢GopMy, HaubdoJjee
KPYITHBIN M3 HUX JOCTUTAeT B IJIMHY 11 MM (puc. 2a).

I1pu BeIpalliMBaHUU U3 KOMOMHUPOBAHHBIX pac-
TBOPOB C J00aBjIeHWeM OEeH3WJIOBOTO CIUpTa ynaa-
JIOCh MOJYYUTh KPUCTAJJIbI C HAMTYYITUM MOPGhOI0-
r'MYeCKMM KayecTBOM. Hannumne 6eH3UI0BOTO CUp-
Ta, C OMNHOU CTOPOHbI, MPUBOIUT K YBEJIUUYECHUIO
BSI3KOCTU pacTBoOpa, a C APyroil — CHUXKAeT pacTBO-
pumocTb tBu-3P-tBu. B naHHBIX yCITOBHSIX IO OKOH-
YaHWUW POCTOBBIX 3KCIEPUMEHTOB Hapsiiy CO CpoOC-
IIUMUCS KpUCTA/UIAaMWA MOXHO ObLIO HabiomaTh
KPUCTAJIIBl TIPAaBWJIBHOU MNPSIMOYTOJIbHOW (POpMBbI
KakK Ha rpaHUIIe XXKUIKOCTb—IIap, TaK U Ha THE POCTO-
BOro cocyna. B kauecTBe nnpuMepa Ha puc. 20 nmpuBe-
JleHa rpynna KpUCTaJJIOB, BbIPAIIEHHBIX B T€UEHUE
JIIBYX Helelb U3 pacTBopa OeH3osia U OEH3UJIOBOIO
CIUpTa B COOTHOLIEHUM 3:5 B XoAe MEMNJIEHHOTO
W30TEPMUYECKOTO  YMapuBaHWUSI PACTBOPUTENEH.
B naHHBIX yCIOBUSX TTOJydyeHbl 00pa3libl TOJIIMHON
1o 150 MmxMm 1 nrHO# 1o 6 MM. Ha puic. 2B npeacras-

Taomuna 1. ITapameTpsl pocTa U3 pacTBOpoB KpuctajuioB tBu-3P-tBu mmpu 22°C

PacTtBOpuTenn Ocanurenb C,, T/n T, cyT L,,mm | H,, Mxm |V}, MKM/4
Tomyon HMzonponaHon 7.3 19 11 65 12
Benzon/6ensuonsiii cnupt (1 : 1) | ByraHon-1 3.0 7 2 55 12
Tonyon/6en3unossiii cnuprt (4 : 5) | Usonponanon 3.0 7 3 48 18
BeH3zou/6eH3unoBsiit cniupt (3 : 5) | Medaennoe ucnaperue 2.6 14 5 143 15

IIpumeuanue. C,; — HavabHasl KOHLEHTpaLUus pacTtsopa, T — nepuon pocta, L, n H,, — COOTBETCTBEHHO MaKCUMaJIbHbIE UINHA 1
TOJIILIMHA KPUCTAIIJIOB B onbITe, V; = H,,/T — cpenHsis TaHTeHIIMaIbHAasi CKOPOCTb POCTA.

KPUCTAJILIOTPA®UA  Tom 68 Ne 1l 2023
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Puc. 2. Kpucrannel tBu-3P-tBu, BelpanieHHbIe 13 pacTBOPOB TOJyosi—u3orpornanoi (19 cyr) (a), 6eH301—0eH3WIOBbII CIUPT
(3:5) (14 cyr) (0); onTyeckoe n306paxkeHUe KpUcTaula MPsIMOYTOJIbHO# (hOpMBI, BEIPAIIEHHOTO B 00beMe pacTBOpa, U yBe-
JIMYEeHHOE KOH(MOKAJIbHOE N300pakeHNe BhIICJICHHOTO Ha HEM yJacTKa IOBEepXHOCTH (cIpaBa) (B); KOH(poKaibHOe n300pa-
JKeHue yyactka pasBuroit rpanu (001) kpucrania c octpoBkamu (r) u yuactka noepxHoctu (001) ¢ auciokauMoHHOM crivpa-

JIbIO pocTa (i1).

JIEHO OITMYECKOe MUKPOU300pakeHUe B OTpakeH-
HBIX JIydaX KpHUCTajuia ToamuHoi ~60 mxMm. Mopma
KpucTalsia 61M3Ka K yCeUeHHOI TMpaMuIe ¢ mpsMo-
YTOIBLHBIM OCHOBaHUeM. [loBepxXHOCTHAsT MUKPO-
MopdoJorust 1TaHHOTO KpUcTajja pa3BUTasi ¢ Hajlu-
yyeM MHOXeCTBa MakpocTyleHeil pocta. Ha Bepx-
Hel TpaHu KpUCTaJlJla MOXXHO HaOJIOAaTh M YY4aCTKU

C TJIaJKOW MOBEPXHOCTBIO, KaK, HAINpUMep, Tpe-
CTaBJIEHO Ha YBEJIMUYEHHOM KOH(OKaILHOM U300pa-
JKeHUU cripaBa. B maHHOM ciyyae MOXHO BUIETh
m1agkKoe rmiato pazmepoM ~350 X 200 MxMm.

Ha MHorux KpucTaiax HabI01aeTCs MHOXECTBO
OPUEHTUPOBAHHBIX BAOJb HaMpaBjJeHUS OOKOBBIX
rpaHeii IpoJIO0JITOBaThIX HAPOCTOB IMHOM A0 50 MKM

KPUCTAJJIOTPA®US Ne 1
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Puc. 3. Kpucramn tBu-3P-tBu, BeipameHHsbIit u3 mapa 3a 72 4 (a), 1 ACM-tonorpacdundeckoe n300paxkeHre yJyacTKa ero mo-

BepxHOCTH (0).

u BbicoToi 7o 200 HM (puc. 2r). Hajiudyue Takux ocT-
POBKOBBIX CTPYKTYD, TMPEINoOa0XUTEebHO, MOXET
OBbITh CBSI3aHO C OCaXJIEHWEM U3 pacTBOpa MpUMeC-
HOM (ba3bl — 60siee JITMHHBIX MOJIEKYJT, SIBJISTIOIIMXCS
MOOOYHBEIM IIPOAYKTOM peakluuu cuHTe3a tBu-3P-
tBu. ITomo6Hass ocobeHHOCTh HAOJI0IaaCh TIPU NC-
ClIelIOBAaHWM POCTa KPUCTAJIOB TPUMETUIICUIIUIb-
HOM IIpOU3BOOHOM napa-tepdenuia [7].

Ha nmoBepXHOCTH HEKOTOPBIX KPHUCTAIIIOB B KOH-
¢doKaIbHOM peXrMe OTYETIUBO BUIHBI JUCIOKALIV-
OHHEIE CIIMpaIv pocTa (puc. 21).

B ycinoBusax IIDT monokpuctamisl tBu-3P-tBu
JUIMHOM OT 5 1o 10 MM MOXXHO BBIPACTUTh B T€UEHHUE
2—3 cyt npu temrieparype 230°C B OKpECTHOCTH UC-
TOYHMKa ¢ BeulectBoM. Ha puc. 3a mnpencrabieH
OIVH U3 HanboJiee KPYyIMHBIX 00pa3LoB IJIUHOMK 6 MM
U TOJIIIMHOMN ~25 MKM, BbIpallleHHbI B TedeHue 72 4.
ITosiyyeHHBIE B TaHHBIX YCJIOBUSIX KPUCTAJJIbl HE-
pEIKO UMEIOT HeTIpaBUJIbHYIO (DOPMY C OKPYTJBIMU
OOKOBBIMM CTOPOHAMMU, OAHAKO MOBEPXHOCTb HUX
pa3BUTOM TI'paHU B CPaBHEHUM C PACTBOPHBIMU
KpUCTaJllaMU MEHee IlepoxoBaTasi ¢ HaludyueM
3HAUUTEJbHON NOJM TiaanKux ydyacTkoB. Hampu-
Mep, Ha puc. 30 npencTaBjieHa aTOMHO-CUJIOBasl TO-
rmorpaMMa ydacTKa MOBEpPXHOCTM Kpuctauia. Ha
U300pakeHUM OTYETIMBO BUIHA Cepusl dJieMeHTap-
HBIX CTYIIeHEH pocTa BBICOTOM 1.4 HM.

JACKu TTA. Anst uccnenoBaHus MOBEASHMS Bellle-
CTBa IpU HATPEBE MCIIOJIL30BAJIM ITEPEKPUCTATIIN30-
BaHHBIII M3 pacTBOpa TOJIyoJa KPUCTAJUTAYEeCKUit
ocanok. Kpussie JICK u TTA ob6paszua tBu-3P-tBu ¢
HayaJbHOM Maccoil 6.2 Mr mpeacTaBjieHbl Ha puc. 4.
B mnpouecce HarpeBa Ha kpuBoit JICK npu 7, =
= 229.2°C cHauaja HaOmomaeTcsl MaJiblii HIO0TEP-
MUYECKHUI MUK C TErJOBBIM 3(D(HEKTOM BEIUYU-
Hoit AH,. = 4.8 x/Ix/Monb (MonsipHast Macca M =
= 342.53 r/Monb), TIO-BUANMOMY, CBSI3aHHBINA C MO-

KPUCTAJIJIOTPA®US Ne 1

TOM 68 2023

JIUMOP(MHBIM TIEPEXOJOM B BBICOKOTEMIIEPATYPHYIO
Kpuctaunyeckyo ¢azy. 3arem npu 7,, = 255.6°C
MMeeT MEeCTO OOJIbIIIONH IHAOTEPMUUECKUT TTUK, Xa-
PaKTEepU3YIOLIWI TIpoliecC TJIAaBJICHUS] C MOJISIPHOI
sHTanbnuen AH,, = 46.5 xJIx/Monb. [Tocne pacrinas-
JIEHUs TIpU TEKYIIEW CKOPOCTU HarpeBa HaOIo1aeT-
Cd MHTEHCUBHAas I10TEPs BELLIECTBA 3a CYET UCIape-
HUsI, TaK 4TO TIpH TieperpeBe 10 360°C u mociaeayo-
meM oxJaxmeHnu ocTaetca MeHee 10% ot
nepBOHavaJIbHOM Macchl oOpasna. B cpaBHeHuM ¢
¢a3oBbIM NMOBeneHUEM napa-tepdeHuiia tBu-3P-tBu
MPOSIBJISIET 60Jiee BHICOKYIO YCTOMYMBOCTD K MOTEpe
BelecTBa Ipu Harpese Boie 200°C [7].

Tloaspusayuonnsiii.  noaumepmuueckuil  hazosulil
anaauz. PaHee mapameTtpsl muiaBieHus1 tBu-3P-tBu
66111 ucciaenoBanbl MeTonoM JJCK [6], ycraHOBIEHA
temIieparypa minasienus 7,, = 255°C, 4ro cornacyer-
Cs1 C IOJIYYEHHBIMU B HACTOSIIIEN paboTe pe3yibTaTa-
Mu. Taxke B [6] IpUBeIeHBI CBEACHUS O CYIIECTBO-
BaHUM XUIAKO-KPUCTALIMYECKON Me30¢ha3bl B WUH-
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Puc. 4. Kpussie JICK u TTA tBu-3P-tBu.
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Puc. 5. Psin nmociienoBaTelIbHBIX M300paskeHUI B CKpEIIEeHHBIX TToJIsipu3aTopax Kpuctasuia tBu-3P-tBu, BelpaiieHHOrO 13 pac-

TBOpA, MPU TEMIIEPATYypaX HUXKE 1 BbILIE TOUKU TLJIABJICHMSI.

TepBaJie Temmeparyp 245—255°C, T.e. HUXe
YCTAHOBJIEHHOW TOYKHU IuiaBieHusi. Cyns 1mo mojy-
YEeHHBIM HaMM pe3yJibTaTaM, B (paze HarpeBa Majblii
MUK TIepea GONBIIUM IMUKOM IUIaBlIeHUs B [6] ObLT
HEeBEpHO UASHTUDUIIMPOBaH. JJaHHBIN 3HAOTEPMMU-
qyecKUi 3(PpPEKT COOTBETCTBYET IMTOMNMOPPHOMY TIe-
pexony B BBICOKOTEMIIEPATYPHYIO KPUCTALIMYECKYIO
MonuduKalvo, a Mpu JaJlbHEWIleM HarpeBe Tpu
TJIaBJICHUM HAOJI0AAeTCsl TIepeXol B XXUIKOKPUCTA -
JINYECKY10 Me30(aszy.

st yrouHeHUs1 (pa30BOTO COCTOSIHUSI B 00J1aCTU
TeMIiepatyp, orMedeHHbIX B xone JCK mccnemoBa-
Huii (puc. 4), NICIOJIb30BAIA METO ITOJISIPU3ALIOH-
HOTO MOJIMTEPMUUECKOTO aHajin3a. PaccMoTpum psin
MOCJIEIOBATE/IbHBIX M300paXXeHU B CKPEIICHHbBIX
MoJISIpU3aTopax Mpy pa3IMYHbIX TEMIepaTypax Kpu-
crayioB tBu-3P-tBu, BbIpallleHHbIX U3 CMECH pac-
TBOPOB TOJyojJa U OeH3WIOBOro crupra (puc. 5).
B paiione 230°C B kpucTtajiax HaOJIIogaeTcsl MosiB-
JIeHre HOBOI (pa3nl (OoJiee cBeT/Iast 00IacTh CIIpaBa),
KPUCTAJIJIOTPA®USI Ne 1

TOM 68 2023
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Puc. 6. VI3MeHeHNe MTHTEHCUBHOCTH TTOJISIPU30BaHHOTO CBETa ITPY MPOXoXaeHnH yepes rpaHb (001) MoHokpucrauia tBu-3P-tBu
MPU Pa3IMYHBIX TTOJIOXKEHUSIX OTHOCUTEIBLHO CKPEIEHHBIX MOJISIPU3aTOPOB (ITPU Mepexoie cieBa HalpaBo KPUCTAJLT TOBOpa-

yuBaeTcs Ha 45° 1o 4acoBoii CTpeike).

KOTOpast pacTeT B HAIIPaBJICHUHN, YKa3aHHOM OeJIBIMU
crpenkamu. [Tpu 238°C nepexon o6pasiia B BHICOKO-
TeMIlepaTypHy0 MoauGUKaIMo MTPaKTUUYEeCKU MOJI-
HOCTBIO 3aBEPIITUJICS, YTO COITIacyeTcs C TaHHBIMU
ACK (puc. 4). Ilepen mutaBnenuem (238 u 250°C) yr-
JIbl KpUCTAJIOB oKpyrisitotes. Ilpu pacruiaBieHun
BEIIECTBO MEPEXOIUT B Me30MOPGhHYIO XKUIKOKPU-
cTajImyecKyo (asy, o yeM CBUIETEIbCTBYET HaJIM-
Ype XapaKTepHO#l LBEeTHOI TeKcTyphsl (268°C), mpu
IagbHeIIeM HarpeBe HaOIoaaeTCs Mepexon B M30-
TPOITHOE COCTOSTHUE.

ITpu BpaieHuu Hebobux (d < 0.5 MM) MOHO-
kpuctauioB tBu-3P-tBu B 1iockocTd mpeaMeTHOro
CTOJIMKA B CKPEIIeHHBIX MOJISIPU3aTOpax MpaKTHJe-
CKM He HaOJIfomaeTcsl U3MEHEHUS! WHTEHCUBHOCTH
MOJISIPU30BAHHOTO CBETA, MPOIIEAIIEro Yepe3 Iioc-
Ky1o rpanb (001) kpuctamios (puc. 6). JlaHHbIH 3¢-
ek, cymsg mo BceMy, TOBOPUT O HAIMYUM ITUPKY-
JISpHOI MOJISIpU3allMy CBETa B OTJIMYHE OT KPUCTa-
JioB 3P 1 ero TpuMeTUJICUINIBHOTO MPOU3BOIHOTO,
OOHApPYKMBAIOINX JIMHEHHYIO ITIOJSIPU3ALNIO TP
MPOCBEYMBAHUY [0 HOPMaJIX K Pa3BUTOM IpaHM.

Kpucmanauueckas cmpykmypa u mopghonoeust Kpu-
cmannoe. OCHOBHBIE KpuUcTaJUIorpaguyeckue rmnapa-
METPhI, JAaHHBIC SKCIEpUMEHTa U Pe3yIbTaThl yTOY-
HeHUs CTPYKTyphol (ripu Temiieparype 85 K) MoHO-
kpuctayuia tBu-3P-tBu, BelpalieHHOro U3 pactsopa,
npuBeneHbl B Ta0u. 2. [Ipu HarpeBe 10 KOMHaTHOM
TeMIepaTypbl HaIWYUS MHOJIUMOPGHBIX MEPEXOI0B
HE BBISIBJIEHO, HO IIPY 3TOM OTMEUE€H 3HAYUTEIbHBIN
pOCT cTerneHM Oecrnopsiika B opUeHTALMU (heHUIIb-
HBIX U TPETOYTUJIBHBIX TPYMI B COCTaBE MOJEKYJIbI.
Nudopmanuss o6 ucciaenoBaHHON CTPYKType Aero-
HupoBaHa B KeMOpuIKCKoM 0aHKe TaHHBIX OpraHM-
yeckux cTpykKTyp (CSD Ne CCDC2210825).

YTouHeHNEe CTPYKTYPHBIX TapaMeTPOB MOHOKPH -
crayuia tBu-3P-tBu nmpoBeneHo B M30TpONTHOM MIpH-
OJIV>KeHUH TETIJIOBBIX CMEIICHU I aTOMOB yrjiepojia B
pamkax 1p. rp. Pl (Z=8). DiiemeHTapHas siueiika pe-
MIETKW TPUKIMHHON MOIU(MUKAIIMA MOHOKpPUCTAJIa
comepxkuT 208 He3aBUCUMBIX aTOMOB YyIjepoaa U
244 atoma Bomopoga. Mopenb CTPYKTYphl OKa3aHa
Ha puc. 7. Kpucramisl tBu-3P-tBu cdhopmMupoBansl

KPUCTAJIJIOTPA®US Ne 1

TOM 68 2023

U3 MIJIOTHO YIIAKOBAHHBIX MOHOMOJIEKYJISIPHBIX CJIOEB
(MoHoOCcJI0€B), napaieabHbIX TuIockocTu (001), ToJI-
LIKHA KOTOPBIX dyy; = 1.43 uMm. Ha puc. 7a npeacras-
JIeH BUJ 3JeMEHTapHOM siyeliku Kpucraaia. biu-
XKaiilme MoHociou B HartpaBieHuu [001] He 5KBUBa-
JICHTHBI TI0 TPaHCASLIMOHHONW CHUMMETpUU, a
pa3BEPHYTHI APYT OTHOCUTEJIBHO Apyra IpuOJIM3U-

Taomuna 2. Kpucramuiorpadpuyeckie

XapaKTePUCTUKU,

JIaHHBIE DKCIEPUMEHTA U PE3YJIbTaThbl YTOUHEHUSI CTPYK-
Typbl KpuctauioB tBu-3P-tBu

Xumudaeckast popMmyiia
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Puc. 7. Ctpykrypa Kpucramia tBu-3P-tBu nipu 85 K: a — Bun aieMmeHTapHOM ST9eiikn; 6 — MPOEKIIMS CTPYKTYPHhI Ha TUIOCKOCTh
(001) (1 1 2 — MOJIEKYJIBI B BEPXHEM M HUKHEM CJIOSIX COOTBETCTBEHHO); B — KOH(MOpPMAIIMsI MOJIEKYJIBI B 3JIEMEHTapHOM sT4eii-
K€ C yKa3aHMEeM TOPCUOHHBIX YIJI0B MeXAy (DeHUIIbHBIMU IPYMHIIaMU; IPOEKLIMU CTPYKTYPbI Ha miockoctu (110) (r), (010) (o)

n (102) (e).

TeabHO Ha 90° (puc. 76). BHyTpH oTIebHOro MOHO-
CJIOST TIPOEKIIMU Oceid MoJieKyJsl Ha riockocTh (001)
BBICTPO€HBI B OIHOM HaIlpaBJeHUU: JIMOO BIOJb

[110], mu60 [110] (puc. 76). Takum obGpa3zoM, ILIOC-
KUe KPUCTAJUIbI TIPEICTABISIOT COOOI CTOMKY ILIO-
CKOTTapaJlJIEIbHBIX CJIOEB TOJIIIMHON dj, B HampaB-
nenun [001] ¢ yepenymwleiicsa KpucTaiorpaguye-
CcKoil opueHTalueii. Bo3Bpamasich K pesyabTaTam
ATOMHO-CUJIOBOII MMKPOCKOINUU, MOXHO 3aKJIIO-
YUTb, YTO YCTAHOBJICHHOE 3HAYEHUE BBICOTHI 3JIie-
MEHTapHOM CTyneHM pocTta (puc. 30) COOTBETCTBYET
TOJILLIMHE MOHOCTIOH dy; -

Koudopmanuss monekynsl tBu-3P-tBu B kpu-
crajuie Heruiockas (puc. 78). B 3HaueHMAX TOpCHUOH-
HBIX YIJIOB @ MEXIY (DEHUIBHBIMU IPYIIIIAMU MOJIE-
KyJ1 HaOogaeTcs cTaTUCTUYeCKuit pazopoc. B pam-
Kax 2JIEMEHTapHOM sueiiku @; = 26° + 8° (puc. 7B).

HakJioH ocu MOJIeKyJibl K TUIOCKOCTU MOHOCJIOS
(001) cocraBnset 42.5°. JIaHHBIIA yTOJI OIIpEIeIsIeTCs
U3 TIPOEKIIUN CTPYKTYphl Ha ILTocKOCTh (110) kak

yron Mexay miaockoctsmu (001) u (114) (puc. 7,
BepXHUIT (h)parMEHT MOHOCIION).

B npoexiim cTpykTyphl Ha 11ockocTh (010) (puc. 7m)

MOXHO BBIIEIUTH IIOCKOCT (102), OTHOCHTETBHO
KOTOPOIi OCH BCEX MOJIEKYJI B KPUCTAJLJIE OPUEHTUPO-
BaHbl NapajuleJbHO. BHYTpU miockomnapasieabHbIX

MOHOCJIOeB B Tu1ockocTH (102) MoJieKybl yrakoBa-
HBI B “IITAPKETHO-EJI0YHOM ~ TTOPSIIKE C YIJIOM YKJIad-

ku 119.3° (puc. 7e). B miaockoctu (102) MoHOCIOM
COBUHYTHI APYI OTHOCUTEIBHO Ipyra v yroJj CIBUra,
54.2°, onpenensieTcss KaK Yrojl MeXIy IJIOCKOCTSI -

mu (102) u (001) (puc. 7n).

COBOKYITHOCTb YEpEAYIOLIMXCS MOHOCJIOEB B
mwiockoctu (001), pa3BepHYTHIX IPYT OTHOCHUTEIBHO
JIpyra npubiusutesbHo Ha 90°, mpencraBisieT THUII
CJIOUCTOM CTPYKTYPHI, COCTOSIIEil M3 ABYX MOICH-
CTeM TUIOTHOYMAKOBAHHBLIX MOJIEKYJISIDHBIX CJIOEB.
Kaxnast otnenbHast moncucTeMa CI0eB 3a/1aeT OIpe-
JeJIeHHOE HampaBjeHUe I JIMHEWHON ITosipu3a-
uun. Takum o6pa3oM, BCsT ccTeMa KpUcTaJiiia oS-

KPUCTAJIJIOTPADU A
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Puc. 8. Crniektp peHTreHonu@pakKIMOHHBIX OTpaXXeHU
OT Pa3BUTON I'PaHM BBIPALLEHHOIO U3 Mapa MOHOKPU-
crayuia tBu-3P-tBu.

pu3yeT CBeT B ABYX MNPUOIU3UTEIHHO B3aWMHO
MepIeHAUKYJISIPHBIX HAallpaBJIE€HUSIX, YTO, TTO-BUAN-
MOMY, U OOYCJIOBIMBAET PE3YJIbTUPYIOIILYIO LIUPKY-
JIIpHYI0 TloJisipu3auuio ceeta [18]. PaHee Hanmuuue
LUPKYJISIPHOU MOJsIpU3alliu CBETa ObUIO OTMEUEHO
MpU HCCIAEAOBAHUSIX JUHENHOTO THOMEeH-(heHuUIe-
HOBOTO ojiuromepa 5,5'-6uc(4-TpuMeTuiacuIniI-ge-
HWI-1-un)-2,2'-outnodena (5,5'-bis(4-trimethylsi-
lyl-phenyl-1-yl)-2,2'-bithiophene), B KpucTayiax Ko-
TOpOTro HabOaoaaeTcsl TOAOOHBINA TUI CIOUCTOM
CTPYKTYpHI [19].

st cpaBHEHMsI CTPOEHUsI MOHOKpUCTa/LIMYe-
ckux ob6pasnoB tBu-3P-tBu, BeIpaiieHHBIX U3 pac-
TBOpa U MapoBoii (da3bl, ObLI BHIIOJHEH JKCIIpecc-
aHaJIU3 UX CTPYKTYp Ha audpakToMerpe Miniflex 600.
[NomygeHHBIE pe3yabTATHl IS KPUCTALIOB, BBIpa-
IIEHHBIX Pa3HBIMU CHocobaMU, COIIACYIOTCS.

(@)

2.90°  (010)

B xauecTBe mpuMepa Ha puc. 8 mpuBeneHa nudpak-
TOrpaMMma, MOoJIydeHHass Ha OTPaXKeHUM OT Pa3BUTOM
MOBEPXHOCTU MOHOKPHUCTA/UIMYECKON TIJIEHKU, BbI-
pameHHoit MeTomoMm II®T. Crnektp mIudpakiIMOH-
HBIX pedieKCcoB MpeacTaBasgeT co00if HaboOp Y3KHUX
MUKOB, MOJOXEHNE KOTOPBIX KPATHO ITOJIOXEHUIO
TepBoro MakcumMyma mpu 26, = 6.2°. CorocraBieHue
C JAaHHBIMHM MOHOKPHCTAJIBHOTO peHTreHoaubpak-
LIMOHHOTO 3KCIIepUMEHTa ToKa3ajo, YTO TMpeacTaB-
JIeHHas Ha puc. 8 mudpaKIMoHHAass KapTHHA COOT-
BETCTBYET OTpakeHMIO OT TtockocTteit 00/ c yeTHBIMU
UHAeKcamu /.

Ha puc. 9a nokazaHa peKOHCTPYKIIMsI MOP(OI0-
rum kpucrasia tBu-3P-tBu, BeirmotHeHHAas 1J1s1 HA3-
KOMHAEKCHBIX T'paHE C IOMOIIBIO IIPOrpaMMHOIO
naketa Mercury (BFDH Morphology) [20]. Cornac-
HO JAHHBIM PEHTTeHOAU(PPAKIIMOHHOTO MOHOKPHU-
cranbHOTO 3KcnepuMmenTa rpadb (001) B kpucTasie
SIBJISIETCSI HAanOoJiee pa3BUTOI, a cpeIr OOKOBBIX I'pa-

Heil HanOosee BoipaxkeHs! (100), (010), (100) u (0 10),
YIJIBI MEXAY KOTOPBIMU 0113KU K 90°, 4TO oIpenessi-
eT MPSIMOYTOIbHYIO (pOPMY MPOEKILIMU Ha TNTIOCKOCTh
(001) (puc. 9a). Ha puc. 96 ny1s1 cpaBHEHUSI IpUBEAe-
HO onThYeckoe M3o0paxkeHue TIOCKOTO MOHOKpPHU-
cTayia ¢ 0603HaYeHUEM MHIESKCOB I'paHeil 1 3HauYe-
HUSIMU YIJI0B MEXIY HUMU.

3AKJIFTOUEHHME

BrigBiaensl KiroueBble OCOOEHHOCTM  pOCTA,
CTPYKTYpbl ¥ (a30BOro MOBEACHUS KPUCTALIOB
TPETOYTUJIBHOTO MNPOU3BOAHOTO hapa-TepheHua.
PactBopumMocTs tBu-3P-tBu B Tomnyorte, 6.7 r/n (20°C),
HECKOJIbKO HIXe, yeM y n-TepdeHuna (8.5 r/i), a
TeMIlepaTypa IIaBJIeHUS 1 (pa3oBas yCTOMYMBOCTh K
BO3TOHKE BEIIECTBA 3aMeTHO BhIIIe. [loaTBepKaeHo
HaJauuue oJuMopdHoro nepexona npu 229.2°C, a B
X0JIe TUTaBJeHus npu 255.6°C Haba0maeTcs nepexon

(6)

Puc. 9. Mopdonorus kpucranna tBu-3P-tBu: a — monenbHasi peKOHCTPYKIIMS rabUTyca KpUctajuia; 0 — onTuyeckoe u3obpa-
JKE€HHUE MOHOKPUCTAJUIA (B OTPaXKEHHBIX JIyyax) ¢ yKa3aHHBIMU UHAEKCAMU IpaHeit.

KPUCTAJILIOTPA®UA  Tom 68 Ne 1l 2023
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B Me30MOP(HYIO KMOKOKPUCTAUINIECKYIO pasy.
I1pu BeIpammmBanny n3 pactBopos tBu-3P-tBu ckio-
HeH K QOPMUPOBAHUIO INIOCKUX KPUCTAJIOB IIPSIMO-
YyTOoJbHOI (hOopMBI B MaciTabe OTHOTO CAaHTUMETpa
KaK Ha TpaHUlie pas3aesa KUIKOCTb—BO3IYyX, TaK U B
obobeMe pacTBopa. Kpucrannmyeckast CTpyKTypa
tBu-3P-tBu, ycranoBienHas ripu 85 K meTomom Mo-
HOKPMCTaJbHOI PEHTTeHOBCKOM UM paKIim, SIBIISI-
eTCsI TPMKJIMHHOM, T1p. Tp. Pl (Z = 8). Ilpu HarpeBe
JI0 KOMHATHOI TeMIlepaTypbl moJuMopdHbie (ha3o-
BbIE MEpPeX0obl He OOHAPYKEeHbI, OMHAKO HabJI01aeT-
Csl 3HAUYUTEJIbHBINA POCT CTEIIEHU OecnopsiaKa B Opr-
eHTaluu (PEeHIILHBIX U TPETOYTWIHLHBIX TPYIII B CO-
CTaBe MOJIeKYJIbl. B KpHUCTa/UIM4eCKOM CTPOSHUU
tBu-3P-tBu, kak u B CTpyKType KPUCTaJIOB hapa-
TepdeHUIa U ero TPUMETUICUIMIBHOTO TPOU3BO/I-
HOTO, HaOII0IaeTCsI OCOOEHHOCTh YITAaKOBKU B BUIE
CTOIIKY IIJIOTHOYITAKOBAHHBIX MOHOCJIOEB B INIOCKO-
ctu (001), uyro 3amaeT 2D -aHU30TPOIHBIIT MOTUB PO-
CTa KpUCTAJUIOB JaHHBIX coeanHeHui. BaxkHoil oT-
JIMYUTETBHOM 0COOEHHOCTRIO KprcTtayutoB tBu-3P-tBu
SIBJISIETCSI TO, YTO COCEIHUE TUIOTHOYIaKOBaHHBIE
MoHocyiou (001) He 3KBUBaJICHTHHBI IO TPaHCISLIU-
OHHOIl CUMMETpUM, KaK y napa-tepdeHuna u ero
TPUMETUJICUJIMIIBHOTO IIPOU3BOIHOIO, a TIOBEPHYTHI
JIPYr OTHOCUTEIILHO [pyra mo a3suMyTy IpUOIM3U-
TeJIbHO Ha 90°, 4TO ompenensieT CyleCTBEHHOE pa3-
JINYME B ONITUYECKUX CBOMCTBAX IIPU pacIipocTpaHe-
HUU TMOJISIPU30BAHHOTO CBeTa B HAIpaBJICHUU, HOP-
MaJlbHOM K pas3Butoir rpanu (001) Kpucraaia
(HaMuMe UMPKYJISIpHOI Mmosisipusanuu). B kpucrarn-
JIMYECKOM COCTOSTHUU MOJieKyJibl tBu-3P-tBu xapak-
TePU3YIOTCS HEIUIOCKOM KOoHdopmalmeit ¢ pa3opo-
COM 3HAYE€HUII TOPCUOHHBIX YIJIOB MEXOY (DEeHUIb-
HBIMM TpynmamMu B Tnpeaenax 18°—34°. Tlpwu
ucronb3oBaHuu metona [PT kpuctamisl tBu-3P-tBu
CAaHTUMETPOBOTO MacilTaba ¢ 6oyiee BBLICOKMM Kauye-
CTBOM ITOBEPXHOCTHOI MOP(POIOTUM yIAETCSI BhIPac-
TUTh 3HAYUTEILHO OBICTpEe, YeM 13 pacTBOpPOB. Me-
TOJIOM aTOMHO-CUJIOBOII MUKPOCKOIIMY HA Pa3BUTOM
rpanu (001) BeipameHHoro merogoM ITDT kpucra-
na tBu-3P-tBu ycraHoBieHO Hajnuuue 3JeMeHTap-
HBIX CTyMEeHel pocTa BLICOTOM 1.4 HM, UTO COOTBET-
CTBYET TOJIIIIMHE MOHOCJIOEB B TaHHOUW KPUCTaJLJIO-
rpauuecKoil oprueHTAluN. PeHTreHOCTPYKTYpPHBIA
aHaJIN3 KPUCTAJUIOB, BBIPALLIEHHBIX U3 PACTBOPOB M
nmapa, IokKasajql HUX CTPYKTYPHYIO HIEHTUYHOCTD.
OTcyTCcTBUE 1IEHTpa CUMMETPUU Y KPUCTAJJIOB
tBu-3P-tBu B ycinoBuUsIX mojsipu3aiii BO BHEIITHEM
2JIEKTPUYECKOM II0JIC MOXET OOYCIOBIMBATh HaIU-
yrie HeJIMHEMHO-ONTUYEeCKIX CBOMCTB.

PaboTa BeInoiHeHa npu nomaepxke Poccuiicko-
ro HayyHoro ¢oHaa (rpadt Ne 22-13-00255) B pam-
Kax OMOPHOTO MCCIeI0BaHUs POJCTBEHHOIO COeA-
HEHUS IS CPAaBHUTEILHOTO aHaju3a pocTa, CTPYK-
Typbl U (a30BOro MOBEAEHUS KPUCTAIJIOB HOBBIX
OpTraHNYECKUX JIIOMUHOGOPOB HAa OCHOBE TU(EHMUII-
0eH30THhanmMa3oJja c UCMOJIb30BAaHMEM HayYHOTO 000-
pynoBanus LIKIT “CrpyKkTypHasi A1MarHOCTUKA MaTe-
puano” ®HUII “Kpucramnorpadust u hpoToHuKa”

PAH; uccnenoBaHusI YUCTOTHL U CTPOSHUSI CUHTE3U -
poBaHHoro tBu-3P-tBu nipoBenensr B LIKIT “IlenTp
HCCIIeNOBaHUS IToauMepoB” B pamkax loc3amanus
oT MuHucTepCcTBa HAyKW M BBHICIIET0 00pa30BaHUSI
Poccuu (tema FFSM-2021-0005).

CIIMCOK JIMTEPATYPbI

1. Birks J.B. The Theory and Practice of Scintillation
Counting: International Series of Monographs on
Electronics and Instrumentation. Pergamon Press Ltd,
1967. 662 p.
https://doi.org/10.1016/C2013-0-01791-4

2. Kpacosuykuii B.M., boromun B.M. OpraHuuyeckue
JoMUHOMODPHI. 2-¢ u3a. M.: Xumus, 1984. 336 c.

3. Matei C., Hambsch FJ., Oberstedt S. // Nucl. Instrum.
Methods Phys. Res. A. 2012. V. 676. P. 135.
https://doi.org/10.1016/j.nima.2011.11.076

4. Liao H.R., Lin Y.J., Chou Y. M. etal. //J. Lumin. 2008.
V. 128. P. 1373.
https://doi.org/10.1016/j.jlumin.2008.01.006

5. Gershuni S., Rabinovitz M., Agranat I. et al. // J. Phys.
Chem. 1980. V. 84. P. 517.
https://doi.org/10.1021/j100442a013

6. Yemam H.A., Mahl A., Tinkham J.S. et al. // Chem.
Eur. J. 2017. V. 23. P. 8921.
https://doi.org/10.1002/chem.201700877

7. Ilocmuuxoe B.A., Copoxuna H.H., Anexceesa O.A. uadp. //
Kpucramnorpacpus. 2018. T. 63. C. 801.
https://doi.org/10.1134/s0023476118050247

8. Palsson L.O., Nehls B.S., Galbrecht F. et al. // J. Phys.
Chem. B. 2010. V. 114. P. 12765.
https://doi.org/10.1021/jp1028883

9. Kopewkoe A.II. OcHOBbBI aHanUTUYeCKOU Xxumuu. T. 3.
M.: Xumus, 1970. 472 c.

10. [Ilocmnuuxoe B.A., Kyauwoe A.A., Jlachukosa M.C. u dp. //
Kpucramiorpadus. 2021. T. 66. C. 494,
https://doi.org/10.31857/s0023476121030206

11. Postnikov V.A., Sorokina N.I., Lyasnikova M.S. et al. //
Crystals. 2020. V. 10. P. 363.
https://doi.org/10.3390/cryst 10050363

12. Nagahara L.A. //J. Vac. Sci. Technol. B. 1994. V. 12.
P. 1694.
https://doi.org/10.1116/1.587265

13. Necas D., Klapetek P. Gwiddion Software: 2.59.

14. Rigaku Oxford Diffraction: 1.171.39.46. Rigaku Corpo-
ration, Oxford, UK, 2018.

15. Petricek V., Dusek M., Palatinus L. // Z. Kristallogr.
2014. B. 229. S. 345.
https://doi.org/10.1515/zkri-2014-1737

16. Palatinus L. // Acta Cryst. A. 2004. V. 60. P 604.
https://doi.org/10.1107/S0108767304022433

17. Ried W., Freitag D. // Angew. Chem. 1968. V. 80. P. 932.
https://doi.org/10.1002/ange.19680802203

18. Jlandcoepe I C. OnTuka. 7-e uzn. M.: ®USMATIINT,
2017. 852 c.

19. Postnikov V.A., Odarchenko Y.I., loviev A. V. et al. //
Cryst. Growth Des. 2014. V. 14. P. 1726.
https://doi.org/10.1021/cg401876a

20. MercurySoftware: 2021.1.0. CCDC.

KPUCTAJIUIOTPA®UA  Tom 68 Ne 1l 2023



