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Cnncox HanboJ1ee YaCTO MCMOIb30BAHHBIX B pa00oTe COKpalleHuii 1 0003HaYeHUH

ACM — aToOMHO-CUII0Basi MUKPOCKOIIHS

BAX — BonpTramnepHas Kpupas

B3MO — Bricmias 3aHATast MOJIEKYJISIpHAS OpPOUTAI

JCK — nuddepennuanpHas CKaHUPYIOMAs KAJIOPUMETPHS

HCMO — musmiast cBo001HasT MOJIEKYJISIpHAsi OpOUTAIh

OIIT — oprannueckuit MoJIeBOW TPaAaH3UCTOP

[apunen C— nonu-n-KCuanieH

[T — nepusieHIuUMUT

P®OC (XPS) — pentreHoBckas GOTOIIEKTPOHHAS CIIEKTPOCKOMHS

CKD — cranaapTHbIN KalOMEIbHBIN 3JIEKTPO/L

Cox — yJienbHast eMKOCTb AMAJIEKTPHUKA Ha €UHUILY TUIOIIAIN

COM - ckanupymomias (pacTpoBasi) dJEKTPOHHAS MUKPOCKOITHS

TOII3 (SCLC) — wusMmepeHus TMOABIKHOCTH HOCUTENEH 3apsiia METOAOM TOKa,
OTPaHMYEHHOTO NTPOCTPAHCTBEHHBIM 3apPsIIOM

BA — nuxinueckas BOJIbTaMEepOMEpHs

[3 — yrox HakIOHa MOJIEKYJI B CTOTIKE

AH — suTanenus Gpa3oBoro nepexosa

AlOx — oxcHua alIfOMUHUS

BCB — nmonmumepHoe mpou3BoAHOE OEH30IUKIO0yTeHA

BG-BC - tpan3uctop ¢ koH(puUrypamueii «3aTBop CHU3Y, CTOK-UCTOK CHU3Y»

BG-TC — tpan3uctop ¢ KOHQUrypaluen «3aTBOp CHU3Y, CTOK-UCTOK CBEPXY»

¢ — KOHLEHTpAIHs ra3000pa3HOro aHajauTa

Ceo — [60]dynnepen

Cytop — cononumep nepPpTopaAnoKcoIaHa

D(C) — cTox

DBI — qu6ensol[f” flunauro

DFT — ¢pyHkunoHan 31eKTpOHHON IUIOTHOCTH

dm — MEXMOJIEKYJISIPHOE PACCTOSHUE

DNTT — nunadrotueHotuodex

dr — paccTosiHuE MEX/Ty MJIOCKOCTSMHU MOJIEKYJ B CTOIKAX

E — BenmunHa npui10’)K€HHOT0 3JIEKTPUUECKOT0 OIS

EDX — sHeproaucnepcuoHHasi peHTT€HOBCKasi CIIEKTPOCKOIHUS
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Er — ypoBenp @epmu meTaia

E¢ — sHEprus 3anpeneHHon 30Hb1

Fc — depporuen

GIWAXS — mupokoyrioBas peHTT€HOBCKas JU(MPAKIHSI B TEOMETPUH CO CKOJIB3SIIUM
My4YKOM

Ibs — TOK MEXy CTOKOM M HCTOKOM

IDs, lin— TOK M€Ky CTOKOM U UCTOKOM B JIMHEHHOM PEXUME

IDS, sat — TOK MEXy CTOKOM U HCTOKOM B PEKMME HACBILICHUS

IGs — TOK MeX]ly 3aTBOPOM U HCTOKOM

IonnN/IoFF — cOOTHOIIEHNE TOKOB BO BKJIFOUEHHOM U BBIKJIFOUEHHHOM COCTOSHUSIX

IUPAC — MexXayHapoJHbIl CO03 TEOPETUUECKON U NPUKIATHON XUMUN

KPFM — ckanupyoias KeabBUH-30H10Bass MUKPOCKOIIHS

L — nyiinna xanana TpaH3uctopa

LoD — npenen o6HapyxeHUs

PF — mapadun

PMMA — nonuMeTunMeTakpuiar

PS — monmuctupon

PVA — nonMBUHWIOBBIA CIUPT

R — oTkimk razoBoro cencopa

RFID — pagnoyactoTHas uaeHTU(UKALINS

RT — xoMHaTHas TemnpepaTrypa

S — 4yBCTBUTEIBHOCTB T'a30BOI'0 CEHCOPA

S (1) — uctox

SAM — camoOpraHu3yOUINICs: MOHOCION

SC — MmoHOKpHCTaIIT

TC — reTpakoHTaH

TDPA — n-terpanenundochoHOBast KHCIOTa

TF — ToHKas niueHka

TFT — TOHKOIUIEHOYHBI MTOJIEBOW TPAH3UCTOP

TG-BC — tpan3uctop ¢ KoHpUTypalumen «3aTBop CBEPXY, CTOK-UCTOK CHU3Y»

treset — BPEMSI BOCCTAHOBJICHHSI Ta30BOT'0 CEHCOPA

tset — BpEMsI OTKJIMKA Ia30BOT0 CEHCOpa

TTC — TeTpaTeTpakoHTaH

Vs — HAIMps>KCHUE MEKAY CTOKOM U HCTOKOM
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VGs — HanpsDKEHUE MEKIY 3aTBOPOM M HCTOKOM

VTh — mOpOroBoe HarpsKeHue

W — mmpuHa KaHaja TpaH3ucTopa

X — napamerp nonesoro tpansucropa (Ion, 4, Vrn 1 ap.), M0Iy4EeHHOTO IPH BO3AEHCTBUU
ra3000pa3HOro aHAIHUTA

Xo — mapaMeTp 3TaJOHHOIO T'a3a IPU HyJEBOW KOHLIEHTPAL[MH aHAJINTA

AX — pa3HuIa MeXx/1y BeIUUMHON napamerpa X U nmapameTpa Xo 3TaJOHHOIO rasa

e — TIOIBUKHOCTH 3JIEKTPOHOB

th — TIOZIBFDKHOCTH JTBIPOK

(in — IOJBM’KHOCTb TPAH3UCTOPA B JINHEHHOM pexXuMe

sat — TIOABMKHOCTD B PEXKMME HACBIILICHUS

V — CKOPOCTb HOCHUTEJIEH 3apsa



BBeaenue

AKTYyaJIbHOCTb TeMbl HCCJICIOBAHUS U CTeNleHb ee pa3padoTaHHOCTH

B cBs131 ¢ OBICTPBIM POCTOM 0OBEMOB MOTPEOICHHS STEKTPOHUKH BCE BECOMEE CTAHOBSITCS
HKOJIOTUYECKUE aCIEKThI MPOU3BOJICTBA, IOTOMY BEJIETCSl aKTUBHBIN MMOMCK HOBBIX MaTEpUasOB C
YIy4YIIEHHbIMH CBOWCTBaMHU. Pa3BUTHE OPraHUYECKON SJIEKTPOHUKH IPUBEIO K 3aMETHOMY
YIIYYIIEHUIO XapaKTePUCTUK OpraHndeckux nojeBsix Tpan3uctopos (OIIT), conneunsix 6arapeii,
cBETONMONOB W T. X. [l]. Baxkuelimee CBOWCTBO MHOTMX OPraHHYECKMX MAaTEpHUaJIOB —
OMOCOBMECTUMOCTb, YTO TIIO3BOJISIET CO3JaBaTh Ha MX OCHOBE <(OJEKTPOHHYIO KOXY»,
UMILJIAHTAThl, OMOCEHCOPHI W HOBOE TIOKOJICHHME MEIUIMHCKUX WHCTpyMeHTOB [2]. Ha
CETOAHSIIHUNA JeHb OONBIIMHCTBO TOTEHIUANbHBIX OHOpa3iaraeMbiX/0MOCOBMECTUMBIX
HOJYTIPOBOIHUKOB MPEACTABISAIOT COOOM MUTMEHTHI M KPAaCUTENH, KOTOPBIE €CTECTBEHHBIM
0o0pa3oM TIONly4eHBbl W3 >KMUBOTHBIX, pacTeHUW W MuHepanoB [3]. bmaromapss XuMuueckoi
GYyHKIMOHATM3aUU  HATYpaJbHBIX  KpacuTelel  MOXHO  3aMETHO  YIy4YlIUTh  UX
MOJYTPOBOIHUKOBBIE cBOMCTBA. OMHUMH U3 MEPCHNEKTUBHBIX MOTEHIIMATFHO OMOCOBMECTUMBIX
MOJIyIPOBOJIHUKOB Ha OCHOBE CUHTETUUYECKUX U IPUPOIHBIX KPACUTENIEH SIBIISIFOTCS] IPOU3BOHBIE
nepunesauuMuoB (IIJIM) u npousBoable MHAWrO. DTH MaTepHabl aKTUBHO HCCIEIYIOTCS B
MIOCJIETHHAE TOJIbI BO BCEM MUPE.

Tak, U3 JIUTEpaTypHBIX JAHHBIX U3BECTHO, YTO JUIMHA ajlkwibHOro 3amectutens [1IU
CHJIBHO BIIUSIET Ha 3neKTpoHHble nojBuxHOCTH B OIIT [4-6]. C ool cTOpOHBI, camocOopKa
MOJIyIPOBOIHUKOBBIX MOJIEKYJI ONPEAENSIETCS AIKWIBHBIMU 3aMECTUTEISAMH, IPUCOEINHEHHBIMU
K COIpsDKEHHON OCHOBHOM Lenu. C Apyroil CTOpOHbI, U3BECTHO, YTO TepMHUEcKas oOpaboTka
MOXKET 3HAYUTENIBHO YJIYUIIUTh JJIEKTPUYECKUE XAPAKTEPUCTUKU MATEPHUAIOB, B TOM YHUCIE U
Onarogapst U3BMEHEHHUIO KPUCTAJUIMYECKOM CTPYKTYpBI MoynpoBoaHuKa [4; 5; 7; 8]. HecmoTpst Ha
HAJIMYME OT/AEIbHBIX Iy OIHKAIMNA 110 3TOM TEME, B JIUTEPAType HET YETKOTO IOHUMAaHUS TOT0, KaK
OTKUT MOJYNIPOBOIHUKOBBIX TIEHOK I1/IV ¢ pa3HOM IIMHOW aJKWIBHOTO 3aMECTUTENS BIUAET HA
s dextuBHOCTH NX paboTel B OIT.

C MomeHTa OOHapy»KEHHS MOITYNPOBOIHUKOBBIX CBOWCTB MHAMUTO [9], ObUIO MOITYy4YEeHO
HECKOJIbKO (DYHKIIMOHANBHBIX MPOM3BOJHBIX 3TOW MOJIEKYJIBI C LENbI0O CO3JaHUS HOBBIX
MaTEepUajoB C YJIYYIICHHBIMH XapakTepucTUKamMu. B cepun He3aBUCHMBIX padOT Ha JaHHBIN
MOMEHT OIHUCAHO CEeMb TajlOr€H3aMENIEHHbIX MPOM3BOAHBIX MHAMUro [10], nBa coenuHeHUs C
apoMaTHuecKkuMu 3amectutensiMu [11] m nBa coenumHeHus ¢ ankokcuzamecturensimu [12]. B
LIEJIOM MCCJIEJOBAHO OKOJIO JIECATKA IPOU3BOJHBIX MHANIO KaK NEPCIEKTUBHBIX MATEPHAJIOB AJIs

OpraHUYecKOl 3J1eKTPOHUKH. OJTHAKO UCCIIEJOBAHUS IPOBEACHBI Pa3HBIMU I'PYNIIAMU U YCIIOBUS
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9KCIICPUMCHTOB HC yHI/I(bI/IHI/IpOBaHLI, YTO 3aTpyAHSACT CPAaBHCHUC IIOJYYCHHBLIX PC3YyJIbTAaTOB.
Hukakux Ha/Ie:xKHBIX B3aUMOCBSI3€H MEXAY CTPYKTYPOil GyHKIIMOHATIBHBIX TPOU3BOIHBIX HHIUTO
U UX XapaKTepUCTHKaMU B TPAH3UCTOpPAX T[OKA HE YCTAHOBJICHO W3-32 OTCYTCTBUS
CUCTEMATHUYCCKUX HCCHCHOBaHHﬁ.

I/ICXOIU[ U3 BBIINICCKA3aHHOI'O, MOXXHO CAcJdaThb BBIBOA O TOM, 4YTO HGO6XOI[I/IMI)I
HCCJIEIOBaHMsI, HAMPaBJICHHbIE Ha Pa3pa0OTKy MaJOTOKCHYHBIX M 3KOJOTHYECKH Oe30MacHBIX
OpPTaHUYECKUX MOJYIPOBOJIHUKOBBIX MATEPUANOB JJIsi MOJICKYJSIPHON 3IeKTpoHUKU. Ocolyio
BOXHOCTb NPUOOPETAET BBISBICHUE 3aKOHOMEPHOCTEH MEXKIy MOJICKYJSPHBIM CTPOCHHEM
MOJIYIIPOBOAHUKOBBEIX MATCPUAJIOB, HX CYIPAMOJICKYJISIPHBIM YIIOPAAOYCHUECM B IIJICHKAX,
AJICKTPUYCCKUMH XapakTEepUCTUKaMH U aTMocdepHoit cradunbHOCTRIO B OIIT. Kpome TorO,
n3yyeHue noreHnuana ucnonb3zoBanusd OIIT B kauecTBE OCHOBBI Jis Ta30BbIX XEMOCEHCOPOB

SIBJISIETCS] BAKHOM M aKTyaJIbHOU 3a1aueH.

Henn u 3a7a4un padoTsl

Lenbto auccepTaliMOHHOM paOOThI SABJISETCA MOMCK M HCCIIENOBAaHUE MaJOTOKCHYHBIX
OpPTraHUYECKUX IMOJYTPOBOJAHUKOBBIX MAaTEPUAIIOB JUIsI OMOCOBMECTHUMOM 3JIEKTPOHUKH, a TaKXKe
U3Y4YCHUE BIIMSHUA CYNPAMOJIEKYJIIPHOTO YIIOPSAOYEHUsS MOJIEKYJ B TOHKHMX IUICHKax Ha
XapaKTEepPUCTUKM HX pPAabOThl B OPraHUYECKUX IMOJEBBIX TpaH3ucTopax. /[lng gocTvkeHus
IIOCTaBJIEHHOM II€JIU B TUCCEPTALIMOHHON padoTe pelanuch CleyoIue 3a1auu:
l. CuctemMaTtuueckoe MCCIEOBAHUE BIMAHUS OCOOEHHOCTEH MOJIEKYJISIPHOIO CTPOEHUS
(JUTMHA ¥ Pa3BETBICHHOCTh AJKWJIBHBIX 3aMECTHTENEH) U TEPMUUECKOT0 OTKUTa TOHKUX IJICHOK
Pa3JIMYHBIX NEPWICHAMMMHUAOB HAa XapaKTEPUCTHUKM OPraHWYECKHUX IIOJEBBIX TPAH3UCTOPOB,
M3TOTOBJICHHBIX HA UX OCHOBE.
2. N3yuenne cynpamMoseKyJIsIpHOTO yHOPSAOYEHHSI MOJIEKYJI HHAUIO U €r0 IIPOU3BOJHBIX B
KpUCTaNIaX M TOHKHX IUICHKaX BOJM3M MEXKCIOCBOM TPAaHUIBI C JUIIEKTPUYECKHUMHU
MaTepualaMu Pa3IMYHOM NPUPOJBI; IOMCK B3aUMOCBA3EM MEXIy CTPYKTYpPOH IUIEHOK M HX
INEKTPUYECKUMU XapaKTEPUCTUKAMH.
3. HccnenoBanne ONTORIEKTPOHHBIX, (PU3UKO-XUMHUECKUX U JIIEKTPUUYECKUX CBOMCTB
OOIIMPHOMN TPpyNIbl MPOU3BOJHBIX WHANUIO, COACPIKALIMX JICKTPOHOAKIETITOPHBIE 3aMECTUTENN
WM PACIIAPEHHYIO CONPSLKEHHYIO TT-3JIEKTPOHHYIO CUCTEMY; YCTAHOBIICHHE KOPPEISIUI MEXAY
0COOEHHOCTSIMH MOJIEKYJIIPHOTO CTPOEHUS IPOU3BOIHBIX MHAUIO U xapakTepuctukamu OIIT Ha

HX OCHOBC.



4. HccnenoBanue skcmtyaTalliOHHON CTaOUIBHOCTU Ha BO3/1yX€ MOJIEBBIX TPAaH3UCTOPOB Ha
OCHOBE Pa3JIMYHBIX IPOU3BOIHBIX MH/IUTO U YCTAaHOBIIEHHE B3aUMOCBA3EH «CTPYKTypa MaTepuaa
— CTaOMIIBHOCTh YCTPOWUCTBAY.

5. OneHka NepcrneKTUB CO3J4aHUS Ta30BbIX CEHCOPOB Ha OCHOBE OPraHMYECKHUX IOJIEBBIX

TPAH3UCTOPOB C JIYUIIUMHU U3 U3YYCHHBIMHU ITOJTYIIPOBOJHUKOBBIX MaTCPHAIOB.

Hayunasi HoBH3Ha

Ha npumepe cepun 3amenieHHbIX nepuieHauuMuaoB (I111) ¢ pa3Hoi 1IHHOM amKUIbHBIX
Hernel AKCIEPUMEHTAIBHO YCTAaHOBJICHO, YTO ONTHMAaJbHBIE TEMIEPATYphl OTKHra TOHKHX
TJICHOK pacroyiokeHbl BOIM3M (a3oBbix nepexonoB [1JIM. OOHapykeHa KOppEsIus MEXIY
MaKCUMaJIbHBIMU MOJBM)KHOCTAMU Hocutened 3apsinoB B OIIT u BenMUMHON SHTANBINM,
COOTBETCTBYIOLICH (pazoBoMy mepexony.

BrnepBble moka3aHa BO3MOXHOCTb HCIOJB30BAaHUS OPraHMYECKOTO AMAJIEKTPUKA Kak
TEMIUIaTa, OMNPEACIAIONIEr0 CyNpaMOJEKYSIPHYIO OpraHU3alMi0 MOJEKYJ HWHAWTO B
IOpUiIeKaIIUX CJIOSAX MONynpoBogHUKOBOro Matepuana B OIIT u npuBoasiero k opMHUpOBAHUIO
HOBOI nosnumMop¢HON (GOPMBI 3TOTO MaTepHUaa.

Xumuueckass (yHKIMOHAIHM3AIUS MOJEKYJIbl WHIWTO, HAlpaBlIeHHAas Ha IOHIKCHHE
SHEpPIruy HU3LIEH CBOOOJHON MOJIEKYJIIPHOIM OpOUTANIN COEIMHEHHUS, T0O3BOJIMIIA [T0JTyUYUTh HOBBIE
MOJTYTTPOBOTHUKOBBIC MaTepHuabl (5,5,6,6’-TeTpadTopuHIUTO, 6,6’-
o6uc(TpuTOPMETUIT)MHANTO), KOTOpBIE obecneunBatoT cTabmibHyo padoty OIIT Ha Bo3ayxe B
TedyeHue 0oJiee yeM 2-X MeCSIIEB.

BriepBble  BBISIBIICHBI  B3aMMOCBSI3M  MEXKIy MOJICKYJISIDHBIM — CTPOCHHEM  CEpUHU
IPOM3BOJIHBIX MHJUI0, KPUCTAJUINYECKON CTPYKTYPOM MX TOHKUX IUIEHOK M MX 3JIEKTPUYECKHUMHU
xapaktepuctukamu B OIIT. Xwumuueckas (QyHKUMOHANMM3aLUs  MOJEKYJIbl  MHIUTO,
3aKIIIOYAIOINAsACS B PACIIMPEHUH €ro M-3JEKTPOHHOM CHCTEMbI, MO3BOJMJIA pa3padoTaTh
NPUHLMIINATIBHO HOBBIM Marepuain, Aauben3o[f fluHauro, KoTopblii BBHAY CBOMX XOPOIIMX
3apsII0BO-TPAHCIIOPTHBIX CBOMCTB, SKCIUTyaTallUOHHOM CTAOMIBHOCTH M HU3KOH TOKCHYHOCTHU
uMeeT OoJbIIMEe TEPCIEKTUBbl MPAKTUYECKOTO  MCIOJIb30BaHMA B  OMOCOBMECTUMOMN

oprT: aHUYECKOH 9JICKTPOHHUKC.

TeopeTnyeckasi 1 NpaKkTHYeCKasi 3HAYNMOCTD
Haiinennsle koppensuun Mexay siekTpuyeckuMmu xapakrepuctukamu OIIT na ocHoBe

MNCPpUICHANUMHU OB u OHTAJIbIIUAMU nux (ba30BBIX Nnepexoa0B ITIO3BOJIAOT BCCTHU



BBICOKOTIPOM3BOAUTEIbHBIN CKPUHUHT TOJYITIPOBOJHUKOBBIX MAaTEPHUAIOB C TTOMOIIBIO MPOCTHIX
M3MEPEHU TEPMUYECKUX CBOMCTB.

[TokazaHa BO3MOKHOCTh HCIIOJIB30BAHUS OPraHUYECKOrO AMAJIEKTPUKA KaK TEeMIUIata,
ONPENIETSAIONIET0 CYNPAMOJEKYISIPHYI0 OpraHu3alio MOJIEKYJ B MNPWISKAIIUX CJIOSIX
MOJIYIIPOBOJIHUKOBOTO MaTepuasia. HaliieHbl B3aMMOCBSI3U MEXIYy MOJIEKYJSIPHBIM CTPOEHUEM
MPOU3BOJHBIX HMHIAWUTO, UX BJIEKTPOHHBIMU U (DU3UKO-XMMHUYECKHMMH CBOMCTBAMH, a TaKke
3JIEKTPUYECKUMH XapaKTEPUCTUKAMHU IOJIEBBIX TPAH3UCTOPOB, M3TOTOBJIEHHBIX HAa UX OCHOBE.
[Toka3zaHo, 4YTO OCHOBHBIM IAPaMETPOM SIBJISIETCSI yTOJ HAKJIOHA MOJEKYJ1 HWHIUTOUIOB B
dbopMHUpyEeMbIX HMH KOJOHYATHIX CTpyKTypaxX. [Ipu Masbix yrjiax HakjJOHAa JOCTUTAETCS
3¢ pexTUBHOE IEPEKPHIBAHUE T-OPOUTAIICH COCETHUX MOJIEKYJI, UTO oOecriednBaeT (P PeKTUBHBIMA
TPAHCHIOPT HOCUTEJNEH 3apsiI0B B KaHAJIE TPAH3UCTOPOB.

Pa3paboran HOBBIN SIEKTPOJIUTHBIA COCTaB MAJsi AHOJHOTO OKHUCIICHUS ATIOMHUHHS Ha
OCHOBE AMHHOKHUCIIOTHI M30JICUIIMHA, OOECTICUUBAIONINN BBICOKYIO UHCTOTY IMOJTYy4aeMOTO
JTUBJIEKTPUKA, MUHUMAJIbHBIN TUCTEPE3HC B BOJIBTAMIIEPHBIX XapaKTEPUCTUKAX U OJIM3KOE K HYJITIO
MOPOTrOBOE HAIPSKEHNUE TPAaH3UCTOPOB.

Pazpaborannsie OIIT Ha ocHOBe AMOEH30MHAWIO TPOJAEMOHCTPUPOBAIU BHICOKYIO
MOABMKHOCTE ~ HocuTenel 3apamoB  (p-tuma, 0,34 cm’Blc!), uro comsmepumo c
XapakTEpUCTUKAMM JIyYIIMX OpPraHUYECKUX IOJYIIPOBOJHMKOB D-THUIA: IIEHTAllEHA W
muHapToTHeHoTHO(GEeHa. OTHOCUTENBHO JIETKUM CUHTE3 AMOEH30MHANT0, HU3Kas TOKCUYHOCTh U
BbICOKast arMocdepHas u poroxumudeckas ctadbuinbHOCTh OIIT Ha ero 0OCHOBE CBUIETENLCTBYIOT
0 MEePCIEKTUBAX MCIOIB30BAHUS 3TOr0 MaTepuana JJisi CO3AaHMs CTAOMIBHBIX OMOCOBMECTUMBIX

YCTPOMCTB OPraHUYECKOMN IIEKTPOHUKH.

MeTtogo0rust 1 MeTOAbI HCCIEAOBAHUSA

@a3oBble MpeBpallEHUs] TOJYHIPOBOJHUKOBBIX MAaTEepHalioB OBUIM HCCIIEIOBAaHBI C
ucnonb3oBanueM auddepennnanshoii ckaaupyronien xkanopumerpun (JICK). Kpucrammmaeckas
CTPYKTypa MaTepuajoB OblLla HCCIIEOBaHA C IOMOIIBIO PEHTIEHOCTPYKTYpPHOI'O aHajIM3a.
@Da30BbIi COCTAB U YNOPSI0YCHUE MOJIEKYJI B TOHKUX IUIEHKAX ObUIM N3YYEHBI C UCTIO0JIb30BaHHEM
HIMPOKOYIJIOBOTO PEHTTEHOBCKOT'O paccesiHus B ckonb3sieM nmydke (GIWAXS).

JU11 KOHTPOJISI YUCTOTHI CJIOSI TUAJIEKTPUKA (OKCHJIa aJIFOMUHHUSA, TIOJTYyYEHHOTO aHOIHBIM
OKHCIICHHEM) OBUIM  MCIOJIb30BaHbl ~ METOJbl  SHEProJUCIIEPCHOHHON  PEHTI€HOBCKOM
cnektpockonun (EDX), pentreHoBckoil ¢orosnexkTpoHHoil cnekrpockonuu (POOC) wu

CKaHUPYIOILEH KeIbBUH-30H10BoM Mukpockonuu (KPFM).
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Mopdosorusi OKCUIHBIX U TMOJYNPOBOAHUKOBBIX TUICHOK OblIa HCCIEAOBaHa C
WCIIOJIb30BAaHUEM AaTOMHOW CHJIOBOM Mukpockormuun (ACM) M CKaHUPYIOIIEH SIEKTPOHHOU
mukpockonuu (COM). DieKTpoHHbBIE CBOICTBA MOTYTPOBOJHUKOBBIX MaTEpPHAIOB B PACTBOpE U
TOHKUX TUICHKaX OBUTH MCCIIEIOBAaHBI C MIOMOIIBIO ONTHYECKOW CIIEKTPOCKOIUHU TMOTJIOMICHUS B
BuguMoi u Ommwkael MK obnacth. DIEKTPOXMMHYECKHE CBOMCTBA COCJAMHCHUN HM3yYCHBI C

HCITIOJIBb30BaHHUEM METOAA HHKHH‘IGCKOﬁ BOJIbTAMIICPOMETPHH.

IloJ105keHNs1, BBIHOCHUMbIE HA 3AIIIUTY

e TepMHUECKHI OTKWT U JJIMHA AJIKWIBHON LIENHU B CTPYKTYpax NEPUICHAUUMHUOB SBIISIIOTCS
KJIFOUEBBIMM ITapaMeTpaMu JUIsl MTOJIy4EHHs MOJYNPOBOJHUKOBBIX IUIEHOK C ONTHMAJIbHOM
MOp(hOJIOTHEH W KPUCTAJUIMYECKOH  CTPYKTYpOW /Il  JOCTMDKEHUS — HAWITyYIINX
xapaktepuctuk OIIT;

e licnonb3oBanue anmu@aTHIECKUX TUIICKTPUKOB 00ECIIEUMBACT TEMIUIATHBIN A(DQekT u B
3HAYUTENIbHON CTEMeHM BIMAET Ha CTPYKTYpy M CBOHCTBAa (OpMHpyeMBbIX THOBEpX
MOy IPOBOIHUKOBBIX IJICHOK. B wacTHOCTH, MOKa3aHO oOpa3oBaHUE HOBOUM MOIMMOPGHOIMA
(OpMBI HHIUTO B TOHKHX CJIOSX HA TPAHUIE MEXKIY MOJYIPOBOAHUKOM U aM(aTHUECKUM
JUBJIEKTPUKOM;

e CymnpamoJeKyJIsSIpHOE YIOPSI0UYE€HNUE HE3aMELEHHOTO0 MHJNUIO U PpsAJla €ro MPOU3BOJHBIX B
MPUTPAHUYHOM CJIO€ C JUDJIEKTPUKOM  OKa3bIBaeT OMNpeAeNsioniee BIUSHUE Ha
anekTpudeckue xapaktepuctuku OIIT. VYMeHblieHHe yria HakiIoOHAa MOJEKyn [-
MIPOU3BOHBIX UHANUTO MPUBOJIUT K PE3KOMY YBETUUECHHUIO MOABMKHOCTEH HOCUTENEH 3apsaa
B OIIT;

e XuMuyecKas MPUPOAA 3aMECTUTENEH M MX IOJIOKEHHE B SAPE HHAWIO OKAa3bIBAIOT
3HAYUTENIbHOE BIMSHUE Ha 3ekTpuueckue xapakrepuctuku OIIT. B vactHocTH, BBEAEHME
CHWJIBHBIX DJIGKTPOHOAKLENTOPHBIX 3aMecTUTeNel (4eTblpe artoMa ¢Topa WM JBE
TpUPTOPMETUIILHBIE TPYMIbl) 3HAUYUTENHHO TMOBBIMIAET cTabuWibHOCTH paboTel OIIT Ha
BO3/yX€E;

e JIuGEH30MHANTO, IPOU3BOAHOE MHNTO C PACIIMPEHHOM TT-3JIEKTPOHHOM CUCTEMOI, SIBIISETCS
MEPCIEKTUBHBIM OMOCOBMECTUMBIM MOIYIIPOBOIHUKOBBIM MaTepuanom p-tumna ajst OIIT;

e OIIT Ha ocHOBe TMOEH30MHIUTO MOTYT OBITH MCIOJB30BAHBI KaK UyBCTBUTEIIbHBIC Ta30BbIE

CEHCOPHI [l OOHAPYKEHHSI aMMHUaKa.
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CreneHb 10CTOBEPHOCTH M anpodanusi pe3yJbTaToB

JIOCTOBEPHOCTH MOITY4YEHHBIX PE3YIbTaTOB 00ECIIEUMBAETCS HCIIOIB30BAHUEM OOLIMPHOTO
KOMILJIEKCA COBPEMEHHBIX (PU3MKO-XMMUYECKUX M OHOJOTMYECKUX METOAOB HCCIEAO0BaHMUS.
OcHOBHBIE pe3yJbTaThl paboOTHl OBUIM MpEJNCTaBI€Hbl W OOCYXKAECHBI Ha CIEIYIOIIUX
KoH(pepeHmsIX: 4-ast MeKIyHapOoaHass OCEHHSsI IIKOJa 1Mo opranudeckoit anekrponuke (IFSOE-
2018), MockBa, Poccus, 2018; 13-as mMexmyHapomHas KOH(MEpPEHIUS IO OpTraHWYeCKOu
anekrponuke (ICOE-2017), Cankr-IlerepOypr, Poccust, 2017; koHkypc HayuHbIX paboT um. C. M.
Barypuna (r. Yepnoromnoska, 2015 r.); o0bequHeHHas KoHpepeHus no sHepreruke MRS-EMRS,
Jlune, @pannus, 2014; XII mexayHapomHas KOH(EpEHLHUS IO HAHOCTPYKTYPHUPOBAHHBIM
marepuanam (NANO 2014); MexayHapoaHash OCEHHsIS MIKOJIA 1O OPraHUYECKOM SJIECKTPOHHKE
(IFSOE-2014), Mocksa, 2014; mMexxayHapoaHas KOH(pEpeHIHs 110 KOTepEeHTHON U HelnHEeHHOH
ontuke / mpuMmeHeHuto u TexHomoruu nazepoB (ICONO/LAT-2013), Mocksa, 2013; XI
MEXIyHapoaHass KOHGEPEHIHs M0 XUMHUU U (pu3uKoxuMuu onuromepos: «Omuromepst 2013y,

Spocnasnp, 2013 1.

Myoaukamun
ITo MmaTepuanam pabOTHI OITyOJIMKOBAHO 7 CTATSH B MEIKIyHAPOIHBIX HAYYHBIX )KypHAIAX,

nHaekcupyembeix B Web of Science u Scopus, 1 Te3ucsl 7 T0KIag0B Ha KOHGEPEHITUAX.

JIn4HbIi BKJIAJ aBTOPA

JInyHBI BKJAX aBTOpa B JIMCCEPTAlMOHHYIO pPa0OTy 3aKioyaeTcs B aHAIU3e
JUTEPATYPHBIX JTaHHBIX, B IUIAHUPOBAHUM U MPOBEACHUU IKCHEPUMEHTOB, B CUCTEMAaTHU3alUH,
0o0CyX/eHuM U O(OPMIICHUM IOJYyYEHHBIX pE3yJbTaToB. ABTOp HCCIElOBaJla ONTUYECKHE
CBOICTBA IOJIyIIPOBOAHUKOB B TOHKHX IIJIEHKAX, TEPMHUECKHE CBOMCTBA INEPHICHIUUMHIOB
metonoMm JICK, mopdonoruto mieHok ¢ nomompio ACM, BbIONHWIA BeCh 00beM paboT MO
M3TOTOBJICHUIO U XapaKTepU3alluu TPAH3UCTOPOB U XEMOCEHCOPOB.

CunTe3, xapakTepu3alus U IOJIyYeHHE MOHOKPHUCTAJIOB MPOM3BOJIHBIX MHIUTO ObLIN
BeinoiHeHs! M. B. Knumosuu u A. B. XXunenkoBbim (OI'BYH OUIL [IXD u MX PAH). Cuntes
MIPOU3BOIHBIX MEPIIICHIUUMIIOB ObUT BhIOTHEH A. B MywMmstoBsiM (PI'BYH OUIL [TXD u MX
PAH). DxcniepuMeHThI 0 IUPOKOYTIIOBOMY PEHTI€HOBCKOMY PACCESHUIO B CKOJIB3SIIEM ITyUKe
Y aHaJIU3 TOJYYCHHBIX JaHHBIX OBLIH MpoBeeHHI K.(¢.-M.H. /1. B. AnHoxunbiM u A. A. [TupsizeBbiM
(MI'Y um. M. B. JlomoHOCOBa). PEHTT€HOCTPYKTYPHBIHM aHaIM3 MOHOKPUCTAJIOB MTPOU3BOIHBIX
uHauro Obul mposeaeH A.X.H. C. U. TposnosiM u a.x.H. K. A. Jleicenko (MI'Y um. M. B.

JlomoHOCOBa). DIEKTPOXUMHUYECKHE UCCIE0BaHUsl ocyliecTBiIeHbl K.X.H. [[. B. HoBukoBbIM 1
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k.X.H. JI. A. ®ponosoit (PI'BYH OUIL [TXD u MX PAH). Dnekrponnsie Mukpodororpadun
nosrydens K.¢.-M.H. H. H. JIpemosoit (ALIKIT ®T'BYH OUII ITXD u MX PAH). UccnenoBanue
MOBEPXHOCTH JAUIEKTPUKOB C MOMOIIBIO KEJTbBUH-30H10BOH MUKPOCKOIMHU MTPOBEAEHO K.X.H. C.
0. JlyukusabiM (CkondTex); HaHHbIE PEHTICHOBCKOM (POTORIEKTPOHHON CHEKTPOCKOIMHH
nony4ens! K.p.-M.H. W. C. XKXunkosemm (Yp®Y um. b. H. Enpuuna) u a.¢.-m.H. O. 3. KypMaeBsim
(MDOM YpO PAH). UccnenoBanne TOKCHYHOCTH AUOSH30MHAUTO ObLTO mpoBeneHo k.0.H. E. C.
Epmosoii, B. A. Cepreesoii, k.60.H. B. KO. Ta6akosoit u a.6.H. C. B. Koctiok (Meauxko-

TE€HETUYECKNI Hay4yHbIH HEeHTp uMeHu akaaemuka H. I1. boukosa).

CTpykTypa u 00beM AuccepTanuu

HMuccepraiuss uznoxxkeHa Ha 150 crpanunax. CoOCTOMT M3 TpeX OCHOBHBIX TJIaB:
JUTEpAaTypHOrOo 0030pa, HKCHEPUMEHTAIBHOM 4YacTH, OOCYXAEHHUS pe3yiabTaroB. Tekct
JUCcepTaluu NporsuIIocTpupoBan 60 pucyHkamu, 16 Tabmunamu. B criMcke MCToNb30BaHHOM
autepatypel comepxkutca 213 ccpuiok. [luccepramusi HayuMHAEeTCs CO  BBENEHHAA, TE
000CHOBBIBAETCS aKTYaTbHOCThH BHIOPAHHOM TEMBI HCCIIEOBAHUS, a TAKKE (OPMYIUPYIOTCS ENU
U 3a/1a4i paboThl. B nepBoii riaBe npeacraBieH 0030p JIUTEPaTyphl 10 TEME AUCCEPTAHOHHOTO
UCCJIEIOBaHMS: JaHO ONMCAHME APXUTEKTYpbl U NPUHIUIIOB padOThl OPraHUYECKUX MOJIEBBIX
TPaH3UCTOPOB, O0003HAYEHbl HMX OCHOBHBIE XapaKTEPUCTUKH, TIOKa3aHbl MEPCIEKTHBBI
UCIIOJIb30BAaHUSl OPraHUYECKHX IIOJIEBBIX TPAH3UCTOPOB B OMOCOBMECTHMOM JJIEKTPOHHKE, a
TaKk)K€ B KauyeCTBE OCHOBBI T'a30BBIX CEHCOpPOB. B 3akitoueHUM cienaHbl BBIBOJABI U3 0030pa
JUTEpaTyphl, 0O0CHOBAHBI LIEJIb M 33a4H AUCCEPTALIMOHHOTO UcciieoBaHus. Bo BTopoii riase
onucaHbl (PU3UKO-XUMHUIECKHUE METO Il UCCIICAOBAHUS TOTYIIPOBOIHUKOBBIX M IUAIEKTPHUECKUX
MaTepUajoB, UX KPUCTAJIOB UM TOHKHX IUICHOK. /laHbl METOIMKH OLIEHKH OMOCOBMECTUMOCTH.
[IpencraBieHbl METOOUKHA HU3TOTOBJICHHSI YCTPONCTB, OMUCaHBI METOIBI U 00OpyJOBaHHE,
UCIIOJIb30BAaHHBIE JUIsI MCCIIENOBAaHUS DIIEKTPUYECKUX U CEHCOpHBIX Xapakrepuctuk OIIT. B
TpeThell TJiaBe, COCTOSAIICH W3 5 pa3/enoB, HW3JI0KEHBI OCHOBHBIC PE3YJIbTAThl PAOOTHI.

3akJ/Il0ueHue COJICP)KUT OCHOBHBIC BBIBOJIBI IO TUCCEPTAITMOHHON padoTe.

baarogapuoctu
ABTOp OJIaroapur:

* HayyHoro pykoBogutens K.X.H. I1. A. Tpommna (PI'BYH OUL] [IXD u MX PAH) 3a
IIPEIOCTABICHUE HHTEPECHON TEMBI HCCIICOBAHUS, 3 LICHHBIE COBETHI U MOJIEPKKY IPH

BBITIOJITHEHUH JTUCCEPTAIMOHHON pabOTHI;
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. B. KimumoBuu (PI'BYH OUI] [TXD u MX PAH), xoTopas ocymiecTBiiIa OCHOBHYIO
CHUHTETHUYECKYI0 pPaboTy ¥ Tojdy4ymia aOCONOTHO HOBBIC IPOU3BOIHBIC HHIUTO,
HCCJICIOBaHHbBIE B JIAHHOU padore;

*  KOJUIeKTHB abopatopun ®MOM.
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I''TIABA 1. O030p JuTepaTypsbl

3a mocienHue IecATWICTUS OBLUIM JOCTUTHYTHI 3HAUMTENbHBIE YCIEXH B 00JIacTu
OpPTraHUYeCKO# 3JeKTPOHUKH. BbuM pa3paboTaHbl HOBBIE OPTAaHWYECKHE IOYIPOBOIHUKOBBIC
MOJIEKYJIBl, a TaKXe 3HAYNUTEIbHO YJIYYIIEHBl TEXHOJOTMU W3TOTOBJIECHUS YCTPOMCTB.
Opranuyeckue MOJYNPOBOAHUKM CYIIECTBEHHO NPEB30OILIM aMOP(HBIM KpeMHUIl MO CBOMM
IIEKTPUYECKUM XapaKTEPUCTHKAM U JIMLIb HA MOPSIOK YCTYMAIOT JIyYIIUM KPUCTAUIMYECKUM
HEOPraHWYECKUM MOJYyNpPOBOJHUKAM (pucyHOK 1). DOTu pe3ynbTaThl yKa3blBalOT Ha

3HAYUTEILHBIN IIOTCHIIMAJI UX HMCIIOJIB30BAHUS B COBpCMeHHOI\/'I SHCKTpOHHOﬁ IMPOMBIINIJICHHOCTH.

103 |- Silicon crystal

10%F S— LTecee
— Polycrystalline silicon
o 10
= 1 I Amorphous silicon
€ 101} Small molecules
= - (international
g; 104 |
S 103 F
@]
= 104 o

al Polymer
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Pucynox 1 — Pocm noosusicnocmu nocumerneti 3apsioos ¢ OIIT na ocHose Manvix Monexyn
u noaumepos no cooam [13]

Bonbioit nporpecc ObU1 TOCTUTHYT B pa3padOTKEe OPraHUYECKUX COJTHEYHBIX AJIEMEHTOB,
nosieBbIX TpaH3ucTopoB (OIIT) u cBeroamonos. [Ipeanonaraercs, uro OIIT moryT cTath OCHOBOM
JUTSL CO3JTaHUS BBICOKOTEXHOJIOTUYHON MPOAYKINK MaccoBoro npumeHeHus: RFID-metok (MeTku
paZnoyvacTOTHOM HMAEHTH(HKAIKK), pa3IUYHBIX CEHCOPOB, MATPUYHBIX AaHAJIU3aTOPOB,
(OTONPHEMHUKOB M YCTPOMCTB JJIsi MEIWIMHCKOW JAMAarHOCTHKH. AKTHBHO Pa3BUBACTCS TaK
Ha3bIBaeMasi HOCUMasl HJIEKTPOHHKA /ISl U3MEPEHUs TIoKa3aresaei (PyHKIMOHAIBHOW aKTHBHOCTH
Tena yernoBeka [14]. HemaBHo Obut pa3zpaboTaH THOKHI CEHCOpP Ha OCHOBE CBETOM3IIYYAIOUIUX
TUOJIOB, OPraHUYECKHUX COJHEYHBIX JJEMEHTOB U OPraHUYecKUX (POTONETEKTOPOB IS

HETPEPHIBHOIO MOHUTOPHHTA COCTOSIHUS narienTa [ 15]. Pa3spaboTan naT4uk st BBICOKOTOYHOTO
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MOHUTOPHHIA IIYyJIbCa, ITO3BOJISIOIITNI OonpeaAC/IATL aApTCPUAIIBHOC OAaBJICHUEC, KOHICHTPAILHUIO

KHCJIOPO/Ia B KPOBHU U JaKe pacIiosiokeHrue TpomOa B Mr000i yacTu Temna, BKItodas Mo3r [16].

1.1 Oprannyeckue nmojeBbie TPAH3UCTOPBI

[Ipunamn pa6otsl ToHKOMIIeHOUHOTO TpaH3uctopa (TFT), ucnoaszyemMoro B J10OrH4ecKux
cXeMax, JUCIUIESX WIH yCTPOMUCTBAaX MaMATH, ObLI BIepBbIe NpeanoxeH Jlunmuendensaom B 1930
rony [17], HO He umcmosb3oBajics Ha mpakTuke a0 1960 roma, moka [I. Belimepom He Oblia
MpEeJI0KeHa KOHIIENIMS TOHKOIUJIEHOYHOTO TPAH3UCTOpa Ha CTEKJISHHBIX Moiuioxkkax [18]. C
pa3BUTHEM XMMHUU OPTaHMYECKUX METAJUIOB M MOJYMPOBOJHUKOBBIX MaTepuaioB B KoHie 70-x
roJIoB MPOIUIOTO BEKa, TOHKOIUJICHOYHBIM MOJIEBOM TPAaH3UCTOP CTajl HCIOJIb30BATHCA KakK
wiatpopma Ul XapaKTepHU3aldu JTUX MarepuanoB. llepBeri paboTaroniuii OpraHWYECKHA
nosieBoit Tpauszuctop (OIIT) Obur coenman B 1983 r Ha monumaneTuieHe C KpailHE HU3KUMU
nonBwxkHOCTAMU [19]. 3HaumtensHo Oonpmmii uHTepec K wuccneaoBanuto OIIT Bo3HHK
HECKOJILKMMH T'0JIaMH TI03Ke, KOT/a TPYIIIa STMOHCKUX YUYEHBIX CKOHCTPYHPOBAJIa TPAH3UCTOP Ha
nonutrodene [20]. C Tex mop mpou3somes O0IBIIONH CKa40K B pa3paboTKe BRICOKOA(PPEKTHBHBIX

OPraHNMYECKHUX MOJYyTPOBOAHUKOBBIX MaTepuanoB mis OIIT.

1.1.1 ApxuTeKTypa U NPHHIUI PadOTHI OPraHUYECKHUX M0JIeBbIX TPAH3UCTOPOB

Tpansuctop mpeactaBisieT co0O  TPEXdNEKTPOAHOE ycTpoicTBo. KomudecTBo
MOJIBUYKHBIX 3apsII0B B IIOJIYIIPOBOAHUKOBOM CJIO€ MOAYJIUPYETCS HAIPSHKEHUEM, IPUIIOKEHHBIM
K DJIEKTpONy (3aTBOpPY), OTIEIEHHOMY OT IOJYHPOBOJHUKA AMAJIEKTpHUueckuM cioeM. Kax
MOKa3aHO Ha PUCYHKE 2, JIEKTPUUECKHUM TOK (A) MPOTEKAET MEXKIY JICKTPOJaMHU UCTOKA M CTOKA
Opu TPUIOKEHHOM pa3HOCTH moTeHnuanoB (B) Mexmay snekTpogamMu HCTOKAa M 3aTBOpA.
[lepemerienne OCHOBHBIX HOCHUTENEH 3apsa OT HCTOKA K CTOKY MPOMCXOIMT IO y3KOH 00s1acTH
MOJIYIIPOBOJIHAKA BOJM3U €r0 TPAHUIIBI C TUANCKTpUKOM [21]. DTa 00MacTh HOCUT Ha3BaHUE
KaHaJIa MOJIEBOTO TpaH3ucTopa. /[ TpaH3UCTOPOB C KaHAJIOM P-THUIIA OCHOBHBIMH HOCHUTEISIMU
3apsiIOoB SABIISIIOTCS JBIPKHM, a JUIsl TPAH3UCTOPOB C KaHAJOM N-TUIA — 3JEKTPOHBL. Takue
YCTPOMCTBA HA3bIBAIOTCA YHUIOJMSPHBIMU. Ecim ke depe3 KaHal MOTYT MPOXOAWUTH 00a THIA

HOCUTEJIEH 3aps/ia, TO TAKOW TPaH3UCTOP HA3bIBAETCA aMOUMOISIPHBIM.

16



I\"‘IIGS [V]

Pucynok 2 — Cxema opeanuuecrkoeo nonegoeo mpanzucmopa. Tox Ipsudem om ucmoxa (S)
Kk cmoky (D) no kanany ¢ onunoti L u wupunou W npu npunoxcennvix HanpsxiceHusx Vps mexicoy
CMOKOM U Ucmokom u Vas medncoy 3ameopom u ucmokom [22]

HaubGonee tunuuneie koHpurypanuu OIIT nokazansl Ha pucyHke 3. B aHTIOSI3BIYHOM
auTepaType Ta KoHpuryparwus HazbBaeTcs « Top-Contact, Bottom-Gate», MOCKOJIBKY 3JIEKTPOIBI
CTOK M UCTOK “‘source and drain” pacmoiokeHBl CBEPXY, a 3aTBOp “gate” — cHu3y. brmaromaps
XOpOILIEMY KOHTAaKTy MEX/1y OPraHMYECKUM CII0EM U BEPXHUMH AJIEKTPOJIAMHU CTOKOM U HCTOKOM,
XapaKTePUCTUKU TPAH3UCTOPOB B ITOW KOHGUTypanuu OOBIYHO TydIlle, YeM B YCTPOWCTBaxX C

JIPYTUM PaCIOIOKEHUEM JIEKTPOJOB OTHOCUTEIBHO MOTOKKH [23].

a 6 B
CTOK HCTOK IOV TIP OBOIHIK 3aTBOP
TIOMYTIP OBOTTHIIK St HETOR _ mpnempi
3aTBOp 3aTBOP ) CTOK HCTOK
T107T0KKa TIOTITO/KKA TOTMOKKa

Pucynox 3 — Tunuunvie xougpueypayuu OIIT: 3ameop cnuzy, cmok-ucmox ceepxy (BG -
TC) (a), 3amsop cnu3zy, cmox-ucmoxk cuusy (BG -BC) (6), 3ameop ceepxy, cmok-ucmok cuu3y (TG-
BC) (8)

[To cytu, moneBoi TpaH3UCTOpP pabOTaeT Kak KOHIEHCATOp — OJHA IUIACTHUHA SIBIISIETCA
MPOBOJISIIIIMM KaHAJIOM MEXAY IByMSI OMUYECKUMU KOHTAKTaMU — UICTOKOM U CTOKOM. [1moTHOCTH
HOCHUTEJIEH 3apsifa B KaHaJe MOJYJHUPYETCS HAIpPSKEHUEM, MTOaBAEMbIM Ha BTOPYIO IUIACTHHY

KOHJIEHCATOPa — DJIEKTPOJ] 3aTBOpa (PUCYHOK 4).
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Pucynox 4 — Ilpunyun pabomwl opeanuueckoco nonesoco mpausucmopa. Ilpoguns
KoHyenmpayuu nocumeineu sapsaoda ¢ OIIT 6 nunetinom pedicume (a), «Omceuxka» nPoucxooum,
koz0a Vps ~Vas - Vi (6), npoguns xonyenmpayuu nocumerneti sapsada OIIT 6 pedxxcume
Hacvluenus (8) [24; 25]

OCHOBHOH XapaKTEPUCTHKOW pabOTHl TPAH3UCTOPA SIBISICTCS IOJABMKHOCTH HOCHUTEIICH
3apsana. [loaBIMKHOCTE OnpeaesieT KOTUISCTBEHHO CPEAHIO IPEe(POBYI0 CKOPOCTh HOCHUTENEH
3apsA0B HA EIWHUIYY HANpPSDKEHHOCTH JlIeKTpudeckoro modisi [26]. Takum obpasom, s
ONTUMU3AIMH PabOTHl TPAH3UCTOpPA B MEPBYIO OYepeah HEOOXOAMMO MOOUTHCS TOBBIIICHUS
noABMKHOCTU. [OABMKHOCTH MOMKET OBITh OMNpeereHa KaK OTHOIICHHE MEXIY CKOPOCTHIO
HOCHTEJIEH 3apsia (V) U BEIMYUHON MPUII0KEHHOTO 3JiekTprudeckoro mosst (E):

p=v/E, (D)

I | - TIOIBMKHOCTh HOCHTENEH 3apsa, KoTopas u3Mepsercs B equaunax cM’B-cl,

1.1.2 OcHoBHBIE XAPAKTEPUCTUKH OPraHUYCCKHUX IMOJEBBIX TPAH3UCTOPOB

PabGoty moneBOoro TpaH3WCTOpAa MPUHATO ONMHUCHIBATE HA0OPOM €ro BOJBTAMIIEPHBIX
XapaKTEPUCTHK: BBIXOJHBIX M TPOXOJHBIX. BBIXOIHAs XapaKTEPHCTHKA IMPEICTABISET COOOM
3aBHCHUMOCTB TOKa MEKIY CTOKOM U UCTOKOM IDs OT HanpshKeHUs MEXK Y STUMU JIEKTPOoAaMu Vs
Opyd HEKOTOPOM 3aJlaHHOM HamnpsDKeHHMM Ha 3atBope  VaGs (pucyHok Sa). Ilpoxonnas
XapaKTePUCTHKA TPEACTABIIICT COOOM 3aBHUCHMOCTh TOKAa MEXKIYy CTOKOM M HCTOKOM Ips ot

HanpspKeHus Vas, 10/1aBaeéMoro Ha 3aTBOp, MPU (PUKCUPOBAHHOM HamNpsKeHUH Vs (PUCYHOK 50).
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Boixognsle xapaxktepuctuku Ips(Vps) SBISIFOTCS NMHEWHBIMH (QYHKIUSAMHU MPH MabIX
HaNpsDKEHUSAX VDS M BBIXOAAT HA HAChIIEHHE NMpu OonblIMX (pUCYHOK S5a). B mepBom ciydae
TOBOPST, YTO TPAH3UCTOP pabOTaeT B TUHEHHOM pEXHME, BO BTOPOM — B PEKHME HACHIIICHUS

(pucyHoKk 50).

d HacbllWeHne 6

o

’ — 1 Vps®VasVrn / -

IMUHEAHBIR

\\
Sqrt 1, A%®

Gs'

Pucynox 5 — Bonbmamnepuvie XapaxmepucmuKku opeaHuiecko2o noieeo20 mpaH3ucmopa
C KAHAIOM N-MUna: 6bIXOOHble XApaKmepucmuku (a) npoxooHvle xapaxmepucmuxu (6) o0ns
peoscuma nHacouyenust (Vops > Ves — V) ¢ ykazanuem nopo2oeo2o Hanpsicenust Vrn

[Ipoxonusie xapaktepuctuku Ips(Vas) mpenctaBisitoT coboil GyHKIMM, oyeHb ciabo
3aBUCALINE OT HAPSHKEHUsST VGS MEHBIIIE HEKOTOPOro MOPOrOBOrO HAMPSDKEHUS VTh, lajee MpH
OoJbIIIEeM HANpPSHKEHUHM pPACTeT KBaApaTWdHo (pucyHOK 50). Hampsbkenuwe Vrn HasbIBaeTcs
MIOPOTOBBIM HATIPSHKCHUEM HITH HAIIPSDKEHHEM BKITIOUEHUS: TIPU MEHBIIIEM HaNpsHKEHUU TOBOPSIT,
YTO TPAH3UCTOP HAXOIMUTCS B 3aKPBITOM COCTOSIHUU, a NMpHU OOJbIIeM — B OTKpPHITOM. boiee
(dbopManbHO MOPOroBOE HANPSKEHUE ONPEAEIIIETCS M0 ePEeCEUSHHIO TPSIMOM, TPOXOISAIICH uepe3

nuHeHHEI yyacTok 3aBucumoctH Ips!?

oT Vas, ¢ ocklo abcuucc (pucyHok 56). B 3akpeirom
COCTOSIHMM 4Y€pe3 TPAaH3UCTOpP TEYET OYEHb MaJIbIM TOK. MUHUMalbHOE 3HAYEHHE DTOrO TOKA
o0o3HavaroT Kak lorr. [1o Mepe noBbllIeHNs HANPsKEHUST VGs TOK Yepe3 TPAaH3UCTOpP HE MOKET
BO3pacTaTh J0 OECKOHEYHOCTH: IPU HEKOTOPOM HANpsXKEHUMH VGS KaHal TpaH3UCTOpa
HACBIIAETCS] WM HPOMCXOJUT MpoOOH JudiekTpuka. Takum o0pa3oMm, MpH 3aJaHHOM
HaNpsUKEHUU VDs CyIIECTBYET HEKOTOPOE MAaKCHMAaJIbHO BO3MOKHOE 3HAUEHUE TOKA TPAH3UCTOpa
BO BKIIFOUEHHOM cOCTOSTHHU [oN. OTHOIEeHne TOKOB loN/loFF SIBNIsIETCS BaXKHOM XapaKTEPUCTHKON
TpaHsucTtopa. Ilpu 3TOM Hamo NMOHMMATh, YTO OHA HE SBISIETCA OJHO3HAYHO OIpPEIEIsIeMON
BEJIMYMHON U, B YACTHOCTH, 3aBUCHUT OT HAIIPSDKEHUS VDs.

C TOYKM 3peHus NPUIOKEHUM, MOXKAITYyH, CaMOW Ba)KHOM XapaKTEpUCTHUKOM TpaH3MCTOpa
ABJIIETCS BEJIMUYMHA TOKA, KOTOpPasi MOXKET MPOTEKATh YePE3 HETO BO BKIOYEHHOM COCTOSIHUU pU

(UKCHPOBAHHBIX MPUIIOKEHHBIX HAIPSDKEHUAX: YeM OHa Oojplie, Tem Jyuile. B mpocteitmeit

MOZCIIN ITOJICBOTO TPAaH3UCTOPA BEJIMYHNHA 3TOI'O TOKaA maércs CJICAYIOIUMHU YPABHCHUSMMU:
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Ips, tin = WL ' uinCox(VGs — V) Vs (2)

Ips, sat = 0,5 WL ' satCox(Vas — V), 3)

rae Cox — yeTbHAs eMKOCTh TUAJIEKTPUKA HA €AMHUILY TUIOIAay; L — JuinHa Kanana; W —

IMpUHA KaHAJA, Wlin U Usat — TIOJABMIKHOCTH B JTMHEHHOM PEXHME M B PEXKHMME HACHIIICHUS,

KOTOpbIE B Hjeaye IOJDKHBI coBNaaarh. [lepBoe ypaBHEHUE MPUMEHUMO K JIMTHEMHOMY PEXKUMY
paboTsl Tpansuctopa (Vs << Vas), BTopoe — K pexumy HachimeHus (Vps > Vas — Vn).

OTtmeTnM cpa3y TrpaHULBl HOpuMeHuMocTH Qopmyn 2-3. Bo-mepBbIX, TOJIIMHA
TUDIIEKTPUKA JTOJDKHA OBITh Kak MUHUMYM B 10 pa3 MeHbIe, 4eM JJuHa KaHaja. Bo-BTOpBIX,
CTpPOTO TOBOPSI, 3TH YPaBHEHUS BEPHBI TOJIHKO JIJIS IIOABMKHOCTH, HE 3aBUCSIICH OT HAIIPSDKCHUS.
OT0 cienyeT yUUThIBaTh IPU aHAINU3E JIUTEPATYPHBIX JaHHBIX, 0COOCHHO KOTJ[a UMEETCS CUIIbHOE
OTKJIOHEHHE OT JMHEHHOCTH s 3aBucuMocTH Isp!’? ot Vas [27].

N3 dpopmyi 2—3 BUIIHO, UTO BEIMYMHA TOKA, TPOTEKAIOIIETO Yepe3 TPAH3UCTOP, HAMIPSIMYIO
3aBHCHUT OT ITOJIBMKHOCTH OCHOBHBIX HOcUTeeH 3apsina u (popmyina 1), a 3¢hekTuBHOCTH pabOTHI
TPaH3UCTOPA MOKET OBITh YJIyUIlIeHa 10 HEKOTOPOU CTETNIEHH U3MEHEHUEM €ro reOMETPUIECKIX
napaMeTpoB: YMEHbBIICHUEM JUITMHBI KaHaja L U TOJIIUHBI AUAJIEKTPHUKA (TOCPEACTBOM BIUSHUS
Ha YJEJIbHYI0 EMKOCTb TUNIEKTPUKA Cox).

W3 nutepaTypsl H3BECTHO, YTO OCHOBHAS IUIOTHOCTH HOCHTENICH 3aps0B B pa0OTAONINX
MOJIEBBIX TPAH3UCTOPAX NMEPEHOCUTCS HAa TPAHUIIE pa3/iesia MEX Ty MMOJIyIPOBOJIHUKOBBIM CIIOEM U
JTUAJICKTPUKOM, 4TO OBLJIO YOSAUTEIbHO TTOKa3aHO B HECKOJbKUX padoTax [28; 29]. Kak BuaHO U3
pHUCYHKa 6, TOJIBIYKHOCTh HOCUTEIEH 3aps10B BHAUaJIe OBICTPO PACcTET MPH YBETUUESHUN TOIITUHBI
IUICHKU TIONYTPOBOJHUKA, OJHAKO TPU JTOCTIKEHUH 5-6 MOHOMOJICKYJISIPHBIX CIIOEB YiKe
MepecTaeT MEHAThCS, YTO CBUACTEIBCTBYET O (HDOPMHUPOBAHHWH IIOJTHOIIEHHOTO KaHAJIa,
crocoOHOTO K 3(PPEeKTUBHOMY TPAaHCIOPTY HOCHTENICH 3apsaoB. 3aMETUM, YTO IS TIEHTalleHa
IUIEHKA B 5-6 MOHOMOJIEKYJISIPHBIX CJIO€B UMEET TONIKHY MeHee 10 HM.

VYcraHOBIEHHBIE 3aKOHOMEPHOCTH CBHUJAETEIBCTBYIOT O TOM, YTO JJIEKTPUUYECKHUE
XapaKTepUCTUKU II0JIEBOIO TpaH3ucTOopa OyayT HaumbOolee CHIBHO 3aBHCETh OT CBOMWCTB

MEKCIIOEBOM I'PaHUIIBI Oy IPOBOIHUK/ TUITEKTPHUK.
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Pucynox 6 — 3asucumocmv noosusxcnocmu Hocumenel 3apsa0o8 Om  MOAUUHBI
NOJYNPOBOOHUKOBOZO CI0S1, BLIPANCEHHOU 8 BUOE YUCIA MOHOMOAEKVIAPHBIX clloes [28]

1.2 XemoceHCOPHI HA OCHOBE OPraHUYeCKUX MOJIeBbIX TPAH3UCTOPOB

B TeueHume mocneqHUX HECKOJIBKHMX JIET OpPraHUYECKHE TIOJIEBbIE TPAH3UCTOPHI
MPUBIIEKAIOT Bce OoJiblliee BHUMAHKUE KaK MEePCIEKTUBHbBIE BBICOKOUYBCTBUTEIbHBIE U HEIOPOTHE
xemoceHcopbl [30; 31]. CunpHas M KOHTpoJupyeMas XUMHUYECKas 4YyBCTBUTEIbHOCTH
OPraHWYECKUX TOJYNPOBOJHUKOB JENAIOT HMX BaXKHBIMH MaTepHalaMH JUIsl XUMHUYECKHX
ceHcopoB. Kak BUIHO M3 pUCYHKa 7, C KaXAbIM TOJIOM HMHTEpEC B HAyYHOM COOOILECTBE K
CEHCOpPaM Ha OCHOBE OPTaHWYECKHUX MOJYIPOBOIHUKOB pacteT [32]. Takue ceHcopbl MOTYT OBITh
0COOCHHO BOCTpeOOBaHBI B O0JIACTH MEAMIIMHBI, KOHTPOJS KauecTBa MUIIEBBIX MPOAYKTOB,
MOHUTOPUHIA 3arpsi3HEHHs] BO3JyXa KaK Ha MPOMBILUICHHBIX MPEANPUATHIX, TAaK U B KHIOM
CEKTOpE U T. 1.

Bonbiioe BHHMMaHue B JHUTEpaType YAENSETCS CO3JaHHI0 XEMOYYBCTBUTEIbHBIX
TPaH3UCTOPOB, CIIOCOOHBIX U3MEHSATH CBOM JIEKTPUUECKUE XapAKTEPUCTHKH (TOK MEXKIYy CTOKOM
Y UCTOKOM, ITOJIBU’KHOCTh HOCHUTEJIEH 3apsiia UIu IOPOrOBOE HAIIPSHKEHHE) PU B3aUMOAEHCTBUN
C aKTUBHBIMU BEIIECTBAMH, IPUCYTCTBYIOIIMMH B TA30BOM WJIN KUIKOM cpenax (pucyHok 8) [31].
B ciyuae, korga opraHM4ecKuii MOJYMPOBOJHUK PACTIONIONKEH MEXIY MAPOM AIEKTPOJOB U €ro
COOCTBEHHOE  YIENbHOE COMPOTHBICHHWE MOAYJIUPYETCS  XMMHYECKUM  BO3JCHCTBHUEM

(aHaNMM3UPYEMBIM BEIIECTBOM), YCTPOWCTBO HA3bIBACTCS XEMOPE3UCTOPOM.
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Pucynox 7 — Pocm ediceco0no20 uucia nyonukayui (creea) u yumupoganuli (cnpasa)
RYOIUKAYULL NO 2A308bIM CEHCOPAM HA OCHOBE OP2AHUYECKUX NOYNPO8OOHUK08 no Web of science

semiconductor

| |

substrate/gate substrate/gate

Pucynok 8 — I'azosuiii (cnesa) u srcuokocmuou (cnpasa) xemocencopul Ha ocHose OIIT

[31]

PaccMoTpuM OCHOBHBIE XapaKTEPUCTHKU ra30BOr0 CEHCOpa. XapaKTEPUCTHKU ra30BOTO
CEHCOpa XapaKTepU3YIOTCS OTKIMKOM R, MOJ KOTOPBIM MOHO IOApa3yMeBaTh W3MEHEHHE
OJTHOTO WJIM HECKOJIbKMX I1apaMeTpoB IOJEBOro TpaH3ucTopa (Hampumep, lon, u, Vrn) mpu

OTIpe/ICIEHHOM MPWJIOKEHHOM Hamnpsikeru (B):

R=2% (4)

X0’
B KOTOpoM AX — 3TO pa3HHUIla MEXIy BEJIWYMHON MapameTrpa, MOJYyYEHHOrO MpHU
BO3/ICUCTBUM ONPEAEICHHON KOHIIEHTpalUuu (¢) ra3oo0pa3HOro aHalWTa W 3TAJIOHHOTO rasa
(mampumep, atMochepHOro BO3MyXa WM MHEPTHOTO Tasza) mpu ¢ = 0 ppm. C aApyroit cTOpoOHBI,

YyBCTBUTEIBLHOCTH () ompeensieTcs Kak:

_ar
S—dc (5)

22



UyBCTBUTEIBHOCTH OOBIYHO ANMPOKCUMHUPYETCS U3 rpaduka JTuHEtHO! 3aBucuMocTd R oT
c B TIpefenax OINpEeNeIEHHOr0 HWHTEpBajia KOoHIeHTpauuid. Kpome Toro, mepecedeHue 3TOi
3aBUCHUMOCTH C OCbIO0 KOHIEHTpaluii (HyJeBOW OTKIMK) 0003Ha4yaeT mpezen oOHapykeHus (ot
anra. limit of detection, LoD). HakoHer, mOCKOJIBbKY CEHCOp pearupyer He MTHOBEHHO, €CTh €Ille
JIBa BPEMEHHBIX apaMeTpa. Bpems oTkimnKa (tset) — 3T0 MHTEPBaJ, HEOOXOIUMBIH JUIsI U3BMEHEHUS
AX ot 10% no 90% HOMUHAIBHOW BEJIMYMHBI TPU BO3ACHCTBUM aHAJIWTA, a BpeMs
BOCCTAHOBJICHHSI — 3TO BPEMsI, 32 KOTOpOE BeIWYHHA napamerpa X Bo3Bpamaetrcs K Xo (treset).

[Ipenensl oOHapyxkeHHsT aHATUTOB B ceHcopax Ha ocHoBe OIIT cocraBistoT OOBIYHO
€IMHUIIBI WA JTOJM ppm, a MHOTIa oIrycKaroTcs Hrxke 1 ppb [33-35], a BpeMeHa OTKIIMKa 9acTo
COCTABJISIIOT HECKOJBKO CEeKyHJ. IloBbIlIEHHE YyBCTBUTEIBHOCTH XEMOCEHCOPOB YacTO
JIOCTUTAETCs 32 CUET YMEHBILIECHHS TOJILUHBI CI0s MOJIYIPOBOJHUKA JO HECKOIBKUX MOHOCIIOEB
WIH J1aK€ OJHOTI0 MOHOCJIOSI, TaK KAaK XapaKTEPUCTHUKU BO MHOI'OM ONIPEIENSIIOTCS CKOPOCTBIO
muddys3un anamura [35].

B oTaenbHBIX ciydasx JOCTUTAETCS BBICOKAS CEJIEKTUBHOCTH JETEKTHPOBAHUS aHAJIUTOB

B Ta30BOM cpeJie, Hanpumep, aMiuHOB (pucyHok 9) [36; 37].
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Pucynox 9 — Ilpogunv cenekmuenocmu Xemouy8CmeumenbHo2o mpansucmopa kK 12
PpasniuuHelM anarumam (npu konyeumpayuu 1 ppm) [36; 37]

Bonpmioit mporpecc B pa3paboTke OHMOCEHCOPOB ObLI craeiaH Ojaroaapsi CO3AaHUIO
MOJIEBBIX TPAH3MCTOPOB, B KOTOPHIX POJb 3aTBOPA W/WIIM AMAJIEKTPHKA BBIOJIHIET BOJAA WU
pacTBop 3JekTpoiuTa. B HemaBHMX paborax Oblla MOKa3aHa BO3MOXHOCTH JETEKTHUPOBAHUS
€AMHUYHOM MOJIEKYJIbl UMMYHOIJIOOYJIMHA 32 CYET MHTErpallid B TPAH3UCTOP CIEHUATBHOTO

camoopranusytomerocsi MoHocios (SAM) [38; 39]. Takue pa3paOOTKM HMEIOT OTrPOMHBIN
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MOTEHIINAJ JJIsl CO3/IaHUsI HEMHBA3UBHBIX JICIIEBBIX TECT-MOJIOCOK JUIS TUATHOCTUKU Pa3IMIHBIX
3a00J1eBaHUH.

B nutepatype omucaHa Takke KOHCTPYKLHUS XEMOYYBCTBUTEIBHOI'O MOJEBOIO
TPaH3UCTOPA, B KOTOPOM PELENTOPHBIE MOJICKYJIbI 3aKIIOUEHBI MEXKIY CIOSIMH MOJIyTIPOBOAHUKA
u mudrnektpuka (pucyHok 10). [TomoOHBIe ceHCOpBI OBUTH CTIOCOOHBI IETEKTHPOBATH OMOTHH HA
ypoBHEe 3 ppt (~ 15 MHUKOMOJB/I) C y4eTOM TOTO, YTO MOJICKYJIbl aHajJuTa JOJKHBI ObLIH
TUPPYHAMPOBATE CKBO3b CJION MOIYNPOBOIHHUKA Ul (POPMHUPOBAHUS AHATUTUYECKOTO CUTHANA
[40].

OcHOBHasi MJIOTHOCTb HocuTened 3apsaa B padboratouiem OIIT mporekaer B
HOJIYIIPOBOJIHUKOBOM CJIO€ Ha TPaHULE ¢ AUAJIEKTpUKOM. [1o3ToMy Takas CTpyKTypa, B KOTOpOH
creurn(uIecKuii pelenTOpHbIN CIIOW HAXOJUTCS Ha TPaAHMLIE MEX/1Y MTOJyTIPOBOHUKOBBIM CIIOEM
U JUDJIEKTPUKOM, CO3MAae€T OCHOBBI [UIS CO3/aHUS BBICOKOA(P(PEKTHUBHBIX XEMOCEHCOPOB.
W3MeHeHne 2IeKTPUYECKUX CBOMCTB (3aps10BOE COCTOSIHHE, AUAIEKTPUYECKasi MPOHUIIAEMOCTH )
9TOM IPAaHULBI B Pe3yJIbTaTe B3aUMOJICHCTBUS PELIENTOPHOIO KOMIIOHEHTA ¢ aHAJIUTOM JOJKHO
KapJMHAJIBHBIM 00pa30M BIMATH HA XapaKTEPUCTUKU IMOJIEBBIX TPAH3UCTOPOB, oOecrednBas
MHTEHCUBHBI OTKJIMK YcTpoiictBa. B psanme pabGor ObUIO mMOKa3aHo, uYTO MoAM(UKaus
MIOBEPXHOCTH TUDJICKTPUKA B TA30BOM XEMOCEHCOPE C TOMOIIIBIO PEIETITOPHBIX CII0EB TO3BOJISIET

JETEKTUPOBATh MOJICKYJIBl aHATIMTA C BBICOKOW CEJIEKTUBHOCTHIO (prucyHok 10) [41; 42].

with receplor
without receptor

Uerok 7
TOK

non n
Pe y DOBGQHHK

Lenrg i
= 3araop
w%

Pucynox 10 — Obwasa cxema @QYHKYUOHANLHBIX YCMPOUCME, COOEPAHCAWUX CIOU
DeyenmopHvlx MOAEKYI HA cPanuye pazoenda mexcoy CI0SMU NOTYNPOBOOHUKA U OUDIEKMPUKA
(cneea); npoghune cenekmuenocmu 2a306020 cerncopa na ocrhose OIIT Kk pasnuunbim anaiumam
npU UCNOIL30BAHUU U 8 OMCYMCMBUU PeyenmopHozo clos (cnpasa) [42]

Koneunsim PE3YyJIbTATOM JTUX I/ICCJ'IeI[OBaHI/If/’I B MNEPCICKTUBC NOJIZKHO CTaTbhb CO3JAaHUC

BBICOKO()(DEKTUBHBIX (PYHKIIMOHAIBHBIX YCTPOWCTB, HAa3bIBAEMBIX B MHUPOBOW JUTEpaType
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«E)J'IGKTPOHHI)If/i HOC», U CHOCO6HI)IX K pacCriO3HaBaHUIO CJIOKHBIX cMecell aHaJIMTOB B Ta30BBIX
cpenax [34]. Ilporotun snexkrpoHHoro Hoca Ha ocHoBe OIIT ¢ ucnonap30BaHHE PELENTOPHBIX

CJI0eB ObLT HEJJAaBHO CO3/IaH POCCHUMCKIMU YUeHBIMU [43].

1.3  Opranuyveckue MoJynpoBOJIHUKH

[MpuHIMI paGoTHI AMEKTPOHHBIX YCTPOMCTB Ha OPraHMYECKHX MaTepHaliaXx OCHOBaH Ha
NOHSATHH BBICIIAS 3ANOJHEHHOW MoJeKysipHoi opOutamm (B3MO) m Husmen cBoOoIHON
Mosiekysisipaoit  opoutanmn (HCMO). Hamuune wiam OTCYyTCTBHE Ha TaKUX MOJICKYJISIPHBIX
OpOUTANAX PIEKTPOHOB OOYCIIAaBIMBAETCS YHEPTETHUECKON MIENbI0, KOTOPYIO TAaK)KE HA3bIBAIOT
3anpeleHon 30Hou. [lluprHa Takoi 3anpeIEHHON 30HBI, U1l OTPAaHUYECKHUX MOJIYIPOBOJHUKOB
JEKUT B AManas3one ot 1 10 4 3B.

Ha pucynke 11 cxemaTuuHO mpeacTaBieH TPAHCHIOPT HOCUTENEH 3apsija p- U N-TUMNa B
3aBUCHUMOCTH OT PACMOJIOXKEHHUS TPAaHUYHBIX OpOuTaliell MOMyHpOBOJHUKA U ypoBHEH Depmu
metaina (Er). MHkekuus HocuTenel 3apsiia U3 METaUIMYECKOro 3JIEKTpoAa B MOITYIPOBOIHUK
TpebyeT coryiacoBanusi ero ypoBHs Er ¢ ypoBHem B3MO mosyrnpoBoiHHKa B Clydae JIBIPOK
(monmynpoBogHUK p-THma) U ¢ ypoBHeM HCMO momynpoBOJHUKA TPU HHXKEKIIUW JIEKTPOHOB

(MTOTyIPOBOAHMK N-THIIA).

5 HCMO 6
h* e
Ec g™ ]BBMO Ee E: ¢~ N HCMO E;
—

B3MO

Pucynox 11 — JJuacpamma snepeemuyeckux yposweii (HCMO u B3MO) opeanuueckux
NOIYNPOBOOHUKO8 p-muna (a) u n-muna (0) u suepeus @epmu Er mamepuana ucmoka u cmoka

Meramiel ¢ HU3KOM pabotoi Bbixonma (i BeIcOkoW sHepruei depmu) Al, Ca u Ba
MPEMOYTUTENbHBI ISl UHKEKIIUHU SJIEKTPOHOB; OJJHAKO UX TOHKHE TUICHKH CKJIOHHBI K OBICTPOMY
OKHUCJICHHI0. BMeCcTO HUX B KauecTBE 3JEKTPOJOB CTOKA-HCTOKA YacTO HCIOJb3yeTcs Ooiee
CTAOWIBHBIA METaJUI - 30JI0TO, XOTsl paboTa BbIxona Au coctaBisieT 5,1 3B, uto He sBiseTcs

OJIArONPHSITHBIM /TSI HH)KEKITUHU 3JIEKTPOHOB, a CKOpee MOoAXOAUT 1Tt nHKeKIuu abipok B OIIT ¢
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KaHaJIoM p-THumna. Mcrnonbp3oBaHNE HHEPTHBIX 30J0THIX 3JIEKTPOIOB SBJISETCS IPUUUHOM BEICOKOTO
KOHTaKTHOT'O CONTPOTUBIICHUS U HU3KOU MOABUKHOCTH 351eKTpOHOB B OIIT ¢ kananom n-tumna [44].

Jl711 KOHCTPYHPOBAHUS AJIEKTPOHHBIX YCTPOUCTB KpaitHe HEOOXOAMMBI MOYITPOBOIHUKH
c 000MMM THIIAaMH HOCHTENEW 3apsana, T.K. OOJBIIMHCTBO JJIEKTPOHHBIX CXEM SBISIOTCS
KOMIUIEMEHTapHbIMU. [IOMHUMO XOpoOILINX 3aps0BO-TPAHCIIOPTHBIX CBOMCTB MOJyIPOBOIHUKOB,
BOKHEUITUM TpeOoBaHHMeM siBisieTcsi cTabmibHOCTh paboTel OIIT Ha Bo3myxe. OmHAKO YUCIIO
OpPTaHWYECKUX TMOJYNPOBOJHUKOB N-THMAa CO CTaOWIbHONW paboToOil Ha BO3IyXe BechMa
OTPaHMYEHO U B LIEJIOM OHM YCTYHNAIOT 110 CBOMM XapaKTEPUCTUKAaM IOJIyIIPOBOJHUKAM P-THIIA.
OO61as crpaTerus MOJEKYJIIPHOTO AMU3aiiHa AJis MOIYIPOBOAHUKOB N-TUIIA BKJIIOYAET BBEACHUE
CHJIBHBIX 3JIEKTPOHOAKIENTOPHBIX IPYII, TAKUX KaK UMUJHAS, [IMAHO- U aTOMbI TAJIOT€HOB, YTO
CBS3aHO ¢ HEOOXOAMMOCTBIO TOHMXKEHUS 3HaueHus: ypoBHs HCMO nonymnpoBogHika MeHee - 4
3B [44]. Takum 06pa3zom, pa3paboTka OPraHUYECKUX MOJYNPOBOJHUKOB N-TUIA CO CTAOMIIbHOU

paboToii Ha BO3MIyX€ SIBJISIETCS aKTyaJIbHOM 3a7a4eil.

1.3.1 Huskomo/eKyJIsipHbIe MOJIYNIPOBOIHUKH

Jlonroe BpeMs 3TaJOHHBIMU HU3KOMOJIEKYJIIPHBIMA OPTaHUYECKUMHU 10Ty TIPOBOAHUKAMU
cuntasnuck nenraned M1, ¢ymnepen M2 u pyopen M3. Ha ceropnsmHuil 1eHp pa3paboTaH
LENBIA Psii MOTYTIPOBOJHUKOBBIX MOJIEKYJ p- U N-TUMA, 00JaJalOMIUX XOPOLIMMH 3apsiI0BO-
TPaHCIIOPTHBIMU CBoOMcTBamMH (pucyHOK 12). B Tabmune 1 mpuBeneHbl XapakTEpUCTUKH, THUII
(TOHKOIUIEHOYHBIH TPAH3UCTOP WM YCTPOMCTBO HAa OCHOBE MOHOKpHCTalla) U CTPYKTypa
UCCIIEyeMbIX YCTPOUCTB. YCTpPONCTBA HA MOHOHKpHCTa/IaX pyOpeHa AEMOHCTPUPYIOT caMble
BBICOKHME TOJIBHKHOCTH P-THIIA IIPY KOMHATHOM Temmepatype, nocturarommue 18 ecm’B ¢! [45].
Ha MOHOKpHCTaNIax IeHTaleHa T0Ty4eHbl OABHKHOCTH HOCHTeNel 3apsaaa nopsaaka 35 cm?B-
¢l (TOII3) [46].

OnHUM U3 3HAUUTENBHBIX JOCTHXKEHMH Oblia pa3paboTka XMMHUYECKH CTAaOMIBHOTO U
pacTBOPUMOro B OpraHUYECKUX pPacTBOPUTEIISX 6,13-
Ouc(TpUM3ONPONWICIIIMIATUHII )IeHTarieHa M4, oABMXHOCTh ABIPOK B IUIEHKaX KOTOPOTO K
HacTOAIIEMY BpeMeHH yxke pocturaeT 13 cm?B-lc! [27]. BakHBIM BKIaJOM MOKHO CUMTATh
paspaboTky mnepdropupoBaHHoro meHtarieHa M7 [47], KOTOpBIA  yXKe = SABISIETCS
HOJYIPOBOJHUKOM n-TUMa. TakuM o0pa3oM, MEHTALEH SBJISETCS SPKUM NPUMEPOM TOro, KakK ¢

IOMOIIBI0 XUMHYECKOM (YHKIMOHATU3AIMM MOXHO pa3paboTaTh IMOJYNPOBOAHUKOBBIN
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Marcepurajl C XCJIaCMbIMU CBOMCTBaMH. OI[HaKO CCPLC3HBIM HCAOCTATKOM IICHTAllCHA W Cro

MIPOU3BOIHBIX SIBJISIETCA HECTAOUIBLHOCTh Pa0OTHl YCTPOWCTB HAa BO3AYXE.

[ LD

M21 M22 M23

M24
Pucynox 12 — HuskomonexynapHvle NOIYNPOBOOHUKU C BbICOKUMU NOOBUNCHOCTAMU
Hocumeneti 3apsoa, 20e R —smo H, ankun, ankunghenun unu pmopuposannwiii arxun [22]

CrabmipHast paboTa TPaH3UCTOPOB P-THIA TPEOYET UCTIONB30BAHUS MOTYIPOBOIHUKOBBIX
MaTepuaioB, OOpPa3yIOIMX HEPEaKIMOHHOCIOCOOHbIE KaTHOH-PaJUKalbl, HMHEPTHBIE IO
OTHOIICHMIO K KUCIOPOAY M Biare Bo3ayxa. B HacTosiee BpeMsi H3BECTHO MHOTO MaTepHalioB -
THUIA CO CTAOMIBHOM paboToif Ha Bo3ayxe. OMHUMU U3 IYUIIUX SBISIOTCS JHATKUAIIIPOU3BOIHbIC
oenzotuenooensotnopena  (BTBT) M8,  nmunadrtoruenormodena  (DNTT) M9,
muoenzotnopenoruenornopena (DBTTT) M10. Ha »Tux cpaBHUTENBHO MPOCTHIX MOJIEKYJIaxX
(mpouzBoanbix BTBT u DNTT) M0XHO AOCTUTaTh MOABMKHOCTEH HOcUTeNel 3apsiaa 6omnee 30
em’B ¢! mensst mummb ey anudaTHYecKuX yrieBoAOpOAHbIX Heneii [48]. B HenasHeit pabote
CO00IIaeTcs 0 AOCTHKEHHH TOABMXHOCTH OKojo 43 cM?Blc! ¢ mcmomp3oBaHHeM CXOMHBIX
matepuainos [49]. AnkunupoBanue quHadrodenzoautnopena (DNBDT) M13 Taxxe npuBOIUT K
YBEJIMYEHHIO TTOABMKHOCTH 3apsioB oT 0,05 cm?B ¢! 1o 10 cM?B ¢! B Tonkux nnenkax u 10 16
cm’Blc! B momokpucrammax [50]. Ha pucynke 12 mpencTaBieHbl HEKOTOpBIE JIy4ILME

MOJIYTIPOBOJTHUKH P-THITA CO CTAOMIILHON pabOTOM Ha BO3IyXe U3 ceMelicTBa rerepoarieHoB M8-
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M16 ¢ BOCHPOM3BOAMMBIMHU TOABMKHOCTAMHU HocuTeneil 3apsaa 6onee 10 cm?Blc! [22; 51].
BbU10O CHHTE3UPOBAaHO M HCCIEAOBAHO B KAadyeCTBE IOJIYNPOBOJHHKOB JOBOJIBHO OOJIBIIOE
komnuecTBO TerpatuadynbpBanienoB (TTF). Hampumep, Ha coenmunenuun M17 HOCTUTHYTHI
noaBmwxHOCTH okoso 10 cm?B'c™! [52]. Monokpucramisl ¢ranonuanuna turana (TiOPc) M18

JIEMOHCTPHUPYIOT TIOABMKHOCTH HOCHTENIeH 3apsa okoino 30 cm*Blc! [53].

Tabnuya 1 — Xapaxmepucmuku HU3KOMOLEKYIAPHLIX NOTYRPOBOOHUKOS P-MUna

Coemunenne | ppy™™*  cm?Blc! | Tun Crpykrypa | AudnexTpux Ccpiika
(RT) YCTPOMCTB | yCTPOMCTB
M1 6,0 TF BG-TC SiO2/mommep [54]
M1 35,0 SC TOII3 - [46]
M3 18,0 SC BG-BC Si02/SAM [45]
M4 7,6 TF** BG-TC Si02/BCB [55]
M4 13,3 SC BG-TC Si02/BCB [55]
M5a 6,0 SC BG-BC Si0» [56]
M5b 54 TF** BG-BC Si02 [57; 58]
M8 31,3 SC TG-TC SiO2 [59]
M9 7,6 TF* BG-TC SiO2 [60]
M9 10,7 TF** - - [61]
M10 6,3 TF* BG-TC Si02/SAM [62]
M10 31,9 SC BG-TC Si02/SAM [62]
Mi1 13,9 TF**(KK) | BG-BC SiOz [63]
M12 8,1 SC BG-TC Si02/SAM [64]
M13 16,0 SC** BG-TC Si02/SAM [50]
M14 10,0 SC** BG-TC Si02/SAM [65]
M15 10,1 SC BG-TC Si02/SAM [66]
M16 18,9 SC BG-TC Si02/SAM [67]
M17 11,2 SC TG-BC apuen C [52]
M18 26,8 SC BG-TC Si02/SAM [53]

A66pesuarypsl: SC —moHokpuctam, TF- Tomkas mmenka, TOII3 (SCLC) — Tok, orpaHWYeHHBINA
MIPOCTPAHCTBEHHBIM 3apsiioM, KK — sxunkokpuctamnmaeckuid, [Tapunen C — nmonu-n-kcuiuiaeH
* IUIEHKA HAHOCUJIACh METO/IOM BaKyyMHOTO HAIBUICHUS

** [IJIeHKa HAHOCHJIACh U3 pacTBoOpa
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Knaccuueckum  momynpoBogHukoM n-tuma  siBiserca  ¢ymiepen Ceo (M2) ¢
MOJABMKHOCTBIO AJIEKTPOHOB, MpeBbIatomnieit 10 cm’Bl¢! [68]. Coenqunenuss M6 u M19-M24,
CoJIepKalIie AMEKTPOHOAKIIENTOPHBIE TPYIIIIbI, IBJSIOTCS OJHUMHU U3 JIyUIINX MOJTYTPOBOAHUKOB

n-tumna (pucyHok 12, tabnauna 2).

Tabruya 2 — XapaxmepucmuKu HU3KOMOLEKYIAPHLIX NOTYRPOBOOHUKO8 N-MUNA

Coenunenue | pue™ Tun Crpykrypa | Judnekrpux Ccbuika
eM?B e (RT) YCTPOMCTB | YCTPOMCTB
M2 11,0 SC BG-TC Si02/BCB [68]
M6 27,8 TF** | BG-TC AlOx/SAM [69]
M7 0,2 TF BG-TC SiO2 [47]
M19 7,0 SC vacuum- - [70]
gap FET™
M20 8,6* SC BG-TC Si02/SAM [71]
M21 3,0* SC BG-BC Si102/ PMMA [72]
M22 4,6 SC BG-TC Si02 [73]
M23 0,49 TF BG-TC Si02/SAM [74]
M23 3,0* SC** BG-TC Si02/SAM [74]
M24 12,6 SC BG-TC Cytop [75]

Ao66pesuarypsl: Cytop —cononumMep nepdropauokconana, PMMA - nomiMeTHiIMeTakpuiar
* I3MEpEHUsI POBOAWINCH Ha BO3IyXe
** MIeHKa HAaHOCHIIACh U3 PacTBOpa

*¥* 1071€BOM TPAH3UCTOP C BAKYYMHBIM 3aTBOPOM

OI[HaKO YUCIO0 M3BECTHBIX IOJYHNPOBOAHHWKOBBIX MATCPUAJIOB, 06CCH€‘~II/IB8.IOIHI/IX

cTabunpHyro pa0OTy TpaH3UCTOPOB N-TUMA Ha Bo3ayxe, HeBenuko. Cpeaum HHX
nep@TopupoBaHHBIA (PTANONMAHUH MEIW, a TakKe TMPOU3BOAHBIE TMEPUICHANUMUIIOB U
HaQTATMHIUUMUIOB: AuxiopHapTanuaauumuasl M20 [71] u nunumanonepwieHquumuasr M21
[72] ¢ mepdTopadKUIBHBIMA 3aMECTUTEIISIMK, TEPHICHIUUMHUAB ¥ HAPTATHHINAMEIB C
nepdTOPATKUIBHBIMU 3aMeCTUTENsIMU [76]. dTOpUpOBaHUE ANKUIBHBIX 1IETIEH CIIOCOOCTBYET MX
Oosee MIOTHOM ymakoBke [76] u obpazoBaHuio Gapbepa A MOJIEKYJ BOJBI MU KHCIOPOAA, YTO
noBbImaeT crabmibHocTh padboTsl OINT Ha Bo3ayxe. Takke HemaBHO BbINLIA paboTa, B KOTOPOU

ObL1a CHUHTEC3HPOBaHa I'pyIia Mporu3BOAHBIX NCPUICHAUUMHIO0B, B KOTOPEIX JIBa aTOMa YIjiepoaa
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B SIJIp€ MOJIEKYJIbl 3aMECTUIIM Ha AJIEKTPOHOAKIIENITOpHbIE aTOMbI a30Ta (M23). bbuin noixyuyeHs!
TPAH3UCTOPHI C BBICOKOM TEPMHUYECKON M aTMOC(EepHON CTaOMIBHOCTHIO C TIOJIBMIKHOCTSIMH,

nocruraromumu 3 cm*B ¢! B ciryuae ncnonbzosanus ankundeHUIBHBIX 3aMeCTHTENEH (PHCYHOK

12, Tabnuma 2) [74].

1.3.2 TlosumepHbIe NOJYNPOBOTHUKH

BoABIIMHCTBO MOIMMEPHBIX MOJYHNPOBOJHUKOB XOPOIIO PAaCTBOPHUMBI B OPTaHUYECKUX
pPacTBOPUTENSIX U MOTYT BbIIEPKMBATh 3HAUUTEIbHBIE MEXaHUYECKHE AePopMaliu, MOTOMY
0071a/1a10T GOJIBIIKUM MOTEHIIUAIOM ISl UCIIONB30BaHUSl B THOKUX M PACTSKUMBIX 3JIEKTPOHHBIX
yCTpOMCTBaX OONBIION TUIOMIAMM, TAKUX KAaK UHTETPAbHBIE CXEMBI, JaTYUKH U
CBETOM3IYYAIOIIUe AUCIUIEH. B TeueHre MHOTHX JIET MCCIEeNOBaHUs OBLTH COCPENIOTOYEHBI Ha
MOJIUMEPAX C OTHOCUTEIBHO NPOCTOM CTPYKTYpOH TIOBTOPSIIOIIMXCS 3BEHBEB, HaIpUMED,
nonutuodenax, Takux kak mnoiu-3-rekcuntuoden (P3HT). B mocnegnee Bpemsi aKTHBHO
pa3pabaTbIBalOTCS MOJUMEPHI C 00JIee CIIOKHOW CTPYKTYpOl OCHOBHOM LIETIH, B YACTHOCTH, TaK
Ha3bIBae€Mble JOHOpHO-akuentopHsle (D-A) comonuMepsl, coaep)Kalue Yepeayromuecs
3IEKTPOHHOJOHHOPHBIE U 3JIEKTPOHOJAS(hUIUTHBIE 3BEHbS B OCHOBHOW 1enu. CyliecTByeT
IIMPOKUN CHEKTP OSTUX TOJUMEPOB, BKIIOYAIONIMX CTPYKTYpHbIE OJIOKH Ha OCHOBE
uapanenoautuodena (IDT), nukeronuppononupporna (DPP), nadramuanuumuna (HAW, NDI),
ukionentaguruodena (CDT), 6enzoruaanaszona (BT), tnodena (T), uzounmauro (IIG) u np. [77].
B Hacrosmiee BpeMs NMOABMKHOCTH HOCHUTENIEW 3aps0B B IIEHKAX JOHOPHO-AKIENTOPHBIX
TMOJMMEpPOB pP-TUMa JocTuraioT okono 20 cm’B~ !c™ !, Torma kak mis momumepoB n-TUMma 5Ta
BeIMYMHa elle He npesbimaer 10 cM’B e

Ha pucynke 13 npezacraBiieHbl HEKOTOpPbIE U3 JIYUIIUX OJUMEPOB pP-TUIIA, a B Tabauue 3
nanbl xapaktepuctuku OIIT Ha ux ocHoBe. Cunte3 conosumepa CDT u BT (P2) ctan onaum U3
NEPBBIX YCIENIHBIX MPUMEPOB pa3paboTku monumepoB Ha ocHoBe CDT ¢ Bbicokoi
HOJIBUKHOCTBIO. XUIEPOM U €r0 KOJIJIETaMH ITOKa3aHO, YTO MOABM)KHOCTh HOCHUTENEH 3apsna B
wieHkax P4 mano 3aBUCHT OT MOJIEKYJISIPHOM MAacchl MOJIMMEpa, HO OY€Hb YYBCTBUTEIbHA K
OpHUEHTALIMM MOJIEKYJI Ha MOI0XKKe. [I0ABMKHOCTH B OpUEHTHPOBAHHBIX IUIEHKaX noiaumepa P4

nocruramm 36 em?*B ¢!,
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Pucynok 13 — Hexomopuwie nonumepsi p-muna, obecneuusaroujue 8blcoxKue n00BUNCHOCIU
Hocumennel 3apsaoa

DeKTPOHOIe(DUIIUTHBIN TUKETONHPPOIONUPPOII, 00IaJar0IIK il BEICOKOM TIIAHAPHOCTBIO,
SBISICTCS OJIHUM W3 HauOoyiee TEepPCHEKTHBHBIX aKIENTOPHBIX OJIOKOB JJISl  CO3JAHHS
BbICOKOI()()EKTUBHBIX ~ JIOHOPHO-aKLENTOPHBIX IHojauMmepoB. K HacTosimeMy BpeMeHH
pa3paboTaHbl pa3nUyHbIe BBICOKOd(PPeKTUBHBIE moiuMmepbl Ha ocHoBe DPP  (P5-P9) ¢
NOABIKHOCTAMU HOocHTenel 3apsaa cebime 10 cm?B ¢!, [Tonumep Ha 0cHOBE THEHOU3OMHUTO U
nadranuaa P10 (PTIIG-Np) nokasan BbICOKY0 mHoaBmkHOCTh 14,4 cm’Blc! Gmaromaps
IUTAHAPHOCTU MOJIEKYJIbI, ONTUMAJIbHBIM 3HEPreTHUECKUMH YPOBHSAM JJISl MHXKEKIMU JBIPOK U
ueanbHON MOP(OJIOTUH MIICHKH.

®opMHpoBaHKE NOTUMEPHON MOHOKpHUCTAIITUYeCKOM HaHopoBodoku (SC NW) saBnsieTcst
XOpOIIMM  CIIOCOOOM TOJYYeHHS TMOJMMEPOB C BBICOKOOPTAaHM30BAaHHOW MOJIEKYJISIPHOM
opueHranyel. Ha MOHOKpUCTAIUIMYECKUX MOJIMMEPHBIX HAHONPOBOJOKAX YJAaeTcs MOIydaTb
Golee BBICOKME TOBUKHOCTH. Hanmpumep, coobIaercs o cpepeii noasmxHocTd 72,9 em*Blc™!

(MaxcumansHoi 92,6 cM*Bc!), monyuennoii na nonumepe P4.
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Tabauya 3 — Xapaxmepucmuxu noiumepos p-muna

[Tonmumep )7 Tun Crpykrypa JusnekTpuk Ccpuika
eM?B ! (RT) YCTPOWCTB | YCTPOWCTB
P1 8,7 TF TG-BC Cytop [78]
P2 11,4 TF BG-BC Si02 [79]
P3 17,8 TF BG-BC SiO2 [80]
P4 36,3 TF BG-BC Si02 [81]
P4 92,6 SCNW | BG-TC SiO2 [82]
PSa 12,3 TF BG-TC Si02/SAM [83]
PSb 8,3 TF BG-TC Si02/SAM [83]
P6 10,5 TF BG-TC Si02/SAM [84]
P6 14,8 SCNW | BG-TC Si02/SAM [85]
P7 11,2 TF BG-BC Si02/SAM [86]
P8 11,0 TF BG-TC PVA/SAM [87]
P9 17,8 TF BG-TC Si02/SAM [88]
P9 24,0 SCNW | BG-TC Si02/SAM [89]
P10 14,4 TF TG-BC P(VDF-TrFE) [90]

A66pesuarypsl: Cytop —cononumMep nepdropanokconana, PVA - MoauBHHUIOBBIN CITUPT,

P(VDF-TrFE)- nomnu (BuanimmaeH$Topua-TpuTOPITHIICH)

Ha pucynke 14 mpezncraBieHbl HEKOTOPbIE M3 JYYIIMX IOJUMEPOB C aMOHUIOJSPHBIM
XapaKTepOM TPAaHCIIOPTa HOCUTENEH 3apsi/ia U IPOBOIUMOCTBIO N-TUIIA, a B Ta0IuIle 4 IPUBEACHBI
xapakrepuctuku OIIT Ha mx ocHoBe. Cpeau pa3iHyHBIX 3JICKTPOHOACHUIIUTHBIX OJIOKOB
Hadpramuouumug  (HJAW) sBnsercs nambonee
BBICOKOX(D(pEKTUBHBIX TOHOPHO-AKIIENTOPHBIX TIOJIMMEPOB N-THMA OJ1arogaps JOBOJILHO HU3KOMY
ypoaio HCMO (P11-P13). Cononumep Ha ocHoBe propupoBanHoro BDOPV P15a, 6naronaps

noHmwkeHHoMy ypoBHI0O HCMO u 60:b111€# TU1aHAPHOCTH MOJIEKYJIBI, TPOIEMOHCTPUPOBAJI CAMbIe

YacTO HCIIOJB3YEMBIM  IJIsI  IMOJIYUCHUA

BBICOKHE TIOJIBIKHOCTH N-THIIA CPEIH MONMMEPHBIX MONynpoBoaHukos (14,9 cm?B!ct).
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Pucynok 14 — Hekomopwie noaumepol n-muna u amounoisapHvle noaumepsl

Ha ceromusimnuii 1eHb 3QGEKTUBHBIM MOAXOI0M K MOJIYYEHHUIO MOJUMEPOB C XOPOIIO
cOanaHCUPOBAaHHOM AaMOUIIONSAPHBIM TPAHCIIOPTOM SIBIISIETCS TIOHMKEHHE YPOBHSI SHEPTUu
HCMO nonopHo-akuentopubix nojiuMmepoB Ha ocHoBe DPP wmm IIG (P16). Cpenu HOBBIX
aKIIETITOPHBIX OJIOKOB 3aciTyXKMBaeT BHUMaHUs Ouc-rmpuaunTranuazon (BPT). Comomumep P17
Ha ocHoBe BPT wu gutuenwmrtuinena (TVT) mnpomeMoHCTpupoBan cOamaHCUPOBAHHBIN
aMOUTMOJISIPHBIN TpaHCHOPT (pUCYHOK 15, Tabnuua 4).

HecMmotps Ha umeronyecst myOIuKamuu, B KOTOPBIX COOOIIAETCs O TIOUCTUHE PEKOPIHBIX
MOJABWXKHOCTSIX, ATH 3HAYEHUsS MOTYT OBITh CHJIBHO 3aBBIIICHBI. JTO CBSI3aHO C TEM, 4YTO
napaMmeTphl, HCIOJb3yEeMbIe MJIsi OLCHKU JJIEKTPUYECKUX CBOMCTB OPraHUYECKUX TOJEBBIX
TPaH3UCTOPOB, TaKWe KaK MOABMKHOCTh M MOPOTOBOE HAMpPSIKEHHE, OOBIYHO HM3BJICKAIOTCS W3
U3MEPEHHBIX BOJBTAMIIEPHBIX XaPAaKTEPUCTHUK M HHTEPHOPETHPYIOTCS C MCIOJIb30BAaHUEM
KJIACCMYECKON MOJIENU TOJIEBOr0 TPAH3MCTOpPa Ha OCHOBE OKCHJA MeTalljia M MOJIYNPOBOJHHUKA
[22]. OnHako 4acToO MOBEICHHE YCTPOMCTB OTKJIOHSIETCS OT ATOM HIACaTU3MPOBAHHOW MOJEIH
(rucrepesuc BAX, oTKIIOHEHHE 3aBUCMMOCTH KOPHS KBaJIpaTHOTO U3 TOKa Ips OT HampspKeHus
VGs 0T JIMHENHHOW 3aBUCHMOCTH), YTO MPUBOAMUT K 3aBBIIIECHUIO MOABMKHOCTEN Ha MOPSIOK U

6omee [91]. Jpyroit mpuyMHON 3aBBIIMICHUS] BEIWYUHBI MOABUKHOCTH SIBIISICTCS WHKCEKIUS U
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3axBaT HEOCHOBHBIX HOCHUTENEH 3apsaa, uto ocobeHHo 3ameTHo B OIIT Ha ocHOBe JHOHOPHO-
aKuenTopHeIX nonuMmepoB. CornacHo pabote Okauu, NOJBMKHOCTH HOPOM OBbIBA€T 3aBBILICHA
noutu B 100 pa3 [92].

[lo cpaBHEHHIO C TOJIMMEpPaMH, HHU3KOMOJICKYJSAPHBIC IONYHIPOBOJHUKH 00JaaloT

TaKUMHU NPEUMYIIECCTBAMHU, KAK OTHOCUTCJIbHAA IMPOCTOTAa CUHTE3da, OYUCTKH U XapaKTCpU3aluu.

Tabnuya 4 — Xapaxmepucmuxu OIIT na ocHose nonumepos n-muna u amOUNOIAPHBIX
nOAUMEPO8

[Tomumep ™™ 1™ Crpykrypa JrsnekTpuk Ccrpuika
cm’Blc! em?Blc! | yerpoitcts
(RT) (RT)
Plla 6,5 - BG-TC Si02/SAM [93]
P116 5,6 - BG-TC Si02/SAM [93]
P12 7.4 - BG-TC Si02/SAM [94]
P13 8,5 - TG-BC PMMA [95]
P14 7,0 - TG-BC PMMA [96]
P15a 14,9 - TG-BC Cytop [97]
P156 6,1 - TG-BC Cytop [97]
P16 7,7 8,9 TG-BC PMMA [98]
P17 8,5 6,9 TG-BC PMMA [99]

1.3.3 IlepcneKkTHBBI HCNOJIB30BAHUA 0HOCOBMECTHMBIX/0HOpAa3IaraeMbIX MaTePHAJIOB Ha

OCHOB€ MPHUPOAHBIX RpaCHTeJICﬁ B Ka4e€CTBEC MOJYNIPOBOAHUKOB

B Hacrosimee Bpems KOHIICTILIMS «3€JICHON» JJIEKTPOHUKH CTAHOBUTCS Bce Oolee
MPUBJIEKATEILHOM KaK JIJIsl UCCIE0BATEIBCKOTO COOOIECTBA, TaK U ISl MpoMbIiiieHHOCTH [ 100].
M3BecTHO, YTO OOBIYHAS IJICKTPOHHUKA IMPOM3BOJUT MHOTO «IJICKTPOHHBIX» OTXOJIOB, KOTOPHIC
TPYAHO TepepaboTaTh CTAaHAAPTHBIMA METOJAMHM W3-32 HAJIWYHMS MHOXKECTBA SIOBUTHIX
KOMITIOHCHTOB, TAKUX KaK TAXKCIIbIC MCTAJIJIbBI U TOKCUYHBIC DJICMCHTHI, BKJIIOYasA CCJICH, KaHMHﬁ,
CypbMy, MBIIIBSK, pTyTh W ap. [101]. HampotuB, opranmdeckas 3JE€KTPOHUKA OTKpPHIBAET
YHUKAJIbHBIE BO3MOXKHOCTH I Pa3pabOTKH IJIEKTPOHHBIX MPOAYKTOB, KOTOPHIE MOTYT OBITH

MOJHOCTBEIO 0€30IaCHBIMU 1A HOTpG6HTCJ’ICI’I n BOO6H_IG HC OKa3bIBaTb OTPULATCIBHOI'O
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BO3/ICIICTBUSL Ha OKPYXKAIOILIyI0 CpeAy Ha BCEX JTalax MpPOM3BOJACTBA, HCIOIb30BaHUS U
nepepaboTKi B TEUYEHHE >KU3HEHHOro IMKia. s IOCTHXKEHUs STOM 1Henu HeoOXOAUMBI
UCCJICTOBaHMsI, HAlIPaBJICHHbIE Ha Pa3pabO0TKy MAJTOTOKCHYHBIX U SKOJOTHYHBIX OPraHHYeCKHX
MOJTYTIPOBOTHUKOBBIX MaTepuaioB. Panee ObIO Mmoka3aHo [3], 4TO MHOTHE TakKue MaTepUabl
MOTYT OBITh BEIOPAHBI M3 YHCIIa O00PEHHBIX MUIIEBHIX J00ABOK M KOCMETHYECKUX KOMITOHEHTOB,
B YaCTHOCTH KPACUTEJICH.

«3eneHas 3MEeKTPOHUKA» — 3TO MEKIUCIUILIMHAPHAST 001acTh UCCIEA0BaHUN, B KOTOPOH
BCTPEYAIOIIUECS B TPUPOAE COCAMHEHHUS HCIONB3YIOTCS Ui pa3pabOTKM Ha HMX OCHOBE
HKOJIOTHUECKU YHUCTHIX, OMOpasiaraeMpIX WJIH OMOCOBMECTHMBIX OPraHHYECKUX MaTepHalioB.
TepmuH «OHOCOBMECTUMOCTBY» ompeaensercss HeogHo3HayHo [3; 102]. B y3koMm cwMeicie,
onpeaenenHoM [UPAC, 310 cmocoOHOCTh MaTepuana Hid 00beKTa ObITh B KOHTaKTE C JKMBOU
CUCTeMOM, He Tpou3Bojas HeOmarompusTHOro 3ddexra. CTporo roBops, TaKOe OMpEICICHUE
MPUMEHUMO TOJIBKO Il KOHEUHBIX YCTPOUCTB, OTPAHUYECHHBIX KOHKPETHBIMU TPUMEHEHUSIMH, U
TpeOyeT CTpOruX KIMHUYECKUX HUCHbITaHUN. B Oornee mmpokoMm cmbicie OHOCOBMECTHUMbBIE
MaTepuasbl BKIIOYAIOT B ce0s Takke U OHopaszinaraeMble MaTepuanbl. MaTtepuansl, 0100peHHbIC
VYrpaBineHueM Mo CaHUTAPHOMY HAJ30pY 3a KaueCTBOM MHUILIEBHIX MPOAYKTOB U MEAMKAMEHTOB
CIIA (FDA) moryT OBITH HCIIOJIB30BaHbI, B TOM YHCIIE TS Che100OHOM dnekTpoHukH [103].

Ha  ceromnsmuuii  neHp  OOJNBIIMHCTBO  MOTEHUUAIBHO  OMOCOBMECTHMBIX
MOJYIPOBOJIHUKOB MPEJACTABISIIOT COOOW MUTMEHThl M KPAacHUTEIH, KOTOpPbIE €CTECTBEHHBIM
00pa3oM MOITy4eHbI U3 )KUBOTHBIX, pacTeHui u Munepanos [103; 104] . Heo6xoauMbIm ycinoBueM
JUISL TIPOSIBJICHUSI TTOJTYTIPOBOAHUKOBBIX CBOMCTB SIBJSIETCS HAJIUYHME COIPSKEHHOM 7T-CUCTEMBI.
Taxum 06pa3om, CymiecTByeT O0IbIIOE Pa3sHOOOpa3ne MPUPOIHBIX KpacHuTeIel, KOTOPhIe MOYKHO
paccMaTpuBaTh B KauecTBE IOTEHIMAIbHBIX OPraHMYECKUX IMOJIYNPOBOJHUKOB. DTO TaKHe
KpacuTeNu, KakK MOJHEHbI (HalpuMep, KapOTHUHBI), XUHOHBI, aHTPAXUHOHBI, HHJIOJIbI, TUPAHbI U
OJIUTOMIUPPOJIBI, & TAKKE NTEPUAUHBI, H30XUHOIWUHBI U (PEHOKCA3MH. BONBIIMHCTBO W3 HHX
COJIEp’)KaT HECKOJIbKO apoOMaTHUECKUX Kojell M (QYHKIUOHAJIbHBIX TpYyMI, TaKUX Kak
TUAPOKCHUIIbHBIE, aMUHHBIC, HIMUHHBIE WJIM aTOMBI rajioreHoB [3]. MccnenoBaTenu cocpeoTOUMIN
CBOC BHHMaHUE Ha STUX NPUPOIHBIX KPACUTENSIX M HMX TMPOU3BOAHBIX, YTOOBI OOECHEYUTH

0MOpAa3J1araeMocTh' ¥ 6MOCOBMECTUMOCTh Pa3pabaThiBAEMBIX OPraHMYECKUX MOTyIPOBOIHUKOB.

! Tepmun «Ouopasnokenuey, cornacHo IUPAC, onpenensieTcss Kak «paslioKeHHe, BHI3BAHHOE (PEPMEHTATUBHBIM
MpOIIeCCOM B pe3ynbTaTe AeHCTBHs KieTok». CormacHo eBpomerickomy ctarmapty EN 13432; «OmopasnmoxeHney
oTIpesieNsIeTCs Kak «XHUMHUYecKoe pas3iiokeHne Ha He MeHee yeM 90% matepuana Ha CO,, BOLy M MUHEpAITBI 32 IIECTh
MecsIleB IO BO3IeHCTBHEM Ouoioruueckux (axropoB». «buopasnoxeHue» MaTepHanoB Ul MEIULHHCKOTO
IPUMEHEHHS MOKHO OTPEIETINTh KaK «XUMHYECKHHI paciiall MaTepHaa, o BO3AeHCTBHEM (H3NOIOTHYECKOH Cpebl
(HampuMep, BOJIbI, HOHOB, OCJIKOB, KJIETOK, OaKkTepuil) Ha 0oJiee MEJIKUE COCTABJISIONINE MM MPOAYKTHI C HU3KHM
MOJIEKYJISIPHBIM BECOM, KOTOpBIE 3aTeM 00pabaThIBaOTCsl, PACCAChIBAIOTCS WM BBIBOASTCS opranuaMom» [105].

35



Haunbonee penpe3eHraTuBHbIE IPUMEPHI OTYTPOBOJHUKOB HA OCHOBE NPUPOAHBIX KpacUTeNeH U
UX MPOU3BOJHBIX MPEJCTABICHbI Ha pUCYHKEe 15, a B Tabnuie 5 mpuBeleHbl UX 3JIEKTPUUECKUE
XapaKTepUCTHKH, YPOBHU IpaHruHbIX opoutaneit (B3MO, HCMO), mupurHa 3anpenieHHoM 30Hbl,
onpejieJieHHAs C IOMOIIBIO IUKIMYECKOM BonbTammepomeTpur (Eg™") WOM ONTHYECKMMHU
usmepenuamMu (Eg®™), HOABMKHOCTH IBIPOK (14) M DIEKTPOHOB (i), a Takxke UHOpMamus 06
UCIIOJIb3YEMBIX B TPAH3UCTOPE AUDIEKTPUKAX.

MenanuH, BEICOKOMOJIEKYJISIPHBIN TUTMEHT, COJEP KaIIHiicsS B KOXKe, BOJIOCaX U T.1., ObLT
OJIHUM W3 TEPBBIX MPUPOJHBIX COEAUHEHUM, KOTOPBIM aKTUBHO MCCIEIOBAJICS B KAayeCTBE
MaTepuaia JIsl 3eJIeHOH 3MeKTpoHUKH. OIHAKO BBISHWIOCH, YTO MEJTaHWH 00JamaeT HHU3KOU
MOJIBUYKHOCTBIO 3apsI0B U BPSI/ I MOKET OBITh HCIOIb30BaH B KaU€CTBE MOJIYNPOBOJHUKA. TeM
HE MEHee, MEJaHHH MOKET OBITh HCIOJNBb30BaH B CEHCOPAX BIAKHOCTU BO3JyXa M B KauecTBe
KOMITIOHEHTOB ITpoBoIALero 3ekrpoaa [100].

[IpumenumocTs OHMOpa3IaraéMplX MaTepHaloB B OPraHUYECKOW DSJIEKTPOHUKE, B
YaCTHOCTH, B OPraHMYEeCKUX TOHKOIUIEHOYHBIX TpPaH3UCTOpax, ObUIa HIMPOKO HCCIIEOBaHA
HUpumua-Brnagy ¢ corpynuukamu [9; 106—108]. Ilpupoansie BemecTBa, TaKue Kak XJIOPOGUILIL,
remuH, (eHasuH, Moyekynbsl TeprneHounoB W uHauro (II) obmagaroT MOTYNPOBOIHHUKOBBIMU
cBoiicTBamu p- ¥ n-tuna. HenaBHo Ob111 pazpaboTaHbl POTOAETEKTOP M CBETOCTUMYIHMPOBAHHBIN
CUHANTHYECKUN TPAH3UCTOP, HCIOJB3YIOIIUE BBICOKYIO (DOTOUYBCTBUTEIBHOCTH XJIOpOoduiia
[109]. CunTeTHMyeckne MaTepHaybl, TaKWe KaK WHIAHTPEH JKeNThli G, OpWIIHAaHTOBBIMA
opamxkeBbld RF, smungomuaunon (VI), mepunengummun (IX) [9; 108] u wHadranuuauummun
OMMHCAaHbI KaK OMOCOBMECTHUMBIC. JTH CHHTETUYECKHE OPTraHUYECKHE MOTYNPOBOJHUKA UMEIOT
Oosee BBICOKHE TOABM)KHOCTH HOCHUTENEH 3apsiioB, YEM NPUPOJHBIE OpraHUYECKUe
nonynpoBouukH (~ 104 em?B~'¢ ™). TIpu 3TOM 2TH CHHTETHYECKHE MaTepHaIbl MalTOTOKCHYHEL.
Tak >NUHIONUANOH, CTPYKTYpHBIM u3omep unauro (VI) mpoaeMoHCTpupoBall AbIPOYHBIC
noasmwkHoctu B OIT nopsiaxa 1 em?B !¢ [110].

[epunenguumun (Red Dye 190) mupoko npuMeHsieTcsi B KOCMETUKE: TYOHBIX ITOMajiax,
JaKax JIJis HorTed u kpackax jis Bosioc [114, 115]. B OIIT wa ocHoe 3Toro marepuana (VIII)
MOJIyYEHbl 3JIEKTPOHHBIE TOJABUKHOCTH 1,5:10° cm?B7 ¢! [113]. BBeaeHue aJKUIBHBIX
3aMEeCTUTEeNe B CTPYKTYypY NEPWICHAMMMHIOB I[O3BOJISET 3HAUYUTEIBHO YIYUIIUTh UX
anekTpuaeckue xapakrepuctuku B OIIT [4-6]. Takke B HEeKOTOpbIX paboTax [4; 5; 7; 8] mokaszaHo,
YTO TepMuueckas 00paboTKa MOXKET 3HAYUTENIbHO YIYUIIUTh 3JIEKTPUUECKUE XapaKTePUCTUKU
npousBoAHbIx nepuwieHauumuaoB. OIIT wHa ocnHoBe I[I/IM B onTHUManbHBIX YCIOBHSX
JIEMOHCTPUPYIOT HOABUKHOCTH HocuTenel 3apsaa (n-tuna) 6onee 1 em’B'c™! [114]. Bonee Toro,

HEKOTOPBIC MTPOU3BOJHBIC NICPHUIICHANNMHU 0B UCIIOJIL3YIOTCA B KAYCCTBC AKTUBHBLIX KOMIIOHCHTOB
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JUISI Ta30BBIX CEHCOPOB M MOHOMOJIEKYJISIPHOM AMEKTpOHUKH [52, 145], a Takke NpUMEHSIOTCS B

OpraHWYECKHUX COJIHEUHBIX OaTapesx [108].

Pucynox 15 — bBuocosmecmumvie u oOuopasiazaemvie NONYNPOBOOHUKU HA OCHOBE

npupoonwvix (1, I1, I, 1V) u cunmemuueckux (V-XII) nuwesvix kpacumeneu

Ilo3xe ObLIM HCCIIEAOBaHBI MOJYIPOBOJHUKOBBIE CBOWCTBA TaKMX MAaTepHajoB, Kak
aKpUJIOHBI, aHTPAaXMHOHbI, KAPOTUHOMJBl U MHAMUTOUABI. KapoTHMHOMIBI MpenCcCTaBIsAIOT cOOON
JIMHEUHBIE T-CONPSKEHHBIE MOJIEKYJbl, YacTO OTBEYAIOIIHME 3a SPKO-)KEIThbIM, KPAaCHBIA H
OpaH>KEBBIN 1IBETAa pacTeHUM, PPYyKTOB U OBOIIEH (B 4aCTHOCTH, MOPKOBH). [IuiieBoit kpacurens
E160a, B-xapotun I, 1eMOHCTpHpYeT HH3KYIO MOJBMKHOCTH HOCHTENeH 3apsma okono 4-107*
cm?B ¢! [116]. Unnatpen sxentoiii G (xentsiii 1) XI 1 MHIaHTPeH OPUILIMAHTOBBINA OpaHKEBBII
RF (opamxkessriit 3) XII, ucnonbs3yembie B KaueCTBE KpacUTeNeH sl KOXKYpPhI KOJI0ac B MUIIEBON
IPOMBIIIIEHHOCTH, SIBJISIOTCS JABYMsI TpPUMEpaMH XOpPOIIMX MOJYNPOBOJHUKOB N-THIIA,
IIOJ[yYE€HHBIX W3 INPUPOJHOTO COEAMHEHHsS AHTPAXMHOHA, NPUCYTCTBYIOLIETO B HEKOTOPBIX
pacTeHMsX, oBom@ax U TpaBax [117]. DOtm Ouopasmaraemele MaTepualbl JIEMOHCTPHPYIOT

NOABMAKHOCTH 31eKTpoHoB 1,2-1072 1 1,8-1073 em®B ¢!, coorBercTBenno [116].
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[onmyuennsrii u3 TpuboB mmrmeHT kcwinuHaenH (Xylindein) IV, cekpetupyemsrii
Chlorociboria aeruginosa, cOBCeM HEIaBHO OBUT MCCJIEIOBAaH KakK TOJYyIPOBOIHUK ISt
OMTORJIEKTPOHUKH. DTOT MaTepuasl o0iajgaeT BBICOKOH (OTOCTAOUIBLHOCTBIO, IEMOHCTPUPYET
BBICOKYIO HOJBHKHOCT 3J1ekTpoHoB 0,4 cM?B ¢! cornmacno nsmepenusam Toka, orpaHI4EHHOTO
MPOCTPAHCTBEHHBIM 3apsiAOM (TOIT3). Kcununneuns, MO-BUJIUMOMY, SIBJISICTCS
MHOT000€IIAINIUM MaTepuaaoM Jjisi OMOCOBMECTHMOM JIIEKTPOHHMKH, HO B YCTpOilcTBax
OpraHUYECKOM PTEKTPOHUKH MOKa MccieaoBaH He Obut [118].

QOyHKIMOHATU3UPOBAHHBIE (TATOLMAHUHBI TPEICTABIAIOT COOON ele OAHY TpyIHILy
OpraHWYECKUX MOTynpoBOAHUKOB [119]. B wactHOCTH, hTamonuanuy meau X, UCTIOJIb3YOITUICS
KaK CHHMH MUTMEHT B KOCMETHKE, MPHUCYTCTBYIOIIMNA B Pa3IMYHBIX 3yOHBIX MacTax, Mokasal
CBOMCTBA JBIPOYHOTO MOJynpoBoaHuKa [120].

WNuauronas! 1 XMHAKPUIOHKI SBIISIOTCS HAO0JIee MHOT000CIIAI0ITMMH aMOUTIONSPHBIMU
nonynpoBogHUKaMu. XUHAKpuIoH VII — 3T0 0uH M3 HEJOPOTUX CHUHTETUYECKUX MUTMEHTOB,
KOTOPBIN Takke ObUT MCCIIEIOBAaH B KaUeCTBE aKTUBHOTO MaTepuaia AJis COTHEYHBIX 3JI€MEHTOB
[102]. XuHakpuIOH SBISETCS OJOOPEHHBIM KpacuTeleM MJii NHIIEBBIX U HEKOTOPBIX
KOCMETHYECKUX MPOIYKTOB, XapaKTEPU3yeTCsl MPEBOCXOTHONU aTMOC(HEPHOH CTaOUIBHOCTHIO, a
OIIT Ha ero oCHOBE MOKA3BIBAIOT MOJBUKHOCTH AbIPOK okoj10 0,1 cM’B !¢ ![116; 121]. IlIupoko
n3BecTHRIM murMeHT umHauro II, w3Biekaembiii u3 1Berymmx pacteHuid Indigofera tinctoria,
Hapsgy C €ro Npou3BOAHBIMU (Hampumep, cubamakporom V [116]), memoHcTpupyeT B
OpPTaHMYECKUX TIOJIEBBIX TPAH3UCTOPAaX aMOUIIONSIPHOE MOBEACHHE CO cOaJaHCHPOBAaHHBIMU
TIOJIBMKHOCTSMHU DJIEKTPOHOB e M JBIPOK fn nopsaaka 1072 cm?B ¢! [122]. Tupckuii mypmyp,
6,6’-muopomunuro IlII, eme OAMH NUIMEHT HPHUPOJHOTO HPOUCXOXKAEHHUS, IMOJIYyHaloT U3
MouTFOCKOB Muricidae. DTot maTepuan 1eMoHCTpUpyeT dPHEKTHBHBIN aMOUTIOISIPHBIN TPAHCTIOPT
co c0aNaHCHPOBAHHON MOJEBOH TOABMKHOCTBIO HOCUTeNeH 3apaga okono 0,3-0.4 cm?B ¢!,
TaKUM 00pa3oM, KOHKYPHPYsI ¢ CHHTETHUYECKUMH OpraHUYeCKHUMHU NOTypoBoIHUKamH [123].

Hapsiny ¢ xopommmu 3JI€KTPUYECKMMM CBOMCTBAMHM, TOHKHE IIJIEHKM HWHAWIO
JEMOHCTPHUPYIOT CHUJIbHBIE TOJIOCHI moromnieHuss B oomactu 450-730 uMm. CremoBaTenbHO,
MPOU3BOJHBIE MHAWTO MOTYT OBITh WHTEPECHBI IS HCIOJIB30BAaHUS B OINTOAIEKTPHUECKHUX
NPUWIOKCHUAX, HapUMep, B KayeCTBE KOMIIOHEHTOB OPIaHMYECKHUX COJIHEYHBIX OaTapeil.
bonpuuM npenMyIiecTBOM HHANTO U €ro MPOU3BOJHBIX TAKXKE SBIISAIOTCS BHICOKAs TEPMUYECKAs
u poroxumudeckas CTaOMIBHOCTh, Majlas IIMPUHA 3amnpelieHHon 3086 1,7—-1,8 3B u BbIcOKas
IUTAHAPHOCTh  MOJIEeKyd. MHAWrowabl MpeAcTaBisSIOT COOOM CEeMEHCTBO  OpraHMYECKHX
COEIIMHEHUH, KOTOphIe 00JIaAal0T OYEHb HU3KOU OCTPOM TOKCHYHOCTHIO M IIMPOKO UCTIOIB3YIOTCS

B KQ4E€CTBE€ TCKCTHUJIbBHBIX U ITHIICBBIX KpaCHTeﬂeﬁ, a TaKK€ IIMI'MEHTOB [JIs1 KOHTAKTHBIX JIMH3
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[121,122]. beumm uccnegoBaHbl BO3MOXHOCTH TMPUMEHEHHUS ITHX MPOW3BOJHBIX B KaueCTBE
GOTOMHHIIMATOPOB Uil ToyimMepu3aruu  [126],  DJIEKTPOXUMHUYECKOTO  JITHPOBAHUS
HAHOMOPHUCTOTO AaHOAHOTO OKcuaa amomuHus [127], B ¢dorommomax [128] B kauecTBe
AJIEKTPOAKTUBHBIX MaTEpUAJIOB AJI1 HATpUN-MOHHBIX [129] M NpPOTOYHBIX AaKKyMYJSTOPOB, B
KaueCTBE CEHCOPHBIX MaTEPHAJIOB ISl IeTeKTHUpOoBaHus o30Ha [127,128] u nonos ¢gropa [132]. B
nocieHee BpeMsl Pa3sHBIMU MCCIEA0BATEIbCKUMHU TpyHnamMu ObLJIO CHHTE3MPOBAHO OKOJO
necsiTKa HOBBIX Mpou3BogHbIXx uHAMro [101,12,130], koTopwie 0OCy>KAaroTcsi HIkKe Oosee

noipoOHO (pucyHoK 16).
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Pucynox 16 — Ilpouzgoonvie unouzo, ucciedogannvle 8 Kaiecmee noIYNpOBOOHUKOBLIX
mamepuanog 6 OIIT paznuunvimu ucciedo8amensbCKUMu pynnamu

B Heckonpkux paboTax coo01manocs o mpuMeHeHnn rajorenzamenieHHsix naauro XIlla,
XIVa-e B kauectBe nonynpoBoauukoB st OIIT [13,115,114,131]. Ha ocHose 5,5’ -aunitoquaauro
XIVe Obutu MOTyUYeHBI COATAHCUPOBAHHBIC MOJBIKHOCTH P- U N- TUIA, MMO3BOJIMBIINE CO3/1aTh
KOMILUIEMEeHTapHbIe HHBEpTOpPHI [137] n opranndeckue ¢poronpruemunku [138].

VYBenuueHue m-COMPSDKEHHONW cucTeMbl — A((EKTUBHBIA MOAXO0J K TOBBIMICHUIO
noABWXHOCTeW Hocurtener 3apsaa [135,134,136]. Teopernueckue pacdersl MOKa3aid, 4TO
AIIEKTPUYECKUE XaPAKTEPUCTUKU UHANTO MOTCHIIMAIEHO MOTYT OBITh 3HAUUTEIHHO YIyUIIICHBI 32
CYET pacCIIMpPEHUs] apoMaTHUeCKoro siapa Mojekynsl [140]. OnHako 04eHb Maj0 MHIUTOHJIOB C
pacCIIMPEHHOM TT-3IEKTPOHON CUCTEMOM M3BECTHO HA JaHHBIM MOMEHT. K puMepy, Npou3BOIHbIE
cubanakpora V 61t uccienoBansl B OIIT u mokaszanu Xy amime 31eKTpUIecKUue XapakTepUCTUKU

10 CPaBHEHHUIO ¢ UCXOAHBIM UHAUTO [116]. Tpansucropsl Ha ocHoBe 5,5'-mudenununauro XIVE
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u 6,6'-qurnennnunauro XIIIb nemoHcTpupyroT Xopomo cOazaHcHpOBaHHbIE aMOUIOJISIPHBIE

xapaktepuctuku B OIIT [14,137].

u CuHmemu4ecKux Kpacumeﬂeﬁ, a makKokee npous@odelx UHOU20

Tabnuya 5 — Xapakxmepucmuxu noiynpo8oOHUKO8bIX MAMEPUANO8 HA OCHO8E NPUPOOHbIX

max

max

Sn Onr He Hhn
IT/n BIMO, | HEMO | Ee b oeM2Ble! | em2Ble! | Audnektpux Ccplika
5B 5B 5B 5B
(RT) (RT)

I -5,8 -3,5 - 2,3 - 4-107* AlOy/TTC [116]
11 -5,5 3,8 1,7 | 1,7 1-1072 1-1072 AlOWTTC [122]
11 5,8 4,0 1.8 | 1,9 4-107" 4-107" AlOYTTC [123]
IV+ - - - - 4-107" - - [118]
\% -5,6 35 | 21| 20 9-1073 5107 AlOW/TTC [116]
VI -5,6 29 | 27 - - 1 AlOWTTC [110]

VIl 5,5 29 |26 ] 20 1-102 | 2-10" AlOJ/TTC | [116;121]
VIII - - - - 1107 - PMMA [113]

IX - - - - 2:107 - AlOx/ryanns/ | [9; 108]
AICHUH

X 4,8 -3,0 - 2,9 - 2-107! - [120; 143]
XI -6,3 -3,6 2,7 | 23 4-1072 - AlOx/TTC [116]
XII -6,2 38 | 24 | 21 9-1073 - AlOW/TTC [116]
XIlla | -54 -3,6 1,8 - 81072 81072 AlOWTTC [10]
XIIb | 56 -3,9 1,7 - 81072 1-107! AlOWTTC [144]
XIVa | -54 -3,8 1,6 - 2:102 | 2-107" AlOWTTC [10]
XIVb | -58 -3,9 1,8 - 2:1073 - Si02/TTC [135]
XIVe -5,8 -4,0 1,8 - 2-1072 - Si02/TTC [135]
XIvd | -57 -3,9 1,8 - 4-107" 2-107" Si02/TTC [134]
XIVe -5,6 -3,9 1,6 - 8107 4-107! SiO2/TTC [136]
XIVE | -56 -3,9 1,6 - 9-107" 6:107" Si02/TTC [134]
XV - - 1,9 - 1-10* | 610 AlOW/TTC [122]
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[T/m BSMO, | HCMO | E™ | B¢ que maj 1 luzh maj 1 | Hdudnextpuk Ccbuika
3B 5B 5B 5B CM(RBT)C CM(I]KST)C
XVIa -5,4 -3,7 1,7 - 2-10° - Si02/PS [145]
XVIb -5,5 -3.,8 1,7 - 2-10° - Si02/PS [145]

Ao66pesuarypsr: TTC -terparerpakontan (CasHog); PS —ommctupon.
[Ipumeuanne: Bee nomynpoBoaauku (kpome 1V) 6sumn nccnenosansl B OIIT co ctpykTypoii 3aTBOp CHHU3Y,
CTOK-HCTOK CHU3Y.

*UN3amepenns noasmwkHocTh 11 IV nposenenst ¢ momoripio TOIT3 (SCLC).

Jl1s Bcex COeIMHEHUH, ONMCaHHbIX BBIIIE, U3TOTOBJIEHUE YCTPOHCTB TpeOyeT BaKyyMHOTO
HaIbLJIEHUS, B TO BpEMS KakK JJI1 HEAOPOrOl TEXHOJIOTUU NIEYaTH HYKHbI MaTEpHabl, IPUTOHbIE
JUIsl HaHECEeHUs U3 pacTBopa. K coxkaneHuto, B HacTOsIIee BpeMs U3BECTEH KpaiiHe OrpaHUYEHHBIN
Ha0Op pacTBOPMMBIX MaTE€pHajOB Ha OCHOBE MHAMIO. BHCalKOKCH3aMeleHHbIE MTPOU3BOIHBIE
XVI nokazanu mioxue xapakrepuctuku B OIIT [12]. Xora OucankuiokcudeHUIbHbIE
NPOM3BOJHBIC WHANIO CIIOCOOHBI 00OPa30BBIBATH JKUAKOKPUCTAIUINYECKYIO (pa3y, MOJBMKHOCTD
HOCHUTEJICH 3apsiia ISl 3TUX COSAMHEHUHN He u3Mepsiachk [146].

CrouT OTMETUTB, 4TO OMOPA3I0KEHNE HHANTO U TAKUX ITPOU3BOIHBIX, KAK MHIUTOKapMUH
(uHaUrO-5,5'-MUCyNb()OHOBASI KUCIOTA), TUPCKUM mypmyp (6,6'-AMOPOMUHIUTO) WM KpacUTeNnen
Ha OCHOBE aHTpPaxXWHOHA OBUIO OOMIMPHO M3YYEHO B CBA3HM C UX IIMPOKHUM IPUMEHEHHEM B
TEKCTUIBHONW MPOMBIIUIEHHOCTH. HecMoTpss Ha TO, YTO 3TH KpacUTENU BOCIPUHUMAIOTCS Kak
«MaTepuayNbl MPUPOJHOIO IPOUCXOXKACHHUS», HHINTO W HWHIAWTOKADMHUHOBBIE KpPaCUTEIIN
TOKCHYHBI 71 MUKpOOOB, PacT€HUH U >KMBOTHBIX, MIOATOMY HX IONAJaHUE B CTOYHBIE BOJIBI
HAHOCHT yI1ep0 oKpykaromieil cpeae. AHTPaXHMHOHOBBIE KPACUTEIH YCTOHUMBEI K JIeTpalalliy 13-
3a COMPSKCHHOW apOMAaTHUYECKOM CTPYKTYpHI. B He1aBHUX paboTax OBLIM PACCMOTPEHBI CITOCOOBI
YCKOPEHHOM JIerpaialiiil HHIUTOMIOB M aHTPAXMHOHOBBIX KPaCHTENIEH ¢ TOMOIIBI0O MUKPOOHBIX
MOHOKYJIBTYp [147; 148]. OnmHako OmoOpa3noKeHHue APYTUX OPraHWYECKHUX IOJYIMPOBOTHUKOB,
TaKUX KakK SMHUHJOJUAMOHBI M XWHAKPUIOHBI, IIOKa HE omnucaHo. biarogapss XuMu4eckou
(YHKUMOHANM3AMM  TPUPOAHBIX  KpacuTesle  MOXKHO  3aMETHO  yIy4YIIUTh  HX
MOJTYTIPOBOTHUKOBBIE CBOiicTBa. HO HEOOXOOMMO yd4ecTh, YTO MX TPOU3BOJHBIC HE SIBISIOTCS

anpuopu 6e30MaCHBIMU U TPEOYIOT JabHEHIINX HUCCIeAOBAHUN Ha MTPEeIMET CBOEH TOKCUYHOCTH.

14 3aKjIoueHue

[Ipon3Bogupie  nuumupa  nepuieH-3,4,9,10-teTpakapOoHOBOI TaKkKe

ITAN),

KHUCJIOTBHI,

Ha3bIBACMBIC KaK MNCPUICHANNMH/IbL NpEaACTaBJIAOT co0Ooii HU3BCCTHYIO TIPYIITY
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MOJIYITPOBOJIHUKOBBIX MAaTEPHATIOB C XOPOIIMMH 3apsiI0BO-TPAHCIIOPTHBIMU CBOMCTBAMU U
HU3KON TOKCUYHOCTBIO. DJIEKTPUUECKUE XapaKTEPUCTUKH OPTaHUYECKHUX MTOJIEBBIX TPAH3UCTOPOB
CHJIBHO 3aBHUCST OT CYNPaMOJEKYJSIPHOTO YMOPSAOUYEHUS MOJEKYJ MOJIYIPOBOJHUKA B TOHKHX
wieHkax. OgHaKo camMocOOpKa TOJTYMPOBOJHUKOBBIX MOJIEKYJ PETYIUPYETCS aIKUIbHBIMU
3aMECTUTEIISIMU, PUCOCTUHECHHBIMU K CONPSHKEHHOMY OCTOBY, M YCIIOBUSIMU 00pabOTKH TUICHOK
nocsie HaHeceHus. Ha cerogHsAmHuil eHp B JIMTEpaType OTCYTCTBYET NOHUMAHUE TOTO, KaKue
3amecturenu B saape IIJIM oOecneunBaroT HawIydilue 3apsa0BO-TPAHCIOPTHBIE CBOWCTBA
MaTepUajIoB, M Kak Tpemuueckuil orTxkur ruieHok IIJIW Bauser nHa xapaxrtepuctuku OIIT,
M3TOTOBJICHHBIX HA MX OCHOBE.

Nuguro u ero (QyHKUMOHAIM3UPOBAaHHBIE MPOM3BOAHBIE O00JAJAIOT ONTHUMAIbHBIMU
OMOJOTHYECKUMH (HHM3Kass TOKCHUYHOCTh, OMOpA3NaraeMocTh), ONTOSJIEKTPOHHBIMU H (DU3HKO-
XUMUYECKIMH  CBOMCTBAMH /Ui HUCIOJB30BaHUS B KauyeCcTBE  OMOCOBMECTHUMBIX
MOJIYTTPOBOIHUKOBBIX MAaTEPHAJIOB B OPTaHUYECKUX TOJIEBBIX TpaH3ucTopax. Ha maHHbIi MOMEHT
Pa3JIMYHBIMHU TPyIIIaMU CUHTE3UPOBAHO U UCCIENOBAHO OKOJIO JECATU CTPYKTYPHO PA3ITUYHBIX
MPOU3BOIHBIX MHAUTO. OJTHAKO B pa3HBIX pab0Tax MUCIOIB30BANIUCH pa3Hble AudaeKTpuku B OIIT
U pa3IMYHbIE KOHCTPYKIMH YCTPOMCTB, YTO HE IMO3BOJIAET MPOBECTH OAHO3HAYHOE CPaBHEHUE
XapaKTePUCTUK TPAH3UCTOPOB HA OCHOBE IMOJYYEHHBIX COCIMHEHHMH. HuKakux HamaeKHBIX
B3aMMOCBSA3€l MEXIYy CTPYKTypOH MpPOM3BOAHBIX HHIUTO M MapamMeTpaMu HuX paboThl B
TpPaH3UCTOpax He ObUIO YCTAHOBJIEHO M3-32 OTCYTCTBUS CUCTEMATHUECKHUX MCCIIEIOBAHUM.

[TonynpoBoAHUKOBEIE MaTepuaibl N-TUMa, odecneunBaomue ctabunpHyo padory OIIT
Ha BO3AyXe, NOKHBI uMMeTh sHepruto HCMO Humxke -4 5B. DPPexkTUBHBIM MOAXOAOM st
noHmwkeHus: ypoBHs HCMO sBiseTcss QyHKIIMHATA3AMMAS MOJIEKYJ 3JIEKTPOHOAKIENTOPHBIMU
3amectutensamu: -F, -Cl, CN, CF3 u ap. YBenuueHue npoTsyKEeHHOCTH CONPSKEHHOM TT-CUCTEMBI
MOJIEKY SBJseTCs 23P(PEKTUBHBIM MOIXO00M K YCHICHUIO MEKMOJIEKYJISIPHBIX B3aUMOACHCTBUN
Y, KaK CJIEJICTBUE, MOBBIIEHUIO MTOJABUKHOCTEW HOCUTENEH 3apsaa.

OCHOBHOHW TICNTBIO JTUCCEPTAIMOHHON pabOThI SBISETCS TIOMCK W  HCCIICAOBAHUC
MaJIOTOKCHUYHBIX OPraHWYeCKUX MOJYNPOBOJHUKOBBIX MaTE€pHAOB [UIsi OHOCOBMECTHMOMN
3JIEKTPOHUKHU, a TaKK€ W3yYEHHUE BIMSHUS CYyNpPAMOJIEKYJSIPHOTO YIOPSAOYEHUS MOJIEKYJ B
TOHKHUX TUICHKaX Ha XapaKTePUCTUKU MX paOOThl B OPraHMYECKHX MOJEBBIX TpaH3ucTopax. Jlis
JIOCTHKEHHS TIOCTABJICHHOM 11€JTM B AUCCEPTALMOHHON pab0Te pelagnuch CIeayIore 3a/1auu:

1. CucremaTH4ecKoe MUCCIIEIOBAHNUE BIHMSHUS OCOOCHHOCTEH MOJIEKYJISIPHOTO CTPOSHUS
(mmMHA W pa3BETBIEHHOCTb AJKUJIBHBIX 3aMECTHTENEH) M TEPMUYECKOTO0 OTKHTa
TOHKHUX TUICHOK Pa3IUYHbIX MEPUIICHIUUMUIOB HA XapaKTEPUCTUKU OPraHUYECKUX

MOJICBBIX TPAH3UCTOPOB, U3IrOTOBJICHHBIX Ha KX OCHOBC.
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N3ydyenne CynpamMoJIeKyJSIPHOTO  YHOPSIAOYEHHS MOJIEKYJ MHIUTO M €ro
IPOM3BOJHBIX B KpPHCTA/ZIaX U TOHKHUX IUIEHKaX BOJIM3M MEXCIIOEBOM I'paHMIBI C
JURJIEKTPUYECKMMU MaTepraiaMy pa3IndyHON PUPOBIL; IOMCK B3aUMOCBSI3E1 MEKIY
CTPYKTYpPOH IJIEHOK U UX 3JIEKTPUUYECKUMH XapaKTEPUCTUKAMHU.

HccnenoBaHue ONTO3JIEKTPOHHBIX, (PU3UKO-XUMHUECKUX U AJIEKTPUYECKUX CBONCTB
OOIIMPHOM TpyNNbl NMPOU3BOAHBIX MHIUIO, COJAEPXKALUX 3IEKTPOHOAKLEITOPHBIE
3aMECTUTENIM WM PAaCUIMPEHHYIO COINPSDKCHHYIO —T-3JEKTPOHHYK0 CHUCTEMY;
YCTAHOBJICHHE KOPPEIALHMA MEXIY OCOOCHHOCTSMHU MOJIEKYJISIPHOTO CTPOEHUS
IIPOM3BOJHBIX MHIUTO U XapakTepuctukamu OIIT Ha ux ocHose.

HccnenoBaHne  SKCIUTyaTallMOHHOM  CTAOMJIBHOCTM  Ha  BO3AyXE  IOJIEBBIX
TPaH3UCTOPOB HA OCHOBE pAa3JIMYHBIX NPOM3BOAHBIX WMHIUIO U YCTAHOBJICHHE
B3aMMOCBSI3€H «CTPYKTypa MaTepuaja — CTaOUIbHOCTh YCTPOHCTBAY.

OreHka nepcrneKkTUB CO3AaHNs Fa30BbIX CEHCOPOB Ha OCHOBE OPraHUYECKUX MOJIEBBIX

TPAH3UCTOPOB C JIYYIIUMHU U3 U3YYEHHBIMU MOJIYTPOBOJHUKOBBIX MaTEpUAIOB.
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I'JIABA 2. JkcnepuMeHTAJbHast YaCTh

2.1 HNHcTpyMeHTaIbHBIE METOABI HCCIEOBAHUS MATEPUATIOB

I[Hd)d)@DeHHI/IaJILHa}I CKaHUpVIoaid KaJIOPUMETPUA

Tepmuueckuii aHanu3 oOpa3loB OBUI TMPOBEACH C MOMOINBIO TU(EepeHIHATHLHONR
ckanupyromeii kamopumerpun (JICK) ¢ ucnonp3oBanuem npubdopa Perkin Elmer DSC 8500 B
notoke azora 20 mu/muH. OOpasupl Becom ~10 Mr B alFOMUHUEBBIX THUIVISIX C KPBIIIKOW
HarpeBaiuCh ¥ OXJIAXKAAIUCh CO CKOPOCTHIO 20 rpaj./MUH, U3MEPEHUE POBOIMIIOCH B /1BA LIUKJIA.
s ompeneneHus MapamMeTpoB MHKOB OBIJIO HCIOJNB30BAHO CTaHIAPTHOE MPOTPaMMHOE

obecrieuenne Perkin Elmer.

I{uknuyeckas BOJbTAMIIEPOMETPUS

[Mnenku wuccnaemyembix oOpasnoB (150 HM) HambBUISIM Ha JUCKOBBIA DSIEKTPOI U3
crexioyriepona (d = 5 MM) ¢ TOMOIIBIO TEPMHUYECKOTO HCIApeHUsi B Bakyyme. B kadecTBe
pabouero osnekrtposmra ucnonbzoBaau 0,1 M pactBop (C:Hs)aNPFes B aneronutpuie,
BCIIOMOTaTENbHBIN 2JIeKTpoa — Pt, omekrtpox cpaBHenus — Ag/Ag’. 3anmch HUKINYECKHX
BOJIbTaAMIIeporpamMm mpoBoawid Ha mnoreHnuoctare Elins P-30SM co ckopocTbio pa3BepTKU
norenmmana 50 MB/c mpu 25°C. B kauecTBe BHYTpPEHHEro cTaHmapra s perucrpauuu [[BA

ucnosb3oBaiu ¢epporex (Fc).

Onruyeckas COEKTPOCKOIUSA

DJNEeKTPOHHBIE CHEKTPHI TOTJIOUNICHUS PACTBOPOB M TOHKUX IUICHOK BEIIECTB OBLIN
3apEerUCTPUPOBAHBI C HCIOJIb30BAHUEM [BYXKAaHAJIBHOTO OINTOBOJIOKOHHOIO CIEKTPOMETpPA
Avantes BV (AvaSpec-2048-2). CrexkTpbl Ui pacTBOPOB CHUMAIUCh B Tropsyem 1,2-

0
muxiopOenzone (50 “C). CrnekTpsl TOHKHMX IUICHOK OBLIM CHSATHI HA CIIEKTPOMETPE BHYTPH

nepyaToyHoro 6okca MBraun.

ATOMHO-CUI0Basgs MUKPOCKOMIHS

Tomosornio MOBEPXHOCTH IUIEHOK HCCleNoBald ¢ nomouibto Mukpockona NTEGRA
PRIMA (NT MDT, Poccusi) B NOJyKOHTaKTHOM pE€XHME C MCIOJIb30BAaHHUEM KAHTUJIEBEPOB
NSGO1 (pe3onancuas yactora 87-230Iw, paguyc 3akpyriaeHus 3084a 10 HM). beutn momydeHbl

cKaHbl 5%5 u 2,5%2,5 MKM c pa3pewienueM 512x512 nukcenei.
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CkaHMpYIOIIAA YJICKTPOHHAS MUKPOCKONMS M SHEPrOANCIIEPCUOHHBIM aHAIN3

UccnenoBanne mopdosiornuu MICHOK MPOBOAUIOCH HAa CKAHUPYIOMIEM 3JEKTPOHHOM
mukpockore (COM) Zeiss LEO SUPRA 25 (I'epmanus).

XUMHYECKUN COCTaB IUIEHOK OBUI KCCIENOBAH IOMOIIBI0 METOJa PEHTIC€HOBCKOM
SHEProAUCIIEPCUOHHON CIIEKTPOCKOIUHU BHa0). Ananus OCYIIECTBIISIIN Ha
peHtreHocnekTpanbHoi  ycraHoBke INCA  x-sight mpu  yckopsmomeM  HampsyKeHHUH,

UHTErpUpOBaHHOHN ¢ MukpockonoM Zeiss SUPRA 25.

PenTreHoBckas (hOTO2JIEKTPOHHAS CIIEKTPOCKOIMS

XUMHUYECKUH COCTaB MOBEPXHOCTH 0Opa3L0B OKCHAA ATIOMHMHUS ObUI 0XapaKTEpHU30BaH
METOZOM PEHTIeHOBCKOU (hoTodneKkTpoHHOH crekrpockonnu (POIC, XPS) na mpubope PHI
5000 VersaProbe (ULVAC-Physical Electronics, CIIIA) ¢ MOHOXpOMaTHYECKUM PEHTTCHOBCKUM

ncrounnkom uznydenus Al Ko (1486,6 3B) ¢ snepretudeckum paspemieauem 0,5 3B.

CKaHI/IDVIOH_IaSI KCJIIbBHUH-30HA0BAasA MUKPOCKOIINA

HccnenoBanue TOHKUX TUICHOK OKCHJIa QJIFOMUHHUS C TIOMOIIBIO CKAHUPYIOIEH KeIbBUH-
3oH710BOM Mukpockonuu (CK3M, SKPM) BBITIOHSIIOCH B CTAaHAAPTHOM JIBYXITPOXOTHOM PEKUME
amruTytHOM Monyisiuu Ha npubope Cypher EX AFM (Asylum Research, Kamudophus) B
atMocdepe aprona B nepuatouHom 6okce MBraun ¢ O2 <0,1 ppm u H20 <1 ppm. Ucnonb3oBancs
kantuieBep Rocky Mountain (25PT300B) ¢ miaTMHOBBIM TOKPHITHEM (paguyC 3aKpyTJICHUS

30112 < 20 HM). OGpa3ern ObUT 3a3eMJICH.

PeHTreHoCTpYKTYPHBIN aHAIN3

PentrenoctpykrpyHsiii ananu3 unauroiioB 4 u 18, 19 npoBeneH ¢ MCMHOIb30BAHHEM
nuppakromerpa SMART APEX II CCD (MMoKa)=0,71073 A, rpadurosslii MoHOXpoMaTOp,
METOJ (0-CKAaHUPOBAHUSI.

PentrenoctpykrpyHsiii aHanu3 uHauroinos 1, 5, 7, 17 npoBeneH ¢ MCHOIb30BAHUEM
CUHXPOTPOHHOTO PEHTI€HOBCKOTO M3ny4yeHus Ha ctanmuu BL14.2 nakonutens BESSY (bepnun,
Tepmanust) ¢ Mcronb3oBanueM aetekropa MAR225 (A= 0,82657 A). JlanHbIe MO MHTEHCUBHOCTH
Obutn  MHTETpUpOBaHbl mporpaMMmord SAINT u CKOppEeKTHpOBAaHBI C TOMOIIBIO METOJIA
MHO>KECTBEHHOTO CKaHUPOBaHUsS (MOTyIMIIMPUUYECKOTO M3 HKBHUBAJICHTOB), PEAIM30BaHHOTO B

SADABS.
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H.[PI‘DOKOVFJ'IOBOC PEHTTCHOBCKOC PAaCCCAHUEC B TCOMETPHUHN CO CKOJB3AINUM ITYYKOM

Marepuansl HalTBUISUTUCh B BAKyyMe Ha KPEMHHUEBBIE TIOIJIOKKH, TIOKPBITHIC Pa3IMYHBIMHU
TURIIEKTPUKAMU; TOJIIMHA TUICHOK MHANTO BapbupoBanack oT 70 go 500 HM, TONIIMHA TUIEHOK
MPOU3BOAHBIX UHAUTO U NEPETUHIAUNUMUIOB cocTaBisuia 100 HM.

OKCepUMEHTBl 1O JU(paKIUKd PEHTTCHOBCKHX JIyded TIOJ CKOJB3SIINM yTIIOM
(GIWAXS) npoBoaunrck Ha uanr BM26 B EBponielickoM 1IeHTpe CHHXPOTPOHHOTO U3TyUYEHUS
Ha XeuSS SAXS/WAXS (Xenocs, I'peHo6mnb, @panius). MoIHOCTh NaAaONIETO
PEHTTEHOBCKOTO IMy4YKa cocTaBisia 15 k9B. JIByxmepHbie AuQpakTOrpaMMbl PETUCTPUPOBAIH C
yraom naaenus 0,2 ¢ nomombto gerekropa Rayonix HS170 CCD (pasmep nmyuka 132 x 132 Mxm).

TemnepaTypHble 3aBUCUMOCTH B 1uana3zone ot 0 10 275 OC ny1st mTeHOK NepeseHIUUMUI0B
peructpupoBanuch Ha juHuM [D10 wuctouHmka cuHxpoTpoHHOro wu3NyuyeHus (['peHoOb,
Opannus) ¢ sHepruei myuka 10 k3B ¢ momompio nerextopa Pilatus 300k ¢ paccrosiHuem ot
obOpasiia mo nerekropa ~ 24 cm. Yronm mamenus 0,16°. Harpesarembnbiit croymk Linkam
HCITOJTB30BAJICS JJISI BCEX BHICOKOTEMITEPATYPHBIX SKCIIEPUMEHTOB.

PacueT reomeTprudeckux mapaMeTpoB KPUCTALNTMYECKUX CTPYKTYP MaTepUajoB B TOHKUX

TUIEHKaX OBLI MPOBEJICH CIIEIYIONIIM 00pa3oM (pucyHok 17).

d,, = n-distance

Tiit angle

a P

d.=d, /sin(a)

d,, —intermolecular
distance

Pucynox 17 — I'eomempuueckuii cmovici napamempos dz, dm, o u ff

W3 monokenus: HanbOoJiee WHTEHCHBHOTO MHUKAa Ha JU(paKTOrpaMmax OIPeaeisuioch
paccrosiare dr MEXIy TUIOCKOCTSIMH MOJIEKYJ B CTOMKaX. M3 a3uMyTaNbHOTO TIOJIOXKEHHUS 3TOTO
NHMKa OMPEaeIsUId Yro o. M3 Hero pacCuuThiBaaM yroi HakiaoHa P=90°-o. MexXMOIeKyIsIpHOE
pacctosiaue dm ompenensuin kak dx/sin(a). ITo mpoctoe cooTHomieHUuEe dm U dn CIIpaBenIUBO
TOJBKO B TOM CJy4Yae, €CIM CABHUT MOJICKYJI B HAlpaBICHHH KOPOTKOH MOJCKYJISIPHOH OCH

ABIIACTCA HE3HAYHUTCIIBHBIM.
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2.2 Ouenka 0mocoBMecTUMOCTH TUOeH30 [ fluHAHUTO

Tonkue menku nuoen3o|[f’ flunanuro BeIpammBaiich BHyTpH daiek [letpu Tepmuyeckum
ucnapenueM B Bakyyme (100-150 am). Micrionp3oBanuck macTukoBbie yaniku [letpu auamerpom
35 MM (oHOpA30BbIE [T KIETOUHBIX HccienoBanuii). [loceBnyto cycnensuto knetok HEK-293T
/ 17-SF (PanEco, Poccus) B komuuectse 1,0-2,0-10° Ha wamky no6asmsnu B 2,5 mia cpeast Hybris-
1-293 nnst KOHTPOJIBHBIX U HCCIEAYEMBIX KyIbTYp: (1) - KOHTPOJIb: HUKHSISI IOBEPXHOCTD YaIIKU
6e3 mokpeiTusa Anben3o[f’ fluaauro; (2) - MOBEpXHOCTh YaIllKH, MOKphITas auoeH3o[f flunauro
(100 um); (3) — mnoBepxHOCTh dYamku ¢ TOKpbITHeM nubeH3o[f flunauro (150 HM).
KynbruBupoBanue npooaunu 96 yacoB 6e3 nepememmBanus B COz-unky6arope (37 °C, 5%
COz, Bmaxxnocth 92 + 5%, ShelLab, Sheldon, USA).

IIpomounas yumomempus (FCA)

beuto nposeneHo okpammuanne HEK-293T / 17-SF pa3nuuHbIMM MOHOKJIOHAJIBbHBIMU
aHTUTENaMH, CHEUU(UYHBIMH K KOHKPETHOMY O€nKy, M COIEpKallUMH NPUCOCAUHEHHYIO
MoOJIeKyJTy (iyopeciieHTHOTro Kpacutens. Knetku ananmusupoBanu ¢ ucnoib3oBaHueM CyFlow
Space (Partec, 'epmanus); KakIblil SKCIEPUMEHT IMOBTOPSUTH HE MeHee Tpex pa3. CyOomomysiun
KJICTOK BBIJICJISITA B COOTBETCTBHH C PEKOMEHIAIUsIMU IporpammHoro obecneueHust CyFlow.

Konuuecmesennas oyenxa yposneii mPHK

[Ipopunu skcnpeccun O6butn momydyeHsl ¢ nomoibio qRT-PCR ¢ SYBRgreen PCR
MasterMix (Applied Biosystems). Ypoan MPHK Obutn mpoaHanm3upoBaHBI C ITOMOIIBIO

StepOne Plus (Applied Biosystems); Texauueckast ommOka 6pi1a mpumepHo 2%.

2.3 Metoabl M3rOTOBJICHHUS H XapAKTePU3aLMU OPraHNYeCKUX M0JIeBbIX TPAH3HCTOPOB

Bce opranndeckue 1moyieBble TPaH3UCTOPBI U3TOTOBJIEHBI B KOH(PUTYpaIUY 3aTBOP — CHHU3Y,

JIEKTPOJIBI CTOKA/HCTOKA — CBEPXY (PUCYHOK 18).
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Pucynok 18 — Cxema opeanuueckozo noneeo2o mpauzucmopa

BonbramnepHble XapaKTEpUCTHKH OPraHUYECKHUX IIOJEBBIX TPAH3UCTOPOB M3MEPSUIU B
nep4yaTouHoM Ookce ¢ MHepTHOI atMocdepoii (O2, H20 < 1 ppm) ¢ nomouipio AByXKaHAJIBHOTO
ucrounuka-uzmeputens Keithley 2612A(norpenHocts u3MepeHHii o Toky 1 mA, HOrpenHocTb
n3Mepennii mo HampspkeHuto 50 MkB). I[loaBmkHOCTH HOCUTENEH 3apsIoB B OpPraHUYECKHX
MIOJIEBBIX TPAH3UCTOPAX PACCUUTHIBAIIN 110 CTAHAAPTHON METOAMKE U3 TIPOXOTHBIX XapAKTEPHUCTUK
B 00JIaCTH HACBHIIICHUS. DKCIIEPUMEHTHI TI0 M3YyYCHHIO aTMOC(EPHOM CTaOMIBLHOCTH PabOThHI
TPAHUCTOPOB NPOBOJMINCH HAa BO3AyXe MpH Temneparype 25-27 °C, OTHOCUTEIbHON BIaXXHOCTH

30-35% u 0OBIYHOM JTA0OPATOPHOM JTFOMUHECIIEHTHOM OCBEIICHUH (HIIK B TEMHOTE).

H320moenenue opeanuiecko2o noieeoco mpaH3ucmopa Ha CMeKIsAHHOU NOON0JCKe

B kauecTBe MOATIOKKHU UCIIOJIB30BAIM CTEKIISIHHBIE ITPEIMETHbIE CTeKIa pazMepoM 15x15
mM. Ilepen HambUIeHHEM 3JEKTPOIOB TOUIOKKH 00pabaThiBaauch B TeueHue 10 MUH B MalInHe
1asMeHHou ounctku (13,56 MI'n). AntomuHueBble 31eKTpoabl (3aTBop, 100 HM) ObLIIM HAHECEHBI
TEPMHMYECKUM HcIapeHneM MeTamia B Bakyyme (10° wmGap). ToHKMIA M KOMIAKTHBIA
JTURJIEKTPUYECKUN CIIOM OKcHJa allOMUHHUS TONIMHONM okoio 13-17 HM QopmupoBamu c
MIOMOIIBIO EKTPOXUMHYECKOTO OKUCIICHUS AJIIOMUHUS B pacTBOpe JMMOHHOM KucioTsl (0,3 T/
50 M1 AUCT. BOABI) B aMIiepocTaTudeckom pexkume npu 100 MKA B TeueHue 2 MUH, a 3aTeM B
MOTEHIIMOCTaTHYECKOM pexume npu 25 B wiam 10 B B Teuenue 4 MuH. B HEKOTOpbIX
0003HaYEHHBIX B TEKCTE CIyyasX HalpsHKeHWe aHOAMpOoBaHuUs Obuto Apyrum: 12 niam 6 B. Jlanee
00pa3ipbl MPOMBIBAIH JUCTHJUIMPOBAHHONW BOJON M BBICYHIMBAJIUCHh B CYIIWJIBHOM IIKady mpu
temnepatype 60 °C 1 0OBIYHOM [aBJIEHHU MJIH HOJ JMHAMHYECKMM BaKyyMOM IIPH KOMHATHOM
TeMIepaType.

Tempaxonman TC (Aldrich) pactBopsiiu B ropstueM Tonyose (90 °C) ¢ koHIeHTpalueit

0,8 mr/mn. IlomydeHHBIH ropsYMii pacTBOpP HAHOCHIM C MOMOIIBI0 crukoyTtepa Ha AlOx Ha
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BO3/yXe MIPH YacTOTe BpamnieHus o u1oxkku 1500 06/muH. [TomyyeHHbIe ICHKU OTXKUTAIH 20 MUH
npu 90 °C BHYTpH NepYaATOUYHOTO OOKCA C a30TOM.

Pacmeop npouszeoonoeo 6enzoyuxnodymena BCB nonydanu u3 KOMMEpUYECKOTo pacTBOpa
cmoisl CYCLOTENE 4024 pa36aBneHHHEM ME3UTHICHOM B 00beMHBIX cooTHomeHusx 1:100.
[TomyueHHBI pacTBOp HAaHOCWIM € IMOMOIIbI0 crnuHKoyTepa Ha AlOx mpu 1500 o6/mMuH.
[TomyuenHbie MOKPBITUS ObLTH OTOXKEHBI TpH 280 °C (He MeHee 4 YacoB) B IEPUYATOYHOM OOKCe
C a30TOM.

CaMoopraHu3yoImuncs MOHOCIION mempadeyuidocghonosol KUC10mbl
CH3(CH2)13PO(OH)2 (TDPA) 6pu1 nony4en mytem mnorpykerus noioxek Al/AlOx B pactBop
TDPA B uzonponanoJie ¢ KoHIeHTpamuei 1,5 mr/mi Ha 18 gacos. Jlanee mo oKk IpOMBIBaTUCH
M30MPONAHOJIOM U BBICYIITHBAIUCH.

THonusununogwiti cnupm PVA pacTBopsiiu B IUCTUTUPOBAHHOW BOJIE C KOHIICHTpPALIUEH
50 Mr/mut. DTOT pacTBOP HAHOCHIIH C TIOMOIIBIO CIIMHKOYTEPa MPU YaCTOTE BPAIICHUS ITOITI0KKH
3000 06/muH. OOpa3p! MporpeBaIv B TeUEHWE HOUM Ha TUTHTKE Tipu 58 °C B mepyaTogyHOM OOKCe
C MHEpPTHOM aTMocdepoil.

Iapagun PF pacTBOpsinm B TONyosie ¢ KOHIEHTpanuei 4 mr/miu. PacTBop HaHOCHIIM Ha
MIOJIJIOKKH C TIOMOIIBIO CITMHKOYTepa pH Yactote BpameHus 3000 o6/MuH.

Opraanueckuii  noaynposoonuxoswiti. mamepuan (tommmaor ~100 HM) HaHOCHIH
PE3MCTHBHEIM TEPMUUECKMM HamblleHHeM B Bakyyme ~10° m6ap co ckopocteio 1 A/c. Jlamee
MOBEPX OPraHUYECKOTO MONYHNPOBOJIHUKOBOTO MaTepuaia HAbLUISUIH cepeOpsiHbIe MM 30JI0ThIe
3NeKTpoAbl UCTOK U CTOK (100 mmu 60 HM, COOTBETCTBEHHO) Uepe3 TEHEBYIO MacKy, (GOpMHUpPYS
CTPYKTYpbI ¢ AnnHoM L=50 Mkm 1 mmpuHoi kanaina W=2000 mxm. Kaxxaas noyoxka cogepxaina
4 HEe3aBUCUMBIX YCTPOMCTBA.

H320moenenue opeanuuecko2o noieeoco mpaH3ucmopa Ha 6uopasiazaemom naacmuxe

JUis yMEHbBIICHHS IIEPOXOBATOCTH MOBEPXHOCTH IIacTUKa (THMOKMN amudarnyecKuit
nonuactep, BioPBSTM, Mitsubishi Chemical) Ha Hero ObIT HAaHECEH pacTBOP IIeuTaka (5 Mr/mi
M30IPOTMAaHoJIa) C TMOMOIIBI0 CIMHKOyTepa mpu yactore BpameHus 1000 o6/muu. [lnenky
mesuiaka npocymusany npu 60 °C B reuenne 30 MUHYT, ITOcsIe Yero Oblia MPOBeCHA IIa3MEHHAs
obpaboTtka B Teuerne 100 cex (13,56 MI'1r). HanpineHue anroMUHIEBOTO 3aTBOPA OMKMCAHO BHIIIIE.
AHOIMpPOBaHME 3JIEKTPOJIOB, BHIPALICHHBIX HA IJIACTUKOBOM MOI0XKKE, TPOBOAUIIOCH B PACTBOPE
auMOHHOW KHCIOThI (Acros Organics) (3 T Ha 50 MO JUCTWUIMPOBAHHOW BOJBI) B
aMIEepOCTaTHYECKOM pexkrMe B TeueHue 2 MuH npu 100 MKA ¥ 3aTeM B MOTEHIIMOCTATUYECKOM
pexume nipu 25 B B Teuenne 4 muH. OcTanbHble 3Tanbl U3TOTOBJICHUS YCTPOMCTBA OMUCAHBI

BBIIIIC.
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Hz20moenenue opeanuuecko2o noneeoco mpanucmopa na bymaze

Ha xycoxk riisiHIieBo#t Oymaru ObuT HaHeceH pacTBop miesiaka (10 Mr/min u3onponanosia) ¢
HOMOIIBIO CIIMHKOYTEepa (cKopocTh BpameHust 1500 06/MHUH) 1Sl yMEHBIIEHUS LIEPOXOBATOCTH
MOBEPXHOCTH. AJIFOMUHHUEBBIE AIEKTPOIbI (3aTBOP) TOMMHON 100 HM HAHOCHIJINCH TEPMUYECKUM
ucrapeHueM MeTamna B BakyyMme (10 m6ap) B mepuaToyHOM GOKCE C a30TOM Uepe3 TEHEBYIO
Mmacky. /Iy BbIpalMBaHUs TOHKOM IUIEHKM JIudiiekTpuka AlOx 3meKkTpojsl MOMelaluch B
MalluHy mia3MeHHol ounctku (13,56 MI'n) Ha 30 MuH. 3aTeM Ha TUAIEKTPUK HAHOCHIIU PacTBOP
miesuiaka B 2-mpomnanone (10 mr/mi) ¢ moMoImpi0 COUHKOyTepa mpu yactore Bpamenus 900
00./muH. Opraanyeckoe nokpsitie cymmm mpu 60 °C B Teuenue 30 muH. [omynpoBoAHUKOBBIE

TUIEHKH U 3JIEKTPObI HICTOK-CTOK (POPMUPOBATIN KaK OMKMCAHO BBIIIE.

H3mepenue ousnekmpuyeckol emMKxocmu OUJIeKMpUKos

B Tabmumax 6 m 7 HWKE TPEICTABICHBI YACIbHBIC €MKOCTH IS 3JIEKTPOXUMHUYCCKH
BBIPAIICHHBIX TIPH Pa3HBIX HAMPSKEHUSAX ITUICHOK YHCTOTO OKCHJA alIOMHHHUS, a TakkKe
THOPUAHBIX TJICHOK OKCHJAa ATIOMUHUS TOKPBITOTO Pa3iHYHBIMHU Oy(EpHBIMHU JUIIEKTPUKAMH.
EmkocTu 1uanekTpukoB uzMepsiu Ha yacrtote 100 kI,

YaenbHass eMKOCTh THOPHIHOTO OKCHJIA, COCTOSIIETO U3 OKCHIA AIFOMUHUS MTOKPBITOTO

2

memiakoM, cocrtaBmia 63 H®/cMm”. OKCup aTrOMUHHS BBIPAIIUBAICS C MOMOIIBIO 00pabOTKH

AQTIOMUHHMEBBIX AJICKTPOI0B B TeueHUe 30 MUH B MalllMHe TIa3MeHHONW ourcTKy (13,56 MIm).

Tabnuya 6 — DxcnepumeHmanvHvle 3HAYEHUs. YOETbHbIX eMKOCMell OUIIeKIMPUKO8

Almonercrpur/0y gepii [oTenuuan anogusanuu, B | YienbHas eMkocTh, HD/cm?
JUBIIEKTPUK
AlOx 10 360
AlOx/TC 10 260
AlOv/BCB (1:100) 10 55-75
AlOx/PVA 10 20
AlOx/PF 10 350
AlOx 12 330
AlOx 25 179
AlOx/TC 25 176
AlOx/TDPA 25 170
AlOx/BCB (1:100) 25 100
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Jluonexpiic/Gy epiii Ilorennman anogu3amnuu, B VnenbHas eMKocTh, HD/cM?
JUDIIEKTPUK
AlOx/BCB(1:500) 25 50
AlOx 55 98
AlOx 100 59
AlOx/shellac - 63

Tabnuya 7 — OkcnepumeHmanvHvle 3HAYEHU YOENbHbIX eMKOcmel OUdIeKmpUuKos,
BbIPAUJEHHBIX 8 PAZIUYHBIX YCIOBUAX (PA3HbIE DNEKMPOUNbL)

. ITorenmman VY enpHAs eMKOCTb,
DNEKTPOIUT, UCTIONB3YEMBIN TSI BRIPAITUBAHUS
AlOx aHom3ayy, B ad/cm?
5000 mr numonHoit kucnots! B 100 ma H20 (CA1) 10 370
10 mr mumonno# kucnoTsl B 100 M H20 (CA2) 10 365
3,2 mr mumonHoM kuciaoTel B 100 M1 H20 (CA3) 6 440
800 Mmr m3oneiinuua 1 80 Mr U30JIEHIIMHATA KaJIH 10 238
B 100 M H20O (Ile/K-Ile)
2.4 MeToauka XxapaKkTepU3aliu ra30BbIX CEHCOPOB HA OCHOBE OPraHU4eCKUX MOJIeBbIX

TPaH3HCTOPOB

YcrpoiictBa npeactasisiu coboii OIT, u3roToBieHHBIE KaK ONMKCAHO BbIMIe. TommHa
MOJIyIIPpOBOTHUKOBOTO ciost  uOeH3o[f flunauro cocrabmsma 30 HM. PeuentopHsiii cioi
tpuc(nenTadTopdeHmT)00paHa HAHOCUIICS Ha TUAJIEKTPUK U3 pacTBOpa C KOHIIEHTpAIMEH 2 T/Mi
1,4-nmuokcana. J{ns dopmMupoBaHHs BEPXHUX JIEKTPOJOB CTOKA M HUCTOKA OBLIO HCIOJIB30BAHO
30J10TO.

Jyis miccnieIOBaHMs YCTPOUCTB OblLlIa HCITOJIb30BaHa Ta30quHaMudeckas ycranoBka [J[Y 16
(OO0 «MonuTOpUHIY). XEMOCEHCOP MOMEIIAHN B CIIEUATIEHO Pa3pab0TaHHYIO Ta30BYIO STUCHKY
(pucyHok 19) u moaBepranu Bo3ACHCTBUIO LIEJEBOTO ra3a (aHanuTa). MicToyHrKOM 11eieBoro rasa
Obul OaJUIOH C TIOBEPOYHOM CMEChI0 aMMHUAK/a30T ¢ KoOHLeHTparnuend ammuaka 100 ppm. B
Ka4yecTBe raza-paz0aBUTEs, C IOMOMIBIO KOTOPOTO MMPOBOAMIH POIYBKY SYESHKH C YCTPOUCTBOM
oT ammuaka, ucrnosb3oBaiu a3oT (TOCT 9293-74). XapakTepuCTHKH OPTaHMYECKHX IOJIEBBIX
TPaH3UCTOPOB U UX M3MEHEHHE BO BpPEMEHH (IMIOPOrOBOE HAMPSKEHHE, BETUYUHBI TOKOB U T.II.)
PETHCTPUPOBANIKCH C HCIOIB30BAHUEM JIBYXKAaHAIBHOTO WCTOYHHKa-m3Meputens Advantest

R6245.
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Pucynox 19 — I'azosas aueiika 0na usyyenus cencopnvix xapakmepucmux OIT

B X0[4€ SKCIICPUMCEHTA HCIIPCPBIBHO HU3MCPAIN TOK Ips pU MOCTOAHHBIX MPUIIOKCHHBIX
HaNpsPKCHUAX Vbs u VGS, KOTOPELIC BBI6I/IpaJII/ICB N3 aHaJIM3a NOpCABAPUTCIBHO HU3MCPCHHBIX

MIPOXOJHBIX XapaKTEPUCTUK TPAH3UCTOPOB (B PEKUME HACBILICHHUS).
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I'TABA 3. OO0cyxkaeHne pe3yJibTaTOB

3.1 IIpupoaa rucrepe3uca B BOJbTAMIIEPHBIX XapPaKTEPUCTUKAX OPraHUYeCKHX
MO0JIeBbIX TPAH3UCTOPOB € HCNOJIb30BAHHEM OKCHAA AJTIOMUHNS, TOJTY4€HHOI0 AHOIHbIM

OKHCJICHHEM, B Ka1€CTBEC TUIJICKTPUKA

Huskas cTaOuIbHOCTh M IIOXas BOCHPOU3BOAMMOCTH XapaKTEPUCTHUK OPraHUYECKUX
MOJIEBBIX TPAH3UCTOPOB TMPEICTABISET COOOM OJHO W3 CEPHhE3HBIX MPEMSATCTBUA s
MPaKTUYECKOTO BHEPEHUSI OPTaHNMUECKOM IEeKTPOHUKH [ 149]. B wacTHOCTH, B BOJIBTaMIIEPHBIX
xapakrepuctukax (BAX) OIIT wacTto mosBIsSETCS THUCTEPE3WC, YTO HEraTUBHBIM 00pa3oM
CKa3bIBAETCSl Ha AJICKTPUUYECKUX XapPaKTEPUCTUKAX OTAEIbHBIX YCTPOMCTB M JIOTUYECKUX CXEM.
Bo3MmoxHBIE TPHUYUHBI TAKOTO THCTEPE3MCa UHTCHCUBHO M3YYalUCh U OOCYKIAIUCh B TCUCHUE
nocaeaaero pecsatunetus [150—154].

[TosiBnenne rtuctepesuca B OIIT MokeT OBITH BBI3BAHO PaA3IWYHBIMH (PaKTOpaMHU:
3aXBaTOM HOCHUTEJEH 3apsiia Ha TpaHHIlax 3epeH B MOIYNPOBOJHUKOBBIX IJICHKAX HIIM HA TPAHUILIC
pazzena moaypOBOTHUK/ TUIEKTPHUK, CII0KHBIM 3JIEKTPOXUMHYECKIM TIOBEICHUEM MAaTEPHAJIOB,
HAJIMYMEM TIOABIDKHBIX MOHOB B JUAJICKTPUKE WM JTaXKe TOJIYIPOBOIHUKOM ciioe U T. 1. [150—
154]. Takas pasnooOpasnas npupoaa 3¢dektoB rucrtepesuca B OIIT oObsicHseT mouemy B
HACTOSAIIEE BpeMs BCE €Ille HET MIyOOKOro MOHMMAaHUA 3Toro siBneHus. CienoBaTenbHO, YTOOBI
IPOJHUTh CBET HA NPUPOIY THUCTEpE3Nca W BBISIBUTH BO3MOJXKHBIC IMyTH YCTPaHEHUS ITOTO
HexenarenbHoro g ¢exra B OIIT, HeoOXOAMMBI JOTIOTHUTEIBHBIE HCCIIEIOBAHUS.

MBI paccMOTpUM MNPUYMHBI THUCTEpE3Uca BOJbTaMmepHbIX xapakrepuctuk OIIT mpu
UCIIONB30BAaHUU B KadecTBe JudNeKTpuka okcuaa amomuHus (AlOx), mnomydeHHOro
ANEKTPOXUMUYECKH aHOJHBIM OKCHJIEHHEM MeTasuia [155]. DToT maTepuall UMEET OTHOCUTEIIBHO
BBICOKYIO JHMAJIEKTPUUECKYI0 HPOHUIAEMOCTh (¢ = 9) M MoOKeT ObITh JIETKO BBIpAIlEH Ha
METAJJTU3UPOBAHHBIX IJIACTUKOBBIX IUIEHKaX C MCIOJIB30BAHHEM XOPOIIO KOHTPOJIMPYEMOIO
HU3KOTEMIIEPATyPHOTO 3JIEKTPOXUMHUIECKOro Tporecca [156]. Xopoiias COBMECTUMOCTh OKCHIA
QATIOMHUHHS ¢ TEXHOJIOTHSIMU THOKOU AIEKTPOHUKH SBISICTCS] OMHON M3 MPUYUH, MOYEMYy OH TaK
MHTEHCUBHO UCTIOJIb3YETCSI BO MHOTHX HCCIIEOBATENICKUX U TIPOMBIIIICHHBIX JIAOOPATOPHUSX IO
Bcemy mupy [157]. Kak npaBuiio, TOHKHMNA CI0M OKCHJA aTFOMUHUS MMACCUBUPYETCS C TOMOUIBIO
camoopranusyenierocss MoHocos (SAM) muHHOLEOYeYHOW ankmi(hochOoHOBON KUCTOTHI, B
pe3ynbTaTte 4ero oOpa3yeTcss THOPHUIHBIM AMAIEKTPUK, oOecmeunBawomuii padbory OIIT B

HU3KOBOJIbTHOM pexume [158]. MHxeHepuss TIpaHUIBl MEXKIY CIOSMHU JUAJIEKTPUKA U
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OPraHWYECKOIr0 IOJIYIIPOBOJHUKA SBJISIETCS KJIIOYEBOM 3aJadedl INpu JAu3aiiHEe YCTPOMCTB
OPTraHUYECKOU PJIEKTPOHUKH.

AJIOMUHUEBBIE AJIEKTPOABI (3aTBOp) OBLIM HM3TOTOBJICHBI TEPMUYECKHM HCIIAPEHHEM
MeTaJlJla Ha CTEKJISTHHBIC MOJOKKH. TOHKUI M KOMITAaKTHBIN audnekTpudeckuid cioit AlOx (13
HM) ObUIT BBIpPAIlIEH aHOJAHBIM OKUCIIEHHEM aJIOMUHUS CHayajla B raJlbBaHOCTaTUYECKOM, a 3aTEM
B moTeHIuoctarnueckoMm pexkume (mpu 10 B). Crnoii AlOx macCUBHpOBANIH MyTEM OCaKICHUS
CaMOOPraHU3yeIIerocs MOHOCJIOS H-TeTpaaennihocPoHOBOM KHUCITIOTHI (TDPA).
[onmynpoBoanukoBsii cioit (100 HM) BeIpalBaiv TepMUUECKUM UcniapeHueM ¢ysuiepena Ceo B
BaKyyMe. 3aBeplIaloIIUM 3TaroM (OpMHUpPOBaHMS TPAH3UCTOPA ObUIO HAIbUIEHUE CEPeOPSHBIX
3JICKTPOJIOB Yepe3 TeHEBYIO MacKy (80 HM).

C momols aHOJHOTO OKHCIEHHS METAJIOB TOJYYaloT OKCHAHBIE TOKPBITHS CaMoro
BBICOKOT'O KayeCcTBa MO CPAaBHEHUIO C APYTUMH METOJaMH, TAKUMH KaK 30JIb-T'€JIb METOJI, METOIbI
MarHeTpOHHOTO, HOHHO-JIyY€BOI'O WM 3JIEKTPOHHO-IyuyeBOro pacnbuieHus. OJHaKo Ha
CTPYKTYpY M XapaKTePUCTHKHU TMOJIy4aeMOW OKCHUAHON IUIEHKU CHJIBHO BIMSIOT XUMUYecKas
IpUpoJia U CBOMCTBA 3neKkTponuTa. M3 nureparypbl U3BECTHO, YTO KOMIIAKTHbIC TOKPHITUS U3
OKCHJIa ATIOMHMHUS (TaKk Ha3blBa€Mble OKCHIHBIC IUIEHKH OapbepHOTO THIA) MOTYT OBITh
MOJTyY€HBI C UCIOJIb30BAaHNEM NMPAKTUUECKH HEHTPAJIbHBIX PACTBOPOB AJIEKTPOJIUTOB HA OCHOBE,
HaIrpuMep, CUCTEMBI OOpHast Kuciorta / 6opat HaTpus ¢ pH ~ 5,7 uam HEKOTOPHIX OPTraHUYECKHUX
KUCJIOT (Harpumep, JINMOHHAsI, MaJIEMHOBAs MJIM TJIMKOJIEBAsI KUCIIOTHI), KOTOPBIE HE PACTBOPSIIOT
oOpazyrommiics okcun [159]. IlpumeuatenbHo, YTO B JHUTEpaType HCIOIb30BAIACH
UCKJTIOUUTENFHO JTUMOHHAsI KUCJIOTa MM e KOMOWHAIMA C IMTPATOM HATPHs JJIS MOTY4YCHHUS

muaiekTpudecknx TieHoK AlOx mpu m3rotosienuu OIIT, B To Bpems Kak APYTHMH COCTaBaMH
AIIEKTPOIUTOB MPEeHEOperaiu, mo-BUANMOMY, 10 HCTOPUYECKUM npudrHam [156; 160; 161].

B nannoii pabote Mbl UCClIEJOBAJIM HECKOJBKO 3JIEKTPOIUTHBIX CUCTEM, ITPEICTABICHHBIX

B TaOnuIe 8.

Tabauya 8 — Cocmas 31eKkmpoaumos, uccied08arHHulX 8 OAHHOU pabome

CokpalnieHHOEe Ha3BaHUE CocTaB 3JeKTpoauTa
CAl 5000 mr numonHo# kucaoTel B 100 M H20
CA2 10 Mr iumonHo# kucnoTsl B 100 M H20
CA3 3,2 Mr TUMOHHO# kucaoThl B 100 max H20
Ile/K-Ile 800 mr usoneiinuna u 80 Mr uzoneifiuuara kanus’ 100 mn H20

2TIpenocraenen A. B. XXunenkoseiv, ®T'BYH OUL] ITXD u MX PAH (1a6. DMOM)
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Jmnexrpudeckne ieHKH AlOx, TOTy4YeHHBIE ¢ UCTIONB30BAHUEM PA3IMYHBIX PACTBOPOB
JIEKTPOJIUTOB, CPABHUBAJIUCH Jpyr ¢ ApyroM. Ilpu 3TOM Bce ocranbHble A3Tambl COOpPKH
TPaH3UCTOPOB, & UMEHHO ocaxkJeHrne MoHocaost TDPA, HanbuieHHe TOJTyIPOBOJHUKOBOIO CIIOS
U BEPXHUX OHJIEKTPOAOB, MPOXOAMIM B aOCONIOTHO OJMHAKOBBIX YCJIOBHSX (CpaBHHBaEeMbIE
00pa31ibl H30TOBIISIIUCH B OIHOM U ToM ke naptun). Usroronenunsie OIIT npogemoncTpupoBaiu
Pa3IUYHBIN TI0 BEIMYHMHE TUCTEepe3uc (pucyHOK 2(0) BOJBTAMIIEPHBIX XapaKTEPUCTUK, KOTOPHI
CHWJIBHO 3aBHCENl OT COCTaBa HCIIOJNB3YyeMOro AyeKkTponuTa. Habmioganuchk O4eHb CUIIbHBIC
pa3iuuus B 3NEKTPUUYECKUX XAPAKTEPUCTUKAX YCTPOMCTB, M3TOTOBJICHHBIX C HUCIOJIb30BAHHEM
Pa3HBIX JEKTPONHUTOB (pUcyHKe 20), MpuYeM OHM OBUTA BOCIPOU3BOAMMBI HA PA3HBIX MaAPTHSIX
YCTPOWCTB M HE 3aBHCEIIN OT TIIATEILHOCTH MPOMBIBKH TIEHOK AlOx TUCTUIITMPOBAHHON BOJOM

nepeja ocaxaeHueM naccuBupytouero cioss TDPA.
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Pucynok 20 — Cxema OIIT (a); popmynst uzonetiyuna u uzoneiuyunama kaius (06); npoxoomnsie
Xapakmepucmukyu OpeaHu4yecku MNoJeGblX MPAH3UCIOPO8 C OUINEKMPUUECKUM CLOeM HA

OCHOBe oKCUoa AJTIOMUHUA, 6bIDAULEHHOCO IJAEKMPOXUMUHYECKU C UCNOIb306AHUEM DA3TIUYHbIX

anexkmpoaumos: CAI (8), CA2 (2) CA3 (0) u Ille/K-Ile (e)

Ananu3 npoxonnsix xapakrepuctuk OIIT, npencraBineHHbix Ha pucyHke 20, sCHO
MIOKAa3bIBAa€T, YTO BBICOKOKOHLEHTPHUPOBAHHBIE pacTBOpPbl JUMOHHOM Kuciotel (CAl)
HENPUTOHbl A M3rOoTOBJIEHUS BbicOKOKauecTBeHHbIX OIIT wu3-3a CHIIBHO BBIPa)KEHHOI'O
TUCTepe3nca. JTOT WM AHAJOTUYHBIE COCTaBbI JJIEKTPOJUTOB HMHTEHCHUBHO MCIIOJIb30BAJINCH

HECKOJIbKUMH HCCIIEZI0OBAaTEIbCKUMH TpyNIaMu B paHHuX pabortax [159; 162]. Ilo-Buaumomy,
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CTOJIb BBICOKAsi KOHIIGHTPAIUS SJIEKTPOJIUTA IMO3BOJISIET HE HOOMBATHCS TINATEIBHON OYHCTKU
cTekna nepej ocaxaeHueM amoMunus [163]. CHI>keHUue KOHLIEHTpAIMy JUMOHHOW KUCTIOTHI B
anekrpoiute (CA3) mpUBOAUT K 3HAUUTEIBHOMY YJIYULIEHHUIO XapaKTEPUCTUK YCTPOWUCTB IpH
HE3HAYUTENHHO ManioM ructepesuce (pucyHok 20). CremyeT mog4epKHyTh, YTO AJII yCTPOMCTB, C
okcunom amoMunus AlOx, BeIpallieHHBIX ¢ ucnoiab3oBanreM cucteMsl lle/K-Ile , 6611 06HapyKeH
COBCEM HE3HAYMTEJbHBII IMCTEPE3UC WIN €0 MOJIHOE OTCYTCTBHE, YTO YKa3bIBA€T HA BBICOKHMMH
NPaKTUYECKUH MOTEHIMA UCIIOIb30BAHUS 3TOTO AMEKTPOIHTa (pUcyHoK 20).

Habmiogaemplii rucTepe3ric MOXKHO KOJMYECTBEHHO OIICHWUTBH, YUHUTHIBAas pa3HUIYy B
TIOPOrOBBIX HANpsKeHUAX (AVth= V1n' — Vrnf), monydennsix n3 BAX, 3anucanHbIX Ui OpaMoii
(V') u obparnoii (V1h') pasBepTok MO HANpSKEHHIO. B KauecTBe albTEpHATUBBI, MBI TAKKeE
MOXEM CpaBHHUTH MOJABM)XKHOCTU Ui PEKUMa HACBIIICHUS [sat, PACCUMTAHHBIE Ha OCHOBE
XapaKTEPUCTHK 1 npamoii (1) u obpartHoii (1) pasBepTKH MO HANPSKEHMIO. B 3ToM ciydae
pa3nuumre MeXIy 3TUMH ABYMs IMOABHKHOCTSIMH, HOPMUPOBAHHBIMU HA MAaKCUMAJIbHOE 3HAUYEHUE
(Au = (u'-p")/u), MOKHO CUMTATH XOPOILIMM MOKAa3aTesIeM BeJIMIUHbI THCTEpesuca U kadecTsa OIIT
B LIEJIOM.

B Tabnune 9 mpencraBieHbl XapaKTEPUCTHUKU TPAH3UCTOPOB B 3aBUCHMOCTH OT THIIA
UIEKTPOJINTA, MCIOJIB3YEMOIO JJIsl BBIPAIlMBAHMS IUAJICKTPUYECKMX IUIEHOK M3 OKCHAA
TIOMUHUS. MOXKHO 3aMETUTBh, YTO 3(PPeKThI rucTepesnca nogasisorcs npu nepexoae or CAl k

CA2, a 3ateM k CA3, 4TO KOppEIHUPYET CO CHUKEHUEM KOHIICHTPALIUUA TUMOHHOM KUCIOTHI.

Tabnuya 9 — Onexmpuyeckue xapaxmepucmuxku OIIT ¢ eubpuoHviM OudIeKMPUKOM
AlOx/TDPA

IToporosoe [ToaBHKHOCTH B pEKUME
Ton/lorr HaIpsKeHue HACBILICHUS
DNEKTPOIUT
AV,
Vl/Vi', B B W, em?B ! Au*
CAl 1-10* 0,20/0,94 0,74 0,06/0,19 2,17
CA2 3-10° 0,71/0,78 0,07 0,09/0,12 0,33
CA3 1-10* 0,32/0,34 | 0,02 0,22/0,19 0,14
Ile/K-1le 1-10* -0,02/-0,02 | 0,00 0,39/0,39 0,00

FA= () !

56



Hawnyumme xapakTepuCTHKH OBUTH TOJXYYEHBI JUISI IUAJIEKTpHYecKuX TUIeHOK AlOx,
BBIPAIICHHBIX C MUHUMAJIbHON KOHIEHTparue JuMoHHONH KucIoThl (CA3) wim naxe 0e3 ee
ucnonb3oBanus (Ile/K-Ile). Taxxe cienyer OTMETUTh, YTO NMPUMEHEHHE HOBOI'O 3JEKTPOJIUTA
Ile/K-Ile oGecrneunBaet 6osiee BRICOKYIO MMOABMKHOCT HocuTenel 3apsaaos B OIIT.

[TomyuyeHHBIE pe3yNbTaThl MOKA3BIBAIOT, YTO HEXKEIATEIbHBIH TUCTEPE3UCHBIN () (deKT B
BoJbTaMIIEpHBIX xapakTepucTukax OIIT nmelcTBUTENBHO BBI3BAH HCIIOJIL30BAHHEM JTMMOHHOU
KHCJIOTHl B KAa4eCTBE KOMIIOHEHTA 3JICKTPOJIUTA AJIS 3JIEKTpoXuMHuyeckoro mosydeHus: AlOx.
MOXHO TPEIONOKNUTh, YTO AJIEKTPOJIUTHI, COAEPKAILINUE BBHICOKHE KOHIIEHTpPALUU JIMMOHHOU
kucnotel (Hanpumep, CAl), SBISIOTCS CIUIIKOM KHUCJIBIMHU U, CiieoBaTelbHO, muieHKH AlOx
MOJTy4aloTcsl ¢ HeonTUMabHOW Mopdomorueir. OgHako uccieqoBaHue TOHKHX TuieHOK AlOx
METOAaMU aTOMHO-CUII0BOI MuKpockonuu (ACM) u ckaHUpYIOIEeH 3JeKTPOHHOM MUKPOCKOIUU
(COM) He BBIABUIIO KaKUX-JTHOO CYIIECTBEHHBIX Pa3IHMUUil B HAHO- U MUKPOCTPYKType 00pasIioB,
MPUTOTOBJICHHBIX C UCIIOIB30BAHUEM PA3IUYHBIX JEKTPOIUTOB (pucyHok 21). CrnemoBaTenbHO,
HaOmogaeMoe paznmuuue B xapakrtepuctukax OIIT Bpsig oM MOXKHO OOBSICHUTH M3MEHEHHEM

MOp(I)OJ'IOI‘I/II/I OKCHUIHOI'O JUDJICKTPUKA.
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Pucynox 21 — COM (a, 6, 8) u ACM (2, 0, e) uzobpaosicenus monozpaghuu nosepxHocmu
nnenox AlOx, evipawennoix ¢ ucnonvzosanuem CAI (a, 2), CA3 (6, 0) u lle/K-Ile (8, e) 6 kauecmse
INEKMPOIUMOB
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W3 nurepatypbl H3BECTHO, YTO KOMITIOHEHTHI AJIEKTPOJINTA MOTYT BKIIFOUATHCS B CTPYKTYPY
AMEKTPOXUMHUYECKH BBIPAIICHHBIX TUIEHOK OKcHa amtoMuHus [164]. Mbl mpeanonoxuiu, 4To
0J00HOE BKJIIOUYEHHE JTUMOHHON KHUCIOTHI (WM MPOIYKTOB ee pas3nokeHus) B ruieHku AlOx
BbI3bIBaeT rucrepesuc B BAX OIIT. Oto mnpeamosiokeHHe TMOATBEPKIACTCS JTaHHBIMU
SHEPTOIUCIIEPCUOHHONW PEHTreHOBCKOU crnekTpockonuu (EDXS), moka3pBalomuMu Haaudue
CIEeOBBIX KonuuecTB yriepona (5,98 aromubix %) B miueHkax AlOx, BBIpallleHHBIX C
ucrnonb3oBanueM sJekrponuta CAl, 4YTO TOATBEPKIAET 3arpsi3HEHHE OKCUAA JIMMOHHOMU
kucnoToi. Jlns napyrmx o0pasnoB, BEIpANICHHBIX C HUcmoib3oBaHueM cucteM CA2, CA3 u
Ile/K-Ile , mpuMecu yriepoaa He ObUIO OOHAPYKEHO B Mpe/ieax 00HaAPYKUBAIOIIEH CIIOCOOHOCTH
3TOr0 AaHAJUTHYECKOTO MeToJa (KOTOpBIM HE OYEeHb YYBCTBHUTENEH MO OTHOIICHUIO K JIETKUM
2JIEMEHTaM, TaKUM Kak yIJIepon).

PentrenoBckas (b oTOdIEKTPOHHAS CHEKTPOCKOTIHS (POOC) — 3TO
BBICOKOUYBCTBUTEJIbHBIH ~ METOJ  HMCCIIEJOBaHMS TOBEPXHOCTH IUIEHOK. C  MOMOUIbIO
PEHTTEHOBCKUX (POTOINEKTPOHHBIX CHEKTPOB Cls MOXKHO OMpENeNuTh MPUCYTCTBUE JIUMOHHON
KHCJIOTBI, MIOCKOJIbKY OHU MOKA3bIBAIOT OUYE€Hb XapaKTEPHBIE U XOPOILIO Pa3peIICHHbIE MOJIOCHI OT
TpPEX TUIIOB aTOMOB yriiepoaa, nmpucyrcrByromux B Mmosiekyne: Cl (C-COOH), C2 (C-OH) u C3
(O = C-OH) (pucynok 22) [165]. Kak mpaswmio, usmepenus crektpoB Cls merogom POOC
HECKOJIBKO YCJIOKHSIIOTCS HAJMYMEM CHTHajla OT MOBEPXHOCTHBIX IMpPHUMECEH YIiieBOJAOPOJOB B
nuarnasoHe sHepruit 284,6-285,0 sB. Oxgnako B ciydae obpasua AlOx, momyuenHoro u3 CAl, B
JIOTIOJTHEHUE K 3TOMY CHUTHAITy, KOTOPBII COBIAAET MO SHEPTUH ¢ curHaioM tuna Cl 1uMoHHOU
KHCJIOThI, TAK)KE€ OTUETIIMBO BUJHBI JIBa JPYIUX CUTHAJA, IPUHAAIEKAIUX aTomaM yriepoja C2
u C3. Haumensmiee otHomenne C/O Habmonanoch B criekrpe oopasia AlOx, moIy4eHHOTo U3
CA3, BeposATHO, U3-3a caMOW HHM3KOM KOHIEHTPAllMW JMMOHHOW KHUCIOTHI B 3JIEKTPOJIHTE.
Crnenyer mOqUepKHYTh, YTO B CIIEKTpe 00pa3lia, MOIyYeHHOTO C UCIOJIb30BAHUEM 3JICKTPOIUTA
Ile/K-Ile, He HaOMI01a7T0Ch HUKAKUX BUIUMBIX TIPUMECEH.

Taxum 06pazom, ¢ momotibto POIC Ob110 0JHO3HAYHO TTOKA3aHO, YTO JIMMOHHAS KUCIIOTa
U3 DIEKTPONUTa ajcopOupyeTcs Ha MOBEPXHOCTH WM JaXXe BKIIOYACTCS B CTPYKTYpPY
AIIEKTPOXUMHUYECKHU BbIpalieHHbIX IUIEHOK AlOx. DTOT 3((deKkT MOXKHO YacTHYHO MOJABHTb,
YMEHBIINB KOHLUEHTPALINIO JUMOHHOM KUCIIOTHI B PACTBOPE 3JIEKTPOINTA. BhICOKOKaueCTBEHHbBIE
U XUMHUYeCKU uucThie eHKH AlOx MOXHO BBIpalllMBaTh C MCMOJIb30BAaHUEM alIbTEPHATHBHOIO

anekTposnnta Ha ocHoBe cucteMsl Ile/K-1le.
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Pucynox 22 — Penmeenosckue ¢pomosnexkmponnvie cnekmpwvl Cls-21ekmpoHoe ¢ nieHox
OKCUOA ANIOMUHUS U IMATOHHO20 00PA3YA TUMOHHOU KUCIOMbL 01 CPAGHEHUS.

Ckanupyromas KelnbBUH-30HI0Bass Mukpockonusi (SKPM) mnokaszana 3Ha4YMTENbHBIC
paznuuMs B MOBEPXHOCTHOM IMOTEHIMANE IUICHOK OKCHJA allOMHUHHUSA, BBIPAIICHHBIX MPH
UCIIONB30BAaHUU PA3HBIX DJIEKTPOIUTOB (pucyHok 23a). Tak, s TJICHKH JUAJIEKTPUKA,
BoIpanieHHOM B cucteme lle/K-Ile , cpennuii moBepXHOCTHBIM moTeHnuan, pasHbiil 0,95 B,
0Ka3aJICsl MAKCUMAaJIbHBIM CPEIN UCCIIEAYEMBbIX TUIEHOK AUAIEKTPUKOB. CpelHre TOBEPXHOCTHBIE
MOTEHIMAbI INICHOK OKCHJIa AJTIOMUHMS, BbIpallleHHbIX B 3nekTposutax CA2 u CAl, coctaBuimn
0,91 1 0,82 B cOOTBETCTBEHHO. DTH PE3yJIbTATHI ICHO MIOKA3BIBAIOT, YTO CPEJHUI IOBEPXHOCTHBIN
NOTEHLMAN IUIEHOK YMEHBIIAETCS C yBEJIMUEHUEM KOHIIEHTPALIMU IUMOHHOM KUCIIOTHI B paCTBOPE
anektponuta. IlpocmaTpuBaercs Koppensuusi MOBEPXHOCTHOTO MOTEHLMajda IUIEHOK C
KOJIMYECTBOM MOJIEKYJI JIEKTPOJINTA, HUHTETPUPOBAHHBIX B CTPYKTYpY audiekTpuka AlOx (miu
azcopOUPOBAHHBIX HA IOBEPXHOCTH) M TUCTEPE3UCOM B BOJIbTaMIIEpHBIX XxapakTepuctukax OIIT.

OTMeTHM TakXe, 4TO SKCIEPUMEHTAIBHO NOJyuYeHHOe moporooe HampspkeHue B OIIT
(V1h') moxa3pIBaeT OYEHb XOPOIIYIO JHMHEHHYIO KOPPEJSIUI0O CO CPEAHHM IMOBEPXHOCTHBIM
noteHuuanoM mwieHok AlOx (pucyHok 230). DTa 3aBUCUMOCTb TOBOPUT O TOM, YTO BKJIIOUEHHE
OpPTaHMYECKUX MOJIEKYJ W3 DJIEKTPOJIUTA B AMAJICKTPUUYECKYIO CTPYKTYPY OKCHIa aTIOMUHUS
BJIMSET KaK Ha BEJIMYMHY TUCTepe3nca B BoJbTaMIiepHbIx xapaktepuctukax OIIT, Tak u Ha camo
3HaueHue moporoBoro HanpsokeHus (Vth'). Koppemsanus mexnay paboToil BbIXoJa marepuania

JTUAJIEKTPUIECKOTO CJI0s U ToporoBbiM HamnpspkenueM OIIT nabmonanace u panee [166].
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Pucynox 23 — Pacnpeoenenue nosepxHocmuoco nomenyuaia nieHox AlOx, evipaweHuvix ¢
UCNONB308AHUEM — DA3IUYHBIX  JJEKMPOIUMO8  (a);, JUHeUHds 3ABUCUMOCMb  NOPO20BO2O
nHanpsaxcenuss OIT (V") om nogepxnocmuozo nomenyuana nienox AlOx (6)

Taxum 06pazom, pazpadotan 3¢ hekTuBHBINA MeTO T HOPMUPOBAHHS BEICOKOKAUECTBEHHBIX
IURNIeKTpudeckux MiIeHoK AlOx Ui opraHMYecKux IOJIEBBIX TpaH3ucTopoB. Ilokaszano, uTo
IUICHKH OKCHJIAa QJIOMHHUS, TOJyYeHHBIC AaHOJHBIM OKHCJICHHEM METajla, MOTYT COJEp)KaTh
NPUMECHBIE YaCTUIBI, COPOMpYIOIIMECS W3 JJIEKTpoiuTa. Hammume Takux dYacTuIil B ClOe€
JURJICKTPUKA BIMSAET HAa XapaKTEPUCTUKHU OPTaHUYECKUX IOJIEBBIX TPAH3HCTOPOB, B YACTHOCTH,
NPUBOJUT K TIOSBICHHUIO THUCTEpE3UCa B BOJBTAMIIEPHBIX XapaKTEPUCTHKAX W CMEUICHHUIO
HIOPOTOBOTO HANpsDKEHHA. VIcnonb30BaHME HOBOTO AJIEKTPOJIUTHOTO COCTaBa Ha OCHOBE
AMHHOKHCIIOTBI W30JICHIIMHA TO3BOJIMJIO MPAKTUYECKH MOJHOCTHIO IIO/IaBUTh TUCTEPE3HC U
n30eKaTh HeXENATeIbHOIO CMELICHHUS TOPOTOBOT0 HAIIPSKEHUS TPaH3UCTOPOB. PazpaboTaHHbIN
MeToa OyZeT KpaiiHe IOJIe3eH B JAIbHEHININX HWCCIEIOBAaHHAX, HANPABICHHBIX HA CO3JaHHE

oesructepesucHbix OIIT mmst ruOKoi SMEKTPOHUKH, TA30BBIX XEMOCEHCOPOB U T.JI.

3.2  BumsHMe AJKWJIbHBIX 3aMeCTHTeJIel U YCJIOBUI TEPMHUYECKOI0 OTKUIa IJICHOK
NPON3BOHBIX NMEPHICHIMUMHI0B HA XaPAKTEPUCTHKU OPraHUYeCKHX MOJeBbIX

TPaH3HCTOPOB

Hamwu Ob110 TIpOBEIEHO CHCTEMATHUECKOE MCCIIEAOBAaHNE TEPMUYECKHX CBOWCTB TPYIIIIBI
JU3aMEIEHHbIX MePUICHIMUMUI0B’ (PUCYHOK 24) ¢ TUHEHHBIMU aJTKHIBHBIMU 3aMECTHTEIAMU

ot C4 A0 C12, HUX CYIIPAMOJICKYJISIDHOTO YIOPAOOYCHHUA B TOHKHUX IUICHKAX, OTOXOKEHHBIX npu

3 Cunres npoussoanbix ITJIA 6611 ocyinectsien A.B. MymsartossiM B ®TBYH OUIT ITX®P u MX PAH (11ab.
OMBM)
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pa3HBIX TEMIIepaTypax, a TaKKe 3aBUCUMOCTH HUX 3JiekTpuueckux xapakrepuctuk B OIIT ot

TEeMITepaTyphl OT)KUTA U SHTAIBIHH (Pa30BbIX repexoioB [163; 167].

bl

PDI-C4 R: = n-C4Hgq PDI-EH R: =
PDI-C5R:=n-CsHyy  PDI-C8 R: = n-CgHy7
PDI-C6 R: = n-C¢Hy3  PDI-C10 R: = n-C4qHy4
PDI-C7 R: =n-C7H5  PDI-C12 R: = n-CqoHos

Pucynox 24 — Cxema opeanuueckoco noneeoco mpauzucmopa (a); cmpyKmyphvle
Gopmynsl 3ameujeHHbIX NepureHOUUMUO0s (6)

3.2.1 HccaenoBaHne TepMHUUYECKHUX CBOWCTB NMePUIEHIUMMHII0B

UccnenoBanue TepMHUECKUX CBOWCTB TPYMIbl POU3BOAHBIX TMEPUICHIUUMUIOB
IPOBOWIIOCH C MTOMOIIBIO0 MeToa nuddepenHimansHoi ckanupyroneit kanopumerpuu (ICK) B
nuana3zone temnepatyp ot 25 no 300° C. UccnenoBanue metonoM JICK moka3zano, 4to y Bcex
[TI1 nabmroaroTcst XapakTepHbIe KPUBBIE C PA3TUYHBIM YHCIOM (a30BBIX MEPEX00B (PUCYHOK
25). Temmepatypsl ¢a3oBeix mepexonoB mis coeaunennit PDI-C7, PDI-C8, PDI-C12,
MpE/ACTABICHHBIE B TaOMUIle &, TOJHOCTHIO COOTBETCTBYIOT HM3BECTHBIM U3 JIUTEPATYPHI
3HadeHusM [168; 169].

DakTU4eCKH, 75 BCeX COeIMHEHUI Habmoat0Tcss oopaTuMbie (pa3oBbie MEPEXObI, T. €.
MUK NPUCYTCTBYIOT Kak MPU HarpeBe, Tak v npu oxjaxiaeHuu. Ciaeayer OTMETUTh, YTO pa3HHULIA
MEXTy MTUKaMH, COOTBETCTBYIOIIMMHE OJHOMY M TOMY XK€ (pa30BOMY IE€pPEeXO0Jy IPH HarpeBe U
OXJIQXACHUM 00paslia, 3aBUCHT OT MOJEKYJISIPHOU CTPYKTYphl Marepuana. [[ins coenmuHeHuid ¢
KOPOTKHUMH WU JUTHHHBIMU ajKuibHbIMU 3amectutessimu (PDI-CS, PDI-EH, PDI-C10, PDI-C12)
HaOJI01aJICsl HE3HAYUTEIbHBIN TePMUUECKUN THCTEPE3UC, B TO BPEeMs KaK JJIsi COCIUHEHHUH CO
cpenHedt JumHON ankwibHOro 3amecturenss Ce-Cs TepMHUECKHH TUCTEPE3UC JAOCTaTOYHO
OoJbIION. DTO CBSI3aHO C TEM, YTO TaKHE COeAWHEHHWs Kak, Hampumep, PDI-C6 wumeror
BBICOKOKPUCTAIUYHYIO CTPYKTYpY, HX TMEpexoJ K HOBOMY moluMopdy MPOUCXOIUT CO
3HAYUTENBHBIMU TepMuuecKuMu 3pdextamu. s BBICOKOTEMIIEPATYPHOU KPUCTATMYECKOM
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MOI[I/I(l)I/IKaHI/II/I KOHq)OpMaIII/IH OTIIMYAaCTCA H3-3a YaCTHUYHOI'0 PA3YMoOpAA0YCHHA aAJIKUJIIBHBIX

3amecTtuTene. O4eBUAHO, YTO TEPMOCTAOMIBHOCTh 3TOM (ha3bl CHIIBHO 3aBUCHT OT 0OBEMHOU

JIOJM anKWibHOHM nepudepun. Bo BpeMs oTkura mnpu Temreparypax BblIIe MepBoro (a3oBoro

nepexoga BO3MOXKHBI

SHAYUTCIbHBIC MOJICKYJIAPHBIC MNCPCTrPYNIIMPOBKU, MNPUBOAAINIUC K

YHOPSAOUYEHHUIO KPUCTAJUIMYECKOH Pa3bl U POCTY KPUCTAIINYECKUX JOMEHOB.
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Pucynox 25 — Tepmoepammvr JJCK npu nacpege u oxnazxcoeHuu Oisi NPOU3BOOHBIX

nepuieHOUUMUA08

Tabnuya 10 — Tepmuueckue XapakmepucmuKku NepuieHOUUMUOO8, ONPEOeleHHbIX U3

kpuswix [{CK
JlnvHa amKuIbHOM Harpes OXJIaXKIEHUE
uenu I[TIU Ton, °C | AH, Jox/vr | Ton, °C | AH, Jx/T A Tgn
C4 - - 205, 215 - -
114 5,98 107 6,90 6
C5
215 16,17 - - -
196 32,64 132 30,11 103
Cé6
250 11,00 218 8,06 32
214 43,73 129 43,13 86
C7
241 - - - R
C8 224 44,21 167 48,22 57
69 3,59 54 4,24 15
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JnvHa anKuibHOU Harpes OXJIKICHUE
nenu [1JJU Tom °C | AH, Jux/r | Ton, °C | AH, Jx/r A Ton
Et-Hex 289 3,35 - - -

76 - 70 - 6

C10
193 43,30 166 45,26 26
91 10,54 76 13,66 15
163 21,88 143 41,30 20

Cl12
180 18,90 170 - -
211 1,62 180

3.2.2 BuusiHHe TEPMHYECKOIr0 OT:KUI'a TOHKHUX IUVICHOK MEePHJIeHINUMH/IO0B Ha

JCKTPUICCKHUEC XAPAKTCPUCTUKHA OPraHu4€CKUX MOJEBbIX TPAH3UCTOPOB

Onektpuueckue xapakrepuctuku I[1/IW 6w uccnenoBanbl B OIIT B cranmapTHO#
TEOMETPUH C HCIONB30BaHUEM TMpou3BogHOTO Oen3omukiaoOyrena (BCB) B kaudecTBe
TEPMOCTOMKOTO TACCHUBHPYIOMIETO IUAJIEKTPUUCCKOTO MOKPHITHS (pucyHOK 24a) [170; 171].
[TonmynpoBOIHUKOBBIE TUIEHKHM HAHOCWUJIIUCH TepMuueckuM ucnapernuem [IJIU1 B BbicOkoM
BakyyMme. OcakaeHHble TUIEHKH oTxuraiuch npu 80, 130, 220, 250 °C B treuenue 30 muH, nocie
Yero HaHOCWJIMCH JJIEKTPOJBl MCTOKA W CTOKAa HCHapeHueM cepedpa B BakyyMme. 3HAYCHHS
MOJIEBbIX TOJBIMKHOCTEH HOCUTENEW 3apsiia, OLICHEHHbIE B pPEKUME HACHIMICHUS, s
HENPOTPETHIX U OTOMOKEHHBIX IMOJYIMPOBOJAHUKOBBIX IUICHOK TMpeacTaBieHbl B Tabnuie A.l
(mpunoxxeHue A).

W3 pucynka 26B BUIHO, YTO 3JIEKTPUYECKHE XaPAKTEPUCTUKU MOJIEBBIX TPAH3UCTOPOB
c1abo 3aBUCAT OT JUIMHBI aJKWIbHBIX LiENeHd, MPUCOECIUHEHHBIX K MMUIHBIM aToMaM a3oTa.
[TonBW>KHOCTH HOCHUTENCH 3apsga HECKOIbKO yBEIMYUBACTCS MPHU MEPEXOAE OT COCIUHEHUH ¢
KOpOTKUMHU anKuibHBIMU TersiMu (C1-Cs) K mepuieHANNMHIAM, COIEPKAIUM OoJiee JITUHHBIC
ankunpHble 3amectutenu (Cio-Ci2). Cnemyer Takke otmetuth, uro PDI-EH, conepkamuii
pa3BETBIICHHBIE 2-3TUITEKCUIIbHBIE 3aMECTUTEINH, TOKa3al XyAIIUE XapaKTEPUCTUKH B CPAaBHEHUH
¢ m3omepHbiM PDI-C8 ¢ OKTHIBHBIM 3aMECTHTENEM HOPMAJIBbHOTO CTpoeHHs. BeposTHO,
Pa3BETBIICHHBIN yIII€BOJOPOAHBIN paJUKall BBI3BIBACT CUIILHOE pasynopsaodeHue B menke 1111,
YTO TNPUBOAUT K 3aTPyJHEHHOMY TpPaHCIOPTY 3apsoB U  HEYJOBJIETBOPUTEIbHBIM

MOJTYTIPOBOIHUKOBBIM CBOWCTBAM.
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a ] PDI-C12 1—— 10 OTXMra
107 V=5V 10— nocne omxura
8’ i npm 220 0
< 107 < 10% Vpg=5V
‘8 ] — 10 OTXUra “8 ]
1071 ——rnocne omkura 4]
] npu 250 °C
107 ' i , 10" L 4 :
0 2 4 0 2 4
VsV Ves'V
6
-1 A
- A é A
— 1074 2 ) J
e A
3 A PDI-C4
> 10° A PDI-C6
& A PDI-EH
\ 1 A PDI-C12
10 A i J
T T T T T T T T T T T
50 100 150 200 250
B T omkvra, °C
0.20
| B NoABWKHOCTL 6€3 oTxura
0.16 - [ w > noaBWXHOCTb MOCHE OTXuUra
20 T IS
m 0.12- J [
N(EJ | > ]}
- 008- ) | -
= > -
0.04 - * .
r ]
1 . . . | | |
0.00 =
— T 1 T 17 "~ T+ 1 "~ T 1 " 17
4 5 6 7 8 EH 10 11 12
[nuHa ankunbHoro 3amectutens MO

Pucynok 26 — Hsmenenue npoxoousix xapakmepucmuk OIIT na ocnose PDI-C12 u PDI-
EH npu mepmuueckom omoicuee (a); memnepamypuule 3asucumocmu nooguxcrnocmu OIIT Ons
evlbpanHbix coedunenui TI/[H (0); emuanue mepmuyeckoeo omdcuea HaA d1eKmpudeckue
xapaxmepucmuxu II/[U ¢ paznuunvivu samecmumenamu (8)

Tepmuueckas 00paboTka TOHKMX IUIEHOK MNEPWICHIMUMHIOB OKa3ala COBEPLICHHO
pasnuyHoe BiausiHue Ha xapaktepuctuku OIIT. Hanpumep, Tonkue miuenku PDI-C12 6111 oueHb
YCTOMYMBBI K OTXKUTY U JACMOHCTPHUPOBAIM IOJABHKHOCTH HOCHUTENIEH 3apsAja B JUAlla30HE OT
5,0:102 em?Blc! 10 1,0-10°! em?B-!c”! B 3aBucHMOCTH OT TemmepaTyphl OTXKuUra (PUCYHOK 26a-6

u Tabnuma A.l). Jlns HEKOTOPBIX IPYruX MEPUICHAMMHUIOB XapaKTEPUCTUKU B TPAH3UCTOPAX
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OBLIM 3HAUUTENBHO YJIy4llIeHbl. B 4acTHOCTH, MOABM)KHOCTH HOCHUTEJEH 3apsioB AJs IUICHOK
PDI-C6, orroxenusix mpu 220 °C, Oputa yBenudeHa B 25 pa3. Haumbonee 3HaumTenpHOE
ynyumenue HaOmoaanock ans PDI-EH, moaBMXHOCTH 3JE€KTpPOHOB B IUIEHKaX KOTOPOTO
yBeMMUMIHCh mociie orxkura mpu 220 °C 6onee yem B 700 pa3 (pucyHoK 260).

NuTepecno ormetuts, uto PDI-C12 neMoHCTpHpoOBai caMmyio BBICOKYIO MOJIBUKHOCTD J10
omkura, B To Bpemsi kak PDI-EH noka3siBan camyro Hu3Kyr. OJHAKO TEPMHUYECKUA OTKUT
TOHKUX IUICHOK 3THX NEPWICHIWUMHJIOB TIPUBEI K COMNOCTaBUMBIM 3JEKTPUUYECKUM
XapaKTepUCTHUKaM B TPaH3UCTOpax »dTUX JBYX MaTepUaloB, 4YTO BHJIHO W3 JaHHBIX,
IPEJICTaBICHHBIX HA pUcyHKe 260 u B Tabnuue A.1 (mpunoxenue A).

Bnusaue TepMuueckoro omkura TOHKuMX ieHok [IJIM  Ha  asrmekTpuyeckue
xapakrepuctuku OIIT nmpommmocTprupoBaHO Ha pUCYHKE 26B (CM. IPOXOAHbBIE XapaKTEPUCTUKU
otnenbHbIX [/ Ha pucynke A.1). [IpumeuaTenbHO, YTO COEAUHEHMS ¢ caMbIMU KOPOTKUMHU (Ca,
Cs) u cambivu JuTHHHBIME (Ciro, Ci12) anKMIIBHBIMU 3aMECTHTEIISIME BEIYT CEOs1 CXOAHBIM 00pa3oM
M Ha HUX CBOWCTBA HE OKAa3bIBa€T 3aMETHOIO BIMSIHUSA TEpMHYECKHMH oOTxur. Hamporus,
xapakrepuctuku OIIT ans [T/IU ¢ nuHeHHBIMU aNKUIBHBIME HensMu cpenneit Anmuuel (0T Ce 10
Cs) ObuIM 3HAYUTENBHO yiydlleHbl nocie orxura npu 220-250 °C. [lomyueHHBIE pe3yiabTaThl
OJIHO3HAYHO YKa3bIBAaIOT HA TO, YTO KaK JUIMHA aJIKUJIBHOTO 3aMECTUTENs, TaK U TePMUUYECKUN
OT’)KMI  OKa3bIBAalOT  3HAYMUTEIBHOE  BIMSAHME HA  DJEKTPUYECKHE  XapaKTEPUCTHKHU

nepuneHauumMuoB B OIIT.

3.2.3 BumsiHMe TePMHYECKOI0 OT:KMIa Ha MOP(0JIOTHI0 H KPUCTANINYECKYI0 CTPYKTYPY

TOHKHUX IIVICHOK NMEPUHITCHAUUMHUIOB

Kak n3BecTHO, TEpMUUECKHI OTKUT MOKET OKa3bIBATh CUJIBHOE BIIMSIHUE HA pa3Mep 3€peH
HOJYIIPOBOJHUKA M, COOTBETCTBEHHO, CHJIBHO BIIUATH Ha 3apsAOBO-TPAHCIOPTHBIE CBOMICTBA
matepuana. Mel uccnenoBanu u3MeHeHue Mopdonorunm mienku IIJIM ¢ yBennueHuem
TEMIIEPATypbl € TIOMOILBIO ATOMHO-CWJIOBOW MuKpockonuu (ACM). Ha pucynke 27
npenactaBieHbl pe3yiabTaThl Uisi PDI-C6: HeoToXKeHHbIE IJIEHKH COCTOAT W3 MHOXKECTBA
HEYIMOPSAA0YEHHBIX MEJIKUX 3€PEH, KOTOpBIE IUIOXO CBA3aHBI JAPYr C OPYrOM, B TO BpeMs Kak
IPUMEHEHNE TEPMHUECKOW 00pabOTKM MPUBENO K 3HAYUTEILHOMY YBEJIMYEHUIO pa3Mepa 3epeH
naxe npu 130 °C n o6pa3zoBaHMI0 OONBIIMX XOPOILIO OPUEHTHUPOBAHHBIX Teppac mpu 220 °C.

[Ipennonaraercs, 4To Takas KOHEYHAs! CTPYKTypa IUIEHKU OyIeT ONTUMaIbHOU 1 3¢ PpeKTUBHOM
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pabotel OIIT u3-3a pe3ko YMEHBIIEHHOT'O YMCiIa TPaHMIl MEXAY 3€pHaMH, OrpaHUYMBAIOIINX
JaTepajgbHbIA TPAHCTIOPT HOCUTEIIEH 3apsia.

Tepmuueckas 06pab0OTKa TaKKe MOXKET OKAa3bIBATh CHIILHOE BIMSIHHE Ha KPUCTAJUIMYHOCTh
IUIEHKA ¥ OPHEHTAIMIO TOMEHOB 110 OTHOUICHHUIO K MOJUIOXKKe. JleficTBUTENbHO, N300paKeHHS,
MOJyYEHHBIE C TIOMOIIbIO HIMPOKOYTOJBHOTO PACCESHUS PEHTI€HOBCKUX Jy4yell B CKOJB3SILEM
nyyke (GIWAXS)* (pucyHok 28), MOKa3bIBAaIOT, YTO OTXHUI INPUBOAUT K CYIIECTBEHHOMY
yIyqIeHuto cTpykTypbl mieHkd PDI-C6, 4to MoxkeT ObITh BHIHO H3 CYXKEHHUS MHKOB H
YBEJIMYEHUSI UX UHTEHCUBHOCTH.

CtpyKkTypHBIE HM3MEHEHHS IUICHOK TpH OTxkure wuzydanuch metogoMm GIWAXS c
HETPEPBIBHOW pa3BEpCTKOM MO TeMmIieparype. AHAINU3 MOJIOKEHHUS TTUKOB MOKa3all, YTO MEPBBIi
¢azosbril nepexon ans mieHku PDI-C6 npu npumepHo 150 °C conpoBoxaaeTcst yBelIndeHUEM
napamerpa a ¢ 17,9 1o 19,4 A. Takoe nosenenue oObACHAETCS MepexofoM obpasua B dasy ¢
YaCTUYHO Pa3yNnopsI0U€HHBIMU aTKWIbHBIMHU 3aMECTUTEIISIMU U COOTBETCTBYIOLIUM N3MEHEHUEM
MOJICKYJIIPHOM KOH(GOPMAITMH U yTJia HaKJIoHA sipa MoJiekyJsl [I/I1 mo oTHOIEHHIO0 K HOPMaJTH.
AHaJIOTHYHBIH (a30BbIH Eepexo]] OT BBICOKOYTOPSI0YEHHON KPUCTAUTMYECKOH (ha3bl K IOKATbHO
HEYMOPSIIOYCHHON (a3e TpH TEPMHUYECKOM OTKUTE ObUT OOHApyXeH s JAHOKTWI- U
TIEIII3aMeIIeHHBIX  KBaTepTuodenoB [172]. DTu pe3ynpTaTbl COOTBETCTBYIOT JaHHBIM,
noiny4eHHsIM ¢ momonisio JJCK.

AHaNIN3 KPUCTALTUYECKON CTPYKTYphI epuwiieIuuMuoB ¢ moMmonipio GIWAXS nokazan
TPUKJIMHHYIO CHHTOHMIO JJIEMEHTAPHOW SUEHKM M MOJIEKYJSIPHYIO YIIAKOBKY, CXOJHYIO C
uzBectHoit st PDI-C8 [173]. Ilpoekuuu ab u ac snemeHTapHoil sueiiku ans PDI-C8
MpEICTaBICHBI Ha pUCyHKe A.2 (TipuioxkeHue A). YBenuueHue JUIMHBI alKmIbHOU 1ernu ot PDI-
C4 no PDI-C12 mpuBomut Kk yBenuueHuro napametrpa a (tabmuma A.2). Haumnas ¢ PDI-C4,
3aBUCHUMOCTH MTapaMeTpa a OT AJUHBI Lenu (YKhcia aTOMOB YIJIepo/ia) IMHEHHas!, YTO YKa3bIBaeT,
9To KOH(pOpMAaIMs MOJEKYJd B KPHUCTALIMYECKOW pelIeTKe OJMHAKOBa JUIs  BCeX
nepuneHauuMuoB. Ha pucynke A.3 (mpuiokeHue A) MOKa3aHO M3MEHEHHE yIjla HakKJIOHA
MJIAHAPHOMW COMPSHKEHHOM yacTu MosiekyJbl [/ mo oTHOLIEHUIO K HOpMaJIM B 3aBUCUMOCTH OT
JUTMHBI QJKWJIBHOTO 3aMECTUTEINSI. Y TOJ HAKJIOHA PACCYUTHIBAIICS IO a3UMYTaTbHOMY TOJIOKEHHUIO
nuKoB u3 Audpakrorpamm GIWAXS 1 miieHoK nepuiieHAMUMUIOB [0 CXEME, OMTUCAHHOMN BBIIIIE
B pazzene 2.1. MoxHOo yBUETh HEOOJIBIIIOE YBEIMUEHHUE YTJIa HAKJIOHA MPH Mepexoje oT Ooiee
KOPOTKHUX K Oojiee IMHHBIM aJKWJIbHBIM LIEMsAM. YUMUThIBas TOT (hakT, 4YTO YIJIBI HaKJIOHA

COIIOCTAaBUMBI IJI BCCX NCPUICHAUUMHUIOB, MOXXHO CHACJIATH BBIBOJ, YTO HAa UX JJICKTPUYCCKUC

4 nudpaKIHOHHBIE M3MEPEHHUS IS TOJTyYEHHBIX HAMHU 00Pa3LoB BHINOIHEHH! K.(.-M.H. T. B. AHOXUHBIM U
kojuteramu B MI'Y um. M. B. JlomonocoBa
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CBOMCTBAa B OCHOBHOM BIIMSET TEPMHYECKUI

IO VTOKKH.

OTXKUI, & HC OPHUCHTAllUA MOJICKYJI

(R N Y ¥ SO VRN Y 1

OTHOCHUTCIIBHO

Pucynox 27 — Tonoepagpus nosepxnocmu nienok nepuirenouumuoa PDI-C6 na BCB 6e3
npozpeea (a) u ¢ npozpesom: 130 °C (6); 180 °C (s); 220 °C (2). Hzobpadxcenus nonyuennl ¢
nomowvto ACM. Pazmep uzobpasxcenuii: 2,5 MkHX2,5 MKH

Lo orwura

Moche oT:Kura

PDI-C5

PDI-C6

[S—
T T

—RT

— npu 160°C
— Rocne
oTHMIA

bt iy, S

_RT i |'| — RT
— MpH 200 °C |
— nocae
oTHMra

— NpK 250 °C
— nacag
DTHUra

Pucynox 28 — J[gyxmepnvle ouppaxmoepammor GIWAXS onss monxux nienox PDI-C5,
PDI-C6 u PDI-EH 0o (ceepxy) u nocie (yeHmpanbHbulii psio) mepMuieckoeo omaicued, a marice
coomsemcmaylowue um 08yXmephvle npoeKyuu OuGpaxmozspamm (HudxicHul pso)
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3.2.4 Koppeassuun Mekay JHTaJAbNHeH (a30BbIX Mepexo] NepuIeHTUMMHI0B 1

AJNCKTPUIECCKUMHU XAPAKTCPUCTHKAMH OPraHUY€CKHUX MOJEBBIX TPAH3UCTOPOB

W3 nonyyeHHBIX pe3yJlbTaTOB BUAHO, YTO U TEPMHUUECKHUI OTKWUT, U JJIMHA AJIKWIbHBIX
Hernel NMepuICHINUMHIOB BIHAIOT Ha MOP(OJIOTHIO W KPUCTAJUIMYECKYIO CTPYKTYpY IUICHOK
MOJTYPOBOTHUKOBOIO MaTepHaa, YTo KpaitHe BaxxHo Jy1st ux npumenenus B OIIT. Tem e menee,
9KCIIEPUMEHTAIFHOE YCTAHOBIEHUE ONTUMAIBHBIX TEMIIEPATyp OTXKHTra I KaKI0r0 MaTepuaa
TpebyeT OONbIINX YCWINK U 3aTpaT BpeMeHHU. [103ToMy Ba)KHO HalTH KaKOH-TO pallMOHATbHBIN
crocob ompeneneHuss HauOoiee MOAXOANIMX PEKUMOB OTXKUTa 0€3 MPOBENEHUS OOLIMPHOIO
SMIIUPHUYECKOTO CKPUHHHTA.

Jnis perenust 0003HaYeHHOM 3a/1a4ll Mbl CPAaBHUIIM ONTHMAJIbHBIE TEMIIEPATypPhl OTKHUTA
NEPUIICHAUUMHUIOB C TeMIepaTypaMu (a30BbIX MMEPEXOJA0B ITUX MATEPHAIIOB, ONIPEACICHHBIX U3
kpuBblx JICK B pexxnMe HarpeBa (pucyHok 29a). JIeHCTBUTENbHO, ONTUMAJIbHBIE TEMIIEPATYPbl
OT)KHTa, OJaronpusTcTByIomue 3GpGeKTUBHON paboTe mMaTepuaia B yCTPOWMCTBE, KaK MPaBUIIO,
JIOKANIM3YI0TCs BOMM3M MHTEpBajoB (ha3oBbIX mepexonoB: eanHCTBeHHBIX (Cs, C7 u Cg) wiun
nepBbiX (Cs u Cio) u pexe BTopbix (Ce u Ci12). Tonsko PDI-EH BbinagaeT u3 310 3aBUCUMOCTH:
ONTHUMAJIbHBIA PEXKUM OTKUIa JIEKUT 3HAUMTEIbHO BbIIe (ha3oBOro mnepexona. BeposiTHo,
Ha0JI0JaeMO€e TIOBEJIEHUE CBSI3aHO C TEM, YTO H3MEHEHHE €ro CWJIbHO pazyHnopsIoueHHOU
CTPYKTYpbl KHHETUYECKHU 3aTPYJHEHO U TpeOyeT 3HAUYUTEIILHOTO BPEMEHHU M SHEPTuu (Teruia) s
nporekanus. Takum oOpaszom, mpu ontummzanuu xapakrepuctuk OIIT ans  HOBoro
MOJIyIIPOBOJIHUKOBOTO MaTepuaja PEKOMEHJYeTCsl BHAdalle HCCIEAO0BATh €ro TEePMUYECKUE
coiictia ([ICK), onpenenuts nuHTEpBaIBI (ha30BBIX MIEPEXO/IOB, & 3aTEM U3YUUTh BIMSIHUE OT)KHUTa
TJICHOK TIPH 3TUX TemmepaTypax Ha padory OIIT.

Jlpyroii BaKHOM 0COOEHHOCTBIO, BBISIBICHHON B ATHX SKCIIEPUMEHTAX, SABIISETCS JOBOJIBHO
XOpolIasi KOppesius MaKCUMalbHOM MOABMXHOCTU Hocutenen 3apsaoB B OIIT, momydyeHHoi
Ut oTOXOKeHHBIX TieHOK [1JIW, u sHTamenuii (AH) cooTBEeTCTBYIOMMX (ha30BBIX MEPEXOI0B
(OnmmxadmMX K TeMmIepaTrype OTKura, pucyHok. 290). JleWcTBUTENbHO, MEPUICHAUUMUIBI C
kopoTkuMu (Ca, Cs), nmuaabiMu (C1o) 1 pazBerBiieHHbIMH (EH) ankunbHbIMU OOKOBBIMH LIETISIMU
MoKa3ajgl HauWMeHbIINe 3HaueHus: AH W HauMEHbIIYI0 TOABM)KHOCTH HOCHUTENEH 3apsja.
Hampotus, mis nepuineHAMUMUAOB ¢ 00koBbIMU 1iensiMu cpenner amuHbl (Ce, C7 u Cs) Obun
BBISIBJICHBI CaMble OOJIBbIINE SHTAIbIUH (Ha30BBIX MEPEXOI0B U CAMbIE BHICOKUE MOJBIKHOCTH B
OIIT. Tonwko misg PDI-C12 Takas koppensius He HabmogaeTcsl, TOCKOIbKY ero AH 3HauuTeabHO
BBIILIE, B TO BPEMsI KaK ITOJBUKHOCTD 4 3HAUUTENBHO HIKE IO CpaBHEHUIO, Hanpumep, ¢ PDI-C6.

DTO0 pacx0oXkJA€HUE MOKET ObITh CBSI3aHO C HAJMUKEM JBYX pa3HbIX MOIUMOPQOB B maeHkax PDI-
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C12, yTo npUBOAUT K JAOIMOJHUTEIBHOMY Pa3yIOpPsI0UEHUIO U YXY/IIA€T TPAHCIIOPT HOCUTENIEH
3apsza.

Haiinennas koppensiuus Mexay HTaNbIusAMHU (a30BOro Mepexoza MolynpoBOIHUKOBBIX
MaTepUajoB M MX 3uleKTpudeckumu xapakrepuctukamu B OIIT ne ynuButensHa. C omHol
CTOpPOHBI, 3HaueHue AH MOXHO paccMaTpuBaTh KaK OOIIMH BBIMIPHII HHEPTUU  OT
MEXMOJIEKYJIIPHBIX B3aWMOAECUCTBUNM MOJIEKYJ MOJYNPOBOAHMKA B Kpuctamnax. C apyroi
CTOpPOHBI, TPAHCIIOPT HOCHUTEJIEH 3apsJia B TOHKUX IIJICHKAX OPraHUYECKUX IOIYNPOBOJAHUKOB B
OCHOBHOM 3aBUCHUT OT J(Q(QEKTUBHOCTH 3NIEKTPOHHBIX B3aUMOJAEHCTBHM MEXIy COCEIHUMHU

MOJIEKYyJIaMH B cTorike [174].
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Pucynox 29 — CpasneHue onmumanbHblX meMmnepamyp Omicuead MOHKUX NIEHOK,

obecneyusarowux naunyyuue xapakmepucmuxku OIIT, ¢ memnepamypamu ¢hazo8vix nepexooos
IIJIN (a); xkoppensayus mexcoy Hauborbwumu noosuxcHocmamu Hocumenet 3apsoa 6 OIIT na
ocnoge [I/IU u usmenenuem sumanvnuii ux ¢hazoswvix nepexooos (6)
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Takum 00pa3oM, MPOBEJEHO CUCTEMATHUECKOE HMCCIIEJOBAHUE BIMSHUS TEPMUYECKOIO
OTXHra TOHKUX IJIEHOK BOCBMHU PA3JIMUYHBIX EPUICHIUMMHIOB HA XapaKTEPUCTHKH UX PabOThI B
OpPraHMYECKUX TMOJIEBBIX TpaH3ucTopax. JIs Bcex coeAMHEHUWM omnpezeneHbl TeMIepaTypsl
¢azoBbix nepexonoB ¢ nomoibio JICK aHamu3a. YcTaHOBIIEHBI KOPPEIALUU MEXIy (a30BBIM
MOBE/ICHUEM 3aMEILEHHBIX NEPUIICHAUMMUIOB U JJIMHOW aJKWIbHBIX IENel, BXOIAIMX B HMX
cocTaB. BbIsBIEHHBIE B3aUMOCBA3M MEXIy (Da30BBIMU MEpPEXOJaMHU, TEPMUYECKUM OTKHIOM
IUIGHOK W MapaMeTpaMu paboTbl B OPraHMYECKHUX IOJIEBBIX TPAH3UCTOpPaxX OOBACHEHBI C
OpUBJICUECHHEM JaHHbBIX O Mopdosorun MiIeHoKk nepwieHauuMuaoB (ACM) u  ux
kpuctanueckoM ctpoernu (GIWAXS). HaiiieHHble 3aKOHOMEPHOCTH MOTYT OBbITh IOJIE3HBIMU
npu pa3pabOTKe HOBBIX IOJIYNPOBOJHUKOBBIX MATE€PHUATIOB U BBICOKOAI(P(PEKTUBHBIX YCTPOMCTB

OpFaHquCKOﬁ 9JICKTPOHUKHU HA UX OCHOBC.

3.3 Baunsinne tremniiaTHoro 3¢ggexra 1M31eKTPUKA HA KPUCTANIHYECKYIO CTPYKTYPY U

IICKTPUHYECCKHUE XAPAKTCPUCTUKHU OPraHUY€CKOI0 IOJYIIPOBOAHUKA HHAUT O

BrinonHenHsle paHee uCCAEAOBaHUS IMOKa3ajid, YTO UHAUIO, KPACHTENIb MU3BECTHBIA C
JPEBHEUIINX BPEMEH, MPOSIBIIIET CBONCTBA aMOUIIOJISPHOIO MOJIYIIPOBOJAHUKOBOIO MaTepHaa ¢
XOpOIIO cOaTaHCUPOBAHHBIMU IMOJBKHOCTAMU HocuTenel 3apsiaa [ 175]. CtpykrypHas Gpopmyna
uHAUTO npeactapneHa Ha pucyHnke 30. [Toka3aHo, 4TO XapakTEepUCTUKU TPAH3UCTOPOB HA OCHOBE
WHJUTO CWJIbHO 3aBUCAT OT THUIIA HMCHOJB3YEMOro IUdJeKTpuka. Hawmyudinume siexrpuueckue
XapaKTEePUCTHKH OBUIM TOJYYeHBl Ha alu(paTHYECKHX YTIICBOJOPOTHBIX IHIJICKTPUKAX:
terparerpakonTane (Cs4Hoo) 1 monustunene. Huszkas moaABMXKHOCTH B TPAH3UCTOPaX n-THIA ObL1a
IPOIEMOHCTPUpPOBaHa Ipu ucnonb3oBanun BCB B kauecTBe auanexrpuka [176]. B Toit ke pabote
YCTaHOBJIEHO, YTO UHUTO HE MPOSBIISET MOJTYTPOBOJHUKOBBIX CBOMCTB HA TAKUX AUAJICKTPUKAX,
KaK IOJIMBUHUJIOBBIN CIUPT, ILIEJUIaK, MEJIAaMUH, aJleHUH, TYaHUH, a TaKK€ Ha YUCTOM OKCHJIE
amomunusi [175]. Tlocie 3TuxX mepBBIX pabOT emie ABa TaJOreHCOIEPIKAIIMX MPOU3BOIHBIX
WHAUTO OBUTH JIeTATbHO UCCIEI0BAHbI B KAYECTBE MaTEPUaJIOB MOIYNPOBOIHIUKOBOTO ciiosi B OIIT
u muonax [177—180]. Tem He MeHee, SKCIIEPUMEHTATBLHOTO 00BICHEHUS CTOJIb CHIIBHOTO BIUSHUS
JMRJIEKTPUUECKON NOI0KKHU Ha XapakTepuctuku OIIT Ha ocHOBE HHIUTO 1aHO HE OBLIO.

B nanHoil paboTe ¢ HCIOJNIB30BAHUEM IIUPOKOYTIOBOIO PEHTTEHOBCKOTO pPacCesHUs B

CKOJIB3AIIEM IMydKe® IOKAa3aHO, 4YTO anuaTHUecKMe YTICBOAOPOAHBIE IEMU HMIPAIOT pOJb

> Tu)paKLIMOHHbBIE H3MEPEHUS IS [IOJIYYEHHBIX HAMK 00pPa3LoB BHINOIHEHBI K.(.-M.H. JI. B. AHOXUHBIM 1
kojuteramu B MI'Y um. M. B. JlomonocoBa
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TEMILIaTa, KOTOPbIH HWHAYIHPYET (GOPMHPOBAHNE HOBOW KPHCTALUTUYECKON CTPYKTYPHl HHIUTO,
Omaromaps yemy yaydmatorcs xapakrepuctuku OIIT [181].

[lepBoHauanbHO OBIIO U3YUYEHO BIMSHUE TUAIEKTpUKa Ha xapakrtepuctuku OIIT
Ha ocHoBe MHIUTO (prcyHkH 30, 31, 32). B kauectBe OypepHBIX TUIIEKTPUUECKUX CIIOEB MEXTY
CIIOSIMH OKCHJa AQIIOMUHHSI ¥ TIOJXYNPOBOJHHKOBBEIMH TuleHKamMu uHauro B OIIT Opum
WCITOJI30BaHbI MOTUBUHUIOBEIN criupT (PVA), monumepHoe mpou3BOAHOE OCH30IMKIOOyTEeHA
(BCB), terpakonTan (CaoHs2, TC) n napadun (cMech yrieBogopoa0B HOPMAIBHOI'O CTPOCHHUS
Ci8-Ca0, PF) (pucynok 30). VMcnonb3oBaHue cepeOpsSHHBIX 3JEKTPOJOB JiI CTOKA U HCTOKA
MO3BOJIMJIO M3TOTOBUTH TPAH3UCTOPHI n-Thma (pucyHok 31), B TO BpeMs Kak amMOWTIOJSPHBIC

YCTpOKCTBA OBUTH M3TOTOBJICHBI C UCIIOIB30BAHUEM 30JI0THIX AJIEKTPOOB (pUCYHOK 32).

O K BCB si-

O ad O i %

Ry o o I, r
N oo DS
H (), IOSI.:.; )

o anne
Huauro

Ilapadun: cmecs yreBojopoaoB

OH ot CygHg, mo CyHg,
PVA TC: CyoHg,

Pucynok 30 — Cxema OIIT, a maxoice cmpykmypHule popmynvl unou2o u 0yghepHuix
OUDNIEKMPUKOB

1E-11 4 1E-11

1 3 5 ViV 1 3 2 Vas: V

Pucynox 31 — IIpoxoousie xapakmepucmuku noiedblx mpan3ucmopos n-mund ¢
oypeprvim ousnexkmpurxom na ochose TC (a) u PF (6), BCB(8), PVA (2)
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B nemsix cpaBHeHus, npoxonanble xapakrtepuctuku OIIT n-tuma ¢ ucnonb3oBaHHEM
YeThIpeX pPA3JIMYHbIX OPraHUYECKUX JUAJIEKTPUKOB JaHbl Ha rpadukax ¢ OJUHAKOBBIM
MaciTaboMm mkaisl (pucyHok 31). BugHo, uro ycrpoiictBa ¢ 6y hepHbIM AUIIEKTPUYECKUM CIIOEM
Ha OCHOBE JUHEWHBIX anupatuueckux yriaeBoaopoaos (TC u PF) 3HaunTensHO MpeBOCXOAAT MO
ceouM xapakrtepuctukam OIIT ¢ gudsnextpuueckumu ciosimu Ha ocHoBe PVA u BCB.
AHaslorn4Hble pe3ysbTaThl ObUIM NoyuYeHs! U A amounossapHelx OIIT ¢ 30710TeIMU BEpXHUMHU

anekTpoaamu (pucyHok 32, tabnuna 11).
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Pucynox 32 — IIpoxoousie xapakmepucmuku amOUnoIsapHuIX NOAEEbIX MPAHIUCOPOS C
oypeprvim ousnexkmpuxom na ochose TC (a) u PF (6), BCB(8), PVA (2)

Ectp  HeckombkO  BO3MOXHBIX NPUYMH  HAOIIOJAEMOrO0  CUJIBHOTO  BIIMSHUSA
JUAJIEKTPUUECKOTO MaTepuala Ha XapaKTepUCTUKH TPaH3UCTOPOB. OOHA W3 HUX - BBICOKAs
[IEpPOXOBATOCTh MCIOJIB30BAHHBIX AMAICKTPHUUECKUX MOKPHITHIA. V3BeCTHO, 4TO OoJsiee riagkue
TUAJIEKTPUYECKUE CJIOU, KaK TpaBuio, naioT jyumue xapakrepuctuku B OIIT [182]. C atoit
nenbio Obula uccieqoBaHa MOP(OJIOTUS TMOJYYEHHBIX JUAJNIEKTpUYECKUX IieHok. Ha
M300paKeHHsIX, MOMy4YeHHbIX ¢ momoisio ACM (pucynok b.1, mpunoxenue b), BugHO, 4TO
MOKPBITHS HAa OCHOBE MOJMBUHUIOBOTO criupTa 1 BCB 6oree rmaakue mo cpaBHEHHIO C IMIICHKAMU
Ha OCHOBE mMapaduHa M TETpakOHTaHa. B TO ke Bpemsi, BCe IUICHKH MOKa3aJid IMIEPOXOBATOCTh
nopsiaka 10 HM, 4TO HE MOXET OOBSICHUTH HaONIOJaeMble pazluuMsi B DIEKTPHUUECKHUX

XapaKTepUCTHKaX YCTPOICTB.
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Tabnuya 11 — Xapaxmepucmuku OIIT na ocnoge uHOu2o, GbIPAULEHHBIX HA PATUYHBIX
OUDIeKMPUKAX

Marepuain Tun
JIMdIeKTpHK BEPXHHX HOCHTENS V1H, B Ton/IorF u, cm’B ¢!
3NEKTPOJIOB 3apaja
Ag n 2,5 2-10° 2,0-107
PF Au n 4.4 3-10° 2,0-10°
Au p -3,4 1-10° 7,0-10*
Ag n 3.0 10* 3,0-107
TC Au n 3,1 3-10* 5,4-107
Au p -6,0 2103 2,4-10°
Ag n 1,5 1-10? 1,8-10*
BCB Au n 2.9 3-10% 1,5-10*
Au p - - -
Ag n 2 10 <10
PVA
Au p - - -

CuMBOI «-» 03HA4YacT, YTO TPAH3UCTOPHBIX XaPAKTCPUCTUK B YCTpofICTBaX 06Hapy>1<eH0 He OBLIO

Onmaum w3 QaxropoB, Biumstommx Ha xapakrepuctuku OIIT, sBisercs mopdomorus
HOJYIPOBOJHUKOBBIX ~ IUIEHOK, KOTOpas MOXET 3aBUCeTb OT THNA HCIOJIb3yEeMOro
JIU3JIeKTpudeckoro nokpeitus [183]. M3o0paxenus, nmomyueHHbIX ¢ nomouibio ACM, nokasanu,
YTO JUAIEKTPHUUECKUE MaTepuaibl OKa3bIBAIOT 3HAYUTENBHOE BIMSHUE HA TOMOTpaduio
BBIPAIIICHHBIX MOBEPX TUVICHOK HHAUTO (PUCYHOK 33).

IToxoskue pe3yabTaThl ObUIM MOJyYEHBI PH UCCIIEAOBAHUM TUIEHOK MHANUIO C MOMOILBIO
COM. U3 pucynka 34 BUIHO, YTO MHAWUTO 0Opa3yeT IIEpPOXOBATYIO IUICHKY C XapaKTE€pPHBIMU
«XJIOTIbSIMMY» HA TOJIMBUHUIIOBOM CIIUPTE, YTO MOXET OOBSICHUTh HU3KHE XapPAKTEPUCTUKU 3TOU
cuctemsl B OIIT. B TO xe BpeMs, MOXKHO ObUIO OBl 0XHAATh, YTO HauOoOJIee YNOPsSIOUYEHHBIE
IUIEHKU UHAWTO, chopMupoBaHHble Ha BCB, 10KHBI IPOAEMOHCTPUPOBATH JIyUIIHE 3apsa0BO-
TPAHCHOPTHBIE CBOWCTBA IO CPABHEHHUIO C IUIEHKAMH, BBIPAIlEHHBIMH HA TETPAKOHTAHE U
npaduHe, y KOTOPbIX HaOMIONAIOTCS COydailHbIM 00pa3oM pacrpeielieHHbIe «XJIOMbsh». OqHaKO
HaOmogaembie xapaktepuctuku OIIT (Tabmuna 11) He COTBETCTBYIOT 3TUM OXUIAHUSAM. Takum
00pa3zoM, HaJTyUIIHue XapaKTEePUCTUKH JIJIsi CHCTEM TETPAKOHTaH/WHIUTO U TTapaduH/UHIATO BPSIT

JIA MOKHO OOBSCHUTH TOJILKO Mop@onomeﬁ MMOJIYITPOBOAHUKOBBIX IIJICHOK.
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15 20 pm

Pucynox 33 — Tonoepaguueckue uzobpaxcenus (ACM) moHKux nieHoK uHouzo,
HaHecenHble Ha mempaxonman (a), napagun (6), BCB (8) u norusununossiii cnupm (2)

Pucynox 34 — Muxpogomoepaguu monxux niaenox unoueo (CEM), HanecenHbix Ha
mempakonman (a), napagun (6), BCB (8) u nonusununogwiii cnupm (2)

Uto6b! riry0rKe MOHATh MPUYUHBI Pa3INUUi B AJIEKTPUYECKUX CBOMCTBAX MJICHOK MHIUTO,
BBIPAIICHHBIX Ha Pa3HBIX TUAIIEKTPUKAX, ObUIO MPEANPUHATO CHCTEMAaTHYECKOE HCCIEOBaHNE

OTUX CHUCTEM C HCIHOJB30BAHUC HIMPOKOYIJTIOBOI'O PCHTICHOBCKOI'O PACCCAHUSA B CKOJIB3ALICM
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nyuke (GIWAXS)S. Bputi u3ydeHsl IIIEHKH MHAUTO pa3ituuHoil Tosmuusl (70 HM — 2500 HM),
HaHECEHHbIE Ha KPEMHUEBBIE MOJUI0KKH, TIOKPBITBIE PA3IMYHBIMU AUIIEKTPUKAMH.

IToka3aHo, YTO TOHKME IUIEHKH HHJWIO, BBIPALICHHBIE Ha MapaduHe, AEMOHCTPUPYIOT
HaOOp pedreKcoB, OTIMYHBIA OT HabOIIOJaeMOro Uil MJICHOK, BhIpameHHbIX Ha BCB u PVA
(pucynoxk 35). ITnenku, Boipaniennbie Ha BCB, 001a1ai0T BRICOKOH KpUCTAUIMYHOCTHIO0. Ha mx
JBYXMEPHBIX AU(pakTOorpaMmax BHIHO OJHOOCHOOPUEHTHUPOBAHHYIO TEKCTYPY ¢ MHTEHCHBHBIM
MUKOM C MEXILIOCKOCHBIM paccTostaueM d = 8,27 A, xotopoe coorserctByer peduekcy 100
CTpyKTypbI P21/c [184] ¢ 0CbIO @ OpUEHTHPOBAHHOW MEPIIEHAUKYIISPHO MOAJIOKKE. AHAIOTUYHBIC

peduiekchl HabMIOAAIOTCS U TSI TUICHKH WHANTO, BeIpanieHHo Ha PVA (pucyHok 35 nu e).
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Pucynox 35 — Jugppaxmozpammer (GIWAXS) nnenox umouco, evipawjenuvie na BCB
(70um) (a), napagpune (70um) (8), noarusununosom cnupme (50um) (0); usmenenue 08YXMepHbIX
npoghuneii ¢ ysenuyenuem moawuHbl NIEHOK UHOU2o, Hamecennvix na BCB (6), napagun (2),
NOIUBUHUTIOBYLLL Cnupm (e)

® nmupaKLMOHHbBIE H3MEPEHHS UL MOJTYYEHHBIX HAMH 00pPa3LoB BHINONHEHBI [, B. AHOXMHBIM M KOJUIETaMH B
MI'Y um. M. B. JlomonocoBa
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HampoTtuB, mieHKM UWHAWTO, BbIpAllleHHblE Ha mapaduHe, JAEMOHCTPUPYIOT [1Ba
MepHINOHATBHBIX TINKA C MEKILIOCKOCTHEIMHU paccTosausamu d=8,27 A (100) u d=10,78 A (100%)
(pucynok 35 B, r). Kpome Toro, oTHoCHTenbHAs MHTEHCHBHOCTh HOBOTo muka c¢ d=10,78 A
YMEHBIIAETCS ¢ YBEIMUCHHEM TOJIIMHBI HAHECEHHBIX TUIEHOK nHAuro. Habmonaemoe noseenue
MEPHUIMOHAIBHOTO pediieKca CBUAETEILCTBYET O (POPMUPOBAHMM HA MEXKCIOEBOW TI'paHHULE C

JTUBJIEKTPUKOM HOBOM KPUCTAUINYECKON MOAU(PHUKAIIUN HHIIUTO C YBETMUCHHBIM TapaMeTPoM a.

Pucynox 36 — Ilpoexyuu snemenmapHotl sueuxku 6 niockocmu a-b ona xnaccuueckoi
MOHOKIUHHOU CIPYKMYPbL UHOU2O0 (@) U UCKAHCEHHOU CIMPYKMYPbl UHOUSO, hopmupyrowelcs Ha
nosepxnocmu napagumua (6)

[MomuepkHem, 4To MepuauoHanbHbIM muk 100* Habmogancs BOCIPOM3BOIUMO IJIs BCEX
IUIEHOK MHJUro, BoipamieHHbx Ha PF u TC. Jns nneHok unauro, BeipameHHslx Ha BCB u PVA
(pucyHok 35 B, 1) mepuanoHansHoro nuka 100* ma mudpaxrorpammax GIWAXS obHapykeHO
He Ob110. Takum 0Opa3oM, HOBasi KpUCTa/UITMUECKass MOAU(pUKaIUS HHIUTO POPMUPYETCS TOITBKO
Ha amudarndeckux auektpukax PF um TC. Dtu pe3ynbraTsl HOJHOCTBIO KOPPEIMPYIOT C
NeKTpudyeckuMu  xapaktepuctukamu OIIT  Ha OCHOBE HHAWIO, W3rOTOBJIEHBIMH C
ucnonszoBanueM PF, TC, BCB u PVA B kauecTBe AM31I€KTpUKOB. BbIsBIECHHass Koppensuus
yOEIUTENIbHO CBUAETEILCTBYET O TOM, UYTO YJIYYIIEHHUE MOJYIPOBOJIHUKOBBIX CBOMCTB MHAMIO,
HAaHECEHHOr0 Ha anudaruyeckue JUIIEKTPUKU, CBA3aHO C OOpa3oBaHMEM  HOBOM
KPHUCTANTNYECKON MO (pUKaIIUH.

Jlnist 00BsCHEHHS YTy UIIEHH 3apsI0BO-TPAaHCIOPTHBIX XapakTepucTk B OIIT ans HoBoi
KPUCTAJUTMYECKOM MOAM(PUKAIMK HWHIUTO OBLJIO TPOBEACHO TMPOCTOE T'€OMETPUUYECKOE
MojenupoBaHue. Ha pucyHke 36 mMOKa3aHO, YTO MEXILUIOCKOCTHOe paccrosHue d=10,78 A
BO3HHMKAET M3-3a UCKAXEHUS MOHOKIMHHOM SYEHKH MHAMUIO BAOJb KpUCTaIorpaduueckoil ocu

a. B T0 ke BpeMs1, MeXIIOCKOCTHOE pacCTOsIHUE d BIOIb OCH b JOIKHO OBITH YMEHBIIEHO ¢ 5,77
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10 4,45£0,01 A ¢ yuetoM M3MEHEHMs YIJIOB HAKJIOHA MOJEKYJ. JTa BEIMYMHA MAEANbHO
COOTBETCTBYET pPACCTOSHUIO MEXIY COCEAHUMU JMHEHHBIMU anu(aTHYeCKUMU LEMsIMU
CH3(CH2)nCH3, wu3BecTHOMY, K HpuUMepy, M3 HCCIEIOBaHMA OpTOPOMOMYECKON (a3bl
nonmaTiiieHa [185]. Takum oOpa3oM, ynopsaoYeHHbIE anu(aTuyecKie yrieBoJOPOIHbIE HEMH
UTPAIOT POJIb TEMIUIATa, KOTOPHIA MPOMOTHPYET KPUCTAJUIM3AIUIO MOJIEKYJ HHIUTO B HOBOU
MCKa)KEHHOH MOHOKJIMHHOM cTpyKType ¢ d*= 10,78 A (100*) u d°= 4,45 A (110*). Kpome Toro,
MOJIEKYJIbl MHJIWTO B HOBOW CTPYKType B MEHbIIEH CTENEeHW HAKIOHEHBI MO OTHOUICHHIO K
IJIOCKOCTH JUDJIEKTPHYECKON MOMIOKKK (Yron HakioHa ymeHbineH ¢ 54° mo 40°), uro
OJIaronpHATCTBYET JaTepaIbHOMY TPAaHCTIOPTY HOcUTeneH 3apsaaa B kaHaie OIIT. YMeHbIIeHHBIN
Yol HAKIOHA M MEXMONEKylspHoe paccrosHue (paccrosuue d® Bons ocu b) ycunupaer
3IIEKTPOHHBIE B3aUMOJICHCTBUS MEXIY COCETHHUMU MOJICKYJaMH MHIHUIO B CTOIKE, TEM CaMbIM
oOerdast TpaHcniopt 3apsaa. [1o Bceit BuauMocTn, 00HapyKEHHbBIE CTPYKTYPHBIE U BBITEKAIOIIHNE
U3 HHUX DJJEKTpoHHBIC d(]dekThl obecrneunBaroT yiaydimieHHble xapaktepuctuku OIIT,

HaOI0JaeMbI€ U1 HOBOM KPUCTAILTUYECKOW MOAU(UKAIINK UHIUTO.

J-nonoca
H-nonoca |

1,04

---- MHOWIO B pacTBope
nHguro/TC
nuauro/PF
nHauro/PVA
nHguro/BCB
mHguro/glass

Hopwm. nornouleHue, o.e.

0,0 T T T T
400 500 600 700 800 900

OnunHa BonHbI, HM
J-arperaTt H-arperar

)

Pucynok 37 — CpasHenue HOpMANIU308AHHBIX CNEKMPOSE NIEHOK UHOUSO, BbIPAUEHHBIX HA
PA3HBIX OUDIEKMPULECKUX NOOJIOHCKAX U CNEKMPA UHOU2O 8 pacmeope (Ceepxy), cxemamuieckoe
usobpadxicenue ynakosku MoaeKyl UHOU20 OMHOCUMENbHO NOON0HCKU npu ghopmuposanuu J- u H-
azpeeamos (CHus3y).

Eme opHOit BakHOW OCOOCHHOCTHIO, OOHAPYKEHHOM HOBOM KPHUCTAITUYECKOM
MOTU(PUKAIMA WHIIUTO SBISICTCS MEHBIIUI CABUT MOJICKYJI TI0 OTHOIICHHUIO JIPYT K APYTY B -7
ctornke. CTONKHU MIIOCKUX MOJIEKYJ ¢ OONBIINM CMEIIEHHEM COCEIHUX MOJIEKYJ Ha3bIBAIOTCS J-
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arperatramu [186]. ¥V umnauro HaGmronaercs OATOXPOMHBIM CIBHUI MOJIOCHI IMOTJIOLIEHUS MpU
IIEPEX0/Ie U3 PACTBOPA B TBEPJOE COCTOSIHUE, YTO TUIIMYHO Ul J-arperatoB. Tem He MeHee, HOBas
MOJU(UKALMS UHANTO XapaKTepU3yeTcsi TOpa3io MEHbIINM CMEIIEHUEM MOJIEKYJT OTHOCUTEIBHO
JpyT Apyra B CTONKeE, yTo Oojee xapaktepHo it H-arperatos. Jlinst H-arperatoB xapakTepHBI
TUIICOXPOMHBIE CIIBUTH I0JIOC IOTJIOLIEHUS NP MEPEXO/E M3 pacTBOpa B TBEPAOE COCTOSHUE
[186]. CpaBHEHME CIEKTPOB MOTJIOMICHUS TIJIEHOK MHIWTO BBIBUIIN SIPKO BBIPAYKEHHBIN BKJa1 H-
HOJIOCHI JUIs IUIEHOK, HAHECEHHBIX Ha anmudarudeckue qudnekTpuku (PF u TC, pucyHnok 37), uto
TaKXe COOTBETCTYET (POPMHUPOBAHUIO HOBOM KPUCTAILTMUECKON MOIU(PUKAILIMHA UHIUTO U XOPOILIO
cornacyercss ¢ gaHHbIMH GIWAXS u xapaxrtepuctuxkamu B OIIT. CymectBoBanue ABYyX
noJIMMOop(hOB UHIUTO OBLIO TIOITBEPXKACHO B OoJiee mo3aHei padore [187].

Takum oOpa3oM, B 3TOM yacTh pabOThl OBUIO YCTAaHOBJIEHO, YTO YIJIEBOJOPOJTHBIE
JUDJIEKTPUKA MOTYT CIIYXKUTh TEIUIaTaMH, W3MEHSIOIMMMH KPUCTAIIIMYECKYIO CTPYKTYpY,
ONTHUYECKUE U JIEKTPOHHBIE CBOWCTBA MPHJIEKAIINUX CIIOEB MOJYNPOBOJHUKA. JTU PE3YJIbTaThl
OTKpPBIBAaIOT HOBBIE  BO3MOJKHOCTH  JUIl  CYNPaMOJIEKYJSIPHOM  WH)KCHEPUM  T'PaHULBI

HOJYIIPOBOIHUK/AUIIEKTPUK.

34 BausiHue XxuMn4ecKom (1)yHKIIHOH3J'IPI3aIII/II/I OPraHUu4€CKoOro 1nmoJynpoBoJaiHuKa Ha

IICKTPUUYCCKUE XAPAKTCPUCTUKHU OPraHU4Y€CKHUX MOJEBLIX TPAH3UCTOPOB

B sT10#1 yactu paboThl ObUT HCCIEAOBAH MOTEHIMAT XUMHUYECKOW (PYHKIMOHAIU3AIUU
UHJIUTO KaK MOAXO0Ja K CO3JAHHI0 HOBBIX OPraHUYECKUX IOJYNPOBOJHUKOBBIX MAaTEpUANIOB C
yiay4lieHHbIMU cBoricTBamu [174; 188]. beumm CHHTe3Hp0BaHLI7 U HCCIeOOBaHbl OBEHAIIATH
NPOM3BOJIHBIX MHAWTO (PUCYHOK 38) C IIeNbI0 BBISBICHUS (DyHIaMEHTAJbHBIX B3aUMOCBS3EH
MEXIy MOJIEKYJSIPHBIMH CTPYKTYpPaMHM COEJUHEHMH, MX KpPUCTAUVIMYECKOM YIMaKOBKOM,
MOp(OJIOTHEN NMIEHOK, ONTUYECKUMH, JIEKTPOXUMUYECKUMU U JIEKTPUUECKUMHU CBOWCTBAMH, a
TaKXKe JKCIUIyaTallMOHHOW CTaOMJIBHOCTBIO TPAaH3UCTOPOB HAa MX OCHOBE B YCJIOBHUSX
OKPYXaIOIIEH CPEBL.

Mpbl MOIUQPHUIHUPOBATH CTPYKTYPY NPOMU3BOJAHBIX HWHAWTO DJIEKTPOHOAKIENTOPHBIMA
rpynnami, TakuMu Kak aromsl rajgoreHa, CN u CF3, Tak kak O0XHMIaJoCh, 4TO BBEICHHE

AJIEKTPOHOICHUIIMTHBIX 3aMecTuTeNield CHU3MT ypoBHH 3Heprud HCMO »Tux MoJjekyn 1o

CpaBHCHHIO C HCXOJHBIM HWHIUIO. KpOMC TOro, Takas MO,Z[I/I(I)I/IKB.L[I/IH AOJIDKHA IIPUBECTH K

7 Cunres Obu1 ocyutectsiied M.B. Kiiumosuy 8 ®TBYH OUIT IIXD u MX PAH (;126. DMOM)
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YIIYUYIIEHHOW CTAaOMIBHOCTU UX aHUOHOB, YTO HE0OX0oauMo Jytst crabmibHOM padoTel OIIT n-tuma

B YCIIOBUSIX OKPY>Kalollei cpeapl.
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Pucynox 38 — Monexynapusie popmynst ucciedo8anHulx NPOU3BOOHbIX UHOUSO

3.4.1 HccaenoBanue ONTHYECKUX H FJIEKTPOXMMHYECKHX CBOMCTB NMPOM3BOAHBIX HHIUTO

B PaCTBOpPE€ M1 B TOHKHUX IVICHKaX

Jis mpou3BOAHBIX UHANTO 1-12 OBLIM CHATHI CLIEKTPHI MOTIOoMEeHus B 1,2-1uxnopoensose
IpU HarpeBaHWM U B TOHKUX IUIEHKaX (pucyHOK 39). M3BecTHO, 4TO MHIUTOIIBI 00JIaaroT
BBICOKOM UYBCTBHUTEIBHOCTHIO K DJJCKTPOHHOM TMPHUPOJE BBOAUMBIX 3aMECTUTENIEH M HX
nojoxkeHueM B sifape uHauro [189]. JlelicTBUTENbHO, BCE COCIWHEHUS MPOJAEMOHCTPUPOBAIH
XapaKTepHbIE CIIEKTPHI MOTIIONICHHUS. B MOTHOM COOTBETCTBUY € TUTEPATYPHBIMU TaHHBIMH [ 189],
6,6-1UranoreH3amMenieHHble MHAMTOUABl TOKa3ajdd THICOXPOMHBIA CIBUT IO CPaBHEHHUIO C
MCXOJIHBIM MHJIUTO, & BEJIMYMHA 3TOTO CIIBUTA PACTET C YBEIHMUYCHUEM HJICKTPOOTPHUIIATEIIBHOCTH
ranouubix 3amectuteneit: 1 (F)>>2 (CI) ~ 3 (Br) > 4 (I).

CunbHbIe 3NEKTPOHOACPUIIMTHBIE HETaNOUAHbIEe 3amecTuTenu, Takue kak CF3 u CN,
IPUBOAT K HEOONbIIOMY (5) wiu 3HAUUTETFHOMY (6) 6ATOXPOMHOMY CABUTY aHAJIOTUYHO 6,6'-
JTUHUTPOUHIIUTO, O KOTOpOM coobtranock panee [189]. B To xe Bpemsi, BBeJeHUE TaJlOUIHBIX
3aMECTHUTENICH B MOJOKEHUIX S 1 5' sigpa MHAUTO oOecrieurBaeT CIadblii 6aTOXPOMHBIN C/IBUT,
BEJIMYMHA KOTOPOTO TaKXK€ YBEIUYHMBACTCS C POCTOM AJIEKTPOOTPHUIATETFHOCTH aTOMOB
ranoreHoB 9 (Br) <8 (CI) <7 (F).

Cnyuaii Terpadropuuauro 10 JTOBOJIBHO cCHENU(HUYCH, TOCKOJIBKY OH COJCPIKHT
3aMecTuTeNn (GTopa B TOJOXKEHUSAX S m 5', a Takke B 6 U 6', KOTOpbIC BBI3BIBAIOT

IMPOTHUBOIIOJIOKHBIC 3JICKTPOHHBIC S(I)q)eKTBI. 910 MNpUBOAUT K TOMY, YTO IIOJIOCA IMOTJIOIICHUA
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coenquHenuss 10 ¢ MakcumymoMm mpu 586 HM 3aHMMAET MPOMEXKYTOYHOE TMOJOKEHUE MEXKIY
Makcumymamu nosioc audropuaoB 1 (525 am) u 7 (618 HM) COOTBETCTBEHHO.

Habmronaembie 6aTOXpOMHBIE M TUIICOXPOMHBIE CABHUTH TMOJIOC MOTJIOMICHUS HHIUTOUIOB
1-12 o cpaBHEHUIO C HCXOJHBIM HHIUTO B PACTBOPE CTAHOBSTCS €lie 0osee BEIpaKEHHBIMU TPU
nepexojie K TOHKUM IUleHKaMm (pucyHok 39, tabmuma 12). [Ipeanonaraercsi, 4To TpUYUHON
TUTICOXPOMHBIX CIIBUTOB TIOJIOC TTOTJIOMICHHS MOXET ObITh 0Opa3oBanue H-arperaros [186], uto
croco6cTByeT 3QGEeKTUBHOMY TMEPEHOCY 3apsijia B MOJYINPOBOJHUKOBBIX IJIeHKaxX. Hamportus,
06aTOXpOMHBIH CABHT MOJIOC B crieKkTpax coenquHenuit 11 u 12 npu nepexoie OT pacTBOpa K TOHKUM
IUICHKaM yKa3bIBaeT Ha oOpa3oBaHME J-arperaToB B TOHKUX IUIeHKax [186], uro 3arpynHser

TPAHCIIOPT 3apsija.
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Pucynox 39 — Cnexmpwi noanowjenusi npou300HbIX UHOU20 8 2opsavem 1,2 ouxnopbenzone
(a) u 6 nreukax (6)

beun umccnmemoBaHbl TakKXKe AJIEKTPOXMMHYECKHE CBOWMcTBAa coeauHeHuit 1-12 ¢
UCIIONB30BAaHUEM METOJa IMKIMYECKON BolbTammnepomeTpuu. I[lneHku ObUIM HaHECEHBI

TCPMHUYCCKUM UCIIAPCHUCM HAa NUCKOBBIC SJICKTPOAbI U3 CTCKIIOYTJICPOAA. CTaHHapTHLIﬁ noaxond,
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onucaHHbI B nuteparype [190], Taxke ucnonpzoBaics s oueHku sHepruit BAMO u HCMO
UH/IUTOU/IOB Ha OCHOBE UX JJEKTPOXUMHMUYECKUX XAPAKTEPUCTKU C HCIIOJIBb30BAaHHEM SHEPIHU
®epmu - 5,1 5B g napel Fe'/Fe. Kak Bugno us Tabaunpl 12, pucynka 40, pucynkos B.1, B.2
(mpunoxxenue B), BBeneHune 1ByX aTOMOB XJiopa Wi Opoma B SIpO MHAWUTO BIUSET B OCHOBHOM
Ha 3Heprun B3MO nonydeHHbIX coennHeHu#, B To BpeMs Kak ux ypoBHu HCMO ocratorcs
HEM3MEHHBIMH T10 CPABHEHHUIO C UCXOAHBIM HHANUTO (~ 3,9 3B). 3T0 MOKXHO OOBSCHUTH TEM, YTO
HCMO B uHIuro j10Kajau30BaHa B OCHOBHOM Ha KapOOHMJIBHBIX TpYyINax M, CIe0BaTEIbHO, HE

JOJDKHAa OBITE YYBCTBUTCIIbHA K 3aMCIICHUIO B OEH30IbHBIX KOJbLax.

600
400

200 1

-200

-400 T T T T T T T T T T T T T T T T T
-2000 -1500 -1000 -500 0 500 1000 1500 2000

MoTteHuuan, mB oTH. Fc/Fc'

Pucynox 40 — Lukniuueckue 6016mamnepocpammol UCXOOHO20 UHOUSO U HEKOMOPLIX €20
NPOU3BOOHBIX

Heckonpko  yauButenbHo, uto  6,0'-mudTopuHauro 1  mposBiIser Te  Ke
ANEKTPOXUMHYECKHAE CBOWCTBA, 4TO W 6,6'-muxmopuHauro (2) wim 6,6'-muopomunauro (3)
(pucynok 40, pucynok B.1). OgHako 3amenieHue GTopoM B MOJOKEHUSIX 5 U 5' BBI3BIBACT UHBIC
anekTpoHHble dddekTo: sHeprus B3MO coemuHeHuss 7 ocTaeTcs paBHOM OHEPruu
He3ameleHHoro uuauro, a sHeprugs HCMO cumxkaerca a0 -3,97 3B (nmpumepno Ha 100 M3B)
(pucyHok B.2, Tabmuma 12). s Terpadropunauro takxke Hadmonaercs camkenne HCMO no -
3,97 5B (mpumepno Ha 100 Mm3B) (pucynok 40, Tabnuia 12). Beeaenue ke BocbMu aToMOB (pTopa
WM XJIopa emne cuibHee cHmkaeT ypoBHM HCMO no cpaBHEeHHE ¢ UCXOAHBIM UHIUTO 110 -4,19 n
-4,08 (mpumepno Ha 300 u 200 M3B, cooTBeTcTBeHHO) (prcyHOK 40, pucyHok B.3, Tabnuma 12),
YTO JIOJDKHO YJIy4IIaTh CTA0MILHOCTh COOTBETCTBYIOIIUX AHUOHHBIX YaCTHI] HA BO3IYXE.

[ToBbIlIEHHBIE TOTEHIIMAIBI BOCCTAHOBIJICHHUS, KOPPEIUPYIOIINE C TTOHMKEHUEM YHEPTHH
HCMO, Habnronarotces Takke Iisl HHAUTOUIOB, COACPKAIIUX CHIIbHBIE 3JIEKTPOHOAKIIENTOPHBIE

rpynmnsl, Takue kak CF3 u CN (pucynok 40). U3 tabmunst 12 BuaHo, uro sneprun HCMO
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coenuHeHU 5 u 6 Huxke HA 200 MB 1o cpaBHEHHIO C MCXOJHBIM MHIUTO. JlaHHOE TOBEIEHNE

O4YeHb OXO0XeE Ha 6,6'-TUHUTPOUHINTO, KOTOPBII TaKXKe oOamaer JIBYMSI

3JIEKTPOHOAKIENTOPHBIMU HUTporpynmnamu [186; 189; 191]. MoxHO caenath BbIBOA O TOM, YTO
HOJISIPU3ALUS  MOJICKYJIbI, BBI3BAHHAS 3JIEKTPOHONC(MUIIMTHBIMUA 3aMECTUTENISIMH, H3MEHSET

nokanuzanuio HCMO. Ananornunoe o0bsicHeHHe ObU10 AaHo B iuteparype [189; 191].

Tabnuya 12 — Onmuuyeckue u 21eKMpoxumMuyecKue c80UCMEa UHOU20 U €20 NPOU3BOOHBIX

0X red
Coex- Amax Amax Eg E®ons. B B3MO, E™%ns. B HCMO, EgSH
verpe | PACTB., | IUICHKA, | TUICHK, OMmH. B OmH. B B
HM HM 5B Fc/Fc* Fc/Fc*

1 525 498 2,06 0,78 -5,88 -1,20 -3,90 1,98

2 579 529 1,94 0,78 -5,88 -1,20 -3,90 1,98

3 583 526 1,93 0,78 -5,88 -1,20 -3,90 1,98
307, 311,

4 359, 375, 1,77 0,72 -5,82 -1,45 -3,88 1,74
593 539
587,

5 604 626 1,76 0,75 -5,85 -1,00 -4,10 1,75
612,

6 617 650 1,67 0,80 -5,90 -0,96 -4,14 1,76
625,

7 618 657 1,64 0,67 -5,77 -1,13 -3,97 1,80
614,

8 614 657 1,70 0,73 -5,83 -1,19 -3.91 1,92
605,

9 603 653 1,70 0,73 -5,83 -1,20 -3,90 1,93

10 586 643 1,75 0,82 -5,92 -1,13 -3,97 1,95
304, 330,

11 534 645 1,76 0,75 -5,85 -0,91 -4,19 1,77
311, 311,

12 607 601 1,80 - - -1,02 -4,08 1,80

HNuauro 600 665 1,71 0,67 -5,77 -1,20 -3,90 1,87

O060011ass oyYeHHBIE PE3YyJIbTaThl, MOXKHO YBEPEHHO YTBEPXKJaTh, YTO C IOMOIIbIO
XUMHUYECKOTO An3aiiHa MOKHO 3P (HeKTUBHO BIMATH Ha 3Heprut0 HCMO mosnekysl HHAUTOUIOB,
Harpumep, MpHU UCTIO0Ib30BaHUM CUIIBHBIX 3JIEKTPOHOACDUIIUTHBIX 3aMecTUTeNel, Takux Kak CN,
CF3 nnu NO2, nnu npu BBEJICHUU BOCBMH aTOMOB (P TOpa MIIM XJIOpa B CTPYKTYPY MOJIEKYJbl. B
TO JK€ BpeMs, BBEICHHWE [BYX WJIM YETHIPEX aTOMOB (TOpa MPHUBOAUT K OTHOCHUTEIHEHO

HeOopomMy nmoHmwkeHuto 3aeprud HCMO cooTBETCTBYIOMNUX WHIUTOUIOB.
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3.4.2 BumsiHMe 3aMecTHTeJIel B IPOM3BOJHBIX HHIMIO HA 3JIeKTPUYECKHUe

XapaKTEePUCTHKHU U XapaKTep TPAHNOPTA B OPraHUYeCKHUX MOJIeBbIX TPAH3UCTOPAX

IIpouzBonnsie nHaUro 1-12 OBIIM UCCIEAOBAHBI KaK MOTYIPOBOJIHUKOBBIC MAaTEpUAIbI B
OpraHUYECKUX IOJIEBBIX TpaH3ucTOpax. OKCHUJ aTIOMUHUS, MTOJYYEHHbIN aHOIHBIM OKCHIJIEHHEM
QTIOMUHMSI B TIOTCHIIMOCTAaTH4YeCKOM pexkume mnpu 10 B, Obul HMCMOIB30BaH B KayecTBE
IUdIeKTpuKka. B kadectBe Oy(depHBIX UANEKTPUKOB HCIOIB30BATHCH anu(aTHUeCKUn
terpakoHTaH (TC) wnm cMONIOMOAOOHBIN CHIUTHIN MOJMMEp MPOU3BOJHOTO OEH30IUKIO0yTeHA
(BCB). [ns ¢opMupoBaHus TMOIYNIPOBOAHUKOBEIX IUIEHOK HCIIOIB30BAIOCH TEPMUYECKOE
UCIIapeHue B BakKyyMe. Bce MOJylpOBOJHMKHM HANbUISJIMCh B OJMHAKOBBIX YCIOBHSAX, 4YTO
MO3BOJIIET COMOCTABIISITh XapaKTepUCTUKM ycTpoiicTB. [Tocneqnum stamom coopku OIIT 6b110
HaNbUICHUE BEPXHUX AJIEKTPOAOB CTOKA M UCTOKA. [Ipu HCronb30BaHUN cepeOpsIHBIX AJIEKTPOIOB
ObLIM TOJNy4eHbl B OCHOBHOM TpaH3UCTOpPhl n-tuna (tabmuua B.1, mnpuioxenue B).
Hcnonb30BaHuE 30J0THIX 3JIEKTPOJAOB MO3BOJIMIIO U3TOTOBUTH TPAH3UCTOPHI KAaK N-TUIA, TaK U P-
tumna (tTadmuma 13).

Jlyis nuninaHowHIUTO 6 HEe OBLTO 0OHAPYIKEHO MOMYTPOBOTHUKOBBIX cBOMUCTB B OIIT HU Ha
OIHOM M3 HCHOJb30BAaHHBIX JUAJIEKTPUKOB. I[IpHUMHBI Takoro mOBEAEHHUS CBSI3aHbl C
KPUCTAJUIMYEKOU CTPYKTYpPOH TOHKHUX IIJIEHOK ATOTO MHJIUTOU/IA U AETAIBHO PACCMOTPEHBI HUKE.
Oxktadropunauro 11 u oktaxmopuHauro 12 Toxe He MPOSIBIISUIH MOTYTIPOBOTHUKOBBIX CBOMCTB B
OIIT HUM HA OJHOM U3 HCMOJB30BAHHBIX TUAIIEKTPUKOB, XOTsA Ans okradropunmuro 11 B
coyetaHuu ¢ HemomuduuupoBaHHbIM AlOx Obuta OOHapy’keHa OYEHb HHU3Kas IOJBHXKHOCTH
AJIEKTPOHOB.

HyxHo oTMeTuTh, 4YTO XUMHUYecKass (yHKUMOHANW3alUWsi HWHAWTO o0ecrnevynBaeT
BO3MOKHOCTh YIIPABJIEHUS DJJIEKTPUUECKUMHU XapaKTEpUCTUKAMHU TMOJEBbIX TPAH3UCTOPOB,
M3TOTOBJIEHHBIX C MCIOJIb30BAaHUEM MHJUTOUOB B KaUECTBE IOJIYNPOBOJHUKOBBIX MaTepUalIOB
(tabmuma 13). B 1memnoM, TpaH3uUCTOpbI Ha OCHOBE 6,0'-AM3aMEIEHHBIX WHAWTOWIOB 1-3
3HAYUTEILHO MPEBOCXOMAT MO 3PPEKTUBHOCTH pabOTHl UX 5,5 -AU3aMEIICHHbIE aHAIOTH 7-9.
Hanpuwmep, 5,5’ -quxnopunauro 8 rnokasan noABMKHOCTH AJIEKTPOHOB NpuMepHO B 10 pa3 Hibke
IO CPABHEHUIO € 6,0'-TUXIOPUHIUTO 2. DTa pa3HULA CTala emie 0oJblle, TPUOIMKAsACH K IByM-
TPEM MOpsIIKaM, /Ul COEIUHEHUH, COAepkKallliX B KAUeCTBE 3aMECTUTENEH J1Ba aToMa (Topa Win
nBa aroma Opoma. IIpumedarenbHO, YTO TOJNBKO COEOUHEHHE 8 MPOJIEMOHCTPUPOBAIIO
amMOunossapHelii  xapakrep mnpoBogumoctd B OIIT cpenm Tpex wucciegoBaHHbIX 5,5'-

AN3aMCIICHHBIX TPOU3BOJHBIX HHAUTO.
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Tabnuya 13 — Xapakmepucmuxu noyevlx mpan3ucmopos ¢ NOAYNpoEOOHUKOBLIMU CILOSAMU

Ha ocroge coeounenuil 1-12.

Tun IToporosoe 4, Melpn
Coennnenne HoCHTeNeil Jmnexkrpuk | Hanpszkenne | lon/lorr 2Bl (TO)
Vtn, B
n BCB 4,0 2103 (2,0-2,4)1073 n/a
1 n TC 3,7 510° (0,9-1,0)1072
p TC -6,6 1-10? (3,6-4,5)10* 2
n BCB 1,8 910° (5,0-6,0)107 n/a
2 n TC 3,1 2104 (1,1-1,3)1072
p TC -6,0 1-10? (0,9-1,3)1073 10
n BCB 3,2 1-10? (5,0-6,2)10*
3 n TC 2,6 1-104 (7,0-9,0)1073
p TC -3,0 11103 (1,8-2,1)107 B
BCB 15 10 1,1-10* n/a
n TC 7 9-10° 4,0-107 ~1
4 p TC 7 10 4,7-107
n AlOx _ - - n/a
p AlO« - - -
n BCB - - - n/a
5 n TC 1,0 8107 (2,3-2,8)107
p TC - - - ”
n BCB - - - n/a
6 n TC - - -
n/a
p TC - - -
n BCB - - - n/a
7 n TC 4,0 4102 (1,7-2,1)10*
p TC - - - "
n BCB 4,1 2:10? (1,3-2,5)10* n/a
8 n TC 2,3 210 (0,9-1,2)1073
p TC -4,3 5107 (1,0-1,8)10* i
9 n BCB 3,7 100 (4,3-7,7)10° n/a
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Tun IToporosoe Helpun
Coeaunenue HOCHTeIeI Jmanextpuk | HanpsizkeHue | Ion/lorr CMZ'B,'I.C'I (TC)
Vrh, B
n TC 3,2 50 (2,0-4,1)10°
p TC - - - "
n BCB 0,4 110° (1,6-2,2)10 n/a
10 n TC 0,7 3103 (4,7-5,9)1073
p TC - - - "
n BCB _ - - n/a
n TC _ - -
1 P TC - - -
n AlOx 10 10 3,1-10° o0
p AlOx - - -
n BCB ) - - n/a
n TC _ - -
” 0 TC - - - n/a
n AlOx . - - n/a
p AlO« - - -
n BCB 3,8 3107 (0,8-1,5)10* n/a
HH/IUTO n TC 4,9 4103 (1,0-1,3)-107
p TC -5,0 2:10? (1,0-3,0)10* B

Kak Buano u3 pucynkoB 41 u B.4 (npunoxenue B), mis 6,6’-nuitonuuanro HadarogaeTcs
aMOWIIOJISIPHBIN XapakTep MPOBOJUMOCTH C MOJHOCTBIO COAIaHCHPOBAHHBIMH TIOIBUKHOCTSIMU
MOJIOKUTEIBHBIX M OTPUIATCNILHBIX HOCUTeNleld 3apsgoB (tabmwma 13). TloBeimieHue
3JIEKTPOOTPULATEIBHOCTH AaTOMOB TajJOreéHa B TNOJIOKEHUs X 6 M 6°, a TakkKe BBEICHHE
JOTIOTHUTEIBHBIX aTOMOB (hTOpa B MoJoxkeHus 5 u 5’ (terpadropunauro 10) unu ucmnonb30BaHue
CUJIBHBIX 3JIEKTpOHOaKLeNnTOpHbIX 3aMectuteneit CF3 (coenunenue 5) npuBOAUT K yXyIIICHUIO
JBIPOYHOM MTPOBOAMMOCTH BIUIOTH JI0 €€ MOJIHOIro ucue3HoBeHus [192]. Hanpotus, moaBUXHOCTh
3JIEKTPOHOB €J1a00 3aBUCUT OT XMMHUYECKON MPUPOJIBI B CIIydae MPOU3BOIHBIX, COIEPKAIIUX JIBA
raJOUIHBIX 3aMECTUTEIS], HO OHA YMEHBIIAETCS MTPU YBEJIMUEHUH YUCIIA SJIEKTPOHOAKIENITOPHBIX
3amectuteneir (atomoB F). B ciaywae TerpadTOpuHAMIO € 4ETBIpbMS aTroMaMu (TOpa

NOJIBUJKHOCTh 3JIEKTPOHOB yHajlla JUIIb B JBa pa3za [0 CpPaBHEHUIO C IUIEeHKaMu 0,6'-
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TUPTOPUHANTO, TOTAA Kak s oktadropuuauro 11 ¢ BocbMbio aromaMu (TOpa MOABHKHOCTD
YMEHBIINJIACh HAa HECKOJBKO MOPSAKOB. [lomydeHHBIE pe3yapTaThl HAIIIHO WILTHOCTPUPYIOT
BO3MOKHOCTH  HMCIOJIb30BaHUSI ~ XMMHUYECKOrO  JM3ailHa B  CO3JaHUU  OPraHUYECKHX

HOJyNPOBOHMKOBBIX MaTepuanoB U OIIT Ha X OCHOBE € KeIaeMbIMH XapaKTEPUCTUKAMHU.
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Pucynox 41 — Bnusnue 3amecmumeneti 8 a0pe UHOUSO HA NEKMPOHHbIE U ObIPOUHbBLE
NOOBUNICHOCU 8 NOJIeBbIX MPAHZUCOPAX

MOHO TPEATOIOKUTh, YTO TPUCYTCTBHE AIEKTPOHOAKIICTITOPHBIX 3aMECTHTEICH, TAKIX
kak Cl, F wim CF3, B snpe WHAWTO yBEeIWYUBAET Oapbep I WHKEKIMHM JBIPOK W obJerdaer
WH)KEKIUIO DJEKTPOHOB. 3HAYeHHs] TOPOTOBBIX HampsokeHud (VTH) mpeaBapuTenbHO
HNOATBEPXKIAIOT  3TO  mpeanoioxenue  (tabmuua  13).  [leiictBurensno,  6,6'-6uc
(tpudropmermn)unguro 5 u 5,5',6,6'-rerpadpropunauro 10 BeIIBMIM caMoe HU3KOe VTH B
yCTpOHCTBax n-tuma. B To e BpeMs, Ha OCHOBaHUH paHee OMHCAaHHBIX 3(PPEKTOB Pe30HAHCHOMN
cTabuUIM3allil MHIWTOMIOB MOXXHO cJlieJaTh BBIBOJ O TOM, 4YTO TMOBBIIIeHHWE Oapbepa A
MH)KEKLUU JIBIPOK XOPOIIO KOPPEIUPYET CO CHH)KEHHEM CTaOWMIBHOCTH COOTBETCTBYIOIIUX
KaTHOHOB.

Bnusinue quanekTpuueckoro Marepuana Ha CTPYKTYpy M CBOMCTBA MOTYTPOBOIHUKA — 3TO
eIle OJIMH Ba)kKHBII BOIPOC, KOTOPBII HEOOXOIMMO paccMOTpeTh Oojee moapoOHo. M3 Tabmuiis!
13 BUIHO, YTO XapaKTEPUCTUKU YCTPOICTB, M3TOTOBJICHHBIX ¢ Hcnosb3oBaHueM TC B kauecTBe

OydepHOro IUANEKTPUKA, MPEBOCXOMAT XAPAKTCPUCTHKU AHAIOTHYHBIX YCTPOWCTB HAa OCHOBE
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BCB. Bennunna 3toro 3¢ @exra 3HauuTeTbHO MEHSETCS TIPU MEPEX0e OT OJHOTO HHIUTOHIA K
npyromy. [Ipoxogueie xapakrepuctuku OIIT, comepxanux moaynpoBOAHUKOBBIE CI0oH 5,5'6,6'-
terpapTopunauro 10 u 6,6'-6uc(tpudtopmermin) unauro 5, BeipamieHHsle Ha TC umun BCB,
noka3aHbl Ha pucyHke 42. U3 pucyHka BumHO, 4to mHAuroun 10 neMoHCTpupyeT Onm3Kue
XapaKTEePUCTHKH Ha O000MX JWAJIeKTpHuYecKHuX MOKphITHsIX. Hamportms, OIIT Ha ocHOBe
coeuHEeHUS S Xopomo padoraroT Ha TC U HE IEMOHCTPHUPYIOT TPAH3UCTOPHBIX XapPAKTEPUCTHK
Ha BCB. AHanoruusble pa3nuyusi HaOMIONAIOTCA U A OPYTHX uccienoBaHHbIX. CoelnHeHus
6,6'-muopomunauro 3, 6,6'-0uc(TpUPTOPMETHII) HHAWUTO S5 W HCXOMHBIM WHAWTO BEChMa
qyBCTBUTENBHBI K TUIY AndIeKTpUKa ([e(TC)/pe(BCB)>5). Hanporus, matepuanst 1, 2,4, 8,9 u

10 1eMOHCTPUPYIOT OJIM3KHE XapaKTEPUCTUKU HA O00OUX AUAIEKTPUUECKUX MOKPBITUSAX.
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Pucynox 42 — Ilpoxoouwie xapaxkmepucmuku OIIT na ochose unoucouoos 10 (a, 6) u 5 (s,

2) ¢ oygepnvimu ousnexkmpuxamu TC (a, 8) u BCB (6, 2) 0anvl 8 00HOU U Mol Jce wiKaie 0s
cpaeHenus

3.4.3 MHccaenoBanue MOp(}o10rud TOHKHUX MJIEHOK MPOM3BOJIHBbIX HHIUTO

MOp(l)OJ'IOFI/IIO MOJIYITPOBOAHHUKOBBIX IMJICHOK, HAHCCCHHLIX Ha PA3HBIC AUBJICKTPUYCCKUC

CJIOM, CIIeyeT paccMaTpuBaThb KaK BO3MOXHYIO TPUYHMHY pAa3IUYUil B XapaKTEepHUCTHUKAX
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coorBercTByomux OIIT. TIneHKH TMNpakTHYECKH BCEX WHAWIOWIOB, BBIPANICHHBIX Ha
nuanektpukax TC u BCB, nccnenoBanuch ¢ TOMOIIBIO aTOMHO-CHIIOBOM MUKpockonuu (ACM) u
CKaHUpYIOIIeH 21eKTpoHHOoI Mukpockonuu (SEM). Beisicaunocs, uto Tonorpadus moBepxXHOCTH
IUIEHOK, BbIpamieHHbix Ha BCB u TC, MOXeT CHIBHO OTIMYaeTCs Ui HEKOTOPBIX MaTepUaIoB
(pucynok 43 u Tabmuusl B.2, B.3). Ognako n3MeHeHune Tomorpaduu MOBEPXHOCTH TUICHOK Ha
Pa3HBIX JUAJIEKTPUKAX HE KOppenupyeT ¢ HaOII0JaeMbIMU DPa3IHUUsSIMU B 3JIEKTPUUECKUX
XapaKTepUCTHKAX TpaH3UCTOpoB. Hampumep, miueHka WHAWroWaa 2 okazaisach ropasno Oonee
KpUCTaIM4IHOU, Oy xyun HaHeceHHOH Ha TC mo cpaBHenuto ¢ BCB (pucynok 43). Tem He MeHee,
anekrpuueckue xapakrepuctuku OIIT Ha ocHOBE 000MX THUIOB TUIEHOK COITOCTABUMBI (TabHIIa
13). B 1o xe Bpems, MHAWTOWI 3 TIOKa3bIBACT CXOXKYyIO MOPQOJIOTHIO TJICHOK Ha 000mX
TUDIIEKTPUKAX, 4 XapaKTEPUCTUKU TPAH3UCTOPOB OTIMYAIOTCA KapAMHAIBHO. AHAJIOTHYHBIC
BBIBOZIBI MOTYT OBITh CIeNaHbl U JUIs Ipyrux MHAUrouaoB (cM. tabmuisl B.3 u B.2). ITostomy
MOPGOJIOTHS  TTONYIPOBOAHUKOBBIX IUICGHOK, BBIPAIICHHBIX HA Pa3HBIX JIUAJIEKTPHUECKUX
MOKPBITHSX, HE SBIISETCS OCHOBHBIM (haKTOPOM, ONPEIEIISIONINM XapaKTePUCTUKN UX paboOThl B

OIIT.

0 05 1.0 15um

Pucynox 43 — Tonoepaguueckue usobpaxcenus (ACM) moukux nieHok npouszso0HuIX
unoueo 2 (a, 6) u 3 (8, 2), evipawennvix va TC (a, ) u BCB (0, 2)
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3.4.4 BausiHue noauMop¢u3Ma Npou3BOJIHBIX HHIMIO B KPUCTANIAX H B TOHKHUX

IVICHKAX HA 3JJCKTPUYCCKHEC XaPAKTCPUCTUKH TPAH3UCTOPOB

B pasnene 3.3 Beime ObUIO MOKa3aHO, YTO anU(aTHUECKUN YIICBOJOPOIHBIN TUICKTPUK
TETPAKOHTAaH CIYKUT TEMILJIATOM JJIsl pOCTa IUNIEHOK UH/IUTO, BbI3bIBasl 3HAUUTENIbHBIE U3MEHEHUS
B €T0 CTPYKTYpE Ha IPaHMIIE C IUAIEKTPUKOM, YTO O0ECIIEUNBAET yIyUIIEHHbIE XapaAKTEPUCTUKU
Tpan3uctopoB [181]. He uckmtoueHo, 4to momoOHble 3PdeKThl MOTYT HAOMIONAThCS U AJS
uHAUron108 1-12. /{nst mpoBepKU 3TOr0 NPEAIOI0KEHNS HY’)KHO COIIOCTaBUTh KPUCTAIUIMUECKUE
CTPYKTYpbl MHAMTOWJOB (0O0beMHas (asza) co CTpyKTypaMH MOJUMOP(OB, 00pa3yromUXcs B
TOHKHX TUICHKAX Ha TPaHUIIE TTOJIYTIPOBOIHUK/TUAICKTPHK (TIOBEpXHOCTHAs (aza).

Jns uenoro psiaa mpous3BOAHbIX umHauro 1, 4, 5, 7, 8, 10 Ham ynanoch NOIY4YUTh
MOHOKDPHCTAJUIBI, TI03BOJIUBILIME IPOBECTH PEHTTEHOCTPYKTYPHBIH aHanu3.® JlaHHbIE 171 HHAUTO
I u ero npousBoaHbIX 2, 3 B3ITHI U3 auTepaTyphl. Ha pucyHke 44 nmokasaHa ynmakoBKa MOJEKYJI
IPOM3BOJIHBIX MH/IUTO B KpHcTaiax. B ciydae psaa MHIUTOMI0B COCEJHUE MOJIEKYJIbI B CTOMKAaX
CHJIBHO CABUHYTHI APYT OTHOCUTENIBHO APYTra, YTO TUIIMYHO AJs J-arperatoB. OTOT CABUT MOXKET
OBITH OLIEHEH KOJIMYECTBEHHO BEJIMYMHOM yTiia ® MEXAY JTUHUEH, COeTUHSIOIIEH SKBUBAJICHTHBIE
IPYMIIbI COCETHUX MOJIEKYJ, U INIOCKOCThIO CAMOM MOJIEKYJIbI, OTIPE/IEJIEHHOTO B COOTBETCTBUU C
pucyHKOM 45. B cTpykTypax He3aMeIIeHHOr0 UHIHUIO0, a TAaKXKe ero Mpou3BoAHbIX 1 1 7, yron o
HaxonutTca B mpenenax 145-147°. Ins coenunenuit 3, 8, 4 u 10 oH 3HAYMTEIBHO MEHbIIE U
cocrtaisieT ~130°. YHuKanbHON sBIsETCS CTPYKTypa 6,6’ -IUXIOPUHIUTO 2, B KOTOpoll =90°,
YTO CBHJICTENBCTBYET O (PaKTHUECKOM OTCYTCTBUH CIBUTA MOJIEKYJI IPYT OTHOCUTEIBHO IpyTa.

MOXHO MNpEeAnoNokKUTb, YTO ONTUMAIbHOE YHOPSJOUYEHUE MOJEKYJ] B CTONKAX JUIs
uHauronsa 2 Oyner obecreunBaTh Xopolre 3apsnoBo-Tpancnoptaeie B OIIT. JleiicTBuTebHO,
9TO OXKHJIaHUE XOPOIIO COINIacyeTcsl ¢ JaHHBIMU, ITPEJICTaBICHHBIMU B Tabuie 13.

HanpotuB, u3-3a mpUCYTCTBHA JBYX OOBEMHBIX TPUPTOPMETHIIBHBIX 3aMECTHTEICH
MOJIEKYJIBI 6,6'-OUC(TPUPTOPMETHII)HHIUTO 5 B KpHCTaUIaX pacloyiaraloTcs rnapamu (pUCyHOK
44). PaccrosHMe Mexay Monekynamu B mape (3,42 A) 3amMeTHO Kopode MO CpPaBHEHHIO C
paccTostHueM Mesxay napamu (3,92 A). B To e BpeMsi, MOJIEKYIIbl B TIape B MEHbIIEH cTeneH:
CMeEILEHBI IPYT OTHOCUTENIBHO Jipyra (w~108°), yem Mexy nmapamu (0~146°). 3urzaroo6pa3Helii
XapakTep yHopsIoueHHUs] MOJEKYJ B CTOINKAaX MHAUTOMAA 5 He OJaronpusTCTBYEeT TPaHCIOPTY

HOCHUTEJIEH 3apsI0B.

& Monokpucramibl Obutd Beipaniensl Y. B. Kiumosuy, ®T'BYH OUIT ITXP u MX PAH
PentreHocTpykTypHbIi aHanu3 nposeneH A.X.H. C. W. TposnossiM, MI'Y M. M. B. JlomoHOCOBa
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Kpucrannuueckas cTpyKTypa TOHKUX IIJIEHOK ITPOU3BOIHBIX MHANUTO Obla UCCIIEI0BaHa C
UCIIOJIb30BAHUEM  IIUPOKOYIJIOBOIO PEHTTEHOBCKOI'O DPACCEsHHUS B  CKOJB3AIIEM ITyuyKe
(GIWAXS).” Meton GIWAXS 103BONHI HaM ONpPEJENMTh HECKOJbKO BaKHBIX MapaMeTpoB,
XapaKTepU3YIOMIUX CTPYKTYpY TOHKHX IIJICHOK MCCIEJOBaHHBIX MaTepuaynoB. Haubonee
MHTEHCUBHBIN MUK Ha JUQPPAKTOrpaMMax XapakTepU3yeT HaJIMUWe KOJOHYATBHIX CTPYKTyp. U3
HIOJIOXKEHHS 3TOTO MUK MbI OIPEAEIISUIN pacCTOsTHUE dr MEXKAY IIIOCKOCTSIMU MOJIEKYJ B CTOIIKaX
(pucyHok 46a). M3 a3uMyTaabHOro MHOJOXEHHS 3TOr0 IMUKA onpeaessiu yroia o. M3 Hero
paccuuTbBaM yroi HakinoHa P=90°-a. MexmomnekynspHoe paccTosHue dm ONMpenessin Kak
dr/sin(a). D10 MpocToe cooTHOomEeHUe dm M dx CIIPABEITMBO TOJBKO B TOM CIIydae, €CJIH CJIBHT
MOJIEKYJI B HAIIPaBJIEHUU KOPOTKOHW MOJIEKYJISIPHON OCH SIBJII€TCSI HE3HAUUTENIbHBIM. DTO CIIEyeT
U3 CPaBHEHHUS COOTBETCTBYIOIIMX IapaMeTPOB »HIIEMEHTApHON sYelKku Uil OOBEMHBIX U
NOBEPXHOCTHBIX (a3. bbulo ycTaHOBIEHO, UYTO mapameTpbl ONM3KH s  OOJBIIMHCTBA

COEIUHEHUI.

Pucynok 44 — Ynaxosxa monexyn psaoa uHouecouoos 8 kpucmaiiax. /lanuvie s unouzo I
U e20 nPou3600HbIX 2 U 3 635Mbl U3 TUMEPAMYPbl

9 AudpakiHOHHbIE U3MEPEHHUS /I TOHKMX IIEHOK BBINOJIHEHbI K.(.-M.H. . B. AHOXMHBIM 1 Kojuieramu B MI'Y
um. M. B. JlomonocoBa
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Pucynox 45 — Onpeoenenue yena @ mexicoy coceOHUMU MOJEKYAAMU 8 CONKe

[Toka3zaHo, 4TO MATH U3 CEMU CTPYKTYPHO OXapaKTEPHU30BAHHBIX HHAUTOUAOB (POPMUPYIOT
HOBbIE TOMMUMOP(BI B TOHKMX IuleHKax (Tabmuua 14). IlpucyrcTtBue IBYX CTPYKTYPHBIX
MoauduKauii ObUI0 0OOHAPYIKEHO I TOHKUX IUICHOK coeauHeHui 1, 2, 8 u 10. 3ametum, 4T0
6,6'-nuépomuaauro 3  obOpa3dyeT eIUMHCTBEHHYIO a3y, KOTopas OTIMYaeTrcs 10
KpUcTauiorpa@uyeckuM IapaMerpaM oOT O0O0BeMHON MoaudHUKalyy, HaOI0ZaeMon Ui
MOHOKpHCTaJUIa. HanmpoTuB, TOHKKE TUIEHKU S M 7 TOKa3ajiu NMPUCYTCTBHE JIMIIL OJHOHN (a3bl,
WICHTUYHOW TI0 MapaMeTpaM MOHOKpHCTaulaM. B HemaBHell paborte momumopdmsm 6,6'-
TUOPOMUHINTO OBLI HOATBEPAKIEH € TOMOIIBIO HU3KOYAaCTOTHON paMaHOBCKOM CIIEKTPOCKOIMH U

pacyeTHBIMU METOaMU C UCIOJIb30BaHUEM (yHKIMOHaa nekTpoHHoi miotHoctu (DFT) [193].

a ~ d,—m-distance

Tilt angle

a B

d,,=d, /sin(a)

d,, — intermolecular
distance

Pucynox 46 — I'eomempuueckuii cmoicn napamempos dz, dm, o u f (a); npedenvhvie
CIyyau pacnonodiceruss moaexy 6 nieukax ¢ f=0 (cresa) u f=90° (6)
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3amerum, uro 5,5',6,6'-tetpadTopurauro 10 oOpasyer smHUTaKCHANBHYIO CTPYKTYPY C
MEXMOJIEKYJIAPHBIM paccTosHueM dm = 4,43 A Ha anudaTndeckux IMONEKTPHKAX, TAKUX Kak
terpakoHTaH TC u mapapun PF. D710 3HaueHue OJIM3KO K PACCTOSHHUIO MEXAY COCEIHUMH
nuHeiHpiMu  anupatudeckumu  nemsmu  CH3(CH2)nCH3, wu3BecTHOMy, Hampumep, s
kpuctamorpadudeckoit miockoctu (110) B opropomOudeckoit (pasze mommstuiena [194]. Becema
CXO/IHasl 3MUTAKCHANIbHAs CTPYyKTypa Obljia 0OHapy»KeHa HaMU A7 He(yHKIIMOHAIN3UPOBAHHOIO
uHAUrOo (cM. paszaen 3.3 Boiie). B To jxe BpeMs, cTpykTypa TOpHKUX IuIeHOK 10, BBIPAILIeHHBIX HA
6eH3onukino0yTeHoBoi cmoiie BCB, cooTBecTByeT cTpyKType MOHOKpUCTa/LIa. Takum obpazom,
MBI  HaONIONAaeM  SUHUTAKCHANBHBIA  POCT  TETPadTOPHHIUTO 10  aHamOrM4HO
HEMOAM(DULMPOBAHHOMY MHIMIO Ha anudaTuyeckux yriaeBogoponax. OnHako, B OTIMYME OT
CaMOro MHJIUIO, JIB€ pa3Hble Kpuctajumdeckue Monaudukamuu 10, dopmupyomuecs Ha

mmnexTpukax TC u BCB, nemoHcTpupytot ouenb 6nu3kue xapakrepuctuku B OIIT.

Tabnuya 14 — I'eomempuueckue napamempsl KpUCMALIUYECKUX Moouguxayuil unoueoudos 1-10,
HaO00aemMblx 8 MOHOKPpUCMANLAX (00beMHast (ha3a) u 8 MOHKUX NIEHKAX (RO8epXHOCMHAS (ha3a)

Oo0bemuas ¢asa IloBepxHocTHas ¢a3za*
i‘é:ﬁ:’: Yroa Me:xmoJ m-pac- Yroa Me:xkMoJ1. m-pac-
HAKJIOHA | .paccT. | CTOsIHUe, HAKJIOHA paccr. cTosinue, dr,
B, ° dm, A dﬂ, A B’ ° dm, A

1 56 6,06 3,40 5 3,61 3,58

2 4 3,40 3,36 0 3,60 3,57

3 40 4,01 3,34 67 3,66 3,37

4 - 3,40 - - -

3,69; i .

5 30 676 3,42:3,92 WNnentuuna o0peMHOM (haze

6 - - - 90 - 3,40

7 57 6,03 3,37 WNnentuuna o0peMHOM (haze

8 29 4,32 3,34 59 4,22 3,6

9 56 4,3 3,57 Nnentnuna o0bemMHoON daze

10 42 4,39 3,30 36 4,43 3,58
UH/IUTO 54 5,77 3,40 40 4,46 3,43

* BCce MHAMTOMJBI IIOKa3aJIn 00pa3oBaHNe OJAMHAKOBBIX KpHCTaNIMdecKkuXx (a3 Ha nuanektpukax TC u BCB 3a
UCKIIIOYCHHEM HEMOIU(DHIUPOBAHHOTO HHAMIO M coenuHeHus 10, s KOTOpPBHIX OBUIO OOHApyXeHO
(hopMmupoBaHHEe SMMUTAKCHATBHON (a3bl Ha TeTpakoHTaHe TC (Ho He Ha BCB).
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AHau3 MOJy9eHHBIX PE3yJIETATOB TTO3BOJIWII BBISIBUTH YETKYIO KOPPEIISIIUIO MEXITY YTIIOM
HAKJIOHAa MOJIEKYJ MHAWTOUJIOB OTHOCHUTEIBHO TMOJIOKKH B KOJOHYATBIX CTPYKTypax,
dbopMupyromuxcs B MICHKAX, U ANEKTPUISCKUMHU XapaKTEPUCTHUKAMU MOJIEBBIX TPAH3UCTOPOB,
W3TOTOBJICHHBIX HA MX OCHOBE (pHCYHOK 47). Heo0X0oauMo Moq4epKHYTh, YTO HAKIOH MOJIEKYII
MOJKET CYHICCTBCHHO BJIMATH Ha JIATEPATBHBIA TPAHCIIOPT HOCUTENICH 3apsioB B TIOJEBBIX
TpaH3uCTOpax. ITOT 3PPEKT cXeMaTUYECKH MPOWITIOCTPUPOBaH Ha pucyHke 460. Ecnu yron
HakJIOHA paBeH Hymio (B=0°), MOJEKyJIBI TOJYyNPOBOAHUKA PACHOJIAralOTCs MEePHEHIUKYISIPHO
cyOcTpary, a oOpasyeMble UMU KOJOHYATBIE CTPYKTYpBI JIeXKAT TOPU30HTAIBHO, CIOCOOCTBYS
3¢ (HeKTUBHOMY TpPaHCIOPTY HOCUTENEH 3apsioB B KaHaje MoJIeBOro tpaHiucropa. Eciau yron
HakJoHa 3=90°, oOpa3yloTcs BEpTUKAIbHO-OPHEHTUPOBAHHBIE KOJIOHYATHIE CTPYKTYphl. B aTOM
Cllydae TPaHCIOPT 3apsioB B KaHaJe TPAH3UCTOPA OCYIIECTBISIETCS TTOCPEICTBOM «IIPHIKKOBY C
OJTHOM CTOIIKH MOJICKYJI TIOJYTIPOBOTHUKA HA TPYTYI0, 3)(PEKTHBHOCTH KOTOPOTO, KaK H3BECTHO,
oueHb HeBbICOKA. [lomyueHHbIe pe3ybTaThl O0BACHSIOT TOYEMY, HallpUMep, TULUAHOUHIUTO 6 ¢
yIJIOM HakjoHa MoJiekyn B=90° He mokaszan Kakux-IuOO MOJYNPOBOJHUKOBBIX CBOWCTB B
OpraHMYECKUX MOJIEBBIX TpaH3UcTOpax. HampoTus, MOBEpXHOCTHBIE CTPYKTYPhl MHIUTOUAOB 1
(B=5°) u 2 (=0°) aBisiroTCS ONTUMAILHBIMH TSI JIATEPATBLHOTO TPAHCIIOPTA HOCUTEJIEH 3apsI0B
B KaHaJe TMOJEBBIX TPAH3UCTOPOB. JlefcTBUTENBHO, 3TH /Ba MaTepuaja MOKa3alu HaWIydllne
XapaKTepUCTHKH B yCTpoUCTBax (Tabmuma 13).

Kak BumHO M3 pucyHka 47, MOIBMXXHOCTh HOCHUTENICH 3aps/ioB (JIEKTPOHOB) OBICTPO
MaJlaeT ¢ YBEJIMUYCHUEM YTiia HaKJIoHa MoJieKyJl. [Ipu 3Tom Bee 5,5°-nu3aMeleHHbIe WHIUTOUTbI
JEMOHCTPUPYIOT ~ JIOCTaTOYHO  OOJbIIME  YIJIBl  HAKJIOHA, 4YTO  OOBACHAET  MX
HEYJIOBJICTBOPUTEIBHYIO pabOTy B TOJEBBIX TpaH3WCTOpax. lIpucyTrcTBHe IBYX OOBEMHBIX
TPUPTOPMETHILHBIX TPYII B MHAUTOWJIC 5 HAPYIIAET TPAHCIIOPT HOCUTEIICH 3apsIIOB U IIPUBOIHT
K CHIDKEHUI0O HX MOABIKHOCTH. [losToMy 5 ycTymaer 1o CBOUM  3JIEKTPUUYECKUM
xapaktepucTukam uHaurouy 10, HecMOTps Ha OJIM3KHUE YIIIbI HAKIIOHA MOJIEKYJ 3 B CTPYKTypax
3TUX coenuHeHuil. Heckonbko ynuBuTEIbHON ObUTa XOpolias paboTa B MOJIEBBIX TPAH3UCTOPaxX
UHIUTOUa 3, TIEHKH KOTOPOTO XapaKTePHU3yIOTCs OOJIBIIMM YIJIOM HakJIoHa MoJiekyl (B=67).
BeposTHol npuynHON SBISETCS HEOOBIYHO Maioe (10 CPAaBHEHUIO C OCTAIBHBIMU UHIUTOUIAMH)
paccrosame d-=3,37 A, ykaseBaromee Ha HaIMUME MOIIHBIX  MEKMOJIEKYISPHBIX
B3aMMOJICHCTBUI B KOJIOHYATBIX CTPYKTypax 3, TIOJOXKUTEIbHOE BIHMSHHE KOTOPBIX
MEePEBEIINBACT HETATUBHBIN BKJIA]] OOJBIIIOTO yriia HAKIOHA MOJIeKyI . [lomydeHHbIe pe3yIbTaThl
CBUJIETEILCTBYIOT O TOM, YTO T€OMETPUS KOJIOHYATHIX CTPYKTYp, GOPMUPYIOIIUXCS B TOHKHX
MONYNPOBOJHUKOBBIX  IUIGHKAaX, SIBISIETCS — pemaroimuM  (GakTopoM,  OMPEIeISIOImUM

3P PEKTUBHOCTH UX PabOTHI B OPraHUYECKUX MOJIEBBIX TPAH3UCTOPAX.
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HaGmonaembie cunbHbIe oTIH4ns B Xapakrepuctukax OIT Ha ocHoBe mHauron10B 3 1 5 B
3aBUCUMOCTH OT wucrnonb3dyemoro Oydepnoro muanektpuka (TC wmmu BCB) Takke Obun
00BsicHeHbI ¢ ucnonszoBanueM GIWAXS ananuza. Tonkue ruienku 5, Beipariennsie Ha BCB, He
BBISIBHJIM TIPUCYTCTBHSI Kakoi-1mOo kpuctasummyeckod ¢(aspl (tabmuna B.4, mpunoxenue).
Becsma Bepostao, uro BCB npenorBpaiaer HHAyIUPOBAHHYIO MOJJIOKKOW KPUCTATUIU3AIUIO
UHAWTOMa S U3-3a cBOei aMOpP(PHON CTPYKTYpPHI, U MOJyUYEHHbIE HEYTOPSII0UEHHbIE TUICHKH He
MPOSIBJISIIOT MOJYTIPOBOJIHUKOBBIX CBOWMCTB B TPaH3UCTOpax. B TO e BpeMs, KpUCTAITIMYECKUE
ieHku 5, Beipamienssle Ha TC, nmokazanu qoctaToyHo xopouryio padoty B OINIT. Habmonaemas
3HAYUTENIbHAS PA3HUIIA B YIIOPSIOYCHUN TOHKUX IJICHOK 6,6’ -TUOpOMUHINTO 3, BRIPAIICHHBIX HA
TC (BeicokoymopsimoueHHbI) W BCB (mmoxo ymopsimodeHHBIH), OOBSCHAECT PpPa3HYIO
s¢dextuBHOCTE uX paborel B OIIT. TlomyueHHble pe3ynbTaThl IOKa3bIBAIOT, YTO
CyIpaMoJIEKyJISIPHOE  B3aUMOJEHCTBUE  MEXKAY  IOJIYNPOBOJAHHUKOM U JUBJIEKTPUKOM
JNEHCTBUTEIILHO SBJISETCS OUYEHb BAKHBIM (PAKTOPOM, ONPEAeISonuM 3G (HEeKTHBHOCTL PabOTHI

marepuana B OIIT.

2
14x10° 4,
1,2x107 1

1,0x10°1 A

O

8,0x10°

6,0x10° A

€

u, cm’B'c”

_3_
4,0X10 I-T

A
A10-B
I-B A
] WX 6
0,0 M A
T T "~ T "~ T 1 "~ T "~ T "~ 1 T
0 10 20 30 40 50 60 70 80 90
Yron HaknoHa j3
Pucynox 47— Koppenayus mesncoy noosudcHocmamu Hocumeneti 3apsoos U yeiom HaKIoHd
MOJIeKYl NPOU3BOOHBIX UHOUSO 8 MOHKUX NieHKax. /[ unoucoudos 1-10 npeocmasnensvt oanmvie,
noayuenusle 0nsi ux moukux nierok na TC. [na nemoouguyuposannozo unouzo I u coeounenus
10 npusedenvt OanHvie ONs1 08YX PAZNUUHBIX NOIUMOPGHO8, 00PA3VIOUUXCA HA OUINEKMPUKAX

BCB (B) u TC (T)

2,0x10° 1

94



3.4.5 MHccnenoBanue cTaOMIbHOCTH MOJIEBBIX TPAH3UCTOPOB N-THIIA HA OCHOBE

rajorecH3aMemeHHbIX NPOU3BOJIHBIX HHAUTO

HpOI/I3BO,Z[HBIC HWHIUTO paHCeC 6LIJII/I HCCIICAOBAHbI B KAUCCTBC NMCPCICKTUBHBIX MATCPUATIOB
JUTSL CO3/TAaHUST OPTaHUICCKUX TTOJICBBIX TPAH3UCTOPOB N-THIIA, CIIOCOOHBIX K CTAaOMIILHOM paboTe
Ha Bo3ayxe [178; 179]. B cooTBeTrcTBHM C JUTEpPaTyYpHBIMH JAaHHBIMH, CTAOWIHHBIA B
MPUCYTCTBUHM KHUCJIOPOJAa W BJard BO3AyXa TPAHCIOPT 3JIEKTPOHOB B TPAH3HCTOPAX N-TUIA
AOCTUTACTCA, CCJIU OTPULATCIIBHO 3apsa’KCHHLIC HWOHBI, O6p33yIOH_[I/I€CSI npu HHXCKIOUHN
AJICKTPOHOB B TIOJIYIIPOBOJHUKOBBIA CJIOW, HE pearupyroT ¢ KHUCIOpoaoM u Biarou [195].

N3BecTHO, YTO KUCIOPOI U BOJIa MOTYT BCTyNaTh B CICAYIOIMINE PEAKIINH:

2H0+28&— H2+2OH (1)
O2+8— O (2)
2H0+02t4€— 4 0OH 3)

Opranuyeckue MOJEKYJIbl, UMEIOIIHe OOoJbIIee CPOJCTBO K AJIEKTPOHY IO CPaBHEHHUIO C
KHCJIOPO/IOM U BOJIOH, OOBIYHO 00pa3yroT CTa0MIIbHBIC Ha BO3/TyXE aHUOHBL. DIIEKTPOXHUMUYECKHE
noteHmansl peakiuid (1) m (3) cocraBmstor okono -0,66 B u +0,57 B oTHOCHTENBHO
cTtanfgapTHoro kajgomenbHoro siektpoaa (CKD3), coorBerctBenHo [195]. Boccranonenue
KHUCITIOpPOJIa 10 CYMEePOKCUAHOTO aHUOH-pauKaia (peakuus (2)) xapakTepu3yeTcsi MOTEHIIUAIoOM
nonyBosHbl -0,86 B otH. CKD (morennman noxbema okono -0,75 B orn. CKD) B 6e3BoHOM
aneronutpmie u okoio -0,70 B otH. Ag/AgCl (moxwsem nipu -0,60 B otH. Ag/AgCl) B anpoToHHOU
MOHHOM xuakoct [196]. Hcmonb3ys CTaHAZApTHBIE COOTHOIIEHHUS, MOYHO OIEHHUTH
BOCCTAHOBUTENbHBIE TOTEHIUaNbl BoAbl (ypaBHeHue (1)) u kucimoponma (ypaBHeHue (2)),
COCTaBJIAIOLIUE, COOTBETCTBEHHO, -4,1 3B un -4,0 3B B mkane snepruit ®epmu [197]. IlosTomy
OpTraHWYECKUM MOTYIPOBOIHUKOBBIN MaTepuan aAobkeH umeTs sHepruro HCMO numxe -4,1 5B
JUISL TOTO, YTOOBI €r0 aHUOHBI ObUTM CTAOMIIBHBI IO OTHOIICHUIO K JCHCTBUIO KUCIOPO/Ia U Biaru
nopo3Hb (ypaBHeHus (1) u (2) Beime). OaHAKO MOTEHIIUAT OKUCIUTEIHHO-BOCCTAHOBUTEIBHOTO
npolecca, IpeICTaBIeHHOT0 ypaBHEHHEM (3), xapakTepu3yeTcst sHeprueit @epmu npuMepHo -5,3
3B. [1o3TOMYy OJTHOBpEMEHHOE BO3/ICHCTBHE KUCIOPOJIA U BIIATW MOXKET MPEMATCTBOBATH padoTe
TPaH3UCTOPOB N-THIAa Ha OCHOBe Jo0oro marepuana c¢ sHeprueit HCMO Bwime -5,3 sB. K
CYaCThI0, KOHIEHTPALMU KUCJIOPOJa M BIArd B MOIYHPOBOJHHUKOBOM CIIO€ OYE€Hb HU3KH, U
notomy peaxuus (3) He BHOCUT CYLIECTBEHHOT'O BKJIaJa B Jerpaaanuto ycrpoucts. [loaTomy Ha

IMPAKTHUKE CTa6I/IJ'IBHy10 pa60Ty B OpPraHu4€CKUX IIOJCBBIX TPAH3UCTOPAX N-TUIlIa MOI'YT
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JneMOHCTpupoBaTh Matepuansl ¢ sHeprueit HCMO wumxe -4,1 sB. DOta rumnoresa Obuia
MOATBEPIK/ICHA B PSAJC SKCIIEPUMEHTAIBHBIX padoT [198].

Panee coob6manocs, uyro OIIT, conepxkamue 6,6'-quOpoMuHINTO 3 B KauyecTBE
HOJYIIPOBOJIHUKA, MPOJAEMOHCTPUPOBATIHN CTa0MIIbHYIO PabOTy Ha BO3AyX€ M3-3a €ro HHU3KOM
sHeprun  HCMO, paBuoit 4,0 »B [178]. OpHako »3TOT pe3yJbTaT MPOTUBOPEUUT
NIEKTPOXUMHUYECKUM JaHHBIM, [TOJy4YE€HHBIM B Hallleil paboTe U MpeACTaBICHHbIM B Tabnuue 12.
JlelicTBUTENBHO, BCE AM3aMEIICHHbIE HHANTOUIBI, COAEPIKaIMe aTOMbI XJ10pa, OpoMa u Hona (2,
3, 7, 8), IEMOHCTPUPYIOT NMPAKTUUECKU WIECHTUUYHBIE IOTEHLIMAIBI BOCCTAHOBIIEHUS U UMEIOT T€
e ypoBHHU 3Heprur HCMO, 4to 1 ucxoauelil HezaMmeneHHbIN nHauro. Juepruss HCMO, paBHas
npuMepHo -3,9 5B, Oblia olleHeHa Ul UHIUTO U €r0 JU3aMEeIleHHbIX IPOU3BOIHBIX (XJI0p, OpoM,
H0]1) C UCIIOJIb30BaHUEM TOJIX0/1a, MPEACTAaBIEHHOTO B TuTepatype [197].

YroObl u30exkaTh OMMOOK, CBS3aHHBIX C MPeoOpa3oBaHUEM AIIEKTPOXUMUYECKUX
NOTEHLMAJOB B IIKaly 3Heprun depmu, Mbl UCCIEIOBAIM XOPOILIO WM3BECTHBIM ATAJIOHHBIN
matepuan  N,N'-mumoaenwn-3,4,9,10-nepunenaukapookcumuy  (Ci2PDI) B Tex ke
9KCIIEPUMEHTANBHBIX YCIOBHSIX, 4TO ¥ uHaurouanl 1-12. Jlns Ci12PDI Obi1 mofyueH noyTH Takon
K€ TOJBEM IIEPBOM BOJIHBI BOCCTAHOBJIEHHS, KaK y MCXOJHOTO MHAWIO WM BBILIEYIIOMSHYTHIX
TaJIOTEHUPOBAHHBIX MHAMrOMI0B (pucyHok B.5, mnpunoxenue). W3BecTHO, YTO Takue
nuankunzamenienusie [1I1 nmeror HCMO B nipenenax ot -3,8 10 -4,0 3B u He 1eMOHCTpUPYIOT
ctabmibpHOM paboThl Ha Bo3ayxe B OIIT [199; 200]. Benenue aByx nmanorpymim B sapo TN
cHwkaet ero sHepruto HCMO g0 -4,3 3B, 4T0 3HaYUTENBHO YyJyyllaeT CTa0MIBHOCTh PabOThI
OIIT B okpyxatomei cpene [198; 201; 202], xoTss HeKoTopas Aerpajaiusi BCE €II€ MOXKET
Habmomarees [203].

N3 monydeHHBIX pe3ysbTaTOB MOKHO chenath BbIBOJ o0 ToMm, yTto OIIT Ha ocHoBe
6,6'muOpoMuHANTO 3 B KadecTBE IMOJYNPOBOJHUKA BPsA JIU CMOTYT CTa0MJIBHO paboTaTh Ha
Bo3ayxe. Ha pucynke 48 mpezicraBieHa OTHOCHTEIbHas CTaOMIBLHOCTH BO BHEIIHEH cpene
OpPraHMYECKUX IOJIEBBIX TPAH3UCTOPOB N-THIA HA OCHOBE PA3JIMYHBIX MPOU3BOAHBIX HHIUTO.
VYerpoiicTBa HEMPEPHIBHO XPAHWIMCH U TIEPUOIUYECKHA U3MEPSUTUCh Ha Bo3ayxe (25-27 °C, 30—
35% otHocutenbHOM BnaxHocT). OIIT Ha ocHOBe monynpoBoAHUKOB 1 1 3 nerpagupoBanu B
YCIOBUSIX  OKPYJKAIOIIEW Cpeabl B TEYEHUE  HECKOJIBKMX  4acoB. YCTpoWcTBa €
MOJYPOBOJHUKOBBIMU IUIEHKamMH 6,6'-muxiopuHauro 2 u 6,6'-guilonuaauro 4 okasaluch
HECKOJIBKO 0oJiee CTaOWMIBHBIMH M JACTPAAUpOBaId 3a HECKOJBbKO aHe. Habmromaemoe
yJIydlIeHne CTaOMIIBHOCTH B YCIOBUAX OKPY’KaloIIel Cpe/ibl B CIydyae COCAUHEHUH 2 U 4 MOXeT
OBITH CBS3aHO C UX IUIOTHOM MOJIEKYJIIPHOM YIaKOBKOW B KPHUCTAJNIMYECKOH peleTke, KoTopas

3aMesieT MudQy3Huro BIard Bo3ayXa U KHCIOpoa B KaHAI TPAH3UCTOPA.
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Opranudeckue IOJIEBbIE TPAH3UCTOPHl Ha OCHOBE wuHHaAMrougoB 5 u 10 mnokaszamu
HanOOJIBITYI0 CTAOMILHOCTH (pUCYHOK 48). [I0IBISKHOCTB 3JIEKTPOHOB B IJIEHKaX coeauuenus 10
CHI)KAETCS B TEUCHHUE MEPBBIX HECKONBbKUX JHEH (HACBIEHUE TUICHOK BIIAaroi U KUCIOPOIOM) U
IOTOM CTaOMIM3UPYETCs Ha MpueMieMoM ypoBHe. Hanbosee crabunpHbIe yCTpoiicTBa paboTanu
Ha BO3AyXe B TeueHue Oosee ueM 70 qHEH, MOKa SKCIIepUMEHT He ObLT 3akoH4eH. [locienyromiee
BBIZICP)KMBAHUE YCTPOMCTB B MHEPTHOM aTMocdepe (aproHOBBIN MepYaTOYHBIN OOKC) MPUBOIUIO
K T[IOJIHOMYy WM YaCTUYHOMY BOCCTAaHOBIICHUIO UX T[EPBOHAUYAIBHBIX OSIEKTPHUECKHUX
XapaKTePUCTHK.

Tpansuctops! Ha ocHOBe 5 1 10 oka3anu HEOOIBIIOE YXY/IIIICHHE XapaKTePUCTHK B XOJIC
JKCIIEpUMEHTa. DTO CBS3aHO C Jerpajauveil MOJyNpOBOJHUKOBBIX IUICHOK M3-3a TOrO, YTO
coenunenuss 5 u 10 umeror ypoBuu HCMO Bce eiie HECKONbKO BBIIIE, YeM TpeOyeTcs Ais
CcTaObUIBHOM paboOThI Ha BO3AyXe. MOXKHO MPEANONIOKHUTh, YTO HATUYHE HECKOIBKUX aTOMOB
¢dTopa B Monekynax 5 u 10 yBenumumBaer ux ruapodoOHOCTh. M3BecTHO, UTO Bilara sSBISETCS
ropazio 0oJiee arpecCMBHBIM areHTOM IO CpaBHEHHUIO C¢ Kuciopomaom [198; 201], mostomy
npenoTBpatieHre AuQQy3un BOAbI B TOTYTPOBOTHUKOBBIN CIIOH JOKHO 3HAYUTENBHO MOBBICUTH
CcTabUIbHOCTE  yCTpOiCTB. [lOoAOOHBIM MOAXOM WCIONB30BAJNCS paHee [UIsl TOBBIIICHUS

crabmibHocTH OIIT n-THNa B ycloBusx okpyskaromient cpeast [204].
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Pucynox 48 — Omnocumenvnas cmabunbHocms 80 8HeuiHell cpede OPeaHUYeCKUX NOJIEGbIX
MPAH3UCMOPO8 N-MUNA HA OCHOBE PA3TUUHBIX NPOUBOOHBIX UHOULO
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3amMeTuM, 4TO TOJIEBBIE TPAH3UCTOPHI HAa OcHOBE 10 HEMpephIBHO pabOoTaly HA BO3IYyXE B
TeueHue Oosee vem 60 mHEH. DTOT pe3ysNbTaT MOMYEPKHMBACT 3HAYUTEIHHOE YBEITHMYCHHE
CTaOUITFHOCTH YCTPONCTB MPH UCIoNb30BaHuU 10 B KauecTBe MOIYyIPOBOJIHUKOBOTO MaTepHala
M0 CPAaBHEHUIO C KJIACCUYECKUMHU IUTaJIOT€HUPOBAaHHBIMU UHAUTOMAAMU 1-4.

HyxHO oOTMeTUTh, 4YTO NOJyYEHHbIE HAaMU JaHHbIE IO CTAOWMJIBHOCTM Ha BO3IYyXe
OpPraHWYECKUX TMOJEBbIX TPAH3UCTOPOB HA OCHOBE pA3JIMYHBIX HWHAUTOUIOB XOPOIIO
KOPPEJIUPYIOT C HUX SJIEKTPOXMMHUYECKMMH XapaKTEPUCTUKAMU UM DSHEPrUsIMU T'PaHUYHBIX
opOuTanei, npeacTaBiIeHHBIMU B Tabmuue 12. B wactHoctn, coemmnenus 5 u 10,
IPOIEMOHCTPHUPOBABIINE HAHOOIBIIYIO CTAOMIFHOCT PAa0OTHI B MOJIEBBIX TPAH3UCTOPAX N-THIIA,
uMeroT cambie HU3Kkue sHeprun HCMO. Cronb ke Huszkue sHeprun HCMO Obutn mosrydeHsl 1
st 6,6'-gunmanounauro 6w 5,5'-mudTopuHanro 8, KOTOphIe, OJHAKO, IOKa3alld
HEYJIOBJICTBOPHUTEIbHBIC XaPAKTEPUCTUKHA B TPAH3HCTOPAX W IMOITOMY HMX CTa0WJIBHOCTH Ha
BO3/yX€ HE U3y4aach.

ITo cBOMM PIEKTPOHHBIM CBOMCTBAM OKTaxJOpuHANTO 12 u oktadTopunauro 11 sBistoTcst
HauOosiee NepcrneKTUBHbIMU MaTepuanamu ¢ sHeprusimu HCMO okono -4,1 u -4,2 3B,
coorBercTBeHHO. Huskas sneprus HCMO B COBOKYNHOCTH C MOBBIIIEHHOW ruapodoOHOCTEIO,
WHIyIIMPOBAHHOW TPHCYTCTBUEM BOCBMH aTOMOB TaJOT€HA, JOJDKHBI OOECIIEYUTH BBICOKYIO
cTaduIbHOCT,  aHuWOHOB  4,4'.5,5',6,6',7,7'-OKTarajJloreH3aMeIIeHHbIX ~HMHIWIO B  KaHalle
TPaH3UCTOPOB MpH UX pabore Ha Bo3ayxe. K coxkaneHuio, MIEHKH ITHX HHIWTOUIOB HE
MPOJIEMOHCTPUPOBAIIM  MPUEMJIEMBIX TOJIYNPOBOAHUKOBBIX CBOMCTB HHM Ha OJHOM W3
uccieoBaHHbIX IudekTpukoB (BCB, Tterpakonrtan, Al2Os). Ilo-Buammomy, 3TO CBsi3aHO ¢
OCOOEHHOCTSIMU PACIOJIOKEHHUSI MOJIEKYJ B cTpykTypax 11-12, B ToMm 4yuciie UX OpUEHTaluen
OTHOCHUTEJIBHO MOJJI0KKH.

TakuM 00pa3oM, MHIUTO W €ro (YHKIHMOHAIbHBIE MPOU3BOJHBIC MPEICTABISIOT COOOM
MEPCHEKTUBHYIO TPYIIITY MOJIYIPOBOJIHUKOBBIX MATEPUATIOB ISl OPTaHUYECKOW 3JIEKTPOHUKH.
[Tokazano, yTo XMMHYecKas (QYHKIMOHAIM3ALMS CYIIECTBEHHO BIUSET Ha ONTHYECKHE U
3JIEKTPOHHBIE CBOMCTBA MHAWTOUJIOB, a TAKXKE HA UX AJeKTpuueckue xapakrepuctuku B OIIT. B
YaCTHOCTH, 35,5'-IM3aMELIEHHbIE WHIUTOUJbl AEMOHCTPUPYIOT XYJILIUE XapaKTEPUCTUKH IO
CpaBHEHHMIO ¢ 6,6'-mM3aMenieHHbIMH aHanmoramu. OOHapy>XeHO, YTO 3JIEKTPOHOJCHUIMTHBIC
3aMECTUTENM MOJABJSIOT TPAHCIOPT IOJOKUTEJIBHBIX HOCUTENEW 3apsiia B HHIUTOMIHBIX
IUIEHKaX, B TO BpeMs Kak 3(pPEeKTUBHOCTH MEPEeHOCca IJIEKTPOHOB MPAKTUUECKH HE M3MEHSETCS.
[Tokazano, uro 6,0'-IUHOAMHIUTO JEMOHCTPUPYET COATAHCHUPOBAHHBIA aMOUTONSAPHBIN
TPAHCIIOPT, TOTJA KaK MPHU Mepexo/ie K XJIOPUPOBAHHBIM U ()TOPUPOBAHHBIM aHAJIOTaM HAYMHACT

JOMUHHUPOBATH AJIEKTPOHHBIA TpaHCTIOPT. MHIUTOMIBI, coaepKamue 1Be TpUu(PTOPMETHUIHHbIE
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rpynmsl (5) wim yetsipe aroma ¢ropa (9), IeMOHCTPUPYIOT TPOBOAUMOCTD UCKIFOYATEIBHO N-
THUIA.

[Tokazano, uto ycroitunBocth OIIT Ha ocHOBe MHAUTO U 6,6-TUOPOMUHANIO (TUPCKUI
OypIyp) K OKpy>Karoliei cpeae Oblla CHIIBHO NEpeolieHeHa B MPeIbl Iy X myonukammsx [133;
178; 179]. CornacHO MOJy4eHHBIM HaMH pe3yjbTaTaM, 3TH YCTPOWCTBA IMOYTH IOJIHOCTHIO
JErpaupyroT Ha BO3/yXe B TEUEHHE HECKOJIBbKO 4acoB. OJHAKO 3Ta mpobdiema ObLIa 4YaCTUYHO
pEIlIeHa BBEICHNUEM B SIIPO MHINTO CUIIBHBIX IEKTPOHOAKIENITOPHBIX 3aMECTUTENEH, TAKUX KaK
JBE TPUPTOPMETHIIbHBIE TPYTIBI MK YeThIpe aTromMa (ropa, KoTopbie cHu3mwim sHepruro HCMO
A7pa UHIUTO U 3HAYUTENbHO yiayuuian crabmibHocTh OIIT n-Tuna B yclaoBHSX OKpy:Karolien
cpenbl. Cpok cimy>x0b1 Ha Bo3ayxe OIIT na ocroBe 6,6'-6uc (Tpudropmetiun) uaauro S u 5,5',6,6'-

terpadpTopuHIUro 10 cocTaBUII OKOJIO ABYX MECSIIEB.

3.5 Pa3zpabdorka pyHKIHMOHAJBHBIX NPOU3BOAHBIX MHAUIO C PACIIMPEHHOH 7T-

3JIEKTPOHHOI CHCTEMOM

N3BecTHO, 4YTO pacuimpeHUe T-COMPSHKEHHON CHUCTEMBI TMOJYNPOBOJHHUKA SBIISICTCS
3 PEeKTUBHBIM TOAXOJOM K YBEJIMUYCHUIO TOABMXKHOCTEH Hocutenew 3apsma [130,131,132].
TeopeTnueckne pacyeTbl TakKe IOKa3ald, 4YTO JJICKTPUYECKHUE XapaKTEPUCTHUKU HMHIUTO
MOTEHIUATHHO MOTYT OBITh 3HAYUTEILHO YIIYUIIIEHBI 32 CUET PACIIMPEHUS ApOMATHUECKOTO SApa
mosiekyisl [140]. Ha naHHBIE MOMEHT MHAWIOWJOB C PACIIMPEHHON T-3JIEKTPOHOW CUCTEMOM
W3BECTHO Mayio. Tak, HeTaBHO ObUIM OOHAPYXEHBI IMOJYNMPOBOAHUKOBBIE CBOWMCTBA y 5,5'-
TUGEHWIMHANTO W 6,0'-IUTHEHWIMHIUTO, KOTOpBhIE  MPOJEMOHCTPUPOBATIU  XOPOIIO
cOanancupoBaHHbIE aMOuMONsApHbIe Xapakrepuctuku B OIIT [12,133].

Bprime Ob110 MOKa3aHO, YTO 3aMEIEHNE UHANTO B MOJOKEHUIX 6,6’ mpeanodTuTensHee,
yeM B moJiokeHusX 5,5°. TloaToMy MBI MCClieIoBaIM BIUSHUE (DYHKIIMOHAIM3AIIUN MOJICKYJIBI
WHAWTO JIBYMS apOMaTHYECKHMMH 3aMECTHTEISIMH B TOJOXKeHusx 6,6 (eHunpbHbIMU,
TUEHWIbHBIMU, OCH30THCHMJIBHBIMH U OeH3oTuazomunbHbiMu (13-16) [145]. Takxke Obumm
W3yYCHBI HOBBIC TIPOU3BOIHBIC HHIUTO, COICPIKAIUX OCH30IbHBIC (ParMeHTHI, aHHETHPOBAHHBIC
B Pa3HBIX MOJIOKEHUAX K uHAUromaHoMy sapy (18 u 19) [139; 188]. MonekynspHbie GopMyIIbI
MCCJIETOBAaHHBIX MPOU3BOAHBIX HHJIUTO C PACIIMPEHHON TM-3JIEKTPOHOI CUCTEMOM MpeICTaBICHbI

Ha puCyHKe 49.
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Pucynox 49 — Monexynsprvie popmynvl UCCIe008AHHBIX NPOUZBOOHBIX UHOUSO C
PpacuupeHHol T-271eKMpPOHHOU CUCMEMOU

N3rotoBnenune ycTpoHCTB C HUCIOJIB30BAHUEM IMPOU3BOJIHBIX MHAWIO BKIIOYAET B ceOs
SHEpro3aTpaTHbIE METOJAbl HAHECEHHWs IUICHOK BAaKyyMHBIM HAaIlbLIEHHEM, B TO BpeMs Kak
HEJIOpOrue TEXHOJOTHH MevyaTy TpeOyIoT MaTeprUaioB, IPUTOAHBIX Ui HAHECEHUS U3 PacTBOpA.
B mnacrosimiee BpeMs H3BECTHO COBCEM HEMHOIO pACTBOPUMBIX MPOU3ZBOJHBIX HHAMIO.
bucankokcuzaMmenieHHbIE TPOU3BOJHBIE MMOKA3aIu HEYJOBJIETBOPUTEIbHBIE XapaKTEPUCTUKU B
OIIT [12]. XoTst Oucankuiokcu(peHUIbHbIE MPOU3BOAHBIE WHAMIO CHOCOOHBI OOpPa30BBIBATH
KHUJIKOKPUCTAIUTMUECKYIO (ha3y, MOABMKHOCTh HOCUTEIIEH 3apsiia Ui TICHOK 3TUX COSIMHEHHM
He m3Mepsiack [146]. Takum 00pa3om, MONTy4YeHUE MPOU3BOAHBIX HMHJIIUTO, KOTOPHIE MOXKHO
HAaHOCHUTH W3 PacTBOPA, SABIACTCS BEChbMa aKTyaJIbHOU 3adadeid. [[is pemenus 3Toi 3aaa4u ObLIO
MOJTy4YEHO PaCTBOPUMOE MPOU3BOAHOE UHANTO, COIepIKAIllee ANKIITHUEHUIbHBIE 3aMecTuTenu 17
(pucyHok 49).

Kpucrannuueckyto ctpykrypy coenunenuit 17, 18 u 19 ynanoch ycTaHOBUTH C IOMOILBIO
peHTreHoCTpyKTypHOoro aHanmm3a'’ (pucymox 50; pucynok I'.1 B mpumoxenun I'). Bo Bcex
UCCJICIOBAaHHBIX KPHCTAJUIaX MOJIEKYJbl y4YacTBYIOT B CTIKHMHTOBBIX B3aUMOJICHUCTBUSAX, HO
MEXXIIOCKOCTHBIE PACCTOSIHUSL, a TAK)KE TUIIBI IEPEKPhIBAaHUS MOJIEKYJ pa3indHbl. Haumensiee
MEKILIOCKOCTHOE paccTosinue 3,26 A mabmomaercs nns 18, camoe Gonbmoe 3,49 A nna 17
(pucynok I'.1, mpunoxenue I'). MonekynspHbie cTonku 19 co cCpemHHM MEXIUIOCKOCTHBIM
paccrostaueM 3,368(6) A dopmupyrorcs Bronb ocu a (camble kKopoTkue koHTakthl C ... C

coctaBnsoT pumepHo 3,239 (7) A) (pucynox 50). Ilo cpaBHeHHIO ¢ HEMOIU(PUIUPOBAHHEIM

10 Monoxkpucramisl 6bu1n Beipamiedst M.B. Kiumosuy, ®TBYH OUIT IIXD u MX PAH
PentrenocTpykTypHbIi aHanu3 nposeneH 1.X.H. C. U. TposHoBeM U 1.X.H. K. A. JIpicenko, MI'Y um. M. B.
JlomonocoBa
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uHIMro (MEeXIIocKocTHOe paccrosiaue 3,40 A), nubenso[g,g' lunauro 18 u aubensol[f,f junauro
19 neMoHCTpUPYIOT GoJiee KOPOTKUE PACCTOSTHUS, UTO YKa3bIBAE€T HA BOZMOXKHOCTh OOPAa30BaHMUS
3¢ (HEeKTUBHBIX MEXKMOJNEKYISPHBIX KOHTAaKTOB. B cnyuae ankwntueHwniuHauro 17 ero
pa3BEeTBIEHHBIC 2-3TWITEKCUIBHBIC IIEMU MPENSATCTBYIOT TECHBIM  MEKMOJICKYIISPHBIM
KOHTaKTaM.

Crenyer OTMETUTh, YTO MOJIEKYJbI coenruHeHuid 17 u 18 cMeleHsl Ipyr OTHOCUTEIBHO
Jpyra B CTONKax, TOT/Ia KaK yroJl MeKIy NpsSMOi TUHUEH, COeTUHSIONICH EHTPhI U IMIOCKOCTH
MoIleKy (CM. OmpeseleHue yria o Ha pucyHke 45), cocrasnser 147° u 154° nna 17 u 18,
COOTBETCTBEHHO. M3BECTHO, YTO CMEIEHHWE MOJEKYJ] JPYr OTHOCHTENBHO Jpyra CHIKaeT
3¢ (heKTUBHOCTH TIepeHoca 3apsaa BIoib n-ctonku [205], [206].

Coenunenve 19 xapakrepu3yeTcsi HECKOJIBKO MEHBIIMM YIJIOM [3 HAaKJIOHa MOJIEKYJ B
cronke (~44 °), yeM He3aMeIIeHHbIH UHAUTO (~ 54 ©), 94TO AOHKHO 00eCIeunBaTh yIIy4IICHHBIC
3apsI0BO-TPAHCIIOPTHBIE CBOMCTBA 3TOro Marepuana. H J[ns Bcex MmomydeHHBIX MPOU3BOIHBIX
WHAUTO OBUIM HWCCJIENOBAaHBI ONTHYECKHE M DIJICKTPOXMMHUYECKHe cBoicTBa. Ha pucynke 51
MPEACTABJICHBI CHEKTPHI MOTJIOMICHHS] MPOU3BOJHBIX WHIWTO, PACTBOPEHHBIX B ropsiuem 1,2-
nuxyopoen3oinie. Ilomockl mornomenus: mausa coeauHeHui 13—19 oyeHb TOXO0XKHM HA CIIEKTP

IIOrJa0mCHUA HHAUTO, HO JIC’)KAT B boiee JINHHOBOJHOBOM JHAaIIa30HEC.
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Pucynox 50 — Kpucmannuuecxkas ynaxoska monexyn oubenszol[f,f' Junouco 19 no oannwvim
PEHM2eHOCMPYKMYPHO20 —anaiusa (a,0); ynaxoexa moaekynr oubensoff,fJunouco 19 ¢
I/IeMEeHMAPHON AdeliKe NO OAHHbIM PEHM2EeHOCMPYKMYPHO20 AHAIU3A
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CpaBHeHHE CHEKTPOB IMOIJIOIIEHUS WHIUTOMAOB B pPacTBOpPE U B TOHKHUX IUIEHKAaX
MpeACTaBICHBI Ha pucyHKax 52, .2 (mpunoxenue). MI3yduTh ONTHYECKUE U DJICKTPOXUMUICCKUC
CBOIicTBa coeHEeHU 15 B TOHKUX MJIEHKAX HE YAalOCh U3-32 €r0 HEJOCTaTOUYHOM TepMUIECKON
CTaOMIIBHOCTU M HU3KOW PAacTBOPHUMOCTH, HMPEMATCTBYIONIEH (POPMUPOBAHUIO TUIEHOM METOJ0M
PE3UCTUBHOTO HAMBUICHUS B BAKYyM€E WJIM HAHECEHUEM U3 pacTBOpa.

Jl51s ocTabHBIX COeTMHEHN OOHApY KEHbI 3HAUNTENBHBIE Pa3INUUs ONITUYECKUX CIIEKTPOB
B PAacTBOpPE M B TOHKMX IUIeHKax. Cnekrtpsl coequHenuit 13, 14, 17 n 18 B TOHKHX IUIEHKax
3aMETHO C/IBUHYTHI B JJIMHHOBOJHOBYIO O0JIACTh MO CPABHEHUIO CO CIIEKTPAMU PAaCTBOPOB, UTO
CBUJIETEILCTBYET 00 oOpazoBanHuu J-arperatoB [207], He OJaronpuATCTBYIOIIMX MEPEHOCY
3apsna. HampotuB, cmekTpsl TOHKMX IuieHOK 16 w 19 (pucynkm 52, 1'.2) cmemeHsl B
KOPOTKOBOJIHOBYIO 00JIACTh 10 CPABHEHHIO C PACTBOPAMHU, UTO CBUIECTENHCTBYET 00 00pa3oBaHUU

H-arperartoB, B KOTOpBIX peanu3yercs 3(h(peKTUBHBIN TPaHCTIOPT 3apsija.

— 18
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T T T _- 1
500 600 700 800
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0,0 : . ‘ ‘ : e
400 450 500 550 600 650 700 750
[rHa BOMHBI, HM
Pucynox 51 — Cnexmpul noenowenus coeounenuti 13-19 u nemoouguyuposanno2o

uHOu2o 8 copsiuem 1,2-ouxnopbdensone

HccnenoBanuss MeTOAOM NMKJIMYECKON BOJBTAMIIEPOMETPUM OBLIM TPOBEAEHBI IS
TOHKUX TIUICHOK, HAHECEHHbIX TEPMHYECKHM HKCIIapEHHEM Ha JAHCKOBBIE OJIIEKTPOIBI U3
crexnoyraepona (pucynku 1.3, I'.4). [Ipeanonarasi, yto sHeprust depmMu Ajsi OKUCIUTEIBHO-
BOCCTAaHOBHMTEIBHOM napsl Fc'/Fce cocrasnser 5,1 5B, Oblan onenens! sueprun B3MO u HCMO

COEJIMHEHHUI B COOTBETCTBUU CO CTAHJIAPTHBIM MMoaAx0a0M [208].
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Pucynox 52 — Cnexmpor nocnowenus 19 6 copsauem 1,2-Ouxnopbensone u 6 moHKUX
nieHKax

B Tabmuue 15 nmpuBeaeHsl MonydeHHble JaHHbBIE. [IpakTHuecku Bce  MHIUTOUBI
IPOJEMOHCTPUPOBAIM OJIM3KHE 3HAYEHMS IMOTEHIHAJIOB BOCCTAHOBIJIEHUS, COOTBETCTBYIOLIME
sneprun HCMO npumepno —3,9 3B. Yposan HCMO u B3MO 19 niexaT 3Ha4UTEIBHO BBILIE 110
SHEPTUU 10 CPABHEHHUIO C HE3aMEIICHHBIM HHIUTO. OTOT pE3yJbTaT MOXXHO OOBSCHHUTH
3JIEKTPOHOJOHOPHBIM BIMSIHUEM JIBYX O€H30JbHBIX Koyiell. CTOUT OTMETUTh, UYTO HU3KOJIEKAIINE
ypoBaH B3MO (-5,57 3B) coenqunennii 01aronpusITCTBYIOT CTaOMIIEHON paboTe TPaH3UCTOPOB P-

Tumna Ha Bo3znyxe [209; 210].

Tabauya 15 — Onmosnekmponnvle c8oticmaa npouze00usix unouzo 13-19

Coemn- | Amax  PacTB., | Amax TUIEHKa, | Eg™"™® | E%ne B | B3MO, | E®ns. | HCMO
HEHHE HM HM 5B OMmH. 5B B ommn. | 3B
Fc/Fc* Fc/Fc*

13 334,417, 609 35266” ‘213% 1,73 0,67 5,77 1,15 | -3,95
14 311,373,602 | 315,378,620 | 1,66 0,69 -5,79 1,16 | -394
15 334,394, 628 -* - - - ] ]
16 340, 606 348, 566 1,72 0,59 -5,69 1,16 | -3,94
17 332,436,610 | 330,415,628 | 1,71 0,8 -5,90 1,18 | -3,92
18 33%38 P 40%525’3?%’6 L L2 | om | sgs | -0 | 390
19 341, 674 327, 567 1,84 0,47 -5,57 1,45 | -3,65

Muauro | 300, 600 335, 665 1,71 0,67 5,77 21,20 | -3,90

Ipumeuanne: E%,,s — aHeprus okucnenus, B, — s3Heprus BocCTaHOBIEHHUS.

* TOHKHE TUICHKU 15 NoTyuuTsh He yIanoch n3-3a pa3iokKEeHUsI COSANHEHNUS B X0/1€ CyOnuManum
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3.5.1 MHccaenoBanue 31eKTPHYECKUX XaPAKTEPUCTHK MPOU3BOAHBIX MHAUIO B

OPraHUuY€CKHUX IMOJEBBIX TPAH3UCTOpPAX

Bce monmyuyeHHbIe TPOU3BOJHBIE MHIUTO OBUIM HCCIIEOBAaHBl B OPraHHMUYECKUX IOJIEBBIX
TpaH3UCTOpax, CXeMa KOTOpBIX MpeACTaBieHa Bbllle Ha pucyHke 18 (rmaBa 2). Oxunganock, 4yTo
MPUCYTCTBUE THO(EHOBHIX, (DEHWIBHBIX WM HA(TUIBHBIX (parMeHTOB B CTpykKTypax 13-19
obecnieuuT Ux 3(PPeKTUBHOE YHOPSAAOUEHUE B TOHKUX MJICHKAX, YTO MPHUBEAET K YJIYUIICHUIO UX
3apsI0BO-TPAHCIIOPTHBIX CBOWUCTB. OIHAKO MOJMYYCHHbIE SKCIIEPUMEHTAJIbHBIC JaHHBIE He
HNOJTBEPAMIIN 3TO mpenmnoioxenue (tadbmuma 16). Tak, muenku coequaennit 15-16 He mokazanu
HOJYIPOBOJHUKOBBIX ~CBOMCTB HM Ha OJHOM M3 MHCIOJb30BaHHBIX JAMIJIEKTPHKOB.
Judennnuuauro 14 npoaeMOHCTPUPOBAT HU3KKE MOJBHXKHOCTH HOCUTEIIEH 3apsi/IOB B MOJIEBBIX
TpaH3zucTopax p-tuna. Hanportus, nutuennnunauro 13 (pucynok 53a) u qudenszol f,f” Junauro 19
00a/1a10T CBOWCTBaMU aMOUMOJSPHBIX MOJYNPOBOJHUKOB HAa YTJIEBOJOPOAHOM JTUAIIEKTPUKE
(TeTpakoHTaH), OJHAKO IOJBMXHOCTH 3JIEKTPOHOB Ha 3 TOpsJIKa HIKE 10 CPaBHEHHIO C
JBIPOYHBIMH MOABMKHOCTSIMH. VIHTEpecHO, 4To cxoaHbIe 6,6’ -01c(3-3TUIAreKCUITHEHHIT ) UHUTO
17 n puGenzounauro 18 HEMMHEHHOTo CTPOCHUS SBISAIOTCS MOJYNPOBOJHUKAMHU N-THUMA C
HU3KAMH SJIEKTPOHHBIMHU TTOJBMKHOCTSIMH, TOTJAa KaK TPAHCIOPT TOJOKHUTEIBHBIX HOCHTEIEH
3apsAnoB mojaBieH (pucyHok 530). HeynosnerBapurensubie xapaktepuctuku OIIT Ha ocHOBe
coenuHeHUH 17-18 00yCIOBICHBI UX KPUCTAIUTMYECKON CTPYKTypoil. Monekybl coequHeHui 17
U 18 B 3HAUNTENBHON CTENEHM CMEUIECHBI APYT OTHOCHUTENIBHO Jpyra B CTOIKaxX, YTO CHMXKAeT
3 PEKTUBHOCTh MEPEHOCa 3apsiia BAOJb T-CTONKU. MeXMOJeKysipHoe paccTosHue st 18
oombme (3,49 A), yem y nemomupuumposannoro wuuuro (3,4 A), uro yxymmaer
MEXXMOJIEKYJIIPHbIE B3aMMOJEHCTBHS U TOBBIIIACT Oapbep A MEKMOJEKYJSPHOrO MepeHoca
3apspa. B cnywae ankuwiTHeHMIMHIUTO 17 ero pa3BeTBICHHBIE 2-3TUITEKCUIIbHBIE LENH
NPEMSATCTBYIOT TECHBIM MEKMOJIEKYIIIPHBIM KOHTAKTAM.

Beenenne TnodeHoBBIX U (DEHWIBHBIX (ParMEHTOB B ITOJIOKEHUS 6 U 6' HHANTO MTPUBETIO
K MpeoOIIaZlaHnIo TPAHCIIOpTa P-TUIA U3-3a JIEKTPOHOJOHOPHOTO BIMSHUS 3THX 3aMECTUTENCH.
Jlpyroe coequHeHue, HelMMHEHHbIH (Z-00pa3Hblii) AMOEH30MHANTO, TPOJAEMOHCTPUPOBAIT XyALLINE
xapaktepuctuku B OIIT mo cpaBHEHHIO Kak ¢ HE3aMEIICHHBIM WHAMIO, TaK U C JIMHEHHBIM
JTUOEH30UHUTO U3-32 CUJIBHOTO CMEILEHUSI MOJIEKYJI APYT OTHOCUTENBHO Jpyra B CTOIKE U, KaK

CJIEJICTBUE, YMEHBIIIEHHOTO TIePEeKPhIBaHMS TPAHUYHBIX OpOUTAJIE COCEAHUX MOJIEKYII.
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Pucynox 53 — I[Ipoxoounsie xapaxmepucmuxu OIIT na ocrhose coedunenuii 13(a) u 17(6)

a) Al BEPXHUX 3JIEKTPOJIOB OBUIO HMCIOJIB30BAHO 30JI0TO; 0) MOJBMKHOCTH HOCHUTENEH 3apsiia Oblia OleHEHa B

PEKHMME HACBHIIEHHUS; B) TOHKHE TUIEHKH 19 6butn oTToxkens! pu 100 °C B Teuenue 30 cexynn;

Tabnuya 16 — Xapaxmepucmuxu OIIT p-muna u n-muna Ha OCHO8e UCCIEO0BAHHBIX

coeounenutiv
Tum [Toporosoe IToaBm>XHOCTE
Coenunenne| Ilognoxka | AudnexkTpux ., |HanpspkeHue | lon/dorr o,
HOCHUTEIIEH ol -1
V1, B cm B e
TC n -3,0 10 ~10¢
13 Crekio 3
TC p 4,0 1000 3,8-10
TC n - - -
14 Crekio
TC p -4,5 38 3,8-10*
TC n 7,2 110 2.8-10*
17 Crekio
TC p - - -
TC n 2,1 100 9,1-10°
18 Crekio
TC p - - -
Crexio AlOx p -2,8 1,9-10* 1,8-10!
Crexio AlOx p -3,4 2,0-10* 3,4-107"®
IImacTuk 4 -1
19 AlOx p -1,2 1,0-10 2,2-10
CTekio TC n -7,7 1,0-10? 2,6:10*
CTekio TC P -3,6 1,0-10* 7,8-107
Crexio TDPA p -3,0 1,4-10* 1,2:107!
AlOx p -5,1 2,0-10? 2,9-10*
Huauro Crekio TC p -10,8 2,0-10? 3,810
TDPA p — — —
IenTaueH Crexio AlOx p 1,2 2,5-10% 1,4-10"
DNTT Crekio AlOx P 3.3 1,0-10° 6,1-10!
Ceo Crexiio AlOx n 2,0 5,0-10° 7,5:102
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[TomuepkHEeM, UTO HAMITYUIIHE PE3yJIbTAThl OBLIM MOJTYYCHBI I TPAH3UCTOPOB Ha OCHOBE
JIUHEHHOro M3oMepa aubeH3omHIUro 19 B KOMOMHAIMU ¢ HEMOIU(PHUIIMPOBAHHBIM OKCHIOM
ATIOMUHMS B KauecTBa MANEKTPMKA: JBIPOYHbIE MOJBMKHOCTH jocturaor 0,34 cm?Blc’!
(trabmuma 16, pucynok 54). HyxxHo momguepkHyTbh, uTo 19 JeMOHCTpHpYeT Ha MOpSAKH Oolee
BBICOKHE TIOJIBIDKHOCTH HOCHTENEH 3apsioB IO CPABHEHUIO C HE3aMENICHHBIM HWHIWTO, YTO
SBJISIETCSI CIIEZICTBUEM 3aMEHbI OCH30JIbHBIX ()ParMEHTOB HA pacIIMpPEHHBIC HA()TATHHOBBIE.

[Momy4eHHble  pe3ysnbTaThl  CBHICTEIBCTBYIOT O 3HAYMTENBHBIX  MEPCIEKTUBAX
ucnonb3oBanus auben3o[f,f’ Junauro (19) B kauecTBe OPraHUYECKOrO MOJIYIPOBOJIHUKOBOTO
marepuana p-tuna. [losToMy ™Mbl TpoBenu Ooiiee  NETambHOE  HMCCIEIOBAHHE  €T0
MOy TIPOBOTHUKOBBIX CBOMCTB, CTAOMIIBHOCTH PabOTHI TPAH3UCTOPOB HA €T0 OCHOBE Ha BO3MYXE,

a Tak)Ke ero OMOCOBMECTHMOCTH.

1E-5

1E-7

[, A

1E-8

1E-11

Pucynox 54 — Ilpoxoonvie (a) u ewvixoonvie xapaxmepucmuku (6) OIIT na ocnose

oubenzoff,f’Junouco (19)

3.5.2 [eranabHoe ucciaenopanue quden3o[f,f’|uHauro kak nepcneKTMBHOr0 MaTepuaJja

AJIsA «3eJIeHoi JJICEKTPOHUKHN

Beimie 6b110 MOKa3aHO, YTO UCIOJIB30BAHUE PA3TUYHBIX OY()EPHBIX TUITICKTPUKOB MOKET
3a4UTENbHO BIUATH Ha xapakTepucTuku OIIT. Ml usrorosunu u uccnenoBanu OIIT Ha ocHOBe
muoen3o[f,f luamuro ¢ BCB, TC, memrakoM WM CaMOOPTaHU3YIOIUMCS MOHOCIOEM
teTpaaenmndochonoBoit kuciorel (TDPA) B kadecTBe macCHBUPYIOMMX MOKPHITHIA. OnHAKO,
HaWJIydllIue pPe3yJbTaThl OBUIM TIOJYYEHBI HA YHUCTOM OKCHJE aatoMuHMs. [loIBMIKHOCTH
TPAH3UCTOPOB HA OCHOBE HEOTOXOKEHHBIX IUIeHOK auben3o[f,f’Junauro 19 cocraBuna 0,18

2

e’ B! ¢! (makcumansuoe 3nauenue, cpeanee 0,14 cm? B! ¢!). Koporkuit omxur (30 cek)

TOJTYTIIPOBOHMKOBBIX mueHoK pu 100 °C mpuBen K yBeaMueHuro noasusxnoctu 1o 0,34 cm? B!
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¢! (makcumanpHoe 3Hauenume, cpegnee 0,26 cm? B! c¢'). Orcyrcrsue rucrepesuca B
BOJIbTAMIIEPHBIX XapaKTePUCTUKAX ObUIO HEOXKHUJIAHHBIM Il YCTPOWCTB, H3rOTOBJIEHHBIX
HerocpeacTBeHHO Ha yncToM AlOx (pucyHnok 54). Mcnonb3oBanue moHocnoss TDPA B kauectBe
naccuBupytomiero TOKpeITus it AlOx  o0ecrneuyuBaeT COMOCTaBUMBIE — ITOJABHKHOCTH.
[Mpumenenne TC yMEHBIIMIIO TOABIKHOCTE IBIPOK B 2-3 pa3a, B TO BpeMsl KaK HCIIOJIb30BaHUE
IIeJUIaKka MPHUBEJIO K YMEHBIICHHUIO MOIBMKHOCTU Ha nopsaaok (tabmuma I'.1, npunoxenue I).
Crnenyer OTMETHUTh, 4YTO TPAaHCIOPT N-TUHA HAOMIOZANCS TOJBKO B YCTpOMCTBax ¢
ucrnonb3oBanueM TC B KauecTBe AMANEKTPHKA U XapaKTEPU30BAICA HUZKHUMH 3HAUCHHUSIMH
noasmxHOCTH 0koio 110 eM?B-lc™! (mpu ncnosnp3oBanKuy 3010THIX 2EKTPOIOB) U 0Komo 1-107
em’B ¢! (mpu ncnonb3oBaHNM cepebOpsHBIX HekTpoaoB). CienoBaTensHo, ubenso[f, jurauro
clelyeT paccMaTpuBaTh KaK MOJYIPOBOJHUKOBBI MaTepuasl NPEUMYIIECTBEHHO p-THIa, B
OTJIMYUE OT UCXOAHOTO MHIUT0, KOTOPHII EMOHCTPUPYET cOaaHCUPOBAHHBIA aMOUTIOSPHBIN
TPAHCHIOPT. DTO Pa3IMUME XOPOIIO KOPPEITUPYET AICKTPOHHBIM BIIUSHHUE IBYX TOTTOTHUTEIHHBIX
OCH30JIbHBIX KOJIEII, CIIOCOOCTBYIOITUX IMEPEHOCY JIBIPOK.

IIpu ontumumzamuu OIIT Ha ocHoBe 19, OBUIO MOKa3aHO, YTO CKOPOCTb OCAKICHUS
HOJYIIPOBOJHUKA MOYTH HE BIMSAET HA XapPaKTEPUCTUKHU YCTPOMCTBA. YBEIWYECHHE TOJIIMHBI
manexTpuka AlOx (TIomy4eHHOTro mpu 00Jiee BEICOKMX HANPSHKEHHUSX aHOAWPOBAHUS ) IPHUBETIO K
3HAYUTEILHOMY CHIKCHHIO MOABMXKHOCTH (Tabmuma I'.2, mpunoxenue I'). OIIT Ha ocHoBe
OJTHOTO U TOTO K€ MOJIyIPOBOAHHMKA MOTYT JAEMOHCTPUPOBATH PA3IMUYHBbIE XapAKTEPUCTUKU B
3aBHCUMOCTH OT YCJIOBHUH H3rOTOBJICHMS, ApXUTEKTYpbl YCTPOICTBa, cOCTaBa M TOJIIMHBI
UCTIOJIb3YEMBIX JIUAJIEKTPUKOB, METOJOB OCAXKACHUS TUIEHKU U T.J1. [loaTOMYy MBI comocTaBuiu
qu6en3o[f,f” |JMHIUro ¢ HEKOTOPBIMM KJIACCUYECKUMU IOJYNPOBOJHUKOBBIMM MaTe€pHallaMU p-
TWTA, TaKUMU Kak TieHTaneH u auHadrotueHotrnoden (DNTT), a rtaxke dymiepen Coo,
UCTIONIb3YeMbIi B KadecTBe MaTepuaina n-tumna. [IneHku ObulM MOJy4YeHBl TEPMUYECKUM
UCIIAPEHUEM B BaKyyMe B MAaKCHUMaJIbHO OJM3KUX YCIOBUAX. 13 pe3ynbTaToB, NpecTaBlIeHHBIX B
tabnuue 16, Buano, yto OIIT Ha ocHoBe 19, nenranena u DNTT neMoHCTpupyIOT conocTaBuMbIe
xapakrepuctuku. @yiepen Ceo 0OecrieunBaeT BCEro B JBa pa3a 0oJiee BHICOKYIO MOJIBUKHOCTD
N-TUIA [0 CPABHEHUIO CO 3HAYCHUEM MOBMKHOCTH P-TUIIA, TOCTUTHYTHIM A5 19 (Tabnuua I'.1).
Cnenyer Takke NOMYEPKHYTh, YTO MOABMXHOCTHb JABIPOK, MOJY4Y€HHas s IUieHok 19,
BBIPAIIEHHBIX HA PA3JIMYHBIX TUDJIEKTPUKAxX, ObUIa Ha TOPAJKM BBIIE, YeM B IUICHKAX
HE3aMEeIIeHHOT0 MHUTO (Tabmuna 16). DTo ynydiieHne AOHKHO OBITh CBS3aHO C YJIYyYIICHHBIM
T-CTOKUHIOM MOJIEKYd 19 M KOPOTKMMH MEXMOJEKYJSPHBIMU PACCTOSIHUAMU (KakK cIlenyeT W3
JAHHBIX PEHTICHOCTPYKTYPHOTO aHajh3a, CM. BBIIIE), OOecTeYHBAIOMUMH >(PPEKTUBHBIHI

TPaHCIIOPT HOCUTENEH 3aps/ia BAOIb CTOIKH.
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OnTtumanbHas Mopgonorus mieHok 19 Takke MOXET CIOCOOCTBOBATH YIIyYILIEHHUIO
JNEKTPUYECKUX XapaKTepUCTUK. M300paxeHus] MOBEpXHOCTU MCXOJHBIX IJIEHOK MHAMTO U 19,
HAaHECEHHBIX Ha 4YHUCThIM okcupa amomuHuss W Ha TC, nomydenHsle ¢ mnomombio ACM,
npencTaBieHsl Ha pucyHke [.5 (mpunoxkenue ). Bumno, uro nmubensounauro 19 dopmupyer
OoJsee ynopsjoueHHbIE IUIEHKH Ha 000MX JUAJIEKTPUKAX 110 CPABHEHUIO C UH/NTO.

Pazpaborka HeunkancymupoBanHbiXx OIIT, cnocoOHBIX cTabmiIpbHO paboTaTh Ha
BO3JIyX€ - OJIHA U3 BAXXKHEHIINX 3a7a4 OPraHUYECKOMN AJIEKTPOHUKU. MBI IPOBENIN HCCIIEIOBAHUE
crabmibHOCTH paboThl Ha Bo3ayxe OIIT p-tuna Ha ocHoBe auben3o[f,f' lunauro un nenranena. O6a
TUNA YCTPOMCTB OBUIM M3TOTOBJIEHBI C HCIOJb30BAaHUEM B KayeCTBE JUAJIEKTPUKA
HEIMaCCHUBUPOBAHHOIO OKCHJIA AJIOMHHHMS M 30JIOTBIX BEPXHUX 3JEKTPOJOB HCTOKA M CTOKA.
VcrpoiicTBa moaBepraauch BosjaeicTeuio Bo3ayxa (25-27 °C, npu oTHOCHTENBHOI BIaKHOCTH
30-35%) u nepuondYecKy U3MEPSIUCH HAa BO3AyXe. B TeueHne nepBoix aHel noasukHocTs OITT
Ha ocHoBe 19 cHmsunack B 2 pasa 10 0,17 cm?B ¢!, a 3aTem ocraBanack nocrosHHOMN. Y cTpoiicTBa
Ha OCHOBE [IEHTAllCHA TOKA3aJId HEKOTOPOE YBEIMUECHHE MOJIBU)KHOCTU B TEUEHHUE NTEPBOM HEJENH,
a 3aTeM BEpPHYJMCh K MCXOAHOMY 3HaueHHIo. Kak BUAHO M3 puCyHKa 55, HUKAKOW OYEBHIHOU
Jerpagai 000MX THUIIOB yCTPOUCTB HE MPOU3OILIO B TEUEHUE O0JIee YeM YEThIPEX MECALEB UX
XpaHEHUs U U3MEPEHUS Ha BO3AYXE (B TEMHOTE).

Ha crnenyromem srtame 3KCIIEpUMEHTa, YCTPOMCTBA OBLIM TOJIBEPTHYTHI BO3JCHCTBUIO
00BIYHOTO J1abOpaTOPHOTO JIOMHHECIIEHTHOro ocBerieHus. M3Bectno, yro OIIT Ha ocHoBe
MEHTAllEHa CJIBHO MOJBEPKEHBI OJTHOBPEMEHHOMY BO3JIEUCTBHUIO KUCIOPOAA U CBETA, TaK KaK B
TaKUX YCJIOBUAX IMEHTAIleH okucisercs A0 6,13-nenraunenxunona [207; 211]. JleiicTBuTeNbHO,
TPaH3UCTOPHI HA OCHOBE TEHTAIICHA JIOBOJBHO OBICTPO AETPaIMpPOBAIH, KaK BUIHO U3 PUCYHKA
56. HampoTuB, XapakTepUCTHKUA YCTPOWCTB Ha OCHOBE 19 mpakTHYeCKH HE u3MEeHWIuCh. He
OTMEUAETCs CYIIECTBEHHOI'O CHIDKEHHMS TOJBIKHOCTH HOCHTENeH 3apsaa (PUCYHOK 55) u
W3MEHEHUs IOPOrOBOI0 HAIPSHKEHUS YCTPOUCTB (pUCYHOK ['.6) B TeUeHHE IOYTH CEMU MECSLIEB
OJIHOBPEMEHHOT'0 BO3JICUCTBUS cBeTa M Bo3ayxa. [Ipoxomausie xapakrepuctuku OIIT mo Havana
M3MEPEHUI Ha BO3AyXe, Mmocie TpexX AHer U 11 MecsieB u3MepeHuii Ha BO3yXe MpeICTaBICHbI
Ha pucynke [.7 (mpunoxenwe I'). Kak BuOHO U3 puUCYHKA, pa3nuyusi MEXIy HHUMU
He3HauuTenbHble. TakuM 00pa3oM, BBIABICHHAs BBICOKas 3(()EKTUBHOCTH M CTaOMIBHOCTB
paboter OIIT Ha ocHOBe 19 craBUT AMOCH30MHIWIO JMHEWHOTO CTPOCHHS B YHCIIO Hambosee

MEePCIEKTUBHBIX MOTYTPOBOAHUKOB p-Tumna [209; 210].
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Pucynox 55 — Yemoviuusocmo OIIT ¢ kananom p-muna Ha ocvoge 19 u nemmayena K
8030elicmauro OKpydcaiouell cpedsl. Yempoticmea Xpanunu u usmepsaiu Ha 6030yxe 8 meMHoOme
(> 4,5 mecayes), a 3amem npu HOPpMATLHOM 1AOOPAMOPHOM JTIOMUHECYEHMHOM OC8eweHUuU (~ 7
Mecsyes)

Mpsi uzydanu OMOCOBMECTUMOCTh TOHKUX IUIeHOK auben3o[f,f'lunmuro (100-150 um),
KOTOpbIE HAXOWJINCH B TOCTOSITHHOM KOHTaKTe (96 1) ¢ KyJIbTypoii TpaHC(HOPMHUPOBAHHBIX KIETOK
samOproHansHOU oukn yenoBeka HEK-293T/17-SF (PanEco, Poccust). [IpumedarensHo, 9To HE
OTMEYAJIOCh CHUKEHHUS >KU3HECIIOCOOHOCTH KIIETOK, KYJIbTUBHUPYEMbIX B KOHTAKTE€ C TOHKHUMH
wieHkamu 19 (150 um). HanpoTtus, k13HECIOCOOHOCTD KJIETOK AaXke yBenuuuiachk Ha 15 +4,5%

M0 CPaBHEHUIO C KOHTPOJIEM (PUCYHOK 56).
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Pucynox 56 — Ilogvluenue dwcuzHecnocoOHocmu  Kiemox, KVIbMUusupyemvix 6

npucymcmeuu oudbenzounouzo 19 no cpagnenuio ¢ Konmponem

[NoBbiienHas nponudepanus KIETOK B MpUCYyTCTBUU 19 CBsizaHa ¢ MPOTrpecCUpOBaAHUEM

KJIETOYHOTO IMKJIA: dKCTIpeccust TeHa, koaupytomiero mukinud D1 (CCNDI), yBenuuumnacek 6oiee
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yeM Ha 40 + 5%, B TO Bpemsi Kak dKcmpeccus reHoB, cooTBeTcTBYOmMX CDKNIA n CDKN2,
KOTOpBIE PETYJUPYIOT KIETOYHBIN LUK, noaasisuiack Ha 20-30% 1Mo cpaBHEHHMIO C KOHTPOJIEM.
Bonee Toro, nuoenzounnanro 19 Taxke moaaBisiI alonTo3 KIeTok Ha 8-14%, TeM caMbIM HOBBIIIAS
UX JKU3HECTIOCOOHOCTh. OKHCIMTENBHOTO TOBPEXKACHUS WM (parMeHTalul XpoMaTHHA B
KJIeTKaxX He 3apeructpuponaHo. Habmoganoce Hebompioe (3-8%) cHmkeHHE ypoBHEH Mapkepa
okucienus 8-0xodG u Mapkepa ABYXIEMOYEUHBIX Pa3pbiBOB (HOCHOPMIMPOBAHHON XPOMATHHOM
dopmbl  rucrona H2AX (YH2AX). DOtu  pe3ynpTarhl J0Ka3bIBalOT, UTO  IUICHKHU
nuben3o[f,f' |[MHIUro He BBI3BIBAIOT TOBPEXKIAIONIIETO JCHCTBUS Ha 3MOpPUOHAIBHBIC KIIETKH
YeJIOBEKa U, CJIE0BATEIbHO, MOTYT CYUTATHCA MAaJIOTOKCUYHBIMHU.

Huskas toxkcnyHocth auben3o[f,f'[UHIUTO OTKpBIBa€T MIMPOKUE BO3ZMOMXKHOCTU JJISI €TO
UCIIONB30BAaHUSI B CO3JaHMM OMOCOBMECTHMMOW M OuopaszinaraeMol 3JIEKTPOHUKU. B kauecTBe
CJIEYIONIETo I1ara B 3ToM HanpasieHud Mol u3rotoBuin OIIT Ha ocHoBe 19 Ha 6Guopasznaraemom
wiactuke  (Mitsubishi  Chemical, BioPBSTM), xoropeie mOKa3anu CIOMOCTaBUMBIC
INEKTPUYECKUE XAPAKTEPUCTUKU C YCTPOICTBaAMH, U3TOTOBICHHBIMU HA YKECTKHX CTEKJISIHHBIX
nojoxkkax (tabmuma 16, pucyHok 57, pucynok [.8). Kpome Toro, Ham ynanock caenartb
TPaH3UCTOPBl Ha Oymare, MCIONb3Yysl BO3IYIIHO-IUIA3MEHHYI0 00paboTKy i (hopMupOBaHUS
AlOx, TOCKOJIBKY aHOJUPOBAaHHWE B BOJHOM DJEKTposuTe HedpdekTruBHO i OyMarKHBIX
nojyioxek. [TokpbiTue Ha ocHOBe mienyiaka Op110 HaHeceHo NoBepX AlOx 17 yMEeHbIIEHUS TOKa
yTeUKH (MOAPOOHOCTH MPHUBEACHBI B dKCIIEpUMeHTaNbHOM YacTh). K coxanenuto, nepseie OIIT,
U3TOTOBJICHHBIE Ha OyMmare, Moka3ail JOBOJHHO CKPOMHBIE AJIEKTPUUYECKUE XapaKTEPUCTUKU
(trabmuma I'.1, pucynok 570, pucyHok I.9), KOTOpble B MEPCIEKTHBE MOXKHO YIYUIIUTh ITyTEM
ONTUMH3AIMHA TEXHOJOTHH HW3TOTOBJICHHS WJIM CTPYKTYpPbl yCTPOWCTB. B WacTHOCTH, MOXKHO
paccMOTpeTb BO3MOXKHOCTh HCIIOJIb30BaHUs cClenuajdbHOW Oymaru c¢ Oojee TIJaAKoi
MOBEPXHOCTHIO WJIM HAHECEHUS JOMOTHUTEIBHBIX BEIPABHUBAIOIINX MOKPHITHIA HA TIOTOKKH.

Heobxomumo mnomyepkayTh, 4to OIIT, W3roTOBNEHHBIE HAa OCHOBE HKOJOTHYHOTO
IUIaCTUKA U Oymaru, MOJIHOCThIO OMopasiaraeMbl 1 OMOCOBMECTUMBI, TIOCKOJIBKY OHHM COJIEpKaT
TOJIbKO MaJIOTOKCUYHbBIE KOMIOHEHTHI: [uoen3o| f,f' |[uHanro, moiuMoNnoYHyto KICIOTY, Kpaxmad,

LEJUTION03Y, 1Ieutak, amoMunuil, AlOx u 30110T0.
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Pucynox 57 — Ilpoxoouvie xapaxmepucmuxu OIIT na ochose coedunenus 19,
U320MOBIEHH020 HA NIACMUKOBOU Ouopasziazaemol noonodxcke (a), hpomoepaguu ycmpoiicms,
U320MOBNIEHHbIX HA Naacmuke u Ha oymaze (0)

Takum  oOpa3oM, MBI  pa3paboTalii  HOBBI  HETOKCHYHBIM  OpraHMYECKUU
MOJTYTIPOBOTHUKOBBIN MaTepuan p-tumna audensolf,flunnuro, obecrieunBarommii cTaOUIBHYIO
paboty TpaH3uCTOpOB Ha Bo3ayxe. CoBMECTHOE HCIOIb30BaHue 19 ¢ panee pa3paboTaHHBIMHU
NOJyIIPOBOJHUKOBBIMM ~ MaTepHajaMd Ha  OCHOBE  TaJOT€HUPOBAHHBIX  HMHIUTOUJOB,
o0ecreynBarOIUMU CTAOUIIBHBIN Ha BO3/yXe TPAHCIOPT N-TUIIA, MOXKET MPEICTABIISATh OCOOBIN
UHTEpeC A pa3paboTKH KOMIUIEMEHTapHbIX cxeM [192]. buocoBmectumocTts 19 oTKpbIBaeT
HIMPOKUE BO3MOKHOCTH JJISL IPUMEHEHHS 3TOTO MOJyIIPOBOJHUKOBOTO MaTepHasa B pa3IM4HbIX
(YHKLIMOHAJBHBIX YCTPOHCTBAX, B YAaCTHOCTH, B WHTEJUIEKTyaJIbHOW YIMAaKOBKE MHUIIEBbIX
IPOAYKTOB, 3JEKTPOHHOW KOK€ M HOCUMBIX JaT4YMKaX JUIsi MOHUTOPUHIA COCTOSIHUS 3JI0pOBBS
YyeJIoBeKa.

BbIsiBIIeHHBIE B3aMMOCBSI3UM CTPYKTYpa-CBOMCTBA ISl NPOU3BOAHBIX MHAMIO OyayT
noJe3Hbl A Oyayliero Ju3aifHa HOBBIX IOJYNPOBOJHUKOBBIX MaTEpUAIOB C YJIyYLICHHBIMU

CBOMCTBaMH JIJIsl 9KOJIOTHYECKH YUCTONH U OMOCOBMECTUMOM OPraHUIeCKOU AIEKTPOHHKH.

3.5.3 T 'a3oBble xeMoceHCOpPBI HA ocHOBe AuOeH30 [’ flunauro

W3 nutepaTypplX [aHHBIX M3BECTHO, YTO IPOU3BOJAHBIE HHAUIO MOTYT OBIThH
WCITOJIb30BaHbI B KAUE€CTBE CEHCOPHBIX MAaTepUAIIOB JIJisi oOHapyskeHust 030Ha [130],[131] u nonos
dTopa [132], a XxemMOoceHCOpPhl Ha OCHOBE HAHOKOMIIO3UTOB C HMHIUTO U HHAUTOKAPMHUHOM
MO3BOJIAIOT MPOBOJUTH KOJIMUYECTBEHHBIE U3MEPEHUS COAEP)KAHUS PA3IUYHBIX OPraHUYECKUX U

HEOPTraHWYECKHUX BEIIECTB B Bo3ayxe [212].
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Xemocencopsl Ha ocHoBe OIIT mo3BOMNSIOT pacro3HaBaTh MOJEKYJBl aHANWTA, €CIU
B3aMMOJICHCTBHE C HUMU U3MEHSIET SJIEKTPUUECKHUE XapaKTePUCTUKU YCTPONCTBA, TAKHE KaK — TOK
B KaHaJle yCTPOWCTBA, MOJIBIXKHOCTh HOCUTEIEH 3apsija WK MOPOroBoe HampsikeHue. M3BecTHO,
YTO TPUMEHEHHE PELENTOPHOIO CJIOS IO3BOJISIET CO3/1aBaTh XEMOCEHCOPHI C BBICOKOM
YyBCTBUTEIBLHOCTBIO U CENEKTUBHOCTHIO [139,140,141].

Panee B nurepatype ObLIO ommcaHO MCHoOJb30oBaHUE Tpuc(neHTadTopdeHua)0opana) B
KayecTBE YYBCTBHTEIHHOTO K aMMHAKy pELENTOPHOrO MaTepuaja, KOTOpbId ObLT BHEIPEH B
MOJIYIIPOBOJIHUKOBBIA ~ CJIOW  TpaH3uctopa [216]. VYka3zaHHblii MaTepuan CEJIEKTUBHO
B3aMMOJICHCTBYET C aMMHUAKOM ¢ 00pa3oBaHHeM KomIuiekca cocrapa 1:1 (pucynok 58). OmxHako
Ha paboTe CEHCOPOB HETATUBHO CKAa3bIBAIHMCh HEBBICOKHE IMOJBHKHOCTH HOCUTENIEH 3apsoB B
CJIoe TOJIYIPOBOJHUKA, NOMHpPOBaHHOTO Tpuc(meHradropdenun)dopanom, u3-3a 00pazoBaHuUs
MHOTOYHCIICHHBIX JE(PEKTHBIX LEHTPOB (JIOBYIIEK). MBI HPEAIOKUIN HCIOIB30BAaTh JPYTYIO
apXUTEKTYpy YCTPOUCTB, MPEACTABICHHYIO Ha pucyHKe 59a. B Takux cTpyKkTypax peuenTopHbIi
CJIOM BBIMONHSET (YHKLIHIO JOMOJMHHUTEIBHOTO JUAJIEKTPUKA, KOTOPBHIA HE JOJDKEH Tak
CYILIECTBEHHO BIUSATH HA TPAHCIOPT HOCUTENEH 3apsI0B B MOJIYNPOBOJHUKOBOM CIIO€, KaK B

CJIy4dac €ro JOIMpOBaHUA.
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Pucynok 58 — Bzaumooeiicmsue mpuc(nenmagmopghenun)oopana ¢ amMmuaxom

Ha ocnoBe mubenzo[f’fluamuro B coderanun c Tpuc(nmeHTadpTOpPeHNIT)00paHOM B
KayecTBE PELENTOPHOTO CJosd ObLIM  M3TOTOBJIEHBI  XEMOCEHCOpPBl €O  CTPYKTYpOH,
npezcTaBiIeHHON Ha pucyHke 59a. Ciolt peenTopHbeIX MoJieKy Tpuc(nenrapTopdennn)oopana
PAacIIoNIoKEH Ha IPAHUIE MEXTy TIOTYIIPOBOIHHUKOBBIMH CIIOEM AUOCH30UHIANTO U JUAICKTPUKOM
AlOx.

Ha pucynke 5906 mpencraBieH OTKJIMK YCTPONCTBA, HAXOAIIETOCS IPH TOCTOSHHO
NPUIOKEHHBIX MoTeHIManax Vas=-6B u Vps=-3B, Ha ceputo kopotkux (30 cex) mpoJyBOK

pazbaBierHbpM ammuakom (100 ppm).
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Pucynox 59 — Cxema eazoeo20 cencopa na ocrnoge OIIT ¢ peyenmopHvim croem (a);
OMKAUK YCMPOUCMEA ¢ HNOJAYNPOBOOHUKOBLIM ClOeM HA OCHoge Oubensoff flunouco u
mpuc(nenmagmopgenun)oopanom 8 kauecmse peyenmopHo20 KOMNOHEHMA HA CEPUIo KOPOMKUX
npoodysox NH3 (6)

Kak Bugno wu3 pucynka 600, xemoceHcop Ha ocHoBe aubenso[f flunauro wu
tpuc(nenrapToppeHnn)oopana  AEMOHCTPHUPYET  BBIPAKEHHYIO  UYBCTBUTEIBHOCTH IO
OTHOIICHHUIO K aMMHaKy, HECMOTPSI Ha €r0 MaJible KOHIIEHTPAIMH B cMecH ¢ a30ToM. OcoOeHHO
yAUBUTENEH OBICTPBI OTKIMK YCTPOWCTBA Ha TMOSBJIEHUE WIM YJAJICHHE aHaIuTa —
COOTBETCTBYIOIIUN IMEKTPUUYECKUN CUTHAN MOsABIsAETCS (hakTHuecKu MrHOBEeHHO. [locTteneHHoOe
najieHue Toka Ips cpasy mocie 1mojauu 1esieBOro ra3a ¢ aHaJIuTOM B KaXI0OM U3 IMTOBTOPSIIOIIUXCS
IIUKJIOB MOXXET OBITh CBSI3aHO C HEMOJIHBIM YJAJICHHEM aMMHaka H3-3a €ro HeoOpaTumoun
ancop6mmu. IlpomyBka rTa3zom-pazbaBuTeneM (a30TOM) MPUBOIUT JHIIh K YaCTUIHOMY
BOCCTAHOBJICHHIO CHCTeMbl. BO3MO)XKHa Takke dYacTH4yHas Jerpajanus yCTPOMCTB Mpu
JUTUTEIIEHOM BO3/ICUCTBUH MTPUIIOKEHHOTO JIEKTPUIECKOTO MOJIS.

Kpome TOro, mccienoBaHa 4YyBCTBHTENBHOCTh K aMMHAKy XEMOCEHCOpa Ha OCHOBE
nuoen3o[f flunauro 6e3 perentopHoro cios (pucyHok 60a). Ha siaeiiky ¢ ycTpoiicTBOM O 1aBaIH
CMeCh aMMHaK/a3zoT ¢ cogepxkanuem ammuaka 100 ppm B Teuenue 30 cexynn. Jlanee siueiika c
YCTPOHCTBOM TMpojJyBajach a3oToM. Llukin moBTopsiics Heckoibko pa3. Ha pucynke 616
NPECTaBIICH OTKIMK XEMOCEHCOPA, HAXOISIIETOCs TIPH MTOCTOSHHO MPUIIOKEHHBIX MOTEHITAAX
Vas=-6B u Vps=-3B, Ha ceputo kopoTkux (30 cex) npoayBok pa30aBieHHbIM aMMuaKkoM. BuHo,
4YTO TpUcyTCcTBHE TpHc(neHTadTopheHn )0opaHa B KaueCcTBE PELENTOPHOrO KOMIIOHEHTA JIHIIb
HEMHOTO yBEJIMYMBAET aOCOJIIOTHYIO BEJIMYMHY OTKIMKA yCTPONCTBA Ha MOSBICHHUE B Ta30BOM

cpcac aHajiuTa.
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Pucynox 60 — Cxema 2az08020 xemocencopa Oe3 peyenmopho2o cios (a); Omruux
yempoticmea Ha ochoge ouben3o[f flunoueo na cepuio kopomkux npodyeok NHs (6)

Taxum o6pazom, muden3o[ f fluHIUTO IMeeT 3HAYUTETbHBIC IIEPCIICKTUBEI UCTIOB30BaAHUS
HE TOJHKO B OOBIYHBIX IIOJEBHIX TPAH3UCTOpPaX, HO W B YCTPOWCTBaX (DYHKIIMOHAIBHON

OpFaHI/I‘-IeCKOf/’I 9JICKTPOHUKHU, B TOM YUCIIC XEMOCCHCOpaAXx.
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3akio4eHue

[To pe3ynbrataM pabOThl MOYKHO CIENATh CIEIYIONINE OCHOBHBIE BHIBODIL:

1. ITokazaHo, 4yTO aJACOPOUPYIOLIUECS U3 AIEKTPOIUTA MPUMECH B IJICHKAX JUAIIECKTPHKA
AlOx, MONly4eHHBIX aHOIHBIM OKHCIEHHEM METajlla, HEraTUBHBIM 00pa3oM CKa3bIBAIOTCS Ha
paboTe TpaH3UCTOpPOB. Pa3paboTaH dSIEKTPOIUTHBIA COCTaB HA OCHOBE H30JICHIIMHA,
MO3BOJIUBIIUN TOJaBUTh THUCTEPE3UC B BOJIBTAMIIEPHBIX XapaKTEpUCTHKAX U U30eXaThb
HEXeNaTeJIbHOr0 CMelleHus noporosoro Hanpspkerus OITT.

2. Iloka3aHO, YTO TEPMHUYECKHMHA OTKHUI M JUIMHA QJIKWIHBHOM I€NU 3aMEIIeHHBIX
nepwieHauumuaos  (IIJJN)  aBnsroTcss  KIIOYEBBIMH — TIapaMeTpamH,  MO3BOJISIIONIUMU
KOHTPOJIUPOBaTh MOP(OIOTHI0 M KPUCTALIMYECKYIO CTPYKTYypy IUIEHOK, obOecreunBas HX
s dextuBHy0 padoty B OIIT. YcTaHOBIEHO, YTO ONTUMANBHBIE TEMIIEPATYPhl OTKUTA TUICHOK
AN pacnonoxensl BOMM3M HX (PA30BBIX IEpPexoJ0B. BpIABIECHa KOPPENSAIUS MEXIY
MaKCHMaJIbHBIMU ITOJABM)KHOCTSIMH HOCHUTEJICH 3apsiioB W BEIWYMHAMH SHTAIBIHH (Ha30BBIX
nepexonaos [T/IM.

3. BnepBrie mokazaHa BO3MOXHOCTh MCHOJb30BaHUS OPraHUYECKOTO AMAJIEKTPUKA KaK
TEMILIaTa, OMPENEISIONIEr0 CYNPaMOICKYJISIPHYI0O OPraHU3alMI0 MOJIEKYJl MHJIUTO B TOHKHUX
ieHkax. Mcnonp30BaHue MUPOKOYIVIOBOIO PEHTTEHOBCKOIO PACCESHUsI B CKOJB3SIIEM ITy4Ke
M0Ka3ajo, YTO YIJIEBOJAOPOAHbIE NUINEKTPUKH MPUBOIAT K 0OpPa30BaHUIO HOBOM MOJIUMOpP(HOI
(bopMBbI HHIUT0, 0COOEHHOCTH KPUCTAJUIMYECKOTO CTPOCHUS KOTOPOH 00eCIeunBatOT yIIyqIlIeHue
3apsI0BO-TPAHCIIOPTHBIX XapaKTEPUCTUK OoJiee, YeM Ha MOPSIIOK.

4. CucreMaTuuecKoe MCCIEIOBAHUE JEBATHALATA MPOU3BOJHBIX HMHJUTO MO3BOJIMIIO
YCTaHOBHUTH KOPPEJALNU MEXKIY OCOOCHHOCTSIMH MOJICKYJIIPHOTO CTPOCHHS COCIAWHEHHA, WX
ONTORJIEKTPOHHBIMM CBOWCTBAMM M JJEKTPUYECKUMH XapaKTEPUCTHUKAMHU TPAH3UCTOPOB,
W3rOTOBJICHHBIX HAa HMX OCHOBE. B dyacTHOocTH, BBEIE€HHE B CTPYKTYpy HHIUTO
anekrporofaeunuTHeix 3amectuteneid (F, CF3) mpuBOguT K YIYYIICHHIO JIIEKTPOHHOTO
TpaHCIIOPTa U CHUKAET MOJBUKHOCTB AbIPOK. [loka3aHa BO3MOXKHOCTh CO3/IaHUS CTAOMIIbHBIX Ha
Bo3tyxe OIIT n-tuna Ha OCHOBE MPON3BOHBIX UHIUTO C MOBBILIEHHBIM CPOJACTBOM K 3JIEKTPOHY.

5. YcraHoBneHa B3aUMOCBA3b MEXKAY KPUCTALUIMYECKOM CTPYKTYpOH TOHKHUX IUIEHOK
IPOU3BOJHBIX MHAUIO U MX 3eKkTpuueckuMu xapakrepuctukamu B OIIT. Ilokaszano, uto npu
MaJIbIX yTJlaX HaKJIOHa MOJEKYJ B ()OPMHPYEMBIX MMH KOJOHYATHIX CTPYKTypaxX JOCTHTAeTCs
3 PeKTUBHOE MEKMOJIEKYIISIPHOE TIEPEKPBIBAHKE T-OpOUTasieit, 4To odecreunBaet 3P PeKTUBHBIMA
TPaAHCTIOPT HOCHUTENEH 3apsifa B KaHaie TpaH3ucTopoB. Hampotus, B MaTtepuanax ¢ OOJbIIUMU
yIJIaMd HaKJIOHa MOJIEKYJ TPAHCHOPT HOCHUTENEH 3apsIoB 3aTPYyAHEH, YTO OOYCIaBJIMBACT

HCYOOBJICTBOPHUTCIIBHBIC XaPAKTCPUCTHUKHU IMOJICBBIX TPAH3UCTOPOB.
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6. [lokazano, uro nubenzo[f’fluHaUro NMHENHOrO CTPOEHUS EMOHCTPUPYET BBICOKHE
TIOABIKHOCTH HocuTeneit 3apsnos (6omee 0,3 cm?B'c!), comocTaBuMble ¢ XapaKkTepHCTUKAMU
YacTO MCIOJb3yEMbIX OPraHUYECKHUX IOJIYTPOBOAHUKOB: TICHTalleHa, TUHA(QTOTHEHOTHO(DEHA U
¢dymiepena Ceo. YcTaHOBICHAa HU3KAs TOKCUYHOCTh JHUOESH30MHINIO HA KJIETKAX 4YeloBeKa, YTo
JIeNlaeT ero OJHUM U3 Hauboliee TEPCHEeKTHBHBIX OPraHWYECKHX TOJTYNPOBOTHHKOB JUIS
OMOCOBMECTHMOH 3JIEKTPOHHUKH. VI3TOTOBIIEHBI ITOJIEBBIC TPAH3UCTOPHI HA OCHOBE TUOCH30WH/IUTO
C HCIOJBh30BaHHWEM OHMOpa3/iaraeMoro IUlacTUKa W Oymard B KadecTBe Momiioxkek. [lokasana
BO3MOXKHOCTh CO3JIaHHsI Ta30BBIX CEHCOPOB UIs OOHapyxeHuss ammuaka Ha ocHoBe OIIT c
TIOJTYTIPOBOTHUKOBBIM CIIOEM JHOCH30UHINTO.

Takum o6pa3zom, B paboTe OBLIM HAWACHBI BaXKHBIE 3aKOHOMEPHOCTH, a TaKXkKe
UICHTU(QUIIMPOBAHBI M JICTAILHO  MCCICIOBAHBI  MaJIOTOKCHYHBICE  OPTaHUYECCKHE
HOJYIIPOBOTHUKOBBIE ~ MaTepHajbl, IEPCICKTHBHBIC JUIS HCIOJBb30BAHHS B  «3EICHOI»
AIIEKTPOHHUKE.

Ilepcnexmuevl OanvHetiwell pazpadomku TEMBl COCTOST B OICHKE NMPHUMEHUMOCTH
HalIeHHBIX () (HEKTOB U 3aKOHOMEPHOCTEH JIJIs APYTUX TPYIIIT Oy TIPOBOAHUKOBBIX MAaTEPHAJIOB.
Hampumep, momumopdusM MOIyNPOBOJHUKOBBIX MAaTEpUAIOB MOXET MPOSBIATHCS TPU
UCTIOJIb30BaHUM PA3IMYHBIX Oy(QepHBIX TUAIIEKTPUKOB, 4TO OyJET OKa3bIBaTh ONpEICISIONIee
BiusiHue Ha xapakrepuctuku OIIT. JIpyroit BaxkHOU 3a1a4eii ABIIsIeTCS pa3padoTKa pacTBOPUMBIX
OMOCOBMECTHMBIX/OMOpA3IaraéMbIX  TOJTYIMPOBOJHUKOBBIX ~ MaTEpUAOB,  TTO3BOJISIOIIUX
UCTIOJIB30BaTh HEIOPOTUE TEXHOJOTHH IeYaTh JUIi HAaHECCHHUs IMOJYNPOBOJIHUKOBBIX IUICHOK.
Becbma mepcrieKTHBHBIMU TPEACTABIISIOTCS JAIbHEHIINE HCCIICIOBAHUS, HAINPaBJICHHBIE Ha
UCTIOJIb30BaHUE W3YYECHHBIX B paboTe MarepwajioB Il CO3JaHHUS CEJIEKTUBHBIX U

BBICOKOYYBCTBUTECIIBHBIX I'a30BbIX CCHCOPOB.

116



Cnmcok Jimrepatypbl

1. Blom P.W.M. Polymer electronics: to be or not to be? / Adv. Mater. Technol. — 2020.
—V.2000144. - P. 1-14.

2.Shi W., Guo Y., Liu Y. When flexible organic field-effect transistors meet biomimetics:
a prospective view of the internet of things // Adv. Mater. — 2020.— V. 32. — Ne 15.— P. 1901493.

3. Miihl S., Beyer B. Bio-Organic electronics—overview and prospects for the future //
Electronics. — 2014. — V. 3. — Ne 3. — P. 444-461.

4. Jeon H.-G., Hattori J., Kato S., Oguma N., Hirata N., Taniguchi Y., Ichikawa M. Thermal
treatment effects on N-alkyl perylene diimide thin-film transistors with different alkyl chain // J.
Appl. Phys. — 2010.— V. 108. — Ne 12. — P. 124512.

5. Tatemichi S., Ichikawa M., Koyama T., Taniguchi Y. High mobility n-type thin-film
transistors based on N,N'-ditridecyl perylene diimide with thermal treatments //Appl. Phys. Lett.
— 2006.— V.89.— Ne11.— P. 112108.

6. Lehmann D., Zahn D.R.T. The electrical and dielectrical behavior of n-conducting
perylene tetracarboxylic diimide derivatives//Appl. Phys. A. — 2009. — V. 95.— Ne 1. — P. 203-
207.

7.Ma L., Guo Y., Wen Y., Liu Y., Zhan X. High-mobility, air stable bottom-contact n-
channel thin film transistors based on N,N’-ditridecyl perylene diimide // Appl. Phys. Lett. — 2013.
— V. 103.— Ne 20.- P.203303.

8. Jang J., Nam S., Chung D.S., Kim S.H., Yun W.M., Park C.E. High Tg cyclic olefin
copolymer gate dielectrics for N,N'-ditridecyl perylene diimide based field-effect transistors:
improving performance and stability with thermal treatment // Adv. Funct. Mater. — 2010. — V.
20.— Ne 16.— P.2611-2618.

9. Irimia-Vladu M., Troshin P.A., Reisinger M., Shmygleva L., Kanbur Y., Schwabegger
G., Bodea M., Schwddiauer R., Mumyatov A., Fergus J.W., Razumov V.F., Sitter H., Sariciftci
N.S., Bauer S. Biocompatible and biodegradable materials for organic field-effect
transistors//Adv. Funct. Mater. — 2010. — V. 20. — Ne 23. — P. 4069-4076.

10. Glowacki E.D., Voss G., Sariciftci N.S. 25th Anniversary article: progress in chemistry
and applications of functional indigos for organic electronics // Adv. Mater. — 2013. — V. 25. —
Ne 47. — P. 6783-6800.

11. Glowacki E.D., Apaydin D.H., Bozkurt Z., Monkowius U., Demirak K., Tordin E.,
Himmelsbach M., Schwarzinger C., Burian M., Lechner R.T., Demitri N., Voss G., Sariciftci N.S.

117



Air-stable organic semiconductors based on 6,6'-dithienylindigo and polymers thereof // J. Mater.
Chem. C. — 2014.— V.2.— Ne 38.— P. 8089-8097.

12. Ngai J.H.L., Leung L.M., So S.K., Lee H.K.H. Organic soluble indigoids derived from
3-hydroxybenzaldehyde for N-type organic field-effect transistor (OFET) applications // Org.
Electron. — 2016. — Ne 32. — P. 258-266.

13. Wang C., Zhang X., Dong H., Chen X., Hu W. Challenges and emerging opportunities
in high-mobility and low-energy-consumption organic field-effect transistors // Adv. Energy
Mater. — 2020. — V. 10. — Ne 29 — P. 2000955.

14. Ma Z., Kong D., Pan L., Bao Z. Skin-inspired electronics: emerging semiconductor
devices and systems // J. Semicond. — 2020. — V. 41.— Ne 4, — P.041601.

15. Jinno H., Yokota T., Koizumi M., Yukita W., Saito M., Osaka I., Fukuda K., Someya
T. Self-powered ultraflexible photonic skin for continuous bio-signal detection via air-operation-
stable polymer light-emitting diodes // Nat. Commun. — 2021.— V. 12.— Ne 1. — P. 2234,

16. Yokota T., Nakamura T., Kato H., Mochizuki M., Tada M., Uchida M., Lee S., Koizumi
M., Yukita W., Takimoto A., Someya T. A conformable imager for biometric authentication and
vital sign measurement // Nat. Electron. — 2020. — V. 3.— Ne 2. — P. 113-121.

17. J. E. Lilienfeld, U.S. Patent, Method and apparatus for controlling electric currents,
Patent US1745175 A, 1930.

18. P. K. Weimer, S. Gray, C. W. Beadle, H. Borkan, S. A. Ochs, H. C. Thompson, IRE
Trans. Electron Devices 1960, ED-7, 147.

19. F. Ebisawa, T. Kurokawa, S. Nara, Electrical properties of polyacetylene/polysiloxane
interface // J. Appl. Phys. — 1983. —V. 54. — P.3255.

20. Tsumura A., Koezuka H., Ando T., Macromolecular electronic device: Field-effect
transistor with a polythiophene thin film //Appl. Phys. Lett. —1986. — V. 49. —P.1210.

21. Organic Electronics. 2: More Materials and Applications (Ed: H. Klauk), Wiley-VCH-
Verl, Weinheim, Germany 2012.

22. Schweicher G., Garbay G., Jouclas R., Vibert F., Devaux F., Geerts Y.H. Molecular
semiconductors for logic operations: dead-end or bright future?//Adv. Mater. — 2020. - V. 32. —
Ne 10. — P. 1905909.

23. Di C, Yu G, Liu Y., Zhu D. High-performance organic field-effect transistors:
molecular design, device fabrication, and physical properties // J. Phys. Chem. B.— 2007. - V.
111.— Ne 51.— P. 14083-14096.

118



24. Newman C.R., Frisbie C.D., da Silva Filho D.A., Brédas J.-L., Ewbank P.C., Mann
K.R. Introduction to organic thin film transistors and design of n-channel organic semiconductors
// Chem. Mater. — 2004. — V. 16. — No 23. — P. 4436-4451.

25. Zaumseil J., Sirringhaus H. Electron and ambipolar transport in organic field-effect
transistors // Chem. Rev. — 2007. — V. 107. — Ne 4. — P. 1296-1323.

26. Katz H.E., Bao Z. The physical chemistry of organic field-effect transistors // J. Phys.
Chem. B. — 2000. - V. 104.— Ne 4. — P. 671-678.

27. Sirringhaus H. 25th anniversary article: organic field-effect transistors: the path beyond
amorphous silicon//Adv. Mater. — 2014. — V.26.— Ne 9. — P. 1319-1335.

28. Ruiz R., Papadimitratos A., Mayer A.C., Malliaras G.G. Thickness dependence of
mobility in pentacene thin-film transistors // Adv. Mater. — 2005. — V. 17. — Ne 14. — P. 1795-
1798.

29. Dinelli F., Murgia M., Levy P., Cavallini M., Biscarini F., de Leeuw D.M. Spatially
correlated charge transport in organic thin film transistors // Phys. Rev. Lett. — 2004. — V. 92. —
Ne 11. - P. 116802.

30. Zhang C., Chen P., Hu W. Organic field-effect transistor-based gas sensors // Chem.
Soc. Rev. — 2015.— V. 44.— Ne 8. — P.2087-2107.

31.LiH., Shi W., SongJ., Jang H.-J., Dailey J., YuJ., Katz H.E. Chemical and biomolecule
sensing with organic field-effect transistors // Chem. Rev. — 2019.— V. 119.— Ne 1. — P. 3-35.

32. Nasri A., Pétrissans M., Fierro V., Celzard A. Gas sensing based on organic composite
materials: Review of sensor types, progresses and challenges // Mater. Sci. Semicond. Process. —
2021.— V. 128.— P. 105744.

33. Cavallari M.R., Pastrana L.M., Sosa C.D.F., Marquina A.M.R., Izquierdo J.E.E.,
Fonseca F.J., Amorim C.A. de, Paterno L.G., Kymissis I. Organic thin-film transistors as gas
sensors: a review // Materials. — 2020 — V. 14.— Ne 1. — P. 3.

34. Surya S.G., Raval H.N., Ahmad R., Sonar P., Salama K.N., Rao V.R. Organic field
effect transistors (OFETSs) in environmental sensing and health monitoring: a review // TrAC
Trends in Anal. Chem. — 2019. - V. 111.— P. 27-36.

35. Wang Y., Zhang J., Zhang S., Huang J. OFET chemical sensors: Chemical sensors
based on ultrathin organic field-effect transistors // Polym. Int. — 2021. — V. 70.— Ne 4. — P. 414-
425.

36. Kalita A., Hussain S., Malik A.H., Subbarao N.V.V, Iyer P.K. Vapor phase sensing of
ammonia at the sub-ppm level using a perylene diimide thin film device // J. Mater. Chem. C. —

2015.— V.3.— Ne4l.- P. 10767-10774.

119



37. Sagdullina D., Lukashkin N., Parfenov A., Lyssenko K., Troshin P. Highly sensitive
OFET-based gas sensors using fluorinated naphthalenediimide semiconductor films // Synth. Met.
— 2020.— V.260.— P. 116289.

38. Macchia E., Tiwari A., MaNeli K., Holzer B., Ditaranto N., Picca R.A., Cioffi N., Di
Franco C., Scamarcio G., Palazzo G., Torsi L. Label-free and selective single-molecule
bioelectronic sensing with a millimeter-wide self-assembled monolayer of anti-immunoglobulins
// Chem. Mater. — 2019.— V.31.— No 17.— P. 6476-6483.

39. Macchia E., Manoli K., Holzer B., Di Franco C., Ghittorelli M., Torricelli F., Alberga
D., Mangiatordi G.F., Palazzo G., Scamarcio G., Torsi L. Single-molecule detection with a
millimetre-sized transistor // Nat. Commun. — 2018. - V. 9.— Ne 1. — P. 3223.

40. Magliulo M., Mallardi A., Gristina R., Ridi F., Sabbatini L., Cioffi N., Palazzo G., Torsi
L. Part per trillion label-free electronic bioanalytical detection // Anal. Chem. — 2013. — V. 85. —
Ne 8. — P. 3849-3857.

41. Song R., Zhou X., Wang Z., Zhu L., Lu J., Xue D., Wang Z., Huang L., Chi L. High
selective gas sensors based on surface modified polymer transistor // Org. Electron. — 2021. — V.
91.— P. 106083.

42. Lukashkin N.A., Sagdullina D.K., Zhidkov 1.S., Kurmaev E.Z., Troshin P.A. Amine-
selective gas sensor based on organic field-effect transistor with the porphyrin monolayer receptor
// Synth. Met. — 2020. — V. 260. — P. 116295.

43. Anisimov D.S., Chekusova V.P., Trul A.A., Abramov A.A., Borshchev O.V., Agina
E.V., Ponomarenko S.A. Fully integrated ultra-sensitive electronic nose based on organic field-
effect transistors // Sci. Rep. — 2021.— V. 11.— Ne 1. — P. 10683.

44, Paterson A.F., Singh S., Fallon K.J., Hodsden T., Han Y., Schroeder B.C., Bronstein
H., Heeney M., McCulloch I., Anthopoulos T.D. Recent progress in high-mobility organic
transistors: a reality check //Adv. Mater. — 2018. — V. 30. — Ne 36. — P. 1801079.

45. Takeya J., Yamagishi M., Tominari Y., Hirahara R., Nakazawa Y., Nishikawa T.,
Kawase T., Shimoda T., Ogawa S. Very high-mobility organic single-crystal transistors with in-
crystal conduction channels // Appl. Phys. Lett. — 2007. — V. 90.— Ne 10. — P. 102120.

46. Jurchescu O.D., Baas J., Palstra T.T.M. Effect of impurities on the mobility of single
crystal pentacene // Appl. Phys. Lett. — 2004. — V. 84. — Ne 16. — P. 3061-3063.

47. Inoue Y., Sakamoto Y., Suzuki T., Kobayashi M., Gao Y., Tokito S. Organic thin-film
transistors with high electron mobility based on perfluoropentacene // Japanese J. Appl. Phys. —

2005. - V.44.— Ne 6A. — P. 3663-3668.

120



48. Dong H., Fu X., Liu J., Wang Z., Hu W. 25th anniversary article: key points for high-
mobility organic field-effect transistors // Adv. Mater. — 2013. — V. 25.— Ne 43.— P. 6158-6183.
49. Yuan Y., Giri G., Ayzner A.L., Zoombelt A.P., Mannsfeld S.C.B., Chen J., Nordlund
D., Toney M.F., Huang J., Bao Z. Ultra-high mobility transparent organic thin film transistors
grown by an off-centre spin-coating method // Nat. Commun. — 2014. — V. 5.— Ne 1. — P. 3005.

50. Mitsui C., Okamoto T., Yamagishi M., Tsurumi J., Yoshimoto K., Nakahara K., Soeda
J., Hirose Y., Sato H., Yamano A., Uemura T., Takeya J. High-performance solution-processable
n-shaped organic semiconducting materials with stabilized crystal phase // Adv. Mater. — 2014. —
V.26.— Ne26.— P.4546-4551.

51. Hu P., He X., Jiang H. Greater than 10 cm?>V's™': A breakthrough of organic
semiconductors for field-effect transistors // InfoMat. — 2021. — V.3. — Ne6. — P. 613-630

52. Takahashi Y., Hasegawa T., Horiuchi S., Kumai R., Tokura Y., Saito G. High mobility
organic field-effect transistor based on hexamethylenetetrathiafulvalene with organic metal
electrodes // Chem. Mater. — 2007 — V. 19 — Ne 26 — P. 6382-6384.

53.Zhang Z., Jiang L., Cheng C., Zhen Y., Zhao G., Geng H., Yi Y., Li L., Dong H., Shuai
Z., Hu W. The impact of interlayer electronic coupling on charge transport in organic
semiconductors: a case study on titanylphthalocyanine single crystals / Angew. Chem. Int. Ed. —
2016 — V. 55— Ne 17— P. 5206-5209.

54. Kelley T.W., Muyres D.V., Baude P.F., Smith T.P., Jones T.D. high performance
organic thin film transistors / MRS Proceedings — 2003 — V. 771 — P. L6.5.

55.XuX., Yao Y., ShanB., Gu X., Liu D., LiuJ., Xu J., Zhao N., Hu W., Miao Q. Electron
mobility exceeding 10 cm?v's™! and band-like charge transport in solution-processed n-channel
organic thin-film transistors // Adv. Mater. — 2016 — V.28 — Ne 26 — P. 5276-5283.

56. Jurchescu O.D., Subramanian S., Kline R.J., Hudson S.D., Anthony J.E., Jackson T.N.,
Gundlach D.J. Organic single-crystal field-effect transistors of a soluble anthradithiophene //
Chem. Mater. — 2008 — V.20 — Ne 21 — P. 6733-6737.

57. Hallani R.K., Thorley K.J., Mei Y., Parkin S.R., Jurchescu O.D., Anthony J.E.
Structural and electronic properties of crystalline, isomerically pure anthradithiophene derivatives
// Adv. Funct. Mater. — 2016 — V.26 — Ne 14 — P. 2341-2348.

58. Mei Y., Loth M.A., Payne M., Zhang W., Smith J., Day C.S., Parkin S.R., Heeney M.,
McCulloch 1., Anthopoulos T.D., Anthony J.E., Jurchescu O.D. high mobility field-effect
transistors with versatile processing from a small-molecule organic semiconductor / Adv. Mater.

— 2013 - V.25 — Ne 31— P.4352-4357.

121



59. Minemawari H., Yamada T., Matsui H., Tsutsumi J., Haas S., Chiba R., Kumai R.,
Hasegawa T. Inkjet printing of single-crystal films // Nature — 2011 — V. 475 — Ne 7356 — P.
364-367.

60. Kang M.J., Doi 1., Mori H., Miyazaki E., Takimiya K., Ikeda M., Kuwabara H.
Alkylated dinaphtho[2,3-b:2’,3'-f]thieno[3,2-b]thiophenes (Co-DNTTs): organic semiconductors
for high-performance thin-film transistors //Adv. Mater. — 2011 — V.23 — Ne 10 — P. 1222-1225.

61. Ou-Yang W., Uemura T., Miyake K., Onish S., Kato T., Katayama M., Kang M.,
Takimiya K., Ikeda M., Kuwabara H., Hamada M., Takeya J. High-performance organic
transistors with high- k dielectrics: A comparative study on solution-processed single crystals and
vacuum-deposited polycrystalline films of 2,9-didecyl-dinaphtho[2,3-b:2’,3'-f]thieno|3,2-
b]thiophene // Appl. Phys. Lett. — 2012 - V. 101 — Ne22 - P.223304.

62. Lee E.-K., Lee M.Y., Choi A., Kim J.-Y., Kweon O.Y ., Kim J.-H., Jung J.Y., Shin T.-
J., Oh J.H., Park J.-I., Lee S.Y. Phenyl derivative of dibenzothiopheno[6,5-b:6',5'-f]thieno[3,2-
b]thiophene (DPh-DBTTT): high thermally durable organic semiconductor for high-performance
organic field-effect transistors // Adv. Electron. Mater. — 2017 - V.3 - Ne 10— P. 1700142.

63. lino H., Usui T., Hanna J. Liquid crystals for organic thin-film transistors // Nat.
Commun. — 2015—- V.6—- Nel- P.6828.

64. Sawabe C., Kumagai S., Mitani M., Ishii H., Yamagishi M., Sagayama H., Kumai R.,
Sato H., Takeya J., Okamoto T. Band-like transporting and thermally durable V-shaped organic
semiconductors with a phenyl key block // J. Mater. Chem. C — 2020 - V.8 - Ne 40 - P.
14172-14179.

65. Yamamoto A., Murata Y., Mitsui C., Ishii H., Yamagishi M., Yano M., Sato H.,
YamalNe A., Takeya J., Okamoto T. Zigzag-elongated fused m-electronic core: a molecular design
strategy to maximize charge-carrier mobility // Adv. Sci. — 2018 - V.5— Nel—- P.1700317.

66. Oyama T., Mori T., Hashimoto T., Kamiya M., Ichikawa T., Komiyama H., Yang Y.S.,
Yasuda T. High-mobility regioisomeric thieno[ f, f '|bis[1]benzothiophenes: remarkable effect of
syn / anti thiophene configuration on optoelectronic properties, self-organization, and charge-
transport functions in organic transistors / Adv. Electron. Mater. — 2018 — V.4 - Ne 1 - P.
1700390.

67.He P., TuZ., Zhao G., Zhen Y., Geng H., Yi Y., Wang Z., Zhang H., Xu C., Liu J., Lu
X., Fu X., Zhao Q., Zhang X., Ji D., Jiang L., Dong H., Hu W. Tuning the crystal polymorphs of
alkyl thienoacene via solution self-assembly toward air-stable and high-performance organic field-

effect transistors // Adv. Mater. — 2015—- V.27— Ne5— P. 825-830.

122



68.LiH., Tee B.C.-K., Cha J.J., Cui Y., Chung J.W., Lee S.Y., Bao Z. High-mobility field-
effect transistors from large-area solution-grown aligned ¢ 60 single crystals // J. Am. Chem. Soc.
— 2012—- V.134- Ne5- P.2760-2765.

69. Chu M., Fan J.-X., Yang S., Liu D., Ng CF., Dong H., Ren A.-M., Miao Q.

' in solution-

Halogenated tetraazapentacenes with electron mobility as high as 27.8 cm?v 's~
processed n-channel organic thin-film transistors / Adv. Mater. — 2018 - V.30- Ne 38— P.
1803467.

70. Krupskaya Y., Gibertini M., Marzari N., Morpurgo A.F. Band-like electron transport
with record-high mobility in the TCNQ family // Adv. Mater. — 2015—- V.27 - Ne 15— P.
2453-2458.

71. He T., Stolte M., Burschka C., Hansen N.H., Musiol T., Kélblein D., Pflaum J., Tao
X., Brill J., Wiirthner F. Single-crystal field-effect transistors of new Cp-NDI polymorph
processed by sublimation in air//Nat. Commun. — 2015— V.6— Nel— P.5954.

72. Molinari A.S., Alves H., Chen Z., Facchetti A., Morpurgo A.F. High electron mobility
in vacuum and ambient for PDIF-CNz2 single-crystal transistors//J. Am. Chem. Soc. — 2009 — V.
131 — Ne7— P.2462-2463.

73. Lv A., Puniredd S.R., Zhang J., Li Z., Zhu H., Jiang W., Dong H., He Y., Jiang L., Li
Y., Pisula W., Meng Q., Hu W., Wang Z. High mobility, air stable, organic single crystal
transistors of an n-type diperylene bisimide / Adv. Mater. — 2012— V.24 — Ne 19— P. 2626-
2630.

74. Okamoto T., Kumagai S., Fukuzaki E., Ishii H., Watanabe G., Niitsu N., Annaka T.,
Yamagishi M., Tani Y., Sugiura H., Watanabe T., Watanabe S., Takeya J. Robust, high-
performance n-type organic semiconductors //Sci. Adv. — 2020— V.6— Ne 18— P. 1-14.

75.DouJ.-H., Zheng Y.-Q., Yao Z.-F., Yu Z.-A., Lei T., Shen X., Luo X.-Y., SunJ., Zhang
S.-D., Ding Y.-F., Han G., Yi Y., Wang J.-Y., Pei J. Fine-tuning of crystal packing and charge
transport properties of BDOPV derivatives through fluorine substitution // J. Am. Chem. Soc. —
2015— V.137— Ne 50— P. 15947-15956.

76. Dhar J., Salzner U., Patil S. Trends in molecular design strategies for ambient stable n-
channel organic field effect transistors // J. Mater. Chem. C— 2017 - V.5— Ne 30— P. 7404-
7430.

77. Fratini S., Nikolka M., Salleo A., Schweicher G., Sirringhaus H. Charge transport in
high-mobility conjugated polymers and molecular semiconductors // Nat. Mater. — 2020 — V.
19— Ne5- P.491-502.

123



78. Zhang W., Han Y., Zhu X., Fei Z., Feng Y., Treat N.D., Faber H., Stingelin N.,
McCulloch 1., Anthopoulos T.D., Heeney M. A novel alkylated indacenodithienol3,2-
b]thiophene-based polymer for high-performance field-effect transistors / Adv. Mater. — 2016 —
V.28 - Ne20- P.3922-3927.

79. Yamashita Y., Hinkel F., Marszalek T., Zajaczkowski W., Pisula W., Baumgarten M.,
Matsui H., Miillen K., Takeya J. Mobility exceeding 10 cm?/(ves) in donor—acceptor polymer
transistors with band-like charge transport // Chem. Mater., 2016, V.28, Ne 2, P. 420-424.

80. Lee J., Kang S.-H., Lee S.M., Lee K.C., Yang H., Cho Y., Han D., Li Y., Lee B.H.,
Yang C. An ultrahigh mobility in isomorphic fluorobenzo[c][1,2,5]thiadiazole-based polymers //
angew. Chem. Int. Ed. — 2018 — V.57 — Ne41 - P. 13629-13634.

81. Luo C., Kyaw A.K.K., Perez L.A., Patel S., Wang M., Grimm B., Bazan G.C., Kramer
E.J., Heeger A.J. General strategy for self-assembly of highly oriented nanocrystalline
semiconducting polymers with high mobility // Nano Letters — 2014 — V. 14— Ne5— P.2764-
2771.

82. Park Y., Jung J.W., Kang H., Seth J., Kang Y., Sung M.M. Single-crystal poly[4-(4,4-
dihexadecyl-4h-cyclopenta[ 1,2-b:5,4-b"]dithiophen-2-yl)-alt-[ 1,2,5]thiadiazolo[3,4-c]pyridine]
nanowires with ultrahigh mobility // Nano Letters — 2019 - V. 19— Ne2 - P. 1028-1032.

83. Han A.-R., Dutta G.K., Lee J., Lee H.R., Lee S.M., Ahn H., Shin T.J., Oh J.H., Yang
C. e-branched flexible side chain substituted diketopyrrolopyrrole-containing polymers designed
for high hole and electron mobilities //Adv. Funct. Mater. — 2015 - V.25—- Ne2 — P.247-
254.

84.LiJ.,ZhaoY., Tan H.S., Guo Y., DiC.-A., YuG,, Liu Y., Lin M., Lim S.H., Zhou Y.,
Su H., Ong B.S. A stable solution-processed polymer semiconductor with record high-mobility
for printed transistors // Sci. Rep. — 2012— V.2— Nel— P.754.

85. Wu Y., Su B., Jiang L., Heeger A.J. “Liquid-liquid-solid”-type superoleophobic
surfaces to pattern polymeric semiconductors towards high-quality organic field-effect transistors
// Adv. Mater. — 2013 — V.25- Ne45-— P.6526-6533.

86. Zhang A., Xiao C., Wu Y., LiC.,JiY., Li L., Hu W., Wang Z., Ma W., Li W. Effect
of fluorination on molecular orientation of conjugated polymers in high performance field-effect
transistors // Macromolecules. — 2016 — V.49 — Ne 17— P. 6431-6438.

87. Liu X., Guo Y., Ma Y., Chen H., Mao Z., Wang H., Yu G., Liu Y. Flexible, Low-
voltage and high-performance polymer thin-film transistors and their application in photo/thermal

detectors // Adv. Mater. — 2014 - V.26 - Ne22 — P.3631-3636.

124



88. Back J.Y., Yu H., Song I., Kang 1., Ahn H., Shin T.J., Kwon S.-K., Oh J.H., Kim Y .-
H. Investigation of structure—property relationships in diketopyrrolopyrrole-based polymer
semiconductors via side-chain engineering // Chem. Mater. — 2015 — V.27 - Ne5-— P.1732-
1739.

89.Um H.A., Lee D.H., Heo D.U., Yang D.S., Shin J., Baik H., Cho M.J., Choi D.H. High
aspect ratio conjugated polymer nanowires for high performance field-effect transistors and
phototransistors // ACS Nano. — 2015.— V.9.— Ne5.— P. 5264-5274.

90. Kim G., Kang S.-J., Dutta G.K., Han Y.-K., Shin T.J., Noh Y.-Y., Yang C. A
Thienoisoindigo-naphthalene polymer with ultrahigh mobility of 14.4 cm?/Ves that substantially
exceeds benchmark values for amorphous silicon semiconductors // J. Am. Chem. Soc. — 2014.
— V.136.— Ne26.— P.9477-9483.

91. Bittle E.G., Basham J.I., Jackson T.N., Jurchescu O.D., Gundlach D.J. Mobility
overestimation due to gated contacts in organic field-effect transistors // Nat. Commun. — 2016. —
V.7.— Ne 1.— P. 10908.

92. Okachi T. Mobility overestimation due to minority carrier injection and trapping in
organic field-effect transistors // Org. Electron. — 2018. — V.57.— P. 34-44.

93. Kang B., Kim R., Lee S.B., Kwon S.-K., Kim Y.-H., Cho K. Side-chain-induced rigid
backbone organization of polymer semiconductors through semifluoroalkyl side chains // J. Am.
Chem. Soc. — 2016— V.138— Nell- P.3679-3686.

94. Wang Y., Hasegawa T., Matsumoto H., Michinobu T. significant improvement of
unipolar n-type transistor performances by manipulating the coplanar backbone conformation of
electron-deficient polymers via hydrogen bonding // J. Am. Chem. Soc. — 2019.— V. 141.— Ne
8.— P.3566-3575.

95.Zhao Z., Yin Z., Chen H., Zheng L., Zhu C., Zhang L., Tan S., Wang H., Guo Y., Tang
Q., Liu Y. High-performance, air-stable field-effect transistors based on heteroatom-substituted
naphthalenediimide-benzothiadiazole copolymers exhibiting ultrahigh electron mobility up to 8.5
cm?V!s7!//Adv. Mater. — 2017.— V.29.— Ned.— P.1602410.

96. Yun H.-J., Kang S.-J., Xu Y., Kim S.0., Kim Y.-H., Noh Y.-Y., Kwon S.-K. Dramatic
inversion of charge polarity in diketopyrrolopyrrole-based organic field-effect transistors via a
simple nitrile group substitution // Adv. Mater. — 2014.— V.26.— Ne43.— P.7300-7307.

97. Dai Y.-Z., Ai N, Lu Y., Zheng Y.-Q., Dou J.-H., Shi K., Lei T., Wang J.-Y., Pei J.
Embedding electron-deficient nitrogen atoms in polymer backbone towards high performance n-

type polymer field-effect transistors // Chem. Sci. — 2016.— V.7.— Ne 9.— P.5753-5757.

125



98. Z.Ni, H. Wang, Q. Zhao, J. Zhang, Z. Wei, H. Dong, W. Hu, Ambipolar conjugated
polymers with ultrahigh balanced hole and electron mobility for printed organic complementary
logic via a two-step C-H activation strategy // Adv. Mater. — 2019. - V. 31.— P. 1806010.

99. Zhu C., Zhao Z., Chen H., Zheng L., Li X., Chen J., Sun Y., Liu F.,, Guo Y., Liu Y.
Regioregular bis-pyridal[2,1,3]thiadiazole-based semiconducting polymer for high-performance
ambipolar transistors//J. Am. Chem. Soc. — 2017.— V. 139.— Ne49.—- P.17735-17738.

100. Pradhan S. Nature-derived materials for the fabrication of functional biodevices //
Materials Today Bio. — 2020. — V.7.— P. 100065.

101. Kiddee P., Naidu R., Wong M.H. Electronic Waste Manage approaches: An overview
// Waste Manage. — 2013.— V.33.— Ne5.— P. 1237-1250.

102. Irimia-Vladu M. “Green” electronics: biodegradable and biocompatible materials and
devices for sustainable future / Chem. Soc. Rev. — 2014.— V.43.— Ne2.— P. 588-610.

103. Sharova A.S., Melloni F., Lanzani G., Bettinger C.J., Caironi M. Edible electronics:
the vision and the challenge // Adv. Mater. Technol. — 2021. — V. 6. — P. 2000757

104. Glowacki E.D., Leonat L., Voss G., Bodea M., Bozkurt Z., Irimia-Vladu M., Bauer
S., Sariciftci N.S. Natural and nature-inspired semiconductors for organic electronics // Organic
semiconductors in sensors and bioelectronics IV. — 2011.— P. 81180M.

105. Cao Y., Uhrich K.E. Biodegradable and biocompatible polymers for electronic
applications: A review // J. Bioact. Compat. Polym. — 2019.— V.34.— Nel.— P.3-15.

106. Irimia-Vladu M., Sariciftci N.S., Bauer S. Exotic materials for bio-organic electronics
//'J. Mater. Chem. — 2011.— V.21.— Ne 5. — P. 1350-1361.

107. Glowacki E.D., Irimia-Vladu M., Bauer S., Sariciftci N.S. Hydrogen-bonds in
molecular solids — from biological systems to organic electronics // J. Mater. Chem. B. — 2013. —
V.1.— Ne31.- P.3742.

108. Irimia-Vladu M., Troshin P.A., Reisinger M., Schwabegger G., Ullah M.,
Schwoediauer R., Mumyatov A., Bodea M., Fergus J.W., Razumov V.F., Sitter H., Bauer S.,
Sariciftci N.S. Environmentally sustainable organic field effect transistors // Org. Electron. —
2010.— V. 11.— Ne 12.— P. 1974-1990.

109. Yang B., Lu Y., Jiang D., Li Z., Zeng Y., Zhang S., Ye Y., Liu Z., Ou Q., Wang Y.,
Dai S., Yi Y., Huang J. Bioinspired multifunctional organic transistors based on natural
chlorophyll/organic semiconductors // Adv. Mater. — 2020. — V. 32. — Ne 28. — P. 2001227.

110. Glowacki E.D., Romanazzi G., Yumusak C., Coskun H., Monkowius U., Voss G.,
Burian M., Lechner R.T., Demitri N., Redhammer G.J., Siinger N., Suranna G.P., Sariciftci S.

126



Epindolidiones-versatile and stable hydrogen-bonded pigments for organic field-effect transistors
and light-emitting diodes//Adv. Funct. Mater. — 2015. — V. 25.— Ne 5. — P. 776-787.

111. Polycyclic Pigments//Industrial Organic Pigments. — Weinheim, FRG: Wiley-VCH
Verlag GmbH & Co. KGaA, 2005. — P. 421-566.

112. M. Medelnick et al., Use of finely divided dye-containing polymers PD as color-
imparting constituent in cosmetic compositions, 2003. US. Pat. Ne 6541032.

113. Horowitz G., Kouki F., Spearman P., Fichou D., Nogues C., Pan X., Garnier F.
Evidence for n-type conduction in a perylene tetracarboxylic diimide derivative // Adv. Mater. —
1996. — V. 8. — Ne 3.— P.242-245.

114. Zhou K., Dong H., Zhang H., Hu W. High performance n-type and ambipolar small
organic semiconductors for organic thin film transistors // Phys. Chem. Chem. Phys. 2014. — V.
16.— Ne 41. — P. 22448-22457.

115. Ciccullo F., Savu S.-A., Gerbi A., Bauer M., Ovsyannikov R., Cassinese cA., Chassé
T., Casu M.B. Chemisorption, morphology, and structure of a n-type perylene diimide derivative
at the interface with gold: influence on devices from thin films to single molecules // Chem. Eur.
J.—2015.— V.21.— Ne 9. - P.3766-3771.

116. Glowacki E.D., Leonat L., Voss G., Bodea M., Bozkurt Z., Irimia-Vladu M., Bauer
S., Sariciftci N.S. Natural and nature-inspired semiconductors for organic electronics //
Proceedings, Organic Semiconductors in Sensors and Bioelectronics IV. —2011.— V. 8118.— P.
81180M.

117. Fouillaud M., Venkatachalam M., Girard-Valenciennes E., Caro Y., Dufossé L.
Anthraquinones and derivatives from marine-derived fungi: structural diversity and selected
biological activities / Marine Drugs. — 2016.— V. 14. — Ne 4. — P. 64.

118. Giesbers G., Schenck J.V., Quinn A., Court R.V., Gutierrez S.M.V. Xylindein:
naturally produced fungal compound for sustainable (opto)electronics // ACS Omega. — 2019. —
V.4, —Ne 8. —P. 13309-13318.

119. Melville O.A., Lessard B.H., Bender T.P. Phthalocyanine-based organic thin-film
transistors: a review of recent advances // ACS Appl. Mater. Interfaces. — 2015. — V. 7. — Ne 24.
— P.13105-13118.

120. Gu W., Hu Y., Zhu Z., Liu N., Zhang J., Wang J. Preparing highly ordered copper
phthalocyanine thin-film by controlling the thickness of the modified layer and its application in
organic transistors // Solid-State Electronics. — 2013. — V. 89.— P. 101-104.

121. Glowacki E.D., Irimia-Vladu M., Kaltenbrunner M., Gsiorowski J., White M.S.,

Monkowius U., Romanazzi G., Suranna G.P., Mastrorilli P., Sekitani T., Bauer S., Someya T.,

127



Torsi L., Sariciftci N.S. Hydrogen-bonded semiconducting pigments for air-stable field-effect
transistors // Adv. Mater. — 2013. — V. 25.— Ne 11. — P. 1563-1569.

122. Irimia-Vladu M., Gtowacki E.D., Troshin P.A., Schwabegger G., Leonat L., Susarova
D.K., Krystal O., Ullah M., Kanbur Y., Bodea M.A., Razumov V.F., Sitter H., Bauer S., Sariciftci
N.S. Indigo - from jeans to semiconductors: indigo - a natural pigment for high performance
ambipolar organic field effect transistors and circuits / Adv. Mater. — 2012. — V. 24. — Ne 3. —
P.321-321.

123. Gtowacki E.D., Voss G., Leonat L., Irimia-Vladu M., Bauer S., Sariciftci N.S. Indigo
and tyrian purple - from ancient natural dyes to modern organic semiconductors // Isr. J. Chem. —
2012.— V.52.— Ne 6. — P. 540-551.

124. Choi K.Y. A review of recent progress in the synthesis of bio-indigoids and their
biologically assisted end-use applications // Dyes Pigm. — 2020. — V. 181. — P. 108570.

125. Stasiak N., A-koch W.K., Owniak K.G. Modern inductial and pharmacological
applications of Indigo dye and its derivatives - a review // K. Acta Polym. Pharm. — 2014. - V.
71.— Ne 2.— P.215-221.

126. Zhang J., Zivic N., Dumur F., Guo C., Li Y., Xiao P., Graff B., Gigmes D., Fouassier
J.P., Lalevée J. Panchromatic photoinitiators for radical, cationic and thiol-ene polymerization
reactions: A search in the diketopyrrolopyrrole or indigo dye series / Mater. Today Commun. —
2015.— V.4.— P.101-108.

127. Stgpniowski W.J., Norek M., Budner B., Michalska-Domanska M., Nowak-
Stepniowska A., Bombalska A., Kaliszewski M., Mostek A., Thorat S., Salerno M., Giersig M.,
Bojar Z. In-situ electrochemical doping of nanoporous anodic aluminum oxide with indigo
carmine organic dye // Thin Solid Films. — 2016. — V. 598. — P. 60-64.

128. Kim LK., Li X., Ullah M., Shaw P.E., Wawrzinek R., Namdas E.B., Lo S.C. High-
performance, fullerene-free organic photodiodes based on a solution-processable indigo//Adv.
Mater. — 2015. — V. 27.— Ne 41. - P. 6390-6395.

129. Yao M., Kuratani K., Kojima T., Takeichi N., Senoh H., Kiyobayashi T. Indigo
carmine: an organic crystal as a positive-electrode material for rechargeable sodium batteries //
Sci. Rep. — 2014. — V. 4. — P. 3650.

130. Alexy M., Voss G., Heinze J. Optochemical sensor for determining ozone based on
novel soluble indigo dyes immobilised in a highly permeable polymeric film // Analytical and
BioAnal. Chem. — 2005. — V.382.— Ne 7. — P. 1628-1641.

131. Brunet J., Spinelle L., Ndiaye A., Dubois M., Monier G., Varenne C., Pauly A.,

Lauron B., Guerin K., Hamwi A. Physical and chemical characterizations of nanometric indigo

128



layers as efficient ozone filter for gas sensor devices // Thin Solid Films. —2011. — V. 520. — Ne
3.— P.971-977.

132. Ngai J.H.L., Chang G.Y., Gao X., Zhou X., Hendsbee A.D., Li Y. Design and
synthesis of stable indigo polymer semiconductors for organic field-effect transistors with high
fluoride sensitivity and selectivity / RSC Advances. — 2019.— V. 9.— P. 26230-26237.

133. Irimia-Vladu M., Gaowacki E.D., Troshin P.A., Schwabegger G., Leonat L., Susarova
D.K., Krystal O., Ullah M., Kanbur Y., Bodea M.A., Razumov V.F., Sitter H., Bauer S., Sariciftci
N.S. Indigo - A natural pigment for high performance ambipolar organic field effect transistors
and circuits // Adv. Mater. — 2012. — V. 24. — Ne 3. — P. 375-380.

134. Varghese S., Iype M., Mathew E.J., Menon C.S. Determination of the energy band
gap of thin films of cadmium sulphide, copper phthalocyanine and hybrid cadmium
sulphide/copper phthalocyanine from its optical studies // Mater. Lett. — 2002. — V. 56. — Ne 6.
— P. 1078-1083.

135. Glowacki E.D., Apaydin D.H., Bozkurt Z., Monkowius U., Demirak K., Tordin E.,
Himmelsbach M., Schwarzinger C., Burian M., Lechner R.T., Demitri N., Voss G., Sariciftci N.S.
Air-stable organic semiconductors based on 6,6'-dithienylindigo and polymers thereof // J. Mater.
Chem. C. — 2014.— V.2.— Ne38.— P. 8089-8097.

136. Pitayatanakul O., Iijima K., Ashizawa M., Kawamoto T., Matsumoto H., Mori T. An
iodine effect in ambipolar organic field-effect transistors based on indigo derivatives // J. Mater.
Chem. C. — 2015.— V.3.— Ne33.— P.8612-8617.

137. Pitayatanakul O., Higashino T., Kadoya T., Tanaka M., Kojima H., Ashizawa M.,
Kawamoto T., Matsumoto H., Ishikawa K., Mori T. High performance ambipolar organic field-
effect transistors based on indigo derivatives // J. Mater. Chem. C. — 2014.— V.2.— Ne43.— P.
9311-9317.

138.Ngai J.H.L., Leung L.M., So S.K., Lee H.K.H. Organic soluble indigoids derived from
3-hydroxybenzaldehyde for n-type organic field-effect transistor (OFET) applications // Org.
Electron. — 2016. — V. 32.— P. 258-266.

139. Glowacki E.D., Voss G., Leonat L., [rimia-Vladu M., Bauer S., Sariciftci N.S. Indigo
and Tyrian purple - from ancient natural dyes to modern organic semiconductors // Isr. J. Chem. —
2012.— V.52.— Ne 6. —P. 540-551.

140. Petritz A., Fian A., Glowacki E.D., Sariciftci N.S., Stadlober B., Irimia-Vladu M.
Ambipolar inverters with natural origin organic materials as gate dielectric and semiconducting

layer // Phys. Status Solidi RRL. — 2015. — V. 9.— Ne 6. — P. 358-361.

129



141. Kim H., Kim G., Song I., Lee J., Abdullah H., Yang C., Oh J.H. Ambipolar organic
phototransistors based on 6,6'-dibromoindigo // RSC Advances. — 2018. — V. 8. — Ne 27.— P.
14747-14752.

142. Leshanskaya L.I., Klimovich 1. V., Dashitsyrenova D.D., Frolova L.A., Ershova E.S.,
Sergeeva V.A., Tabakov V.Y., Kostyuk S. V., Lyssenko K.A., Troshin P.A. Dibenzoindigo: a
nature-inspired biocompatible semiconductor material for sustainable organic electronics // Adv.
Opt. Mater. — 2017.— V.5.— Ne 9. - P. 1-7.

143. Zhang S.F., Chen X.K., Fan J.X., Ren A.M. Rational design of bio-inspired high-
performance ambipolar organic semiconductor materials based on indigo and its derivatives//Org.
Electron. — 2015.— V.24.— P. 12-25.

144. Das R.J., Mahata K. Synthesis, Photophysical, electrochemical, and halochromic
properties of peri-naphthoindigo // Organic Letters. — 2018. — V. 20.— Ne 16. — P. 5027-5031.

145. Pitayatanakul O., Higashino T., Kadoya T., Tanaka M., Kojima H., Ashizawa M.,
Kawamoto T., Matsumoto H., Ishikawa K., Mori T. High performance ambipolar organic field-
effect transistors based on indigo derivatives // J. Mater. Chem. C. — 2014. — V. 2.— Ne43. - P.
9311-9317.

146. Porada J.H., Neudorfl J.M., Blunk D. Planar and distorted indigo as the core motif in
novel chromophoric liquid crystals / New J. Chem. — 2015. — V. 39.— No 11. — P. 8291-8301.

147. Irimia-Vladu M., Kanbur Y., Camaioni F., Coppola M.E., Yumusak C., Irimia C.V.,
Vlad A., Operamolla A., Farinola G.M., Suranna G.P., Gonzalez-Benitez N., Molina M.C.,
Bautista L.F., Langhals H., Stadlober B., Glowacki E.D., Sariciftci N.S. Stability of selected
hydrogen bonded semiconductors in organic electronic devices // Chem. Mater. — 2019. — V. 31.
— Ne 17.— P. 6315-6346.

148. Mohanty S.S., Kumar A. Enhanced degradation of anthraquinone dyes by microbial
monoculture and developed consortium through the production of specific enzymes // Sci. Rep. —
2021.— V. 11.— Nel.—- P.7678.

149. Lee W.H., Choi H.H., Kim D.H., Cho K. 25th anniversary article: microstructure
dependent bias stability of organic transistors / Adv. Mater. — 2014. — V.26. — Ne 11.— P.
1660-1680.

150. Shlafman M., Tabachnik T., Shtempluk O., Razin A., Kochetkov V., Yaish Y.E. Self
aligned hysteresis free carbon nanotube field-effect transistors // Appl. Phys. Lett. — 2016. — V.
108.— Ne 16.— P. 163104.

130



151. Sun Y., Zhang L., Ahmed Z., Chan M. Characterization of interface trap dynamics
responsible for hysteresis in organic thin-film transistors // Org. Electron. — 2015. — V. 27.— P.
192-196.

152. QuM,, Li H., Liu R, Zhang S.-L., Qiu Z.-J. Interaction of bipolaron with the H2O/O2
redox couple causes current hysteresis in organic thin-film transistors // Nat. Commun. — 2014. —
V.5.-P.3185.

153. Egginger M., Bauer S., Schwddiauer R., Neugebauer H., Sariciftci N.S. Current versus
gate voltage hysteresis in organic field effect transistors// Monatsh. Chem. — 2009. — V. 140. —
Ne 7. — P. 735-750.

154. Lee S., Koo B., Shin J., Lee E., Park H., Kim H. Effects of hydroxyl groups in
polymeric dielectrics on organic transistor performance // Appl. Phys. Lett. — 2006. — V. 88. —
Ne 16. — P. 162109.

155. Leshanskaya L.I., Dremova N.N., Luchkin S.Yu., Zhidkov LS., Cholakh S.O.,
Kurmaev E.Z., Stevenson K.J., Troshin P.A. Towards understanding the origin of the hysteresis
effects and threshold voltage shift in organic field-effect transistors based on the electrochemically
grown AlOx dielectric//Thin Solid Films. — 2018. — V. 649. — P. 7-11.

156. Majewski L.A., Schroeder R., Grell M. Flexible high capacitance gate insulators for
organic field effect transistors // J. Phys. D. — 2004. — V. 37.— Ne 1. — P. 21-24.

157. Ortiz R.P., Facchetti A., Marks T.J. High-k organic, inorganic, and hybrid dielectrics
for low-voltage organic field-effect transistors / Chem. Rev. — 2010. — V. 110.— Ne 1.— P. 205-
239.

158. Ma H., Acton O., Hutchins D.O., Cernetic N., Jen A.K.-Y. Multifunctional
phosphonic acid self-assembled monolayers on metal oxides as dielectrics, interface modification
layers and semiconductors for low-voltage high-performance organic field-effect transistors //
Physical Chemistry Chemical Physics. — 2012. — V. 14.— Ne41.— P. 14110.

159. Diggle, J. Wn, Downie T.C., Goulding C.W. Anodic oxide films on aluminum //
Chem. Rev. — 1969. — V. 69.— P. 365-405.

160. Jedaa A., Burkhardt M., Zschieschang U., Klauk H., Habich D., Schmid G., Halik M.
The impact of self-assembled monolayer thickness in hybrid gate dielectrics for organic thin-film
transistors//Org. Electron. — 2009. — V. 10. — Ne 8. — P. 1442-1447.

161. Mardare A.l., Kaltenbrunner M., Sariciftci N.S., Bauer S., Hassel A.W. Ultra-thin
anodic alumina capacitor films for plastic electronics// Phys. Status Solidi A. — 2012. — V. 209.
— Ne5.— P. 813-818.

131



162. Majewski L.A., Grell M., Ogier S.D., Veres J. A novel gate insulator for flexible
electronics//Org. Electron. — 2003.— V.4.— Ne 1.— P. 27-32.

163. Mumyatov A.V., Leshanskaya L.I., Anokhin D.V., Dremova N.N., Troshin P.A.
Organic Field-effect Transistors based on Disubstituted Perylene Diimides: Effect of Alkyl Chains
on the Device Performance//Mendeleev Commun. — 2014. — V.24.— Ne 5.— P. 306-307.

164. Sharp D.J., Panitz J.K.G., Merrill R.M., Haaland D.M. The incorporation of
electrolyte byproducts into barrier anodic A1203 coatings//Thin Solid Films. — 1984. - V. 111. -
Ne 3. — P.227-234.

165. Stevens J.S., Byard S.J., Schroeder S.L.M. Characterization of Proton Transfer in Co-
Crystals by X-ray Photoelectron Spectroscopy (XPS) // Cryst. Growth Des. — 2010. — V. 10. —
Ne 3. — P. 1435-1442.

166. Stadler P., Track A.M., Ullah M., Sitter H., Matt G.J., Koller G., Singh T.B.,
Neugebauer H., Serdar Sariciftci N., Ramsey M.G. The role of the dielectric interface in organic
transistors: A combined device and photoemission study // Org. Electron. — 2010.— V. 11.— Ne
2.— P.207-211.

167. Kuznetsova L.I., Piryazev A.A., Anokhin D.V., Mumyatov A.V., Susarova D.K.,
Ivanov D.A., Troshin P.A. Disubstituted perylene diimides in organic field-effect transistors:
Effect of the alkyl side chains and thermal annealing on the device performance // Org. Electron.
— 2018.— V.58.— P.257-262.

168. Struijk C.W., Sieval A.B., Dakhorst J.E.J., van Dijk M., Kimkes P., Koehorst R.B.M.,
Donker H., Schaafsma T.J., Picken S.J., van de Craats A.M., Warman J.M., Zuilhof H., Sudholter
E.J.R. Liquid crystalline perylene diimides: architecture and charge carrier mobilities // J. Am.
Chem. Soc. — 2000. — V. 122.— Ne45.— P. 11057-11066.

169. Jones B.A., Facchetti A., Wasielewski M.R., Marks T.J. Tuning orbital energetics in
arylene diimide semiconductors. materials design for ambient stability of n-type charge transport
//'J. Am. Chem. Soc. — 2007. — V. 129.— Ne 49.— P. 15259-15278.

170. Yogev S., Matsubara R., Nakamura M., Zschieschang U., Klauk H., Rosenwaks Y.
fermi level pinning by gap states in organic semiconductors // Phys. Rev. Lett. — 2013. — V. 110.
— Ne3.-P.036803.

171. Ullah M., Taylor D.M., Schwodiauer R., Sitter H., Bauer S., Sariciftci N.S., Singh
Th.B. Electrical response of highly ordered organic thin film metal-insulator-semiconductor
devices // J. Appl. Phys. — 2009. — V. 106. — Ne 11.— P. 114505.

172. Anokhin D.V., Defaux M., Mourran A., Moeller M., Luponosov Y.N., Borshchev
0.V., Bakirov A.V., Shcherbina M.A., Chvalun S.N., Meyer-Friedrichsen T., Elschner A.,

132



Kirchmeyer S., Ponomarenko S.A., Ivanov D.A. Effect of molecular structure of a,u'-
dialkylquaterthiophenes and their organosilicon multipods on ordering, phase behavior, and charge
carrier mobility // J. Phys. Chem. C. — 2012. — V. 116. — Ne 43. — P. 22727-22736.

173. Briseno A.L., Mannsfeld S.C.B., Reese C., Hancock J.M., Xiong Y., Jenekhe S.A.,
Bao Z., Xia Y. Perylenediimide nanowires and their use in fabricating field-effect transistors and
complementary inverters // Nano Letters. — 2007. — V. 7.— Ne 9. — P.2847-2853.

174. Klimovich 1.V., Leshanskaya L.I., Troyanov S.I., Anokhin D.V., Novikov D.V.,
Piryazev A.A., Ivanov D.A., Dremova N.N., Troshin P.A. Design of indigo derivatives as
environment-friendly organic semiconductors for sustainable organic electronics // J. Mater.
Chem. C. — 2014.— V.2.— Ne36.— P.7621-7631.

175. Irimia-Vladu M., Gtowacki E.D., Troshin P.A., Schwabegger G., Leonat L., Susarova
D.K., Krystal O., Ullah M., Kanbur Y., Bodea M.A., Razumov V.F., Sitter H., Bauer S., Sariciftci
N.S. Indigo - a natural pigment for high performance ambipolar organic field effect transistors and
circuits / Adv. Mater.. — 2012. — V.24.— Ne 3. - P. 375-380.

176. Irimia-Vladu M., Troshin P.A., Reisinger M., Shmygleva L., Kanbur Y., Schwabegger
G., Bodea M., Schwddiauer R., Mumyatov A., Fergus J.W., Razumov V.F., Sitter H., Sariciftci
N.S., Bauer S. Biocompatible and biodegradable materials for organic field-effect transistors //
Adyv. Funct. Mater. — 2010. — V.20.— Ne 23.— P. 4069-4076.

177. Kanbur Y., Irimia-Vladu M., Glowacki E.D., Voss G., Baumgartner M., Schwabegger
G., Leonat L., Ullah M., Sarica H., Erten-Ela S., Schwodiauer R., Sitter H., Kii¢iikyavuz Z., Bauer
S., Sariciftci N.S. Vacuum-processed polyethylene as a dielectric for low operating voltage organic
field effect transistors // Org. Electron. — 2012. — V. 13.— Ne 5.— P. 919-924.

178. Glowacki E.D., Leonat L., Voss G., Bodea M.-A., Bozkurt Z., Ramil A.M., Irimia-
Vladu M., Bauer S., Sariciftci N.S. Ambipolar organic field effect transistors and inverters with
the natural material Tyrian Purple // AIP Advances. — 2011.— V. 1.— Ne 4.— P. 042132.

179. Gtowacki E.D., Voss G., Sariciftci N.S. 25th anniversary article: progress in chemistry
and applications of functional indigos for organic electronics // Adv. Mater. — 2013. — V. 25. —
Ne 47. — P. 6783-6800.

180. Gtowacki E.D., Voss G., Demirak K., Havlicek M., Siinger N., Okur A.C.,
Monkowius U., Gasiorowski J., Leonat L., Sariciftci N.S. A facile protection—deprotection route
for obtaining indigo pigments as thin films and their applications in organic bulk heterojunctions
// Chem. Commun. — 2013. - V. 49.— Neo 54. — P. 6063.

181. Anokhin D.V., Leshanskaya L.I., Piryazev A.A., Susarova D.K., Dremova N.N.,
Shcheglov E.V., Ivanov D.A., Razumov V.F., Troshin P.A. Towards understanding the behavior

133



of'indigo thin films in organic field-effect transistors: a template effect of the aliphatic hydrocarbon
dielectric on the crystal structure and electrical performance of the semiconductor // Chem.
Commun. — 2014. - V. 50.— Ne 57.— P.7639.

182. Yang H., Yang C., Kim S.H., Jang M., Park C.E. Dependence of pentacene crystal
growth on dielectric roughness for fabrication of flexible field-effect transistors // ACS Appl.
Mater. Interfaces. — 2010. — V. 2.— Ne 2. — P. 391-396.

183. Yang S.Y., Shin K., Park C.E. The effect of gate-dielectric surface energy on
pentacene morphology and organic field-effect transistor characteristics // Adv. Funct. Mater. —
2005.— V.15.— Ne1l.- P.1806-1814.

184. Siisse P., Steins M., Kupcik V. Indigo: Crystal structure refinement based on
synchrotron data // Crystalline Materials. — 1988. — V. 184. — P. 269-273.

185. Geil P.H. Polymer single crystals // Polymer reviews. — 1973. — V. 5.

186. Eisfeld A., Briggs J.S. The J- and H-bands of organic dye aggregates // Chemical
Physics. — 2006. — V. 324.— No2-3.— P.376-384.

187. Salzillo T., d’Agostino S., Rivalta A., Giunchi A., Brillante A., Della Valle R.G.,
Bedoya-Martinez N., Zojer E., Grepioni F., Venuti E. Structural, spectroscopic, and computational
characterization of the concomitant polymorphs of the natural semiconductor indigo // J. Phys.
Chem. C. — 2018.— V. 122.— Ne 32.— P. 18422-18431.

188. Klimovich 1.V., Zhilenkov A.V., Kuznetsova L.I., Frolova L.A., Yamilova O.R.,
Troyanov S.I., Lyssenko K.A., Troshin P.A. Novel functionalized indigo derivatives for organic
electronics // Dyes Pigm. — 2021. — V. 186. — P. 108966.

189. Sadler P.W. Absorption Spectra of Indigoid Dyes // J. Org. Chem. — 1956. — V. 21.
— Ne3.— P.316-318.

190. Cardona C.M., Li W., Kaifer A.E., Stockdale D., Bazan G.C. Electrochemical
considerations for determining absolute frontier orbital energy levels of conjugated polymers for
solar cell applications / Adv. Mater. — 2011. — V.23.— Ne 20.- P.2367-2371.

191. Lamsabhi A.M., Escobar C.A., Pérez P. Do substituents make any contribution to the
formation of systems where the electronic effects seem to be neutralized? The case of the indigo
dye formation // Journal of Physical Organic Chemistry. — 2005. — V. 18. — Ne 12. — P. 1161-
1168.

192. Klimovich I. V., Leshanskaya L.I., Troyanov S.I., Anokhin D. V., Novikov D. V.,
Piryazev A.A., Ivanov D.A., Dremova N.N., Troshin P.A. Design of indigo derivatives as
environment-friendly organic semiconductors for sustainable organic electronics // J. Mater.

Chem. C. - 2014.— V.2.— Ne 36.— P.7621-7631.

134



193. Pandolfi L., Rivalta A., Salzillo T., Giunchi A., D’Agostino S., Della Valle R.G.,
Brillante A., Venuti E. In search of surface-induced crystal structures: the case of tyrian purple //
J. Phys. Chem. C. — 2020.— V. 124.— Ne 32.— P. 17702-17710.

194. P.H. Geil, Polymer Single Crystals, Krieger Pub Co; 1st Ed., London, 1973.

195. Leeuw D.M., Simenon M.M.J., Brown A.R., Einerhand R.E.F. Stability of n-type
doped conducting polymers and consequences for polymeric microelectronic devices // Synth.
Met. — 1997.— V. 87.— Noel.— P. 53-59.

196. I. M. AlNashef, M. L. Leonard, M. C. Kittle, M. A. Matthews and J. W. Weidner,
Electrochemical and Solid-State Letters, 2001, 4, D16; D. T. Sawyer, A. Sobkowiak, and J. L.
Roberts, Electrochemistry for Chemists, 1995, 2nd ed., Chap. 9, Wiley Interscience, New Y ork.

197. Cardona C.M., Li W., Kaifer A.E., Stockdale D., Bazan G.C. Electrochemical
considerations for determining absolute frontier orbital energy levels of conjugated polymers for
solar cell applications // Adv. Mater. — 2011. — V.23.— Ne 20.- P.2367-2371.

198. Anthopoulos T.D., Anyfantis G.C., Papavassiliou G.C., de Leeuw D.M. Air-stable
ambipolar organic transistors // Appl. Phys. Lett.. — 2007. — V. 90.— Ne 12. — P. 122105.

199. Oh J.H., Sun Y.-S., Schmidt R., Toney M.F., Nordlund D., Kénemann M., Wiirthner
F., Bao Z. Interplay between energetic and kinetic factors on the ambient stability of n-channel
organic transistors based on perylene diimide derivatives // Chem. Mater. — 2009. — V. 21.— Ne
22.— P.5508-5518.

200. Wen Y., Liu Y., Di C., Wang Y., Sun X., Guo Y., Zheng J., Wu W., Ye S., Yu G.
Improvements in stability and performance of n,n’ -dialkyl perylene diimide-based n-type thin-
film transistors // Adv. Mater. — 2009. — V.21.— Ne 16.— P. 1631-1635.

201. Anthopoulos T.D., Kooistra F.B., Wondergem H.J., Kronholm D., Hummelen J.C.,
de Leeuw D.M. Air-stable n-channel organic transistors based on a soluble c84 fullerene derivative
// Adv. Mater.. — 2006. — V. 18.— Ne 13.— P. 1679-1684.

202. Jones B.A., Ahrens M.J., Yoon M.-H., Facchetti A., Marks T.J., Wasielewski M.R.
High-mobility air-stable n-type semiconductors with processing versatility: dicyanoperylene-
3,4:9,10-bis(dicarboximides) // Angew. Chem. Int. Ed. — 2004. — V. 43. — No 46. — P. 6363-
6366.

203. Weitz R.T., Amsharov K., Zschieschang U., Villas E.B., Goswami D.K., Burghard
M., Dosch H., Jansen M., Kern K., Klauk H. Organic n-channel transistors based on core-cyanated
perylene carboxylic diimide derivatives // J. Am. Chem. Soc. — 2008. — V. 130. — Ne 14. — P.
4637-4645.

135



204. Katz H.E., Lovinger A.J., Johnson J., Kloc C., Siegrist T., Li W., Lin Y.-Y.,
Dodabalapur A. A soluble and air-stable organic semiconductor with high electron
mobility//Nature. — 2000. — V. 404. — Ne 6777. — P. 478-481.

205. Sun J., Hendsbee A.D., Eftaiha F., Macaulay C., Rutledge L.R., Welch C., Hill I.G.
Phthalimide—thiophene-based conjugated organic small molecules with high electron mobility //
J. Mater. Chem. C. — 2014. — V. 2.-P. 2612-2621.

206. Wu J., Chen J., Liu K., Luo S. Engineering antifouling conducting polymers for
modern biomedical applications // ACS Appl. Mater. Interfaces, 2019, V. 11, P. 21294-21307.

207. De Angelis F., Gaspari M., Procopio A., Cuda G., Di Fabrizio E. Direct mass
spectrometry investigation on pentacene thin film oxidation upon exposure to air // Chem. Phys.
Lett. — 2009. — V. 468. — No 4-6. — P. 193-196.

208. Cardona C.M., Li W., Kaifer A.E., Stockdale D., Bazan G.C. Electrochemical
considerations for determining absolute frontier orbital energy levels of conjugated polymers for
solar cell applications // Adv. Mater. — 2011. — V. 23.— No 20. — P. 2367-2371.

209. Zschieschang U., Ante F., Yamamoto T., Takimiya K., Kuwabara H., lkeda M.,
Sekitani T., Someya T., Kern K., Klauk H. Flexible low-voltage organic transistors and circuits
based on a high-mobility organic semiconductor with good air stability / Adv. Mater.. — 010. —
V.22.— Ne9.— P.982-985.

210. Klauk H., Zschieschang U., Weitz R.T., Meng H., Sun F., Nunes G., Keys D.E.,
Fincher C.R., Xiang Z. Organic transistors based on di(phenylvinyl)anthracene: performance and
stability // Adv. Mater. — 2007. — V. 19.— Ne 22.— P.3882-3887.

211. Ogawa S., Naijo T., Kimura Y., Ishii H., Niwano M. Photoinduced doping effect of
pentacene field effect transistor in oxygen atmosphere studied by displacement current
measurement // Appl. Phys. Lett. — 2005. — V. 86. — Ne 25.— P. 252104.

212. Choi K.-Y. A review of recent progress in the synthesis of bio-indigoids and their
biologically assisted end-use applications // Dyes Pigm. — 2020. — V. 181. - P. 108570.

213. Huang W., Besar K., LeCover R., Rule A.M., Breysse P.N., Katz H.E. Highly
sensitive  NH3  detection  based on  organic field-effect  transistors  with
tris(pentafluorophenyl)borane as receptor // J. Am. Chem. Soc. — 2012. — V. 134.— Ne 36.— P.
14650-14653.

136



Tabnuya A.1 — Iloosuscnocmu snekmponos 6 OIIT ¢ omodscenHbIMU U HeOMOHCEHHBIMU

puioxenus

IIpunoxenne A

naeuxamu LIJ[H
I t (n )*, cm?Ble! no/
0 bes 80 130 180 220 250 -
T. C OT/KHUT A
1,2:10% | 2,0-10% | 32:102 | 22102 | 2,7-1072 -
PDI-C4 | 19 9.10 | +3,7-103 | £4,8-103 | +7,1-103 | +2,1-107 2,6
(1,3:10%) | (2,4:10?) | (3,5:102) | (3,2:10?) | (2,8:10?)

90103 | 2,7:102 | 54102 | 1,3-102 85103 | 7,3-10°
PDI-C5 | 11,6-103 | +8,7-103 | 48,5-103 | +3,6-103 | +1,1-10° | £3,8-10* | 6,0
(1,1:102) | (4,0-102) | (6,6:10%) | (1,9:102) | (9,8:102) | (7,5:107)

58107 | 22:102 | 43102 | 50102 1,5-100 | 1,2-10"
PDI-C6 | 19 9.104 | £2,9:103 | £2,0-102 | +2,1-102 | £3,4-102 | £2,7-102 25
6,1:107) | (2,4:102) | (7,4:10%) | (7,6:10?) | (1,8:107)) | (1,5-107)

24102 | 48102 | 6,5-102 | 1,4-107 1,0-107 | 1,6:102
PDI-C7 | 128102 | 1,110 | £6,4-103 | +5,2:102 | +2.1-102 | +5,5-10° 5.8
(8,6:102) | (6,3:102) | (7,0-10%) | (2,2:10) | (1,210 | (2,1-10?)

1,8-102 | 1,5-10% | 2,4-102 | 68102 1,0-107 | 85102
PDI-C8 | 15 0-103 | £3,9:103 | £5,3-10° | £2,0-102 | £3,3-102 | £2,4-102 5.6
(1,9-10%) | (1,9:102) | (3,1:103) | (8,9:102) | (1,2:107)) | (1,1-107")

PDLI. | 2,7-10% | 39:102 | 7,1-102 | 3,9-102 | 4,0-102 | 4,0:1072

C10 | £7,4:10% | £1,8:10% | £2,5-10° | +5,6:10% | +3,9-10°% | +4,5-10°* 2,6
(3,6:102) | (7,0102) | (7,4:10%) | (4,4:10?) | (4,3:107) | (4,1-1072)

PDL | 5.0:10% | 4,7-10% | 4,0-10% | 7,1-107 8,0:.102 | 93107

Cl12 | £5,1-10% | £3,4-107 | £1,7-102 | £1,3:102 | £3,8:10° | £5,0-10° 1,9
(5,6:102) | (5,0102) | (6,5-102%) | (8,8:102) | (8,3:102) | (1,0:10™")
95:-10° | 6,5-10° | 1,7-10% | 1,1-102 6,7-102 | 5,810

PDI-EH | 15 4.10°5 | £1,7-10° | £1,2-10% | +8,5-103 | +8,2:103 | +1,1-102 | 708
(1,1:10%) | (8,0:10°) | (2,6:10%) | (2,4:10?) | (7,3:102) | (6,4:1072)

*HOHBI/I)KHOCTI/I, HU3MEPCHHLIC B PEKUMEC HACBINICHHUA, IMMPCACTABIIAIOT coboit CpeaHee 3HAYCHUEC KakK

MHHUMYM Ui 4 yCTpOiicTB. MakcuMalnbHbIE 3HAUCHNS YKa3aHbI B CKOOKaX.

**COOTHOIIIEHNE MaKCUMAJIbHBIX MOABMXHOCTEH mocne orxura [1/IM k moaBMXHOCTSAM, U3MEPEHHBIM 70

omxwura [TJIU
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4 0 4 8

Vgs. V

Pucynok A.1 — Ilpoxoounsvie xapakmepucmuxu OIIT na ocnose PDI-EH (a, 6) u PDI-C12 (8, 2)
bes3 (a, 6) u c mepmuueckum omorcuzom npu 250 °C (6) u 220 °C (2) coomseemcmeenno

3
Vgs. V

Tabnuya A.2 — I[lapamempwl 21emenmapuou ayetiku 0asa nekomopwix IIJJTH ¢ moukux nienkax

11 [TapamMeTpsl AUECHKHU
PDI-C4 a=15,3 A, b=8,3 A, c=4,7 A;

0=91,1°, B=93,1°, y=78,1°

PDI-C5 a=17 A, b=8,5 A, c=4,7 A;

0=85,4°, B=102,1°, y=95 4°

PDI-C6 a=17,9 A, b=8,3 A, c=4,7 A;

0=87,3°, B=71,6°, y=61,8°

PDI-C7 a=20,18 A, b=8,34 A, c=4,73 A;
0=76,4°, =97,0°, y=90°

PDI-C8 a=223 A, b=93 A, =52 A;
0=111,5°, B=104°, y=93,3°

PDI-C10 a=242 A, b=8,6 A, c=4,8 A;

0=79°, p=106°, y=101°

Pucynox A.2 — Ilpoexyuu mpukiunnou snemenmaprot sauetiku PDI-C8: ab- (cnesa) u ac-

(cnpasa)
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Molecular tilt, @

22 ] 1 1
4 5 6 7 ] 9 10

Chain length
Pucynox A.3 — Veon naxnona onoxa I[JJH omnocumenvHo HOpMAibHO20 HANPABIEHUS,

PACCUUMAHHBINL N0  PEHMeHOBCKUM OauHbim 0aa ITI[H ¢ pasnoti OnuHOU  anKUIbHLIX

3amecmumeneu

IIpunoxenune b

T eyt

Pucynox b.1 — Tonoepaguueckue uzoopaxcenus (ACM) moukux nieHox OusneKmpuros:

mempaxonmana (a), napaguua (6), BCB (8) u nomusununogoeo cnupma (2), HaHeceHuvie HA
Al/AlO
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Ipuioxenue B

| [nA]
800+
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-200 +

-400

T T T T T T T 1
2000 -1500 -1000 -500 O 500 1000 1500 2000
Potential, mV vs. Fc/Fc'

Pucynox B.1 — l{ukiuueckue onbmamnepocpammol unoueouoos 1-6 u 10

800+
WAl Indigo
600 -7
400 8
i —9

200+ —10

04
-200-
-400-
-600 L, . . . ; ; ;

2000 -1500 -1000  -500 0 500 1000

Potential, mV vs. Fc/Fc'

Pucynox B.2 — [ukiuueckue onbmamnepocpammol uHoucouoos 6 -10

600 — 11
500
400 + —12
300
200
g 100
—_ 04 Y —
-100
-200
-300
-400
-500
600
-700 T T T T T T T T 1
-2000 -1500 -1000  -500 0 500 1000 1500 2000

E [mV] (Fe/Fc)

Pucynox B.3 — [ukiuueckue éonomamnepoepammol unouecouoos 11,12

140



Tabauya B.1 — Xapaxmepucmuku OIIT, uzeomonennvix ¢ cepeopsHbiMu 31eKmpooamu

ucmoka u cmoka

9 Ion/Ioff U, ,ue(TC)/
Wnpuroiin | Huoi. Ton/Totr (TC/BCB) or2Ble! 1(BCB)

TC ~410° 3,8103

1 BCB ~5102 8,0 1,810° 2,1
TC ~310* 5,51073

2 BCB 2102 150 6.910" 21
TC ~6'10° 7.410°

3 BCB ~210° 300 2,610 28,5
TC ~1'10* 1,9103

5 BCB - - - -
TC 13 1,010°

6% BCB 6 2 7.610° 0,13
TC 125 1,610

7 BCB - - - -
TC ~3103 1,2103

8 BCB 186 16 5107 24
TC 550 3,410%

9 BCB 50 11 2,210° 15,6
TC ~510* 3,6107

10 BCB ~210° 25 1,910° 1,9
TC 10* 3,010°

Huauro BCB 1102 100 1.8107 16,7

* TMapamerpsl, paccuntannpie s OIT, MOTYT GbITh HETOYHBIMH H3-32 OU€Hb HU3KUX MOMYTPOBOIHIKOBBIX

XapaKTePUCTHK 6,6’ -TULIMaHOUHANUTO

1E-74

1E-84

Ips A

1E-94

44 42 10 8 6 8 10 12 14 16
Ves v

Pucynox B.4 — [Ilpoxoonvle xapakmepucmuku damOUNONISAPHO20 NOJIYAPOBOOHUKA
OULOOUHOU20
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< %09 Indigo
— —— 6,6'-dibromoindigo 3
200+ ——C12PDI

100 1

-100 1

-200 1

-300 |

T T T T T T T T T
-2100 -1800 -1500 -1200 -900 -600 -300 0 300

Potential, mV vs. Fc/Fc'

Pucynox B.5 — [uxnuueckue eonemamnepocpammsl unouzo, 06,6°-0udbpomunouco u

C12PDI, nonyuennvle 6 00UHAKOBbIX YCI0BUAX

Tabnuya B.2 — Tonozpaguueckue usobpascenuss (ACM) monkux nieHoxk npou3eo0HbIX UHOUZO,
svipaujennvix na TC u BCB

NO

v

1o

nm|

60)

40

20)
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NO

=
250
200
150

100/

nm)

10

Q 865 10 LS 20 um Q 05 10 15 20 um

12

Tabnuya B.3 — Muxpogomoepaguu nosepxnocmu (COM) moHKux nieHox npou3800HbIX

unoueo, evipawennwvix Ha TC u BCB

N° TC BCB
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NO

500 nm
i
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N° TC BCB

10

Tabauya B.4 — Jugppaxmoepammmor GIWAXS monxux naenox 6,6' —oubpomuroueo u 6,6’
—mpugpmopmemununoueo na TC u BCB

Nunuronn TC BCB

IIpuaoxenne I'

Pucynox I'.1 — Ilepexpvimue monexyn 6 cmonkax oaa 17 (a) u 18 (6) no oamnvim

DPEHM2EeHOCMPYKMYPHO20 AHANU3A
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Pucynox I'.2 — Cnexmpuol nocnowenusi coeounenuii 13( a), 14( 6), 16( 6), 18(2) ¢
pacmeope eopsauezo 1,2-0uxnopboen3ona u 6 moHKux nieHKax

600 12
—13
4004 15
— 18
<g 2001
=
»—: 01
-200
-400-
-600-

T T T T T T T T 1
2000 -1500 -1000 -500 O 500 1000 1500 2000
Iorenuman, MB oTH. Fc/Fc'

Pucynok I'.3 — Luxnuueckue 6o1bmamnepocpammuvl MOHKUX nieHok coeounenuti 12-18

600+
400

200+

IpA]

04

-200+

-400+

-2000 -1000 0 1000
Potential [mV] (Fc/Fc")

Pucynox I'.4 — uknuyeckas 6onbmamnepocpamma moukou nienku 19
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Tabauya I'.1 — Xapaxmepucmuxu OIIT, cocmosawux u3z pasiuyHvlx nOJIYNpO8OOHUKOBbIX

mamepuailos u 0u3ﬂel<mpu1¢ea<ux I’ZOKpblmuI:Z Ha cmekje

Ioporosoe IToaBM>XHOCTH
CoenuHeHue T .. | Mwonexrpuk | Dnekrpoasl | Hanpsokenue | Ion/Iorr nax usataz 1
HOCHTEIEH Vi, B (L™), eMm“B ¢
n BCB Ag - - -
n TC Ag 6 1,010 | 2,410%9,610%)
P TC 3.5 2,010° | 1,7102(2,2'10?)
n AlOy Ag - - -
P AlO, -1,3 2,210 | 1,410 (1,810™)
19 n TDPA Ag i i i
p TDPA 2,2 3,510 | 4,8102(1,7:10)
n mesak’ Ag - - -
P 1mesax’ -1,6 1,010° | 1,010%(1,6'10%)
n TC Au 10,4 7 1,310 (2,6:10%)
P TC 3,6 1,010* | 5,8107%7,8107)
n BCB Ag 3,8 3,010 | 9.410°(1,510™)
n AlOy Au 7,8 2,010 | 4,010°(2,410%)
P P AlOx -5,1 2,010* | 1,1'10%(2,910%)
n TC Au 5,6 55107 | 9,810%1,3107)
P TC -10,8 2,010% | 2,4103(3,010™)
n TDPA Au - - -
P TDPA - - -
n TC Au 8,4 27 1,710°(1,8107)
TleHTancH P TC -0,7 3,310 | 2,0107"(2,2:10™")
n AlOy Au - - -
p AlO, 1,2 2,510 | 9.210%(1,410™)
DNTT n TC Au - - -
P TC -0,5 1,810° | 1,9107(6,010")
n BCB Ag -0,1 2,510 | 3,8107"(3,910™")
n TC Ag 2,3 1,010° | 4,7102(5,7107?)
Ceo P TC N 3 N
n AlOy Ag 2,0 5010° | 4,8107%(7,510?)
p AlOy - - -

a TloaBMKHOCTE HOCHUTEIICH 3apsaa OECHUBAJIACh B PEKUME HACBIIICHUS 110 CTAHAAPTHOMY ITOAXOMY.

6 B stoMm CJIydac OKCUI aJIIOMUHUA ObLI BbIpaIll€H C UCTTIOJIb30BAHUEM IJIa3MEHHOM O6pa6OTKI/I.
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Tabnuya 1.2 — Xapaxmepucmuxu OIIT na ochose coedunenuss 19 (cepebpsnvie

91eKMpPoObl UCMOKA U CIOKA)

Hanpsoxenue CxopocThb IToporosoe
Temneparypa oTxura IToneuxHOCTH
AHOIN3ALIUHU OCaXXJACHUS 5 TeucHme 3 Muh. °C HampsDKEHUE Ton/Logt ovlB e
JMIEKTpHKa, B 19, A/c ’ Vru, B Hsat
25 - -1,5 1,3-10* 1,210
0,2 80-85 -2,1 1,010 1,910
155 3,6 5,710° 4,4x107
220 - - -
25 3 - 232 2,510% 1,810"
12 - 2.8 2,010 9,610
25 0,8 -3,7 1,710 5,610
55 9,2 3,0'10* 4,510
100 -8,0 3,010° 2,910
a 0 § jom ]
40
e 20
=1 . 0
B T 3 am||
15
=5 10
5
(=] o L - 0
0 1,0 um 0 1,0 um

Pucynox I''5 — Hz00padicenuss moukux nieHok coeounenus 19 (a, 6) u unoueo (8, 2),

svipawennvix Ha AlOx (a, 8) u TC (6, 2) (no oannvim ACM)
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Pucynok. I'.6 — Hsmenenue noosusicnHocmu nocumeneil 3apaoa u Vi om epemeHu

Haxoxcoenus Ha 8o30yxe OIIT na ocnose 19 (a) u nenmayena (6)

Pucynox. I''7 — Ilpoxoonvie xapaxmepucmuxu OIIT na ocnose 19, 3anucanmvie 6
unepmHou ammocgepe bokca, uepes 3 OHa u npumepno 11 mecayes nocie o30eticmsusi 6030yxXa
(Vps =-5B)
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Pucynox. I'8 — Ilpoxoonvie u evixoonvie xapaxmepucmuku OIIT na ocuoge 19,

U320moeneHHble Ha 2UOKoU 6UOpasiazaemol n1acmuko8ou noonodxckePucynox
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I".9 — Ilpoxoousie u gvixoousie xapakmepucmuxu OIIT na ocnose 19, uzeomosnennvlie Ha

2NAHY 60 MeN06antoll bymaze niomuocmoio 250 2/m?
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