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WccnenoBanbl poTodusnyeckre cBoiicTBa (pyHKIIMOHAIbHBIX IUCTUPWIbHBIX Mpou3BoaHbXx BODIPY B
pasIUYHBIX pacTBopuTtessix. [lokazaHo, 4TO BO BCEX PaCTBOPUTENSIX MCCIeNyeMble COSNMHEHUS] UMEIOT
CXOXMe CMEeKTPbl MOMIOIIEeHUsT U (IyOopeclUeHIMU, XapaKTepHble IS TUCTUPUIBHBIX MPOU3BOTHBIX
BODIPY. HeGonbiiine 6aToXpoMHBIE CABUTHU CIIEKTPOB TPU YBEIWUYEHUU TIOJIIPHOCTH PACTBOPUTEJS, a
TaKXe HECYIlIECTBEHHbIE U3MEHEHUSI KOHCTAHT CKOPOCTEM U3JTydaTeSbHbl U 0€3bI31y4aTebHbIX MPOLIEC-
COB CBUJIETEJILCTBYIOT B MTOJIb3Y TOTO, YTO COCTOSIHUS S OTHOCSITCS K TUMY (T, T*). JlaHHBIE KpaCUTEIU MO-
T'YT OBITh MCITOJb30BAHBI U151 BU3yaIU3aIIMM MPOIIECCOB B XXUBBIX CUCTEMaX.

Knrouesovie cnoea: BODIPY, diyopecleHLIMS, COTbBATOXPOMU3M
DOI: 10.31857/50023119323030105, EDN: KDPLDV

BBEAEHWE

®dnayopodopkl Ha OCHOBE Pa3IMYHBIX KOMILICK-
CcOB 00pa B HACTOSIIIEe BpeMsI BBI3BIBAIOT MHTEPEC Y
HCClIenoBaTeIeld B CBSI3U C UX MMOTEHIIUAIbHBIM ITPH-
MCHEHMEM B KayeCTBE OIITMYECKMX MaTepuajoB,
(IIyOpeCEHTHBIX CEHCOPOB 1 30HIIOB, KOMIIOHEHTOB
CBETOM3IIYYAIOIINX TUOOOB M COJIHEUHBIX OaTapei [1—
3]. Cpenu Hauboiee U3BECTHBIX MpeACTaBUTE eI JaH-
HOTO KJIacca COeIMHEHUIA SIBJISIIOTCS. 00panuGTOpHUIHbIE
npousBoaHble aunuppoMereHa (BODIPY). danurbie
COEIMHEHMS 00/1a1aI0T PSIIOM LIEHHBIX CBOMCTB, TAKM-
MU KaK BBICOKWIT MOJISIPHBII KO3(G(GUILMEHT 3KCTUHK-
LU, OCTPbIE TTOJOCHl SMUCCUM, BBICOKUI KBAHTOBBI
BBIXOM, (DIyOPECLIEHIINM, a TAKXKE BBICOKASI XMMHUYECKAsI
¥ TepMUYeCcKasi CTabMILHOCTD [4—7]. OmHoM U3 Har-
OoJiee TIEPCIIEKTUBHBIX 00JIacTel MpUMEHEHUS TPO-
n3BogHbIX BODIPY sBisieTcss OuoBuU3yanu3aLys
KJICTOUYHBIX CTPYKTYp, IJIS Leeid KOTOpOil, B OCHOB-
HOM, MCTIOJIB3YIOTCS (DITyopodOphl C SMUCCHUEH B HaTb-
HeM kpacHoM ([ K) u madpakpacHom (MK) nuanasone
ImH BoyH. JluctupuibHble npousBogHbeie BODIPY,
BBUIYy OTHOCHUTEJIBHOM IPOCTOTHI CUHTE3a, SIBJISIOTCS
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HanOoJiee NOMYJISIPHBIMM MPEICTABUTEISIMU Kjlacca
kpacureneii BODIPY ¢ smuccueii B JIK-UK-o6mma-
ctu [8, 9]. Tak, 1aHHBIE COEAUHEHMS UCITOIb3YIOTCS
IUIST BA3yaJiM3alusi CBEPXBBICOKOIO pa3pelleHHUs] B
KUBBIX KiteTKax [ 10], s ¢poroguHaMudecKkoit Teparmmn
[11], B kayecTBe yHUBEPCATHLHOTO (DITyOPECIIEHTHOIO
30HMa IS OTIpeAeICHUs] TPaMM-TIOJIOKUTEIbHBIX OaK-
Tepuii [12], B KauecTBe TPUILIICTHBIX CEHCUOMIN3ATO-
pOB, B TOM 4MCJIe JJIs1 TeHepaluu CUHIJIETHOTO KHC-
Jnopona [13—15].

B Hacrosweit padore uccieqoBaHbl (poToDU3M-
YyeCcKHe CBOMCTBA (hyHKIIMOHAILHBIX TUCTUPMIILHBIX
npousBonHbix BODIPY B psine pacTBopuTtesieil pas-
JIMYHOM TTpUpoabl. Bl M3ydeHbl 1Ba AUCTUPUIILHBIX
npousBonHbix BODIPY, mpencrapnstiomue co0oii
CJIOXHBIM 3(UP U COOTBETCTBYIOIIYID KapOOHOBYIO
kucinory (puc. 1). HecMoTpst Ha GOJIBIIYIO CXOXECTh
CTPYKTYPBI ¥ ONTUYECKNX CBOMCTB COSNVHEHMIA, TTpU-
CYTCTBHE JIMOO OTCYTCTBHME METWJIBLHOM IPYIIIbI CyIIE-
CTBEHHBIM 00pa30M MEHSIET BO3MOXKHYIO 00J1acTh
MIpUMEHEHUSI KpacuTeieil. MeTOKCUIIbLHOE IIPOr3-
BonHoe 1 3a cyeT BBICOKOUW TMAPOPOOHOCTH MOKET
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Puc. 1.

CTpyKTypBI
BODIPY: acup (1), kuciora (2).

JUCTUPHUIIBHBIX TIPOU3BOAHBIX

HCIOJIb30BaThCS IJISI MEYCHUST KJIETOK 110 MeMOpaH-
HBIM cTpyKTypaM [16]. KapOokcuiabHast GyHKIMS B
COEIVMHEHNU 2, BO-TIEPBbIX, CYIIIECTBEHHO YBEIUYM-
BaeT paCTBOPUMOCTb COCIUHEHUS B BOJE, 2 BO-BTO-
pBIX, TIO3BOJISIET KOHBIOTUPOBATh KPACUTENb C OMO-
MOJIEKYJIaMHU 110 aMruHOTpyIIam [17].

METOJUNKA SKCITEPUMEHTA

Marepuansl. OyHKIIMOHAIBHBIE TUCTUPWILHBIC
npousBonHsie BODIPY 1, 2 Ob111 MoJIy4eHbI CIIOCO-
OaMu, onmMcaHHBIMU paHee [18].

W3mepenne CneKTpajbHO-TIOMUHECHIEHTHBIX XapaK-
TepucTHk (payopodopoB. UV/VIS criekTpnl nomiole-
HUSI UI3MEPSLUIN C UCTIOJIb30BaHMEM CIEKTpodoToMeTpa
Shimadzu UV-1900. Crektpbl iryopeclieHIIMH MOJTy-
Yajy C UCTIOJIb30BaHUEM cIieKTpodryopuMeTpa Shi-
madzu RF-6000. KBaHTOBBIE BEIXOIBI (DITyOpeCLiEHLINI
U3MEPSUIM OTHOCHUTEJIBbHO CTaHaapTa Kpe3WJIOBOIO
¢uoieToBOro B aTaHOJIe. KBaHTOBBII BLIXOI CTAHIApTa
cunutamv @ = 0.49. BpemeHa xu3Hu (Q1yopecLeHLIMU
U3MEPSUIM C MCHOJIb30BAaHHUEM BpeMsipa3pellieHHOTO
crniekrpodnyopnmerpa Picoquant Fluotime 300. Bo3-
OyXKIIEHUE OCYIIECTBIISIOCHh MMITYJIbCHBIM ITHKOCE-
KYHOHBIM TUOAHBIM ja3zepoM Picoquant LDH-P-C-
375B ¢ mymHOM BOJIHBI 375 HM. ATIMpOKCUMAaILUs IO~
JIy4eHHBIX JaHHBIX BBITIOJIHSIACH C UCTIOJIb30BAaHUEM
nporpamMmebl Picoquant EasyTau 2.

KBantoBo-xumuyeckue pacuetrsl. Jlna pacuera
CTPYKTYPBI MOJIEKYJIBI U €€ BJIEKTPOHHBIX TIePEX0I0B
OBLIM WCIIOIb30BAaHbI METOMA TEOPUM (DYHKIIMOHAJA
miotHocTu (DFT) mist OCHOBHOTO COCTOSIHUS U M€-
TOA HeCTallMOHAPHOM Teopny (PYHKIMOHAJA TUIOT-
HoctH (TD-DFT) nist Bo30y:KIeHHOTO COCTOSIHUS C
Pa3INYHLIMU OOMEHHO-KOPPEISIINOHHBIMUA (DYHK-
umonamamu (BH&HLYP, CAM-B3LYP, PBEO), a
TakKXXe METOA OTHOKOH(UIYPAllMOHHOTO B3aMMO-
nevictBust (CIS). Mcnonp3oBajics TPEeX3KCITOHEHT-
HbI 6asucHbIil Ha6op TZVp [19], a Takke nucnep-
cuoHHag mornpaska D3BJ [20, 21]. dna ydyera pac-
TBOPUTEJISI UCIOIB30BaIaCh MOJEIb MOMSIPU3YEMOrO
koHTuHyyMa (PCM) [22].

XUMUSA BBICOKHX DHEPTUM

PE3VJIBTATBI U OBCYXIEHHWE

CTpyKTypHhI MCCIEAYEMbIX IUCTUPUIBHBIX IIPOU3-
BomHbix BODIPY 1, 2 npencrasieHsl Ha puc. 1. s
JTaHHBIX COeTMHEHWI OBIIN N3ydeHbI (POTOMN3MICCKIIE
CBOICTBA: CIEKTPhI TONIOLICHMSI, CTallIOHApHbIE U
BpeMsIpa3pelicHHbIE CITIEKTPhI (PITyOpeCLieHLINT, KBaH-
TOBbBIE BBIXOIbI (hJIyOPECLIEHLINM B Pa3IMYHbIX pACTBO-
puteisix (Ta6m. 1).

Ha pwuc. 2, 3 nmpuBeneHsl HOpMUPOBAaHHBIE CITEK-
TPBI MOTJIOIIECHUST U (DIYyOPECUESHIIMU TTPOU3BOIHBIX
BODIPY 1, 2 B pa3IM4YHBIX pACTBOPUTEIISIX IIPU KOM-
HaTHO# Temneparype. Kak BUIHO U3 pUCYHKOB, BO
BCEX PaCTBOPUTENSIX coeqrHeHus 1 1 2 UMEIOT CXO-
JKUE€ CTEeKTPbl MOIJIOLIEHUsI, XapaKTepHble IJIs ITU-
cTuprIbHBIX TIpon3BonHbIX BODIPY, ¢ Makcumymom
O0K0JI0 621—636 HM, COOTBETCTBYIOILIEMY IIEPEXOLY
Sy — S,, 1 MmakcumymoM okoiio 341—348 HM, cooT-
BETCTByIWOLIEeMYy nepexony S, — S,. Cienyer oTMme-
TUTb, YTO COOTHOIIIEHNE TUKOB MEPEXoaoB Sy — S| u
Sy — S, B 3HAUUTEILHOI CTENIEHU 3aBUCST OT MPUPOIBI
pactBopureiist. Tak, MHTEHCUBHOCTb NUKA Sy — S,
YBEJIMUMBAETCS B CUJIbHO MOJISIPHBIX PACTBOPUTEJISIX,
TaKMX Kak aneToHuTpua. CrieKTphl (QIyopeceHIINT
coenrHeHMit 1 1 2 B pa3IMYHbIX PACTBOPUTEISIX COAEP-
JKaT IBa pa3pellleHHbIX MaKcuMyMa pu 621—636 HM u
671—695 1M (puc. 2, 3, Taba. 1). CieKTpbl MOTJIONIS-
HUS U (DIyOopeCcHeHIIMHU 3epKaJlbHO CUMMETPUYHBI,
YTO CBUIETENLCTBYET O HE3HAYUTEJIbHBIX PA3TUIUIX
B FT€OMETPUM OCHOBHOIO M BO30YXXJIEHHOIO COCTOSI-
Husi. HeGonbline 0aToOXpOMHBIE CIBUIM CIIEKTPOB
MPU YBEIMYEHUU TIOJISIPHOCTY PACTBOPUTEIS U HE3HA-
YUTEIbHbIE U3MEHEHUSI KOHCTAHT CKOPOCTEU U3JTyJa-
TEJIbHBIX U 0e3bI3/TydaTe/IbHbIX MPOLIECCOB CBUACTEb-
CTBYIOT B I10JIb3y TOTO, YTO COCTOSIHUSI S| OTHOCSITCS K
Ty (T,17*).

Ha puc. 4 npencraBiaeHbl 3aBUCUMOCTH CTOKCOBOTO
casura ¢uiyopecueHIMu AV~ ot GyHKIMM opueHTa-
LIMOHHOM TIOJSIPU3YEMOCTH B COOTBETCTBUM C MOJE-
JIBIO, TIpeayIokeHHo JIunmeproMm n Mararoii [23]:

(He=Hy)'f (&) |
hea’ (1)
+ vg’f = mf (&n) +vg’f,

AV T =2

rac Me — I[I/IHOJ'HJHHﬁ MOMCEHT B B036y}K,Z[eHHOM CO-
CTOSHUU, }Le — ,Z[HHOJIBHI)IfI MOMEHT B OCHOBHOM CO-
CTOsIHUM;, a — pamuyc OH3zarepa; vgff — CTOKCOB
e—1 n'—1

2e+1 20 +1
OpPUEHTALIMOHHA MOJSIPU3YEMOCTD CPEbI.

CIABUT B rasoBoii ¢ase; f(gn) =

Kak MOXHO BUIETb U3 pUc. 4 3HaueHust Av*— s
2 B alICTOHE U alleTOHUTPUJIE 3HAUYNTEIILHO MEHBIIIE
3HaYCHUM W1 1, 9TO CBUAETEIBCTBYET, ITO-BUINMO-
My, O HaJIMYUM cHeuu@UIeCKUX B3aMMOACUCTBUIA
COEIMHEHUS 2 C MOJEKYJIaMU 3TUX PAaCTBOPUTEIICIA.
ITosToMy maHHBIE TOYKM OBIJIM MCKIIOYEHBI U3 pac-
Ne 3
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Puc. 2. HopMupoBaHHBIE 3JIEKTPOHHBIE CITEKTPHI MOIJIOIIEHUS (a) U 3MUccUM (0) TuCcTUpWIbHOrO npoussogHoro BODIPY 1
(Aex = 580 HM) B pa3IMIHBIX PACTBOPHUTENSIX (¢ = 1 X 1073 M) 1pu KOMHATHOI1 TeMIlepaType.

Onrnyeckast IINIOTHOCTbH, HOPM.
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Puc. 3. HopMmupoBaHHBI€ 3JIeKTPOHHBIE CIIEKTPHI ITOIIOIIEHU (a) 1 aMuccuu (0) IMCTUPUILHOTO npousBogHoro BODIPY 2
(Aex = 580 HM) B pasIMYHBIX pacTBOPUTEISIX (¢ = 1 X 1073 M) 1Ipu KOMHATHOI1 TeMITepaType.

cMoTpeHus. JuanekTpuieckasi MIpOHUIIaeMOCTb, KO-
3 dULIMEHTHI TIPEeJIOMJICHUS] U 3HAYCHUSI OpUEHTAI-
OHHOI1 TTOISIPU3YEMOCTH TSI MCCIIeIOBAHHBIX PACTBO-
puTeseil mpeacTaBiaeHbI B Ta0d. 2.

B Ta6. 3 ipencrasieHbl HapaMeTphbl, HaliIeCHHbIE
U3 JIMHEMHOM almpoKcuMaluu 1o ypaBHeHMIO (1).
Kpome sToro, B Tabn. 3 mpuBeneHBI 3HAYCHUS -
MOJIbHBIX MOMEHTOB B OCHOBHOM COCTOSIHUY U paay-
ycel OH3arepa MOJIeKys, HalileHHble 13 KBAaHTOBO-
XUMUUYECKOTO MOJEIMPOBAHUSI, TaKXKe MPUBEICHBI
3HAYEHME OUIIOJIBHOTO MOMEHTa B BO30YXICHHOM
COCTOSIHUM, HaliIEeHHbIE M3 3KCIIEPUMEHTAIBHO IO~
Ne 3

XUMUSA BBICOKUX DHEPTUM  ToMm 57
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JIY4EHHBIX ITapaMeTpoB m. JJUITOJIbHBII MOMEHT MO-
JIEKYJIbI B BO30Y>KI€HHOM COCTOSIHUHU YBEJIMYNBACTCS
npubau3uTelbHo Ha 2.5 I mist coenuHeHus: 1 1 Ha
2.1 J1 nig coenrHeHUS 2.

s TIoaTBepKACHUS TIOJIyYeHHBIX 9KCIIEPUMEH-
TaJbHBIX PE3Y/JIbTaTOB, IOIIOJIHUTEJIHLHO OBLIO BBI-
MOJTHEHO TEOPETUUECKOE UCCIEAOBAaHE CTPYKTYPHI 1
B pa3JIMYHBIX PACTBOPUTEIAX.

IlepBBIM IITAaroM OBIIM BBIITOTHEHBI MPOLCIYPHI
ONTUMM3ALIMU TEOMETPUU CTPYKTYP B OCHOBHOM CO-
CTOSHUM. 3aTeM, VCITOJb3ys MOJIyYEeHHbIE FeOMET-
pUU B Ka4eCTBE CTAPTOBBIX, OB BBIMOJIHEHBI TTPO-
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JluHeitHast anmpoxkcumarus 1 l
280 — — Jluneitnast annpokcumariust 2 L_
260 - I |
®
240 Ty i
g
20t 17 |
xd
200 T [
180
Il Il

0 01 0.2 03 04 05 06 0.7 0.8
f(e,n)

Puc. 4. 3aBUCUMOCTb CTOKCOBOTO CABUTA AvdTor GbyHK-
IIMA OPHEHTAILIMOHHOM MOJISIpU3yeMOCT! cpenbl f(€,n)
st 1m 2.

LeAypbl ONTUMU3ALMU T€OMETPUU IJIsI BO3OYKICH-
HOTO COCTOsiHMs. PacdeThl IIOKa3bIBarOT, 4TO
MOJIEKYJIBI B OCHOBHOM U B IEPBOM CUHIJIETHOM BO3-
OYy>XIEHHOM COCTOSIHUM UMEET IIJIOCKYIO CTPYKTYPY.

Ha puc. 5 npuBeaeHbl pacipeaeaeHus 3JeKTPOH-
HOM TJIOTHOCTU BBIcuIeit 3aceneHHo (B3MO) u
Husieii ceobonHoit (HCMO) MoliekyJsipHOit opOu-
TaJIu ISl coearHeHus 1, mojiydeHHbIe U3 KBAHTOBO-
XUMMYECKHX PAcUeTOB B Ta30BoOi1 (ha3e, yueT pacTBO-
puTesiss He BHOCUT 3aMETHBIX U3MEHEHUM B HaOJI0-
JaeMylo KapTuHy. IIpm mepexone 3JeKTpoHa C
B3MO na HCMO npoucxogut nepepacrnpenejacHue
SJIEKTPOHHOM TUIOTHOCTU OT OEH3O0JIBHBIX KOJIeIl

Taomuna 2. [InanekTpudeckasi IpOHUIIAeMOCTh (€), Koad-
duLIeHT IpeoMIeHUs () 1 OpUEHTAIIMOHHAS ITOISIPU-
3yemocTb (f (€,1)) pacTBopurereii [24]

PacrBopurennb € n fle,n)
Tonyon 2.38 1.494 0.024
JwvokcaH 2.21 1.42 0.034
o-Kcunon 2.6 1.505 0.051
XiopodopMm 4.8 1.444 0.293
Drunanerat 6.02 1.37 0.400
AuxnaopmeraH 9.1 1.4211 0.476
AlleTOH 20.6 1.357 0.648
DTaHon 22.4 1.359 0.657
Humetuncynbdokeunm | 47 1.427 0.682
ALIeTOHUTPUI 37.5 1.342 0.713

XUMUSA BBICOKHX DHEPTUM

CTUPMIBHBIX (pparMeHTOB K dparmeHTy BODIPY,
YTO MOATBEPKAAET IPEAIIoioxXeHre o (TT,T*) Npupo-
JIe IIEPBOIO0 CHUHIJIETHOIO BO30YXKIEHHOTO COCTOSI-
Hus. B Tabn. 4 mpuBeneHbl 3HaYCHMS IJIMH BOJIH, CO-
OTBETCTBYIOILIIME IlepexoaM S, — S, u S; — S, B pas-
JIMYHBIX PACTBOPUTEIISIX, PACCUYUTAHHBIE YEThIPHMS
METOJIaMM, a TaKKe 3HAYEHUSI OUIIOJIbHBIX MOMEH-
TOB. /1)1 pacueTa IMIOJIHPHOIO MOMEHTA BO30YKICH-
HOTO COCTOSIHUSI coeAuHeHus 1, mpeacTaBieHHOIO B
Tab1. 3, OBUIO UCIIOJIB30BAHO CpeaHee 3HAYCHUE I1-
IMOJIbHOTO MOMEHTa B OCHOBHOM COCTOSIHMU 10 Ha-
06opy pacTtBopuTeneii. Hamnydiee cornacue ¢ akcmne-
PUMEHTAJIbHBIMUA TaHHBIMM JaeT OOMEHHO-KOppe-
JIIUMOHHBIMU (pyHKIIMoHanaM PBEO.

Ha puc. 6 npuBeaeHO cpaBHEHHME MOJOXCHUS

exp

MaKCHUMYMOB CIIEKTPOB IMOIJTIOICHU A (V abs ) n (bnyo—

pecLEeHIINU (ve;(ﬂ) C PaCCYMTAHHBIMU DHEPTUSAMU T1€-
pexonoB S, — S, (Vcig) us, —S, (Vcearl]f) Tl Makcu-
MyMa CIIEKTPOB TTOIJIOIIECHUST HAOJIomaeTcs JMHe -
Hast KOpPEJISIUs C YacToTaMu Sy, — S| TIepexoIoB ISt
BCEeX UCITOJIb30BaHHBIX MeTOIOB. [lapaMeTphl Koppe-
JIILIMM TIpencTaBieHbl B Ta0d. 5. g MakKCMMyMOB
CHEKTPOB (GIIYOPECLICHIIMU JIMHEHHOI 3aBUCUMOCTH
He HaOMI0JaeTcsI, 4TO TOBOPUT, MO-BUAMMOMY, 00
OrpaHUYEHHOM TMPUMEHUMOCTH BBIOPAHHBIX METO-
JIOB JIJIsl pacueTa BO30YKIEHHBIX COCTOSHUI MCClie-
JIyeMOI MOJIEKYJIbI.

SAKJIIOYEHHME

Takum oOGpa3oM, B JaHHOU paboTe U3y4eHHI (ho-
ToU3nYecKre CBOMCTBAa (DYHKIIMOHAIbHBIX AUCTU-
puibHBIX TIpon3BoaHBIX BODIPY B psime pacTBopu-
TeJel pa3ImyHoi nmpupoasl. IlokazaHo, 4ToO BO Beex
pPacTBOPUTEISAX HCCIEIyeMble COSIUHECHMS HNMEIOT
CXOXHE CHEKTPhl MOMIOIIEHUS U (hIyopecleHIInH,
XapaKTepHbIC IS OUCTUPWIBHBIX IIPOU3BOIHBIX
BODIPY. Heb6ompimme 6aToXpOMHBIE CABUTH CIIEK-
TPOB IIPU YBEJIUYEHUU MOJSIPHOCTUA PaCTBOPUTENS U
HECYILIECTBEHHbIE U3MEHEHMSI KOHCTAHT CKOPOCTEM
M3Iy4aTeIbHBIX M O€3bI3Iy4YaTebHBIX IIPOLECCOB

Tabmuua 3. Pesyabrarhl anmpoKCUMAalMM  3aBUCUMOCTU
cTokcoBasi ciBura Avi~ oT (hyHKIIMM OpUEHTALIMOHHOI TT0-
JISIpU3yeMocTu f{€,n), panuyc OH3arepa — a, AUIOJIbHBIE MO-
MEHTBI B OCHOBHOM — |1, U BO30Y>KIEHHOM — L, COCTOSIHUM

Coenu- m,
HEHUE em!

a—f ) a, ue_ug ug He
o |RIAl m |m|a

1 83+ 16 | 210 [0.77|9.18{2.5£0.3| 4.83 | 7.3

2 64 £ 18 | 220 |0.68 |8.85[2.1£0.3{4.82 | 6.9
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183

B3MO

HCMO

Puc. 5. Paccuurannsie opourasim B3MO nu HCMO st coenaenust 1 B ra3oBoit pasze ¢ UCIOIb30BaHUE OOMEHHO-KOPPEIs-
roHHoro ¢yHkuuoHana PBEQ.

Taﬁ.lmua 4. SHepFI/II/I TIEPEXOJ0OB MOJIEKYJIbI 1, paCCYUTAaHHBIC pa3/IMYHBIMU ME€TOAaAMU U JUITOJIbHBIC MOMCHTBI B OCHOB-

HOM COCTOSAHHMU p’g

BHHLYP CAM-B3LYP CIS PBEO

So—=S1 | S1=So | So=S1 | S1=Sy | So—=S; | S;—=S5 | So—=S;1 | S1—=Sg (L,leg)
I'azoBas da3a 475.5 497.3 480.5 504.5 443.3 459.6 492.2 514.6 3.43
Tonyon 524 565.5 528 570.5 480.1 509.5 546.1 590.2 4.27
Xiopodopm 520.2 599.5 524.4 603 476.4 533.2 542.2 629.2 4.73
AuxiopmeTaH 518.2 616.8 522.3 619.4 474.5 544.8 540.2 649.4 5.06
AueToH 513.2 629.1 517.4 631.1 470.3 552.9 534.7 663.6 5.24
BraHon 513.4 630.5 517.6 632.5 470.4 553.9 534.8 665.3 5.26
Humetuncynbdokeun | 521.6 634.7 525.6 636.4 476.7 556.6 544.2 670.1 5.34
ALIETOHUTPUI 512 633.4 516.2 635.2 469.3 555.8 533.3 668.7 5.31

XUMUSA BBICOKUX DHEPTUM  ToMm 57

Ne 3

2023
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calc

Vabs> CM (a) .V
21000 v hd
v —— ® BHHLYP
---. ® CAM-B3LYP
------ A PBE0
20000 - v CIS
19 000
‘__..g--
18 000 ! ! ! !
15900 16000 16100 16200 16300
Ve em !

abs»

Puc. 6. CpaBHeHME MTOJIOXKEHUSI MAKCUMYMOB CIIEKTPOB MONIOLIEHUS (v

calc —1

Vem » CM
20000 - 6) ® BHHLYP
L 4 ® CAM-B3LYP
19 000 - 4 PBEO
v v CIS
v
18000 |- w v v v
;)
17000 a
o]
L [ |
16 000 g & - ® »
A
15000 - A 2 - A
15780 15 850 15950 16 050
Ve em!

em?

exp

abs) 1 IIyopecueHINH (vg"m") coenmHeHws 1 B pas-

calc

JINYHBIX PACTBOPUTEJISIX C PACCYMTAHHBIMY SHEPTUAMMU MTEPEXOIOB Sy — S (VC;Q‘S:) nS;—S, (V em )

CBUETEJILCTBYIOT B TOJIb3Y TOTO, UTO COCTOSTHUS S,
OTHOCATCS K TUITY (T, T*). JIAMTOJbHbIIT MOMEHT MO-
JIEKYJ1 B BO30Y>XI€HHOM COCTOSIHUM yBEJIMYUBAETCs
Ha 2.5 ]I nns coenunenus 1 v Ha 2.1 J1 njist coenuHe-
Hus 2. TakuM obpazoM doToduznyeckue xapakre-
PUCTUKHW TOJYYEHHBIX COeAUHEHUIA c1abo 3aBUCST
OT Cpellbl, YTO MOXKET OBbITh MOJIE3HO MpPU JaJIbHEii-
1IeM MpUMEHEHUM KpacuTesiel ISl BU3yaius3aluu
MPOLIECCOB B XKMBbIX cucTeMax. sl moaTBepXaeHUsI
MOJIyYEHHBIX 3KCIIEPUMEHTAJILHBIX PE3YIbTaTOB ObI-
JIO BBITIOJIHEHO TEOPETUYECKOE UCCIeN0BaHUE METO-
oM Teopun pyHKImoHana mwiorHoctu (DFT).

NCTOYHUKN OPUHAHCHPOBAHW A

PaGorta nmo cuHTE3y 1 U3y4eHUIO ONITUYECKUX CBOUCTB
COeMMHEHN ObUTa BBITIOJIHEHA MpPU (DUHAHCOBOM TMOMI-
nepxke Poccuiickoro Hayuynoro @onpa (rpant Ne 19-73-
20194). XapakTepHrcTUKa ITOJIyYeHHBIX COeTTHEHU METO-
moM  SIMP-cmexTpockommu IIpoBeleHa B paMKax
TocymapcrtBenHoro 3amaHus No 075-03-2023-642 MuHu-
CcTepcTBa HayKM M Beicuiero obpasoBaHusi Poccuiickoit
denepanyu ¢ UCMOJIB30BAHUEM HayYHOTO 000PYIOBAHUS
Hentpa wuccnemoBanus crtpoeHus wmojekynr HMHOOC

Ta6mua 5. Tapamerpsi muHeitHo#i Ve = aveiE +b Kop-

peNSIiMM MaKCUMYMOB CHEKTpa TOIIOIIEHUS U paccyu-
TaHHOM DHEPTIUY MEPEX0A0B B PA3TUUHBIX PACTBOPUTEIS

Merton pacuera a b, cm™!
BHHLYP 1.27 —1057
CAM-B3LYP 1.23 —585
PBEO 1.27 —1868
CIS 1.30 229

XUMUSA BBICOKHX DHEPTUM

PAH. U3mepeHue BpemMeH XM3HU (JIyOpeCleHLMN Bbl-
MoJIHEHO Tipu (UHAHCOBOM moaaepxkke MuUHHUCTEpCTBa
HayKU ¥ BbIcIIero obpasoBaHust Poccuiickoit denepanm
¢ ucnoab3oBanueMm obopymoBaHust LIKIT “CrpykrypHas
NMArHoCTMKa MaTepualioB” B paMKa TOCyIapCTBEHHOIO
samanust DHUIL “Kpucramiorpadus u ¢poronuka” PAH.
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